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YK 681.5
HUCTOPUA CO3JAHUS, OBOJIIOUUA U PASBUTUE TIPOT'PAMMHO-
TEXHUYECKOM IVIAT®OPMBI TIITC
a.1t.1. KWIIKWH B.JI., k.1.H. HAPUII A.JT.
DeoepanvbHoe eocyoapcmeeHHoe YHumapHoe npeonpuamue « Bcepoccutickuii HayyHo-
uccneoosamenvckutl uncmunym asmomamuxu um. H.JILJyxoea» (Mockea, Poccuiickas @edepayust)

AnHoTtamusi. [lokiaj TIOCBSINEH WMCTOPUW CO3JAHMs, PAa3BUTHIO W TMPUMEHCHHUIO MPOrPaMMHO-
texamdeckort miatdopmer TIITC na ADC u apyrux sHepreTudecknx oObekTax. PaccMmarpuBaroTcs
OCOOCHHOCTH U TIPEUMYIIECTBA IIaT()OPMEI, & TAKXKE MEPCIICKTUBBI PA3BUTHS U IPUMCHCHUSI.

CREATION HISTORY, EVOLUTION AND DEVELOPMENT OF PROGRAMMNO-
TECHNICAL PLATFORM TPTS
D.Sc. VLADIMIR L. KISHKIN, PhD ALEXANDR D. NARITC
The Federal State Unitary Enterprise “All-Russia Research Institute of Automatics named after N.L.
Dukhov” (Moscow, Russian Federation)
Abstract. The report is devoted creation history, development and application of programm-technical
platform TPTS on the nuclear power plants and other power objects. Features and advantages of a
platform, and also development and application prospect are considered.

[Tporpammuo-Texuuueckas miatdopma TIITC sBusercs OCHOBOHM JJisi MOCTPOSHUS YPOBHS
apromatudeckoro ympasieHuss ACY TII ADC u apyrux SHEPreTHYECKHX M IMPOMBILUICHHBIX
00BEKTOB.

B 1993 romy Pocarom P® mnopyuun BcepoccuiickoMy HaydYHO-HCCICIOBATEIBCKOMY
uHcTuTyTy aBroMatnku (BHUHA) pa3paboTky u opraHuzanuio mporpaMMHO-TEXHUYECKHX CPEICTB
JUTSL CO3TaHMs coBpeMeHHOH KoHKypeHTocriocoOHoit ACY TII ADC poccwuiickoro au3aifHa.

CymectByromue Ha TOT MOMEHT B P® pa3paboTkm He OTBeYa COBPEMEHHBIM
MEXIyHapoIHbIM TpeboBanusM, 1 BHUWA npousBen aHann3 coBpeMEHHBIX MHOCTPaHHBIX IaTdopm
C LEeNbI0 HUX JIMIEH3UMOHHOTO NPOM3BOACTBA. bBUTM MpoaHaIM3UPOBaHBI PSIA  HPEATIOKCHUIN
aBTOPUTETHBIX 3apyOekHbIX (upm (B T.4. Westinghowse, Merlin Gerin, Siemens u T1.1.), u B
pe3yibTaTe ObUT 3aKIIIOUCH JIMIICH3UOHHBINA JTOroBOp ¢ dupMmoii Siemens Ha mepenady TeXHOJIOTHH
HOBe#ileli Ha TOT MOMeHT paspaborku Teleperm MEA. JlanHas ammaparypa Oblaa CIEIHATbHO
paspabotana ans nocrpoenus ACY TII sueprernueckux oO0bekToB. B paMkax maHHOToO Iorosopa
POCCHICKOM CTOpOHE IMepenaBajIrch MpaBa MPOU3BOIUTEH M MPOJABaTh JaHHBIE CPEACTBA U CHCTEMBI
Ha WX ocHoBe. [Ipu sToM Obula TepenaHa Bcd JOKYMEHTAlMs Ha amnmapaTHbe W MPOrpaMMHBIE
CpelCTBa,

Baxnelimium acniektom JloroBopa ObIJIO NpaBO CaMOCTOSTENBFHO MOJEPHU3UPOBATH U
pa3BuBaTh JaHHyI0 ammaparypy. BHUUWA apantupoBan KOHCTPYKTOPCKYIO M IPOTPAMMHYIO
JOKYMEHTAlMI0O Ha COOTBETCTBUE POCCHMCKHUM CTaHIapTaM, OCBOWJI TEXHOJIOTHIO IPOM3BOJICTBA,
NPOBEJl TOJNHBIA 00bEM HCIBITAHUN, TOATBEPAUBILNI BO3MOXHOCTD NPUMEHEHUS STHX M3IEIHUN IS
aBTOMATHU3AIMH TEXHOJIOTHYECKUX TpolieccoB Ha poccuiickux ADC. [lanHas ammaparypa moilyduiia
poccuiickoe o6o3nHauenne TIITCS51. B I'epmanuu Taxke ObUIM TPOBENCHBI HCIBITAHUSA,
HOATBEpMBIIKE TOHOE cooTBeTcTBUe ammaparypsl TIITCS51 u Teleperm MEA no ¢yHkimonany u
KauecTBy. B pesynbraTe 3THX pabor Obul mojamnucaHa "gewiapanms o coorBerctBuu”" TIITCS1 u
Teleperm MEA.

C 1999 rona ammaparypa TIITC51 nocrasnsnacs Ha pa3IudHbIE 3JIEKTPOCTaHINUU B Poccun u
3a pyOekoMm, B T.4. M Ha OOBEKTHL, coopyxkaemble (upmoii "Siemens". OcHamieHue OOJIBIIOTO
KOJIMYECTBA TEIUIOBBIX JHEProOJOKOB JJajl0 BO3MOXKHOCTh OPraHW30BaTh CEPHUIHBIN BBITYCK
anmaparypsl, Ipd 3TOM ObUIM OTpPaOOTaHBI TEXHOJIIOTMH TPOM3BOJICTBA M TMOJy4YeHa OOIIMpHAas
pedepeHIus npuMeHeHus 1Mo PYHKIIMOHATY U KauecTBY. B mporecce 3tux padot nmkenepsl BHUNA
OCBaMBaJIM HOBBIE TEXHOJIOTHH U KOHIIETIIINH, TIOJ0KEHHbBIE B OCHOBY CO3/IaHUS aBTOMATH3UPOBAHHBIX
CHCTEM YIPaBJICHHUS TEXHOJIOTUYECKUMH ITPOIIECCAMH.

[Ipoussoacteo TIITC ceprupuuupoBaHO TepMaHCKUM CepTU(PHUKALUOHHBIM opraHoM TUV
Ha COOTBETCTBUE TpeOoBaHMsAM craHaapta kadectsa 1SO 9001.
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3HAYUTENBHBIH TMOJOXKUTEIbHBIN ONBIT NMpuMeHeHus amnmaparypel TIITC51 Ha TemmoBBIX
DIEKTPOCTAHIIAAX  OTKPBII BO3MOXHOCTh €¢ ucHoib3oBanms B coctaBe ACYTII aTomHBIX
9HEpro6sIokoB. [lepBEIM 00BEKTOM MpHUMEHEHHs cTtayn 3-i sHeprodmok Kammawmackoit ADC (2003
rojJ). JTOT MPOEKT CTal BaXXHBIM coObITHEM, T.K. Mt ADC c peakropamu BBDOP BmepBrie Obuna
co3zaHa nuQposas cuctemMa ynpasieHus. [Ipu 3ToM OblIM peann30BaHbl CIEIYOUINE JOCTHKCHUS:

1) cymectBeHHOE coKparieHre oobema 00opymoBanus (Bcero 80 (GyHKIIMOHAIBHBIX CTOCK Ha
BCIO HOPMAJIbHYIO SKCIUTyaTalnio U 3 KaHajia 6e30MacHOCTH),

2) BIEpBBIC B OTCYCCTBEHHOI MPAKTHKE B YHPABISIOIICH cHCTeMe 0E30IMacHOCTH PUMEHEHA
1 poBast TEXHUKA

3) JOCTHrHyTa BBICOKas CTENeHb YHHGHKAIMU (SOUHBIA KOMIUIEKC CPEICTB NMPUMEHEH B
TypOMHHOM M PEaKTOPHOM OTIENICHHH, TpeX KaHaiax 0e30MacHOCTH, a TaKKe BO BCIIOMOTAaTEIbHBIX
CcHCTEeMax),

4) BBICOKAas CTEICHb ABTOMATH3ALMU YIPABJICHUS TEXHOJIOIMYECKUMH IIPOLECCAMH, HE
peanuzyemas Ha aHaJIOTOBBIX CHCTEMAX,

Ha mnpumepe Tperbero sHeprobmoka Kammaunckoirk ADC mnpoekTHbE, HalaJO4HBIE H
IKCIUTyaTHPYIOLIHE OpPraHM3allM IOJY4YWiIM OOraTblii OIBIT, OCBOMB TEXHOJIOTMHU pPA0OOTHl C
MPOrpaMMHUpPYEMON TEXHUKOH, MPOEKTHUPOBAHHUS M COMPOBOXKICHHUS KOMIUIEKCOB C NMpPHUMEHEHHEM
rpaduueckux CAIIP.

Benmen 3a Kamumamackoit ADC mocnemoBamm ADC "bymep" (HMpan) u 2 3HEprobioka
"Kymaakynam (Mumus). K Hacrosimemy BpeMeHH BbIcodaiiinas HaaeKHOCTh ammapaTypsl TIITC
noaTBepkaeHa 6onee yem 20-JTETHUM OTBITOM SKCILTYyaTaIiH.

HecmoTpss Ha yCHEUIHOCTH MEPBBIX MPOEKTOB, CYILECTBOBAJIO I[OHMMAHHE, 4YTO JUIS
COXpaHEeHHsI KOHKYPEHTOCIIOCOOHOCTH Ha MHPOBOM PbIHKE HEOOXOIUMO IMOCTOSIHHBIE MOAECPHHU3ALIUS
W pas3BuTHE amnmapatypbl. K 3TOMy MOATaNKWBalIM TOCTOSHHO YKECTOYAroIIue TpPeOOBaHUS II0
0e30MacHOCTH, HOBBIC MPEJIOKEHHS 3apyOe:KHBIX M OTeUecTBEHHBIX (upM, a Takke OypHO
pasBUBAIOIIASsICSL DJICKTPOHMKA. B CBsI3M C 3TWM, € €aMOro Hayajga MPOBOAWINCH PalbOTHI IO
coBepueHcTBoBaHuIo tatgopmel TIITC. Konuenuueit pazBuThs nperycMaTpUBAIOCh BBHIIOJIHEHHE
CIEAYIOLIUX LENeH:

- obecrieueHne KOHKYpEHTOCIIOCOOHOCTH (B T.4. HA MUPOBBIX PHIHKAX)

- pacmmpenye obaacTel NPUMEHEeHUs

- TIOBBIIIIEHHE 00BEMOB BHIITYCKa, CHIKEHUE TPYAOEMKOCTH MPOU3BOACTBA

- YIIPOLIEHUE IKCIUTyaTallui, MOHTAXXHBIX M ITyCKO-HAJIA0YHbIX paboT

- moBbIeHNE A((HEKTUBHOCTH IPOEKTHBIX paboT

- MIOBBILIIEHHUE HAZEKHOCTH M OTKAa30yCTOWYMBOCTH

- mozfiepKKa sKkcIutyaranuu 1o 30 u 6onee et

HcTounnkamu pa3BUTHUS SIBISUINCE:

- onbiT ipuMeneHust TIITC Ha oObeKTax aTOMHOMN M TEMJIOBOM SHEPTETHKH;

- OT3BIBBI, 3aMEUaHUs U MPEJIOKEHHS TOTPEOUTENEeH;

- IepeIoBbIe TeHIeHIH B o0nactu moctpoenust ACY TII;

- IEpeAOBBIE PELICHHUS] MUPOBBIX JIMAEPOB B 00JIACTH CO3JaHUS M IIPOU3BOJCTBA alNapaTyphl;

- TEHACHIINN Pa3BUTHS TEXHOJOTMHA MPOM3BOACTBA AJIEKTPOHHOM ammapaTypsl U JIEMEHTHON
0a3sl.

[Ipu 3TOM, HEYKOCHUTEIBHO COOIOIANIOCH BBIIIOJHEHUE CIIEAYIOINX IPUHIUIIOB:

1. locTr>keHHEe HOBOTO KauecTBa MPH MOJTHOM COXPaHEHHH (DYHKIIMOHATBHBIX BO3MOXKHOCTEH
anmapaTypsl MPeIbITyIEro MOKOJIeHUS

2. CoBmecTMOCTh MH)OPMALMOHHON Cpeabl ((HU3NUECKUI ypOBEHb, (hOpMAaThl TEJIerpamMMm)

3. IlocTeneHHoe BBeZieHNE alpOOUPOBAHHBIX M UCTIBITAHHBIX HOBBIX 3JIEMEHTOB CHCTEMBI

4. Pa3BuTHE MHCTPYMEHTANBHBIX CPEICTB C COXPAaHEHHEM COBMECTHMOCTH

5. Ilognepxka dSKCIUTyaTallMy B TEUEHUE KU3HEHHOTO IIUKJIA SHEProOIoKa

B pamkax maHHOH KOHLENLIMH IOCIEAOBATENbHO ObUIM pa3paboTaHBl U BHEIPEHBI YETHIPE
nokoneHus ammapartypsl TIITC.

TIITC-E. 3xeck Obuta peani3oBaHa pajuKalibHOE yIydllieHHe HHPOPMAIIMOHHOW CTPYKTYPHI,
3aKiroyarolieecss B NpuMeHeHnH TexHojoruu Ethernet ¢ comyTCTBYIOIIMM MOBBIMIEHHEM CKOPOCTH
nepefayd Mo CHUCTEMHOHM IIMHE B JECSITKH Thicsd pa3. Pa3paboTaHbl cpencTBa peryInpOBaHHS
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TypOounsl (QUCP), Ha 4TO MOJydYeH MaTeHT COBMECTHO ¢ (upmoii Siemens. [IpumeHeHO B mpoekTe
PocroB-2.

TIITC-EM.  [lanpuelimee  moBblieHHe  A(PGEKTUBHOCTH W (PYHKIMOHATHHOCTH,
coBepmieHcTBoBanue CAIIP, pa3zpaboTka cpeAcTB MPHOPUTETHOTO YIPAaBIICHHUS HCIOTHUTEIbHBIMU
MEXaHU3MaMH CHCTeM Oe3omacHocTH. [IpuMeHeHo B mpoekTtax PoctoB-3, PoctoB-4, bemosipckas-4,
Kamuuun-4, HoBoBoponexckas ADC-2 (1,2). 3akimiodeH KOHTPAKT Ha MMOCTaBKy Ha 3 U 4 DHEProOIOKH
ADC "Kynankynam" (Muous).

TIITC-HT. PagukansHO HOBasi CTPYKTypa C pasleneHrneM o0paboTku Ha ABa ypoBHs. HoBas
aneMeHTHas 0a3a, TOBBIMICHHE WH()OPMAITMOHHONH MOIIHOCTH CTOEK, CHIDKCHHE TOTpeOIsseMoit
MOIIHOCTH, CYIIECTBEHHOE IIOBbILIEHHE 3((GEKTUBHOCTH MU AWArHOCTUYECKUX BO3MOXHOCTEH.
[Tlpumeneno B mpoekrtax Jlenunrpaackoit ADC-2 (1,2) u benopycckoit ADC, psie TEmIOBBIX
anekrpoctaHimii. [lmanmpyercs k mocraBke Ha Kypckyro ADC-2. B HacTosmmee BpeMs BeleTcs
nmoctaBka Ha 2 sHeproomoka ADC Pymmyp (banrmagemr). IImatrgopma TIITC-HT ceprudumupoBana
repMaHCKUM cepTU(UKAMOHHBIM opraHoM TUV.

TIITC-Chb. CrneumanbHas JuHEWKa anmapaTypsl, IpeJHa3HaueHHas [UId IOCTPOCHMUS
ynpasisitormmx cuctem 6ezonmacaoct ADC (1,2). Ilpu paspabortke cpenctB aBromarnzanuu TITTC-
Cb yuTeH oOmBIT COBMeCTHOW paboThl ¢ ¢upmoit Siemens mo ammaparype Teleperm ME+
(Mmomudukanus Teleperm XS, anantupoBannas aist mpumenenus ¢ TIITCS51). Annapatypa peainusyer
BBINIOJIHEHHE BCEX COBPEMEHHBIX MHPOBBIX TpeOOBaHMN MO OE€30MACHOCTH, BKIIOYAs 3aIIUTY OT
OTKa3a mo obmeil npuunHe. Ha 3Ty anmaparypy mosydeH psii MaTeHTOB, BEAETCS NAaTEHTOBAaHHE B
CTpaHax MOTEHLUUAIbHOTO NMpUMEHEHHs. B Hacrosmee BpeMs B MHpe HE CYLIECTBYET ammaparypsl,
BBHITIONHSIONIEH B IIOJIHOW Mepe BceX TpeOoBaHWi, 4To momuepkuBaeT yHuKanbHOCTH TIITC-CB.
[Tnardopma TIITC-Ch cepruduimpoBana repMaHCKUM CePTHPHUKAIIMOHHBIM opranoMm TUV.

[MTomumo »sHepreruku, miargpopma TIITC axTBHO BHeApseTCss B APYTUX oOTpacisix. B
YaCTHOCTH, aBTOMAaTU3MPOBAH TEXHOJOTMUECKUH Mpoliecc Ha oxHoM u3 komoOuuHatoB 'K "Pocatom"
P®, peammzosan psin nmpoextoB B [IAO "PocHedTs", BemeTcst MOATOTOBKA psiia HOBBIX KOHTPAKTOB.

[TocTosinHO Beapercst nanpHeimas padora no paszputio miaardopmsl TIITC. Tak, nuHeiika
TIITC-HT pa3BuBaeTcs B HalpaBI€HWH COBEPIICHCTBOBAaHMUS KOMIIOHOBOYHBIX peEIICHUH,
NOBBILICHUIO  YPOBHS  YHHU(HKAaLWH, COKPALIEHWH TabapUTOB ammapaTypbl, PpPacIIUPEHHIO
byHKIMOHANA, peanu3alMi HOBBIX wHHTepdeiicoB (B uactHocth MDOK 61850, MDOK 60870),
TIOBBIIICHHUIO YCTOMYMBOCTH CUCTEMHOW MMHBI EN, mosTanHplil epexon K IpUMEHEHHIO POCCUICKOM
3JIEMEHTHOH 0a3bl.

TIITC-Cb pa3BuBaeTcss B HalpaBJICHUH pPEAIM3aLUM HOBBIX TpPeOOBaHMH NPOEKTHBIX
OpraHuzaluii, B YaCTHOCTH, BBEACHUS (YHKIHMH TalbBaHMYECKOTO PAa3MHOKEHHUSI aHaJIOTOBBIX
CUTHAJIOB.

Pacompsrorcss  BosmoxkHoctn  CAIIP. Tak, BhnepBele peann3oBaH CKBO3HOM  IMKII
NPOEKTHPOBAHMSI, BKJIIOYAIOIIUN TEXHOIOTHYECKOE MPOESKTUPOBAHKE, AMHAMHUYECKOE OTCIICKUBAHUE
TEXHOJIOTHUYECKOTO MPOoIecca, MOJETUPOBAHNE MTPHUKIIAJHBIX MTPOrPaMM, BEpH(OUKAIMIO MPUKIATHOTO
IT1O Oe3omacHOCTH U T.JI.

3aximoueHue

[MporpamMmHuo-Texandeckas tuiatpopma TIITC sBisieTcss COBPEMEHHBIM CPEICTBOM  JIJISI
coznanust ACY TII ADC, a takxe Apyrux 3HEPreTHUECKUX U IPOMBIIIJICHHBIX O0BEKTOB.

[Mpumenenue u ycnemHast skciuryaraiust TIITC Ha 15 sneprobmokax ADC, 6onee uem Ha 40
00BEeKTax TEMJIOBOW JHEPreTHUKH, a Takke Ha OOBEKTaX aTOMHON M He(TSIHOW MPOMBINLICHHOCTH
MOATBEPKAACT BBICOKHI Hay4YHO-TEXHUYIECKUI YPOBEHB, BBICOKOE Ka4eCTBO u
KOHKYpeHTocnocoOHocTh tuatgopmsl TIITC.

IToctosinHOE coBepmiencTBoBanme u pazButue TIITC obycnaBnvBaeT manmpHEIIee MIMPOKOE
npumenenue 1iatgpopmel TIITC s aBromarmzamum ADC M ApYrHMX SHEPreTUYECKUX U
MPOMBIIIJIEHHBIX 00BEKTOB.
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YK 62-519:004.5
OCOBEHHOCTMH PE3EPBHOI'O YIIPABJIEHUS, PEAJIU30OBAHHOI'O JJI51
OIIEPATUBHOI'O TEPCOHAJIA BEJIOPYCCKOM A3C
I'PUTOPBEB M.C., MACJIOBA K.A., CEPT'EEBA W.H.
QI'VII «HUTH um. A.1l. Anexcanoposa,
(Cocnosviit Bop Jlenunepadckoti obaacmu, Poccuiickas @edepayus)
AnHoTanusi. B crathe ommMcaHbl OCHOBHBIE OCOOCHHOCTH UYEJIOBEKO-MAlIMHHOTO HHTEpdeiica
PE3EPBHBIX CPEICTB KOHTPOJISI W YIpPABIEHHUS OINEpaTUBHOrO mepcoHana bemopycckoii ADC,
paccMOTpeHbl UX (QYHKIUH B YacTH MPEIOCTaBICHHS WHMOPMAIMM W OPraHU3al[iH yIPaBICHHUS.
[IpencraBneHsl TpuUMepsl KOMIIOHOBOK ¥ Ha3HAYCHHWE PAa3IMYHBIX THIIOB IaHENeH pe3epBHOTO
ynpasieHus. JlaHbl KpaTkue cBeleHHS 00 0O0beME pPEaTM30BAHHOTO UEIOBEKO-MAITUHHOTO
uHTepdelica U aBTOMATU3AIMH PACCMATPUBAEMOTO TIPOEKTA B IIEIIOM.
KawueBble cioBa: aBTOMAaTU3UPOBaHHOE pabovee MecTo; ONIOYHBIN MyHKT YIPABICHHUS; MO3auvHAs
MaHEJb; PE3EPBHOE YIPABICHHE; YSIIOBEKO-MaIlIMHHBII HHTepdEiC.

MAIN FEATURES OF STANDBY CONTROL AND MONITORING OF BELORUSSIAN NPP
OPERATING PERSONNAL
M. GRIGOREV, K. MASLOVA, |. SERGEEVA
Federal State Unitary Enterprise Alexandrov Research Institute of Technology
(Sosnovy Bor, Russian Federation)

Abstract. The article describes the main features of human-machine interface of standby control and
monitoring devices of Belorussian NPP operating personnel, their functions regarding providing
information and the organization of management are considered. Examples of configurations and
assignment of various types of backup control panels are presented. Information about the scope of
developed human-machine interface and automation of the project is supplied.

Keywords: automated workstation; main control room; mosaic panel; backup control; human-
machine interface.

Beenenue

[IpoekTsl MyHKTOB ympaBieHHs TepBhIX ADC BKIOYaIHM OONBIIOE  KOJHYECTBO
ANEKTPOMEXaHHYECKUX MTPHOOPOB, TA0JIO M KITIOUEH, pacipe/e/ieHHbIX Ha OOJIBIION TUTOIAAN aHeneH
u mynbToB. IIyHKTBI ympaBneHus nepBbIX cepuiiHbiXx ADC 100aBUIM B KOMIIOHOBKY IaHesei
AKTUBHBIE MHEMOCXEMbI, OTPaKAIOLINE COCTOSHME OOOpYAOBaHMS B JAWHAMHKE, M CTand OOJIbIIe
OpMEHTHPOBAThCA Ha TEXHOJOTHMYECKYIO0 CTpPyKTypy. CBeToBas WHAMKAIMA B CTaTHMYECKUX
MHEMO3Hakax oOopynoBanusa npoekroB BBOP-440 n BBOP-1000 «mainoit» cepuu, HCHOIb30BaHHUE
CHELUAIbHBIX JIIOMUHECLICHTHBIX MaHesel ¢ ¢pparmMenraMu MHeMocxeMsl it PBMK u coBmenienue
MHEMOCXEMBI C IPUOOpPaMH U CPEJICTBAMH YITPaBIeHUS (KJIFoUYaMu, KHOITkaMu) B ipoexte BBOP-1000
«OOJIBIIION) CEPHU 3HAYUTEIIHHO MOBBICHIIM KA4eCTBO YEJI0BEKO-MaIIMHHOTO HHTepdetica (UMU).

C 70-x rr. HayajgoCch KOHCEPBAaTUBHOE BHEIPEHHE KOMIBIOTEPHBIX JHUCILIEEB Kak
BCIIOMOTaTEIbHOI0 CPEACTBa Il 0TOOpakeHUs1 MH(OpMaIK, HE CBSA3aHHOW ¢ 0€30MacHOCTHIO, YTO
NPUBEJIO K IOCTENICHHOMY BBITECHEHHIO TPAIUIMOHHBIX aHAJIOTOBBIX MPUOOPOB M KIIOUEH U3
KOMITOHOBKH OJI04HBIX TyHKTOB yrpasieHus (BITY) u 3aMeHOil WX Ha KOMITbIOTEPU3UPOBAaHHbIC
CpeAcTBa YNpaBJCHUS M OToOpakeHMs HHPopManuu. B pesynbrare B HEKOTOPHIX IPOEKTaX,
Hanpumep, ¢upmer Mitsubishi [1], oT TpagunroHHBIX TPUOOPOB U KITIOYEH OTKA3AINCh MPAKTHIESCKH
MIOJTHOCTBIO.

B kadecTBe OCHOBHOTO CpEICTBAa YNPABJICHUS TEXHOJOIMYECKHMM IPOLIECCOM B MPOEKTE
Benopycckoit ADC (a Takke pedepentHoit s Hee Jlenunrpaackoit ADC-2) Takke HUCMIOIb3YIOTCS
aBTOMATHU3UPOBaHHbIE paboume Mecta (APM) ¢ aucrmedibiM cnocoOoMm ympaBneHus. OgHako
TPaJULMOHHBIM ITyJIbTaM M IaHEJISIM OTBOAMTCS BakKHAs POJb. B maHHON craThe, B OCHOBHOM, OyAyT
paccMOTpeHBbl OCOOCHHOCTH PE3ePBUPOBAHUS KOHTPOJS U ynpasineHus ¢ BIIY xak ocHOBHOro mecTa,
o0ecreurBaronIero JOCTHIKEHUE OCHOBHBIX Iened skciuryaranuu ADC: ynpamiseMoll BbIPaOOTKH
AIIEKTPOIHEPTHH M MIPEIOTBPAIICHHS BRIOPOCA PaIHOAKTUBHOCTH B OKPYXKAIOIIYyI0 cpeay [2].
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O Heo0X0IMMOCTH pe3epBHOIO YNPaBJIeHHUA

OCOOCHHOCTBIO ACATCIIBHOCTH OIEPAaTHBHOTO TIepcoHanma CcoBpeMeHHBIX ADC sBisercs
OTCYTCTBHE HEIOCPEJACTBEHHOTO KOHTaKTa C YIPABISIEMBIM TEXHOJOTHYECKHM OOOpYHOBaHHUEM H
YIAIEHHOCTh OT HET0, YTO, C YYETOM CJOXHOCTH OOBEKTa YHpaBieHUs, TpeOyeT mnepeaadd u
00paboTkm OoJpIIoro o0beMa nHpopMaruu Ha 010uHBIH, pe3epBHEI (PITY), neaTpansusrii (LITY) u
MECTHBIE ITYHKTHI YIIPABICHUS.

[IpenycMoTpeHbl creayrolmye MecTa, MpeAHa3HAadeHHbIE S aBTOMAaTHU3MPOBAHHOTO
JUCTAHIIMOHHOTO YIIPaBJICHUS:

1. Jucnneitapie paboune craniuu APM;

2. IlaHenbHBIE CEKIMM C MaJOTa0APUTHBIMH MO3AaMYHBIMH JJIEMEHTAMH YIIPABICHUS H
KOHTpPOJIA (anee — «MO3auvYHbIC TAaHEIIH»);

3. Texumueckne cpeacTBa KOHTPOJS W YOpPaBIEHHUS, pAacCMOJOKEHHBIE [0 MECTy
(pa3merieHHBIE B HETIOCPEACTBEHHOM OJIM30CTH OT 000PYIOBaHUS).

VYnpaBneHue Mo MecTy, Kak MPaBHIIO, MCHOJb3YeTCa A 000pyd0BaHUs, UCIIOIB3YEMOro B
NEepUoJ TEXHUYECKOTO OOCITYy)XMBaHHS W PEMOHTa M HE MpEeIHA3HAYCHHOTO Ui ONEPaTUBHOTO
YIpaBIeHHS, PACIIONIOKEHHOTO B MECTaX C YCIOBHAMH OKpPYXKAIOIIEH Cpefpl M TOCTYHHOCTBIO,
o0ecreyrBaloIIMMU BO3MOKHOCTh YIIPaBJICHHsI IEPCOHAIIOM O MECTY.

Heo0xomumocTs ynpaBieHus ¢ naHesnei 00ycinaBIrBaeTcsl CIeAyIOMNMU (aKTOpaMHu:

1. CormacHo mo3uitnu EBpOMEHCKUX SAEPHBIX peryisatopoB [3] mo orpaHHYeHUsIM IO
3asIBIIIEMOI HAJEXKHOCTH, BBICOKAs HAJIEKHOCTh MPOTPAMMHBIX CPEICTB HE MOXKET OBITh JTOKa3aHa
COBPEMEHHBIMU METOJAMHU U K MOKA3ATENAM HaJeKHOCTH KOMIILIOTEPHBIX cucTeM Bhilie 10 ciexyer
OTHOCHUTBCS C OOJBIION OCTOPOXHOCTBIO, a 3HAYUT TpeOyeTcs COYeTaHHe MPOTPaAMMHPYEMBIX H
HENPOTPaMMHPYEMBIX TEXHUIECKHUX CPEICTB;

2. Orka3 cucteM cOopa u 00pabOTKH JMaHHBIX (HAIPUMEpP, CUCTEMBI BEPXHETO OJIOUHOTO
yporus (CBBY), obecnieunBaroiieii paboTy KOMIbIOTEpU3UpOBaHHBIX APM) He J10/KeH IPUBOAUTD K
yrpo3e 6€30MacHOCTH WM HEOMPaBIaHHBIM SKOHOMUYECKHM TTOTEPSIM B paboTe craniuu [2];

3. Jns ynoBJETBOpPEHHsS HOPMAaTHUBHBIX TpeOoBanuii [4] (mo kmaccam 00OpyJIOBaHuS),
yrnpasieHue cucreMamu OesomacHoctd (CB) B 3aBUCHMOCTH OT peXHMa 3KCIUTyaTal[uH
TIPOU3BOAUTCS:

- aBTOMATUYECKH TPH IOMOIIU YIIpaBIstonux cucteM oe3omnacHoctH (Y Cb);

- JIUCTaHIIMOHHO C MO3aWYHBIX MaHeNleld MpHU OTKa3e MHUIMHMPYIOIIEH YacTH CUCTEMBbI
ynpasnenus ¥ 3amuThl (CY3) u YCb nwnn npu HeoOXOAWMOCTH HMHAMBUAYAJIBHOTO YIPABICHUS
OTJIENIBFHBIM 00OPYIOBaHHUEM TTOCIIE UCTEUSHHS BpEMEHH 3aIpeTa Ha YIIpaBlIeHUE, BOSHUKAIOIIETO MPH
3aIlyCKe COOTBETCTBYOIEH QyHKImu O0e3omnacHoctu (DB);

- JguctaHiMoHHO ¢ APM s pernameHTHBIX paboT (Hampumep, MNEPUOJMUECKUX
UCTIBITAaHUH, Hanaaku) Npu HopMmanbHOW skcmyatauun (HO). Ilpum stom, xomanaer ot CBBY
MPOXOJAT Yepe3 MOJIYJU MPHOPUTETHOTO YIPAaBICHHS, Ha KOTOPHIE TaK)Ke MOJAIOTCS CUTHAIBI OT
naHeseil pesepBHOrO ynpapienuss u naHunuupyomnieit yactu CY3-YCb mo npoBOJHBIM CBSI3SIM, YTO
rapaHTUPYET BHITIOTHEHHE 3AIMUTHRIX KOMaH]] C OOJBIINM IPUOPUTETOM.

Henocpencreenno otka3 CBBY He BbI3bIBa€T OTKIOHEHUH TEXHOJIOIMUECKUX [MapaMeTPOB, HO
NPUBOJUT K TMOTEpPe HEpe3epBHPOBAHHBIX (YHKIUH KOHTPOJS U YIpaBJICHHUS OOOPYIOBAHHEM.
PaccmoTpumM opranuzanuio MyHKTOB ynpaBieHus (Ha npumepe BITY kak ocHOBHOTO MecTa KOHTPOJIA
Y YIIpaBIJICHUS 3a7]a9aMU BBIPAOOTKH JIEKTPOIHEPTUU U 00ecTiedeHns 0e301MacHOCTH ), YTOOBI BHISIBUTH
OCHOBHBIE CITy4an, KOTOPbIE TPEOYIOT HCIIOIb30BaHUS PE3EPBHBIX CPECTB.

00 opranu3anuy NyHKTOB yNpaBJIeHHUSA

BI1Y npeanaznaueH ans oGecrieueHust 3¢pekTHBHOrO M 0€30MacHOr0 LEHTPATM30BaHHOTO
aBTOMAaTH3WPOBAHHOTO  yINpaBieHUs obopyaoBanuem cucreM HD  (BKiIo4as  KOHTPOJb
OKCIUTyaTallUOHHBIX MpenesnoB U ycnoBuit), Cb ©u coenuanbHBIMH TEXHUYECKUMH CPEICTBAMHU
ynpasieHus 3anpoekTHeiMH aBapusivu (3IIA) npu HD u HapymeHMsX HOpPMajbHBIX YCJIOBUH
skcruyaraiu (HHYD), Britrouas npoekTHbie aBapun [4].

B npunsaroit opranuzannn APM, MO3anuHBIX NTaHEIEH U 3KpaHa KOJUIEKTUBHOIO NIOJIb30BAHUS
(BKII), a Takxke B 00beMe BO3MOKHOCTEH, MPEACTABIAEMBIX CHCTEMON KOHTPOJISL M YIPABICHUS, JUIsI
BCEX PEKUMOB IKCIUTyaTallui 00pa3yroTcs OCHOBHASI, BCIIOMOTATeNIbHAS U pe3epBHAst 30HBI KOHTPOJIA
u ynpasienus. Kommonoska BITY npencrasiena Ha puc. 1 (moapo6uee B [5]).
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OcHoBHas onepaTUBHAasI 30HA peAHa3HAUYEHA IS

- KOHTPOJS ¥ YIpPaBIEHUS OCHOBHBIM OOOpyIOBaHWEM peakTopHOW ycraHoBku (PY) m
TypouaHO# ycTanoBku (1Y), mpeaHa3HaueHHBIM 711 HAJIEKHOM BRIPAOOTKH IEKTPOIHEPTUH;

- KOHTPOJI O€30MacHOCTH;

- nH)OPMAITMOHHON MOAIEPIKKH TIepCOHaa.

BcemomoratensHas onepaTuBHas 30HA IpeJHA3HAYEHA IS

- KOHTPOJISL ¥ YIPaBJICHUS BCIIOMOTaTeNbHBIM o0opynoBanuem PY u TV

- KOHTPOJIA U YIIPaBIIEHUS CPEACTBAMHU MOXKAPOTYIICHHUS.
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Puc. 1. Kommonoska BITY

Pe3epBHas onepaTtrBHas 30HA yIpaBlIeHHS IpeIHa3HAuYCHa IS

- KOHTPOJISl ¥ YIIPaBJIeHNUsI MUHUMAJIbHO HEOOXOOUMbIM 00beMoM oOopynosanust HO PY, TV
U 3JIEKTPOCHAOXKEHUsS] COOCTBEHHBIX HYXI NPH MEPEeBOJE IHEProOIOKa B COCTOSHHE «XOJIOIHBIN
OCTaHOB» IIPH MOJIHOM OTKa3€ CPEICTB OCHOBHOM ONEPAaTUBHOW 30HBI YIPABIECHHS U BOZHUKHOBEHUU
MIEPEXOHBIX PEXMMOB HIJINM HEBO3MOXKHOCTH BoccTaHoBieHHs CBBY B TeueHme ycTaHOBIEHHOTO
nepuoja BpeMEHHU (KakK MpaBWiIo, 2 4acoB NPH YCJIOBHU HOJJAEPKaHMS CTAllMOHAPHOTO PEXUMa U
BBEICHUH 3allpeTa Ha TEXHOJIOTUYECKUE MEPEKITIOUEHHS);

- KOHTpOJISI BBINOJIHEHUS 3alIUTHBIX nporpaMM @b M uX pe3epBHOrO AWCTAaHIIMOHHOIO
3aIyCcKa IpU OTKAa3€ aBTOMAaTHYECKOTO 3aIlyCKa;

- UHJUBHYaIBHOTO yrpaBieHus obopynoBanuem Cb, 3aneiicrBoBanHoro npu pabore Ob, B
CBS3M C HaJWMYMEM TPHOPUTETOB PAa3JIMYHBIX CHOCOOOB YNpaBieHUS (HU3KUA TPUOPHTET
JUCTAaHIIMOHHOTO aBTOMAaTH3MpPOBAHHOTO ynopasileHuss ¢ APM 1o CpaBHEHHMIO C BBICOKUM
npuoputeToM KoMaHa YCh 1 KoMaHl OT MO3aWYHBIX TAHEJNICH), a TAKKE UCXOJS U3 OPTaHU3AIMOHHO-
TEXHUYECKUX OrpaHMdYeHuil npu pabore B ycrmoBusix HHYD mocne 3aBepuieHuss BpeMeHH
HEeBMEIIATEILCTBA, obecreunBaemMoro YCBb.

PesepBHas oneparuBHas 30Ha BkiodaeT APM cnencucrem, OKII 1 Mo3andHbIe MaHENH.

KomnonoBka BIIY  sBngercss HECUMMETPUYHOH OTHOCUTEIBHO UEHTPaJIbHOH  OCH.
LenTpansubiM anemenToM siBisierca OKII, cocrosmmit u3 8 sxkpanos. Cnesa ot OKII pacnonoxeHst
nanenb ynpasienus 3IIA, nanenu ynpasienuss Cb m @b (mo 2 Ha kaHanm 0e30HacHOCTH C
obecrieueHneM (U3NYECKOTO ¥ TaIbBAHWYECKOTO pa3/eleHHs KaHaJIOB) M IaHENb KOHTPOJIA
TIOJIOXKEHUS TPYIIIT opraHoB perynupoBanus CY3 u HEHTPOHHO- PU3HUYECKUX IMAPAMETPOB PEAKTOPHON
ycraHoBKH, cripaBa — nanenu DY CH, nog OKII — pesepBHoro ynpasienust odopynoBanreM HO PY u
TY. Paccmotpum mnoapoOHee OCOOCHHOCTHM OpraHu3alMd M NPUMEHEHHs IaHeleld pe3epBHOrO
YHpaBIEHHS.
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Opraan3anusi MO3aHIHBIX MaHe el

B ocHOBHOM naHenu NPUMEHSIOTCS Ha 0JIOUHOM M PE3€PBHOM IIYHKTaX YIPAaBIEHUS, OJHAKO
TaKKe TPAJAULIMOHHO UCHOJb3YIOTCS JUIsl YIPABICHUS BbIIAYEH 37eKTpo3Heprun B cethb ¢ LITY.

Jist maHesneit HCnoab3yI0TCs CIeAYIOINE KOHCTPYKTUBBI:

- CEKIMM YIpPaBIEHUS U KOHTPOIS C pasMepoOM BepTHUKaNpHOW uacTu - 800x%1250Mmwm,
mynpTOoBOM uactu - 800x625mm. TlomoOHbIe cekiuu ucmonb3ytores s naHenedt Cb, CY3, 3I1A,
anekTpuyeckoil yactu (OY) cobcrBennsix Hyxa (CH);

- CEKUHUH yMpaBlIeHUS U KOHTPOJS «POSUILHOTO» THMA C Pa3MEpOM BEPTUKAIBHOW YacTH -
1000%250mm, myneToBoi yactu - 1000x625mm uist pazmerienus naneneit HO (mox OKI);

- CEKIMU YIPAaBIEHUS W KOHTPOJS C pa3MepoM BepTHKaIbHOH uyactu - 1700x1250mm, Ge3
mynsTOBOM yacTh. [lomoOHbIe cexnny ucmonb3ytores s naneneit LITY.

B sueliku manenell ycTaHaBiIMBaloTCs ManorabaputHbie (25x50Mm, 25x100mMM, 50x50MM,
50x100mm, 100x100 mm) Tabio, mpUOOPH U TMHAMUYECKHE 3JIEMEHTHI CUTHAIM3AINY U YIIPABICHUS,
TakuM o0pa3omM, pabouee moje HabHWpaeTcs KaK MO3aWKa M3 HEOOJBINX CTAHAAPTHBIX AJIEMEHTOB.
YacTh MO3aMYHBIX SYEEK MaHeJeld 3aloJHAIOTCS MHEMOHHMYECKUMH CHMBOJIAMH  (<UTHHHUSIMED
TpyOONIpPOBOAOB, M300paKEHUSIMH OOOPYNOBaHUS W T.I.) U TEKCTOBBIMH HAAMUCSIMU (HAAMUCH HA
TabJI0 TIPENCTABISIIOT CO0OW KpPaTKOE TEKCTOBOE COOOIIEHHE, MO3BOISIONIEe HACHTU(OUIINPOBATH
coObiTHe WU OTKIOHeHHe). OOmuit 00beM aKTHBHBIX JJIEMEHTOB KOHTPOIS W YIIPaBIICHUS,
pasmemennsix Ha manensx bBITY, PIIY wu LIIY cocranser Oonee 6000 emunmu. IlompoOnas
MHpOpMaLUs O KOIMWYECTBE MaHeNeH U pa3IMyHbIX BHIOB MPHOOPOB, pa3MELICHHBIX HA MAaHENAX, Ha
npumMepe pedepentHoro 1 6moka Jlennnrpanckoit ADC-2 mpencTaBieHa B Ta0IHIIE HIDKE.

Taéauua. Q01K 00BEM JIEMEHTOB MO3aUYHBIX [TAHEIEH

T nanem Komuectso BITY/PITY

[Tanenu Tabmno ITpuGopsr YnpasieHue Curnanuzanus Hroro
[Manenn 3I1A 1/0 51/- 100/- 57/- 22/- 230/-
[Tanenu ®b 8/8 536/484 251/251 930/890 40/40 1757/1665
[Manens CY3 1/1 78/71 22/16 12/10 -/- 112/97
[Tanemn HO 4/4 9/14 111/116 191/194 19/19 330/343
[Manemm 94 CH 3/0 186/- 107/- 128/- 20/- 441/-
HWroro BITY/PITY 17/13 860/569 591/383 1318/1094 101/59 2870/2105
anemn LHITY 6 482 241 424 23 1170
Bceero 36 1911 1215 2846 183 6155

[Ipu »3TOM crnenyer OTMETUTh, YTO JJIEMEHTHl YIPAaBICHHS TakkKe MPeAOCTaBISIOT
urdopmaiuo o cocrosiauu (3akpbiT/Ocranoinen/Otka3/OtkpbIT/[IyiieH/v T.10. Ui HCTIOTHUTEIbHBIX
MEXaHU3MOB, a TaKXe AONOJHUTENbHbIE CHUTHAIBI peXuMa (pydyHOH WM aBTOMAaTUYECKUH) IS
TpyNIIOBOTO YIPABJICHHUS) YIPaBIIEMOro 000pyA0BaHMs, a HPUOOPHI OTOOPaXKAIOT NMPeLyCMOTPEHHBIE
Juisi apametpa ycraBku. s cpaBHenus, Ha BITY sneprodnokos BBOP-1000 «Oonbmioit»y cepuun
OTIepaTUBHBINA KOHTYp coaepkutT okoso 300 mokaspBatommx npudopos, 700 CUTHAJIOB O TIOJOXKEHUH
apmartypbl, 1600 Tabmo curHanusamuu [6]. Takum 00pa3oM, HECMOTPS Ha «PE3EPBHBIN» CTAaTyC,
COBpEMEHHBIE MaHEeI! MPEIOCTABISIOT 3HAYUTENBbHBIA 00beM HHPOPMAIINH.

Cekiuu pe3epBHOTO ympaplieHuss obopymoBanueM HD PY u TV (puc. 2) comepxar
MHUHMMAJIBHO HEOO0X0OuMMoe o0opyaoBaHHE BCIIOMOraTelbHbIX cucteM PV, a Taxke obopynoBaHue
KOHJIEHCATHO-TITATEIbHOI0 TpakTa, Oalinaca TypOMHBI M CBEXKETO Mapa JAJisl yIpaBieHHs IePeBOIOM
9Heprobioka B «X0JIOHOE COCTOSTHUE) ITPH TIOJTHOM OTKAa3€ «IUCIIIICHHBIX» CPEJICTB YIPABICHHUS.

Cexuun ynpasnenus Ob (koMnoHOBKa NpencTaBieHa Ha PHC. 3) MpeJHa3HAYECHBI JJIS:

- KOHTPOJIS 3aITyCKa 3allUTHBIX ITporpamm @b;

- KOHTPOJISL BBIIIOJIHEHUS 3alUTHBIX iporpamMm Ob;

- KOHTPOJISI CUTHAJIM3AIUN O HEUCTIPAaBHOCTH 00OPYIOBAHHUS;

- IMCTaHLUMOHHOTO 3aIycKa 3aluTHBIX mporpamm Ob;

- ympasneHus obopynoBanneM Cb mpu HalnW4uy MOCTYJIMPYEMOTO HCXOIHOTO COOBITHS B
CiIy4ae 0TKa3a 3alUTHBIX nmporpaMM @b 1 1Mo ucTedeHnn BpeMeHN HEBMEIIaTeNbCTBa,;
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- YOpaBIICHHUS IEPEBOJOM DHEProOioKa B COCTOSHHE «XOJIOMHBIM OCTAaHOB» IIPH OTKa3e

CBBbY.
BepTHKaqbHASL L L v 1 9 o ]
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E_ﬁ i JIEMEHTaMH
®
Knomku == YIPaBIECHHI
KBHTHPOBAHHS. By = 000pyI0BaHHEM
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KOMaH[ r
Puc. 2. KoMnoHOBKa MaHenu CUCTEM HOPMAIBHOU AKCILTyaTaluu
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HPOEKTHEIX
HCXOJHBIX COOBITHH
TIpHGOpPHI KOHTPOIIA K
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6€30IaCHOCTH TI0 FaUMCHOEatAA
kanany ®b ] bymxumi
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TaGJI0 CHTHAIA = HaMATHSAIYCKA
pa3penIeHusI = ——
yIIpaBIeHHA
JHCTAHITHOHHOTO
PE3epBHOTO 3aImycKa
Moxymn Ob
HCTAHITHOHHOTO
YIpaBIeHHA
000pyJ0BaHHEM
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KBHTHDPOBAHHA, SIEMEHTaMH
TECTHPOBAHHA H YIOpaBICHHS
TOATBEPKICHHA 000pyZOBaHHEM,
KOMAaH]{ peammsyromuma Ob
Puc. 3. Komnonoska cekmuu nanenu ©b
Cexuus ynpasnenus 3I1A npennaznaueHa ass:
- KOHTPOJIS TIPEeAETHHBIX 3HAYEHU BOJOPOIHON B3PHIBOOE30IIACHOCTH, aKTUBHOCTH BO3/IyXa B
T'O;

- KOHTpPOJIS MapaMeTPOB JIOBYIIKK PacIuiaBa M yIpaBieHUs 00OPYHIOBaHHMEM IIOAIEPKAHMUS
YCIIOBHI OTBOJA TETIA OT PeaKTopa M JIOBYIIIKH;

- KOHTPOJIS ¥ CHIKEHUS JaBJICHHS B PEAKTOPE TIPH pacIlIaBICHUN aKTUBHOM 30HEI,

- YOpaBJCHUS TMACCHUBHBIM OTBOJA TEIIa OT AaKTHBHOW 30HBI U TEPMOOOOJIOUKU TIPU
00€eCcTOUYMBaHUU.
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CeKuMs CUCTEMBI YIIPABICHUS U 3aLUTHl peaKTOpa MpeaHa3HaueHa JUIs:

- cUTHajmM3alud O (OPMHPOBAHHM YCIOBUM CpadaThIBaHUS 3alUTHl PEAKTOpa B KaKIOM
KOMIUIEKTE;

- MHOUKALUHU TI0JIOKEHUS TPYII OpraHoB peryiauposanus CY3;

- MTHOUKAIMYA HEUTPOHHO- PU3MUECKUX TTapaMETPOB PEaKTOPHON YCTaHOBKH;

- ONITUKO-aKyCTHYECKON CUTHAIM3ALMNA KOHTPOIIA IIpoliecca eperpysKy;

- UTHULIMAJIN3a1Y aBapUIHOM 3aIUThl PEaKTopa;

- KOHTPOJIS TOTOBHOCTH U Tiepruondeckoit nmpoBepku Gyakmmiit CY3.

Pacnionoxxenne wuHGOpMalMM W OPraHOB YNPABICHWS HA [aHENAX BBIIONHSACTC C
COOJIIOJICHHEM 3PrOHOMHYECKHUX TPeOOBaHUM M KOMIIOHOBKOW WMH(OPMAIMH MO BaXXHOCTH (CBEPXY
BHU3) M IO peuiaeMod 3agade ¢ yHU(UKaIMeHd MO3aWYHBIX JIEMEHTOB IO BHAY, CBOICTBaM U
INPUHLOUIIAM KOJUPOBAHMS COCTOSIHMA M IpuopureTa. s KOOWUPOBaHWS  HUCHOIB3YIOTCS
KOMOWHHMPOBaHHBIN M30BITOUHBIN MOAXO0J Ha OCHOBE M3MEHEHHs (hopMbI (pa3Mepa), pacrooKeHHUs,
[[BETAa, 4YacTOTHl MWIaHWS, a TaKKe 3BYKOBOE U CHMBOJBHOE (TEKCTOBOE) KOAWPOBAHHUE.
IIpenycMOTpeH Kak MHHHMYM JABYXCTYHEHYATblil aJIrOpUTM BBOJA YINPABISIOIIMX BO3ACHCTBUIL:
OJTHOBPEMEHHBIM Ha)KaTHEM KHOMKK BbIOOpa KOMAaHABl Ha MO3aMYHOM OJJIEMEHTE M KHOIKH
TOATBEPXKICHUS, JTHOO 3a CUET KCIOJNb30BAHUS KIIOUYEH WIM KHOTMOK C OTKHIBIBAIOLIMMUCS
KpBIIIKaMU. BplmonHeHne momgoOHBIX JOMOJTHUTENBHBIX ACHCTBUN (IO 334aHUIO U IOATBEPKACHHUIO
KOMaHJ), HENOCPEACTBEHHO CBA3aHHBIX C YNPaBJICHHEM TEXHOJOIMYECKHM IpoueccoM (T.e.
«TIEPBUYHOI EATENBHOCTHIO), MPEIOTBPALIAeT OMIMOOYHbIC H/WITH HENpeIHAMEPEHHBIC ACHCTBHS.

CHmxeHMe pacCeMBaHHMsA BHHMMAHUS M YTOMISIEMOCTH TaKXKe JOCTHTacTCsl MPUHIUIIOM
«IIPUTTYLIIEHHOTO DKPaHa», KOTOPBIM MMOApa3yMeBaeT UCIOIb30BAHKUE MACTENBHBIX I[BETOB ¢ HU3KHM
KoHTpacToM A7 HD u npumeHeHre SpKuX U KOHTPACTHBIX IIBETOB JJISl BU3YyaJTU3allUN OTKJIOHEHUH.

T'oBopst 0 pe3epBHOM yMpaBICHHUHU, TAKXKE CIENyeT OTMETHUTh HEOOXOAMMOCTh OpraHW3aIH
PI1Y, obecneunBaromero BO3MOKHOCTh HEIIPEPHIBHOI'O KOHTPOJISL COCTOSIHUS PEaKTOpa, ero nepeosa
B TOJKPUTHYECKOE COCTOSHHUE, PACXONAKMBAHMSA M MOIAEPKAHHA CKOIb YTOAHO IOJTO€ BpeMs B
MIOJKPUTHYECKOM M PACXOJIOKEHHOM COCTOSHHMH, a TaKXe YIpPaBJICHHUS TEIIOOTBOAOM OT OacceliHa
BBIJICP)KKA TPU HEBO3MOXKHOCTH ympaeieHus ¢ BIIY [4], Hanpumep, B pe3yibTate IMoKapa,
3aTOIUICHUS W JPYTUX COOBITHH, BBIHYXJAMOIMINX OIEPATHBHBIN TMepcoHanl TOKWHYTh bBITY.
Ousnueckoe pazfelieHHe W IMPOSKTHBIE MEpbl M0 aBTOHOMHOCTH M TOXKapHOW 0e30MacHOCTH
UCKITIOYAr0T oJfHOBpeMeHHyto moTepio BITY u PIIY mo oOuield mpuuuHe, a penieHus, MPUHATHIE B
YCBb, olecrneunBalOT KOHTPOJIb M YIPAaBICHHWE C OAHOIO W3 IOCTOB NpH morepe Apyroro. llpm
HopMaibHOM (yHKInoHUpoBanuu BITY ympasnenue ¢ PITY 3a0nokupoBaHo, a MOCIE BBIOJHEHHUS
npoueaypbl nepeBoda ymnpariieHuss Ha PIIY wuckiro4aeTcs BO3MOMKHOCTb IPOXOKIEHUS JIOXKHBIX
curHaioB ¢ BIIY. Pacnpenenenve ¢yHKOuii Mexzmy aBTOMaTHKOW W omepatopom i PITY
AHAJIOTUYHBI pelIeHUsIM, TpUHATHIM A BITY, a UMM uneHTrYeH ¢ TOUHOCTBIO JO OTCYTCTBYIOLIUX B
PITY ¢ynkuuii.

3aki0ueHue

CTpykTypa © COCTaB amnmapaTHO-PEaM30BAaHHBIX MO3aWYHBIX TaHened, (U3nvecKy,
rajibBaHU4YeCKH U (YHKIIMOHAIBHO OTACICHHBIX OT OocHOBHOro UMM, peanmszoBanHoro Ha APM,
MO3BOJISIET KOHTPOJHMPOBATH COCTOSIHHE TapaMeTpOB O€30MacHOCTH W COCTOSHUE O0O0pYAOBaHUS,
BJIMSIONIETO Ha OCHOBHOW TEXHOJIOTMYECKUH Tpoliecc U Ha 0€30MacHOCTh OJIOKA, a TAKXKE YIPABISTH
obopynoBannem Cb mpu oTKaze MX aBTOMATUYECKOIO 3alyCKa HJIM IIOCJIE WCTEUEHHUS BPEMEHH
3ampeTa Ha yIpaBIeHHWE MOCTe 3alycka, Ha OAHOM WH(OPMAIMOHHOM IIONIe TPH IOJIHOM OTKa3e
CPEJCTB UCIUICHHOTO YIIPABICHUS WK NEPEXOE K MPOCKTHHIM aBapUsIM.

Crapass mpoOiemMa TPOMO3IKOCTH W YHH(DHUKAIUKA DIIEMEHTOB ITaHENeH OBUIM pEIIeHBl C
MOMOIIIBIO TIEpeX0jia Ha «MO3aUYHY0» TEXHOJIOTHI0, OCHOBHBIE TTPOOJIEMBI KOTOPOU (Majble pa3Mepsl
AJIEMEHTOB, HE IO3BOJISIOLIME HANEKHO CUUTHIBATH MOKA3aHMSI HA PACCTOSHUM, MEPErpy>KEHHOCTh
npuOopaMu W OpraHaMH YIpPaBJI€HHUS) HHUBEIMPYIOTCS PEKUMOM WX HCIONB30BAHUSA: TTaHEIH
BBICTYNAIOT B Ka4deCTBE PE3EPBHBIX CPEACTB YMPABICHHUS NPW aBapHSIX W/WIM HEBO3MOXXHOCTH
ynpasnenus cpenctsamu CBBY.
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B nanbHeiinieM HEOOXOJMMO PacCMOTPETh BO3MOKHOCTH NMPUMEHECHHUS MPUHIMAIA «TEMHOU
nanenn» («dark-boardy) [7] mpu koTopom mpeaycmaTpuBaeTCs OTCYTCTBUE HWHIMKAIIMY HA TIAHEIAX B
ycnoBusix HD 6e3 cOoes.
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YJIK 621.039.516
KOHTPOJIb MOIIIHOCTHU, PEAKTUBHOCTU U NEPUOJA SITEPHOI'O PEAKTOPA
MNOCPEJACTBOM OTOBPAKEHUSA
BAJAHCA OTHOCHUTEJBHBIX CKOPOCTEM IMMPOIIECCOB
IO®EPOB A.T.
OOHUHCKUTI UHCIMUMYM AMOMHOU SHEP2eMUKU
- unuan ghedepanvHoeo 20cy0apcmeenH020 A8MOHOMHO20 00PA308AMENLHO20 YUPEHCOCHUS
svicuteco oopazosanus « Hayuonanvhwiil uccnedosamenvekuil soepruiil yrusepcumem « MU DUy
(Obnunck, Poccutickas Dedepayust)

AnHoTanus. PaccMaTpuBaroTcs BO3MOXKHOCTH OTOOPa)KCHUsSI MOIIHOCTH, PEAKTHBHOCTH U MEPHOJA
SJICPHOTO PEaKTOpa Ha OJHOM IMOKasbIBaronieM mpudope. OnuchiBacTCsS NPUMEHEHUE TMAJCTOK,
pasMeniaeMbIX Ha SKpaHe MOHHUTOPA, JUIS YIPOIICHHS BH3YAJILHOW OICHKH YPOBHEW CTAOMIM3aIuu
KOHTPOJIMPYEMBIX BEIUYMH W COINOCTABICHUS WX C YCTaBKaMH. B pe3ynbrare TOBBIMIACTCS
OTEPaTUBHOCTh M aJeKBATHOCTh OIICHKH TEKYIIETO COCTOSHHS SICPHOTO PEaKTopa W TCHICHITHIMA
WU3MEHEHUS COCTOSHUSI.
KarueBble c10Ba: peakTUBHOCTS SIIEPHOTO PEAKTOpa, TIEPHOJ SJCPHOTO peakTopa, KOHTpoib SP

CONTROL OF POWER, REACTIVITY AND PERIOD OF A NUCLEAR REACTOR
BY DISPLAY BALANCE OF RELATIVE SPEEDS OF PROCESSES
ANATOLIY G. YUFEROV
Obninsk Institute for Nuclear Power Engineering
(Obninsk, Russian Federation)

Abstract. Possibilities of displaying power, reactivity and period of a nuclear reactor on one
indicating device are considered. Describes the use of pallets placed on the monitor screen to simplify
the visual assessment of the stabilization levels of the controlled values and their comparison with the
settings. As a result, the efficiency and adequacy of the assessment of the current state of the nuclear
reactor and trends in the state change are increased.

Keywords: nuclear reactor reactivity, nuclear reactor period, nuclear reactor control

Beenenue

CoBepILIEHCTBOBAaHUE DPrOHOMHUYECKUX XapPAKTEPHCTHK OJOYHBIX MUTOB ynpasieHus ADC
Bcerga OyZeT akTyaJlbHOH 3a/adel, CBA3aHHOM, B YaCTHOCTH, C TAKMMH BOIIPOCAMH KakK ITOBBIIICHHUE
a/IeKBaTHOCTH OLICHKH OIIEPAaTOPOM TEKYIIErO COCTOSHHS SAJEPHOI0 PEAKTOpa U YIPOILIEHHE TPOrHO3a
MOBEJIEHUS peaKkTopa.

[lpaBuna siepHON  0E30MACHOCTH  PEAKTOPHBIX ycTraHOBOK ADC  mpeaycMaTpUBarOT
HENPEpPHIBHOE HM3MEPEHHE U OTOOpakeHHE TEKYIIMX 3HAYEHWH IUIOTHOCTH HEHTPOHHOTO IOTOKa
(MOIIHOCTH SEPHOTrO PEaKTOpa); CKOPOCTH M3MEHEHUs IUIOTHOCTH HEHTPOHHOIO MOTOKa (Iepuojia
SAJIEPHOTO peakTopa) M PEaKTUBHOCTH, KOTOpas XapaKTepH3yeT CKOPOCTh W3MEHEHHs TUIOTHOCTH
HEHUTPOHHOTO IOTOKa 3a CUET MPOLECCOB HAa MIHOBEHHBIX HelTpoHax. Omepatop SOV nomxeH
OCYILIECTBIISITh KOHTPOJIb YKa3aHHBIX BEJIMYMH B CJIEAYIOIUX OTHOLICHUSX:

- YCTaHaBIMBaTh (aKT CTAOWIM3AIMK KOHTPOIHMPYEMOH BEJIIMYMHBI HA OMpPENeIEHHOM BPEMEHHOM
WHTEpBaJe;

- COIIOCTABJIATH IOCTUTHYTOE 3HAUEHHE C 3aJaHHBIMU YCTaBKaM;

- OIICHHUBATH JOMYCTUMOCTh CKOPOCTH U3MEHEHUS KOHTPOJINPYEMOM BENUIHHBI;

- OIICHMBAThH HANPABICHHOCTh U3MEHEHHUS KOHTPOJIUPYEMOM BEITUYHHBI.

OpHako cOBpeMEHHas ammapaTypa pemaeT (pakTU4ecKd TOJIBKO 3aJaud H3MEpPEHHsS MOLIHOCTH,
NepuoJa W PEaKTHBHOCTH, HE NPEAOCTABISIs CHEUMAIBHBIX CPEACTB Ui OOJIErYeHHs KOHTPOJIS
JAHHBIX BETMYMH B YKa3aHHbIX OTHOmEHUSX [1,2]. MOXXHO OTMETHTH CIIEAYIOUINE HEIOCTaTKH
TPaJULHMOHHBIX TPHOOPOB OTOOPAXKEHUS U KOHTPOJIS:

1. Qukcanus Qakra cTadUIM3alIMd KOHTPOJIMPYEMOH BEIMYUHBI 3aTpyAHUTENbHA Ha
MUQPOBBIX TOKA3BIBAIOIIMX TNPUOOpaX, TIOCKOJIBKY TpebyeT OT omnepatopa 3allOMUHaHUS
MPEIIIECTBYIOMNX 3HAUYEHUH Ha MPHUOOpEe M MBICIEHHONW OIEHKM HHTEpBaJia IOCTOSHCTBA 3THX
3HAYEHUI.

2. OrobpaxeHrne KOHTPOIUPYEMBIX BEIHMYMH TOJIBKO B BUJE TEKYIMX MTHOBEHHBIX 3HAYCHHH
HE TI03BOJISIET JaTh MIPOTHO3 COCTOSIHUA SJEPHOTO peaKTopa.
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3. HUcnonp3oBanue rpa)uKkoB ¢ BPEMEHHOW Pa3BEPTKOMN I OTOOpaKeHUsI KOHTPOIUPYEMBIX
BEIMYMH OIPAaHMYUBACT IPEACTaBICHHE HHPOPMAIMM KOHEYHBIM BPEMEHHBIM MHTEPBAJIOM, 4YTO
3aTpyIHACT YUYET MPEIBICTOPHM IPOIEcca M YXYALIAET BO3MOXKHOCTH BH3YaJIbHOM SKCTPAIOISLIUU
KOHTPOJIUPYEMBIX BEJIMYUH.

4. 3mepeHne KOHTPOJIMPYEMBIX BEIHMYUH MOCPEICTBOM PA3JIMYHBIX TEXHUUECKUX CPEACTB U
B Pa3JIMYHBIX IIKalaX OOYCIOBIMBAET HEOOXOAMMOCTH HCIIOJIb30BAHUS HECKONBKHUX IOKA3bIBAIOLINX
npubOpoOB, YTO yXyamaeT spronomMuky BIITY.

5. Hcnonb3oBaHMe HECKONBKHX ITOKA3bIBAIOUIMX NPHUOOPOB € pPAa3IUYHBIMU IIKaIaMU
3aTPyAHSAET KOHTPOJIb HHPOPMALIMH O COCTOSHUM AEPHOT0 peaKTopa.

6. He mpenycMOTpeHO HENOCPEACTBEHHOE OTOOpaK€HHE  CKOPOCTH  H3MEHEHUS
KOHTPOJIUPYEMBIX BEJIMYUH.

B pabote paccMaTpuBaroTCsi HEKOTOPBIE BO3MOKHBIE IIYTH U MIPUEMBI YCTPAHEHHS YKa3aHHbBIX
HEJO0CTaTKOB.

YpaBHeHHe peakTHMeTpa-nepuogomMmepa
BOHpOCLI yaydqumi€Husa aA€KBATHOCTH MW TOYHOCTH HM3MEPCHHSA MOIIHOCTH, ME€pHOAa,
PCAKTUBHOCTH CCTCCTBCHHO paCCMAaTpMBaTbL BO B3aUMOCBA3U, IIOCKOJIBKY IaHHBIC BCIWYHHBI
OTIPEICNIAIOTCS. OJHUM ypaBHeHUeM nuHamuku SIP, koTopoe MoxHO 3amucarh B cienyromei gopme
[3,4]:

v(t) = FOn() - j h(t—tv(t)de +Q(1). o)

3mech CKOPOCTh PEMpOAYKIHUW TMOMYNSAIUA HEHTPOHOB (CKOPOCTh H3MEHEHHs MOIIHOCTH SIP)
v(t) =dn/dt, pysxums penposykimm npeuIeCTBEHHUKOB 3ama3(bIBaomuX Heiitporos (I13H)

h(t—) =Y (B;/ A)exp(-A,(t-1),
=1

t
unTerpan penpoaykuuu II3H Y (t) = j h(t—t)v(t)dr.
0

Jns pelneHus: U3MEpUTENbHBIX 3afad ypaBHeHHe (1) ymoOHO mpencTtaButb B Qopme
YPaBHEHUSI PEAKTHMETpa-TIePUOJOMEpPa, AHAJOTMYHOTO «OOpamEHHOMY pEIICHUIO ypaBHEHUS
KUHETHKN»:

r(t) = a(®) + Y(O/n(t) + Q()/n(b), )
BBIpa)karomiero 6ajJaHc OTHOCUTEIBHBIX CKOPOCTEH HEHTPOHHBIX MTPOIIECCOB:
- OTHOCUTEILHOIN CKOPOCTHU PENPOIYKINH MOMYJISLUA HEUTPOHOB — 00paTHOI O Meproia
a(t) = v(t)/n();
- OTHOCUTENFHOW CKOPOCTH PETPOTyKIIMH MTHOBEHHBIX HEUTPOHOB - pEaKTHBHOCTH B A-TIIKaje
r(t) = p(t)/A;

- OTHOCUTEIILHON CKOPOCTH PENpOIyKIHH NPEAIIECTBEHHUKOB 3aI1a3/IbIBAIOIINX HEUTPOHOB

Y(t)/n(t);
- ¥ OTHOCHUTEJIbHOW HHTEHCUBHOCTH UCTOYHHKA

Q(t)/n(t).
(B mpuBenEHHBIX COOTHOIICHHUSX HWCIIOJNB30BaHbl CTaHAAapTHhIE 0003HAYeHHs: p — aOCONIOTHAs
PEaKTUBHOCTh, A — BPeMsl T€HEPAIMM MIHOBEHHBIX HEHTPOHOB, [B;,A; - IO IPyNI U MOCTOSHHBIE

pacnazga I13H.)

B ypaBHenun (2) peakTHBHOCTh M OOPAaTHBIH MEPHOJ BBIPAXKAIOTCS B OOpPATHBIX EUHHIAX
BPEMEHH. JTO IMO3BOJIAET OTOOpaXKaTh MX Ha rpaduKe MOCPEACTBOM OJHOHM IIKajbl, pa3MECUYCHHOM,
HampuMmep, B oOpaTHeIX cekyHaax. (Mnmm B repuax, Ui MHTEpHIpeTaliy YKa3aHHBIX BEIMYMH Kak
XapaKTepUCTUK YaCTOTHI OOHOBIICHHSI HEHTPOHHOTO ITOJISI. )

Yunduxanus orod0pakeHuss  KOHTPOJISI

B skcmiyaTanMOHHBIX peXUMax SIIEPHOTO peakTopa OBICTPO yCTaHABIMBAETCS PaBHOBECHE
MEXIy TpollecCaMd Ha MTHOBEHHBIX HEUTPOHAX (XapaKTepu3yeMbIX peakTUBHOCThIO [(1)) u
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npoueccamu penpoayuupoanus [13H (xapakrepusyembix BenmumHO#M Y(t)/n(t)), To ecth 3HaYeHUs
semuuud () u Y(t)/n(t) Bcerna moctarouno Onmskue (pucyHok 1). TToaToMy Ha TMOKa3bIBAFOIIHIA
npubop yao0HOo BeiBomuTh rpaduku r(n) u Y(t)/n(t), pasmemnrast mo ocu abCIKCC IIKATY MOIIHOCTH.
PaccTosiHie MeXIy yKa3aHHBIMH rpaduKaMd paBHO OOpaTHOMY Hepuody. Takum myTéM Ha OIHOM
MOKA3bIBAIOIIEM TMPHOOpE OTOOPAKAFOTCS W MOIIMHOCTh, W BCE KOHTPOJIHUPYEMBbIC BEIUYUHBI —
ciraraemble 0aJaHCHOTO ypaBHEHHUS (2). 31ech He HApYIIAeTCs] H3BECTHBIN MPUHITUI «OTHO U3MEpEHHNe
— OJIMH WHIMKATOP», MMOCKOJIBKY 3TO CIIaraéMble OJHOM BETUUMHBI — CKOPOCTH W3MEHEHHS MOIIHOCTH
AP,

BpemA, ¢ Bpema, ¢
3.5 8.5 14 0 0.15 0.38 0.72 115

1.0 rift) 12
0 A
/-% = /
0.75 7

]
)
()

CrOpOCTKM Npoueccor, 1/c
CHOpPOCTK Mpodeccoe, 1/c

e WY

0.25 \

1 11 1.2 1.2 1.4 1.0 1.5 2.0 2.5 3.0
nMyg nng

a b

Puc. 1. IloBenenue ckopocTel mpoIeccoB MOcie BBOJA CTYIIEHbKH PEaKTUBHOCTH:
a-p=0.1B;b—p=0.6p
BeiOop MomHOCTH B KadecTBE apryMeHTa oOToOpa)kaeMblXx (YHKUMH IO3BOJSET MpU
HEOOXOJMMOCTH COXPaHUTh HA MOHUTOPE BCIO UCTOPHIO KOHTPOIUPYEMOTO Tporecca (pUCyHOK 2, 6),
HE OIPaHUYUBASACH ONPEICIEHHBIM MHTEPBAJIOM BPEMEHH, KAK 3TO IPOUCXOMUT NPU TPAAULMOHHON
BpPEMEHHOH pa3BepTKE KOHTPOJIUPYEMBIX BEIMUUH (PUCYHOK 2, a).

240 2.5 2.5 . . : .
2.0 2.0F 4
200
MomHocTh 1.5 1.5 .
g 160 CE
5 PeakTHRHOCTE 1o ﬁn Lol |
- 17
& e
W L20 0.5 E 0.5 a
g g
E 0.0 E 0.0 by
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L= 7]
=i A
-0.3 -0.5 4
40
-1.0 1.0 4
o -1.5 -1.5 1 . 1 ,
o 400 800 o 50 100 150 200 250
200 &00
Bpems, ¢ Mommsocts, n/mgy
a b

Puc. 2. OtobpakxeHrne MOITHOCTH U PEaKTUBHOCTH:
a — pa3BépTKa BO BPEMEHH, D — B KOOpIMHATAX «MOIHOCTh-PEAKTHBHOCTHY
[Ipy wCMONBE30BaHUM MOITHOCTH B KadyecTBE apryMeHTa pPacCMaTpUBaeMbIX —(YHKITHMA
KOHTPOJIb BCEX BEJIMYMH BBINIONHSAETCS MO cleaylomei obmel cxeme. Ha MOHHUTOp BBIBOIWTCS
rpaduK KOHTPOIMPYEMOi BeMIHHBI X(N) BMECTE ¢ M3MEPHUTENBHOM MaJeTKOM, BEITOIHEHHON B BHJIE
CETKH MepeceKkaroIux moyie rpaduka npsameix X(N)=a+b*n, rae b ecTh ycraBka Ha OTHOCHTEILHYIO
CKOPOCTh U3MEHCHHUS BBIBEJICHHON Ha rpaduk KOHTpoaupyeMoi Bemuunubl X: dx/dn<b. loctimkenue
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WIA TpPEBBILICHHE YCTaBKM (UKCUPYETCS BU3yalbHO KaK BO3MOXHOE II€pecedeHue MU
ACHMIITOTHYECKOEC JIOCTIKEHHE OMHOM W3 mpsMbIx X=a+b*n rpadpuxkom X(n) cHmzy. Pakr
CTaOMITM3AINH MOIITHOCTH Ha HEKOTOPOM YpOBHE N¢ (pUKCcHpyeTcst Kak MpHOIKEHNe JIMHNN Tpaduka
X(n) K HyJIIO OpIUHATHI B TOYKE N = N, (akT cTaOWIM3aLUK OTHOCUTEIBHOW CKOPOCTH M3MEHCHUSI
KOHTPOJMPYEMO# BETMYIMHBI X (DUKCHPYIOT KaK TMOsIBJICHHE Ha rpaduke JMHEHHOro yvactka X(n) =
c+d*n. OrHOcHTEenbHAS CKOPOCTh HM3MEHCHHS KOHTPOJIMPYEMOW BEIHYMHBI OIICHHBACTCS 10
JMHEHHOMY ydyacTKy kak Ox/dn. Beigauy ympaBisiommx BO3IACHCTBHE, COOTBETCTBYIOIINX
YCTaHOBUBIICHCS] OTHOCUTEILHOW CKOPOCTH U3MEHEHHUSI KOHTPOJIMPYEMOH BETMYHUHBI, OCYIIECTBIISIOT,
€CIIM WHTEepBaJl JIMHEHHOCTH 1O OcH abciucc, TO €CTh TNpPHUpAIIeHHe MOIIHOCTH —TpU
9KCTIOHEHIIMAILHOM POCTE, TIPEBBINIACT 3aJaHHOE 3HAYCHUE.

CormnacHo OMHMCaHHOHM cxeMe KOHTPOJb IEpPHOJa SACPHOTO PeaKTopa YAOOHO OCYIIECTBISTH
mo ero obpaTtHoMy 3HadeHHmto 0=1/p. /i 3TOro Ha TMOKa3BIBAIONIMIT MPHOOP BBIBOAWUTCS Tpaduk
CKOPOCTH HM3MEHEHHUs] MOMIHOCTH V(N) M KOHTPOJbHBIC MAJETKH, BBIMOJHECHHBIE B BHIC CETKH
nepecekaronmx nose rpaduka npsameix V(n) = c+an. KoadduiumeHr o npuHruMaeT 3HaUYCHUS yCTaBKH
OTHOCUTENBHOW cKopocTH u3MeHeHus momHoctd 0.1, 0.05, 0.025, 4ro cOOTBETCTBYET ycTaBKam
nepuoaa B 10 cexyrn Ha cOpoc A3, B 20 ceKyHI Ha CHTHAI MPEIyNPEAUTENFHON 3aUTHI U BBOJ B
aKTHBHYIO 30HY ympasistomeid rpynnsl OP CY3, B 40 cexyHa Ha 3ampeT moabeMa YIpaBIsFOIIeH
rpynnsl OP CY3. dakT cradunuzanuu nepruoaa p, TO eCTh IKCIIOHEHIIMAaTbHOE H3MEHEHNE MOIIHOCTH
n(t)=exp(t/p), dukcupyroT Kak nosBicHUE Ha rpaduke JuHEHHOro ydactka V(n) = c+n/p, 3HavyeHue
YCTaHOBHUBIIIETOCS TEPUOa OIEHUBAIOT MO JMHEHHOMY ydacTKy Kak dn/dv, ¢akT mOCTHXKEHUs HIIH
NPEBBIIICHNUST YCTaBKH 0 (PUKCHPYIOT BH3YAIbHO KaK BO3MOXKHOE IE€pecedyeHHe WM JOCTHKCHUE
OJIHO# U3 mpsiMbIX V(N) = ¢+an rpadukom V(N) cHusy (pUCYHOK 3).
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Puc. 3. KoHTpONh cTaOMIM3aIuH Ieprojia peakTopa:
a — pa3BépTKa BO BpeMeHH, b — B KoopaIuHATaX «MOLIHOCTB-CKOPOCTh H3MEHEHHSI MOLLTHOCTH

3akioueHne
Onucanaple TPUEMBI KOHTPOJS MOIIHOCTH, NMEPHOJA U PEAKTUBHOCTH SIAEPHOIO pPEaKkTopa
JIOCTATOYHO JIETKO ocymiecTBuTh B AeiicTBytommx ACY TII ADC nmocpeacTBoM NMpeaycMOTPEHHBIX B
OTUX CHUCTEMaX PpCaKTUMETPOB, 3aKjaJblBas B BBIUKCIIUTENIBHBINA OJIOK pPCaKTUMETpPa paSIIeHBHBIﬁ
pacuér craraeMbIX NPUBEIECHHOTO BBILIE YpPaBHEHHUS peakTHMETpa-liepuoaoMepa U olecrednBas
BbIBOJI UX Fpa(i)I/IKOB Ha 5KpaH MOHHUTOpPA C HAJIO)KCHHUEM KOHTPOJIbHBIX U3MCPUTCIIbHBIX MMaJICTOK.
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KBAJIM®OUKALIUSA, BEPUOUKALINSA U BAJINJALINSA
AT'A®OHOB C.A., KY3HELIOB A.H., OCTAHUH C.M.
AO «PACY»
(Mockea, Poccutickas ®edepayust)
AHHOTanus. B nmaHHOW cTaThe ONMMCHIBAECTCS METOABl KBANH(DHUKANWNH, BepU(UKAIMK W BaJIHIAIUU
ACY TII B pamkax pabor AO «PACY» cornacHo cobctBeHHOMY Tporieccy BuB. Cxema mponecca
npezcTaBieHa Ha puc. 1.
KuaroueBnble cioBa: Bepudukarus, Banunanus, ksamdukanus, [IKT/, sugeokanp CBY, III1O IITK,
TpeboBanus, uneHTudukatop, mwian, ACY TII, T3A.

QUALIFICATION, VERIFICATION AND VALIDATION
S.A. AGAFONOV, A.N. KUZNETSOV, S.M. OSTANIN JSC RASU
(Moscow, Russian Federation)

Abstract. This article describes the methods of 1&C qualification, verification and validation within
the framework of the work of JSC RASU according to its own V&YV process. A diagram of the
process is presented in picture 1.

Keywords: verification, validation, qualification, DETD, videoframes of Upper-level system, 1&C
system application software, requirements, identifier, plan, 1&C, SRA.
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Kpamupukauusa ACY TII

Kax BHIIHO U3 CXeMBI ITporiecca OOHUM U3 BayKHEUIHX dTanoB pa3padborku ACY TII ssisgercs
KBaM(UKAINS, KOTOPBIA HAET MapayielbHO dTanaM BepuduKanueil U Baauaanueil ¥ TeCHO ¢ HUMH
CBA3aH.

ITox xBanudukanueil noapazymeBaeTCsl NPOLECC ONMPEAEIECHUS COOTBETCTBUS CUCTEMbI WU
KOMIIOHEHTOB JKCIUTyaTallMOHHBIM yciIoBHAM. KBamndukamms ocymiecTBiseTcs Ui YCTaHOBJICHHS
COOTBETCTBHS OMNPEAEICHHOTO KJIACCa CHCTEMbl KOHTPOJII M YIPABICHHUS OMpelelieHHOMY Habopy
KBaJTH(PUKATUOHHBIX TPEOOBaHUH.

Ha m©avanmpHOM »STame KBanu(UKAIWKM BBINONHSAETCS IUIAHUPOBAHWE KBaTH(DHUKAIHH
apxutektypsl ACY TII, muranupoBanme KBanu(pUKamud CHUCTEM, a TakKe IUIAHUPOBAHHE
KBaJH(PUKALUK KOMIIOHEHTOB.

ITocne mpoBemeHWs BceX MACHCTBUN KBaTU(UKAIMOHHOTO IIpollecca pa3padaThIBacTCs
OKOHYATEeNBHBIA OTUeT KBanmupukammm mig apxutektypel ACY TII, a Ttakke otder, 10
OKOHYATEeNIbHON oLeHKe, Oe3omacHocT apxuTekTypbl ACY TII, mociae KOTOpBIX MPOBOIAMTCS
MHCIIEKIINH 110 YCTaHOBKE U BBOJI B AKcILTyatanuio ADC.

JHamee Ha cxeme mporecca BUIAHO, YTO CIEAYIOIIMMHU dTallaMH SIBIAIOTCA BepuU(UKANUI H
Banuaanus (BuB) koToprie Takxke SBISIOTCS BAXKHBIMU cTaausmu papadborku ACY TII.

[Ton Bepudmkanmeil noapazymeBaercs MpOLECC MPOBEPKU BBIMTOJHEHHS Ha KaXKIOM JTarie
pa3paboTku nrudpPOBOH KOMITEIOTEPHON CHCTEMBI BCEX TpeOOBAaHWM, HAKIAABIBAEMBIX IPEIbIIYIIAM
ATAroM.

[lon Banmmanmeii mojpasymMeBaeTCsl MPOLECC MOATBEP)KIEHHE HAa OCHOBE INPEACTaBICHHS
OOBEKTUBHBIX CBUAETEIBCTB TOTO, 4YTO TpeOOBaHWs, TMpeJHA3HAYCHHBIE [UIsI KOHKPETHOTO
WCTIONb30BaHMSI WJTH IPUMEHEHUS, BHITTOTHEHBI.

Ha sranmax Bepudukanmm u Banupanuu (BuB) nHayamom mpoliecca siBisieTcs TUIaHUPOBaHHE
BuB ACY TII koropoe pazuensiercst Ha mianupoBanue BuB apxurextyper ACY TII, Bepuduxarmto
cucteMHbIx TpeboBanwmit st ACY TII, Bepudukanuto npoektroit nokymerntanuu AC Y TII, a Taxoke
miaHuposanue BuB cucrem.

OnHuM u3 BaXHBIX mozpaszzaenoB Ilnanuposanuss BuB cucrem sBisieTcs BepuQUKanus
MPOEKTHOW JOKYMEHTAIMH JJII CUCTEM, KOTOPYIO paccMOTpuM moApoOHo. B nanHyro Bepuduxammro
BXOJTUT BepUPHUKAIUSI MPOESKTHO-KOHCTPYKTOPCKOW TexHmueckord mokymenrtarmuu (IIKT) wu
TEXHUYECKOE 3aaHne Ha apromMaTu3aiuio (T3A).

Bepudpuxanus IIKT/]

[IpoBenenue pador mo anamuzy [IKT/] ocymiecTBiiseTcss B COOTBETCTBHU ¢ TEXHUYECKHM
3aJaHMeM Ha oOKa3zaHHe yciayr mo Teme «OKa3aHHe KOHCYJIBTAIlMOHHBIX YCIYr IO IPOEKTHOM
nmokymenTaru ACY TII mist sHepro010koB aTOMHOHN cTaHIm» U «OOIUM TUTAHOM BEepU(PHUKAIIIHA 1
Basmpanuu it ACY TIDy.

Lenbto mpoBenenus ananusa [IKT/, paspaboranHoii Ha craauu npoektupoanus ACY TII
ABIISIETCS OOEcIieueHre COOTBETCTBHS BBIXOAHBIX JAHHBIX IPOSKTUPOBAaHUS M  pa3pabOTKU
(pazpaborannoro [IKT/l) ucxoqHbpIM JaHHBIM K TPOEKTUPOBAHUIO U Pa3pabOTKe, B TOM YHCIE OI[EHKA
MPUMEHUMOCTH U BO3MOXXHOCTH HUCIIOIH30BAHUS B CYIIECTBYIONTUX MPOCKTHBIX PEIICHUSX.

Kputepusamu coorserctBus pazpadoranHoit [IKT /] ncxoaHbIM 1aHHBIM SBIIsIETCA TPOBEPKa Ha
aJIEKBaTHOCTh, MPOBEPKA HAa BHYTPEHHIOK COIJIACOBAHHOCTh, MPOBEPKA Ha COOTBETCTBUE MCXOIHBIM
JIaHHBIM, TIPOBEpKa Ha MIPUMEHUMOCTh, a TakKXKe IPOBEpKAa HAa BO3MOXKHOCTH HCIIONH30BAHUS
CYUIIECTBYIOIIMX PELIEHUM.

Kpurepuem  ycmemHocTd — aHanu3a  OPOEKTHOM,  KOHCTPYKTOPCKOM,  TEXHUYECKOM
JIOKYMEHTAIINH SIBISICTCST YCIIOBUE: MPOEKTHBIE pemeHus, conepxkammecs B [IKT/l, paspaboransl B
COOTBETCTBHUH C MCXOJHBIMHU JTAHHBIMHU U SIBJISIOTCS OJHO3HAYHBIMH, HETIPOTHBOPESUNBHIMHE, TTOJTHEIMHU
U IPOCICKUBAEMBIMU, a TAK:KE€ TPUMEHUMBIMU B TIPOEKTE.

Pesynprarer ananusza [IKTZI opopmisiorest B Otuere 06 ananuze [IKT/ (nanee - Otyer).

Otuer 06 amamm3e [IKTJl Brmrogaercst B ceOst cBemeHms 00 oOBekTe aHayim3a (MOJTHOE
HaUMEHOBaHWe, O0O3HaueHue, Homep peBusum/m3menenus IIKT/l), nmaTy NpoBeleHHs aHAIU3a,
CITUCOK HCITOJIHUTEIIEH, MPOBOAMBIINX aHAJN3, CBEJICHUS 00 OTYETE aHAIIN3a, 1Ie]lb aHAIIN3a, TIEPCUCHb
MPOBEPOK, 00BEM MPOBEPOK, CBEICHUsI 00 MCXOJIHBIX JTAHHBIX, CBOJIKA 3aMEYaHUI MO pe3ysbTaram
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aHanmM3a, B KOTOPOM OTpa’keHbl, NepeueHb 3aMEYaHHil W CBS3aHHbIE C HUMH NPEAJIOKCHHUS 10
KOPPEKIMU 3aMEYaHNH, pe3yIbTaThl B3aUMOICHCTBYS C pa3pabOTINKOM T10 YCTPAHEHHIO 3aMEYaHHUH.

Otuer 00 amammse IIKT/| momwkeH OBITh HACHTH(DHUIMPOBAH: IPHUCBOCHO OOO3HAYCHUE
Otuera, ykazaHa pgara coctaBieHust Ordera. Kaxgomy Otuery mpucBauBaeTcsi YHHUKaJIbHOE
oboznauenue. Ilocne Toro kak OyAeT mpoBelleH aHATW3 BCEX JOKYMEHTOB, OTYeTHl 00 aHamm3e
nepenatorcs [ Ully ot 3akazumka.

Bepupuxanus T3A

enmpto mpoBeACHUS MEPONPHUATHH 10 BepudHUKAIMH TeXHOJIOTHYECKHE 3amaHus Ha
aproMatu3anuio (maigee T3A) sBISIETCS TOATBEP)KICHWE B3aMMHOTO COOTBETCTBUS OOBEKTOB,
BXOASIIMX B cocTaB T3A, a Taxke moaTBepkaeHue cooTBeTcTBUS T3A QyHKIMAM TEXHOIOTHYECKON
cucreMbl ACY TII, 3aBI€HHBIM B IIPOCKTE.

OObekTamMu BepUpHUKALMU ABISIOTCA TEXHOJIOTMYECKHE 3aJaHus Ha aBTOMATHU3ALHIO
noncucteM ACY TII, B cocTaB KOTOPOTO BXOJSAT TEXHOJIOTHYECKUE alrOpUTMEI (anroputmel T3buC),
TexHoyornueckue cxembl (P&I-auarpaMMbl TEXHOJIOTHMYECKHX CXEM), TEXHOJIOTHUECKOE 3a/aHHhe Ha
3amopayto apMatypy (T3 Ha 3amopHyro apMmMaTypy), TEXHOJOTHYECKOE 3aJaHHMe Ha PETyIHPYIONIYIO
apmatypy (T3 Ha per. apmarypy), TeXHOJOTHYECKOE 3ananue Ha peryisaTopsl (T3 Ha perymstopsi),
TEXHOJIOTMYECKOE 3a/laHMe Ha TOYKM TeruloTexHuueckoro KoHTpois (T3 Ha TOukM KOHTpOI),
TEXHOJIOTHYECKOE 3alJaHhe Ha TOYKH pPaguanuoHHOro koHTpons (T3 Ha TOYKM paguanmOHHOTO
KOHTPOJISI), TEXHOJOIMYEeCKOoe 3ajaHue Ha nepedeHb apMmatypbl (T3 «mepedeHp apmaTypbi»),
TEXHOJIOTHUYecKoe 3anaHue Ha MexaHusMmbl (T3 Ha MexaHU3MBI), TEXHOJOTHYECKOEe 3ajaHhe Ha
curHaiiel (T3 «mmepedeHp CHUTHAOB»), @ TAK)KE TEXHOJIOTWYECKOE 3aJaHHe Ha IepeueHb ajJrOpUTMOB
(T3 «mepeueHb anTOPUTMOBY).

[Tpu Bepudmkanyu T3A TpUMEHSIOTCS METOJ| aHaKM3a, KOTOPBI ONpeleNseT MPUTrOTHOCTD,
a/IeKBaTHOCTh M PE3YJbTaTHBHOCTh OOBEKTa JJISl NOCTHXKEHUS 3aaHHBIX IEINeil; MEeTO]] SKCIIEPTHU3HI,
KOTOPBI MO3BOJIIET PAacCMOTPETh, UCCIIEAOBATh KAaKue-IMOO BOIMPOCH], PEIIEHHE KOTOPHIX TpeOyeT
CHENUANBHBIX 3HaHUK. Tum paGoThl CO 3HAHWAMHU HAIMpPAaBICH HAa TNPHMEHEHHE YXKE HMEIOIIUXCS
3HAHWM JUIS TIOATOTOBKY M IPUHATHUS PELLICHUN.

Bepudwukarnus T3A cunTaercs 3aBepIICHHOW YCIENTHO €cid 00heM paboT (THI MPOBEPOK)
INPUMEHHUTENIBHO K BepU(UKAMM TEXHOJIOTHYECKUX 3aJaHuil Ha aBTOMATH3aLMIO BBIIOIHEH
MOJTHOCTHIO0, 3aMeuanust K T3A, BBISBICHHBIC PH BEpHUPHUKALINU, YCTPAHEHBI WIIK 00OCHOBAHO CHSTHI,
IpoBelleHa NOBTOpHas BepU(HKaUMs IOCiIe YCTpaHEHWs 3amedaHuid, odopmieH «OT4éT o0
Bepudukanuu T3A».

Taxke Oojiee MOAPOOHO PACCMOTPUM  BEPUDHUKAIUIO TMPUKIAJHOTO MPOrPaMMHOIO
obecrieuenust (I1I10), B KOTOpyrO BXOIUT BEpUPHKALNS BUACOKAIPOB CHUCTEM BEPXHETO YPOBHS
(CBY) u Bepuduranus 1110 nporpammuo-texauueckoro komiuiekca (I1TK).

Bepuduxanus Bugeoxaapos CBY

Henpto mpoBeaenus Bepudukanuu Bugeokagpos CBY  sBusercss mnoaTBepkaeHHE
COOTBETCTBHS BHICOKAAPOB TPeOOBAHMUSAM, ONPEACICHHBIM B MCXOAHBIX AAHHBIX JUIs pa3pabOTKH, a
TaKXe MOJTBEPIKICHNE KOPPEKTHOCTHU TPEICTABIICHHOW HH(POPMAIIHH.

[Tpu Bepuduranmu Bugeokaapo CBY npumMeHsieTcss METOA CTaTHUECKOTO aHAlIN3a, KOTOPBIN
3akirogaercs B npuMeHennn SQL 3ampocoB k uH(popmanuu, pasMeeHHON Ha BUIEOKaapax U METO.
JKCIEPTU3BI, KOTOPBIN MO3BOJISIET BU3YaIbHO IPOBEPUTH BUIECOKAJIP.

B 3aBuCMMOCTH OT WMCXOJHBIX JIaHHBIX, MO KOTOPHIM OBUIM pa3paboTaHbl BHICOKAJIPHI,
NPOBOZSTCS MPOBepkH Ha cooTBeTcTBUE 33U Ha BuaeoKalpbl, Ha cOOTBETCTBHE 13 Ha pa3paboTKy
BUJIEOKAIPOB; Ha HaJINYUs CUTHAJIOB, pealn30BaHHBIX Ha BHJICOKAIpaX, B
PbJl CBY; Ha cOOTBETCTBHUE TEXHOJOTHUYECKAM CXEMaM IT0 TIOJHOTE M Pa3MEIICHUIO 3JIEMEHTOB; Ha
KOPPEKTHOCTh OTOOpPaKEHHUsI TEXHOJOTHUYECKHX MapaMeTpOB, B TOM YHCIE IBETOBOM KOIUPOBKH;
NPOBOAMTCS aHAINW3 BHUIEOKAOPOB Ha yn0OOYMTaeMOCTb, HWH(POPMATHUBHOCTE W  €IUHCTBO
npe/iocTaBlieHnss MHGQOpMAIMK, a TaKKe MPOBOJUTCS CPAaBHHUTENBHBIH aHAINW3 BUJICOKAJIPOB
9HEPro0JI0KOB-aHAJIOTOB.

Bepudukanus BupeokanpoB cUMTaeTCs 3aBeplleHa YCIEUIHO eciii paboThl M OIEpaliH,
BBITIOJTHEHBI TTOJIHOCTBIO I BCEX THIIOB BHACOKAAPOB; BHITIOJHEHBI TPEOOBAHUS, ONpPEIETICHHBIE B
WCXOAHBIX JIAHHBIX, YCTPaHEHbl WIM OOOCHOBAaHHO CHATHI 3aMEUaHUS U HECOOTBETCTBUSA K
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BUJICOKApaM W WCXOJHBIM JaHHBIM; TPOBEJCHA TOBTOpHAs BepU(UKAIMA TOCIE YCTpaHEHUS
3aMeYaHW W HECOOTBETCTBHIA, HOBBIX 3aMEYaHHWU HE BBISBICHO; OQOPMIIEH OTYET O BephU(UKAIINU
BHJIEOKAJIPOB.

[ocne Beelt mpoenanHoit paboTh! oTUeT nepenaetcs B nenaprameHT CBY ms ycraHoBku BK
Ha »Heprodmok ADC.

Bepundpuxamus III1O0 IITK

Lenbto nmpoBenenus Bepudukamms 1110 T1TK sensercs nonreepxkacaus coorBerctsus 1110
IITK ucxomusiM HaHHBIM IS pa3paboTKH, a Takke MOATBep)kKAcHUsS pabotocrmocodnoctu IO m
KOPPEKTHOCTH BBITTONHEHUs] ocHOBHBIX (hyHKIwi [ITK Ha MaremaTudeckoit mogemnu I1110.

[Tpu Bepudukanuu I1I1O TITK npumeHsIoTCS METO SKCHEPTH3BI KOTOPBIN 3aKI0YaeTcs B
BU3YQJIbHOH TIPOBEpPKE aNrOpuUTMOB, peanm3oBaHHeIXx B wmoxyine MPTA CAIIP APUYC, na
cootBercTBHE anropuTMoB T3bnC (cocTaB BXOAHBIX W BBIXOAHBIX CHTHANIOB / KoMmaHA TA, ormka
00pabOTKM CUTHAJIOB); METOJl CTATUYECKOTO TECTHPOBAHHSA, KOTOPBIA 3aKI0YAaETCSI B TECTUPOBAHUH
aNrOpUTMOB Ha MaTeMaTu4eckod mojenu. TecTupoBaHHE MPOBOAWUTCA KaK OTAENBHO AN KaXKJIOro
aNropuTMa, TaK W JJS HECKOJBKUX aJTOPUTMOB CBA3aHHBIX MEXIy COOOH C MOMOIIBIO CPEACTB
MozenupoBanusi, BcTpoeHHBIX B MPIITIO CAIIP APMYC u mMeTon CTaTHYeCKOro aHaau3a, KOTOPHI
3akmovaeTcs B npuMmeHeHnd SQL 3ampocos k ganubiM 1O TITK, npencraBieHHbIM B TaOIHYHOMN
(opMe (TTepeyH CUTHAJIOB, HACTPOEYHBIE TapaMeTpPhI U T.J.).

Bepudwukarus npuKIagHOR CTPYKTYPHl CUHTAETCSl 3aBEPIICHHOHN YCHEIIHO eCId paboThl H
OTepaluy, BBHIMOJHEHBI TOJNHOCTHIO; Bce 3amedanHust K [II1O, BbIsBIGHHBIE TpU BepUPHUKAIINH,
yCTpaHeHBl WM OOOCHOBAaHHO CHATHI, NIPOBEACHA MOBTOpPHAs BepH(HKAIWs B 00beMe W3MEHEHHUI
Moclie yCTpaHeHHS 3aMeYaHuil 1 HEeCOOTBETCTBHIA, HOBBIX 3aMeYaHUi He BBISIBICHO, OPOpPMIIEH OTUET
o Bepudukanuu [1110 I1TK.

[Tocne mpozaenanHol pabOTH oTuYeT mepenaercss Ha DHeprobdiok ADC mis ycranoBku [1110
IITK na obopynoBanue.

Bamupamua ACY TII
B mpouecc Banumauun ACY TII BrirovaroTcst 3aBoackue aBTOHOMHBIE uctbiTanus ACY TII;
aBroHoMHbIe nctbiTanust ACY TII Ha mmomanke ADC; KOMIUIEKCHBIE (MHTETpaIliOHHBIC) UCTIHITAHHS
MexxcuctemMHoro uHtepdetica csizu CBY u cmexnpix cucrem ACY TII Ha monurone 3aBoja-
n3rorosuteld U miomanke ADC.

3aBoackue aBToHOMHBIe ucnbITanuga ACY TII

3aBOJICKME aBTOHOMHBIC WCHBITAHWS HAa MOJUTOHE 3aBOJA-U3TOTOBUTENS ITPOBOISTCS IS
MONTBEPXKIAeHUS (QYHKIIMOHUPOBAaHUS  pa3pabOTaHHOTO OOOPYJIOBAaHHSA, B COOTBETCTBUU C
TpeboBaHMsIMHU crienudukauny TpedoBanuii k cucremam ACY TII.

Bamunanus ACY TII npoBoautcs ajisi TOro, 4yToObl MOKa3aTh, YTO CUCTEMa COOTBETCTBYET
BCEM TIOJIOKEHUSM cClienu(UKanui TpeOOBaHWH K CHUCTEME W YCTAHOBIEHHOMY IPOTPAMMHOMY
00ecreYeHnIo.

[IpoBepkHu OCYIIECTBIISIOTCSA COIJIACHO MPOrpaMMaM M METOJMKaM, pa3pabOTaHHBIM Ha dTarie
«Pabounii mpoekT». B mporpaMmMax W METOAMKAaX WCHBITAHUH cojaepKarcs TpeOOBaHUS TIO
KOMIIJIEKTHOCTH

WCIIBITHIBAGMON CHCTEMBI, IEPEYHH, BHUABI W YCJIOBHMS TECTUPOBaHUs, crenuduxamnms
TpeOOBaHUM, TMOMJCKAIIMX TECTHPOBAHUIO, METOJbl TECTUPOBAHMS, KPUTEPUU YCICUTHOCTH
HCITBITAHHH.

Buapl 1 MeTonbl MPOBOJKUMBIX TECTOB YTOUHSIIOTCS KOHKPETHO JUIsl KaxkJoil cuctembl ACY
TII, a Taxxe onpeIeNsA0TC MHCTPYMEHTHI BaJIW 1AM,

Pe3ynbTaThl TECTOB, MNPOBEACHHBIX COMIACHO NPOrpaMMaM M METOAMKAM HCIBITaHUH,
JIOKYMEHTUPYIOTCS, (PUKCHUPYIOTCSI 3aMeYaHUsl M0 HECOOTBETCTBHUAM. Pesynbrarhl Banmparyu ACY
TII, ¢ onrcaHueM MPOBEICHHBIX PadOT, BKIIOYAIOTCS B OTUET O BaJIHIAIIHH.

K oruery mpwumararoTcsi pe3ysbTaThl MPOBENCHUS BAIHMIANMM, & WUMEHHO, OOHapy>KEHHBIE
HECOOTBETCTBUS U 3allJIJaHUPOBAHHBIE MEPONPUATHUSA 10 UX YCTPAHEHUIO.
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B npotokomax mo pesynpratam wucnbelTaHuil cucteM ACY TII, maercs 3aximoueHue o
COOTBETCTBHH OCHOBHBIX XapakTepucTuk cucteM ACY TII tpeboBanmsM crieruduKanmy TpeOoBaHUI
k cucremaMm ACY TII u yka3pIBaroTCs BBISIBJICHHBIE IIPY UCIBITAHUSAX 3aMEYaHUsL.

ABTtonomublie ucnpiTanusa ACY TII na nimomagke ADC

Aptonomuble uctbiTanuss ACY TII - wucneitanmst (TeCThI), TPOBOAUMBIC C  IIENBIO
ompeeneHust BO3MOKHOCTH Aomnycka yactei (mogcuctem) ACY TII Kk KOMITIEKCHBIM UCTIBITAHUSIM T10
Mepe MX TOTOBHOCTH K OMBITHOW JKCIUTyaTaluH, 00ECleunBarolIne MOJHYI0 MPOBEPKY (QYHKIMHA H
MPOIEAYP B COOTBETCTBHHM C TPOTPAMMOW M METOIWKOM, COTIACOBAaHHBIX C 3aWHTEPECOBAHHBIMHU
OpraHM3alMsIMH, TIPOBEPKY  OCHOBHBIX  BPEMEHHBIX  XapaKTEPUCTHK  (YHKIHOHHUPOBAHU
MPOrPAMMHBIX CPEACTB, HAJACKHOCTH W YCTOMYMBOCTH (DYHKIIMOHUPOBAHUS MPOTPAMMHBIX H
TEXHUYECKUX CPEJICTB.

BxonHpIME TaHHBIMU SBISIFOTCSI aKTHI MOHTaXa, aKT MPOBEICHHS WCIIBITAHUN TIPU MPHEMKE,
nporpaMMbl M METOAMKH aBTOHOMHBIX wucmblTanuii cucteM ACY TII, a Takke pabouas
KOHCTPYKTOPCKAas U SKCIUTyaTallMoOHHas JoKyMeHTaus Ha cuctembl ACY TII.

[Ipu Bamumanmm HeoOXxoanMo moaTBepAnTh, uro cuctemMa ACY TII ¢yHkumonmpyer B
COOTBETCTBHM C TPEeOOBAaHWSIMHU, COJACPKALIIMMHUCS B MpPOTpaMMax M METOJMKAaX aBTOHOMHBIX
ucneitTanuii cucrem ACY TIIL.

BBIXOAHBIMU TaHHBIMH SIBIISTIOTCSI aKTHI U TIPOTOKOJIBI TIPOBEPOK O BBHIMTOIHEHUH MPOTPAMMBI
ABTOHOMHBIX HCITBITAHUHN M OTYETHBIE JOKYMEHTHI.

KommiexkcHble (MHTErpalMOHHBIE) HCIBITAHUS MeKCUCTeMHOro uHTepdeiica cesizu CBY u
cmeskHbIX cucteM ACY TII Ha mosiurone 3aBofa-u3roToBuTe s M miomaake A9C
KommnekcHble (MHTErpallMOHHBIC) UCTBITAHUSI MEXCHCTEMHOTo uHTepdeiica cBsizu CBY u

cmexsbix cucteM ACY TII — xommuieke paboT mo mpoBepke (HYHKITMOHUPOBAHHUS MEKCHUCTEMHOTO
uHTep(elica cBs3u obopyHoBaHUs cucTeMbl BepxHero ypoBHs (CBY) m mHTETpHpyeMOil CHCTEMBI
ACY TII, a Takke TpoBepKe (QYHKIHOHHUPOBAHUS MPOIPAMMHOrO OOCCICUEHMsl NUII03a CBSI3U
unterpupyemoil moacuctemsl ACY TII, mpoBoauMblii Ha TOJMIOHE 3aBOAA-W3TOTOBUTENS M
wiomaake ADC ¢ 1enpl0 MOATBEPXKIEHHUS BBINOJHEHUS TpeOOBaHMII HOPMATUBHBIX JOKYMEHTOB,
3aBOJCKOM M MPOEKTHO-KOHCTPYKTOPCKOW TOKYMEHTAlMM K TOJTHOTE M KAa4eCTBY MEXCHCTEMHOIO
oOMeHa NaHHBIMH M HEOOXOIMMBIH sl 0OecTIeYeHUs] MPOBEICHHS AalbHEHIINX MyCKOHAIAI0YHBIX
pabot obopynoBanus ACY TII.

BxoaHpIMH TaHHBIMH SBJISIETCS CENU(UKALMS KOMIUIEKCHBIE (MHTErPallMOHHbBIE) HCIIBITAHUS
ACY TII, nmporpamMmmMa u MeTOaMKa KOMIUIEKCHbIE (MHTETrpanonHble) ucnsitanus cucreM ACY TII,
pabouast KOHCTPYKTOPCKas M SKCIUTyaTallMOHHast JokyMeHTamus Ha cucteMbl ACY TII.

[Ipy  Basmmanuu  HEOOXOOUMO  TMOATBEPAMTH, YTO  MPOBEACHH  KOMIUIEKCHBIC
(uaTerpaunonHnsie) ucnbitTanus cucreM ACY TII; npoBeaeHa Bamupanus pe3ysibTaTOB KOMIUIEKCHBIE
(MHTETpallMOHHBIE) WCIbITaHus (oQopMileHa W TOAMHCAaHA JOKYMEHTAIMs, IOJITBEPIKIAIOIIAs
NPaBUIIbHOE NPOBEJCHNE KOMIUIEKCHBIE (MHTErpallMoHHbIe) uenbitanus cuctem ACY TII).

BbIXOIHBIMU TaHHBIMH SIBISIOTCS! PE3yJIbTaThl KOMIUIEKCHbIE (MHTErPallMOHHBIE) HCIIBITAHUS
ACY TII, xotopsie OGOPMIISIOTCS aKTaMH TMPHEMKH MEXCHCTEMHOTo HHTepdeiica conpshKeHUs
cucteM ACY TII B onbITHYIO 3KCIUTyaTanuio Kaxaon uarerpupyemoii cucremsl ACY TII u oTueTHbIe
JIOKYMEHTBI.

Pe3yabTaThl M UX 00Cy:KIeHHe

B nanno# craThe omucaHbl MeTOnbl KBanndukanuu, Bepudukamun u Bammganmm ACY TII
coriacHo mpoteccy, paspadoranHomy AO «PACY». Drtor mpoueaypa sBIsSeTCS MHCTPYKLHEH s
CITCIIMATUCTOB, 3aHUMAIOIINXCS DKCIICPTHBIM aHAIM30M, CTATHUYECKUM aHAIM30M W CTATUICCKUM
TecTUpOBaHUeEM, a Takxke Banuganueit ACY TIL

[Ipornecc Bepuduranmu JOKYMEHTOB PEryJISIPHO OOHOBJISIOTCS C YYETOM ITOJIYYEHHOTO OIThITa
1 HOBOBBeJeHUH B oOsactu npoektupoBanus ACY TII. IIpoGiemoit B TaHHO# 001acTH MO-TIPEKHEMY
OCTaeTcsl TPYAOEMKOCThb, TaK KaK Bepu(HKarus IOKYMEHTa JKCIEPTHBIM aHAJIM30M 3aHUMAeT
JIOCTaTOYHO Ooiybiioe Bpems. Ho MBI pa3pa0oTaii  HECKOJNBKO TOJE3HBIX MPOTpamMM IS
aBTOMAaTHU3AIMH TIpoIecca. DTH MPOrPaMMBI IIPOBEPSIOT TOKYMEHT Ha HOPMOKOHTPOJIb, COACPIKAHUE
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(Hamuue HEOOXOAMMBIX PAa3lesOB JOKYMEHTa), HAJMUMe MACHTH(PUKATOPOB TpeOOBaHUH U T.I. - B
IIEJIOM Ha BCe, YTO He TpedyeT IIyO0KOo# SKCIIePTH3HI.

Taxke mra Bepudukanmu BumeokanpoB CBY wmmm IIIIO IITK mis xaxporo merona
UCIIONIB3YIOT cpeacTBa, pazpadorannsie B AO «PACY», HanpumMep, A BepUPHUKALUN BHIEOKaIPOB
MeTogoM oakcnepTu3sl» ucnoibdyerca 11O [IOPTAJL, xkotopoe oOecnedyuBaeT BU3yalbHOE
IPEICTABICHUE COCTOSIHUA KOHTPOJIUPYEeMOro oOwekTa. [y aBTOMaTH3aludy MPOBEPOK IPH METOE
CTaTUYECKOT0 aHAJIN3a UCTIONIL3YETCSl MOAYNb Bepudukannu npukinagaoro [10 B yactu Bupeokanpos,
KOTOpBIi obecrieunBaeT aBTomMatusupoBanHoe cumthiBaHue B CYBJ] comepxumoro SVG-daitnos
BUAEOKanpoB, PbJl u mpounx HCXOIOHBIX IAAHHBIX, aBTOMAaTH3MPOBAHHOE CPAaBHEHME 3arpy’KCHHBIX
JIAaHHBIX, a TaKKe aHaIu3 dTUX JaHHBIX Ipu momomu SQL 3ampocos. [Ipu Bepudukaruu 11110 TTTK
METO/IOM 3KCIEPTH3bI UCTIONB3YETCS MOAYIb Pa3padOTKU TEXHOJOTMYECKHX AITOPHTMOB B COCTaBE
CAIIP «APUYCy». J[lanHpld MOAyNh TNpedHAa3HAueH JUIA AaBTOMATH3UPOBAHHOW pa3pabOTKH
TEXHOJIOTHYECKUX alrOpPUTMOB B (OpPMAlIM30BaHHOM TIpadUuecKoM BHAE U BepUPHUKALUU
pa3paboTaHHBIX aNrOpuTMOB. [l MeToma CTaTHYECKOro TECTHPOBAHHS HCIOJNB3YeTCS MOIYJb
paspabotku 3amanus Ha IIIIO B cocraBe CAIIP «APUYC». Moayns obecrieynBacT HaBUTAIUIO,
IpeHa3HAYEeHHYIO Ul OIEPaTUBHOIO NEPexoaa K He0OXOAMMBIM JcTaM (YHKIHMOHAIBHBIX IJIAHOB,
UMHTAIMIO CUTHAJIOB JaTYMKOB, UMUTALMIO CpabaThIBaHMs CUTHAIM3AIMH (CHTHAJIOB MPEBBILICHUS
YCTAaBOK), HMUTALUIO WCIIOJIHUTEIbHBIX MEXaHM3MOB (BEHTHWICH 3alopHBIX, PETyIHPYIOLIHX
KJIallaHOB, CEKLUHOHHBIX BBIKIIOYATENed W Jp.), aBTOMAaTH3MPOBAaHHOE CpPAaBHEHHWE BepCUi
(YHKUMOHAIBHBIX IUIAHOB. [l aBTOMaTH3alMU HPOBEPOK NPH METOJE CTATHUECKOro aHalu3a
UCTIONIB3yeTCsl MOAYINb Bepudukanuu npukiagHoro [10. Moayns o0ecrieunBaeT aBTOMaTU3UPOBAHHOE
cuutsiBanue B CYB/] copepxxumoro B/] 33U IITK u pesepHbix konuii 1110, aBTOMaTu3npoBaHHOE
CpaBHEHME M aHAJIM3 CUMUTAHBIX NaHHBIX Ipu nomomu SQL 3ampocos, a Takke aBTOMaTHU3MPOBAHHOE
(bopMHpOBaHHE KYPHAIOB 3aMEYaHUI.

[Ipu mnposenenun Bamupauun ACY TII ucnonap3yroTcss HMMUTATOPBl HCIIONMHUTENBHBIX
MEXaHU3MOB (3aIOPHOM apMaTypsl, pErYIMPYIOIIMX KJIAllaHOB, JBHIaTesed, COJICHOUIHBIX
KJIaIaHOB), IMUTATOPBI KaHAIOB BBOAA-BBIBO/IA AUCKPETHBIX M aHAJIOTOBBIX CHTHAJIOB, IPOTPaMMaTop
nporpammHo-Texauaeckoro cpeactsa (IITC).

Bce 3tu cpencTBa 1mo3BOJISIOT OBICTPO, a INIABHOE KAaUYECTBEHHO BBIMOJHATH BEpUDHUKALMIO U
Banuaanuio ACY TIL.

Tax)ke CTOUT OTMETHUTb, YTO JAaHHBIE METOABI M MCIOIB3YEMBbIE CPEICTBA JUIsl MPOBEACHHBIX
NPOBEPOK M HchblTaHui 1o Bepudukaunu u Bamuaauuun ACY TII Obun ycremHo npuMeHEeHbI A
nycka bemopycckoit ADC 3\6 1,2; Jlenunrpaackoit ADC-2 5\6 1,2 u HoBoBoponexkoit ADC-2 3\6
1,2, a Takxe npu mojepuuzanun Kannaunckoit ADC 3\6 1 u Pocrosckoit ADC 3\6 1.

3akioueHne
Bepudwukarus, kpanmudukanus U BaTuAaus — BaKHBIC dTarbl xu3HeHHoro 1ukina ACY TIL
Harra cdepa nmesaTeibHOCTH CBsi3aHa ¢ 0€30MaCHOCTHIO PabOThI aTOMHOHN CTaHIIMU, W IICHA OIIMOKH
OYeHb BBICOKA. VIMEHHO MO3TOMY HEOOXOJWMO HapallUBaTh OMBIT, PACIIUPITh KPYro3op H
COBEPILEHCTBOBATh JaHHBIN mpouecc ACY TII.

32



11 MEXKAYHAPOJHASI HAYYHO-TEXHUYECKA S KOHOEPEHLIMA. MUHCK 27-28 AITPEJIA 2021 T'OJIA

YK 621.311.25:621.039.5
OIIBIT ®PU3NYECKHUX UCIIBITAHUI CUCTEMBI BHYTPUPEAKTOPHOI'O
KOHTPOJIA ITPU BBOJIE B OKCILIIYATAIIUIO SHEPI'OBJIOKA Nel
BEJOPYCCKOM1 A3C
KAJIMHYIIKMH A.E., KOBEJIb A.11. MWJIBTO H.B., MYCUXUH A.M., CEMYEHKOB 10.M.
Hayuonanvuwiii uccneoosamenvcxutl yenmp « Kypuamosckuti uHcmumymy
(Mockea, Poccutickas ®edepayust)
CAYHUH 10.B., JJIOGPOTBOPCKMI1 A.H., KOPOJIEB A.C.
AO «Amommexsnepeo», Hososoponexcckuii punuan «Hososoponexcamommexsmnepzor
(Hososopomeorc, Poccuiickas Dedepayuist)
Annorauusi. Jloknmaxg  mpeAcTaBiIseT  OCHOBHBIE  CBEJEHHMSA W OCOOCHHOCTH  CHCTEMBI
BHyTpHupeakTopHoro koHTpoisi (CBPK) benopycckoit ADC, koTopasi sBIs€TCS OJHOW U3 OCHOBHBIX
moncucteM ACY TII m oTHOCHMTCS K CHCTeMaM HOPMAIBHOM OSKCIUTyaTallid Ba)KHBIM IS
oesonacHoctu. Ucxonms wu3 Takod kmaccudukanmum CBPK, BeimonmHenune kommiekca paoor,
Ha3bpiBaeMbIX (usnueckumu ucnbiTanusiMu CBPK mpu BBOzme sneprobnoka ADC B 3KCIUTyaTalulio,
ABJSIETCS. OJHUM M3 HEOOXOIMMBIX YCIOBUM NMPUEMKH, KaK CHCTEMbI, TaK M SHEProOjIoKa B IIEJIOM B
JKcIutyatanuioo. Pesynbpratel  ¢usmueckux wucneitaHuii CBPK Ha pasHblx sTamax BBOoma B
SKCIUTyaTallio MOATBEPAUIN TMPOEKTHBIE XapaKTePUCTUKH CUCTEMBI C Y4ETOM psia BBIIBICHHBIX
0cOOEHHOCTEH, KOTOpbIE HE OKa3bIBalIOT CYILIECTBEHHO BIIMSHHE Ha MPEICTABUTEIBHOCTh U
HaAEKHOCTh BhIxomHOW mHpopMmarmu CBPK. OTu pe3ympTaTsl MOKa3alld XOpOIee COOTBETCTBUE C
aHAJIOTUYHBIMH PE3yJIbTaTaMH, KOTOphIe ObLIM TIONYyYeHBI HA paHee BBEJCHHBIX B JKCIUIyaTallUi0 U
9KCIUTYaTUpyeMbIX 3Heprotiokax ¢ BBOP-1200 (mpoekt ADC-2006).
KioueBble cjioBa: cucreMa BHYTPUPEAKTOPHOTO KOHTPOJS, (pU3MYecKHe WCHBITAaHWS, BBOA B
JKCIUTyaTalio, paboTOCIOCOOHOCTh KaHAIOB KOHTPOJS, JIOCTOBEPHOCTH TIOKa3aHHWW KaHAaJIOB
KOHTPOJIS

EXPERIENCE OF PHYSICAL TESTS OF THE IN-CORE MONITORING SYSTEM
DURING COMMISSIONING OF POWER UNIT NO. 1 OF THE BELARUSIAN NPP
KALINUSHKIN A.E., KOVEL A.l., MILTO N.V., MUSIKHIN A.M., SEMCHENKOV Y.M.
National Research Center «Kurchatov Institutex»

(Moscow, Russian Federation)

Y.V. SAUNIN, A.N. Dobrotvorskii, A.S. KOROLIOV
JSC «Atomtechenergoy, Novovoronezh filial « Novovoronezhatomtechenergoy
(Novovoronezh, Russian Federation)

Abstract. The report presents the main information and features of the in-core monitoring system
(ICMS) of the Belarusian NPP, which is one of the main subsystems of 1&C system and belongs to the
systems of normal operation important for safety. Based on this classification of the ICMS, the
implementation of a set of works called physical tests of the ICMS when the NPP power unit is put
into operation is one of the necessary conditions for the acceptance of both the system and the power
unit as a whole into operation. The results of physical tests of the ICMS at different stages of
commissioning confirmed the design characteristics of the system, taking into account some of
identified features that do not significantly affect to the representativeness and reliability of the output
information of the ICMS. These results showed good agreement with similar results that were
obtained at previously commissioned and operated power units with VVVER-1200 (AES-2006 design).
Keywords: in-core monitoring system, physical tests, commissioning, operability of monitoring

channels, reliability of readings of monitoring channels.

Beenenue

Brimonnenue psia aBTOHOMHBIX U KOMITIEKCHBIX UCTIBITaHUI ITpH BBoAE dHeprodnoka ADC B
OKCIUTyaTalHMIO SBJISETCS OJHUM M3 HEOOXOIUMBIX YCIOBHHA NMPUEMKH, KaK OTICIBHBIX CHCTEM, TaK U
9HeproOJIOKa B IeJOM B 3Kkciuiyaranuio. B gactHoctu, mis CBPK, ucxoms u3 ee TEXHHUECKHUX H
(YHKIIMOHAILHBIX OCOOCHHOCTEH, OJTHUIMU W3 TAKUX UCIBITAHUH SBISIOTCS (pU3NYecKne UCTIBITaHHs
CBPK (®U CBPK). Ha 6noke Nel Bbenopycckoit ADC ®M CBPK Obimn BKIIOUEHBI B 3TAIHBIC
MYCKOBBIE MPOIPAMMBI M BHIITOJIHEHBI B COOTBETCTBUH C pPa0OYHMU MPOrpaMMaMU, pa3padoTaHHBIMU B
YCTaHOBJICHHOM TIOPSIJIKE.
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Joxnan npexncrasiser nomydeHHbIH onbIT BeinogHeHMs OU CBPK Ha ocHoBaHuum ydera
IPOEKTHBIX OCOOEHHOCTEH CHUCTEMBI M OOOOILICHHH PE3YJIbTATOB, IOIYYEHHBIX Ha PasHbIX 3Tamax
BBOJIA B OKCIUTYaTalMIO U B Pa3HBIX IKCIUTyaTallMOHHBIX COCTOSIHUAX. 3HAHHUE 3TOTO OIIBITA BaXKHO, KaK
U pa3paOOTUYUKOB CHUCTEMBI, TaK W JAJS IYCKOHANAZOYHOTO M SKCIUTyaTallMOHHOTO IepcoHaia,
o0ecrnevnBaoIuX Ha pa3HBIX JTanax >kKu3HeHHoro nukia ADC HagexxHyo U dQQPEeKTUBHYIO paboTy
omHoH n3 moacucteM B coctaBe ACY TII suepro6iioka.

Kpatkoe onucanne n ocHoBHbIe nmpoekTHbIe pemieHusi CBPK Besopycckoit A9C

CBPK mnpencrasnser coboit (yHKIMOHAIFHO 3aKOHYEHHYIO cucteMy B coctaBe CKVY/I,
CBSI3aHHYI0 HWH(GOPMALMOHHBIMH NIOTOKaMu ¢ ApyruMu cucreMamu CKY /I 1 ¢ BHEIIHUMH CHCTEMaMuU
sHeprobioka. CBPK siBiisieTcs 0THIM U3 OCHOBHBIX 3JIEMEHTOB, 00ECTIEYMBAIOLINX KOHTPOIb YCIOBHI
IKCIUTyaTalluu SACPHOIO TOIUIMBA, a TAKKE BAXKHEHILIUX MapaMeTpoOB, CBA3AHHBIX C 0E30IAaCHOCTHIO
sKCcIuTyaTanuu peaktopHoi ycranoBkn. CBPK npennasnadena s obecriedeHrss KOHTPOJIST aKTHBHOM
30HBI PEAaKTOpa Ha OCHOBE BHYTPHPEAKTOPHBIX M3MEPEHHMH C LENbl0 0e30MacHOM M SKOHOMHYHOMN
3KCILTyaTalli PEaKTOPHON YCTaHOBKH.

CBPK o0ecnieuniBaeT KOHTPOJIb HEUTPOHHO-QU3MYECCKUX I1apaMETPOB AKTHBHOW 30HEI,
TEII0BOM MomHOcTH PY M TenmnoruapaBivyeckux IapaMEeTpOB IEPBOTO U BTOPOIO KOHTYPOB,
¢dopmupoBanme u nepefady 3amUTHBIX (A3) u ynpasnstomux (I13-1, [13-2) curaanos 3amuThl M0
BHYTPHUPEAKTOPHBIM JIOKAIBHBIM [apamMeTrpaM (3amac A0 Kpu3Huca TermiooOMeHa, JIMHEHHOe
SHEProBBIACICHUE TB3JI0B), MH(OPMALMOHHYIO MOLACPXKKY OIepaTropa MPH YIPABICHUH I0JIEM
SHEPTOBBIICICHNUS, PEICTABIICHNE HHOOPMAIIMN O TEKYIIEM COCTOSHIH aKTHBHOM 30HBI 1 OCHOBHOTO
obopynoBanus PY na monmtopax CBPK u mepemauy mannoit mHpoOpManmuu (B TOM YHCIE UIA
otobpaxerns Ha bBIIY) B CBBY, a Takke KOHTPONb SKCIUTyaTallHOHHBIX IIPENETIOB W TIPEAEIIOB
0e30MacHOM AKCIUTyaTalli, CO3/IaHUe apXHBa JAHHBIX 110 UCTOPHU IKCIUTyaTallil aKTUBHOW 30HBI U
OCHOBHOTO TE€XHOJIOTHUECKOTO 000pyaoBanus PY, nuarHocTupoBaHHE COOCTBEHHBIX TEXHUYECKUX U
MPOrpaMMHBIX CPEACTB.

Pazpaborka CBPK BeImonHsieTcst ¢ yueToM TpeOOBaHHM, IPEABABISIEMBIX K CUCTEME, BAXKHOU
JUTsi O€30MACHOCTH W BKIIIOUAIOIICH B ce0s ayeMeHThl cucteM Oe3omnacHoctd. [10 CBPK paspaborano
B cootBeTcTBHH ¢ pekoMeHmanusamMu ['OCT P MOK 60880 n mpoxoauTt mporenypsl BepupuKauy u
BaIIMIALMHU B COOTBETCTBHH C IUIaHAMH BepU(UKALIMK U BaIUJALHU.

B CBPK ¢yHKOnMOHanbHO BXOIAT: TMEpPBHYHBIE TpeoOpaszoBarenu, KabeldbHBIE TPAacChl OT
NEPBUYHBIX NpeoOpa3zoBaresiell 10 HM3MEPHUTENbHOW amnmaparypel W IPOTrpPaMMHO-TEXHHYECKUH
komruieke (IITK) CBPK. IITK CBPK cocrout u3 [ITK amkaero yposus (IITK-HY) u IITK Bepxuero
ypoBas (IITK BY). B cBoto ouepens IITK HY moapazaensercs na I1TK 3ammurer (IITK-3) u IITK
uHpopmarmonHo-ynpasisitonuii ([ITK-UY). B TITK BY Bxonsar: BeruncnutensHbiil komiieke (BK
CBPK), xiemmuble mkadpl, paboune mecta aexypHoro mnepcoHana, IITK BryrpupeakropHOit
mymoBorr guarHoctuku (IITK BPIIJI), BRYHCTUTENHHBIH KOMIDIEKC CHUCTEMBI KOMILIEKCHOTO
aHanu3a, nuio3sl cBsi3u ¢ CBBY u co cMmexuabpiMu cuctemamMu ACY TII, BEIYUCIUTEILHBIA KOMITIIEKC
BOJIHO-XMMHUECKOI'0 pexnuMa, 1yonupoBanHas jokaiabHas cetb CBPK ¢ ceTeBbiMH ycTpoiicTBaMH.

OcHoBy CBPK cocraBindoT pacmpenesieHHble IO CEUEHUIO U BBICOT€ AKTUBHOW 30HBI
HEeUTpoHHBIE JeTekTopbl Tuma JII3 ¢ sMuUTTepoM W3 pPOaUs, a TaKXKE TEPMOIIEKTPUICCKUE
npeo6pazoBatenu (TII), pacronoskenHble Ha Bxoe U Beixojie TBC, a Takxke moJ KPBIIIKON peakTopa.
AII3 u TII Bxomar B cocraB cOOpOK BHyTpupeakTopHbIX aerektopoB (CBPJl). B aktuBHyio 30HY
ycranaBiuBatorcs 54 CBPJ, B kaxaom mo cemp JI13. Drto obecreunBaeT KOHTPOIb
SHEProBbuIAeNeHNs B 378 TOUKaxX akTUBHOW 30HBI M KOHTPOJIb TEMIEpaTypsl B 154 Toukax.

Bce mnepsuunble u3MepuTenbHble npeoOpazoBatenin B cocrae CBPK wucnomnbsyrorcs ¢
WHIMBUAYaIbHBIMA (QYHKIMAMH npeoOpa3oBanus. UnanBuayansHsle QyHKIuM mpeodpasoBanus TI1
U TepMoIpeodpazoBaTenell conporuBieHus IaTHHOBEIX (TC) onmpenensoTes Mo JaHHBIM 3aBOJCKOM
KaauOpoBKU. M3HauanbHO WHIMBHIYyadbHble (QyHKUMU 1peobpasosanus JII3 onpenenstorcs
pacyeTHBIM IYTEM C TMOMOIIBIO0 aTTECTOBAHHBIX PacyeTHBIX MporpamMm. B mpormecce skcrutyaranumy,
WHIMBUIYanbHbIe QyHKIMK npeoOpasoBanus [I13 (u3-3a HenmpepbIBHOTO M3MEeHeHHs koddduienTa
mpeoOpazoBaHUsl B TIPOIECCE «BBITOPAHHS» DPOAMEBOTO JETEKTOPA) OINPEAEISIOTCS PaCYETHBIM
METOJIOM [0 BEJTMYHHE MPOTEKILIET0 JEKTPUUECKOTO 3apsaa.

Ammaparypa IITK-3 coctouT n3 derblpex HE3aBUCHUMBIX KaHajoB, Kaxnapri kanan [1TK-3
pa3Merniaercsi B OTAEIFHOM M30JMPOBAHHOM MOMEIICHUH, KOTOPOE OT/IEIEHO OT MOMEIIEHUH APYyTrux

34



11 MEXKAYHAPOJHASI HAYYHO-TEXHUYECKA S KOHOEPEHLIMA. MUHCK 27-28 AITPEJIA 2021 T'OJIA

KaHAJIOB TNPOTHUBOMOXapHOW meperopoakod. K kaxkmomy kanamy I[1TK-3 momsemensl kaOenbHbIE
Tpacchl JaTYMKOB CBOEr0 KaHaia OE30MacHOCTH W 10 HUM Ha BXOJl M3MEPUTENFHOW ammapaTypbl
MOCTYMAIOT CUTHANIBI aTYNKOB KOHTPOJS TEIUIOTEXHHYECKHX mapameTpoB PV, a taxke 1/4 wacts
Bcex CBPJI. Ammapatypa IITK-HY ceszana ¢ BK CBPK undopManuoHHbIMu TUHHAMHU CBS3H, IO
KOTOPBIM TTOCTOSTHHO HeT omHocTopoHH:s nHbopmarmsa B BK CBPK mis o6pabotku mansbIX. Jlmsa
obecnieuenust ¢pynkunoHupoBanus [1TK-3 B wacti hopMrpoBaHusi CUTHAIOB 3aIIUTHI IEPUOINIECKH
1oJ KOHTpPOJEM IiepcoHana ocylecTBiusieTcs npuem u obOHosinenne B I[ITK-3 nHactpoeuHoit
uapopmanuu. IITK-UY cocTouT w3 J[ABYX HMIOCHTUYHBIX HE3aBUCHMBIX HH(OPMALMOHHO-
M3MEPHUTENBHBIX yCTPOWCTB, HWMEIONINX BBHIXOAsI B JokampHylo cets CBPK. IITK-BPUIJ]
TpeaHa3HadeH 11 00paboTky IepeMeHHol cocTaBistomnieii TokoB JI13 u mus nepenaun 8 BK CBPK
0000meHHol nHpOpManuu 00 aHomanusx B akTuBHOUM 30He. CBPK oOecrieueHn anmapaTHbIMEH U
MPOrpaMMHBIMHU CPEICTBA CaMOAUAarHOCTHKH. JmarHoctudeckoe [10 ¢y uT Ui BRITOMTHEHUS 33129
TECTUPOBAHHS ¥ KOHTPOJIS pabOTOCIIOCOOHOCTH amIapaTHBIX CPEICTB U CHCTEMHOTO MPOTPaMMHOTO
obecrieyeHusl.

CTpyKTypa U 00beM BBINOJHEeHHBIX pu3ndeckux ucnbiTanuii CBPK

HeoOxomuMocTh B TIPOBEJACHWU PACHIMPEHHOTO KOMIDIEKCA ITyCKOBBIX —HCIBITAHH,
nonyunBIIMX HazBaHue usuyeckue ucnbitanuss CBPK (O CBPK), BeiTekaeT u3 (yHKIMOHATBHBIX
u mpoekTHbIX ocobenHocteit CBPK [1] mns oOecrnieueHus HOPMAaTHBHBIX TpeOOBaHWN K CHCTEMaM
HOPMaJIbHOM O3KCIUTyaTalMH Ba)KHBIM [UId Oe30macHOCTH. JlaHHBIC UCHBITAaHUS HPOBOASTCS
NPaKTUYECKH Ha BCEX JTalax MyCKOHalaJOuYHbIX paboT M MpeAHa3HAYeHBl JUIA OLCHKH KauecTBa
MOHTa)Ka W3MEPUTENbHBIX KaHAJOB, MPABUWIBHOCTH PEANTHM3ALUN AITOPUTMOB (PYHKIMOHUPOBAHUS H
UX JOCTaTOYHOCTH, a TAaKKE CIELUAIBHBIX HCHBITAHUM U ONpEIeNeHUs 3HAUYCHUH KOHCTAHT,
UCHoJb3yeMbIX B 0a3e nanusix CBPK [2, 3].

Kommieke @1 CBPK s 6iioka Nel benopycckoit ADC BKITIOUMI B ¢e0sl CIICAYIONIUE BUBI
WCIIBITAaHUM:

1. ITposepka CBPK B yacTi KOHTPOJISI COCTOSIHUS paKTOPHOM ycTaHOBKH (PY).

HcnpiTanust BBIIOIHSIOTCS Ha mojaTane «XonogaHo-ropsiuedt oOkatku (XI['O) PY», sramax
«Pu3nueckuil myck» (B MOAKPUTHYECKOM COCTOSHHM, W TIPH BBIBOJE PEAKTOpa B KPUTHUYECKOE
cocTosiHue), «JHeprernueckuil myck» (Ha momHoctH 10 1 40%NHOM), «ONBITHO-IIPOMBIIITICHHAS
skcrutyatanms» (Ha wmomuoctH 75, 90 m 100%Nnom). Hcmbitanus TpeOyrOT cTallMOHAPHBIX
COCTOSIHUM TIpH CcTaOWJIM3MPOBAHHBIX OCHOBHBIX mapameTrpax PVY. Ilo pesynbratam wucnbITaHUR
MOJTBEPKIACTCS BBINOJHCHUE (DYHKIIMU KOHTpoJisi cocrosiHus PY mo ~1000 kaHajgam KOHTPOJIS
00I1eTEXHOJIOrMIECKHX MapaMeTPOB (AaBIICHNUS, IIEPETaibl JaBICHUs, TEMIIEPaTypbl, pacXoasl U T.1.),
Pa3OUTBHIM Ha HECKOJIBKO MOJATPYIII UCXOAS U3 TEXHOJIIOTHUECKUX ocobeHHocTell n ¢pynkumii CBPK.

2. IIpoeepka CBPK B uactu TemnepaTypHOro KOHTPOJISI TEIUIOHOCUTENS | KOHTYpa.

WcnpiTanust BEIMONHSIOTCS Ha mnojdTane «XOoJogHO-Topsyert oOkatkum PYy», sramax
«Pu3nueckuil myck» (B TMOAKPUTHYECKOM COCTOSHMM) B CTallMOHApHOM II0 TeMIIeparype
TETUIOHOCHUTENSI COCTOSHUU W TIPH pa3orpeBe, a TakKe Ha 3Tamax «JHEepreTHYecKui myck» (Ha
MomrHOocTH 10 1 40%NHOM), «ONBITHO-TIPOMBINIUICHHAS JKCIUTyaTarus» (Ha momHocTH 75, 90 u
100%NHOM) B cTAallMOHAPHOM COCTOSHUHM (IIpY CTaOMJIM3MPOBAHHBIX OCHOBHBIX Mapamerpax PY). Ilo
pe3yibTaTaM WCHBITAHUN TOJTBEPXKIACTCS BBITIONHEHHE (QYHKIWH TeMIepaTypHOro KOHTPOJIS
ternoHocutenss 1 koHTypa mo Oomee, yeM 1000 kanamaM, pa3OUTBIM Ha MOATPYIIBl HCXOMS
pacronioxeHus IepBUYHBIX IpeoOdpa3zoBarenell 1 BoimonHseMbix yHkui CBPK.

3. IlpoBepka CBPK B yacTu KOHTpOJISI HEPrOBBICICHHUS B aKTHBHOM 30HE.

JlaHHBI BUJT WCTIBITAHUN BBIMOJIHICTCS HA dTamax «DHEPreTHYeCKUH MycK» (Ha MOIIHOCTH
40%NHOM), «OnBITHO-IPOMBIIIIEHHAS! 3KcILTyatamus» (Ha MomHoctH 75, 90 m 100%NnOM).
UcnbiTanust TpeOYIOT CTaMOHAPHOTO COCTOSIHMSA (IPH CTaOMIIM3MPOBAHHBIX OCHOBHBIX MapaMeTpax
PVY), a taxke u paznoro nonoxenus rpynn OP CY3. Ilo pe3ynbraraM UCHBITAaHUH YCTaHABIMBACTCS
JIOCTOBEPHOCTh TMOKa3aHWW sHeproBeaeneHus no [II3 ¢ yderom KOHCTAHT mepexogHOW (PyHKINU
JII3, nmpaBWIBHOCTH BOCCTaHOBJIEHMS IIOJS SHEPrOBBIIEIEHHMS C YYETOM CHMMETPUH 3arpy3KH
AKTUBHOH 30HBI M TPOEKTHBIX HEUTPOHHO-(PU3NUECKUX XaPAKTEPUCTHK.

4. Tlposepka CBPK B wacTu KOHTPOJIS MapamMeTpoB JIOKAJIBHOTO 3HEPTOBBIJICICHUS I10
BHYTpHUpEaKTOpHbIM napamerpam B [1TK-3.
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OTOT BUJA WCHBITAHUN BBINOJHACTCS Ha dTanax «DHEPreTHYeCKHi Myck» (Ha MOIIHOCTH
40%NnOoM), «ONBITHO-TIPOMBINIIEHHAS JKCIDTyaTarms» (Ha MomrHOocTH 75, 90 m 100%NHOM).
UcnpiTanns TpeOyIOT CTALMOHAPHOTO COCTOSIHMA (IpU CTAaOMIM3MPOBAaHHBIX OCHOBHBIX IlapaMeTpax
PVY), a Takxe pa3HOro moJyio’K€HUs TPYII OPraHOB PETYIMPOBAHMS CUCTEMBI YIPABICHUS U 3aLIUThI
(OP CVY3). Kpome 3TOT0, HCIIBITAaHUS TIPOBOATCS B COCTOSIHUSAX ¢ KCEHOHOBBIMH KOJICOAHUMSAMU U TIPH
NEPEXOIHBIX PEKUMAX, BBI3BAHHBIX OTKIFOUEHHUSMH IJIaBHBIX LUPKYIUOHHBIX arperaros (I'LTHA).
[lo pesympTaTaM HCIBITAHUN OLICHUBACTCS BBIMOJHEHUE 3alUTHBIX (YHKLUUH, peann30BaHHBIX
B [ITK-3.

5. IIpoepka CBPK B yacTi KOHTPOJISI MOIITHOCTH PEAKTOPA.

JlaHHBIN BHUI WCIBITAHUH BBITIONHSETCS HA 3Tanax «JHEPreTHYecKui Mmyck» (Ha MOIIHOCTH
50%NnoM), «ONBITHO-POMBINUICHHAsT SKCITyaTanus» (Ha Mmomuoctd 75, 90 u 100%NHoMm).
HcnpiTanus TpeOyIOT CTALMOHAPHOTO COCTOSIHMA (IPU CTaOMJIM3MPOBAHHBIX OCHOBHBIX NapaMeTpax
PY), a Ttakxe pexunmoB mpu otkiaroueHusx [TIHA. Ilo pesynapTaraM HMCHBITAaHWA OIIEHWBAETCS
BBIMOJTHEHNE (YHKUUH KOHTPOJSI MOIIHOCTH PEaKTOopa, W OIPEHeISIOTCS ONTUMAallbHBIE BECOBBIC
K03(pPULIMEHTBI 111 CpeIHEB3BEIICHHONH MOIIHOCTH PEAaKTOpa C LENbI0 BBHIMOJHEHUS MPOCKTHBIX
TpeOOBaHMIA.

6. [Iposepka CBPK npu otkmrouenusx LIHA.

JlaHHBIN BHJIl WCIIBITAHUN BBIMIOJNHACTCS Ha MojadTamne «XOJIOAHO-Topsueii oOkaTku PVYy,
sramax «®dm3nueckuii MTyck» (B TOJKPUTHYECKOM COCTOSIHHH), «DHEPreTHYeCKHud IycK» (Ha
MotHocTH 50%NHOM), «ONBITHO-TIPOMBINIIICHHAS dKCIUTyaTanus (Ha MomrHocTy 75 1 100%NHOM).
Ucnbrtanus BeimonHa0Tes npu oTkimoueHusx ['TIHA U B COCTOSHMSIX ¢ HEMOJIHBIM KOJIHMYECTBOM
paboTaromux meTens (MpU CTAaOMIM3UPOBAHHBIX OCHOBHBIX mapamerpax PY). Ilo pesympraTtam
UCTIBITAHUI OLIEHMBAETCSl BBINOJHEHHE (YHKUMH KOHTPOJIS HapamMeTpoB, 3aBUCSIIUX OT PabOTHI
I'TIHA.

7. Ilpoepka CBPK B uactu KOHTpOJIs JIoKanbHOTO KureHust mo BPIIJT.

JlaHHBIA BUA MCHBITAHUN BBHIMONHSETCSA Ha 3Tane «ONBITHO-IPOMBIIIIICHHAS SKCILTyaTalus»
(ma momuoctu 75, 90 m 100%Nnom). UcnbiTaHust TpeOYIOT CTallMOHAPHOTO COCTOSHHS TIpU
CTaOMIIM3UPOBAHHBIX OCHOBHBIX mapamerpax PVY. Ilo pesynbratam HCHBITaHWI MOATBEpPIKIACTCS
NPaBUIBHOCTh JUArHOCTHPOBAHMS JIOKAJBHOTO KUIEHHS TEIUIOHOCHTENEI B AaKTHBHOM 30HE
MOACUCTEMON BHYTPUPEAKTOPHON IIIYMOBOM THarHOCTHUKHU.

8. IIpoBepka CBPK B uacTu BOJHO-XMMHUYECKOTO KOHTPOJIS TEINIOHOCHUTENS | KOHTYpA.

JlaHHBINA BHJ WCHBITAHUH BBIOJHSETCS Ha dTanax «HEPreTHUECKUH IMycK» (Ha MOLIHOCTU
50%NHOM), «OnBITHO-TIPOMBINIICHHAsT JKCIUTyatanus» (Ha wmormHocTH 75, 90 m 100%NHOM).
HcnbiTanus TpeOylOT CTallMOHAPHOTO COCTOSHUSI MPU CTaOMIIM3UPOBAHHBIX OCHOBHBIX TMapaMeTpax
PY. Ilo pe3ynpraTtaM HCHBITAHUNA TOATBEPKAAETCS MPABMIBHOCTH KOHTpois mapamerpoB BXP 1
KOHTypa, paccuuThiBaeMbIX MonaylieM «MVYXTAP», a Takke TOYHOCTh PEKOMEHAALUH IO
JO3MPOBAHMIO peareHToB nojaepxxanus BXP remnonocuresns.

9. Ompenenenue BIHMSHUS TEIUIOTHAPABINYECKUX XapaKTEPHCTHK MeTellb | KOHTypa Ha
TEMIIepaTypy Ha BXOJE B aKTHBHYIO 30HY.

JlaHHBIE WCHBITAHUS BBHIMONHIIOTCA Ha JTane «PU3MUecKuil MycK» B HOAKPUTHYECKOM
cocTosiHUH. VcmbITaHug TpeOYIOT COCTOSHHUM € pa3inMyueM TeMIepaTyp B XOJIOAHBIX HHUTKax. Ilo
pe3yibTaTaM HMCIBITAHUH ONpeAeisitioTcss Kod(QGUIMEHTHl JUIS pacyeTa TeMIlepaTypbl Ha BXOJE B
kaxnyio TBC, koropsie BHOcsTCS B 6a3y nanHbiX (/1) CBPK.

10. Iposepka coorBercTBusi koopauHaT CBPJl B aktuBHOW 30He koopaunaram CBP/I,
otoOpaxaembiM B CBPK.

JlaHHBIE HCIBITAHMS BBIIOJNHSIOTCS Ha JTane «OHEPreTHYeCKHid IycK» (Ha MOLIHOCTU
40%NnomMm). UcnbitTanus TpeOyroT cocTosHUil ¢ pa3HbIM mosioxkeHneM otaeibHeix OP CVY3. Ilo
pe3yapTaTaM HCIBITAHUH OMpeNesieTcs MPaBUILHOCTh MOHT)XHBIX padOoT MO MOAKIIOUEHHUIO JTMHUH
cBsi3u U 3anonnenus bl CBPK.

AHaJM3 OCHOBHBIX pe3yJbTaToB pusnyeckux ucneitannii CBPK
[Ipoenennsie Ha moadTame XI'O 6imoka Nel benopycckoit ADC @M CBPK mokazamm, 9ro
peanuzauus (YHKUUH KOHTpoisi cocTosiHMs PY W Temmeparypsl TemioHocuTenss 1 KoHTypa B
OCHOBHOM 00ecIieurBaeT MPOeKTHbIE TPEOOBaHUS AJsl COCTOAHUS «ropsiaee» PY (6e3 mommuocTn). B
TO K€ BpeMs, ObUTH BBISIBIIEHBI CIIEAYIOIINE 3aMeYaHus 110 padoTe KaHAIOB KOHTPOJIS:
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1) uMeroTcs JBa KaHajia KOHTPOJISL TeMIIepaTypbl B MeTsiX | koHTypa mo mokasanusm TC ¢
WHIUBUIYaJIbHBIMA CTaTUYECKHMHU XapaKTEPUCTHKAMH, YbH aJUTHBHBIC MonpaBku Oonbire 0,3°C
(TIOTpenHOCTh P U3MEPEHNH MHANBUAYATIHHBIX (DYHKIINM IpeoOpa3oBaHus);

2) He peaTM30BaHO JIEMII(PUPOBAHHUE TS TATINKOB KOHTPOJII Tiepenana masieHust Ha [ TITHA;

3) Tpebyercs CrilaKuBaHUE YIS TIOKa3aHUI KaHAJIOB KOHTPOJIS eKTpudeckoii momHocty ['TIHA
Y TIepernajia IaBIeHNs Ha PeaKTope;

4) B mpoeKTe HEMPaBWIIFHO yKa3aHbl JMAA30HbI 3HAYEHUH U «TOPSMEro COCTOSHUS) IO
Tiepenaiay TaBlieHHs Ha MaporeHepaTopax, Pacxo Iy TEIIOHOCUTEIIS B IETIISAX U Yepe3 PeaKkTop;

5) TIpy MPOEKTUPOBAHUH BHIOPAHBI HEKOPPEKTHBIC KPUTEPHH 11 OTOPAKOBKH PE3KUX M3MEHCHUIA
pu oTKIFoUeHuH/TonkroueHun [ TTHA.

Ucnbitanuss Ha otane «DU3MYECKU IMyCK» OKOHYATEIBHO IOITBEPIWIN TPABUIBHYIO
peanuzarmo QYHKIMA KOHTPOJISL cocTosiHus PY u Temmeparypbl TemioHOcHUTeNs 1 KOHTypa ¢ y4eToM
WCTIPaBJICHUSI 3aMEYaHUH TI0 IPEABLIYIIM paboTaMm.

[lo pe3ynprataM WCHBITAaHWH TEPMOKOHTPOJS B pPEeKUMax «0e3 MOIIHOCTH» JJISl yCTPaHEHFS
CHUCTEMaTHYCCKUX TIOTPEIIHOCTeH OBUIM BHECCHBI IMONPABKU K TOKA3aHUSM BCEX KaHAJIOB KOHTPOJIS
temriepatypsl B neisix (o TC) u B peakrope (mo TII). Ilo pe3ynpTaTtam MCIIBITAHWI B YacTH KOHTPOJIS
coctostHMsl PY ObITM BHECEHBI W3MEHEHHsS 10 pacdeTy pacxojia TEIUIOHOCUTENS B TETIAX TPH
orwiroueHnu ['TIHA (cM. puc.1).

MaccoRLIii pacxo1 B NeTsix, /4

090956 09:10.00 091006 09101 091015 9:10:20 091026 09 103 091036 09:10:40  09:1045 091050 091065
Bpems
Puc. 1. Ismenenue pacxona B netie npu otkaroueHun [ TIHA B 5ol netsie: a - 10 BHECEHUST U3MEHEHUH,
b - mocie BHECEHUS U3MEHEHUIH

[loMmumo »3TOrO, TO pe3ynbTaraM WCIBITAHUN B YacTH KOHTPOJIA cocTosHus PY  Obuim
OOHapyKeHbI M YCTpaHEHbI OMMOKKM B KOHTpPOJIE JaBJIEHWS Tapa B TJIABHOM IapoOBOM KOJUIEKTOPE, B
nostoxxeHny rpynm OP CY3, a Takke ObUTH JaHBI pEKOMEH IAIINH TI0 Tipe/icTapieH o napopmarun CBPK
JUTSL TH)KEHEPOB-(DU3UKOB TIPH BBIBOJIE PEAKTOPA B KPUTHUYECKOE COCTOSTHUE.

PesynbraThl omnpenenenus Kod(p@UIMEHTOB BIMSHUS Uil pacyeTa TeMIIepaTypbl Ha BXOJE B
aKTHBHYIO 30HYy IOKa3zanu, uto Juiss Onoka Nel Bemopycckoit ADC coxpaHSIOTCS BCe OCOOCHHOCTH
K03((UIMEHTOB, BBISBICHHBIE MO PE3yJIbTaTaM aHAJIOTUYHBIX WCTBITaHUN Ha Jpyrux Onokax ADC ¢
BB5P-1000 [4] 1 BBOP-1200. Kpome 3Toro, ObL1 OrmpoOOBaH HOBBIM alrOpPUTM MPOBENEHHS TAHHOTO
BHU/IA MCTIBITAHUH 1 TIPEJITO’KEHA €70 Pean3alys MPH BBOJE B SKCILTyaTarmio 610Kka Ne2.

Cpean pe3ynbTaToB, MOTYYEHHBIX PU OCBOEHUM MPOEKTHOM MOIIHOCTH, CIEAYET OTMETHUTH TE,
KOTOpbIE MMEIOT ONpPEACIECHHBIE 0COOCHHOCTH, CBSI3aHHBIE C OCOOCHHOCTSIMH TETUIOTHIAPABIMYECKUX U
HEHUTPOHHO-(PIBHYECKIX MPOIeccOB B PY, a Takke ¢ pasMerieHrneM TMEpBUYHBIX mpeoOpasoBateneii. B
YaCTHOCTH, KaKk M Ha Bcex Omokax ¢ BBOP [5], a Takke ¢ PWR nHabnromaetcsi HeOTHOPOJHOE TEUEHHE
TEIJIOHOCHUTENST B TOPSUMX HUTKAX MeTedb | KOHTypa, YTO MPOSIBISETCS] B 3HAUUTEIBHOM PACXOXKICHUU
temnepatypsl mo TC pa3MelieHHbIM B pa3HBIX MecTax cedeHus TpyOonpoBoaa. Hambonbiiee
pacxoxaenue ~2,2 °C 0bL10 3a(pUKCUPOBAHO ITPY HOMUHAJIBHOM YPOBHE MOIIIHOCTH.
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AmnanornyHo apyrum Onokam, rae ucnonb3yrorcss CBPJ] tuma KHUT, TII Ha BXONE B aKTHBHYIO
30Hy (mpoekTHOoe oOo3HaueHwe - TII-3) WMEIOT 3aBBIIIEHHYIO OTHOCHTENHHO XOJOMHBIX HHUTOK
Temnepatypy. JaHHbIi pakT BO3MOXKHO 0OyCIIOBJIEH HAIMYUEM PAJUALlIOHHOTO Pa30rpeBa HAKOHEUHHUKA
yexJa, KOTopslii MoxkeT coctaBisith 0,5 — 0,8 °C, a Taxke MOIOrpeBOM TETUIOHOCHTENS, CBSI3aHHBIM C
pacnonoskerareM TII-3 Belllle Hayana TOIUIMBHOM YacTd akTUBHOM 30HBI (Ookoio 60-80 Mm). Dto
HOATBEPXKIAETCS TEM, YTO OTKIOHEHHE CpeiHed B OpOMTe CHMMETpPUH TeMIIepaTypbl Ha BXOAE OT
TeMIepaTypbl B XOJIOIHBIX HUTKAX U3MEHSETCS MPAKTHIECKH MPSIMO MPOMOPIHUOHAIBEHO B 3aBUCHMOCTH OT
MomHocTH peakTtopa. Kak rosopunock panee, B CBP/] unmeercst nse TII Ha BbIxome (IpoekTHOE
oboznauenne - TII-1A u TII-1b). AHanu3 OTKIOHEHWH IMOKa3aHWH TEMITEpaTyphl TEIIOHOCHTENS Ha
Beixogie 13 TBC mo TII-1b ot TII-1A moka3piBaet, 4to OHM HE TpeBbImaroT 4 °C, UT0 HIDKE 3HAYCHHMH,
KOTOpBIE OBUTO MOTY4YeHBI Ha paHee BBOAUMBIX Onokax ¢ BBOP-1200.

Crout ocobeHHO oT™MeTHTh, 4TO Ha Ooke Nel Bemopycckoit ADC Obuta BeoHEHa niepdopariys
kaHasioB HampaBmmonmx Tpyd moxm CBPJl B B3T. D10 ogma w3 mep, Kacaromasicss TOBBIIICHUS
JIOCTOBEPHOCTH TEMIIEPaTypPHOrO KOHTPOJISI TOJ KPBIIIKOK peakTtopa. Pe3ynbraTel MCHBITAaHUNA KaHAJIOB
TeMIepaTypsl MOJ] KPBILIKOM peakTopa MOKa3ajid, YTO TOJIBKO 3TOH Mepbl HEJOCTATOYHO M HEOOXOANMBI
JajbHEHIINe UCCIEeI0BaHMA. DTH UCCICIOBAHMUS JODKHbI ONPENIEIUTh IOMUMO TEXHUYECKHX MEp TAKKe U
Opraiv3alMOHHbIC MCPBI B YaCTH YCTAHOBJICHUSA PEKUMHBIX T'pe6OBaHI/II>'I " rpaHui JO0CTOBEPHOCTU I10
9THUM KaHaJlaM KOHTPOJISI C y4ETOM BBISIBIICHHBIX OCOOCHHOCTEH.

Pe3ynpTaThl HMCOBITAaHUI 1O TPOBEPKE SHEPrOBBLICNICHUS IIOKA3aIM BBINOJHEHUE KPUTEPHEB
JOCTOBEPHOCTH MPAKTHYECKH I10 BCEH AaKTHBHOH 30HE (HA MOMEHT OKOHYAHHS MCIBITAHUH OBLIO
BBISIBIICHO TOJIBKO IecTh U3 378 kaHasoB ¢ HepaboTocmocoOusvMu JII13). TTokazaHus BOCCTaHOBICHHOTO
TI0JIS1 SHEPTOBBIIETICHHS IMEIOT XOPOIIIYIO0 CXOAUMOCTb C pacyeTaMH o Mporuo3am nporpamm «muratop
peaktopa» (MP) m «KACKAI». OcoOeHHOCThIO SBISIETCS TO, YTO 0OOJee BBICOKWE 3HAYCHUS
SHEProBbIJETICHHST OTHOCHTENILHO IPOTHO3HBIX HabmoaaoTes s nentpanbHeix TBC 1, HaobopoT, 6omee
HU3KKMe - 1y nepudepuiinbix TBC. Taroke nMeetcs 3anmkeHne nmokasanuii KQ B TBC, pacnosiokeHHbIX
Omms3Ko K matpyokam 1 u 3 meru, a y marpyokos 2 u 4 merimu 3HadeHust B CBPK u UP npubnmsurensHO
OJJMHAKOBBIC. MakcumaspHble 3HAYCHHUS IO HHHCﬁHOMy OHCProBbIACIICHHUIO TB3JI WU MHUHHUMAJILHBIC
3HauUeHHUs 10 3amacy 10 Kpusuca TerooomeHa ro ganHsM CBPK npeBbimany nporHosssie fanHbe. C
YYETOM KOHCEPBAaTUBHOCTA W BBIIOJHEHHBIX KPHTEPHEB JOCTOBEPHOCTH 3TO olecrieunBaeT Oojee
0€e30IacHy¥0 HKCILTyaTaIHIoO.

Pe3yJ'H>TaTI>I HUCIILITAHUN KaHaJIOB KOHTPOJIA MOIIHOCTH IOKa3ajid, YTO 3HAYCHHUA Ppas3sIndHbIX
croco0oB pacuera, peaan3oBaHHbIX B airoputmax CBPK, ynoBieTBOpsiOT MpOBEpOYHBIM pacueram U
COOTBETCTBYET IIPOEKTHBIM XapaKTepUCTHKaM. JlIs TOBBIMIEHWS MPEeICTaBUTEIBHOCTH KOHTPOJS
MOIIHOCTH PEaKkTopa CJeAyeT HCCIeNoBaTh 3aBUCHMOCTh KOHCTaHT, BBoauMbIx B CBPK, ot
IKCILTyaTal[MOHHOTO COCTOSIHHMS (YpOBEHb MOIIHOCTH pPEakTopa, KonudecTBo padortarommx [TIHA,
nosoxxeane OP CVY3, Beiropanme u T.4.). Ilpm BbemonHennn stux ycnosuii, CBPK oGecneunBaer
KOHTPOJIb CPEIHEB3BEIICHHON MOIIHOCTH PEaKTopa ¢ morpeiHocteio He Ooiee 1 %NnoM, uTo mact
BO3MOYKHOCTbh CHIKEHHSI KOHCEPBATH3MA B ITPOCKTHBIX pacyeTax.

3akioueHne

[Tomyuennsie pesynbratel @Y1 CBPK mokaseiBaioT, 4TO CHCTEMa COOTBETCTBYET IMPOEKTHBIM
TpeOOBaHUSIM M 00ECIIEUMBACT BBIMOJHEHHUE MPOSKTHBIX (PYHKIUH 110 HAJIKHOMY KOHTPOJIO COCTOSTHHUS
AKTUBHOMW 30HBI U 3HEprooioka B uenoM. [Ipu aTom, nmeromuiicst u nmoayueHHbI HOBbIH onbiT @Y CBPK
npu BBOJE B JKcIuTyatanuio Onmoka Nel Benmopycckoit ADC mokasbiBaeT, YTO BO3MOXKHO YIy4IICHHE
XapaKTEepUCTUK, KaK CaMOMl CHUCTEMBI, TaK M TPUMEHEHHIO HOBBIX IIOAXO/AOB IO KOHTPONIIO €€
(byHKUMOHMpPOBaHMS. B YacTHOCTH, 3TO OTHOCHUTCS K BO3MOXKHOCTSM PACIIMPEHHs] 00beMa KOHTPOJIST U
ABTOMATH3aLUH JTUArHOCTUYECKUX MPOLETYD, BBINOIHIEMBIX 3KCILUTyaTallHOHHBIM M CONPOBOKIAOIUM
TIepCoHaAIOM [6].
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YK 681.51
COBPEMEHHAS TUIIOBASI APXUTEKTYPA ACY TII ADC HA BA3E TEXHOJIOT'UHA
TITC NPOU3BOACTBA ®I'YII «BHUHUA»
APTEMBEB K.I1., TAJIMIBIH 10.C., TPULEHKO C.10., HAPULl A./1., HOBUKOB A.H.,
ACIINJ0B K.M., BOP3EHKO A.A, IIEPBOB A.B.
DeoepanvHoe 2ocyoapcmeeHHoe YHumapHoe npeonpuamue « Bcepoccutickuii HayyHo-
uccnedosamenvckui uncmumym asmomamuxu um. H.JI1. [{yxosa»
(Mockea, Poccutickass @edepayust)
AnHotanusi. B pokmaze mpencraBieHbl OCOOEHHOCTH W OCHOBHBIE XapaKTEPHCTUKHA KOMILIEKCa
cpencts aBromaruzanuu (KCA) TIITC mponssoactsa denepanbHOro rocy1apcTBEHHOTO YHUTAPHOTO
npeanpuatus  «BcepocCcHiiCKUT HAay4YHO-UCCIENOBATEIbCKMM MHCTUTYT aBTomMatuku um. H.JL
HyxoBa» (O®I'YII «BHMUHA»), npuMeHeHre KOTOpOro oOecmedrnBaeT MOCTPOCHHE COBPEMEHHOMN
Hagexuoit ACY TII ADC, oTBeuaromieit MexIyHapOIHBIM TPEOOBAHHSIM.
Karouessie cioBa: ADC, ACY TII, TIITC, 3amuta ot OOII, 3ammura B riay0uHy, pasHOOOpasue.

MODERN TYPICAL ARCHITECTURE OF NPP 1&C BASED ON TPTS TECHNOLOGY
PRODUCED BY FSUE "VNIIA"
KONSTANTIN P. ARTEMEV, YURI S. GALITSYN, STANISLAV Yu. GRITSENKO, ALEXANDER
D. NARITC, ALEKSEY N. NOVIKOV, KIRILL M. ASPIDOV, ANDREY A. BORZENKO, ALEKSEY V.
PERVOV

The Federal State Unitary Enterprise “All-Russia Research Institute of Automatics named after N.L.
Dukhov” (Moscow, Russian Federation)
Abstract. The report presents the features and main characteristics of the TPTS platform produced by
the Federal State Unitary Enterprise “All-Russia Research Institute of Automatics named after
N.L. Dukhov” (FSUE “VNIIA”), the use of which ensures the construction of a modern reliable
automated process control system for NPP that meets international requirements.
Keywords: NPP, 1&C system, TPTS, vulnerability to CCF, defense in depth, diversity.

Beenenue
Ha nanseii moment KCA TIITC mpumensiercss Bo Bcex mpoekTax ADC poccuiickoro
Iu3aiiHa, B ToM uucie u Ha benopycckoit ADC. Xapakrepuctuku KCA TIITC no3BossitoT co3gaBaTh
aBTOMATHU3MPOBAHHYIO CHCTeMY VIpaBieHHs TexHojormdeckumu mnponeccamu (ACY  TII)
OTBEYAIOIIYI0 TPeOOBaHUIM 3aIUTHI B [NIyOMHY U 00ECIIEYMBAIONIYIO 3alIUTy OT OTKa3a Mo oOIei
NPUYMHE, B TOM YHUCIIE U B IPOTPAMMHOM 00ECTIEUEHUH.

OcHoBHast YacTh

CoBpemenHas tunosas apxurekrypa ACY TII, ACY TII benopycckoit ADC BkiIro4aer
nmocrtatouyHo Oombinoe kommdectBo moxacucteM. DI'YII «BHUWMA» sBnsercs pa3paboTdukoM U
M3rOTOBUTENEM 000pyAoBaHus A HanOosnee kpynHbIX yacted ACY TII:

— CHUCTEMa HOPMAJIbHOM dKCILTyaTalluy;

— yHOpaBisoLas cucrema 0e30MacHOCTH.

Cucrema HopManbHOH »skcivryatanuu (CHD) BeimosHseT 3amaum, OO0ECIICYMBAIOIINC
skcrutyataiio ADC B ONpe/eieHHBIX TMPOEKTOM YCIOBHSIX, HEOOXOAMMBIX Ui paboThl 0e3
HapyLIeHUs 3KCIUTyaTallHOHHBIX PEETIOB.

VYupasnstomas cuctema OezonacHoctu (YCB) mpengnasnaueHa uisi 0OecreYeHUs SISpHOM
oe3onacHoctn ADC. YuutbiBas TOT (akrop, 4ro Oomnblryio dacTh BpemMenn YCB HaxomuTcs B
JEKYPHOM PEXHME, HEOOXOAMMO 00eCleunTh JO0CTaTOUHYI0 HagekHOCTh Y CB 1 UCKIIIOYHUTD BbIIAUy
JIOKHBIX KOMaHJ ynpasieHus. Ha puc. 1 npeacraBneHa ykpynHeHHas cTpykTypHas cxema ACY TII B
COOTBETCTBHU C KOHIENIUen riryookosmenonuposannoii 3anmtel (TOCT P MOK 61513-2011)
peanm3oBanHas Ha benopycckoit ADC.

O6opynoBanue TIITC-HT wucnonp3yercss Ha YypOBHSAX HOPMalbHOM O3Kciryarauuu, HO
BakHOU [yt Oe3onacHoctr (HD BB), Bkirouas MHUIUHUPYIONIYIO YaCTh MPEAYNPEIUTEIBHBIX 3alIUT U
CUCTEeMY JJIsl YIIpaBIeHUs THKENOMN aBapueil (CHHUM 1IBET).

Hnst yerBepToro yposHsi, ocobeHnoctu TIITC-HT no3Bonsor nokanu3oBaTh 3TOT YPOBEHb U
MpeIyNPEANTD PACIIPOCTPAHEHUE OTKAa3a OT APYTUX YPOBHEM.
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Bonee xectkue TpeOOBaHMS MPEABSBISIOTCS ISl CUCTEMBI Oe3omacHoCcTH. OCHOBHOE U3 3TUX
TpeOOBaHUIl - 3alIMTa OT OTKA30B MO OOIIeH NPUYMHE MOCPEICTBOM IMPUMEHEHUS MPHHITUIIOB
pasnoobOpasusa. I TIITC-Cb B wanmmupytomeit yactn A3-YCBT u ucnonmantenshoit vactu YCBT
YIOBJICTBOPSIFOT STOMY TPEOOBAHUIO.
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Puc. 1. CtpykrypHas cxema ACY TII Bbenopycckoit ADC

Ha puc. 2 npusenena o0mast cxema CUCTEMbl KOMMYHHUKAILMOHHBIX LIMH U PacIpelesieHue
¢ynkumit cucremsl Ha 6aze KCA TIITC-HT. Cucrema xommynukanuonubix muH KCA TIITC-HT
obOecrnieunBaeT MHPOPMAMOHHYIO CBs3p Mexay kommoHeHTamu B IITK, mexnmy IITK B cucreme
HU30BOM aBTOMAaTHKH, a TaKKe cucTeMbl HU30BoM aBTomMatuku ¢ BIIIC, peanusyromumu cBs3s ¢ CBY.
Ona BrItOYaeT B ce0s cucteMuyto muny EN, nokanbubie mmasl ENL, mmHb! BBoga-BeiBoa (LIIBB) B
CBB, mnonessie mmHB RS-485. Bce mmMHBI SBIASIOTCA IIMHAMHU TIOCIEAOBATENBHON Mepeaayu,
pe3epBUPOBaHHBIE, 00ECIIEUYNBAIOT I'aJIbBAHNYECKOE Pa3/Ic/ICHIE MEKAY a0OHEHTaMHU.

B TIITC-HT uncnone3yeTcst HOTOKUTENBHBIA ONBIT KcrryaTanuu cucreMm TIITC, B KOTOpbIX
a¢dekTBHO perieHa mpoOiemMa Oe3yJapHOTO IEPEKIIOUEHUs pe3epBa, 00ECIEUYUBAIOIIETO
COXpaHeHHe PabOTOCHOCOOHOCTH CHUCTEMBI IPHU JIIOOBIX MHOTOKPATHBIX OTKAa3aX, 33 HCKIIOUYCHHEM
OJITHOBPEMEHHBIX OTKa30B B OCHOBHOM M PE3E€PBHOM Y3JIaX OJHOIO THIIA.
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coBbITUIA, AMarHocTrKa

Puc. 2. Obmras cxema CHCTEMbl KOMMYHHKAITMOHHBIX IITHH

Mexannsm ropsiaero peseppa «1-uz-2» B TIITII-HT ncnone3yercs Ha BceX ypOBHSIX — Ha
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yposae I1A, na yposae CBB (MMH, MCII), Ha ypoBHE KOMMYHHKAIIMOHHBIX LIHH.

ITA paboTaer cTporo nNMKINYECKH, paboTa KOMMYHHUKAIIMOHHBIX MHH cOopa maHHbIX (ENL,
IIIBB) nerepmuHupoBaHa, 4YTO OOECICYMBAECT PETYJSPHYIO [OOCTaBKY MAAHHBIX, KPUTHYHBIX KO
BpPEMEHHU.

Cucremnas mmHa EN moctpoena Ha ocHoBe TexHojoruu Industrial Ethernet 100 Mout/c u
peann30BaHa B BUAE BUPTYaJIbHOTO KOJIbIIA MTOCIIEI0BATEIEHO COCAMHEHHBIX KoMMyTaTopos Ethernet,
00pa3ylolero  ONTOBOJIOKOHHYIO ~ KOMMYHHKAalMOHHYIO — Maructpans. EE  pesepBupoBanHue
OCYILIECTBISIETCS MyTEM PEKOH(PUTYpalluK W30BITOYHON CTPYKTYPHI CBSI3€i BUPTYalIbHOTO KOJIBLA.

JlokanpHas mmHa ENL mMeer paguanbHyl0 OpraHU3alui0 C coeIMHEHUAMH Mmexay [TA u
CBB THma «rodka-touka», peanmsyemyio kommytaropom Ethernet. PesepBupoBanme mmabl ENL
obOecnieunBaercs mocpeacTBoM TmonkimtoueHus k IIA nmByx mmH ENL, kaxmas u3 KOTOPBIX
MOJIKITIOYeHa K cBoeMy uHTepdericHomy moaymo (MMH) B CBB.

B CBB umeercs 2 MMH u 2 IIIBB. IIIBB B CBB Tak ke, xak u muHa ENL, umeer
pauanbHYI0 OpraHu3aiui, odecrneuuBaromyo noakmouenue MCII k UMH coenuneHusiMu THa
«rouka-touka». MCII umerot 2 untepdetica LLIBB, kax b1l 13 KOTOPBIX NOAKIIOYEH K cBoeMy IMH.

Paguanbnas opraHuzanys MIKMH IO TUILY «TOYKA-TOYKa» U UX PE3E€PBUPOBAaHHUE 00ECIICUNBAIOT
COKpalleHre BpeMeHH oOMeHa WHQOpManuen, MMO3BOJSIOT HCKIIOUYUTh BO3MOXHOCTH MOTEPU
3HAYUTENLHOT0 00bEMa BXOAHON HH(POPMALIUK [TPH SIMHUYHOM OTKas3e.

Takass cTpykTypa mOCTpOeHHS oOOecmeunBaeT yIOOCTBO 00pabOTKM MaHHBIX IIpolecca,
MIOCKOJIBKY K@KIBI MapaMeTp TEXHOJIOTHYECKOro Ipolecca JIETKO JAocTyneH Kaxaomy IIA
BCJIEJICTBHE BBICOKOH CKOPOCTH MH(OPMALMOHHBIX KaHaJIoB. KpoMme Toro, cymecTBeHHO MOBBIIIACTCS
HaIJBIIHOCTh IPU HPOECKTUPOBAHUH, CONPOBOXKACHUM M IOCICAYIOIMX MOAM(DUKALMIX MPOEKTa
CHCTEMBI.

Koncrpykruabie u Texuuueckue xapakrepuctuku KCA TIITC-HT obecneunBaroT ero
paboTy Kak B pPE3epPBHPOBAHHOM, TaK U HEPE3CPBUPOBAHHOM PEXHME B COOTBETCTBUU C
TpeboBaHMsIMH TpoekTa. Eie Oosiee OTBETCTBEHHBIMH SIBIISIFOTCS MEPOIPHUSATHS MO OOECTIEUCHUI0
sanepHoli 6e3omacHocTH dHeproonoka. Oynkuun YCB HampaBineHbl Ha IpeAOTBpaIleHHE MPOSKTHBIX
aBapuii, orpaHUYEHNE UX TIOCJIEACTBUI U oOecreueHre 0e30MacHOCTH NP JIFOOOM U3 YYUTHIBAEMBIX
IIPOEKTOM HCXOJHOM COOBITHM C HAJIOXXEHHWEM, B COOTBETCTBHM C NMPUHLMUIIOM E€IMHUYHOIO OTKa3a,
OJTHOTO, HE3aBUCHMOTO OT HCXOJHOI'O COOBITHS, OTKa3a 3JEMEHTOB WJIM OJHOH, HE3aBHCUMOH OT
HCXOHOTO COOBITHS, OIIIMOKH OTepaTopa.

ACY TII nomxHa OBITH IOCTpOEHA TAaKMM 00pa3oM, 4TOOBl MAaKCHMAaJbHO YYHUTHIBATH
TpeOOBaHUsI HOPMATUBHBIX JOKYMEHTOB, COXPaHss B TO ke BpeMs 3P exTuBHOCTH padoTel ADC.

BakneliimuMu 13 TpeOOBaHMM, HANpPAaBICHHBIX Ha O00O€CIeUYCHUE SIepPHON O0e30IacHOCTH,
ABIIAIOTCA TpeOoBaHMs 1Mo TpuMeHeHHI0 B YCBb mnpuHIMIOB pe3epBHpOBaHMSA, HE3aBUCUMOCTH U
pasHooOpasust (B coorBerctBuu ¢ pekomennanmeii NUREG/CR-7007). CrpykrypHas cxema YCb
benopycckoit ADC nokazana Ha puc. 3.
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Puc. 3. Crpykrypnas cxema YCb benopycckoit ADC
LeneBble OKa3aTeNd CHCTEMBI IOCTUTAIOTCS ITyTEM CO3JaHUSI MHOTOKAHAIBHOU CTPYKTYPHI.

MpoBoAaHbIe NMHWKM CBA3N
Lindbposbie nuHm casian

I
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[Ipu sToMm kaxaplid kanan YCB cnocoOeH BBIONHUTD KKIAYIO U3 QYHKIMHA OezomacHOCTH. st 3THX
nened Kaxaplii KaHan kKomruiektyercs BbineiaeHHbIM KUII (o ogHOMY naTtdmky Ha mapaMmerp it
KaXXIOT0 KaHaJla) U UCIIOJIHUTEIbHBIME MeXaHu3MaMu. /i Toro, 4ToObl IpH OTKa3e 000pyI0BaHUS
HE BBIJJABAINChH JIOXKHBIE KOMAHJbI MPETyCMOTPEHO TOJOCOBAHHUE IO JIOTHKE «2 U3 4», B KOTOPOM
IIOMHUMO I1apaMETPOB, BbIPAOOTaHHBIX (M3MEPEHHBIX WM BBIYHCICHHBIX) BHYTPHU Ka)KAOTO KaHajaa
YCBb, ucrnonsiyercst nHbOpMaIUs W3 TpeX APYTruX KaHajoB. ['0l0COBaHWE TPOWCXOIUT HA IBYX
YPOBHSIX: TEPBBIH - Ha YPOBHE TEXHOJOTMYECKUX TMapaMeTpoB, (GopMHUpYs, TakuMm oO0pazom,
JIOCTOBEPHBIM W TNPUTOJHBIN Ui JaibHeWIIel oOpaboTKH CHUTHaNl B KaKIOM KaHaje; BTOpOW - Ha
YPOBHE BBOZAa KOMaHJA B CTOWKH NPHOOPHBIE NPUOPUTETHOTO YIPABICHHUS, I'Zle MIPECEKACTCA TaKUM
00pa3oM BblAAYa JIOKHOM KOMaHAbl HAa MCIOJHUTEIbHbIE MEXAHU3MBI, a TaK K€, B Cllydae OTKas3a B
nmanHoM kaHaine YCB (mpomeccop ITA-CBb wim Tpakt mnepemaym KOMaHa), BbIJaya KOMaHJ Ha
UCIIOJIHUTEIbHbIE MEXaHMW3Mbl 110 Ma)KOPUPOBaHHbIM KoMaHzaaMm Apyrux kaHanoB YCb. [lannble
NOAXOAbl O00ECHEeUUBAIOT MPH EIMHUYHBIX OTKa3aX — B 4YacTU ABapUHHBIX 3allUT NPUHLUI
«0e30MacHOTO» 0TKa3a, a B YaCTH yIHpaBJIeHUS HCMOIHUTENbHBIMU Mexanm3Mamu YCBT 3amury ot
BbIIaYM JIO)KHOW KOMaH/IbI.

ObecrieyeHre MPUHIMIIA HE3aBUCHUMOCTH JIOCTATAETCA IMyTEM pa3MemeHHs] 000pYIOBaHUS
kaHajoB YCb B OT/eNbHBIX OMEIICHUAX, PA3HECEHHBIX B MPOCTPAHCTBE, OCYIECTBICHUEM MUTaHU
OT HE3aBHCUMBIX UCTOUHHMKOB. [{n(hpoBbIe CBSI3M MEXIy KaHajlaMy BBITIOIHEHBI B BUJIC BBIACIICHHBIX
(TOYKa-TOYKa) ONTHUYECKUX JIMHHUH CBS3M, OOECIEUMBAIOLIMX TIaJbBAHUYECKYIO Pa3BA3KY KaHAIOB
VCb. Cea3b ¢ anmapatypoilt CHO Takke peain3oBaHa ONTUYECKUMU KaHAJIAMU CUCTEMHOM muHbI EN.
Kaxnerii kanan YCBb comepXuT IBa HE3aBUCHMBIX KOMIUIEKTa ammapaTypbl. Komrmiekter A u B
peaI30BaHbl Pa3INYHbIMUA TEXHUYECKUMH CPEACTBAMH M HHKAaK HE CBS3aHBI MEXIy co00i. Kaxnpiit
KoMIUTeKT umeet coocTBerHbli Habop KUIL. [Ins dyaxmmonuposanus CHO tpebyercs mHpopManus
ot KUIT YCBb - 3T cBs3M Takke ONTHYECKHE, OJHOHAIpaBiIcHHbIe KaHaubl cBs3u (13 YCb B CHD)
YCB-CHD He cBs3aHbl ¢ MexXKaHAIbHbIME IIMHaMU Y CB 1 UMEIOT Ipyroii mpoTokos oOMeHa.

Hns oOecrieyeHnsi HE3aBUCHMOCTH IOBEACHHUS NPOTPaMMHOIO OOECIIEUYEHHUs] OT BHEIIHHUX
uHAIMUpyoImX ¢Gaktopos, B Cb B 11000l MOMEHT BpeMEHHM MOKHO MpeIcKa3aTh MHTEHCHBHOCTb
MOTOKOB JTAHHBIX. JTa HHTEHCUBHOCTH ITOCTOSTHHA U HE 3aBUCUT OT BPEMEHH U COCTOSHUS BHEIIHETO
ob6opynosanus (KUIL, npruBogoB, CMEKHBIX CHCTEM) W HACHTUYHA TOW, KOTOpast OblIa 3auKCHpOBaHA
Py CAa4Ye CHUCTEMbl B NPOMBILUICHHYIO 3KCIUTyaTauuio. JlocTHUraercs 3TO 3a CHET HCKIIOYCHUS
WCTIOJIb30BaHMs IPEPhIBaHU — Bcs 00pa0OTKa M NIepEeChUIKa CUTHAJIOB POUCXOAUT IUKIHYECKH.

[IpuHuner pa3HoOOpas3us SBISAIOTCS OCHOBOM Aiist moctpoenus: Y CB, B koTopoii cHMmkeHa 10
OPUEMIIEMOTO M Pa3yMHOTO MHHMMYyMa BEpPOSTHOCTh OTKa3a IO OOIIeH NpUYMHE B CUCTEME
0€30MacHOCTH TPH JIFOOBIX IPOEKTHBIX BO3JIEHCTBUSX, a TAKXKE MTPH OITMOOYHOM JICHCTBHHU TIepcoHasa
NpY DKCIUTyaTallud U peMoHTe. [IOMUMO €MHWUYHBIX CIlyYaiHbIX OTKa30B B 00OPYIOBaHWUU CHCTEM
6esonacHoctt  ADC, ycTOWYMBOCTH K KOTOPHIM O€3yClIOBHO HE00XOAHMa, B COOTBETCTBHU C
COBPEMEHHBIMH HOPMaMH J0JIKHA ObITh 00ecIieueHa YCTOMUMBOCTh K OTKa3y 110 OOLIeH MpUYHHE.

Tarxoke ans obecnieueHHWs YCTOWYMBOCTH K OTKazaM IO OOINEed MpUYHMHE, CBS3aHHBIX C
BEJCHUEM BPEMEHHM B CHUCTEME, PEIICHO OTKa3aTbCid OT MOJJAEPKaHHWS CHCTEMHOTO BpPEMEHH B
anmnapatype kommiekToB A u b. Bpems Benercs u cunxponnsupyercs ¢ BpemeHeM ACY TII Tonbko B
y3JIaX HOPMAIBHOW OSKCIUTyaTalluH, CIyKalluxX Ui Tepenaudn WHQOpMalMM W3  anmapaTypbl
KOMIUIEKTOB A u b B cuctemy HOpMmanbpHOMU 3kcrutyataiiuu 1 CBY, xoTopble He B3aUMOJEHCTBYIOT C
y3JIaMHU CUCTEMBI O€30IIACHOCTH U HE BIMSIOT Ha UX PaboTy.

[IpakThdeckas peanuzanus NpuHOUNa pazHooOpasus B mMoayisix TIITC-Cb 3akmovaercst B
WCIIOJIb30BaHUN JIBYX HE3aBUCHUMBIX, AalllapaTHO-PA3IMYHbIX KOMIUIEKTOB OO0OpYIOBAaHUS W Kak
cleAicTBUE — 00eCIeynBaeTCs MPOrpaMMHOE Pa3HOOOpasHe.

ONEeKTPOHHBIE KOMIIOHEHTBHI JUIsl pealIn3aliii CXeM KOMIIIEKTOB A U b poMIIIrocTpupOBaHEL B
Tabm. 1.

Peanuzanust o0o3HaueHHbIX moaxonoB M apxutekrypa wmopnyneid TIITC-CB mnoszonser
unrerpupoBats Qynkuuun HD BB u Cb. Marerpamus 3akmiodaeTcss B pealu3alyd CIeTYIOLUIHX
MOJIXOJIOB:

1. UcrioTHUTENTFHBIE MEXaHU3MBI CHCTEMBI 0€30MMaCHOCTH KOHTPOJIUPYIOTCS CHCTEMOM
HOPMAaJIbHOM OKCIUTyaTalldd BaXHOH [uisi Oe30macHOCTH, B ciydae OTCYTCTBHUS aBapuu, U
VIIPABIISIOTCS OT CUCTEMBI O€30TIACHOCTH B ClTyyae OOHApYKEHHS aBapuH;

2. I3amepeHHsi TEXHOJOTHYECKHX I1apaMeTpOB Tpollecca JODKHBI OBITh JOCTYIHBI IS
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(yHKIMH HOpPMABHOW SKCIUTyaTaluH (HapuUMep, Ul NpeAylpeAnTeNbHBIX 3allUT WK Tepeaadn B

CBEY).

