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CBiTOBI TEHCHIIII PO3BUTKY KOHCTPYKIIill BOJOOXO/MOM>KYBaHUX
PE€aKTOpiB i3 HAZKPUTUIHUM TUCKOM

Knwouosi cnosa:

eHepre TMIHUIA
BOJ[00XOJIOIKYBaHUI peakTop,
cXeMa IUPK YAl TelJIOHO I,
HaJIKpPUTUYHI TapaMeTpH.

HaBemeHo KpUTHIHMIL CTOCOBHO JI0 YMOB YKpaiHU OS] CTaHy po3poOKM MiTOTHUX
IIPOEKTiB KaHAJbHUX i KOPIIYCHUX eHepreTUUHMX BOJOOXONOIXYBaHUX PeaKToPIB 13
HaIKpUTUIHUM THcKoM (SCWR) y mpoBiiHUX y 11ilt ramysi kpainax ceiry — CIIIA,
Kanani, flmonii, HiMeaunni Ta iH. Pocificpki mpoekTH MOAIOHUX peakTOpiB Hepes-
fadaeTbCs Po3IIAHYTH okpemo. OTiHeHO IepeBaryu Ta HeJOMIKM 3allpOIIOHOBAHOTO

B IIMX IIPOEKTAX IlepeXo[ly Ha OJHOKOHTYPHY CXeMy IIMPKY/IALI] TeIVIOHOCIA 3 MeTOm
3HIDKeHHSI KalliTaTbHUX Ta eKCIUTyaTallifHMX BUTpaT Ha OYAIBHUIITBO Ta eKCIDTyaTa-

ITiF0 eHepTo6/IoKiB OTYKHICTEo 71o 1 200 MBT (e11.) 717151 KOHITEIITilt peakTopiB 31 NIIBUI-

KUM, TeIVIOBUM 1 3MillIaHUM CIIEKTPaMU HeITPOHIB B aKTUBHII 30Hi.

Bcryn

3ringHo 3 Aitoaoio Ko 2035 p. ErepreTMaHOI0 CTpaTerieio
Ykpainn [1] po3BUTOK aTOMHOI €HEpreTUJHoi ramxysi me-
penbadac 3HaUHE 3pOCTAHHS BUPOOHUIITBA e/ICKTPOCHEPTil
BiTamsHAnMM AEC ynposioBx ycix 15 pokiB, AKi OXOIIIOE
LIeH IPOTPaMHMIA JOKYMEHT. BoueBMab, peanisarisa Takoi
IPOrpaMHOl HACTAHOBYU HOTpebye He TIIbKM HEBIMHHOI
HiATPUMKM HOTOYHOTO PiBHA BCTAHOBIEHOI IOTY>KHOCTI
HIIOUMX ANCPHUX eHEProOIOKiB, aje 1 Mool po30y-
nosy HoBX AEC Ha OCHOBI 3aCTOCYBaHH HA HUX SAJIEPHUX
eneproycranoBok (SIEY) 3 HoBUMM BUCOKOC(EKTUBHIUMU
peakropuumMu ycranopkamu (PY) HacTyImHOro, 4eTBepTo-
ro, noxoninms. Ha iymMKy ¢axisiiis [2—4], sk nepcriexkTvshi
TUIIN TAKNX PEAKTOPIB CTifl pO3IIANATH, 30KPEMa, BOTOOX-
onomKysaHi PY, mo Maroth (yHKIiOHyBaTH B yMOBaX HaJl-
KPUTHIHOTO THCKY TEIJIOHOCiA T CYTTEBO MiIBULLCHOI I0T0
TeMieparypu. Sk BifiomMo, po3po6ka IPOMUCTIOBUX IIPOTO-
TUIiB Takux PY BeieThest B pisHUX KpaiHax BiIIOBIHO 710
Mi>kHapopHol porpamu «Generation IV» (SCWR).

3rigHo 3 ysromkennmu Ha MixuapongaoMy Qopymi [5]
$opMyNTIOBAHHAMY IIORO OCOONUBOCTEN PEaKTOpPiB

SCWR ixHi 0CHOBHI IepeBary, 10 BU3HAYAKTDh TEXHIKO-
€KOHOMIUHY HpUBAOIUBICTD ITpu 6e3yMOBHOMY 3a0e311e-
4yeHHi HeoOxifHoro piBusa 6esneku AEC, € takumu:

JHIVDKEHHA KAIiTabHUX TA €KCITyaTaliiHNX BH-
TPAT 33 PAXyHOK CIIPOIICHHS CXeMM eHepro6IoKa i ro-
JIOBHUX €/I€EMEHTIB JIOoro o0/mamHanus;

HiABUINECHUI 32 PAXYHOK e(peKTUBHOTO BUKOPU-
CTaHHA ANEPHOTO NA/IMBA TA 3HIDKEHHA BUTPAT MOTYXK-
HOCTI Ha BIacHi motpebu koedimiert kopucHoi aii (KK]I)
110 50 %, 1m0 36inb1IYE TEIIOBY eKoHOMIuHiCTE AEC;

MOMJIMBICTD 3aCTOCYBAaHHS fK TEIJIOBOTO, TAK
1 LIBUJIKOTO CIIEKTPiB HEMTPOHIB, a TAKOXK KOT€HEPALTili-
HMX T€XHOMOTI.

