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NMHHOBALINK

CnHepretmyeckmum apPeKT

B mapTe 2012 roga peweHuem locygap-
CTBEHHOM Koprnopayuu1u No aTOMHOW 3HEepruu
«Pocatom» OAO <HUAIMM» GbIno onpeaeneHo
ynpasnswowei KomnaHuein 3A0 <AToMCTpPOW-
aKcnopT (3A0 ACJI).

CerogHs B 06beIMHEHHON KOMMaHUW TPyaUT-
cst noytn 4000 4yenoBekK, a C y4eTOM AOYEPHMUX
npeanpuatnin — 6onee 6000. O6beanHEHHAs
KOMMaHWs pacrnonaraeT MOLHbIM MOTEHLMAN0M,
BKJTIOYAIOLLMM B CE6S MPOEKTHBIN MHCTUTYT B HUXK-
Hem HoBropoge, Tp1 oduca no ynpasfieHUIO Co-
opyeHvem A3C (B HuxxHem HoBropoae, Mockse
n CaHkT-lNeTtepbypre), npeacraButensctsa B 10
cTpaHax EBponbl U A3uu, rae peannaytotcs unm
NAaHMUpPYIOTCS NMPOEKTHI.

CuHepreTuyeckuit addeKT OT CAUAHUS KoMne-
TEHLWI ABYX KPYMHbIX UTPOKOB Ha PbIHKE aTOMHOM
3HEPreTUKM NpMU3BaH o6ecnevymTb PUTMUYHOCTb
3arpy3Ku NPon3BOACTBEHHbIX MOLLHOCTEN 06EenX
KOMMaHWi 3a C4HET OJHOBPEMEHHOIO BbIMOHEHNS
npoekToB 1 B Poccuu, u 3a pyéexxom. Cenyac ¢
60/bLION JoNen yBEPEHHOCTU MOXKHO CKas3aTb,
4TO 3Ta LeNb GyaeT AOCTUIHYTa.

Mpe3naeHT O06beaMHEHHOMW KOMMAHWKU
HWA3IM-AC3 Banepuit JIumapeHKo yBEPEH, YTO
06beanHeHne 6bl10 He06X0AMMbIM OTBETOM Ha
BbI30B BPEMEHMU:

— B3aBwuch 3a GopmmupoBaHue 601bLLIOTO
MIPOKa 3a CYET YKPYMHEHUS U KOHLLEHTPaLUK
QYHKUMI, Mbl CO3[ann KOMMNaHUIO, Y KOTOPOM
BHELLHWX 3aKa30B CeroaHs 60sblie, YEM Y KO-
ro-nu6o B mupe, — 20 6n1okoB. HUAIIM go6aBu-
NI KOMMETEHUMU MO CTPOUTENLCTBY OOBHEKTOB
3a rpaHuLen. 3To 04eHb LIEHHO: B CTPaHy, rae
CBOW 3aKOHbI, TPAAULIUKN, PErynnpyoLMe op-
raHbl, NOAMTUYECKOE YCTPOMCTBO, HAA0 UATH
noarotoBneHHbIM. Y AC3 ecTb cneuunanncTbl ¢
KonoccanbHbIM OMbITOM U MEXAYHAPOAHbIM aB-
TOpUTETOM, Npolleawne K TOMy e COBETCKYIO
LLIKOJTy aTOMLLMKOB.

KoHeyHo, 6e3061a4HbIM U NEFKUM NpoL,ecc
o6beanHeHns Ha3BaTb TpyAHO. Ho cneunanuctbl
HW OIHOrO Yaca He NPUBbIKaNM APYr K APYry: Mbl
npodeccroHanbHO 3aHUMaEMCS OAHWUM U TEM Ke.
B AC3 xopouiaa KomaHa, NpoCcTo HallMOHalbHOe
[IOCTOSIHWE — KOMNIEKTUB, FOTOBbIV K CTIOXKHENLLUM
MHXXEHEPHbIM 3aia4aM, KOTopble pyrue cTpaHbl
He YMEIOT, Hy, WK AenatoT TONbKO WTY4HO.

Mo a6conoTHOMY 60MbLWKMHCTBY BOMPOCOB
y cneumnanuctoB HUA3M n AC3 nonHas rapmo-
HKS, HO, 6e3yCNOBHO, KOoe-rae uaeT nNpuTupKa.
Hanpumep, B KomnneKTaumm noctaBoK. AC3 He
paboTtan B eMHOW cucTeme 3aKynoK. Mbl Ha-
Yanu nocturaTb 3Ty Hayky. B HUA3I pa6oTa B
3TOM 061acTu NocTaB/ieHa OYEeHb KECTKO, Mo-
60eBOMY. M, BEPOATHO, HEKOTOPbIE COTPYAHWKM
novyyBcTBOBaNM cebsi He 04eHb KOMPOPTHO. A
3ajava cTossa yBeNM4ynuTb NPOM3BOAUTENBHOCTD
Tpyaa B ACO B BoceMb pa3, OPUEHTUPYACH Ha
nokasaTtesb No OTrpy3Ke NPOoAyKLMKU Ha OAHOrO
yesnoBeKa.

CroyKHO Wna nepecTporika ynpaBieHus 3Ko-
HOMWKOM U dUHaHcamu. B HUAII ectb noapo6-
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Hble GIOKETbI KaXA0ro 06beKTa, KaXaom CTpon-
KW, U BCE OHWM AEKOMMO3MPOBaHbI, pa3aeneHbl
no Bnaam AesTeNbHOCTH, M Be3[e — KOHKPETHbIE
undpbl M Gopmynbl. Kaxabii mecsy, ata Moaesb
0TBEYaeT Ha BOMNPOC: Tbl B Gl0KeTe UK HeT. EcTb
pasgeneHuve no 6usHec-npoLieccam: ynpaBneHme
CTPOUTENBCTBOM, NMPOEKTHOW AEATENbHOCTbIO,
3aKynKu-noctaBku. Becero nx nopsigka 24, v Bce
[ONIXHbI 6bITb 6€3yObITOYHbI. ELLle 04MH yPOBEHD
— LeHTpanbHbi oduc — dunuansl. B Kaxkgom
TOXE CBOW OlaXKeT. Bce 3Tu 6104XKEThl B3au-
MOCBS$I3aHbl, BCE JOMTKHbI ObITb MO3UTUBHbLIMY U
nPOGULIMTHBIMK. Mbl CNeauMm 3a 3TUMU Napame-
Tpamu. N Ha aTane o6beanHeHns ¢ AC3 mecsiua
TPY MyYUIUCb, MOKA HE HAay4YUSTIUCb FOBOPUTL Ha
O[iHOM SA3bIKE.

3a aT0 Bpemsa npumepHo 300 YeNnoBEK yLLI0
M3 KOMMaHMK. B OCHOBHOM Te, C KEM 3axoTenu
NpoCTUTLCA pyKoBoauTenu AC3, KTo He 6bin 3aHAT
B MPOM3BOACTBE M GopmMMpoBan MHPPaACTPyK-
TYPHble 3BEHbSs1, BEN BCMIOMOraTenbHy0 paboTy.
KT0-TO No cO6CTBEHHOMY XKenaHuto ywen: 6bian
apyrue nnaxbl. Ho Mbl He NOTEPSIN HXU OAHOM
KoMneTeHumMn. Bee ueHHoe coxpaHeHo. CerogHs
Mbl aKTUBHO 3aHUMaeMCs NOBbILLEHWEM Onepa-
LLMOHHON 3DPEKTUBHOCTN 06 bEANHEHHON KOM-
naHuu. BBenu HOBYIO WITATHO-OPraHM3aLMOHHY0
CTPYKTYPY, CYLLECTBEHHO CHU3MB 3aTpaThl Ha Npo-
M3BOLCTBEHHYIO AEATENIbHOCTb U COKPATUB CPO-
KW MCNONHEHMUS. YTO KacaeTcs HOBbIX MPOEKTOB
coopyxeHuns ASC 1 apyrux aHeproob6bLEKTOB, TO
BCE OHW MMEIOT NONOXKUTENbHblE GUHAHCOBO-
3KOHOMWYECKUE NOoKa3aTeNun. YKe B 3TOM rogy
Mbl XAeM 42 MAH gonnapos npubbinu. NMporHos
noKa3blBaET, YTO B MepPCNeKTUBE 3Ta cyMMa byaeT
pactu, — otmeTun B. U. JlumapeHkKo.

OH paccKa3zasn TaKXe 0 B3auMOJeNCTBUN HO-
BOM cTpyKTypbl ¢ 3A0 «Pycatom OBepcua» (3A0

«Pycatom OBepcua» co3gaHo B 2011 r. and pe-
ann3aunu NpoeKToB 3a py6exom. KomnaHus
MOXET BbICTyNaTh B POJIM 3aKa34MKa, MHBECTOPa
M COBCTBEHHMKA B NpOeKTax cTpontenbctea A3C,
peanuM3dyemblix No cxeme build—own-operate,
Koraa PocaToM He TONbKO CTPOMT CTaHLMIO, HO
n NpuBnexkaetT GUHaAHCUPOBAHUE U CTAHOBUTCS
ee onepaTopoM.— Pes.) v ApYruMmn y4acTHUKaMK
NPOEKTOB Mo coopyeHuio ASC:

— Bbll0 NpUHATO pelleHWe pasaenutb
YHKUMN NeperoBopLINKOB, TO ecTb «Pycatom
OBepcua» 1 cneumanucToB UHXUHUPKUHIA. Mbl
BbICTPOW/IM NpOLLECC Nepeaayv NoTHOMOYUI OT
OAHOro K apyromy. CHavyana B CTpaHy, KoTopas
Xo4eT cTponTb ASC, NpMXOASAT NEPEeroBOPLLMNKK.
MX ponb yMeHblUaeTcs No Mepe BO3HUKHOBEHUS
TEXHWUYECKON KOHKPETUKHU, @ GYHKLUMSA UHKUHU-
pUHra Bo3pacTaeT. Kakon CMbICA UHXUHUPUHTY
CUAETb YacaMu 3a NeperoBopamMm No KOHTPaKTY,
KOTopbI co3peeT vyepe3 5-10 net? Mol dop-
MUPYEM KOHTPAKT, YTOYHSEM, YTO AenaTb, LiEeHY,
CPOKM, a NOTOM 3aHMMaeMcsi peannzauunen. A
neperoBopLLMKM 3aEeNCTBYIOT BCE BO3MOXHO-
ct1 PocaTtoma. Begb Hao He TONbKO MOCTPOUTL
A3C, HO 1 co3aaTb MHDPACTPYKTYPY, 06ecneymTb
CTaHumio TonAnBoM. To ecTb «Pycatom OBepcu3»
BbICTYNaeT cpasy OT /iMLa BCEX.

3aTparvBasi BONpOC CTpaternn pasBuTus
HWUA3M-AC3 Ha 6avxkanwune 20 neT, npe3naeHT
KOMMaHWU OTMETUN:

— Hawa 3agaya — ob6ecneynsathb rnobanbHyto
3KCMaHCKIo TeExHoNornyeckow nnatdbopmol BBIP,
YBENWYUTb AONIO0 Ha pbiHKe BbiBoda ASC 13 aKe-
nayataumu. MnaHnupyemM 3aHMMaTbCs ¥ MPOEeKTamu
Masnow u cpefHen aHepretnku (BBAP-500). Ewe
O[lHa CTpaTernyeckas MHULIMATUBA — COOPYKEHUE
HEeaTOMHbIX C/OXHbIX MHXEHEPHbIX 0OGBbEKTOB,
Hanpumep, TeNNOBbIX 3NEKTPOCTaAHLMI, HeDTS-
HbIX NnaThopm.

CerofiHs Halla A0N1IS Ha MMPOBOM PbIHKE
ctpoutenbctBa A3C — 20% , B Poccun — 50%.
COOTHOLUEHNE OTEYECTBEHHbIX U 3apPyGEKHbIX
NPOEKTOB B nopTdese 3aka3oB — MPUMEPHO ABe
TPETU Ha OAHY TPETb B MOSb3Y BHELIHErO PbIH-
Ka. POCCUMMCKNIM PbIHOK HEMHOIO YMEHbLUWACS, a
3apyb6eXHblM, HA060POT, HEMHOIO pacLnpucs
3a CYeT aKTMBHOCTK npasButensctea Poccun um
pykoBoacTtBa Pocatoma. B 2012 rogy Bbipy4Ka
06beaMHEHHON KOMMaHWK MPOrHO3MpyeTcs Ha
ypoOBHE 2 MApA Aonnapos, a K 2017 rogy oHa
0ONXHa BblpacTh Ao 9,4 mnpAa aonnapos. B nna-
Hax Pocatoma, a 3HauuT, U B HalUMX, 3a0XKeEH
TeMM pPocTa BbIPYYKU B 061ACTU UHKMHUPUHIA
B pa3mepe 2,7% B rog go 2030 roga.

MoaroToBneHoO ¢ UCNOJIb3OBaHUEM
marepuana rasertbl «CtpaHa PocaTtom»




Synergetic Effect

Rosatom State Corporation took a deci-
sion of merging NIAEP JSC and Atomstroyex-
port CJSC (ASE) in March 2012. As a result,
NIAEP became a managing company of ASE
CJScC.

Today the merged company employs 4,000
specialists, and when subsidiaries are taken
into account the number of employees amounts
to 7,000. With its design institute in Nizhny
Novgorod, three branches responsible for build-
ing NPPs (located in Nizhny Novgorod, Moscow
and Saint-Petersburg), representation offices in
10 European and Asian countries where projects
are planned and implemented, the company has
a tremendous potential.

Synergetic effect of merging engineering com-
petences of the two major players in the nuclear
engineering market was supposed to ensure full
utilization of the capacities of the companies by
means of simultaneous implementation of pro-
jects both in Russia and abroad. Now everyone
is sure that the goal will be achieved.

Valery Limarenko, President of NIAEP-ASE
merged company, is confident that the merger
was a reasonable response to the challenge of
the time:

— Striving to create a major player by means
of concentrating the functions, we have set up
a company that has more orders from abroad
than any other company, specifically 20 power-
generating units to be built. NIAEP has received
competences of constructing facilities abroad.
This is very essential because one needs suf-
ficient preparation before coming to a country
where laws, regulating authorities and political
system are different. ASE can boast of special-
ists who have vast experience and international
authority; besides they have digested the best
of the Soviet atomic school.

Certainly, the merging process was not that
easy and seamless. But specialists did not have
to adapt to each other: we do the same thing pro-
fessionally. ASE has a well-coordinated team that
is areal asset: itis a team that is always ready to
solve sophisticated engineering problems which
are solved only randomly in other countries.

In many areas relations between NIAEP and
ASE specialists are quite harmonious. But in
some fields they need to adapt to each other, for
example, in the field of equipment and materials
supplies. ASE has never operated in a single
procurement system. We have just started to
master the system, while NIAEP has a very rigid
system of procurement. Probably, some special-
ists felt uncomfortable. The task was to enhance
the productivity in ASE eight-fold having products
shipment per a man as the main parameter.

Renovation of the economy and finance
was also a complicated process. NIAEP draws

up detailed budgets for each facility, each con-
struction site; all the budgets are decomposed
and split along certain lines, and each contains
specific figures and formula. Each month the
model can answer the question: have we overrun
the budget or not? Business processes such as
construction management, design management,
procurement and supply are strictly specified.
There are about 24 business areas of the kind,
and all of them must be loss-free. The central
office versus branches is another level of subdivi-
sion. Each has a budget of its own. All budgets
are interdependent, all of them must be positive
and profit-oriented. We monitor these param-
eters. And at the merging stage, for about three
months, we had troubles before we learned to
speak one language with ASE.

Since then approximately 300 specialists
have left the company, mainly at the initiative
of ASE management. They were people not
engaged in production activities, those who
worked in infrastructure divisions. Some re-
signed at their wish as they had other plans. But
we have not lost a single competence. Today
we are boosting operation effectiveness of the
merged company. Having introduced a new staff
and organizational structure we managed to cut
production cost and performance time. As for
the new NPP construction projects, all of them
have positive financial and economic indicators.
This year must bring $42 min in profits. And
we forecast a further growth of the sum, says
Valery Limarenko.

Mr.Limarenko also dwelt upon the relations
with a new company, Rusatom Overseas CJSC
(Rusatom Overseas was founded in 2011 to im-
plement projects abroad. The company can be
a customer, an investor and an owner of NPP
construction projects implemented in build-own-
operate format; Rosatom not only builds a plant
but also attracts investments for the plant and
operates it) and other participants in NPP con-
struction projects.

— Decision has been made to split the func-
tions of negotiators, i.e. Rusatom Overseas and
engineering specialists. We have built up a pro-
cedure of delegating responsibilities from one
company to the other. First, negotiators come
to the country that plans to build an NPP. Their
role diminishes when technical issues are to be
discussed, and the role of engineering specialists
becomes more important. There is no need for
engineering staff to spend a lot of time negotiat-
ing a contract that will be mature in 5-10 years.
We formulate a contract, specify our future ac-
tivities, the price and the deadline, then we get
involved in the contract implementation. The
negotiators mobilize all Rosatom’s capacities. It
is required not only to build an NPP, but to build
infrastructure as well and to supply the plant
with fuel. Thus, Rusatom Overseas represents
the whole corporation.

INNOVATIONS

Speaking about NIAEP-ASE development
strategy for 20 years, the President said:

— Our goal is to provide for the global expan-
sion of WWER technology, and to increase our
share in NPP decommissioning market. We also
have plans to implement projects of small and
medium capacity reactors (WWER-500). Another
strategic initiative is to get engaged in the con-
struction of non-nuclear sophisticated facilities
such as heat power plants and oil platforms.

Our share in the global NPP construction
market accounts for 20 percent, in Russia it
is 50 percent. In the dealing portfolio foreign
orders constitute two thirds of the total number
of orders. The number of Russian orders has
slightly decreased while the number of orders
from abroad has increased which is the result
of energetic actions of the Russian government
and Rosatom top management. The merged com-
pany’s profit is expected to be $2 bn in 2012,
and it must be $9.4 bn in 2017. Rosatom and
our company plan to ensure the annual profit
growth at 2.7 percent till 2030.

From the «Strana Rosatom»
newspaper
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MEPCIMEKTUBA / PROSPECT

2012 rop ANA UHXUHUPUHIOBOM KOMMaHUMU
HUA3M-AC3 03HaMeHOBaH He TOJIbKO YCNELWHbIM
3anycKoM cpa3y HeCKOJIbKUX 3HEPro6G/I0KOB, HO
W Hayanom cTpouTenbcTBa HOBbIXx AJC.

18 niona 2012 roga B MMHCKe no utoram 3aceaa-
Hua CoBeTa MUHKUCTPOB Coto3Horo rocyaapctea PP u
Benopyccum 6611 NoagnucaH reHepanbHbli KOHTPAKT Ha
coopyeHue benopycckoi ASC. C poCCUICKOM CTOPOHbI
KOHTpaKT nognucan npeangeHt HUAIM-ACO Banepum
JlumapeHKo, ¢ 6enopycckon — aupektop Y «AnpeKuus
cTpoutenbctea ASC» Muxaun ®UIMMOHOB.

Benopycckast ASC 6yaeT coCToATb U3 ABYX IHEP-
ro6/10K0B CyMMapHO# MoLLHOCTbIO A0 2400 (2x1200)
MBT 1 6yneT nocTpoeHa Ha OcTpoBeL KO nnolaaxke
B [poaHeHcKon o6nacTu. Jna cTpoutenbcTBa Nnepsown
6enopycckon AQC BbiGpaH npoeKT «A9C-2006», Ko-
TOPbIM MOSTHOCTLIO COOTBETCTBYET MEX/AYHAPOAHbIM
HopmaM U pekomMeHaaunsm MATATI.

Bocbmoro Hos6ps 2012 roga B OcTpoBLe COCTO-
AN0Cb 04epeaHoe 3aceaanne Wraba no COOPYKEHUIO
Benopycckon AJC, nepea KoTopbiM paboyee coBe-
LwaHue ¢ yqyactmeM pykosoauTenen MuHucTepcTBa
3HEPreTMku, MUHUCTEPCTBA apXUTEKTYPbI U CTPOU-
TenbctBa Pecny6nuku benapycb, agMUHUCTPaLLIUK
[pogHeHcKom o6nactu, Y « IMpeKumns cTpouTenbCcTBa
aTOMHOW 371EKTPOCTaHLMUW» U 06beAUHEHHOW KOMNa-
Humn HUASM-AC3.

O xofe BbIMNOAHEHUS PabOT MO COOPYKEHMIO
06bEKTOB NPON3BOACTBEHHOM 6a3bl M AQC LON0XMUA
Opuii MycToBoW, AMpeKTop npeactaButensctea OAO
«HWA3M» B Pecnybnunke benapyck. Pa6oTbl No ycTpon-
CTBY NMOPMUCTOro ApeHarka U GETOHHOIO0 OCHOBaHMS
noJ, OCHOBHbIE 3[l@aH1s NepBoro 670Ka BeayTcs B
COOTBETCTBUU C rpadrkom. YnoxeHo 29400 Ky6ome-
TpoB 6eTOoHa, YTo cocTaBnsdeT 36% obuiero o6bema.
Banepuit JlIumapeHKo NpoKOMMEHTUpOoBas coobLie-
HWEe NONOXKUTENbHO: «Ha 3ToM nnouagke CUCTEMHO
peleH BONpoC C Ka4eCTBEHHbIM GETOHOM>.

YTo KacaeTcs NepBOCTENEHHbIX 3aAay, BEAeTCs
pa6oTa no nogaye Tenna Ha aAMUHUCTPATUBHO-Obl-
TOBOM KOMMJIEKC M ABe cTonoBble Ha 160 1 500 mecT.
HayaTo cTponTeNnbCTBO NEPBOro YPOBHS OrpaXKAeHUs
npomblwaeHHon nnowagkn ASC (3aBeplieHne 3a-
nnaHMpoBaHo Ha KoHel, 2012 roaa).

BaXKHbIM BOMPOCOM SIBASIETCS CTPOWUTENLCTBO
UNbS NS TEX, KTO TPYAUTCS Ha COOPYKEHWUMU CTaHLMN.

«[lepen HamMu NocTaBfeHa 3ajadva yBENNYEHUS
TEMMNOB CTPOMTENLCTBA. 3@ NPOMbILLNEHHBIMU TEM-

Bpemda npakTh4ecKnx 4encTBun

¥ T ]
Kypckasa A9C / Kurskaya NPP
namu AOMKHbI ycneBaTb U coumanbHble. 0603bl OT
apMu1K OTCTaBaTb He JOKHbI», — NOALITOXKUA Banepui
JTnmapeHKo.

A 22 Hoa6ps 2012 roaa B ropoae KypyaTtoBe
KypcKkoi o6nact cOCTOAI0Ch NepBoOe 3acefaHune
0onepaTMBHOrO WTaba No COOPYKEHWIO IHEPrOBNOKOB
N21 n 2 Kypckomn ASC-2.

Mepepn coBelwlaHneM y4aCTHUKMK WTaba O0CMO-
Tpenu ofHy U3 npeanonaraemblx NIoOWanaoK CTpo-
utenbctBa Kypckon A3C-2, cTpouTenbHble 6a3bl 1
pa3mMelleHne o6beKToB MHOPaCTPYKTypbl. Ha 3a-
cefjaHnu Gbinn PACCMOTPEHbI YKPYMHEHHbIR rpaduk
pa3paboTKu 1 peanu3aLMn NpoeKTa IHepPro60KoB,
nepeooyepeaHble paboTbl N0 06bEKTAM UHKEHEP-
HOM MOArOTOBKMU U UX oBecrnedyeHne NpoeKTHON 1

Ha nepBom 3aceaHuu onepaTtMBHOro wraéa
B r. KypuatoBe / On the first meeting of
construction executive staff in the town of
Kurchatov

paboyen JOKyMeHTaLMEN, a TaKKe XO[ BbINONHEHUS
WHXEHEePHbIX U3bICKaHWH Mo BblIGopy niowaaxkn ASC.

[eHepanbHbIM NPOEKTUPOBLLMKOM U reHepanbHbIM
noapsaa4YMkom coopyxeHus KyA3C-2 onpegenerHo OAO
«HWMA3M». HavyanbHuKoMm cTponTenbcTBa Kypckon ASC-
2 Ha3Ha4yeH AMPEKTOP MO CTPOUTENbHO-MOHTaXHbLIM
pa6otam OAO «<HMA3MM» Uropb Kpyys. Ha Tepputopun
Kypckor obnactv 6yget oTKpbIT dunnan OAO «HUAIT»
C TeM, YToGbl, KaK coo6LWm JTUMapeHKo, «34ecb U Ha-
NOTY MNaTUTb, U XKUTb, M paboTaTb HEMOCPEACTBEHHO Ha
MECTE COOPYIKEHUS IHEPTrOBNOKOB». [epBble HECKOb-
KO 1€CATKOB COTPYAHWKOB dunmana Ha4yHyT paGoTy B
KypyaToBe ye nocne HOBOroAHWX U POXKAECTBEHCKUX
NPasgHUKOB. «Y BCEX HAC ECTb XeNnaHne Kak MOXHO
6bICTpee pa3BePHYTb 34eCb PaboTbl, — NOAYEPKHYN
Banepui JlumapeHko. — B aTon cutyaummn Mol 6yaem
peLuaTtb BONPOC 0 MaKCUMasibHO GbICTPOM NOAYYEHUU
NULLEH3WI M NapannenbHo 6yaeM 3aHUMaTbCs UHXKe-
HEPHOM NOArOTOBKON CTPOUTENLCTBAY.

MepeyeHb NepBooYEPESHbIX OGBLEKTOB Ha CTagun
MH}KEHEPHOMN NOArOTOBKM CTPOUTENBCTBA SHEPrO6I0KOB
N2 1, 2 Kypckoi ASC-2 BKto4aeT 0koo 80 COOpYKEHNI
NPOU3BOACTBEHHOIO, MHDPACTPYKTYPHOTO 1 COLMANbHO-
6bITOBOIO Ha3Ha4YeHUs. B nx Yncne aBToMoOUNbHbIV U
YKENe3HOAOPOXKHbIE MOCTbl C NOABLE3AHBIMU MYTAMM,
nepBas 04epesb XKUNoM 3aCTPOVKM NIt CTPOUTENBHOrO
nepcoHana, NPOn3BOACTBEHHbIE KOMMIEKChI 06LLECTPO-
UTENbHbIX, TEN/O- U 3NIEKTPOMOHTAMXHbIX OpPraH13aLuid.

B xoae noaroToBMTENbHbLIX PAGOT U MPU OCHOBHOM
CTPOWTENbCTBE NpefycMaTpuBaeTcs MaKCcMMaibHO
MCNonb30BaTb UMEIOLLMECS B PETMOHE MaTepuasbHble
M TPyLOBble pecypchl. [epBbI 3aMecTuTeNb ry6epHa-
Topa Kypckoi o6nactu AneKkcaHap 3y6apeB 3asB8u
0 FOTOBHOCTU PernoHanbHoi BacTh OKa3aTb BceMep-
HOe cofeicTBMe JaHHOMY MaclTaGHOMY NPOEKTY.

«Bpems npaKkTu4yecKux LENCTBUIN N0 COOPYKEHMIO
Kypckow ASC-2 npuwno, — ckasas, OTKpblBas 3ace-
nanue, apektop Kypckoit ASC BauecnaB ®ealoKUH.
— Mbl ONTO K 3TOMY FOTOBUUCH U NPY NOAAEPIKKE
BCEX YPOBHEN Bnactu, oT deaepasnbHbIX O pervo-
HaNbHbIX U MECTHbIX, MPUCTYNaeMm K NpakTM4ecKkomy
peLLeHUIO MPaKTUYECKMX 3a4auy».

Myck nepBoro aHepro6noka Kypckon A3C-2 Ha-
MeyeH Ha 2020 rog.

Ana cnpaBKK: 06LMI NaKeT O4HOBPEMEHHO
peanunadyemblx Ha ceroaHawHui geHb HMA3M-ACI
npoeKToB — 20 coopyKaeMblX MU MPOEKTUPYEMBbIX
3HEPro6/0KOB B Poccun 1 3a pyGerom.

Time for Actions

2012 was a fateful year for NIAES-ASE since
several nuclear power-generating units were com-
missioned and construction of new NPPs began.

A general contract for construction of Beloruss-
kaya NPP was signed on July 18, 2012 as a result of the
meeting of the Council of Ministers of the Union State
of Russia and Belarus. Russian party to the Contract
was represented by Valery Limarenko, President of
NIAEP-ASE, the Belorussian party was represented
by Mikhail Filimonov, Director of NPP Construction
Directorate.

Belorusskaya NPP will comprise two power-generat-
ing units with the total capacity of 2,400 MW (2x1,200).
It will be built in Ostrovets district of the Grodno region
in accordance with AES-2006 (NPP-2006) project that
meets the IAEA international requirements.

A meeting of the NPP construction executive staff
and a meeting of Ministers of Power Production, Architec-
ture and Construction of the Republic of Belarus, heads
of the Grodno region administration, NPP construction
directorate and NIAEP-ASE was held on November 2012
in the town of Ostrovets.

Yury Pustovoy, Director of NIAEP representation
office in Belarus, said how the NPP operation base fa-
cilities were being built. He said that the drainage facil-
ity and concrete bed of the main buildings of the 1st
unit are being built in accordance with the construction
schedule. 29,400 cubic meters of concrete have been
placed, which is 36 percent of the total amount. Valery
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Limarenko reacted positively to the news: «The issue
of quality concrete is settled at the construction site.»

As one of the priority tasks heat is supplied to the
administration and on-site facilities and to two canteens
for 160 and 500 seats. Construction of the first level of
the NPP industrial estate enclosure has begun (comple-
tion of the work is planned for the end of 2012).

An important issue is construction of housing for
builders.

«Our task is to speed up the construction. Imple-
mentation of the social projects should not lag behind
the construction of industrial facilities. Unit transport
must be close to the army,» concluded Valery Limarenko.

The first meeting of Kurskaya NPP construction
executive staff was held in the town of Kurchatov on
November 22, 2012.

Before the meeting the participants inspected one
of the probable construction sites, the construction
base and infrastructure facilities location. Participants
of the meeting considered the milestones schedule of
the power-generating unit construction project, priority
measures of the site planning and management and
developing design and engineering documentation as
well as the results of the engineering investigation re-
quired for choosing the construction site.

NIAEP has been designated as the general contractor
and chief designer of Kurskaya NPP. Igor Kruuz, Director
for Construction of NIAEP, is appointed as the head of
the NPP construction. A branch of NIAEP will be opened

in the Kursk region and it will allow, as Mr. Limarenko
put it, «to live, work and pay taxes at the construction
site». First several dozens of the branch specialists will
begin their activities in Kurchatov immediately after
Christmas and New Year holidays. «Everybody wants to
start working here as soon as possible. We shall solve
the issue of licenses quickly and shall get engaged in the
site planning and management,» said Valery Limarenko.
The list of works required for the planning and manage-
ment of the 1st and 2nd units construction site includes
about 80 industrial, infrastructure and social facilities.
Among them are road and railway bridges, the first housing
facilities for builders, manufacturing facilities of civil engi-
neering, heating and electrical maintenance companies.
It is planned to use as many material and human
resources of the region as possible while performing
the site management and the main construction works.
Alexander Zubareyv, the First Deputy Governor of the
Kursk region, said that the regional government is ready
to provide all-round support to this large-scale project.
«tis the time for actions,» said Vyacheslav Fedy-
ukin, Director of Kurskaya NPP. <\We have been preparing
for the project implementation for a long time, and now
start to solve practical issues enjoying support of the
federal, regional and local governments.»
Commissioning of the 1st power-generating unit of
Kurskaya NPP is planned for 2020.
Reference: NIAEP-ASE builds and designs 20 power-
generating units in Russia and abroad.




MAPTHEPBI / PARTNERS

Bbi6paHa TEXHOIOTUSA yNpaBAEHUA CTPOUTENbCTBOM
KpYynHENLLIEero B MMpe TEPMOSIAEPHOIO peaKkTopa

ITER - mexxayHapoaHblii uccnepoBartesib-
CKO-TEXHOJIOFMYECKUI NPOEKT No Tepmosiaep-
HbIM peaKkTopam — B HacTOSILUA MOMEHT
3aHAT NOCTPOMKON KpynHenlero B Mupe U
HanGonee COBPEeMEHHOro TepMOsAAEepPHOro
peakTtopa. Pa6oTbl NPpOBOAATCA B UCCNeo-
BaTenbCKoM LeHTpe Kapapaw Ha tore ®paH-
LUU. ITOT KPYNHbIA Hay4YHbI 3KCMIEPUMEHT
npeaHa3Ha4eH Ans AeMOHCTPaLum Toro, 41o
MOXXHO NoJly4aTb KOMMEpPUYECKYI0 3HEepruto
nyTem TepMosifiepHoro cuHtesa. B npoekre
COTpyAHMYAIOT €BPONENCKUe cTpaHbl, Poccus,
UHaua, Kutan, AnoHua, K0xHaa Kopes u CLUA,
M OH BXOJMT B TPOMKY CaMbIX JOPOrUX NpoeK-
TOB B UCTOPUMU MO 06bEMY UHBECTUPOBAHUA,
umesn cmety B 13 munnuapaoB eBpo.

B okTa6pe 2012 r. MeXAYHAPOAHbIA KOH-
copLmMyM Bbibpan ans ynpaBieHus X040M CTPOU-
TENbCTBA, CAAYM B IKCMyaTaLmio, nocneayollen
3KCNIyaTaLmm, a TaKKe TEXHUHECKOro 06CNYKU-
BaHuA peaKTtopa ITER pelweHus nporpaMmHoro
Komnnekca Intergraph® SmartPlant® Enterprise.
CornalweHune BKIOYaAET NPUMEHEHUE TaKMUX pe-
weHunn SmartPlant Enterprise, kak SmartPlant
Foundation, SmartPlant Construction, SmartPlant
Materials 1 SmartPlant Enterprise for 0/0.

CTpouTenbCTBO NIOLWaAKK U 3AaHUI YIKe Ha-
Yanocb, 1 CTPaHbl-y4aCTHULbI HAYMHAIOT NPOU3-
BO/JCTBO 060py0BaHMS, TaKOro Kak CBepXmnpo-
BOASLLME MPOBOAHNUKK. Ha aTane npoeKTnpoBa-
HWS, CTPOMTENbCTBA M MyCKa peaKTopa pelleHne
SmartPlant Enterprise for 0/0 npeaoctaBuT 3a-
paHee KOHPUIrypUpOBaHHbIE peLleHns Ans noa-
[EPHKKN NPOLLECCOB UHXUHUPKUHTA U yNpaBieHUs
npoektoM, a SmartPlant Foundation cbirpaet
K/TIOYEBYIO PO/ib B CUHXPOHU3aUUK U 06MeHe
JaHHbIMU. penmywecTBO UCMONb30BaHUA B
NPOEKTE CUHXPOHU3UPOBAHHOW MHPOPMaLMK U
LleHTpann3oBaHHbIx 623 AaHHbIX, Npea/iaraembix
SmartPlant Enterprise, cBa3aHO ¢ HE0O6X0AUMO-
CTbto 06ecneyeHnst Hauny4lero ynpaBneHus pa-

6041MM NpoLeccamu, XxpaHeHust MHGopmaLmmn 06
060pyAOBaHMU 1 ero 06CNYKNBaHMUM, KOOPAMHA-
LMK NOCTaBLLMKOB U YNPaBNeHU UBMEHEHUSAMMU.

MNoctaBKa nepBoro o6opygoBaHMsa Ha Mo-
Wwagky nponsonget B 2014 roay, MOHTax TO-
KaMaka 6yaet npoBegeH B 2015 rogy. Pa6oTbl
nnaHupyetcs 3aBepwmnTb K 2019 roay ¢ pacyeTom
Ha 3anycK peakTtopa B 2020 rogy. Kak Tonbko
3KCNepUMEHTaNbHbIN peakTop 6yaeT caaH, Kax-
[asi cTpaHa-y4acTHULA NOoayyYuT NpaBo CTPOUTb
aHaNnorMyHble TepMosiiepHble 3NEKTPOCTaHLMK
Ha CBOEN TEPPUTOPHMK.

PeweHnune ITER o BbiGope Intergraph 6bino
NPUHATO Nnocne AUTENbHOro aHanan3a 1 noyTu
4-neTHero BHeAPEHMUS M OMbITHOIO UCMONb30Ba-
Hua PLM pelleHnin gpyrux KOMnaHum.

— HecmoTpsa Ha npucyTcTBME Ha pblHKE
KOHKYPUPYIOLWMX peleHni, BbIGOp caenaH B

nosib3y TexHonoruu Intergraph 6narogaps Kom-
6GUHALMKN peLleHU, 3HaHMUM M OMblTa, a TaKXe
4esloBEYECKMX PECYPCOB, NPeacTaBNeHHbIX Ans
[JaHHOro npoekta, — coobwmn Ken bnaknep,
rnaBa OTAena CTPOMTENbCTBA M IKCMyaTaLuuu.
ITER cTaHeT nepBbIM B MUPE NLEH3UPOBAHHbIM
TepMosePHbIM PEaKTOPOM NOA0GHOro Knacca, 1
onbIT Intergraph B 061acT aTOMHON 3HEPrETUKH,
npesBblwatoumm 20 fEeT, cbirpan BaXKHyto poib B
NPUHATUN OKOHYaTENIbHOIO PeLIEeHMS.

MpesungeHT Intergraph Process, Power &
Marine lepxapp CannuHrep B CBOIO o4yepeib
OTMETW/, H4TO MPOEKT TEPMOSALEPHOro peaKkTopa
ITER — KpynHasi nobeaa Intergraph B gaHHon
oTpacnu.

Intergraph sBnfieTca ogHUM U3 cTpaTeru-
YEeCKUX NapTHEPOB MHXXWHUPUHIOBOM KOMNa-
Hun HUAIM-ACI.

Ha cBoi1 BTopo# exerofHblit [leHb OTKPbITbIX ABEpPEN 6 OKTAGPA 2012 roaa MmeKayHapoJHON oOpraHm-
3auumeit UTIP G6bin npurnaweHbl okono 1300 yenoBek.

For its second annual Open Doors Day on 6 October 2012, the ITER Organization invited 1,300
people. (Photo: ITER Organization)

Technology of the Largest Nuclear Fusion Construction
Management is Chosen

ITER is an international project to design
and build the largest experimental fusion re-
actor. The site for the nuclear reactor is the
town of Caradache in the south of France.
The research project is to demonstrate that
itis possible to produce commercial power by
means of thermonuclear reaction. The project
has united European countries, Russia, India,
China, Japan, Republic of Korea and USA and,
being worth 13 bn euros, it is one of the three
most expensive projects.

The international consortium chose Inter-
graph® SmartPlant® Enterprise bundled soft-
ware for the construction management, commis-
sioning, operation and maintenance of ITER reac-
tor in October 2012. It is planned to apply such
SmartPlant Enterprise decisions as SmartPlant
Foundation, SmartPlant Construction, SmartPlant
Materials 1 SmartPlant Enterprise for 0/0.

Construction of the site and buildings has
already begun, and member countries start to

produce equipment such as superconducting
conductors. At the stage of design, construction
and commissioning of the reactor SmartPlant
Enterprise for O/0 will provide configured de-
cisions for the project engineering and man-
agement support while SmartPlant Foundation
will play the key role in the data exchange and
synchronization. Synchronized information and
centralized databases are required to ensure
the best possible management of work process,
storage of information about equipment and its
maintenance, coordination of suppliers opera-
tions and change management .

The first equipment will be delivered to the
site in 2014, tokomak assembly will be done
in 2015. The work will be completed in 2019
and the reactor will be commissioned in 2020.
After the commissioning of the experimental
reactor each member country will have the
right to build analogous fusion power plants
on its territory.

ITER took decision to use Intergraph after
long process of analysis and 4 years of intro-
duction and pilot use of PLM systems of other
companies.

— Though there are competing technologies
in the market, we have chosen Intergraph since
it has the best combination of solutions, knowl-
edge and expertise as well as human resources
essential for the project, — says Ken Blackler,
head of ITER’s Assembly & Operations Division.
ITER reactor will be the first licensed nuclear
fusion reactor of this class, and 20 years of
Intergraph’s experience in the nuclear power
engineering was a decisive factor in making
the final choice.

Gerhard Sallinger, President of Intergraph
Process, Power & Marine, noted that ITER reac-
tor project is an important victory of Intergraph
in the field.

Intergraph is one of NIAEP-ASE’s strategic
partners.
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KJTACTEP

B. M. YanoB, uieH pa6o4ei rpynnbi nNo
Pa3BUTUIO KlacTepa aTOMHOM 3HEpPreTUKH
B HuxxHem HoBropope

UcTopusa

B KoHue 80-x rogoB nNpownoro Beka uccne-
foBaTenn o6HapyXuu, 4TOo B pas3HbIX CTpaHax
CYLLLECTBYIOT FPynmbl KOHKYPEHTOCNOCOBGHbIX Npea-
NPUSATUM B pamMKax OTAEeNbHbIX OTPac/ien, KoTopble,
HECMOTPS Ha Masbli TeEppUTOpPHanbHbIN pa3mep,
3aHUMaIOT TNAMPYIOLKE MO3ULMKU MO BCEMY MUPY.
Mpryem 310 He OTAeNbHbIE NPEeANPUATUS, @ UMEHHO
rpynnbl NPeanpUATUiA. Mo-aHMUMICKK «CKOMNAEHKe,
rpynna, rpo3fapb, My4oK, KYyCT» — 3TO M €CTb «KacTep».

[Mpon3BoacTBEHHAa Koonepauus, Nokannsa-
LIS POACTBEHHbIX MPOU3BOACTB, HOBbIE UCTOYHUKHK
duHaHCMpOBaHUS, rocyfapCTBEHHas NoALEPKKaA U,
KaK peaynbraTt — BHeApeHUe MHHOBAaLMI, CHUXEHNE
€ce6eCTOMMOCTU 1 MOBbILLEHNE KOHKYPEHTOCMOCO6-
HOCTM NPOAYKLMU — 3TU SABNEHNS XapaKTepHbl Ans
KNnacTepHOro pas3BUTUSA MPOMbILLIEHHOCTH.

KakoBa OCHOBa KOHKYPEHTOCNOCOGHOCTH
KnactepoB? [MaBHOE — 3TO HalM4yne KIYEBbLIX
GUpM, KOTOpble IKCMOPTUPYIOT CBOIO MPOAYKLIMIO
UK TOBapbl, MK YCNYrK 3a npeaenbl pernoHa. Kok-
KypupyloWwmnx KOMNaHum He ob6a3aTenibHO AOMKHO
6bITb MHOIO, HO AO/MKHa 6bITb NAMPYIOLWAN, KOTO-
pas n obecnevynmBaeT IKOHOMUYECKMI yCrex BCEro
Knactepa, KoTopasi MPUHOCUT BasOTy B PErMOH.
Ecnu aTa KOMNaHWs KOHKYPEHTOCNOCO6Ha, TO, KaK
npaBuIo, OHa 3aBWUCWUT OT MOCTABLIMKOB CbIPbS,
KOMMNEKTYIOLLMX, PEMOHTA, YCAYr U T. 4. — U3 Yero
CKNlaAblBaeTCs KOHEYHbIN NpoayKT. OT ypoBHSA Npea-
NPUATUIA-NOCTaBLLMKOB 3aBUCUT 61aronony4ume Bce-
ro Knactepa B Lie/loMm.

BbITb 1M aTOMHOMY KnacTepy Ha HUKeropos-
CKoMn 3emne?

HeKkoTopoe BpeMsiHa3ag, Ha 0AHOM U3 3acefaHui
MHBECTUMUMOHHOrO coBEeTa Npu rybepHaTtope, rosopst
0 nepcneKkTuBax pa3sutna TOK pernoHa, rybepHatop
Huxeropoackon o6nactu Banepui LLlaHueB ckazan:
«Mcxoasa M3 Toro, YTO Halll PerMoH yxKe pacnonaraet
YHUKaNbHbIM COYETAHWEM HAY4YHOrO MOTEeHLUMana B
aTon otpacu — POSAL-BHUNI® B Capose, MoLHbIE
NMPOEKTHO-KOHCTPYKTOPCKUE MHCTUTYTLI, 06najato-
LLMe YHUKaNbHbIM 3KCNEPUMEHTaNIbHbIM 060pYA0Ba-
HYEeM U KBanMPpULMPOBaAHHbIMK KaapaMu, Takne Kak
OKBM, HUMNC, HUASI — 1 MalLMHOCTPOUTENbHbIX
npeanpuUATUiA: HUXeropoacku MawmHOCTPOUTE b-
HbIM 3aBof, 3aBoj «KpacHoe CopMOBO» U MHOTHe
ApYyrue, MOXKHO roOBOPUTb O TOM, YTO aTOMHbIN Kna-
cTep yxe chopmnpoBaH».

[ns aMUHWUCTPaLMKM KnacTep — 3TO COBPEMEH-
HbIY M YA06HbIN MHCTPYMEHT B MPOMbILWAEHHON NONK-
TUKe AN JOCTUMEHWS OCHOBHbIX LieNien: JOXOAHOCTH
pernoHa u 3aHATOCTU HaceneHus.

Kpome Toro, ato xopouwas niaowagxka s B3a-
MMOJENCTBMUA C BU3HECOM.

Poccua BcTynuna Bo BceMupHylo Toproeyto
opraHmzaumio (BTO). lo atoro momeHTa P® octa-
Banacb nocnegHemn KpynHom MMpPOBON 3KOHOMUKOW,
He Bxoasulen B BTO. Poccuitckmne KomnaHum BCKope
OKaXXyTCs B YC/IOBUAX MPSAMON ECTKON KOHKYPEH-
LMK C MHOCTPaHHbIMY Npou3BoanTensamu. OHu 6yayT
aKTMBHee MPOHMKAaTb Ha OTEYECTBEHHbIW PbIHOK,
KOTOPbIN CTaHET abCONOTHO OTKPbITbIM. CNOXKUBLIA-
SCA CUTyaLMs 3aCTaBUT BCEX UTPOKOB MEHSIOLLErOCs
pblHKa genaTb CTaBKy Ha co3jaHue 6onbluen [o-
6aB/ieHHON CTOMMOCTV TOBapa nyTeM AOMoSHEHUS
NPOU3BOAMMbIX MPOAYKTOB BbICOKOTEXHONOMMYHbLIMU
cocTaBAsloWmMMnU. MHaye pocCcMMCKUe KoMNaHW1
NPOCTO HE CMOTYT KOHKYpPUPOBaTb C MMPOBbLIMHU
rMraHTaMu, MHOrme NpeanpuaTUa U Ux NPoayKuMs
OKaXKyTCs HEKOHKYPEHTOCMOCOBHbBIMU; IKCNEPTbI
NPOrHO3MPYOT 6AHKPOTCTBO U Pa30PEHUE MHOMUX
HeapdEKTUBHbIX GBU3HECOB.
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B Takon cuTyaummn ewé octpee 0603Ha4YnNach
3ajaya NnoucKa Mep 3aLuTbl OTEHECTBEHHOMO OU3-
Heca.

«BONbWMHCTBO NpeanpuHUMaTenen CTpeMsaTcs K
TOoMYy, 4TO6bI B Poccuu 6b110 BbIrOAHO M 6€30MacHo
npon3BOAWTb, YTOGbI HACTynMa anoxa cBOGOAHOM
KOHKYPEHLMH, @ rocyAapcTBO pa3paboTano v BHe-
apnio abPEeKTUBHYIO CUCTEMY 3aLLUNUTLI MUHTEPECOB
HauWoHanbHoro 6usHeca» (M3 obpauleHusa B. .
LLaHueBa K y4yacTHMKaM lNepBoro MexayHapoga-
HOro 6u3Hec-cammuTa «<busHec B Poccum: HUxHUM
Hosropog», 27-29 ceHtabpsa 2012 r.).

K peanuam

14 wioHs 2012 roaa Ha |l MexagyHapoaHom ¢o-
pyme «YnpaBneHUe KMIHEHHbIM LIMKIIOM CIIOXHbIX
WMHXXEHEPHbIX 06beKToB», opraHnsosaHHom OAO
«HWUA3IM», pykoBoAMTENN NPEANPUATUIA aTOMHOM
oTpacnu, Apyrux otpacnemn NpoMbIWAEHHOCTH, CTPO-
UTENbCTBA M 3KOHOMUKM, HayKK M 06pa30oBaHus, Ac-
coLMaLmMmn NPOMBILINEHHUKOB W NpefnpuHUMaTenew,
ToproBo-NpoMbILLEHHON NanaTbl, NpeacTaBUTeN
aaAMuHKUCTpaumi Hukeropogckon n BnagummnpcKkom
ob6nacTei noagnucanu MemMopaHayMm 0 CoO3aHune Kna-
cTepa aTOMHOW aHepreTuku B HuxxHem HoBropogae
(KASHH). YTBeprkaeH CoBeT No pasBuTHIO KnacTepa,
co3faHa paboyas rpynna.

Pa6oyas rpynna HameTuna nporpammy aen-
CTBUI, onpeaenvna GyHKLUMOHAN Kaxkaoro y4acTHUKa
M aKTMBHO npucTynuia K pabote. 3a npoweawmum
nepuoa CoCToANUCh TPU 3acefaHns paboyen rpynnbi.
B pamkax npoxoausLliero 27 -29 ceHtabpsa 2012
roaa Ha Huxeropognckom spmapke lNepsoro Mexay-
HapoaHoro 6usHec-cammuta «busHec B Poccuu:
HuHMIM HoBropoa» opraHnM3oBaH 1 NpoBeAEH Kpy-
rNbIA CTON Ha TeMy «Knactep aTOMHOM 3HEPreTUKM:
HOBbIE€ BO3MOXHOCTU 3KOHOMUYECKOIO Pa3BUTUSA U
KaJpoBoro noteHuuana». PagpaboTtaH v 3anyLieH B
TECTOBOM PEXMME CalT Knactepa, Beaetcst paboTa
No HaMoMHEHWIO ero pasaenoB U COBEPLLEHCTBOBA-
HUIO CTPYKTYPbI.

Mpe3eHTauus canTa coctosinace Ha XVII Mexay-
HapOAHOM MPOMbILLIEHHO-3KOHOMUYECKOM dopyme
«byayuiee Poccumn», npoxoamsliem 1—4 Hoabps 2012
roga Ha Huxeropoackow spmapke. OHa Bbl3Bana
MHTEPEC KaK caMWX Y4aCTHUKOB, TaK U MOTEHUM-
anbHbIX MAapTHEPOB KiacTepa. YcTaHaBAMBalOTCA
[1e/10Bble€ KOHTaKTbI.

B nporpamme pestenbHOCTM HMXEropoacKown
accoumauimn NPOMBbILIEHHWKOB U NpeanpuHUMa-
Tenen (HAMM) Ha 2013-2017 rr. ogHOM M3 OcC-
HOBHbIX 3ajja4 OTMEYaeTcs OKalaHWe NoAAePKKU
npeanpuaTamM oénactu B Co3aaHuu U paboTe Kna-
cTepa aTOMHOM 3HepreTukn B HuxHem Hosropoge.
[OTOBHOCTb K COTPYAHMYECTBY C YleHamMu KnacTtepa
NPOABASAIOT 1 3apybEXKHbIE MPOU3BOAUTENN NPOAYK-
LMK ANs aTOMHOM NPOMbIWNEHHOCTU, B HAaCTHOCTH,
4neHbl Knactepa «bypryHackui aaepHbii nontoc (pole
Nucleaire Bourgogne)» (PpaHuus).

K nepcnekTtuBam

[porHo3npoBaTh ycneLHyio paboTy Knactepa B
CpefHeCcpPOYHOM 1 JONTOCPOYHOM NePCneKTUBE No-
3BONIAET BbIOPaHHbIN NOAXOA K YIpaB/ieHWIo KnacTe-
pom. 310 CoBeET N0 Pa3BUTUIO KNacTepa. B ero coctas
BXOAAT PYKOBOAUTESU BCEX BEAYLLMUX NPEANPUATUIA
aTOMHOM oTpacnu pervoHa. Npeacenatenem n3bpax
Banepwuit Uropesuy JiumapeHko — npesngeHt OAO
«HWA3TI». CoBeT 6yaeT onpeaensTb Lenu, 3agayu
cTpaTeruio pa3BuUTHa Knactepa, yTBepxaaTb nepe-
YeHb KJ1aCTEPHbIX MPOEKTOB, FOA0BbLIE U MPOEKTHbIE
6oareTbl. Paboyas rpynna no pasBuTvIO Knactepa,
cocToALas U3 ToN-MeHeaKepoB psaja NpeanpudaTui
aTOMHOW oTpacnu, Apyrux oTpacnen npomblIWneH-
HOCTH, CTPOUTENbCTBA U SKOHOMUKHU, HAyKU U 06-
pa3oBaHus, AccoLMaLvn MPOMbILLNEHHWUKOB U MPea-

Knactep aToMHOM 3HepreTukn B HUXxHem HoBropoge:
BYepa, cerogHd, 3aBTpa

npuHUmaTenemn, ToproBo-nNPoMbILWAEHHOM NanaThbl,
npeacTaBuTenen agMMHUCTPaLMn HuKeropoackon
1 BnagumupcKomn o6nacten 6yaeT BbINOAHATb POJb
WUCMNONHWUTENBHOIO OpraHa.

MNepBble Hanbonee BaxHble, MOXHO CKa3aTb —
ocHoBononaratouwwme npoexkTbl KAOGHH:

— pa3BWTWE eAMHOro OTPACIEBOro HOMEHKNa-
TYPHOro Kartanora o60pyfoBaHMa U MaTepuanon
(EOHKOM);

— NOAroTOBKA KaApoB ANs NPeAnpuUsiTUii aTom-
HOM OTpac/u U ApYyrux y4aCTHUKOB KnacTepa.

Ecnu roBoputb 0 NocTaBKax 060pyAa0BaHUA U
MartepuanoB, TO NPeanpUATUS Knacrtepa MoryT u
[OMKHbI @KTUBHO y4acTBOBaTb B 3TUX MPOEKTaXx.
BarKHbIM MOMEHTOM IBASIETCS perncTpauus n pas-
MelleHne ceoen npoayKumm 8 EOHKOM. Cneunanu-
cTbl OAO «<HUA3IM» yxxe ceroaHs npoBoasT paboTy no
06Yy4€eHMI0 COTPYAHMKOB 3aUHTEPECOBAHHbIX Npea-
NPUATUIN 4ng paboTbl C KaTanoroM. 3To Hanpas/ieHe
[OJI}KHO NOAYYUTb JanbHellwee pa3BuTHE.

'K «PocaTtom» NPOBOANT KOPPEKTUPOBKY AOPOXK-
HOM KapTbl. BBOA B 1IEeCTBME NEPBOro 3Hepro6o-
Ka Huxeropoackon ASC cmelwéH Ha 2023 roa. B
3Tom rofly HWASI ctan reHepanbHbIM NOAPSAYUKOM
Mo COOPYKEHWUIO YETLIPEX IHEPro6I0KOB KypcKow
A3C, HauynHaeTca NPOeKTUpoBaHue. B akTUBHOWM
da3ze coopyreHue 3-ro n 4-ro 610K0B POCTOBCKOM
A3C. Beaytcsa paboTbl N0 COOPYKeHUI0 banTuncKom
A3C, aHepro6nokoB B benopyccuu...Taknum o6pa-
30M, HECMOTPS Ha CMELLLEHME CPOKOB COOPYKEHMS
Hwxeropoackon A3C, y yHaCTHMKOB KnacTtepa u
cerogHs 601bLoN GPOHT paboT. ITO NOMOXKET Npea-
NPUATUSAM — NOTEHUMaNbHBIM NocTaBLMKam 060-
pyLOBaHWS 1 MaTepranoB OCYLLECTBAATb MOCTaBKU
Ha yxe cTposiwmecs ASC 1 XopoLo NOAroTOBUTLCS
K cTpoutenbcTBy ASC B Huxeropoackon obnactu.

B aton cutyaumu TpyaHO nepeoueHUTb 3Ha-
4YnmocTb 06pa3oBaTebHOro NPoeKTa, NO3TOMY
co3naHa 6a3oBas Kadegpa HITY B OAO «<HUAIM»
«CnCTeMbl yNpaBieHNS YU3HEHHbIM LUKIIOM CI0X-
HbIX MHXXEHEPHbIX 0GHLEKTOB» U YXKe MAET npoLecc
NOArOTOBKM CNeELMannCcToB Ans paboTbl Kak B Npo-
EKTHOM 6J/10Ke, TaK M HeMOCPEACTBEHHO Ha caMmx
CTPOALLMXCSH OObEKTAX.

MpucTynuAn K NOArOTOBKE NO y4acTuio npes-
npuaTHin knactepa B Il MexayHapoLHOM Hay4Ho-
npakTuyeckom Popyme «YnpaBneHUe KUSHEHHbIM
LIMK/IOM CITOXHbIX MHXEHEPHbIX 06beKToB». Mpe-
3upeHT OAO «HUA3IM», npeacenatens Coserta no
pa3BuTHio Knactepa B.W. JlumapeHKo npeanoxun
Ha TpaauLIMOHHO NpoBoAMMbIX Gopymax, Ha 3aceda-
Husx CoBeTa paccMaTpuBaTh aKTyasbHble BOMPOChHI
pa3BuUTUA KnacTepa.

EcTb peanbHble NPeAnoChIIKK y4acTus npes-
NpuUATUI Knactepa ewweé B LenoM psije NpoeKTos,
OAHAaKO HeonpeaenéHHOCTb Ha CEeroAHAWHUN AeHb
opraHuM3aunoHHO-NpaBoBon GOpPMbI perncrTpaLmm
Knactepa Aenaer, K COXaneHuio, pa3roBopbl 0 HUX
npexaeBpeMeHHbIMU.

Haunb6onee npeanoyTMTeNbHOM — No pesynbra-
TaM 06CYXXAEHUN U U3 onblTa paboTbl B TOM YuUce
3apybexHbIX KNnactepoB — ABnseTca popma He-
KOMMEPYECKOro napTHepcTBa. B aToM cnyyae, umes
cTaTyCc lOpUANYECKOro nuLa Kak NosHOLEHHOrO
XO3AUCTBYIOLLErO CyObeKTa, MOXHO y4acTBOBaTb
B 60/bLUIOM KOJIMYECTBE NPOEKTOB, UMETb BO3MOXK-
HOCTb MNOAYyYaTb rOCYAAPCTBEHHYIO NOAAEPIKKY U ObITb
YBEPEHHbIM B TOM, 4TO A€ATENbHOCTb NMapTHEPCTBA
6yaeT HanpaBneHa Ha ycrex BCero Knactepa v Bcex
€ro y4acTHMKOB, @ He B MHTepecax Kakoro-nméo
y4YaCTHUKa UK YNIOTHOMOYEHHON GUPMBI.

M Torga oTBeT Ha Bonpoc «bbITb I aTOMHOMY
KnacTepy Ha HUKEropoACKOW 3emne?» CTaHOBUT-
€Sl O4EBUAHbIM: KlacTep aTOMHON 3HEPreTUKU B
HwxHem Hosropoae (KASHH) pa6otaet — 3HauuT,
OH yXe cyuiectByer!




CLUSTER

Nuclear Cluster in the Nizhny Novgorod Region:
Yesterday, Today, Tomorrow

V. Chalov, a Member of the Task Force
for Nizhny Novgorod Nuclear Cluster
Development

History

In the 1980s it dawned upon researchers that
within industries there are groups of competitive
enterprises that occupy the leading positions in
the world despite being limited in their geography.
They are not separate enterprises but groups
of companies. The English term for them is a
«cluster.

Cooperation and localization of related
production facilities, new sources of financing,
state support and resulting introduction of in-
novations, low production cost and enhanced
competitiveness are typical of the cluster-like
industry development.

What enhances clusters’ competitiveness?
It is based on key companies that export their
products and services beyond the region. The
number of competing companies should not be
great, but there must be a top company that
boosts the economy of the whole cluster and
earns currency for the region. When this com-
pany is competitive it depends on suppliers of
raw materials, components, repair and other
services that are essential for production of the
end product. The effectiveness of the cluster
depends upon efficiency of suppliers.

Is it possible to form a nuclear cluster in the
Nizhny Novgorod region?

Some time ago Valery Shantsev, Governor of
the Nizhny Novgorod region, said at a meeting of
the Investment Council: «Taking into considera-
tion the unique research potential of the region
in the nuclear sector represented by All-Russian
Research Institute of Experimental Physics (VNI-
IEF) in Saroy, by efficient design institutes such
as OKBM, NIIIS, NIAEP with their state-of-the-
art experimental facilities, by machine building
companies such as Nizhny Novgorod Machine
Building Plant, Krasnoe Sormovo Plant and many
others, we can state that the nuclear cluster has
already been formed in the region».

The regional government can use the clus-
ter as a modern tool of the economic policy to
achieve the strategic goals, i.e. to ensure profit-
ability of the region and full employment.

Moreover, it is a good means to establish
cooperation with business structures.

Russia has joined WTO. Before that it had
been the only large economy that was outside
WTO. Very soon Russian companies will have to
compete fiercely with foreign producers. Foreign
companies will have a free access to the Rus-
sian market. In such a situation all players in the
changing market will be forced to create added
value by means of integrating high technologies
in their products. Otherwise they would not be
able to compete with the world giants; experts
forecast bankruptcy of a great number of inef-
ficient companies.

Therefore, the task of specifying the means
of protecting Russian business becomes even
more important.

«t is a dream of the majority of entrepre-
neurs to be able to produce goods with profitand
without any risks, to work in the environment of
free competition, to enjoy an effective system
of protecting interests of Russian busineses
developed and introduced by the state» (from

the Address by Governor Valery Shantsev to the
participants of the 1st International Business
Summit «Business in Russia: Nizhny Novgorod»,
September 27-29, 2012).

Realities

On June 14, 2012, at the 2nd International
Forum «Lifecycle Management of Sophisticated
Facilities» organized by NIAEP JSC, a memoran-
dum of the creation of Nizhny Novgorod nuclear
cluster was signed by heads of companies of the
nuclear industry, agriculture and other branches,
scientific and educational establishments, As-
sociation of Industrialists and Entrepreneurs,
Chamber of Industry and Commerce, representa-
tives of the governments of the Nizhny Novgorod
and Vladimir regions. A Council of the cluster
development and a task force were formed.

The task force has worked out a plan of ac-
tivities, specified the functions of each cluster
member and initiated active activities. Three
meetings have been held since then. The round
table «<A Nuclear Cluster: New Possibilities of the
Economic and Human Resources Development»
was held within the framework of the 1st Inter-
national Business Summit «Business in Russia:
Nizhny Novgorod». The cluster’s web-site has
been created and run in the test mode; now its
structure is being perfected and its sections are
filled with the appropriate content.

The web-site was presented at the 17th Inter-
national Industrial and Economic Forum «Future
of Russia» held at the Nizhny Novgorod Trade
Fair on November 1-4, 2012. The presentation
provoked interest among the participants of the
forum and prospective cluster members. Now
business relations are being established.

The program of the Nizhny Novgorod As-
sociation of Industrialists and Entrepreneurs
for 2013-2017 envisages the assistance to
companies of the region in creating the nuclear
cluster and in its operations. Foreign manufac-
turers of products for the nuclear industry such
as pdle Nuclnaire Bourgogne (France) have
also demonstrated readiness and willingness
to cooperate with Nizhny Novgorod nuclear
cluster members.

Prospects

The adopted approach to the cluster man-
agement enables us to predict that the cluster’s
medium-term and long-term operations will be
successful. The main managing body is the Coun-
cil for the Cluster Development. Heads of all
regional companies of the nuclear industry are
members of the Council. The Council is chaired by
Valery Limarenko, NIAEP President. The Council’s
mission is to set goals and tasks, to determine
the cluster’s strategy, to approve a list of projects
to be implemented by the cluster as well as an-
nual and project budgets. The role of the execu-
tive body of the cluster is performed by the task
force comprising top managers of companies of
the nuclear industry, civil engineering and other
branches, heads of educational and research or-
ganizations, the Association of Industrialists and
Entrepreneurs, Nizhny Novgorod Region Chamber
of Industry and Commerce, representatives of
the governments of the Nizhny Novgorod and
Vladimir regions.

Here is the list of the first and most essential
projects of the nuclear cluster:

— development of the single catalogue of
equipment and materials for the nuclear industry;

— training specialists for companies of the
nuclear industry and other cluster members.

The cluster member companies can and must
participate in supplying equipment and materials.
It is essential to register products in the single
catalogue. NIAEP specialists train managers of
prospective cluster members to work with the
catalogue, and this activity should be energized.

Rosatom State Corporation updates the road
map. Thus, commissioning of the first nuclear
power-generating unit of Nizhny Novgorod NPP
has been postponed till 2023. NIAEP became
the general contractor in the project of the 3rd
and 4th units of Rostovskaya NPP and started
design work this year. Construction of Baltiyskaya
NPP and power-generating units in Belarus is
underway... This means that despite the fact that
the time for Nizhny Novgorod NPP construction
has been prolonged the cluster members have
a large amount of work. It will help prospective
suppliers of equipment and materials to deliver
their products to the NPP under construction
and to get ready for the construction of Nizhny
Novgorod NPP.

In this situation the educational project can
hardly be overestimated. That is why Nizhny
Novgorod Technical University's basic chair «Life-
cycle Management of Sophisticated Facilities»
has been founded at NIAEP and specialists are
being trained for work within the design project
and at the facilities under construction.

Now the cluster members are getting ready
for the 3rd International Research Forum «Life-
cycle Management of Sophisticated Facilities».
Valery Limarenko, NIAEP President and Chairper-
son of the Council for the Nuclear Cluster Devel-
opment, has suggested that important problems
of the cluster development should be discussed
at the forums and meetings of the Council.

The cluster member companies can partici-
pate in many other projects too, but due to the
uncertainty of the cluster’s legal organizational
form it is too early to discuss them.

Judging by the results of discussions and
experience of foreign clusters, nonprofit part-
nership seems to be the most advantageous
legal organizational form. Being a legal entity
the cluster would be able to participate in a large
number of projects and to have state support;
we would be confident that the goal is really to
ensure success of the cluster as a whole without
giving preferential treatment to a member or an
authorized company.

In this case the answer to the question
«|s it possible to form a nuclear cluster in the
Nizhny Novgorod region?» would be obvious:
Nizhny Novgorod nuclear cluster is operating,
so it does exist!
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KJTACTEP

KAOHH: 60nbLLIOW OPKECTP aTOMHOW OTPacIu

B pamkax coctonBlerocs B HmxHem HoB-
ropoae MexayHapoaHoro cammura «busHec
B Poccun» npowen Kpyrnbiii cton «<Knacrep
ATOMHOW 3HEepPreTUKMU: HoBble BO3MOXHOCTHU
3KOHOMMYECKOro pa3BUTUA U KagpoBOro
noteHyvana», UHULMUPOBaAHHbIN HuxKe-
rOPOACKON MHXWHUPUHIOBOW KOMMNaHUEWN
«AToM3HepronpoekT». [lpeanaraem 4Yutarte-
JNIAM BbIA€PKKU U3 BbICTYMJIEHUA YHaCTHUKOB
Kpyrnaoro crona.

B. B. Hedepos,
MWUHUCTP NMPOMBbILLJIEH-
HOCTU U MHHOBaLUM
Huxxeropopgckoi 06-
nactu:

— CospaHue Knacte-
pa aTOMHOW 3HEPreTUKM
B HuxHem HoBropoge
(KA3HH) — ato HoBas
TOYKa pocTa permoHasb-
HOM 3KOHOMWKW M aTOMHOW OTpaciv B LEIOM.
ATOMHasl 3HepreTMKa — NPUOPUTETHOE HaMnpaBs-
NieHne B pas3BUTUKM OTEYECTBEHHOW MPOMBbILL-
JIEHHOCTU, U B 3TOW OTpac/iun cenyac ecTb Bce
NpeAnocbIIKK ANns co3aaHus paboTocnoco6HOro
Knactepa. PelweHune o ero cosaaHnun 6bi10 Noa-
nucaHo 14 nioHa 2012 rofa Ha MeXxayHapoaHOM
dopyme «YnpaBieHNe }USHEHHbIM LIMKIIOM C/TOX-
HbIX MHXXEHEPHbIX COOPYKEHNIM», MPOXOAMBLLEM B
Hw»xHem HoBropoge. bbinl NPUHAT COOTBETCTBY-
OLLMI MeMOopaHayM, KOTOPbIN Ha CErOAHSALWHUI
[eHb MOAMMCaH PYKOBOAMTENAMM ABaALATU ABYX
pasnnYHbIX NPeanpuUaTUi U OpraH1M3aLni.

BesycnoBHo, He cny4aiHo, 4to dopmmpoBa-
HWe NepBOro B CTpaHe aTOMHOro KnacTepa Ha-
yanocb MMeHHO B HM»xHeM HoBropoge. MoXHO
CKaszaTb, 4YTO Hall ropoa U o6nacTb Ha ceroa-
HAWHWIW AeHb ABNSIOTCSA LEHTPOM OTE4YEeCTBEH-
HOM aTOMHOW 3HEPreTUKKU. 34ecb pacnosioXKeHa
KpynHenllas B CTPaHe MHXUHUPUHIoBas KomMna-
HU HUAIM-AC3, KoTopas NpoeKTUpYyeT U caaeT
«MOA KNtoY» TEMEPD YIKE AECATKU 3HEPrO6/I0KOB;
yCcnewHo paboTaeT KpynHenwmnin degepanbHbin
LLeHTP aTOMHOro mawuHocTpoeHns — OKBM
AbpuKaHTOB; 3aecb HaxoauTcst POCCUMCKUI de-
aepanbHbIn A4epHbIN LLEHTP, UMEIOLLUIK camyto
COBPEMEHHYIO CyNePKOMMbIOTEPHYIO TEXHUKY,
No3BOJIAIOLLYIO NPOU3BOAWUTL MaTeMaTUHECKOE
MOAENMPOBaHME BCEX MPOLLECCOB, MPOXOAALLMX
B aHepro6nokax; HUMNC, npon3BoasLLmi CNoxK-
Hble cuctemMbl aBTOMaTUKKM ans A3C. B HuxkHem
HoBropoge pa6oTatoT MHOrMe NpeanpuaTus,
He Bxoasiwue B cucteMy Pocatoma, HO OMbITOM
M NMPaKTUKOWM [I0Ka3aBlUMEe CBOIO CNOCOGHOCTb
TPYAWUTbLCS, YAOBNETBOPSASA BCEM KPUTEPUAM Ka-
yecTBa M 6e30MacHOCTH, NPeabABASIEMbIM B
aToMHOW oTpaciu. B kayecTBe npumMepa Mox-
HO NMPMBECTU MAWMHOCTPOUTENbHLIA 3aBOJ,
KpacHoe CopmoBo, Tennoo6MeHHUK U apyrue
npeanpusTus. Ham BaxKHo, 4TO B 3TOM LieNoYKe
€CTb U MPOEKTUPOBLUMKHK, U Pa3paboTUMKK, U
M3roTOBUTENN MPOAYKLMU, HEOOGXOANMMOW ANS
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oTpac/iu, a TakXKe ecTb dyHAamMeHTanbHasa 1
npuKnagHaa By30BCKas HayKka, obecrneynBato-
Las NoCTOSIHHbIN NPUTOK KaApoB Ha Npeanpu-
ATUSA, cneumanbHo co3aaHbl MHCTUTYT saepHoM
3HEPreTUKMU U TEXHUYECKOW GU3nKKN, CapoBCKHM
PU3UKO-TEXHUYECKUIN UHCTUTYT U PAL APYrUX
YY4EOHbIX YH4PEXKOEHUN.

CeroaHs cTaB1TCS 3ajja4a 06bEANHNUTD BECb
3TOT NOTEHLUMan, YTo6bl C MaKCMManbHON NOb30W
Mcrnonb3oBaTh BCE NepeaoBble pa3paboTKu U
TEXHOOTMK 119 CO3[jaHNs BbICOKOKOHKYPEHTHOIO
npofyKTa. A OCHOBOW 1 06 BEKTOM A/15 MPEACTO-
Auen paboTbl, HECOMHEHHO, ABNSETCA CTPOMU-
TENbCTBO HWXEropoacKom aTOMHOM CTaHLMUK.
PelweHne 06 3TOM CTPOUTENLCTBE MPUHATO Ha
rocyjapCTBEHHOM YpPOBHE, BCE HOPMATUBHO-
npaBoOBble AJOKYMEHTbI MOArOTOBAEHbI M NOAMK-
CaHbl, M CErOAHA Hala 3ajava — 06beMHNUTb BCE
YCUAIUS AN19 YCMELHOrO PELEHNS 3TON COXHOM
M TPYAOEMKOW 3a4auM.

HanomHIo TakKe, 4yTo cyuiectByeT Cornaile-
HWE 0 COTPYAHUYECTBE MEeXAy NPaBUTENbCTBOM
Hukeropoackon o6nactu n pykosoactsom K
«PocaTtom», nognucanHoe B. M. LLlaHueBbIM K
C. B. KupueHko. Jns Hac BaxHo, 4To PocaTtom
peanusyeT cepbe3Hble deaepasnbHble LeneBble
nporpamMmbl, B KOTOpble HAM HEMPEMEHHO HYXKHO
BXO/[IMTb, MOTOMY 4TO TaM 3a/I0XKEHbI peanbHble
3ajayu, N03BONAIOWME NPEANPUATUSM MPOSBUTb
ceb4l, M peanbHble PUHAHCOBbIE PECYPChI, MO3BO-
naolmMe 3TU 3a4a4M BbINOSHUTb. O4eHb BaXKHO,
4YTOO6bI HaWW NPeANpPUATUS y4acTBOBaAMU B MO-
cTaBKe 060pyA0BaHus Ans CTPOSILLMXCSH IHEPro-
6n10KoB. KoHe4YHo, TpeboBaHus, KOTopble Npeab-
ABNAIOTCS MPU 3aKyMKax Takoro 060pyaoBaHns,
0YeHb CEpPbE3HbI — B ropasao 60/bllei CTENEHH,
4YeM MNpu 3aKynkax 06opyaoBaHUS AN APYryx
rpaxkaaHcKux oTpacnen. Ho yyacTtve npeanpu-
ATWUI B 3TON paboTe BbIBOAWT UX HA COBEPLUEHHO
HOBbI MPOM3BOACTBEHHbIN YPOBEHb, OTKPbIBAET
[IBEPM AN19 COTPYAHMYECTBA B CO3AaHMM aTOMHbIX
CTaHLUMM — NpoAyKTa, BOCTPE60BAHHOMO He TO/b-
KO Yy Hac B CTpaHe, HO U 3a py6eKOM.

CosfaHune Knactepa AaeT ero y4yacTHUKam
6onblKe npenmmyliecTBa B COBMECTHOM Mpo-
BEAEHWWN Hay4yHO-UCCliefoBaTeNbCKUX Pa6oT,
BO BHEAPEHMM HOBbIX TEXHONOIMI, B CO3AaHUN
ManbIX MPOMbILWAEHHbIX 06Pa3L0OB M 3anycke
CcepuitHoro npom3BoacTBa. [oaTomy NnpaBuTESNb-
CcTBO Hukeropoackom o6nactu 6yaeT BCAYECKHU
cnoco6¢cTBOBaTh ero GOpMMUpPOBaHUIO.

H. f1. JleoHTbEB,
HayasbHUK Naboparo-
pUM cTpaTerMyecKoro
pasBUTUSA U MOHMU-
TOPUHra pblHKOB
HUAIM:

— Xo4yy o6paTtuTb
BHMMaHUe, 4to Cornaule-
Hue mexay 'K «Pocatom»
M NpaBUTENbCTBOM Hu-
¥eropofckomn obnacti gatuposaHo 2007 rogom

W y)e Toraa lia peyb 0 co3haaHuKM KnacTepa
aTOMHOM 3HepreTnku. O npeanockiikax ero cos-
faHus 6blno yXe cKkaszaHo B. B. Hedenosbim.
MOXHO 406aBWTb JIULb, YTO BaXHOW npeano-
CbI/TKON ABNSIETCH TaKXe Hanuyune B 06nactu
60/1bLWOro CTPOUTENIBHOIO U TPAHCMOPTHOIO
KoMmnieKca.

Jletom 2012 roga cosfaHue Knactepa aToM-
HOW 3HepreTukM B HuKeropoackon obnactu
6b1710 opunuManbHO odopmaeHo. OCHOBHbIE
NPOAYKTbl €ro AeATeNbHOCTU — 3HEPro60KH.
Ha gaHHbIM MOMEHT HUXEropoACKas UHKUHU-
puUHroBas KOMMNaHus «ATOM3HEPronpoeKkT» B
pa3HOM KayecTBe y4yacTByeT B CTPOUTENbCTBE
26 3Hepro6s0KOB Ha TeppuTopum Poccuun 1 3a
py6exom. EcTb 04eHb KPYMNHbIE MPOEKTbI, KOTO-
pbiMu 3aHMMaeTcss OKBEM AdpukaHToB. Pa3Bsu-
TUE 3TUX MPOEKTOB M y4acTue B CTPOUTENbCTBE
3HEpPro6/0KOB — 6GOMbLINX, BO3BOAMMbIX NOJ
HavyanoMm HUMAQJI, a TakKe ManbiX U CPeaHMX,
pa3pabaTbiBaeMbix OKBEM, — 1 aBnseTcs rnas-
HOWM 3ajayen co3[laHHOro Knacrepa.

dopmurpoBaHKe KiacTepa BENOCb BCe 3TH
rOAbl, ¥ XK€ OCYLLECTBEHbI HEKOTOPbIE COBMECT-
Hble MPOEKTbI MEX/Y ero y4aCTHUKaMM, npexae
Bcero mexxay HMA3M n OKEM: B nocneaHve aBa
roga 3aMeTHO yBeNUYUINCb 06beMbI MOCTaBOK
060pyaoBaHus, Kotopoe nponssoant OKBEM. Pas-
BMBAaOTCS HAay4YHO-06pa30BaTe/bHblE MPOEKThI:
OyKBaJIbHO 8 CEHTABPSA 3TOro roja Havyanuch 3a-
HSATWSA CTYIEHTOB ABYX By30B — Huxeropoackoro
roCyAapCTBEHHOMO TEXHUYECKOI0 YHMBEPCUTETA U1
Hu»KeropoacKoro rocyaapCTBEHHOI0 apXMTEKTYP-
HO-CTPOWTENBLHOIO yHMBEpPCUTETA — Ha 6a30BOW
kadenpe HMAI.

Kadepnpa, 3aBeayeT KOTOpoOW AUPEKTOP
HUWAJTM-AC3 AOKTOP 3KOHOMWMYECKUX HayK
Banepuit JiumapeHKo, HasbiBaeTcs «CUCTEMbI
ynpaBneHUs XU3HEHHbIM LMKIOM CIOMHbIX
MHXXEHEPHbIX 06bEKTOB». [lepBbIMU CTyAEHTa-
MW HOoBOM Kadeapbl cTanm 30 cTapLleKYPCHU-
KOB — flaypeatbl «aTOMHOW» CTUNEHAUU UMEHH
MosabliweBa, pebaTa, YbM CNOCOBHOCTU Obln
OTMeYeHbl BO BPEMS KOHKypca Ha noJiydyeHue
CTUNEHAUK, a TaKxKe obyyatolmecs no Leneso-
My HanpasneHunto oT OAO «<HUA3T». BonblIKH-
CTBO M3 HUX — Byayline Monoable CreLunanmcTbl
KOMMaHUK.

PaHee 6blnv co3aaHbl 6a30Bble Kadbeapsbl
NPeANpPUATAA aTOMHOW OTPAC/IM U B TEXHUYECKOM
YHUBEPCUTETE, U B IPYrMUX BY3aX, U Mbl PACCHUTbI-
BaeM Ha y4acT1e MHOIMX BeyLLMX POCCUMCKMX U
[aXke MMPOBbIX BY30B B 3TOM paboTe.

ECTb COBMECTHbIN MPOEKT ¢ HMKeropoackum
rOCYHUMBEPCUTETOM MO NPOEKTUPOBAHMIO Ta3ep-
HOM nabopaTopuu.

PasBunBaloTCcs MHGPACTPYKTYPHbIE MPOEKThI:
TpaAULMOHHbIE MeXAYyHapoaHble GOpPyMbI C y4a-
CcTMeM 60/bLWOro KOMMYEeCTBa KaK POCCUNCKHX,
TaK 1 3apyberKHbIX NPeanpusaTUiA; ABa XKypHa-
nla — B TOM YMCJIEe }KypHaN «<ATOMHbI NPOEKT»,
B KOTOPOM MOCTOSAHHOE OTpa)KeHWe HaxoauT
Tema aTOMHOro Knactepa. KnioyeBon npoeKkTt
KnacTepa Ha CeroaHslWHWM aeHb — GopMUpo-




BaHMe EaMHOro oTpacneBoro HoMeHKnatyp-
HOro KaTanora o6opygoBaHUsa U MaTepuanos
aToOMHOM oTpacnu. BaxHenlwasa 3agada Kna-
cTepa — pacllMpeHUe y4acTus npeanpuaTui
Huxkeropoackow, BnagumupcKkon obnacrten B
3TON paboTe, 1 OHa yxKe ocylecTBnseTcs. MNpea-
NPUSATUS CaMOCTOATENIbHO BKItOYatOT B EANHBIN
Katanor 3D-moaenu cBoero o6opyaoBaHus, ero
TEXHUYECKME XapaKTEPUCTUKKU, HDOPMaLMIO
o0 npounsBoautene. Mbl 04eHb paccyYUTbiBaem
pa3BuUTb 3Ty paboTy, KOTopas NPOU3BOAMTCS
no 3akasy K «Pocatom».

C. E. CtrapogymosB,
3amecTUTeNb 1aBHO-
ro KOHCTPYKTOpa
OKBM AdpuKaHTOB:

— Ha ocHoBe cTpa-
TErm4yecknx MHMLMaTUB
[ockopnopauuun «Poc-
atom» B OKBEM paspa-
60TaHa y)e TpeTbs no
CYeTy cTpaTerus pa3Bu-
M8 — o 2020 roga, Ha OCHOBE KOTOPOW noa-
roTOBJIEHa A0/ITOCPOYHas NporpaMma aesTenb-
HOCTH, ¥ NPOLLECC MHTErpaLunn ¢ permoHanbHbIM
aTOMHbIM KNaCcTEpPOM B 3TOW NporpaMMe ToXxKe
OoTpaeH. B KayecTBe OCHOBHOIO MNpPOeKTa, Ko-
TOpPbIY cenyac peannadyeTtcs B KnacTepe, BbICTy-
naet EAWHbIM OTpacneBoOW Katanor aTOMHOro
o6opyaoBaHus. B cBS3KM ¢ 3TUM XO4y 06paTUTh-
CS1 KO BCEM MPEeANPUATUAM, YXKe yHaCTBYIOLLNM
B KJlacTepe, C NpeasioXKeHNneM NomMoyb HOBbIM
npeanpuaTUaM, KOTOpble TONIbKO HayMHatloT
CBOM NMyTb B aTOMHOW 3HEpPreTuke, NpaBuib-
HO 0OPOPMUTb BCE [JOKYMEHTbI MU MaTepuansl,
Heo6xoaMMble AN BHECEHUS 060PYA0BaHNS B
oTpacneBow KaTtanor. 370 BaXKHO Npexae BCcero
[NS1 TOro, 4To6bl NPOAYKLINS 3TUX NPEeAnpUaTHUi
MOT/la Ha paBHbIX YCNIOBUAX y4acTBOBaTb BO
BCEX KOHKYPCHbIX npoueaypax. B uenom xe
co3/laHMe OTpac/ieBOro Kartajora — Aefno He
NPOCTO NoJIeE3HOE, HO HEO6XOANMOE, MOCKO/b-
Ky MNO3BOSET yNpaBaaTb BCEM XUIHEHHbIM
LIMKIOM M3rOTOBJIEHUS, MOCTABKN U MOHTaxa
o60pyaoBaHWs Ha naolagKke.

[MporpamMmMa fesaTeNbHOCTU aTOMHOIO Kia-
cTepa AoixkHa 6a3MpoBaThCs, Ha Hall B3rNs,
Ha OCHOBE MporpamMm pPas3BUTUS KIKOYEBbIX
NpeanpusaTUi, Ha BbIXOAE Y KOTOPbIX UMEKTCA
KpynHble 6a3oBble npoekThl. na OKBEM Ta-
KUM MPOEKTOM SIBASIETCA pa3paboTKa aTOMHbIX
CTaHUMW M 3Hepro610KOB ManoW MOLLHOCTH.
3aponro 1o popmMUpoBaHMA KnacTepa Mbl CO-
6upann Ha CBOEW MnJolagKke PyKoOBOAUTENEN
MHOIMUX NPeanpUSaTUIA U NbITanUCb MNOAKIOYUTD
MX K paboTe rno co3gaHuio NnepBon nnaByyen
A3C. B 10 Bpems elle He 6bII0 KOHKYPCHbIX
npoueayp, NO3TOMYy Mbl paccKa3blBaln, Kak
BOWMTM B Halll MPOEKT, Kakue TpeboBaHuUa npeab-
ABNSIOTCS K NOCTaBLIMKaM 060pya0oBaHUs, pac-
CKasblBaNiv 0 NapaMeTpax HOBOW CTaHLMK U TaK
nanee. Yyactve B NPOEKTe NPUHSAIN MHOTUE
HWXXEropoAcK1e Npeanpusatus, B OCHOBHOM
cneuuanuaupytolmecs Ha KopabenbHON U cy-
[OBOM TEMATUKE.

B 2011 roay pykosoautenamu OKBM wu
HWA3I 6bino0 nognucaHo CornaleHue o pas-
paboTKe TMMOBOrO CrNeLManM3npoBaHHOro aHep-
ro6noka cpeaHen mouHoctn. OKBM saBnsetca
rofIOBHbIM pPa3paboTiMKOM B 3TOW 06nacTu,
noatomy cosgaHne BBIP-600 Take MOXHO
paccmaTpuBaTb Hapsay CO CTPOUTENbLCTBOM
HW»Keropoackon aToOMHOM CTaHUMKW KaK 60/b-
LLIOM caMOCTOATENbHbIM NPOEKT. MNnowaaxkon ans
BB3P-600 noka BbibpaHa NosibcKas CTaHLUMS,
HO 3aMeLllalolMX MOLHOCTEN Ha TePPUTOPUM
Poccuun poctatoyHo MHoro. Ecnv aToT nNpoekT

6yneT NPUHSAT, OH, 6€3yCNOBHO, CTAHET OAHWUM U3
OCHOBHbIX B paboTe KnacTepa. A ceroaHs BaxHo
paspaboTaTb UMEHHO NEPBbIV PeaKTop U Nony-
YUTb HA HErO XOPOLIWE OT3bIBbI.

Mbl cuuTaem 3agaven Knactepa obecneyeHune
BCTPEYHbIX MOTOKOB MHHOBALIMM OBGOPOHHOIO U
rparkgaHCKoOro cektopoB. Heo6xoaMMo noBbI-
LIEHNEe KOHKYPEHTOCMOCOBHOCTH NPOAYKLIMK 3a
cyeT KoMMepLManu3aLUun HaKoNIEHHOro UHTEeN-
NEeKTyanbHoro pecypca. BsaaumHoe ncnonb3oBa-
HUWE Hay4yHO-TEXHWYECKOro NoTeHLMana, pecypca
CynepBbIYUCIUTENbHON TEXHUKN — BCE 3TO JaeT
60NbLIOM NPOCTOP A5 COTPYAHUYECTBA Pa3HbIX
NpeanpuaTUin.

OKBM obnagaet 601blIMM KOMMIEKCOM 3KC-
nepuMeHTanbHoW 6a3bl U NPOU3BOACTBEHHbIX
nnowaaen. Mol Npn3biBaeM BCEX YHACTHUMKOB
K COBMECTHOMY MCMOJIb30BaHMIO 3TOr0 MOTEH-
umana.

Oxunpaemble pesynbraTbl PErMoHasbHOro
aTOMHOrO Knactepa — 370 pa3BepTbiBaHWE Kpyn-
HOMacLITaGHOro NPoM3BO/ICTBA HAYKOEMKONM,
KOHKYPEHTOCNOCOOHON, NaTeHTO3alULLEHHOM
NPOAYKUMHY; 3arpy3Ka NpeanpusaTtuini pernoHa
BbIFOAHbIMW 3aKa3aMu; 3PDEKTUBHOE UCMONb-
30BaHWe KBanMOULMPOBaHHbIX KaApoB; co3aa-
HWE HOBbIX pabo4ymx MecT U 06pa30BaTENbHbIX
nporpamm; ocylLLLeCTB/IEHUE CKOOPAMHUPOBAH-
HOWM couunanbHOW NOAWUTUKKU. Knactep co3paaH,
M XOoTenocb 6bl NOXenaTb, YTOObl ero AesaTesb-
HOCTb Hallfla OTpaXKeHNe BO B3aUMOBbIrOAHOM
COTPYAHMYECTBE BOLLIELLMX B HEFO MPeAnpUATUIA.

B. H. XBo#HOB,
Hava/lbHUK oTaene-
HUSA MapKeTUHra

U cBAI3eN ¢ obLe-
cTBeHHocTbio HUMUC
um. 10. E. CepaKkoBa:

— BHewHwne ycnosus
— @ UMEHHO BXOXAeHWe
B BTO — 370 04eHb *ecT-
KWe ycnoBwWs, KOTopble
noTpebyloT OT HAC CePbe3HbIX YCUIUN, YTOObI
yaepaTbCsl B KOHKYPEHTHON 60pb6e. [oaTomy,
HECOMHEHHO, NpaBWIbHbIMW MOXHO Ha3BaTb
Larv no cosgaHuio aToMHOro Knacrtepa.

[MPOEKTUPOBLIUK — 3TO AMPUIKEP CO3aHMUSA
aTOMHOM CTaHUMKU. HaM NoBe3/10, Y4TO Ha HUXKe-
rOpoACKOM 3eMne paboTaeT By «AUpUKep»
atoMHoun oTpacnu — HUAJI, koTopomy Tpeby-
I0TCS O4E€Hb HaJEXHbl€ UCMONHUTENN U UHCTPY-
MeHTbl. OAUH M3 TaKMX MHCTPYMEHTOB — CO3-
naBaembii B HUAQI KaTtanor noteHumanbHbIX
NOCTaBLIMKOB MPOAYKLIMU, KOTOPbIA MOMOXET
npeanpusaTUaIM peann3oBaTb CBOM KOMMETEH-
UMM M BO3MOXKHOCTU, @ AS11 MHKMHUPUHTOBOM
KOMMNaHWKU cTaTb HaAEXHbIM MHCTPYMEHTOM.
Hagetocb, 4To B 6AMKANLWNI FOA Mbl JOBEAEM
€ro /10 COBepLUEHCTBA.

WU. B. JleoHTbEB,
reHepasjbHbIA AUPEK-
TOop OAO <HUMOM»:

— TyTb BXOXAeHUS
Hallero npeanpusaTus B
aTOMHYI0 OTpac/ib 6bin
[I0BOJIbHO CJ/IOXHbIM.
Mpexae Bcero aTo cBS3a-
HO C TeM, 4YTO Ans TaKowm
paboTbl HyXKEH NepcoHan
BblCOYaMLlen KBanndbuKaLmmn, CUCTEMbI MPOEK-
TUPOBaHUS 060pyAO0BaHNS TaKKe AOMKHbI OblTh
COBPEMEHHbBIMU U BbICOKOTO YPOBHS. Ham 3To
yAaanocb — MMeHHo notomy, 4to HUMOM cpasy
Bbl6pan BXOXAEHWE Ha PbIHOK aTOMHOro 060-
pyooBaHMA Kak NPUOPUTETHOE HamnpaBlieHne
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cBoen aesdtenbHOCTU. YTo6bl COOTBETCTBOBATb
Tpe60oBaHUSM aTOMHOMN 3HEPreTUKM, Mbl JOIXKHbI
6blNIM MPOWTM COOTBETCTBYIOLLME CEPTUDUKALMK U
aTTecTaluu, Nosly4eHue IMLEH3UN Ha M3roToBe-
HKe 060pya0BaHKUS, NEPENOArOTOBKY NepcoHana.

K coxaneHuto, Te 3aTpatbl, KOTOpble NOTPe6o-
Ba/MCb Ha NPOBEAEHME BCEX 3TUX NpoLeayp, Ha
CErofHsILIHUM AEHb elLe He OKYMWUANCh, HECMOTPS
Ha TO 4TO BPEMEHM MPOLLIIO Y3Ke A0CTaTo4HO. ITO
o[lHa U3 Npobnem, KoTopas BCTaeT nepes pyKoBo-
auTenem o6oro NpeanpusaTUs, pellrnBLLIEro BOW-
TW Ha HOBbIM BbICOKOTEXHOMOMMYHbIN PIHOK aTOM-
Horo o6opynoBaHus. K coxaneHuio, Jaxe 34ecb
npu BbIGOpE NOCTaBLMKOB HU3Kas LieHa NopoWn
OKa3blBaeTCs BaxHee BbICOKOro KayecTBa, 1 3To
BbI3bIBAET ONpe/ieneHHble Bonpockl. ECTb Takoe
MOHATUE «OMNJIA4YEHHOE Ka4eCcTBO» — TO ECTb, EC/N
3aKa34MK XO4ET NONYYNUTb BbICOKOKA4YECTBEHHOE
060pyaoBaHMe, OH JO/IKEH MOHMMATb, YTO TaKoe
o6opyaoBaHue ByeT CTOMTb ONPEeAENIEHHbIX Ae-
Her, T. K. NpeanpusaTMe-npon3BoanTeNnb HeceT
3aTpaTtbl Ha Noaaep:KaHue CUCTEMbI KayecTBa,
no3BoJIAoLLEN Takoe 060pyaOBaHMe co3aaBaTh.
370 KacaeTcsl He TONIbKO aTOMHOM OTpac/u, 310
oblLiee npaBunno. Ho Bce-TakM MUMEHHO B aTOMHOM
3HEpPreTMKe HaxoasaTCs caMble OTBETCTBEHHbIE
C TOYKM 3peHunsa TpeboBaHU 6e30MacHOCTH U
KayecTBa 0GBbEKTbl HAPOAHOMO X035MCTBA.