Ta6auna 1. Anmapataoe pazHooOpasue

Tun momynst KoMmmnekt A Kommiekt b
Monysb BBOIa YHU(HIIMPOBAHHBIX CUTHAIOB TOKA [IJINC Altera MukpoKoHTpoIIep
Mopnyib BBOAA CHTHAJIOB TEPMOAIIEKTPHUECKUAX ST™M
npeoOpazoBaTeneit 1 TepMonpeodpa3zoBareneit
COIIPOTHBIICHHUS
Mo/1ys1b TPUOPUTETHOTO YIPABICHUS TIJINC Altera IJINC Xilinx
Mopayns BBOJa anmapaTHBIX JUCKPETHBIX CUTHAJIOB [IJIUC Altera TIJIUC Xilinx
[IponeccopHbIit MOIYTE aBTOMATH3AINN Muxpomnporueccop Muxpomnpoueccop
Freescale (PPC) + Xilinx ~ (ARM) +
IUINC Altera + IUIMC Xilinx
MHUKPOKOHTPOJLIEP
Hilscher NetX
Monyab-pa3MHOKHUTENb 4-KaHAIbHBIN [UTUC Altera Hi IJINC Xilinx
[IpeobpaszoBatens nHTEpdeiicoB Kpeita IJIMC Altera [JINC Xilinx
MoyJib-KOMMYTAaTOP FOJI0COBAHUS TJIUC Altera TIIAC Xilinx
Mopynb To10ocoBaHus IIJIMC Altera TJINC Xilinx

JaHHasi cTpyKTypa oOecIieunBaeT BO3MOKHOCTb OOHApY)KEHUs, JIOKAJIH3aLUU U yCTPaHEHUS
OOII Ha paHHUX CTaauAX €ro BO3HUKHOBEHHUS. DTO JOCTUTAETCS NyTeM CPAaBHEHUS pEe3yJIbTaTOB

paboTel 000ux KomiuiekToB B HO BB.

Ha puc. 4 nmokazana ctpykrypa ACY TII ADC na 6aze ammaparypsl TIITC-HT B uwactu
cucteMbl HopMaibHOU sKkcrutyaTanuud U TIITC-Ch B wactu cucremsl 6e3omacHocT. Kak Mbl BuanM
JAaHHBIE JIBE TUIATGOPMBI IOTHOCTHIO MOKPHIBAIOT BCE 33]aUH, CBSI3aHHBIE C QYHKIMSIMA HOPMaTbHON
SKCIUTyaTaluy 1 0€301aCHBIM YIIPAaBICHUEM PEaKTOPHOH YCTaHOBKOM.

Navenk 6e:mnacnncm

Cucmema eepxHezo
65104H020 ypOsHS

Mo3sanyHbin WUt

TANTC-CB
MHuyuupyrowas yacms (YCEH)

Cuctema GesonacHocTy Ha Gase l =
i

CucTema HopMasnbHoM 3kenn

yarauvm Ha €1a3e TNTC-HT

o »'r’c}jﬂ‘:q!‘e‘&)s’hngrzs 7777

ObopyaosaHue
ynpasneHus
opraHamu
perynuposaHus
peakTopa

npuopuinmoe yiisneuue

3

20K 10 1OF ;

PeakTtopHoe W )
oTaeneHue
Puc. 4. Ctpykryp
Jis  NPOEKTHPOBAHUS  MPHKIATHOTO

a ACY TII ADC.

MIPOrPaMMHOTO
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koHpurypauun obopynosanuss PI'YII «BHUMA» pa3paboTano ¥ BHEOPWUIO HHTETPUPOBAHHYIO
cucteMy aBToMaTusupoBanHoro mpoektupoBanus CAIIP GET-R1.

Nuctpymenrtansasie cpenctBa GET-R1 obGecieunBaioT ckBO3HYIO pa3pabOTKy BCEro MPOEKTa
HIDKHETO YPOBHS, BKJIIOYasi TEXHOJIOTHUECKUE aJlTOPUTMBIL, PUKIIaJHOE POTpaMMHOE obecrieueHre U
SKCIUTyaTannoHHyI0 AokyMmeHTanuto. B GET-R1 BeImomHsAIOTCS ClieAyronue BUIB JOKYMEHTOB:

- 0a3bI JAaHHBIX TOYEK MOIKITIOYSHHS, CHTHAIIOB U MEXaHU3MOB;

- TEXHOJIOTHYECKHE ANTOPUTMBl YIpPABICHUS, HE 3aBUCSIIUE OT IMPHUMEHIEMBIX CPEACTB
ABTOMATHKH;

- peanm3anyg TEXHOJOTHYECKHX aJTOPUTMOB YIPaBIEHHUS IJs KOHKPETHOTO TTOKOJICHUS
armmapatypsl TIITC (mmyTem aBTOMaTH3MPOBaHHOW KOHBEPTAIIUN TEXHOJIOTHUECKUX aITOPUTMOB);

- IPOTPaMMHBIN KOJ] aJITOPUTMOB yNpaBlieHHs, 3arpyxaeMbiii B Moaynu TIITC;

- CXeMbl NoAKIIoUeHns1 00bekToB ynpasnenus k [ITK TIITC;

- cXxeMbl coeHeHni 1 muHHBIX cBsa3ei [ITK, ncxomusie qanHabIe U1 KaOENbHBIX KYPHAJIOB.

|=| CAMP GET-RL - Mpoerr NA3C2 == ==

@aitn Cncrawa MK TTTTECPEEarNpoEaHAe [I0K3IaTh CWIYP3 PUcOEaNMe [lapameTpsl Wopenk SWOMMGTERIIHC omow
RE& AL OO@DLEEE AS== pafeuserayername & - D F I = H & | R |6ngmword NaHens HET &TECH b B E] £ @ Hercoe
Wondr  Arial Narron 7] O8smnen w9 Konusn. | — ¥ — |v] menn  [— |p — || _MHCTPymeHTOB H— /B vewe 0 0 vecunss

=
~TTGer K (HET) | TEXHONOTIISCKI NP0 ERT A0KPF11CEO21_4 [=[=[%]
J\-—_____ Mpoexr CKY (GETh ____.”T_: ERBeoul e v herienef o ol Bucttrr el Brversl Bl Beverd Run el st Fnttersl R B ol e Btierr o] PRl Btel Bt v el
Wua I Anpec K E |2 L e o | Han, | sags Amiane ™
v (3] naoi 142 [& el Gumcarme cara. il
A-.l Yactu npuenrral 3844 1 H
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vElamn 3971 = H
» &8 NATITCSE. 211 5171517 5 MeHo
» # NATITCEE 1211 518/612 " M
» @ naTrTcss.azt s1ar512 1
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» 8 WM TTTCSS.1302 L " 1
» 15 WM TITTCES. 1302 22 H
> = AN TIITCEE.1302 an T []
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5
e
"
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10KPF11CEN21 »
P = ypran cobeuil | Baon <omane Ylposepa nocermHbx aarHbic
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¥ bo.fim.ev
riHaBuraTop) ;o0 bl XKypHan CTpoka BEOAA KOMAHA Bknafka oT4eTa NpoBepoK
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FB og.2uw1 107 v

Puc. 5. CAIIP GET-R1.

Pa3paboTka nepednciieHHbIX YacTel MPOEKTa MOKET BBIIOIHATHCS pa3HBIMHU OpraHU3aLMsIMY,
IpU 3TOM NpOoLEeAypbl 0OMEHa HMCXOAHBIMU AAHHBIMH MaKCHMaJIbHO aBTOMaTH3MpoBaHbl. Cucrema
GET-R1 Bkmrouaer B cebs monHyro mozaenb obopynoanusi TIITC (TIITC-HT wu TIITC-CB),
rpaMuecKyro BU3yalIH3alluio [IPH MOJICIMPOBAHNH, BUPTyaJbHbIE UMHTATOPBI MEXaHH3MOB M OKHA
yIpaBlIeHHs], a TAKXKE CPEICTBA Pa3padOTKU TECTOBBIX CLIEHAPUEB JUIsl aBTOMATHYECKON BepupHKauu
MpuKJIagHOTOo porpammuoro odecrnieuenust TIITC.

Wnctpymenrtaneueie  cpeactBa  GET-R1 mpomwmm  ampobamuio - cepTUUKAIHIO,
npuMersoTes AO «Atomanepronpoekt», AO «ATOMIIPOEKT» u apyrumu opraHuzanusMu IpH
npoexktupoBanun  ACY TII npoekroB Jlennnrpaackod, benopycckoit ADC, a Takxke B
TEIIOPHEPTETUKE U HEPTIHON OTPACIH.

Ha nannbiit Moment GET-R1 siBnsieTcss MOLTHBIM MHCTPYMEHTOM, MO3BOJISIIOMIMM CO3/1aBaTh
BECh IEPEUYECHb MPOEKTHOM JTOKYMEHTAIlMH, @& MMEHHO: TEXHOJIOTMYECKHE AITOPUTMBI, aITOPUTMBI
yIpaBJIeHHs C MPUBA3KONH K KOHKPETHOW ammaparype, cxeMbl nojakiodennid (moaxmouenue TIITC k
KOHKPETHBIM MeEXaHHW3MaM) W OOIIWEe ammapaTHbIe CXeMBI (CXeMBl pa3MeIIeHHs ammaparypbl Mo
mkadam, MecTaM B KpenTe).
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3akuoueHne

ACY TII benopycckoit ADC, moctpoernast Ha 6aze cpeacts TIITC-HT 8 CHD (yposnn 1, 2,
4) u TIITC-Cb B YCb (ypoBeHb 3) MOIHOCTHIO OTBEYAaET BCEM TPEOOBAHHAM IO Pa3HOOOPA3MIO,
HE3aBHCHMOCTH, pE3epBUPOBAHUIO. Peann3oBaH NPUHLIUN TIyOOKOSIICTOHMPOBAHHOM 3aIlWTHI.
Iudposas cucrema OezomacHocTrn Ha 0Oaze TIITC-Cb, mpumeHssT BCTPOCHHOE IPOTPaMMHOE H
amnmapaTHOe pa3HOoOOpasne Ha KaKJoM dTane BeimonHeHus GyHknuil YChb, rapanTipyeT BBITOTHEHHE
(GYHKUMM Kak MpH €IWHUYHOM OTKa3e, TaKk M IMpH OTKa3e MO OOWIeH MmpuyuHEe, B TOM YHUCIE H
nporpamMmHoro obecrnieuenust. [lpumenenue TIITC-Ch pnsa noctpoenuss ACY TII ADC B couetanuu ¢
TIITC-HT mno3Bomsier co3mare rapmonumdHyio ACY TII ¢ onTUMH3HPOBAaHHBIMU  CBA3SIMH
0e30MmacHOCTH W HOPMAIBHOW OKCIUTyaTalld, a TakXke C OJOYHBIM W pPE3epPBHBIM ITYHKTAMH
ynpasieHus, 4To odecreynt 3 pekTuBHOE 1 Oe30macHoe YIpaBiIeHUE SHEPTOOIOKOM.

Crnucok JuTepaTypsbl
1. TOCT P M3K 61513-2011 CucteMbl KOHTPOJIS U YIpaBICHUS, BaXKHbIE uis1 Oe3omacHocTH. Ob1Ime
TpeboBanus.- M.: Crangaprundopm, 2012.
2. NUREG/CR-7007. Metoas! obecrieuenus pasnoodpasust B ACY TIT ADC.
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YK 621.396.61
SJIEKTPOMATHUTHAS OBCTAHOBKA DHEPT'OBJIOKOB ADC
k.T.H. [EPACMUYYK O.A., KPIOKOB A.B., [IPUXO/JYEHKO A.H., CAPBIJIOB O.B.
Dedepanvroe 2ocyoapcmeenHoe yHumapHoe npeonpusimue «Bcepoccuiickutl nayyno-
uccnedosamenvekutl uncmumym asmomamuxu um. H.JL [[yxosa» (Mockea, Poccuiickas @edepayust)
AnHotanusi. PaccMaTpuBaloTcs XapakTepUCTHKH OOOPYAOBAaHUS M CHCTEM, JKCILTyaTHPYEeMBIX Ha
3HEproOJIOKax COBPEMEHHBIX aTOMHBIX 3JICKTPOCTAHIIUM, MOJyYSHHbIE B PE3YJIbTATe OOCICIOBAHUS
JNIEKTPOMAarHUTHONH o00CcTaHOBKU. [IpoBeneH aHamuM3 Ha MNPOTHKEHUHM JUIUTEIBHOTO BPEMEHU
AIIEKTPOMArHUTHBIX TTOMEX, XapaKTEPHBIX JJIS AKCIUTyaTallii SHEProdIoKa Ha MOIITHOCTH.
KaroueBbie ciaoBa: ADC, »sHeproomok ADC, WHCHBITaHHUA, HW3MEPCHHS, JJICKTPOMAarHUTHAs
COBMECTUMOCTH, TEXHUYECKUE CPEICTBA

ELECTROMAGNETIC ENVIRONMENT OF NUCLEAR POWER PLANT UNIT
OLEG.A. GERASIMCHUK, ANTON.V. KRYUKOV, ALEXANDER.N. PRIKHODCHENKO,
OLEG.V. SARYLOV
The Federal State Unitary Enterprise Dukhov Automatics Research Institute
(Moscow, Russian Federation)

Abstract. Characteristics of modern nuclear power plant units equipment collected during the
examination of electromagnetic environment are considered. Analysis of testing for electromagnetic
compatibility of equipment in typical state for an operating NPP unit for a long period of time is

carried out.
Keywords. NPP, NPP unit, testing, measurement, electromagnetic compatibility, technical devices

besonacHOCTh 1 AKOHOMHUYHOCTH IKCIUTyaTallud KPYIMHBIX JIEKTPOIHEPIeTHUECKUX OOBEKTOB
B OOJIBIIION CTENeHH 3aBUCHT OT XapaKTEPUCTHK W HAACKHOCTU HCIOIB3YEeMOro 00OpyNOBaHUS U
cucreM. [lisg  ympaBiueHHsS TEXHOJIOTMYECKHMH IPOLECCaMH  IOBCEMECTHO  HCHOJIB3YIOTCS
COBpPEMEHHBIC DJICKTPOHHBIC DJIEMEHTHI Ha 0a3e MHUKPOIPOIIECCOPHON TEXHUKH, PabOTAIOIMX Ha
gacToTax 10 JnecaTkoB [T ¢ MajabIMu mepefaBaeMbIMHU MOTEHIIMATIAMU HaNpsHKeHUs. DKCIUTyaTalus
MUKPOIIPOLIECCOPHON TEXHHWKH CcHUCTeM KoHTpons u ympaBieHus (CKY) B ycroBusSX MOITHBIX
JNIEKTPUYECKUX M MAarHUTHBIX II0JIC HPUPONHOIO M TEXHOT'€HHOT'O IPOUCXOXKACHUS SIBISIETCS
XapaKkTepHO 0COOCHHOCTHIO COBPEMEHHOH 3JIEKTPOIHEPTETHKH, B YaCTHOCTH SHeprodiaokoB ADC.

CoBpeMeHHBII  SHEPreTHYeCKHid OOBEKT MpelacTaBisieT co00i Pa3BETBICHHYIO CETh
SHEPrOHANPSKCHHBIX  3JaHUH, COOPY)KEHHH, OJJIEKTPUUECKHMX CTAaHOMA M MOACTaHIMHA C
HamnpsoxeHusmu ot 0,1 B mo 750 kB.

OnHoli U3 BaKHEHIINX 33/1a4, KOTOPYIO HE00X0AMMO peliath sl obecrieueHns: 6e301acHOCTH
Y Ha/IKHOCTHU JKCIUTyaTallii OOBEKTOB IEKTPOIHEPTETHKH SIBIISICTCSA MPOOJIeMa CHUKEHUS BIMSAHUS
MPOMBIIUIEHHBIX 3JIEKTPOMArHUTHBIX BO3/IEHCTBUI (obecnieuenue 3JIEKTPOMArHUTHON
COBMECTHMOCTH) Ha HOpMallbHOEe (YHKIIMOHUPOBAHHE HCIONB3YEMBIX CHCTEM KOHTPOIS U
ynpasnenus (CKY) u, B cBoro ouepenp, CHIKEHHE IIOMEXOSMHCCHM OT HHUX B OKpY’Karoliee
NPOCTPAHCTBO U JIMHUHU CBSI3H. DJIEKTPOMArHWTHBIE BO3JAEHCTBUS OOYCIIOBJIEHBI €CTECTBEHHBIMU U
WCKYCCTBEHHBIMH SIBICHUSMH U BO3ICHCTBYIOT Ha TeXHUYECKHe cpenctBa, B T.4. Ha CKY, myrtem
W3Iy4YeHHs B TPOCTPAHCTBE pa3MEIIEHUS TEXHUYECKUX CpPEACTB U KOHAYKTUBHBIM ITyT€M IO
IPOBOJAM M KaOeJisiM MUTaHuUs1, BBOAA-BBIBO/Ia CUTHAJIOB M 3a3€MJICHUSI.

OnbIT JKCIUTyaTallid OTEYECTBEHHBIX W 3apyOEKHBIX OOBEKTOB DIIEKTPOIHEPTETUKU
MOKA3bIBAET, YTO B YCIOBUSIX BO3HUKAIOIIUX JIEKTPOMAarHUTHBIX BO3/IEUCTBUI BOZMOKHBI HAPYIIECHUS
PEKUMOB 3KCIUTyaTalliy, CONPOBOXKIA€Mble HECAHKIMOHWPOBAaHHBIMH OCTAaHOBAMHU SHEProOJIOKOB
WIHM HapyLIEHUsIMH YCIOBUH HOpMalibHOM sKcIutyatannn ASC.

YeroitanBocth CKY K 3J€KTPOMAarHUTHBIM BO3IEHCTBUSM B 3aBHCHMOCTH OT HAa3HAYCHUS U
BiIMAHUS Ha Oe3zomacHocTh ADC ycTaHoBiieHa B HanuoHaibHOM cTtaHgapte s ADC [1]. C Hum
TapMOHU3UPOBAHBI COOTBETCTBYIOIINE 3apyOeKHBIE CTAaHAAPTHI [2].

HeoOxomumocTs TpoBeeHWS MOHWUTOPHHTa 3JEKTPOMAarHUTHOH obcraHoBku (OMO)
BO3ZHHKAET B CICIYIONINX caydasx [3]:

[Ipy BO3HMKHOBEHHWM 3JEKTPOMArHMUTHBIX HABOJOK B LEMSX CBS3H, YIPaBICHHS,
ANEKTPONUTAHUSI, KOTOPbIE MPUBOJAT K c00sSM M OTKa3aM QyHKIuoHHpoBaHus cucreM CKY, uro B
CBOIO OYepeb MPUBOIUT K OCTAHOBAM IHEPTOOJIOKA UITH €T0 Pa3Tpy3Ke.
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[Ipu npoekTupoBanuy HOBOro 3Heprodoka ADC Ha dTarne BHIOOpa IIIOLIaIKH.

[Ipu mpoBemeHNHN MyCKOHATAJOYHBIX PadOT HAa BHOBH BBOJUMOM dHeprodmoke ADC mis
MNOATBEP)KICHUS XapaKTEPUCTUK €ro JIEKTPOMArHUTHOH OOCTaHOBKHM B IMOMEILEHHSX Pa3MEIICHUS
CKY, nazHaueHHbIX [ TaBHBIM POEKTHPOBIIUKOM.

[Ipu monepam3zannn u npomiennu pecypca CKY Ha yke 3KCITyaTHpyeMBIX SHEproOiiokax,
KOTJa HEOOXOAHMMO IIPOBEIEHHE KAaTEeropupoOBaHMS IOMEIIEHWH Uil OTHECEHHS HX K KaTeropuu
MOMEIICHUI ¢ JIETKOM, cpemHelt, xectkoit OMO u ompenenecHuu CTENEeHU JKECTKOCTH HMCTBITAaHUN K
3JIEKTPOMAarHUTHBIM BO3/IEHCTBHM.

B mHacrosmee Bpemsi ¢dopMmManbHO HE YycTaHOBIeHa Kinaccupukamusas OMO mns mect
pasmeniernss Ha ADC ¢ pa3nTUUHBIMU TUIIAMHU PEAKTOPOB, XOTS M UMEIOTCSI HECUCTEMAaTU3UPOBAHHBIE
n3Mepenust napamerpoB OMO, semonHeHHble B ocHoBHoM ML HIIL UT ®I'VII Ha sHeprobmokax
poccuiicknx ADC.

enpro paboT sABIISETCS:

- ONEHKAa TMPHUHAMJICKHOCTH TOMEUICHHH C YCTaHOBJICHHBIM OOOPYIOBaHHEM K
OTIpeIeIEHHOMY KJIacCy JKECTKOCTH IO AJIEKTPOMAarHUTHON 00CcTaHOBKE (KiaccupuKams);

- OIIEHKa YpPOBHS IIOMEX B KaOenbHbIX JHMHUSAX (KaOelu CHUrHaJIbHbIE, YIIPaBICHHUS,
BBOJIa/BBIBOJIA, HHTEpeiica);

- aHaIM3 KayecTBa CETH HAJEKHOTO OJJIEKTPONUTAHHUS (IIOCTOSIHHOTO M MEePEeMEHHOro
HaTIPSDKEHUS);

- ONpeneNeHHE 3arlacoB IO YPOBHIO IOMEX pa3IMYHOIO BHAAa B IOMEIICHUSX C
obopynoBanueM - CKY u olieHKa UX BIMSHHS HA YCTOWYHBOCTD.

Kak mpaBwunio, oxpyxaromas MO 1ist 000pyI0BaHHS Pa3INIHOTO Ha3HAUEHUS IPUHUMACTCS
YCIIOBHO TIO KPUTEPHUSM, IPUBEACHHBIM B [1].

Hns  ompeneneHus MNapamMeTpoB PETbHONW JJIEKTPOMATHUTHOH OOCTaHOBKM TIPOBOJSAT
CHelyaNbHble W3MEpeHHs Kak Ha palboTalomMx Ha MOIIHOCTH, TaK W Ha OCTaHOBJICHHBIX
sHeproomokax ADC B iepuox [1I1P.

[Ipu oOcnenoBanmn peanpHoi DMO ompeaensercss YpoBeHb M BO3MOXHBIE HCTOYHHKH
BO3HUKHOBEHMSI TPOMBIIUICHHBIX TOMEX; MPOBOJUTCA OLEHKAa COOTBETCTBHs MapameTpoB OMO
3HAYCHUSM, YCTAHOBJICHHBIM B HOPMATUBHOM JOKYMEHTAUMH [UIS Pa3IMYHBIX OTpaciel
MPOMBIIIIIEHHOCTH; Pa3padaThIBAIOTCS TEXHHMUYECKHE MEPOIPHUATHS IO CHHKECHHIO YPOBHEH INOMEX
(ecmu 5TO BO3MOXKHO Ha JCUCTBYIOIIEM 00BEKTE) 10 HOPMUPYEMBIX 3HAYCHHH.

CreneHpb >KECTKOCTH YCTaHABJIMBAETCS MO MPU3HAKaM TEXHHYECKOI'O BBIIOJIHEHHS OOBEKTa.
Ilpu 3TOM KOJIMYECTBEHHbIE MapaMeTphl OOCTAHOBKH, TaKHE KaK HAIPSIKEHHOCTb 3JEKTPHUUYECKOTO,
MarHUTHOTO WM 3JIEKTPOMAarHUTHOTO TIOJeH, He YKa3bIBaloTCsA. Ecim MpHCYTCTBYIOT HpH3HAKH
pa3HbIX BUJOB OOCTAHOBKH, TO CYMTAETCS, YTO OOCTAaHOBKA OTHOCHTCS K BHJY OO0Jiee MKECTKOHU.
IIpu3HaKy KECTKOCTH COOTBETCTBYIOT CIEAYIOIIMM YypoBHAM OMO, mepedncieHHbIM B [1]: serkas,
CPEeIHSIA, )KEeCTKasl, KpaifHe XKeCTKasl.

[lo omeITy mpoBeAeHWS MOHHUTOPMHIOB Ha pabOTaroleM 3SHEProOJIoKe OpraHU3alMOHHO
IPOCTO MPOBOAWUTH MOHHUTOPUHI PAaJUOYACTOTHBIX IOJIEH M MAarHUTHBIX MOJeH (IPOMBILUIEHHON
4acTOThl U UMITYJIbCHBIX) Ja)ke 0e3 BbIBOAA 0OCIEIyeMbIX CHUCTEM U3 PadOTH B IITATHOM PEXHME B
pexuM  paboThl Ha curHaid. JlocTaTo4HO COOMIOAAaTh OCTOPOXHOCTH M HE MpHKAacaTbcs K
pabotaroriemy obopyznosanuio CKVY.

Taxke npu paboTe 5HEProdIoka Ha MOIIHOCTH BO3MOXHO NPOBEACHHE HN3MEPEHHI
PaZnovYacTOTHRIX HABOJOK B JIMHMSIX CBA3H M 3JIEKTPONHUTAHMUS, a TAKXKe IapaMeTPOB CETH HaJEKHOTO
ANEKTPONUTAHUS MIPH TOMOIIM Pa3beMHBIX OECKOHTAKTHBIX JaTYMKOB TIOMEX HHIYKTUBHOTO MU
emkocTHoro tuna. Bozmoxen BeiBox CKY B pesxum paboThbl Ha CHI'HaJI, HO BO3MOXKHA Takxke U paboTa
B IITATHOM PEXHUME, YTO Opeensercs TpeOOBaHUIME 0€30MaCHOCTH JIJIsl KaXKI0H CHCTEMBI.

W3MepeHus KOHTAKTHBIMH METOJAaMH TP TOMOIIM HM3MEPHUTENBHBIX TPOBOJIOB WIIH
PannMoYacTOTHBIX IIYTIOB KeJaTelbHO NpoBoaAnuTh B mepuoa IIIIP umm sxe npu o0s3aTeIbHOM BBIBOJIE
oOcnexyemoii croiiku CKVY B pexxuM paboThl Ha CUTHAJ, YTOOBI BO3MOXKHBIE OTKJIOHEHHS B €€ padoTe
He TIOBJIHSUIN Ha PEXKUM PabOTHI pEaKkTopa B LIEJIOM.

Haunbonee xapakTepHble BHJIBI JJIEKTPOMACHUTHBIX TIOMEX, 3a(UKCHUPOBAaHHBIE MpPU
MoHuTopuHre MO Ha pa3nuuHbIX 3Heprodmokax ADC nprBeAEHBI HIKE.
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Puc. 3. Pagunouacrornoe nojie B guana3zone 0,03 — 1 I'T'y mo I'OCT 30805.22
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Puc.4. Onpenenenre ypoBHel n3nyueHus Ha pabounx yacrorax DECT ycrpoiicTBa Ha
paccrostHuu 3M. IIpu yBenuueHUH U3MEPUTENBHOTO paccTOsHUA A0 10 M MPOUCXOIUT CHUKEHUE
npuMmepHo Ha 10 nb, a mpu ymeHbpleHN: 10 | M yBeIMYEHUE Ha Ty K€ BEJINYHUHY.
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Puc. 5. Ilutague nocrossHHOrO ToKa. BU Puc. 6. HaBenenHHOE painoyacTOTHOE HANPSIKEHHE B
HAaBOJIKH TIPH ApeOe3re KOHTAKTOB peie ka0eJe CBs3M MpH Jpede3re KOHTAKTOB pelie

[IpakTHdeckn Bce JTUHHUH CBSI3U, CETh MHUTAHUS IMOCTOSHHOTO W IEPEMEHHOTO TOKa HECYT B
cebe BrICOKOYACTOTHBIC ToMexH B Auanaszone 100-400 kIl '1. OgHako, eciu Il TUHUN MUTaHUS OHU B
11eJI0M 0€30T1aCHbI BBUY BBICOKOM aMIUIMTY b ISHCTBYIOIIETO HAMIPSDKEHUS, TO [Tl TUHUHA CBS3H OHH
MOTYT OBITh 0OOJiee KPUTHYHBI, T.K. 10 HUM IE€PENAIOTCS CUTHAIBI HEBBICOKOW aMIUTUTYAbl 1-5 B u
JIOTIOJIHUTENIbHAS ~ TIOCTOSIHHAS ~ COCTABJIAIOIIAS TOMEXHM CYMMHUPYIOIIAsCsl B  HHEPIMOHHOM
WU3MEPUTEILHOM OpraHe 3allluThl CYMMHPYIOTCS M TNPHUBOIAT K 3aBBINICHUIO CHTHANA JIO0 MOpOra
cpabaTbpIBaHUsL.

Jus Bcex oOciemyeMbIX TOMEIIEHHI XapakTepHbl HHU3KodacToTHbIe momexu 20 kI
HANPsHKEHHOCTRIO 110 4,5 B/M, XapakTepHbIMH JjIs TaJIOTEHHBIX JIaMII CO CTapTepaMH, KOTOpBIC
SIBIISIIOTCS. TPUYMHON TIOMeX. 3aMeHa J1aMIl Ha OecCTapTEPHBIEC WM CBETOIMOIHBIC MTO3BOJISAT TOHU3UTh
MoJie KaK MUHUMYM Ha MOPSIIOK.

XapakTepHble 3aUKCHPOBAaHHBIE YacTOThI paguodactoTHOoro monst 50-150, 420-450, 900,
1800 MI', koTopble XapakTepHbl sl Kak Uil paboThl MPOMOOOPYNOBAaHUS, Tak W pPabOTHI
paauonepealIIuX YCTPOMCTB, Takux Kak: paanoTesiedOoHbl, TOPTATUBHBIC PAJAMOCTAHIINY,
YCTPOMCTBA PAJMOCBA3M, TEICBHICHUE, COTOBBIE Tele(OHBI, B COOTBETCTBUHM CO CTaHIAPTOM
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I'OCT 30804.4.3 He mpeBHIIAIOT UCHBITaTeNbHBIX HampsbkeHHocTed 10 B/M, xoTopsiMu
WCTIIBITBIBACTCS BakHOEe s Oe3omacHocTH obopymoBanme CKY. Opmnako, ©Oomee Ommskoe
pacmoioKeHne U3TYJarolIuX YCTPOUCTB MPUBOAUT K MPEBBIICHHIO MaKCHUMAaIbHBIX HCIBITATEEHBIX
3HAYEHUH, 4TO 3a4acTyl0 HeOE30MacHO 1 JOIKHO CIYKHUTh OTpaHHYCHHE JUISl TPOCKTHPOBIIUKOB.

W3mepennple mapamMeTpsl CEeTH HAAEKHOTO THTAaHWS IIOKa3bIBAalOT, YTO CyMMapHas
HECHMHYCOHJATBHOCTh B IITATHBIX peXXMMax 0e3 CHIIOBBIX MEepeKIIOYeHn cocTaBisieT He Oomee 5% oT
o0mieli HECHHYCOMIATBHOCTH, OTCYTCTBYIOT HMITYJIbCHBIC HaBEJCHHBIE MOMEXH W HaNpsHKCHUS,
KOJICOAHUSI YacTOTBl CETH DJEKTPONUTAHHUS, YTO TOBOPUT 00 YIOBIETBOPSAIOIIMX HPOCKTHOW M
TEXHWYECKOW ITOKyMEHTAIlH TPeOOBaHUSAX CeTH HaaexHoro muraHus. OIHAKO, CETh HaJEKHOTO
MUTaHUS BHEITHUX 00BEKTOB, Takux kKak OPY, xapakTepu3upyromero pa3BeTBICHHON CEThI0, 0OBITHO
MeHee CTa0uIbHA.

MarautHele TOJS TPOMBIIUIEHHOW YacTOTHI W HMITyJbCHBIE OOBIYHO HEBEIHKH B
MOMEIeHIsIX pasmerienns odopynoaanusa CKY (mecsatku A/m), HO BOIM3M CHIIOBOTO 000pYAOBaHUS,
a 0coOEGHHO B TIOMEIICHMSAX pa3MELICHHs CHUCTEM BO30YXKACHUS TypOOoarperaToB COCTAaBISIOT
500-600 A/m.

[To pesympratam mpoBeaeHHbIXx MOHHTOpUHTOB DOMO ¢ 2000 mo 2019 roga Ha mpOTSHKEHUH
JUTNTENTFHOTO BPEMEHH CTaHOBHTCS SICHO, YTO MX IeJIecO00pa3HO MPOBOJUTH C MEPHOAUYHOCTHIO HE
MeHee, YeM pa3 B IATh JeT Opu paboTe SHeproOiIoKka Ha MOIIHOCTH Ui TOATBEPKACHUS
HEU3MEHHOCTH YCJIOBUH J3KCILTyaTalliil W CTENeHH )ecTKocTh DOMO, 94TOOBI UCKITIOUNTh €€ BIUSHUE
Ha CTapeHwHe DIISKTPOHHON anmapaTyphl.

Ha wHacrosmmii MOMEHT Ha3pena HACTOSTEIbHAas HEOOXOOUMOCTb  aKTyaJH3aluu
HOPMATHBHBIX TOKyMeHTOB [1] u [3], T.K. oHM ObuTH pa3paboTransl mouTH 10-meT Ha3am U comepiKaT
yCTapeBIINe CTaHAAPTHl JIEKTPOMArHUTHOW COBMECTHMOCTH W JHMAIa30HBI 9acTOT, YTO BMEIIAET
BHEJPCHMIO TEPEIOBBIX TEXHOJOrWi Ha sHeprodiokax ADC, nampumep, WIiFi, paboune vacToTs
KoToporo BeImie, ueM ynomsiHyThle B [1] u [3] 2 [Tu. CxianpiBaercs mapajoKcalbHas CHUTyaIus,
Korma obOopynoBanue, B T.4. mnpomsBojctBa DIYII «BHUMA», mocraBmsiemoe Ha OOBEKTHI
TPaJUIMOHHON YHEPIeTUKH HCITBITHIBAIOTCS Ha YCTOHYUBOCTH K paio4acToTHOMY Moo fo 6 I'Tm, a
Ha OOBEKTHI HMCIOJBH30BAaHUSI aTOMHOW SHEprud TONbKO a0 2 I'Th, 4To 3aTpyAHseT WX BHEAPCHUE.
AxkpenutoBaHHbli ucnibITaTeNbHbll HeHTp OI'YII «BHUMA» B MHUIIMATUBHOM MHOPSIKE MPOBOIUT
ucnbiTanus Ha 9acToTel 10 6 [T croex ympasnenuss ACY TII — TIITC. Bugutes nienecoo0pasHbIM
MIEPEBBITYCK MEKTOCYAapCTBEHHOTO cTaHaapTa [ 1], BKIIOUEHHOTO B CBOAHBIN MePEUCHb JTOKYMEHTOB
o crangapruzanuu [ ockonpopanuu «Pocatom», B popme MoaudumpoBaHHOTO CTaHAAPTA C YIETOM
COBpEMEHHBIX TpeOOoBaHMi [4] MPUMEHHTENHHO K YCIOBHSAM HCIOJb30BaHus obopynoBanus CKY
ADC P® u EBpA3Dc ¢ yyerom TpeboBaHui (hefiepanibHbIX HOPM U MTPABUII B 00JACTH MCITOJIb30BaHUS
ATOMHOW SHEPIUH.
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YK 681.2
METPOJOI'NMYECKOE OBECIIEYEHUE PASPABOTKU U IPUMEHEHUSA
CPEACTB ITIPOI'PAMMHO-TEXHUYECKHUX TIITC
I'PULEHKO C.10., MOUCEEB M.U., KOPOBHUHA O.A., KOXEBHIMKOB A.10O.,
KMAWJIOB B.B.

DeoepanvHoe 2ocyoapcmeeHHoe YyHumapHoe npeonpuamue « Bcepoccutickuii HayyHo-
uccreoosamenvckuil uncmumym asmomamuxu um. HJI. [{yxoea» (@' VI « BHUUA»),
(Mockea, Poccutickass @edepayust)

AnHoTtanusi. B mokiane mpencTaBiIeHBI OCHOBHBIE ITOJIOKEHHS METPOJIOTHYECKOTO OOeCTeueHUs
cpeactB mnporpammHo-TexHHUeckux TIITC kak cpeiacTB H3MepeHHi, IMPUMEHSAEMBIX B cdepe
TrOCY/IapCTBEHHOTO PEryJIMPOBaHUs oOecrieueHus eauHcTBa u3mepenuit. [lockonbky cpencrea TIITC
BXOJSIT B COCTaB H3MEPHUTEIHHBIX KAHAJIOB AaTOMHBIX DSJEKTPOCTAHIWN, B JMJOKIAJE ITOKA3aHBI
OCHOBHBIE€ MPOOJIEMBI METPOJIOTHYECKOTO OOecTIieueHHsT U3MEPUTENbHBIX KaHAIOB, MPUMEHIEMBIX B

00JaCcTH UCTIOIH30BAHMS ATOMHOM SHEPTUH, U U3JI0XKEHBI MOAXO0/IbI K UX PEIICHUIO.
KamoueBnle ciioBa: MeTpoiiorndeckoe oOecreueHue, cpejactBa mporpammHo-texHudeckue TIITC,
CpEJICTBO U3MEPEHUMN, U3MEPUTENBHBIN KaHall, TOBEpKa.

THE METROLOGICAL PROVISION FOR DEVELOPMENT AND APPLICATION OF
TPTS PLATFORMS
STANISLAV Yu. GRITSENKO, MICHAEL I. MOISEEV, OLGA A. KOROVINA,
ANDREY Yu. KOZHEVNIKOV, VADIM V. ZHMAILOV
Federal State Unitary Enterprise «All-Russian Research Institute of Automatics»y (FSUE «VNIIAy),
(Moscow, Russian Federation)

Abstract. The paper presents main theses of the metrological provision for the TPTS platforms as
measurement instruments in the state system for ensuring the uniformity in the measurements field.
Since the TPTS platforms’ components are a constituent part of measuring channels at nuclear power
plants, the paper shows main problems of the metrological provision for the measuring channels in the
nuclear energy field and outlines approaches to the solutions for these problems.

Keywords: metrological provision, TPTS platform, measuring instrument, measuring channel,
verification.

CpencrBa mporpamMHo-Texuudyeckue TIITC, paspabGateiBaembie PI'YII  «BHUHUA»
uM. H.JIL. JlyxoBa, NpUMEHSIOTCS Ui KOMIIOHOBKHM II0 IMPOEKTHOM JOKYMEHTAallMM MpOrpaMMHO-
texanueckux komruiekcoB (IITK). B Hacrosimee BpeMs BbITycKaeTcsl TPH OCHOBHBIE Pa3HOBHIHOCTH
cpeacte TIITC: TIITC-EM, TITC-HT, TIITC-Cb. B cocraBe IITK cpeacrea TIITC Bxomsr B
ABTOMAaTH3UPOBAaHHbBIE CHUCTEMBI yNpaBlieHHs TexHojormdeckuMm mpoueccoMm (ACY TII): cucremsl
ABTOMATHU3aLUH, CUCTEMBbl KOHTPOJISI M YIIpaBJeHUs, UHHOPMALMOHHBIE M YIPABISIOIINE CUCTEMBI, a
TaKKe CHUCTEMBbI 0E30IaCHOCTH OOBEKTOB AaTOMHON M TEIJIOBOM SHEPreTHKH W JPYTHX OTpaciel
MPOMBIIUIEHHOCTH.

Cpenctea TIITC BBINONHSIOT U3MEPEHUS DIEKTPUUECKHUX BEJIMYUH U SIBIAIOTCA CPEACTBAMU
nzmepennii (CH), npuMeHseMbIMU B 00JIACTH MCIIOJIB30BaHUS aTOMHOW SHEPIHH, BXOAAIICH B chepy
TOCYJapCTBEHHOTO peryiaupoBanus obOecneuenust eaunctBa usMepenuit (I'POEN). Ilostomy, B
COOTBETCTBHHU C JEHCTBYIOIIEH HOpMAaTUBHOW 0a30H, MeTposoruyeckoe obecneuenne (MO) cpencts
TIITC mouIeKUT TOCy TapCTBEHHOMY peryiupoBaHuio [1]:

- cpenctBa TIITC apnstores CU yTBep:KA€HHOTO THIIA, TPOIIEANINMH TOBEPKY;

- nokyMeHTanus Ha cpenctsa TIITC npoxoauT METPOIOTHYECKYIO SKCIIEPTHU3Y;

- pabotsl u ycnyru no MO cpeacts TIITC BBINOJMHAIOTCS TOJBKO AKKPEAWTOBAHHBIMH
JTUIAMH.

Bce cpeactea TIITC umeroT odopmiieHHBIE cBHIETENbCTBA 00 yTBepkaeHun turna CU u
MeToauku noeepku. IIpu Beimycke cpenctBa TIITC mpoxonsT nmepBHYHYHO MOBEPKY, a B IpoOLECCE
SKCIUTyaTalliM TIOJUIeXKAaT OO0S3aTeNbHON MEePHOANYECKOW TIOBEPKE C WHTEPBAJIOM TISTH JIET.
Pe3ynpraThl MOBEpKH TOATBEPXKAAIOTCA CBUAETENHCTBOM O MOBEPKH. BenmnymHa MEXITOBEPOYHOTO
MHTEpBajla BBIOMpAeTCsl COrjacHO TpeOoBaHMSAM, M3IOXkeHHBIM B PMIT 74-2004 «I'CH. Metoast
OTIpeIeTICHIS] MEKTIOBEPOUYHBIX U MEKKATMOPOBOYHBIX MHTEPBAJIOB CPEJICTB U3MEpEeHUi» [2].
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[Nockoneky cpenctBa TIITC BXOAAT B cOCTaB U3MEPUTENBHBIX CUCTEM M KaHAJIOB aTOMHBIX
anekrpoctaniyii (ADC), OI'VII « BHUNA» npuHIMaeT akTHBHOE y9acTHe B pelieHnr BompocoB MO
n3meputenbHbIX kKanaaoB ADC. CornacHoO TpeOOBaHHAM COBPEMEHHBIX JOKYMEHTOB U3MEPHUTEIHHBIE
cuctembl win kaHaisl ADC MOTyT paccMaTprBaThes Kak MOKOMIOHEHTHO (B BUE HaOopa OTAENbHBIX
CH), Taxk m xommuiektHO (kak emmaoe CH). OmHako KpuTepum BbIOOpa IIOAXOAOB HE
periiaMeHTHPOBAHBI, & MX JETUTHMHOE MPUMEHEHHE 3aTpyaHeHo [ 1, 3 - 5].

Tak, B HacTosdIee BpeMs M3MEpPHUTENbHbIE CUCTEMBI U KaHanbl Ha ADC paccMaTpHUBarOT Kak
Ha0Op OTAENBHBIX U3MEPHUTEIBHBIX KOMIIOHEHTOB (CU yTBEp)KIEHHOTO THUIA), KOTOPHIE MOBEPSIOT
OTJIETFHO BO BPEMs OCTaHOBA DHEProOIOKa. B yCIOBHSAX MOCTOSHHOTO YCJIOXHEHHUS W PACIIHPEHHS
n3MepHuTenbHBIX cucteM ADC, 3TO MPHUBOAUT K CIEAYIOMAM IpoOiieMaM: BBICOKAs TPYHAOEMKOCTH
MOBEPKH; HEIOCTaTOK BPEMEHM OTBEJACHHOIO Ha MOBEPKY M3MEPUTENBHOM CHCTEMBI B LIEJIOM H
KKIOTO M3MEPHUTENHHOTO KaHalla B YaCTHOCTH; HEOOXOJUMOCTh pabOTHI TMEPCOHANa B YCIOBHUSX
MOBBIIIICHHOTO PAIUAIIOHHOT0 (JOHA W MPOYMX BPEAHBIX YCIOBHUSIX; OTCYTCTBHE ydeTa BIHSHHS Ha
METPOJIOTUYECKHE  XapaKTEpUCTHKH JIMHUH CBA3M W pealbHBIX YCIOBHHM  SKCIIyaTaluH
M3MEPUTEIBHBIX KOMIIOHEHTOB KaHaa.

YcTpaHuTh WIM  MHUHHMH3HPOBATH  yKa3aHHBIE MPOOJNEMBI  MOXKHO, PacCMOTpEB
M3MEPHUTENBHBIN KaHaNI KaK 3aKOHUYEHHOE CPEICTBO U3MEPEHUHN 1 3aMEHHUB MIOKOMIIOHEHTHYIO TIOBEPKY
KoMIutekTHOH. [Ipu mpoBeneHNMM KOMIUIEKTHON MOBEPKH MpeiJiaraeTcs MPUMEHSATh KaK JTalIOHHbIE
W3MEpHUTENbHBIE KaHANBl, TaK W PE3yJbTaThl CAMOAMATHOCTHKKA W TIEPEKPECTHOTO CIHYCHUS
pe3ynpTaTOB M3MEPEHWH KaHAOB B TIpoIlecce OSKCIuTyaTaruu. JIerMTHMHOE TPHMEHEHHE TaKoTo
MOJX0/a K KOMIUIGKTHOW TIOBEPKE H3MEPUTENBHBIX KaHAOB TpeOyeT nopabOTKU COBpPEMEHHOMN
HOopMaTHBHOH 6a3bl B cepe ' POEU.

OpHaKo paccCMOTpEeHHE M3MEPHUTEIBHBIX CHCTEM W KaHAOB Kak 3akoHUeHHBIX CU B memsax
NpOBe/leHHsT KOMIUICKTHOW TOBEpPKH He Bcerja lenecoobpa3Ho. Tak, CIOXKHBIE H3MEpPHTENbHBIC
kaHajsl ADC MOTYT UIMETh HAaCTOJIBKO Pa3BETBIEHHYIO CTPYKTYPY, UTO HE MPEJCTaBUTCS BO3ZMOKHBIM
ommcaTh BCE TYTH MPOXOXKACHHUA METPOJIOTHYECKH 3HAYMMOW WH(GOPMAIlM W  BBIICIHUTH
M3MEPUTENbHBI KaHall M3 COCTaBa CIOXKHOHN cucteMmbl. Kpome TOro, cioxHele H3MEpUTENbHbIE
cucteMbl ADC SBISAIOTCS aJaNTHUBHBIMH M HHTEIUIEKTYalbHBIMH, T.K. AN HMX HapaMeTpoB H
CTPYKTYPHI PEAyCMaTPUBAETCSI BOSMOKHOCTh HACTPOUKH, MOTU(PHUKAIINN U JIOTIOTHEHUS B TIPOIECCE
JKCIUTyaTanmud. Bo  MHOTMX  COBPEMEHHBIX  TEXHMYECKMX  33JlaHMAX Ha  pa3paboTkKy
aBTOMATHU3UPOBAHHBIX CHCTEM YIpaBIEeHUA TexHosnorndeckumu mnpoueccamu (ACY TII) ADC,
COJIEPKUTCS TPpeOOBAaHUE O BO3MOXHOCTH YBEIIMYESHHS KOJMYECTBA 1 HOMEHKIIATYPBI N3MEPHUTEIHHBIX
kaHasioB Ha 10-20 %. D710 TpeGoBaHUE MPOIMKTOBAHO MHOTOJIETHUM OMBITOM 3Kciutyaraun ADC u
obecnieunBaeT ruOKocTh U agantuBHOCTh ACY TII [7]. OgHako, HECMOTpsI Ha ITUPOKOE MPUMEHEHHUE
B chepe T'POEN ajmanTuBHBIX ¥ WHTEIJIEKTYaJIBHBIX H3MEPUTEIBHBIX CHUCTEM U KaHAJOB,
COBpeMEeHHas HOpMaTHBHas 0asza He perJaMeHTHPYET MPOIEAYPhl YTBEPKIACHHUS UX THUIA U TIOBEPKH,
Jenasi MX UCIOJIb30BaHHWE HeJIErMTUMHBIM. [losTromMy B HOopMmaTtuBHYy0 6a3y B cdepe ['POEU
HEOOXOJMMO BBECTH CJEAYIOIIME TIOJOXKEHUA. Bo-TIepBBIX, pPErIaMEeHTHPOBaTh BO3MOXKHOCTD
pas3zeneHusl CIIOXKHBIX H3MEPUTENIbHBIX KAaHAIOB M CHCTEM Ha OTAeibHble KommnoHeHTHl (CU
YTBEPKJICHHOTO THIIA), B3aMMOCHCTBYIOIINE IPYT C APYrOM COTJIACHO aTTECTOBAHHBIM METOIMKAM
n3MepeHnid. Bo-BTOpBIX, periaMeHTHpPOBaTh BO3MOKHOCTh YBEITHYEHHUSI KOJINYECTBA U3MEPHUTEIHHBIX
KaHaJIOB, IPUBEICHHBIX B ONMUCAHUH THIIA [6].

Taxum oOpazom, i JETUTUMHOTO IpuMeHeHus1 Ha ADC H3MEpUTENIbHBIX CHCTEM M KaHaJloB
HEOOXOIMMO Pa3BUTh COBPEMEHHYIO HOPMAaTHBHYIO 0a3y Kak B HAaNpaBJICHWH KOMIUIEKTHOTO, TaK U B
HaINpaBJICHUH MOKOMIIOHEHTHOT'O MOJXO0JIOB K PACCMOTPEHHIO, PETJIAMEHTUPOBAB KPUTEPUH BHIOOpA.
st BHEIpeHNsT KOMITIEKTHOTO TTOIX0/[a HEOOXOIMMO PEerfiaMeHTHPOBATh MPUMEHEHHE KOMIUIEKTHBIX
CHOCO0OOB TIOBEPKM KaHAIOB, KaK C NMPUMEHEHHEM JTAJOHHBIX H3MEPHUTENBHBIX KaHAJIOB, TaK M C
WCIIOJIb30BAaHUEM pE3yNIbTaTOB CAMOAMArHOCTHKKM M TEPEKPECTHOTO CIWYEHHS PEe3yJbTaTOB
U3MEPEHMH KaHAJIOB B IIpOLEcce OKCIUTyaTauuu. [l BHEApEHUs IMOKOMIIOHEHTHOTO MOAX0Ja,
HEOOXOIUMO PErJIaMeHTHPOBAaTh BO3MOKHOCTH Da3lesIeHUs] aJalTUBHBIX M HHTEIUIEKTYalbHBIX
M3MEPHUTENBHBIX KAaHAJIOB W CHCTEM Ha OTHeibHble KoMmoHeHTh (CH yTBep)kIeHHOTO THIA),
B3aMMOJECHUCTBYIOIINE JPYr C JPYrOM COTJIACHO AaTTeCTOBAHHBIM METOJUKaM H3MEpPEHUH.
[Ipennaraemoe pa3BUTHE HOPMATUBHOW 0a3bl MO3BOJUT JIETUTUMU3UPOBATH NPUMEHEHHE CIOKHBIX
M3MEPUTEIbHBIX KaHaloB U cucTeM B chepe 'POEN, a Tarke CyHIECTBEHHO COKPATHTh TPYA0EMKOCTh
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paboT MO yTBEPKIECHUIO THIIA U TIOBEPKE U3MEPUTENBHBIX KaHAToB ADC, MOBBICUB 3KOHOMHYECKYIO
3¢ (EeKTHBHOCTD €€ IKCILTyaTaIiH.

3aki0ueHue

Mertpomornueckoe obecrieuenne cpeAactB m3mepennus TIITC, nmpuMeHseMBIX I MPOSKTHOM
komronoBku [ITK ADC, nonrocThio oTBevaeT TpeboBanusm ' POEN.

B 10 ke BpeMs psg mnpoOiieM, CBS3aHHBIX C METPOJIOTHYECKUM OOCCICUCHUEM
M3MEPHUTETHHBIX KaHAJOB M M3MepUTENbHBIX cucteM ADC emé mpeiCTOuT pemuTh. B ToM dwmcie
HEOOXOIMMO MHHUMH3UPOBATH MPOOJIEMBI, CBSI3aHHBIE C MPAKTHUKYEMOW B HACTOAIIEE BPEeMs
MMOKOMITOHCHTHOUM moBepkoii kaHaimoB Ha ADC. Jlns 3TO HEoOXOAMMO JICTUTHMHOE BHEAPEHHUE
MIPEJICTABICHHBIX B JIOKJIAJE TMOAXOM0B K MPOBENCHUIO KOMIUIEKTHOW W MOKOMIIOHEHTHOH IOBEPOK
M3MEPHUTETHHBIX KaHAJIOB, YTO TpedyeT mopaboTku HopMaTuBHOI 0a3bl B chepe [ POEN.

Cnmcok JInTepaTypsl
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54



11 MEXKAYHAPOJHASI HAYYHO-TEXHUYECKA S KOHOEPEHLIMA. MUHCK 27-28 AITPEJIA 2021 T'OJIA

YK 004.72
PA3BUTHE CUCTEMHOM HIMHBI EN ACY TIT HA BA3E TIITC
KUIIKHWH B.JI., TUXOHOB 10.H., HOBUKOB A.A., KOHOIIATOB A.A., BOP3EHKO A.A.
Dedepanvroe 2ocyoapcmeenHoe yHumapHoe npeonpusimue «Bcepoccuiickutl nayyno-

uccneoosamenvckutl uncmunym asmomamuxu um. H.JILJyxoea» (Mockea, Poccuiickas @edepayust)
AnHotanusi. B craree ommcriBaercs pazutue muHbl EN ob6opynosanus TIITC. PaccmarpuBaercs
YCTPOMCTBO, KIIFOUEBBIC OCOOCHHOCTH ¥ 0a30BbIC XapaKTEPUCTUKU BAPUAHTOB PEaM3allMUd CUCTEMHON
muHbL. ONUCHIBAIOTCS CPEJICTBA TUATHOCTHKH, a TAKKE PeaTU3aIis MO ICPKKH [IIMHBI B a0OHEHTAX.
Kurouessle cnoBa: cucremnas muna, TIITC, ny6mmpoBanne, Hané&xaocTs, EN.

EN SYSTEM BUS EVOLUTION IN TPTS BASED I1&C SYSTEMS
VLADIMIR L. KISHKIN, YURI N.TIKHONOV, ALEXANDER A.NOVIKQV,
ALEXEI A.KONOPATQOV, ANDREY A.BORZENKO

Dukhov Automatics Research Institute (VNIIA), Federal State Unitary (Moscow, Russian Federation)
Abstract. The object of the article is the EN system bus development in TPTS systems. The
implementation, key features and the basic characteristics of different EN bus variants are considered.
The diagnostic possibilities are described, as well as the bus implementation in the abonent software.
Keywords: system bus, TPTS, duplication, reliability, EN.

Beenenue

B pamkax moBblmieHHsS HaJE&KHOCTH 0OMEHa MEXKAy aODOHEHTaMH CUCTEMBl KOMMYHUKAIUN B
nporpammHo-TexHudeckux komrmekcax (IITK) TIITC-EM, TIITC-HT u TIITC-Chb B 2018-2020
romax B ®I'YII BHUHA um. H.JI.JZlyxoBa mpoBeaena paboTa Mo CO3AaHHIO0 TyOIMPOBAHHOHN IIHHEI
EN-2.

Hyb6muposannas muHa EN-2 npusBana 3ameHuTh pe3epBUpoBaHHylo muHy EN ¢ menbio
OpraHu3alMy HOJTHOLEHHOH 3alUThl OT HHPOPMALMOHHBIX EPErPY30K B BUJE LIMPOKOBEILATEILHOTO
HITOpMa, KOTOPBI MOXKET MPUBECTH K HapyIIEHHIO OOMEHa JaHHBIMH MEXIy aOOHEHTaMH MIMHHOHN
cucteMbl. KpoMe Toro, myOnupoBaHHBIM BapuaHT Aa&T BO3MOXXHOCTH MOCTPOSHHs HIMHBI WU €€
OTNIENBHBIX (parMeHTOB Ha Ooyiee TMPOCTHIX TOMOJOTHAX THma "gepeBa" (0e3 KOIJBIIEBOTO
PE3EPBUPOBAHUSI) C TIOHBIM COXpaHEHHEM PabOTOCTIOCOOHOCTH MPH €IUMHUYHBIX OTKa3ax.

Hluna EN-2 sBiseTcst MmopepHn3upoBaHHoil Bepcuert muHbel EN 1 ctpoutcest abcomoTHO Ha
TOM e alrmnapaTHOM obOopynoBaHuH, 4to U EN, myTéM nm3aMeHeHuS NPOBOAHBIX KOMMYHHUKALMHA U
3aMEeHBl BCTpPOEHHOro mnporpammuoro obecneuenus (BIIO) mnpoueccopHbix Momyneil. IIpn
noctpoernu kaHanoB EN-2A/2B mmnbl mo TexHosmorun Turbo Ring Takas KoHHrypalys MUHbI, Ha
TOM K€ CeTeBOM 000pYJ0BaHNMH, Ha KOTOpPOM MocTpoeHa muHa EN, MoxeT obecrieunts AByKpaTHOE
pe3epBUPOBaHME.

Kanan EN-2A
dy6auposaHHOU WuHb!

PesepeuposanHan wuHa EN

SWA, e SWA,
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Kanan EN-2B
0dybnuposaHHOU WuHb!

Puc. 1. Cucremusble mmasl EN u EN-2 TIITC

[Mpumep noctpoenus munabl EN-2 Ha o6opynoBanun mmuel EN npencrasnen Ha puc. 1. [lluna
EN-2, kak u EN, ucnomszyer kommytaropel (SW) M ONTOBOJIOKOHHBIE JHMHUH JUIS TOCTPOSHHS
MarucTpaiei; Ui aOOHEeHTCKUX MOJKIIOUEHUN UCToNb3yeTcs: BuTas napa. K nqyonupoBanHON mmHE
EN-2 moryr monxirouatrbes Te ke aboneHThl KomiuiekcoB TIITC, uto m x mmHe EN, a mmenHo:
npoueccopsl (ITA) n xonrpomnepst (KA) aBTomarmsanum, Omoku numo3a conpsbkenus (BLLC) c
cucteMoit BepxHero Omounoro yposus (CBBY), umkenepubsie u muarnoctudeckue craniuu (MC u
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JC), a taxke unble cpeactsa, Bxoasammue B [ITK ACY TII, peanmnzoBanHble Ha 0a3e MEepPCOHATBLHBIX
kommbrorepoB  (IIK) ¢ omepammonusiMu  cuctemamu  (OC) Windows u Linux, ¢ momomnsio
CTaHIApPTHBHIX CeTeBBIX amanTepos Ethernet.

YcTpoiicTBO IIMHBI

Hy6muposannas muHa EN-2 npencrasnser co6oii nBe ¢pusnvecku HecBs3aHHbIe (kaHanbl EN-
2A u EN-2B) nokanbsHbie cetu Ethernet, mo kotopbiM riepeaaroTest JaHHbIe TPHKIATHOTO YPOBHSL.

[lepenaya nanHbIXx Mexay abOoneHTamu wmMHBL EN-2 mnpowsBoauTcs mapayienbHO U
onHoBpeMeHHO 1o obouM kaHamam EN-2A u EN-2B. IlepenaBaemble TpuKIagHBIC TeJIETPaMMbI
NI0CJIEI0BATENFHO HYMEPYIOTCS II€pe X MHKAINCYJSIIMEN B Kaapbl HIDKHEro ypoBHs. [IpuxiiagHomy
YPOBHIO Ha CTOpOHE NPUEMHUKA IEpelacTcs TOJBKO OJHA KONMS aIpecOBAHHOM TelerpamMMmbl —
MOJy4YeHHasl paHbllle, KOMHUS, TWOJy4eHHas TMO3Xe 10 JpyroMy KaHaly, OTOpachIBaeTcs.
[IpenycMOTpeHBl Kak MpoLenypbl, OOecleYuBarOUIMe HANEKHYIO IOCTaBKYy C IOITBEP)KICHHUEM
MOJY4EHUs TeJerpaMM CO CTOPOHBI NPUEMHMKA (C IMOBTOPHBIMH OTHPAaBKAMHU B CIy4ae OTCYTCTBUS
KBHUTAHIIMH O TOJIyYCHHH), TaK U IPOLEAYPHI O3 MOATBEPKICHHS.

st mpenoTBpaleHns BIUSHIS MHPOPMAMOHHBIX IEPETPY30K B OJHOM U3 KaHAJIOB IIMHBI HA
paboTy MpoIecCOpHBIX MOIyNeH Mo ApPyromy, WCmpaBHOMY, kKanamy — B BIIO mpemycmorpenst
ANTOPUTMBI, 00ECTICUNBAOIIUE TTOJHYIO OJOKUPOBKY NpUEMa MO KaHaly B CIydae BBISBICHUS B HEM
IropMa.

CpaBHeHue monp3oBaTenbcknux xapakrepuctuk mH EN n EN-2 npuseneno B Tadm. 1.

Tadmuua 1. [oap3oBarensckue xapakrepuctuku EN/EN-2

XapakTepucTuka [una EN [una EN-2
Y cTOWYINBOCTH K OJTHOKPATHBIH 0OPHIB - mo0ast OMHOKpaTHAS OIINOKa;
HCUCIIPABHOCTAM MaI‘I/ICTpaJ]bHOI\/'I HJIN = HH/IpOKOBCHIaTCJII)HI:Jﬁ mTOopM
aOOHEHTCKOH JTUHHH; B JIIOOOM U3 KaHAJIOB;
KonnuecTBo 06opynoBanus OJIMHAKOBOE
TexHnueckue JaHHbIE OJIMHAKOBBIE
(peXH1MBI, CKOPOCTH, ONTHKA)
OYHKIUA AXATHOCTUKA 00pBIB (hU3HUECKOTO - 00pBIB (pr3HYECKOTO
3JIEMEHTOB LIMHBI COCMHEHHUS, COCIMHEHMUS;

- TIOTepsI JIOTUYECKOMN CBSI3U
IPY COXpaHEHUH (PU3NIECKOTO
COCIMHEHMUS;

- OIIMOKH KOMMYTAIIMH TOPTOB
U KaHaJOB;

- KOHTPOJIb CBSI3U C
pe3epBHBIMU a00OHEHTAMU;

- aDOHEHTBI C Ty OIMPYIOMIUME

ajzipecamy;
MaxkcuManbHBIA TEMIT BBIAAYH | OTPaHUYUBACTCS aKTHBHBIM OrpaHUYMBaeTCs Hanboee
TeJIerpaMM KaHaAJIOM; OBICTPBIM M3 IBYX KaHAJIOB,
JlomyCcTUMBII IOTOK BXOMSIIIUX TIITC-EM
TeJIerpamMm, 00CITyKUBaeMbIX 400 | 300
nHTep(elCHON YacThIO OJTHOTO TITC-HT
aOOHEHTa, TII/ceK 700 | 400
TIITC-Ch
600 | 400
KosmvecTBo aO0OHEHTOB B IIMHE 800
Tpyno€MKOCTh MOHTaXa HIDKE | BBIIIIE
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Jlnarmoctuka

Jnist AMarHOCTUPOBAHUS HEUCIpaBHOCTEH B pabore muHbl EN-2 Ha 00beKTax SKCILUTyaTaliy B
MITATHBIX KOMMYHHMKAalIMOHHBIX TpoueccopHbix moayisix TIITC mpemycMmorpen Habop 0a30BbIX
MUATHOCTHYECKUX CPEICTB.

B kxadectBe MomyneH, BRIMOMHSAOMNX (HYHKITUN 0a30BOM THATrHOCTHKH, BHICTYIIAIOT OJWH WIIH
HECKOJBKO KOMMYHHUKAaMOHHBIX MoyJei BIIIC, BRIMOMHAIOMNX MEPUOIUUECKYIO TPOBEPKY CBSI3EH C
NpoYMMH a0OHEHTaMH IIWHBL. MaKCHMalbHOE KOJMYECTBO a0OHEHTCKUX CBSI3€H, KOHTPOIUPYEMBIX
omammM BIIIC: 500 (mpm 3TOM Kakaplii 13 a0OHEHTOB MOKET OBITH pe3epBUPOBaHHBIM). [Ipy HamHImMH
B CeTH OOINBIIET0 KOJHMYECTBA a0OHEHTOB JWArHOCTHYECKas 3aflada JIOJDKHA BBITONHATHCS
Heckonpkumu BIIC.

[Ipu oOHapyxeHMH BO3HUKHOBeHUs/ycTpaneHns HeucnpaBHoctelr BIIC dopmupyror
coobitust ANZ92 nmnst cuctemsl Bepxuero ypoBHs (CBY) ¢ ykazaHueM COOTBETCTBYIOIIUX HPUYHH.
Juarnoctupyemble HEUCTIPABHOCTH TepeUUCIIeHbl B Ta0. 1.

PacmmpenHble BO3MOXHOCTH [WarHOCTHUKM UM JIOKAIM3allMM HEHCIPaBHOCTEH BO BceX
KOMIOHeHTaX MMHBI EN-2 (KOMMYHHKalMOHHBIX MOJYNSX W KOMMYyTaropax) oOecleqnBaeT
pa3paboTaHHOe crienuanu3upoBanHoe nporpammaoe odecrieuenne KACT (kOMIUIEKCHBIN aHATU3aTop
cereBoro Tpaduka). KACT pabotaer Ha oraensHoMm ITK (¢ OC Windows/Linux), moaximoyaeMoM K
obonmMm kaHamamM muHBL EN-2, ¥ BBIMONHSET OUArHOCTUKY KOMIIOHEHTOB INWHBI C TIOMOIIBIO
[UKIMYECKOTO oIpoca abO0HEHTOB M OO0pabOTKH COOBITHHHBIX COOOMICHWA OT KOMMYTaTOPOB.
Bo3Hukaromme HeUCIpaBHOCTH HATIISAHO OTOOpakaloTcsa Ha rpa)MuecKoil cXxeMe TOTIOIOTHH IIMHHON
noncuctemsl [ITK. Kpome Toro, pe3ymnprarsl ArarHOCTHKH MOTYT niepenaBaThest 3 KACT nHa mroboe
aBTOMATH3UPOBaHHOE pabodyee mecTo (APM) komriuiekca mjisi AOMOMHUTENHHONW BH3YAIHM3AallMA H
curHammzaiu. B pabdore KACT wucnonb3yer OubGamorexy en.dib u mporokon Simple Network
Management Protocol (SNMP) ¢ moamuckoii Ha coObITHIiHBIE co0OIIeHHsT KoMMyTaTopoB (Trap).

Peamzanus

s peanuzaiiuu aiTOPUTMOB JyOJUPOBAaHHOW MIMHBI B aboHeHTax kowmiuiekcoB TIITC
paspaborana kpocc-ruiatropmennas o6ubanoreka en.lib, peanusyromas nporokossr oomerHoB EN u
EN-2 ¢ yaérom pexomeHganmii HOpMaTHBHBIX JOKYMEHTOB [1].

[Mognepxka mmH EN u EN-2 Beimonnena B en.lib B Bume otaenbHbix pesxuMoB padboThl. [Ipu
BBIOOpE 3TUX PEXUMOB — TEJIErPaMMBbl IPYTUX PEKUMOB oTOpachiBatoTca. Kpome Toro, peaan3oBaH
pexxum EN-2/1, B KOTOpOM 10 yMOJ4aHHIO OOMEH BEAETCs 1O MpoTOKoNIy aybnupoBanHoit (EN-2)
HIMHBI, OJTHAKO OTJIEJIbHBbIE AODOHEHTHI MOTYT TOJIKIIIOYATHCS K MOAYIISIM TI0 Tro0omy U3 kaHayioB (EN-
2A wmn EN-2B) mo mpotokony pesepBupoBanHoi (EN) mmHBL. DTO TO3BONSET HCHONB30BaTh B
UCTIBITAHUSIX U Ha 00OBEKTE SKCIUTyaTallMyd NpU MycKo-HanagouHelx padotax (IIHP) Gonee mmpokuit
CHEKTP CEPBHUCHBIX U IUATHOCTHYECKUX CPENICTB.

J1a vcronb30BaHUS BO BCTPOEHHOM IMPOTPAMMHOM OOECTIEUEHHUH IMPOLIECCOPHBIX MOIYJeH
oubnmoreka en.lib amantupoBana mon mpoueccopHbie IIATHOPMBI BCEX KOMMYHHKAIMOHHBIX
monynert TIITC. Jlns ncnonb3oBaHUS B TECTOBBIX M CEPBHCHBIX cpeacTBax koMmiuiekca TIITC B
OuOIMoTEKE peanrn30BaHa MOJACPKKAa PadOTHl B COCTaBE MPUIIOKEHUN IS OMEPAIMOHHBIX CHUCTEM
Windows u Linux.

bubnuoteka en.lib ucrnosnp3yercs B TOM umciie u npu pa3paboTKe CTOPOHHETO MPOrPaMMHOIO
obecnieuenuss (I10), s opraHv3anvy TMOAKIIOYEHHS JAPYTHX IOACHCTEM aBTOMAaTH3WPOBAHHOM
cucrembl ynpasieHus (ACY) k abonenram kommuiekca TIITC mo omHOMY WM JABYM KaHallaM
nIyOonmupoBaHHOM muHBI EN-2.

[Ipumepom Takol cuctemsl sBisiercs paspadortannblii coBmecTHo ¢ PHI[ «KypuaToBckuit
WHCTUTYT» TIUTI03 COMPSDKEHUS ISl CBSI3M KOMIUIEKCOB, cO3faHHBIX Ha 6aze cpemcts TIITC-HT, c
anmaparypoi BHyTpupeaktopHoro kouTpodsi (CBPK). Jlanublii mutio3 ocymiecTBisier 0OMEeH JaHHBIMU
MEXIY IBYMs CHCTEMaMH COIJIacHO NpoekTy, BbinonHeHHoMy B CAIIP GET-R1. Jlnsa cBssu ¢
noacuctemori CBPK ucnosb3yercs crangaptHeiii crek mpotokoaoB TCP-IP. [{nst cessu ¢ TIITC-HT
UCIIoNb3yeTcst OndanoTeka en.lib.
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3akuoueHne

OcHoBHO# 0c00eHHOCTHIO HIHBI EN-2 siBiIsieTcst coxpaHeHne padoToCIocoOHOCTH (IIepeaadn
JAaHHBIX) [IPHU JIFOOBIX OJTHOKPATHBIX OTKa3aX KOMIIOHEHTOB LIIMHBI, @ TAKXKE [IPU OJHOKPATHON OLIMOKE
KOMMYTAaLlMHM LIMHBI, BHI3BIBAIOIICH MH()OpMAIIMOHHBIE Teperpy3Ku (IIMPOKOBEIATEIbHBIN IITOPM) B
OJIHOM M3 KaHaJIOB.

Hlmna EN-2 3akmageiBaeTcss Kak OCHOBHAs KOMMYHHKAIMOHHAs INMHA B HOBBIX
OTEYECTBEHHBIX M 3apyOexHbix mpoektax ACY TII, mocrpoennsix Ha 06aze ammapatypsr TIITC.
Heranu apxutextypsl mmHbl EN-2, a Taxke pasnuuHbie CTPYKTypHBIE BapUaHThl €€ OpraHu3aluu
MIPEICTABIICHEI B IaTeHTE Ha n300peTenue [2].

Crnucok JuTepaTypsbl
1. TOCT P M3BK 60880-2010 «ATtomHble 3neKTpocTaHIUU. CHUCTEMBI KOHTPOJS M YIpPaBICHHUS,
BakHBIE /U1 Oe3omacHocTH. [IporpamMHOe oOecnedeHHEe KOMIBIOTEPHBIX CHCTEM, BBITOTHSIOMINX
(GyHKIMH KaTeropun A.
2. IMarent Ha nzobperenue Ne2450305 ot 20.08.2010. Kommiekc mporpaMMHO-anmnapaTHBIX CPEACTB
ABTOMATH3aLUH KOHTPOJIS U YIIPaBJICHUSI.
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YK 681.513
PEHIEHUE 3AJIAY ABTOMATHUYECKOI'O PETYJIUMPOBAHUSA B TEXHOJIOI'NU TIITC
MEIIAXC AJL, UBAHOBA A.A.

Dedepanvroe 2ocyoapcmeenHoe yHumapHoe npeonpusimue «Bcepoccuiickutl nayyno-
uccredosamenvckull uncmumym asmomamuxu um. H.JL/[yxoea» (Mockea, Poccuiickas Dedepayust)
AnHoTanus. Joxian mMoOCBSIIEH HOBBIM IMOAXOJAaM K aBTOMATHYECKOMY PETyIHPOBAHUIO, KOTOPHIE
cienyroT w3 ombiTa dKciuryaranuu ammaparypsl TIITCS51, TIITC-EM, u o0ycrnoBieHHOMY 3THMH
MOJXO0JJaMH Pa3BUTHIO allrOpuTMUYecKoro odecrneueHus anmnaparypel TIITC. B moknane mokaszaHsl
HOBIIIECTBAa, BBEJCHHBIE B cpencTBa aBToMatmdeckoro perymmpoBanus TIITC-HT u TIITC-Cb.
ITomMuMo 3TOTO TOKAa3aHBI OCHOBHBIE MPOOJIEMBI, BBISIBICHHBIE NPH JKCILTyaTallu O000pYHIOBaHUS

MPEIBITYIIETO TIOKOJICHHUS, M MTPEIICTABICHBI METOJIbI X PEIICHUs B HOBBIX NokoieHusx TIITC.
Kmounsie caoBa: TIITC, cpencTBa aBTOMAaTHYECKOTO PETYIMPOBAHHSA, OOOPYAOBaHUE, MOJYJIb,
¢GbyHKIIH, (YHKIIHOHAIBHEIA OJIOK.

SOLVING PROBLEMS OF AUTOMATIC CONTROL IN THE TPTS TECHNOLOGY
ARTEM L. MEILAKHS, ANNA A. IVANOVA
The Federal State Unitary Enterprise “All-Russia Research Institute of Automatics named after N.L.
Dukhov” (Moscow, Russian Federation)

Abstract. The article describes the main approaches to automatic control in the TPTS-NT equipment.
The problems encountered during the operation of the TPTS-EM and TPTS51 and the innovations
introduced in the automatic control systems in the new generation of TPTS are shown.

Keywords: TPTS, automatic control tools, equipment, module, functions, function unit.

Beenenue
B Hacrosmee Bpemst cpenctBa aBToMmarumdeckoro perynupoBanus B KCA  TIITC
MPEACTABICHBl MOAYJsIMU CBs3u ¢ mpoueccom TIITCS55.1681, TIITC55.1625 u TIITCS57.1772
¢yakmuonaneHeiME  Omokamu CRU, IBR u S-PID B yHuBepcambHOM MOIyJe MpoIeccopa
apromatusanuu TIITCS55.1211 u B mporeccopuom moxayie apromatusammu TIITCS55.1105. Ilpu
cpaBHeHUHU C TpenpiaymmmM mokoieHueMm ammapatrypel — KCA TIITCS1, TIITC-EM — odeBumHo
pacLIMpeHre cocTaBa 00CyKIaeMbIX CPEICTB.

Ocob6ennoctn CAP TIITC

B ammaparype TIITCS51, yHacnenoBaBmielr momxomsl ot Teleperm ME, eaunwunei
00opynoBaHMsl, MPEJHA3HAYEHHOW MAJIsi OpraHU3aludd aBTOMATHUYECKOI'O PETYJIMPOBAHMS, SIBISETCS
(YHKIMOHAIGHBIA MOJYNb, IpEJHa3HAYCHHBIH Il YIPaBICHHUS HWCIOIHUTENFHBIM MEXaHH3MOM
(UM) perynupyrorieir aBToMaTuku. Takux Moysei aBa.

Monyne TIITCS51-2.1411 npumeHseTcss A TPEXMO3UIMOHHOrO  ymnpasineHus WM
uHTerpupytomero Tuna. K ykazanHomy kimaccy MM  oTHOCSTCA IIMPOKO pPacmpoCTpaHEHHbBIE
PETYIHpPYIOLINE KIIAMaHbl C 3JEKTPUIECKUM ITPHUBOJIOM.

Mogayne TIITCS51-2.1412 npumensercs s ynpasieHuss WM obecneunBaronmmu
«HETIPEphIBHOE» HW3MEHEHHE HEKOTOPOro IapaMeTpa TEXHOJIOTHYECKOro IpoIecca, BBIOPAHHOTO
TEXHOJIOTOM JIJIsl OpraHU3aIH PETyJINPOBaHUSI.

Anmnapatueiii uaTepdeiic moxyneir TIITCS51-2.1411, TIITC51-2.1412 no3Bosier oO0eceynTsb
nogkmouenne 1aByx VM. Bcerpoennoe mporpammHoe obecneuenne (BIIO) mnpenocrasiser
BO3MOKHOCTH HWHIWBHIYaJIbHOTO YIPABIEHUS MU KOHTPOJS KaXI0ro MexaHumsma. l[Ipemycmorpen
yHU(UIUPOBaHHBIN HHTep(deiic MexaHu3Ma B HMH(OPMALMOHHO-YIIPABISIIOIIEH CHCTEME BEPXHErO
ypoBasa (MUYCBY). UM MoeT ynpaBiAThCS KOMaHAaMH OIepaTopa-ueoBeKa WM aBTOMATHUKH B
JTUCTAaHIIMOHHOM PEXHME, B aBTOMAaTHYECKOM PEXKHME MEXaHH3M YIPABISIETCS COTJIACHO THIIOBOMY
3aKOHY PpETYJIHPOBAaHHSA IO PACCOTIACOBAHHUIO, BBHIPAOATHIBAEMOMY TIOJIH30BATEIBCKUM, IMPOEKTHO
3aBUCHMBIM aJITOPUTMOM.

OynxnuonanbHeli 650k IBR, nognep:xkuaemsiii BIIO monyneit TIITCS51-2.17xx, TIITCS1-
2.141x, mpemgHa3zHa4yeH, B TOM YHCJE, IJIsS OPTraHW3aIllMHd aBTOMATHYECKOTO PETYIUPOBAHUS TI0
M0JI30BATENILCKOMY aITOPUTMY, TIPH 3TOM MPEAYyCMOTPEH cTaHAapTHbIN nHTepdeiic c UYCBY.

B THTC-HT muauBuayansHbel KOHTposIb U yrpasieHne MM perynupyromieil aBToMaTHKu
obecnieunBaercs MCII TIITC55.1681 u TIITC55.1625. B TIITC-Cb xonTpons u ynpaenenne VM
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BemmonHsercss MoxyineMm TIITCS57.1772. Tlpu paspabotke moxmyneit TIITCS55.1681 u TIITC57.1772
0b11 coxpaneH BHemHu nHTepdeiic momyneit TIITC-EM, ognako anropurmuyeckoe obOecriedueHue
¢byHKIIIH OBLIIO MOJEPHU3UPOBAHO, OTYACTH B CHIIy HaKOIUIEHHOTO mpH dkcioryatammu TIITCS1 u
TIITC-EM omnbiTa, OTYaCTH B CHIIy CICAOBAHHA OOIIMM TEHACHLMSAM DPa3BUTHUS ammapaTypbl AJs
aBromarndeckoro peryiupoBanna. MCII TIITC55.1625 wmeer CWIBHO W3MEHEHHBIH BHEITHUI
uaTepderic — 3To Moxymb BbicoToi 3U ¢ coemmHMTENeM, MpeaHAa3HAYEHHBIM JUIS BBOJA/BBIBOIA
CUTHAJIOB, HaXOASIIMMCS Ha NepefHel maHenw MoAyns. OZHAKO aNrOPUTMUYECKH AAHHBIH MOIYJb
cxox ¢ moxynem TIITCS5.1681.

MCII TIITC55.1681 coueraet B cebe ¢pynkunu monynein TIITCS51-2.1411, TIITCS51-2.1412.
MCII TIITC55.1625 mpemnazHaueH mans ynpasieHwss VM ¢ «HempepbsIBHOI» YIpaBISIONIEH
koMaHnoi u amroputmudecku cxox c¢ TIITC55.1681. Moayns TIITC57.1772 npeanasHaueH s
TPEXNO3ULMOHHOTO ynpasieHuss UM Tuna peryaupyromui KianaH.

MopepHu3anms JOrMKHA aBTOMaTH4Yeckoro peryinuposanus B TIITC

MopanbHo ycTapeBlias Jioruka (opMHpoBaHUS Komanz perynupoBanus mno [1M-3axony B
moxyne TIITCS51-2.1411, mocTtpoeHHast Ha pacyeTe BBIXOJIHBIX CHTHAJIOB TPEXITO3UIIOHHOTO pele,
OXBAUEHHOTO OOpaTHOHM CBSA3BI0 uepe3 amepuojuueckoe 3BeHO, Obuia B mMonymsax TIITCS55.1681 u
TIITC57.1772 3ameHeHa Ha JIOTUKY, TOCTPOCHHYIO ITyTEM OXBaTa TPEXIIO3UIIMOHHOTO pelie 00paTHOM
CB3bI0 uepe3 unupoBoi naTEerpaTop. IIpuToM MHTErpaTop B yKa3aHHOU JIOTMKE MCIIOJIb3YETCs KaK B
Ka4yecTBE YNPOIIEHHONW MOJENN OTHOCHTENBHOIO MEPEMEIICHUs YIpaBsieMOro KjamaHa, Tak M A
pacuera U-cocraBisiromieil 3akoHa perynupoBaHus. OCOOCHHOCTBIO MOJTYYCHHON JIOTUKU SIBISIETCS
BO3MOXXHOCTb B CIy4ae HEOOXOIUMOCTH IMOJHOCTBIO OTKMIOUNThH [1- mnu M- cocraBisromue 3akoHa
perynupoBanusi. Kpome TOoro, mpeaycMOTpeHb! HOBbIE IO OTHOLIECHHIO K ajlrOpUTMy B MOAYJIE
TIITC51-2.1411 BO3MOXKHOCTH: JIMHEHHAs! YyBCTBHTEIBHOCTh K PacCOTIacOBaHUIO, BEIOOp peakiuu
MIpU TIEPEKITIOYEHNH B aBTOMATHYECKUM peXHUM, CMEIIeHHE BXOJHOIO CUTHAJIa TPEXMO3UIIMOHHOTO
perne, cokpaiieHue duciia GopMHUPYEMBIX KOMaHI, pacueT MEepeMELICHUs KianaHa ¢ BO3MOXKHOCTBIO
YCTaHOBKH IO JATUUKY MOJI0KEHHUS.

UzBectna mpobnema mpumeHenust monyist TIITCS51-2.1411 nna perynupoBaHusi ypoOBHSI B
TEXHOJIOTHYECKHUX COCYAax, HapuMep, Aeaspatopax. [lockonbKy cBs3b pacxona ¢ ypoBHEM IIPUHOCUT
B 3aMKHYTYI0O CHCTEMY pETYJIMpPOBaHUS OJHO HHTETPUPYIOILEE 3BCHO, HAIWYHE BTOPOIO
WHTETPUPYIOLIETO 3BEHA, KOTOpoe OyaeT MMeTh MecTo npu npuMmeneHun [IU-perynstopa, B cuiry
KOHCEPBATUBHOCTH TPeOOBaHMH K PEryiuMpoBaHHI0 B nepBoM KoHType ADC He momyckaercs. [IBa
MHTETPUPYIOIIMX 3BE€Ha B TPAaKT€ 3aMKHYTOH CHUCTEMBI JelaloT e€ ONM3KOW K CTPYKTYPHO
HeycroiuuBoil. Moayne TIITCS51-2.1411 peammnsyer Ttompko IIM 3akoH, otkmounts U-
COCTABIISIIONIYIO HENB3sl, MO3TOMY JJIsi €ro NPHUMEHEHHST B 3TOM cilydae (OPMHPYIOT IMPOEKTHO
0o0paTHYI0 CBS3b IO JaTUYMKY IOJOXKEHHUsS KiamaHa. OJTa oOparHas CBsi3b «mpeBpamaer» [IM-
perymsitop B Il-perynsitop, HO TONydYeHHas CHUCTEMa SIBJISETCS CTATHYECKOH, a yCTAHOBUBIIASCS
omunOKa SBISIETCA CYIIECTBEHHOM I KadecTBa TEXHOJOTHYECKOro Tporecca. 3a Bpems
skcrutyatanuu annapatypsl TIITCS51, TIITC-EM Obi1o co31aHO ¥ BHEAPEHO HECKOJIBKO MPOECKTHBIX
ITOPUTMOB JUISI CHU)KEHUS OLIMOKM PErylnupoBaHus ypoBHs. OJHAKO BCE 3TH aJrOPUTMBI CIIOXKHBI U
CO37AI0T 3HAYMTENbHYI0 Harpy3ky Ha BBIUMCIHMTEIbHBIE MOIIHOCTH MOAYJIEH, yXyIIIaloT
JCKPETHOCTh CUCTEMBI, IOCKOJIbKY CYIIECTBYET CBS3b MEXK]y MEPHUOJIaMH IIUKIIOB (DYHKIIMOHATIBHBIX
MOIyJed W KOJUYECTBOM OIEpalfid, KOTOPhIE HAJ0 BBIIOJHUTH COIVIACHO MOJIb30BATEIHLCKOMY
aNrOPUTMY.

Kpome Toro, HageXHOCTh M TOYHOCTh ABTOMATHYECKOTO PEryJIMpOBaHHA B 3HAUMTEIILHOM
CTETICHH OIPENENIIOTCS B paccMaTpUBA€MOM Cllydae JAaTUYMKOM IIOJIOKEHHs, KOTOPBIN SBISIETCS
JIEMEHTOM CUCTEMBI C OTHOCUTEIBHO HU3KOM HaJIe)KHOCTHIO.

Monynu CAP 8 KCA TIITC-HT u TIITC-Cb ¢ MmoaepHU3MpOBaHHBIM aJlTOPUTMOM CHHMAIOT
npobjeMy KapAUHaJIbHO B CHIy TOr0o, YTO MOXeT ObITh peanm3oBaH ll-perymstop 6e3
MHTETPUPOBAHMS.

Hpyroit n3BecTHON mpoOieMoil akcruryaranuu Moxyineit perynupoBanust TIITCS51 u TIITC-
EM sBnsercs mpoGnema ¢GOpMHUPOBAHUS JKEIAEMOM pEaKIMH PETyisTopa MpH MEPEeKIIOueHUH U3
JUCTAaHIIMOHHOTO peXuMa B aBToMaTHueckuil. Ha mpaktuke BocTpeOoBaHa ofHA M3 JIBYX peakLuWil:
«Oe3ynapHas», «C OTclexuBaHueM [l-cocraBisitoniei» W «yaapHas», «0e3 orciexuBanus [1-
COCTaBIIONIeH». Peaknusa mepBOoro THIMAa OYEHb BaKHA IS CIIOKHBIX OOBEKTOB aBTOMATH3ALIWH,
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TIOCKOJIBKY TMO3BOJIET M30€raTh OBICTPBHIX M 3HAYMTENBHBIX M3MEHEHUH PErylInpyeMoro mapamerpa
IPY BKIIOUEHUH PETYJISATOPa, CHUXKAsl PUCK «PACKAYKID TEXHOJIOTUYECKOro IpoLecca B LEJIOM, KOTraa
B CpEOHEM BCE [apaMeTpbl HMEIOT HEeoOXOJWMble 3HA4YCHHUS, HO XapakTep mpolecca
aBTOKOJIEOATEIbHBIA, @ MTHOBEHHBIE ADKCTpEMalbHbIC 3HAYCHUS MapaMEeTPOB HAPYIIAIOT YCIOBHUS
JKCIUTyaTanuu. Peakumss BTOporo tuma BOCTpeOOBaHAa TOrZAA, Korza TpeOyeTcss BBICOKOE
OBICTpO/CHiCTBHE, HAIPUMED, UL aBapuifHOTO cOpoca mapa ImyTeM OBICTPOTo NepeMelIeHrsT opraHa
PETyJINpOBaHUs PENYKIIMOHHON YCTaHOBKH.

Anroput™m,  peamusyemblii  momynem  TIITCS51-2.1411, ortciexxuBaeT  M3MEHEHHE
paccoriacoBaHusl HE 3aBUCHMO OT PEXHMa, HOITOMY €ro peakuus B 0OILIeM cydae HelpeacKasyema,
a TIONIb30BATENIbCKUI aJTOPUTM, HANpaBICHHBIH Ha (OPMHpPOBAHHE IMPEACKa3yeMOW peakluu, He
MOJKET BIMATH Ha OaslaHC PeryysTopa MHaye, 9eM MOCPEICTBOM MaHHIYJSIIHUNA C PacCOrIaCOBAHHEM.
3a Bpems skcruryatanmu ammaparypbl TIITCS51, TIITC-EM co3naBanoch, COBEPIIEHCTBOBAIOCH U
BHEZIPSUIOCH MHOKECTBO TaKUX AaJITOPUTMOB, B KOTOPBIX UIA IPEoOpa30OBaHUSI PACCOINIACOBAHUS
UCTIONIB3YIOTCS HUPPOBBIE HHTETPATOPHI, (PUILTPHI, IEPEKIF0UaTEeNN, KOMOWHAIMOHHAS JIOTHKA U CUET
BpEMEHU. 3aMeYaHue O CI0KHOCTH U PECYPCOEMKOCTH, CAEIaHHOE paHee, B IOJHOW Mepe OTHOCUTCA
U K 3TUM JITOPUTMAaM.

Anroput™m perynupoBaHus, peanuzyembiii MoxynsiMu TIITC HOBOro moxojeHHs, MO3BOJSIET
chopMHPOBaTh MPEICKAZYEMYIO PEaKIUIO ABYX THUIIOB, IPUTOM «0€3yAapHYIO» — IBYMS Pa3TUIHBIMU
OyTSMH, JU0O0 BKIIOYMB INPEAYCMOTPEHHOE 3BEHO aBTOOAJAHCUPOBKH, MO0 OTKI0uuB [I-
COCTABJISIFOIIYIO B MOMEHT MEPEKIIOUCHHS.

AHaNOTHYHBIM 00pa3oM yJalloch CHITH NpoOieMy (opMHUpOBaHUS «0Oe3ylapHO» peakiuu
Opy aJanTalid pPEryiIiaropa K YCIOBUSM TEXHOJOIMYECKOI'O MpOoLecca, KOTOPbId (haKTHUECKH
CBOIUTCS K M3MEHEHMIO «CKaukom» mapamerpoB I1M-3akoHa, nim npu HEOOXOIUMOCTH MEPEUTH OT
peryJIMpoBaHusl OJHOTO MapaMeTpa Mpollecca K PeryIupOoBaHUIO JPYroro, Hampumep, OT pacxoja
Cpelibl K JIaBJIEHMIO JI0 KilanaHa. Bo BTOpoM ciydae «CKaukoM» M3MEHSIOTCS HE TOJIBKO MapaMeTpsl
[IN-3ak0oHa, HO W paccormacoBanne. OOl moaxon kK (GopMupoBaHUIO «Oe3ydapHOI» peaknuu —
oTkmouenne Il-coctaBndromeil B MOMEHT ajanTallud WM TEpeKIIouYeHrs Ha JApPYTyl Lelb
perynupoBaHus. /[uHamuka IMepexoJHOro Ipolecca ONpeAesseTcs] MOCTOSHHON HMHTErpHpOBaHUS
PErymsITopa 1 MOXKET Ha3HayaThCsl IOJIb30BaTeIeM Ha BpeMs IEPEX0IHOro IpoLecca.

Eme ogHo HOBHIECTBO — npenycMoTpeHHbI B anroputMme moayisix CAP TIITC-HT Bxon Ha
9JIEMEHT CpaBHEHHUS MPSIMOro W OOpaTHOrO TPaKTOB — TO3BOJISIET CO3[aBaTh II0JIb30BATEIbCKHE
ITOPUTMBI, BO3JCHCTBYIOLINE Ha BXO TPEXIMO3ULIMOHHOTO pene. IlyTeM co3nanus Takux aaropuTMOB
MOXHO cdopmupoBaTh J[[-cocraBmsronryro, nonyuus IIW/-perynstop, chopmupoBaTs KOHTYp C
PETYIATOPOM C Pa3OMKHYTO-3aMKHYTOM CTPYKTYpOH MO 3a/laHHI0 WM BO3MYIIEHHIO, PETYJSATOP C
MIPOU3BOJIBHOM IMOJIb30BATENILCKOM JIOTMKOW 00paTHOrO Tpakta. B HacTosiiee BpeMs Ha benopycckoii
ADC BHeIpeH NONb30BaTEIbCKUHA aITOPUTM, NpPEIHA3HAUYEHHBIM JUIs KOMIIGHCAMKU JIO(TOB
peryaupyommx kianaHoB. Ha yka3aHHbBIM BXOA TMOJAaeTCs BEJIMYMHA IOJOBHUHBI JHOQTA,
OTIPEICNIEHHOTO JKCIEPUMEHTAIFHO MpPH HalagKke KilalaHa, CO 3HAaKOM, KOTOPBIA oONpeaemnseTcs
HanpasJIeHHEeM MocienHeld copMUpOBaHHON MoayneMm koMaHzel. [lpu cmeHe HampaBieHHS KOMaH[
BXOJ TPEXIMO3UIIMOHHOIO MEpEeKIoyaTessl CMEIAeTcss Ha BEJNMYMHY JodTa, YTO NPHUBOAUT K
(bOopMHPOBaHHIO KOMaH/Ibl TAKOH JUTMTETLHOCTH, KOTOPOH JTIOCTATOYHO, YTOOBI BBIOPATH JTIOPT.

JluHeliHas 4yBCTBUTEIHHOCTh K PAcCOIIaCOBAHUIO, B OTIMYHE OT KJIACCHYECKON NMOCTOSHHON
YYBCTBHUTEJIBHOCTH, ONPEACTSIEMOM TOMBKO KO3(p(HUUMEHTOM IepeJadd peryisTopa, MO3BOJISET
MOBBICUTH Ka4eCTBO PETYJIMPOBAHUS B CUCTEMax cTaOmnu3anuy. B HacTOAMIMI MOMEHT IPUMEHSETCS
Ha O0BEKTax SHEPreTHKH, aBTOMAaTH3aIus KoTopbix Ha ocHoBe ammaparypsl TIITC-HT Beimonnena
¢upmoit UTHKOHTPOJIL.

ANTOpPUTM afanTaluy NapaMeTpOB TPEXIMO3HLHUOHHOIO peje, MPEAYCMOTPEHHBIH B MOIYJISAX
TIITC-HT HOBOTO TOKOJEHWs, MpeTHA3HAYEH ISl COKpaIlleHWs dYucia mnepekmoueHnit MM, a,
CIIeZIOBATENbHO, YBEJIMUEHHE ero cpoka ciaykObl. B kilaccmueckom peryisrope, mpH HapyLICHUH
OanmaHca Ha BeEJIMYHMHY, NPEBOCXOASALIYI0 MUHHMAIBHO JIOIMYCTHMOE II€pEeMelIeHHe, TYT Ke
dopmupyeTcs KoMaHna. B «parpoHansHOM» perynstope (OpMHPYETCS OIeHKa IepeMelleHus,
KOTOPOE «Pa3yMHO» BBIIIONHATh, NTHOPUPYS Majible N3MEHEHHUS PacCOTIIaCOBAaHUS U pearupys TOIBKO
Ha <«3HaunMele». [na Il-perymsatopa cneayromass komanaa Oyner cdopMupoBaHa, eciiu
paccorjiacoBanue ¢ MOMeHTa ()OPMHUPOBAHUS IOCACIHEH KOMaH/Ibl YBEIMUUTCS Oojiee 4yeM B 2 pasa
Wik yMeHbIIUTCs Oojiee yeM Ha 1/3. Cnemyromas komanna [IH-perynstopa dbopmupyercs Tornia,
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KOTJla 3HaueHUS B TPSIMOM M OOpaTHOM TpaKTaX peryisaTopa pa3indyaroTcs Oojee yeMm B 2 pasa,
HampuMep, TpH YBEINYEHHH WIM YyMEHBIIEHWH paccoriiacoBanns B 2 paza. KomumdectBo
(dhopMupyemMbIx KoMaH cokpamaetcs ot 2 1o 10 pa3, omHaKo, OTCYTCTBHE HEMEUIEHHOW peaklny Ha
MaJible MU3MEHEHHsI PacCOrIacoBaHUsl BHOCUT B CHCTEMY HEKOTOpOE 3ama3bpIBaHuEe, KOTOPOE B 00IeM
CiIy4ae IOJDKHO TPUBOIUTH K YXYALISHHIO KadecTBa MEepPeXOAHBIX mporeccoB. Hamm mana oOmiast
pPEKOMEHIAIM O TOM, YTO PEIIeHHEe O BO3MOXXHOCTH MPUMEHEHHS alanTalliy JOJDKHO MTPHHUMATHCS
JUIL KaXIOTO PETyJsiTopa IO pe3ylibTaraM ero HCHBITAaHWH TpH IyCKO-HalalouyHbIX paborax. B
pe3yibTaTe, B HACTOSIIEE BPEeMsi MMEEM MOBCEMECTHOE MPUMEHEHHE aJaNTallui Ha PEeryIHpYIOLINX
kimanadax Ha JleanHrpanckoii u bemopycckoit ADC. Msr ctanu obparnareesa ¢ UM «bepexaeey.

[ToBcemecTHOE BHeapeHue npu dkcruryatarun Moxyiss TIITCS51-2.1411 monp30BaTeabCKOTO
aNropuT™Ma, B KOTOPOM BBIMOJIHSIETCS pacueT MPUOMU3UTENbHBIH TONOKEHUs KiamaHa, MOoAcKa3ai
HaMm, 49TO 3Ta GyHKOHUA OyAeT BocTpeOoBaHa, M MPUOIM3UTENBHBIA pacdeT MOJOXKEeHHs ObLT BHECEH B
BIIO mogayneit TIITC-HT u TIITC-Cb. JlaTunk monoXeHus, KaKk YIIOMHHAJIOCh paHee — HHIUKATOpP C
OTHOCUTENFHO HU3KOH HaJle)KHOCTBIO. J{JIs1 airOPUTMOB PETYJIMPOBAaHUS €ro MoKa3aHusi OOBIYHO HE
UCIIONIB3YIOTCS, TOCTATOYHO HAJTMYWE MCIPABHOTO JaTyhKa peryjiupyemMoro mapameTpa. Ho B ciydae
HEOOXOIMMOCTH JUCTAHIIMOHHOTO YIPABICHUS OIEpaTop OPHEHTHPYETCs, B TOM 4YHCIe, W Ha
HWHAWKATOP IMOJIOKCHUSA, IIOITOMY AOIYCKACTCA B TCUCHUEC OTPAHNYCHHOI'O BPEMCHU IKCILNTYaTHUPOBATH
CUCTCMY C HCHUCHPABHBIM JATYUKOM IIOJIOKCHUA, MPCAOCTABIIAA OIICPpATOPY paC‘IeTHLIﬁ CHUI'HAJI.
Pacuer BhIONMHSETCS Ha IM(PPOBOM HHTErpaTOpe, KOTOPHIA HHTETPUPYET BBIXOJHBIE KOMAaHJbI
MoOnmyns. 3HAaYeHHWe Ha BBIXOJE HHTErpaTopa MOXKET OBITh 3aMEIIeHO, HAMpHUMEp, IMOKa3aHUSIMHU
JaTYMKa MOJ0XKEHUS [TOKa OH MCIpaBeH. PacueTHoe MookeHe IMUPOKO MPUMEHSIETCS B Pa3InIHbIX
MOJIE30BATENIECKUX JIUATHOCTHUYECKUX aJTOpUTMaX, KOTOPhIE HHTEPIPETHPYIOT HECOOTBETCTBHE
MEXTy TTOKa3aHUSAMH JaTYMKA MTOJIOKEHUS W PACUCTHBIM TIOJOXEHHEM B KauecTBe MPU3HAKA TOW HITH
nHou HeucrnpaBHocTd M. Takoil moaxoJ K AMArHOCTUKE NMPUMEHEH Ha PETYIUPYIOUIUX KJlarmaHax
MUTATEIHHOTO y371a BTOpOro KouTypa Jlenunrpanckoit ADC.

DOyHKIUOHATBbHBIE 0J10KHT

IIpu cozpanun ammapatypsl TIITC HOBOTO MOKONEHUS YYUTBIBAICA TOT (akT, YTO
M0JIb30BATENILCKUE QJITOPUTMBI, B TOM YHCJIE alrOPUTMbl PETYJIMPOBAHUS, HCIOIHIIOTCA B
MpoIleccCOope aBTOMAaTH3allMk, a B3amMozeiictBue ¢ MM He o00s3aTenbHO OCYIIECTBISETCS
CHENUANIN3MPOBAaHHBIMA MOJIYJISIMH peryiaupoBanus. s cimydaeB, korga TpeOyercss perynisarop
BHEIIHETO KOHTYypa B MHOTOKOHTYPHOW IOJYMHEHHOW CHCTEME pPEeryJupOBaHUs, MOAYMHEHHBIE
KOHTYpHI, BKmMovaromue VMM HemocpeacTBEHHO, MOTYT OBITh peaM30BaHbl Ha MOAYJISX CBS3U C
nporeccom TIITC.

B TITC-HT BHemHui KOHTYp MOXeET OBITh peann3oBaH Ha QyHKIHOHaIBEHOM Oj0ke CRU,
NPEACTABIISIIONINM U3 ce0sl IOJTHOLIEHHBIN aJrOPUTM PETYIUPOBAHUS Ul O0BEKTA C «HEPEPHIBHOM»
KOMaHJI0M, aHanoruuHblii amroputmy wMoxayieil TIITCS55.1681 u TIITC55.1625. Eme oanum
npumenenuem Onmoka CRU sBnsiercss koHTponb W ynpasienue MM, ammaparseiii uHTepdeiic c
KOTOPBIM BBINOJHEH MOCPEACTBOM MOJIYJed ABOMYHOIO M aHAJOTOBOTO BBOJAA M BBHIBOAA, HIIU
nocienoBaTeNbHbll  1M(POBOH HHTEpdeiic ¢ KOTOPbIM BBIIOJIHEH HAa OCHOBE OIHOTO U3
nopnepxkuBaeMbix B TIITC mpoTokoios.

B TIITC-Cb BHemHUH KOHTYP MOXET OBbITh pEaJiM30BaH PO MOMOIIM (PYHKIIMOHAILHOIO
omoka S-PID. Jlanublii OnOK OOecriedyMBaeT HMMITYJIbCHOE PEryJIHpPOBAHHWE IPH WCIOIH30BAHUU B
kadectBe VIM perymupytomero knamana. B otnuuue ot knaccuyeckoro [TW/]-perynstopa, 6ok S-
PID BepabaTbiBacT JiBa JUCKPETHBIX CHUTHama ynpasieHus: «bombriey/«MeHblie» — uis
3JIEKTPONPUBOAHOTO PETYIUPYIOLIETO KJAalaHa, TeM CaMbIM O0ECICUYMBAeT IEpEeMEIeHHE OpraHa
perynupoBanus no [TN][-3akoHy ¢ TOCTOSIHHBIMM MTapaMeTPaMU.

3aximo4enue
3a Bpems skcruryataimu KCA TIITCS1, TIHHTC-EM Obin HakomieH OnbIT paboThl, KOTOPBIH
MO3BOJIMJI BBIIEINTh OCHOBHBIE MPOOJIEMBI MPHU SKCIUTyaTalk JaHHOTO oOopynoBanHusa. K takmm
npoOjeMaM OTHOCSTCS: PETYJIHpPOBaHHE YpPOBHS B TEXHOJOIMUYECKHX COCyAax, (opmupoBanue
JKEIaeMOM peakIuy pH CMEHE peKUMa PEryIUpOBaHUs U T.1.
Jnst pemieHusi BBINIETIEPEYUCIICHHBIX Tpo0iieM B coBpeMeHHOM obopynoanun TIITC
JO0aBIIEHBI CIIEYIOIINE BO3MOXKHOCTH: NU(MPOBONH HWHTErpaTrop, JIMHEWHAsh YyBCTBUTEIBHOCTh K
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PaccoriacOBaHHI0, BBIOOP pEaKIMU TPU TEPEKIIOYCHHM B aBTOMATUYCCKUN PEXHUM, CMEIICHUC
BXOJTHOTO CHTHAaja TPEXIO3UIIMOHHOTO pelie, COKpalleHHe 4ucia (GOpMUPYEMBIX KOMaH, pacyeT
nepeMenieHns KilanaHa ¢ BO3SMOXXHOCTHIO YCTAHOBKH I10 TaTYUKY TIOJIOKEHHSL.

Crnucok JuTepaTypsbl
1. Obmee ommcanne (HyHKIHOHANBHBIX W cucTeMHBIX Moxyieit TIITCS1, TIITCS2 : texamueckoe
ommcanue — M. : BHUHA, 2018.
2. Monyns perynsitop TIITCS5.1681 : Texandeckoe onucanue — M. : BHUHA, 2017.
3. Monayns NPHOPUTETHOTO YIpaBIeHUs peryiaupyonmM kinananoMm (MITYP) TIITCS57.1772:
TexHudyeckoe onrcanre — M. : BHUHA, 2018.
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YK 621.38
YIPABJISIEMBIE ETHERNET KOMMYTATOPHI KPEUTOBOI'O MUCHHOJTHEHUSI 1151
NPUMEHEHUS B COCTABE OBOPYJIOBAHUSA THTC-HT
BYPLEB IT.A., HOBUKOB A.H.

DeoepanvbHoe eocyoapcmeeHHoe YHumapHoe npeonpuamue « Bcepoccutickuii HayyHo-
uccneoosamenvekutl uncmumym asmomamuxu um. H.JL [Jyxosa» (Mockea, Poccuiickas @edepayus)
AnHoTamusi. B craThe mpencTaBieHbl OCOOCHHOCTH pealM3allid M MPUMEHCHUs, pa3pabOTaHHBIX

aBTopamu, ynpasisembix Ethernet KOMMyTaTOpOB KpeHTOBOTO UCTIOTHEHUSI.
KuroueBsle cioBa: Ethernet kommyTatops! kpefitoporo ucnionaenust, TIITC-HT, cuctems! KoHTpOS,
ACY TII, momymu popm-akropa 3U.

3U MANAGED ETHERNET SWITCH FOR TPTS-NT PLATFORM
PAVEL A. BURTZEW, ALEKSEY N. NOVIKOV
Dukhov Automatics Research Institute (VNIIA), Federal State Unitary Enterprise
(Moscow, Russian Federation)
Abstract. This article describes the implementation and application of Ethernet managed 3U switches.
Keywords: 3U managed ethernet switch, module, TPTS-NT platform, ENL bus, control system.

B noknane npexncraBieHsl KoMMyTaTopsl KpeitoBoro ucnonnenus (KE), npennasHaueHHbIe
Uil TpuMeHeHus B coctaBe JokanbHbIX IWH (ENL) o6opymosanusi TIITC-HT. Kommyratopst
npeqHasHaueHbl A1 oOMeHa naHHbIMEH B cetd ENL ¢ Tomomormeil «3Be3ma» B COOTBETCTBUHM CO
cranmaprom |EEE 802.3u (Fast Ethernet) mis moproB ¢ Buroi mapoit 10BaseTX/100BaseTX, u must
OIITOBOJIOKOHHBIX MopToB 100BaseFX.

IIpuMmeHsieMble B HAcTOsLIEE BPEMS B COCTaBe JIOKAIbHBIX IIMH ENL KOMMyTaTopsl, AIMEIOT
psin HemoctaTkoB. K HHM OTHOCATCSI: HEBO3MOXHOCTH YIAJIEHHOro naocTyna uepe3 muHy EN;
3aKpBITOE IPOrpaMMHOe o0OecriedeHre; uenoiaaenue s ycranoBku Ha DIN peiiky.

OTnUYUTENHHBIMA 0COOEHHOCTSIMU Pa3padOTaHHBIX KPEHTOBBIX KOMMYTATOPOB SIBJISIFOTCSI:

1. UcionaeHne nist yCTaHOBKH B KpelT popmara 3U;

2. Hanmnume mporpaMMHOTO 00ecredeHus, pa3paboTaHHOTO B COOTBETCTBUU C TPEOOBAHHSIMH
K obopynoBanuio kareropuu A mo MOK60880 [1];

3. Hanmnume He3aBUCHMMOTro OT KOMMYTHpPYeMO# cetn wuHTepdelica ympaBieHus Ha Oase
Ethernet, moaxnroyaemoro k kombueBoid muHe EN, wim Ha 6aze RS-485, moakiroyaeMoro K IIMHE
Modbus [2].

B pexxume unTepdeiica ynpasienus Ethernet, kommyrarop umeer WEB-untepdeiic ast rocryna
K HacTpoikam mocpencTBoM Opaysepa, noxaepxusatorca npotokonsl ARP, UDP/IP, TCP/IP, DHCP,
ICMP, Modbus/TCP, Modbus/UDP, SNMP v1, SNMP v2c, HTTP mst BeO cepBepa ympasienus [3,4].

B pexume wuHTepdeiica ynpasnenus RS-485 kommyratop cranosurcs Modbus-slave
YCTPOMCTBOM, JOCTYIl K KOMMYTaTopy ocymecTeiasiercss 1mo mnpoTtokony Modbus/ASCII  nmm
Modbus/RTU [5].

Uepes unrepdeiic ynpapieHus MPOU3BOIANUTCS:

1. Hactpoiika pexxumMoB paboThl KOMMYTaTOpa;

2. Hactpoiika mopToB KOMMYTaTOpA,;

3. Beibop ympassisiroriiero unrepdetica;

4. CHHXpOHM3AIUS BPEMEHH B COOTBETCTBUH ¢ MpoTokosioM cuaxponmsatuu TIITC-HT [6];

5. CurHanm3anyst HeMCIpaBHOCTEH;

6. UuTeHne cTaTUCTHIECKHX JIAHHBIX.

OCHOBHBIE TEXHMYECKHE XapaKTePUCTHKH pa3zpaboTaHHOro cemeiictBa kKommyTtatopoB KE
MpUBE/ICHBI B Ta0. 1.
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Tabsmua 1. Texauueckue XapakTepucTUKi KoMmyTaTopoB cepun KE

T ITopTel
Bursre mapsr RJ-45 10/100Base-T Ontuueckue SC 100Base-FX
KEI-1TI(K) 1 1
KE2-2T1(K) 2 2
KE7-0T1(K) 7 0
HapaboTka Ha oTKa3, ThIC. Yac.
+40° +55° +40° +55°
KEI-111 1227 910 KEI-1K 1321 966
KE2-2I1 845 675 KE2-2K 889 703
KE7-0I1 697 566 KE7-0K 727 585
Oobu1re XxapaKTEePUCTHKH
Hanpspkenue nuranus, B 19-30
IToTpebnseMas MOIITHOCTH He Ooyiee 5 Bt
CraHmapr nepenadn JaHHBIX IEEE 802.3u (Fast Ethernet)
CyMMapHas IpoITyCKHas CIIoCOOHOCTE 0 BCEM He menee 10000 kagpoB MakCUMaTbHON
noptam (cornacHo T3) JUIMHBI B CEKYHILY

PeanpHas cyMmapHast IpoOIyCcKHas CIOCOOHOCTh
0 BceM MopTam (orpeaenseTcs
XapaKTepUCTUKAMH MUKPOCXEMBI KOMMYTATOpa)

He MeHee 1560000 kanpoB MUHUMAIBHON
JUTMHBI B CEKYHITY

ABTOMaTHYECKOE OTPEICICHHUE THUIIA Kabes MPSIMOM/KPOCCOBBIN/PYYHAst HACTPOIKa

PexxuM KOMMyTaliu TaKeTOB nostHas Oydepusanus 6e3 OJTOKHPOBKU

arrapaTHas 3aliurTa,

3ammra OT HPOKOBEIIATEIbHBIX IITOPMOB N
HACTpauBaeMbIi MOPOT OJIOKUPOBKH MMOPTOB

[Monynymnexcusiit RS-485, Modbus slave

Hurepdeiic ynpasneHus Ethernet, usonupoBanHbIii OT
KOMMYTUPYEMOH CETH

JNarHoCTUYCCKHUEC C006H_[€HI/I$1 n aHHapaTHLIﬁ

Curnanuzauys HEUCIPAaBHOCTEHN
CUTHaJl HCUCIIPABHOCTHU

pa3paboTaHO B COOTBETCTBUU C
Tpeboanus k BITO TpeOOBaHUSIMHU K 000PYIOBAHUIO KaTErOpUU
A o MDK60880

BapuanTsl nCHIOTHEHNSI KOMMYTAaTOPOB MPEACTABICHBI Ha pHC. 1.

Paspa6otannsie Monynu KE crpositest Ha 6a3e yHUBEpCaIbHBIX MEYaTHBIX IUIaT GopM-(paxkropa
3U. OCHOBHBIM OTJIMYMEM HCIOIHEHUHN ABJISIETCA TUI U KOJIWYECTBO MOpToB. [lopThl mepenaun JaHHBIX,
NIOPT IIMHBI YIPABJIEHHUS U MHAUKATOPBI COCTOSIHUM BBIBEJCHBI Ha TIEPEIHION0 [TaHEb.

BriOpanHasi koHienims paspaboranHbix Ethernet komMMyTaTopoB [uisi MPHMEHEHHS B COCTaBe
JIOKAJIGHBIX IIHH, ITO3BOJIIET ONTHMAJBHO HCIIOB30BaTh HE3aJeHCTBOBAHHBIE CIIOTHI YIPABIISIOIINX
KpEeHTOB, N30aBIISSICH TEM CaMbIM, OT JIOTIOJHUTENBHOTO HaBecHOTro o0opyaoBanus Ha DIN peiikax BHyTpu
croiiku. Ha puc. 2 npeacrasien npumMep mpuMeHeHHs: KOHBepTepoB 1 kommyTaTopoB KE B coctaBe ogHOM
croviku TIITC-HT, rne UM — unrepdeiicHbrit Mmomyns, CBB — cranmms BBoma-BeiBona, [1C — mprbopHas
croiika, ENC — momyns TIITC55.1211 B pexume KOMMYHHMKaIMoHHOro Mmonyna, FMC — momynb
TIITCS55.1211 B pexume ¢GyHKIMOHAIbHOTO Momyns, IIA — KpedT mpoueccopa aBTOMAaTHU3ALUM.
[NapamerpupoBanue u auarnoctrka KE npoBoautces mo mmne EN (mmnaa EN Ha puc. 2 He nokaszana).
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[ JoX [(CXOX '} [ JoX J

Vo] P

Puc. 1. BapuanTts! nepeqHAX aHENEH KOMMYTaTOPOB:
a - kouBeprep KE1-1T1(K), b - kommyTatop KE2-2I1(K), ¢ - kommyTatop KE7-0I1(K)

nc
ii UM CBB UM ;i
ii UM CBB UM ;i
4@ CBB I/IM; :
UM CBB UM
ENL ENL
woayns | moagyns moaynb
iy ! 00 0
EN

Puc. 2. Cxema coenqunennii 4-x CBB u kpeiita [1A B omHOM pruOopHOit cTOlKE

B cimydae orcyTcTBHS BO3MOXKHOCTM mojBoja wmmHel EN B mpuOOpHYIO CTOHMKY ¢
YCTaHOBJICHHBIMH KOMMYyTaTtopamu, mapamerpupoBanne Moxayneii KE mpoBomurcs mo wuHTEpdeiicy
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RS-485 or Modbus mactep yctpoiicte wimn moxyneii RSL (TIITCS55.1214). Ilpumep noakittoyeHHs
npenctaieH Ha puc. 3, toe MCII — momyms cBs3u ¢ mpoueccoM, KA — KpeHT KOHTposuiepa
ABTOMATH3ALHH.

ENL KA =T nc

MM MCIMCITEMCEMCITy  KE-7-0 g MCI MCI fMCITfMCiTfMCiTfMCiyMCn KE-7-0 | M

ENL

RS-485 MODBUS

McnMcn |Mcn | McnjgMcnjmcn

RS-485 OnTuyeckmit OnTuyeckuit
MODBUS Pagcgggg;'e kabenb kabene
(BuTas napa) A ENL ENL

nc

icnot

RS-485 MODBUS

Puc. 3. Cxema bt ENL, ynipasienune KE uepes Modbus B ynanenusix CBB Ha 6a3ze KA

3aximoueHue

Paspaborannoe aBropamm cemelicTBo ympaBisiembix Ethernet komMMmyTaTopoB KpeHTOBOrO
MCIIOTHEHUSI TI03BOJISIET COKPATUTh KOJIMUECTBO HABECHOT'O 000PYA0BaHHS B IPHOOPHBIX CTOMKAX.

IIpy npumeHeHMn pa3paboOTaHHBIX KOMMYTAaTOpoB B cocTtaBe obopynosanus TIITC,
JIOCTUTAETCS Ba)XKHOE KauyeCTBO, HEJOCTHKUMOE TPU HCIONB30BAHUN OOBIYHBIX MPOMBIIUIEHHBIX
KOMMYTaTOPOB, - BO3MOKHOCTh YIAaJI€HHOIO MapaMeTpUPOBaHUsS M JUArHOCTUPOBAHUS KOMMYTaTOPOB
KE ¢ coxpanennem ¢uznueckoro pasuenenus cereii EN n ENL. ®usudeckoe pasnenenne cetn ENL u
cetn EN obecnieunBaetcst Hanmunem B KE HezaBrcnmoro nHTepdeiica ynpasieHHS ¢ BO3MOKHOCTBIO
KOoH(puUrypupoBanus pusnueckoro yposHs oomMena nanasivu Ethernet/RS-485 Modbus.

Kommytatops!l KE manupyeTcs NpUMEHATh B IPOrpaMMHO-TEXHUYECKUX KoMIutekcax ACY TII
Ha 0asze obopymoBanus TIITC.

Crucok JuTepaTypsbl
1.TOCT P MBK 60880 — 2011 ATOMHBIE 3JIEKTPOCTAHLIMUW. Cucremsl KOHTpoOJs u
yIpaBlieHHs, BaKHble Ui Oe3omacHocTd. [IporpammHoe obecnieueHHe KOMITBIOTEPHBIX CHCTEM,
BBITOJTHSIOMNX (QYHKIIMU KaTEropuu A.
2. MODBUS application protocol specification VV1.1b Modbus-IDA.org, December 28, 2006
3. Modbus messaging on TCP/IP implementation guide, v1.0b Modbus-IDA.org, October 24, 2006
4. RFC 793 TRANSMISSION CONTROL PROTOCOL DARPA INTERNET PROGRAM
PROTOCOL SPECIFICATION September 1981
5. MODBUS over serial line specification and implementation guide VV1.02 Modbus.org, Dec 20, 2006
6. [Tporpammuo-Texuuueckuii komrieke TIITCS2 dopmate! Tenerpamm mmabsl EN Ne T45/188-2008
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YK 004.052.42
BEPUO®UKALUA ITIPUKIIATHOT'O ITPOTPAMMHOI'O OBECIIEYUEHUSA YCB A9C
INOCPEJACTBOM CAIIP GET-R1
CEJIMBEPCTOB E.C., TAJIMIIBIH 10.C., MBAHOBA A.A.
DeoepanvHoe 2ocyoapcmeeHHoe YHumapHoe npeonpuamue « Bcepoccutickuii HayyHo-
uccredosamenvckuli uncmumym asmomamuxu um. HJIL [yxoea»
(Mockea, Poccutickas ®edepayust)

AnHortamusi. Temoli jgokiana sBISETCS OCBEIICHHWE NPOIEAYyphl BepUPUKAIMU TPUKIAITHOTO
nporpamMmHoro obecrniedenuss YCBb Benopycckoit ADC mocpenctBom CAITP GET-R1. Omnucanbt
nHcTpyMeHTsl CAIIP, mo3Bomsiomme mNpoBOAWTh BEpUGUKALUIO, W TPHUBEAEHA METOHOIOTHA
WCTIIBITAHUH MPUKIIATHOTO POTPAMMHOT0 00SCTICUSHHUS.

Kurouessle ciaoBa: ADC, TIITC-Cb, aBromatnzamusi, aBTOMaTH3UPOBAHHBIE CHCTEMBI YIIPABICHUS,
crcreMa 0e30macHOCTH, BepUpHUKALHSI, TPUKIATHOE TPOrpaMMHOe obecTieueHe, CIICHapUi TTPOBEPKH

VERIFICATION OF NPP SAFETY CONTROL SYSTEM APPLICATION SOFTWARE
USING GET-R1 CAD
EVGENIY.S. SELIVERSTOV, YURY.S. GALITSYN, ANNA A. IVANOVA
The Federal State Unitary Enterprise “All-Russia Research Institute of Automatics named after N.L.
Dukhov” (Moscow, Russian Federation)

Abstract. The topic of the report is to highlight the procedure for verifying the application software of
the safety control system of the Belarusian NPP using the CAD GET-R1. The CAD tools that allow
for verification are described, and the methodology for testing the application software is given.
Keywords: NPP, TPTS-SB, automation, automated control systems, safety system, verification,
application software, test script.

Beenenue
B Hacrosiiee BpeMsi mporpaMMHpyeMble TEXHHUYECKHE CpeACTBa aBTOMATHU3aLMU HAalllIH
HIMPOKOE MPUMEHEHHUE B ympapisitomux cucreMax OezomacHocTH (YCB) u B cuctemax, BayKHBIX JJIS
6e3omacHoctr ADC. B ¢BsI3H ¢ 3TUM OCTPO BCTAET BOMPOC HANEKHOCTU MPHUKIATHOTO IPOTPAMMHOTO
obecrieuenuss (III10), wcmome3yromerocss B MPOrPaMMHUPYEMBIX IMPOTPaMMHBIX — CpPEACTBaXx.
CyiecTBymoImue MeKAyHApOIHBIE CTaHAAPTHI MPEANUCHIBAIOT HCIOIB30BaTh BepH(DUIIMPOBAHHBIC
IporpaMMHBIE CPEICTBa, a 3HAUuT U Bepuduuuposannoe [1I10. [{nsa pemenns 3Toi 3a1aun B cocTase
CAIIP GET-R1, coznannom Bo BHUMA um. [lyxoBa, Obl1 pa3paboTaH psii aBTOMAaTU3UPOBAHHBIX

peleHunH, Mo3BoNIAIoMuX MpoBoaANUTh uctbiTanus [1110.

OcHoBHas yacTh

Bepudukanus I1110 sBisercst ogHUM U3 METOJI0B, IPUMEHSIEMBIX JIJIs1 3alUThl YIPaBISIOLICH
CHCTEMBI OT OTKa3a 1o obuiei mpuunHe. OOBEKTOM IpoBeAeHUs Bepudukauuu spisuioch [1110
cnenyromux [ITK, Bxoasmux B cocraB YCb snepro6nokos Nel u Ne2 benopycckoit ADC:

- IITK uanmuupyromeit yactu A3-YCBT na 6aze miardopmsl TIITC-CB, otHOcsmumecs
KJlaccy 0€e30MacHOCTH 2;

- IITK ununuupyrome yactu [13 Ha 6a3e mmargopmer TIITC-HT, oTHOCsIMECs K Kiaccy
6e3onacHocty 3.

Oo6mas xonuenuus ucnbiTanuid 11O IITK mns wanmumpyromux dacteit A3-YCBT u I13
COCTOMT U3 HECKOJIBKHX 3TaIOB:

- Bepudukanus nupukiagHoid koHpurypamum [ITK (6a3el jganHbIX 3agaHus 3aBOJY-
nzrotoButento (331) u IO (GET-npoexkra) - 3tam 1;

- CTaTMYEeCKOe TECTUPOBAHUE MNPHUKIAJAHOW MPOrpaMMHON KOH(HUTYypauuu o00pyaoBaHUs
TIITC (GET-mipoexkr) - aTam 2;

- JMHAMHMYECKOE TECTUPOBAHME IPHKIIAJHOW NMPOrpPaMMHONW KOH(GUTypanuu 000pyIOBaHUS
TITC (GET-npoexkr) - 3tan 3;

- pynkumonansable ucbITanud [ITK B gacTu TeXHOTOrMUECKUX pa3Aesnios - 3Tat 4;

- hynkumonansHble UcbITanug o0opynoBanus [ITK - aram 5.

Peanbnas anmapartypa IITK mpencrasisier coGolf mporpaMMHO-anmapaTHbIE CPEACTBa, IS
kotopeix III1O, peanusyitomee QpyHKIMOHATBHYIO TEXHOJOTHUYECKYIO JIOTHKY, MPEACTAaBIAET COOOM
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CaMOCTOSITETIbHYIO YacTh, pa3pabaTteiBaemyto ¢ niomomibio STEP-konoB, renepupyemsix CAITP GET-
R1. Nmenno sta gacte IIIIO mpoBepsieTcss Ha 3Tame CTaTHUYECKOTO TECTHPOBAHHS, KOTOPOMY H
y/IeTIeHO OCHOBHOE BHUMAHHE B JIOKJIAJIE.

IToxg cratmueckum TectupoBanuem mnonHumarotrcs ucnbitanus [0 IITK, mpoBomumeie c
nenpio  moarBepkaeHus cootBercTBus [I[IO  TexHOnOrmueckuM anropuTMaM 3aJaHusS  Ha
aBromartu3anuio (1) 6e3 yuera peakiun oobekTta ymnpasieHnnsa. Cratuaeckoe tectupoanue 1110 YCb
sHepro6nokoB Nel u Ne2 Benmopycckoit ADC mposoaunock cnenmanucramu OKb «TUIPOITPECCy
NPY YYaCTHH CHeNUaINCTOB rpynmsl pazpadotku [1I1O OI'VIT «BHUWA».

CraTndeckoe TeCTHPOBAaHHWE OCHOBAHO HAa HCIOJIH30BAHUW HWICOJOTHH «UEPHOTO SIITHKA.
[Ipuanmaetcsi, uTo pazpaboTaHHbIe 0a3bl JAHHBIX M CTC€HEPHUPOBAHHBIE KOJBI MPEACTABISIOT COOOM
HEU3BECTHBIH OOBEKT, CHOCOO TPOBEPKH KOTOPOTO OCYIIECTBIISACTCSA 3aJaHAEM Ha €ro BXOJbI
BO3MYIIAIONINX BO3IEHCTBUI B OMpPENEICEHHOM OOBeMe MapaMeTpOB M TIOJIYYCHHEM CHTHAJIOB,
MOCTYMAIOIINX C BBIXOJAOB OOBEKTAa ISl TPOBENCHHS MOCIEAYIOMIETO aHain3a W 00padoTKH
nosydyeHHoW wH(opmanuu. Takoill mOAXoA TO3BOJSET a0CTParupoBaThCs OT BHYTPCHHEH
opraam3anuu npukinagaoro [10 I[ITK u yaenuTs 0CHOBHOE BHUMAaHUE €r0 (PYHKIIMOHUPOBAHUIO.

CraTndeckoe TECTHPOBaHUE MPOBOANTCS C UCTONB30BaHueM mTaTHbIX Moayieir CAIIP GET-
R1 — moxcuctemsl MoaenupoBanus SImuNT M MOJACHCTEMbI BBIMOJHEHUS CIICHAPHEB. DTH MOIYJIN
00J1a1a10T CJICAYIOMUME (DYHKITUSIMHU:

- hopmupoBanue mosenu padotsl anroputmoB I1TK;

- 3a/1aHNe 3HAYCHUH BXO/JHBIX CUTHAIOB U OTCIICKMUBAHIE 3HAYSHHUI BEIXOIHBIX CUTHAJIOB;

- CBEepKa peaKIui MOJIEIH (BBIXOIHBIC CUTHAIIBI) C OXKHIAEMBIM TIOBEICHUEM;

- oToOpakeHHe TEKYIIEro 3HaYeHHs] CHTHAIOB W PE3yJNbTAaTOB OMNEpalnii HaJ CUTHAIAMU Ha
GET-mranax B mporecce paboOTh MOZIEIH;

- (hopMupoOBaHUE CIICHAPHS POBEPKHU C IIOMOIIBIO0 CKPUIITOBOTO S3bIKA.

OCHOBHOW IPHUHIMIT TECTUPOBAHUS 3aKJIIOUAETCS B OKa3aHMM BO3AeicTBUS Ha Mmojens [ITK
myTEéM 3aJaHus 3HAYCHWH BXOIHBIX MEPEMEHHBIX M IOCIEAYIOMIETO CPaBHEHUS PEaKIUU MOIEIH C
3apaHee 3aJaHHBIM KpPUTEpHUEM YCIICUTHOCTH BhINOJMHEHHUS Tecta. [Ipuuém, mporecc TecTupoBaHUS
MpeAnojaraeT ero aBTOMaTU3aIliio0, HO C BO3MOXKHOCTBIO BMEIIATEIHCTBA MOJIH30BATEINIS: BO3ZMOKEH
3ampoc KaKuX-MHOO JEHCTBHUH, BBITIONHSAEMBIX TIOJH30BATEIIEM BPYYHYIO, TPEIJIOKEHHE BHIOOpa
MOJIF30BATENIEM JalbHEHUINETO JAeHCTBUS (OCTAHOBUTH BBITIOJIHEHUE CIICHAPHS WM MPOJOIDKHUTH) H,
pH HeOOXOTUMOCTH, SKCTPEHHOE MPEPHIBAHUE BBITIOJHEHHSI CLICHAPUEB MTPOBEPKU. 3aaHUe BXOHBIX
3HaueHuit Ha Mmoxens I[ITK, ¢ ux mocnepyromeld npoBEepKOil, NPOUCXOAUT C IMOMOILBIO 3aIlycKa
CKPHUNTOB, HAMMCAHHBIX Ha SI3bIKE CIICHAPHEB.

Mojenb JIEMOHCTPUPYET pabOTy ajJrOpUTMOB, IIO3BOJIAET IMPOBEPUTh KOPPEKTHOCTH HX
pabotel. Ha puc. 1 mnpencrasiena cxema tectupoBanuss II[IO ¢ TOMOIIBIO IMOJCHUCTEMBI
monenupoBanus SimuNT CAIIP GET-R1.

> Cucrema =
v MoAenupoBaHus v
N TNTC-CB \/
BxogHble napameTpbl BbIxoaHble napameTpol
anroputma anropmtma
' '
1 ]
1 1
1 1
1 ]
1 1
1 ]
i ]
1 ]
. Mpouenypa H
‘remmmmmmsssaaa=a b MPOBEPKN |Ymmmemmmmmmm=== -’
COOTBETCTBMA

Puc. 1. Cxema tectupoBanus [1110
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[lopsnok TmpoBedeHHS CTAaTUYECKOTO TECTUPOBAaHMWS NPEIyCMAaTPUBAET  BBIIIOJHEHHE
CIEAYIOINX OCHOBHBIX JEHCTBUI:

- COCTaBJICHWE WCXOIHBIX JaHHBIX Ha OCHOBAaHWM paccMoTpeHms [1] (kak OCHOBHOTO
JOKYMEHTA, OTIpeeISIonero (yHKIHOHAIBHBIE TPEOOBaHMS);

- OIpeleNeHHEe MAaCCHBOB [AHHBIX BXOAHBIX IapaMeTpOB [UIA 3aJaHUsl YCIIOBHH,
COOTBETCTBYIOIIMX ONPEAETICHHBIM YCJIOBUSM CpaOaThIBaHUS WIM B COOTBETCTBHM CO 3HAUYCHHUAMHU
MapaMeTpoB, UCTONIb3YeMBIX B [1];

- HalMCaHUe CIIEHapUeB MIPOBEPKHU B MOACHCTEME PEJAKTUPOBAHMS U BBIMOIHEHUS CLIEHAPUEB
CAIIP GET-R1, 3amatonux HavyalbHBIE COCTOSHHS BXOJHBIX MapaMeTPOB, KOTOPBIE COOTBETCTBYIOT
OIIPENICICHHOMY PEKUMY PEaKTOPHOW YCTAHOBKHM, 3aT€M IOCIENOBATEIbHO PEATM3YIOIINX JIOTUKY
M3MEHEHHUS! BXOAHBIX MapaMeTPOB B COOTBETCTBUU C ONPEACIICHHBIMH YCIOBHSAMH CpabaThIBAHUS WU
GbyHKIMEH aBTOMAaTH3allMM, a TaK K€ ONPENeIAIOUIMMYU MIepedyeHb MapaMeTpoB Ul BbIBOAA B (ailn
WwIn 171 3anucy B (ain perucrpaunu pakTHYECKMX MOMEHTOB M3MEHEHMH 3HAUYEHHUH NEepEeMEHHBIX,
HEOOXOIUMBIH 11l TPOBEACHUS 3aKIIOUYUTENBHOTO aHAJIH3a;

- IOITOTOBKA IIporpamMMHo-anmapaTHoro komiuiekca ¢ CAIIP GET-R1,;

- 3aIlyCK CIIEHapHeB B TMOJICUCTEME peNakTUpoBaHus 1 BeimonHeHus cueHapueB CAIIP GET-
R1 g nposepku pynxnuonuposanus [1I10 I1TK;

- TPOBEJCHHME aHalu3a pe3yJbTaTOB HCHBITAHUA M COCTaBJI€HHE OT4YeTa, B KOTOPOM
(UKCHPYIOTCS BCE 3TAIbl IPOBEPOK, MPUBOAITCS PE3YIbTATHl M BHIBOABI O MPOBEACHHBIX MPOBEPKaAX
ITI1O IITK.

VYcnoBuss cpabaThlBaHUS ONPEIENSIOTCS HAa OCHOBaHMM aHanu3a 3aganus [1]. [lpwu
NPOBEIECHUH aHaIu3a HEOOXOAMMO YUYUTHIBATh PA3BETBICHHYIO M B3aUMOCBSA3aHHYIO CTPYKTYpPY
anropuTMoB (YHKLUI 0e30MmacHOCTH, a UMEHHO, YYUTHIBATh TO, YTO OJHO YCJIOBHE CPadaThIBaHUS
MOJKET MPUBOIUTH K aKTHBAllMM Pa3HBIX (YHKIUH 0€30MacHOCTH, W, KaK CIEICTBUE, K aKTUBALUU
LEJIOH TpYIIbl BEIXOHBIX CUTHAJIOB.

ITocne 3amycka mozaenu IITK mepen 3amyckoMm clieHapHeB MHPOBEPKU 3aJaeTCi HUCXOIHOE
cocTosiHUEe Bced cucTembl. HauanbHble 3HA4EHUWs] BXOJHBIX CUTHAIIOB 3aJAl0TCS TakUM 00pas3om,
4TOOBI COCTOSIHAE TapaMeTPOB PEaKTOPHOM YCTaHOBKH COOTBETCTBOBAJIO OMPEACIICHHOMY PEXHMY
pa0oThl, Hampumep, ypoBeHb MomHoOcTH 100 % npu uersipex pabotarommx ['LITHA. IIpu stom
MHULMUPOBAHUE 3AILUTHBIX ACHCTBUN He Mpoucxoaut. McxoaHoe coCTosSHIE CUCTEMBI COXPAHSIETCs B
MaMATh U 3arpyXaeTcs MOocie Ka)JI0To BHIIOJHEHHOTO CLEHapus Mepes BBIIOJHEHUEM CIIEIYIOIIETO,
TeM caMblM obecneuuBas oauHakoBoe coctosHue Mmozenu I[ITK mepen kaxmoil mpoBepkodl u
WCKIIIOYast BIMSHUE OJHOTO CIIEHAPHUs IIPOBEPKH Ha JIPyTHeE.

[ITO TITK npexacrasisieT co00i MPOrpaMMHBINA KOJ, CO3/JaHHBIA W OTKOMIHJIMPOBAaHHBIN B
CAIIP GET-R1 Ha ocHOBaHMHM MaTepHAJIOB, U3I0KECHHBIX B [1]. yHKIIMOHATHHBIE CXEMBI PEIaKTOpa
CAIIP GET-R1 sBnstorcst rpaduyeckuM NpenCTaBICHUEM alrOpMTMOB, NpPHBEIACHHBIX B [1] ¢
MaKCHUMaJbHOM cTeneHbto Aetanuzauuu. Kaxnas ¢yHKUus aBTOMaTu3alMy, onucaHHas B [1],
OTpakaeT JIOTHKY cpalaThIBaHUS COOTBETCTBYIOLIETO alTOpUTMa M JIEHCTBUS COOTBETCTBYIOIIMX
UCIIOJIHUTENIbHBIX ~MEXaHU3MOB, KOTOpPBIE JOJDKHBI OBITh aKTUBU3MPOBaHBL 11 mpoBepku
npasmwibHOCTH paboTel co3manHoro IITIO IITK HeoOxoammo 3amaTh BXOIHBIM TMapaMeTpaM TakKue
3HAYEHUS, YTOOBI aKTHBHU3UPOBATH AJITOPUTM W TIOIYYUTHh BBIXOJIHBIC CHTHAIBI, COOTBETCTBYIOIINE
KOMaH/1IaM Ha aKTHBAIIUIO HCTIOJTHUTEIbHBIX MEXaHU3MOB, YKa3aHHbBIM B [1].

Kpurepuii nogHOTHI IPOBEPOK — B IPOLIECCE TECTUPOBAHUS ITPOBEPSIOTCS BCE, ONPECICHHBIC
B [1] ycnoBust cpabareiBanust ¢pyHkumii 6e3onacaoctn A3-YCBT, I13. Ecnu npoBepka kakux-1m6o
ycIoBUi cpabaThIBaHHUS HEBO3MOXKHA I HE 00513aTeNIbHA, TO 3TO JOJKHO OBITH 0OOCHOBAHO.

Kpurepuii coorBeTcTBUS (IPaBUIBHOCTH) — AKTUBALWS HCIOJIHUTEIBHBIX MEXaHM3MOB B
COOTBETCTBHH C ONpe/IEIeHHBIME B [1] ¥ Ha €ro OCHOBaHUM YCIOBUAMH cpaOaThIBaHMS.

[Ipu n3mMeHeHnn 3HAYEHUH BXOJHBIX CUTHAJIOB TPOU3BOIUTCS KOHTPOJb BBIXOIHBIX CUTHAIOB
U CpaBHEHHUE UX C OKUAAEMBIMM 3HaueHUsMHU. Ecim okugaemble BBIXOIHBIE CUTHAJBI OTCYTCTBYIOT,
TO OOHAapyXEHHBIE B MPOLIECCE aHaJM3a HECOOTBETCTBHUS (DUKCHUPYIOTCA M 3aHOCSTCS B OTYET II0
TECTHUPOBaHMIO. Ecii mpu TeCTHpOBaHWM MPOUCXOIUT T'€HEpaIis BBHIXOJHBIX CHTHAJIOB, IMOSBICHUE
KOTOPBIX He OBUIO 3aIUITaHMPOBAHO, TO MPOW3BOJMTCS aHAIW3 (YHKIUN B COOTBETCTBUU ¢ [1]
(GyHKUMOHAIBHBIX auarpamM, peanuzoBaHHbIX B CAIIP GET-R1. 3atem pnemaercs BBIBOO O
MPAaBIJIFHOCTH T€HEPAIH BBIXOJHBIX CHTHANOB. ECIM BBIXOJIHBIE CHTHAJIBI He ObUIM OTIPEZeNieHBI B
MporpaMMe TECTUPOBAHHS, W HMX TOSBIEHHE SBISETCS CIEACTBHEM PACXOXACHUS pPeaTn3alin
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(YHKIMOHAIBHBIX CXEM C JIOTHKOH, ONHCAHHOW B COOTBETCTBYIOLICH (DYHKIMHM aBTOMAaTHU3aIMH, TO
BBISIBJICHHBIE B TIPOILIECCE AaHAM3a HECOOTBETCTBUS (DHKCHPYIOTCS M 3aHOCITCA B OTYET 110
TectupoBaHuio. [lomydeHHsie pe3ynbrathl epenatorcs rpymnmne pazpadorku [1110 OI'YIT «k BHUNA».
Bce pesynbTaTthl mpoBepoK, OOHApY>KEHHBIE HECOOTBETCTBUSI M JCHCTBUS MO HMX HCIPAaBICHUIO
3aHOCSITCSI B OTYET O TECTHPOBAHUH.

B mpouecce padotsr Han Bepudukarmeit [11I0 YCb sneprodmoko Nel u No2 Bemopycckoit
ADC cnemmanucramu OKB «TM/IPOITIPECCy» Obuio pa3paboraHo Oojiee TpPEXCOT CIICHAPUCB
NPOBEPKU JUI KKAOTO SHEProOoKa. BeiIM BBIMYHICHB OTYETHl O pe3yibTaTax TECTUPOBAHMS,
coJleprKallne MepevHu yCIoBHiA cpabaThiBaHug (PYHKINH O€30MMacHOCTH, IEPEUHH BXOIHBIX CUTHAJIOB
M crocoObl UX M3MEHEHHS, NEePEeYHH WHUIIMHPOBAHHBIX BBIXOJHBIX CHUTHAJIOB, MAacCHBBI CIICHAPHEB
NpOBEpKU, TpaduKku W3MEHEHHS BXOIHBIX W BBIXOJHBIX CHUTHAJIOB, HOAPOOHBIE OMUCAHUS
BosHUKatomux omuook B I1I10, mpeanokeHus Mo yIy4IIEHHIO UM PAa3BUTHI0 WHCTPYMEHTAPHS IS
tectupoBanus B CAIIP GET-R1. Ha ocHOBaHWM TOJYyYEHHBIX MATEPHAIOB TIPYIIONW pa3pabOTKh
II1O ®I'VII «BHUNA» npousBoaunack koppektrpoka 1110 YCb n naBanuch peKOMeHAAINN IS
moaepuuzanuu CAIIP GET-R1. Paszpaborannsie OKb «I'IIPOITPECCy» cueHapuu IpoBEpKH JeTin
B OCHOBY creHapueB nepuonniecknx mposepok IITK, Bemyckaembix ®I'YIT « BHUHUA» B cocTtase
3aBojckoii paboueli nmokymenraiuun k I[ITK A3-YCBT u WY 113 sneproGmokoB Nel wm Ne2
Benopycckoit ADC.

3akiouenne

B pesynbpraTte BBIMOJHEHHOH pPa0OTHl MO TMPOBEACHUIO BepUPHUKAIMH MPUKIATHOTO
nporpammHoro YCB sneprodmokoB Nel m Ne2 benopycckoit ADC mocpenctsom CAIIP GET-R1
MOXHO OTMETHTb, 4YTO HAJEXKHOCTh CHUCTEM KOHTPOJSl M YNPaBICHHS, IOCTPOCHHBIX Ha
NPOTPaMMHUPYEMBIX TEXHUUECKUX CPEJICTBAX aBTOMATHU3allUH, 00CCIICUNBACTCS, B TOM YHCIIE, 33 CUET
peanu3anui CUCTEMHONH MHOTOCTYIIEHYATON MPOLETyphl TECTUPOBAHHS MPOTPAMMHOTO 00€CTICUeHHS,
HauuHasg OT TECTUPOBAHMS OTACIBHBIX NPOIPAMMHBIX MOAYJIEH M 3aKaH4MBas (YHKIHOHAIBHBIM
TCCTUPOBAHUEM Ha IMOJUTOHEC B JUHAMHYCCKHUX PCKUMax C MHCIOJb30BAHMCM MOJICIN O6BCKT3
ynpaienus. CuctemMHass MHoOroctyneHuaTtass npouenypa tectupoBanus [IIIO YCBb na cpeactBax
TIITC moxeT ObITh 3¢ (HEKTUBHO peaNn30BaHa MPU HAMYMHA COOTBETCTBYIOIIEH cpenbl pa3paboTkw,
MUHUMIBHpYIomIel omuoku npu cozganwu 1110 — CAIIP GET-R1.

Crucok JuTepaTrypsl
1. Benopycckas ADC. Dneproosiok Nel Texuuueckoe 3amanue. Muunumpyromas dacth YCBT.
3amanme 3aBomy-m3roroBuTenmro  BLR1.B.110.1.&&&&&&.01&&&.021.MB.0001. Kuura 1

anropuTMbl GyHKIHA Oe3omacHocTr, 2015.
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YK 681.51/.54
OCOBEHHOCTH AIIMAPATYPBI YIIPABJSIOIIENA CUCTEMBI BE3OITACHOCTH HA
BA3E KOMIUVIEKCA CPEJACTB ABTOMATU3ALUU TIITC-Cb B ACIIEKTE
MNPOBEJEHUS HAJTAJAKHW U TPOBEPOK
CEJIMBEPCTOB E.C., 'PUIIEHKO C.1O., HOBUKOB A.H.
Dedepanvroe 2ocydapcmeennoe yHumaproe npeonpusmue «Bcepoccuiickuti nayuno-
uccneooeamenvckutl uncmumym asmomamuxu um. H.JL [yxosay
(Mocxea, Poccutickass ®edepayust)
AnHotamusi. Temod [oKiaga SBJISIOTCS OCOOCHHOCTH aIMapaTypbl YIPABISAIOMIEH CHCTEMBI
oe3omacuHoctr (YCB) aromuoit anekrpocranimu (ADC) Ha 6a3e KOMIUIEKCa CPEACTB aBTOMATH3AITHH
TIITC-Cb, yuuthiBatomue crenuduky mnpoBeaeHus mycko-Hanagounbix pador (IIHP) YCBb u
npoBeneHus nepuoAndeckux npoBepok YCB Bo Bpemsi MIaHOBO-TIPELyNpEIUTEIBHOTO PEMOHTA
(III1P).
Kurouessie caoBa: ADC, TIITC-Cb, aBromatuzanus, aBTOMaTU3UPOBaHHBIE CUCTEMBI YIIpaBJICHUS,
cuctema 0e30MacHOCTH, CLICHAPHH UCTIBITAHHUH.

FEATURES OF THE EQUIPMENT OF THE INSTRUMENTATION AND CONTROL
SAFETY SYSTEM BASED ON THE COMPLEX OF AUTOMATION TOOLS TPTS-SB IN
ASPECT OF COMMISSIONING AND CHECKS
EVGENIY.S. SELIVERSTOV, STANISLAV Yu. GRITSENKO, ALEKSEY N. NOVIKOV
The Federal State Unitary Enterprise “All-Russia Research Institute of Automatics named after N.L.
Dukhov”” (Moscow, Russian Federation)

Abstract. The topic of the report are features of the equipment of the instrumentation and control
safety system of a nuclear power plant based on the complex of automation tools TPTS-SB, taking
into account the specifics of commissioning and periodic inspections during scheduled preventive

maintenance.
Keywords: NPP, TPTS-SB, automation, automated control systems, safety system, test script.

Beenenue

Hacrosmmuit gokmag mocBAmIeH OCOOCHHOCTSAM pa3paboTaHHOro u BhITyckaemoro DIVII
«BHUUMA» xommuiekca cpeactB aproMarusaruu TIITC-Cb, nmpegHazHauyeHHOTO JUIsl MOCTPOCHUS
POrpaMMHO-TEXHUYECKUX KOMIUIEKCOB yIpaBisitomux cucreM OesomacHoctn ADC. Hurepec
MIPEJICTABIISIIOT OCOOCHHOCTH, KOTOpPBIE HEOOXOAMMO YYHTHIBaTh npu npoBexaenun [IHP wu TIIIP
9HEprobII0Ka 1 pa3paboTKe PErIaMEHTOB ITPOBEPOK U UCTILITAHUA CUCTEM O€30MACHOCTH.

[Ipu paspabotke xKommiekca cpeactB apromaruzauuu TIITC-CB, wumeromero kiace
OesonmacHocty 2V, BBUAY crnequUUHON oO6sacTH ero (yHKIHOHANBHOIO MPHUMEHEHHUS CTaja
HEOOXOIUMOCTh NEPECMOTpPa CIOXKUBIIMXCSA IMOAXOAOB K MPOBEACHUIO HAJAIKU U NEPUOIUMYECKUX
MpoBepoK cucteMbl, octpoeHHoi Ha 0a3e TIITC-CB, OTHOCUTENBHO MOAXOMIOB ISl TPEIBITYIIIHX
nokonenuit TIITC, a Taxke BHEAPEHUS] HOBBIX PEXUMOB PabOThl 000PYIOBAHHS

OcHoBHas 4acTh

Anpom YCb, noctpoeHHoi Ha 6a3e komiuiekca cpenctB aBromarusauuu TIITC-Ch, ansercs
niporieccopHbiii Moaynb aBromaruzanuu (IIMA) (TIITC57.1101 — musepcurer A, TIITC57.1102 —
nuBepcuteT b), oTBewaromuii 3a BBIOJIHEHHE IOJB30BATEIBCKUX AJTOPUTMOB W OpPTaHHU3AIMIO
uHQOpMaIMOHHOTr0 0OMeHa Kak B nipezenax Y CB, Tak u ¢ qpyrumu nojcuctemamu ACY TIT ADC.

[IMA peanuzyer cneayromue QyHKIUH B aclieKTe HHPOPMALMOHHOTO OOMEHa:

- [Ipuem anmapaTHBIX CUTHAJIOB IIOCPEACTBOM MOJTYJIEM BBOJA.

- Brijaua anmapaTHBIX CUTHAJIOB TIOCPEICTBOM MOJYJIEH BBIBOJA.

- Brigaua koMaHA ynpaBieHHsS WCHIOJHUTENBHBIMH MEXaHU3MaMU B MOAYJIM MPHOPUTETHOTO
ynpasiieHHs / MOAYJIN IPUOPUTETHOTO ynpasiieHus perynsaropom (MITY/MITYP).

- [Ipuem curHanoB oOpaTHBIX CBSI3el UCTIONHUTENBHBIX MeXaHn3MoB oT MITY/MITYP.

- [Ipuem u BhImaya curaainos B Apyrue [IMA mo mexnpoiieccopubiM uutepdericam (MITN).

- Beigaua curnanos o mmae EN B CKY HD na 6aze TIITC-HT.

- Beigaua curnanos o mmae EN B CBBY.

72



11 MEXKAYHAPOJHASI HAYYHO-TEXHUYECKA S KOHOEPEHLIMA. MUHCK 27-28 AITPEJIA 2021 T'OJIA

Kaxnas rpynma cUrHasioB, OTBEYAIOUIMX 32 Ty WM HMHYI0 (DYHKIHIO WH(POPMALMOHHOTO
oOMeHa B 00IIIeM ciTydae IMEeT CTPYKTYPY, COCTOSIIIYIO U3 TPEX TOJIEH:

- 3Ha4YeHue CUrHasia.

- [Ipuznak «/IOCTOBEPHOCTDb».

- [Ipm3aak «TECT».

[Iprdyem oHOBpEMEHHO MOXKET MEHATHCS KaK 3HauU€HHE CUTHaja, Tak ¥ ero npusHaku, u YCb
JIOJDKHA OTIpe/ielIeHHBIM 00pa3oM cpearupoBaTh Ha 3TH U3MECHEHHUSL.

B pesynbrare aHanmm3a BO3MOXKHBIX SKCIUTYyaTAllMOHHBIX CUTYallWi, SIBISIOMIUXCS CIIEICTBHEM
peryIaMeHTOB MpoBepok pedepeHTHRIX ADC, hopMUpOBaHUS MPH pa3pabOTKe MAaKCHMAILHOTO 0XBaTa
JUAarHOCTUKOHN (aBTOMAaTH4ECKOM, aBTOMAaTU3UPOBAHHOW M PYYHBIMHM IPOBEPKAaMM) BCEX 3JIEMEHTOB
YCB 6bu11 IpUHATHI crieAytomye 0603HaueHns pexnumoB [IMA:

- «Pabora» (WRK).

- «MImuranusy (IMIT).

- «[IporpammupoBanue/OnpobdoBanue» (PROG).

dopmManbHOE OMMCaHUE CBOMCTB B 3aBUCHUMOCTH OT pekuma pabotel [IMA mpuBeneHo B
Tabm. 1.

Ta6auna 1. Pexxumel pabotel [IMA

Pexxum Pabota mporieccopHOTro MOy sl aBTOMaTH3ALMH B PEKUMaX «paboTay, «MMHUTAIUS» U
IIMA «IPOTPaMMHPOBAHUE/OTIPOOOBAHHE)
WRK | - llItaTtHas o6paboTka mpukiagHoro nporpammaoro ooecreuenus (I1110).

- I/IMI/ITaHI/IH BXOJHBIX U BBIXOAHBIX CUT'HAJIOB HEAOCTYIIHA.
- Bo3moskHocTh 3arpy3ku 11110 u BHeCEeHUsI HN3BMEHEHHI HEJOCTYITHA.

IMIT | - O6pabotka IIIIO.

- BOo3MOXXHOCTh UMHTAIIMU BXOAHBIX U BBIXOJHBIX aHAJOTOBBIX M JUCKPETHBIX CHUTHAJOB,
MOCTYMAIIUX OT MoayJei Beoga u MITY/MIIVYP, a Takke CUrHaJIOB, MOCTYHAIOIIUX 10
MEXTIPOIIECCOPHOMY HHTEpeiicy, BpIXoA0B Ha muHy EN.

- Curzansl, MOCTYNAIOIINE HA MOIYJIN BBIBOJA W MOAYJIA NPHUOPUTETHOTO YIPABICHUS C
npuzHakom «TECT», B panpHelmyro oOpa0OTKy IOCTYMalOT KaK HEIOCTOBEPHEIE.
Curnaiel, nmeromue npusHak « TECT» nepenatorcst nqpyrum abonentam mo mmHe EN kxak
HEJ0CTOBEPHBIE.

- lmeercs BO3MOXXHOCTh pa3peliuTh Mepefadyy CHTHAJNOB, NpeJHa3HAUYEHHBIX IS
yIOpaBiIeHUsT MOAYJISAMH BBIBOJA AaHAJOTOBBIX M JUCKPETHBIX CHTHAJIOB, MOAYJISAMHU
MPUOPUTETHOIO YNPABJIEHUS, a TaKkKe aHAJIOTOBBIX M JUCKPETHBIX CHUTHAJIOB,
nepenaBaembix 1o muHe EN, urnopupys nannune npusnaka « TECT».

- meeTcst BOBMOKHOCTh BHECEHHS] M3MEHEHUI B HACTPOEUHbIe TapaMeTphbl (KOHCTAHTHI B
I1I10).

- BosamoxksOCTS 3arpy3ku I1T10 HepocTymnHa.

PROG | - O6pabortka I1I10.

- Bo3MOXXHOCTh UMHUTAIIUX BXOJHBIX M BBIXOJHBIX AHAJIOTOBBIX M JIUCKPETHBIX CHUTHAJIOB,
MOCTYMAIINUX OT MoayJei Beojga u MITY/MIIYP, a takxke curHamoB, MOCTYHNAIOMIUX IO
MEXITpoIiecCOpHOMY HHTep(deiicy, BbIXo10B Ha muHy EN.

- Bce auckpeTHBIE CHTHAIIBI, MTOCTYTAIOIINE HA MOIYJIH BBIBO/IA, MOIYJIU MIPHOPUTETHOTO
yOpaBieHuss W JpyruM aboHeHTaM To ImuHe EN yCTaHaBIMBAIOTCS B COCTOSHHE
JIOTAYECKOro «0».

- Bce aHanorosble cUrHasIbl, IOCTYMAMONIME HA MOAYJIM BBIBOJIA M IPYTMM a0OHEHTaM I10
mee EN, B nansHelnryo o0paboTKy MOCTYIAIOT KaKk HEJOCTOBEPHBIE.

- Ilo ymomuanmio mpenycmorpeHa OnokupoBka BbixogoB MIIM. Bcee curnansi,
nepenaBaembie 1o MITU agpyrum aboHeHTaM, Ha3HAYAIOTCS KaK HEIOCTOBEPHBIE.

- Hmeercs BO3MOXXHOCTH pa3peIinTh IIepenady CHUTHAJIOB, IPEIHA3HAYCHHBIX IS
YOPABJICHUS MOJYJISMHU BBIBOJA AHAJIOTOBBIX M JUCKPETHBIX CHUTHAIOB, MOIYJISIMHU
MPUOPUTETHOTO  YMpPaBICHUS, a TaKXKE€ aHaJOrOBBIX U JIUCKPETHBIX CHUTHAJIOB,
nepenaBaembix 1o muHe EN, urHopupys nammuane npusnaka « TECT».

- IlpeaycmoTpeHa BO3MOXKHOCTh Pa30JIOKMPOBKH BCEX HIIM OTIENBHBIX TPYII BBIXOJIOB
MIIN nns nepepauu curHanoB mo MITU apyrum aboHeHTaM TOXKAECTBEHHO.
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Pexum Pabora nporieccopHOTO MOTYJISI aBTOMATHU3AIUU B PEXKUMaX «paboTay, KAMHTAIUD) U
TIMA «TIPOTPaMMHPOBAHNE/OIIPOOOBAHIIEC)

- Nmeetcst Bo3amMoxxHOCTH 3arpy3ku [1T10.

[puxnun 0o6pabOTKH HEAOCTOBEPHBIX CUTHAJIOB, TIOCTYIAIONINX HAa MOIYJH BBIBOJA!

- B TellerpaMMax IIMHbI BBOAa-BhiBoa (LLIBB) B HanpaBieHnn Moaysist BbIAUN TUCKPETHBIX
CUTHAJIOB MIEPEAIOTCs 3HAUSHUS, IEPEBOIAIINE BBIXOIBI MOAYIIA B cocTosiHme O B;

- B Tenmerpammax [IIBB B HanpaBneHMM MOZyns BblJaud AHAJIOTOBBIX CHUTHAJIOB,
(dopMHpYEMBIX [0 HEAOCTOBEPHBIM MapKepam, MepeAaeTcsl 3HaueHHWe CHrHaja, MpU 3TOM IMPH3HAK
JIOCTOBEPHOCTH YCTAHOBIIEH B COCTOSIHUE JIOTUIECKHH «0».

[TpuaIKT 06paboTKM HEAOCTOBEPHBIX CHTHAIIOB, MOCTYMAIONINX Ha MOAYJIH MPHOPUTETHOTO
YIpaBICHUS:

- B Tenerpammax [1IBB B manpasnennn MITY u MIIYP, ¢opmupyeMbIx o HEZOCTOBEPHBIM
curHanam, nepenaerca komanna NOP, o3zHawaromiasi oTcyTcTBUe aBromMaTmueckux komaa YCBb ot
nanunoro [IMA.

[Tpuxnun 00paboTKK HEJOCTOBEPHBIX CHTHAJIOB, TIEpelaBaeMbIX APYTHMM aOOHEHTaM IO IIHHE
EN (IITK CKY HD, CBBY):

- B TelerpaMMax Mepefadyd AMCKPETHBIX CUTHANOB, (OPMHUPYEMBIX IO HEIOCTOBEPHBIM
CUTHaJIaM, IEPEAt0TCsl COCTOSHUS TOTUYECKOTo «0»;

- B TelerpaMmax Iepe/ayd aHaJIOrOBbIX CHUTHAJIOB, (DOPMHPYEMBIX IO HEIOCTOBEPHBIM
CUTHaJIaM, NEPEeNalrTCsl TEKyLIUE 3HAUYCHHS COOTBETCTBYIOIIMX CHUTHAJIOB C YCTAHOBJIECHHBIM
MIPU3HAKOM HEJOCTOBEPHOCTH.

CdhopmynupoBaHbI MOJTOKCHUS:

1. Pexum «Vmutanms» — mpegHa3HAYeH MPEHMYIIECTBEHHO ISl MPOBEACHUS MPOBEPOK B
nepuoj paboThl HEProdiIOKa Ha MOIIHOCTH, TaK KakK HCIONB30BAHHE 3TOTO PEXHMMa IO3BOJISET
MPOBOJIUTh TPOBEPKY OTIEIBHON (YHKIMK 0€30MacHOCTH 0€3 BMEIIATEIbCTBA B PabOTy JAPYrHX
(G yHKITHIA.

2. Pexum «lIporpammupoBanue/OnpodoBaHie» — NpeaHa3HAUYeH MPEUMYIIIECTBEHHO IS
oOciyxuBaHusi nporpaMMHo-TexHndeckux cpencts TIITC-CB B skciulyaTammu, a Takxke JUIs
MPOBEJCHUS TPOBEPOK B TMEPHOJ MMyCKO-HANAJAOYHBIX pPa0OT ¥ IUTAaHOBO-TIPEAYIPEIUTEIIEHOTO
PEMOHTA, TaK KaK B 3TOM DPEKHUME HCKIIOYAIOTCS JIOOBIE YIPAaBISIONINE BO3JEHCTBHS CO CTOPOHEI
YCB Ha HCHONHUTENbHBIE MEXaHHM3MBI, B JIpyrHe ToAcHucTeMbl M T.A. Ho mpu HeoOxoammocTu
BO3MOYKHA YaCTHYHAsI WU TOJIHAS Pa30JIOKUPOBKA YIPABISIFOIIUX BO3/ICHCTBHI.

3. Opranom BbIOOpa pexuMoB (yHKuHOHHpOBaHHMsA [IMA sBisieTcs TPEXMO3UIMOHHBIHN
MEepeKJIIoYaTeNb C KIIOYEBBIM JOCTYIIOM, PACIOJIOKEHHBIM Ha JIMIIEBOM MaHenu wmouayis. Tpu
MOJIOKEHUS MepeKoyaTens MpeIHa3HaAuYEHBI TUTS BEIOOpa PeXUMOB
«[Iporpammuposanwue / onpobosanuey», «Mmurarms» u «Pab6ora». OCHOBHBIM PEKHUMOM, B KOTOPOM
¢yakmuonupyer [IMA, sBiserca pexxum «Pabota». B kadecTBe TEXHHUECKOW MEPHI, TTO3BOJISIOICH
KOHTpoHMpoBaTh BBIBOJ [IMA u3 coctosHus «Paboray, BBeieHa HEOOXOAMMOCTh TOATBEPKACHUS
OTIEpaTHBHBIM TEPCOHAJIOM BBITIONHSAEMBIX OOCITY)KMBAIOIUM TIEPCOHATIOM MaHUMYJSAIMA ¢
nepekitoyateneMm pesxkuMoB [IMA. Takoe MOATBEPKICHUE OPraHU30BAHO C MOMOUIBIO ANMNapaTHOTO
KJII0Ya TIOJTBEPXKACHUS peknuMa (QyHKuuoHupoBanus [IMA, KOTOpBIN pacrojaracTcs Ha HaHeNsX
6s1ouHoro myHkra ynpasnenus (BITY).

4. OpraHn3oBaHa CHUTHAIIN3AIMS TIEPCOHATY O TEKYIIEM MOJIOKEHNUHN KITF0Ya U PEKUME paOdOTHI
[IMA na nanensx BITY, Ha nunesoit manenu [IMA, Ha akTUBHBIX dJeMeHTaxX Buaeokaapos CBBY u
JIMarHOCTHYECKOW CTaHIMU, Ha nHkeHepHoi craniuu B CAIIP GET-R1 mpu patdote ¢ [IMA.

5. st 0oOpabOTKM CHUTHAJIOB KIIOYEH MOATBEPXAEHUS M (POPMUPOBaHMS pa3pellieHuil Ha
nepexiIoueHne  pexxumoB  pabotsl  [IMA  paspaboraH NpOEKTHBI — anroput™M. AJNTOPUTM
(hopMHUPOBaHUS pa3pellieHUH Ha TEPEKIYCHUE pexXUMOB paboTel [IMA 0Oazupyercst Ha CIEIYIOMNX
MoCTyJIaTax:

- Ilpu cocTosiHMAX peakTOpHOM yctaHOBKHM «PabOoTa Ha MomHocTh», «['opsdee cocTosiHUEY,
«PeakTop Ha MUHUMAJIFHO KOHTPOJHPYEMOM YPOBHE MOITHOCTH», «PeXHM pazorpeBay MepeBoj W3
pexxuma «Pabota» B pexum «Mmurtamus» umn «[IporpamMMmupoBaHue) paspenieH TOIbKO JIIsl 0JTHOTO
KaHasia 0€30IaCHOCTH OJJHOT'O TUBEPCUTETA.
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- IIpu coctosHMAX peakTopHON ycTaHOBKHU «lleperpyska Tomnusay, «OCTaHOB AJIsl PEMOHTAaY,
«X0JI0JHOE COCTOSIHHE» B Cllyyae, KOIZla BCE YEThIpe KJI04a OJZHOTO AWBEPCUTETA IOBEPHYTH B
CTOPOHY pa3pellieHHs IEepEeKIIOYeHHs, paspeuieH nepeBos B pexuM «Mmuranus»  wim
«[IporpammupoBanue/onpodoBaHue»  JTIOOOr0  KOJIMYECTBA KaHAIOB  OE30MacHOCTH  OJHOTO
JUBEPCHUTETA B TIOOBIX KOMOWHALIHSAX.

B mpomiecce padoter YCb, mocTpoeHHo# Ha 6aze KoMIuiekca cpeacTB aBromatusanuu TTITC-
CBb, BbIONHSETCS MOCTOSIHHASI aBTOMAaTHYeCKasi CaMOIMarHOCTHKA KOMIOHEHTOB Y Ch:

- CcaMOOWAarHOCTHKa BCEX KOMIIOHEHTOB TIPUOOPHBIX CTOCK (CTOHKM TpUOOpHBIE
BBOJ1a/BbIBO/Ia, CTOMKH NPUOOPHBIE IPUOPUTETHOTO YIIPABICHUS, CTOMKH IPUOOPHBIE aBTOMATU3ALNY,
CTOMKHU TTUTAHUA);

- CaMOAMAarHOCTUKA KOMIIOHEHTOB OTIENBHBIX MOJAYNeH (MOIyH CBs3M ¢ mpoueccom, MITY/
MITYP, koMMyHHKAIIIOHHBIE MOTYJIH, CIyKeOHbIE MOJTYIIH);

- CaMOAMAarHOCTUKA TPAKTOB IEpelJadd [aHHBIX, BKIOYas (QYHKIHUIO aBTOMAaTHYECKOTO
tectupoBanusa MIIY u MIIVYP;

- TMarHOCTHKA HEUCIPABHOCTEN BO BHEUTHUX IIETISIX;

O0beM amarHOCTHKK oOOecreunBaeT OOHAapy)KEHHE HEWCIIPABHOTO THIIOBOTO JJEMEHTa
3aMeHbl (TO3) u noAKIIOUEHHOr0 K HeMy KaHajla U3MepeHus (yIpaBieHus).

OOHapy>keHHbIE HEHCITPABHOCTH WJIM OTKa3bl HHAUIUPYIOTCS:

- Ha HEUCIIPaBHOM MJIM OTKa3aBILIeM MOJIYJE (C MOMOIIbIO CBETOBOTO HHANKATOPA MOIYIIA);

- Ha IpUOOPHOY CTOHKE B BUE JTAMITOBOY WHIVKAIIHM;

- Ha CBBY B nudposom BH/E;

- Ha TUarHOCTHUYECKON CTAHLMH B BUJE OKOH PAaCIIUPEHHOMN TUarHOCTHKH;

-Ha TC O/1Y B Buzie CEpBHUCHBIX Ta0I0 M 3ByKOBOH CHTHAIH3AIIHM.

[Ipu paspaborke ammapatypel TIITC-CBb ocoboe BHuMMaHHe OBUIO yJENEHO BOIMpPOCAM
3G (GEKTUBHOCTH  B3aMMOJICHCTBUSI  MONB30BATENII C  amlapaTypoil  yNpaBIsiomIeHd  CUCTEMBI
OesomacHoctu. Pazpaborannsiii mns ammaparypel TIITC-Cb B CAIIP GET-R1 mnporpamMmHSIif
KOMIIOHEHT aBTOMAaTHM3UPOBAHHOW IPOBEPKH KOMILJIEKCOB (CHCTEMa MOJEIMPOBAHUS U CUCTEMa
PEIaKTHPOBAaHUS W 3allycka CIleHapueB) coOpan Bce Bo3MmoxkHocTH ammaparypel TIITC-Chb u
MPEIOCTaBUI TOIH30BaTeNt0 () (MEKTUBHBIN M YOOOHBIH WHCTPYMEHT 0 BEpH(HUKAIMH TPUKIATHON
KOH(Urypauun nporpaMmHo-texanieckoro kommiekca (IITK), a Taxke Hanaake, TECTUPOBAHUIO U
MIPOBEICHUIO MepHoarUecKuX nposepok Y Cb.

Bo3MOXHOCTH HpPOrpaMMHOTO KOMIIOHEHTA IO3BOJIMIIM NPOBOAUTH NPOBEPKHU aJTOPUTMOB
yIOpaBJIeHUs. U MIPOrPaMMHOTO 00ecreueHuss MOLYyJIed ¢ MCHOIb30BAaHUEM PEaIbHOr0 000pYyIOBaHHUS
(momyHaTypHOE TECTUPOBaHHE) C BbIAAU€l CHUTHAJIOB HA MCIIOJHUTENbHBIE MEXaHU3MBI, CMEKHBIE
MIOJICCTEMBI U TIaHENH 0E30TIaCHOCTH, a TAKXKE OrPaHUINBAsICh TOJIHKO MPOBEPKON TPOEKTA CHCTEMEL.

CuctemMa MOJETHMPOBAaHUS M CUCTEMAa PEAAKTUPOBAHMS M 3aIyCKa CIIEHApUEB I1O3BOJISIOT
CO3/1aBaTh CLEHAPUH JUIA [IPOBEACHUS aBTOMATU3UPOBAHHBIX MPOBEPOK I10 3apaHee pa3paboTaHHBIM
MeToauKkaM. [Ipu momoru nocnenoBaTeIbHON UMUTALMN TEXHOJIOTHUECKUX MTapaMeTpOB C KOHTPOJIEM
(GopMHPOBaHMsI YCTaBOK M YIPABIIOIIMX BO3JICHCTBUII BO3MOXHO IPOBEPUTH, NPABHIBHO JIH
pa0oTaeT anropuT™M M BblIa4a 00OPYAOBAaHHEM CUTHAJIM3ALMU M CUTHAJIOB KOHTPOJIS M YIPaBJICHUS.
Kpome Toro, BO3MOXKHO MPOBEPHUTH B3aWMOJICHCTBUE M B3AMMOBIIMSHHUE aJTOPUTMOB MEKAY COOOM.
OnHOBpEMEHHO, MOTYT peIIarbcd M pPEelIaroTcs 3aJadyd IMPOBEPKH aJeKBAaTHOCTH COOCTBEHHO
QITOPUTMOB, W MPOBOAMTCS AaHAJIM3 B3aUMOACHCTBHSA pPAa3JIMYHBIX AJITOPUTMOB YIpPaBICHHUS B
JTUHAMHUYECKUX PEKUMAaX.

Hcnonp3oBaHne MOMyHATypHOIO TECTUPOBAHWS TPH TOMOUIM CIEHApHUEB TIO3BOJISIET
MHUHHMHU3UPOBATh TPYA03aTPaThl U BIMSHUE YEJIOBEUECKOro (hakropa MpH MPOBEACHUH OJHOTHITHBIX
orepauuii Kak B ciy4ae MPOBEPKU Jerpajalny JOTUKH 0OpaOOTKM BXOAHBIX CHTHAJIOB (M3MEHEHHUE
MPUHLIMIIA 00pabOTKH B 3aBUCHMOCTH OT KOJIMYECTBA HEJOCTOBEPHBIX CUTHAJIOB), TaK U MPHU IPOBEPKE
CaMMX aJropuTMoB (pyHKIMH O€30IMacHOCTH B Pa3IUYHBIX KOMOWHALMSAX HCXOIHBIX YCIOBHH HX
3amycka. [IporpaMMHBIe CHEHapUM MHUHUMH3HUPYIOT BO3MOXKHBIE OMIMOKM HpPU TECTUPOBAHHMU Ha
obopymoBaHWUM 3a CcyYeT mpeaBapuTenbHON mpoBepku Ha Mojenu [ITK. ApTomarm3mpoBaHHEIE
CLICHApUHU MPOBEPKH, paspadoTaHHbie s TectupoBanust Y CB sneprobioka Nel Besnopycckoit ADC,
ObuTK amanTupoBaHsl 11 sHeprodsioka Ne2 benopycckoit ADC ¢ MUHUMAaIBHBIMHU TPYAO3aTpaTaMu.

Oxno nvutanuu B CAIIP GET-R1 no3BoisieT BRIOOPOYHO WM MOTHOCTHIO Pa30IOKUPOBATH
BbIIady YHOPaBISAIOMMX BO3AecTBUU mpu Hamuunu mpusHaka «TECT)» BBIXOZHBIX CHTHAJIOB,
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NPOBOJAWTH MMHTAILMIO BXOIHBIX CHUTHAJIOB C HAONIOJCHHEM BIMSHHUS MMUTALUH Ha KOHKPETHOE
TEXHOJIOTHYECKOEe OOOpYy/IOBaHWE M JpyTHWe alTOpUTMBI, HAONIOAAaTh 32 BCEMH BXOJHBIMH U
BBEIXOTHBIMH curHaiaMu [IMA, onpenesaTh COCTOSHUSA pekuMOB padboTel [IMA.

Pazpaborannsie ¢ynkuun nporpammuoro xommoneHta CAIIP GET-R1 ans anmapatypst
TIITC-Cb axkTWBHO TNPUMEHSIIUCh TIPH TIPOBEICHUH HTAllOB CTATHUYECKOTO M TUHAMHUYICCKOTO
TECTUPOBaHMUS (C HWCIIONB30BAaHUEM TIOJHOMACINTAOHONH MOJENH TEXHOJIOTHYECKHX CHCTEM
sHeprobmoka Nel  Bemopycckoit ADC), Bepudukanum NOpUKIagHOH KOHQUTYypalud U
(YHKIMOHAIBHBIX UCHBITAHUH MPOrpaMMHO-TeXHUUECKOTo Komiuiekca Y Ch n mHuIuupyomei 4actu
npenynpeautenbabix  3ammt  ([13).  ABTOMaTH3uMpoBaHHBIE CIICHAPUH IPOBEPKUA  (YHKITHHA
0e301MacHOCTH HAILTN MIUPOKOE MMPUMEHEHUE TIPH MMPOBECHIH aBTOHOMHOM M KOMITJIEKCHOW HaJaIKH
YCB u nanuuupyromeit yactu [13 sneprodnoxos Nel u Ne2 Benopycckoit ADC. CieHapun npoBEpKU
1O BxuTIOYEHBI B COCTAB dKCILTyaTalinoHHO nokymenrtarun Ha [ITK, pazpaboransr nHCTpYKIIHMHU 110
WCITOJIP30BAHUIO CIICHAPUEB TIPH MPOBEACHWM mepuoamdeckux mpoBepok III1O. Paspabotka
CLIEHapueB TPOBEPKM TMPOXOJWIAa TPU HEMOCPEACTBEHHOM YYacTUU TJIABHOTO KOHCTPYKTOpa
peakropaoit yctanoBku OKb «TMIIPOIIPECCy» u nanagounoit opranuzanuu AO «ATOMTEXIHEPTo».
B mpomnecce ITHP suepro6moka Nel skcmmyatupytommii nepcoHan bemopycckoit ADC mpuoGpen
HEOOXOJMMBIN ONBIT IO MPOBEICHUIO mnepuoauueckux mnpoeepok [I[IO ¢ wucnoss3oBaHHEM
WHCTPYMEHTOB aBToMaTH3upoBaHHoro tectuposanust CAITP GET-R1.

3akiouenne

[Ipu paspabotke komruiekca cpenctB aBTroMaruzauuu TIITC-CB, mpenHazHaueHHOTO IS
MOCTPOCHUS MPOTPAMMHO-TEXHUYECKUX KOMILJIEKCOB YNpPaBIAIOMHKX cucTeM Oe3omacHoctd ADC,
peann3oBaH KOMIUIEKC Mep, HaIpaBlICHHBIX Ha YIPOUICHWE HalaJKH M OKCIUTyaTannu. BaeneHa
BO3MOXKHOCTb TPOBEPKH pabOThl TPUKIAIHBIX aJlrOPUTMOB, Kak 0Oe3 BO3JCHCTBUS, TaK M C
BO3/ICHCTBHEM Ha OOBEKTHI yIpaBleHUs. MHCTpyMEHTaIbHBIE CPECTBAa POCKTUPOBAHMUS, BXOISIINE
B COCTaB IIPOrPaMMHO-TEXHUYECKOTO KOMILJIEKCa, [TO3BOJISIIOT CO3AaBaTh CLEHAPUU MPOBEPOK PabOThHI
NPUKJIAIHBIX MPOTrpaMM, aBTOMAaTH3MPOBATh KOHTPOJBHBIE MPOUEAYPHL. JTO JOMONHSACT (DYHKIIUU
BCTPOCHHON JMAarHOCTHUKH, PEAIM30BAHHBIC BO BCTPOSHHOM MPOTPaMMHOM O0eCIICUeHHH amnmapaTypbl
TIITC-CB. bpuiu nepecMOTpPEHbI CHOXKUBIIUECS MOAXOAbl K MPOBEACHUIO HAAIKUA U MEPUOTUYECKUX
MPOBEPOK 000PyAOBaHUs, MPUHATHIE s cucTeM mpensiaymux mokoneHuit TIITC, a Taxke ObuH
BHE/IPCHBI HOBBIE PEKUMBI pab0Thl 000pyJOBaHMUSL.

[IpoBeneH aHamu3 S3KCIUTyaTalMOHHBIX JOKYMEHTOB ADC, OblT yYTEH OIBIT HAJagKd U
skcrutyatanmu AerctByromux ADC. Pe3dynmbTatom 3TOT0 aHanmm3a craja BHIPa0OTKA PEKOMEHAITHHA
JUISL ydeTa TEXHUYECKUX 0coOeHHOocTel kKoMimiekea cpenctB apTomatusanuu TIITC-Cb npu Hananke u
nepuoanyeckux mposepkax YCb.

B urore Ob1a mosyyeHa nmporpaMMHasi peajau3anusi pe:kumMoB pabotel obopynosanus TIITC-
CBhb ¥ COOTBETCTBYIOIIMX PEXKHMY peakUuid Ha BXOJHBIC W BBIXOJHBIE JaHHBIE, pa3pabOTaHbI
WHCTPYMEHTHI U PEKOMEH/IAINK 10 Hanajake u mnposepkax YCB, chopmupoBaH HOBeWIMi MOAXO] K
TECTUPOBAHHUIO NMPOTrPaMMHO-TEXHUYECKMX KoMIulekcoB YCb Ha Bcex dTamax >KM3HEHHOIO ILHKIa
ADC. Ocobennoctn anmapatypsl TIITC-Cb, obecneunBaroniye npoBeAeHUE HANAIKH M IPOBEPOK
YCB, ycnemHo anpooupoansl Bo BpeMsi [THP u [I1P snepro6moka Nel Benopycckoit ADC.
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YK 004.416.6, 004.384
HHTEI'PALIUS CUCTEM KOHTPOJISA U YITIPABJIEHUS HA BA3E THTC C
SJEKTPUYECKOMN YACTBIO OBBEKTA.
BEJIOHOCOB M.A., UEPEITAHOB I'.B., OTHEBA M.A.

DeoepanvHoe eocyoapcmeeHHoe YyHumapHoe npeonpusamue « Bcepoccutickuil HayuHo-
uccreoosamenvckuii uncmumym asmomamuxu um. HJI. [yxoea» (@I'VII « BHUUA»)
(Mockea, Poccutickas @edepayusi,)

AnHoTtauus. V3mMeHenne TpeGOBaHUI phIHKA aBTOMATH3MPOBAHHBIX CHUCTEM, a TAK)KE yKECTOUCHHE
DKOHOMHYECKUX CaHKIHMH TpoTuB Poccuiickoit Dexepannuyd BBI3BAIO HEOOXOIUMOCTH CO3MAHHS B
pamkax komruiekca cpencts apromarnzanuu TIITC-HT HOBBIX ycTpoiicTB, oOecnednBaromux 0OMeH
JAHHBIMU TIO MPOMBIIUIEHHBIM IpoTokogam MOK-61850, MOK-60870, MODBUS. Hekortopsie u3
TaKuX YCTpOHcTB, Takue kKak Momynu TIITCS55.1691 (Momymp B3aMMOAEWCTBUS C IIEKTPUIECCKOM
gacTpio) 1 TIITC55.1105 (koHTpossiep aBTOMaTH3aIlMH) YK€ MPOILIA ONBITHYIO W TPOMBIIUIEHHYIO
JKCIUTyaTallMio Ha OOBEKTaxX TEIIOBOM sHepreTvku Poccuu. J{JIsi CTposIIMXCsl B HACTOsAIIEE BpeMs
00BEKTOB BeIETCS pa3padoTKa M MCIIBITAHNS HOBOT'O MEPCIIEKTUBHOTO YCTPOUCTBA, 00IaJatoIero Kak
0OMNBIION TPOMYCKHOM CHOCOOHOCTBIO TIpHM TpHEME/BBbIAade JAaHHBIX 110 MPOMBIIUICHHBIM
NPOTOKOJIAaM, TaK W  BO3MOXKHOCTBIO  BBINONIHATH ~ CIOXHBIC — alTOPUTMBI  YIPaBJICHUS

TEXHOJIOTHUECKIMH TPOIIECCAMH B PEalbHOM BPEMEHH.

Kuaruessble cnosa: TOC, ADC, MOK-61850, MOK-61870, MODBUS TCP, CAIIP GET-R1, TIITC.

INTEGRATION OF CONTROL AND CONTROL SYSTEMS BASED ON TPTS WITH THE
ELECTRICAL PART OF THE FACILITY.
MIKHAIL A. BELONOSOV, GEORGII V. CHEREPANOV, MARIA A. OGNEVA

Federal state unitary enterprise “All-Russia research institute of automatics

named after N.L. Dukhov” (FSUE "VNIIA") (Moscow, Russian Federation)
Annotation. The change in the requirements of the automated systems market, as well as the
tightening of economic sanctions against the Russian Federation, caused the need to create new
devices within the framework of the TPTS-NT automation complex that provide data exchange
according to the IEC-61850, IEC-60870, and MODBUS industrial protocols. Some of these devices,
such as the modules TPTS55.1691 (module for interaction with the electrical part) and TPTS55.1105
(automation controller), have already passed pilot and industrial operation in Russian thermal
facilities. For the objects currently under construction, a new promising device is being developed and
tested, which provides both high throughput data reception/output according to industrial protocols
and complicated real-time algorithmic operations.
Keywords: TPP, NPP, IEC-61850, IEC-61870, MODBUS TCP, CAD GET-R1, TPTS.

Beenenue
AxtuBHOe ctponTtenbcTBO HOBBIX ADC u TOC B Poccum m 3a pyOekoM MpPUBENIO K POCTY
NoTpeOHOCTH B Pa3BUTHIX cucTeMax KoHTposisi W ympasieHus (CKVY), mosBomsiommux, B pamkax
€IMHOW CHUCTEMBI, PELIMTh 33Jaydl aBTOMATH3ALMM KaK TEIUIOTEXHUYECKOTO O0OpYyAOBaHHMS, TaKk U
ynpasieHus anekTpudeckoi dacteio (OY). [ns CKY DU BaxHEWIIyl0 pojb HrpaeT MOJIepikKKa
CpeJICTBAaMHU aBTOMAaTH3aIlMH B3aUMOJICHCTBHUS C HHTEUIEKTyalbHBIMU ycTpoiictBamu (1Y) mo
nporokonam MOK-61850, MDK-60870, MODBUS.

IIpuem u o6padorka nanabix MIK 61850 B KCA THTC

[Ipu paspabotke CKY CH3 u CKY DY sneprerunueckux o6wexToB Poccun Oblia mocTasieHa
1elb: 00eceynTh eqUHbIN NHTepdeiic Bu3yaan3aunu, o0Ini NOAX0 1 K YIPABICHUIO BCEMU BUAAMHU
obopynoBanus [1] u opraHmzalliu CHTHAJIW3AINHU, KaK TEIUIOTEXHUYECKHUX, TaK M JJIEKTPHUECKUX
00BEKTOB YIPaBICHUSL.

Hust pemrenust nannoii 3agaun B pamkax KCA TIITC-HT 6bun pazpaboTanbl HOBbIE MOYJTH U
¢byukimu. B dacTtHocTH, B mporeccopax u  KoHTpojuiepax aBtomartusaiuu TIITC-HT Obuia
peanm3oBaHa nmporpaMMHasi GyHKIHUS WHAWBHTyaJTbHOTO YIIPABICHHUS.