IIi nepeparn Ta JOUUIBHICTE BUKOPUCTAHHS ITAPU
3 IOYATKOBUMM HaIKPUTHIHMMU HapaMerpamu 540 °C
125 MIla B>xe 4aCTKOBO HiITBEPIXKCHI OCTAHHIMHU JJOCHT-
HEHHAMY TPATULIHOI TEIIOBOI EHEPTETHKM, JIE B TOMY
4UCIi 32 PAaXYHOK 3[iCHEHHA NPOMIKHIX IIeperpibip
po60voro Tisla MiX CTyneHAMMU TypOiHM OTPUMAHO iCTOT-
Hy €KOHOMIIO ITa/IVBa Ta 3SMEHIIEHH S TEIVIOBUX BUKHIIB.

Hespaskawouu Ha Te, IO B AACPHIN eHepreTulli mna-
JMBHA CKJIAJIOBa Ma€ MEHIIMIT BIVIMB Ha CoOiBapTicTh
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CBiTOBI TeHJeHIIi1 pO3BUTKY KOHCTPYKIIii BOOOXONOJXKYBaHNUX PeaKTOPiB

HOpiBHAHHS po60Ui 06’eMu eHeproH/IOKiB 3 peakTopaMu
BUIIE3a3HAYEHUX TUIIB 33 IXHbOT O/IM3bKOT HOMIHA/Ib-
HOI HOTY>KHOCTi BUJAIOTHCA CYTTEBO BifMiHHMMHA. JTo
Toro X y SCWR 3a paxyHOK BUK/IIOUEHHS IIAPOreHepa-
TOPIB i 3aCTOCYBaHHsI OMHOTO KOHTYPY NIMTOMA METa-
noemuictb o6nagHanaa HPLWR 3nauHO 3MeHIIyeThCA
(mpubnusno y 2,6 pasa). YTiM, He3Ba)Kal0uu HA BUKIIIO-
YEHHA CENapaTopis Mapu Ta ii OCylyBadiB, IMTOMA Me-
TaI0eMHICTD nepcuekTuHOl SIEY 3 HPLWR HabiTb i3
MEHIIMMH PO3MipaMy KOHTEMHMEHTIB yCe XK IIEPEBUILYE
BWR Ha 23 %, 3a janumu pobotn [9].

3 iHmoro 60Ky, IO3UTUBHUM JIs1 eKOHOMIYHHMX I10-
Ka3HUKIB € Te, M0 TAaKOX 3a aHUMM [9] BUCOKI mapame-
Tpu apu B PY Ty HPLWR 03B ONAI0TE BUKOPUCTOBY-
BaTH TypOOreHepaTOpu 3 MeHIo0 Macomo (1430 1), Hix
B AEC 3 peaxtopamu PWR i BWR (2860 ).

3 ornAny Ha Te, [0 BUKOPUCTAHHSA B PO3PaxyHKax
TEIVIOBOI CXEMM 3 MEPCIEKTUBHUM peakTopoM HPLWR
6inpin peaicTMYHOroO 3HaYCHHA PiBHA TEMIIEPATYPU BO-
nsHOi mapu Ha euxopi 3 AP y 500 °C sioro KK/ e moxe
nepesuiysaru 43,5 %, TOOTO € Ie1o MEHIIUM Bijl II0TIe-
PETHBO 3a7eK/IApOBaHOro B [6] y 50 %, MOXXHa BBa>KaTH, 10
HMIMPOKO peK/laMoBaamii y poekti SCWR neli iokasHuK €
HacIpae/i MaIogocsDKHNM. OfHAK Y HOPiBHSHHI 3 BOJIO-
oxonompkysanumu eneprobnokamu (LWR) sacrocyBanms
OfHOKOHTYpHO! ycraHOBKM SCWR 3 HapkpuTiaanMy 1a-
paMeTpaMu [Iapy 33 TUCKOM i TeMIIEpaTypolo, GesrepedHo,
TEOPETUIHO 0GYMOBIIOE CYTTEBE 3HVDKEHHA KaIliTaJIbHUX
BUTpar Ha piBHi 6inbur HiX y 20 %. Ilet MOKa3HUK TaKOX
€ MEHIINM BiJl IONEPENHBO 3aNE€K/TaPOBAHOTO 3HAYEHH S
mis rnpoekty SCWR y 40 %, sixe Mae IpMBCPHYTH YBary 1o
e PCHEKTHBY IOKPAIeHH A TEXHIKO-eKOHOMIYHMX IOKa3-
nukis SIEY B pasi Mait6yTHBOrO Iepexoyy Ha MiIBUIICHY
TeMIlepaTypy Hapu y 625 °C ta 3acrocyBaHHs HOBUX KOH-
CTPyKIUiMHuX MaTepianis y Maitbyruix JEY.

3HAYHUI TOTATKOBUI €KOHOMIUHMIT 3UCK MOXKe Oy TH
OTPUMAHUIN 3aBIAKHA CYTTEBOMY CKOPOUEHHIO TEPMiHy
CHOPY>KeHH S OJHOKOHTY PHUX YCTAHOBOK y IIOPiBHSH-
Hi 3 IBOKOHTYPHUMM TaKoi X norysxknocri. Take ckopo-
YeHHA OLiHIOETHCA He MEHII HiX Y 1,4 pasa (To6TO I'aTh
POKiB 3aMicTb cemn). IHIIMMM CIOBaMMu, SIKIO OJ[HO-
xourypui SIEY 3 peakropom SCWR 6ynyrs 3a repminom
CHOPYIKeHHA Binosigaru HoBirHboMy ABWR, To 32
PAaxXYHOK JJUCKOHTYBAHHS MOXe OyTH OTPMMaHa JIOaT-
KOBa €EKOHOMI s KaIliTa/JIOBK/IAEHb. 3araJioM MOKHA KOH-
CTaTYBATH, IO BUIEPO3IIAHYTUM IEPETIKOM TEXHIKO-
eKOHOMIUHMX IepeBar i1 06y MOB/IIOETbCA HPUBAOIUBICTD
npoexty HPLWR y nopisuanmi 3 girounmu JAEY 3 peaxro-
pamu PWR ta BWR. [Ipore Tpeba BinsHaumTu, Mo B 11ii
po6oTi 3a3HaYEHi HepeBaru He PO3ITSANAITHCI B KOH-

TEKCTi HASABHMX ChOTOJHI CYTTEBUX MAaTEPia/lO3HABYMX
npo6seM i3 3a6e3neueH s eKCIUTyaTaliiinoi HaiiitHoCT
KPUTHMYHUX €1EMEHTIB KOHCTPYKLI] ITepcrieKTuBHuX LY.