Tem He MeHee, NPoMAs BECb MYTb BXOXAEHMS
Ha PbIHOK aTOMHOW 3HEPreTUKMU, Mbl NOSY4MIN
onpeaeneHHble 60Hychl 419 cebs. MNpexae Bcero
Mbl OJHO3HAYHO MOATSAHY/IM KA4eCTBO BCEN Bbl-
nycKaemoWn Ha NpeanpuUsaTAM NPOAYKLIMM, BbICTPO-
nnu apbEeKTUBHbIE NPOLIECCHI CO3JaHUS LIEHHO-
CTeW, YTO NO3BOJIUIO0 HaM CyLLECTBEHHO CHU3UTb
3atpaTtbl. Taknm 06pa3om, Halwe npeanpuaTve
ctano 6onee apdeKTUBHLIM, 060pyaOBaHNE —
6onee «NPOABMHYTbIM», @ TEXHONOMMK — Gonee
COBEPLUEHHbIMMU.

CosfaHve aTOMHOro Knactepa no3BonsieT
HaM KaK y4aCTHWKY 1 NOCTaBLMKY PblHKa aToM-
HOM 3HEPreTUKM JONOSTHUTENBHO UCMOb30BaTh
CBOW pecypc, a MMEHHO pacLUMPUTb JIMHENKY No-
CTaBNSIEMOro 060pyj0BaHUs M OKa3biBaTb yCAyru
M0 MPOEKTUPOBAHUIO U CTPOUTENBHO-MOHTaXHbIM
paboTam, cBSi3aHHbIM C 060pyI0BaHNEM OOBbEK-
TOB 3/IEKTPOCHAGKEHMEM, @ TaKXKe BbINONHATb
nycKOHanago4Hble paboTbl. Mbl 6narogapHbl
HWA3IT 3a TaKylo BOBMOXHOCTb U FOTOBbI K Cce-
PbE3HOMY COTPYAHMYECTBY.

I. M. XomyToB,
3aMecTUTe b reHe-
panbHOro gupeKTopa
Huxkeropoackon
accouualuy NpombiLl-
NIEHHUKOB U nNpeanpu-
HUMaTeneun

(HAMM):

— 3a23roaacBoero

cyulectBoBaHua Huxe-

ropofcKkas accouuauusa npoMbILLIEHHUKOB U
npeanpuHUMaTenemn peaansoBana Hemasno npo-
rpamMmm ¢ NpuBeYEeHNEM NPeanpuaTUin obnactu:
1 «HWKeropoacknim aBTomobunb», M NporpamMmmMa
npon3BoAcTBa 060pyAoBaHUA AN TONJUBHO-
3HEpreTMYecKoro Komnnekca, v gpyrue. C 2009
rofa Mbl Hayanau O4eHb MNOTHO 3aHWMaTbCA
npuBneyeHMem nNpeanpuaTUin K nporpammam,
CBfI3@aHHbIM C @TOMHOW MPOMbIWIEHHOCTbIO.
370 Havanochb ¢ noanucaHua 28 okTabps 2009
roga CornaweHusa mexay accounaumen n OAO
«HWA3IM», HanpaBNeHHOro Ha COTPYAHUYECTBO.
CornaweHvem npegycmatpvBanocb npexie
BCEro BbIiBNeHMe aQDEKTUBHbBIX NPEeAnpUATUI
HeaTOMHOW OTpac/in, KOTopble MOMK Bbl CTaTb
y4acTHMKamMu NporpaMmm noctaBkM 060pyaoBa-
HUS Ha CTPOUTENbHbIE MOLWAAKU POCCUMACKUX
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A3C; pa3paboTka MeEXaHN3MOB MOAAEPHKKN UH-
HOBAaLIMOHHOI0 NEPEBOOPYKEHUS MPEANPUATUN;
HanaxuBaHWe COTPyAHMYECTBA MEXAY HUMMH,
NoAroTOBKa BbICOKOKBANMUPULIMPOBAHHbLIX WH-
EHEPHO-TEXHUYECKMX KapoB U T. A1. B aTux uenax
6blTM NPOBEAEHbI YETbIPE KPYMHbIX COBELLaHMS
C PyKOBOAUTENSMU NpeanpuaTuii, B TOM Yucne
Bnagumupckon o6nactu, chopmnpoBaHbl CIIUCKK
npeanpysaTUiA, NOTEHLMANbHO 3aMHTEPECOBAHHbIX
B y4acTuu B KnacTepe.

Ham nMnoHupyeT npexae Bcero To, YT Kna-
cTep — 310 06beAMHEHME NPEANPUATHUI, CBA3AH-
HbIX €AMHON TEXHONOrMYECKOM LEMNOYKOoM npu
Cco3aHunu aHeprobsokoB. 0cob0e OXKUBEHNE B
pa6oTe No GpopMMpPOBaHUIO KnacTepa Bbi3Bano
noAanucaHHoe NPe3naeHTOM CTPaHbl pelleHne o
cTpoutenbcTBe Hueropoackon A3C. 31o cpagy
NOACTErHYNI0 TaKne npeanpuatus, kak HUMOM,
Pycnonumer, cyoopeMoHTHbIM 3aBof, KpacHoe
CopMOBO, K BKJIIOYEHMIO B KOOMEpPALIMIO.

besycnoBHO, HE06XO0AMMOCTb COOTBETCTBO-
BaTb BbICOKMM TpebOBaHWSIM aTOMHOWM oTpac/iu
cTana U OTIMYHLIM CTUMYJIOM ANS CaMMUX 3TUX
npeanpmatuin. C yyeToM NpoBeAeHHOro aHannsa
B MIOHE 3TOr0 rofa Mbl BblHYXEHbl 6bI1M 06pa-
TUTbCS K reHepanbHoMy aAnpekTopy PocaToma ¢
NMUCbMOM, A€ yKasanu psg npobnem, BO3HUKa-
IOLMX AN NPeanpUaTURA, NbiTaloWKUXCS BOWTU B
cocTaB KnacTepa.

Kakwne ato npo6nembl? Bo-nepBbiX, BCE «KOH-
KypCaHTbl», }enatoLme nony4uTb BO3MOXHOCTb
y4acTusi B aTOMHbIX MPOrpamMmmax, AO/KHbI Nosy-
YyaTb JOKYMEHTbI B TOM BUAE, B KAKOM OHM Cylle-
CTBYIOT Y NOCTaBLLMKOB 060pyA0BaHUSA, KOTOPOE
YK€ UCnonb3yeTcs.

Bo-BTOpbIX, B KPUTEPUMK «LieHa/Ka4yecTBO»
C/IMLLIKOM 60JbLLON YNOpP, Ha Hal B3rNs4, Aena-
eTCs Ha LieHy. 3To oTpuLaTebHO CKa3bliBaeTCsA Ha
MHBECTULMOHHbBIX BO3MOXHOCTSAX MPeanpuUsaTui,
KOTOpble 3a4acTyto Mo 3TOM NPUYMHE OTKa3biBa-
IOTCS OT y4acTus B nporpammax. Mbl cyuTaem,
YTO BOMPOC Ka4yeCcTBa AO/IKEH CYLLLECTBEHHO Mpe-
BanvpoBaTb Haj BOMPOCaMM LiEHbI.

B-TpeTbux, B KOHKypCax [OMKHbI BCE-TaKM
y4yacTBOBaTb HEMOCPEACTBEHHO CaMu MPOU3BO-
auTenu.

B-ueTBepThIX, TPEGOBAHMS 3aKa34MKa A0MK-
Hbl 6bITb MOMHOCTbIO MPO3PayHbl U MOHSATHLI BCEM
y4aCTHUKaM KOHKYpCOB.

M, HaKoHel, Mbl MPOCWUM YCTPAHWUTb TPO-
MO3[Kyl0 MallWHYy COrlacoBaHWi, C TEM YTOObI
OTHOLWEHNS MEXAY NPOU3BOAUTENSMU U 3aKa34u-
KaMM OCyLLECTBASINCE HanpsiMyto, 6e3 60/bLIOro
Konun4yecTBa NOCPEAHMKOB.

Hapeemcs, 410 Halum npeanoxeHus 6yayT yc-
NbllWwaHbl B Pocatome. Y10 e KacaeTcs aTOMHOro
KnacTtepa, Mbl NPU3bIBaeM MPEeAnpUATUS — He
TONIbKO HUXKEropoACKUE — aKTUBHO COAENCTBO-
BaTb ero GOpMMUPOBAHMIO U yHacTBOBaTbL B Ero
pa6ore.

C. M. AmuTtpues,
peKkTop Huxkeropog-
CKOro TEXHU4€CKOro
YHUBepcuteTa

um. P. E. AneKceeBa:

— BaKHbIM 3nemeH-
TOM aTOMHOrO KiacTtepa
aBnaeTcs obpa3oBatenb-
HO-Hay4YHasa fAeaTefNb-
HOCTb, KOTOpas 06beau-
HSIeT MHOTMe NPeAnpUaTHS, BXOASLIME B KNacTep,
o6ecneynBas Ux COBPEMEHHbIMU Kagpamu. Takux
crneuunanncToB HEBO3MOXKHO MNOArOTOBUTL TOSIbKO
3a napTamu, 4N aToro TpebyloTcs COBPEMEHHOE
060pyaoBaHNe, COBPEMEHHbIE TAabopPaToOPUM, UC-
nosib30BaHWe pecypca BeayLWwmnx NpeanpuUsaTni n
T. 4. — U BCe 3To Y Hac ecTb. B 2011 rogy HHI'TY,
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KOTOpPbIK ABASETCA ONOPHbLIM By30oM Pocatoma,
BblMrpas BCE BO3MOMXHbIE 3HA4YMMbIE KOHKYPCbI
MwuHucTepcTBa 06pa3oBaHus, 3apaboTaB OKO-
10 MUANMapaa pyénen Ha rpaHTax, U co3gaet
Ha 3TW AeHbIM NATb MHHOBALMOHHbLIX LIEHTPOB.
OavH 13 Beaywmx B ux uncne — LleHTp aaepHbIx
TEXHONOMUHN.

Bonbwoe 3HavyeHWe Ans NOAroTOBKMU Ka-
[POB UMEET co3[aHne MOJHOLEHHbIX 6a30BbIX
kadenp HITY Ha Begywux npeanpuatusax: OKBM,
HWA3M, HUMNUC v gpyrux, npuyem pyKoBoanTenu
Kadeap — 370 BCcerga nepsble AvMua NnpeanpusaTvi.
Bnarogaps co3gaHuio Takon cucTeMbl MUHUMYM
1-2 OHS B HEENIO Kaxablv CTYAEHT HaxoauTcs
HEeMNoCpeACTBEHHO Ha MPeANPUATAN; UM YUTaIOT
NIeKLMN Mo TeMaTUKe NpeanpusaTuin Beayuine
crneumanucTbl; TaM e oCyllecTBaseTcs nabo-
paTopHas paboTa, NPOXoAnT MPOM3BOACTBEHHAS
npaKkT1Ka, 3aTeM NpeaavnaoMHas npakTuka u
3aluTa gunaoma. Monyyne aMnnom, BbIMyCKHUK
BO3BpallaeTcs Ha NpeanpuaT1e 1 caguTcs 3a To
e paboyee MeCTO, Ha KOTOPOM OH MPOXOAuN
NpaKTUKY, paboTaeT B TOM }Ke KOJIEKTMBE. TeM
camblM nepuoa ajanTtauuv Ha NPOU3BOACTBE
daKTMyYecKun cokpallaetcs Ao Hynd. KoHe4yHo,
HY}KHO €ellle BpPeMs, 4TOObI caenaTb U3 BbIMyCK-
HWMKa HaCTOSILWEro MHXeHepa, HO nepuoa 3ToT
3Ha4yMTeNbHO COKpallaeTcs.

Y)Ke cTapToBana 1 Nnpe3naeHTcKas nporpam-
Ma NepenoaroToBKM KaAapoB aTOMHOW OTpac/u,
M Mbl cernyac paspabaTbiBaem cneuuasnbHble
y4e6Hble NaHbl N0 KaXKaoe npeanpuaTme.

CoBceM HemanoBa)KHa U Hay4HO-TEXHOJIOTU-
Yyeckas cocTaBnsowas knactepa. Mbl akTUBHO
3aHMMaEeMCst Hay4YHOW [esATeNIbHOCTbIO, B KOTO-
PO MPUHMMAIOT y4acTuMe U Hallu CTYAEHTHI, U
acnupaHTbl, U COTPYAHUKM NpeanpuaTui. Takas
MHOrohasHOCTb TaKXe NO3BO/SET HAaM FOTOBUTb
Kaapbl AENCTBUTENBHO BbICOKOIO YPOBHS.

HoBoe HanpaBfieHWe B Halwewn aeatenb-
HOCTM — MNOAroTOBKa cNeuuManncToB Mo
3D-npoekTupoBaHuio. NpusHaHHbIE NUAEPDI
3TOro Hanpas/fieHus B cTpaHe — PefepanbHblii
aaepHbln LeHTp u HWASI, To ecTb 1 34€ecCb ¥
HunKeropoackoro aToMHOro Knactepa ecTb Bce
BO3MOXHOCTH, 4YTOObI YCNELWHO peanM3oBaTtb
nocTaBneHHble Nepea HUM MePCNEKTUBHbIE
3ajayu.

A. 10. daiikos,
3amMecTuTeslb UPEK-
Topa Huxkeropopacko-
ro MUHCTUTYTa 3KOHO-
MU4YECKOro pa3BuUTUs
(HUIP) no HayKe:

— locypnapctBO ak-
TUBHO pa3BUBaET UAelo
C03JaHunsa Hay4YHO-Mpo-
MbILWEHHbIX KNacTepoBs
B Poccuitickon depepaumn. B TedyeHne Bcero
nocnegHero roga Ha pegepanbHOM ypoBHE Wwna
O4YeHb cepbe3Hasn paboTa, KOTopas JO/MKHa
3aBepLNTLCH COOTBETCTBYIOWMMU NOCTAHOB-
NIEHUAMM, NOCKONbKY CO34aHWe KnacTepoB
HenpemMeHHO JOMKHO 6biTb GOopMann3oBaHo.
C masa 2012 rofa npaBUTENbCTBO CTpaHbl
BeAeT aKTUBHYIO MONUTUKY NO HaMONHEHUIO
KNacTepoB [LEHEXHbIMWU CpeacTBaMu, pa3spa-
6aTbiBaeT cuctemMy ux GUHaAHCUPOBaHUA, a B
KOHLLe aBrycta 6bl/1 YTBEPXKAEH NepeyeHb 13
25 WHHOBALMOHHbBIX TEPPUTOPHUANbHbBIX KNa-
CTEpPOB, Cpeaun KOTOPbIX ABa HUXKErOPOACKMX,
B TOM 4YMCNe KnacTep aTOMHOM 3HEPreTuKu.
Mpegnonaraetcs, 4TO AaHHbIV NepeyeHb 6yaeT
06HOBNATLCH KaXkAble TpU roga.

ATOMHasa 3HepreTvka octanacb dakTuye-
CKM MocfeAHMM KO3bIPeEM Hallen CTpaHbl, Nno-
3TOMY co3aHne umeHHo B HuxkHeM Hosropoae

aTOMHOro Kfactepa MOXHO cYMTaTb 60/bLION
yaayen ana pernoHa. B KnactepHon nonutuke
0YeHb BaXKHbl [Ba HanpaBfieHUsA: NOALEPKKa
KOMMaHWN, BXOAALLMX B KNacTepbl, U NOAAEPIKKa
TEPPUTOPUIA, Ha KOTOPbIX PACMONOXKEHbI KNacTe-
pbl. [oyemy BaxHa nogaepkka repputopun? [a
NOTOMY YTO Kaxaas TeEppuUTopua — 3TO MECTO,
rae XXMBYT COTPYAHUKM KOMMNaHWM, BXOASALWMX B
Knactep, rae y4aTcsa vx 4eTu; 3To couunalibHble
NpPoeKTbl — o6pa3oBaHue, 3apaBoOXpPaHeEHKe,
KynbTypa U T. 4. Ecnu He 6yaeT KOMGOPTHbLIX yC-
NIOBUW NMPOXMBAHUA, O4E€Hb TPYAHO FOBOPUTL O
NepcneKTUBHOM, BbICOKOTEXHOIOMMYHON, Nepe-
[10BOV B MUPE 3KOHOMUKE.

OY4eHb BaXKeH TaKXe MO3UTUBHbIN 3MOLMO-
HanbHbIM GOH B panoHe peanus3aluun MHHOBA-
LLMOHHOIO KNaCTepPHOro NpoekTa. B oTHOWeHnn
Huxxeropogckom obnact 3To 0CO6EHHO BaXHO
B CBSAI3W C NPEACTOSALLUM CTPOUTENLCTBOM aTOM-
HOM cTaHuMK. CTPYKTypa Halen obnactv Takoea,
YTO MPaKTUYECKN B KaXKAOM paroHe eCTb CBOM
MOHoropoa: Beikca, MaBnoso, Kyne6aku, Capos,
HaBawnHo 1 T. 4. AODEKT OT 3TOro KPynHoOro
CTpouTenbCTBa BYAET OLLYTUM BCEM IOroM Huxke-
ropoackomn 06aactu. Mbl, eCTECTBEHHO, AOKHbI
npeanonaraTtb, KaKMM GyAeT AaHHbIM 3PDEKT.
MoeT 6bITb, MPUAETCSH HYTO-TO CKOPPEKTUPOBATb
B COLManbHOM NOSIMTUKE U YacTb CPEACTB, Npes-
nonaraemMbix Ha pa3BuTMe KnacTepa, BblAenuTb
MMEHHO Ha couuanbHble, MHOPaCTPYKTYpHbIE NPo-
€KTbl UMEHHO B TeX paloHax, KoTopble 3aTPOHET
cTpoutenocteo AQC.

B. E. AHTOHEBMY,
reHepanbHbIi AUpPEK-
TOP KOMMNaHUn
«Huxeropogckumn
LIeHTP TEXHOIorn4ye-
CKOro pa3BUTURA»:

— ATOMHas aHepre-
TUKa — 3TO TO 3BEHO, MO-
TAHYB 3a KOTOPOE, MOX-
HO BbITAHYTb 3a cobou
BCIO LLeNOYKYy POCCUMCKOM MPOMBILLIEHHOCTY.
YKpyrnHEeHWe Ha pbiHKE aTOMHOW 3HEPTreTUKKU U
TO, 4TOo HMAJT 06beanHMUNCS C KPYMHENLLEN KOM-
naHuen, 3aHNMatoLLENCH IKCMOPTOM aTOMHbIX
TEXHOJIOMMI, 3TO O4EHb XOPOLLO, KaK M TO, 4TO
Mbl, onepexas NpaBUTENbCTBEHHbIE PeLUeHUs,
CaMOCTOATENIbHO CO3aeM Ha ypoBHe ob6nactu
aTOMHbIV KnacTep.

Ha Ttepputopumn Huxkeropoackomn obnactu
pacnonoxeHo 60bLoe KOMYEeCTBO MaLlMHO-
CTPOUTENbHbIX MPEANPUATUIR, KOTOPbIE CO3atoT
6onee 25% obwero o6bemMa MallMHOCTPOUTENb-
HoOW nNpoaykumnn B Poccuinckon ®epepaunu. Kpo-
M€ TOro, Mbl FOTOBbI NpUrAawaTtb K COTPYAHU-
4yecTBy M Apyrve npeanpuatus NMpuBOMXKCKOro
denepanbHoro okpyra. lNpu atom cneayert no-
HUMaTb, 4TO 6€3 NPUHATUSA 3aKOHa O NPOMbILL-
NleHHOW nonnTuKe Poccuitckon deaepaumm mbl
[aneKko He caBMHeMcs. Hago, 4To6bl TaKoM 3aKOH
KaK MOXHO 6bICTpee 6blN MPUHAT U Nomoran
BCEM HaM. bbino 6bl XOPOLWO TaKkKe co3aaTb
eAnHbIN deaepanbHbIi TIM3UHIOBbIN LIEHTP, NO-
CKOJIbKY OY4€Hb C/IOXKHO KaXAoMy NpeanpuaTmio
B OTAE/NbHOCTM NpuobpeTaTb AOporocrosiiee
ob6opyaoBaHue. A B LenoM co3faHue Huxe-
rOpoACKOro aTOMHOrO Kiactepa — Cob6biTue,
KOHEYHO, 3HAaKOBOE, U MOXHO TOIbKO NoXenatb
60/bLLIMX YCNEXOB B €0 Pa3BUTUMN.




Nizhny Novgorod Nuclear Cluster:

CLUSTER

A Big Orchestra of the Nuclear Industry

Round table «<Nuclear Cluster: New Oppor-
tunities of Economy and Human Resources
Development» was initiated by Nizhny Novgorod
Atomenergoproekt Engineering Company and
held within the framework of Business in Rus-
sia international forum. Here are excerpts from
presentations by the forum’s participants.

V. Nefyodov, Minister of Industry and
Innovations of the Nizhny Novgorod region:

— Nuclear cluster in the Nizhny Novgorod re-
gion is a growth point for the regional economy
and the nuclear industry as a whole. In Russia’s
industry’s structure the nuclear engineering is a
priority, and the nuclear industry has all prerequi-
sites for building a nuclear cluster. A decision to
organize the cluster was made on June 14, 2012, at
the international forum «Lifecycle Management of
Sophisticated Facilities» in Nizhny Novgorod where
a Memorandum was adopted and signed so far by
heads of twenty two companies and organizations.

Itis notincidental that it was Nizhny Novgorod
where organization of the nuclear cluster was initi-
ated. The city and the region are believed to be the
center of Russia’s nuclear engineering. It is the
location of Nizhny Novgorod Atomenergoproekt
Engineering Company — Atomstroyexport, the
largest engineering company in the country, that
is engaged in design and turnkey construction of
dozens of nuclear power generating units. Itis the
place where OKBM Afrikantov, the largest federal
center of nuclear power engineering, success-
fully operates. In the region the Russian Federal
Nuclear Center is located; it has state-of-the-art
supercomputers that help perform mathematical
modeling of all processes in nuclear power units.
NIIS (Nizhny Novgorod) produces sophisticated
automation systems for NPP. Nizhny Novgorod is
a home for many companies that formally do not
belong to Rosatom but, having vast experience,
have proved capable to meet quality and safety
requirements of the nuclear industry. Examples
include Machine Building Plant, Krasnoe Sormovo
Plant, Teploobmennik, etc. It is essential that the
chain comprises designers, developers, manufac-
turers of products required by the industry. The
system also comprises academic institutions of
fundamental and applied science that provide hu-
man resources for companies. With that purpose
in view Institute of Nuclear Power Engineering and
Technical Physics, Sarov Physical and Technical
Institute and some other academic establishments
have been organized.

The task is to unite the existing potential of
advanced technologies in order to create a highly
competitive product and to gain benefits. Certainly,
the construction of Nizhny Novgorod Nuclear Power
Plant will lay the foundation for activities in future.
The decision on the plant has been taken at the
federal level, all legal documents have been pre-
pared and signed, thus, our task is to join efforts
to implement this complicated and labor-intensive
project.

It is noteworthy that an agreement between
the Government of the Nizhny Novgorod region
and Rosatom State Corporation has been signed
by Valery Shantsev, Governor of the region, and
Sergei Kirienko, Rosatom’s General Director. It is
essential that Rosatom implements priority fed-
eral programs. We must also get engaged in the
programs because they imply real tasks in the
solution of which companies can do their utmost,
and real financial resources are allocated for the
solution of the tasks. Our companies should pro-

duce equipment for power generating units that
are under construction. It goes without saying that
the requirements to the equipment are tougher
than those met by equipment in other sectors
of the economy. But companies engaged in the
project can achieve a higher level of production
and can get access to cooperation in building NPP,
a product that is in great demand both in Russia
and abroad.

The cluster’s participants will gain advantages
in conducting research, introducing new technolo-
gies, developing industrial prototypes and starting
mass production. Such are the reasons why the
Government of the Nizhny Novgorod region will do
its utmost to help build the cluster.

N. Leontiev, Laboratory of Strategic
Development and Market Monitoring, NIAEP:

— It is noteworthy that the Agreement be-
tween Rosatom and the Government of the Nizhny
Novgorod region is dated 2007: as early as that
year we spoke about the organization of the nu-
clear cluster. Mr.Nefyodov has already mentioned
the prerequisites for its creation. | can add that
the availability of developed civil engineering and
transportation industries is most essential too.

Creation of the nuclear cluster in the Nizhny
Novgorod region was legally formalized in summer
2012. Nuclear power-generating units will be its
main products. Presently, Nizhny Novgorod Atom-
energoproekt Engineering Company is engaged in
building 26 power units both in Russia and abroad.
OKBM Afrikantov deals with very large projects.
Implementation of the projects and construction
of large units under supervision of NIAEP and con-
struction of medium-size and small units developed
by OKBM are the principal tasks of the cluster.

The organization of the cluster has been under-
way throughout the years, and some joint projects
have already been implemented by, mainly, NIAEP
and OKBM. In the recent two years the amount of
deliveries by OKBM has significantly increased.
Research and educational projects have also been
launched. On September 8, students of Nizhny
Novgorod State Technical University and Nizhny
Novgorod State Architecture and Civil Engineering
University began to study at NIAEP basic chair.

The chair «Systems of Lifecycle Management
of Sophisticated Facilities» is headed by Valery
Limarenko, Doctor of Economy. The first 30 gradu-
ate students of the chair are laureates of «nuclear»
scholarship named after Pozdyshev. These are
students whose abilities were noted during the
scholarship contest and who study in accordance
with NIAEP assignment. The majority of them will
be hired by the company.

Basic chairs of companies of the nuclear in-
dustry had been set up in the Technical University
and other universities, and we hope that top Rus-
sian and foreign academic establishments will
participate in the project.

Another joint project — a laser laboratory —
will be implemented in cooperation with Nizhny
Novgorod Lobachevsky State University.

Infrastructure projects are also being realized.
They include international forums with active par-
ticipation of many Russian and foreign companies,
two journals (including the «Atomic Project») that
cover the topic of the nuclear cluster. The key pro-
ject within the cluster activities is to compile a
Single Catalogue of Equipment and Materials of the
Nuclear Industry. An important task is to provide
active participation of companies of the Nizhny
Novgorod and Vladimir regions in the catalogue

compilation, and this work is being carried out
already. The companies add 3D models of the
equipment they produce, its specification and data
on producers to the catalogue independently. We
hope that we shall be able to boost these activities
performed at the request of Rosatom.

S. Starodumov, Chief Designer Deputy, OKBM
Afrikantov:

— On the basis of Rosatom strategic initiatives
OKBM has developed the third development strat-
egy till 2020. It is the foundation of a long-term
activities program that envisages integration in
the regional nuclear cluster. A Single Catalogue of
Equipment and Materials for the Nuclear Industry
is the principal project of the cluster now. In this
connection I'd like to urge the participants in the
cluster to help those who have just begun their
activities in the nuclear power engineering field
to compile correctly the documentation that is
to be added to the Single Catalogue. It must be
done to ensure the parity for their products during
the tender procedures. Compilation of the Single
Catalogues is not only useful; it is essential for the
management of the lifecycle of production, delivery
and assembly of equipment at site.

We believe that the nuclear cluster activities
program should be based on the development
programs of the key participants that are engaged
in large projects. For OKBM it is development of
small-power NPP and power-generating units.
Long before the organization of the cluster we had
gathered top managers of many companies and
tried to get them engaged in the development of
the first floating NPP. It was the time when tender
procedures were non-existent, thus we told them
about the means to join the project, requirements
to the equipment suppliers, parameters of the new
plant, etc. Many Nizhny Novgorod companies spe-
cializing mainly in shipbuilding joined the project.

In 2011 OKBM and NIAEP concluded an agree-
ment on development of a medium-power standard
specialized power unit. OKBM is the lead product
developer, thus development of WWER-600 re-
actor and construction of Nizhny Novgorod NPP
can be seen as a large independent project of
the company. A NPP in Poland has been chosen
as the WWER-600 site, but a lot of replacement
capacities are available in Russia, which means
that if the project is approved it will be one of the
main activities of the cluster. Today it is most im-
portant to develop the first reactor and to receive
good references.

For the cluster it is very important to organize
reciprocal flows of innovations from the defense in-
dustry and civil sectors of economy. It is required to
enhance the competitiveness of products by means
of commercialization of the available intellectual
resources. Joint use of the research potential and
supercomputer techniques opens prospects of
cooperation between various companies.

OKBM possesses great experimental capabili-
ties and large production facilities. We urge all the
participants to use commonly this potential.

Expected results of the nuclear cluster project
include organization of large-scale production of
science-intensive, competitive and patent-protect-
ed products; execution of profitable orders by the
region’s companies; efficient utilization of human
resources; creation of new jobs and launching
new educational projects; implementation of a
coordinated social policy. The cluster has been
created, and | wish the participants to reap big
fruits of their cooperation within it.
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V. Khvoinov, Marketing and Public
Relations Department, NIIIS named after
Yu. Sedakov:

— After Russia joined WTO the outer environment
has imposed very tough conditions on us that will
require a lot of effort so that we can be successful in
the global competition. In these conditions the steps
aimed at creating a nuclear cluster are quite justified.

When NIIIS got involved in nuclear power en-
gineering activities we suggested organizing a
consortium that comprises eight Nizhny Novgorod
companies now.

In light of the current integration and the principal
project of the nuclear cluster today, i.e. the project of
the Single Catalogue of Equipment and Materials,
we should acknowledge that such a catalogue must
be the Book of books for any designer. A designer is
the «director of a NPP development process. We are
happy to have NIAEP as the «director» of the nuclear
industry that needs reliable performers and instru-
ments. That is why we must compile the catalogue
that will help companies to realize their ambitions
and to use their possibilities and to become a reli-
able instrument of the engineering company. | do
hope that we shall make the catalogue perfect in
the near future.

I. Leontiev, NIPOM General Director:

— It was a difficult process of joining the nuclear
industry for our company. To join the industry any
company needs personnel of the highest qualifi-
cation, its equipment design systems must be of
the highest quality. But we have managed to do
this because from the very start NIPOM made it
a priority to join the nuclear industry. To meet the
requirements of the nuclear power engineering we
had to undergo appropriate certifications and at-
testations, to receive licenses to produce equipment
and retrain personnel.

Unfortunately, all these procedures have not paid
back yet, though much time has passed. This is one
of the problems faced by the head of any company
that has taken the decision to enter the market
of hi-tech nuclear equipment. Unfortunately, even
in this market low price can sometimes be more
important than high quality in choosing a supplier,
which provokes certain questions. There is a concept
of «paid quality» which means that if a customer
wants to have high quality equipment he must be
ready to pay for it as the manufacturer is supposed
to pay for the quality management system required
to ensure the desired quality. It is a general rule
applicable to all branches. But the nuclear industry
is the one which has facilities that are most critical
in terms of safety and quality.

Yet, having gone the whole way to enter the
nuclear equipment market, we have benefited. First
and foremost, we have improved the quality of all
products we manufacture, built up an effective pro-
cess of creating value, which, in its turn, resulted in
lower cost. Thus, our company has become more
efficient, our equipment has become more advanced
while the technologies used have been perfected.

Being a member of the nuclear cluster and
a supplier of the nuclear equipment we can use
our resources more effectively: we are able now
to expand the range of equipment supplied and
to provide services of design and construction of
power supply facilities as well as to perform start-
up and commissioning. We are grateful to NIAEP
for this possibility, and look forward to cooperation.

G. Khomutov, Deputy General Director, Nizhny
Novgorod Association of Industrialists and
Entrepreneurs:

— For 23 year since its foundation Nizhny
Novgorod Association of Industrialists and Entre-
preneurs has implemented many projects with active
participation of the companies of the region. The list
of projects includes «Nizhny Novgorod Automobile»,
a project of producing equipment for the fuel and
energy complex and many others. Since 2009 we
have been attracting companies to the activities in
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the nuclear sector. The work began with signing an
agreement on cooperation between the Association
and NIAEP on October 28, 2009. The agreement
envisages finding effective companies outside the
nuclear industry that could supply equipment to NPP
construction sites. Besides it envisages development
of tools used to support the innovation re-equipment
of enterprises, establishing cooperation between
them, training highly qualified engineering staff, etc.
With this aim in view four meeting with heads of com-
panies, including those in the Vladimir region, have
been organized, and lists of enterprises interested
in the participation in the cluster have been made.

The cluster is attractive because it is an asso-
ciation of companies linked in the single process-
ing chain in building power-generating units. The
presidential Decree on building Nizhny Novgorod
Nuclear Power Plant inspired all members of the
cluster. It spurred such companies as NIPOM, Rus-
polymet, the Shipping Yard, Krasnoe Sormovo Plant
into cooperation.

It goes without saying that the need to meet
tough requirements of the nuclear industry has
stimulated the companies themselves. In June
2012 the results of the analysis conducted by us
prompted us to send a letter to Rosatom General
Director addressing the problems of the companies
that try to join the cluster.

Which problems do we mean? First, all «con-
testants» for the nuclear programs are supposed
to receive documents in the format that is adopted
by the supplies of equipment that is already used.

Second, in the criterion «price vs. quality» an
excessive emphasis is made on the price factor,
which negatively affects the possibilities of enter-
prises and makes them refuse from participation in
the programs. We believe that quality must prevail
over price.

Third, only manufacturers of equipment must
participate in tenders.

Fourth, the customer’s requirements must be
transparent and comprehensible for all the bidders.

At last, we asked to replace the ponderous and
tedious procedure of many approvals by direct rela-
tions between producers and customers that would
exclude any mediators.

We hope to be heard by Rosatom. As for the
nuclear cluster we urge companies in the Nizhny
Novgorod region and beyond to contribute actively
to its activities.

S. Dmitriev, Rector, Nizhny Novgorod State
Technical University named after R.Alexeev:

— Research and education establishments form
an important part of the nuclear cluster. It unites
many companies that provide qualified personnel.
Modern specialists cannot be trained in class-rooms
only; for their training modern equipment, labs and
resources of top companies are required. And we
have all these. Nizhny Novgorod Technical University,
a basic academic establishment of Rosatom, won
grants of the Ministry of Education for the amount
of approximately 1 bn rubles in 2011, and now
establishes five innovation centers. The center of
nuclear technologies is one of the most important
among them.

Itis very significant that basic chairs of the Univer-
sity are created in the top companies of the industry,
such as OKBM, NIAEP, NIIIS, etc. All chairs are headed
by the companies’ top managers. Students study at
the enterprises 1-2 days a week. The best specialists
read lectures to them on the subjects of the activities
of the enterprises, students work in the laboratories,
have their internships there, prepare their graduation
theses and defend them. Upon graduation a young
specialist returns to the enterprise where he/she
has had internship and works in the same team. In
this way the adaptation period is diminished to zero.
Certainly, it takes time to make a real engineer of the
graduate, but the time is minimal.

A presidential program of retraining specialists
of the nuclear sector has been launched, and now
we develop curricula for each enterprise.

Research and technical part of the cluster is of
great significance too. We are very active in scien-
tific research in which graduates, post-graduates
and specialists of the companies participate. Such
multi-stage organization of training ensures high
qualification of personnel.

Training specialists in 3D design is our new
activity. Federal Nuclear Center and NIAEP are rec-
ognized as the leaders in this area, and they will
help Nizhny Novgorod nuclear cluster successfully
reach the set goals.

D. Faikov, Deputy Director for Research,
Nizhny Novgorod Institute of Economic Devel-
opment:

— The government actively promotes the idea
of research and production clusters creation in
the Russian Federation. Throughout the last year
the federal bodies were doing a lot, and this work
must result in appropriate decrees and resolu-
tions since the process of cluster creation is to be
formalized. Since May 2012 the government has
been investing in the clusters generously, has been
developing a system of financing, and at the end
of August a list of 25 innovation territorial clusters
was approved. Two Nizhny Novgorod clusters are
in the list, and the nuclear cluster is one of them.
The list is expected to be reconsidered once in
each three years.

Nuclear power engineering seems to be the
last asset of this country that is why creation of the
nuclear cluster in Nizhny Novgorod is very beneficial
for the region. Two aspects are very important in this
respect: support provided to the cluster members
and support of the region where clusters are located.
Why is itimportant to support the region? Because
each territory is the place of residence of companies’
specialists, the place where their children go to
school; itimplies social projects such as education,
health care, culture, etc. If there are no comfortable
conditions for living there is no promising, hi-tech
and advanced economy.

Positive atmosphere in the cluster location is
very important too. For Nizhny Novgorod cluster it
is of special importance since an NPP is planned
to be built here. The structure of the region is very
peculiar as each district has its mono-town, a town
dominating in the district’'s economy, such as Vy-
ksa, Pavlovo, Kulebaki, Sarov, Navashino, etc. The
construction of the NPP will noticeably influence
the southern part of the Nizhny Novgorod region.
Certainly, we must foresee the character of this
influence. Probably, it will be necessary to adjust
our social policy and to allocate a part of the means
planned for the cluster development to social and
infrastructure projects in the districts affected by
the NPP construction.

V. Antonevich, General Director, Nizhny
Novgorod Center for Technical Development:

— The nuclear sector is the link pulling which
we can draw out the whole chain of Russia’s in-
dustry. Integration in the market of nuclear power
engineering as well as merging of NIAEP with the
largest nuclear technology exporting company are
positive facts. Another positive fact is creation of
a nuclear cluster in the region in advance of gov-
ernmental decisions.

Many machine-building companies are located
in the Nizhny Novgorod region. Their share in the
total machine-building production of the country
amounts to 25 percent. We are willing to cooperate
with other enterprises of the Volga Federal district
too. But it should be understood that we shall be
able to succeed only provided a Law on Industrial
Policy in the Russian Federation is passed. The
law must be adopted as soon as possible as it will
be very helpful for us. It would also be reasonable
to set up a single federal leasing center because
enterprises face difficulties in purchasing expensive
equipment separately. Upon the whole, creation of
Nizhny Novgorod nuclear cluster is a great event
and we wish the cluster a lot of success.




MupoBble NPaKTUKK
KOpnopaTUBHOIoO 06y4yeHus

H. fl. JleonTbeB, Haya/JlbHUK oTAeNa
CTpaTeru4ecKoro pa3BuTHUa

¥ MOHUTOPHUHIra PbIHKOB, K.3.H.

E. A. CTeHblUHH, BeAyL{UH CNeLHaJIUCT.
OAO «<HUA3M»

B Halwle BpeM#A TpaHCHaLWOHa/IbHble KOp-
nopauuu npuaaloT HenpepbIBHOMY 0GY4E€HUIO
CBOMX COTPYAHUKOB KOJIoCCal/ibHOE 3Ha4YeHue,
Hanpumep, B 2002 roay amepuKaHCKue Kop-
nopawuu noTpaTuam Ha oGy4yeHue 1 NoBbiLle-
HUe KBanuduKaLuummu CBOUX COTPyaAHUKOB 56,8
MuuMapaa aoanapoB. O6bscHEeHUe KpalHe
NMPocCToe: YCTONYUBOE MOJIOXKEHUE KOMNaHUU
3aBUCUT OT COCOGHOCTU NPaBUJIbHO CNpPOr-
HO3UpPOBaTb NOTPEOGHOCTU pbiHKa U npej-
JNIOXXUTb Ny4LUUi TOBap, onepeauB Npu 3Tom
KOHKYPEHTOB, N0 MUHUMaJIbHbIM LileHaM U C
JNIy4WMM KayecTBOM, YTO KpalHe TPyAHO B
Hawem rno6asbHOM, CTPEMUTENIbHO MEHSAI0-
LWEeMCA MUPE C XKECTKON GOpbOOM 3a BblIXKU-
BaHue. LleHa u KayecTBO ToBapa 3aBUCHAT OT
KBauPpUKaLu1M 1 KpeaTUBHOCTU BCEX 6e3 Uc-
K/Il0O4EHUS COTPYAHUKOB, 3aHATbIX B AJIMHHON
Lenoy4Ke ero paspaboTKu U BbiIBOAA Ha PbIHOK,
BKJ/IIOYasi MapKeTOJI0roB, NPOEKTUPOBLLUKOB/
KOHCTPYKTOPOB, TEXHOJIOIOB, Ppa6o4ux, Au3an-
HEpOB, CNeLUaanucToB Mo Ka4ecTBY U, KOHEYHO
Xe, pyKoBoauTenen Bcex yposHen. CooTBet-
CTBEHHO NepUuoANYECKOMY 0GY4EHUIO OJIKHA
noaBeprarbcs BCA LieNovyKa cnewuaamucrtoB —
BeAb €C/IU XOTb OAUH MYy3blKaHT PaNbLlUIUBUT
B OpKecTpe, cuMpOHUS He yaaeTcs.

Kpome TOro, Mmp Haw CTaHOBMUTCA npe-
MMYLLECTBEHHO NOCTUHAYCTPUANbHbIM, Xapak-
TEPUIYIOLMMCS NaBUHOO6Pa3HbIM Pa3BUTUEM
MHPOPMALMOHHBLIX U TENEKOMMYHUKALMOHHbIX
TexHonorun. Ecnu B «ctapble AO06pble BPEMEHAY,
YCJIOBHO COOTHECEM UX C OKOH4YaHnem 1960-x
rojoB, Nojly4eHHOro o6pa3oBaHUs B 06LLEM-TO
XBaTano Ha BCIO MPOM3BOACTBEHHYIO UM TBOPYeE-
CKYIO XM3Hb, @ CpeAcTBaMu CBS3M 6blIM OAMH Ha
BCIO KOMHaTy TenedoH 1 6anxKanllee noYtoBoe
oTAeneHne, To0 B COBPEMEHHOM CTPEMUTENBHO
MEeHSIoLWEeMCa MUpe Kak 3HaHUs, TaK U CpeacTBa
XpaHeHusa 1 nepegayn nHdopmaumm HenpepbIBHO
06HOBNAIOTCA. BCMOMHWM C yNbIGKON, KaK HEMHO-
rum 6onee 20 neT Ha3aj Ha 3amMeHy UCMPaBHO
CNYXMBLUMM B TE4YEHWE AeCATUNETUI apudMoMe-
TpaMm, norapndMUYECKUM NIMHENKAM U cHeTam
CTanu NoSIBASTLCS NEPCOHabHbIE KOMMbIOTEPDI.
To, 4To TOraa KasanoCb TEXHONOMMYECKUM MPO-
PbIBOM U iaXKe OTKPOBEHUEM, @ UMEHHO C TPYAOM
yMellaBlivecs Ha cTone Haubonee «MpoABUHY-
TbIX» COTPYAHWKOB NEepcoHaNibHble KOMMbIOTEPDI
C npoLieccopamu 286-1 cepuu, yepes 3—4 roaga
6bINIM NPOCTO CMETEHBI KOMMbIOTEPAMY C NEPBLIMMU
Bepcuamm Windows. daKkcbl M nengKepbl Toxe
NPOCYLLECTBOBAIN OTHOCUTENBHO HEJONTO: Yepes
HECKOJTbKO JIET UM Ha CMEHY MPULLY 3/IEKTPOHHAs
noyta u coToBasi CBA3b. Mbl BCTYyNUAM B 3noxy
MHdOpMaLMKU, U BO3HUKNA 3ajadva rpamMoTHOro
ynpaBfeHWUs MOTOKaMu 3HaHUM.

CTpeMuTeNbHO pasBMBaloLWMECs U MPOHUKaIo-
Lwme BO Bce 6e3 UCKIIOYEHUS chepbl AeATeNbHO-
CTU MIHOOPMALMOHHbIE Y TENEKOMMYHUKALIMOHHbIE
TEXHONIOMMMU, C OHOM CTOPOHbI, YCIIOXKHAOT Hally
[esiTeNbHOCTb — Befb HaA0 NOCTOSHHO OCBanBaThb
HOBOE MPOrpamMMHOE M annapaTtHoe obecneye-
HWe, C APYrol CTOPOHbI, NPEAOCTaBASIOT AOCTYN

E. A. CTeHblWUH

H. f. JleoHTbeB

K FTMraHTCKMM M NMOCTOSIHHO PacTyllyMM MaccuMBam
MHPopMaLMK. MOCTOSIHHO yXKecTovatoTcs TpeboBa-
HKUSA K 6€30MacHOCTU, IKONOMMK, An3anHy... Kak He
NpOoCTO ycrneBaTb, a ObITb BNepean notpebHocTen
PbIHKA, KaK BbXXWTb B MOPe MHPOPMaLMK U KOH-
KYPEHTHOM 60pbObl? KaK NoHATb, Kakne 3HaHus
HY>XHbl B MPaKTU4YeCcKon paboTe, a Ha KaKue He
cTouT 06pallaTb BHUMaHUSA? KaKk coxpaHWUTb CBOM
GUPMEHHBIV CTU/b U He fiaTb 3aTePATbCA UHANBUAY-
anbHbIM 0CO6EHHOCTAM NPOAYKLMM CBOV KOMMaHUH
B OKeaHe CXOXel NPOoAyKLIMN OT KOHKYPUPYIOLLMX
dunpM? Kak coxpaHaTb ManeHbK1e CEKPETLI CBOEN
KOMMaHWKU W KaK nepefaBaTb UX HOBbIM COTPYA-
HWKaM 19 NocneaytoLLero COBepLIEHCTBOBaHUA?
[lo6aBMM KO BCEMY CKa3aHHOMY, 4YTO Halla
oTpac/ib — aTOMHas 3HepreTMKa — No-npexxHemy
6a3unpyeTcs Ha caMblx NEPEOBbIX TEXHONOMMSAX Ha
BCEX aTanax CBOero *M3HeHHoro uukna (FKL), Ha-
YMHas oT LOObIYM pyabl U ee oboralleHus, BKItoYas
NPOU3BOACTBO TOM/IMBA, MPOEKTUPOBAaHKE, COOPY-
eHue, akcnnyataumio AQC 1 Tak ganee. Ha Bcex
atanax XKL, 3agercTBoBaHbI cCneLmanmcTbl CaMbix
pa3sHbix Npodeccuit, OT TPAAULMOHHbIX M BOCTPe-
60BaHHbIX BO BCEX OTPACNSAX BbICOKOKBaUDULM-
pPOBaHHbIX TOKApeW, CBapLLMKOB, MOHTaXXHUKOB,
NPOrpaMMMUCTOB U 3MIEKTPOHLLMKOB O oneparo-
POB aTOMHbIX peaKTopoB. Bce Mbl Haxoanmes nog,
npucTanbHbIM BHUMaHWEM O6LLECTBEHHOCTH, U
olwmrbKa 04HOro MOXKET 6POCHTb TEHb HeJoBepPHS
Ha BClo oTpacib. [octapaemcs pa3obpaTbCs Ha
nprvMepe NyyWwmx MeXayHapoaHbIX U OTeYEeCTBEH-
HbIX KOMMNaHWM, MpUyeM He 06513aTenbHO paboTa-
IOLMX B aTOMHOW OTpac/u, KaK peanv30BbiBaTb
cuctematmyeckoe obyyeHue n obecneynBaTb
HenpepbIBHOE MOBbILEHWE KBannduKauum co-
TPYAHUKOB MHOrONpodUIbHbIX KOMMaHUNM.
Mpexzae Bcero cnefyeT NoroBopuTb O TAKOM
deHoMeHe, KaK KoprnopaTuBHbIE YHUBEPCUTETbI
(KY). NosiBuslunecs B CoeanmHeHHbIX LTatax B
cepeaunHe npownoro Beka, KY ctanu ogHum 13
WHCTPYMEHTOB pELIEHUs NEePEYUCNEHHDbIX Bbille
npo6nem. K 1993 rogy KY 6bi11 opraHnM30BaHbl B
400 KomnaHusx, K 2001 rogy ux ctano yxe 2000
— pocT B 5 pa3 meHee 4em 3a 8 neT! Mpuyem KY
6b111M 06pa30BaHbl HE TONIbKO B BbICOKOTEXHOOM M-
YeCKUX KoMnaHuax Tuna bouHr, MoTopona, Jenn
wnun [xxeHepan MoTopc, HO 1 B TaKKX, Ka3asocb
Obl, laNlEeKNX OT Xan-TEK YUCTO pa3BieKaTeNbHbIX
KOMMaHMUaX Kak YonT IMCHEN UK e ruraHT obLue-
nuta Mak[oHanac. bonee Toro, umeHHo B Mak/o-
Hanace v nossunca B ganekom 1961 rogy nepsbii
KY. OH TaK 1 HasbiBanca — Hamburger University
(YHuBepcuTeT rambyprepa), 1 UMen Lenbto noa-
rOTOBKY HOBbIX KapoB M0 BCEMY MUPY B COOTBET-
CTBWE C UAE0JI0TMeH BbICTPO pacTyLLen KoMNaHuK.
HukaKkoe apyroe 6u3aHec-o6pa3oBaHMe, Kpome

OnbIT

KOpnopaTMBHOIO YHMBEPCUTETA, HE MO3BOSAIO
[OCTUYb AAHHOW LIeNn, U HUKe ByaeT nogpobHee
0TMeYeHOo, 4To KY 3aHMMatoTCs He TObKO nepe-
[ayen 3HaHWK1, HO 3aAaloT UAEONOTMI0 U GUPMEH-
HbIW CTUNb KOMMNaHWK, a TaKXe peLuatoT 1 apyrue
BaXKHble 3a/ja4n, B TOM YMCIe cTpaTernyeckue.

OcHoBHoM pocT KonnyectBa KY npuwencs Ha
1990-e rogbl. CerogHs 0OAHUM U3 KPYMHENLWNX
KOpNopaTUBHbIX YHUBEPCUTETOB CHMTAETCH MOA-
pasgeneHune IBM Global Learning (mo6anbHoe
06y4eHwne), KOTOpoe MMEET B CBOEM COocTaBe 6osee
3400 npenogaBatenen B 55 cTpaHax Mupa; B
apceHane yHuBepcuteta 10000 cneunanmsnpo-
BaHHbIX KypCOB. [Jpyron apKui npumep KpynHo-
ro W yCMeLwHoro KopnopaTMBHOIro YyHMBepcuTeTa
— Motorola University. fonpoBon 6t04)XeT 3TOMN
opraHusauum — okono 100 maH gonnapos, ee
npeacrasnatoT 99 nogpasgeneHnin B 21 ctpaHe
MUpa, YUCN0 NOCTOSAHHbIX COTPYAHWMKOB — 400. B
4yeM nNpuYmrHa pocTta u ycnexa KY? KapamHanbHbix
NMPUYUH HECKOJBKO.

MNepBas: gaxe B 3anaHbIx CTpaHax cucTeMa
06pa30BaHus Ha 6a3e TPaAWULMOHHBIX KO U YHU-
BEPCUTETOB NPU3HAETCS BO MHOIOM yCTapeBLIEew 1
He ycneBatoLer 3a NoTPebHOCTAMMU CTPEMUTENBHO
pas3BuBatoLlerocs obLLecTBa; CUCTEMA «Knaccuye-
CKOro» 06pa3oBaHu1s paccynTaHa Ha MaccoBoro,
«06€3/IM4EeHHOrO» CTYAEHTa, OHa He Y4UTbIBaEeT ero
TanaHTbl U HAKNOHHOCTH, A€ KOHKPETHO U Kaknm
06pa3om byaeT paboTaTb OyayLLMi CTyAEHT. MOXHO
BCMOMHUTb Ha CO6CTBEHHOM NpPUMEpPE, 4TO MHOTUE
CTYAEHTbI-OT/IMYHUKM C BaLLEro NoToka MOru HU-
4YeM He OTJIMYUTLCS B Kapbepe Nnocsie OKOHYaHUs
MHCTUTYTa, €CNM MOoNajann He B KOHCTPYKTOPCKMe
610p0, a B NPOM3BOACTBEHHbIE LieXa, M HA06O0POT,
GbIBLUME TPOEYHUKM MO MaTeMaThKe 1 GU3MKe CTa-
HOBUJIUCb YCMELHbIMWA PYKOBOAMTENSIMMW GOMbLUMX
NpPou3BOACTB. Bbicwee o6pa3oBaHne — aaneKko
He MHAMBUAYyaNbHbIN MeTo4 06y4eHUs, U MHOTMEe
Bblatolnecs M3o6peTaTeny v npeanpuHuMaTeny,
BKtovas [xoHa Pokdennepa, leHpu opaa nnm
Ctuea [066ca, He MOIIM BNUCaTbCs CO CBOUM
OpPUTMHaNbHbIM MbILUIEHUEM B KECTKMe ob6pa-
30BaTefibHble NporpamMmmMbl U TM60 BOOOLLE HE
noctynanu B YHUBEPCUTETbI, IMGO JOCPOYHO WX
NOoKuHynu. A aBTop 605€ee Thics4m NaTeHToB Tomac
JAMCOH He UMeN Jaxe HavalbHOoro o6pa3oBaHus
1 ¢ 6paBagon 3aaBnan Npo cebs: «Hd cMmor ctatb
n3obpeTtarenem nNoToMy, YTO HE XOAW B LLKOMY».

BTtopoe: ycTosiBluMecs 06pa3oBaTebHble Npo-
rpamMMbl, YTBEPKAEHHbBIE BO MHOMMX MHCTAHLUMSAX
M npenojaBaemMble B OTPbIBE OT MOTPe6GHOCTEN
peanbHOro NPoM3BOACTBA MW NMPpoLLecca NPOeKTH-
pOBaHUs, He TaK MPOCTO MEHATL U aJanTMpPoBaTb
K peanunsim COBPEMEHHOI0 CTPEMUTENbHO MEHSI0-
Lerocst MMpa 3HaH1i. Kopnopauusim HyxHbl CBOM
KOHKPETHbIE, «3aTO4YEHHbIE» MOA UX MOTPEGHOCTH
3HaHUS, MHOTME N3 KOTOPbIX PACKPbIBaTb KOHKY-
peHTam KpanHe pUCKOBaHHO. Taknm ob6pa3om,
KopnopaLmu 6binv BbIHYXAEHbI CO3[laBaTb CBOM
COBCTBEHHbIE 06pa3oBaTe/ibHble NPOrpaMmbl.

CnpaBeanuMBoCTU pagu OTMETUM, HTO XOTH
M CYLLECTBYET «3KCTPEMUCTCKas» TOYKa 3PEeHUs,
YTO KOpPNopaTUBHbIE YHUBEPCUTEThI CO BPEMEHEM
3aMeHSIT co60W KnacCUYeCcKne rymaHuTapHbie U
TEXHUYECKME YHUBEPCHUTETbI, NO3BOSIMM cebe BO3-
pa3uTb, YTO 3TO BCE e He TaK. ba3oBble 3HaHuA
OyayT HyXKHbl BCeraa, 1 6yayLiune IopuUcTbl, MEAUKH,
WHXXeHepbl Bceraa 6yayT uaydatb GU3N0N0ruto 1
aHaToMMIO, PUMCKOE MPaBo M Conpomart TONbKO
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B KNlacCUYeCKUX yHuBepcutetax. Hukakom KY unu
crneuunanmM3npoBaHHbI Y4e6HbIN LIEHTP HE CMO-
KeT 06y4nTb 6yayLimx CUYPOB (CTaplumnit UHKEHepP
ynpaBieHus peakTopom) OCHOBaM f4epHON bU3u-
KW 1 TEOPUM YNpaBISeMOm LLeNHON peaKLuuu, HO B
TO YK€ BPEMS HUKAKON TEXHUYECKUI YHUBEPCUTET
He CMOXeT 06y4aTb CTYAEHTOB TaK, 4TOGbI Nocne
€ro OKOH4YaHUsi OHKU CMOrK Bbl CPasy Xe CecTb 3a
nynbT yNpaBieHUs peakTopoM. XoTs B OT/in4ue oT
TPaAUUMOHHbIX yHMBEpPcHUTETOB KY 1 oTpacnesble
y4ebHble LEHTPbI MCNONb3YIOT 60/1e€ NPOABUHY-
Tble 0By4aloLne TEXHONOMK, BasupytoLLmMecs Ha
aKTUBHbIX popMax U3Y4eHMs, MCUXONTOTMYECKUX
TPEHWHrax, AEeMOHCTPaLIUSAX C MPUMEHEHUEM MYb-
TUMEANMHbIX CPeACTB, case study (M3ydyeHnem Ha
KOHKPETHbIX NpUMepax), 3HaHWa 3TV nonajatT
yXKe Ha «B3PbIXJIEHHYIO MOYTY», TO €CTb BOCMPUHM-
MaloTCH cayliaTensmMmu, UMeLWwnMn npodunbHoe
yHVWBepcUTEeTCKoe o6pa3oBaHue. lMNpoxoasauwme
Takoe o0b6y4yeHne Unv TPEHUHIU COTPYAHUKM KOp-
nopaummn 6osiee MOTUBUPOBaHbI, YeM CTYAEHThI
BY30B, TaK KaK npeHebpexeHne y4ebon peasnbHO
TOPMO3UT UX Kapbepy.

B nnaHe o6y4eHnsa u CTaXXMPOBKU CTYAEHTOB
06paTUMCS K OMNbITY MEXAYHAPOLHbBIX UHXUHUPUH-
roBbIX KOMNaHWi. CTyAEHTbI-AUMIOMHUKM 1 NPO-
Yyue KaTeropumn comcKkaTenen paboTbl B KOMMNaHum
Bechtel npoxofaT cTaxnpoBKY Mo NPUHLKNY «3a-
pabatbiBay NoKa y4uibes» (earn while they learn).

OHM 3a4UCNA0TCA B WTAT MO CPOYHOMY KOH-
TPaKTy M NoJsly4atoT 3apaboTHyHO naaTy. XoTd npo-
rpamMMbl 06y4€HMS U COCTaB/IEHbI MNOA CUCTEMbI
n 6usHec-npoueccol Bechtel, nocne ycnewHoro
OKOHYaHUS TaKOW CTa)KMPOBKM COUCKaTeNb, BO-
nepBbIX, Nony4YaeT KBanudUKaLnOHHbIE YAOCTO-
BEPEHUS U HaLMOHasbHblE IULLEH3UN, BO-BTOPbIX,
MMeET BO3MOXHOCTb MPOAOIKUTb CBOK Kapbepy
yXe B KayecTBe MOCTOSHHOIO COTpPyAHWKa. [py-
rov rno6anbHbIN naep UHXUHUPHUHIE, KOMNaHKS
WorleyParsons, NpoBOAMUT NpaKTu4yecKkoe obyye-
HWe CTYAEHTOB B paMKax MOXOXew nporpammbl
WIL, unn Work Integrated Learning (oguH 13 Ba-
puaHTOB nepeBoja: o6yvyeHWe, COBMELLEHHoe
c pa6oTton). CtaxkmpoBky WIL B nogaBnstouiem
60/bLIMHCTBE Clly4aeB NPOXOAAT MONOAbIE NOAM
6€e3 KaKoro-nmbo npeablaywero npakTM4ecKoro
onbiTa paboThl, 61arogaps 4emy OHW MOTYT Bbl-
[aBaTb CBOW OpPUTMHAJIbHbIE CYXAEHWUA U UAEN O
6051ee COBEPLUEHHbIX, MO UX MHEHWIO, METOAAX U
npakTMKax pa6otbl. WorleyParsons npuBetctByeT
HOBbIE U OPUTMHAaNbHbIE UOEN, UX BOMIOLLEHUE B
KOpropaLuu, a TakKe 3a4ncneHve nocne atoro
MOJIOAbIX KpeaTUBHbIX CTYAEHTOB B CBOM LUTAT.

B poccuincKom e npaKkTuKe 3a4acTyto npea-
NoYTEHME OTAAETCS NPAKTUKE «NepeMaHUBaHNUS»
crneunanncToB U3 APYrMx KOMMNaHWM, OAHAKO Npu-
BepXXeHLaM JaHHON NPaKTUKKU cneayeT NOMHUTb,
YTO Hapsfy C HEKMMW HaBblKaMu U KBanuduka-
LMen cneumanucT U3 4pyrom KOMNaHun MoxeTt
6bITb 06pEMEHEH JOrMaMU, HE BNUCbIBaOLWMMUCS
B KOPMOPaTUBHYIO Ky/JbTypy Ha HOBOM paboyem
mecTe. [larke Nnpon3BoACTBEHHAsA cucTtema TOMOTbI
(TPS) genaet y4yeT TOro dakropa, 4To COTPYAHUKM
KpaiHe HEOXOTHO Mepey4yMBatloTCs HOBbIM METO-
[aM paboTbl U MOCTOSIHHO CKIOHSIOTCS K MbICN
«Bcerfa Tak fenanu, U Bce 6b1s10 XOPOLLO».

MHXUHUPUHIOBas Kopnopauusa Shaw group
WMEHYeT CBOM KOpPNopaTUBHbIN YHUBEPCUTET
«06yyatoulas akagemus» (Shaw Learning Academy),
B KOTOPYIO BXOASAT 8 KONNEAKEN, OCYLLECTBAAOLMX
BCECTOPOHHEe 06y4YeHue crneLunanmMcToB no npo-
[Jaxam W 3aKkynkam, aKkcnayatauuu, TnaepcTsy,
6U3HEeC-ynpaBAeHUIO, TEXHONOTMSM, UHAUBUAYaNb-
HOMY pa3BWTUIO, PO3HUYHOWN TOProBfie, a TaKkKe
KOprnopaTUBHOM 3TUKE.

Bce KomnaHuu 06513aTeNbHO NPUBUBAIOT MO-
noAbIM CleLmanmMcTaM U comckatensim paboT us-
IOMUHKY KOPNOpPaTUBHOM KYNIbTYPbI, BbIPaXEHHYIO0
NIO3YHIOM M3 0HOM hpasbl U OTIINHAIOLLYIO UHKK-
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HUPUHIOBbIE KOMMNaHWK apyr oT apyra. Kopnopa-
uMsa Shaw ogHon dpas3on NO3ULMOHUPYET cebs
KaK pa3paboTynK NpoayKTa, «4pYy*KEeCTBEHHOrO
3aKa34MKy M OKpYKatoLlen cpeaer, Hokus «coeam-
HsieT nogen» (Connecting people) , 3nnn «aymaet
HecTtaHaapTHo» (Think different), IBM «cBepliaet
cobbiTna» (We make it happen), General Dynamics
YTBEPKAAET, 4TO C HUMMU «CW/a Ha Ballen CTOPOHe»
(Strength at your side) 1 Tak ganee. HeCOMHeHHO,
Hawa KomnaHusg OAO «HUA3T» Takke [osiKHa
MMEeTb MOA0GHbIV OPUTMHANBHbIN JIO3YHT U C Frop-
[OCTbIO Ky/IbTUBMPOBATb €ro Cpean CTYAEHTOB
Ha NPOTSAXEHUU KypPCOB 06Y4EHUS 1 NMOBbILLEHUS
KBannduKauuu.

Kpowme Toro, B KopnopaTMBHOM 06y4EHUU OT-
MeYaeTcs TaKOW TPEHA, KaK «pa3BUTHE NTMAEPCTBaY.

Takum o6pasom, KY peluatoT cneaytoume 3a-
fayu:

e MPOU3BOAAT HEMpPEPbIBHOE 06y4YEHUE;

e WHWLMWUPYIOT U COMPOBOXAAIOT NpoBese-
HWEe U3MEHEHUN OpraHn3aLUOHHON CTPYKTYpPbI
KOMMaHUu;

e BHEAPSIOT KOPNOpPaTUBHYIO KynbTypy, Gup-
MEHHbIN CTU/b, TOANIbHOCTb U YYBCTBO CONpPUYacT-
HOCTU K KOMMNaHuu;

e M03BONSIOT YCUINBATb KOHKYPEHTHbIE Npe-
UMYLLECTBA;

e M03BONSAOT COXPaHATb KONNEKTUB, TaK KaK
o6ecneynBaloT HeMpepbIBHOE MOBbILIEHUE KBa-
nMduKaumu.

e peLlatoT Apyrue 3ajayu, Tpebyoume mMos-
rOBOrO LUTYpMa U MPUMEHEHUS NTy4LLIMX MUPOBbIX
NPaKTUK BefeHns 6usHeca.

Kak BMAHO, noMUMO 06y4eHus, KY peluatot
BeCbMa M BeECbMa BaXKHble /19 KOMMaHUN TaKTy-
YyecKue 1 cTpaTternyeckue 3agayu. O6oi4Ho KY Ha-
XOASTCS B NOAYUHEHWM JMPEKTOPA MO KOPNopaTUB-
HOMY pa3BuTHIO UK HR-anpeKTopa (ampeKtopa no
nepcoxany). B psge cnydaes Koprnopauuv BBOAAT
HOBYIO HEMPUBbIYHYIO MOKa [J19 BOCNPUATUS AOMK-
HocTb Chief Learning Officer (rnaBHbI AgupeKTop no
06y4eHHI0) C BECbMa BbICOKUMU MOTHOMOYUAMM.

B yactv nepepayun 3HaHWM HabnwgaeTcs Lo-
NOJSIHUTENbHOE KapAnHanbHoe oTnymne KY ot knac-
CUYECKUX BY30B: 06y4eHNEe MPOM3BOAAT NpenmyLLe-
CTBEHHO COTPYAHMKM CBOEW e KopropaLuu 1 ydat
B OCHOBHOM CBOMX e COTpyAHUKOB. CaenaHHas
OroBOpKa — MPeNMyLLECTBEHHO — KPanHe BaXkHa,
TaK KaK HUKaKasi KOMNaHUs He CyLLeCTBYET B OTPbI-
Be OT NMOCTaBLLMKOB WU/ BHE KoonepaLum ¢ Apyrumu
KOMMNaHWSMU U, TaKUM 06pa3oM, Bcerja MMeeTcs
Heo6X0AMMOCTb MOAENUTLCS 3HAHUSAMU U HOY-Xay
C KOHTpareHTamu. Kopnopauws 41 CBOEro Bbixu-
BaHuWs 0683aHa ObITb OTKPLITON U BOCMPUUMYUBOM
K MOSBASIOWMMCS Ha PbIHKE HOBbIM 3HAHUSM U
pa3paboTkam, MO3TOMy YacTb CneLuasbHbIX KypcoB
NPOBOAAT NPUINalleHHble IEKTOPbI U3 YHUBEPCH-
TETOB W KOHCY/IbTaHTbl U3 CleLuann3npoBaHHbIX
dbupm. bonee Toro, Koprnopauuu Bcerga HaxoaaTcs
B TECHOM COTPYAHWYECTBE C Hay4HO-UCcnefoBa-
TENbCKUMU YHUBEPCUTETAMU U MPUBIEKAIOT MUX K
pa3paboTKaM HOBOW NMPOAYKLIMK.

TaK Kak noMumMo obydeHuns KY pewatoT u
Lpyrve 3agayun, opraHu3almsa JOMKHA Ha paH-
HWX 3Tanax onpeaenuTb, YTO co3aBaThb: y4e6HbIN
LLEHTP, KOPNOpaTUBHbLIA YHUBEPCUTET UJIU e OT-
naTb o6y4yeHue Ha ayTcopcuHr. BeposTHo, npa-
BUJIbHEE 6bIN0 6bl 3aHATb KOHCEPBATUBHbIV MOA-
X0 W HavaTb C opraHu3aumm 6a3oBon Kadeapbl
BO B3aUMOAEVNCTBUM C BEAYLLMMU NPOPUIbHBIMU
By3aMM N0 aTOMHOWN 3HEepPreTuKe, CTPOUTENLCTBY,
3KOHOMUKE U topucnpyaeHunn. OagHOBpEMEHHO
cnefyeT U3y4uTb Jy4LLIMI MUPOBOW OMbIT U HAWUTH
Heo6x0AMMble apryMeHTbl B MO1b3Y OpraHmM3aLmm
KopropaTUBHOIo yHuBepcuTeTa. Mpobnema nepe-
[layv 3HaHUW B BbICOKOTEXHONOTMYECKMX 06NacTSX,
B YaCTHOCTM B aTOMHOM 3HepreTuKe, CTaHOBUTCA
Bce 60/ee aKTyallbHOM He ToNbKo B Poccuu, 06
3TOM MHOTO MULYT B Pa3HbIX CTpaHax, U B Aab-

HelleM UMEeEeT CMbICN ONy6GMKOBaTh OTAEbHYIO
CTaTblo O MMPOBBIX MPaKTUKax U METOAax, Nexa-
LLMX B OCHOBE opraHunzaumm KY.

finoHcKasa TonoTa CBOMM YCNEXoM W yCTOM-
4YMBbIM POCTOM BO MHOrOM 06513aHa B TOM yucne
rPaMOTHO BbICTPOEHHOW KOPopaTUBHON cucTeme
HernpepbIBHOro 06y4eHus. Cuctema o6pa3oBaHus
TonoTbl 04eHb TECHO NepernieTaeTcs ¢ NPOn3BOoA-
cTBeHHOM cucTemom TonoTbl (TPS), B OCHOBY KOTO-
pOW 3anoXKeHbl TaKMe NPUHLMMbI, Kak NpocToTa,
Harna4HOCTb, KylbTUBUMPOBaHWE Yy pabOTHUKOB
YeNlaHWs K HenpepbIBHOMY COBEPLLEHCTBOBAHUIO
CcBOero pabo4yero Mecra 1 NpPou3BOLCTBEHHOIO
npouecca (KanaseH). U3 MHoxkecTBa 06yHatoLmnx
METOANK OTMETUM TaKOM HECKOJ/IbKO 3K30TUYECKUI
[ns Hac cnocob 06y4eHusl, KaK «racCloKy KEUKy»
(TO ecTb 06y4eHME C COBMECTHBIM MPOXKUBAHUEM).
YacTb pyKOBOAALLMX COTPYAHUKOB BCEX YPOBHEW,
a TakKe paboyne NPOU3BOACTBEHHbLIX Y4aCTKOB
yes3xaloT Ha HECKO/bKO HEN B 3aropoHbli naH-
CWOH, rae nof pyKOBOACTBOM «TpPeHepa» (aHanor
HaLLEero MHCTPYKTOPA WIU e NNEKTOPa) COBMECTHO
06y4aloTCsl, NOCce Yero 3a ApyKECKUM 06e10M UK
YXUHOM HedopmasibHO 06MEHUBAIOTCA CBOUMM
BMeYaTIeHU MM OT MOJTyYEHHbIX 3HAHWI, a TaKKe
BbIJAIOT CBOU «Kan3eH» — npeasioxKeHus. Takme
perynsipHble BCTpeyn obecneynBaioT MHTepdENnc
N 06MeH MHbOoPMaLMen No BCEN nepapxmyecKomn
LenoyKe yrnpaB/ieHus, Tak KaK [axe AUpeKTop
3aBOJa MOXET HanpsiMyto o6LWwaTbcs ¢ paboynm
3a 0AHMM CTO/IOM ¥ OGMEHMBATbCA MHTEPECHBIMU
naesMu1 no ynyyleHno NPOM3BOAUTENBHOCTU TpyAa
1 KadecTtBa. [OHATHE «TPEHepP» B CMbIC/E YYUTENb
W HaCTaBHWK TaKKe CTaio MPUBMBATLCS B PYCCKOM
A3bIKe, HO B TOMOTE TpeHepaMu ABNSIOTCSA BETEPaHbI
NpPoOu3BOLACTBA, NpopaboTaBLUMe HECKOJIbKO AeCaT-
KOB NET M NpoLUeALIME BCE JOMKHOCTHbIE CTYMEHMU.

OTMETUM ApYron MHTEPEeCHbIN GEHOMEH: KOp-
nopauus TonoTa UMeeT CBOU 3aBO/bl BO MHO-
YXEeCTBE CTPaH C CaMbiMW Pa3HbIMU A3bIKamu U
KylbTypaMu, HO iaxke B TeX CTpaHax, rae CTposTces
HOBble 3aBO/bl U MPOU3BOANUTCA HAabop NepcoHana
6e30 BCSAKOro NpoM3BOACTBEHHOIO OMbiTa, Nep-
Bas e NPOAyKLMS MMEET, MO CyLLECTBY, TOT e
YPOBEHb KayecTBa, YTO U Ha PacroioXeHHbIX B
AnoHun npeanpuatusx. B yem cekpet? OnsaTb-Taku
B rPaMOTHOM CUCTEME KOPMOPaTUBHOMO 06y4YeHUS.

C camoro Hayvana TonoTa NpuBMBAET 4yB-
CTBO rOpPAOCTY 3a CBOE NpeanpusiTue, NpUBMBaeT
YCTONYMBbIE HABbIKW BbIMOJIHATb YCTAHOB/IEHHbIE
MHCTPYKLUMUK M NPOLESYPbI, 8 TaKkKe KyNbTUBUPY-
€T yBaXeHWe K COOCTBEHHOM NMYHOCTU. BbiBOA!
KOPMOpaTUBHbIA YHUBEPCUTET HE AO/MKEH acco-
LMUpoBaTbLCH C ayauTOpUeEn, OCHaLLEHHOM BCero
JIMLWLb JOCKOKN U NpoeKTopoM; KY nnu ueHTp obyde-
HWS, MTOMUMO Ha3BaHHbIX aKceccyapoB 06y4eHuns,
[OMIXKHbI 6bITb 0693aTe/IbHO OCHALLEHbl BCEM He-
06X0AUMbIM Anst OTPaGOTKM NPOU3BOACTBEHHbIX
onepawmi ¢ BO3MOXHOCTbIO UX BU3yanusaLum u
nocnefytouiero aHanunsa.

M3yyeHne HeraTMBHOro onbiTa 6blN0 Obl
KpakHe none3Ho B KOPNopaTMBHOM 06y4YeHuH, C
0653aTeNlbHbIM BKIOYEHUEM Y4E€6HbIX 4acoB Mo
aHanusy aBapui ¥ MPOMUCLLECTBUI, B TOM YuCe
npw CTPOUTENBCTBE U IKCMTyaTaLlMm CIOXHbIX UH-
YEHepHbIX 06bEKTOB. Be30nacHOCTb CMOXHOIo
MHXKEHEePHOro 06beKTa HUKOrga He MOXKET 6blTb
W3NULLHEN, M NPOLLIOroAHAa GyKycMMCKasa aBapus
ABMIAETCH O4epPeHbIM TOMY NOATBEPKAEHUEM.

[ns noHMMaHWsa cucteMbl 06Y4EHUS UMEHHO
B aTOMHOM oTpac/iv o6paTMMCcs K MHOrofieTHeMy
ycrnewHoMmy onbITy BypryHACKOro saepHoro Kna-
ctepa. 15 HenocBsLWEHHOW MYONUKK, a TaKkKe
YyacTv cneumnannctoB bypryHavsa B nepByto oye-
peab accouunpyeTcs B Ka4ecTBe 3HaMEHUTON Ha
BECb MUP MPOBUHLIMM MO NPOU3BOACTBY BUH. [pn
BCEM MpU 3TOM BCE KPYMHbleé KOMMOHEHTbl 58
A4epHbIX YCTaHOBOK, NPpon3BoAsLLIMX nopsiaka 80%
3N1EKTPO3HEPrun PpaHuMmM, MPOM3BOAATCS UMEHHO




B bypryHauu. Hapsay ¢ BuHogennem bypryH-
MS IBNSETCSA FTMraHTCKOM MacTePCKOM MO MPOeKTH-
POBaHMIO, M3rOTOBMIEHMIO M COOPKE 060PYA0BaHMS
nepsoro KoHTypa. C 2005 roga Bcs Lenoyka no-
CTaBLLMKOB CKOHLEHTPMPOBaHa BOKPYr CO3[aH-
HOro IAEPHOro Knactepa, 06beanHsoLLero 6onee
150 npeanpusaTMi 1 opraHn3auuni, HaunmHas oT
ruraHToB Tvna EdF n AREVA 10 MenKux n cpeaHux
npeanpusaTuin, nabopaTtopuim U NOCIEBY30BCKUX
obpa3oBaTeibHbIX KypCoB.

BypryHackui saepHbin nostoc (pole Nucleaire
Bourgogne) ectb TemMa 0TAeNbHOro aHann3a, Ho oa-
HOW M3 OCHOBHbIX €0 LieNen ABNSETCH BCECTOPOH-
Hee, HeNnpepbIBHOE 1 KOMMEKCHOE 06y4YeHue BCEro
MHOroo6pasus cneLmanmMcToB, 3aHITbIX Ha Npeanpu-
ATUSX Knactepa. Mo MHMumaTee BypryHacKoro agep-
HOro Knactepa 6bln OpraHM30BaHbl caMble pas-
HOOGpPa3HbIe Kypchbl 1 GOpMbl NPODECCMOHANTBHOMO
06y4eHuns 4N 06y4atoLLMXCS BCEX YPOBHEN HaunHas
OT BbIMYCKHMKOB LUKOJ1, BK/IOYas MLEH3MaToB, 6a-
KanaBpoB W MarncTpoB, B HECKO/IbKMX MPOBUHLMAX
®dpaHLmMK. B 4uncno LEHTPOB cneuuanM3npoBaHHo-
ro o6y4yeHust Bowv Bbiclwas MHKeHepHas wKona
(Ecole d’Ingenieur), TEXHUYECKNE YHUBEPCUTETDI,
nnuen, Kypcol CFAI M HTEpHET-pecypcebl. B anpene
2009 roga ans NOAroTOBKM NpPodeCccMoHanoB U
PYKOBOAMTENEN BbICLIErO YPOBHS B BypryHacKOM
A4epHOM Knactepe co3gaHa MexayHapoHas aka-
LEMUS SAEPHOV SHEPreTUKM.

B pamKkax o6y4yeHuss B akageMUN PyKOBOAM-
Tenu NPeanpuUaTU aTOMHOKM OTpacau obyyaloTcs
B yAO6HOE A/15 HUX BPEMS MO UHAMBUAYaNbHbIM
oby4atolwmm nporpammam. Booblue xe paspabo-
TaHbl TUNOBbIE KYPCbl MPOAOIKUTENIBHOCTLIO OT
[IBYX AHEN 10 HECKOMNbKMUX Heaenb. 0653aTenbHO
M3y4YeHne Ha KOHKPETHbIX NpuMepax case study,
a TaKXXe NpUBAEYEHME NYHLINX EBPONENCKUX Npe-
rnoaaBaresiei u cneLranncToB No HanpaBAEHUSM.
B akagemun npousBoanTtca obyvyeHue crneayto-
WKUM creunanbHOCTAM (HENOMHbIN NepeYyeHb):
PYKOBOAUTENb MO 3aKynKaM, KayecTsy, 60/1bLUNM
NpoeKTaMm, MmaTepuanoBeaeHuto, CTpaTernm, Kom-
MepLMK, PasBUTUIO KOMMAHUKU, OPUANYECKUM
BOMpocam, Texob6ecnyxnBaHuio o6opyaoBaHus
1 Tak ganee. O6y4yeHne npom3BoamTcs Ha 6ase
Nosy4EeHHOro TEXHUYECKOro UK r'yMaHUTapHOro
obpasoBaHus. Kpome Toro, ans obyyatowmxcs
UMEETCS UMUTATOP B HaTypasibHYI0 BEMYMHY BCEX
CUCTEM M KOMMOHEHTOB NEePBOro KOHTypa, YTo Mno-
3BONSET NPOM3BOANTL OTPABOTKY BCEX peasibHbIX
[ENCTBUIN MO TEXOOCNYKMBAHUIO U KANPEMOHTY,
pearvpoBaHu1IO B aBapuUHbIX CUTyaLUs, MPOYUM
onepauusam. B yucno ndyvaemoix Tem (4ByxaHEB-
HbIV CMeLumanbHbI Kypc) BXOAUT pa3bop aBapui
B aTOMHOW 3HEPreTuKe, BKIoYas aBaputo Ha ASC
Tpu-Maiin Aitnena, YepHo6binb 1 Pykycuma. Kak
npaBu1no, AByXAHEBHAs NporpaMma 06y4eHus CTo-
nT nopsiaka 1200 eBpo Ha YenoBeKa 6€3 NUTaHus
1 NPOXMBAHUSA.

Kpowme Toro, dpaHums, Ja U BCe eBPOMNENCKHNE
CTpaHbl C pa3BUTOM A4EePHON MHDPACTPYKTYPON
NS pearMpoBaHus Ha Bbl30Bbl «aTOMHOrO pe-
HeccaHca» paclMpsOT COTPYAHUYECTBO MeXKAay
YHUBEPCUTETAMMU, CO3L4al0T KOHCOPLIMYMbI BY30B,
MeXAMCLMNINHapHbIe 06pa3oBaTebHble KOHCOP-
LIMYMbl, MPOrpamMMbl U UHTEPHET-PECYPChI. 3HAYM-
MbIMW NpUMepaMu aBnatoTcs EBponencKas cetb
agepHoro obpasoBaHus (ENEN), Asnatckas ceTb
agepHoro o6pasoBanus (ANENT), yHuBepcuteT-
CKMe KoHcopumnymbl B CLUA, a Takke HaunoHanb-
HbIW UccneaoBaTeNbCKUM SO0EPHbIN YHUBEPCUTET
MU®U B Poccun. B KavecTBe npumepa MOXKHO
npusecTn Takxe npoekT ENEN IIl, koTopblt oxBa-
TbIBaeT NPOrpamMmmbl NEPENOAroTOBKU MHXEHEPOB
M3 pasnuyHbIX 061acTen MHAYCTPUM ANs npuse-
YeHWA UX B AEPHbIN CEKTOP, a TaKKe NOAroTOBKY
MHXEHEePOB-KOHCTPYyKTOpoB AJC TpeTbero nokone-
HUSA U CNeLnanncToB — pa3paboTYNKOB PEAKTOPOB
4eTBEPTOro NoKoneHus. Bce 60/bLyio pPoib CTano

Urpatb MHTEPHET-00Y4EeHNE, a TaKKe AUCTAHLMOH-
HOe 0By4yeHue B pexxumax BUAEOKOHbEpPEHLMN.

B Halwewn cTpaHe TakXe umeeTcs pas3BuTas
Lienb NocneBY30BCKOro 06pa3oBaHns HaunHas ¢
LleHTpanbHOro MHCTUTYTa NOBbILWEHUS KBaNUbU-
Kauuu (LMMK), cosgaHHoro B O6HMHCKe B 1967
rogy. O6HMHCK 6blN BblGpaH Ans 3TOM LLeSK B CBA3K
C TeM, YTO B ropoje HaxoaaTcs Takue 3/1eMeHTbl
aTOMHOM MHPPACTPYKTYPbl, MPUrogHOM Ans 06-
y4yeHusi, KaK nepsas B Mupe A3C, PU3nKo-3Hep-
reTMYECKUM MHCTUTYT UMeHU A. U. JlennyHCcKoro, a
TaKkxe dunnman HaumoHanbHOro ncecnegoBaTtesb-
cKoro sipgepHoro yHusepcuteta MUOW. UMK ctan
BaHEWLMM 3IEMEHTOM OTPac/ieBON CUCTEMBI
NoAroTOBKMU KagpoB, nmes 160 pa3dHoo6pasHbIX
KypCOB, KaKabl U3 KOTOPbIX paccyuTaH Ha 72
y4ebHbIx Yaca. Kpome LIMMK o6yvyeHne cneuu-
annCToOB OTpacian nNpoBoanTcs B CMOSIEHCKOM M
HOBOBOPOHEXCKOM Y4€OBHbIX LieHTpaXx, rae ocy-
LecTBAsieTCA NOArOTOBKa nepcoHana ans poc-
CUMCKMX M 3apyberkHbix AQC, BKkatovaa Kutan,
NHauio, MpaH. YNoMsAHEM TakXe Nofe3HbIM OnbIT
Nno cucTeMaTnyecKoMy 06y4eHunto Ha banakoBcKow
A3C, a Takke Bo BHUMASC.

OTMETMM B 3aBepLUeHUe, 4TO B MOSIHOM BUAe
crUcTEMa KoprnopaTMBHOIo 06y4eHUs B 6ONbLLIMH-
CTBE KOMMNaHWI npeacTaBasieT cobon KOHPUAEH-
LUManbHylo MHOGOPMaLMIo, TaK KaK, 00y4as CBOUX
COTPYAHWKOB, KOMMaHUs nepeaaeT BCEBO3MOXK-
Hble ManeHbKne 1 60onblUNE CEKPETLI U HOY-Xay,
obecneynBatoLLme NMAnpYoLLEee MONOXKEHNUE KOM-
NaHWKU Ha PbIHKE.

B cBeTe BbIlWEN310XKEHHOro Npobnema noa-
rOTOBKM BbICOKOKBaNMOULMPOBAHHbIX CreLuu-
anucToB ANns paboTbl B Hallen MHXUHUPUHTOBOM
KOMMaHWKU CTAHOBMWTCS KpalHe aKTyasbHON. HM B
KaKOM BYy3€e HEBO3MOXHO 06Y4UTb CTyAEHTa KOpro-
paTUBHOM CUCTEME 3aKYMOK, NepeoBbIM TEXHOSO-
rMSIM MPOEKTUPOBAHMUS Y MONEBOM0 MHKUHWUPUHTA,
3aKoHofaTeNbHbIM akTaM K «Pocatomar, apyrum
KOPMNopaTMBHbLIM HOPMaM, TEXHOSIOTUSIM W MPaKTy-
Kam. OAO «<HWNA3I» ctano KoMnaHWen MUPOBOro
YPOBHS: Mbl MPOEKTUPYEM, CTPOUM U NIaHUpyem
cTpoutb ASC B MHanu, Kutae, Typuuu, BoeTHame,
Apyrvx cTpaHax. B Tom Yncne ogHomn U3 Tpebyroumnx
peleHns 3agad SBnseTcs NoAroToBKa U 0by4eHune
MECTHOro paboyero U MHXXEHepPHOro nepcoHa-
na ana paboTbl B COOTBETCTBMU C METOAMKAMU
W NPaKTUKaMK Hallen UHXEHEePHOW KOMMaHWUu.
31y paboty 6yayT npoBoanTb 6a3oBas Kadeapa
1 y4ebHbIn LeHTp npu PoctoBcKom ASC. KocTak
CreLnanncToB U pyKOBOAUTENEN HALWEN UHKUHU-
PUHrOBOM KOMNaHWKM ByaeT 06y4aTbcd Ha 6a30B0W
Kadeape «CucTeMbl ynpaBAeHUS })USHEHHbIM K-
KJIOM CNOXHbIX MHXEHEPHbIX 06beKToB». HNAJI
Nno NpaBy MOXET ropanTbCs PSAOM NepesoBbix
[aXke Mo MMPOBbLIM MEPKaM TEXHOOMMI NPOeK-
TUPOBAHUA U CTPOUTENLCTBA, BKAtOYas Multi-D
NPOEKTUPOBaHWE, CUCTEMY YNPABEHUS }KUSHEH-
HbIM LIMKOM, METOANKY NONEBOI0 MHXWUHUPKUHTA,
yrnpaBfieHUe CTOMMOCTbIO, €4UHbIN OTpacnesomn
HOMEHKNATYPHbIN KaTanor 060pyaoBaHnsa U Ma-
Tepuanos, Npoyme JOCTUXKeHMS. HoBble 3HaHUSA
[OMKHbI HE MPOCTO NepefaBaTbCs MOOAOMY MO-
KOJIEHUIO, HO MOMyYyaTb AafbHeNllee pa3BUTUE U
npuymMHoOXKeHue. Bbipasum Hagexay 1 noxenaHuve,
41O, NPUOBPETS HEOBXOAUMBIN ONbIT U pa3paboTasB
nporpammy oby4yeHus, cnocobHyo obecrneyunTb
npodeccruoHanbHbIM POCT COTPYAHMKOB B COOT-
BETCTBMU C BbI30BaMU Halero BpeMeHu, 6a3oBas
Kadeapa B HejanekoM ByaylleM CMOXET cTaTb
NOHOMpPaBHbLIM KOPNOPaTUBHBLIM YHUBEPCUTETOM,
M NOMUMO 0b6pasoBaTtesibHbIX Nporpamm 6yaet
3aHMMaTbCs Hay4YHO-UCCefoBaTeNbCKOM [es-
TENbHOCTbIO U PELIEHNEM BaXHbIX AN PA3BUTUSA
KOMMNaHWU 1 aTOMHOMN 3HEPTreTUKM NpobBem.

Ucnonb3oBaHbl MaTepuanbl, UMelowHecs
B cBOGOAHOM focTtyne B UHTepHeTe.
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World
practices

of corporate
training

N. Leontiey, Chief of Strategic
Development and Markets Monitoring
Department, Ph.D. in economics,

E. Stenshin, leading expert.

JSC «NIAEP»

Nowadays transnational corporations at-
tach tremendous importance to continuous
training of employees. For example in 2002
American corporations invested 56.8 billion
dollars in the training and professional de-
velopment of their staff. The explanation for
this is extremely simple: the steady state of
a company depends on the capability to cor-
rectly predict market needs and offer the best
goods at a minimum price and with the best
quality leaving competitors behind, which is a
daunting task in the modern rapidly changing
world with its hard struggle for survival. Price
and quality of goods depend on the skills and
creativity of all employees taking part in the
long chain of development and promotion,
including without any exception marketing
experts, designers/engineers, process and
quality engineers, workers, and, of course,
all levels of management. Accordingly, all
specialists have to be regularly trained, as
even one singer out of tune can ruin an opera.

Besides, our world becomes predomi-
nately postindustrial and is characterized by
avalanche-type progress in information and
telecommunication technologies. In 1good old
days, let’'s mark those with the end of the 60s
of the previous century for convenience, basic or
secondary education was, as a rule, sufficient for
labour and creative work in a person’s life, and
the only communications facilities for a family
were one fixed-line telephone and the nearest
post-office, while in the modern rapidly changing
world knowledge as well as means of information
storage and transfer are continuously updated.
We now recall with a smile as a little more than
20 years ago reliable adding machines, slide rules
and counting frames that had served for decades
began to be replaced by personal computers,
that only started to appear. The first PCs were
regarded as a technological breakthrough and
even a revelation, those being awkward appa-
ratuses with 286 processors taking whole desk
space of the most «advanced» employees. And
only in some 3-4 years they were simply wiped off
by computers with the first versions of Windows
installed on them. Faxes and pagers have also
not existed for long. In a few years they were
replaced by electronic mail and cellular telecom-
munication. We entered the information era, and
the problem of competent control of knowledge
flows appeared on the agenda.

On the one hand, information and telecom-
munication technologies that are rapidly develop-
ing and getting into all, without any exception,
spheres of activity, make our life more compli-
cated. After all it is necessary to continually learn
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to use new software and hardware. On the other
hand, they give access to huge and permanently
growing arrays of information. Requirements to
safety, ecological compatibility, design are becom-
ing tougher and tougher, and itis an incessant is-
sue to be not simply on time, but ahead of market
needs and to survive in the sea of information
and competitive struggle. How to understand
what knowledge is necessary for practical opera-
tion and what is not worthy of attention? How to
retain corporate style and prevent the specific
features of your goods from being lost in the
ocean of similar goods from competitors? How to
keep confidential small secrets of your company
and how to transfer them to new employees for
subsequent improvement?

Let’s add here that our industry, nuclear
power engineering , is still based on the most
advanced technologies at all stages of its life
cycle (LC), starting from extraction of ore and its
enrichment, including fuel production, engineer-
ing, construction, power plants operation and so
on. At all stages of LC all sorts of specialists are
involved, from traditional highly-skilled turners
wanted in all industries, welders, fitters, program-
mers and electronics engineers, to operators of
nuclear reactors. We all are under the attention
and scrutiny of the public, and a failure of one of
us can throw a shadow of mistrust on the whole
industry. We will try to look into the situation by
the example of the most successful international
and domestic companies, but not necessarily
operating in nuclear power industry, and deter-
mine how to implement systematic training and
provide continuous improvement of professional
skills of employees in diversified companies.

First of all, it is necessary to talk about such
phenomenon, as corporate universities (CU). CUs
first appeared in the United States in the middle
of the previous century and became a solution to
the abovementioned problems. By 1993 CU had
been organized in 400 companies, by 2001 there
were already 2000 of them — fivefold growth in
less 8 years! And CU were formed not only in high-
technology companies like Boeing, Motorola,
Dell or General Motors, but in those seemingly
far from being hi-tech and purely entertaining
companies as Walt Disney, or the public catering
giant McDonalds. Moreover, it was McDonalds,
who organized the first CU in 1961. It was very
appropriately called Hamburger University and its
mission was training of new personnel worldwide
according to the ideology of the quickly growing
company. No other business education allowed
reaching this goal, we will talk about CUs opera-
tion more in detail below. CUs are used not only
for transmission of knowledge, but for building
the ideology and corporate style. They also take
part in solving other important problems, includ-
ing strategic issues.

The main growth in CU quantity was in the 90s
of the 20th century. Today IBM Global training is
considered to be one of the largest corporate uni-
versities, that employs more than 3400 trainers
in 55 countries around the globe; the university
provides 10 000 specialization courses. Another
good example of a large and successful corpo-
rate university is Motorola University. The annual
budget of this organization is about 100 million
dollars; it is represented by 99 subdivisions in
21 countries with 400 permanent employees.
What is the reason for the growth and success
of CU as a phenomenon?