Heo6xonumo oTMeTHTh, 4T0 QYHKIMS MHAUBUAYAIbHOTO yrpasieHus noctynHa B TIITC-HT
TOJIBKO C TOMOIIBI0 OTACILHOTO MOmyJst cBs3u ¢ mporieccoMm (TIITCS55.1673), mommep kuBaromiero
TOJILKO MPOBOJIHBIE CBSI3M ¢ 00BEKTOM yrpasieHus. Jlornka GpyHKIMY WHANBUIYATHHOTO YIPABICHUS
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B TIITC OGeper nawano eme oT cpeactB Teleperm ME um TIITCS1. 3a Bpems sKcmiyaTanuu
paznuunbix  mokoneHui TIITC Ha TemnoBeIX W aTOMHBIX JHEProOJoKax MaHHas —(QYHKITUS
HEOJHOKPATHO JopadaThiBajiach, U HA TEKYLIMH MOMEHT MOJAEPKUBACT NPAKTHYECKU BCE U3BECTHBIC
TUNBl HUCIIOJIHUTEIBHBIX MEXaHM3MOB U 00NajgaeT CBOWCTBOM YHHBEPCANBHOCTH, Kak MpU
B3aUMOJIEHCTBUY C OOBEKTaMHU YIIPABJICHUS, TaK U B YaCTH HHTEpdelica ¢ CHCTEMOI BEpXHETO yPOBHSI.

bnaronaps peanuzanuu nporpaMMHON (YHKIIMHM HHINBUIYaJIbHOTO YIPaBJIECHUs IIpoLieccopax
n koHtposuepax apromaruzanuu TIITC-HT, B pamkax ogHON mpuOOpHOH CTOWKH CTano AOCTYIIHO
0oMbIIOE KOJNMYECTBO KAaHAJIOB WHAWBUAYAIBHOTO yHpamieHus (1o 256), mpu 3TOM coXpaHeHa
MIOJIHOLICHHAs! JIOTHKA WHAWBUAYAIbHOTO YIPABJICHUs, HHTepdeiic onepaTopa Ha BEPXHEM YPOBHE, a
TaKXXe pa3BUTast AUarHocTUKa. CBA3b € IEKTPUUECKUMHU U IPYTUMH YCTPOMCTBAMH MPH 3TOM MOXKET
OBITH peaM30BaHa depes 000l nHTepdeiic, Kak ¢ MOMOIIBI0 MOIYJISl ABOMYHOTO BBOJIA/BBIBO/IA, TaK
U II(POBOI — Yepe3 MPOMBIIIUICHHBIE MTPOTOKOJIBI M HOBBIA Moryns TIITCS55.1691.

Monyme TIITCS55.1691 u3 coctaBa KCA TIITC-HT BrimonuasieT 3amaqy oOMeHa JaHHBIMH 10
NPOMBIIIIEHHOMY ITpoTokory MOK-61850 [2], B cootBeTcTBHU ¢ TpeboBanusmu [3]. IlomyueHnsle oT
YCTPOKUCTB penieiiHoi 3amuThl 1 aBToMaTuku (P3A) manHble mepenaroTcsi o BHYTpPEeHHEH TUPPOBOI
muHe B KOHTpoJuiep aBtoMarm3aruu TIITCS55.1105, B kKOTOpoM, B COOTBETCTBHH C TPOEKTHOMH
KOH(HUTYypaluei, BBIOIHACTCS aIrOpUTMHUYecKas o0paboTka W otmpaBka naHHeix B CBBY c
COXpaHEHHEM METOK BPEMEHHM W TPU3HAKOB KadyecTBa CUTHANOB, chopmupoBaHHBEIX P3A. Cxema
B3anmozaeiictus momayneit TITTCS55.1691 u TIITCS55.1105 npusenena Ha puc.l.

KA TNTC55.1105
Macrep

KA TATC55.1105
Pesepe

o .

y

Y

12

12

]

7

P3A
1

TNTCS5.1691 TNTCS5. 1691 TNTCS5.1691 TATCS5. 1691 1T|'|'C%5.1091 T|'|TC§B5.169‘I
1 1 2 z
Mmactep pesepe MacTep peseps MacTep peans
P3A | | P3A P3A P3A | | P3A P3A P3A P3A

12

Bcero 96 P3A
Puc. 1. Cxema B3anmopeiicteust moayieit TIITCS55.1691/TIITC55.1105 ¢ 1Y (P3A)

IIpoexTHpoBaHKMe 00MEHA 10 MPOMbILIEHHBIM NPOTOKO0JIaM

B pamkax cosmamms ACY TII gns HOBeHIINX OOBEKTOB TEIJIOBOH SHEPreTHKH ObLIa
pa3paboTaHa KOHIICTIIUS HOBOTO CPEJICTBA MPOCKTUPOBAHMUS AJIEKTPHUYECKON yacTH B pamkax GET-
R1.

B cooTBeTcTBHM C JaHHOW KOHLIENIIMEH, TPOSKTUPOBAHKUE BKIIIOUACT CIEAYIOIINE STallbl:

- wmvnopr B GET-mpoekt ¢aiinoB koHpurypanuun TepMuHaIoB P3A  pasnnyHbIX
npousBoauTenel (ObuTH anpoOupoBaHbl (hopMaThl KOHGUTypalHOHHEIX ¢aitnos or ABB, ProSOFT,
Tapconn, Siprotec, Wago, Schneider, OKPA);

- KOJMpOBaHWE CUTHAJIOB OT MY mo mpuHATOM Ha O0BEKTE cucTeMe KiacCu(UKAIUU U
koaupoBanus (KKS wnu ananoruaHoii);

- mpueM 1 00paboTKy curHanoB P3A B IpuKIagHBIX alrOPUTMAX;

- HaCTpOHKyY nepeaayn curHanos oT P3A B cucremy BepxHero yposas (CBY).

- HaCTPOMKY MmapamMeTpoB oOMeHa JaHHBIMHU (0T4eTOB P3A).

C noMompio JaHHBIX MHCTPYMEHTAIBHBIX cpelcTB Obul paspaboran mpoekt CKY DY mns
00BEKTOB TemoBOl 3HepreTukn Poccun. BHemrnuii Bua unTepdelica mpoekTupoBaHus oOMeHa 1o
npotokony MOK 61850 CAITP GET-R1 mpencrasien Ha puc. 2.
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TapaMeTpusauua M3K

¥

Yerpoiicrsa P3A KoHgurypauus yeTpofctsa P3A

YcTpoiicTao |Npon3sonurent

Al 01 00CHAS4 EKRA
Al_01_O0CHA43 EKRA
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7RG SRR (S IP-agpec ycTpoiicTea | 10.17.50.22:102 | (o] H Q |
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Aning4 Al_02_00CHA14PROT/AGGIO4. AninB4
Aning0 Al_02_0OCHA14PROT/AGGIO4.AnIN80
/| Aning2 AL_02_0OCHA14PROT/AGGIO4.AnIN92 BuibOp Ha MHEMOCXeME | DDACAL2CE003 || B 320:P xQo1 1150-1150 MBT | YP10
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>
>
>
>
» || Anin101 Al _02_00CHA14PROT/AGGIO4 Anin101 Buifiop Ha MHeMocxeme 00ACA12CEQOS B 320:f XQo1 45-65 Ny YP10
» v/ Anin100 Al_02_00CHA14PROT/AGGIO4.AnIn100 Buibop Ha mHemocxeme 00ACAL2CEQ06 B 320:5 XQ01 0-1150 MBA YP10
» v Anin81 Al_02_0OCHA14PROT/AGGIO4.AnIN8L Beibop Ha MHeMOCxeMe 00ACA12CEO11 B 320:Ua XQo1 0-230 «B YP10
» v AnIn77 Al_02_00CHA14PROT/AGGIO4 Anin77 Boifop Ha MHemocxeme 00ACA12CE012 B 320:la XQo1 0-2000 A YP10
>

Anin89 Al_02_00CHA14PROT/AGGIO4.AnIn8%

LY e |2 ] (oanseme - - |[ = |

| nposepurs || Crenepuposate || 3awpums

Puc. 2. Buemnuii Bug natepdeiica napameTpupoBanus ooMeHa o mporokony MOK 61850

O06001mast BEIMIEONMMCAHHOE, MOXKHO KOHCTaTHPOBaTh, uTo it peann3zanuu CKY DU Obura
BhnonHeHa cymectBenHas nopaborka KCA TIITC-HT u oGecriedeHbl BO3MOKHOCTH:

- oOMeHa JaHHBIMH MO IMPOMBIIIICHHBIM mpoTokonam MOK61850 (MMS), Bkirouas Kak
IpYEM JaHHBIX, TaK ¥ BbIIa4y KOMaH[;

- MHOUBHIYAJIbHOTO YIPABJICHUS OONBLIMM KOJIMYECTBOM YCTPOMCTB ue€pe3 MPOrpaMMHYIO
(GYHKUMIO HHAMBUIYAIBHOTO YIIPaBICHUS M U(PPOBBIC HHTEP(ENCH BBOIA/BBIBO/IA;

- mepegauyd AaHHBIX OoT P3A B cucteMy BepxHEro ypoBHs (Kak Ui apXUBallUM, TaK U IS
BU3yaJM3allii) C COXPaHEHHEM METOK BPEMEHH U INPH3HAKOB KauecTBa, YCTaHOBIEHHBIX P3A, c
JIOTIONTHEHWEM METKM KayecTBa MpHU3HAKaMH, YKa3bIBaIOIIMMHU Ha MECTO MOTEpU CUTHaNA, IPUUUHY
nepegadyy CUrHanua;

- ABTOMaTH3UPOBAHHOTO NIPOEKTHUPOBAHUS 0OOMEHA JaHHBIMHU.

JlaHHBIE pELIeHUS MNPOLUIM ampoOalui0 M OIBITHYIO JKCIUTyaTallMi0, W HaXOAATCS B
MPOMBIIIIIEHHON KCIUTyaTaliy Ha 00 BeKTax TEIIOBOM SHepreTHKH Poccuu.

B pamkax passutua KCA TIITC B dYactm B3aUMOJEHCTBUS C YCTPOWCTBAMHU IO
MPOMBIILIIEHHBIM POTOKOJIAM IJIAHUPYETCS PELINTh CIEAYIOUINE 3a1a4H:

- obecrieunTh OOMEH NaHHBIMH, TOMHUMO MpoTokona MOK 61850, Takxke 1o mpoToKoiam
MDK 60870-5-101 [4], MDK 60870-5-104 [5] , MODBUS TCP;

- YBEJNIMUUTH NpomyckHyto crnocodoHocts TIITC B wacTu mpuema u oO6paOOTKM AaHHBIX OT
MIPOMBIIIUIEHHBIX TPOTOKOJIOB;

- obOecmeunTh BO3MOXHOCTH Bblmaud u3 TIITC B cMeXHBIE CHCTEMBI HAHHBIX IIO
MPOMBIIIIJIEHHBIM IPOTOKOJIAM;

- o0ecreYnTh CHHXPOHHU3ALMIO BpeMEH! TepMuHajioB P3A.

st pemmiennst nepeunciaeHasx 3ana4d B pamkax KCA TIITC-HT B macrosmiee BpeMs BeAETCS
pa3paboTka HOBOTrO YycTpoiicTBa Ha ©0a3e mnpombinuieHHoro kommbiotepa — CKAT (Cepsep
KoMIUIeKCHOH aBTomaruzanuu TurnoBod). CKAT mnpexacraBiser co0Ool NporpaMMHBIA KOMIUIEKC,
MO3BOJISIIONINIT B paMKax €IWHOTO YCTPOMCTBA BBIMOJHATH 3aJaud Kak oOOMEHa JaHHBIMH II0
npotokoigam MOK-61850, MOK 60870-5-101, MOK 60870-5-104, MODBUS TCP, tak u 3ama4u
anropuTMuueckon oopabotku u nepenaun nanHeix B CBY. Cxema ycrpoiictBa CKAT npuBeneHa Ha
puc. 3.

B otnmune ot pemenns Ha 6a3e moxynerr TIITCS55.1691 u TIITCS55.1105, CKAT ob6nagaer
CYIIIECTBEHHO OOJbINEH MPOMYCKHON CIOCOOHOCTBIO 32 CYET OTCYTCTBHSI HEOOXOIMMOCTH IEpeladyn
JaHHBIX MEXAy MonyasiMd. Kpome Toro, 3To mo3BojsieT 00eCHeYdTbh CHHXPOHHU3ALHI0 BPEMEHH
yerpoiictB P3A no nporokonmry NTP 6e3 morepu TouHOCTH. Y CTPOHCTBO MOXKET TaK)Ke OOMEHHBATHCS
JAHHBIMHU C MOZIYJISIMH CBSI3U C TIPOIIECCOM, BXOSIIMMHU B COCTAB KOMIUIEKCA CPEJICTB aBTOMATHU3AIIUI
TIITC-HT.

B nmacrosmiee Bpems CKAT naxonurcs Bo BHUMA B cranuu ncnbITanuii.
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- CHAT CKAT -—
o Mactep [ Peseps
;
@L CeTb B3aMMOLENCTEMA C TEpMUHanamm P3A j
1
PaA PaA Paa P3A,
1 2 3 200
Beero 200 P3A
—F@ CeTb moayne ceasn ¢ npoueccom TATC-HT 2) <

CBB1
McCn1
MCln

CBBn
McCn1
MClMn

Puc. 3 Jlornueckasa cxema ooMena nanasiMu CKAT.

3aximodyeHue

OneIT HamaAKM M OKCIUIyaTallMM TEIJIOBBIX JJIEKTPOCTAHIMM IOKa3zal IpPEeHMYINEecTBa
MIPUMEHEHHUS] CHCTEM KOHTPOJS M YNpPaBICHHUS, MO3BOJIIOMIMX B paMKaxX €IMHON CHCTEMBl PELIUTh
3aJ]auydl aBTOMATU3AlMH TEIUIOTEXHUYECKOro O0OpYJIOBaHHS M AJIEKTPUYECKON 4YacTH SHEproOioka.
Takoe pemeHHe I[O3BOJWIO OOECIICUUTh EOMHOOOpas3HBI MOAXOX K IIOCTPOCHHIO alrOpUTMOB
yhnpaBiieHHs, YHU(GUIUPOBATh PEIICHHUS MO OPraHU3alM{ CHUTHAJIU3alMH, IO3BOJMIIO YIPOCTHTh
skcrutyatammio  ACYTII 3a  cyer mnpuMeHeHHsT YHU(DUIMPOBAHHOTO KOMILUIEKCA CPEACTB
aBTOMATH3aLlUN.

Hcnonb30BaHne HMHCTPYMEHTAJIBHBIX CPEICTB, IO3BOJSIIOMIMX BHOCUTH HEOOXOIMMBIE
yIy4IIeHUs] B aJTOPUTMBI YIPaBJICHUs BCEMHU BHIAMH OOOpPYIIOBAaHHUS JIEKTPOCTAHIIMH, YIPOIIAeT
3aa4y pa3BUTUS aBTOMATU3MPOBAHHON CHCTEMBI YIPABJIEHHUS, B TOM YHCJIE M B CIlyyae HIUPOKOTO
NPUMEHEHUS] HWHTEJUICKTYQIBHBIX YCTPOWCTB, OOBEAMHSIOIIMXCA B HPOTrPaMMHO-TEXHHYECKUH
KOMIUIEKC C UCIIOIb30BAHUEM MPOMBIIIIEHHBIX TPOTOKOJIOB.

B Hacrosiee BpeMs, ¢ y4ETOM TOJYYSHHOTO OIbITa, BeAYyTCs paboThl o BBenacHHi0 B KCA
TIITC-HT pa3auyHbIX NPOMBILUICHHBIX NMPOTOKOJIOB, Kak Ha 0aze moxyns TIITCS5.1691, tak u
CKAT - pemenuss Ha 0a3e NPOMBIIUICHHOTO KomiibloTepa. OOecrednBaeTcsi pa3BUTHE CPEACTB
npoektupoBanust GET-R1 B uwactu HOBBIX UHTEp(]ENCOB NMPOEKTUPOBAHUS OOMEHAa JaHHBIMH II0
pa3IMYHBIM IPOMBIIUIEHHBIM IPOTOKOIAM.
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VIIK 621.3.088.7
AJJAIITUBHASI IU®POBASI PNJIBTPALMS UMITYJbCHBIX IOMEX B IPUBOPAX
CO CBEPXHU3KUM SHEPI'OINIOTPEBJIEHUEM
[IAH®EPOB J1.B.
DeoepanvbHoe eocyoapcmeeHHoe YyHumapHoe npeonpuamue « Bcepoccutickuii HayyHo-
uccreoosamenvckuii uncmumym asmomamuxuy (@Y1 « BHUUA»)
(Mocxea, Poccutickas ®edepayust)
AHHOTaIII/Iﬂ: PaCCManI/IBaeTCH c1oco0 aI[aHTI/IBHOP'I LII/I(l)pOBOfI q)HJH)TpaHI/II/I HUMITYJIbCHBIX TIOMEX,
obecreunBarOMMA OBICTPBIA OTKJIMK Ha CKauKooOpa3Hble M3MEHEeHMs curHama. Criocod oTamdaetcs
MUHUMAIFHBIMA TPEOOBaHUSMH K BBIUMCIHTEIBHBIM pecypcaM s 0OpabOTKH HM3MEpPUTEIEHOTO
CHUIr'Hajia B HpI/I60an CO CBCPXHU3KUM 3HepFOHOTpe6J'IeHI/I€M.
KaroueBble ciaoBa: 1mudpoBod (GmibTp, amanTtuBHBIA (QWIBTp, mHUdpoBas 00pabOTKa CHTHAIOB,
HUMITYJIbCHBIC IIOMEXH.
ADAPTIVE DIGITAL FILTERING OF PULSE NOISE IN ULTRA-LOW POWER
CONSUMPTION DEVICES
DMTITRY V. PANFEROV
Federal State Unitary Enterprise «All-Russian Research Institute of Automatics» (FSUE «VNIIA»)
(Moscow, Russian Federation)
Abstract. A method of adaptive digital filtering of pulse noise which provides a fast response to
abrupt changes in the signal is considered. The method is characterized by minimal requirements for
computing resource for processing the measurement signal in devices with ultra-low power
consumption.
Keywords: digital filter, adaptive filter, digital signal processing, pulse noise.

Beenenue

Hatuuku QU3HMUECKUX BEIWYMH, B YAaCTHOCTM JAaTYMKHM JABJIEHUS, paboTamolye Ha
MPOMBIIIIICHHBIX O0BEKTaX, MOJBEPIKEHBI BIUSHHUIO CHIIBHBIX BIIEKTPOMAarHUTHBIX momex (OMII)
BBICOKOM 3HEpruu, MPUBOIAIIMX K HCKAKEHUIO M3MEpPUTENbHOro curHaia. CHucTeMbl KOHTPOJS H
ynpasnerust (CKVY) mis KoppeKkTHOW BBHIPaOOTKH YIPABISIONINX BO3ACHCTBUI NTOIKHBI TIONYy4YaTh OT
JaTyvka UHGOpMaLuio (M3MEpUTENbHBIA CUTHAN) C HAUMEHBIIMMHU HCKaXECHUSIMH, C MaKCUMAaJbHO
BO3MOKHOM CKOPOCTBIO OIIpOCa, ¢ HAUMEHBIINMU 33/Iep)KKaMH pe3yJIbTaTa n3MepeHus. MakcumaibHO
BO3MOXKHO€E OBICTPOJICHICTBUE 1aTYNKA IPU BBICOKON TOYHOCTH U3MEPEHHUH B JMHAMHYECKOM PEXHUME,
Kak HampuMep, B cucreMax oOHapyxkeHus yreuek (COY) HedrenpoBogoB [1], BaxkHO s
obecriedeHns: 0€30MACHOCTH JKCIUTyaTallii 00OPYAOBaHHS Ha MPOMBINUICHHBIX 00bekTax. B To ke
BpeMsi HEO0OXOIUMO OT(UIBTPOBBIBATH BBICOKOAMILUIUTYIHBIE HMITYJILCHBIE TIOMEXH, BBI3BaHHBIE
pasInYHBIMUA BHEIIHUMH (akTopamu. TpamunvoHHblE MeTOAbl (GWIBTPALMH, YIOBJIECTBOPSIOIINE
YKa3aHHbIM [IPOTHBOPEUHBBIM TPEOOBAHUSM, IPEIBSBIISIOT BBICOKHAE TPEOOBAHUS K BBIYUCIUTEIEHBIM
pecypcaM ¥, COOTBETCTBEHHO, K DJHEpPronorpebieHuto mpubopa. DTHM OTpaHUYMBACTCA HX
NPUMEHEHHUE B JaTYMKAX CO CBEPXHU3KHM DHEPronoTpeOICHUEM.

MeTon nocTpoeHust aIaNTHBHOTO (GUIBTPA UMITYJIbCHBIX MOMEX ¢ MUHUMAJILHBIMHU
TpPe0OBaHMAMHU K BHIYHCIUTEIBLHBIM pecypcam

Jus ¢unpTpanyu CUrHaIOB TNpUMEHSIOTCS udpoBbie ¢GuibTpel (LID), mMaremaTudecku
OIUCHIBAEMbBIX PA3HOCTHBIMH ypaBHEHHsIMH [2, 3], B KOTOpBIX BXOJHAs MOCIEA0BATEIHLHOCTH X(N)
npeobpasyercs B BBIXOAHYIO Y(N):

ylnl = Eloarx[n —r] £ X, byln —s], n=0,1,2.... @)

Lensie yncna M, N, onpeznersitor nopsiaok LId. Becosbie koahdunmeHTs! ar u Ds 0JHO3HAYHO
OTIPEICIISIOT MEPEJATOUHYIO XapaKTEPUCTHKY (HIIBTpa.

IMo Bumy pasHocTHBIX ypaBHeHHH (1) cymiecTBYIOT JBa Kiacca IUPpPOBBIX GuUILTPOB [3]:
HepekypcuBHble (HLI®D), B xoTOphIX BBIXOIHOI mapametp Y(N) ompeaenseTcs TONBKO 3HAYCHHSIMH
BXOJIHOHM TmocienoBaresibHoCTH; U pekypcuBHble (PLID), B koTOpbIX BbIXOAHOH mapametp Y(N)
orpezeNseTcs Kak TeKylmuM 3HadeHueM X(N), Tak ¥ MPEANIeCTBYIOIMMA 3HAYCHUSIMUA BXOJHBIX H
BBIXOJIHBIX IIOCIEI0BATEILHOCTEM.

W3BecTHO, 4YTO NMpH KX COM3MEPHMBIX IMOpSAAKaX, a, CIENOBATENbHO, U TPeOOBaHUIX K
BBIUMCIIMTEIbHBIM pecypcam, PLI® obmanaror Oonee BbICOKOH 3((EKTHBHOCTBIO 1O CPABHEHHIO C
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HL® [2, 3]. Ognako npu BeiOope BecoBhX K03hdunuentoB PLI® HeoOxoauMo o0ecrieunTs yCiIoBuUs
YCTOHYHUBOCTH, B OTIIMYXE OT HEPEKYPCHUBHBIX (DMIIBTPOB, KOTOPHIE YCTOWYIHMBHI BCET/A.

J1a moy4eHns BBICOKOW KPYTH3HBI O0JIACTH TEpexoja OT MOJOCH MPOIMYCKaHUs K I0JI0Ce
nojaBieHuss (QUIBTP JOMKEH HWMETh BBICOKMA mOpsAoK. COOTBETCTBEHHO  KOJIMYECTBO
BBIUMCIIMTEIHHBIX OTIEpAIlHii, 3aTPaunBaEMBIX Ha 00pab0OTKy Pa3HOCTHOTO YpaBHEHUS (PUIIBTPA, TAKKe
OyZIeT BEICOKHM.

B amantuBHBIX 1HQPOBHIX (QHUIBTPax BECOBBIE KOAPPHUIMEHTH Pa3sHOCTHOTO ypaBHEHUS
MU3MEHSIOTCSL 10 OMNpEAETICHHOMY 3aKOHY C UeNbl0 MHUHHMHU3AIMHM HEXeJIaTeNbHBIX (IIYMOBBIX)
cocTapisommx oOpabaTeiBaeMoro curHama. Jlins (GUIBTPOB BBICOKOTO IMOpPAAKAa TPeOyroTCs
3HAYUTENFHBIE PECYPCHI ISl BBIUMCICHUS OOJBIIOTO KOJMYECTBa BECOBHIX Kod(dummenTos. Eciau B
Ka4yecTBE OCHOBBI aJalTUBHOTO (HUIbTPA HCIONB3YEeTCS PEKYypPCHBHBIH alTOPUTM, JOTIONHUTEIHHO
BO3HUKAET HEOOXOIMMOCTh KOHTPOJIHPOBATH YCIOBHUS yCTOMUMBOCTH (QMIbTpa. B cBI3m Cc 3THM
PEKypCUBHBIE aITOPUTMBI 3HAYUTEIHHO PEKe UCTIONB3YIOTCS U CO3aHUS aJanTUBHBIX (GHUIbTpoB. B
npubopax M CHUCTEMax CO CBEPXHU3KHM SHEPromnoTpebJeHHEM peann3alus CIOKHBIX alTOpUTMOB
¢GUIbTpaM CHUTHAJIOB MPHUBOAUT JHOO K YBEIWYEHHIO JJIUTEIBHOCTH LUKIa 00paboTKu
nHpoOpMaIy, JNHOO0 K YBEIMYEHHUIO OJHEPTONOTPEONCHHS TIPU COXpPAaHEHHH HEOOXOAUMOM
JUIATENFHOCTH 1HKIa. O0a 3TUX CIEACTBHS NMPHUBOAAT K OTPAHHMYCHHUIO BO3MOXKHOCTEH LU(PPOBOH
aZIaHTI/IBHOI\/'I (I)I/IHBTpaHI/II/I CUTrHAJIOB B CUCTEMaX C aBTOHOMHBIM IMMUTAHUEM C JIIUTCIIBHBIM IIECPUOAOM
ABTOHOMHOCTH, a TaKX€ B JaTYMKaX C MUTAHUEM OT TOKOBOH netiu 4-20 MA, npeaHa3HAYEHHBIX IS
BBITIOJTHEHUSI 3a7a4 ¢ OBICTpOM peakiyeil Ha aBapuiiHbie coObrtuia. [IpenenbHbIM ympomeHueM
UQpoBOro (GUIBTPa, ONPENEIIEMOr0 Pa3HOCTHBIM ypaBHeHHEM (1), aBmsieTcs peKypcUBHBIA QUIBTp
1-ro mopsika, OMUCHIBAEMEI B 00IIIEM BHIE PA3HOCTHBIM YPaBHEHHEM:

y[nl = ap *x[n] + a; * x[n — 1] = by * y[n — 1] )
Y TIPOCTHIM YCJIOBHUEM YCTOWYHMBOCTH [4]:
|bq| < 1. (3)

KommiekcHas nepenarodnass GyHKIHS PEKypPCHBHOTO HU(POBOTO (PriIbTpa HIDKHUX YacTOT

(PLI® HY) ot xOMIIIIEKCHOM MTEPEMEHHOM Z TIPEICTABISETCS BRIpOKEHUEM [4]:

H(z) = —2 4)

1+b1*271

z = elT, (5)
I7Ie ® — YacTOoTa CUrHaia, 7 — MHTepBal JUCKPETU3ALIH.
Oyuxrms H(z)=H(joT) paccmatpuBaercst Ha gactotHoM auamnazone 0<o<mt. KoshurmenTs
b1 1 ag cBsi3aHbI MeX Y OO0t Clie YoM 00pa3om:
by =1-—a,. (6)
st mocTpoenus agantuBHOTO QribTpa Ha 6aze PLI® 1-ro nmopsaka, TpeOyroniero MUHIMyMa
BBIYHCIIUTEIIBHBIX OIEpalfid, HEOOXOMUMO H3MEHATh Kod(duimeHTsl 8o 1 b1 Mo omnpenencHHOMY
3aKOHY, IO3BOJISIOIIEMY MHHHUMH3HPOBATh HEXeENAaTelIbHbIE COCTABISIOIIME B HH(POPMALMOHHOM
curHasie. Haxoxnenue 3(h(peKTHBHOTO M CTONb XK€ MPOCTOro aJropuTMa ajanTalyuy MO3BOJIMIN Obl
NPUMEHATh TakoW (QWIBTP B NpUOOpax cO CBEPXHU3KUM SHeEpromnorpediieHneM O0e3 3amMeTHOIro
CHIDKEHHS OBICTPOAEUCTBHSA U 0€3 YBEINYECHHUS SHEPronoTpeOIeHHS.

WmnynbcHble TOMEXH, NPUCYTCTBYIOIIME B HH()OPMALMOHHOM CUTHAJIE, MMEIOT BBICOKOE
3HAYEHUE MEPBOM MPOM3BOAHON. BbluncisAs 3HaUeHUE MEPBOM MPOU3ZBOJHOW MM CKOPOCTH
W3MEHEHUS] CUTHaJa Ha KaKIOH TeKyleil BhIOOpKE CHTHAja, ¥ M3MEHSS MPOMOPIUOHATBHO MOJIYIIIO
9TOI BeNWYMHBI 3HAUYEHHE BECOBOIO KOI((HUIMEHTa PEKypCHBHOTO LU(PPOBOr0 (HUIbTpa HMKHHX
4acToT, MojydaeM afanTUBHbBIA GuiIbTp. [Ipu 3TOM A TOTO YTOOBI CHU3UTH YPE3MEPHO BBICOKYIO
YyBCTBUTEIIPHOCTh K MyJbCAIMSIM CHUTHAJIA ¢ HU3KOH aMIDIUTYIOW, mpu 00paboTKe HEOoOX0IMMO
NPUMEHUTh HEOOJbIIOEe BpeMs peiakcauuu QuiabTpa. B pesynbraTe BBIUMCIEHHE CKOPOCTH
WU3MEHEHHUs] CHUTHAJla C BHECEHHEM BpPEMEHH pEJIaKCallud CBOAMTCA K IOCTPOCHHIO AJITOpUTMA
pekypcuBHoro nudposoro ¢uibtpa BepxHux vacrtor (PLI® BY). A amroputMm Bcell aganTHBHOMN
GUIBTpAiM CBOJUTCS K TMOCTPOCHHUIO JIBYX PEKYPCHUBHBIX HUQPOBBIX (QUIBTPOB 1-ro TOpsKa,
npuueM Kod3pdunuent ocaoBHoro — PLI® HY — nponopuroHanbHO 3aBUCUT Yepe3 MacIITabupyromuit
kodpdumment Ka ot momyns BeIxogHOro curHaia Broporo — PL[® BY, BeimomHsmOmEro poib
aNropuTMa aJanTaluy.

Kommnekcnas nepenatounas ynkuus PLIO BY:
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apot+api*z= 1
1+bp*z=1 "

Hp(z) = (7)

Torma BecoBbie kodhpunmentsr PLH® HY ¢ yueTtom macmrabupyromero kodhduimenra Ka
OynyT onpenensaTbest MoaysieM pynkuuu Hn(z):

kp1(2) = Ko * |Hp(2)], (8)
kao(2) = 1 — kp1(2). C)]
A KOMIIJICKCHAasA Hepe[{aTO‘lHaH (pyHKHI/Iﬁ BCCT'O0 aAalITUBHOI'O (bI/IHI)Tpa 6yﬂeT:
_ kaqo(2) _ kqo(JwT)
Hadp (Z) - 1+kpq(2)*z~1 - 1+kp, (joT)xe—JjoT" (10)

[Ipu ycTaHoBHBILIEHCS WIM MEIUICHHO M3MEHSIOIIEHCS BEIMYMHE BXOAHOro curHana (w—0),
3Ha4YeHHe nepeaaTouHas GyHKIHs Hadp(Z) MIMeeT MaKCHMaNbHO MIMPOKYIO MMOJI0CY MporycKkanus. [1pu
HAJIMYMU HMITYJIBCHBIX IIOMEX B 00padaThlBa€MOM CHUTHAJIE, MMEIOLINX, KaK H3BECTHO, B CBOEM
CIICKTpE MpeodiajaHie BEPXHUX 4YacToT, yacrtora cpe3a PLI® HY, ompenensemoro mepemnarodHoi
yskimeit Hadp(Z), yMeHbLIASTCsI, YTO MPUBOIUT K MOAABICHUIO UMITYJILCHON TOMEXH.

Anamm3 BeipakeHus (10) ¢ yduerom (7-9) BBISBISET YHHKAIbHBIE CBONCTBA IOIy4E€HHOTO
amganTUBHOTO ¢uibTpa. [Ipy AeHCTBUTENEHOM CKa4yKOOOpa3HOM HW3MEHEHHUH 00padaThiBaeMOro
CUTHaJIa C OJIHOTO YCTaHOBUBLIETOCS COCTOSIHUS B JAPYro€ YCTaHOBUBIIEECS COCTOSHHE aJalTHBHBIHN
¢GWIbTp, TOCTPOEHHBII HAa OCHOBE PEKYPCHBHOI'O alIrOpuTMa, T.€. HMEIOIUH OECKOHEUHYIO
UMIyIbCHYIO0 xapaktepuctuky (bWX), mokaspiBaeT cBoiicTBa (DUIBTpa C KOHEYHOW HMMITYIIbCHOM
xapakrepuctukoil (KMX). B pesynbraTe mepexomHoil mpoliecc 3aHMMAeT 3HAYUTEIBHO MEHbLIee
BpEMs II0 CPaBHEHUIO ¢ 00pabOTKOM TpaAULMOHHBIMU PEKYPCHUBHBIMH aITOPUTMaMH.

Jnst yckopeHust paboThl B IpuOOpax co CBEPXHU3KUM 3HEPronoTPEeOIEHUEM B BBIPAXKEHUSIX
PEKYPCHUBHBIX IHU(POBBIX (QUIBTPOB MOTYT HCIONB30BaThCS IIEIOYHCICHHBIC BBIYHCICHUS C
UCTIONIb30BaHueM KodddunrenTa gemnduposanus Kd(z):

kao(2) = g ko (2) = =52, |Kd(2)] = 1. (12)

IIpencrarnenne PILI® HY Bo BpeMeHHOM 00JIACTH B 3TOM Cily4ae OyAeT:
x[n]+y[n—1]*(Kd[n]-1)

y[n] = ] ) (12)
rae x[n] — muckpeTHas BBIOOpKAa BXOJHOTO CHTHAJIA B JTUCKPETHBI MOMEHT BpeMeHu N, y[n] —
3HAYEHUE BHIXOJHOTO CHUTHAJA B JUCKPETHBII MOMEHT BpeMeHH N. Takas ke 3aMeHa MOXeET OBITh
BeinosiHeHa u Juis PII® BY, riae BBIXOAHBIM CUTHAJIOM OyJeT BEJIMYMHA, MPOMOPIMOHAIBHAS
CKOPOCTH M3MEHEHHUS BXOJHOTO cUrHaa X' [n].

CTpykTypHass cxXxemMa aJanTWBHOrO (UIBTpa HAa OCHOBE pPAcCMaTPUBAEGMOTO METOJa
aJIalTHBHOM (QUIBbTpaluy MpejicTaBieHa Ha puc. 1.

Pe3yabTaThl 1 HX 00CYy:KIeHUE

Ha puc. 2a nokazaHa nepexo/iHasi XapaKTepUCTHKA paCCMaTPUBAEMOTO aJallTHBHOTO (HUIIBTpA.
Kak ObUI0 TIOKa3aHO BBIIIE, OHA UMEET XapakTep KOHEUHYIO JUIUTENLHOCTh, XOTSI B OCHOBE JITOPHTMA
aJaNTUBHOMN (QUIBTPALUK 3a10KEeH QUILTP ¢ OECKOHEYHON NMITYJIbCHON XapaKTEePUCTUKOM.

Jlorapudmuueckas amrmmurygaHO-dyacToTHas xapaktepuctuka (JIAUX) paccmarpuBaemoro
aJIalITUBHOTO (QWIIbTpa Ui CHHYCOUIANBHOTO CHUTHANa, MOKa3aHHAas Ha pUC. 3, JIEMOHCTPHPYET
cBoiictBa TpaaunuoHHoro PI[® HY. Ilpu sTomM HecMoTps Ha TO, 4TO (GUIBTP MOCTPOCH HA OCHOBE
PLH® 1-ro mopsiaka, OH MOKa3bIBA€T KPYTU3HY NEPEXOAHOM 30HBI MEXAY MOJIOCOU MPOIYCKAHUS U
MOJIOCOH 3aiep kuBaHus SkBUBajIeHTHYIO PLI® 2-ro nopsaka (Hakion 1o 38 nb/mex).

CriocoGHOCTh paccMaTpUBAEMOTO AJANTUBHOTO (PUIBTpa TMOJABISATH WMITYJIBCHBIE ITOMEXU
npezacrasieHa koddduuuentom noxasnenuss Kn. Mcxoas w3 npuHumna padoTsl JaHHOTO (UIIBTA,
K03(pPUIIUECHT TIOAaBNICHNsT YBEINIUBACTCS B 3aBHCUMOCTH OT CIIEYIONIHUX (PAKTOPOB: C YBEITHUYCHUEM
aMIUTUTYIbl MMIYJIBCHOW TIOMEXHW, C YBEIMYCHHEM Maciurabupyomero kodgdunuenra Ka, c
yMmeHblIeHueM 4acToTsl cpe3a PLI® BY whe. B mpakrtuueckux cinydasx KodQQHULIMEHT MOAABICHUS
UMITYJIbCHBIX TIOMEX MOKET JJOCTHUTaTh 3HaueHui 55-57 nb (puc. 4).
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x[n]

¥ /\\/

aganTayum

JleTeKTop CKOPOCTH H3MEHEHHA CHIHAa
Ha ocHoBe PLId BY 1-ro nopagka

l
/N Ka Anroputiv |
|
|
|

|
|
| )

Puc. 1. CtpykrypHas cxema nudpoBoro GuibTpa ¢ ajanTalyei Mo CKOPOCTH U3MEHEHUS CUTHAJIa

ApanTHBHEIW chneTR

—a—a=100
—— a=500
—m— a="1 000
—— I a=5000

OTHoCHTENLHAA aMNAHTYAA

10 12 14 18
HomMe R OUMcKPeTHON BeISOoRHM

Puc. 2. Ilepexongnas XxapakTepUCTHKA aIallTUBHOTO (DHUIBTpa

11

L2.0(w) s NN [ \

i AR

- 60
- 60—
1x1077 0.01 0.1 1 10

0.001 w ™
R 1.

Puc. 3. IAUX amantuBHOTO QUIBTPA MIPH PA3ITHUYHBIX (UKCHPOBAHHBIN MapaMeTpax
Macitadupyrouero koadgduuuenra Ka
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Koadduunent nogasneHns umnynbcHoM
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Puc. 4. 3aBucumocts K03 uIreHTa MOAaBICHUSI UMITYJILCHOW IOMEXH C BEJIMYUHONW OTHOCUTEIBHOMN
amrumaty el 100, 75 1 50 % (A=1,0; A=0,75 u A=0,5) ot macmTabupytomiero ko3hdunuenrta Ka npu
pasnuuHbIx yactotax cpeza PLID BY (@ 1he < ©2nc)

Ha puc. 5 mokaszaHel aAuarpaMMbl peajbHOTO W3MEPUTEIBHOTO CHUTHANA, TOJYYECHHOTO U3
CHUCTEMBI OOHapyKeHHUsl yTe4eK He(TempoBOJOB, M PE3yNbTaThl €ro 00padOTKH HOBBIM ITHU(GPOBEIM
afganTuBHBIM (GUIBTpOM B cpaBHeHUM ¢ TpaaunuoHHBIME PLI® HY 3-ro mopsaka. Paspaborannbrit
aJanTHBHBIA QUIBTp obecrieunBaeT Oojiee TOUHYIO Tepenady (opMbl curHana (KoieOaTelbHBINR
mporecc mocie (poHTa MaJcHUS JaBJICHUS) II0 CpaBHCHHMIO TpaaunuoHHbiMu PL® HUY,
MCKa)KAIOIIMMH NIEPEXOAHBINA IpOLIECC.
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Puc. 5. O6paboTka peaqbHOro 3ayMICHHOIO CUTHAJa aallTUBHBIM (DHMIIBTPOM:
WCXOJHBIN curHali (a); pe3yapTaTel 00padoTku 3Toro curaaia: PLI® 3-ro mopsaxa (0, B),
QJIalITUBHBIM QUIILTPOM (T)
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HoBu3Ha mpemIoKeHHOTO pEUICHHs 3aKIYaeTCs B pa3paboTKe anropuTMa ajarTallviH,
OCHOBAaHHOTO Ha JIETEKTUPOBAHMH CKOPOCTH M3MEHEHHs 00pabaThIBAEMOT0 CHTHAJA, YIPABISIOIIETO
kodurmmmenramu  mpocroro PII® HY 1-ro mopsaka, ITO3BOIHMBINEGE TP MHUHAMATHHBIX
BBIUMCIIMTEIBHBIX pecypcax o00ecnednTh BBHICOKOA((MEKTUBHOE TMONABICHHE (B MPAKTHYECKUX
MPUMEHEHUIX 10 55...57 nb) UMIyNbCHBIX TTOMEX, B T.4. BRICOKOAMIUIUTYIHBIX, TPH MaKCUMAIIbHOM
coxpaHeHnH (GOpPMBI CUTHAJIa, © MUHIUMH3AITHIO0 BpEMEHH OTKJIMKA TIPH CKaYKOOOpa3HBIX H3MEHEHUSX.

3akiouenne

@unbTp, BBHINOJHCHHBIH Ha OCHOBE MPEIUIOKEHHOTO METOJa aJanTHUBHON (uibTpannu
MIO3BOJIIET MOJYYUTh CBOMCTBA, TPYAHO AOCTHXHMMBIE IPH OTPAHUUEHUH BBIYMCINTEIBHBIX PECYPCOB
0e3 CYIIECTBEHHOI'O YBEIMYEHHS BPEMEHH BBIYMCICHUH W MCIOJIB30BAHWU HM3BECTHBIX CIIOCOOOB
buIBTpaIm:

a) o0ecreunBaeT BBHICOKYI0 KPYTH3HY II€pexoja OT IIOJOCHl IPOIYyCKaHHA K II0J0ce
3a7iep>KUBaHUs (U1 CHHYCOMJAILHOTO CUTHANA), COIOCTABUMYIO C XapaKTEPUCTHKAMU PEKYPCUBHBIX
¢GUIBTPOB 2-TO WU 3-TO TOPSIKOB;

0) HECMOTpsI Ha TO, YTO aJANTHUBHBIA (PUIBTP MOCTPOEH Ha OCHOBE PEKYPCHUBHOTO (PHIIBTpPa, OH
UMeeT KOHEUHYIO UMITYJIbCHYIO XapaKTePUCTHKY;

B) o0ecreunBacT BpeMs YCTAHOBJICHUS BBIXOJAHOTO CHTHAJNa, MEHBIIEE BpPEMEHHU
YCTAQHOBJICHUS! TPAJULHMOHHBIX PEKYPCUBHBIX (WIBTPOB; BBIXOAHOM CHIHAJ HMEET KOHEUHBIH
MEePEXOIHBIN MPOLIECC;

') oOecrieuMBaeT BBICOKYIO CTENCHb IOJIABJICHHS BHICOKOAMILUIMTYTHBIX MMITYJIBCHBIX MOMEX
(ma mpaktuke ot 13 mo 57 nb), mpeBocxomsmiyto no 3¢dextuBHOCcTH PLID BhICOKHX (BBIIIE 3-TO)
MOPSIIKOB; IPU 3TOM CTEHEHb IOJABJICHUS MMITYJIbCHBIX IIOMEX YBEJIMYUBACTCS C POCTOM HX
aAMIUTATYIBL;

n) TpeOyeT MUHUMAJIbHBIE BBIYMCIUTENbHBIE pecypchl, conoctaBumbie ¢ PLI® 2-ro wmu 3-ro
HOpsIIKA.

[IporpamMMHBIii GUIBTP, OCHOBAHHBIM Ha PACCMOTPEHHOM METOJE aJanTUBHON (UIbTPAINH,
BHEJIpEH B u3zenus, poimyckaembie @IYIT «BHUWA» nins HedrerazoBoii NpOMBIILICHHOCTH.

Ha wucnomnsemblii kon mporpamMmbl  LU(POBOrO aJanTHBHOIO (GUiIbTpa IMOIyYCHO
ceugerensctBo  POCIIATEHTA o rocymapcTBeHHOW peructpamuum mporpamMm muss  OBM
Ne2016661563 [5]. [lonaHa 3asiBka Ha u300peTeHue B EBpornelicko-A3uaTcKoe MaTeHTHOE BEIOMCTBO
[6], koTopast mpoIIa FKCIEPTU3Y U HAXOAUTCS Ha CTaJUH PACCMOTPEHHS IO CYIIECTBY.
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YK 681.51.01
OIIEHKA SKOHOMWYECKON Y®®EKTUBHOCTH BHEJIPEHUSI THBAPUAHTHBIX
CAP TEMIIEPATYPBI IIEPET'PETOI'O ITAPA ITAPOBBIX KOTJIOB
KVYJIAKOBT. T., KAPHUIIKMII H. b., KPABYEHKO B. B.
Benopycckuil HalMOHANBHBIA TEXHUYECKUI YHUBEPCUTET,
(Mumck, Pecriyoiniika benapych)
AHHOTAIHAS. [Mpeanoxena MHBapHaHTHAsI cucremMa aBTOMaTHYECKOTO yIpaBJIeHHs
TEIIOPHEPTeTUUYECKUMH ~ TPOLIECCAMH € HM3MEHEHHBIMHA JWHAMUYECKUMH  XapaKTePUCTHUKAMH,
peayiM3oBaHHas JUIA PETYIHPOBAHHUA TEMIIEpaTyphl Ieperperoro mapa Ha kormax TI'MII-114
sHeproookoB Jlykommbsckoit I'POC ¢ momomisio mepBoro u BTOporo BOpbeICKoB. I[lokazaHa BeICOKas
3¢ GEKTUBHOCTD MpeIJiaraeMOi CHCTEMBI B CpPAaBHEHWH C THUIIOBOM CHCTEMOW aBTOMAaTHUYECKOTO
perynupoBanus ¢ nuddhepeHInaTopoM IPH IMITATHRIX MapaMeTpax AHHAMAYECKONH HACTPOUKH.
KaloueBble ciaoBa: lHBapmaHTHas cucTeMa aBTOMATHYECKOTO PETYIHPOBAHUS, IapaMeTps
peryaupoBaHusl, EperpeThlil nap, aucrnepcusi, 3pHeKTHBHOCTS.

ESTIMATION OF ECONOMIC EFFICIENCY OF IMPLEMENTATION OF INVARIANT
ACS OF SUPERHEATED STEAM TEMPERATURE OF STEAM BOILERS
HENADZI KULAKOU, MIKALAI KARNITSKI, ULADZIMIR KRAUCHANKA

Belarusian National Technical University,
(Minsk, Republic of Belarus)

Abstract. An invariant system for automatic control of heat and power processes with modified
dynamic characteristics is proposed, implemented to control the temperature of superheated steam on
TGMP-114 boilers of power units of Lukoml SDPP using the first and second injections. The high
efficiency of the proposed system is shown in comparison with a typical automatic control system
with a differentiator with standard dynamic tuning parameters.

Keywords: Invariant automatic control system, control parameters, superheated steam, dispersion,
efficiency.

Beenenue

AKTyanbHOCTh MPOOJEMBI CO3JaHHMS BBICOKOKAYECTBEHHBIX CHUCTEM aBTOMATHUYECKOI'O
ynpasienuss (CAY) TemnosHepreTHUeCKUMHU IMpoleccaMd C W3MEHEHHBIMH JTUHAMHYECKUMHU
XapaKTepUCTUKAMH U B3aUMOCBSI3aHHBIMH [TapaMeTPaMu BO3POCIa B YCIOBUSIX COBPEMEHHOCTH, B TOM
yHciie TOCJIE BBOAA B JKCIUTyaTalWIO IEpBOro M IuaHupyemom B 2022 romy BBOAOM BTOPOIO
sHeprobioka benopycckoit ADC. DT0 CBS3aHO € HW3MEHCHHEM TPAJIUIIMOHHBIX IOAXOJIOB K
PE3EPBUPOBAHMIO IIEKTPUUECKUX MOIIHOCTEN B JHEPTOCUCTEME, B TOM YHCIIE TPUBJICUEHHUIO JJIS 3TUX
esneil SHeproOI0KOB, paHee IKCIUTyaTHPYEMbIX B 0a30BOM 4acTH rpaduke 3JEKTPHUECKUX HATPY30K.
B wactHOCTH, HaeT peus 00 sHeprodnokax 300 MBt ¢ xorinamu TI'MII-114 Jlykomisckoit [POC. B
CBSI3U C OTHM aKTYyaJbHOW CTAHOBHTCS 3a/ladya OLEHKH A((PEKTUBHOCTH BHEIPEHUS] MHBAPUAHTHBIX
CAP kak mpu oTtpaboTke Hambonee OMACHBIX H3MEPEHHBIX BHYTPEHHHX BO3MYLICHUH, Tak U
HEM3MEPEHHBIX BHEIIHUX.

MeTtoauka npoBeJeHHs IKCIIePUMeEHTa

[Ipombliiennsle ucnbiTanus paspadoranHelx BHTY unBapmantHeix CAY Temmeparypsl
MIEPETPETOro mapa MepBBIX U BTOPHIX BIPHICKOB MapOOXJIaAUTeIe MpOBOIMINCH HAa TAPOBBIX KOTJIAX
TI'MII-114 Jlykomisckoit ['POC ¢ ucnonb3oBaHHEM pa3pabOTaHHBIX AHATUTHYECKUX DKCIIPEcC-
METO/I0B CTPYKTYpPHO-TIApaMETPUUECKON ONTUMHU3ALMN JUHAMHUYECKUX CUCTEM TETJIOPHEPreTHYECKUX
npoiieccoB [1-6] U TpaAULIMOHHBIX METOIOB TEIUIOBBIX UCTILITAHUHN KOTIIOB [7].

HcnpiTannst mpoBoIWIIMCh B padodyeM jauana3oHe m3MeHeHuss Harpy3kd oT 100 mo 40 %
HOMMHAJIBHOTO 3HAUEHMs] M TPEABapUTENbHBIE pe3yJbTaThl IOKa3aldd, 4YTO Ha IIEpBOM JTare
BHE/IDEHUE TaKWX CHCTEM IMO3BOJSAET  YIYYIIMTh IOKa3aTeNd KadecTBa PETyJIMpPOBaHUs (Bpems
peryiaupoBaHus, MOJYJb IUIOIAJAA ONIMOKH PETYJIMPOBaHUs IPH BHYTPEHHHX W BHEIITHHX
BO3MYIIEHUX, CpeIHEe 3HAYCHHWE TUCTIEPCHUN M3MEHEHHs TeMIIepaTypbl IEperpeToro mnapa) B JBa
paza mo cpaBHeHuio c¢ tunoBoii CAP c¢ auddepeHnpaTopoM mpH INTAaTHBIX MHapamMeTpax
JIMHAMHAYECKON HACTPOMKH CUCTEMBI.
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TouHOCTD MOAAEPKAHUS 3aJaHHOTO 3HAUYCHHS TEMIIEpaTyphl IEPErPETOro napa Ha BHIXOJE U3
KOTJIa CYIIECTBEHHO BJIMSACT Ha SKOHOMHYHOCTB, HA/IEKHOCTh W JIOJITOBEYHOCTH €ro padoTsl. Tak,
HOBBIIIEHHE TeMneparypbl mapa Ha 1,0 °C CHWKaeT DONTOBEYHOCTh IApOIEeperpeBaTelsl U3 CTaIH
12X1M® na 3 %, uto npu npoekTHOM pecypce Metamia B 240000 wacos cocrasisier 7200 vacos [6].

ABTOMaTHYeCKass CHUCTeMa peryJMpoOBaHMs TEMIIEpaTypbl IEeperperoro Imapa JOJDKHA
rapaHTHPOBAaTh B PETYJIMPOBOYHOM IHMAIA30HE H3MEHEHHsI Harpy30K KOTJIA: yCTOHYMBYIO paboTy
ABTOMATHYECKHUX PETYIATOPOB BIPBICKOB (OTCYTCTBHE aBTOKOJEOAHMIA) M OTPaHUUCHHYIO YaCTOTY UX
BKJIIOUCHUS; NPOTEKaHUE IMEePEXOJHBIX MPOLECCOB, BBI3BIBAEMBIX CKAYKOOOpa3HBIM H3MEHEHHUEM
Harpy3kn Ha 10 % (mpm MCXOXHON HOMWHAIBFHOW HAarpys3ke), ¢ MaKCHMAJbHBIM OTKJIOHEHHEM
TeMIIepaTypbl CBEKETo Mapa Ha BbIXojae u3 kotia Ha 8 °C, mist mpomexyrtoynoro mapa — 10 °C u
3HAYEHUSAMU MHTErPalbHOr0 KBaJpaTHYHOIO KPUTEpHs cooTBeTcTBeHHO 5000 m 10000 (°C)? - ¢ [8].
Bmecte ¢ TeMm TOBBbIICHHE TeMIeEpaTyphl IeperpeToro mapa Iepel TYpOMHOW TOBBIIAET
pacrnoaraeMelii TEIUIONepera, YBeITHINBAET SKOHOMIYHOCTh pabOTHI TYpOUHEI.

BHeapenne MOIEpHM3HPOBAaHHBIX HWHBAPHAHTHBIX PETYJISATOPOB BIPHICKOB YMEHBLIAET
CPEIHEroZ0BbIe MaKCHUMaJIbHbIE OTKIOHEHHSI TEMIIEpaTyp MEperpeToro mapa oT 3aJaHHBIX 3HAYCHUH
IPUMEPHO B 2 pa3a. DTO MMO3BOJISET MOBBICHTH CPEIHETOIOBYIO TEMIIEPATYPY MEPErPETOro mapa mnepes
Typ6unoii Ha 1°C (¢ 540 °C mo 541 °C).

OmnpenenuM creayroIye Moka3areny padoTsl SHEProdIoKa:

Hosbienne M,yeoropmoca (1136) MIPU BBIIIEYKA3aHHBIX YCIOBUAX OMPEACTUTCS KaK:
M =M Mot "M "M "My "M 1)
rae 1|y - tepmuueckuii KIIJ] npu ompenenenubix p u t; 1, - BHyTpeHHHI oTHOcHTenbHbIA KITJ]
TypOunsl; 1), - mexannueckuii KIJL; M, - KIIJI reneparopa; 1, - KIIJ{ kotenbHoi ycranosku; T, -
KII/JI, yuuTeIBatoniii morepu TEIUIOTHI B TpyOompoBogax. 3a UCKIoYeHHeM T|; ocTanbHBIE TATH
no3unmii o KIIJ| mpumem Ha OCHOBaHWM JHUTEpPaTypHBIX AaHHBIX [8]: T|; =0,9; n, =0,985;

. =0,985 (npu  BomOpoAHOM  OXNaKACHHH); T, =0,94 (nmpu paGore mHa mnpupomHOM rase);

N =0,975.

[Tockonpky B cpaBHHBaeMbIX ciydasx 3T maTh KIIJ[ octaroTcsi HeM3MEHHBIMU, TO OCHOBHOE
BHUMaHue ynenum tepmudeckomy KI1/1, onpenensemomy mo DiagramHS o u3BectHbiM P 1 t.

COOTBETCTBEHHO, B UCXOJHOM Bapuante (Bapuant A) mpu [ = 23,54 MIla un t, =540C ¢
Y4eTOM TIOTEePH JABIECHUS B PETyIUpYyIOMUX KiaamaHax 5% [8] ompemenum mapameTphl mapa mpu
P, = 22,36 MITa u t, =535,5066 C . 3nauerme h, =3324,357 xJiw/xr.

[Tocne BHeApEeHUS HOBOTO PETYNIATOpPA BIPHICKOB MapaMeTpsl mapa (BapuaHt B) cocraBsaT mpu
B, = 23,54 MTa, t, =541°C, p, = 22,36 MITa u t, =536,5202"C . 3naucnue h, =3327,572 /.

[Ipupoct cpabaTeiBaeMOro Temjonepenaga Npy TOBBIIIEHHH Temrepatypsl fo Ha 1°C
COCTaBHJI:

AH =h h , = 3,215 kJiwe/x. (2)

0(BapuanTB) - 0(BaprantA
HpOBeI[eM OIpE€aACICHUE TEPMUIECKOTO KHI[ C HUCIIOJIb30BAaHUEM l"pa(l)I/IKa 3aBUCUMOCTHU €TI0
OT TEMIICpaTypbl OCTpPOro Iapa. ITo JaHHBIM [8] omnpeacinM TCOPETUIYCCKOC €ro 3HAYCHUC!:

T]tA =0,4575 (npu p(') = 22,36 MIIa, t(; =535,5066"C). 3arem maiinem cpabGaTeiBaeMbIii Tepenaj 1o
h,S—nuarpamMme, npenBapuTENFHO paccYMTaB TEIUIOBYIO cxeMy »dHeprooioka 300 MBT npu
CTaHJAPTHBIX yCIOBUsX ¢ P, = 0,0034 MIa. Vuursieas Tor (axT, 4TO MOJABOJ TEIUIOTHI HA Y4acTKe

« hK » -« hHB » OCTaeTcd BEITMYMHOW MOCTOSHHOM, B JajbHeWIeM OyaeM paccMaTpuBaTh W3MEHEHUS,

KacCcaromurecsa TOJbKO HNPOHECCOB, CBA3AHHBIX C IIapOM. CpaBHI/IM YBCINYCHUC Cpa6aTLIBaeMOFO
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TeIUIonepenaga JBYyX BapuWaHTOB M y4YTeM IMOBBINIEHHWE T|; 3a CUET pEereHepaTHBHOTO IOAOTpPEBa

MUTaTEIHHOM BOIBI, Ha Bennuuny 10% [8].

Pe3yabTathl 1 ux o0cy:xaeHue
OTHOCUTENBHOE YBENUYEHHE TEIUIONepenaa:
B

AH, (h,—h, +h’ —h), 3327,575—2926,8+3540,5-2282
AH, (h—h +h —h), 3324,357—2926,8+3540,5— 2282

1,002. 3)

AH

Takum o00pa3oM, MBI TOJYyYUM TOBBIIIAIOIMUN KO3 PHUIIHEHT KAH =1,002, KOTOPBII

YUUTHIBACT HGKOTOpHﬁ POCT OSHTAJIBIIMK IIapa B BapUaHTC C YCTaHOBKOP'I HOBOTO peryisitopa
BIIPBICKOB.

Torma 0° =1 -K,,, =0,4575-1,002 = 0,4584. ()

Takum o6pa30M, ITOBBIIICHUEC KHH 3HCpI‘O6J'IOKa COCTaBUT C YYCTOM BCEX NICCTU
COCTaBJIAIOIIHUX

Ang, =ng, =g, = =0 N, M, N, =
—(0,4584-0,4575)-0,9-0,985-0,985-0,985- 0,94-0,975 = 0,00072. (5)

YMeHblIeHrE pacxo/ia TOIUIMBA Ha YHEPTOOJIOK.
B o0miem cinyvae yAenbHBIN pacXxo yCIOBHOTO TOIUIMBA Ha 1 KBT-4 anekTposHeprum onpeaessiercs:

123
b, =—ry.1./kBT U (6)

ES)
Tl on

C y4yeToM pereHepaTMBHOIO NOJOrpeBa nOUTAaTeabHOM Boawl T =T, L1, rme 1,1 -
KOO UIMEHT, yIUTHIBAIOIIMA HAIMYKE perenepanuu. Yurem u koopouuuentsr My, M, , M, N, M,y
T]f6 =0,4575-1,1-0,9-0,985-0,985-0,94-0,975 = 0,4027;
ni =0,4584-1,1-0,9-0,985-0,985-0,94-0,975 = 0,4035.

OKOHOMUSI TOIIJIMBA IPH BBIPaOOTKe 1 KBT-4 31eKTpo3Hepruu:

123 123 y
Ab, = T]_A _T]_B =0,6056T y.1./)BT -1 = 0,6056-10° T y.T/KBT - 1. (7
20 20

Hatinem sxoHOMUIO TOIIMBA Tipu paboTe sHeproOioka 16 wacoB B cyTkd (2/3 cyTok) mpu

MaKCHMAaJIbHOM HArpy3Ke N3 =300 MBr 1 nocrosiHzOM faBiennu

AB,,=Ab,-N,-16=0,6056-10"-300-10° 16 =0,6056-0,3-16 = 2,907 T y.T. )

213
Yuutsias croumMocTh (L, 1. ) 1 Ty. T. B I'TIO «bemsuepro» B 2021 roxy, pasuoii 210 no.,
MOJYYUM KOHOMHIO TOTLIMBA B JICHE)KHOM BBIPAKECHUU:

A3,,=AB, -1 =2,907Ty.1.210 o = 610,47 nomn. 9)

4. [Ipu cxomb3sieM nasnenun napa ( P, =Val') npu yactuunoil Harpyske (B JaHHOM

ciayugae 120 MBT) sHTambIus mapa BO3pacTaeT, TOTNA KaK MPH TOCTOSHHOM JIaBICHUW DHTAJIBITHS
niepes1 epBoi CTYIEHBIO PaBHA HTABINH TP HOMUHAILHOW Harpy3ke. [Ipu ckomb3siieM JaBIeHun
TeMIeparypa mnapa nepej HepBOW CTYINEHBIO MOAJIEPKUBAETCS MOCTOAHHOW. B Hamem ciywae npu
YCTaHOBKE HOBOT'O PETYIATOPA BIIPLICKOB OHA paBHa 541°C .

PaccmoTpuMm Bepcrio ¢ yCTaHOBKOM HOBBIX PETYJISITOPOB BIIPHICKA W CPaBHUM BapHaHT

pa6OTI>I OJIOKa C 3TUMH peryjadaTopaMu 1pu MOCTOSIHHOM JaBJICHUU po = 231 54 Ml—Ia n tO = 5410(: u

BapUaHT C MEPEX0JI0M Ha CKoJIb3siiuee naBienue u by = 541°C(const). B nepBoMm ciydae sHTaIBIHS
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napa Ha BXoJie B TypOuHY ¢ yueToM 5% MoTepH B KJIalaHaX W CHW)KEHUH TeMIIepaTypbl ¢ 541°C 10
536,5202°C 1pH [JaBJICHUU p('J = 22, 36 MlIla, cocraBur ho = h(I) = 3327,572KI[>K/K1" , Kak yxe

oTMedaioch panee. Takum oOpazom, ho = hO =3327,572 KIbK/KF M SIBJISIETCS BEIMYUHOM ITOCTOSHHOM.

Bo BrOopoM cmywae mpomeccel mpoucxomsT wHave. [lpm MCXOAHBIX MapaMmerpax mapa

P, =23,54MIla y t, =541"Conranenus napa cocrapmsier Ny =3327,572kJUK/Kr.  Jlanee mpm

IMOCTOSTHHOM TEMIICPATYpC tO = 541 CHpOI/ICXOI[I/IT «CKOJIBKCHHC)» NAaBJICHUA B IPUBA3SKE K U30TEPME,

paBHOl 541°C, W TNpH YacTUYHOW Harpy3ke (B JaHHOM cIydae N3 :120MBT) 9TO JaBJICHHUE

HECKOJILKO BO3PAacCTacT, YTO BCACT K POCTY DHTAJIBIIMU ITIapa Ha BXOAC B Typ6I/IHy OHpCI{CJ’IHeM 3TOT

npupoct no h,S—mmarpamme npu nepememtenuu u3 Touku 0 ( P, = 23,54 Mlla,t; = 541°C) B Touxy 0’
(P, = 22,36 MIla,t, = 541°C ). Duransmns B o7oit Touke cocraput: N, = 3341, 7 kJLK/KT.

5. [IpupocT SHTaNBIHMU, a CIENOBATEIHLHO pPAcloaracMoro TeIulonepenaga Mocie
nepexojia Ha CKOJIb3sIIee JaBJICHUE COCTABUT:
Ah= h('J —h, =3341,7-3327,572 = 14,128 xJlx/kr. (120)

Pacnonaraemslil Temionepenaa Ipy MOCTOSHHOM JABIEHHH OCTPOTO mapa ObLI OmpeneieH

paHee u COCTaBUII AHB = 1659, 275KI[>K/KF.

PacronaraeMslif Terutonepenaz Ipu Mepexo/ie Ha CKOMb3sIIee AaBIEHHe OCTPOro Mapa BO3pOC
u cocrasun AHg o) =1673,403x/Lx/xr.

Torma OTHOCHTENBbHOE TMOBBIIMICHUE TEIUIONEpeNnaaa A YCTaHOBKM HOBOTO pETYJSITOpa
BIIPHICKOB TIPY CPaBHEHUH PEXKUMOB TIOCTOSTHHOTO M CKOJIB3SIIEr0 AaBICHUHN ONPEeINTCS KaK:

AH B(CD) . 1673, 403 .

K = = =1,0085. 11
MO TUAH, 1659,275 40
C yuerom noBbitarotero koadgumnuenta KI1J[ sreprodmoka coctaBur:
Mooy = Mo~ Koa(cp) = 0,4035-1,0085 = 0,4069. (12)
DKOHOMMUSI TOIUIMBA TPH BBIpaboTKe 1 KBT-4 anekTposHeprun
123 123
Ab, o) =—5 ——5— =2,5471r y.1./kBr 4 =2,5471- 10° T y.1./kBT 4. (13)
naﬁ T]36(CD)
7. OmnpenienrM 3KOHOMHUIO TOIUIMBAa TpU pabore sHeprodioka 8 uvacoB B cytku (1/3

CyTOK) NP MUHUMAIBHON Harpy3ke N3 =120MBT y cxonpssimenm nanennu u MOJIYYHUM 3KOHOMMUIO
TOIJIMBA B €HEXKHOM BBIPAKEHUU

AD )= 35,211 y.1.-210 monn = 7394, 1 mon.

[To manueiM [1TO JITPOC HapaboTka koTii0B 3Heprodyoka Ne2 B 2020 roay B cpeHeM
coctaBuia 7789,2 yacos unu 324,6 cyTok.

[Tpumewm, uto 2/3 B cyTKH SHEProOIOK paboTaeT MPH MaKCUMAaIbHON HArpy3Ke M MOCTOSTHHBIM
JIaBJICHUH Tapa nepes TypouHoi (216,4 cyTok), 1/3 B CyTKM — TP MUHUMAJIBHOM Harpys3ke u
NepEMEHHOM JaBJIeHUH mapa nepea Typounoit (108,2 cytkn).

B pesynpTraTe rogoBast 5kOHOMHS YCIOBHOTO TOIUIMBA IPY OCTOSIHHOM JIaBJIEHUH apa nepes
TypOHHOM COCTaBHT:

3(cD

2/3

AB;” =2,907 - 2 -216,4=419,41y.T.,
a IIpY IEPEMEHHOM JABJICHUU —

1/3

AB :35,21-%'108,2 =1269,97y.1.

HpI/I 9TOM I'oJ0Bas1 3KOHOMUS YCJIOBHOI'O TOIIJIMBA COCTABUT:
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AB™ =419,4+1269,9=1689,31Yy.T.

HpI/I CTOMMOCTH 1 T y.T.B 210 AO0JUJI. B ICHCKHOM BBIPAXKCHUU I'OA0BAsA SKOHOMUS 6YILCTZ

9" =210-1689,3 = 354753 nomn. unu 2,6-354753 = 922357,8py6 . (1 momm. = 2,6 pyo).

3akiioueHue

Bmecre ¢ Tem mo maHHBIM [6] yMEHBIIEHHWE CPEIHETOAOBOM MIWCIIEPCHH HW3MEHEHHS
TEMIIEpaTyphl Tlapa MPHUBOAXAT MO0 MHUHHMAJIBHBIM OILEHKAM K YBEIHMUEHHIO CPOKa CIyXObI MeTaia
naponeperpeBarens Ha 1,56 roma wiam 13665,8 uacoB. IIpu 3TOM NOBBIIIEHHE CPETHETOAO0BOTO
3HaYeHUs TEMIepaTypsl mapa nepen TypOuHod Ha 1 °C yMeHbIIaeT Cpok Ciy»KOblI Tombko Ha 7200
gacoB. C yd4eToM 3TuX (pakTOpOB roJIoBOA SKOHOMHUYECKHX PPEKT OT MOAECPHHU3AINH BCEX BIPHICKOB
KOTJIOB
TI'MII-114 JITPOC B neHEKHOM BBIPaXCHHHM MOXKHO PacCUUTaTh 1o (hopmyiie:
3, =922357,8py6 - ﬂ = 485956 pyo.

13665,8

HecmoTps Ha  yMeHBIIEHHE CYMMapHOTO JKOHOMHYECKOro 3ddekra ¢  yderom
JIOTIOTHATENPHBIX HMHBECTUIIMH Ha MOICPHHU3AIUIO PETYISITOPOB BIPHICKOB, CPOK OKYIMaeMOCTH
nociegHux He OyneT MpeBhIaTh TPH roja. ITO AOKA3hIBAET 3KOHOMHUYECKYIO IIeJIeCO00pa3HOCTb
MonepHu3anuu mMTatHeIXx CAP TemmepaTypbl Heperperoro mapa MapoBBIX KOTJIOB C BHEApPEHUEM
WHBAPHUAHTHBIX PETYIATOPOB BIPHICKOB.
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Abstract. This article shows the approaches to automatic control based on TPTS equipment. The
problem of applying the control laws implemented in the TPTS is described and an idea for solving

this problem is proposed.
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Beenenue

Kommekc cpencts  aBromarmzammu  (KCA) TIITC mnpemHasHaueH i TOCTPOESHHS
nporpamMmmHo-TexHudeckux kommiekcoB (IITK) cucrem xontpons u ymnpasinenus ADC, TOC u
TEIIOBBIX 00beKTOB npombiiieHHOCcTH. TTITC BkitovaeT B cedst HAOOp anmnapaTHBIX U MPOTPaMMHBIX
CPEIICTB, CIyXaImux I peanm3anud (yHKUA KoHTpons u ympasneHus ACY TII. I[lnardopma
TIITC umeet MOIYTBHYIO CTPYKTYPY U TIO3BOJISIET CO371aBaTh pa3HooOpasHblie cTpykTypsl [ITK.

CpenctBa KCA TIITC ucnons3yroTcs sl peIIeHHsI CISTYIONINX 3a/1a4: U3MEPEHUE CUTHAJIOB
OT JaTYUKOB C YHU(PHUUMPOBAHHBIMHU BBIXOJHBIMH CHTHAJIAMH TOKAa W HANpSDKEHUS; NpPUEM U
00paboTKa CUTHaJOB TEpMOIap M TepMoIpeoOpa3oBaTeneil; BbAaYa YHHU(DUIMPOBAHHBIX CHUIHAIOB
TOKAa W HaNpsOKeHWs; TpHeM, o0paboTka W BbIa4ya JBOMYHBIX CHUTHAJIOB, WHAWBUAYalbHOE
ynpasienre VIM; 3anyck 1 BHITIOJHEHUE allTOPUTMOB 3aIIUTHBIX JIeHCTBH. [1,2]

Ha ADC anmapatypa TIITC npumensiercs B cnenyromux noacucremax ACVYIIT: konTposd u
yhpasiieHHsT 000pyI0BaHUEM HOPMAJIBHON IKCILTyaTaluH; HOPMAJIbHOW SKCIUTyaTalll, Ba>KHOW JJIst
0e30MacHOCTH; DJIEKTPOHHONH YacTH COOCTBEHHBIX 3allUT TYypOWH M TeHepaTopa; KOHTPOIS |
yIOpaBlieHHsT BCIOMOTaTelIbHBIM OOOpyAOBaHHEM TypOoreHepaTopa; KOHTPOJS M YNPaBICHHUS
BOJIOOYHCTKON M BOIOMOATOTOBKOM; HHUIIMUPYIOIIEH YacTH MpelynpeIuTeIbHON 3alUThL U T.J.

B mnacrosimee Bpemsi obopymoBanne TIITC ycnemno ¢yHkumonupyer Ha benmopycckoid,
Jlenunrpanckoii, Kypckoit  npyrux ASC.

Hns paspabotku IITK Ha ocnoBe obopymoBanus TIITC ucnons3yroTcs HHCTPYMEHTAIbHBIE
cpenctBa aBromaru3upoBanHoro npoektupoanus CAIIP GET-R u GET-R1. OcHoBHoOU 3amaucit
CAIIP sensiercsi gopmupoBanue anroputmoB padorsl moayneir TIITC. Ilomumo storo, CAIIP
BBIMOJIHSIET CIEAYIOIIME 3aJadd: CO3JaHHE M M3MEHEHHe (QYHKIMOHAIBHBIX CXEM, IpPOBEpKa
NPaBUIBHOCTH AJITOPUTMOB, YIPaBJICHHE MPOEKTHBIMU JaHHBIMH, MoJenupoBaHus. s paboTel ¢
obopynosanriem mokoienuss TIITC-EM wu TIITC51 wucnonsdyercss CAIIP GET-R. Tlo wmepe
moaepHuzauun obopynosanust TIITC, nosBunuce HoBble mokosenus ammapatypel — TIITC-HT u
TIITC-Cb. [ns mpoextupoBaHusi aiaroputMmoB ynpasineHus [ITK Ha 0Gase ammaparypel HOBOTO
nokoenust Obi1 co3nan CAIIP GET-R1 — HoBoe moKoNeHHWE WHCTPYMEHTAIbHBIX CPEJICTB
aBromaruzupoBanHoro npoektupoanus. CAIIP GET-R1 taxke no3possieT paspabateiBath [ITK Ha
6aze TIITCS51 — TIITC-EM.
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Opraanzanus peryiupoBanus Ha 0a3e anmapatypsl TIITC

CpencrBa aBromarnueckoro peryiupoBanust B KCA TIITC-HT u TIITC-Chb npencraBieHs!
MonmymssmMua  cBsisu ¢ mporeccom  (MCID) TIITCS55.1681, TIITC55.1625 u  TIITC57.1772
(YHKUMOHAIBHBIMU M TPOTPaMMHBIMH ~ OJIOKaMH B YHHBEPCaJbHOM MOJyJe Ipoleccopa
apromaruzanuu TIITC55.1211 u B mpoueccoproM Momyie aBTomatuzaruu TIITCS5.1105.

MCII BemonHAI0OT (GYHKOUWA YOPaBIEeHUS HWCIOTHUTENbHBIMA MexaHmMamu (M) nHa
OCHOBAaHHWH JIOTHUECKOH 0OpabOTKHM BXOJHBIX KOMaHA. B AaHHBIX MOIYJNSX COAECPIKUTCS BCTPOCHHAS
noruka ynpasnenus no [1-, -, IIN u [T1]/[-3akoHam perynupoBaHusi.

Monyne TIITII55.1681 npennazHaden isi MpUMEHEHHS B CHCTEME aBTOMAaTH3allui Ha 0ase
KCA TIHTC-HT. Mogaynp T1O3BOMSET peann3oBaTh TPEXNO3WINHOHHOE ympasienne (MM)
uHTerpupyoomero tuna win WM, olecrneunBalomyMu «HENpPEPHIBHOE» H3MEHEHHE HEKOTOPOTo
napametpa, nio I1-, Y-, [11 u [T1/]-3akoHam perymupoBanus. [3]

MCII TIITC55.1625 wucnonp3yercss Ui HENPEpHIBHOTO aHAJIOTOBOTO YIPABICHUS H
anropuTMuUecky cxox ¢ mogyiem TIITCS5.1681.

B TIHTC-Cb unauBuayanbHbI KOHTpOdb W ympasieHue MM perynupytomieil aBTOMaTHKH
obecnieunBaercss momynem TIITCS57.1772. Monynp mnpenHa3HadeH [UIsl BBITOJHEHUS (YHKITHH
NPUOPUTETHOTO ympapienuss VM Tuma peryiupyriomuil KiamaH 10 JIOTUKE HWMITYJIBCHOTO
perynupoBanus. [4]

[IporpaMMHBle ¥  (QYHKOHOHANBHBIE  OJOKA  WCHONB3YIOTCS  JJII  OpraHHU3alliH
MOJIE30BATENIECKUX alNTOPUTMOB. [l0p30BaTEIBCKUE ANTOPUTMBI, TOCTPOCHHBIE C TIOMOINBIO TAHHBIX
OJIOKOB, HCIIOJHSIOTCSI HEMOCPEACTBEHHO B Tpoueccope aBtoMatm3auuu (ITA), mostomy mist
B3anmMoencTBus ¢ IM He TpeOyeTcs crienuann3upoBaHHBIX MOJyJel perynupoBanus. Cesszp ¢ UM
MOXKET OBITh BBIMIOJNIHEHA TIOCPEICTBOM MOJYJiel BBOAA/BBIBOAA JHCKPETHBIX WA aHAJOTOBBIX
curHasioB. C OMOIIBI0 KOMOMHAIIMK TPOTPaMMHBIX U (PYHKIIMOHATIBHBIX OJIOKOB MOXKHO YIPaBIATH
00BbeKTaMu, TPEOYIOIIMMH «HENPEPHIBHOTO» MU TPEXMO3UIMOHHOTO YIpaBICHUs. AJTOPUTMBI
JTAHHBIX OJIOKOB aHAJIOTHYHBI aJITOPUTMAaM MOIYJICH-PETryIIsTOPOB.

Pemenne npo0seMbl ONTHMAJIBLHOTO COIIACOBAHHOIO YIIPABJICHHA
o0opynoBanuem 3Heprodiaoxka AJC

PeanuzoBannbie B ammapatype TIITC II-, U-, [IM- u I[IMW/]- 3akoHBl peryiupoBaHus,
SBJIAIOTCA JIOCTAaTOYHBIMU C TOYKH 3pEHMs] TPAAMLMOHHBIX INPAKTUYECKHMX METOJOB CHHTE3a U
HACTPOMKHU  PEryJSATOPOB, IMO3BONSAIOT  JOOWBAThCS  3aJaHHOTO  KadecTBa  PEryIHPOBAHHS
(OBICTpOIEHCTBYS, TIepeperyINpPOBaHMs, KOJIeOaTeIhbHOCTH, acTaTu3Ma TpeOyeMoro mopsjaKa U T.1.).
BrionHe ompaBIaHO KCMOJIb30BAaHUE TAKUX PETYISTOPOB B CHUCTEMaxX CTAOMIM3AIMK THMA «BXOJ-
BBIXO/1», KOT/la YIIpaBJIEHHUE HAIIEJICHO Ha MOJJepKaHWe MaJIbIX OTKJIOHEHHWH HEKOTOpPOTro MapaMmerpa
TEXHOJIOTMYECKOI0 MpoLecca MPU HaJU4YMM BO3MYIICHUM W MEIJICHHOM H3MEHEHHM 3aJaHusl BO
BPEMEHU.

[lepcrieKTUBHBIM HaNpaBIE€HUEM Pa3BUTHA CHUCTEMBI ABTOMATHU3WPOBAHHOTO YIPABICHUS
sHeproookoM ADC sBIsETCS MPUMEHEHUE PETYISTOPOB, KOTOPHIE MO3BOJIMIN OBl COTJIACOBAHHO
YIpaBIATh OCHOBHBIMH arperaTamMyl WM B IeloM o0opymoBaHueM 3HeproOioka. Takas cucrtema
peryarpoBaHus TO3BOJIMIIA Obl HE TONBKO CTa0MIM3MPOBATH MApaMETPhl B CTATUYECKUX PEKUMAX
9Heprobioka, HO U (HOPMHUPOBAThH 33/IaHHOE JBIKEHHE B MPOCTPAHCTBE OCHOBHBIX MapameTpoB s
MIyCKOBBIX M MEPEXOJHBIX PEXKUMOB, HAIpUMEpP, NPU H3MEHEHUH YPOBHS MOLIHOCTHU, IPUTOM
ONTHMAaJIbHOE M0 HEKOTOPOMY KPUTEPHIO, HAIIpUMEp, 10 3aTpauynBaeMON Ha yIpaBiieHHE MaHEBPOM
SHEPTUHM, W B YCIOBHSX HAIWYHUS OTPAaHMYEHHWH B BHUAE HEPABEHCTB OTHOCHTEIHHO KOOPAMHAT
YKa3aHHOTO TIPOCTPAHCTBA TAapaMETPOB, OTBEYAMIIUX TpaHWIAM OE30MacHON JKCILTyaTaluu
000pyIOBaHHUSL.

[Ipobnemy mpemyaraercsi pemate He MmyTeM npuMeHeHus tumoBbix I1-, U-, TTM- u [TW/]-
AITOPUTMOB  PETYJIUPOBAHUS, a METOJaMU AaHAJUTUYECKOr0 KOHCTPYUPOBAHUS  JIMHEHHBIX
PETYIATOPOB COCTOsIHUS, Hampumep, Merogom A.M. JleroBa [5]. Pemrenue cMexHOW mpoOIeMbl
HETNOJHOTHI, WJIA HEIOCTaTOYHOW HAJEKHOCTH, WU «3alIyMJICHHOCTH» TIOIy4aeMOil IyTeMm
u3MepeHnii MHGOpMAIMH O COCTOSHHHM CHCTEMbl — METOJIaMH KOHCTPYHWPOBaHHs HaOIoaareneit
MOJTHOTO WJIM HETIOIHOTO TOPs/Ka, HanmpuMmep, GuibTpoB KamMaHa i1 BOCCTAHOBJICHHS COCTOSIHUS,
MpU 3HAYUTEIHHOM TIPOSIBIEHHH TEXHOJOTMYECKOTO IIyMa B IIOKa3aHUSAX JaTYUKOB, WIIH
HaOmiomareneii JlioenOeprepa, mpuW MajgoM €ro TpOsBICHUU. IIOCKONBKY pe3ynbTaT CHHTE3a
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HaOIronaTeNsl U peryiiaropa B oOIIeM ciydae YyBCTBHTENCH K IapaMeTpaM MPUMEHEHHOH MOJENH,
MOJET IMOTPeOOBAaThCS YTOUYHEHHE 3HAYEHUHM 3TUX INapaMeTpoB B Ipouecce (yHKIHMOHHMPOBAHUS
ABTOMAaTH3UPOBAaHHON CHCTEMbI, IJIsI 4Yero B COCTaB pEryjsATopa IpeAnaraercsi BKIOYHUTh
napaMeTpHuecKiii MICHTU(PHUKATOpP, OCTPOCHHBIN, HAallpUMEpP, Ha OCHOBE PErpecCHMOHHON MOIEIN
00BeKTa yIpaBJIeHus, pa3periaeMoil METOJOM HAUMEHBIINX KBaIPaTOB.

B cBoto ouepenp it peanmzanny yKa3aHHBIX PEryisITOpoB HOBOro Tuma B anmapatype TIITC
HeoOxomumo copMynarpoBaTh TpeOOBaHUS K allapaTHOMy M HPOTpaMMHOMY OO€CIeYeHHIO
MHUKPOTPOLIECCOPHBIX MOJYJEH, OPHEHTUPOBAHHBIX Ha peIlleHHe 3TOW 3a[Jauu, CO3JaTh U ONpoOOBaTh
AITOPUTMHUYECKOE O0ecleueHUe THX MOAYJIEH, yuUThIBaroIee HEOOXOAUMOCTh IOPSUETro pe3epsa,
BBOJIa-BBIBOJA IIOJIEBBIX CUTHAIOB, METPOJIOTMYECKOr0o OOECIeUeHUs] H3MEPEHUH, pacHpeneieHus
3aJa4, B TOM YHCJIE€ CBS3aHHBIX C aBTOMAaTHMYECKUM PETYIHNPOBAHUEM, MEXY CO3/IaBAEMBIM MOIYJIEM
u ITA uny BRIOTHSIOIMM aHAJIOTMYHbIE (QYHKIMHM KOMIBIOTEPOM IPOMBIIUIEHHOTO HcnonHeHus. Ha
IEpBOM JTale IPEeAronaraeTcs, 4ro Takue MOAyiIM OyayT NpeAHa3HAuYeHbl U1 IOCTPOCHUS
ONTHMAJBHOTO PEryJATOpa MOpAAKa, HE MpeBOoCXoaauiero ceapMoil. Ilo mpenBapuTenbHBIM OLIEHKaM
3TOT0 JOJKHO OKAa3aThCsl JOCTATOYHO AN pEealn3allid ONTHMAJIbHOIO PEryJIMpPOBaHMS OCHOBHBIX
TEXHOJIOTHYECKUX TapaMeTpoB BTOPOro KoHTypa 3Heproomoka ADC c¢ BBOP B crarmueckux u
MEPEXOIHBIX PEKUMAX.

[lepcneKTHBHOM 1IETBIO ATOTO HAMpaBlICHUS HAYYHBIX MCCIEIOBAaHUN M Pa3pabOTKU SIBISETCS
takoe pasputue miargopmel TIITC, xoTopoe MO3BOIMT MaKCHMaIbHO MPUBJIEYh BCE UMEIOIIHECS He
tombko Bo BHUUA, HO m B menmomM B oTpacind HapaOOTKW ISl CO3JaHWS B KOHEYHOM HTOTE
HaJIe)KHOTO, I(POBOro 00IIEOI0YHOTO AaBTOMATHYECKOTO PETYISTOPA.
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IIYTHU COBEPIIEHCTBOBAHUSA TOIJIMBHOM KAMITAHUHA
9HEPI'OBJIOKA A3C BB2P-1200
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benopyccxuti cocyoapcmeennsiil yHugepcumem uHGopmamuxu
U paouod1eKmpoHUKU,
(Munck, Pecnybauxa Benapyco)
Annotanusi. OrnpenieneHbl 1 000CHOBaHBI OCHOBHBIC TPUHIMUIBI pean3anus Ha ADC 0e30macHbIX U
SKOHOMHYECKH 3P (GEKTHBHBIX TOILIUBHBIX IHKIIOB dHEprobijoka Texnonoruu BBOP. HcciaemoBaHb
(akTOphl yBENMMYEHHWS BBHITOPAHHUA TOIUIMBA, IIOBBIMIEHUS OKCIUTyaTallHOHHON HAIEKHOCTH H
sKcIuTyaTaimonHoro pecypca TBC. PaccMoTpeHsl ycnoBHUsS ISl MOBBIIICHUS TEILIOBOM MOIIHOCTH
SHEpPro0JIOKOB, YBEJIHYEHHE JUTUTENFHOCTH TOIUIMBHBIX KaMIaHW, YMEHbBIIEHHE HEUTPOHHOM
Harpy3Ky Ha KOPITyC peakTopa.
KaroueBsle ciaoBa: ToruBHasS KaMIaHUs, TAyOHMHA BBITOPAHHS SACPHOTO TOILIMBA, aKTUBHAS 30HA
peakTopa, repe3arpyska sJepHOro TOIUINBA, TI0JIe SHEPTOBbIICICHHSL.

WAYS TO IMPROVE THE FUEL CAMPAIGN
NPP POWER UNIT VVER-1200
PUTILIN V.N.
Belarusian State University of Informatics
and radio electronics,
(Minsk, Republic of Belarus)

Abstract. The basic principles of the implementation of safe and cost-effective fuel cycles of the
VVER technology power unit at nuclear power plants are defined and justified. The factors of
increasing fuel burn-up, increasing the operational reliability and operational life of fuel assemblies
are investigated. The conditions for increasing the thermal power of power units, increasing the
duration of fuel campaigns, and reducing the neutron load on the reactor vessel are considered.
Keywords: Fuel campaign, depth of nuclear fuel burnout, reactor core, nuclear fuel reset, energy
release field.

BBenenne
B nHacrosimiee BpemMs MMeeTcs HECKOJIBKO HAIPaBIICHWH HMCCIENOBAaHUS 3a7addl yIy4lICHUS
TOTUTMBHOW KaMIaHWUA. JKOHOMHUYHOCTH padoTel ADC B 3HAYUTENLHOW CTENCHH OIPEIeIseTCs
3(()EKTUBHOCTHIO HCIIOIB30BAHUS SACPHOTO TOILUIMBA. B TOXXe BpeMsi €IMHCTBEHHBIM 3aJ[aBacMbIM
mapamMeTpoM TIpH pacdeTax TOIUIMBHOM 3arpy3Kd SIACPHOTO PEAKTOpa CIY)KHUT JUIUTEILHOCTH
KaMITaHWH, KOTOpasi OIpeIeNsIeTCs TUIAHUPYEMON Harpy3Koi SHEPTroOIIoKa Ha MPECTOSIIHA TEPHO/I.

MeToauka npoBeaeHus UCcJIe0BaHU

B paboueil kammaHuM I1aBHOW 3a1adell pacuyeTa TOIUIMBHOM 3arpy3KH SIBIISETCS IOJIyYeHHE
cxeMbl nepecraHoBkn TBC mpu meperpyske M pacdeT HEHUTPOHHO-(U3HMYECKHX XapaKTEPUCTHK
peakTopa Ui BBIOpAaHHOM CXeMBbl pacroyiokeHus 1 nopsjka 3ameHsl TBC ¢ yaeToMm Becex (hakTopos.
BIIMSIONINX Ha TIyOWHY BBITOpaHHs SACPHOTrO TOIUIMBA. [Ipu 3TOM MpeJicTaBisieT WHTEepeC pelleHne
3ala4l  COXPAHEHMsI  JUIMTEIBHOCTM  KaMIIAaHUM TPU  CHIDKEHHH  4YHCclla  3arpy’KaeMbIX
teroBsaersitonux c6opok (TBC) co cBeXMM TOMIWBOM, YTO IO3BOJUT CHH3UTH COBOKYITHEIE
9KCIUTyaTallMOHHBIE W TOTTUBHBIE 3aTPATHI

Pe3yabTaThl M 00CyKICHHE

B mporiecce skcruryatanuy siiepHOTO peakTopa HEMPEPHIBHO M3MEHSIETCS HYKIWAHBIN COCTaB
AEpHOr0 TOIUIMBA, MPHYEM Kak BO Bpems paboTel P, Tak u mocne ero octaHoBkd. llpu sTom
NPOMCXOIMT WHTEHCUBHAs peakuus nenenus 2°U W Apyrux [eNsIMXcs HyKJIHIOB, a TaKKe
MOTJIONIeHne HeWTpoHoB siapamu 238U m npyrux wM30TONMOB ypaHa. [lapamnmensHo ¢ BeIrOpaHHEM
SJIEPHOTO TOIUIMBA B AaKTHBHOM 30HE HIYT MPOIECCH BOCIPOMU3BOJCTBA BTOPHYHOTO SIEPHOTO
TOIUINBA, IIJAKOBAaHMA W OTPABICHHA SAJEPHOTO PpEaKTopa. Haubonee pacnpocTpaHeHHOM
XapaKTePUCTUKOW TIIyOWHBI BBITOPAHUS SIACPHOTO TOIUIMBA CITY>KUT KOJMYECTBO BBIJICIICHHOW 3a
KaMITaHWIO TEIJIOBOM 3HEPTHH, OTHECEHHOW K €IMHHUIIE MACChl SJIEPHOTO TOILIMBA, 3arPy>KEHHOTO B
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sepHbIit peakTop - MBT-cyT/T. [l nomydenust 1 MBT - cyt TpeGyercs Boiropanue 1,1 r 25U, Ecnu B
NEepBOM NPUOIIPKCHUH TPHUHATH 3Ty BEIMYMHY 33 €IUHMILy, TO INyOMHa BBITOPaHHUs SAECPHOTO
TOIUIMBA B MEraBaTT-CyTKaX Ha TOHHY OyJeT YHCICHHO DaBHA OTHOIIEHHIO MAacChl IPOLYKTOB
JeNieHrsT B KWJIOTpaMMax K TMOJHOM TOIUIMBHOW 3arpys3ke B ToHHaX. [y sHepro6mokoB ¢ BBOP
riyOuHa BBITOpaHWs sjaepHoro TtormuBa mocturaetr 3-5% (30 000-40 000 MBt - cyr/1).

['myOnHa BRITOpaHUS AASPHOTO TOTUIMBA 3aBUCUT OT OOJBIIIOTO YHcia (pakTopoB:

1. HeoOxomumocTh MMETh Aa)K€ B KOHIIE KaMIaHHUM KPUTHUYECKYI0 MacCy TOIUIMBA H
OmpeJleIeHHBI  M30BITOK HaJA HElo, CO3JAlOlIUi 3amac PEeaKTUBHOCTH, HEOOXOIWUMBIH s
KOMIIEHCAllUW LUIAKOBAHUS, OTPABIEHUS M, B ClIydyae HEOOXOOUMOCTH, TeMIEpaTypHOro 3sddexra
PEaKTUBHOCTY;

2. Hannuue orpannueHuii o BEIOOPY M30BITKA MacChl AEPHOTO TOIUIMBA HAJl KPUTUYECKOH B
MOMEHT IEPerpy3KH, MOCKOJIBKY MMEIOLIMECS B siIepHOM peakrope opranbl CY3 He B COCTOSIHUU
KOMIIEHCHPOBATh YPE3MEPHO OOJIBIION 3a1ac peakTUBHOCTH;

3. CroiikocTb 06onouek TBIJIoB, KkoTopas cBsi3aHa KaK C HAKOIUIEHHEM MPOLYKTOB ACJICHHUS,
Tak U ¢ oOmel NpoJOKUTEIbHOCTEI0 padoTel TBOJIOB B simepHBIH peakTop W PEKUMaMH €ro
pabotel. Hakorurenme ra3000pa3HBIX MPOAYKTOB JEJICHHS, OCOOEHHO TpH OOJbIIoil TiyOnHe
BBITOPAHUsl, TPUBOJHT K OOJIBIIOMY YBEJIIMUCHUIO BHYTPEHHETO JaBiieHus Ha 00010uky TBOJla. OtoT
3¢ deKT ycUIUBaeTCs BO3MOXXHBIM PACIHyXaHWEM TOIUIMBA IPH HAKOMJICHHM B HEM MPOIYKTOB
JeneHns. B codeTaHMM C TEPMOLMKIMYECKMMH HArpy3KaMH, a TakXe paJdaliOHHBIMH U
KOPPO3HUOHHBIMU MOBPEXKACHHUSIMH 3TO MOKET CTaTh NpUYMHOU pazrepmeruzanuu TBIJIos.

I'myOuHa BBITOpaHMsS SAEPHOTO TOIUIMBA 3aBHCHUT TaKXKe M OT MpOIEcca €ro MeperpysKH,
KOTOpasi MOJKET OBITh TIOTHOM WIH YacTHIHOW. HelTpoHHOE 1ToJIe M SHEProBhIACIeHIE HEPABHOMEPHBI
[0 painyCy U BBICOTE aKTUBHOU 30HBL, 1 TBOJIbI, pacmnonaoKeHHbIE B Pa3HbIX TOUKAX AKTUBHOM 30HBL,
paboTaloT ¢ HEOAWHAKOBHIMH TEIUIOBHIMH TOTOKAMH M TEMIIEpaTypaMH KakK CepACYHHMKA, TaKk U
obonouku. BenencTeue 3TOro HepaBHOMEPHO MPOUCXOIUT M BHITOpaHUE SACPHOTO TOIUIMBA. boiee
MHTEHCHBHO OHO IPOMCXOAUT B LIEHTPE aKTUBHOM 30HBI, MEHEE MHTEHCUBHO - Ha ee nepudepuu. Ecnu
NPOBOJWTH TOJIHYIO Teperpy3ky, To Hapsay ¢ TBOJlamu, B KOTOpBIX JOCTUTHYTO TIyOOKOe
BBITOpPaHUE SAEPHOTO TOIUTUBA, OyayT BRITpY:KeHbl 1 TBOJIbI ¢ OTHOCHTENEHO HEOONBIION CTEIIEHBIO
BbIrOpaHus. [103TOMy Ha MpakTHKe MOIHAs NMEPErpy3Ka MPUMEHSETCS PEIKO, U HCIOIB3YETCA PEKUM
YaCTHYHBIX NEPETPY30K SAEPHOTO TOIIUBA.

[Ipu yacTuyHOW Teperpyske U3 SAEPHOrO PEAKTOpa BBITPYXKAETCS U 3aMEHSETCS CBEXHUM
JUIIb HauOoJiee BBITOPEBLIAs YacTh TOIUMBA. OCTalbHOE TOIUTMBO, KaK MPaBHIIO, IEPEMEIIaeTCs B
JPYTYIO 4YacTh aKTUBHOM 30HBI. /11 BBIpaBHUBAHMS MOJIS1 SHEPTOBBIACICHHUS B aKTHBHOM 30HE OOBIYHO
SAJIepHOE TOIUTUBO TiepeMeNnIaeTcsl OT nepudepur K NEeHTPY aKTUBHOW 30HBL. CBexkee TOIUTUBO TpPHU
YacTUYHOW Teperpy3ke pasMenialoT B mnepudepuiiHod dwacT akTuBHOH 30HBL. TBC co
CJ1a0OBBITOPEBIINM SAEPHOM TOIUIMBOM IOCJIEAOBATEIbHO MEPEMEIIAOT K ILIEHTPAIbHONW 30HE. Yem
OosblIee YHCIIO MEPErpy30K 3a OJHY TOIUIMBHYIO KaMIIAHUIO, TEM ¢ MEHBIIMMHU M30BITKAMH TOTIJIMBA U
C MEHBIIMUMH 3alacaMH PEaKTHBHOCTH, MpelHA3HAYCHHBIMU JUIsi KOMIICHCAIIMM W30bITKA TOIUIMBA,
MOJKET padoTaTh SACPHBIH PEAKTOP.

JocTixeHre 3a1aHHON TIIyOMHBI BBITOPaHMS TOIIMBA MIPU AOMYCTHMBIX YIENbHBIX TETIOBBIX
Harpy3kax [eJMKOM ONpeAessieTcs] MPOJOJDKUTENILHOCTHIO MPEOBIBAaHHSI TBIJIOB B aKTHBHOW 30HE.
[MpodunupoBanre TOILIMBHOMN 3arpy3ku ocymiecTrisgercs nepconaioM OSb ADC pacueTHbIM myTeM
Ha Oaze makera npuriaaHeix nporpamm (IIIIII), mpuMeHHTENbHO K BBIYMCIUTENBHONW TEXHUKE,
ucnoaszyemoit Ha ADC. PacdeT TOIIMBHOM 3arpy3Ky dHEproOI0Ka MpeaonpeaeNsieT SKOHOMUYECKHe
nokazarenu Okciryatannn ADC © ypoBeHb sJepHOW O€30MacHOCTH TpU  TOCHEAYIoIIeH
9KCIUTyaTalllu 3HEProdIIoKa.

[Tpumepom peanuzanuu Takoro nojaxoaa sisngercs BBOP-1200, B koTopoM Ipu NMOBBIIIIEHHON
Ha 20% MOIIHOCTBIO MPEyCMOTPEHA BO3MOKHOCTh paboThl 18 MecsieB 0e3 meperpy3ku TOIUIMBA U
NPOBOJATCS PadOTHl MO MOArOTOBKE K JalibHEHIIEMY Y/UIMHEHHMIO LHUKIa 10 24-X MECsIEB.
YBenuueHne MOIHOCTH OBUIO IOCTUTHYTO Oslaroiapsi, B TOM 4uciie, OOJIbIIeH SHEPrOHAPSKEHHOCTH
TBD3JIos, paboTtatonux ¢ 6omsimuM oboramienneM (cpeanee - 4,85, makcumansHoe - 4,95% U235),
YBEJIMYEHHBIM TI0 BO3MOXKHOCTH conaepkanneM ypana B TBC (ero xommaectBo B TBC mpaxTuueckn
TAKOro e pazMepa HogHATo ¢ 506 1o 546 Kr), HOBOH TEXHOJIOTUEH U3TOTOBJICHUS TaOJETKH.
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3akioueHue
Takum 00pa3oM, MOXXHO OIPENETUTh OCHOBHBIE HAINPaBICHUS COBEPIIICHCTBOBAHUS
TOTUTMBHOW  KaMIIAaHUM  JHEProOJIOKa:  TOBBIIIEHHE  OKCIUTyaTallMOHHONW  HAAeXKHOCTH U
akcITyaTtarronHoro pecypca TBC; peanu3zanus Ha ADC 0e30nacHBIX U 3KOHOMHYECKU 3P EKTUBHBIX
TOTUTMBHBIX IHKJIOB, BKITIOYasi yBEITMYCHNE BHITOPAHUS TOIUIMBA, CO3JIaHUE YCIOBHU JIJISI TTIOBBILIICHIIS
TETUIOBOM MOIITHOCTH YHEPrOOIOKOB, YBEINICHHUE JITNTENIEHOCTH TOIUIMBHBIX KAMITAaHWH, YMEHBIIIEHNE
HEUTPOHHOM Harpy3kH Ha KOPIIyC peaKkTopa.

Crnucok JuTepaTypsbl
1. Mapko 10.B., Cumopenko B.A. Beeaenme B pa3paboTkm M 0OOOCHOBaHUS TEXHHUYECKUX
XapaKTepUCTUK W Oe30MacHOCTH SKCIUTyaTallud SACPHBIX ycTaHoBOK Tuma BBOP- M.: HUIL]
«Kypuaarosckuit mHCTUTYT», 2013. -176C. Pocaneproarom.
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METO/I IPEJABAPUTEJBHOI'O AHAJIN3A TEXHOJIOTTUYECKOMN CUTHAJIM3AIIMA
JJIs1 BBIABJEHUS MOTEHIHUAJBHO HE3HAUYUMbIX CUTHAJIOB TPEBOI'
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(Mockea, Poccutickas ®edepayust)
AnHoTamusi. B Hacrosimiee Bpems SBISETCS aKTyaJbHOH 3ajladya WHTEIUICKTYaJIbHOW 00paboTKu
cpaboTaBIIeii CUTHANIM3AIMK, KOTOpas TO3BOJSET MPUBECTH OO0BEM CHUTHAIU3AIUH, TPEOYIOIICH
BHUMAaHUS Oleparopa K YeIOBEUYECCKUM BO3MOXKHOCTSM 0e3 MOTEPU OCBEIOMIICHHOCTH O CHUTYAIIHH.
OpanM n3 Hanboslee YacTo MPHUMEHSEMBIX METOJIOB O0paOOTKH SIBIIAETCS MOJABICHHE M30BITOYHBIX
CUTHAJIOB TPEBOTH, KOTOPbIE JHOO HE HECYT JOMOJHUTEIbHONW MH()OpPMAlMU B JTAHHOW CUTYalluH,
mbo He TpeOyIOT HHUKAKOW peakuuu OT omeparopa. s pa3paboTku alropuTMOB ITOAaBICHUS
CHUTHaJM3aIMu TpeOyeTcs aHamu3 CTaTUCTUKK (GyHKIuoHHpoBaHUs ADC C N0 BBISBICHHS
CUTHAJIOB TPEBOTH, KOTOPBIE MOTYT OBITh KJIaCCU(UIIUPOBAHBI KaK W30BITOYHBIC M HE3HAUYUMBIC B
oTpesIeNicHHON cuTyanuu. B paboTe mpencTaBieH METO aHaInu3a U Pe3yJIbTaThl €ro MPUMEHCHUS Ha
IpUMeEpe TeXHOJIOTHIecKoi cuctemMsr ADC.
KiroueBble ciioBa: I/I36I>ITO‘IHBIC CUTHAJIbI TPEBOI'U, HC3HAYMMBIC CUT'HAJIbI TPEBOI'U

METHOD OF PRELIMINARY ANALYSIS OF TECHNOLOGICAL ALARMS TO DETECT
POTENTIALLY INSIGNIFICANT ALARMS
SERGEY.L. BOGOMOLOV, ALEXEY.N. ANOKHIN
Rusatom automated control systems, Joint-stock company
(Moscow, Russian Federation)

Abstract. Currently the task of intelligent processing of triggered alarms is actual. That task allows
bringing the volume of alarms requiring the operator’s attention to human capabilities without losing
awareness of the situation. One of the most commonly used processing methods is the suppression of
redundant alarms, i.e. alarms either do not provide additional information in a given situation, or do
not require any response from operator. To develop alarm suppression algorithms, it is necessary to
analyze the statistics of NPP operation in order to identify alarms that can be classified as redundant
and insignificant in certain operation. This paper presents the analysis method and the results of its
application on the example of a NPP technological system.
Keywords: redundant alarms, minor alarms.

Beenenue

Oneparop 3Heprodsoka ADC peryssipHO MOJIy4YaeT YBEIOMIICHHS O BO3HUKIIUX HA CTaHIIUU
COOBITHAX W HAa WX OCHOBAaHWHW BBITIONHSIET KOPPEKTHPYIOIIUE NeHCTBUs. LIMKI BOSHHUKHOBEHUS H
paboTHI omepaTopa C CUTHAIOM TPEBOTH moApoOHO omucad B [1]. B ciaydae, eciau 4uciio morydaeMbIx
OTIEPaTOPOM CHUTHAJIOB TPEBOTH B €IMHHIY BPEMEHU CTAHOBUTCS 3HAYUTEILHBIM, TOBEHIIIACTCS PUCK
copepiieans ommOku [2]. KpuTudeckne BeNWYMHBI MMOTOKA CUTHAJIOB TPEBOTH, BBIIIE KOTOPHIX
BO3HUKaeT NH(POPMAIIMOHHAS TIEperpy3Ka ornepaTopa, yka3asl B [3].

N30exarh 3TOM CUTyallMd MOXKHO 3a CYET YMEHbIIEHUs mpoekTuposiukoM ADC o01iero
quciia CUTHAIOB TpeBord B BJI, 0JHaKo COBpeMeHHasi TeHIICHIUS HOCUT oOpaTHbIN xapaktep [4]. B
CBS3M C OTHUM TPHOOPETaeT aKTyaJdbHOCTh 3ajladya HHTEJUICKTYallbHOW 00paboTKu cpaboTaBIei
CUTHAJIM3aI[MK, TIO3BOJIAIONIAsl MHUHUMH3UPOBATh WM, II0 KpalHed Mepe, MPHUBECTH OO0bEM
CUTHAJIM3aI[MK, TPEOYIOUIeH BHUMAHHUS OIEPATOPOB, K YEJIOBCUSCKUM BO3MOXHOCTSAM 0€3 moTepu
o0mieit ocBemoMiieHHOCTH o curyaruu. OIHUM W3 HamOoliee YacTO NPHUMEHSEMBIX METOJIOB
00paboOTKN SBISETCS TIOAABICHHE W30BITOYHBIX CHTHAJIOB TPEBOTH, KOTOpbIE MO0 HE HECyT
JIOTIONTHUTENHHONU MHGOPMAIUK B TaHHON CHUTYaIlWH, THOO0 HE TPeOYIOT HUKAKOM peakInu orepaTopa
[5, 6]. OmHako pa3paboTka MHOTOYMCIEHHBIX aJITOPUTMOB TOJABJICHUS CUTHATU3AINKA — CIIOXKHAs H
TpyJdoeMKkas tpoueaypa. CHU3UTh 3TOT 00beM U CPOKYCHPOBAaTh BHUMAHHE MPOEKTUPOBIIMKOB Ha
MEPBOCTEIICHHBIX 3a/adyax I03BOJISAET NPEABAPHUTEIbHBIN aHAIN3 CTATUCTHKH (HYHKIIMOHHUPOBAHHMS
ADC, mnenpi0 KOTOPOTO SABISETCS BBIIBICHHE CHTHAJIOB TPEBOTH, KOTOpPBIE MOTYT OBITH
KBATM(UITUPOBAHBI KaK U30BITOYHBIC U HE3HAYUMBIE B OTIpEIeNICHHON cuTyaluu. B HacTosmie# craThe
pPacCMOTpPEHBI METOJ W PE3yJIbTaThl TAKOT0 aHAIM3a Ha MPUMEPE CHUCTEMBI IMPOIYBKH-TOIITUTKA
(CIIII), moapobHO onucanHoi B [7]. IIpuunHamu BBIOOpa JAHHOW CHUCTEMBI CTald €€ CJIOXKHOCTD,
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Pa3BETBICHHOCTh, B3aUMOACHUCTBHE C MHOTMMH BHEIIHMMH CHCTEMaMH, MHOTO(QYHKIHMOHAIBLHOCTD,
HPUCYTCTBHE Pa3HOPOJHOTO 00OPYJOBAHMS M HATWYNE PA3THMYHBIX (PU3UKO-XUMUYECKUX MPOIIECCOB.
Bce 9310 gmemaer gaHHYIO CHCTEMY —PENPE3CHTATUBHOM M 00ECHeYrMBaeT  BO3MOXKHOCTD
MacITaOUpOBaHUs MpearaeMoro Merona Ha Bcro ADC.

Meton ananusza

B kadecTBe OCHOBHBIX COOBITHI, (OPMUPYIOIINX CUTHAIIBI TPEBOTH, BHICTYIAIOT:

— HapylICHHE aHAJOTOBBIMU TEXHOJOTMYECKMMH MapamMeTrpaMu (TakUMHU Kak IaBJlICHHE,
TeMIreparypa, pacxol W [Ap.) HIKHUX H/MIM BEPXHUX PETIaMEHTHBIX, NPeIyNpeauTelIbHbIX U
ABAPUMHBIX YCTABOK;

— HapyLICHUS UM HeperjaMeHTHas: paboTa 000pyIOBaHHUSL.

BrusiBrieHre CUTHAIOB-KaHAMIATOB AJIS MOCIEAYIOMEH pa3pabOTKH aJropuTMOB IOAABICHUS
IpeaaraeTcs BBIIOJHAT, HAa OCHOBE aHalIM3a IIEPEKII0YEHUIl 00OpymoBaHMs (M3MEHEHHUI €ro
COCTOSIHUSI — BKJIFOYCHO/BBIKIIFOUEHO, OTKPBITO/3aKPBITO) B aHATM3UPYEMOW M CMEXHOW ¢ Hel
cucremax. Ecau Takue mepexmoyeHns: COBEPIIAINCH B TO BPEMS, KOTAAa CUTHAJI TPEBOTU OCTaBaJICs
AKTUBHPOBAHHBIM, TO MOXKHO HPEIIOJIOKUTh, YTO CUI'HAJ YCTPAHWIICS BCJEICTBHE BMELIATENbCTBA
omepaTopa (WM aBTOMaTWKH). Eciau mepekimroueHuil He ObLIO, 3TO O3HAYaeT, YTO COOBITHE M, KaK
CIIEJICTBUE, CHT'HAJl TPEBOT'M YCTPAaHHWJIHMCH caMH COOOH, YTO MOXKHO paccMaTpuUBaTh B KadecTBe
NOOYAUTENBHOTO MOTHBA ISl AajbHEHIIEro Oojee TINATEJbHOIO aHAIM3a YCTABOK CpadaThIBaHUS
CHUTrHajia u HCO6XOI[I/IMOCTI/I €ro reacpanru B JaHHbIX YCIIOBUAX.

Hdns  peanuzanuy IMPEJIOKEHHOTO METoJa ObUta pa3paboTaHa mporpamMma Ha SI3BIKE
nporpamMmupoBanusi Python. Orta mnporpamma aHanu3upyeT HMEIOLIMECs AapXUBHBIC JaHHBIC,
3apeructpupoBanable SCADA-cucremoit B xome odkcruryaranmd ADC, OCYIIECTBISET WX
CTaTUCTHYECKYIO 00pabOTKy U UACHTH()UIIUPYET MOTCHIMATFHO HE3HAYHMbIE CUTHAIIBI TPEBOTH.

Pe3ysbTaThl 1 UX 00Cy:KIEHUE

Boun  mpoananu3npoBaHbl peanbHble apxXUBHBIC AaHHBle (yHkuuonupoBanus CIIIT u
cMexHbIX cucteM ADC (cucTeMa 3amofHeHUs! TETUIOHOCHUTENEM TPYOONpPOBOJOB U 00OpYyIOBaHUS
PEaKTOpHOH YCTaHOBKH, CHCTeMa IOAJCpKaHUS TpedyemMoro oObemMa TEIUIOHOCHTENs, CHCTeMa
M0J]auM TEIUIOHOCHUTEINSI Ha OYHUCTKY U Ap.). CocTaB paccMaTpUBaeMBIX CMEKHBIX CUCTEM OBbLIT BHIOpaH
TaKUM 00pa3oM, 4YTOOBI OCYIIECTBISEMBbIE B HUX YIPABISIONIME BO3ACHUCTBHS MOIJIH OKa3bIBaTh
HETIOCPEACTBEHHOE BIIMSHME Ha TexHojorndeckue mnapamerpsl CIIII. HMurtepBan Bpemenu
aHAJTM3UPYEMBIX apXUBHBIX JaHHBIX COCTaBMI 65 CyTOK. BbIOpaHHBIN BpeMEHHOW HHTEPBA BKIIOYAET
B ce0s1 KaK MepHo/Ibl CTAIIMOHAPHOW PaOdOTHl SHEPTOOIOKa, TAK U MIEPEXOIHBIC PEKIMEL.

[Ipoextom ACY TII mpeaycmoTpeHo (opMupoBaHue cuUrHanuzauuu 1o 580 coOBITHSM,
KOTOpBIE NMOTeHNHanbHO MoryT npousoitd B CIIII. M3 HuX 3a aHanm3upyeMblii HHTEpBal BPEMEHH
peasimzoBanuck 357 coObituid. [Ipu 3TOM B OTHAEJIBHBIC THU YUCIIO peayiv3anuil (T.e. oOIIee YHUCIIO
CTeHEPUPOBAHHBIX CHTHAJIOB TpeBOrW) OoJiee ueM B 9 pa3 MpPEBBICMIIO PEKOMEHAyeMoe 3HaueHHe,
yKa3aHHOE B [3], U3 4ero MOXXHO ClIeJIaTh BBIBOJ, YTO ONEPATOpP, OTBETCTBEHHBIN 3a JAHHYIO CUCTEMY
— BelyLIMH HHXKEHEP YIPaBJICHHUs PEaKTOPOM, paboTaeT B pexUMe HHYOPMAIIMOHHON Neperpy3KH.

Bbu1o BBISIBJIEHO, YTO OCHOBHOM TOTOK CHTHAJIOB TPEBOTH COMPOBOXKIAECT IEPEXOIHbIE
PEKUMBI, YTO BIIOJIHE JIOTHYHO M 00BsicHseTcst TeM, uro CIIII nmpuHMMaeT B HUX HEMOCPEICTBEHHOE
yuactue. Ilpu 3TOM OCHOBHBIMHM BKJIaI4MKaMu B OOLIMH 00beM curHanuzauuu craiu 10 coObITHid,
KOTOpble BbI3BaNM 79 % o0mero umcia curHajioB TpeBord. CTaTUCTHKAa MO YETHIPEM M3 ITHX
COOBITHI, a TaK)Ke Pe3yJIbTaThl BBISBICHHS YaCTOTHI COOBITHIA, HE MOTPEOOBABIIMX BMEIIATEIHCTBO
oreparopa, HokKazaHa B TabJuLe, rae:

Pi — Bxian i-ro coObTus B oOmmii 00bem curHammsanuu mo CIIIT 3a 65 cyrok (); P; =
100 %);

P{*“"®% — nonst CUTHATIOB TPEBOTH, CTEHEPUPOBAHHBIX T10 I-My COOBITHIO, KOTOPbIE HCUYE3NH 0e3
MPSIMOTO BMEIIATENbCTBA oneparopa u neicTBus apromatuku B CIIII 1 cMeXHBIX crucTeMax.

99



ABTOMATU3MPOBAHHBIE CUCTEMBI YITPABJIEHWA TEXHOJIOTUYECKHUMU ITPOUECCAMU ASC U TOC

Taoaumna. [TepedeHs COOBITHIA, BHECIINX HANOOIBIINN BKJIa/l B BOSHUKHOBCHHE CUTHAIM3AINH

CurHanusupyemoe coObITHE Pi, % | /"%, %
3amac JJ0 KaBUTAIIUK Hac0ca OOJIBINON MPOU3BOJUTEIBHOCTH 1 <7 M 24 90
Tox anekTpoaBUTaTeNs Hacoca OONBIION MPONU3BOIUTEIBHOCTH |1 > 69 A 18 67
HewucnpaBHOCTE peryMpoBaHus PEryJIMPYIOIIETro KiaraHa BeIBOJA 12 62
TEIUIOHOCUTENS 1
JlaBnenue macia B Hacoce Maoil npousBoauTenbHocTu 2 < 35 klla 8 94

B xozxe amanm3a apXWBHBIX JaHHBIX OBUIO yCTAHOBIIEHO, YTO CHTHANIBI TPEBOTH, CHSBIIHECS
0c3 ydacTusi YeJIOBEKa WM aBTOMATHUKH, COCTaBJISIOT 63 % OT oO0miero o0beMa CHrHAJIM3AIIWH,
3apETUCTPUPOBAHHON 32 aHAIM3UPYEMBIH nepro. [IpuunHamMu WX BOSHUKHOBEHUS MOTYT OBITh:

— HEBEPHO TNOA00paHHBIC yCTaBKH, OOYCIABIMBAIOIIME SBJICHHUE, MOJYYHBIICE Ha3BAHHUEC
«nIpebesry CurHaa;

— 3aBHCHUMOCTb OT PEKUMa paboThl 000PYI0BaHUS;

— HEZIOCTOBEPHOCTh CPEJICTB U KAHAJIOB U3MEPEHUS U JIp.

YunuTbiBas, 9TO 3HAYMTENFHAS YacCTh W3 CAMOCTOATENHHO HMCYE3AIOMINX CHUTHAJIOB TPEBOTH
aKTHBHPOBAJNCH Ha OYCHHh HE3HAYUTEIHLHOE BPEMS, MOXXHO CAENAaTh BHIBOMI O (DIYKTyalld 3HAYCHHS
BOKPYT' YCTaBKH H, KaK CJIEJCTBHE, T.c. 0 «Apede3re» napamerpa. OHako 00s1ee JOCTOBEPHBINM BBIBO/I,
a TaKxXe BBI60p AZICKBATHOI'0O MCTO/la MOAABJICHHA KaXIO0I'0 CHUI'HAaJIa TPEBOI'M BO3MOJKHBI JIMIIb ITPpU
JlalIbHEeMIIIeM aHaIu3e.

3akiouenne

B pabore mpemiokeH METOA BBIABICHUS MOTCHLIHUAIBHO HM30BITOYHBIX CHI'HAJIOB TPEBOTH,
OCHOBAHHBIN Ha MEPEKPECTHOM aHAIN3€E BOSHUKAIOIINX COOBITHI M HAJIMYUS OTBETHBIX YIPABIISIOLINX
neiicteuil. Ha mpumepe cuctemsl mpoayBKu-nmoanutkun ADC ObLTO BRISIBICHO CleIylolIee:

— mpobirema WHGOPMALMOHHON TNEperpy3kd omeparopa MOTCHUIHAIbHO HE3HAYMMBIMU
CUTHAJIaMH TPEBOTH SIBIISIETCSl KpallHE aKTyalbHOM M 3TO MOXET NPUBECTH K OMMOKaM U CHUKEHHIO
OIUTEIBHOCTH;

— TOYTH JIB€ TPETH COOBITHH, pealn30BaBIINXCs 3a 65 CYTOK, ucue3nu 0e3 yuacTusi 4YeJIoBeKa
WM aBTOMATHKH.

[IpumeHeHne ONMMCAaHHOTO AJITOPUTMA IIO3BOJIUT B PEKUME PEATbHOTO BPEMEHH IO Mepe
IKCILTyaTallid TEXHOJIOTHYECKOTO 0OBEKTa aBTOMATUYECKHU BBISBIISITH CUTHAIIBI TPEBOTH, TPEOYIOIIHE
Oosiee TIIATENFHOIO aHAIN3a, KOPPEKTUPOBKH YCTaBOK M aJrOpUTMOB (DOPMHUPOBAaHUS CHTHajIa, a
TaKXXe MPUMEHEHUS! aJITOPUTMOB MOaBJICHHS N30BITOYHOM CUTHAIN3ALIH.
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(hU3MYECKUX OCHOB 3KCILTyaTaIuy 110 3Botonmu npoekta. — M.: Jloroc, 2010.
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YK 004.052.42
METOJ PACUETA BEJINYUHbI THCTEPE3UCA JJI51 TIOJABJIEHUST
«APEBE3KAIINX» CUTHAJIOB TPEBOI'I HA A9C
BFOT'OMOJIOB C.JI., AHOXVH A.H.
AO «Pycamom Aemomamusuposanivie CUCHeMbl YNPAGTEHUN)
(Mockea, Poccutickas ®edepayust)
Annoramus. Oneparop ADC 4YacTO CTaJKUBACTCS C CUTHAJaMH TPEBOTH, KOTOPBIC HE TPEOYIOT OT
HEro JICWCTBUIM, HO OTBJICKAIOT €ro BHUMaHue. [|JIs CHWKEHUS KOJHMYECTBA TAaKWUX CUTHAJIOB
npejiaraeTcss MPOBOJUTh WX IMOJIABICHHE B aBTOMATHUYECKOM PEXHME C TIOMOIIBIO METOJa TMETIIN
rucrepesnca. B padote npemmaraercs Habop ko3 PHUIHECHTOB THCTEPE3NCa B aITOPUTM HAXOXKICHHUS
WX ONTHMAJbHBIX 3HaueHWi. [1o pe3ynbraTam NPOBENCHHBIX SKCIICPUMCHTOB BBITIOJNHEHA OIICHKA
00beMa CHIKEHUS YUCIia 0TOOpaKaeMbIX ONepaTopy CUTHAIOB TPEBOTH.
KarwueBble cjioBa: CUTHANBI TPEBOTH, TUCTEPE3HC, WHPOPMAIMOHHASI TIEperpy3Ka, ONTUMU3AINS,
METOJI YCPEIHEHUS KOOPIUHAT

METHOD FOR CALCULATING THE VALUE OF HYSTERESIS FOR SUPPRESSING
«FLEETING» ALARM SIGNALS AT NPP
SERGEY.L. BOGOMOLOV, ALEXEY.N. ANOKHIN
Rusatom automated control systems, Joint-stock company
(Moscow, Russian Federation)

Abstract. The nuclear power plant operator is often confronted with alarms that do not require him to
act, but distract his attention. To reduce the number of such signals, it is proposed to carry out their
suppressing in automatic mode using the hysteresis loop method. The paper proposes a set of
hysteresis coefficients and an algorithm for finding their optimal values. Based on the results of the
experiments, the volume of the reduction in the number of alarms displayed to the operator was
estimated.
Keywords: alarms, hysteresis, information overload, optimization, coordinate averaging method

Beenenue

Omnepatop sHeprobioka ADC B xome cBoell pabOTHI MOITyYaeT YBEAOMIICHHS O BOZHHKIIIHX
COOBITHSIX (CHUTHaNax TPEBOTHM) M BBHIMOJHSET HA MX OCHOBE KOppeKTupyromue neiictBusi. Yacthb
MOCTYMNAIOIIUX CUTHAIOB TPEBOTM HE TpeOyeT BBINOJIHEHHUS ACUCTBHH, a TOJIBKO OTBJIEKAET €ro
BHUMaHue. Takue CUrHanbl Ha3bIBAIOTCS HE3HAYMMBIMU. 11 CHIDKEHHS X KOJIMYECTBa HEOOXOJUMO
MPUMEHEHHUE U3BECTHBIX METOOB MOIaBICHHUS.

HccnenoBanus mMpoBOAMINCH HA NPUMEPE TEXHOJOTHYECKOW CHUCTEMBI MPOTYBKHU-TIOAMUTKH
(CIIII), nmomgpobuo onucanHoi B [1]. B pe3ymnbraTe mpeaBapuTenbHOTO aHAIN3a CpabOTaBIIMX 3a 65
JHEW CUTHAJIOB TPEBOTM ObLIO BBIABICHO, uTo Oomee 80 % M3 HHUX NOTEHUMAIBHO SIBISIFOTCS
HE3HAYUMBIMH, T.K. aKTHBUPOBAINCh Ha OYEHb HE3HAYMTEIBHOEC BpEMsS M CHSUIMCh 0e3 y4acTus
omeparopa uid aBToMaTuku. OCHOBHOM OOBEM TAaKMX CHTHAJOB TPEBOTUM COCTABIISIOT YacThIe
(GiyKTyallud aHaJOTOBBIX TEXHOJIOTHYECKHX MapaMeTpoB BOKPYI YCTaBKM — JaHHOE SBJICHHUE
MOJYYMJIO Ha3BaHUE «Ipebe3ra curHaay.

B xagecTBe METOIOB TIOJIABIICHUS «JIpeOEKAIIMX» CUTHATIOB TPEBOTH MPUMEHSIOTCS [2]:

— WCIOJIb30BaHME METJIN THCTEPE3NCA;
— HCIOJIb30BaHNE BPEMEHHOM 3a/1€PIKKH.

Lenpto HacTosiied CTaTbu SIBISETCSl pa3padOTKa TMPHUHIUIIOB OIpEeNiCHHS MapaMeTpoB
rUcTepe3nca, KOTOpbIe MO3BOJISIIOT, ¢ OJHOW CTOPOHBI, MAaKCUMAalbHO OT(UIBTPOBATH «IIYM» H, C
JIIPYTOil CTOPOHBI, HE TMPOIYCTUTh BAKHBIE OTKJIOHEHHA, pEaNTbHO TpeOyrolyue BMEIIaTelbCTBa
oreparopa.

AJIFOpI/ITM pacueTa BeJIMYMHBI TUCTEPE3nuca
C}/TB METOJa METIM TUCTEPE3UCa 3aKIH0YacTCd B TOM, YTO JIA 06poca CUrHajla TpPEBOT'U
TEXHOJIOTHYCCKUI napamMeTp, BO3BpallasaACh K HOpMaJIbHOMY 3HAYCHUIO, NOJIKCH HC TOJIBKO NIEPECCUb
YCTaBKy, HO IIPOJABUHYTHCA 3a YCTAaBKY Ha BEJIMUYUHY 'HCTCPE3nCA.
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Benuuuna rucrepesuca (Heepx U Hunx) pPacCUMTBIBaETCS HE3aBUCUMO JISI BEPXHUX M HIKHUX
@ ©)
ycraBok (Bgepy wmu By,,). Ha puc. 1 mpommunocTpupoBaH MeTOJa IUCTEPE3UCa i BEPXHHX
YCTaBOK.

Cpa6aTbIBaHlIe CHI'HaJIU3aIum CﬁpOC CHIHaJIH3aIllHH

g®

Bepx

(O]
BB(‘pX - HBepx

Puc. 1. HpHMep HCIIOJIb30BaHUA MCTOJa TMCTEPE3UCA AJId BEPXHUX YCTABOK

Benmuunabr ructepe3ncoB (Hpepx ¥ Huux) Tpemmaraercs ycTaHaBIWBaTH IS KaXKIOTO
TEXHOJIOTHYECKOT0 MMapaMeTpa Ha OCHOBAHHH PSJIa €ro XapaKTepUCTHK:
— nuarna3oHa u3MeHeHus ero 3HaYeHUH (Luepx — Lix);
— (husmgecKoi MPUPOIBI (TEMIIepaTypa, YpOBEeHb U JIp.);
— YCTaBOK, 3a/[aBa€MbIX TEXHOJIOI'aMH 1 IPOM3BOIUTENIMU 000PyI0BAHHS (Bégox, B}EQ)K);
— MOTPEITHOCTH U3MEPEHUS Ay
CXeMaTHYHO TIePEUUCIICHHBIC XapaKTEPUCTHUKH MPECTABICHBI Ha PHC. 2.

L 5opx — BEpXHMUIT IIpezien Anamna3oHa

(3 .
mﬁ B pepx ~ BEPXHI aBapuiiHas yCTaBKa

i~
Béegx — BEPXHsisl [IPEAYNPEANTE/IbHASL YCTABKa
B(l) — BCPXHAA TCXHOJIOIMICCKAaA YCTaBKa
% Bepx p Y
E
=
[=¥
2
% (1)
By — HYDKHAS TCXHOJIOTMYCCKAs yCTaBKa
2
% ‘ B’EHSK — HWXKHsISI IPEAYNPEIUTEIbHASL YCTABKA

=¢

3) .
)] B i — HWDKHsA aBApHHHAA yCTABKA
Ly — HWKHHH Npenen JuamnazoHa

Puc. 2. XapakTepuCcTHKN TEXHOJIOTHYECKOT0 ITapaMeTpa, y4acTBYIOIIKE B pacyeTe TucTepesnca

3Ha4eHUS Heepx U Hix IPEIIIATAETCSI ONMPENEIIATH 110 CIEAYIOMNM (OopMyiaM:

HBepx = min(chp ' D3Ha‘-1 -10 - Ky; dBBer “Ka; dBBerme ’ K3;A1/13M -100 - K4_), (1)
Hyyw = min(chp ' D3Haq 10 - Ky; dBHmK - Ky; dBBerHl/DK ’ K3;AI/[3M -100 - K4)’ (2)
rae:

Dswas — Mama3oH W3MEHEHHWS 3HAYCHUH TEXHOJOTHMUYECKOTO IMapaMeTpa — PasHHIa MEeXIy
BepXHEH Lyepx 1 HIKHEH Ly TPAHUTIAMY;

Hcup - pexomenayemoe B [3] 3HaueHHe BEIMUYMHBI TUCTEpE3Uca Ui TaHHOTO THIIA IapameTpa,
HanpuMmep: pacxon — 5%, yposenb — 5%, narnenue — 2%, temneparypa — 1%;

K1, Kz, K3, Ks — Hen3BecTHbIe KO GUIMEHTHI, TPUHAMAIOIINE 3HaYeHHs B quama3one [0; 1];

0Bsepx ¥ UBuux — MUHMMANTbHAS pa3HUIIA MEXKTY BEPXHUMHU U HHYKHUMH YCTaBKAMH;

i o
dBBepxﬂmx — PacCTOAHUC OT MUHUMAJIBHOI'O 3HAYCHUA CPEANU BCPXHUX YCTAaBOK BB(ez)X 1 BCPXHCU

i o

TPaHULbI IUANa30Ha Lgepx 10 MAKCHMAIBHOTO 3HAUEHUS CPEIU BCEX HIDKHUX YCTaBOK Bén)m W HIDKHEH
TPaHUIIBI AUATA30HA Ly,

Ayzv — TIOTPELTHOCTD NU3MEPEHHS TEXHOJIOIMYECKOTO MapameTpa.

VYxazannsle hopmydsl (1) 1 (2) Obutr pa3paboTaHbl U3 CIEIYIOIINX COOOPAKEHHUH:

1
— IpH BBIXOJIE 3HAUCHHS NIapaMeTpa 3a, HalpuMep, HUKHIOKO YCTaBKY Bénzx, CUTHAJI TPEBOTH
. 1

110 BEpPXHEH yCTaBKe Béegx, rapaHTUPOBAHHO OYZIET YCTpaHEH;
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— [IpY HAXOXACHUHU 3HAYCHUA IMapaMETpa B JUalla30HE, COOTBETCTBYIOIIEM MEHEC KPUTUYHBIM

@ . p® (3)
ycTaBKaM, Hapumep, [Byepy; Bpepy] CUTHAI TPEBOTH 110 BBIXOJY 32 00JIee KPUHTHYHYIO YCTaBKY Byepny

TaKXe TapaHTUPOBAHO OYAET YCTpaHEH.

3nauenns koddpunueHToB Ki, Ky, Kz m K4 10KHBI OBITH BRIOpPAHBI TAaKHM 00pa3oM, 4TOOBI
YHCIO TOJABIICHHBIX HE3HAYMMBIX CHTHAIIOB TPEBOTH OBLIO MaKCHMAIbHO, a YHCIO TMOJABICHHBIX
3HaYUMBIX CUTHAJIOB — MUHUMAJIBHO, T.€. BO3HHUKAECT 3aj[aua ONTUMHU3AIUH.

MeToa moucKa ONTUMAJIbHBIX 3HAYEHUH K03 PULINEHTOB

Hns oueHkH 3¢(HEeKTUBHOCTU TOAABICHHS CUTHAJIOB TPEBOTW NPHU MPUMEHEHHU THUCTEpe3nca
BOCMOJb3yEeMCS ONMCAHHBIM paHee METOJOM, KOTOpBIM II03BOJIAET BBISBIATH  CUTHAJBI,
YCTpaHWBIIKECS BO BpeMs M3MEHEHHH COCTOSHUS 00OpymoBaHHS (YCIOBHO HAa30BEM HX
«3HAYNMBIMI» CUTHAJIAMH) U YCTPAHUBIIUXCS CAMOCTOSITENTFHO («HE3HAYMMEIE) CUTHAIBI).

[IpuMmeHrB 3HaueHus THcTEepe3rca K UMEIOIIMMCS apXUBHBIM JaHHBIM, PAacCUHUTaeM, KakKoe
YHUCIO «3HAYMMBIX» W «HE3HAUYMMBIX» CHTHAJIOB TPEBOTHM OBUIO OBl IMOJABICHO T'HCTEPE3UCOM.
[Ipumem, 9TO MOmaBIEHNE «3HAYMMOTO» CHTHAJIA TPEBOTH HOCHUT B JBa pa3a OONBIIHMIA HETaTHBHBII
3¢ deKT, 4eM MOJOKUTEIBbHBINA dPPEKT OT MONABICHUS «HE3HAYMMOro» CHrHaia TpeBoru. Mcxons u3
9TOTr0 MOXKHO IMPEJIOKUTD CIICAYIOIINH BU IETEBON (HYHKIIUH:

7-N K,K, K., K -(N K,K ,K.,K,)—N K, ,K, ,K.,K
F (Kl,KZ,KQ,K4)=0‘66 woomar (K K5 K, K) +0,333 - ( (K(K Kz Ka,) ) =N (KL K K, 4)), @3)
17 2 3! 4

" 0,333 N
rie:

HesHau

Nromsnas ¥ Nrogsesnas — YMCIIO TIOAABICHHBIX «3HAYUMBIX» U «HE3HAUYUMBIX)» CUTHAJIOB TPEBOTH;

Nauau ¥ Nyesuau — OOIIIEE YHUCITO «3HAYUMBIX» U «HE3HAYMMBIX)» CUTHAJIOB TPEBOTH;

0,667 u 0,333 — BecoBbie KO (DUITUEHTHI.

Hns pacuera Fuen Ob1a ncmonb3oBana mporpamma Ha si3bike Python. Ha mayanbHOM 3Tame
UCCIIEIOBAaHUN ObUIa TMpeNNpUHATAa IONbITKAa TNPUMEHEHHA TIpajueHTHoro weroaa [4] ¢
NpUOTMKEHHBIM BBIYHCIEHHEM MPOU3BOAHBIX, HO TIOCKOJBKY Fyex SIBISICTCA BEIYUCIAEMON QYHKIMEH,
TO OHa BIOJHE MOXET SBIATbCA MHOTO3KCTpEeMalbHON HemuddepeHuupyeMo ¢GyHKIUEH.
CrnenoBaresnbHO, MPUMEHEHHE TPaAHMEHTHOTO METOJa ONTHMHU3AIMH IPHBEIO OBl K HAaXOXICHHIO
JIOKaJIbHBIX 3KCTPEMYMOB, a He TiobansHoro. [losToMy, ans moucka skcTpemyma Fiep Tipeanaraercs
IOPUMEHATh H3BECTHBIE B MHUPOBOM IPAKTUKE METOABI TIJO0AaNbHOM ONTUMM3ALMHU IS
HenupGepeHIUPYMBIX MHOTO3KCTPEMAIbHBIX (PYHKIMH, OCHOBaHHBIE HA CEJIEKTHMBHOM YCPEIHEHUH
(GYHKIIMM ¥ Ha CEJNEKTUBHOM YCPETHEHHH KOOPAMHAT. MeTOoJbpl BTOPOTO THIA SIBISIOTCA Oojee
COBPEMEHHBIMH M TEPCIEKTUBHBIMH ([5]), MOSTOMY Ui peLIeHHs IOCTaBIEHHON 3amadu ObLI
NPUMEHEH METO/ CEeJEKTUBHOIO YCPEOHEHUS KOOPAMHAT, KOTOPBIA ObLT peanu3oBaH B BHIE
MPOTrPaMMHOTO KoJia Ha si3bike Python.

Pe3yabTaThl 1 HX 00Cy:KIeHUE

B meToze cenekTUBHOTO ycpeIHEHUs! KOOPAUHAT MCIIONIb3YETCsl pAaBHOMEPHOE pacrpezesieHne
TOUYEK B THIIEpKyOe pasmepoMm 1. B kadecTBe Takoro pacmpelesieHusi TOUeK ObUI BHIOpaH «PHUMCKUH
runepkyo» [6].

[IpoBeneHHBIE UCCIIEIOBAHMS TTOKA3aIM, YTO MPH MCIIONB30BaHUN THIIEPKY0a pa3MepHOCTH 4,
TapaHTUPOBAHHOE HAXOXKICHHE pa3MENICHUS TOYeK B KyOe, OJIM3KOro K ONTHMAaIbHOMY (pa3HHIA
menee 0,1 %), obecrieunBaeTCs PU YKUCIIC UTEpALIMi MOCTpoeHus runepkyoda He menee 20000.

Kpowme Toro, ObLIO BBISIBIEHO, YTO JUIS TOTO, YTOOBI METO] HAXOAMII SKCTPEMAIIbHOE 3HAUSHHE
Fuen € BBICOKOH TOYHOCTBIO (pa30poc 3HaueHuit He Oosiee 1,1%) HE3aBUCUMO OT HAYAJIbHBIX YCIOBHH,
ero mapameTpsl ([3]) JOMKHBI UMETh CIISAYIONINE 3HAYCHUS:

— 3HauYeHue Kod(duIeHTa ( — He MeHee 2;

— /IO — SKCMOHEHIMANBHOE «Ps(g) = €70,

— YUCJIO TECTOBBIX TOYEK JOJKHO — He MeHee 300;
— YHMCJIO UTEPALIUN — HE MEHee 5.

JlocTaTouyHO JIOOOMBITHBIM OKa3zaics TOT (aKT, 4YTO ONTUMYyM ObUI HaljeH Jyis
¢ukcupoBanHoro 3HaueHUst Ki, npyrue xe kKod3pUIMEHTH MpPUHUMANM 3HAYCHHS W3 HEKOTOPOTO
nmuanazona AKg:
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K, =[0,276...1,000], AK, = 0,72
K, =[0,145...0,145], AK, =0

K, =[0,063...0,306], AK, =0, 24
K, =[0,235...1,000], AK, = 0,77

Hcnonp3oBanue TakuxX 3HAUYCHUN KOA(PQUIMEHTOB TO3BOJSIOT YMEHBIIUTH  YHCIIO
0TOOpakaeMbIX OIepPaTopy HE3HAYUMBIX CHTHAJIOB TPEBOTH Ha 8 %0

(4)

3akuouenne

B pabGore omnmcan MeTo] BBISABICHUS MOTCHIHAIGHO H30BITOYHBIX CHTHAJIOB TPEBOTH,
OCHOBaHHBII Ha IEPEKPECTHOM aHAIN3E BO3HUKAIOIINX COOBITHI M HAJIMYHS OTBETHBIX YIPABIISIOIINX
neiictBuil. Ha mpumepe cuctemsl mpoayBKu-moanutku ADC ObLTO BHISBICHO CIEAYIOLICE:

— 3HAYMTENbHAs YacTh CHTHAJIOB TPEBOTH, KOTOpbIe OBIIM CHATHI O€3 BMeEIIATeNbCTBA
oreparopa ObUTH BBI3BaHBI (IYKTYyallMsIMHU 3HAYCHUS TTapaMeTpa OKOJIO YCTABOK («apedes3r»);

— ObUT BBIOpaH METOJ TMOJAABJICHHUS CUTHAIOB TPEBOTH, BHI3BAHHBIX «IpeOe3rom» 3HaYCHUH
napaMeTpa — UCIIOJIb30BaHUE METIH THCTEPE3nCa;

— pa3paboTaHbl GOPMYIIBI Ul pacueTa BEIMUUHBI THCTEPE3UCA, UCTIONb3YIOIINE HEU3BECTHBIE
koadpurmentsr Ki— Ka;

— i Tpy0oil oleHKH 3PQPEKTUBHOCTH NPUMEHEHUs PACCUNTAHHOW BEJIMYMHBI THCTEpe3uca
NPEUIOKEHO  WCIIONB30BAaHWE  YHCIAa  TIO/IaBICHHBIX  CHTHAJIOB  TPEBOTH, YCTPAHUBIIMXCS
CaMOCTOSITETIbHO («HE3HAYMMBIX» CHUTHAJIOB) M BO BpeMsl HM3MEHEHHH COCTOSHHMH 000pyIOBaHUS
(«3HAYMMBIX» CUTHAJIOB);

— ObUI0 TIpeyIokeHa neneBast GyHKIuUs Fue,, U KOTOPOI MoJaBIeHNE «3HAYUMOI0» CUrHaNa
TPEBOTH HOCHUT B 2 pa3a OONBIINIA HEraTUBHBIHA 3((HEKT, 9eM MOJIOKUTENBHBIH d(h(EKT OT MmoaaBIeHUI
«HE3HAYMMOT'0» CUTHAJIA;

— BBINIOJIHEH AaHAIW3 ¥ BBIOOP NPUMEHSEMBIX K TakKoro poxa (yHKIUSIM METOI0B
OINITHMU3ALIUH, ¥ BBIOPAH MOAXOIAIINI METO/] CEJIEKTHBHOTO YCPEIHEHHS KOOPANHAT;

— ObUTM Ompe/ieNieHbl 3HAYCHUS €ro IMapaMeTpOB, MO3BOJISIOIINE HAXOIUTh MHUHUMYM Fiex
HE3aBUCHUMO OT HaYaJIbHBIX YCIOBUIA;

— MOJTy4eHbl ONTUMaJIbHBIE 3HaueHHs KodhduimenToB K1 — Ky (4).

Ectb ocHOBaHMS yTBepKIaTh, YTO JalibHeWInas paboTa B 3TOM HAampaBlICHHW IO3BOJHT
OIIPEACITUTh BO3MOXKHOCTH 0OJIee CYIIECTBEHHOT'O TIOBBIIICHHS TIOyYEHHOTO TIPOIIEHTA MTOJaBJICHHBIX
CHTHAJIOB TPEBOTH, BBI3BAHHBIX «ApPeOE3roM» 3HAYCHUI TEXHOJIOTMYECKUX MAapaMeTpoB M JPYTUMHU
NPUYHHAMH.

Crucok JuTepaTrypsl
1. Aagpymenko C.A. Appos A.M., BacunbeB B.1O. u ap. A3C c peakropom trna BBOP-1000. Ot
(U3NYECKUX OCHOB IKCILTyaTallMK JI0 IBOIIONKH mpoekTa. — M.: Jloroc, 2010.
2. JlecataukoB W.UM, Epmomae A.Jl., Pakutmr W.[l. IloBeimieHne kadecTBa WHGOPMAIMIOHHOTO
obecnieyenus omneparopa ADC B aHOMaJIbHBIX CUTyalusiX / ATOMHasi TEXHUKa 3a pybexom. — 1986. —
Ne 7. - C. 15-17.
3. Engineering equipment materials users’ association, alarm systems. A guide to design, management
and procurement. EEMUA Publication No 191, 2nd edition. — London: EEMUA, 2007.
4. Canvur U.JI. MaTtematrueckie METOIBI PEIICHIS ONTHMH3AIMOHHBIX 3a1a4. — M.: MUOU, 2004.
- 156c.
5. Pyban A.M. Meton rnobGanpHOM ONTHMHU3AIMH, OCHOBAaHHBI Ha CEJIEKTUBHOM YCPEAHECHUH
KoOpauHaT npu Hanuuwu orpanndennii // Bectank TT'Y. — 2013. — B, 1 (22). — C. 114-123.
6. I'ampniepun I'.A. MHoOrOMepHsIit Ky6. — M.: MIIHMO, 2015. — 80 c.

104



11 MEXKAYHAPOJHASI HAYYHO-TEXHUYECKA S KOHOEPEHLIMA. MUHCK 27-28 AITPEJIA 2021 T'OJIA

YK 621.039-78
POBOTU3UPOBAHHBIE YCTPOMCTBA B CUCTEME ®U3UYECKOM 3AIIATHI
Tpasenko H.I'., KpacHoGopoabko A.A.
Hayuonanvuwiii uccnedosamensckuil soepruwiti yrusepcumem « MUDUy,
(Mockea, Poccutickas ®edepayust)
AnHotanus. B Hactosmee BpeMs (u3mueckas 3aliuTa MPeacTaBisieT co00il CIOXKHYIO YeI0BEKO-
MaIllMHHYK) CHUCTeMy. [ TS5 Ha COBPEMEHHBIC YIPO3bl, BO3HHMKAET TIOTPEOHOCTh B IIOHCKE
MEPCIICKTUBHBIX TEXHHYECKUX PEIICHHUS IO HWCIOJb30BAaHUIO POOOTU3MPOBAHHBIX YCTPOWCTB Ha
ANIEPHBIX O00BEKTax. B craTbe paccMOTPEHB BO3MOXKHOCTH POOOTH3MPOBAHHBIX YCTPOICTB U
KOMILIEKCOB.
KaroueBsle ciioBa: cucrema (pU3MUECKOM 3alUThI, POOOTH3UPOBAHHBIC YCTPOHCTBA, 3()(HEKTUBHOCTD
3aIUTHI, YIyqIlIeHue 0OHAPYKUTEIBHBIX H TAKTUKO-TEXHHYECKUX XapaKTEPHUCTHK.

ROBOTIC DEVICES IN THE PHYSICAL PROTECTION SYSTEM
N. G. Travenko, A. A. Krasnoborodko
National Research Nuclear University MEPHI,
(Moscow, Russian Federation)

Annotation. Currently, physical protection is a complex human-machine system. Looking at the
current threats, there is a need to find promising technical solutions for the use of robotic devices at
nuclear facilities. The article considers the possibilities of robotic devices and complexes.
Keywords: physical protection system, robotic devices, protection efficiency, improvement of
detection and tactical and technical characteristics.

Beenenue

CHWKeHNe PHUCKOB, NOBbIIIeHNE 3()D()EKTUBHOCTH 3aIUTHl M a/ICKBaTHOE MapHpPOBaHHUE yrpo3
ABJSIETCS MOCTOSIHHBIM HampaBlIeHMEM pa0oThl COTPYOHHMKOB cHcTeM Oe3omacHoctu. llommmo
MPOYEro, BaXKHBIM DIEMEHTOM OTOH [EATENBHOCTH SBISETCS OCBOCHHE W BHEIPEHUE CaMbIX
MEPEIOBBIX TEXHOJIOTHIA B U3BECTHBIC CUCTeMBI (huzmueckoii 3amuThl (CD3). [Tocnennee necsaTuneTue
NOJApWIO 3JI0YMBIIUICHHUKAaM OOJNbLIOE KOJMYECTBO TEXHHUYECKH CIIOKHBIX, HO (HHUHAHCOBO
JOCTYIHBIX CPEACTB UL PELICHUS CBOMX 3alad. JTO, IPEeXIe BCEro, OECHMIOTHBIE YCTPOWCTBA,
KOTOpbIE MOTYT CaMOCTOSTEIFHO WM C MHUHHMAJIBHBIM YIpaBlieHHEM JIeTaTh, IJIaBaTh, €37HTh,
00BEIUHATECS B TPYNIBl W HCHONB30BaTh APYr Jpyra. Bno0aBok, CyIIECTBEHHO IOBBILIAETCS
KayecTBO pELIaeMBIX HMM 3afad 1o cOOpy 4YyBCTBUTEIbHOW HH(OpMAIMK, ONEPaTHBHOMY
HaOJIOIEHUIO M BO3JICHCTBUIO Ha HanOosee ys3BHMBIE DJIEMEHTHI 3allMIIeHHOTo 00bekTa. BaxkHo
MOHUMATh, YTO TIPU peAM3alH CIICHAPHEB C HCIIOJIb30BaHUEM OCCIMIIOTHBIX YCTPOWCTB, IEHTPHI
yIpaBlieHUs U IUIAHUPOBAHMSA 3710yMBIIUICHHBIMH ACUCTBUAMHU MOTYT HaxXOJIUTHCS HA 3HAUUTEILHOM
paccTosHUM OT 00BEKTA.

duznyeckas 3ammra JI000ro 00beKTa MPEJICTABISAECT COO0H CIOXKHYIO YEITOBEKO-MAITUHHYIO
CHCTEMY, HPUMEHSIOLIYI0 COBOKYIIHOCTH PECYPCOB, CPEIACTB M METOAOB MAJsl NpPerOTBpaleHHS,
OoOHapyXeHHs M NOCIeAyIoleld JMKBUAAUUN Yrpo3bl O00beKTy 3amuThl. [Ipu 3TOM HoimkHa
TIOJJICP’KUBATHCS aJIEKBATHOCTh CTEIICHU 3alUTHI CYIIECTBYIOUIMM TPOSKTHBIM yrpo3aM. 3MeHeHne
XapakTepa yrpos, a TakKe CTEIIeHH WX OMAaCHOCTH TpeOyeT MOCTOSHHOTO MOMCKA HOBBIX PEHICHUH W
MeTo10B 3((HEeKTUBHOI 3alIUTHl 00BEKTOB OT ITHX YIPO3.

JIro6ass CD3 ucmonb3yeT U3BECTHBIE CPEICTBA OE30MIaCHOCTH, HAPUMEp, CPECTBA MOXKAPHO-
OXPaHHOW CUTHAIIM3AINH, ONTHKO-3JIEKTPOHHOTO HAOJIOJICHHsI, KOHTPOJISI M YIIPABICHUSI TOCTYIIOM,
BCEBO3MOXKHBIE HH)KEHEPHBIE COOPYKEHHMS M MHOroe apyroe. Bce 3Tu cuctemMbl momorand Hu
noMoraroT 3p(EeKTUBHO peliaTh BONMPOCH 0€30MacHOCTH B Pa3IUUYHBIX 3aJadax, B TOM YUCIIEC U B
obecrieuennn  ¢Gu3MUECKON smepHO  OezomacHocTH. llosiBlIeHWE HOBBIX — TEXHOJOTHH, WX
pacrpocTpaHeHue, MOBBIIIEHUE JOCTYITHOCTH, JOJDKHO MCIONb30BaThCs I BhINOIHEHU 3agay CO3
C MEHBIIMMH 3aTpaTaMi. ABTOMaTH3alMsl padOYNX MECT W ONepalui, HO3BoJIsIeT obecneunTs Ooee
BBICOKYIO peHTa0eNnbHOCTh. K TaKMM TepeioBBIM TEXHOJOTHSM MOXKHO OTHECTH POOOTHU3UPOBAHHBIC
ycrpoiictBa (PTVY). CornacHo npuBeaenHomy aHanu3y International Data Corporation (IDC) x 2023
TOJy PHIHOK POOOTH3UPOBAaHHBIX cucTeM Oosee yeM yusoutcs. B 2020 roxy MupoBoii 00beM mpopax
pOOOTH3MPOBAHHBIX cUcTeM TogHuUMeTcs Ha 17.1%. [1]
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CTpykTypa, 3a1a4M U PyHKIUH cUCTeM (PU3MUECKOil 3a1UUTHI SAIEPHOr0 00bEeKTa

IToctpoenne coBpemenHblx C®3 OCHOBBIBA€TCA Ha MIMPOKOM NPUMEHEHUH HHXECHEPHO-
TE€XHUYECKUX U MPOrPaMMHBIX CPEACTB, AJIsI TOTO YTOOBI 00ECIeUNTh KOHTPOJIb JOCTYIA JIFOJEH U UX
NepeMellieHdss B  3allMIIeHHbIle W 0c000  BaXKHBIE 30HBI OOBEKTa, W  HUCKIIIOYCHUH
HECaHKITMOHWPOBAHHOTO JOCTYIIA K IpeaMeTaM (GH3MIecKOi 3auuThl [2].

WnxeHepHO-TeXHUYIECKHE CPEICTBA BKIIIOYAIOT B Ce0s1 TEXHHUECKHE CpencTBa (yCTpOICTBa,
npeJHa3HaYeHHbIE IS TOBBIIICHUS HAAEKHOCTH OOHapy)KEeHHUs HapyluTeled W oOecredeHus
CaHKIIMOHMPOBAHHOTO JIOCTYIMa Ha OO0BEKT) M (puzuyeckue Oapbepbl - CHENUANBHO pa3paboTaHHBIE
CTPOUTEJIbHBIE KOHCTPYKLMH O0bEKTa, MHBIMU CIOBaMH, (QU3HUYECKUE NPEenITCTBUA. [ MOBBIIEHUS
JKUBYYECTH U HAJEKHOCTU HCIIOJB3YeTCs] NMPUHLUI CTPYKTYPHOH, (DYHKIMOHAJIBHOM M BpPEeMEHHON
MU30BITOYHOCTH.

XapakTepHOH OCOOCHHOCTBIO SAEPHOTO OOBEKTa SBJISIETCS 30HUPOBAHUE TEPPUTOPUU C
pasrpaHnYeHUEeM YPOBHEH AOCTYyNa IepcoHala B pas3Hble 30HbL. Kak mpaBuio, Ha TEpPUTOPUH MOTYT
OBITH BBIJCIICHBI HECKOJIBKO 30H: [3]

- TEXHUYecKas TEppPUTOpHs (TOT Y4YacTOK, TJE€ PACTONOKEHBI Pa3IUYHBIE COOPYKEHHS,
o0ecrevnBaronue SKCILTyaTalnio 00beKTa);

- 3alWIIeHHas 30Ha (JIOKaJbHas 30Ha BHYTPH TEXHUYECKOH TEPPUTOPUH, HAa KOTOPOH
PAacIookKEeHbI COOPY>KEHHS OTPAaHUUEHHOTO JOCTYIA);

- BHYTPEHHsI1 30Ha (COOpY)XKEHHSI OO0OBEKTa, BXOJ B KOTOpbIE IIOCTOPOHHHUM CTPOIO
OTpaHWYEH);

- 0co00 BakHas 30HA (34aHUS WM TOMEIIEHHS C OCOOBIM PEKUMOM OOeCIIeUeHHUsI
0e30IacHOCTH).

Co0TBeTCTBEHHO, HEOOXOIUMBI YPOBEHb 0€30MMaCHOCTH 00BEKTa MOXKET OBITH JOCTHUTHYT 32
CUCT HCIIOJIb30BaHWA MHOTI'OYHMCJIICHHOTO WITaTa NE€pCOHalla OXpaHbl HWJIIM YCTAHOBKHU HCECKOJIBKHX
pyOexeii ¢ cucteMaMu OOHapPYKEHHS.

K ocHoBHEIM pyHKIMAM CD3 oTHOCST [4]:

- 0OHapyXeHHE BTOpXKeHUsI (CpabaThIBaHUE TEXHUYSCKUX CPEIICTB, OIICHKA CUTYAIIUH ).

- 3aJIepKKY (3aMeJICHHE TIPOIBMKEHHSI HApYIITUTENeH K 1IeJIH);

- IeiicTBHE CHII OXpaHbl (pa3BepThHIBAaHUE, IIPECEUCHHE ACHCTBUN HApYIIUTENEH).

Bo3mo:kHOCTH pOOOTH3MPOBAHHBIX YCTPOHCTB U KOMILIEKCOB

AHanu3upyss COBPEMEHHOE COCTOSHHE W pa3BUTHE POOOTH3MPOBAHHBIX CPEICTB, MOXKHO
OTMETHTh, YTO Ha CETOAHSIIHUHA J1eHb B MHpE aKTHBHO BemyTcs paboThl mo cosganuio PTY mms
obecriedeHust 0€30MacHOCTH OOBEKTOB WM (PYHKIIMOHMPOBAHHS B CMEXHBIX 00NacTax (JeHCTBUS B
YCIIOBHSIX UPE3BBIUAMHBIX CUTYyAIWil). Y Ke Oompeaenuics ps 3anad, riae ucmnoias3oBanue PTY Hocur
PYTHUHHBIN XapakTep:

1. BreinosiHeHue paboT B ONACHBIX 30HaX (pa3BelKa, TPAHCIIOPTUPOBAHUE OIACHBIX IPY30B)

2. BeimonHeHne paboT TpW Ype3BBIYAHHBIX CHUTyalUsiX (OCMOTp TEppUTOpHH, Iepeaada
MH(OPMALUK ONIEPaTOPy, AaHAJIN3 U MMPOrHO3 JaJIbHEHIIEH CUTyalnn)

3. IlpoBeneHne aHTUTEPPOPUCTUUECKUX ACHCTBHUM (TIOUCK, HIECHTU(DUKALMSA, JIUKBUIALIU).

OnbIT IpUMEHEHUs JieflacT MPUBJIEKATENLHBIME UX HCIOJIB30BAHUE JUIsi OXPaHbl, OCOOCHHO
JUIL TPEANpUsATAR aTOMHOW M XUMHUYECKOH IIPOMBIIUIEHHOCTH. IIpencraBisercss akTyalbHON
npobiema aHanu3a Bo3MoxHocTed PTY B 3Toif 00macTM M NMOWCK pPELICHWH, HANpaBIEHHBIX Ha
ylIydlieHHe OOHapyKHUTEIbHBIX W TAKTHKO-TEXHHYECKHX XapakTepucTuk C@d3, NOBbIIIEHUSI
WHQOPMATUBHOCTH, ONEPATHBHOCTH M JOCTOBEPHOCTH KOHTPOJS HaJ OOBEKTOM, aBTOMATH3AIlMH U
MHTEJUIEKTYAIN3aUK [IPOLIECCOB OXPaHbl M PearupoBaHusl, 00ECIIeUeHUs] YCTOMUMBOCTH K BHEIIHUM
BO3/ICHCTBYIOIINM (pakTopam.

IIpumenenue PTY nomkHO pemaTs Takyue 3a1a4u, Kak:

1. IloBeieHre ObICTPOICHCTBUS U yIyUIIEHHE XapakTepucTuK nmeromuxcs CPO3;

2. TloBeimenue 3ddekrnBHOCTH CD3 U BEPOATHOCTH HEUTpANHM3AIMU HAPYIIMTENs Ha
BHEITHUX PyOekax /10 ero MpOHWKHOBEHHSA BO BHYTPEHHHE 30HHBI (C YUYETOM BpeMEHH MPEOOJICHUS
¢dusndecknx 0apLepoB);

3. OOecniedyeHue 3alUTHl KU3HU U 370POBbsS JIMYHOTO COCTAaBa OXpaHBI 32 CUET OKAa3aHMS
BO3JICHCTBYS HA HAPYIIUTENCH JI0 TPUOBITUS CHII pearnpoOBaHus;
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4. JlononHEeHNEe CYHIECTBYIOUINX HA TIEPUMETPE TEXHUIECKUX CPEICTB 0OHApYKEHUE U MOTHAS
UHTETpalys B HUX;

5. MuHuMH3a1Us YSI3BUMOCTEN U YBEJIMUYEHHUE 3a11aca BPEMEHU CHJIaM pearupoBaHMUsl.

B HacTos11ee Bpems CyIiecTByeT HECKOJIBKO TUIIOB aBTOMAaTH3UPOBAHHBIX OXPAHHBIX CUCTEM:

1. dukcupoBaHHBIE — 3aKPEIUIEHHBIE POOOTU3UPOBAHHBIE KOHCOJIHM, ITO3BOJISIOIINE BBISIBIISATH
NOJBIDKHBIE OOBEKTHl C yJaJICHHbIM BUACOHAONIOACHUEM CKAaHHUPOBAHUS JIMI, a TaKKe Mepenadu
MHQOPMAIH OTIEpPaToOpy B clyvae HECAHKIIMOHUPOBAHHOTO BTOPKEHHUS Ha OOBEKT OXPaHBbI.

2. MoOunbHple — TOABIKHBIE POOOTHI, OCHAILCHHBIE HMH(QPAKPAaCHBIMU JaTYMKaMU U
Kamepamu ciexxkenus. [lomemaroTcs naHHbple ycTpoiicTBa Ha IByXKOJIECHbIE T'yCCHUYHbIE MIaT(hOPMBI,
KOTOpblE IPUMEHSIOTCS. BHYTPU IOMEIIEHMA uid 4-x u 6-Tu  KOJeCHble IIaT(OpMBl,
o0ecreyrBarolIye BEICOKYIO MPOXOAMMOCTD JUIsl pabOThI Ha OTKPBITOH MECTHOCTH.

IlepBble, Kak MpaBUIIO, SABISIOTCS COCTABHOM YacThIO MOACHCTEMBI ONTHKO-3JIEKTPOHHOTO
HaAOIIOEHNSI C pacIIMpeHHbIM (yHKIHoHaIoM. Bropoit Tam PTY moka siBisieTcss HOBBIM U aKTHBHO
pa3padaThIBAIOIIMMCS TSI UCTIOJIB30BaHMS Ha KPUTUYECKU BKHBIX U SIIEPHBIX 00BEKTAX.

Ucnonb3oBanne MoOmnsHbIX PTY mo3Bomut moBeicuTh 3¢ ¢extuBHocTs CD3, Hampumep,
o0ecrieunT  MakCHMalbHYI0  OO30pHOCTH  OONBIIMX  IIom@aed, B TOM  YHCIE W
TPYAHOTIPOCMATPUBAEMBIX 4elloBeKOM YydacTkoB. [Ipumenenune PTY mozBomuT H30e€kaTh PUCKOB,
KOTOpBhIE MOTYT BO3HHKHYTh BO BpeMs MNaTPyJHUPOBaHUS TEPPUTOPUH IUIOIIAAKH. YenoBedeckuii
(akTOp UrpacT HEMAIOBAXKHYIO POJb, BEAb COTPYIHHMKH CIYKObl O€30IIaCHOCTH MOTYT OKa3aTbCs B
OTIACHOH CHTyanuu, MO0 TOJBEPTHYTH YIrPO3€ KU3HU APYTUX JIOAEH, B TO Bpems Kak PTVY »xectko
OTrpaHMYEeHBl B CBOUX JAeWCTBUAX. Jlaxke B cilydyae OCHAIEHHS YCTPOMCTB JIETAJIbHBIM OpYXHEM
HUMEETCSI BO3MOKHOCTh MHOTOCTYIIEHYaTOI'0 KOHTPOJISI €70 IPUMEHEHUSI.

CoBpemennsie cucteMbl C®3 Ha sSAEpHBIX O0BEKTaX WMEIOT BBICOKYIO CTEIEHb
Kommblotepusaun 1 PTY, MoryT OBbITh MHTEIPHPOBaHBI B YK€ HCIONB3yeMbIe AITOPHUTMBI U
CILIEHApUU pearupoBaHusl.

BonpmmmucTBO PTY, npencraBneHHble HA COBPEMEHHOM 3Tane, KaKk Ha OTEYECTBEHHOM, TaK U
Ha 3apy0eKHOM PBIHKE OCHAIIIEHBI HAOOPOM CXOKUX (DYHKITHIA:

- KOMILIEKT ONITHYECKUX U HHPPAKPACHBIX KaMmep;

- gatyuk LIDAR (n1azepHblli panap), MpenHA3HAYEHHBIA I OIpPENEIeHUS TIyOWHBI
MPOCTPAHCTBA U pacueTa TOYHOT'O PACCTOSHUS 1O O0BEKTOB;

- IaTYMKH OLIEHKH 00CTAHOBKHU (KOHTPOJIb MOKAPHOU 1 OMOJIOTHYecKOi 6€301acHOCTH);

- cpencta cBsizu 1 HaBurain (GPS/TJIOHAC, WiFi, 4G(VOLTE) moayinn).

[TpumMepoM MOXET CIIYKUTh aBTOHOMHBINH po6oT kommanuu SMP Robotics «Tpan Iarpyis»
(Puc. 1). [5]. Hanmsbie PTY co3nmanbl ayis maTpyJupOBaHUS OXPAHSAEMBIX TEPPUTOPHI C IENbBIO
BUJICOHAOIIOICHNSI 38 HUMH, IPUYEM BUACOHAOIIOCHNE OCYILIECTBISIETCA KaK B IBMKEHNUH, TaK U MIPH
OCTAaHOBKaxX B MO3MLUSX, ONTUMAJIBHBIX U1 KOHTPOJISI KPUTUYECKH BaXKHBIX YUaCTKOB 0003peBaeMoit
tepputopun. CepHsl IpeaCTaBIeHa HECKOJIBKUMH MOJENSIMU, KOTOPBIE MPEAHA3HAYECHBI ISl PEILIEHUS
pasnnuHbIx 3a1a4. PTY MoryT OBITH OCHAIICHBI Pa3MYHBIMH CHCTEMaMH BHJICOHAOIIONEHHS, B TOM
yKciie M MHTEJJIEKTYalIbHOM, KOTopasi ClIoCOOHA paclio3HaBaTh U COMPOBOXKIATH JIFOJEH IMOCPEICTBOM
MaHOPaMHBIX KaMep.

Hcnonb3oBaHue MPUHIMIIOB 30HUPOBAHUSI 1 MHOTOPYOEKHOCTH [4] JenaeT mepcreKTHBHBIM
emle ouH TUI MOOWIBHBIX PTY - penbcoBBIX KOMIUIEKCOB OXPaHBI, KOTOPhIE MPEACTABISIOT COOO0H
KapeTKy C KaMepo#, OCYILECTBISIOIIEH MOHHUTOPHMHI CUTyalud Ha oObekrax. Ilpm stom, mpoxons
JIECSITKU THICSIY KMJIOMETPOB 32 JIOJTOE BpeMs dKCIUTyaTally 10 YPOBHIO CBOEW HAJIEKHOCTH JOJKHA
MIPEBOCXOANUTH CYIIECTBYIOIINE KOJIECHbBIE aHAIOTH.

Puc. 1. Buemnuii Bug aBToHOMHOTO poboTa komanuu SMP Robotics «Tpan I1atpymns»
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PenncoBas Tpacca MOXeT OBITH IMPOJIOKEHA PSJIOM C OIPaXJICHUAMHU pyOeka 30HbI. CKOPOCTH
TaKOTO KOMIDIEKCa MOXKET oOecrednBaTh MUHHMAIFHOE BpeMs MPUOBITHS B HEOOXOIMMYIO 30HY,
OTIpeIeTsAEMYI0 NTaTYMKaMHA CHUCTeM OOHapyxkeHHs. [Ipw IITaTHOM «IaTpylmHpOBaHHW» pyOexa
3amuThl  penbcoBoe  PTY  Moker oOecreunBaTh YTOYHCHHWE ONEPATUBHOW  OOCTaHOBKH,
TPAHCTIOPTUPOBKY TPY30B U BO3IEHCTBHE HA NMPOHWKHOBEHHE HAPYIIUTENS C IENbI0 3afepKKU HITH
yCTpaHEeHHsI OTTACHOCTH MPOHUKHOBEHUS Ha 00beKT. BO3MOXKHOCTh JBMKEHUS C BHICOKOM CKOPOCTHIO
B COUCTAaHUM C KPYrOBBIM BHJCOHAOIIOJICHUEM IO3BOJIUT KOHTPOJIUPOBATh MPOTSHKEHHBIE PYyOCKH,
MPAKTUYECKU TIOJHOCTBIO peliasi «BEYHBIN» BOMPOC BHCOHAOIONCHUS — HAMYKUE CIICTIBIX/MEPTBBIX
30H.

nnara ynpasnexus
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KyNnonbHas kamepa

Garapes

3NeKTPOMOTOP

ABWXYLUME PONUKM

npuemHuk-nepesarunk Wi-Fi
Puc. 2. BHemnHuii BUA penbcOBOro OXPaHHOTO YCTPOUCTBA

Aartumk koHUa nyTK

Aarumk KoHUa nyTK 55cm
. Kapertka ¢ kamepoi
[ 0— ———=——— Ol
] g )
— - 4= e -
dneKTpoasuratens v 3epKanbHbli KOXyX

610K ynpasnexus
Puc. 3. Cxema o0riero Buja aqanTHPyEeMO 101 KOHKPETHBIH 00BEKT TPACCH PEIHCOBOTO OXPAHHOTO
YCTpOMCTBa

3akioueHne
Koneuno, Ha coBpeMeHHOM 3Tarie, GyHKIHOHANBHOCTh PTY orpanuyeHa u Majao OTIHYAETCS
OT cTaHAapTHBIX ycTpoiictB CD3, mpu 3TOM MpeBOcXoAs WX B cTouMocTd. OmHAKO, MpHUMEHEHHEe
CHEeUMAIN3UPOBAaHHBIX MOOMIBHBIX PTY, Kak Hale)XHOTO M SKOHOMHYHOIO JIONOJHEHUS! WM JaKe
AIbTEPHATUBbI IEPCOHATY OXPaHbl MOXET MOBBICUTH 3(dexTnBHOCTE CD3.  lelicTByomMi 1o
nporpamMme PTY crocoOeH BBIONHATE MOHOTOHHYIO M OMAacHYH paboTy KpyTJIIOCYTOYHO, CHIDKAs
BJIMSIHUE YeJIOBEYECKOTO (hakTopa.
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BBIBOP METO/JIA JIJISI AHAJIM3A HAJTEXKHOCTH ABTOMATHU3UPOBAHHBIX

CUCTEM YHNPABJIEHUS TEXHOJOI'MYECKUMHU IMPOLIECCAMMU ADC B PAMKAX
HE3ABHMCHUMOM OIIEHKH BE3OITACHOCTH
AKOJIOBUY A.B., KPIOK 1O.E.
Tocyoapcemeennoe nayunoe mexnuueckoe yupesicoenue «L{enmp no s0eprou u paouayuoHHou
beszonacrHocmuy,
(Munck, Pecnybauxa Benapyce)

AnHoTamnus. B pabore paccMOTpeH BBIOOP METO/A JIJTsl aHAIN3a HAAEKHOCTH aBTOMATH3UPOBAHHBIX
CHCTeM ympaBieHus TexHoiormaeckumu nporeccamu (ACY TII). Ananu3 Hag&KHOCTH TPEANoIaraeT
UCIIOJIb30BaHUE PA3IMYHBIX METOJIOB, OOYCIIOBIICHHBIX ONpEACIEHHBIMU KpUTepusMu. B pamkax
BBEIOPAaHHOTO METOAa BBIABIAIOTCA HambOoiee yA3BUMBIE YacTH WM JJIEMEHTHl 3Heproomoka ADC,
OmMMUOKK TepcoHana, KOTOphle TPeOYIOT MNPHUCTAILHOIO BHUMAaHHS B paMKax pEHICHUS 3alladd
MOBBINIICHHUS OE30MMaCHOCTH.

KaroueBble ciioBa: BEpOATHOCTHBIM aHaIM3 0E30MaCHOCTH, aHATN3 HAISKHOCTHU, IEPEBbS OTKA30B,
ACY TIIL

SELECTION OF A METHOD FOR ANALYSIS OF RELIABILITY OF AUTOMATED
PROCESS COMPUTER SYSTEMS NPP IN THE FRAMEWORK OF AN INDEPENDENT
SAFETY ASSESSMENT

AKOLOVICH A.V., KRUK Y.E.
State Scientific Technical Institution "Center for Nuclear and Radiation Safety,
(Minsk, Republic of Belarus)

Abstract. The article considers the choice of a method for analyzing the reliability of automated
process computer systems (APCS). Reliability analysis involves the use of various methods,
conditioned by the established criteria. Whiting the chosen method, the most vulnerable parts and
elements of the NPP, personal errors which require close attention to solving the problem of
improving safety.

Keyword: probabilistic safety analysis, reliability analysis, fault tree, APCS.

Beenenue

ABTOMaTH3UPOBAaHHbIE CHUCTEMBl YIPAaBJICHUS TexHoJormyeckuMm npoueccom (ACY TII)
SBIISIFOTCS. BAYKHOHW U B TO YK€ BPEMSI CIIOKHOM COCTaBHOM YaCThIO MPOMBIIIJICHHOTO IIPOU3BO/ICTBA.

ACY TII — 3T0 KOMIUIEKC CHUCTEeM, NpeJHa3HAUYEHHBIA MAJIs YIPaBIECHUS Ppa3THUYHBIMU
MIPOM3BOJICTBEHHBIMH TPOIIECCaMU, BKIIOYAIONIHMI B ceOs paboTy uelloBeKa W aBTOMATH3MPOBAaHHBIN
coop u 0o0paboTky wH(pOpManmuu. B oTnuumMe OT aBTOMATHUYECKHUX CHCTEM, aBTOMATH3HPOBAHHAS
cHUCTEeMa yNpaBleHUs MpearnonaraeT aktTuBHoe yyactue uenoneka. [Ipumenenne ACY TII nmo3sossier
3HAYUTENFHO YBEJIMYHUTH MPOU3BOUTEIBHOCTh TEXHOJIOTHUECKHX TMPOIECCOB U UX IPPEKTHBHOCTS.
Crenenb 3QQeKTUBHOCTH aBTOMATH3UPOBAHHBIX CUCTEM 3aBHCHT OT MTapaMeTpoB U mnokazareneit ACY
TII. OgaUM H3 CYIIECTBEHHBIX (PAKTOPOB, OKA3BIBAIOIIMX BIUSHHE Ha 3((EKTUBHOCTH YIpPaBICHUS
ACY TII, sBusercs nHané&xHOcTh. be3zomacHocTh M 0€30TKa3HOCTh CHCTEM XapaKTEePU3YETCs
nokazarensMu HajaéxkHocTH. CleqoBaTeNbHO, BO3HUKAET MOTPEOHOCTh B MPOBEICHHM aHaIH3a
Han&xkaoctn ACY TII. HanéxsocTe mpsMO BIMSET Ha TaKHe CBOWCTBA, Kak 3((EKTHUBHOCTS,
JKUBYYeCTh U 0€30MacHOCTh, TaK Kak OTKa3bl KOMIOHEHTOB ACY TII mpuBomST K YXYIIICHUIO HITH
MoTepe CrIoCOOHOCTH 00ecneunBaTh MO AepKaHNe JaHHBIX CBOMCTB Ha JOJDKHOM YPOBHE.

Lenpro paboTsl sBIIsSIETCS BHIOOP MeTona i aHanm3a HaaéxHoctd ACY TII n obocHOBaHme
€ro MPUMEHEHUS, KaK HAWTy4IlIero MeToia 111 JaHHOTO aHalln3a.

Br10op MeTona ananmusa HagéxuocTu nsa ACY TII
ObecrieueHre HEOOXOAMMOTO YPOBHS HAAEKHOCTH TpeOYeT NPOBENEHUS CIIEIUATBHOTO
KOMITIEKca paboT, BHIMIOJHSEMBIX HA Pa3HBIX CTaAWsIX co3manmst W dkciuryatarmuun ACY TII B
kadecTBe mokazatened Hag&kHocth ACY TII HCmonp3yrOT TOKa3aTeld, XapaKTepU3YIOITHe
HaAEKHOCTh pean3anuy (PYHKIUHA CHCTEMBbI M OMACHOCTh BO3HHUKHOBEHHS aBapUUHBIX CUTYyalluil B
camoii cucteme [1].
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IIpu pemeHun BOMPOCOB, CBSI3aHHBIX € oOecmeueHHeM TpeOyeMoro ypoBHs Hané&xHocTH ACY,
YYUTBIBAIOTCS CIEIYIOIIHE 0COOEHHOCTH:

— kaxaas ACY sBisercss MHOTO(YHKIIMOHAIEHOUM CHCTEMOM, (DYHKITUM KOTOPOH pa3IUudHEI U,
COOTBETCTBEHHO, XapaKTEPHBI pa3HbIM YPOBHEM TPeOOBaHUH K HaJEKHOCTH;

— B ¢yaknuonupoBanun ACY ydacTByeT IMepCcOHAN, KOTOPHI MOXET B TOW WM WHOU
CTETICHH BJIHTH HA YPOBEHb HAIEKHOCTH CHCTEMBI YIIPABIICHUS;

— B coctaB ACY BXOaHT OOJBINOE KOJUYIECTBO PA3HOPOIHBIX 3JIeMEHTOB. OIWH W TOT XKe
3JIEMEHT MOXKET YYacTBOBaTh B BBIMIOJHCHUM HECKOJIBKUX (YHKIMH CHCTEMbI WM Ha000OpOT, B
BBITIOTHEHNU — OqHON pyHKIMH ACY y4acTByeT HECKOIBKO Pa3IMIHBIX 3JIEMEHTOB.

OCHOBHBIE HCHONb3yeMble METOABI aHalu3a HaAEKHOCTH, KOTOpble MOTYT JlaThb OTBET Ha
BOTpOC: OyIeT TN CHCTEMa B COCTOSIHUH BBITTOJHUTH BO3JIOKEHHBIE HA Hee (PYHKINH, CIEAYIOIIHE:

1. Ananu3 gepeBa OTKa30B;

2. MapKoBCKHIi aHaN3;

3. AHanu3 BUIOB U MOCTIEICTBUN OTKA30B;

4, Metop TOTHYECKUX OJIOK-IHarpaMmm

Bb160p MeTo1a MOKET OBITH YIPOIIEH MPH HCIIOIb30BAHUH CIICAYIONINX KpuTepues [2]:

— CJIIOXHOCTHh cucTeMbl. CHCTEMBI, BKITIOYAOIINE B ce0sl pe3epBUpOBaHHUE, pasHOOOpasue u
JIpyrue 0coOeHHOCTH, TpeOyIoT Ooiee rTyOOKO YPOBHS aHAIN3a, YEM IIPOCTEHIE.

— HOBHM3Ha cHcTeMbl. BHOBb paspabareiBaemas cucrteMa TpeOyeT Oollee NeTaabHOTO H
THIATEIFHOTO aHAIN3a, YeM CUCTEeMA, pa3paboTaHHas paHee U yKe SKCIUTyaTHPYIOIasl.

— HEOOXOMMOCTh KOJTMYECTBEHHOTO M KAYeCTBEHHOTO aHaJIH3a.

— HEUCTIPAaBHOCTH CHCTEMBI: UHIYHBIC MIIM MHOTOKpPATHBIE.

— 3aBHCHMOCTH CUCTEMEBI OT BpEMEHH H MOCIIE0BATENIEHOCTH MHBIX COOBITHIA.

— HAJIMYHE 3aBICUMBIX COOBITHH.

— BOCXOJISIIUN MJIN HUCXOISIIUNA aHaIN3.

— KBUTH(UKAIHS UCTIOJIHUTESI aHAITN3A.

— MPOBEpKa UCTHHHOCTH PE3YJILTATOB BPYUYHYIO.

— CTaHJapTU3aLu.

MapkoBCcKHIl aHanM3 Ha TMPaKTUKE HCIOIb3YeTCs O4YeHb PEIKO M3-3a CIOKHOCTH CHUCTEM
nmud dhepeHInaNbHBIX ypaBHEHHH, KOTOPhIE IMEIOT MECTO OBITh IPH aHATN3€ PEATbHBIX CUCTEM.

Mertop nmorndeckux OJOK-TMarpaMM W aHalIW3 BHJIOB ITOCIEICTBHIA U OTKa30B TPUMEHHM
JIUIIB K MIPOCTBIM cHcTeMa, 4yTo He npumeHnMo Kk ACY TIL

Merton anammza nepeBa oTkazoB (JlO) mpuMeHsIOT IS aHanW3a BUIOB, MOCIEACTBHU W
KPUTHUYHOCTH OTKa30B TEXHWUYECKOW JMAarHOCTHUKW OTKAa3aBIIEr0 3JIeMEHTa CHUCTeMBl. Hexotopble
9KCHEPTHl PACCMATPHUBAIOT JAaHHBIA METOJ KaK KOMIPOMHCC MEXAY HMPOCTOTOW METOAA JIOTHYECKHX
OJIOK-TMarpaMM U TOJTHOTOM MapKOBCKOTO aHajan3a IS BRIYUCIICHHS YPOBHS HAJIEKHOCTH CHCTEMBI
[3].

[Ipumenenue ananusa JepeBa OTKa3o0B NpHu 3ameHe snemenTta cucremMbl ACY TII mo3sosiur
YUECTh U3BECTHBIC HEONATONPHUATHBIE BO3JCHCTBHS U PACCUUTATh METOJIOM BEPOSTHOCTHOTO aHAlN3a
0e301macHOCTH HAAEKHOCTh CUCTEMBI, M KaK CIIEICTBUE C/IeTIaTh BBIBOJ O BIUSHUH Ha 0€30MaCHOCTD H
MPUTOAHOCTH KCIIOJIb30BaHUs JaHHOro 3nemMenTta st ACY TIL

Ucxonss u3 BBINIECKA3aHHOTO, MOXXHO CJlIeNaTh CIEAYIONIMHA BBIBOJA, YTO ONTUMAalbHO
MOIXOJISIIIIMM METOJIOM JUIS aHAIM3a HAJEKHOCTA CUCTEM, IPUMEHUM METOJ aHAJIH3a JIEPeBa OTKA30B,
KOTOPBIN SBJISIETCS YaCTHIO JIOTHYECKOTO METO/Ia BEPOSTHOCTHOTO aHalin3a 0€30MacHOCTH.

B rtabnuie 1 npuBen€H kpaTkuii 0030p KCIOJIB3YEMbIX METOJIOB aHaau3a HaJIEXKHOCTH, WX
XapaKTepUCTHKU ¥ 0OCOOEHHOCTH.
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Tadauua 1. XapakTepuCTHKN METOIOB aHaIH3a HaIEKHOCTH [2]
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Ananus nepera [a Ja Ha Ha Her Her Hucxo- Bricokas Jla T'OCT P
OTKa30B piC:0110307%1 27.009-
(HeucnpaBHOCTEH) 2009
MapkoBckuit Ha Ha Ha Ha Ha Ha Hucxo- Cpennsis Her I'OCT P
aHajau3 TUSITITA I 51901.15

Anamn3 BugoB u Tompko Tompko Jla  Her Her Her Bocxo- Bricokas Jla T'OCT
IIOCJIEACTBUNA IS IS TISIIITHIA 27.310
OTKa30B MPOCTBIX TPOCTHIX

CHCTEM CHCTEM

Meron Tompko Tompko /[la Ha Her Her Hucxo- Cpemnsia Jda T'OCT P
JTOTHYECKUX OJOK-  IId IS TISIIITHIA 51901.14
nuarpaMm MPOCTBIX MPOCTHIX

CUCTEM CHCTEM

Mertoa anajau3a AepeBa 0TKa30B A/ OLEHKH aHAJIN3a HAEKHOCTH

BepositHocTHBIN  ananu3 Oe3onmacHoctd  (BAB) mpencraBisier  co0oil  BCECTOpOHHUIA,
CTPYKTYPUPOBAaHHBIN METOJ ONpENENCHUsl CIIEHAPUEB OTKA30B, JJI MOJIYYEHHs YUCICHHBIX OIIEHOK
pHCKa, B IpoIlecce KOTOPOTro pa3pabaThIBAIOTCS BEPOSTHOCTHBIE MOJIEIH JIJIsl ONPE/ICICHUS] KOHEYHBIX
COCTOSIHHII CHCTEMBI C TOBPEKICHUEM HCTOYHHKOB PaJMOAKTHBHOTO M3iydeHus [4]. BeposTHOCTHBII
ananmm3 Oe3zonacHocTn (BAB) comepxuT OoTBET Ha BOMPOC O HYACTOTaX IPOSIBICHUS MEPEXOIHBIX
MPOLIECCOB, MPUBOAAIINX K KOHEUHBIM COCTOSIHUSIM, XapaKTEPU3YIOLIUNCS HApYLICHUEM IPENEIoB U
ycioBuii  GesomacHoi okcruryararun.[5]. OcHoBHO#M 1enbi0 BAB  siBIsieTcss OIEHKA  BIIMSIHUS
WHUIMHAPYIOIUX COOBITHH, BO3MOXKHBIX Ha dHeproonoke ADC, Ha 0€30MMacHOCTh 3TOTO YHEPTrOOIIOKa.
VYkazaHHas 1enb MOXET OBITh pa3felieHa Ha HECKOIbKO OTHeNbHBIX Iieneii BADB, moctmkeHue
KOTOPBIX IMPECICAYETCA B 3aBUCHMMOCTHU OT IMOCTABJICHHBLIX 3aJa4y, HallpuMcEp, OLCHKa 06ecnequH5{
JIOCTaTOYHOrO YPOBHS HAIEKHOCTH cucTeM. JlJid JaHHOUM LEeNr U ONpe/IesIEHUs] MHOXKECTBAa KOHEUHbBIX
COCTOSTHHH C MTOBPEXJICHUEM O0OPYOBAHHS, DIIEMEHTOB U CUCTEM NPUMEHSIETCS JIOTHUECKUH METOJ]
nepesa otkazoB (J1O).