YTim, AK cBiggaTh JaHi pO3paxyHKOBOTO aHAMI3Y, BU-
KOHAHOro B pobori [5], ogHokonrypua PY tuny ABWR
(61m3pKa 32 HapaMeTpaMu 10 OJJHOKOHTYPHOTO eHepro6o-
Ka 3 epcrieKTuBHNM KaHacbkum SCWR) BurifiHo Binpis-
HACTbCA Bift icHyrounx PWR aHamoriaHoi noTy>XHOCTI He
TiIPKM 33 BaPTiCTIO, aJI¢ i MEHIINMM TEPMiHOM BUTOTOB/ICH-
HA Ta cnopyxennsa. Ockinbku micns asapii Ha AEC y-
Kycima Baprictb ABWR nemunyue Gynie 36ibliiena depes
HeOOXIHICTD Y/IOCKOHAICHH A ICHYIOUMX CUCTEM Oe3IIeKH,
TO MOXKHA BBaYKaTH, MO AOXATKOBI TEXHIKO-€KOHOMIUHI
nepesaru € Ha 6011 kanajcpkoro mpoekry SCWR.

Takum YMHOM, FOIOBHUMU CK/Ia[JOBMMU ¢KOHOMIY-
Horo edekry Bij BrpoBapkenns SCWR MoxHa BBa>KaTH
Taki: 1) 3aCTOCYBaHHA OJHOKOHTYPHUX PY Ta KOMITaKT-
HICTPb B/IaCHE KOPIIYCiB PEaKTOPiB, 10 B3araji € Xxapak-
TEPHUM JIJI1 PEAKTOPiB KOPITYCHOT'O TUITY B IIOPiBHAHHI
3 Ka"HanbHumu dP; 2) BUK/IIOUEHHA TaAKUX METAI0ECM-
HUX €JIEMEHTIB, SIK IIaPOICHEPATOPH Ta CelapaTopu-
naponeperpisadi; 3) B enepro6nokax i3 SCWR (aarpu-
Kmaj, K y Bunagky 3 HPLWR) moxyTs 6yt 3acTocoBani
MEHIII MeTanoeMHi Typboreneparopu [9].

KommaxTrHictb nepcriekrupHux AP xoprrycHoro tuiry,
sokpema HPLWR, y nopiessinHi 3 Kanagcekum SCWR,
KpPiM BUCOTH, JOJATKOBO XapaKTEPU3YEThCA CHIBBiTHO-
IICHHAMM OCHOBHMX PO3MIpiB IXHiX KOHTeITHMeHTIB [10,
11]. Tak, Hanpuka, o6’eM akTUBHOI 30HM (AK3) KaHa-
cbkoro SCWR 6m3bKoi TerioBoi nory>x<Hocri € na 20 %
6inbinm, Hixx kopuycuoro SIP tunry HPLWR. 3okpema,
niamerp Ax3 y HPLWR cranoButb 6/1m3bKko 3,5 M, a ii
BHCOTA cArae 4,2 M 1Ipu 3aranpHOMy o6’emi 40 M°, a B Ka-
HasibpHOMY SCWR 11i reomMeTpuuHi po3Mipy 3HAXOIATbCA
Ha piBHi 7,1 M, 6,5 M 1 260 M° BifjioBinHO. Crij| 3a3Ha4NTH,
IIO BiftoMi po3po6KHU pOCIIICBKUX BOTOOXOJIOIKYBAHUX
KaHA/IPHUX PEAKTOPIB i3 HAAKPUTHIHUMH ITApAMETPAMH
AK 3 TEIUVIOBUM, TAK i 3 IIBMKUM CIEKTPaMM HEMTPOHIB
BiJI3HAYAIOTHCS T1ie OUIBIT 3HAYHUMM PO3MIpaMu, a caMe
miameTpom 710 12 M, BICOTOO 10 6 M 3a O/IM3BKOI e/IeK-
TPUYHOI IIOTY>KHOCTI, AK 3a3HaueHo B pobori [11].

Ornap xapaKTepuCTUK MePCIeKTUBHUX
3apy6i:xHux peakropis rumy SCWR
i3 HAIKPUTUYHNMMU HAPaMeTPaMI TeNIOHOCIA

JlocTaTHBO OBHO Cy4YacHa HAYKOBa pobieMaTnKa
po3pobok 3a nporpamoio SCWR posrisanyra B oris-
nosiit monorpadii [11]. ¥ cBoto depry rexHiuni gani cy-
qacHUX po3pobok 3a mporpamord SCWR 3a ocranHi fsa

ISSN 2311-8253 fyepHa eHepreTuka Ta foBKi/UIsA Ne 2 (17) 2020

5



I. I Mapaescokmit, H. M. Gianxo, JI. b. 3iMiH Ta iH.

IECATWIITTA y3aranbHeHo B poborax [12-16]. Ixui xapax-
TEPUCTUKY KOMIIAKTHO iHTErpoBaHo B TalI. 1.