There a few principal ones. The first reason:
even in western countries an education system
on the basis of traditional schools and universi-
ties is considered in many aspects as obsolete
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and not in accordance with the needs of the
society that is developing so quickly; the so-called
system of «classical» education is designed for
the average, «depersonalized» student, it does
not take into consideration his/her talents and
inclinations, where and how this student will work
in future. You can use your own experience here:
many overachieving student from your stream
were not an outstanding success in their career
after graduation, if they started working not in
design offices, but in production shops and vice
versa. Some students with a mediocre knowledge
of mathematics and physics became successful
managers of large production enterprises. Higher
education is far from being an individual method
of training, and many outstanding inventors and
businessmen, including John Rockefeller, Henry
Ford or Steve Jobs, with their original thinking
could not fit into strict educational programs, and
either did not join any university or dropped their
studies very early. And Thomas Edison, an author
of more than a thousand patents, did not even
have any elementary education and said about
himself with bravado that he only became an
inventor because he had never attended school.
The second reason: traditional educational pro-
grams approved and carried out in isolation from
real production needs or design process, are hard
to change and adapt to the facts of the rapidly
changing modern world of knowledge. Corpora-
tions need specific knowledge «tailored» for their
needs, a big part of which must not be disclosed
to competitors. Thus, corporations have been
forced to create their own educational programs.

In all fairness it has to be said that there is the
«extreme» point of view that in due course corpo-
rate universities will replace classical technical
and other universities. But we think that it is not
correct. Basic knowledge will be always neces-
sary, and future lawyers, physicians, engineers
will always study physiology and anatomy, Roman
Law and physics only in classical universities.
No CU or specialized training centre can train a
future SRO (senior reactor operator) in the basics
of nuclear physics and the theory of controlled
chain reaction, but, at the same time, no technical
university can train students so that immediately
after graduation they could operate the control
panel of a reactor. Though unlike traditional uni-
versities, CUs and branch training centers use
more advanced training methods based on active
learning, psychological training, demonstrations
with the use of multimedia and case study, this
knowledge already gets into «cultivated soil»,
that is perceived by trainees with core educa-
tion. Employees of corporations, who go through
this kind of training, are more motivated, than
university students, because disregard of their
studies slows down their careers.

As for training and practical studies let us
look at the experience of international engineer-
ing companies. Graduates and others, who seek
a job in Bechtel, are trained using the principle
«earn while you study».

They are added to the staff under a terminal
contract and receive a salary. Though training pro-
grams are designed for the systems and business
processes of Bechtel, after successful completion
of such training a job seeker receives qualifica-
tion certificates and national licenses and has an
opportunity to continue his/her career already as
a permanent employee. Worley Parsons, another
global leader in engineering, provides practical
training within the limits of a similar program
called WIL or «work integrated learning». WIL
training in the majority of cases is taken up by
young men without any previous practical experi-
ence. Thanks to this lack of experience they can

give their original opinions and ideas about, as
they think, more effective methods and practices.
Worley Parsons welcomes new and original ideas
and their embodiment inside the corporation.
The company employs young creative students
after the training is complete. In Russia, as a
rule, the preference is given to «pirating» other
companies for personnel. However, users of this
practice should remember that along with certain
skills and qualification a specialist from another
company can think in dogmas, which are not in
line with the corporate culture of the corpora-
tion. Even Toyota production system (TPS) takes
into account that employees are very reluctant
to be trained in new methods of operation and
constantly tend to think «<we have always done
this way and everything was ok». Engineering
corporation Shawgroup called its corporate uni-
versity Shaw Learning Academy. The Academy
embraces 8 colleges, that perform all-round
training of specialists in sales and purchasing,
operation, leadership, business administration,
technologies, individual development, retail and
corporate ethics.

All companies mandatorily impart to young
specialists and job seekers the «essence» of the
corporate culture expressed in a slogan consist-
ing of one phrase. Shaw corporation uses one
phrase to set itself up as a developer of «envi-
ronment and customer friendly» product, Nokia
«connects people», Apple «thinks different», IBM
«makes it happen», and if you are with General
Dynamics, then «strength is at your side», and so
on. No doubt, our company, JSC NIAEP, should
also have a similar original slogan and with pride
cultivate it among students throughout training
courses and development programs. Besides,
«leadership development» is now becoming a
trend in corporate training.

Thus, CUs:

e Provide continuous training;

e Initiate and support carrying out of changes
in the organization structure of a company;

e Implement corporate culture, corporate
style, loyalty and involvement;

e Allow strengthening of competitive advan-
tages;

e Allow retaining personnel as they provide
continuous development.

e Solve other issues that demand brain-
storming and application of the best world busi-
ness practices.

Obviously, apart from training, CUs help to
complete very important tactical and strategic
objectives. Usually CUs are subordinated to the
Director for Corporate Development or HR Direc-
tor. In some cases corporations set up the new
and unusual position of the Chief Learning Officer
with rather wide powers.

As regards transfer of knowledge, there is
another drastic difference between CUs and
classical universities: training is provided pre-
dominately by employees of the same corpora-
tion, and trainees are predominately employees
of the corporation. The word predominately is
extremely important here, as no company exists
in isolation from suppliers or out of cooperation
with other companies, and there is always a ne-
cessity to share knowledge and know-how with
counteragents. To survive a corporation has to
be open and susceptible to new knowledge in
the market and to innovations, therefore some
special courses are led by invited trainers from
universities and advisers from specialized firms.
Moreover, corporations are always in a close
cooperation with research institutes and involve
them in development of new products.




As, besides training, CUs complete other
tasks, a corporation should determine at an early
stage what it wants: a training centre, corporate
university or outsourced training. A conservative
approach could be preferable in this case, which
is to organize a specialized training department
that would cooperate with leading specialized
universities training specialists in atomic en-
gineering, construction, economics and law.
Simultaneously, it is necessary to analyze the
best real-world experience and find necessary
arguments in favor of a corporate university. The
problem of knowledge transfer in hitech spheres,
particularly in atomic engineering, becomes more
and more pressing not only in Russia. A lot of
relevant publications appear in many countries,
and it would be practical to publish a separate
research article on basic world practices and
methods used for organization of a CU.

The success and steady growth Japanese
Toyota were possible in many respects thanks to a
competently built corporate system of continuous
training. Toyota education system is very closely
intertwined with Toyota production system (TPS).
Its basic principles are simplicity, visualization,
cultivation among employees of the desire to
continuously improve his/her workplace and
production process (kaizen). In the multitude
of training methods we would like to draw your
attention to one training method somewhat ex-
otic for us, and namely «gassuykyoiku» (training
with joint residence). A part of employees from
all levels of management and production work-
ers live for a few days in a country camp, where
under the direction of a «coach» (similar to our
trainer or instructor) they are jointly trained, and
then at a friendly lunch or dinner they informal-
ly exchange their impressions of the received
knowledge, and also give their «kaizen» -offers.
Such regular meetings provide an effective inter-
face and information exchange along the whole
hierarchical chain of management, as even a
plant manager can communicate directly with
workers at the same table and exchange inter-
esting ideas on labour productivity and quality
improvement. The concept «coach» meaning a
teacher or mentor also started taking root in
the Russian language. In Toyota, only produc-
tion veterans, who worked a few decades in the
company and have been through all corporate
levels, can become coaches.

Another interesting phenomenon: Toyota
has plants in a number of countries with differ-
ent languages and cultures, but even in those
countries, where new factories are under con-
struction and personnel without any production
experience has been recruited, the first series
products have practically the same quality as the
same product manufactured at the enterprises
located in Japan! What is their secret? Once again
it is their effective system of corporate training.

From the very beginning Toyota imparts to its
employees pride in the enterprise, steady skills to
carry out provided instructions and procedures,
and it cultivates respect of an employee for him/
herself. Conclusion: a corporate university should
not be associated with a class equipped only with
a board and a beamer; a CU or training centre,
apart from the said training means, must be fit-
ted with everything necessary for practicing of
production operations with a possibility of their
visualization and subsequent analysis.

Negative experience analysis would be very
useful in corporate training, with mandatory
analysis of accidents and incidents, including
those during construction and operation of com-

plex facilities. A complex facility can never be
excessively safe, and the Fukushima accident
adds another argument in favor of this.

To understand a system of training in the
nuclear industry, we will look at the successful
long-term experience of the Burgundy Nuclear
Cluster (BNC). For nonspecialists and a part of
specialists, Burgundy is, in the first place, is a
region in France world-famous for production of
wines. At the same time, all large components of
the 58 nuclear plants producing about 80% of
all electric power in France, are manufactured in
Burgundy. Apart from winemaking, Burgundy is
a giant workshop for design, manufacture and
assembly of primary coolant circuit equipment.
Since 2005 the whole chain of suppliers is con-
centrated around the nuclear cluster embracing
more than 150 enterprises and organizations,
from giants like EdJF and AREVA, to small and
medium size enterprises, laboratories and post
graduate training courses.

The Burgundy nuclear pole (pole Nucleaire
Bourgogne) is a subject for a separate analysis,
but one of its basic purposes is all-round, continu-
ous and complex training of all sorts of specialists
working at the enterprises of the cluster. At the
initiative of BNC all kinds of courses and forms of
vocational training for students of all levels have
been organized, including school leavers, licen-
sees, bachelors and masters, in several regions
of France. Among the specialized training centers
is Ecole d’'Ingenieur, technical universities, lyces,
CFAI courses and Internet resources. In April
2009 the International Nuclear Power Academy
was established in the Burgundy Nuclear Clus-
ter. Its mission is training of professionals and
managers of the highest level.

Training for managers of nuclear industry
enterprises in the Academy is provided during
hours convenient for trainees under individual
learning programs. There are general courses
with duration from two days to around several
weeks. Case study is mandatory and the best
European tutors and specialists are invited. Train-
ing in the following specialties is provided in
the Academy (the list is not complete): manager
for purchasing, quality, large projects, materials
technology, strategy, commerce, company devel-
opment, legal issues, equipment maintenance,
and so on. Training is carried out on the basis
of a core technical or liberal education. Besides,
there is a life-sized simulator of all systems and
components of the primary circuit that is used for
practicing of all kinds of maintenance overhaul,
and emergency response. Among the topics (a
two-day special course) is analysis of accidents in
nuclear power industry, including the Chernobyl,
Three Mile Island, and Fukushima accidents. As
a rule, a two-day training program costs about
1200 Euros per capita without meals or resi-
dence.

Additionally, France and all European coun-
tries with a developed nuclear infrastructure to
respond to challenges of «the nuclear renais-
sance» extend cooperation between and estab-
lish consortia of universities, set up interdiscipli-
nary training consortia, programs and Internet
resources. The European Nuclear Education
Network (ENEN), the Asian Network for Educa-
tion in Nuclear Technology (ANENT), university
consortia in the US, and the National Research
Nuclear University (MEPhI) in Russia are con-
spicuous examples. Another good example is
ENEN Il project, that embraces programs for
retraining of engineers from various industries
to attract them into the nuclear sector, training
of generation lll nuclear plants designers and
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generation IV reactors designers. Internet train-
ing and remote video conferences are becoming
more important training tools.

In Russia there is a developed chain of post-
graduate education, starting with the State Cen-
tral Institute of Continuing Education and Train-
ing (SCICET), established in Obninsk in 1967.
Obninsk was selected for this purpose because
there are elements of nuclear infrastructure in
the city, that can be used for training, as the first-
ever nuclear power plant, Leypunsky Institute
for Physics and Power Engineering (SSC IPPE)
and a branch of the National Research Nuclear
University (MEPhI). SCICET became the major
element of the industry professional training
system with160 various courses. Each of these
courses includes 72 class periods. Apart from
SCICET, training of industry specialists is provided
in Smolensk and Novovoronezh training centers,
where specialists are trained for the Russian and
foreign nuclear power plants, including China,
India, Iran. The useful experience of systematic
training at the Balakovo Nuclear Power Plant
and All-Russian Scientific Research Institute for
Nuclear Power Plant Operation (VNIIAES) is also
worthy of attention.

In conclusion, it must be mentioned that com-
plete systems of corporate training in the majority
of companies constitute confidential information
as in the course of training of its employees a
company transfers various small and big secrets
and know-how that ensure leading positions of
companies in the market.

In the light of the foregoing, the issue of
training of highly-skilled specialists for our
company becomes very pressing. There is no
university, where students could be trained in
corporate purchasing system operation, ad-
vanced techniques of design and field engineer-
ing, legal acts of the Russian Federal Atomic
Energy Agency, other corporate courses, tech-
niques and practices. JSC NIAEP has grown to
become a world-class company: we design, build
and are planning to build nuclear power plants
in India, China, Turkey, Vietham, other coun-
tries. Among other objectives to be completed
is training of local operating and engineering
personnel for operation in correspondence with
the techniques and practices of our engineering
company. This training will be carried out by the
specialized training department and the training
centre at the Rostov Nuclear Power Plant. The
principal staff and managers of our engineer-
ing company will be trained in the specialized
training department «Complex facilities life-cycle
control systems». NIAEP can be justly proud of
its design and construction technologies, some
of which are cutting edge even on a world-wide
scale, including Multi-D engineering, life cycle
control system, methods of field engineering,
cost control, unified industry equipment and
materials catalogue, and so on. Apart from sim-
ple transfer to younger generations knowledge
should be further developed and expanded. We
express our hope and wish that with its new
experience and a training program, capable
to provide professional growth that will help
employees to respond to modern challenges,
the specialized training department in the near
future will grow into a corporate university and
take part in research and decision—making to
the advantage of the company and the nuclear
power sector.

All materials used are unrestricted

access materials available
on the Internet.
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K.M. NMpocBupHuH, E.B. CMupHOB,
B.l. Jlo6o#Ko, 0.B. KocTHLbIH,
10.A. BeneHoBCKHM, A.H. Kucenés
POSLI-BHUUTD, r. CHEeXMHCK

CB$13b UCKPUBIEHNUS GPOHTa C NapamMeTpamu
[IETOHALMOHHOW BOJTHbI A1 KOHAEHCUMPOBAHHbIX
B3pbIBYaTLIX BEWECTB yXKe 6blsla MHOFOKPAaTHO
NoATBEPXKAEHA B paje aKcnepumeHToB. Cylle-
CTBOBAHWE TaKOM CBSA3M J1IETN10 B OCHOBY NOCTPO-
EeHWs Teopun «JMHaMm1Ka AETOHALMOHHOTO GPOH-
Ta» (Detonation Shock Dynamics), nonyyinsluen
pasBuTUE K KOHLY XX BeKa.

Teopusi naeanbHOW AeTOHaUWKW yLoOBAeT-
BOPWTENBHO OMNWCHIBAET JeTOHaLMi0 3apsiaos,
[IMameTp KOTopbIx 630K B npeaenbHomy. Mpu
MEHbLUMX AnaMeTpax CKOPOCTb AETOHALMMU MOXKET
CYLLECTBEHHO OT/IMYaTLCA OT MAeanbHOro 3Have-
HWS, 0XXMAAEMOro Ha OCHOBaHWKW paBHOBECHOWM
XMMUYECKON TEPMOANHAMUKK. ITO OTIMYKNE B
3Ha4YUTENBHOM CTENEHN MPOABNSETCSH AN HUBKO-
YyBCTBUTENbHbIX B3PbIBYATLIX BELLECTB U MOXKET
[oCTuraTb B OTAeNbHbIX cnyvasx Ao 1/3 oT cKo-
pOCTU MaeanbHOM aeToHauuu [1]. CBA3aHO 310 C
TEM, 4TO NPU AETOHALUMM 3aPSA0B KOHEYHbIX Ana-
METPOB AETOHALMOHHbIN GPOHT HE MOXKET BbITb
NAOCKUM. JeNCTBUTENBHO, U3-3a OrPaHUYEHHOCTH
CKOPOCTU XMMUYECKOr0 NpeBpalLLeHns Henocpes-
CTBEHHO 3a NIOCKUM GPOHTOM AETOHALMOHHOM
BONHbI ([1B) MOTOK ABnseTcs 4O3BYKOBbLIM. [10-
3TOMy 60KOBbIE BOJHbI PA3rpy3Ku, BO3HWKaloLMe
NPKY PacLUMPEHNM CKaTOro BeLecTBa B CTOPOHbI,
NPOHMKAIOT Ha NepBOHaYanbHbIA GPOHT, CHUXKaA
Ha HeM AaBJ/ieHMe 1 TeM CaMblM YMeHbLIAas ero
CKOPOCTb B NEPBYIO 04epeab Y NOBEPXHOCTH 3a-
psaa. Takum 06pasom, yaapHbii GPOHT AeTOHa-
LLMOHHOW BOMHbI MpUobpeTaeT GOpMy BbIMyKIyio
B CTOPOHY pacnpocTpaHeHUs AeTOHaLMK U No
NPOLIECTBUM HEKOTOPOTrO y4acTKa pa3BuUTHsS Npu-
HUMaEeT CTaluMOoHapHyto Gopmy.

B pa6oTe npvBeaeHbl pe3ynbraThl Uccneo-
BaHwWA npoLecca pacnpocTpaHeHns GpoHTa AeTto-
HaLMOHHOW BOJHbI B LUMIMHAPUYECKMX 06pasLiax
Pa3nnYHOro AMameTpa 3 HU3KOYYBCTBUTENbHO-
ro BB npu ogHOTOYEYHOM M MIOCKOBOMIHOBOM
MHUUMKMpoBaHuu. Nccnenyemoe BB pasnuyHoro
HavyaNbHOro AnameTpa 3aK14anoch B 060/104KY
13 Meau, a TaKXKe OKPYXKanocb CNoemM B3pbiBYa-
TOro BeLecTBa, UMEIOLLEr0 CKOPOCTb AETOHALIMM,
npeBblLlatoLLyio CKOPOCTb AeTOHaLMKN uccnemye-
mMoro BB. B akcneprvMeHTax peructpupoBanacb
dopmMa U CKOPOCTb AETOHALMOHHOIO GpoHTa.
[onyyeHHble JaHHblE PAaCCMOTPEHbI B COBOKYIM-
HOCTM C HaKOMNIEHHbIMW pe3ynbTaTamu No AaHHOM
TemaTtuke [2].

PaHee npoBognnucb aKcnepuMMeHTabHble
ncecnegoBaHus npouecca pa3BuTUA M pacnpo-
CTpaHeHWsl 1€TOHALMOHHOM BOMHbI B LIMSTIUHAPK-
YeCKMnx obpasuax M3 HU3KOYYBCTBUTENbHOrO BB
NPOBOAMINCE B Avana3oHe U3MeHeHUs aname-
TpoB 1-10 dKp (dKp — KPUTUYECKMK OAnaMeTp
AeToHauuu). Mpu 3TOM MHULMKUPOBAHKUE OCY-
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CBA3b CKOPOCTU AETOHALMN C KPUBU3HOM
dpoHTa JeTOHAaLMOHHOW BOJIHbI

EM

$orToperncTparep

l

Puc. 1. Cxema npoBefieHUs IKCNEPUMEHTalIbHbIX UCC/IeJOBaHMIi NpoLecca pa3BUTUS

W pacnpocTpaHeHUs AeToHauumn

LLLeCTBASI0Ch MI0CKOM U pacxoasiuencs BOSHOW.
Cxema npoBeAeHUst IKCNEPUMEHTOB NpuBeaeHa
Ha puc. 1. B gaHHOM aKcnepvMeHTanbHom nocTa-
HOBKE CKOPOCTb AETOHALMKN perncTprpoBanach
3NIEKTPOKOHTaKTHbIM MeTooM, a dopma [eTo-
HaUMOHHOM BOMHbI — GOTOXPOHOrpadrUyYECKUM
METOLOM.

B aKkcnepumeHTax ¢ NOMOLLbI0 BbICOKOCKO-
pocTHOro doToperncTpaTopa c IMHENHON Lene-
BOW Pa3BEPTKON PErMcTPUpPOBaNUCh BPEMEHHbIE
nNpoduUn BbIxoaa AETOHALMOHHOMW BOJHbI Ha TOp-
LLeBYIO NOBEPXHOCTb MCCNEeayeMbIX LIMIUHAPU-
YecKux 06pasuoB. TuNUYHbIM Npoduib Bbixoda
$poHTa AeTOHaLMOHHON BOMHbI NpeacTaBlieH
Ha pwc. 2.

Puc. 2. ®otoxpoHorpamma ¢ppoHTa cTaLuoHap-
HOMW €TOHALUOHHOW BOJIHbI

3aperncTprpoBaHHbIe BPEMEHHbIE NPOGUH
NepecYnTbIBaNUCL B MPODGUIU AETOHALMOHHBIX
BOJIH C Y4ETOM 3HAYEHWUsA CKOPOCTH AeTOHALIMUN.

[ns onpeaeneHns KpUBU3HbI GpoHTa nosy-
YeHHble NPodUIM annpPOKCUMUPOBAMUCH aHau-
TUYECKOMN 3aBUCUMOCTbIO BUAA:

z=f(r) "

roe r — pagvanbHas KoopauHata, uameps-
emMas oT ocv 3apsja, Zz — oceBas KoopauHaTa,
OTCYMTbIBaeMas OT TOYKM Bbixofa PPOoHTa AeTo-
HaUMOHHOW BOJHbI Ha Topel, 3apsaaa.

AHan13 pe3ynbTaToB annpokcMmauu Gopmsl
[€TOHALMOHHOro GPOHTa Pa3IMYHbIMU PYHKLIM-
SIMW MOKa3an, 4To B MPUOCEBOM YacTn GpoHTa
(NMpUMepHO A0 NMONOBUHbLI pajauyca) KpMBU3HA
NpPaKTUYECKM NOCTOSIHHA, CN1abo 3aBMCUT OT BMaa
annpokcumupyowen GyHKLMM N1 MOXKET ObiTb
onpegeneHa ¢ BbICOKOM TOYHOCTbIO. M3 c006-
pa*KeHWI MPOCTOTbI B KA4YECTBE annpoKCUMUPY-
owen dyHKUMK Oblna BbibpaHa GyHKLMS BUaa:

z2(r)=R*—(r—r,) )

rae: r — paguanbHasa KoopauHata, R — pagu-
YC, r, — NOArOHOYHbIN NapaMeTp, y4uTbIBaoLWKM
BO3MOXHYIO aCUMMETPUIO GPOHTa.

N3 puddepeHunanbHON reoMeTpum M3BECTHO
[3], 4To CcpeaHsn KPMBM3HA NOBEPXHOCTH Bblpa-
YXaeTcs Yyepes ABe rMaBHble KpMBU3HbI B OPTO-
rOHaNbHbIX MJIOCKOCTSAX:

;\-(f-)z-;—(;{,(;-)+x-1(;-)) 3
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Puc. 3. PasButue u yctaHoBAe€HUe AeTOHALIMMU NPU UHULLMMPOBAHUM

MJIOCKOM U pacxoasiencs BOJIHON
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Puc. 4. U3meHeHne KpUBU3HbI GPOHTA AeTOHALMOHHOMW BOJIHbI NPU
UHULMUPOBAHUM NJIOCKOM U pacxoaaLencs BOJIHON 0.96
[MocKoNbKy ypaBHeHue (2) ecTb ypaBHeHWe ypoBHs DcT. Bonee Toro,
OKPYKHOCTW pagnycom R, To KpuBU3Ha B Nlto60m yepes ~60...70 MM cKo-
TOoYKe chepunyeckom noBepxHocTh 6yaet k= 1/R. poCTb AeToHauuu npe- 098

AnnpoKcrMauus aKCneprMMeHTasbHbIX MPO-
dunen 1B ypaBHeHWem (2) npoBoannacb MeTo-
[IOM HEJTMHENHOW PErpeccum ¢ UCnosib30BaHNEM
anroputma JleseHb6epra—MapksepTa [4; 5].

Ha HavyanbHOM aTane onpeaensinacb CBA3b
CKOPOCTW AETOHALMK C KPUBU3HOWM A5 yCTaHO-
BUBLLErOCH (CTaLMOHAPHOI0) peXnMa AeTOHaLMK.
C 3TOM LieNblo UccneaoBanmchb LMANHAPUYECKHE
06pasupbl pasnmMyHoro guametpa 15, 20, 40,60 u
120 mm. nnHa nccneayembix 3apsaoB BB 6bina
[OCTaTO4HO 6ONbLION, A5 TOro YTOo6bl YCTaHO-
BWCS AeTOHaUMOHHbIM npouecc. Ha puc. 3 ge-
MOHCTPHMPYIOTCS pe3ynbTaTbl yCTaHOBMBLLENCS
CKOpOCTU AeToHaluMu B obpasuax guaMeTpom
60 Mm. MpoLecc MHULUMMPOBAHMS NPOU3BOANI-
CS1 NJIOCKOW M pacxoasiencs AeTOHaLUUOHHbIMU
BOJSIHAMMU.

M3 pesynsTaToB, NpecTaB/eHHbIX Ha pUc. 3,
BW[HO, 4TO XapaKTep npoLecca pa3BUTHS JETOHa-
LMK NPU pa3nunyHbiX BUAaX MHULMMPOoBaHKA BB
CyLLLECTBEHHO pa3nunyaetcs. [polecc pa3BuUTUS
[IETOHALMKN COCTOUT U3 ABYX da3: pasbl 6bICTPOro
pocta D 1 pasbl MeaneHHOro ¥ MOHOTOHHOIO ee
npubnnxkeHmsa K yposHto DcT. B cnyvae pacxoas-
Lienca AeToHaLMOHHONM BOMHbI dpas3a 6bICTPOro
pocta D 3aBepuiaeTtcs Yyepes ~20-30 mm, npu
atoMm D gocturaet BenmyunHbl ~0,97DcT. B panb-
HeWweM NPOUCXOANUT MEAJIEHHbIN POCT CKOPOCTH
[eToHaLmMK, KoTopas 4oCTUraeT ypoBHs DT anwb
Ha paccTosiHnn ~200-250 mm.

[Mp1 NNOCKOBOMHOBOM MHULIMMPOBAHMMU CKO-
poCTb AeToHauuMKn Yyepes ~20 MM yxKe JoCTUraet

BblllaeT ypoBeHb Dcr,
pocturaet csoero mak- -0l 4]
CUManbHOro 3Ha4vyeHus
(~1,01DcT) 1 Kb 3aTeEM
MeAJSIEHHO YMeHblUaeTcs
[0 ypoBHs DcT (Ha pac-
CcTOsiHUKN ~150...170 MMm).

MpUGAN3UTENBHO Ha TEX e PacCTOSHMUSAX,
KaK 3T0 JEMOHCTPUPYETCH Ha puc. 4, ctabunu-
3UpyeTca U KpUBU3HA AETOHALIMOHHOIO GPOHTa,
4YTO B CBOI 04Yepeab CBUAETENbCTBYET 06 ycTa-
HOBNeHMK ero GopMbl.

Takum 06pa3om, HECMOTPS Ha pPasnymns B Xa-
paKTepe yCcTaHOBEHWS AETOHALMM, CTalMoHap-
HOe 3Ha4YeHWe CKOPOCTU He 3aBUCUT OT cnocoba
WHULIMMPOBAHUS, U IeTOHALMS yCTaHaBIMBaET-
csl Ha pacctosiHuK ~ 3d (d — auameTp 3apsaaa).
AHanoruyHble BbliBOAbI ObIIM CAeNaHbl paHee B
pa6orTe [6] npy nccnegoBaHUK pasBUTUS OETO-
HaLMW B LMAMHAPUYECKNX 06pa3Lax pa3nnyHoro
InameTpa n3 B3pbiB4aToro coctaBa PBX 9502.

B xone uccnegoBaHui Takxe 6bl10 ycTa-
HOBJ/IEHO, YTO XapaKTep pa3BUTUS AeTOHaLUK
He 3aBWT OT AvameTpa 3apsaga BB. 06 atom
CBUAETENbCTBYIOT, HanpuMmep, AaHHble Nony-
YeHHble MPU NJIOCKOBOSHOBOM MHULMUPOBA-
HUWM LMAWHAPUYECKNX AeTanen anameTpom 60
1 120 MM, NpUBEAEHHbIE Ha puUC. 5. Pe3ynbraThl
Ha rpaduKe npeacTaBfeHbl B OTHOCUTENbHbIX
CKOPOCTSAX AeTOHaL MU LUMANHOPUYECKUX 3apsSA0B
BB KaK GyHKLMKM OTHOLWIEHWUSA ANUHbI 3apsja K
ero guametpy.

O @
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Puc. 6. 3aBUCUMOCTb OTHOCUTEJIbHOM CKOPOCTU AeTOHAL UK
oT KpuBU3HbI ppoHTa D/Dnp(k)

M3 pe3ynbTaToB, NpeacTaBneHHbIX Ha puc. 5,
BWAHO, YTO BHaYasne CKOPOCTb AeTOHaLMK ObICTPO
BO3pacTaeT ¢ ANUMHON 3apsfa X, AocTuras npu
X ~ d/2 3Ha4YeHus cTalMOHaApPHOM CKOPOCTH Je-
TOHaLMK Ans JaHHoro agnametpa 3apsga Det(d).
Mpun x ~ 1,5d cKOpOCTb AETOHALMUK AOCTUraeT
CBOEro MaKCMMaslbHOro 3Ha4YeHus, NpeBbllLat-
wero Dct(d) Ha ~1%. 3aTem 60KOBas pa3rpyska
MOCTENEHHO CHUXaET CKOPOCTb ETOHALMM, U NPU
ANviHe 3apsija cBbiwe 3d CKOpPOCTb AeToHaLuK
npaKkTu4ecku pasHa DcT [7].

MonyyeHHble AaHHbIE B CEPUM IKCNEPUMEH-
TOB CO CTaLMOHAPHbLIM PEXMMOM [LeTOHaLuu
npeAcTaBfieHbl Ha pUc. 6 B BUAE 3aBUCUMOCTH
OTHOCUTENIbHOW CKOPOCTU JETOHALMM OT KPUBK3-
Hbl AETOHALMOHHOIO GPOHTA. YKa3aHHbIE TOYKHK
Ha puc. 6 — Kpyrble MapKepsl. [1o ocun abeumce
OT/IOXKEHbI CKOPOCTU AETOHALIMKU, OTHECEHHbIE K
npeaenbHoM ckopoctu Dnp, oTBevatowen npe-
aenbHomy AvameTpy 3apsaa BB.

[anee npeactaBnan UHTEPEC, BbIMONHAETCS
NI CBAA3b CKOPOCTW AETOHaLMUKU C KPUBU3HOWM
AN HEeCTaLuMOHapHbIX PEXUMMOB AeTOHaLuuK.
C aToM uenbio 66 06paboTaHbl JaHHbIE Ha
y4yacTKe pa3BuTWUS AeTOHaLWK OO Bbixoaa ee
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Puc. 7. Cxema npoBeAeHUA IKCNEePUMEHTa/IbHbIX UCC/IEAOBaHUIA

Ha CTauuOHapHbIA pexuMm (cm. puc. 3). MNony-
YeHHble AaHHble 060061 EeHbl U NpeAcTaBeHbl Ha
puc. 6 — TpeyronbHbie ¥ KBagpaTHble MapKepbl.

M3 rpadmKa (puc. 6) BUAHO, H4TO AaHHbIE MO
OTHOCMUTENbHOW CKOPOCTU JETOHALMM U KPUBU3HE
[ONs HECTaLMOHapHOro peXxuma cornacytortes ¢
[laHHbIMW Ha KPpUBOW ANS CTaLlMOHAPHOTO pexuma
feToHaumun. Takum o6pa3oM, CBA3b CKOPOCTH
[eToHaLMW C KpMBU3HOW cnipaBefnBa Kak ans
CTalMOHAPHOro, TaKk WU AN HecTalMOHapHOro
peXxMma pacnpocTpaHeHUst AeTOHaLUu.

B cnepytolwen cepun aKCNEPUMEHTOB MUC-
cnegoBanucb UMNMHApPUYecKue obpasubl BB
anameTpom 20, 40 1 60 MM, NOMeELLEHHbIE B
LMIMHAPUYECKYIO 060104KY M3 Mean. TonwuHa
MeaHoM 060n04KM cooTBeTcTBoBana 0,1d (d —
avameTp uccnegyemoro o6pasua). ivMHa cHa-
pSXKEHHOM TPy6bl paBHsAnack 10d nccnegyemoro
o6pasua. Cxema NoCcTaHOBKM 3KCNEPUMEHTOB
npeactaBfieHa Ha puc. 7.

B naHHOM NocTaHOBKe onpenensnacb CKo-
POCTb AETOHALMM C MOMOLLbIO CUCTEMbI 3NIEKTPO-
KOHTaKTHbIX JaTYUKOB U KPUBU3HA AETOHALMOH-
HOro GpOoHTa NPU BbIXOAE €ro Ha TOPLEBYIo Mo-
BEpPXHOCTb. O6paboTaHHble IKCNEPUMEHTaNbHbIE
[JaHHble MOMeLlleHbl Ha annpPOKCMMaLMOHHYIO
KPWBYIO — puC. 6. YKa3aHHbI€ TOYKU BblAeNEHbI
YyepHbIMK poMbaMu. N3 rpadmKa cnegyeT Xxopo-
lwee cornacve pesynbTatoB C paHee Mony4yeH-
HbIMW J@HHBIMU Ha OTKPbITbIX LUAUHAPUYECKUX
obpasuax.

[lonroe BpemMs OTKpbITbIM OCTaBascs BOMPOC,
BbIMOMHAETCH /M CBA3b CKOPOCTU AETOHAaLMK C
KPUBU3HOW AETOHALMOHHOIo GpoHTa B 06/1acTh
oTpULaTENbHbBIX 3HA4YEHWUIN €ro KPUBHU3HbI (BOMHY-
Tbl GPOHT AETOHALMOHHOM BOMHBI). 119 yCTaHOB-
NIeHNs aToro 6blM NPOBeAeHbl 3KCNEPUMEHTbI,
B KOTOPbIX GPOHT AETOHALMOHHOW BOSHbI UMEN
oTpuLaTENbHYIO KPUBU3HY. Ha NpaKTuke 310 pea-
Nn30Banoch cneayowmnm obpasom. ccnemyemole

_lo&uwlu

uMnmMHapuyeckne obpasubl BB nomeuanuch B
060/104Ky M3 B3PbIBYATOr0 BELLECTBA MMEIOLLErO
CKOPOCTb A€TOHAaLMK, NPEBbILLAIOLLYIO CKOPOCTb
netoHaunn uccneagyemoro BB. B gaHHoM cepuun
3KCMEepUMEHTOB UCMONb30Banuch ABa Buaa BB
CKOPOCTb AE€TOHALMM KOTOPbIX HA ~5% 1 ~10%
npeBbllWana CKoPOCTb AETOHALMM UCCefyeMOoro
BB. Cxema nocTaHOBKW 3KCNEPUMEHTOB Npes-
cTaBfieHa Ha puc. 8.

B aaHHOM NocTaHOBKE OMNbITOB onpeaensinach
TONIbKO KPUBM3HA AETOHALMOHHOI0 GpOoHTa Npw
BbIXOJ€ ero Ha TOpLEBYIO MOBEPXHOCTb 06pa3Lia.
3a CKOpPOCTb AETOHALIMMU NPUHUMANOCh U3BECTHOE
3HayeHne CKOpOCTU aeToHaumn BB o60noyku.
TunNnYHbIM NpodUNb BbIxoaa GpPOoHTa AeTOHALM-
OHHOW BOJIHbI NPeACTaBfieH Ha puc. 9.

3aperncTpupoBaHHble BpeMeHHbIe Npobunn
TaKXe nepecyvTbiBanucb B Nnpodunm aetoHa-
LLMOHHbBIX BOSIH C YH4ETOM 3Ha4YeHWUs CKOPOCTW.
Mocnepgytolwasn 06paboTKa IKCNePUMeEHTaNbHbIX
[JaHHbIX Oblla aHaNOrM4YHOM U OoNMcaHa Bhbile.

Pesynbtatbl nocnegHen cepun aKcnepwu-
MEHTOB Janv 3Ha4yeHus KpMBU3HbI GPOHTa Ae-
TOHALIMOHHOM BOJHbI B OTpULIATENbHOM 06/1aCTH
onarpammbl D/Dnp(K). Mony4yeHHble AaHHble
npeAcTaBfieHbl Ha pUC. 6 — KpacHble Kpyrible
Mapkepbl. U3 rpaduka (puc. 6) BUAHO, 4TO 3Ha-
YeHUS nexaT Ha NPOLOIKEHUN NPUBELEHHbIX
paHee AaHHbIX. KpuBas B 06n1actv oTpuLatenb-
HOW KPMBU3HbI CLULMBAETCS C 3aBUCUMOCTbIO A4S
NONOXWUTENbHOM KPUBM3HbLI B To4ke D/Dnp =
1. MNocnefHee nNoaTBEPXKAAET CNpaBeAIMBOCTb
HangeHHon paHee Dnp no gaHHbIM B 06nacTtu
NONOMXKUTENbHON KPUBUSHBbI.

M3 pwuc. 6 cnegyet, 4To NONyYeHHbIE pe3y/b-
TaTbl NPeACcTaBnsioT cO60M eAMHYI0 3aBUCUMOCTb
D/Dnp(k) oTHOCUTENbHOM CKOPOCTU AeTOHaL MK
OT KPMBU3HbI AETOHALMOHHOIO GPOHTa.

Taknm o6pa3om, cylecTBoBaHWe OAHO3HAY-
HOW CBAI3M CKOPOCTM AETOHALMM C KpMBU3HOK D(K)

¥ _S"@:p

OTODEMCTRATOD

Puc. 8. Cxema npoBeeHUs 3KCNepuMeHTa/lbHbIX UCCIeJOBaHUI
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Meanan ofonoqka

Puc. 9. ®otoxpoHorpamma ¢ppoHTa cxoafLlen-
cSl AeTOHALUOHHOM BOJIHbI

KaK 19 CTaLMOHaPHOro, TaK M A HecTaLMoHap-
HOro MPOoLLecca PacnpocTpaHeHWs AeTOHALIMM B
061acCTAX C MONOMKMTENBHOM U OTPULATENbHOM
KPMBM3HOW CBUAETENbLCTBYET O GyHAAMEHTaslb-
HOM XapaKTepe [JaHHOW 3aBUCHMOCTH.
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N3mepeHne napamMeTpoB 3/IEKTPOHHOIo ny4yKa
B nHXXeKTtope JINY (JTNY-2)

Cnucok aBTopoB oT ®ryn «PoAL-BHUUTD
MMeHu aKaaemuka E.U. 3a6aGaxuHa»
(HNO-4, oTp. 42): A.P. AxveTosB, I1.C. Bazapos,
A.A. Xene3kuH, A.A. KapruH, 0.A. HUKUTHH,
M.10. Cton6ukKos, [1.B. Cbickos, K.C. LLly6uH,
C.AA. XpeHKoB.

Cnucok aBTOpoB oT peaepanbHOro rocyaap-
CTBEHHOIO GIO[XKETHOr0 YYpPEeKAEHUS HayKu
WUHcTuTyTa AigepHoii dpusuku um. LU. bypa-
Kepa CuéupcKoro otgeneHus Poccuinckon
akagevuu Hayk: A.B. Akumos, M.A. bak,
M.A. BatasoBa, A.M. batpakos, 0.B. benukos,
H0.M. BonmenbiHTelH, 4.10. BonxoBUTAHOB,
A.A. EnuceeB, ®.A. EmaHoB, NA. ®aTbKHH,
A.A. KopenaHoB, A.H. Kocapes, 11.B. KyneHKo,
I.U. Ky3sHeuos, I.B. Jlorayes, U.B. Hukona-
eB, A.B. OTTmap, A.A. Naukos, A.H. MaHoB,
0.A. NaBnoB, A1.H. MypecKkuH, E.C. PyBMHCKUH,
A.A. CtapocTteHKo, C.0. CyBopoB, l0.®. Toka-
peB, A.M. TopwwuH, C.B. Typ.

BBepeHue

MmnynbcHas peHTreHorpadusa sBnseTcsd Ha
CerofiHs 0AHMM U3 OCHOBHbIX METOAOB ra3oam-
HaMWYeCKMX UccneaoBaHni, NO3BONSIOLLIMX pas-
pabaTbiBaTb HOBble M3aenusa 6e3 NpoBeaeHUs
HaTypHbIX UCMbITaHWW. K HacTosLeMy MOMEHTY B
MUpe paboTaloT cneayolwmne Hanbonee KpynHble
peHTreHorpaduyeckune komnnekebl (PrK): DARHT,
PHERMEX, FXR (co3aaHHble B CLLA), AIRIX (PpaH-
ums), Mogul (Anrnuns), BUM 234-3000 (Poccus).
M3 atux cuctem DARHT, FXR 1 AIRIX co3aaHbl Ha
OCHOBE JIMHENHbIX UHAYKLMOHHbIX yCKOpUTENemn
(JTNY), KoTopble o6ecneynBatoT HaunyyLIKUE NOKa-
3aTenv no 3apsay ANEeKTPOHHOro Ny4ka, GoKycK-
pyeMOro Ha MULWEHb C MMHUMalTbHBIM Nonepey-
HbIM pa3Mepom. PagnMoyvacToTHble yCKOpUTEn
(PHERMEX) n 6eTtaTpoHbl (BEUM 234-3000) He
obecneynBaloT YCKOPEHUE CUbHOTOYHbIX Myy-
KOB M MMEIOT NonepeyHbi pa3Mmep nyyka Ha
MuLWeHW 6onblue, Yem y JINY. YkasaHHble Bbille
WHAYKUMOHHbIEe yckopuTenn DARHT-I, DARHT-II,
AIRIX pa6oTatoT Ha aHeprusax go 20 MaB. Mpu
GOKYCMPOBKE Ha MWLIEHb 3/IEKTPOHOB B Ta-
KOM 3HEepreTMyeckomM guanasoHe npoucxoauT
Hanbosnee apdeKTUBHOE poXKaeHMEe GOTOHOB C
3Hepruen nopsaka 3-5 MaB, 4yTo cooTBeTCTBYET
OKHY MPO3paYvyHOCTH TAXKENbIX MeTan1oB. B atom
CNEKTPasbHOM AMana3oHe BKNa4 HepacCesHHbIX
$OTOHOB B peHTreHorpaduyecKkoe n3obpaxeHne
ABNSETCA MaKcMManbHbIM. [pu peHTreHorpadum-
YeCKOM MCCneaoBaHUM CTaBUTCS 3aada A0CTH-
KEHUS CyOMUATMMETPOBOIO MPOCTPAHCTBEHHOIO
paspelueHusa. 3To onpenenset TpeboBaHns K
ANMTENBHOCTU MMMNY/IbCa TOPMOSHOI0 U3NYHEHHS.
TaKxKe C aTOM TOYKMU 3peHnsd HeoBXoaAnMO CTpe-
MWTbCS K YMEHbLUEHUIO MONepeYyHoro pasmepa
ny4yka Ha MuweHu. Kak yxe 6bl10 OTMEYEeHo,
Haunyylwme nokasartenu nNo aToMy napamertpy
obecneyvBaloT TMHENHbIE UHAYKLIMOHHbIE YCKO-
putenun. OgHaKo Nnyywme NMHenHble NHAYKLMOH-
Hble YCKOPUTENU, AENCTBYIOLLME CEerogHa B MUpe,
[aneKo He JOCTUIY NPEeAENoB CBOMX GU3NYECKMX
U TEXHUYECKUX BOSMOXKHOCTEW. [1151 TOr0 4TOObI
NPOABUHYTbCS fasiblue (B CTOPOHY YBENYEHUS
SAPKOCTU U YMEHbLUEHUS pa3dMepOB PEHTIEHOB-
CKOro UCTOYHMKA) B MIHCTUTYTE SAepHOM GU3UKK
um. 1. byakepa (MAP CO PAH) coBmecTHO ¢ Bee-
POCCUWCKUM Hay4HO-UCCNeA0BaTENbCKUM UHCTU-
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Puc. 1. O6wWwuii BUA UHKEKTopa.

1 — MHAYKTOP; 2 — U30IATOP BaKyyMHOIo AMopaa;
3 - chepuuecKkuii Katoa; 4 — BaKyyMHbIN ANOA;
5 - ycKkopsiowasn Tpy6ka; 6, 8, 9, 14 — marHur-
Hble JIMH3bI; 7 = KOPPeKTop; 10 — N0ON0CKOBbIA
AaTUYMK NMONOXEHUA Ny4yKa; 11 — TpaHchopma-
TOp TOKa; 12 — yunuuap ®apapen; 13 - wmbep;
15 - MULIEeHHbI y3en; 16 - TpaHcdopmaTop
TOKa BaKyyMHOro guojaa

TYTOM TeXHUYecKon puankm nm. E.1. 3ababaxunHa
(BHUUTD) 6bina cnpoeKTMpoBaHa U M3roToBfieHa
Hanbosnee cnoXKHas YacTb UHAYKLMOHHOIO YCKO-
puTens -— nHxekrtop JINY-2, paccuyntaHHbIM Ha
npefenbHo JOCTUXMMOE Ka4yeCTBO 3TEKTPOHHOMO
ny4yka TOKom 2 KA, aHepruen 2 MaB v nossons-
oK coKycMpoBaTh 3TOT NYHOK HA MULLIEHDb B
anameTtp meHee 2 MMm. PopmupoBaHue Takoro
ny4yKa TPeByeT He TONIbKO BbICOKOM TOYHOCTH Bbl-
CTaBKM BCEX 3N1EMEHTOB 3/IEKTPOHHOM OMTUKMU,
KayeCTBEHHOro BbICOKOBOMBLTHOIO MMMybCa,
HO W HaAeXXHOM paboTbl CUCTEMbI ANATHOCTUKM
M KOPPEKUMKU NapameTpoB MyyKa. Ata cuctema
o6ecneynBaeT BO3MOXKHOCTb TOHKOM HAaCTPOMKM
ycKopuTens no pesynbtatam M3MepeHun u Jo-
CTUXEHUS MMHMMaNbHOMO NonepeYyHoro pasmepa
3NEKTPOHHOrO Ny4yKa Ha MULEHW. [MpaKTuyeckas
npolegypa onTMManbHOM HACTPOMKKM MyyKa B
ycKkoputene JINY-2, paboTalollemM B PEHTIEHO-
rpad14ecKoM pexxnume, 1 aBISeTCS NPeaMeToOM
[laHHOM paboTbl.

1. OnucaHue 3KCNEepPUMEeHTaIbHOM!
YCTaHOBKH

O6LWMIM BUA KOHCTPYKLIMU UHKEKTOPA IMHEN-
HOrO0 MHAYKLMOHHOIO YCKOpUTENs NnoKas3aH Ha
puc. 1. YcKopsiolee HanpsixKeHUe B MHXEKTope
dopMmupyeTcs Ha [1BYX YCKOPSAIOLMX 3a30paXx — Ba-
KYYMHOM anoge (no3. 4 Ha puc. 1) n ycKopsitouien
CeKLMM (No3. 5), HaNpPSKEHNS Ha KOTOPbIX PaBHbI
no 1 MB. NHayKTopHas cuctema cocTouT n3 96
nHAayKTOpOoB (1). CymMapHoe HanpsixxeHue 48
WMHOYKTOPOB NepBOM NOMIOBMHbI MHXKEKTOPa (Ba-
KYYMHOrO Mofa) NpuKnajbiBaeTcs K OnopHoOMYy
nsonatopy (2), a Hanpsi*KeHne BTOPOM NONOBUHbI
WHOYKTOPHOM CUCTEMbI CTATMBAETCS Ha YCKOPS-
ouen cekumm (5). Ana obecneyeHns aneKTpu-
YeCKOM NPOYHOCTU UHAYKTOPHOM CUCTEMbI 06e
€€ 4acCTH BbIMOSIHEHbI FEPMETUYHO M 3amnoJIHEHbI
anerasomM. Mmnynbe NUTaoLWEro MHAYKTOP Hanps-
YKEeHWs nogaeTcs Yepes repMeTUYHbIE M30ATOPbI,
pacnosioXKeHHble paBHOMEPHO Ha BHELHEN MNOo-
BEPXHOCTU MHAYKTOPHOro Moayns. OAUH MHAYKTOP
nutaetcs Yyepe3 10 BbICOKOBOLTHBIX KOAKCK-
anbHbIXx BBOAOB. OAMH N3 ABYX AOMOJIHUTENbHbIX
BBO/IOB, PACMONOMEHHbIX B HUMKHEW YacTU MO-
AyNs, UICNonb3yeTcs AN U3MepeHus BUTKOBOIO
HanpsXKeHUs Ha nHAayKTope. HenocpeacTBeHHO
3a 0TBEPCTMEM B @HOAHOM biaHLLEe pacrnonoXeH
nepBbIv TpaHchOpPMaTOp TOKA, KOTOPbLIK NO3BO-
nSeT U3MepsTb TOK, YCKOPEHHbIV B BaKyyMHOM
anoae. lanee naet yckopsiiolas CEKLMSA U TpaKT
NMPOBOAKM My4Ka C CUCTEMON MarHUTHOM OKY-
CUPOBKMW M KOPPEKLMU MyyKa, COeaUHSOWMI
YCKOPSIOLLMI MOAYNb C MULLEHHBIM Y3710M. TpaHc-
MOPTHbIM KaHaN COCTOUT U3 BaKYyMHOMN Kamepbl,
YeTblpex UMMYNbCHbIX MAarHUTHbIX JIMH3 U YeTbl-
pex ABYXKOOPAMHATHbBIX AUMObHbIX KOPPEKTOPOB
TpaeKTopuu nyyKa. JInH3bl UMEIOT cneLnanbHbli
[AM3alH, 4yTo6bl MaKCMMalbHO YMEHbLUTb Be-
NN4mHy chepuyeckon abeppaumn. Koppektopa
pacnonaratTcs nNocne MH3 U MPU3BaHbl KOM-
NeHCMpoBaTb OTKIIOHEHMWE 3/IEKTPOHHOO My4YKa
B NMapa3uTHbIX BHELWHUX MarHUTHbIX nonsx. Bece
JIMH3bI U KOPPEKTOPa UMEeIOT UHANBUAYaNbHOE
MUTaHKE C JONITOBPEMEHHOM CTaBUIIbHOCTbIO Nyy-
we 0,1%. Ha BbIxoae MHKEKTOpa nepea MULLEH-
HbIM y3/10M, YCTaHOBJ/IEH BTOPOM TpaHchopmaTop
TOKa, KOTOPbIM MO3BONSET MEPUTL TOK Ha BXoAe
B MULLIEHHbIN y3en. PoTorpacdusa yckopsioLewn

ATOMHBIV MPOEKT 23




MOJ1I0AbIE YHEHbLIE

1 2 3 4 3 A& 7

Puc. 2. Yckopsiowas ceKuua U TPaKT NPOBOAKMU Ny4YKa C CUCTEMOW MarHUTHOW GOKYCUPOBKU U KOp-
peKuuu nyyka. 1, 4, 6, 8 — MarHuTHble IMH3bI; 2, 9 — TpaHchopMaTop TOKa, 3 — NONIOCKOBbIM AAT4YUK,

5, 7 — KOppeKTop

CEKLMM M TpaKTa MPOBOAKM My4yKa C CUCTEMOM
MarHuMTHOM GOKYCMPOBKM M KOPPEKLMKU NyyKa
npeacTaBfieHa Ha puc. 2.

MuLweHHbIV y3en npeacTaBnseT cobomn Bpa-
Latolieecs B BaKyyMe KOMeco ¢ 3aKpernyieHHbIMU
no ero nepuMeTpy 18 nnacTMHamMu TaHTanoBbIX
MuweHen TonwmHon 0,5 mm. Kaxkgas nnactuHa
MOET NPUHATbL A0 10 paboymnx UMMyNbLCOB TOKa
ny4yka B peHTreHorpadmnyeckom pexumme. B co-
CTaBe MULEHHOro y3na paboTaeT BuaeoKkamepa,
pacnonoxeHHas No MULLIEHHOMY KOJIecy B AMame-
TpasbHO NPOTUBOMOIOKHON OT TPAEKTOPUM NyyKa
TouKe. [locne BbiCTpena yCKoOpUTens MULLEHHOE
Koneco noBopavyvMBaeTcst Ha NoJSIOBMHY MOMHOMO
o60opoTa, M KaMepa NoKa3biBaeT 06pa3oBaBLie-
ecsi OTBEPCTUE B MULLEHMU.

[ins BpallleHWst MULLEHHOIO Koneca UCnosbay-
€Tcs WaroBbli ABuraTens. Potorpadmsa MULLIEH-
HOro y3na npeacraB/ieHa Ha puc. 3.

2. CucTtemMa fUarHOCTUKM My4Ka
ycKkopurtens JINY-2

Cuctema AMarHOCTUKM Ny4Ka NnpegHa3Have-
Ha A1 U3MEPEHUS U ONepaTUBHOIrO KOHTPONS
OCHOBHbIX MapaMeTpPOB 3/IEKTPOHHOIO My4Ka, a
MMEHHO, 3HEPTUM ¥ TOKa NyyKa, ero nonepeyHoro
NOJSIOXKEHUS U pa3Mepa Ha BXOAE B MULLIEHHbIN
y3en [1]. ToK ny4yKka namepseTca 4ByMS UMMY/bC-
HbIMW TpaHchopmaTopamu ToKa. NepBbiin U3 HUX
PacrooXKeH Ha BbIXOAE 3/IEKTPOHHOTO Ny4Ka 13
auvofja, B NepBoOr CEKLIMU BTOPOM YCKOPSOLLEN
Tpy6Ku. BTopon TpaHchopmatop pacrnonoxeH
Ha BXOJE B MULLEHHbIV y3es. BpemeHHas 3aBu-
CMMOCTb NMOMEPEYHOro MOMOXKEHUS Y TOKa NyyKa
n3mepseTcs nocpeacTBOM LUMPOKOMNOIOCHOrO
NoJIOCKOBOro AaTyMKa (ganee — nvkana) Hemo-
CPeACTBEHHO Ha BXOAE B MULLEHHbIN y3en. Cpasy
3a NMKanoMm pacnosioXKeH NOrnoTUTENb, KOTOPbIV
MOXKET NepPeKpbIBaTb M MOMHOCTbIO MornowaTtb
3/IEKTPOHHbIN MYYOK.

[na npoBeaeHUs TOYHbIX UBMEPEHUIN YPOB-
HEeN CUrHanoB MCNonb3ylTcs ocuuanorpadbl
(ADC200ME [2]). Ana obecneyeHns TOYHOCTH
na3mepeHus nydwe 1%, B ocumnnorpadax ucnosb-
3yeTCs CXemMa KalMOGpPOBKKU TpaKTa Mo CUrHany
oT ToyHoro UAI. nsa atoro B Havyane paboTbl

2R —-

'____-

Puc. 3. MuweHHbI y3en

HYXHO MPOBECTU NPOLIEAYPY KaNMBPOBKK, YTOObI
YCTPaHUTb CMELLEeHUE HYNS U UCKaXKeHUs mac-
wraba, a 3aTeM, Mo Mepe Hago6bHOCTH, €€ NOBTO-
pSTb, YTOObI KOMMEHCUMPOBaTb TeMMNepPaTypHble
apendbl 3TUX BeIMYKH. B Hallem cnyvae, Takue
M3MEPEHMS MOXHO NPOBOAUTb Nepea KaxKabiM
BbICTPEJSIOM, MU/IN pa3 B HECKOJIbKO BbICTPENOB.

[nsi npuBeaeHWs YpOBHEN CUTHANOB B CUCTE-
M€ U3MEPEHMS NapaMeTpPoB My4yKa K BXOAHOMY
AvanasoHy undpoBbIX ocuuanorpadoB UCNONb3y-
IOTCS EMKOCTHbIE U PE3UCTUBHbIE AenuTenn. Cu-
cTemMa AMarHOCTMKMU NapameTpoB 3N1EKTPOHHOIO
ny4ka uHxekTopa JINY coctouT u3 cnegyowmx
3/1EMEHTOB:

1. EMKOCTHblE AENUTENN HaNpPSXKeHUs Ha
MHOYKTOPax MHXKEKTopa.

2. EMKOCTHOM genuTenb Hanpsi»KeHus B Ba-
KYYMHOM Auoje.

3. TpaHchopmaTop TOKa 3a aHOAHbLIM OT-
BEPCTUEM.

4. TpaHcdopmaTop TOKa Ha BbIXOAE U3 UH-
KEKTopa.

5. MNon0CKOBbIN AaTYNK MONOXKEHMS NyYKa.

6. BudyanbHoe HabnoaeH1e 3a 0TNe4YaTKoM
ny4yKa Ha MULLIEHU.

EMKOCTHblE AenuTenn HanpshxeHus Ha 48
MHAYKTOPaXx MHXeKTopa oTo6GpaHbl Mo Ko3d-
duumMeHTaM 1 pasgeneHbl Ha 2 rpynnbl no 24

St Y

S4 S2

S3

Puc. 4. CxemaTtu4yHoe u3o6paeHue NoJIoCKOBOro AaT4ymMKa MnoJIoXKeHusa ny4vKa.
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nenutens Tak, 4To6bl KOAQbULMUEHTBI AeNeHUs
yKnagbiBanucb B £1%. MepBas rpynna eMKocCT-
HbIX AennTenen pacnonaraloTcs Ha MHAYKTOpax
nepsoro MaB, BTopas — Ha UHAYKTOpax BTOPOro
M3B. Pe3unctopbl 1 KOHAEHCcaTOpbl Nogo6paHsbl
Taknum o6pa3om, 4To6bl TemnepaTypHble yXo-
bl KOAPODOULMEHTOB AENEHUS PE3UCTUBHOIO U
€MKOCTHOr 0 AenunTeNien Npu cyTo4HbIX Koneba-
HusX Temnepatypbl £20 rpagycoB coCTaBnsam
mMeHblwe 1%.

McKakeHusl, NnpuBHOCUMbIE Mepeaalowmnm
TpaKToM, cocTaBastoT 5—7%. [IpMeHMB anroputm
BOCCT@HOB/IEHWS CUrHANA, MOXHO YMEHbLUWUTb 3TH
UCKaxeHUs o 2—3%. Takum o6pa3om, obLlias
TOYHOCTb M3MEepPEeHns cocTaBuT nopsaka 3%.

TpaHchopmaTop TOKa npeacTaBageT co6on
nosic Porosckoro. lNepsbiv TpaHcdopmaTop pac-
MONOXEH HEMOCPEACTBEHHO 3a OTBEPCTUEM B
aHoaHoM dnaHue U No3BONSeT U3MepsTb TOK,
YCKOPEHHbIV B BaKyyMHOM Anoae. AHanornyHyo
cxemy umeet TpaHcdopmaTop TOKa, yCTaHOBEH-
HbI Ha BbIXOAE MHXEKTopa nepes MULEHHbIM
y310M.

[ns namepeHuns nonepeyHbIX KOOPANHAT Myy-
Ka MCNo/b3yIOTCSA NONOCKOBbLIM AaTYMK, pacrnoso-
YKEHHbIN Ha BbIXoAe MHeKTopa. OH npeacTaBnset
€060 MarHUTOMHAYKUMOHHBIV AaT4uK. B HeM npo-
BOJHMWK 06pasyeT BUTOK, B KOTOPOM BO3HWKaeT
3NEKTPOABMIKYLLAS cuna, 6narogaps USMEHEHUIO
NMOTOKa MarHMTHOr O NoNs, CO34aBaeMoro ABWKY-
WMMUCS 3apsaaamu nyyka. AsumyTanbHoOe pac-
npegeneHve MarHUTHOro Nons ToKa Nyyka gaeT
MHOOPMaLMIO O TOKE M LeHTPe TAKECTHU NyyKa.
N3mepsa curHanbl ¢ YeTbipex naactuH (puc. 4)
31-34, MOXHO onpeaennTb CMelleHWe LeHTpa
TAXECTM Ny4yKa OTHOCUTESIbHO OCU BaKyyMHOM
Kamep no dopmynam (ans Manbix AX u AY):

_ S1-83
AS1+S3)

_ §2-84
2(S2+54)

3aecb R — paaunyc BakyyMHOM Kamepsbl. Pas-
HOCTHbIM U CyMMapHbIN curHan GopmupyeTcs ¢
NMOMOLLbIO CneLManbHbIX MOCTOBbIX TPaHchopma-
TopoB (BT962_04 — ocb Y 1 BT962_05 — ocb X)
1 oundPOBLIBAETCS C MOMOLLbIO «6bICTporo» ALLM.

BennynHy NonMHOro Toka MOXHO BbI4YUCNUTD
No U3MEPEHHBbIM CYMMapHbIM curHanam S1+S3
n S2+S4 no dopmynam:

[ g (S1453)(52+54)
T (S1483)+(S2+54)

3aecb K — KanMbpoBOYHbIM KOIDPULIMEHT.

KannbpoBKa gatynka nytem BO36YKAEHMS
€ero NpoBOAHWKOM C TOKOM, PacMoOXEHHbIM
no LIeHTPY AaT4yMKa, NoKasana, 4To NorpeLwHoCTb
onpegenexHusa cmelleHusa coctasnaet <0,7 mm,
a KoadduumneHT K=275+5%. dotorpadus no-
JIOCKOBOIO JaT4yMKa NpeacTaBfieHa Ha puc. 5.

Puc. 5. MonocKoBbIl aT4yuK




3. HacTpoiiKa 3/IeKTPOHHOro ny4ka JINy-2
PeHTreHorpadwmsa 6bicTpONpoTEKAOLWMX NPO-
LLeCCOB, KaK NpaBuo, TPe6yeT OT 3NEKTPOHHOIO
YyCKOpUTENs, Npon3BOoAsLLErO TOPMO3HOE U3Ny-
YeHue, MaKCMMalibHOM APKOCTU PEHTTEHOBCKOI0
MCTOYHMKA NpW ero MMHMManbHOM pa3mepe. ITo
onpeaenseT TpeboBaHWA K 3/IEKTPOHHOMY MYYKY,
KOTOPbIM AO/MKEH UMETb 60/bLIOM UMMYNbCHbIN
TOK U MUHMMabHO BO3MOXHbIN NOMNepeyHbIn
$as30BbIi 06bEM. MMEHHO peLleHNt0 3ToM Oc-
HOBHOM 3aAa4u ¥ MOAYUHEH AN3aiH BCEX CUCTEM
JIMHEMHOrO MHAYKUMOHHOro ycKoputens JINY-2
(paspaboTka u usrotosnexue AP CO PAH). Cu-
cTeMbl GOPMUPOBAHUS, YCKOPEHUS, DOKYCUPOBKHM
W AMarHOCTMKM NyYKa He ABNSIOTCS UCKIOYEHUEM.
Bce oHM cobpaHbl v BbICTaBEHbI C MaKCUManbHO
BO3MOHOM reoMeTpuYecKon TOYHOCTbIO. ITO
No3BONSET NONYYUTb UHTEHCUBHbIA 3EKTPOH-
HbIV Ny4YOK C TpeByeMbIM NPeAenbHO BO3MOXKHbLIM
KayecTBOM. OgHaKo HebonbLIMe OWNOKK B reo-
METPUYECKOMN BbICTaBKe YCKOPSIOLLEro avoaa v
JINH3 CUCTEMbI MarHUTHOM GOKYCMPOBKM MOTYT
CyWEeCTBEHHO yXyAWaTb KayecTBO nyyKka. [ns
YCTpaHeHUs HexenatenbHoro adpdeKTa oT aTux
OLWKNBOK UCNONb3YETCS CUCTEMA MarHUTHBIX KOP-
peKuui, No3BonsioLas TO4HHO MPOBECTM NMYYOK Mo
LleHTpaM MarHuTHbIX TMH3. Mpoueaypa noagéopa
NPaBWIbHbIX 3HAYEHWIN TOKOB B KOPPEKTUPYIOLLMX
KaTylKax Ans ONnTMManbHOW NPOBOAKM NyyKa Nno
LLEHTPaM MarHUTHbIX IMH3 NPeACTaBNEHA B HUXE.
dopmHupoBaHue 1 ycKopeHue nyyka B JINY-2
NPOUCXOAMT CreayroL M 06pa3oM. My4oK aMUTH-
pyeTcst HU3KOTEMMEPATYPHbIM METANNOKCUAHBIM
chepryeckum Katogom auameTpom 187 mm. lNo-
BEPXHOCTb KaToAa UMEeeT Masylo LLIEePOXOBATOCTb,
BbICOKYIO TOYHOCTb M3rotoBneHns (0,05 mm) n
BbICOKY}O TOYHOCTb BbICTaBKM OTHOCHUTENbHO $Oop-
MUPYIOLWMX NYy40K 3nekTpogos (0,2 mm). Mpuka-
TOJHbIN 3NEKTPOA U @aHOZ BbIMOHEHbI TaK, YTOObI
06ecneynTb ONTUMasbHYIO 3/IEKTPOCTAaTUHECKYIO
KOMMpeccuto Nydyka B anoge. Ontummnsaums on-
TUKW NPOBOAMNACH MO NPUHLMNY MUHUMU3ALMK
BEMYNHbI FEOMETPUYECKUX abeppaLiMin B MyyKe,
BbI3BaHHbIX COBMECTHbIM BIUSIHUEM MPOCTPaH-
CTBEHHOT0 3apsiia v YCKOPSIoLMX nonen B 06nactu
avopaa. [lanee 3a AMoLoM Ha onTMMalibHOM pac-
CTOSIHMM pacnonaraeTcs yecKopsiioLas CTPyKTypa,
KOTOpasi yaBauBaeT aHepruto chopmMmnpoBaHHOIO
B AMoje nyyka. Bce dopmmpoBaHue 1 yckopeHve
nyyka B JINY-2 nget B OTCYTCTBMU MarHUTHOIo
nons. MakcumanbHas aonyctumas BenymMHa mar-
HUTHOrO MO B 3TOM 061aCTW HEe A0KHa NPEBbI-
watb 0,2 [c. Ans aToro NpUHATLI cneuunanbHble
Mepbl ¥ COOTBETCTBYIOLLME I/IEMEHTbI BHECEHbI
B KOHCTPYKUMIO yCcKopuTens. Ha ontumanbHOM
PacCTOSHUM OT YCKOPSIOLLEN CEKLIMK, pacnono-
eHa nepBas UMNyAbCHas MarHWTHasa NMH3a,
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obecneyrBatoLLan corfacoBaHMe yCKopsoLLen
CWUCTEMbI C MOCNEAYIOLLMM KaHaloM TPaHCMOopPTH-
POBKM NMyyKa. 3Ta IMH3a BbiCTaB/ieHa TaK, YToObI
€e MarHWTHas 0Cb COBMajasna C 0Cbto YCKOPSIOLLEN
cekummn (¢ ToyHocTbio 0,2 mm 1 0,001 pagn). 3a
nepBoOW JIMH30M HaxoaWUTCs ABYXKOOPAWHATHbIN
MarHWTHbIN KOPPEKTOP, KOTOPbI NO3BONSET Ha-
NpaBUTb 3NEKTPOHHbIMA MY4YOK B LIEHTP BTOPOWM
JINH3bI, pacnonoxeHHon cnegom. Cpagy 3a BTO-
POV MMMNYNbCHOM JIMH30M PacnofIoXKEH BTOPOM
KOPPEKTOP, KOTOPbIV HanpassieT Ny4oK B LIEHTP
TPETbEN NMNHBbI. 3a TPETbEN TIMH30MN YCTAHOB/EH
TPETUI KOPPEKTOP, KOTOPbINA HaLEIMBAET NMy4YOK
B LIEHTP nocfiefHen — 4YeTBEPTOM JINH3bI, 06e-
crneynBatolen GuHanbHyl0 GOKYCMPOBKY My4Ka
Ha MULLEHb. UTaK, OCHOBHOW 3aa4yen CUCTEMbI
MarHUMTHOM KOPPEKLMM MOMepeyHoro nonoxe-
HUS NyYyKa ABNAETCA HaLeMBaHWe OCH NyyKa Ha
MarHUTHbIA LLIEHTP KaaoW M3 TpPex NocnefHux
NMH3. lNepen nepBon IMH30M HET TEXHUYECKOM
BO3MOXHOCTM Pa3MeCTUTb MarHWTHbIN KOPPEKTOP,
NO3TOMY KOHCTPYKLMS KpPEernieHnsa 3ToW JIMH3bI
crneumanbHO pa3paboTaHa TaK, 4HTOObl FeOMEeTpU-
YeCKMW NOCTaBUTb MarHUTHYIO OCb JIMH3bl Ha OCb
YCKOPSIIOLLEN CUCTEMBI. YCIOBME NPOXOXKAEHNS OCK
3/IEKTPOHHOIO MNy4yKa Yepe3 MarHUTHbIE LeHTPbI
JINH3 COOTBETCTBYET MUHUMYMY HEMHEWHBIX U
3HEPreTUHECKUX UCKAXKEHWI ABUKEHUS 3NIEKTPO-
HOB B My4Ke, 4YTO, B CBOO 04epeb, COOTBETCTBYET
MUHMUMaNbHOMY MONEPEYHOMY pa3Mepy 3NEKTPOH-
HOrO My4yKa Ha MULLIEHM.

MeToavKa HalennmBaHUs Ocu Ny4yKa Ha mar-
HUTHbIW LEEHTP IMH3bl OCHOBaHa Ha addeKTe no-
ABIEHWS AOMOIHUTENbHOIO NONEPEYHOro yrnay
nyyKa, NPOLEALWEro He No LEHTPY IMH3bI. ITOT
yron yBennynBaeTtcs ¢ ysenmyeHnem GoKycupyto-
LLLEV CUAbI IMH3bI MU HA HEKOTOPOM PacCTOSIHUM OT
JIMH3bI AAET NONepevyHoe CMeLLEHME LiEHTpa Macc
nyyKa. lMpu LeHTpanbHOM nponeTe, nonepeyHoe
NOJIOXKEHME LIEHTPA MACC My4YKa Mocsie JINH3bI
He UBMEHSETCS MPU U3MEHEHMM DOKYCUPYLOLLEN
CWJbl IMH3bI, MEHSETCS TOJIbKO MONEPEYHbIN pas-
Mep nyyKa.

B cocTaB cucTeMbI AMArHOCTUKM NMyYKa YCKO-
putens JINY-2 BXOAUT OAMH MONOCKOBLIN AaTYMK
NomNepeYHoOro rNooXeHUs LIeHTpa Macc Mny4ykKa,
PacCnoioXeHHbIN Mexay TpeTben U YeTBepTon
IMH3aMW. ITOT AaT4MK NO3BONSET NMPUMEHUTD
YKa3aHHYi0 Bblllle METOAMKY AN HALLENMBaHUSA
ny4YyKa Ha MarHUTHbIE LIEHTPbI BTOPOW U TPETbEN
nnH3. OcumunnorpaMma pa3HOCTHOrO M CyMMapHO-
ro CMrHana ¢ NoI0CKOBOro AaT4uKa, oLndpoBaH-
HOro ¢ nomolLbto 6bicTporo ALLM, npeacTaBneHa
Ha pwc. 6.

[Ons HauenMBaHWS My4yKa Ha MarHUTHbINA
LLEHTP BTOPOW NIMH3bI TPETbS JIMH3A OTKIlO4Ya-
eTcs, paboTaloT TONIbKO nepBas u BTopas. Tok

ey L [ T
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B NepBON NMH3E He MeHsieTcs, TOK BO BTOPOW
NIMH3e n3meHseTcs B npegenax £10 % oT Homu-
HanbHOro 3Ha4veHus. MNpu aToM perncTpmpyeTcs
CMelleHWe NonepeyHoro NoMoXKeHUs nyyka B
NoJIOCKOBOM AaTtyvKe. [lanee TOKM B NEPBOM
KOppeKTope nogbupatoTcs Tak, YToObl Monoxe-
HWe LieHTpa Macc Ny4Ka B NOJIOCKOBOM AaTynKe
NPaKTUYECKN HE M3MEHSNOCh NPU U3MEHEHWUM
TOKa BO BTOPOW NIMH3e. 3aTeM aHanornyHbiM
06pa3oM BK/OYaAETCA TPETbSA IMH3a U NPOU3-
BOAMTCA NOAGOP ONTUMasbHbIX TOKOB BTOPOroO
KoppeKTopa. Hy>KHO OTMeTUTb, 4TO B npouecce
TaAKOW HAaCTPOMKM Ny4YOK MNPUHUMAETCSA B NMOro-
TUTENb, BCTABASIOLWMIACS MOCne NoJIOCKOBOro
[JaTynKa, M He MOBpeXAaeT MULLEHD.

HecKonbKo 6onee Tpya0EMKOM M 3aTpaTHOM
ABAseTCa npoLeaypa HaCTPOMKK TPETbEro Kop-
peKTopa, 06ecneymBatoLLErO MPOXOXKAEHME MyyKa
Yyepes MarHUTHbIM LLEHTP NoCNeaHen — YeTBEPTON
JIMH3bI. [1eno B TOM, YTO PacCTosiHUE OT LieHTpa
3TOM NIMH3bI 0 MULLieHn Bcero 90 MM. NOCKONbKY
nocnefHsAa MH3a caMasi KOPOTKOPOKYCHas, To
1 abeppalnn B Hel Hanbosee cunbHble. MNoato-
My OYeHb Ba*KHO MPaBWIbHO HaLeNUTb My4OK
Ha UeHTp dWHaNbHOM NWUH3bI. HauenusaHue
NPOUCXOAMT TOYHO TaKMM e 06pa3oM, TONbKO
nornepeyHoe nonoxKeHue u pasaMmep GOKYyCHOro
naTHa Ha MULWEHW onpeaenseTcs BU3yasabHO No
ob6paayloLlemycs B MULLEHN 0TBEPCTUIO. KaK npa-
BWNO, AOCTATO4HO caenatb 10—15 BbICTPENOB,
4TOGbI MPOBECTU HaLleIMBaAHWE.

PesynbraTom TaKon HaCTPOMKK ABNFETCH MU-
HUMasbHbIN MONEepPeYHbIV AnaMeTp PEHTTEHOB-
CKOro UCTOYHMKaA — Ha ypoBHe 1,5 MM (luMpHHa
Ha NonyBbICOTE) U ero akCUanbHO-CUMMETPUYHASA
dopma. 370 NOATBEPKAAETCH CHUMKOM pEHTTe-
HOBCKOMO UCTOYHMKA, NOSTYHEHHOIO C MOMOLLbIO
Kamepbl-06CKypbI (CM. puc. 7).

[1py 3TOM HY>KHO OTMETUTb, YTO CO3AaBaeMble
Ny4KOM OTBEPCTUS B TAHTANIOBOW MULIEHM (CM.
puc. 8) UMEIOT HECKOIbKO 60MbLLIMI pasmep, YTO
MOMKeET ObITb 06BSACHEHO CeayloWwnM 06pa3om.
[pu aHeprum anexkTpoHoB 2 MaB 1 AnnuTenbHOCTH
3M1EKTPOHHOrO Ny4ka 200 He BeMYMHa NAOTHOCTH
TOKa nyyKa, Heobxoanumasa ans pacnnasBfieHus
TaHTaN0BON MULIEHM TONLWMHOM 0,5 MM, cocTaB-
naet 3 KA/cM2. N TeX e IHepruv u AnuTenb-
HOCTM Ny4Ka MNIO0THOCTb TOKa, Heo6xoanMmas ans
ncrnapeHus MulleHn, coctaBnaeT 25 KA/cm2. Mpu
AnameTpe PeHTreHOBCKOro UCTOYHMKa 1,5 Mmm
(LWMpKUHa Ha noslyBbICOTE) MaKcMMalsibHas naoT-
HOCTb TOKa B LiEHTpe NpeBblWwaeT BennynHy 100
KA/cm~. OTctoaa BUAHO, H4TO UCNapeHne MULWEHN
NPOWCXOAMT Ha PAcCTOAHMM OT LieHTpa 6onbLueMm,
4yeMm nonylMpKHa Ha nonysbicoTe. s cpaBHEHUS
AnameTpa OTBEPCTUM B MULLEHN — ANaMeTp 3a-
KNenku coctasnset 4 Mm.

(R T] PRy CIEy

=l

e

e

1. 024y
2,048y

0. 00Oy
0. DoDy

ons

-

1000ns

1500ns

IR

Puc. 6. Pa3HOCTHbIW U CyMMapHbIA CUrHaJbl C MNOJIOCKOBOIroO AaTYyMKa
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Puc. 7. CHUMOK PEHTreHOBCKOIr0 UCTOYHMKA, NOJIy4EHHOIO C MOMOLLbIO KaMepbl-06CKYpbl
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4. 3aKno4yeHue

4EHO CyLLECTBEHHOE YMEHbLUEHWE NONEPEYHOro
pa3mMepa PEeHTreHOBCKOro UCToYHMKa ¢ 3 40 1,5
MM (LUMPWHA Ha NoayBbICOTE) CM. pUc. 9.

LeHTpam MH3 No3BoNseT B NepBOM Npubau-
YKEHUM ybpaTb 3aBUCMMOCTb MOJIOXKEHMS NyYKa
Ha MULIEHM OT SHEPIUMU U YMEHbLIUTL YPOBEHb
chepuyeckunx abeppalni, npuobpetaeMbix Nyy-
KOM B MarHUTHbIX N0ASX MMH3. 06a aTux adhdeKTa
CMOCOGCTBYIOT yMEHbLIEHWIO NONEPEYHOro pas-
Mepa GOKYCHOro NATHa Ha MULLEHW B YCIIOBUSAX
HEOAHOPOAHOCTU IHEPT MM MyYKa Ha NMPOTIKEHUN
OCHOBHOWM YacTn umnynbca. lanbHenlee ymeHb-
LeHne NnonepeyHoro pasmepa peHTreHOBCKOro
MCTOYHMKa BO3MOXHO Npu yNy4lweHMn oaHOPOa-
HOCTM 3HEPIMU NyYKa Ha NPOTSEHUMU UMNYSbCa,
cM. pyc. 10. 31a paboTa 3annaHnupoBaHa n 6yaet
npoBeaeHa B 6nuKaniwee Bpems. [pn 3Tom Ha
ocumMnnorpammax ToKa 1 HanpsiXKeHUs Ha BaKy-
YMHOM Anoae HabntofaeM He 04eHb OAHOPOAHYIO
«MOMOYKyY». ITO yKa3blBAET Ha TO, YTO IHEPrus
ny4yKa B TEYEHUM UMNYNbCa, TOXKE HEOAHOPOAHA.

ZlapCTBEHHON Kopropauun «Pocatom» u MuHU-
cTepcTBa 06pa3oBaHus M Haykn PoccuiicKon
benepauymu.

m)

Puc. 9. Cnep ny4yka Ha MULLEHHU: a) cnep He-
chOoKycMpoBaHHOIo Ny4YyKa Ha MULLEHHU; 6) cnep
chOKyCMPOBaAHHOIO Ny4yKa Ha MULUEHHU

B pesynbrate HaCTpOMKKM ny4Ka, 6b110 Nosy-

ToyHast npoBoAKa Myyka MO MarHUTHbIM

Pa6oTa BbIMoHeHa Mpu MoAAEPIKKE rocy-

Nutepatypa

1. batpakoB A.M., Jlorauyés I.B., MaBneHKo
A.B., Ca3zaHckuit B.., ®atbkuH IA. Cuctema
aBTOMaTU3aL MU IMHENHOIr0 MHAYKLMOHHOIO
YCKOpUTENa peHTreHorpaduyeckoro Kom-
nneKkca. // BectHuk HIY. Cepua: ®usuka,
2010.Tom 5. Bbin.3. ¢.98-105.

2. bak N.A., batpakoB A.M., KagbipoB P.A.,
JNorayes M.B., NaBneHko A.B., MNaHoB A.H.,
CasaHckuii B.41., ®atbkuH A. Cuctema ynpas-
NIeHUA NTMHENHbIM UHAYKLUOHHBIM YCKOPU-
TeNem peHTreHorpaduyecKoro Komnaekca:
CTPYKTypa, annapaTHble CpeAcTBa, pe3y/bTa-
Thl ONbITHOW 3KCNNyaTauuu. // ABTomeTpus.
2011, T. 47, NO. 3, ¢.120-132.
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OTpaboTKa Katog-aHOAHOW Napbl
peHTreHoBcKou yctaHoBKKU POAL-BHUNTD
UI'YP-3,5 ang ontuMm3auunun permcrpasmm
ObICTPOMPOTEKAOLWMX NPOLIECCOB

M.C. bazapos, A.M. BacuneHko,

M.IO. Cron6ukoB, O.A. HukutuH, B.E. YepemasoB
Joknap Ha Xl 3a6a6axUHCKUX YTEHUAX
CHEeXMHCK, 2012

BBepeHue

KOHCTPYKLIMA MMNYNbCHBIX PEHTTEHOBCKMX YCTa-
HOBOK N0 cxeme 06palleHHOro Katoaa, NPeaIoKeH-
Has B cBoe Bpems B.A. LlykepmaHom u ap. [1, 2],
ABNSIETCSA 4OCTATOYHO aKTyaslbHOM M B HacTosiLee
Bpems. 3T0 CBA3aHO C rMNOTETUYHOWM BO3MOXHO-
CTbi0 OCTPOW CaMOGDOKYCUPOBKMU 3NEKTPOHHOIO
ny4Ka c aHepruen 1+2 MaB Ha uronb4yaTom aHoze
¢ pa3mepoM doKyca MeHee 1 MM /11 PEHTIEHO-
rpadrpoBaHu1s 6bICTPONPOTEKAIOLLMX NPOLLECCOB
C NOBEPXHOCTHOM M/IOTHOCTbIO NMPOCBEYMBAEMbIX
o6bekToB 6onee 100 r/cm [3].

XapaKTepHOM KOHCTPYKTUBHOM OCOBGEHHO-
CTblO BaKyyMHbIX JMOLOB 3TOM CXEMbl ABAAET-
CSl UCMONb30BaHWE KONbLEBOrO UAKU KOMbLlie-
o6pasHoro Katoga. OfHaKo, KaK BbIICHUIOCh
3KCMNEPUMEHTANIbHO, OCHOBHbIM HEOCTaTKOM
Takon Gopmbl KaTofa ABMSETCH BO3MOXHOCTb
BO30OY)KAEHWS B HEM BUXPEBbLIX TOKOB, NPUBO-
[SLWKX K NOSBIEHMIO B Pa3psaHOM MPOMEXKYTKE
BaKyyMHOro anMoAa npoAo/ibHOW KOMMOHEHTbI
MarHuMTHOro nons. Baanmopgencrane aneKTpoHHo-
ro ny4yKka, OPUEeHTUPOBAHHOMO NPENUMYLLECTBEHHO
paananbHo, C NPOAObHOM KOMMOHEHTOM MarHuT-
HOrO MONS AO/IKHO NPUBOANTL K MarHUTOAUHA-
MUYeCcKoMY 3D PEKTY: BpalleHMUIO 3/IEKTPOHHOMO
ny4yKa BOKPYr aHOAHOW UMbl. Y4UTbIBasi CBOMCTBO
napannenbHbiX TOKOB K B3aUMHOMY MPUTSKe-
HUIO, MOYXHO OXMJaTb 3BOJIIOLMIO EKTPOHHbIX
TOKOB K UX 06beauHEHUI0 1 GOPMUPOBAHUIO B
UTOre OAHOMO UM HECKOJIbKMX 3IEKTPOHHbIX MyY-
KOB, BpallatownXcs BOKPYr aHOAHON Urbl. 3TOT
MarHuTogMHaMUYEeCKnn 3GPEKT MOXKET CNYKUTb
NMPUYUHON HECTABWUIBHOCTU B PaboTe MMMYNIbCHbIX
PEHTTEHOBCKMUX TPYOOK KaK Mo MHTEHCMBHOCTH
MMNyNbca U3NyYeHns, Tak v 61y aaHuto Hanpas-
NEHUS N3NTy4EeHUs YCTAHOBKM, 4TO MPUBOANT K He-
paBHOMEPHOW 3aCBETKE PEHTTEHOBCKMUX NIEHOK
B 9KCMNEpPUMEHTE.

B 10 ke Bpems nonyyeHne KOPPEeKTHON UH-
dopmaumnmn npu 06paboTKe PEHTTreHOBCKOW MeH-
KW B paMKax MHOTMX METOAMK TPeByeT paBHOMEp-
HOTO MK NO KparHeN Mepe 0CECUMMETPHUYHOIO
3KCMNOHWPOBaHMSA NNeHKKU. K Taknum 3agayam oT-
HOCATCS, Hanpumep, uccneagoBaHne npoLecca
pacnpocTpaHeHUs AETOHALMOHHBIX BOJH.

B noknape npeacrtaBneHbl paboTbl Mo UC-
cnefoBaHMIO BO3MOMXHOCTU cTabunnsauun pa-
60Tbl ycTaHoBKM UTYP-3,5 1 MOUCKy pexunma
ee paboTbl C paBHOMEPHbLIM WK MO KpanHen
Mepe 0CECUMMETPUYHBIM NMPOCTPAHCTBEHHbLIM
pacnpeaeneHuem UHTEHCMBHOCTU U3YyHEHUS.

1. Ycrpo#cTBo yctaHoBKH UTYP-3,5
M NPeANnoKeHUs N0 MOAePHU3ALIUH
ee KaTojj-aHOJHOM napbl

[MpuHUMN AENCTBUS UMMNYSIbCHOM PEHTIEHOB-
CKOW TPyOKM B BapuaHTe ¢ 06paLleHHbIM KaToAoM
(pnCyHOK 1) ocHOBaH Ha adpdeKTe BbITECHEHNUS
COGCTBEHHBIM MArHUTHbIM MONEM YCTaHOBKM
3/IEKTPOHHbIX TOKOB, MAYLLMX OT KaTofa K aHoay
[1, 2], 3a cpe3 KaToAa. B aTOM cnyvae ycKopeH-
Hble B @aHOA-KaTOAHOM MPOMENYTKE 3N1EKTPOHbI
npuo6peTatoT KOMMOHEHTY CKOPOCTM B OCEBOM
Hanpas/eHUK, 4TO, MO MHEHWIO aBTOPOB 3TOM
naeu, AOMKHO 6blN0 NOBLICUTb MHTEHCUBHOCTb
N3/y4EeHUs YCTaHOBKM.

=) /}/h// KaTo/1
5 # / aAHOI
. Y \V
I | ¢ 7 T
W 1
=

a) HavyanbHasa cTagus PasBUTUS BaKYYMHOIo
npoGos, UNKu cTagus orpaHUYEHUs TOKa 3JeK-
TPOHOB OTPULaTENIbHbIM 06BbEMHbLIM 3apAj0M

aHoJ| 7

A A,

N Karona

B) cCXemMaTHU4ecKoe pacnpeesieH1e 3NIeKTPUYECKUX
W MarHUTHbIX nosiei B pase HapacTaHUsi TOKa

B nanbHemwem, no mepe coBepLIEHCTBOBA-
HUS UMMNYNbCHBIX UCTOYHUKOB MUTAHUS U MOBbI-
LWEeHUs UX paboyero HanpsiKeHUs 1 CUbl TOKa,
6bIN0 NPeanonoXeHo [3], 4To Npu AOCTaTOYHO
BbICOKOW HaMpsiXKeHHOCTU MarHUTHOro nons (npe-
BOCXOAALLEN HEKOTOPYIO KPUTUYECKYIO BESTUYUHY)
y @aHO[HOTO TOKOBE[YLEro CTEPXKHSA 3NEKTPO-
Hbl 6YAYT BbITECHATLCS BAO/b HErO BMAOTb A0
3a0CTPEHHOro KoHUa aHoja, 4To v No3BONUT
nofly4aTb UCTOYHUK U3NYHEHUS C pa3Mepamu
$OKycHOro naTHa meHee 1 MM U C BbICOKOM UH-
TEHCUBHOCTbBIO U3NTy4EHUS.

Mpouecc GOKYCUPOBKM (TMHYEBAHNUS) dN1EK-
TPOHHOIO NMOTOKA YCTAHOBKM C YH4E€TOM BAUSHUSA

aHoJI M/ KaTo/|
- |
N,

Iz,

70

6) cTaauA BbITECHEHUS 3JIEKTPOHOB 3a cpe3
KaTtoAa Ha /1060BYI0 YacTb aHOfa COGCTBEHHbIM
MarHMTHbIM NMoJieM UMMNyJibca TOKa

ST >
_//_,/f.//_/.-///_//. 7
aHoz A4~ KaTo/
Ean Enxp
e e v

) cXxemaTtnuyecKoe pacnpepesieHue 3NeKTPUHEeCKUX
WM MarHUTHbIX nonew B pase YMEHbLUEHUA TOKa

D - guameTp KaTofHOro oTBepcTus, d — AMamMmeTp OCHOBaHUSl aHOAHOIO CTEP3KHSA, h — ToNWMHA KaTo-

Aa, W - BbiHOC aHofa 3a cpe3 KaTopaa, | — cuna Toka

Puc. 1. CxemaTuyecKoe usobpakeHue aHoA-KaTOAHOM rpynnbl PEHTTreHOBCKOW TPYOKU B pexxume

oGpalleHHOro Katoaa
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Puc. 2. PeHTreHorpamma v npopuan no4epHEeHUsI PEHTFeHOBCKOM MJIEHKHU B OMNbITe C KOJIbLLeBbIM KaToAoMm (aHoA uunuHapuieckun Ta d=4 mm):
r — paauyc no peHTreHorpamMme, NpoBe/ie€HHbIN OT LIeHTPa U306paXKeHUs «OKHa» KoJsiumaTopa;
S - paccTosiHMe OT MCTOYHUKA U3JTyYEHUA A0 CUCTEMbI PEerMcTpaLmu.

a) U3o6pakeHune «OKHa» KoJuiumaTtopa. Macwta6 nso6paxeHus 1:4,2.

6) YcpeaHeHHbI npoduib NnoYyepHEeHUs NJEHKU U cpeAHEeKBaapaTuiecKoe oTKIoHeHue D.

B) MonsipHaa gnarpamma NAOTHOCTU NOYEPHEHUA Ana paauyca r=100 mm.

BUXPEBOTIO 3/IEKTPMYECKOr0 MoJs NnosicHaeTcs
cxemMaTuyecKu Ha pucyHke 1 (B 1 r). OCHOBHOWM
NpoLecc YCKOPEHWS 31EKTPOHOB, UCMYCKaeMbIX
C KaToja BC/eACTBME B3PbIBHOW AMUCCUM NPU
noaaye Ha aHoa paboyero HanpsXKeHns, Npouc-
XOAMT B 061acTv KaToAHOro cpesda. MarHutHoe
nosne B 3ToW o6nactn ¢ uHAyKumen B(t) Bo3-
O6y)aaeTca TOKOM B aHoge. Kak cneayet 13
puc. 1 (B), B dase HapacTaHUs UMNv/ibca TOKa
BUXPEBOE 37EeKTPUYECKOe nosle rorf =—2
COOTBETCTBMM C NpaBuiioM JleHua ycunmBaet
3NeKTpocTaTMyecKkoe nose B obnactv nepep
KaToAHbIM CPe30M M 0cnabnseT ero xe B 06-
nlacTu 3a Cpe3oM, B TOM 4YMUC/e U Ha KOHLe
AHOJHOrO CTEePXKHS.

CnepoBaTtenbHO, B Ha4YanbHOW CTaguu OC-
HOBHOM MPOLIECC YCKOPEHUS 3NIEKTPOHOB Mpo-
ncxoauT B o6nacTv nepes KaToAaHbIM CPe30oM.
B panbHevwem no mMepe yBeaMYeHUs ToKa U
ocnabneHusa Temna ero HapactaHus BAUsSHWE
BUXPEBOro 3/1IEKTPUYHECKOro MoNa Ha nepepac-
npeaeneHne aNeKTPUYECKOro noss yCTaHOBKM
YMEHbLUAEeTCs, YCUIMBAIOWEECH e MarHUTHoe
none BbITECHAET MOTOKM 3/1EKTPOHOB B 061aCTb
3a KaToAHbIV cpes.

[locne NpoxoXAeHUs MMNyNbCOM TOKa
MaKCMMyMa NPOUCXOANT MPOTUBOMOMOMKHbIV
npouecc nepepacnpegeneHuns aneKTpu4ecKo-
ro nons. B o6nactu nepea KatoaHbIM CPe30M
BUXPEBOE INEKTPUYECKOE NONe AENCTBYET yXKe B

NPOTUBOMNOJIOXHOM HanpaBfieHUN K 3NEeKTpoCTa-
TUYECKOMY, a B 0611aCTH 3a Cpe3oM — HaobopoT
(cm. puc. 1r). B aTon dpasze yb6biBaHMA MMMybca
TOKa NPOMUCXOANT MaKCHMabHas KOHLEHTpaLms
KaK 3/1eKTPMYECKOro Nonsa y KoHUa aHoga, Tak
M CaMUX INIEKTPOHHbIX MOTOKOB, TaK KakK Mpo-
MCXOAMT UX BbITECHEHWE MArHUTHbIM MoneM 3a
cpes KaToaa.

OfHaKo, KaK yXe yNnoMnHanochb Bblle, ANs
YCTaHOBOK C KOJIbLIEBbBIM MM KONbLLEOBPa3HbIM
KaToAaMu OOMKHa ObiTb XapaKTepHa MarHuTo-
[AMHamu4yecKaa HecTabuabHOCTb, CBA3aHHas C
BpalLeHNeM 3MIEKTPOHHOIO Ny4Ka BOKPYr aHoa-
HOW UIMbl M NPUBOASALLASA K HEPaBHOMEPHOCTH B
NPOCTPaHCTBEHHOM pacnpeaeneHnn MHTEHCUB-
HOCTU U3My4YeHus ycTaHOBKM. OCHOBHOM naeewn
Mo ynyyleHuIo CTabnnbHOCTU PaboThbl HACTOsILLEN
YCTaHOBKM ABAAIOCH MCMONb30BaHME BMECTO
KOMbLIEBOrO MW AUCKOBOIO KaToAa YCTaHOBKM,
npumeHsiemoro Ha NUTYP-3,5 KaTtoaa ¢ npuHyau-
TeNbHbIM TOKOpacnpeaeneHnemM no HECKONbKUM
paavanbHbIM HanpaBleHWUaM ANS YBEIUYEeHUS
COGCTBEHHOW UHOYKTUBHOCTH.