JlepeBo OTKa30B BU3yaJbHO MPEJCTaBIsIET cOoOOW Tpaduyeckylo cxemy, IO KOTOpOH
OTIPEIETISIOTCS. OCHOBHBIE WIIM BEPIIMHHBIC COOBITHSA, 3aKIIFOYAIOIINXCS B OTKAa3€ CHCTEMBI BBITIOJTHUTH
3aJaHHYI0 (YHKLHIO, BCJIEACTBUE KOMOMHAIIMM 3JEMEHTAPHBIX WM MEPBUYHBIX COOBITUH, KOTOpPBIE
SBJIIFOTCS  OTKAa3aMM OTHEIBHBIX DJIEMEHTOB cHCTeMbl [5]. AHanm3 1gepeBa OTKa30B MOXKET
UCIIONIb30BaThCSL Al NOPOTHO3MPOBAHUS  HAAEKHOCTH TMPU  MPOBEACHUM  aJbTEPHATHUBHBIX
UCCJIEJOBAHNH U Ha CTaJuM MPOEKTUPOBAHMA cUCTEM. [laHHBIN METO NMpeAHAa3HAYEH TS peaTu3aliuy
3apaHee OMPEeEIEHHOTO HEeXKeNaTeIbHOTO COOBITHS, U TTO3BOJISIONINI HAXOJUTh BCE BOSMO)KHBIE ITyTH
€ro JOCTHXKCHUS. HpOBO]ISI COOTBCTCTBYIOH_II/Iﬁ aHaJIN3 CUCTEMbI, MOXXHO ITIOKa3aTb, YTO JOCTHUI'HYTHI
3a/laHHBIE KOJINYECTBEHHBIE WIIM KAUECTBEHHBIE ITOKA3aTENN HaAEKHOCTH.

Oramel npoBenenus ananmmsa J1O mss ACY TII:
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— OmHMCaHue Kakaoi yacth cucTembl, Bxomsaumi B coctaB ACY TII. Onucanue I0KHO
BKIIIOYATh B C€0S TEXHOJIOTHYECKUE M CTPYKTYPHBIC CXEMBI C ONPEICICHIEM TPaHUI] CUCTEMBI;

— BBHINIOJTHCHUE JEKOMIIO3MIIMIO CHCTEMBI, T.€. pa3leicHHEe ¢ Ha OTAEIbHbIC KaHAJIbl WA
4acTH, i1l KOTOPBIX OyAeT pa3paboraHo camoctostenbHoe J1O;

— OTpe/IeNICHUE BEPXHUX COOBITUH B cOOTBeTCTBYIOIMX J[O;

— OmpeneNieHue sl KaXKAOro JJIeMEHTa C Y4YETOM YCIOBHHA €ro (YHKIMOHHPOBAHUS
MpHUCYIIME €My BHUABI OTKa30B. KaknIblii BHJ OTKa3a JODKCH OBITh ONpelei€H MoKa3aTeneM
HaJIEKHOCTH;

— BBITNIOJTHCHUE aHAIN3a 3aBUCUMOCTEH OT IPYTHX CHCTEM M AJICMCHTOB;

— BBITNIOJTHCHHE aHaTN3a OMIMOOYHBIX JACHCTBUH MEPCOHANA;

— mnoctpoerre JIO 1O TOmydYeHHBIM pe3yiabTataMm. Jlis  OICHKM Han&KHOCTH H
paboOTOCIIOCOOHOCTH CHUCTEMBI B METOJIE aHallM3a JCPEeBO OTKa30B MpHMEHseTcs bynesa anreOpa
(MaTemMaTdecKasi CUCTEMa TIO3BOJISIOIIA MAaHHITYJINPOBATh C COOBITHAMM). OCHOBHBIME MCXOTHBIMHU
JIAHHBIMU  SIBJISIFOTCSI MHTCHCHUBHOCTH OTKa30B, BEPOSATHOCTU TOSBJICHHUS HEUCTIPABHOCTEH IS
37eMEHTOB. JlepeBO OTKa30B JOJDKHO BKIJIOYATh CJICIYIOIIME KOMIIOHEHTHI: BEPIIMHHOE COOBITHE,
JIOTUYECKHE OIIepaTophl, pa3zpabaTeiBaeMble COOBITHA, TEPBHYHBIE COOBITHS, CCBHUIKH Ha ApPYyTHe
JIEPEBbhsI OTKA30B;

— ompefelieHue MHOXXECTBO MUHHMAIBHBIX CEUEHHH, MPEICTaBISIIOIMINX COOOW JIOTHYECKOE
HpOI/I3BCILCHI/IC HCpBI/I‘IHI)IX CO6])ITI/II71, SABIIIOIIUECA OTKazaMHU CUCTEMBI, paccrmTaTL napaMeTpLI
HaJAE&KHOCTH DJICMEHTOB.

BriBoa

ABTOMAaTH3HPOBAHHBIC CHCTEMBl YINPABICHUS  SBISIOTCS  CIOXKHBIMA — TEXHUYECKUMU
CHUCTEMaMH, B MPOIIECCe KOTOPBIX MOTYT BO3HUKATH OTKA3bl, IMEIOINE HETaTUBHBIE MTOCTIEACTBUS IS
MPOM3BOACTBEHHOTO IWKJIA, TEpCcOHANa W WHQPPACTPYKTYpHL. BeposSTHOCTH OTKaza ompeaemnseTcs
MOKa3aTeIIMUA HaiEKHOCTH CUCTEMBI B IIEJIOM, a TAK)Ke €€ DJIEMEHTOB.

st moBeimienust Han&xHocTd ACY MPUMEHSIOT pa3TuYHbIe aHATUTHYECKUE MeToIbl. OaHIM
13 TAaKUX METOJIOB SIBIISIETCS METOJ IepeBa 0TKa30B. OH YUUTHIBAET CIOXKHBIC B3aNMO/ICHCTBHUS YacTei
CUCTEMBI, MOJICTTUPYSI UX 3aBHUCHMBIC OTKa3bl, COOBITHS, a TAKXKE IMO3BOJIIET CPOPMHUPOBATH OOIICe
MIPEICTABICHUE O CHCTEME.

[Ipy mpoeKTHpOBaHWK CUCTEMBI KOHTPOJS W YIIPABICHUS JODKEH MPUMEHSATHCS TOIXOM,
BKITIOUAIOMIMI HA0Op TEXHHYECKUX CPEICTB, METOJOB KOHTPOIS M KadecTBa, KOTOPHIE IOJKHBI
YYUTBIBATh HPUHIUIIBLI Pa3HOOOPa3Hs, CIMHUYHOTO OTKa3a, 3al[UThl OT OTKA30B 10 OO0IIeH MpUYHHE,
pE3epBUPOBAHMS], HE3aBUCHMOCTH, a TaKXKe YUET YellOBEeUYeCKOro (pakTopa, KadecTBO, HAIEKHOCTh
AJIEMEHTOB, KBATM(HUKAIIUIO 000y IOBaHMUSL.
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YK 621.039, 621.38
HOBBIE TUIIbI JO3SUMETPOB HEIIPEPBIBHOI'O
U IMITYJIbCHOI'O ®OTOHHOI'O W3JIYUEHUS I AAEPHON TEXHUKA
BOI'JIAH M.A., KAPAMKO3A T.M.
Hayuno-npouszsoocmeennoe ynumapuoe npeonpusmue «ATOMTEXy,
(Munck, Pecnybnuxa Berapycy)
AnHoTauus. B cTaree npeactaBieHsl NpUHIMI paboThl U XapakTepucTuku gozumerpa JKI-AT2533
u ycrpoctBa aerektupoBaHus YJKI-37, pa3paboTaHHBIX ¥ BBIMYCKa€MBIX MPEAIPUSITHEM
«ATOMTEX». Jlanaple u3meaus NpemHa3sHadeHbl I paOOThI B MOMSAX KaK HEMPEPHIBHOTO, TaK U
UMITYJIbCHOTO (JOTOHHOT'O M3JIyYEHUS B KECTKUX YCIOBHUAX IKCIUTyaTallHu.
KaoueBbie c0Ba: MOIIHOCTH aMOMEHTHOTO SKBHBAJCHTa J03bl, (OTOBOJBTAMYECKHN KaHAI,
paIHalMOHHEIN pecypc, PErUCTPAUsl HMITYJIBCHOTO H3ITyYCHMS.

NEW TYPES OF CONTINUOUS AND PULSED PHOTON RADIATION
DOSIMETERS FOR NUCLEAR TECHNOLOGY
MIKHAIL A. BOHDAN, TATSIANA M. KARAIKOZA
Scientific Production Unitary Enterprise «ATOMTEX»,
(Minsk, Republic of Belarus)
Abstract. The article presents the principle of operation and characteristics of the dosimeter AT2533
and detection device UDKG-37, developed and manufactured by ATOMTEX. These products are
designed to work in the fields of both continuous and pulsed photon radiation in harsh operating
conditions.
Keywords: ambient dose equivalent power, photovoltaic channel, radiation resource, pulse radiation
registration.
Brenenmne

B ctepe aTomHOI SHEPTETHKH, SAEPHON TEXHUKH, METUIIMHBI M PAIAAIIMOHHBIX TEXHOJIOTHHA
CYIIECTBYET MOTPEOHOCTh B JO3MMETPUYECKOW ammapaType, MpeJHa3HAa4eHHOW Ui H3MEpeHUs
MOIITHOCTH 3M6I/I€HTHOFO OKBUBAJICHTA 03Bl KaK HCIMPEPLIBHOI'O, TaK W UMITYJIbCHOI'O (bOTOHHOFO
n3nydyenns. Kak nmpaBuio, K mogo0HBIM CpeACTBaM KOHTPOJIIS IPEIBSIBIAIOTCS U )KECTKHE TpeOOBaHuS,
TaKHe KaK MMUPOKUH AHara30H H3MEPEHHH (BILIOTH 10 COTEH U THICSY 3B/4), OONBIION paaraiiOHHbII
pecypc, LIMPOKUH AMana3oH padoyYuX TEeMIIEPaTyp W OTHOCUTEIBHOW BIIAKHOCTH, MEXaHHYECKas
MMPOYHOCTb, BO3MOXHOCTDb pa60TI>I B JKMJKHUX Cpeaax. COS,Z[aHI/Ie HOBBIX HpI/I60pOB, YAOBJICTBOPAIOIINX
BCEM JTUM Tpe6OBaHI/I${M U MPECBOCXOOAMINX HU3BCCTHBIC aHAJIOTH [1—3] ABJIAJIOCH ILICIIBRO Z[aHHOﬁ
pa3zpaboTkmu.

IpuHuun padoThl M TEXHUYECKHE XaPAKTEPUCTHKHU
[pennpusituem «KATOMTEX» pazpabortan nosumerp JAKI-AT2533, npenHazHaueHHbIA IS
WU3MEpPEHHsT MOIIHOCTH aMOHMEHTHOTO SKBHUBAJIIEHTa J03bl M aMOWEHTHOrO DSKBHBAJICHTA O3Bl
HETPEPHIBHOTO PEHTTEHOBCKOTO M TaMMa-M3JIy4eHHs, a TaKKe J103bl U CpelHEeH MOIIHOCTH O3Bl
MMITYJIbCHOTO M3JIy4eHHs B IIUPOKOM Ananasone (puc.l).

AT2533

[&] aromTEX

Puc. 1. Buemnuii Bug )1'03I/IMeTpa JKI'-AT2533
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B cocraB no3umMerpa BXOIAT BHEIIHWI OJIOK NeTeKTHpoBaHus ramma-uzinydeHus bJIKI-33 u
6110k 00padotku nH(popmarmu bOU-33, coennuEHABIE MKy CO00H paAHallniOHHOCTORKAM KabeleM.
IIpu ostom BOMU-33 comep T BHYTPEHHUH JETEKTOp TaMMa-U3Iy4deHHs, YTO II03BOJIAET
OCYIIECTBIISTh KOHTPOJb paJuallMOHHON OOCTAaHOBKM B MECTE PaCIOJIOKEHHs omeparopa. OpraHbl
yIpaBlIeHHUs JO3UMETpa MI03BOJIIIOT PadOTaTh B 3aIUTHBIX IIepUaTKax.

KonctpyktuBHOo  Omox  gerektupoBanuss  BJIK[-33  BemomHeH B TepMETHYHOM
MajorabapuTHOM KOpIyCe W3 HepiKaBeromed cramu (creneHb 3amuThl [P68). D10 mo3BOISET
NPUMEHATh €ro B JKECTKUX MEXaHMYECKMX M KIMMATHYECKHX YCIOBHAX, B TOM YHCIE H B
TPYAHOAOCTYMHBIX MecTaxX. biok nerekruposanns bJIKI-33 ycToiunB K BO3AEHCTBUIO CTATHIECKOTO
ruapaimdeckoro naienus a0 400 klla, T.e. paboTocmocoOeH B BOAHBIX cpefax Ha riryoune a0 40 M.

[upokuii muana3zoH u3MepeHUs MOUTHOCTU J03bI oT 1 Mk3B/u g0 1000 3B/4 (9 MOpPSIKOB)
obecrieunBaeTcs 3a CYET TOTO, 4To B Oyioke merekrmpoBanus bJIKI-33 peamm3zoBaHo 1nBa
U3MEPUTENbHBIX KaHaja: CuYeTHbIM u  (¢oroBonbTanueckuil. CUETHBIH KaHal BBIIOJIHEH Ha
SHEPrOCKOMIICHCUPOBaHHOM cueTunke ['eiirepa-Mromiepa ¢ NpUMEHEHHEM pPagualiMiOHHOCTOMKHUX
koMmroHeHToB npousBoactBa OAO «Murerpan» (Pecnmybnuka benapych) u paboTaeT mpH HHU3KHX
3arpy3kax or 1wmk3B/a mo 100 M3B/u. ®DoToBOIBTAMYECKWH  KaHAN  pealM30BaH Ha
9HEPTOCKOMIICHCUPOBAHHOM KPEMHHEBOM ITOTYITPOBOJHUKOBOM JIETEKTOpPE, PadOTAIOIIEM B TOKOBOM
pekuMe MpH BbICOKUX 3arpy3kax oT 100 m3s/4 no 1000 3p/4. bnaromapst mporpaMMHBIM aJlTOPUTMaM,
Nepexo] MEXIy ABYMs H3MEPUTEIbHBIMH KaHajlaM{d OCYIIECTBIISIETCSI KAaK aBTOMATHYECKH, TaK U
BPYYHYI0. DHEPreTH4eCKUil OUana3oH PErucTPUPYEeMOro raMMa-u3iaydeHus: sl 00OMX KaHAlOB OT
50 k3B no 10 M»aB.

Pamnanmonnsiii pecypc 6moka gerektupoBanus bJIKI'-33 m kabens cocraBisier He MeHee
25000 3B. OH oOecrmeunBaeTCsl 3a CYET TOrO, YTO BCH PaAHAIMOHHOYYBCTBUTENbHAS JIIEKTPOHUKA
pacnosaraeTcs B Oioke o0pabotku mHpopmarmu bOM-33 Ha ynajneHun OT OJOKa JAETEKTUPOBAHUS
BJIKI-33, mpu 3TOM HCIIONB3YeTCs pagruallMOHHOCTONKUN Ka0eb, JUIMHA KOTOPOTO BapbUPYeTCsS OT
20 no 50 m. Kpome Toro, Bo Bpemsi paboOThl (HOTOBOIBTAMYECKOTO KaHalla OJIOKa METEKTHPOBAHUS
BJIKT-33, Bcs 3/MeKTpOHMKA CUETHOIO KaHaia, I/ie MPUMEHEHBl paJualliOHHOCTONKNE KOMIIOHEHTHI,
OTKJIIOU€HA OT UCTOYHUKA MTUTAHUS.

I[Ipu monpkmouennn BJIKI-33 x BOU-33 mocpeacTBoM paawmalliOHHOCTOWKOTO Kabes,
npubOp aBTOMAaTHYECKH NEPEXOOUT K U3MEPEHMIO MOIIHOCTH 03Bl B MECTE PACIHOJIOKEHHUs OJioKa
JIETeKTUPOBAHMS M CPaBHEHHIO M3MEPEHHOT0 3HA4YeHMs C 3apaHee 3aJaHHbIM MOPOTOBBIM YPOBHEM,
IpY MPEBBILIEHUH KOTOPOro cpabaThIBaeT 3BYKOBas M CBETOBas CUrHanm3auus. B mpubope Benercs
JKypHaJl U3MEPEHUH, MpU 3TOM B 3HEPrOHE3aBUCHMYI0 NaMmsATh 3amucbiBaeTcsa A0 1000 3naueHuit
MaKCHUMAaJIbHON MOIIIHOCTH JI03bl Ha 3apaHee BBIOPaHHOM BpeMeHHOM uHTepBasie (oT 1 mo 255 muH).
Kpome Toro, 3ammchiBaeTcsi Jata M BpeMs  BKJIIOUCHHS/BBIKIIOYCHUS  JIO3MMETDA,
NOJKITIOUCHHSA/OTKIIOUEHUsT OJIOKa JIETEeKTHPOBAaHMSA, CpabaThIBaHUSl CHUTHANIM3ALUM W Apyras
ciyxeOHas nHpopManus, KOTOpPOil JO3UMETP MOKET OOMEHUBATHCA C NEPCOHAIBHBIM KOMIIBIOTEPOM
no unrepdericy USB 2.0 ¢ moMoIpio MPHUKIAJHOTO IPOTPaMMHOTO 00ECTICUeHHSI.

Hozumerp Taxke umeer ucnonHenue JKI-AT2533/1, rme 8 BOU-33/1 mpenycmoTrpeHo
Hainuue OecrpoBogHoro wmoxayis Bluetooth 5.0. Braromapst stomy, HCHONB3ys HPHKIAIHOES
NporpaMMHOe OOecIieueHne, OepaTopy NPEeA0CTaBISIETCS BO3MOXKHOCTh YIPAaBJICHUS MPUOOPOM Ha
OosblieM 6€30MaCHOM PACCTOSHHU.

B mnacrosmee Bpems pozumerp [AKI-AT2533 mpouren rocynapCTBEHHbIE MNPUEMOYHBIE
ucneitanus B Pecniyonuke benapych Ha coorBercTBue TpeboBanusm ['OCT 27451 [4] u tpeboBaHusIM
MexayHapoaueix cranmaproB |EC 60846-1,-2 [5, 6], a takxe BHeceH B DemepanbHbIl peecTp
cpeacts usMepenuit Poccuiickoit ®denepanuu.

Taxxke Ha NpPEANPUSATHH CEPUMHO BBITYCKAETCS CTAlMOHApHBIN aHaimor posumMerpa JIKI'-
AT2533 — mmpokoauana3zoHHoe yCTporcTBO aerektupoanus Y KI-37 (puc.2), npeanaznadeHHOE
[t paboTHI Kak B COCTaBE aBTOMATU3WPOBAHHBIX CUCTEM KOHTPOJIS PaJUallMOHHONH OOCTaHOBKH, TaK
u aBTOHOMHO. OHO cOCTOMT U3 OJIOKa JeTeKTUpoBaHUs Tamma-uznydenust BJIKI-37, Gmoxa
conpsukerans bC-37 u pagmanmoHHOCTOWKOTO Kabens. JlaHHOE yCTpOWCTBO, B 3aBHCHMOCTH OT
WCIIOJHEHHMS, MO3BOJIAET MOJIKIIOYATHCA K JIto0oi cucteme mo uHTepdericy RS-485 wmm RS-232 ¢
MIOMOIIBIO YHUBepcalbHOro nporokona oomena Modbus RTU. OtianunrensHoi 0cOOEHHOCTHIO OI10Ka
nerextupoBanust bJIKI-37 ot BJIKI-33 sBnsercs ero pacmmpeHHbIe JUana3oH U3MEPEHNS MOIITHOCTH
1036l (1 Mx3B/49 — 5000 3B/4) u paguanuonHsiit pecype (10 50000 3B).

114



11 MEXKAYHAPOJHASI HAYYHO-TEXHUYECKA S KOHOEPEHLIMA. MUHCK 27-28 AITPEJIA 2021 T'OJIA

[MepcoHanbHbIi AUSB |

KOMMblOTEP

OnekTponuTaHue
a
@
WNHTepdeiicHbIi RS-485
npeobpasoBaTeny [ Sy
RS-485/232-USB RS-232

Bnok conpsbkeHuna

BC-37 KaGenb
& no50m
° P a—~
o)
.
Bnok pnetektuposanua BAKIr-37
-

__b S — 1 T S

Puc. 2. YerpoiictBo nerekrupopanus Y JIKI'-37 npu aBTOHOMHO#M padoTe

OcHOBHEIE

TCXHHUYCCKHEC

nerektupoBanus Y JIKI-37 npencrapiiens! B Ta0.1.

Ta6auna 1. Texunueckue xapaktepuctuku JAKI-AT2533 u YJIKI-37

xapaktepuctukn gosuMerpa JKI-AT2533 wu ycrpolicTBa

VJIKT-37, YIKT-37/1

Texuuueckue JIKT-AT2533, JIK-AT2533/1
XapaKTePUCTHKHI
KpeMHueBbIi MOTyIPOBOIHUKOBEIN 1ETEKTOD
Herexrop Cuerunk [efirepa-Mromepa
OHepreTHYecKui 50 k3B — 10 MaB, ¢ sHepreTuueckoii 3aBUCUMOCTEI0 £30%
JHana3oH

[unana3oH uzMepeHui
MOITHOCTH 03Bl

1 mx3B/a — 1000 3B/u (BJIKT-33)
0,1 mx38/a — 10 M38/a (BOH-33)

1 Mx38B/4 — 5000 3B/4

JuanazoH uzMepeHui

1 MK38 — 5000 38 (BAKT-33) /

1 Mx38 - 2 3B (BOH1-33)

1 mx3B — 5000 38

O3Bl
IIpenen ocHOBHOM
pen N +25% mpu MmomHOCTH 0361 <10 MK3B/4
OTHOCHUTEILHON o
+15% npu momHOCTH 70361 >10 MK3B/4
MOTPEITHOCTH

UyBCTBUTEIBHOCTH K
raMmma-u3ay9deHHIo
nuctounmka ¥’ Cs,

2,6 umn-c/mx3p-ut (BOU-33)
0,15 uvn-cY/mx3s-u? (BJIKT-33, BJIKI-37 < 0,2 3B/4)
58 MB/3B-ut (BAKI-33, BAKI-37 > 0,2 38/4)

HE MeHee
PaguanuonHbIi > 100 38 (BOU-33) /
pecype > 25000 38 (BJIKT-33) > 50000 38
Wrrepdeiic obmena USB 2.0, RS-485 (YAKI-37) /
P Bluetooth 5.0 (mast JIK['-AT2533/1) RS-232 (YJIKI™-37/1)
B ~ 9-30B (Y/IKI-37) /
DNeKTpOonuTaHue 2xAA = 1,5B - 4-12B (Y IKT-37/1)

Bpewms pabotsr

1000 u (BOU-33) /
250 u (BOU-33 ¢ moaKIrOYCHHBIM
BAKI-33)
50 u (bOU-33/1 ¢ BKJIFOUEHHBIM
moaynem Bluetooth)

CreneHs 3aluThl

IP54 (BOU-33) / 1P68 (BIKI-33)

IP65 (BC-37) / P68 (BAKI-37)

pa3Mepbl/ Macca

Jluanason paGoirx -30°C... +60°C -40°C.. +60°C
TeMIepaTyp
OrrocutenbHas 98% npu Temneparype <35°C
BJIKHOCTB BO3/yXa
['abaputHbie 85x155%35 mm / 0,3 kr (bOU-33) 170x80x55 mm / 0,3 kr (BC-37)
?¥25%135 mm / 0,25 xr (BAKT-37)

©25x135 mm / 0,25 xr (BAKI-33)
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PadoTocnoco0HOCTE B MOJISIX MMITYJILCHOTO U3 Ty4eHUsI

Ha ceromusmHuil neHb OCHOBHBIMM HCTOYHHUKAMHM HMMITYyJbCHOTO HW3JIY4EHHs SBISIFOTCS
PEHTICHOBCKHE ammapathl (aHTHorpadbl, MeHTAIbHBIC, He(PEKTOCKOMNIEeCKIE, JOCMOTPOBBIE U T.1.),
YCKOPHTENIN U CIIeIHaIbHbIe UMITyJIbCHBIE TeHepaTopsl [7]. AHANN3 XapaKTepPUCTHK MOKAa3bIBAET, YTO
WCTOYHUKHU HMMITYJIbCHOTO H3JIy4€HHs, KaK IPaBUJIO, BBIPA0ATHIBAIOT IOBTOPSIOIIMECS HUMITYJIBCHI C
yacToToii oT 1 mo 400 I'y 1 ymuTenbHOCTHIO OT 1,5 He 10 1 C.

Bnaronapss mpuMeHEeHHIO KPEMHHEBOTO IOJYNIPOBOJHMUKOBOTO JETEKTOpa, PadOTaoIero B
TOKOBOM pexuMe (OTOBOJbTAMUSCKOTO KaHama, B no3umerpe JIKI-AT2533 wu ycrpoiicTBe
nerextupoBanust Y JIKI-37 peanm3oBaHa BO3MOXHOCTh A(PGPEKTUBHO (YHKIHOHHUPOBATh B IIOJIAX
UMITYJIbCHOTO M3JIy4YeHHUs, T.K. JaHHbIE AECTEKTOPbl 001aJar0T ObICTPHIM OTKJIMKOM Ha BO3JEHCTBHE
WOHU3UPYIOIIETO M3TY4YCHUS U MO MPUHIUITY JCHCTBUS CXOXU C padOTOH MOHM3AIMOHHBIX Kamep.
Wznenust u3MepsIOT 103y U CPEOHIOI MOIIHOCThH J03bl HUMILYJIBCHOTO ITOBTOPSIOIIETOCS H3JIy4CHHUS,
KOTOpO€E F'€HEPUPYET MHUPOKUI KPYT YCTaHOBOK.

Cuernbiii kanan posumerpa JIKI-AT2533 wu ycrpoiictBa gerekrupoBanus Y JIKI-37
HETMPUTOJICH AJS PErHCTpalil HMMITYyJIbCHOTO H3JIyueHHs, TaK Kak cueTduk [ eiirepa-Miomnepa
oOmagaer OOJBIIMM «MEPTBBIM BPEMEHEM» W PETUCTPUPYET TOJIBKO 4YacTOTy TIE€HEpUPYEMBIX
uMIysbcoB. [1oaToMy B cueTHOM KaHaje Oblia MPOrpaMMHO peain30BaHa BO3MOXXHOCTD PETHCTPalluu
TIOBTOPSIIOIINXCS TEHEPUPYEMBIX HMMITYJbCOB C aBTOMATHYECKUM JIMOO PY4YHBIM TEpPEeXoioM B
(hoTOBOJIbTANYECKHIA KaHA.

[IpoBepka (HyHKUMOHUPOBAHUS M3ACIMN B HOJSIX MMIYJIbCHOTO HM3IYYEHHUS OCYIIECTBISAIACH
Ha HECKOJIbKUX YCTAHOBKAaX C Pa3IMYHBIMU XapaKTepPUCTHKaMH. Tak, HA MEIUIMHCKUX JHHEHHBIX
yckopurensix Elekta Versa HD u Varian Clinac 2300C/D renepupyeTcsi HMITYJIbCHOE H3JTyYCHHE C
sHepruel 6, 15 u 18 MaB, nnurensHOCTBIO OT 1 10 3 MKC ¥ 4aCTOTON MOBTOPEHHSI UMITYJIBCOB OT 25
1o 400 I'u. Ha pentrenoBckux anmapatax «llImens-250» u «Ilamup-250» reneprupyercss UMIYJIbCHOE
uzny4yenue c sHeprueit 60 k3B, amutensHoCTHIO OT 15 10 50 HC ¥ YacTOTON MOBTOPEHUS UMITYJIBCOB
14 m 7 I'l COOTBETCTBEHHO.

Pesynprarel ucneiranmnii gozumerpa JKI-AT2533 u ycrpoiictBa nerektupoBanus Y AKI-37,
MIPOBEJCHHBIX B IMOJIAX HUMIYJIbCHOTO M3JIy4EHHUS Pa3IMYHOro Xapakrepa [8], Mo3BONAIOT caenaTh
BBIBOJ O BO3MOXKHOCTH U LIE€I€CO00OPa3HOCTH MX NMPUMEHEHUs B MOJOOHBIX yCioBHsX. Tak, Ha puc. 3
MPEACTABICH MPUMEP HCIONb30BaHUS ycTpolcTBa aerekTupoBanua YJKI-37 B coctaBe cHCTEMBI
paAMaOHHOTO KOHTPOJII WMIYJIBCHOTO HM3IY4YEeHHUs ycKoputenedl. B coctaB cucTeMbl BXOIST
nosumerp JIKC-AT1123 ans perucTpanmy HU3KUX U yCTpoucTBO AerekthpoBanus Y JAKI'-37 mis
PETUCTPaLH BHICOKUX YPOBHEH MOITHOCTH J03bI UMITYJILCHOTO M3JTyYEeHHUSI.

Puc. 3 YcrpotictBo nerekrupoBanus Y JIKI-37
B COCTAaB€ CUCTEMBI paJuallMOHHOI0 KOHTPOJIA UMITYJIBCHOT'O U3JIYUCHUSA yCKOpHTeJ’Ieﬁ
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3akioueHue

Takum 00pa3oM, HOBBIE THIBI JO3MMETPOB HEMPEPHIBHOTO W HMIIYJIHCHOTO (HOTOHHOTO
n3My4deHus, Beimyckaembie npeanpustueM «ATOMTEX», mo cBomM xapaKTepUCTHKaM HHUYEM He
OTJIUYAIOTCS OT HM3BECTHBIX MHUPOBBIX AHAJOTOB, 2 B HEKOTOPBIX MapaMeTpax U MPEBOCXOMAT HX.
JanHple TpenMyIIecTBa, a TaK)Ke€ COOTBETCTBHE TPEeOOBAaHMAM MEXKIYHAPOIHBIX CTaHIAPTOB
MO3BOJISTIOT M3JENUAM OBITh KOHKYPEHTOCIIOCOOHBIMH Ha MHUPOBOM pBIHKE. OCOOEHHO aKTyadhbHO WX
UCIIOJIb30BaHKE B CICIYIOIINX 00JIaCTsIX:
— aBapUitHBIC U ITOCTABAPUIHBIC CUTYAIINH;
— KOHTPOJIb ITPH YTHIIU3AIUU U 3aXOPOHCHUU PAJMOAKTUBHBIX OTXOJI0B;
— paJIMallMOHHBIN MOHUTOPUHT OKPYXKAIOIIEH CPEbl, TCPPUTOPHI U 0OBEKTOB;
— aTOMHas MPOMBIIUIEHHOCTh U ADC;
— KOHTPOJIb 0€30MMaCHOCTH NPU PaTUAIIMOHHON 00pa0O0TKE BEICOKOAKTUBHBIMUA UCTOYHHKAMH
MOHHM3UPYIOIIETO HM3JIYYCHUS CENbCKOXO3SHCTBEHHOTO CHIPhS, CHIPhS JJIS JICKAPCTBEHHBIX CPEJCTB,
(hapMaIneBTUIECKIX IPEnapaTos;
— KOHTPOJISI TTOJICH MMITYJIbCHOTO M3JTyYEHUS B HETIOCPEIACTBCHHOM OJIM30CTH OT JIMHEHHBIX
YCKOpUTEIIEH B METUITUHCKUX YUPCHKICHUSAX;
— Hay4YHBIC UCCIICIOBAHUSI.

Cnmcok JquTepaTypbl
1. STHF-R Gamma High Flux Probe. URL.: https://www.mirion.com/products/sthf-gamma-high-flux-
probe.
2. AMP-300 Meter. URL.: https://www.rotem-radiation.co.il/product/amp-300-meter/
3. BAPC-09I1. URL.: https://sniipplus.ru/products/%d0%b1%d0%hb4%d1%80%d1%81-09%d0%bf/
4. TOCT 27451-87, CpenctBa H3MEpeHHH WOHUBUPYIOIIMX w3MydyeHnd. OOmme TeXHUYecKue
YCIIOBHUAL.
5. IEC 60846-1, 2009-04, Radiation protection instrumentation -Ambient and/or directional dose
equivalent (rate) meters and/or monitors for beta, X and gamma radiation - Part 1: Portable workplace
and environmental meters and monitors.
6. IEC 60846-2, 2015-12, Radiation protection instrumentation -Ambient and/or directional dose
equivalent (rate) meters and/or monitors for beta, X and gamma radiation - Part 2: High range beta and
photon dose and dose rate portable instruments for emergency radiation protection purposes.
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YK 539.1.08: 539.16.08
OIIPEJAEJIEHUE DOPEKTUBHOCTHU PETUCTPALIUU CIIEKTPOMETPA
MN3JIYUYEHUSI YEJTOBEKA HA OCHOBE Nal(Tl) IETEKTOPA ITPU U3BSMEPEHUN
COJIEP’)KAHMS !l B IIMTOBUJIHOM KEJIE3E
L2A.A. 3ATOPOJTHIOK
'Hayuno-npoussoocmeennoe ynumapnoe npeonpusmue « ATOMTEXy, Munck, Pecnyénuxa Benapyco
2Benopycckuii 20cy0apcmeenubiil yHueepcumen,
(Munck, Pecnybnuxa Benapyce)

AnHotanusi. B pabore paccumrtbiBaeTca 3((EKTHBHOCTh PETUCTPAIlUN CIIEKTPOMETPA H3ITydSHUS
4eN0BEKa, MPEIHA3HAYEHHOTO Ul ONpEENeHHs COAepKaHus paguoHykiauaa °!l B muroBmmHON
xkeneze. Mccnenyercs 3aBUCMMOCTh 3(()EKTUBHOCTH PETUCTPALMU NPUOOpa OT €ro PacIoIOKEHUS
OTHOCUTENFHO IMUTOBUIHOW KeJle3bl I Pa3NU4yHBIX TOJIOBO3pPACcTHHIX rpymm.  Pacuer
3¢ (EeKTUBHOCTH PETHCTPAllMU MPOUCXOAWT TpH ToMomu Monre-Kapimo wmomennpoBaHus B
nporpamMme Fluka myTemM mocTpoeHHMs KOMIBIOTEPHON Mojenu mnpubopa u Mojenedl (anTomMa
YeoBeKa.
KawueBble ciaoBa: Monte-Kapino MojaenupoBaHue, KOMIIBIOTEpPHAass MOJCIb  YeJIOBEKa,
CIIEKTPOMETPHS U3IydeHus uenoBeka, Fluka.

DETERMINATION OF THE EFFICIENCY OF A WHOLE BODY COUNTER
BASED ON Nal(Tl) DETECTOR WHEN MEASURING THE ¥l CONTENT IN THE
THYROID GLAND
L2A.A. ZAHARADNIUK
YScientific Production Unitary Enterprise «<ATOMTEX», Belarus, Minsk
“Belarusian state university,
(Minsk, Republic of Belarus)
Abstract. The paper assesses the efficiency of a whole body counter designed to determine the content
of the I radionuclide in the thyroid gland. The dependence of the efficiency of the device is
investigated with respect to its location relative to the thyroid gland for different age and gender
groups. Efficiency calculation is carried out by using Monte Carlo simulation in the Fluka program by
creating a computer model of the device and models of a human phantoms.
Keywords: Monte-Carlo modeling, computer model of human body, whole body counter, Fluka

Beenenue

Paguonyknun !l gensercs Gera- M raMma-pagMoOaKTHBHBIM HM30TOIIOM HOa C IIEPHOIOM
moJIypacmaaa IpUMEPHO PaBHBIM 8 CYTKaM, BBIJCISIONIMMCS B PEAKTOPE aTOMHOM 3JIEKTPOCTAHITIH
TIpH JIEJICHUN sJIep ypaHa B saepHoM Torntuee [1]. M3-3a cienuduku paboThl peakTOPHOH yCTaHOBKH,
BBIOpOC ¥l B OKpyKaKOILYI0 Cpey MPOMCXOMNUT Jaxe TPU HOpMaabHOM skcrutyararmu ADC [2, 3.
Wox, sBisich BaXKHBIM JUISL OPraHM3Ma MHKDPOSJIEMEHTOM, IOIJIOMAETCS YEIOBEYCCKHM TEIOM H3
BHEILIHEH Cpebl U HAKAIUIMBAETCS B LIUTOBUAHOM xkenese [4]. M3-3a HEBO3MOKHOCTH XUMUYECKOTO
paseneHusl U30TOMOB OJHOTO JJIEMEHTAa, B IMHUTOBHIIHOW >KEe3e MPOMCXOJUT HAKOIUICHHE BCEX
Pa3HOBUJIHOCTEH 10J1a, MOMJIONICHHBIX U3 OKpYKaromiei cpeabl. [loatomy Ha ADC 1 Oau3iekaimx
TEPPUTOPHUIX HEOOXOIUM MMOCTOSTHHBIA MOHUTOPHHT 3TOTO PATUOHYKINA, B TOM YHCIIE TIOCPEICTBOM
W3MEPEeHHS €T0 HAKOIUICHHS B IIUTOBUIHON JKeJe3€e JUIsl pa3iINYHBIX TI0J0BO3PACTHBIX KATETOPHH.

OnHUM K3 IPUOOPOB, MO3BOJISIOMINX OLEHUTh KOJIMYECTBO 1| B IMTOBUIHOM Kentese in Vitro
ABJISETCS CHIEKTPOMETP M3iydeHus uenoseka (CUY). Usmepss criektp raMma-usznydenus 3, nannbrit
prOOp TO3BOJISET ONPEACTUTh AKTHBHOCTH PAJMOHYKITUIA B IIIUTOBUIHOM JKenese.

KonmuecTBO ramMmma-KBaHTOB, MOMAJAIONIMX B JIETEKTOp (M Kak cieactBue 3((HEKTUBHOCTD
perucTpanuy npudopa) 3aBHCHUT KakK OT PAaCHOJIOKEHHS ICTEKTOpPa OTHOCHTEIBHO IIMTOBUIHON
JKene3bl, TaK M OT ee pa3Mepa. B naHHOW pabore ucciemyeTcs 3aBUCUMOCTh 3(PPEKTUBHOCTH
peructpamuu ramma-usaydenns S CUY CKI-AT1322 [5] (mpomssoactBa YII «ATomTex») mpu
Pa3IUIHOM TIOJIOKCHUH OJIOKa JIETEKTHPOBAHUS OTHOCHTEIHLHO IMTUTOBUIHOMN JKEIE3bl I Pa3IMIHbIX
MTOJIOBO3PACTHBIX TPYIIIL.
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Metonuxka onpeneseHns 3ppeKTHBHOCTH

Omnpenenenne s>ddextuBHOCTH peructpanmd  CUY  [6] BBINONHEHO TIPU  MTOMOIIA
KOMITIOTEpHOTO MomenupoBanuss metogom Monte-Carlo 8 mporpamme Fluka [7]. B manHoi
nporpaMMe OblIa co3maHa Mopenb Onoka nerektupoBanust CUY AT1322 (B ocHoBe OJoka
JICTEKTUPOBAHUS JISKUT IETEKTOp Ha OCHOBe ciiHTH/LUTHpYotiero kpuctawia Nal(Tl) ¢ pasmepamu
63x63 MM, paboTarmero B CIHEKTPOMETPUYCCKOM pEXHMME: KONHMYECTBO KaHaioB paBHO 1024,
MakcuManbHas 3Heprus 3.086 M»aB, nena penenust kanana 3.013 k3B, puc. 1) U xoMmmbrOTepHas
Moaens (aHTOoMa denoBeka (puc. 2), paclojiOKEHHBIE APYr OTHOCHUTENBHO Apyra Ha 3aJaHHOM
paccrostaum. [Tox 3¢ (heKTHBHOCTEIO pEeruCTpaIy MPHOOpPa IIOHUMACTCS CIISTYIOIIAs BETHIHHA:

N

g=—, (1)
A-n
rie N — CKOpOCTb CueTa UMITYJILCOB B IIUKE MOJIHOTO MOTJIOIIEHHS;
A — aKTUBHOCTb PaJUOHYKJIHUJA B IIUTOBHIHOH JKENe3e;
N — KBaHTOBBIY BHIXOX ()OTOHOB C 33JaHHOI SHEPTHEH.

T R pe—

Puc. 1. Kommbrorepnas Monte-Carlo monens 6:10ka gerextupoBanus CUY AT1322,
COCTOSIIIAs U3 JETEKTOpa, MOMEIIEHHOTO BHYTPh CBUHIIOBOTO KOJUTUMATOpPa

a)

Puc. 2. KommsrorepHast Mojiesib (haHTOMa B3pOCIIOro YeoBeka Mmyckoro mosa (M A):

a — CeYeHHe IJIOCKOCThIO YZ; 6 — ceueHue mIockocThio XY ; B — TpeXMepHast MOJIC/ b
YenoBeKa

B)

PaccmoTtpens! cnenyronie Moaenu panToma yenoBeka: MoJeNb (paHToMa YeJI0OBEKa MYXKCKOTO
mojia BospactoM 5 Jet, 10 yiet, 15 e, B3pOCIHbIM YeOBEeK; MOJCIb (haHTOMa YEJIOBEKa JKEHCKOTO
nojsia BozpactoM 5 jet, 10 ner, 15 ner, B3pocnslii yenosek [8, 9]. OcHOBHBIE XapaKTEPUCTUKU IS
Kaxnaoro ¢anroma npuBeaeHsl B Tabmuie 1. IlepBas OykBa Ha3BaHHMS O3HA4YaeT TI'EHACPHYIO
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npunaaiexaocts (M — male, F — female), cienyromue mmdpsr o3Hadarotr Bo3pacT danroma ( 5y - 5
years, 10y - 10 years, 15y - 15 years, A - adult).

Ta6auna 1. OcHOBHBIC XapaKTEPUCTHKH (JaHTOMOB YEJIOBEKA

daHTOM M 5y FS [M10y | F10y | M15y | F15y | MA | FA
Pocr, cm 109 109 138 138 167 161 176 | 163
Macca, kr 19 19 32 32 56 53 73 60
Eﬁiﬂi"m pOKCeneil. | 51 | 551 | 545 | 545 | 536 | 540 | 71 | 142
Tonmuaa BOKCeIs, MM 0.85 0.85 0.99 0.99 1.25 1.2 2.137 | 1.775

BricoTa Bokcens, Mm 1.928 1.928 | 2.425 2.425 2.832 2.828 8.0 4.84

O0BeM  IIATOBUIHON

JKEIIE3hL. CM3 3.2 3.2 7.5 7.5 114 114 19.2 | 16.4

Macca MUTOBHUIHOHU
JKeNe3bl, T

3.4 3.4 7.9 7.9 12.0 12.0 20.0 | 17.0

Jns kaxaoro gpantoMa B 001aCTH pacTIONOKEHHS IUTOBUIHOM KeJIe3bl CO3/IaH pAaBHOMEPHO
pacrpenencHHblii W30TPONHBI MCTOYHMK (OTOHHOIO M3JIyYCHHS, CO CHEKTPOM aHaJOTHYHBIM
cnextpy pamvonyknuaa ! (pucymox 3, B). Komnmmarop npu6opa, NpeaHa3Ha4eHHBIA I
BBIJIEJICHUSI TEJIECHOT'O yTia, B TPaHUIAX KOTOPOr'O PAcroIOkKeH UCTOYHUK U3Iy4eHUs, HEHTPUPYETCS
OTHOCHUTENFHO IIUTOBHIHOW >Keie3bl (aHTOMa yeloBeka (PUCYHOK 3, a, 0) Ha TISATH Pa3IMYHBIX
paccrosHUsAX: 1 cM, 3 cMm, 5 oM, 7 oM, 10 cm. [ Kaxmoro pacroNoXeHHs KOJUIMMaTopa
OTHOCUTENFHO (haHTOMa 4YeloBeka uccienyercss 3(pQeKTUBHOCTh PETUCTpalid TPU HECKOIBKHX
Pa3INYHBIX TOJIOKEHHSX IETEKTOpa OTHOCUTEIBHO MEepeqHero Kpas komnumaTopa: 0 cM, 2 cM, 4 cM, 6
cM, 8 cM, 10 cm. Ilporpamma paccUMTBIBa€T HSHEPreTHYECKUI CIEKTp (HOTOHHOTO H3ITydeHUS,
MOTJIOIIEHHOTO B aKTUBHOM o00beme Jerekropa. Jlamee mnporpamma oOmpeaessieT KOJIHMYeCTBO
HUMITYJIBCOB B IMMKE IIOJIHOI'O IIOTJIOIIECHUA U HAXOAUT €ro OTHOHMICHUE K KOJHNYCCTBY HMCIYIICHHBIX
WUCTOYHUKOM dyacTul. PesynpraTsl pacdyera 3¢GQGEKTHBHOCTH PETHCTPALUM NPH  Pa3IMYHBIX
IMOJIOKCHUAX ACTECKTOPAa OTHOCHUTCIILHO IMOBEPXHOCTHU KOXKH q)aHTOMa YCJIOBCKa IJId pPa3IMYHbIX
TI0JIOBO3PACTHBIX TPYMI IS paauonykauaa ! (kBaHTOBBIH BBIXOA (OTOHOB ¢ >Hepruel 364.5 kB
paseH 81.5%) npeacraBnensl B Tabnunax 2, 3.

Puc.3. [Ipumep pacronoskeHnss MoenH 0JI0Ka IETEeKTHPOBAHNS OTHOCUTEIBHO IIUTOBUIHON JKEJIE3bI:
a — ceuenue XZ; 0 — ceuenne XY; B — HICTOUHHK U3ITyUEHUS, paclpee/IeHHbIH B IIUTOBUIHON
xKelese
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Ta6anna 2. DPPEKTUBHOCTD PETMCTPALUHK Isi PAHTOMOB MYXKCKOTO 11071, uMIt/dhoTon *102

DCD, cm SCD, 1 cm SCD, 3 cm SCD, 5 cm SCD, 7 cm SCD, 10 cm
My:xcko#t paHTOM uesnoBeka B Bo3pacTte 5 JeT
0 4.573 2.652 1.698 1.173 1.113
2 2.564 1.702 1.191 0.864 0.817
4 1.625 1.175 0.871 0.663 0.625
6 1.129 0.866 0.665 0.526 0.492
8 0.826 0.663 0.528 0.426 0.400
10 0.631 0.524 0.428 0.355 0.333
Myxckol panToM denoBeka B Bo3pacte 10 ner
0 4.319 2.674 1.717 1.188 1.001
2 2.469 1.709 1.184 0.870 0.747
4 1.588 1.180 0.866 0.661 0.572
6 1.098 0.867 0.666 0.526 0.458
8 0.812 0.665 0.528 0.426 0.375
10 0.621 0.529 0.428 0.353 0.312
Myxcko# paHTOM YenoBeka B Bo3pacte 15 ner
0 3.757 2.626 1.623 1.121 0.643
2 2.204 1.675 1.125 0.825 0.507
4 1.434 1.153 0.823 0.632 0.410
6 1.001 0.842 0.632 0.502 0.339
8 0.744 0.647 0.499 0.406 0.282
10 0.580 0.513 0.407 0.340 0.242
My»xcKkol (paHTOM B3pOCIIOrO YeJIOBEKa YelloBeKa
0 2.909 1.756 1.242 0.897 0.626
2 1.816 1.207 0.899 0.680 0.493
4 1.232 0.875 0.680 0.530 0.399
6 0.891 0.664 0.535 0.428 0.328
8 0.671 0.524 0.434 0.353 0.276
10 0.520 0.423 0.356 0.294 0.234
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Ta6auua 3. DPPEKTUBHOCTD pETUCTPaIUK 11 (HaHTOMOB JKEHCKOTO moJa, umI/poton *102

DCD, cm SCD, 1 cm SCD, 3 cm SCD, 5 cm SCD, 7 cm SCD, 10 cm
Kenckwuii panToM yeaoBeka B BO3pacTe 5 JeT
0 4.588 2.666 1.706 1.177 1.119
2 2.564 1.709 1.189 0.861 0.817
4 1.628 1.178 0.870 0.659 0.625
6 1.124 0.864 0.664 0.526 0.494
8 0.818 0.663 0.526 0.428 0.399
10 0.628 0.518 0.427 0.356 0.331
XKenckuii panrom vyenoBeka B Bozpacte 10 et
0 4.337 2.677 1.710 1.185 1.004
2 2.455 1.708 1.182 0.872 0.745
4 1.582 1.180 0.865 0.665 0.579
6 1.099 0.870 0.666 0.526 0.458
8 0.810 0.665 0.528 0.428 0.377
10 0.622 0.525 0.428 0.356 0.317
XKenckuii panToM veraoBeka B Bozpacte 15 et
0 4.217 2.395 1.578 1.119 0.720
2 2.429 1.558 1.103 0.821 0.558
4 1.562 1.096 0.815 0.629 0.444
6 1.087 0.813 0.633 0.502 0.363
8 0.805 0.628 0.503 0.409 0.307
10 0.616 0.498 0.411 0.340 0.261
XKenckuii paHTOM B3pOCIOrO YeTIOBEKa
0 3.795 2.166 1.437 1.026 0.659
2 2.209 1.422 1.017 0.762 0.509
4 1.433 1.006 0.755 0.588 0.410
6 1.001 0.745 0.584 0.466 0.337
8 0.741 0.578 0.469 0.384 0.283
10 0.574 0.460 0.380 0.319 0.242

DCD (Detector Collimator Distance) — paccTosiHie oT Kpast KOJUIMMATOpa 10 MepeaHel MOBEPXHOCTH
JIETEKTOpa;
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SCD (Skin Collimator Distance) — paccrosiHre OT Kpasi KOJUIMMaTOpa J0 MOBEPXHOCTH KOXKH (haHTOMA
YeJIoBeKa.

O06cyxkenue pe3yabTaTOB MOJAEJIMPOBAHUS

PesynpTaThl MOAENMPOBAaHUS MOKA3bIBAIOT, YTO HAUOONBUIYIO 3((EKTUBHOCTD PETUCTPaLUU
CHUY wumeer npu MHUHUMAJIbHOM PACCTOSIHUM MEXAY IepefHell IOBEPXHOCTBIO IETEKTopa U
MOBEPXHOCTRIO KOXH (3ddekTuBHOCTL peructparuu gocturaet 0.046 umn/GoToH mpu M3MEpeHUH
crekTpa ramma-uzitydenus !l or muroBMmHON kenesbl (aHnToMa pebeHka). MHHUMATbHYIO
3G ()EKTUBHOCTL PETMCTPAIIMU CHCTEMA UMEET TIPH M3MEPEHNH raMma-u3nydenns 3 ot muroBuaHoM
Kene3pl (haHTOMa B3pOCJIOrO YEJIOBEKa NPH MaKCHUMAaJIbHOM PACCTOSHUM MEXKIY IOBEPXHOCTBIO
JIETEKTOPa W MOBEPXHOCTBIO KOXKHU (11 pamvoHykmuaa 'l 5¢(eKTUBHOCTh PErHCTPALMK B TOM
ciydae 0.0024 umn/doroH). DTO OOBACHSETCS Pa3TUYHBIM CPEIHMM TejeCHbIM yriiom [10], mox
KOTOPbIM BHJIEH HCTOYHHK AETEKTOPY: 4eM OJIKe NETeKTOp K HCTOYHUKY, TeM OOJIbIE YacTHUI]
nomagaer B Hero. OJHAaKO OaHHBIA peE3yJNbTaT BEPEH TOJNBKO TPH YCIOBUH JIOKAJIH3AHU
panuMoHyKIUAa B 00JaCTH IIUTOBUIHON KeJIe3bl, a TAK)KE MOIHOTO OTCYTCTBHUS (POHOBOTO U3ITyUCHHS.
Ecnn paguoHykiau[ MOMUMO LIMTOBHIHON KEJe3bl paclpelelieH M B IOPYyrux opraHax, jau0o B
HETIOCPEICTBEHHOM OJIM30CTH OT JeTeKTopa (HampuMep, Ha OJCkKAE), TO PEe3yNbTaT MOJCINPOBAHHS,
BBUJY CJIOKHOCTH pa3JelIeHHs U3ITYUYCHUsI OT Pa3IUYHBIX HCTOYHUKOB, MOKET HE OTPAXKATh PealIbHYIO
s¢dexTnBHOCTE TpubOpa. bonee neranpHas omeHka abCOMOTHOW 3PQPEKTUBHOCTH TpHOOpa I
KaXIOro KOHKPETHOro ciy4as TpeOyeT YTOYHEHHS YCIOBHH HU3MepeHHus. Pe3ynbraThbl
MOJICIIUPOBAHNUSI, TPEJICTABICHHbIE B HAcTOAlIeH padOTe, MOXXHO CUUTATh IOPOTOBBIM CIy4aeM
UACATBHOTO H3MEPEHHUs] NPH OTCYTCTBUM (DOHOBOIO H3JIyYCHHS U JONOJHHUTENBHBIX HCTOYHHUKOB
VOHU3UPYIOIIETO H3IY4YEHHUs,, PACHPEICICHHBIX BHE IIUTOBUAHOM JKeje3bl (BEpXHss TIpaHHLA
3 PEKTUBHOCTH PETHCTPALINH).

Hcxonss w3 pe3ynbTaToB MOAETHPOBAHUS MOXHO C/AEIaTh BBIBOA, 4YTO 3P (HEKTHBHOCTH
peructpamun CUY npu m3mepenmu 3!l cnabo 3aBHCHMT OT BO3pacTa HM3MEPSAEMOTrO HYEIOBEKA.
MakcuManbHas pa3HHIA MEXIy 3HauYCHHAMH S(PQGEKTHBHOCTH PETUCTPAMK HAOIMIOAaeTcs NpU
CPaBHCHUHU DPE3YyJIbTaTOB H3MepeHHus (aHTOMa peOcHKa B BO3pacTe 5 JieT M (paHTOMa B3pPOCIIOrO
YeNoBeKa IPU YCIOBHH, YTO BCE OCTAIbHBIC MapaMeTpbl H3MEPEHMs OJMHAKOBBIE (OJMHAKOBOE
paccTosHUE OT MOBEPXHOCTH KOXH O KOJUIMMATOPa, OAMHAKOBOE PACCTOSIHUE OT TOPLA KOJUIMMATOpa
J0 TIepeAHeH TOBEPXHOCTH ACTEKTOpa, OJWHAKOBAS AKTHBHOCTh PAaJHOHYKIHIA). MaKkcHManbHOE
OTKJIOHEHHE B 3TOM ciy4ae He npesbimaeT 42% (mis coydas SCD = 10cm, DCD = 0 cMm, danTom
peOeHka, GpaHTOM B3pOCIIOro), MpuyYeM B OOJBLIMHCTBE CIlyyacB 4eM MeEHbIIe aOCOJIOTHBIA pa3zmep
HIMUTOBUJTHOM JKelle3bl (4eM MEHBIIIE BO3pAcT U3MEPSEMOT0 YeIOBEKa) TEM BhIlIe 3PPEKTHBHOCTL. ITO
MOYKHO OOBSICHUTH TE€M, YTO MPH OJIMHAKOBOW aKTUBHOCTH MCTOYHHMKA W MPUMEPHO OJIMHAKOBOM €r0
pacrosioxeHnu, 0osee KOMIIAKTHOE pasMelleHue (pachpeleseHHbI NCTOYHUK CTAaHOBUTCS OOJbIe
MOXO0’K Ha TOUEYHBII) YBETHUUBAET CPEIHHNA TEJIECHBIN Yo, TOA KOTOPBIM OH BHJIEH JeTekTopy [10,
11].

Cnucok JiMTeparypsli:
1. Kounos, 0. Ouenka yBennuenust npousBoacTsa 1311 mpu MCmonbp30BaHNN TEIUTYPOBBIX MUIIEHEN
YCOBEpPIIICHCTBOBAHHON KOHCTpykimu Ha peakrope BBP-i1 / O.}0. Kounos, B.B. Konecos, P.B.
®omun, I'"M. Kepues // Pusnka 1 TeXHUKA SACPHBIX peakTopoB. - 2014. - Ne4. - ¢. 102-110.
2. Tlonsuues, C. AkTyanbHble BOMPOCHI KOHTPOJS Ta30a’3po30ibHBIX BbIOpocoB Ha ADC / C.C.
[Monsaues, U.B. ITeipkos, E.U. I'puropses // AHPHU. - 2009. - No 2. - c. 37-46.
3. Bepemaxo, I'.I'. Paguobuonorus: tepmunsl U nosstus: >HOUKI. Crpas. / I.I'. Bepemako, A.M.
Xonocosckast. - Haum. Axan. Hayk bemapycu. : Munck: benapyckas naByka, 2016. — 340 c.
Preedy, V. Comprehensive Handbook of lodine / V. Preedy, G. Burrow, R. Watson. - New York;
Oxford: Oxford Univ. Press, 2009. — 1334 p.
4. CHnexTpoMeTphl U3ITy4YeHUS YyeJI0BeKa CKI'-AT1322, CKT-AT1322/1. URL:
https://atomtex.com/ru/spektrometry-izlucheniya-cheloveka-skg-at1322-skg-at13221 (accessed March
17, 2021).
5. Reily, D/ Passive Nondestructive Assay of Nuclear Materials / D. Reily, N. Enssin, H. Smith. — Los
Alamos; US: Los Alamos, 1991. — 723 p.

123



ABTOMATU3MPOBAHHBIE CUCTEMBI YITPABJIEHWA TEXHOJIOTUYECKHUMU ITPOUECCAMU ASC U TOC

6. Fluka-4 Manual. URL: https://flukafiles.web.cern.ch/manual/fluka.html (accessed January 20,
2021).

7. ICRP 110 Adult Reference Computational Phantoms, 2009

8. ICRP 143 The Reference Computational Phantom Family, 2020

9. Welopolski, W. The Monte Carlo Calculation of the Average Solid Angle Subtended by a Right
Circular Cylinder From Distributed Sources/ W. Welopolski // Nuclear Instruments and Methods. —
1977. - vol.143. — p. 577-581

10. Abbas, M. Analytical Calculations of the Solid Angles Subtended by a Well-Type Detector at
Point and Extended Circular Sources / M. Abbas // Applied Radiation and Isotopes. — 2006. - vol.4. —
p.1048-1056

124



11 MEXKAYHAPOJHASI HAYYHO-TEXHUYECKA S KOHOEPEHLIMA. MUHCK 27-28 AITPEJIA 2021 T'OJIA

YK 53.089.68
COBPEMEHHOE 3TAJIOHHOE NIOBEPOYHOE OBOPYJOBAHUE J1JIsA
TPAIYHUPOBKH JOSUMETPHUECKOM AIIITAPATYPBI
I'V30B B.JI., 3AMIIEB B.JI., KOXKEMSIKVH B.A., JYKAILIIEBUY P.B., HUKOJIAEB
B.A., PACKOIIIA B.JI., CEHbKOBCKUI K.I"
Hayuno-npouszeoocmeennoe ynumapuoe npeonpusmue «ATOMTEX,
(Munck, Pecnybauxa Benapyco)
AnHoTtamusi. B joknage mnpeacTaBieHBl MaTepHaibl, Kacaroluecs pa3padOTKH UM BHEAPSHUS
ABTOMATH3UPOBAHHBIX 3TAIOHHBIX MMOBEPOUYHBIX JO3UMETPUUYCCKHX YCTAHOBOK HOBOTO ITOKOJICHUS,
NpeIHa3HAYCHHBIX JUUIsI KAIMOPOBKHM CPEJICTB W3MEPEHWH B TOJSIX ramMma-, 0eTa-, HEWTPOHHOTO U
peHTreHoBckoro wm3nmydeHus. [IpencraBiena wHpopManuss o pa3pabOTaHHOW H  CO3JAHHOMN
MPENNpUATHEM  SIIEPHO-(PU3NYECKON  ammaparype, HWCIONB3yeMOH sl  KaMHOpPOBKH — TIOJEH
WOHU3UPYIOIIETO H3ITyICHUSI.
KamoueBble cj10Ba: YCTAaHOBKH IOBEPOYHBIC JTO3UMETPUYCCKUE, JO3UMETpP, KAJIMOPOBKA IOJIS
(hOTOHHOTO U3TYYCHHUS, YCTAHOBKA JIO3UMETPUIECKAsl MOTIIONICHHOM JT03bI OeTa-U3TyYCHUS.

MODERN REFERENCE TESTING EQUIPMENT FOR GRADUATING
DOSIMETRIC DEVICES
HUZQOV V.D., ZAITSEV V.D., KOZHEMYAKIN V.A., LUKASHEVICH R.V.,
NIKOLAYEV V.A., RASKOSHA V.L., SENKOVSKY K.G.
Scientific Production Unitary Enterprise «ATOMTEX),
(Minsk, Republic of Belarus)

Annotation. The report presents materials related to the development and implementation of
automated standard calibration bench of a new generation, intended for the calibration of measuring
instruments in the fields of gamma, beta, neutron and X-ray radiation. The information about the
designed and created by nuclear-physical equipment used for calibration of ionizing radiation fields.
Keywords: calibration bench, dosimeter, calibration of the photon radiation field, beta calibration
facility.

B noknane paccMaTtpuBarOTCs YCTaHOBKH J03UMeTpudeckue ramma-usnyuenus Y A-AT130 u
YAI'-AT110, npenHa3HaYeHHBIC I TIepeaayd pabovnuM 3TajoHaM M CPEJCTBAM M3MEPCHUH €IMHUIL
KepMBI B BO3JyX€ M €€ MOIIHOCTH, a TaKKe JO3UMETPHUYECKHUX BEIHYWH: IKCIO3MIIMOHHON 03I,
aMOMEHTHOTO SKBHBAJICHTA JI03bl, HHUBUIYAJILHOTO SKBHUBAJICHTA JI03bI U KX MOITHOCTH.

[Ipencrasnena ycraHoBka moBepouHass HedTponHas YIIH-AT140, npennasHaueHHas s
nepeayd eUHHI] TUIOTHOCTH MOTOKA, MOIIHOCTH aMOMEHTHOTO W WHIMBHyaJThbHOT'O SKBHBAJICHTOB
JI03bI HEUTPOHHOT'O M3ITydeHUs. YCTaHOBKa 0OeclevrnBaeT CO3JaHHEe IMOJIeH OBICTPHIX M TEIIOBBIX
HEHUTPOHOB B KOJUIMMUPOBAHHOM Iy4Ke, IMOJIS OBICTPHIX HEUTPOHOB B «OTKPBITOW» T'€OMETPUU H
MpeaHa3HaYeHa IS TOBEPKHM U TPaIyHPOBKH HEUTPOHHBIX JO3UMETPOB H PaTUOMETPOB B
1a00paTOPHBIX YCIOBUSX.

PacckaspiBaeTcsi 0 3aBeplieHUM pPa3pa0OTKM YCTAHOBKH IIOBEPOYHOW PEHTTEHOBCKOIO
manyuenust YIIP-AT300, obecrneunBatomieii co3naHue TOJNEH PEHTICHOBCKOTO W3y4YCHUsS B
COOTBETCTBHHM C HAIMOHAJIHHBIMH W MEXIYHApPOJHBIMH CTaHAAPTAMH C HCIOJIB30BAaHUEM
pentreHoBckoro ammapata ISOVOLT 320 M2/4.5-13. [lanHo# pa3paboTKe IMpeIIecTBOBAIO
BBITIOJIHEHUE MpoeKTa KamuopoouyHoro crenaa it ®IYII «BHUUM um. A.M. Menzaeneeray, s
WCTIONIb30BaHMsI B COCTaBE YCTAHOBKHM HU3KOAHEPreTUYECKOTO PEHTTeHOBCKOTO H3mydeHus YOI 5-
50M TocymapcrBennoro stajoHa Poccuiickoir ®eneparun DT 8-2011. B coorBeTcTBHH C
texamaeckuM 3amganuemM OI'YII «BHUUM wum. [I. U. MenneneeBa» pa3paboTaHa W BBEICHa B
SKCIUTyaTaIlio ATAJIOHHAS JTO3UMETPUYECKash YCTAaHOBKA IOTJIONMICHHOMN MO3bI OeTa-W3JIydeHUsS Ha
OCHOBE  aBTOMATU3UPOBAHHOW  JKCTPANOISIUUOHHOM  HOHM3AIIMOHHOM Kamepsl MDOK-1 wu
kanmuopoBouHoro crenaa C-1 myist ucnosb3oBaHus B coctaBe ['ocymapcTBeHHOro 3TaioHa Poccuiickoit
Oenepanmu ['OT 9-82. AnamormdnHas ycTaHOBKa HW3TOTOBJIEHA W BBEJEHA B DKCINTyaTaIMIO IS
Benopycckoro rocygapcTBEHHOTO HWHCTHTYTa METPOJOTMHM B cocTaBe HaluoHalbHOTO 3TanoHa
Pecriyonuku bBenapych Ha ocHOBe kamubOpoBownoro creHna C-1. Ha mpeanpusTuu W3roToBIICHA
MOBEpOYHasl JO3MMETpPHUEcKas YCTaHOBKA TIIOTJIOMIEHHON 10361 Oera-m3mydenns Y /b-AT200.
OcHoBHBIMH cBoiicTBamMu ycTaHOBKH Y JIB-AT200 siBnsitoTcs: Mcnonbp30BaHHEe HAO0Opa MCTOYHHUKOB C
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JO3UMETPUYECKUMH XapaKTEPUCTHKAMH, IOJYYCHHBIMH OT BBICOKOTOYHOTO SKCTPANOJISLIHOHHOTO
METO/1a; aBTOMATHYECKOE MPENN3HOHHOE TIO3UIIMOHIPOBAHNE UCTOYHUKA OTHOCUTEIHHO JAETEKTOpa C
morpemHocThio 0,1 MM; wuaeHTHdUKAIMSA THNIAa WCTOYHMKA M BBEIPaBHUBAIOMIETO (UIBTPA,
00eCnevnBaIUX STATOHHOE H3ITyueHue B coorBercTBUU ¢ UCO 6980.

B poxmame mpexncraBieHa wHQOpMANUA O pa3paOOTAaHHOW M CO3JAHHOW MPEIIPHITHEM
AepHO-(pU3MYECKoil  ammapaType, HWCIONB3yeMON Ui KalWOpOBKM TIONIEH HOHU3HPYIOMIETO
W3ITy9eHUSL:

1. o3umetp peHTreHOBCcKOro U ramma-usnydenus JJIKC-ATS5350/1 u IKC-ATS5351;

2. Jluneiika CIMHTUIUIAIIMOHHBIX BBICOKOYYBCTBUTEIBHBIX OJIOKOB-KOMIApaTOPOB Ha OCHOBE
Nal(Tl)-nerexTopoB, a Takke TKaHEIKBUBAJICHTHOM IIACTMACCHI, TIPSTHA3HAYCHHBIX ISl aTTECTAIlnH
nojeir goronHoro usmydeHus: or 0,03 Mk3B/4 ¢ pa3nMYHON BepxHeW rpaHUIEH Ouama3oHa IO
MOIITHOCTH J03bI U 2HepruH (GoToHOB (10 10 MaB);

3. VHTennexTyaapHBI CHEKTPOMETPUIECKHN OJIOK AeTeKThpoBaHus Ha ocHOBe LaBrs(Ce)-
CIHMHTHIUIATOPA C BBICOKMM SHEPreTHUECKUM paspemieHueM (MmeHee 3,5 %) U SHEpreTHYecKUM
nuanaszoHoM oT 30 kaB g0 10 M»sB, npeanasHaueHHOro A aHaIM3a CIEKTpa 3aXBAaTHOTO IaMMa-
W3IyYeHHs U3 MUIICHEH, 00TydaeMbIX HeTpoHaMu Ha ycraHoBke YIIH-AT140;

4. Josumetp-pammomerp MKC-AT1117M B HOBOM BapHaHTe — €O CQEpHUECKUM
3aMEJINTENeM W YYUTHIBAIOIIEM BO3MOXKHOCTh JOMONHEeHUsT Habopom wu3 cdep «boHHEpa»
Pa3IMYHOTO TUAMETpa.

Bce mnepeuncnennoe o0opymoBaHWE OpPWEHTHPOBAHO HA COOTBETCTBHE TPEOOBAHHSIM
crangaptoB UCO u MOK.

Cnmcok JqurepaTypbl
1. HoBoe obGopymoBanue sl TpajyHpOBKH IO3UMETPHUYECKHX NPHOOpOB W ammapaTypsl / B. A.
Koxemsikun, P. B. Jlykamesuu // Metponorudeckoe obOecriedeHre OOOpPOHBI M OCE30MaCHOCTH B
Poccwuiickoit deneparun : Mmatepuansl X Beepoc. Hayd.-TexH. KoH}., MprTamy, 27-29 oxtsOps 2014
r. / M-Bo 060opons! Poccun. — Mertumm, 2014. — C. 59-62.
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YK 614.842:62.384.3
ABTOMATHU3UPOBAHHASI CUCTEMA KOHTPO.ISI PAJITMAITMOHHON
OBCTAHOBKH B 30HAX BJIMSIHUSI UTHAJIMHCKOM, POBEHCKOM,
YEPHOBBLIbCKOM ADC
HOBUK A.H., KYUMHCKMUIA I1.B., XMJIBKO I".11., KPEKOTEHb O.B.
HUHTIDIT um. A.H. Cesuenko BI'Y,
(Munck, Pecnybauxa Benapyco)
AHHOTaUUs. ABTOMAaTU3UPOBAHHAS CHCTEMa OCYIICCTBISIET METEOPOJIOTHYECKUHA MOHUTOPUHT
OKpy)Karomel cpeasl W KOHTPONb paaualliOHHOW OOCTAaHOBKM B 30HAX BIHUSHHUS POBEHCKOM,
Urnamuuckoit n YepnoOpuisckoit ADC. Mcmonp30BaHNe B COCTaBE CHCTEMBI BEICOKOTYBCTBUTEIBHBIX
OBICTPOJCHCTBYIONINX CHEKTPOMETPHUUECKUX OJIOKOB JETEKTHPOBAHHS TaMMa-HU3Iy4eHHUs] TO3BOJIAIO
HaKaIUIMBAaTh W3MEPEHHBIE CIEKTPhl TaMMa-M3Iy4eHHs B Oaze MaHHBIX I[IEHTpa pEearnpoBaHHUS M
MPOM3BOANTD ABTOMAaTHYECKYI0 HWACHTU(UKANNIO PATUOHYKIHIOB, (HUKCHpOBATH MajeuIme
M3MEHEHUS pauallioHHOTo (hOHA.
KawoueBble cioBa: ABTOMAaTU3MPOBAHHAS CHCTEMa KOHTPOJIL PaJUallMOHHOH OOCTaHOBKH,
JIETEKTOPHl TaMMa-M3JIy4YCHHs, IYHKT HW3MEPEHHS METEOPOJOTHYECKHX IapaMeTpoB W TaMMa-
H3Iy4YECHUs.

AUTOMATED RADIATION MONITORING SYSTEM IN ZONES OF INFLUENCE
OF IGNALINE, RIVNE, CHERNOBYL NPP
ALEKSANDR.N. NOVIK, PETR.V. KUCHINSKY, GENNADY.I. KHILKO,
OLEG.V. KREKOTEN
NIIPFP BSU,
(Minsk, Republic of Belarus)

Abstract. The automated system carries out meteorological monitoring of the environment and
monitoring of the radiation situation in the influence zones of the Rivne, Ignalina and Chernobyl
nuclear power plants. The use of highly sensitive high-speed spectrometric units for detecting gamma
radiation in the system made it possible to accumulate the measured spectra of gamma radiation in the
database of the reaction center and automatically identify radionuclides, and record the slightest
changes in the radiation background.
Keywords: Automated radiation environment monitoring system, gamma radiation detectors, point of
meteorological parameters and gamma radiation measurement.

ABTOMaTH3MPOBaHHAs CHCTEMa KOHTpOJs panuanuonHoi obctaHoBku (ACKPO) sBnsiercs
HEOOXOIUMBIM 3JieMeHTOM JKkcityatanuu Jioboir ADC. ACKPO BeimnosnHseT HHOOPMAIMOHHO-
BBIYUCIIUTEIbHbIC, YNPABISIOIIME W BCIOMOTaTelbHble (YHKIMH IO KOHTPOJIO COCTOSHUS
panmannoHHoi Oe3omacHocT Ha ADC M B pailoHe MX PACHOJIOXKEHUS B HOPMAJIbHOM DEXHME
SKCIUTyaTallM U B aBapUNHHBIX CUTyallUsX.

ACKPO mnpezncraiser co0oii nepapxuieckyro HHQOPMALMOHHYIO CETh C TEPPUTOPHAIBLHO
pa3sHECEHHBIMH aBTOMATHUECKHUMHU ITyHKTaMH usMmepenus: (AIIM), koTopble UMEIOT B CBOEM COCTaBE
nporpaMMHBIE M amlmapaTHble CpejacTBa, obecrneunBaroniye (YHKIMOHUPOBAHHE MOJIYNEH TI0
3a/laHHBIM aIropuTMaM cOopa, 00paboTKu, XpaHeHHs u oToOpaxkeHus: nHdopmamuu [1, 2]. Kpome
TOTO KKIBIH MOIYJb HOAJIEPKHBAET KOMMYHHMKALMOHHBIE CBOMCTBA Ui OOECHEUYEHHS JTOCTaBKU
WHQOpPMAIUK B Mpejenax HHPOPMIIMOHHON CETH.

B kauectBe TexHonoruu obOmeHa gaHHbIMH Mexay AITM u uentpom pearuposanus (L[P)
BoiOpana GSM/GPRS TtexHosorusi, KoTopasi o0ecreyrBaeT MPOCTOTY WM HAJEKHOCTH anmapaTHbIX
CpeAcTB KOMMYHHUKalMOHHBIX Moayied ACKPO, Bo3MOXHOCTH AOCTaBKM HMH(pOpPMaLWU B JHOOYIO
Touky PecnyOnmuku benmapych, MCIONB3ysi COBpEMEHHBIE CPEACTBA NMPUEMO-TIEpPEaay MOCPEICTBOM
riobanpHOU cetn HTEpHET.

B kauectBe mporokona oOMeHa uH(pOpMauUueil BHIOpaH MPOTOKON CETEeBOro ypoBHs IP-
MPOTOKOJI, HWMEIOUINM TakWe OTIMYMTENbHbIE BBITOAHbIE OCOOEHHOCTH, KaK IIOBCEMECTHAS
pacrpoCTpaHEHHOCTh B C€TU MHTEpHET, OTIWYAIOIMICS OPOCTOTONM HACTPOWKH, NMATHOCTUKU U
BBICOKOW IPOM3BOANUTENILHOCTHIO B paboTe. B kauecTBe MPOTOKOIOB TPAHCIIOPTHOTO YPOBHS BBIOpaHbI
npotokoasl TCP u UDP. [Inst obecrieueHus] HaleKHONH MaplIpyTH3alMKH MPU PpaboTe MPOTOKOJIOB
TPAHCHOPTHOTO YpoBHS (110 Kinaccudukamnuu ceteBoil Mojenu OSI) kaxpii H3 KOMMYHUKAIIHOHHBIX
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monyneit AT, umeer cratudeckwuii |IP-agpec. DTo obOecreynT HaIeKHYIO0, HE 3aBUCAIIYIO OT COOCB B
peanbHONl  paboTe W mocinenyromied  mHUNManm3anuun  GSM-MomeMoB,  MapuIpyTH3aIUIo
nHpopMarmonHoro oomena mexay AN u L[P.

[IporpaMMHBI ~ KOMMYHUKAaLIMOHHBI ~ MOJyJdb TEepMHUHaJBbHOrO  KoHTposnepa AlIN
B3aUMOJIEUCTBYET uepe3 ceTb HTEpHET ¢ MporpaMMHBIM KOMMYHHUKAIMOHHBIM MoaysieM cepeepa LIP.
Pazpaborana cucrema kKomMaHa WH(OPMAITMOHHOTO B3aUMOJICHCTBHS, (OpPMAT MMAKETOB M AT OPUTMEI
oOecrieueHUs]  JTIOCTOBEPHOCTH  NPEICTABUTEIILCKOrO  ypoBHs  (moBepx  mporokona  UDP).
CuHXpOHM3aIMs B3aUMOJEHCTBHSI KOMMYHHUKAIIMOHHOT'O MOJYJIsI TEpMUHANBHOTO KoHTposnepa AIIU u
KOMMYHUKAIMOHHOTO Moayisi cepBepa I[P co croponsl IIP ocyiecTBisieTcs ¢ MOMOIIBIO
Hu3koypoBHEBBIX UDP-cokeToB oOMeHa aediTarpaMMamMu, CO3JaHHE€ W TPUMEHEHHE KOTOPBIX
NpeyCMOTPEHO B orepannoHHoi cucteme Windows.

[IporpaMMHBII KOMMYHHKAITHOHHBIA MOIYJIh TEPMHUHANBHOTO KOoHTposepa AIIW mponsBoaut
coenuHeHue ¢ MurepHer u uHopmanronHoe B3aumoaeiicteue ¢ LIP yepes GSM-MomeMsl.

1O AIIN moanep:kuBaeT (HYHKIMOHHPOBAHHE OOOPYAOBAHUS TEPMHHAIBHOTO KOHTPOJIEPA,
paboTy CHCTEMHOTO BPEMEHHOTO CHHXPOHHM3aTOpa BBHIOJHEHUS MPOTPaMMHBIX MOJIYJeH, KOTOpBIE
BBITIONHSIOT (PYHKIMM KOMMYHHKAIIMM C IEHTPOM pearupoBaHus, (QyHKIWH OIMpoca BHEIIHUX
MHTEJUICKTYAIBHBIX YCTPOUCTB (IaT4MK TamMmMa-(hoHa, METEOCTaHIUs, HHPOPMAITHOHHOE TadJIo U T.I1.).
Kpome Toro, [1IO AIIM orBeuaer 3a mojjep:kaHue MUKPOKJIMMaTa B aliapaTHOM Iikady, paboToi
CTOPOXKEBOTO TaiiMepa, yIpaBleHHE SHEProHEe3aBHUCHMOIN MaMsThiO, (YHKIMOHHPOBAHHE C YIETOM
JMUCTAHIIMOHHBIX HACTPOEK W HeKoTopele npyrue ¢pyakmun. CtpykrypHas cxema ACKPO npuBenena
Ha puc. 1.

GSM

(_.

Annapatypa
KaHanoe &

CBA3N

<
GSM
\ YcTponcTBa
) | onoBelleHNA U

CHUrHanusaguu

YeTponeTea
oTobpaxeHUa
UHOpMaLMK

D ===
‘:I Ceppep

Mereonapamerpel

LeHTp

pearvpoBaHWsA Aomomnerexsamie

P ATHALELOHIHO-
FROMOTHYECKHE TATUYHRH

CTpyKTypa ABTOMATH3HPOBAHHOI CHCTEMBI KOHTPONIA
panuanpoHHoil odctaHoBKH (ACKPO)

Puc. 1. Crpyxryphnas cxema ACKPO

Oynkunonan ACKPO onpexnensiercst obopynoBannem AIIM mox ympasnenuem 110 AIIH, a
takke 110 LlenTpa pearupoBanusl.

B cucreme uCHonp3yr0TCA WHTEIUIEKTYaJlbHbIE OJIOKM [IETEKTUPOBAHUS TaMMa-M3TydeHHS
(UBJ) - YITI <KATOMTEX» [3, 4, 5]. brioku JeTeKTUpOBaHUSI raMMa-H3ITy4YeHHsT UMEIOT cepTrdukat
cpencts uzmepenuit Pb. Mx xapakTepucTuky npuBeeHbl B TaOnuLe.
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Tabanna. XapakTepucTHKH OJOKOB AETEKTUPOBAHUS TaMMa-M3ITydeHUs

Biok qereKTHpOBaHUA BIKI'-224 BJAKI'-211M
TetexTo IImacTuKOBLBIN CUMHTHUISIIHOHHBIN
p crpHImuIATop S0*40 MMm. Nal @63x63 mm
Junana3oH sHeprui 30 k3B - 10 M»B 20 k3B - 3 M»B

I[I/IaHaBOH HU3MEPCHUA MOIITHOCTH

40 ux3B/4 - 1 3B/4

30 #3B/4 — 150 MK3B/4

JI03bl FaMMa-U31y4eHUs
[Ipenen ocHOBHOM OTHOCHUTEIIBHOM

+15% +20%
MOTrpeIHoCTH u3Mepenust MJ[
DHepreTuveckas 3aBHCHMOCTb oT 25% 110 +40% £20%
YYBCTBUTEIILHOCTA OTHOCHTEIHHO 30 k5B - 3 MaB 40 3B — 3 M5B
sHepruu 662 k3B
UyBCTBUTENHFHOCTD K TAMMa-
nsnydernio ='Cs, (umn-CY/mk38-u?) 530 2450
CrerneHb 3alUThI IP67 IP67
WnTepdetic RS485 RS485
Jmnamnazon pabouux Temmneparyp -40...+70°C -35...+55°C
OTHOcuUTENbHAs BIaKHOCTh BO3/yXa <989 <989

= o = 0o

(<35°C 6e3 KOHICHCAITUH BJIary)

I"abaputHbIe pa3Mepsl, Macca D60x250MmmMm, 0,6 kT ?90x350mmMm, 2 KT

Hcnonb3oBanne B cocTaBe CHCTEMBI BBICOKOUYBCTBUTEIBHBIX OBICTPOICHCTBYIOIIUX
CHEKTPOMETPUYECKUX OJIOKOB JICTEKTUPOBAaHHSA TaMMa-W3Iy4eHUs, TO3BOJIMIIO HAaKaljnBaTh
U3MEpPEHHbIE CIIEKTPbl I'aMMa-u3jIydeHHs B 0a3e AaHHBIX LIEHTpAa PEarupoBaHHUs M IMPOU3BOAUTH

ABTOMATHYECKYI0  HJCHTU(QHKALIWIO PaJAUOHYKIWAOB, (UKCHUPOBATh MAaJCHIINE W3MEHECHUS
panuanroHHOro (oHa.
MeTeoponoruyeckuii  MOHHUTOPHMHI'  OCylIecTBiseTcss  mereocraHuusmu  WXT-520

(DuHNSIHANSA), yCTAHOBICHHBIMH B MeCTax pazBepThiBanus AlIN.

[IporpamMmmHuoe obecrieueHue cepsepa LIP GyHKIMOHUpPYET B cpejie ONEepPallMOHHON CUCTEMbI
Windows ¥ cOCTOMT M3 MakeToB MpPOrpaMMHBIX Moayieil. Kaxapiii u3 monynei GpyHKIMOHHpYET B
CBOEM aJIpeCHOM MPOCTPAHCTBE.

Hakoruenne nndopmariuu npoucxoaut B tadbmuiiax CYB/] FireBird. CYB/l ¢pyHkumnonupyer
Ha OCHOBE KJIMEHT-CEPBEPHON apXUTEKTyphl. [Ipn KOHQHUTYypaluu mporpaMMHO-anmnapaTHbIX CPEICTB
ACKPO, mMoxHO BBIOpaTh JOKalIbHYIO ycTaHOBKY cepepa CYBJl Ha kommbroTepsl cepBepa LIP, miu
BBIJICJINTh OTAEJBbHBIA cepBep 0a3 AaHHBIX. B moOoM ciydae MOAyidh KOMMYHUKAIMHA, MOIYJb
rpaduuecKoro 0ToOpakeHUsI 1 MOYJIb yrpaBieHus U mpocMotpa Tabiui CYB/] cBsizaHbl ¢ cepBepoM
FireBird npu momormum coketoB Ha OCHOBE MPoToKoJI0B TCP/IP 1 sSBIsOTCS €ro KIneHTaMu. 3amuch U
yTeHre WHPOPMAINK OCyIIecTBIseTcs mpu momormu SQL-3ampocos, KoTopele 00padaThiBaeT cepBep
FireBird. Takum oGpasom, I1O, dyHKIHMOHHpPYOLIEE HA OCHOBE KJIMEHT-CEPBEPHOU apXHTEKTYPHI,
MO3BOJIIET TMOKO KOH(HIYpHPOBaTh AamlmapaTHO-TPOTpaMMHBIE CpEACTBa 0a30BOTO KOMILIEKCAa B
3aBHCUMOCTH OT HOTPeOHOCTEH 3aKa3uuKa.

ACKPO o0ecnieunBaeT KOHTPOJIb PaJUAlMOHHON OOCTAaHOBKM B 30HAX BIMSHUSA POBEHCKOM,
Urnanuuckoi n YepaoOwsbekoid ADC. ATIN ycraHoBieHbl B 12-TH MyHKTaX, MeCTa PaclojOKeHUs
AIIU onpenenensl 3akazunkoM. AIIM cuctemMbl KOHTPOJIS paJualMOHHON OOCTaHOBKH ITOKa3aHbI Ha
puc. 2. Ilannuele ¢ AIIM nmoctynator B IIP Ha tepputopum benrmppomera. ACKPO BBenena B
OTIBITHYIO AKCILTYaTaIHIo.
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Puc. 2. AIIM cucteMbl KOHTPOIIS paHalliOHHON 00CTaHOBKHU

ABTOMaTH3UPOBaHHAs CHUCTEMa KOHTPOJIS PaJUallMOHHOW OOCTaHOBKM B aBTOMAaTHUYECKOM
pexxuMe obecrieunBaeT:

— onpoc AIIU uepes 3a1aBaeMble IPOrpaMMHO HHTEPBAJIBI BPEMEHHU;

— HaKoIUIeHUe MH(OpPMAIIMU B 0a3ax JaHHBIX;

— otobpaxenue nanubix AITH ¢ ucrons3oBanrem Maplinfo MapX kapTsr;

— CpaBHEHHE BEJIMYHUH I1apaMETPOB C 33IaHHBIMH ITOPOTaMH, [IEPEBOJ CUCTEMBI B TPEBOXKHBIN
PEXUM | BbIJjaua 3BYKOBOW CHTHAJIM3AIINY;

— KOMMYHHUKAaILUIO MEX Iy cepBepamul LIP pasnuuHbIX ypOBHEH nepapxuu;

yIpaBJieHHE peXUMaMU paboThl Kak OTJEFHOTO cepBepa, TaK U CHCTEMBI B LIEJIOM;

— BH3YQJIM3aIMIO JaHHBIX B YJOOHOM MJisi omeparopa BUJE, ¢ BO3MOXXHOCTHIO HACTPOWKU
XapaKTepUCTUK OTOOPAKECHUS,

— wucnonb3oBanue coBpemenHoit CVYBJl (FireBird) Ha ocHOBe KiIHMEHT-CepBEpHOI
APXUTEKTYPBHI;

— CaMOTECTHPOBaHUE alapaTHBIX CPEJICTB C BbIIaYell COOOIIEHHH 0 HEUCIIPABHOCTSIX;

— MPOTOKOJIMPOBAHKUE COOBITHH pabOThI CEpBEpPa;

— o0ecrieueHue CaHKIIMOHUPOBAHHOTO JIOCTYIIA;

— KOHTPOJIb 3alPOCOB U JUCTAHIIMOHHOTI'O U3MEHEHUs mapaMeTpoB U ycTaHOBOK AIIU u3 11P;

— npocMoTp omepatopoM LIP ucTopum mocTymieHus JaHHBIX 10 33JaHHBIM IapaMeTpam,
UCTOpHUU JIeHcTBUH oneparopa (riepe3anyck, i3MEHeHHE TapaMeTpoB paboThI U T.11.).

Pa3paboranHasi cucteMa MO3BOJISIET CHOCOOCTBOBATH PEIICHHIO 33/1a4 aMHHUACTPATHBHOTO
yIpaBlieHHs B Clly4yae Ype3BbIYAHBIX CUTYALHH.

B mecrax pa3menieHusi anmapaTypbl aBTOMaTHUECKHX ITYHKTOB M3MEPEHHsS TPETyCMOTpPEHA
yCTaHOBKAa HMH(MOPMAIMOHHBIX 3JIEKTPOHHBIX Ta0J0 sl OTOOpaKEHUS YPOBHEH MOIIHOCTH JI03BI
raMMa-u3iydeHus, 4To odOecrneduT MHGOPMHUPOBAHUE HACEIEHUs, NMpoXHUBaouero B peruone AJC,
00BEKTHBHBIMH JJTAHHBIMU O PaAHALMOHHON 0OCTaHOBKE.
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Crnucok JuTepaTypsbl
1. HoBuk A.H. ABTOMaTm3mpoBaHHas cHCTEMa KOHTPOJS PaaUallMOHHOW OOCTaHOBKH OKpY>Karomeit
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ADC ¢ mpuMeHeHHEM CHEeKTPOMETPUYECKHUX OJIOKOB [ETeKTUpOBaHMs ramma-m3mydeHus/ A.H.
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YK 621.039+53.087.4
METO/ PA3JAEJEHAA UMITYJIbCOB HEUTPOHHOI'O 1 TAMMA-U3JIYUEHUSA ITIPU
NCIIOJb30BAHUU CHUHTUJISATOPA CLYC(Ce)
JIATVIIKUI U.A., AHTOHOB B.U., KOMAP J].1.
Hayuno-npouszsoocmeennoe ynumapnoe npeonpusmue «ATOMTEXy,
(Munck, Pecnybnuxa Berapycy)
AnHoTauus. B cTaThe omucan MeTOA pa3feeHus] UMITYJIECOB HEHTPOHHOTO U TaMMa-U3Iy4eHUs IpU
ucronb3oBanuu  cuuHTHUIITOpa CLYC(Ce) s crieKTpoMeTpuM — raMMma-u3jiydeHus  [pu
OJHOBPEMEHHOM  JETCKTUPOBAHMHM  HEHTPOHHOTO  M3Iy4YeHHA.  PacCMOTpeHBl  OCHOBHBIC
XapaKTepUCTUKM JAaHHOTO CHOUHTWIUIATOPA C TOYKHM 3pEHHS €ro TpHMEHEHHs B OJoKax
JETeKTUPOBAHUSI TaMMa- M HEUTpoHHOro wu3nydeHus. [lpuBeneH Meron cemapanuu raMma- u
HEUTPOHHBIX HMITYyJIbCOB HAa OCHOBAHUM DPA3MHYUN (OPMBI HMITYyJIbCOB, & HMMEHHO CKOPOCTH
HapacTaHus M aMIUTUTYAbl. PacCMOTpPEHBI MEpCIeKTHBEl PACCMOTPEHHOTO METO/A /ISl JajbHEHIIero
NpUMEHEHUs] B OJOKax JCTEKTUPOBAaHUS TaMMa- W HEHUTPOHHOIO W3IyYCHHSI Ha OCHOBE
cuuaTwusitopa CLYC(Ce).
KumioueBbie caoBa: cuunTwuistopel, CLYC(Ce), pasneneHue HMITYJIbCOB, TraMma-H3JIydeHHUE,
HEUTPOHHOE M3Ny4YeHHUE, (POTOIICKTPOHHBIA YMHOKUTEb, SHEPTETHUECKOE pa3pelieHue.

METHOD OF SEPARATION OF NEUTRON AND GAMMA-RADIATION PULSES USING
THE CLYC(Ce) SCINTILLATOR
ILYA A. LAGUTSKIY, VLADIMIR I. ANTONOV, DAMIAN |. KOMAR
Scientific Production Unitary Enterprise «ATOMTEX),
(Minsk, Republic of Belarus)

Abstract. The paper describes the method of neutron and gamma radiation pulse separation when
using CLYC(Ce) scintillator for gamma radiation spectrometry with simultaneous detection of neutron
radiation. The main characteristics of this scintillator from the point of view of its application in
gamma- and neutron radiation detection units are considered. The method of separation of gamma-
and neutron pulses on the basis of differences in pulse shape, specifically the rise time and amplitude,
is presented. The prospects of the considered method for further use in gamma- and neutron detection
units based on scintillator CLYC(Ce) are considered.

Keywords: scintillators, CLYC(Ce), pulse separation, gamma radiation, neutron radiation,
photomultiplier tube. Energy resolution.

Beenenue

[lepconanbupie paananmonseie nerektopsl (IIPJl) um cnexTpomerpuueckue mMepcoOHATbHBIE
panuannonnsle jgetekropel (CIIP/) sBisitoTcsT BaKHBIMH MHCTPYMEHTaMH  CIIYKO OBICTpPOro
pearupoBaHusi A1l OOHAPYKEHUSI UCTOUHUKOB raMMa-H3JIyuyeHHs U HEUTPOHHOIO W3My4eHus. ['amma-
CIIEKTPOMETPUYECKUI  KaHal TO3BOJSET IPOBOJWTh  WACHTH(PHKALUIO TaMMa-u3ITydarolinx
panuMoHyKIUA0B No cnekTpy. CoueTaHue ramMma-CIeKTPOMETPUYECKOro KaHala W JeTeKTUPOBaHHE
HEHUTPOHHOTO M3JIy4eHHsS B OJHOM INpHOOpe oOecrneyuBaeT BBICOKYIO BEPOSITHOCTh OOHApY KEHUs
OTIaCHBIX SIEPHBIX MaTEPUAIIOB.

Crunatwuisitop CLYC(Ce) (CsyLiYCls) BecbMa TepcrieKTHBEH JUIs  OJIHOBPEMEHHOT'O
OOHapyKEHHsI HCTOYHHKOB B TIOJIIX CMEIIAHHOTO raMMa W HeiitporHoro unydenus, T.K. CLYC(Ce)
UMeeT BBICOKYIO 3()(hEeKTUBHOCTh PETUCTPAIIMM HEUTPOHOB TETUIOBBIX SHEPTUH ONaronaps HAIUYHIO B
coctaBe °Li, u 00NaMaeT BHICOKMM DHEPrETHYECKUM pPa3pEIleHHEM IIPU CIIEKTPOMETPHU TaMMa-
m3nyueHus (4,5% s sHepruu 662 k3B). VIMITynnbCcbl OT raMMa- ¥ HEUTPOHHOTO M3JTyYCHHS UMEIOT
pasHyto GopMy, UTO MMO3BOJISIET IPOBECTH UX Pa3IeeCHHE.

IMoyyeHnne UMIy/ICOB raMMa- 1 HEHTPOHHOTO M3ay4YeHus cuuaTmuisTopa CLYC(Ce)
JIns aHanmm3a (OpPMBI MMITYJIBCOB TaMMa- W HEHTPOHHOTO M3JIY4YECHHUS Ui JIETEKTOpa
CLYC(Ce) pasmepamu ©@38%38 MM ObLIT COOpaH TECTOBBIN CTEH/I, CTPYKTypa KOTOPOTO MpEACTaBIeHa
Ha puc. 1.
CBETOBBIC HMITYJIBCHI, TOCTYIAIONINE CO CIIMHTIWLIATOPA Ha (POTOIIEKTPOHHBIA YMHOKHUTEIb,
TIOJIKJTFOUSHHBIH 10 CXEME C 3a3eMJICHHBIM aHOJIOM, TIPE00pa3yroTCsi B TOKOBBIE UMIYJbCHI. JlaHHBIE
CUTHaJIbl aHAJIM3UPYIOTCA B JIBYX TOYKax: Hpe}IHOCHeIIHI/Iﬁ JUHOJ, C HUCIIOJIb30BAHUEM PE3UCTUBHO-
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€MKOCTHOM HAarpy3k, U aHOJA B PEXHME CHATHA TOKa. Takoil KOMILIEKCHBINM MOAXON IO3BOJSET
OCYILLECTBIISITh MOJHBIM cOOp 3apsaa ¢ aHoHa, YTO MO3BOJISIET OoJjiee TOYHO OLCHUBATh AMIUTUTYLY
UMITYJIbCA U YMEHBIIAET BKJaJ YCTPOWCTBA 00paOOTKH B MapaMeTp SHEPreTHYECKOr0 pa3peLieHus.
CHATHE MMITYJIBCOB HaNpsKEHHs C MPEANOCIEeHEro TUHOJA ¢ KOMIUIEKCHOM Harpy3kou MO3BOJSET
MoTy4uTh HeoOxoaumble it paboTsl ALIIL ummynbeel, He Bimsis Ha cOop 3apsna. B nanHoMm cinydae
JUTSI TIOJTyYEHUS almapaTypHoOTo crekTpa ucronb3oBaiocs AL co mkanoit 4 MaB.

MutaHne ®3IY

v

Mpegnocneaxunit gnHoa

> Ocuunnorpad
POTOINEKTPOHHBI
CUnHTUNNATOR YMHOXUTEND
CLYC(Ce) (®3Y)

> YCTPOWCTBO

AHog obpaboTkn
> MMNyNLCoB

Puc. 1. CtpykrypHas cxema CTeHjia 3axBara uMIyibcoB cipnTriusitopa CLYC(Ce).

dopMa HUMMYIBCOB OT TaMMa- M HEHTPOHHOTO W3IY4YeHUs ObUIa TMONy4YeHa ITyTeM
TIOJKITIOUSHHS K TPENNOCIeTHEMY TUHOAY HUPPOBOTO OcIuIorpada, 4o mo3BoJseT OIICHUBATh Kak
aMIUIATYHBIE TaKk ¥ BpPEMEHHbBIC XapaKTepPUCTUKU CHUTHana. JIs TONydeHHs HMITYJIBCOB ObUI
HCIIOJIB30BAaH UCTOYHMK “>°PUBE OKpy)KEHHBIH 5 CM IOJMATUIEHA, YTO CO3]aBallo IOTOK TEIIOBBIX
HEUTPOHOB, JOCTATOYHBINH sl dPPEKTUBHON padoThl ¢ mumuHApHYeckuM kpucramuiom CLYC(Ce)
pazmepoM D38x38 Mm.

JI7st onipeiesIeH s MPUHAIICKHOCTH UMITYJIBCOB K TaMMa- WIIM HEHTPOHHOMY U3ITy4SHUIO OBLI
MPOBEJICH aHAIU3 alMapaTypHOTO CIIEKTPa, KOTOPBIHA MOKa3all, YTo ajdb(a-4acTHIbl, 00pazyeMbie B
KpHCTajle npu B3auMoeiicTeuu °Li ¢ TerioBbIMM HeHTpOHaMK, (GOPMHUPYIOT MK B PaiiOHE SHEPrUH
3,1-3,2 M»aB. B cBsizu ¢ 3THM Obla NpoW3BeneHAa HACTPOWKA CHHXPOHHM3AIWU ocHwmuiorpada u
yCTpOCcTBa 00pa0OTKH TaKMM 00Pa30M, YTO OIM(PPOBBIBAHNUE CUTHAJIA TTPOUCXOAUIIO TOJIBKO JUISl TEX
UMITYJIbCOB, Y€l WHTETPUPOBAHHBIA C aHOAA 3apsi COOTBETCTBOBA] B ammapaTypHOM CIEKTpe
sHepruu 3,15 MaB + 5%.

[ToyYeHHbIE OCHMILIOTPAMMBI MMITYJILCOB HEWTPOHHOTO M TamMMma-usiydeHus or “**PuBe
WCTOYHUKA Jlasiee ObIIIM COXpaHEeHbI U 00paboTaHbl IU(PPOBBEIMH METOIAMH ISl U30ABJICHHUS OT IIYMOB
Y HaBOJKH MUMITYJIbCOB CHHXPOHH3AIHH.

Ha puc. 2 npezacraBiensl 00paboTaHHBIE OCIMILIOIPAMMBI IMITYJIECOB OT PAa3IMYHBIX YaCTHIL,
KOTOpBIE B almapaTypHOM CIIEKTPE COOTBETCTBYIOT sHepruu 3,15 MaB £ 5%. Illar nuckperuzarmm
COCTaBJIsIeT 2 HC.
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Puc. 2. ®opmbl ramMmma- 1 HEUTPOHHOTO UMITYJIBCOB, OJy4aeMble Ha BXO/IE YCTpoiicTBa 00pabdoTku: 1
— TaMMa-u3IIydeHue, 2 — HEUTPOHHOE H3ITydeHHe
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Mertoa cemapanuy IMIyJIbCOB

[Ipu ananmze QopMbl UMIYIbCOB OBIJIO 3aMEUEHO, YTO HAMOOJbIINE Pa3/IN4Ms 3aMETHHI B
TE4EHHE N1EePBOIl MUKPOCEKYHbI CBEUCHHS KPUCTalIa, IPYU 3TOM, HECMOTPS Ha OAMHAKOBOE 3HAUCHHE
3apsia, coOMpPaeMoro 3a BpeMsl BCIBIIIKH, aMIUIUTYyJa M CKOPOCTh HapacTaHus (poHTa ramma-
UMITYJIbCa 3HAYUTEIBHO BBIIIE, YTO TAK)KE OTMEUCHO B MyOnuKkarusx [ 1-4].

OnHako BO MHOIMX paboTax aMIUIUTYZAbl NPHBEICHbI B HOPMAJIM30BAaHHOHN BEIUYMHE, YTO
MOJKET BBOJHMTH B HEKOTOpOE 3a0iIyKIeHHE MpPU aHATN3e UMITYJIbCOB. JTO CBA3aHO C T€M, YTO IpHU
HOPMHPOBKE pPa3HUIA B CKOPOCTH HapacTaHUsi ()pPOHTA CTAHOBUTCS MEHEE 3aMETHOH, a pa3HUIa
IIOCTOSIHHBIX BPEMEHHM SKCIOHCHLIUAIBHBIX COCTABILIOIMX MHOTOKOMIIOHEHTHOH CHUHTWIIILNN
CLYC(Ce) cTaHOBHTCS 3HAQUUTEIILHO 3aMETHEE, @ HIMCHHO ISl HETPOHHOTO MMITYJIbCA 3HAYUTEIBHO
0oJbLIEe «XBOCT» UMITYJIbCA.

B nanHOM cilyyae MOKHO CHENaTh BBIBOJ, YTO Pa3[elCHHE UMITYJIbCOB MOXHO NPOBOIUTH C
IOMOIIBI OLECHKH [UINTEIBHOCTH CcaMOil OOJBIION COCTABISIOIIEH CUUHTWULLHMM, OJHAKO
MOJTyYEHHBIE OCLMJIOTPAMMBbI TOKa3bIBAIOT, YTO pPA3HHUIA 3KCIIOHEHIMAIBHBIX COCTABISAIONIUX IMPU
OJIMHAKOBOM 3apsJe A HUMITYJbCOB OT raMMa- U HEHTPOHHOIO H3Iy4YEHMsI 3HAUUTENBHO MEHbIIE
PasHULBI B CKOPOCTH HapacTaHusi PPOHTA, YUUTHIBAS PA3HUILY aMIUTUTYAbL. DTO pa3anyue OTKPhIBAET
BO3MOXXKHOCTb Pa3JIeNICHHsI UMITYJILCOB C HUCIIOJIb30BaHIEM aHaJIH3a CKOPOCTH HapacTaHus PpOHTA.

Hcxonss w©3 TMONy4eHHBIX MJaHHBIX OBUT pa3paboTaH MeETOJ Cemapalud HMMITYJIbCOB
HEHUTPOHHOTO M T'aMMa-U3JIy4YeHHUs C HNOTCHLUAIBHOW BO3MOXKHOCTBIO €0 HNPUMEHEHHs B OJIOKax
nerektupoBanusi Ha ocHoBe ALl 6e3 HeoOXOAMMOCTH OCYIIECTBICHHS OOLICIPHUHATOIO IS
kpucramia CLYC(Ce) npunnuna ananusa GopMsl ummyisca (pulse-shape discrimination — PSD) na
OCHOBE KOJINUECTBEHHOW OLIEHKH CKOPOCTH cOOpa 3apsja.

JlaHHBIN METOA OCHOBAH Ha OLIEHKE CKOPOCTU HapacTaHUsl (POHTA UMILYJIbCOB, MTOMAAIOLINX
B 3HEPreTHYECKOe OKHO OTKJIMKA KpUCTAJUIa Ha TemsioBble HEHTpoHBI. CyTh MeTOoAa 3aKiovaeTcs B
BBIYMCIICHUM BPEMEHH MEXIy JBYMS COOBITHSMHU: MOMEHTOM cTapra cOopa CHrHaja M BpEeMEHEM
MEPECCUCHUS UMITYJIbCOM, MOAYyYaeMbIM C JUHOJA, ONPEACICHHON aMIUTUTYIHOM rpaHuubl. JlaHHBII
CHoCco0 JIETKO OCYIIECTBUTH C TOMOIIBIO JBYX BBICOKOCKOPOCTHBIX KOMIIAPAaTOPOB, 3allepikKKa
KOTOPBIX HE JOJKHA MPEBBIIATh OJHOIO TaKTa CYETYHUKA BPEMEHHU.

Jns mepBoro Kommaparopa YCTaHABIMBAeTCS JOCTATOYHO HHU3KUI YpPOBEHb, KOTOPBIH
oTBeuaeT 3a (OpMHpOBaHHE HMITyJbca crapra mnpeoOpazoBanus Bcero Allll Bunkuacona. O
nogoupaeTcsi B 3aBHCHMOCTH OT KOHKPETHOH peanu3anmu paboTel JaHHoro. Jlnsi BTOpOTro
KOMITapaTopa yCTaHABJIMBAETCSl YPOBEHb, KOTOPBIA MO3BOJIUT C BBICOKOW /10JIEH BEPOSTHOCTH 3aceyb
UMITYJIBC HEHTPOHHOTO M3JIy4€HUs, HO NP 3TOM He OyJeT HAaCTOJBKO HHU30K, YTOOBI pa3HHUIIA MEXILY
MOMEHTOM cpadaThIBaHUsI KOMIIapaTopa Ha raMMa-4acTUIy ¥ HEHTpoH Oblia Maa.

Hnst pazneneHuss raMMa- W HEHTPOHHOTO HMITYJILCOB HEOOXOJIWMO BBIYHCIHTH BpPEMs OT
BO3HMKHOBEHHSI CTapTOBOTO HMIIYJIbCa IO IOSBJICHUS HMMITYJIbCa, XapaKTEPHU3YIOLIETO0 CKOPOCTh
HapacTaHus poHTa. [lanee OnbITHBIM IMyTeM NOAOMpaeTCsl BpEMEHHas TpaHulla, KOTopasi OTBEYAET 3a
OTHECEHHUE aHATH3UPYEMOT0 UMITYJIbCca K OTHOMY WJIM APYTOMY BHIY U3ITyUEHUS.

Jns uMIynbCcOB, NPUBENCHHBIX Ha PHUC. 2, ONTUMAJbHBIM YpoBHeM sBisiercss 600 mB, uro
o0ecrieyrBaeT HaWIydlllee COOTHOLICHHE MEXKIy pa3HUIEH B MOMEHTE (OPMHPOBAHHS HMITYJIbCA
KOMIIapaTopa ¥ BEpPOSTHOCTHIO TOTO, UTO aMIUIUTYAa UMITYJIbca HEHTpoHa okaxkeTcs Hrvke. [Ipu aTom
HEOOXOJMMO OTMETHTBh, YTO MPH aHaIW3e WMIYJIBCOB OBUIO 3aMeyeHa pa3HMIa B KOJICOaHWHU
aMIUTUTYIbl HEUTPOHHBIX M T'aMMa HMIIYJIbCOB MONAJAIOUINX B OJUHAKOBOE 3HEPreTHYECKOE OKHO.
AMIUIMTY/Ia HEUTPOHHBIX UMITYJILCOB 3HAYUTEILHO KoJieOseTcs (B npeaenax 50 mB), B TO Bpems kak
aMIUTUTY/Ia TaMMa-UMITyJIbCOB TPAaKTUYEeCKH Bceraa oauHakoBas. [laHHbIH (akTop HE0O0XO0IUMO
YUUTHIBATh IPU BBIOOPE YPOBHS TUCKPUMHUHALMN UMITYJIbCOB.

B xone skcnepuMeHTOB OBUIO TOJIyYEHO, YTO JJIsl aHaJIM3HPYEMOM CHCTEMBI CKOPOCTb
HapacTaHUsl TaMMa-UMITYJIbCOB cocTaBisieT MeHee 50 HC (B cpemHeM 25 HC), a IS UMITYJIBCOB OT
HelTpoHOB cocraBiser He mMeHee 100 He (B cpegnem 150 Hc). Takum oOpa3zom uis ucciemyeMoit
CHCTEMBI ONITUMAJILHBIM SIBJISIETCSl yCTAaHOBJIEHHUE mopora npesbimeHus B 80 He. Ecnu pazHuna mMexay
MMITYJIbCaMH CTapTa M MPEBBIIIECHIS MOPOTa AUCKPUMUHAIIMKA OOJIbINIE JAHHOTO 3HAYEHUS, TO MOXKHO C
BBICOKOH [OJIell BEPOSATHOCTH CKa3aTh, YTO OTKIWK CIUHTHIUIATOPA BBI3BAH IONAJaHHEM B HETO
HENTpOHA.
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3akioueHue

[lpoBeneH aHaNWM3 TIEPCIIEKTUB  HCIOJIB30BAHUS  KPHUCTALTMYECKOTO  CIMHTHILIATOPA
CLYC(Ce) mist OTHOBPEMEHHOTO ICTEKTHPOBAHUS HEHTPOHHOTO M TaMMa-H3JTyICHHSL.

JInst ompenencHusl XapaKTEPUCTUK HMMITYJIBCOB, HEOOXOJMMBIX ISl pa3/ielieHUs] ramMma- U
HEHUTPOHHOTO M3IYYEeHUS OB cOOpaH CTEHJ C MCTIOIB30BaHUEM KpucTaiuta P38%38 MM ¢ IPUPOIHBIM
conepkanneM °Li.

[Ipu ananuze anmapaTypHOTroO CHEKTpa ACTEKTUPYEMOTO M3Iy4YeHHUs! ObUIO OOHAPYKEHO, UTO
MUK TETUIOBBIX HEUTPOHOB, HAXOAUTCS B 1uamna3one 3,1-3,2 MaB.

[Ipu ananmze hopMbl UMITYTECOB OBUTO 0OHAPY)KEHO, YTO HanOoJee BHIPAKEHBI Pa3Indus B
TEYEeHHE TEePBOW MHKPOCEKYHJIbl CUUHTWUISAIMHA, a2 UMEHHO 3aMETHO, YTO TaMMa-HMITyJIbC HUMEET
OOJIBIIYI0 aMIUTUTYIy M CKOpPOCTh HapactaHus (poHrta. JlaHHbIe pa3nuuus (HOPMbI HMITYJIECOB
MO3BOJISIIOT MPUMEHHTh METOJI Pa3JielicHUss raMMa- U HEHTPOHHOTO W3JIydYeHHsS HAa OCHOBE OIICHKH
CKOPOCTH HapacTaHWsi ()POHTA C UCIOJIH30BAHHMEM KOMIIAPaToOpoB. B Xolie IKCIEPUMEHTOB OBLIO
MOJY4YeHO, YTO CPeIHssI CKOPOCTh HapacTaHWs (PpOHTa TaMMa-UMITYJILCOB COCTaBisieT 25 HC, a
HelTpoHHOro uMmynbsca 150 He.

Takum 00pa3oM JaHHBIH METOJl UMEET MEePCIEKTHUBBI TPUMEHEHUS B OJIOKaX JIETEKTUPOBAHMUS
raMMa- W HEHTPOHHOTO H3JIydeHHs Ha OCHOBe HeoprauHuueckoro cuumaTHmiTopa CLYC(Ce) B
KadecTBe aJbTePHATHBEI 00Jiee PacpoCTPaHEHHOMY METO/Ty OLIEHKH CKOPOCTH cOopa 3apsiia.
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AnHoTamusi. B craThe MpenCcTaBIeH COCTaB M COJCPKAHHWE TMOJCBBIX HCCICIOBAHHNA B paMKax
paZrallnOHHOTO MOHHUTOPHHTA Ha TUiomaake BOIm3u Oeropycckoit ADC B MpemdKCIUTyTallMOHHBIH
nepuon B aBrycre 2019 roga.
KaoueBsie cioBa: benmopycckas ADC, crnekTpoMmerp, ViAelbHas aKTHMBHOCTh, MOIIHOCTh
aMOMEHTHOTO SKBHBAJIEHTA O3Bl TAMMAa-H3ITyICHUSI.

EXPERIENCE OF RADIATION MONITORING IN THE AREA OF SITING THE
BELARUSIAN NPP DURING THE PRE-OPERATION PERIOD
ANDREI O. NICHYPARCHUK', VALERY A. KOZHEMYAKIN', ALEKSEY A. EKIDIN?,
ALEKSEY V. VASILIEV?, MAXIM E. VASYANOVICH? EVGENIY I. NAZAROV?, MARIYA D.
PYSHKINA2
'Scientific production unitary enterprise «ATOMTEX»,
(Minsk, Republic of Belarus)
2Institute of industrial Ecology Ural Branch of the Russian Academy of Sciences,
(Yekaterinburg, Russian Federation)

Annotation. The article presents the composition and content of studies within the framework of
radiation monitoring at the site near the Belarusian NPP during the pre-operational period in August
20109.
Keywords: Belarusian NPP, spectrometer, specific activity, gamma radiation doze rate.

CormacHo pexkoMeHAaMsIM MeXAyHapOIHOTO areHTCTBa [0 AaTOMHOM SHEPreTHKE
(MAT'ATD) B paMkax OSKCIUTyaTallid aTOMHBIX dHepreTuueckux craHiuii (ADC) mnposeneHue
palualMOHHOTO MOHHUTOPUHra OOBEKTOB OKpY)KAIOLIEW cpensl Ha NpWIEralumed K CTaHIUd
TEPPUTOPHUH SBJISIETCS HEOOXOANMBIM Ha BCEX 3Tanax *H3HeHHoro mukia ADC. DTo CBI3aHO C TeM,
YTO HOpMasbHas 3kcruryatanuss ADC, maxke B OTCYTCTBHME BHEHITATHBIX CUTYallUil, Tperojaraet
MOCTYIJICHUE B OKPYXKAIOIIYIO CPeAy paauoaKTUBHBIX BemecTB. B aBrycte 2019 roma areHTCTBOM 1O
JKoJIOTHYeCKOW  Oe3omacHocTH  «Anbda-X91» mpu  moxanmepkke opranmzanun — «KoHuepH
PocaneproatoMm» U pOCCHUUCKONW HENMPAaBUTEILCTBEHHONW JKOJIOTMUECKOW OpraHmu3arueil «3eeHblit
KpECT» ¢ WUCIOJb30BaHHEeM oOopymoBanus mpousBojactea YII «ATOMTEX» Obiia mnpoBeacHa
MEXIyHapoIHasi OOLEeCTBEHHAs SKCIEANIHSL, LIEJIbI0 KOTOPOIl SBISJIOCH IPOBEACHNE PATUALUOHHOIO
MOHHMTOPUHIa B OKpecTHOCTAX benopycckoit ADC, pacnonoxeHHOl B OCTpOBELKOM paiioHE
I'ponHeHcKo# 001acTH, 10 €€ (U3UYECKOro MycKa.

B pamkax naHHOH SKcHeguuuu ObUT MCCIENOBaH NEPUMETP TEPPUTOPUH BOJIM3H HEPBOTO
sneprodioka benopycckoit ADC B monoce Ha pacctosiauu 600-1000 METpOB OT HEro C MOMOIIBIO
nopTaTUBHBIX moneBbIx crekrpomerpoB MKC-AT6101/1P, mopratuBHbBIX crnekTpomerpoB MKC-
AT6102 u MKI-AT1321. Ha nganHO#i TeppHTOpHUM IMPOBEIAEHBI M3MEPEHHS YAENbHOW aKTUBHOCTH
(YA) pammonykmuaa Cs-137 m ectectBeHHbIX pamuonykimaoB (K-40, Ra-226, Th-232) B mouse
MeToJI0oM IN Situ, a Takke M3MEpeHbl 3HAYCHUS] MOIIMHOCTH aMOMEHTHOTO SKBUBAJICHTA JI03bI TaMMa
M3Iy4YeHHs Y TIOBEPXHOCTH MOYBBI M Ha BbicoTe 1 merp Hax Heill. C mpUMEHEHHEM CIEeKTpOMeTpa
MKC-AT6101C BbImONHEHa TemexonHas cbEMKa Ha mpuieraromeid tepputopun k ADC wu
aBTOMOOMJIbHAsI TaMMa-ChbEMKa MOIIHOCTH aMOMEHTHOIO SKBHMBAJIECHTA J03bl ramMa-u3iIydeHHs Ha
JI0porax, MPUMBIKAIONIHMX K TUIOIIAIKE PaciooKeH s cranuun (puc. 1).

C nomomipio criektpomerpa MKC-AT6101 /1P BeImOTHEHBI UCCIIETOBAHUS OSPETOBOI JTMHUH
pekn Bunmums Ha Tpex yyacTKax MPOTSKEHHOCTBIO 1 KM METOJIOM MOJIEBON CIIEKTPOMETPUHU. YYacTOK
1 pacnonoxen HmKe ycThs pexu llonme. YuacTok 2 pacmonokeH HIKe MecTa 3a00pa BOJIBI TS Hy KT
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aTOMHOHM CTaHLIMHM, HO BBIIIE TOYKM cOpoca mMpombllUieHHOW JuBHeBOM kananumzanuu (IIJIK) ADC.
VYuactok 3 pacmonoxkeH Hmke Touku copoca [TJIK ADC. Ha 3Tux e ydacTKax ¢ HCIOIB30BaHUEM
norpyxHoro ramma-ciekrpomerpa MKC-AT6104/IM BoimoHEHB! U3MepeHHs YA pagroHYKIIAIOB
Cs-137 u K-40 B JOHHBIX OTJIOKEHHSAX METOJIOM N Situ B reomeTpuu 2pi 1 BoJie B reoMeTpun 4pi.

ATOMTES

‘ RS
PG 053
0937

0979
Ham
=003
0953

0,049

/ 5&1

Puc. 1. PesynbTaThl aBTOMOOMIIBHON raMMa-ChEMKH C HCITOJIb30BaHUEM criekTpoMeTpa MKC-
AT6101C.

Ha mereopomorndeckoii cranimu MapKyHBI BBITONHEH OTOOp mMpoO BO3MyXa C MOMOIIBIO
ANEKTPOCTATHUECKUX BO3AYXO-puibTpyrommx ycraHoBoK ®PBY-1200 mns mocneayromeidl OLeHKH
(hOHOBOTO COlEpXKAaHUS PATUOAKTUBHBIX a3p030Jiei B MPU3EMHBIX CIOSX aTMOC(epHOro Bo3Lyxa, B
4acTHOCTH paguonykinunos Be-7, Cs-137, Co-60.

C y4eToM MakCHMabHOTO 3HAa4YeHUsI akTopa pazdaBiieHust, 00yCIOBICHHOTO MHOTOJIETHUMU
METEOPOJIOTHUECKIMU  YCIIOBHSMH, ObLIa OIpeeficHa «KPUTHUYECKass TOUYKa» — Yy4acTOK, IJie
peanusyeTcss MaKCUMajbHOE paJWalliOHHOE BO3ACHCTBHE OT BBIOPOCOB PaJMOAKTHUBHBIX BEIIECTB
ADC c¢ ydetrom Bcex myrteil oOnydeHus. B maHHOM Touke mpoBeAeHBI IN-situ m3mepenus YA
paanonykimaoB Cs-137, K-40, Ra-226 u Th-232 ¢ momompio cnekrpomerpa MKC-AT6101/IP, a
TaKXe BBINOJIHEH OTOOp HpoO mouBel Ha rnyOuHy 1o 30 cM ansd JanpHEHIIMX J1abOpaTOPHBIX
WCCJIEJIOBAHNI U CONIOCTABJIEHUS PE3YIbTaTOB H3MEPEHUIA.

B pesynbraTe SKCne Uiy BBITOTHEH KOMILICKCHBIM PaJialldOHHBIA MOHUTOPHUHT Pa3IHYHBIX
00BEKTOB OKpy’Kalollell cpeabl Ha mpuieraroimieil teppuropun BOxm3u benopycckoir ADC. B
Ka4eCcTBE OCHOBHBIX ITapaMeTPOB KOHTPOJIS1 ObIIIM BEIOPAHBI:

— MOIIHOCTh aMOWEHTHOTO SKBUBAJICHTA JI03bl TaMMa-U3Ty4YeHUS BOJIM3U TIOBEPXHOCTH 3eMIIH
Y Ha paccTosiHUM | MeTp OT Heg;

— cozIepKaHKue raMMa-M3JIydaloiuX PaguoHyKINIO0B (YAeIbHas aKTUBHOCTD) B ITOYBE
UCCIIETyEeMbIX TEPPUTOPHH, BOJE U JJOHHBIX OTJIOKEHHSIX.

OO6paboTka MONyYEHHBIX JAHHBIX B IOJICBOW MMEPUOJ| SKCHEIUIMU IO3BOJMIA TOIYYUThH
(hyHKUMHM pacrpeeneHuss MOIIHOCTH JJO3bl U aKTUBHOCTH PaIUOHYKIIMIOB IJIs1 BCEX 0OCII€TOBaHHBIX
y4acTKoB. M3MeHeHHe yCTaHOBICHHBIX AMANa30HOB 3HAYCHUN WIIM U3MEHEHHE YCTaHOBJICHHBIX (hopm
(yHKIME pacnpeneieHrid MOLTHOCTH JI03bI, TIONYYEHHBIX BENWYMH OyJIeT O3HayaTh W3MEHEHHE
PaIOIKOIOTHUECKON CUTYAIH, BBI3BAHHOE BHELTHUM (haKTOPOM.

[MonpoGHee ¢ pe3ynbpTaTaMu MOJIEBBIX UCCIIEOBAHUN MOYXKHO O3HAKOMHTHCSA B [1].

CHucok IuTepaTyphbl

1. A. A. Exuaun u np. [losieBble MeTOHIbI MCCICIOBAaHMS PaJUAllAOHHON OOCTAaHOBKU B paloHE
pasmemenus benopycckoit ADC B npeadkciutyaranuonnsliil nepuoa //AHPU. 2020. Ne2 (101). C. 31-
44,
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YK 53.089.68
KOMILIEKTOBAHUE NEPEJBUKHOM PAJMOMETPUUYECKOM JIABOPATOPUH
HN3MEPUTEJIbBHBIM OBOPYJIOBAHUEM JJIAA SKCITPECC-KOHTPOJISI HA
PAJJUOAKTUBHO-3AT'PA3HEHHBIX TEPPUTOPUSAX
KOXEMSKHUH B.A., [IPUBBUIEB C.B.
Hayuno-npoussoocmeennoe ynumapuoe npeonpusmue «ATOMTEXy,
(Muncx, Pecnybauxa Benapyco)

AHHOTamuUsl. ABTOpamMH TPEJIOKEH BapUAHT KOMIUICKTAIUM MOOWIBLHOW pPaJlOMETPUYCCKOMN
nmabopaTopuy Ha IIACCH MHKpOaBTOoOyca it oOecmedeHus: OIepaTHBHOTO MOHHTOPHHTA
pananMoHHON OOCTAaHOBKH, BKIIOYAIONIEH 000pyIOBaHWE JIsl CTAallMOHAPHOTO pa3MEIIeHUs B
aBTOMOOWJIE, IOPTATUBHBIE HOCUMOE U TMEPEHOCHOE OOOpYyJIOBaHHME, a TakkKe MPUOOpPHI IS
WHIWBHTyaJIbHOTO NCIIONB30BAHUS ITEPCOHAIIOM J1ab0paToOpry.
KuioueBsble c1oBa: MoOHUITBHAS pagroMeTpuieckas 1abopaTopusi, paaualliOHHBIIA MOHUTOPHHT.

EQUIPMENT OF A MOBILE RADIOMETRIC LABORATORY WITH MEASURING
EQUIPMENT FOR EXPRESS CONTROL IN RADIOACTIVELY CONTAMINATED AREAS
VALERY A. KOZHEMYAKIN, SERGEY V. PRIBYLEV
Scientific Production Unitary Enterprise «ATOMTEX),

(Minsk, Republic of Belarus)

Abstract. The authors have proposed a variant of completing a mobile radiometric laboratory on a
minibus chassis to ensure operational monitoring of the radiation situation, including equipment for
stationary placement in a car, portable wearable and portable equipment, as well as devices for
individual use by laboratory personnel.

Keywords: mobile radiometric laboratory, radiation monitoring.

CoTpyIHUKaMH Hay4YHO-TIPOM3BOJACTBEHHOro yHHMTapHoro mnpeanpustus «ATOMTEX»
HAKOIUJICH 3HAYHUTENILHBIA OIMBIT Pa3pabOTKH W TPOU3BOJCTBA OOOPYIOBaHUS JJsl PEHICHHUS] CaMbIX
pPasHOOOpPa3HBIX 33434 PAJAMOIKOJIOTHYECKOTO  MOHUTOPHUHIA  TEPPUTOPHH,  MOABEPIIIMXCS
TEXHOTEHHOMY paJuOaKTHBHOMY 3arps3HeHuto. OmHOW W3 OCOOCHHOCTEHW MaHHBIX TEPPUTOPUI
SBJIIETCS. BTOPUYHBIN MEPEHOC paJMOAaKTUBHBIX BEIIECTB BCIEACTBHE BETPOB, IOXAPOB U
JIeATENIBHOCTH 4enoBeka. llocTymueHne pagHOHYKIWAOB B OpraHU3M 4YelOBEKa MPHUBOAUT K
MOBBIIIEHHBIM JJO30BBIM HAarpy3kaM y HacelIeHUs, MPOXHUBAIOIIEr0 Ha 3arps3HEHHBIX TEPPUTOPHSIX.
Pemenus, npeaokeHHbIE ClIENMATNCTaMH KOMIIAHUH, IIHPOKO MPUMEHSIOTCS B Pa3lIUYHBIX CTpaHaX
B paMKax HalMOHAJBHBIX MPOTPaMM aBapUITHON T'OTOBHOCTH M pearupoBaHUs, BKJIIOYAs PETHOHEI,
nocTpagasire ot aBapuii Ha YepHoObIbckol 1 Dykycumckoint ADC.

ABTOpaMu NPEeASIOKEH BapUAHT KOMIUIEKTAllMH MOOMIIBHOM PaJloMEeTPHUECKON JIabopaTOpuu
Ha [IaccM MHUKpOaBTOOyca JUisi OOeclieueHHs OINEpPaTUBHOIO MOHHUTOPHHTA PaJalldOHHON
00CTaHOBKH, BKJIIOYaoLleld 00OpyJOBaHME [UIs CTallMOHAPHOTO pa3MEIIeHHs B aBTOMOOWIIE,
NOPTaTUBHBIE HOCHMOE W IIEPEHOCHOE O0OpYIOBaHHME, a TaKXKe MPHUOOPHI Uil WHIWBUAYAJIHLHOTO
HCIIOJIb30BaHUS TI€PCOHATIOM J1a00paTOpUH.

K obopynoBanuio Ui CTAllMOHAPHOTO Pa3MEIICHUS] OTHOCSTCS KOMIUIEKC PaaHaliOHHOTO
CKaHMPOBAaHUSI MapLIpyTa IEPEeIBIKEHUS, TaMMa-OeTa-CieKTpoMeTp U anbda-0eTa-painoMerp.
MoOUIBHEIN KOMIUIEKC PaJUallMOHHOTO CKaHWpoBaHus Mapmipyta nepenpmwkenus MKC-AT6103
NpeJHa3Ha4YeH /IS paJMAllMOHHOrO KapTorpadupoBaHHs MECTHOCTH BO BpeMsi IepelBHKECHUS
naboparopuu, uzmepenust MO/l 1 naeHTUGHUKAINY raMMa-H3IyJaroIluX PaJioOHyKIHIOB.

I'amma-6era cnextpomerp MKC-AT1315 npennaszHayaercst Al U3MEpPEHHsT yIENbHOW WM
00BbEMHON aKTUBHOCTH TAKUX PaJMO3KOJOTHYECKH-3HAYMMBIX PaJMOHYKINI0B, Kak >'Cs u *Sr B
npobax o0bekTOB oOKpyKatomeid cpenbl. Pagnmomerp PKC-AT1329 ¢ ycrpoiictBom otOopa mpoO
BO3[yXa NpedHa3HaueH I OJHOBPEMEHHOIO W3MEpEHHUs C pas3leleHHEM [0 BUAY H3IYUYEHHS
CyMMapHOH anbda- u 6eTa-aKTHBHOCTH a3pO30JbHBIX aHAINTHYECKUX (PMIBTPOB B HENSIX KOHTPOJIA
3arpsI3HEHHOCTH BO3/yXa, 9TO 0COOEHHO akTyanbHO mpu noxkapax. PKC-AT1329 moxer ObITh Takke
WCIIOJIb30BaH JJIsl aHaJM3a APYTHX CUETHBIX 00pa3loB U Ui paAlOMETPUU Ma3KOB, OTOUPAEMBIX IS
KOHTPOJIS 3arPA3HEHHOCTH PA3JIMYHBIX TOBEPXHOCTEMH.
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Crnexktpometp uznydeHus denoeka CKI'-AT1316 npenHazHadeH [UIsl SKCIPECC-KOHTPOIS U
M3MEPEHHs] aKTHBHOCTH IAMMa-M3/Ty4aroux paanonykanaos ='Cs u B4Cs B Tene genopeka, a Takxe
OIIGHKW JI03bl BHYTpeHHero oOnydenus. Crnektpomerp wu3nydenusi dyenoBeka CKI-AT1322
NpeIHa3HaueH Ul M3MEPEHHMs AaKTUBHOCTH TaMMa-M3/Iydarolux paadonykimuaos S u ¥ B
IIMTOBUIHOM XKeJe3e YeI0BeKa.

K mnopratuBHOMY 060pyzoBaHuio oTHocuTcs pozuMmerp-paguomerp MKC-AT1117M, B
KOMITJIEKTE C OJOKaMH AETEKTHpOBaHUS aibda-, OeTa- U raMma-u3nyueHHs, a TAKXKe CIHEKTPOMETP
MOJICBOM TEPEHOCHBIM M CIIEKTPOMETPHUYECCKHUI MEPCOHANBHBIA paJualroHHbId geTektop. Ha Oasze
nosuMetrpa-paguomerpa MKC-AT1117M  Takke BO3MOXKHA OpraHW3alMsg BBIHOCHOTO IIOCTa
paZMallnOHHOTO KOHTPOJS M TOCTa KOHTPOJS 3arps3HeHHOCTH pyK. Crekrtpometp moseBoit MKC-
AT6101]IP npennasHa4eH i U3MEPEHHUs TUIOTHOCTH 3arps3HEHMs] U Y/eIbHOM akTuBHOCTH ='Cs B
nouBax M TrpyHTax in-situ (6e3 orbopa mpoO) ¢ BO3MOXKHOCTBIO GPS-TpHUBS3KH TaHHBIX K
KOOpIMHATAaM MECTHOCTH JUISI ONEPaTHMBHOIO COCTaBJICHUS/KOPPEKTUPOBKH YTOUYHEHHBIX KapT
PaIuOaKTUBHOTO 3arpsi3HEHUS] MeCTHOCTH. CHEeKTpOMETPHUYECKHI TMEpCOHANBHBIA PagualluOHHBIN
nerekrop (CIIP/]) mpennasnadeH il moucka W OOHapy)KEHUS MCTOYHHKOB TaMMa-H3Iy4YeHHUSI C
UACHTH(QUKALMEH pPaguOHYKIMIHOIO COCTaBa, a TaKXKe MW3MEPeHHs MOIHOCTH mA03bl. llpu
HEOOXOUMOCTH PaJUAIIIOHHOTO MOHUTOPHUHTA BOJOEMOB JIa00PaTOPHsT KOMIUIEKTYETCSI IOTPYKHBIM
criekrpometpoM MKC-AT6104IM.

Ob6opynoBanue Uil HHIUBUIYaJIbHOTO HCIOJIB30BAHUS MEPCOHANIOM J1a00OpaTOpUH BKIIIOYAET
B cebs kapmaHHbIe no3uMeTpbl-panuoMeTpel MKC-AT6130 mnst m3mepeHUS MOIIMHOCTUA MTO3BI M
IUIOTHOCTU TOTOKa OeTa-dyacTWil M WHAWBUAYyanbHble no3uMeTpbl JKI-AT2503 nns usmepenus
MHIMBUAYaJIbHOTO SKBUBAJIEHTA O3Bl IEPCOHANA JTA00PaTOPHH.

[IpennoxeHHass KOMIDIEKTaUsg MOOWIBHOW  JabOpaTOpHMM  OOECIEeYUT  ONepaTUBHOE
nojgy4yeHue WHGOpMaMH O pagUallMOHHOW OOCTAaHOBKE W MPOTHO3MPYEMBIX J03aX OOIy4YeHHUs
HaceJIeHUsI C 1eTbI0 JalbHelero nHGOPMUPOBAHUS COOTBETCTBYIOIIMX OPraHOB TOCYAapCTBEHHOTO
YIpaBIICHUS U HACEJICHUs ONIM3IIeXKALINX TEPPUTOPUI.
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YK 621.039, 539.1.074, 621.38
BAJIMJALINS U BEPUOUKALIUSA PABOTBI HOBOI'O MYJbTUC®EPHOI'O
CIIEKTPOMETPA
IIbIIIKUHA M.J1.12, BACUJIBEB A.B.}, EKUJVH A.A.}, HABAPOB E.1.}, TYPUHOBUWY B.1.3,
KOMAP JI.1.3, KOXXEMSIKWH B.A.3
1) Uncmumym npomviuinennoti sxonoeuu YpO PAH,
(Examepunbype, Poccutickas ®edepayust)
2) Vpanvckuii ghedepanvHulii yHUSEpCUmen,
(Examepunbype, Poccuiickas @edepayust)
3) Hayuno-npouszsoocmeennoe ynumapuoe npeonpusmue «ATOMTEXy,
(Muncx, Pecnybauxa Benapyco)

AnHotanusi. B mannHOW paboTe mpeacTaBlIeHBI pa3paboTKa, Baaupanus W BepuUbUKamus padOTHI
HOBOTO MynbTHC(hEpHOTO criekTpoMeTpa. CIIEKTPOMETP COCTOUT M3 aKTUBHOTO JIETEKTOPA TEIJIOBBIX
HEWTPOHOB HAa OCHOBE >HEe-IpONOpIMOHATILHOTO CYeTYHKA M Habopa 3 12 MOJMITHIEHOBBIX cdep-
3aMeUIuTeNel ¢ nuameTpamu ot 3” 1o 12”. OTKIUKH JeTeKTopa NpU pa3MENIeHUH ero BHyTpu cdep-
3aMeUINTeIe Pa3InIHOTO auameTpa ObuTH monydeHsl ¢ momorrsio MonTe-Kapno xoma FLUKA.
BoccraHoBieHHE SHEPreTHUECKOTO paclpeeNieHns] IUIOTHOCTH TOTOKAa HEWTPOHHOTO H3TYYeHUS
BBINIOJIHEHO Ha OCHOBE MeToja napamerpu3auuu. [IpoBeaeHa Bamuaanusi padoOTHl pa3paboTaHHOTO
CIIEKTPOMETPa M METOJa BOCCTAHOBIICHHS JSHEPreTHYCCKOTO PACTIPENICICHUs] MIOTHOCTH IOTOKA
HEHTPOHHOTO W3NYYCHUS C KCIONL30BAHHMEM JIBYX Hawbojee IIUPOKO PACHpPOCTPaHCHHBIX
PaJMOHYKIIMIHBIX HEMTPOHHBIX MCTOYHMKOB: 2°°Pu(a, n)Be u 52Cf. TIpoBeeHbl CIMYECHHUS CIIEKTPOB
HEHTPOHHOTO H3Iy4YCHUs, MOJyYCHHBIC HOBBIM MYIbTHC(HEPHBIM CIEKTPOMETPOM H JO3HMETPOM-
cniekTpoMeTpom HerTpoHoB JICH-4.
Karwuesrble cioBa: Monre-Kapio MoaenipoBanue, HEUTPOHBI, JJO3UMETP-PaIUOMETP, OMPABOYHBIT
K03 pULIHEHT, reoMeTpHsT O0TyUSHHS.

VALIDATION AND VERIFICATION OF THE NEW MULTISPHERE SPECTROMETER
OPERATION
MARIIAD. PYSHKINA 2 ALEKSEY V. VASILYEV !, ALEKSEY A. EKIDIN!, EVGENIY I.
NAZAROV?, VLADIMIR I. GURINOVICH? DAMIAN I. KOMAR?, VALERY A.
KOZHEMYAKIN?®
1) Institute of Industrial Ecology, Ural Branch of the Russian Academy of Sciences,
(Yekaterinburg, Russian Federation)
2) Ural Federal University,
(Yekaterinburg, Russian Federation)
3) Scientific Production Unitary Enterprise «ATOMTEX»,
(Minsk, Republic of Belarus)

Abstract. This paper presents the development, validation and verification of the operation of a new
multisphere spectrometer. The spectrometer consists of an active thermal neutron detector based on a
3He-proportional counter and a set of 12 polyethylene spheres-moderators with diameters from 3" to
12". The responses of the detector when placed inside the moderator spheres of various diameters were
obtained using the FLUKA Monte-Carlo code. The energy distribution of the neutron radiation flux
density is reconstructed based on the parameterization method. The operation of the developed
spectrometer and the method for reconstructing the energy distribution of the neutron radiation flux
density were validated using the two most widespread radionuclide neutron sources: #°Pu (a, n) Be
and 252Cf. Comparisons of the neutron radiation spectra obtained by the new multisphere spectrometer
and the DSN-4 neutron dosimeter-spectrometer have been carried out.
Keywords: Monte-Carlo simulation, neutrons, dosimeter-radiometer, correction factor, exposure
geometry.

Beenenue
3a OGMOJOTMYECKOM 3almUTON Ha OOBEKTAaxX HCIOJIB30BAaHHMS ATOMHOHM SHEPrMH HEHUTPOHHOE
U3IyYeHHE UMEET HEMPEPBIBHBINA CIIEKTp, oxXBaThIBarouuii 10 11 nopsakos no sHeprun — ot 0,025 3B
1o 20 M»aB. Tak kak sHepreTHuecKas 3aBUCHMOCTh YyBCTBUTEIILHOCTH OTACIBHBIX WHANBHTYaTbHBIX
JIO3UMETPOB OTIMYAETCS OT yAEIHHOTO WHANBHUIYATFHOTO 3KBUBAJIEHTA J03bI, TO IIMPOKHUI AHANa30H
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9HEPrUuii HEUTPOHOB B OOJNBIIMHCTBE CIIy4aeB NPUBOJUT K HCKAKCHHOM OIICHKE HMHIMBHUIYAIbHON
o036l TrepcoHana. Hamboiee TOYHBIE W TPOCTHIE ONMEHKH 3()(PEKTUBHON 103BI IpH BO3IACHCTBUH
HEUTPOHHOTO W3Iy4YeHHs Ha TIEPCOHAN MOTYT OBITh IONYYEHBI C HCIOJIB30BaHHEM HH(OpPMAIUU O
SHEPreTUUECKOM M YIJIOBOM pAacHpeieieHHWH TUIOTHOCTH IMOTOKa HEWTPOHOB Ha paboueM Mecrte
nepconana. B 1960 roxy rpymma y4eHBIX MPeAIoKuiIa HOBBIA THI HEUTPOHHOTO criekTpomeTpa [1].
OH cocTOs M3 HEGOIBIIOrO AETEKTOPa Ha ocHOBe cuuHTHLIATOpa °Lil (Eu), yCTaHOBIEHHOTO BHYTpH
MOJIMATHIICHOBBIX cep-3aMeanuTeneii ¢ pasmepamu ot 2 10 12 mrolimoB B auamerpe. CrieKTpoOMeTphl
TAKOTO THUIIA MPeTepIesd MHOKECTBO U3MEHEHHI 3a nociegHue 60 eT — UCTIONB30BaCh Pa3InIHbIC
THIIBI HEUTPOHHBIX IETEKTOpPOB U cdep-3amemmurenein [2,3]. Jmsg peructpanum HEHTPOHOB
MIPUMEHSIINCHh aKTHBHBIE HEUTPOHHBIE AETEKTOPHI Ha OCHOBE (oNbT AU U In, HOHU3UPYIOIINE KaMepHl,
takue kak “He u BF3 nponopimonanbHble cueTunku, cuuHTULIsTop °Lil (Eu). Lensto qanHoi paGoThl
OplTa pazpaboTka, BaMAanus U BepuUKaIus padoThl HOBOTO MYJIBTHC(EPHOTO CIIEKTPOMETpPa IS
nenel WHAWBHUIYAbHOW MO3UMETPHUH HEUTPOHHOTO H3IMy4deHHs Ha pabodymx MecTax MepcoHala
00BEKTOB MCMOIB30BAHMSI AaTOMHOM SHEPTHU.

MatepuaJjbl 1 MeTOAbI

B HOBOM MyJbTHUC(EPHOM CIIEKTPOMETPE MPHUMEHSETCS “He-mponopuuoHanbHbli CYETUHK,
KOTOPBIA PErUCTPUPYET HEUTPOHBI MOCHIE UX 3aMEJICHHUs IO TEIUIOBBIX 3HEPTUil B MOJMITUICHOBBIX
cdepax pazauyHOro pasmepa. THIMYHBINA CUETUYMK HPEACTaBISET COOOH 3allOJHEHHYIO ra3oM TPyOKy
C BBICOKUM HaNpsDKEHUEM, MPHIOKEHHBIM K aHOLy M Katony. HeifrpoH, nmpoxonsamuii dyepe3 TpyOKy,
OyzmeT B3ammojeiicTBoBaTh ¢ aromoMm °He ¢ oGpaszosanueM tputus (°T) u mporona. Ilporon
HMOHM3HpPYET OKPYXKAIOIIe aTOMBI rasa, co3AaBasl 3apsibl, KOTOPhIE, B CBOK OYepellb, HOHU3UPYIOT
Jpyrde aTtoMbl Tra3a B IPOLECCE JIABUHOOOPA3HOIO pa3sMHOXKEHHs. PesynbTupyromiye 3apsabl
COOMpAIOTCA B BUJIE U3MEPHUMBIX JICKTPHUECKUX MMITYJIHCOB C aMIUTUTYAaMH, MPOIOPLIHUOHAIEHBIMU
SHEPTUH HEUTPOHORB. IMIyNbCHI CITyKaT JUIs MICHTU(PHUKAIIMA U KOJTMYSCTBEHHON OIICHKH HEUTPOHOB
Onpeie/IeHHON »Heprun. B namHOM paGoTe MCONB30BaICS SHE-IIPONOPLUMOHANBHBIA CYETYHK C
nasnenuem *He 10 6ap BHYTpHU HUIMHAPUYECKOTO aKTUBHOTO 00beMa 3,9 em® (02,5 x 2,5 cm) [4].

W3HayanbHO  OpWTHHAIBHBIN  cepuueckuid  criekTpoMeTp boHHepa  comepxkan 5
MOJIMATHIICHOBEIX cep-3aMeumnTeneid nuamerpom 2, 3, 5, 8, 12 mroiimoB. [lockoabky OONBITHHCTBO
HEHTPOHHBIX CIEKTPOMETPOB Ha OCHOBE “He 00BIUHO comepikaT 10 14 cdepruecKux 3aMeTHTENEH,
OBLIM M3TOTOBJICHBI 12 MOJUATUIICHOBBIX Cep-3aMeTuTeNIell ¢ HOMHHAIBHBIMU JUaMeTpamu 3, 3,5,
4,45, 5,6, 7,8,9,9,5, 10, 12 nroiiMoB, BXOASIMX B COCTaB pa3pabOTaHHOTO CIIEKTPOMETpA.
Cdepuueckne 3amerymuTend OOJNBIIEro AMamMeTpa M CO CIOEM MeTajula He pa3padaThlBaIMCh H3-3a
JMana3oHa SHePTui BO3MOXKHBIX HEHTPOHHBIX Mojiel. Bee chepruueckne 3ameyIMTeNTN H3TOTOBIICHBI
U3 TIOJIMATUJICHA BBICOKOW TUIOTHOCTH C JOOABJICHHEM TEXHUYECKOTO YTJiepoja Ui YMEHBIICHHUS
crapenust monmmdTHiIeHa. [L1oTHOCTH 3TOoro martepmana 0,96 r/cm®. Crnekrpomerp paspaGoran YII
«ATOMTEX», r. Munck, Pecniyonuka benapyce [5]. BHemHmid Bua creKTpoMeTpa MpelcTaBieH Ha
puc. 1.

Puc. 1. Buennuii Buj cieKTpomMeTpa
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Criektpometrp ObLT cMmomenupoBaH ¢ momombio Monte-Kapno xoma FLUKA [6, 7] mnsa
noxydeHus: QYHKIOUH OTKIMKA JETEKTOpa BHYTPH KaXAOro c(hepHuuecKoro 3amemnurens. Monens
JIETEKTOpa BKJIFOYAsIa JETEKTOPHBIA 00beM, 3amoiHeHHb SHe, 2IeKTpOHUKY, CMOJENTMPOBAHHYIO B
BUJIC HWIMHIpPA W3 HEPKaBEIOIIEH CTajlM CO CTAJBHBIM TPOCOM, MOMEUICHHBIE B ITOJMITHIICHOBBIH
IWJIMHADP, TIOKPBHITHIN HeprkaBeromel crainpio. Mogenb cyeTdnka co ChepudecKrM 3aMeuInTeseM
nomenianach B cQepudecKuil o0beM, 3alONHEHHbIH BO3AYXOM, HO HCKIIIOYAIOIIUH paccesHue
HEUTPOHOB. MIMUTaIMOHHAs MOJIENb MpeACTaBIeHa Ha puC. 2.

Chepa-3amepnutens AeTeRTOp

INeKTPOHUKA

Kopnyc

MonnatuneHosas Yactb
Kabenb

Puc. 2. Monre-Kapio — Mozens ciekrpomMerpa

CriektpomMeTp 00ydascs MOHOOHEPTETUIECKIM HEUTPOHHBIM ITyYKOM KBaJIPATHOTO CEYCHUS,
MOKPBIBAIOLIUM BCIO ILIOIIAAL MPUOOpa. DHEprus HEWTPOHHOIO myudka MeHsnack ot 10° no 107 »B.
OyHKIMsS OTKIWKa MpeacraBieHa Ha puc.3. Ilpenmonaraercsi, 4To (GyHKIHS OTKIHMKA «TOJIOTOY»
JIETEKTOpa MMEET SHepreTuueckyro 3aBucumocth 1\V. Ho, kak BHIHO, OHAa MMEET MUK B 00JIacTH
suepruii ot 1 - 102 10 5 - 1072 3B. DTOT MUK NOABAAETCS, BEPOATHO, IOTOMY 4TO HEHTPOHBI mepej
TeM, Kak IpoB3auMojeiicTBoBaTh ¢ He, MpoXoasaT uepe3 KOHCTPYKIMOHHBINA MaTepHabl, TAKHE Kak
ctanb (Fe, Ni 1 T. 1.) ¥ TOMMATHIIEH.

OTKAUK, OTH. eAa.

0,0 == = ‘
10° 107 10" 10° 10" 10> 10° 10*  10°  10° 107

JHeprua, 5B
Puc. 3. OTriuk gerexTopa BHYTpH cep-3aMmeanuTeneii pa3InyHoro 1uaMerpa

Jnst Banmpanuu paboThl pa3pabOTAaHHOTO CHEKTpOMeTpa OBbUIM TIPOBEICHBI H3MEPEHHS
CKOpPOCTEii cueTa OT JBYX Hambosee MOINYNSPHBIX PaJMOHYKIMAHBIX HCTOYHMKOB: 2°Pu(a, n)Be u
22Cf. 1leHTp CHEKTPOMETPAa M HEUTPOHHBIH MCTOYHMK OBUIM PasMENIEHbl Ha PacCTOSHUM | M M
HOJHATHI Ha 1,5 M oT nosa. PaccTosiHue Mexay ClIEeKTPOMETPOM U CTEHAMU [TOMEIIEHHS COCTaBIISLIIO ~
3 M u ~ 2 M B dkcnepumente ¢ ucTounukamu 2PPu(a, n)Be m 2?Cf cOOTBETCTBEHHO, YTOOHI
MUHHMHU3UPOBATh KOJMYECTBO PACCESIHHBIX HEHTPOHOB. B Xonme SKcrepuMeHTa CKOPOCTh cyHeTa
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OTIPEICIIIACh IETEKTOPOM, IMOMEIIECHHBIM B Cephl Pa3IMYHOTO JuaMeTpa. Pe3ynbTaThl M3MEpeHUS
CUYeTYHKA 11 000MX NCTOYHHUKOB MPEICTaBICHBI B TaOI. 1.

Ta0.a. 1. Pe3ynbTaThl H3MEPEHUN CKOPOCTH CUYETA

Juametp cdepsl, ar0iim #9Pu(a, n)Be | 22Cf
CxopocTs cuera, ¢

0 3,3+ 0,6+
3 5,9+ 2,1+
35 8,1+ 2,4+
4 10,1+ 33+
45 14,0+ 4,3+
5 16,0+ 5,4+
6 20,5+ 6,8+
7 240+ 77+
8 26,1+ 7,5+
9 243+ 7.0+
9,5 25,1+ 6,5+
10 24,8+ 6,4+
12 21,1+ 4,5+

OmpeneneHue 3HEPTETUYECKOrO0  pacrlpeleNieHHs] IJIOTHOCTH TMOTOKAa HEHTPOHOB B
OTIPEJICIEHHOM JHEPreTHUECKOM JMara3oHe BO3MOXKHO IOCJIE BOCCTAHOBJICHHUSI BCETO CIEKTpa BO
BCEM 3HEPreTHYECKOM Juarna3oHe. MeTol BOCCTAaHOBJIEHHS CIIEKTpa H3MEPSEMOro HEHTPOHHOTO
MOTOKA OCHOBAH HA BBIYMCICHHMA MUHHUMYMa HEBS3KH MPU CPaBHEHUH U3MEPEHHBIX CKOPOCTEH cuera
U TeX, KOTOpbIe OBbLIM TONYYSHBI MyTEM MEPEMHOXKEHHUS MATPHIl YYBCTBHUTEIBHOCTH JETEKTOpa B
chepax-3aMeITUTENSAX U CIIEKTPa HEHTPOHHOTO M3IyUYeHHUsI, TPEJCTABIIEMOr0 B BUIC CYIICPIIO3UIUU
CIEKTpa TEIUIOBBIX, MPOMEKYTOUHBIX M OBICTPHIX HEHTPOHOB, OMHCHIBAEMBIX (OPMYJIAMH, KOTOPHIE
MpHUBOATCS B TaOI. 2 [8].

Taba. 2. OyHKITUH, ONMUCHIBAIOINIME TUIOTHOCTH MIOTOKA B PA3HBIX DHEPTETUIECKUX THUATIA30HAX

TemuioBele, @y j, E<107 TIpoMexyTOUHbIE, Pepij, 107 Beictpeie, ¢fj, E> 0,1
M»sB M»sB< E<0,1 M»B MsB
E. E; _E; E;
Gy o /) T ’/Ed>2],Ej(b-1) B el /e
To (_E]-/ )
‘e B’

rzie E; — oHeprus j-oro SHEPreTHYecKoro uHrepsana, MsB, T¢ — sHeprus MuKa TEIIoBbIX HEHTPOHOB,
2,53:10® MboB, E; — sHeprus, XapakTepusyollas HWKHIOKW rpanuny (ynkiuu, 7,07-10% MoB, b —
HAKJIOH BO3PACTaIOLIEN CTOPOHBI CIIEKTPA, OTH. €]I., B’ — HaKJIIOH HHCIAJArONIEN YacTh crieKTpa, MaB,
0 — TIepeMeHHas, omuchiBaromEas (GopMy MHKa OBICTPBIX HEWTPOHOB, OTH. €., 3 — MepeMeHHas,
OTMCHIBAIOIIIASI SHEPTHIO MHUKA OBICTPBIX HEHTPOHOB, M3B,

AHAUTHYECKH CIIEKTP HEHTPOHOB MOXET OBITh MPEACTaBIEH C IMOMOIIBIO CIEAYIOMIETO
MaTEeMaTHYECKOTO BEIPAKCHHUS:

©j = Pen* @enj + Pepi* Pepij + Pr - @f,j, ¢ eom? MaB* D),
rie Pep, Pepi, Pr — BeCOBBIE KOO(QQUIMENTBI, OTH. €.

Hus ueneld Bepudukanmuu pabOThl CHEKTPOMETpa IMPOBEACHBI MapauleibHbIE H3MEPEHHS
crekrpa *Pu(a,n)Be paaMOHYKIMIHOTO MCTOYHMKA C MOMOLIBIO Pa3pabOTAHHOIO CIIEKTPOMETPA U
JIO3UMETpa-CleKTpoMeTpa HEUTpoHOB [9]. JI03UMETpP-CIEKTPOMETP HEUTPOHOB COCTOUT U3
IIACTUKOBOTO CHUHTHILIATOPA ¢ ZNS(AQ), Habopa u3 4-x cdep 3amemmuTenei u 610Kka 0TOOpaKeHUs
uHpopmaruy. BHemHuii BUI npubopa npuBelieH Ha puc. 4.
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LK.

3

Puc. 4. Baemauii Bua qo3umeTpa-criekrpomeTpa Heritponos JICH-4
leomeTpus u3MepeHUMit A Pa3pabOTAaHHOTO CIEKTPOMETpAa M JIO3UMETpa-CIIEKTPOMETpa
HEUTPOHOB ObLIa MacHTHYHA. IIprOOpHI pacmosnaramuck Ha pacctosHud 1,0 M OT HCTOYHMKA W Ha
BbIcOTE 1,5 OT IOBEPXHOCTH ToNa. B ciaydae pa3paboTaHHOTO CIIEKTPOMETPA MPOBOIUITUCH U3MEPEHUS
ckopocTeil cuera. B cimydaem no3uMeTpa-ceKTpoMeTpa HEWTPOHOB — MOIIHOCTH aMOHEHTHOTO

OKBHBAJICHTA J0O3bI.

Pe3yabTaThl U UX 00CYsKIEHHE
CnekTpbl  paJMOHYKIUAHBIX HCTOUHHKOB 2PPu(a,n)Be u  22Cf BoccTaHOBIEHBI U
COTIOCTABIICHBI ¢ TUTepaTypHbIMU AaHHBIMH [10, 11]. CiekTpbl BOCCTaHOBIIEHBI B JUATA30HE SHEPTHMA
ot 10 10 20 MB. BoccTaHOBIIEHHBIE M CIPABOYHBIE CIIEKTPBI IPMBEIEHBI Ha PHC. 5.

239
w0 Pu(~, n)Be

- 252,
—— BocCcTaHOBAEHHbIN CNeKkTp cf

35 ----- CnpagouHbIid cnekTp

- 1.00

—— BOCCTaHOBAEHHbIN CNEKTP
-==== CnpaBOYHbIi CNEKTp

30

o

3

=]
T

251

20 F

o

@

3
T

MAOTHOCTL NOTOKA, OTH. €A,
o
I
B
T

MnoTHOCTL NOTOKa, OTH. ea.

T
L |
0.00 " . . L o st
1E9 1E-8 1E7 1E6 1E6 1E-4 1E3 001 01 1 10

0.0
1E-9 1E-8 1E-7 1E-6 1E-5 1E-4 1E-3 001
SHeprua, MaB

01 1

o

SHeprusa, MaB

Puc. 5. BocCTaHOBIICHHBIE M CIIPaBOYHbIE CIIEKTPBI 22°PU(0, N)Be u 25?Cf pannonykmmaHbIx
MCTOYHUKOB
XOopomo BHIHO, YTO MOJOKEHHE IIMKOB BOCCTAHOBIEHHBIX M CIIPABOYHBIX CIEKTPOB
COBMAJAeT Mo 3Hepruu. Hajiudme NMuKa TEIIOBBIX HEWTPOHOB B BOCCTAHOBJIEHHBIX CIEKTPAX O0OOMX
MICTOYHMKOB CBUJIETEILCTBYET 00 HAIMYMHU PACCETHHBIX HEHTPOHOB.
[To cOpaBOYHBIM M BOCCTAHOBJIEHHBIM CIEKTPaM OBUIM  PAcCUMTAaHbl  CIIEIYIOIIHE
xapaktepuctuku: h*(10) u cpennss sHeprus crektpa. PesynbTarsl pacueTa IIpe/CcTaBieHbl B Ta0u. 3.
Tabéauua 3. J[03MMeTpUUIECKHE XapaKTEPUCTUKH CIIPABOYHBIX U BOCCTAHOBJICHHBIX CIIEKTPOB
239Py(a, n)Be u 252Cf paguoyKInIHBIX HCTOYHUKOB

XapakTepucTuka 239py(a, n)Be 22Cf
Crpasounslii | BoccranosneHHsli | CripaBousblil | BoccTaHOBIEHHBIN
h*(10), n3Becm® 381 343 275 328
E, M>B 3,1 3,0 14 2,0
@, ctecm 10,6 16,6 4,9 4,6

JIO3UMETPUYECKHE XAPAKTEPUCTUKH KaK Ui BOCCTAHOBIEHHBIX, TaK M JJi CIIPABOYHBIX
cniektpos 2Pu(a,n)Be n 2Cf pagnoHyKIMIHBIX HCTOYHHKOB XOPOILIO COrIACYIOTCA. PazHuma Mex ity
3HAYEHUSMH, TIOJy4EHHBIMU M3 SKCIIEPMMEHTAIBHBIX U CIPABOYHBIX CIIEKTPOB, 3aKIIFOYAETCS B TOM,
YTO HAJMYME MUKA TEILIOBBIX HEUTPOHOB CHUKAET 3HAUECHHS JO3MMETPHUYECKHUX XapPAKTEPHCTHUK.

3akiIoyeHne
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[IpoBenena Bepudukamnms padoThl pa3pabOTAHHOTO CIIEKTPOMETPA U METO/Ia BOCCTAHOBJICHHS
OHEPreTHUYECKOTO paclpesieficHuss IUIOTHOCTH TIOTOKa HEWTPOHHOTO W3NydeHHs. B KkadecTBe
ANBTEPHATHBHOTO METOJA OINPEJICICHUSI JHEPreTHYEeCKOr0 paclpeleNieH!sT IIOTHOCTH IOTOKA
HEHUTPOHHOTO W3IyYCHUS UCIOJIb30BaH JIO3UMETP-CICKTPOMETP HEHTPOHOB B KOMIUICKTE C
MporpaMMHBIM obOecriedeHreM. Pesynbrarsl Bepudukanuy paboTel mpuboOpa U MeTOJa IPUBEICHBI Ha
puc. 6. u B Tab. 4.

50
P Pa3paboTaHHbIii CNeKTpomeTp
—— [l03MMeTp-CNEKTPOMETP HEHTPOHOB

40 -

2

a5

30+

25

20+

15

NAOTHOCTL NOTOKa, ¢ 'cM

10 F

1

0.0 -
1E-8 1E-8 1E-7 1E6 1E-5 1E4 1E-3 001 01 1 10
Jueprus, M3B

Puc. 6. Pesymbratel ompenenenus cmektpa 2°Pu(a, n)Be wucTOYHMKAa pa3pabOTaHHBIM
CHIEKTPOMETPOM U JI03UMETPOM-CIIEKTPOMETPOM HEHTPOHOB

Taou. 4. [lo3uMeTpHUECKHE XapaKTEpUCTHKH criekTpa 2°Pu(a, n)Be uCcTOUHMKA, TOTy4eHHbBIE
pa3paboOTaHHBIM CIIEKTPOMETPOM U JI03MMETPOM-CIIEKTPOMETPOM HEHTPOHOB

XapaKkTepucTuKa #9Pu(a, n)Be
p p Pa3paGoTraHHbIil cieKTpoMeTp Jo3uMeTp-cneKTpoMeTp HEUTPOHOB
H*(10), Mmx3B/4 343 148
E, MaB 25 27
. cleem” 16,6 27,0
BaaroxapHocThb

[IpencraBnennoe nccnenopanne puHancupoBagock PODU, npoekt Ne 19-38-90096.
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YK 621.039.58
IOPEKTUBHASA ®USNYECKAS 3ALIUTA SAAEPHBIX MATEPHUAJIOB U
PAJUOAKTUBHBIX BEHIECTB B IPOHECCE TPAHCIIOPTUPOBAHUA
EI'OPOB J1.11., USMAIJIOB A.B.
Hayuonanvuwiii uccneoosamenvcxuil si0episiii ynusepcumem « MUDH»
(Mockea, Poccutickas ®edepayust)
AnHoTanusi. B COBpeMEHHBIX YCIIOBUSAX OZHOW M3 BaXHEHIIMX Lejeil rocyaapcTBa SBISETCS
obecrieyenne Oe3onmacHOCTH sAepHbIX MaTepuanoB (SIM) u paagmoaktuBHBIX BemecTB (PB) ot
BHEIIHUX W BHYTPEHHUX yrpo3. B maHHO# craTthe paccMarpuBaercs obecnedeHue dpexkTuBHOIM
¢m3uueckoit 3amuTs (O3) SIM u PB B mporecce TpancnoptupoBanus. O0cyxaatoTcs Ipo0 IeMbl,
CBsI3aHHBIE C 0€30MacCHOCTHIO TpaHcmopTHpoBaHus AAM u PB Mexay cranumoHapHBIMU SOEPHBIMU
o6bexTamu, B yacTHOCTH ADC, ¢ ydeToM crienupuK perieHus JaHHOW 3a/1adu (OTpaHUIEHHOCTh
CHJI OXpaHbl, OOJBIINE PACCTOSHHUS MEXKIYy OObEKTaMH, BHE3AITHOCTh BO3MOXXHOTO HAamaJeHUs U
ap.). Paccmotpensr Bompockl oneHKH 3¢ (HEeKTHBHOCTH (U3HUECKON 3alIUThl CIEUAIBHOTO Tpy3a
MPH €r0 TPAHCHOPTUPOBAHUM.
KawueBbie chaoBa: TpaHcnoptupoBanne SIM wu PB, d¢wusnueckas 3ammTa, OICHKA
s exTuBHOCTH, METOM OLIEHKU 3P (EKTHBHOCTH.

EFFECTIVE PHYSICAL PROTECTION OF NUCLEAR MATERIALS AND RADIOACTIVE
SUBSTANCES DURING TRANSPORTATION
EGOROV D.I., IZMAYLOV A.V.
National Research Nuclear University "MEPhI"
(Moscow, Russian Federation)

Abstract. In modern world one of the most important missions of any state is to ensure security of
nuclear materials (NM) and radioactive substances (RS) by protecting them from external and
internal threats. This paper discusses an effective physical protection (PP) system for nuclear
materials and radioactive substances in the process of transportation. The problems of secure
transportation of nuclear materials and radioactive substances between fixed nuclear facilities are
discussed in a view of specifics of this mission (limited number of security personnel, long
distances between facilities, spontaneous nature of a potential attack etc.). The paper also reviews
the issues of evaluation of effectiveness of physical protection of special cargo during
transportation.

Keywords: transportation of NM and RS, physical protection, evaluation of effectiveness, method
of effectiveness evaluation.

Beenenne

Obecrieuenne ¢usnveckoit 3amutel SIM n PB OT mpoTWBOMpaBHBIX NEHCTBU (XUIIECHHUE,
JIUBEPCUA, TEPPOPUCTHYECKUI aKkT), B TOM 4YHCIE€ TPH HUX TPAHCIOPTUPOBAHUM, HApSIAY C
o0ecrieyeHneM SIEPHOH M painallMOHHON 0€301acHOCTH, SIBJISIETCS] BECbMa aKTyaJlbHOM 3anadeil. Bee
3TO oTpaxkeHo B MexayHapotHsix (MAI'ATO) [1, 2] u poccuiickux [3, 4] HOPMAaTUBHBIX U ITPABOBBIX
JIOKYMEHTaXx.

[o cpaBHEHUIO CO CTAIIMOHAPHBIMHU SEPHBIME 00BEKTaAMH TMPOIecC TPaHCTIOpTUpoBaHus SIM
u PB Oosee ys3BUM B OTHOWICHMH JEHCTBMII NMOTEHUMAIBHBIX Hapymmutesed. CrneayeT OTMETHTh
BJIUSIOIINE Ha 3TO (DaKTOPHI:

— BHE3aITHOCTh BO3MOXKHOTO HANaJeHWs HapyIIUTeNls Ha TPAHCIOPTHBIE CpPEJCTBa,
NEPEBO3SIIIIE CIIEHUAIBHBIE TPY3BI;

— HCIOJB30BaHUE TPAHCIOPTHBIX CPEJCTB, MEPEBO3AMMX CHEIMAIBHBIE I'Py3bl Ha J0pOTax
o0IIero moib30BaHUA W HKENE3HBIX JOpOorax, 4TO HE IO03BOJIAET CO3/1aTh BOKPYT TPAHCIOPTHOTO
CPEJICTBA OXPAHAEMbIE 30HBI;

— OTrPaHUYEHHOCTh YHUCIIEHHOCTH CHJI OXpaHbl, CONPOBOXKIAIOIIMX CHEIUAIbHBIA Tpy3, a
TaK)Ke YJaJIEHHOCTh CHJI TIOJIEP)KKH OT MeCTa TOTEHIMAIbHON aTaKy;

— TPOXOXKIEHHE MapIIPyTOB TPAHCIIOPTHBIX CPEACTB CO CIEIUAIBHBIM I'PY30M IO Pa3HBIM
pErnoHaM, YTO YBEIMUUBAET MOTEHINAIBHYIO BO3MOKHOCTh BHE3AITHBIX aTaK;

— BO3MOXHOCTh TIepeBeca CHUJI M BOOPYXEHHS HapyIIMTEIs HaJ CHJIaMH OXpaHbl,
COTIPOBOXIAIOIIUMH TPY3.
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B cBs3u ¢ 3THM paspaboTka 3PQEeKTUBHBIX OPraHW3alUOHHBIX U TEXHUYECKUX PEUICHHH IO
obecrnevueHnio (hU3MUECKON 3amMTHl TpaHcmoptupyemsix SIM u PB mpencraBnseT coboit COXHYIO
Hay4YHO-TEXHUYECKYIO TIpobiemy [5].

Hns adpdextuBHOi Puzmueckoit 3ammtel IM u PB B mpomecce TpaHcmopTHpoBaHUS
TpeOYIOTCSI aJeKBaTHbIE CHJIBl CONPOBOXKIACHHS M HaajekamuM o0pa3oM 000pylOBaHHBIE B
WH)XKCHEPHO-TEXHUYECKOM OTHOIIEHUHU TPAHCIOPTHBIE CPENICTBA, @ TAKXKE CHIIBI TIOAAEPIKKH, KOTOPBIE
cMornu Obl OTEpaTHBHO MPOTHUBOJEHCTBOBATH HECAHKIIMOHHUPOBAHHBIM JACHCTBHUSAM HapyLIMTENCH.
CBoeBpeMEHHOE MPUOBITHE CHJT TOAJICPKKH K MECTY BO3HUKHOBEHHUS YPE3BBIYAHHON CUTYyallud HMEET
pemaronee 3Ha4eHHe.

@OyHknuM Gpru3ndeckoil 32U THI B pouecce TpaHcnopTtuposanus SIM u PB

Jus  moBbimeHust  (pU3MUECKON  3alUIIEHHOCTH TEPEBO3MMOTO Tpy3a MpeaHa3HaAdYeHa
aBTOMAaTHU3WpOBaHHAs cHucTeMa Oe3omacHocTH TpaHcnopTupoBanus (ACBT), paspaboranHas
npennpusitueM AO «DIHUBT «CHIIO «Onepon» [6, 7]. Hdus obecniedenus 3¢ GheKTUBHOM
¢du3nuecKoi 3aIUTHl HEOOXOAUMO TOHUMAHHUE 3aBUCUMOCTH €€ 3 PEKTUBHOCTH OT psia PaKTOpOB.

s omenkn cucteMbl ¢du3mdeckor 3ammuThl (CDP3) mpu TpaHCIIOPTHPOBAHUH HEOOXOIUMO
paccMmoTpenue (GyHKIUN (QU3MUECKON 3alUThI, U OICHKH A((EKTUBHOCTU BBIMOJHEHHUS KKIOH M3
HUX:

Oonapy:xenue. Jlanayro ¢yHKIMIO oOecnednBaroT TeXHHUYecKue cpenacTtBa oxpanel (TCO)
Tparcnopra. [Ipy BHe3armHOM HamaJeHUH B Mporiecce nepeBo3ku SIM BpeMst 00HAPYKEHHUS CTPEMHUTCS
K HYJIIO, @ BEpOATHOCTh OOHAPYKEHHUS K CTUHHIIE.

3agepskka. ' maBHy0 ponb B oOecrnedeHus] JaHHON (YHKIMHA WTParOT (U3NIECKHe Oapbepsl
(®b) (crienmanbHBIe KOHTEHHEPHI TSI IEPEBO3KH, aBTOMAaTHIECKOE MPOMYCKHOE YCTPOHCTBO, MOIYIIH
MUPOTEXHUYECKHE U T.I1.).

PearupoBanue. 3amady 1Mo TpPECCUCHHIO HECAHKIMOHUPOBAHHBIX JCUCTBHHA HApYIIUTEINs
pelIaT CHUJIBl OXpaHbl, COMPOBOXKAAIONINE TPYy3, U B KOHEYHOM HWTOTe, CHIBI momaepxku. Korma
nocTynaer MHQOpPManus OT TEXHUYECKUX CPEACTB OXpaHbl TpaHCIOpPTa O  IOMBITKAax
HECAaHKIIMOHUPOBAHHBIX JEHCTBUIA HAPYIIUTENS B OTHOMICHUH MEPEBO3MMOTrO CIEIMAIBLHOIO TPY3a,
CWJIBI TTOJIEP’KKH HAYMHAIOT pearupoBarh. BrIOOp TakTWKHM ASHCTBHN CHI TMOANEPKKH, B KOTOpPHIC
MOTYT OBITh BOBJICUYCHHI HAIOHANBbHAS TBApAWS, WOMUIMS W Jp., 3aBUCHT OT TpeOOBaHUIA
COOTBETCTBYIOIIMX HOPMATHBHBIX JOKYMEHTOB, H OT IUIAaHOB UX B3auMojaeHcTBus. s
CBOEBPEMEHHOTO MPHUOBITHA CHUJI TIOJIEPKKH HeoOxomuma Oecriepe0oifHast CBSI3b C JIUCIIETYSPCKIMHE
MMyHKTaMH ¥ 3HAHWE KOOPJMHAT MECTOIOJIOKEHHS B IIOO0H MOMEHT BpEMEHHU.

[Ipy 5TOM TEXHUYECKHE CpEICTBA OXpaHbl YYaCTBYIOT B OOECICUCHHH BceX (YHKIMHA
cucteMbl Gpusnueckoi 3amutel IM u PB B niporiecce TpancnopTupoBanus [6, 7].

ACBT cnenmanbHbIX TPY30B 00€CIeUMBAET peIICHHUE CIEAYIOIUX 3a1ay:

— OOHapyKeHUEe U 3aJIepiKKa HAPyIITUTEIs;

— MOHHTOPHHT MECTOIOJI0XKEHUS TPAHCIIOPTHBIX CPEJICTB;

— KOHTPOJIb TIapaMeTPOB OE30MAaCHOCTH TPAaHCHOPTHPOBAHUA ((HU3NYECKOU, paTUaIlHOHHON,
MO’KapHOH, TPAHCIIOPTHOM);

— ONOBEIICHUE CUII pearupoBaHus;

— obecrieueHne 3auThl HTHOOPMAIIHH.

Metoa ouenku 3¢ dekTUBHOCTH PU3NYECKOI 3AIUTHI CNIENHATBLHOTO IPy3a NPHU ero
TPAHCIIOPTUPOBAHUM

[Tox 3 pexkTHBHOCTEIO CUCTEMBI (PU3MUYECKON 3aIUTHI TIPU TPAHCIOPTHPOBAHUN TIOHUMAETCS
CIIOCOOHOCTh  CHCTEMBI TPEJOTBPATHTh HECAHKIMOHUPOBAHHBIE JCUCTBUS HAPYIIUTENS IO
orHomeHuio Kk SIM u PB.

OCHOBHO# METOJI, UCTIOIB3yEeMBIi IS OLEHKH PPEKTUBHOCTH 3TO BEPOSTHOCTHBIN aHAIU3.
OddexTHBHOCT CUCTEMBI (DU3MUYECKOW 3aIMThl CTAMOHAPHOTO SIIEPHOTO OOBEKTa OOBIYHO
OLIEHUBAETCA KOJIMYECTBEHHBIM [OKa3aTeJleM, OTPaKAIOUIUM BEPOSITHOCTh MPEAOTBpAlICHUs
HECaHKIIMOHUPOBAaHHBIX Jeiicteuii [8, 9]. B mamnoii paboTe paccMaTpuBaeTcsi co3gaHHE METOIa
oneHKH 3(h(HEKTUBHOCTH (PU3MUYECKOM 3aIlUTHI CIICIUATBHOTO TPY3a MPH €ro TPAaHCIIOPTHPOBAHUY.

[oka3arensb 3¢ (HEeKTUBHOCTH 3aBUCHUT OT:

— BEPOSITHOCTH OOHAPYKEHUS HECAHKIIMOHUPOBAHHBIX ICHCTBHIA,
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— BEPOSATHOCTH HaXOXKJICHUS TCXHHUYSCKUX CPEJICTB OXPAHBI B PA0OTOCTIOCOOHOM COCTOSTHUM H
repeaun CUTHAJIA Ha TUCTIETYEPCKUi TyHKT;

— BO3MOXXHOCTH HEUTpaTU3aIlii HAPYIITUTETIS;

— BEPOSITHOCTH CYIIIECTBOBAHUS OJIATOMPHUSTHBIX BHEIIHUX YCIOBHUH JUISI CUJT OXPaHBI.
BeposiTHOCTS TIpefOTBpallieHs] HECAHKIIMOHUPOBAHHBIX NEHCTBHI BO BpEeMs TPAHCIIOPTUPOBAHUS
SAJIEPHOTO MaTepHalia ¥ PaIlOaKTHBHOTO BEIIECTBA MOXKET OBITh MIPECTABIIEHA KaK:

pP= P06H. * PT.C.O. * [Psam. + Pr[.c. * (1 - Psam.) * Pc.n. ] (1)
Ty—Ten, i
e on = F (i) Pl @

F — dyHkuus 3akoHa pacrpeesieHus CIy4aiftHO! BETMYUHBI,

Pys,. — BEpPOSITHOCTD OOHAPYKEHUS IEHCTBUI HAPYILIUTEIIS,;
P, .. — BEPOSITHOCTh HaXOKACHUS TEXHUYECKUX CPEICTB OXpaHbl B pabOTOCIIOCOOHOM COCTOSIHMU U
NepeJavyy CUTHAJIA Ha TUCIIETYEPCKU ITyHKT;
P,ap, — BEPOATHOCTL HEWTPAIM3AIMU HAPYIIMTENS CHIIaAMH OXPAHbI, COITPOBOXKIAIOIIUMU IPY3;
P, c. — BEpOSTHOCTB MOJIyYCHUS CUTHAJIA JUCIIETYCPCKUM ITyHKTOM;
P., — BEpOSATHOCTb MpPENOTBPAaTUTh HECAHKIMOHUPOBAHHBIE JEHCTBUS HapYLIUTENS CHIaMU
MOJUIEPAKKH;
T, — BpeMs AeHCTBUI HAPYILIUTEIS;

T, — BpeMst ISHCTBUM CHIT TOJACPIKKY;
Di' — nucniepcusi BpeMEeHHU SUCTBUI HAPYIIUTEIIS,
D™ — nucniepcust BpeMEHH JICHCTBHUIA CHIT TIOIEPIKKH;

}f'erng_— BEPOATHOCTh HENTpaIN3alliy HAPYIIUTENS CHIIaMU TOAAEPIKKH.

BeposiTHOCTE OOHapy)KeHUsSI HApyIIUTENsT BO BPEeMsS COBEPIICHHS HECAaHKIMOHHUPOBAaHHBIX
JICVUCTBUU TPU TPAHCIOPTUPOBAHUHU CIELHAIBHOTO Tpy3a CTpEMUTCS K enunHuile. J[aHHbI BBIBOA
clenyeT U3-3a TOTO, YTO B CIIydae HamaJCHUS W MOMBITKE OCTAHOBHUTH JBIXKYIIEHCA TPAaHCIOPT Ui
COBEPILECHUS HECAHKIIMOHUPOBAHHBIX ACUCTBHUH OyAeT chopMUpPOBaH CUTHAI TPEBOTH.

3a BepOSITHOCTH 0€30TKa3HON PabOThI TEXHHMYECKHUX CPEICTB OXPaHBI M TIEpelavyd CUTHAIA Ha
nucrieryepckuil myHKT otBevaetr komiuieke ACBT. Ilpu 3ToM, Ba)KHO OTMETUTHh OAWH HU3 MPUHLUIIOB
MOCTPOCHUS (PU3MUYECKOH 3aLIUTHl IPU TPAHCIOPTUPOBAHUHU — 30HAIBHBIA NpUHLMUI. B 3aBHCHMOCTH
OT THMA TEPEeBO30K, YCTAHABIUBAIOTCA pasHble TpeOOBaHUA K OOECICUCHHUI0 MOHHTOPHHIA
TpaHCTIOPTHOTO cpencTBa. CUTHAI TPEBOTH MEPENaeTCs B pa3HbIe TUCIIETYEPCKHUE MTyHKTHI, U PEIIEHUS
0 BBLIBIXKCHHUM CHJI TOJICPKKH MOTYT INPUHUMATh pas3Hble opraHu3zauuu. [laHHas ocoOEHHOCTh
BJIMSIET HA CKOPOCTh MEpeaul TPEBOKHBIX COOOIIEHUN U BpeMs IPUHATHUS PEIICHUH.

[NapameTpsl OKpyKaroIEH Cpebl TaKkKe BIUSIOT Ha 3PPEKTUBHOCTh (HU3MUYSCKOW 3allUThI
creruansHoro rpysa. Ilog BHEIIHMMM YCIIOBUSIMH NOJpPa3yMEBAIOTCS KIMMATHYECKHE W MOTOIHBIE
YCIIOBHS, OCOOCHHOCTH OKpPY’KaloIIel cpelbl B TOUKE HaNaACHUs! HAPYIIUTENs U T.1II.

[Ipu ompeneneHNH BepOATHOCTH HEUTpAIM3AIMHM HAPYIIUTENS MOXHO paccMaTpuBaTh JBa
BapHaHTa UCXO0JI0B COOBITHIA:

— HeWTpanu3anus HapyIuTels CHIIaMH COIIPOBOXKIECHUS Ipy3a;

— HeWTpanu3anus HapyIuTeNs CUIIaMU TOAIEPKKH.

B mnepBoMm cnydae BepOSTHOCTh HEWUTpaIM3allMM HAPYIIMTEIS CHJIAMH COIPOBOKICHHS
SBJSIETCSl BEPOSITHOCTBIO MX MOOEbl B OOECTOJKHOBEHHH, Pa3yMeeTcs ¢ Y4EeTOM IPHUHATON MOIEIH
HapymuTtens. JlaHHBIA MOKa3aTelb MOXHO pacCUMTaTh HMMHTALMOHHO-UTPOBBIMH METOJAMH,
MCIIOJIB3Ysl, HallpUMep, MporpaMMHbIid koMiuieke "Ilonauron", paspadoranusiii AO « ®ITHUBT CHIIO
«Qnepon» [10].

Bo Bropom ciydae HeWTpanmu3anus HapyLIMTENs 3aBUCHUT OT BBIINOJHEHMS YCIOBHUSA
Ty —T.n. > 0. 7 3TOro OIEHMBAIOTCA, COOTBETCTBEHHO, BPEMEHA [ICHCTBHS HApyIIUTENs OT
MOMEHTa OOHAPY>KEHHUS JI0 COBEPIICHHUSI HECAHKIITHOHUPOBAHHOTO JICHCTBUSI U BPEMEHH JICHCTBUHN CHIT
NOJ/ICP’KKA OT MOMEHTa OOHApYXEHUSI A0 NPUOBITUS B TOUKY HamaieHus. T, COCTOMT U3 BPEeMEHHU
NPEOJIOJICHNsI HAapyIIuTeaeM QU3nYecKuXx 0apbepoB B TPAHCIIOPTHOM CPEACTBE, BPEMEHH BO3MOXKHOM
HEUTpanu3aluy HapyIIUTEIEM CHJI OXpaHbl, COMPOBOXAaromwmx rpy3 u T.4. Huasg T., 3To cymma
BpPEMEHH IIepellaur COOOLIeHUs] Ha AWUCHETYEPCKHH IMyHKT, BPEMEHH OLEHKH CUTYallul M IPUHITHUS
pEIIEHNH, BPEMEHU ABIKEHUS CWJI TOAJCPKKHA OT MecTa AMCIOKAalMHM 10 MECTa HamaJeHus Ha
MEPEBO3UMBIN IPy3 U T.J. DT BPEMEHa SBISIFOTCS CIyYaiHBIMU BETHIHHAMH.
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[Tpu oneHke 3((HEKTUBHOCTH CTAIIMOHAPHOTO OOBEKTA BpEeMs JCHCTBHIA HAPYIIUTES U BpeMs
JIEHCTBUI CHJI OXPaHbI CKIIAJBIBAIOTCS M3 JOCTATOYHO OONBIIOrO KOJWYECTBA BPEMEH, MPUYEM BCE
clraraeMple BHOCST TPHUMEPHO paBHBIA BKJIAJ B WX 3HAYEHWSA. B COOTBETCTBHM C IICHTPAIbHOU
MPENIETbHON TeOpeMOil TeOpUH BepOSITHOCTH [11] MOXKHO MPUHSATH, YTO CIIydalHbIe BEIHYUHBI T, U
T, .. pactpeiencHbl M0 HoOpMaIbHOMY 3akoHy. Ho B 3ajaue TpaHCIIOPTUPOBaHUS CIIEIHAILHOTO TPy3a
Ha CIy4YailHyI0 BEITMYMHY BPEMEHHU NEHCTBHU CHJI MOAACPKKH OOJBIIOE BIHMSHAE OKAa3bIBAET BpPEMS
JIBUKCHHSI CHJI TIOJICPYKKU OT MECTa JAMCIOKAIMY JIO MECTa HamlaJleHUs Ha TIePEeBO3UMBIN rpy3. ATaka
HApPYIIUTENS POUCXOUT B 3apaHee HeompenaeieHHoM Mecte. [1o 3Toil mpuunHe, B 3aBUCUMOCTH OT
MECTOITIOJIOKEHUSI Tpy3a W MECT IUCIOKAIMH CHJI TIOIJEPKKH BpPeMs WX JIBIKEHHS SBISETCA
nepeMeHHo BenmduHOW. [loaToMy HEOOXOAMMO BBISICHHTH, KaKO€ 3HAUEHHE NPUHUMAET BpEMs
JNEUCTBUI CHJI TIONJCPKKH B JIIO0OH TOYKE MapIIpyTa CISHUAIBLHOTO TPAHCIOPTa, a TaKkKe
BEpOSITHOCTb BhINIOJIHEHUA yciioBus T, — T, > 0.