Hani Tabn. 1 06’€KTUBHO CBiffMaTh PO JOMiHYBaH-
HsA PO3p0oOOK KOPIYCHUX OXHOKOHTYpHUX PY 3 Temo-
BHMM CIIEKTPOM HEATPOHIB, TEMIIEpPATYpaMH TEIVIOHOCIA
Ha BXojii B peakTop Ha piBHi 280-350 °C ta BuximHumn
temueparypamu 500-530 °C 3a tucky 25 Mlla. Ilokaso-
Bo, mo KK/l mux AEY cranoButh 42—-45 %. Kpim Toro, 3a
manymu [11] rianazoH 3MiHM €HTAIBITT TEIVIOHOCIS B PO3-
pobmoBanoMy peakTopi SCWR CANDU nepepurye neit
napaMerp i cydacHoro PWR B 9,7 pasa. 3 oy Ha
1ie B SCWR BifIIOBi/THO MEHIIIOIO € BUTPATa TEIIOHOCI A,
3aBIIAKU YOMY IOIATKOBO 3MCHIIYIOTbCA BUTPATHU CHEPTil
Ha BacHi notpebu (MeHie 5 %), 10 TAKOXK € TOMATKOBOK)
TeXHIYHOIO IIEPEBAT 0K IIbOT0 IIEPCHEKTUBHOTO PEaKTopa.

[TpuHIMITOBOIO 0COOMUBICTIO GiTBIITOCTI pO3pOOIIOBa-
HUX IIPOCKTIB € TAKOX IXH: CyTTEBA HEMTPOHHO-(pisnuHa
«THYYKiCTB», TOOTO MOK/IMBICTb (YHKITIOHYBaHHA AK
3 TEIVIOBUM, TAK i 3 IBUJKUM CHEKTPAMM HEUTPOHIB. 114
MOX/IMBICTD 3a0€3IeIy€eThCA 3aBIAKI HAABHOCTI (3 METOIO
HOCATHEHHS TEIJIOBOTO ClieKTpa) abo BifcyTHOCTI (1715
TOCATHEHHA IIBUJIKOTO CIIEKTPA HEMTPOHIB) Y a/IMBHIi
PEIIiTLIi TOPOXKHMH, 3aIIOBHEHUX YIOBIIPHIOBAYEM, Ha-
HPUK/IA]] BOAOK. 3 OIJISILY Ha 11¢ IBUIKWUH CIIEKTP NOCs-
TA€THCS HE JINIIE BUK/TIOUCHHAM BOJAHUX HOPOXKHUH, a7Ie

VI TUM, IO 334 PAXYHOK IIiIBUIIEHNX TEMIIEPATYP TEIJIO-
HOCIA 3HMXKYETBCA JIOTO NIIBHICTb.

Amepuxancekmii peakrop INEEL (SCWR-US) 3a
nporpamore SCWR. Hanpukinui MUHY/IOTO CTOMTTA
aMepUKaHChKI IIPOeKTHI po3po6ku 3a mporpamoro SCWR
ouonuna komnauist INEEL, ska 3gificHioBasa 3arajapHe
HAYKOBE KEPIBHMIITBO Ta KOOPAMHAII0 pobiT iHIIMX
YYaCHUKIB IIPOrpamu, B sAKirt Opanu yyacTb Taxi Bigomi
¢ipmu Ta mocnipnuipki nentpy, ax ANL, Westinghouse,
ORNL, BREL MIT. IIpu 1b0My 3 METOIO 3HU>KEHH A MaJi-
OyTHIX KaImiTaTbHUX 1 eKCIUTyaTAL[illHNX BUTPAT Ha Oy-
NIBHMIITBO Ta €KCIUIyaTalilo eHeprobmIoKiB po3pooKu
BUKOHYBAIUCh KOMIIIEKCHO. OHOYACHO 3 0OIpyHTY-
BAHHAM ITAPAMETPIiB eKCIVTYaTALiIHAX PEXKUMIB BEINUChH
Marepiaso3HaBUi O IKeHHs Ta 0Ompanncs HeoOxinui
KOHCTPYKIIiJHi MaTepiann, CTBOPIOBA/INCA IPOEKTI KOH-
TEMHMEHTIB i cucTeM Oe31eKu, IMMPOKUM PPOHTOM HPO-
BOIWM/IMCS BifIIOBiHI BUIIpoOyBaHH:A. Y pesynbrari 6yno
CTBOPEHO y3ara/IbHEHMI KOHIIENITYa/IbHUI IIPOEKT, AKUI
6yno 3asepureno y 2003 p. [14, 15]. Ieit ipoexT 6a3yBaBcs
Ha TAKMX TEXHIYHUX PilleHHAX:

1) ONTHMMaJIPHOK € OJlHOKOHTYPHA TCIUIOBA CXEMa
SIEY 3 6e3nocepeiHbOIO MOJIAYCo IAPY 3 PEAKTOpa B Ty P-
6iHy, 3aBJAKM YOMY CYTTEBO 3HIDKYIOTHCSA KaliTalbHi
BUTPATH Ha CIIOPYIKEHHA €HeProOIoKa;

Ta6muna 1. TexHiuHi XapaKTepUCTUKU IPOEKTiB NePCNeKTUBHUX BOJ0OXONOMKYBAHUX PeaKTOpPiB

i3 HATKpUTUIHUMMY apaMeTpamu [16]