B aTom cnyyae noBbiWwanach HavyanbHas Ha-
NPSXEHHOCTb 3NEKTPUYECKOro Nons 3a cyer
€ro KOHLEHTPaLUWUKN y 3NEKTPOAHbLIX BbICTYNOB
M CyLLeCTBEHHO yBeNMynBanacb co6CTBEHHas
WHAYKTUBHOCTb KaToAa AN BUXPEBbIX TOKOB
CaMOMHAYKLMM U3-3a YBENUYEHNS MYTU UX NPO-
XOXAEHUS.

2. AKcnepuMeHTbI No 0TPpaGoTKe
KaTo-aHOAHOM Napbl

B akcnepvmeHTax ¢ AMCKOBbLIM KaTo40oM
B Nape ¢ UMIMHAPUYECKUM aHOLOM (puc. 2)
BbIIBIS/IUCh YKIOHEHUA n306paxkeHnsa GoKyc-
HOTO MSATHA YCTAHOBKM (Y4aCTOK MUHWUManb-
Horo D). 3TOT ¢aKT Bbi3BaH, Ha Hall B3rnsa,
YNOMSHYTOW Bbll€ MarHUTHO-AMHAMUYECKOWM
HeyCTOM4YnBOCTbIO. B ganbHenwem Mcnonb-
30BaNnCb KatoAbl C MPUHYAWUTENbHBIM TOKO-
pacnpefeneHuem.

[lo pe3ynsratam onbITOB ¢ MOAUDULIMPOBAH-
HbIM KaTtoAoM Oblna oTMeYeHa cTabunusauuns
pexMma paboTbl ycTaHOBKKU. OHAKO NpoCTpaH-
CTBEHHast HepPaBHOMEPHOCTb UHTEHCUBHOCTU U3-
Ny4yeHuns Ha nepudepunn n3o6parkeHns okasanacb
Henpuemnemom no NpUYnHe CaMmo3KPaHNPOBKHU
aHOJHOWN UINOW U3NYYEHUS, UCXOASLLErO C 6O-
KOBOW ee NoBEPXHOCTW. [Jns yCTpaHeHUs 3Toro
ABMEHMS OGbla NPUHATA KOHCTPYKLUMS CO chepu-
4YeCKOW MULLEHbIO U3 MaTepuana c 6onbwmm Z (W)
Ha AepKaBKe U3 MaTepuana c MajibiM aTOMHbIM
Becom (Fe).

PesynbTatbl 3KCMEPUMEHTOB NpuUBEAEHbI
B Tabnuue, a auarpamma noyYepHeHUs NaeHKu
perncTpatopa O4HOro U3 TUMUYHBIX CHUMKOB
npueeneHa Ha puc. 3.

KaK BMAHO M3 TabAunLbl, YKNOHEHUS IKCTpe-
MyMa D OT 0CcH BbISIBNEHO He 6bIS10, KpOMeE TOro,
ypoBeHb dyKTyauun novepHerus ¢,<0,016,

doTomeTpUyecKue napameTpbl PEHTFeHOBCKUX MJIEHOK-PErucTpaTopoB B ONbITaxX C KaToAOM C NPUHYAUTE/IbHbIM TOKOpacnpeaeneHmem
1 chepryecKkum aHoaoM-MULLIEHbIo U3 cnnaBa BHM, d =4 mm

[AncTaHuua perucTpauum YK/IOHeHue 3KcTpeMmyMma YpoBeHb D u pnyktyauuu D

[arta onbiTa S, m BbiHOC aHoga W, mm D(r) ot ock o, pan (D-D,") £ 5,
17.02.10 N® 1-2 1,5 25 0 0,878+0,016
18.02.10 N° 1-2° 3,0 25 0 1,079+0,008
12.04.10 N° 1-1 1,5 22 0 0,59+0,001
09.06.10 N2 1-1 1,5 13 0 0,76+0,013
16.06.10 N2 1-1 1,5 22 0 0,744+0,009
29.06.10 N° 1-1 1,5 1,0 0 0,744+0,009
30.06.10 N2 1-2 1,5 0 0 0,83+0,013
01.07.10 N2 1-1 1,5 35 0 0,845+0,012
28.09.10 N° 1-1 1,5 -18 0 0,268+0,005
28.09.10 N2 2-1 1,5 -35 0 0,171+0,008

* — B OMbITE UCMO/b30BANACh PErMCTPUPYIOLLAsA CUCTEMA C YCUIMBAIOLLMMU SKPaHaAMMU;

" — D, — ypOBeHb NOYEpHEHNs Byanu,

*%
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Puc. 3. PeHTreHorpamma n npodpuamn noyepHeHUs PEHTFeHOBCKOM NJIEHKU B OMNbITe C KAaTO0M C NPUHYAUTENIbHLIM TOKOPacnpeaeneHuem
(aHop - chepuyeckas MulleHb aAuameTpom 4 MM u3 cnnasa BHM, aepxxaBKa — KOHM4YeCKu cTep:eHb u3 Fe)
r — paavyc no peHTreHorpamme, NpoBeAEHHbIN OT LLeHTPa U306paXKeHUs «OKHa»

Konnumaropa;

S - paccTosiHMue OT UCTOYHUKA U3/TyYEeHUS O CUCTEMbI PErucTpaLmm.

a) PeHTreHorpamma okHa Kojuiumartopa, maclutab nsoépaeHus 1:4.

6) YcpeaAHeHHbI npoduib NoYepPHEHUS NIEHKU U CpeAHEeKBaApaTUYeCKoe OTK/IOHEHHe.

B) MNonsapHaa guarpamma NAOTHOCTU NoYepHeHUa ana paauycos 90 mm, 70 mm, 50 mm 1 30 Mm.

4TO, MO UMEIOLLMMCS OLLEHKaM, NO3BONIAET NPO-
BECTU ornpefeneHne nioTHOCTU CBUHLOBOIo
3NeMeHTa TONUWMHON 2 MM C MOTrPEeLIHOCTbIO
He 6onee 70%.

CnenyeT OTMETUTD, YTO PEXMM paboTbl ycTa-
HOBKM B BapuaHTe ¢ MOAMDULMPOBAHHON Ka-
TOA-aHOAHOWM Mapow, cyas No 3po3unn cTanbHOM
aHOJHOM iepKaBKK, CaMODOKYCUPOBKU INEKTPO-
HOB Ha chepUYeCKoV MULLIEHN HEe OBHapPYKUBaET.
[eprkaBKa Ha npoTseHnn ~35 MM OT KOHLa
pacKonoTa BCNeACTBUE 3/IEKTPOHHOMO yaapa.
CnepoBatenbHO, B YCTaHOBKE COXPaHUCS OMNu-
CaHHbIN paHee pexuM ee paboThbl.

OKcnepumeHTanbHas NPOBEPKa pacHeTHbIX
[@HHbIX MO TOYHOCTH ONpeaeneHns CBUHLLOBOrO
3/1eMeHTa NPOBOAMIACH C MOMOLLbIO CreLuanbHO
CO3[aHHOro aTasioHa, TMMMYHas peHTreHorpaMMa
npeacraBneHa Ha pucyHKe 4. HomuHanbHas Ton-
WKHa atanoHa 3 MM. CBMHLIOBbIE ANCKM CO3Aal0T
pacnpefeneHve TONLMHbI B UHTEpBane 2—4 MM
¢ warom 0,25 mm.

M306paxeHne aucKkoB obpabaTbiBasMCh Nep-
COHanbHo. [lanee fJaHHble MO OTCHETaM CKaHepa
ANsl AMCKOB OfiHOW TOALIMHBI ycpeaHanuch (N,).
3asuncumoctn N =N, (h) ana Bcex NPOBEAEHHbIX
3KCNEepPMMEHTOB NpuBeAeHbl Ha puc. 5.

Kak BMaHO 13 rpadwuKa, 3ajadya pasnnyu-
MOCTU TONLWMHBI CBMHLIOBOrO 3/ieMeHTa, paB-
Horo 10% OT HOMWHaNbHOW TONLLMHbI, PELUEHA.
Bonee Toro, war 0,25 mm coctasnset 8,33% ot
HOMWHaNbHOWM TOMLWMHbI 3TasIOHa, paBHOM 3 MM.

Puc. 4. PeHTreHorpaMmma 3KkcnepumeHTa
19.08.10

3. Pe3ynbratbl HEKOTOPBLIX ONLITOB,
npoBeAeHHbIX Noc/ie MoAepHH3ALUN
KaTo-aHOAHOM Napbl

B KayecTtBe npumepa ucnonb3oBaHuns UNYP-
3,5 ans pernctpaumu 6bICTPONPOTEKAIOLLMX MPO-
LLleccoB NpvBeaeM n3obpaxeHus, nony4yeHHble
B [BYX TUMax OMbITOB: OMNbITE MO perncrpauunn
[AETOHALMOHHBIX BOSIH BO B3PbIBYATOM BeELLECTBE
1 OnbITe NO perncTpaLMn 06pas3oBaHNs TPELLVH B
LMAVHAPUYECKMX 060/7104KaX U3 BbICOKOMIOTHbIX
MaTepuanos.

3.1 Peructpauusa npodounsa
AEeTOHALUMUOHHbIX BOJH ([B)
BO B3pbIBYaTOM BellecTBe

[Ons npumepa M cpaBHEHUSA pabOTbl MO-
andunuMpoBaHHOW KaTtoA-aHOAHOW napbl U He-
MOANDULMPOBAHHON NMPUBOAATCH pe3ynbTaThl
[IBYX OMbITOB MO perucrpauuun cobepmyeckmx 1B
B 06pa3ue BB (puc. 6). Ha akpaHe MoHuUTOpa
n3obpaxeHue ¢poHTa [1B npocmaTprBaeTcs oT-
YeTNMBO, MPY MeYaTH e NPUHTEP, KaK NpaBuio,
MCNONb3yeT MeHbLUE LBETOB, Y&M MOHWUTOP, NO-
3TOMy M306parkeHne ¢poHTa [B 0603Ha4YeHO
NMYHKTUPHOKN TIMHHUEN.

MpocTeniumin aHanM3 NoKasbIBaEeT, YTO:

— QUKCUPYEMbIN CKaYOK MIOTHOCTU (KOH-
TpacT) Bo ¢poHTe [B, oueHeHHbIM Mo doTocpe-
3am, B onbiTe N2 1 coctaBun ~2%, B onbiTe N2 2
OH BbIPOC A0 ~4% (puc. 6 B);

— HEPaABHOMEPHOCTb NOAS U3/lyYeHUs ycTa-
HOBKM, OLleHeHHas no ¢oTocpe3am Nno Henpo-
netoHuposaBwemy /1B, coctaBuna =14% ans
onbitTa N2 1 n ~1 % ans onbita N2 2 (puc. 6 ).

3.2 9KcnepuMeHTbl C KoJibLLlaMu
no UccnejoBaHUIO JUHAMUYECKON
NJIacCTUMHOCTU MaTepuanoB BbICOKOH
NJIOTHOCTHU

YBennMyeHne KoHTpacta M306pakeHus
nocne MoaAMOULMPOBAHUSA KaToA-aHOOHOM
rpynnbl TaKXKe XOPOLIO UAMIOCTPUPYIOT OMbIThI
C KONbL @MW MO UCC/iefOBaHMIO NNaCTUYHO-
CTM MaTepuasoB, Le/blo KOTOPbIX ABASNOCH
onpeaeneHve agMameTpa Kosiblia, Ha KOTOPOM
HayMHaeTcs o6pa3oBaHUe TPELLUH B MaTepH-
ane (puc. 7).

3.3 UccnepgoBaHue npouecca
o6pa3oBaHUS TPELLUH B onbiTax
C LWMIUHAPUYECKUMU oGpa3uamm
13 BbICOKOIUIOTHbIX MaTepuanos,
Harpy»aembiMu B3pbiBom BB

Mocne npoBeAeHUs OMbITOB C KOJbLLAMU,
noKasaBLUXM NPeANoYTUTENBHOCTb MCMONIb30Ba-
HUS MOAMULMPOBAHHOM KaTo4-aHO4HOM Napbl,
C 3TOM Napow NPOBOANNCS OMbIT C LMIMHAPHUYE-
CKMM 06pas3uoM BbICOKOMIOTHOrO MmaTepuana,
TaKXe C uefnblo onpeaeneHna gMameTpa, Ha
KOTOPOM HayuHaeTcs o6pa3oBaHue TPeLLUH B
Marepuane.

17400 :—_ jlggg%oﬁmmb Mg
17200 —— 24 0810
17000 = gé?g}g ofnacTe Moz
16800

= 16600
16400
16200
16000 =
158[}{] T T T T T T T 1

2 225 25 275 3 325 35 3,75 4 425
by, b

Puc. 5. 3aBucumoctu N,=N,(h) ana NpoBeAEHHbIX IKCNEPUMEHTOB
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Puc. 6. Mpodunu B, 3admkcupoBaHHbie Ha UT'YP-3,5:

a) peHTreHorpamma onbita N2 1

(c HemoaMdULMPOBAHHOW KAaToA-aHOAHOM Napoi);
6) peHTreHorpamma onbita N2 2

(c moguduuMpoBaHHO! KaTo-aHOJZHOW NApPoW);

B) poTOomMeTpU4ecKue cpesbl, B3fTble N0 HanpasaeHuam 1 u 2

(nonepek ¢ppoHTa [1B);

r) oTomeTpuyeCcKu cpe3bl, B3ATbie B HanpaBaeHun 3 u 4

no HenpoaeToHupoBaswemy BB).

MpeaBapuTeNbHbIM M Pabo4ynin CHUMKM Orbl-
Ta no uccnefoBaHuIo npouecca o6pa3oBaHus
TPELLMH NpUBeAeHbl Ha pUCYHKe 8.

OnameTp Hayvana o6pa3oBaHUA TpeLuH
npocMaTpmMBaETCs Ha PEHTreHorpaMme u oLe-
HUBaeTca nocne o6pPaboTKU PEHTFEHOBCKOro
nsobpaxenus B 90,3 mMm. Pesynbrart, nonyyeH-
Hbl MO METOAMKE, OCHOBAHHOW Ha yNaBIMBaHUK
OCKONKOB LMNMHAPMYecKoro o6pasua, coctas-
naet 92,6 mm.

3akno4yeHue

OTpaboTaHa KaTof-aHOAHasa napa ycTaHoB-
Kn UTYP-3,5 ¢ ynydweHHbIMKU XapaKTepUCTUKA-
MW, BOCTUIHYTbIMUW 3a@ CHET MPUHYAUTENBHOIO
ToKopacnpeaeneHus u cbepruyeckon MueHH
aHofja. [locTUrHyTO NpoCTpaHCTBEHHOE pacrnpe-
[leNeHne n3ny4yeHuns ycTaHOBKM C HepaBHOMeEp-
HOCTb0 6<0,016. AKCNepuUMeHTaNbHO NoKasa-
HO CYLLEeCTBEHHOe ynyylleHne paspeLllatoLiem
CNOCOBHOCTM CUCTEMbBI PETUCTPALIMK, @ TaKKe
noKasaHbl NpuMepbl ncnosb3doBaHua UIFYP-
3,5 ana perucrpaummn 6bICTPONPOTEKAOWMX
npoLeccosB.
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Puc. 7. PeHTreHorpaMmmbl 3KCNEePUMEHTOB C
KONbL,aMM1 NO UCCNIE0BaHUIO UHAMUYECKOM
NAacTUYHOCTM MaTepUaioB BbICOKOW
NIOTHOCTH:

a) onbIT N2 1 (c HemoaudHULUpoBaHHON
KaToA-aHOAHOW Napomn);

6) onbIT N2 2 (c MmoaudpULUPOBaHHON
KaToA-aHOAHOW Napomn).

Puc. 8. PeHTreHorpamMmmMbl 3KCNEPUMEHTOB C LWINHAPUYECKUMU MOAENSMU MO UCCNIE0BaHMUIO AUHA-
MUYEeCKOMW NIaCTUHHOCTU MaTepuasioB BbICOKOW NIOTHOCTH:

a) npeaBapuTe/ibHaA peHTreHorpamma;

6) peHTreHorpaMmma onbiTa.




MPAKTUKA

KoHuenums nocTpoeHna HpopmMaLMOHHOMU
CUCTEMbI YNpaBEeHUA TEPPUTOPUAMMN:
OT ONTUMKU3aLUU K UHPOPMaTU3aL UK

YnpaBneHue Tepputopuen - 3apaua,
KoTopas TpeGyeT NOCTOAHHOr0O MOHUTOPUH-
ra u aHaJu3sa fjaHHbiX 0 pa3BUTUM O0ObEKTA
ynpaBieHus. ®akTmyecku 3ato uHpopmauu-
OHHO-aHaNUTUYECKas 3ajaua, U oT yMEHUS ee
pelwarb, WK, 4PYrMMHU cIOBaMu, OT YMEHHUA
opraHu3oBaTtb pa6oTy ¢ MHpopmaLuei, 3aBu-
CHUT KauyecTBO ynpaB/ieHUs Tepputopueit. B co-
BPeMeHHOM Mupe A o6ecrneyeHUs peleHus
TaKoW 3aja4yu UcnoJib3yloT UHPOPMaLUOHHbIE
CUCTEMbI, HO YacTo BHeApeHue nuHpopmauyu-
OHHOM CUCTEMbl He MPUHOCUT OXKUJAEeMOoro
pe3ynbraTta. lloyemy TaK NPOUCXOAUT U KaK
WUCMpPaBUTb CUTyaLUIO — NMpeaMEeT U3y4yeHus
B J@aHHOW cTaTbe, NOArOTOBJIEHHOW CneLu-
anuctamu KomnaHum «<HeonaHt».

Kak cerousi ocymecTreasierca c6op
M aHanu3 uHpopmaL MM B permoHax

PaccmoTpum Tunu4yHytlo cutyauumio. B oT-
[leNbHOM AenapTamMeHTe perMoHanbHOro opraHa
ynpaBneHus MaeT c6op AaHHbIX, HEOBXOAUMbIX
ans obecnevyeHnsi COGCTBEHHOW AeATENIbHOCTH.
Ha ocHoBe 3TUX AaHHbIX NOAroTaBAMBalOTCH
MHOOPMaLMOHHO-aHaNUTUYECKUE [OKYMEHTbI
W NpoeKTbl peweHni. Koraa ang noaroToBKM
NpoeKTa peleHns Heobxoanmo cobpaTtb AaH-
Hble U3 HECKONbKMX [ienapTaMeHTOB, CUTyaLms
yCnoxHsetcs. M3-3a Toro 4to c60p AaHHbIX He CO-
rnacoBaH Mexay AenapTaMeHTaMu, Yalle Bcero
OKa3blBaeTcs, YTO:

e JlaHHble cobMpaloTcs B pa3Hbix dopmaTax;

e MEPUOAMYHOCTb cbopa (aKTyanusauuu)
[laHHbIX pa3nnyaeTcs;

e JaHHble Ay6nupytoTcs;

e [laHHble NpOTUBOpEeYaT Apyr Apyry.

B peaynbrate gaHHble, cobUpaemMble B He-
CKONbKMX AenapTameHTax, HEBO3MOXHO 00b-
eAVHUTb 6e3 NnoTepu AOCTOBEPHOCTU WU Ke
13-3a NPOTUBOPEYNBOCTU MEPBUYHBIX AAHHbIX
06bEKTUBHOCTb 06bEANHEHHbIX AAaHHbIX BbI3bl-
BaeT COMHeHMe.

Takum 06pa3om, Korga fjaHHble, cobpaHHble B
JenapTameHTax, CBOAATCS Ha YypOBHE BEOMCTBA,
OHM TO/IbKO YACTUYHO OTPaXKaloT PeasnbHYyo CUTY-
aumto. Mpy 06bEANHEHNN HETOYHbBIX AAHHbIX U3
HECKONbKMX BEOMCTB OlWWOKa HaKaniMBaeTcs.
A Npu nepexoae Ha YypoBEeHb YNpaBneHus, Koraa
MCNONb3YIOTCA HETOYHbIE AAHHbIE HECKObKUX
TEPPUTOPUH, OLLMOKa BO3pacTaeT elle 6oblie.
MMEeHHO Mo3TOMy NMpWM COBPEMEHHOM 3KCMO-
HeHUMaNnbHOM pocTe 06bEMOB MHPOPMaLMK U
CKOPOCTK paboTbl PyKOBOAWUTENW HE UMEIOT BO3-
MO}HOCTU YBUAETb peasbHyl KapTUHY Mpouc-
XOsLLEro Ha NoAOTYETHOM UM TEPPUTOPUN. Hem
BblLI€ YPOBEHb YNPaBNEHUS, YEM AalblUe OH OT
MecTa c60pa NePBUYHbIX JAHHbIX, TEM MEHbLUE Y
pyKoBOAMTENS BanMAHON MHOPMaLIMK NS Npu-
HATUS PELLEHWN.

Mpouecc o6beanHeHns nHGOPMaLUK, XPaHu-
MOW B pa3Hblx Gopmatax, Uan NonbITKK CPOYHO
cobpaTb HejocTatolMe AaHHble TPeByoT 4OoMNOo-
HUTENbHbIX PECYPCOB (BPEMEHU UMW NIOACKKX). B
pesynbTaTe Nosly4aem HU3KYI CKOPOCTb U COMHM-
TeNbHOEe KayecTBO NOArOTOBKM MHOOPMaLIMK ANs
NPUHATUS peLleHni. M aHanormyHo HaKonaeHuio
OLNBKKU NPU CBEAEHUN AAHHbIX CKOPOCTb M 3b-

GEKTUBHOCTb MOATOTOBKU KOHCONNAMPOBAHHbIX
[@HHbIX CHU}XAlOTCA C POCTOM YPOBHS yrpase-
HWS, TO €CTb N0 Mepe yaaneHus oT TO4KKn céopa
NepPBUYHbIX AaHHbIX.

TaknMm 06pa3om, pyKOBOAWUTENN PETMOHOB He
noay4yatoT LLeIOCTHYI0 MHDOPMaLMIO O COCTOSHUK
TEPPUTOPUM UK NOYYaIOT €€ C 3aePIKKOMN U UM
NPUXoANTCA NPUHUMATb PELLEHUS, ONUPAsiCh Ha
yCeYeHHbIe, UCKaXKEHHbIE N Pa3PO3HEHHbIE AaH-
Hble. M1 3TO HEe MOXKET He BNUATb OTpULaTEeIbHO
Ha Ka4yecTBO yrnpaB/eHUs TEPPUTOPUEN.

BakHO 3aMeTWTb, YTO ONMcaHHasa cuTyauus
BO3HWKAET HE3aBUCMMO OT TOr0, BHEAPEHDI
MHbOPMaLMOHHbIE CUCTEMbI B AEMApTaMeHTax
unu Het. [IOTOMY YTO YacTO Aaxe B COCEAHUX
fenapTaMeHTax UCNONb3YyOTCS HECOBMECTH-
Mble Mexy CO60M MHDOPMaLMOHHbIE CUCTEMBI,
MHTErpauma KOTOpbIX U3HAYalbHO He npea-
ycMaTtpvBanach, He roBops y»e 06 MHpopma-
LIMOHHbIX CHUCTEMAX B pa3Hblx BegomcTBax. Mo-
3TOMY M BO3HUKaAIOT Npo6aemMbl C MOATOTOBKON
MHbOPMaLMKN U, KaK CNneacTBuUe, CHUXKaeTcs
KayecTBO yrnpaBfieHus.

Kak npeoponertb TeKyujue orpaHu4eHus
MOHHUTOPHUHIa aHHbIX

Takum 06pa3om, ANa ynydleHns KavecTsa
yrpaBfieHUs TeppUTOPUSIMU C TOYKU 3PEHUS
MHbOPMALMOHHO-aHaNUTUYEeCKOro noaxoaa
Heob6XxoaMMOo:

1. 06ecneynTb PyKOBOANUTENEN BCEX YPOBHEN
Ba/IMAHOM (IOCTOBEPHOK) MHbOPMaLIMEN ANs nNpu-
HATUS PELLEHWN.

2. YBENNYNUTb CKOPOCTb MOATOTOBKU [JOKY-
MEHTOB A/19 MPUHATUSA peLleHN.

3. OnTumMmM3npoBaTb GYHKLMKU paboThbl C UH-
dopmavumen.

[nsa pelieHns aTux 3agay pa3padoTaHa KOH-
Lenums nocTpoeHns MHGOPMaLMOHHON CUCTEMBI
yrnpaBieHus Tepputopuamun. Mcnonb3oBaHue
[aHHOW KOHLENUMW Npu co3gaHnn nHdbopma-
LIMOHHOW CUCTEMbI JaeT BO3MOXHOCTb MCMOJI-
HUTENbHOW BNacTU opraHn3oBaTtb MHdopma-
LIMOHHO-aHaNNTUYECKYIO AeATENbHOCTb TaKUM
06pa3oM, 4Tobbl PYKOBOAUTENMU, OTBEYaloLLme
3a yrnpaBfieHWe TEPPUTOPUSAMHU, Ha BCEX YPOBHSAX
BUENN peasnbHylo KapTUHY COCTOAHMSA ynpaBns-
€eMbIX TEPPUTOPUI U MONYYUSIU BOBMOXKHOCTb MO-
BbICUTb KA4€CTBO YNpaBieHns 1 onepaTMBHOCTb
NPUHATUS PELLUEHUN.

B pamKax KoHLenuum npyu tHbopmaTusaumnm
npolecca ynpaBneHus TepputopruamMmn aKcnepTbl
cYuTaloT 0693aTeNbHOM CleayioLLyo Noce0Ba-
TENbHOCTb JAENCTBUN:

1. BbIcTpOUTb MHOGOPMALMOHHO-aHANUTH-
YECKMM MPOLLECC Ha BCEX YPOBHSAX yrNpaBieHns
TEpPUTOPHUEN.

2. PernameHTMpoBaTh UCNONHAEMblE DYHK-
L.

3. Onpenenntb yHUOULMPOBaAHHbIE TPE6O-
BaHUA K MHOOPMaALIMOHHOM cucTeMe, obecne-
yuBatowen nHGopMaLMOHHO-aHANTUTUYECKYIO
[eATeNbHOCTb.

4. PagpaboTtaTb MHGOPMALIMOHHYIO CUCTEMY
Ha 6a3e cHOpPMYNMPOBAHHbIX YHUPULMPOBAHHbIX
TpeboBaHWM K cUcTEMeE.

BbicTpauBaHue HHGOPMALMOHHO-
aHa/MTH4YeCKoro npouecca
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Mpexae 4eM NpUCTYNUTb K pa3paboTKe UH-
dopMaLMOHHON CUCTEMBI, HE06X0AMMO MPUBECTH
B NOPSAOK MHDOPMAaLMOHHO-aHaNUTUYECKME NPO-
LlecCbl Ha BCEX YPOBHSX BNACTU: B MOCENEHUSIX,
MyHULMMNanuTeTax, paioHax, permoHasnbHbIX aj-
MWHKUCTPaLusx. s 3Toro B nepByto oyepelb
HY}XHO CUCTEMaTM3UpOBaTb WMCMNONHAEMbIE
GYHKUMK.

MHdopMaLMOHHO-aHaNUTUYECKMI npouecc
COCTOUT M3 NOTOKa MHbOpMaLUNU U YHKLUH
paboTbl C HEN.

PyHKUMKM paboTbl ¢ MHGOPMaLMen — aTo dhakK-
TUYECKM Te GYHKLMM, KOTOPbIE OCYLLECTBASIOT OP-
raHbl FOCYAapCTBEHHOIO yNpaB/ieHNs, @ UMEHHO:

e CcOOP AaHHbIX;

e y4yeT AaHHbIX;

® MOHMWTOPWHI Y XpaHEHWE AaHHbIX;

e aHanuTMyecKas o6paboTKa MONy4EeHHbIX
[laHHbIX;

e M0AroToBKa MHGOPMaLMOHHO-aHaITHye-
CKMX JOKYMEHTOB Ha 6a3e pe3ynbraToB aHaiu-
TUYECKOM 06PabOTKU AaHHbIX;

e GOpMMpPOBaHME MPOEKTOB yrnpaBlieHYe-
CKMX pelleHnn Ha 6a3e MHGopMaLMOHHO-aHa-
JINTUYECKUX JOKYMEHTOB.

Eryia e

CTpyHTYpHIaLMA

PernameHTaumn

Kaxkaaa GyHKuMa — 310 fencTBue, BbINon-
HAemoe onpeaeneHHbIMU UCMONHUTENSIMU U B
yKa3aHHble CPOKWM UMM C NEPUOAUYHOCTbIO, C
3aflaHHbIMM UCXOLHBIMU AaHHbIMU, UMeloLLee
pesynsTat U nonyyvaTens pesynsrarta.

[nsa opraHn3aumm MHPGOPMaLMOHHOMO Mpo-
Lecca Heo6xo4MMO onpeaenvTb NOHbIN nepe-
YeHb BbINoIHAEMbIX YHKLMIK. Bo3MOXHO, 3aja4a
COCTaB/IEHUS NEePEeYHS BbINONHAEMbIX GYHKLIMIA
y¥e 6blf1a pelleHa Ha ypoBHe AenapTaMeHTa npu
BHeAPEeHUN NOKaNbHON MHOOPMALIMOHHON cUcTe-
Mbl, HO Anst 3G GEKTUBHOrO yNpaBaeHUs TEPPUTO-
pusaMMn Heo6X0AMMO OpPraHM30BaTb CKBO3HOM, TO
€CTb 06bEeANHAIOLLMI fenapTaMeHTbl, MOCeNeHus,
MYHULMNANUTETbI, PAaNOHbl, MIHOOPMALIMOHHO-
aHaIMTUYECKUI NPOLLECC Ha BCEX YPOBHSX ynpaBs-
neHuns. O6bIYHO AaHHbIE COBUPAIOTCS HA HUXKHEM
YPOBHE ynpaBneHus, Janee B 3aBUCUMOCTU OT
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MPAKTUKA

MCMNONHAEMbIX GYHKLIMIA K HUM NOyYatoT 4OCTyn
c 60s1e€e BbICOKMX YPOBHEW M KAaKUM-1M60 06pa-
30M 06pabaTbiBatoT. Pe3ynbrat 3Ton 06paboTKM
nepefaertcs Ha cneayloLmnii ypoBEHb, Ha KOTOPOM,
Hanpumep, aHHble KOHCONUAMPYIOTCA C AaHHbIMK
M3 Apyrux genapTaMeHToB M MCMOoMb3yTCs AN
NOArOTOBKM NPOEKTa pelleHust. Taknum o6pa3om,
DYHKLMK, KOTOPbIE OCYLLECTBAAIOTCA Ha KaXKAoM
YPOBHE, 3aBUCAT OT pe3ynbTaToB OCYyLeCcTBAsSe-
MbIX GYHKLMI Ha 60/1ee HUBKUX MU COCELHUX
ypoBHsX. Mo3aTomy Ans ynyyweHus KayecTBa
ynpaBfeHns MHOOPMaLMOHHO-aHaNUTUYECKUI
npoLecc AoMKeH GbiTb MOCTPOEH LIEIMKOM, MO
BCEM YPOBHSM ynpaBfeHus, 4To6bl MHbOopMa-
LS NpoTeKana CHU3Yy BBEPX B GOPMeE AaHHbIX U
CBepXy BHWU3 B GopMe 3anpocoB 6e3 pa3pbiBOB,
3aCTOEB U TYMUKOB.

[nqa BbiCTpanBaHUs CKBO3HOro nHGopmauu-
OHHO-aHaNMTUYECKOro NpoLecca Ha BCEX YPOBHSX
yrnpaBfeHnUsa aKCNepTbl Npeanaratot:

1. CuctemaTu3npoBaTb UCMONHAEMbIE Ha
BCEX YPOBHAX GYHKLMMU.

2. Onucatb HGOPMaLMOHHO-aHaNTUTUYECKUIA
npoLiecc ot uenen K GyHKLMAM.

3. ONTMMKM3KpoBaTb NPOLLECC, ONMpasch Ha
pe3ynbTaThl BbINOAHEHUS MYHKTOB 1 1 2.

Cucrematusauua GyHKUUHA

[ns cuctematnzauunm GyHKLNUM B NEPBYIO oYe-
peab Heo6XxoaMMOo CHOPMUPOBATL CMIUCOK BCEX
@YHKLMI, KOTOPbIE OCYLLECTBAAIOTCS BEJOMCTBA-
MU, OpraHamu pernoHanbHON UCNONHWUTENbHOWM
B/lIACTW, MyHULMNANMTETaAMMU:

e KaKue JaHHble U KTO COBMpaET;

® KaK W KeM Y4uTbIBalOTCH AaHHbIE;

® KaK M KeMm OCyLLeCcTBNSAeTCHS MOHUTOPUHI
[aHHbIX U UX XPaHEHHE;

e KaKas aHanuTuyecKas o6paboTKa nony-
YeHHbIX JaHHbIX U KEM MPOU3BOAUTCS;

® KaKue 1 Kem rotoBsaTca MHPOPMaLMOHHO-
aHanuUTM4YecKne JOKYMeHTbl Ha 6a3e pe3ynbTaTtoB
aHaNUTMYeCKon 06paboTKKU AaHHbIX;

® KaK 1 KeM GOopMUPYIOTCS NPOEKTHI ynpaBs-
JIEHYECKUX pelleHn Ha 6a3e MHGOPMaLMOHHO-
aHaNUTUYECKNX JOKYMEHTOB.

3aTeM Noy4eHHbIN CMIMCOK QYHKLIMIA HYXKHO
CTPYKTYpUpOBaThb M CrpynnupoBatb no cornaco-
BaHHbIM NapameTtpam.

CTpyKTyp13aumus 1 rpynnupoBKa GyHKLUK
NMOMOXET OpPraHM30BaTb YNOPSAOHEHHbIN y4eT
1 BbISIBUTb QYHKLIMK:

e KOTOpble Ay6npyIOTCA U CONpUKacaloTcs
MeXay pa3nuyHbiMU BEAOMCTBaMM;

® /151 UCMONIHEHUS KOTOPbIX HEAOCTATOYHO
[aHHbIX;

e y pesynbTaToB KOTOPbIX HET nosiy4atenen.

Taknm 06pa3om, 6yaeT NONyHEHO OnucaHne
MHDOPMaLMOHHO-aHaIMTUYECKOro npoLiecca ¢
TOYKM 3PEHUS TOTO, KaKne QYHKLIMK KTO BbIMOJHSA-
€T U KTO ABNseTCs NoTpebuTenem ux pesynsraTos.

OonucaHMe npoyecca oT yeneu K GyHKuuam

Tema yrpsanersecern pewesiEn, cocras NP

Oapefenaet Gopiry NOEACTARAEHAR WHSOSLEILIN

Onpeneanet tocTan meopmanmia

CNpoARARET WAarTE 0N NOrOTOERI MisBapsMass W i fyisipe

[ns noctpoeHus addeKTMBHOM MHPOPMa-
LLMOHHO-aHaNUTUYECKON CUCTEMbI HEOBXOANMO
TaKXKe NPOBECTHU U3y4eHKe npoLiecca B 06paTHOM
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HanpaB/IEHWM — OT KOHEYHbIX Lienen unv 3aga,
B JaHHOM C/y4ae OT BblpabOTKM ynpaBieHYECKMX
pelleHnm, K ocywectBasgeMbiM GyHKUmMsAM. Mpo-
BECTU 3TV pabOoTbl HEOBXOAUMO 419 TOr0, YTOObI
CHMHXPOHU3MPOBATb NepevyeHb JOKYMEHTOB, KOTO-
pble rOTOBATCH B COOTBETCTBUM C YCTOSABLUENCSH
NPaKTUKOM, U NepedYeHb JOKYMEHTOB, KOTOpblE
BOCTPE6OBaHbI IMLAMU, NPUHUMAOLWMMU peLle-
HKS. TO HEOBXOAMMO TaKxKe U N9 nocneayoLLen
aBTOmMaTM3aluK npoLecca.

MHpopMaLMOHHbIE 3afayu, peannusyemblie
B paMKax MHOOPMaLMOHHOW CUCTEMbI, AOHKHbI
WAOTW OT LLeNew 1 3aAad, KoTopble pellatoTcst npu
ynpaBneHun Tepputopmuamu. Ecnmn pedb naget o
NoAroTOBKE yNpaB/IEHYECKOro peLleHuns, To fito-
6ast MHPOPMaLIMOHHAsA 3aa4a oMKHa CTPOUTHCS
13 TOro:

e KaKoBa TeMa yrnpaB/IEHYECKOro peleHus;

o KOMY M3 UL, MPUHUMAIOLLMX PELIEHUS,
MHbOPMaLUs AoMKHa 6bITb NPefoCcTaB/eHa.

M B COOTBETCTBUU C ITUM OMNpeaenstoTcs:

e cocTaB MHdOpPMaLKK;

e (dopMa npeacraBieHns MHGoOpMaLuu;

e y4aCTHMKM npoLiecca NoAroToBKU MHDOP-
Malumu;

e (GYHKLMM y4aCTHMKOB MpoLiecca.

Takum 06pa3om, nocne ndy4eHus npouecca
OT Lenen 6yaeT Nosy4eHo onucaHue npotecca
C TOYKM 3PEHUS TOrO, KaKMe CyLLECTBYIOT TEMbI
ynpaBAeHYECKNX pPeLleHU U Kakne byHKLUKUK
paboTbl ¢ MHbOPMaLMen Heo6X0AUMO BbINO-
HWUTb, YTOObI 3T yNIPaBIEHYECKUE PELLEHNS NOa-
rOTOBWTb. 3aTEM TaKKe He06X0AUMO BbINOMHUTL
CTPYKTYPM3aALMIO U TPYNMUPOBKY MOJTYYEHHbIX
PYHKLMI NO cornacoBaHHbIM Ha NepBOM 3Tane
napamertpam.

B nTore nocne npoBeaeHns ABYyX 3TanosB
6yayT NoAroToB/MIEHbI ABaA NepeyHs GyHKuuin. B
OfHOM — BCE€ YK€ BbIMONHAeMble GYHKLMK U BO
BTOPOM — YHKLMK, HEOOXOAUMbIE /151 BbIMNOJI-
HEHWS MOCTaB/IEHHbIX 3aAay. Pe3ynstaTtom 06b-
€ANHEHUS 3TUX NepeyHen byaeT He0O6XOANMbIV U
[I0CTaTOYHbIN ANS KAYECTBEHHOIO PELLIEHMs 3aaa4
yrpaBieHUs TEPPUTOPUAMU NEPEYEHb GYHKLMA.

Pernamentaums
MUCNONHAEMbIX PYHKLMUH

Mocne Toro Kak onpeaeneH He06Xo0aNMbIN K1
[lOCTaTOYHbIN HABOP PYHKLMI A1 KA4ECTBEHHOIO
MCMNONHEHUS AeATENbHOCTU, KOTOopas OCyLLecT-
BNIIETCA OpraHamu BnacTu, Tpebyetcs NpoBecTv
06a3aTenbHyl0 perfiaMeHTaumio BbINOHAEMbIX
OYHKUMI. B paMKax pernameHTaunu LOSIKHO
OblTb MPOBEAEHO ONucaHue GYHKUUA nyTem
YCTAHOBNIEHUS TaKMX HOPM, NMpaBuUi U Xapak-
TEPUCTUK UCNONHEHUA DYHKUWIA, cnegoBaHue
KOTOpbIM ob6ecnevymMBaeT Tpebyemoe KayecTBo
yrnpaBfeHns TEPPUTOPUSMMU.

Mocne 3aBepLlIeHUs ONUCAHUSA U perfamMeH-
TaLMK UCNOSTHAEMbIX GYHKUMI UK paKTUYECKH
HaBefeHUs nopsiaKka B UHGOPMaLIMOHHO-aHanu-
TMYECKOM MpoLecce MOXHO nepexoauTb K 3a-
[Jadam aBTomMaTU3aLumn 3Toro npouecca.

OnpepgeneHue YHUPHULUPOBAHHDBIX
TpeGoBaHui K UHGOPMALUOHHOW
cucreme

PelueHne 3agayun no aBTomaTtsaLmnm nto60oro
C/TIOXKHOrO npouecca NpaBuWlbHO Ha4yuHaTb C
onpeaeneHnsa TpeboBaHni K cUCTEME, KOTOPYIO
HY)KHO MOAY4UTb. ITO MO3BONAET CO3AaTb YHU-
GULMPOBAHHYIO MHDOPMALMOHHYIO cucTemy. Mo-
3TOMY, NPEXae YeM NPUCTynaTb HENOCPEACTBEH-
HO K pa3paboTke MHHOPMaLMOHHON CUCTEMBI
npeanaraercs onpeaenvTb YHUPULMpPOBaHHbIE
TpeboBaHUS K KOMMIEKCHON MHPOPMALIMOH-
HOM cucTeme MHhOPMaLMOHHO-aHANIUTUYECKOTO
obecneyeHnsa AeaTeNbHOCTH Mo ynpaBieHUto
TEPPUTOPUAMMU.

Onga dopmupoBaHmns yHUOULUMPOBAHHbBIX
Tpe6oBaHM HEO6X04MMO NpoaHanM3npoBaTb
PYHKUMM M cocTaB MHOOpPMaL MK, KOTopble
Heo6X0AMMbl AN UCNONHEHUS 3TUX QYHKLNNA.
Ba)kHO npoaHann3unpoBaTtb JaHHble MO BCEM
noapasaefieHnsaM UCNONHUTENbHON BNacTu: B
pernoHanbHbIX aAMUHUCTPALMSAX U COOTBET-
CTBYIOLLMX BEAOMCTBax M KomuTeTax. B npo-
uecce aHannsa MHbGOPMaLMKU OOKHbI OblTb
onpeaeneHsbl:

e TeMaTuyeckue 610KM B yripaBfieHnn pas-
BUTUEM TEPPUTOPUMU;

e HarnpaB/ieHWs M MOKa3aTel MOHUTOPUHTa;

e COCTaB MPOCTPaHCTBEHHOW MHbOPMaLUK;

e CNoco6bl aHaIMTUYECKON 06PabOoTKK;

e crnoco6bl NpeAcTaBieHns pe3ynbTaToB
06paboTKM.

Ha 6a3e pe3ynbraToB 3TOM paboTbl MOXKHO
chopmunpoBaTtb yHUPULMPOBAHHbIE TPEOOBAHMUSA
K KOMMNAEeKCHON MHPOPMALIMOHHOM CUCTEME UH-
dopMauMOHHO-aHaNUTUYECKOro obecneyeHns
[esTeNbHOCTH.

WAC CL| perwoHa

HC yyeTta n modmtopawusra, MAC PHOMB

WO ywairtn i mdsmitaprira, WAL OMOY pahoHon

W yuets s ssaEuropema, MAC DMICY too

Paspa6oTtka
uHdopMaLMOHHON cUCTEeMbI Ha 6a3e
YHUDHULHUPOBAHHLIX TPEGOBaHUM

[anee, ncxoasa 3 nonyvyeHHbIX Tpeb6oBaHUM,
MOXHO pa3paboTaTb MHOOPMALIMOHHYIO CUCTEMY,
KoTopast 06beANHMUT NpoLiecchl c6opa, 06paboTKM
n nocneayouler NOAroToBKM MHPOPMAaLIMOHHO-
aHaNWTUYECKMX PELLEHMI B LLIENOCTHbIV NpoLecc
M CTaHEeT CMCTEMOM 06ecrneyeHnss KayecTsa MH-
dopMaLMOHHO-aHaNUTUYECKON AeATENbHOCTHU
OpraHoB rocyaapcTBEHHOM BNaCTH.

B nanbHenweM MHPOPMaLMOHHYIO CUCTEMY,
pa3paboTaHHyl0 Ha NpUMepe OAHOr0 WK He-
CKOJIbKMX PErMOHOB, MOXHO UCMONb30BaTh B
KayecTBe WabsoHa UK NpPoToTMMNa, KOTOPbIH
HaknagblBaeTcsd Ha MHbOOPMaLMOHHbIE MPO-
Lecchbl B Apyrux pervoHax. Hanpumep, ecnu
B PErMoHe MpPOLECChl YKe CTPYKTYpUpPOBaHbI
n dopmMannsoBaHbl, TO UMEIOLLMNCS MPOTOTUN
HacTpanBaeTCs B COOTBETCTBMM C NpoLIecCaMu
[laHHOro pervoHa. Ecnu B pervoHe npoecchl
HeJocTaTo4HO GopmMann3oBaHbl, TO UCMONb30-
BaHWe NpoToTMna No3BOJUT BbICTPO U ahdeK-
TMBHO CTPYKTYypMpOBaTb M aBTOMaTU3MPOBaTb
pervoHanbHble 3a4auu.

MpuaepxnBasice Npu peanusauun nHoopma-
LLMOHHOWM CUCTEMbI MpeasiaraeMon KOHLEeNLUH,
OpraHbl roOCyAapCTBEHHOIO yNpaBaeHns nony4at
[I0CTYMN K LLENOCTHbIM AaHHbIM, ONTUMUIUPYIOT
npoLecc ynpaB/eHns 1 B pesy/bTate CMOryT no-
BbICWUTb KQ4eCTBO ynpaB/ieHns U onepaTMBHOCTb
NPUHSATUS PELLEHUI.

Takum 06pasom, roBops O Lenn co3aaHus
1 BHeApeHUs MHOOPMALMOHHON CUCTEMbI AN
PErMOHOB, CNELMANUCTbI MpeasiaratoT CocpeaoTo-
YWUTbCS Ha NOBLILLEHUM KA4YeCcTBa 1 ornepaTuBHO-
CTW yNpaBieHYECKMX PELLEHUI, KOTOPbIE AOMKHbI
NPUHMMATLCA Ha YPOBHE ry6epHaToOpoB permoxa,
pernoHanbHbIX OpraHoOB UCMONHUTENIbHON BIACTH
M MyHULMNanbHbIX 06pa3oBaHuin. B cooTBETCTBUM
C laHHOM KoHUenuuen paspabaTbiBaeTcs YHU-
duumMpoBaHHas MHPOPMaLIMOHHAsA cCUCTEMA UH-
dopMauMOHHO-aHaNUTUYECKOro obecneyeHns
neatenbHocTU (cuctema MAQ/), KoTopas MoXeT
cTaTb CTaHAapTOM MHPOPMAaLIMOHHOM CUCTEMBI
ansa obecnevyeHns KayecTBa ynpaBneHus Tep-
PUTOPUSMMU.




PRACTICE

Concept of Territory Management Information System:
from Optimization to Informatization

Territory management is the task that re-
quires continuous monitoring and analysis of
data on development of the object of manage-
ment. In fact, it is an information-analysis chal-
lenge, and on the ability to face it or in other words
on the ability to arrange information operation the
quality of territory management fully depends. In
order to tackle this task the contemporary world
recourses to information systems, still integration
thereof most often does not yield the desired
outcome. Why it actually happens and what ways
there exist to improve the situation constitutes
the subject matter of this article prepared by
experts of the NEOLANT company.

Ways of collecting and analyzing data in
the regions

Let’s consider a typical situation. One of the
departments within a regional regulatory body
is collecting data required to maintain its own
activity. Based on these data information-analysis
documents and draft decisions are prepared.
However the situation gets even more compli-
cated when a draft decision requires data from
several departments. Since data collection is not
coordinated between the departments it most
often turns out that:

— data are collected in different formats;

— data collection (updating) frequency varies;

— data are duplicated;

— data contradict each another.

As a result data collected at several depart-
ments cannot be integrated without losing reli-
ability thereof, or otherwise due to inconsistency
of primary data objectivity of integrated data
spawns doubts.

Thus, when data collected at the departmen-
tal level are consolidated at the agency level
they only partially reflect the actual situation.
When integrating inaccurate data from several
governmental agencies the error still accumu-
lates. Whereas when shifting to a new level
of management inaccurate data accumulated
from several territories aggravate the error. That
is precisely why the present-day exponential
growth of the information content and the op-
erating speed leave senior managers no oppor-
tunity to see the entire gamut on the reportable
territory. The higher the management level is,
the farther itis from the primary data collection
site, consequently the less valid information
the senior manager holds that is sufficient to
make a decision.

The process of integrating information stored
in various formats or attempts to urgently collect
missing data require additional resources (both
time and human resources). As a result we get
low-speed and questionable-quality generation
of information to make a decision. And similar to
error accumulation during data consolidation the
speed and efficiency of preparing consolidated
data decrease as the level of management goes
up, i.e. as the distance from the primary data
collection point increases.

Thus, regional authorities fail to obtain com-
prehensive information on the state of territories
or obtain delayed data, so they have to make

decisions based on truncated, distorted or disem-
bodied data. And it cannot but have an adverse
effect on the quality of territory management.

It should be noted that the situation de-
scribed may arise irrespective of whether infor-
mation systems are implemented at departments
or not. The reason is that even neighbouring de-
partments use incompatible information systems
integration of which was not initially stipulated, let
alone information systems employed at various
governmental agencies. Therefore problems arise
in terms of information preparation, consequently
management quality decreases.

Ways to overcome
current restrictions on data monitoring

Thus, in order to improve the quality of territo-
ry management in terms of information-analysis
approach it is required to:

1) provide managers of all levels with valid
(reliable) information to make decisions:

2) increase the speed of document prepara-
tion to make decisions;

3) optimize functions of information operation.

In order to tackle these tasks the concept of
generating a territory management information
system was devised. Utilization of this concept
while generating an information system gives
executive authorities an opportunity to arrange
information-analysis activity in such a way that
senior managers responsible for territory man-
agement could at all levels see the actual state
of managed territories and had a chance to in-
crease management quality and decision-making
efficiency.

Within the concept framework during territory
management informatization experts deem the
following sequence of actions to be compulsory:

1. Establishment of an information-analysis
process at all levels of territory management;

2. Regulation of functions accomplished;

3. Determination of unified requirements
as to the information system which ensures
information-analysis activity;

4. Development of an information system
based on defined unified system requirements.

Alignment of
an information-analysis process

Before embarking on development of an
information system it is essential to set infor-
mation-analysis processes in order at all levels
of authority: settlements, municipalities, regions,

regional administrations. For that end in the first
place it is required to systematize the functions
accomplished.

An information-analysis process comprises
an information stream and functions of operat-
ing thereof.

Functions of information operation are actu-
ally the following functions exercised by state
administration bodies:

— data collection;

— data accounting;

— data monitoring and storage;

— analytical processing of accumulated data;

— preparation of information-analysis docu-
ments based on analytical processing results;

— generation of draft managerial decisions
based on information-analysis documents.

Each function represents an action accom-
plished by certain agents within the specified
timeframe or intermittently characterized by the
set basic data which brings about results and
has a result recipient.

Functions

In order to arrange an information process it
is essential to specify a complete list of functions
accomplished. Probably the task of compiling
a list of functions has already been tackled at
the departmental level during integration of a
local information system, still for the purpose of
efficient territory management it is required to
ensure a through information-analysis process,
i.e. which would unite departments, settlements,
municipalities, regions at all levels of manage-
ment. Data are usually collected at the lowest
level of management, further on those at higher
levels depending on their functions get access
to them and process them somehow. Processing
results are passed over to the next level at which,
for instance, data are consolidated with data
from other departments and utilized to prepare
a draft decision. Thus, functions accomplished
at every level depend on the functions accom-
plished at lower or neighbouring levels. Therefore
in order to improve quality of management an
information-analytical process shall be organized
en bloc, namely at all levels of management, so
that information would flow upwards in the form
of data and downwards in the form of requests
without abruption, stagnation or dead ends.

In order to organize a through information-
analytical process at all levels of management
experts propose the following:

1) to systematize functions accomplished
at all levels;

2) to describe an information-analytical pro-
cess from its goals to functions;

3) to optimize a process based on results of
fulfilling clauses 1 and 2.
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Systemization of functions

In order to systematize functions in the first
place itis required to form a list of all functions ac-
complished by governmental agencies, regional
executive authorities, municipalities:

— which data are subject to collection and
who ensures collection:

— how and who ensures data accounting;

— how and who ensures data monitoring
and storage;

— what type of analytical processing is per-
formed and who performs it;

— what type of information-analysis docu-
ments are prepared based on analytical process-
ing results and who prepares them;

— how and who forms draft managerial deci-
sions based on information-analysis documents.

Then the given list of functions shall be
structured and grouped according to the agreed
parameters.

Structuring and grouping of functions shall
help to establish orderly accounting and to iden-
tify functions:

— that duplicate each other or overlap be-
tween various agencies;

— accomplishment of which is impossible
due to insufficiency of data;

— the results of which have no recipients.

Thus, a description of an information-analysis
process will be obtained from the standpoint of
who fulfills what type of functions and who acts
as a consumer of the results.

Process description from goals to
functions

Thama of & mangarial decision,
composition of decision-makarns

Defines the formal of daia reporing

Defines the content of information

nformation preparabion
i functions

In order to generate an efficient information-
analysis system it is also essential to examine
the process in the reverse order — from ultimate
goals or tasks, in this case, from development
of managerial decisions to the functions accom-
plished. These activities shall be carried out for
the purpose of synchronizing a list of documents
drawn up in accordance with the established
practice and a list of documents requested by
decision makers. This is also requisite for further
process automation. Information tasks fulfilled
within the framework of an information system
shall stem from goals and tasks defined during
territory management. Referring to the develop-
ment of a managerial decision any information
task shall repose on the following:

— what the theme of a managerial decision is;

— who of the decision makers shall be pro-
vided with information.

Accordingly the following shall be defined:

— information content;

— form of information presentation;

— participants of the process of information
preparation;

— functions of the participants of the process.

Thus, upon examination of the process from
goals the description of the process would be
obtained from the standpoint of what themes of
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managerial decisions exist and what functions
of information operation shall be fulfilled so as
to prepare these managerial decisions. Then it
is also required to structure and group the func-
tions obtained in accordance with the parameters
agreed upon at the first stage.

Eventually upon completion of two stages
two lists of functions will be compiled. The first
list will contain all the functions that are being
accomplished and the second one will comprise
functions required to fulfill the set goals. Unifica-
tion of these lists will result in a list of functions
required and sufficient to ensure high-quality
territory management.

Regulation of functions
accomplished

As soon as the set of functions required and
sufficient to enable high-quality performance of
activities carried out by public authorities is de-
fined, it is essential to ensure compulsory regula-
tion of the functions accomplished. As part of the
regulation procedure functions shall be described
through establishment of such norms, rules and
characteristics concerning the exercise of func-
tions compliance with which shall guarantee the
required quality of territory management.

Upon completion of description and regula-
tory activities as to the functions accomplished
or actual ordering of an information-analysis pro-
cess one may pass over to process automation.

Determination of unified
requirements as to the information
system

The task of automating any complex pro-
cess correctly shall start with determination of
requirements for the system which should be
obtained. This allows to set up a unified informa-
tion system. Therefore prior to actually starting
the development of an information system it
is proposed to set unified requirements as to
the complex information system of information-
analysis maintenance of territory management.

In order to formulate unified requirements it
is essential to analyze the functions and content
of information required to fulfill these functions.
Itis important to analyze data at all subdivisions
of executive power: at regional administrations
and relevant agencies or committees. In the pro-
cess of information analysis the following issues
shall be defined:

— thematic blocks in territory development
management;

— monitoring trends and indices;

— content of spatial information;

— means of analytical processing;

— means of presenting processing results.

Based on the results of this work one may
formulate unified requirements as to the com-
plex information system of information-analysis
maintenance of territory management.

IAS, Regional Situation Center

o PEQII:IF'-H| executive authorities

Accounting and Monitoring IS, 1AS
for local autharitkes of the districts

Accounting and Monitoding IS5, IAS
for local authorties of the setifemeants

Development of an
information system based on unified
requirements

Proceeding further on from the set require-
ments it is deemed feasible to develop an in-
formation system that would unite processes of
collection, processing and subsequent prepara-
tion of information-analysis decisions into an
integrated process and would become a system
of maintaining the quality of information-analysis
activities carried out by public authorities.

From then on an information system worked
out through the example of one or several regions
may be used as a template or prototype which
shall be applied to information processes in other
regions. For instance, if processes in the region
are already structured and formalized the existing
prototype shall be adapted to the processes in
the given region. If processes are not sufficiently
formalized the use of a prototype will allow to
quickly and efficiently structure and automate
regional tasks.

Sticking to a proposed concept during im-
plementation of an information system public
authorities will get access to comprehensive
data, optimize the management process and
consequently enhance the quality of manage-
ment and decision-making operability.

Thus, speaking about the goal of generating
and integrating an information system for the
regions experts propose to focus on promotion of
quality and promptness of managerial decisions
to be taken at the level of regional governors, re-
gional executive authorities and municipal units.
Pursuant to this concept a unified information
system of information-analysis maintenance of
activities (IAMA system) is being developed which
may become an information system standard
used to ensure quality of territory management.




MPAKTUKA

OnbIT MOAENMPOBAHUS NPOLECCOB JIMHENHOW CBAPKK TPEHNEM

Ha TMOPUAHBIX BbIYUCNUTENIbHbBIX CUCTEMAX

P. K. lasusosB, A. B. Ongawes,

A. M.fimuneBa

YdUMCKHUIA rocyfapCTBeHHbIW
aBUaLMOHHbIH TEXHHYECKUHA YHUBEPCHUTET
(YFATY)

Buanmo, B Mupe napannenbHblX BblYUC-
JIEHWN HUKOrAa He HacTynuT croKowncTeue. 3a
nocnefHee fecAaTUneTMe MUPOBbIE PENTUHIU
3anoNoOHUIN KnacTepPHble CUCTEMbI, NOTECHUB
BCE aNbTepHaTUBHbIE apXUTEKTYpbI. [apannens-
HOCTb BblIlW/1a 3a NPeAesibl CYNepKOMMNbOTEPHOrO
MUpa ¥ MaTepuanndoBanacb ABHbIM 06pa3oM
B NepcoHanbHbIX KoMMbloTepax. CTaHgapTHble
npoueccopbl (CPU)Xx86 yrke He yauBAsAoT NnaHo-
MEepHbIM POCTOM KonMyecTBa faep. lNocneaHve
rofbl 03HaMeHOBaNUCb HOBbIM BesSIHUEM: ANS
YCKOPEHMS BbIYUCIEHWUI O6LLErO Ha3HAYeHUs
Hayanu Mcnonb3oBaTbCs rpaduryeckme npoLiec-
copbl (GPU).

Kak ke noBnuanu nocnegHue apxuTekTyp-
Hble HOBLUECTBA Ha CKOPOCTb PeLLleHns peanb-
HbIX 3a4a4? 3TO Mbl NOMNbITAIUCh BbIACHUTb NPK
CpaBHWUTENbHOM TECTUPOBaHWU 3DHEKTUBHOCTH
pelweHns 3agayv, TMMMYHOM ANs MOAEeNMpoBa-
HUSA npoLiecca TMHENHON CBapKu TPEeHUEM, B
MPI-Bepcun nporpammHoro moayns ANSYS
Mechanical Ha ABYX Bbl4UCIUTESNbHbIX CUCTE-
Max, NPeACTaBAAOWMX Pa3nyYHbIe MOKONEHHS.
B TectMpoBaHUK 6blM 3a4eNCTBOBAHbI Y3/bl
Bbl4MCnUTENbHOrO Knactepa YIATY Ha 6Gase
npoueccopoB IntelXeonClovertown v rubpua-
HbI BbIYMCUTENbHbIA CepBep, B COCTaB KO-
TOPOro BXOAAT Kak 60onee HoBble NPoLEeccopbl
IntelXeonNehalem, Tak 1 rpadnyeckue npoLec-
copbl NVIDIA TeslaFermi.

Hapo otaaTh AOMKHOE MPOU3BOAMTENAM NPU-
KNagHOro MporpaMMHoro obecneyeHus, KoTopble,
BbICTYyNas B PONW JOTrOHSAIOWMX, CTapaTe/bHO
NpPon3BOAAT aganTaumnio CBOUX NPOrpaMMHbIX
KOMMJIEKCOB K HOBbIM BbIHUCNUTENbHBIM CUCTE-
MaM. M3BECTHbIN NaKeT KOHEYHO-31EMEHTHOIO
aHannsa ANSYS oaHuM U3 nepBbix 063aBesncs
noaaepxKow pacyetoB Ha GPU NVIDIA. Takas
BO3MOXHOCTb MOSIBMNACh B MOAY/1e TEPMOMNPOY-
HOCTHbIX pacyeToB (ANSYS Mechanical) ansa cu-

Puc. 2. 06pasubl, cBapeHHble ¢ nomouybio JICT

Puc. 1. BAMCKOBble KOHCTPYKLIUU, B MPOU3BOA-
CTBe KOTOpbIX BocTpe6oBaHa TexHonorua JICT

CcTeM c 06Len NamsATbio HavnHas ¢ 13-1 Bepcuu.
C BbIXx010M 14- BEPCUM TaKIKE CTano BO3MOXK-
HbIM BECTM pacyeTbl ¢ ucnosib3oBaHmem GPU B
Mozyne 15 CUCTEM C pacnpeieeHHON NaMaTbio,
npaeaa, NoKa 3a4encTBOBaTb MOXHO He 6onee
OAHOro rpaduyeckoro nNpoueccopa Ha BblYKC-
NMTEeNbHOM y3ne. B xoae Hawero TectupoBaHus
6bl1n ncnonb3oBaHbl 06e Bepcun ANSYS, yTo
NO3BOJIMIIO OLEHWTb HE TOSIbKO MpenMyLiecTBa
HOBOW BblYUCNUTENBHOM NAaTPOPMbl, HO U MNO-
JIOXKUTENbHbIN 3PDEKT YCKOPEHNUST KOMIMbIOTEP-
HOr0 MOZENMPOBaHUS NpU Nepexoie Ha HOBYIO
BEPCUIO NaKeTa.

JlnHenHas cBapka TpeHuem (J1ICT) B nocnen-
Hee BpeMs CTaHOBUTCS KITH0YEBOW TEXHOMOIMEN
GopmMUpoBaHUA CBapPHbIX COEAUHEHUN U3 TPYA-
HOCBapvBaeMbIx MaTepranoB. [lJaHHas TEXHOM0-
rMsl yCMeLwHo NPUMEHSIETCS B aBUACTPOEHMM MpK
NPOU3BOACTBE ra30TypPOUHHBIX ABUraTenen ans
«HapallMBaHUs» aeTanen BMecTo nx 06paboTKu
M3 3aroTOBKMW, @ TaKXe B PEMOHTHOM MPOU3-
BOACTBE.

B Poccun paboTbl N0 BHEAPEHUIO TEXHOOM MK
JNICT pons co3aaHus aBUaLlMOHHbIX ABUraTeNemn Ho-
BOr0 NOKONEHUS B HACTOSILLEE BPEMS NPOBOAATCS
Ha OAO «YdMMCKOe MOTOPOCTPOUTENTbHOE MNPO-
W3BOACTBEHHOE 06beanHeHne» (YMI0). Onpe-
feneHve onTUMMasbHbIX PEXMMOB NPOBEAEHUSA
CBapKM B 3aBMCMMOCTHM OT FeOMETPUM CBapuBae-
MbIX MOBEPXHOCTEN U UCMONb3YEMbIX MaTepuanos
TpebyeT npeaBapuUTeNbHOr0 MaTeMaTU4yecKoro
M KOMMbIOTEPHOrO MogenupoBaHusa. CootBeT-
CTBYlOLLME UCCNeJoBaHNS BeyTCH COTPYAHUKaMK
YMTO v YTATY no npoekTy «Co3gaHue TEXHONOr i
W MPOMBbILNEHHOIO MPOM3BOACTBA Y3/10B U J10-
NaToK ra3oTypOuHHbIX ABUraTenen ¢ obneryeH-
HbIMW BbICOKOMPOYHbIMW KOHCTPYKLUMSAMU ANS
aBWaLMOHHbIX ABUraTENEN HOBbIX MOKONEHUM»! ¢
npuBAEYEHNEM BbICOKONPON3BOANUTENbHbIX Bbl-
YUCNUTENbHbBIX PECYPCOB YHUBEPCUTETA.

CBapKa TpEHMEM — 3TO pa3HOBUHOCTb CBap-
KW AaBneHneM, Npu KOTOPOM Harpes OcCylecT-
BSIETCA TPEHUEM, BbI3BaHHbIM MepeMeLLeHUeM
[IPYr OTHOCUTENbHO Apyra coeanHSAeMbIX YacTewn
cBapuBaemoro usaenus. bnarogaps Tomy 4to B
npoLiecce TPeHUS TeNNOBbILENEHME NTOKANU30Ba-
HO B TOHKMX MPUMNOBEPXHOCTHbIX COSX MeTanna,
T. €. UMEHHO TaMm, rae 3T1o 1 TpebyeTcs, Takas
cBapKa o61agaeT psaoM BaxKHbIX JOCTOMHCTB.

Bbicokas Npov3BOANTENBHOCTb — MOJHbIN
LMK CBaPKM A/IUTCS BCEr0 OT OAHOM [10 HECKO/Tb-
KWUX CEKYHA.

Manoe notpebneHue aHeprun — B MNpo-
Liecce cBapKu maTepuan He [OCTUraeT TOYKM
nnaBfAEeHUs, U NPU 3TOM NPOrpeBaeTCs TONbKO

Hebonblwas 061acTb B6M3M MNIOCKOCTU KOHTaKTa
cBapuBaeMbIX YacTemn.

BbICOKOE KayecTBO CBapHOrO LWBa U CTabuib-
HOCTb KayeCTBa CBapHbIX COEANHEHUN.

B0O3MOXKHOCTb CBapKW METANIOB M CNNaBOB B
PasnnYHbIX COHETaHUSAX U CHUXKEHWE TpeboBaHWM
K NnpeaBapuTenbHOM NOArOTOBKE CBapMBaeMbIX
NOBEPXHOCTEN.

[UrneHnyHocTb npouecca (OTCyTCTBUE YNb-
TpadnoneToBOro U3ny4yeHus, BpeaHblX ra3oBbixX
Bbll€NIEHWUI, FOPSYNX 6PbI3T MeTaNNa U T. A4.) U ap.

B npouecce JICT Tenno Bbiagensetcs npu
BO3BpaTHO-MOCTyNaTeNbHOM [ABUXEHUW CBa-
pvBaeMbIX YacTewn ¢ YyacToton nopsigka 60 I n
aMnanMTyaon Ao 3 MM, CXKMMaeMbix ans o6paso-
BaHMWA MJIOTHOIO KOHTaKTa. BbliaensoT yeTbipe
ctaamu npouecca JICT. Ha Ha4yanbHOM cTaauu
cBapuBaeMble n34enus NpUBOAATCA B KOHTAKT
noj AaBfeHNMEM U HaYMHAETCH UX OTHOCUTENbHOE
[ABUXEHWe, CONPOBOXKAAEMOE M3HOCOM LIEepo-
xoBaTocTew. B nepexogHow ctagum NnpoucxoauTt
HarpeB v ynpyroe ged®opmMuMpoBaHue U3Lenunn
(ynpyras ctagus). [Mpun gOCTUKEHUU Npeaena Te-
Ky4ecTu HacTyrnaeT paBHOBeCHas CTaaus, xapaK-
Tepuaylollascsa oceBbliM yKopainmBaHuem. po-
MCXOAMT BbITECHEHWE MNACTUYHOro MaTepuana
M3 30Hbl KOHTaKTa (puc. 2). Ha 3aBepLiatoLen
CTaflMn MexaHM4eCcKoe ABUXKEeHWE 3aBepLliaeTcs
1 K 06pasLam NpuKnagbiBaeTca JONOAHUTENbHOE
faBfieHne (MpoKoBKa) AN o6pa3oBaHua cBap-
HOrO COeMHEHUS.

Heo6xoaAMMO OTMETUTL, HTO KOMMbIOTEPHOE
MOZAeNMpoBaHWe TONbKO YNPYron cTaauu npouec-
ca JICT, koTopasi Ha NpaKTuKe AnuTcs okono 0,2
CeKyHAbl, 3aHMMaeT B NOCeA0BaTEIbHOM PEKU-
Me OKOJI0 Hefenu. Mo3aTomy roBOpuTh 0 pacyeTe
NosHOM Moaeny 6e3 NpUBAeYeHUs NapannenbHbIX
BbIYUCNEHWI HE NPUXOANTCS.

BbicoKas Bbl4MCAMUTENbHAS CNOXHOCTb MO-
[enMpoBaHus onpeaensieTcs cneayowmMmm Kito-
4eBbIMU 0COBEHHOCTAMM paccMaTpuBaemom 3a-
Aayv. bonblune HanpsXKeHus B 061aCT KOHTaKTa
NPUBOAAT K MHTEHCUMBHOMY TEMOBbIAENEHMIO U
pe3KnM nepenagam temnepaTyp, BCIecTBUE Hero
npv MoAeNnpoBaHUK TpebyeTcs MenKas ceTka.
BbinonHsieTcs cBA3aHHbIM pacyeT MPOYHOCTHOM U
TennoBon 3agay. bbicTpoTe4YHOCTb NpoLecca o06y-
CnoBAvBaeT He06X0AMMOCTb BbiGOPa ManeHbKoro
(104...10° ¢) wara no BpemMeHu 411 CXOAUMOCTH
pacyeTHbIX METOAOB. TaKKe MpU peleHnn yyu-
TbIBaOTCH 3aBUCHMOCTU MEXaHUYECKMX U TENNO-
$13MYECKMX CBOMCTB MaTepuana oT TemnepaTypbl
(pn3nyeckasa HENMHENHOCTb) U UBMEHEHWE Ha-
rpy3oK (nepemMelleHre, AaBneHne) ¢ Te4eHneMm
BPEMEHU (KOHCTPYKTUBHAsA HENMMHENHOCTD).

F
J

Puc. 3. CxemaTuyecKas reomeTpuyeckas
mopaenb
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XapaKTepUCTUKU BbIYUC/IUTE/IbHbIX Y3J10B, 3a4eiCTBOBaHHbIX A1 TECTUPOBAHUA

MukoBas

BbluncAnUTENbHbIE Y31bl, e 5 KonunuectBo s L Onepat1BHas
roj yctaHoOBKU yana 3a4enCTBOBaHHbIX y3/10B namMmaTb
IBM HS21, komMm. cpeaa 8-64 GB, DDRII 667
InfiniBand 10 Gbps, 74,56 GFlops [0 64 = '”532(58325345 HeT MHz, ECC,
2007 . : FB-DIMM
; 140,64 GFlops (2xCPU)
IBM iDataPlex dx360 1”030 Grione (2xGPU) 1 2x IntelXeon 5670 2,93 2xGPU NVIDIA Tesla 48 GB, DDR3 1 333

M3, 2011 . GHz M2050 MHz, ECC

=1170,64 GFlops

2 16 24 32
—4—y13, ppn=8

=——yld, ppn=8

—i—v13, ppn=4

ey 14, ppn=4

40 43 56 [
—d—vy13, ppn=1

—8—v14, ppn=1

Puc. 4. YcKopeHue B 3aBMCUMOCTH OT YUCNa Aaep Npu pacyete Ha y3nax HS21 otHocuTenbHO
BpeMeHM pacyeTa Ha ogHoMm aape y3na HS21 B ANSYS v13

MTaK, B xo[ie HaWero CpaBHUTENBHOMO TECTU-
poBaHus GblI0 UCCNEA0BAHO BPEMS PeLIeHUs
Ha pasfiMyHbIX BbIYUCAUTENbHBIX NaaTdopmax
(Tabn. 1) TepMONPOYHOCTHOM 3aa4m MOLENUPO-
BaHus ynpyrow ctagnn JICT cTanbHbIx 06pasLoB
[10 BO3HWMKHOBEHMS MaacTu4yecKkux gedopmanui
cpeactBamu MPI-Bepcum nporpaMmMHOro Moayns
ANSYS Mechanical. leomeTpryeckas moaenb
COCTOWT U3 ABYX 06pa3L,0B NPSIMOYrosibHOM Gop-
Mbl, PACMOMIOXKEHHbIX OAWH Ha ApYyrom (puc. 3).
Mopenb conepxut 18 432 anemMeHTa cpeiHuUM
pasmepom 0,55 MM. Ha Ka)KaoM BpeEMEHHOM
ware metogom SPARSE peliaetca cuctema 0Koo
300 TbiCY ypaBHEHUN.

[na Havyana paccMOTPUM YCKOpPEHMe Npu
napannefnbHOM pelleHnn Hawwen 3agayn B MPI-
Bepcun ANSYS v13 v v14 Ha BblYUCIUTENbHbIX
y3nax IBM HS21 (puc. 4). YckopeHue npuBeaeHo
OTHOCWTENIbHO BPEMEHU NOCeA0BaTeNbHOIo pac-
yeTa Ha 1 gape B ANSYS v13. MakcumanbHoe
YCKOPEeHMe, IOCTUTHYTOE Ha 64 aapax, CoCTaBUIo
oKono 25. [lancHeillee yBennyeHve yucna saep
He NPOM3BOAWIOCH B CUTY OFPAHUYEHHOrOo Yncna
JIMLEH3UI. BUAHO, 4T0 Npu GUKCMPOBAHHOM YHC-
Ne napanfieNbHbIX NPOLLECCOB U COOTBETCTBEHHO
BblYUCNIUTENbHbIX A4ep pacyeT uaet GbicTpee,
€C/1 Ha y3/1e 3a[1eNCTBOBaTb KaK MOXHO MeHbLUe
BbIYUCUTENbHBIX S4ep, TaKUM 06Pa30MMUHU-
MU3WUPYS KOHKYPEHLIMIO NpoueccoB 3a obLune
pecypcbl. TakKe HabntoaaeTcs BbIMMPbIW OT UC-
nonb3oBaHuns HoBoM, 14-1 Bepcum ANSYS: B
cpeaHeM pacyeTbl MayT Ha 5% 6bicTpee.

A Tenepb nepenaemM K pesdynbrataM TecTu-
pOBaHUs Ha rM6pPUAHOM y3ne ¢ rpadryecKuMu
npoweccopamu (puc. 5). YcKopeHne pacCMOTPEHO
OTHOCWTENbHO TOW e BEeNNYMHBI, 4TO U paHee. 3a-
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METHO NPEeXMYLLECTBO OT UCMONb30BaHKs 6onee
COBpeMeHHbIX npoLieccopos Intel: npu pacyete
Ha 8 aapax BHyTpW OHOr0 y351a Npon3BOAUTENb-
HOCTb BblYMCIEHMI BO3pacTaeT 6onee 4em B 2,5
pasa. MakcumanbHoe ycKkopeHue cunamu CPU
nosy4yeHo Npu pacyeTe Ha 12 agpax B HOBOM Bep-
cun ANSYS (v14, CPU Ha puc. 5). 3gecb ucnonb-
30BaHne 14-i BEpCUU AaeT CyWweCcTBEHHbIN (40
1,5 pa3) BbIMIpbIll OTHOCUTENBbHO NpeablayLien. B
npugady K 6onee Npon3BOAUTENBHOMY CHETY Ha

CPU MPI-Bepcus nporpaMmmHoro moayns ANSYS
Mechanical v14 no3BongeT 3aencTBoBaTh A1
YCKOPEHMS BbIYMCNEHNI Ha y3/1e OAWMH rpadurye-
CKMM npoueccop. B pe3ynsraTte ygaetcs 4OCTUYb
PEKOPAHOro NoKazaTtens NPOU3BOANUTENIbHOCTU C
MCNoNb30BaHWEM OHOr0 HOBOIO BblYUCIUTEb-
Horo y3na (v14, CPU+GPU Ha puc. 5): Bpems
pacyeTa 3agayun Ha 8 aapax CPU 1 ogHom GPU
3KBMBaNEHTHO BPEMEHM pacyeTa Ha 32 agpax 8
y3n0B HS21 BblMMCAUTENBHOIO KNacTepa.

Bonee Toro, He cToUT 3a6bIBaThL, YTO BTOPOK
rpaduyecKui npoL,eccop ruépruaHOro y3na octan-
¢ He3aeCcTBOBaHHbIM. B CBS3W € 3TUM Npw He-
06X04MMOCTH NPOBEAEHNS MAaCCOBbIX pacyeToB
npeacTaBnsieTcs paLuoHanbHbIM 3anyckaTb Ha
y3ne 2 3agayu, ckaxkem, Ha 4 agpax CPU n ogHoM
GPU Kkaayto. COOTBETCTBYIOLME IKCMEPUMEHTDI
(v14, CPU+GPU (2x) Ha puc. 5) nokasanu, 4To
COBMECTHbII 3anycK He3Ha4YUTeNbHO 3aMeanseT
BbIMOSIHEHWE KaXKAoM U3 3aaad, TeM caMbIM MO-
3BONSAA NPAKTUYECKU YABOUTb MPOU3BOAUTESb-
HOCTb MacCCOBbIX BblYMUCeHUA. PaKTUYEeCKH
nosiy4yaeTcs, 4TO A1 pacCMOTPEHHOrO Knacca
3aja4y HoBas rMbpuraHasa cucteMa no peanbHON
NPOW3BOANUTENIBHOCTM MOXET 3aMEHUTL YXKE He
8, a 0K0/10 12 «06bI4HbIX» Y310B!

B LLenoM MOXHO KOHCTaTMPOBaTh, YTO MUHK-
MasibHOEe BPEMS PeLIeHUss TEPMOMNMPOYHOCTHOM
3afayu, TMNMYHOW ANS MOAENNPOBaHMUS npoLiecca
JIMHENHOW CBapKMU TPEHUEM, JOCTUIHYTO Ha MHO-
YKEeCTBE y3/10B BblYUCUTENbHOMO KacTepa Ha
6a3e npoueccopoB IntelXeonClovertown. Tem He
MeHee rMbpuAaHbIN cepBep NoKa3a Bnevyatnsio-
LLYIO MPOU3BOAMTENBHOCTb. A 3TO 3HAUMUT, YTO CO-
BPEMEHHbIe MPorpaMMHO-annapaTHble peleHns
NMO3BONSAIOT BbIBECTY MOAENMPOBAHNE Ha HOBbIV
Ka4yeCTBEHHbI YPOBEHb.

1 TpoeKT peanusyeTcs B paMKax noctaHosnexus N° 218 npa-
Butensctea PP ot 09.04.2010 r. «<O Mepax rocyaapCTBEHHON
NOAAEPKKM Pa3BUTUS KOOMEPaLIMN POCCUIACKMX BbICIIMX Y4EGHBIX
3aBe/ieHNI M OpraHnu3aLuii, peann3yloLLuX KOMIIEKCHbIE MPOEKThI
10 CO3/]aHMI0 BbICOKOTEXHOIOTMYHOTO NMPOU3BOACTBAY.
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Simulation of linear friction welding processes
in hybrid computing system

R. Gazizov, A.Yuldashev, A.Yamileva
Ufa State Aviation Technical University

Apparently the world of parallel computations
will never halt to repose. Throughout the past
decade world ratings have taken over cluster
systems thus pressing any alternative architec-
tures aside. Concurrencyexceeded the bounds
of the supercomputer world and explicitly mate-
rialized itself in personal computers. Standard
processors (CPU)x86 no longer surprise us with a
systemically growing number of processor cores.
Recent years have been marked by a new trend:
in order to accelerate general-purpose computa-
tions graphic processors (GPU) came into use.

So how did architecture innovations affect
the speed of tacklingactual tasks? We tried to
figure it out while benchmark testing aimed at
assessing the efficiency of solving tasks that
may typically occur in modeling a linear friction
welding process using MPI version of ANSYS
Mechanical software module on two computing
systems of different generations. Testing implied
the use of USATU computational cluster nodes
based on Intel Xeon Clovertown processors and
a hybrid computational server consisting of both
new Intel Xeon Nehalem processors and NVIDIA
Tesla Fermi graphic processors.

Credit shall be given to producers of applica-
tion software that are constantly trying to catch
up by diligently adapting their software solu-
tions to new computing systems. A well-known
ANSYS FEA package was one of the first to en-
sure calculation backup at GPU NVIDIA. Such
an opportunity appeared in a thermostrength
calculation module (ANSYS Mechanical) for
shared-memory systems starting with version
13. When version 14 appeared it also became
possible to carry out calculations using GPU in a

Fig. 2. Samples welded through LFW

Fig. 1.Blisk structures produced using LFW
technology

module for distributed-memory systems, however
still no more than one graphic processor can be
used on a computational node. While testing
we used both ANSYS versions which allowed
us to estimate not only strong points of a new
computing platform, but also that positive effect
of accelerated computer modeling after shifting
to a new package version.

Linear friction welding (LFW) has lately be-
come a key technology of forming welded joints
from difficult-to-weld materials. This technology
is successfully employed in aircraft engineer-
ing while manufacturing gas-turbine engines
for «building up» details instead of processing
them from workpiece, as well as in maintenance
operation.

In Russia integration of LFW technology for
developing a new generation of aircraft engines
is effected by UMPO JSC(the Ufa Engine Industrial
Association). Identification of optimal welding
modes depending on the geometry of welding sur-
faces and utilized materials requires preliminary
mathematical and computer simulation. Relevant
studies are now being conducted by UMPO and
USATU specialists within the project called «De-
velopment of Technologies and Establishment
of Commercial Production of Nodes and Vanes
of Gas-Turbine Engines with Light-Weight High-
Strength Structures for Next-Generation Aircraft
Engines»1 using high-performance computational
resources provided by the university.

Friction welding is a type of pressure welding
when heating is ensured through friction caused
by motion of connectable parts of a weldable
product sliding against each other. Sinceheat
emission during friction is localized in thin near
surface layers of metal, i.e. where it is exactly
required, such welding has a number of undeni-
able advantages.

High performance — a complete welding cycle
lasts from one to several seconds.

Low energy consumption —the material does
not reach its melting pointwhile welding, and only
a small area around the contact plane of welded
parts warms up.

High quality of weld and consistency of
welded joints.

An opportunity to weld metals and alloys in
various combinations and reduction of require-

ments as to preliminary preparation of welding
surfaces.

Absolutely hygienic process (lack of ultraviolet
emission, noxious gas emissions, weld spatters,
etc.) and things like this.

During LFW heat releaseoccurs aswelded
parts that are pressed to each other to ensure
firm contact are moving back and forth against
each other at approximately 60 Hz and with am-
plitudeof up to 3mm. LFW process is divided into
4 stages. At the primary stage weldable products
are brought into contact under pressure, and
their relative movement starts accompanied by
roughnessdeterioration.The transition stage is
characterized by such processes as heating and
product elastic deformation (elastic stage). As
the flow limit is reached the balance stage takes
place which is characterized by axial contraction.
Plastic material is expelled from the contact area
(Fig. 2). At the final stage mechanical motion
ceases and additional pressure is applied to
samples (postweld upsetting) in order to form
a welded joint.

Itis important to note that computer modeling
of LFW elastic stage only which in actual prac-
tice lasts around 0.2 seconds takes in a serial
mode around a week. Therefore a comprehensive
model calculation without parallel computations
is deemed unreasonable.

High computational complexity of simulation
is determined by the following key features of the
task under consideration. High pressures in the
contact area cause intensive heat release and
rapid temperature change, consequently a fine
grid is required in modeling. Coherent calculation
is accomplished for strength and heat tasks. The
process short duration stipulates the need to opt
for a short step (10...10° sec) for convergence
of calculation methods. In task solving account
is also taken of the dependence of mechani-
cal and thermophysical properties of materials
on temperature (physical nonlinearity) and load
variation (relocation, pressure) over time (con-
structional nonlinearity).

Thus, in the course of our parallel testing

solution time was studied at various computing
platforms (table 1) which is required to tackle a

F
S

Fig. 3. A schematic geometrical model
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Characteristics of computational nodes employed for testing

Computational nodes,
installation year

IBM HS21, com. envir.
InfiniBand 10 Gbps,
2007.

74,56 GFlops

IBM iDataPlex dx360

g, 20 = 1170,64 GFlops

Node peak performance

140,64 GFlops (2xCPU)
+ 1 030 GFlops (2xGPU)

Number of nodes

involved Processors
2x Intel Xeon 5345
upto 64 2,33GHz
1 2x IntelXeon 5670 2,93

GHz

o+ | 4
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Fig. 4.Acceleration depending on the number of cores when calculation is accomplished on HS21
nodes in relation to calculation time on one core of HS21 node in ANSYS v 13

termostrengthtask of modeling LFW elastic stage
for steel samples prior to plastic deformations
using ANSYS Mechanical software module of
MPI version.

A geometrical model consists of two rectan-
gular samples located one upon the other (Fig.
3). The model contains 18 432 elements with
average size of 0.55 mm per element. Through
SPARSE method around 300 thousand equations
are solved at each time step.

To begin with let us consider acceleration
in parallel task solving using ANSYS v13 and
v14 of MPI version on IBM HS21computational
nodes (Fig. 4). Acceleration is shown in relation
to time of consecutive calculation for one corein
ANSYS v13. Maximum acceleration achieved with
64 cores amounted to around 25. No further
increase in the number of cores followed due to
a limited number of licenses. It is evident that
with a fixed number of concurrent processes and
consequently computational cores calculation is
accomplished much faster, if as few computa-
tional cores in a node are used as possible which
minimizes competition of processes for common
recourses. Besides, the use of new ANSYS v 14
is undoubtedly advantageous: calculation speed
has on average increased by 5%.

And now let us pass over to the results of
testing conducted on a hybrid node with graphic
processors (Fig. 5). Acceleration is viewed here in
relation to the same value as before. Evident are
the benefits of using more advanced Intel proces-
sors: calculation being accomplished on 8 cores
calculation performance inside one node increas-
es more than 2.5 times. Maximum acceleration
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by CPU efforts is achieved when calculation is
accomplished on 8 cores using a new ANSYS
version (v14, CPU, Fig. 5). Application of version
14 here ensures a significant (up to 1.5 times)
advantage as compared to the previous one. In
addition to a more productive CPU computation
ANSYS Mechanical v 14 software module of MPI
version gives as opportunity to use one graphic
processor to accelerate calculations in a node.

Accelerators RAM

8-64 GB, DDRII 667
no MHz, ECC,
FB-DIMM

2x GPU NVIDIA Tesla
M2050

48 GB, DDR3 1 333
MHz, ECC

Consequently a record performance parameter
is reached using one new computational node
(v14, CPU+GPU, Fig. 5): time required for a task
computation on 8 CPU cores and one GPU is
equivalent to calculation time on 32 cores of 8
HS21 nodes of a computational cluster.

Moreover one should not forget that the
second graphic processor in a hybrid node has
been left untapped. Thus when the need arises to
accomplish large-scale calculations it is deemed
reasonable to launch 2 tasks per node, say one
on 4 CPU cores and one on a GPU core. Relevant
experiments (v14, CPU+GPU (2x),Fig. 5) have
shown that parallel launch slightly slackens the
accomplishment of each task thus allowing to al-
most double large-scale calculation performance.

It actually turns out that for the class of
tasks considered the hybrid system in terms of
its performance may replace not 8 but already
12 ‘ordinary’ nodes!

Upon the whole it may be stated that mini-
mum time required for tackling a thermostrength
task typical of LFW simulation is achieved at
numerous nodes of a computational cluster
based on Intel Xeon Clovertown processors. Still
a hybrid server has demonstrated an impressive
performance. And that means that advanced
hardware/software solutions give a chance to
bring simulation to a totally new level.

1 The project is implemented under Resolution No.218
of the Government of the Russian Federation of April 9,
2010 «On Measures of State Support of Development
of Cooperation of Russian Higher Educational Institu-
tions and Organizations Implementing Complex Projects
Creating Hi-Tech Production Facilities».
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Fig. 5. Acceleration depending on the number of cores when calculation is accomplished
on iDataPlex dx360 M3 node in relation to calculation time on one core of HS21 node in ANSYS v 13




[ToumeHeHne CFD KopoB
CFD Codes Application




CEMWHAP

[Tpobnembl BepudmKkaumnm n npumeHenmnsa CFD-konos

Bceo6wui MHTEpec ANns aTOMLMKOB Ha
CErofHAWHU’ JeHb NpeAcTaBASAIOT BOMPO-
cbl BepudpuKaumm KoaoB, YTO NOATBEPAUN
ABYXAHEBHbIW Hay4YHO-TEXHUYECKUWA CEMMU-
Hap «[lpo6nemMbl BepupUKaLuUunm U NnpumeHe-
Hua CFD-kopgoB», opraHusoBaHHbii OKBM
AdpukaHTOB. B pa6ote ceMMHapa NpUHAIMU
yyactue 6onee 120 yenoBek U3 20 Becbma
yBaxaembIX NpeAnpUATUIA oTpaciau.

MpeaBapsas BbICTYNNEHUS Y4aCTHUKOB, YeH
NpPOrpamMMHOro KoM1TeTa, 3aMecTUTENb Havab-
HUKa LleHTpa noaaepKu NPOeKTUpPOBaHUS U
MHbOPMaLMOHHbIX TexHonorun ASC OAO «BHU-
MA3C» C. J1. ConoBbeB OTMETU:

— OYeHb CUMBOJIMYHO, YTO MepBas KOHPePeH-
LS MO NPOMBILIEHHOMY Mcnonb3oBaHuio CFD-
KOAOB MPOXOAMT Ha HUMKErOPOACKOM 3emiie. B mae
2003 roga B CapoBe BMepBble B Hallel cTpaHe
paccmaTtpuBanmch NePCNeKTUBbI Pa3BUTUS MHOMO-
MEPHbIX U MHOropasHbIX PacHETOB B aTOMHOM OT-
pacnu. Toraa NoMUNIMOHE KOHTPO/IbHBIX 06bEMOB
CYMTanUCh 3anpeaenbHom BenmymHon. Cenyac Mbl
BbIXOAMM Ha MUAWapabl U CTaBUM BOMPOCHI 06
aTTecTaLnm ¥ NPOMbILIEHHOM NMPUMEHEHWN KOLOB.

— KpaltHe BaXHOM 1 aKTyanbHOM 3ajavew 8-
nseTcs pa3paboTka oTevyecTBeHHbIX CFD-Koa0B, K
KOTOPOM MPUCTYMWIIM MHOTUE HallW NpeanpuaTus,
1 30eCb O4EHb BaXKHa KOHLEHTPaLMA YCUITUI KaK
pa3paboTYNKOB, TaK U KOHCTPYKTOPOB, CNELM-
anncToB B 061aCTH IKCMEepPUMeEHTanbHbIX PaboT.
Hapo noHumaTb, 4To 6€3 BepudmKaLmm KOAOB

‘Bepudpmkauns Ha

[HU-PO @:

0oTeYeCTBEHHOE NPorpaMmHoe obecneyeHune npo-
CTO He COCTOUTCS, — MOAYEPKHYN 1 3aMeCTUTENb
HayalbHMKa MaTeMaTU4eCKoro otaeneHns MHetu-
TyTa TEOPETUYECKOM U MaTEMATUYECKON GUBNKHK
POAL-BHUN3®D A. H. F(pe6eHHUKOB.

HypHan «<ATOMHbIW NPOEKT», BbICTYMUBLLWI
B KayectBe obuLManbHOro MHGOpPMaLMOHHO-
ro naptHepa JaHHOro ceMuHapa, npegnaraert
BHWMaHWIO YuTaTenem HeKoTopble BbICTYNIEHHUS,
nocBsLLeHHble BepuduKaLnm KoLoB.

Problems of CFD Codes Verification and Application

Issues of codes verification are of great
interest for all atomic specialists now. The
fact was revealed once again by the seminar
«Problems of CFD Codes Verification and
Application» held by OKBM Afrikantov. 120
representatives of the top companies of the
industry participated in the seminar.

S. Solovyov, a member of the program
committee and Deputy Head of the Center for
Design and NPP IT Support, VNIIAES JSC, said
at the opening ceremony of the seminar:
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— It is symbolic that the first conference on
CFD codes industrial application was organized in
the Nizhny Novgorod region. It was the first time
when application of multivariate and multiphase
calculations in the nuclear industry was considered
in Sarov in May 2003. That time half a million of
sample volumes was believed to be an incredible
figure. Now we have almost billions of volumes,
thus issues of attestation and industrial application
of the codes have been placed on the agenda.

— Development of Russia-made CFD codes
is an urgent problem that is being solved by

many companies. Joining efforts of developers,
designers and specialists in experimental works
is of vital importance. It is clear that there will
be no Russian software without verification of
codes, said A.N. Grebennikov, Deputy Head
of Mathematical Department of the Institute
of Theoretical and Mathematical Physics of
VNIIAEF.

The «Atomic Project», an official
information partner of the seminar, publishes
some presentations on the codes verification
issue.




[lpo6nembl atTTecTaLMm KoaoB

CFD-knacca

C. /1. ConoBbeB

LleHTp noAepPKKU NPOEKTHPOBaHUSA
U MHPOPMALIMOHHBIX TeXHoNnorum A3C
OAO <BHUUAIC»

Ye B Havane 2000-x 6bl/1I0 ACHO, 4TO NPO-
MbllWwneHHoe npumeHeHne CFD-KofoB He 3a ro-
pamu, U Hago aymatb O TOM, KaK Mbl UX Byaem
BepnduLMpoBaThL M aTTeCTOBbIBaTL. HecMoTps
Ha TO, YTO B Te rofibl eLle He Yy MHOTUX MPOEKTH-
POBLLMKOB M KOHCTPYKTOPOB 6blNl Ha CNyXy cam
TepMmuH «CFD-Koabl», He rOBOPS yXKe 0 AoBepum
K HWM, cenyac B TEXHMYECKOM 3adaHunn 60/b-
LIMHCTBa MPOEKTOB YETKO CTaBUTCA 3agada 060-
CHOBaHWS TEX UM UHBIX NapaMETPOB C MOMOLLbIO
CFD-kopoB.