Bonpmoe BimsiHre Ha BenwuuHY 1., OKa3bIBAeT MECTOIOJOXKEHHE CHJI TOJICPKKH B
3aBHCHMOCTH OT TOYKM HamajeHus HapymuTens. Ha puc. 1, B kadecTBe mpumepa, NpecTaBiicHA
XapaKTepHasi 3aBUCUMOCTh BPEMEHU JIBIDKEHUS CHJI TIOJJICPIKKH OT MECTOIOJIOXKCHHS CIICIIUAIEHOTO
TpaHcmopTa Ha Mapmipyte. B 3aBucumoctn ot T, Tpy3 Oyzmer Hambosee ysI3BUM B TOUKaxX, HanmOoJee
yAaNeHHBIX OT MECT IUCIOKAIIUHU CHII TIOAICPIKKH.

TC H/\

| | 1 ~
1 T | | 7

0 S
Puc. 1. 3aBUCHUMOCTS BpeMsl ICUCTBUI CHIT TOJIEPKKH OT MECTOTIONIOKEHHUS CIIEIUATBFHOTO TPAaHCTIOPTa
Ha MapIipyTe:
X — Haunboee yJaleHHbIC TOYKH Ha MapIIpyTe OT MECT AUCIOKAIINN CYUT TIOICPIKKH.
O — ToYKHM Ha MapIIpyTe, ONMKANIITNE K MECTaM JUCIIOKAINYA CHJT TIOICPIKKH.

Takum oOpa3zom, mpeanaraemblii Moaxox K oneHke 3(pQeKTHBHOCTH (HU3NUECKOH 3aINTHI
TPAHCIIOPTUPYEMBIX SIIEPHBIX MATEPUAIIOB CBOJUTCSA K CIEAYIOIIMM dTallaM:

— OIpeleieHne MecTa BEpOSTHOTO HamaJeHHs Ha CIEeNUalbHBI TpaHCIOpPT (HampHuMep,
aBTOTpaHCHopT), nepeossuye AM w/unu PB (ynanenHsle oT cHl MOAJEPKKH MECTa Ha MapLIpyTe,
MeCTa CO CJIOKHOW OOCTAaHOBKOM AJISi OpraHM3alliM NPOTUBOJACHCTBHUS HAlaJCHUIO HapyLIUTENeH U
T.IL);

— TpOBEIEHHE MOJCIUPOBAHUS OOECTOJNIKHOBEHUSI CHJI OXpaHbl, CONPOBOXKIAOIINX
CHeUUAbHBIN TPy3, U HapyluTenel (HanpuMep, ¢ UCIoab30BaHueM nporpaMmmsl «lloauron»);

— ompeJieNieHNe MPHOPUTETOB JIJIsl COBEPUICHCTBOBAHMS (DM3MUECKON 3allIUTHI CHIEIIHATBHOTO
rpy3a.

PazpaboTka yka3zaHHON METOIUKH MO3BOJIUT OOOCHOBAThH HANPaBJICHHS COBEPILIEHCTBOBAHUS
OpraHM3allMOHHBIX W  HHXKEHEPHO-TEXHWYECKHUX  MEpPONpUATHH 1Mo  (u3mueckoil  3amute
TpaHcnoptupyemsix SIM u PB.

Bonee moapobHOE paccMOTpeHHE BOIPOCOB, pa3padOTKa KOHKPETHBIX METOIUK aHajiu3a, B
TOM 4YHCJE C Y4YETOM ONpeAeNeHusT HEeOOXOOUMBIX HCXOOHBIX IaHHBIX, OIIGHKH TOYHOCTH U
JIOCTOBEPHOCTH MOIyYSHHBIX PE3yJIbTAaTOB, OyIeT MPEICTABICHO B CIEAYIONINX PaboTax.
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YJIK 004.056
WH®OPMAIIMOHHASI CHCTEMA IOJIEP)KKH IIPUHSATHA PEINEHAN B
OBECIIEYEHUU KUBEPBE3OIMMACHOCTHU CUCTEM BEPXHEI'O YPOBHSA ATOMHBIX
SJEKTPOCTAHIIAMN
Axumos H.H., Konsiios B.A., ITaBimun A.1O.

Qunuan pedepanbrozo 20Cy0apCmeenHo20 YHUmMapHo2o npednpusmus « Poccutickuii
gedepanvruiil a0ephbili yenmp — Beepoccuiickuil HayyHO-UCc1e008amenbeKull UHCMumym
IKCnepumMenmanvHou gusuxuy «Hayuno-uccredosamensckutl UHCMUmMym usmepumenbHulx cucmem
um. FO.E. Ceoaxosa»

(Huorcnuti Hoezopod, Poccutickas Dedepayust)

AHHoTanus. PaboTa MOCBAIICHA ONMUCAHUIO CUCTEMBI MOMJCPKKUA MPUHSATHS PEIICHUHN MpH
obecriedeHUU KHOEpOE30MaCHOCTH CHUCTEMbI BEPXHETO YPOBHS aBTOMATH3WPOBAHHOW CHCTEMBI
yIpaBJIeHUsT TEXHOJOTHYECKMMH TporeccamMu atoMHou snektpoctanumun (CBY ACY TII ADC).
ANTOpPUTM TONJCPKKH MPHUHSATUS PEIICHUM TO3BOJSICT HAWTH U PAHKUPOBATH MPEATOYTUTEIBHEIC
KOH(UTYpAILUU CPEACTB 3alUTHl HHPOPMAIIUY.

KuoueBnble ciioBa: moanepikka MPUHATHS pelnreHnid, kubepoeszonacHocts, ACY TII, cuctema
BepxHero ypoBHs, ADC.

INFORMATION SYSTEM FOR DECISION SUPPORT IN ENSURING THE
CYBERSECURITY OF UPPER-LEVEL SYSTEMS OF NUCLEAR POWER PLANTS
Nikolay N. Akimov, Vyacheslav A. Koltsov, Artem J. Pavlin
Branch of Federal State Unitary Enterprise “Russian Federal Nuclear Center — All-Russian
Research Institute of Experimental Physics” “Research Institute of Measuring systems named after
Yu.Ye. Sedakov”
(Nizhny Novgorod, Russian Federation)

Abstract. The work is devoted to the description of the decision support system for ensuring
the cybersecurity of the upper level system of the automated control system for technological
processes of a nuclear power plants (ULS APCS NPP). The decision support algorithm allows you to
find and rank the preferred configurations of information security.

Keywords: decision support, cybersecurity, APCS, upper-level system, NPP.

Beenenne

B Hacrosimee Bpemsi B aTOMHON 3HEPreTHKE HPEAbSIBISAIOTCS BBICOKHE TpPEOOBAaHUS II0
kubepOe3onacHocTH cucteM BepxHero ypoBHs (CBY) aBToMaTH3MpOBaHHOW CHCTEMBI YIpPaBICHHS
texnonornueckumu mporeccamu (ACY TII) atomuoit snextpoctanmmu (ADC). Obecneuenue
kubepobezonacnoctn CBY ACY TII ADC pernaMeHTHpyeTCcs OOLIMPHONH MEXAYHApOJHOH U
HAI[MOHAIIBHOU (poccuiickoit) HopMaTHBHOM 6a30ii [1,2]. OCHOBHBIMH HOPMATHBHBIMU JOKYMEHTaMU
apistores npukassl @CTIK u crangapThl MEXTyHapOJHON EKTPOTEXHUIECKOW KOMHICCHU!

- npukaz3 OCTOK Poccum Ne 31 or 14.03.2014 «OO0 yTtBepkaeHuH TpeOOBaHUU K
o0ecrieyeHnIo  3amUThl  WHPOpPMAaIUMM B aBTOMATHU3UPOBAHHBIX  CUCTEMAax  YIPAaBJICHUS
MIPOM3BOACTBEHHBIMM M TEXHOJOTMYECKUMH TMPOIleCCaMd Ha KPUTHUYECKH BaXHBIX OOBEKTax,
MOTEHIIMAIBHO OMACHBIX 00BEKTaX, a TaKKe 00BEKTaX, MPECTABISIONNX MOBBIIIEHHYIO OMAaCHOCTb
JUTS )KU3HU | 3[J0POBBS JIFOACH U I OKPYXKAIOLIEH MPUPOIHON Cpeabl»,

- npuka3z ®CTOK Poccuu Ne 235 ot 21.12.2017 «O6 yrBepkaeHun TpeOoBaHUH K CO3aHUIO
cucTeMbl 0e30nmacHOCTH 3HaYUMBIX 00bekTOB KV P® 1 obecrnieuenne ux GpyHKIIMOHUPOBAHUS;

- mpukaz ®CTIOK Poccum Ne 239 ot 25.12.2017 «O6 yrBepxkaenun TpeOGoBaHuil 10
obecreyeHnio 0€30aCHOCTH 3HAaYUMBIX 00bekT0B KU PDy;

- IEC 62645:2014 Nuclear power plants - Instrumentation and control systems - Requirements
for security programmes for computer-based systems.

HNudopManmoHHas cucTeMa NONAEPKKH MPUHATHS PellIeHU pa3padoTuynKoM npu
odecnneuennu kudepoesonacuoctu CBY
Texnnueckoe 3amanue Ha npoektupoBanue CBY Brimrodaer TpeGoBaHus MO 00ECHEUYESHUIO
KI/I6ep6e3OHaCHOCTH B COOTBETCTBHMMU C OJHHUM HJIM HCECKOJIBKMMHU HOPMATHBHBIMHU OOKYMCHTAMMU,
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KJIaCCOM  3alIUIICHHOCTH AaBTOMATHU3UPOBAHHON CHCTEMBl YINPABICHUS, KOTOPHIC OMPEIACISIIOT
COBOKYITHOCTh MEp, COCTaBIISIOIINX HCKOMYIO KOHGuryparmioo cpeacts 3ammthl [3]. KonrekcTHas
nmuarpamma A0 MPOTOTHITA CHCTEMBI TTOAEPKKY MPUHATHS pEIIeHNH TpuBeeHa Ha puc. 1.

HopmatuBHast 6aza

3ananue Nob3oBaTes Pelenust 1o KOH(GUIypayu CpeiCTB 3aluThl

[
-

\

Ipororun CIIIIP
Crmcok cpesicTB 3allUThI Marpuna «IIpoekrsi-CpezncTBa 3ammTh»
T A
A nmMuHHCTpaTop
Pazpaborunk ACY TII

NmxeHep no 0e30macHOCTH

Puc.1. KonrekctHas auarpamma A0 npoToTuna CUCTEMbl NOAIEPKKU IPUHATHS PELLICHUIMA

[IpoexTupoBanne c ydetoM obecneueHus kuoepbezomacHoctn CBY ACY TII ADC
3aKJI0YaeTCsl B BHIOOPE COBOKYITHOCTH CPEACTB 3aILIUTHI, MOKPHIBAIOLINX BCE MEPBI, ONpPEAEICHHBIC
HOPMATUBHBIM TOKYMEHTOM. {715 MOAAEePIKKH KU3HEHHOTO IIMKJIa TPOSKTUPOBaHUS HH(POPMALIMOHHO-
YIPaBJISIONIKMX cHcTeM [4] M aBTOMATH3aIMK MPOLIECCa ONpeAeieH s KOHPUTYPAIIMU CPEIICTB 3aIUThI
nH(pOpPMAIH BBITONHAETCS pa3paboTka cucteMbl noanepxku npunatus pemennii (CIIIIP). OcroBy
CIIIIP cocTaBmsOT adrOpuTMBl, TO3BOJISIONIHE (POPMATH30BATh MMOKA3aTENH KaueCcTBa KOH(PHUTypaITHii
CPEZICTB 3aIlUTHI.

Oyukuuy, BeinoiaHsemeie CIIIIP:

- (hopmanu3zanys Mep 6€30MaCHOCTH COTIIACHO HOPMAaTHBHOM JOKYMEHTALINY;

- (hopMHUpOBaHUE U BeICHUE PEeCTpa CPEJICTB 3aIHUTHL;

- (hopMHUpOBaHUE U BeJIEHHE PEECTpa MOITBEPIKIAIOIINX JOKYMEHTOB;

- (hopMHUpOBaHUE U BEeJIEHHE PEECTpa MIPOCKTOB;

- aBTOMATH3aIUs MPoIecca MOKPBITHS Mep 0€30MacCHOCTH CPEACTBAMHE 3allUTHL;

- pacyer ONTUMAaJbHON KOH(QUTypamuu TOKPBITHS CPEACTBAMH 3allUThl Mep 0e30MacHOCTH
(110 CTOMMOCTH M 3aIIUIICHHOCTH);

- (hopMHpOBaHUE OTYETHOM JOKYMEHTALIUH.

B CIIIP peann3oBaHbl HECKOJIBKO POJIEH MOJb30BaTeNeil Ay oOecredeHns pa3rpaHudeHHs
npas:

- aAMUHHUCTpATOp (yNpaBieHHE YIETHBIMH 3aMUCSIMH M10JIb30BATEINICH);

- PYKOBOJHMTENb POEKTOB (OCYIIECTBISIET BEPUPHUKAINIO M BAJTHJIAIHIO IPOCKTOB);

- HHKEHEp 10 6e301acHOCTH (BBOJ Mep 10 00eCTieueHHI0 0€30MMaCHOCTH U CPEJICTB 3aIUTHI);

- umxkeHep-paspadboTunk ACY TII (co3manue M pelakTHpOBaHUE CBEIEHHH O IPOEKTE,
OIlpeJieJieHNe CcOcTaBa CpEACTB 3aIIUTHl KOH(UIypaluii W aBTOMaTH3MPOBAHHBIN BBIOOD HX
KOHQHUTYparuii).

Crpykrypa CIIIIP npusenena Ha puc. 2.
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Puc.2. Ctpykrypa CIIIIP

MHOX€eCTBO NOIyCTUMBIX KOH(DUIYpaluil CpeACTB 3alUThl COCTaBJIAIOT T€ MEPbI, KOTOpPHIE
00€eCIIeYnBalOT 3alUIIEHHOCT, 00OBEKTA 3aIUTHL. Y CI0BUE 3aIUILEHHOCTH SIBJISETCA BBIIOIHEHHBIM
Opy HaMuud B K-l KOHQWrypauuu CpencTBa 3amiMThl IS Kaxaoi Mepbl. Hekortopyro K-to
KOH(UIYPALUIO CPENICTB 3aLIUTHI ONIPEACIINM, KaK BEKTOD

Vi = [V Vo - Unk]T (1)
1, ec/iv cpeiCTBO N UCIMOJIb3YETCS B -l KOHQUIYpaLUY;
0, ecau cpeAiCTBO N He UcNoJIb3yeTcs k-i KoHGUTypaLuy,
rae T — TpaHCIIOHUPOBAaHUE BEKTOPA;
n = 1, N— cpenctpa 3allUThI.

Torga cTOMMOCTh COBOKYIHOCTH CPEACTB 3alllUThI, COOTBETCTBYIOIMX K-ii KOH(Urypauuu

OTIpeIeIIIeTCS BEIPaKEHUEM

C KOMIIOHEHTAMM Vpj, = {

Cx = Zgzlvnkcn = CTVk: (2
rae ¢, = [€1, €2, . CN]' — BEKTOp CTOMMOCTEH CPEICTB 3aIlUTHI;
T — TpaHCIOHMPOBAHUE BEKTOPA.
VcnoBue 3allMIIEHHOCTH SIBJISCTCS BBINOJIHEHHBIM TNPH HATWMYMKM B K- KOHGUrypaimu
CpeICTBa 3aILUTHI JUI KaXI01 Mepsl. 1 IpoBepKH yCIOBHS 3aIIMILIEHHOCTH BBEAEM BEKTOD
amk = D vy, ©)
TI€ Qi — BEKTOP CPEJICTB 3AIIUTHI T KaXKAOH MEpHI;
D — konm4ecTBO CpPEeICTB 3aIIUTHI.
KOMITOHEHTBI KOTOPOT'O PaBHBI KOJIMUECTBY CPEJCTB, HOKPBIBAIOIINX COOTBETCTBYIOIINE MEPHI.
KomnoneHTs! BekTOpa

]T

A = [Q10 Q2 - Aui]T, 4)
e m=1,M,
T — TpaHCIIOHMpPOBAHUE BEKTOPA.
paBHBI KOJIMYECTBY CPEZCTB, MOKPHIBAIOIIIMX COOTBETCTBYIOINE MEPHI.
VcinoBre 3alUIIEHHOCTH BBIMONHSACTCS (3ALIMINEHHOCTh obecrieyeHa), eciaum Jjuist  K-if
KOH(HTYpaIlluKl CPEJICTB 3alIUTHI

Qe =1, m=1,M. (5)
IIpencTaBUM yCIIOBHE 3aIMIIEHHOCTH B BUJIE

Sk > 1, (6)

rie
Sk = min_a; (7)
m=1,M

Vci10BHE 3aIIUIIEHHOCTH OY/IET BBIIOIHATBLCS B CIIydae, KOTia BCe KOMITIOHEHThI BEKTOpa

A =1, m=1,M (8)

HpI/I OTOM KaxJasd ME€pa IMOKPBIBACTCA OAHUM CPECACTBOM, UYTO ABJIACTCA AOCTATOYHBIM JJIsA
obecrieueHus 3alllUIICHHOCTH. Ecimm YCJIOBUEC 3alIMIICHHOCTU HC BBIIIOJHACTCA, TO KOH(i)I/IpraLII/IH
SABIIACTCA HeﬂOHYCTHMOﬁ. O,Z[HaKO Ha IMpPaKTUKE pdaa MEp MOryT OBITh NOKPBITBI HCECKOJIBbKUMH
CpeacTBaMu, 4YTO IIPUBOJUT K M30BITOYHOCTH IMOJIYYECHHOT'O PCIICHUS.
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3amada MoWCKa AOMYCTUMBIX KOH(UIypauuil cpeAcTB, 00ECIEeYMBAIOUIMX 3aLIUIEHHOCTh
00BEKTa 3aIIUTHI, MOKET ObITh IPEACTaBJICHA, KAaK 3aJada O HaXOXKACHUHM CTOIOI[OBOTO ITOKPBITHUS
OyneBoil MaTpuibl. JTa 3ajada 3aKJIIOYAETCS B MOHWCKE MHOXKECTBA CTOJIOIOB, MOKPHIBAIOIIUX BCE
cTpoku Mmarpuisl D «mepsi-cpenctBay. ['oBopsar [4], 4To M-s cTpoka MOKpBIBACTCS N-M CTOJIOIOM,
ecnm B M-l cTpoke N-0oro croidla CTOWT eAWHHIA., T.e. dp,, = 1. CooTBeTCTBEHHO M- Mepa
HOKpBIBaeTCA N-M CpeACTBOM 3aiuThl. OOBIYHO NMPH PEIIEHUH 331a4M O MOKPHITUH OYJIEBbIX MaTpPUI]
TpeOyeTcs HalTH HaMMEHbILEe CTONOIOBOE MOKPHITHE, T.€. HAaUMEHBIIee KOIWYECTBO CTOJIOLOB
MaTpuibl D, MOKpHIBarOINX BCE CTPOKH.

Hanpueiimiee pa3sutie CIIIIP ocHOBaHO Ha ydyeTe 3KCHEpPTHBIX OIEHOK Pe3yJIbTaTHBHOCTEH
NPUMEHEHUS] CPEACTB 3alUThl. OTH OLICHKH OIPEAEISIIOTCS Ha OCHOBE CBEICHUH, IOIYyYEHHBIX B
pe3yibTaTe yOadHOrO WM HEYAayHOro NMPHMEHEHHs CPEICTB 3alMThl Ha dKCIuTyaTHpyembix ADC.
XapakTepUCTHKa Pe3yIbTaTUBHOCTH IIPUMEHEHHUS CPEACTBA 3aLIUThl ONPEAEICHA B BUJE IOPSIIKOBOM
MEPEMEHHOM, MPUHUMAIOLIEH CIIEAYIOIINE 3HAUCHHUS:

A — cpeacTBO MPUMEHSIIOCH YCIICIITHO;

B — cpenctBo panee He IPUMEHSIIOCH (HOBOE CPEACTB

C — cpencTBo NPUMEHSIIOCHh U OBUIN BBISBJICHBI HEZOYCTHI,

D — cpeacTBo CHATO ¢ MPOU3BOACTBA;

E — cpencTBo He peKOMEHIOBAHO K MPUMEHEHHUIO.

OueBUAHO, YTO MPEANOYTUTEIBHBIMU SIBISIOTCS KOH(QUIypaluu, B KOTOPBIX KaK MOXHO
0OJBIIIe CPEICTB 3AIIUTHI HAXOSATCS B COCTOSHUN A (CPEeCTBO MPUMEHSIIOCH YCTIEITHO) U HeOobIas
4acTh B cocTosHUsIX B n/mmm C.

AnropuTt™ BeIOOpa KOH(UTYpaUid CPECTB 3aIIUTHI IPUBEEH Ha pHC. 3.

Hauano

Bxonubie TpeboBanus U

apaMeTphbl
A A
OmnperneneHre HeoOXOAMMBIX IS OmnperneneHne OLEHKH
HOKPBITHSI 337124 Pe3YIbTATUBHOCTH CPEICTB

A
@opMupoBaHIEe MHOXKECTBA
OmnpeneneHne BO3MOXKHBIX CPEICTB KOH(HTypaImii CpercTs,

00€eCTIeYBAIOIINX OKPHITHE

Y

CoprHpoBKa KOH(UTrYpaLuii cpencTs

I'eneparus koHpUTypanuii cpeacTs
T10 BO3PAaCTaHHIO CTOUMOCTH

A Y

Omnpenenenue HHAMKaTOPHOH OTo0parxeHue BbIOpaHHBIX
MePEMEHHOI 00€CIICYCHHUSI TOKPBITHS KOH(HUTypauii CpencTB ¢ y4ETOM UX
U151 KOHUTYpauuii cpecTs OLICHKH P e3YJbTAaTUBHOCTU

\ 4 Y
BhIXomHOE MHOKECTBO

KOH(HUT'YPALMA CPEJICTB,

Pacuer croumocTy BEIOpaHHBIX
KOH(UTYpaLHi CPencTB

Y

Komnerg

Puc.3. Anropurm BeIOOpa KOHQUIypauid CPEICTB 3aLUThI

154



11 MEXKAYHAPOJHASI HAYYHO-TEXHUYECKA S KOHOEPEHLIMA. MUHCK 27-28 AITPEJIA 2021 T'OJIA

Jis  Toucka ONTHMAabHOTO PEIICHWS MOXKHO MPHMEHUTh BapHaHTHl  alllOPUTMA
orpaHuYeHHOr0 Tiepebopa. B kadecTBe 0a30BOro anroputMa IpejiaracTcs HCIOJb30BaTh,
paspaboranubiii B [5] anroput™, B mporiecce GpyHKIHOHHUPOBAHUS KOTOPOTO (OPMHUPYETCS AEPEBO
nepebopa MOKpbITHIA. KOMOMHMpOBaHHE 3TOT0 IrOPUTMAa C METOJOM BETBEH M TPAHHUI] MOXKET
coctaButs ocHOBY Aiist CIIIIP npu obecneuenun kubepodezonacHoct CBY ACY TIT ADC.

3aki0ueHue

B pesynbrate paspaboranna CIIIIP ¢ Bo3MOXHOCTBIO BbIOOpa KOH(MUTYpaluii CpeAcTB
3aIlMTH, oOecmeumBarommx  kubepoesomacHocte CBY  ACY TIIT ADC. Pa3pabotaHo
anroputTMmudeckoe u nporpammuoe odecniedenue CIIIIP, koTopoe mo3BomsieT TOMOYb pa3paboTIuKy
CBY mnokpeITh Bce TpeOyemble Mephl 0€301acHOCTH, 0003HAYeHHBIE B HOPMaTHUBHOHN JOKYMEHTAIHH,
HEOOXOIMMBIMH CpPEACTBAMU 3allUTHl TPH MHUHUMAIBHOM CTOMMOCTH WM MaKCHMAalIbHOH
3aIIUIICHHOCTA. ABTOMAaTH3alldsl MpoIecca TOKPHITHS Mep Oe30MmacHOCTH  CIIOCOOCTBYET
COKpAILIEHHIO CPOKOB Pean3aliy MPOEKTOB, MUHUMHU3ALMH OIINOOK MPpH BEIOOpPE CPEACTB 3allIUTHI, a
TaKe MOBBIMICHUIO HHPOPMUPOBAHHOCTH NMPH (POPMHUPOBAHIH OTUETOB.
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YK 621.039
HNCCIEAOBAHUE KOJIMYECTBEHHBIX XAPAKTEPUCTUK TYPBYJIEHTHOCTHU
BHYTPUPEAKTOPHBIX IOTOKOB C IPUMEHEHUEM METOJA MATPHUYHON
KOHAYKTOMETPUHA
KOHOBAIJIOB U.A., BAPUHOB A.A., YHECHOKOB A.A., XPOBOCTOB A.E., MAKAPOB M.A
Huboicezopoockuti cocyoapcmeentbiii mexuuueckutl ynusepcumem umenu P.E. Anexceesa
(Huorcnuti Hoseopoo, Poccutickas @edepayus)
AnHotamusi. B pa0boTe mpencTaBieHbl pe3yJIbTaThl CEPUU SKCIEPHUMEHTAIBHBIX HCCIICAOBAHUN C
[EeNBI0 OTpeeNieHNs] MacITadoB TYpOYJIEHTHOCTH Ha OCHOBE IAHHBIX, IOIYYaeMbIX C MOMOIIBIO
TpaccepHBIX  METOJOB HW3MEpPEeHHWHd Ha TpPHUMEpPEe  HCIOJIB30BAaHUSA  KOHAYKTOMETPHUYECKOMH
U3MEPUTEILHOW CcUCTeMbl. M3J0XKeHHass MeETOAMKa O0pa0OTKH 3KCIEPUMEHTAIBHBIX JTaHHBIX
MO3BOJIMJIA TIONYYATh OIICHKHM YACTOTHBIX W MPOCTPAHCTBEHHBIX MacmTaboB TypOyIEHTHOCTH,
JTAIOMINX XOPOIlee COOTBETCTBHE C TEOPETUIECKIMHE 3HAYCHUSMHU. Pe3ynbTaTsl mpoaeTanHoil paboThl
MOTYT OBITh HCIOJIB30BaHBI TPH BHIOOPE BATUAAIMOHHON METPHKH JUIsl PACUETHBIX MOJEICH
cemeticta LES.
KiioueBble cioBa: TPOCTpaHCTBEHHAas KOHAYKTOMETPHS, TypOYJIEHTHOCTh BHYTPHUPEAKTOPHBIC
MTOTOKH.

STUDIES OF NUMERICAL ESTIMATE OF CHARACTERISTICS OF TURBULENCE OF
REACTOR FLOWS WITH APPLICATION OF MATRIX CONDUCTOMETRY METHOD
I.LA. KONOVALOQV, A.A. BARINOV, A.A. CHESNOKOV,

A.E. KHROBOSTOV, M.A. MAKAROV
Nizhny Novgorod State Technical University named R.E. Alekseev
(Nizhny Novgorod, Russian Federation)

Abstract. In this paper results of series of experimental studies aim to determining turbulence scales
based on data, obtained by tracer measurement methods on the example of application of
conductometry measurement system are shown. Presented methodology of experimental data
processing provided to obtain spatial and frequency scales of turbulence, which are correspond to their
theoretical values. Results of this work may be used with choose of validation metrics for LES models

Keywords: spatial conductometry, turbulence, reactor flows.

AKTyallbHOUW 3afauedl Ui COBPEMEHHOM aTOMHOW SHEPreTHKH SIBISIETCS OOecreueHre
OesomacHocTd W 3G (EKTUBHOCTA OKCIUTyaTallid WHHOBAIIMOHHBIX SIIEPHBIX JHEPTEeTHYECKUX
ycTaHoOBOK (SIDY), uTo BieueT 3a cOO00M HEOOXOAUMMOCTh Pa3pabOTKH HOBBIX CHCTEM 0€30IMaCHOCTH,
OCHOBAaHHBIX HAa TMACCHBHBIX TMPHHIUNAX JeicTBUsA. Ilpn 3TOM, B OKCIUTyaTallMOHHBIX H, B
OCOOCHHOCTH, aBapUIHBIX pEeXHMax pPadOThl PEaKTOPHOW YCTAaHOBKH HECTAI[MOHAPHOCTH
MPOTEKAIONINX THUAPOJAUNHAMHUYECKUX W TEIUIOBBIX IPOIECCOB MOXET OKa3blBaTh CYIIECTBEHHOE
BIUSHUE Ha cOCTosHUE ieMeHToB SQY [1]. Yuer naHHOH OCOOCHHOCTH HE BCErJa BO3MOXCH
CTaHIApPTHBIMH CPEJICTBAMHU BBIYUCIUTEIHFHOW THAPOJWHAMUKH, OJHAKO peIIeHHeM JIaHHOM
MpoOJIeMbI MOXET CTaTh npuMeHeHne LES mopeneit TypOyneHTHOCTH, MONyYaroImmux Bce Oojee
IIMPOKOE paclpOCTpaHEHHWE B TMOCIEAHHE TOoJbl. TeM He MeHee, NMPHUMEHUTEIBHO K BOIpOcCam
obecrieyenust Oe3onacHoctd S0V, wucmonmbzoBanume LES Mmertoma HeBo3MOXHO 0e€3 MpoBeACHUS
BaJIMIAllMU ¥ BEPU(PUKAIINH HA IIIUPOKOM CIIEKTpPE IKCIIEPUMEHTAIBHBIX PadoT.

B wuccnenoBarenbckoil MpakTHUKE Ui M3YYEHUS XapaKTEPUCTUK TYpOYJCHTHBIX MOTOKOB
HIMPOKOE PACIpPOCTpPaHEHHE TOJNYYMIIM TpaccepHble MeToabl u3MepeHuid. OcHOBHOe TpeboBaHMe
TaKUX METOJIOB — HaJIMUHe HEKOTOPOU MACCUBHON CKANSIPHON (DYHKITUH, KOHBEKTUBHBINA MTEPEHOCHMOMN
BMeCTE C Tekymel cpenod. IIpm 3TOM HM3MEpUTENBHOW CHUCTEMOM PErMCTPHPYIOTCA ITyJbCAIH
MEPEHOCUMOH € TIOTOKOM CKaISPHOM BEJTMYUHEI.

Jnist mpoBenieHnsT UcceAoBaHuK Oblila UCHOJIb30BaHa KOHIYKTOMETpHUYECKas U3MEepUTEIbHAs
CHCTEMa: TNPOCTPAHCTBEHHbIE KOHAYKTOMETPUYECKHE MJAaTYMKH CETYaTOH KOHCTpyKumu [2] u
m3meputensHeli komruieke JIAJI-36 [3]. B kadecTBe mpuMecH HCIONB30BANach HE3HAYUTEIbHAs
koHIeHTparuss pactBopa coiau  (NaCl wimm  NapSOs). HccnemoBaHusi NPOBOAMINCH B
AKCIIEPUMEHTAIbHOW Mojenu (puc. 1), mpeacTaBmusonieil cooor kanan kBajparHoro ceueHus S0x50
MM, B KOTOPOM TIPOHMCXOJUT CMEIICHHE CIYTHBIX TIOTOKOB C pa3iIHYHBIMH  yJeIbHBIMU
MPOBOJMMOCTSIMH, CO3/IaBACMBIMH TIPUMECKIO.
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Puc. 1. DxcriepuMeHTaNBHAS MOJIEITH

B pesynbrate 00pabOTKH SKCHEPUMEHTANBHBIX AAHHBIX OBUIM TONYy4YEHBI CIIEKTPajbHbIC
OLICHKM TJIOTHOCTH MOIIHOCTH IMyJdbCAallMii KOHIEHTPAIMH, aBTOKOPPEISIUOHHbIE (YHKIUU
U3MEPHUTENFHOTO CHTHAJIA, THUCTOTPAMMBI pACIpeleNeHHs] IUIOTHOCTH BEPOSTHOCTH ITyJIbCALIUH
MPOBOJMMOCTH B 30HE CMEIIEHHSI, KOTOPBIE MCIIOJIB30BAUCH NPU JalbHEHIel OlleHKe MaciTaboB
TypOyJIEHTHOCTH.

B pabote mpezicTaBiIeHbl pe3ysbTaThl CEPUN IKCIIEPUMEHTOB, M3JI0KEH MOPSIOK IPOBEICHHS
WCCIIEIOBaHNH Ha Ja0OpaTOPHOM CTEHAE, NpOBeAeHAa 00pabOTKa CHTHAIIOB IPOCTPAHCTBEHHBIX
JATYMKOB, a TAKKE M3JI0KEHAa METO/IMKA OIICHKH MaKpo ¥ MHKpOMAcIITa00B TypOYJIEHTHBIX CTPYKTYP
B moToke. [loiydeHHBIC OIIEHKM NMPOCTPAHCTBECHHBIX W BPEMEHHBIX MAacCIITa0OB COTJIACYIOTCS IO
MOPSAAKY CO 3HAUYSHUSIMH, PACCUNTAHHBIMH TeOpeTHdecKH [4] (Tabm.).

Tabauua. TeopeTuueckue U SKCIEPUMEHTATBHBIE 3HAYCHHS YaCTOT OCHOBHBIX DHEPTOHECYIITUX

BHXpeil
XapakTepHas 4acToTa OrneHKa XapaKTepHOH YacTOTHI
Uncro Peitronmsica, Re-1073 OCHOBHBIX HEPrOHECYIINX 1o kputepuo Ctpyxans Sh =
suxpeit fo, T 0,2, T
19,0 0,55 0,88
24,4 1,02 1,04
28,4 1,03 1,20

Pesynbrarsl paboThl MOT'YT OBITh B JaJIbHEHIIIEM HUCIIOB30BaHbI IIPH BRIOOPE BaJIMIAIMOHHOM
METPUKH IS PacUeTHBIX Mojieneil cemeiictBa LES.
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YK 656.1
JIAATHOCTUPOBAHUE MEXBUTKOBBIX 3AMBIKAHUI B
TPAHC®OPMATOPE U OBYUYEHUE CBEPTOUYHBIX HEWPOHHBIX CETEN
I'POMBIKO W. JI, TAJTYIIKO B. H.
Benopycckuii rocy1apcTBEHHBIN YHUBEPCUTET TPAHCIOPTA,
(Comenb, Pecrybnrka Benapych)

AnHoTanus. PaccMOTpeHBbI METO/BI JUATHOCTUKU PA3JIMYHBIX JE(PEKTOB TpaHc(hopMaropa U Crocoo
WX KJIacCU(UKAIMU C MTOMOIIBIO CBEPTOYHBIX HEHPOHHBIX ceTed. [IpuMeHeHre NaHHBIX HEHPOHHBIX
ceTel TO3BOJMUT B pEXKHME pEAThbHOTO BPEMEHH TIIO3BOJHT AaHATU3UPOBATh HH(MOPMAIIHIO,
KJIACCH(UIMPOBATh pa3INdHbIe OTKJIOHEHHUS W IUArHOCTUPOBaTh JedekTsl. B pabore mpuBoguTCs
aHanu3 WHGOpMANUK Ui KilacCU(DUKAIMKA TaKMX IMOBPESKICHHH KaK MEKBUTKOBBIC 3aMBIKAHUS,
Mexaya3zHple KOPOTKHAE 3aMbIKaHUS, 1e(heKThl MEXIMCTOBONW HM30JISIIIMA MarHUTOIPOBO/IA, MECTHOE
3aMbBIKaHUE TUIACTHH CTAJIA M «OXKap» B CTaJIH.

KiarodeBsble c10Ba: MEKBUTKOBOE 3aMBIKaHUE, TPAaHC(HOPMATOp, HEHPOHHAS CETh, CTAPCHHUE U30JIALIUU

DIAGNOSIS OF INTER-ROLLER CIRCUITS IN THE TRANSFORMER AND
TRAINING OF CONVENTIONAL NEURAL NETWORKS
HRAMYKA I. L., GALUSHKO V. N.
Belarusian State University of Transport,
(Gomel, Republic of Belarus)

Abstract. Methods for diagnosing various defects of a transformer and a method for their
classification using convolutional neural networks are considered. The use of these neural networks
will allow in real time to analyze information, classify various deviations and diagnose defects. The
paper analyzes information for the classification of such damages as turn-to-turn short circuits, phase-
to-phase short circuits, defects in the inter-sheet insulation of the magnetic circuit, local short-circuit
of steel plates and "fire" in steel.

Keywords: turn-to-turn circuit, transformer, neural network, aging of insulation

OnnuM w3 Haumbonee pacHpOCTPAHEHHBIX CICACTBUM YXYIIIEHUS CBOMCTB M30JIALUH
ABISIFOTCS  MEKBUTKOBBIE 3aMbIKaHHMA. [IpM MEXBHUTKOBOM 3aMBIKAHUM H30JSLOUSI  OOMOTKH
HapylmaeTcss U MPOMCXOAUT €€ NMpoOOW MEXay BHTKaMH, YTO BIIOCIIEICTBHH MOXET NPUBECTH K
BBIXOJY M3 CTPOs TpaHcopmaropa.

OcHoBHBIMH (pakTOpamH, BIMSIOIIMMH Ha BO3HHMKHOBEHHE MEKBUTKOBBIX 3aMBIKaHUH B
TpaHchopMaTopax, SBISIFOTCS CTapeHHEe HW3OMSAIUH (MEXaHHYECKOe, TEIUIOBOE, DIIEKTPUYECKOe,
MEXaHMUYECKOe, XHUMHYECKOe), TIepeHanpshkeHus (aTMocdepHble, BHYTpPEHHHE, JyroBble) U
OpraHu3alys NPOU3BOJACTBA M OKCIUTyaTaluu (3aBOJICKHE AE(EKTHI, SKCIUTyaTallMOHHBIE Ie(EKTHl,
JeeKTHI TP KamuTATBHOM peMoHTe) [1].

[IpuBenem kpaTkuii aHanu3 HauboJee pPACIPOCTPAHEHHBIX TOBPEXKACHUNH CHIIOBBIX
TpaHchOpPMaTOPOB, BO3MOXHBIE NPUYHMHBI BO3HUKHOBEHUS, TPAJWLHOHHBIE CIIOCOOBI BBISBICHHMS.
[anee npuBeseM pe3yibTaThl 3KCIIEPUMEHTAIBHBIX HCCIEAOBAHMN IO BHIOOPY AMArHOCTHUPYEMBIX
napaMeTpoB i 00yUeHHS U JalibHEkIIeld paboThl HEHPOHHOM CETH.

B nanpHelieM ycIOBHO CrpyNITUPyeM HOBPEKACHUS CIETYIOUIM 00pa3oM:

1. MeXBHUTKOBBIE 3aMbIKaHHS, MEKAY(Pa3HbIe KOPOTKHE 3aMbIKaHUS,;

2. lehekThl MEKITUCTOBOW M3OJISIIIMM MAarHUTOIIPOBOJIA, MECTHOE 3aMbIKaHHME TUIACTHH CTaJN
U «I10%ap» B CTAJH.

[Ipr MEXBUTKOBOM 3aMBIKAaHHM HM30JSIIMS OOMOTKHM HapyLIaeTcsl U MPOUCXOOUT ee HpoOoi
MEXIY BUTKaMH, YTO BIIOCJEACTBUM MOXET MPUBECTHU K BBIXOY U3 CTPOs TpaHchopMmaTopa.

TennoBoit MeTOA KOHTPOJSI MO3BOJSET, HE BBIBOJS M3 paboThl TpaHchopMmarop, OBICTPO U
Oe3omacHO AJ1s1 MEPCOHANa BBISIBUTH HEHOPMAIBHBIA PEXUM PaboThl 0OopynoBaHus. OmHako ais
3TOr0 TpedyeTcsi HaJMuue AOBOJBHO AOPOroro 0OOpyHOBaHUS — TEIUIOBH30pa WJIM CIIEHUATBLHOTO
MUPOMETPA.

B xypuane «Pammo» [2] omumcan mpuOoOp, MO3BOJSIONINI ONMPENETUTh KOPOTKO3AMKHYTHIE
BUTKH B 0OMOTKax TpaHc(hopMaTtopoB M japoccenieil. OnucbiBaeMblii nprOOp HpeacTaBisieT coOoit
reHepaTop HU3KHUX 4acTOT, COOpaHHBIN Ha ABYX TpaH3UCTOpax. KOHCTPYKTHBHOE BBHITOIHEHUE CXEMBI
MPOCTOE, YTO IO3BOJISIET €ro coOparb Oe3 OONBIIMX MAaTEepHaTbHBIX W BPEMEHHBIX 3aTparT.
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HepmocratkoMm maHHOTO MpoOHWKA SIBISIETCS OTCYTCTBHE BO3MOXXHOCTH OJHO3HAYHOTO ONpEAETICHUS
BUJAa HEHUCHPAaBHOCTH OOMOTKU. TakkKe OTCYTCTBYET BO3MOXKHOCTb OTJIMUUTH MEXKBHUTKOBOE
3aMbIKaHHE OT 0OpbIBA LIEIH.

B 7 nomepe xypHama «Pammo» 3a 1990 rox [3] mpencraBieHa 3JIeKTpUYECKas CXeMa
MPOOHMKA I TIPOBEPKH OOMOTKH TpaHC(HOPMATOPOB M APYTUX KaTyIIeK MHAYKTHBHOCTHIO OT 200
Mkl'H mo 2 I'm. JamHasg cxemMa HEHaMHOTO CJOXHee mpenpiaymeii. OHa maeT BO3MOXHOCTB
OJTHO3HAYHO OTPENENNUTh BHJ HEUCTIPABHOCTH — OOPBIB LEH UIIM KOPOTKOE 3aMbIKaHHE.

U3meHeHne Toka HaMarHWMYMBaHUS, KOA(QQHUIHMEHTa MOLIHOCTH M TOTEPh XOJIOCTOTO XOJa,
JOIOJTHUTENbHBIE MOTEPU KOPOTKOTO 3aMbIKaHMA WIH OTIMYUE CONPOTUBICHHH OOMOTOK
TpaHchopMaropa CBHICTENBCTBYIOT O BO3MOXKHOM IIOSIBICHHM MEKBUTKOBOTO  3aMbIKaHMS.
W3mepeHne OSTHX BeNIWYMH NpEANoyiaraeT OTKIIOYEHHE Harpy3kd TpaHcopMaTtopa, dTo
HEXKENNaTeNIbHO C 9KOHOMHYECKOM TOUKHU 3PEHUSL.

Takum oOpazom, amarHocTka aeeKkToB TpeOyeT OTKIIOYeHHs TpaHCchOpMaTOpOB, UYTO
npeicTaBisieTcsi Oojiee 3aTpaTHBIM M MEHee OmnepaTtuBHBIM. [lo3TOMy mNpHMEHEHHE AaTYUKOB
COOTBETCTBYIOIIMX MapaMeTpaM TpaHchopMmaropa JUis HEHPOMOAENIH MO3BOIUT aHAaJIM3UPOBATH
JaHHbIe 0€3 OTKIIIOYEHUS U YKa3bIBaTh HA PaHHEH CTaluy HAINYKE TOBPEXKICHHUM.

B cunoBeix Tpancdopmaropax € MacCISHBIM OXJKICHUEM MEKBUTKOBOE KOPOTKOE
3ambikanue (MK3) oOHapykuBaeTCs MO BBIICIICHUIO TOPIOYETo ra3a B ra30BOM pelie U paboTte pere Ha
CHUTHQJI WIM OTKIIOYeHHe. B cyxux TpaHcopMaTopax BOIPOC ONPEAETCHUS 3aMBIKAHUS MEXIY
BUTKaMH OOMOTOK aKTyaJieH U MOXKET IIPUBECTH K HEIIIAHOBOMY BBIXOZY M3 CTpOs TpaHc(opmaTopa u
OTKITIOYEHUIO MOTPeOUTENICH OT CHCTEMBI SIIEKTPOCHA0KEHHSL.

B kauectBe 00BEKTa MCCIEAOBAHUS HCIOIB30BAIUCH OJHO(A3HBIE TpaHC(HOPMATOPBHI MaJIOH
MOIIHOCTH C BO3AYIIHBIM OXJaXICHHEM. B Xome 3KCIIeprMEHTOB NpH W3MEHSIOLIEHCS Harpyske
TpaHchOopMaTopa BBIMTOIHIIOCH MEKBHTKOBOE 3aMBbIKAHUE PA3IUYHOTO YUCIa BUTKOB Ha OIHOM (asze
MIEPBUYHONW U BTOPUYHOM 00MOTOK. Cxema IKCIepHMEHTaIbHON YCTaHOBKH MO uccienoBannio MK3
Tparcdopmaropa npeacTapaeHa Ha puc. 1.

T1
’ l l

~2208 SHepromeTp — SHepromeTp — R

> Arduino — MicroSD

1

1

|

|

: A
| Jatumk
|

|

|

|

|

|

Temneparypsbl

INEKTPOHHbIN
HOC

Puc. 1. Cxema 3KcriepUMEHTAIBHON YCTaHOBKH 110 uccienoBannio MK3 tpancdopmaropa

OtcrnexxuBas B peXUME peabHOTO BPEMEHH BO3MOMKHBIE TEKYyIIHE COOM, MOKHO CHH3HTH
KOJINYECTBO HEIUIAHOBBIX PEMOHTOB M OTKa30B YKa3aHHOTO 00OPYAOBaHMS.

[Ipn mpoBeneHNH 3KCHEPUMEHTANBHBIX HCCIENOBAHMH OBUTM MPEIYCMOTPEHBI CIEIYIOLINe
MEPOTPUATHS:

— MK3 npoBoamiuce B pekuMe peatbHOro BpeMEHH Ha MEPBUYHON M BTOPUYHOM 0OMOTKaX
onHO(azHOTrO TpaHc(opMaTopa C BO3AYIIHBIM OXJIAKICHUEM;

— MK3 BBINOJHAIOCH HA ABYX-, ISITH- U IECSITH BUTKAX;

— OCYIIECTBIISIIACH PETUCTPAIIHS C TIOMOIIBI0 MPUOOPOB M AATYMKOB, BHEITHUN BUJ KOTOPBIX
npecTaBiIeH Ha puc. 2.
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a o 8

Puc. 2. IlpumenseMoe pHu SKCIIEPUMEHTE 000pYI0BAHHE U MPHOOPHI:
a —sHepromerp PZEM; 6 — natunk temneparypsl MLX90614ESF; ¢ — «3nekTpoHHbBIN HOC»

B Toxe Bpems mpoBoausIcs aHaN3 HH(OPMAILIUH C UCTIOJIB30BAaHNEM CIICAYIOIINX TaHHBIX:

— HalpsHDKEHUH M TOKOB TIEPBUYHON U BTOPUIHOW 0OMOTOK;

— aKTHBHBIE, PEAKTHBHBIC U ITOJHBIE MOIIHOCTH 10 BEICOKOH M HU3KOW CTOPOHE
TpaHcdopmaropa;

— QHAJIM3HPOBAJICA COCTAB OKPY’KAIOIIETr0 BO3yXa Ha HAJIMYME YaCTHUII 3aJIbIMJIICHUS OT JlaKa U
OyMa)KHOU M30JISIIKHU C TIOMOIIBIO YCTPOUCTBA «AJIEKTPOHHBII HOCY;

— uU3MepsUIach Temreparypa B 30He K3 u Ha ynajgeHun 5 cM 0T 00MOTOK;

— IPOBOAMIIOCH OCUMILIOrpadUpOBaHUE U PA3TI0KEHHUE 10 TAPMOHUKAM KPHUBBIX TOKA U
HaNpPsDKCHUS,

— BBIMIONHEHO Oosee 500 u3MepeHuit Mpu HOPMAJIBLHOM PEKUME PA0OTHI U ITPU MEKBUTKOBOM
3aMbIKaHHUU C UHTCPBAJIOM B 1 CCKyHAY IIpH 7 PAa3JIMYHBIX aKTUBHBIX U aKTUBHO-UHAYKTHUBHBIX
Harpyskax;

— MOITyYaeMble Pe3yNIbTaThl MPHOOPHOTO yueTa (PUCYHOK 3, 4, 5) uepe3 aHanoroBo-nudpoBoi
mpeoOpazoBaTesb MOCTYIIANH Ha BX0 B mporpaMmmy MATLAB B kadecTBe MCXOMHBIX JaHHBINA AJIS
HEHPOMOJIENH C LENbI0 e 00YUYEeHUS U aHaIn3a HHPOPMALIUH;

— ¢ nomotkio RLC-meTpa onpenensiuck napameTpbl 00MOTOK TpaHchopMaTopa.

HCCT36I/IHI>HOCTI) CCTCBOI'0 HAIPsKCHHA CHUJIIBHO BJIMACT W Ha OCTaJbHBIC IIapaMCTPLI.
[losToMy nIsi MUHMMH3aUM{ JAaHHOM HECTaOMJIIBHOCTH HEOOXOOMMO aHAJM3MPOBAaTh HE KaxIbIH
napameTp o OTACIbHOCTH, a MX OTHOIICHUS MEXIY NEePBUYHOW M BTOPHUYHOH OOMOTKAaMH, YTO
HECKOJIbKO YMCHLIIACT 3alllyMJICHHOCTb MCXOJHBIX JaHHBIX HpI/I60pHOFO yue€Ta U MO3BOJIACT 60Hee
yetko 3ametutb MK3 (puc. 6 u 7). B ompiTe MEXBHUTKOBOIO 3aMBIKaHUSI HAa MEPBUYHOW OOMOTKE
KOJINYECTBO H3MEPEHHI HaMHOI'O MEHbBILIE M3-32 OYEHb OBICTPOrO pPOCTa TEMIIEPAaTyphl U Kak
CJIEJICTBUE ONACHOCTH BBIBOJIAa M3 CTpOsi OOMOTKM TpaHcopMaTopa, 4YeM IpH MEKBUTKOBOM
3aMbIKaHUHU Ha BTOPUYHON 0OMOTKE U HOpMaIbHON padoTe.

Smoke,
0.€.
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Puc. 3. I'paduik 3aBUCMMOCTH KOHIIEHTpaIuu JbiMa ipu MK3
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Puc. 4. I'padux 3aBucumoctu temmeparypsl mpu MK3
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Puc. 5. I'paduk 3aBucUMOCTH akTHBHON MotHOCTH 1pr MK3
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Puc. 6. I'paduk 3aBucMMOCTH OTHOIIEHUs HanpsbkeHuit npu MK3
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Puc. 7. I'paduik 3aBUCMMOCTH OTHOIICHHH TOKOB Iipu MK3
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Ha ocHoBaHMHM TpaduKOB OTHONICHWH HANPSIKEHWUH NpPH MEKBUTKOBOM 3aMBIKAHHU B
MEPBUYHOW WJIM BTOPHYHOH OOMOTKAaxX MOXKHO CZeJaTh BBIBOJ, HA KaKOM M3 OOMOTOK MPOW3OIILIO
MEXBUTKOBOE 3aMbIKaHHE.

I[Mpu MK3 peructpupyercst (RLC-meTpoM) 3HaYMMOE CHIKCHHE HHIAYKTUBHOCTEH cpasy
MIEPBUYHOW W BTOPUYHON OOMOTOK, a TaKXkKe CYNICCTBEHHOE YBEIUYCHHE aKTUBHOTO COMPOTHUBIICHUS
cepAcyHMKa (M3 OMBITa XOJIOCTOTO XOa).

OTMeueHO, YTO B OTJIMYHE OT CKAYKOB CETEBOTO HAIPSDKEHUS TpaduK MOTPEOICHHUS aKTHBHON
momrHoctH mpu MK3 wmmeer cnoxsblii xapaktep. OH COJACP)KUT MUHHMYM TPH COCTaBISIOIIUC
AKCIIOHEHTHI, KOTOPHIE YIUTHIBAIOT HHIYKTHBHOCTH OOMOTOK M CepJIeYHHKA (PUCYHOK 8).

3 T T T T T T T T T
SSE: 0.7099
R-square: 0.9516
Adjusted R-square: 0.9503
RMSE: 0.05642
25 . WUcxogusie nanmbie -
P1{1)/P2(t)=3.75" exp(-0.07 37"1)+0.68 37" exp(-2.334e-05"t)-4.597" exp(-0.09954°1)+1.321

P1(/P2(t)

t c
| Il | Il | | Il | it ]
0 50 100 150 200 250 300 350 400 450 500
t

Puc. 8. Pe3ysbraThl CTaTHCTHYECKOTO aHANM3a B iporpamme Statistica ornomenus P1/P2 npu MK3

0

Takum obpazom, st ogHOGA3HOTO TpaHChOopPMATOPa ¢ BO3MYITHBIM OXJIAKICHHEM OpPOHEBBIM
WIN CTEP)KHEBBIM CEPACYHMKOM U KJIACCOM H30JIIIMM OOMOTOK Y W A YCTaHOBIIEHO, YTO Hambosee
3HAYMMBIMHU HCXOIHBIMHU JIAHHBIMH JJIs1 HEHPOMO/IEIH SIBIISIIOTCS CIIEYIOLIHE:

— TeMIlepaTypa Ha noBepxHoctu o0MoTok (mpu MK3 cpenumii rpaiueHT TemnepaTypsl B 30He
MK3 cocrasun okono 35°C/Mun);

— OTHOUICHHWE TOKOB, HANPSUKEHUH M AaKTHBHBIX MOIIHOCTEH NEPBUYHOW M BTOPUYHOU
00MOTOK;

— COCTaB OKPYXKAaIOIIEro BO3JyXa Ha HAJIMYME YaCTHIl 33JbIMJICHUS OT Jlaka M OyMaskHOH
W30JISILIHH.

JlaHHBIE JAaTYMKOB HCHONB3YIOTCS B KadeCTBE MCXOAHBIX HAHHBIX MJIS CBEPTOYHBIX
HeHpOoHHBIX ceTeil. CaMblii MOMYNSAPHBIA BapuaHT MX WCIMOJL30BaHUS — 3TO 00pabOTKa W aHalu3
n3o0paxxeHnii. B HameM cirydae OHM TO3BOJISIOT Ha OCHOBE MH(OpMAIMHU, TPEICTABICHHON B BHJIE
MHOXXECTBA H3MEHSIOIIUXCS B PEAJbHOM BPEMEHU TIpadUKOB (YACTUYHO NPHUBEIEHHBIX BBILIE)
aHaATM3UPOBATh JaHHBIE. Takoi BHJ UCTIONB30BAHHUS JaHHBIX MMO3BOJISIET YCTAHOBUTH MHOKECTBEHHBIE
B3aUMOCBSI3U MEX]y OTACTbHBIMH (PaKTOpaMH W, IPUMEHSS HOPMUPOBAHHBIC IaHHBIE, HCIIOJIH30BATh
uX 47151 OBICTPOM HACTPOMKH K JPYTUM CHIIOBBIM TpaHc(hOopMaTopam.

Ha puc. 9 npusenen pesynbraT oOyueHHS W NPUMEHEHHs] CBEPTOUHBIX HEHPOHHBIX CETEM,
MIPUYEM BEPOSITHOCTH pacrio3HaBaHus coctaBmia 99,9%.
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Training on single CPU.
Initializing input data normalization.

I |
| Epoch | Iterationm | Time Elapsed | Mini-batch | MHini-batch | Base Learning |
| | | (hh:mm: ss) | Bccuracy | Lass | Rate |
I |
| 1] 1| Q0:00:00 | 38.28% | 1.0837 | 0.0100 |
| | 50 | Q0:00:1% | 100.00% | 0.0054 | 0.0100 |
| 17 | 100 | 00:00:38 | 100.00% | 0.0027 | 0.0100 |
| 25 | 150 | Q00:00:58 | 100.00% | 0.0009 | 0.0100 |
| 30 | 180 | Q00:01:08 | 100.00% | 0.0008 | 0.0100 |
I |

Puc. 9. Pe3ynbrarsl 00y4eHUs] 1 IPUMEHEHHsI CBEPTOYHBIX HEMPOHHBIX CeTeH

Hayuynas HOBM3Ha MaTepuajga CTaTbd 3aKJIIOYaeTCs B INPAKTUYECKOM IPUMEHEHUHU
CBEPTOYHBIX HEMPOHHBIX CETEH, KOTOPHIE B PEKUME PEaIbHOTO BPEMEHHU aHAIN3HUPYIOT HH(OPMALHIO,
KJIacCU(UIMPYIOT pPa3IUYHble OTKIOHEHWs M AMArHOCTUPYIOT OIpeAeNieHHBId BHJI Jedekra.
[IpakTrdeckass 3HAYMMOCTH 3aKJIIOYAECTCS B CHIKCHHUHM HEIUIAHOBBIX OTKA30B, 3a01aroBpEeMEHHOM
OpeaynpeXIeHUH O Pa3BUTHM NOBpexkAeHus. B pabore mpuBoautcss aHanu3 uHpOpManuu Ais
KJIacCU(UKAIMM TaKUX IOBPEXKICHUN, KaK MEXBUTKOBBIC 3aMBIKaHUs, MEXKIy(da3zHble KOPOTKHE
3aMBIKaHUS, JeQEKThl MEXIHCTOBOM N30JISIIUA MAarHUTOIPOBO/Ia, MECTHOE 3aMbIKaHUE IIACTUH CTalld
U «IOXap» B CTANH.
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YJIK 004.6+534-16
AHAJIN3 BUBPAIIMOHHBIX CUTHAJIOB ITPU ABAPUMTHO-OIIACHOM
CUTYALIUU HA JTETAHJAEPE
BPAHIIEBIY II. 1O.
Yupesicoenue obpasosanus “benopycckuil eocyoapcmeenusiii yHugepcumem uHGOpMamuxu u
PaAouoIIeKmporHuKu”’
(Munck, Pecnybauka Benapyco)

AnHotanusi. COBpEMCHHBIC KOMITBIOTEPHBIC WJIM BCTPAaUBACMBIC CHCTEMBI TO3BOJISIFOT MOJyYaTh
JUTMHHBIE (AECATKM MUWHYT, 4Yachl, CYTKH) peaJH3ald BHOPAIMOHHBIX CHUTHAJIOB, KOTOPBIE
HENPEPHIBHO OTPAKAIOT BHOPAIIMOHHOE COCTOSHHE HCCIEAYeMOr0o MEXaHH3Ma B Pa3HBIX PeKHMax
pabotel. [lomyueHHble OonblMe OOBEMBI JAHHBIX MMOJBEPralOTCs OBICTPOH aBTOMATU3UPOBAHHOM
00paboTKe, ISl TPeAOCTaBIEHUS TIOJIB30BATENI0 TpeOyemMoil nHpopMauu U GOPMYITHPOBKH BHIBOOB
00 M3MEHEHNN TEXHUYECKOTO COCTOSTHUS KOHTPOIHPYEeMOro o0bhekTa. CpaBHHBAIOTCS Pa3IOKEHHE Ha
NEPUOJNUECKYI0 U HIYMONOAOOHYIO COCTaBIISIOIIUE, IMOJOCOBOM CIEKTPajbHBIH aHaIN3, BEHBIET
aHanmm3, mnpeoOpasoBanue [unpOepra-Xyanra, Kak crmocoObl TMEPBHYHOTO aHajdW3a HCXOAHBIX
BUOPAIMOHHBIX CHUTHAJIOB, TOJYYEHHBIX IPW BO3HHUKHOBEHHWH AaBapUHHO-OIMACHOW CHUTYallud IIPH
pabote neranaep-reneparopHoro arperata (I'A).
KaroueBble cioBa: BUOpaIysi, CUTHAI, aHAIIN3, CIIEKTP, BEWBJIET, MO/, MPeoOpa3oBaHHe.

ANALYSIS OF VIBRATION SIGNALS IN AN EMERGENCY
SITUATION ON DETANDER
BRANCEVICH P.J.
Belarusian State University of Informatics and Radioelectronics
(Minsk, Republic of Belarus)

Abstract. Modern computer or embedded systems make it possible to obtain long (tens of minutes,
hours, days) realizations of vibration signals, which continuously reflect the vibration state of the
investigated mechanism in different operating modes. The received large amounts of data are subject
to rapid automated processing, to provide the user with the required information and formulate
conclusions about changes in the technical state of the controlled object. The decomposition into
periodic and noise-like components is compared, band spectral analysis, wavelet analysis, Hilbert-
Huang transform, as methods of primary analysis of initial vibration signals, received when an
emergency situation has arisen during the operation of the expander-generator unit (EGA).

Keywords: vibration, signal, analysis, spectrum, wavelet, mode, transformation

Beenenue

Jlnst monmydeHust nHGOpMaIy 0 BUOPAIIMOHHOM COCTOSIHUM KOHTPOJIHPYEMOTO 000py10BAaHHS
U €ro aHaln3a B HACTOSIIEE BPEMs ILEIECOOOpa3sHO MPUMEHEHHE H3MEPUTEIbHO-BBIYHUCIUTEIBHBIX
KOMIUIEKCOB M CHCTE€M, CHUCTEM paclpeiei€HHOro cOopa ¥ I[EHTPaIM30BaHHOW 00pabOTKH,
NO3BOJISIIOIIMX ~ HENPEPBIBHO  OTCIICKUBATH COCTOSHHE O00BEKTa, (UKCHpOBaTh peiaKue U
KPAaTKOBPEMEHHBIC AaHOMAIIBHBIC CHUTYallMH, XPaHUTh OOJbIIHE OOBEMBI ITOJYYEHHBIX JAHHBIX,
pean30BbIBATh Pa3HOOOPA3HBIC AITOPUTMBI 00pPAOOTKU U JHArHOCTHPOBAHMS. BOMpPOCk MOCTpoeHHs
TaKUX CHCTEM Ui Ieliell KOHTpois oOIIiero YpoBHS BHOpaiuu, €€ OTAENbHBIX CIEKTPaTbHBIX
COCTaBJIAIOMINX, BHOPAIIMOHHBIX XapaKTEPUCTHUK ITyCKOB M BHIOETOB B OINpPEICICHHON Mepe
npopaboTansi [1-5].

OZIHI/IMI/I u3 HaI/I6OHee SQ)Q)CKTHBHBIX, SABIIAIOTC  MHOI'OKAaHAJIbHBIC CTallMOHAPHBIC
U3MEPHUTENIbHbIE KOMIBIOTEPHBIE KOMIUICKCHI WM CHCTEMBI Ui HENPEPHIBHOIO BHOPALMOHHOTO
KoHTpoJsi. OHM moidydaroT nHdpopmanuio pasnmuuHoro tuna (CK3 oOmiero ypoBHs, CIEKTpajbHBIC
cocTaBisolIne BHOpaiuu, (a3oBble BEKTOpa, THUCTOTPAMMbI paclpeiesieHnid u T. [.) Tpu
HETIPEPhIBHOW paboTe M COXPAHSIOT JJIMHHBIC PEATN3aluy MOJTYUYSHHBIX JaHHBIX, 8 TAKXKE BBITOIHSIIOT
(GYHKIMU TIpeAyNpequTeNIbHOM CHTHAIM3AIMA M 3alUThl. Takod pexuM paboThl oOecrednBacT
KOMIUIEKCHBIH KOHTPOJIb TEXHHYECKOTO COCTOSIHUSI 00BEKTa M MO3BOJISIET OOHAPYKUBATH JIaXkKe PEIAKO
IMPOUCXOAAIINE aHOMAJIbHBIC CUTYyalluHu, YTO CHOCO6CTByeT BBIABJICHUIO 3apOXXKAAarOIINXCA lle(i)eKTOB
Ha CaMbIX PaHHHUX CTaIusX. Takue CUCTEMBbI MMEIOT OTHOCHUTEIBHO BBICOKYIO CTOMMOCTB. OJHAKO
HeHeCOO6pa3HOCTB HX IMPUMECHCHUS HCCOMHCHHA Ha DKOHOMUNYCCKHN BaXXHBIX U JOPOIrUX TEXHUYCCKUX
oObekTax [2-6].
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Crnioco0b1 00padoTKN BHOPAIMOHHBIX CHTHAJIOB NPH aHAJM3e aBapuiiHOH cutyanun Ha /ITA

[Ipu sKcruTyatanuy CIOXHBIX MEXaHW3MOB W arperaroB POTOPHOTO THIIA C TIOMOIIBIO
MITATHBIX ~KOMIBIOTEPHBIX HM3MEPUTEIHHO-BRIYMCIUTENFHBIX KOMIUIEKCOB —pEIIafoTCs — 3aJadu
TEKyLIero BUOPAIIMOHHOTO KOHTPOJS, MOHHTOpMHra M 3amuThl [2,6]. PaccMoTpuMm cutyauuio
W3MCHEHHS BHOPAIIMOHHOTO COCTOSIHHSI JeTaHmep-reHepatopHoro arperara (/I['A) mpu n3mMeHeHUH
pexkuMoB ero dkcinryatarmu. I'A coctouT u3 reHepartopa (4 TOYKM KOHTPOJISA, BEPTHKAIBHBIE U
TOPU30HTAJIbHBIC HAIPABICHUs] BHOPAIMH IMOJIIMITHUKOBBIX OIOP); PEAYKTOpa, OCYIIECCTBISIONIETO
MOHMKEHUE YaCTOThI Bpaienuss Bana ¢ 9600 muu? (160 T'm) mo 3000 mum™® (50 T'm) (3 Touku
KOHTpOJIAA); TypOoneTanaepa (TypOuHBI), (GYHKIIMOHUPYIONIEH Ha OCHOBE HCIIOIB30BAHUS SHEPTHH
nepenajga AaBIEHUS MPHUPOTHOTO Ta3a, MPU €ro JIPOCCENIMPOBAHWUHU Mepen CxXHUranueM (3 TOUKH
koHTpost). Yactora Bpamuienus Bana Typouns 9600 mun (160 ).

Bo Bpems skcmuryaranmu JII'A B ompeneneHHBIX pekKuMax ero pabdoThl MITaTHOW CHCTEMOM
BHOPAITMOHHOTO KOHTPOJIA [6] ObutH 3adukcrpoBansl (akThl CKAYKOOOpPa3HOTO W3MEHEHUS CPETHETO
kBagpatuyeckoro 3HadeHus: (CK3) BHOpPOCKOpOCTH BEPTHKAIBLHOTO HAampaBieHUs TypOoneTaHaepa
(puc. 1). IlepponuvHOCTs ONpoOCa KAKIOTO IaTYNKA BUOPAIUH 2 CEKYH/IbI.

s P =] Bepruxank . O&uwaiAa ypoEReHE EBEUMSPOCKOPOC TIA

o H : : H
144 1m5S3c 144w SmSic 1944w 9md49c 1441 3ma48c Bremna
96092 .1 903 .8 2603 .8 9598 .6 A08o0P
MNoawHnHuK 1 5.29
MoawrunHu® =2 1.64 os
Mo muAariH K 4 1.689 oFoTH 3604

Puc. 1. U3zmenenne CK3 BubpockopocTu B TOUKax KOHTpoJs npu padore JI'A.
Ckauku CK3 BUOPOCKOPOCTH JJIsl TOUKH BEPTUKAILHOT'O HAIIPABICHUN KOHTPOIIS BUOPAIIH TYPOUHBI

Jlns BBIAICHEHWS TPHUYUH BO3HUKHOBCHHS TAaKOW CHUTYaI[MM 3aperHCTPUPOBAH, a 3aTeM
NpOBEJIEH aHallM3 HENpPEphIBHOTO BUOPAIMOHHOTO CHUTHada [7], BO30YXKIaeMOro Ha KOpIyce
TypOOJeTaH/Iepa BO BpeMsl aBapUHHO-OMACHBIX curyarmii. OOpaboTka TOIYYEeHHOTO CHTHAla
BBITIOJIHEHA Pa3HBIMHU CIIOCOOAMU: yCpeJHeHHEe BO BpeMeHHOW oOmactu [8]; BeiiBner anamus [9,10];
pa3joXeHHe Ha IEePUOJMYECKYI0 M IIyMONoaoOHy cocrapisitomue [11,12]; momocoBoit
crieKTpanbHbIN aHanu3 [13]; npeodpasoranue ['mindepra-Xyanra [14].

Ha puc. 2 npezacraBieH BHOpAIMOHHBIH CUTHAT B EIUHUIAX BHOPOYCKOPEHHS st
BEPTUKAIBHOTO HampasieHus TypOuHbl J[[’A B HOPMAaJIbHOM M aBaApUITHO-OMACHOM PEKUMAax PabOTHI.
ONBITHBIA CIIENUATUCT B OONAacTH BHOpAalMH MOMKET 3aMETUTh HEKOTOphIe W3MEHEHHUS (OPMBI
CUTHaNa, OJHaKo, Takue mapameTpel kak CK3, muk-dakrop, 3kciecc, acumnrora (puc. 3) He
MIpPEeTepIieN CYIIeCTBEHHBIX m3MeHeHn. OTHAKO Ha aMIUIUTYTHBIX M ITOJIOCOBBIX crekTpax (rmar 50

I'11) 3aMeTHBI CyIIeCTBEeHHBIE OTIINYHSI, 00yCIIOBIIEHHBIE TIOABIEHNEM HU3KOYACTOTHOMN COCTABIIAIONIEH
(puc. 4,5).
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Puc. 2. BuGpauuoHHblii curHan (u/c?) B TOUKe KOHTPOIS BEPTHKAIBLHOTO HATIpaBJIeHHs Typounsl A
JUTSI HOPMaJIbHOTO W aBapHHHO-OMACHOTO PEKUMOB paboTHI (0ch abCIyce — BpeMsl B CEKyH/ax)

RMS
W B e |
o
W20 W0 AN 7000 U0 8200 W0 A 000 20000 21300 21800 24N 000 Z600 2430 24800 SA0 2000
CrestFactors

930
[} =

135,200 13,800 18 400 17 000 17 000 18.200 16,800 12 200 20,000 20,000 21200 21,800 22 200 23000 23 000 24200 24500 25 200 20,000 20,000
Asymptotes
0248

Excesses

p.ase

NPV NSy WS il M TN VR

15200 15,800 18,400 17 000 17800 18200 18,800 15 400 20,000 20,800 21200 21,800 22 40 23000 23,800 24200 24800 25,400 28,000

Puc. 3. Bpemennsie tpenapl napametpos (CK3, nuk-hakTop, aCUMIITOTa, YKCIIECC) UCCIELyEMOTO
BHOpOCHTHANA (M/c?) B TOUKE KOHTPOIIS BEPTHKAIBHOTO HATIPABJIeHUs TypOuHbI mpu epexone JATA
13 HOPMAJIBHOTO B aBapUIHO-OMIACHBIH peskuM paboThI (0Ch a0CKCC — BpeMsl B CEKYHAAX)
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Puc. 4. AMIIIATYIHBIE CIIEKTPBI BUOPAIIMOHHOTO CHTHAJIA B €IMHHIIAX BUOPOyCcKoperns (m/c?) B
TOYKE KOHTPOJISI BEPTHKAIBHOTO HanpasieHus Typounsl J'A s HopMaabHOTO (BepXHU rpaduk) u
aBapUITHO-0MACHOTO (HIKHUK IrpaduK) pe:xUMOB padoThI (0Ch abCIMCce — yacToTa B 1'11)

Puc. 5. [TonocoBeie aMmuTygHbIE ClIeKTphl BuOpanuonHoro curnana (CK3) B ennHumax
BHOPOYCKOpeHHs (1/c?) B TOUKe KOHTPOIISI BEPTHKAIBLHOTO HanpaBiieHust TypOounsl JITA st
HOPMaJIbHOTO (BEpXHUH rpauK) U aBapuilHO-0MIaCHOTO (HWKHUH IrpaduK) pe:KUMOB paboThl (0Ch
abcmucc — yacroTa B ['r)
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JuHamMyKa W3MEHEHHUS MapaMeTpoB BHOpAaLMM XOpPOIIO OTCIIEKHUBACTCI HAa BpPEMEHHBIM
tpernax CK3 B wacToTHBIX mojiocax moiocoBoro cmekrtpa (mar 50 ['m) u aMIumTy[n 9acTOTHBIX
COCTaBISIONNX, KpaTHEIX 160 ['m (puc. 6). I3MeneHne BUOPAIIMOHHOTO CUTHAJIA HAYMHAETCS (MOMEHT
17.6 cek.) ¢ yMEHBIICHUs] aMIUIUTYIbl CIEKTpalibHOU cocTaBisttomeld 160 ' (HrkHMiA Tpaduk) u,
cootBercTBeHHO, CK3 B wactotHoit momoce 150-200 ['m (Bepxumit rpaduk). 3atem (MomeHT 20 cek.)
Habmonaetcsa 6pictpoe Hapactanne CK3 B wactotHO# momoce 50-100 I'1p 1 aMmmiTynbl CIEKTpabHOM
cocrapysitoniei 62 ' (puc. 7).

Taxke uWHTEpeceH M Cmoco0 pas3oKeHHWs BHOPOCHUTHalIa HAa MOJOBbIE KOMIIOHEHTHI
npeoOpazoBanus [ misbepra-Xyanra (puc. 8). CpaBHeHHE MONYYeHHBIX MOJ, MOKasbiBaeT, uto CK3
4eTBEPTONH MOMBI JUIA aBapHitHO-omacHO# cutyamuu (2.0 m/c?) B uwetwipe pasa Gombmre, yem CK3

4eTBEPTOH MOJIBI ISl HOPMAJIBHOTO pexuMa paboTsl TypOuns! (0.49 m/c?).

Linear Spectrum
P S A - e, e
> o / - A RS > M = T e - W

Sinusoids Amplitude

o T e S . . AN A gt

e ""mew ARy % o .,._,,_—_Q“ d s Ao : S g 0
NN e~ i . T T N ol ' =

w b i SRR e § o

S e = R T2 L’,"" e
18,801 0

o
b, v -
$200 15501 #A0 U000 17000 18200 0 230

W g 2 S-SR )
16,400 0 20,00 21200 1.90¢ 24 0 25 X 20.00¢ 20,000 27200

Puc. 6. Bpemennsie Tpenabl CK3 oTAEIBHBIX MOOC TIOIOCOBOTO CHEKTpa (BepXHUH rpaduk) U
AMIUTUTYI CIIEKTPAJIbHBIX COCTABIISIOMINX, KpaTHBIX 160 'y (HIKHUM rpaduk), B TOUKE KOHTPOJIS
BEPTUKAIBHOIO HaNpaBieHUs TypOHuHbI Ipu nepexone AI'A U3 HOpMaIbHOTO B aBapUHHO-ONACHBIN

pEeXUM paboThI

Linear Spectrum

Puc. 7. BpeMeHHbIE TPEH bl AMIUTHTY/I CIEKTPaTbHBIX COCTABIAIONINX, KPAaTHEIX 62 I'i.(m/c?), B
TOUYKE KOHTPOJISI BEPTUKAJIBLHOTO HANlpaBjeHus TypOouHsl npu nepexozae AI'A u3 HopManbHOTO B
aBapUIHO-0IACHBIN pexXuM padoThI (0Ch a0CITUCC — BpeMsi)

3akuoueHune
[IpencraBieHHblii  cOCOO  MO3BOJNSET  pa3/ieNiaTh BUOPOCUTHAN HAa  CHEKTPabHBIC
COCTABIISIIONINE, TEPUOJUUECKYI0 ¥ NIIYMOIOJOOHYIO COCTAaBIISIIONIME, MOJBI TPeoOpa3oBaHUs
l'unmebepra-XyaHra, KOMIOHEHTHI BEWBIET NpeoOpa3oBaHMi, a 3aTeM WCCIEeNOBaTh pPa3HbBIE
COCTaBISIONINE BHOPOCHTHAJIOB, OTPAXKAIOMIMX BHOPAIIMOHHOE COCTOSIHUE MEXaHHU3MOB C
BpaIlaTeNbHBIM JIBIDKEHUEM, BBISBIISATh aHOMAJIbHBIE COCTOSIHASA M TUHAMUKY MX U3MeHeHus. Tak s
paccMOTpeHHON cutyanuu u3MeHenue coctosiHus JI'A mpoucxonut mpumepno 3a 0.2 c¢. Takue
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JAHHBIC ABJISIIOTCA UCXOAHBIMU IJI OIMMPCACICHUA 6I>ICTp0TLI PCaK CUCTEM KOHTPOJIA U 3alllUTHI HA
aBapI/IfIHO-OHaCHBIC CUTyalluu.

aBapwifHO-omacHOTO (HmKHUH rpaduk) coctostans JI'A (ock abciice - BpeMs B CeKyH1ax)
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YK 621.039.51
KPOCC-BEPUOUKALINSA MPOTPAMM MCU-HTR U SERPENT
MNPUMEHUTEJBHO K CUCTEMAM BTI'P
KPVYIJIMKOB A .E.}2 IIIYPOBCKAS M.B.}, BOJIKOB I0.H.%,
HEBUHMIIA B.A.2, DOMUYEHKO I1.A.2
1. HUAY MUDU,

(Mocksa, Poccutickas ®edepayust)

2. HUI1] Kypuamoeckuti uncmumym,

(Mockea, Poccuiickas Dedepayust)
AnHoTanus. B pabore mpencTaBieHbl pe3yNbTaThl KPOCC-BEPUPHUKAIMU MPOTPAMM, PEATU3YIONIIX
metor Monte Kapno MCU-HTR u Serpent, npumenurenpro k cucremam BTIP. OOcyxnarorcs
OCOOCHHOCTH ydUeTa TMpuUMeced TrpaduTa TpH TPOBEICHWH HEHUTPOHHO-(QU3UYECKUX pPACUCTOB
rpadUTOCOZICPIKAIINX CHCTEM, & TaKXKe HX BIHSHUEC Ha pe3yJbTaThl HEHTPOHHO-(PUIMUECKUX
pacueroB. McciienoBaHbl BO3MOXKHBIC MPUYHHBI, TIPUBOJISIINE K PA3JIMIUIO PE3YIbTATOB PACUETOB IO
pa3IMuYHBIM ITpOrpaMMam, peau3yrimmM Meto] Monte Kapio.
KnroueBnsie caoBa: Peakroper BTIP, xkpurmueckmii crerm ACTPA, xpocc-Bepudukanms,
MHUKPOTOIINBO, MeTo]; MonTe Kapuo.

CROSS-VERIFICATION OF MCU-HTR AND SERPENT CODES FOR HTGR SYSTEMS
A.E.Kruglikov'?, M.V.Hurovskay?, Y.N.Volkov!,
V.A Neviniza?, P.A.Fomichenko?
1. NATIONAL RESEARCH NUCLEAR UNIVERSITY “MEPHI”
(Moscow, Russian Federation)
2. NATIONAL RESEARCH CENTER «KURCHATOV INSTITUTE»

(Moscow, Russian Federation)
Abstract. The paper presents the results of cross-verification of MCU-HTR and Serpent codes
implementing the Monte Carlo method as applied to HTGR systems. The features of taking into
account graphite impurities when performing neutron-physical calculations of graphite-containing
systems, as well as their influence on the results of neutron-physical calculations, are discussed.
Possible reasons leading to the difference in the results of calculations for various programs that
implement the Monte Carlo method are investigated.
Keywords: HTGR reactors, ASTRA critical facility, cross-verification, micro-fuel, Monte Carlo
method.

OKcliepUMEHTAIbHBIE JIaHHBIE Jake B cllydae OCHUYMAapK-dKCIEPUMEHTOB COJepKaT
HEOTIPE/ICTICHHOCTH U IorpemHocTy. [loaToMy omnpenenuTs NPUYHHY PACXOXKACHHUS pacdyera H
SKCIIEPUMEHTAa TOJBKO IyTeM WX CpaBHEHHs clokHO. Kpocc-Bepudukamus HECKONBKHX MPOTpamMm
MO3BOJIICT BBISIBUTH BKIAJl OTACIHBHBIX NPUOIIKEHUH B pacXOKIACHUE KaK BepH(DUIUPYEMbIX
MpOrpamM, Tak U B PACXOXKJICHUE pacdera 1 SKCIIEPUMEHTA.

B HUI «KypuatoBckuii wuHCTUTYT» uMeeTcss kputuueckuil crenny ACTPA[],
npeiHa3HAYCHHbBIN JIJIsl KCCIIEJIOBAHUH HEHTPOHHO-QHU3MYECKHX XapakTepucTHk peaktopoB BTIP. C
WCIIOJIb30BaHUEM MOJICJIbHBIX 3ajad, MPEICTABISIONNX COOOH YIPOIICHHBIE MOJIENN KPUTHYECKOTO
creija ACTPA, mnposemena kpocc-Bepudukaims nporpamm  MCU-HTR[2] wu  Serpent[3],
peamm3ytommx Meron Monte Kapmo. B xome kpocc—BepuduKanuy sl BBISBICHUS NPUYHUH
pacxoXkJIeHHUs MCCIIEeJJIOBAHO BIUSHHUE HA Pe3yJbTaThl pacyera crocoda MOJICIUPOBAHUS TOIIMBHBIX
YaCTHII, MOJIEJIeH TepMaIIN3allii HEUTPOHOB M OMOJTMOTEK SACPHBIX TAHHBIX.

[Ipu mpoBeneHNH pacyeToB C Pa3IMYHBIMU OMOJIMOTEKAMU TaK)Ke HCCIIEJOBAHO BIIMSHHUE HA
pe3yibTaT pacdera npuMeceid B rpadure u crocoda nx 3aaanus. C 3TOH LEeNbo MPOBEJACHbBI PACUETHI
9KCIOHEHIMAIBHBIX OIBITOB C HCTOYHUKOM HEHTPOHOB IO OIPENEIEHHIO CEUEHUS IOTJIOLIEHUS
rpadura, BbIMOMHEHHBIX Ha creHae PBMK[4], Ha KOTOpPOM HCIIOJIb30BAIMCH AHAIOTUYHBIE
rpaduroBsie 610kH, uTo 1 Ha cTenae ACTPA.

Crhenanbl pekoMeHAaluM KacatelbHO mnpuMmeHeHus nporpamm MCU-HTR wu Serpent s
HEHUTPOHHO-(PHU3MIecKux pacueroB cucrem BTTP.
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YK 004.89
AJITOPUTM BBIJIEJIEHUSA TPEBOBAHUM U3 TEKCTOB HOPMATHBHBIX
JOKYMEHTOB
APIITAHCKUI A.P., BEI'JIAPSIH H.M.!, YUKYHOBA M.B.!}, MUII[EHKO 1.0.}, MAKCUMOB
1.B?
1 - Axyuonepnoe obwecmso "Pycamom Asmomamusupoganusie cucmemvl ynpagnernus"
(Mockea, Poccutickass @edepayust)
2- Yacmuoe yupeoicoenue no yugposuzayuu amomuou ompaciu “Llugppym”
(Mockea, Poccutickas ®edepayust)
AHHOoTamusi. B craThe paccCMOTpEHBI OCHOBHBIE JTamlbl IIporiecca (Gopmanm3anuy TpeOOBaHUMH,
COJICPKAIIMXCS B TEKCTaX HOPMATHBHBIX JIOKYMEHTOB, BKJIFOUAIONIUE ATOMH3AIMIO (BBLACICHUH
(hparMeHTOB TEKCTa M3 HCXOJHBIX IOKYMEHTOB) U Kiaccuukamnuto pparMenToB Tekcra. Pazpaboransr
ANTOPUTMBI ATOMH3AIIMH HOPMATUBHBIX JJOKyMeHTOB THma [EC, a Takke KiaccuuKauu moITydeHHBIX
(hparMeHTOB TEKCTOB U BbIICICHHS TpeOoBanuii. [lonydueHHbIC pe3ynbTaThl 00JIAAA0T JOCTATOYHBIMH
napaMeTpaMH KadecTBa JUIS UCIOJBb30BaHMS B pPaMKaxX YIMPaBICHUS TPEOOBAHUSMHU M ITO3BOJISIOT
COKpamiaTh BpeMs Iporecca GopMaIn3aIii TpeOOBaHHH.
KiroueBsble cjioBa: HOpMaTHBHBIN IOKyMEHT, TpeOoBanue, MOK, kinaccuukalus TeKCTa, MalllMHHOS
o0OydeHue, 00pabOTKa €CTECTBEHHOTO SI3bIKA

AN ALGORITHM FOR REQUIREMENTS EXTRACTION IN TECHNICAL STANDARDS
ALEXEY.R. ARSHANSKIY!, NANE.M. BEGLARYAN!, MARY.V. CHIKUNOVA?, IGOR.O.
MISHCHENKO, IVAN.V. MAKSIMOV?

1 - JSC «Rusatom Automated Control Systemsy,

(Moscow, Russian Federation)

2 - Cifrum Private Enterprise, Rosatom,

(Moscow, Russian Federation)

Abstract. The purpose of the study is to develop an algorithm for the requirement extraction in
technical standards. This process contains two stages: document fragmentation and classification of
fragments. The results of the study show that the algorithm has good quality and may be used in the

requirement management process.
Keywords: technical standard, requirement, IEC, text classification, machine learning, natural
language processing

Beenenue

B mocnennee BpeMs Bce Oouiblliee BHUMaHUE YEISIOT POLIECCY yNpaBlieHHsS TPEOOBAHUSMH.
Oco0eHHO 3TO KacaeTcss ACHCTBUTENBHO OOJNBIIMX MPOEKTOB, TAKUX KaK IPOCKTUPOBaHHE U
CTPOMTENILCTBO ATOMHBIX 3neKTpocTanuil (ADC), rae o6beM TpeOOBaHMUN UCUUCIETCS JECITKaMU U
COTHSIMH ThICsiu. TpeGoBaHMEe — 3TO (QOPMYITUPOBKA OKUIAEMOTO CBOWCTBA, IMMOBEICHUS WU
XapaKTepUCTUK NpoAyKTa. s opraHusanuu Ipouecca ymnpaBlieHHs TPeOOBaHUSMH CYIIECTBYET
KJ1acC MHQOPMAIIMOHHBIX CHCTEM, KOTOPbIE TaK U HAa3bIBAIOTCA - CHCTEMA yNpPaBIeHHUS TPEOOBAHMSIMU.
OcHoBHBIE TpeOOBaHMS 3aKa3ulKa K MPOEKTHpoBaHHIO U coopyxkeHuto ADC dopmupyrores B EPC-
KoHTpakTte. [lomMrmo 3ToTO0, AN MONMy4YeHHs JIMLEH3WH Ha 3Kcrutyaranuio ADC y rocyaapcTBEHHBIX
PEryJIUPYIOLUIMX OpPraHoB, IPOEKT MJOJDKEH YAOBJIETBOPSATH TPeOOBAaHUSIM HALMOHANBHBIX U
mexayHaponusix cranaaptoB (IEC, IEEE, IAEA, ISO u ap.). B cBa3u ¢ uem, mepBoodepenHoi
3ajiaueil siBNsieTCsl BhISBICHWE TPEOOBaHWH M3 TEKCTOB HOpMATHUBHBIX JokymeHTOB (HJI) B kadecTse
OTJENBHBIX CaMOCTOATENIFHBIX CYIIHOCTEH IJIsi OpraHu3aluy Hpolecca YNpaBieHUs TPeOOBAaHHUSIMU.
HJI 0ObIYHO TPEOCTABISIOTCS B BUJIE AJICKTPOHHBIX JOKYMEHTOB B opmare pdf, B HUX TpeOoBaHus
OTHCaHbl B TEKCTOBOM CJIA0OCTPYKTYpHPOBAaHHOM BHE. B mepByio ouepens HEOOXOIMMO pa3iaenuTh
texkcT H/l Ha cymuoctu (pparMeHTHI TEKCTa), B KOTOPBIX MOTYT cojep:karhcsi TpeOoBanus. [lanHas
npoleaypa Ha3bIBaeTcsl aroMu3anuei Tekcta. Kpome tpeboBanuii B Tekcre HJ conepixarcs u npyrue
JaHHBIE: WH(OPMAIHS, 3arOJIOBKH Pa3/enoB, TaOIHUIBI, pUCYHKH, ToMeTkH. [loaromy HeoOxoammo
KJIacCU(UIIMPOBATH CYIIIHOCTH.

OO6muit mpouecc o6padotku HJ mist Beinenenus tpedoannii u3 HJI cnemyrommid:

1. Atomusanus HJI Ha OTAeNbHBIE CYIITHOCTH.

2. Kimaccuduxanus cylHoCTeH.
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AToMHU3anusa HOPMATHBHBIX JOKYMEHTOB

IIepBoii 3amaueil aBnsgercs paspenenue tekcra HJ[ Ha cymHocTu. Ilon cymHoOCTRIO cnenyeT
MOHUMATh HEJENUMYI0 CTPYKTYPHYIO €IWHHUI[y TEKCTOBOTO OIMCaHUs, KOTopas (opMupyeTcs
ab3ameM Tekcta, Tabmuued wiM pucyHKoM. Artomumzaumus HJI mpoBoamiack ¢ MOMOIIBIO
CHHTAKCHYECKOro aHanmm3aropa. CHHTaKCHYECKWI aHanmn3aTtop pa3OupaeT pa3MeTKy W pa3OmBaeT
TEKCT Ha cymHocTH. KpoMe Toro, HeMalloBaKHOM YacThiO €ro padoThI SBISIETCS CKBO3HAS HyMeparus
CYLIHOCTEH, KOTopasi CIyXHT uaeHTH(ukauuei. Kaxnplii naeHTHdUKaTOp SBISETCS OAHO3HAYHON
CCBUIKOU Ha TpeOOoBaHUE.

CymecTByeT MHOTO TPWU3HAKOB [UISI OINpPENENICHUS Pa3METKH: IMOJIOKEHHE TEeX WM HHBIX
CHUMBOIIOB, I}, 3aTTaBHBIX U CTPOYHBIX OYKB. MCHOIB3ys 3TH MpHU3HAKN B Ka4eCTBE IBPUCTHUK, MBI
MOJTyYMJIM OYEHBb MPOCTOM U JIETKO YNpaBIsIEeMbIN CHHTaKCU4eCcKUi aHanmu3aTop. KaxxnoMmy npusHaky
Ha3HAYaJICS HEKUil Bec, KOTOPBIH y4acTBOBAI B UTOTOBOW (hopMyJie YIIPaBIEHUS CTPOKOU, M yKe IO
CyMM€ OTHX BECOB (OPMHUPOBAIMCH KOHEYHBIE JaHHBIC. OBPUCTUYECKHH METOXI TPOCTO
MacimTabupyeM BBUAY JMHEHHOCTH CHUHTAKCHYECKOTO aHanu3a. JaHHBIM alropuTM Takke JIeTKO
aJanTHpyeM MO HOBBIE TUIIHI TOKYMEHTOB.

IIpenBapurtenbHasi 00padoTka (pparMeHTOB TEKCTA

CrenyromumM 3TarnoM paboTHl aTOPUTMa SIBISETCA TMPOLECcC KIACCHU(UKAIMH TTOTYyYSHHBIX
¢parmeHTOB TeKcTa. IIOCKONBKY HET SIBHBIX MNpPAaBWJI, IO KOTOPHIM MOXHO KiacCU(pHUUIUPOBAThH
(¢parMeHTBl TeKcTa Ha TpeOOBaHUS W OOMNIYI0 WH(POpPMAIHIO, TO B JAAHHON paboTe MPUMEHSIINCH
METO/bl MAaIIMHHOTO OOyueHHs M 0OpabOTKM €CTECTBEHHOTO SI3bIKA JUIS PELICHUs MOCTaBICHHON
3agaun. sl NCHONIb30BaHUS KIACCHUECKUX MOJENEH MAIIMHHOTO 00yueHHs HEOOXOAMMO IEPEeBECTH
TEKCT B BEKTOPHOE NPOCTPAHCTBO IPH3HAKOB, KOTOPOE €ro xapakTepusyeTr. Takum oOpaszom,
BO3HHMKaeT HEOOXOAMMOCTh B TPOILIECCE BEKTOPH3AIMHU: CO3JaHUHU JUISL KaXKAOW CYINTHOCTH BEKTOpa
MPU3HAKOB, KOTOPBIH OylIeT HCIONB30BaH MOJIENBI0 MAIIMHHOTO OOYYEHHUs A KiacCUPHUKAIUU
CYLIHOCTH.

B nmanHoit paboTe B KauecTBe BEKTOPHOTO MpeICTaBlIeHUs (PParMeHToB TeKkcTa Oblia BEIOpaHa
Mepa TF-IDF [1]. Hannas mepa ompenensieT CTaTUCTUYCCKUN Bec cioBa. s peanuszanuu MeTona
TpeOyeTcs MPOBECTH MpeaBapUTENbHYI0 00pa0OTKY AaHHBIX, 3aKJIFOYAIOIIYIOCS B IPUBEACHUH CIIOB K
HOpMaNBbHON (opMe (JleMMaTh3anus) W yNAJICHUIO JIHIITHUX CUMBOJNOB. HopmambpHas dopma —
NepBOe JIMIO, CAMHCTBEHHOE YHCJIO, HMMEHHUTENBHBIA TaJeX, HacTosdllee BpeMs, HalMCaHue
MaJICHBKUMH OyKBaMH. YJajJeHHe JIMIIHUX CHMBOJIOB 3aKJIOYAeTCsI B OYMCTKE TEKCTa OT LUp,
3HAKOB IYHKTYalllH, CIIE[HaJIbHBIX CHMBOJIOB U IIPOYMX, HE OTHOCSIINXCS K HamucaHuio cyioB. Kpome
TOTO, YIAISIOTCS TaK Ha3bIBaEMbIE CTOMN-CIOBA — HE HECyIIHe 0co00ro cMpicia. Jlisi aHrIMHCKOro
S3bIKA, C KOTOPBIM U MIPOBOAMIIACE Pab0Ta, TAKMMH, HATIPUMED, SBISIOTCS NPEATIOTH, apTHKIU | JP.

Takum o0pa3oM, mnpouecc npernoOpadOTKM AaHHBIX Ul JajJbHEHIIEro HCIOJIb30BaHUS
MOJEIISIMU MAIIMHHOTO 00y4eHHs NPEACTaBIIs HAabOp CIEAYIOINX IIATroB:

1. OuncTKa TeKCTa, KOTOpas BHITOIHSIACH C HCIIOJIb30BAaHUEM PETYIISIPHBIX BRIpaKeHUil [2];

2. JlemmaTu3alys CJI0B, KOTOpast POBOIKIIACKH C TOMOIIbI0 OGubmmorexu Ntk [3];

3. IlepeBom B BekTOpHOE TpeAcTaBleHne (parMeHTOB TekcT wmertogom TF-IDF
peann30BbIBaIaCh ¢ MoMoIbio oubarorexu Scikit-learn [4].

Kaaccupurkanus pparmMeHTOB TEKCTa

Pemrenune 3amaun KinaccUQUKAMU CYITHOCTEH MPOBOMIOCH C MCIIONB30BAHUEM TEXHOJIOTHIA
MaIIMHHOTO 00y4eHus. B xadecTBe 0a30BOTO anropuTMa ObUT MPHUMEHEH HaWBHBIN Kiaccudukarop,
KOTOPBIM OTMeHall KjaccoM “TpeOoBaHHE” BCE CYIIHOCTH, B KOTOPHIX ObUIM MOJAJbHBIE TIJIarojbl
(shall, must, can u np). C 3TumM Ga30BBIM KJIaCCU(HUKATOPOM CPAaBHHBAIUCH BCE CO3/IaHHBIC MOJICIN
MAaIIMHHOTO O00yuyeHHs. B pa0oTe HCMONB30BaIMCh HECKOJABKO TOAX0A0B. IlepBbli — 3TO
OaiiecoBckuil knaccuukaTop [S5], BTopo# - rpagueHTHbIN OyCcTHHT [6].

Ucxonnvle paHHBle A1 OOydYeHHsI TPEICTAaBIsUIM M3 ce0s BEKTOPHOE IpEACTaBIICHHE
cymrHocTeil. Pazmep MCXOMHOW MaTpHIbl TPU3HAKOB (ITPUMEPHI CYIIHOCTEH X MPU3HAKH) COCTABIISII
3760x2580. OOyuenme Kimaccu(UKATOPOB MPOBOAMIOCH Ha oOydaromell BBIOOpPKE, KOTOpas
coctaisiia 50 % ot obmero oovema ganubix (1880 mpumepos). B kauecTBe neneBoro 3HadeHus Oblia
cleyromas pa3MeTka Ha HECKOJIBbKO KiaccoB: Figure (pucynox), Heading (3aromoBok moapaszena),
Information (uadopmarust), Requirement (tpedosanue), Title (3aronoBok pasmena).

174



11 MEXKAYHAPOJHASI HAYYHO-TEXHUYECKA S KOHOEPEHLIMA. MUHCK 27-28 AITPEJIA 2021 T'OJIA

JJis OTICHKY allTOPUTMOB U CPaBHEHUS PA3JIMYHBIX MOJIEIICH MCIIOIb30BaINCh TAKHE METPHKH,
Kak precision (tounocts), recall (mommora), fl (cpemuee rapMOHHUECKOE TOYHOCTH M IOIHOTHI) U
AUC ROC - miomane mog ROC kpuBoii ommnbok [7], sABistolIeiics OTOOpaKCHHEM J0JIM BEPHO
KJIacCU(UIMPOBAHHBIX OOBEKTOB KO BCeM OOBekTaM. JlaHHBIE METPHKH CUHTAIUCH Ui KIIacCoB
“TpeboBaHne” TI0 CXeMe OJWH MPOTHUB BCeX [8] HA OTIIOKEHHON TECTOBOM BHIOOpPKE (ocTaBrmuecs S50
% ot Bcex maHHBIX). Pe3ynpTaTel paboThI MOJIeNnel mpruBeeHsbI B Ta0m. 1.
Taoauna 1. Pesynpratsl paboTel MoJeNel KIaccupUKauu

Meton Precision (Tounocts) | Recall (monHOTA) fl-score AUC ROC
Model verbs 0.93 0.86 0.89 0.82
BernoulliNB 0.90 0.94 0.92 0.80
ComplementNB 0.80 1.00 0.89 0.64
XGBoost 0.92 0.96 0.94 0.84

Jlyumeil Monenplo MO METpUKE precision sBIsSETCS MOJENb, OCHOBaHHAas Ha MOJATBHBIX
rylarojiax, 4ro oOycJOBJIEHO cHeur(UKOM AHIIIMHCKOro S3bIKa W HpaBWIaMH (HOpMYIHMPOBaHUS
tpeboBanmit. ComplementNB mokazan Hammydiie pe3yabTaThl IO METPUKE MOTHOTA, HO, YIHTHIBAS
TOYHOCTh KJIacCU(HUKAIMK, MOXKHO cJeNlaTh BBIBOJA O MEpeoOyueHHH AaHHOTO METOoAa TOA Kiacc
“TpeboBanne”. Jlyumeii Mogensio mo MeTpuke fl, yIuThIBaroOmed U TOYHOCTh, W TIOTHOTY, SBISETCS
XGBoost. Merpuka AUC ROC, paBnas 0.84 mnoaTBep)KoaeT HaIU4Msl IPEUMYLIECTBA Y
knaccugukaropa XGBoost.

3akiouenne

OcHOBHBIE pe3yNbTaThl MPOICTaHHON paOOTHI CIEAYIOIIHE:

1. Omnwucan oOmwmii mporecc paboTel ¢ TpeOoBaHusAMH, coaepxamumucs B HJI. Own
MIpeJICTaBIIsIeT COOON MOCe10BaTENIbHOE BBIMOIHEHNE CEAYIOUINX 3TAIOB!

a) Aromm3anust HJl Ha oTnensHBIE CYyIITHOCTH.

0) Kmaccuduxkanust cymHocTtei.

2. Pa3paboTaH alropuTM aTOMHU3alMK HCXOAHBIX (GopmaToB HJ] Ha oTaenbHBIE CYNIHOCTH,
KOTOPBIH ITO3BOJISIET BBIACIATH (PParMeHThl TEKCTOB B TAOIMYHBIN BUI U3 CIa00CTPYKTYPUPOBAHHOTO
dopmara pdf.

3. IocTpoeHsl HECKONBKO Mojenel Kiaccupukanuu GparmMeHToB TekctoB HJl u mposeneHo
TECTUPOBAHUE MOJICICH Ha OTJIOXKEHHOW TECTOBOW BhIOOpKe. JIydiline pe3ysibTaThl MOKa3ajia MOJCIh
rpaguentHoro Oyctunra (XGBoost Classifier) co ciemyronmmu mokasaTesissMi KadecTBa: Precision
(tounocts) = 0.92, recall (momnmora) = 0.96, f1 = 0.94.

4. Tlony4eHHBIH anroOpuTM aTOMHU3AIMU U Kiaccupukanmy ¢pparmenToB TekctoB HJl obnanaer
JOCTaTOUYHBIMH XapaKTEPUCTHKAMU IJIsl HCIIOJB30BAaHUS B PAaMKax YIpPaBICHUS TPeOOBaHMAMHU M
MO3BOJISIET COKpALIaTh BpeMsl Iporecca popMann3anuy TpeOOBaHHM.
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YK 621.039
KOPPEJISIHUOHHBIE UBMEPEHHU S CKOPOCTH ITPU NCCJIEJOBAHUN
Ir'maPOANHAMMUKU TYPBYJIEHTHBIX IIOTOKOB C UCITIOJIb3OBAHUEM METO/IA
MATPUYHOM KOHAYKTOMETPUHN
YECHOKOB A.A., XPOBOCTOB A.E., FAPMHOB A.A., KOHOBAJIOB U.A., MAKAPOB M.A.
Huboicezopoockuti cocyoapcmeentbiii mexuuueckutl ynusepcumem umenu P.E. Anexceesa
(Huorcnuti Hoseopoo, Poccutickas @edepayus)

AHHOTauusi. B »HEpreTH4ecKoM MAIIMHOCTPOCHUH IIUPOKO H3BECTEH METOJ KOPPEISIIMOHHOTO
oTpezieNieHNs] CKOPOCTH TOTOKa. B maHHOW paboTe aBTOpamMu NpPOM3BEICHA aNamnTallus JaHHOTO
MeTOoJa ISl IPUMEHEHHUS C MPOCTPAHCTBEHHOW KOHAYKTOMETpPHUEcKoil cucteMol. OIeHKa CKOPOCTH
MOTOKAa OCYIIECTBIISUIACH 33 CUET ONPECIICHUS BPEMEHHU TPaHCIIOPTA TYPOYJICHTHBIX CTPYKTYP MEXKITY
YyBCTBUTEIBHBIMH JJIEMEHTAMH W3MEPHUTENHHOW CHCTEMBL. B KadecTBe MepeHOCHMBIX BO3MYIIEHUH
MCTIOTB30BANICH MYJIHCAINN TPOBOIUMOCTH CPEbI, CO3aBAEMBbIil ITACCHBHOW CKAJSIPHOM MPHMECHIO.
KuroueBble ciioBa: u3MepurenbHas CUCTEMa, MATPUUHAS KOHAYKTOMETPHS, KOPPEISIUOHHBIA METOT
M3MEpEHMS pacxo/ia, MOAEIHUPOBaHNE MIPOLECCOB B AlleMeHTax S0V

CORRELATION VELOCITY MEASUREMENTS IN RESEARCHES OF HYDRODYNAMIC
OF TURBULENT FLOWS WITH APPLICATION OF MATRIX CONDUCTOMETRY
CHESNOKOQV A A., KHROBOSTOV A.E., BARINOV AA,,

KONOVALOQV LA, MAKAROV M.A.

Nizhny Novgorod State Technical University named R.E. Alekseev
(Nizhny Novgorod Russian Federation)

Abstract. In the energy mechanical engineering method of correlation velocity measurements are
widely known. In this paper authors adapted and tested this method for using with conductometry
measurements system, which is used in research practice. The velocity of flow was estimated by
determining turbulence transport time between sensors. Pulsation of concentration, created by adding

tracer in flow, are used as transported fluctuations.
Keywords: measurement system, matrix conductometry, correlation method, flow rate measurement,
modeling of processes in the elements of a nuclear power units.

MupoBOii pHIHOK aTOMHON SHEPreTHKH MPOXOAWUT cTaauto TpaHcopmanmu. Bcee Oonblie
BHUMAaHHUSl YAEJSIETCS BONPOCY HAIECKHOCTH W 3()()EKTUBHOCTH HSHEPreTHUECKHX YCTaHOBOK U
oOcnykuBaromux cucreM. OIHUM W3 TOKa3aTesed, WIParoIluX BaKHYIO POJIb NP OOOCHOBaHHMHU
0e30MmacHOCTH pPEeaKkTOpHBIX YCTaHOBOK (PY) sBusercs pacmpenerneHne CKOpPOCTEH M PacXooB
TETUIOHOCUTEIS B ee 3jeMeHTax. [IpumMepoM MOXeT CiIyKUTh pacrpezesieHie MOKaHAIbHBIX PacxXo/I0B
TEIUIOHOCHTENSI Yepe3 aKTUBHYIO 30HY, KOTOPOE MOXET OKa3bIBaTh BO3JCHCTBHE Ha PEaKTUBHOCTB.
IlomMuMoO Tpodero, pacyeTHbIE MOZEINHN, UCIONb3yEeMble NTPH MPOEKTUPOBAHUH HOBBIX PY MOCTOAHHO
COBEPIIEHCTBYIOTCS W, B COOTBETCTBHM C OJTHUM, TpeOYIOT TPOBEJCHUS BalHJAIIMOHHBIX U
BEepU(UKAMOHHBIX JKCIEPUMEHTOB HAa MAacIUTa0HBIX MOJENSAX, YTO B CBOIO O4YEpedb JIeNaeT
aKTyaJbHOM 3a/1auy pa3pabOTKK HOBBIX CPEICTB KOHTPOJISI YKa3aHHBIX MOKa3aTelel sl PUMEHEHUs
B COCTaB€ UCCIIEJ0BATENBCKUX CTEHIOB.

Ha coBpemeHHOM 3Tare pa3BUTHS W3BECTEH KOPPENALMOHHBIM METOJ H3MEPEeHHs pacxoja
TEIUIOHOCHUTENS], IIMPOKO TPUMEHSIEMBIM I  JKCIUIyaTallMOHHOM  JHarHOCTHKH  SAEPHBIX
SHEPTeTHYECKUX YCTAaHOBOK. B €ro ocHOBE JIEXHUT aHAIN3 MOKa3aHUI JETEeKTOPOB raMMa-U3JIydeHus,
00ycioBeHHoro akTupanmei msoroma N© B melitpomHom mose akTuBHON 30HBI [1]. Ho mis
7na00paTOpHBIX HWCCIENOBAaHUN MAaHHBIH METOJ HE IPUMEHHM H3-3a OTCYTCTBHS HEOOXOIMMBIX
PaaMOHYKIUAOB B IIOTOKE.

AJBTEpHATHBHBIM PEIICHUEM ISl SKCIIEPUMEHTAIBHBIX MCCIEIOBAHMN SBISIETCA TIOCTPOSHHE
U3MEPUTENHHON CHCTEMBI Ha 0a3e MPUMEHEHHUS CeTYaThIX KOHAYKToMeTpuueckux natuukos (C) [2].
OCHOBOHM NPUMEHSIEMOT0 METOJa M3MEPEHMS Pacxofa SIBISETCS ONpeNEICHHE BPEMEHHU TPAaHCIOpTa
TypOYJICHTHBIX MyJbCAMid MOTOKAa pabodel cpenpl MEXAy ABYMS W3MEPHUTEIbHBIMU CEYEHHUSIMH,
KOTOpBIE 00YCIIOBIIEHBI MPHEMHUKAMH TTEPBON U BTOPOW M3MEPHUTEIHHON MIIOCKOCTH COOTBETCTBEHHO.
Ha ocnoBe nosyuennsix peanuzanuii YOII, myTemM npuMeHeHHUs B3aUMHO KOPPEIALMOHHON (DYHKINN
YAETBHBIX MPOBOAMMOCTEMH, TIOIYUYEeHBI peanu3anuu ckopocte B siuerikax C/I.
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W3mepennst MpoBOAMINCH B SKCIEPUMEHTAIBHON MOAENN KBaapaTHOro ceueHus 50x50 mm
[3]. CA ycranaBmuBamuch B 30HE HMHTEHCHBHOIO CMeIIeHUs. V3MepeHus pacxoma Cpembl
npousBoaunKch B amanasone ot 0,173 mgac (Re = 900) mo 2,64 m*/wac (Re = 12103,
JIEHCTBUTEILHBIN pacXxoa (PUKCHUPOBAJICS ITATHBIMH PACXOI0MEPAMHU.

[lonmy4yeHHbIe 3HAUEHUSI CKOPOCTEH CUJIBHO 3aBUCST OT IMOJIOXKECHUS M3MEPUTEIBbHBIX SUEEK B
UCCIIClyeMOM CEUYEHHH, YTO OOBSCHACTCS 3HAYMTEIbHOW Pa3HOCThIO TYpOYyJEHTHBIX IyJIbCALMi B
LHEHTpe ¥ Ha mepudepun W BieYeT 32 cOOOi pa3HUIy MEXIy B3aMMHBIMH KOPPETSLHSIMHU SYEEeK
nepudepun U UeHTpaibHOM obnacteio (puc. 1). [Ipu pacuere ocpeaHEHHON MO CEYEHUIO CKOPOCTH
IIOTOKA HCIIOJIb30BAJIUCh BECOBBbIE KOI((MHUUIMEHTHl YYUTHIBAIOLINE PACIIONIOKEHHE H3MEPUTEIbHBIX
AYEEK.

Taxoke Obla MpoBe/ieHa OLICHKA JOBEPUTEIBHBIX HHTEPBAIOB MPH ONPEICIICHUH MaKCHMyMa
B3anMHO-KoppessinuonHord ¢yakiun (BK®), daro mo3Bomser caenarh BBHIBOA O HHU3KOM BIHSHHUH
[IyMa, pETUCTPUPYEMOTO H3MEPUTEIHFHOW CUCTEMOM B HCCIIETyeMbIil CUTHAT [4].

VYOII B sueiike 36/Conductivity in cell 36
A\ A — —r
A NP ™, —CJ1 I/WMS 1
—CJ1 2/WMS 2|
¥,

BK® B sueiike 36/Cross-correlation function in cell 36

" R =0,63
0.2 =478

VOII B sueiike 40/Conductivity in cell 40
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BK® B sueiike 40/Cross-correlation function in cell 40
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Puc. 1. Peamuzaumu YOII u BK® npu Re=6300 ans ueHTpansHbIX 1 nepudepuitHbIX S4eeK

PesynpTathl WM3MepeHHH [HAlOT OpUEMIIEMOE Ccorjacue C IOKa3aHWSIMU  IITATHBIX
pacxoJOMepoB OISl XapaKTEPHbIX TypOYJNEHTHBIX DPEXUMOB TEUEHHs (TIOTPELIHOCTh H3MEPEHUs
CKOPOCTH ITOTOKAa IIPY MOMOIIY KOHIYKTOMETPOB COCTaBIsIeT MeHee 5 %).
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PA3PABOTKA MATEMATHUYECKOM MOJIEJIM SHEPT OBJIOKA A3C
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Annortauus. Pazpaborana matemaruieckas Mmozaeib sHeprooioka ADC ¢ peaktopom Tuna BBOP s
MOCTIEAYIOMIETO CHHTE3a CHCTEM YIPABICHWS OCHOBHBIX arperaroB aTrOMHON CTaHIMH MpH
SKCIUTyaTallid B MaHEBPEHHOM pexkume. [IpencraBneHHOE aHAIMTHYECKOE OIMUCAHHWE OTPaKaeT
npolecc B3aWMHOrO (yHKIMOHHMPOBAHHS pEakTopa, MaporeHeparopa W TypOOreHepaTOpHON
ycranoBku ¢ Typounoii K-1200-6,9/50.
KaroueBble cjioBa: MaHEBPCHHBIM pEXUM, MaTeMaTHUecKoe MojennpoBanue, BBOP, kunermka
AEPHOTO peakTopa, MaporeHepaTop, TEMJIOOOMEHHBIH ammapar, TypOoreHepaTopHas YCTaHOBKA,
typouna K-1200-6,9/50.

DEVELOPMENT OF A MATHEMATICAL MODEL OF A NPP POWER UNIT
VYACHESLAV.O. GIZOV?, VIKTOR.V. MALYSHEV?, ILIYA.S. PARFENCHIKOV?
!National Research Tomsk Polytechnic University
(Tomsk, Russian Federation)

*TSentratomtekhenego
(Moscow, Russian Federation)

Abstract. A mathematical model of an NPP power unit with a pressurized water reactor has been
developed for the subsequent synthesis of control systems for the main units of a nuclear power plant
during operation in a maneuverable mode. The presented analytical description represents the process
of mutual functioning of the reactor, steam generator and turbine generator unit with a K 1200-6,9/50

turbine.
Keywords: maneuverability, mathematical modeling, PWR, nuclear reactor kinetics, steam generator,
heat exchanger, turbine generator, turbine K 1200-6,9/50.

ManeBpeHHbI  pexxuM dkcrryataiuun  ADC, mpu  KOTOPOM TPOHCXOJIUT HU3MEHEHHE
JNIEKTPUYECKOM HArpy3Kd, NpeAarnojaraeT WHOM IOAXOA K IIOCTPOCHHIO CHCTEM YHpPAaBICHUS
o0opynoBaHueM aTroMHOW crtaHuuu. [lis wucciemoBaHus Bompoca OOECIEYeHHS MaHEBPEHHOCTH
pEaKTOpHOW yCTAaHOBKHM ¢ y4deToM 3(ddekra TemrepaTypHOTO CcaMOperyJlupoBaHUs HEOO0XOIUMO
aHAIM3MPOBATh JAWHAMUKY SIBJICHHWH, MPOTEKAIOIIMX HEIMOCPEACTBEHHO B SJACPHOM peakTope, B
COBOKYITHOCTH C MOBEJCHHEM OCHOBHBIX arperatoB 3HEProOJIOKa, YYHTHIBAS B3aWMOCBS3aHHBIE
NPOLECChl M3MEHEHHS BPAILAIOIIEr0 MOMEHTa TYPOMHBI M TEIUIOTEXHHYECKUX MapaMeTpOB BTOPOTO
KOHTYpa.

OCHOBHBIMH arperaTaMu 3HEprodJioka aTOMHOM cTaHLIMH ¢ peakTopoM Tuiia BBOP sistorcst:
SAEPHBIA peaKkTop, MaporeHepaTop M TypOoreHepaTopHas ycTaHOBKa. PaspaboTka mMaTeMaTH4YecKOM
MOJIEJTH 3HEProOJIoKa, OIMUCHIBAIONIEH MWHAMHUKY B3aMMOJAEWMCTBUS JAHHBIX arperaroB, SBISETCS
aKTyalbHOW 3ajadedl Jjsi TocleAyromell pa3padOTKM CHCTEM YIpaBICHUS O0OpYJIOBaHHEM
9HEPro0JI0Ka B MAHEBPEHHBIX PEKUMAX

Jlia aHanmm3a HeCTaIl[MOHAPHBIX MPOIIECCOB, MPOTEKAIONINX B aKTUBHOM 30HE peakTopa, TaKuX
Kak 3(QQeKT peaKTUBHOCTH, OOYCIOBJICHHBIH IepeMelIeHueM ynpaBisiomux crepxkHerdn CVY3,
TemreparypHblii 3Q(GEeKT PeakTHBHOCTH U BBI3BIBAEMOE MM W3MEHEHHE MOIIHOCTH NPU M3MEHEHHH
TEMIIEpaTyphl TEIUIOHOCUTEN Ha BXOJE B PEAKTOp, a TAKKE TEIUIOBBIE INPOLECCHl B TOIIMBE H
TEIUIOHOCHTENE, B y9eOHOW M MCCIIEOBATEIBCKON IEATEIHHOCTH aKTUBHO MCIOIB3YIOTCS ypaBHEHUS
TOYEYHON KMHETUKH SIIEPHOTO PEAKTOPa COBMECTHO ¢ An(hepeHaIbHBIMUA YPAaBHEHUSIMH TETIOBBIX
MIPOLIECCOB BHYTPH YCTaHOBKH [1, 2, 3].

[laporenepatop sBISETCS MPOMEXKYTOYHBIM 3BEHOM MEXIY BOO-BOJISHBIM SAEPHBIM
peaKkTopoM U TypOOTeHEpaTOPHON YCTAaHOBKOW M CBS3BIBAET MEXKIY cO00M 000pyIOBaHHUE MEPBOTO U
BTOPOTO KOHTYpOB. B CBs3M ¢ 3THM, MOAEIMPOBAHWE [AHHOH YCTaHOBKM HEOOXOIMMO NpHU
WCCIIIOBAHUU B3aMMHOTO (DYHKIIMOHHPOBAHUS arperaToB JHEProOJIOKa B Pa3IMYHBIX PEKUMaXx.
3ayacTyro maporeHepaTop MpeACTaBieH B BHUAE 0O0BEKTa TEPMOAUHAMHYECKUX W TEIIO(PHU3MUECKNX
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pacueToB, Kak B padore [4], WK ¢ TOYKH 3peHUs pa3pabOTKU MOJIeNel AJsl pACCMOTPEHUS POLIECCOB
cemapalii mapa B IMapoBoM o0beMe [5], OMHaKo OHM HEMPUMEHHMEBI ISl PEIICHUS! TTOCTaBICHHOM
3aaud. JluHaMMKa ~— NApONpPOU3BOMSAIIEH  YCTAHOBKM  ONMCBHIBAETCS  CJIOKHOM — CHCTEMOM
IuQQepeHInaNbHBIX  YpaBHEHHUH, MpeAcTaBIeHHOW B paboTe [6], HCMOJB30BaHHE KOTOPOU
3HAYUTENHFHO YCIOKHUT IPOIECC MaTeMaTHYECKOTO MOJEIHpOoBaHus. s coxpaHeHHS aJaeKBaTHOMN
CIIOXXHOCTH pa3pabaTeiBaéMOW MOZENH, IaporeHepaTop MOXKeT OBITh WPEACTaBIeH B BHUJAEC
MPOCTEHINIEro TEMI000MEHHOTO amnmapaTa, YpaBHEHHS TEIUIOQH3MYECKHX MPOIECCOB KOTOPOTO
MpUBEACHBI B HCTOYHHKE [5].

[Ipun MaTemaTHyecKOM MOJEIMPOBAHWU TypOOTCHEPATOPHON YCTAHOBKH B paMKaxX JaHHOM
paboThl HEOOXOAMMO paccMaTPHBaTH MAPOBYIO TYpOMHY Kak OOBEKT aBTOMATHYECKOTO YIPaBICHUS.
YpaBHeHHUST JMHAMUKHA TAPOBBIX TYPOWH AaKTUBHO WCIOJNB3YIOTCS TPU MOJCITUPOBAHUM U
WCCIIEJOBAHNN CHCTEM PEryJINpOBaHUS NaHHOTO OO0BeKkTa. PabounmM TemoMm TypOWHBI SIBISETCA
CKMMaeMasi cpenia (BOISHOMN Imap), B CBSI3U C YeM M3MEHEHHE Pacxo/a MO CEYSHHUSIM IMPOTOYHOW JacTH
HE CIEAYIOT MTHOBEHHO 3a HW3MEHEHUSMH pacxola dYepe3 ympasistounue kiananel. OgHako
npejcTaBieHue TypOoarperaTa B BUAE CHCTEMBI C paclpeleliCHHBIMU TMapaMeTpamMH 3HAYUTEIbHO
YCIIO)KHUT TPOIECC MOJICITUPOBAHUS, B CBS3M C 4YeM HEOOXOAMMO WCIOIB30BATH OMPEIEIICHHYIO
CTENCHb JUCKPETH3allMk, 4YTO NpUMEHEHO B paborax [7,8,9]. Meroauka cocTaBieHUS
AHAJTUTUYECKOTO ONHCAHMS, MPEACTABICHHOTO B JaHHBIX HCTOYHMKAX, Ooyiee MOAPOOHO OmucaHa
KanamankoBeiM A.A. [10] 1 ucionp3oBana B JaHHOI paboTe.

Takum 00pa3oM, C HCIOJB30BAHMEM METOMWK, ONUCAHHBIX B HCTOYHHMKax [3, 11],
pa3paboTaHO MaTeMaTHYECKOE OMUCAHUE OCHOBHBIX arperaton, 00pa3yroIIUX YHEPreTHYECKUl OJIOK.
Ha puc. 1 npencrasneHa CTpykTypa COCTaBICHHOM MaTeMaTUYECKOH MOJIEH.
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Puc. 4. CtpykTypa Maremarnueckoil Mogenu sHeprooioka ADC: AP — cuctema ypaBHEHHI KHHETUKU
simepHoro peaktopa; I1I" — cucrema ypaBHeHUI AMHaMUKHU nlaporeneparopa; TI' — cuctema ypaBHEHUH

TypOOTreHepaTOpPHOH YCTaHOBKH; P, — PEaKTHBHOCTH, BHOCUMAst cTepxkHsaMu CY3; T, Ty, —

TeMIICpAaTypa TCIIJIIOHOCUTEIIA HAa BXOAC U BBIXOAC U3 PEAKTOPA COOTBETCTBCHHO, GI'DK — MacCCOBBII
pacxon HapO)KHI[KOCTHOﬁ CcCMECH (Cpe,Z[BI BTOpOro KOHTypa); T, — AaBJICHUE CBCXKEI'O I1apa

OTHOCHUTCJIIbPHO HOMUHAJIBHOT'O 3HAYCHMUA, MB[I y MH[L — OTHOCHUTCJIbHBIC CTCTIEHU OTKPBITUA

peryjivupyronux KjiaarraHOB BbICOKOI'O U HU3KOI'O AABJICHUSI COOTBETCTBCHHO, él"_ MOMCHT
COIIPOTHUBIICHUS TCHEPATOPA OTHOCUTEIIbHO HOMUHAJIBHOTO 3HAYCHUS, ; () —9aCcTOTa BpAIICHUA pOTOpa
Typ6I/IHBI OTHOCHUTCJIIPHO HOMHUHAJIbBHOT'O 3HAYCHUA

BxomHpIMEH  yNIpaBISIOIIMMH ~ BO3JCHCTBUSIMH Ha  MOJIENb  DHEProOJIOKa  SIBIISTFOTCS:
PEaKTHUBHOCTb, BHOCUMAs CTEPKHAMU CY3, CTENEHU OTKPBITHS PErYIUPYIOLIUX KJIAMaHOB BBICOKOTO
W HU3KOTO [aBJICHWS TApOBON TYpOWHBI; BXOJHOE BO3MYIIAONIEEC BO3JECHCTBHE — H3MEHEHHE
OTHOCUTEIBHOTO MOMEHTA COIPOTUBIICHUS T€HEPATOpa, BBI3BAHHOE M3MEHECHUEM MOAKIIOYEHHOU K
€ro KJeMMaM 3JIEKTPUYECKONW Harpy3KH; BIXOAHAs KOOPJIWHATA — OTHOCUTENIbHAS YacTOTa BpPaICHUS
poTopa TypOUHBI.

[Ipencrarnennass MOJENb YUUTHIBACT B3aMMHOE BIIMSHHE OCHOBHBIX arperatoB ADC Ha ux
paboTy 3a cUeT NpPEIACTaBIEHHBIX Ha puC. | MeTelb OOpaTHOW CBS3M IO MAacCOBOMY DacXOiy
MapOKUIKOCTHOW CMECH W TeMIlepaType TEIUIOHOCHUTENsl Ha BXOJie B siepHBId peaktop. Ha puc. 2
MIPEICTABICHEl TIOMyYEHHBIE C HWCIIOIH30BAHWEM MOJEIN IEPEXOMHBIE IIPOIECCH MPU 3aKPBHITHH
KJIallaHOB BBICOKOT'O M HU3KOTO AaBineHus Ha 10 % B MOMEHT BpemeHH 25 c.
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Puc. 5. [lepexoonvie npoyeccol: MACCO8020 pacx00a cpedvl 8MOPo2o KOHMypa (CuHuil), 1acmomul
epauerust pomopa mypOounsl (Yepublil), 0asieHuss napa Ha mypoury (3eieHulil), NIOMHOCMU NOMOKA
HeUmpoHo8 (KpacHbiil)

PazpaboranHass Maremarndeckas MOJAETb ONKCHIBAET OCHOBHBIE KaHAJIbl YIPaBICHUS
sHepreTrdeckoro 0oka ADC W yUHUTHIBa€T B3aMMHOE BIHSHUE HEHTPOHHON MOIIHOCTH PEAKTOpa H
TEIIO(QU3NYECKUX MAapaMETPOB MEPBOI0 M BTOPOTO KOHTYPOB IPU Pa3NUYHBIX peXUMax pabOThl U
YPOBHSIX MOIITHOCTH YHEProOJIOKa.
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YJIK 004.942
INPUMEHEHUE MATEMATUYECKHWX MOJIEJIEI HA PA3JIMYHBIX CTAIUAX
JKU3HEHHOT O ITUKJIA POCCUMACKHX ACY TII A3C
[TAIIIIE U.H., BOJIOAWH B.C.
Axyuoneproe obwecmso «Pycamom AsmomamusuposanHvle cCucmembl YAPAGLEHUSLY
(Mocxsa, Poccutickas @edepayiis)
Annortauusi. CoBpeMEHHOE pa3BUTHE BBIYMCIUTEILHONW TEXHUKW W MH()OPMALMOHHBIX TEXHOJIOTUH
MO3BOJIMJIM  OTEYECTBEHHOW AaTOMHOM oOTpaciu HaudaThb UUPpPOBYIO TpaHchopMmanuioo. ITO
mpeoOpazoBaHNe BKIIOYAeT B ce0s HE TOJBKO POCT YPOBHS aBTOMATH3AIMH OM3HEC-TIPOIECCOB U
MpUMEHEHUs] TexHonornid uHayctpun 4.0, HO ¥ MPUMEHEHHEe MAaTeMaTHIeCKOTO MOJCIHPOBAHHS Ha
pasHBIX STamax >XH3HEHHOTO LWKJIAa pa3padaTblBaeéMBIX MPOAYKTOB. B maHHOM JOKjane aBTOPHI
MPEINPUHAMAIOT TOTMBITKY OOOOMIMTH WMEIOMIWICS OMBIT TNPUMEHEHUS MaTeMaTHYeCKOTO
MOJCITUPOBAHUS Ha Pa3IMIHBIX CTAAHUSX ku3HEeHHOTO MuKiIa poccuiickux ACY TII ADC u pacckazaTh
0 BeAylIuxcs pa3paboTKax B JaHHOW 00JacTu.
KawueBbie ciaoBa: wmarematndyeckoe Mogenupoanue, ACY TII, ADC, Bepudukauus,
AHAIUTUYECKUNA TPEHAKED.

APPLICATION OF MATHEMATICAL MODELS AT DIFFERENT STAGES OF THE LIFE
CYCLE OF RUSSIAN NPP I&C SYSTEM
I.N. PAPPE, V.S. VOLODIN
JSC «Rusatom Automated Control Systemsy»
(Moscow, Russian Federation)
Abstract. The modern development of computers and information technologies has allowed the
national nuclear industry to begin digital transformation. This transformation includes not only an
increase in the level of business process automation and the use of Industry 4.0 technologies, but also
the use of mathematical modeling at different stages of the product life cycle. In this report, authors
attempt to summarize the existing experience of using mathematical modeling at various stages of the
Russian NPP I&C system life cycle and talk about the ongoing developments in this area.
Keywords: mathematical modeling, 1&C system, nuclear power plant, verification, analytical
simulator.

Beenenue

MaremaTuyeckoe MOAEIMPOBAHHE SBJSIETCS OCHOBOM JUISI  COBPEMEHHOIO  PELICHHMS
WH)KEHEPHBIX 3a/1a4, W €ro pojb BO3pAcTaeT B CBS3M C HEOOXOJMMOCTBIO pElICHHUs Bce Oolee
CIIOKHBIX ~TPHUKIAAHBIX 33Ja4: TPOTHO3MPOBAHHWE PAa3BUTHS TEXHOJIOTMYECKOro Tpoliecca,
OTpeJIeJIeHNE CKPBITHIX 1e()EKTOB TEXHOJIOTHYECKOro 000PYA0BaHHA U T.J.

B nacrosmiee Bpems Uil MPOEKTUPOBAHUS U BBOAA B DKCIUTYyaTAlMIO PA3IMYHBIX CIIOMXHBIX
TEXHUYECKUX CHUCTEM (aBTOMOOWIIM C aBTONMHIOTOM, POOOTOTEXHHKA, BOCHHAs aBUAIHs, OOOPOHHBIE
OpyXeHHble KOMIUIEKCHl M T.O.) HPUMEHSETCS MOJEIbHO-OPHEHTUPOBAHHOE NPOECKTHPOBAHME, B
paMKax KOTOpOro Ha KaXIOM JTare pa3paboTKH CHCTEMbl BMeCTO €€ (M3MYECKUX NPOTOTHUIIOB
UCIIOJIB3YETCSl COOTBETCTBYIOIIAS MaTeMaTHYeCKast MOJIEINb JJIsi UMHTAIMHA. DTOT MOAXO0/] TIO3BOJISIET B
pasbl YCKOPHUTH pa3pabOTKy TEXHUYECKHUX CHCTEM, M3TOTOBIICHHE M TECTHPOBAHUE KOTOPBIX JHOO
TpeOyer OonpmuX (UHAHCOBBIX PECYPCOB, NHOO TpeOyeT COoONo/IeHUsT OONBIIOTO KOJHMYECTBa
TpeOoBaHMit Mo Oe3omacHocTH. DHeproooku ADC MpencTaRisioT cO00 UIMEHHO TaKyH CHCTEMY.

B aromHO# OTpaciM MaTeMaTHYecKOe MOJICIIMPOBAHUE MPUMEHSIIOCH B OCHOBHOM JUISI
NPOBEPKU KOHCTPYKTOPCKUX PELICHUWH Ha 3Tale MPOSKTHUPOBAHMS TEXHOJIOTMYECKOI0 000pyI0BaHUs
(kak, wHanmpumep, B [l]), oOocHOBaHMs O€30MAaCHOCTH 3KCIUTyaTalluu 3HeprodmokoB ADC wu
MOJITOTOBKK ~ ONEpaTHBHOTO TepcoHana. OIHaKO pa3BUTHE BBIYUCIUTENBHOW TEXHUKH U
MHQOPMALMOHHBIX TEXHOJIOTMH B TMOCIEIHHE JECATh JIeT TMO3BOJMJIO HayaThb BHEAPEHUE
MaTeMaTHYeCKOr0 MOAEIUPOBAHMA U Ha APYyrux craausax kuzHenHoro nukna ACY TII ADC (cwm. puc.
1, [2]) kak Ha 3Tarne MyCKOHAIAKX SHEPTOOJIOKOB, TaK M Ha 3Talle MX MPOMBIIUIEHHON SKCIUTyaTalliH.
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Banupayua ACYTN

Mposepka Ha cooTBeTcTBne MnTerpaumun cucrem,

TPe6OBAHMAM BEPXHErO yPOBHA KOMN/IeKCHbIE

< MCNbITaHUA, CAaya B

ONBITHO-NPOMBILUNEHHYIO
IKCnAyaTaumio

Tpe6oBaHuA 3aKasumnka
BEPXHEro yposHa
3apanue Ha
ABTOMATH3aUUNIO

MpombiwnexHasn
akcnnyataumua ACYTN

Bepuduraumusa ACYTI
Pazpaborka apxurextypsi, WULEE LERG I 1 (o 10T
TEeXHUYECKUIA NPOEKT, 33U,MT3
AEKOMMNO3ZNUMA HA CHCTEMB,
dopmuposanue 4T3, 33U,
Aerannauposanubie
Tpebosanua

Mocraska Ha ASC, nycko-

Bepuopukayna
OTACNbHBIX CHUCTEN
Pa3zpaborka cucrem
ACYTN, sbinyck MCTIBITAHUA CHCTEM
paboueit ACYTN na 3asopax-
AOKYMEHTaUUH M3rOTOBMTENAX

WUsrorosnenue
cucrem ACYTIN

Puc. 1. XKusuennsrit iukn ACY TII

IIpumeHeHHe MaTeMaTH4YeCKOr0 MO/1eJIMPOBAHMSA Ha dTale NpoeKTUpoBanHus S1JY

Ha srane mpoexkTupoBaHUs MPOU3BOAATCA pacdeTbl C LEIbI0 NMPHHIATHA U KOPPEKTUPOBKH
TEeXHUYECKUX pemeHnid. Ha 3ToM sTame mpoBoAuTcs MpoBepka padOThl 000pyJOBaHMs HE TOJIBKO B
YCIIOBUSIX HOPMaJbHOM OJKCIUTyaTalldd, HO U B YCJOBHMSX IPOEKTHBIX M 3alpOEKTHHIX aBapuil:
OTPENEJIAIOTCSL  HKCIUTyaTallMOHHBIE IpEeNeNbl W YCIOBHS, Ipelensl M YCIOBUSL 0e30macHOi
9KCIUTyaTallly 3HEProOJIOKa, a TAKKe MOCJIEACTBUS Pa3INYHBIX BO3MOKHBIX aBapuil.

Tak kak 000pyJOBaHHE PEAKTOPHOW YCTAHOBKH, PEAKTOPHOTO OT/AENCHUS (32 MCKIIOUCHHEM
peakropa), TypOMHBI W MAIIMHHOIO 3aja (3a MCKIIOUECHHUEM TYpPOHMHBI), CHCTEMbl aBTOMATHKU
MIPOEKTUPYETCS] Pa3HbIMA OpTraHU3alUsAMH, TO, COOTBETCTBEHHO, WCIOJIB3YIOTCS W Ppa3iIUYHBIC
MOJIEITUPYIOIIUE KOMILIEKCHI sl BEpU(UKAIH IPOCKTHBIX PEILICHHUH.

B nHacrosmee Bpemsl mpu MPOBEICHUH KOHCTPYKTOPCKUX HEUTPOHHO-(DPM3UYECKUX PACUETOB
AKTUBHBIX 30H PEAKTOPOB CIIOXHICS CJIEOYIOUIMH IOAXO0J, OOYCJOBJICHHBIH, B YacCTHOCTH,
BO3MOYKHOCTSMH  BBIYMCIUTENBHOW TexHUKH. Pacder otnensHblx TBC ocymiectiuseTcs 1o
JBYMEPHBIM MAJIOTPYIIIOBBIM TPOTpaMMaM C CO3JjaHieM OMOIMOTEK MaJorpyIIOBBIX KOHCTAHT JJIS
MOCIEAYIONIET0 KpynmHoceTouHoro pacueta. K nmporpammam gannoro kiacca otHocsTess KACCETA,
IMECTUT'PAHHUK, TBC-M u psn apyrux. Pacuer OuMONIMOTEK ManoOTrpylIOBBIX KOHCTAaHT MJIst
KPYITHOCETOYHBIX PAaCYEeTOB BBIMOJHAETCS MO JIBYMEPHBIM CHEKTPaJbHBIM MpOrpaMmam (Harpumep,
WIMS-D4, CAII®UP) unu mpu COBMECTHOM OJHOBPEMEHHOM HCIIOJIb30BAaHUM CIIEKTPaIbHBIX U
mastorpynnoBsix nporpamMm (YHUPACOC wim TBOI' + KACCETA nimu TBC-M) [3].

IIpn pacuére TpexMEpHON aKTUBHOW 30HBI. OIPEIEIAIOTCS IOJISI JHEPrOBBIICICHUS,
BBIOMpAETCS KapTorpaMMa 3arpy3Kd aKTUBHOW 30HBI, JTUTEIBHOCTh TOIUIMBHOW KaMIaHWU U CXeMa
TOIIMBHBIX IEPETPy30K. PacueTsl BBHIONHSAIOTCS 110 CTAMOHAPHBIM POrpaMMaM € Y4eTOM OOpaTHBIX
cBA3ed Mo TemnoruapoguHaMuke. C TMOMOIIBIO TaKUX pPAacdéToB OIpENENsIeTcss NPUMEHHMOCTb
3aJI0’KEHHBIX Ha MEePBOHAYAIBHON CTaJN{ MPOEKTAa CXEM 3arpy3KH TOIUIMBA, JIOMYCTHMas BEIWYHHA
HEPAaBHOMEPHOCTH  IIOJII  JHEPrOBBIACICHHS, UIMTEIBHOCTh TOIUIMBHOM  KammaHuu. [lpu
MIPOEKTUPOBAaHUU AaKTUBHBIX 30H BBOP 1 peanmn3annym  COOTBETCTBYIOHIETO YHCIEHHOTO
JKCIIEPUMEHTA UCTIoNb3yeTcs nporpamma BUIIP-7(7A) [3].

[IporpaMMbl  TETUTOTHIPABIMYECKUX pacd€éToB S1D0Y MOXHO YCIOBHO pa3AeiiTh Ha TpH
TPpyHnbl: MPOrpaMMbl MOJEIHPOBAHMSA IUHAMHUKU SOV B yClOBUAX aBapuil, HE CBS3aHHBIX C
KpPYIHBIMH T€4aMHU U3 nepBoro KoHTypa (Hampumep, JUHAMUKA, MOCT-7); nporpaMMsl pacuera
nporeccoB B SIOY B ycmoBusix Teueil n3 mepBoro koHTypa DY (mampumep, KOPCAP, RELAP-5,
ATHLET [19]); mporpamMMbl MOZIETMPOBAHHSA MPOLIECCOB B YCIOBUAX MPOTEKAHUS TSHKEJIBIX aBapHid ¢
paspymeHueM akTuBHOM 30HBI (Hampumep, CBEYA). HecrtaunmoHapHble TEmIOTHIpaBIMYECKHE
MpPOrpaMMBbl B HACTOAIIEE BpeMsi OOBEAMHAIOTCA C TPEXMEPHBIMH HECTAIlMOHAPHBIMH HEHTPOHHO-
(hu3NYeCKUMH TIpOrpaMMaMu, 00pa3yss KOMIUIEKCHI MOJHOMACIITA0OHOTO MOJCTHPOBAHUS JTUHAMUKA
PEaKkTOpPHBIX YCTaHOBOK [3].
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J11  KOMIUIEKCHOTO HCCIEI0BaHUS JWHAMUYECKHX IponeccoB B SOV wucnons3yrored
IPOTrPaMMBbl  CBSI3aHHOTO  HEHTPOHHO-(U3MYECKOIO U TEIUIOTMIPABIMYECKOIO pacdera. ITO
IPOTrpaMMHBIE KOMIUIEKCHI, KOTOPbIE CO3JaBaJUCh IyTeM OOBEIUHEHHUS paHee pa3padOTaHHBIX
nporpaMM THApoAWHaMUKU U (usuku (mporpammusie komiuiekcsl TUTP (BUITPS-KN +PACHAP),
ATHLET/BUITPSKH), miu0o mporpaMMbl, H3HAYaIBHO TIpeaHa3HauYeHHBIC W pa3padaThIBAIOIIHECS IS
CBSI3aHHOTO HEHTPOHHO-TEIIOTHAPABINIECKOTO pacueTa, Hanmpumep, «PAIIYI Ax.

st MozienupoBaHus MPOLECCOB B 000PYIOBAHMHN MAIIMHHOTO 3aJIa U CHCTeMax BOJOOOMeHa
MEPBOrO KOHTYpa MPHUMEHSIOTCA, Kak IMpPaBWIO, TEIUIOTUAPABIMUECKHUE IPOrpamMMbl, HMEIOIIUE
BO3MOXKHOCTb 3aJJaHUs THOKON pacdyeTHOM CXeMbl M CHEIHAIbHO pa3pabOTaHHbIE AJIST MOACIMPOBAHUS
CIIOXHBIX Pa3BETBICHHBIX TEIIOTHAPABIMYECKUX KOHTYpoB. Hampumep, nmporpamma TPP (Thermal
Power Plant) unu KPOB[3].

Taxoxe HEoOxoauMo otMeTHTh pa3zpaboTky OAO CII6ADII «BuptyanbHsiii saeprodiaok ADC
¢ BBOP» (IITK «B3by»), munoTHas Bepcus KOTOPOro co3gaHa Ha OcHoBe mpoekra JIADC-2.
CpenctBamu [ITK «BOB» co3manbl Mozen 0CHOBHOTO 000PYAOBaHHS PEaKTOPHOH M apoTypOUHHOMN
YCTaHOBKH, MOJIETM BCIIOMOTATEJIbHBIX CHUCTEM IEPBOTO KOHTYpa M CHUCTEM YIIPAaBJICHUS, a TaKxkKe
MOJIEJIM OCHOBHBIX IEKTPOTEXHUYECKUX CHCTeM. [ pacuera TEIUIOruapaBIdueCcKUX MPOLECCOB B
cucrtemax u obopynoBannu ADC ucnons3yrotes koasl yiyuineHHol onenkn KOPCAP u PATEL, a
TaK)kK€ OJHOMEpPHBIE TOMOTCHHBIC TEIUIOTHIpaBiInueckue Koabl [4]. B kadecTBe yIpaBIISIFOIIETO
nporpammHoro komruiekca ucronb3yercs [IK TEPMUT, pa3pabdorannsiit HUTU [5]. s mokambHOTO
MOJICJIMPOBAHMS, a TAaKXKe CO3/IaHus Mojelelt Mo3andHbIX naneneil ncnois3yercs [ITKY SimInTech,
paspabotkun OO0 «3B Cepsucy. Co3nanue u 0ToOpakeHUE BHICOKAIPOB MPOU3BOIUTCS CO3JaHHBIM
B HUTU cneunanu3upoBaHHBIM MOAYJIEM BHUACOKAAPOB, KOTOPBIA IO3BOJISIET KOHBEPTHUPOBATH
Buneokanpsl u3 [ITK TIOPTAJI [4].

IIpumeHeHHe MaTeMaTH4YeCKOr0 MoiesINpoOBanns Ha Tane npoekTupoBanus ACY TII A9C

Jns cokpamieHuss Tpyao3aTpaT W MOBBIIIEHUS KadecTBa npoekTupoBaHus IITK Hu3oBOiM
apromMatukun ACY TII ADC npumeHsIOTCS COOTBETCTBYIOIINE HHCTPYMEHTAIBHO-MOJCIHPYIONTUE
cpenctBa. B kauectBe nHctpymenrta Bepudukanun [1TK HH30BOW aBTOMAaTHKH, B OCHOBE KOTOPOTO
nexar cpenctBa TIITC, wucnomssyror maHTerpupoBanHyto cpeny (MC) «OHUKA/» paspabotkm
OHUKO TCO [6].

Mopenupyromue komiuiekcsl 3a aBropctBoM DHUKO TCO u AO «BHUHUADC» B yactu
ACY TII npenHazHa4deHbl Il UCMIOIB30BaHMS B KayecTBE JEKTPOHHONW WHGOPMAIMOHHOW MOAETH
ACY TII. Ota Mozenb MO3BOJIIET HE TOJIBKO OTOOpa)kaTh BCe MH(OPMAIMOHHBIE CBSI3H B KOHTYpE
«cuctembl HIxkHEro ypoBHs ACYTII — CBBY — anexrponnsie nanenu BITY/PITY», HO 1 KOMIIEKCHO
MozaenupoBaTh pabotry Bcex cucreM ACYTII B 3ToM KOHType ¢ TIOJHON JUHAMH3AIUCH
(BU3yanu3amnuei) npoxoxaeHus Bcex curHanos. Moaenuposanue padbotsl cucreM ACY TII B pamkax
KOMIUIEKCOB MOXET OCYHIECTBIATHCS B IBYX PEKUMaX:

a) B CTaTUYECKOM peXrMe, 0e3 UCTIONB30BaHus Mojienu Gpu3ndeckux npomeccos (MDIT)
B TEXHOJIOTHYECKUX CHUCTEMax 3HeproOi0Ka, BOCIIPOU3BOAIIEH oka3aHus Bcex natunkoB ACYTIL
B osTtoM pexmMme TmOKazaHWS JATYMKOB 33JAr0TCS  IOJB30BATEIEM BPYYHYHIO, C IOMOIIBIO
CTENUAIN3UPOBAHHON CEPBUCHOW OOOJOYKH KOMIUIEKCA MM B aBTOMATHYECKOM pEKUME U3
CIENMANBHOT0, 3apaHee MOATOTOBICHHOTO (aiisa clieHapHs;

0) B JMHAMHYECKOM pEXHME, ¢ Hcroiab3oBanueM MOII, paspabateiBaemMoil B pamkax
OTAENBHOr0. B 3TOM pexuMe nokazanus JaTYMKOB paccuuThiBatoTcss B MOIT.

Mogenu pazpabatsiBatorcsi ¢ ucnonszoBanneM UC «OHUKAl» u mnatdopmer [IOPTAJT (B
yactu APM CBBY nporpammuoe obecnieueHre co31aH0 METOI0M 3MYJISILNY, T.€. aBTOMAaTU3UPOBAHO
Ha ocHoBe mratHoro [IO CBBY). Mogens cuctem ACY TII B wacTu HH30BOHW aBTOMATHUKH
aBTOMAaTU3UPOBaHO TeHepupyercs Ha ocHOBe STEP-koma, momydaemMoro Ha WHXKCHEPHOM CTaHITUU
TIITC no GET-npoekty u 3arpyxaemoro B mrarsyto anmnapatypy TIITC. 1o no3BonseT B KOpOTKHE
cpoku pononHuTh Moaenb ACY TII nyxHeiMu vacTsiMu ((yHKUHMOHANBbHBIMH obOnacTsmu GET-
MPOEKTA).

Junamuueckoe MojienupoBanne pabotsl cucteM ACY TII ¢ wucnonb3oBanmem MOIT
MOJyYWJIO DPAa3BUTHE B BUAE CHCTEMBl aBTOMAaTH3MpoBaHHOro TecTHpoBaHus ACY TII mua
sHepro6okoB Ne 1 u 2 Jlenunrpaackoit ADC-2.

184



11 MEXKAYHAPOJHASI HAYYHO-TEXHUYECKA S KOHOEPEHLIMA. MUHCK 27-28 AITPEJIA 2021 T'OJIA

IIpuMeHeHHEe MaTeMAaTHYECKOT0 MOETHPOBAHHUS HA ITale NYCKOHAJIA0YHBIX PadoT

B pamkax nudpoBoit Tpancopmanmn oTpaciu mpeoOpa3oBIBAETCS U MPOIECC MyCKOHATIAIKH
9HEpro6s0koB ADC ¢ MOMOIIBI0 MaTEMaTHYECKOTO MOICIHUPOBAHMS: B MOCKOBCKOM (rmmane AO
«Atomrtexanaepro» ¢ 2017 roma Beaércs pa3pabdoTKa MPOrPaMMHOTO-TEXHUYSCKOTO MOICIUPYIOIIETO
KOMIUIEKCA, CO3JaHWe KOTOPOTO TIO3BOJHMT COKPATUTh BpeMsl BBEICHHA JHEProOJIOKOB B
HKCIUTYaTaIHIO 32 CYET OMTUMHU3AIINH ITyCKOHAIAJIOYHBIX padoT [7]

«Pacu€THO-aHanUTHYECKUH 3KCTIepUMEHTaNbHBINA KoMmiuieke» (PADK TTHP) — ato mudposoii
WHCTPYMEHTApUH MyCKOHAJIaI0YHBIX paboT. B OCHOBE JIeXKHUT TeXHUYECKask COCTABIISIONIAs, BKIIOYAs
Cynep-OBM 1 KOMIUIEKT OT€YECTBEHHBIX CEPTUQHUIIMPOBAHHBIX MPOTPAMMHBIX CPEACTB, PACUETHBIX
KOJIOB OCHOBHBIX 3aKOHOAaTelel B 00racTn 000CHOBaHMS Oe30macHOCTH U npoektupoBanus (PI'VII
«HUTHU um. A.Il. Anexcangposa», OKb «I'mapomnpecc», AO «ATOMIIPOEKT», ®I'VII «PDALI-
BHUND®»). Sgpom PADK IIHP, mo3BonsOmM OCYIIECTBISATE OOMEH MJAaHHBIMH MEXIY
MPOTPAaMMHBIMU CPENICTBAMH, SIBISIETCS MPOTPaMMa TWHAMHYECKOTO MOJEIHPOBAHUS TEXHHYECKUX
cuctem SimInTech pazpadorku OO0 «3B CepBucy.

OcnoBuHas uenb paspaborku PADK IIHP — cosganue mudpoBoro MHCTpyMEHTapus AJs
OTpabOTKM M ONTHUMH3AINH ITyCKOHATAIOYHBIX TPOIEAyp B JIAOOPATOPHBIX YCIOBHSIX A0 Hadaia
pabotsl cnenmanuctoB AO «AToMTex3HEpro» HenocpeacTBeHHo Ha ADC [§].

IIpuMeHeHHe MaTeMaTHYeCKOI0 MO/IeJIMPOBAHMS HA Tale NPOMbILIIEHHOH IKCINIYaTALMH

OpmHO M3 OCHOBHBIX HAIIpaBIICHUH MU(POBU3AIMK aTOMHOM OTpaciu — co3laHue mudpoBoro
nBoitHuka sHeproomoka ADC. lludpoBoii ABOWHUK — MNPOrpaMMHBIA aHAJIOr (PU3UIECKOTO
YCTPOMCTBA, MOJCTUPYIOLIMIA BHYTPEHHUE MPOLIECCH], TEXHUYECKUE XAaPAKTEPUCTHKH W IOBEICHHE
pealbHOTO 00BEKTa B YCIOBHIX BO3JEHCTBHI MMOMEX W OKPYXKAIOMIeH cpeabl. BaxkHOI 0COOEHHOCTHIO
IUQPOBOTO IBOMHUKA SBISETCS TO, YTO JAJISl 3a/laHUS HA HETO BXOAHBIX BO3JCHCTBUII HCIOIB3yETCs
MHQOPMAIUS ¢ IaTINKOB PEabHOTO YCTPOHCTBa, paboTaIoNIero napajuienbHo.

B 2009 r. craproBanma paspaborka koHuenmuu «BuprtyamsHoit ADC ¢ BBOP». C 2015 r.
Hayanach akTHBHAs CTaius MPOEKTa ¢ HamMeHoBaHHeM «Pa3paboTka MporpaMMHO-TEXHHYECKOTO
komriekca «BupryanpHo-undppoBas ADC ¢ BBOP». OcnoBuble wucnonnutenn pador: AO
«BHUUADC», UBPAD PAH u POAL-BHUNI® (pa3zpadorunku CynepOBM).

[IporpamMmmHo-TexHUUECKH KoMITIieke «BupTtyanpHo-IdpoBas ADC ¢ BBOPy mpencrasiser
cO00OH COBOKYITHOCTh PAacUeTHBIX KOJOB, IMO3BOJSIOIIMX MOJECIUPOBaTh (PU3MUecKrue MpOLEcCHl,
NPOTEKAIOLINE B TEXHOJOIMYecKoM oOopynoBaHuM 3Heprodmoka ADC c¢ peaktopom Thma BBOP,
KOTOpasi QyHKIHOHUPYET Ha BHICOKONIPOM3BOIUTEIBHON BBHIYMCINTENBHON crcTeMe. OCOOEHHOCThIO
IITK sBnsercst Hanmuue KoJoB TsokEnbix aBapuii aBropctBa UBPAD PAH. Taxxke B IITK Bxomsar
MOJICIIA CUCTEM yTIpaBieHus, co3aannbie Ha ocHoBe UC « OHUKA JI».

IITK no3Bonsier 0e3 Kakux-IMOO MOCIEACTBUH MEHATh PEXHUM PadOTHI M NMPOTHO3UPOBATH
M3MEHEHUS COCTOSHUS 000pyIOBaHus, UYTO, B CBOIO OYepellb, II03BOJISIET caenaTh AeiicTByromue ADC
Ooiee Oe30MacHBIMH Ha BCEX CTAJUSX KU3HEHHOTro nukia. [lnatdopma mporpaMMHO-TEXHHYECKOTO
KomIiekca BupryanbHoit un¢poBoii ADC cTaHeT OCHOBHOM Il pa3pabOTKH COBPEMEHHBIX
TpeHaXepoB oneparuBHOro mnepcoHasa ADC, YTO OKaKeT IO3UTHBHOE BIHUSHHE Ha KauecTBO
MOJTOTOBKM TI€pCOHANA, M, KakK CIEJICTBHE, Ha YpPOBEHb OE30MAaCHOCTH O3KCIUTyaTallid aTOMHBIX
CTaHIIUH.

[IporpammMHo-Texandeckuid komiekc «BuprtyansHo-ungposas ADC ¢ BBOP» cnocoben
pemarh IMUPOKUM CHEKTp 3aad, BKIIOYas BEPU(PHUKALMUIO TMPOSKTHBIX peIIeHHH M pacdyeTHOe
o0ocHoBaHue Oe3onacHocTH. [TmitoTHas Bepcust pazpabaThiBaercs s sHeprooioka Nel HBADC-2.

B 2017 romy 3aBepmieHa pa3paboTka OCHOBHBIX PACUETHBIX KOJIOB, (DOPMHUPYIOUINX SAPO
MIPOrpaMMHO-TEXHUYECKOr0  KoMIiekca. IlepBas  JgeMOHCTpanusi  MpPOrpaMMHO-TEXHHYECKOTO
komrutekca «BupryansHo-tdposas ADC ¢ BBOP» cocrosmacs 23 mas 2018 r. B8 AO «BHUHMADC»
(mouepnee obmectBo AO «KonnepH PocaneproaTtom», BXOOUT B 3JIEKTPOIHEPIeTUUECKUN TUBU3HMOH
l'ockopnopanun «Pocarom») B pamkax mnpoBeneHus 11-i MexmyHapoaHOW Hay4YHO-TEXHHUUYECKOU
KoH(pepeHun «be30macHoCcTh, 3PPEKTUBHOCTh ¥ SYKOHOMHKA aTOMHO# sHepretukn» (MHTK-2018).
B 2018 romy 3aBepmieHa pa3paboTka TOCIETHETO W3 MOIYJIEH — MOIYIJSI pa3pyIICHHs] aKTUBHOU
30HBI. Kpome Toro, B 2018 T. 3aBepIeHsl paboTh IO UHTErPallMi OTAEIBHBIX MPOrPAMMHBIX MOAYJIEH
B COCTaB MPOTrpaMMHO-TeXHHYecKoro komruiekca. K xoniry 2018 roga ObUTH MOTHOCTHIO 3aBEPILICHBI
paboTHI 110 MOHTAXKY M HAJIaJKe TEXHUYECKHUX cpeAcTB. B konie 2019 r., mocie 3aBepiieHus padoT 1Mo
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Bepu(UKANH TPOrPAMMHO-TEXHUUECKOTO KOMIUIEKCA W €r0 ONBITHOM SKCIUTyaTallld, MpPOBEICHBI
npueMo-caatoyabie pabotel. B 2019 roxy Ha mporpaMMHO-TEXHHYECKOM KOMILIekce BupTyampHO-
mudpoBoit ADC mponuio okoigo 100 aBTOHOMHBIX M KOMIUIEKCHBIX HCHBITAaHUNA. OTBITHAS
skcrutyatarus  [ITK  moxrBepamnma  BO3MOXKHOCTH — €ro  NPUMEHEHHs A MPOBEACHUS
IPOTHBOABAPUMHBIX TPEHUPOBOK M KOMIUIEKCHBIX IPOTHBOABAPUMHBIX YUEHHH, BEpUPHUKALUU
aNTOPUTMOB ympasieHus dHeproonmokoM ADC, BepuduKamuyd TPOTHBOABAPHUMHBIX WHCTPYKIUH H
MPOEKTHO-KOHCTPYKTOPCKHX PelIeHni Hanbosee oTBeTCcTBeHHOro obopynoBanus. 3 maprta 2020 roga
I[ITK «Bupryansno-mudpoas ADC ¢ BBDP» mnpuHAT B NpPOMBIIUICHHYIO OJKCIUTyaTanuio. B
JalpHEWIIeM IUJIAHUPYETCSl IO3TAllHOE BHEAPEHHWE MIPOTrPaMMHO-TEXHHYECKOTO  KOMIUIEKCA
«Bupryansno-tuppoBas ADC ¢ BBOP» B mearemsrocTh Kpusmcuoro mentpa AO «Koruepn
Pocaneproatom», ero TUpaXHpOBaHHE Ha APYrHe SHEProONIOKHM W pellleHHe MPUKIAIHBIX 3a/1ad,
crosmmx nepen AO «Konmepu Pocaneproarom» [9].

[ITK «Buptyansno-tudppoBas ADC ¢ BBOP» pa3pabaTsiBaeTcsi B paMKaX dHEPreTHYECKOTO
muBm3noHa ['K Pocarom. Taxke B nuBusuone «ACY TII u 35ekTpoTeXHHKa» B paMKax pa3padoTKU
cucteMbl HHpOpMauMOHHON mnoaxepxku omepatopa (CUIIO) mms sueprobmoka Ne 1 HBADC-2
peanmzyeTcst 4acTh (hyHKIMOHANA U poBoro nBoitHuka sHeprodmoka. CHUIIO paspabarteiBaercs AO
PACY u Ud CHUUNIT ATOM npu noanepx ke oneparuHoro nepconana HBADC-2.

Cornacho 1. 3.4.5.1. HI1-001-15, xaxzapiii sHeprodiaok ADC IOJKEH OCHAIATHCS CUCTEMOM
nH(pOopMaIMoHHOH oanep)ku onepatopa [10]. Yacteio peanmuzyemoii CUIIO siBnsieTcst mporpaMMHO-
TexHnYecKui komruieke «Moaens 3Heprodnoka» (IITK MD), Bkmtogaromuii B cebs, B 4aCTHOCTH,
MOJENIM CUCTEM YIpaBICHUS W (PHU3MYECKHX MPOIECCOB, MPOTEKAIOIUX B TEXHOJIOTHYECKOM
obopynoBaHUM OJIOKA.

Pacuer pacmpeneneHusi SHEpProBeIACNCHHS B 00beME€ AKTUBHOM 30HBI BBINOJIHSACTCS
aTTectoBaHHON Pocrexnamzopom mporpammoir SVC, OCHOBaHHOM Ha MPSIMOM pPELICHUM ypaBHEHHS
nepeHoca HEHTPOHOB M HE HCIIOJIB3YIOIIEH TOMOTEHH3AIllMI0 PACUETHBIX siueek M Au((y3nOHHOE
MpHOIIKEHHE.

TemnorunpaBianyeckas MOJENb OCHOBaHA Ha pPEUICHUH CHCTEMBbl (yHIaMEHTaJIbHBIX
YPABHEHUI COXpPAHEHUS M 3aMBIKAIOIIUX COOTHOLICHHWH. B J0NONHEHME K CHCTEME TIJIaBHBIX
YpaBHEHUH, ONMCHIBAIOLIMX IIPOLECCHl TEIJIOMAaccolepeHoca B IEPBOM M BTOPOM KOHTYpPax
9HEPro0JI0Ka, 3allMCHIBACTCSl YPAaBHCHHE IEPEHOCA HEPACTBOPUMBIX IpUMECEH Uil MOICIHPOBAHUS
TpaHcHopTa OOPHOTO MOTJIOTHTEINS B TIEPBOM KOHTYPE PEaKTOPHOH YCTaHOBKH.

Mogens ACY TII peanu3oBaHa Ha 0a3e OTAEIBHOTO NPOIPAMMHOIO  MOAYJIS,
00CUHTBIBAIOIIETO JOTUKY Pa0OThl MOJIEJIBHBIX CXEM KOHTPOJIA U ynpasieHus. KoMIuiekT pacuéTHbIX
cxeM QopmHpyeTcs Jsi He€ C MOMOIIBI0 PEeJaKTOpa CXeM, KOTOPBIH SIBISIETCS COCTaBHOW YaCThIO
nporpamMmHoii cpeapl KPYU3. Pacuérneie cxemsl dopmupytorcs Ha ocHoBe GET-mumanos TIITC, a
takxe Texaudeckoro npoekra ACY TII sHepro6ioka u 10KyMEHTAIMKM T€HEPAIbHOIO KOHCTPYKTOpa
PV, nostomy monens ACY TII B iennom noBTOpSIET JIOTHKY, 3as10’keHHYyI0 B ACY TII snepro6ioka.

Marematnueckas MoJenb mpuBs3aHa K curHaiam CBBY, 4ro mo3BojsieT MHUIIMUPOBATH
NPOLIECC MOJCTUPOBAHUS C JIIOOOTO TEKYIIEro COCTOSHHUS 3HeproOyioka. Tarkke obecneumBaercs
ObICTpOJEHCTBIE MOJETIN HA YPOBHE PeallbHOI'0 BpeMEHH (BO3MOXKHO YCKOpEHHE MOAEIMPOBAHMS Ha
nopsaok) [11].

B cocrase CUITIO mporpaMMHasi Mojieb OJIOKa MCIONB3YETCS IS Peai3aiuy CIeTyFOIUuX
GyHKIIHIA:

- KOHTPOJIb JOCTOBEPHOCTH TOKAa3aHUH JATYMKOB CHCTEM HOPMAaJIbHOW IKCILTyaTalliy;

- MOHUTOPHUHT COCTOSIHUSI OCHOBHOT'O 000PYTOBAaHHUS YHEPTOOIIOKA;

- KOHTpOJIb paboTel 6104yHO# aBToMaTuku (T3ub, ABP u 1.1.);

- IPOTHO3UPOBAaHKE Pa3BUTHUS TEXHOJOTMYECKOTO MPOIEcca C TEKYIIETO COCTOSIHUA BIIEpEN Ha
15 — 30 mMuHYT C BBIAAuYell TNpeaynpeAuTeIbHOW CHUTHAIM3AlWHd O BBIXOJE KOHTPOIHPYEMBIX
napaMeTpoB 3a SKCIUTyaTallMOHHBIE IPEAEIBl IPU OTCYTCTBUH YHPABISAIONINX BO3AEHCTBHUI onepaTopa
B 33/IaHHOM MHTEpBaje BPeMEHH (aBTOMAaTHUECKUI MIPOTHO3);

- TPOTHO3MPOBAHHWE PpA3BUTHSA TEXHOJOTMYECKOTO TMpollecca C y4eTOM CIeHapus
TUTAHAPYEMBIX YIPABISIONINX BO3JACHCTBUI omepaTopa B 3aJaHHOM HHTEpBAJIE BPEMEHH (3alpOCHBIH
MPOTHO3).

[Ipu mpOrHO3MPOBAHWU MOJAETHPYIOTCS MPOIECCH HOpMalbHOHN dKcinryaTanuu (HD), B Tom
qucie MycK OJI0OKa OT XOJOJHOTO COCTOSIHUS JI0 PadOThl HA HOMHHAIBHBIX MapaMeTpax, pasrpyska u
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OCTaHOB OJIOKa, MaHEBPHUPOBAaHHE MOIIHOCTBIO, a TAKXKe MPOLECCH MpPU HAPYIICHUH HOPMAaJbHOM
skcruryatatmn (HHD), B Tom umcne compoBoxmarommecss cpabatsiBanneM [I3 um ycKopeHHO
pasrpy3koii 0ioka [11].

Taxke CTOMT YHNOMSHYTH TPOEKT, OTHOCSAIIMKCS K TEXHOJOIMHM UHU(POBOrO JABOMHHKA
dHEproOsioka, (HWHAIBHAS CTAagus KOTOPOTO Hadamach B Hadane wMapra 2021 roma: KOHIIEpH
«Pocaneproatom» coBmectHo ¢ AO «BHUUADC» u xommanmedt «MeWHTEKC» NPUCTYIIUIN K
3aBeplIalmeMy dTamy (ONbITHAas OSKCIDTyaTalus) pealu3alud mepBoro B Poccum mpoekra 1o
CO3IaHMI0O M BHEIPEHUIO CUCTEMBI NPEIAWKTHUBHON aHAJUTUKA B OOJIACTH aTOMHOW 3JHEPIEeTHKH.
Jannas cuctema peanusyercs Ha 010ke Ne 1 HoBoBoponexckoir ADC-2.

[IpoekT HampaBieH Ha CO3JaHHE MPOTOTHIIA CHCTEMBI, KOTOpas OyneT Ha paHHEH CTaIud
0o0HapyXHUBaTh CKpHIThIE Ae(EKTHl B TEHEPHPYIOIIEM OOOPYJOBAaHWM AaTOMHBIX CTaHLIMH. YiKe
paspaboTaHbl U Bepu(PUIMPOBAHEI MOJIETH MAIIMHHOTO OOYYeHHUSI HECKOJIBKUX BHUIOB 000pPYHIOBaHUS
— 3TO TypOOoreHepaTop, MAPOTypOMHHAS YCTAHOBKA M NHPKYJSIIMOHHBIE HACOCH dHeprodioka Neb
HBADJC — oHu 3amymieHsl i aHaJIn3a aKTyalbHOTO COCTOSIHUSI 00OPYAOBAaHHS B PEKUME PEabHOTO
BpEeMEHH

Brenpenne na ADC mogo0HOTo pernieHus MO3BOJUT HE TOJIBKO TOBBICHTH O€30ITACHOCTH M
HaJIeKHOCTh paboThl poccuiickux ADC, HO ¥ TTO3BOJIUT YMEHBIIUTH PUCKH IITPa(OB MPH HETIIAHOBBIX
OCTaHOBAX, a TAaKXE COKPATUTH MIUTCIBbHOCTH IMPOCTOCB M3-3a pEMOHTAa U CBCCTH K MHUHHUMYMY
KOJIMYECTBO HApyIIEHUI 1 0TKa30B B paboTe obopymoBanus [12].

JlanHOE perieHne SBISIETCS YacThI0 HOBOTO paspadaTsiBaeMoro mpoaykra — «lllaGmona
9KCIUTyaTallin», MPEACTaBISIIOMNI co00i KOMIUIEKC HWHTEIPHUPOBAHHBIX HHUQPOBBIX CHCTEM, C
MTOMOIIBIO KOTOPBIX (ZYHKIIMOHUPYIOT 06a30Bble OM3HEC-TPOIECCHl — YIpaBIeHNE dKCIUTyaTtanue (oT
COOpYKEHHS 10 BBIBOAA W3 DJKCIUTyaTalldd), MEPCOHAJIOM, B3aUMOJIEHCTBHEM OJKCILTyaTHPYIOMIEH
OpraHuzalid C CeTeBBIM omeparopoM M T. 1. «lllaGmoH 3KcmimyaTanuu» JOMOJHUT LUPPOBEHIE
CUCTEMBI, 00CITYKHBAIOIIUE XO3SIMCTBEHHYIO AesATeNbHOCTh ADC — 3aKIIIOYeHUE TOTOBOPOB, 3aKYIIKH,
JIBIKCHHE JCHEXKHBIX CPENICTB,— KOTOpPbIe OBLIN BHEIPEHBI MPUMEPHO ABa rojaa Hazax [13].

3akiouenne

B Hacrosimiee BpeMsi OCYIIECTBISETCS BHEAPEHHWE KaK IOJHOMACIITA0HBIX MOAEIeH
9HEpPro0I0Ka, TaK U MOAEICH MAIIMHHOTO OOydYeHHs Ha 3Tamax IyCKOHANAIAKH U MPOMBIILUICHHON
skcrutyatanui. [logoOHOEe cTano BO3MOXKHO 3a CUET pPa3BUTHS BBIYMCIHTENBHOW TEXHUKH U
MHQOPMALMOHHBIX ~ TexHosoruil. Mcmonmp3oBaHume  Takux  MoAeneld  MO3BOJUT  HOBBICUTh
3¢ GeKTUBHOCTE Ipoliecca BEIPAOOTKHU AIIEKTPO3HEPIHU Ha 3Heprodnokax ADC, B 4aCTHOCTH, 3a CUET
NPOTHO3a  Ppa3BUTHA TEXHOJOTMYECKOrO Tpollecca ¢ ONpEAETICHUS  CKPBITBIX  JeEeKTOB
TEXHOJIOTHYECKOr0 000pyA0BaHUS.
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YK 681.5
INPOI'PAMMHOE OBECIIEYEHHUE AJITOPUTMOB YIIPABJIEHUS TUPUCTOPHBIMU
AT'PET'ATAMU KUITALWEI'O CTEHOA
BOHJIAPH I1.C.
Hayuno-uccneoosamensvcruti yenmp « Kypuamogcxuti uHcmumymy»
(Mockea, Poccutickas ®edepayust)
AnHoTamusi. B crathe oTpaxkeHbl mpoiiecc pa3pabOTKH U BHEAPEHUS MPOrpaMMHOTO 00eCrieueHUs
aJTOPUTMOB YIOpaBICHUS TUPUCTOPHBIX arperatoB kumsmiero creHaa KC HUIL «KypuatoBckuit
WHCTUTYT». B Marepmane paccMaTpuBaeTcsi oOIlee Ha3HAaYeHHe KHIDIIIero CTeHnaa, paboTa
THPHUCTOPHBIX arperaToB M HArpeB JSKCIEPHIMEHTAIBHOTO YYacTka. ABTOPOM OBUIH HW3YYEHBI
YCTPOHUCTBO THUPUCTOPHBIX AarperatoB KHWIISIIETO CTEHAA, CHUCTEMa YIPABJICHUS HarpeBOM U
anro0JI09HOe MPOrpaMMHUPOBAHIE CPETHETO YPOBHS, HA KOTOPOM 0a3MpyeTcs CHCTeMa YIIpaBIICHUS.
Ha ocHoBanmM NOMYYeHHBIX JaHHBIX OBLIO Pa3pabOTaHO MPOTrpaMMHOE OOecriedeHre TSl CHCTEMBI
yIpaBICHHS HArpeBaTeNIIMU JUIs 00JIEe ONTUMAIBHOTO YIPABICHUS HArpeBOM, 3a/IaHUsl MOIIIHOCTH U
KOHTPOJISI BEIXOAHBIX TOKOB.
KuroueBble ci1oBa: nmporpaMma, alropuT™, yIpaBlieHHE, TAPUCTOP, arperar, CTeH]I, HarpeBaTellb.

SOFTWARE FOR BOILING STAND THYRISTOR UNITS CONTROL ALGORITHMS
PAVEL.S. BONDAR
National Research Center «Kurchatov Institutey
(Moscow, Russian Federation)

Abstract. The article reflects the development and intorduction of thyristor units control system of
NRC «Kurchatov Institute» Boiling stand. The general appointment of the Boiling stand, thyristor
units functioning, and the experimental part heating are also reviewed. Thyristor units device, heating
control system and middle algoblock-programming tool as base of the control system are examined by
author. Using the received data, the heating control system software is developed for more optimal
heating control, power setting and output currents measuring.

Keywords: program, algorithm, control, thyristor, unit, stand, heater.

Beenenue

Ha crenne KC, co Bpemenu ero mycka B 1967 rony, HenmpepbIBHO BEIYTCS 3KCIIEPUMEHTSHI, B
KOTOpBIX Ha Mozenssx TBC Bogo-BOISHBIX peaKTOPOB UCCIEAYIOTCS THAPABINYECKOE CONTPOTUBIICHNUE,
KpPHU3UC TEMJIOOTAAYM MPH KHUIIEHWH, YCTOMYMBOCTh NMPUHYAUTENBHON M €CTECTBEHHOW LUPKYIALMH
TEIIOHOCHUTEIIS, MOMEPEYHOE TMepeMENINBAHNE TETUIOHOCUTENS, HHTeHCH(UKAIUs TerooOMeHa 3a
CUET HCIOJIB30BaHMs PEHIETOK-UHTEHCU(DPHUKATOPOB, TMOHMKCHUE TEIUIOTEXHUYECKUX 3aacoB W3-3a
JIOKaJbHBIX HAapyLIeHWH T'€OMETPHUM TOIUIMBHOW COOpKH. OTH HCCIENOBaHUS HEOOXOIUMBI IS
000CHOBaHUS TEINIOTEXHUYECKUX 3aacoB aKTHUBHBIX 30H PEAKTOPOB M ONTHMH3ALMU KOHCTPYKLHUH
TBC peakTopos.

Cucrema snekrponarpesa mozeneil TBC nmoaroraBianBaeTcs K Moaade 3JIEKTPUUECKOrO TOKa
Ha OKCIIEpUMEHTAIbHBI Iy4OK. BX0AZ B KpPHU3UCHOE COCTOSIHHE OCYIIECTBISETCS IUIABHBIM
MOBBIIIIEHUEM 3JIEKTPUYECKON MOIIHOCTH, MojaaBaeMoil Ha mojenb TBC, mpu coxpaHeHHM BEIWYHH
OCTaJIbHBIX PEKMMHBIX ITapaMeTpOB HEM3MEHHBIMU. [10CKONBKY KPH3UC TEIUIOOTAauM UCCIEAYETCS B
CTaIlOHAPHBIX YCIOBHAX, BXOJ B KPU3UCHOE COCTOSIHAE TIPOU3BOINUTCS IIABHO.

3a paboTy odIeKTpoHarpeBareiss IEpPBOrO KOHTypa M TOJady MOIIHOCTH Ha Y4YacTOK
SKCIIEPUMEHTAIbHOIN yCTAaHOBKM OTBEYAlOT TUPUCTOPHBIE arperatsl. [[ist Toro, yToOb rapaHTUPOBATh
IUIABHOE HapacTaHHE MOIIHOCTH WU ONTHMAJbHYIO padOTy THPHUCTOPHBIX arperaroB IO BBIXOJHOMY
TOKY W BbIJaBaeMoil MomHocTH, HeoOxoaumo BHeApuTh B ACY TII crenma mnporpamMmHoe
o0ecrieyeHre aJrOPUTMOB YIIPABJIEHUS THPUCTOPHBIMH arperaTamu, OOeCIeurBalolee CBe/IEHUE
TOKOB, UAYIINX Y€pe3 TUPUCTOPHI, YMEHbIICHHE OMEHUI U B3aUMHOE PEryJIMpPOBaHHE TOKOB IO BCEM
arperaram.

MeTonuka npoBeaeHus IKCIEPUMEHTA
DNEKTPONUTAHNE SKCIIEPUMEHTAILHBIX YYACTKOB OCYIIECTBISIETCS OT TpeoOpa3oBaTenbHOU
noactanmuu o0meit momHOocTEI0 10000 kBT m mocTtpoeHo Ha THpucTOpax. BricTpomeicTByroIIe
THPUCTOPHI TpPEAHA3HAYCHBI I TPUMEHEHHS B KA4eCTBE KIFOUYEBBIX DJJIEMEHTOB B IIEIISIX
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npeoOpa3zoBaTeiell 3IEKTPOIHEPTUH, e TpeOyloTcs Majoe BpeMsl BKIIOYCHHS M BBIKIIOYCHUS,
BBICOKHME CKOPOCTH HapacTaHUs Toka W Hampsbkerus [1]. IlpeoOpa3oBarenpHast MOACTAHIS COCTOUT
W3 YETHIPEX YIPABISEMBIX THPUCTOPHBIX BBIIPSIMHUTENEH, BRIXOJHAS MOITHOCTH KaXKIOTO U3 KOTOPBIX
paBHa 2500 kBrT.

Cxema TmpeoOpazoBaTeNbHOM TOJCTAHIIMM TIO3BOJISIET OCYIIECTBUTH BCE BO3MOXKHBIC
BapHaHThI TAPAJIIETHHON W HE3aBHCHMOW pabOTHI YeThIpeX arperaToB. HampspkeHne BRIPSMIEHHOTO
Toka m3mensiercst ot 0 mo 150 B Ha mepBom nuamnaszone perynupoBanus u ot 0 7o 300 B Ha BTOpom
auanazone. HaumOonplnas MOIIHOCTH MpeoOpa3oBaTeNbHON  MOJACTAHUMH  TONydYaeTcs IpHU
napajuieIbHOM paboTe BCEX UETBIPpEX arperaToB Ha OOyl Harpy3ky Ha BTOPOM JHalia3oHe
perymupoBanus [2]. Ilpu stom Beixomuoit Tok paBeH 40 kA, a nHampspkenune 200 B. Ha Bropom
JManazoHe PeryJnpoBaHus HampsbKeHHe MOXKeT ObITh yBenndeHo 10 300 B, Ho mpu 3ToM HE00X0TUMO
MPOTMOPIIMOHATBPHO yYMEHBIIUTh BBIXOAHOW TOK TakK, 4TOObI CyMMapHas BBIXOJHAs MOIIHOCTHh HE
npesbimana 10000 kBrT.

Jist HopManbHOM dKCTITyaTanuy kumsiiero crenaa KC Heo6xoaumo, 9To0bl paccoriacoBaHue
TOKOB MEXJIY ABYMsI IIKadaMH OIHOTO THPHUCTOPHOro arperara He mpeBbimano 500 A, a apebes3r u
BBEIOPOCHI OTHEILHBIX TOKOB He mpeBhIman 50 A Ha BCEM nuama3oHe MOIIHOCTH, paBHOM 5 MBT mpu
paboTe Bcex 4eThIpEX THPUCTOPHBIX arperaTos.

ACY TII kumsmero creiga KC moctpoena ¢ wucnonb3oBanueM SCADA-cucteMbl U3
nmporpaMmMHO-TexHU4eckoro komruiekca «YMUKOH» u comepxur B cebe aBTOMAaTH3UPOBAaHHBIC
paboure MecTa HayYHBIX COTPYAHHUKOB, YEIOBEKO-MAITUHHBINA HHTEp(ErC ¢ BHIBOJOM Ba)KHBIX IS
HaOJIOIEHNsT TapaMeTPOB SKCIEPUMEHTAILHONW YCTAaHOBKH, NPOTPAMMHYIO YacTh (IIPOTpaMMHOE
obecrievyeHne, aNTOPUTMbI YIPABICHUS BEPXHETO W CPETHETO YPOBHSA, MHEMOCXEMBI, 0aza JaHHBIX
peaNbHOTO BpEMEHH, apXUBBI JAHHBIX) U allllapaTHYI 4acTh (epCOHaIbHBIE KOMITBIOTEPHI, CTAHIIUU
cOopa TaHHBIX, CEPBEPbI, MOAYJIM LIEHTPAILHOTO MPOIEccopa, MOIYIH CPETHETO U HUYKHETO YPOBHH,
cuioBoe obopyznoBanue). Ha puc. 1 mokazaHo moakiroueHre MOIYJIEH HIKHETO U CPEAHET0 yPOBHEH
U1t cBsiu ¢ APM 1 opranuzanuy ynpaBlieHUsS TUPUCTOPHBIMU arperaTaMu.

Master

Ethernet

PC200 1K
RS485

BOJIC

Slave

PC100 BUTO01 DT01

RS485

Puc. 1. CrpykTypa ynpasieHus 1 c6opa JaHHBIX THPUCTOPHBIX arperaTtos

Monyne ueHTpanbHoro mpomeccopa PC200 mnpexacraBiasieT co00d  PYHKIIMOHAIBHO
3aKOHUEHHYIO aJaNTHPOBAaHHYIO K MPOMBIIUIEHHBIM YycnoBusM PC-coBmectumyro IIOBM ¢
PacLIMpPEeHHON MOJIEPKKONW TrajJbBaHWYECKU Pa3BA3aHHBIX BHEMIHMX uHTepdeticoB. Monyns PC100
MpeHA3HAYCH I OPTaHM3aIlMU CBSI3W U B3aUMOJICHCTBUS C MOIYJISIMH BBOJa-BeiBojma u [I1OBM, a
TaKXKe JUIi  BBIOJHEHUWs BBIYMCICHHWH, O0OpabOTKM CHTHAJIOB BBOJA-BBIBOJA, IOJJICPIKKU
pacmpeneneHablx cered ¥ T.1m. Moayns BYTOl mnpennasHauen s ynpaBieHHs 3-X (a3HbIM
MOJIHOCTBIO KOHTPOJIUPYEMBIM MOCTOBBIM BhINpsiMuUTeNeEM. Vcnone3yerca coBmecTHO ¢ Moaynem AT
01. Moxyme JATOl mpemHasHavyeH Isi Pa3MHOXKECHHSI WMITYJIbCAa TOJDKATA HAa 8 THPHUCTOPOB THIA
T143-500. B mepcoHamsHOM KOMIbIOTepe (YHKIMOHUpPYET 0a3a HaHHBIX PeaJbHOTO BPEMEHH —
nporpamma MWBridge, Bkirouaromiass B cebs 0a3bl JaHHBIX PEANTBHOrO BPEMEHH M alro0JIOYHOE
MIPOTPaMMHUPOBAHHE BEPXHETO U CPEIHETO YPOBHS [3].

[IporpaMmMupoBanue CpemHETO YpPOBHS TPOU3BOJUTCS HEMOCPEICTBEHHO B MOJYJIE
neHTpainbHoro mpoueccopa PC100, ympapnsiomue KOMaHAbl M3 KOTOPOrO MOCTYNAalOT B MOIYJb
ynpasnenus Tupucropamu bYTO1 no uarepdeiicy RS-485.
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Br16op nmporpaMMHO-TEXHHYECKOTO KOMIUIEKCA, BKIIFOUYAIOIIETO B ¢e0s MOJTYJIH IIEHTPAILHOTO
MIPOIIECCOPa U CBSI3U ¢ 00OPYIOBAaHUEM HIDKHETO YPOBHS, a TaKKe alro0JI0YHOE MPOrpaMMHUpPOBAHHE
BEPXHEr0 W CPENHEr0 YpPOBHEW Ui TIOCTPOEHHS CHCTEMBI YIPABICHHS OOYCIIOBICHO
HEOOXOJUMOCThIO  IUTABHOTO M TOYHOTO  DPETYJUPOBaHMS ~ MOIIHOCTH  HarpeBaTes
SKCMEPUMEHTAIFHOTO yYacTKa HJIs TPENOTBpAIleHUs] BBIOPOCOB MO TeMIEepaType, 3ampOeKTHBIX
KPH3HCOB TEIUIOOTAYH U, KaK CIIEACTBHE, pa3pyIIeHH HCCIIeTyeMOTo KaHama.

Ha puc. 2 mpeacraBieHO Tello airoOJOYHON MPOrpaMMbl CPEIHErO YPOBHS, B KOTOPOM
pealin30BaH aJITOPUTM YIPABJICHUS TUPUCTOPHBIMU arperaTamu.

Puc. 2. Yactp anropuT™a yrpapieHNs THAPUCTOPHBIMH arperaraMu

Wurepdeiic mporpaMMHpOBaHHs BBIOJHEH B BHIAEC HA0Opa THUIOBBIX U CEPBHCHBIX
rpaduyueckux OJI0KOB, cofepxKaImuX B cedbe HaOOpsl (GYHKINH TNO0 CayXalue IS IpHeMa U BhIIadl
HEOOXOIUMBIX CHTHAJIOB U UX MPeoOpa3oBaHHsI.

HarmmcaHHbIi anroputM MO3BOJSIET MEPEKIII0YaTh 3alaHUe MOIIHOCTH MEXIY HECKOJBKUMHU
OyJIbTaMU  3aaTYMKAMHU, YaCTHYHO WIM TOJHOCTBIO CcOpachlBaTh MOIIHOCTh C HarpeBaTess
ABTOMATHYECKH ITPH MOCTYTUICHUH aBapUHHBIX CUTHAIOB, (OPMUPOBATH CUTHAIIBI ABAPUHHOM 3aIIUTHI
TUPHUCTOPHBIX arperaToB, TPAaHCIMPOBATh KOMAaHIbI yIpaBieHHUs ¢ MyibTa kursmiero creiaa KC B
MOy HI)KHETO YpOBHS M 00pa0aThiBaTh BBIXOJHBIC JAHHBIC arperaTtoB, TaKWe KaK TOKH
TUPUCTOPOB, MOITHOCTb HArpe€BaTEJIA, HAIPSAXKCHUE HA IUINTAX HArpeBaTeis.

