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Annomauyusn

Juzan U. A., lllesuenxo B.B., buptoxoeé B.B. lllupomnuo-umnynscnoe npeodopasosanue nanps-
JHceHusA KaK (hakmop nosviuieHus pecypca 31eKmponazpesamerieil napo2eHepamopHozo YUKIa
onoka AI3C. Ha ocnosanuu onvima skcniayamayuu d1eKmpoHazpesameneti Napo2eHepamopHoco
YUKIA AMOMHBIX 91eKMPOCMAHYUI YCMAHOBAEHO He2AMUBHOEe BIUAHUE HA UX PECYPC PeHCUMA YUK-
Judeckux exmoyeHul. Paccmompensi anbmeprHamugtsie 8apuanmsl KOMMYMAYUOHHBIX PEHCUMOSB.
Obocnosana yenecoobpaznocms npumeHneHus pe2yisimopos na ochose IGBT-cxem 6 pescume wiu-
POMHO-UMNYTIbCHO20 NPEe0OPA308aAHUS HANPANCEHUS NPU KOMMYMAYUU CUTOBbIX Yenell JIeKmpoHa-
epesamereii.

Knrwouesvie cnosa: snekmponazpesamerns, pecypc, Napo2eHepamopHblil YUK, PeyIsimop HANP#CEHUS,
WUPOMHO-UMNYIbCHOE NPeodpa308anue, MOOeIUPoOsaHue.

OO0mas mocTtaHoBKa Npo0JieMBbl.

Atomusble 3nekTpoctaniui (ADC) urparoT Bc€ Ooliee 3HAYNMYIO POJIb B 00ECIICUSHUH DHE-
PreTUyYecKoro noTeHIana MupoBoil unayctpuu. Tak, mo cocrosHuto Ha 2008 1., B MUpe IKCILTya-
TUPOBaJIOCh 437 sZIepHBIX SHEPrOOIOKOB CyMMapHOI MOIIHOCTBIO 0k0J0 442 I'BT (puc. 1) [1].
[Iporpamma pa3BUTHS YHEPTETHUECUX 00BEKTOB YKpanHbl Ha nepuon A0 2030 r. Tak ke npemaycma-
TPUBAET JlaJIbHEHIIIee pa3BUTHE OTEUECTBEHHOTO AIEPHO-IHEPIeTUUECKOro KoMIuiekca. IToatomy
Ipo0JIEMAaTHKA MOBBIILIEHHS HaZEKHOCTH OOBEKTOB AEPHON YHEPTETUKU SIBJIIETCS aKTyaJIbHOM.