Ecnu e Mbl nocMoTpuM deaepanbHyto Le-
NeBY0 NporpaMmy «faepHble TEXHONOMMU HOBOMO
NMOKOEHUs», TO Tam B NnaHax pabot ao 2015 roga
nnaHupyetcs maccoas atrectauusa CFD-kofoB.

Kak n3BecTHo, ropasao paHblue, 4em y Hac,
CFD-Koabl cTapToBanu Ha 3anaje, N03TOMy OMbIT
X NPUMEHEHUS 4151 CaMblX pa3HO06pa3HbIX 3a-
[la4 aTOMHOW 3HEepreTMKun oT 060CHOBAHMS TEXHU-
4yecKomn HagexHocT TBC 4o nacCuBHbIX CUCTEM
6e30MacHOCTH YXKe LUMPOKO UCMONb3YETCS.

Mbl 3HaeM, 4To y Hac ecTb Npob6aemsbl ¢ aT-
TecTaunen OAHOMEPHbIX TEMIOrMAPABANYECKUX
KOZOB. A ceryac peyb MAET yXKe 0 TpeXMepPHbIX
Kogax. KaK e Mbl 6yaeM UX aTTecToBbiBaTb?
Y1o 6yaeT ABNATLCS KPUTEPUEM MUCTUHBI? YTO
MMEHHO Mbl 6yaem aTTecToBbIBaTh? Hanpumep,
ecnu nepej HaMu CTOUT 3ajadva ONTMMMU3aL K
NMPOTOYHbIX YaCTeN, HYXHbl I HaM BepUPUKa-
LIMOHHbIE pacyeTbl NO MOASM CKOPOCTEN UK
[OCTAaTOYHO MO MOASM AaBfIEHUIN, OTCYTCTBUS
BMXpen U T. 4.7 Beab Korga mMbl aTTecToBbIBaeM
OAHOMEPHbIV TENNOrNAPABANYECKNI KOfl, Mbl XKe
He aTTecToBbIBaeM OTAENbHO 3aMblKalolmecs
OTHOLUEHWS, OTAENbHO — KapTy PeXxuMOoB, TO
€CTb, Mbl MPAKTUYECKMN HE TPOTraeM BHYTPEHHIOO
HaYMHKY.

Ewe oanH Bonpoc ansa obeyxaeHusa. Ha-
YMHaeTca MaccoBas BepubmKauma Kogos. Ho
ecnv Mbl He BbipaboTaem 06LLMX MOAXOA0B ee
npoBeAeHUsi, HECOMHEHHO, ByAeT 3a4eMCTBOBaH

aAMUHUCTPATMBHbIV pecypc, U Toraa aTtectauus
MOMET MOWTU COBCEM B APYroM HamnpaBfiEHUMU.
[Mo3TOMy O4YeHb BaXHO KaK MOXHO 6bicTpee
onpenennTb HEKWE NpaBuia, KOTOPbIM Bce Oy-
[yT NOAYNHATLCS.

MUTaK, 4TO e ABNSeTCca KpUTEPUEM OLIEHKN?
JleT naTb Ha3ag y MeHs Gbln MPUMEPHO TaKkon
xoA mbicnew: CFD-Kofbl N0 cpaBHEHMIO C OHO-
MEepHbIMUK BNMKE K aHaNUTUYHOCTU. Hago nu Ham
aTTecToBbIBaTb aHaNUMTUYeCKoe pellieHne? [la
Bpoae 6bl HET. CTOUT NMLIb MNPUrnacuTb Cheum-
anucrta, NoNpPoCUTb ero NOCMOTPETb, KOPPEKTHA
JIM YUCNEHHas CXxeMa, CXOUTCS JIM OHa, U 3TOro
focTaToyHO. Ha camoM gene B COBPEMEHHbIX
KOMMEPYECKHMX, Aa U B HALLMX KoJax AOCTaTO4HO
MHOro Mozenein Typ6yneHTHOCTH, camMblX pas-
HOOGpa3HbIX, pa3HbiX MOAXOAOB, YTO co34aeT
[O0CTaTO4HO 60MblIOE Nnone ANs «MOAKPYTKU»
pesynbraToB. [103TOMY BCe-Taku CTporue npo-
Lleaypbl aTTecTalmm AOMKHbI GbITb BbIMO/HEHbI.
Mpu aTom BaHO, 4TO6bLI B TOM cryyae, Koraa
aTTeCTOBbIBAETCS KO Ha OAHY U Ty e 06/1acTb
NPUMEHEHUS, OH GblN BEPUPULIMPOBAH Ha Npu-
MEpPHO MOXOXMX 6adax AaHHbIX. ONbIT BepudHm-
KaluuKu TENNOrMAPaBINYECKUX KOJOB 3a4acTyio
NoKasbIBaEeT, 4TO 06/1aCTb MPMMEHEHMS OAHA U
Ta e, a 6a3a 4nq atrectaumm 6epetcs pasHas,
M3-3a Yero BO3HWKAET MHOIO [10MONHUTESbHbIX
BOMpocoB. PopMannsaLms OLEHKM HyXKHa, 4TOObI
He 6bl/I0 CUTyauuK, Korga OaHU Tak CHUTAIOT No-
rPELIHOCTb, APYrMe — No-ApyroMy, OPUEHTUPYSCH
Kax[bl Ha CBOM BKYC.

Ecnv net 12 Hazag, KaK ye roBopuau, y Hac
6bl10 cnaolHoe HegoBepue K CFD-Komam, To
cenyac HabnoaaeTcs HeKas X NepeoLieHKa: 4To
¢ nomoubto CFD-pacyeToB MOXKHO 06ecneynTb
TOYHOCTb NMPaKTUYECKU Nt0GLIX PE3YNLTATOB HE
MEHbLLE YEM B 3KCMEPUMEHTE. ITO YyTBEPKAEHME
He crnpaBeannBo. B 3aBMCMMOCTHM OT yCloBUI
pacyeTa pe3ynbTaTbl MPUMEHEHUS KOAOB MOTyT
04YeHb OTIMYaTbCa Apyr OT Apyra. B muposon
NpaKTUKe CTaBUTCA 3aavya 06beanHEeHUs npe-
LIM3UOHHbIX KogoB: CFD, TepMoMexaHUYECKHX,
GUBNKO-XMMUYECKUX U APYrMX. YTOGbI HaM He
oTcTath — a y Hac K 2020 rogy ctaBaTcs Moxo-
We 3a/1a4n — HaJo cenyac yKe aymaTb O TOM,

SEMINAR

KaK Mbl 6yaem BeprdurLMpoBaTh TaKUE CIOXKHbIE
KOMIM/IEKChI.

HepnaBHO Mbl ¢ Konneramun no6biBanu B Ko-
pee Ha MexayHapoaHom KoHdbepeHuumn no CFD-
pacyeTtaM. U 9 B3s1 OTTyaa paboTy HEMELLKUX
cneunanncToB, KOTOpble MPOBOAMAN pacyeT ¢
nomoliubto CFX-Kofa Takon 3agayu, Koraa B Tpyoy
NnoJaloTCs }MAKOCTU C pa3HbIMKU TemnepaTtypa-
Mu. Ee pelueHne o4eHb BaXKHO C TOYKM 3peHMs
TEPMOUMKIIMKK. 3afady peLiany ¢ pasHbiMU Npu-
ONMKEHMAMU, KOMOUHUPYS pa3Hble NOAXOAbI.
Pesynbratbl pacyeTtoB KBannMOULMPOBAHHbBIX
nonb3oBaTenen CylWecTBEHHO MEHSAUCL B 3a-
BMCUMOCTM OT NPUMEHSEMbIX MOAXOLO0B.

Y70 ke BoObLe TaKoe «TOYHOCTb PacyeToB»?
YTO Mbl XOTUM MONY4MUTL? HeobxoanumMo 3apaHee
onpefenvTbCs, Kakne napamMeTpbl B JaHHOM pac-
yeTe And Hac ABNAIOTCS AENCTBUTENBHO BaXKHbI-
MU. JIN6O 3TO TEPMOUMKINKA, U TOrga BarKHbI
YacToTa M TEPMOMMKK, TMBO 3TO CKOPOCTb pocTa
KaKOoro-To napameTpa, MakCMmalbHOe ero 3Ha-
yeHue. TakMe NoAXoAbl YCMNELWHO NPUMEHSIOTCA
3a py6exxoM. M Ham Hafo MX UICNONb30BaThb YyXKe
B CBOEW NMpaKTuKe, BEpUPULMPYS OTEHECTBEH-
Hble Kofbl.

B npvHumMne cyuiecTBylowmne TpeboBaHus K
BepUOUKALIMOHHOMY OTYETY, U3AaHHbIE ele B
2000 roay, npu cOOTBETCTBYIOLWEN AOpPabOoTKe
ABASAIOTCSH BNOSHE MOAXOAAWMM bYHAAMEHTOM
4ns BbIpabOTKM cneunduyecknx TpeboBaHum
K attectaumm CFD-KogoB. TeM He MeHee HyX-
HO MCMONb30BaTb M3 HUX HEe BCe MoApssa, a, B
4aCTHOCTH, BbipaboTaTb COOGCTBEHHbIE KPUTEPUU
OLEHKM TOYHOCTH.

[MocKonbKy BEpUPHKaALMOHHbIE KCMEPUMEH-
Tbl ceryac 6ypHO pa3BMBAOTCS, O4EHb BaXKHO
€03aaTb 0TpacneBov 6aHK OLEHEHHbIX IKCNEePU-
MEeHTasbHbIX JaHHbIX N aHaIMTUYECKUX TECTOB,
4YTOO6bI Mbl MOI/IM @TTECTOBbLIBaTb CBOM KOAbl Ha
MaKCUMasbHO LUMPOKOKM 6a3e. A TaK KaK B pam-
Kax @I npegycmMoTpeHbl JOCTaTOYHO 6oNbluMe
cpeAcTBa Ha MPoBeAEeHNE IKCMEPUMEHTOB, HaA0
COBMECTHbIMMW YCUANAMM AOBWTLCSH A0060PYAOBa-
HWUS UX HEOBXOAMMbBIMU CPEACTBAMU U3MEPEHMUS,
4YTO6bI MOMyYaTb NONHOLEHHbIN BEPUDUKALMOH-
HbIW NPOAYKT.

Challenges in CFD-codes

attestation

S. Solovyov
Center for Design and NPP IT Support,
VNIIAES

In the early 2000s it was quite clear that
CFD codes would be used in industry pretty
soon, and it was necessary to decide how they
must be attested and verified. Despite the fact
that not many developers and designers knew
a lot about CFD codes, to say nothing of their
trustin them, codes have got popular, and now
many indicators are calculated with the use
of CFD codes in performance specifications
of projects.

Federal Program «Nuclear Technologies of a
New generation» envisages mass attestation of
CFD codes by 2015.

In the west CFD codes were implemented
much earlier than in this country, that is why
the experience in their application in the nuclear
industry is widely used.

There are problems with attestation of one-
dimensional thermohydraulic codes. But now
we look at the application of three-dimensional
codes. How should they be attested? What is
the standard of truth? What exactly are we going
to attest? For example, if we need to improve
liquid ends, shall we need to make verification

calculations of velocity fields or, maybe, only cal-
culations of pressure fields and irrotationality will
be sufficient? That fact is that when we attest a
one-dimensional code we do not attest separately
closure relations or flow pattern map, i.e. we do
not attest the inner components.

Another issue for discussion is as follows.
Mass codes verification has begun. If general
approaches to the attestation are not worked
out, administrative resources will be used, and
then the attestation procedures will be distorted.
Therefore, it is essential to adopt general rules
for everybody as soon as possible.
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CEMWHAP

A.H. lpe6eHHUuKOB, B.Il. ConoBbeBs,
P.M. Waranues, A.A. fleynuH
UTM® oryn «POAL-BHUNID»

B coBpeMeHHbIX ycnoBusaxX ocobas posib B
obecneyeHnn KOHKYPEHTHbIX MPENMYLLECTB Ha-
YKOEMKOW BbICOKOTEXHOOTMYHOW NMPOMBbILLIEH-
HOM NPOAYKLMKU, BOOPYXKEHUIN, BOEHHOWM U CNeuu-
anbHOM TEXHUKU NPUHAANIEXUT CTPEMUTENBHO
pa3BMBaIOLWUMCS TEXHONOMMAM KOMMbIOTEPHOIO
MoAenuMpoBaHus Ha cynepdBM. CynepKomnblo-
TepHble TexHonorum (CKT) paccmaTpuBatoTcs Kak
OCHOBHOE «TEXHOIOMMYECKOE OpyXKMe» B 60pbbe
3a KOHKYPEHTOCMOCOGHOCTb MPOMBbILLEHHbIX pas-
pabOoTOK M BbITECHEHME C PbIHKa APYrMX MPON3B0o-
nutenen. BoaMoXHOCTK, KOTOpble NpefocTaBnseT
MMUTaLMOHHOE MOeNNpoBaHue Ha cynepdBM,
NO3BONSAOT COKPATUTb MPOLLECC MPOEKTUPOBA-
HUS, co3aaBaTb MHHOBALMOHHbIE MPOAYKTHI C
3KOHOMMWEN PUHAHCOBLIX U BPEMEHHbIX pecyp-
COB, YMEHbLUMTb PAcX0Abl Ha CO3AaHne OMNbITHbIX
NPOTOTUMNOB U NPOBEAEHME SKCMEPUMEHTOB. AK-
TMBHOE U 3dPeKTUBHOE NpumeHenne CKT cny-
KUT TOKOMOTMBOM MHHOBALMOHHOIO Pa3BUTUSA
3KOHOMMWKM, CNOCOBCTBYSA HE TOMIbKO rNyO6OKON
MO/ EPHM3aLMN MPOMBbILLIEHHOCTHU U IMKBUAALMN
MMEILLErocs TEXHOMOMMYECKOr0 OTCTaBaHUs, HO
1 obecnevyeHuto nuaepcTea B rnobanbHOM 3KO-
HOMMWYECKON KOHKYPEHLIUN.

B HacTosWee Bpemsa NponcxoanT CTaHOBe-
HWE OTEYECTBEHHOW CYNEPKOMMbIOTEPHOM MHAY-
CTpUK. BbiGOP OCHOBHbLIX Hanpas/iEHWI pa3BUTHS
3TON MHAYCTPUM onpegenseTcs 06WemMnMpoBbIMU
TEHAEHUMSMU B 0611aCTH BbICOKOMPOWU3BOANUTESb-
HbIX BbIYMCNIEHWUI, @ TaKKe 3auHTEPECOBAHHO-
CTbl0 PYKOBOACTBA CTPaHbl B MOAEPHMU3ALIMM NPO-
MbILLIEHHOCTN U SKOHOMUKM 3@ CHET CO3/[1aHus
cTpaTermyecknx MHGopmMauMoHHbIX TEXHOMOMUN.

B Poccuu ¢ 2010 roga B NnpUOPUTETHOM pe-
MMe opraHu3oBaHbl paboTbl MO Pas3BUTHIO U
BHEAPEHUIO OTEYECTBEHHbIX CyNnepKoMMbloTep-
HbIX TEXHONOMUI B MHTEPECAX MPOEKTUPOBAHUSA
C/TOXKHbIX TEXHUHECKUX CUCTEM NMpPeanpuUaTUIMu
cTpaTernyecKkux oTpacnen nNpPoMbIWAEHHOCTH.
37K paboTbl BeayTcs B pamKax npoeKkra «Pas-
BUTUE CYNEPKOMMbIOTEPOB U FPUA-TEXHONOT UMY,
YTBEPXAEHHOro Komuccuen npu MpeaungeHte Poc-
cumnckon Pefepaumm N0 MOAEPHM3ALMN U TEX-
HOJIOrMYECKOMY Pa3BUTUIO SKOHOMUKK Poccun.

OCHOBHOW Lie/blo NPOEKTa ABASETCS co3aa-
HWe OCHOB /19 MOCEeAYOLLErO TEXHONOMMYECKOMO
nepeBOOPYKEHWS BEAYLLMX OTPACNEV NPOMBbILIIEH-
HOCTM Ha 6a3e LMPOKOMacLWTabHOro BHeAPEHUS
TEXHONOrMM UMUTALLMOHHOIO M NpefcKa3aTeNbHo-
ro MoaennpoBaHus Ha cynep-3BM pa3pabatbiBa-
€MOW HayKOEMKOWM NPoAyKLUMK. M3 aToro cneaytot
OCHOBHbI€ 3aJa4u, KOTOpble HE0OXOAMMO PELnTb
151 yCMELWHOW peann3aLmm npoeKTa:

e CO3JaHue BblYncanTenbHoM 6a3bl 419 Bbl-
COKOTEXHOMOMMYHbIX OTPacAen NPOMbILLIEHHOCTH;

e pa3paboTKa 0TeYECTBEHHOrO NPOrpamMmmHo-
ro o6ecneyeHuns 41 KOMMIEKCHOro UMHUTaLMOH-
Horo 3D-mMoAenMpoBaHMs COXKHbIX TEXHUYECKUX
cucteM Ha cynep-3BM;

e BHEApPEHUE TEXHONOTUIA UMUTALMOHHOIO
mMoaennpoBaHusa Ha cynepdBM B paboTbl Hay4HbIX
M MPOEKTHbIX OPraHM3auui NPOMbILWAEHHOCTH.

[oNoBHOW opraHM3auMen No peannsauunu
3TMX 3a4ad npoeKTa onpeaeneH OIryrn «PeFALL-
BHUNI®». [ina ycnewHOoro BbiNoIHEHUS paboT
cO3/aHa WKpoKasa Koonepauus, o6beanHstoLwas
60nee 40 opraHn3aLmni v NpeanpuaTuin. 3To npe-
e BCero Befylime npeanpustns aToMHON aHep-
retTukn (OAO «OKBEM AdpukaHToB», OAO «OKB
'MAPOMPECC», OAO «CM6A3MM», dIYM «HUTU um.
A.lN. AnekcaHapoBa» v 4p.), NPeAnpUaTUS Apyrux

CynepKoMmMbloTepPHbIE TEXHOJIOMMKU A1 aTOMHOMN SHEPreTUKM

BbICOKOTEXHO/IOrMYHbIX OTpacien NPoOMbILLIEH-
HOCTWU: aBMaCTPOEHUS, aBTOMOOUNECTPOEHUS,
PaKeTHO-KOCMMUYECKOM OTpacu, UHCTUTYTbI Poc-
CUMCKOM akagemuu Hayk, IT-KomnaHuv u gpyrue
nNpeanpusaTUs U opraHmM3auunn.

PeaynbraTtbl, LOCTUIHYTLIE HA AaHHOM 3Tane
MPpU peLeHnn OCHOBHbIX 3a4ay NPOeKTa, TaKoBbI:

e CO3JaHWEe BbIYUCIUTENBHOIO LEHTPa
KOJINEeKTMBHOro nonb3oBanus (BUKIT) Ha 6ase
cynepKoMnbloTepPHOro LeHTpa Prymn «PpaL-
BHUNID»;

e paspaboTKa 1 co3aaHue Bo Prymn «PeAL -
BHUNI®D» nnHenKkn KomnaKTHbIX cynep-9BM (KC-
39BM) TepadnoncHoro Knacca Ans ocHaleHus
UMW MPOMbILWEHHbIX NPEANPUATUI;

e CO3[aHne 6a30BbIX BEPCUMIN OTEYECTBEH-
HbIX MAKeToB MporpaMm MmuTaumoHHoro 3D-
MoAennpoBaHua Ha cynep-OBM ¢ maccoBbIM
napannenM3Mom;

e ajanTtauusa paspabaTbiBaeMblX MakeToB
nporpamMm Ans peLleHns NpUKNagHbiX 3agay aToM-
HOM 3HEPreTuKK, a TaKKe Ux BepudbuKaumns Ha
3KCNepPUMeHTanbHON 6ase NpeanpUsaTUi OTpacu.

OnpefeneHa ocHOBHas 3ajadva BHeApeHuUs
CKT B pab0Tbl aTOMHOM OTpac/au, @ UMEHHO, CO3-
[laH1e HOBbIX TEXHONOMM 060CHOBAHMS MPOEKT-
HbIX PELUEeHW, NO3BONAIOWMX CHATb U3MULLHIO
KOHCepPBaTUBHOCTb MPOEKTOB PY v npoBoanTb
KOMMMEKCHOE MOJENNPOBaHUE pPasnuyHbIX
cucTeM 3Hepro6a0KoB. BbinonHeHne nocTtas-
NIeHHON 3aAayn facT BO3MOXHOCTb AOBEAEHUS
OTE€YECTBEHHbIX MPOEKTOB A0 COBPEMEHHbIX
TpeboBaHunt MATATI, a TaKKe ONTUMU3UPOBATL
KOHCTPYKLMK 31ieMeHTOB PY ans NoBblWEHUS
nx 3GGEKTUBHOCTU U CHU3WUTbL pacxodbl Ha ny-
CKOHanago4Hble paboTbl 3a CHET KOMMIEKCHOM
OTPabOTKM NPOEKTHbIX PELLIEeHMI Ha aTane npo-
EKTUPOBaHMUS.

A.Grebennikoy, V. Solovyov, R. Shagaliey,
A. Deulin

Russian Federal Nuclear Center -
All-Russian Research Institute of
Experimental Physics

Supercomputer-aided engineering plays a de-
cisive role in ensuring competitive advantages of
science-intensive and hi-tech industrial products,
weaponry, military and special equipment. Super-
computer technology is seen as the main weapon in
the fight for competitiveness and ousting rivals from
the market. By means of supercomputer-generated
simulation itis possible to make the design process
shorter, to save time and finance while developing
innovation products, to cut cost of development pro-
totypes and experimental work. Active application
of supercomputer technology (SCT) is a locomotive
of the innovation development of the economy; it
helps modernize the industry, overcome the lack
in technology and to gain the leadership position
in the global economic competition.

Russia’s supercomputer industry is at the
initial stage of its development. The choice of
the main development areas is determined by
the global trends in the field of highly productive
computation techniques and by the readiness
of the government to modernize the industry
and economy as a whole by means of strategic
information technologies.
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Since 2010 enterprises of Russia’s strategic
industries have been developing and introducing
SCT in designing of sophisticated facilities. The
work is done within the project «Development
of Supercomputers and Grid Technologies» ap-
proved by the Commission for Economy Mod-
ernization and Technical Development at the
President of the Russian Federation.

The project is aimed to lay foundation for
further technical upgrading of the principal
industries through large-scale application of
supercomputer modeling of science-intensive
products. To implement the project the following
tasks are to be solved:

creation of computation basis in hi-tech in-
dustries;

development of software for 3D supercom-
puter-aided modeling of sophisticated facilities;

introduction of supercomputer-aided simula-
tion modeling in the activities of research and
design organizations.

The role of the parent organization imple-
menting the project is performed by the Russian
Federal Nuclear Center — All-Russian Research
Institute of Experimental Physics. Within the
project over 40 organizations and enterprises
cooperate. The list includes top companies of the
nuclear sector (OKBM Afrikantov, GIDROPRESS
Design Office, Saint-Petersburg Atomenergo-
proekt JSC, Research and Technology Institute

Supercomputer technology in the nuclear industry

n. a. A.P. Alexandrov, etc.), enterprises of other
hi-tech industries such as aircraft industry, au-
tomotive industry, rocket and space industry,
institutes of the Russian Academy of Sciences,
IT companies and other organizations.

The report covers the results of the present
stage of the project implementation, specifically:

setting up a multiple-access computing cent-
er on the basis of VNIIEF supercomputer center;

development and creation of a range of KS-
EVM teraflops-class supercomputers by VNIIEF
for industrial enterprises;

creation of basic versions of program packs
for 3D supercomputer-aided simulation engineer-
ing with massive parallelism;

adaptation of program packs to application
tasks of the nuclear industry, their verification
using experimental capabilities of the industry.

The main goal of the SCT application in the
nuclear industry is as follows: to develop new
technologies of project assessment in order to
overcome the excessive conservatism of nucle-
ar facilities projects and to be able to perform
comprehensive modeling of various power-gen-
erating units systems. It will allow to meet the
IAEA requirements, to boost the effectiveness
of the reactor components through improving
their design and to cut development expenses
by means of optimization of design solutions at
the development stage.




SEMINAR

TeKkyllee cocToasHMe pa3BUTUA U 3aJa4n Bepudukaumm CFD-KogoB

B.H. CemeHoB, B.®. CTpuxoB,
B.B. YyaaHos, B.M. [0onoBM3HUH
UBPA3 PAH

[BWXKyLLMM MOTUBOM MOJE/MPOBAHNSA B aTOM-
HOM 3HepreTuKe ABASETCH BO3MOMXKHOCTb YCKOpe-
HUS LUMKNa pa3paboToK U MPOEeKTUpOoBaHus, on-
TUMU3aLMUK CYLLECTBYIOWMX U BYAYLLMX MPOEKTOB;
CHUXXeHUWe HeonpeaeneHHOCTeN U KoHcepBaTU3mMa
NpU NPOEKTUPOBaAHUKU Yepes nyyllee NOHUMaHue
M BO3MOXHOCTb pacyeTa; yCKOpeHue npolecca
NIMLLEH3UPOBAHMS; CHUMXEHWE CTOMMOCTH COOpY-
YEeHUsT 0O BbEKTOB.

B ruapoanMHamMnyeckom MoaenmMpoBaHun 310
obecneymBaeTcsa Nepexoaom K TpexmepHbim CFD
pacyeTaM Ha CETKax BbICOKOro pa3peLleHuns ¢ non-
HbIM OMUCaHNEM reoMETPUH, yy4lEHUEM TOHHOCTH
dusnyeckmx mogenen (LES smecto k—g-moaenu
TYPOYNEHTHOCTU U T. A.). BOBMOXHOCTM NPUMEHEHUS
CFD meToaoB No Mepe pocTa NpomM3BOAUTENBHO-
CTW KOMMblOTEepoB 6yayT B3pacTaTb, @ BO3MOX-
HOCTU MPSIMOM 3KCMEepUMEHTaNbHON OTPaboTKK
MHOIMX BapMaHTOB 31€MEHTOB KOHCTPYKLIMI, NO-
BUAMMOMY, ByayT CHUXaTbCs. ITO Nnpegonpeaenser
BaHOCTb pa3BuTnsa CFD pacyeTHbIX METOA0B.

B HacTosillee BpeMsa CylecTBYET psia KOM-
MEpPYECKUX KOJOB LWMPOKOr0 Ha3HayeHus, B KO-
TOpbIX peann30BaHO TPEXMEPHOE MOAENMPOBaHNE
Typ6yneHTHbIX Te4eHni. OHaKo UCNoNb30BaHne
MX Ans 060CHOBaHWA OTEYECTBEHHbIX NMPOEKTOB
A3C umeeT cyuecTBeHHble HeaocTaTKu. MOXHO
0XMAaTb YYKECTOYEHMS OrpaHUYEHUI N0 KOMMeEpP-
YECKOMY UCMO/Ib30BaHMI0. 151 OTKPbITbIX KOAOB
TaKXKe CyLLeCTBYIOT orpaHuyeHus. MMetoTcs Tpya-
HOCTM NO MoAMdMKaLMK TaKMX KOAOB ANa yyYeTa
feTanen KOHKPETHOM YCTaHOBKM Unu npouecca. B
KoMmepyeckux CFD Koaax, Kak npaBuno, UCnosb-
3yl0TCS JOBOJIbHO rpybble (HO po6acTHbIe) Moae-
JIM, OPUEHTUPOBaHHbIE Ha NPUMEHEHME Moaenen
TYpOYNEHTHOCTH, YTO NPENATCTBYET NPOBEAEHMIO
Npeun3noHHbIX pacyeToB Ha ocHoBe DNS unu
KBa3un-DNS noagxofos. Ele o4HOM 0CO6EHHOCTbIO
KOMMEPYECKMUX NMaKeToB Nporpamm ABASETCH MX
W3HavyanbHas OpueHTaLms Ha NepcoHanbHblie 3BM

MK paboyne CTaHLUMK, 4TO ONpeaensieT cepbesHble
orpaHu4yeHus (Ha 0Te4eCTBEHHOM pblHKe) abdeK-
TUBHOrO pacnapaniennBaHns Ha COTHAX U Tbicsvax
npoueccopoB. Bce 3To NpMBOAUT K 3aK/IIOHEHMIO
0 HEOBXOANMMOCTM COBCTBEHHbIX Pa3paboToK Ans
[leTa/lbHOro TPeXMepHOro MOAENMPOBAHNSA Ha MU-
POBOM ypOBHeE.

B TeueHnue psipa net B UBPAS pa3pabaTtbiBaeT-
€ COBCTBEHHbIN KOA U meToanku ana CFD mope-
NIMPOBaHUA TYPOYNEHTHbIX Te4eHUIN. PaspaboTaHbl
M UCMONb3YIOTCA ABE METOAUKM PELUEHUS TMAPO-
OMHaMUYecKux ypaBHeHun: metoguka CONV-3D
n metoanka KABAPE. O6e OHM NO3MLIMOHMPYIOTCS
KaK npeLmM3noHHble, o6najatolimMe o4eHb Manow
yucneHHon anddysnen, 4to gaeT Hanbonee 6naro-
NPUATHbIE BO3MOMXHOCTHM A1 NPSAMOro MOAENNPO-
BaHWUA TypOYNEHTHOCTU C MUHUMYMOM 3MMMpUYe-
CKMx moaenen — metogamu LES, kBa3n-DNS, DNS.
06e MeToAMKM M3HavYanbHO pa3pabaTbiBannch C
npuLenom Ha abdeKTuBHOE pacnapaniennBaHme
Ha HEOrpaHUYEHHOE YMCO0 Y310B M Ha UCMONb30Ba-
HUWe cynepkomnbloTepoB. O6e METOAUKM CBOGOAHbI
L1151 UCMONb30BaHUS NTIOGLIX PUBUYECKUX MOAENEN.

MeTtoamka CONV-3D ocHOBaHa Ha MCMoNb30-
BaHWM NPOCTENLUNX AEKAPTOBbIX PACYETHbLIX CETOK,
npuyem Kak IBM (immersed boundary method)
CETOK, Tak u STL ceToK (CETOK aganTMpOBaHHbIX
K rpaHuLamM TBepaoro Tena, TBepoTesbHbIX Nepe-
CEKaloLMXCS C AEKAPTOBbIMM), BbICOKOTOYHbIX CXEM
pelleHns onepaTtopoB KOHBEKTUBHOMO NepeHoca
Ha TaKMx ceTKax (2-ro n 3-ro nopsaxka TOYHOCTH,
Hacneayluwmux ceoncrea andodepeHumanbHOro
oneparopa, 3HePreTMYECKn HenTpanbHbIX, KOHCEP-
BaTUBHbIX, MOHOTOHHbIX), BbICTPbIX 3GGEKTUBHbIX
CO/BEPOB pelleHns ypaBHEHUS AaBAEHMS.

MeTtoanka KABAPE. B nporpamme MBPA3 anq
peleHns ypaBHEHMS MePEeHOca NCMOb3YyeTCs HO-
Bbl 6alaHCHO-XapaKTePUCTUYECKUIN anropuUTM.
OCOBEHHOCTbLIO 3TOr0 anropuTMa ABNSETCH aHO-
MaJibHO Manas YncneHHas Anddy3na U YucneHHas
AMCMepcust peLleHuns.

MeToamku CONV-3D n KABAPE Bepudnumpo-
BaHbl HA Pa3/IMYHbIX TECTAX B LULMPOKOM AnanasoHe
napameTpoB Te4yeHum (Uncen PeiHonbaca, Panes),

BKJIIOYas cnenble TeCTbl MO MOAENMPOBAHUIO pas-
HOoTeMMNepaTypHbIX NOTOKOB B TpoMHUKe (T-junction
OECD/NEA).

HakonneH 601blWoN ONbIT MX UCNONb30BaHUSA
NS peleHns pa3nnyHblx 3agady (MmogenMpoBaHne
noBejieHne pacnnaBa Ha HuLLE Kopryca, NpoLiec-
Cbl B yCTPOWCTBE NOKann3aL M1, MoagennpoBaHme
aTMochepHOro nepeHoca akTMBHOCTU B MHYCTPU-
anbHOM 3acTpoike, TedeHun XKMT B TONNMBHbIX
c6opKax u ap.).

B 6nuxKavwee Bpemsa npeanonaraeTca uc-
nonb3oBaHue CFD Kogos MBPAJ ans moaenupo-
BaHWA peanbHbIX 3aja4 060CHOBaHUS NPOEKTOB PY,
paspabaTbiBaeMbix B pamkax OLIM A3HM: Tenno-
TMAPaBAMYECKUIM pacyeT moayns ucnaputens PY
CBBP-100, pacyeTt Te4eHunsi B BEPXHeEW COOPHOM
Kamepe 1 Ha Bxoae B [MTO PY BH-1200.

Mpo6nembl npumeHeHus CFD. Bepudukaymsa
CFD KonoB B 06beMe, HEOOXOAMMOM ANS Npu-
MEHEHWUs1 B aTOMHOMW MPOMbILINEHHOCTH, AaNeKo
elle He 3aBepueHa. OCO6eHHO aKTyanbHbl 3a4ayu
BepuduKaLmmn B cBa3u ¢ npumeHeHnem CFD KoaoB
K *XMAKOMETaNIMYECKUM TENIOHOCUTENAM. 34€eChb
OCTPO CTOMUT BOMNPOC 06 3KCNepmMMeHTaNbHON 6ase.

[pyron npo6nemow npumeHeHus CFD Kogos
B aTOMHOW 3HepreTuke ABAAETCA CYLLeCTBEHHO
60nbluas NOTPEOGHOCTb B BbIYUCAUTENbHbIX PeCcyp-
Cax Mo CPaBHEHMIO C MHXXEHEPHbIMU Kofamu. [laxke
eVHNYHble pacyeTbl TPeOYIOT UCNONb30BaHMUS Cy-
nepKoMnbloTepoB. MaccoBble pacyeTbl NoTpebyoT
nepexoaa Ha HOBYIO BblYUCAUTENbHYIO 6a3y.

Mpeumywectea CFD MeToA0B, T. €. BO3MOX-
HOCTb pacyeToB 6e3 MOJAEeNEN C BbICOKMM pa3pe-
leHrem Ha yposHe DNS nan kBazun-DNS, npumeHu-
TENbHO K peanbHbIM 3a4a4aM aTOMHOMN IHEPTETUKM
[laNeKku oT peannsaunu. B To ke Bpems BO3MOXKeH
MepapxmMyecKkmin Noaxoa, Koraa pesynbrathl NpeLm-
3MOHHbIX PACYETOB Masibix GparMeHTOB peasbHbIX
CUCTEM MUCMONb3YIOTCA A1 HACTPOMKN MOAENEN B
6onee rpybbix U MEHee 3aTpaTHbIX pacyetax. ITo
0COBEHHO aKTyanbHO ANa MogenmpoBaHus KMT
B 0651acTH, rae BepuduKauMoHHas 6a3a ana Bcex
MMEIOLLMXCH KOLOB HEeJOCTaTOYHa.

CFD-codes current development and verification tasks

V. Semyonov, V. Strizhov, V. Chudanoy,

V. Goloviznin

(Nuclear Safety Institute of the RF Academy of
Sciences - IBRAE)

Modeling in the nuclear industry helps to accelerate
the R&D cycles, to improve prospective projects and those
being implemented, to diminish uncertainties and con-
servatism in design process through better understanding
of calculation possibilities, to boost licensing procedures
and to decrease the cost of the facilities construction.

Hydrodynamic modeling uses three-dimensional
CFD calculations with application of high-resolution lat-
tices6 which allows exhaustive geometry description and
improvement of physical analogs accuracy (LES instead
of k-e—urbulence model, etc.). While computers’ capaci-
ties are growing, CFD methods application will grow too,
and experimental verification of variants of structural
units will less important. Hence, the importance of CFD
methods development.

There is a number of commercial codes of extensive
application which use three-dimensional modeling of
turbulent flows. Yet, their application for substantiation
of Russia’s NPP projects is not advantageous. Tougher
limitations of their commercial use are expected. As a
rule, commercial CFD codes use crude models (though
they are robust models) compatible with turbulence
models, which makes it impossible to perform preci-
sion calculations with the use of of DNS or quasi-DNS
approaches. Another peculiarity of commercial program
packs is their applicability on mostly PCs and work sta-
tions, which makes effective multisequencing at hun-
dreds and thousands of processers very difficult in the

Russian market. Thus, a conclusion has been drawn
that it is necessary to develop detailed 3D modeling at
the world level.

For some years IBRAE has been developing a code
and methods of CFD modeling of turbulent flows. It has
developed and now uses two methods of fluid equation
solutions: CONV-3D and the CABARET methods. The
both of them are presented as precision methods of low
numerical diffusion allowing direct turbulence modeling
using the minimum number of empirical models (LES,
quasi-DNS and DNS methods). From the very start the
methods have been developing with the aim to ensure
effective multisequencing at infinite number of units
and super-computers. The both methods allow to use
any physical models.

CONV-3D method is based on the use of simple
cartesian grids, including both IBM (immersed bound-
ary method) computational grids and STL grids (grids
adapted to solid body boundaries, solid states crossing
with cartesian ones), high-accuracy solution schemes
to convective diffusion operations on such grids (the
schemes of the 2nd and 3rd order of accuracy with dif-
ferential operator properties, energy-neutral, conserva-
tive and monotonous), fast pressure equation solvers.

The CABARET method. IBRAE program uses a new
balancing characteristics algorithm to solve the transfer
equation. The algorithm is peculiar for its abnormally low
numerical diffusion and numerical solution dispersion.

The CONV-3D and CABARET methods have been
tested for the wide range of flows parameters (Reynolds
and Rayleigh numbers), with the use of single-blind tests
for modeling multi-temperature flows in T-junction (T-
junction OECD/NEA).

The Institute has gained vast experience in solution
of various tasks (modeling of fusion behavior on the
vessel floor, isolator processes, modeling of air trans-
port in industrial structures, of coolant flow in the fuel
assemblies, etc.).

Plans have been made to use IBRAE’s CFD codes
for modeling real tasks of substantiating reactor projects
developed within the «<New Generation Nuclear Tech-
nologies» Federal Program such as thermo-hydraulic
computation of evaporation module of the Lead-Bismuth
Fast Reactor (SVBR-100), computation of the flow in the
upper collection chamber and at the entrance to the
plate-type heat exchanger of BN-1200 reactor.

CFD application challenges. CFD verification required
for use in the nuclear industry has not been completed
yet. Verification of CFD codes application in liquid-metal
coolants is most topical. The experimental capability is
most essential in this regard.

Another problem of CFD codes application in the
nuclear industry is the need for more computation
resources as compared with the use of engineering
codes. Massive calculations require new computation
capabilities.

Advantages of CFD methods, i.e. possibilities of
making calculations without hi-res models at DBS and
quasi-DNS models levels, are not used to the fullest
extent in solving actual tasks in the nuclear industry.
Yet, hierarchal approach is possible according to which
results of precision calculations of small sections of real
systems are used for adding in the models of more crude
and less expensive computations. This is essential for
modeling liquid-metal coolant in the area with an insuf-
ficient verification base for all available codes.
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B.B. Be3nenkuH, C.E. Cemawko,

M.A. 3ateBaxuH, A.A. UrnaTbes,

0.U. CumakoBa, 0.B. MacneHHHKOBaA,
P.A. llapanoB

OAO «CIGA3IM»

Mpouecchl cBO6OAHOKOHBEKTUBHOIO TEMI006MeE-
Ha M NOBEPXHOCTHOW KOHAEHCALMKN UMEIOT BayKHOE
3Ha4YeHWe Npu MoAeNMPOBaHUN NOBEAEHUS CPeabl
BHYTPU KOHTEMHMEHTA 4151 YCNOBUW HOPMaJIbHOM 3KC-
nayatauuu, a Takxe 419 BO3MOMXHbIX MPOEKTHbIX U
3anpoeKTHbIx aBapui Ha ASC ¢ BBIP. B yacTHOCTH,
MMEHHO 3TW NPOLIECCHI B 3HAYUTENLHON Mepe onpe-
nensoT adPeKTUBHOCTL PaboThbl TENI006MEHHUKOB
NnaccMBHOM CUCTEMbI OTBOJA TeNaa OT 3allUTHOW
060n104KM (CMOT 30), NpeaycMOTPEHHON B NPOeKTe
AJC-2006 ana nnowaaku JlennHrpagckon A3C-2. 3ta
CHUCTEMa OTHOCUTCS K TEXHUYECKMM CpeacTBaM npe-
0[10/1EHWS 3aMPOEKTHbIX aBapwit. Ee paGoTa ocHoBaHa
Ha MCNoAb30BaHWMU TENNOOOMEHHMKA-KOHAEH caTopa,
Ha KOTOPOM KOHAEHCHMPYETCS MocTynatoumi B 3a-
LMTHYIO 060M104Ky nap.

B HacTosilee Bpems CylLecTBYIOT AOCTATO4HO
pa3BUTblE MHXKEHEPHbIE METOABI pacyeTa XapaKTe-
PUCTUK TENNOOBMEHHUKOB, OAHAKO GOSbLLIAs OTBET-
CTBEHHOCTb paccmMaTpuBaeMoi CUCTEMbI Bbi3Bana
Heo6X0AMMOCTb [1OMOJIHUTENIbHOTO PacYeTHO-3KC-
nepuMeHTasbHOro 060CHOBaHMS.

[nsi npoBEPKM BbIGPAHHOI0 PELEHNA U ieTalb-
HOro aHanu3a NpoLEeccoB Ha MOAENbHbIX 3KCNEPK-
MEHTasbHbIX YCTaHOBKaX UCMOJIb30BaNoCh YUC/IEHHOE
mMoaenupoBaHue. Ncnosib3oBaHHbIe /1 3TON Len
CFD-Koabl HE06Xx0ANMO 6bIN0 TWAaTeNbHO BEPUPHU-
LuMpoBaTb.

OCHOBHOW Lenblo Banugauum u sepuduraumm
ABNSETCS AOKa3aTeNbCTBO aE€KBATHOCTU BblOPaHHbIX
rMaPOAMHAMUYECKMX MOAENEN U NMPaBUNbHOCTU MX
YUCNIEHHON peanu3aunn. MoaTomy 3T npoLeaypsbl

[LONIXKHbI BbINOIHATLCS HA pacyeTe NPoLLecCoB, MaK-
CUMasbHO MPUBINIKEHHBIX K UCCNIeLyeMOMY SBNEHUIO.
[na Tennoo6MeHHNKa-KOHAEeHcaTopa TakKMMK npoLec-
caMu 9BNSIOTCH KOHBEKTUBHbLIN TENIOMacco0bMeH
M NOBEPXHOCTHAs KOHAEHcaLuus.

Tennoo6MeH Mpu BbIHYXAEHHON KOHBEKLUK
[I0CTATO4HO MPOCT, XOPOLWO M3YY€eH, U MPaKTUYECKH
BCe rMapoAMHaMUYECKNE KOLbl BOCIPOU3BOAAT €ro
XapaKTEPUCTUKK BMNOMHE YAOBNETBOPUTENbHO. [0-
pa3fo CNoXKHee pacyeT npoLeccos TennoobMeHa B
YCNOBUSAX CBOGOAHOM KOHBEKLMU, XapaKTEPHbIX ANS
paccMmaTpuBaemMon npobaemMbl. XOpoLO U3BECTHO, 4TO
onucaHue 3Toro npouecca B paMKax CTaHAapTHbIX
NoNY3aMMUPUYECKUX MOLeNel, OCHOBAHHbIX Ha rMMo-
Te3e byccrMHecKa 0 IMHENHON CBA3K TypOYNEHTHbIX
NMOTOKOB W rPagMeHTOB COOTBETCTBYIOWMX NONEW,
MOXET NpMBOANTb K 60MbWNM OWKnBKaM. B To e
BpeMs 60s1ee CMOXHbIE NONYy3IMNUPUYECKME MOAENN
TPeOBYyIOT CYLLEeCTBEHHO 60MbLUMX 3aTpaT Bbl4UCIU-
TeNbHbIX PECYPCOB, HE BCErAa rapaHTUpys Npu aToM
nosiy4eHue 6onee TO4HOro peaynbrarta. EAMHCTBEH-
Hbli MeToh, o6ecneymMBalolWmii TOYHOE peLleHne
paccMmaTpuBaemMon npobnembl, — MeToa NPsMOro
YUCNIEHHOrO MOAENNPOBaHUSA TypOYNEHTHOCTU — He
MOXET 6bITb UCNONb30BaH ANS PeLleHUs NPUKIaAHbIX
3ajad B CWy 4pe3Bbl4anHO 6ONbLIMX TPEOGOBaHUM K
BblYUCANUTENbHBIM MOLLHOCTSM.

[ina BepuduKaLmm pacHeTHbIX Moaenen 6binu Bbl-
6paHbl 3KCNEPUMEHTaNbHbIE JaHHbIE, NONYYEHHbIE B
3KCNEepUMEHTaX Mo U3y4EeHWI0 CBOGOAHON KOHBEKLMN
y BEPTUKaNbHOW NAacTUHbl. Bblio ucnbiTaHO 60/1b-
LLOE YUCNO Pa3ANYHbIX MONYIMNUPUHECKMX MOAENEN
TYPOYNEHTHOCTU. Pe3ynbraTbl 3TOr0 UCMbITaHUS Mo-
Kasasnu, YTO TONIbKO 0fHa Mofeflb — HU3KOPENHOb-
ncoBa K—g-moaenb JinHa—JlewunHepa — okasanacb
B COCTOSIHUM BOCNPOU3BOANTL 3KCNEPUMEHTaNbHbIE
[aHHble, B TOM 4YUC/e U NaMUHaPHO-TYPOYIEHTHbIN
nepexoj B NorpaHMYHOM Croe.

Bepndpunkaumnsa n sanmpgaumsa CFD-konoB Ha 3aavax
CBOOOJHOKOHBEKTUBHOIO TEM/100OMEHA M MOBEPXHOCTHOW KOHAEHCAL UK

KoHAeHcaumsa napa Ha NOBEPXHOCTW Tennoo6-
MEHHUWKa B 3HAYUTENbHOM MEpPE MEHSET YCI0BKS Ha
rpaHuLLe ra3oBon cpeabl: cTePpaHOBCKOE TeYeHue,
BO3HMKaloLee Npu NOBEPXHOCTHOM KOHAEHCAaLMK,
NPVUBOAMT K TOMY, YTO HOPMasibHas KOMMOHEHTa BEK-
TOpa CKOPOCTU Ha rpaHuLLe CTAHOBUTCS OT/IMHHOM OT
HyNsi, @ BCNEACTBME TEYEHUS NNIEHKU KOHAEHcaTa Nno
NOBEPXHOCTM KacaTeNbHas KOMMNOHEHTa TaKKe Npwu-
obpeTaeT 3aMEeTHO OT/IMYHOE OT HyNA 3HaveHune. Bce
3TO CYLLECTBEHHO UCKaXKaeT Te4eHne B NOrpaHNyHOM
cnoe, ¥ MOAENM, XOPOLLO 3apeKoMeHL0BaBLLNE cebs
npu pacyeTe Te4YEHUIN B 06bIYHbIX MOrPaHUYHbIX C10-
AX, TPe6YIT AONONHUTENbHOW Banuaauuun. ns aton
Lenun 6bi1n BblGpaHbl pe3ynbTaTtbl, NOAy4YEHHbIE B
3KCMEepPUMEHTaxX MO KOHAEHCaUMKU napa Ha oxnax-
[aeMon MeTananyeckon Tpybe. Pasmepbl TpyGbl u
napameTpbl Napora3oBoi CMecK B 3KCNepUMeHTab-
HOM Kamepe 6bln 4OCTAaTOYHO G6IM3KM K 3HAYEHUAM,
0XMAAEeMbIM B YCOBUSX 3aMPOEKTHON aBapuu, 4To
NO3BONNAO paccMaTpmBaTb 3TOT IKCNEPUMEHT KaK
BanuaunoHHbIN. Bblna BbinonHeHa 6onblias cepus
pacyeToB B pas3/iMYHbIX NOCTAHOBKaXx, pe3ynbraThl
KOTOPbIX B HACTHOCTM NOKa3asiu, 4TO yHeT ABUKEHUS
NIEHKN KOHAEHcaTa NO3BONSAET JOOUTLCH 3aMETHO-
o YNy4WeHUst COOTBETCTBUS SKCMIEPUMEHTANbHbIX U
pacyeTHbIX AaHHbIX.

Bce yKa3aHHble Bbile 3aga4vv Oblnn pelleHbl
C MCNONb30BaHMEM ABYX HE3aBUCUMbIX KOAOB:
TpexmMepHoro ruapoaMHamuyeckoro koga Mrc-TK
Cco6CTBEHHOM pa3paboTku U Kommepyeckoro CFD-
Koga. lNony4yeHHble No 060MM KofaMm pe3ynbTaThl
OKasaucb AoCTaTo4HO 611M3KMMU. Kpome Toro, 6bina
npoBeaeHa cneuunanbHas Kpocc-sepuduKaums, Kor-
[la 3ajla4a O NOBEPXHOCTHOM KOHAEHCaLMK pelua-
flacb C UCMONb30BAHWEM ABYX KOLOB Ha OAHOM W
TOW YK€ CETKE U C OAHUMU U TEMU KE FPaHUYHbIMK
YC/IOBUSIMU U 3HAYEHUAMU KOIPDULIMEHTOB MoJie-
KyNSipHOro nepeHoca.

V. Bezlepkin, S. Semashko, M.Zatevakhin,
A.Ignatyey, 0. Simakova, 0.Maslennikova,
R.Sharapov
JSC SPhAEP

The processes of free convective heat transfer
and surface condensation play a key role in modeling
the ambiencebehavior inside the containmentfor
normal operation conditions, as well as for design
basis and beyond design basis accidents eventual
at WWER NPPs. It is precisely these processes that
largely determine operational efficiency of heat ex-
change units in the passive system of removing heat
away from the reactor containment (HRPS RC), the
system being designed in NPP-2006 project for the
Leningrad NPP-2 site. The given system pertains to
technical facilities used to cope with beyond design
basis accidents. The underlying principle of the sys-
tem is the use of a condenser on which the steam
coming into the reactor containment condenses.

At present there are rather advanced engineer-
ing methods used to calculate performance data for
heatexchange units, however great responsibility
imposed on the given system necessitated additional
calculation and experimental validation.

In order to ensure solution check and detailed
analysis of the processes carried out at experimental
test units computational simulation was opted for.
CFD codes that were employed for that purpose had
to undergo thorough verification.

The key goal of validation and verification is to
prove adequacy of choice regarding hydrodynamic
models and accuracy of their numerical implementa-
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tion. That is why these procedures shall be carried
out based on calculation of processes closest to
the phenomenon under analysis. For acondenser
such processes imply convective heat transfer and
surface condensation.

Heat exchange under forced convection is fairly
simple, thoroughly studied, and almost all hydrody-
namic codes quite adequately reproduce its char-
acteristics. Calculation of heat exchange processes
under natural convection that are characteristic
of the problem at hand is much more complex. It
is well-known that process description within the
framework of standard semiempirical models based
on Boussinesq hypothesis on the linear relation be-
tween turbulent flows and gradients of corresponding
fields may lead to gross mistakes. At the same time
more sophisticated semiempirical models incur much
higher expenses in terms of computational resources
and do not always guarantee moreaccurate results.
The only method ensuring accurate solution to the
matter in question — the method of direct numerical
turbulence simulation — cannot be used to tackle
application tasks due to extremely high requirements
as to computational performance.

For the purposes of computational models veri-
fication experimental data were selected previously
obtained as a result of experiments for the evaluation
of natural convection in a vertical plate. Quite a few
semiempirical turbulence models were tested. Test-
ing data however proved that only one model —low-
Reynolds K-e-modelof Lin-Leshtsiner — appeared to be
capable of reproducing experimental data, including
a boundary layer laminar-turbulent transition.

Verification and validation of CFD-codes on the basis of free convective
heat transfertasks and surface condensation tasks

Steam condensate on the surface of a heat
exchange unit to a considerable extent alters the
conditions on the gaseous atmosphere border: Stefan
flow occurring under surface condensation leads to
a normal velocity vector component on the border
becoming nonzero, whereas a tangent component
due to condensate film flow on the surface also be-
coming notably different from zero. All of this crucially
distorts boundary-layer flow, therefore models that
were extensively used when calculating the flows
in ordinary boundary layers now require additional
validation. For this purpose the results were selected
that had been obtained as a result of experiments
on steam condensation on a cooled metal pipe. The
pipe size and parameters of a steam gas mixture in
an experimental chamber were found to approximate
data expected in case of a beyond design basis ac-
cident, thus it allowed to view this experiment as a
validation one. An extensive series of calculations
was carried out in various setups, and the results
proved in particular that records of the condensate
film flow allow highly improved correlation between
experimental and computational data.

All the above mentioned tasks were tackled using
two independent codes: a self-design 3D hydrody-
namic PGS-TK code and a commercial CFD code.
The results obtained from both codes appeared to
be rather close. Besides, a special cross-verification
was conducted in the course of which a surface con-
densation task was tackled using two codes in one
and the same net and under the same boundary
conditions and at the same molecular transport co-
efficient values.




SEMINAR

Pa3paboTKa nofHomMacluTabHoW rmapoanHaMmmnyecKou
CFD-mopenu peakrtopa npoekta BBOP-TOU

A. B. limuoB
OAO «-BHUUAIC»

Mbl Ha4ann 3aHUMaTbCs 3TOM TEMATUKON B
Hayane BeKa, UCMNosb3ysd KOMMbOTEP C 0OWUM
06beMOM NamaTV NPUMMEPHO B 0anH Merabant
Onsa pacyeta NpsMOSMHENHOMO y4acTka Tpy6o-
npoBoga. 3atem 6bin pacyeTbl MO FMNPOTPY-
6onpoBoaam, Nno Ux B3auMHOMY BIAUSHWUIO ApYr
Ha apyra; NoToM MOWAn TPOMHUKK, TPEBEHKN K
Tpyb6onpoBoay; Aanee Mbl Hayanu onpeaensitb
XapaKTEPUCTUKM 3amnOpPHO-PEryIUPYIOLLMX Kia-
naHoB, 06paTHbIX KNanaHoB, 3aKOHYMUIKN Kia-
naHamMmu CUCTEMbI JIOKanM3auuu aBapum aua-
METPOM A0 OoAHOro MeTpa. MNoToM Mbl Havanu
npo6oBaTh CUJbl B ONPEAE/IEHNUN XapaKTEPUCTUK
paguanbHbIX U OCEBbIX KOHCTPYKLMIK. Cnepyto-
MM 3TanoM CTano MogenmpoBaHue B Macwtabe
1:5 cTeHfa peaKTtopHon yctaHoBKn BBP-1000,
M TOrga Ham yganocb B JMHaMUKe npocyuTatb
CMelLLeHWe MOTOKOB MPKU NPOoXoae KOHLEeHTpaLum
yepes3 aKTUBHYIO 30HY NPUMEPHO CeMb pa3s. B
JaNbHeWLWeM pelannchb elle 6osee CNoXHble

3a[ja4M 1 B KOHEYHOM WUTOre 3TO BCE BbIIMUIOCH
B pa3paboTKy NosHOMacLiTabHoM rmapoauHamMu-
yeckon CFD-moaenu peaktopa npoexkta BBIP-
TOW B nporpammHoM komniekce STAR-CD 4.16,
KOTopas MOMHOCTbI0 BOCMPOU3BOANUT TPAKT Teve-
HUS TENIOHOCUTENS OT BXOAHbIX A0 BbIXOAHbIX
naTpyoKoB peaKTopa.

B cocTtaB Mofenv BXOAUT OMYCKHOM Y4acToOK,
COCTOSILLMI M3 BXOAHbIX MaTPyOKOB M KOMbLEBOro
NPOCTPaHCTBa MEXAY BHYTPEHHEW NOBEPXHOCTLIO
Koprnyca 1 HapyHO1 NOBEPXHOCTbIO LWaXTbl, HUX-
HSI KaMepa CMeLlEeHUs, OTBEPCTUSA B ANAUMNTUYE-
CKOM [HMWLLE LWaxTbl peaKkTopa, OrnopHble TPyObI.
AKTMBHas 30Ha, HUXHSASA NMTa 6/10Ka 3aLWMUTHbIX
TPY6, TPAKT ABMKEHUS MOTOKa MEXAy 3alMUTHbIX
Tpy6, OTBEPCTMSA B NepPoprpoBaHHOM 06evanke
W Ha UMNMHOPUYECKOW MOBEPXHOCTH WaxThl, a
TaKKe BbIXOAHblE NaTPyOKM peakTopa. TBANbHbIN
Ny4OK TeNN0BbIAENAIOLLIMX COOPOK aKTUBHOM 30HbI
BbIMNOJIHEH B MPUGIUMKEHUM NOPUCTOrO TENa 3K-
BMBAJIEHTHOIO F’MAPaBIMYECKOrO CONPOTHUBEHNS
B MNPOAOSIbHOM U MOMNepeyYHoOM HanpaBIeHUAX

OTAENbHO ANA TB3M0B, AWCTAHLMWOHUPYIOLMX
pPELIETOK, MEXKACCETHOro 3a3opa U HUKHUX
OMopHbIX pelweTtoK TBC.

C nomolubto CFD-moaenun onpeaeneHo pac-
npeaeneHune u nepemeLlMBaHue pacxoja Tenso-
HOCUTENs Ha BXOAE ¥ MO BbICOTE aKTUBHOM 30HbI B
pexMme MMHUManbHO KOHTPOMPYEMOIO YPOBHSA
MOLLHOCTU peakTopa.

B aTom K1 cneaylollem rofy npeanonaraercs
fopaboTaTb MOAENb aKTUBHOW 30HbI C BBEe-
HMEM WHAMBUAYANbHOM MOLHOCTU W Npoduns
3HeproBblaeneHnsa no BbicoTe Kaxaon TBC.
OpUEHTUPOBOYHO pa3mep NosHOMacLTabHOM
CFD-mopenw peaktopa npn6namsntcs k 300 mun-
JINOHAM KOHTPOJIbHbIX 06bEMOB.

Development of full-scale hydrodynamic CFD-model

for WWER-TOI project

A. V. Shishov
VNIIAES

We began our research in this area in the
beginning of the century; that time we used a
computer with the storage space of 1 MB to
make calculations for the straight portion of a
pipeline. Then we made calculations for a transit
pipelines and their interdependence, T-joints, pipe
headers; then we determined characteristics of
multipurpose valves, check valves and emergency
shutdown valves with diameter of 1 meter. Later
we started to experiment with characteristics of
radial and axial constructions. At the next stage
we modeled WWR-1000 reactor bench at a scale

of 1:5. We managed to calculate flow removal in
the reactor core approximately seven times. Then
we tackled even more complicated problems,
which eventually resulted in the development of a
full-scale hydrodynamic CFD model of WWER-TOI
reactor with the use of STAR-CD 4.16 bundled
software. The model is a complete reproduction
of the coolant flow channel from the inlet elbow
to the outlet elbow.

The model comprises the downcomer region
consisting of inlet elbows and annular space
between the inner surface of the reactor vessel
and the outer surface of the reactor vault, a lower
mixing chamber, holes in the elliptic bottom of

the reactor vault and support tubes. The core,
a bottom slab of the support tubes block, flow
channel between the support tubes, holes in the
perforate shell and in the cylindrical surface of
the vault and the reactor outlet elbows.

CFD model helped to determine the
distribution and mixing of the coolant flow at
the inlet and at the top of the reactor core in the
regime of the controlled reactor capacity.

It is planned to upgrade the model of the
reactor core introducing individual capacity
and deposition function for each fuel rod. The
full-scale CFD model of the reactor will be
approximately 300 m sample volumes.
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[MpumeHeHune Koga FlowVision gna mogennpoBaHKUs TpaHCNopTa
npejlecTBeHHNUKOB 3ana3biBaloWwmMx HEUTPOHOB B peaKTopax
Ha ObICTPbIX HEUTPOHAX C HAaTPUEBbLIM TEMNOHOCUTENIEM

C.J1. Ocunos, C.A. PoroxkuH, A.B. Cansnies,
C.l. YcbinuHa, OAO <OKBM A¢dppukaHTOoB»
B.A. KytuH, B.U. Moxunxko, M.J1. Ca3onoBa,
OAO «TECUC»

B peaKtopax Ha 6bICTPbIX HENTPOHAX C Ha-
TPUEBLIM TEMNJIOHOCUTENIEM MOBPEKAEHNE TB3-
JIOB KOHTPONMPYETCS cneuuanbHON CUCTEMOW
KOHTPONS repMeTuyHoCcTH o6onoyvek T8an (CKI0),
O/[1HOM M3 NOJCUCTEM KOTOPOM ABASIETCA CEKTOP-
Has cMCTEMa KOHTPOJIS FEPMETUHHOCTM 060104EK
7831 (CCKIO). CCKI'O KOHTpOnupyeT nosiBieHne
B 000/104Ke TBaNa AedeKTa TMuna «KOHTaKT To-
nnvBa c TennoHocutenem». Ha cuctemy CCKIro
BO3JlaraeTcs TaKkxe 3ajavya CBOEBPEMEHHOro
pacno3HaBaHWs CUTyaLIMi, CBA3AHHbIX C TaXKe-
NbIM NOBPEXKAEHNEM aKTUBHOM 30HbI (MaccoBoe
noBpeXKaeHWe TB3NIOB, BK/OYas NiaBfieHue To-
navBa), U 3agadva no nokanusauum TBC ¢ no-
BPEX/IEHHbIMUW TB3/1 B aKTUBHOW 30HeE.

MpuHumn pa6otbl CCKIO ocHOBaH Ha peru-
CTpaLMM HEMTPOHHOTO U3NYHEHMS KOPOTKOXUBY-
LUMX NPOAYKTOB AENEHMS TONMBA (NPEALWECTBEH-
HWKOB 3ana3jplBatoLimx HenTpoHoB (M3H)). Mpwu
pasrepmeTu3aunn T8an N3H ¢ noToKoM ropsiyero
HaTPWS TPAHCMOPTUPYIOTCS K MECTY UX perucTpa-
LMW HEMTPOHHBIMWU JEeTeKTopamMu.

Hanbonee cnoxHomn 1 BaxHOM 3agaden npu
MoJeNMpoBaHWM NOKa3aHWI HEWTPOHHbIX ETEK-
TopoB CCKIO npu noBpexXaeHUU TBI 9BAAETCS
npaBubHOE ONUcCaHWe npoLiecca TpaHcnopTa
M3H o1 TBC g0 palioHa MOHUTOPUHIa HEMTPOHHO-
ro uanyyeHus. KoppeKktHoe pelieHne gaHHom 3a-
[a4yn BO3MOXHO ¢ ucnonb3oBaHnem CFD-koaoB,
B YaCTHOCTH, Kofa FlowVision, KOTOPbIX Y4YnUTbI-
BaeT BCe 0COBEHHOCTV TEYEHUS }KUAKOIO HaTpKS

B peaKTopax C MHTerpasabHOM KOMMOHOBKOW C
HaTpPUEeBbIM TEMIOHOCUTENEM.

Ons yqeta cneundukn TpaHenopta MN3H ang
FlowVision 6bin paspaboTaH cneuunanbHbli pac-
yeTHbIM Mogynb FV-BN. FlowVision mogenvpyet
TeyeHue TennoHocuTens n tpaHcnopt MN3H, pac-
CYMUTBIBAET NPOCTPAHCTBEHHOE pacnpeaenexHve
KoHLeHTpauuu N3H B TennoHocuTeNe, ocyLecT-
BNIIET IKCMOPT pacnpeneneHns KoHLeHTpaLum
C NPOCTPaHCTBEHHOM ceTKM FlowVision Ha npo-
CTPaHCTBEHHYIO CETKY AETEPMUHUCTCKOrO TPaHC-
noptHoro Koga TORT. Koa TORT, ucnonb3ysa B
KayecTBe NCTOYHWMKa HENTPOHOB pacnpeaenexHue
KOHLUeHTpaumu M3H 1 nx cnektpanbHble Xapak-
TEPUCTUKM, PACCHUTLIBAET YPOBHU HEWTPOHHOTO
M3NYyYEeHUST Ha HEMTPOHHble AeTeKTopbl CCKIO.
CBsi3Ka kogoB FlowVision n TORT no3Bonset npo-
BECTW YNCNEHHbIN KCNEPUMEHT, ONUCHIBAIOLLMNIA
OTKJ/IMK MOKa3aHU HENTPOHHBIX AETEKTOPOB pa3-
JIMYHBIX CEKTOPOB peaKTopa Ha MOBpeXAeHUs
060/104KM TB3N ANt KOHKPETHOrO MECTOMOOME-
Hus TBC B aKTMBHOW 30HE peaKTopa.

Pacuet TpaHcnopta MN3H npu ycTtaHOBUB-
lwemMcs TeYeHUn TENSIOHOCUTENS B peakTope
BbIMO/HAETCA B paMKax MOAENN U3MEHEeHUs
MaccoBOM KoHueHTpauun MN3H. MoagenupoBa-
HWe BbINOJHAETCS C y4eToM nepuoaa nosnypac-
naga (BpeMeHU Xn3HKU) pa3nunyHbix rpynn MN3H.
FlowVision paccuyunTbiBaeT maccoBble gonu MN3H
B MHOMOKOMMOHEHTHOM CMEeCH, COCTOsILLEN U3
YKMAKOro HaTpusa M paccMatpuBaeMblx rpynn
MN3H. Tak kak M3H npeactaBnsaoT cob60oM 04eHb
He6ONbLUYI0 NMPUMECH, HE BIMSIOLLYIO Ha TeHeHUe
¥ TePMOLMHAMMKY TENNIOHOCUTENS, TPUHUMAETCS,
Y4TO 3Ta NPUMECH MAEHTWUYHa TenaoHocuTento. Mo
CyTH, POnb pasnunyHbix rpynn MNM3H BbINOAHAOT

«NOJKpPaLLeHHble» B pa3Hble LIBETa aTOMbl XKUA-
KOro HaTpws. IKCMOPT pe3ynbTaToB pacyeTa Npo-
CTPaAHCTBEHHOrO pacnpeaeneHns KoHUeHTpaLum
n3 FlowVision B TOKT ocyuiecTBnsieTcs ¢ coxpa-
HeHveM 6anaHca KoHueHTpauum N3H B o6beme
TENIOHOCUTENS NO ONpPeAEeNEHHOMY anropuTmy,
yyuTbiBalOLLEMY CcneLMdUKY NPOCTPaHCTBEHHbIX
ceTok FlowVision B TORT.

TectupoBaHue FlowVision, BK1to4Yas Moay/b
3KCMopTa KOHLUEHTpaLmMi, BbIMOMHEHO KaK Ha
YNPOLLEHHbIX PacYeTHbIX MOAensx, Tak U Ha
nosHOMacWTabHbIX PEaKTOPHbIX 3aJa4yax.

MonyyeHbl NnpeaBapuTeNbHbIE AaHHble, BaX-
Hble C TOYKM 3peHUst 060CHOBaHMS 6€30MacHOCTH
HaTpMeBbIX PeaKTOPOB Ha BbICTPbIX HEMTPOHAX,
Mo BPEMEHU MHEPTHOCTU (3aJ€PXKKK) cpabaTbiBa-
Hus CCKIO Ha daKT pa3repMeTusaumnm TBan ansg
pasfinyHbIX MECTOMOOXKEHUM aBapuinHon TBC.
TakKe nonyyeHbl JaHHbIE MO OTKANKY HEMTPOHHBbIX
[IETEKTOPOB Ha pa3repmMeTn3auuio TBa A1 pas-
NN4YHbIX MecTononoxeHnn TBC. MocneaHue aax-
Hble NPeACTaBAAOT NPAKTUYECKUI NHTEPeC AN
pelleHns 3aaayun nokanunaaumm aBapuinHon TBC.

[onHoMacwTabHylo BepUdUKaALMIO CBA3KK
kopoB FlowVision n TORT npegnonaraetcs npo-
BECTU Moc/ie 3aBepLlleHnst IKCNepUMeHTabHbIX
nccnenoBaHmi no kannéposke CCKIO peakTopa
BH-800 ¢ nomolblo METPONOrMYECKOM COOPKHU,
KOTOpble 3aniaHnpOoBaHbl Ha CTaAuK 3HepreTu-
4yecKoro nycka (npeanonoxutenoHo 2015 ropa).
3Tv uccnefoBaHUS NO3BOSAT NOMYYUTb AAHHbIE HE
TONbKO No napameTtpam CCKIO u Bepudumkaumm
co6ctBeHHO FlowVision n TORT, HO 1 Ka4eCTBEH-
HYIO KapTUHY TEYEHWS TEMIOHOCHUTENS B BEPXHEW
CMecCHTeNbHOM Kamepe, KOTopasi MOXKET ObITb UC-
nosb3oBaHa AN Bepudukaumm apyrux CFD-kogoB.

Application of FlowVision codes for modeling transport of delayed
neutron precursors in sodium-cooled fast reactors

S. Osipov, S. Rogozhkin,
A. Salyaey, S. Usynina, OKBM Afrikantov
V. Kutin, V. Pokhilko, M. Sazonova, TESIS JSC

In sodium-cooled fast reactors any defect in the
fuel elements is detected by the fuel failure detec-
tion system (FFDS). A fuel failure detection sector
system (FFDSS) is one of the segments of the FFDS.
FFDSS detects failure of the «fuel-coolant contact»
type. It also detects situations of serious damage of
the reactor core (serious damage of fuel elements
including fuel melting).

FFDSS operation is based on registration of
neutron radiation of short-lived fission products
(delayed neutron precursors — DNP). In case of the
fuel elements depressurization DNP are transported
by hot sodium flow to the place of their registration
by neutron detectors.

One of the most challenging tasks in modeling
results of radiation detection is to describe correctly
the process of transporting DNP from the fuel rod
array to the place of neutron detection monitoring.
This task can be solved effectively using CFD codes,
in particular, FlowVision code that accounts for the
specifics of the liquid sodium flow in reactors with
the primary sodium integral assembly.

A special arial module FV-BN has been developed
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for FlowVision code to take into account the specifics
of DNP transport. FlowVision simulates the cool-
ant flow and DNP transportation, calculates special
distribution of DNP concentration in the coolant,
exports concentration distribution from the FlowVi-
sion spatial grid to TORT deterministic transport code
spatial grid. Using DNP concentration distribution and
their spectral characteristics as the neutron source,
TORT code calculates levels of neutron radiation to
the FFDSS neutron detectors. Linking FlowVision
and TORT codes, it is possible to make a numerical
experiment that describes the responses of readings
of neutron detectors in various reactor sectors to the
fuel cladding defects for the specific location of DNP
in the reactor core.

Estimation of DNP transport at the steady coolant
flow in the reactor is made with the use of the model
of DNP mass concentration change. The modeling is
performed with due account of the half-life for differ-
ent DNP groups. As DNP is just a small addition that
does not affect the DNP flow and thermodynamics,
it is assumed that the addition is identical to the
coolant. Effectively, the role of various DNP groups
is performed by liquid sodium atoms of different
«colors». Calculation results for concentration spatial
distribution are exported from FlowVision to TORT
in accordance with a certain algorithm in which the

specifics of FlowVision spatial grids are accounted
for, and the balance of DNP concentration in the
coolant volume is preserved.

FlowVision code including the concentration
export module has been tested both at simple cal-
culation models and by full-scale tasks related to
the reactor operation.

Preliminary data has been received on the time
delay of FFDSS response to the fuel elements depres-
surization for various fuel rod array locations. The
data is essential for ensuring sodium-cooled fast
reactors safety. Data has also been received on the
response of neutron detectors to the fuel elements
depressurization for various fuel rod array locations.
The data is essential for the task of locating the fuel
rod array failure.

Full-scale verification of FlowVision and TORT
codes linkage will be effected upon termination of
experiments with BN-800 FFDSS calibration that
will be made with the use of metrological assembly.
The experiments are planned for the power start-up
stage (approximately 2015). The research will sup-
ply data on FFDSS parameters and FlowVision and
TORT codes verification as well as will give a clear
picture of the coolant flow in the reactor upper mixing
chamber. This picture can be used for verification of
other CFD codes.




SEMINAR

CFD-koa CONV-3D: Banngaumsa n sepupuKaums

B.B. YynaHos, A.E. AKceHoBa,
B.A. MepBu4Ko
UBPA3 PAH

B TeyeHune paga net B UBPAS paspabatbl-
BaeTcs TpexmepHbin CFD-kogq CONV-3D ans
aHanu3a 6e30MacHOCTM aTOMHbIX 3JIEKTPO-
cTaHUuK [1]. 3TOT KOJ OCHOBaH Ha pa3BUTbIX
anroputMax ¢ Masion cxemHou audadysunen, ans
KOTOPbIX AUCKPETHbIE NPUGINMKEHNS MOCTPOEHbI
C MCNONb30BaHMEM METOOB KOHEYHOro 06beMa
M NOMHOCTbIO Pa3HECeHHbIX CETOK. [Ins pelieHus
3aayun aBEKUMUN pa3BuTa perynspmaoBaHHas
HeNuHerHasi MOHOTOHHas onepaTopHas cxema
pacwennenuns. [Ina peleHns ypaBHeHUs aaB-
JIEHUS MPUMEHSIETCS UTEPaLMOHHbIN MeToa Pu-
YyapAcoHa ¢ uTepaLmMoHHbIM BINd consepom ana
onepatopa Jlannaca B KayecTse nNpefobycnaBnu-
BaTens. Takov NOAXOA K PELLEHMIO MTUNTUYECKMUX
ypaBHEHUI C NepeMeHHbIMU KOabdUuLMeHTaMm
[laeT MHOrOKpaTHOe YCKOPEHUE B CPaBHEHUU C
06bI4YHbIM METOAOM COMPSIKEHHbIX FPaAUEHTOB.
[ns MoennpoBaHuUs TPEXMEPHbIX TYPOYNEHTHbIX
NMOTOKOB B 0AHOMA3HbIX TEYEHUSAX UCMONb3YETCH
kBa3un-DNS noaxoa. Kog CONV-3D nonHocTbio
napanfiennsyeTcs u o4eHb 3GPEKTUBEH B UC-
NnoNb30BaHWW Ha MHOFOMPOLLECCOPHbIX Kna-
CTEPHbIX KOMMbOTEPAX, TaKMX KaK «HebblweB»,
«JToMoHOCOB» (MOCKOBCKUWI rOCyAapCTBEHHbIN
YHUBEpPCHUTET).

MNMpumeHnmocTb kKoga CONV-3D pokasaHa
MHOTOYUCNEHHBIMU BEPUDUKALUOHHBIMU WU
Ba/MAaLMOHHbIMK TecTaMu [1—3] B LWUIMPOKOM
nnana3oHe yncen Penesa or 10-10% u yucen
PeitHonbaca 13 ananasoHa 102—10°. Mporpamm-
Hoe o6ecneyeHune 6bi0 NPUMEHEHO AN aHanM3a
pesynbratoB TecTa L1 K uccnegoBaHusim Teno-

rMapaBAMKK NEPEXOAHOIO pacniaBieHHOro nyna
Ha ycTaHoBKe LIVE B pamkax MHTL, npoeKTta
[2]. B2010-2011 roagax kog CONV-3D npuHsn
y4yacTue B Cienom uccnefoBaH1mn no Moaenmnpo-
BaHMIO NOTOKOB B TpoiHUKe (T-junction OECD/
NEA) [3]. Mo maTtepranam BanuaaLmm 6ol Noj-
roToBJ/IEH U NpeacTaBneH goknag Ha CFDANRS3
Workshop — CFD for Nuclear Reactor Safety
Applications, September 14-16, Bethesda
North Marriott Hotel & Conference Centre.
2010. Takke maTepuasbl Bannaaluv BoLWIW B
coBMecCTHbIM oT4eT UBPA3 1 AproHHCKOM Hauu-
OHanbHoM nabopatopuu (CLUA), B KOTOpOM npu-
BOJMNOCb CPpaBHEHWEe pe3yNnbTaToB YMCIEHHbIX
npeacKasaHui U aKCnepuMeHTanbHbIX aHHbIX,
Hapsay ¢ Kpocc-Bepudunkaumen kogos CONV-3D
(MBPA3) n Nek5000 (ANL). Xopouwiee coBnage-
HWEe C aKCMepuMeHTaNbHbIMWU AaHHBLIMWU BbIN0
AOCTUIHYTO NO: CNEKTPaNbHbIM XapaKTEPUCTUKAM,
cpeaHum ckopocTam M RMS. MBPAJ coBmecTHO
OAO «OKBM AdpukaHToB» B 2011-2012 roaax
6blf1I0 NPOBEAEHO MOAENMPOBAHNE IKCNEPUMEHT
ERCOFTAC (MvMpoBas 6a3a aaHHbIX N0 TypOyneHT-
HbIM TEYEHMUSIM) MO UCCNEAOBAHUIO ECTECTBEHHON
KOHBEKLIMM B 3aMKHYTbIX 06beMax Mpu IKCTpe-
ManbHO BbICOKMX Yncnax Penesi B 060cHOBaHWe
MCNONb30BaHNSA METOAOB MHXEHEPHOro pacyeTa
NnpoLLecCcoB TEPMOKOHBEKLMKU. Cneunanuctamm
0OAO «OKBM AdpurKaHTOB» pacyeTbl MPOBOANIUCH
C ucnonb3oBaHnem kommepyeckoro CFD Koaa.
Co ctopoHbl MUBPA3J 6b1n1 ncnonb3osaH CONV-3D,
KOTOPbIM NPOAEMOHCTPUPOBAS O4EHb XopoLlee
COBMaJeHNe YMCNEHHbIX NPeACKa3aHni C 3KC-
nepuMeHTanbHbIMKU AaHHbIMU. Kpome Toro, 6bina
BbIMO/HEHa BepubUKauusa 1 Banugaumsa npo-
rpamMHOro o6ecnevyeHns ¢ NCNob30BaHUEM
TaKWX TECTOB KaK: TPEXMEpPHask KOHBEKLMS B

KaBepHe C NOABMKHOW BEPXHEN KPbILLIKOK, Typ-
6yNeHTHOE TevyeHre BOAbl B KpYyrnon Tpyoe, Teve-
HWK € 06paTHBIM ycTyrnom. Bo Bcex crnyqasx 6bino
[JOCTUIHYTO Xxopollee COBMaAeHWe YUCNEHHbIX
npeAcKasaHui ¢ aKCnepuMeHTanbHbIMU AaHHbI-
MW, YTO YKa3biBaeT Ha BO3MOXHOCTb NPYMEHEHMS
pa3BuToro noaxoaa CFD ans npeackasaHus no-
TOKOB [191 MPOEKTUPYyeMbIX U fencTyowmnx ASC.

YcnelwHble pedynbTaTtbl Bannaalnm 4atoT 0c-
HOBaHwWe yTBepxaatb, 4To CONV-3D Koa moxeT
ObITb UCNOSIb30BAH AJ19 MOAENMPOBaHMWA TEMN0-
rMAPOAMHAMMKM B MOTrPaHCI0e MPU ManblixX Ynucnax
MpaHATASA, YTO XapaKTEPHO AN KULKOMETaNu-
YEeCKUX PEaKTopoB.
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3D CFD CONV CODE: validation and verification

V. Chudanov, A. Aksenova, V. Pervichko,
Nuclear Safety Institute (IBRAE),
Russian Academy of Sciences

Over the last couple of years IBRAE has been
developing a 3D CFD CONV code required to
analyze safety of operated nuclear power plants
(NPPs) [1]. The code is based on advanced al-
gorithms with small scheme diffusion for which
discrete approximations are constructed using
finite-volume methods and fully staggered grids.
In order to tackle an advection goal a regularized
nonlinear monotonic operator-splitting scheme
was developed. A pressure equation shall be
solved using Richardson iteration method with
an iteration FFT solver for Laplasian operator as
a preconditioner. The given approach to solving
elliptical equations with a floating factor ensures
multiple acceleration as compared to a standard
conjugate gradients method. A quasi-DNS ap-
proach is employed for modeling 3D turbulent
single-phase flows. The 3D CONV code is fully
parallelized and highly effective on multiproces-
sor cluster computers, such as «Chebyshev»,
«Lomonosov» (the Moscow State University).

3D CONV code applicability has been verified
and validated through a series of tests [1-3]in a
wide range of Rayleigh numbers (108-10%¢) and
Reynolds numbers (103-10°). The generated
software was used under the ISTC project to
analyze L1 test results for researching tran-
sient molten pool thermal hydraulics on a LIVE

plant[2].In 2010-2011 3D CONV code partici-
pated in a blind study on modeling streams in
a T-junction (T-junction OECD/NEA) [3]. Based
on validation materials a report was prepared
and presented at CFD4NRS3 Workshop —
CFD for Nuclear Reactor Safety Applications,
September 14-16, Bethesda North Marriott
Hotel & Conference Centre, 2010. Validation
materials were also incorporated into IBRAE
and Argonne National Laboratory (USA) joint
report in which the comparison of the results
of numeric forecasts and experimental data
is provided along with cross-verification of 3D
CONV codes (IBRAE) and Nek5000(ANL). A good
fit to experimental data was achieved in terms
of spectral response, average performance and
RMS. In 2011-2012 IBRAE together with JSC
«Afrikantov OKBM» (Afrikantov Experimental
Design Bureau for Mechanical Engineering)
conducted ERCOFTAC simulation experiment
(an international database on turbulent streams)
for researching natural convection in enclosed
volumes at extremely high Rayleigh numbers
in order to justify the methods of engineering
calculation of thermal convection. Afrikantov
OKBM experts performed calculations using a
commercial CFD code. IBRAE specialists in their
turn opted for a 3D CONV code that proved a
good fit of numerical predictions to experimental
data. Besides software was verified and vali-
dated using such tests as 3D convection in a
lid-driven cavity flow, turbulent flow of water in

around pipe, backward-facing step flow. On all
occasions a good fit of numerical predictions
to experimental data was achieved thus indi-
cating an opportunity of applying an advanced
CFD approach to predict flows for designed and
operated NPPs.

Satisfactory validation results provide rea-
sons enough to claim that 3D CONV code may be
used to ensure thermal hydrodynamics modeling
in a boundary layer at low Prandtl numbers which
is characteristic of liquid metal reactors.
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CEMWHAP

[TpumeHeHne CFD-KoaoB B TeniornapaBinyecKmnx
pacyeTtax 419 o60CHOBaHWA 6€30MNacHOCTU PaboThl
aKTUBHOW 30Hbl U 9N1IEMEHTOB B PEaKTOPHbIX YCTaHOBKaXx

C.10. Adonun, 1.A. Abpemos,
K.B. Ky3y6oB, B.Il. CMupHoB, A.l. YyxnoB
OAO <HUKHIT»

CoBpeMeHHble KOMMbIOTEPHbIE KOAbI
No3BOJIAIOT MoAe/IMpPoBaTb NpoLecchbl, Npo-
UCXOASILLME B peaKTOPHbIX ycTaHOBKax (PY),
060CHOBbIBaTb Pa6oTOCNOCOGHOCTb pas-
pa6aTbiBaeMbIX 3J1eMEHTOB KOHCTPYKLUU U
PY B uenom, o60cHOBbIBaTb 6€30NacHOCTb
yCTaHOBOK. B yacTHoCTH, C npUMEHEHUem co-
BpeMeHHbiX CFD-KoA0B BO3MOXHO NpoBO-
AWTb AeTaibHbl aHaNIN3 TENJIOBbIX U TUAPO-
AWHamMuyeckux npoueccoB. B 0AO <HUKUIT»
Takue pa6otbl Beaytca ¢ 2001 roaa, Korpga
ObiN nognucaH KOHTpakT ¢ 000 «TECUC» Ha
NOCTaBKy OT€4E€CTBEHHOI0 KOMMEpP4YeCKOro
CFD-kopa FlowVision. [laHHbI/ KoA ycnelu-
HO NpUMeHsieTCA B pacyeTax B HacrTosiuee
Bpems. Huxke paHbl HECKOJIbKO NpUMeEpPoB
€ero UcnoJib30BaHus.

Hanbonee aHeproHanpsKEHHbIM 31€MEH-
TOM KOHCTPYKUMK PY aBnseTcs akTMBHas 30Ha
(A3), noatomy TenornapaBanyeckum pacyet A3
MMeeT NepBooYepeHOe 3Ha4YeH1e Npu NpPoek-
TMpOBaHuK peaKktopa. OgHaKo NpsiMon Tensno-
BOM W rMapoAMHaMMUYecKnin pacyeT Bcen A3 ¢
OpebpeHHbIMM TB3TAMU UK TB3NaMK C MPOBO-
NIOYHOW HaBMBKOW ¢ Ucnonb3oBaHuem CFD-KkoaoB
Ha CEerofHsAWHWN AeHb NPaKTUY4ECKU HEBO3MO-
eH. Mcxoasa n3 aTux coobparKeHui UCnosb3y-
0T NOKaHa/bHble U NOAYEUCTbIE MPOrPaMmbl,
TaKue Kak koabl cepum MYHOK, BHeapsembii B
HacTosiwee Bpemsa kog COKPAT v apyrue, nnéo
npuMeHsieTcs moaenb nopuctoro Tena. OaHaKo
NPY UCNONBb30BAHWMW NMOKaHaNbHbIX M MOSYENCTbIX
nporpaMm BO3HMKAET BOMPOC O 3aMblKaloLLMX 3a-
BUCUMOCTSAX (KOIPDULMEHTLI TMAPaBINYECKOrO
COMNPOTUBAEHUS, TENIO0TAAYU, NEPEMELIMBAHNS),
KOTOpbIe, B CBOK 04Yepeb, MOXKHO MOMY4YUTb U3
aKcnepumeHToB unn CFD-pacyeToB. 3T0T NyTb
B HacToslLLee BpeMs NpeacTaBnseTca Havbonee
nepcneKTUBHbBIM.

[ns o6ocHoBaHMA 6€30MacHOCTU NepBoro
BapuaHTa KOHCTpyKUnKn A3 peaKktopa BPECT-
0/[-300 B 2003-2004 rr. 6b11 NpOBeAEH Te-
NnJoBOK U rnapoaMHamuyeckuin pacyet TBC ¢
ncnonb3oBaHMeM Koga FlowVision, ns kotopo-
ro GbININ NONYYEeHbl 3aMblKaloLLMe 3aBUCUMOCTH
(KO3dDUUMEHT TENOOTAAYUM, FTMAPABINYECKOTO
COMPOTUBNIEHUSA U NepeMellnBaHns). Pesynb-
TaTbl pacyeTta 6bln oTBEPUDULMPOBAHBI Ha
3KcnepumeHTax, npoBeaeHHbix B MHL-P® ®3U
Ha 25-cTep)KHEeBON COOPKE C UCMONb30BaHUEM
TennoHocutensa Ka-K. NoMnumMo nony4yeHHbIx 3a-
MbIKaloLLMX 3aBUCUMOCTEW, AaHHbIE N0 Temnepa-
TYPHbIM MOASM MOMOITIM AaTb PEKOMEHZaL MK No
ONTUMM3ALIMK FTEOMETPUMN BbITECHUTENS.

[na PY BPECT-0O/1-300 BbINOAHEH paj pac-
4YeTOB, Ba)XHbIX C TOYKM 3peHUsi 06OCHOBaHMUS
3KCMIyaTaLMOHHbBIX XapaKTEPUCTUK YCTaHOBKM
c ucnonb3oBaHneM Koga FlowVision. MposeaeH
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pacyeT rMapaBIMHECKOro CONPOTUBIEHNUS AUC-
TaHuMoHupytoLen peweTtkn TBC. ConoctaBneHune
C OMbITHLIMW J@aHHbIMM, MOYYEHHBIMM Ha Nocre-
[yloULMX 3Tanax BbINOMHEHWS MPOEKTA, NOKa3ano
Xopollee cornacue PacyHeTHbIX U 3KCMEepPUMEH-
TaNbHbIX pe3ynbraToB. [Ang aHannM3a Koppo3u-
OHHO-PaAMaLMOHHbBIX U3BMEHEHUIN CTPYKTYPbI U
CBOWCTB KOHCTPYKLMOHHbIX MaTep1anos TB3/0B,
06/1y4aBLIMXCSA B aBTOHOMHOM KaHane peaktopa
BOP-60 co CBMHLIOBbIM TEMJIOHOCUTENEM, MO-
TpeboBanuch AaHHbIE N0 TEMNepaTypam TB3JO0B,
KOTOpble BO3MOXHO 6bl/10 NOSTy4MUTb TONbKO pac-
YeTHbIM NMyTeM. BbINOSHEHHbIN pacyeT NO3BONNN
onpeaennTb a3uMyTasnbHyl0 HEPAaBHOMEPHOCTb
TemnepaTtypbl 060/104KM TB3Na.

O[HOI 13 aKTyanbHbIX 3afa4 SBNSIETCS pac-
4yeT TemnepaTypbl CBUHL,0BOMO TEMIOHOCUTENS B
BEPXHEN KaMepe peaKtopa npu HOMWHaNbLHOM
pexume paboTbl U aBapUMHbIX pexnmax. B ceasu
C YCTaHOBKOW HaJ aKTUBHOM 30HOM U3MEPUTENb-
HOWM KONIOHHbI NOTPe60oBaNoCh OTBETUTb Ha BO-
npoc, Kak 3T0 NOBMWUAET HA HEPABHOMEPHOCTb
TemnepaTtypbl NaTpyoKa TENIOHOCUTENS, MO KO-
TOPOMY CBMHEL, NePBOro KOHTypa MocTyrnaeT B
naporeHepatop. bbina nocrpoeHa TpexmepHas
MOAENb U3MEPUTENIbHON KOJIOHHbI M MPOBEAEH
pacyeT nons Te4eHUs TEMSIOHOCUTENS HaA aK-
TUBHOWN 30HOW.

[na o6ecneyerns 6esonacHoctn PY BPECT-
0-300 B pexunmax ¢ HapyleHUa MU YCIOBUI
HOpMasnbHOW 3KcNayaTauumn He06X0ANMO Noaaep-
YKMBaTb TemnepaTtypy cBuHLUa Ha Bxoge B [l Ha
TaKoOM YPOBHe, 4TO6bl 06eCcneyYnTb AOCTAaTOYHbIN
3anac npoYHocTH TpyooK NI, HaxoasALWmMXes Nog
BbICOKMM AaB/IEHUEM, NPW ANUTENbHOM 3KCMya-
Taumu. [ins cnyvas 0[HOBPEMEHHOI O OTK/IIOYEHMS
4-xTLUH n HecpabaTbiBaHWA aBapuMHOM 3aLLMThl
6bIN10 paccynTaHo pacnpeaeneHme TemnepaTypsbl
Ha[l aKTMBHOW 30HOM B NEPEXoAHOM npoLliecce
B 3aBWCUMOCTU OT BpeMeHW. bbin caenaH Bbl-
BOJ O TOM, 4TO MPY AaHHOM HapyLUEHUW YCOBUNM
HOpMasnbHOM 3KCMayaTaLMK He MPOUCXOAUT pas-
pylwieHre Tpy6oK naporeHepartopa.

Mpu NpoeKTUPOBaHMUM TEXHONOTMHYECKMUX CU-
ctem yctaHoBkM BPECT-0/1-300 uccnegosanach
BEHTUNALMSA ra3oBoro o6bema PY. 3agaya cocto-
fiN1a B onpeaeneHune KpaTHOCTH LIMPKYNALMM rasa.
B pacyeTHOM Mofenu 6binu y4YTeHbl NpoLecchl
Tennoo6meHa Mexay NOBEPXHOCTbIO CBMHLIOBOIO
TEMNJIOHOCUTENS U BEPXHUM NEPEKPLITUEM peaK-
TOpa, a TaKXKe NepeKpbITMEM NaporeHepaTopa.
YcTaHOBNEHO, YTO pacyeTHble 3HAYeHWs KpaT-
HOCTHU BEHTUNSILIMM FrA30BOro NPOCTPaHCTBA Ha-
XOASTCA B AONYCTUMbIX Mpeaenax. ns nonyyeHus
3aMblKaloWmMX 3aBUCMMOCTEN, MPUTOAHbBIX MNP
onucaHuu TennornapaBnnMku A3, He06X0AMMO
BbINOJIHUTL CFD-MoaennpoBaHue perynspHom
A4enKkn 6eckoHe4vHoro nyyka TBC ¢ opebpeH-
HbIMW TB31AaMW MW TB3NTAaMKU C NMPOBOJIOYHOM
HaBMBKOW. JTa 3adava 6bina peweHa B 2009
roay, Koraa 6bi1 npeanoxeH MeToj pacyeTa pe-
ryAsipPHOM A4ENKM M NPOBEAEH pacyYeTHbIM aHann3

ONS perynspHbIX s4eeK ABYX pasnuyHbix PY, a
MMeHHo: ana peakTtopa MUK (KpectoobpasHbin
TB3/1, BOAHbIN TENIOHOCUTENb) U AN1 peakTopa
BPECT-O/1-300 (TB3/1 C NPOBOJ/IOYHOM HABMBKOWM
TMNa «NPOBOJIOKA MO NPOBOJIOKE», CBUHLIOBbIN
TennoHocuTenb). MpeanoxeHHas MeToanKa pac-
yeTa NpuMeHsieTcsa 1 ana apyrux PY, paspaba-
TbiBaeMblx B OAO «<HUKUIT» n numetowmx ny4yxkm
BUTbIX CTEPIKHEN.