Ultra- .
SCWR-R, | SCLWR, | SCWRINEEL,| CANDU+, | HPLWR, China SCFR,
XapaKTepucTUKa . . CSR-1000, )
Kopes Anonia CIITIA Canadian €spora KytTait Anonia
SCWR, Kanapa
Tertopa 3989 2273 2188 3832
MOTY>KHICTh, M BT (3846) (2740) 3570 (3575) 2540 2300* 2284 (3893)
Enextpudna 1698
Hotysaticrs, MBr 1739 (1700) | 950 (1217) 1600 1220 (1140) 1000 1000 (1728)
KK]T, % 43,7 (44) | 42 (44,9 44,8 48 (45) 44435 43 44,3 (44,4)
Temmeparypa | 350 g0 280 280 350 280 280 280
SKUBUIBHOT Bouu, °C
Tenmeparypa 510 (508) 508 500 625 508 (500)* 500 523 (526)
roctpoi napy, °C
Tuck rocrpoi mapn,
MIla 25 25 25 25 25 25 25
CriexTp HEMTPOHIB T T T T T T I
BuTpara sxMBUIb- 2518 1816 1843 1312 1113 1177 1897
Hoi Boau, KI/c (1862) (1342) (1320) (1160) (1694)

[Mpumirka. T — TermoBnit cuekTp HeitTpoHiB; 111 — MIBUAKMUIT CIIEKTP HEATPOHIB; y Iy)KKaX faHi [11]; TepMiH ekcrTyartanii nepenbadeHo

Bif 60 o 75 pokiB (Canadian SCWR).

6 ISSN 2311-8253 Nuclear Power and the Environment Ne 2 (17) 2020






I. I Mapaescokmit, H. M. Gianxo, JI. b. 3iMiH Ta iH.

IEeYEeHH PerymoBannsa noTy>kuocri AP. Ilepenan Tucky
TeroHocisa Ha Ak3 mae cranosutu 6nmusbko 0,15 MIla
saioro Butparu 1 660 xr/c. CepefiHs IUTOMA €HEProHa-
npyskenictb Ak3 Bignosinae 69,4 xBr/n (ro6ro B 1,5 pasa
MEHIIIA, HiXK y CyJacHUX 3pasKax BOJO-BOAAHUX P Ty
BBEP i PWR). Cepenne niniitne naBantaxxenus TBEJI
192 Br/cM, a MakCMMaibHE 3HAYCHH ITHOTO ITapaMeTpa
390 Br/cm, mo Takox Menure, Hi>x y BBEP ta PWR. Ax-
ciajibHa Ta pagiasibHa HEPIBHOMIPHOCTI PO3IONiNy eHep-
TOBMJIJICHHA B AK3 XapaKTepHU3yIOTbCS BilIIOBIJHNMMA
KoedilieHTamMu: K =14,K =13.

Y nporneci pospobku eckiznoro npoekry SP tumy
INEEL, kpiM nnepuroro papianta AK3 — 3 po3MillicHHAM
HOPOXHYH, IO MICTATD pijikuit 60 TBepuil yIOBiNIb-
HioBau Gesnocepenibo B TB3, 6yno onpanboBano Takox
1 JpyrUii BapiaHT i3 KaHAJIBHOIO JIOKA/T13a11i€10 YIIOBi/b-
HIOBa4a. Y bOMY BapiaHTi HoMix doxamu TB3 Bopamit
YIOBIIBHIOBAY CIIOYATKY PyXa€ThCA 3rOpU IoHU3y AK3
AK «XOMOJHUIT» TEIVIOHOCIH, 1m0 Mae 3abe3neuyparu
CIIOYATKY YIOBI/IbHEHHA HEMTPOHIB. ¥ HIDKHIN KaMepi
AP mip Ak3 weit BogHMI YIIOBI/IDHIOBAY 3MIHIOE HAIIPS-
MOK CBOI'O pyXy i nogaerbca B Kanann TB3 yxe sk Te-
IJIOHOCIH iyt Bigeony teivta Big TBEJL, a Takox 1act-
KOBO [IJIS1 yIIOBUIBHCHH SI HEUTPOHIB. 3TifHO 3 €CKi3HMM
npoekToM poboui oprauu CY3 po3TanioBaHo B HUXK-
Hilt vactuni kopnycy SIP INEEL nmozpiéno mo cucremn
perynosanuda peakropie BWR. Taka KoHCTpyKTuBHa
cxeMa KOMIUIEKTY opraHie CY3 mosBonsde, 30KpeMa,
CYTTEBO CHPOCTUTHU KOMIIOHYBAaHHS BHYTPIilIHbOKOP-
IMyCHUX IIPUCTPOIB.

