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Paspa6oTtaHa knaccudukaums CUCTEM NacCUBHOMO OTBOAA OCTATOYHbLIX Ter-
NOBbIAENEHUI OT 3aWMUTHBIX 060MOYEK SOEPHbIX PeakTopoB, YTO MO3BOMSIET NPo-
BECTWU [eTanbHbll aHanu3 pasnuyHbIX KOHLEMNUMA CUCTEM NacCUMBHOMO OTBOAA
OCTaTOYHbIX TEMNSOBbIAENEHNI OT 3aLLMTHBIX 06004eK AAepHbIX PEaKTOPOB HOBO-

ro NokoneHus. PaCCMOTpeHbI OCHOBHbIE KJ'IaCCVI(bVIKaLl,I/IOHHbIe NPU3HaKN OaHHbIX
CUCTeM.

KnroueBble crioBa: cuctema NacCcMBHOMO OTBOJA OCTATOYHbLIX TenmnoBblaene-
HUWIA, A8epHbIN peakTop, 3almuTHas obonoyka.

Wn. 4. Tabn. 1. bubnuorp.: 5 Ha3B.
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A classification on systems for passive afterheat removal from reactor con-
tainment has been developed in the paper. The classification permits to make a
detailed analysis of various concepts pertaining to systems for passive afterheat
removal from reactor containment of new generation. The paper considers main
classification features of the given systems.

Keywords: system for passive afterheat removal, nuclear reactor, con-
tainment.

Fig. 4. Tab. 1. Ref.: 5 titles.

[Ipu ananm3e CymecTBYIOMNX KOHIEMINI CHCTEM MAaCCHBHOTO OTBOJA OCTa-
TOYHBIX TEIIOBBIACHeHNH 3amuTHBIX 00omouek (CIIOT 30) smepHBIX peakTo-
POB MOXKHO OOHApy>KUThb MHOT000pa3re CXEMHBIX M KOHCTPYKIHMOHHBIX pellie-
HUM, MPUTOM KaKJas OTAENBHO B3fTas CHCTEMa MMEET CBOM NMPEHUMYIIECTBA
u HemoctaTkd. IlosToMy ANsl MpoOBeAEHUS NETaJbHOTO aHAINW3a KOHKPETHOM
CXEeMBI W TPEJIaraeMor0 TEXHHYECKOTO PEIIeHHs I HOBBIX IPOEKTOB Sep-
HBIX DHEPTreTHYECKHUX YCTaHOBOK (S1DY) HeoOxommma meTanpHas KiIacch(puKa-
st CITOT 30, xotopast Moriia Obl OXBaTUTh BECh CIIEKTpP Pa3HBIX CXEMHBIX pe-
LIEHWI W KOHLENUWi. B 3TOM KOHTeKcTe HYKHO paccMOTpeTh Kiaccuduka-
muto CIIOT 30 kak MHCTpyMEHTa aHaJIM3a TEXHUYECKUX PEIICHUH, 3aJI0KEH-
HBIX TP peau3aliiy 3a7a91 00ecIedeHns TIOJTHOTO U HaJE)KHOTO OXJIaKICHHS
30. IIpuuem Takas KIacCUPUKAIMS HE TOJDKHA TPOTUBOPEUYUTDH OOIICTIPHHATHEIM
MPUHIMIIAM, 3aJI0’)KEHHBIM B AEUCTBYIOIIMX HOPMATHBHBIX JOKyMeHTax. Llens —
6onee peranpHo kinaccudummponatrs CIIOT 30, pactmpsaTs u yriayonsaTs npea-
CTaBJieHHE clieluaIrcTa 00 UX Ha3HAUYEHWH M BIMSHUM Ha 0€30IacHOCTH, O Xa-
pakTepe BBIMOITHAEMBIX (QYHKITHH O€30MacHOCTH W OCOOCHHOCTAX WX pea-
TU3aIUH.