MpumeHeHne CFD-kogoB B OAO «HUKNIT»
He orpaHMYyMBaEeTCs UCNONb30BaHMEM TOMbKO
poccuickoro Koaa FlowVision. Tak, B pamKax Bbl-
MOMIHEHUS OJHOTO U3 MEXK/YHAPOAHbIX MPOEKTOB,
duHaHcupyembix MHTLL, 6b11 ycnewHo NnpuMeHeH
koA Fluent. 3agaya coctosna B MogeNMpoBaHUn
TBC peaktopa CANDU-X npu CBEPXKPUTUYECKNX
napameTpax TennoHocuTens. bbin BbINOAHEH pac-
yeT a4enku nydka TBC, a ans Bepudumkaumm pac-
YeTHbIX AaHHbIX MPU TEYEHUW TEMIOHOCUTENS CO
CBEPXKPUTUHECKMMM NapameTpamu Gblin B3AThI
3KCMEPUMEHTbI Ha Kpyrion Tpybe, NpoBeaeHHbIe
B THL—P® ®3W. Pe3ynbtaThl TPEXMEPHbIX TEMO-
rMapaBAMYEeCKUX PAacHETOB KaK U30/IMPOBaHHbIX,
TaK ¥ B3aMMOAENCTBYIOLMX SHEEK MyYKa CTEPIK-
Hel NoKasasnu, YTo NPK CBEPXKPUTUYECKMX Napa-
MeTpax B 061acT1 NCEBAOKPUTUYECKOV Temnepa-
Typbl TEMIOHOCUTENS NPOLECChl TEN1006MeHa B
TECHbIX A4EenKax CO0POK 1 Tpybax CyLeCcTBEHHO
oT/InYatoTCs.

PacuyeTHble Koabl Komnekca ANSYS (Fluent
n CFX) B HacToslee BpeMsa UCMob3ytoTes Ans
060CHOBaHUA 6e30MacHOCTU KOHCTPYKLUK
S1epHON 3HeprojBuraTeslbHOM YyCTaHOBKH, B
TOM 4ucne Ana uccnefoBaHusa TennoobMeHa B
OMHAPHbIX CMECSAX C HU3KMMMU MONEKYNSPHbIMM
yucnamu MpaHatna. Ans aTux Luenen npoBoanTcs
Kpocc-BepuduKkauma komnnaekca Abl8Y5 v oteye-
cTBeHHoro koaa FlowVision. C ucnonb3oBaHvem
CFD-TexHOo0rnMm npoBoasTcs Takke paboTbl B
060CHOBaHWe 6e30MacHOCTM peaKTopoB-Hapa-
60TYMKOB M3OTOMOB AJI1 MEAUUMHCKUX Lienen.
MprmepoMm cnyuT coBmecTHaa pabota ¢ HALL
«Kyp4aTOBCKUI MHCTUTYT» N0 pa3paboTKe peaKTo-
pa-HapaboTymKa nzotonos Mo-99 u Sr-89, npo-
TOTMNOM KOTOPOro ABASETCS GYHKLMOHWUPYIOLWMUIA
peaKTop «Apryc». Peaktop ABNSIETCA pacTBOPHbIM,
T. €. Ero aKTMBHas 30Ha 3anosiHeHa PacTBOPOM
ypaHun cynbdaTa. NpeanoxkeHa MeToanKa pac-
4yeTa aKTMBHOM 30Hbl C UCMONb30BaHWEM Kojaa
FlowVision, oTBepudu1LMpoBaHHas Ha peakTope
«Apryc», ¥ NpoBefieH TeNN0BOM U T’MAPOAUHAMMU-
yeckuit pacyet A3 pa3pabaTbiBaEMOro peakTopa,
BK/IIOYas TEMIOBYIO 3aLUUTY.

Taknm 06pa3om, npu 060CHOBaHWUM MPOEKTOB
PY, paspabatbiBaemMbix B OAO <HUKUNIT», winpoKo
MCMNONb3YIOTCA OTEYECTBEHHbIE U 3apy6GeHble
CFD-Koabl. 04eBMAHO, 4TO Ha CErOAHALLIHUI AEHb
0CO6EHHO OCTPO CTOMT 3a4ava BepuduKaLumnm u
aTTecTalnn Takux KOAoB. B aTon cBA3KM 0Co6Yi0
aKTya/lbHOCTb NpUoBpeTaeT BbipaboTKa Tpebo-
BaHWM K MX aTTecTauuun NPUMEHUTENbHO K 060-
CHOBaHMo 6e3onacHOCTM paboTbl PY.




Application of CFD-codes
in thermohydraulic calculations for safety
of the reactor core and plant components

S. Afonin, D. Afremoyv, K. Kuzuboy,

V. Smirnoy, A. Chukhlov

n.a. Dollezhal Research and Development
Institute of Power Engineering

0JSC NIKIET

Modern computer technologies enable
simulation of processes that occur at reactor
plants (RPs), substantiation of operability
of structural components under develop-
ment and RPs in general, substantiation of
plant safety. Notably application of advanced
CFD codes potentiates a detailed analysis of
thermal and hydrodynamic processes. 0JSC
NIKIET has been involved in that sort of work
since 2001 when a contract with CJSC TE-
SIS for the supply of a Russian commercial
CFD code called FLOWVISION was signed.
Nowadays this code is successfully utilized
in calculations. A couple of applications are
exemplified below.

The most energy intensive component of the
RP structure is the core (CS), therefore a thermal
hydraulic calculation for the core shall be of top
priority when designing a reactor. However a di-
rect thermal and hydrodynamic calculation for
the whole CS with finned fuel elements or winding
wire fuel elements using CFD codes is almost
impossible nowadays. Proceeding from these
considerations per-channel and per-cell software
is used, such as codes of the PUCHOK series,
SOCRAT code that is currently being integrated
and others, otherwise a porous body model is
employed. However application of per-channel
and per-cell software brings about the question
of closing dependencies (coefficients of hydraulic
resistance, heat transfer, diffusion) which in turn
may be obtained on the basis of experiments or
CFD calculations. This path at present appears
to be most progressive.

In order to substantiate safety of the first core
design version BREST-OD-300 a thermal and
hydrodynamic calculation for a fuel assembly was
performed in 2003-2004 using FLOWVISION code
proceeding from which closing dependencies
(coefficients of hydraulic resistance, heat transfer,
diffusion) were obtained. Calculation data were
verified during the experiments conducted at
SSC IPPE (State Scientific Center of the Russian
Federation — Institute for Physics and Power
Engineering named after A.l. Leypunsky) on a
25-rod assembly using Ka-K coolant. Apart from
obtained closing dependencies the temperature
pattern data helped to grant recommendations
regarding optimization of the displacer geometri-
cal arrangement.

A series of calculations was performed for
BREST-0OD-300 reactor plant that are highly im-
portant in terms of substantiating plant perfor-
mance characteristics using FLOWVISION code.
Hydraulic resistance of the assembly spacer grid
was calculated. Comparison to experimental

data obtained at subsequent stages of project
implementation proved a good fit of calculation
data to experimental results. In order to analyze
corrosion— and radiation-induced alterations in
the structure and properties of constructional
materials of fuel elements exposed to radiation in
an autonomous channel of BOR-60 lead-cooled
reactor data on the temperature of fuel elements
were required which could be obtained only by
calculation. The accomplished calculation al-
lowed to identify azimuthal nonuniformity of the
cladding temperature.

One of the crucial tasks is to calculate the
temperature of the lead coolant in the upper
chamber of the reactor under nominal operation
conditions and emergency conditions. Installation
of an instrumental column over the core brought
about the question of how it may affect nonuni-
formity of the temperature of the coolant pipe
through which lead of the first circuit enters the
steam generator. A 3D model of the instrumental
column was developed and the coolant flowfield
over the core was calculated.

In order to ensure operational safety of
BREST-0OD-300 reactor plant in modes charac-
terized by abnormal conditions it is essential
to maintain the lead temperature at the inlet
of the steam generator on the level required to
ensure sufficient safety factor for the pipes of
the steam generator subjected to high pressure
in the course of continuous service. Against the
possibility that four reactor coolant pumps are
shut down simultaneously and the emergency
protection system malfunctions, temperature
pattern over the core was calculated based on
time in a transition process. It was concluded that
under such abnormal conditions steam generator
tubes are not destroyed.

When designing technological systems for
BREST-0OD-300 plant ventilation of the RP gas
plenum was studied. The goal was to deter-
mine the gas circulation rate. In the calcula-
tion model due account was taken of heat
exchange processes between the surface of
the lead coolant and the upper floor of the
reactor, as well as of the steam generator
floor. It has been established that calculated
values of the gas plenum ventilation rate are
within the permissible range. In order to obtain
closing dependencies applicable in describing
the core thermal hydraulics it is necessary to
perform CFD modeling of a regular cell in an
infinite fuel bundle with finned fuel elements
or winding wire fuel elements. This task was
tackled in 2009 when a regular cell calculation
method was proposed and design analysis was
performed for regular cells of two separate RPs,
namely for PIK reactor (a cross recessed fuel
element, water coolant) and for BREST-OD-300
reactor (winding wire fuel element of «wire-
over-wire» type, lead coolant). The proposed
calculation procedure is applied to other RPs
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designed by OJSC NIKIET and having bundles
of twisted rods.

Application of CFD codes at OJSC NIKIET is
not limited to the Russian code FLOWVISION.
Thus, within the framework of an international
project financed by the ISTC (International Sci-
ence and Technology Center) another code FLU-
ENT was successfully integrated. The task was
to model a fuel assembly for CANDU-X reactor
at coolant supercritical parameters. Calculation
of a cell in a fuel bundle was effected, whereas
verification of calculation data in case of the
coolant flowing at supercritical parameters was
ensured through experiments on the circular
pipe conducted by SSC IPPE. The results of 3D
thermal-hydraulic calculations for both isolated
and interactive cells in a bundle of rods proved
that at supercritical parameters in terms of cool-
ant pseudocritical temperatures heat exchange
processes in narrow assembly cells and pipes
differ significantly.

Calculation codes of ANSYS complex (FLUENT
and CFX) are presently utilized to substantiate
structural safety of the nuclear power propulsion
system, and inter alia to research heat exchange
in binary mixtures with low molecular Prandtl
numbers. For these purposes cross-verification
of AY8U5 complex and Russian code FLOWVI-
SION is accomplished. CFD technologies are also
used in substantiating safety of medical isotope
production reactors. This can be exemplified by
close cooperation with the National Research
Center «Kurchatov Institute» in terms of devel-
oping an isotope production reactor Mo-99 and
Sr-89 modeled after a running reactor «Argus».
This reactor is a solution one, thus its core is filled
with uranyl sulphate solution. A core calculation
procedure using FLOWVISION code was proposed
and verified at Argus reactor; besides, thermal
and hydrodynamic calculation was effected as
to the core of the developed reactor, including
thermal protection.

Thus, both Russian and foreign CFD codes
are widely used in substantiation of RP projects
developed at OJSC NIKIET. Obviously the goal
of verification and validation of such codes is
particularly acute nowadays. In this respect
elaboration of validation requirements in terms
of RP operating safety substantiation is of special
relevance.
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CEMWHAP

PacyeTHO-3KCNnepuUMeHTaIbHOE
nccnegoBaHme rmapoaAnHaMUKN U
MaccoobmeHa Bo ¢pparmeHTtax TBC BBIP-1000
C COTOBbIMU AUCTAHLMOHUPYIOLWMMH
nepeMeLwmnBaloWmMMnN PeELLIETKAMH

C.M. lFerq, B.l'. Kpanueuyes, I1.B. MapkosB,
B.U. Cononmnn
MITY um. H.3. Baymana

[na HagexkHoM paboTbl TENNOBbIAENSIOLMX
c6opok (TBC) BOAOBOAAHbIX 3HEPTrETUHECKUX
peakTopoB (BBAP) NoBbILLIEHHOK MOLHOCTH He-
06X0AMMO CHWMXXaTb HEPaBHOMEPHOCTM TEMo-
TEXHWYECKUX XapaKTEPUCTUK MOTOKa TEMIOHO-
cuTens Bo n3bexxaHne BO3HWKHOBEHUS KpuU3nca
TennooTAa4m nepsoro poaa. OAHMM U3 CNOCO60B
pelleHns JlaHHOW 3ala4u SBNSIETCS BKIOYEHWE B
coctaB TBC Typ6ynunaupytowmx 1 nepemellnBa-
IOLLMX PELIETOK, YTO TPEBYET TWaTebHOro pac-
YeTHO-3KCNEePMMEHTaNIbHOro aHann3a.

PaccmoTpeHbl 19- n 127-cTepKHeBbIe ppar-
MeHTbl TBC BB3P-1000 ¢ cOTOBbIMM AUCTaH-
LMOHMPYIOLWMMHM PELLETKAaMM, NPEeANOKEHHbIE K
ncrnonb3oBaHuio OAO «MallMHOCTPOUTENbHbIN
3aBof» (puc. 1), reomeTpus s4eekK (COT) KOTOPbIX
obecneynBaeT co3aaHme pasHoHanpaBieHHbIX
rnonepeYHbIX TEHEHUIN MEXAy COCEAHUMM CO-
AMW TENJIOBbIAENSAIOWMX ITEMEHTOB (TB3/10B)
[1]. KOHCTpYKLMSA pelleTKH, YCTaHOBIEHHON B
127-CcTepXXHEBOM MNy4Ke, OTAMYanacb OT KOH-
CTPYKUMK 19-94encToro pparMeHTa Haanvmem
LecTurpaHHoro o6oaa, UCcKato4aBLlero 6avnac-
HOe TeYeHWe MeX/yY PeLLETKOM U YeXN0M MaKeTa
TBC.

C ucnonb3oaHunem MK STAR-CCM+ [2] uc-
cnefoBaH MexaHU3M reHepauum HanpasieHHOro
KOHBEKTMBHOIO NepeHoca B MOTOKE TEMIOHOCH-
TeNs 3a peLleTkamu, NoayyYeHbl rMapaBaMyecKue
1 nepemMellVBaloLLe XapaKTEPUCTUKM PELLETOK.

OKcnepuMeHTasnbHble UCCe0BaHNsS NPOBO-
[IMNUCb Ha @3poanHaMMYECKOM CTeH e Kadeapbl
«laepHble peaKTopbl U yCTaHOBKKM» MITY um.
H.3. baymaHa npwu 4ucnax PelHonbaca NoToKa
BO3Ayxa B nyykax Re = (2-5) x 10% B uenax
BaNvMaauun pe3ynbTaToB pacyeTa BbIMOAHEHO
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Puc. 2. 3KcnepumMeHTanbHble (a) U pacyeTHbie
(6) pacnpepaeneHus NOKanbHbIX XapaKTePUCTUK
NOTOKa Ha pacctossHuu 110 mm 3a pelueTKomn
MeXay BTOPbIM U TPETbUM rOPU30HTaIbHLIMU
psiaamMmu cTepXXHen: a) pacnpepeneHns oceBomn
CKOpoCTH; 6) pacnpepeneHus Temneparypbl

Fig. 2. Experimental (1) and calculated (2)
distribution of the flow local characteristics
at the distance of 110 mm between the 2nd
and 3rd rods horizontal rows behind the grid:
a) axial velocity distribution; b) temperature
distribution.
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Puc. 1. BHewHuii Bua 19-ayeucrtoro pparmeHra
COTOBOW AUCTAHLMOHUPYIOLLEN NepemMeLlMBalo-
wen peweTku

Fig. 1. General view of the 19-rod cellulous
section of the spacer mixing grid

YUCNEHHOE MOAENMPOBAHUE TEYEHUSA U TEMno-
MaccoobMeHa B a3poAMHaMUYECKOM CTeHAE,
noKasaHo BIMAHWE reOMEeTPUU TPAKTOB NOABO-
[a ¥ CXXMMaeMOoCTV MOTOKa BO34yxa Ha mnony-
YyeHHble pe3ynbTaTbl. CpaBHEHWE pacyeTHbIX U
3KCNepMMeHTanbHbIx 3HaveHn KIC (c yyetom
CXMMaeMOCTU BO3ayxa), NpUBeLEeHHbIX B Tabu-
Le, NoKasblBaeT, YTO OT/IMYME HEe NpeBblWaeT
10%. JlokanbHble pacnpeaeneHns CKopocTen
(puc. 2 a) n TemnepaTyp (puc. 2 6) B 127-cTep-
HEBOM MyYyKe TaKKe HaxoaaTcsa B yAOBNETBOPU-
TEeNbHOM COrflacuu.
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Pilot study of flow dynamics
and mass transport in fuel
assemblies of WWER-1000
reactor with spacer

mixing grids

S. Getya, V. Krapivtsev, P. Markoy,
V. Solonin,

Moscow State Technical University
n. a. N. Bauman

To ensure reliable operation of fuel assem-
blies of a high capacity water-cooled water-mod-
ulated nuclear reactor (WWER) it is essential to
flatten the thermal performance of the coolant
flow in order to avoid departure from nucleate
boiling of the first type. It can be done by intro-
ducing turbulence-creating mixing grids in the
fuel assembly. To solve the task a pilot study
has been conducted.

19-rod and 127-rod fuel assemblies of
WWER-1000 with spacer grids have been consid-
ered. The grids have been developed by Machine
Building Plant (fig.1). The geometry of the grids
provides for differently directed flows between
adjacent layers of the fuel elements [1]. The de-
sign of the grid installed in 127-rod assembly
differs from the 19-rod assembly design since it
has a hexagonal rim that prevents a bypass flow
between the grid and the fuel assembly jacket [1].

With the use of PC STAR-CCM+ [2] the mecha-
nism of the oriented convective transport genera-
tion in the coolant flow has been investigated,
and hydraulic and mixing properties of the grids
have been determined.

The pilot study was conducted on the aero-
dynamics stand of the department «Nuclear
Reactors and Facilities» of the Moscow State
Bauman Technical University with the use of
Reynolds numbers for the air flow in Re = (2 -
5) x 10%. For the calculation results validation a
numerical simulation of the flow, heat and mass
transport was conducted in the aerodynamics
stand and the influence of the geometry of sup-
ply tracks and the air flow compressibility on the
results was demonstrated. Comparison of the
calculated and experimental data on the flow
friction coefficient (with account of the air com-
pressibility) shows that the difference does not
exceed 10 percent (see Table 1). Local velocity
distribution (Fig.2-a) and temperature distribu-
tion (Fig.2-b) in the 127-rod assembly are also
harmonized.
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Ta6n. 1. PacyeTHble U 3KcnepuMeHTaNbHble 3HauyeHUsa KI'C coToBOM AUCTaHLUMOHUPYIOLLER

nepemelumBalollen pelleTku

Table 1. Calculated and experimental values of the flow friction coefficient in the cellulous spacer

mixing grid

19 cTepKHewn

MeTopa nccnepoBaHus (19-rod assembly),

Research technique

127 cTeprkHen
(127-rod assembly),

19 cTepKHewn
(19-rod assembly),

Re ~ 3,0 x 10* Re ~ 4,5 x 10* Re ~ 3,7 x 10*
Pacyet / Calculation 0,84 0,82 1,52
9KcnepuMeHT / Experiment 0,87 0,83 1,41
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O 3aMblKaHWX MOAENU TYPOYTEHTHOCTU NO KPUTEPMUILO
caMoopraH1usaumn yCTaHOBUBLLErocsa ABUKEHMUS

C.H. JloxkuH, U.P. Yronesa,
®BY HTUAPB»
A.C. loxxkuH, 000 Jlucepra»

CamoopraHugauus — a1o o6wedunanyeckoe
CBOWCTBO MaTepuasbHbIX Ten GopMUpoBaTh Co-
CTOSIHUS PaBHOBECUS C BHELWHEN cpeon, noa-
CTpanBas CBOK BHYTPEHHIO CTPYKTYpy Moj
3alaHHbIM (HOBbIM) YPOBEHb BHELWHEro BO3-
aencteus. MNMpoucxoasaume npu 3ToM U3MeHe-
HUSt BO BHYTPEHHEN CTPYKType Ten nposBasioT
cebs noKanbHbIMK 3apdeKTaMm NPOTUBOMOSOXK-
HOW HanpaB/IEHHOCTU, HE PaBHbIMWU APYT APYrY;
MX CYMMWPOBaHWe onpenensiet uHTerpanbHyio
HanpaB/IEHHOCTb NpoLuecca caMoopraHnu3aunm
(MHTErpanbHbin 3bdEKT).

CHUHepreTM4yecKmi KputTepmm ycTaHoOBMUBLLE-
rocsi ABMKEHUS B CUCTEME «MOTOK — BHELIHSAA
cpefar» KoHcTaTUpyeT [1], 4To nNpu 3a4aHHbIX
BHELHUX YCII0BUAX Nepexos OT JaMUHapHOro
OBWXEHWS K TypOyNeHTHOMY 3aBepLUaeTcs CTPoro
B MOMEHT, KOraa npupalleHne pacxoga B M-30Hax
NonepeyYHoro cevyeHns NoToKa, T. €. IOKasbHbIN
3bdEKT NPOTUBOAENCTBUSA MHTErPanbHOMY 3d-
deKTy, AOCTUraeT CBOEr0 MakcumMyMma.

lMosicHMM CKa3aHHOe Ha npumepe penak-
CalMOHHOro npoLecca, NepeBoAsLLEero NoToK
UOKOCTM B TPY6E KPYrnoro cevyeHns na pexuma
C NaMMUHapPHbIM IBUXEHWEM B YCTaHOBUBLUMICA
TypOYyNeHTHbIN [2]; ero 0606LeHHbIe pe3ynbraThbl
nokasaHbl Ha puc. 1.

Puc. 1. PacnpepeneHue cKopocTtei B Tpy6e npu
namMuMHapHoMm (1) u TypGyNneHTHOM (2) ABMMKEHUAX
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M3 puc. 1 BUAHO, 4TO B MOMEHT OCTaHOBa
penakcalMOoHHOro npouecca, T. €. B pexume ¢
YCTAHOBUBLIMMCS TYPOYNEHTHbIM ABUXEHWUEM,
npoduIb CKOPOCTH (KpMBas 2) NprMobpesn TaKyto
NPOCTPaHCTBEHHYIO GOPMY, KOTOpas Nno cpaBHe-
HUWIO ¢ NpodUIEM CKOPOCTU NPU NamMUHaAPHOM
[BWXXeHUK (Kpuas 1) obecneynna npu 3agaH-
HbIX CTaLlMOHAPHbIX BHELIHMX YCIIOBUSAX MaKCH-
ManbHOe NpupalleHne MecTHbIM CKOPOCTAM B
nepudepuiiHbix 30Hax cevyeHns Tpyobl (B M-30Hax
B6/IM3M CTEHKM, Ha3BaHHbIX TaK N0 NepBoi GyKBe
0T cNnoBa «nepudepus») U HEKOTOPOE CHUKEHNE
CKOpPOCTeW B fipe noToka. TpaHchopmauus npo-
duna ckopocTn B Tpybe cBA3aHa C TeM, YTO Mpu
TYPOYNEHTHOM PEXUME ABUKEHUS HUAKOCTU Ha
CTeHKe Tpybbl reHepupyrtoTCs BUXPKU, KOTOPbIE
yXoaaT B 94PO MOTOKA M TOPMO3AT €ro, a Ha UX
MEeCTO NMPUXOANT KUAKOCTb U3 a4pa U yCKopsieT
LBWXeHWe B 1-30Hax. YBeNnnyeHne CKopocTen
B [1-30HaX OTHOCUTENIbHO UX 3HAYEHWUW B NaMu-
HapHOM ABUXEHUW NPOSBNSET ce65 NOKaNbHbIM
npupaLLeHnemM pacxoga B 3TUX 30HaX, a CHUXKe-
HWE CKOPOCTEN B Ape MOTOKA — CHUXXEHWEM
pacxoja B siApe NoToKa. AT NoKabHble 3QPEKTbI
NPOTUBOMNOJIOXHON HanpPaBNEeHHOCTU HE PaBHbI
Apyr Apyry, N03TOMy B OMnbiTax Habnogancs nHTe-
rpanbHbiv 3GdEKT — CHUMKEHME MOMHOro pacxoia
Yyepea nonepeyHoe ceveHue Tpyobl.

B onucaHHbIX pedynsTatax 0co60e BHUMaHWe
aKLeHTMpYeM Ha TOM, YTO CBOMCTBO — MaKCHMyMm
pacxopa B [1-30Hax — 370 MHAUKATOP pPeXMma C
YCTaHOBMBLUMMCS TYPOYNEHTHbIM ABUXKEHMEM. B
[2] ckazaHo, 4TO «[ToMeLLas M3mepuTesb CKOpo-
CTV Ha onpefesieHHOM He6O0/bLLIOM PacCTOAHUM
OT CTEHKM, MOXXHO MO YBEIMYEHWIO CKOPOCTHOIO
Hanopa CyauTb O Nepexoje OT laMUHaPHOIO ABH-
EHUS K TypOyneHTHOMY. TaKOW NpreM € ycrnexom
NPUMEHSETCS NPU IKCNEPUMEHTANIbHOM UCCe-
[l0BaHWM nepexoia B NOrpaHU4yHOM Crioe».

B peanbHOM MOTOKE MakcMMym pacxona B
lN-30Hax JOCTUraeTcst CTPOr0 B MOMEHT OKOHYa-
HUS penakcaLMoHHOro npolecca nepexoa oT

1 1 ‘ | 1 l

NaMUHaPHOro K YCTaHOBMUBLUEMYCS TypOyNeHT-
HOMY ABWEHMIO U COXPAHAETCH BO BPEMEHM,
NMoKa COXpaHsatoTCA B HEM3MEHHOCTU BHELLUHUWE
ycnosus. lNMpuyem Kakaomy Habopy BHELUHMX
YCNOBWM COOTBETCTBYET B PEXKMME C YCTAHOBMB-
WMMCS ABUXEHWEM CBOE MoJie OCPeAHEHHbIX
CKOpOCTeW U, cnefoBaTefibHO, CBOE 3HayYeHue
pacxoga B [1-30Hax. 3T0 NO3BONSET FOBOPUTL O
AETEPMUHUCTUMHECKOM CBSA3M KUHEMATUYECKOM
CTPYKTYpbl YCTaHOBUBLUErocs TypOyneHTHOro
NOTOKa (B 4aCTHOCTU, MakKCMMyMa pacxoja B
1-30Hax) ¢ BHELHUMU YCII0BUAMMU.

Mog4yepKHEM, 4TO AETEePMUHUCTUYECKOE
CBOMCTBO yCTaHOBMBLIErocs TypOYNEHTHOro
OBWKEHUST — MaKcumyM pacxoga B [1-3oHax —
0643aH0 BbINOMHATLCA B MOAENAX TypOyNeHT-
HOCTH, €CNN TONIbKO OHU aieKBaTHbI peanbHOCTU.
3TO CBOMCTBO MO3BOJAET NPOBECTU PEBU3UIO
Moaenen TypbyneHTHOCTU, Hanpumep, «3a-
WKTbIX» B KOMMeEpYeCcKMX Kogax Knacca CFD
(Computational Fluid Dynamics), n6o TonbKo B
OU3NYECKM KOPPEKTHBIX MOAENSX BOZMOXH00000
CbIMUTMPOBATb Nepexos OT TaMUHAPHOr0 ABMKE-
HMS K yCTaHOBUBLIEMYCS TypOyneHTHOMY, B YacT-
HOCTHW, NyTEM MOCNeaoBaTeNbHOro yBeNIM4yeHus
KO3pdUUMEHTOB TYPOYNEHTHOM BA3KOCTU HANTH
TaKkne Ux 3HayeHus, Npu KOTOPbIX MPOCTPaH-
CTBEeHHas ¢opma nons ckopocTen obecrneyut
MaKCUMyM pacxogy B 1-30Hax; npu OTCyTCTBUM
MaKcuMyMa pacxopa B 1-30Hax nposepsiemast
MOA€eSNb TYPOYNEHTHOCTH NOANEKUT OTOPaKOBKe
KaK HepU3MnYHas.

YcnoBue MakcuMyma pacxofa B 1-30Hax no-
3BOJIIET HAX0AWUTb AETEPMUHUCTUYECKME pelLle-
HUS B MoAensax Typ6yneHTHOCTH He TPaaULMOH-
HbIM CNOCO60M TapUPOBKM KOIDDULIMEHTOB (T.€.
nog6opoM MX 3HAYEHWI NO YCIOBUIO HauyyLWero
cornacus pacyetoB C OMbITHbIMU A@HHbIMMU), @
B BapuauMOHHOWM nocTtaHoBKe. BapuauunoHHoe
pelweHne B OTMYME OT crocoba TapupOBKM
KO3hOUUMEHTOB MOXKHO NPUMEHSATL AN Npo-
rHO3HOW oLeHKKn noBeaeHns OMAD B pexxnmax,
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Puc. 2. PacnpeaeneHne CKopocTen No nepumMeTpy LLIeHTPasbHOro CTEPXKHSA Ha BbIX0oJe MOAE/U C XXUAKOMETa/UIMYEeCKUM oxnaxaeHuem. [laHHble
3NEeKTPOMarHUTHbIX uamepeHun P3N (O) u pesynbraTbl pacuetoB no CFD kopam FLUENT (A) n STAR-CD () B3aTbl U3 [5]; O — pacuyeT no ycnosuio

MaKcumyma pacxopa B -3oHax [4]
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[N KOTOPbIX HET OMbITHbIX AaHHbIX. HanoMHumMm,
4TO CMTyaLMs C OTCYTCTBMEM NPEACTABUTENbHbIX
3KcnepuMeHTanbHbIX AaHHbIX A1 OMAD He pea-
KOCTb, M6O NPsIMblE 3KCNEPUMEHTbI Ha HaTYPHbIX
06beKTax He Bcerga BO3MOXKHO NPOBOAUTL MO
coo6paxeHnsamM 6e30MacHOCTH, a IKCTpanonaLma
MOJENbHbIX UCCNEeN0BAHUI Ha HATYPHbIE 0OBEKTHI
4yacTo 6bIBAET HE BMOJIHE NMPaBOMEPHOM.
BnepBble cnocob6 otéopa AeTepMUHUCTHYE-
CKOro pelleHKs Mo YC/0BMIO MaKCMMyMa pacxoaa
B [1-30Hax 6b11 NPUMeEHeH B [3]; B AanbHENLIEM OH
6blN aaanTUpPoOBaH K pacyeTy TenorMapaBanku
B PEaKTOPHbIX 30HAX CO CTEPXKHEBbLIMU TB3NIAMM
(B koge CPCTFA — Calculative Program to Check
Thermohydraulics in Fuel Assemblies [4]).

Ha puvc. 2 nokasaH npuMep conocTaB/EHNS
CKOPOCTEN, NBMEPEHHbIX BOKPYT LIEHTPaIbHOro
cTepHs B TBC ¢ XXMOKOMETaNTMYECKMUM OXN1aXK-
[EHWEM, U PAcCUYMTaHHbIX MO pa3HbIM KoAaM: B
[4] — no makcumymy pacxoga B [1-3oHax, B [5]
— cnoco60oM TapupPOBKMU.

M3 puc. 2 BUAHO, 4TO AETEPMUHUCTUHECKOE
pelleHve, HaMAeHHOe Mo YCNOBUIO MaKCMMyMa
pacxoga B [1-30Hax, cornacyetcs ¢ AaHHbIMU
3M1EKTPOMArHUTHbIX M3MEPEHUI CKOPOCTEMN
c norpewHocTblo £10%, Toraa Kak CKOpocCTH,
HanaeHHble no CFD-KoaaM € UCnofib30BaHMEM
npvemMa TapupoBKHM, OTIMHAIOTCSH OT UBMEPEHHbIX
cKopocTen Ha = 20%.

Tennornagpasnuka B Koge CPCTFA paccuu-
TbiBAeTCS B NMOKaHaNbHOM MPUGANMKEHNUH C Bbl-
JeneHneM B NonepeyHoM CeYeHnn TenoHOCH-
TeNns 30H, B KaXKA0W M3 KOTOPbIX MPUCYTCTBYET
camocToaTeNlbHOe BTOPUYHOE TeyeHne. Hanom-
HUM 0606LeHne PIN aaHHbIX SKCNEPUMEHTOB
MHOIMX aBTOPOB: «B KaxKaon u3 30H TypOyneHT-
HOro MOTOKa, OrPaHUYEHHbIX CTEHKOW, MHUEN

MaKCMManbHOM CKOPOCTU U HOPMasblO K CTEHKE,
NpoXoAsLLen Yepes TOHYKY MaKCMMyMa CKOpPOCTH,
CyLLeCTByeT CaMOCTOoATE/IbHOE BTOPUYHOE TeYe-
Hue». [lo6aBMM: BTOPMYHOE TEHEHWE 3aKPyYMBAET
noctynatenbHoe ABUMXXEHWE NOTOKa B KaxKaow
13 30H B OTAENIbHYIO CTPYIO (MO-APYromy, A4enKy
Hukypaase).

B koge CPCTFA cpefjH1e Ha MeCTHOM rny6uHe
CKOpOCTH B fvenKe HuKypaase (noa MeCTHOM
rny6uHON NOHMMaeTCs PacCTOAHWE NO HopManu
OT CTEHKM [0 rpaHuLLbl pasgena s4yeekK) paccyu-
TbiBalOTCS B KOOpAMHATaX (I, P, Z) N0 ypaBHEHWIO
YyCTaHOBMBLUEroCs TYPOYNEHTHOIrO ABUMXKEHUS
CMNJIOWHON cpeabl cneaytowero suaa [4]:

d*(u?)/d@* + P(@) d(u?)/d® + Q(a,@)u® =
Fla,®). 1)

3aeck: P(@) =(2/h)-dh/d® + (1/2A)-dA/dp—
(1/r)-dr/d@; Qe @) = —(r,rA)/(0-0,048h?); F(a,P)
= —(r’g1)/(0-0,024h\2); r =1, + h/2; 1, — papgnyc
KPWMBW3HbI CMOYEHHOM MOBEPXHOCTH; h — mMecT-
Has rny6uHa; g — YCKOPEHWE CUNbl TAXKECTH; i
— MbE30METPUYECKNM YKITOH; A — KOIDDULIMEHT
rMAPaBAMYECKOr0 TPEHWUS B MIOCKOM MOTOKE;
U — CKOPOCTb, CpefHAs Ha MECTHON rny6uHe; a
— napameTp Gopmbl (KPaTHOCTb OTINYKA Nepe-
HOCa MMMynbca No ocu P B A4enke HuKkypaase
MO OTHOLIEHMIO K NEPEHOCY MMMYbca No ry6uHe
B M/IOCKOM MOTOKeE).

Anroputm otéopa AeTePMUHUCTUHECKOro
pelleHna ana ypaBHeHus (1) cnegyowmm:

Mpwn o, = 0 HaxoAMM MnoJjie CKOopoCTeMn

u(ocj=0,(p):
u o, = 0, @) = F(a,0)/Qa,®) =
2ghi(1+ h/2r,)/A. 2

HanaeHHoe pelleHne MHTErpupyeTcs, v Bbl-
YUCNHAIOTCA 3HAYEeHUa pacxoaa O(ocj =0) n cpesHen
CKOPOCTH NOTOKa V(ocj =0).

DurKeupyloTes rpaHuLbl M-30H B NonepeyHom
CeYyeHuMn pacyeTHom obnacTtu (f4erke HUKypaase)
no YCNOBMIO:

u(a}. =0,0)< V(ocJ =0), (3)

1 BblyMCnAeTcs cpeaHas B M-30Hax CKOPOCTb,
7. e. Vn(ao, = 0).

YBenuninsaem a, Ha Aol (ocj+1= o + Aa). Mpwn
a,, , Haxoaum u(aﬁl, @) 1 BblYUCIAEM Vn((xjﬂ).
Kak TonibKo VI'I((lj L)< Vn(aj) — [OCTUTHYT MaK-
cMMyM pacxopa B -30Hax.
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On closure of the turbulence model

by steady flow self-organization criterion

S. Lozhkin, I. Ugoleva,

Research and Technical Center for
Nuclear and Radiation Safety

A. Lozhkin, Liserta LLC

Self-organization is a physical property of
a body to establish equilibrium with the envi-
ronment adapting its internal structure to a set
(new) level of the exposure. The internal structure
changes are manifested in local effects of op-
posite direction, not equal to each other. Their
accumulation determines the integral direction
of the self-organization process (integral effect).

Synergetic criterion of the steady flow in the
system «flow — environment» certifies [1] that un-
der given conditions transition from the laminar
flow to turbulent flow is completed exactly when
the excess yield in «P» zone of the flow cross-
section, i.e. counteraction of the local effect to
the integral effect, achieves its maximum point.

The aforesaid can be illustrated by a relaxa-
tion process that transfers a liquid flow in a pipe
of circular section from the regime of laminar
flow to the steady turbulent regime [2]; see Fig.1
for the summary.
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Fig. 1 shows that at the stop time of the re-
laxation process, i.e. in the regime of the steady
turbulent flow, the velocity profile (curve 2) ac-
quires the space form that leads to the maximum
excess of local velocities in the peripheral zones
of the pipe section (in P zones near the wall; the
term «P zone» is derived from «peripheral») at the
given steady external conditions, as compared
to the velocity profile at the laminar flow (curve
1). Besides it leads to some decrease of velocity
in the flow core. Transformation of the velocity
profile in the pipe is explained by the fact that in
the turbulent regime of the liquid flow vortices
are generated on the pipe wall. They enter the

Fig. 1: Speed distribution in a pipe
at the laminar (1) and turbulent (2) flows.

flow core and impede the flow while liquid from
the core replaces them and boosts flow in the P
zones. Velocity increase in P zones as compared
to the velocity value at laminar flow is manifested
by local excess yield in P zones while the velocity
decrease in the flow core is manifested by the
lower discharge in the flow core. These local ef-
fects of opposite direction are not equal to each
other that experiments demonstrated the integral
effect, i.e. decrease of the total flow through the
pipe cross-section.

The results stress the fact that this property,
i.e. the maximum discharge in P zones, indicate
to the regime with steady turbulent flow. As [2]
states, «placing a velocity meter at a small dis-
tance from the wall, it is possible to detect a
transition from laminar flow to turbulent flow by
an increase of the velocity head. This method is
effective in experimental study of the transition
in the boundary layer».

In a real flow the discharge maximum in P
zones is achieved in the moment of termination
of the relaxation process of transition from lami-
nar flow to steady turbulent flow, and is steady
while the external conditions remain unchanged.
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Fig 2. Distribution of velocities at the perimeter of the central rod at the exit of the model with liquid-metal cooling. Data on electromagnetic
measurements (O) and results of calculation by means of FLUENT (A) and STAR-CD (*) CFD codes are from [5]; O calculation for the maximum discharge

in P zones [4].

A certain field of average velocity and, conse-
quently, a certain discharge value in P zones,
corresponds to each set of external conditions.
It means that there are deterministic relations
between the kinematic structure of the steady
turbulent flow (in particular, maximum discharge
in P zones) and the external conditions.

It should be stressed that the deterministic
property of the steady turbulent flow, i.e. the
maximum discharge in P zones, is indispensible
for turbulence models provided they are adequate
to reality. The property allows to revise turbulence
models, e.g. the models «wired» in commercial
codes of CFD (Computational Fluid Dynamics)
class because only physically correct models
allow to simulate the transition from laminar
flow to steady turbulent flow, in particular, using
consecutive increment of the turbulent viscosity
coefficient, to find the values at which the space
form of the velocity field ensures maximum dis-
charge in P zones; when the discharge maximum
in P zones is not achieved the tested turbulence
models must be discarded as nonphysical ones.

The condition of maximum discharge in P
zones allows to find deterministic solutions in
turbulence models without using the traditional
method of factor calibration (which implies select-
ing the values using the criterion of the conformity
of calculations to the experimental data) but
using the variational formulation. Unlike factor
calibration, variational solution can be used for
the prediction estimate of nuclear facilities be-
havior in the regimes where experimental data
are non-existent. It should be borne in mind that
absence of experimental data about nuclear fa-
cilities behavior is not a rare fact because tests
at real facilities cannot be always made due to
safety considerations while projection of mod-
eling results to a real facility may not be correct.

For the first time the method of determin-
istic solution on the condition of the maximum
distarge in P zones was used in [3]; later it was
adopted to the thermofluid calculations for the
reactors with fuel rods (in code CPCTFA - Calcula-
tive Program to Check Thermohydraulics in Fuel
Assemblies [4]).

Fig. 2 illustrates the comparison of velocities
measures around the central rod in the fuel rod

array with liquid-metal cooling and calculated
with the use of various codes: in [4] — at the
maximum discharge in P zones, in [5] — by means
of factor calibration.

Fig. 2 shows that the deterministic solution
for the maximum discharge in P zones corre-
sponds to the results of electromagnetic meas-
urement of velocities with the error of £10%,
while the velocities determined with the use of
factor calibration method and CFD codes differ
+ 20% from the measured velocities.

Thermal hydraulics in CPCTFA code is cal-
culated in the channel section of the coolant of
zones with an independent secondary flow in
each of them. The Physics and Power Engineering
Institute summarizes the data of many authors in
the following way: «There is an independent sec-
ondary flow in each turbulent flow zone restricted
by the wall, the maximum velocity line and the
normal line running across the maximum velocity
point». It should be added that the secondary flow
swirls the translational movement of the flow in
each of the zones in an independent jet (in other
terminology — Nikuradze cell).

In CPCTFA code average velocities in Ni-
kuradze cell at the local depth (the local depth
is a distance along the normal line from the wall
to the cell boundary) are calculated in coordinates
(r, @,) by the following equation of the continuous
body turbulent motion [4]:

d*(u?)/d@? + P(@) d(u?)/d¢ + Q(a,P)u* =
Flo, ). (1)

Where P(®) = (2/h)-dh/d® + (1/2A)-dA/dp—
(1/r)-dr/d@; Q(a, ) = =(r,rVA)/(0-0,048h?); F(ow,P)
= —(r’g1)/(c-0,024hVA); r = 1, + h/2; r, —cur-
vature radius of wetted area; h — local depth;
g — acceleration of gravity; i — piezometric gra-
dient; A — flow friction coefficient in flat flow;
u — average velocity at local depth; a — shape
variable (multiplicity of difference of momentum
transfer along @ axis in Nikuradze cell in relation
to momentum transfer at the depth in flat flow).

The algorithm of selecting a deterministic
solution for equation (1) is as follows:

At o = 0 velocity field is u(aj =0, P):

u¥a, = 0, @) = F(o,®)/Q(a,) =
2ghi(1+ h/2r)/A. (2)

The found solution is integrated to calculate
the discharge value O(O.j =0) and average velocity
of the flow V(o = 0).

Borders of P zones in the cross-section of the
rated operated conditions are fixed by:

u(ay = 0,p)< V(o = 0), (3)

and average velocity in P zones, i.e. Vrl(onj =
0), is calculated.

a isincreased by Aa (onJ AT Aa). At o,
we find u(aj .1 @) and calculate Vn((xj+1).). At
Vn(ocj+1) < Vn(aj) discharge in P zones achieves
its peak value.
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[lpaKTU4YeCcKoe BHeapeHune

CYNEPKOMMbIOTEPHbIX TEXHOIOTUI

B 2010 rogy Komuccusa npu Mpe3ugeHTe
Poccuiickon ®epepauum no mogepHu3auum
U TEXHOJIOTMYECKOMY pPa3BUTUIO 3KOHOMM-
ku Poccumn ytBepauna npoekt «PasButue
CyNnepKoMNbIOTEPOB U FPUA-TEXHONOTUA».
foNOBHBLIM UCMOJIHUTENEM 3TUX PaGoT Gbln
Ha3Ha4yeH POAL-BHUUID, r. Capos. Llenblo
NpoeKTa AiB/ifsacb pa3paboTKa TEXHOJIOUM
NPOEKTUPOBAHUSA U UMUTALLMOHHOTO MOJENU-
poBaHusa gnsa cynep3BM Ha ocHoBe 6a30BoO-
ro nporpamMmmHoro o6ecne4yeuus (BHUMID,
Kpome BbINOJIHEHUS NMPOYUX 3aa4, aKTUBHO
3aHUMaeTcs pa3paboTKO MMNopTo3amella-
IOWMUX TPeXMEPHbIX FTMAPOAUHAMUYECKUX U
NMPOYHOCTHbIX KoAoB). B pamKax 0603Ha-
YeHHOro npoeKTa 6bl1 3aK/l04YeH JOroBop
mexgy POAL-BHUNID u OKBM AppukaHTOB
Ha BbINoJIHEHKE pa6oT no Teme «BHegpeHue
CYNepKoOMNbIOTEPHbIX TEXHONOIMIA B HOBbIX
NpoeKTax KopabebHbIX PeaKTOPHbIX yCTaHO-
BOK M pa3pa60oTKa BUpTyasibHOM KopaGenbHOn
A3Y» co cpoKamu ucnonHeHusa s 2010-2012
rr. 15 Hos6pa 2012 ropa pe3yabrartbl pa6oTbl,
BbinosiHeHHoW OKBM, Gblin npeacTaBieHbl
rocyfapcTBeHHON KOMUCCUM.

B roctax y )ypHana «<ATOMHbIM NPOEKT» — Ha-
YanbHUK OTAENEHUS HAay4YHO-TEXHUYECKOro 060-
cHoBaHwus npoektoB OAO «OKBEM AdpuKaHTOB»
M. A. BonblyXuH:

— 3agayu, KoTopble Mbl nepen cobon no-
ctaBunm B 2010 roay, B 60/1bLUIMHCTBE CBOEM [0
KOHLLa He pelleHbl He TOTbKO B OTEYECTBEHHOM,
HO M B MMPOBOM aTOMHOM 3HepreTuke. Hanpum-
Mep, Takas 3afja4a: O4eHb CI0XKHbIe NPoLEeCChl
TensomMaccoobmMeHa B 060pya0BaHMM peakTop-
HOWM YCTaHOBKM BNUSIOT Ha pecypc, Ha 6e3onac-
HOCTb, HaEXHOCTb U B LLE/IOM Ha 3KOHOMMUKY,
€ecin peyb UAET O KOMMEPYECKOW PeaKTOPHOM
ycTaHOBKe. Takve NpoL,ecchl YacTo CONPOBOXKAA-
loTCA TeMnepaTypHbIMU NynbcauusiMn. AHanus
TemnepaTypHbIX MyNbCaLni B MOTOKE TEMIOHO-
cuTens — 3afadva cyry6o TpexmepHasi, To eCTb,
HUKAKWMW MHXKEHEPHbIMW KOoAamu oHa He Ge-
peTcs; Te YNPOLWEeHNs, KOTOPbIE UCMOb3YIOTCS,
4YTOObI MPUMEHUTb MHXKEHEPHbIN Ko, NM60 AatoT
OYeHb rpyoblin pesynbrar, 6o 3aBeOMO O4YEHb
KOHCEPBATWBHbI, U Mbl Jaxe CTalKuBanaucb B
CBOEI NPOEKTHOM MpPaKTUKe C TaKUMW SIBNIEHU-
MM, YTO HEKOTOpOe 060opyAOBaHUE COrnacHo
NPOU3BEAEHHBbIM pacyeTam AOSIKHO Oblno 6bl
npocTo pa3BanuTbcs B npouecce paboTbl. Ho
OHO, KOHEYHO, He pa3BajiMBaeTcs U ycnewHo
paboTaeT. 3Ha4YuT, HEKOPPEKTHbIM NoaxoA 6bin
npvMeHeH npu pacyeTax. M BOT, 4To6Gbl yCneLwHo
pellaTb 3TW 3aja4u, Mbl Ha4anu ocBanBaTb TPEX-
MEpHble r’MAPOANHAMUYECKME KOAbl U MPOU3BO-
OuTb Ha 6a3e cynepdBM pacyeT Tex npoL,eccos,
KOTOpble peasbHO NPOMUCXOAAT B PeaKTOPHOWM
yCTaHOBKE.

54 ATOMHBIV MPOEKT

- Bbl roBopute 06 UCNOIb30BaHUU KOM-
Mep4YeCcKUX KopoB?

— Ha 6a3e KoMmMepyecKnx KoLOB Mbl pas-
pabatbiBaeM TexHonorunto npumeHeHuna CFD
aHanu3sa. icnonb3oBaHWe TPEXMEPHbIX TMAPO-
OnHamumyeckux kogos B OKEM AdpukaHToB
Hayanocb To/bKO B 2005 rogy — a o atoro
y Hac nonpocTty He 6bino cynepdBM Heob6xo-
AMMOW NMPOM3BOAUTENBHOCTHU, 6€3 KOTOpPbIX
MCMONb30BaHWe TaKUX KOJOB MPOCTO HEBO3-
MOXHO — M Ha CEroAHSAWHWUMA JeHb BONPOC UX
3aMelleHns oTe4eCTBEHHbIMU KOAaMKU O4eHb
aKTyaneH. Bo-nepsbiX, y Hac, eCTECTBEHHO, eCTb
onpeaeneHHble OrpaHUyYeHns No NPUMEHEHUIO
KOMMEpPYECKNX KOLOB; BO-BTOPbIX, U CAMM-TO
OHW NepefalTcs Ham C onpeaeneHHbIMU orpa-
HUYeHUAMK. [03TOMY OHOM U3 rNaBHbIX 3a4a4
B paMKax yNnoMsHYTOro npoekTta 6b110 co3aaHune
oTeyecTBeHHOro Koaa JIOFOC — TpexmepHo-
ro, rMaApoAMHaMMu4yecKoro. 3ajaya ata TOxe
yCMNewHo pellaeTcs, U CErofHa Mbl Y)Ke Hava-
N1 Hapsay ¢ KOMMEPYECKUMU 3apybeHbIMK
KoAamMM MPUMEHATL CBOWM OTE4YECTBEHHbIN KOA,
paspaboTaHHbii BO BHUUAID.

B ero noarotoBke noMvMmo cneumManmctoB
BHUN3® npuHMManu yyactme mMHorue apyrue
crneuunanncTbl, B HaCTHOCTH, NO r’MAPOAMHAMUKE,
13 MocKBbl, M3 NuTepa. A Halla 3aava 3aKto-
Yyanacb B TOM, 4TOo6bl 06€CNeyYnTb BHeapeHue
3TUX TEXHOJIOTUW B MPOEKTHbIX paboTtax. Mpu
3TOM MpeAanosaranochb, KOHEYHO, YTO BYAYT LK-
POKO BHeApsTbCSA oTevecTBeHHble Koabl JIOTOC
n OAHKO. Bce, 4To Hame4anocb, Mbl yCNewHo
BbIMOJIHWIIM, @ CBEPX 3TOro 6blN caenaH 60bLLON

06beM paboT No pa3paboTKe TEXHONOrUKU Npume-
HeHusa CFD KoaoB — B 4YaCTHOCTH, A4/ TOFO camoro
pac4yeTa TeMnepaTypHbIX My/ibcalMi, 0 KOTOPOM
s ynomuHan. lMepeg Hamu npexae Bcero crosna
3aja4a Hay4uTbCa MOJENMPOBATb 3T Ny/bcaLnn
Ha KOMMbloTepe, YTOObI B pe3ysibTate Noayy4nTb
pacyeT pecypca o6opygoBaHus. O4eHb COXK-
Has 3aJaya, HO Mbl OCBOWJIM 3Ty TEXHOJIOTUIO.
[na Toro 4To6bl MONYYUTb peasibHbIV pe3dynbTar,
OKBM Ha cobcTBeHHble cpeacTBa nepeobo-
pyaoBan ruapoauHaMUYecKyto nabopatopuio.
CeropHs aTa nabopaTopms HaxoAUTCS Ha OYEHb
COBPEMEHHOM YPOBHE, HE UMEET aHanoros B
0TEeYeCTBEHHON aTOMHOMN 3HEPreTUKe, U Mbl
MOYEM CMEeJI0 FOBOPWTb O TOM, YTO Mbl FOTOBbI
BbINONHATL Bepudukaumio CFD Kogos ans moae-
JIMPOBAHUS CNOMKHbIX NMPOLIECCOB, MPOUCXOASLLMX
B PEAKTOPHbIX YCTaHOBKaX.

Boo6lie, B xo4e NpoeKTta no BHeAPEHUIO
CYMNepPKOMNMbIOTEPHbIX TEXHOSIOTUIA Mbl CTaBWUIU
nepepn cob6oin HeCcKonbKo 3agay. K Hawen pagocTu
M, MOXeT 6blTb, HEKOTOPOMY YAMBNEHUIO, BCE
3TW 3af@a4M YCMELHO BbIMNO/HEHbI, YTO W GblO
OTMEYEHO FOCKOMUCCHEN.

Bo-nepBbix, cTaBuMnacb 3agada cMoaennpo-
BaTb ¢ nomMollbto CFD KogoB TemnepaTypHble
nyfbcaunm NPU pasinyHbIX XapaKTePHbIX NPO-
Lueccax TennomaccoobmeHa, onpegensiouine
pecypc peaKkTopHbIX ycTaHOBOK. OHM He noasie-
aT MOeNMPOBaHUI0 APYTMMU TPAAULMOHHBIMU
nporpaMMHbIMU CpeacTBamMu, 4TO NPUBOAUT
K HE06X0AMMOCTU CO3[aHUs AOPOroCTOALINX
HaTypHbIX 06pa3L,0B 060PYA0BaAHUS, COOTBET-
CTBEHHO, CYLLECTBEHHO yBEINYMBAET BPEMS Bbl-
NOSIHEHWS U CTOMMOCTb paboT. Pa3dpaboTaHHas
HaMW TEXHOJIOrMSa BepudumLumpoBaHa B rmapo-
OnHamun4yeckon nabopatopumn m ¢ 2013 roga
6yaeT NpUMEHSATLCS A1 060CHOBaHMA pecypca
Tennoo6MeHHOro 060pyaoBaHNsA CTPOSLLMX-
CA aTOMHbIX MOABOAHbIX TOA0OK U N€AO0KON0B
HOBOro NnokoneHuns. Kpome Toro, ata TEXHO-
JIOrMsa BMoOJSHE NpUroaHa Ans MCnofib30BaHUsA
npu paspaboTke ApPYrux 06BbEKTOB aTOMHOWM
3HEPreTUKM.

Bo-BTOpPbIX, Mbl XOT€NN HAYYUTbCS MOAENN-
poBaTb Te NPOLEeCChl B peaKkTopax — B NepByto
o4epeab B TPAHCMOPTHbIX — KOTOPblE HEO6X0AM-
Mbl 151 TOrO, YTo6bl 060CHOBATb BO3MOXHOCTb
BHEAPEHWS HOBbIX MEPCMNEKTUBHbIX PEXMMOB 3KC-
nnayartawumn peakTopHbIX YCTaHOBOK, B TOM Yucne
NO3BOAIOLMX MOBbILLATb TAKTUKO-TEXHUYECKME
XapaKTePUCTUKMN HallMX BOEHHbIX Kopabnen. 3ta
3a/laya TaKKe yCrnewHo pelleHa.

B-TpeTbux, coBmecTHO ¢ HUL, «KypuaToBCKMI
MHCTUTYT» Npeanofiaranocb co3aatb BUPTyasb-
Hyl0 SiIEPHYI0 3HEPreTUYECKYID YCTaHOBKY, TO
€CTb, HaCbITUTb €e CUCTEMaMW YrpaBliEHNS U
NPOU3BOAUTb C/IOXHbIE CBA3aHHbIE pacyeThbl:
HEWTPOHHO-OU3UYECKME, TEMNOrUAPABINYECKNE
M pacyeTbl cucteM ynpaBneHus. Co3aaHHas




HaMW TEXHONOMMS NO3BONSET 06ECNEYUTb KOM-
NJEKCHYI0 OTPabOTKY 4EPHOM IHEPTrETUHECKOM
YCTaHOBKM BO BCEX pexMMax akcnnyatayumu. C
ee NoMollbio yXe yaanocb 060CHOBaTb KOH-
LLeMLUI0 PEaKTOPHOM YCTaHOBKM A9 NefoKona
HOBOrO NMOKOJIEHWS C MPOEKTHbIM PECYPCOM, B
TpUY pa3a NpeBbILLAUINMM PECYPC PEAKTOPHbIX
YCTaHOBOK AencTBYyOLWNX negoKonoB! Ceivac
Mbl 3Ty 3a4auy elle paclmnpsiemM, MOCKONIbKY OHa
04eHb BOCTPe6GOBaHa He TONbKO ANs IeA0KO0I0B
W AN BOEHHO-MOPCKOro GJioTa, HO U ANs Apyrmx
YCTaHOBOK.

HaKoHel, 4eTBepTOM BOblna 3aaya Hay4YnTb-
cs MOAenupoBaTb aBapuiHble CUTyalMu, No-
[O6HbIE TeM, YTO NPOM3OLWAN Ha NOABOAHOWM
noake «Kypck». 3T0 BaXHO He TONIbKO A5 TOro,
4YTOObI 3HATb, KaK leMCTBOBATb, €CNM TaKoe, He
nan 6or, NOBTOPMUTCS, HO M A1 TOrO, YTOObI Bbl-
ABNATb cnabble MecTa elle Ha 3Tane NpPoeKTu-
pPOBaHUS A1EPHbIX YCTAHOBOK. MTOrom pa6oThl
cTana TexHonorus, no3Bonsawas NnpoBoAUTb
peanucTM4ecKUin aHanna nocneacTBUi Kata-
CTPOd B NPOLIECCE NMPOEKTUPOBAHUS, @ UMEHHO:
BbIIBNATb KOHCTPYKTUBHbIE Y3/bl U 3N1IEMEHTHI,
onpeaensioline Hecyllyt crnoco6HOCTb 060-
PYAOBaHWUS M pEaKTOPHOM YCTAHOBKM B LIESIOM
OT BHELWHWUX AMHAMWYECKUX BO3JAENCTBUN, U
pa3pabaTtbiBaTb KOHCTPYKTUBHbIE PELIEHNUS U
MEepPONpPUATUS N0 ONTUMMU3ALIMK IIEMEHTOB,
ob6ecneymBaloWwmx Hecylwyl CnocobHOCTb,
paboTocnoco6HOCTb M 6€30MacHOCTb 060pY-
[IOBAHUSA M CHMXKALWMX MaTeprasoeMKOCTb
U3aenuvn.

Komuceuns, npuHMMaBluas pesynbTaThbl Ha-
wen paboTbl, pPEKOMEHJOBANA MX MPUMEHEHWE B
OMbITHOM 3KCMyaTalMm, a YacTblo Y3Ke U B Npo-
MbllWAeHHOW aKkennyaTauuun. C 2013 roga, Kak
M3BECTHO, HAa4YHYTCA PaboTbl MO CO3AaHUI0 HOBOTO
aTOMHOro nefoxoaa, U BOT TaM Mbl yxKe 6yaem
NPUMEHSATb CBOK HOBYIO TEXHOJIOTUIO.

- A peaKTop Ans HOBOro nefaoxoaa 6yaet
npoekTuposatb OKBM?

— [la, TEXHMYECKUIN MPOEKT Mbl yXKe Bbl-
MNOSHWUAM U 3alUTUAN, PeLleHbl BOMPOChl du-
HaHCWMPOBaHMSA NO NPOAOJIKEHMIO paboT. Mpu-
4yeMm, HECMOTPS Ha TO, 4TO NPOEKTMpOBancsH
COBEPLUEHHO HOBbIV peaKTop, UCNoNb30BaHue
CO3/aHHbIX CYNEePKOMMbIOTEPHbIX TEXHONOM M)
NO3BOJIUNO BbINOJHUTL NPOEKTUPOBaHWE pe-
aKTopa 6e3 co3fjaHus OMbITHOr0 Ha3eMHOoro
npoTtoTUna. A aTo KonoccalbHas 3KOHOMUS U
BPEMEHW, U CPEeACTB.

— Ho ecnu TeXHUYECKUIA NPOEKT Gbl/l Bbl-
NMOJIHEH TPU roaa Ha3apj, Koraa cynepKkom-
NbIOTEPHbIX TEXHOJNIOTUM eLle He ObiNo, KaK
}X€e Bbl MOI/IM UCMOJIb30BaTh 3TU pacyeTbl?

— HekoTopble pacyeTbl yxKe BbIMONHANNCH Ha
3Tane TEXHMYECKOro NPOeKTa, HO OHU MOCTOSIHHO
YTOYHANUCH C NOy4EHNEM HOBbIX METOAMK. Beab
TEXHUYECKUIM NPOEKT — 3TO NIULb NepBbIN 3Tan
pab6oTbl. 3aTeM cnegyet pabo4umi NpoeKT u HU-
OKP. PagpaboTKa cynepKOMMbIOTEPHbIX TEXHOO-
rMI C CaMOro Havyana npegnonaranach Ha atane
HWOKP, 4yto 1 6bIn0 BbINONHEHO. B peaynbrate
MaclwTabHble 1 AOPOrocTosLLIME HAaTypHbIe IKcne-
PUMEHTBI Mbl CMOT/IM 3aMEHUTb BUPTYalIbHbIMMU,
KOMMbIOTEPHbBIMU.

— O3Ha4aeT M pa3BUTHUE CYNEepPTEXHOO-
'MW NOJIHbIA OTKa3 KOHCTPYKTOPOB OT HaTyp-
HbIX 3KCMEPUMEHTOB?

— HeT, KOHeYHO, HaTypHble 3KCMEPUMEHTHI
[ONS HEKOTOPbIX BUAOB 060pyaoBaHuns 6yayT
Bcerga. Hanpumep, 3To KacaeTcs C/OMXHbIX
MEXaHM3MOB YCTPOWCTB C ABMXKYLMMUCS Ya-
CTSIMU, CO CNTIOXKHbIMWU CUCTEMAaMU yNpaBieHns,
B KOTOPbIX HEOGX0AMMO NPOBEPSATb HE TOJIbKO

NPOMUCXOASILLME B HUX MPOLLECCHI, HO U TEXHONO-
ruto c6opku. OT TaK Ha3biBaeMblX CAATOYHbIX
MCMNbITAHWM OMbITHBIX 06Pa3LL0B HOBOW TEXHU-
KW HUKTO HE OTKa3blBaeTCH, HO Mpexae 4em
NPUNTKU K 3TON KOHCTPYKL MU, paHee NPpUXoau-
N10Cb 04YeHb JOoNro oTpabaTbiBaTh Ha CTeHAaAx
pasnuyHble peweHns. OgHako MHorga nony-
4yanocb, YTO YeM CNIOXKHee MpoLecc, KOTOPbIN
NPOUCXOAMUT B 3TOM 060pya0BaHUU, TEM MeHee
MHGOPMATUBHbI U JOCTOBEPHbI pe3ynbTaThl,
nosly4eHHble OMNbITHbIM NyTeM. BupTyanbHas
MoJenb noa4yac faet 60/blle JOCTOBEPHOMN UH-
dopMaLmm — Npu YCNOBKK, YTO OHa NPaBWUIbHO
cfenaHa, KoHeyHo. Celyac Mbl TONIbKO B Ha-
yane nyTu, HO ycnexu o4eBUAHbI, U Mbl BMOSIHE
MOXEM MONyYeHHble pe3ynbTaTbl NPUMEHSATL B
CBOEN MpaKTUKe.

— 3Tu pe3ynbTatbl, HECOMHEHHO, NOBbI-
LWAOT KOHKYPEHTOCNOCOGHOCTb BCel aTOMHOMN
oTpaciu...

— KoHeyHo! Ecnu nocmoTpeTb Ha EBpony,
TaM BHeapeHne CFD KogoB BefeTcs yxxe 6onee
[ecaTu neT B pamKax MHorux nporpamm, B Co-
evHeHHbIX LLTaTax — ToXe, a Mbl HAYanu UX BHe-
[IpeHne MeHee Tpex JIET Ha3aj M No HEKOTOPbIM
HanpaBneHUAM yKe GaKTUYEeCKM Haxoanmces Ha
O01HOM YPOBHE CO CBOMMM 3anaHblMK KoJiera-
Mu. CeroaHs B Poccum ecTb Xopolure pa3paboT-
KW, KOTOPblE yCNewHo 3ameLlaloT KOMMepYyecKne
Kofbl. Mpo6nemMa B TOM, 4YTO AesATENIbHOCTb MO
pa3paboTKe OTEYECTBEHHbIX KOAOB B Hallen
CTpaHe, K CoXKaneHuto, cnabo KOHCONMAMpoBa-
Ha. KarKabli 3aMKHYT B CBOEM MPOCTPAHCTBE U
3a4acTylo aXKe He 3HaeT 0 TOM, KaKune ycrnexu
[OCTUTHYTbI Konneramu. BoT cenyac Ham yaa-
N10Cb XOPOLLO NPOABUHYTLCA B CBOEN paboTe, u
Mbl HaleeMCS Ha ee MPOJIoHraLmio, Bellb Takue
CNOXHbl€ KoAbl, KOTopble pa3pabaTeiBaeT BHU-
N3P, HEBO3MOXKHO JOBECTM 0 yMa 3a TpU roja.
Ha 3anapge orpoMHble KONNIEKTUBbI 3aHUMatOTCS
3TUM AEeCATKM NieT. Hageemcs, 4To My Hac paboTa
He 6yaeT OCTaHOBJ/IEHA HA MOJIMYTH.

- O3HayvaeT nu 370, YTO pa3paboTKMu
BHUUID cTtaHyT 06 EfOCTYNMHbIMU Ha
oTe4yecTBeHHOM pbiHKe? Unu y Hac co3paloT-
CH CBOU, BHYTPEHHUEe KoOMMepiYecKue KOAI:I?

— KoHe4Ho, 1 pa3paboT4ynKM OTEHECTBEHHbIX
KOAOB, ¥ Mbl KaK OpraH1saums, pa3paboTtaBLias
TEXHONOrM UX BHeApeHUd, 6yﬂeM 3aumaTb
CBOM UHTENNEKTYabHble NPOAYKTbI. KcTaTh, oaHO
13 nepBbix 3aceaaHnin Coseta npu lNpe3naeH-
Te Poccuiickon degepalmm no MmogepHu3saLmm
3KOHOMMUKM BbINO KaK pas NocBsLLEHO UHTEN-
NIeKTyanbHOM CO6CTBEHHOCTH M MEXaHW3MaM ee
3aluThbl.

- Ho npu aTom Ha cemuHape no Bepudu-
Kauum KofoB, KoTopbiit npoxoaun B OKBM,
MHOrue crewuuanucTbl Tak Xe, Kak 1 Bbl ceit-
yac, ceToBaJiM Ha OTCYTCTBME KOHCONMaLumu
YCUIIUA MEXKAY OTeYeCTBEHHbIMU pa3paboT-
YUKAMM, YTO O4YeHb mMelwwaeT 3PpPeKTUBHON
pa6oTte. Tak BO3MOXXHa 1M B NpUHLUNE Ta-
Kas KOHconujauusa B YCIOBUAX PbIHOYHOW
3KOHOMUKHU?

— NpeanocbUIKK Ans 3Toro ecTb, U XOTENOCh
6bl, 4TO6bI PocaTom 6bi HaLeNeH He TONbKO Ha
KOHKYPEHLIMIO, HO M Ha KOHCONUAALMIO YCUTUIA.
06 3TOM U WA peyb Ha ceMUHape Mo BepuduKa-
LMK, M OJHUM U3 NPEeASIOKEHUN BbIN0 co3aaHne
06LLEen 6a3bl 0TEYECTBEHHbIX KOAOB. Mbl FOTOBbI
y4yacTBOBaTb B 3TOM MPOEKTE, HO BEAb HaM BaXKHO
1 TO, YTOObI 3T PabOTbl OKyNaauCh.

Ha npowealwem B OAO «OKBEM AdpurKaHTOB»
CeMWHape, NOCBSLWEHHOM Npob6ieMamM Bepudu-
Kauuu n ucnonb3oBaHusa CFD nporpamm, xoTte-
N10Cb 6bl OCTAHOBUTbLCS 0CO60.

CEMWHAP

Hac kaK opraHn3aTopoB NPUSTHO YANBUAW U
COCTaB y4aCTHUKOB — Ha CEMUHape NpUCyTCTBO-
Banu npeactaBuTeNn npaktuyeckn scex HUM u
NMPOEKTHbIX OpraHn3auuin oTpacau, u ypoBeHb
npeacTaBAeHHbIX JOKNaA0B, CBUAETENbCTBYIOWMM
06 orpoMHOM 06beMe paboT, BbINONHAEMbIX B
oTpacnu ¢ uenbto BHegpeHua CFD nporpamm.
MOXHO C YBEPEHHOCTbIO CKa3aTb, YTO MpoLles-
WM ceMuHap NpefocTaBmnn BO3MOMXKHOCTb yBe-
pPEHHO 3asBUTb 0 cebe Psay MOSOAbIX NepPCrneK-
TUBHbIX CNELMANUCTOB OTPACAn U3 NPeanpUaTUi
Pocatoma.

MHTepecHbIX, HedopManbHbIX TEXHUHECKMX
[OKNaA0B, BbINOMHEHHbIX CneunanucTamm oT-
pacnu, npeacTaBUTENIMU aKafeMUYECKOM HayKK
1 paspabotinkamun CFD KoaoBs, 6bI10 OYEHDb
MHOr0. MHe 6bI710 04eHb MHTEPECHO YCAblllaThb
LoKnaabl 3amectutens aupexktopa NBPA3 PAH
Banepus ®epoposuya CTpuxoBa 1 3amecTuTens
HavanbHWKa LleHTpa noaaepKKu NPoeKTUpo-
BaHua OAO «BHUMNAIC» Cepres JleoHnaoBuya
ConoBbeBa. B atux goknagax 6bi1 npeacras-
JIeH NoApo6HbIM 0630p PaboT NO CO34aHuIo U
apgantauuun CFD nporpamm, Hanbonee nepcnekx-
TUBHbIE, MO MHEHUIO aBTOPOB, HaNpaBAEeHUSs
WX UCMONb30BaHUS B aTOMHOM 3HEPreTuke, a
Take 0630p rocygapCTBEHHbIX MporpaMm no
BHeapeHuto CFD nporpamm, AeVCTBYIOWNX B
CLUA v EBpone.

O3By4eHHble pa3HbIMU AOKNAAYMKaAMU Ha-
npaBfeHns n 3aga4m ucnonb3osaHusa CFD npo-
rpamm eLle pa3 NoATBEPANAN — Mbl HA NPaBU/b-
HOM MyTH.

— B Takom cny4ae Lyenecoo6pasHo 6blL10
6bl PMHaHCUpOBaTb BCe pa3paboTKu, Begy-
wueca B cTpaHe B 3TOM HamnpaB/ieHUU, U3
€[JMHOTrO LieHTpa, 4ToGbl BCe pe3y/bTaTbl MOr-
JIn cpa3y CTaHOBUTbLCS 0GLUM JOCTOAHUEM?

— lpennoxeHns Takue ToxKe MNocTynanw,
BO3MO}XHO, 3TOT pa3roBop OyAeT MpPOoAo/IKeH
Ha MeXO0Tpac/eBOM YPOBHe, KOrja rOCKOMUCCUEN
6yayT 3acnywaHbl peadynbtatbl paboTtel BHUU-
9® no Bcem HanpaBfEHWUSAM: U MO KOCMOCY, U
MO BOEHHbIM BOOPYXEHUSAM, U MO TPaHCMOPTY.
B KaxKgoM 13 aTnx HanpasieHU CBOU OCOBEH-
HOCTW NPUMEHEHNS TPEXMEPHbBIX TMAPOAUHAMM-
YECKMX KOAOB, U UX pa3paboTKOM TaKKe 3aHu-
Maetca BHUUI®D. Mbl e co cBOeN CTOPOHbI
HanaKMBaem COTPYAHWUYECTBO C HUKEropoacKum
TEXHUYECKUM YHUBEPCUTETOM, HYTOObl FOTOBUTb
crneunanncToB, ymeLnmM paboTaTb C HOBbIMU
KOZaMM, 3HAIOLMX TEXHOOMUIO MX MPUMEHEHMS
— 3T0 OYEeHb BaXKHO A4/151 MOATOTOBKM KaApOBOro
pe3epBa oTpacau B Lenom. Ytobbl co3aatb Tpex-
MEPHbIV TMAPOAMHAMUYECKUI Ko, TpebyeTca
NPOBECTM OFPOMHbIN 06BEM MOArOTOBUTENbHbIX
paboT No TECTUPOBAHUIO, M Mbl MPUBEKAEM K
3TOM paboTe CTyAEHTOB, NPUOOBLLAa UX TEM CaMbIM
K pa3paboTKe HOBbIX TEXHOMOTUI.

Mbl TaK)Ke BbICTYNaeM C NPeAIOKEHUEM O
C03AaHuU LieHTpa BeprudrKaLMM Nporpamm, pas-
pabaTbiBaeMbix BO BHUMNI®D, nockonbKy ecTb
04eHb 6onblilasi 3aMHTEPECOBAHHOCTb B 3TOM
M CO CTOPOHbI Pa3paboTYUKOB, U CO CTOPOHDI
KOHCTPYKTOPOB, U CO CTOPOHbI OTPaCNEBbIX BY30B.

- Monb3yscb cnyyaem, xouy 3agatb Bam
BOMPOC O TOM, KaKue nepcrneKkTuBbl BUAUT
OKBM B cBsi3U €O BCTYMJIeHUEeM cTpaHbl B BTO.

— MbI nnaHupyem TeCHOe COTPYAHUYECTBO C
aHanorn4yHbiMu nabopatopusamu B CoeiMHEHHbIX
LLItaTax, 1 OHX NPOSIBNSAIOT B 3TOM 3aUHTEPECO-
BaHHOCTb. TaK 4T0O HaJeeMmcsl, YTO NepPCneKTUBbI
6yayT camble NONOXKUTENbHbIE.

- Cnacu6o 3a Gecepy.

FanuHa MUTbKHUHA
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tOBUIIEN

2 auBapna 2013 ropa ucnonHaerca 60 ner B.B. MeTpyHuny,
nepBoMYy 3aMeCTUTEI0O AUPEKToOpa-reHepasibHOro KOHCTPYKTOpa
OAO «OKBM AdpuxkaHTOB»

Butanun Bnagnmuposud NetpyHnH npuwen 8 OKBEM B 1976 1., cpa3y No OKOHYaHuu1
MOCKOBCKOr0 3HEPreTMHECKOro MHCTUTYTa MO cneLmnanbHOCTU «<MHKeHepHas TennoduanKkan.

34ech OH Npowen TPYA0BOM MyTb OT MHXKEHEepPa-KOHCTPYKTOpa A0 MEPBOro 3amMecTy-
Tens AMpeKTopa—reHepanbHoro KoHcTpyktopa. C 2000 r. B. B. MNeTpyHUH — rnaBHbIM
KOHCTPYKTOP MPOMbIWAEHHbIX PEAKTOPHbIX YCTAaHOBOK, ¢ 2004 . — nepBbI 3aMecTUTENb
onpektopa OKBM.

Butanun BnagMMupoBHUY — BbICOKOKBaNMOULMPOBAHHbIM CNeLManmucT-aToMLUMK B
061aCT1 NPOEKTUPOBAHUS, CO3aHUS U IKCMyaTaLMm MPOMbILWAEHHbIX ypaH-rpadUTOBbIX
U TSXKENOBOAHbIX PEaKTOPOB — HAPabOTYMKOB AAEPHbIX OPYKENHbIX MaTepuanos. B 1987
roAy 3allMTia KaHauaaTcKylo avccepTaumio, a B 2003 . — AOKTOPCKYto Ha TeMy «OnbIT
CO3/aHus 1 MepPCrneKTUBbI NCMOIb30BaHUSA MPOMBbILIEHHbIX TAXKEN0BOAHbLIX PEAKTOPOB».

3a 60MblUOM BKAA4 B pa3BUTME NMPOMbIWAEHHbIX PEAaKTOPHbIX TEXHONOTMIK YKa-
30M lpe3unaeHta PO N2 63 ot 22 aHBapsa 2005 r. B.B. [leTpyHWHy NpUCBOEHO 3BaHWE
«3acnyeHHbl KOHCTPYKTOp Poccuickon degepaumm».

Butanui BnagumMnpoBuY MHOIO NET IMYHO 3aHMMasCs PeLeHEM BaXKHOW Hay4YHO-
NPaKTUY4eCKON 3afayvn rocyaapCTBEHHOrO 3Ha4YeHUss — nNpoasieHnemM 6onee 4YeM B [Ba
pasa CPOKOB CNyX6bl (40 45 neT) aTOMHbIX TENI0INEKTPOLEHTPaNEN C MPOMbILLIEHHbIMU
ypaH-rpadutoBbiMKU peakTopamu ALS-2, AA3-4, A3-5, 4To 06ecneyvymsno BbINOJIHEHNE
rocyAapCTBEHHOrO 3aKa3a Mo NMPOM3BOACTBY OPYXXEMHOrO NMYTOHWUS U CHaGXKEHUIo Te-
NI0BOW U 3NIEKTPUYHECKOM IHEPTUEN TPaXKAAHCKMUX U MPOMBbILLINEHHbIX 0O EKTOB rOpPoA0B
HKenesHoropck, CeBepcK, ToMmcK. B 2009 r. KONNEKTUBY CNeLMannMcToB Noj ero pyKo-
BOACTBOM 3a paboTy «Pa3dpaboTKa Hay4YHbIX OCHOB M BHEAPEHME KOMIIEKCA TEXHONIOMMI
noBbIlWEeHUS 6€30MacHOCTU U NPOAJIEHUS CPOKOB CNYXObl ATIL, ¢ MPOMbILLIEHHBIMK
ypaH-rpaduToBbIMU peaKkTopamu» NPUCYKAEHa Npemus npaBuTenbcTBa PoccuicKkon
denepaLmn B 061aCTV HayKn U TEXHUKM.

Mpodeccop MNeTpyHWH BeAET 60MbLLYIO HAy4HO-METOANYECKYIO U y4ebHY0 paboTy no
NOArOTOBKE MHXKEHEPHbIX M HayYHbIX KaApOoB A8 aToMHOM oTpacau: ¢ 2006 r. sBnseTcs
npeacegaTenemM rocyaapCTtBEHHOM KOMUCCHM BbIMYCKHUKOB BY30B MO CNeuManbHOCTAM
«flaepHble peaKTopbl U 3HEPreTUHecKne yCTaHOBKM» 1 «CyoBble 3HEPreTUYecKne ycTa-
HOBKM»; ¢ 2008 r. — 3aBeayowmnm cosgaHHon B OKBM 6asoBon kadenpbl «<KoHCTpy-
MpoBaHWe S4epHbIX PeaKTopoB» HMKEropoacKoro rocyaapCTBEHHON0 TEXHUYECKOTO
yHuBepcuteta; ¢ 2011 r. — 3amecTutenem npeacenatens cosgaHHoro B OKBEM auccep-
TaLMOHHOMo coBeTa No 3aliuTe KaHANAATCKMX U AOKTOPCKUX AuccepTauunin. B 2012 r.
yaocToeH npemun HuxkHero HoBropoga B 061acti 06pa3oBaHus 3a NOArOTOBKY Hay4HbIX
N UHXXEHEPHbIX KAAPOB A1 aTOMHOM 3HEePreTUKK. Ero apyanmumns u Hay4Ho-TEXHUYECKHe
3HaHWS XOPOLWIO M3BECTHbI HAay4YHOW OOLLECTBEHHOCTU NpeanpuATMin TocKkopnopauuu
«PocaTtom», YHMBEPCUTETOB M Hay4HO-UCCIefOBaTENbCKMX OpPraHn3aLnin cTpaHsbl, a
Take 3a pyéexxom. C 2004 r. OH ABNSETCH YI1EHOM Hay4YHO-TEXHUYEeCcKoro coBeta Ne1
«floepHble aHepreTnyecKne yCTaHOBKM M aTOMHbIe CTaHLMKW» [ocKopnopaLum «PocaTom»;
¢ 2008 r. — npeacepatenem HTC OAO «OKBEM AdpuKaHTOB» M Y1eHOM ceKunmn N°2
«flpepHasn TeXHONOrns U TeXHUMKa» COBeTa Mo NpemMuaM B 061acTh HayKu U TEXHUKM
npaBuTenbcTBa Poccuiickon ®enepauun.

CBOM 3HaHUS K OpraHM3aTopcKune cnocobHocTh B.B. MeTpyHWH addeKTUBHO Npume-
HAIET Ha AO/IKHOCTU MEPBOro 3aMeCTUTENs AUPEKTOpa—reHepanbHoro KoHcTpykTopa OAO
«OKBM AdpvKkaHTOB» Npu pa3paboTKe U CO34aHUN HOBbIX 06Pa3LL0B aTOMHON TEXHUKHM
PasMYHOro Ha3Ha4Y4eHMs: MPOMBbILNEHHbIX PEAKTOPOB, PEAKTOPOB Ha BbICTPbIX HENTPOHAX
C HaTpMeBbIM TENIOHOCUTENEM; BOAO-BOASHbIX PEAKTOPOB 151 aTOMHbIX CTaHLUMM Manown
1 cpeaHen MOLLHOCTH; BbICOKOTEMNEPATYPHbIX ra300X1axaaeMblX PeaKTOPOB.

Konneru, yYeHHKH U ApYy3bsi CEPAEYHO NO3APaABASIOT

Butanusa Bnagumuposuya lMeTpyHuHa c l06uneeM, XenaloT eMmy 340pPOBbS,
3HEpPruM M HOBbIX TBOPYECKUX M HaYYHbIX JOCTHIKEHHH, Gnarononyums

M CYACTbS B INYHOM KHUIHMU!
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SJIEKTPOOBOPYJOBAHME

KOJIOMEHCKUA 3ABO.L

OAO «KOJIOMEHCKHUii 3ABOJ>

140408, Poccun, MockoBCcKan 061acTb,
r. Konomua, yn. NapTusan, g. 42

Ten. cnpaBoYHOM CNYMKOGbI:

+7 (496) 613-89-80

Kommepuyeckas AMpeKLuna:
ynpasB/ieHUe Mo MapKeTUHIY U CObITY:
+7 (496) 613-89-44

ynpaBjieHHe No CHaGXKeHUIo:

+7 (496) 613-89-38

®dakxc: +7 (496) 613-80-66
kz@kolomzavod.ru
www.kolomnadiesel.com

‘! !' TPAHCMALLUXOAAUHT

3A0 «TPAHCMALLXOJIAUHT >

127055, r. Mockea, yn. Bytbipckui Ban,
A. 26, cTp. 1

Tenedon/dakc: +7 (495) 660-89-50
E-mail: info@tmholding.ru
www.tmholding.ru

B nocnepHve roabl B Poccun peannsyetcs
06LWKMpPHasn NporpamMmma no CTPOUTENBCTBY HOBbIX
aTOMHbIX aneKTpocTaHumi (AQC). Hala cTpaHa 3a-
HWMaEeT BTOPOE MECTO B MUPE MO KOIMYECTBY CTPO-
ALMXCH IHEPro6NOKOB; NpeanonaraeTcs BbiBOA U3
3KCMnyaTaLmm cpasy HECKOJSIbKUX BbIpaboTaBLLMX
pecypc CTaHLMI U UX 3aMeHa Ha HoBble — 6onee
COBPEMEHHbIE, HaZleXKHbIE U MPOU3BOANUTESbHbIE.
Heo6xo041MMbIM 31eMEHTOM KaXKA0ro 3Heprobioka
fBNSeTCA pe3epBHas 3HepreTMyecKas ycTaHoBKa,
POJSib KOTOPOW BbINOMHAET CreLuann3npoBaHHas
[13enb-reHepaTopHas ycTaHOBKa, MCNonb3yemas
ans obecnevyeHns aHeprocHabKeHns KaHanoB
6e30MacHOCTU aTOMHbIX CTaHLMW. YCTaHOBKM
[OMKHbI COOTBETCTBOBATL MpaBuiaM U Hopmam,
npumMmeHsemblM K o6opyaosaHuio AQC. B HacTos-
Llee BpeMs Ha poccuickue ASC ycTaHaBMBaloTCS
3apy6exHble An3enb-reHepaTopsbl, U NosiBIeHUe
0TEeYeCTBEHHOro NPoM3BoAnTENS B ceKkTope Y
ana ASC 3Ha4MMO C TOYKM 3peHnst UMMNopTo3ame-
LLIeHMS B TAKOW CTpaTErMYecKM BarKHOM oTpacu,
KaK aTOMHas aHepreTuka.

B 2002-2003 rr. OAO «KonoMeHCKui 3aBoa»
BNepBble B CBOEM MPAKTUKE CO3/1an0 HOBbIV BUA
NPOAYKLMK — Pe3EePBHYIO AN3eNb-reHepaTopHyto
YCTaHOBKY MoLlHocTbio 6200 KBT ana A3C «by-
wep-1». o aToro 3aBoA NPoOU3BOAUA AN3ENb-
reHepaTopbl TONbKO ANS Kene3HOAOPOKHOIro
TpaHcnopTa, BOEHHO-MOPCKOro Giota u Manow
JHEPreTuKu.

Ha ToT nepvoa B nporpamme npon3BoAcTBa
3aBoja He OblN10 An3eNb-reHepaTopoB COOTBET-
cTBytloOLWEN MOLHOCTH. [T03TOMY 6bIN0 NPUHATO
peweHne Npeanoxutb notpeéutento Ary Ha
6a3e AByX WecTHaALaTULMAVHAPOBbIX An3enen
MouiHocTbio no 3100 KBT Kaxabin. Pe3ynbrar
OKasasncs ycnewHbIM. CnapKa HafexHOo aKcny-
atupyetcs Ha ASC «bywiep».

B HacTosiwee Bpems 3aBoj 3aBepLluaeT no-
cTaBKy pesepBHbIx AIY mowHocTbio 3200 U
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4000 KBT gns 4-ro aHepro6noka benosipckon
A3C. 3a nocnegHuve roabl 3T0 NepBble AU3enuU
0TEYECTBEHHOI0 NPOM3BOACTBA, NOCTAB/IEHHbIE
Ha aTOMHblEe 3/IEKTPOCTaHLMW.

[MoHWMas He06X0ANMOCTb HaIMYUS B MPOU3-
BOJACTBEHHOW NporpamMe 3aBoja An3enen ans
cuctem 6e3onacHocTi ASC TMNOBLIX 3HEPro61o-
KoB, cneunanuctbl OAO «<KonomMeHcKui 3aBoa» 1
3A0 «TpaHCMaLLUXONANHM» MPUCTYNWAN K CO3AaHUIO
6a30Bo1 pe3epBHon 1Y e AMHUYHOM MOLLHOCTbIO
6300 KBT ans o6ecnevyeHns aNeKTpoaHepruen
KaHaNioB 6€30MacHOCTU Ha 6a3e 0AHOro An3ens.
JT0T AM3enb NpegHasHayeH ans aKcnayataumm
Ha ASC ¢ TMnoBbIMKU 3Hepro6aokamu ASC 2006
1 BBOP TOMW.

CeroaHsa B pamkax degepanbHON LeneBon
nporpammsbl Mo pPa3BUTUIO AU3ENECTPOEHUS B
Poccun akTMBHO pa3pabaTtbiBaeTcs HOBbIV Au-
3eNb-reHepaTop Ha 6a3e V-o6pa3Horo 20-uu-
nuHaposoro ausens YH26,5/31 ¢ HOMUHaNbHOM
MolHocTblo 6300 KBT. PazpaboTka Beaetcs ¢
Y4ETOM BCEX HOPMATUBHbIX TPEGOBAHWI, Npeb-
ABNSEMbIX K pe3epBHbIM 'Y ASC.

YKe paspaboTaHbl TEXHUHECKME NMPOEKTbI AN-
3e/19 ¥ AM3eb-reHepaTopa, U3roTOB/EH UCCTie-
[10BaTeNbCKWUI OAHOLMUIMHAPOBLIN 1IBUraTeNb, Ha
KOTOpOM OTpabaTbiBatOTCS PEryIMPOBKM MOSHO-
pa3mepHoro asuratens. Bce pa3paboTku BeayTca
C co6MtoIeHMEM HOPM U NPaBUJII, MPUMEHSEMbIX
B aTOMHOM 3HEpPreTUKe.

Co3aaHune pe3epBHOU An3eNb-reHepaTopHOU
yctaHoBKU a9 ADC B Poccuu

B KOHCTpYKUMM 3anoxkeHa BO3MOMKHOCTb OX-
NaaeHvs apuratenen 6e3 ncnonb30BaHWs BOAbI OT
NPUPOAHbIX UCTOYHMKOB, YTO CYLLECTBEHHO Y/yyLUaeT
3KOJOrMYECKME MoKa3aTeNn YCTaHOBKM B LIESIOM.

MpUMeHeHNe COBPEMEHHbIX KOHCTPYKTUBHbIX
peLleHn N03BONMNO CYLLECTBEHHO CHU3WUTb pac-
XOA Macsna 1 0TKa3aTbCs OT MOMOJHEHUS KapTepa
Mac/ioM OT 3aMeHbl 0 3aMeHbl. Takoe pelleHune
ynpowiaeT MacisiHyto CUCTEMY CTaHLMK U CHUMKAET
MOXKapHYI0 Harpy3Ky 34aHus.

CeropHs ecTb NOAHAs YBEPEHHOCTb, YTO TAKOK
nm3enb 6yaget cosnaH B 2013 roay. Boamoxk-
HocTn OAO «KonomeHcKui 3aBoA» MO3BONSAKOT
M3roTaB/MBaTb, UCMbITbIBATbL U MOCTABNATL TAKUE
ArY Ha pasnuyHble ASC, ocylecTBASATb, NMYCKO-
Hanago4Hble paboThl M AanbHeNLIee cepBUcHoe
o6CnyXMBaHUe NPOAYKLMM Ha NPOTSXKEHUM BCErO
nepuoaa ee akcnnyataumu. NMpegnpuatne umeet
[EeNCTBYOWNE NTULLEH3UN U HEOOXOANMbIN OMbIT.

Ha KonomeHCcKOM 3aBojie paccyuThIBaIOT, YTO
HOBbIV An3enb 6yaeT BOCTpe6oBaH He TONIbKO B
Poccuu, HO 1 3a py6erKoM — Ha OCHOBE eNHOWM
6a30B0OM KOHCTPYKLMK ByayT co3aaBaTbCs CO-
BPEMEHHbIE U HaJeXHble ABUraTen He TONbKO
[N aTOMHOW 3HEPreTUKM, HO U 151 *Kene3Hoa0-
POXHOr0 TPaHCMNopTa, rpaxaaHCKOro U BOEHHOMO
dnoTta, Masion IHEPTreTUKM.

3am. rnaBHOro KOHCTpyKTOpa —
K. T. H. B. B. KaiAmHN4YeHKo

TexHu4yeckue xapakrepuctuku Ary

Tun ousens 20-UnMNMHAPOBLIN, 4-TaKTHbIN, V-06pasHbii
[nameTtp umnunHapa, Mm 265

Xoa nopLHs, MM 310
HomuHanbHas YacTtoTa BpalleHUs KoneH4YaToro Bana, MuH> 1000
HomuHanbHasi MOLWHOCTb, KBT 6300

YnenbHbIV pacxoa Tonaunea no 1ISO 3046-1, r/kBT1-y 183

YoenbHbI pacxof macna Ha yrap, r/KBr-y 0,35

Bbi6pocbl BpeaHbIx BelwecTs, r/KBT B cootBetcTBMM ¢ TOCT P51249
Macca (cyxas), Kr 32000

CpoK cny6bl 1O KanuTanbHOro PEMOHTA, Y 60000

CpoK cny*K6bl O cnucaHus, netT 40

[a6apuTHble pa3mepbl, MM

— AnHa 10200

— WKpUHa 2400

— BbICOTa 3400




000 «Kb TEXHAB>»

Poccusn, 249034, Kanyxckasa oon.
r. OGHuHCK-4, a/a 4039

Ten.: (48439) 3-44-33, 9-70-22
E-mail: teh@xdx.ru

000 «Kb TexHa6» cneuuanusupyeTcs Ha
noctaBKax o60pyJoBaHUs, 3anacHbiX YacTeu,
pacxoAHbIX MarepuanoB Ha 06GbEKTbl aTOMHOM
3HepreTuku Poccun, 6iMKHEro U fanbHero 3a-
py6exbs. JiuueHsun PegepanbHoit cnyK6bl No
3KONOrM4eCcKoMy, TEXHO/IOrMYECKOMY U aTOMHO-
my Hagsopy N° M0-02-101-0309 ot 27.04.07 r.,
N2 M0-02-101-0310 o1 27.04.07 r., N2 L|0-03-101-
5401 ort 16.04.2010 r., N° L}0-02-101-5402 ot
16.04.2010 r. Ha NpaBoO BbINOJIHEHUA Pa6GoT U
npejocTaB/ieHUe yCnyr npyu aKkcnayaTauum geun-
CTBYIOLLUX U CTPOSILLUXCA aTOMHbIX CTaHLUMA.

Mbl MMEEM MHOFONETHUI ONbIT Pab0Tbl C aTOMHbI-
MW 3NEKTPOCTaHLUMAMM Poccuu, GIMKHEro v ganbHero
3apy6erbs.

C 1993 roga 000 «Kb TexHab» ocyuiecTBnseT
noctaBKy Ha banakoBcKyio, KonbCKyto, CMONEHCKy!O,
JNeHnHrpagckyto, Kypckyto ASC (Poccus).

C 2002 roga — Ha A3C «[MTAKLL» (BeHrpus).

C 2003 roaa — Ha BonrogoHcKyto v KannHUHCKyto
A3C (Poccus).

C 2004 ropa — Ha 3anopoXCKyo 1 PoBEHCKYO
A3C (YkpawvHa).

C 2005 roaa — B HA3K YKpauHbl, XMeNbHULIKYIO
1 FOxkHoyKpaunHcKyto ASC (YKpaunHa).

C 2008 roga — Ha ApmsiHckyto ASC.

C 2008 roga - OAO «MCK «AtomcTpomn»
(r. MockBa).

C 2009 roga — Ha PrYM «MXK».

C 2010 roga — Ha bununéuHckyto A3C.