OueBnziHO, O 3aCTOCYBAHHA Y IPOEKTi peakTopa
INEEL omHOKOHTYPHOI TEIUIOBOI CXEMH 3 HORAYEIO Pa-
Ni0aKTUBHOI apu 6€3I0CEPENHbO K0 MAPOBOI TypOinm
memto 36inpurye pagioakTMBHICTD B 11 IPOTOYHIN 4a-
cruHi. Bignosigui gocnimkenus 6y/o BUKOHAHO B PoO-
6oti [14], ne npencraBaeHo Pe3yabTaTH PO3PAXYHKOBOI
OLIiHKM piBHA PaflicaKTUBHOCTI B IPOTOYHI YaCTHHI I1a-
poBoi Typ6inu. I1i orjinku BusBumM 3pocranus Ha 12 %
piBHA pafianii B HOPiBHAHHI 3 paioaKTUBHICTIO TapH
Ha Bxoji B Typ6iny nicna SIP BWR, ne menummit Buxip
pasioHyKIigiB 06yMOBICHO PEIUPKYIIAIICIO TEIIOHO-
cisg. OCHOBHI TeXHIUHI XapaKTePUCTUKU AMEPUKAHCHKOT
po3pobku eckizHoro npoexry peakropa INEEL nasepe-
Ho Butiie B Tab/. 1. Ctip 3a3Ha4mTH, 10 1151 po3poOKa Mae,
3arajioM, TOCTaTHill piBeHb IPOEKTHOTO OOIPYHTYBaHHSA
I CIIMpaeThCA Ha IOBEPIICHY METOAMYHY Ta eKCIICPUMEH-
Ta/NbHy 6a3y JUIs OL[IHKM 3aIPOIOHOBAHUX TEXHIUHUX
pillieHb. YTiM, iC/Is1 3aBEPUICHH S HPOCKTHUX PO3POOOK
ITBOTO MEePCIEKTUBHOTO peakTopa 3a mporpamoio SCWR
CTBOpEHHsA IpoToTUNy 1iei PY moci He posnogaro.

€pponeiicbknii peakrop HPLWR. Busnauanbai
TEXHIYHI TApaMEeTPH Ta XapaKTEPUCTUKN 1HIIOTO IIep-
criektuBHOro peakropa HPLWR eBportiericpkoi po3po6-
KM, KOHIENTYaJIbHUI NPOEKT AKOTo Oy/I0 3aBepIICHO
y 2010 p., naBeyieno B ta6n. 1. Ileit peakrop Mae Taki ra-
6apuru Kopuycy: Bucora 14,29 M, BHy TpinIHii giamerp
4,46 M, ToBmmHa CcTiHKK 0,45 M. Y CBOIO 4epry KOHTEN-
HMEHT MA€ BHYTPIIIHIO BUCOTY 23,7 M i miamerp 20 M.
I3 TppOX pO3IIAHYTUX HPOECKTAHTAMM BAPiaHTIB CXeMU
nupkyssnii B Ak3 peakropa HPLWR (onmo-, nBo- i tpu-
3axopHi) B poboti [10] obrpynrosano subip came Tpu-
3aXOQHOI CXeMU NUPKYIANII, AKY HABEIEHO HA puc. 4.
KoHCTpyKTHBHY KOMIIOHOBKY peakropa Ty HPLWR
HaBeJeHO Ha puc. 5 3a gjanumu poboru [16]. Sk 6yno
3’ICOBAHO 32 Pe3y/IbTATAMU BUKOHAHKX CBOTO YaCy JIO-
CHIIKEHD 1714 KaHAIbHUX PEAKTOPIB 13 HAAKPUTUIHNMHI
napamerpamu y poborax (17, 18], nBo- i Tpuszaxoni cxe-
MM LIMPKY/IALII TEIJIOHOCIS B AK3 Tal0Th 3MOr'y CTBO-
putu B Kinnesux gacrunax TB3 (to6to B ixHiX Bepx-
HiXx a0 HIDKHIX YaCTMHAX) TEIVIOTiIpaB/IidHi 30HM, Jie
MaTbh OyTH TOCATHYTI ICEBJOKPUTUYHI TEMIIEPATYPH.
3 oriAny Ha Lie caMe B IIMX 30HaX i MOXKHa O4iKyBaru
AKTHMBi3a1lil0 BOZHO-XIMIYHUX IPOLECIB Ta BUHMKHECH-
HsA obnacrei 3 aHOMAIbHUM TeIZI00OMiHOM, 30KpeMa
30H MOTO CyTTEBOro noripmenns. IIpore Ha fymMKy po-
3pOOHMKIB IIPOEKTY, Y KiHIIEBUX YaCTMHAX AKJ MUTOMA
IIiIBHICTD TEIIOBOTO MOTOKY Ha IMTOBEPXHI TEIVIOBifIa4i
TB3 € pemo MeHIow, i MOXXHA O4iKyBaTH 3MEHIICHH
ne6esmnexu neperpisy o6ononok TBEJI ra nepesumenns
iXHBOI IPAaHMYHOI TEMIICPATYPHU, K 1I¢ Hepe0aqaCThCA
B pobori [18]. Ha Haur morsisy, 1ie NpUIyIeHHs BUITIA/AC
3aHA/ITO ONTHMIiCTHYHUM. BogHOIaC B yMOBaX 3aCTOCY-
BAHH I TPU3AXONHOI CXeMU IMPKYJLALII CEpEeIHA MACOBa
HIBUIKICTD TEIIOHOCIA B AK3 6/m3bko 1600 Kr/M>c, mo
CYTTEBO NIEPEBUNTYE LIEH TAPAMETP B OIHO- 1 IBO3AXON-
HMX CXeMaX, 0 TaKoX inTeHcupikye rermoo6bmin TBEJI
i3 TelI0OHOCiEM. 3 OIIANy Ha Liec MOXKHA OYiKyBarTu Je-
sKe 3HIDKEHHA TpajiicHTa TeMIIEPATypH 1 IO/ EHHA
yMOB oxonomxeHHA nosepxHi TBEJI came npu opraHi-
3anii ABO- 1 TPM3aXOMHMX CXeM HUPKY/ALil TEIIOHOCIA.
Taxum umHOM, OpraHisallia ofHO3aXOAHOT CXeMU 1TUpP-
KyJALii Tewionocisa B poborax [10, 18] Bugaerbcs He-
OOLJIBHOIO.