Pe3yabTaThl 1 HX 00Cy:KIeHUE

Takt paboTHl MPOrpaMMBbI, HANKMCAHHOW C TIOMOINBI0 anro0JI0YHOTO TPOTPaAMMHPOBAHUS
CpelHero ypoBHs, cocTtaBigeT 50 Mc, 4TO IOCTaTOYHO MJISi CHUCTEMBbI YIPaBICHHUS THPUCTOPHBIMHU
arperaTaMu. 3aJlaHME€ 3HA4YCHUSI MOLIHOCTH HarpeBareisl MPOUCXOAMT C BBICOKOM 4acTOTOM
OOHOBJICHHS, YTO MO3BOJISET 3aJaBaTh MOITHOCThH TUIaBHO. lIpoBen€HHBIE WCTIBITAHUS BHEIPEHHOM
CHUCTCMbI YIIPABJICHUA IIOKAa3aJMd XOPOIIYIO CXOAMMOCTH BBIXOJAHBIX TOKOB M HUX MHWHHUMAJIBHOC
OTKJIOHEHHE MEX]y arperaTaMy U B MpejiesiaX 0KHuaaeMbIx BennunH. Ha puc. 3 mpeacrasieH rpaguk
3aBUCHUMOCTH MU3MEHEHUS 3HAUEHUH BBIXOJHBIX TOKOB OT BPEMEHH NPH POCTE MOLTHOCTH HAarpeBaTeIsl.

PaccoriracoBanne Mexay TOKaMu OJHOTO arperata He mpesbicuiio 100 A, OTKJIOHEHHE TOKOB
OT OXXKHIOACMbIX BCIIMYUH U BBI6pOCLI TOKOB TAK)X€ HE BBIIIJIK 3a MPEACIIbI 50 A, YTO IIO3BOJIMIIN
IUIAaBHO HApalluBaTh MOILHOCTh HarpeBaTeisl NpPU BBIXOAE HA HOBBIE PEXUMBI HCCICAOBAHMS
9KCIEPUMEHTAIBHOM YacTH KOHTypa B CEPUM DJKCIEPUMEHTOB II0 MCCIEIOBaHUIO KpH3HCa
TEIUIOOTJAYH.
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Puc. 3. I'paduk 3aBUCUIMOCTH N3MEHEHHS 3HAYCHUH BBIXOJHBIX TOKOB OT BpEMEHHI

C npyroii CTOpPOHBI, B&KHOU MPOOJIEMOM OCTaéTcs CYyIIECTBEHHOE PacCOrIacOBaHUE TOKOB
Pa3HBIX TUPUCTOPHBIX arperaroB, nocturaromee 400 A, 4TO MOMXKET HEraTHBHO CKa3aThCs Ha
BBIJaBa€MOIl MOIIIHOCTH HarpeBarelis, TaK KaK Pe3Koe yBEJIHMUYCHHE PacCOTIACOBAHUS TaKKE MOXKET
MIPUBECTH K HEKOHTPOJIHMPYEMOMY IOBBIIIEHUIO TEMIIEPATyphl B KaHale, pe3KoMy 3alapHBaHMIO
TPyOOK SKCHEPUMEHTAILHOTO y4yacTKa U, Kak CJICICTBHE, K 3alpPOEKTHOMY KPU3UCY TEIUIOOTAAud W
paspywernto Tpyook. HeoOxoauMo AOMONMHUTH anrOpUTM YIpaBJIECHHUs THPUCTOPHBIMH arperaTraMu
peryjivpyromMn opraiaMu € 3aJlaHHBIM 3TAJIOHHBIM 3HAYCHHUEM TOKA, OKHUJAE€MOI'o B CHUCTEMC IIpHU
3aJJaHHON MOITHOCTH HarpeBaTels ¢ MyJIbTa yIpaBIeHHUS.

3axioueHne

BBIJ'II/I I/ISYIIGHBI TI/IpI/ICTOpHBIe aneFaTH KHUIAIIECro CTCHAA U MO,Z[y.HI/I cpe):[Hero U HNWXHETO
YpOBHS, pAacIONOKEHHbIE Ha CTeHAEe. B COOTBETCTBUM C TEXHWYECKHMMH TpeOOBaHUSAMHU W
KOJIMYECTBOM CHTHAJIOB OblIa pa3paboTaHa CTPYKTypHas cxema airoputMma ympasienus. llepen
pa3paboTKoi ObLT MPOBEEH aHAINU3 U BEIOOP IPOrPAaMMHBIX CPEJICTB U aIlapaTHOW YaCTH CUCTEMBI,

C MOMOIIbI0 CHUCTEMbI TEXHOJIOTHMUYECKOr0 MPOrpaMMHUPOBAaHUS Pa3paboTaH M peann30BaH
NTOPUTM YIIpAaBIICHUS THUPUCTOPHBIMU arperatamu. Paspaborannoe I[IO mpomuro ycrnenraeie
HUCIIBITAHUA HpI/I HpOBeHeHI/II/I Ha KUIIAIIEM CTCHIC 3KCHepI/IMeHTOB 110 Kpmﬂcy TCIIOOTAAYH.
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NPUMEHEHUE IU®POBOI'O IBOMHUKA B )KW3HEHHOM IIUKJIE ACY TII A3C
[NOJIETBIKHWH A.T'., ITPOMBICJIOB B.I'., CEMEHKOB K.B.,
MEHI'ABETJAMHOB H.3., )KAPKO E.®.
DeoepanvbHoe eocyoapcmeerHHoe 0100xcemHoe yupexcoeHue Hayku Hucmumym npobiem ynpagnerus
um. B. A. Tpanesnuxosa Poccutickoil akademuu HayK
(Mocksa, Poccuiickasa ®edepayus)
AnHoTtanusi. TouHas oleHKa apXUTEKTypbl U xapakrepucTuk ACY TII ADC saBnsercs clnoxHON
3aMadeld A DKCIIEPTOB M HWHXKEHEpPoB. B pabore paccMarpuBaeTcs mpoOiieMa pa3paboTKu H
MpUMeHeHUs] NU(POBOTO MBOMHMKA I OLEHKHA XapaKTePUCTHK HU(PPOBON CHUCTEMBI YIpPaBICHHS
ADC B TeueHHE e€ JKM3HCHHOTO IMKJIA. AHAIU3UPYIOTCSA CIICHAPUM TMPUMEHECHUS ITU(PPOBBIX
MBOMHWKOB Ha d3Tamax xu3HeHHoro mukiaa ACY TII ADC, ot mpoeKTHpOBaHHS IO BBEIBOAA €€ W3
sKcIuTyaTanud. B pabote paccMmarpuBaroTcs M 0000IAIOTCS MOIETHPYEMbIe CBOMCTBA, OTHOCSAIIHECS
K mupoBEIM U (U3MUECKUM KOMIIOHEHTaM cHCTeMbl. Oco00e BHUMAHHE YACISAETCS CICHAPHIM
UCIONB30BaHMs U(POBOTO ABOWHWKA Juis TOBbIMIeHHUS kubepbOesonacHoctn ACY TII ADC wu
yrpaBieHnio m3MeHeHnsAMU. B PaboTe onmceiBaeTcs peann3anus nudpoBOTO ABOMHIKA IS peaTbHOM
CUCTeMBI BepxHero 0ouHoro yposHs ADC.
KmroueBnie ciaoBa: mudposoii nsoitauk, ACY TII, ADC Bupryanusanus, >»XU3HCHHBIH IIHKII,
KrOepOe30macHOCTb.

APPLICATION OF THE DIGITAL TWIN AT NPP I&C SYSTEM LIFE CYCLE
POLETIKIN A.G, PROMYSLOV V.G., SEMENKOV K.V., MENGAZETDNINOV N.E.,
ZHARKO E.F.

V. A. Trapeznikov Institute of Control Sciences of Russian Academy of Sciences
(Moscow, Russian Federation)

Abstract. The precise evaluation of the instrumentation and control (I&C) system design and
characteristics is a challenge for experts and engineers. This paper considers the problem of the
development and application of a digital twin to assess digital 1&C system during it life cycle. We
analyze the details of digital twin applications at different lifecycle stages from design to
decommissioning. The work reviews and summarizes properties of models concerning the digital and
physical components of a 1&C system. The other issue of a 1&C is increasing cybersecurity threat for
NPP, so special attention is paid to the heterogeneous digital twin usage scenarios to improve 1&C
cybersecurity. The paper also details the digital twin’s implementation for a real upper-level control

system of a nuclear power plant.
Keywords: cloud computing, cyber physical system, life cycle, digital twin, 1&C, NPP, cybersecurity

Beenenue

TexHonorus UUPPOBBIX JBOWHHUKOB SIBJSIETCS YACThIO TEXHOJOTMH KHOEpPU3IMUECKUX
npoMbInuIeHHBIX cucteM Wunyctpum 4.0. Unes Wunycrpum 4.0 u caM TepMUH OBLTH BIEpBbIC
cthopmymupoBansl B ['epmannu B 2011 rogy pabodeii rpymmoi MO BUACHUIO MEPCIEKTHB Pa3BUTHS
orpaciu [1]. 3a HeOONBIION TIEpHOJ] UEs U TEPMUH TOIYYWIH IIHPOKOE pacmpocTpaHeHne. B ToT
NEepuoJ| Ipyrue CTpaHbl TAaKXKe MPOBOJWIM UCCIEOBaHMs MOJ00OHOTO pojaa, M obcykaaemas Hjies
TakK€ W3BECTHA KAk TMPOMBINUICHHBIH VHTEpHET, WHTEUIEKTyallbHAs TPOMBIILIEHHOCTS,
MHTEIUICKTYaJIbHOE TIPOU3BOJACTBO U T. 1. [2,3]. Cnucok mudpoBbIX TEXHOJOTHHA, KOTOPHIC JTOJIKHA
WCIIOJIB30BaTh KOMMAHUSA-TIPOU3BOAUTENs B pamkax Humyctpum 4.0, BkitodaeT (CMm., Hampumep,
[2,4,5]) oOmauHble ¥ TyMaHHBIE BBIYUCIICHUS, UICKYCCTBEHHBI HHTEIIEKT U MOOMIBHBIX aBTOHOMHBIX
po0OTOB, BUPTYyaJIH3alUIO, HOBbIE MPOTOKOJIBI IepeJaud AaHHBIX 1 MIHTepHeTa Bewliel, 1 MHOTHE
JpyTue. DTH TEXHOJOTHUU MpeaHa3HaueHBI T co3nanus kuoepdmndeckux cuct™ (KbDC), xoTopas
o0beauHsIeT TH(POBBIE PECYPCHl U PU3HUYECKHE, peasbHbIE OOBEKTHI B COTIIACOBAHHYIO CpEy.

Jo cux mop He CyIIECTBYET OJHO3HAYHOTO ONpEAEICHHUs TepMHUHA «IU(PPOBOM TBOMHHUKY.
Hanpumep, IBM [6] onpenenser nudpoBOoro JIBOWHWKA KaK <«JJMHAMHYECKOE BHPTyallbHOE
npejicTaBiIeHue PU3NUECKOro 00bEeKTa UITH CUCTEMbI, 00BIYHO Ha HECKOJIKHX 3Talax ee >KU3HEHHOTO
mukina. OH UCTIONB3YeT peabHbIe JaHHbIE, MOJICIMPOBAHNE WM MAIMHHOE 00YYEHUE B COUETAHUH C
aHAIM30M JaHHBIX, 4YTOObI OOecmeynTh MOHMMaHWEe, OOy4deHHe H paccyxneHus. KoHcopunmym
Industrial Internet [7] nonaraer, 4ro «uuppoBOH JABOWHUK - 3T0 (GopManbHOE IUPPOBOE
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MPEJICTABJIICHUE HEKOTOPOIO aKTWBA, MPOIECca WM CHCTEMBI, KOTOpOoe (PHKCHpyeT aTpuOyThl H
MOBEIEHNE ATOr0 OOBEKTa, MOAXONAINEE IS CBSI3W, XPAHEHHs, MHTEPIPETAld WiIH 0OpabOTKH B
ompeaeneHHOM KoHTekcTe». Onpenenenue W3C [8], Ha HamI B3I, JIydIlle OTPAXKAET MPAKTUIECKIIE
ACTIEKThl peaju3alvy ITUPPOBBIX BOMHUKOB KOHTPOJILHO-U3MEPHUTEIbHBIX cuUcTeM (cucteM [&C):
«IucpoBoli ABOWHUK - STO BHUPTYyaJIbHOE TMPEACTABICHHWE YCTPOWNCTBA WM TPYIIBl YCTPOMCTB,
KOTOpBIE HaXOmATCS B OOJlake WIM Ha TPaHWYHBIX Yy31ax. Ero MOXXHO WCHONB30BaTh I
MPEJICTABJICHUS PEATbHBIX YCTPOUCTB, KOTOPBIC HE MOTYT OBITh TIOCTOSIHHO TIOJIKITIOYCHBI K CETH, WK
JUTSL MOZICTTUPOBAHUS HOBBIX TIPUJIOKCHHN U CITY)KO, MPEXK/IC YeM OHH OYAYT pa3BepHYTHI Ha PEalIbHBIX
YCTPOMCTBAX ».

Mpb1 pazmenseM oOIee MHEHHE, YTO IH(POBOW TBOMHUK IOJHKEH 00JI1amaTh HEKOTOPBIMH
obmmumu cBoiictBamu. Crienys opunmansaeiv gokymentom Industrial Internet Consortium [7] u Tao
et al. [9], mpuBemEM HEKOTOPBIE U3 HUX:

1. udposoit TBOWHWK MOXKET CICAOBATh 32 CBOMM PCAIBHBIM IBOMHHUKOM Ha Pa3THMYHBIX
JTanax >KM3HEHHOTO 1MKJIA WU B TEUCHHUE KaKOT0-TO OTJEIBHOTO 3Tara KU3HEHHOTO ITUKJIA.

2. lludpporoit ABOWHUK JODKEH MMETh CBS3b CO CBOMM pEaJbHBIM JBOMHHKOM M COOUpATH
JIAaHHBIE C PEATBHOTO 00BEKTA.

3. Ludporoit ABOWHUK «IOHKCH MO3BOJATh BBHIYHUCIUTEIBHBIM U aHAJTUTHYECKUM MOJCIISAM
aHAJTU3UPOBATh STU JAHHBIC IJISl ONHCAHUA, JAMATHOCTHKH, MPOTHO3UPOBAHUS M MOJICIMPOBAHUS
COCTOSTHUH 1 TIOBEJIEHUS OOBEKTOB M CHCTEM PEATbHOTO MUpay [7].

[IpenmpusiTuss ¢ BBICOKMM YpOBHEM pHCKa OOBIYHO Oollee KOHCEPBATHUBHBI B BBIOOpE
texuonoruif. Opnako kouuenuus Wugyctpum 4.0 ceiiyac paccMaTpuBaeTCs MPUMEHUTEIBHO K
CHUCTeMaM YIIpaBIeHUS aTOMHBIMU diekTpocTaHiusaMu (ADC), TOCKONBKY OHa TOTEHIHMAIBLHO
MO3BOJISIET MOBBICUTH 3 (HEKTUBHOCTD M OE30MACHOCTH AKCIUTyaTalnu Takux 00bekToB [10]. [lomrmo
OOIIMX CBOMCTB, MPEJACTABICHHBIX BBIIIEC, MBI CO CBOCH CTOPOHBI B XOJI¢ NMPAKTUYCCKON peaTu3aliiu
U(GPOBOTO IBOMHKKA MTOCTAPATHUCH JOOUTHCS:

- coOmoneHus OamaHca Mexay aOCTpakTHOH MOIENbI0 M pPEaThbHBIMH KOMITOHEHTAMHU
IUQPOBOTO TBOWHUKA.

- ynpaBieHHS KOH(Hrypamuew Jis yCTaHOBJICHUS CTPOTOr0 COOTBETCTBHUS IH(POBOrO
JIBOMHHKA U PeabHON CHCTEMBI B TEUCHHE JKU3HEHHOTO IIUKJIA.

- O/I/IEPKAHMUS BBICOKOW aKTyaJ ThbHOCTH BPEMEHHBIX XapaKTePUCTHUK MU(POBOTO TBOMHHKA.

LudpoBoli NBOHHHUK MpeACTaBIsSeT cOO0M BBIYMCIUTEILHYIO MOJCIh M HMHTep(eic oOMeHa
JTAHHBIMU C PEATbHBIM 00BEKTOM.

ACY TII ADC u ee mmdpoBOil ABOHHMK SBIAIOTCA KHOEPHUINUECKHMH CHUCTEMaMH,
MOCKOJIbKY OHU OOBEAMHSIOT BBIYMCICHHS M YIIPABJICHUE C BOCIIPUATHEM U MIPUBEICHUEM B JICHCTBHE
¢dusnueckoi cpefpl. OTO TOTCHIUAIBHO TO3BOJISIET B3aUMO3aMEHSIEMO HCIOJIB30BaTh HEKOTOpHIE
MPOrpaMMHBIE U allapaTHbIE KOMIIOHEHTHI B 00E€MX CUCTEMaX: PEATbHBIX U MU(POBBIX.

B oaroit cratee MBI 0OCyxmaem oOmue mpobmembl MoxpenmupoBanus ACY TII ADC,
cootBercTByOmux Muamyctpun 4.0, u IpeacTaBiseM HAll TPAKTHYCCKUN PE3yNbTaT: peai3arfio
nugpoBoro asoiiHuka Mg noacucreMbl ACY TII ADC [10,11]. IlpeacraBieHHBIH ITUPPOBOWMA
JIBOMHHK TIPENICTABISICT HOBBIM THI IMUGPOBBIX JBOWHUKOB, «HEOJIHOPOIHEII» MHU(PPOBON NBOHHUK,
KOTOPBIY BKJIFOYA€T UMHUTAIMOHHBIC MOJICIIM U PealIbHbIC IPOrPaMMHBIE M alapaTHbhIe KOMIIOHCHTBI
peaTpbHOM CHUCTEMBI IJISl JOCTHKEHHUS TOYHOCTH MOJCIMPOBAHUS TPH aaeKBAaTHOM OTpPaKCHUHU
CUCTEMBI.

Pe3ynbTaThl M X 00Cy:KAeHHE

Ha ocHoBe mpeyioskeHHOro Mmoaxo/Aa reTeporeHHoro Nu(poBoro ABOHHUKA CIPOESKTUPOBaHA
U peann3oBaHa reTeporeHHas HU(pOBYIO MOJENb CHCTeMbI ynpasiieHus BepxHero ypoBHs (CBBY)
ACY TII aromuoit snextpoctraniuu [11]. CBBY mpenmaraer ¢yHKIHOHAIBHBIE BO3MOXHOCTH
uHTerpanuu Ui pazanyHbix yactel cucremsl ACY TII ADC u obGecrieunBaeT B3auMOJCHCTBIE BCEX
npyrux cucrem ACY TII ADC. CBBY mpencrapiser co0oli COBpEMEHHYIO HH(PPOBYIO CETEBYIO
pacnpeneicHHy0 cucteMmy yrparieHus. OcHoBHbie (GyHkinn CBBY - MOHUTOPHHT W KOHTPOJIb
cocrosusi ADC. K ee ¢yHKiusM oOTHOcsATCS (YHKIHMH, CBsI3aHHbIE € OE€30MAaCHOCTBIO, U
BCIIOMOTaTebHble (YHKIHHW; TOCIEAHHE - 3TO CAaMOJMArHOCTHKA, apXWBHUPOBaHHWE MJAHHBIX O
cocrossHnE ADC B 6a3e MaHHBIX M 00ecneueHne CHHXPOHU3AINN BPEMEHH ISl IPYTUX KOMIIOHEHTOB
ACY TII. CBBY obecrieunBaeT ueioBeKO-MallMHHBIA HHTEpderic ¢ OCHOBHBIM o0opymoBanneM ADC

194



11 MEXKAYHAPOJHASI HAYYHO-TEXHUYECKA S KOHOEPEHLIMA. MUHCK 27-28 AITPEJIA 2021 T'OJIA

U COJCPKUT OKOJIO TPUIIATA paboymMx CTaHIWA B TUNWYHOW KoH(puryparmu. CyIiecTBEHHOM
XapaKTePUCTUKON CHCTEMBI SIBISiETCS ee (YHKIIMOHUPOBAHHE B pealbHOM BpeMeHH. J{Jis MOBBIIeHHS
HanekHoctn CBBY ObLIM NMPUHATHI MPOCKTHBIE MEPHI MO OOCCIEYCHHIO W30BITOYHOCTH CHCTEMBI
(pe3epBUpOBaHUE IUHUI CBS3H U BEIYUCIIUTEIBHBIX Y3JIOB).

Cucrema uMeeT MOIYJIBHYIO apXHTEKTYpPy, YTO TO3BOJSET YBEIHMYNUTH KOJIHMYECTBO PabOUmX
MeCT orepaTtopoB u oOpabaTeiBaemoil mHpOpManuu. B 6a3zoBoit koHburypanuu mis ADC oOmrwmid
00beM ympaBIseMoii 6a3bl JaAHHBIX COCTABISAET 0KoI0 10® CHUrHANOB ¢ MPOM3BOAUTENLHOCTHIO OKOJIO
HECKOJIBKHX THICSY CUTHAJIOB B CEKYH]Y.

CBBY cocrout (cm. Pucynox 1) w3 cepBepoB, akTHBHOTO M MACCHBHOTO CETEBOTO
obopymoBanusi, pabo4yMX CTaHIWH, BCIIOMOTATENFHOTO 000pyAOBaHUS IKAQOB (MCTOYHHKH
OccriepeOoitHOrO MUTaHUS, TMPUHTEPHl U T. 1a.). MHpopmarms nepemaercs mo cetsim Ethernet; Bce
KITFOUEBBIE Y3JIBI U MTyTH JAHHBIX SBISIFOTCS M30BITOYHBIMH M PadOTalOT MapayuienbHo, obecreunBas
pesepBupoBaHne ¢ ropsunM pe3epBoM. CBBY paboraer mox ympaBieHHEM MPOMBINUICHHON
oneparonHoii cuctembl LICS na 6aze Linux [13].

[@ Timeservers
g] Operator Eg]

Workstation 1 Workstation N

Gates
H Adjacent
systems

SEFFTH o dq=zzIz
Server 1 Server N

Puc. 1. Crpykrypa CBBY

Hudposoit nsoiinnk CBBY o00beauHseT BBHMHUCIUTEIbHBIC, AHAIUTHYECKAE MOJETH H
KOMIIOHEHTBl 00OpYZOBaHUS UM TIO3BOJSET OIMUCHIBATh, JAMATHOCTUPOBATh, INPOTHO3HPOBATH H
MOJICIUPOBATh COCTOSHUS U ToBeZicHUe cucteMbl. Lludposoit noitnnk CBBY mnonywaer naHHble oT
JIOTIOJTHUTENBHBIX MPOrPaMMHBIX HH(POBBIX ABOWHHUKOB CMEXHBIX cucteM ADC. [lonoaHHUTENbHBIE
IUQpOBbIE JBOWHUKHM BKIOYAaIOT B ce0sl KaKk WCTOYHUKM [aHHBIX Ha OCHOBE MOJEJIEH, Tak M
HEKOTOPBIE paHee 3arcaHHble JaHHbIE U3 PeaTbHONW AMHAMUKN 000pyIOBaHHUS.

JononHuTensHble TU(PPOBBIE ABOMHMKHM HCIOJB3YIOTCS U MOJENHMPOBAHMSA IWHAMUKU
¢bynkumonupoBanusi obopynosanusi ADC A HOPMaIbHBIX M HEKOTOPBIX aHOMAJbHBIX PEXKHMOB
paboThl, a Tak *e JIsi MPOTHO3UPOBAHUS U MOJCIMPOBAHHS COCTOSIHWUH M TIOBEACHHUS PEalbHOTO
CBBY B 3aBHCHMOCTH OT COCTOSTHHSI 00BEKTA.

Hudposoit nBoitnnk CBBY Britowaer B ce0f HEKOTOPBIE 3JEMEHTHl PEaIbHOIO
obopynoBanus cuctemMbl CBBY u 0Kol0 COTHM BHPTyaJbHBIX KOMIIOHEHTOB, IPEICTAaBIISIFOIINX
KOMITBIOTEPHI U CETEBBIE YCTpOICTBa (cM. PucyHoK 2).

PeanbHoe oOopynoBaHue BKIIOYAaeT B ceOs cepBep BPEMEHH, paclpeldeNuTebHbIH IMmKad,
mkad pabodero Mecra ¢ OrepaTOPCKOM MaHeNbl0, CEPBEPHBIN MIKad.

CepBep pealbHOTO BpPEMEHH JAEWCTBYET KaK HCTOYHMK CHHXPOHHU3AIMH BPEMEHHU depe3
npotokon BpeMeHH (NTP). AnmapatHbie 371€MEHTHI MCIOIB3YIOTCS AJISi MOJECIUPOBAHUS TTOBEICHUS
BCIIOMOTATeJbHBIX YCTPOMCTB B cOCTaBe PadOUYMX CTaHIMU U cepBepHbIX mKados (Hampumep, UBIT u
YCTpOICTBAa KOHTPOJIS OCTYyMa). BupTyalbHbIE MaIIMHBI I KaXXAOTO cepBepa M paboyeil cTaHInu
¢usnuecku paboraroT Ha xocT-cepBepe nox ympasinernneM OC LICS u runepsuzopa QEMU/KVM
[14,15]. ®usnyeckuit koMIbIOTEP paboueit cTaHIUK Takxke padoTaeT mox yrnpasiennem OC LICS.
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Puc. 2. Apxurekrypa uudposoro aporinnka CBBY

3akiouenne

Peanuzarus u npuMeHeHue mudpoBoro ABOMHUKA A1 KHOSP(HU3MUECKOM CUCTEMBI TIO3BOJISICT
CHHM3WThH 3aTpaThl Ha TECTUPOBAaHHE MPOrPAMMHOrO OOECICUEHHs, MMOCKOIbKY LU(PPOBON IBOHHHUK
Ooee OCTyIEH Uil HCOIBITAHUE B Pa3MUYHBIX peXUMaxX. B 4acTHOCTH, 3TO MPOSBISIETCS B TOM, YTO
HEKOTOpBIE OINMOKH, KOTOpBIE, CKOpee BCEro, OCTaHyTCS HE3aMEUYCHHBIMH TIPU HOPMAaIbHOM
TECTUPOBAHHUH Ha PeaTbHOM 00BEeKTe, OOHAPYKUBAIOTCS Ha UG POBOM NBOIHIKe. bonee Toro, MokHO
Oonee OHOTO pa3a KIOHHPOBATH OOBEKT IMUGPOBOTO NBOWHHKA M TaKMM OOpa3oM YBEIHYUTH
TECTOBOE MOKPHITHE.

Mpbl 1poxeMOHCTPUpOBaiId 3P (GEKTUBHOCTh LU(PPOBOTO JABOMHHMKA B XojAe pPa3pabOTKu
CHCTEMBl yIpaBlieHHs BepxHero OnouyHoro ypoBHs (CBBY) nns aromHOH »ieKTpocTaHIMU.
Coznannplii ruOpuaHbI 1MppoBoi nBoiiHk CBBY BKiIHOYAaeT OKOJIO COTHH BUPTYyalbHBIX H
peayibHBIX O00BEKTOB (CEpBEphI, pabdOYHe CTAHIWH, CETeBOe OOOpYJOBAaHHE) M IOJHOCTHIO
BOCIIPOM3BOJIUT pPEajbHbIE CBOWCTBA CUCTEMBI, BKJIOYas HM30BITOYHOCTH KOMIIOHEHTOB U CETEH.
Hudposoit neoitnuk CBBY ucnone3yercs niast pa3BepThIBaHMS CHUCTEMBI BO BpeMs BBOJAa B
9KCIUTyaTalMio U MCIIBITAaHUH, H3MEPeHUsl u aHanu3a pabouux xapakrepuctuk CBBY, TectupoBanms
HEKOTOPBIX CIELUUAIBHBIX PEXKHMOB, KOTOPbIE MOTYT OBITH 3aTpyIHEHbI B peajibHOM cHcTeMe H3-3a
OTpaHUYEHHUH 110 CTOMMOCTH HWJIM O€30IaCHOCTH, W UCIPABICHHUS CBA3aHHBIX ¢ HUMH ommnOok. Ham
OTBIT TOKAa3bIBAET, YTO MPOLEHT OIHOOK, CBA3AHHBIX CO CIEUHATbHBIMH PEXKHMaMH, COCTABISET
okoJ10 15-20% 0T Bcex OMMOOK MPOrpaMMHOT0 00eCIICUSHHSI.

Mpbl 1UIaHHpYEeM MNPOJOKUTH padoTy ¢ IU(POBEIM JBOWHHUKOM Ha JPYrHUX 3Tamax
xu3HenHoro 1ukia CBBY. OcHoBHOe BHUMaHue OyJIET Y/AEIEHO COBEPIICHCTBOBAHUIO MEXaHH3MOB
CUHXPOHM3ALMN IU(PPOBOTO JIBOWHUKA W pEabHOH CHUCTEMBI, TOBBIIICHUIO TOYHOCTH MOJEJICH,
NpeXe BCero, Mo AMHAMHYECKHMM M BPEMEHHBIM XapaKTepUCTHKaM, a Takke pa3paboTKe METOIUK,
MO3BOJIIOLINX MPOBOJUTH JUAarHOCTMKY M TPOTHO3MPOBAHHME COCTOSHUS CHCTEMBI, OLIEHKE €€
KnOepOe30MacHOCTH U TECTUPOBAHUIO CUCTEMBI B ClTyuee ee MOAU(UKAIN
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YJIK 004.942
HCIOJb30BAHUE YUCJIEHHOM MO/IEJIU ITPOTHO3A MO0 1bI WRF ITPH
MOJIEJUPOBAHNA ABAPUMHBIX CUTYAIIUM HA BEJIADC
[TAMBIHA A.1O., JABOXA A.K.
benopyccxuii eocyoapcmeennwiii ynugepcumem uHGOpMamuky u paouo1eKmpOoHUuKY
(Munck, Pecnybnuxa benrapycs)
AnHoTtamusi. PaccMoTpeHa 1enecooOpa3HOCTh HCIOJIB30BAHUS MOJICIHM YHCICHHOTO MPOTHO3a
norobl WRF kak rcToOUHMKA METEOAaHHBIX TIPHU MOJISIIMPOBAHNUY NIEPEHOCA PATMOAKTHBHBIX BEIICCTB
B arMocdepe, KpaTKko ommcaHbl TexHudeckne meramm WRF. B kadectBe omopHOro aBapHitHOTO
CIleHapus BbIOpaH CIiCHApWH MaKCUMAIBHOW MPOCKTHOW aBapWH, THIIOTETHYECCKHU TIPOU3OIICAIIeH Ha
benADC 12 UTC 21.03.2021. IlpoBenensl 4 uyucneHHsix skcnepuMenta B CIIIIP JRODOS c
meteogaHaeiMiH GFS m WRF, a Taxke momemsimu atmocheproit nuddysnn RIMPUFF u LASAT.
JlaHa oreHKa MOTEHIMAIBHOTO 3arps3HEeHUS MoACTHIamel moepxaoctd I-131 ot 5 mo 100 kM ot
benADC.
KuaroueBsle ciioBa: paanoaktuBHoe 3arpssHenue, benADC, uncnennsiii nporuos moroast, CIITIP.

USING THE NUMERICAL WRF WEATHER FORECAST MODEL IN SIMULATION OF
EMERGENCY SITUATIONS AT BELNPP
ARTSIOM.Y.SHAMYNA, ALEXANDR.K.LABOKHA
Belarusian State University of Informatics and Radioelectronics
(Minsk, Republic of Belarus)

Abstract. The expediency of using the numerical weather forecast model WRF as a source of
meteorological data in modeling the transport of radioactive substances in the atmosphere is
considered, the technical details of the WRF are briefly described. As a reference emergency scenario,
the scenario of the maximum design basis accident hypothetically occurred at the BeINPP 12 UTC on
03/21/2021 was chosen. Four numerical experiments were carried out in the JRODOS DSS with the
GFS and WRF meteorological data, as well as the RIMPUFF and LASAT atmospheric diffusion
models. An assessment of the potential contamination of the underlying surface of 1-131 from 5 to 100

km from BelNPP is given.
Keywords: nuclear pollution, BeINPP, NWP, DSP, WRF, JRODOS.

Beenenue

OrnepaTuBHBIE OLICHKH BO BPEMs aBapHH, IIPOTHO3UPOBAHUE €€ pa3BUTHS U BOSMOXHOTO yiepoa
SBIISTIOTCS. HEOTHEMJIEMOW YacThiO aBAPUITHOTO PEardpOBaHUs Ha JIOOYI0 YPE3BBIYANHYIO CHUTYAIHIO C
PaJMONIOTHYECKMMH TIOCIICACTBUSIMUA. B HacTosilliee BpeMsi CyIIECTBYET OOJBINOE KOJIMYECTBO CHCTEM
noaaepxku npuHsatus  pemenuit  (CIIIIP), koTopble MO3BOJISIOT OLEHUTH IPOTHO3UPYEMYIO
paaranrMoHHy0 OOCTaHOBKY Ha Pa3iMYHBIX CTaJMAX Pa3BUTHS aBapuiiHOW curyarmu. OfHAKO Pe3yibTaT
UX padOThI HANPSIMYIO 3aBHUCHT OT Ka4eCTBa BXOJHBIX MapaMeTPOB: XapaKTEePUCTUK BHIOPOCA, MOTOTHBIX
YCIIOBUH, TapaMeTpoB penibeda u T.1.

B mHacrosmeit pabore paccmaTpuBaeTCsi BO3MOXHOCTb IPUMEHEHHUsI JAHHBIX YHCIIEHHOW
nporuo3Hoit mozenu mnoroxsl Weather Research and Forecasting (WRF) [1] B kauecTBe MCXOMHBIX IS
KPaTKOCPOYHOI0 aBAPUITHOTO MPOTHO3a, PACCUMTAHHBIX Ha OCHOBe MeTeoanHbix Global Forecast System
(GFS) [2], xoTopble TOCTABISIOTCS HAMOHAIBHOK MeTeoposorndeckoi ciyxooit CIIIA. Jlanusie WRF
ommyaroTcs oT ucxoHbix GFS Gosee BBICOKMM MPOCTPAHCTBEHHBIM M BPEMEHHBIM pa3pelieHreM, 4To
JOCTUraeTcsi Onarojaps YMCICHHOMY PElICHHI0 HETHAPOCTATHYECKHX YPaBHEHWH M HWCIIOIB30BAHUIO
BIIOKCHHBIX PAcCUETHBIX CETOK C YYEeTOM JIOKaIbHBIX ocoOeHHocTel MecTHocTH. Jlanaele GFS
MCTIONB3YIOTCS TSl MHULMATM3aMY Ha4albHBIX 3HAUCHUH 1 3aJaHus rpaHnIHbIX yciaoBuid WRF.

J171s1 PpOTHO3MPOBAHKS TIEPEHOCA PATMOAKTUBHBIX BEIIECTB B pe3yJbTare paiialliOHHON aBapHHy,
a TaKKe 0XKMIAEMBIX JI030BBIX HAarpy30K B JaHHOH pabdote ucrionk3yercs CIITTP JRODOS [3] ¢ monensimu
armocdepHoit audpdysun RIMPUFF [4] u LASAT [5]. B kauectBe 6a30BOro aBapuifHOro creHapusi Obu1
BBIOpaH CLEHapuii MakKcHMalibHOW mpoekTHoW aBapum (MIIA), omnmcamHbpIi B oTdeTe 00 OIIEHKE
BO3JICHCTBHS Ha OKpY>KaroIIyto cpery bernopycckoit ADC [6].
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Hoaroroska moaesn WRF 1,151 npoBeeHus IKciepuMeHTa

[Iporuno3nas monens WRF mocTaBnsieTcss B BHJE OTKPBITOIO UCXOJHOTO KOJA, HAITUCAHHBIM
NPEUMYIIECTBEHHO Ha s3bIKe TMporpammupoBaHus Fortran. Takod momxom Mo3BONSET THOKO
HACTpauBaTh MOJICIh HA YPOBHE MCXOIHOTO KOJIa C YYETOM HCIOB3YeMOM IIaTQOPMBbI B PelIacMbIX
3amad. OJHAKO B TakOM cllydae Ui 3alycka MOJEIH HEOOXOIMMO €€ MpelBapUTeNbHO
ckoMmmpoBats. Kpome KkoMmumaropa HeoOXoAWMa YCTaHOBKa TpeOyeMmbIXx OMOIMOTEK, |TO
HECKOJIKO 3aTPYIHICT HCIOJB30BAaHUE MOJICIU JJIsi HEOIBITHBIX IOJIb30BaTened. Jns ymnpouieHus
pasBopaunBanus okpyxkeHus WRF Ha pasmuusbX mmnargopmax mpearacTcs HCIOJIb30BaTh
KoHTeWHu3aTop npuitoxenuit Docker. Dkcruryaranust WRF npeamnonaraercst na OC Linux.

B nacrosmeit pabote ncnons3yercs Bepcus WRF 4.1.5, nucxomnblii Ko KOTOpO# OBIT B3AT C
penosutopus GitHub [7]. 3amyck moaenu TpebyeT mpeaBapuTENbHON MOATOTOBKU AaHHBIX. [ 9THX
Heel MCIoNb3yeTcs cucteMa mpeaBapuresbHoii oopabotku WRF Pre-Processing System (WPS),
cocrosmias u3 Tpex moayned. Ananormano WRF, WPS komnunupyercst u3 ucxomnoro kona. Bepeust
WPS coenanaer ¢ Bepcueit WRF. Jlns apromaTH3amnmu nocienoBarenbHoro 3amycka moayieit WPS u
nocneayroniero 3amycka WRF ObL1 Harucan ckpumT.

Onucanue NpoBeeHNs] YHCJIEHHOT0 IKCIIEPUMEHTA

JlJis TpoBEpKHM THIIOTE3Bl O BO3MOXKHOCTHM M IiejiecooOpasHocTd uctoibn3oBanus WRF B
HacTosmer pabore mpeanmaraercss paccMoTpeTh creHapuit MIIA Ha benADC mis HECKOIBKHX
HabopoB maHHBIX: GFS u moctpoenHoii Ha ero ocHoBe WRF. Taxxke mpemamonaraeTcsi pacCMOTPETh
MOJICIIMPOBAHNE BBHIOPAHHOTO aBapUIHOTO CIEHApPHS C HCIOJIb30BAHUEM HECKONBKHX MOJIENei
atmocheproit muddysun: RIMPUFF u LASAT.

Hannbpie o moroae ObuH BeIOpaHs! 32 21.03.2021 1. [{ns yka3aHHO#N maThl OBUTH 3arpy>KEHBI
HabOpbl MporHo3HbIX MereopaHHbix GFS ¢ daitnmoBoro xpanmnumia NCAR (National Center for
Atmospheric research) B dopmare GRIB2. HabGop AaHHBIX COAEPKUT MHOMXECTBO 3HAYCHUI
METEOIapaMeTPOB C MPUBA3KON K MPOCTPAHCTBEHHOW CETKE VIS PAa3IUYHBIX M300apHUYECKUX BBICOT.
JnuTenbHOCTh MpOrHO3a cocTapisieT 48 dacoB ¢ maroM B 3 yaca. [IpocTpaHcTBEHHOE pa3pelieHHe
CeTKH JaHHbIX coctanister 0.5° (mia mupot benapycu pa3Mep siueliku cocTaBisieT ~54 KM B CEBEpHOM
HanpaBieHUH U ~30 KM B BOCTOYHOM).

3aremM 3arpyKeHHbIE [aHHBIE WCIOJIB30BAIMCh Kak WCXomHble s 3amycka WRF.
[TpocTpaHCTBEHHOE pa3pellleHe MOMYyYCHHBIX JaHHBIX COCTaBHIO ~5 KM, a BpeMeHHoe — 1 dac. Ha
puc. 1 npexncrasnena kaprorpaduueckas BU3yalu3alys TeMIIEpaTypbl Bo3ayxa Ha BbicoTe 2 M 3a 06
UTC 21.03.2021 B panuyce 100 km ot benADC u3 nByx HabopoB ganHbx — GFS u WRF.

a b
Puc. 1. Temneparypa Bo3ayxa Ha Beicote 2 M 3a 06 UTC 21.03.2021: a — GFS; b — WRF
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ABapuiinbiii cuenapuii MIIA mpeamnonaraer BbIXOJ OOJBIIOTO KOJMYECTBA PAJIHOAKTUBHBIX
BemectB (PB) B armochepy 3a 1 wac. OcHOBHBIE XapaKTEPUCTHKH aBapUHHOTO BBIOpOCa
npeacTaBieHs! B Tabnune 1.

Tabauna 1. Xapakrepuctuku BeIOpoca PB MakcnMaapHOM MMPOEKTHONW aBapyn

Haumenosanue 3HayeHue
ITepuon MopenupoBaHus 24 qaca
[TpomomKuUTENEHOCTH BEIOpOCa 1 yac
JlnnaMuka BepxHel 1 HIDKHEH 21-25 ™
TpaHMIIBI BEIOpOCa
O dhexTuBHBIN qraMeTp 3Mm
WCTOYHHUKA
CKOpOCTh BEIXOAA 1,8 M/c
[Teperpen 30 °C
AxTuBHOCTS l131, BK 3,1+E15
AxtuBHoctb Csi137,bk 3,5+E14

[Ipenmonaraercsi, 4ro wHIuaAeHT mnpomsomen B 12.00 UTC 21.03.2021. C yuerom
BBIIIIECKA3aHHOTO, a TakkKe IapamMeTpoB BbIOpoca OBUIM 3aJaHBl HCXOAHBIE IApaMeTphI
MoaenupoBanusi B co3naHHoMm npoekre JRODOS. J[ns MonenupoBaHMs HCIOIH30BaNaCh LEMOYKA
monmeneii «EmergencyLite», xotopas kpome Momeneii mepenoca PB u oreHkM 103 00IydeHHS
BKJTFOYAET MOJIEIIH IO 3arps3HEHHUIO TPOTYKTOB MUTAHUS U TIPHHATHIO KOHTPMED.

BbU10 BBITIOMHEHO 4 YHUCIICHHBIX SKCIIEPUMEHTAa, KOTOPBIC OTJIMYAIUCh MEXIy CO0Oi
MozesIMu atMochepHor mudGy3uM U HCIOJIb3YyeMbIMA HaOOpaMU METEOJaHHBIX. PaccMOTpeHBI
Monens armochepront muddy3un RIMPUFF ¢ Habopamu mereonanusix GFS u WRF, a Taroke LASAT
¢ Habopamu GFS u WRF.

[onmy4yeHHbIe pe3ynbTaThl 3arps3HEHNUS TOACTIIAIONICH TOBEPXHOCTH M30TOMOM l131 uepes 24

yaca (22.03.2021 12 UTC) mocne THIIOTETHYECKOTO WHIMICHTA MPEICTABICHBI Ha PUCYHKaX HIDKE
(puc. 2, 3, 4, 5).

--> Ground contamination dry+wet: |-131 [Bg/m?], 22.03.2021 12:00 (UTC) e
Project: gfs, Task: Emergency - run:Inga MocTage: - fOHeKA
Exercise

Nyvaika

B >1E9 b“’gwlckvs AMOBMLLA
1E8-1E9 niske)
1E7-1E8 &
1E6 - 1E7 boniéke
1E5-1E6 (]
1E4 - 1E5
1E3-1E4 NoiuTynka
1E2 - 1E3

M 1E1-1E2

'l 1E0 - 1E1
| Crpyna
Knegens /

Mononbub

Karan

ManTyne:

OSTROVETS CoaTu
i - B SNANKD
- .

Nuwesnun Kaxanka

BuawHeso

fepenTe:
CupoBaTkn

PLata o - Wxa

2 4
1 MenTbing
Bunua

Monuuixn "

Puc. 2. 3arpsisHeHHE TOACTUIAIOIICH TOBEPXHOCTH H30TOIIOM I131 Ha 22.03.2021 12 UTC,
nostyueHHoe ¢ ucnons3oanuem GFS u RIMPUFF, Bxk/m?
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—-> Ground contamination dry+wet: |-131 [Ba/m?, 22.03.2021 12:00 (UTC) BN
Project: wif, Task: Emergency run:Ervin :
Exercise e

W >1E9
M 1E8 - 1E9
[ 1E7 - 1E8
1E6 - 1E7
1E5 - 1E6
1E4 - 1E5
[ 1E3-1E4
M 1E2-1E3
M 1E1-1E2
M 1E0 - 1E1

=% ol N
% Gamiai Dan\i!.ke‘

yHUNOBUMM

Haposs: .
F 03epo Manens Bonxonata

Manens Crapwe [abw —

03epo Haposs

Puc. 3. 3arp;13HeHne noncmnalomen HOBerHOCTI/I w30TOTIOM l131 Ha 22 03.2021 12 UTC
nonyuenHoe ¢ ucrnonb3opanueM WRF u RIMPUFF, Bx/m?

--> Ground contamination dry+wet: | -131 [Ba/m?], 22.03.2021 12:00 (UTC) uly’bmua“ »,\
" Project-gfs_LLASAT, Task: Emergency. - run: Chma 7
Exeruse

.>1E9

W 1E8-1E9

W1E7-1E8 L
1E6-1E7 |
1E5 - 1E6 2
1E4 - 1E5

W 1E3-1E4

M 1E2-1E3 N \ ‘ f

M 1E1-1E2 7 ) o Cnobonn

AN 03200 Manen. on
. 1E0 1E1 2 ; po,Manen: Bonkonatal .
1 naeBent S

D

-

CKamanka | N

Manens Crapwe Fabul —
Chvph 038p0 Hapoys
Crapmarw (3HKE

IBEONRD 3aHapoI.
Ny3sipn

Crpmen Byncnas

NER0HTI s C i
BaTRM 2yitea

Nuiuesnyn

v

Khnrutiio

fonrunosa

Chacrosxa

KOCTEHenI
Crewns|

Puc. 4. 3arpsizHenue noz[cmnalome HOBerHOCTI/I n3oTonom | 13;1 Ha 22.03.2021 12 UTC,
noJiydeHHoe ¢ ucrnojib3opanueM GFS u LASAT, Bk/m?
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CﬂopNﬂf

Bacioxu rasuRe
{--> ‘Ground contamination dry+wet 1-131 [Ba/m?], 22:03. 2021 12:00 (UTC) 1 . T
|. Project: wif_lasat, Task: Emergency - rur:Marcelo = / Eora oot
| Bxercise . e st s énal v L ,..,l Uonosuu§ fonbuusy . ﬂo';.)pb“
W >1E9 v i A4 Gémiai” Dantitke/ . Swyle:  Antanai i) L] Sigax X Mocap
W1E8-1E9 | | 4 i 4 X g . i llacnua :
1E7 - 1E8 LS jvazginial 3 Wypnua AT
Kistia A 3 : A :
1E6 - 1E7 L Tretional T araukai Adutiskis? N 4 o “?i’"‘"
1E5 - 1E6 s =, Al ,k ;Hosocénku "
1E4 - 1E5 so5. | Sventionys Y R 7_\:.' AN o, A =
1E3-1E4 -"?’M».alma 3 i Nocrass \ V] Y= Kopofic) 2
ke Andreikos fMonecve L ) |
I 1E2-1E3 o+ SR L e |
W 1E1-1E2 i KliSine? TS e Kaxion r L
Nuisryne
W 1E0 - 1E1 ! Rt
[ Pazeimene i) N vl 3 ¢
¥ Zeliankos
de_ o, ~ Geledne *
; Akolionija ‘\‘h n
i5kes CrpyHa ) |
. v
Dautidniskes Knesent
enai npnonsuu N
3 PuTans >
b £ fr : oy
_Bopoua -‘O&m@a
3 .“1 ;repfmn‘- éwwg Cuwiposa Kstrvsn Ak Mane
Kosanéska | YcTm3epku jZ A . I
Y ~ 9 y‘\\“)Konu\um L %
Fe pgp'ggeu 7 Ciiar nwiia Chacroesa
\/\ /i s \ Tl
AN ! RaAnmakgter s c ; " Hapose Kypeneu \ ) 1
KepHosa 3 |
rpoan 7 A (PheG PasyTka \ ﬂenn.: j )
Jercator . St 696,400 " ¥ Bunema 4. "’36)"“" ) i
» , . MaTbrOBUL 2
Ocunonuw 4 T L]

Puc. 5 3aI‘p$I3HeHI/Ie IOJICTHJIAIOLIEH noﬁerHocm n3orornom li3; Ha 22.03. 2021 12 UTC,

Ha puc.

6

noaydenHoe ¢ ucnonb3osanreM WRF u LASAT, Bk/m?

OpeaACTaBJICHbl MaKCHUMaJIbHBIC 3HA4YCHUA  3arpsA3HCHUA no,ucnmaromeﬁ

noBepxHoctu 1-131 nHa paccrossHum ot 5 o 100 kM ot benADC, momydeHHBIE B pe3yibTaTe
MIPOBEICHHBIX YHCICHHBIX 3KCIIEPUMEHTOB.

1,80E+07

1,60E+07

140E+07

1,20E+07

1,00E+07

8,00E+06

6,00E+06

4,00E+06

2,00E+06

0,00E+00

=—GFS5 RIMPUFF  =—WRF RIMPUFF

w5 FS LASAT WRF LASAT

5

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
Paccroanwe ot benA3C, km

Puc 6. MakcuManbHble 3HaUYEHUS TUIOTHOCTH 3arpsA3HEHUs MOCTUIAIONIEH moBepXHOCTH -

131, Bx/m?
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3akioueHue

[TomygeHHbIe pe3yNbTaThl CBUAETEIHCTBYIOT O BO3MOKHOCTH HCIIOIB30BaHMS METEOJaHHBIX
monernn WRF B koHTekcTe MomenvpoBaHHS aBapWiHOW CUTyaruu ¢ BeIOpocom PB B atmocdepy.
Co3manHble B pe3yjibTraTe ee paboThl MeTeoJaHHbIe 0ojee BBICOKOTO TMPOCTPAHCTBEHHOTO U
BPEMEHHOTO pa3pelieHusl TI0 CPABHEHUIO ¢ UCXOAHBIMU JaHHbIME GFS mo3Bosstor, BeposTHO, Ooee
TOYHO OIICHHTH TepeHoc PB B pesymbrate aBapuitHoro wHnuaeHTa. OCOOCHHO MEPCIIEKTHBHOM
BBITJISIUT BO3MOXKHOCTh TIOJIKITIOYCHUS MOJIYJISl aCCUMIUISAIIUY JaHHBIX HAOIFOJCHUH, CIIOIh30BaHUE
KOTOPOTO TaKXe MOTCHIMAIBHO MOXET YBEIIMYUTh KAYECTBO U TOYHOCTh ITPOTHO3A.

Opnaxo ucnons3zoBanne WRF TpeOyer onpeneneHHBIX HABBIKOB, a TAKXKE JOMOTHUTEIHHOTO
BpEMEHH I pacdera, 9TO MOYKET HETaTHBHO CKAa3aThCS HAa CKOPOCTH NMPHUHATHS 3AIIUTHBIX MEp B
cllydae BO3HUKHOBEHHsI aBapuiiHOM cutyanuu. [loaTomMy 1eiaecoo0pa3HOCTh HCIOIb30BaHUS JaHHBIX
WRF tpebyeT 1omoMHATENbHBIX NCCIIEIOBAHNN.

Cnmcok JInTepaTypsl
1. Weather Research and Forecasting Model | MMM: Mesoscale & Microscale Meteorology
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YK 621.311.25-049.5:006(476)
AHAJIN3 TPEBOBAHUM K CHCTEMAM ABAPUMHOTI'O DJIEKTPOCHABXEHUSA
ATOMHBIX JIEKTPOCTAHIIUIA
APOBOT C.B., PYCAKOBHY B.H., CALIYK C.M.
benopyccxuii eocyoapcmeennwiii ynugepcumem uHpOpMamuky u paouo3neKmpoHuKy
(Munck, Pecnybnuxa benrapycs)
AnHoTtamusi. B pa0ore TpoBelCH aHAIM3 HOPMATHBHBIX IPABOBBIX JTOKYMEHTOB PeciyOmmku
benapycs, ®enepanpHbix HOpM U npaBuil Poccuiickoii ®enepanuu, TpeboBanuii ['ocynapcTBeHHOM
WHCTIEKIINHN SIJIEPHOTO DPETyIupoBaHUs YKpaumHel u JokyMeHToB MAI'ATD, ycraHaBmmBarommx
TpeOOBaHMS K CHCTEMaM aBapUITHOTO JIIEKTPOCHAOKEHUS AaTOMHBIX DJIEKTPOCTAHIUH, W JaHBI
pEKOMEHIAIMK JJIs pa3pabOTKH HOPMAaTHUBHOTO JOoKyMmeHTa PecrnyOnuku benmapych, y4uThIBaIOIIETro
COBPEMEHHBIN ONBIT MIPOCKTUPOBAHUS U IKCITYyaTallud ATOMHBIX 3JIEKTPOCTAHLIMM.
KuioueBble cj10Ba: aToMHas 3JEKTPOCTAHINSA, CHCTEMa aBapUHHOTO SJIEKTPOCHAOKEHUS, SAepHas
paauanoHHass 0€30MacHOCTh, NPHUHIUI  HE3aBUCUMOCTH, TPHHIMII CIUHUYHOTO  OTKa3a,
pe3epBUpPOBaHKE, IPUHIUI Pa3HOOOpa3us, 0TKa3 Mo O0IIeH MpUIUHE.

ANALYSIS OF REQUIREMENTS FOR EMERGENCY POWER SYSTEMS OF NUCLEAR
POWER PLANTS
SIARHEI V. DROBAT, ULADZIMIR M. RUSAKOVICH, SIARHEI M. SATSUK
Belarusian State University of Informatics and Radioelectronics
(Minsk, Republic of Belarus)

Abstract. The paper analyzes the regulatory legal documents of the Republic of Belarus, Federal
norms and rules of the Russian Federation, Requirements of the State Inspectorate for Nuclear
Regulation of Ukraine and IAEA documents establishing requirements for emergency power systems
for nuclear power plants, and gives recommendations for the development of a regulatory document of
the Republic of Belarus, taking into account modern experience of design and operation of nuclear
power plants.

Keywords: nuclear power plant, emergency power system, nuclear and radiation safety, principle of
independence, single failure principle, redundancy, principle of diversity, common cause failure.

Beenenue

Baxnyto ponp B obOecriedeHnn 6e30macHOCTH aTOMHOM anekTpoctaHiuu (ADC) BBINOIHSET
cuctema aBapuitHoro »siekrpocHaOxeHusi (CAD), OCHOBHOE Ha3HAYeHHE KOTOPOM COCTOMT B
CHa0)KeHUM DIIEKTPOdIHEPIHel 3a/laHHOTO KadecTBa AJIEKTPOJBHTATENCH, MEXaHH3MOB H JIPYTOTo
obopynoBanus cucreM 6e3omacHocTH ADC BO BceX MPOEKTHBIX aBapHUSAX, B TOM YHCIE B PEXHME
NOJHOTO obOecTtounBaHus. TakuMm oOpa3zoMm Oe3onmacHocTh ADC 3aBUCHT OT PETYIMPYIOLIMX
TpeboBanmii k ux CAD, yCTaHOBJIEHHBIX [UIS 3TAIIOB IPOCKTUPOBAHMS U SKCIUTyaTaLHH.

B cBs13u ¢ TOCTOSIHHBIM COBEPIIEHCTBOBAHHUEM TEXHOJIOTHIA M HAYYHBIX 3HAHUN, HAKOTIIEHUEM
MEXIYHapOIHBIM COOOLIECTBOM OIBITA MPOEKTHPOBaHMA M HKcmryataunu ADC, axkTyaabHOH
ABJSIETCSl 3ajJada IPOBEACHUSI CPAaBHUTEIBHOrO aHaiu3a TpeboBanuii PecnyOnmukum bemapycs u
MEXYHAPOJIHBIX TIOAXO0J0B B ycTaHOBIeHHH TpeboBaHuil Kk CAD U OOHOBJICHHUS PETYIHPYIOLIHX
TpeOoBanuit PecnyOsvku Bemapych ¢ 1ie/ibl0  00€CIiEYeHUsS HAUBBICHINX PEATbHO BO3MOXKHBIX
CTaHJAapTOB 0E30IAaCHOCTH VIS 3aLIMTHI IEPCOHANIA, HACEIICHHUS U OKPYXAIOLIEH cpelpl OT BPEAHOTO
BO3/IEMICTBHUA MOHU3UPYIOINX U3TyueHHH mpu padote ADC.

Pe3yabTaThl 1 HX 00CYy:KIEHUE

B nacrosimee Bpemst B PecnyOnmke benapychk neficTByroT HOpMBI M IpaBuia B 0OJIACTH
SIIEPHON M paTuaIlMOHHON 0€30TIacHOCTH, ycTaHaBuBatomue TpedboBanns kK CAD ADC, BBeIeHHEIE B
neiictue B 2010 r. [1, 2]. 3a nepuoa, npomenmuii ¢ 2010 ., B Cepun HopM Ge3onacHoct MAT'ATO
nyomukanust ~ Ne SSR-2/1  «be3omacHOCTb ~ aTOMHBIX — DJIEKTPOCTaHLUUH:  NPOEKTUPOBAHUEY,
yCTaHaBIUBAIONIAsl TPOEKTHBIE TPeOOBaHWA B OTHOIICHWH KOHCTPYKIMM, CHCTEM W 3JIEMEHTOB
(xommnonenToB) ADC, 6puta oO6HOBIEeHA ABaXasl — B 2012 u 2016 rr. [3]. O6HOBMIIACH TyONMHMKaIHS
MATATD Ne SSG-34, ycranaBiuBaromasi TpeOOBaHUA U K CHCTEMaM 3JEKTPOCHAOXEHUs, BaXKHBIM
JUIst 6e301macHOCTH aTOMHBIX 3neKkTpoctaniuii [4]. denepanbHble HOPMBI M mpaBuiia Poccuiickoit
Oenepanyy, ycraHaBnuBaromue tpeboBanus kK CAD ADC, yreepxkaensl B 2011 r. [5]. Hokyment
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YKpauHbl, ONIPEAENAIOMNN TPeOOBAHHS K CUCTEMaM JIEKTPOCHAOXKEHNSI, BYKHBIM /7151 0€30aCHOCTH
ATOMHBIX JIEKTPOCTaHINH, yTBepKaeH B 2015 1. [6].

B xome paboThl MpoBENEH CPaBHUTENIBHBINA aHAIM3 IEPEUUCIICHHBIX BBINIE JTOKYMEHTOB, B
KOTOPOM OCHOBHOE BHHMAaHHE YIEISUIOCH COONIOJCHUIO OCHOBHBIX NPHHLMIOB MPOCKTUPOBAHHUA U
KpuTepreB 0e30MacHOCTH, OTpeAeNieHHbIX B TokyMeHTe MAT'ATO [3].

TpeGoBanusi 1mo coO/I0CHHI0 NPUHLMIIOB HE3aBMCHMMOCTM M €AMHUYHOIO OTKa3a.
Hokyment MAT'ATD [3], ycTaHaBnMBalOmMi KOHKPETHBIE TpeOOBaHUS 0OE30MACHOCTU K IPOEKTY
ADC, ompenenser TpeOGoBanue 21 1o COONIOACHUIO TPUHIMIIA HE3aBUCHMOCTH B CHCTEMax
6e3omacHoctu. B moxymente [4, 11.5.54, 11.5.55, m.7.24, .7.56 u ap.] netanu3upyroTcs TpeOOBaHUS K
crUcTeMaM DJIEKTPOCHAOKEHUS B YacTH COOJIONEHWs TPUHINIIA HE3aBHCHUMOCTH. TpeboBanme 25
JOKyMeHTa [3] ompenenser HEOOXOAUMOCTh NMPUMEHEHHsI KPUTEPUSl €AMHUYHOTO OTKa3a B MPOEKTE
ADC. B noxymente [4, m.7.23 — 1m.7.25 u nap.] mpoBoAWTCSA NeTamW3allks 3TOr0 TpeOOBaHUS B
otHomenuu CAD.

B ®enepanpHbix HOpMax u mpaBmiax Poccuiickoit ®@eneparu [5] TpeOoBaHUsS B 4acTH
COOJIFOICHYST TIPUHIIMIIA HE3aBUCUMOCTHU OmpeseneHsl B . 9, 16, 18, 19, 48, 57, a TpeboBaHus 1o
COOJIIOJICHUIO IPUHLINIIA €AMHUYHOIO OTKAa3a HE IPUBOISTCS.

TpeOoBanuss K cHCTEMaM JJICKTPOCHAOXKEHHS B 4YacTU COOJIIOJCHHSI  IPUHITUIIOB
HE3aBUCUMOCTH M EJMHUYHOrO OTKa3a mpH mpoekthupoBanun CAD omnpezaencHsl B TpeGoBaHMSIX
I'ocymapcTBeHHOM WHCIIEKIMH SEPHOTO PETYIUPOBAaHUS YKPAaHWHHI [6].

HoxymenTsl Pecriyonmuku bemapycs [1-2] comepkat TpeOoBaHHS K COONIONESHUIO MPUHIIHIIA
HE3aBUCUMOCTH, HO JJISl UX KOHKPETH3allMU HEOOXOAMMO BBITIONHUTH Psijl YTOUYHEHHUH, U HE COAEPKAT
TpeOOBaHMI K COOMIOACHUIO MPUHIINTIA €TMHUIHOTO 0TKa3za B CAD.

TpeGoBaHusi mo CcOO/IIOIEHUI0 NPUHIUINA Pe3epPBHPOBAHUNL COJCPKATCI B JTOKYMEHTaX
Pecniyonuku Benapych [1-2], B @enepanbHbix HOopMax M mnpaBwiax Poccuiickoii deaeparuu [5], B
JTokyMeHTe ['ocyapcTBEHHOM MHCIIEKIINH SAEPHOTO PEryIHMpOBaHus Y KpauHsl [6].

TpeGoBaHus MO COOTIOAEHNI0 MPUHIIAIIOB PA3HOOOpAa3Hsi M OTKA30B 10 00IIeii mMpUYnHe.
Hoxyment MAT'ATD [3] comepxxkutr TpeOomaHue 24, B KOTOPOM 3aKPEILIAETCS HEOOXOAMMOCTH C
LENBI0 JOCTHKCHUS 3a/IaHHON HAaJeKHOCTH O0OpYIOBaHMs MCIOJIB30BaTh MPHHIUI PazHOOOpasusl.
B moxkymente MAT'ATD [4, 1.5.42-5.51] KOHKpETM3HPYIOTCS W ACTAIH3UPYIOTCS TpeOOBaHUS K
CHCTEMaM DJIEKTPOCHAOKEHUS B YaCTH COOIOACHHS TTPUHITUTIA PA3HOOOpa3HsL.

TpeboBanus Mo COOMIOACHUIO IPUHIUIA pazHooOpas3us B denepabHBIX HOPMaX M MpaBHIIax
Poccwuiickoii ®enepanuu [5] He npuBosites u otcyrcTByroT B THITA Pecrnyonuku Benapycs [1-2].

TpeboBaHue 1O HCHOJIB30BAHUIO MPUHLOMIA pa3zHooOpasus npu mnpoekTupoBaHun CAD
YCTaHOBJICHO B JOKYMEHTE | 0CcymapCTBEHHON MHCIEKIIUU SASPHOTO PETYIMPOBAaHUS Y KpPauHHI [6, 1.
5.1.12].

B ®epepanbHbix HOpMmax U mpaBuiax Poccuiickoi ®enepauuu [5] NpUBOAATCS TaKkKe
TpeOOBaHM IO HAEKHOCTH M COOIIIOJIEHUIO MPHUHIMIA OTKa30B 1Mo oO0med mpuuuHe (m. 23), mo
TEXHUYECKOMY OOCITY>KUBAHUIO W peMOHTY (mm. 27,28). AHanorn4Heie TpeOOBaHUS yCTAaHOBJICHBI B
JnokymeHTte Ykpaussl [6, . 2.8, 2.11, 5.1 u ap]. THIIA Pecny6nuxu benapycs [1-2] Taxke conepxar
yKa3aHHbIE TPEOOBaHMUS.

TpeOoBanusi K  aKKyYMYJSTOPHBIM  OarapessM ¥ pe3epBHBIM  JAU3EJbHBIM
anexkTpoctanmmusiM CAD. Umeercs paznuyme B TpeOOBaHMSAX K aKKyMyNSTOpHbIM Oatapesim CAD,
ycraHoBieHHBIX THIIA Pecnybnuku benapycs [1-2] u B nokymente MAI'ATO [4, 1.7.87-7.95]. B
®denepanbHBIX HOpMax U mpaBuiax Poccwiickoit Demeparuu [5] comepikarcs TpeOOBaHUS K THUITY
Oarapeit (m.71), ycmoBmsaM wux 3apsga u momzapsga (m. 73). YkpauHckue TpeOoOBaHHS K
aKKyMyJATopHbIM OaTtapesiMm CAD [6, . 5.2.12 — 5.2.12] B 1ocTaTOYHOH CTETIEHN rapMOHU3UPOBAHBI C
pexkoMennanusimMu MAT'ATO.

@®enepanpuble HOpMBI W mpaBuina Poccmiickoit ®enepanmu [5] Takke yCTaHABIWBAIOT
TpeOOBaHUS K pe3epBHBIM u3enbHBIM 3nekTpocTaniusaM (PIDC) CAD. DTo OTHOCHTCS K THITY
JIu3eNb-rTeHepaTopoB (1. 76), ycnoBusx ux pasmemieHus (mm. 79-81), roroBHocTu K mycky (1. 83),
TeXHH4Yeckoro oociyxuBanus (1. 87). Tpebosanus k PIDC, ycTaHOBICHHBIE B JOKYMEHTE Y KpPaWHbI
[6, m. 7.1 — 7.17], npakTH4ecku cOOTBETCTBYIOT pekomeHaanusiMm MAI'ATO. THITA PecryGnukn
benapyce [1-2] ycranaBmuBator TpebOoBanmst k PJ[DC, koTopple TO psimy IIyHKTOB TPeOYIOT
NPUBE/ICHUS B COOTBETCTBHE K TpeboBanussM MATATD [4, 1.7.36-7.48].
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TpeOoBanusi 6e30MacHOCTH, 00yCJIOBJICHHBIE CBSI3bI0 € JHEpProcucreMoi. B noxymenre
MAT'ATD [3] comepxurcsi TpeGoBanme 41, omnpenensromiee, 4YTO HapylleHHs B pabote
SHEPrOCHUCTEMBI, B TOM YHCIIE KOJeOaHWsl HaNpsHKEHHS M YacTOTHI CETEBOTO DHEPTOCHAOKEHHS, HE
JOJDKHBL YyrpokaTh (yHKIMOHAIBHOCTH Yy3m0B ADC, BaxHBIX Uis OezomacHocTH. CrenuanbHOe
pykoBoacTBoO 10 6e3omacHoctt MAT'ATO [4, m. 2.29 — 2.31, 11.6.2 — 6.6] netanu3upyet TpeOOBaHUS K
MPOEKTY CUCTEMBI dNeKTpocHaO)eHNsI ADC yCTOWYMBON K HAPYIICHUSM B pabOTE SHEPTOCUCTEMBI.

denepanbHbie HOpMBI U npaBuia Poccuiickoii @eneparuu [5] He ycTaHaBIMBaKOT TpeOOBaHUN
0e30macHOCTH, 00YCTIOBICHHBIX CBS3BIO C SHEPrOCHCTEMOM.

Hoxyment Ykpauns! [6, n. 5.3.3 — 5.3.4] ycranaBnuBaetr TpeGoBanms kK mpoekty ADC mo
BHITIOJTHEHWIO aHAIM3a W OIpPENeJIeHUS OCHOBHBIX KPWUTEPHEB BIHUSHHUS DHEPrOCHCTEMBI Ha
HaJIeKHOCTh U 0€30MacHOCTh 3KCITyaTauun 3HeproonokoB ADC (BepoarHocTh obecTounBanus ADC
¢ otkazom CAD u zap.), a TakKe MPUHATHH IOTOTHHUTEIBHBIX Mep I oOecrieueHus Oe30ImacHOMH
skcruryaTammn ADC.

B HII fAPb Pecnyomuku bemapych [1-2] OTCyTCTBYIOT Kakue-1uO0 TpeOOBaHUS K
npoekTupoBaHiio CAD mpu uX SHEPrOCHAOKEHUU OT YHEPTOCUCTEMBI C HECTAOWIIBHBIMU 3HAUYCHUSAMU
HAIPSOKEHUS M 9aCTOTHI DJICKTPUIECKON YHEPTHH.

3akiouenne
[IpoBeneH cpaBHUTENBHBIA aHaNMU3 TpeboBaHWH, ycraHoBiueHHRIXx K CAD B THIIA
PecrryOmku benmapycs [1-2], moxymentax MAT'ATO [3-4], denepanpHBIX HOpPMax WM TpaBUIIax
Poccuiickoit ®enepaunu [5], TpeboBanusx ["ocynapcTBEHHOW MHCIIEKIUH SICPHOTO PETyIUPOBAHUS
Ykpaunel [6], W TpeAcTaBIE€Hb PEKOMEHOAUMU Ml Ppa3pabOTKM HOPMATHBHOTO [TOKYMEHTA
PecrryOnuku bemapych, yIUTHIBAIOIIETO0 COBPEMEHHBIH OITBIT MPOEKTHPOBaHUs U dKcIuTyaTamun ADC.
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Konkpernble TpeboBanus OesomacHoctu. Ne SSR-2/1 (Rev. 1) / MAI'ATO, Bena, 2016.
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https://www-pub.iaea.org/MTCD/Publications/PDF/Pub1673web-53477409.pdf (mata oOparieHus:
05.03.2021).
5. HII-087-11 «TpebGoBaHusI K CHUCTEMaM aBapHUIHOTO JIIEKTPOCHAOKEHUS ATOMHBIX CTAHIIAN,
YTBEpXKJCHHBIE TpHKa3zoM DenepaibHOW CIyKObl TO 93KOJIOTHYECKOMY, TEXHOJOTHYECKOMY U
aromMHOMY Haa30py Poccuiickoit @enepartuu ot 30.11.2011 Ne 671. [DnexTponnstit pecypc]. — Pexum
nmoctyma: https://docs.secnrs.ru/documents/nps/HIT-087-11/HIT-087-11 conv.pdf (mara obpamenus:
05.03.2021).
6. HIT 306.2.205-2016. Bumoru 10 cUCTEM €JICKTPOIOCTaYaHHs, BOKIMBUX JJIsi O€3MEKH aTOMHHUX
CTaHLiH. 3aTBep/pkeHO Haka3oM JlepikaBHOI 1HCHEKLIl SIEPHOTO PperyjioBaHHS YKpaiHH Bif
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YK 621.382
OCHOBBI TEOPUU ATOMA BOJOPOJA JJIA 3AJAY CUHTE3A
KBAHTOBO-3JIEKTPOHHBIX CXEM
KOBSK W.II.
Benopyccruil 2ocydapcmeennuiil ynusepcumem uH@opMamuKy 4 paouoInekmpoHuKy
(Munck, Pecnybnuxa benapycs)

AnHotanusi. Ha ocHOBe HETpaJMIIMOHHON KOHIICTIIIUN (POPMHUPOBAHMS JTUHEHUYATOTO CIIEKTpa aToMa
BOJIOPO/Ia MOJIyYEHO ypaBHEHHUE, HEOOXOAMMOE JUIsl KOMITBIOTEPHBIX PACYETOB 3HEPTUH, H3ITydaeMO
DJIEKTPOHOM TIPM TIEPEXONE € HEKOTOPOrO TEKYWIEr0 SHEPrOypOBHA HA PAaMyC NPUEMHHUK I .

[IpuBeneHHOEe pELIEHWE 3HEPreTUYEeCKOr0 YpPaBHEHMS IIO3BOJIMIO  BBIBECTH  (hOpMasibHBIE
COOTHOILICHHS, HEOOXOAUMBIE [T PacueTOB 3HAUCHHH PanycOB SHEPrOypOBHEH aToMa BOAOpOJA W,
COOTBETCTBEHHO, CKOPOCTEH 3JIEKTpOHA Ha JNAHHBIX opOuTax. [IpukiagHON acmeKT paccMOTpEHHOMH
METO/O0JIOTUH COCTOUT B MCIIOJIB30BAHUH PE3YNIbTATOB BHIIOJIHEHHBIX PAacueTOB UL 337ay CUHTE3a U
aHaJN3a KBAaHTOBO-3JIEKTPOHHBIX CXEM.

KaoueBbie ciaoBa: aTtom Bojopoaa, HeHTpoadduHHBIE TpocTpaHCcTBa, JlopeHi-pakTop, >HEprus
W3JTy4eHUs], PEJSITUBUCTCKAs Macca.

FUNDAMENTALS OF THE THEORY OF A HYDROGEN ATOM FOR PROBLEMS
SYNTHESIS OF QUANTUM ELECTRONIC CIRCUITS
KABIAK I.P.
Belarusian State University of Informatics and Radioelectronics
(Minsk, Republic of Belarus)

Abstract. On the basis of the unconventional concept of the formation of the line spectrum of the
hydrogen atom, an equation is obtained that is necessary for computer calculations of the energy
emitted by an electron during the transition from a certain current energy level to the receiver radius.
The given solution of the energy equation made it possible to derive the formal relations necessary for
calculating the values of the radii of the energy levels of the hydrogen atom and, accordingly, the
velocities of the electron in these orbits. The applied aspect of the considered methodology consists in
using the results of the performed calculations for the problems of synthesis and analysis of quantum-
electronic circuits.

Key words: hydrogen atom, centroaffine spaces, Lorentz factor, radiation energy, relativistic mass.

BBenenne

[Ipennaraemas B maHHOW pabOTe METOJOJIOTHS HCCIENOBaHHS (U3NYECKHX CHCTEM ITyTeM
paCCMOTpeHI/ISI HBJ’IGHI/II\/'I C ABYX TOYECK 3peHI/I$I I103BOJINJIA C(bOpMI/IpOBaTB ypaBHeHI/IH, CBS3BIBAIOIIINC
MIPUPOJTy B3aUMOJICHCTBHUS MaTEpHAIBHBIX YacTUIl Re-pocTpaHCcTBa € yYE€TOM PEISITHUBHCTCKHUX
CKOPOCTEH HE PaBHBIX KIACCHYECKOW CKOPOCTH CBETAa. B WacTHOCTH, B CTAaThbe IMPENIOyIaraercs, 4To
JIBIDKEHUE DJICKTPOHA B TIONIE sA7Ipa, OMPEACNIeT W3BECTHYIO DHEPTETUYECKYIO CBSA3b peain3aluil
MaTepuu Pa3IUYHBIX COCTOSIHMM, a WMEHHO: HW3Iy4aeMO#l IIa3Mbl M TBEPAOTEIHHOTO OCTAaTKa
AJIEKTPOHA B (JOpPME DHEPreTHYeCKOro oOBbeKTa BpalieHus. IIpu 3TOM B pelleHHH TOCTaBICHHOH
3a/la4ll YYHUTHIBAECTCS, YTO KJIACCUYECKHE TMOIXOABl K COCTABICHHIO YPaBHEHUH B TEOPETHYECKHX
HUCCIICOOBAHUAX <«B CI/I.Hy» I/IHepHI/IOHHOCTI/I B3I 0B U HECOUYCBHUIHOCTU KBAHTOBO-MCXAHHUYCCKHUX
SBIICHUI 3a4acTyl0 TNPUBOIAT K SBHOMY HapYIICHHUIO (PH3NKO-MaTEMaTHYECKOW CHUCTEMHOCTH B
COOTHOIIIEHUSIX M, COOTBETCTBEHHO, B PE3yJIbTaTax MPOBOIANMBIX UCITBITAHUM.

C TOYKH 3peHHs TEOpUH MPEACTABISIETCS HEMpPaBOMEPHBIM (OPMHUPOBAHHE YPABHEHHH IS
MapaMeTpoB BOJIOPOIOIOI00HBIX aTOMOB C UCIIOJIb30BAHUEM KJIACCHUYCCKOM AJICKTPOTEXHUKH. JlaHHOE
YTBEPKIICHUE CJIEeAyeT U3 TOro, YTO JBHXKEHUE JIJIEKTPOHA XapaKTEepPU3yeTCs B3aUMOICHCTBUEM C
IIOJISIMHA ;{zxpa, NMCHOIIITNMU COBepIHeHHO OCOGBIG CBOﬁCTBa II0 OTHOUICHUIO K BaKyyMy NIIn MaTepI/II/I
TPEThero u3MepeHus. TakuM o0pa3oM, OCHOBOH JUJIS PacueTOB aTOMa BOJOPOJA MOXKET CIIY)KUTh
TOJIEKO WH(OpMAIIHs], TOJIyYeHHAs B PE3YJIbTaTe MPAKTUYECKUX U3MEPEHHI MM KOCBEHHO-PaCUETHBIE
BenunHBL. COOTBETCTBEHHO W TPEJCTABIICHHBIE B TaHHOW paboTe aHAMTHYECKUE WCCIICIOBAHUS H
BBIBOJAbBI CIACJIaHbBI HA OCHOBE IIOCTOAHHBIX U COOTHOIHeHI/Iﬁ KBaHTOBOﬁ MCXaHUKHU C y‘-IeTOM
YCTaHOBJICHUS UX PEATbHOU TIPUPOJIBI U PUIUKO-MATEMATHUECKON CHCTEMHOCTH.
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YpaBHeHHe /151 JHEPTUH M3JIYYEeHHS JJIEKTPOHA

OcHOBO#1 [T pacdeTra MPUHIMIIA B3aNMOICHCTBAS 3JIEMEHTAPHBIX SHEPTUH, BBICTYMAIOIINX B
Ka4€CTBEC apryMeHTOB B 3aJa4dax pCUIacMbIX KBAHTOBO-MEXAaHNYECCKUMHU MTOJACXEMaMM, MOXET CIIYXUTh
¢u3rKa U3TyYCHUN B BOJAOPOOIONOOHKEIX aToMax. Tak, B 00IeM cilydae, U3BECTHO, YTO B IPOIIECCe
CcOoOCTBEeHHOTO Re-pocTpaHCTBEHHOTO NIBIDKEHHS Macca JJICKTPOHA MOXET HAaXOIUTHCS Ha CTPOTO
OTIpeIeTICHHBIX SHEPTOYPOBHAX HEHTpoaGUHHBIX MPOCTPaHCTB sapa. llpm 3ToM KiaccHdecKwid
Nepexoa K paanyCy-upu€MHUKY COIIPOBOKIAACTCA (bOpMI/IpOBaHI/IeM Re-HpOCTpaHCTBeHHOFO CIICKTpa,

OTKMCHIBAEMOTO JJIsl aTOMa BOJI0poJia 00001eHHOM hopMmyIoi bamsmepa:

_R(1 1 > 07 106

®, _zo(,ﬁ nzj, R =2,07-10%c™, )
rac a)l,n - 4aCTOoTa HU3JIYUYCHHUSA ODHEPTrUU ISJICKTPOHOM IpU MNCPEXOAC C SHEProypOBHA l,n Ha

COOTBETCTBYIOIIN ypoBeHb cepuu Jlaiimana (1,4) miu ¢ ypoBHS A=1n Ha GopoBckmit paguyc Iy, R

- 3HaueHWe NocTosHHON Punmbepra. [lpm srom koppekuus paBeHcTBa (1) AeleHHMEM HW3BECTHOM
noctossHHOH Ha 20 cBs3aHa ¢ HEOOXOAMMOCTBIO YIOMSIHYTOH BbIlEe (DU3UKO-MaTeMaTHYECKOH
CHCTEMHOCTH PE3yJIbTaTOB, MOATBEP)KICHHON B XO/I€ MOCIIEIYIONINX UCCICI0BAaHUN aToMa.

Henmocratok panHOro QopManbHOro mnoaxola K (OPMHUPOBAHUIO CIIEKTpPa COCTOUT B
paccMOTpeHUH HYJIEBOTO paanyca Kak (UKCHPOBAaHHOTO U HEM3MEHSIEMOIO MapaMeTpa, YTo, OIHAKO,
MPOTHBOPEYUT BCEM MPHUPOJHBIM KOHLEIIHSIM CYIIECTBOBAHHUS MAaTEPHH.

B pamkax mpezayiaraeMoro He KJIaCCHYECKOI'o MOAX0a K PAaCCMOTPEHHUIO IPUPOIBI U3ITyUICHUS
SHEPTUU JJIEKTPOHOM OyJeM CUWTaTh, YTO W3BECTHBIC «IHHI-TIOHT» MEXaHW3Mbl B aToMe
OTCYTCTBYIOT, a TIepEMEHHBIM IO BeJIMYMHE MapaMeTpa SIBIAETCS caM HyJeBod panuyc. PerynspHocTs

U IMKJIMYECKAss IIOBTOPAEMOCTb paavyca [, B pPaMKaX JaHHOM KOHLENUMH NPHBOJMT K

OJTHOLIArOBOMY IE€PEMEIICHHIO JIIEKTPOHA Ha OpOUTY-ipHeMHUK. OJHAKO ONpe/eeHHasi MPUPOIHAs
PETyJIApHOCTh YKAa3aHHOT'O SBJIEHHS HABOJUT Ha W3BECTHYIO MBICIb O H3BECTHOM «IIMHT-TIOHT»
nporecce u3NydeHus. B chopMynnpoBaHHBIX yCIOBUSX NPUTSKECHHE aTOMHOIO f1pa ONpenesseT

U3JIy4eHUE KBAHTOB 3apsHKEHHBIM DJIEKTPOHOM IIPH NMEPEMEILEHNH TTOCIEHEro ¢ paauyca I, | Bcerna

¥ TOJIbKO Ha QIyKTyupytomui paguyc I. IIpu aTom qusa A > 1 paguyc-npueMHHK paBeH Iy = I

1,n’a

ans A =1- GopoBckomy F,. VIHBIMH CIOBaMH, €CIIM TeKyllee M3IIyueHHe TPUHAICKUT CEPHU C
OonbIIMM, YEM KIACCHYECKHMH pamuyc I, pajudycOM-IPUEMHHMKOM, TO CIEyeT CYMTaTh, 4TO BCS

SHEPrusl U3Iy4MjIach NP HEepexolle Ha COOTBETCTBYIOIIYIO OpOUTY I

1n> OYCPCIAHOC KC 06peT6HI/Ie

SHEPrMU Ha JAaHHOW OpOWTE OCYIIECTBIAETCS AHAJIOTMYHO IIPOLECCY MOIJIAIIEHUS SHEPruyd Ha
OGopoBckoM pajauyce r,. Ecinu sxe NMHMM CHEKTpa M3IydeHHs NpuHajuiexar cepuu Jlaiimana, TO

M3y4YeHHE B TOYHOCTH 3aKaHYMBAETCS HA CaMOM OOpPOBCKOM pajiuyce.
Hcnonb3yss NaHHBIA MOAXON K aHAIM3y MEXaHU3MOB JBWXKEHHS 3JEKTpOHA B aToMe, B
COOTBETCTBHH C PABEHCTBOM IS DHEPTUH, U3TydaeMoil CyOHaHOUACTHIIEH (IJEKTPOHOM HITH MPOCTO

HaHOYACTHLEH), NBIKYIIEHca OECKOHEYHO Mallblii KBAHT BPEMEHM IO TpaeKTopuu paguyca I, .,

MO>KHO 3aIHCaTh YpaBHCHHUE:

Eaum = Ell,n - By,

rjie E, - 9TO KHHETUYECKas SHEPIus pajiiyca-pueMHUKa Iy = I | wim paguyca bopa Iy, a mapamerp

E, n mpencrapnser coboii SHEPTHIO CKOPOCTH V, | Ha pamuyce I

2
M, aVa,
n = % ) 2

E

B coornomennn (2) macca M, , =My, ., Te JlopeHu-daxrop y, |~ ONpeNeseH 1y CKOPOCTH

Vin = Zﬂa)/lynr

", n HA COOTBETCTBYIOIIEM SHEPTOYPOBHE A,n, M, - MAcca MOKOs JIIEKTPOHA.

Onnako, MUIT HAHOYACTHIEI HAXOJSIICHCS Ha paamyce I

0o =h

., (wm GoposckoMm )

HEeHTpOoaP(PUHHOTO TMPOCTPAHCTBA sIpa HE MOXKET OBITh 3alucaHo aHaorndHoe Qopmyne (2)
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cooTHomeHne. JaHHBI (akT cieayer W3 TOro, YTO Ha paguyce-MPUEMHHUKE BCEra BBIOJIHIETCS
HOTJIOIICHNE SHEPTUH Pa3psHKEHHBIM 3JIEKTPOHOM. TakuM oOpazom, olliee ypaBHEHHE Ul SHEPTHUH,
M3Tyd4aeMOM DJJIEKTPOHOM MpH Iepexone ¢ A>1-0ff opOWTBI HAa TIEPEMEHHYI0 OpOHUTY
b =N, 0l ., WM s A =1 npu nepexone Ha paauyc bopa r, npuHuMaer Bux:

2

My Vin
By = —020_E,. ©)

2

Ipu stom miis A >1 umeem:

2

m, V.
Eo _ 1AL :0, (4)

2
roe m , =M, - Macca 4acTUIbl Ha TCKYIUEM paauyce MNPUEMHUKE I ,, a V;, - CKOPOCTb,

onpeacisromas U3JIydCHUE SHEPIrur SJICKTPOHOM Ha YKa3aHHOM paauyce. O‘ICBI/II[HO, 49TO 3a CYCT
OTCYTCTBUSA DHCPTHUU U3ITYUCHUS TapaMETp Vl , MOXCT OBITH IMPUHAT paBHbIM HYIIIO.

Ecnu n3nydenue BBIIONHACTCA C PAUYCOB I ,, 1 5,..., 1, cepun JlaliMana nipu nepemeneHnn
5JIEKTPOHA Ha OOPOBCKUH paauycC [, TO ypaBHeHME (4) TpaHCHOPMHUPYETCS K BHAY:
2
ms .V,
_ 01701 _ 0’

2
rae my, =M, - 3T0 Macca SJIEKTpoHa Ha OOPOBCKOM paauyce, Vo, =0 - CKOpPOCTb M3ITydeHHs ¢

E

ykaszanHoro paauyca. Uuaekc 0,1 onpenenser A =0, To ecTh caM paauyc bopa, N =1 roBoput o ToM,
YTO TIEpEeMENIeHNE OCYIIECTBISIIOCH C YPOBHA A =1.
Htak, KOHCTATHPYEM, YTO OKOHYAHHUIO M3ITyYCHHS DIICKTPOHA BCET/Ia COOTBETCTBYET MOMEHT

nepexo/ia HAHOYACTHIIBI HA pajuyc Iy =1 , win OopoBckuii paauyc f,. Ha naHHoil opOute nmeer
MECTO OOPATHBIN IPOLECC, TO €CTh HAYMHAETCS TOTVIONIEHHE SHEPIUH SApPA 3a CUET PEIATUBUCTCKUX
2 2 2
m Vi, Moo  MyVy
wm ——==—

BpaIAlONINX MOMEHTOB TMocienHero. llpw sToM mpowsBeneHne
2 2

OIpeliesIAeT MPOLECC 3apsAaa MIEKTPOHA P IBMKEHUH 110 JAHHOMY Paguycy.

C TOYKHM 3peHHs KJIACCHYECKOH KBAaHTOBOW Teopuu ypaBHeHHe (3) MAOIKHO OBITh
9KBHMBAJICHTHO M3BECTHOMY COOTHOIIEHHUIO Jyisi oHeprun E =mc?. OfHaKo, CleAyeT yUuThIBATh, YTO
U3MEpEHHAass «CKOPOCTh CBETa» JUI MaTepUAIIbHBIX OOBEKTOB B Re-MpocTpaHCTBe, B TOM YUCIIE U IS
TUTa3Mbl TPETHETO HM3MEPEHUs, JOCTHraeTcs, Kak MpaBHJIO, TOJIBKO B MakpooObekTax ((ortocdepa
COJIHEYHOTO IIapa, HallpUMep) WM B HAHOOOBEKTaX, CYLIECTBYIOUINX B paMKaX TEOpPHU «CTpyH». B
CBSI3U C YKa3aHHBIM OOCTOSITEICTBOM MOXEM 3aKIIOYUTh, YTO CKOPOCTb M3JIy4YEHHS IIIa3Mbl
JIEKTPOHOM Ha pajuyce r, - Oy/eT ONMpeensThes 3a1acoM SHEPIUU Ha YKa3aHHOM YPOBHE, IPHYEM

71 M3ITy4aeMoii sHepruu OyJeT cpaBeIuBO COOTHOILEHHUE:
1 * * 2
ha)ﬂ,n =-Mn (V/I,n) ) (5)
2
rae * - O3Ha4YacT MNPUHAJICKHOCTH IapaMeTpa SHEPIruru MM MPOLCCCY HU3ITY4YCHUA BCOICCTBA C
TeKyILero paauyca I, . .

Hcnonb3ys Teneps Gopmyity asst sHeprud (5) MoKeM 3aIucarh:
* 2 Esum

m, = .
AN . 2
Vin

Takum  00pa3oM, ymIpomEHHO Re-mpoCcTpaHCTBEHHAs Macca OIEKTpoa m, . Oyner

OTIPEACIIATECS C YYETOM JIBYX COCTABIIIONIMX: 1) ¢ y4eToMm 3amaca dHEepruu, u3 cooTHoueHus (5),
ONpeJIETIAIOMIEr0 MacCy U3MydEeHUsl M, ¥ 2) C y4eTOM MAcchl IIOKOs 2jleKTpoHa m,. CienoBaTenbHo,

HE TPYJHO YCTaHOBHTDH CBSI3b MEXKY PEIATHBHCTCKOM MacCOM OPOMTEI I, = M HM3JIy4aeMOH MacCoi B

BHUC:
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+ 2Esum2 )
(i)

PaccmatpuBas, tenepp Qopmymnsr (3), (5) m (6) 3anmmieM COOTHOIICHHWE IS SHEPTHH
W3JTy4eHUs B BUJIC:

(6)

sum V2 , (7)

roe E an = E,m B COOTBETCTBUM C HYJIEBBIM pe3yIbTaToM s Ej .
W3 cootHomeHus (5) MOXHO cIenaTh BBIBOJ, YTO B IPOIECCE H3ITYUCHHS BBHITIOIHIETCS

2
mﬂ,nvﬂ,n

npeoOpa3oBaHHe KBAaHTOBO-MEXaHUYECKOTO O0OBEKTa C dHEpTuei B KBaHTOBBIH OOBEKT C

sHepruei (7) M IHEPreTHIECKUM OCTATKOM E(mo). CrnenoBatensHo, B ypaBHeHUH (7) odeBHIHA
CBSI3b ITAPAMETPOB:
Esum = El,n = 2ha)ﬁ,n'

[IpuBesieHHOE PaBEHCTBO IMO3BOJISIET 3aKIKOYUTH, YTO B MPOILECCE W3ITYUCHHS BBIMOIHACTCS
bu3nYecKoe 1 MaTeMaTHYECKOE IPeoOpa3oBaHUe YHEPTUU BUA:
2

m, V
An"A,
ho, , =00
' 4
a Takke (POPMUPOBAHHE SIIEKTPOHA C MACCOH M, M COOCTBEHHOMH 3Hepruei CyIecTBOBaHuUs
mi nvj n
£ (m,) = Men¥in ®)
4

TO €CTh dHeprus (8) ompeenseT IHEPreTUKY CYIIECTBOBAHMS JICKTPOHA B paMKax MOCTU3IYUYECHHOTO
JIBYDKCHUSI TTOCTICTHEr0 K Paguycy-TpUeMHUKY. JlaHHOE paBEHCTBO OMpeAessieT MpeacTaBlicHue 00
3NIEKTPOHE KaK 0 KBAHTOBOM BJIEMEHTE, a TAKXKe KaK O TBEPAOTeIbHOM 00heKTe Re- mpocTpaHCTBa.

Teneps, s peumienus ypasHeHust (7) OTHOCHTENBHO CKOPOCTH V, ., ONPEIENUM MapameTp

* o
V/-t n KOTOpPbIN H606XOI[I/IMO CUNUTAaTh NPUHIUIINAIIBHO HCU3BCCTHBIM, YTO CJICAYCT U3 HCOAHO3HAYHOTO

MMPEACTABJICHUA €T0 B IICPUOANYCCKUX U3JJAHUAX U pacd€Tax MHUKPOIJICKTPOHHBIX CXEM.

CKopocTh J1eKTPOHA HA GOPOBCKOM pajuyce aToMa BOIOPO/Ia
Bocnone3yemcs  K1acCHYECKMM COOTHOIIEHHMEM Juli paadyca [, M BBIIOJHUM €ro

npeoOpa3oBaHue K BUILY:
hZ
p=l ©)
m,e
B nanHOM paBeHCTBE BMECTO 3HAUCHHS KBaJpaTa 3apsijia AJIEKTPOHa MCIIOIb30BAHO 3HAUCHHE
rapaMeTpa B TIEpBOM CTETIEHH, YUCIEHHO COBIAIAOIIEE C KBAAPAaTOM KIIACCHYECKOTO TapaMeTpa. ITo

CBA3aHO C TEM, YTO BBIPA’KCHHBIC U3 M3BCCTHOI'O COOTHOLICHHUA JIA 60pOBCKOF0 paaunyca €INHHIBI
2
U3MCPCHUA IJid I:e :' MOpPOXAA0T BHCCUCTECMHOCTH [IBYX BXOJAIIUX B COCTAB KJIACCUYCCKOI'O

paBeHCTBa MMapaMeTpoB U ux eauHul] usmepenus B CI'CM, a uMeHHO:

R ]

O‘ICBI/I,I[HO, 4TO B HNPHUPOAHBIX MCEXaHHU3MaX BBaI/IMOI[CfICTBI/ISI MaTepuu (B PAa3JIMYHBIX
I/ISMepeHI/IHX) HE CYHIICCTBYET KOPHA KBAAPAaTHOI'O U3 MAaCChl UJIU JJIMHBI, YTO U IIPEAIIOJIaract 3aMCHy
KBaJpaTa 3apsaa Ha NCPBYIO CTCIICHb. Hnbivu CJIOBaMH, IpU COXPaHCHUU YUCIICHHOI'O pE3yJibTaTa B
PaBCHCTBC (9), CAWHUILIBI U3MCPCHUS 3aps/ia 3JICKTPOHA NOJIZKHBI OBITH MpeaACTaBJICHBI B BUJIC:
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o]

Y4yuThiBas BBIIIC CKa3aHHOC, JIA OIPCACJICHHA CKOPOCTHM HAHOYACTUIIBI HA paauyce rO

pacCMOTpUM YHCJICHHOC 3HAYCHUC MMOCTOSIHHOM PI/II[6€pI‘a B CTAaHAAPTHOM COOTHOIICHUU JJId
BOJIHOBOI'O 4YHCJia. TaK, HCIIOJIB3Ys U3BCCTHBIC pa6OTLI, MOKEM 3aIllucaThb:

L ( 11 j
0,, ‘\a n*)
IIPU 3TOM C Y4€TOM pe3ynbTaToB [2] u [3] umeem:

2m, ze’
, = —— =109677cu ™, (10)
Vl,n

re 6, - JIMHA BOIHEI, /1 - mocTosHHas [Inanka, V; - CKOPOCTh H3Jy4eHHs YHEPTHH 2JIEKTPOHOM C
pamuyca r, . 3Ha4yeHHUE 3apsAaa IEKTPOHA C yIETOM JJOpabOTKH PaBEHCTBA /Ui G0POBCKOTO pajuyca

B (10) npunsTo paBHbIM € = 23,0708-10° Dp.
Bremonnennas koppekius dopmyiasl (10) mo otHomeHuio k pabore [2], TO ecTh 3ameHa

CKOpOCTH cBeTa C=299792,458 km/c Ha CKOPOCTb H3IY4YECHHA V)

.» CBA3aHa C TeM, YTO

HCIIOJIb30BaHNE KIIACCHYECKUX MTapaMeTpOB IPH IMOJCTAHOBKE B COOTHOIIECHUE (9) HE MOATBEpXkKIacT
-1
U3BECTHOTO 3Ha4yeHMsi KoOHCTaHThl R,=109677 cv ™. IlomplTka yCTaHOBMTH PaBEHCTBO IyTEM

M3MEHEHUS BEJIMUMHBI 3apsiia ¢ nomouipio JlopeHu-daxropa npeacrasiseTcs HELenecoo0pa3Ho, Tak
KaK JaHHBIM mapaMeTp SIBISETCS MOCTOSHHBIM W IMPaKTHYECKH H3MEpeHHBIM. byneM yduThIBaThH
TakXke, 4To paBeHCTBO (10) Mmoiay4eHO KOCBEHHO 3KCIIEpUMEHTaNbHBIM mmyTeM [2]. Takum oOpazom,
CHOBa I0jlarasi, 4ro CKOPOCTb CBETa MAaTE€pHUalbHBIX OOBEKTOB B RE-pocTpaHCTBE IOCTHraeTCst
TOJIKO B MaKpOOOBEKTaxX WM HAa HAHO- YPOBHE, CUMTAEM, YTO H3JIyYCHHE KBAHTOB 3apsUKEHHBIM
AJIEKTPOHOM XapaKTEPU3YeTCs] CKOPOCTHIO ABIKEHHS TeKyllero leHtpoadduuHoro mpocrtpancrsa
anpa. CoOTBETCTBEHHO, MOACTAHOBKA CTAHAAPTHBIX mapaMmeTpoB B ¢opmyny (10), mo3somser

HOJIy‘II/ITI) 3HAUYCHUC CKOpOCTI/I le,n C IOMOIIBKO CJICIIYIOHII/IX YHUCJICHHBIX BCIIMYUH.
. 2.9,109-10%.3,14.23,0708% -10®

vV, = 3

109677 (6, 626-107 )

B mpuBeeHHOM COOTHOIIEHWH HCIIOIH30BAHO 3HAYECHHUE 3apsijia JIEKTPOHA M3 COOTHOIICHHS
(2), onHako, MOCTOSTHHOE JUTS BCeX ypOBHEW atoma [2]. M3 3aKoHa ke COXpaHEHHs dHEPTUHU CIEeAyeT,
4TO NPUOOPETEHHAss SHEPrHsl DJIEKTPOHA € MacCcodi m, Ha HEKOTOPOM paJuyce BpallCHUS

= 95,4824 -10° kn / c. (11)

COOTBETCTBYET M3JIy4E€HHOH JHEPTUM Ha paamyce r, . TakuM 00pa3oM, MOXHO YTBEPHKIAaTh, 4TO

CKOpPOCTh HM3Ty4deHHUs KBaHTOB (11) mMpuUMEpPHO COOTBETCTBYET HEKOTOPOH IICEBIOCTATUCTUYECKOM
CKOPOCTH Hauaja MpeoOpa3oBaHUs DJIEKTPOHA U3 TBEPAOTENLHOIO COCTOSHUA C MacCod m, B

IIa3MEHHBIA 00BEKT. DTO 111 IH000ro paamyca MOTJIOUIEHHS SHEPIMHU, B TOM YMCIE M JUI paauyca
3 o

Bopa, maer cooTHouIeHHE: V, ~V, =V0|\/E =054824-10"km/c, THE V4, JHMHCWHAs CKOPOCTh

HAHOYACTHIIBI HA pAnyCe I .

IIpu nmomyyennoM B (11) 3HaYEHHMH CKOPOCTH HECIOXXHO PACCUMTATh W JPyrue HapameTpbl
aToMa, HEOOXOIMMBIC JMJsl BBIIOJIHEHHUS TOCIEAYIOIUX HCCIEIOBAHUN KBAaHTOBO-3JIEKTPOHHBIX
YCTPOMCTB U CUCTEM.

Pewnm ypasHenue (7) U BBIMUCIUM M3IYYAIOLIME PAUyChl aTOMA BOAOPOJA I, .

Pemenne ypaBHeHMs ISl JHEPTHH M3JIy4eHHs] OTHOCHTEJIBHO V, .
U3 paBeHcTBa UIsl CKOPOCTH V, , ONPEACIMM MApameTp I, =, BHIIOJIHHUB NPeoOpa3oBaHue

SHEPTEeTHUYECKOTO ypaBHEHMSI (7) K CIIEIYIOIIEMY BUY:
2 2
24,0 Exn =i mo(vi,) 26, | 12)
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o *
YuuteiBas, uto SHeprus E, ~— sBiIseTcs pacueTHO-M3MEpEHHOH, a ckopoctm V,  u V;,
Jlopenm-hakTopoM He KOPPEKTHpYyeTcs, pemuM naHHoe ypaBHeHme (B cucteme CI'CM) mcmnoms3ys
., 16 -1
NpeJCTaBICHHE [1apaMeTPOB (HampHUMep, YIIIOBOM 4acToThl) B BHAE @, , =) 10" i ~. Torma s

paanycoB r/i n HOJIy9MM paBCHCTBO:

1 h
S (13)
V4 a))”nmo

Hozncranoeka yactor @, , B Gpopmyiy (13) naer Habop 3HaYeHHid paanyCOB, TPEOYEMbIX LA

JaJbHEHIIETO BEIYUCIICHUST CKOPOCTEH V)
V)0 =27w; \F -

Ucnonb3oBaHue TOMYyYEHHBIX MapaMEeTpOB ISl  ONPENCICHUS JHEPIUM  HU3IYUCHUS
MOTBEPKIAET MPaBUIFHOCTh BBIITOJIHEHHBIX PACUETOB IIPH CPABHEHHUH C pe3ysIbTaToM (5).

3akuouenune

BBINOMHEHHBIE  HMCCIICMOBAaHMS — IMOKA3ajiM, 4YTO JIOCTIDKEHHE (PU3MKO-MATEMAaTHYCCKOM
CHUCTEMHOCTH B 0a30BBIX COOTHOIIICHHUSIX KBAHTOBOW MEXaHHKH TO3BOJISCT YTOYHUTH Psifl B3TISA0B HA
NPUPOAY SIBJICHHH B aroMe BojaOpoja. Tak MPaBUIBHOE TOJNKOBAHUE HW3BECTHBIX TEOPETHUCCKHUX
pe3yJbTaTOB W MX CBSA3b C MPAKTHUUYECKH W3MEPCHHBIMH BEJIMYMHAMH TMPUBOJUT K JIOCTATOYHO
TOYHOMY TPEJICTABICHUIO O PETUCTPUPYEMBIX 3HAUCHHSIX pEajbHBIX MapaMeTpoB. B dyacTHOCTH,
aHallM3 KIACCUYECKOTO COOTHOIICHHUS Ui BOJHOBOro yucia (10) mokaszan, 4TO MCIIONB30BaHHUE
MOHSATHUS «CKOPOCTh CBETa» HE BCET/a JOMYCTUMO B BOIIPOCAX OMUCAHUS (DU3MUECKUX MPOIECCOB. JTO
CBS3aHO C TEM, YTO IOJICTAHOBKA YKa3aHHOTO 3HaueHUs B JlopeHI-(hakTop HEen30eKHO BEACT K
MOSIBJICHUIO TIPAKTHYECKH HE JOCTHXKUMBIX 3HAYCHHH MapaMeTpoB B peallbHBIX CHCTEMax H, B
YaCTHOCTH, «HYJISI» WM  «OSCKOHEUHOCTW» JJIs  ILEHTpoapUHHBIX MPOCTPAHCTB  Sjpa.
ChopMynupoBaHHBIN KOHTPApPTyMEHT JUIS «CKOPOCTH CBETa» INpU aHauu3e (PU3MUECKUX 3ajad

IIO3BOJINII C(i)OpMI/IpOBaTI) Hﬁy‘-IHLIfI B3IJIs1] Ha CKOPOCTh ABWIKCHUA 3JICKTPOHA HA pajuycax r]L n HC

YUYCTOM HECIIOKHBIX COOTHOIIICHUI OMPEACINUTD P MapaMCTPOB ILaHHOI\/'I HaHO4YaCTHUIbI.

Crucok JuTepaTypsbl
1. CoxonoB A.A., TepuoB .M. KBanTtoBass Mmexanuka u aromHas ¢usuka. M.: IIpocsemienue, 1970.
423 c.
2. Cneii6o Y., Ilepconc T. O6mas xumust. Ilep.c anrn. M.: Mup, 1979, 552 c.
3. Kobsk WN.II. ®usnka aroma B pacueTax KpUOTOrpaQUYecKWX KaHAIOB CBS3U. TEXHUYECKHE
cpenctBa 3amutbl mHPopManuu : Te3. Aokia. XVII Benopyccko-poccuiickoit Hayd.-TexH. KOHG.
(Pecmy6nuka benapycs, Munck. 11 uronst 2019 roga). Mu.: BI'YUP, 2019. C. 84.
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YK 681.2.08
JATUUK JUODPEPEHIIUAJIBHOI'O JABJEHUS HA BA3E PSoC TEXHOJIOT'UA
HAJIEXK/IMH U.C., TOPFOHOB A.T.
Hayuonanvnoiii uccnedosamenvcxui Tomckuti norumexHuueckuil yHusepcumen,
Hnoicenepnas wixona s0epHbix mexnoaioeuil
(Tomck, Poccuiickas @edepayus)

AnHotamusi. llenpro naHHOW paboOTBl  sBISETCS  pa3paboTKa WHTEIUICKTYaJILHOTO —JaT4YMKa
T EepeHIMANTBHOTO JIABJICHUS C YJIYYIICHHBIMH JKCIUTyaTallHOHHBIMH M METPOJIOTHYSCKUMHU
XapakTepucTUKamu.  V3MepuTenbHbIi  ONOK ~ pa3paboTaHHOTO  JlaTYMKa  OCHOBaH  Ha
nmuddhepeHnraTbHOM EMKOCTHOM YyBCTBHTEIHHOM 3yeMeHTe. [lpu pa3zpaboTke 37eKTpoHHOTO Oyioka
OblIa MCIIONIb30BaHA TEXHOJOTHS Mporpammupyemoii cuctembl Ha kpucramwie (PSoC). bmaromaps
ucnonb3oBaHui0 PSoC-TeXHONOTHH YIANOCh TMOBBICHTh MOMEXO3ANUIIECHHOCTh Pa3paboTaHHOTO
matunka auddepeHnnaTbHOTO JABICHHS, a TakkKe o0O0ecednTh OeCIpeIieICcHTHOE COYeTaHne
TUOKOCTH, MHTETPAIlMH, aHAJIOTOBOW U IIU(YPOBOH PYHKIIMOHATLHOCTH.
KaroueBsie caoBa: auddepeHimanrHoe TaBiIeHHE, €MKOCTHOW CEHCOp, MaTeMaTHuYecKas MOJICIb,
mporpaMMupyemast cuctema Ha kpucramie, PSoC.

DIFFERENTIAL PRESSURE SENSOR BASED ON PSoC TECHNOLOGY
IGOR S. NADEZHDIN, ALEKSEY G. GORYUNOV
National Research Tomsk Polytechnic University,
School of Nuclear Science & Engineering
(Tomsk, Russian Federation)

Abstract. The purpose of this work is to develop a smart differential pressure sensor with improved
operational and metrological characteristics. The measuring unit of the developed pressure sensor is
based on a differential capacitive sensitive element. Programmable system-on-chip (PSoC) technology
has been used to develop the electronics unit. Due to the use of PSoC technology, it was possible to
increase the noise immunity of the developed differential pressure sensor, as well as provide an
unparalleled combination of flexibility, integrationanalog and digital functionality.

Keywords: differential pressure, capacitive sensor, mathematical model, programmable system-on-
chip, PSoC.

Beenenue

KoHTponb 1 n3Mepenne mapameTpoB JHOO0TO TEXHOJIOTHYECKOTO TpOoIlecca SBISIETCS BaKHOM
3amaueit. OTHIM U3 BaXXHBIX TEXHOJOTUYECKUX TapaMeTPOB, HYKIAIOITIMCS B IOCTOSTHHOM KOHTPOJIE
SIBJIICTCS JIaBJICHHE. B CBSI3M ¢ 3TUM, MyOJUKYIOTCS PaOOThI IEJBI0 KOTOPBIX SBISIETCS 0030p U
KIJIACCU(UKAIIHSI CYIIECTBYIOIINX TATYNKOB aaBieHus [ 1, 2].

Ha ceromHamHmii NeHh pa3BUTHE NPOMBIIUIEHHOCTH M COOPYXKEHHE CIOXKHBIX (PHU3UKO-
XUMHUYECKUX TPOU3BOJICTB TPEOYET COBEPIIICHCTBOBAHKS M3MEPHUTEILHBIX YCTPONUCTB U HAKJIAIbIBACT
TIOBBIIIICHHBIE TPeOOBaHMUS TPH WX pa3padoTke. ITO 00yCIaBIMBAECTCS TEM, YTO H3MEPUTEIbHBIM
yCTpOMCTBAM MPUXOAWTCA paboTaTh B KpalHE TSOKENBIX TPOMBIIUIEHHBIX W TIPUPOIHO-
KJIMMAaTHYECKUX YCIOBHSX [3].

HecmoTpss Ha 0oJblioe KOJNHYECTBO HCCIEJOBAaHWHA TIOCBSIIEHHBIX pa3pa0oTke U
COBEPIICHCTBOBAHUIO JIATYMKOB JIABJIICHUS CYIIECTBYIOT He pelIeHHbIe 3a1aun (Tipobiembl). OcTaroTes
aKTyaJbHBIMH TaKHWe 3aJadd, KaK YMCHBIICHHE TEMIIEPAaTypHON TMOTPEUTHOCTH W3MEPEHUH,
yMCHbBILIEHUE Ta0apuTOB, IMOBBIIICHHUE YYBCTBUTECILHOCTH, YMEHBIICHHUE SHEPromnoTpedieHus,
MOBBIILICHUE TIOMEXOYCTOMYUBOCTH U T.1. [4, 5].

B nocnemHee Bpems mpu  pa3pa0OTKe  3IEKTPOHHBIX  OJIOKOB  W3MEPHUTEIHHBIX
mpeoOpa3oBaTeiel HMCIONB3YIOT OJHOKPUCTAIBHBIE PEIICHUS. JTO TO3BOJISIET PEIINTh HEKOTOPHIE
MPOOJIEMBI U3 TEX, YTO OBLIM TEepEeYHCICHBI Bhille. Ha cerogHsAmHuii 1eHp HabupaeT MmomyIsIpHOCTb
NPUMEHEHHE TEXHOJOTMU MporpaMMmupyemMoii cuctembl Ha kpuctamie (PSoC-texHomorus) mms
peanu3ay Pa3IudHbIX AIEKTPOHHBIX MOIYJICH, B TOM YHCIIE B U3MEPUTEIHHBIX YCTPOUCTBAX [6].

Lenbro 3T0# paboTHI ABISETCS pa3paboTka naTunka AudQepeHMaILHOro JaBieHns Ha 0ase
PSoC texHonmorum pns oOecmedeHus YyIy4YIICHHBIX METPOJIOTMYECKUX M IKCILTyaTaI[HOHHBIX
XapaKTEPUCTHK.
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Onucanue pazpadoTanHoro naTynka quddepeHnAIbLHOTO aBJIeHUS

[IpuHIIMn AeHCTBUSA, pa3padOTaHHOTO HaT4yMka TU(QGEpPEHINATLHOTO AABICHHMS OCHOBAaH Ha
UCTIOJIb30BAaHUM  3aBUCHMOCTH MEXJIy W3MepsSeMbIM JaBleHHEM U ynpyrod aedopmarmeit
YyBCTBUTEJILHOT'O AJIEMEHTA MEpBUYHOTO mpeobpazoBarens. DyHKIMOHANBHO OATYMK COCTOUT H3
JIByX YacTeill: M3MEpUTENBHOTO OJoKa W OJI0Ka SJMEKTPOHUKW. B maHHON paboTe poib MEepBUYHOTO
npeoOpazoBaTensi BEIIONHET MuddepeHnrnanbHblii eMKOCTHON ceHcop. B aToM ciydae BBIXOIHOM
BEIMYMHOW HW3MEpUTENBHOrO OJOKa sBuseTcs pe3oHaHCHas dactoTa. CTpyKTypHas cxema
pa3paboTaHHOr0 JaTunka AudepeHIMaTLHOTO JaBICHUS TIOKa3aHa Ha puc. 1.

H3mepuTebHbIi 010K BJ10K 2J1eKTP OHUKH

A

Jr_—* : | KommyTarop

|
|
|
|
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|
|
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|
|
I'eneparop i
I
|
l

[
[
I !
| Af
I Yactotomerp
Juddepenunansupnii || |
EMKOCTHOM CEHCOp : | PSoC :
___________ e

Puc. 1. CtpykrypHas cxema pa3paboTaHHOTO qaTdrka AuQQepeHInaT-HOTO JaBICHUS

Hus  omnpeneneHuss AU QEPEHIIUAILHOTO JaBJICHUS B 3aBUCUMOCTH OT HM3MCHCHHS
PE30HAHCHOM YacTOTHI EMKOCTHOTO CeHcopa HeoOXOoJauMa ero MareMarhdyeckas Mojenb. Ha
OCHOBaHUH TIPOBEJIEHHBIX AKCIIEPUMEHTABHBIX HCCIEIOBaHUI OblIa BHIOpaHA MOJEITH €MKOCTHOTO
CeHcopa B BU/JIE IMOJIMHOMA TPEThEN CTENEHH:

AP = Kt-K-(c,gAf® + cpp N +Cp N + ¢y +adit) +dP, (1)
rae Kt — koa(duieHT s KOMIIEHCAIIMA MYJIbTUIUIMKATUBHON COCTABJIAIONICH TeMIepaTypHOR
norpentHoctd; K — koahdumueHt mnepeBoma Imkamsl u3Mepenus; adit — xosbdumuent s

KOMIICHCAIIMU AJIUTUBHONW COCTABJIAIOIICH TemmepatypHoil morpemHoctd; dPo — KOppeKTHpOBKa
Oamanca Hyist; Af — pa3HOCTH 4YacTOT KOHTYpOB; Ci— MepeBOAHbIe KO3(D(HUIMEHTH (YacToTa—
JTaBJICHUC).

Pa3zpaGoranneiit gatunk auddepeHnmansHoro nasierus (puc. 1) uMmeer yHU(DUIIMPOBAHHBIN
OJIOK 3JIEKTPOHUKHU. DTOT OJIOK 3JIEKTPOHUKHU Oazupyercss Ha mporpammupyemom moxayie PSoC-5LP
(Programmable System-on-Chip). Ha 6a3e momysns PSoC-SLP Obuin peann3oBaHbl TeHEpaToOp U
yactoroMerp. B xome paboTel Obulo pa3paboTaHO, peaiu30BaHO W MCCIEAOBAHO JIBE CXEMBI
reneparopa. [lepBas cxema reHeparopa 60azupoBasiach Ha JBYX HCTOYHHKAX TOKA, a BTOpas cXema — Ha
MPELU3UOHHOM ONEPALMOHHOM yCWIUTeNe. B Xo/e MpoBEeHHBIX MCCIETOBaHMM MM JlajbHEMIIen
paboThl ObUTa BbIOpaHa cxema reHeparopa Ha 0aze MPEHU3MOHHOIO ONEPAllMOHHOTO YCHIIUTENS, TaKk
Kak 3Ta cxema o0xajgaet OoJbIel YyBCTBUTEIBHOCTHIO M XOPOIIEH TeMIIepaTypHOl CTaOUIBHOCTHIO.

[Mpumenenne PSoC TexHOJOrMM JaeT BO3MOXXHOCTh HE HCIOJNB30BaTh JTUCKPETHBIC H
AHaJIOTOBBIE JIEMEHTHl B pa3pa0OTaHHOM OJIOKE 3JEKTPOHUKH. Bce HeoO0XonuMble 3JIEKTPOHHBIE
KOMITOHEHTB! OBUIM peajiM30BaHbl MPOrpaMMHO Ha 0a3e OAHOro mporpammupyemoro moxyns PSoC-
SLP. DTo mO3BONMIO 3HAYMTENBHO YMEHBIINTH pa3Mepbl OJOKa 3JIEKTPOHUKH U TIOBBICHTH
MIOMEXO0YCTOHYHNBOCTh pa3pabdOTaHHOrO JaTduka IuddepeHnuansHoro nasieHus. Mcmons3oBanue
PSoC TtexHoIIOTMM TO3BOJIET CO31aTh YHU(HUUIMPOBAHHBIA OJOK 3JIEKTPOHUKH, HPUTOTHBIA IS
paboThl ¢ JTHOOBIM TIEPBUYHBIM ITpeoOpa3oBaTenieM (EMKOCTHOW CEHCOP, TeH30PE3UCTHBHBIA CEHCOP U
T.1.). )1 9TOrO HEe HY)KHO M3MEHSTh allapaTHYI 4acTh OJIOKA 3JIEKTPOHUKH, a JIOCTATOYHO JIUIIb
W3MEHUTh MporpaMMHoe obecriedenne Moyist PSoC-5LP.

Pe?.y.]'leaTbI H UX 06cym21elme

B xonme paboThl ObLT M3rOTOBIIEH 3KCIIEPUMEHTANBHBIA 00paser] pa3pabOTaHHOTO JaT4HKa
I QepeHInaNbHOr0 AaBieHrsT Ha ©a3e eMKOCTHOIO CeHcopa C YHU(DHUUIMPOBAHHBIM OJIOKOM
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anekTponuku [7, 8]. Ha puc. 2 mpeacraBieHa nmarpamMma, HNOKa3bIBAaIOMIAs METPOJIOTMUYECKUE
XapaKTePUCTUKU pa3padOTaHHOTO AATUHKA.

0,25klla 6,3 klla
1 xIla

40 MIla

norpeumHocts 0,06 ... 0,25 %

norperHocts 0,1 ... 0,25 %

norpemrocts 0,25 %

Puc. 2. Merposiorndeckue XapakTepUCTHKH (MMOTPEITHOCTh H3MEPEHHI ) pa3padOTaHHOTO JaTUYUKA
ndQepeHInaTEHOTO TaBICHHS

Kak Buano, pa3paboTaHHBIN naTuuK Au(¢epeHIHanbHOro AaBlIeHHs CIOCOO0EH paboTaTh B
IMPOKOM Juarna3one aapieHuit ot 0,25 klla go 40 MIIa. [Tpu 3TOM pa3paboTaHHBINA AaTYMK 00IaTacT
norpemrHocThi0 He Oonee 0,25 % mns mansix naBnenuit 1o 100 klla u e 6omnee 0,1 % mms BBICOKMX
naeneHuit ot 100 xIla.

3akuouenune

PesynpraToM naHHOTO HCCIENOBaHUS SBISIETCS pa3paboTka maTdnka AudQepeHInanTbsHOTo
JIaBJIeHUA Ha 0a3e eMKOCTHOTO CeHcopa. HeocrmopuMbIM IpenMyIEeCTBOM pa3pabOTaHHOTO AaTYhKa
T epeHInaANBLHOTO JaBlIeHH SBIsieTcs Hcnonb3oBanue PSoC TexHonmoruu, kotopas odecreunBaet
OecIipelieICHTHOE COYeTaHWe THUOKOCTH, WHTErpallii, AaHAJIOTOBBIX M UUPPOBBIX (DYHKIHH.
[Tpumenenne PSOC TexHONIOTHH MO3BONISIET MUHUMHU3UPOBATh CXEMY, MIPH STOM cxema OyneT MMeTh
IMOBBINICHHYIO TTOMEXO03alIUIICHHOCTD. Taxxe ynpouiacTcda Impoueaypa OTIaAKh W HU3MCHCHHUA
NpOTrpaMMHOTO obOecriedueHnss OJioka dNeKTpoHHKH. Kpome TOro, BO3MOXKHO HCIIOJIb30BaHUE
pa3paboTaHHOTO OJIOKa AIIEKTPOHUKH COBMECTHO C APYTUMHU CEHCOpaMu. J[Jst 5TOro J0CTaTOYHO BCETO
JUIIb U3MEHUTHh MPOTrpaMMHOE obOecriedeHrne Onoka 3IEeKTpOHWKH. Bce 3To memaer pa3paboTKy u
MPOU3BOICTBO PEHTA0CIHLHBIMHU.

[IpoBeneHHbIE  JKCIEpUMEHTANbHBIE  HCCIEAOBAHUS  TOKAa3ald  IEIecO00pa3HOCTh
WCTIONIb30BaHMsI CXEMBI OJIOKa 3JIEKTPOHUKH C TE€HEepaTopoM Ha 0asze Mpelru3nOHHOTO ONEepalliOHHOTO
ycuimTensa. Jra cxema o0nagaeT OoJNbIIeH YyBCTBUTENLHOCTBIO W XOpOIIEH TeMIeparypHOu
CcTaOMIbHOCTRIO.  PaspaboraHHblii  jgaTuuk  audQepeHIMalbHOr0  JaBjeHHMs  Ha  0ase
¢ hepeHInaTbHOTO eMKOCTHOTO CEHCOpa CITOCOOEH padoTaTh B IIMPOKOM JHANa30HE JABIICHUH OT
0,25 xlla mo 40 Mlla. IIpu 3TOM pa3paOOTaHHBIA NATYMK IABJICHUS OO0NAJaeT IOTPEITHOCTHIO
n3mepennii He 6onee 0,1 % ansa gasnenuit ot 100 xIla.
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PA3PABOTKA MHTEJUIEKTYAJBHOI'O YPOBHEMEPA C ®YHKIIUEN
METPOJIOT'HNYECKOT'O CAMOKOHTPOJISI HA OCHOBE KOHIHEHTPALIMOHHOTI'O
IDDEKTA
KAJIAIITHUKOB A.A.
AO «Pycamom agmomamusupogarusvie cucmemst ynpasierusny (A0 « PACY»),
(Mockea, Poccutickas ®edepayust)
AnHotamusi. C BHEIPEHUEM M Pa3BUTHEM IMPOrPAMMHO-TEXHHUUECKUX KOMILICKCOB B COBPEMCHHOMN
JHEpPreTHKe HaONIoJaeTCsl CIpOoC K IMOBBIINICHUIO YPOBHS aBTOMATHU3allMU, Bce OOJbIIas poJib B
VIPaBIICHNH TEXHOJIOTUYECKUM TPOIECCOM CTalla OTBOJAUTHLCS aBTOMaTWke. BernencTBue 3TOro Ha
coBpeMeHHBIX ADC HOBOTO MOKOJICHUS «3-+» YHUCIO0 H3MEPUTEIIBHBIX KaHAJIOB BO3POCIIO 0OJIee YeM B
2,5 pa3a 1mo oTHOmIEeHHIO K mpoekTaM 2010 T. ¥ cTajgo COCTaBIIATH CBHIIE 15 THICSY €IMHUIT HA OIUH
3Heprobiok. Takue TEHJCHIMH TPUBEIM K HOBOMY NPOMBINUIEHHOMY BBI30BY O HEOOXOIMMOCTH
ONTHMU3ALUU METpoJIoTHdecKoro ooOcmyxkuBanuss ADC, OOHOBICHHs TOJXOIOB B OpraHU3aI[HH
METPOJIOTHYECKOTO 00CCIICUCHUS U CO3/JaHMsI KAaYeCTBEHHO HOBBIX U3MEPHUTEIBHBIX CUCTEM U CPEACTB
M3MepeHnid ¢ (DYHKIMEH MEeTpPOJOTHYEeCKOTO CaMOKOHTpOJs. B HacTaromed cTarbe paccMOTpPEHBI
BO3MOXXHOCTH M TIYTH PEIICHUS KOHCTPYKTOPCKHX 3a/ay MO CO3/JaHUI0 TaKOI'0 MHTEUICKTYyaJbHOTO
ypoBHeMepa ¢ (YHKIHEH METPOJIOrMYeCKOr0 CaMOKOHTPOJII Ha OCHOBE KOHIEHTPALMOHHOTO
s dexra.
KawueBble cioBa: METPOJOTHYECKHN CAMOKOHTPOIb, WM3MEPCHHE YPOBHS OJKUJAKHX Cpel,
KOHIICHTPAIIMOHHBIH dPeKT

DEVELOPMENT OF INTELLIGENT FLUID LEVEL SENSOR WITH METROLOGICAL
SELF-CHECK FUNCTION BASED ON THE CONCENTRATION EFFECT
ALEKSANDR.A. KALASHNIKOV
JSC «Rusatom Automated Control Systemsy,

(Moscow, Russian Federation)

Abstract. With the introduction and development of software and hardware complexes in modern
power engineering, there is a demand for an increase in the level of automation, an increasing role in
the control of the technological process began to be assigned to automation. As a result, at modern
NPPs of the new generation "3+", the number of measuring channels has increased by more than 2.5
times in relation to the projects of 2010 year and has become more then 15 thousand measuring
channels per NPP unit. This trends have led to a new industrial problem on the need to optimize the
metrological service of NPPs, to update approaches to organizing metrological support and to create
new intelligent measuring systems and measuring instruments with the of metrological self-check
function. This article describes the possibilities and design ways for development of the intelligent
fluid level sensor with metrological self-check function based on the concentration effect.

Keywords: metrological self-check, fluid level measurement, concentration effect

Beenenue

B 2019 r. B Poccuu mpou301uio 3HauuMoe COOBITHE B PAa3BUTUH METPOJIOTHH, KOTOPOE OBLIO
oTMeueHo Ha MexayHapogHoMm KoHrpecce «19th International metrology congress CIM 2019»
(®pannus, [Tapwx) [1]. Boepsoie B anexkrposnepreruke PO, na Casno-Llymenckoit '9C, BBeneHa B
IKCIUTyaTalMio TepBas WHTEJUIEKTYalbHas U3MEpPHUTEIbHAs crcTeMa ¢ (DyHKIHEH METPOJIOTHYECKOrO
caMoKoHTpouis B coBpemenHoit knaccudukanuu [OCT P 8.734-2011 «/laTuuky UHTEIUICKTYaIbHBIC U
CHCTEMBl U3MEPUTEIIbHbIC MHTEUIEKTYalbHble. METOABl METPOJIOTHYECKOro caMOKOHTposs»» [1, 2].
OTO MOBBICHUIIO HAJEKHOCTh U TOYHOCTh AaBTOMATHUYECKOTO KOHTPOJIA 3a NEPEMEIICHUSMHU KPBIIKH
THJIPOTYPOUHBI U OJIHOBPEMEHHO 00ECTIeUNIIO TIOBBIIICHUE MEXKITOBEPOYHBIX HHTEPBAIOB JATYUKOB C
1 roga no 4 ner. Ha ocHoBe momyuyeHHsix pe3ynbratoB [IAO «Pycl'mapo» mpunATO pemenue o0
0TpacjIeBOM BHEAPECHUN TAKUX MHTEIUIEKTYalbHBIX H3MEPHUTEIbHBIX CUCTEM.

Cronb 3HAYMTENBHBIE PE3YIBTATHl ITO3BOJISIIOT PEKOMEHIOBATh pPa3pabOTKy W pa3BHTHE
MHTEIUICKTYaIbHBIX U3MEPUTENBbHBIX CUCTEM H CPEACTB M3MEpEeHHi ¢ (yHKIHEeHW METPOJOTHYECKOTO
CaMOKOHTPOJISI B @aTOMHOW OTpaciii ¢ LEJbI0 MOBBIMIECHNS YPOBHs Oe3onacHoi akcmmyataunu ADC u
ONITUMH3ALINU METPOJIOTHYECKOTO 0o0chmyxuBaHus. [locienHee sBiseTcsi OCOOCHHO aKTyallbHBIM B
CBS3M C COBPEMEHHBIMH TEHICHIMAMHA MHOTOKpaTHOro yBenwmueHuss umcina WK wu  crenenm
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aBTOMATH3allMd BHOBb MPOCKTHUPYEMBIX H CTPOSIIHMXCs 3HEeproodmokoB ADC poccuiickoro ausaiiHa
MTOKOJICHHS «3+».

Co3anue TakuX HOBBIX M3MEPUTENBHBIX CHCTEM W CPEIICTB M3MEPEHUHl TpeOyeT OoCcBOCHHE
HOBBIX MPUHITUIIOB U3MEPCHUI, 00ECTICUNBAIONINX BBITIOJTHEHUE METPOJIOTUYECKOT0 CAaMOKOHTPOJIs. B
YacTH HW3MEPEHUH YPOBHS KHUIKAX M JABYX(a3HBIX cpel Haubolee TEPCIEKTUBHBIM SIBISICTCS
OCBOCHHE KOHIICHTPAIIMOHHOTO MPUHITUTIA U3MEpeHuit [ 3, 4].

HekoTopsie cBeneHMsI O KOHIEHTPAIMOHHBIX AJIEMEHTaX B 3JEKTPOXUMHU TaTHPYROTCs XIX
BekoM. OnHako, W3-3a MPAKTHUYECKON MOTpeOHOCTH B BhICOKMX 3HadeHUsXx OJIC camoe mmpokoe
pacrpocTpaHeHUe B TEXHUKE MOYYUIIH JPYTHE DICKTPOXUMUYESCKHE 3JIEMEHTHI C FallbBAHHYCCKHMHU
napamM ¥ CHWJIBHBIMHU dyiekTposinTamu. O0NacTh ke MPUMEHEHUsS] KOHIICHTPAIMOHHBIX 3JICMEHTOB B
MPOMBIIIUICHHOCTH MPaKTHYECKU orpaHHYCHA KOHJYKTOMETpaMH, ph-MeTpamu u
KOHIIEHTpaTOMepaMH, KOTOPhIE B OCHOBHOM HUMEIOT CJIOJKHBIC TPUHIIAITBI PA0OTHI U IOPOTOCTOSIIINE
KOHCTPYKI[UM, HAIpUMEp, C TPUMCHEHHUEM KaJIOMEIbHBIX WM BOJOPOJHBIX JIEKTPOJIOB U
IEKTPOIIUTOB ¢ HU(Py3HOHHBIMU Oapbepamu [5 —7].

B nHacrosield pabote mokazaHbl HEPCHIEKTHBBI MPUMEHEHUS KOHIICHTPAIMOHHBIX JJICMEHTOB
JUISL 3a]lad M3MEPEHUSI YPOBHS JKUIKUX Cpell U Pean3allid METPOJIOTUYECKOTO CaMOKOHTPOJIS.
Pa3paboTka ¥ BO3MOXKHOCTh peanu3allid BHOBb MpEJIAaracMoro MpHHIMIA Oasupyercs Ha
pe3yibTaTax MCCICOBaHUsI CBOMCTB KOHIICHTPAIIMOHHBIX 3JICMEHTOB, MPOSBIISIOIIUXCA Ha OOMBINIUX
o0beMax HM3MEPSEMBIX MOJSPHBIX H/WIM HOHOCOJEPIKAIIUX KHUIKOCTeH. PaccMoTpum moapoGHee
HEKOTOpBIC BBISBICHHBIC CBOWCTBA KOHICHTPAIMOHHBIX SJIEMEHTOB, IO3BOJISIOIINE PEATU30BATh
METPOJOTHYECKHI CAMOKOHTPOJIh YPOBHEMEPOB.

HexoTopsle pe3y1bTaThl HCCJIEAOBAHUS CBOCTB KOHIEHTPANMOHHBIX 3JIeMEHTOB

Jus  wWccrnenoBaHWsS CBOWCTB  KOHIGHTPAIMOHHBIX 3ieMeHTOB (DK) B psame ombITOB
BBITIOTHSJIOCH TIOOYEPENHOE TOTPY’KEHUE OIWHAKOBBIX JJIEKTPOJOB B KIOBETY C JUCTHIIIATOM H
JIpYTMMH TOJSPHBIMH JKUAKOCTAMU. B KadecTBe JUCTWIUIATA UCHONB30BAICH  «JMCTHILIAT
oyrunupoBanHusiid (s AKB)» ¢ snekrponpoBoanMocteio HE 6omnee 5:10-4 Cm/M corflacHO JaHHBIM
cepTudukara. 3aeiiCTBOBaHHBIE B ONBITAX IEKTPOABI B OCHOBHOM BBINOJIHSUIUCH U3 OAHOM >KHIIBI
MenHoTo Kabems Iuis oOecrieueHHs HICHTUYHOCTH MX COCTaBOB. Kpome MeaM, MCHONBb30BANIMCH
3JIEKTPO/IbI U3 HeprkaBeroleil crainu. OCHOBHbIE U3MEPEHHS MPOU3BOIMINCE MyIbTUMETPOM «M-830»
¢ BXoAHbIM compotuBieHrneM 1 MOw, uto no3ponuno usmepsarb JC camMoro KOHUEHTPALKMOHHOTO
3JIeMEHTa HEeTOCPECTBEHHO. B omnpeneneHHbIX onbITaX MPUMEHSJICS TaIbBAaHOMETP.

Ha puc. 1 npencraBneHbl THIIOBBIE XapaKTepHble rpadUKu 3aBUCUMOCTH KOHIIEHTPAIIMOHHON
OJIC oT BpeMeHH, NMOCTPOECHHBIE HA NPUMEPE PE3yNbTaTOB OJHOIO W3 ONBITOB C MOOYEPEIHBIM
MOTPYKEHUEM MEIHBIX DJJIEKTPOAOB B KIOBETHI C AUCTWUIATOM. BocmpousBeieHne M 3amuch
PE3yIIBTATOB BBIITOIHEHA TIOCPEACTBOM (DOTO-PETHCTPAIIUH [TOKa3aHUH MYJIbTUMETPa C MaKCUMaIIbHON
yactoTtoi 10 xaap/cex

[losiBnenne n nHanmune OJIC Ha KOHUEHTPALMOHHBIX 3JEMEHTAaX OOBSCHSCTCS 3aKOHAMHU
ANEKTPOXUMHUH. Bxparie, nporecc oOpa3zoBaHusi 3apsiioB clieayromui. [lonspHble MONEKYIJIbI BOJIbI
B3aUMOJICUCTBYIOT C HOHaMHM Menu. IIpoumcxomuT nepeHoc HOHOB MeTala B BOJY, B KOTOpPOM
00pa3yloTcs rUIpaTUPOBAHHBIE HOHBI. DJIEKTPOJ NPUOOpETaeT 3JIEKTPUUECKUI 3apsil, U Ha TPaHULEe
«METAJII - BOAA» BO3HUKAECT JBOMHOM AJIEKTPUUYECKMHM CIIOH. BBHJy pa3HBIX KOHLIEHTpauuil
00pa30BaBIIMXCS THUAPATHPOBAHHBIX HOHOB TOTPYKCHHBIE JJIEKTPOJBI MPUOOPETAIOT pasHbIE TI0
3HaUeHUIO 3apsabpl. [lanee MPOMCXOAWT BBIPAaBHUBAaHUE KOHIEHTPALMH HOHOB, INPUBOIALIEE K
CHIDKEHHIO Pa3HOCTH MOTEeHIHanoB Ha atekrpoaax (DC) mo Hyna mo norapupMUUECKUM 3aKOHAM
[6-8]. Apyrumu cioBamu, Takasi CHCTEMa CTPEMHTCS K CBOEMY DIICKTPHYECKOMY PaBHOBECHIO.

[Ipu GersoM MOBEPXHOCTHOM B3IVISZIE HUYETO MPHUMEYATEIILHOTO B TONYUYEHHBIX pe3yibTaTax
HET, HO TOJIbKO HE B acCMEKTE M3HAYaJIbHO peIIaeMod 3a7add U3MEPEHUH ypOBHs XHUIKUX cpea. Ha
camMoM Jielie, TIepBOE€, YTO TOKAa3ajll IOCTABIICHHBIC OMbBITHI, HA OOJNBIIMX 00beMax Jaxe cladbix
3JIEKTPOJINTOB - MOJIAPHBIX JKUJKOCTEN - 3HaueHne DJ]C mocturaer aecsITKU U COTHU MB, a miporiecchbl
nazenust OC no nyns y DKC HocsT BecbMa MHEpPUMOHHBIA xapakTtep (puc. 1). Tak, Ha oObemax
JTUCTWIIATA Jaxke B mpenenax or 1 po 3 nutpoB mageHue KoHueHTpauuoHHod DJIC no Hyns He
HAOJII0AJIOCh TP JIUTENbHOCTH onbiToB J0 100 4. Ha o0beme muctmiista 1 jutp ObuH
3aperucTpUPOBAHBI JIMIIb Nepuogudeckue nepexo sl 9JC uepes Holab CO CMEHOM 3HaKa, 4TO caMo Mo
cebe sBIsieTCA MpuMevarelbHbIM. B nmpobupounsix oobemax, meree 30 mui, magenue 3Hauenuit D/1C
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o Hyns qinock He Oonee 20 muH. OTCIOAA CIIPaBEIIMBO KOHCTATHPOBATH, YTO C YBEIHYCHUEM
00beMa KOHTAaKTHPYEeMOW TOJNSIPHON >KUIAKOCTH MHOTOKPATHO PACTET WHEPIMOHHOCTH Mpoliecca
camwkenns JJ1C mo HysL.
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Puc. 1. I'paduku nuzmenenus koHueHTpanroHHoit /1C Bo BpeMeHH.
Hauanensriit 6pocok D/1C - MOMEHT MTOTpYKEHHS AIEKTPOIa

[IpumeuaTebHBIMA B aCICKTE DJICKTPOXMMUHU SBJISIIOTCS HaOmronaembie konebanus DJIC ¢
JUTMHHBIM TIEPUOJIOM, JOCTUTAIONIUM HECKOJBKHUX 4acoB. Tak, JneTalibHas Kaprorpadus pe3yabTaToB
U3MEPEHUN TMO3BOJMIIA YCTAHOBUTH, YTO TAKWE AJIMHHBIE BOJHBI B M3MeHeHUsX DJ[C UMET CBOIO
YCIIOBHYIO «CKOJIB3SIIYI0 TOYKY paBHOBECHs». B pe3ynbrare 3TO MOXKET TNPUBOAUTH NaXe K
nepuoanyeckoir cmene mnossgspHocTH I/IC. [lpennonoXuTenbHO 3TO BBI3BAHO HHEPIIMOHHOCTHIO
nporieccoB. [Ipu 3TOM Tpu MOTPYKEHUH B OJIHY KIOBETY HECKOJBKHX DJIEKTPOAHBIX IMap KOJeOaHHs
OJIC Ha HMX HUKOTJa He COBIIAJAJId BO BpEMEHH. B MOMy4eHHBIX pe3ylbTaTaX BHI3BIBAET HHTEPEC HE
TOJIbKO cMeHa nojsipHoctu DJIC, HO U cam dakT nepuoaudeckoro pocra IAC mo moxymro. s
MaKCHMaJIPHO TOYHOTO OIMCAHUS TaKHX MPOIIECCOB M BBIBOJA MaTEMAaTHYECKUX 3aKOHOMEPHOCTEH C
y4eToM 0OpaTHMOTO AJIEKTPOJHOTO TOTEHIMAla, W psAfa Apyrux (akTopoB TpeOyercs OTAeNnbHas
JeTaiapHas mpopadoTKa.

Jpyrumu, 3HAUMMBIMA B aCMEKTE PEIIaeMoin 3a1au, SBIISIOTCS CICTYIOIINE YCTAaHOBIICHHEBIE
ocobennoctu DK:

- OJIC KOHIIEHTPAIMOHHBIX 3JIEMEHTOB B MOJSPHBIX CpelaxX, TaKUX KakK JUCTHIINPOBAHHAS
BOJIa M JTaXKE arleTOH (JIUAJICKTPHK), TOCTUTACT ACCITKHA MUJUIUBOJIBT BOJIBT;

- m00oe JBW)KEHHE JKHIKOCTH WU BUOpaIus >3JIEKTPOAOB MPHBOJUT K HAPYIICHUIO
KOHIICHTPAI[IOHHOTO pPaBHOBECHs, B CBs3W ¢ dYeM mpoucxomuT poct DJC u B0o300OHOBIECHUE
XUMUYECKHX PEaKLUi,

- Ha MPOTSIKEHUHM BCEr0 BPEMEHU BBIPABHHMBAHUS IMMOTCHIIMAJIOB 3JICKTPOAOB HAOJIONAIOTCS
xaoTu4Hble 4Yacthie konebanms DJIC ammmurymoit mo 0,3 mMB, a Takke mmuTenbHbIe KoJieOaHUs
(Boepl) B m3MmeHeHusx OJIC ¢ mepmomoM 10 5 9acoB, KOTOPBIE MOTYT TPHBOIUTH K CMEHE
MTOJISIPHOCTH JIEKTPOJIOB,

- KOHI[EHTPAI[HOHHBIC DJIEMEHTHl YCTOWYHMBBI K OOpPa30BAaHUIO JUAJIEKTPUUECKUX MACIISTHBIX
TUICHOK Ha 3JIEKTPOAaX, OONIAJaf0T PeaKkiMedl Ha HArpeB WM OXJIAXKACHUE OJTHOTO W3 3JIEKTPOJOB,
cxokel ¢ paboTol MuddepeHInaIbHO BKIFOYEHHBIX TepMonap.

- IPY KOHTAKTE 3JIEKTPOJOB C HACKHIILIEHHBIM TapoM KOHUEeHTpanuronHas J/]C He BOZHUKAET,

- B YCJIOBUSX 0O0pa30oBaHUS IUICHOK J>KHIKOCTEH MEXIY 3JEKTPOAaMH IPH JIPSHUPOBAHUU
KIOBETHI KOHIIeHTparnonHas 3/]C MrHOBEHHO MajaeT 10 HyJIs.
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[MonpoOHO pe3ydbTAaThl IMOCTABIICHHBIX ASKCIECPUMEHTOB U OIMUCAHHS TEPEUUCICHHBIX H
npyrux ocobenHocreit DK packpsiTsl B pabdote [3].

B coBokymHOCTM ~ ycTaHOBIEHHble  ocoOeHHOocTH OK  MO3BONSIOT — peanu3oBath
KOHIICHTPAIIMOHHBIA TPHUHIUN HW3MEPECHUN YPOBHS JKUJKOCTEH, OOCCICUUBAIONIMIA CTAOMIBHYIO
paboTy ypoBHeMepa B YCJIOBHAX OXHO(A3HBIX W ABYX(a3HBIX HACBHIICHHBIX cpen (Map-BoAa),
MPOBOJISIIIUX JKUAKOCTEH M MOJSPHBIX JUAICKTPUKOB, & TAKIKE B YCIOBUAX U3MEPEHHS KUIKOCTEH C
MaciocTokamu.  [IpeumyrnecTBa  KOHIICHTPAIIMOHHOTO  TPUHIUIA  Tepe]]  M3BECTHBIMH
TUAPOCTATUYCCKUMU, KOHJTYKTOMETPHUUECKUMHU U €MKOCTHBIMU METOJIaMH U3MEPCHUHN MOATBEPKIAIOT
1eNecoo0pasHOCTh pa3pabOTKH COOTBETCTBYIONIETO YPOBHEMEpA.

IIyTH penieHusi KOHCTPYKTOPCKHUX 32/1a4 B CO3JaHHU YPOBHeMepa ¢ pyHKumei
MEeTPOJIOTHYEeCKOI0 CAMOKOHTPOJIS

YHHUKaTbHOCTh KOHLEHTPALMOHHOIO MPHUHLUIA COCTOMT B TOM, YTO AJSI KPaTKOBPEMEHHBIX
MU3MEpEeHN YpOBHSI TpeOyeTcss TOJIBKO MOAKIIOYEHHE BOJBTMETpPAa K OJIIEKTPOJaM IEePBHYHOTO
npeoOpa3zoBareis. BemeacTBue 3TOro MOSBIAETCS BO3MOXKHOCTH COYETaTh HECKOJIBKO MPUHIMIIOB
U3MEpeHU YpOBHSI Ha 0a3e OJHOrO YHHUGHUIMPOBAHHOTO MOIPYKHOTO 30HZA C 3JIEKTPOAAMH,
PacIOJIOKEHHBIMUA Ha pa3HOH BeicoTe. Tak, Hampumep, B peKUME KOHLEHTPALMOHHBIX WU3MEpPECHUMN
ypoBeHb peructpupyercs no ¢akry Hammumsa IC Ha snmekTpoaax, MOTPYKEHHBIX B H3MEPSEMYIO
KHUIKOCTb, & B PEXUME KOHIYKTOMETPUYECKUX H3MEPEHUH YPOBEHb DPErHCTpUpyeTcs Mo (axTy
NaZieHus] AJIEKTPUYECKOrO0 CONPOTHBICHUS Ha TEX XK€ JJIEKTPOLaX, MOTPY)KEHHBIX B H3MEPIEMYIO
KUAKOCTh. [lepexirouass peXUMBl U3MepeHHi, o0ecreynBaeTcsi BO3MOXKHOCTh — peaii3aliu
aIaNTUBHOCTY JAT4YMKa MOJ M3MEHEHMS XapaKTEPHCTHUK H3MEPSEMOH Cpellpl, a TAaKXKe peau3aluu
METPOJIOTHYECKOTO CAMOKOHTPOJIS. 3a CYeT 3TOro pPACUIMPSsIIOTCS BO3MOXHOCTH JaT4dHKa, U
MOBBIIIAETCS €T0 HAJIE)KHOCTb.

Hampumep, B ciy4ae COBMEIIEHHsS KOHAYKTOMETPHUYECKOTO U  KOHIEHTPAIMOHHOTO
NPUHIMIIOB U3MEPEHUI YPOBHS KUAKOCTH INPOUCXOAUT ciexyromas cuHeprusa. KoHIeHTpaunoHHbIN
TPUHIMIT TI03BOJISIET U3MEPSTh MPOBOJSIINE XKUIKOCTH M BCE IMOJSPHBIC TUDIICKTPUKH, MTPUBHOCUT
CTaOMIILHOCTH pa0OTHI ypOBHEMEPA B YCIOBHUSIX 00pa3oBaHUsl IUICHOK MTPOBOJISIIEH YKUIKOCTH MEKITY
3JIEKTPOJAMH, HENPOBOIAIINX MACHSHBIX IUIGHOK Ha 3JIEKTPOAAX, a TAKXKE B YCIOBUSIX HaJIMUUS
HACBIILEHHOTO apa U MHTCHCUBHON KOHAeHcauuu. KOHAyKTOMETpHUUECKUI NPUHLUI 32 CUET NOAAYH
TOKa Ha 3JICKTPOJbI 00ECIeunBaeT JOJIroBpeMeHHYy pabdory DK Ha Manbix o0beMax aOCOJIIOTHO
HEIBWKMMBIX JKUAKOCTEH. ECTECTBEHHO, TaKOe TEXHHYECKOE pelIeHHE O0ECTeYMBAET CTAOMIBHYIO
paboTy ypoBHEMEpa B pa3HBIX pekuMax padOThl TEXHOJOTHYECKOro o0opyaoBaHusa. VIMeHHO Takue
COYeTaHWs] Pa3HbIX MPHHIUIIOB pabOThl W TMO3BOJSIOT PEaM30BbIBATH (DYHKIHMU aJalTUBHOCTH M
METPOJIOTHYECKOTO CAMOKOHTPOJISI TATYNKOB.

Ecnmu 3agmaya mOCTOSIHHBIX HW3MEpEHMH ypOBHSA TpeOyeT mnpopabOTKM peLIeHud 1o
00ECIeYeHNIO JOJITOBPEMEHHOM M cTaOwiIbHOW pPabOThl KOHLEHTPALMOHHBIX 3JEMEHTOB Ha
HEJIBUKHMBIX JKUAKOCTSIX, TO 3aJla4a METPOJIOTHYECKOT0 CAMOKOHTPOJISI B 3TOM OTHOIICHUH IMPOIIIE,
TaKk Kak He TpeOyeT HMX IOJNTrOBpeMEHHOW paboThl. JnurenbHOCTH pabOThl KOHLEHTPALMOHHBIX
anemMeHToB B 20 cekyHa Oosiee 4eM JI0CTATOYHO, YTOOBI OLIEHUTH METPOJIOTMYECKYI0 HCHPaBHOCTD
JTaTYMKA U BCETO U3MEPUTENFHOTO KaHaja B LIEIOM.

KoHcTpykiusi Takoro jaTdvka JIOJDKHA OTBEYATh JIBYM TJIaBHBIM TPEOOBAHUSM, DIIEKTPOJIBI
ypOBHEMEpPA JTOJDKHBI OBITH 3JIEKTPUUECKH W30JIMPOBAHBI APYT OT APYra, a €ro KOpIyc I0JKEeH OBITh
repMeTH4HbIM. OJIMH W3 BO3MOXHBIX BAapPHAHTOB KOPITyCa, IMO3BOJISIONINIA BBITIOJIHUTH JIaHHBIE
TpeOOBaHUs, a TaKkKe 00eCHeuuTh MPOCTOTYy COOpKM mpencTaBieH Ha puc. 2. OCHOBHOH Kopityc
ypOBHEMEpa B TaKOM pELICHUM IpelcTaBisieT co0oi TpyOy 1, 3aBapeHHYIO cBepxy (¢uanen 2) u
OTKPBITYI0 CHHM3Y. B BepxHe#l yacTu HKe Kpemé&xHOro (aaHua HaxOAWTCS Mpope3b 3 (0JHO MU
HECKOJIbKO OTBEpPCTHH) JUIsI COOOLIEHWs MAaBJEHHS CO CTOPOHBI TEXHOJOTHYECKOW EMKOCTH BO
BHYTPEHHEIO IOJIOCTh KOpITyca, 4YTO OOECIeYrBaeT TOK J>KUAKOCTH BHYTpPHU YypoBHemepa. s
YCTAHOBKM 3alllUTHOTO KOXyXa 4 NperycMOTpeHbl pe3nOoBble coeauHeHus S5 u 6. Jlns BeIBozma
KaOeNbHBIX CBs3CH 4 MpeayCcMOTpeHa MpoxoaHas TpyOka 8 (0JHa MM HECKOJIBbKO) dYepe3 pe3n00BOit
BEepXHUH M Kpen&xHbeld (ranern. IneKTpoabl 9 MOHTHPYIOTCS TakMM O0pa3oM, 4TOOBI depes
orBepctusi 10 OHM BbICTYyNanM BO BHYTPEHHEH MOJOCTH Kopiyca Ajisl 0OecleueHHs KOHTAaKTa C
U3MEPSEMON KHUIKOCThIO. J[nsi obecriedeHus] 30U MEXy JIeKTpoJaMu JuOo caM Kopryc |
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BBITIOJIHACTCA W3 AUIJICKTPUYCCKUX MATCpUAJIOB, HAIIPpUMEDP, (bTOpOHJ'IaCTa HJIN KaIpoJIOHaA, mbo B
OTBEPCTHUAX 10 [0 MOHTa’Ka 3JICKTPOAOB YCTaHABIIMBACTCA U30JIMUOHHAA ITPOKIaaKa.
2

——

Tok #udkocmu

Puc. 2. Kopryc ypoBHEMepa ¢ BHYTPEHHEN MOJIIOCTHIO ISl POTOKA U3MEPSIEMOM AKUIKOCTH

Hcnonnenne Kopmyca, NMpenCcTaBICHHOE Ha PUC. 2, CHIKAET THAPaBINYECKOE BO3JEHCTBHE
(BMHsIHME TMHAMWUYECKOTO NaBJIEHHS ITOTOKOB) HA DJIEKTPOABI H 00ECIIeYnBaET PEMOHTOIPUTOTHOCTD
ypoBHEMepa 3a CYeT BO3MOXKHOCTH CHSTHSA 3allUTHOTO Kokyxa 4. OmHaKo, Ui OCYIIECTBIICHUS
peMoHTa TpeOyeTcsi JEMOHTaXK YpPOBHEMEpa, YTO HECKONBbKO YCIOXKHAET oOchmyxuBaHue. Jlms
obecrieueHns pEMOHTOIIPUTOTHOCTH 0€3 IeMOHTaka ypoBHEMepa Kopiryc | MOXeT OBITh BBHITIOJHEH B
Buje Oaiimaca, COEQUHIEMOTO C TEXHOJOTHYECKOW EMKOCTBIO IIyTeM TPYyOHBIX TPOBOMOK C
¢nanueBbIME coequHeHUsMU 11 (pucyHok 3). B Takom ciydae ypoBHEMep HE 3aHMMaeT O0beMa
BHYTPU TEXHOJIOTHUECKOW EMKOCTH W €ro OOCIyXMBaHHE, U PEMOHT KaOCIbHBIX CBS3EH MOTYT
MIPOU3BOANTHCS 0€3 TEMOHTaXKA.

L v

Puc. 3. baiinacHas KOHCTPYKIMs ypOBHEMEPA

BrimeykazanHple  KOHCTPYKTHBHBIE pEIIEHHUS MPEACTABIAIOT CO00H YHUDHUIIMPOBAHHYIO
MHOTO3JIEKTPOIHYI0 KOHCTPYKIMU TEPBUYHOTO Mpeodpa3oBaTelis, MPUMEHUMON IJIsi YpOBHEMEpa C
KOHLIEHTPALIMOHHBIM, KOHIYKTOMETPUYECKUM, €MKOCTHBIM M KOMOWHHPOBAHHBIMH IPHHLIUIIAMHU
n3MepeHni. Peammzaiius cOOTBETCTBYIONMIMX Pa3HBIX PEKMMOB pabOTHI TaTYWKa OYAET ONpenesIThCs
BO3MOXHOCTSIMU BTOPUYHON MHOTOKAHAJIHOH annaparyphl.
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Peanuzamust QyHKOMM METPOJIOTHYECKOTO CAMOKOHTPOJISI B aBTOMATHYECKOM DPEXKHME
MO3BOJIIET YAAJICHHO OCYIIECTBIIATh IUArHOCTHKY TEXHMYECKOH M METPOJIOTMYECKON HCIIPAaBHOCTH
JaTYMKa, 4TO MO3BOJISIET CHU3UTH BO3AEHCTBHS BPEAHBIX (PaKTOPOB HA SKCIUTyaTallMOHHBIH IIEPCOHAT
Y COKPATUTh TPYA03aTPaThl Ha MEPUOTUIECKOE O0CTYKHBAHHE.

3akioueHue

[lo pe3ynpraTaM HOCTaBIEHHBIX ONBITOB YCTAHOBJIEHO, YTO KOHLIEHTPALMOHHBIE 3JEMEHTHI
JaKe B YCIOBHUX cIaOBIX AJIEKTPOIIMTOB MPEICTABISIOT COOOH CaMOCTOSATENbHBIE HCTOYHUKN MaJbIX
O/1C, obmagarommx cleayonMA OCHOBHBIMH OCOOCHHOCTSIMH:

-OJIC KOHLIEHTPAaLMOHHBIX 3JIEMEHTOB JaXe B MNOSPHBIX cpenax, TakuX Kak
JUCTWJUITMPOBAHHAS BOJA M JaXKe alleTOH, IOCTUTAET AECATKH MUJJIUBOJIBT BOJIBT;

- MPOTEKaHNWe peakmuii u nocrenenHoe cHwkeHue JJIC mpu BHICOKOOMHOW Harpy3ke MMeeT
CUJIBHBIA WHEPIMOHHBIN xapakTtep. Tak, Ha o0beMaxX AWCTHILIATA B Ipemenax ot 1 go 3 mmTpoB
nazneHne koHueHtpanuonuoi D/1C 1o Hyns He HaOMOAAIOCH MPH UIUTENBLHOCTH ONMBITOB 10 100 4.
Ha ob6veme muctwinsta 1 nuTp ObUIM 3aperMCTPUPOBaHBI JHIIL Mepuogudeckue mepexonsl DJC
yepe3 HOJIb CO CMEHOM 3HaKa;

- 11000€  JBIDKEHHE JKUIKOCTH WM BUOpamus OJIEKTPOJOB IPHUBOAWUT K HapyIICHHUIO
KOHIICHTPAIIMOHHOTO DPaBHOBECHUS, B CBs3U, ¢ 4eMm mnpoucxoauT poct DJC u Bo300HOBIECHUE
XUMUYECKUX PEaKLUi,

- Ha IPOTSKEHUU BCErO BPEMEHM BBIPABHUBAHMS ITOTEHIMATIOB Ha AJICKTPOJaX HAOIIOAAIOTCS
Xa0THUYHbIC 4YacTble KojeOanus DOJIC aMmrumtymoil B aecsaThle noyid MB, a Takke UIMTEIbHBIC
koseOanus (BomHBI) B m3MeHeHHsX DJ{C ¢ meprogoM 10 5 4acoB, KOTOPBIE MOTYT IIPUBECTH K CMEHE
MOJISIPHOCTH JIEKTPO/IOB,

- KOHOCHTPAIUOHHBIC 3JICMCHTLIL YCTOI\/'I‘II/IBLI K O6pa3OBaHI/HO AUBJICKTPUICCKHUX MACIIAHBIX
TUIGHOK Ha JJIEKTPOJax, o0JaJaroT peaknuell Ha HarpeB WM OXJIaXAECHHE OIHOTO M3 DIEKTPOJOB,
CXOXel ¢ paboToit muddepeHITnanbHO BKIFOYEHHBIX TEPMOTIap.

- IPY KOHTAKTE 3JIEKTPOAOB C HACKIILIEHHBIM ITapoM KoHIeHTparronHas J/[C He BO3HUKAET,

- B YCJIOBHUSAX O0pa3oBaHUsS IUIEHOK >KMIKOCTEW MEXAy 3JEKTpOAaMH IpH JIPEHUPOBAHUU
KIOBEThI KOHIIeHTpauuoHHas 31C MrHOBEHHO NMaJgaeT 10 HyJIsl.

Takpe 0OCOOCHHOCTH IO3BOJISIIOT peaqn30BaTh KOHLEHTPALMOHHBIA HPUHIMIT H3MEPEHHUH
YPOBHA  JKHAKOCTEH M peaiau3oBaTh  (YHKOHUIO  METPOJIOTMYECKOTO0  CaMOKOHTPOJIS
KOHIyKTOMETPUYECKHX, EMKOCTHBIX M IOTCHIMOMETPHYECKUX YPOBHEMEPOB. ITO IIO3BOJIIET
MOBBICUTh HAJECKHOCTh Pa0OTHl YPOBHEMEPOB M COKPATUTh TPYAO3aTpaTbl Ha MX TEXHUYECKOE MU
METPOJIOTHYECKOE OO0CTyXKMBaHUE, pelas TeM CaMbIM aKTyalbHble TPOOJIEMBl COBPEMEHHOMN
SHEPreTHKH.
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YK 621.039
SKCHEPUMEHTAJIBHBIE UCCJIEJOBAHUSA TEUEHUS IIOTOKA
TEIIJVIOHOCHUTEJISI B AKTUBHOM 30HE PEAKTOPA BBOP C TBCA
JIMUTPUEB C.M., IEMKHWHA T./1., JOPOHKOB /1.B., JOPOHKOBA J.C., [TIPOHVH A.H.,
PA3AHOB A.B., COJIHLEB JI.H., XPOBOCTOB A.E.
Husicezopoockuti cocyoapcmeentbiii mexuuueckuil ynusepcumem um. P.E. Anexceesa
(Huorenutt Hoszopoo, Poccutickas ®edepayus)
Annortauus. [lpeacraBieHsl pe3ynbTaThl AKCIEPHUMEHTAJbHBIX HCCICAOBAHUN TepeMEIINBaHUS
TETUTOHOCHUTENSI MEXKIy COCETHHUMH TEIUIOBBIIEIAIONIMMI COOpKaMH B aKTHBHOW 30HE peakTopa
BBOP, cocrosmeir m3 TBCA-T u ycoepmencrBoBanHoii TBCA. MogenupoBanue mpoIieccoB
TEUYEHUs] TOTOKA TEIUIOHOCHTENS B aKTHBHOM 30HE NPOBOAMJIMCH Ha a’3pOAMHAMHYECKOM
WCCIIEIOBATEIICKOM CTEHJE. DKCIEPUMEHTHI NMPOBOAMINCH HA MOJENAX, MPEICTABIAIONNX COOOM
pasiudHble (pparMeHTH TBAJNBHOTO My4YKa aKTUBHOW 30HBI peakropa BBOP u 3axmouannch B
M3MEPEHUH TIOMEPEYHBIX U aKCHaJIbHOM CKOPOCTEH BO3AYIIHOIO MOTOKA B XapaKTEpPHBIX 30HAX,
pacroyiokeHbl Kak B CaMHX TEIUIOBBINEISAIONINX COOpKax, TaK M MEXKKACCETHOM IPOCTPAHCTBE.
W3mepenus MIPOBOAMITUCH MATUKAHATBHBIM ITHEBMOMETPHYECKAM 30HIOM. Ananms
MIPOCTPAHCTBEHHOTO paclpeaeNieHHs] MONEePEUHbIX U aKCHAJbHOW COCTABJIAIONIMX BEKTOpa CKOPOCTH
MO3BOJIMJI ~ JCTAIM3UPOBATh  KApTHHY  OOTEKaHWS  TEIUIOHOCHUTENEM  JAHCTAaHIHMOHUPYIOUIUX,
MEPEMEIINBAOIINX W KOMOWHUPOBAHHBIX JAMCTAHIIMOHUPYIOMIMX PEIIETOK TETUIOBBIIEISIFOIINX
cOOPOK pa3NU4YHBIX KOHCTPYKIWiA. HakomneHHast 6a3a MaHHBIX MO Te4eHuto TeruoHocutens B TBCA
Pa3IMYHBIX KOHCTPYKIHMH SIBISICTCS OCHOBOW HMH)KEHEPHOTO OOOCHOBAaHUS HANEKHOCTH U
paboTOCIIOCOOHOCTH aKTUBHBIX 30H peakTopoB BBOP.
KaroueBble cioBa: akTHBHAs 30HA, TEIUIOBBIAEISAIONMAS COOpKA, AMCTAHIIMOHUPYIOIINE PEIIETKH,
MepeMelINBaloOIINe PEIIeTKH, MEXKacCeTHOE B3aUMOAEHCTBUE, THAPOIMHAMHKA TETIJIOHOCUTEIS.

EXPERIMENTAL INVESTIGATION OF THE COOLANT FLOW IN THE VVER
REACTOR CORE WITH TVSA FUEL ASSEMBLIES
DMITRIEV S.M., DEMKINA T.D., DORONKOV D.V., DORONKOVA D.S., PRONIN A.N.,
PYAZANOV A.V., SOLNTSEV D.N., KHROBOSTOV A.E.
Nizhny Novgorod State Technical University n.a. R.Ye. Alekseyev
(Nizhny Novgorod, Russian Federation)

Abstract. The paper presents the results of an experimental study to investigate the coolant interaction
in adjoining fuel assemblies in the VVVER reactor core composed of TVSA-T and upgraded TVSA
FAs. The processes of the in-core coolant flow were simulated in a test wind tunnel. The experiments
were conducted using models representing different portions of the VVVER reactor core fuel bundle
and consisted in measuring the radial and axial airflow velocities in representative areas within the
FAs and in the interassembly space. The measurements were performed using a five-channel pressure-
tube probe. An analysis for the spatial distribution of the radial and axial velocity vector components
has made it possible to obtain a detailed pattern of the coolant flow about the FA spacer, mixing and
combined spacer grids of different designs. The accumulated database for the coolant flow in FAs of
different designs forms the basis for the engineering justification of the VVER reactor core reliability
and serviceability.

Keywords: reactor core, fuel assembly, spacer grids, mixing grids, interassembly interaction, coolant
fluid dynamics.

Beenenue

B nacrosiiee Bpems Oblia MpoBeA€HA YaCTUYHAS IIEperpy3Ka aKTUBHOW 30HbI peakTopa BBOP
BTOporo 3ueprodoka ADC «Temenuny [1], B paMkax KOTOPOH ObLIM 3arpyKEHbI TEIUIOBBIICIISIONINE
cOOpKH HOBOHM Moaudukarmu, npuniennre Ha 3ameHy mratHeiM TBCA-T. O0e TeruioBhIACISIONIe
coopku pazpaboransl AO «OKBEM AdpukaHToBy.

ITo cpapHenmio c temnoBsimestonuMu  coopkamu TBCA-T, OCHOBHBIM OTIIMUHEM
ycoBepmieHcTBoBaHHON TBCA sBisieTcss TpUMEHEHHE OTACIBHO CTOSIIAX TIEPEMEIIHBAIOIIIIX
pemerok (IIP), xoropbkie obecrmeunBarOT Oojiee WHTEHCHBHOE TEPEMEIINBAHUE TEIUIOHOCUTEINS B
MOMEPEUYHOM CEUCHHMH COOPKH, YTO MO3BOJIMIIO YIAYUIIUTh SKCIUTyaTallHOHHbBIC XapaKTEPUCTHKH HOBOM
TEIIOBBIACIISONIEH cOopKu [2-7].
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[Mockompky 00a Tuma TBC sBASIOTCS OECUEXIJIOBBIMHU, TEPEMEIIMBAHUE TEIUIOHOCUTEIS
MPOUCXOANT HE TONBKO B OJIHOW TOIUTUBHOW COOpKE, HO M MEXIy coceTHHMHU cOopkamu. JlaHHOE
SABIIEHUE HEOOXOIWMO YUYWUTHIBATH B TIporecce OOOCHOBAaHUS TEIUDIOTEXHUYECKOW HaJIEeKHOCTH
aKTUBHOU 30HBI [12], 4TO 00YCIOBMIO HEOOXOIUMOCTh MPOBEACHUS KOMILICKCHBIX HCCIICIOBAHHI
MpoIecca MEXKACCETHOTO TEepPEeMEeNInBaHus TEeTNIOHOCHTENsI, Mexay cocemHUMU TBCA pa3nmndHbIx
KOHCTPYKITMI B CMEIIaHHOW aKTUBHOM 30He peakTopa BBOP.

HccnenoBaTebCKUid CTEH H METOAUKA MPOBEIEHHUS IKCIEPUMEHTA

MonenupoBanre TEYEHHWsS TEIUIOHOCHUTENsT B AKTUBHOW 30HE MPOW3BOAWIOCH Ha
adPOTUHAMUYICCKOM HCCIICIOBATEIILCKOM cTeH e [8].

Jlyis mpoBeneHUS HMCCIeNOBaHUE OBUIM W3TOTOBJICHBI 3KCIIEPUMEHTalbHBIE Mojaenu (OM),
TEOMETPHYECKH COOTBETCTBYIOIINE KOHCTPYKIIUH PA3IMYHBIX BBICOTHBIX YYaCTKOB TBIJIBHOTO IyYKa
aKTUBHOW 30HBI peaktopa BBDP. Bce kommoneHnTsl DM TpONOPIMOHAIGHO YBEIWYEHB Ha
KO3 GUITMEHT TeoMeTpuieckoro noaoous K, = ,4.

Puc. 1. DM u nosica pemeTok TOINTMBHBIX KacceT: @ — OM (parmMeHTa akTHBHOH 30HBI peakTopa
BBOP; 6 — nosic IP ycoBepmiencTBoBanHO TBCA 1 TBCA-T; ¢ — mosic KJIP TBCA-T; 2 — mosic [1P
ycosepieHcTBoBaHHON TBCA

OKCrepUMeHTa bHBIE MOJENH BKIIOYamu B cebs ommH cermeHT cObopku TBCA-T, nBa
cermeHTa ycosepineHncTBoBaHHONH TBCA 1 MexKkacceTHOe MpoCTpaHcTBO (puc. 1a).

Jucranuuonupytomias pemierka ([P), mpencrapiieHHas Ha puc. 10, COCTOUT U3 MPYKUHUCTHIX
3JIEMEHTOB, PACIIOJIOKEHHBIX COTJIACHO TPEYTOJBHON YIaKOBKe, U 00BbeIUHEHHBIX CTAIBHBIM 0000M.
KombOunanpoBanHas muctannmonupytomast pemerka (K/IP) TBCA-T, npencraBneHHas Ha puc. 1B,
cHaOkeHa TypOynu3aTOpaMH IMOTOKA, pa3MEIIEHHBIMH 10 CXEME «3aKpyTKa BOKPYT TBIJa», Yol
otruba TypOynm3aTopoB coctasisieT 38°. [lepememmuBaromas pemerka (I1P), mpencrasnennas Ha puc.
Ir, cHaGxkeHa TypOyau3aTopamu ¢ yriioMm oTruda B 30° 1 pa3MeIeHHBIMU COTJIACHO CXEME «IIOpsAHAs
nporoHkay. Bee pereTku cHa0KeHbl UMUTATOPaMHU TPOGUITMPOBAHHOTO OTTHOa 0001a.

N3mepenne JOKambHBIX T'HAPOJUHAMMYECKHUX XapaKTEPUCTHUK TIOTOKA TEIUIOHOCHUTENS
NPOU3BOAMIOCHE ITHEBMOMETPHYECKMM 30HIOM. JlaTUYMK BBINOJIHEH B BHAE IISITH CTaJbHBIX
KaluuIIpOB, PacoOJOKEHHBIX B ABYX MEPNEHANKYJISPHBIX APYT K APYry miockocTsax. [lomydennoe
T0JIe IaBJICHUH MMOTOKA COIJIACHO 3aBHUCHMOCTSIM, MOJYYEHHBIM MPU TapupPOBKE, NEPECUUTHIBAIOCH B
HaIlpaBJICHHE U BeJTMUYMHY aOCOJIOTHOM CKOPOCTH MOTOKA [9]. 30H BHINOIHEH TaKUM 00pa3oM, 4TOObI
HE BHOCHTb BO3MYIIEHMS B IIOTOK M HE HCKakaTb HampaBieHHe ero TeueHus. llorpemHocTthb
OTIpeZIeNICHHs] COCTaBJISIOMIMX BEKTOpa CKOPOCTH He mpeBblaeT 7%. CHsATHE MOKa3aHUM ¢ 30HIa
OCyHIECTBISUIOCH TmpeoOpazoBatenieM aasieHuss CAIIDOUP-22P, umeromme momyckaeMblil mpenen
ocHOBHOM norpemtHocty +0,25%.

B momepeyHOM CeueHMM CMEIIAHHOW AaKTHBHOM 30HBI ObLia BbIJCJCHA IOKa3aTeIbHas
obmactp, coctosmas u3 omHod mTatrHoii TBCA-T u nByx ycosepuieHcTBoBaHHBIX TBCA. B
NPOJOJIFHOM CEUEHHH TBAJIBHBIA IYYOK aKTUBHOW 30HBI OBUI pa3/eleH Ha TPH XapaKTEePHBIX
BBICOTHBIX (pparMeHTa, 0003HAUEHHBIX KaK «HIKHUI», «CPEIHUI» U «BEPXHUI» COrJIaCHO JTBMXKEHHIO
MOTOKA TETNIOHOCHUTENS] CHU3Y-BBEPX.

«HwxHuit» QparmMeHT TBIIBHOTO MyYKa HAYMHACTCS OT NEPBBIX WACHTHYHO PACIIONOKEHHBIX
[P TemnoBeinensomux cOopok oboux tumnoB (puc. 2a). «CpenHuit» (parMeHT TBIIBHOTO MydyKa
HAYMHAETCS OT TNEpBbIX WACHTUYHON pacronoxkeHHblx KJP wu AP mrataoit TBCA-T u
ycoBepieHctBoBanHOH TBCA (puc 20). «BepxHuil» (pparMeHT HayMHAETCS OT IEPBOM OTICIBHO
ycraHosieHHoi 1P B ycoepiiencTBoBannoit TBCA (puc. 2B).
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OcobeHHOCTRI0O DM «HIDKHEro» ()parMeHTa TBIJIBHOTO IyYKa SIBISICTCS CHMMETPHYHOCTH
BXOJIHBIX YCJIOBHH JBIDKCHHS TOTOKA, T.e. HAa BXoJe B OM yCTaHOBJEHBI JMCTAHIIMOHUPYIOIIUE
pemetkn eawHON KoHCTpyKiuu st obdemx TBCA (puc. 2a). OcobenHocThio DM «cpemHero»
(hparMeHTa TBAJILHOTO IMy4YKa SBJSICTCS HECHMMETPHUYHOCTh BXOJHBIX YCJIIOBUH JIBUKCHHS MTOTOKA, TO
€CTh Ha BX0Jie¢ B OM yCTaHOBIICHBI TUCTAHIIMOHUPYIONIAas U KOMOMHUPOBAHHAS JIMCTAHIIMOHUPYIOIIAS
pEIIeTKH COOTBETCTBYIOIIMX TOIUTUBHBIX cOopok (puc. 206). Jus DM «Bepxuero» ¢dparmenra
TBIJIBHOTO Ty4YKa, TOMHUMO YCTaHOBJICHHBIX Ha BXOJI¢ JUCTAHIMOHHPYIOIIECH M KOMOWHUPOBAHHON
JIUCTAHIIMOHHUPYIOIIEH PpEIIeTKH, XapaKTepHO HAIWYKME OTIEIBHO CTOSIIUX IEPEMEIIUBAOIINX
pemeTok (puc. 2B).

I 3 - i - 2
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Puc. 2. Cxema pacrionoKeHHs PENIeTOK B pa3UYHbIX (parMeHTax TBaapHOro myduka TBCA:
a - «HWKHHAW» QparMeHT TBIJIBHOTO My4Ka; 6 - «CpEeAHU» (parMeHT TBIIBHOTO IIy4Ka;
6 - «BEPXHHID» (hparMeHT TBIINBHOTO MyYKa

. ]

B)

Mamm.:.,i;lilifﬁ:-
e rmres —a N ORI O N ,
s~ KA O NG 1)

4.0-9-99 oG
s — N ORI O 0.0

wrervan TacaT —aeN ) (OO O

Puc. 3. Cxema pacnosiokeHus! XapakTepHBIX 3a30pOB B NMOMEPEYHOM ceueHH DM

MeTtouKa IpoBeIeHUs UCCIeT0BaHUH 3aKII0YaIach B CIEIYIOMIEM.

1. i1 n3yueHus mpoliecca MEeKKacCETHOTO TIepeMENINBaHMSI TETTIOHOCUTENSI OBLTH BBIOPaHBI
XapaKTepHble OO0JIaCTH B TIOMEPEYHOM cedeHnu OM, mpenctaBieHHOM Ha puc. 3. JlaHHbIe
XapaKTepHbIE 00JIACTH PACIIONIOKEHBI B 3a30pe Mexay coceqanMu TBCA u 3a30pax MexIy TBIIaMHU
KXKI0W M3 TEIJIOBBLICIIONINX cOOpOK (puc. 3).

2. Jlanee xapakTepHbIe 00JIACTH TOMEPEYHOro cedeHuss DM pazOMBaNKCh Ha OMpPEJEICHHOE
KOJIMYECTBO 30H HM3MEpPEHHS, B KaKJIOW M3 KOTOPBIX C TIOMOIIBI0 ITHEBMOMETPHUYECKOTO 30HIA
MIPOBOAMIINCH 3aMephl MOJA JIaBJICHUN MMOTOKAa B XapaKTEepPHBIX cedeHHAx mo jmHe OM. Obmactu
M3MEPEeHHUS TOJIsl IaBJIE€HHS BO3AYIIIHOTO MOTOKA B MPOJOILHOM cedeHNH DM BBIJENEHBI MyHKTHPHOM
muHuel Ha puc. 2. IlomydeHHOe pacrpeneneHrde NaBICHHWA 3aTeM IEPECUUTHIBAIOCH B MPOEKIINU
CKOPOCTH Ha KOOpDIWHATHBIE OCH X, Y, Z W YCPEAHSIIUCh IO 3a30paM MEXIy TBAIIAMH H
MEXKaCCEeTHOMY MPOCTPAHCTBY (pHc. 3).

3. Ilo moxy4eHHBIM JAaHHBIM CTPOHWJIMCH I'padUKH pacrpelesieHHs COCTaBIIIONINX BEKTOpa
CKOPOCTH U KapTOTpaMMBbl paclpeIeIeHUsI OCEBOM CKOPOCTH B NMONIEPEYHOM ceueHHH OM.

O6ocHOBaHHE MPENCTAaBUTEIFHOCTH MPOBEACHNUSA OSKCIIEPHUMEHTATBHOTO W3YYEHHUS TEUEHUS
MOTOKA TETUIOHOCHUTENS 32 pelleTKaMU-UHTEHCH(HUKATOpaMH Ha HCCIIEIOBATEIBCKOM CTEH/E OBbLIO
U3JI0KEHO B pabdorax [3 - 5].

OKCTIepUMEHTaJIbHBIE HCCIEIOBAaHUS TPOBOJIMINCH TIPH IOCTOSHHOW CpeIHEpacXOIHON
CKOPOCTH BO3IyIIHOTO ITOTOKA Ha BXojie B DM, JaHHBIN mapamMeTp UMeeT OANHAKOBYIO BETHUUHY I
Kaxaou u3 mojenei u cocraisser We, = 27,5 M/c. Uucno PeiiHonbaca, mpu KOTOPOM ITPOBOAMITUCH
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3KCIepUMeHThI, cocTaBisuio 78000. TemnepaTypHbIil 1nana3oH BO3IYIIHOTO MOTOKA NMPHU MPOBEAECHUU
uccnenosanuii cocrasisi ot 23°C mo 25°C.

Pe3yabTaThl HCCIIEI0BAHMIT MEKKACCETHOTO MEPeMENTHBAHUS TEMIOHOCHTES

AHanmu3 pe3yabTaTOB JKCIIEPUMEHTAJIBHBIX HCCIECAOBAHWN IIO3BOJIMI BBISIBUTH  OOIIIHE
3aKOHOMEPHOCTH TeUEHUS MMOTOKA U 3aKITIOYHUTH CIIETYIOIIEe:

1. Tlonepeynbie TeueHUs TEILUIOHOCHTENS Ha BCeX (PparMeHTax TBIJIBHOTO IyYyKa HUMEIOT
CXOXHI XapakTep M XapaKTePU3YIOTCS CICIYIOIIUM paclpeieiicHUe IOMEPEYHBIX IMOTOKOB: IMPHU
oorekanmn  KJIP, pacmomoxxennoir B  TBCA-T, rmomepedHblii  TOTOK  JBIDKETCS B
ycoBepmreHcTBoBarHyl0 TBCA, a nepen JIP u [P, pacnonoxxeHHsIx ycoBepiieHcTBoBaHHOH TBCA,
noniepeunbiii motok HampaeiieH B TBCA-T. ChopmupoBaHHbIe TaKMM 00pa30oM TOTOKH OKAa3bIBAIOT
3HAYUTENFHOE BIUSHIE Ha JIBIKEHUE TEIUIOHOCUTEIS B COCEHIX TOIUTMBHBIX KacceTax.
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Puc. 4. Pactipenenenue mornepevHoi CKOPOCTH B MexkKacceTHOM npoctpancTBe (We, =27.5 m/c, Re =
78000)
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Puc. 5. Pactipenienienue monepevHoi CKOpOCTH B epBBIX psijiax TBAoB TBCA (W, = 27.5 m/c, Re =
78000)
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Puc. 6. Pactipenienienuie nmonepedHoi CKOPOCTH BO BTOPBIX psiax TB30B TBCA (W, =27.5 M/c, Re =
78000)

2. B o0sacTi MEXKKaCCETHOTO MPOCTPAHCTBA OBLIO OTMEUEHO:

a) BEJMYMHA TONEpEeYHOl ckopocTH mpu obrekanuu norokoM K/IP u JIP mumeer Onuskue
snaueHust u cocrasisier (Wy/Wep) = 0,3 st «cpennero» dparmenta tBaibHOTO myuka u (Wy/Wep) =
0,25 mst «awkHero» ¢dparmenta (puc. 4). s «BepxHero» (GparMeHTa TBIJILHOIO IyYKa BeIHYHMHA
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MOTIEPEYHON CKOpocTH mpu o0Tekanun morokom KJ/IP u JIP Takke mMmeer ONM3KHE 3HAYCHUS H
coctasisieT (Wy/Wep) = 0,2, 9TO HECKOIBKO MEHBIIIE, YeM Ha JIPYTUX MCCISIyEeMbIX yuacTKax (puc. 4);

6) mepen IIP, pacmonmoxeHHON B «BepXHEM» (parMeHTe TBINBHOTO Iy4Ka, MOMEPEeYHBIN
notok nBmwkercss B TBCA-T, 3nauenue ckopoctu cocraBisier (Wy/We,) = 0,25. JlanHoe siBieHUE
XapaKTepHO TOJBKO JUIA 00JacTH MEKKACCETHOrO MPOCTPAHCTBA W HE HAOMIONAETCS B TBIJIHHOM
myuke (puc. 6).

3. B mepBoM psimy TB3JOB KaXAOH W3 TEIUIOBBIACHSIOMNX COOpPOK, MPHIIETAIOMIEM K
MEKKaCCETHOMY MTPOCTPAHCTBY, HAOMI0AaeTcs ciaeayoiee:

a) mpu ootekanuu mmotokoMm KJ/IP u JIP, pacnosio’)keHHBIX B «HIKHEMY» (parMeHTe TBIJIBHOTO
y4Ka, 3HAYCHHS TOTIEPEIHON CKOPOCTH O rHAKOBBI M cocTaBistoT (Wy/We,) = 0,4 (puc. 5);

0) HamOosplas BeTUYMHA TOMEPEYHOW CKOPOCTH HaOJIOJaeTcsl MpH OOTEKaHHMH TOTOKOM
KJIP, pacmionokeHHOH B «cpeaHem» (parMeHTe TBIJIBHOTO My4YKa, 3HaYCHHE MOIEPEYHON CKOPOCTH
cocrasisieT (Wy/Wep) = 0,5, a npu obTekanuu morokom JIP, momepedHas CKOPOCTh MMEET OJIU3KOe
3nauenue, pasuoe (Wy/We,) = 0.45 (puc. 5);

B) B «BEpXHEM» (parMeHTe TBIIBHOrO Iydka mpu oOrexkaHumu motokoM KJIP 3HaueHme
nonepeunoit ckopoctu cocrasisiet (Wy/Wep) =0,47, a ipu o6Texkanuu J[P momepedHasi CKOpoCTh UMEET
senmmunny (Wy/Wep) = 0,4 (puc. 5);

I) NpH ABWKCHUW TEIUIOHOCUTENSI 4Yepe3 «HIKHHUN» M «CPeJHHI» (parMeHTH TBIIBHOTO
My4YKa HAOIFOJaeTCS POCT BEITMYMHBI ITOTIEPETHOI CKOPOCTH, & IMEHHO NP 00Tekannu moTokom KJIP
u JIP «cpennero» ¢parmenta 3xaueHus nonepednoit ckopoctu (Wy/Wep) cootBercTBenHo Ha 20% u
10% BbIIE, yeM NpU 00TEKaHUH MIOTOKOM PEIIETOK Ha «HKHEM» (pparmente (puc. 5). B «BepxHem»
¢dparmMeHTe TBAIIBHOrO MydYka BenuuuHa momepeunoi ckopoctd (Wy/We,) Onuska K 3HAYCHHUSIM
CKOPOCTH Ha «cpemHem» dparmente (puc. 5).