C 2011 roga — B 3A0 «ATOMCTPOM3KCMOPT».

Y 000 «Kb TexHab» 3aKnto4eHbl AUCTPUObLIOTOP-
CKWE U AWNEPCKME COMNaLlEHUS CO CNeayloWMMmn 3a-
BOAAMW-U3rOTOBUTENAMU:

— 000 «CHUUIM-ACKYP» (cncteMbl BHYTpUpeaK-
TOpHOro KoHTponst CBPK-M);

— XapbKOBCKWI rocyAapCTBEHHbIV NPUOGOPO-CTPO-
uTenbHbli 3aBog UM. T. I, LLleBYeHKO (aBTOMATU3MPO-
BaHHble CUCTEMbI YIIPaB/IEHUS U PETYIMPOBAHUS TEXHO-
JIOrMYECKMMU NpoLieccamm TYPOUHHbIX oTaeneHnin ACP

— g

/'..

MpoayKuuna Hay4HO-NPOU3BOACTBEHHOIO
npeanpuatus «3KPA». LLIkad ctaHLMOHHOIO
oGopyaoBaHus cepum L1111

TO, Brntoyast ATCP n CKMBT, 1 peaKTopHbIX OTAENEHUIN
ACP PO; nporpamMMHO-TEXHUYECKMUE KOMMEKCHI aB-
TOMaTU3UPOBAHHbIX CUCTEM KOHTPONS U ynpaBieHus
TEXHONOrMYECKUMU NpoLieccaMm 3HeProb6I0KOB);

— OAO «Tennonpu6op», . PazaHb (npeobpa3oBa-
Tenu gasneHus «Canoup-22P», MP, 610KK NuTaHus,
Anacdparmbl, CUrHaNM3aTopbl U AaTYUKU-PENEe YPOBHS
1 notoka POC, ypoBHemepbl PUC);

— 000 «OKB CTl», 1. O6HMHCK (KOMMNEKChbl 13-
MepeHus pacxoaa Bo3ayxa);

— 000 HIMM «KomnneKcbl n cuctemb», T. NeH3a
(cpencTBa NPOMBILLNEHHOV aBTOMAaTU3aLIMK Ha OCHOBE
Komnnekca MACCAT);

— OAO «BHUMASIH», 1. Cymbl, YKpaunHa (3an4actu
K Hacocam, nnactmHyaTble MydTbl U T. 4.);

— AOOT «3aBoj ABTOMaTHKa», ApMeHUs (CUCTEMBI
WHAOYCTPUanbHOM aHTUCENCMUYECKON 3alLMnThbl, BTO-
pUYHbIE NPUGOPBI);

— OAO «Kpuctann», r. Yconbe-Cbupckoe (CLmH-
TUNNSALMOHHbIE aeTeKTopbl CAH);

— OAO «ABC 3391M AsTOMaTU3aLms», I. HeboKcapbl
(M30 ncnonHuTenbHble MeXaHU3Mbl);

— PYN «B330», . BuTe6CK (M3MepUTEeN MOLLLHOCTH,
BOJILTMETPbI, CTPENOYHbIE NPUBOPDI);

— dryn «<HUU eumsmyeckmx namepeHuitn, r. NMexHsa
(aMcTaHUMOHHbIE yKa3aTenu [1Y, curHanusatopbl ypoB-
Hs CY, curHanuaatopbl Temnepatypbl CT);

DOTO3NEKTPOHHDIN Mukponpoueccop-

YMHOXuUTenb ®y Hbl¥ Nnpeo6pa3o-
npou3BoACTBa Bartenb «Candup
OAO «3KpaH», 22MP» npousBopa-

cTtBa OAO «Tenno-
npuéop», r. Pa3aHb

r- HoBocuGupck

— OAO «39neKtpoTepmomeTpus», I. JIyLK, YKpauHa
(Tepmonapsbl, raso- 1 TENI0CYETYUKN);

— HMO «Tepmonpbinagy, r. JIbBoB, YkpavHa (Tep-
Monapbl);

— OAO «Cymckoe HIMO um. M. B. ®pyH3e»,
r. Cymbl, YKpauHa (Hacocbl, LeHTpudyru, ra3oayBKu
1 3an4actv K HUM);

— 3A0 «mgpomaticepBucr, . MocKkBa (Hacocbl v
3an4actv K HUMm);

— AOOT ®3XK «Bbicokasa 3Heprus», r. MockBa
(nBurartenu 0,4 kBT B mcn. «ans AQC» knacc 6e3onac-
HocTh 3H);

— 000 «ATomcneucepBuC», I. BonrogoHcK (HecTaH-
napTHoe o6opynoBaHue, 6nokun TOHB, kKomnneKeb! ans
MOJEPHU3ALIMN NEPErPY30YHbIX MaLLKH);

— OAO «3KpaH-OnTuyeckue cuctembl», r. Hoo-
CUBUPCK (PIY — HOTOINEKTPOHHbBIE YMHOMXKUTENN);

— 000 HMNMN «3KPA», . He6oKcapbl (3aluTa CTaH-
LIMOHHOro o60pyaoBaHus, WwKadbl cepum LIS 1110...
1113, MMKponpoL,eccopHble ycTpoicTea P3A);

— 000 «KaHaanaKLLCKUM ONbITHO-MEXaHUYECKNI
3aBopy, . KaHaanakwa (HectaH-
lapTHble METa/TIOKOHCTPYKLMH,
o6opynoBaHue ans A3C);

— 000 HMM «Mynbe», r. ben-
ropoj (yCTPOMCTBO 3N1E€KTPOHHO-
3/IEKTPOMArHUTHOE NPOTUBOHA-
KunHoe Y3I).

3T0 NO3BONSET HAM BECTH MO-
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3JIEKTPOOBOPYAOBAHUE

MHOrooGopOTHbIN 3NeK- U3mepuTenbHbIn

TpomexaHusm MOM-100 npeo6pasoBarTeib
npousBoacTea OAO E855 npousBogcTBa
«ABC 39uM ABTOMaTH- Pyn «B330M»,

3auus», . Ye6oKcapbl r. Bute6¢cKk

NpGOPHON NPOAYKLIMM NPEANPUATUIR-U3rOTOBUTENEN
Ha 06bEKTbI IAEPHON AHEPreTUKM Poccun, 6anKHero
1 fanbHEro 3apyoexbs.

000 «Kb TexHa6» aBnseTca opULMaANbHBIM
avunepom KomnaHuu 3A0 <ABBK-ACY», . OGHUHCK,
KOTOopoe coBMecTHO ¢ naptHepom 3A0 «Baltijos
informacines sistemos» npeagnaraetr HoBoe Kom-
nJieKcHoe pewleHue ana ACY Tl A3C - 6a30Bbiit
KoMrieKc CucteMbl aBTOMaTU3MPOBAHHOIO KOH-
Tponsa v ynpasneHusi BISMARC.

CAKY BISMARC aBnsieTcs COBpEMEHHOM cucte-
MOW, KOTopasi MOXeT 6blTb CKOHPUIypupoBaHa U
MCNoNb30BaHa NPaKTUYeCKW 4S9 No6biX BULOB 3a-
[la4 MOHUTOPUHIa U yNpaBneHUS TEXHONOTMYECKUM
nporeccom. CucteMa UMeET apxXMTEKTYPY «KIUEHT-
cepBep» C OpraHn3aumen nepegayn gaHHolx no TCP/
IP 1 pesepBupoBaHnem cepsepoB. MporpammHoe
obecneyeHne cepBepa BbIMNOMAHSAET cO0P AaHHbIX OT
KOHTPO/INEPOB, X 06paboTKy, apx1BaLmio, B TO BpeEMS
KaK KIMEHTCKME NPUNOKEHN 0ToBparkatoT AaHHbIE B
pexunMe peanbHOro BpEMEHU U OCYLLECTBASIOT B3a-
MMoaencTBume ¢ nonb3oBarteneM. B pacnpeaeneHHom
KOHMUIYpaLMK KaxKabli y3e MOMXKET BbIMONHATbL POSib
cepsepa 1 knveHTa. BISMARC goctynHa Ha nnatdopme
Linux unm1 Windows.

Moacuctema BBOAA/BbIBOAA CTPOUTCA Ha Gase
o6opyaoBaHua KomnaHun RTP Corp. MoryT npume-
HATLCA KOHTPOAIEPbI U KapTbl BBOAA/BbIBOAA CEPUI
RTP2300,/2500 mnn RTP3000.

PesynbraTbl rOBOPAT camu 3a ce6s:

— Bpems peakuuu 12 mc;

— WHWUMATMBHbIE CUrHanbl C perucTpauuei
1 mc SOE (aHanoroBble U JUCKPETHbIE);

— Hapab6oTKa Ha oTKa3 (MTBF) 6onbLue 4em 2500
neT;

— BpeMsi IOXKHbIX cpabaTbiBaHuit (MTTFS) 6onblie
yem 3000 ner;

— cpeaHas BEPOSITHOCTb OWKMGKK Mo 3anpocy
(PFDavg) B npegenax 4.56x10%;

— HauBbICLLIas paboToCNOCOBHOCTb (LLEN0CTHOCTb):
SIL1-3;

— cneupanbHble MOAYNM AN YyNpaBieHns ¢ Lu-
K1oM 1 Mc (K npumepy, POTaLMOHHbIE MaLUUHBI UK
3K30TEPMUYECKME XUMUYECKME PEAKLIUMN).

Bceob6bemniowan gnarHoctmka RTP nossonset
BbISIBUTb Clefyolmne BO3MOXHbIE C60M 1 OWMOBKMN B
paboTe cUcTeMbI:

— 06pbIB NMHWI BBOLA/BblBOAA;

— NPEBbILLEHWE AOMYCTUMbIX 3HAYEHWI ANa NnaT
aHasoroBoro BBOAa;

— BHYTPEHHMWE OWMWBKKU nnat
BBO/a,/BblBOAA;

— BHYTPEHHWE OLINGKKU KOH-
Tponnepa Lwaccu;

— BHYTPEHHMWE OLINOKU LieH-
TPanbHOro KOHTpONepa.

Cuctembl c6opa faHHbIX, pe-
annM30BaHHble Ha 6a3e KOHTPO-

CTaBKW W3AENWI rapaHTMpPOBaH-
HOro Ka4yecTBa B CaTble CPOKM.
Mbl 0TBEYaeM 3a KayecTBo Mo-
cTaBAseMon MPOAYKUMK nepeq
3aKa34nMKoM, BeeM BMECTE C HUM
peKnaMaLoHHyto pa6oTy Mo npo-
AYKUMK, He oTBevatoLLen HopMam

nepos RTP, ycnewHo akcnnyaTu-
pytotcs Ha UrHanuHckon A3C,
KanuHuunHckon A3C, HoBoBopo-
HexcKkon ASC, ApmsiHckoin A3C,
TemenuHckon A9C M Ha MHOIMMUX
[PYrmMx aTOMHbIX CTaHUMSIX BO BCEM

e ——— T T ¢ mMupe.

TY n FTOCTam. Ha noctaBnsiemyio
HaMu NPOAYKLMIO pacnpoCTpaHs-
[OTCS rapaHTUM 3aBOJJOB-U3rOTOBH-
Tenewn B NOJIHOM 06beME.

Bce BblllieyKa3aHHOE No3BoS-
€T HaM B TeyeHue 15 et ycnewHo
OCYLLECTBNSATH MOCTABKU U3LENWIA 1

B 2010 roay BbINnofnHeHa no-
cTaBKa Ha CmoneHckyto A9C CAKY
BISMARK Ha 6a3e KOHTpo/1epoB
RTP2500, KoTopast 6yaeT ynpas-
NATb YCTAHOBKOW LEMEHTUPO-
BaHWUA XUAKUX PaAMOAKTUBHbIX
OTXO[I0B.

ATOMHBIV MPOEKT 59




SJIEKTPOOBOPYJOBAHME

ABC 39uM ABTOMaTM3auus: cTaHaapT
KayecTBa /19 aTOMHOM OTpac/u

BABC DnekTpo

0AO «AbC 33UM
ABTOMATU3ALUA>»

Poccusn, 428020, r. Ye6oKcapbl,

np. U. fikoBneBa, . 1

Ten.: +7 (8352) 30-51-95, 30-52-21, 30-51-48
®dakc: +7 (8352) 30-51-11, 55-15-49
sales@zeim.ru, adm@zeim.ru
www.abs-zeim.ru

MepBoe B cTpaHe npeanpuATUE MO BbiMy-
CKY UCMOJIHUTE/IbHbIX MexaHu3moB, ABC 33uM
ABTOMaTU3aLUs, 3aHA/O Ha PbIHKE COGCTBEH-
HYIO MPOYHYI0 HULWY. CerogHa KomnaHus, oc-
HoBaHHas B 1958 roay (umeHyemas go 2008
roga OAO «33uM»), — NnpU3HaHHbIA POCCUIA-
CKui pa3paboT4YMK U NPOU3BOAUTE b LUIMPOKOMN
HOMEHKJ/IaTypbl CPeCTB aBTOMaTU3auuu ans
CUCTEM NMPOMbILLIEHHOW aBTOMaTUKH, UCTOJT-
HUTE/Ib UH}UHUPUHTOBbIX MPOEKTOB, BeAyLni
oTeYyeCTBEHHbI NOCTaBLMK NPUBOJHON TeX-
HUKMK ana atoMHou otpacnu Poccuu, UpaHa,
UHauu, Kutasa u ctpan CHI.

3aB0oj BXOAWUT B MEXAYHAPOAHbIA 3NEKTPO-
TEXHUYECKUM xonauHr «<ABC SneKTpo», 06beanHs-
ownn 17 npeanpuaTnin Ha Tepputopun Poccuu m
BocTto4yHown EBponbl.

KauyecTBO NpoayKummM 3aBofja MHOFOKPaTHO OT-
Mevanoch Ha deaepanbHOM ypoBHe. Bee nagenuns
3aBofja cepTUdULMPOBaHbI 1 COOTBETCTBYIOT perna-
MEHTUPYIOLLMM JOKyMeHTaMm PefepanbHOM CyKobl
M0 3KOSIOrMHECKOMY, TEXHOSIOrMHECKOMY M aTOMHOMY
Haasopy. MicnbitatenbHas nabopatopus U METPOSIO-
rmyeckas cnyxb6a akkpeanToBaHbl PenepanbHbiM
areHTCTBOM MO TEXHUYECKOMY PEryIMPOBaHMUIO U
meTponorun. CooTBETCTBME CUCTEMbI KaYecTBa Tpe-
60BaHUSAM MexayHapogHoro ctaHaapta EH MCO
9001:2008 noarsepxaeHo ceptuduKatamm TUV
Hessen CERT (fepmatust). B 2011 rogy KOMnaHus B
o4yepeaHON pa3 yCreLHOo NpoLUia HaA30PHBbIV ayauT
MeXAyHapoLHOro opraHa no ceptuduKaLmn.

ATOMHas NpoayKLus 3aBoAa COOTBETCTBYET
Knaccy 6esonacHoct 2—3 no NMHA3IM-01-011-97,
cevicmocTonKkocTh Kateropuu |1l no HM-031 un IV
rpynne WCronHeHUs No 31eKTPOMarHUTHON CoBMe-
CTMMOCTU C KpuTEpreM GyHKLIMOHMPOBaHKS A no
[OCT P 50746-2000. MpoayKLus u3rotaBnmMBaet-
Csl B COOTBETCTBMM C TpeboBaHMAMM HI1-068-05.

HomeHknaTypa o6opygosanus ans ASC BKtO-
YyaeT WWPOKKI NepeyeHb XOpOoLLo cebs 3apeKo-
MEeH/I0BaBLIMX NPOAYKTOB M HOBbIX pa3paboTokK:

e MexaHW3Mbl OJHOOBOPOTHbIE PblYarKHble
M30-A — ¢ HOMUHaNbHBIM KPYTALLMM MOMEHTOM
o1 16 go 10 000 Hwm;

® MexaHU3Mbl OJHOO60POTHbIE dNaHLEBbIE
M30®-A — ¢ HOMUHaNbHbLIM KPYTALLMM MOMEHTOM
oT 16 o 4000 Hw;

M30(®d)-100 (250) KAM ¢ orpaHuuure-
NleM MaKCUMaJibHOro MOMeHTa

60 ATOMHBbIV MPOEKT

n6P-3UA

® MEXaHMU3Mbl CUrHaNN3aLMKN NONOKEHUS
MCII-A - c nonHbIM Xogom Bana 0-0,5, 0-18,8,
0-3506,;

® MeXxaHW3Mbl MHOr0060pOTHbIE MAM-100A
— 0T 4 1o 63 060POTOB; UCMOSIHEHWE «of 060-
JIOYKY» U B 06CNY)KMBaEMbIE NOMELLEHNS;

e nyckatenun 6eckoHTakTHble MBP-2MA, MBP-
3AA u ycunutenn TupuctopHole ®L-0650 A3C
— ANg ynpaBieHUs MexaHU3MaMu.

Cpeav HOBMHOK 3aBoja — MexaHu3mbl MO0,
M30® c orpaHuyMTENEM MaKCUManbHOro Mo-
MeHTa, NPeaoXpaHsoWnX NPUBOAHYI0 apmaTtypy
OT HelTaTHbIX Neperpy3oK (3aKknMHUBaHue, no-
najaHvie B Nos0CTb apMaTypbl MHOPOAHbIX TeN) B
NMPOMEKYTOYHOM MOJSIOKEHUN 3aNOPHO-PErysu-
pytowero opraHa apmatypbl. B 2011 rogy 6bina
nocTaBfeHa KpynHas napT1a mexaHuamon MI0®-
KAM Ha Benosipckyto ASC.

Bce 6onee BocTpe6oBaHbl MPOAYKTLI 3aBOAa
C WUHTeNNeKTyallbHOW cocTaBnsowen. Tak, npe-
“MyLLecTBOM HoBbIX nyckaTtenen MBP-2UA n MNBP-
3UA, npuweglumnx Ha 3ameny NBP-2MA, TIBP-3AA
1 ®L-0650, aBnst0TCA WMPOKUE GYHKLIMOHANbHbIE
BO3MOXHOCTMH:

— MWKPOMPOLECCOPHOE yrnpaB/ieHUe CUo-
BbIMM K/loYamu;

— KOMMyTauus 06MOTOK 3/M1eKTpoaBuUraTens
NPW HYIEBOM 3HaYE€HUWU HaNPsSHXKEeHUs NuTaHus,
BCNeACTBME YEro aMUCCUA KOMMYTaLMOHHbIX
3M1EKTPOMArHUTHbIX MOMEX B MUTaloLLyl0 CeTb
MaKCVMManbHO MMHUMU3UPOBaHa;

— KOMMyTauus Bcex Ga3 nuTaHus 3NeKTpo-
npvBoaa;

— WWMPOKKUM Ananas3oH MOLLHOCTEN KOMMYTH-
pyeMbix aneKtpoasuratenen ot 20 Bt go 7,5 KBT;

TokonpoBopg TOHE

NBP-3AA

— 06pab0oTKa CUrHaNOB C KOHLIEBbIX U MOMEHT-
HbIX BbIKtOYaTeNen 3NeKTPONPUBOAA;

— [1Ba BCTPOEHHbIX HE3ABUCUMbIX UCTOYHM-
Ka NUTaHua HanpshkeHunem 24 B ang nutaHus
Luenen ynpaBfieHUs U CUTHaNM3aLUUK, a TaKkKe
NUTaHUS JaTYnKa NOSTIOKEHNUS UCMONHUTENBHOTO
MexaHu3Mma;

— BbIXOAbl CUTHANM3aLMKn COCTOSHUS NycKaTe-
Nsi «<HEUCNPABHOCTb» U «FOTOBHOCTb» COOTBETCTBEH-
HO O AMarHOCTUPOBAHUKN aBapPUIAHOM CUTYaLUK B
CcaMOM MycKaTene Uiu B 3NEKTPOABUraTeNe UCMoN-
HWUTENIbHOro MexaH13ma M 0 FOTOBHOCTM NMycKaTens
K YNpaBieHUIO UCMNONHWUTENbHBIM MEXaHU3MOM;

— HacTpoiKa NapameTpoB yrnpaBfeHUs ocy-
LLEeCTBNIAETCS CO CneLnann3npoBaHHOro YyHUBEp-
CaslbHOro Ny/bTa HAaCTPOWKM C YAOGHbBIM U MOHSAT-
HbIM 4Ye/I0BEKO-MaLUNHHBbIM UHTEPDENCOM;

— UMEeeTCs BOBMOXHOCTb HAaCTPOWKK Napame-
TPOB ynpaBieHWs C NMOMOLLbIO NepeKntoyaTenen
Ha nepefHev NaHenu nyckatens;

— Ha/lM4ue Ha nepeaHen naHenu MHAMKaTopPoB
COCTOSIHWUSA MycKaTens.

MNyckartenu MBP-3UA u NMBEP-2U1A nmetoT pag
[OMOSHUTENbHBIX GYHKLMOHANbHbIX BO3MOXHO-
cTen:

— BO3MOXHOCTb KOHTPOJIS CUTHasa OT AaTymKa
TeMnepaTypHOW 3alUMTbl ANEKTPOLBUraTENS — TEp-
Mopesuctopa PTC;

— BO3MOXHOCTb 06beaANHEHNS MycKaTenemn
B OHY NPOMbILWEHHYIO LndpoByto ceTb RS-485
NS yOaneHHOro AMarHoCTUPOBAHMUS U KOHTPOAS
COCTOSIHUS annapaTypbl MycKaTens U 3N1eKTPOABMK-
raTens UCNONHWUTENbHOMO MeXaHW3ma;

— ny6bnupoBaHue GU3MYECKOro KaHana npo-
MbllneHHon umudposon cetn RS-485 ans ysenu-
YeHUS HaJEeXHOCTU nepefayn MHdopmalmm ot
nyckarenen;

— BO3MOXHOCTb YNpaBfieHUs nycKatensmu
Mo NpoMbILLIEeHHON ceTn RS-485 B KavecTBe pe-
3epBHOrO.

B vHTenneKkTyanbHble NycKaTenn BCTPOEHbI
TaKue J0NOSHUTENbHbIE aNrOPUTMbIl YNpaBieHUs
WCMOJIHUTENbHBIM MEXaHU3MOM, KaK:

— «yMAOTHEHWE» apMaTypbl;

— AMHAMUYECKOE TOPMOXKEHWUE UCTIONHUTESNb-
HOro MExaHn3ma;

— KOHTPONb ANMTENbHOCTU MyCKa 3N1EKTPOo-
[BUraTens UCnosHUTENbHOro MexaHu3ma.

Mo MHA3I-01-011-97 nyckatenu MNBP-3VA 1
MBP-2UA oTHOCATCS K anemeHTam 2HY, 3H knaccos
6e30MacHOCTH.

B 2010 rogy komnaHus pacwmpuna nmeto-
LytOCSl IMLEH3UIO Ha NPaBO NMPOEKTUPOBAHUS U
npousBoAcTBa obopygoBaHusa ana A3C, BKlO-
4YMB B HEE MPOEKTUPOBAHME U MPOU3BOACTBO
TOKOMPOBOJOB )11 aTOMHbIX 06BbEKTOB. [1pn
npon3BoAacTBe TokonposogoB ABC 39uM ABToma-
TM3aLMsa UCMNOMb3YEeT COBPEMEHHbIE KA4YeCTBEH-
Hble MaTepwuanbl, o6ecrneynBatoLine BbICOKYHO
HaAEeXHOCTb repMeTn3aLmnn y3/10B KpenieHus
M30/IATOPOB, M CYLLECTBEHHO MOBbLIWAET CPOK
3KcnayaTauun U3aenuin.

M3M-100




3JIEKTPOOBOPYAOBAHUE

[TIpMMEHEeHME YaCcTOTHO-PETYIMPYEMOIO SNIEKTPONpPMUBOAa
B aTOMHOW NPOMBbILLTIEHHOCTH

HIN\S

3A0 «4EBOKCAPCKHIA_
JJNIEKTPOANMAPATHbIN 3ABOJ>

428000, r. YeGoKkcapbl, np. U. AkosneBa, 5
Ten.: (8352) 395-690

®dakc: (8352) 627-267, 627-324

E-mail: cheaz@cheaz.ru

ToxmaKoB [IMUTPUI AHaTONIbEeBHY,
TeXHU4YecKui aupekTop 3A0 43A3»,
reHepanbHbii gupeKTop 000 43A3-IJINPU»
Wenenun Anekcauap BuranneBuny,

K.T.H., DPYKOBOAUTENb filenapTaMeHTa
anexkTponpuBoga 3A0 «43A3»

3bIKOB AnexkcaHgp CepreeBuY, rnaBHbIH
cneyuanuct OAO <ATOM3HEpPronpoeKT

AHHOTaUMA

B cTtatbe 060CHOBbLIBaETCH HEOBXOANMOCTb MPU-
MEHEHWE YaCTOTHO-PEryIMPyeMOro aNeKTponp1Beoa
(4PIT) B aTOMHOM NpOMbIWAEHHOCTH. MpeanoxeH
BapuaHT BbICOKOBOJ/ILTHOrO npeobpasoBartens
Y4aCTOTbl MOLWHOCTbIO A0 17,5MBA, BbIXOAHbLIM Ha-
nps>keHnem go 10 KB.

TeHaeHUuUs 6AnKanLEro AecaTUNETUS ANs POC-
CUICKOW reHepauun — HEBO3MOXHOCTb noaaep-
*aHus ADC B 6a30BOM pexXUME U, KaKk cneacteue,
3KCMNyaTaumns ux B pexxmmax HENosTHOM MOLHOCTH
¢ 60/1blUIMM pa3HOO6pa3neEM NePEXoaHbIX U MaHEB-
PEHHBIX PEXMMOB, YTO NpeanonaraeT Apyrov NOAX04
K Ka4yecTBY CUCTEM perynupoBaHnus [1].

B cBf131 C aKTMBHbIM BbIX040M [OCyAapCTBEHHOM
KopropaLumn «<PocaToM» Ha MUPOBOW PbIHOK UHMKK-
HUpuHra ASC npo6neMa MaHeBPEHHOrO pexuma
NpU CYTOYHOM M3MEHEHWUWU Harpy3KW CTaHOBUTCSH
OIHOM U3 BaXHENLINX 3ajay, KOTOPYLO HEO6X0AUMO
pewatb B 6nmxanwee Bpems [1].

B T3 npoekta BBAP-TOU npeagycmatpuBaetcs
peanu3auma MaHeBpeHHOro pexuma (100-50-
100)% oT NHOM Npw CyTOYHOM M3MEHEHUU Harpy3-
Ku. Takow nogxo noapasymeBaeT HEO6X0ANMOCTb
KOMMJIEKCHOO PerynMpoBaHns BCEX CUCTEM IHEP-
ro6soka. Tak, uameHeHune mouiHocTn ASC npum no-
CTOSIHCTBE pacxoAa TENIOHOCUTENS MePBOro KOHTypa
NPUBOAWT K CyLLECTBEHHOMY NepepacnpeaeneHuio
TemnepaTtyp B aKTUBHOW 30He peaKTopa, Bbl3blBas
TemnepaTypHble NepeHanpsiXKeHusa Ha Kopnyce u
KOHCTPYKLMSX peaKTopa, UMeeT MeCTO NOBbIWEHNE
BMOpaL M 060pyaoBaHNUS Npu paboTe B HecTaLm-
OHapPHbIX PEKMMAX.

MpUMeHeHWe perynmpyemoro 31eKTponpuBo-
nos F'UHA (peaktopHoe otaenenue), M3IH, K3H
(Typ6rHHOEe oTaenenue), LIH (BHC) co3aaet onTu-
MafibHble YCNOBUS ANd paboTbl 3Hepro6ioka ASC B
MaHEBPEHHbIX PEXUMAX, B TOM YUCIIE NMPU CYTOHHOM
W3MEHEHMU Harpy3ku. MNMpumeHenne YPIM co3pgaet
BO3MOXHOCTU He TONbKO peanunsaumm abdeKkTms-
HOrO peryMpoBaHus U MOBbILWEHUS HAAEXHOCTH
060opyfoBaHUSA, HO U 3HAYUTEIbHOM 3IKOHOMMWMU
3NEKTPOIHEPTUM.

B cBA3K ¢ Bbixogom degepanbHOro 3aKkoHa ot
23 HoA6ps 2009 . N2 261-P3 «O6 3Heprocbepe-
YKEHWUU 1 0 NOBbIWEHNU 3HEPreTUYecKon apheKTUB-
HOCTM B P®» BONPOC 3KOHOMWM 3N1EKTPOIHEPTUM Ha
COBCTBEHHbIE HYXKAbI CTan elle 6onee akTyalbHbIM.

Pacxon noTtpe6neHns 3NeKTPO3IHEeprum Ha
COBCTBEHHbIE HYXAbl 3HEPrOB/I0Ka Ha pasnyHbIX
A3C 'K «Pocatom» Haxoautca B npeaenax ot 4,5
110 8,5% oT 06LIe reHepalLmMm, a Ha aHaNoOrMYHbIX
A3C B cTpaHax 3anaaHow EBponbl 1 AMEpPUKKU Ha-

xoauTtcsi B npegenax ot 4,5 1o 5,5% ot o6Len reHe-
pauumn. CHUXKeHWEe NoTpebneHns aNeKTPOIHepPrum
Ha COGCTBEHHbIE HYXAbl Ha 2—3% B MacliTabax
BCEN aTOMHOM 3HePreTukn PO npuBener K aKBU-
BaJIEHTHOMY yBe/NMYeHuo reHepauun Ha 0,7 BT
3N1EKTPOIHEPIUM, YTO IKBUBANIEHTHO CTPOUTENLCTBY
HOBOro 3Hepro6soKa [1].

Cabliwe 90% noTpebnsemomn 3NeKTPOIHEPT UM Ha
COBCTBEHHbIE HYXXJbl 3HEPro610Ka NPUXOAUTCS Ha
3/IEKTPONPUBOA (ACMHXPOHHbBIN 3NEKTPOABUraTENb
C KOPOTKO3aMKHYTbIM POTOPOM), KOTOPbIV ABAAETCA
OrPOMHbIM PE3EPBOM 3HEPrOCOEPEKEHUSA U MOXKET
o6ecneynTb 3a cyeT BHeAPEHUS MHHOBALMOHHbIX
TEXHONOTMM caMblt 60JIbLLION IKOHOMUYECKUI 3b-
dekT [1].

Kak n3BecTHO, naeanbHas Harpy3oyHas Kpu-
Bas Hacoca nNpeacTaBnseT cO60M BEHTUNATOPHYIO
XapaKTEPUCTUKY, TAe NTMHENHOE CHUXEHUE MPON3-
BOAWUTENBHOCTU Hacoca NPUBOAMUT K KyGUYECKOMY
YMEHbLLEHWIO NOTPEBASEMON MOLWHOCTU. HecmoTps
Ha Ha/M4ne NpoTUBOLABNEHUS, KOTOPOE YMEHbLIAET
CHWXKEHWE MOLLHOCTM MpU PerynnpoBaHnMmn CKOpo-
CTW, @ TaKXKE UCMOSIb30BaHNE MEXAHUYECKUX pery-
NATOPOB [aB/eHNs, NPUMEHEHNE pPeryimpyemoro
3N1eKTPONpPMBOAa TaKMX HacocoB, Kak M3H, KIH,
MOXET faTb B cpeaHeM no rogy 15—-20% akoHoMUm
3NIEKTPOIHEPTUN. A NTPUMEHEHNE PETYINPYEMOro
aneKkTponpusoaa Ha M'UHA, roe npotuBoaBnexve
OTCYTCTBYET U perynMpoBaHve He NpumeHseTcs,
MOXET aaTb B cpeaHemM Ao 40% skoHomuu. Mpwu
3TOM CPOKM oKynaemocTtn YPIT Ha Hacocax ASC
MOryT coctaBuTb OT 1,5 o 5 net B 3aBMCMMOCTH
OT KOHKPETHOI0 NPUMEHEHMUS.

3A0 «43A3» npepnaraet Ha pblHKE BbICOKO-
BOJ/IbTHbIM Npeobpa3oBaTens YacTotel BYPI-TM. 310
YHUBEPCanbHbIN YaCTOTHO-PEryINPYEMbIN INEKTPO-
NPUBOJA NEPEMEHHOro ToKa A1 MPOMbILWAEHHbIX
Harpy3oK MolHocTblo o 17,5 MBA ¢ HOMWHanb-
HbIM BbIXOAHbIM HanpsixeHunem 3/3,3 KB, 6/6,6
KB 1 10/11 kB. Cunosas cxema BYPI1 cocTonT 13
BXOZHOro TpaHchopmaTopa U ogHOPa3HbIX s4eeK
LLUMM-1HBEPTOPOB, BKIIOYEHHbIX NOC/ef0oBaTeNbHO
B Kaxkaon daze (MHOroypoBHEBbLIM MHBEPTOP Ha-
npsxeHus) (CM. puc.).

BYPI-TM B oTinyune oT psaa Apyrux npeobpa-
30Bartefiel 4acToTbl UMEET cneaylolme OCHOBHbIe
npevmyLlecTaa:

MMpuMeHeHne MHOrOypOBHEBOM CXEMbI BKIIO-
YEHUS HU3KOBOBTHLIX CUOBbIX FYEEK C UCMOMb30-
BaHueM IGBT TpaH31CTOpPOB Ha HanpsixeHne 1700
B o6ecneynBaeT BbICOKOHaAEKHOE PYHKLMOHNPO-
BaHWeE C pacyeTHOM cpeHeN HapaboTKON Ha OTKa3
npueoaa 100 000 4yacoB (12 neT) (Takow BbIBOA
cAenaH Ha OCHOBE MPaKTUYECKOro onbiTa aKCnya-
Taunm 06LLMPHOrO MUPOBOIO NapKa yCTaHOBNEHHOIO
o6opynoBaHus ¢ TexHonormven BYPM-TM).

Bonee Bbicokui K, 4em y TpagnLMUOHHBIX
NpUMBOAOB. 3aBOACKME UCMbITAHUA Ha peasbHyto
Harpy3Ky nokasblBatoT, 4to KM/ npvBoaa cocras-
naeT NpubnnanTenbHo 97% (pacyeTHoe 3HaYeHUe).
Boicokuit KM/ sBnsieTca pe3ynbtatoM MeHbLUero
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MHOroypoBHeBbIii UHBEPTOP HaNPSXeHUs Ha
HU3KOBOJIbTHbIX TPAH3UCTOPaX C MHOro06Mo-
TOUYHbIM BXOJHbIM TpaHcdopMmaTopoM. Popmbi
KPMBbIX TOKa U HanpsXKeHUsl Ha BbIXoJe MHOro-
YPOBHEBOIro MHBEPTOPA HaNpPs:KeHUs

KonuyecTBa NoJslynpoBOLHMKOBbLIX NPUGOPOB 3a
cyeT ucnonb3oBaHua IGBT Ha HanpseHue 1700
B, CHMXeHMUA 4acToTbl NEePEKI0YEHUIE MPU MHOrO-
ypoBHeBOM UMM ynpaBneHuu, 4To yMeHbLUaeT no-
TepU Ha nepektodeHne Kaxaoro IGBT TpaHaucTopa,
a TaKXKe NPsSIMOro NOAKIYEHNUS BbICOKOBOILTHOTO
AaBuratens 6e3 BbIXOAHOIO TpaHchopmaTopa 1 cre-
LManbHbIX GUNLTPOB.

BbICOKMI BXOAHON KOIPOULMEHT MOLLHOCTH.
Kaxpgasa syevika MHBepTopa MMeeT AMOAHbIN MO-
CTOBOW BbINpsAMUTENb. B pe3ynbtate BXOAHOM KO-
3OPULMEHT MOLLHOCTM npeBbilaeT 95% BO Bcem
AnanasoHe paboynx 4acToT BpaLLeHus, faxe npu
ynpaBieHUU MHOTOMOTIOCHLIM aCUHXPOHHbLIM [iBU-
ratefnem ¢ HU3KUM KO3apDULMEHTOM MOLLHOCTH.

Yucraa cuHycomaa Ha BbIXOAe siBnseTcs pe-
3yNbTaTOM NPUMEHEHUA MHOroypoBHeBoro LLMM-
perynMpoBaHus (CM. puc.). Popma KpMBOWH BbIXOAHO-
ro HanpsXXeHUa 1 ToKa 6JIM3Ka K YACTOM CUHYcouae,
a TennoBble NOTepU, BbI3BaHHbIE rAPMOHUKaMMU,
BecbMa He3Ha4yuTeNbHbl. Bonee T0ro, rapMoHu-
YeCKue TOKM B ABuratesie cBefeHbl K MUHUMYMY,
No3TOMy MyfbCallMM MOMEHTA Ha BbIXOAHOM Basny
Masbl U 04eHb Mana BEPOATHOCTb PE3OHAHCHbIX
KPYTUNbHbIX KONebaHW Harpy3ku. Taknum o6pasom,
B peaynbrate 6naronpusatHorn GopMbl BbIXOAHOIO
HanpsXeHus NpuBoJa orpaHUyYeHuns aKcnnyata-
LIMOHHbIX XapaKTEPUCTUK ABUraTens no 13onauum
06MOTOK MK MO neperpesy He TpebyeTcs.

BxogHon pasgenutenbHbi TpaHchopmaTtop,
BCTPOEHHbIM B KOHCTPYKLMIO KOpMyca npuBoAa,
o6ecneynBaeT NOBbLILEHHYIO 3aluTy ABUraTens,
yAeleBnseT CTOMMOCTb YCTAaHOBKM, NoAaBneHune
rapMOHUWK Ha NepBUYHOM CTOPOHE. 3a cyeT npume-
HEHWsi MHOr0OO6MOTOYHOI0 BXOAHOMO TpaHchopma-
Topa BYPIT nmeeT MHOronynbCHbIN BbINPAMUTENb U
npesocxoauT TpeboBaHus ctaHgapta FOCT 13109.
3T0 N03BONAET CHU3UTb FAPMOHUYECKMNE UCKaKEHUA
TOKa B NUTaloLen ceTh 1 3alumLiaeT gpyroe o60-
pyAOBaHWEe Ha NPOMbILWIEHHOM O6beKTe.

KoHcTtpykuus BHPI o6ecneynBaeT npoaonxe-
HWe paboTbl NPU Nepebosx B NEKTPOCHAGKEHUN
0 300 mc, 4To rapaHTUpyeT 6ecnepebonHyio IKC-
nayaTaumio aNeKTpoaBUraTens B Cliydae KpUTUYECKH
BaXKHbIX Harpy3ok.

Onums CUHXPOHW3UPOBAHHOIO NEPEKITIOYEHNS
Ha ceTb 6e3 npepbiBaHWs TOKa ABUraTens no3BonseT
ynpaBAsTb MHOroABUraTeIbHOM CUCTEMOM OT OAHOMO
npusoga. TakuMm o6pa3oM, BEPOATHOCTb GPOCKOB
TOKa U MOMEHTa [iBUraTens Npu nepexoje Asuratens
Ha ceTb UCK/IloYeHa.

BbiBOADI:

1. MocTpoeHne COBPEMEHHbIX 3HEPro6I0KOB
A3C JOMIKHO OCYLLECTBAATLCA C MPUMEHEHUEM Ya-
CTOTHO-PErYNNPYEMOro 3N1EKTPONPUBOA OCHOBHbIX
3HEProeMKHMX HaCOCHbIX arperaToB, o6ecrneynBa-
IOLWEero Heo6XxoAnMbIe TEXHONOMMYECKUE PEXUMbI
paboTbl 060PYAOBAHUA U TPEeByeMylo IHEProad-
GEKTUBHOCTb GYHKLIMOHMPOBAHUS 3HEPTOB/IOKOB.

2. BbICOKOBOLTHbIV Mpeobpa3oBaTesib YaCcToThbl
BYPIM-TM npoussoactsa 3A0 «43A3» npumeHseTcs
B Pa3nnyHbIX 061acTaX MPOMbILLIEHHOCTH, UMeeT
psif NPEUMYLLECTB U MOXET GblTb PEKOMEHA0BAH
AN15 MPUMEHEHUS B PErYANPYEMbIX ANEKTPONPUBOAAX
HacocHbIx arperatoB A3C.

JNutepartypa

1. 3bIKoB A. C. OCHOBHbI€ KOHLienTyabHble pelleHns
3¢ PHeKTUBHOro NPMMeHEHUA YaCTOTHO-peryaupye-
MOro 3nieKTponpuBoja B npoekte BBIP-TOU / 8-a
MexayHapoaHas Hay4HO-TeXHU4YecKas KoHdepeH-
uuna «<bezonacHocTb, 3pPEeKTUBHOCTb U IKOHOMUKA
aToOMHoM aHepreTuku» MHTK-2012. MockBa, 2012.
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SJIEKTPOOBOPYJOBAHUE / ELECTRIC EQUIPMENT

SKEA :

000 HMN «3KPA»

428000, Yysawickan Pecny6nuka,
r. Ye6okcapbl, np. U. fikosnesa, 3
Ten./dakc: (8352) 220-110
E-mail: ekra@ekra.ru

www.ekra.ru

HapeHocTb U KauyecTBO NOCTaB/EMON Npo-
AYKUMU ABNSETCA HeNPeMEHHbIM YC/I0BUEM KOHKY-
PEHTOCMOCOGHOCTU KOMMNaHUA-NPOU3BOAUTENEN.
000 HNM «3KPA», ogHO U3 BeAYyLUX POCCUACKUX
npeanpuUaATUA NO pa3paboTKe U U3rOTOBJIEHUIO
COBpPEMEHHbIX MUKPONPOLLECCOPHbIX YCTPOWUCTB
P3A Bcel wiMHelKW» HanpsikeHuem 6-750 KB,
NOCTOSAHHO pa6oTaeT Haj COBePLIEHCTBOBaHMEM
CBOEro NnpPouM3BO/ACTBa, YTOGbl COOTBETCTBOBATH
COBPEMEHHbIM TPe6GOBaHUAM K Ka4yecTBY Bbiny-
CKaeMoW NPoAYyKLUMN.

HMNMN «9KPA» pacnonaraeT 601blUXMMU TEXHOMO-
TMYECKMMU BO3MOXKHOCTAMMU Anst o6ecrnedeHus Haj-
Nexallero Kayectsa NPoAyKLMK, a pyKOBOACTBO Npes-
NPUSTUS JEPKNT KIKOYEBbLIE YHACTKM NPOM3BOACTBA
noA NOCTOSHHbIM KOHTPO/IEM.

B oT/M4Me OT MHOMMX M3BECTHbIX MPOU3BOANUTENEN
MUKponpoLeccopHbix ycTpoincts HIMM «3KPA» nmeet
co6CTBEHHOE MeTannoobpabaTbiBatolee NPOU3BOa-
ctBo. Mpeanpuatie pacnonaraeT NPOU3BOACTBEH-
HbIMW MOLLLHOCTSIMU M NMPUMEHSIET CaMble NepeaoBble
TEXHONOrMU NPU UIrOTOBNEHUU METANINIOKOHCTPYKLIMA
WwKadoB Nto60M cnoXHOCTU. MexaHoobpabaTbiBatolLee
NPOW3BOACTBO OCHALLEHO HOBEWLLMM 060PYA0BaHUEM
BeyLLMX MUPOBbIX GUPM: OT YCTAHOBKM a3epHOro pac-
Kposi Bysprint, KoopAMHaTHO-PEBONIbBEPHBIX U IUCTO-
rMGOYHBIX TMAPABANYECKMX NMPECCOB 10 COBPEMEHHOMO
CBapOYHOro 060pynoBaHWs. s 3aluTbl U NOKPLITUS
3/IEMEHTOB METa/NIOKOHCTPYKLIMI YCTaHOBMEHbI CO-
BpPEMEHHbIe aBTOMAaTU3MPOBaHHbIE NPON3BOACTBEHHbIE
JIMHWUK NMOPOLLKOBOWM OKPACKM M rafibBaHOMOKPbITUM.

Ha npeanpuatn GyHKLUMOHMPYIOT HECKOABKO NPO-
M3BO/CTBEHHbIX y4aCTKOB COOPKU: TEPMUHASOB, LKa-
doB P3A, HU3KOBOMLTHLIX KOMMIEKTHbIX YCTPOWCTB,
YCTPOWCTB NNABHOrO MycKa. MMetoLmitcs aBTomaTuau-
POBaHHbIN CKNaj XpaHeHus KoMnieKkTaummu Kardex no-
3BOJSIAET ONTUMU3UPOBATL NPOLIECC COOPKM U3AENUIA.

MoHTaXk ne4yaTHbIX nNaaT U c6opKa TepMUHaNoB
OCYLLECTBASIOTCS B CrieLuanbHO 060pyA0BaHHbIX MO-
MeLLEHMSAX C aHTUCTAaTMHECKON 3aLLMTON U KNUMAaT-KOH-
Tponem. [pn MOHTaXKe NevaTHbIX NnaT 3a4eNCTBOBaHbI
[1Be aBTOMaTU4YeCKUE TMHUU NOBEPXHOCTHOIO MOHTa-
Ka, aBToMaTbl GOPMUPOBKM BbIBOAOB 3NEKTPOHHbIX
KOMMOHEHTOB W YCTaHOBKa NamKku A4BOWHON BOMHOMN
3/1EMEHTOB, MOHTUPYEMbIX B OTBEPCTUS Nnat. Ans yaa-
NIEHWS1 OpraHUYeCKUX 3arpsi3HeHn U OCTaTKOB ditoca
nocsne MOHTaa UCNoNb3yTCs ABE aBTOMaTUYECKME
CUCTEeMbI CTPYMHOM OTMbIBKM NeYaTHbIX nnaT. bnaroaa-
psi COBpEMEHHOMY 060PYA0BaHMIO KAYECTBO MOHTaxa
NoAAEPKMBAETCA Ha BbICOKOM YPOBHE, MaKcMmalib-
HO aBTOMATU3WUPYETCSH TEXHONOMMYECKUI npoLecc
WU3roTOBNEHMUS NMPOAYKLMU U CBOAWUTCSH K MUHUMYMY
yenoBe4vyecknin dakrtop.

TexHONOrM4yecKnM npoLeccoM npesycMoTpeHa
MHOrOCTyNeH4YaTasi cuctema npoBEPKM KayecTBa n3-
rotaBAMBaemMom NPoAyKLUMKU. N5 BbISBAEHWUS CKPbITbIX
nedeKToB cC60pKM TEPMUHANOB U WKadOB Ha paH-
HeWn CTaanu NPOBOAMTCS TEPMOLMKIMPOBaAHME BCEX
cobMpaeMblX 3NEKTPOHHbIX GIOKOB M TEPMOMNPOroH
NOJIHOCTbIO HACTPOEHHbIX TEPMUHANOB U WKadoB. Tep-
MOMPOroH BCEX TEPMUHAN0B U OTAENbHbIX WKahoB
NPOXOAWT B repPMETUYHbIX Kamepax NP1 MakcUManbHO
[0MyCTUMOK paboyen TemMnepaTtype 419 BbiNyCKaemblx
W3AEeNNN HENPEPBIBHO 72 Yaca B NOSHOM paboyem
COCTOSIHUM W BbISIBASIET CNabble MecTa 3NEKTPOHHbIX
6710K0B. KOHTPONb Ka4ecTBa, NPOBEPKa NapaMeTpoB
M3[eNnit OCYLLLECTBNSETCA B aBTOMaTUYECKOM pPeXUME
C NMOMOLLbI0 NPOrpaMMHOro o6ecrneyeHus, paspabo-
TaHHoro cneunanuctamu HMM «9KPA». TepmounKn-
poBaHu1e oTaeNbHbIX 6510K0B B Kamepax dupmbl VOTCH
NpU MHOTOKPaTHOM BbICTPOM U3MEHEHWM TEMMEPATYPbI
oT —20 o +55°C B Te4eHune 24 yacoB NO3BOJAET Bbl-
ABWUTb NPOGNEMHbIE KOHTaKTbl U COEANHEHUS.

B TexHonornyeckom UuKne c60pKu WKadoB m
TEPMUHaN0B OCYLLECTBNSETCH aBTOMaTMYecKas Ha-

NnafKa WKada M TepMUHana ¢ Bblgayen NpoToKona
UCNbITaHUNA.

Pa3pa6oTku, npoaykuus u cepsuc HIMM «IKPA»
cPOKyCcMpoBaHbl Ha ynyylleHWe noKasartenen Ha-
[EeXHOCTU M NPOAYKTUBHOCTU paboTbl HaWMX 3a-
Ka34MKoB. Bbinyckaemble yCTpoOMCTBa NPeAnpUATUS
aTTectoBaHbl Ana npumeHeHuns OAO «dCK E3C», OAO
«Pycluapo», OAO «KoHuepH «PocaHneproatom», OAO
«rasnpom», AK «TpaHcHedTb». B mae 2012 roaa HIMM
«9KPA» ycnelwHo npowno pecepTuduKaLMOHHbIN
ayauT Ha cooTBeTcTBME CUCTEMbI MEHEeAXMEHTa
KayecTBa npeanpuaTna TpeboBaHUiM MexayHa-
poaHoro ctaHaapTa 1SO 9001:2008. KoHuenuuns
HeNpPepbLIBHOIO yAyylleHWs — OCHOBa CTaHAapToB
I1SO. Ang HIMM «3KPA» cepTuduKaunsg cucteMbl Me-
HeXXMeHTa KayecTBa ABNSeTCa BaKHeNWUM GpaKTo-
POM KOHKYPEHTOCNOCOBHOCTH U IMHAMUYHOTO pas-
ButUaA. HMM «9KPA» akkpeautToBaHo PeaepanbHOM
CNYX60W MO 3KOSIOrMYECKOMY, TEXHONOTMYECKOMY
W aTOMHOMY HaA30py Ha NpaBoO NPOEKTUPOBaHKUS,
KOHCTPYMPOBAaHWSA U U3roTOBIEHUS 060PYAOBAHMUSA
19 06bEKTOB aTOMHOM 3HEPreTUKM No 4-my u 3-my
Knaccy 6e3onacHoctu. CerofHs yxe okono 400 wka-
OB MUKPOMNPOLLECCOPHbIX YCTPONCTB P3A U HU3KO-
BOJIbTHbIX KOMMIEKTHbIX YCTPOMCTB YCTAaHOBJIEHbI
Ha 9 aTOMHbIX CTaHUMAX Halen cTpaHbl. CnekTp
BbINyCKaeMow NPOAYKLMK U NpefoCTaBNseMbIX Npea-
npuUaTHEM yCnyr Ans 06beKTOB aTOMHOW 3HEPTETUKM
NOCTOSAHHO paclnpseTcs.

B 2011 rogy Ha4aTo CTPOUTENLCTBO eLle OAHOMO
NpPOn3BOACTBEHHOIO COOPOYHOIO KOopnyca, KOTOPbIK
6yfeT NONHOCTbIO OCHaleH K 2014 roay. Mmetowmincs
NPOU3BOACTBEHHbIN NOTEHLMaN NO3BONSET BbINy-
CcKaTb OKoNo 4 Thicay WKadoB B roj, a ¢ BBOAOM
HOBbIX MPOU3BOACTBEHHbIX NoOWaaewn BbIMyCcK Npo-
LYKLIMW MOXET BO3pacTu B ABa pa3a.

HMNM «9KPA» cTpemutcs o6ecneyntb CBOMX 3aKas-
YUKOB HE TONbKO BbICOKOKaYeCTBEHHON NPOAYKLMEN,
HO M NMPefoCTaBUTb KBaNUOULMPOBAHHbIE CEPBUCHbIE
YCNYrn Ka4eCTBEHHO U B ONTUMasibHble CPOKK. [Ang
yao6cTBa B3aMMOAENCTBUSA C PErMOHaNbHbIMU 3HEp-
rOKOMNaHUAMHU U NPodeCCUOHaNbHOM NOAAEPIKKMN 3a-
Ka34MKOB paclumnpsaetcs ceTb npeactasutenscts HIM
«QKPA»: B 2012 roay OTKpbITbl NpeacTaBUTENbCTBA
B Aa/lbHEBOCTOYHOM M IOXHOM pernoHax — «9KPA-
BocTok» 1 «9KPA-Or».

HMMN «3KPA» roToBO K NocTaBKaM COBPEMEH-
HOro, Ka4eCTBEHHOIO U HaAEXHOro 06opyaoBaHUS
P3A B TpebyeMbix 06beMax /15 BbIMONHEHWUS NIaHOB
CTPOUTENLCTBA, PEKOHCTPYKLMUU, OGHOBIEHUS U MO-
[lepPHM3aLIMN OGbEKTOB 3NEKTPOIHEPTETUKN, B TOM
yucne 1 aTOMHOM, NO BCel Poccum 1 3a py6eom.

EKRA LLC

3, prospekt l.Yakovleva, Cheboksary,
Chuvash Republic, 428000, Russia
Phone/Fax: (8352) 220-110

E-mail: ekra@ekra.ru

www.ekra.ru

Manufacturers are supposed to ensure reli-
ability and high quality of their products in order
to be competitive. EKRA Research and Production
Enterprise LLC., one of the top Russian companies
manufacturing a whole range of relay protection
and automation microprocessing units with volt-
age of 6 to 750 kV, constantly seeks to improve
its production facilities to be able to meet modern
requirements to the products quality.

EKRA Research and Production Enterprise has ex-
tensive production base. The key areas of production are
under constant control of the company’s management.

In contrast to many famous producers of micropro-
cessing units, EKRA LLC. has metal-working facilities
of its own. Metal work of cabinets of any complexity is
manufactured with the use of state-of-the-art technolo-
gies. Mechanical engineering production is equipped
with machinery of the top companies such as Bysprint
laser cutting unit, jig-revolver presses, sheet bending
hydraulic presses, modern welding equipment. The
protection coating of metal work is made with the use
of advanced automated powder coating and electro-
chemical facing equipment.

Several shop areas are engaged in production of
terminals, cabinets for relay protection and automation
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units, low-voltage complete devices and softstarters.
With Kardex stow of components the company makes
improvements in the assembly process.

Printboards and terminals are assembled in spe-
cially equipped rooms with antistatic protection and
climate control. Printboards are assembled at two au-
tomated surface-mounted assembly lines with the use
of component preforming machines and double-wave
soldering units. Organic impurities and residual flux are
removed at two jet-scrubbing automated units. Using
modern equipment, the company ensures high quality
of products, automates the engineering process and
reduces the effect of the human factor.

To detect hidden defects of terminals and cabinets
at an early stage, thermocycling of all electronic units
and thermal testing of adjusted terminals and cabinets
are performed. Thermal testing is made in hermetically
sealed chambers during the period of 72 hours at the
maximum permissible service temperature in order
to detect trouble spots of electronic units. Condition
monitoring is effected through the communication link
with the product, the data on the product condition and
thermal testing regimes are recorded at the company’s
server. Thermocycling of separate units in VOTCH cham-
bers with multiple change of temperature from — 20 to
+55°C during the period of 24 hours makes it possible
to detect trouble contacts and connections.

The assembly of terminals and cabinets includes
their automated adjustment with producing of the result
logs and recording the data at the company’s server.

Products and services of EKRA LLC. are intended
to increase reliability and productivity of our customers’
performance. The units produced have been attested
and admitted for use by the United Power System JSC,

Rusgidro JSC, Rosenergoatom Concern JSC, Gazprom JSC,
Transneft. In May 2012 re-certification auditing confirmed
the conformance of the company’s quality management
system to 1ISO 9001:2008. ISO standards are based on
constantimprovement concept. EKRA LLC. sees certifica-
tion of the quality control system as an important means
to enhance the company’s competitiveness and to boost
development. EKRA has been licensed by the Federal
Service for Ecological, Technical and Nuclear Monitoring to
design, develop and produce nuclear facilities equipment
of the 3rd and 4th safety class. Over 400 relay protection
and automation units and low-voltage complete devices
have been installed at 9 nuclear power plants of the
country. The company expands the range of products
and services for nuclear facilities.

A new assembly building was initiated in 2011 and
will be completely equipped by 2014. With the present
production facilities the company manufactures about
4,000 cabinets annually, with new facilities completed
the productivity will be doubled.

EKRA Research and Production Enterprise pro-
vides its customers with both high-quality products and
prompt qualified services. It expands its net of regional
representation offices in order to improve interaction
with regional power producing companies and to provide
better support of clients. In 2012 two representation
offices — EKRA-Vostok and EKRA-Yug — were opened
in the Far East and the southern region, respectively.

EKRA Research and Production Enterprise can
deliver required quantities of modern high-quality re-
lay protection and automation units for building, re-
construction, revamping and modernization of power
production facilities, including nuclear facilities, in
Russia and abroad.
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000 «MPUBOAbI AYMA»

LenTtpaneHbin othuc B Mockee: (495) 221 6428
Odpuc B Cankr-NMerepbypre: (812) 380 9886
Ocpuc e Cypryre: (3462) 236 234

Ocpbuc 8 KpacHospeke: (391) 291 1260

E-mail: aumarussia@auma.ru

30-neTHUM ONbIT NOCTAaBOK B aTOMHYHO 3HEpPreTuky
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CucTembl yripaB/eHUA N KOHTPOS.
be3onacHocTb ASC

Control systems.
NPP safety




CUCTEMBI YNPABJIEHNA N KOHTPOJIA

<D~

HIN «KOMNJIEKCbI
u CUCTEMbI>

440028, Poccus, r. lMeHsa,
npocnekr MoGeabl, 75a.
Ten./daxc: (8412) 44-76-37,
95-75-65, 95-59-98.

E-mail: office@comp-sys.ru
WWW.COmp-sys.ru

Hay4Ho-npou3BoACTBEHHOE NpeanpuaTHe
«KOMIMJEKCbI u CUCTEMbI» cospaHo B 2002
rogy.

Muccua npeanpuaTua — pa3paboTka,
NPOU3BO/ACTBO U NOCTaBKa NporpaMMHo-an-
napaTHbIX CPpeACTB U CUCTEeM aBTOMaTu3a-
UMM, o6nagaoumux BbICOKOW HaAEXHOCTbIO
U OTKA30yCTOWYUBOCTbIO, 3JIEKTPOMArHUTHOMN
COBMECTUMOCTbIO, YCTOWYUBOCTbIO K BHELl-
HUM Bo3myujawouwmum pakropam v npegHa-
3HA4Y€eHHbIX A1 OCHALLEeHUSl TEXHOJIOTUYECKUX
06BbEKTOB IHEPreTUKU, NPOMbILIEHHOCTU U
TpaHcnopTa.

«KOMIMEKCbI un CUCTEMbI» — manoe npea-
npvatue. B cBoer paboTe Mbl cnegyem NpuHLmny
BeMKOro nonkoeogLa CyBopoBa — «He Y1CIoM,
aymeHbeM». Halle manoe npeanpusitve cnoco6-
HO co3aaBaTb 60/blWKWe CUCTEMBI. TO, HYTO MbI
MOXEM M3roTOBWUTb «Ha CTOPOHE», Mbl OTAAEM Ha
Apyrve npeanpusatus, octaBnsas 3a co60om camyto
OTBETCTBEHHYI0 PaboTy — MHTErPaLMIO CUCTEMBI
W HafleNneHune ee <UHTeNNEeKTOM». A TO, YTO CTPOUM

Bnok aBToMaTu4ecKoro
perynupoBaHusa (BAP)
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Msakuwes imuTtpuii Bnagumuposuu,
reHepasbHbli AUPEKTOP—T1aBHbIA KOHCTPYKTOP
HMN <KOMMNJIEKCbI u CUCTEMbI»

CUCTEMY HE U3 UMMOPTHbBIX «KUPMUYEN», @ U3 610-
KOB COOCTBEHHOM pa3paboTKK, NO3BONSET HAM
NoAorHaTb ee TOYHO NoA TPeboBaHUS 3aKa34uKa.

M3rotoBneHne cpeacts aBTomMatM3aumm u
CUCTEM Ha WX OCHOBE OCYLLEeCTBASETCS NO OT-
paboTaHHON KOHCTPYKTOPCKOM AOKYMEHTaLUM.
M3roTtoBnieHHble 3aenus npoxoaat npuemky OTK
1 rocyaapCcTBEHHbIX OPraHoB Haj30pa no corna-
COBaHHbIM 1 YTBEPXKAEHHbIM B YCTAHOB/IEHHOM
nopsiake TexHnyeckum ycnosusm (TY). Mpu atom
MCNONb3YIOTCA MPOU3BOACTBEHHbIE MOLLHOCTH
KaK CBOEro npeanpustis, Tak U Apyrux, ¢ Ko-
TOPbIMW YCTAaHOBJ/IEHbI NMPOYHbIE NMapTHEPCKKE
OTHOLIEHMS.

Bba30BbIM NPOAYKTOM NMpeanpuUATUA AB-
NIeTCA KOMMJIEKC CPeACcTB aBTOMaTU3auuu
MACCAT.

Komnnekc MACCAT npegHa3Ha4veH ans no-
CTPOEHMS 1 MOJEepHM3aLLIMM aBTOMaTU3NPOBaH-
HbIX CUCTEM YNpPaB/IEHNS TEXHONOrMYECKUMM MPO-
ueccamu (ACY TIM) Ha aHeprobsoKax aTOMHbIX
CTaHUMN U APYrMX NPOMbILWAEHHbBIX OObEKTaX.
MpeactaBnseT co6ov Habop YHUPULMPOBAHHbIX
nporpamMmmHo-annapaTHbIX cpeacTB (cBoeobpas-
Hbli KOHCTPYKTOP Lego), U3 KOTOPLIX MOTrYT KOMMO-
HOBAaTbCS Pa3/IMYHbIE MO aPXMTEKTYPE MU YPOBHIO
CNOXHOCTU 3aKa3Hble CUCTEMBbI.

MACCAT — nofiHOCTbO poccUicKas paspa-
60TKa, U3Ha4YabHO OPUEHTUPOBAHHASA Ha Npu-
MeHeHMe Ha 06beKTax aTOMHOM SHEPreTUKKU u
BbIMO/IHEHHAsA B COOTBETCTBMM CO CTaHAapTa-
MU, HOPMamu ¥ NpaBuiaMu, OENCTBYIOWNMU B
OaHHOW 06nacTu. ATO coBpeMeHHas uMdppoBas
cucTema, peannM3oBaHHas ¢ UCMONb30BaHUEM
NPOrpeccUBHbIX TEXHOMNOMMN HA COBPEMEHHOM
3MeMeHTHON 6ase.

M3HavanbHo Komnneke MACCAT co3paBan-
CS1 KaK POCCUICKas anbTepHaTMBa 3apyOeKHbIM
NPOrpamMMHO-TEXHUYECKUM KOMMIEKCaM aHano-
FTMYHOrO Ha3Ha4YeHwus, B NEPBYIO O4epesb KOM-
nnekcam Teleperm XP/XS ¢dvpmbl Siemens. MNpu
3TOM CTaBMNachb 3ajia4a He «Tyrno» CKONMpoBaThb
nNpoTOTMN, @ CO3A4aTb COBEPLIEHHO HOBbIV MPO-
[OYKT, UMEIOLLMI CYLLLEeCTBEHHbIE, AatoLine Nosb-
30BarTesto peanbHble NPenMyLL,ecTBa, OTIMYUS OT
aHanoros. Takux otnunymi y NACCATa Tpu.

NepBoe otnuuue. Moaynu Komnnekca
MACCAT aBnsitoTCS NPOEKTHO-KOMMOHYEMbIMHU
C TOYHOCTbIO O OAHOrO-ABYX KaHanoB BBOAa/
BblBOJA. ATO 06€CNEYMBAET BbICOKYIO CTEMEHb
aganTalmu K CUCTEMHOMY MPOEKTY, NOCTPOEHWe
NPaKTU4eCKM 6€3M36bITO4HbBIX CUCTEM, T. K. B 3TOM
cnyyae «KMpPrMYUKOM» MPOEKTaHTa ABNSETCS He
YHKUMOHANbHBIM MOAY/b, @ UBMEPUTESTbHbLIN UK
BbIXOHOW KaHan. BmecTe ¢ TemM 3T0 He UcKtoYaeT

BO3MOXHOCTb BBEEHMS «MONE3HOM» N36bITOY-
HOCTH, HaNpUMEP C Lie/blo PE3EPBUPOBAHUS.

[aHHOe CBOMCTBO KOMMJEKCa AOCTUraeTcs
3a cYeT NPUMEHEHNST ME3OHUHHOW TEXHONOT UK.
Kaablh Me30HWH npeacTaBnser co60n MUHK-
aTIopHbIM MOAyNb, peanuaylowmnin oT 0AHOro Ao
Tpex KaHanoB BBOJa,/BblBOAA. Me30HWHbI BBOAA
BbIMOMHAIOT NpeABapuTenbHYy0 06paboTKy CUTHa-
N10B 1 NnpeobpazoBaHue 1x B Lndposyto Gopmy.
COOTBETCTBEHHO ME30OHMHbI BbIBOAA HA OCHOBE
LMdpoBoro Koga GopMUPYIOT BLIXOLHOW CUTHAI.
Me30HUHbI UCMnoNb3yTes A9 GOPMUPOBaHUSA
KaHanoB Moaynen dyHKLMoHanbHbIX (M®), 6510-
KOB aBTOMaTM4yecKoro perynuposaHus (BAP) u
6/10KOB aBTOMaTUYECKOr0 peryinpoBaHuns mano-
rabaputHbix (BAP-M).

B HacToflLee Bpems B coCTaB KOMMeKca
BK/IO4YEHO 0K0M0 60 pasnnYyHbIX TUNOB ME30HU-
HOB, OXBaTbIBAIOLMX NPAKTUYECKN BCIO HOMEH-
KnaTypy aHanoroBbiX U AUCKPETHLIX CUIHaNoB,
NPUMEHSAEMbIX B CUCTEMAX KOHTPONSA U yrnpas-
nexus (CKY) aHepro6nokoB ASC. Ha nx ocHoBe
co3faHo 6onee 30 pasfMyHbIX TUNOB MOAY/EN.
CocTaB mMoaynen pacwupsercd oT npoeKkta K
NPOEKTY.

BTopoe otanuue. Moaynu Komrniekca no
YPOBHIO UX «<MHTENNIEKTA» PA3ENEeHbl HA TPU KaTe-
ropuun. <MHTenneK™ Moaynen nepBon Kateropum
(M®) peannsoBaH Ha nporpaMmMmUpyemMbIX J10M1-
YeCKMUX UHTerpasnbHbix cxemax (MJIUC), coyeTa-
loWmMx B cebe AETEPMUHU3M KECTKOW» OTUKK
M TMOGKOCTb NPOrpaMmMMpoBaHKs. 3TO NO3BoONSET
co3aaBaTh CTPYKTYPbl ynpaBneHus paboTon Mo-
[yns, B TOYHOCTM COOTBETCTBYIOLLME pPELIAaEMOW
3ajaye, 6e3 U3NULLHEro YCNOXKHEeHUS, Mpo3pay-
Hble A9 npoueayp BepuduKaLum u Banvaauuu.

«MHTenneKkT mMoaynen BTOPOM KaTeropuwu
(BAP-M) peanu3oBaH Ha MUKPOKOHTpoOIepax
Ha 6a3e NMpPOoLIECCOPHOro Afipa C apXMTEKTYPOW
RISC. [laHHOe pelueHre No3BoONSET co3aaBaTb
OTHOCUTENBHO AeLeBble U KOMMNaKTHbIE MOAYNH,
BMecTe ¢ TeM obnagatoumne GyHKLUMOHANbHO-
CTbl0, JOCTATOYHOM ANS peann3alnmn aaropuTMoB
MU-perynupoBaHus, TEXHONOTMYECKMUX 3aLLUT U
6GIOKMPOBOK. Ha OCHOBE Kax/a0ro Takoro Moay-
119 MOXET ObITb peanM30BaHO MHANBUAYaNbHOE
aBToOMaTUyecKoe yrnpaB/ieHUe UCMONHUTENTIbHbIM
MeXaHU3MOM, TaKUM KaK 3a[BUXKKa, pPerynumpy-
IOLWMIA KNanaH 1 T. 4. Hannyne KaHanos undpo-
BOro uHtepdenca RS-485 B bAP-M noaBonsaer
peann3oBaTb GYHKLUUU AUCTAHLUMOHHOIO yrpaB-
NeHus, Nnepeaayn TEXHOIOrMYECKUX MapameTpoB
Ha BEPXHWW YypPOBEHb CUCTEMbI, MPOrpaMmMHoe

BaoK aBTOMaTU4ECKOro peryimposaHus
manora6aputHbiii (BAP-M)




Mogaynb GpyHKLUOHaNbHbIN (M®P) ¢ ycTaHOBNEHHbIMU ME3OHUHaAMK

Mopaynb LeHTpanbHoro npoueccopa (ML)

KOHOUIypupoBaHue (M3MeHeHWe napameTpoB
M anropuTtMOB yrnpasieHus) B pexxume online.
«MHTennekT Moaynewn TpeTben Kateropuu
peann3oBaH Ha BCTpaMBaeMbIX KOMMbIOTEPHbIX
moaynsax (BKM) Ha 6a3e MMKpPOMpPOLLECcCopoB ¢

KoHTponnep ¢ ueHTpanu3oBaHHON apXUTEKTYPOH

apxuteKtypon Tmna Intel 80x86. Bbluncnutesnb-
Hasi MOLLHOCTb TaKMX MOAYNen conoctaBuma C
aHanornyHbIM noKasaresnem coBpemMerHbix MK. K
TPeTbel KaTeropmmn OTHOCATCS MOAY/U LieHTpanb-
Horo npoueccopa (ML) n 6nokn aBTOMaTHye-
cKkoro perynupoBaHusa (BAP). OcHalleHHble co-
OTBETCTBYIOLMM NPOrpamMmMHbIM o6ecneyeHmem
MOZAyNY AaHHOW KaTeropuu cnoco6Hbl BbINOMHATb
LUIMPOKKUW CMEKTP ynpaBnsiowmnx 1 nHGopmaLm-
OHHbIX QYHKLMNA.

Hanunuyne B KoOMnneKkce Moaynen ¢ pasHo-
06pa3HbIM «MHTENIEKTOM» NMO3BONAET ONTUMMU-
3UpoBaTb COOTHOLWEHUE «LieHa/Ka4yecTBO» Mpu
CO3[aHuK1 cUCTeM aBTOMaTU3auun, B KarKaom
NpoeKTe NPUMEHATb MOAY/IN, aieKBaTHbLIE CITOX-
HOCTHM pellaembix 3ajau.

Tpetbe oTanume. B Komnnekce peanm3oBaHbl
KOHTPOJINIEPDI IBYX @PXUTEKTYP: LLEHTPaNM30BaH-
HOro ynpaBieHus 1 pacnpeseneHHoro ynpasne-
HUsA. 3TO NO3BONSAET ob6ecneynTb Heob6xoaumoe
pa3Hoobpasune co3gaBaeMbix CUCTEM, NPUMe-
HATb B KaX4OM KOHKPETHOM Clly4ae apXuTeKTypy,
COOTBETCTBYIOLLYIO apXUTEKTYPE BCEW CUCTEMDI,
MCMonb30BaTh B MOJHOW Mepe npeumyllectsa
ynpaBneHusa Kak Ha OCHOBE NPOrpaMMHON, TaK
M Ha OCHOBE «KECTKOW» NIOTUKW.

KoHTponnep LeHTpann3oBaHHON apXUTEK-
Typbl NpeacTaBnseT cob60i 610K MOHTaXKHbIN

e

CUCTEMBI YNPABJIEHNA N KOHTPOJIA

(KpewnT) ¢ ycTaHOBNEHHbIM B HEro moaynem
LieHTpanbHoro npoueccopa (MLIM) n Ha6opom
Moaynen GYHKLMOHaNbHbIX, COCTaB KOTOPOro
onpegensietcs npoektoMm. Baaumopeincteue
MOAYNEeN BHYTPW KOHTPO/Iepa OCyLLeCTBASETCS
no wuHe VMEbus n160 no nocnegosatenibHOMY
nHTepodency RS-485.

KoHTponnep pacnpeneneHHon apxuTeKTypbl
npeactaBnseT co6om 610K MOHTaXHbIN (KPEWT)
C YCTAHOB/EHHbIM B HEr0 MOAY/IEM KOMMYTaLIMK
BAP-O nnu BAP-0O-M v Ha6opom ynpasnsioLmx
Moaynen BAP nnun BAP-M, KoHbuUrypaums 1 Ko-
JINYECTBO KOTOPbIX ONpeAenstoTcs NpoeKToM.
B3avmopgenctBre moaynemn BHyTpU KOHTposiepa
OCYyLLEeCTBASETCA NO NOCNef0BaTEIbHOMY UHTEP-
dency RS-485.

KoHTponnepbl ycTaHaBnMBatoTCs B WKabbI,
OCHalleHHble Ay6nMpoBaHHON 3alLMLLEHHON OT
NMOMEX CUCTEMOW 3NIEKTPOMNUTAHNA U CpeCcTBaMM
KoMMmyTauuu. Mpr Heo6xoaNMMOCTU BO3MOXKHA
yCTaHOBKa KOHTPOJIIEPOB pacnpeaeneHHomn ap-
XUTEKTYPbl B 3NIEKTPOTEXHUYECKME LWKadbI.

CBf3b CUCTEMbI BEPXHEBIOYHOIO YPOBHS
ynpasnexus (CBBY) ¢ KoHTponnepamu o6oumx
TMnoB ocyulectensietcs no JIBC Ethernet 10/100
M6UT/C KaK NO MeAHbIM, TakK U N0 BONOKOHHO-
ONTUYECKMUM JIMHUSM CBSI3W, KaK NpaBwuio, Yyepes
crneumnanbHble W3bI.

MporpammHoe o6ecneyenue (MO) KOHTpON-
nepoB pa3pabaTtbiBaeTcs Ha a3blkax C/C++ ¢
MCNONb30BaHWEM COOTBETCTBYIOLLMX MHCTPYMEH-
TanbHbIX CPEACTB. [pefycMOTpeHa BO3MOXKHOCTb
rTMBKOro KoHbUrypmpoBaHus MO ¢ nomoLbio rpa-
dUYeCcKoro pefakTopa, B TOM YnCNe U Ha 06beKTe
3KcnyaTauuu.

Komnnekc MACCAT u 610K aBTOMaTU4eCKo-
ro perynupoBaHua manorabaputHoln (BAP-M)
BHeceHbl B [0CyAapCTBEHHbIN peecTp CpeacTs
N3MEPEHNN.

Ha ocHoBe cpeactB komnnekca MACCAT
peann3oBaHbl U IKCMNyaTUPYIOTCS cucTema aB-
TOMaTtu3almu BcrnoMorateNbHbIX cMCTeM obLe-
6n104HoM XBO-2 HoBoBOpoHeKcKom ASC, cuctema
aBTOMaTM3aLMK PerynaTopoB NUTaHWsa napore-
HepaTopoB 3-ro aHeprobnoka benosipckon A3C,
cucteMa cbopa 1 06paboTKM CUrHaN0B aBTOXUM-
KoHTpons MACCAT-AXK-P, 3 coctaBa cuctembl
aBTOMAaTMYECKOr0 KOHTPOS BOAHO-XMMUYECKOrO
pexuma (BXP) 1-ro u 2-ro aHepro6s0KoB JIEHWH-
rpaackovi ASC, cuctema aBTOMaTU4ECKOro XUMH-
4eCKOoro KoHTpons BXP 3-ro 1 4-ro aHepro6/,10KoB
JNleHnHrpagckon ASC, ycTponcTBa ConpsiKeHus
€ 06bEKTOM MHOOPMALMOHHO-BbIYUCINTENbHON
cuctembl (MBC) 5-ro aHepro6noka HoBoBopo-
Hexxckon ASC, npeaHa3Ha4vyeHHble ansg moaep-
HU3auun MHPoOpPMaLMOHHOro Komnnekca M-60,
annapaTtypa aBTOMaTM4eCKOro peryinpoBaHmns
KnanaHoB TypouH N2 4,5 n 6 aHepro6noka N2 3
BbenospcKkon ASC 1 psig Apyrux CUCTEM.

B HacTosiLlee BpeMs MHTEHCMBHO BeayTCs
paboThbl MO CO3AaHMIO CPEACTB aBTOMaTU3aLUum
CUCTEMbI KOHTPOJIS U yNpaBaeHus 31eKTPoo60o-
rpesom HaTpus (CA CKY 30) ans ocHauleHus 4-ro
3Hepro6soka benospckon A3C.

Takum oGpasom, Komnnekc MMACCAT
npeacrasaseT co60M Ha6op COBPEeMEHHbIX
CpeAcCTB NMPOMbILIJIEHHOW aBTOMaTU3aLuum,
OXBaTbiBAOLWUIA WHUPOKUIA CNEKTP CUCTEM,
KaK ynpaBasilowmx, Tak U UHPopMaL MOHHbBIX.

[naBHbIM KOHKYPEHTHbIM NMpenmMylectsomMm
KOMMJieKca sSiBNsSeTcs ero rubKoCTb, BbICOKas
cTeneHb ajanTauuu K pellaembiM CUCTEMOMN
3a/a4aM 3a CYET NMPUMEHEHHbIX MPU ero pas-
pPaboTKe MHHOBALIMOHHbIX TEXHUYECKUX PELUEHUH.

PesynbraTbhl BHEAPEHWSA CUCTEM Ha OCHOBE
KomnneKca MNACCAT noatBep»KaatoT ero BbICOKUe
3KCNyaTaLMOHHbIE XapaKTePUCTUKM.
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BE3OIMNACHOCTb ASC
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NMPOrPECC-3KoJorug

249033, Kanyxckana 06/1., OGHUHCK-3,
a/a 3011. Ten./daxc: (48439) 77548.
101000, MockBa,

Konna4Hbi# nep., a. 6, cTp. 4
Ten./dakc: (495) 6262502

E-mail: p-ecologia@sftcomp.ru
www.p-ecologia.obninsk.ru

- Jlliopgmuna AtTamoBHa, paccKaXuTe, no-
}anyucra, 0 ToM, KaKMM 06pa3om JesiTeib-
HOCTb Baluei KOMNaHUM CBAI3aHa ¢ HAyKoW U
HayKOEMKUMM TEXHONIOTUAMU?

— 3A0 «[1porpecc-3Konorusa» pabotaeT Ha
pbIHKE HayKOEMKOW npoayKumn ¢ 1999 roaa.

YKe npu BbIXxoAe Ha pbIHOK 060pyAoBaHUA
ona ASC nBeHaauath et Hasag 3A0 «[porpecce-
OKONOrUs» NPEANOKUAO0 TPM NPUHLUMMUANBHO HO-
BbIX (3anaTeHTOBaHHbIX) U3AENUS — a3p030/bHblEe
M a3po30/1bHO-copbupyoLme GULTPbI HOBOIO
NoKofieHns ans 3GPEKTUBHOM OYUCTKM BbIBPOCOB
A3C OT paAMOaKTUBHbIX YaCTUL, ¥ PaAUOAKTUBHbBIX
rasoB. BHeapuB 3TM MHHOBALMOHHbIE U3AENUSA
(NnpoBeas NocTaHOBKY 060pyAOBaHUSA Ha Npo-
M3BOACTBO U OpraHn3aumio CepumHOro Npouns-
Boactaa), 3A0 «[1porpecc-3Kkonorus» nocteneHHo
3aKpblsI0 CBOMMM MOCTaBKaMM BCIO HULWY 3TUX
GunbTPOB Ha poccuickux AIC, a Takke Ha ASC
B MpaHe n NHamm, a noTom NoLuio no nyTu yco-
BEPLEHCTBOBAHMUS 3TUX MPOAYKTOB, MPUBEAEHUS
WX B COOTBETCTBME C HOBbIMW TPEBGOBAHUAMMU U
HOPMaM#, TEXHUYECKMMMU YCIIOBUSIMM, NMOKa3a-
TENIMKU KayecTBa, T. €. N0 NyTU MOAEPHUIAL M.

[MOCKONbKY NepPBbI ONbIT 6blN 415 Npeanpu-
ATWUS yAa4yHbIM, TO U MO BCEM OCTalibHbIM Ha-
npaBfeHUsIM, B KOTOPbIX pa3pabaTbiBaeTcs u
NpoOu3BOAMTCA 060PYAOBaHMeE, Mbl JEVCTBYEM MO
TOMY )K€ anropuTMy: MHHOBaLUS — 3aBOEeBaH1e
HUWMW pbiHKa — MOAEPHU3ALMSA — pacluMpeHune
NoCTaBOK.

Cenyac npeanpusatue npom3Boaut ana A3C
a3p030/ibHble ¥ a3P030JIbHO-coOpBUpyloLWme
GUALTPbI CNELra3o04nCTKK, GUABTPbLI MPUTOY-
HOM BEHTUAAUMK, GUIbTPbI-aacopbepbl, GUIbLTPo-
BasIbHble M COPBUPYIOLLME YCTAHOBKM Pa3nyHOwM
NPOW3BOANTENBHOCTM U Ha3Ha4YeHUsA, GUALTPbI
151 XMMBO/JOMNOArOTOBKM, GUNBLTPbLI O4UCTKMU BOAbI
1 GUNBLTPLI-NOBYLWKKW, 060pya0BaHKE 419 c6opa
1 TpaHcnoptupoBku TPO, a B 2010 roay mbl ce-
PUMHO HaYanu NPoOM3BOANUTb GUIBTPOBANbHOE

KoHTtelHep ansa c6opa TPO | rpynnbl akTUBHOCTH

J1. A. Jloma3oBa, JUPEKTOP XONJUHra
«Mporpecc-3konorus»

o6opyfoBaHue AN MeaAuLMHCKUX pafnuonoru-
YECKMX LLeHTPOB.

B Kaxgom HanpaBneHny BHeAPEHbI MHHOBA-
UMK: 0 dunbTpax cneurazooyumncTKM U NPUTOHHOM
BEHTUNALMN yXKe CKa3aHo, a B GunbTpax-aacop-
6epax BHeApeHa NMPUHUMNUANbHO HOBast KOH-
CTPYKLMSA, No3BoNstowas NnpoM3BoanTb B HUX
3aMeHy oTpaboTaBLiero copbeHTa, 4To paHblue B
dunbrpax-agcopbepax Ha poccuickmx ASC 66110
HEBO3MOXHO. ITO 04EHb BAXXHO C TOYKM 3PEHUS
paanaunoHHOM 6e30MacHOCTH, a TaKKe U C ToY-
KW 3pEHMS AKOHOMMKM, MOCKOJIbKY 3aMeHseTCs
oTpaboTaHHbIA COPOGEHT, a He Lenbin dunbTp-
afcopbep. B dunstpax XumMBOAONOANOTOBKM UH-
HOBaLMs TaKXKe B HOBOM TEXHWYECKOM PELLEHNM,
npeaycMaTpMBaloWEM JI0XKHOE MNIOCKOe AHO C
GUNbTPYIOLWMMK aNEMEHTaMW», B TO BPEMS KaK
paHblle B aHanorax 6bia KOHCTPYKLMS «4HO KO-
nupylowas cucteMa ¢ GuUnbLTPO3IEMEHTAMM», 3TO
M3MeHeHWe NepeBoaMT IKCNyaTaLmio JaHHOro
o6opynoBaHus ASC Ha Apyron ypoBeHb HaAex-
HOCTH.

CBOV MHHOBALMOHHbIE pelleHns npeanpv-
ATUE NaTEHTYET N aKTUBHO BHEAPSET LJOCTUKEHUS
ApYyrux pa3paboTynKoB, B HAaCTHOCTH, NOKyNaeT
NIMUEH3MOHHbIE NpaBa Ha NpaBo NPON3BOACTBA.

[ns MeaMUMHCKMX PaANONOrMYECKMX LLIEHTPOB
NpPOV3BOAUTCA a3p030/1bHO-COpOUpYIoLLME DUNb-
Tpbl 4519 06ecneyeHns 6e30nacHomn 415 OKpyxa-
loLLen cpeabl, a TakXKe NaLneHToB M nepcoHana
LLEeHTPOB paboThl C U30TOMHON NpoayKuuen. MNpea-
naraemble GUIbTPbI — 3TO TOT NPOAYKT, KOTOPbIV
coyeTaeT B cebe KaK MHHOBaLMIO — nies coye-
TaHWA B KOHCTPYKLMK GUNBTPa a3p030/bHOM U
copoéupyowen Yyacten NpuHLMNUaNbHO HOBa U
3alMileHa NnaTeHToMm, TaK ¥ MoAepHM3aLumto, Mo-
CKONbKY GUALTPbI AN PaaUONOrMYECKMX LLEHTPOB
nonyyeHbl Kak 4opaboTKa M ynyylleHne NpoayK-
LMK yxKe BHeapeHHon Ha AQC.

O6opynoBaHue, BbiNycKaemoe noj TOproBon
mMapkon 3A0 «[porpecc-3Kkonoruns», UMeeT Bce

dunbrp-agcop6ep AYU co CMEeHHbIM
COPGUPYIOLLUM KapTpUaKem

cepTudUKaTbl COOTBETCTBUS U U3rOTaBIMBAETCH
KaK Mo TUNOBbIM pa3mepam, TaKk U No UHAUBUAY-
anbHbIM NpoeKTaM. Mmetownicsa onbiT B3anmo-
[EeNCTBUS C MPOMbILLNEHHBIMU NPEANPUATUAMMU,
BbICOKas KBannduKaLnsa COTPYAHUKOB KOMNaHUK
NMO3BONSET HaM YCMELHO pellaTb C0XKHbIe 3a-
[la4u no obecneyeHuto NPOMbILLIEHHbIX 06 BEKTOB
BbICOKOI)PEKTUBHBIM, HAAEKHbBIM Y Ka4eCTBEH-
HbIM 060pyOBaHWEM.

- Kakum o6pa3om Bam ypaérca coBme-
waTb NPOU3BOACTBEHHYIO AEATE/IbHOCTb C
Hay4Hoi? Beab HayKa TpeGyeT fOCTaTO4HO
GOoNbLUMX KanuTasloBNIOXKEeHUNR, a pe3ybrar,
Nno KpaHen Mmepe 3KOHOMMUYECKUI, NPoAB-
nfeTcsa He cpasy.

— Mbl JOMKHbI MOHUMATb, YTO MPEANPUATUS,
paboTalolme B chepe BbICOKMX TEXHOMNOMMH, B
TOM YuC/e U NPOM3BOAALLMX 060pyaOBaHMe Ans
aTtomHon aHepreTukun, JO/IKHbI pasBuBatbes
N0 MHHOBALMOHHOMY CLiEHapMUIO.

MHHOBaLMK — 3TO KilaccuMyecKas cxema:
noJfiy4eHne HOBOro MPOAyKTa, KOTopoe Mo3BO-
N9eT NONY4YUTb AONONHUTENBHYIO LEHHOCTb NP
ero BHeApeHuU. ITO eCTeCTBEHHbIM npoLecc
pa3BUTHA, NMOCKOMbKY B TOW 06/1aCTH, B KOTO-
por paboTaeT NpeanpusaTue, a aTo paspaboTKa
M NPOM3BOACTBO 06OPYAOBAHMUS ANA aTOMHOM
3HEPreTuKMn, u B TOM 06nactu, B KOTOPYIO Mbl
nnaHWpyem noctaBnaTb HOBoe 060pyAoBaHue,
PLIHOK MOXET BOCMPUHATb TONIbKO 060pyAOBaHKe,
npeBocxosiliee cylwecTBylollee aHanoru. Mpu-
4eM 3TO NPEBOCXOACTBO AOMKHO ObITb HE CTONBKO
MO TEXHUYECKUM XapaKTePUCTUKaM, HO M AaBaTb
NMPUHLMNKANbLHO APpyroe KayecTBo IKCnyaTaLum
3TOro 060pyAOBaAHMS.

BoT noyemy npeanpusitve npocto 0683aHo
TpaTUTb BPEMS U AEHbIM Ha MHHOBALIMK, B KOH-
Lie KOHLIOB 3TO Hale 6yayliee, 6yayLiee Halux
neten.

3A0 «[lporpecc-3Koorms» OCHalLEHO CO-
BPEMEHHbBIM MPOU3BOACTBEHHBIM 060PYAOBa-
HWEM W UcnblTaTeNIbHbIMU YCTAHOBKaMu, UMeeT
NMuUeH3uKn defiepanbHblX CNyX6 Ha U3roToBneHue
N KOHCTpynpoBaHue ob6opyaosaHus ans A3C, 06-
najaet psaoM nateHToB. Bce atn pa3paboTku
NPUMEHSIOTCS cernyac U MOryT 6bITb MPUMEHEHbI
B HOBbIX HanpaBAeHWUAX AeATENbHOCTH.

MpeanpuaTMe akTMBHO paboTaeT € Hay4HbI-
MU LLeHTpamMu, TBOPHECKUMHU KONNEKTUBAMU U
oTAeNbHbIMU y4yeHbIMKU Poccun — npuobpertaet
JIMLEH3MN Ha MpaBo NPOM3BOACTBA 3anaTeHTo-
BaHHbIX pa3paboToK, duHaHcupyeT GUHULLIHbIE
Hay4YHO-UCCNneaoBaTeNbCKMUE U OMbITHO-KOHCTPYK-
TOPCKME pa3paboTKu U BHEAPEHNE NEPCMNEeKTUB-
HbIX U34ENUM U TEXHONOMMn Ha CBOUX MPOU3BOJ-
CTBEHHbIX MOLLHOCTSIX.

Mbl pacnonaraem Hay4HOM 6a30W, TEXHWUYE-
CKOM 6a30oW u ycepanem — BOT TPU COCTaB/ISIO-
L1e, KoTopble NO3BONSIOT HAaM onpo6oBaTb U
BHeApATb Hoy-xay. Ecnun cpaBHWTL Halwe npes-
NPUSTUE C YENTOBEKOM, TO Y HAC €CTb PYKU, HOTH
W, YTO Ha CEroAHSAWHWIM AEHb Y MHOTUX IBNSIETCS
fedbuuuntom, ronosa.

[aHHbI MTHHOBALMOHHbIM NOAX0A NO3BONSET
npeanpusaTUIO co3aBaTb U MPOU3BOAUTbL 060-
pyaoBaHMe HOBOrO MOKOJIEHUS, OTBeYatollee
COBPEMEHHbIM TEXHUYECKUM TpeboBaHUAM, U
o6ecneynBaTb HaJEXHbIN KOHTPO/b MX KA4YeCTBa.
Bcé nsrotoBneHHoe GpunbTpoBanbHoe 060pyao-
BaHWe MPOXOAUT NPUEMOYHbIE UCMbITaHUSA Ha
aTTecToBaHHbIX [0CCTaHAaPTOM UCMbITAaTENBHOM
Komnnekce MKAD-5000 m cTeHae ucnbiTaHus
MOAHbIX COPOGEHTOB MO PaAnOaKTUBHOMY Moay.

- Hap KaKMMM Hay4yHbIMU MM Hay4HO-
NPOU3BOACTBEHHbIMU NMPOEKTaMU CEeroaHsa
pa6oTtaet 3A0 [Iporpecc-OKonorua»?

— B HacToAWmMM MOMEHT HALLUMKM YHEHbIMK
paccMaTpuBaeTcs BOMPOC NPOW3BOACTBA He-
CKOJIbKMX MHHOBALIMOHHbIX MPOrpaMm 1 paspa-
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DUNbLTPLI-NOBYLWKU AN CUCTEM XUMBOJOOYUCTKHU

60TOK, KOTOPbIE MOTYT BbITb YCMELIHO UCMOJIb30-
BaHbl Ha 06LENPOMbILLIEHHbIX MPEANPUATUSX.

370 opraHuzaums npoussoacTBa GULTPO-
BaJlbHbIX YCTAHOBOK C MEPUOAUNYECKHN pereHe-
pupyembiMu GUALTPAMM.

[aHHas NpoAyKLMSA YMEHbLUMT 3aTpaTbl Ha
OYMCTKY ra3oB, YTO MO3BOMAUT 3HAYUTENbHO
CHU3UTb BpeaHble BbIOPOCHI NMPOMbILWIEHHbIX
NPeanpuaTUi U, Kak cneacTeue, ynyywnTb KO-
NOrnYyecKyto 06CTaHOBKY. PaKT CHUMKEHWe 3aTpaT
npy UCMNONb30BaHMM TaKOro 060pyaoBaHUs B
3Ha4YMTENbHOW MEepe NOBbILWAET KOHKYPEHTOCMO-
COBHOCTb.

3T0 NPOM3BOACTBO PUALTPYIOLWNX MaTepuma-
NoB. KOHCTPYKLMS, TEXHUYECKME XapaKTEPUCTUKM,
CTOMMOCTb a3pP030/1bHbIX GUNLTPOB CYLLECTBEHHO
onpeaensioTcs GUAbLTPYIOLMMUCT MaTepuanamu.

B Hawe Bpems B Poccum oTCyTCTBYET NPOU3-
BO/CTBO CTEK/I0BO/IOKHUCTbIX BbICOKOIPHEKTUB-
HbIX GUABTPYIOLLMX MaTepranos. lNpon3BoacTBo
NoSIMMEPHbIX BONOKHUCTbIX MaTEPUANoB yCTapeno
W pa3pyLueHo.