3 inmroro 6oKy, NpakTUYIHA peanizalisa CKIajHux
cxeM HUpKynAnii B AK3 CyTTEBO YCKIaJHIOE MOX-
NMBICTD e(heKTUBHOTO TeI/I00OMiHY B pa3i BUHMKHEHH A
HPOEKTHMX aBaPiil 3 BTPATOIO TEIVIOHOCIsA (HAIIPUKJIaT,
IiJ] Yac po3puBY BXiZHOTO TPyOOIPOBONY), @ TAKOXK 3y-
MOBJTIO€ HeOOXi/THICTD ypaxXyBaHHA BIVIMBY HOPYIICHH A
PYXY TEIUIOHOCiA He Tiibky Ha nosepxHi TBEJI y TB3,
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y TEIUIOHOCIT 3 HAAKPUTUYHMMHA ITapaMeTPaMy 3HAXO-
naTbea TBEJL i BHyTpiuHaA Tpy6a nmajMBHUX KaHAIB,
a TAKOX BiinoBifiHi Tpy6onpoBoau, IMPKYIALIIHUIT
HAaCoC, Nifirpisadi Ta 4aCTMHA BUCOKOTO TUCKY IAPOBOi
Typ6inn. Ik 3a3HaueHo BuIle, AK KOHCTPYKIIHUIT Ma-
tepian o6ononok TBEJI 3anpornoHoBano BUKOPUCTATH
cnasy Hikeno 625, 800H, a rakox 718. Makcumanb-
Ha teMieparypa obononok TBEJI na mouarky i B kinni
KaMIanii Mae 6ytu Ha pisui 750 i 808 °C. 3a rpanuuno
ponycrumy remueparypy obonouxku TBEJI npuitnsro
850 °C. ¥V npoekri Canadian SCWR npuitnsaro s6ara-
YeHH NIMBA Ha 2 % BuUIe, HiXK B IHIIKX Cy4acCHUX pe-
akTopax Tuiry PWR.

BucnoBxku

1. Kommnaxrhicth PY, ecKisHi HpoeKTH SIKMX 3a
nporpamoro SCWR 6yno pospobneno 3a ocranui poku
B IeAKMX IIPOBiTHMX KpaiHax CBITY, a TAKOX BifANIOBi/THI
JULS IMX peakTopiB Teriosi cxemu SIEY, mo nepen6aua-
0T peajli3aliin TePMOJMHAMIYHUX LIUK/IIB i3 BOAHUM
TEIUIOHOCIEM HAJIK PUTHIHMX [TApaMeTpiB, 3a06€31eUy0Th
MO>XJIMBICTD 3MCHUICHHSA KAIiTa/IbHUX BUTPAT HA CIIO-
PY/UKEHHS s/IepHUX eHEeProO/IOKiB, a TAKOX CKOPOUCHH S
TepMiHiB IXHbOTO OyIiBHMIITBA.

2. OuikypaHe 3HIDKEGHHS KalliTa/IbHUX BUTpAaT Ha
CHOPYPKEHHS HEPCIEKTUBHOTO AJICPHOIO eHEProioka
eJIEKTPUYHOI0 NOTYKHicTIo 1000 MBT, 1o ocHamenmi
KopuycHuM peakropom SCWR nacrynnoro (uersepro-
r'0) OKOMIHHA, Ma€ CTAHOBUTY BifnosigHo 61m3bKo 20 %
(3a mapamerpis pobouoro Tina va Buxopi 3 IP T'= 500 °C;
p =25 MIIA) ta 61u3bko 40 % (y pasi 36inbleHHs TEMIIe-
parypu nio pisus T = 625 °C).

3. 3apyl6i>xkHuUMU pO3pOOHUKAMM HEPCIEKTUBHUX
PY 3amporpamoro SCWR ompaliboBaHO eCKi3Hi IPOSKTH
SIP 3 0pmHO-, ABO- Ta TPU3AXOMHUMM CXEMaMU M PKY/LALIL
TEIIOHOCI A, @ TAKOXK i3 (pi3MIHMMM Ta KOHCTPYKTUBHU-
My ocobmmBocTaMu Ak3, o 3a6e3meayoTs GopMyBaH-
HA Y BiIIIOBiIHOMY THIIi peaKTOPa 3 HAAKPUTUIHUMHU
HapaMeTpaMy TEIJIOHOCIA TEIIOBOro abo HIBUAKOTO
CIEKTpa HEMTPOHIB.

4. Haspui eckisni pospobxu PY 3a nporpamoro
SCWR 3arajiom MaioTh nuie KOHIENTYaJIbHMI XapakK-
TEP, CYTTEBO BifflaIcHUI HE TUIBKU Bifl €Ty CTBOPEHHA
Iil09Ooro MpOTOTHIIY BifilMOBiAHOI NepcnekTnBHOI AEY
3 peaKTOpPOM 3a3HAYEHOTO TUILY, aJI¢ 1 Bif crazii peati-
3a1il TeXHIYHOTO MPOEKTY TAKOI €HePrOoyCTAHOBKM.

5. O6’eKTMBHOIO IIEPEUIKOJOI0 IIEPEXOAY [0 CTajii
TexHiYHOrO npoekTypaHHsa ALY 3 peaktopamu SCWR
C/1iJ] BBAXKATHU, HACAMIIepell, 3HAUHI YCK/IaJlHEHHA 3 BU-

KOHaHHSAM TEIUIOTiIPAaB/IiYHOTO PO3PaxyHKy AK3 nux
PCAKTOPIB Uepe3 HeJOCTATHIO IOC/IJIKCHICTD Ha ChbOTOf-
Hi JIeAKUX BUSHAYIBHUX TEIIO(I3MIHUX 0COOMUBOC-
Teit mepe6iry TemIoBuX Ta riipoAMHAMIYHKX HIPOIeciB
B 00/1aCTi IOripuIeHOro TerIoo6MiHy 3a HaIKPUTUIHUX
IMapaMeTPiB TEIUIOHOCIA, 30KpeMa IPOLECiB IICEBIOKK-
MiHHSA Ta KOMMBAJIBHOT HECTIMKOCTI pobounx kanasis P.