Knaccudukanus cucteMsl, KOTOpas COIEPKHUT OIWH MM HECKOJBKO mac-
CHUBHBIX DJIEMEHTOB, BIIEpPBBIE ObLIa pPAacCMOTpEHa M NPOAaHAIM3UPOBaHA
B 1991 r. B nokymente MAI'ATD «IAEA-TECDOC-626» [1], npumeHsieMoM
JUTsE pa3padaThIBa€MBIX Ha TOT MEPHOJT TACCHBHBIX CHCTEM yCOBEpPIIEHCTBOBAH-
HBIX peakTopoB. COTIaCHO 3TOMY OKYMEHTY, CYIIECTBYIOT YEeThIpE KaTerOpHH
naccuBHBIX cucteM (A, B, C, D), xapakTepu3ylomire Tak Ha3pIBaeMYI0 CTETICHb
naccuHocTH (degree of passivity). Otu kareropuu (Tadu. 1) ObUTH peKOMEHIO-
BaHBI JJIsl KAUE€CTBEHHOW OLEHKH W o0IIel kiaccuuKauuu J000H CHCTEMBI,
KOTOpasi COCTOMT W3 MACCHBHBIX AJIEMEHTOB WIIM HCIONB3yeT HE3HAYUTEIHHOE
KOJIMYECTBO AKTHUBHBIX DJJIEMEHTOB ISl 3allyCKa CBS3aHHBIX C HeW MacCcHB-
HBIX CHCTEM.

Tabruya 1
Karteropun naccuBHBIX cucTeM
Kareropus
IIpusnax
A B o D
BxonHoli ynpaBnsomuil curaain - - - +
Bueninuii sHEproucToYHUK - - - +
IlBI/I)KyIJ.mec;( MEXAHUYECKHUE YACTHU - - + +
IlBI/I)KyIJ.mec;( pa60'me KUIKOCTU - + + +

B YKa3aHHOM OOKYMCHTC KOMIIOHCHT WJIM CUCTEMA Ha3bIBAIOTCS IMaCCUBHBI-
MM, KOr'Jla BBIIIOJHANOTCA CICAYIOLINC Tpe6OBaHI/IHZ MNPpUCYTCTBUEC CUTI'HAJIa WJIN
NnapaMCTPpUICCKUC U3MCHCHHUA IJII HHUIIUUPOBAHUA HCﬁCTBHﬁ; HaJINMYUC Pa3HO-
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CTH MOTEHIHATOB (T. €. OBMXKYLICH CHIIBI) Ui W3MEHEHHUS NEPBOHAYAIBHOTO
COCTOSIHUSI; HAJIM4YME€ CPEICTB HWIIM MEXaHU3MOB JJIsl MPOJOJDKEHHS PalbOThI
B HOBOM COCTOSIHUH.

Onpenenenne CIIOT B cymiecTBYOMUX HOPMATUBHBIX JOKYMEHTAaX OTCYT-
cTByeT. Ero MO>KHO HaliTH TOJBKO B HAYYHOM JIUTEpAType, a TAK)KE B IPOEKTHON
JOKYMEHTAIUU Uil peakTopHoit yctanoBku (PY) HoBoro mokomenwmsi. CITOT,
MO OTpPEJEICHUI0 IaBHOro KoHcTpykTopa PY tuma BBOP [2] (OKB «I'mapo-
Ipeccy), MpeaHasHayeHa Ijisl OTBOJA OCTATOYHOI'O TETJIOBBIACICHUS OT aKTUB-
HO¥ 30HBI peakTopa npu odectounBannu ADC, ¢ moTepei BceX UCTOYHUKOB T1e-
peMeHHOTro ToKa 710 24 yacoB [3].