B 3A0 «[porpecc-3Konorms» HeobxoaMmo
OopraHW3oBaTb NPOM3BOACTBO COPOLMOHHO-DUb-
TPYIOLLMX MaTepranoB Ha OCHOBE NOMMEPHbIX
GUABTPYIOLLMX MaTEPMANOB ¥ BbICOKOAMCNEPCHbIX
MOAHbIX U APYrnX COPOEHTOB M NOrNoTUTENEN, a
TaKXKe Ha OCHOBE BbICOKOMOPUCTbIX BONOKHUCThIX
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CcOp6EHTOB, TaK KaK 3T MaTepuaibl BaxKHbl y)Ke
cenyac Ans Nnpon3BOACTB Pa3inYHbIX GUNLTPOB-
afacop6epoB 1 GUNLTPOB-MOrNMOTUTENEN, B TOM
yucne gnsa nogHbix GuNbTPoB-afcop6epoB, 1
19 nNpou3BoAcTBa Npo600T60PHUKOB paano-
aKTUBHbIX a3p030JiEN U N0oa, a B Aa/ibHENLLEM,
ecnu 6yayT co3aaHbl WOAHbIE U Apyrue COPOEHTDI,
CTOMKME K ra3006pa3HbiM OTPaBASoWMM Npu-
MecsM, UX poJib ByaeT onpeaenstollen Ans npo-
M3BOACTB CPEACTB OYUCTKM BO3AyXa M BO3AYLIHbIX
BbIGPOCOB OT ra3006pas3HOro pagMoakTMBHOIO
noaa u opyrux.

370 NPOM3BOACTBO GWUALTPOB-NOMNOTUTENEN.
LlenecoobpasHo opraHnsoBaTb NPOM3BOACTBO
GUNLTPOB-NOrNOTUTENEN BPedHbIX ra3oB U Nna-
poB. Co3aatb NPOM3BOACTBO XEMOCOPOGEHTOB
(XMMMYECKMX NOrNOTUTENEN, KaK FPaHyMpOBaH-
HbIX, TaK ¥ BbICOKOAUCMNEPCHbIX C PEMYNPYEMbIM
pacnpeneneHnem pa3MepoB 4acTul, BKIOYas
HaHoYacTULbl, AN GUALTPOB-NOrNOTUTENEN Bpe-
HbIX Fa30B X NapoB).

370 pa3paboTKa INEKTPOPUILTPOB.

B HacTosiee Bpema B Poccun nporM3BoaCTBO
3N1EKTPODUNBLTPOB OTCYTCTBYET, MEXKAY TEM OHU
ABNSOTCA HaMbosiee IKOHOMUYHbIM CPELCTBOM
O4YMCTKM BO3Aayxa. Mcnonb3oBaHune anexkTpodub-
TPOB CYLLECTBYIOLWIMNX KOHCTPYKLUUI B KayecTBe
CaMOCTOSATEIbHOIrO CPeACTBa OYMCTKM BO3Ayxa
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®unbrpbl-agcop6epbl DAY-65 ¢ yronbHoW HacaaKoh ANS OYUCTKU TEXHONOrMYECKUX BbiGpocoB A3C

BE30MACHOCTb A3C

YcTaHOBKU duNbTpoBa/ibHbie KOMOMHMPOBaHHbIE a3pP030J/iIbHOW U HOAHOM
O4YMUCTKM A1l CUCTEM OYUCTKU TeXHONOrn4ecKux Bbiopocos A3C

He 6b1710 3QPEKTUBHbBIM NO LLeoMyY pSay NPUYKH.
CeMyvac cTano BO3MOXHbIM CO3JjaH1e BbICOKO3d-
DEKTUBHbIX 3KOHOMUYHbIX TMOPUAHBIX 3N1EKTPO-
GUNBLTPOB, YCTPOMCTB ANs cCENapupoBaHmns YacTul,
no pa3mepam v Nosly4eHUs MOPOLLIKOB B BbICOKOK
CcTeneHn MOHOAWCNEPCHbIX HAcTUL, Pa3HOro pas-
Mepa ¥ pa3Hbix MaTepuanoB B 3HAYUTENbHbIX
Konu4yectBax. B HacTosillee Bpems B npojaxe
MMEeTCS JOPOrocTosiline MOHOAUCNEPCHbIE
MOPOLLKM MOSIMMEPHbIX NaTEKCOB, KOTOPbIE UC-
NOMb3YyTCA UCKTIOYUTENBHO ANA KainMbpPOBKU
ONTUYECKMX (Na3€epHbIX) a3P030/1bHbIX CHETHYMKOB.
Mcnonb3oBaHWe Takux 4acTuu, Ans KOHTPons adh-
GEKTUBHOCTM a3p030/ibHbIX GUABTPOB NpaKTUYe-
CKM pasopuTeNbHO.

Ha aToM nyTn BO3MOXHO TaKXe co3jaHue
YCTPOWCTB CENEKTUBHOMO BbICOKOMPOU3BOAUTENb-
HOro NPo600T60Pa a3P030/bHbIX HAacTUL, B TOM
4yucne paguoaKTUBHbIX, U3 BO3AyXa MOMELLEHNH,
NPU3EMHOr0 CNost aTMocdepbl, BbICOKONEKALLLMX
cnoeB atmocdepsl.

Co3spaHve NpoM3BOACTBA 3NEKTPODUILTPOB
B BbICLUEN CTEMEHN NEPCMEKTUBHO U LLenecoo6-
pa3Ho. PaboTbl B 3TOM HanpaBfeHny BeayTcs B
Poccun n B gpyrux ctpaHax. Hekotopble AOCTH-
XeHus nmetotes y «[Tporpecc-dKonornm».

3A0 «[1porpecc-9Konoruns» MOXET TaKKe
pa3paboTaTb U NPEANOXWUTb Nporpammy Mo
YNYYLIEHUIO 3KOIOMMYEeCKON 0BCTaHOBKMU U, KaK
CcneacTBue, CHUXKEHWO 3a60/1eBaeMoCTH Hace-
NIeHUs, 3a C4YEeT MoLEePHU3aLMM CUCTEM KOHTPONS
3a pasnu4yHbIMK Buaamu BbIOPOCOB U UX IOKa-
NIM3aLmMK NOCPEACTBOM MOAEPHU3ALIMU CUCTEM
OYUCTKM.

Mo arnaon rocnporpamm (BO3MOXKHO AaXke
WX BefeHWe, a He TONbKO yyacTue B 3TWUX Mpo-
rpaMmMax) 3T0 MOXHO peannM30BaTb KaK C npu-
MEHEHWEM UMMOPTHbIX TEXHONOMMi, TaK U C Npu-
MEHEHMEM POCCUMCKMX HOY-Xay; MpK Heobxoau-
MOCTU MOXHO pa3paboTaTb HOBblE TEXHOOT UM,
MCNoJb3ys Hay4HO-TEXHMYECKUM noteHunan 3A0
«[Tporpecc-3Kkonorus».

- Kakue 3apgauu Bbl cTaBUTE Nepep co6oi
Ha oyayuwee?

— B Hactoswmnn momeHT 3A0 «[lporpecc-
JKonorus» paccMaTpMBaeT BOMPOC O AUBEPCH-
dUKaumMm HanpaBneHun AeaTeNbHOCTU Halero
npeanpuaT1s, 0 HOBbIX BUAAX UCMNONb30BaAHUSA
N MPUMEHEHUS UMEIOLLMXCH TEXHOOTUN.

Tem He MeHee xoTenoch 6bl elle pa3 noa-
YEPKHYTb, 4TO ANt COBPEMEHHOIO NPEANPUATUS,
pa6oTatowwero B chepe BbICOKMX TEXHONOMUN,
WHHOBALMOHHbIV MYTb Pa3BUTUA — He mMoaa, a
€CTECTBEHHbIN MPOLECC M UHHOBALMK — HEOBXO-
OMMBIA 3NIEMEHT YCNEeLHOro 3aBOeBaHNs pbiHKa,
a 3HaYUT 1 YCNEeLHOro pa3BuUTUS NPEeaNPUATUS.
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3A0 «HYKJIEAPKOHTPOJIb>

117545, Mockga, yn. lMNogonbcKux
KypcanTos, 3. 3, cTp. 2

Ten.: (495) 311-10-90

Ten./daxc: (495) 311-01-49
E-mail: never@icom.ru
www.nuclearcontrol.ru

3A0 «HykneapKoHTponb» 06pa3oBaHo B 1994
r. npeanpuatnaMm MuHatoma PO n Siemens AG.
Cpeaun poccurickunx akumoHepoB: OAO «AToMm-
aHepronpoekT, OAO «KoHLepH PocaHeproatom»,
Dryn «BHUNA» n opyrve npeanpustus aTOMHOM
NMPOMbILIEHHOCTH.

OCHOBHbIMK BUA@MW AeATeNlbHOCTH obLle-
CTBa ABASOTCSA pa3paboTKa, MpoeKTupoBaHue
M BHeApeHWe cucTem aBTomMaTu3auunn Tex-
Honormyeckux npoueccos A3C Ha 6as3e npo-
rPaMMHO-TEXHUYECKUX CPEACTB, NPON3BOAUMBIX
oTpacneBbiMW NPEeANPUATUAMU MO NULEH3UK
Siemens AG. B HacTosLee BpemMs UMY SBNSIIOTCH
Bbinyckaemble Pryrn «BHUUA» nporpammHo-
TexHunyeckune cpeactea TITC, ctaBwme 6a30-
BbIMKW cpeactBamu ACYTI1 aHepro6saokos N2 3
n 4 KanuHuHckon A3C, N2 2 n 3 PocToBCKOM
A3C, a Takxe HoBbIx ASC. Cneumnanunzaumen 3A0
«HyKneapKOHTPO/b» B 3TUX MPOEKTax ABASETCS
pa3paboTKa NPOrpaMMHO-TEXHUYECKUX KOM-
NIEKCOB CUCTEMbI KOHTPONS M yNpaBieHns pe-
akTopHoro otaenerHus (CKY PO), ynpasnsioLmnx
cuctem 6e3onacHoctut (YCB), cucTembl KOHTPONS
M ynpaBfieHUs aneKTpuyecKom yactm (CKY 34),
cUcTeM aBToMaTU3aLUKU XMMBOAOOYUCTKM (XBO)
1 cneuogooymncTku (CBO).

WU. C. MuHo, reHepanbHbIi AUPEKTOP
3AO0 «HyKneapKOHTPO/b»

3A0 «HyKkneapKOHTPOb» CEPTUDULIMPOBAHO
no craHgapty FOCT P MCO 9001-2008, nmeet
NMUEeH3UKN PocTexHag30pa Ha NPOEKTMpPOBaHMe
aTOMHbIX CTaHLMI B 4aCTH yNpaBsoLMX CUCTEM
¥ Ha BbINonHeHWe paboT U NpeaocTaBieHue yenyr
3KCMIyaTUPYIOLLMM OPraHM3aLmMsiM B HacTu led-
MOHTaxa, Hanaga-
KW, TEXHUYECKOrO
o06CNnyXuBaHus,
pPEMOHTa M CoMnpo-
BOXAEHUS ynpaB-
NAOWMX CUCTEM,
ponyck CPO HIM
«Coto3aTtomMnpo-
eKT» K paboTam,
OKa3blBalWUM
BAUAHWE Ha 6e3-
0OMacHOCTb TEXHU-
YECKMU CJIOXKHbIX,
YHUKaNbHbIX W
npyrux 06bEKTOB
KanuTalbHOTO
cTpouTenbCcTBa
NpyW BbINMOMHEHUK
pa6oT no noaro-
TOBKE MPOEKTHOWM
[IOKyMEHTaL1K.

NUKLEARKONTROL CJSC

3, bid.2, Podolskikh kursantov st., Moscow,
117545, Russia

Phone: (495) 311-10-90

Phone/Fax: (495) 311-01-49

E-mail: never@icom.ru
www.nuclearcontrol.ru

Nuklearkontrol CJSC was founded in 1994 by en-
terprises of the Ministry of Nuclear Power Industry of the
RF and Siemens AG. Among the stockholders there are
Atomenergoproekt JSC, Rosenergoatom Concern JSC,
VNIIA Federal Enterprise and other companies of the
nuclear sector.

The main activities include development, design and
introduction of NPP process automation systems based
on software and hardware tools produced by the indus-
try’s enterprises under license of Siemens AG. The list
of such tools includes software and hardware produced
by VNIIA Federal Enterprise used as principal process
automation systems at nuclear power-generating units
No 3 and 4 of Kalininskaya NPP, units
No 2 and 3 of Rostovskaya NPP and
at newly constructes NPPs. In these
projects Nuklearkontrol is responsible
for development of the monitoring and
control systems of the reactor compart-
ment, safety system controls, electrics
monitoring and control systems, make-
up demineralizer automation systems
and special water treatment automa-
tion systems.

Nuklearkontrol CJSC has been cer-
tificated in accordance with GOST R ISO
9001-2008 and licensed by the Fed-
eral Service for Technical Supervision
to design NPP controlling systems and
to offer services of contract supervision,
start-and-adjustment, maintenance, re-
pair and tracking of control systems.
It is allowed by Soyuzatomproekt to
perform safety-affecting works for so-
phisticated, unique and other facilities
of capital construction such as working
out the design documents.
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Cneuapmartypa.
CTpountenbcTBo 1 o6cnymnBaHne ASC

Special purpose hardware.
NPP building & service
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CMELAPMATYPA

BHEPFOMALL  YEXOB  433M

nert

B SHEPrOMALLVHOCTRPOEH

3A0 «3HEPTOMALL
(4EXOB) - 433M>

142300, MO, r. YexoB, yn. larapuna, . 1
Ten.: (496) 727-23-84, 543-72-92,

A06. 46-20

®dakc: (496) 727-22-94

E-mail: bogdanova_ag@energomash.ru
(oTaen npopaxx apmatypbi A3C)

www. energomash.ru

B 1853 roay KpecTbsiHUH AepeBHK BeHioKo-
BO Wnbs Unbuy MeaBeaeB ocHoBan Ha 6epery
PEKN HenBeHKU CUTLIeHabMBHYIO M NAaTOYHYIO
MaHydaKTypbl (GabpuKy).

Mocne cmepTn ocHoBaTensa Gpabpukm B 1868
rogy dabpuvKa nepeluna K ero cbiIHoBbsM — J1bBY
Mnbuyy (ctapiemy) n faspunny Unbuyy (Mnag-
wemy). Mocne nony4yeHns HacneacTea 6paTbs
NPUCTYNUIK K CTPOUTENBCTBY TKaLKOW habpuKu
Ha bopwuc-JlonacHe (HblHe nocenok 8 Maprta).

MNMocne peBontounn GabpuKka ctana Hasbl-
BaTbCs «KpacHbIN Y36EeKUCTaH» U NPOAOIKMUAA
BbIMYCK TEKCTWUNS, a B 1934 roay Ha ee Npon3Boj-
CTBEHHOM 6a3e 6bi1 06pa3oBaH BeHIOKOBCKMM
MeXaHU4YeCKUM 3aBof, KOTOPbIM U3roTaBnuBean
[eTanu v 3anacHble YacTu Ans TeKCTUbHOM Npo-
MblWwneHHocTH o 1939 roga.

Hanps»eHHas MexxayHapoaHas o6cTaHOBKa
BbIHY}XAaeT PyKOBOACTBO CTPaHbl MPUHATL peLle-
HWe 0 peopraHM3aLmm BeHIOKOBCKOro MexaHu-
yecKoro 3aBoga. B 1939 roay oH 6bin nepefaH
B cucTemy HapkomMata o6Lwero MmalwMHOCTPOEHUS
CCCP anst npor3BoACTBa MOTOLMKIIOB C KONIAICKOW
ans Hyxza KpacHon apmuu.

B cBs3K ¢ Tem, 4To Hapkomat BoOpyKeHus
CCCP paspa6otan HoBbIl BuA nynemetos [LLK-
12,7, npaBuTenbCTBO B Mione 1940 roaa npuHaNo
peleHve nepefatb 3aBoa M3 Hapkomata obule-
ro MalMHOCTPOEHUS B HapKoMaT BOOPYKEHHS.

22 nioHe 1941 rofa MUPHYIO XU3Hb COBET-
CKUX NTI0Jen Hapyluuia BoMHa. B coOTBETCTBUM C
BOEHHO-X039MCTBEHHbIV NnaHom focygapcTBeH-
HOro KomuteTa 060poHbI (FKO) B Havane okTa6ps
1941 rofa 3aB0O/ Ha4yan aBaKyaL Mo Ha BOCTOK.
A B nocenke BeHIOKOBO cneuunasnbHbiM pelle-
Huem lfocyaapCcTBEHHOrO KOMUTETA 060POHBI OT
28.09.1942 Ha 6a3e NpoM3BOACTBEHHbIX LIEXOB
nepeb6a3npoBaHHOro B ropoa Kynbbiles mexa-
Hu4yeckoro 3asoga N2 507 Heo6xoaMMO 6bIn0
OpraHn3oBaTh 3aBOJ 3HEPreTMHeCKOoN apMaTypbl
MO BbIMYCKY 3HEPreTMYECKON apMaTypbl HU3KOMO
[aBneHuns.

[MaBHbIM MexaHOCOOPOYHbIM apMaTypHbIM
uex 6bi1 NOArOTOBJIEH K BbIMOJHEHUIO NPOrpam-
Mbl BbIMYCKa MPOAYKLIMK K KOHLY anpens 1943
roga. B koHue 1943 roga 6b11 BBEAEH B CTPOM
cTanenunTenHoln Lex. 3aBog NPUCTYNUA K Bbl-
NyCKy NepBbIX U34eNUi apMaTypbl — BEHTUNIEN,
KnanaHoB, 3aABWEK N3 COOCTBEHHbIX CTaNbHbIX
3aroToBoK. K KoHuy 1944 roaa 3aBog NpUCTynun
K BbIMYCKy apMaTypbl 60/1ee BbICOKOr0 AaBneHus
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— 100 atmocdep, NpeaoxpaHnUTeNbHbIX KnanaHoB
[y 50-85 MM 1 BeHTHnen Iy 50 mm.

B 1947 rogy pocT napameTpoB paboyunx
cpen npefonpeaenvn NpUHUMNuanbHO HOBYIO
YCTaHOBKY vM3[enui apmatypbl B Tpy60npoBoj
Ha cBapKe, MPULLIOCh OTKa3aTbCs OT Kilaccuye-
CKMX dnaHLEeBbIX coelMHEHUN. B aTom e rogy
Hayanocb OCBOEHME KONIOHOK AUCTAHLIMOHHOIO
ynpaBnenus (KAY), npegHa3HavyeHHbIX Ans aB-
TOMaTU4YeCcKoro ynpaBneHus paboTon napoBbixX
KOTNIOB TEMN03NEKTPOCTaHLMHN.

B 1948 rofy Ha4anocb 0OCBOEHWE NPUBOAHbIX
YCTPOMCTB K apMaTtype — MPUBOAHbIX FOMIOBOK,
3NEeKTPONPUBOAOB, @ TaKXKe PYYHbIX AUCTAHLM-
OHHbIX KOJTOHKOBbIX MPUBOAOB.

K 1957 rogy 3aBOAOM 6bI/10 MNOJIHOCTbLIO OC-
BOEHO MPOM3BO/ACTBO 3aABUKEK M apmaTypbl
ans Typ6uH MouwHocTbio 150-200 MBT Ha na-
pameTpbl neperpetoro napa gasaeHnem 140
Krc/cm?, Temnepatypoi 570°C. 3T usagenus B
3HAYMTENbHON CTEeMNeHW OTIMYaNUCh OT paHee
BbIMYCKaEMBbIX.

B 1957 rogy npeanpusatuio 6b110 nopy4ye-
HO 3aHATbCH pPa3pabOoTKOW U UIroTOBIEHWEM
apmaTtypbl MO HECKO/IbKUM TemMaM, B TOM Y4ucC-
ne ons onblITHO-NPOMBILW/IEHHOro 6510Ka CKP-
100 Ha napameTpbl 315 Krc/cm?, 655°C u ans
CTEHAOBbIX KOTENbHbIX YCTAHOBOK LieHTpanbHoro
KOTNOTYPOUHHOIO MHCTUTYTa UM. [Ton3yHoBa, Be-
HIOKOBCKOI0 apMaTypHOro 3aBoja Ha napaMeTpbl
neperpetoro napa 400 krc/cm? n 700°C.

06LWwuMit BUJ 3aBoAa CO CTOPOHbI XXUJI0Mo
MUKpopaihoHa

NcTopua co3gaHusa M OCHOBHbIe HanpaB/ieHUS
nearenbHoctn 3A0 «3Hepromatl (HexoB) — H33M»

B 1960 roay ocyliecTBnseTca BbIMyCK U3-
[IeNUI peflyKLIMOHHO-OX1aANTENbHbIX YCTAHOBOK,
6bICTPOAEVCTBYIOLMX PEAYKLIMOHHO-OXTaaNTENb-
HbIX YCT@HOBOK, MYCKO-COPOCHbIX YCTPOMCTB Ha
Tennosble cTaHuuK. Ha nepnog 1965-1969 rr.
nepen 3aBOAOM CTOsi/la 3ajavya NPoOU3BOANTb
pa3paboTKy HOBbIX 1 MOAEPHU3ALIMIO CYLLLECTBY-
IOLLIMX KOHCTPYKLMIK apMaTypbl ans 2-ro, 3-ro v
4-ro 6nokoB HoBoBopoHexckon AQC. HaunHas ¢
1965 roaa 3aBof cTan NPUMEHATb BCE BUAbI He-
paspyLUaloLLErO KOHTPONA — paanorpadr4eckui,
YNbTPa3BYKOBOW, LIBETHYIO, pagnorpaduyeckyto
M MarHMTOMOPOLLKOBYO AeDEKTOCKOMUK.

C 1969 roga HauynHaeTcs 6ypHOe pa3BuUTUe
aTOMHOW 3HEPreTUKU — CTPOUTENbCTBO 3HEP-
ro6nokoB A3C ¢ peaktopamu BB3IP-440, cTpo-
UTENbCTBO TEMNOBbLIX 3HEPreTUYECKMX GOKOB
molHocTbio 500 1 800 MBT Ha napameTpbl napa
255/570.

M3roToBneHne KpynHorabapuTHbIX KOPNycoB
apmaTypbl B WITaMNOCBApPHOM M CBapHOM (M3
NIUTbIX 3aroTOBOK) BapuaHTax NpMBOAUT K aK-
TMBHOMY Pa3BUTHIO Ha 3aBO/IE aBTOMATHUYECKOM
CBapKu nog ¢Gnocom WBOB 60/1bLWON TONLWMHbI.
3HayuTenbHbIV War 6bin caenad B 1972 roay,
Koraa Gbl/1 OCBOEH BbIMYCK KOPMYCOB 3aBUKEK
M apMaTypbl 3IEKTPOLLIAKOBOW BbIMIaBKK M3
ctanu O8X18H10T-LU.

B 1976 rogy Ha4yMHaeTCcsl CTPOUTENLCTBO HO-
BbIX aTOMHbIX 3HEPro6/10K0B MoLLHOCcTbio 1000
MBT ¢ peaktopamu BBOP-1000. 3aBoa npucTty-
MU K NPOEKTUPOBAHUIO YHUKANbHOIo U3Aenus
— rMaBHOM 3anopHon 3aaBuKKK DN 850 mm.

C 21 pekabpsa 1976 roga BeHOKOBCKMI ap-
MaTypHbIK 3aBOJ CTan Ha3blBaTbCAd YEXOBCKUM
3aB0O/ 3HEPreTUYECKOro MallMHOCTPOEHMHS.

B neproa 1976-1980 rr. 3aBOA BbINONHAET
nporpamMmy rno co3aaHuto, OCBOEHUIO U BbIMYCKY
NPUHLMNXANbHO HOBOro 060PYA0BaHMS 151 KOM-
NAeKToBaHWs 9HepPro6/10KoB Ha HOBOBOPOHEX-
cKkon ASC mowHocTbio 1000 MBT, KocTpoMcKon
P3C 1200 MBT 1 BBOAMMbBIX 3HEPro6/10KOB
MolHocTbio 800 MBT Ha 3anoporkckow, Yrne-
ropckon MPAC u ap.

B TeyeHuMe nepBbix HECKONbKUX JIET C Ha-
yanom 80-x rogoB 3aBOjJ M OcBauBas NPOuU3-
BO/ZCTBO CcrneLnanbHOM apMaTypbl A1 CUCTEMbI
6e3onacHoct A3C. B 3Tu roabl 6b11 OCBOEH
BbIMYCK cnieLapMaTypbl 4/15 napora3oBbIX ycTa-
HOBOK (YII), npeagHa3Ha4yeHHbIX Ana paboThbl B
HepTeao6bIBatOLLEV OTpacau B ycnoBusax Kpan-
Hero CeBepa.

3a npoulelive roabl 3aBoj 3HAYUTENBHO
BbIPOC MO NOLWaAN U B TEXHUYECKOM OCHaLLLEHWUH.

B HacTosilee Bpems 3aKpbITOE aKLIMOHEPHOE
ob6ulectBo «3Hepromauw (HexoB) — H33M» (A0
«9Hepromall (HexoB) — Y33M») — KpynHeNLWnm
NOCTaBLLMK TPy6ONPOBOAHOM apMaTypbl BbICOKO-
ro gaBneHus. 3A0 «Hepromaul (HexoB) — H33M»
MMeeT MHOIrONIETHMI OMNbIT NPOM3BOACTBA apMa-
Typbl creLmanncTaMm BbICOKOM KBannburKaumu,
MCNoNb3ys JOCTUKEHUS COBPEMEHHOW TEXHUKHM
N TEXHONOTUMN.

3A0 «3Hepromauw (YexoB) — Y33M» pas-
paGaTbiBaeT U NPOU3BOANUT TPYGOMNPOBOAHYIO
apmartypy Ha paboyue cpefbl «nap—Boga» AN
3HEpPreTUKM Ans TENN0BOM M aTOMHOM OTpacien
NMPOMBbILLIEHHOCTH, C YCIIOBHbIMW NPOX0AamMu OT
6 go 800 MM Ha paboyee aaBfieHMe cpeabl 40
40 MMa u Temnepatypy Ao 650°C.




OCHOBHbIE BH/ibl eATENIbHOCTH
3A0 «3uepromauwu (Yexos) = Y33M»:

1. MpoeKTupoBaHne U M3roToBNEHUE TPY-
60MPOBOAHOM apMaTypbl U 3anacHbIX YacTen:

— apmartypa 3anopHas: 3aBUKKM 1 KnanaHbl
3anopHble;

— apmartypa peryampylowas, peayKLunMoHHO-
oxnlaguTeNbHble YCTaHOBKM;

— apmMaTypa npefoxpaHuTenbHas: npeaoxpa-
HUTENbHbIE, UMMNYNbCHbIE KanaHbl;

— apMatypa 3alluTHas: o6paTHbIe KnanaHsbl;

— cneumanbHas apmaTypa Afs 0co6bIX yC-
NI0BUI paboThbl.

2. poBeaeHue Hay4HO-UCCNe0BaTENbCKUX
M OMbITHO-KOHCTPYKTOPCKMX paboT U BHEAPEHWE
WX pesynbTaToB.

3. OKa3aHuWe cepBUCHbIX YCyr No 3Kcnya-
Taumu 1 peMoHTy npoaykuun 3A0 «3Hepromall
(YexoB) — Y33Mp.

4. MNpoBeaeHne cepTUdUKaLMOHHBIX U UHbIX
BWOB UCMbITaHWUM TPYGONPOBOAHOM apMaTypbl.

Hapsagy ¢ MoLHOM NpoM3BOACTBEHHOM 62301
Ha 3aBoje co3AaHbl:

® KOHCTPYKTOPCKMUI OoTaen;

e TEXHONOrMYEeCKUe Cnyxobl, cosgatolme
TEXHOMOrMYeCcKMe NpoLecchl, CpeacTBa Mexa-
HU3auuu 1 aBToMaTU3aL M1 NPOM3BOACTBEHHbIX
npoLeccos;

e CBapoyHas, aneKTpoaHo-dAtocoBas u
apmatypHas nabopaTtopuu, B KOTOPbIX OTpa-
6aTblBAlOTCS HOBblE KOHCTPYKLIMKM apMaTypbl U
TEXHONOrMYEeCcKMe NpoLecchl.

B nocnegHue roabl Npu CTPOUTENLCTBE HO-
BbIX 6/IOKOB M MOJEpPHU3aLUU CYLLECTBYIOLMX
MOLLHOCTEW 3aKa34uK TpebyeT NocTaBKy He ce-
PUIHON, @, KaK NpaBuI0, MOAEPHU3MPOBAHHOM
WU NPUHLMNKANbHO HOBOW NPOAYKLIMKM, KOTOpast
[OMKHa o6nafaTb HOBbIMM OMLMSMU UK AONOA-
HUTENbHBIMU TEXHUYECKUMU XapaKTePUCTUKamMu
npu aKkcnyatauuu. B atnx ycnoBusax, co3gaHue
KOHKYPEHTOCNOCOBGHOM NpOoAyKUMKU ABASeTCH
OCHOBHOW 3afadyen npeanpuaTus.

CTporve ucnbiTaHUs U KOHTPOS1b, TOYHOCTb U
TEXHOMOrMYyecKas ANCLUMNIMHa SBAFIOTCS rapaH-
TUen HaeXXHOCTU U ANIMTENIbHOIO CPOKa JKCNya-
Taumu nagennn nponssoactasa 3A0 «JHepromalu
(YexoB) — Y33M».

OCHOBHOM NPUOPUTET HaLLEero NpeanpuaTms
— KayeCTBO BbIMyCKaeMow NpoayKL1K, Ha Bbl-
NnofHeHWe 3Toro TpeboBaHUs HanpasfieHa BCS
[eaTeNbHOCTb MepcoHana 3aBoja. 3aBoj uMeet
cepTUdUKAT COOTBETCTBUS CUCTEMbI MEHEAKMEH-
Ta KayecTBa MexayHapogHoMy cTaHgapTty 1SO
9001:2000. KoHTponb KayecTBa OCyLEeCTBASA-
eTCsl Ha BCex aTanax Npou3BOACTBaA Ha4ymMHasa ¢
BXO/ZIHOrO KOHTPOJIA MOCTyNatoLwmux MaTepuanos u
3aKaH4YMBasn UCNbITaHUSMKU FOTOBOM MPOLYKLIMK
Ha cepTudULMPOBaAHHOM 060PYAOBAHNUN.

HauunHas ¢ 2006 roga Ha npeanpuaTum npo-
M3BOAATCH paboThl, HANPaB/ieHHble Ha MOAEPHM-
3aLmio NPOM3BOACTBA B LienoMm. [Ins coKpalleHus
BpPEMEHU NMPOEKTUPOBAHMUSA HOBbIX U3AENUIA Ha
3aBoje BHeApeHa cucTema 371EKTPOHHOro Ao-
KymeHToo60poTa TeamCenter Engineering, a
TaKXe cucTeMa TBEPAOTENbHOM0 TPEXMEPHOro
mogenupoBanusa Unigraphics NX4. YnpasneHue
BCEMU NpoLieccamu NpouM3BOACTBa apmaTyphl
NPON3BOANTCS C NOMOLLbIO MHTErPUPOBAHHOWM
aBTOMaTU3MPOBAaHHOW CUCTEMbI yripaBnieHns SAP
R3. BHeapeHue aTUX CUCTEM NO3BOINIO CHU3UTb
CPOKM NOArOTOBKM NPOM3BOACTBA U U3rOTOBNE-
HUS U3LEeNNN.

B 2008 rogy KOHCTPYKTOPCKUM OTAENOM
npeanpuaTma 6bina nposBeaeHa 6onblas pa-
60Ta No NepeBoay U3AeNni € NNTbIX 3aroToBOK
Ha MOKOBKM MNo Koonepauun. OTKas oT NnUTbS
NO3BOJIU/ CYLLECTBEHHO MOBbLICUTb KayecTBO
M3roTaBAnBaeMon NPoayKLMK, CHU3UTb Macco-

rabapuTHble XapaKTEPUCTUKM U3aenunin. Ha npea-
NPUATUM CyLLECTBYET COGCTBEHHOE MPOU3BOACTBO
3aroToBOK W3 YINEepOAUCTbIX U NEerMpoBaHHbIX
cTanev METOAOM 3M1EKTPOLLIaKOBOro Nepennasa.
Bce at0 no3BongeT o6ecneynTs NPOM3BOACTBO B
KpaTtyawiime CPOKM Ka4eCTBEHHbIMU KOPMYCHbIMU
3aroToBKaMM, YTO B UTOTe MONOXKMUTENBHO OTpa-
YKaeTcs Ha KayecTBe U3JeNuns B LiE/IOM.

Ha npeanpuatuum cyulectsyeT nabopatopus
3KCNepuUMeHTaNbHbIX UCCNefoBaHMI, OCYLLECT-
BASlOWaa NpoBejeHne cepTUdUKaLMOHHBIX U
WHbIX BUAOB UCMNbITaHWMI TPy6ONpPOBOAHOW ap-
MaTypebl. JTabopatopusa UMeeT atrecTtaT akKpe-
AVTauMK UcnbiTaTeNbHOM NTabopaTopum (LeHTpa).

B mae 2011 roaa Ha npeanpusaTimn 6b110 3a-
nyLLEeHO B 3KcMyaTaLmio HoBoe o60pyaoBaHue
— CTaHku dupmbl Mazak. Ucnosib3oBaHKe 3TUX
CTaHKOB MOBbILWAET CKOPOCTb 06pabOTKM eTanen
B 1,5-3 pasa, Ka4yecTBO AeTaier 3Ha4YnTeNbHO
npesocxogat HT/.

PedepeHTHOCTb NpoayKummn 3A0 «3Hepromaltl
(YexoB) — Y33M» noaTBEPHKAAETCS NOCTABKAMMU
Ha poccuicKkme n 3apybexHble ASC, B TOM Yncne
Ha A3C «KygaHkynam», AQC «bywwep», ASC «[lakwp,
PoctoBcKyto ASC, KannHuHckyto ASC, HoBoBo-
poHexckyto AIC, Konbckyto ASC. TpybonpoBoa-
Has apmatypa Ans TennoBbIX 3IEKTPOCTaHLMUI
noctasnsietcs Ha TAC, pacnonoxeHHole B Poc-
cuun, ctpaHax CHI — benopyccuun, KasaxcTtare,
Y36ekucTaHe, a Takxke B bonrapuio, PymbiHMIO,
baHrnapeuw, BbeTHam.

Hanuume nuueH3ui u ceptudUKaToB:

1. Jnuersuns N2 L10-12-101-5208 01 11.12.2009T.
Ha M3roToBNEHWE apMaTypbl AN aTOMHbIX CTaHLIMNA,
BblaaHa deaepanbHOM cny)K601 Mo 3KONOrMYECKOMY,
TEXHOI0rMYECKOMY M aTOMHOMY Haf30pY.

2. lnueHsnsa N L|0-11-101-5209 01 11.12.2009 .
Ha KOHCTPYMPOBaHWE apMaTypbl 1S aTOMHbIX CTaHLIUIA,
BblgaHa denepanbHOM Cy>KG0M MO 3KONOMMYECKOMY,
TEXHOSIOrMYECKOMY ¥ aTOMHOMY HaZ30pY.

CMELAPMATYPA

3. Paspelerune N2 PPC-00-39161 o1 12.07.2010r.
Ha NpUMeHeH1e TPy6onpoBOAHOM apMaTypbl, BblAAHO
denepanbHOM CNyXKO0M MO IKONOTMHYECKOMY, TEXHOSO-
rMYeCKOMY M aTOMHOMY HaA30py.

4. PaspelueHne N2 15-823-2010 0111.05.2010r.
Ha NpaBo U3roTOBNEHNS TPYGONPOBOAHOM apMaTypbl,
npeaHa3Ha4YeHHoON ans NnpuMeHeHuns B Pecnybnuke
Benapycb, BblijaHo [lenapTamMeHToM no Hag3opy 3a
6e30nacHbIM BefieHneM paboT B MPOMbILLIEHHOCTH
MuHuMcTepcTBa Mo Ype3BblvaiHbIM cUTyaLmam Pecny-
611k benapycb (focnpomHaasop).

5. Ceptudukat cootsetctBua N C-RU.
AB67.B.00152 ot 24.12.2010 r. Ha COOTBETCTBUE
Tpe6oBaHUsAM «TEXHUYECKOro pernameHTa o 6e3onac-
HOCTM MaLUWH 1 06opyaoBaHus» (MoctaHoBneHue Mpa-
ButenbctBa PP N2 753 o1 15.09.2009 1), BbigaH 000
«CepTtnd-Tec.

6. Ceptudwukat cootsetctBua N C-RU.
AB67.B.00207 ot 28.01.2011 r. Ha COOTBETCTBUE
Tpe6oBaHUsAM «TeXHUYECKOro pernameHTa o 6e3onac-
HOCTM MaLUWH 1 06opyaoBaHus» (MoctaHosneHue Mpa-
ButenbctBa PP N2 753 o1 15.09.2009 1), BbigaH 000
«CepTtnd-Tec.

7.Ceptudukar peructpaumm N° FM83397 ot
30.03.2004 r. 0 COOTBETCTBUM AeWcTBYoLLEen Cucte-
Mbl YIPaBieHWUst Ka4eCTBOM TpeGoBaHWUsAM CTaHaap-
Ta ISO 2001:2008, BbiaaH BpUTaHCKMM MHCTUTYTOM
cTaHgaptos (BSI).

8. Ceptudukar coortsetctBus N2 POCC
RU.0001.01A300.50.10.0945 ot 26.02.2010 1. B
cucteme ceptudmrKkaummn OUT, BbiaaH AHO «Atomcep-
TUDUKan.

9. Ceptudukatr coorBetctBua N2 POCC
RU.0001.01A300.50.10.1091 ot 18.06.2010 1. B
cucteme ceptudmrKkaummn OUT, BbiaaH AHO «Atomcep-
TUDUKan.

10. Ceptudukatr coorBetctBus N2 POCC
RU.0001.01A300.50.10.1666 ot 19.09.2011 1. B cucTe-
me ceptrdmrKkaumm OUT, BblaaH AHO «AtomcepTrdUrKan.

11. Ceptudukatr coorBetctBua N2 POCC
RU.0001.01A300.50.10.0947 ot 26.02.2010 . B cucTe-
mMe ceptndurKkaumm OUT, BblaaH AHO «AtomcepTdUrKan.

12. Ceptudukatr coorsetctBus N2 POCC
RU.0001.01A300.50.10.1571 01 27.06.2011 1. B cucTe-
me ceptrdmrKkaumm OUT, BblaaH AHO «AtomcepTrdUrKan.

13. Ceptudukar cootBetctBua N2 POCC
RU.0001.01A300.50.10.1651 ot 12.09.2011 1. B
cucteme ceptudukaummn OUT, BoigaH AHO «Atomcep-
TUdHKar.

14. CeptudukaTr cooTtBetctBua N2 POCC
RU.0001.01A500.50.10.2052 ot 09.06.2012r. B
cucteme ceptudukaummn OUT, BoigaH AHO «Atomcep-
TUdHKar.

15. Ceptudukar cootBetctBua N2 POCC
RU.0001.01A300.50.10.0948 ot 26.02.2010 1. B
cucteme ceptudukaummn OUT, BoigaH AHO «Atomcep-
TUdHKar.

16. Ceptudukar cooTtBetctBua N2 POCC
RU.0001.01A300.50.10.0949 ot 26.02.2010 1. B
cucteme ceptudukaummn OUT, BoigaH AHO «Atomcep-
TUdHKar.

17. Ceptudukatr coorBetctBua N POCC
RU.0001.01A300.50.10.1092 ot 18.06.2010 1. B cucTe-
mMe ceptndurKkaumm OUT, BblaaH AHO «AtomcepTdurKan.

18. Ceptudukar cooTtBetctBua N2 POCC
RU.0001.01A300.50.10.1480 ot 23.05.2011 r. B
cucteme ceptudmrKkaummn OUT, BbiaaH AHO «Atomcep-
TUDUKan.

19. CeptudukaTr cooTtBetctBua N2 POCC
RU.0001.01A300.50.10.1570 ot 27.06.2011 r. B
cucteme ceptudmrKkaummn OUT, BbiaaH AHO «Atomcep-
TUDUKan.

20. Ceptuoukat coortsetctBus N° POCC
RU.0001.01A300.50.10.0946 ot 26.02.2010 1. B
cucteme ceptudurKkaummn OUT, BbiaaH AHO «Atomcep-
TUDUKan.

21. Ceptndumkat N2 CE 507256 Ha cooTBeTCTBUE
EBponevickon aupektuse 97 /23 /EC, BbigaH bputan-
CKMM WMHCTUTYTOM cTaHaapToB (BSI).

22. Ceptndumkat N2 CE 507257 Ha cooTBETCTBME
EBponevickoin aupekTtuse 97 /23/EC, BbigaH bputan-
CKUM MHCTUTYTOM cTaHaapToB (BSI).

23. Ceptndumkat N2 CE 507258 Ha cooTBeTCTBUE
EBponevickon aupekTtuse 97 /23 /EC, BbigaH bputan-
CKMM WMHCTUTYTOM cTaHaapToB (BSI).

24. Ceptnudumkat N2 CE 507259 Ha cooTBeTCTBUE
EBponevickoin aupekTtuee 97 /23/EC, BbigaH bputan-
CKUM MHCTUTYTOM cTaHaapToB (BSI).
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bonee 50 neT
B MPOMBbILUA€HHOM
ABTOMATU3ALUMU

M30O-1000-05A

M3l-11A M3SM-05A1

HM-N10A HM-P20A ®LI-0650A

428018, r. Ye6okcapbl, YA. AbaHAaCbeBd, 8

[eHepaAbHbIN AUPEKTOP —

3eneHeB AneKcaHAP Cepreesny

MpuemHas: (8352) 45-77-14

TexHuyeckme cneumaamcrbl: (8352) 45-11 -92

OT1aeA npoaak: (8352) 45-89-50, 45-84-93,
45-69-98, 45-49-99

M3S0O-250-05A }

MCI14-330

Pt N
UI/cKb cna

M30O-2500-05A

Paspaborka
lpon3soAaCTBO
llocTaBka

CpeACTB QBTOMQTU3ALNU
AAS yrpaBAEHUS TPY60npoOBOAHOM
apmarypovi ASC

©® MeXaHM3Mbl MICMOAHUTEAbHBIE SAEKTPU-
yeckme M30O, MBOM, M3l ang Tpybo-
MPOBOAHOM APMATYPbI;

® Ynpaeastolpme yctpomnctea OLI-0650A
AN GECKOHTAKTHOTO YMPABAEHMSI
SAEKTPUNYECKUMM UCMOAHUTEABHBIMM
MEXAHM3MAMU;

©® Hopmupytouwpme Npeobpa30BATEAU AASI
MHAYKTVBHBIX (HIT-110A) 1 peoCTATHbIX
(HIM-P20A) AQTYMKOB SAEKTPUHECKIMX
MCMOAHUTEABHBIX MEXAHU3MOB; s

® MexaHW3Mbl CUIHOAM3ALIN n0/\o>|<e-
Hust: MCT-A A9 CMFHCIAVI3GLJ,I/M MOAO-
YKEHWSI PETYANPYHOLLX OpFCIHOB Tex-

HOAOTIMYECKOro O6Q£VAOB AQC_:

ks MC -4 ANSI CUCTEM PEryANPOB

www.skbspa.ru

E-mail: admin@skbspa.ru, om@skbspa.ru
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CTPOUTE/ILCTBO N OBCITYHKMBAHWME ASC / NPP BUILDING & SERVICE

[MApaBINYECKUE N TUOPOMEXAHNYECKUNE MEPEXOAHDBIE PEKMNMBI
B CUCTEMAX OXJ1aXKAEHUA U TEXHUYECKOro BogocHabxeHua ASC

000 lMpeanpuaTHEe NO UCCNIeJOBaHUAM,
NPOEeKTUPOBAHHUIO U CTPOUTE/ILCTBY
06BHEKTOB rMAPO3IHEPreTUKH

«BENbIA Y 0J1b»

MockBa, Manaa Kanyxckana yn.,

15, cTp. 17, op. 527

MouTtoBbii agpec: 115093, MockBa, a/a 31
Ten./daxc: +7 499 922-85-21

E-mail: info@whitecoal.ru
www.whitecoal.ru

000 «benbivt yronb» 6onee 20 net pa3paba-
TbiIBaeT MaTeMaTU4yeckne Moaenn nNepexoaHbixX
PEXMMOB rnapasamyeckunx cuctem MNC, NA3C u
HACOCHbIX CTaHLMIA Pas/IMYHOrO0 Ha3Ha4YeHUs, B
TOM YMCNEe CUCTEM OXNaXKAEHNUS U TEXHUYECKOTO
BOAOCHabxeHus ASC. B Moaensix nogpo6Ho y4u-
TbIBAIOTCS XapaKTEPUCTUKM FTMAPOMaLLWH, ABUra-
Tenew, KOHAEHCaTOPOB, BOAOBOAOB, PA3/IMYHOWM
apMarTypbl, CUCTEM NepenycKa BoAbl, BMycKa U1
BbIMyCKa BO3ayXa, OX/1aXKAatloLLnX COOPYKEHUN
1 eMKOCTEN.

Mogaenv no3BonsAoT UccneaoBaTb Npouec-
Cbl NyCKa, HOpMaslbHOM OCTaHOBKM, MOTEPH NPK-
BO/Ja, aBTOMaTMYECKOro MOBTOPHOMO BKJTtOYE-
HUS, B TOM YUCIE NPY BKIKOYEHUW PE3EPBHOMO
NUTaHUS 3NEKTPOABUraTENS.

Be3onacHOCTb CUCTEMbI B KaxA0OM Mpo-
Liecce obecne4ymBaeT CBOS CMCTEMaA OrpaHu-
yeHun. OrpaHuyeHns nNpu nyckax ato Bpems
BbIXOJ@ arperata Ha HOMWHasbHYO 4acToTy
BpaLLEeHNs, CKPyYMBatOLMM MOMEHT Ha slona-
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CTX Hacoca, 3abpoc 0CeBOro UK AMaroHanbHoOro
Hacoca B MOMMaHYL0 30HY, rTMApPoyAap B KOHLE
3anofiHeHns KaMep KoHaeHcatopa. OnacHocTu
npu notepe NpuMBoAa — HeJOMNyCTUMblE KoJe-
6aHus fJaBNeHns B KOHAeHcaTope M no Tpacce
BOAOBOAOB, Pa3roH arperara ¢ 60/bLlWOoM Npoaon-
UTENbHOCTbIO 06paTHOro BpaLlleHust. OnacHoOCTH
npy aBTOMaTtM4eCKOM MOBTOPHOM BK/IOYEHUM
— CHavana MaKCMManbHbI BakyyM B Kamepax
KOHZeHCcaTopa, a MPU BOCCTAaHOB/IEHUM 3NEKTPO-
NMUTaHUS — HEJOMYCTMMOE MOBbILEHWE JaBNEHNS
B KOHZEeHcaTtope v no Tpacce.

Mpn MogennpoBaHUMK NYCKOB YTOYHAETCA
BbIGOP Hacoca W ABWratens, onpeaensatorcs
NyCKOBOW yron nonactew, Heobxoanmas ny-
CKOBasi xapaKTepUCTUKa afieKTpoaBuraTens,
napameTpbl U PEXWMbl MaHUNYIMPOBAHUSA 06-
paTHbIM 3aTBOPOM, BO3YLWHbIMW KnanaHamu,
XO0JIOCTbIM BbINYCKOM. [pn pacyeTax notepwu
npuBoAa onpenensercs pacnosoxeHne BO3-
[YWHBIX KNanaHoB No Tpacce U ux pa3Mmepsbl, a
TaKXe PeXMMbl MaHWMYNMPOBaHUA 06PaTHLIM
3aTBOPOM, XO/IOCTbIM BbIMYCKOM U BO3AYLWHbIMU
KnanaHamu. lNpun aBToMaTM4eCKOM NOBTOPHOM
BKJIIOYEHUM onpeaensieTcs npeaesibHo AonyCcTu-
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MO€e BpeMs nepepbiBa 3/IEKTPONUTAHUSA U MU-
HUManbHoOe Heo6Xx0AMMOe 3HaYeHe MOMEHTa
MHEPLMK 3NeKTpoaBUuraTens.

B cuctemax oxnaxaeHusi OTBETCTBEHHbIX MO-
TpebuTenen cambli TEKENbIM NPOLLECC NPOUCXOANT
npuv NoTepe 3NeKTPONUTaHUS U NOCNeayoLLEM 3a-
NyCKe HaCOCHOro arperarta oT aBapuHOro An3esb-
reHepatopa, Koraa nepepbiB MeXay OTKIIHEHVEM
1 NOBTOPHbIM BK/ItOYEHMEM cocTaBnaeT 25-30 c.
B Takux cnydasix BO3MOXEH pa3pbiB NOTOKa U
CBepXpacyeTHbIW rmapoyaap npuv Bo3BpaTe U
CMbIKaHWM pa30LLefLUnXcs BOAHbIX KOMOHH. Ha
PUCYHKE MOoKa3aHbl MpPUMep TaKoro Hebnaronpw-
ATHOro npoLecca B HaType U pesynbTaTtbl Moje-
nupoBaHusl. PaspaboTaHHas Moaenb no3sonuna
npoaHanuM3nMpoBaTb paboTy yCTPOWCTB ANs ralle-
HWS rmapoyaapa, nogobpaTth pa3Mepbl KnanaHoB
BMyCKa BO3[yxa, ypaBHUTENbHbIX Pe3epByapoB,
pe3epByapoB 4S9 BMyCKa BOAbl U CXEMY UX pas-
MeLleHus no Tpacce.

B nocnegHve roabl 419 NPOEKTOB rvapasBu-
yeckux cuctem A3C KypnaHkynam, beneHe, Po-
CTOBCKOW, HOBOBOPOHEKCKOK-2, H1Keropoackom
BbIMOMIHEHbI PAaCYeThl CTaLMOHAPHbIX M Mepexoa-
HbIX PEXMMOB C MCMONb30BaHMEM KOMMbIOTEP-

HbIx MoZenen. B Kaxaon moaenv oTpaxanucb

KOHKPETHblE 0COGEHHOCTU HAaMOPHbIX CUCTEM,

COOPYXKEHWI 1 060pya0BaHUS.

000 «benbiit yronb» o6nagaet MHOroneT-

HUM OMbITOM HaTYPHbIX UCMbITAHWUI TULPO-

arperatoB u HanopHbix cuctem NAC, FA3C,

M3C, KpynHbIX HACOCHbIX CTaHUMK (KaHan um.

MocKBbI 1 Ap.) U rnapaBamMyeckux cuctem A3C

(Kypckasi v ap.). Hamu BbINONHEHbI HAaTypHble

ncnbiTaHus aecatkoB arperatoB [3C, MNA3C,

N3C 1 HC B yCTaHOBMBLUMXCS U MEPEXOAHbIX

pexnmax. 310 cnocob6CTBOBaNO NAEHTUDU-

KaLuuv MOAenen 1 CoBepLLEeHCTBOBAHMIO pac-

YeTHbIX METOAMK.

Hydraulic and hydro-mechanical transient modes of operation
in cooling and service water supply systems of NPPs

WHITE COAL, LTD

Moscow, Malaya Kalujskaya st., 15,
bullding 17, room 527

Postal address: Russia, 115093,
Moscow, p/o box 31

Phone/Fax: +7 499 922-85-21
E-mail: info@whitecoal.ru
www.whitecoal.ru

Over 20 years «White Coal, Itd has been develop-
ing mathematical models of transient modes of opera-
tion of hydraulic systems of HPPs, PSPs and pumping
stations of various purpose including the cooling and
service water supply systems of NPPs. The models
take into detailed consideration the characteristics
of hydraulic machines, motors, condensers, conduits,
various fittings, water bypassing systems, air inlet and
outlet systems, cooling structures and tanks.

The models permit investigation of startup, normal
shutdown, loss of drive, automatic repeat switching-in
including at switching-in the standby power supply of
electric motor. The system safety in each process is
provided by its system of limitations. Startup limitations
is the time of the unit attaining the nominal rotation
frequency, the twisting moment on the pump blades,

a surge of axial flow or diagonal flow pumps into the
surging zone, hydraulic surge at the end of filling the
condenser chambers. Drive loss hazard — impermis-
sible pressure variations in the condenser and in the
conduits route, the unit runaway with long duration of
reverse rotation. The hazard during automatic repeat
switching-in presents at first, maximum vacuum in the
condenser chambers, and on restoration of power
supply — impermissible pressure rise in the condenser
and along the route.

In startup modeling, the selection of the pump
and the motor is specified, the blades startup angle,
the required electric motor startup characteristic, the
parameters and modes of the reverse gate manipula-
tion by air valves and by idle release are determined.
When calculating the drive loss, there is determined
the location of air valves along the route and their
sizes as well as the manipulation modes by the re-
verse gate, idle release and air valves. In automatic
repeat switching-in, there is determined the ultimate
permissible interruption time of power supply and the
minimum required value of the moment of inertia of
the electric motor.

In the cooling systems of essential loads the most
difficult process occurs at loss of power supply and
at further startup of the pumping unit from the emer-
gency diesel generator when the interruption between

switching-off and repeat switching-in is 25-30 s. In
these cases there is a possibility of a flow break and
a super design hydraulic surge at the return and the
joining of the separated water columns. The figure
shows an example of such unfavorable process in
the prototype (a) and the results of modeling (b). The
elaborated model enabled the analysis of operation of
the devices for the hydraulic surge damping, selection
of sizes of air inlet valves, surge tanks, the tanks for
water inlet and the plan of their location on the route.

For the last years, for designs of hydraulic sys-
tems of the NPPs: Kudankulam, Belene, Rostov, No-
vovoronezh-2, Nizhegorod there have been done the
calculations of stationary and transient modes of op-
eration using computer models. Each model reflected
particular features of pressure systems, structures
and equipment.

«White Coal», Itd has many years of experience
in tests in the prototype of hydro-units and pressure
systems of HPPs, PSPs, Tidal Power Plants, large pump-
ing stations (Moscow canal and others) and hydraulic
systems of NPPs (Kursk and others). We have done
prototype tests of tens of units of HPPs, PSPs, Tidal
Power Plants and pumping stations in steady-state and
transient modes of operation. This was conducive to
identification of models and upgrading the methods
of computations.
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3AKPbITOE AKLUMOHEPHOE OBLWECTBO
MPOEKTHO-U3bICKATE/IbCKUA WUHCTUTYT

OPICTPOMIMPOEKT

3A0 «OPTCTPOMNPOEKT>»

115516, Poccusn, r. MockBa,
yn. MpombiuneHHasn, A. 11, crp. 3
Ten.: (495) 663-91-42

UHcTUTyT pacnonaraer cneyuanusu-
pOBaHHbIM OTAENIOM 06C/ieoBaHuUA
M UCNbITAHUA CTPOUTEJIbHbLIX KOH-
CTPYKL UK, paGoTalowmm B TECHOM
COTpyAHUYECTBE C UCNbITaTe/ibHOM
naéoparopuein, NPOEKTHO-KOHCTPYK-
TOPCKUM OTAEJIOM U NPeANpPUATUAMMU,
3aHMMaOWMUMUCH UHXKEHEPHOo-reo-
NIOTU4ECKUMM U3bICKAHUSAAMM.

CneuunanuctamMmm UHCTUTYTa BbINMONHANUCH
paboTbl N0 06CNea0BaHNUI0 CTPOUTENbHbIX KOH-
CTPYKLMIN KPYMHENLINX IHEPreTUYECKUX 00b-
eKToB, B 4ucne KoTopbix: O6HMHCKaa A3C,
NeHunHrpagckasa ASC, UrHanuHckasa A3C (JluT-
Ba, B Nepuoj cTpoutenbctea), banakoBckas
A3C, YepHobbinbckas AIC (nocne aBapum),
BonrogoHckass ASC (Bo306HOBJIEHWE CTPOU-
TenbctBa), Konbckaa ASC, MaHrbiWwnakcKum
3Heprokomb6uHar (r. LleByeHKo), KannHuHcKasn
A3C. lNomMuMo 3TOro, Hapsaay ¢ o6cnefoBaHUEM
CTPOUTENbHbIX KOHCTPYKLMIK CaMbiXx pa3Hoo-
6pasHblX 34aHWUM U COOPYKEHUM NPEANPUATUI
MuHcpeamalwa-MuHaToma-PocatoMa BbInos-
HANMMCb 06CNefoBaHNA 34aHUI U COOPYKEHMN
peaKTopOB Hay4YHO-UCCNeA0BaTENbCKUX UHCTU-

TyT0B: PHL «KypyaTtoBCKUI MHCTUTYT», MUDNU,
NT3®, HUTKU (r. CocHoBbIN Bop), dunmana
HUKWNIT (r. 3apeyHbin).

Pa6oTbl BbIMOAHAKTCA MO creynanbHOM
nporpamMmme KOMMJEKCHOro o6cnefoBaHus,
pa3paboTaHHoit 3A0 «OPTCTPOMMPOEKT» Ha
ocHoBe «Tpe6oBaHWM K 060OCHOBaAHWUIO BO3-
MOXHOCTU NPOASIEHMS Ha3HAYEHHOrO CpoKa
3KcnayaTauum 06BHLEKTOB MCMNONb30BaHUS
aTomMHoM aHepruun» (HMN-024-2000); «Tunoson
MHCTPYKL MM MO 3KCnayaTalum Npou3BOACTBEH-
HbIX 34aHUN U COOPYKEHUM aTOMHbIX CTaHLUM»
(PO-30-0007-93), «<MeToANKM OLIEHKM COCTOS-
HWS M OCTATOYHOrO pecypca *Kene3o6eTOHHbIX
KOHCTPYKLKIK ASC, BaxHbIX Ans 6€30MacHOCTU»
(P4 30 0447-03) 1 HOPMATHBHbIX JOKYMEHTOB
PoccTtposa. Otaen o6¢cneaoBaHns CTPOUTENb-
HbIX KOHCTPYKLMW pacnonaraeT onbITHbIMMU
crneuvanMctaMu, COBPEMEHHbIM 060pyAao-
BaHWeM, HOBEMLWUMMU BbIYHUCAUTENbHBIMU U
nporpaMMHbIMU CpeacTBamMu, UMEET TECHbIe
CBSI31 C y4EHbIMU U CrieyMannuctaMu BeayLmx
NMPOEKTHbIX WM HAay4YHO-UCCNEA0BATENIbCKUX WH-
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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3A0 «CEJIb3HEPT ONPOEKT>

111395, MockBa, Annen lNepBo MaeBKH,
A. 11, xopn. 1

Ten.: (499) 374-4500, (495) 673-1650
®dakc: (495) 673-1607

E-mail: info@sepro.ru

bonee yem nATMAECATUNETHUI ONbIT pa-
60Tbl, HAKOMJIEHHbIN KONEKTUBOM CeNnbaHep-
ronpoekTta B 06/1aCT KOMMJIEKCHOIO NMpPoOeK-
TUPOBAHMUSA 3NEKTPOCTAHLMIA MOLWHOCTbLIO OT
100 kBT go 200 MBT ¢ AM3enbHbIMU U Ta-
30MOpPWHEBBLIMU ABUTATENIMU, FTA30BbIMU U
napoBbiMK TypOMHaAMK, COTHU pean30BaH-
HblX MPOeKTOB B Poccun u 3a py6exom, Ha

BEYHOM Mep3n0Te U B TPOMMKAX, AN aTOMHOWM
3HepreTuku, fasnpoma, HeGTAHUKOB, NOGLIX
3HepronoTpebuTenen, NPoYHble CBA3MU C reH-
NPOEKTUPOBLMKAMKU, NOCTaBLWMUKaMKU, CTPOU-
TensiMu, COBpeMeHHas KomnbloTepHasa 6a3sa,
noA60p IHEPTUYHBIX M 3HAIOWMX CNELMaANNUCTOB
— rapaHTus KayecTtBa, 6bICTPOTbI UCMOIHEHUS
M pa3yMHOW CTOMMOCTHM Halmnx paboT.

3A0 «Cenb3aHEepPronpoeKT»:

— npoeKtupyet PA3C n B13C, o6ecneynBato-
LiMe cucTeMbl 6€30MacHOCTU aTOMHbIX CTAHLMA,
roToBUT TPe6oBaHMA K 060pyaoBaHuMI0, COrnaco-
BblBAET KOHCTPYKTOPCKYIO JOKYMEHTALMIO, BEAET
aBTOPCKMI Haa30p;

— BbIMOJIHAET NPOEKTbI ra30TyPOUHHbIX, AN-
3€/bHbIX, Fa30MOPLIHEBbLIX 3IEKTPOCTAHLMI, UX
MHbPACTPYKTYPbI, KOTENbHbIX, HACOCHbIX, MasbIX
'3C, PMB, ocyLiecTBNSET KOMMIEKTALMIO U CTPO-
UTENbCTBO;

— obnagaet nuueH3unen PoctexHaasopa Ha
npaBo NMPOEKTUPOBAHWUS OGBHLEKTOB aTOMHOWM
3HepreTukn, Cemnaetenscteom HIM CPO «Cotos-
aToOMMNpPOEKT» 0 AOMNYCKE K paboTam, BAUSAIOWUM
Ha 6e30MacHOCTb NpPX MPOEKTUPOBAHWUN 0Ob-
€KTOB, BK/t0O4Yas 0c060 onacHble, TEXHUYECKHU
CNTIOXKHblE M 06BEKTHI aTOMHOM 3HEpPreTnku, Ceu-
netenbctBom HIM CPO «PycCtpon» o gonycke
K paboTam, BIMSIOWNUM Ha 6€30NacHOCTb Npu
CTpoOUTENbCTBE.

Bbino/JIHEHO NPOEKTOB

[T3C n A3C obuwen MOWHOCTbIO NopsaaKka
1000 MBrT, PA3C, PA3CO, BA3C 6onee natu-
necatn 6noxkos A3C.

3apaum — obyyeHue, BHeApEHWE cCOBpe-
MEHHbIX CPEACTB U METOA0B NPOEKTUPOBAHMUS,
KpaTHbIM POCT 0GbEMOB, 3aHATUE NTNAMPYIOLETO
MOJIOXKEHWUSI B CBOEM CErMEHTE.

76 ATOMHBIV MPOEKT




HN “HALW ATOMMALU”
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HEKOMMEPHECKOE MAPTHEPCTBO NON-PROFIT PARTNERSHIP
«HWKETOPOACKWI IENOBOW LIEHTP «NIZHNIY NOVGOROD NUCLEAR
ATOMHOTIO MALLMHOCTPOEHUS» ENGINEERING BUSINESS CENTER»
(HI HALL ATOMMALLD) (NP «NBC ATOMMASH>)
Russia, 603006, Nizhny Novgorod, Svobody Sq., 3

Tel./fax: +7 (831) 412 99 88
npatommash@mail.ru, www.npatommash.ru

603006, Poccus, . HxHui HoBropog, nn. CBo6oael, 4. 3
Ten./dakc: +7 (831) 412 99 88
npatommash@mail.ru, www.npatommash.ru

NP «NBC Atommash» - a public nonprofit organization created to support

HN «HALU Atommaw» — o6uiecTBEHHas HEeKoOMMepYecKasa opraHu3auus, A ) )
the enterprises of nuclear power engineering.

co3faHHasA ANA NOAAEPXKKU NPeAnpUATUA aTOMHOro 3HepreTM4ecKoro Mauluu-

HOCTPOEHMSA.

The members of the NP «NBC Atommash» — Russian and foreign enterprises
Ynebl HM «H/LL AToMmaLL» — POCCHIACKME W 3apy6eKHbIE MPEATNPUSTUS M OpraHu- and organizations, manufacturers and suppliers of products and services for the

3auuK, MPON3BOAMTENN U NOCTaBLLUKN NPOAYKLMK U yenyr Ans POCCUMICKOro aTOMHOro Russian nuclear project.

npoeKTa.

Main activities:

OCHOBHbI€ HanpaBJ/IeHUSA AeATEe/IbHOCTH: e Promotion of its members’ products on Russian and foreign markets of products
e [lpoaBuIKEHWE NPOAYKLIMM CBOUX YIEHOB Ha POCCUIACKUE U 3apyGEHbIE PbIHKK and services for nuclear power plants;

MpoAyKUnK n yenyr ans A3C; e International cooperation with Czech Republic, China, South Korea, Italy, Spain,
e Yyactve B MexayHapoaHOW Koomepauuu, B T.4. Yexus, Kutan, IOxHasa Kopes, Germany, France, Vietnam, Belarus and other countries;

WUtanus, Ncnauus, lfepmanus, GpaHLus, BbeTHan' Benopyceus ) A SRATAS Coelilzth e Organization of conferences, presentations, exhibitions, fairs in Russia and
e Opranu13aums 1 NpoBeAeHNe KOHPEPEHLINH, NPE3EHTALINN, BLICTABOK, APMapok abroad, including the unique projects: International Scientific & industrial Forum

B Poccnn M?a PYOE)HOM, B T:ti. YHKaNbHbIE MPOeKTI: MeayHapoaHEI Hay:—lHO-I'IpO- «Nuclear Machine-building Fair», International Research and Practice Forum «Smart
MbILLUAEHHbIN HOPYM «SIpMapKa aTOMHOTO MaLLMHOCTPOEHUs», MeXayHapOAHbIA Hay4HO- Engineering Design. Complex Product Life Cycle Managements;

npaKTuyeckuin Gopym «MHTeNNeKTyanbHoe NPOEKTUPOBaHUE. YNpaBieHUe MU3HEHHbIM . L LT : L
p bopy, Y .p P P e Advertising and publishing activities, including publishing of the «Nuclear
LIMKIIOM CNTOMHBIX MHXEHEPHbIX 06BEKTOBY; . )
Project» journal;

e PeknamHo-u3gartenbcKas AedTeNbHOCTb, B T.4. XXypHan «ATOMHbIA NPOEKT»; 5 o . . X . L . .
o OpraHM3aLMs M NPOBEAeHUE TeXHUYECKUX COBELLAHMI C y4acTUEM BEAYLIMX e Organization of technical meetings with the participation of nuclear industry

CreLManicToB aToMHON OTPacin Mo BOMPOCAM MPUMEHEHIUS! MPOAYKLIMK MPEanpH- leading specialists in order to discuss the application of members’ products in the
ATMI-U3roToBUTENEN B NMpoeKTax A3C no POCCUICKOMY AU3aitHY; projects using the Russian NPP design;

e BbiNONHEHWE CeLMasbHbIX TPOEKTOB Ha OCHOBE JOrOBOPOB C 3aKa34ynKaMmy, e Performing special projects on the basis of contracts with customers, including
B T.4. Ha ocHoBe aorosopa ¢ OAO «HUASM» — NPOEKT NO NOAroTOBKE M 06pabOoTKe WH- (through a contract with JSC «NIAEP») — a project for the preparation and processing
GhopMaLIMK O MPOLYKLMKU 3apyBEIHbIX TPOU3BOAUTENEN A/l BKIIOYEHMS €€ B «EANHbIN of information about the products of foreign manufacturers for including it into the
HOMEHKNAaTYpHbIV OTpacneBon Katanor o6opynosaHua ans A9C». «Unified industry nomenclature catalogue of equipment for nuclear power plants».
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Komnanua 3A0 "AMT MHHMWHWPWHT" aenaetcs ofHMM W3 nuaepoe B obnact¥ OKalaHWA TexHMYeckoro,
MHOpPMALMOHHOrO W MHAHCOBOr0 COOEWCTBMA NPEANPUATHAM W OpPradHW3auMAM B NPOEKTUPOBAHWM, WHAHCHPOBAHWM,
NPOABMMEHMN, KOMNNEKTALMM CNOMHOMO BLICOKOTEXHONOrMYHOTD ODOpPYAOBAHWA, B TOM YUCNE HA OCHOBE MEWAYHApPOAHOR
Koonepauuu.

OnHKMM M3 OCHOBHLIX 3akazunkos 3A0 "AMT MHMHUHWPWHT" aenretca komnanua 000 «MPOM3IHEPTOKOMNNEKT», 3A0
«AMT WHHWHWPHUHT» npoeoanT npoekTHee paboTel ANA CHCTEMLI NPEAHANPAKEHNA 3AWKTHOR 0BON0YKM PEAKTOPHOMO OTABAEHMA
W pe3lepeHbix AM3entHblx 3nektpoctadHuuid (PA3C). HoMnawua Takme BLINONHAET npoekTHele pabotel B8 ofnacTw
INEKTPOTEXHWYECKOND, HACOCHORD M TENAOMEXaHMYecHoro obopyaosaHua anA 2-ro, 3-rou 4-ro aneprobnokos Poctosckoi AIC, 4-ro
sxeproBnora Kanuwuuuckom A3C, Cmonedcron A3C, 1-ro u 2-ro 3ueprobnokos Bantuickoi A3C, HOmuoypanscwoi TP3C, &TYN NO
«MAAK», paznuunsix TIL.

Ocobexrocts JA0 "AMT MFHHMHWPUHT" - vHHoBaUMOHHAA COCTABAAMWAA NPOEKTOB. ITO NO3IBONAET BLINONHATE PAGOTLI
Ha COBPEMEHHOM YPOBHE M C BLICOKON cTeneHbio 3pderTueHocT. KoMnadua pacnonaraer camsiM COBPEMEHHLIM 000pYA0BAHHEN,
nporpaMMHbiM ofecnevyedem W nepenoebiMin TexHonornamy, HapaboTanHoie CBA3IW C NOCTABWMKAMKY NO3BONAKT paspabarseieate
NPoOeKTH Ha Pa3nuyHbIE BHAM TEXHHKH W Gﬁﬂpyﬂ,DEHHHH B HpiiT‘-IEﬁl.UHE CPOKM CONTHMaNbHBIM CODTHOLIEHWEM UeHad-Ka4wecTeo.

ENGINEERING

OcHoBHbIe BUABI paboT, BbINONHAEMbIE
3A0 "AMT MHHWHUPHUHI":

® PHHEHEPHBIA KOHCAATHHS;

® IHEPreTHYECKHA W IHONOTHHYECKUA 3YOuT;

® NPOBKTHPOBAHWE W NOAFOTOBKA NPOBKTHBIX CREUnUKaLA;

® IHCNEPTW3A NPOEKTHOR AOKYMEHTALWK C yyeToM adderTHBHOCTH NPOEKTE W
CPOKOE OKYNAEMOCTH;

® OUEHKA TEXHHKO-IKOHOMHYECKOR IEHTHBHOCTH PasnHYHbIX METOQOB
OpraHM3Iauum CTPOMTENLCTEE, MOLEPHU3ALMHK;

* nogrotToska TpefosaHuit No BuIBOpPY M 3aKYNKA DCHOBHOTO W
BCRomoratensHoro obopyaoBaHmua;

® TEXHWYECHOE CONPOBOMAEHWE 3aHAZYMKA NPU NPOBEAEHWW COTNACOEAHMA
(3KCNEPTH3a NPOBKTHOW AOKYMEHTALMKW C HAA30PHLIMK OpraHamu);

® TEXHWHECHWA HAN30pP 33 XO40M CTPOMTENLCTED,/ MOOEPHH3ALMMK.

'DT;LEJ']I:HDE MECTO B [AEATENLHOCTH HOMMNAHWH 33HWMAET MexayHapogHoe COTPpYAHWYeCTBO. Bcero B npouecce
NPOeKTUPOBAHMA HAaMK 3anedcTeoBaHo Gonee 50 wHocTpaHHbx KoMnanuid, JA0D "AMT UHIMWHWPHUHI™ BeinonHABT WHIMEHEPHOE,
npasosoe ¥ HMHAHCOBOE KOHCYNLTMPOBaHWE 3apybemHsix NnapTHepos, pa3pabatwieaeTr ¥ afanTHPYeT TeXHUYECKME YCNOBUA Ha
NPOAYKLWID, OTBEHAET 33 NOTMCTHKY M CEPBHCHOE 0Bcnyueanue 0bopyacBaHuA.

Onbit npoertHeix pabotr POIC ana Kanuuuuckod u Poctoeckon A3IC nNo3BOAAET HaM € YBEPEHHOCTLIO NpeAnaraTh
BUCOKOID(MEKTUBHLIE PEWEHHWS N0 OPraHu3auMM HOMNAEKCHOTD ABTOHOMHOIO 3IHEprocHalmeHus painuyHbix obuvexTos
NPOMBIWNEHHOCTH. OCHOBHEIM NPUOPUTETOM KOMNAHWK ABNASTCA OKAIAHWE NOMOWN 33KAIUMKY B PELEHWK MOBBIX WHHNHUPUHTOBLIX
3afau Ha EHEFIFETHHEEHCIH DﬁI:EKTE: OT NPOBEAEHWA IHEDTETHYHECHWX DﬁLﬂEﬂDBaHHIﬁ H Bbiga4M p'EKDHEHJJ,ELI,HFI no yay4weHHo paﬁmu
CTAHUMKW A0 BEINONHEHHA KOMNAEKCHOTO NPOEKTa HOBOTO CTPOWTENLCTEE, PEKOHCTRYHUMK WAKM MOAEPHH3AUMK obBeKTa,

Mbi nOCTORHHO COBEPWEHCTBYEM W OTTAYHBAEM HPD[I}EEL'HUHEIIIH}M, HAEeM B HOTY CHAYYHO-TEXHHUYECHHWM NpOrpecCcoM.
Bawa yBepenHoCTs B BeGPaHHBIX TEXHONOMMAX W PRIIEHHAX — HAWa NPodeccMa. Mbl OTKPBITE K COTPYAHMYECTBY B peanin3auuu
NPOEKTOB W 3aKa308 NI060H CIOMHOCTH.

lenepansHeiil dupexmop Xapumoros I1.A.

3A0 « AMT MHHWUHWPHHI »

Poccua, 121069, Mockea, yn. Manasa Hukurckas, a.10a
Ten./thaxc: +7 (499) 558-02-04

E-mail: amtinmsk@gmail.com
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ENGINEERING

"AMT Engineering” CJSC company is one of the leaders in providing technical. informational and financial assistance to
enterprises and organizations in the development, design, financing, promotion and completing of complex high-tech equipment,
both on domestic grounds and through international cooperation.

One of the main customers of "AMT Engineering” CJ5C services is "PROMENERGOKOMPLEKT" LLC company. Nowadays
“AMT Engineering”, CJSC carries out designing works for reactor compartment prestressing system and emergency diesel
generators. The company is also responsible for designing of electrical. pumping, thermal and mechanical equipment for the 2nd,
3rd and 4th power units of Rostovskaya NPP, the 4th power unit of Kalininskaya NPP, Smolenskaya NPF, the 1st and 2nd power units
of Baltiyskaya NPP, Yuzhnouralskaya GRES, FSUE PA "Mayak” and various thermal power plants.

One of “AMT Engineering” CJSC features is an innovative component of its projects. This allows the company to stay up
to date and work with a high degree of efficiency. The company has advanced equipment, software and technologies. Long-standing
relationship with suppliers allow us to design various types of machines and equipment as soon as possible with optimum price-
performance ratio.

The main types of work performed by
"AMT Engineering” CJSC are the following:

* Engineering consulting;

* Energy and environmental audits;

* Designing and preparing project specifications

* Assessment of project documents in a project, project performance and
timing of return;

* Techno-economic evaluation of the effectiveness of various methods for

the canstruction/renovation;

* Preparation of the requirements for selecting and purchasing of main and
auxiliary equipment;

® Customer Technical support during operations of establishing compliance
(examination of project documentation by reviewing authorities);

* Technical supervision of the construction/renovation.

International cooperation plays a key rolein the company’s activities. More than 50 foreign companies are taking partin
designing works provided by us. "AMT engineering” CJSC is providing an engineering, legal and financial advice to overseas
partners, developing and adapting specifications for products, it is also responsible for logistics and maintenance equipment.

Experience in designing of emergency diesel generators stations for Kalininskaya NPP and Rostovskaya NPP enables us
to confidently offer high-performance solutions for comprehensive grid industry facilities. Company's main priority is to assist the
customer in any engineering challenges at the energy facility: from energy surveys and issuing recommendations for improving the
work of the station to implementation of integrated project of new construction, reconstruction or modernization.

We constantly improve and hane skills, keepin step with technological advances.

Your confidence in selected technologies and solutions is our profession. We are open to cooperation in projects and
orders of any complexity.

General director Haritonov P.A,

"AMT Engineering” CJSC

Russia, 121069, Moscow, Malaya Nikitskaya str, 10a
Tel./fax: +7 (499) 558-02-04

E-mail: amtinmsk@gmail.com
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D6texTbl:
Kanuuuuckas A3C
Cmonencran A3C
SN\ 7 Poctosckan A3C
Mpom3ueprypKommierr bantuitckan A3C
o o AIC Kypankynam

e HOmHoypansckan MP3C

Oryn no «Masw»

000 «NMPOM3HEPTOKOMMNNEKT» aengercs AMHAMUYHO Pa3BMBAIOWLERCA HOMNAHMEN C MHOTONETHWM ONLITOM
paboTbl N0 YNPAaBNEHWI0 CNOMHBIMM NPOEKTAMM N0 KOMNMEKTALUMM W NOCTABKE BLICOKOTEXHONOrMYHOTO 0BOpYAOBAHMS,
TEXHMKW M MATEPHAN0B ANA COOPYHAEMbIX U KCNNYATHPYEMbIX 0BLEKTOB aTOMHOM U TPAULMOHHON IHEPreTHKK.

Crpatervyecko UEnb0 KOMNaHWW ABNAETCA NPefoCTaBNEHWE MEpefoBbiX PEWEeHUH W KOMNNEKCHBIX
WHKUHWPWUHTOBLIX YCNYT NPeANpPUATUAM W 33BOJAM-WM3rOTOBUTENAM KaK B Poccuu, Tak W 3a pybewom. Crpoutenscreo A3C
TpebyeT NOCTABOK BLICOKOKAYECTBEHHOTO M HafeWHOoro 0BOPYACBAHWA NO CTPOrO WCNONHAEMOMY MPOM3BOACTBEHHOMY
rpacury, Ha 370 M Hauenexa pabota KOMNAHMUK,

B axtuee Komnawuu nobepsl Gonee yem B 100 TeHgepax W KOHKYPCaX HA NOCTABKY 0BOPYAOBAHNA U W3LENWA ANg
AJC. ba3osblii NopT(hEens NDCTaBNAEMOro 0DOPYAOBAHWA W MaTEpPWaNoB HACYMTHLIBAET COTHH HOMEHKNATYP, OCHOBHBIMKM U3
KOTODbIX ABNAKTCA:

-Tpy6ei, peTanu Tpy6onpoeonos - Hacocwl

- TpybonpoBsoaHan apmMartypa - D6opyaoBaHMe CUCTEMbI NPEABAPUTENLHOIO
- py3onoasemHoe obopyaoBaHue HaMpPAKEHWUA 3aUNTHOM 0BONOHKH

- IneKTpoTexHHYecKoe obopyaoBaHKe - PesepBHble AU3eNbHBIE INEKTPOCTAHUMK

- BecnomoratensHoe obopyaoBaHue - BopoTa u niokw, w036 TPAHCNOPTHOTO
-TennoobMeHHoe 06OpyAOBaHHE Kopuaopa

- MeTannoKOHCTPYKUWM, METANNONPOKAT, NOKOBKH, - CamoouUwaowmecs GUALTPELI, AeKaHTeph
OTNWBKM - MpoekTHbie paboTsl

Komnanua yaenset 60nbluoe BHUMAHWE PA3BMTHIO MEXAYHAPOAHON KOOMEPALMK W PACIUWPAET KPYT NOCTABLWKOB
W cybnoapAAYMKOB, MPUBNEKAA K COTPYAHWYECTBY NOMMMO KPYNHERWMX POCCHHCKUX KOMNAaHWK, Begyuiux MWpOBbIX
ﬂpDHEBDHHTEJ‘IEﬁ oﬁupy.uusawﬂ A MdTERWUANOE, YTO NO3BONAET NOCTABNATE COBPEMEHHOC uﬁﬂpynﬂBaHue BLICOYANIWErD
Ka4yecTsa, yeenn4yueas yposeHs besonacHocT A3C.

000 «MNPOM3HEPTOKOMNNEKT» enageer nonHelM HabopoM CEpTHMKATOB, NMUEH3WA W paspelleHui,
HEOBX0AMMBIX ANA pelWweHUs WHMUHWPUHIOBLIX 3anay. Komnauua paspaborana W BuINONHMNA UENbId pAf NPOEKTOE no
KoMnnexTauuu obopyaOBaHWA, OTBeYan 33 Becb LMKN paboT, CBA3aHHBIX C (MHAHCWPOBAHWEM, NPOEKTMPOBAHUEM,
W3rOTOBNEHMEM, JOCTABKOM, COrNacoBaHMeM, Nycko-HananKon u caayen 060pyAOBaHHUA 3aKA3UMKY.

KomaHaa KOMNaHMK COCTOMT M3 BbICOKOKBANM(PUUMPOBAHHBIX MEHEKEPOB, MHMEHePOB, IKOHOMWCTOE, DPHUCTOB,
CNeyManucToB No NOFMCTUKE, KAYECTBY, IKCNEPTH3E, NPODECCHOHANU3M KOTOPBIX NOCTOAHHO PACTET BMECTE C AOCTHKEHUAMM
CAMOW OpPraHM3auuu.

CosmecTHan paﬁu‘ra C NapTHepamMmd NO3BONAET pacCllMpHTE PHHOYHBIE BOIMOMHOCTA KOMNOAHWKW W CO3Q4BATL
HGHH}'DEHTUCHDCGEHBM NPOOYKT. Mbl BCEraa roToesl H COTPpYAHWYECTBY W Npenndraem BOCNONb30BATHCA HAWKWM ONBITOM W
HOMNETEHLWAMH.

lenepansHbiii dupexmop Caenno A.H.

000 «NPOM3HEPTOKOMNNEKT»
603024, Poccua, Huwuuin Hosropoga,
| Hee3opoeeix yn., 51
[ o Ten./dakc: +7 (831) 412-99-88
E-mail: prekomnn@mail.ru,

info@prekom.ru
www.prekom.ru
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Projects:
Kalininskaya NPP

Smolenskaya NPP 50

Rostovskaya NPP -9 L

Baltiyskaya NPP PromEner; (‘:",Kﬁmp lekt
o

Kudankulam NPP
Yuzhnouralsk SDPP
FSUE Mayak PA

&5

"PROMENERGOKOMPLEKT" LLC 1s a fast-growth company with many years’ experience in management of complex
projects of picking and complete set supplies of high-tech equipment and materials for the nuclear and conventional power
facilities which are either under construction or under operation.

Strategic goal of the company is to offer advanced solutions and complex engineering services to producer
enterprises and factories in Russia and abroad. NPP construction process requires a high quality and high-reliable
equipment to be supplied on a strictly followed schedule. That is what the company aims in its work.

The company was awarded the tenders for the supply of equipment and devices to NPPs more than 100 times. The
basic portfolio of the company includes hundreds of equipment types, major categories are as follows:

-Pipes and pipeline parts - Pumps
-Valves - Containment prestressing system equipment

- Load lifting equipment - Emergency diesel generators

- Electrical equipment - Doors, gateways, transportation corridor locks
- Auxiliary equipment - Self-cleaning filters, decanters

- Heat-exchange equipment - Design works

- Metal structures, rolled steel, forgings, castings

The company lays great emphasis on development of international cooperation and steadily expands a circle of
partners by involving in cooperation not only the incumbent Russian companies, but also leading world manufacturers,
which helps to supply the highest quality equipment and increases safety level of NPPs.

PROMENERGOKOMPLEKT LLC has all certificates, licenses and permissions required to run engineering business.
The company has developed and implemented a variety of projects for complete set supplies of equipment on a “turn-key”
basis, which includes financing, design works, manufacturing, delivery, harmonization, starting-up, adjustment and
commissioning.

PROMENERGOKOMPLEKT company is a team of highly skilled managers, engineers, economists, lawyers, experts in
logistics, quality management and testing, whose level and qualification constantly rises together with the company's
achievements.

Cooperation with partners helps to enlarge market opportunities of the company and to create competitive
product. We are always open for cooperation and we suggest you to take advantage of our experience and skills.

General director Saenko AN,

"PROMENERGOKOMPLEKT" LLC
51, Nevzorovyh st., Nizhny Novgorod,
Russia, 603024 _
Tel./fax: +7 (831) 412-99-88
E-mail: prekomnn@mail.ru,
info@prekom.ru
www.prekom.ru
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Hwkeropopackasa BbictaBouHaa komnaHua OO0 «HL Skcno» yupexaeHa B
2008 ropgy Hekommepuecknm napTHepCTBOM «HMKeropoackui 4enoBon LeHTp
aToMHoro MawmHoctpoenusa» (HIM «HOL ATOMMALL») B Lenax npoaBuKeHua
NPoAyKUUY NPeanpPUATUA SHEPreTMYeCKoro MawMHOCTPOEeHUs Ha Poccuinckni
1 3apy6exHbIi pbiHKK. 3a Nnepuop cBoelt pabotbl OO0 «HJL| Skcno» coBMecTHO
C BeAyWMUMMN NPesnpuATUAMN aTOMHOIM OTPACN U KPYMNHENLWMY BbICTaBOY-
HbIMM LIeHTPamMM BbICTYMIO COOPraHM3aToOPOM pAfa YHUKaNIbHbIX KOHFPeCCHO-
BbICTAaBOYHbIX MPOEKTOB, B TOM uncie ceMun HuKeropopckux mexxkayHapoaHbIxX
Hay4YHO-NPOMbILLNEHHbIX GOPYMOB «ApMapKka aTOMHOrO MaLLMHOCTPOEHUAY, ABYX
MexayHapoaHbIX Hay4Ho-MpaKTnyecknx GopymoB «/IHTennekTyanbHoe NpoeKTr-
poBaHue. YnpaBneHne XN3HEHHbIM LIKJIOM CJIOXKHbBIX MHXKEHEPHBIX OObEKTOBY, a
TaKXKe NpeAcTaBuia BegyLive NPeanpuaTUA aTOMHOMO SHEPreTUYECKOrO MalUNHO-
CTPOEHMA Ha creLmanbHbIX pasfenax KpYmHbIX BbICTaBOK B Poccum 1 3a py6exxom.
000 «HJL, 3kcno» cTano opraHM3aTopPOM KOTEKTUBHOIO CTeHAa 3KCMo3numm
POCCUNCKIMX 1 YeLLCKMX KoMNaHui [Npor3BogCTBEHHOTO 06begMHeHNA «T1paXcKuin
ATOMHBIN AnbAHC» Ha popyme MOCTaBLYMKOB ASIA aTOMHbIV MPOMbILLIEHHOCTU
«ATomekc-EBpona» B lNpare. Bcero B KOHrpeccHO-BbICTaBOYHbIX MEPONPUATHAX
«HAL Skcno» npuHAano yyactme cebiwe 1500 3KCNOHEHTOB, 1 MO UTOram X NpPo-

OcHoBHoV 3agaven geatenbHocTu «HILL Skcno» AaBneTtca
co3paHue yc10BuUi A8 aKkTUBHOTO B3aMOAENCTBUA y4acT-
HVKOB BbICTaBOYHOIO N KOHIPECCHOTO MPOLECCOB C Liefbio
o6MeHa OnbITOM 1 HaNaXXNBaHWsA B3aVIMOBbITOJHbIX Je/T0OBbIX
cBA3en.

«HALl 3kcno» - 3To KoMaHAa NpodeccmoHanos, Bceraa
roToBas NPEAOCTaBUTb KOMMJIEKCHOE pelueHne 3agaym no
opraHusayuy cneynannusnpoBaHHOro MeponpuaTus ans
BaLlen KoMNaHUu:

e pa3paboTKa KoHLenuuu 1 cieHapus MeponpuaTuA

e BblGOP MIOWAAKM, OTBeYaloLlell cTaTycy cobbiTus

e pa3paboTKa YHUKANIbHOro CTUASA Y CUMBOJIKU
MeponpuaTus

oT6Op 1 NpUrnalleHne BeAYLUX U MOAEPaToOpoB
npuBeyeHne K y4acTuio TNgepoB oTpacau
npuBieyeHne COHCOPOB

peKknamHo-nH$OopMaLMOHHasA NogaepKKa MeponpuATnA

BefieHUA 3aK/I0UYEHO KOHTPAKTOB Ha Cymmy 6onee 37 Mnpa. pyonen.

HAL 3KCMO v NBC EXPO
Hwvxeropopackas The Nizhny Novgorod
BbictaBouHasa KomnaHus ﬁ Exhibition Company
603006, Poccus, Russia, 603006,

r. Hmxkuuia Hoeropog, nn. CBo6opgbl, A. 3

Nizhny Novgorod, Svobody Sq., 3

Ten./dakc: +7 (831) 412 99 88 |H| ﬂ u Tel./fax: +7 (831) 412 99 88

AKCMO

info@nbc-expo.ru, www.nbc-expo.ru

LU I

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

ATOMHBIV MPOEKT

EIWT@ilvrTRrnnen | BIATO AP THE NG E

<

info@nbc-expo.ru, www.nbc-expo.ru
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The Nizhny Novgorod Exhibition Company «NBC Expo» was established
in 2008 by the Non-Profit Partnership «Nizhny Novgorod Nuclear Engineer-
ing 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 seven Nizhny Novgorod
International Scientific & industrial Forums «Nuclear Machine-building Fair»,
two International Research and Practice Forums «Smart Engineering Design.
Complex Product Life Cycle Management», and successfully presented lead-
ing 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 «Ato-
mex-Europe» in Prague. More than 1500 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 PEOAKLIMWM / FROM THE EDITORS

YBaxaemble YMTaTe/IM — PYKOBOAUTE/IM U CNEeLlMaINCTbI
npeanpUATHA aTOMHOM oTpacaun!

HypHan «ATOMHbIM NPOEKT» — 3TO HafeXHOoe CBA3YyoLee 3BEHO MeXIy cneunanuctamm
KpynHenwen B CTpaHe MHXMHUPUHIoBow KoMnaHun HUASIM-AC3I, Ha KOTopylo BO3/0XKEHa BCS
OTBETCTBEHHOCTb 3a KOMMJIEKTALMIO, CTPOUTENBLCTBO, NYCKOHaNafo4YHble paboTbl U caady «nog
Klo4Y» 0gHOBPEMEHHO 6osiee Yem 20 06BEKTOB aTOMHOW IHEPTreTUKM B Hallen cTpaHe M 3a
py6eXKoM, U NPOU3BOAMTENSIMU M MOCTaBLWMKamu obopyaoBaHus ana ASC. Mbl pajbl, 4To Hawe
n3naHue yCrneLwHo BbINONHAET 3Ty GYHKLIMIO: XypHaN «ATOMHbIM NPOEKT» CTafl HACTO/IbHOM KHUIOM
NS NPOEKTUPOBLUMKOB HUKErOPOACKON MHXUHMPUHIOBOM KOMNaHWU «<ATOM3HEPronpoeKT», ero
noJly4atoT MHXMHUPUHIOBblE KOMMaHunM MockBbl U CaHKT-lNeTepbypra.

MpaKTnKa noKasana, 4To He MeHblUEee 3HaYeHe UMeET 1 Apyras GyHKUKS KypHana — nHbop-
MUPOBaTb NPeAnpUATUSA OTPaC/MN O HOBbIX pa3paboTKax Apyr Apyra, 6biTb A1 HUX UHCTPYMEHTOM
NMoOMCKa NOTEHLMANbHbIX 3aKa34MKOB M AeN0BbIX NapTHepoB. C 3TOM Lenbio Mbl paccbliaem
3HaAUYUTENbHYIO YacTb TUpaXa (40 1000 aK3. Kaxaoro BbiNycKa) Ha BCe 3Ha4YMMble OTEYECTBEH-
Hble MPeanpUATAS aTOMHOM MPOMBbILLNIEHHOCTH, @ TaKXKe y4acTBYEM B BaXKHEMLLMX OTpac/ieBbIX
dopymax, ceMnHapax u KOHOEPEHLMAX, KOTOPbIE MPOXOAAT B Hallen CTpaHe 1 3a pyberxoMm.

Cnegylowmm BbINycK ypHana BbingeT B cBeT 30 mMapta 2013 r. 1 6yaeT npeacTaB/ieH Ha
CnefyoLmx KpynHenwmx KOHrPECCHO-BbICTABOYHbIX OTPaC/EBbIX MEPONPUATUAX:

e XI MexayHapoaHbiv aHepreTudyeckuin dopym «TIK Poccun B XXI Beke» (anpenb, MockBa,
Poccus)

o XX MexayHapoaHasa cneuvann3mpoBaHHas BbiCTaBKa «JHepreTvka v aN1eKTpoTeXHUKa»
(anpenb, CaHkT-lNeTepbypr, Poccusa)

e MexayHapoaHbln Gopym nocTaBWMKOB aTtoMHoM oTpacnn AToMIKCI0-2013 (UiOHb,
MockBa, Poccust)

o MexayHapoaHblM Hay4HO-NPaKTUYECKUIM GopyM «CUCTEMbI YNIPaBAEHUS U3HEHHbBIM LIUKIIOM
CIIOXHbIX MHXXEHEPHbIX MPOEKTOB» (MIOHb, HWMXHMI HoBropoa, Poccus).

Ecnu Bbl xOTUTE yBEPEHHO YYBCTBOBATbL Ce65 Ha PbiHKE MNOCTaBLMKOB aTOMHOW OTpacnu —
pa3mMellante MHGOPMaLMIO O CBOEW MPOAYKLMM U yCryrax Ha CTpaHuuax »KypHana «ATOMHbIN
NPOEeKT».

Mbl coeguHaem ny4qLwmx ¢ ayywmnmu!

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 customers — is of no less importance.

The next issue of the journal will come out on Murch, 30, 2012 and will be presented at the
largest congresses and exhibitions:

e Xl International Energy Forum (April, Moscow, Russia)

e XX International Specialized Exhibition «Energetika & Elektrotechnika» (April, Saint-
Petersburg, Russia)

e International Forum AtomEXP0-2013 (June, Moscow, Russia)

e International Scientific & Practical Forum «Thinkdesign and PLM» (June, Nizhny Novgorod,
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!

ATOMHBIV MPOEKT
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