IlocTanoBka 3a1a4 uccae10BaHNUS.
Baxneitmeir ximaccudpukanmoHHon xapaktepuctukoit ADC
ABJISIETCS KOJIMYECTBO KOHTYpOB pabouero tena. B wactHoCTH, 00B-
€KThl SJIEPHON SHEPreTHKU YKpauHbl MPEUMYIIECTBEHHO CTPOSITCS
10 IBYXKOHTYpPHOW CX€Me, KOT/1a KOHTYpPbI TEIUIOHOCUTENS U pado-
yero Tena pasaeneHbl. K yuciay cocTosHMiM, MPEaCTaBISIOMNX Onac-
HOCTh BBIOpOCA paJlMOAKTUBHBIX BEIIECTB B 0OCITYyXHBAaEeMbIe ITOME-
LIEHMSI, CJIEAYeT OTHECTU IEpEeTeKaHHE TEMJIOHOCUTENS BO BTOPOI
KOHTYp M3 IIEPBOr0 B pe3yJbTaTe YBEJINYEHHs] Pa3HOCTH J1aBJICHUHN
(Mexy KOHTypaMHu), BOSHUKHOBEHHSI HETIJIOTHOCTEH Ha OTIEJbHBIX
ydacTKax MaporeHeparopa. BeposTHOCTh BO3HUKHOBEHHUS TaKOTO
COCTOsIHUS He HcKmoueHa. C Lenbplo mpeloTBpalieHus] MoJ00HOro
Prcyrok 1 — Muposbie NepeTeKaHys TEIUIOHOCUTENS BBIIOJIHIIOT KOMIICHCALUIO TeMIlepa-
TEMITbl POCTA BHIPAGOTKH TYpHBIX U3MEHEHHI 00bEMa BO/IBI IEPBOrO KOHTYpa. B aTOM ciyuae
anekTposHepruy Ha ADC UCTONB3YIOT peryiaupyemsle aekrpoHarpesarenu (OH). x npume-
HEHUE MO3BOJISIET CO3/1aBaTh 3a/IaHHbIM YPOBEHb JaBJICHUS TEIJIOHO-
CHUTEJs B IEPBOM KOHTYpE IPU MyCKE U MOJIEPKUBATh 3TOT YPOBEHb JABJICHHS B XO/I€ IKCIUTyaTa-
i 00bekTa. [103TOMy MpakTHUECKYIO aKTyalbHOCTH MPEICTABISET MpoOIeMaTHKa 00eCcTIedeHuUs
6e30TkazHoM paboTsl DH B ycTpoiicTBax komnencanuu aasienus (K1) rermonocutens. B cocraBe
K/I 00b19HO MCHONB3YIOT JBE TPYNIBI 3JeKTpoHarpeBaTeneii: DH, paboratomue HenpepsBHO (1-5
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rpymma), a Tak ke JH, Bkimtouaembie nepuoandecku 10 20 — 30 pa3 B cytku (2-s1 rpymma). CtaTu-
CTHUYECKHMH aHanu3 [2] moka3pIBaeT, 4TO YUCIO 0TKa30B DH BTOPOI rpymnmnel NpUMEpPHO B 5 pa3 BbI-
e, YeM MepBoM. 3amadueii UCCIeI0BaHUN SBISICTCS 00OCHOBaHUE CIIOCO0a PEryIHpyeMOl KOMMY-
TallMd CHJIOBOHM IIETIM 3JIEKTPOHArpeBaTelsi, KOTOPHIA MOXKET ObITh MPUMEHEH NMPH HMUKIMYECKUX
BKJIIOUEHUSIX MOCIEIHEr0 06e3 MposiBIeHUs (PAKTOPOB CHUKEHHS SKCILTyaTallMOHHOTO pecypca.

Pemienne 3aga4 u pe3yabTaThl HccAeA0BaHMI. AHanu3 noBeaeHus Matepuanos OH npu
TEIUIOBBIX HArpy3Kax OIpeAeNsieT 1enecooOpa3HOCTh MPUMEHEHUs CIEeHUaIbHBIX CXeM HMX IMO-
KITIOYEHUS!, UCKITIOYAIOIIMX OpOCKH TOKa; MHTEHCHUBHBIM POCT TEIUIOBBIX Harpy3ok. K umucimy Bo3-
MOXHBIX CITIOCOOOB peryiaupyemMoit kommyTtanuu DH crienyer oTHeCTH:

- UMITYJIbCHBIM MeToJl KoMMmyTaruu DH, korjga HarpeBatenb MEPUOJUUECKH MOIKII0YAIOT K
CETH Ha 1 MEPUOJOB CETEBOT0 HANPSKEHUS C MOCIEAYIOUUM OTKIIIOUeHHEM Ha k nepuonoB (n+k=T
- nepuoa kommyTauu OH);

- IMITYJIbCHO-()a30BBIH METOJ pEryJIMPOBaHuUs HanpspKeHus nuTanus DH (mocpencTBom TH-
PUCTOPHOTO WJIM CUMHCTOPHOTO PETyJsTOpa HANPSDKEHHUs) B AMANa30HE YIJIOB 0L OTIIUPAHUS CHUIIO-
BBIX MOJYIPOBOIHUKOBBIX MpruOopoB oT 180 > a > 0 (311 rpan.).

- METOJ UCKJIFOUEHUS OTAENIBHBIX MOJYyIIEPUOIOB CETEBOTO HAIIPSKEHNUS.