4. AHanu3 pacnpoCTpaHEHUs] TaHTCHIMAJIbHBIX CKOPOCTEH TEIUIOHOCHTENS B IONEPEHYHOM
CEYEHHUH TETJIOBBLACIAIONINX COOPOK MOKa3all CIeayIoIIee:

a) 3aKOHOMEPHOCTH pAaCIpeleNIeHrs] TMOMEPEYHBIX TEUSHWH TEIUIOHOCUTENS IO JUIWHE
UCCIIeyeMbIX (parMEeHTOB TBOJIBHOTO Iy4YKa, XapakTepHBIC IS psja TBAJIOB, MPUIETAIOIIETO K
MEKKACCETHOMY TPOCTPAHCTBY, PACIPOCTPAHSIOTCS Ha TMOCJIEAYIONIME 3a HUM DSIIbl CTepKHEH
kaxaoil u3 TBCA. PacnpocTpaHeHHe TaHM€HUUANbHBIX CKOPOCTEM IIOTOKAa TEIUIOHOCHUTENS B
MOTIEPEYHOM CeueHUH DM OTrpaHMYMBAIOTCS TPETHUM WM YETBEPTHIM PAIOM KaXKIIOW M3 COOPOK, B
3aBUCHMOCTH OT HCCIIEAYeMOTO (pparMenTa;

0) HayMHAas CO BTOPOTO psiJa TBAJIOB BeiauuuHa morepednoi ckopoctd (Wy/Wey), mipu
00TEeKaHWU PEIIEeTOK Pa3IMYHBIX KOHCTPYKITUH, IS BCEX HCCIEeTyeMbIX ()parMEeHTOB YMEHbBIIIAETCS B
niBa pasza (puc. 5, 6);

B) B «cpeaHeM» (parmMeHTe TBIIBHOTO IMydYka TIYOMHA pPacHpOCTPAHEHHS MOMEPEYHBIX
TEYCHHH TEIUIOHOCUTENS B CEYCHHH CMEXHBIX TEIUIOBBIACISIIONNX COOpOK OJWHAKOBA U
OTPaHWYMBAETCS UETBHIPHMSI pSAAAMH TBIJIOB, HA4YWHAs C TMATOTO psAAa TBIJIOB HAOIIONASTCS
TypOyJIEHTHOE JBM)KEHHE TEIUIOHOCHUTEIIS, MmornepedHas ckopocts uMeer 3Hadenue (Wy/Wep) ~ (0,1 —
0,05);

I') B «<HWKHEM» U «BEpXHEM» (hparMeHTax TBAIIBHOTO IyYKa PaclpOCTPaHEHUS MOTEePEUHBIX
Te4eHH! TeruioHocutens B cedeHnn TBCA orpaHnumBaeTcs TpeMmsl psijaMH TB3JIOB, HAdyWHAs C
YEeTBEPTOTO psijia TBIJIOB HaAOMIOAaeTcs TYypOYJEHTHOE JIBU)KEHUE TEIJIOHOCUTENS, MOIepevHas
ckopocth umeet 3Hadenue (Wy/Wep) ~ (0,1 — 0,05).

5. MakcumanbHOEe 3HaYeHHWE AKCHUALHOHW CKOPOCTH MOTOKa HAa HMCCIEeNyeMBIX (parMeHTax
TBAJILHOT'O TyYKa peaqn3yeTcsi B 00JacTH TPEX PsA0B TBIJIOB, PACTIONOKEHHBIX OKOJIO MEXKKACCETHOTO
HPOCTPAHCTBA, B MOMEHT o0Tekanust motokoM mosicoB KJIP u JIP u cocraBnsier (W/Wp) = 1,45.

7. Becnencreue Hanmuuus rugpasnndeckn HeuaeHTHIHbIX K/IP u JIP pacnpenenenue pacxona
TEIUIOHOCHUTENII ~ MEXIY  COCEHMMH  TOIUIMBHBIMH  KacceTaMHM  HIpUOOpeTaeT  CHIBHYIO
HEPaBHOMEPHOCTh. MakcuMallbHOE Pa3linine Pacxojia TETIOHOCUTENST MEXKy CMEXKHBIMU KacceTaMu
cocraBisier 38%, HaOmomaercs Ha cpegHeM (parMeHTe TBIJIBHOTO Iydyka W OOYCIIOBIIEHO
HanOOJbIIEH HHTEHCUBHOCTBIO MONIEPEYHOr0 MOTOKA HA JAHHOM ()parMeHTe TBAJIBHOTO ITy4Ka.

8. BrIpaBHUBaHHE pacxojila TEIUIOHOCHTENST MEXITy CMEXKHBIMH TOIUIMBHBIMH KacceTaMH
HaOmomgaeTcst HemocpeacTBeHHo mepen [P. Paszmuume pacxoma TEIUIOHOCHUTENS MEXKIY KacceTaMu
cocrasisieT He Oonee 10%.

3akunoueHne
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AHanu3 pe3yibTaToOB UCCIEIOBAHUN MPOIEcca MePEeMEITUBAaHUS TEILUIOHOCUTENS B aKTUBHOM
30He peakTopa BBOP mo3Bommn cienars cienyronme BIBOIbL:

a) Ha JBW)KCHHE TEIJIOHOCHUTENS B TBIJIHHOM ITyYKEe aKTHBHOM 30HBI, COCTOAIIEH M3 KacceT
TBCA pa3nuuHbIX KOHCTPYKIIMH, OKa3bIBAIOT BIUSHHUE MOICPEYHBIC TTOTOKH, C(HOPMUPOBAHHBIC MPH
00TeKaHNH TUAPABINYECKHA HENMIEHTHIHBIX PEIIeTOK;

0) B 001aCTH MEKKACCETHOTO MPOCTPAHCTBA BEIMINHA TIOTICPEIHON CKOPOCTH MPH 00TEKaHUH
MOTOKOM KOMOWHHMPOBAHHON TUCTAHIIMOHHUPYIOIIEH M AUCTAHITMOHUPYIOUICH PEIIETOK HAa «HIDKHEM)
U «cpeaHeM» (parMeHTaX TBIIBHOTO IyYyKa COOTBETCTBYIOIIUX TEILIOBBUICISIONIMX COOPOK
OJIMHAKOBA;

B) MaKCHMaJlbHas BEIWYHMHA ITOTIEPEUYHON CKOPOCTH HaOIIOmaeTcs MpH OOTEKaHWH ITOTOKOM
KOMOWHHUPOBAHHOM JTUCTAaHIIMOHUPYIOIICH PEIISTKH, PACIONOKEHHOW B «CpeaHem» (parMeHTe
TBIJIBHOTO TYYKa;

r) TayOMHa pacmpoCTpaHEHHWsS TIOMEPEYHBIX TEUeHUH TEIUIOHOCHTENSI B  CEUCHHH
TETUTOBBIICISIIOIIUX COOPOK Ha «CpeaHeM» (parMeHTE TBAIBHOTO IyYKa OFPaHUYHMBACTCS YCTHIPHMS
PSZaMH TBAJIOB, 2 HA KHIKHEM» U «BEPXHEM» (PparMeHTax TpeMsl psiaMH TBAJIOB,

1) TIpU JBIKEHUH TEIUIOHOCHUTENS 4epe3 «HIKHHN» W «CpeHwit» (parMeHTHl TBIIHHOTO
My4YKa HaOJII0JaeTCS POCT BEJIMYUHBI MOMEPEUYHON CKOPOCTH MOTOKA, B CBOI OUYEPE/lb, B «BEPXHEMY
(hparMeHTe POCT MOMEPEYHON CKOPOCTH OTCYTCTBYET;

€) BBIPAaBHUBAHHE pacxoJa TEIUIOHOCHUTENI MEXAY COCETHHUMH TeIIOBBIICISIONINMA
cOOpKaMH Ha «CPEIHEM» U «HIDKHEMY (hparMeHTaX TBAIIBHOTO ITy4Ka HAOIFOIaeTCsl HETIOCPEICTBEHHO
3a IUCTAaHUHMOHUPYIOLIEN PEIIETKOM.
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SKCHEPUMEHTAJIBHOE UCCJIEJJOBAHHUE ITPOLHECCOB IEPEMEIINBAHUSA

IOTOKOB TEIJIOHOCHUTEJISI B HAIIOPHOM KAMEPE SIJIEPHOI'O PEAKTOPA

Hmutpuer C.M., XpoboctoB A.E., JleruanoB M.A., Pszanor A.B., Jloopos A.A., loporkos J[.B.,
[Ipornn A.H.
Huosicezopodckuti cocyoapcmeenubiii mexuuueckuil ynusepcumem um. P.E. Anexceesa
(Huorcnuti Hoszopoo, Poccutickas ®edepayus)

AHHOTamusl. B mpencTaBiIeHHOW AKCIEPUMEHTAIBLHOW PaboTe  MOJCIUPOBAIOCH  SIBICHUC
MIEPEMEIITNBAHMS TIETIEBBIX MOTOKOB TETUIOHOCUTENS BHYTPH MOJENH OITyCKHOW KaMephl SIepHOTO
peakTopa. MccnenoBanne BBIMOJIHAIOCH HA BRICOKOHATIOPHOM aspoauHamuyeckoM crenae HI'TY um.
P.E. AnekceeBa. MacirabHast MOAETb SIIEPHOTO peakTopa 00Jiaaana KOHCTPYKTHBHBIMH DIIEMEHTAMH,
XapaKTepHBIMU JJISl TIETICBBIX PEAKTOPHBIX YCTAaHOBOK (OMyCKHOW KOJNBIIEBOM TPaKT, HIKHSISA
HamopHasi Kamepa). OKCIepUMEHTAIbHBIE WCCIIEIOBAaHUA OBLTH TPOBEACHBI B JAHMANla30HE YHCEN
Pefinonbaca ot 20 000 go 50 000, ompeneneHHBIX B KOJNBLEBOM 3a30pe OIMYCKHOW 4acTd Mopaenu. B
MpoIlecce UCCIENIOBaHUN OBUIO ONPEAENeHO MPOCTPAHCTBEHHOE paclpeliesieHHe Tpaccepa B IMOTOKE
TETUIOHOCHTEISI B OITYCKHOM KOJIBIIEBOM KaHaJe, a TAak)Ke B HIDKHEH HAIlOPHOM KaMepe.
KawueBble ciioBa: THIPOJAWHAMHUKA IIOTOKA, IEpPEMEIIMBAHME IIOTOKOB, SICPHBIA peakTop,
TEIIOHOCUTEIIh, METOJ] HEMOCPEACTBEHHOTO 0TOOpa mpo0, Tpaccep.

EXPERIMENTAL STUDY OF THE FLOW MIXING PROCESSES OF THE COOLANT IN
THE PRESSURE CHAMBER OF A NUCLEAR REACTOR
Sergei M. Dmitriev, Alexander E. Khrobostov, Maksim A. Legchanov, Anton V. Ryazanov,
Alexander A. Dobrov, Denis V. Doronkov, Alexey N. Pronin
Nizhny Novgorod State Technical University n.a. R.E. Alekseev
(Nizhniy Novgorod, Russian Federation)

Abstract. In the presented experimental research, the phenomenon of the loop flows mixing of the
coolant inside the model of the lowering chamber of a nuclear reactor was simulated. The study was
carried out at the high-pressure aerodynamic stand of the NNSTU n.a. R.E. Alekseev. The scale model
of a nuclear reactor possessed structural elements characteristic of loop reactor plants (lowering ring
duct, lower pressure chamber). Experimental studies were carried out in the range of Reynolds
numbers from 20,000 to 50,000, determined in the annular gap of the lower part of the model. In the
course of the research, the spatial distribution of the tracer in the coolant flow in the lowering annular
channel, as well as in the lower pressure chamber, was determined.
Keywords: flow hydrodynamics, flow mixing, nuclear reactor, coolant, direct sampling method,
tracer.

Beenenue

Co3anue HOBBIX BOJIO-BOJISIHBIX SJICPHBIX SHEPTETHUECKUX YCTAHOBOK TPEeOYeT MpOBEICHUS
KOMILJIEKCa HAyYHO-MCCIIEOBATENbCKUX paboT 1O OOOCHOBaHMIO O€30MAaCHOCTH KAk HOBBIX
KOHCTPYKTOPCKHX PELICHUWH, Tak W pPeXUMOB paboTel SIDY. OOocHOBaHHE TEMIOTEXHHUYECKOH
HaJIGKHOCTH BO MHOTOM Oaszupyercss Ha TEIUIOTHJIPaBIMYECKOM pacueTe, 4To TpedyeT
WHQOPMATUBHOCTH M JIOCTOBEPHOCTH TIapaMeTPOB TEIIOHOCHUTENS C YYETOM HUX JIOKAJILHOTO
pacripeneneHus BHyTpU peaKTopa.

[IpoBenenne a’poAMHAMUYECKOTO SKCIEPUMEHTAa C HCIIOJIb30BAHUEM HM30TEPMHUUYECKON
MOJIEJI HANOpPHOTO TpaKTa BOAO-BOJSHOTO SIIEPHOTO peakTopa JaeT BO3MOXKHOCTb HCCIENOBATh
0COOEHHOCTH TE€YEHUS IOTOKA M CMOJEIIMPOBATH TEMIIEPATYPY TEIUIOHOCHUTEJISI HA BXOJAE B aKTHBHYIO
30Hy B IpoOIlecce NMEPEMEIINBAHUS METIEBBIX NMOTOKOB. Takve HCCIENOBAaHUS MO3BOJISAIOT YTOUHUTH
pacmpezneneHre TeMIlepaTypsl Ha BXOJle B aKTHBHYIO 30HY M B IMETJISIX TETUIOOOMEHA, YTO OCOOEHHO
BAXHO B peXHMax paboTbl peakTOPHOM yCTAaHOBKM C HECUMMETpHYHON Harpy3koil [1]. Takxke
Pe3ybTaThl TAKUX UCCIIEIOBAHUN HEOOXOAUMBI ISl pacdeTa pacrpeliesieHHsl KOHLIEHTpauu OOpHOH
KHCJIOTHI B aKTUBHOM 30HE TIPH MHXKEKITUH €€ B TETNIOHOCUTENh TIEPBOTO KOHTYpa [2].

MeTtoauka npoBeIeHHN IKCIIEPUMEHTA
OxcnepuMmenTanbHbI cteHg OT-50 HI'TY um. P.E. AnekceeBa (puc. 1) npeacrasisier co0oit

AIPOTMHAMUYCCKAN Pa30OMKHYTHIA KOHTYp. CTeHI TpemHa3HadeH ISl MPOBEACHHS WCCICIOBAaHUI
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JIOKaJbHBIX 3HAYEHUH CKOPOCTH M JAaBJICHHS MOTOKA, a TAaKXKE NEPEeMELIMBAHUS TEIJIOHOCUTENS B
MOJIETISTX OCHOBHOTO 00O0pyIOBaHWUS SAEPHBIX peakTopoB [3]. B cocTaB cTeHna BXOAAT: BEHTHISTOP
BBICOKOTO  JaBJICHUS, pECHUBEpHas  EMKOCTb, IIOABOJHON  THAPABINYECKHH  KOJUIEKTOD,
JKCIEpUMEHTANIbHASI MOJIEINb, U3MEPUTEILHBIN KOMILIEKC.

1 2 3 4

Puc. 1. O6mmii BU SKCIEpUMEHTAIBHOTO CTeHaa: 1 — senmunsamop, 2 — pecusep; 3 — no080OHOU
KOJLIEKMOp; 4 — IKCnepUuMeHmanbHas MoOelb ONYCKHOU Kamepbl peaKmopa

OKCHIepUMeHTaIbHass MOJCIb (pHC. 2) — ATO YHPOINEHHAs MacliTaOHas MOJENIh HANOPHOU
KaMephl BOJIO-BOJSTHOTO SITIEPHOTO PEaKTOpa C YeTHIPHMS HMETISIMHU [MUPKYIIAINAN TETTIOHOCUTETIS.
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Puc. 2. DkcriepuMeHTaIbHAs MOJIENb HATOPHON KaMepHI sIIEPHOT0 peakTopa: a — obuuil 6uo; b —
cxema 08UICEHUsL NOMOK08,; C — HyMepayust KAHAI08-UMUMAMOPO8 AKMUBHOU 30Hbl

JIBmxenue pabodeidl cpeibl OPraHU3yeTCsl CIEAYIONIMM 00pa3oM: pajualibHBINA MOJBOJ IO
YeThIpeM MaTpyOKam, MPOXOKICHUE OMYCKHOI'O KOJBIIEBOTO KaHaja /O HIDKHUA HAIIOPHOW KaMephl,
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c(hOpMUPOBAHHOW AILTUNTHYSCKUM JHUIIEM M HUKHEW YacThI0 NMHUTATOpPA aKTUBHOW 30HBI, TIOIBEM
yepe3 UMHUTATOPbI aKTUBHOW 30HBI C MTOCIIEAYIONAM OCEBBIM BBIXOJOM M3 BEPXHEH CIMBHON KaMephl.
KOHCTpYKTHBHO SKCIEpHMEHTabHAs MOJeNb oO0JamaeT dYeThIphbMS BBOJHBIMH HaTpyOKamwu,
OTCTOSIIIMMU JpYyT OT Apyra Ha 90 rpagycoB. UmMuTaTOop akTUBHOM 30HBI MIPeACTaBisieT co0oil Habop
W3 JNIEBATHAAIATH JPOCCETTMPOBAHHBIX BEPTHKAIBHBIX KaHAIOB, KOTOPBIE MOJAETHPYIOT TMepenas
JTABJICHUS B aKTUBHOM 30HE.

[lo omHOMY M3 MaTpyOKOB SKCHEPUMEHTAIBLHON MOJIENN MOAABAJICS BO3AYX C KOHTPacTHOU
MPUMECHIO, TIO TPEM APYTHM — BO3AYX.

B 1ienomM KOMILIEKC SKCIEPUMEHTAIBHBIX HCClenoBaHui, mpoBoauMbix B HITY wum.
P.E. AnekceeBa, mpenycMaTpUBAaeT BapbUpOBaHUE KpuTepus PeillHoimpaca 3a CYET HM3MEHEHUS
OTICNBHBIX BXOISIIMX B HETO0 IMapaMeTpOB: CKOPOCTH IMOTOKA W KHHEMATHYECKOW BI3KOCTH
(nconp3ys pasHeie pabodne cpemsl — BO3IAYX/BOJa, a TakKe HArpeB Cpelsl), B AHWAra3oHe
Re=10 000+50 000.

Uzyuenne ocoOeHHOCTEH T€UeHUs TETNIOHOCUTEINST BHYTPH MOJICNIM PEaKTopa IPOBOAMIOCH C
HCIIOJIB30BaHUEM METOJla BBOJa Tpaccepa (KOHTPACTHOM MAacCUBHOW MPUMECH), B KaUe€CTBE KOTOPOTO
ObL1 BEIOpaH mpomad. [IpucyTcTBre 3TOT0 raza B MallbIX KOJIMYECTBAaX B BO3IYIIHOW CPEJie B YCIOBUSIX
KOHBEKTHUBHOI'O BBICOKOTyp6YHeHTHOFO II0TOKAa HE OKa3bIBACT BJIIMSAHHUA HA TCUCHUC.

I[Hﬂ HN3y4YCHUA IIpoHecCa MNEpeMCHIMBAHUA TMCTICBBIX IMOTOKOB TCIUIOHOCUTCIIA B MOJICIU
SANIEPHOTO PEaKTOpa XapaKTepHBIMU 00JacTAMU OBLIM BBIOpAaHBI JIBa y4acTKa MOJENH: OIyCKHas
KOJIBIIEBASI ¥ HIDKHSIS HATIOPHAS KaMepBhl.

B xone skcniepuMenTa ObUIH MONTYyUYEHBI JAaHHBIE O paclpelleIeHHH CKOPOCTH pabodei cpesl
Y KOHIICHTpAIlMH IMPUMECH B XapaKTEePHBIX 00NAcTIX Mojend. Pe3ynbraTel naiee TPHUBOASTCA B
Oe3pasmepHoii (opme — B BHAe Oe3pa3MEpHON OTHOCHUTENBHON KOHIIEHTPAIMM TIPUMECH W
0e3pa3MepHO CKOPOCTH.

Pe3yabTaThl 4 MX 00CYKAEHHUE

Ha mnepBoM »JTame »KCHEPUMEHTAIBHBIX pPa0OT MPOBOIUIOCH HCCICAOBAHUE KapTHUHBI
JIBIDKCHUS TOTOKA TEIJIOHOCUTENS MPHU MPOXOKACHUUA €ro Yepe3 OMYCKHYI0 KamMepy OT BXOIHBIX
MaTpyOKOB O UMUTATOPA aKTUBHOW 30HBI.

Bo Bcex skcneprMeHTANBHBIX PEKUMaX ISTHO KOHTPACTHOTO Tpaccepa ObUIO OOHAPYKEHO B
00JaCTH TPOTUBOIMOJIOKHONH €ro BBOAY, 4YTO SBJISCTCS CJICACTBUEM HAJIMYHUS 3aKPYyTKH IOTOKA
TETUIOHOCUTENSI OTHOCUTENhHO TaTpyOka momauwm Tpaccepa. [lpm 3ToM Hambompmuii BKIam B
CIUpajbHOE JIBUKEHHE TEIIOHOCHUTENS] BHOCHT OMYCKHAs Kamepa, MPH JIBWKEHWU BHYTPU KOTOPOWM
MOTOK OTKJIOHsAeTcss Ha yron mnpumepHo 120° (Re=20000) u 170-180° (Bo Bcex OCTaJIbHBIX
9KCTIEPUMEHTAIBHBIX peKuMax) (puc. 3).

[lo mpencraBiIeHHBIM KapTorpaMMaM pacHpeselieHHs] Tpaccepa B OIYCKHOW KaMepe MOXKHO
OTIpEAENUTh, YTO JUIA BCEX JKCIIEPUMEHTAIbHBIX PEKHUMOB YIOJl PACKPBITHUS KOHTPACTHOW CTpPYyH
cocrtapmseT 15-25°.

Ha mosrydeHHBIX TONSX KOHIIEHTPAIMK Tpaccepa MOXHO 3aMETHUTh MOBOPOT JIOKAIBLHOTO
MaKCHUMyMa KOHIIGHTPAllMU MpH TEepPETeKaHWH TEIUIOHOCHTEIS OT HIDKHETO CEYEHHUsS OIYCKHOM
KaMephbl K CEYEHUIO BX0/la B KaHAJIBI-MMUTATOPbI aKTUBHOM 30HKI. [Tpu Bcex uncnax PeliHonbaca yron
MOBOPOTa KOHTPACTHOTO IIATHA HaxoauTcs B jauama3one 50-60° oTHOCHUTENBHO BBIXOJA W3
KOJIBIIEBOTO KaHaja. JTO OOBSACHSIETCS 3aKPYTKOH IOTOKAa B HIDKHEH Kamepe, OOYCIIOBJICHHOM
HaJUYUEM JTOTIOTHUTEIHHOTO OCEBOTO BUXPS.

Crnenyer OTMETHTh, UTO IOJHOTO  IEpPEMEIIMBAHUS  KOHTPACTHOH  TIPUMECH B
AKCMIEPUMEHTAILHON MOJIETN HE MPOW3O0II0, O YeM CBHJIETENLCTBYET CYNIECTBEHHOE pasiMuve ee
OTHOCUTEIFHOM KOHIICHTpAallMM Ha BXOJE B KAaHAIBI-MMUTATOPHl AKTUBHOM 30HBL s pexuma
Re=30 000 MuHWMaNbHAs OTHOCHTEIBbHAs KOHIEHTpalusi Oblla oOHapyxeHa B KaHaie Ne 8 u
coctaBuia 0.05, makcuMainbpHas OTHOCUTENbHAS KOHUEHTpauus 0.44 TOKaJlbHO PacloNoXKeHa B KaHale
Ne 12.

B pacnpeneneHur CKOPOCTH TEIUIOHOCHUTENST 4Yepe3 KaHaIbl SKCIEPUMEHTaTBLHOM MOIETH
OTYETINBO HAOIIOMa0TCs 1Be 00IacTu TeueHus (puc. 4):

- B LICHTPAJIbHBIX CEMU KaHajaX CKOPOCTh IMOTOKA HIKE CPEIHEPACKXOJHON CKOPOCTH;

- B mepuQepuitHOM PsILy CKOPOCTh IIOTOKA BBIIIE CPETHEPACKOAHON CKOPOCTH.
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Puc. 3. Kaprorpamma pacnpernenenus Tpaccepa B OIyCKHOW KaMepe MOJISNTN peakTopa (CiieBa) 1 B
HIDKHEH HanopHo# kamepe (crpasa): a — Re=20 000; b — Re=50 000
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Puc. 4. PactipenienieHrie OTHOCUTEIBHBIX CKOPOCTEH 10 KaHaTaM—MMHUTAaTOpaM aKTHBHOM 30HEI pu Re
=50 000: a — omHocumenwvhoie ckopocmu, b — abcontomuvie ckopocmu

Takoe pacmpeneneHre CKOPOCTH TEIUIOHOCHUTENS Yepe3 KaHAIbI-UMHUTATOPHl aKTUBHOW 30HBI
SKCHEPUMEHTAJIBLHON MOJENU SIBISETCS CIEICTBUEM IEepepaclpeesieHus MOosl JaBiIeHUs B HIDKHEU
HarmopHoi kamepe. CylIeCTBEHHOE 3aHKEHHUE TMOJTHOrO JABJICHUS HA BXOJE B UMUTATOpP AKTHUBHOM
30HBI MOTJIO OBITh BBI3BAHO HAIMYHEM KPYITHOTO IEHTPAIHLHOTO BUXPSI.

3aximo4enue
1. DxcnepuMeHTaNbHBIE HCCICAOBAHMUSA M aHAIM3 PE3yJbTATOB NEPEMELIMBAHUS METIEBBIX
IIOTOKOB TEIUIOHOCUTEJIA B OIyCKHOI Kamepe MOJENU SJEpHOI0 PeaKkTropa IOKa3ajld, 4TO 3aKpyTKa
MIOTOKa IPOMCXOIUT MNPEHUMYIIECTBEHHO B OIYCKHOM Kamepe MoAenu peaktopa. g pasHbIX
SKCIIEPUMEHTANBHBIX PEXUMOB Yroi 3aKkpyTku cocTasisl 120—-180°. Ilpu 3ToM B HMXKHEH HamopHOR
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KaMmepe, HE3aBUCUMO OT 3HAYCHUs Kputepusi PeliHomb/Ica, TOTOK JOMOHUTENLHO OJKPYYHBAIICS Ha
60°.

2. OCHOBHOE TIepeMEINIMBaHUEC MEXKIICTIIEBBIX TIOTOKOB OOYCIIOBICHO KOHBEKTHBHBIM
TypOYJICHTHBIM IEPESHOCOM B OIIYCKHOH Kamepe MOJIENH peakTopa, MO3TOMY IIeJIeCO00pa3HO B
PEaKTOPHBIX YCTAHOBKAaX, Ui KOTOPBIX TpeOyercs oOecreueHre MaKCHMAaJbHOTO IepeMEITnBaHUs
MMOTOKOB TETUIOHOCHUTENS, JOTOTHHUTEIbHBIE TYpOyTH3UPYIONHEe M TePEMENINBAIONINE YCTPOHCTBA
pacroJiaraTh B 30HE OITyCKHOTO KOJBIIEBOTO KaHala, a HE B HIDKHEH HamopHOU KaMepe.

3. DKCrepuMeHTaIbHBIE HCCIACIOBAHUS MPOJICMOHCTPUPOBAIHN, YTO MPU YBEIUYCHUU YHMCIIA
Re ot 20 000 mo 50 000 xapakTepuCTHKH mpoiiecca TypOyJIeHTHOTO CMEIIEHHS IIOTOKOB CYIIIECTBEHHO
HE MEHSIOTCA (MaKCHMaJlbHBIE W MHHHMAJIbHBIE OTHOCHTEIBHBIE KOHIIEHTPAIIUH, YTON PACKPBITH
CTpyHY, TMOBOPOT IOTOKAa B HWKHEH HAMOPHOM Kamepe), OJAHAKO IPOUCXOIUT H3MEHEHHE yria
3aKpPYTKH TOTOKAa TEIUIOHOCHTEISI B OIyCKHOW Kamepe (OCOOCHHO CYIIECTBEHHO STOT 3(dexT
BhIpKEH TIpHU mepexozie or pexkuma Re = 20 000 k Re = 30 000). ITosromy menecoodpasHo st
BBISBJICHUS MacCIITa0UPYEeMOCTH PE3yJIbTaTOB U3YYCHHUS MPOILIECCOB MEKIICTICBOTO MEPEMEIITMBAHUS
MIPOBECTH UCCIIEAOBaHUs ¢ 0oJiee BRICOKUMU unciamu PeiiHonbaca. B cBszu ¢ atum B HI'TY um. P.E.
AnexceeBa cO3/laH KPYIMHOMACIITaOHBIA CTEHII C BOJSHBIM TETUIOHOCHUTENEM, Ha KOTOPOM OyAyT
MPOBE/ICHBI AHAJIOIMYHBIC MCCIICIOBAHMS IPU TEX Ke W OONbIIMX uuciax PeliHombiaca, a Takke Ha
YBEIUYECHHON MOJIEIIN.
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HUCCIEJOBAHME BJINSHUA PAIUOIIOMEX HA JUHAMMYECKHUE ITAPAMETPBI
JJOIT'NYECKUX DJIEMEHTOB
TUTOBUY H.A.
benapyccxuii eocyoapcmeenuwiii ynugepcumem uHpOpMamuky u paouoIneKmpoHuKy
(Munck, Pecnybnuxa benrapycs)
Aunnoranus. VcciienoBaHo BIMSHUS paJAHONOMEX HA ITMHAMUYECKHUE MapaMeTpbl JOTHUYECKUX
anemMeHToB. [Ipu MpoBEACHUU UCHBITAHUM JIOTMUYECKHE MHBEPTOPHI COCIUHSIIUCH MO CXEME
KOJIBIIEBOT'O TeHepartopa. Bo3nelcTBus MoMexw NPOBOAWIMCH C HUCHojb30BaHueM TEM-
KaMepr, a TaKXKeE I10 METOAY NPsAMOIr0 BBCACHUA MOLIHOCTH. YCTaHOBHGHO, qTo 6LICTpOI[eI>iCTBy10HIPIe
MUKPOCXEMBI 60nee BOCIIPUUMYUBEI K BO3HCI>1CTBI/IIO IIOMEX.
K.]'ll()‘leBbIe cJoBa: 3J'IeKTp0Mal" HUTHAasA COBMECTUMOCTDH, MHTCTPAIAbHBIC MUKPOCXEMbI, paJuoIloMexa,
BOCIIPUUMYNBOCTE..

INVESTIGATION OF THE INFLUENCE OF RADIO INTERFERENCE ON THE DYNAMIC
PARAMETERS OF LOGIC ELEMENTS
N. A.-TITOVICH
Belarusian state university of informatics and radioelectronics
(Minsk, Republic of Belarus)

Abstract. The influence of radio interference on the dynamic parameters of logic elements is investigated.
During the tests, the logic inverters were connected according to the circuit of the ring generator.
Interference effects were carried out using a TEM-camera, as well as using the method of direct power
injection. It was found that high-speed microchips are more susceptible to interference.
Keywords: electromagnetic compatibility, integrated circuits, radio interference, susceptibility.

BBenenne

B cootBerctBHM ¢ MexrocynapctBeHHbIM ctaHaaprom ['OCT 32137-2013, ycraHaBiuBaromyum
TpeOOBaHMS K TEXHHMYECKHMM CPEACTBaM aTOMHBIX CTaHIMHA IO OOECIICUCHHUIO BICKTPOMArHUTHON
comectumoctr (OMC), BKmoUas TpeOOBaHUsI YCTOMYMBOCTH K 3JIEKTPOMAarHUTHBIM nomexam (OMIT) u
HOPMBI TIOMEXO3MHCCHH, & TaKXe€ COOTBETCTBYIOLIME METOIbl MWCIBITAHUM, Pa3pabdOTUMK IOIKEH
00ecreunTh yCTOWYMBYIO paboTy ammapaTypsl B YCIOBUSIX — BO3ICHCTBHS — PajMOYacTOTHOTO
ANIEKTPOMArHUTHOrO Tosisg B mojioce vactor 0,15-2000 MI'y u HampsbkeHHOCcThIO OT 1 10 30 B/M [1].
HcrouHvkamMu — HENpEeJHAMEPEHHBIX  KOHIYKTHBHBIX  IIOMEX, HAaBEICHHBIX  PaglOYacTOTHBHIMHU
SNICKTPOMAarHUTHBIMHM TIOJSIMH Ha BXOJHBIE M BBIXOAHBIE IOPTHI, B TOM YHCIIE, SJIEKTPONUTAHUS
MIEPEMEHHOTO TOKA, JJIEKTPONHUTAHMS TOCTOSHHOTO TOKA, CHUTHAJIBHBIE MOPTHI, MOPTHI YIPAaBICHUS H
BBOZA-BBIBOJA SIBIISIFOTCSI CpEICTBA TEJIEKOMMYHUKAaUMi (IIpexAe BCero MOOWIbHBIE Tene(OHbI),
pazIM4HOe MHAyCTpHAIbHOE oOopynoBanue. HamOonee BOCIPUMMYMBBIM pELENITOPOM K HaBEAECHHBIM
OMII sBrsitorest nomynpoBoanukoBele npubopsl (I1IT) w1 wmHTerpansabie Mukpocxembl (MMC). B
HEKOTOPBIX CIy4asX HE HCKIIOYEHO W BO3ACHCTBHE MpeTHAMEPEHHBIX TToMeX. MHora BINsHUE MOIIIHBIX
CBY nomex npuBogut K Bbixoay I u3 cTpos wnm aerpagaliOHHOMY HW3MEHEHHIO UX HapamMeTpoB.
OnHako Hambosiee BEPOSTHBIMH W TPYAHO JHUATHOCTHPYEMBIMHU SIBIISFOTCSI MAIOMOIIHBIE PaIHOTIOMEXH,
BBI3BIBAIOIIME OOpaTHMble cOOM B paboTe IMQPOBBIX M AHAIOTOBBIX YCTPOWCTB. 3a cyeT 3¢dekra
nerekriupoBanus BU orubatomeil paguonomexu npoucxoaut nzmeHenue napamerpos [T u UMC, uto B
KOHEYHOM HMTOre IPUBOAMT K (PYHKIIMOHATIBHOMY cOO00 B paboTe paMo3IeKTPOHHOTO yeTpoiicTsa (POY).
[py ypoBHSIX MOTJIOMIEHHON P-N-TIEPXOJ0M MOIIHOCTH B JECSATKU-COTHH MBT mpoucxomut nedopmarmst
ero BOJBT-aMIlepHOH xapakTepuctiuku (BAX), ymenbmaercss kodpQuIMEHT niepeaadd OUIOISIPHOTO U
KPYTH3HA XapaKTEPUCTUKHU ITOJIEBOTO TPAH3UCTOPA, POUCXOAUT N3MEHEHHE YPOBHEN JIOTMUECKUX HYII,
SIMHUIIBI I BPEMEHH 3aIeP>KKH JIoTHdeckux dneMenToB (JID) [2].

Omanm u3 Hambosee addexTuBHBIX myTei obecriedenus DMC POV smisiercst yder mpu
NPOEKTUPOBAaHUN MH(POPMALIMK O BOCIPUMMYMBOCTH K Bo3zaeicTButo OMII ux snemeHTHOH 0asbl, B
ocobennoctu 1T u UMC. Ilyrem BbIOOpa MeHEe BOCIPUMMYMBBIX 3JIEMEHTOB, PalMOHAIBHOMN 3alUTHI
MX Hawbomee yA3BUMBIX IIeMed MOXKHO 3HAYMTENIFHO CHM3WTH 3aTpaThl Ha obecreueHne OMC,
YMEHBIIUTh a0apuThl U BEC anmapaTypbl. B CBS3M ¢ 3TUM MpU NPOBEIEHUH MCCIIEAOBaHUN HEOOXOAUMO
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pacuMpuTh HOMEHKIATYpy uccienayeMbix [1I1, m3yunTh AMHAMUKY W3MEHEHUS HAauO0O0JIee KPUTUIHBIX HX
rapaMeTpoB, OTPOOOBATH PA3TIIMYHBIE METOAUKH OIIEHKH BOCIIPUAMYIBOCTH.

JKcnepuMeHTAIbHbIE HCCIeTOBAHUS

[Ipn wmccmenoBaHUM BOCIIPUUMYHBOCTH TIPOCTBIX MHKPOCXEM IIMPOKO HCIIONB30BAJICS METOJ
CPaBHEHMsI BBIXOJHBIX CHUTHAJIOB 3TAJIOHHOM M HCCIEAyeMOW MHKPOCXEM, MO3BOJISIOIIMKI ONpenensiTh
ropor BocupurMurBocTH IMC 110 KpUTEPHIO «IOCTOBEPHOTO cOO0s». bosee TOUHBIM SBIISICTCST KPUTEPHI
«BEPOSITHOTO OO, TIPEATIONATAIONIHI OTHOBPEMEHHBI KOHTPOJIb BCEX MAapaMeTPOB BBIXOIHOTO CHUTHAJIA
UMC [2]. OgHako TOUYHYIO OLIEHKY JUHAMHUKH M3MEHEHus BpeMeHu 3anepxku JIO m apyrux UMC
000MMH MeTOZlaMHU CHeNiaTh TPYAHO, TaK KaKk HEOOXOAMMO YUYHTHIBATH BIMSHHE HArpy3KH, MMapaMeTpoB
curHanbHBIX JMHUHA. [lpm pa3paborke OBICTPOAEHCTBYIOMMX ITU(PPOBHIX CHUCTEM TOYHAS OIICHKA
BO3MOYKHBIX OTKJIOHCHHH BPEMEHHBIX ITapaMeTpoB mojn nekicteueM OMII odenp BaxHa. B psme
CIy4aeB M3MEHEHHE BPEMEHHU 3aJepKKM pacIpOoCTpaHEHMs Ha E€AMHHUIBI M JaXe JIECAThIE IOIH
HAHOCEKYH/JBl MOJXKET TIPUBECTH K BO3HHKHOBEHHIO TOHOK CHTHAJIOB M K cOo0 B pabote
000pyIOBaHUS, YIPABIISIONIETO CI0KHBIMU TEXHOJIOTHUECKUMH IIPOIIECCaMHU.

[Ipyn uccnenoBaHMM M3MEHEHHsI BPEMEHHBIX MapaMeTpoB JIOD XOpolIyl0 TOYHOCTH MO3BOJISET
MOJYYHUTh METOJ «KOJIBIIEBOTO reHeparopay [3]. M3BecTHO, UTO €CclM HEYETHOE YHUCIIO N JIOTHYECKHX
naBepTopoB (JIM) coenvHUTH MOCIENOBATEIBPHO B KOJBLEBYIO CXEMy, TO 3a CYET 3aJIepPKKH
pacrpocTpaHeHus] CUrHajla B 3JEMEHTaX BO3HHKAET IOJIOKUTENbHAs oOpaTHas CBSI3b M CXeMa
HauMHaeT paborarh, Kak aBroreHeparop. Ilo wacrore renepauuu f, MOXHO ompenenuTh cpenHee
BpeMsl 3a/iepkku pacrpoctpaHenust JID t; p ¢p = 1/2nfo. Ilpm Bo3meiictBun DOMII Ha Bce JID
OJTHOBPEMEHHO HU3MEHSEeTCd UX BpeMs 3aJepKKH paclpOCTpaHEHHs, a COOTBETCTBEHHO M 4acTOoTa
renepanuu KoJbieBoro regeparopa (KI'). ITo nauansHoMy fo 1 HOBOMY f1 3HAYEHHUIO YACTOTHI MOYKHO
OTIpeIeTTUTh CPEeIHEe 3HAUCHNE H3MEHEHHS BPEMEHH 3aJIePKKH PaCIIPOCTPaHEHUS

Aty pep = (Ufo - LUf1) 120 .

B »ToM cnywae s MONMydeHHS JIOCTOBEPHBIX pE3YNbTaTOB BAXKHO OOCCHEUUTh MOAAUY
OJIMHAKOBOTO YpPOBHSI TIOMEXOBBIX BO3/EHCTBHII Ha OJHOMMEHHBIE BBIBOABI JID (BXOI, BBIXOJ, BBIBOA
NUTaHUA). 3aJada IOCTPOCHUS IKCIEPUMEHTAIBHOTO MaKeTa Ha MHOT'O YIPOIIAETCS, €CIIH pafrornoMexa
BO3CUCTBYeT Ha MKy nuTanust IMC, coaeprkarieil Heckonbko JI3.

[Ipu nocTpoeHnn 3KcepruMEHTAILHON YCTaHOBKH ISl McciieioBaHus BoctipuumyrBoctd IMC B
cootBeTcTBHU O cTaHaapToM |IEC 62132 npumensttoT nBa criocoda mogaun BY nomexu: TEM-kamepst [4]
U TIPSMOTo BBEOECHHS MOIIHOCTH [5] (KOHOYKTHBHBIH). CTpyKTypHass cxema SKCIEpUMEHTaJIbHON
YCTaHOBKH U300paxkeHa Ha puc. 1.

TEM-xamMepa

W cTouHHK
MHTAHHL

BHY-renepatop | BU-ycuwmrens

BU-BonBTMETP YacToTOMEp DHIETP

Komsl. renepatop

Puc.1. Cxema skciepUMEHTaIbHON YCTaHOBKH.

KI' u3 newerHoro uucna JIM momemieH B 3KpaHUPOBAHHYIO H3MEpUTENbHYIO Kamepy. Ha
MHUKpOCXEMY, Ha dlieMeHTax koTopoi cobpan KI', uepes pasBs3piBaromuil GUIbTp MOJACTCS THUTAHUE.
KonTposbe 4acToThl TeHEpaTopa OCYIIECTBISIETCS C TMTOMOIBI0 yacToToMepa win BU ocnmmiorpada.
IIpu umutarun SMII crmocoOoM IpSMOTO BBEACHHSI MOITHOCTA BBICOKOYACTOTHAS TIOMEXa TOIaeTCs
or BU-reneparopa (mpu HEOOXOIMMOCTH YCHJIMBAETCS) HEMOCPEICTBEHHO B memnb nurtaHus MMC.
Yposenr BUY nomexu wusmepsercs ¢ nomompo BY  BombTmerpa. Ilpu  uccrnemoBaHuu
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BOCIIPUUMYMBOCTH K BozgeiicTBuio CBY momex cxemMa mpeamojiaracT U3MEPEHUE YPOBHS
TTOTJIONICHHON MOIITHOCTH U B COOTBETCTBHHM CO CTaHmapToM [5] mocie nenouku BU-reneparop — BU-
YCUJIMTENb BKIIOYACTCS HM3MEPUTENh MOTJOMIEHHON MowmHOoCcTH. Eciau npumensercs meron TEM-
Kamepsl [4], To, Kak mokasaHo Ha pHC.l, MOCIeIOBATRILHO B IIEMh MUTAHKS BKIIOYACTCS CIICIHaTbHAS
pamKa, pacTtoJIOKeHHas HEMOCPEICTBEHHO B KaMepe, MMEIOIIYI0 KOHCTPYKIIUIO PYIOPHOW aHTECHHBI.

C wucmonp30BaHWEM KOHAYKTUBHOTO crioco0a TMPOBENEHBl HCCIENOBAHHUSA — BIHASHUS
paauonoMex Ha pabOTOCIOCOOHOCTh MHU(MPOBBIX MHUKPOCXEM, MPOU3BOAMMBIX MPEANPUITUIMU
Pecriy0nuku benapyck u Poccun. Pe3ynbTars! uccieioBaHUi OKa3bIBAIOT, YTO B OOJIBIIUHCTBE CITy4YacB
0oJ1ee KPUTHIHBIMU K BO3ICHCTBHIO PaIOIIOMEX SBIISTIOTCS MuHaMmudeckue mapamerpsl JIO. V JID U-HE
cepuii 531 u 555 HenomycTHMBIE OTKJIOHEHWS! BPEMEHH 3aIEPXKKU PAcIpOCTPAHEHHS TIPU BKITIOYCHUH U
BBIKIIFOUCHUH HACTYMAIOT Npu ypoBHsIX BU moMex B HECKOJBKO pa3 MEHBIIHMX TEX, KOTOPHIC BBI3BIBAIOT
KPUTHUYECKHE OTKIIOHEHHS YPOBHEW JIOTMYECKWX HyNsl M emuHUIpl.  Ciemyer oTMeTHTh, uTo JIOD ¢
OIMHAKOBHIMH TIApaMEeTpaMH, HO M3TOTOBIEHHBIC 10 PA3IMYHBIM TEXHOIOTHSIM, IO PasHOMY
pearupyloT Ha TIOMEXOBBIC Bo3neWcTBus. JIJisi cpaBHEHHsS Ha pHC. 2 TPUBEICHBI PE3yIbTaThl
uccaenoBanuii s JI9 2U-HE cepuit 531 u 1533.
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Puc.3. Pe3ynbTaThl UCCIEIOBAaHUN METOIOM IPSMOTO BBEICHHS MOIITHOCTH.

W3 nprBeaeHHBIX 3aBUCUMOCTEH BUAHO, YTO IPH pa3paboTKe OBICTPOACHCTBYIOMINX CXEM IS
YMEHBIIIEHUSI BEPOATHOCTH COOEB MO NPHUYMHE TOHOK CHTHAJIOB BMECTO MHUKpocxem cepuid 531
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(anamoruuno 555 u 1554) cnegyeT uCnonabp30BaTh JIOTHYECKHUE 3JIEMEHTHI cepuu 1533, cpenHee BpeMs
3aJEPKKH PAaCIpPOCTPAHEHUSI KOTOPHIX 3HAYMTENILHO MeEHbIIe u3MeHsdercs mo aerctsueM OMIL. C
LEIbI0 OLIEHKM TOYHOCTH IIOJYYEHHBIX pPE3yJbTaTOB NpOBeAeH pacuer BosxaedcTBua OMII Ha
noruyeckue osnemeHtsl M-HE cepuit 531 wm 1533, [Jlnga aHanu3a nepexoAHBIX MPOIECCOB
WCTIONBb30Balack  m3BecTHas mporpamma SPICE2. Mogens 06azoBoro JID  MHKpocxeM
MPEACTABIANACh JKBUBAJNICHTHON JJIEKTPUYECKOW CXEMOM CaMOro JJIEMEHTa H DJJEMEHTaMH,
MOJAENHPYIOUIMMH HAarpy3Ky, SKBUBAJIEHTHYIO IOAKIIOUEHHIO K BBIXOAY Hccieayemoro JIO
AHAJIOTUYHOTO 3JIEMEHTa TOM ke cepuu. BXOaHON ABYXIMUTTEPHBIN TpaH3UCTOP MpPEACTaBIAICS
KaK OJHOOMHUTTEPHBIM, MCXOASA M3 YCIOBHM OJKCIEPHUMEHTA, TA€ BXOIBl COCIHHSUINCH MEXKIY
coboit. I'eneparop momexu MomenupoBaics ucTouHukoM BY mampstkenwmss Uy, TOAKITIOYCHHBIM
yepe3 pa3AelUTeNbHYI0 €eMKOCTh K Iienu Bo3zaeiicTBus OMII, B HameM ciydae K IIMHE MUTaHUA
JID. TlapameTpbl BXOIHOTO HMITYJIBCHOIO CHTHaJa M HAaNpsKEHHWE NUTAHUS MOZAEIUPOBAIUCH
BBEJICHUEM B MOJIE€Jb COOTBETCTBYIOUIMX MCTOYHHKOB M BBIOMPAINCHh THUIIOBBIMH IS 3JIEMEHTOB
JlaHHBIX cepuii. ABTop Onaromapen crnenuanuctam CKb «Hemura» Munckoro HITO «uTerpam»
u @psszunckoro ¢unuana [[HUW «l{uknon», nNpeqocTaBUBIIUX TOYHBIC 3HAYCHHS MapaMETPOB
MozenupyeMsIx JID, 4To BO MHOTOM OTpa3uiIOCh Ha KadecTBe pe3ynbraroB. Kak BuaHO U3 puc.2,
JIaHHbIE PacyeTOB M 3KCIIEPUMEHTA JOCTATOUYHO XOPOIIIO COBIAIAIOT.

[Ipu mpoBeneHNHM 3KCIIEpUMEHTAa B KadyeCTBE HMHTATOpa PaJHONOMEX MCIIOJIb30BaINCh
Hambosee MoIHbIe oTedecTBeHHBIe BU renepatopsr [-143, '-144. WX MOIIHOCTH TOCTaTOYHO IS
JIOCTHKEHHS 3HAYUTEIHHOTO M3MEHeHus mapameTrpoB JIM npu KOHIYKTHBHOM criocobe momaye OMIIT
HEIOCPEICTBEHHO B IIeNb MUTAaHUS Yepe3 pa3aeNuTeNbHbIH KoHaeHcaTop. [ peann3annu ke cXeMbl
¢ TEM-kamepoit Heobxoaum BY ycunurens (puc.2).

Jns mpoBeneHUsT CpaBHUTEIHHON OIEHKH B JabopaTtopuu [Ipe3neHCKOro TeXHUYECKOTO
VHUBEPCUTETa C IOMOLIBIO OKCIIEPUMEHTAIbHON YCTAaHOBKHM, HW300pa)XEHHOW Ha pHC.2,
coaepxkameii TEM-kamepy, OBUIM HMCHOBITaHBI IIECTh THIIOB MHMKPOCXEM, BBIITYCKACMbBIX
amagaeivu upmamu: TTJI-cxem - 7400 (4 nByxBxomoBeix osmemeHta W-HE), 7402 (4
IBYyXxBX0J0BbIX 3iementa WJIM-HE), 7404 (6 wunBeptopoB); KMOII-cxem - 4011 (4
nByxBxonoBeix oanementa M-HE), 4001 (4 nByxBxomoBeix snementa WJIM-HE), 4069 (6
WHBEPTOPOB). OTOT CIOCOO TOMayu TOMeXHW Oosiee JOOporoi, T.K. Tpebyer OOMbmIuxX
armapaTypHbIX 3atpaT (MOIIHBIX UMHTAaTOpoB U ycmnuteneir BU momex, TEM-kamepsr). OnHako
OH Hen30eXeH MPU HCTBITAHUAX TOTOBBIX M3/ICIUN U WX OJOKOB. B maHHOM e ciydae OJHOW U3
nesnei paboTel Obl1a CpaBHUTENIbHAS OLEHKA PE3yJIbTaTOB UCHBITAHWUHN, NOJYYEHHBIX C MOMOIIBIO
000MX METOAOB MOAAYM IOMEX, JUISl YTOYHEHHS METOIMKH, HCHOJB3YIOUIeH KOHAYKTHBHBIN
METON, U pa3pabOTKW B JalbHEHIIEM MOJENeH Il PacYeTHOUW OICGHKH BOCIPHHMYHUBOCTH
U(GPOBBIX YCTPOUCTB M UX DJIEMEHTOB K Bo3aelcTBuio DMII. Braronaps npuMeHeHHIO HOBEHIIEH
anmapaTypsl yAaJloCh MOIYYUTh JOCTATOYHBIE YPOBHH JJIEKTPOMAarHUTHBIX IMOJEH M C BBICOKOH
TOYHOCTBIO H3MEPUTH U3MEHEHNE CPETHEr0 BPEMEHU 3aJA€PKKU PACIIPOCTPAHEHHUS O] JENUCT BUEM
oMex.

3aBUCHMOCTB CpPEeHEr0 BpeMeHH 3ajepkku pacrnpoctpanenus TTJI u KMOII mukpocxem ot
YpOBHS BO3ACHCTBYIOIIMX Ha pa3MmenieHHyl0o B TEM-kamepe paMKy 3JIEKTPOMAarHUTHBIX IOJIEH
npejcTaBieHbl Ha puc. 4. YactoTa BO3JAEHCTBYIONIMX pagUONIOMEX, KaK M B MPeIbIIyIInX
JKCIepUMeHTaX, BbiOpaHa pasHoi 200 MIm. HcmeiTaHus TPOBOAWIHMCH HE TOJBKO JUIS TPex
JIEMEHTOB B CX€M€ KOJBIEBOrO TeHeparopa, HO W and n=5 u 7. Jna KMOII muxpocxem
WCCJIEIOBAHNS BBITMOJIHEHBI TAKXKe U I PA3IMYHBIX HAPKEHUH ux nutanus - 5, 10 u 15 B.

AHanmyM3 TONY4YEHHBIX  pe3yJbTaTOB  IOKa3blBaeT, YTO TMpPHU BO3JAECHCTBUU  Ha
NEPIEHMKYIISAPHO PACTIONOKEHHYIO paMKy miomansio 0,002 M? 3JI€KTPOMArHUTHOTO MOJS C
HanpsbkeHHocThio 100 - 150 B/m (HaBogmmoe Ha mmuHY nutaHus BY HanpsskeHue mnomexwu
cooTrBeTCcTBeHHO 4 - 6 B) cpennee Bpems 3amepxku pacrupoctpanenus TTJI UMC cepuu 74
Bo3pactaeT Ha 2 - 4 Hc, a KMOII cxem Ha 4-6 HC. AHanornyHas auHamuka Als p cp Oblia
MOJIy4eHbl paHee anga MukpocxeM cepuit 155 [3]. [Ipu yBenndeHUM HANPSDKEHHOCTH TOJS 70
200-250 B/m At TTJ JID BospactaeT Ha 6 u Oonee HaHocekyHJ, a y KMOII cxem onHo
ymenbmaercs Ha 8-10 He. IlomydyeHHBIE 3aBUCUMOCTH UMEIOT MECTO KaK ISl cllydas BKIIOYEHUS
Tpex 3nemeHToB B cxemy KI, tak um ang n = 5 u 7. Takoil nuHaMuku He HaOIIOAAIOCH MPH
uccieaoBaHusIX oredecTBeHHBIX JIM. Ho 3TO MOXHO OOBSICHUTH CKOpee Majioil MOIIHOCTBIO
UMHTATOPOB, HE MO3BOJIUBIINX CO3JaTh JOCTATOYHBIM YPOBEHb MOJEH.
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Puc.4. PesynbTaThl uccienosanuii npu Bosaeiictsun OMIlc nomompsro TEM -kamepsl.

W3 mpuBeleHHBIX pe3yabTaTOB TAaKKE BHJHO, YTO B OBICTPOACHCTBYIOMIMX IH(PPOBBIX
YCTPOMCTBaX, KOTJa K CTAOMIBHOCTH BPEMEHHBIX [1apaMeTPOB MPEIbSBISIOTCS BHICOKHE TPEOOBaHM,
NPy TNUTAIIMUX HanpsbkeHusx 5 B nyume ucnonb3oBate TTJIHI Muxpocxemsl. JlJisi MOBBIIEHUS
nomexoyctoiunBocTd KMOII cxem HeoOXxoanMo yBeanunBaTh HanpspxeHue nmutanus 1o 10 - 15 B. B
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9TOM CiIydae, Kak BUIHO U3 puc. 40, BpeMs 3aJep>KKH paclpOCTpaHEHUsI U3MEHSIETCSl He3HAUNTETbHO
(Bo3pacraet Ha 0,5 - 1 HC).
3akiaoueHue

Pesynbrarhl 3KCIepUMEHTa TO3BOJISIOT y4ecTh Bce ocoOeHHOocTH BimsiHus OMIT wa T u
MNMC u pa3paboTaTh MOAETH BIUSHUS PAAHONIOMEX Ha MIPOCTEHIIINE SIIEMEHTHI: JHObI, TPAH3UCTOPBHI,
JID. Xoportee copmaieHne pe3yabTaToB, MOJTYYSHHBIX IPH pacueTe BIUSHUS paJronoMeX Ha Oa30BbIe
JI3, ¢ n#aHHBIMH D3KCIIEPUMEHTOB JAlOT OCHOBAaHUE HCIOIB30BaTh I3TH MOJENHM TIPU OLEHKE
BOCIIPHMMYMBOCTH K Bo3aercTBrio DMII Goree cinoxHbIx MuUKpocxeM. OueBUIHO, YTO TAKOH MOAXO0]
MpenoyiaraeT TECHOE COTPYJHUYECTBO PaTUOWHKEHEPOB, pabOTalomMX B OTOW O00JIaCTH, C
pa3paboTunkaMu MHUKpPOCXeM. B 3TOM ciyyae BaKHBIM SBIIETCS CO3/IaHWE OMONMOTEKH TOYHBIX
MPOCTENIINX MOJIeNel, OMHUCHIBAIOUINX BIMSHUE IOMEX Ha JJIEMEHTbl cXeMbl. Mcmomb3ys aTy
OMOMMOTEKY IS IOCTPOSHUS CIIOKHBIX CXEM MOXKHO PacdeTHBIM IyTEM OIEHUTHh BOCIIPUIMYHUBOCTD
BCEr0 YyCTPOWCTBA, HM30EKaB TEM CaMBIM CJIOXHOTO M JOPOTOCTOSIIETO HKchepuMeHTa.. Ilpm
MIPOBEICHUN PACUYETOB BaKHO YUMTHIBATh HE TOJBKO OCHOBHBIE IapaMETpPbl 2IEMEHTOB CXEMbI U
ucrounnka OMII, HO W 0COOGHHOCTM KOHCTPYKIMH MHUKpouuna MW Kopmyca. McianemoBaHus
MOKA3bIBAIOT, YTO HEPAaBHOMEPHOCTH 3aBHUCHMOCTH KPHBOW BOCIPHUMYMBOCKTH JID OT HacTOTHI,
XapakTepHbIe sl pUc. 20, 0OBSICHSIOTCS Yalle BCero KOHCTPYKIMEH KOopIyca, HHOTIA KOHCTPYKIUEH
M3MEpUTEIHHON KaMepbl. AHAJIN3 M3BECTHBIX MOAXOJO0B K MOAETUPOBAHHIO MHUKPOCXEM IOKA3bIBAET,
YTO TIpH pacuére ynoOHee pa3OMBaTh MOMEIh Ha COCTABHBIE YaCTH: SAPO, KOPITYC, IENH MMUTAHUS U
BXOJTHBIC/BBIXOIHEIC TIeTH [6].

[Ipu omeHke >ke BOCHPUUMYUBOCTH OJOKOB W YCTPOHCTB IenecooOpa3HO MPOBOJHUTH
UCIBITaHUs ¢ ucnoip3oBanueM 7EM-kamepsl. [lepen sxciepuMEeHTOM IMPOBOAUTCS MPEABAPUTEILHOE
pacuyeTHOe MoaenupoBaHue BausHuA OMII Ha 37IeMEHTHI U YCTPOUCTBA. DTO MO3BOJISIET 3HAYUTEIBHO
COKpaTHTh 3aTpaThl BpEMEHH U CPeACTB. Vcmonb3ys It HOCTPOCHUS pacueToB OMOIHUOTEKY MPOCTHIX
Mojenel, MOXHO mpuOeraTb K MPOBEACHUIO SKCIEPUMEHTa TOJNHKO Ha CTaJWd HCIBITAaHUN
3aKOHYEHHOTO OJIOKa MITH YCTPOMCTRA.
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AnHoTamusi. B paGote paccMOTpeHBI BO3MOKHOCTH MeToa 6ecTipoBoaHOM niepenayun 3aepruu (bI19)
C TIOMOINBI0 B3aMMOCBSI3aHHBIX MAPALICIEHBIX KOJIEOATEIbHBIX KOHTYPOB W HMCCICIOBAHO BIUSHUC
pasauyYHBIX POPM MPUEMO-TIEPEAAIONINX KaTyIIeK Ha 3)(PEKTUBHOCTH MEepeIayH.
KawueBbie cioBa: OecnpoBOjHAs Tiepeava dHEPrUM, MapalIelbHBI KoneOaTelnbHbId KOHTYP,
B3aUMOWHTyKTHBHOCTb.

ROTATING UNITS WIRELESS POWER SYSTEM
ZHMOIDZIAK A. P., YANOVICH ALl
Belarusian state university of informatics and radioelectronics
(Minsk, Republic of Belarus)

Abstract. The article considers the possibilities of the method of wireless power transmission (WPT)
using interconnected parallel oscillatory circuits and investigates the influence of various forms of
transmitting-receiving coils on the transmission efficiency.

Keywords: wireless power transfer, parallel oscillatory circuits, inductive coupling.

Bonbiie momyBeka OCHOBHBIM cIIOCOOOM HHUTaHUs AJIEKTPOHHOM ammapatypbl U MOIYJIEH,
pacroiaraloIMxcsl Ha BpaIlAIONINXCS YacTAX YCTPOWCTBA, SBISAETCS BpAIAIOIIEecs KOHTAKTHOE
ycrpoiictBo (BKY). BKY - ycrpoiicTBo, mpeqHazHadeHHOE s TIepeladr TOCTOSTHHBIX, TEPEeMEHHBIX
Y UMITYJIBCHBIX 3JIEKTPUYECKUX CUTHAJIOB MEXAY NCTOYHHUKOM U NMPUEMHHUKOM, PACIOIO0KEHHBIMH BO
B3aMMHO BpAIIAIOIIMXCS YacTsAX oObekra. Takue yCTpoicTBa 00€CIEUYMBAOT  HAISKHBIMN
UIEKTPUUECKHHA KOHTAaKT MEKIY BpALIAOIIMMHUCS YacTSIMH, HO HMEIOT HH3KYH0 HM3HOCOCTOMKOCTH,
M03TOMY CO BPEMEHEM B TAaKHUX YCTPOMCTBAaX yBEIMYMBAETCS KOJIWYECTBO OTKa30B. B CBsA3M ¢ 3TUM
BO3HHMKAeT HEOOXOJMMOCTh pPa3pab0TKH HOBBIX MAaTepHAlOB M KOHCTPYKTHBHBIX pPELICHUH,
MO3BOJISIIOIUX ~ YBEIMYUTh W3HOCOCTOMKOCTh JAHHBIX YCTPOMCTB, HO HE YCTpPaHHTh e€.
AJbTEepHATUBHBIM PELICHUEM SIBIISICTCS CCTeMa OECIIpOBOIHOIO MUTAHMS, KOTAA SHEPTus nepenacres
C TIOMOMIBIO AIIEKTPOMArHUTHOTO TOJISI, YTO MCKIFOUAET MPoOIeMy H3HOCOCTOMKOCTH KOHTAKTA.

CymiecTByeT HECKOJIBKO METOAOB OECHpOBOAHOM MEpeJauyd DJHEPruM C  IOMOIIBIO
UIEKTPOMArHUTHOTO Moisl. OHU TNOAPA3NENSIOTCS IO XapaKTEPHBIM 30HAaM  PaclpOCTpaHEHUs
3JIEKTPOMArHUTHOTO ToJs. M3BeCTHO, UTO, B 3aBUCHMOCTH OT PAcCTOSHUS OT UCTOYHHKA HU3ITy4eHUS
BBIJIETISIIOT JIBE YCIIOBHBIE 30HBI pacIpOCTpaHeHHs 3JIeKTpoMarHuTHOTo nosst (OMII): GmkHIO 30HYy
U JanbHIO 30HY [1]. B Ommxaell 30He DMII He HOCUT BOJIHOBOTO XapakTepa, TO €CTh B ATOI 30HE
npeo0IagaT IEKTPUYECKHEe U MarHUTHBIE MMOJIs, HAKAIUIMBAIOIINME SHEPTUIO0 BOJIM3U MOBEPXHOCTH
aHTeHHbl. B manbHedt 3oHe OMII yke HOCHUT BOJTHOBOH XapakTep T.e. NMPeo0Jafar0oT H3JIydarolue
noist. Knaccudukauns meronos 6ecripoBoHoii nepenayun sHepruu (bI19) npencrasnena Ha puc. 1.

| MeToael BM3 I
BnvxHAR 30Ha | | [anbHAg 30Ha
MarHuTHas 3nekTpocTaTuyeckas NasepHoe
CBY-unanyyeHue
MHAYKUMA MHOYKUMA n3nyyeHue

Puc. 1. Knaccuduxauus merogos bI1D

Meton CBU-nznyuyenus Mo3BONISIET OCYIIECTBIATh TOYHO HAINPABJICHHYIO Mepefady SHEPIUH
Ha 3HAYUTEJIIBHOE pacCTOSHHWE, 32 CUET MCIIOJIB30BAaHUS 3JEKTpOMarHuTHoro wusmydenus CBU-
muanaszona (300 MI'np — 300 I'T). IIpeobpazoBanue npuHsitoro CBU-u3nmydeHus B IEKTPHUYECKYIO
SHEPTHUIO OCYIIECTBIISIETCS C TIOMOIIBIO0 PEKTEHHBI.

B Hactosimee Bpemsi H3BECTHBIE YCTpOiicTBa, ucnonb3yroue CBY-usnydeHue, KkpaiiHe
TPOMO3/IKH, YTO HE MO3BOJIIET UCIOJIb30BATh JJAHHBIA METO/1 111 3aMeHbl BKY.
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B mertonme, peanmmzyeMoM C MOMOIIBIO JIa3epa, HCIOJIB3YIOTCS IJIEKTPOMATHUTHBIE BOJHBI
ontryeckoro muamasona 100 TI'm - 1 [II'm mpuém m mpeoOpazoBaHWE NPUHATOTO H3TYUCHHS
ocymecTsisiercss  (oToraJbBaHUYECKHMMHU 3JeMEHTaMu. JlazepHoe wu3iMydeHHe, u3-3a HHU3KOH
3¢ GEKTUBHOCTH MOXKET OBITh ONpaBAaH NpH IepeAade OTPOMHOTO KOJIMYECTBA SHEPTUH, UYTO HE
HOOXOIUT VISl HALIUX UCCIICAOBaHUH.

MeToa 3IeKTpOCTaTUYECKOM MHIYKIMU OCHOBaH Ha SIBJICHUSX, MPOUCXOIIIINX B OOBIYHOM
KOHJEHCAaTOpe, NMpH IMOAaYe Ha HEro MepeMeHHoro HampspkeHus. CyIIecTBEHHBIM HEI0CTAaTKOM
ABJISIETCS. HEOOXOJMMOCTh CO3JIaHHMS BBICOKMX MOTCHIMANOB Ha MEpeAalolIuX IUIacTUHAX s
repeaadn OOJIBITION MOIITHOCTH.

Meton  3MEKTpOMAarHUTHOW MHAYKIMM OCHOBAaH HA SBJICHUSX, NPOUCXOAALIMX B
TpaHcdopmarope, TIe TNEpBUYHAsT M BTOpPHYHAs KaTyIIKM HWHAYKTUBHO CBsi3aHBI, Oiaromaps
cepaeuHuky. OpnHako ecnu yOpaThb CEpPHEYHHK, TEM CaMbIM (QHU3MYECKH pPa3feiIuTh KaTyIIKH
MOJTyYUTCSI TaK HA3BIBAEMBIN BO3AYIIHBIA TpaHchopMaTop.

HenocraTtkom merona siBisieTcsi oOpa3oBaHHe MOMEX MarHUTHBIM TIOJEM JUIS OKPYKAFOIIUX
yCTpoicTB. JlaHHBIH HETOCTATOK MOXKHO YCTPAaHUTh C IOMOIIBIO HCIIONB30BAHUSA 3KPAaHUPYIOIIHMX
(beppOMarHUTHBIX JIMCTOB. JlOCTOMHCTBaMU METOAA SBISIOTCS BO3MOXHOCTH IEpefadd OOoJIbIION
MOIIHOCTH IIpHU HC6OJII>HIOM pacCTOdIHUM MCXKAY KaTyllKaMH, a TaKXE, TaK Kak, I[aHHbIﬁ METOA
ABJISIETCSl HAMOoJee pacpoCTPaHEHHBIM.

Ha ocHOBaHMM JOCTOMHCTB M HEOOCTATKOB Bcex MertogoMm bIID u aHanmmsza pe3ynbTaToB
nmabopaTopuii BeAyIIUX KOMITAHUH B NaHHOW cdepe, OBUIO PeleHo UCIONb30BaTh METOJ MarHUTHOMN
WHAOYKIUHA.

[IpoekTrupyemasi cuctema, CTpyKTypHasi cxema KOTOpoi n300pakeHa Ha pUC. 2, COCTOUT U3
TPEX OCHOBHBIX YCTPOMCTB: NepeaaTyiKa, IpuEMHUKA U yCTPOICTBA KOHTPOIS.

M

LY

Mepegatunk }g: MpUEMHUK

Cucrema
KOHTpONA

Puc. 2. CrpykrypHas cxema cuctemsl bI1D

[lepenaTtunk ocCymIecTBIAET NpeoOpa3oBaHUE IOCTOSHHOIO HAIPSDKEHUS B TEPEMEHHOE
HanpsDKEHUE CHHYCOHMJAILHOW (DOpMBI ¢ 3aJlaHHON YacTOTOW, KOTOpoe (OpMHUpPYET MepeMeHHOe
MarHUTHOE T0JI€ BOKPYT Hepenatomeii karymku (puc 3). Ha npuémuoil kaTyike, pacrnonararomencs
B MEPEMEHHOM MarHuTHOM nosie, Bo3HMKaeT JJC wnHaykumn. OopMHpyeMBId MEepeMEHHBIH
WHAYKLIMOHHBIN TOK NpeoOpasyeTcs B MOCTOSHHBIN JUI MUTaHUS Harpy3kyu. biok KOHTpOJIs cleauT 3a
ONTUMAJILHON Nepenavell SHepTuu U MpH HeOOXOAUMOCTH BHOCUT U3MEHEHHS B pabOTy mepeaaTyika
Y IPUEMHUKA.

brox BBIMpSIMIIEHUST W CTA0WIM3alMK TOCTPOEH Ha MOCTOBOM CXe€Me BBIIPSIMIIECHUS U
JUHEHHOM perylupyeMoM cTabuin3aTope HamnpspkeHus. HaxonmuTenbHBIN OJOK HEOOXOAMM st
CO3J1aHHS TIOCTOSTHHOTO YPOBHS HAlPSDKEHUS HA Harpy3ke HE3aBUCHMMO OT B3aUMHOTO PACIOIO0KEHUS
nepeaaTyrka U NpuéMHIKa. B kauecTBe HAKONUTENBFHOTO 3JIEMEHTA MOXKHO HCIIOJIb30BaTh HOHUCTOPHI
(CynepKOHICHCATOPhI), T.K. OHH O0JIAJAI0OT JOJITUM CPOKOM CIIY)KObI, MajibIM BpEMEHEM 3apsijia W
MOTYT OTZaBaTh OOJBIINE TOKH B HAIPY3KY.

Bnok KOHTpOIISL COCTOUT M3 OJIOKOB KOHTPOJIS B MEPEAaTUNKE ¥ NPUEMHHUKE, UMEIOIINX CBSI3b
yepes paanokanan 2.4 I'Tu. [lanHas yactoTa BeiOpaHa B COOTBETCTBUH ¢ oTuéroM MCO-R SM.2303-2
[2]. B mepemartumke OJOK KOHTPOJS OCYIIECTBISET BBIKIIOYEHHE TeHepaTopa NpPH OTCYTCTBUU
NpruéMHON KaTyIIKU B MAarHUTHOM TI0JIe, (POPMHUPYEMOM Tepeaaronield katymkoi. B npuémanke 6110k
KOHTPOJISI YIPABJISET YPOBHEM MOIIHOCTH Ha BBIXOJIE OJIOKA BBHIIPSMIICHUS M CTAOHMIIM3AIINH, & TAKKe
YIpaBJIsieT MPoLeccaMy 3apsa U pa3psaaa HaKOMUTENbHBIX 3JIEMEHTOB.
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Puc. 3. ®ynkuuonanbHas cxema cuctemsl bI1D

OueBupHO, 4YTO Imepefarolias W NPUEMHAS KaTyIIKA JOJDKHBI OBITh  PacIlONIOKCHbI
NEPHEHIUKYSIPHO OTHOCHUTENBHO OCH BpAILEHHs YCTPOICTBA, Ha KOTOpOE Iepenaércs SHeprus, a
LHEHTP KaTyIIeK JOJDKEH pacrojlaraThcs Ha OCH BpalleHus IJisi TOro, 4ToObl B JIF000W MOMEHT
BpPEMEHH IMOJy4YaTh MAaKCHMaJIbHYIO MOIIHOCTh Ha mnpuéMHuKe. HeoOXommmo Takke paccMOTpeTh
cilydyail, Korja [JaHHOE pAaclOJIOKCHHE KaTylmleK HEBO3MOXKHO M IPEIyCMOTPETh MOCTOSHHOE
HN3MCHCHUC B3aMMHOI'O TIIOJIOKCHUA LCHTPOB HpI/IéMHI)IX n nepeaaromux KaTyHICK. HOC—)TOMY
OCHOBHBIMHU 3aJa4aMu I/ICCJ'ICI[OBaHI/Iﬁ ABJISIIIUCH:

1. 3yueHue pa3nuyHbIX TUIIOB KATYIICK;

2. V3yyeHune BIUSHHS PACCTOSHHUS MEXIY KOHTYpaMHy KaTylIeK Ha 3¢ (GeKTHBHOCTE Iepelayu;

3. M3y4yeHue BIUSHUS B3AUMHOTO CMEIIEHHS [IEHTPOB KaTyIlIeK Ha 3))eKTUBHOCTH Mepeladu.

HccnepoBanuch Tpu BHIA KaTylleK, HUMEIOMUX (QOpMY Kpyra: OAHOCIOHHAs IUIOCKasd,
HAMOTaHHas ONWHOYHBIM TpoBoaoM (1, puc.4); omHocnolHas 1ockas OudmiaspHas karymka (2);
OHOCIIOMHOM TMJIocKasl KaTylIKM W3 MHOroXuibHoro mpomojga (3). Kaxngas karymka
M3rOTaBIUBANIACh, KAK B OJHOCIOWHOM, TaK U B JBYXCJIOHHOM HCIIOJIHEHUH.

1
Puc. 4. Buenanii B uccneayeMbix karymiek: 1 - OgHocmoitHas Tuiockast KaTymika; 2 - JIByxcnoitHas
IJI0cKast OuduispHas Karyiika; 3 - JIByXciioifHas IUIOCKast KaTyIIKa U3 MHOTOXKHIJIBHOTO MPOBOA

Jlins pacuéra WHIYKTHBHOCTH IJIOCKHX CIHMPAIBHBIX KATYIIEK HCIIONB30BAlach CIEAYIOIIas
dopmyna [3]:

(r +g+hﬂn)(r +h, f)cospde

gq-1 gq-1 [0)

ORI

[©]
n=0 f=0 k=1 m=1

2 b
hj(m—k)2+(r+g+hﬁnj +(r+th)2—2(r+g+hﬂnj(r+hﬂf)005(p

IJIE Lo - MATHUTHAs MOCTOsiHHAs paBHast 471107 Tu / m;
I - paAnyc MUHUMAJILHOTO BUTKA KaTYIIKH;
d - mmametp poBoAa;
hy - mar HaMoTKWY;
h - paccTosiHre MeXy COCETHUMH CIIOSIMH KaTYIIIKH;
® - KOJIMYECTBO BUTKOB;
( - KOJIMYECTBO CJIOEB;
N u f - mopsiKOBBIE HOMEpa CIIOEB KaTyLIKH, BHYTPEHHHHN CJI0i PUHSAT 3a HYJIEBOU;
K 1 m - mopsiiKOBbIe HOMEpa BUTKOB KAaTYIIKH B OJIHOM CJIO€.
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B kauecTBe MarepwajoOB UCHOJB30BAIMCH: JJIS HAMOTKH KATYIICK HCIIOIb30BAIHCH:
OHOXHWJIbHBIC MEIHBIE MpoBoaa 1.8 MM u 1,15 MM; MHOTOXWIBHBIN MemHbIH mpoBox [IBAM 2.5 ks.
MM.

Ha wusrorosnennom makete cucteMbl bI1D npoBeneHs! uccnenoBanus e€ 3hHEeKTUBHOCTH IS
pazIMYHBIX KOHCTPYKUMH mepedaromieil W npuéMHOM Karymek. Pe3ynpraTel uccienoBaHUN
MIPUBEICHBI B Ta0. 1.

Ta6auna 1. Vccnenoranue s3¢dektuBHOCTH cucTeMbl BI1D npy pa3nuyHbBIX THIIAX KaTYIICK

Tun katymex MotHoCTb, MomHoCTb, OT/IaBaeMas KIII, %
noTpebisemast NPUEMHUKOM B HArpy3Ky,
nepenaTyukom, Bt Bt
[Tnockast omHOCITIOMHAS 36.6 23.3 63.6
[Tnockast nByXcnonHast 18.7 8.69 46.48
[Tnockast GudumnspHast 25.2 13.46 53.5
JIByXCIJIOHHAas
[Tnockas aAByxcioWHas U3 19.8 12.37 62
MHOTOXHJIBHOTO TPOBOJIA

Jna wusmepenust 3aBucumoctu KIIJl oT paccrosHMs MeXAy KaTylIKaMH MpUEMHAs U
nepearoIias KaTylku, 0003HaueHHbIE COOTBETCTBEHHO KPACHBIM U CHHHUM I[BETOM, PACIOJIarajiuch
COOCHO B JIByX MapaUIelbHBIX IUIOCKOCTSAX Ha paccrosHuu |. Mexmay Karymikamu HaXOIHICs
TURIEKTpHK (Bo3ayx). [lpu nmpoBeneHnn n3mMepeHnii npuéMHas KaTyIlIka OTAasUIach OT Iepenaronei
C IIaroM B 5 MM.

W3 nonydeHHBIX Pe3yJbTaTOB BHIIHO, YTO MPHU MEpeAade 3HEPrUH Ha paccTosHuEe 10 15 mm
ONTAMAJBHBIM PElIeHreM OyJeT MCIIOIh30BaHNE OTHOCIOWHBIX KAaTYIIIEK HITH ABYXCIOWHBIX KATYIIIEK
Y3 MHOT'OKUJIBHOTO MPOBOIA.

[Ipu BpaleHUH CHCTEMBI COOCHOCTh KAaTyIICK HApYIIACTCS BCJEICTBHUE HYETO CHUXKACTCS
nepeaaBaemMasi MOIIHOCTh U PUHUMAaEMasi SHEPTUsl UMEET MyJIbCALIMOHHBIN Xapaktep. sl CHIKEHUs
MoTeph W MyJbCAlMA HEOOXOAWMO WCIONB30BaTh ONTHMAJIhHOE KOJMYECTBO W PACIHONIOKEHHUE
karymek. Yuciio karymiek Oep€rcs M3 pacu€ra Ha MaKCHMAaJbHYIO JUIMTEJIBLHOCTh HHTEpBAJA C
HauOobIIel epeaaBaeMoii MoImHOCTE0. [losToMy OblTa MccnemnoBana 3aBucumocth KIIJ[ crcremsbr
MIPU CMEIIEHUH LEHTPOB KaTYLIEK MO SJUITMITHYECKOU TPACKTOPHUU.

N

a) 6)
Puc.5. Konduryparus pazMenieHus KaTyiek Mpu SKCIIEPUMEHTE:
a) B TUTOCKOCTSX; 0) BO BpaIaIOMIEHCsT CUCTEME.

[To momy4eHHBIM 3aBUCUMOCTSIM MOYKHO CKa3aTh, YTO OJHOCIIOMHAS KaTYIIKa W ABYXCIIOWHAS
KaTyIlIKa U3 MHOTOXKWJIBHOTO MPOBOJA SIBIIIIOTCS HanOoliee MEPCICKTUBHBIMU ISl TIPUMEHEHUS BO
Bpararomieicss cucreme. 3a cuéT MOBOJBHO JIMHHOTO ydacTka 3apucumoctu ¢ KIIJ > 60% moxkHO
WCIIONb30BaTh BCETO IATH KATYIIEK HA MPUEMHON CTOPOHE M JBE KATYIIKH - HAa IMEPENarolle, 4To
CHIDKAeT €€ 0OIIYI0 CI0XKHOCTh M TabapHUThl CUCTEMBI.
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1, %

5 10 15 20 25 30 35 40 I, MM
Puc. 6. 3aBucumocts KI1/] ycTpoiicTBa OT paccTOSHIS MEXIy IepeAaronieil u MPHEMHON KaTyIIKaMu:
1 - OgnocnoliHas kaTymika; 2 - JIByxcioiiHas karyiika; 3 - JIByxciioiiHas OuguispHas KaTylika,
4 - JIByXcIoifHasl KaTyIlKa U3 MHOTOKHJIBHOTO TIPOBOIA
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Puc. 7. 3aBucumocts KII/] ycTpoiicTBa OT paccTOSHUSA CMELIEHUS HEHTPOB MEPEAAOIIECH U MTPUEMHON
KaTylIlleK I10 3JUIMNTHYecKoi TpaekTopuu: 1 - OxHocnoHas KaTyika; 2 - J[ByxcioiiHas KaTyIka;
3 - AByxcnoiHast OuduinspHast katymika; 4 - J[ByxclioiHast KaTylka 13 MHOTOXHIIBHOTO MPOBOJIA

0

3akuoueHne

[To pe3ynpTaTam UcCl€ZJIOBaHUI MOXHO YTBEPKAATh O MEPCIEKTUBHOCTH METOAAa MAarHUTHOM
MHIYKIMA B OOJIacTH OOecleYeHHUs] MUTAaHUs BPALIAIOLIMXCS 3JIEMEHTOB PAa3JIMUHBIX YCTPOWMCTB.
[Tony4eHHBIE JaHHBIE MO3BOJISIOT CAENAaTh BBIBOJ O TOM, YTO OJHOCIIOWHAs KaTyILIKa U JIBYXCIJIOMHAs
KaTylKa W3 MHOTOXXWJIBHOTO MPOBOJA SIBISIFOTCS HanOoyiee MOAXOJSMIIUMH JJIsi TPUMEHEHHS B
MOOOHBIX CHCTEMax MUTaHHs. B manbHEHINX HCCIEeNOBaHUAX TUIAHUPYETCS W3YyYWTh 3aBHCHMOCTD
nepeaaBaeMoi MOLTHOCTH OT KOJIMYECTBA BUTKOB B Iepejarolleil U MPUEMHON KaTylIKaX, a Takxke
OTIpPEJIeNINTh MUHUMAJIbHO HEOOXO0IMMO€E KOJIMYECTBO MPUEMHBIX M MEPEAIONINX KOHTYPOB B CUCTEME
JUIsT o0ecrieueHus] 3aJJaHHONW MOIIHOCTH M YPOBHS MyJbcalid. /[OBOJIBHO NMEPCIEKTHBHBIM MOXKET
OBITH MCIIONB30BAHUE MPSMOYTOJBHBIX KaTylleK. Vcmonb3yst npsMOyrojbHble KaTYIIKH, BO3MOXHO,
MOJIYYHUTCSI COKPATUTh HEOOXOAMMOE KOJIMYECTBO MPUEMHBIX KaTyILEK € IATH 10 TpEX. PesynbraTs
JAHHOM Pa0OTHI OyIyT BHEIPEHBI B IPOU3BOACTBO HOBBIX m3niennii OAO «IleneHr».

Cnmcok JInTepaTypsl
1. KypaeB A.A. DiekTporHaMHKa U pactipocTpaneHue panuoBond / A.A. Kypaes, T.JI. [Tonkosa, A.
K. Cunumeia. Munck: bectnpunt; 2004,
2. Oruér MCD-R SM.2303-2 (06/2017) becnpoBoaHasi mepenauya SHEPTMU C HUCIOJIB30BaHHEM
TEXHOJIOTHH, HE TIPeyCMaTPUBAIOIINX MIepeiady ¢ IOMOIIbIO PanoYacTOTHOIO JIyya.
3. HemmoB M.B. CnpaBouHuK mO pacu€Ty mapaMeTpoB KaTylmleK WHAYKTHBHOCTH. 2-€ H3/IaHHE.
Mocksa: Dueproaromm3aar; 1989.
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YK 624.074.432(539.374)

NUMUTALOUOHHOE MOJAEJIMPOBAHUE ITPOI'PAMMHO-TEXHUYECKHUX CPEACTB C
MNPUMEHEHUMEM SIMCENTER 3D U SIMCENTER TESTLAB
KOXXEBHHUKOB C.B., IMMEHOB C.A.

Quauan PedepanvbHo2o 20CyO0ApPCMBEHH020 YHUMApHo20 npeonpusamus « Poccutickuil ¢pedepanvhbiii
sA0epHblll yenmp — Beepoccutickuii Hayuno-uccnedosamensCKull UHCMUMYm 3KCHepUMEHMAIbHOU
Quzuxuy «Hayuno-uccreoosamenvcxui uncmumym uzmepumenvuuix cucmem um. FO.E. Cedaxosan
(Huorenutt Hoszopoo, Poccutickas ®edepayus)

AHHOTanuUs. YdeT BIUSHAS BHEITHUX BO3JEHCTBYIOMMX (hakTOpoB Ha paboty obopymoBanus ACY
TII ADC sBnsieTcss Ba)XHOW COCTAaBJISIOMICH TONYYeHHWS HAIS)KHOM W KOHKYPEHTHO CIIOCOOHOM
NPOAYKIHHU. B 3TOM 1taHe mpoBOsTCS Kak pacueTHBIE OLEHKH, TaK M OKCIIEPUMEHTaIbHAsl 0TPabOTKa
m3menui. OTO  KiIaccHYeckwe  (CTaHIApPTHBIC) COCTABISIIONIME  COBPEMEHHOTO  IIpoliecca
npoektupoBaHus. OIHAKO Ha COBPEMEHHOM OJTalle Pa3BUTHS IOSBUIOCH MOHATHE «MOZEITHHO--
OPUCHTUPOBAHHBIX HCIBITAaHWI». 3AeCh MOAPa3yMEBaeTCsl CBS3b HCHBITAHUA C PacyeTHBIM
(4MCIIEeHHBIM) MOJIECTUPOBAHHUEM, @ PACYCTYMKH M MCIIBITATENIN padOTalOT B OJHON KOMaHJE B paMKax
MpoIriecca  pacueTHO-DKCIepUMEHTANbHOW — OTpaboTku. Peanmmzamus mpomecca  «MOAETHHO--
OPUEHTUPOBAHHBIX UCTIBITAaHUIDY (pacueTHas-3KCTIEpUMEHTATbHAS oTpaboTKa  W3Jenuil)
paccMaTpuBaeTCsl B paMKaxX HCIOJIb30BaHUs MmiuatdopMbl Simcenter ¥ MPUMEHUTENBFHO K H3IEIUSAM

IITC, Ha KOTOpbIE NEUCTBYIOT Pa3IUYHbIC MEXAHUYECKUE HArPy3KU JUHAMUYECKOrO XapaKTepa.
KuaroueBsble clioBa: Haqe)KHOCTh, METOJI KOHEYHBIX JIEMEHTOB, JOJITOBEYHOCTD, PAJHOAIIEKTPOHHASL
anmaparypa, OJIOYHBII ITyHKT YIPaBJICHUS, aTOMHAsI AJIEKTPOCTAHIIHSL.

SIMULATION MODELING OF SOFTWARE AND HARDWARE USING
SIMCENTER 3D AND SIMCENTER TESTLAB
SERGEY VASILEVICH KOZHEVNIKOV, STANISLAV ALEKSANDROVICH PIMENOV
Branch of Federal State Unitary Enterprise «Russian Federal Nuclear Center-All-Russian Research
Institute of Experimental Physics» «Research Institute of Measuring Systems named after Yu.Ye.
Sedakovy (Nizhny Novgorod, Russian Federation)
Abstract. Taking into account the influence of external influencing factors on the operation of NPP
APCS equipment is an important component of obtaining reliable and competitive products. In this
regard, both computational assessments and experimental development of products are carried out.
These are the classic (standard) components of the modern design process. However, at the present
stage of development, the concept of "model-oriented tests" has appeared. This implies the connection
of tests with computational (numerical) modeling, and the calculators and testers work in one team
within the process of computational and experimental development. The implementation of the
process of "model-oriented testing" (computational and experimental development of products) is
considered within the framework of using the Simcenter platform and in relation to PTS products,
which are subject to various mechanical loads of a dynamic nature.
Keywords: reliability, finite element method, durability, radio-electronic equipment, main control
room, nuclear power plant.

Beenenue

B HacTosmuit MOMEHT Ha aTOMHBIX AJeKTpocTaHIMAX (ADC) ans ynpaBieHus: 3HEProOIOKOM
(3b) wucnonp3yroTCST aBTOMATH3WPOBAaHHBIE cuUcTeMbl ympaBieHus ACY, KOTOpBIE COCTOAT W3
nporpamMmmHo-Texandeckux cpeiacts ([ITC). [ITC npencransior coboil cnoxHO-QYHKIMOHATBHYIO
panuoaniekTpoHHyto annaparypy (POA), mocTpoeHHy0 MO MOAYJIBHOMY HEepapXU4eCKOMY NPHHLUITY
U SBISIIOTCSA WMH(GOPMALMOHHBIM M YHPABISAIOUIMM HMHCTPYMEHTOM M COCTOAT U3 OTAEIBHBIX
CaMOCTOSITETTBHBIX CHCTEM:

- TEXHHUYECKHE CPEACTBA ONEPATHBHOIO AMCIETYEPCKOro ympasieHus: s3Heprodmokom (TC
OLY) — cuyxat ms co3paHust Ha OynoyHoM myHKTe ynpasieHuss Db ADC cpeactB 0000meHHOR
MHEMOCXEMBl W pE3epBHOM 30HBI KOHTPOJS, M YIPaBICHUS O0OOPYAOBaHHEM HOPMAIBHOM
9KCIUTyaTaIll SHEPro0II0Ka;

- IPOrpPaMMHO-TEXHHYECKUI KOMIUIEKC CHCTEMBI BEPXHEr0 OJIOUHOTO YpPOBHS YIPaBIICHUS
(CBBY) — cayxur sl LEHTpalu3alMd  HHPOPMAIMOHHBIX TOTOKOB M IMPEIOCTaBIICHUS
onepaTuBHOMY nepcoHairy ADC HeoOX0aUMBIX cpeAcTB ynpasienus ADC;

244



11 MEXKAYHAPOJHASI HAYYHO-TEXHUYECKA S KOHOEPEHLIMA. MUHCK 27-28 AITPEJIA 2021 T'OJIA

- CHCTEMa pETHCTpalud Ba)KHBIX IMapaMeTpoB SKcIutyatanuu sHeprobioka (CPBIID) —
CIIy’)KUT IJ11 cOOpa AaHHBIX OT BCEX IPEAYCMOTPEHHBIX HCTOYHHUKOB HMH(POPMAIUM, MX 3alUCh U
XpaHeHue, a TaKke Uil nepenadn uHpopmanuun Ha CBBY o HeuwcrnpaBHOCTSX TEXHMYECKHX U
nporpaMMHbIX cpeacts CPBIIO.

Konctpykuust IITC cocTouT m3 MHOXKECTBA COCTABHBIX JIEMEHTOB, KOJHMYECTBO KOTOPBIX
MOJKET JIOCTUTaTh HECKOJIBKUX ThICAY. B COOTBETCTBUU ¢ TEXHUUECKUMHM YCIOBUAMH IKCIUTyaTalluu U
tpedoBanusimu ['OCT [1] xonctpykumsa [ITC pomxHa ObITH NMpodHOW W PabOTOCIMOCOOHOW mHpHU
BO3/IEIICTBUHU:

- MEXaHMYeCKUX (CHMHycOHJaJIbHasi BUOpauus, yaapbl, CEHCMUYECKUE HArPY3KH, BO3IEHCTBUS
OT yJapa Najaroliero caMmolieTa i BO3AYIIHOH yapHOU BOJHBI) (aKTOPOB;

- KIMMaTH4YecKuX (mepemnajsl TeMIepaTypsl OKpY)Kalolleld cpelbl B 3aJaHHOM JWara3oHe U
OTHOCHUTEITHLHOM BIIAXKHOCTH) (DaKTOPOB.

O¢ddexTuBHYIO pa3zpaboTKy maHHOTO Kiacca POA, OpICTpyIO aganTaiiuio IpOeKTOB MO HOBBIE
TpeOOBaHUs 3aKa3uMKOB, OOecledeHne KOHKYPEHTOCIOCOOHOCTH MO TEXHHUYECKHUM MapameTrpaM M
CTOMMOCTHBIM  TIOKa3aTelsiM  MOXHO  peaju30BaTb  TOJBKO C  IPUMEHEHHEM  CUCTEM
ABTOMAaTH3UPOBAHHOT'O IPOCKTHPOBAHUSL.

MopaeaupoBanue IITC ¢ npumenenuem CAIIP Simcenter 3D
g perieHns moctaBneHHBIX 3a1a4 npu KoHcTpyupoBanuu [1TC B ¢ummane OI'YIT «PDAL-
BHUND®» «HUMUC wm. FO.E. CenmakoBa» HCIIONB3yeTCsl CHUCTEMa aBTOMAaTH3WPOBAHHOTO
npoekrtupoBanus (CAIIP) Simcenter 3D [2] ¢ pacuetnbim Moaynem ot CAIIP NX [3].
B nanHOM pasgene paccMaTrpuBaeTcsl MPUMEP OLIEHKH BEPOSTHOCTH O€30TKa3HOM paloThI
cexnuu 6e3onacHocTH (cexius 11b) (puc.1) uz cocraBa TC O/1Y HoBoBoponexckoit ADC-2.
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Puc.1. O0Owuii By ceximu I16

Cexnus [1b npescraBisieT coboli mkad ¢ yCTAaHOBJICHHBIMHA B HEM 3JIEKTPOHHBIMHU OJIOKAMH.
[ka¢ cocTouT M3 MPSAMOYTOJIBHOIO KapKaca, CBAPEHHOTO M3 0CO00 KECTKOro mpoduis, nepeaHei
BUOPOCTOMKOM JIBEpU € 3aMKOM, 3aJHEi BUOPOCTOWKOM BEPU C 3aMKOM, BEPXHEH CHEMHOM KPBIILIKH,
KOMILJIEKTa celicMocTolKoro ycunenns. Ha nepeaneit mockoctu mkada ycraHosien LCD—monuTop
pazmepoMm 24". MOHHUTOp BCTPOEH B BEPTUKAIbHYIO MO3aWYHYIO INAHENb KOHTPOJIS M YIpaBJICHUS
(MIIKY). K nepenneit minockoctu mkada KpemurTcsi KOHCOJbHAs 4acTh C YCTaHOBJICHHOM Ha Heé
MO3anyHOi maHenbro. JIHO mKada COCTOMT W3 ChEMHBIX MaHened. BHuM3y kapkaca mkada
pacmoioKeHbl BBOJHBIE KaOelbHbIE IMAHENW C TEPMOBBOJAMHU /IS TIOJBOJKH  BHEUIHHX
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COCIMHUTENPHBIX KaOenel. Hax BBOJHBIMH KaOENbHBIMUA ITAHEISMH YCTAHOBIEHBI IMHUHBI C
KaOeNbHBIMH 38KUMaMHU [T 3aKPEeTICHUS BHEITHUX Kabemei.

Brytpn mkada ycranosmensr 19" amanrepbl, Ha KOTOpPhIE MOHTHpPYETCS 00OpyIOBaHHE.
KoHCTpyKTHBHO 3TO 000pYyJOBaHHE YCTAHOBJICHO IPYr HaX APYrOM TakK, YTOOBI PaclojioKEHHBIE Ha
WX JTUIEBON MaHeNI! 3JIEMEHTHl HHIUKAIIUH, YIPABICHUS W TOIKIIOYCHHUS OBLIN BHIHBI U JOCTYITHBI
TP OTKPBITOM 3amHelt qepu. B HmxHeH dacty mkada u mo 60kaM mKkada ycTaHOBIEHBI KJIEMMHEIE
COEJIMHUTENH JUIs oAKItoueHus anekTponuranus cekuuu [1b. Macca cexuunu coctasnger 300 kr.

OcHoBHBIM BUJOM Harpy3ok Ha IITC sBnsitoTcs AMHAMHYECKHE HArpy3ku. J(MHamuueckue
Harpy3ku ans IITC, mnpencraBmeHsl CHHYCOHWITANBHON BHOpammeld: MaKCHMalbHOE pPacdYEéTHOE
semuetpsacenne (MP3), mpoextHoe 3emierpsicerme (I13), manenme camonéra (IIC), Bo3mymrHas
ynapaas BojiHa (BYB), onpenenenne AuHaMHYeCKUX CBOMCTB KOHCTPYKIHMHU, pab0TOCTIOCOOHOCTH TPU
BO3JIEMICTBAN HKCIUTYaTallHOHHON CHHYCOMIANbHOW BHOpanuu. B maHHOM mpmMepe paccMOTpPHM
Bo3zeiictBue Ha KoHCTpykiuio [ITC nuHaMudYeckoil Harpy3kd MPEACTaBIEHHOW MPOEKTHBIM
3eMIIeTpACEHHEM CHIION B 8 0anoB BKIIOUNTENHHO Mo mkaine MSK-64 (BbicoTHas oTMeTKa — +7.8 M).
CornacHo [1] MHTEHCUBHOCTh CEHCMHUYECKUX Harpy3oK JIOJIKHA COOTBETCTBOBATh OJJHOBPEMEHHOMY
JIEHCTBUIO CHHYCOMJAJIbHONH BHOpAalMK IO TPEeM B3aMMHO MEPHEHIUKYIAPHBIM OCSM OOBEKTa B
nuana3one yactot ot 0,5 go 100 I'm.

dusnyeckre CBOWCTBA MaTEpPUANOB KOHCTPYKIHMH OOBEKTa MPH pacueTax NPUHUMAIOTCS B
COOTBETCTBHH C KOHCTpYyKTOpckoi moxymeHTaruu (KJ[) Ha oOBeKT M MaHHBIX TOCYNAapPCTBEHHBIX H
OTpacIIeBbIX CTAHIAPTOB.

Pacuer ¢ npumenennem CAE-cucremnr Simcenter 3D

CAE-pacder MOXXHO pa30WTh Ha MATH ATATIOB.

Ha mnepBom »srtame B coorBerctBum ¢ K] paspabaTbiBaeTcsi reomeTpuyeckas MOJIENb
koHcTpykimu (I'MK). [pu paspabotke MK yuntpiBatoTcsi 0cOOEHHOCTH KOMIIOHOBKH M HeCyIeil
KOHCTPYKLIHH.

Ha BTopoM aTamne pa3pabarbiBactcst KOM KOHCTPYKIIMHU ¢ YUETOM CIICIYFOIIUX MOJIOKECHUH:

- KOM o0bekTa pa3pabaTbiBacTCsi B COOTBETCTBHH ¢ ero [ MK

- ipu pa3pabdorke KOM obOwekTa ucmonb3oBaniuch KO u3 OMOMMOTEKH KOHEUHBIX 3JIEMEHTOB
nporpaMMmHoro obecrieuenus Simecenter 3D, a Takke peKOMEHIAINH OTYETa,;

- mpu BeIOOpEe KOHEuHbIX dieMeHToB (KJ) yuuThIBanuch ocoOCHHOCTH paboThl Hecylueil
koHCcTpykiuu IITC B mpouecce nedicTBHA TWHAMHYECKOH Harpys3kH, MpEACTaBICHHON MPOEKTHBIM
3eMIIETPSCEHUEM CHUJION B 8 OaloB.

s moctpoenust KOM ucnonb3yercs: CMeaHHbBIN CIIOCO0 MOCTPOCHHMS

- CTEp)KHEBBIE 3JIEMEHTHl KOHCTpYKUMH MopenupyroTcss KO xiacca Beam. [Ipumenenue
Kjacca Beam mpu pacdere JaeT MEHBIIYIO MOIPEIIHOCTb, HEXETH HCIIOJIb30BaHKUE IPYroro Kiacca
KD;

- IUIOCKHE 3JIEMEHThl KOHCTPYKIMH (Ha MpUMEpEe CTaHAAPTHOTO METAJUIMYECKOTO ITOKOJIS)
noctpoeHbl Ha 6aze KO CQUAD4 (KD mepBoro nopsiika u3 cocraBa 6ubmuorekn Simcenter 3D).
Bri6op mnockux KO 00ycioBiieH cHUKEHHEM IMOTPELIHOCTH MOZAEIMPOBaHUs Ipu coenuHennu ¢ KO
kiacca Beam;

- KECTKHE 3JIEMEHTHl KOHCTPYKIIMU MOJICIHPYIOTCS ¢ IpuMeHeHneM o0beMHbIXx KO mepBoro
nopsiaka (KD CHEXAS u3 6ubnnorexku Simeenter 3D);

- s KD ceTok, Ha ypoBHE (PM3MUYECKHX CBOMCTB, 3aJal0TCs CIEIYIOIINEe MEXaHW4eCKHe
XapaKTepUCTUKU MaTepualia: MOAyJb YIpyrocTH, ko3¢ dunuent [lyaccoHa, IOTHOCTS.

Ha Ttpetbem stame paspabatsiBaercs pacuetHas mozaens (PM) IITC. Ilpu paspaborke PM B
MOJENM yuuThIBatoTcsl ycnoBus 3akperienus I[1TC; koadduumentsr nemndupoBanus 1mo 4acToram;
YCIIOBUS HATPY>KEHUST; KOHTPOJIbHBIE Y3JIBI.

Ha wuyerBeprom »sTame mnpoBoauTcs pacyér CcoOCTBEHHBIX dYacToT KoHCTpykuuu IITC.
OmnpeneneHne COOCTBEHHBIX YAcCTOT HPOBOAMTCS C YYETOM JHMHAMHYECKHX mnapameTpoB KOM.
Anroput™m 3amaHus AUHaAMUYecKnx mapaMeTrpoB KOM o0bekTa BKIOYaeT B ceds pacuer creKkTpa
coOCTBeHHBIX Koyiebanuii KOM, kak Mojenu ¢ pacrnpesieleHHbIMU mapaMerpamu. [Ipu pacuérax
Touek KpemieHus: KoHCTpyKuuu [ITC cuntanuch HEMOABWKHBIMH (B y3/1aX MOJEIH, PacIIONOKEHHBIX
B TOYKaX KPEIUICHMS, 3allPEIIaiiuch BCEe CTEIIEHN CBOOOIBI). PacdueT cOOCTBEHHBIX YaCTOT ITPOBOIUIICS
C IPUMEHEHHEM pacueTHOro Moayist Simeenter Nastran.

246



11 MEXKAYHAPOJHASI HAYYHO-TEXHUYECKA S KOHOEPEHLIMA. MUHCK 27-28 AITPEJIA 2021 T'OJIA

CAE-Mojaenb TEST-Monaenn

T'eomerpuueckas R
[,
KOppeIsius

3

JluHaMmudeckas
KOppemsAIus

Amnanuz
HapaMeTpoB Onenka
& COOTBETCTBHA
@
TapupoBka AnexkBatHas
CAE-Mojnenn CAE-Moaenn

Puc.2. bnok-cxema koppensuun CAE<—TEST moneneit

Ha msiToM sTamne npoBoautcs pacuer HanpsbkeHHO-AedopmanmonHoro coctosaus (HIAC). Hs
storo B PM mpoumsBoautcsi yder cobctBeHHbix uactorT [ITC. Pacuer H/JIC mnpomomutcs mis
IKCTpEeMalIbHBIX YCIOBHH BO3ACHCTBHSA Harpy3ok. Ha aTom sTame Ha 0a3e reOMETpUUECKOW MOJIENN
noctpoeHa CAE-moznens. [locme mpoBeneHHOTO aHanmm3a BBITYCKAaeTCs OT4YET. Pacuer ypoBHeW
9KBUBAJICHTHBIX HAMpPSKCHUH Mo Mmu3ecy Gvm, NPHUBEIEHHBIX IeQOpMalul € U MEperpy3oxk A B
KOHCTPYKTHBHBIX 3neMeHTax IITC mpu 3kcTpeMalbHBIX BO3JAEHCTBHAX [4] MPOBOAMICS CPEACTBAMH
nporpaMmmHoro obecriedenus Simcenter 3D ¢ nmpumeneHuem pacueTHoro moayss 103 Response
Simulation (pacuetnsiii pynkuuonan CAIIP I-DEAS, monyns Response Analysis).

IlnannpoBaHue H3KCIIEPUMEHTA

OCHOBHBIMH HWCXOAHBIMH JAHHBIMH TIPH IUIAHUPOBAHUM AKcneprMeHTa sBisAioTcss KOM u
coOcTBeHHbIe Konebanust KoHCTpykiuu [ITC, moryueHHbIe TIOCIe HHKSHEPHOTO aHaJN3a.

[Ipy moAroTroBKE K HCHBITAHUAM pa3pabaTHIBaeTCs METOAMKA HCIBITAHWHA, B KOTOPOH
OTIpeJieNIieTCs ONTHUMAIBHOE PACIIOJIOKEHHE M3MEPUTENFHBIX JIATIMKOB, CIIOCOOBI KpEeIICHUs
koHCcTpykimu IITC x crenay u mapamerpsl JuHamMu4uecKodl Harpy3ku. I[lpm HeoOXoauMocTH
paspabaTbeIBaeTCsl OCHACTKA.

Hns obecrieueHust CpaBHEHMS PE3yJIbTAaTOB KOHTpoJbHbIE y3iel CAE-Monmenu coBmazaior c
MECTaMH YCTaHOBKHU JAaTYMKOB HaTYpHOW MOJENH, T.€. PAcloiOKEeHHEe U HyMepalus KOHTPOIbHBIX
y3JI0B COOTBETCTBYET PACIOJIOXKEHHIO M HyMEpalHud JAaTYMKOB m3MepeHus: y3en 12482 (puc.l,3)
cornanaer ¢ KM1 u y3en 12482 coBnanaer ¢ y3mom KM2 (puc.1,3) [5].

IIpoBeaeHue HATYPHBIX UCTIBITAHMIA
HartypHple  ucmbITaHWsS  MPOBOAMINCH HAa  BUOPAIMOHHOW  DJIEKTPOJUHAMHYECKOM
MOJyNTPOBOAHNKOBOK  ycraHoBke  YBOII-80000K ¢ u3MepHUTENbHBIM  PETUCTPUPYIOLINM
KoHTpoJuiepoM 16M5. HaTtypHbIe HCTIBITAHUS ITPOBOISATCS B HECKOIBKO ITAIIOB:
- Onpenenenne TMHAMAYECKUX CBOMCTB KOHCTPYKLIMHU Il Kaxaou ocu X, Y, Z;
- [IpoBenienne ucnpITaHNi HA peskrMe corsacHo T3;
- Brimyck oTtuera.
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Koppensuus

Koppensiys pacueTHbIX U SKCIEPUMEHTABHBIX JaHHBIX Mpou3BoauTcs B Simcenter 3D nHa
YPOBHE «TECT» W «IKCIIEPUMEHTAIBHOM» Moneneld. OO0mas cxemMa KOppENSIUH TpejicTaBiIeHa Ha
puc.2. JlanpHeimee yrouHeHue (TapupoBka) PM  Tpou3BOAMTCS Ha OCHOBE KOPPENSIIUA
«IKCTIEPUMEHTAIBHOI M «TECT» MOJACIICH ¢ IPUMEHEHHEeM onTuMu3aropa Simcenter Nastran Sol 200
[6]. OnTumMu3auy oaBepraeTcsi KOHEYHO-3IIEMEHTHAs CTpYKTypa PM 3a cder n3MeHeHUs] BeTHINHBI
JIMUCKPETU3AlUM CETOK, MapaMeTPOB MarepHalia, BBOJA CICIUATBHBIX KOHCUHBIX JIEMEHTOB M T.IL
[Tpu 3ToM 1eneBast GyHKIMS HAMIpaBJieHA Ha COBIAICHUE PACUCTHBIX U UCIIBITATCIBHBIX COOCTBEHHBIX
YacTOT, WX aMIUITyXd ¥ (opM KoieOaHWH C YYeToM OSKCIePUMEHTAIBHBIX KO3(PQPHUIMEHTOB
nemndupoBanus. B pesynprare monmydaercs: TapupoBaHHas PM, pe3ynbTaThl pacueTa COOCTBEHHBIX
YacTOT M OTKJIMKOB Ha JUHAMHYECKUE BO3JCHCTBUS KOTOPOW C MHUHUMAIBHOW IOTPEITHOCTHIO
COBIAJIAIOT C PE3yJIbTATaMH HCIBITAHUHA. JTO yKe BEepUPHIIMPOBAHHAS MO Pe3ybTaTaM HCIBITAHUN
MaTeMaThdeckast MOJIeNb U3JIeIIusI.

o o5
: P X / % = |
Vien 12482 H - ~ ; e

OEEEEEEEEEEE
.
I
\
|
|
i
3
\
‘

l

viens6s2

Puc.3. CriekTpbl 0OTBETa B KOHTPOJIBHBIX y3JIaX M TOUKaX 3aMEPOB CIIEKTPOB
otBeTa 1o ocsam X,Y,Z

Ha ocHoBe BepuUIMPOBAHHON MareMaTHYeCKOH MOJIETM MOXHO IPOBECTH U JIPyTUe

paCyYC€THBIE HCCIICA0BaHUA, KOTOPBIEC HEBO3MOXHO BOCHPOMU3BECTH HA HMMCHOIIEMCA HCIBLITATCIIBHOM
OGOpy,I[OBaHI/II/I BBUY MaCCOFa6apI/ITHLIX XapaKTCPpHUCTUK n3aciaus. BCpH(I)HL[HpOBaHHI)IG
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MaTeMaTHYeCcKHe MOJENIH TakkKe MOTYT HCIONb30BaThbcs B paMmkax Simcenter Amesim s
OO0IIECHCTEMHBIX PACYETHBIX NCCIICJOBAHUH.

Ha pwuc.3 npencraBieHsl CIIEKTPBI OTBETAa B KOHTPOJIBHBIX y3JIaX M TOYKaX 3aMEPOB CIIEKTPOB
otBeta no ocsiMm X, Y, Z. [lpu cpaBHeHUM PE3yNbTaTOB BUAHO, YTO SKCTPEMYMBI CIIEKTPOB HMEIOT
COBHaJeHUS (IO COBMAACHHIO YACTOT PE3yJbTATHl MCHBITAHUH IOKAa3aJl XOPOLIYI0 KOPPEJSLHUIO C
WH)XEHEPHBIM aHAJIM30M M MMEIOT JOIYCTHUMYIO HorpeimHocTs He Oonee 10%; ypoBEeHb aMIUTUTYAbI
OTKJIMKa Ha JAaHHBIX YacTOTaX B PacCUeTHBIX HMCCIEJOBAaHUSIX B OCHOBHOM IPEBBIIIAET ypPOBEHBb
aAMIUTUTYABl OTKJIMKA, TIOJIy4YeHHBIH B PE3yJIbTaTe UCIBITAHUNA — 3TO CBUICTENbCTBYET O BBEICHHBIX B
pacueTHyI0 MOJIENh IOMYIIEHUIX B O€30IMacCHYIO CTOPOHY).

O pacdeTHO-3KCIIEPUMEHTAJIBLHON 0TpadoTKe 00bexTOB IITC

IIpoBeneHHBIE  HWCCIIENOBaHUS TOYHOCTH  BBIYHCIWTEIBHBIX  AITOPUTMOB, a TaKXKe
cpaBuuTenbHbI aHanmu3 CAE-pacdera ¢ pesynbTaTaMu HATYpHBIX HchbiTaHuid U TEST-monensio
MO3BONIWIM  pa3paboTaTh OOOCHOBaHWE PpACIPOCTPAHEHUS! pE3yJIbTATOB HCHBITAHUA OMBITHBIX
o0pasuoB xoHcTpykumii [ITC Ha cooTBeTCTBYIOMINE PsAABl UASHTHYHBIX KOHCTPYKIMH. JlanbHelee
HAaKOIIJICHWE CTAaTHCTHYECKUX JAHHBIX AAJ0 BO3MOXKHOCTh pa3paboTaTh METOAUKY IO IIPOBEACHUIO
pacueTHO-3KCIIepUMEHTaIbHOW  0TpaboTku 00bekToB [ITC Ha moaTBepkiIeHHE TPeOOBAHUSIM
TEXHUYECKOTO 33JaHusl K BO3ACUCTBHIO BHEMIHUX (akTopoB. COrnacHO JaHHOW METOJHMKE HATypHBIE
UCTIBITAHUSI TPOBOAATCS AL OOHOM 0a30BOH KOHCTPYKLMHM COOTBETCTBYIOLIETO MOJEIBHOTO Psina,
TOTJa KakK I BCEX OCTaJbHBIX MOMUGUKAIMN HUCHBITAaHUS 3aMeHstoTcs pacdetamu B CAIIP
Simcenter 3D.

3akiouenune
Pazpaborannas meronuka ¢ npumenenuem CAIIP Simcenter 3D BHenpeHa M HCHONB3yeTCs B
¢ummnane OIVIL «POAL-BHUNDD» «HUWHUC um. 10.E. CenakoBa». IlpoBeacHne MHXKEHEPHOIO
aHamM3a M HATypHBIX MCIBITAHUNA TOJOBHBIX/OMNBITHEIX OOPa3LOB MO3BOJIMIM PAacIpOCTPAHUTh
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YK 004.722.2
TEXHOJOTHYECKHUE U TEOPETUYECKUE PELHIEHHWSA B OBJIACTHU
JTAHAMMYECKOM MAPIIPYTHU3AIINA
JIMCTOIIA H.N., TABIIYK O.A.
Benopyccruil 2ocydapcmeennuiil ynusepcumem uH@opMamuKy 4 paouodneKmpoHuKy
(Munck, Pecnybnuxa benapycs)
Annortauus. [IpuBesen 0630p MPOTOKOJIOB JUHAMUUECKOW MapiipyTuzauun. [Iponssenen anamms
MPEUMYIIECTB U HEJOCTATKOB IIPOTOKOJIOB BEKTOPOB PACCTOSHUS U MPOTOKOJIOB Ha 0a3e COCTOSHUS
kaHaua. [IpuBeIeHbI TTOIXO/TBI K PEIICHUIO 3a/1a4 MHOTOKPUTEPUATLHON ONTUMU3AINHN C YIETOM
TpeOOBaHMI KauyeCcTBa OOCTYKIUBAHHSL.
KaroueBbie ci10Ba: IpoTOKOJ, IMHAMUYECKAs: MapIIPYTH3aLUsl, KAYECTBO OOCITYKUBaHHSI.

TECHNOLOGICAL AND THEORETICAL SOLUTIONS FOR DYNAMIC ROUTING
LISTOPAD N.I., LAVSHUK O.A.
Belarusian State University of Informatics and Radioelectronics
(Minsk, Republic of Belarus)

Abstract. Provides an overview of dynamic routing protocols. The analysis of the advantages and
disadvantages of distance vector protocols and protocols based on the state of the channel was carried
out. Approaches to solving the problems of multicriteria optimization taking into account the
requirements of the quality of service are given.
Keywords: protocol, dynamic routing, quality of service.

Beenenue

B Hacrosimee Bpems B cerax |P, cocTaBiusoUMX TPAaHCIOPTHYIO OCHOBY CeTei
tenekommyHukaiuii HoBoro nokosieHuss NGN (Next Generation Network), ucrmosnb3yercsi 10CTaTOYHO
IMIUPOKUH TEpeueHb BHYTPEHHHX IIPOTOKOJOB JHHAMHYECKOW MAapIIPYTHU3AIMU. POTOKOJ
mapmpytHoii uHpopmauuu (Routing Information Protocol, RIP), mpotokon wmapuipyTu3aiuu
BHyTpenHero twmo3a (Interior Gateway Routing Protocol, IGRP), pacuupeHHbIifi MpOTOKOI
BayTpennero nno3a (Enhanced IGRP, EIGRP), npoToko: B3auMOIeHCTBHS IPOMEKYTOYHBIX CHCTEM
(Intermediate System-to-Intermediate System, 1S-IS), oTkpeIThIil ipoTOKON KpaTyaiiiero mytu (Open
Shortest Path First, OSPF) [1] u ap.

B naHHOW craThe TpOBEAEM aAHANIW3 BHYTPEHHHMX MPOTOKOJIOB  JTMHAMHYECKOW
MapIIpyTHU3amum.

[IpoToKoIBl AMHAMHYECKON MapIIpyTH3AIMH TOAPA3AEIAI0TCS Ha ABE OCHOBHBIE KaTCTOPHH:
MPOTOKOJIBI BEKTOPOB PACCTOSIHUS U TIPOTOKOJIBI Ha 0a3e COCTOSHUSI KaHala.

MapmpyTus3atopbl, padoTalomue MO MPOTOKOJIaM MapIIPyTH3allMd Ha OCHOBE BEKTOPOB
PACCTOSIHUS, COBMECTHO HCIIONB3YIOT CBEICHHS O CETSIX C HANPSMYIO IOJKIIOYEHHBIMU COCEISIMHU.
CocenHrie MapHIpyTH3aTOphI Jaliee MEepearoT 3TH CBEACHHUS CBOMM COCEAsIM, TIOKa OHM HE OYIyT
M3BECTHBI BCEM MapIIpyTH3aTOpaM KOPIOpPAaTUBHOM ceTH. Mapmpyrtusarop, paboTarommid 1o
IPOTOKOJIly Ha OCHOBE BEKTOPOB DPACCTOSHHSA, HE 3HAeT BECh IyTh JO ajJpeca Ha3HAuCHHUS, €My
W3BECTHO TOJILKO PACCTOSHUE J0 YAAJCHHOW CETH W HAIpaBIIEHHUE, HITH BEKTOP.

IIporoxon RIP sBrnsercs BHYTpPEHHHUM MPOTOKOJIOM MAapIIPYTH3AIUH IUCTAHIIMOHHO-
BEKTOPHOTO THIIa M OBUI NEpBBIM IPOTOKOJIOM Ha OCHOBE BekTopa paccrosuus IP. B kadectBe
METPUKH  HCIIOJB3YETCS KOJNMYECTBO TMEpPEXOJIOB, KOTOPOE OrpaHHYeHO MaKCHMyM 15-10
MapHIpyTU3ATOPaAMHU.

CymectByer nBe Bepcun RIP. Bepcust 1 mnepenaer mnosnHbele OOHOBiEHHS (TaOmuIbl
MapupyTuzanun) Kaxzaele 30 CceKyHA, HCIONb3ys IIMPOKOBELIATENbHYI0 pacchulky. Bepcus 2
MOJICP)KUBACT YaCTUYHBIE, 3aIlycKaeMble COOBITUSIMH OOHOBIICHHS W UCIIOJIb3YET MHOT0QJIPECHYIO
pacceiky. RIP — »5To mpoTokonm MeIIeHHOHW MaplpyTHU3alid 10 CPaBHEHUIO C JAPYTHMH
NPOTOKOJIAaMH BHYTPEHHHX 1UTI030B. JlocTronmHcTBa mpoTtokona RIP Bepcun 1: mpocrora peanuzanmy,
HU3KWE TpeOOBaHUS K BBIYMCIHMTENBHBIM pecypcaM MapIpyTH3aTOpPOB, HU3KHE TpPeOOBaHUS K
o0pemMaM MaMsITH MapUIIpyTH3aTOPOB, MpocToTa HacTpoiiku. Hemocratkm mpotokoma RIP Bepcum
1:He3(pPEeKTUBHOCT, METPUKH MapLIPYTOB, BBICOKas 3arpy3ka KaHaJOB, OTPaHWYEHHBIN AHaMeTp
CeTH, MEJJICHHAs CXOJUMOCThb, OTCYTCTBUE MAacKH TIOJICETH, OTCYTCTBHE TOATBEPKIACHUS
NOJUIMHHOCTH,  OTCyTcTBHe  mmmdpoBanus. B Bepcum 2 TPeAyCMOTPEHBI  BaKHBIE
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YCOBEPIICHCTBOBAHMS: ayTCHTH(HUKALNIO, MAacKy CETH, TPYIIOBYIO aJpecaniio, METKy MapIpyTa,
CCBUIKY Ha CIEIYIOINN MapuipyTu3aTop. B HacTosmee Bpemsl UCHOIB3YeTCs HA MapIIpyTH3aTopax
Oonee crapplXx MoOZeNell C MEHbBIIEH MOITHOCTBI0 U TPeOYIOT MEHBIIET0 o0beMa MaMSITH H
BBIYHCIICHUN. [2]

IIpotoxon wmapmpyTtuzanmu IGRP pa3paboran xoprnopamueit Cisco, B 1980-x. TIpoTokomn
CO3/aH I MPEO0IeHHs HeaocTaTKOB mpotokoia RIP. IGRP —aucTaHIInOHHO-BEKTOPHBIN IPOTOKOI,
ucnonbdyet anroput™m bannmana- ®opaa. Ucnonb3yercs u ApyruMH MPOU3BOIUTESIMH (HE TOJIBKO
Cisco). B mpotokosne IGRP B kauecTBe MeTprKH HHTEp(Eica UCTIONb3YETCs BEINYNHA:

Ks @

M =[K,*B + _—
16rP = [Kq * R+K,

277 Ky D
+ *
2561 " K3+ D]
rae Ki, Ko, Ks, K4,Ks — mocrosiuabie koadpduuuentsr; B, L, D, R — oTnensHble METpUKH MapuipyTa,
npudeM B — mmpuna monocsr (bandwidth), 3Hagenmne B aumamazone 1200 6/c — 10I'6/c; L — Harpy3ka
(load), onpenensiercs moneii (0-1); D — 3anepskka (Internetwork delay), 3nauenue B nuanasone 10mkc-
167¢c; R — Hanexuocts (reliability), onpenensiercs: BepositHocThiO (0-1).

BecoBbie koaddunuentsr  Ki, i=1,5 SBAAIOTCS aAMHHHCTPATHBHO HACTPAaHBACMbBIMH
napameTpamu, 1o YMOJIYaHuIo ux 3HaueHus paBHbl K1 = K3 =1 K; = K4 = K5 = 0.

B pesynwsrare popmymna (1) mpuHIMaeT Bug

Migrp = [B + D] (2)

B mporoxone IGRP ucnons3yercs MMpOKOBEMATENFHBIA MEXaHU3M PACCHUTKA MapIIPyTHBIX
0OHOBJICHUI.

Hoctouncrsa npotokona |GRP: MHOronapamerpudeckass METpuka, BO3MOKHOCTh HACTPOUKU
KO3 (GHUIMECHTOB B METPHKE, HEBHICOKHE TPEOOBaHMS K BBIYMCIHTEIBHBIM pecypcam, IpPOCTOTa
peanmzanuu. Hemoctatkm mporokona IGRP: mennmeHHas cXommMocTb, HEBO3MOXKHOCTH PabOTHI C
MacCKOH CeTH, HU3Kasl 3alUIIEHHOCTh (OTCYTCTBUE ayTeHTU(UKAIMH, OTCYTCTBUE IIHU(PPOBAHUS).

IIporokon EIGRP ruOpumHblii AMCTaHIIMOHHO-BEKTOPHBIM IMPOTOKOJI ¢  DJIEMEHTaMH
MPOTOKONAa cocTosHUs KaHama. B mporokon EIGRP Bxoaumt wmHOXecTBO (PyHKIMOHATBHBIX
BO3MOXKHOCTEH: momuepkuBacT VLSM u OeckiiaccoByr0 MapIIpyTH3alUIO, UCIOJIb3YET COCTaBHYIO
METPHKY, HCIIOJIb3YeT YaCTHUHBIE OOHOBICHHUS /sl OBICTPON KOHBEPTeHIMH, MOJJCPKUBACT JIyUIIAH
¥ BO3MOJKHBIM JIy4IIMA MapLIpyThl, pacmlpenelsieT Harpy3Ky MeXIy MapIIpyTaMH C paBHOH W
HEPaBHOUN CTOMMOCTHIO. B cuiry Beex 3tux daxtopoB mporokosl EIGRP — ontumanbHbI BRIOOD 11t
OOJNIBIINX MHOTOMPOTOKONIBHBIX CETel, B KOTOPBIX HCIIOJIB3YIOTCS, B OCHOBHOM, YCTpPOWMCTBa
kommanuu Cisco. [2]

B mporoxone EIGRP B kxauecTBe MeTpuky HCTIONB3yeTCS BEIHMUNHA!

K, * M K. 3
2 b+K3*Md] > ()

M = 256[K; * Mp + ——— —_—
EGRP [Ky * b+256—Ml M, + K,

rne Ki, K> Ks Ki Ks — mocrosHHbie k03(duumentsr; M;,, My, M,, M; — oTaeiabHbIE METPHKH
Mapupyra, npudaeM M, — BenmnynHa OOpPaTHOHN JIOTMYECKOW IMPOITyCKHOW CHOCOOHOCTH MapuipyTa;

My, — KyMmMynaTUBHAas JIOTHUECKas 3aJepikka mapuipyra; M, u M; — HaleXHOCTb M 3arpyska
MapIIpyTa COOTBETCTBEHHO.
BecoBbie koadpduiments Ki, i=1,5 (3) sBasroTCsS agMHHHCTPATHBHO HACTPAaHBaEMbIMU
napameTpamu, 1o yMOJTYaHuIo ux 3HaueHus paBHbl K1 = K3 =1 Ky = Ky = K5 = 0.
K.
B pesynbsrare popmyna (3) npuHumMaet Buf (4acTh ” +5K HE UCIIOJIB3YeTCs):
T 4
Mggrp = 256[K; * Mp + K3 * My] 4)

Henocratku npotokona EIGRP: Heckompko xymmias mo cpaBHenuto ¢ OSPF cxomgumocTs,
pabotaet 3 PeKTHBHO, ECIIM HE U3MEHSTH MApaMETPhI 110 YMOITYAHUIO.
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[IpoTokonsl MapmipyTH3anuu Ha 0a3e COCTOsHUS KaHana, Takue kak OSPF, He mpousBoast
YacTON TEePHUOJUYECKON pACCBHUIKM IIOJIHOW TaONuIBl MapHipyTH3anmud. Bwmecto srtoro mocie
OOBSABICHHUS CETH OTIPaBKa OOHOBJICHHS IPOW3BOAUTCS TOJNBKO TPU KaKOM-THOO HM3MEHEHHW B
TOTIOJIOTMH CETH, HANpUMeEp, NMPH OTKIIIOUEHUHM KaHana. Kpome 3toro kaxapie 30 MUHYT MPOTOKOJ
OSPF BrimonasieT monHoe oOHOBIEeHWE. IS MPOTOKOJIOB MapIIPYTH3aIlMU IO COCTOSHUIO KaHaia
TpeOyercs ciemyromee: Oojiee CIOXKHBIN MPOILECC IIAHUPOBAHUSA M KOH(UTYpaluu CEeTH, OOIBIION
00beM MaMsATH AJI XPaHESHUsS! OOJBIIIOTO KOJIMYECTBA Ta0uIl, O0Jiee BRICOKAss MOITHOCTh MPOIeccopa
JUTSI CJIOXHBIX PAaCUeTOB MapIIpyTH3AIUH.

IIpotokon OSPF ocHOBBIBaeT METPUKY CTOMMOCTH JJIsI OTIENBHOTO KaHaja Ha €ro MpOIMyCKHOMN
crocoOHOCTH. METpUKOW Uii KOHKPETHOM CeTH Ha3HAa4YeHHs SBIISETCS CyMMa CTOMMOCTH BCEX
KaHaJoB IMyTH. EC/IM CyIEeCTBYeT HECKOJIBKO MYTEH K CETH, MPEIMOYTHUTEIBHBIM SBISCTCS IMYTh C
HaUMEHBIIIEH CTOMMOCTBIO, M OH 3aHOCUTCS B TAOJHUITYy MapUIpyTH3AIHH.

Jnis pacdeTa ctouMocTH kKaHana npotokosia OSPF ucnons3yeTcs cienyroniee ypaBHEHHE:

100000000 (5)
Bl 1
rae /1 — mpomyckHas CiocOOHOCTh KaHama B OUT/C.

[locme momydyennss oOBsBiIeHHt LSA ¢ ommcaHmeM BceX KaHAIOB B Ipejaenax
COOTBETCTBYIOIICH oOiactu Mapipyrusatop OSPF ucnonb3yer aiaroputm SPF, Tak Ha3biBaeMbIit
anropuT™ JIeHKCTphI, U CO3IaHUs TOTOIOTUYECKOM IPEBOBUIHON CXEMBI, MU KapThl ceTH. Kaxkmbrit
MapUIpyTU3aTOp, HAa KOTOPOM BBINOJHIETCS [AHHBIA aJrOpUTM, ONpenenseT cedsd B KadecTBe
KOPHEBOTO AJIEMEHTa CBOero cobctBeHHOro nepeBa SPF. HauwHas oT KOpHEBOTO 3JeMEHTa, AepPEBO
SPF ompenenser kparyaliuii myTh K KaKIOMY MECTY Ha3HA4YeHHUS W OOLIYI0 CTOMMOCTH Ka)KAOTO
MyTA. MapmpyTu3aTop 3aHOCHT KpaTdaliuii myTh K KaXKIOM CEeTH B TaONHWIly MapuIpyTH3aIlUH.
OOBSBIICHUS O COCTOSIHUY KaHAIOB PACCHIIAIOTCS MPH MOSBICHUN B CETH KaKUX-IMOO M3MEHEHHH. [2]

HoctounctBa npotokona OSPF: ucrons3oBaHue MPOITYCKHOH CIIOCOOHOCTH KaK METPHKH,
YMEHBIICHUE pa3Mepa 0a3bl JaHHBIX COCTOSIHUH KaHAJoOB, T.e. YMEHBIIEHHE uucia pacueToB SPF,
ObICTpasi KOHBEPreHLUs, MOAJEpKKa OECKIacCOBOM MapIIpyTH3aLUH, HEpapXUuecKas CTPYKTypa ¢
ucnoir3oBaHueM obiacted. Hemocratku mpotokona OSPF: TpeOyercs Oonbliie maMsata u Oojee
MOIIHBI TpOIECCOp, TMepBOHAYAIbHAS JIABUHHAS pPACCHUIKA OOBSBICHUH O COCTOSHUM KaHaja
3aMETHO CHU)KAeT MMPOU3BOIUTEIBHOCTh CETH, BHICOKAs! CJI0KHOCTh KOH(QUTYPUPOBAHUS.

OnHako, BCe pacCMOTPEHHBIE INPOTOKOJIBI HE YKIAIBIBAIOTCA B IOJHOM Mepe B PpaMKH
MapUIpyTU3allMd Ha OCHOBE KadecTBa OOCITY>KUBAHHUS, IMOCKOJIBKY B HUX 3aJI0KE€HA Hes TOUCKa
KpaTyaiiero myTd 10 OJHOH, MyCTh Ja)Ke KOMIIO3UTHON, METPUKE 0€3 ydeTa JOCTUTaeMBbIX IIPH 3TOM
3HaueHW Apyrux MeTpuk. Tak, Hanmpumep, B mporokoiie EIGRP mnpu BrIOOpe Mapmipyra Moxer
YVUUTHIBATBCS. MHOXECTBO TOKa3aTelield KauecTBa OOCIyKMBaHHA (3aJ€piKKa, 3arpy3Ka, HaJexKHOCTb,
NPOMYCKHAst CIIOCOOHOCTH), HCIOJIb30BaHUE KOMOMHATOPHOW METPUKH BOBCE HE TapaHTHPYET
HAWIYYIINX 3HA4YeHWH Jpyrux MeTpuk. Jlpyroit mpoOiemoii, CcBsI3aHHOH C TpHUMEHEHHEM
CYIIECTBYIONIMX TPOTOKOJIOB MAapUIpyTH3aIiH, SBIsSETCS HecOalaHCHUPOBAaHHOE WCIIONb30BAHUE
ceTeBbIX pecypcoB. Kak mpaBmio, OalaHCHpPOBKAa MEXIY MapIIpyTaMd C Pa3lUYHOW CTOMMOCTHIO
TpeOyeT OT aAMUHUCTPATOPOB CETU IOTOJIHUTEIBHBIX HACTPOEK U 3a4acCTyI0 UMHU HE HCIIOJIb3yETCsl.

Cy11ecTBYIOT pa3iIMyHble NOJAXO0/Ibl K PELICHHUIO 3a]1a4 MHOTOKPUTEPHAIbHON ONTHMHU3ALNH C
ydeToM TpeOoBaHMI KadecTBa oOCiyxuBaHus. [IpuMmeHsIOTCS Kak koMOuHaTtopHbie [1, 4], Tak u
notokoBeie [1, 3] mus pemenus B obmactum QOS-mapmipyrtuzamnuu. llpeacraBnenwe npukIiamgHOM
3aJa4u Kak KOMOMHATOPHOMW 3aJauu U PELICHUE ee IyTEeM HalpaBJIEHHOTO Iepedopa sIBIETCS OAHUM
M3 PacIpoCTPAHEHHBIX IMOJXOJIOB B IMPOILECCE aHallM3a U CHUHTE3a ceTeil TenexoMMyHukauui. [lpu
NEepBOM TOJXOJIE OCHOBY CYIIECTBYIOIIMX CETed TPOTOKOJOB MapIIPyTHU3AIMH COCTABISIOT
pasyIn4HbIe ATOPUTMBI KpaT4yaiiiero myTy B rpade. Vcnonb3yloTest Takue aJropuTMbl KakK, alrOpUTM
Heiikctpel 1 bemuimana-®opaa, KoTopble o0ecHeuMBalOT HaxXOXKACHUS JepeBa KpaTdalliux B
BBIOPaHHOH METpUKE IMyTeH OT y3Jla MCTOYHHMKA KO BCEM OCTAJbHBIM y3JIaM, W BBIYHCIHUTEIbHAS
CJIO’KHOCTh KOTOPBIX IpHeMIIeMa IJIsl pealn3aluy B peabHoM MacimTade BpeMenH [3]. C nosiBieHue
koHuenuuu NGN u cMelieHus] akIEHTOB NPH OLEHKE aJTOPUTMOB yNpaBieHHS TpauKoM Ha HX
BO3MOXXHOCTH 10 mojuepkke ¢GyHkiuid QO0S rpadoxoMOMHATOPHBIE MOAEIM W METOAbI OBLIM
CylIecTBEHHO nepecMoTpenbl. Konnernus Q0S-MapuipyTuzanuu TpedyeT onpeeleHus TaKoTro MyTH
(myTeit), MeXIly 3aJaHHOM Mapoil y3/10B-apecaToB, BIOJIb KOTOPOrO OYAYT BBIIOIHATHCS TPEOOBaHUS
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OJTHOBPEMEHHO MO HeckoubkuM QO0S-mokazatensm (merpukam) [1, 4, 5]. B pamkax momoOHOI
MapmipyTusanuu TpedoBanns k Q0S-moka3aTensiM BJOJb MYTH BBICTYMAIOT B KAYECTBE OrpaHHYCHUN
Ha dTare ero MoucKa, 3aja4a KOTOporo B o0IIeM cliydae MOXKeT ObITh chopMyaHpoBaHa: Kak 3ajada
novcka nytu ¢ orpanuueHusmu (Multi-Constrained Path) wnm xak 3agada mowcka ONTHMAIBLHOTO
nytu ¢ orpanndenusiMu (Multi-Constrained Optimal Path). [1]

3aki0ueHue

[IpoBeneHHble  aHANM3  TOKa3bIBaeT, YTO 3ajada ONTUMAIBHONH  MapuIpyTH3alHH
WH(POPMAITMOHHBIX ITOTOKOB SBISIETCSI KOMIUIEKCHOW. KowrmekcHOCTh mpoOiieM 3akiIrodaeTcss B
HEOOXOJMMOCTH y9eTa pa3IUIHbIX KPUTEPHEB U TPEOOBAHUS ITPH BEIOOPE TOTO WIIM WHOTO MapIIpyTa.

CdopmynupoBaHHas 3ajada YCIOXKHSACTCS TAKXKE M TEM, YTO HEOOXOJMMO IMPUHUMAThH BO
BHUMAaHHWE TENBIA CHEKTP pa3IUYHBIX TEXHOJOTHH, WCIIONB3YEMBIX B COBPEMEHHBIX CETAX
TEJIEeKOMMYHHKAIIH C y4ETOM UX CTONMOCTH.

Takum 00pa3oM, OHON M3 OCHOBHBIX MEPCHCKTHUBHBIX 337a4 MOXKHO BBIJICIHTH Pa3pabOTKy
METOJIOB U QJITOPUTMOB JUHAMUYECKOW MHOTOKPUTCPHAILHOW MapIIpyTH3aIMH P MUHUMAILHOM
CTOMMOCTH 00ecrievueHus] BRBIOPaHHBIX MapIIPyTOB.
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YK 004.932
AJITOPUTMbBI YMEHBIIEHHUS KOJIMYECTBA TOYEK, HEOBXOAUMBbIX LUIA
BU3YAJIBHOI'O TIPEJACTABJIEHUSA TPEHI0OB NICTOPUYECKUX JJAHHBIX B CBY
ACY TH ADC
I'APKABYEHKO JI.A., 3AXAPHH N.B., KYJIMKOB A.M.
Hayuonanvuwiii uccnreoosamenvcxuil si0ephsiii ynusepcumem « MUDH»
(Mockea, Poccutickass @edepayust)
AnHoTamusi. B pabore paccMaTpuBaroTCs pa3IHYHBIC METONBI ITOHIDKAIOMICH TUCKpPETHU3aIlnN
WUCTOPUYECKAX JIaHHBIX aBTOMATH3MPOBAHHBIX CHCTEM YIPaBIEHHUS ISl WX BU3YaJIBHOTO
MpEACTABICHUA B BHUJAE JIMHEWHBIX AuarpamMm. [IpeasioKeHHBI anroOpuTM Ha  OCHOBE
KapTorpa)uuecKor TEXHUKU 3HAYMTEIHHO COKpAIaeT KOJMYECTBO TOYEK JAaHHBIX, HO COXpAaHSCT
Ba)XHBIE BU3YAIbHBIE XapaKTEPUCTUKN TPEH/IOB.
KiroueBble cioBa: MOHIKAOMIA TUCKPETH3ANNSA, ANMPOKCHUMAINS, BU3yallbHBIA aHAIIN3, TPEHHI,
apxus, SCADA, ACY TII, ADC.

ALGORITHMS FOR THE REDUCTION OF THE NUMBER OF POINTS REQUIRED TO
REPRESENT HISTORICAL DATA TRENDS IN UPPER LEVEL SYSTEM OF 1&C NPP
DMITRIY.A. GARKAVCHENKO, ALEXANDER.M.KULIKOV, IVAN.V. ZAHARIN
National Research Nuclear University MEPhI
(Moscow, Russian Federation)

Abstract. The article discusses several methods for downsampling historical data of automated
control system, to enable visualization by line charts. The algorithm based on cartographical technic
significantly reduces the number of points, but retains important visual characteristics of trends.
Keywords: downsampling, approximation, visual analysis, trends, archive, SCADA, 1&C, NPP.

IIpencraBnenue 3HA4EHWM TEXHOJIOTMUECKHX IIapAMETPOB BO BPEMEHU B BUJE JIMHEWHBIX
JMarpaMM, Ha3bIBaGMBIX TPEHIAMH, SBISIETCS HEOThEMJIEMOW (YHKIHEH CHCTEM BEPXHETO ypPOBHS
ACY TII na 6a3e mr060it SCADA-cucTeMbl, Tak Kak CIIOCOOCTBYET JIydIIeMy MTOHUMAaHUIO THHAMHUKH
napaMeTpoB TEXHOJIOTHYECKOTO MpoIiecca.

O6I>I‘-IHO BBIACTIAIOT 2 BUIda TPCHAOB: TPCHAbLI PCAIbHOrO0 BPEMCHH — JIA OTCJIIC)KHUBAHUA
JMHAMHKH TEXHOJIOTHYECKOTO MPOoIecca, i HCTOPUIECKHE — ISl OLICHKH, aHAJIN3a TeXHOJIOTUIECKOTO
nporecca Ha OOJBIIIOM UHTEpBAJIE.

Kak mpaBuno, mocTpoeHue JMHEWHOW JuarpaMMbl Ha KOMIBIOTEpE — MpocTas 3ajadva.
OnHako, ecny BU3yalW3MpyeMble JIaHHBIE COZEpKaT OOJBIIOE KOJIWYECTBO TOYEK, 3HAYUTEIHHO
NPEBBIIIAIONIEe KOJMYESCTBO MUKCENeH sl n300pakeH s, TO BO3HUKAIOT MPOOJIEMBbI: HTOTOBBIN TPEH.T
HOJTy4aeTcsl CKAThIM (Ha OJHOW BEPTHKAJIBHOW JHMHHHM OTOOPAXKAeTCs MHOMKECTBO 3HAUYCHWH), YTO
3aTpyIHSET BH3yaJlbHBIN aHanm3. Takxke TpeOyeTcs OoJjblliee BpeMsi Ha MEPEPUCOBKY TpeHIA TpPHU
W3MEHEHUH €T0 BH3YalbHBIX MapaMeTpoB (THIIA JIMHUH, MaciTaba, qo0aBieHus Mapkepos). M eciu
UCXOJHBIC JaHHBIC XPAHATCS IEHTPAIU30BAaHO, TO TpeOyeTcs Oosplnee BpeMs U TEpefadd H
HaKJIaJ[bIBAaeTCs OOJIBIIAS HAarpy3Ka Ha CeTh Mepeaadyn JaHHBIX.

Hannas mpobnema aktyanmbHa u st CBY ACY TII A3C ma 6aze IO IIOPTAJI,
paszpabateiBaemMoro AO «PACY». B apxuBe CBY i MHOTHX TEXHOJOTHYECKHUX IapaMeTpOB
XpaHUTCS OTPOMHOE KOJIMYECTBO 3HAYECHWH, TaK Kak 30HBI HEYYBCTBUTEIBHOCTH M arepTyphI
apXMBUPOBAaHMS HACTPOEHBI TaK, YTOOBI, B MEPBYIO OYEpeb, HE NPOIYCTUTh N3MEHEHHE IapaMeTpa
NIPY OTIEPATHBHOM KOHTpOJIE W ympasieHHHd. Ho Tpu BU3yanbHOM aHaimu3e mpoliecca Ha JITUTEIbHOM
VMHTEpBAJIE MHOTME W3 3TUX W3MEHEHUI HE HYXKHBI, a TOJbKO YCIOXHSIOT IPOLECC IOIYy4YEHUS,
OTOOpaKeHMSI M aHaiM3a JaHHBIX. [109TOMYy paHee NpH JOCTH)KEHHH YCTAHOBJICHHOTO TIpejelia Mo
KOJIMYECTBY TOYEK Ha TpPEHAE /Js YMEHBIICHUS HX KOJIMYECTBA NPUMEHSIOCh «TPEHIBI C
(bUKCHpOBaHUE IaroM», MOJYYCHHBIE B pe3ysbTare CTpoOUpoBaHWs. [Ipu TakoM MOIX0Je MPOCTO
BBIOUPAIOTCS 3HAYCHUSI MapameTpa depe3 paBHbIC MPOMEXKYTKH BPEMEHH. DTO SIBJSIETCS YMECTHBIM
TOJIBKO JUII OTHOCHUTENBHO «IJIaJKHUX» JIMHUWA, KOTOphIE HE HMMEIOT OTKIOHEeHHH. Ho sokanbHbIe
OKCTPEMYMBI, a TaKXKe 3HaUUTENIbHBIC KOJICOaHUs 3HAYCHUH MapamMeTpoB SIBIISIOTCS OYeHb BaKHBIMHU
JUISL aHallM3a TEXHOJIOTHYECKOr0 MpOIlecca, MOATOMY HEOOXOIUM JPYyrol METOJ, yMEHBINAIOIINT
KOJIMYECTBO TOYCK, HO COXpaHSIIOH_II/Iﬁ BU3YAJIBHBIC XapaKTCPUCTUKU TPEHOA.

3amadya COCTOMT B TOM, YTOOBI IOKa3aTh TOJNBKO XpaHsmuecs B apxuBe CBY 3HaueHus
napaMeTpoB C UX pealbHbIMH METKaMH BPEMEHH, HCKIIFOUMB HEKOTOPOE KOJIMYECTBO TOUEK, HANMEHEE
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BaXHBIX JJI BU3YaJbHOTO aHanu3a. To €CTh alrOpUTM JOJKEH BO3BpAIlaTh MOJMHOKECTBO TOYEK,
CYLIECTBYIOLIMX B MCXOIHBIX JaHHBIX. [losToMy B pmaHHOM pabore HE paccMaTpUBAIOTCS
00I11en3BECTHBIE METO/Ibl PETPECCHOHHOTO aHAIN3a, KOTOPHIE 10 CYTH CO3/1al0T HOBBIE TOUKH JaHHBIX
Ha OCHOBE UCXOJHBIX.

IlepBBIii paccCMOTpPEHHBIN aNrOpUTM OCHOBAH Ha HJEE CTAaTUCTUYECKOrO IIpeICTaBICHUS
JaHHbIX. McxonHple aHHBIE pa30MBAIOTCS Ha NPUMEPHO pPaBHBIC 0 KOJMYECTBY TOYEK HAOOPHI.
Hanee anst kaxxaoro Habopa BbIOMpaeTcs JUO0 TOYKAa C CaMbIM YacTO HOBTOPSIIOIIMMCS 3HAYCHHUEM
opauHaTEl B Habope (Mona), nuOO TOYKAa C MEAMAaHHBIM 3HAYCHHWEM OpAMHATHL, MO0 TOYKa
I00AJIBHOTO 3KCTPEMYyMa, €CIIM OH JOCTHraercsi Ha uHTepBasie. OCHOBHOM HEAOCTATOK TAaKOI'o
M0JX0/1a — NPAKTUYECKH BCEIZa MCKIIIOYAIOTCS JIOKAJIbHbIC [TMKU U BIIAJAWHBI B KQKIOM Habope, Tak
KaK Y4YUTBHIBAETCsl HE 3HAUYCHHWE OPIUHATBHI, a YacToTa ee mosiBieHus B HaOope. [lpu sToM wacrto
MPaKTUYECKH BCe 3HaYCHMsI B HAOOpe YHHKaJbHBI, IOATOMY €CJIM B Habope momnajgaercsi XOTs Obl 1Be
TOYKHU C OIMHAKOBOW OPIMHATON, TO BEIOWPAETCS OJIHA U3 HUX.

Bo BrOopoM anroputme A BbIOOpa TOUEK MCIIONB3YETCSl MOHATHE CTaHAAPTHOM OLIMOKH
oueHkU. OOBIYHO 3TOT TOKa3aTelb HCIONB3YeTCA, YTOOBI OIICHWTh HACKONBKO CHJIBHO TOYKH
HCXOJHBIX TaHHBIX OTKJIOHSIOTCS OT HpsAMOM perpeccu [2]. B naHHOM ciyyae mpsMas perpeccuu He
CTPOHUTCS, a 3aMEHSETCd BCEBO3MOXHBIMH OTPE3KAMH MEXIY pEalbHBIMH TOYKaMH. B Hadane
(bUKCHpYIOTCS TepBas M MOCIENHSS TOUKHM MCXOAHBIX NAHHBIX, OCTAlbHBIE TOUYKHM Pa30UBAIOTCA Ha
NPUMEPHO paBHBIE MO KOJMYECTBY TO4YeK HaOopwl. s kxakaoro Habopa BBIYUCISIOTCS MpPSMBIC,
COCIMHSIONINE KaXKIyI0 TOYKY ITOro Habopa cO BCEMH TOYKaMH CIENyIomero Habopa, 3aTeM s
KaXIOW TakoW NpsSMOH BBIYMCISIETCS CTaHAApPTHAs OIMIMOKA OLEHKH OTHOCUTEIBHO TOYEK, MHUMO
KOTOPBIX OHa MpoxoAuT. [locie 3Toro HyXHO BBIOpPAaTh U3 KAKIOro Habopa OAHY TOYKY Tak, YTOOBI
CyMMa CTaHAAapPTHBIX OIIMOOK OLIEHKH JJISi OTPE3KOB MPSIMBIX MEXIY BCEMH BBIOPAHHBIMH TOUYKaMHU
ObUTa MUHUMAIILHOH. JaHHYI0 3a/1a4y, MOKHO PEIIMTh Pa3HBIMHU CIIOCOOaMU, HAIPUMED, MPEIICTABUTh
€e B BU/IC OPHUEHTUPOBAHHOIO ALMKINYECKOro rpada, B KOTOPOM BEPLIMHBI — 3TO TOYKH MCXOAHBIX
JaHHBIX, pedpa — OTpe3KU NPAMBIX, a Bec pedep — 3HaUeHHE CTaHAAPTHOM OIIMOKM OLEeHKH. Torzma
OCTaeTCsl PELINTh 337ady O KpaT4aWlleM IyTH, KOTOpas MMEET MHOXKECTBO CTAaHIAPTHBIX PEIICHUI,
Hanpumep, anroput™m [edikerpsr [3]. [locme HaxoXIeHUsT KpaTdyalllero MmyTH BEPIIHHBI 3TOTO IMyTH
BO3BPAILAIOTCS B KA4E€CTBE UCKOMOTO MTOJIMHOYKECTBA TOYEK MCXOMHBIX JaHHBIX. HecMoTps Ha TO, 4TO
B pe3yibTare pabOoThl AJITOPUTMA MOIYyYaeTCs CTATUCTUUECKH HamOosee OMu3Kas JTUHUS K HCXOIHOH,
€€ HEeJlb3sl Ha3BaTh XOPOILIMM BU3YaJIbHBIM IIPEICTABICHUEM JIAHHBIX, [IOTOMY YTO MHOTHE JIOKAJIbHbBIE
MUKH CTIKUBAIOTCSA, TaK Kak OOBIYHO IONYYaeTCsl, YTO CyMMa CTaHAApTHBIX OIIMOOK OIICHKH
OKa3bIBAETCS MEHBIIIE, €CIIM MCKIIOYNTh 3HAYMUTENIbHBIE BHIOPOCHL. Takke MOITyYeHHBIH alrOPUTM
ABJSIETCSl JTOBOJIBHO MEUICHHBIM, HO €CThb M JAPYIHe CIOCOOBI pEIICHHUs 3afadd AMHAMHYECKOMH
ONITUMH3ALINHU, KOTOPBIE, BEPOSTHO, MOTYT OKa3aThCs OBICTpEE W MPEANOYTHUTEIbHEE, TaK Kak s
rpaMuecKoro TpeJCTaBlIeHnsT He 00s3aTellbHO HaxoXkJeHHe aOCONIOTHOWM MHUHHMAIBHOW CYMMBI,
BO3MOXHO, OYZI€T 10CTaTOYHO HEOOJIBIION CyMMBI.

OcHOBHOI1 MTPOOIEMOIl IEPBBIX ABYX AJTOPUTMOB SIBIISIETCS CTJIAXKMBAaHUE JIOKAJIBHBIX ITHKOB,
MIO3TOMY TPETUH AJICOPUTM OCHOBAaH Ha MJAE€€ MAKCHUMM3alUW JUIMHBI UTOrOBOM JIMHUM TPEHJA.
JeiicTBUTENBHO, YeM OOJIbIIIE JIOKATBHBIX TUKOB OXBATUT MUTOTOBAs JIMHUS, TEM OOJIbIIIE OKaXKETCS ee
uHa. s 3Toro, Kak M BO BTOPOM QJITOpPUTME, (HUKCHPYIOTCS IepBas M MOCIETHHE TOYKH,
OCTaJIbHBIE TOYKHM Pa30MBAaIOTCs Ha HAOOPBI, BBIYUCISIOTCS BCE OTPE3KH NPSMBIX, COSAMHSIOIINE
TOYKM OJHOTO Habopa C TOYKaMH CJEAYIOIIETO, IOCIE€ 3TOTO0 CTPOUTCS OPHUEHTHUPOBAHHBIN
AIMKIIMYEeCKUH Tpad, HO B IaHHOM CiTydae BecoM pebep SIBIISIOTCS JJIUHBI OTPE3KOB. Toria ocraercs
pEIINTh 3aJa4y IOHWCKA CaMOro JJIMHHOIO NMyTH. Takas 3ajada pelnraercs 3a JMHEHHOE Bpems Ha
OpPUEHTUPOBAHHBIX ALMKINYECKUX Ipadax, HAIpUMEpP, €ClIM 3aMEHUTHb Ha MPOTHBOINOJIOKHBIA 3HAK
BECOB Bcex pebep W HAWTWM Kparyallmuid myTh. BusyanbHO pe3yiabTaThl pabOTHI alropuTMa
MOJTy4alOTCS 3HAYUTENBHO JIydlle NPEAbIAYIINX, OOJBIIMHCTBO JIOKATHHBIX INHKOB M BIAIHH
NONAIal0T B HWTOTOBYIO BBIOOPKY, HO CaM ajrOpUTM IOJY4aeTcsl CIMIIKOM CJOXHBIM U
He3(D(peKTUBHBIM, TO3TOMY B TaKOM BHJE HE MOXKET OBITh MPHUMEHEH B CHCTEMaX BEPXHETO YPOBHS
ACY TII, tak kak MOXKET OKa3bIBaTh HETATUBHOE BIMSHIE Ha BhIMOIHEHHE Apyrux GyHkmuiit CBY.

Bo Bcex ommcaHHBIX BBIIIE AITOPUTMAX HCIIOJIb3YeTCsl pa30MeHHe WCXOAHBIX JaHHBIX Ha
HaOOpBI C MPUMEPHO OAMHAKOBBIM KOJMYECTBOM TOYEK, UYTO SIBIAETCS TPUBHAIBHBIM TOJIBKO TPH
paBHOMEpPHOM pactipefeneHnn Touek mo ocu adcuucc. Ho B apxuse CBY ACY TII ADC nannbie
MOTYT pacIoyaraTeCsi KpailHe HEpaBHOMEPHO, €CJIM PACCMATPUBATH JUINTEIbHBIN HHTEPBAJ BPEMEHH,
TaKk KaK 3alUCh 3HAYCHUU B apXuB, OCYLIECTBIISIETCS [0 M3MEHEHMIO C YYETOM allepTyphl, a He
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MUKIMYECKH, U B Pa3HBIX PeXUMax pabOThl 3HEPTroOIIOKa MapaMeTpsl TEXHOJIOTHYECKOTo IMpolecca
MOTYT MEHSTBCS C Pa3HOM CKOPOCThIO W B pasHBIX [auama3zoHax. [103ToMy BMECTO MOMBITOK
YIPOUICHHUS U ONITUMH3ALUH ONIMCAHHBIX BBIIIE aITOPUTMOB ObLT MPUMEHEH APYTO MOAXO/.

Boutn  paccMOTpeHBI anropuTMBI K3 OOJNACTH KapTorpaduuecKol TreHepalu3alud, TIe
BEITIOJTHSACTCS HAYIHO OOOCHOBaHHBI OTOOp W 0000IeHHE Teorpadudecknx OOBEKTOB IS HX
0TOOpaXKeHHA Ha KapTe. 3ajada yIpomeHHs] OTOOpaKeHHs, HalpruMep, OeperoBoil TMHUH Ha KapTe BO
MHOTOM TI0XO0’Ka, Ha 33Jauyy MOHMKAIOUIEW MUCKPETHU3alMy HUCTOPUYECKOTO TPEHNA, TOIBKO TOUYKH
TPeHAa PacoJIOKEHBI CTPOTO MO BO3PACTAHUIO abCIMCCHl B OTIMYUE OT To4YeK Ha kKapte. OqHUM U3
Han0oJIee U3BECTHBIX aJITOPUTMOB M3 TON 00J1aCTH ABJISIOTCS anroputM Pamepa-Jlyrimaca-Ilekepa [4].

OpurunaneHeiid anroput™ Pamepa-/lyrmaca-llexepa momydaeT Ha BX0JI MHOXKECTBO MCXOIHBIX
TOYEK U 33J]aHHOE 3HAUEHHUE €, KOTOPOE ONpeAessieT MaKCUMalIbHOE PACCTOSHUE MEXKAY MCXOIHOU U
UTOTOBOW JHHUAMH. [lepBasg M mociemHssl TOYKH (UKCHPYIOTCS, MOCTE 3TOr0 CPeau OCTABIIMXCS
TOYEK HaxXOIWTCS HamOolee ynajeHHas TOYKa OT OTpe3Ka, COCMWHSIOIIETO MEPBYI0 U TMOCIEIHION0
Toukd. Ecnu paccrosiHMe OT HaWJIGHHOM TOYKM JI0 OTpe3Ka, MEHBIIE 3aJIaHHOTO &, TO aJITOPUTM
3aBepIIacTCs, U BCE HEBHIOpAaHHBIE paHee TOYKH OTOpachiBaroTca. Eciam 3To paccrosiHue Ooiblie, TO
AITOPUTM PEKYPCHBHO BBI3BIBACT CEOS AJsl MOAMHOXKECTB TOYEK OT HAYaJlbHOW 1O TEKylIed M OT
TeKyIIel 10 KOHEYHOH TOYKH JI0 TeX MOp, ITOKa BCe TOYKH He OyIyT BHIOpaHBI WM OTOpomeHsbI. [1o
OKOHYaHHIO BCEX PEKYPCHUBHBIX BHI3OBOB UTOTOBAS JTMHHS CTPOUTCA TOJIBKO M3 TEX TOYEK, YTO OBLIH
BBIOpaHbl. B pesynbTare UTOTOBasi JMHUS OXBATHIBAET OOJBIIMHCTBO JIOKATBHBIX IKCTPEMYMOB, TPH
9TOM peanu3alusl alropuTMa JOCTaTouyHO mpoctas W 3(dektuBHas, M oHa He Tpedyer
MPeIBAPUTETHHOTO Pa30MEHNs HCXOTHBIX TAHHBIX HAa HA0OPHI C MPUMEPHO OJUHAKOBBIM KOTUIECTBOM
TOYEK.

Anroput™m OblT JOpaboTaH il MPAKTHYECKOTO MPUMEHEHHUS TSl TPEHAOB TEXHOJIOTHYECKUX
napaMeTpoB. Bo-TiepBbIX, s YHPOILEHUS BBIYUCIEHUH BMECTO PACCTOSIHUA OT TOYKH JIO MPSAMOM
WCTIONB3YETCS OTKJIOHEHHE 0 BEPTHUKAIH. BO-BTOPBIX, HENB3s MCIIONB30BaTh aOCONMIOTHOE 3HAUYCHHUE
& TaK KaK 3HAYCHHUS PA3HBIX TEXHOJOTHMUYECKUX MapaMeTPOB HM3MEHSIOTCS B Pa3HBIX AWANa30HaXx,
MO3TOMY HCIIOJIb3YETCSl OTHOCHUTENBbHOE 3HAueHHWEe & OT JMana3oHa H3MeHeHui. B-TpeTbux, B
Pa3IMYHBIX peXHMax pPaldOThl dHEProONIOKa OAWH U TOT K€ TEXHOJIOTHUECKHH MapamMeTp MOXKET
M3MEHATHCS B Pa3HBIX WANa30Hax, W U Jy4YIIero HAaONIOJCHUS TaKUX MapaMeTpoB Ha TPEeHIIaX
WCTIONB3yeTCs JIoTapudmudeckas mkaia. [loaToMy, 9To0bl peann3oBaTh BO3MOXKHOCTh TTOHIDKAIOIICH
JUCKPETH3allMU B JIOTApUPMHUIECKOM MaciiTade, UCXOAHbIe JaHHbIC MPEABAPUTEILHO Pa30MBaIOTCS
Ha HaOOpBI, TaKk YTOOBI B TpeJeliax OIHOro HaOopa ObBUIM TOYKH, OTIMYAIONIMECS I10 OPAUHATE
He3HauynTeIbHO (He Ooree yeM B 100 pa3 — ompe/eneHo SMIUPUUYECKH) U alrOPUTM TPUMEHSETCS K
KOKIOMY W3 HaOOpoB OTAeNnbHO. Takke NpW TNpeABapUTENEHOM DPa30MEHWH HCXOJTHBIX JAHHBIX
VUUTBIBAIOTCA TMPH3HAK KadecTBa (IOCTOBEPHOCTH) JaHHBIX. B-ueTBepTHIX, B OTIWYHE OT
MpEeABIAYIUX aJrOPUTMOB OPUIMHAIbHBIA anroputMm Pamepa-Jlyriaca-llekepa Bo3Bpalaer 3apaHee
HEU3BECTHOE KOJIIMYECTBO TOUYEK, MOSPTOMY €CIM HWTOTOBOE KOJMYECTBO TOUEK OKAa3bIBAETCS OOJIbIIE
YCTaHOBJICHHOTO IIpeleia, TO aJTOPUTM BBINIONHSAETCS 3aHOBO C YBEIMYEHHBIM 3HAYEHHUEM
MaKCHMAaJIbHOTO PAacCTOSHUS &, KOJIMYECTBO TAKMX HTEpalMid orpaHW4eHHo. biaromapst mpocrtore u
3G (PEKTUBHOCTH alTOPUTMa, €0 MOBTOPEHHUE OCTACTCS HE3aMETHBIM JUIsi KOHEYHOTO MOJIbh30BaTENs
cuctembl. [loHmKaromas AUCKpeTH3aIMsl MPUMEHSETCS TOJNBKO IMPH AOCTH)KEHHUH yCTaHOBIIEHHOTO
mpeJiena Mo KOJIMYECTBY TOUEK Ha TPEH/IE U IMOATBEPKIAeTCS MOIB30BATEIIEM.

TakuMm oOpa3om, Ha ocHOBe anroputMa Pamepa-/lyrinaca-Ilekepa pa3paOoTan u peanu3oBaH B
ITO TTOPTAJI anropuT™M HOHIDKAIONMICH TUCKPETU3AINH, COXPAHSIONMIMKA OOIIMA BUA TPEHAA C €Tro
JIOKAIGHBIMA JKCTPEMyMaMHU TPU 3HAYUTEIILHOM COKpAIleHWH Yucia TodeK. JlaHHBI anroputm
NPOBEPEH AJIS PA3IMYHBIX HAOOPOB JAaHHBIX M YK€ MPUMEHSETCS B cUcTeMax BepxHero ypoBHsI ACY
TIT ADC.

Crnucok JuTepaTypsbl
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YYET BO3JEACTBUA IPOTOHOB ITPU AHAJIN3E DJIEKTPUYECKHX

XAPAKTEPUCTUK APCEHU-TAJIJIMEBOI'O MOJIEBOT'O TPAH3UCTOPA
JIOBILIEHKO W.10., CTEMITULIKWI B.P.
Benopyccruil 2ocydapcmeennuiil ynusepcumem uH@opmMamuku 4 paouodnekmpoHuKy
(Munck, Pecnybnuxa benrapycs)

AnHotamusi. [IpenctaBieHbl pe3yabTaThl MOJCIMPOBAHHS BO3ACUCTBUS IOTOKA MPOTOHOB Ha
JNEKTPUYECCKUE XapaKTEPUCTUKUA MPHOOPHON CTPYKTYpPBI TOJCBBIX TPAH3UCTOPOB Ha ocHoBe GaAs.
OmnpeeseHbl 3aBUCUMOCTH MaKCHMAIBHOTO TOKa CTOKa lc ¥ HampsDKeHHS OTCEYKH OT BETMYUHBI
¢uroeHCa ¥ SHEPTHH MPOTOHOB, & TAKIKE TEMIIePaTyphl OKPYKAFOIIEH Cpebl.
KaroueBnle ciaoBa: mosieBoid Tpansuctop, GaAs, ¢umroeHc TpoTOHOB, 3(h(EKTh CMENICHUN, HE
WOHU3AIMOHHBIC TOTEPU SHEPTHH, MOJICITHPOBAHHE.

THE INFLUENCE OF PROTONS IN THE ELECTRICAL CHARACTERISTICS
OF ARSENIDE-GALLIUM FIELD EFFECT TRANSISTOR
I.YU. LOVSHENKO, V.R. STEMPITSKY
Belarusian State University of Informatics and Radioelectronics
(Minsk, Republic of Belarus)

Abstract. The results of simulation the influence of the proton flux on the electrical characteristics of
the device structure of field-effect transistors based on GaAs are presented. The dependences of the
maximum drain current 1C and cut-off voltage on the fluence value and proton energy, as well as on
the ambient temperature are shown.
Keywords: MESFET, GaAs, Fluence Proton, Displacement Effects, Nonionizing Energy Loss,
Simulation

BBenenne

OneMeHTHas 6a3a COBPEMEHHBIX OOBEKTOB KOCMHYECKON M SIEpHON TEXHHKH TOABEPraeTcs
BO3/IEMCTBUIO MOHU3UPYIOMINX U3Iy4EeHUH, OCHOBHBIMU W3 KOTOPBIX SIBISETCS TaMMa-u3iIydeHue (y),
HeliTporHoe (N), anekTpoHHOE (e), mpoToHHOE (p). Anb(a-gacTumbl (), OCKONKH AeneHus F, u
Jpyrue 4acTHLbl, BOSHUKAIOIINE B SIIEPHOM PEaKTOPE WM B 30HE SIIEPHOrO B3PBIBA, TAKXKE MOTYT
BIMATh Ha JAETPaJalfio JKCIUTyaTallUOHHBIX XapakTepucTHK. OAHAKO HX BIUSHHE HE CTOJb
3HAYUTENHHO (HapuMep, HEUTPUHO, ME30HKI 1 Jp.) [1].

[Ipu BO3aeHicTBUM NOTOKA YAaCTHL HA IPUOOPHBIE CTPYKTYPHI MUKPOAJIEKTPOHUKH BO3MOKHBI
JIBa OCHOBHBIX MEXaHM3Ma: HMOHHU3aIlMs W IIOBPEXJCHHS, BBI3BAHHBIE B pe3yJibTaTe YHPYroro
paccesHUsI TEPBUYHBIX YACTHIl, a TakXke (ParMeHTOB, OOpa3yIOIMXCS B SIEPHBIX PEAKIHIX
(meympyroe paccesHue) NaJalollMX HPOTOHOB MM HEHTPOHOB Ha sapax MUIIEHH (3QQEKThI
cmeniennii). VoHm3anms B JaHHOW pabore He paccMmarpuBaeTcs. HelTpoHbI, mpoToHBI, anb(ha-
YaCTHIIBI, TSDKEJble MOHBI M (POTOHBI OYEHb BBICOKMX JHEPTUH BBI3BIBAIOT A(PQGEKTHl CMEUICHUH:
M3MEHSIETCSl PACIOJIOKEHHE aTOMOB B KPHCTALIMYECKOH pEIIETKE M YBEJIWYMBAETCS KOJMYECTBO
LEHTPOB peKoMOMHAIMK (Ae(EeKTOB), yMEHbIIAsl KOHLEHTPALMIO CBOOOJHBIX HOCHUTENEH 3apsga u
yXy/Iasi SKCILTyaTallMOHHBIE XapaKTEPUCTHKH MPUOOPHBIX CTPYKTYyp. Hambosee 4yBCTBUTENEHBIMEU K
a¢dexTaM cMeleHni mapaMeTpaMu 00bEMHOTO MaTepraa sBISTIOTCS BPEMsl )KU3HU U TUPPYy3nOHHAS
JUIMHA HEOCHOBHBIX HOCHTENEH 3apsna, MOABIKHOCT M KOHLEHTpalMs HocuTened 3apspa [2].
Bennunna mposiBieHust 3QQeKToB CMENIeHWH 3aBUCUT OT THIA H3TY4YEeHHUS YacTHll, oOIIel J03bl,
MOTOKA W DHEPTrUM HU3IYYCHUs, TEeMIIepaTypbl OKpyXKarollell cpeasl, pabouero HampsHKeHUs,
(aKTHYECKOrO COCTOSIHHMSL YCTPOMCTBA B MOMEHT OOJy4YeHUS M T.I. DTH HpPOOJIEMBbl 3aTPyIHSIOT
TECTUPOBaHHE, YBEIMYMBAIOT CIIO)KHOCTb  HCIOJNB30BAHHA  TEOPETHUYECKHUX  PACUETOB IS
MPOTHO3WPOBAHUS PATUAIMOHHOTO BO3JEHCTBHSA, MOBBIMIAIOT BPEMsI MPOEKTUPOBAHUS MPUOOPHBIX
CTPYKTYp M TpeOyloT 3HAUYMUTEIHFHOIO KOJMYECTBAa TECTOBBIX 00pa3uoB. B coBpeMEHHBIX cHCTEMax
AaBTOMATH3MPOBAHHOTO TPOSKTHPOBaHUS B MuKpodekTponuke Silvaco [3] u  Synopsys [4]
peann3oBaHbl MOAYJH y4ueTa 3PPEeKTOB CMEIICHHA.

Takum o6pa3zom, B paboTe mpeacTaBieHbl PE3yIbTaTbl OIEHKH IPOIECCOB JAETPagalliy
AIIEKTPUIECKUX XaPaKTEPUCTUK NPUOOPHBIX CTPYKTYP MOJIEBBIX TPAaH3UCTOPOB Ha ocHoBe GaAsS moj
BIIMSTHHEM MTOTOKA IPOTOHOB MTOCPEACTBOM KOMITBIOTEPHOT'O MOJIETUPOBAHNS.
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CrpykTtypa

TumoBas mpuOOpHasi CTPYKTypa N-KaHAJIBHOTO IOJICBOTO TpaH3ucrtopa Ha ocHoBe GaAs (n-
GaAs MESFET) mnpencrasiena Ha puc. 1. B kadecTBe MOMIOKKH BBICTYIACT ApCCHUA TaJUTHS,
JIErMpoBaHHbIA OepuieM 10 KoHuenTpamuu 102 cm®, ¢ kpucramiorpaduueckoil opueHTanueit
(100). Obmactn kaHayia, CTOKa M UCTOKa C(HOPMHUPOBAHEI C HCIIOIH30BAHUEM MOHHON WMITIaHTAITHH
KpeMHHUsl depe3 Macky. MakchManbHas KOHIICHTpAlMs IMpUMECH B OONACTSIX CTOKA M HCTOKA
coctapnser 1,2:10® cm®. I'my6una 3aneranus CTOK-UCTOKOBBIX obOnacteil pasna 0,342 MkM, o61acTu
kaHana — 0,3 MkM. B kauecTBe MaTepuana 3aTBOpa UCMOJb3yeTcsl TUTaH. KOHTaKThI K 00J1aCTsIM CTOKa
W HCTOKa BBITIOJHEHBI alIOMHHHEM. TakuM o0pa3oM, MpH MOJCITUPOBAHWU TEXHOJOTHYECKOTO
MapipyTa ¢popmMupoBanus pudopHoit cTpykTypsl N-GaAs MESFET Beineneno 9 onepanuii: 3agaHus
UCXOJHBIX JaHHBIX (00JaCTh MOJICIMPOBAHUS, pacueTHAs CETKa, IapaMeTpbl TOJIOKKH) H
TI0CIIEI0BATENBHBIX ONepaluii UMIITanTauy oepuins (oueprus £ = 100 k3B, noza D =2-10% em?) u
kpemuus (omeprus E =100 k0B, moza D =102 cm?), muddysum (umrenbrocts t= 10 Munyr,
temneparypa 1 =850 C), dbopmupoBanus tutanoBoro 3aTBopa (TommmHa 0,3 MKM) M oOnacteit
crieiicepoB (OKCHI KpeMHUsI, MakcUMaibHas ToimmHa 0,4 MKM), UMIUIAHTAIMsS KPEMHHUS (SHEPrHs
E =50x3B, noza D =10 cm?) u muddysus (mmrensrocts t = 10 munyt, Temneparypa T = 850 C)
UiE  QOPMHUPOBAHHS CTOK-HCTOKOBBIX oOONacTed, (HOpPMUPOBAHWE ATIOMUHHEBBIX OMHYECKHX
KOHTaKTOB (TonmuHa 0,2 MKM).

3aTBop
Crok Hcrok

1 NV NV
0

i n-GaAs

N — S
04 -

: p-GaAs
2,0 T T T T T T T T T T T T T T T T T

-1,2 -0,8 -0,4 0 0,4 0,8 1,2

Puc. 1. [IpubopHas cTpyKTypa apCeHUA-TAJUIEBOTO MOJIEBOT0 TPAH3UCTOpa

HampspkeHne oTceukn W MaKCHMAIIBHBIM TOK CTOKAa IS TOJYYEHHOH CTPYKTYpBI NpH
temneparype okpyxariied cpeabl T =303 K paBabl Vore =-04B u  lemax = 1,02 MxA  (nipu
HanpsbkeHusx Ha croke Ve = 1 B u 3aTtBope V3 = 0 B) cooTBeTCTBEHHO.

Pe3ynbrarthbl

Jl1a pOrHO3MpOBaHUs JErpajalyy MapaMeTpOB, BBI3BAHHOTO MPOHUKAIOUINM W3IyYEHHEM,
4acTo JIOCTaTOYHO PAaCCMOTPETh TOJBKO NEpBBIA 3Tam mpouecca o0pa3oBaHus Ie(EKTOB.
Ob6pa3zoBanue 00bEMHBIX AE()EKTOB B CTPYKTYpE IMOJIYIIPOBOJHUKOBOrO MPHOOpa MPONOPIHMOHATIBHO
HenoHu3Mpyroleit morepu suepruu (anra. Non-ionizing Energy Loss, NIEL) — oOrieit kuHeTHueckoii
SHEPIuH, lepefaBacMoi aromaM peerku. [Ipu Monenuposanun u pacyetax kpome napamerpa NIEL,
TaK)Ke HCIOJB3YIOT TEPMHUH KHHETHYECKas dHEprusi, BbICBOOOkmaemas B martepud (anri. Kinetic
Energy Released in Material, KERMA). Otnorrerus mexay KERMA u NIEL moxHO 3amucaTh Kak

KERMA = NIEL-F-m, 1)

rae NIEL — moTepst HemoHU3MpyIOLeH dHepruy; F — HHTerpaibHbIH OTOK W3Ty4YeHUs ((ITIOCHC).
[Tapamerp NIEL moxeT OBITH MCHONIB30BaH MPH 3KCTPANONSLHUM JIerpajalliid MapaMeTpoB
YCTPOHCTBA, N3MEPEHHOM IS YacTUIIBI C JaHHOM 3HEpruei, Ha Ipyrue 3Hepruu («MacitabupoBaHue
NIELy).
B cmenmanu3upoBaHHBIX ~ NPOTPaMMHBIX ~ KOMIUIEKCAX  MPUOOPHO-TEXHOJIOTUIECKOTO
MOJEIIMPOBAHUS B MHKPOSJIEKTPOHHKE JUIi ONWCAHMS BO3JIEHCTBUS TOTOKAa YacTHI Ha
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XapaKTePUCTUKN MaTepuaia MPUMEHSIOT MOJenb paauarronHoro ¢uroerca (Radiation Fluence
Model), koTopas MO3BOISET MPOTHO3MPOBATH CKOPOCTH T'eHepauuu naedekToB. B coOTBETCTBHH ¢
MOJIETBIO 00IIas TUIOTHOCTH JedeKTHBIX cocTossHui NT u3-3a ¢urroeHca U3IydeHns C ONpeNelIeHHOM
SHEPTUCH U TUITAMU U3TYUYCHHS OTPEACIIAETCS KaK

NT=opp-NIELF, (2

r7e 0p — KO3QQUIMEHT TOBPEXKCHMUSI; P — IVIOTHOCTh MaTepuara.

Hewonmsupytromnue notepu sueprun aiasi GaAS onpenesieHbl ¢ UCIOIb30BaHUEM TpoekTa SR-
NIEL [5] nnas 3HadeHmii mOpOTOBOM osHeprum cMmemeHus Eq=9,52B[6], Eds =103B [7],
Eis=213B[8] u Egs=2553B[9]. Jlns momydeHHBIX BEIMYUH ONPEACICHBI CPEIHUE 3HAYCHHUS,
KOTOpbIC OINMHUCHIBAIOTCS aNMPOKCHMUpYIOIEH 3aBucuMocTh (puc. 2). IlomydeHHBIE pe3yibTaThl
yIOBJIETBOPUTEIBHO COTIACYIOTCSI C TAaHHBIMH, TPeACcTaBIeHHBIME B padoTe [10].

1E+0 5 —o—Ed=10sB
] —0—Ed=21sB
. ] —o—Ed=252B
S —+—Ed=9 5B
A e e e o e e o e e s .. [ [ | A e Model
= ]
:_:i" i
=
1E2 4
1E-3 — T — T — — T — T — T — T
1E-4 1E-3 1E-2 1E-1 1E+0 1E+1 1E+2 1E+3

E. M->B
Puc. 2. 3aBucMMOCTh HEMOHU3UPYIOIIUE TOTEPHU SHEPTUH OT SHEPTUH IIPOTOHOB

[IpoBeneHo MojenMpOBaHWE BO3JECHCTBUS TOTOKA TPOTOHOB Ha JKCILTyaTallMOHHBIE
XapaKTepUCTUKU MPUOOPHOH CTPYKTYpHI N-KaHAILHOTO apCeHUI-TaLTUEBOTO MOJIEBOT0 TPAH3HUCTOPA.
Pe3ynprarthl BIMSHUS TOTOKa MPOTOHOB ¢ 3Heprued Ee =2 B mpum Ttemneparype 7 =303 K
TIpeJICTaBJIEHbI Ha puc. 3.

10 ] doenc, cm? 0,28 duroenc, cm2
| o-0 ] o-0
{1 0-10° 0241  0-10°
0,8 x—5-10% . x—5-10"
1 o-10" 1 o-10"
1 a-s10" 0207 A 5o
EO’G ] E 0,16
S ] S 1
0,4 012
] 0,08
0,2 1 ]
] A 0,04
0 LI LI L T T T 0 y L :—y L——
0 0,2 0,4 0,6 0,8 1,0 -028 -0,24 -0,20 -0,16 -0,12 -0,08 -0,04
Ve, B Vs, B
a o

Puc. 3. BAX npu uzmenenun aroenca npoToHos ¢ sHeprueit E, = 20 k3B: a — crok-3aTBopHast; 6 —
CTOK-CTOKOBast
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Ha puc. 4 npeacrapneHsl Tpaduky 3aBUCUMOCTH MaKCHMAaJIbHOI'O TOKA CTOKA U HANPSKCHHS
OTCEYKH OT BEJIHYHMHBI (utoeHca NpoToHOoB Fp ¢ sHepruein E, = 2 kaB. IlapameTpsl BhIpakeHbI B
OTHOCUTENBHBIX eauHUIaXx (3a 100% mnpuHATEI 3HaYeHHs Oe3 BO3MEHCTBUS MPOHHUKAIOIIETO
W3ITy4CHUS).

[okazano, 4To (prOeHC MPOTOHOB OKA3BIBAET PA3HOE BIIUSHHE HA BEJIHYHHBI MAKCUMAIILHOTO
TOKa CTOKAa M HANPSHKEHUs OTCEYKHM KPOME y3KOH 1os1ockl 3Hauennii ot 5-101° em? mo 101 cm?2 Tax
nmpu Fp =510 cm? pasHuma Mexay OTKIOHEHMEM IapaMETPOB cocTaiaseT 1%, a npu
Fo=1,2-10" cM? — 4,2%. 3aBHCUMOCTD OTKJIOHEHHMS HATIPSKEHHUS] OTCEYKHU TOUMHAETCS JIMHEHHOMY
3aKOHY (JOCTOBEPHOCTH anmpokcuMamuu R? =0,99), a 3aBHCMMOCTH MaKCHMAllbHOTO TOKa CTOKa
HOCHUT OoJiee CJIOKHBIN XapakTep.

Ha puc. 5 npencraBnensl rpaduky 3aBUCUMOCTH MaKCHMAJIBHOTO TOKa CTOKA W HAIPSKEHUS
OTCEYKHU OT BEJIMYHMHBI DHEPIHH IIPOTOHOB Ep st pmroenca Fp = 5-101° em2,

100
20
80
70

50
40
30
20
10

1E+10 1E+11 1E+12
$nroenc TIPOTOHOE, CM'2
Puc. 4. 3aBucUMOCTh TApaMeTPOB APCEHHU-TAILUIMEBOTO ITOJICBOTO TPAH3HCTOPA OT BETMUNHEI
¢moenca nmpotoHoB F, (3ueprus Ep = 2 kaB, remneparypa T = 303 K)

SnmenHe [TAPAMETPE OT HCXOJIHOMD, Y

—>—Hanpmoxenne otceust  —o—TOK CTOKA

ce bbb b b b b b e

Ilo pesynpraTaM MOIEIUPOBAHUS YCTAHOBJIEHO, YTO OJHEPrusl INPOTOHOB OKAa3bIBAET
HauOoJblliee BJIMSHUE HAa OJIIEKTPUYECKHE XapaKTEPUCTUKH apCEHU-TAUTUEBOTO  IOJIEBOTO
TpaH3ucTopa B 001actu ot coreH 3B 10 100 k3B, uTo KOppenupyeT ¢ JaHHBIMU, TPEICTABICHHBIMH Ha
pucC. 2., 32 UCKITFOUYEHUEM Irana3ona sHepruit ot 4 k3B no 10 k3B (t.e. mpu 3HaueHnsx E, Ha 6 k3B
BBIIIIE OXKUAAEMBIX), MPH KOTOPHIX HAOJIOJACTCS CUIIbHAS Jerpajialys dIIEKTPUYEeCKUX CBOWCTB
NpUOOPHOM CTPYKTYPHI BILUIOTH JIO OTKa3a TpaHauctopa. [Ipu 3HaueHusx sHepruu E, 6onbie 1 MbB
BEJIMYMHA OTKJIOHEHHS IapaMeTpoB He mpesbimaeT 1 % i MaKCUMaJIbHOTO TOKa cToka U 1,5 % mmst
HanpsDKEHUS] OTCEUKH.
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Sueprua npotonoe, MaB
Puc. 5. 3aBucumMocTh napamMeTpoB apCCHUA-TAJITIMCBOI'O IOJICBOI'O TPAH3UCTOPA OT SHCPIUU MMPOTOHOB
Ep (Qpmroenc Fp = 5-10%° cm?, remneparypa T = 303 K)
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Ha puc. 6 mpencraBiieHbl rpadUKu 3aBUCUMOCTH MAaKCUMAJIBHOTO TOKA CTOKA OT TEMIIEPaTyphI
NpY BO3JICHCTBHM TMOTOKA MPOTOHOB PA3HBIX (UIFOCHCOB ¢ 3Hepruer Ep =2 k3B ans cranmapTHBIX
MoJIeJiel iepeHoca HOCUTeNeH 3apsa.

Ycranosieno, uto B auana3zone remneparyp 7 oT 133 K no 143 K noTok mpoToHOB OKa3bIBaeT
HaunOoJblliee BIMSHUE JUIS BCEX paccMmarpuBaeMbIX (uoeHcoB ¢ Ep = 2 kaB. VBenuuenne diroeHca
MPUBOANT K CABUTY TaKoil TeMmieparypbl B 00jacTh 0Oosee BBICOKMX 3HAueHWH: It (roeHca
Fp=10% cm? Temneparypa T'=136 K (lcmax = 2,2 HA, uto coctaBnser 17,65% oT 3HadeHus 6e3
BO3JEHCTBUA MOTOKa MpPOTOHOB), aisa ¢umoenca Fp=2,5-100cm? — T=136 K (Icmax = 1,56 HA,
36,5%), nns pmroenca Fp = 5-10° em? — T'= 139 K (lcmax = 1,54 HA, 54,06%).