OcHoBHO# HOpMaTuBHBIH MokymeHT — HIT 306.1.02/1.034-2000 «O6mmme
MOJIOXKEHHsT 00ecTieueHns] 0€30MaCHOCTH aTOMHBIX CTaHLUi» [4] — st nenexus
MACCHBHBIX CHUCTEM TIpeIycMaTpUBACT TONBKO OAWH KiacCH()UKAIMOHHBIN Mpu-
3HAaK — KOHCTPYKUHMOHHBIA. COrJIacHO 3TOMY NPH3HAKY, BCE NMACCHBHBIE CHUCTE-
MBI JENSATCSA Ha JIBE€ KATErOpHHU: C MEXAaHHMUECKHUMH JBHKYIIMMHCS YacTAMH
(mammpuMmep, oOpaTHbIe KiIanaHbl) U 0€3 MEXaHWYEeCKUX IBIKYIIMXCS YacTei
(Hanpumep, TpyOOnpoBo kL, cocymsi) [3].

IlepBas moapodnas xnaccudurauuss CIIOT Oputa paspaborana U. U. Csu-
punenko [3, 5]. OHa BKIIFOYACT YeThIpe KIACCH(PHUKAIIMOHHBIX MpU3HaKa. [1o-
no0OHas KiaccU(pUKauus MO3BOJISET NPOBOAUTE aHAIHU3 CUCTEMBI IO CIIEIYIOLIIM
XapaKTepUCTUKaM: Ha3HAYCHUIO; (YHKIHOHUPOBAHHUIO; (U3HMYECKOMY MHpoLec-
Cy, pealn3yeMoMy B CHCTEME, CXEME OpraHM3aI[Mi OTBOJA TEIUIOTHI, IPUMEHS-
eMOMy 00OpY/IOBaHHIO.

Paccmotpennas knmaccudukanus CITIOT cucrematusupyeT BCe CYIIECTBYIO-
mye U pa3pabaThIBAEMbIC CHCTEMBI OTBOJIA OCTATOYHOHM TEIUIOTHI, (VyHKIIMOHH-
pOBaHHE KOTOPBIX pealu3yeTcsl B MACCUBHOM DPEXHME, M OXBAaTBIBAET CXEMBI
CIIOT Bcex M3BECTHBIX MPOEKTOB PY M KOHIENTyalbHBIX PELIEHUH NepCrek-
tuBHBIX 1DV [3].

Ha ocHoBaHMM MPOBENEHHOTO aBTOpaMM aHAJIN3a Pa3IMYHBIX NMPOEKTOB HO-
BbIX PY 1 HayuHbIX myOnukanuii mo ucnois3oBanuio CIIOT 30 6bun ycTaHoB-
JIEHbI OIIpEJIeNICHHbIE 3aKOHOMEPHOCTH M O0IIMe MOAXOAbl B (hOPMHUPOBAHUU
knaccupukanuy. Takol aHanu3 Aajl OCHOBaHWE Pa3paboTaTh KiaccH(DUKALMIO
CIIOT, xotopas npexacrasieHa B [3, 5]. [TomoOHas knaccupuKamus mo3BOIAET
NPOBOJWTH aHAIM3 CHUCTEMBI IO CIEXyIOLIUM Ipu3HaKam: matepuany 30; xa-
pakTepy OXJaKIACHMS; MEXaHU3MY KOHJICHCALMU Mapa, peajru3yeMoro B CUCTe-
Me; tuny CIIOT 30; Tummy KOHEYHOrO MOIJIOTUTEINS; TUITY KOHTypa OXJaKIe-
HUSL;, peKUMY paboThl; MEXaHU3MY TEIUIOOOMEHA; IBIDKYILEH Cuile OXJIaAnuTens.