6. Peanizanio mupokoi nporpamu rennodisma-
HMX JOCTIJIPKEHD y KaHAJIaX MEPCIEKTUBHUX PEAKTOPIiB
SCWR i3 HaIKpUTHIHUMHU ITapaMeTPaMM TEIJIOHOCIA
CIiT PO3IAANATH AK HEOOXITHY IEpeyMOBY IO Mai-
O6yTHDBOTO €Tany TEXHIYHOrO MPOEKTYBAHHA T CTBO-
PEHHs eKCIIepUMEHTIbHUX TpoToTunis 1ux SEY, 6e3
BUKOHAHHA AKMX sAfiepHa Oesnexa Takux AEC ne Moxe
OyTH rapaHTOBaHa.

7. 3 ornAjly Ha IOLEPEHIN XapaKTep CBITOBUX eC-
KizHux po3po6ok SIEY 3 peakropamu SCWR ta Heo6-
XiJgHICTD IXHBOTO I'PYHTOBHOI'O HAyKOBOT'O 3a0€3ICUeHH
IIEPCIIEKTUBA BIPOBAIPKEHHA 1Ti€l IPOrpPeCUBHOI ANIEPHOT
€HEProTeXHO/IOri1 B ANEPHIN eHepreTUlli YKpainy BUa-
€ThCA CYTTEBO BiIIA/IEHOIO.
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Muposble TeHACHINN PA3BUTIA KOHCTPYKIIIT
BOJOOXIAKAAEMbBIX PEAKTOPOB CO CBePXKPUTHIHBIM
JaBIIEHUEM

IIpuBenen KpUTHYECKNUI IO OTHOIIEHUIO K YCTIOBK-
AM YKpauHbI 0030p COCTOSAHUA Pa3pabOTKM IMIOTHBIX
HPOEKTOB KaHAJIbHBIX M KOPIYCHBIX SHEPTeTUICCKUX
BOIOOX/IAK/IAEMBIX PEAKTOPOB CO CBEPXKPUTUIHBIM
nasnenueM (SCWR) B Benymux B oToit 061acTu crpanax
mupa — CIHIA, Kanane, Anonnn, I'epmannn n xp. Poc-
CHMIICKME MIPOEKTHI OJOOHBIX PEAKTOPOB IIPeJIoara-
eTCA PacCMOTPETh OT/eAbHO. OTeHeHBI IPENMYIIEeCTBA
U HETOCTATKM NMPEIOKEHHOTO B 3TUX NIPOEKTax Hepe-
XOJIa Ha OfHOKOHTYPHYIO CXeMY LM PKYJIAINY TeIIOHO-
CHUTeIA C IETbI0 CHIDKCHNU A KAIIUTATbHBIX U 9KCIITyaTa-
IIMOHHBIX 3aTpaT Ha CTPOUTEIBCTBO U SKCIUTYATAINIO
9HEPro6IOKOB MOITHOCTEIO 710 1200 MBr (971.) 151 KOH-
LENINIT PEaKTOPOB C OBICTPBIM, TEIVIOBBIM U CMEIIAH-
HBIM CIIEKTPAMMI HEUTPOHOB B aKTUBHOM 30HE.

Knioueswie cnosa: SHepI‘eTI/I‘IeCKI/Iﬁ BOI[OOXH&)KI[&GMBIVI
peakTop, CXeMa HUPKY/IANNN TCIVIOHOCUTEIS,
CBCPXKPUTUYIECCKNE TTapaMeTPhI.
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I. G. Sharaevsky, N. M. Fialko, L. B Zimin,
A. V. Nosovskyi, T. S. Vlasenko, G. I. Sharaevsky

Institute for Safety Problems of Nuclear Power Plants,
NAS of Ukraine, 12, Lysogirska st., Kyiv, 03028, Ukraine

World Trends of Construction Development
of Water-Cooled Supercritical Pressure Reactors

The article is devoted to critical review of the state of
theoretical and experimental scientific researches, creation
of calculation methods and concepts, as well as develop-
ment of conceptual pilot projects of channel and tank wa-
ter cooled reactors with supercritical pressure of coolant
(SCWR) in the USA, Canada, Japan, Germany, and more.
Russian projects for such reactors are to be considered in-
dividually in the future. The main technical and economic
characteristics of these projects are presented and com-
pared in a generalized way. Advantages and disadvantages
of the transition to the single-circuit scheme of circulating
coolant with nuclear overheating of steam in realization of
different variants of working fluid movement organization
are estimated in these projects. Known forecasts for the re-
duction of capital and operating costs for the construction
and operation of power units up to 1,200 MW (el) are ana-
lyzed for the concepts of fast, thermal and mixed neutron
spectrums in the core. Insufficient validity issues of heat
exchange processes safety on the surface of fuel elements
in the core is revealed, in particular, taking into account
the possibility of a potentially dangerous phenomenon of
its fluid pseudo-boiling in the conditions of supercritical
parameters of the coolant. The necessity to carry out an
additional set of appropriate bench of experimental studies
was emphasized in order to increase the reliability of the
expected technical and environmental safety indicators.

Keywords: water-cooled energy reactor, circuit of coolant
circulation, supercritical parameters.
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