[Ipu 3HaveHmsx TtemmepaTypsl Bbime 273 K KpyTH3Ha 3aBHCHMOCTH YMEHBIIIAETCS.
YBennuenue (rroeHca MPUBOAMT K Oosiee pe3skoMy H3MeHeHHio. Tak anst ¢umioeHcoB Fp paBHBIX
10 cm? m 2,5-10'° cm? yBennuenne TemmepaTypsl Ha Kaxable 10 K OpHBOAMT K yMEHBIIEHHUIO
OTKJIOHEHHs MAaKCUMAaJIBHOTO TOKAa CTOKa B cpeaneM Ha 3,8:10°% u 9,0-10°% coorsercrBenno. Jls
dmoenca Fp = 5-10%° cm? kpytusna pasusiercs 1,32-10°%, T.e. «HachIEHNE» TTPOMCXOIUT NPH 6OJIEE
BBICOKHX TeMIIepaTypax.

70

60

MakcumankHEH TOK CTOKG, %

—o—1elld —T—235el0 —x5el0

40 — T
73 123 173

N B S S S B B B R N e .
223 273 323 373
Temmnepatypa, K
Puc. 6. 3aBMCHMOCTH MaKCHMAlIbHOTO TOKA CTOKA aPCEHHUI-TaILIMEBOTO MOJEBOTO TPAH3UCTOPA OT
TeMneparypsl T
(¢pmroenc Fp = 5-10%° cm?, sneprus npotoros Ep = 2 k3B)

3akaouenne

Pazpaborana mozens 3aBucumoctd NIEL oT sHeprum nmpoToHOB, yuuTHIBaIOIIAsl pa3IndHbIC
3HA4YECHUS! MTOPOTOBOM »HEprum oOpazoBaHus nedexrta ans GaAs, BcTpedarolyecs: B JUTepaType, U
COIJIACYIOMIASACS C TMOCTCTHHMH TEOPETUYECKUMH M JKCIIEPUMEHTAIBHBIMU JaHHBIMHU. M3 aHamm3a
pe3ybTaTOB MOJICTUPOBAHUS BO3JICHCTBHUS IOTOKA MPOTOHOB HAa MPHOOPHYIO CTPYKTYpy N-
KaHJIBHOTO apCeHUA-TAJUIMEBOrO II0JIEBOTO TPAH3UCTOpAa MOXKHO CHAENaTh CIEAYIOIIUE BHIBODL:
(IIIOEHC TPOTOHOB OKA3bIBAET Pa3HOE BIMSHUE Ha BEIWYMHBI MAaKCHUMAJIBHOIO TOKa CTOKa H
HaNPSHKEHUS] OTCEYKU KPOME y3KOii mostockl 3Hauenuit ot 5-10%° em2 no 10 cm%; sHeprus nmpoToHOB
OKa3pIBacT HauwOoNbllIee BIHSHHE B o0Omactd oT coreH 3B mo 100 xeB (BmoTh 10 OTKasza
TpaH3ucTtopa); B nuanazone temmeparyp I ot 133 K mo 143 K moTOoK NpOTOHOB OKa3bIBaeT
HauOOJIbIIIee BIUSHUE JJI BCEX paccMaTphBaeMbiX (uUirOeHCOB ¢ Ep = 2 k3B (yBenuuenue (iroeHca
MPUBOJIUT K CABHUTY TeMIepaTypbl T, B 00JacTh 00Jiee BEICOKUX 3HAUCHHA).

BaarogapHocTh
HccnenoBanusi BBIMONHSIIOTCS TpU (UHAHCOBOW MOJJICPKKE M B paMKax pelIeHHs 3ajad
rOCy/IapCTBEHHOM MPOrpaMMbl HayYHBIX HccieloBaHUNA «DOTOHHMKA M JIEKTPOHMKA JJIS1 HHHOBALIMI»
(3amanue 3.04).
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YK 621.039
HCHOJb30BAHME IIAU®POBBIX TEXHOJIOTWHI B TOATOTOBKE
CTYJEHTOB JIISI SAEPHOM OTPACJINA
BEJIBKUH B.J1., IEKJIEUH C.E., MBAHOB B. 1O., KIINMOBA B.A., TAIIIJIBIKOB O.JI.
Ypanvckuii pedepanvhoiii ynusepcumem umenu nepsozo Ilpesudenma Poccuu b.H. Envyuna
(Examepunbype, Poccuiickas @edepayust)

AHHOTaLUS. TpeOoBanue HaAeKHOW W 0OE30MACHOW OKCIUTyaTallMd aTOMHBIX OOBEKTOB
MOAPa3yMEBaET B MEPBYIO OUYEPEIb KAaUECTBEHHYIO MOJATOTOBKY NEepcoHana. B craThbe omucaHsl 3a1auu
TPEHAKEPHON  TMOATOTOBKM  CTYJAEHTOB, IIPEJICTaBICH IE€pPEYeHb TPEHAKEPOB-CHMYISITOPOB,
WCTION3yEMbIX B YHHBEPCHTETE, TSI OCHOBHBIX SIEPHBIX JHEPIeTUYECKHX peakTopoB Poccum.
OrnvcaHbl HampaBlIeHUS TPeHaXXepHOU moAroToBku B BY3e u cymiecTByromias nmpakTHKa B paMKax
quctiuHbl «CTeHIoBasi TpeHaKepHas MOATOTOBKa». OmpereneHbl IyTH TOBBIINICHHS KadecTBa
MONTOTOBKM M POJIb 3JIEKTPOHHBIX 00pa30BaTENBHBIX PECYpPCOB B PEUICHHH MPOOJIEMBI 00eCTIeUeHHS
ATOMHOM 3HEPreTUKU KBATU(HUIIMPOBAHHBIMY crienuanuctamu. [lokasan Bkian kadenapbl «ATOMHBIC
CTaHIIMM W BO300OHOBIISEMBbIC HCTOYHHMKH SHEPrUM» B TOJATOTOBKY CHCIMAIUCTOB JJI aTOMHOM
SHEPTeTHKH, COCTOSIHHE yIeOHO-MaTepHaTLHON 0a3bl.
KuioueBble ¢j10Ba: aTOMHBIC CTAHIINH, SACPHBIC SJHEPTCTUUECKHUE PEAKTOPHI, TPEHAKEPHAS
noaroroeka B BY3e, moaroroska kajapos jjisi aTOMHOM SHEPIeTUKH, HAJICHKHOCTh U O€301MacCHOCTh
ADC.

TRAINING OF URFU STUDENTS ON SIMULATORS OF NUCLEAR POWER REACTORS
VELKIN V. I., SHCHEKLEIN S. E., IVANOV V. Y., KLIMOVA V. A., TASHLYKOQV O. L.
Ural Federal University named after the first President of Russia B. N. Yeltsin
(Yekaterinburg, Russian Federation)
Annotation. The requirement of reliable and safe operation of nuclear facilities implies, first of all,
high-quality training of personnel. The article describes the tasks of simulator training of students,
presents a list of simulators used at the University for the main nuclear power reactors in Russia. The
directions of simulator training at the university and the existing practice in the framework of the
discipline "Bench training" are described. The ways of improving the quality of training and the role
of electronic educational resources in solving the problem of providing nuclear power with qualified
specialists are determined. The contribution of the Department "Nuclear Power Plants and Renewable
Energy Sources" to the training of specialists for nuclear power, the state of the educational and
material base is shown.
Keywords: nuclear power plants, nuclear power reactors, simulator training at the university, training
of personnel for nuclear power, reliability and safety of nuclear power plants.

Beenenne

[IpuMeHeHne moMHOMACIITAOHBIX TPEHAKEPOB ISl MOJTOTOBKU U MOAJIEPKKH KBATU(PHUKAIINN
oreparopoB OyouHBIX MyHKTOB ympasieHus (BIIY) sBisercs o0sf3aTeNbHBIM 3JEMEHTOM CHCTEMBI
MOArOTOBKH NepcoHana poccuiickux ADC [1].

B VYpansckom ¢enepalibHOM YHUBEPCUTETE JUIS STHX LIEJICH pa3pabdoTaH U BHEIPEH YYeOHBIM
Kypc «CTeHnoBas TpeHakxepHasi IIOATrOTOBKa», KOTOPBIM YUTaeTcsa Ha 3-M U 4-M Kypcax clelnuanureTa
U cocraBiisieT 4 3.e. [2].

B nepuon mangemuu 2020 T. CYIIECTBEHHO BO3pPOCI]A POJb CaMOCTOSTEIBLHOTO OOYYCHHMS.
Hmes goCTym K 3JEKTPOHHBIM pecypcaM, BKJIIOYAIOIIUM HE TOJNBKO JIEKIIMOHHBIA MaTepual, HO H
MYJIbTUMEINIHHOE CONPOBOXKICHHUE JIEKUMH, CTYyJEHTHl MOIJHM B YCTAHOBJICHHBIE Yachl 3aHITHI
U3y4yaTb TEOPHIO, CBI3aHHYIO C MaTepualibHON 6a30ii obopynoBanus ADC. [IpakTnueckue 3aHsATHS Ha
TpeHa)kepax OBIIM OpPraHMW30BaHBl MO CIENHAIHPHOMY TIPUKa3y PYKOBOICTBA YHHMBEPCHUTETa B
MOMEIIEHUSIX JACUCTBYIOIINX TPEHAXEpPOB Kadeapsl «ATOMHBIE CTaHIMH W BO30OHOBIISIEMBIE
VCTOYHUKH 3HEPTUN.

Tpenasxkepsl mo AJC B Yp®@Y

Tpenaxepnas 6aza YpdY ¢opmuposanacs B nepuos pazsutusa aromHoi suepretuku CCCP u
pasBuBaiach BIUIOTH J0 2015 .
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CerozHsl TpeHa)Kepbl B YHUBEPCUTETE MO3BOJAIOT 337aBaTh Pa3IMUHBIC PEKUMBI M YCIOBHS
paboTHl PEaKTOPHON YCTaHOBKH, a Takke Bcero obopynoBanus ADC, COOTBETCTBYIOUIEH NaHHOMY
THITYy peaKTopa.

B mnacrosmiee BpemMs B Yp®dY B ydeOHOM mpolecce HCHONB3YIOTCS S5 TPEHAXKEPOB,
MPEICTaBICHHBIX B Ta0I. 1.

Tabauna 1 - Ilepegens Tpenaxepos mo ADC Ha 6aze YpDY

Tpenaxep Tun peaxtopa Ha ADC,
MOJICJINPYEMBI JaHHBIM TPEHAXKEPOM
TOMAC-1 BB3P-1000
TOMAC-2 PEMK-1000
KOPCAP Bonsiabie peakTopsI
JOKER BH-600
BH-800 BH-800

Kypc TpeHaxxepHOi MOATOTOBKY pean3yeTcsi B COOTBETCTBUHU ¢ JIOPOKHOM KapToH,
BBIJIaBACMO Ka)JI0H OATpYIIe u3 2-3X CTyACHTOB, H300paskeHHOH Ha puc. 1.

Begymmit npenoaasatens A.T.H. Bemskur B.H.
KA®EJIPA "ATOMHBIE CTAHITHH H BO3OBHOB/IEMBIE HCTOYHHKH SHEPTHH"
CTEH/JJOBAA H TPEHA’KEPHAA ITIOJT'OTOBKA B AVJHTOPHAX TPEHA’KEPOB-CHMY/IATOPOB T-214
JlopoxHas KapTa 4
AJII'OPIITM
OIEI)O MIICHHA OTUCTaA II0 TpCHa)KCpHOﬁ IIOATOTOBKE IO JHCHHIITTHHE
Ne Pa3jgen otueta Komx-Bo IToarpymnma
CTpaHui | 1 2 3 4 5 6 7 8 9 10

1 Turyn, Conep:xaHHe 2

2 | Kpatkui aHaTH3 HCIIOTb30BAHHA 1o 10 Ba- | Be- Bu- | Box- | Kamu- | Kom | Jle- Hos- | Kyp- | Cumo-
TpeHaxepos A1i ADC B POCCHH H JaK | 704 | 1uO | TofoH | HHCcKad ckad | HUHL | Bopo | ckas | aeHc
3a pyOeKOM.

3 | IlepeyeHs TpeHaxepoB mo ASC B
VPPV (za1 anamuTHIECKHX 1-2
TPEHAKEPOB-CHMYIATOPOR H PaCYeTHBIX = 5 5 =
KOJIOE) Pa3padoTka 1 H3aHIIe Y4e0HOro 1mocoons

4 ITPAKTITUECKAS YACTDH 1 2 3 4 5 6 7 8 9 10

5 | BemoIHEHHE IPAKTHUECKOTO 6-8 + +
3agaHuA Ha TpeHaxkepe K TOMAC-1»

6 | BemoaHeHHE IPAKTHIECKOTO 6-8 + +
3amaHnA Ha TpeHaxkepe « TOMAC-2»

7 | BemomHeHHE IPAKTHIECKOTO 34 + +
3agaHuA Ha TpeHaxkepe «KOPCAP»

8 | BBIMOIHEHHE MPAKTHIECKOTO 34 + +
3afaHH1 Ha TpeHaxepe «JOKER»

O | BhINOJIHEHHE IIPAKTHIECKOTO 1o 10 + +
3anaHus Ha TpeHakepe «BH-800»

10 | BeiBoasL. 3aKT09eHHE 12

11 | buGanorpadus 2-3
UTOT'O 35-50

Puc. 1. JlopokHas KapTa TpeHa)XepHOU MOJArOTOBKH B YpDY

Kak BugHO u3 JloposkHOW KapThl, B Hadale JUCLUIUIMHBI KaXKJas MOArPYIIa 3HAKOMUTCS U
omuceiBaeT cymectBytomme Ha ADC Poccum mpodeccroHanbHBIE TpEeHaKEPHBIE KOMILIEKCHI,
COOTBETCTBYIOIIHME THUITYy PEaKTOpa.

B pamxkax cxxaroro Marepuana CTaTbU HE MPEACTABISAETCS BO3MOXKHBIM ONKCATh aJTOPUTMBI,
3a1aud ¥ (YHKIMK BCEX TpeHaxepoB. [103TOMy KpaTKO NpEACTaBUM TOJBKO OJUH W3 HHUX —
«TOMAC-1, npenHazHa4e€HHBIN U U3Y4YE€HUS IPOIIECCOB M B3aUMOCBSI3€i Ha PEaKTOPHOH YCTaHOBKE
BBDP-1000 [4].

Tpenaxep oneparuBHOro MojenupoBaHusa aBapuiHbIX cutyanuii «TOMAC- 1» pa3paboTku
OAO BHUHADBC — 5T0 aHaNUTHYECKUH CUMYISTOP, TMO3BOJISIONINN MOJENNPOBAaTh HOPMAJbHBIE,
nepexo/iHble U aBapuiiHble pexxuMsl padotel ADC ¢ BBOP-1000. B kayectBe nporoTumna BeIOpaH 4-it
6nox banakosckoit ADC.
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[lepBonagansHo TOMAC-1 wucnons3oBancst st oOyueHus nepcoHana ADC B KauecTBe
HaIJBIIHOTO IIOCOOUS AJIsl IEMOHCTPALUI HOPMAJIbHBIX M aBapPUHHBIX PEKUMOB PabOThI OJI0KA.

CocTaB aHanuTH4yeckoro TpeHaxepa (cumyisitopa) K TOMAC-1»

1. Maremaruueckass MOAeiIb 3JHEProdOJOKa, KOTOpas OMHUCHIBAET HEHTPOHHO-(U3IUUECKHE,
THIPOAVHAMHYECKHE U JOTNYECKHE MPOLIECChl B 000pYyA0BaHUU U cucTeMax ynpasieHus ADC.

2. 'pacdmaeckas cucrema MOJETMPOBAHMS, YIPABICHUS M BU3YaJIH3alUH, KOTOPAst TI03BOJISIET
OCYIIECTBIIATH YIIPaBICHHE MOAECTBIO U TPEICTABIATE PE3YIbTAThl €€ PaOOTHI.

[lepeuens Mogenupyemsix cucteM cumynaropa « TOMAC-1»

Hwxe mnpuBomsitcs cuctemsl ADC W COOTBETCTBYIOIIME MPOrpaMMHBIE 00O3HAYEHUS,
MOJIEIIMPyEMEBIe C TIOMOIIBI0 aHAMUTHIecKOro TpeHaxepa K [OMAC- 1»:

— axkTuBHas 30Ha — CR;

— CHCTEMa DIIEKTPOCHAOKEHHs COOCTBEHHBIX Hy X1 — ED;

— BTOpO# KOHTYp — MS;

— cucTeMa TepMETHYHBIX oMenieHuii — OV,

— CUCTEMBI 0€30ITaCHOCTH U OCHOBHBIE peryisiTopbl O10ka — RC;

— cHCTeMa aBapUHHOTO OXJIaXICHHUS aKTUBHOM 30HBI — S,

— TepBbId KOHTYp — TH.

HeiiTponHo-¢pusnyeckas Moaeab aKTHBHOI 30HbI cumyasaTopa K TOMAC-1»

HefitponHo-u3udeckass MoOJellb aKTHBHON 30HBI, pa3paboTaHHas Ha OCHOBE IMPOTPaMMBI
HEXAN, obGecrieunBaet geTanbHOE OMICaHNE HEUTPOHHO-(PU3NIECKHA TPOIIECCOB B aKTUBHOW 30HE B
peKuUMax MyCcKa, HOPMAaJIBHOW OKCIUTyaTallMd, TP M3MEHEHHSX MOLIHOCTH M OCTaHOBKE OJIOKa, a
TaKXe MPU aBapusiX, CONPOBOXKIAIOIINXCS OBICTPBIM BBOJOM PEAKTHBHOCTH, ITOTEPEH TEIIIOHOCUTEIS,
a Taroke 0e3 cpabaThIBaHHUS aBAPUITHOM 3aIIUTHI PpEaKTopa.

TpexMepHasi pacueTHass MOJIENIb a/ICKBaTHO OMHUCHIBACT CIEAYIOUINE HEUTPOHHO-(QH3HUYECKHE
MPOLECCH AKTUBHOM 30HBI:

— 9¢hdekTsl peakTHBHOCTH IO TeMIlepaType TOIUIMBA, IUIOTHOCTH W TeMIlepaType
TETJIOHOCUTEIS;

— 3ddexruBHOCTL OpranoB CY3 U cucTeMbl OOPHOTO PETYITUPOBAHUS;

— OTpaBJIeHHE KCEHOHOM U caMapueM, pa3oTpaBlIeHHeE.

Mopenas nepBoro koutypa cumyjstopa « TOMAC-1»

Tennorugpasiaudeckas MOJENIb MEPBOTO KOHTypa PEaKTOPHOM YCTaHOBKM H  €ro
BCIIOMOTaTeIbHBIX CHCTEM, pa3paboTana Ha ocHoBe kojga RETACT c¢ ucxoaHbiM HabOpOM JIaHHBIX,
COOTBETCTBYIOUINX OJIOKY-TIPOTOTHITY.

RETACT — 310 mporpamma, pa3paboTaHHas sl MOJAEIMPOBAHHS TEIUIOTHMAPABINYECKUX
NPOLIECCOB B PEAKTOPHOH YCTaHOBKE M MaporeHeparopax. IIporpaMma mo3BojsieT B peaabHOM
MaciTade BPEMEHH MOJICIMPOBATh MPOIECChl KaK B PEXXUME HOPMAalbHOM SKCIUTyaTaluu, TaKk U B
aBapusiX, CBSI3aHHBIX C OTKa3aMM Pa3HBIX cuUcTeM U obopynoBanuss ADC (BKiIOYask MaKCUMaJIbHYIO
MPOEKTHYIO aBapHIO).

N3o0paxenne okHa «Cxema MepBOro KOHTypa» B aHaMTH4YeCKOM cumyliitope « TOMAC-1»
NpeJICTaBJICHO Ha pHC. 2.

Mopeas BTOporo konrypa cumyasaropa K TOMAC-1»

MopenupoBanue TypOMHHOW uacTh paspaboTaHa ¢ momompio koga CMS (Compressible
Mixture Solver) Juist TEIUIOIHIPABINIECKON CETH C NBYX(Da3HOMU CoKUMaeMOU cpeaon

Tennoruapasianyeckas ceTh BKIIOYAET CIEAYIOIINE SIEMEHTHI:

— YeTbIpe maporeHeparopa (MOAEIUPYIOTCS B BUJE TPAHUYHBIX YCIOBUN);

— MPOTOYHAs YaCTh TyPOHUHBI C CEMBIO 0TOOpaMH (MOJIETHUPYEMBbIE KaK y3IIbl);

— cemapaTop | IepBasi CTyIeHb TapOTeHEPaTOPOB;

— BTOpas CTyIleHb NaporeperpeBareist (MOAEIUPYETCsS KakK TEINIOOOMEHHHMK THIIA «TOYKa B
TOYKE);

— Komnektop coOCTBEHHBIX HYX/1 (MOJIEIUPYETCS B BHJIE y3J1a CETH)

— OCHOBHBIE KOHJICHCATOPbI TYpOUHBI (MOJIEIUPYIOTCSA KaK OJJMH YKBUBAJICHTHBIH 00BEM);

— 4YeTelpe mojorpesaTens Huzkoro aasieHus [IH]/ (Monmenupyrorcs Kak Temao0OMEHHHK
MTOBEPXHOCTHOTO THIIA);

— JIBa rojorpesarens BeiIcokoro napnenus [1B/I;
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— OJVH SKBUBAJICHTHBIN;

— ABa TypOONUTATENbHBIX HacocCa.

Uzobpaxenne okHa «CxeMa BTOpOro KOHTypa» B aHanuTHueckoM cumyisitope « TOMAC-1»
NpeACTaBIeHO Ha pHC. 2.

| FREEZE jooon00ss | B - T

Puc. 2. Bknagka «Cxema ﬁépBoro KOHTypa» B TpeHaxkepe « TOMAC-1»

Moaenb cucTeMbl repMeTHYHBIX oMenmeHuil cumyaaTopa « TOMAC-1»

CuctemMa TepMETHYHBIX TIOMELICHWI BKIOYaeT B ce0s TrepMETHYHbIE IOMELICHHUS,
JOKaJIM3YIOUIyI0  apMaTypy, OacceiiH BBIIEpKKH  OTpabOTaHHOTO  TomumBa.  V3MeHeHus
TEIIO(QU3NYECKUX MMapaMETPOB IapOra3’oBOJSHONM CMecH B 00bEMax TIepMETUYHOH 000IOYKH
MOJIEIHpYIOTCsT ¢  momompblo  kogorerepatopa CMS  (Compressible Mixture — Solver).
TennoruapaBiudeckas CETh CUCTEMbI FEPMETUYHBIX IOMELICHUI BKIIIOYAET B ceO4:

1. YUetbipe 00bEMa, COCTMHEHHBIX MEX Ty CO0O0M BO3yXOBOJAaMH C PACIIONIOKECHHBIMA Ha HUX
BEHTHJISITOPAMH, 3alIOPHOI apMaTypoil, TenI000MeHHUKAMH.

2. TpyOormpoBos! Aj1s1 CBs3U 0OOBEMOB 1O BOJE.

3. TermmooOMEHHUKH BHYTpH OOBEMOB JIJIsl  MOJEIMPOBAaHUS BBIJACTCHHS Temia OT
00opymoBaHUSL.

4. 'paHn4HBIE YCIOBUS I MOJCITUPOBAHUS CBA3H 00BEMOB € OKpYXarome aTMocdepoit.

5. BxogHbple TOTOKH B OOBEMBI U1l MOJCITUPOBAHUSI TIOTOKOB BOJBI M Mapa B TEPMETHYHON
000J104Ke, BO3HUKAIOIIKX TPH Pa3pbIBax MEPBOTO U BTOPOTO KOHTYPOB.

Cucrembl 0€301aCHOCTH M OCHOBHBIE PeryJisiTopbl 0J10Ka

CuMynaTOpOM MOAETUPYIOTCS CIEAYIOIIUE CUCTEMBI 3aIUThI:

ABapwmifHas 3aIMTa peakropa AeHCTBYEeT MU MOABIEHUM CUTHaNa «A3». ABapHilHas 3amura
ocymecTBIsieTcs ageHrneM Beex rpymn OP 1o kpaiiHero HUKHEro TOJI0KEHHS 33 4 CEeKYHBI.

JelicTBUsT TpeaynpennTeNbHON 3allMThl TEPBOrO POAa OCYLISCTBISIETCS NPU TOSIBICHUU
curHana «[13-1». 3amura ocymiecTBiseTcsl MOCIeI0BaTeIbHBIM IBMKEHHEM BHU3 Bcex rpynn OP B
onpeAeaEHHON MOCIEA0BaTEIbHOCTH, HAYMHAS C PErYJIUPYOIIeld TPYIIbl, CO CKOPOCTBIO 2 CM/C JI0
cHaTusa curHana «[13-1».

Nzobpaxenne okHa «[laHenb aBapuiiHBIX CHTHAJIOB W MEPBONPHYUH A3» B aHAIUTHYECKOM
cumystope K TOMAC-1» npeacrapiieHo Ha puc. 3.

IIpo6aemMbl TpeHAXKEPHOH MOATOTOBKH
OCHOBHBIM HEJIOCTATKOM HMMEIOIINXCS TPEHAKEPOB-CHMYIISITOPOB SBISETCS MX MOpaILHOE
ycrapeBanue. [1o3ToMy B HONHBIA POCT BCTaeT 3afada OOHOBICHMS TPEHa)KEPHOW 0as3bl C yuyeToM
pa3BUTHA aTOMHOW SHEPreTHKH M HOBBIX BHEAPSEMbIX PeaKTOpPHBIX ycTaHOBOK (BBOP-100, BH-1200,
«Bpect-300-O/1»).
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Puc. 3. Bknaaka «Cxema BTOporo KOHTypa» B aHanuTHIeCKOM TpeHakepe « TOMAC-1»

B stoM wHampaBneHun YpanbCKuili QenepanbHBId YHUBEPCHUTET YK€ HMEeT 3ajelibl U
KOHKPETHBIE JOTOBOPEHHOCTH ¢ KOHIIEPHOM «PocaHeproaromy».

3akioueHue

1. Ucnonp30BaHue MpOrpaMMHO-TPEHAXKEPHBIX CPEICTB NMPH OO0YUYEHHH CTYICHTOB Kaderpbl
«ATOMHBIE CTaHIUMH M BO300HOBJSIEMbIE HCTOYHHKH SHEPIHM» MPOAEMOHCTPHUPOBAJIO HHTEPEC
CTYACHTOB K IMMPAKTUYECKOMY OCBOCHUIO NUCIUITIINHBI.

2. TMoarotoBka Ha TpeHaXepax B paMKaxX BY30BCKOW NporpaMmbl (QopMHUpyeT O0a3oBbie
HaBBIKU paboThl Oynymux oneparopos BIIY B ynpasnenuu, ananuse nH(OpManyu, NpeaCcTaBICHUN
XPOHOJIOTUH COOBITHI Ha SJEPHON SHEPTeTUIECKON YCTAaHOBKE.

3. OOyueHre Ha TpeHaxxepax UMeeT 0co0YyI0 3HAYMMOCTB ISl OIepeKarouield MOArOTOBKU
SKCIUTyaTalMoOHHOTO Tiepconana ADC BCeX THIIOB.

4. Beuay BBOJA B CTPOH HOBBIX W TepcreKTUBHBIX OiokoB ADC (BBDP-1200, BH-1200) B
HaCTOsIIIlee BPeMsi CTOUT TepBOOYepeHas 3aj1ada OOHOBIICHHS TpEeHaXKepHOW 0a3bl M JaibHEHIIEero
COBEPILEHCTBOBAHUS TPEHAXKEPHOT'O MPOLIECCa.
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HUAY MU®DU. — 2015. — C. 5457.
2. exkneun C.E., Taumsiko O.JI., Benskun B.U., Hlactun A.I'., [lementseB B.H., Mapkenos H.H.,
Copoxknr IO.M. Omneir  coTpynHuuecTBa  KoHUEepHa  «PocaHeproatoMm» H  YpaiabCKOro
TOCY/IapCTBEHHOTO TEXHHYECKOTO0 YHHBEpCHUTETa B O0NAacTH TOATOTOBKHM CHEIMAJINCTOB IS
TEXHUYECKOro oOciyxuBaHusd W peMoHTa obopyanoBanus ADC // WsBectus By3o0B. SnepHas
snepretuka. — 2004, — Ne3. — C.121129.
3. TammeikoB O.JI., Illexknenn C.E. HoBble TEeXHOJIOTMM TIOATOTOBKH CIICIIHAIUCTOB IS
HMHHOBaLMOHHOTO 3Heprodioka ADC ¢ peakropom BH800 / HoBbie 0oOpa3oBaTeibHbIe TEXHOJOTHH H
[HOATI'OTOBKA KAIPOB B By3e: c0. matepuanoB VII MexayHaponHol Hay4HO-METOJUYECKON
koHpepenmu, 8§ — 10 deppans 2010 r. B 2x wactax. Yactes 2. Exkarepuntypr: I'OY BIIO
«YT'TYYIIU umenu nepsoro [Ipesunenra Poccun b.H. Enpumnar, 2010. C.401-406.
4. TammsikoB O.JI., HocoB JI.A. HcnonwszoBanue cumymnsatopoB «TOMAC1l», «TOMAC2» s
MOJEIIMPOBAHMUS MIEPEXOIHBIX PEXKUMOB, BEI3BAHHBIX HApYyLICHUSIMH B peMoHTe o0opyaoBanus ADC /
XI Mexnynapoanass koHpepennusi «besonacnocte ADC u moaroroBka kaapoB — 2009»: Te3ucs
noknanoB, OOHUHCK, 29 cenTsOps — 2 oktsiopst 2009 1. B 2 — 1. T. 2. — O6Huuck: HOY «IUIIK». —
2009. - C. 67-68.

267



ABTOMATU3MPOBAHHBIE CUCTEMBI YITPABJIEHWA TEXHOJIOTUYECKHUMU ITPOUECCAMU ASC U TOC

YK 621.039
NPUMEHEHUE TEXHOJIOT W BUPTYAJIBHOM 1 JIONOJTHEHHOM
PEAJIBHOCTHU B OBPA30OBATEJBbHOM INPOLHECCE
KOBAJIEHOK JI.T.
(Mockea, Poccutickas ®edepayust)
AnHoTanus. TeHICHIIMH Pa3BUTUS COBPEMEHHOTO O0IIECTBA, Pa3BUTHE KOMITBIOTEPHBIX TEXHOJIOTHIA,
rio6anu3aius 1 nHGOPMaTH3AIUS 3aTPAaruBarOT Bce cepbl OOIIECTBEHHOTO YCTPOHCTBA, B TOM YHCIIC
u oOpaszoBanue. CMBICI, HA3HAYCHUE U MUCCHS COBPEMEHHOT'O 00pa30BaHUs — HE MPOCTO MOJTyUeHHUES
0a30BbIX 3HAHWH M HEOOXOMUMBIX HABBHIKOB M YMEHH, — 3TO BBIPAOOTKa KYyIbTYPHOTO KOJA,
CaMOCTOSITETIBHOTO TMOJX0/Ia K YCBOSHHUIO HOBBIX 3HAHWHU, KYJNbTYPHBIX IIEHHOCTEW, HOBBIX (OPM U
BUJIOB JICATEIHLHOCTU. BUpTyanbHas W JONOJHEHHAS PEaJbHOCTh OTHOCATCS K MEPEUHIO KITHOYEBBIX
WHQOPMAIMOHHBIX TEXHOJIOTUH TM(POBOH SKOHOMHKH. K HHUM OTHOCAT B TOM YHCIIC TEXHOJOTHUU
BUPTYaJbHON W JIOTIONIHEHHOW PEaNbHOCTH, TO €CThb OHM MOTYT SBISTBCS KaK HHCTPYMEHTOM
o0ydeHus1, Tak U 00BEKTOM UCCIICOBAHUSI.
KaroueBslie cioBa: TpeHaxepbl, BUPTyalbHAs PEAIbHOCTh, JOMOJIHEHHAS PEaIbHOCTh, TPEXMEPHOE
MOJICITUPOBAHUE.

APPLICATION OF VIRTUAL AND AUGMENTED REALITY TECHNOLOGIES IN
THE EDUCATIONAL PROCESS
KOVALENOK D.G.
(Moscow, Russian Federation)

Absract. Trends in the development of modern society, the development of computer technologies,
globalization and informatization of the sphere of social structure, including education. The meaning,
purpose and mission of modern education is simply the acquisition of basic knowledge and skills and
habits and skills, it is the development of a cultural code, an independent approach to the assimilation
of new knowledge, cultural values, new forms and types of activities. Virtual and augmented reality
terrorist attack on key information technologies of the digital economy. These include technology and
augmented reality.
Keywords: Simulators, virtual reality, augmented reality, three-dimensional modeling

Beenenue

Bupryanpras peampHOCTh (Virtual reality, VR) — coBoKymHOCTh mporpamMmHO-armmapaTHbIX
CPE/ICTB, KOTOPHIE TO3BOJISIIOT BOCIIPOU3BOANTH UCKYCCTBEHHBIH MUP M TPAHCIUPYIOT €T0 B CO3HAHHE
MOJIH30BATENIS TOCPEJICTBOM BO3JICHCTBUSI HA OPTaHbl UyBCTB (3pEeHUE, CIYX, TAKTUIIBHBIC OIYIICHNUS,
MIOJIOKEHHE B TIPOCTPAHCTBE U T.J.). BUpTyanbHas peallbHOCTh TaKXKe MPENOCTaBIISIET HHCTPYMEHTHI
B3aMMOJICHCTBHSA C OOBEKTaMH, KOTOpbIE B HEil HaxoAsTcsi (MHTEPaKTUBHOCTH), B OTJIMYHE OT
KuHeMarorpada, rie KOHSUHbIH MO0JIb30BaTeNb SBISIETCS ITACCHBHBIM HAOIIOaTENIEM.

HomoyiHenHas peanbHOCTh (augmented reality, AR) sBnsercss pe3ysibTaToM J00aBIICHHUS B
peaNbHBIl MUP MHUMBIX OOBEKTOB JUISi OTOOPaKEHHS JOTOJHUTENILHON MH()OPMAIIMK M MTOBBIIICHUS
BOCHpUATUS MH(POpManuy. JonoaHeHHas peallbHOCTh MPeoOpakaeT peabHbI MHp, a BUPTyalbHAs
peanbHOCTh BOCHPOHM3BOAMUT UCKYCCTBEHHBIH. Ha CThIKE BUPTYabHOTO U pealibHOTO MUpPA BO3HHKAET
CMeIlIaHHAs! PealTbHOCTb.

Hcronp3oBaHne BUPTYaJbHOW W  JONOJHEHHOH pEaJbHOCTH HMMEET CMBICH, KOorjaa
aNbTEPHATHBHBIE METOABI SIBJISIOTCS TPYTHOBBIMOIHUMBIMH, HE3()(OEKTUBHBIMA WM 3aTPaTHBIMU.
Kpome Toro, CymecTByeT eiie HeCKOJIBKO apryMEHTOB B MOJIb3y UCIONb30Banus VR/AR-TexHomoruit
B 00pa3oBaHHU.

IIpuMeHeHHe TEXHOJIOTMH BUPTYAJIbHOM U IONOJHEHHON pealbHOCTH

I[lo muenuto P. Kapuukay m . Makanapoy, caMbIMH JIyYIIMMH CHOCOOaMH yCBOCHUS
MaTepuajga SBISIOTCS OOydeHHWe JApYyrux JIoAed WIM TNPUMEHEHHE IIONYYeHHBIX 3HAHUHA B
MPaKTHUYECKON JesTenbHoCcTH. Kak mpaBmito, B y4eOHBIX 3aBEACHUAX JIJISl IPUMEHEHHUS TEOPETHUECKUX
3HAaHUI WCIONB3YIOTCsl JTabopaTopHble pabOThI, MPOU3BOJCTBEHHBIE MPAKTUKH W Jpyrue (HOpMbI
yuebHOM nestenbHOCTH. HO, K CcOXaleHWIo, Ha TMpakTHKEe oOydaloluecs CTaJKHBAalOTCS C
OTIpeIeICHHBIMU TPYAHOCTAMH, CBS3aHHBIMH C TE€XHHYECKHUMH, MaTepHaIbHBIMH OTPaHUYECHHUSIMHU,
KOTOpBIE HE TPEAIOJIaraioT IMOJIHOIEHHOTO 3KCIepuMeHTa. Hampumep, orpaHUYeHHBIA OOKET He
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MO3BOJIIET UMETH JOPOTOCTOsAIIee 00OPYIOBAHNE W MOJIAEPKUBATh €ro B NMPHEMIEMOM COCTOSHHH,
JIOCTaTOYHOM TSI IPOBEACHUS DKCIIEPUMEHTA.

TexHONOTHA BUPTYaNbHOW pEaNbHOCTH IIO3BOJSET CO3/[aBaTh KaK peanbHbIE, TaKk H
BBIMBIIUICHHBIE MUPBI C YYETOM BCEX CBOMCTB M OCOOCHHOCTEH MOBEJCHHSI OOBEKTOB, YTO OTKPHIBAET
HIMPOKHE BO3MOXKHOCTH €€ IPUMEHEHUS B Pa3INYHbIX c(hepax yenoBedecKoi NesITeIbHOCTH.

Tpexmepnas rpaduka naeT BO3MOXKHOCTb HAIJIAJHO CMOJEJIMPOBATH CIIOKHBIC NPOLECCHI C
HEOOXOTUMOH JeTanu3aluei, OT IBUKEHUS] KOCMHUUECKHX T A0 SAESPHBIX PEakIni.

BuptyanbHas peaqbHOCTh TarkkKe MO3BOJISIET JIETKO OpPraHW30BaTh MNpOLEcC OOydeHHs B
WUTpOBOM MaHepe M OTIMYHO NOAXOAWT JJIs OpPraHM3allMd OJKCKYPCHM IO HCTOPHUYECKUM
JOCTOIIPUMEYATEIbHOCTAM U 3110XaM, MOAEIMPOBaHUs Ou3Hec-keicoB. MHTepakTuBHOCTH U 3 et
MOJIHOTO TOTPYXKEHUS JAaeT BO3MOXKHOCTh IIPOBENECHHUS 3aHATHM B peXHUME BHUPTYalbHOH W
JOIIOJTHEHHOW PEaJIbHOCTH, YTO COBMECTHMO C AUCTAHIMOHHBIM 00yUCHHUEM.

Ho, xak u mro6as paszBuBaromiascs TexHoiorus, VR/AR UMer0T cBOM HEMOCTATKH, O KOTOPHIX
TaKke HeoOXoauMo ynoMsiHyTh. [lo6ouHbIMU 3¢ dekTamMu MpH ANUTENBHBIX ceaHcaXx VR sBistorcs
TOJIOBHBIE OOJM ¥ TOJIOBOKPY)KEHHS, KOTOphIE BO3ZHHKAIOT H3-32 CEHCOPHOI'O HECOOTBETCTBHAL
Hanpumep, nonp3oBaTtens MOBOpadMBaeT IONOBY, HO W3-32 TEXHUYECKUX OIpaHMYCHUI N300pakeHHe
TpaHCIUPYETCA C 33AePKKOM.

Hanpumep, kadeapa TeXHOIOTHH MAITHHOCTPOCHHS MCIIONB3YET JUIsl MPAKTUIECKUX 3aHATHH
[0 TPOMBIIIJIEHHOMY TPOEKTHPOBAHHUIO KOMHATy BHPTY&JIBbHOH pEalnbHOCTH. 3a CTYAEHTOM
3aKpeIuIsieTCs ONPEaeNICHHBIH YYacTOK 11eXa, Ha KOTOPOM HYKHO pa3MecTUTh 000pyJOBaHHE COIJIACHO
npaBUiIaM 1 HOpMaM TEXHHUKH Oe30macHOCcTH. Kax bl CTyIeHT BHOCHUT BKJIaJ B OOIIYIO MOJIENb 1eXa,
KOTOpasi OLCHHMBACTCAd OTAENbHO. TakuM 00pa3oM, COBMECTHBIMH YCHIIMSM CTYIACHTOB MOXHO
CIPOEKTHPOBaTh ILenoe mnpeanpusatue. JlabopaTopus maeT BO3MOXKHOCTh B3aUMOCHCTBOBATH
HECKOJBKMM CHEIUAINCTaM M3 Pa3iIM4yHBIX cep 3HAHWH B OJHOM BHPTYaJbHOM OKpYXCHUHU. B
YaCTHOCTH, JIJIsl BU3yaJIU3aI[UH PACUCTOB CJIOKHOM ra30{JuHaMHUYECKOM cpenbl ctyaeHTamu OH® Obilna
pa3paboTaHa COOTBETCTBYIOLIAas MOJENb Ta30NepeKadnBaoOLIe CTAaHIMM, KOTOpas HOAPOOHO
OTMCHIBANIA TIOBE/ICHUE MTOTOKOB BO3/[yXa C Y4€TOM UCKaKCHHSI T€OMETPUH BBIXOJTHOW TPYOBI.

B nepBom sKkcriepyMeHTE HCClenoBajach TMIIOTE3a O TOM, YTO HCIOJIb30BAHHE TEXHOJIOTHH
JIOIIOJTHEHHOW pEeabHOCTH Ha 3aHATUM NOBBIIIAET 3((GEKTUBHOCT M3yueHUs AR, 1o cpaBHEHHIO ¢
neKnueil 00 3TOW TeXHONOrHH. BTOpoil 3KCHepUMEHT MpOBepsT THIOTE3y 00 3PPEeKTUBHOCTH
W3y4YeHHsT HEKOTOPBIX pa3/eloB Kypca HHGOPMATHKH ¢ ucrnonb3oBaHueM AR. B pesynbrarte
OKCIIEPHUMEHTa AaBTOP MCCIIEJAOBAaHMsS JejaeT BbIBOA, YTO OOWMI ypOBEHb 3HAHUH B
SKCIEPUMEHTAIBHOM TpYIIE ydaluxcs MNOBBICWICA B cpegHeM Ha 23,1% mo cpaBHEHHIO C
KOHTPOJILHOM TPYIIION.

[IpuMeHeHne TEXHOIOTHI BUPTYANBHOW U JOTTOJTHEHHOW PEabHOCTH CO3/1aeT HOBBIC U OoJjiee
¢ deKxTuBHBIE CMOCOObI OO0YYEHHUS, OJHAKO TEXHWYECKHE HENOCTaTKM YCTPOMCTB M BBICOKAs
CTOMMOCTb KOHEYHBIX DEHICHUH OrpaHM4YMBalOT €€ IIMPOKOE NPUMEHEHHE B 00pa30BaTebHOM
nporecce. [IpuopuTteTHOl 3amayei sSBISETCS TOBBIIICHWE 3PTOHOMHYHOCTH VR-00opymoBanus u
CTpeMJIeHHEe K KOM(OPTHOMY HCIIONb30BAHUIO YCTPOMCTBa O€3 CyIIECTBEHHOro ymepda mams
3/10pOBBS.

IIpumeHeHHe TpeXMepPHBIX Mo/ieJiell M BUPTYaJbHOH pPeaJIlbHOCTH B siAePHOIi JHepreTHKe

CambIM MacIITaOHBIM TPOEKTOM B SIIEPHON 3HEPreTUKE SIBIISICTCS BUPTYAIbHBIA 3HEPro0JIOK
ADC, moMorarouuii pemate TEXHUYECKUE 3a7a4d IPU IPOEKTUPOBAHNHU CTAaHIIMK C peakTOpaMH TUIa
BBOP u bH-1200.

Buptyanbublii 5HEpro0i0k cocrout u3 cynep2BM, nporpammHoro odecrneyeHust U IMynbTa
ynpasienus. Ele Ha sTane npoekTHpOBaHMs MyJbT MO3BOJSET MOJEIHNPOBATH BCE MOTEHIMAIBHBIC
CUTYaIliH, TPOUCXOJIAIINE B OJIOYHOM MyHKTE ympasieHusa Oymymeir ADC, 9To maeT BO3MOXKHOCTD
MIPOBEPKU JUHAMHYECKUX MPOLIECCOB B OCHOBHBIX TEXHOJIOTHYECKUX, ANEKTPOTEXHUUECKUX CHCTEMAX
Y CHCTeMax aBTOMAaTHKH, a TaKkKe padOTHI onepaTropa ¢ BUACOKaAPaMy, OTOOpakaeMbIMH Ha TUCTIIEIX
€ro aBTOMaTU3UPOBAHHOTO paboyero Mecta. [1onb30BaTenh MOXKET IepeMeIaThCsl 0 MaKeTy, MEHSATh
MacmrTad, yBHJETh IUIOMIANKy dYeTBepTol ouepenu HomoBoponexckoir ADC W MpHIIETAONIYIO
TEPPUTOPHIO, 3aTTSIHYTh BHYTPh COOPY)KEHHH, pacCMOTPETh MEJKHE JIeTauu obopyaoBanui. Kpome
TOTO, TOJOTpapUUECKHd MaKeT TTO3BOJISIET aHUMUPOBATh OOBEKTHI M 33/1aBaTh J1I000€ TIOBEICHUE JIJIS
Hux. [lmanupyercs MCHoiap30BaTh MakeT B MOATOTOBKE W MOJJIEP)KaHWU KBaNMH(UKAIMK TepcOHaIa
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ADC. TexHomorusi BUPTyaJbHOH pEaTbHOCTH HCHONB3YETCI B KOMIIBIOTEPHBIX TpeHaXepax
PEMOHTHBIX TIPOIECCOB B y4eOHO-TpeHHpPOBOYHOM IeHTpe JleHmnrpamckoit ADC mis mOATOTOBKH
MepcoHalia 0 PEMOHTY W OOCTY)XHBAaHHIO CIOKHOTO TEXHOJIOTW4YecKkoro obopymoBaHus. B pabote
OTMCBIBACTCA TEXHOJIOTHS MOAETHPOBAHUS U BU3yaIH3allMU TPEXMEPHBIX BUPTYAIbHBIX IYJIBTOB C
HCIIOJIb30BaHUEM 3JIEMEHTOB BUPTYaJIbHON peanbHOCTH. [1yabThl cO34a10TCs ¢ TOMOILBIO crucTeMbl 3D
Studio Max. MogenupyeTcss BO3ICHCTBHE OIEpaTopa Ha AIIEMEHTHl YIpPaBIEHHs, ABIKEHHUE JTHX
9JIEMEHTOB B pe3yJbTaTe BO3ACHCTBHSA, a TAKXKE CO3JaHME U pacueT (GYHKIUOHAIBHOW CXEMbI MyJbTa
yIpaBlCHHS.

OO6nacTh TpPUMEHEHHsS] TPEXMEPHBIX MOJeNel W BUPTYyaJlbHOW pEaNbHOCTH B SAEPHOU
JHEPreTUKEe 3a IOCIEeIHHE [IeciTh JIET aKTHBHO pa3BUBaercs. lcmonb30BaHME BO3MOXKHOCTEH
TPEXMEPHOTO MOJECITUPOBAHUS AJISl MIPOBEPKH MPOEKTHBIX pEIIeHHH HOBBIX M cymiecTBytommx BITY
ADC sBrsercs akTyaabHOU 3a7a4eit.

Hampumep, nporpammsr 3D Studio Max u ArhiCAD npenpsBisifoT BeICOKHE TpeOOBaHUS K
MPOM3BOJUTENBHOCTH KOMIBIOTEpPa U BUACOKapTe, B orimyre oT Blender 3D u Unity 3D. Ha puc. 1
npuseaeH npumep mozaenu BIIY ADC, coszmannoit B Blender 3D. Ilomyuennas Monenb He sIBISETCS
CTaTUYHOM KapTHUHKOH, B HEHl peann30oBaH BUI «OT IEPBOTO JIMLA» B IOJOKEHHUH CHISL U CTOA, IO
MOMEIIEHUIO MOKHO CBOOOIHO MEPEABUTaThCs B IIOOOM HANPABICHUH KaK B KOMITBIOTEpPHOW HIpE.

Puc.1. [Tpumep Buna BITY npu npoexTnpoBaHUN OCBEUIEHUS

Cucrema 00y4eHUs HA OCHOBE BUPTYAJbLHOMH Cpeabl 115 NPeI0TBPAIeHUs] MPOUCIIECTBU 1
YMeHbIIEHUs aBapHii MPH BHIBOJIE N3 IKCILVIYaTAIMH SIIEPHBIX YCTAHOBOK

CHsITHE C IKCIUTyaTal[MH SIIEPHBIX YCTAHOBOK JIOJKHO OCYIIECTBISTHCS MyTeM OOCCIICUCHUS
0e30macHOCTH pabOTHHUKOB, NMOCKOJBKY 3TH JEHCTBHUS IO CHATHIO C DKCIUTyaTalldd TPOUCXOAAT B
YCIIOBHSX BBICOKOH PaMOAKTUBHOCTH U TSDKEJBIX YCIOBHU TpyIa.

VHacliefoBaHHbIE METOJbI U3MEPECHHUSI U OICHKH J103bI OOJYYEHHs MMEJM OTPaHHYCHUS 1O
U3MEHEHUIO M MOJICIIMPOBAHHUIO JI03bl OOJydeHHs paOOTHHKOB [0 TPAKTUYECKHX ICHCTBUIA,
NIOCKOJIBKY OHH JIOJDKHBI BBINIOJHATHCA 0€3 M3MEHEHHs pado4uMX MapIIpyTOB B COOTBETCTBHH C
3apaHee OIpeCICHHBIMU CIIEHAPUSIMH.

[IpennaraeTcst METOA OIEHKH JI03BI OONydeHHsT PaOOTHHKOB B YCIIOBHSX BHPTYaJIHHOTO
BBIBOJIA U3 DKCILTyaTanuu. Jjisi MoaeMpoBaHus ClieHapreB BBIBO/IA U3 IKCIUTyaTallMy CPEIbl BHIBOAA
U3 JKCIUTyaTalu ObUTM pa3paboTaHbl B BUPTYabHOH peadbHOCTU. JIJisi MOJENUPOBAHHS M OLIEHKU
JI03bI O0JIydeHHus1 padoumx Oblja Takke pa3padoTaHa MOJEIb YCJIOBEKAa B BUPTYyaJbHOM cpene. DTH
BUPTYaJIbHbIE CpPEbl BHIBOJA W3 DKCILUTyaTallMH MO3BOJIIN MOJCIHPOBATh M OLICHUBATh B PealbHOM
BpEMEHH J103y 00y4deHus: pabouux.
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Data management

l T Detected numerical data

Data of direction change J

Pictures of direction response
Graphic Server

Worker
l (first person mode)

Monitoring
(third person mode)

Puc. 2. KornenryansHbIH IU3aiiH CUCTEMbI 00YYEeHUS

Korna pabounii HageBaeT Ha ronoBy auciuieii (manee «HMDy), 3anmyckaetcs rpaduyeckuit
cepBep BUPTyallbHOW 00yd4aromieil cucteMbl. DTOT Tpaduyeckuii cepBep MojlyyaeT JaHHbIE O CMEHE
HanpapneHus pabodero. OH Takke OOMEHHBAETCs OJIOKaMHU YIIPaBICHUS JaHHBIME ¢ 00HAPYKEHHBIMH
YHUCIOBBIMU JaHHBIMH. ['paduyeckuit cepBep mnpenocraBmier HMD wu300pakeHHss peakmuu
HaIpaBJICHHsI, @ YCTPOHCTBO MOHUTOPHHTA - N300payKeHHsI MECTOTIONIOKEHHUS M TTOBEJICHUS paboyero.

J1st MOeMpOBaHuUs HECKOJIBKUX CLEHAPUEB BBIBOAA U3 HKCIUIyaTaluy ObLIN CO3AaHbI CPEIb
TECTHPOBAHMA B BUPTYaJIbHOU peasnibHocTH. Cpenbl pa3paboTKy ObIIIM OCHOBAaHbI HA LU(POBOM MaKeTe
BBIBOJIa M3 OKCIuTyaTanmd. Kpome Toro, MHOTME CIieHapuu ObUIM pa3paboTaHBl B TPEXMEPHBIX
BUPTYaJbHBIX CPEAax MAJsl OLEHKH IOCPEICTBOM AWHAMHYECKOTO MOAEIHpOBaHUs. BupTryanbHble
cpelpl BBIBOAA M3 SKCIUTyaTalMu ObUIM paspaboranbl ¢ momomisto Unity3D m cocrostin u3 Tpex
9TaloOB MPOEKTUPOBAHUS: TPEXMEPHOE OTOOpakeHHe, pa3padOTKa CIEeHapHs M KapTHPOBAaHUE
panuanuu. Ha puc. 3 mokaszaHo, 4To peakTop 0ToOpakaeTcsi B BUJIE TPEXMEPHBIX JIaHHBIX.

Busyanuzauusi ypoBHsi IKCIO3HIIHOHHOM 103b1

Jdns  BU3yanu3aluyl ypOBHEH OKCIIO3UIIMOHHOW JI03bI MOJIENM YEJIOBeKa OHH ObUIH
KJIacCH(UIMPOBAHBl C HCIIOJIL30BAaHHEM IBETOB M pa3padoTaHbl B BHAE KyOOB B HHCTPYyMEHTE
Unity3D, kak moka3ano Ha puc. 4. Pazmep kaxmoro kyba cocraBimsti 50 cM. Drta knaccudukanus
KyOWKOB MOKET OBITh M3MEHEHA B 3aBUCUMOCTH OT PaHOIOTMIECKOM CUTYaIINH.

M3mepeHne SKCHO3UIMOHHOM 1036 HAa MOJENM YeJIOBeKa CHUTYallMd CTOJKHOBEHHS B
BUPTYaJIbHBIX Cpelax BO3HUKAIOT, KOTJA MOJENb YeIOBEKAa MEePEKPBIBACTCS C KOHTPOJUICPOM
nepcoHaxxa B uHcTpyMenTe Unity3D u kointaiinepom Osioka B kyoe. Korma pabouuti nepemeniaercs B
BUPTYaJbHYIO CPEY BBIBOJIA U3 IKCILTyaTalllH, YelloBedecKasi MOJIENb MOSIBIISIETCSl HA pabodeM MecTe
C YYETOM pacmpe/eNieHns 1036l B 9T0 Bpems Mozienb 4enoBeKa CTaIKUBAETCs ¢ HECKOJIBKUMH KyOaMu
B BUPTYaJbHOH cpelie; IPUHUMAETCSl OCIEAHUN KyO, U 032 00IydeHHs MOXKET OBITh MOJTydeHa W3
3Ha4YeHWH nocieaHero kyoa. Korma mpoucxoauT cTOIKHOBEHUE Ha 3€JIEHON JIMHWU, KaK IMOKa3aHo Ha
puc. 5, BebBactca ¢yHkuus OnTriggerEnter B Unity3D u skcnoHupoBanme 103a B KyOe
NEpEeHOCUTCs B Mojenb yenoBeka. OLEHKa CTONKHOBEHHS BBIUMCISETCS IO KaKAOMY Kaupy, U
3HAYCHUE DKCIIO3UIIMOHHOM JI03BI TIEPE/IacTCsl B MOJICNb YeJI0BEKa KAKAYIO CEKYHIY.
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Puc. 3. TpexmepHoe 0TOOpakeHNE KOMIIOHEHTOB PEakTopa

0 ~1mSv 1 ~5mSv 5 ~ 10 mSv
10 ~ 20 mSv 20 ~ 30 mSv > 30 mSv

Puc. 4. Knaccudukanus kyoos B uactpymerre Unity3D

Prioritv 3
Prionty 3

Priority 1 Priority 2

Priority 2

Priority. 1

Puc. 5. M3amepenue 3KCIO3UITMOHHON 10361 B MOJICITH YEJIOBEKA
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Pe3yabTar
WHcTpymMeHTapuid  TPeXMEpHOTO  MOJEIMPOBAHHS  IO3BONSIET HE  TOJBKO  CO31aTh
peaNMCTUYHYI0 MOJICNb Oleparopa, HO M 3aJlaTh 3HAYCHHSI aHTPOIIOMETPUYCCKUX XapaKTEPUCTHK,
MPOPHUCOBAThH CKEJIET U TOYKHU MOJBUKHOCTH CYCTaBOB, OTOOPA3HUTh 30HBI TOCSITaeMOCTH U BUAUMOCTH
C y4EeTOM TIOJIOKEHUSI TOJIOBBI M Tela omnepartopa. HampuMep, Mojenb oneparopa MOXKHO CO3/1aTh B
nporpamme MakeHuman, annmuposats B Unity 3D, a 3arem ummoptupoBats B Mozens BIIY B cpene
Blender 3D st comarorpaduueckoro aHanmza.

3akioueHue

OnbIT IpUMEHEHHS BUPTYaJIbHBIX MOJETIEH B AIEPHOI SHEPTETHKE MTOKAa3hIBAET aKTYAIBHOCTh
WCIIOJIb30BaHMsl BO3MOXKHOCTEH TPEXMEPHOTO MOJICIMPOBAHUS AJSl MPOBEPKH MPOEKTHBIX PEIICHHUI
HOBBIX 1 cymecTBytomux BITY ADC. [IpoayKTbl TpeXMEepHOTO MOIETUPOBAHUS TTO3BOJISIIOT CO37aTh
monenb BITY ADC mis ydeta aHTPOTIOMETPHUYECKHX XapaKTEPHCTHK, pa3pabOTKH W PaCTIOIOKESHHS
HOBBIX CPEICTB OTOOpaskeHHs HH(POPMALIMU U OPTaHoB YIIPaBJICHHUS, TPOCKTUPOBAHHS OCBEILICHHOCTH
pabounx MecT W 30H. Jra pabora ObUla HampaBicHAa Ha MOJCIUPOBAHUE CIEHAPUCB BHIBOJA W3
SKCIUTyaTallid C IETbI0 M3MEPEHUs M OIEHKH 03Bl OO0JMydeHHs PaOOTHHUKOB. /IS ONEHKH O3B
O6J'Iy‘lCHI/ISI pa6OTHI/IKOB BO BpEMs BbIBOJA M3 SBKCIUIyaTallUM SAACPHBIX YCTAHOBOK OO IPOBCIACHUA
paboT Mo BBIBOAY M3 IKCILTyaTallMd ObLI pa3paboTaH METOJ UMHTAIIMOHHOW OIIEHKH B BUPTYaJlbHOMN
paguosornyeckoi cpeae. llpuBemen mnpumep cosnanus TpexmepHod wmoxenu BIIY ADC ¢
BO3MOXKHOCTBIO TIEPEMENICHUSI W BUAA «OT NEepBOTO IMIa». TakuMm o0pa3oM, HCIOIb30BaHUE
TPEXMEPHOTO MOJEIUPOBAHUS TO3BOJSECT PEUINTh PsA 3a1a4 JPrOHOMHYECKOTO OOECTIeYeHUs
npoexktupoBanus BITY ADC.

Cnmcok JIuTepaTypsbl
1. HBamoBa A.JI. OcCOOCHHOCTHM METOOHYECKHX M IICHMXOJIOIO-TICJaroriueCKUX acleKTOB B
npenofgaBanuu  «llegaroruk M TCHXOJOIMM BBICIIEH INKOJIBD» MJIS MAarucTpOB TEXHHUYECKHX
cnernansHocTedl // CoBpeMeHHbIE TpoOJeMbl Hayku W oOpazoBanus. 2015. Ne 6 [DnekTpoHHBI
pecype]. URL: https:// science-education.ru/ru/article/view?id=23480 (nara oOpamenus: 28.11.2018).
2. Vka3 llpesugenta P® ot 9 mas 2017 r. Ne 203 «O Crparerun pa3Butusi WH(HOPMAITMOHHOTO
obmectBa B Poccmiickoit deneparun va 2017-2030 rogsn // C3 PD. 2017. Ne 20. Cr. 2901.
3. TIlporpamma «ludposas sxoHoMuka Poccuiickoit @eaepanun» (yTB. pacHOpsDKEHHEM
IIpaButensctBa PO ot 28.07.2017 Ne 1632-p) // Caiit IlpaButenscrBa Poccun. 2017 [DneKTpoHHBIN
pecypc]. URL: http://static.government.ru/media/files/9gFM4FHj4 PsB7915v7yLVuPgu4bvR7MO0.pdf
(mara oOpamenus: 28.11.2018). 4. boituenko M.B., Jlexankun A.B. JlomosHeHHass peaibHOCTb:
COCTOsIHUE, TIPOOJIEMBI U ITyTH pelieHus // YIpaBleHne, BEIYUCIUTEIbHAS TEXHUKAa U WHPOPMATHKA!
Hoxmager TYCVYPa. 2010. Ne 1 (21). a. 1. C. 161-165.
5. Barynmun A.C., IMonskosa JI.O., Adanacenko A.C., KopoBuna M.C. BupryanbHas peanbHOCTh B
TEXHOJIOTHSIX TUCTaHIMOHHOTO 00yuenus / M3sectus [II'YTIC. 2010. Ne 4. C. 301-309.
6. CoboneB B.10., Kucenesa O.B. MnTepakTuBHBIE METOIBI O0Y4YEeHHUSI KaK OCHOBa (hOPMHUPOBAHUS
komneTeHnui // Briciiee oOpa3osanue ceronus. 2014. Ne 9. C. 70-74.
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YJIK 621.039-78
IMPAKTUKO-OPUEHTUPOBAHHBIN ITOJIXO0OJ B OFYYEHUY CUCTEMAM
KOHTPOJIA U YITPABJIEHUSA UCIIOJTHUTEJIBbHBIMUN MEXAHU3MAMM HA BA3E
OTK TOTC-HT
|KOPOJIEB C.A.|TAIIYBI 1O.1., TOJIOKOHCKMIA A.O.
Hayuonanvuwiu ucciredosamenvcxuil si0episiii ynusepcumem « MUDH»
(Mockea, Poccutickass @edepayust)
AnHortanus. [IpeacraBieH NpakTHKO-OpUEHTUPOBAHHBIN METOJI TOITOTOBKY crieuanucToB st ADC
C HCIIOIB30BaHUEM IMpOTrpaMMHO-TeXHUYecKuX KomiuiekcoB TIITC B HUAY MU®U. Paccmorpen
KOMIUTEKC Ja00paTOPHBIX paboT IS pean3anny CeHaIn3uPOBAHHBIX aJTOPUTMOB TSI YIPABICHHS
BEHTWIALIMOHHBIMH YCTAaHOBKaMH C TIPUMEHEHHEM CICIUATM3UPOBAHHON anmapaTypbl, OJIOKHPOBOK,
CUTHAJIM3AIH U JUarHOCTUKY TEXHUYECKHUX CPEICTB Ha SIIEPHBIX 00BEKTaX.
KroueBsbie cnoBa: ACY TIIL, TIITC-HT, ADC, cucremsl ymnpaBieHHUs, MPOTPaMMHO-TEXHHYECKUI
KOMIUICKC, YIIPaBJICHUE BEHTHIISIIHOHHBIMHA YCTaHOBKAMH.

PRACTICE-ORIENTED APPROACH IN TRAINING OF CONTROL SYSTEMS AND

CoO E MECHANISMS ON THE BASIS OF PTK TPTS-NT
iSERGEY.A. KOROLEV] YULIYA.I. TASCI, ANDREY.O. TOLOKONSKIY
NATIONAL RESEARCH NUCLEAR UNIVERSITY “MEPHI”
(Moscow, Russian Federation)
Abstract. The article presents a practice-oriented method of training specialists for nuclear power
plants using software and technical complexes of TPTS at MEPhI. The complex of laboratory works
for the implementation of specialized algorithms for controlling ventilation installations with the use
of specialized equipment, locks, alarms and diagnostics of technical means at nuclear facilities is
considered.

Keywords: Automated control systems, TPTS-NT, nuclear power plants, control systems, software
and hardware complex, control of ventilation installations.

Beenenue

Baxknoii cocrasnsitonieil coBpemeHHO ADC sBisieTcsl cucTeMa KOHIULMOHUPOBAHUS BO3AyXa
U BeHTWIIIMU. HeoOXoauMocTh MpenynpexaeHHUsl 3arps3HEHUs BO3AyXa B TPOU3BOJCTBEHHBIX
MOMEIIEHHSX CBA3aHA C HMCIOJIB30BAHUEM OTKPBITBIX MOHW3ALMOHHBIX HCTOYHHKOB B IOMEILECHUSIX
ctanimd. [Ipy HOpManpHON 3KCIUTyaTalll €IUHCTBEHHOE MECTO, OTKY/Ja MOXKET MPOU30MTH yTeuKa
palMOaKTUBHBIX BEIIECTB, 3TO BEHTHIIMOHHAs TpyDa, 4depe3 KOTOPYI Bce OTHHILTPOBAHHBIC
ra3000pa3Hbie BEIOPOCHI BBIXOAST B aTMocdepy. s obecnieueHnst 6€30MacHOCTH W NPEAyPEKICHUS
CBEPXHOPMATHBHOIO 3arpsi3HEHHMS BO3lyXa pa3paboTaH KOMIUIEKC 3aIIUTHBIX Mep.

Ha ADC mpucyrcTByeT crnenyromme BHIbl BEHTWISILMOHHBIX YCTAHOBOK: OOILIeOOMEHHas,
BBITSDKHAs MECTHAsl, PEMOHTHAs M TeXHOJOrn4yeckas. Benrumnsauonnsie ycraHoBkH ADC pa3nudHbIe
M COCTOST W3 OOJNBIIOrO 4YHMCIAa arperaroB, KOTOpble HEOOXOJMMO YIPAaBIATH C IOMOIIBIO
CHEIUATN3UPOBAHHBIX CHCTEM. TEXHMYECKUMH YCJIOBHUSAMH OIpPENENIeTCd B3aMHOE COYETaHHE
CHCTEM, a TaKkKe IMpeyCcMaTpHBaeTCs MX MOCIe0BaTeNIbHOE 00 MapajielIbHOE pacIiolioKeHne, B
3aBHCHMOCTH OT OpraHM3aIluy padorT.

Ceroans B naboparopusix HUAY MU®DU npucyTcTByeT HOBBIM HNPOrpaMMHO-TEXHHYECKUN
komrekc (IITK) TIITC-HT, mpoussoacrea BHUMADC um. dyxoBa. Ha 6a3e nanHOro Komruiekca
paspabotansl 1abopatopusie pabotsl B HUAY MUDU nns peanu3anuu MpakTUKO-OPUCHTUPOBAHHOM
MOJTrOTOBKHM crienuanucToB. JlabopaTopHble paboThl BKIIIOYAIOT B c€0s M3yUeHUE NPUHIIMUIIOB pabOThHI
CHCTEM BEHTWJIILMH B 30HaX KOHTPOJIHUPYEMOro u cBoOogHOro pexknMa Ha ADC. Llenbio BEIOIHEHUS
J1a00PaTOPHBIX PadOT ABJISETCS POPMHUPOBAHKME Y CTYACHTOB I[EJIOCTHOTO U KOPPEKTHOTO MOHUMAaHUS
OpuHOMIA padoThl, KOHCTPYKUMH M YIPaBICHUS YCTPOMCTB BEHTWIALUH, OXJKACHUS U
KOHAMIIMOHMPOBAHMS BO3[QyXa Ha CTAaHIOUAX, a TaKKe METOJOB YIPABIEHUS CHCTEMaMH,
cripoektupoBanHbIME Tipu oMoty [TTK TITTC-HT.

Pa3paboTka anropuTMa aBTOMATHM3allMM BKIIIOYAET OONBIIYIO CTENEHb CaMOCTOSTENbHOM
paboThl cTygeHTa C HCIoib30BaHMEeM 0a30BbIX (yHKkuumd mnporpammbl GET-R1, sBusromeiics
cucteMoit TexHoiormueckoro mporpammupoBanus IITK TIITC-HT. Anroput™m ymnpaBieHHS
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Oasupyercst Ha (YHKIMOHAJIBHBIX CXEMaX, 3aJaHHBIX YCIOBHSIX pabOThl TOW WM WHOH
BEHTHWJIALIMOHHOHN YCTaHOBKH.

B mporpaMMHO-TEXHHYECKOM KOMIUIEKCE TMPEAYCMOTPEH MOAYJIb HWHAWBHIYaIbHOIO
ynpasnenuss TIITC55.1673, KOTOpBI OCYIIECTBISET KOHTPOIb COCTOSHUS, PEXHUMOB PabOTHI
UCIIOJIHUTEIbHBIX MEXaHU3MOB (3JIEKTPOJBUIATENEM/3IEKTPOBBIKIIOYATENIEM, 3alIOPHON apMaTypoH,
KJIAITaHOM).

ANTOpUTM yHpaBi€HHs OCHOBAaH MpH MOMOIIM JIBYX COCTAaBIISIIOIIMX: MEpBasi MperCTaBisIeT
co0oii 6a30BYIO 4aCTh aIrOPUTMa, YaCTh KOTOPOTO HE MOXKET U3MEHATHCS, HO MOYKET HACTPauBaThCs U
aJaNnTHPOBaTECS K KOHKPETHOMY HCIIOJIHUTEIIEHOMY MEXaHHU3MYy. Jpyras cOCTaBJIAIOIasl alropuTMa
YIpaBJICHUsT UCIIOJIHUTEIBHBIM MEXaHH3MOM SIBJISIETCS CBOOOAHO INPOCKTHPYEMOH, 3arpykaercs B
MpoLECCOp NS peaju3aly alropuTMa YNpaBlIeHHWS W HOCUT XapakTep BapHaTUBHOW 4YacTH
CTaHIapTHOTO AJITOPUTMA.

CB0OOIHO mporpaMMHpyeMble aJIrOPUTMbl YIPABICHHS YCTAHOBKAMM O0ECIICUHBAIOT
HEOOXOTUMYIO JIOTHKY OJIOKHMPOBOK, 3aIl[UT, aBTOMATHYECKUX KOMaH], lepeaady CUTHAJIOB COCTOSHUS
000pyIOBaHMsI 1 HEMCIPABHOCTEH CaMUX HMCIOJHUTENBHBIX MEXaHW3MOB IO LIMHE BBOJA/BHIBOAA B
AITOpPUTMBI, HaxoAsmuecs B npyrux monyJisix I1TK.

KoHnTponp u ympaBieHue 31eKTpOJABHUraTelieM peau3yercs B MOJyJe CBSI3M C IPOLIECCOM
TIITC55.1673 ¢ momoibio craHgapTHoro ¢yHkuuoHamsHoro Onoka BG.YESG.M, BxoasmuMm B
cocTaB 0a30BOro MPOrpaMMHOro odecredeHusi Moayist. DyHKIHOHATIBHBIM OJ0K MapaMeTpU3UpyeTcst
B CBSI3H C 33JaHHBIMH NTapAMETPAMH.

PaboTocnocoOHOCTh aropuTMa MpoBepsieTcst 00 ¢ MOMOIIBI0 MYyJIbTUMETpa-Kanudparopa,
UMHTATOPA 33JABMKKH, UMUTATOPA JABUTATEIS, IEPEMBIUCK, MOAKIIOUEHHBIX HANPSIMYIO K PUOOPHOI
croiike TIITC-HT, ¢opmupys ¢uznyeckue CUTHAIBI U YIPABISIONINEG KOMaHIBI, JTHOO depe3 Cpemy
MoJeIupoBanus, BcTpoeHHyto B mnporpammy GET-R1. [lanee cHumaroTcss rpadukyd pa3rOHHBIX
XapaKTepPUCTUK HA JUArHOCTUYECKOH craHmu. Tak oOy4aromuiics mpuoopeTaeT HaBbIKKA UCTIBITAHUI
CUCTEM YNPABJIECHHS U TI0 OTAECIBHOCTH KaXI0TO DJIEMEHTA, HABBIKH OLICHKH PE3YIbTATOB UCTIBITAHHM.

[Ipu GpopmupoBannn 1a6OPaTOPHBIX PabOT YUUTHIBANKCH JICHCTBYONME TpeOoBaHus, o0mme
NpaBuiIa TEXHUYECKOW JKCIUTyaTallid BEHTHIISMOHHOTO OOOPYAOBaHMS, TEXHHKH OE30MacHOCTH M
np. OnHol U3 3a1a4 paboT ABJISIETCs aHANN3 (YHKLIMOHAIBHBIX CXEM BEHTWIALIMOHHBIX YCTAHOBOK.

Takum o0pa3oMm, CTyIOEHTHl OBJIQAEBAIOT OCHOBHBIMH BHIAaMH IPOGECCHOHATBHON
JESITeIbHOCTH, 3aKPEIUISIOT, YIIIyOJsIFOT, PACIIMPSIIOT M CUCTEMAaTH3UPYIOT TEOpETHYECKHE 3HAHHMS,
MOJTyYEHHBIE NPU U3YUYEHHUHU CIENHATIbHBIX AUCLUIUIMH B By3€, M TOTOBBI IPUMEHNTH 3TH 3HaHMS Kak
Ha 00BEKTAax sICPHON 3HEPTETUKHU, TaK U CXOXKUX MPEANPHATHSIX.

Cnucok JIuTepaTypsbl
1. Hapun A. JI. IlporpaMMHO-TEXHHYECKHE KOMIUIEKCH Ha 0a3e MPOrpaMMHO-TEXHHUECKUX CPEACTB
THTC-HT qns ACYTIL/ A. JI. Hapun, /[.C. Tumoxun, E.}O. Manukosa — M. : BHUUA, 2014. — 333
c.
2. Monyns perynstop TIITCS55.1681 : rexanueckoe onucanue — M. : BHUHA, 2013. - 51 c.
3. 3BepkoB, B. ABTOMaTn3MpoBaHHAs CHUCTEMa YNPABJICHHUS TEXHOJIOTH4eckuMH npouneccamu ADC /
B. 3BepkoB. — MockBa : HarmonansHBIN Hccen0BaTeNbCKUN AAepHbId yHUBEepcuTeT «MU Dy, 2013.
—-558c.
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YIAK 621.311.22 : 621.311.25
NHOATI'OTOBKA UH’)KEHEPHBIX KA/IPOB JIVISA QHEPI'ETUKHU BEJIAPYCHU
KAPHMIIKHI H.B., KAUAH C.A., BYPOB A.JL
benopyccxuii nayuonanvusiti mexuuueckuil ynusepcumemn
(Munck, Pecnybnuxa benapycsy)
AHHOTanus. PaccMaTpuBarOTCSI OCHOBHBIE acCHEKThl MOATOTOBKM HMH)KEHEPHBIX KaApoB I
sHepreTukd PecnyOnmukm bemapych, B ToM wuwmcne 1ya  cTposiieidicss benopycckoit  aTOMHOMN
3NEKTPOCTaHIMH, Ha Kadenpe «TertoBsie IeKTpUiIecKue CTaHIUM» benopycckoro HaMOHATBHOTO
TEXHUYECKOro yHuBepcutera. OcBemaroTcss 0cOOEHHOCTU OPraHU3alMU TEOPETHUECKON MOATOTOBKU
Y TIPOM3BOJCTBEHHOM MPAKTHKH CTYACHTOB; yd4eOHO-MeToAmdecKas u jaboparopHas 6a3a kKadempsl.
[Tokazana ponb MHGOPMALMOHHBIX U KOMITBIOTEPHBIX TEXHOIOTHUH B MMOJTOTOBKE KaIpOB.
KioueBble cjoBa: oOydeHue, TeOpeTHUYECKas IOATOTOBKAa, IPOM3BOACTBEHHAS IIPAKTHKA,
SHEPreTHKA, TETUIOBBIE M ATOMHBIE DJIEKTPUYECKUE CTAHINH,

TRAINING OF ENGINEERING PERSONNEL FOR THE BELARUSIAN ENERGY INDUSTRY
Mikalai.B. Karnitski, Swiatlana.A. Kachan, Andrei.L. Burov
Belarusian National Technical University
(Minsk, Republic of Belarus)

Abstract. The main aspects of training engineering personnel for the energy sector of the Republic of
Belarus, including the Belarusian Nuclear Power Plant, taking place at the Department of Thermal
Power Plants of the Belarusian National Technical University are considered. The features of the
organization of student’s theoretical and practical training as well as educational-methodical and
laboratory facilities of the Department are shown. The role of information and computer technologies
in personnel training is highlighted.

Keywords: teaching, theoretical training, internship, power engineering, thermal and nuclear power
plants

[onpasnenenne suepreTrdeckoro (akyapTeTa bemopycckoro HaMOHAIBHOTO TEXHUYECKOTO
yauBepcutera (BHTY) — kadenpa «TemnoBsie snexrpudeckue cranimm» (TOC) — mpegocrasmser
IIMPOKHE BO3MOXKHOCTH IOJIYYEHHsS COBPEMEHHBIX 3HaHMH B 00]acTH TPaaWLMOHHOM TEIUIOBOH M
SAEpPHON SHEPTeTHKH, 00eCIeynBaeT BHICOKOE KadeCTBO TEOPETHYECKUX 3aHATHUH M MPaKTHYECKON
NOJATOTOBKM U, COOTBETCTBEHHO, BBICOKMH YPOBEHb IOATOTOBKH CHELHAINUCTOB JUIA O€JIOpyCcCKOi
sHepreTukd. OCHOBY €€ B HACTOSIIEE BPEMSI COCTABISIIOT TEIUIOBBIE 3JIEKTPUYECKHE CTAHLMH, a
BaXHBIM, CTPATETWYECKUM HAIIPABIEHUEM Pa3BUTHS SABJSETCS COOPYKEHHE M BBOJ B HKCIUTyaTallHIO
benopycckoil aTOMHOM 3JI€KTPOCTaHIINHU.

B mnacrosimee Bpemss Ha kadeape TOC sueprermueckoro ¢axyiasrera BHTY oOyuenne
CTYyIEHTOB MpOU3BOAUTCA MO TpeM creuuaibHocTaM 1-43 01 04 «TemnoBele 3aeKTpUUECKUE
cranumn», 1-53 01 04 «ABTOMaTH3aysl U yrpaslieHHE TETIOPHEPTeTHUECKUMHU Tiporieccamm» u 143
01 08. Ormerum, uto cnenuaibHocTh 143 01 08 «llaporypOuHHBIE yCTAaHOBKH aTOMHBIX
ANEKTPUUECKUX CTaHUUI» OTKpbITa B 2008 roay B paMkax peanuzanuu ['ocy1apcTBEHHON nporpaMMbl
TIOJITOTOBKK KaJpOB JJisi sjaepHOW sHepreTuku PecmyOnmku bemapych B cooTBeTcTBHH ¢ YKa3oMm
[Ipesunenta Pecnybnuku bemapych ot 12 mosi6ps 2007 roma Ne 565 «O HEKOTOpHIX Mepax IO
CTPOUTENLCTBY aTOMHOM cTaHImiy. B 2020 roxy Ha kadenpe oTKpbITa HOBas cnenuaibHocTh 1-43 01
08 «IIpoekTHpOBaHNE U HKCILTyaTalUsl AaTOMHBIX AIEKTPUUYECKUX CTAHIIUKY, YTO JIaeT Oosiee MIMPOKUe
BO3MOKHOCTH I TPYAOYCTPONCTBA BBHIITYCKHUKOB.

OcHoBHblE 33724 ['ocnporpamMmbl — OpraHu3alsl CHCTEMbl KOMIUIEKCHOW MOATOTOBKH
CHENUAINCTOB, 00eCeYnBaloUIel MOyYeHHE 3HAHUH U HaBBIKOB, HEOOXOIUMBIX AJISI CTPOUTENIBCTBA
n Oe3omacHO# skciuryatannn ADC, a Takke rapaHTHsl SAEPHOM W paJgMalnrOHHON 0e301MacHOCTH,
0e30macHOCTM TepcoHalla CTAaHLMM, HAaceleHUs M OKpyKawouend cpeasl. Bompocbl oOydeHus B
HacTosilee BpeMsl peryiaupyrorcsi 'ocynapcTBeHHO# nporpammoil 14 «O0pa3zoBaHre U MOJOAEXKHAS
MOJTUTHKAY, yTBepkaeHHOH [locTanoBnernem CoBeta Munuctpos ot 29 suBaps 2021 roma Ne 57.

OCOOEHHOCTBIO MOATOTOBKHA HWHXCHEPOB I SHEPreTHKH, B OCOOCHHOCTH i padOThl Ha
00BEKTaX aTOMHOM OSHEPreTUKH, SBJSIETCS COYETaHHWE TIIYOOKMX TEOPETHYECKUX 3HAHUH U
MPUOOPETEHHBIX MPAKTHYECKUX HABBIKOB.
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Obyuenne crenuanuctoB Ha kadenpe TOC Bemercs B COOTBETCTBUU C ACHCTBYIOIIMMH
HOPMATUBHBIMM  JOKyMEeHTamMH. CTyZEeHTBl IONydYalOT TEOPETHYECKYK  IOATOTOBKY IO
byHAaMEeHTaIbHBIM IUCLUILUIMHAM M TNPHOOPETAIOT IOJIHOE IPEACTaBICHHE O TEXHOJIOIMYECKOU
cxeMme mpou3BojacTBa 3MekTposHeprun Ha TOC m ADC, 3HaHUA MO pacyeTy M NPOEKTHUPOBAHMIO
OCHOBHOTO U BCIIOMOT'aT€JILHOI'O 000PYAOBaHUS 3JICKTPOCTAaHINH, KOMIBIOTEPHOMY ITPOEKTUPOBAHUIO
U pacderaM KOTJIOB M IApOreHepaTopoOB, MAPOBBIX U Ia30BbIX TypOHH, TEIUIOOOMEHHBIX alIaparos,
BOJ/IONIOJITOTOBUTENBHBIX YCTAHOBOK, CUCTEM aBTOMAaTH3MPOBAHHOTO YIPABIEHHUS U aBTOMaTHYECKOTO
pEeryaupoBaHus, YNPaBICHUIO PEKUMaMHU pabOThl 00OPYNOBaHUS C YUETOM SKOHOMHYECKHX U
skonorndecknx (hakropoB. CtyaeHTs! cnerpansHocT 1—43 01 08 Takke ocBanBaroT 6a30Bble 3HAHUS
IO SIIEPHOM M HEUTPOHHOH (u3MKe, KOHCTPYKLMM M PadOTe SACPHBIX IHEPTeTUYECKUX PEAKTOPOB,
paMalnOHHOM 0€30IaCHOCTH U OOPAICHUIO ¢ PAIMOAKTUBHEIME oTX0naMu ADC.

C nenpio MOBBIIIEHUS! YPOBHS MOATOTOBKU WH)XEHEPOB ISl YTEHUS JICKIUH 110 CIEeLHaTIbHBIM
JUCLUIUIMHAM TIPUIVIAINAIOTCS OIBITHBIE CIIELHAIMCThl OTEYECTBEHHBIX M HHOCTPAHHBIX BY30B U
npennpuatuii. Cpeau HUX CIELUANTHCThl KPYIHBIX POCCUNCKUX By30B — HMHCTUTyTa aTOMHOM
sHepreTukd (r. OOHUHCK), YJBSHOBCKOIO TOCYAapCTBEHHOTO YHHBepcuTeTa (T. YIBSHOBCK),
Hmxeropoackoro rocymapcTBeHHOTo TexHH4Yeckoro yHmBepcurera uMm. P.E. AmekceeBa (HI'TVY), a
takke [ocymapcTBeHHOro HaydHOro yupexaeHus «OObeTUHEHHBIH WHCTUTYT JHEPreTHYECKUX U
snepHeix uccnenoBanuid — CocHbel» HamumonaneHolt akamemuu Hayk benapycu, bemopycckoro
rocynapctBeHHoro yHuBepcutera (BI'Y), MexmyHapogHOTO TOCYJapCTBEHHOTO 3KOJOTHYIECKOTO
yuuBepcutera (MI'DY) um. A.Jl. Caxaposa u ip.

VYuebHo-MeToandeckas 6aza kadeapsl TOC MOCTOSHHO MOMOTHAETCS COBPEMEHHON yueOHOH,
y49e0HO-METOAMYECKOM, CIPaBOYHOW M HAYYHOW NUTepaTypod. TONBKO ISl M3ydeHUs IUCIIHILINH
crnermansHocTH  1-43 01 08 mpenomaBatensMu  Kadeapbl TOATOTOBICHBI M BBINYIICHHI B
u3aarenbcTBax «Bemmiimias mkona» Pecnyonukn benmapych, «Texuudeckas nuteparypa» BHTY,
M3JaTeNbCTBE bBenopycckoro TrocyaapCTBEHHOTO TEXHOJOTHYECKOTo YyHHBepcuTera Oomee 10
Y49eOHUKOB U y4eOHBIX MTOCOOHIA.

Kadenpa umeeT XopoIio ocHaleHHYH jJabopaTopHyro 0a3y. bmaronmapsi ¢buHaHCHpOBaHHMIO,
npeaycMoTpeHHoMy ['ocmporpamMmoi, ee TOTOJHWIN COBPEMEHHBbIE 1a0OpaTOpHBIE CTEHABI U
YCTAHOBKM, B YaCTHOCTH CTEH[IbI 0 OalaHCHPOBKE BPAIIAIOLIMXCS MEXAHW3MOB, HCCIIEIOBAHUIO
THIPABIMYECKUX XapaKTEPUCTHK HACOCHOTO 000y I0BaHUs, IEHTPOOEKHBIX U OCEBBIX BEHTUIISITOPOB,
BEHTWJIATOPHOW TPaJMpHHU, a TaKXKe M0 M3YYCHHIO TEePMOJMHAMUYECKHX IPOLIECCOB M IPOLECCOB
TEIUIONepeaud; BO3AYLIHbIE TYpOMHBI OCHAIIEHBl COBPEMEHHOW CHCTEMOW BHOPALIMOHHOTO
KOHTpOJIsL. CTYAEHTBI OCBaMBAIOT COBPEMEHHBIE CPEICTBA TEIJIOTEXHHMUECKHX H3MEPEHHUH, KOTOphIe
WCIIOJIB3YIOTCS Ha ACMCTBYIOMINX 3JIEKTPOCTAHLIUAX, TPUOOPHI I TPOBEACHNUS XMMUYECKOTO aHaAIN3a
Y TIOJTOTOBKH TEIUIOHOCUTENS U JIp.

Ha mnepconanpHbIX KOMmbloTepax Jabopatopunm «Maremarndeckoe MOJEIHPOBAaHHE
TEIUIOTEXHUYECKUX MPOLIECCOB» YCTAaHOBJIEHAa KoMmmbioTepHas oOyuwaromas cucrema (KOC) mo
ocHoBaM [lomutuku, PykoBoactBa u Texnomorum ADC (mpoektr MAI'ATD); BHenpeHsI
AHAJTIUTUYECKHE TpeHaXepsl TYpOMHHOro M peakTopHoro otaesneHnid ADC ¢ BB3OP-1000 (taxke
npoekt MAT'ATD). BosmoxHocTH TpeHaxepa oOecneyMBalOT NpPUOOpETeHHE OOLIMX HABBIKOB
yrpasneHust Typooreneparopom ADC ¢ peaktopom BBOP B pexumax HOpManbHOW 3KCIUTyaTalli,
IIPM €€ HapyLIEHUs X M B aBapUHHBIX pexuMax. Llenbro TpeHaKepHOW IOATOTOBKHU SBISETCS
¢dopmupoBaHHe oOIbITa pabOThl C peaJibHBIM 00OpYIOBaHHUEM, a TaKKe NOHHUMAaHHUS IPOLECCOB,
npoucxoasmmx Ha ADC. TpeHaxxepbl O3BOJISIOT CTYJCHTAM YCBOUThH B3aMMHYIO paOOTy Pa3IMIHbIX
CUCTEM HOpMalibHOM dkciutyataruun ADC, a Takke TIOHATh Ha IMPaKTHKe paboTy CHUCTEM
ABTOMAaTHYECKOTO PETYJIMPOBAaHUs, paHEe H3YUYEHHBIX B paMKax KypcOB «ABTOMAaTH3MPOBAaHHBIE
cuctemsbl ynpasieHust Ha ADC» 1 « TUNOBbIE JIEMEHTBI CUCTEM aBTOMATH3UPOBAHHOTO YIPABICHUSY.

Jia 3aKkperieHrns TEOpPeTHYECKHWX 3HAHWW CTYIACHTHl MNPOXOIAT MNPAaKTHKY Ha TEIJIOBBIX
WIEKTPOCTAHIMAX U IPYTUX NPEANPUATHAX SHEPreTHYecKor oTpacau benapycu.

Ha crapmmx Kypcax NpOM3BOACTBEHHAas M MPEJAUIUIOMHAS NPAKTUKHA CTYIEHTOB
cneransHoctd 1-43 01 08 npomomutcs 3a pyoOexkom: Ha naeiictByronmx ADC, B ux y4eOHO-
TperanpoBovHbIX neHTpax (YTL) u nonpasnenenusx (YTII), a Takxe B IpodMIbHEIX y9eOHBIX By3aX,
HaY4YHO-MCCIIEIOBATENbCKUX U MPOEKTHO-KOHCTPYKTOPCKUX HHCTUTYTaX. OCHOBHBIE 0a3bl MPAKTUKH —
ato unmanel AO «Konuepn Pocaneproaromy» (Poccust): HoBoBoponexckas ADC (r. HoBoBopoHex);
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PoctoBckas ADC, (r. Bonromonck-28), Cmonenckas ADC (r. Jlecnoropcek); Kamunaunckas ADC (T.
VYaoomst), HI'TY um. P.E. AnekceeBa u nip.

B 2012 romy cTymeHTHl MPOXOAWIN TPOW3BOJICTBEHHYIO TMPAKTHKY II0 TPOTpaMme
I'epmanckoii cimyx0b1 akagemuueckux oOMeHoB (JJAAJl) B D'epmanuu, T7Ie¢ O3HAKOMHIIUCH C
BOIIPOCaMH yCTPOICTBA, paOOThI U 3KCIIIIyaTallul COBPEMEHHBIX OOBEKTOB IHEPTETUKH, OOJIBIIMHCTBO
M3 KOTOPBIX HEe WMeeT aHaoroB B bemapycu. B 2012 — 2014 romax mpOW3BOJICTBEHHAS MPAKTHKA
npoxonwia B CeBacTONOJBCKOM  HAIMOHAJBLHOM  YHHUBEPCUTETE  SIIEPHOW  JHEPrUM U
npomeiienHocTH (. CeBacronons, Ykpanna — Poccust ), B 2016 rony — B UHCTHTYTE ynpaBieHUs
smepHbIME 3HaHUsIMH (T. Bena, Asctpms), B 2017 — 2019 romax — Ha ADC «Moxosre» (T. JleBwuie,
Crnosakus) u Ha ADC «Koznoxayi» (. Kosznonyit, bonrapus).

EsxeromHo cTyaeHTsl kKadeapsl MPUHUMAIOT aKTUBHOE Y4acTHe B HIKOJe-ceMHHape «SaepHas
JHEpreTHKa U HEPacIpOCTPAaHEHUE: OTBET Ha BBI30BbI COBPEMEHHOCTH», KOTOPasi €KEr0HO MIPOXOAUT
B HanwmonanmsHOM wmcciemoBarensckoMm simepHoM yHuBepcutere (HUAY) «MUOU» (r. Mocksa),
YCIICHIHO BHICTYMAIOT Ha PECIYOIMKAHCKHX U MEXAYHAPOAHBIX KOHKYpCaXx.

C nmnpucoenunenveM PecnyOonmuku benmapyce k  kinyOy cTpaH, HMEIOIIMX aTOMHBIE
3JIEKTPOCTAHIINY, MEXIYHAapOIHOE COTPYAHHUYECTBO B SIAEPHOM OTpaciu MpuoOpeso BaxKHEHIee
3HaueHue s Hamed crpaHbl. BHTY sBngercs onHMM U3 OCHOBaTeNe€l pPErHOHaNbHOM CETU
«O0pa3zoBaHWe W MOJTOTOBKA CIENHMAIMCTOB B oOmactu simepHbix TexHoiorud (STAR-NET)y,
yapexaeHHon B ceHTs10pe 2015 roma (r. Bena, ABctpus). 3agada STAR-NET coctout B TOM, 4TOOBI
COJEMCTBOBATH COTPYIHMUYECTBY B 00J1IaCTH 00pa30BaHus U MPOGECCHOHANTBHOM MTOTOTOBKH, a TAKXKE
paboTe ¢ OOIIeCTBEHHOCTHIO B chepe SIEpPHBIX TexHonoruii. B pamkax pernonanbHoi cetn STAR-
NET nmns crymentoB yHEHBepcuTeToB bemapycu, Poccum, VYkpawHBI W Apyrux cTpaH Obud
OpPraHU30BaHbl JUCTAHIMOHHBIE KYypPChl, OCBEILAIOIINE AaKTyaJbHbIE BOIMPOCH MEKIYHApPOJHOIO
B3aUMOJICHCTBUSL B OOJIACTH SIIEpHBIX TexHojormid. M3 1. Bena B pexume BHICOKOH(EpEHIUH
TPAHCIMPOBAINCH JIGKIMU BEAYIIUX COTPYJHUKOB M Hambojee BOCTPEOOBAHHBIX OKCIEPTOB
MATATD. Jlekiun OpoOXOOWIM Ha PYCCKOM M AHIJIMHCKOM SI3bIKaX B MHTEPAKTUBHOM DPEXHME C
BO3MO’KHOCTBIO 33]1aBaTh BOIIPOCHI.

CorpynuudyectBo B pamkax cetu  STAR-NET  He  orpaHuumBaeTcs  JIMIIb
BBILICTIEPEYUCICHHBIM. TaKk, AJsl CTyOeHTOB Kadenpel ObUIa OpPraHM30BaHA IPOU3BOJCTBEHHAs
MpaKkThKa, a JUIs TpernojaBaTeNiell yHuUBepcuTeTa — cTaxkupoBka Ha 0Oaze MAI'ATD (1. Bena,
Asctpusi). bea cozgana oOyuatomias miardpopma LMS STAR-NET, ¢ ucnonszoBanuemM KoTopoi
YHHUBEPCUTETHI-WICHBl CETH JENATCS CBOMMH y4eOHO-METOIMYECKMMH HapabOoTKaMu B 00JacTu
ANEPHONH 3HEPreTHKH, a TaKXKe pa3MelaloT CBOM Yy4eOHbIe Kypchl MO MPOQHIBHBIM YYeOHBIM
JUCIUIUTMHAM JIJIs1 CTYAEHTOB. Takke B HacTosIIee BpeMs MPOBOIUTCS CEPHs OHJIAMH-CEMHUHAPOB B
HENsX YKPEIJICHHWsT KOHTAaKTOB M TIPOBEJCHUS COBMECTHBIX MEXKYHHBEPCHTETCKHX HAay4HO-
HCCIIEIOBATENbCKUX PAOOT.

KonnuectBo BeimycknukoB kadenper TOC BHTY, pacnpenenenssix 3a nepuox 2013 — 2020
roaoB B PYII «benopycckas aToMHas 3JIeKTPOCTAHIIHU», TOKa3aHOo B TabiHIle.

Ta6auna. Bemyckauku kadeapsr TOC, pacnpenenennsie 3a nepuon 2013 — 2020 rogos
B PVYII «benopycckas aToMHasi 3JIEKTPOCTAHLIMS

KommuecTBo pacrpeneneHHbIx
CrennaisHOCTh Kpanuukanus
MOJIOJIBIX CHETHAJIFICTOB
1-43 01 04 «TemnoBBIE SIEKTPUYECKHE 14 WNuxenep-
CTaHIHI» SHEPreTHK
1-53 01 04 «AsromMaTtu3zamusa H
Huxenep no
yIpaBJIeHHUE TEIIOHEPTETHIECKUMHU 6
AaBTOMATH3ALINU
MIPOIIECCAMID)
1-43 01 08 «llapoTypOWHHBIE YCTaHOBKH 9% Nuxenep-
ATOMHBIX JIEKTPUUYECKUX CTAHIIMH» JHEPreTUK

Crynentsl, oOydarommecss Ha kadenpe «TeruoBele snmekrpudeckne cranimm» BHTY,
TOTOBSTCSI K MPOECCHOHATILHOMN JCATENBHOCTH HE TOJNBKO B cdepe skcmryarammu TOC u ADC, HO
Takke B chepe oOpazoBaHus W Haykd. llomyueHHbIE BBITYCKHUKAMH 3HAHHSA TIO3BOJIIIOT WM
y4acTBOBaTb B HAy4yHBIX MCCIEJOBAHUSAX B 00JAacCTH MPOCKTHPOBAHHMS M OKCIUTyaTaluu
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napotypounHslx ycranoBok TOC wum  ADC, wMonepHu3anud OO0OpYIOBaHUS, ONTUMH3ALUU
TEXHOJIOTHUECKNX CXEM M TPHUPOAOOXPAaHHBIX MeponpuaThii, B3ammogeiicteus TOC m ADC ¢
OKpykaromei cpemoi. Tak, HEKOTOPBIE U3 MOJIOJIBIX CIIEIIHANCTOB OBUIM pacrpeieeHsl Ha Kadeapy
TOC, rme accUCTHUPYIOT TpPENOAABATENIM W CaMOCTOSATENLHO TIPOBOMAAT YyueOHBIC 3aHSTHS.
Brimyckanku kadeapsr npoxoast obydenue Ha |l crynenn Beicero oopazoBanus Ha kadenpe TOC, a
takke B Poccunm — B HUAY «MUOW» u 8 HI'TY mm. P.E. AnekceeBa. [lonroroBka KaapoB BBICIIECH
kBajudukanum ocymecTeisercs B acnupantypax (kapeapa TOC BHTY, HI'TY um. P.E. Anekceesa).

3akioueHue

IToaroToBka CHENMUAIMCTOB IJid TPAAUIMOHHON TEIUIOBOM M 3apOoKJarollieiicsi aTOMHOM
sHepretukd PecmyOnmku nHa kadeape TOC sueprermueckoro ¢akymerera BHTY Bemercs B
COOTBETCTBHH C COBPEMEHHBIMH TpeOOBaHMSAMHE, TMPEABIBIIEMBIMH K MpodeccnoHaIrHOMY
00pa3oBaHMIO B JHEPreTHUECKOW 00JacTH. YpPOBEHh 0OOpa30BaTEIBHOTO IIpollecca oOecreunBaeT
BBICOKOE Ka4eCTBO TEOPETUUYECKUX U MPAKTUUECKUX 3aHATHH, OTKPHIBAET IIMPOKHE BO3ZMOKHOCTH IS
JabHEHIIero MpoecCHOHAIBHOTO POCTa BBIMYCKHHUKOB. [loydeHHbIE 3HAHUS W OIMBIT WHXKEHEPHI
CMOTYT YCIIEITHO HCIIONB30BaTh B paboTe B 3HEprocucreMe bemapycu, B TOM 4YHCIIE Ha TEPBOM
Benopycckoit ADC.
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OBYYAIOIINI ITPOTPAMMHO-AIIITAPATHBIA KOMILIEKC ITPOBEJEHU S

PATMAIIMOHHOWM PA3BEJKH MECTHOCTH
KOMAP .M., KOHOBAJIOB E.A., KOXKEMSAKHWH B.A., [TIPUBbBUIEB C.B.
Hayuno-npouszsoocmeennoe ynumapuoe npeonpusmue «ATOMTEXy,
(Munck, Pecnybnuxa Berapycy)

AnHoTanus. B craThe npejcTaBaeHbl MPEUMyIIeCTBa UCIIOIL30BaHsI IPOTrPaMMHO-aNIapaTHOTO
komriekca «SimRady npu 00ydeHHH MOPSIIKY pearupoBaHus Ha SICPHBIC U paJHAIIMOHHBIC
aBapuitHble cuTyaruu. KoMmreke mo3BossieT UMHTUPOBATH TOUCYHBIC UCTOUHHKH FraMMa-H3IyICHUS U
paMoaKTUBHOE 3arps3HeHHe MeCcTHOCTH. Onrcanbl PYHKITMHA KOMITJIEKCAa U M0 OCHOBHBIC
BO3MOXKHOCTH.
KarwueBble c10Ba: HCTOYHHKH HOHU3UPYIOMIETO U3TYYCHUS, TPOrPaMMHO-aNapaTHBIH KOMILIEKC,
ToJie MOIIHOCTH 103bl, MoHTe-Kapiio MojaenupoBaHue.

TRAINING SOFTWARE AND HARDWARE COMPLEX FOR CARRYING OUT AREA
RADIATION SURVEY
DAMIAN I. KOMAR, EVGENIY A. KONOVALOQV, VALERY A. KOZHEMYAKIN,
SERGEY V. PRIBYLEV
Scientific Production Unitary Enterprise «ATOMTEX,
(Minsk, Republic of Belarus)

Abstract. The article presents the advantages of using the «SimRad» software and hardware complex
for teaching how to respond to nuclear and radiation emergencies. Complex allows to simulate point
sources of gamma radiation and radioactive contamination of the area. Its functions and main features
are described.
Keywords: lonizing radiation sources, software and hardware complex, dose rate field, Monte-Carlo
simulation.

B Pecny6nuke benapych dynkimonupyetr 6onee 1000 paguaiiioHHO-OMACHBIX 00BEKTOB. B
HACTOSIIIEE BpEMs 3aBEpIIACTCS CTPOUTEIBCTBO MEPBOM aroMHOM anekTpoctaHuuu. Ilupokoe
WCTIOJB30BaHNE PAa3IMYHBIX HCTOYHUKOB HOHU3UPYIOMNX nU3NydeHni (nanee — M) oOycmaBnuBaeT
BCPOATHOCTHL BOBHUKHOBCHHA aBapI/II\/'IHI)IX CHTyEl].[HfI, CBA3aHHBIX C BBIXOJIOM PaJUOAKTHUBHBLIX BCHICCTB
3a 3alUTHBIE Oaphephl M PAJMOAKTUBHBIM 3arps3HEHHEM OKpyKarolled cpeapl. BaxHelmmm
(hakTopoM obecrieueHus paAHallMOHHON 0€30MaCHOCTH NIPY aBapHUsIX W MHIIUACHTAX HA PaJHallMOHHO-
OMacHBIX  OOBEKTaxX  SBISETCS TOTOBHOCTh  aBapUHHO-cIIacaTelbHBIX  (OPMHPOBAHUM K
OCYILIECTBJIEHUIO MEPONPUITHI O JIMKBUIAILMHU UX MOCIEICTBUI.

OgHuM U3 SJIEMEHTOB MOATOTOBKM CHUJI PEArMpOBaHMsI HA SIACPHBIE U PaJHALMOHHBIE
aBapuifHbIE CHUTYallMd SBISETCS WX OOyYeHHE NPOBEACHUIO aBAPUITHO-CIIACATENBHBIX W JIPYTHX
HEOTJIOKHBIX paboT Ha PaJUOAKTHBHO 3arpsi3HEHHONW TEppPUTOPUMU U B ycinoBusx Hamuuus MUY,
BBIIIEAIINX U3-110J KOHTpOJs. IIpu 3TOM nepBooUepeAHBIMUA MEPOIIPUATHSIMU SIBISIOTCS. IPOBEICHUE
paaualMOHHON pa3BEIOKH, 30HUPOBAHUE TEPPUTOPUHU, YCTAHOBJICHHE KOHTPOJA HAJ AaBapUUHOU
YCTaHOBKOH HMJIM HCTOYHUKOM M BBIPA0OTKA COOTBETCTBYIONIMX PEIICHUI Ha MPUHITHE BCECTOPOHHUX
Mep IO JIMKBUJIAIIUK MOCJIEACTBUN MOA00HBIX aBapuii. OTpaboTKa HEOOXOAUMBIX YMEHHI M HABBIKOB
B YCJIOBUSIX paJuOaKTUBHO-3aTrPS3HEHHOW MECTHOCTH U ¢ peanbHbiMU MU vacto TpyaHOpeanuzyema
Ha MMPaKTHKE ¥ TPeOyeT CHeNUaIbHBIX Mep TI0 00ECIIEYEeHHUIO PaIUallMOHHON O€30IT1aCHOCTH.

B nensx noBblimeHust 3p¢GEKTUBHOCTH 00YYaIOIIEro Mpoliecca B HACTOSINEE BPeMs HaXOMST
IIPOKOE TMPHUMEHEHHE NPOTrPaMMHO-O0yYaroIIue KOMIUIEKChl. [l cOBEpIIEHCTBOBAHUS CHCTEMBI
NOJATrOTOBKM Pa0OTHHKOB aBapUHHBIX CIYXO, YJacTBYIOUIMX B peardpoBaHUN Ha Ype3BbIYAlHBIC
curtyaruu ¢ Hammanem MWW, VII «<ATOMTEX» paszpabotaH u mpeiaraeTcsi K HCIOJIb30BAHHIO
IpOrpaMMHO-aNIapaTHeIi KoMIuteke «SimRady, mo3BossIonuidi IMUTHPOBATE TOUSUHBIE HCTOYHHKH
raMMa-u3JydeHusi, paAMOaKTHBHOE 3arpA3HEHNE MECTHOCTU U OLIEHUBATH MapaMeTpsl (OPMHUPYEMOTO
paguanmoHHoro moysi. BHeapenune B oOywaromuii mporiece opranusammii MUC bemapycu manHOTO
KOMIUIEKCA TIO3BOJIIJIO TIPOBOJIWTH YyUeOHBIE 3aHATHA 1O OOYYeHHIO pa3BelKe U OICHKE
paIuanroHHOW OOCTaHOBKHM C TOMOLIBIO MPHOOPOB PaJMALIMIOHHOTO KOHTPOJS 0€3 HCIIOIb30BaHUs
NWN, Tem caMbIM UCKIIOYMB PHUCK OOJIydeHHS TPEHHPYEMbIX, a TakXKe HCKIIOUUB P
OpraHU3AMMOHHBIX TTPOOIIEM.
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B anmapaTHO# 4YacTH KOMIUIEKC TIpPEACTaBIseT W3 ce0s KOMIBIOTEp s TpeHepa H
nozumetpel-paguomerpsl MKC-AT1117M ¢ ©Onokamm 00paGoTkM HHGOpPMAnIuM HA OCHOBE

KapMaHHOro TuianmerHoro kommeiotepa (KIIK) n 610kamMu IeTeKTHPOBaHUS raMMa-U3TydeHUS IS
TpeHupyeMsbIx (puc. 1).

Puc. 1. Buemnuii Bun mosumerpa-paguomerpa MKC-ATI1117M Ha ocHOBE KapMaHHOTO

wianmerHoro komnbiorepa (KIIK) ¢ 6mokamu 0o6pabotku nHpopMannu U OJI0KaMHU AETEKTUPOBAHUS
raMma-u3iny4eHus

ITporpamma «SimRad» mo3Bomsier wumuTHpoBaTh TOYeyHble MWW 1  paguoakTuBHOE
3arpsA3HEHHE MECTHOCTH C pacuéToM paclpelesieHHs MOIIHOCTU raMMa-H3JlydeHHs IO 3aJaHHbIM

napameTpam ucTouHnka. Ha kommploTepe TpeHepa J0KHa ObITh yCTaHOBICHA IporpaMma «SimRady,
a Ha KIIK tpenupyemsix — mporpamma «SimRadMobile» (puc. 2).

 simRad - o X
Pexam  Konpurypaums Wucrpymenter Kapra Oxea  Momouwss
P \ 7
Yuebran nnowaaxa L "’P:. | N
(® YueSras nnowanxa 2 0 e A
i ot 4 p—

e
o

#  Omcawe )
21 A:0.070GBq Lat:53.914750 Lon:27.589060
22 A:0.035GBq Lat:53.914455 Lon:27.588595
23 A:150.0kBq/m?

#4  A:0.050GBq Lat:53.913414 Lon:27.586918
#5  A:0.050GBq Lat:53.913001 Lon:27.586331
26 A:0.040GBq Lat:53.913108 Lon:27,586512
27  A:0.070GBq Lat:53.913948 Lon:27.587780
#9.A.005 GRC 12153 0150€S 4 o027 SR04

KoopamaTet MowrocTs aossl, kSv/h
[s3o1940 | [27.500802 | |- |

© Open StreetMap

Puc. 2. I'naBHOe OKHO mporpammbl «SimRady» Ha kommbroTepe (HOyTOyKEe) TpeHepa
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B03MOXHOCTH ¥ (DYHKIIMH TPOTPAMMBI:

— 3aJaHMe MapamMeTpoB y4eOHOW Iuronaaku Ha Kaprax cepucoB OpenStreetMap, Google,
Sanexc;

— PacHoJIOKCHUE UCTOYHUKOB T'aMMa-H3ITyYCHHS,;

— MOJIETMPOBAHKE TOYEYHBIX HCTOYHMKOB FAMMa-U3JIydeHHUs C paauoHyKiuaom =/Cs;

— MOJIETMPOBAHKE TIOBEPXHOCTHOTO 3arPA3HEHHS TEPPUTOPHH PAIHOHYKIHIAOM =/ CS;

— FeHepUPOBaHHKE TTOJISI MOLIHOCTH JI03bI TAMMA-U3JTyUCHHS B 30HE YUCOHOM TIOIIA/IKH;

— OTCJIC)KUBAHUE MOJI0KEHUSI TPESHUPYEMBIX U JIO3UMETPUYCCKUX ITapaMeTpOB;

— OTCJICKUBAHUE MOJI0KEHHUS 3HAKOB OTPAKICHHS, YCTAHABIMBACMBIX TPEHUPYEMBIMH.

Bpemsi pacdera 3aBUCHT OT KOJMYECTBA HCTOYHHKOB U Pa3MEpOB y4eOHOH IUIOMIAIKH.
KoppekTHOCTh pacueTa pe3ylbTHPYIOIETro paclipeeieHUss MHTCHCUBHOCTH M3JIyYCHUS] OT TOUCUHBIX
U IUIOMAJHBIX HCTOYHMKOB Oblla MpoBepeHa TmocpeactBoM Monte-Kapio MoaenupoBaHus.
IIporpaMMHOE CpEACTBO pPa3padaThIBAIOCh C HCIOJIb30BAHUEM OMITHPHUYCCKOW HHMOpPMAILHH O
HOBEPXHOCTHBIX 3arps3HEHUSX MECTHOCTH PaJUOHYKIIUIaMH.

[Mporpamma «SimRad» MO3BOJISIET KOHTPOJIMPOBATH TPEHUPYEMBIX, OTOOpaXaTh CIHCOK
YYaCTHUKOB TPEHHHIA U MECTOIOJIOKEHHE KAKIOTO YIaCTHUKA ¢ WHIMKAIIUEH 3HAYCHHS MOIIHOCTH
JI03bI B TOYKE €ro HaxokaeHus. [IporpaMma Tarxke BU3yalHM3UPyeT KOOPMHATHI 3HAKOB OTPaXICHNUS,
YCTaHOBJICHHBIX KaXJbIM TPEHUPYEMBIM (puc. 3).

O%[‘:@IIEQZI@%

A O00000 B 3

° 500000l E
-]

Puc. 3. KoHTposnb paccTaHOBKH 3HAKOB OTPaXKJI€HUS YHaCTHUKAMHU TPEHUPOBKU

ITporpamma «SimRadMobile» ycranasmusaercs na KITK TpeHrpyemMoro u npeaHasHaveHa st
UMUTaMK paboTsl MpuOopa pagualMOHHOTO KOHTPOJIA M3 cocTaBa jAo3uMerpa-paguomerpa MKC-
ATI1117M. Ilporpamma mo3BoisieT paboTaTh B OBYX PEXKHMax: IMOHCKOBBIH PEXHUM H PEKUM
U3MEpPEHUsT MOLTHOCTH A03bl. Kakaplii OJOK AETEKTHPOBAHHS XapaKTepH3yeTcsl WHAWBUAYaTbHON
YYBCTBHUTENBHOCTHIO W JMANlA30HOM HM3MEPEHHsT MOITHOCTH JI03bI MO aHAIOTUH C pPEATbHBIM
npudopoMm.

[Tonb3oBarens nporpammel «SimRadMobile» noryuaer ciaenyronryto nHGOPMAIHIO:

— MFHOBEHHYIO CKOPOCTb CUETa UMITYJILCOB TaMMa-U3ITyUCHUS;

— CPEIIHIOI CKOPOCTh CUETa UMITYJILCOB TaMMa-HU3Ty4YeHUS U TIOTPEITHOCTb;

— MOILHOCTh O3Bl FTaMMa-M3JIy4eHUsI U CTATUCTHYECKYIO IIOIPEIIHOCTD U3MEPEHHS;

— HaKOIUICHHYIO JI03Y.
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[Tonp30BaTenb NMEET BOBMOKHOCTh YCTAHABIUBATh U YAAIATh BUPTyaJIbHBIE OTPAKICHMS.

KoopanHaTel MECTOMONOXKEHUSI yYaCTHUKA ONpPEAEIIOTCs ¢ moMoupo BecrpoeHHoro B KITK
GPS-monyns. [lpm maBmwKEeHHMM ydYacTHHKa B aBTOMATHYECKOM pEKHUME COCTABIAETCS KapTa
3arpsi3HEHUs] MECTHOCTH (pHC .4).

Puc. 4. Padora KIIK ¢ ITO «SimRadMobile» Bo Bpems mpoBeaeHus: 00y4aroiieii TpeHUPOBKU

st obecniedenust paboThl KOMIDIEKCA TPEIBIBISIOTCS CIEAYIONe TpeOOBaHUS K yIeOHOM
TUTONIAJIKE ¥ OCHAICHUIO CIIEIUAIBHBIX CITyXkKO:

— TIoIAb y4eOHOM MIomaaky — He 6osee 4 km?;

— pa3Mep OJHOM M3 CTOPOH Y4eOHOM ILIOIIAIKA — He OoJiee 2 KM;

— KOJIMYECTBO 3HAKOB OIPa’KACHUS Ha OAHOTO TpeHupyemoro — 10 100 mT;

— 3QIIUIICHHBIN, KaPMaHHbIM BCEMOTOIHBIH KOMIIBIOTEpP ¢ OJIOKOM JETEKTHPOBAaHUS ramma-
U3JTyYCHUs] Ui TPEHUPYEMOTO C yCTaHOBIIeHHOW mporpammoii «SimRadMobiley mis cumyssim
paboThI MOUCKOBOTO 103UMETPA;

— KOMIIBIOTEP ISl TPEHepa C YCTaHOBJIEHHOW mporpammoii «SimRady mis popmupoBaHus
3aJlaHusl ¥ KOHTPOJIS X0JIa YUCHUH;

— cBs13b 3G/LTE ai1st iepeiaust JaHHBIX MEXKIY TPSHEPOM U TPESHUPYEMBIMH.
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[IpoBepka KOPPEKTHOCTH TEHEPAIUU MPOTPAMMOI MOJISi MOIIHOCTH JO3bI TaMMa-U3TydCHHS
OT 33JIaHHBIX MCTOYHHKOB MPOBOJMIACH TIOCpeAcTBOM MoHTe-Kapiao MoJenupoBaHusl ¢ MOMOIIBIO
koga MCNP. Beiia paspadorana Monte-Kapio Mozens MOBEPXHOCTH MOYBBI I ILToIaaku 50x50
METpOB, Ha KOTOPOH pasMeIaIuCh HCTOYHMKM ramma-usiaydenus °'Cs. Pe3ynbTaTbl cludeHUs
3HAQUEHWH MOIIHOCTH [03bI, PACCYMTAHHBIX C HCIIOJb30BaHMEM mporpammbl  «SimRad» co
3HAYCHUSMH, TIOTYICHHBIMHA METOIOM MoJienpoBanus Monte-Kapio, npuBesieHs! B Ta0I. 1.

Tab6J. 1. CpaBHeHHE 3HAYCHUH MOIITHOCTH JI03bI, TOJTy4eHHBIX «SiMRady u paccyuTaHHBIX
meTosioM MonTe-Kapio

Toueuniit nerounk (1-10° Bx) [ToBepxHocTHas akTHBHOCTE (1-108 Br/M?)
ITmomane 3arps3aenus 50x50 m
Paccrostnue MolHOoCTh Koopaunar MouHoCTb
oT JI03bI, MK3B/4 OTKIIOHEHHE, BI, M JI03b1, MK3B/4 OTKIOHEHHE,
I/ICTO‘;[HI/IKa, SlrgRa M.-K. % " y Sln;Ra M.K. %
0,1 8,99 10,3 -12,7 10 10 1,695 | 1,903 -10,9
0,2 8,78 10,01 -12,3 20 10 1,787 | 1,958 -8,7
0,5 7,36 8,38 -12,2 60 10 0,234 | 0,223 49
1 4,6 5,29 -13,0 80 10 0,077 | 0,068 12,4
15 2,83 3,28 -13,7 60 40 0,238 | 0,220 8,2
2 1,84 2,12 -13,2 80 40 0,077 | 0,068 13,4
3 0,919 1,05 -12,5 10 55 0,386 | 0,372 3,8
5 0,353 0,391 -9,7 100 | 100 | 0,016 | 0,014 14,3
10 0,0905 | 0,0953 -5,0 70 70 0,061 | 0,052 16,7
20 0,0226 | 0,0226 0,0 10 50 1,105 | 1,056 46
50 0,0035 | 0,0032 9,4 10 45 1,590 | 1,736 -8,4

B MaccuBe MaHHBIX, NPHUBEICHHBIX B Ta0J. 1, MPOCIEKHBAETCS XOPOIIas CXOJUMOCTD
pPE3yJabTaTOB, IMOJYYCHHBIX C IIOMOINBIO MOHTC'KapHO MOACIUPOBAHUA HW PACCYUTAHHBIX C
HCIIOJIb30BaHUEM IporpamMMebl «SimRady.

JIaHHBIN TIPOrPaMMHO-AIIAPATHEIA KOMIUIEKC MOXKeT 3()(EKTHBHO HCIIONB30BATHCS HPH
TPEHUPOBKAX JIMYHOT'O COCTaBa CICHUAIN3UPOBAHHBIX CJ'Iy)K6, Y4UaCTBYIOIIMX B pE€arvpoBaHUH Ha
AACPHBIC N paJuallMOHHBIC aBapyi U HHIIUACHTHI.
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YK 539.16.08+004.42
JIABOPATOPHAS YCTAHOBKA HA BA3E INIAT®@OPMbI ARDUINO
JIJISI U3YUEHUS XAPAKTEPUCTUK CUETYUKA IT'EUTEPA-MIOJJIEPA
KAYAH C.M.}2, MUHT'AJIEEB C.®3,
 Benopycckuii nayuonanvuwili mexnuueckuil ynueepcumem
(Munck, Pecny6nuxa Berapycy)
2Benopycckuii 2ocyoapcmeennviil yuusepcumem (Munck, Pecnyénuxa Benapycy)
VPI Development Center
(Munck, Pecny6nuxa Berapycy)
AnHotanusi. Pazpaborana u ampobupoBaHa 1a0opaTOpHas YCTaHOBKA, ITO3BOJISIONIAS CTYACHTAM
MPOBOJIUTH TIPSMBIC DKCICPUMEHTHI JUIsl W3YYCHUS OCHOBHBIX XapaKTEPHUCTHUK Ta30pa3psIHBIX
JIETEKTOPOB (3aBHCHMOCTHh CUETHOW XapaKTePUCTHKH OT HANPSKEHHUS, MEPTBOE H pa3pelraoliee
BpeMmsi, 3P PEeKTUBHOCTH peTUCTpaIiy OeTa-J4acTHIl ¥ TaMMa-KBaHTOB, U T.11.). Kpome Toro, ycraHoBKa
1o3BoJIsieT 3P(HEKTUBHO (B PYYHOM U aBTOMATHUYECKOM PEKUMAX) MPOBEPSITH BBHITOJIHESHUE OCHOBHBIX
CTAaTHCTUYCCKUX U (PU3UICCKUX 3aKOHOMEPHOCTEH NPU PErUCTPALMH SJCPHBIX U3ITyICHUH.
KiuwueBble cioBa: cueruuk [eiirepa-Mioiiepa, cueTHasi XapaKTEpUCTHKA, MEpPTBOE BpeMs,
3¢ ekTuBHOCTH AeTekTOpa, Arduino.

LABORATORY SETUP BASED ON THE ARDUINO PLATFORM FOR STUDYING THE
CHARACTERISTICS OF THE GEIGER-MULLER COUNTER
SVETLANA.M. KACHAN!?, SERGEI.F. MINGALEEV?

!Belarusian National Technical University (Minsk, Belarus)
2Belarusian State University
(Minsk, Republic of Belarus)

VPI Development Center
(Minsk, Republic of Belarus)

Abstract. We developed a laboratory setup that allows students to perform direct experiments for
studying the main characteristics of Geiger-Muller counters (such as plato length, deadtime and
resolving time, registration efficiency for beta-particles and gamma-quants, and the like). Besides, this
setup enables efficient verification (both, in manual and automatic modes) of the basic statistical and

physical patterns in the registration of nuclear radiation.
Keywords: Geiger-Miiller counter, plateau curve, dead time, efficiency, Arduino.

Beenenue

[MoaroroBka crenuamucToB JUisi aTOMHOH OTpaciu TpeOyeT (GOpMHUPOBAHHS YETKUX U
IyOOKHX HpEeACTaBICHHH O METOJaX PErMCTPalui HOHM3HMPYIOIIErO M3JY4YEeHUs, UX OCOOEHHOCTSX,
JOCTOMHCTBAX M HEAOCTAaTKaX, a TaKKe O XapaKTepUCTUKAX JAETEKTOPOB pAa3lW4YHOIO THIIA.
ACCOPTUMEHT TMpe/JlaraéMOil Kak OTCUECTBEHHBIMH, TaK W 3apyOeXHBIMH MPEIIPUATHIMHU
U3MEPUTENLHON TEXHUKU B chepe SAepHOro W PagHaliOHHOIO KOHTPOJIS MTOCTOSIHHO PacIIUpseTCs.
OpHako mpeanaraemas npuOOpHass 0Oa3a OpHEHTHpPOBaHa Ha YAOOCTBO ONEpPaTopoB NpHU
NPOMBIIIIJIGHHOM HCIIOJb30BaHUM UM BBIAET HWH(POPMAIMIO, MPOIIECINIYI0 MHOTOCTYICHYATYIO
00pabotky. B momaBmstorieM OOJNBIIMHCTBE peamu3alluid Takas TEXHHUKA OTCEKAaeT BO3MOXKHOCTH
JOCTyNa K MpSIMO H3MEPSEMBIM [ETEKTOPOM BEIMYMHAM M HE TMpPEINoiaraeT  BO3MOXXHOCTH
HACTPOMKH IMOJIb30BaTeeM 0a30BbIX MapaMeTPOB YCTAHOBKH, YTO JIENaeT €€ HEMPHUIOAHOMN Ui psaa
3aJa4, BO3HUKAIOIINX B Tpoliecce 00y4yeHHs Oy IyliX CIeHaIuCcTOB.

B nanHo# paboTe MBI mpencTaBisieM pa3padOTKy B Bue ydeOHOH J1a0opaTopHON yCTaHOBKH,
B KOTOPOHl B KayecTBE AETEKTOpPa MOHU3UPYIOIIETO M3IYUYECHHUS] HCIOJNB3yeTcsl cueTuuk | eiirepa-
Mromnepa. Bo3Hukaromuii B MOMEHT PErMCTPallMd HUMITYJIbC TOKa IIOCTYIIAET 4Yepe3 YCWIHUTEIb
OJTHOBPEMEHHO Ha BXOJ ocuwuiorpada ais oTOOpaKeHHS ero BPEMEHHOH pa3BepTKU, M Ha BXO[
MHUKPOKOHTpOJUIEpa Uil aBTOMAaTU3UPOBAaHHON 00paboTku curHana. [IpsMoi mocTym K ynpaBlieHHIO
pexuMamMu pabOThl CUSTYHMKA, peajM30BaHHBI ¢ ToMoIbio riatgopmbl Arduino, mo3BosseT
o0yyaeMOMy HE TOIIbKO W3BJ€Yb W3 OKCIIEPHUMEHTa OCHOBHBIC XapaKTEPUCTHKH JaHHOTO
ra3opaspsgHOro JeTeKTopa (CueTHasi XapaKTepUCTHKa, MEPTBOE BpeMsl, 3()(EKTUBHOCTD PETUCTPALIUU
6eTa'T-IaCTI/III u FaMMa'KBaHTOB), HO W MPOBCPUTH BBINIOJIHCHHUE OCHOBHBIX CTATUCTUYCCKUX H
(bU3NYECKUX 3aKOHOMEPHOCTEH MPH PETUCTPAIIUH SICPHBIX U3ITyUSHHH.
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Onucanue Ja00paTOPHOH YCTAHOBKH

brok-cxema mabopaTopHOl YCTaHOBKH H300pakeHa Ha puC. 1, a ero BHEIIHUN BUJ
npencrasieH Ha puc. 2. IIpubop comepXuT B KadecTBE AETEKTOpa LMIMHIAPUYECKUH CUETYHK
I'eitrepa-Mromnepa J305, clOCOOHBIN perucTpUpPOBaTh raMMa-H3IIyUYCHUE U )KECTKOE OeTa-u3IydcHHE.
TOJIIMHA CTEKIISIHHBIX CTeHOK TpyOku I'eiirepa cocrasnset (50£10)-102 r/cm?. [lnuna tpyoku | = 88
MM, auametp TpyOoku d=10 mm. Katos BBIOIHEH HAITBUICHHEM OKCHJIA 0JIOBA HA BHYTPEHHUE CTCHKU
TpyOKku. HeoOxommmoe miist paboTel cueTunka Beicokoe HanpspkeHne U (ot 230 mo 600 B) co3maercs
OT HCTOYHHUKA TIOCTOSTHHOTO HamnpspkeHus 5 B ¢ momompio moaysst RadiationD-v1.1 (CAJOE). B atom
KEe MOAyJie TPOUCXOIUT MpeoOpa3oBaHNe WUMITYJIbCa TOKA, MOJNYYEHHOTO HA CYETYHKE, B UMITYJIbC
HHU3KOT0 HalpsDKEHUs! aMIUINTYROH okoio 4.4 B. [/lanee 3TOT UMITyJIbC HANPSDKEHUS TOJACTCS Ha BXOJ
MUKpOKOHTpoiiepa Moxyist Arduino Pro Micro. MUKpPOKOHTpOIIED OPraHU3yeT PErHCTPAIHIO
UMITyJIbCOB Ha 3aJaHHOM BPEMEHH M3MEpPEHHs M OTOOpa)KCHHE MONYYSHHBIX JAaHHBIX COBMECTHO C
napamMeTpaMd HAacTpoeK Npudopa Ha >KUIAKOKPHUCTAIIIMYECKOM AucIuiee. Bricokoe pabouee
HanpspkeHre U Ha cueTduke peryaupyercs BpallleHHeM py4KH MOTeHLHoMeTpa. Bpems usmepenus t
3aJaeTcsl BpalleHUEM JHKOZAepa. 3HAUeHUS HampsHKCHUS M BPEMEHH M3MEPEHHUs] OTOOpaKaloTcsl Ha
KK sxpane.

Moaynb
RadiationD-v1.1

AKKymMynaTop

3.7B CyeTtuuk leirepa-Mionnepa

i

DC-DC DC-DC koHBepTOp

KOHBEpTOp > 8
3.7B 558 k 5B — 230-600 B
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Yeunuteno
~ TOKa MMnynbca

MNoteHuuomeTtp Ha Bxopg,
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HanpaxeHuem

o Arduino __.,.
o Pro Micro
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KOomnbloTepa
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cyeTymk lelirepa-Mionnepa

=] Pyuka

M
o‘c.!,yn.b noTeHunomeTpa

RadiationD-v1.1
Bbixog Ha S
ocunnnorpad ; / s
Muwukpo-
KOHTpoAnep

|

I Mogaynb
Bbixoa, Ha |~ nutaHua 5B
USB nopTt
KOmnMbtoTepa
XK akpaH

SHKoAep

Puc. 2. Buemnuii Buja 1a00paTOpHON YCTaHOBKH
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JlaGoparopHast ycTaHOBKa TO3BOJISICT MepeaaBaTh 00pabOTaHHEBIC JTaHHBIC HA KOMIIBIOTED IO
USB wuntepdeiicy, a Taxke OTOOpakaTh pa3BepTKy CHTHAla CO CUETYMKa [eiirepa Ha SKpaHe
ocrmntorpada.

JlaGopaTopHble 32124 YCTAHOBKH

IIepBoouepenHoll 3anaveld, KOTOPYK) MOXKHO pPEIIMTh KMEHHO C IIOMOIIBIO JAaHHOM
nabopaTopHOW YCTaHOBKH, SIBJISETCS U3yUeHHE XapaKTepUCTHK cueTdyrKa I elirepa-Mrosepa.

CHsiTHe CYETHOM XapaKTePHCTHKH IIPEIO0IaraeT n3MepeHne 3aBUCUMOCTH CKOPOCTH cYeTa
N OT UCTOYHMKA C IIOCTOSIHHOM MHTEHCUBHOCTBIO OT HanpspkeHus U, mogaBaeMoro Ha TpyOKy.

Ha puc. 3 mnokazaHa TUnuMYHAs CYETHAs XapaKTEPUCTUKA, H3MEPEHHass C IIOMOILBIO
npeasaraeMoi J1abopaTopHoi ycTaHOBKH. OHa IEMOHCTPHPYET MEPBOHAYANBHO OBICTPBIA POCT YUCIa
WMITyJIbCOB TIPH TPEBBIINICHWH KpuTHdeckoro HampspkeHus (okoimo 350 B), uro oOycmoBneno
3aBUCHUMOCTBIO YHCJIa HUMITYJbCOB OT 4Hcia OOpa30BaHHBIX Iap MOHOB, IOJYYEHHBIX B pE3yJbTaTe
MEPBUYHON MOHU3AIMHM U MOCIEAYIOIIEro ra30BOr0 YCHJIEHUs. JTa 4acTh CUETHOW XapaKTePUCTHKH
MoMajaeT B TaK Has3bIBaeMyl OONAcTh «OTPaHMYEHHON MPONOpUUOHANBHOCTHY. JlanbHelIiee
YBEJIMUEHHE HaNpsDKEHWsT [EepeBOJUT CUETYMK B  pexxuMm [eiirepa, T1Oe  OTCYICTBYeT
MPONOPLIMOHAIIBHOCTh MEXKYy MNEPBUYHOM HOHW3AUMEN, BbI3BAHHON HMOHM3UPYIOUIEH YacTULIEH, U
aMHHHTyI[Oﬁ UMITyJIbCa — HE3aBUCUMO OT OJOHCPIrvur 4YaCTUIbl BCJIMYMHA HMIIYJIbCA OCTACTCA
MOCTOSTHHOH (B HamreM ciydae 4.4 B Ha BeIXOJie ¢ yCHIIUTENsI TOKa UMIYJIbCOB). B pexxnme [efirepa
CUeTHas XapakTepUCTUKAa HMMEeT BHJI IJIaro ¢ HeOoibmuM ykinoHoMm. [lupuny mato ams
ucnonb3yemoro cueryrika J305 moxxHo onienuts B 125 B. [Tocnenyromiee yBenndeHne HapsoKeHUST Ha
cuétunke (B JaHHOM ciydae cBbilie 475 B) mpHBOAWT K TMOSBICHUIO HEMPEPHIBHOTO pa3psiia H
OBICTPOMY POCTY CKOPOCTH CYETA.

[MocTpoenne c4eTHON XapaKTEPUCTHKH JaeT BO3MOXKHOCTH 000CHOBaHHOTO BbIOOpa pabouero
HanpsDKEHUs IeTeKTopa — pabouee HanpshHKeHUE Ha TpyOKe BEIOMpaeTcs Ha cepelnHe IIaTo, YTo AaeT
3rHaueHue 400-425 B. Takum oOpa3om, nanpHelIee n3ydeHNe XapakKTEePUCTHK JAETEKTOpa TPOBOIUTCS
npu 3agaHHoM pabouem Hanpspkenun 400 B.
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Puc. 3. Cuernas xapakrepucTuka cuetyuka I eiirepa-Mrosepa

OmnpenesieHne BpeMEHHBIX XapaKTePUCTHK cYeTYMKa (MepTBOe BpeMs, pa3pemiaoiiee
BpeMsl U BpeMsl BOCCTAHOBJIeHHs1). MepTBoe BpeMs 7 3a/JaeT BPEMEHHOW HMHTEpBAJl, B TCUCHHUE
KOTOPOTO MOKa3aHus JETEKTOpa UCKAXKAIOTCS 3a CUET HAIOXKEHUH, T.€. ToMajJjaHke B IETEKTOpP BTOPO
YaCTHLBI BCJIEX 3a NEPBOM, WMHUIMHMPOBABIIEH MPOLECC PETHCTPALMM, OCTaeTCs JUIsl CUETYHKA
He3aMedeHHbIM. OIpeseIeHue MEPTBOTO BPEMEHHM CUETYMKA - 3TO 3a7ada, KOTOPYI € MOMOILBIO
Halllell YCTAaHOBKM MOXHO PellaTh Kak METOJOM IPSIMBIX M3MEpeHU# (1Mo GopMe perucTpupyemMoro
UMITYJIbCa), TaK U KOCBEHHBIM METOJOM, ONHCAHHBIM B [1] (OCHOBaHHBIM Ha M3MEPEHHUH CKOPOCTH
cYeTa OT ATaJOHHBIX UCTOUYHMKOB MaJIOW U OOJIBIION aKTHUBHOCTH).

Bompoc oueHku MepTBOro BpeMeHM cueTdMka ['eiirepa-Mromiepa WM yCTaHOBIIEHHS €ro
3aBHCUMOCTH OT I1apaMeTPOB TPYOKH, AIEKTPOHHOMN cXeMbl, pabouero HarpsHKeHUs U JIp. JI0 CUX TOp
BBI3BIBACT KUBbIE IUCKyCCUU [2].

Habnronaemble ¢ momomipio 1a00paTopHON YCTAaHOBKU U ocumiiorpada GpopMbel UMITYIbCOB
(cM. puc. 4) TO3BOJISIOT YCTAaHOBHUTDH, YTO MEPTBOE BpEMs, B T€UEHHE KOTOPOTO IOMaJaHHe BTOPOH
YacTUIIbl HUKAaK HE OTpa)kaeTcs Ha MPOLECcCe perucTpannu nepBoi (Gopma uMmysbca B TEYEHUE 3TOTO
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BpeMEHH HeW3MeHHa), il cderumka J305 cocraBmser t ~ 150 mkc. Paspemraromee Bpems,
COOTBETCTBYIOIIICE MUHHUMAJILHOMY BPEMEHHOMY HWHTEPBAILY MEXIYy WUMITYJIbCAMH, KOTOPBIE MOTYT
OBITh 3aPETHCTPUPOBAHBI OTJICIBHO, COCTABISIET Tp, ~ 210 MKc. PazHOCTh MeXIy 3TUMH BpeMEHaMU
OTIpe/ICNIACT BPEeMsi BOCCTAHOBJICHUS CUCTeMBbI ~ 60 Mkc. Kak BuAHO u3 puc. 4B U 4r, MomajaHue
BTOPOW YaCTHIIBI B CUCTYMK B WHTEpBaJic BPEMEHHM BOCCTAHOBJICHUS TPUBOJHWT K YIIUPECHUIO U

YaCTUYHOMY pa3aCICHUIO UMITYJIbCA.

RIGOL H 500us | inpin | D 251.000000us Ti@ z2t6v RIGOL H 500us | inpin | D 251.000000us Ti@ z2t6v
Horazontal v Y TTwe Horazontal v Y TTwe
ﬂ,ﬂ ' ' ' E 4 Edge ﬂ.ﬂ E 4 Edge

— | —
Feriod Period — /'_' —_—
= | H 1 Source — | | Source
| ' I
Lll | ! | ! 4 CH1 Lll | 4 CH1
Freq | e Frea i e
— H \ i Slops — Slops
. i ' ' .
e i AN « 1 ix [ « 1
Hise Tima ! ! ! w— Tise Tima | w—
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= h d ' = | | |
o~ i ' ' 4 Single o~ | | 4 Single
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' ' '
— i 1| i & = | | S
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it | g ! ! it | g
— 1
ir . ’E . . ir
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Wa=t 23V Win=-50 0 V=TT 00 Fal=i8 5008 Flie=55 400 Wa=t 25V Win=-80 0 Wdi=iBT0us  Fai=i4 50us Flise=27 4
-/ <t -/ <t
H 500us s |y | D 196.000000us Tr@ 216v RIGOL H 50005 adns oy | D 251.000000us Tr@ 2167
v Y TTwe Horizantal v Y e
§4 Edge J.-lﬂ E« Edge
— —
Period [r———
( Source Source:
/
4 CHI A | . e
Siope - Siops
f 11 “E
| a a
l | Sweep | | f Sweep
\
{ | 4 Single | | | « Single
. . g
| Setting I\ ! | Setting
-
Maci2qy Wiri=-60 0 VAdit=7A1 00 FalE140us Rige=26 500 Min=-50 O Wagi=1800ys a1 660s Fise=181 50
Y/ -t -t

Puc. 4. BpemeHHas pa3BepTKa UMITYJIbCOB HaNpsDKeHHS Ha cueTdnke | eirepa-Mromnepa npu
peructpanuu yactull (pabouee HanpspkeHue cuetdrka 400 B, ckopocTh pa3BepTKU CHTHaJIa Ha
ocuuutorpade 50 Mxc/nen, macmrtad o BepTukanu 750 MB/nen):
a — OTJENIbHBIN UMITYJTBC; O — JIBA TOCIIEIOBATEIHHBIX OT/IEIBHBIX UMITYJIbCA; B, T —
CABOCHHBIE UMITYJILCHI, 3aPETUCTPUPOBAHHBIE B PE3YNIbTATEe HAIOXKECHHS CUTHAJIOB OT ABYX
MIOCJIEZI0BATENbHO MOMABIIMX B JETEKTOP YaCTHIl B MHTEPBAJIE Pa3peIIaloIero BpeMEeH! IeTeKTopa

HeobOxomumo oTmeruTsh, uTo HaOmromaeMmasi (opMa OIWHOYHOTO HMITyNbCa (CM. pHC. 4a)
OTIMYAETCS OT KIACCHMYECKOH (OpPMBI C DKCIIOHEHIMANbHBIM HapacTaHueM. B Hamem ciyuae
3aMETHBI HCKa)KEHUS B KOHIIE HMITYJIbca, 00YCIIOBICHHEIE, [0 BCEH BUIIUMOCTH, HEJIOCTATKAMHU CXEMBI
BBICOKOBOJIFTHOTO NUTaHUS (MaJOMOIIHONW M HEIOCTaTOYHO YCTOWYMBOW BO BpEMs IPOXOKICHHS
UMITYJIbCa).

Onpenenenne 3Qp(PeKTUBHOCTH PerucTpalMu cyeTYHKa. D(H(PEKTUBHOCTH PEruCTpaluu
CYETUYMKA £ BBOJUTCS KaK OTHOIIEHHE YHCIa 3apErHMCTPUPOBAHHBIX UMITYJIHCOB K YHCITY MaJarolInX
Ha CUETYHMK YaCTHIl 3a BpeMs u3MepeHns. OHa CHIIbHO 3aBHCHUT Kak OT [apaMeTPOB CaMOI'o CUETYHKa,
TaK ¥ OT BUJa MOHM3HUPYIOIINX YaCTHILI.

Hummaapuueckuii cuetduk J305 crmocobeH perucTpupoBaTh OeTa-M3IydeHHE, DSHEprus
KOTOPOTO JOCTaTOYHa AJisl MPOHMKHOBEHMS 4Yepe3 CTEHKU TPYOKH ([MHA mpodera 3JIEeKTPOHOB
0oJbIIe TOJIMIMHBI CTEHOK). UTOOBI ONpeneNnuTh & IUIs DIEKTPOHOB TpeOyeTcs STalloOHHBIN Oera-
UCTOYHUK (aKTHBHOCTh KOTOPOT'O M3BECTHA) C JOCTATOYHO OOJBINIOW TpaHW4YHOM sHeprued Ep Ge3
CONYTCTBYIOIIETO raMMa-u3iydenus (Hanpumep, Sr-90).

Tarxoke J305 peructpupyeT ramma-KBaHTBI 3a CUET HMX B3aMMOJCHCTBUS C MaTepHajaMu
TPYOKHM, YTO NMPHUBOJUT K BOSHHUKHOBEHHIO BTOPHUYHBIX 3JEKTPOHOB, MOMAJAIOIINX BHYTPb TPYOKH.
UToOb!I onpeAenuTs & A1 raMMa-KBaHTOB TpeOyeTcs 3TalOHHBIA 0eTa-NCTOYHHUK C MaJIoW TPaHUIHON
sHeprueil Eg 1 comyTCTBYIOIMM raMMa-u3Iy4eHHEM C JOCTATOYHO BBICOKOW SHEprueil (Hampumep,
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Co-60). Torma, ecnu 3aKpbITh H3IYYAIOUIYI0 MOBEPXHOCTh TaKOIO HCTOYHHKA aTIOMHHUEBBIM
(GUIBTPOM TONMIHHOKN ~ 3MM, TTOTOK O€Ta-M3Iy4eHHsT Oy[eT MOJHOCTHIO MOTJIONIeH, a TIOTOK raMmMa-
KBaHTOB MPAKTUYECKU HE OCIIA0UTCS B METAJIE C HU3KOW TNIOTHOCTBIO.

Pa3mMecTHB MCTOYHMK HANPOTUB CUCTYMKA HA PACCTOSIHUM I, TPEBBIMIAIONIEM ero JauHy |, u
IpoBe/Is M3MEpeHHs cyera 3a Bpems dkcrno3uiuu t ¢ uctouHukoM (N,+¢), a morom 6e3 Hero (Ng),
MOJKHO paccuuTarh 3(G(HEeKTHBHOCTD PETUCTPAIUH 110 PopMyIie:

¢ =N 10006 = Nero “No 55005 ,

Nna() A : t : 77 . Q
rac A — aKTUBHOCTH UCTOYHHUKA HaA TeKyIIII/II‘/'I MOMCHT, 7] - BepOﬂTHOCTI) I/ICHYCKaHI/Iﬂ qaCTUlbl HA OAVH
pacnaa; Q - 0THOCPIT€J'II>HI>II71 TeﬂeCHbIﬁ erJ'I aneMa }ICTCKTOpa. B HepBOM l'IpI/I6J'II/DKCHI/II/I MOXXHO

S 1

MIPUHSATH Q=—-4—, roe S=d-|- mromans LEHTPaNBHOrO CEYEHMsI AETEKTOpa C JUAMETPOM
r /4

2

CTeKJISIHHOM TpyOku d u ee mmHOi |.
OreHka yKka3aHHBIM MeTOJI0M (G PEeKTUBHOCTH peructpanuu cuetTyrukoM J305 Gera- u ramma-
n3nydenns aana 3HadeHus 47% wu 0.6%, cOOTBETCTBEHHO, UTO COBMAIAET C OXKUIAAHUSIMHU.

3akuouenne

[IpencraBnennass Hamy Ja0OpaTOpHAasi yCTAHOBKA ITO3BOJISIET IPOBOAUTH LENBIH KOMIUIEKC
HOBBIX J1a0OpaTOPHBIX PadOT MO M3YYEHUIO OCHOBHBIX XapaKTepUCTUK cueTYHKOB I eiirepa-Mriomnepa
U YK€ XOpOoUIO 3apeKoMeHjaoBana cebst Ha mpakTuke. OIHAKO, OMBIT €€ WCIOJIb30BAHUS BBIIBHI H
HEIOCTAaTKH B CXEMOTEXHHUKE, KOTOPhIE MbI IUNIAHUPYEM HCIPABUTh B CIEAYIOIICH BEPCUU YCTAaHOBKH.
Bo-nepsrix, cxema DC-DC mpeobpazoBatens 5B B perynmupyemoe Bbicokoe Hampspkenne (230B —
600B), ucnons3zyemoro B moayiie RadiationD-v1.1, oka3anach CIMIIKOM MaJOMOIIIHOM, YTO IPUBOIUT
K HEcTaOWJIBHOCTH HAIPSDKCHMS, ITOAABAEMOro Ha cueTyuk | eifrepa-Mroinepa mpu perucTpanuu
MOIIHBIX ITOTOKOB [ |-M37y4YeHHs (MCIIOJIB30BaHUE KOTOPHIX HEOOXOOUMO AJISl COKPALCHHUS BPEMEHHU
MPOBENICHHS Ja00PaTOPHBIX PadOT U I PerrucTpaii MEPTBOIO BpeMEHH KOCBEHHBIM METO/I0M). Bo-
BTOpBIX, ckopocTh AIIIT B Mukpokontposuiepe ATMega32U4, ucnons3zyemoro B Arduino Pro Micro,
HEIOCTAaTOYHA AJIS1 aBTOMATH3allMM PETUCTPALMU M aHain3a (HOpMbl UMITYJILCOB 0€3 MCIIOIb30BAHUS
BHEIIIHETO ocHuuiorpada — OXHAASTCH, YTO IMEPEX0J Ha MHKPOKOHTposuiep u3 cepuu STM32
MO3BOJIUT PEIIUTH ATY MPOOJIEMY M PACIIMPHUTH CIIEKTP BO3MOKHBIX MPUJIOKEHUH TAHHOH YCTaHOBKH.

Crucok JuTepaTypsbl
1. Tlpaktukym mo sugepuoit ¢usuke. Ilog pen. Cepreea B.O. Cankr-IletepOyprekuit
rocyaapcTBeHHbI yHuBepcureT. - CI16., 2006. - 184 c.
2. Almutairi B., Alam S., Goodwin, C.S., Usman S., Akyurek T.. Simultaneous experimental
evaluation of pulse shape and deadtime phenomenon of GM detector. Scientific Reports. 2021; 11 (1)
3320.
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ICUXOJIOTMYECKAS CEJEKIIAA B BRICIIEHR HIKOJIE
Coxkomnos B.b.
Benopyccruil eocydapcmeennuiii ynusepcumem uH@opmMamuKy u paouodiekmporHuKy
(Munck, Pecnybnuxa benapycsy)
AnHoramusi. C pOCTOM CIIO)KHOCTH CHCTEM YIPABICHUS BBICOKOTEXHOJIOTHYHBIX OOBEKTOB,
CIIOCOOHBIX TIPU OIPEEIEHHBIX YCIOBUSAX OKA3bIBaTh HETaTUBHOE BIMSHHE Ha OKPYKAKOIILYIO CPEny,
MOBBIIIAOTCS IICUXOJIOTHYECKUE TPEOOBaHMS K BBIITYCKHHKAM BBICIICH IIKOJIBI.
KarwueBsble cnoBa: [lcuxonozuueckas cenexyus.

PSYCHOLOGICAL SELECTION IN HIGH SCHOOL
Uladzimir.B. Sakalou
Belarusian State University of Informatics and Radioelectronics
(Minsk, Republic of Belarus)

Abstract. With the increasing complexity of the management systems of high-tech objects capable of
providing negative impact on the environment, psychological requirements for higher education
graduates increase.

Keywords: Psychological selection.

UeMm Oosblie MOSBISETCS HOBBIX M CIOXKHBIX TEXHOJIOTHH B IIOCIIEAHEE BpEMs, TEM 4dalle
BCTAcT BOIIPOC O HCO6XO}Z[I/IMOCTI/I IMPUMCHCHUA TICUXO0JIOTHYECKOMN CCJICKLIMU K BBIITYCKHUKaM BBICIIEH
IIKOJIBI, TAK KAaK C KaKIbIM JHEM BO3pacTaeT OTBETCTBEHHOCTb, Bo3jaraecMmas Ha HUX. OCOOCHHO 3TO
OTHOCHUTCSI K T€M, KOMY NPUXOIUTCA MUMETh AEI0 CO CIOXHBIM TEXHOJOTMYECKUM OO0OPYAOBaHHEM,
CIIOCOOHBIM npu ONpCACIICHHBIX YCJIIOBUAX OKAa3aTbhb HETATUBHOC, a TO U KaTaCTpO(bI/I‘ICCKOG BIIWSHUC
Ha OKPYKaIOIIyI0 cpeny (K mpuMepy, SACPHBIA PeaKTop).

Bcem m3BecTHaA JereHma 0 TOM, Kak ONHAXKIBI yJAIOCh W30€KaTh TPEThbed MHUPOBOI BOHBI
UCKITIOYUTENBHO 10 TOH NpHUYMHE, 4YTO O(dUIEep, KOTOPHIA JOIDKEH ObUT HaKaTh Ha «BOCHHYIO»
KHOIIKY, HE CMOT 3TOr'0 CJIeJlaTh — OH BIIAJl B CAaMbIi HACTOSIIMI CTYIOP U NPOCUAEN NEpe] MyJIbTOM
yIpaBlieHHs [0 TEX 0P, T0Ka €ro HE BBIBENU U3 IIOMELICHUS C TOMOILIbIO Bpayuei.

Jlerenna unm ymcTas mpasla — CJIOKHO CKa3aTb, HO ONMCAaHHAS CUTyalys BIOJIHE MOIJia ObITh,
TaK Kak JaleKo HE KaKABI YelOBEK CIOCOOCH BBIHECTH IMOAOOHBIH T'py3 OTBETCTBEHHOCTH B
9KCTPEMaJIbHOM CUTyaluu.

O4eBHIHO, YTO YEJIOBEK, KOTOPOMY BO3MOKHO MPHUIETCS NMPUHUMATH KpailHE OTBETCTBEHHOE
pellieHne B CHUTYyalluH, JAIEKOH OT CIIOKOWHOTO CO3EpIaHusi, AOJDKEH O0JIafiaTh W ONpeleIeHHON
PEHIUTEIIBHOCTEIO, U 3aaTKaMU JInaepa — B aBapHﬁHOﬁ CUTyallu HET BPEMCHU UCKATh HAYaJILCTBO U
3aMpalrBaTh CAaHKLIHUIO Ha IMPOBEACHHE TeX WM HHBIX KOHTPAaBApUHHBIX MeponpusaTHid. MMeHHO
NO3TOMY M TpeOyercsl TIIaTeslbHasl MCHXOJIOIMYecKas CEeJIEeKUMs CTYIeHTOB, OOYyYaloLIMXcs Ha
COOTBETCTBYIOIIUX CIIEMUATBHOCTSIX (HAlpUMeEp, CHENUANTBHOCT «DIEKTPOHHBIE U WH(POPMAIIMOHHO-
YIpaBIISIOLINE CUCTEMBI (PHU3NYEeCKUX ycTaHOBOK», BI'YIP).

Mgl )KuBeM B BeK MH(OpMalnu, U MPaBUIBHO TOBOPST, YTO TOT, KTO BiIageeT HHPOpMaIEH,
TOT BIajeeT MHUpoM. Bompoc BimacTh — 3TO Bompoc KonmyectBa WHpopmanuu. Kpome Toro,
I/IH(l)OpMaHI/IOHHOC IMoJI€ YBCIMYHUBACTCA C KaXIbIM JHEM. Nmenno IIO3TOMY I/IH(i)OpMa]_II/IOHHaH
Oe3onmacHOCTh IpUOOpeTaeT Bce Oolbliee 3HAUYEHHE, a MOATOTOBKAa KaJpOB B 3TOM 00JacTH CKOPO
MOXET OKa3aThcs IEPBOCTENCHHOW 3ajaueil mjisi moboro rocyaapcrsa. bomee Toro, MHOTHE
rocy/lapcTBa yK€ JaBHO TOTOBATCS K ATOMY MOMEHTY, BeJlb ellle ¢ cepenruHbl 80-X roJoB MPOILIOro
CTOJIETHS OBUIM IpeACKa3aHbl MH(POPMAIIMOHHbBIE BOWHBI.

Ho necmotpsi Ha mpenckasanus MH()OPMAIMOHHBIX BOIH, B HACTOSIIEe BpeMs OOIIECTBO
CTaHOBHUTCSI OoJiee OTKPBITBIM, YTO B CBOIO OUYECPEAb CO3OacT KpaﬁHe 6HaFOHpI/I$ITHBIe YCiI0BUA IJId
HECaHKLIIMOHUPOBAHHOTO JIOCTyNa K MH(pOpMaLuu, 0cCOOEHHO — K KoHpuaeHuuansHoH. K Tomy ke,
MIOBCEMECTHAsI KOMITBIOTEPHU3aLusl, BHEAPseMasi BO BCE OCHOBHBIE XO35iICTBEHHbIE c(epbl, HAaUNHAs OT
MCIWIMHBI W 3aKaH4YuBasg IIPOU3BOJCTBOM, BECIACT K IOABJICHUIO [JOIIOJTHUTCIIBHBIX KaHaJIOB
WHPOPMAIMOHHON yTedkdu. VIMeHHO mModTOMy B obecriedeHHH WHGOPMAIMOHHONH 0e30MacHOCTH
HYXJAIOTCsl IPaKTHYECKH BCE, U Ul TOTO, YTOOBI COXPaHUTh KOH(PHUIACHINATBEHOCTh HH)OPMALIUK Ha
BCEX YPOBHSX, HAauWHas OT HEOOJBIIOW KOMMeEpYecKOoi (HUPMBI M 3aKaHYMBAas T'OCYJapCTBCHHBIMU
WHTEpecaMu, HE0OXOJMMO Bce OOJIBIIE U OO0JIbIIIEe XOPOIIO MOJATOTOBIEHHBIX CIIEIIUAIICTOB B 00J1aCTH
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MH(POPMALIUOHHOHN 3aIUTHI.

HeoOxoammo MOHSTH, 9TO pelIeHne MpoOieMbl HH()OPMAITMOHHOHN 3aUTHl U 0€301TacHOCTH
BOBCE HE SIBJIICTCSI OAHOMOMEHTHBIM JIeJIOM. JTO IpodjeMa, pelieHrne KOTOPOH HOCUT HMOCTOSHHBIN
xapakTep, npodiema, TpeOyromiasi CO3JaHus LEeJIOW CUCTEMBI Ha TOCyJapCTBEHHOM ypoBHE. OHAKO B
HACTOsIILIEE BpeMsl BBICIIAS IIKOJA OKAa3bIBAETCS IPAKTHUECKHM OIWH HA OIUH C IpobiieMaMmy,
CBSI3aHHBIMM C ITOJTOTOBKOM CHELUAIUCTOB B 00NACTH 3aIIXTHI MH(OPMALUK, U BBIHY)KICHA PEIIaTh
9TH POOIEMBI CAMOCTOSITEIBHO.

EcrectBenHo, onTtumansHO OBUIO OBl MPOM3BOAUTH TICHXOJIOTHUECKH OTOOp emie Ha
HAyYaJIbHOW CTaguM OOYYEHHs,, HO 3TO HE NPEICTABISETCS BO3MOXKHBIM: CTYIEHT MJIAIINX KYpPCOB
eme He 0abouka, a BCEro JIMIIb KyKOJKa, M M3 HEro €€ TOJbKO OXKUIAETCS IOSBICHUE MU
KaIllyCTHHLIBI, WM MaxaoHa. Ho 3aTo mMeeTcs BO3MOXHOCTD KyJIBTHBHPOBATh Y CTYACHTOB HYXKHBIC
YepThl XapaKkTepa, KOTOPbIE TaK K€ HEOOXOIUMbI IPEACTABUTENAM ONPEAETICHHBIX IpodeccHii, Kak U
CIeLUaIbHbIE 3HAHWS — MHOTAA JIaKe CJIOXKHO CKas3aTh, YTO Ba)KHEE, BElb HEAOCTAOLINE 3HAHUS
MOYKHO OBICTPO BOCIIOJIHUTD, & BOT HEIOCTAIOIINE YSPTHI XapaKkTepa — BPs JIH.

HacrostensHo pexkomenayercss paboTa MpoQecCHOHATBHBIX TICHXOJIOTOB CO CTYAEHTaMHU
«OKCTpEeMaJIbHBIX» crenuanbHocTed. Ilcuxoiorn MOMKHBI HE TOJIBKO IIOMOTraTh OyayIIuUM
CHENUANINCTaM KyJbTHBHPOBATh HYXXHBIE UEPTHl XapakTepa, HO M BBISBISATH KaTErOPUYECKU
HETMPUTOJHBIX C TICUXOJOTMYECKOH TOYKM 3peHHs s JaHHOW CIIeHUATBHOCTH CTyAEHTOB. K
puMepy, JIOIU, CKIOHHBIE K HADKOMaHUM /WX AJKOTOJIN3MY HE MOTYT 00JaiaTh B IOJHOW Mepe
HEOOXOIUMBIM YyBCTBOM OTBETCTBEHHOCTH. bojiee TOro, B 3KCTpEMaJbHOM CUTyallud OHH MOTYT
3a7iep)KaThCsl C TPUHATHEM HEOOXOAWMOTO peIleHHs, WM HaNpOTHB — IPHHATH HEOONBIIYIO
npobieMy 3a 3KCTPEMaIbHYIO CUTYalUIO M MOTOPOIUTHCA C KOHTPaBapUMHBIMUA MepaMu. DTO JIOIH,
Ha KOTOPBIX HEJB3sl MOJOXHUTBCS B IIOJHOW Mepe TaM, rae o0OpydOBaHHE MOMKET HAaHECTH
HEBOCTIOIHUMBIN Bpesl OKpy Karolei cpese.

Wmeercss u pang Opyrux 4epT, KOTOPbIE MOTYT BOCHPEISTCTBOBATH paboTe C OMacHBIM U
CIIOKHBIM ~ TEXHOJIOTHUECKHMM  oOopyzmoBanueM. K  mpuMepy, 3aBbIICHHas  CaMOOILCHKA,
THIIEPTPOPUPOBAHHOE CaMOJIO0Ue, THIIEPTPOPHPOBaHHAS HEPEIINTEILHOCTD, HECAMOCTOSTEIHHOCTD,
ceOsu1r00ue U Tak Janee.

[Ipexne, yeM yTBepKAaTh, YTO IUIsI MHXEHEpPA caMOE IJIaBHOE — HA0Op OIpelesIeHHbIX
3HAaHUH, PEKOMEHIYeTCs BCIOMHHMTH HHTEPECHOE ONHMCAHHE MHPOBOH KaTacTpo(bl, ClEIaHHOE
CruBenom Kunrom B anTHyTOnnu «lIpoTHBOCTOSIHME»: yKacalolye IOCIEICTBHS HUMEIH MECTO
MCKITIOYUTENBHO 110 TOW IPHUYUHE, YTO y OJTHOTO M3 OXPAHHUKOB 3aKPHITOTO0 BOGHHOI'O KOMIUIEKCA ObLT
TUNEepPTPOGUPOBAHHBIA CTPax CMEPTH, U B TOT MOMEHT, KOrJa HY>KHO ObUIO 3a0JIOKMpOBaTh BCE
BBIXOJIbl U3 3[]aHUS, YTOOBI IPEIOTBPATUTH YTEUKY OTPABIISIONIMX BELIECTB, OH COEXai, OCTaBUB CBOM
MOCT — U Pa3HeC CMEPTENbHBII BUPYC MO BCEMY MUPY.

Ha, xynoxxectBeHHbI BbIMbIceN! Jla, crangapTHBIM xon aHThyTonuu-Tpuiiepa! Ho B Hame
BpEMsl MHOTHE BBIITYCKHUKHU BBICILIEH IIKOJIBI UMEIOT JeJI0 C 000pYAOBaHUEM, KOTOPOE CIIOCOOHO Tak
’K€ OTPaBUTH €CJIM HE BECh MUP, TO 10 KpaifHel Mepe TOCTaTOYHYIO ero 4actb. Y 3amada Icuxosoros
— MpenoTBPaTUTh TaKOE pa3BUTHE COOBITHH, CHENIAaTh €ro HEBO3MOXHBIM H3HAYAIBHO, ITyTEM
TIIATEJIFHOW TMOATOTOBKH CHELHANKCTOB HE TOJIBKO ¢ NPO(ECCHOHAIBHON, HO M — 00s3aTenbHo! — ¢
TICUXOJIOTUYECKON TOYKH 3PEHUSI.

Mosnonible JIOAM C TIOBBIIIEHHBIM YYBCTBOM OTBETCTBEHHOCTH, C 3aJaTKaMH JHJAEpa,
peluTeIbHbIe, CaMOCTOSITEIbHbIE, 00JIaJaroie YyBCTBOM CAMOYBXXEHHsSI M YBaXKalOLIMe IPYTUX,
TIOCTOSIHHO CTpeMsIIuecs K HOBBIM 3HAHUSIM — BOT JKEIaeMble YepThl XapakTepa, KOTOpPbIE JOIDKHBI
BBISIBUTH M KYJIbTUBUPOBATH IICUXOJIOTH Yy KAHAUIATOB Ha JIUTUIOM BBICIICH IIIKOJIBI.

PaccmoTpum e Te camble poOJIeMbl, KOTOpbIE B HACTOSIIEE BPEMs CTOST IEpexd BhICIICH
IKOJIOH, 3aHUMAIOIICHCS TOATOTOBKON CIIELHAINCTOB B 001acTH MHPOPMAIMOHHOHN 0€301acHOCTH U
YIPaBICHHS CIOXKHBIM TEXHOJIOTHIECKAM 000PY/TOBAHHEM.

B nepByto ouepens kK TaKUM MpoOJIeMaM MOXKHO OTHECTH HEJIOCTAaTOUHBIN MPOogheCcCHOHANN3M
MIPENOAABATENBCKOIO cOoCcTaBa. [IpudeM, B OCHOBHOM 3TO CBA3aHO C OTCYTCTBHEM BO3MOXKHOCTH
MIEPETIOATOTOBKY TPENOo/IaBaTeIbCKOTO COCTaBa BBICHIEH ITKOJIBI B CTPEMHUTENBHO HW3MEHSIOIINXCS
ycrnoBusix. Pacmmpenne WHQGOPMAIIOHHOTO TOJNS, TOSBICHHE HOBBIX CIOCOOOB  3alUTHI
MH(OPMAaIUH, TIOSBIEHNUE HOBBIX HH(POPMAIIOHHBIX IOTOKOB, KOTOPbIE HEOOXOIMMO 3aIUILIATh, - BCE
9TO TpeArNoyaraeT H3MeHeHue ydeOHoro mponecca. OJHAKO, JUIS TaKUX HW3MEHEHHWH HET HU
MaTepUaTbHO-TEXHUYECKOW, HU JaXe€ MOTHBAIIMOHHON Oa3bl, W MEPeroAroTOBKA CIEIHATHCTOB-

291



ABTOMATU3MPOBAHHBIE CUCTEMBI YITPABJIEHWA TEXHOJIOTUYECKHUMU ITPOUECCAMU ASC U TOC

npenojaBareneil He OcCyllecTBisAeTcs. B pesynbTare mnpenofaBaTeid HEYKIOHHO OTCTalOT OT
M3MEHSIONNXCA YCIOBHHA, W COOTBETCTBEHHO IIaJ]aeéT YpPOBEHb TMPENOAABAaHUA W TIOATOTOBKH
CIIEITATICTOM.

K 3710ii mpobiieme TeCHO MPUMBIKAET IpyTas, Kacarolascsl CTYACHTOB: Y HUX HET MOTHUBAIMU
JUTSI HHHOBAITMOHHOW JEeSITENFHOCTH, HY a Ha3BaTh IOCTATOYHOW MOTHBANMEH OYyAyIIyIO 3apIuTaTy HITH
MPECTIKHYIO paboTy CIOXKHO — TO JIK OYJET, TO i HEeT. Xy>Ke TO, YTO BBIITYCKHHUKH BBICIIEH IIKOJEI,
OpPUECHTUPOBAHHBIC HA TONYyYCHHE MPECTHKHON padOTHl M BHICOKOH 3apIliaThl, MOJIY4HB Tpedyemoe,
3aCTBHIBAIOT B MPO(ECCHOHAIbHON HENOJBIKHOCTH. JIMIIbP HEMHOTHE M3 HHX COXPAHSIOT JKeJIaHUe
JABHEUIIIETO JBW)KCHUS B CBOEH O0JIAaCTH, OPHMEHTHPYIOTCA Ha TBOPUYECKYIO [EATEIBHOCTh U
npodeccHoHaNbHYI0 caMopeann3anuto. st mogaBisromero xe OOJBIIMHCTBA MPOQECCHOHAIBHOM
camopeanu3alueii SBIAeTCs BCe Ta )Ke 3apIuiara.

Taxke HE0OXOMMMO OOPAaTUTH, BHUMAaHHWE HAa OCHAICHHOCTH JIA0OPATOPHM IS 3aHATHHA: I10
OoJbIell YaCcTH O3HAKOMJICHHE CTYIEHTOB C COBPEMEHHBIMU TEXHHYECKUMH CPEICTBAMH SIBISETCS
UCKITIOYUTEIBHO TEOPETUIECKUM.

OnHako, OCHOBHOHM NpoOJIEMON OKa3bIBAeTCs BOBCE HE TEXHHUYECKAs OCHAIICHHOCTh U Jaxe
HEe TPOQECCHOHATN3M IIPEMOAaBaTeIbCKOTO COCTaBa BBICHICH IMKOMBI. OmHONW W3 BaKHEHIIHMX
npoOJjeM OKa3bIBaETCsl HEJOCTATOYHOCTh ICHXOJIOTHYECKOH TOATOTOBKH BBIMTYCKHHUKOB BBICIICH
HIKOJIBI.

K coxarnenuto, BeICIIas IIKOJIA B HACTOSIIIEE BpeMsl OPHEHTHPOBaHA JIUIIb HA TO, 9YTOOBI 1aTh
CTyJeHTaM HEOOXOIWMBIi MHHAIMYM TEXHUYECKHUX 3HAHWU B M3ydaeMoi oOmactu. OmHAKO, TIPH 3TOM
HE YYWTBIBAETCS, YTO CIEIHMAINCT B JaHHOW OOJIACTH JOJDKEH 0o0JanaTh ONpeneleHHBIM HaOopoM
TICUXOJIOTHYECKUX YEePT XapakTepa, KOTOPHIE MO3BOJSAT €My YCHEIIHO BBITIONHATH CBOKO pabory. B
MPOTHUBHOM CITydae CIIEI[HAIMCT CTAaHOBHUTCS OOMOOW 3aMeIeHHOTO JEWCTBUS, KOTopas B JIFOOOI
MOMEHT MOXXET YHHUTOXHTh UEHHYI0 HHOOPMANUI0O W JOPOroCTOAIIee TEXHOJOTHYECKOE
obopynoBanue. I yem BbIe MPOQecCHOHATLHO-TEXHHYESCKHN YPOBEHb TAaKOTO CIEIHAIHNCTa, TEM
OoJee OH MOXKET OKaszaThCsl OMAceH sl MHPOpMAIMd U 000pYAOBaHUs, OE30IMaCHOCTh KOTOPHIX OH
NpU3BaH 00eCIeUYnBaTh.

OTMeTHM, YTO TpEenoAaBaTeNld BBICIIUX IIKOJN Poccuu, 3aHsATHIE B MOJATOTOBKE KalIpoB B
obnmactn WHPOPMAIMOHHOW ©O€30MacHOCTH ©  0E30MacHOW JKCIUTyaTalldd TEXHOJOTHYECKOTO
obopynoBaHus, KpaiiHe 00ECIOKOEHBI OTCYTCTBHEM YYeOHWKOB, KOTOpble ObUIM OBl aKTyalbHEI B
JAHHBI MOMEHT BPEMEHHU — 0 UX MHEHHIO, TAIEKO HE BCe yueOHbIe MocoOus, 3aeiCTBOBAHHBIC B
HACTOsIee BpeMs B y4eOHOM TIIporecce, OTPa)KarT TeKyllee IMolokenne Bemeld. [Ipu sTom
pPEKOMEHIyeTCs  TPENNpUHSATh  JEWCTBUS HA  TOCYIJAapCTBEHHOM  ypOBHE: C  IOMOIIBIO
rOCYJapCTBEHHOTO (hUHAHCHPOBAaHUS CPOPMHUPOBATH TBOPUECKUE KOJUIEKTHBBI, KOTOPBIE M OYAyT
3aHUMATKLCS Pa3pabdOTKON TAKMX YUeOHWKOB M BKIIFOUEHHEM MX B y4eOHBIH nporecc [1].

B T0 xe BpeMmsa npenoaasatenu Beicnx mkon CILIA, 3aHumaromuecs: moAroTOBKOM KaapoB B
obnactu 0€30IaCHOCTH, HE CIUIIKOM 3a00TATCA 00 y4eOHWKaxX, CUHMTas WX HEOOXOJHMBIM, HO
HEJIOCTATOYHBIM YCIIOBHEM /ISl KA4eCTBCHHOW IOJATOTOBKM CHEIHAIUCTOB Takoro mnpoduis. B
KauecTBe HEOOXOIMMOT0 YCIOBHUS I KAYECTBEHHOW MOJTOTOBKH CITEITHAIMCTOB B O0JIACTH 3aIUATHI
nHpopmarun B CIIIA Ha3pIBaIOT ICHXOJIOTHYECKYIO TIOJrOTOBKY. boiee Toro, crieruanmcT, IMEIOTHiA
JOCTYN K MHGQOpMAIMK U OCYIIECTBISIONIMN €€ 3alluTy, PelIaroniid mpodieMbl HHPOPMAITHOHHON
0e30MacHOCTH, JOJDKCH o00NafaTh OINpeJeNICHHBIM IICHXOJIOTHYECKUM mpoduieM u HabopoMm
HPAaBCTBEHHBIX KadeCcTB, 0€3 KOTOPHIX OH HE MOJYYHT BO3MOXKHOCTH 3aHHMATHCS WH(OPMAIMOHHOM
0E30MacHOCTBI0 Jlake B TOM Cllydae, €CJId €ro TEeXHHYecKas IMOJrOTOBKa OyAeT NpaKTHYECKU
naeabHOMU [2].

B CHIA TtmarensHO pa3paboTaHa cHCTEMa IICHXOJIOTHYECKOW IOATOTOBKH KaApOB. JTa
NOArOTOBKA BKJIIOYaeT B ce0s Kak NpoNaraHiy CeMEHHbIX IIeHHOCTeH, Tak W MpomnaraHmy
aMepUKaHCKOTO 0o0pa3a XHM3HH. Y CIEUATUCTOB, UMEIOIUX JOCTYNl K WH(OpManuu, OYKBaJIbHO
KyJIbTUBUpYETCS  O€30rOBOPOYHBIA  MAaTPUOTH3M, Kak HeoOXoaumas  depTa  Xapakrepa,
NpeACTaBISIoNIasics MOTEHIHAIbHBIM PadoToAaTeNsIM Jake Oojee BaKHOW M CYyLIECTBEHHOH, deM
TEXHUYECKas! MOATOTOBKA.

K coxanenuro, MpUXOAUTCSI OTMETUTh, YTO Yy HAC CHTYyalldsl 4yTh JIM HE OOpaTHas: MocIie
CMEHBI TOCYIaPCTBEHHOT'O CTPOSI MATPHOTH3M OBbLII IPUPABHEH YYTh HE K CYOKYyJIbTYype M Kak TaKOBOM
BBINIENT W3 MOJbI, YTO 3aTPYAHSET HE TOJBKO MOJTOTOBKY CIEIMAIHCTOB B O00JAacTH 3allUTHI
WHQOPMAITUH, HO U MOJIrOTOBKY KaJpOB BO MHOTHX JIPYTHX OOJIACTSX XO3IHCTBEHHOMW JESTEIHHOCTH,
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OCOOCHHO B TeX, IJIe¢ peub UACT 00 MHTEpecax TOoCyIapCTBa, a HE TOJBKO O YaCTHBIX HHTEpECax,
peanmzanys KOTOPBIX MOXKET ObITh OBICTPOH, a Pe3yIbTaT BUACH MIPAKTHYECKH CPasy.

Kpome Toro, B HacTosimee BpeMsi KPUTEPHEM YCHEIIHOCTH YEJIOBEeKa SIBISAETCSA €r0 JOXO.
OpmHako, A7 CIEeNHUaTUCTa ONTUMAIBFHO CTPEMJICHHUE HE CTOJIBKO K IOBBILIICHUIO TOXOMAA, CKOJIBKO K
TBOPYECKOH ¥ TIPOeCcCHOHATTFHONW caMOpean3alny, CTpeMIICHHE OBITh JYUIINM B BRIOpaHHOH cepe
nesitenbHOCTH. [lpr 3TOM (hMHAHCHI HODKHBI OKa3hIBAaTHCS HE HA IEPBOM MecTe. B mpoTuBHOM ciydae
CIISIMATTUCTA OYACT CIIMIIKOM JIETKO IMPOCTO MEPEKYIUTh, MPEIIOKUB eMy OOJBIINN JT0XO0d, HEKEIH
TOT, YTO OH MMEET, JIMOO KYMUTh Y HEro MH(OPMAIUIO, KOTOPYI OH MPU3BAaH OXPaHATh — UMEHHO
3TUM ¥ 3aHUMAIOTCS CHEIHAUCTBl M0 TPOMBIIUIEHHOMY ¥ TOJUTHYECKOMY IIMHOHAXKY, H, K
CO’KaJICHHIO, HEPEIKO JOCTUTAIOT yCIieXa B CBOEH e TeNbHOCTH.

OpHOl U3 OCHOBHBIX MPOOJIEM B BOCIUTATEIHHOM BO3JICHCTBHM Ha CTYJICHTOB SIBJISCTCS TO,
YTO OHM IIOTAJIAIOT B BBICIIYIO INKOIY C YX€ TOJTHOCTHIO C(OPMHUPOBAHHBIM MHpPOBO33peHHEM. U
(haKTHIeCKN TPUXOIUTCS OOPOTHCSI C ATHUM, a TMOMOOHBIC NEHCTBHS HW3HAYAIBLHO CIIOKHBI — BEOb
MPUXOJIUTCS UMETh JIEJI0 C MHUPOBO33pPCHHEM, C(HOPMUPOBAHHOM C CaMOT0 pPaHHETro JCTCTBA, Ha
OCHOBE HEKPUTUYECCKH BOCIIPUHUMAEMON HH(POPMAIIVH, TO €CTh, PAKTUUIESCKU C aKCHOMaMU, KOTOPHIC
MOJIO/IbIE JIFOJM CUWTAIOT abCONFOTHO BEPHBIMH M HE MOMJISKAIIMMH TepecMoTpy. M3 aroro He
CIIEZlyeT, YTO HYKHO IMPEKPaTUTh BOCHHUTATENBHBIN IMpOIecc, OMPaBAbIBasCH CHOPMUPOBABIIUMHUCS
B3rjsiaaMu, CI/ICTGMOI71 IIOBCACHUA U MI/IpOBO33p€HI/I€M CTYI[CHTOB. HO HpCI[CTaBJIﬂCTCﬂ, qTo 6])UIO 6])1
BEChMa KEeJIATENbHBIM POBOJUTH MPOPHIAKTUIECKHE MEPOTIPUSATH, KOTOPbIE TIO3BOJIIIN OBl BITUSTH
Ha (GOPMHUPOBAHHE JTUIHOCTH JIO TOTO, KaK 3Ta caMasi JIMYHOCTh CTaHET CTYACHTOM BBICIIEH IIKOJBI.
To ectb, onpesieNEeHHOE BO3AEHCTBUE JOJKHO MPOU3BOAUTHCA Ha MOJIOJIBIX JIFOJEH €IlI€ 10 Hadajla X
oOydeHust B BBHICIIEH MIKOJE, BO BpeMs OOy4YeHHsI B CpeIHeH mIKoiie, OyKBaJbHO HAYMHAS C MEPBBIX
KitaccoB [3].

[IpekpacHbIii TpUMEp TaKOTO BIMSHHS — MHOHEPCKas U KOMCOMOJBLCKAs OpTraHU3allvu,
KOTOpBIE CYIIECTBOBAJIM BO BpEeMEHA pa3BUTOro comumanu3Mma. MMenace ompeneiacHHas
MPEEeMCTBEHHOCTh TIOKOJICHUH: OKTSIOpsATa, THOHEPHI, KOMCOMOJBIIBI W, HAKOHEII, YICHBI TMapTHH WJIH
OecrmapTHitHbIe, HO UMEIOIINE ONPEACICHHOS MUPOBO33pEeHHE, CHOPMUPOBAHHOE TOJaMK MPEObIBAHUS
B JICTCKMX U IOHOIIECKUX OOIIECTBCHHBIX opraHm3anusx. Ilpencrarmsercs, uyro BPCM, kak
oprasm3anys, y>xe chopMUpOBaHHAs, UMEIOIIAs OIIPE/IEIICHHBIC [N U 3a/1a4H, BKIFOYAIOIIHe B ce0s,
KCTaTH, U BOCHHTATENbHEIE, MOTJIA OBl BHICTYIIHUTH MPEEMHUKOM B OMPEIEIIEHHOM CMBICIIE OBIBIINX
paHee OpraHM3aluil ¥ B3sTh Ha ce0sl BOCIIUTATEbHBIC (DYHKIIMK, KOTOPBIE TaK HEOOXOAMMBI B TaHHBIT
MoMmeHT. Te camble BocmuTaTenbHbIe (YHKIMH, KOTOPBIE CHeNaad Obl HE CIHWIIKOM MOJHOM
nopHOTpaduro, aNKoroiah, HAPKOTUKH M TaK Jaliee, 3aTO BBENIX OBl B MOAY M CEMEIHbBIE IIEHHOCTH, U
HanI/IOTI/I3M. TaK)Ke HpC}lCTaBHHeTCﬂ, YTO K BOCIIMTAHHUIO MOJIOACKH B HeO6XO,}II/IMOM ;[yxe MOKHO
MPUBJICYb PA3JIUYHBIC PEJIMTHO3HBIE KOH(ECCUH, TaK KaK OCHOBHBbIC KOH(ECCHHM, K KOTOPHIM
MIPUHAJUICKUT OONBIIMHCTBO HACEJICHHS TOCylapcTBa, B CBOEH OCHOBE HMEIOT TE€ CaMble
HPAaBCTBEHHBIE IEHHOCTH, KOTOPbIE HEOOXOAMMEBI (YBaXXEHHE K CEMEWHBIM IICHHOCTSIM, IMaTPHOTH3M,
T-IYBCTBO OTBECTCTBECHHOCTHU, BepHOCTB I[OJ'IFy, JII/ICHHHHI/IHI/IPOBaHHOCTL, YBa)KeHI/Ie K aBTOpI/ITeTaM nu
TaK Jajuee).

CrnemyeTr OTMETUTh, YTO CHEIHATUCTHI, 3aHUMAIOIUeCs NH(HOPMAIMOHHON 0€30MaCHOCTRIO U
BOIpocamMu 0E€30MacHOM 93KCIUTyaTallid TEXHOJOTHUECKOro O0OpY/IOBaHMS, IO/DKHBI 00JIaaaTh
CJIETYIOIIMMHU KaueCTBAMH:

- MATPUOTH3M;

- YBa)KeHI/Ie K CeMeﬁHbIM HHEHHOCTSIM U TpaJIPIHI/IHM ()KeJ]aTeJ'IBHO Jaxe, LITO6I)I CIICIINAJIUCT
HpOI/ICXOIII/IJI U3 CEMbH, YTO HA3bIBACTCH, C Tpa,Z[I/I]_[I/ISIMI/I);

- MIOBBIIIIEHHOE YYBCTBO OTBETCTBEHHOCTH;

- BEPHOCTbH JONTY;

- ZII/ICHI/IHJH/IHI/IpOBaHHOCTB;

- YBEpEHHOCTb B ce0e;

- YIOPCTBO B LEJIEIOCTHKCHUH;

- CHOCO6HOCTB K HpI/IHSITI/IIO CaAMOCTOSATCIIBHBIX pemeHHﬁ;

- CITIOCOOHOCTH paboTaTh B KOMaH/IE;

- CITIOCOOHOCTH K TBOPYECKOMY MBIIIUICHUIO;

- CTpEMJICHHE K TBOPUYECKOH JCSITEILHOCTH M CaMOpEaTH3aIliH;

- cTpeMyieHHE K MPo(heCCHOHAIBHON caMopean3alliiy;

293



ABTOMATU3MPOBAHHBIE CUCTEMBI YITPABJIEHWA TEXHOJIOTUYECKHUMU ITPOUECCAMU ASC U TOC

- CITIOCOOHOCTH K pealbHON CaMOOIICHKE.

[Tomo6uEIT HAOOp HPAaBCTBEHHBIX KA4YECTB TIIATENHHO KYJIBTHBHPYETCS BO MHOTHX CTpaHaxX
MHpa, 0COOCHHO, KOTAa pedb 3aXOAUT O MOATOTOBKE CIEITHAIMCTOB B TaKUX MPOOJIEMHBIX U BaKHBIX
obOnactsx, kak WH(OpPMAIMOHHAs 3alllUTa WM aTOMHAas JHepreruka. VIMEHHO JTH KayecTBa
HEOOXOIMMO KYyJIBTUBUPOBATh M Yy HAIIWX CIEUUAINCTOB, TMpHOeras K IOMOINM TCHXOJIOTOB,
OOIIEeCTBEHHBIX OpTaHW3aluii u Tak ganee. [lome3HBIMM MOTYT OKa3aThCs SKCKYpPCHH MO CTpaHe,
BBIJICP)KAHHBIE B MAaTPUOTUYCCKOM AyXE, PEKOMEHIAIUS MOJIOABIM JIIOASM TMAaTPUOTHUYECKUX KHUT
HaYMHAs CII¢ CO IIKOJBI M TOMY MonoOHoe. Takyro 3amady NpakTUYECKH HEBO3MOXKHO PEIIUThH
CHJIaM{ OJTHOM BBICHICH IIKOJIBI, €€ PelIeHne NOJDKHO 3aTparuBaTh MHOTHE C(epbl )KU3HH Oy TyIuX
CIICLMAJUCTOB, IPUYEM €UI€ JO TOrO MOMEHTA, KOTJa OHM TaKOBBIMHU CTaHYT, U Ja)K€ 10 TOro, Kak
CTaHyT CTyJIEHTaMH BBICIICH MIKOJBI. COOTBETCTBEHHO, PEIICHHUE 3a/1a4l TAKOTO Macltada sBiIsIeTCs
MPEepOTaTUBONM TOCYAApCTBA, a BHICIIAS INKONA O0sS3aHA BCEMH CHJIAMH IIOMOTAThb JBIDKEHUIO B
TpeOyeMOoM HarpaBICHHU.

B Hacrosimee Bpems BbICIIas IIKOJIa MOXET OOCCIICUHTH MCHUXOJIOTHUECKOE COMPOBOXKICHHE
CTYJICHTOB CIEIMAILHOCTEH, OTHOCAIIMXCS K chepe 0e30MacHOCTH, a TaKKe C MOMOIIbI0 KypaTopoB
TPYIII OCYIIECTBISATh ONPENEIECHHOE BO3ACICTBUE, IPU3BAHHOE KYyJIbTUBUPOBATh TAKUE KAUECTBA, KAK
MaTPUOTH3M W YBaXKCHHE K CEMEHHBIM IEHHOCTSAM (K IpPUMEpPY, C TMOMOIIBI0 3KCKYPCHH U TOMY
nonoOHoro). KpoMe TOro, B3aMMOCHCTBHE BBICHICH IIKOJBI W TOTCHIMAIBHBIX padoTomaTesei
MOET IMOMOYb B KYJbTUBUPOBAHUM TAKUX KAU€CTB, KAK CTPEMJICHUE K TBOPUYECKOU ACSTEIBHOCTH U
npoecCHOHANBHON caMmopeanu3anuu. TakuM o0pa3oM, BEICIIAS IIIKOJIA BOBCE HE OKa3bIBaeTCA
MOJIHOCTHI0 OECIIOMOITHON Tepea HUMEIONIMMHCS MpoOJieMaMH, HO el HeoO0XoauMa IOMOINs Ha
TOCY/IapCTBEHHOM YpPOBHE, YTOOBI KAauecTBO MOATOTOBKH CIEIUAIUCTOB OBUIO HA JIOIDKHOM —
BBICOKOM! — ypOBHE.
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//udopmannonnas 6e3omacHocth. — 2009. — Ned, — C. 621-622.
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