[MepBbIii KIacCUPUKANMMOHHBIA MPU3HAK ONpEACTIeT MaTepuall MepBHYHON
3aLIUTHON 00OJIOYKH, MOCKOJIBKY HMEHHO €€ MaTepuall UrpaeT OCHOBHYIO POJIb
B TeryI000MeHe. 37eCh BaXKHO MOJUYEPKHYTh 0COOEHHOCTH MCIIOJIb30BaHUS CTAJIH
KaK eJIMHCTBEHHOTr0 MaTepHaja JJisi EpPBUYHOM 3amuTHON obonouku PY, mo-
CKOJIBKY B 3ToM ciydae 30 HCHOJB3yeTCsl Kak MOBEPXHOCTh TETI00OMEHa
(mampumep, npoekt AP-600/AP-1000, rae npuMeHsieTcs: Hapy»KHOE pacibUICHUES
OT HapY>KHOTO HAMOPHOTO 0aka WM KOHIeNus norpyxeHus 30 B BOISHOM
maxTte). B Tex mpoekrax, rie CTallb UCIOJIb3yeTCs B KaYeCTBE OOJNHUIIOBKU IS
nepsuunoii 30 (kak Ha BBOP-1000), ona ne oxmaxknaercs cHapyxu. Craib,
KpOMe HEMPOHUIAEMOCTH M TPOYHOCTH, BBIMOJHSIET (PYHKIMIO MOBEPXHOCTH
OXJIXKJIEHUsI A7l KOHTeHHMEeHTa Onarojapsi BHICOKOMY KoadduuumeHnty Termio-
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MPOBOJHOCTH M MaJiol TommuHe (mopsiaka 6 MM). beToH u3-3a ero mpoyHOCTH
U JIeIIeBU3HBI UCTIONIL3YETCS B KayecTBE MaTepuaina 1jist BropuyHoit 30.

ITo xapakrtepy oxnaxaeaus CIIOT 30 moryt OBITH ¢ HapyXHBIM U BHYT-
peHHUM oxytaxaeHueM. B nepBom ciyuae sto Bapuantsl CIIOT 30 c¢ Hapyx-
HBIM PaclbUICHUEM, HAPY>KHBIM ITOTPYKEHUEM MJIM HAPYKHBIM KOHJICHCATOPOM.
DTO BO3MOXKHO peain30oBaTh, kKorna 30 HCMmomb3yeTcsl Kak MOBEPXHOCTh TEILIO-
oOMeHa WK KOT/ja Imap cOOMpaeTcsl CIIelUaIbHBIM MTaponprueMHUKoM BHyTpr 30
U OXJaXKAAaeTcsl B Hapy)KHOM KOHJEHCATOpe, PAaCIOJIOKEHHOM BHYTPHU CIie-
UaNBHOTO OacceliHa, kak Ha mpoekTax ESBR, SBR. Bo Bropom ciydae wuc-
MOJIB3YIOTCSl TEIUNIOOOMEHHHUKH-KOHJCHCATOPBl — Kak B mpoektax BBOP-640,
SWR-1000, Tak u B 6acceiine custus gasiaenns (mpoekT IRIS mwimm LIRA).

Bropoii kiraccuukannoHHbINA MTPU3HAK OIPEAeIIIeT MEXaH|3M KOHICHCAITIH
napa, peaJu3yeMoro B CHCTEME IacCHBHOTO oxyaxaeHus 30 — IIeHOYHas |
KaresnbHas KoHAeHcanus. B mepBoM ciyyae KOHIEHCAT OCakJaeTcsl B BUAE OT-
JIETbHBIX KaIlelb, BO BTOPOM — B BUJIE CIUIONIHOM IICHKH.

Koadpdumment rtermoornaun mpu KamenbHOW KoHAeHcanmuun B 5—-10 pas
Oonbiie, 4eM Opu TUleHOYHOW. OCHOBHBIM MEXaHHW3MOM KOHJEHCALlMM Iapa
B OosbinacTBe CIIOT 30 ocTaercs IuieHOYHAs KOHJCHCAIUS, HO B BapUaHTE
criot 30 ¢ 6acceifHOM CHATHSI JaBJICHUS, KOTJAA Map KOHACHCHUPYETCS B 00BEM-
HOM TIPOCTPaHCTBE OacceiiHa, MPOUCXOAUT KamellbHask KOH/IEHCAIHSL.