Peanu3zanus kaxaoro U3 3TUX METOJIOB BO3MOYKHA Ha OCHOBE MPHUMEHEHUS! CHJIOBBIX MOIY-
MIPOBOJAHUKOBBIX (B 00IIEM Cily4yae, TUPUCTOPHBIX) KItoUeH. DTHUM OMpenensieTcss CTPYKTypa KOM-
MBIOTEPHON MOJEIH ANEKTPOTEXHUUECKOT0 KOMILIEKCa JIJIsl HapaMeTPUUECKOro peryIupoBaHus na-
pametpoB OH (puc.2).
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Pucynok 2 — CTpykTypa KOMIIBIOTEPHOM MOJIENHN 3JIEKTPOTEXHUUECKOT0 KOMIUIEKCA C MOIKIIIO-
yenueM DH mo tpéxdaszHoii cxeme

B npouecce moenrpoBaHus NPUHATHI CIEAYIOLUIUE TOMY LEHUS:

- snekTporutanre DH ocymecTBisieTcst oT TpéxpazHOW CeTH NEPEMEHHOTO TOKa IMPOMBIIII-
JICHHOMN 4aCTOTBHI;

- OH »anekTpuyecku COEAMHEHbl IpylnmamMu IO TPU B «3BE3Y», YEM 0O0€CIeUMBACTCS
cUMMeTpHUs (ha3HBIX HArPY30K CETH;

- YYUTBIBACTCS MPOJIOIHHOE WHAYKTUBHOE M aKTHBHOE COIPOTHBIICHUE KaOesl, IPUIEM aK-
THUBHOE CONPOTHUBIICHHE Kabelsi CYMMHUpYETCs ¢ aKTUBHBIM conpoTuBieHuemM OH;
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- CTPYKTypa CHJIOBOTO IOJIYIIPOBOJHMKOBOTO KOMMYTaTopa IIPEICTaBIEHa BCTPEYHO-
napajieIbHOM TUPUCTOPHOM napoit (puc. 3).

B pesynbprare MoAenupoBaHUs MOJTYyYECHHbIE
qUarpaMMmbl TOKa U HampsbkeHus (puc.4) mpu Be-
JUYMHAX YTJOB 0 OTIUPaHUs TUPUCTOPOB, Ipe-
BhIIaromux 60 3. rpaja., OTIIMYAOTCS KPYyTU3HOU
nepenHux (ppoOHTOB MMITYJIBCOB HAIPSDKEHHUS, YTO
COINPOBOXAAETCA BBICOKUMHU 3HAUEHUSIMHU IPOU3-
BOJHBIX HAIPsDKEHUS MO BPEMEHH, YeM O0YyCIIOB-
JIMBAIOT CHU)KEHHUE pecypca M30JSLUUU MPUCOEIH-
HEHUH, MOJKIIOYEHHBIX K BBIXOJy THUPUCTOPHOTO
peryisTopa HalpsKeHHUs.

AnpTepHaTHBOW  (Ha30BOMY peETyJIMpOBa-
HUIO SIBIISIETCSl IIUPOTHO-UMITYJILCHOE Tpeodpaso-
Banue (LLIMII) cereBoro mampsikenust (puc.S) [3].
B »TOM cilydae NOJHOCTBIO yNpPaBIIIEMBIE MOJIY-
IIPOBOJHUKOBBIE KIIIOUH, MPUCOECTUHEHHBIE MEXTY
HWCTOYHUKOM MEPEMEHHOT0 HAIpPSKEHUS U Harpys-
KOH, KOMMYTHPYIOTCSI C BBICOKOM (HecyIei) yac-
TOTOM f,, B T€UEHHE MEPUOJIa CETEBOTO HampspKeHus .. YIpaBisieMOl BEIWYMHOMN SBISAETCS IpO-
JOJKUTEIBHOCTD BKIIFOUEHHOTO COCTOSIHUSI CHJIOBOTO KJIFOYa (KOMMYTATOPA) e, MPU MOCTOSIHCTBE
HECYILIEW U CETEBOU YacToT.
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Pucynok 3 — CtpykTypa CHIIOBOTO HOTY-
IIPOBOAHMKOBOI'O KOMMYyTaTopa
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Pucynok 4 - JluarpaMmsl (ha3HbIX HANpsDKEHUH U TOKOB HA BBIXOJIE TH-
PUCTOPHOIO PETYJIATOPA HAIPSKEHUS TP paboTe Ha aKTUBHO-UHIYKTUBHYIO
HarpysKy

Taxkum o0pasoM, cpeHee 3HaUeHHE HaNpsKeHHA Ha HArpys3ke Ug,ycp 3@ MIEPUOJ HECYLIEH
4acTOThl Oy/A€T ONpPENeNsIThbCS CKBAXXHOCTHIO MMITYJIBCOB YIPABICHHUS CHIOBBIM KOMMYTaTOPOM H
MTHOBEHHBIMU 3HaUYEHHUSMH CETEBOTO HANPSDKCHHS HA YKa3aHHOM WHTEpBaJe:

UBBIX.Cp (t)= Y- Uc.max ) COS(2nfct + \V) >
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I71€ Y = tgxn/ Ty — CKBXXHOCTH UMITYJIBCOB YIIPABJICHUS CUIOBBIM KOMMYTaTOPOM.
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Pucynox 5 — TpaH3ucTOpHBI KOMMYTATOP C MIMPOTHO-UMITYJIbCHBIM PETYJIUPOBAHUEM
BBIXOJIHOTO HANpPSKEHUs: a — CUJIoBas TpExQas3Has cxema; O — TuarpaMMbl BHIXOHOTO
HaANPSDKEHUS B POIECCE IUPOTHO-UMITYJIBCHOTO PEryJIUpOBaHUS

PCSyHLTaTBI MOJCIMPOBAHUS IMPOLECCCOB B JJICKTPOTCXHUYICCKOM KOMIIICKCE, COACPIKAIICM
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Pucynok 6 — JlmarpamMMmbl HamnpspKeHHs, TOKAa I€NM HAarpy3kKd TIpU IIUPOTHO-
UMITYJIbCHOM PEryJUPOBAaHUY HANPSKCHUS

cxeMbl Tpé€x¢azHoro BkimoueHuss OH U TpaH3UCTOpHBIE PETYJATOPHI HANpsKEHUs, QYyHKIUOHU-
pytomue B pexxume LINII, nmokazanu, uro npu Hecyiie yactore 1 kIl ¥ BhIllI€ B CIIEKTPE BBIXO-
HOT'O HaIPsDKEHUS PETryJIsTOpa OTCYTCTBYIOT TAPMOHMKH C NOPAIKOBbIMU HOMepamu Huxke 20. Ilo-
3TOMY TOK, MOoTpebasieMbrii DH, nMeer BechMa ONMU3KYI0 K CHHycOuAalbHOU dopmy (puc.6). Ero
rapMOHUYECKHI COCTaB 00YCIOBIMBAET MUHUMAJIBHYIO aMIUIUTYly UMITYJIbCOB IE€PEHANPSKEHUM,
YTO COTJIaCyeTCs ¢ TPEOOBAHHMAMU IO 00eCTedeHUI0 BhICOKOTO pecypca DH. TupucropHbie pery-
JIATOPBI HAIIPSKEHUS HE TIO3BOJIAIOT B IIOJIHOM Mepe peanu3oBars npuHuun [IWIT  BBuay HU3KO-
ro OBICTPOACHCTBHSI OJHOOMEPAMOHHBIX THUPHUCTOPOB (OrpaHUYEHHE MAaKCHMAalbHOTO 3HAYECHUS
HeCyIllell 4acTOThl), a TaKK€ IPUMEHEHHUs LieNell UCKYCCTBEHHOW KOMMYTAalMM (CYILECTBEHHOE
yBeIn4YeHUE TabapuToOB yCTpoicTBa). Peanu3anusi JaHHOTO crocoda BO3MOXKHA TOJBKO TPH YCIIO-
BUU NIPUMEHEHMSI IOJTHOCTHIO ypaBisgseMblx CK Ha 0CHOBE OUIIOJISIPHBIX TPAH3UCTOPOB C U30JIMPO-
BaHHbIM 3aTBOopoM (IGBT), xapakTepu3yomuxcsi BBICOKUM OBICTPOJCHCTBIEM, MATBIMU MTOTEPSIMU,
MUHUMAaJIbHONH MOIIHOCTHIO ypaBiieHusi. OObeAUHEHNE B OJHOM MOJYJIE C AJIEKTPUUECKH HU30JIH-
POBaHHBIM TEIUIOMPOBOASIINM OCHOBAaHHEM CHIJIOBOTO TPAH3UCTOpa M 0OpPaTHOTO JIMO/a TMO3BOJISET
MUHUMU3HUPOBATh KOJMYECTBO CUJIOBBIX IPUOOPOB, @ TAKKE YIPOCTUTh UX MOHTAX.

BbiBoabl. Baxxnelmmm gpaktopom B oOecrieueHur 0€30MacHOCTH OCHOBHBIX TEXHOJIOTHYe-
CKHUX IPOLIECCOB Ha 00BEKTaX SJEPHOM SHEPTEeTUKHU SBJISETCS CTAOMIM3ALMU JIaBJICHUS TEIJIOHOCH-
TeJeH B ABYXKOHTYPHBIX CHUCTEMAX OXJaxaeHHs. ONbIT SKCILTyaTalluy AJIEKTPOHArpeBaTeeil B
YCTPONCTBAaX CTAOMIIN3AIIUH JABJICHUS CBHJICTENLCTBYET O CHIXKEHUH UX pecypca MpH LUKINYec-

KOM UX HCIIOJIb30BAHUHU B CPABHEHUHU CHArpeBaTessIMU, paboTaroluMH HerpepbiBHO. 13 comocTas-
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JIEHUs CTTIOCOOO0B yIpaBJICHHS pabOTOM JIEKTpOHArpeBaTesel cieayer 000CHOBaHUE 11eJecoo0pas-

HOCTH IPUMEHEHUS CUIIOBBIX MOJYITPOBOJHUKOBBIX PETYJISSTOPOB B LIEMHU UX dJEKTponuTaHusi. Mo-

JIEJIMPOBAHHUEM IIPOLIECCOB B 3JIEKTPOTEXHUUECKOM KOMILIEKCE MapaMeTPUIECKOro yIpaBlIeHus pa-

00TOH dIIEeKTpOHArpeBaTeieil YCTAaHOBJICHBI TPEUMYIIECTBA TPUMEHEHHS PETYISATOPOB HANPSKEHUS

Ha ocHoBe IGBT-cxem B pekxuMe MUPOTHO-UMITYILCHOTO TIPE00pPa30BaHUs HAMIPSIKEHUS.

Jlureparypa

1. llleruenko B.B. [Ipo0GaeMbl 1 OCHOBHBIE HANPaBICHUS Pa3BUTHS JIEKTPOIHEPTETUKH B Vk-
paune. //Enepreruka ta enexrpudikaris, Ne 7(287), 2007, c. 11 — 16.
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cutet noBiTpsHUX cui, 2009 p, Bum. 4(78), c. 177-183.

3. CraBuukuii B.H. OGocHOBaHME palliOHAILHONW CXEMBbl CHJIOBOTO MOJIYIPOBOJIHUKOBOIO PETyIIs-
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Abstract

Lizan 1.Ja., Shevchenko V.V., Birjukov V.V. Latitudinal-impulse voltages transforming as factor
for increase the ground to use of electrical heaters in cycle of steam-naking in section of the
APS. The cyclical method of turning on is cause of decrease the ground to use of electrical heaters
in cycle of steam-naking in section of the APS. It is developed analysis of the existing circuits of a
variable voltage pulse converters for electrical heaters of the nuclear power stations. The rational-
ity of application of the voltage regulator circuit which based on IGBT is proved .

Keywords: electrical heater, ground to use, cycle of steam-naking, voltage regulator, latitudinal-
impulse voltage converter, modeling

Annomauin

Jizan LA., Illeeuenko B.B., Bipwokoe B.B. Illupomno-imnynscne nepemeopeHus HAnpy2u AK
dhaxmop niosuwennn pecypca eirekmponazpieauie napozenepamopno2o yuxay oaoxka AEC. Bu-
X00AYU 3 00CBIOY eKCnyamayii napoeenepamopro2o YUKy amoMHUX e1eKmpoCmanyii 6CmaHoe-
JIEHO He2amuGHUll 8NJIUE PeCUMAa YUKIATUHUX BMUKAHb Ha iX pecypc. Pozenanymi anemepnamugni
sapianmu KomymayitiHux pesxcumie. OQ062pyHmMosana OOYilbHICMb 3aCMOCYBAHHS PecyIamopie Ha
ocnosi IGBT-cxem 6 pescumi wiupomuo-iMnyibCHO20 NEPEMEOPEHHs Hanpy2u NPu KoOMymayii cuio-
BUX JIAHYIO2IB €NIeKMPOHACPIBAYIE.

Kniouosi cnosa: enexmponazpiseauy, pecypc, napo2enepamopHuii YUK, pecyisamop Hanpyau, WupomHo-
IMRYIbCHE NepemeopeHHsl, MOOENIOBANHS.
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