Tpetuit npuznak onpenensier TUN 30, KOTOPHIN SIBISIETCS, TTOXKATYH, CAMBIM
B2XHBIM B KJlaccu(uKaIiuy.

KoneuHnbIM mormoTrureneM MOXKET OBITH BOJIA, HANPHMEP, KaK B MPOEKTax
BBOP-640, SWR-1000, ESBR, rie mpuMeHsieTcsl BHEITHUI KOHIEHCATOp, pac-
MOJIOKEHHBIA BHYTPU OacceliHa, 3aloJHEHHOTO OXJIaKaroleld Bogoi. Bo3myx
yCTyMaeT BOJAE M0 OXJIKAAIOUICH CIOCOOHOCTH (TETIIOEMKOCTh ITOYTH B YETHIPE
pasa MeHbIIe, YeM Y BOJIbI), HO €T0 HCIIOJIB30BAaHME B KaUYECTBE KOHEYHOTO IIO-
TJIOTHTENS CTAHOBUTCS HEM30€KHBIM B TeX MPOEKTaX, KOTOPHIE PACIIOIIOKEHBI
B CyXOH MECTHOCTH, TJle HaOIIoJaeTcss HeloCTaTOK BOAbl. HexoTopwle mpoek-
ToI, HarpuMep amepukanckuii AP-600/AP-1000, ucronp3yioT BOAY W BO3IYX.
B sToMm cnydae BO3AyX MPOAOIDKAET OCYIIECTBISTH OXJIAKICHHE, KOT/Ia 3amac
OXJIKJAFOIIEeH BOJIBI 3aKaHINBAETCSI.

YerBepThlil KIacCU(PUKAIMOHHBIA MPU3HAK OMpEesieT TUIl KOHTYpa OXJia-
XKJIEHUSA, KOTOPBIX sIBIIgeTCS OTKPHITHIM BO Beex Bapuantax CIIOT 30, kpome
BapHaHTa C 3aMKHYTBHIM TepMocupoHOM. KOHTYyp HODKEH OBITh TepMETHYEH,
MTOCKOJIBKY 3/1eCh HEOOXOIMMO TOJIeP)KUBATh TIOJTHBIN BaKyyM, 4TOOBI obecrre-
ynBaTh 3G (HEKTUBHBIA TEMIIOOOMEH, UCIONB3ys TEIUIOTY (a3oBOro mepexoia
MPY OTHOCUTEIILHO HU3KOH TeMIieparype.

[areiit knaccuuKaMoOHHBINA TPU3HAK XapakTepuzyeT pekuM padotsl CITOT
30. Hekoropele xoHuenuuu CIIOT TpeOyroT mepBUYHOro aeicTBHS (CHUTHAaja)
Ul cpabaThIBAHUS CHCTEMBI, T. €. U1 OTKPBITHS KJlallaHa TOAa4yd BOJBI, HAIIPH-
Mep BapUaHTbI C HAPYKHBIM WM BHYTpeHHUM pactbuieHrem — AP-600/AP-1000,
ACR-1000. [pyrue BapuanTtsl, Takue kak CIIOT ¢ GacceiiHOM CHSTHS U30BITOUHO-
ro nasnenus (IRIS), nmubo Bapuantel ¢ BHyTpeHHnmMu (SWR-1000) wiu BHEIIHH-
mu (ESBR) konmencaTopamu, 1100 C 3aMKHYTBIM TEPMOCH(POHOM, HE TPeOyroT
HUKaKUX CUTHAJIOB M HAXOJIATCS B COCTOSTHUM TOTOBHOCTH.

0030p CYLIECTBYIONUUX CUCTEM oXJaxkaeHUs 30 pa3IMIHbIX TUIIOB SICPHBIX
peaktopoB no3BoJisieT Boiaenuth koHuenuu CIIOT gns oxnaxaenus 30, npen-
CTaBJICHHbIE Ha puc. 1-4.
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Puc. 1. CIIOT ¢ HapyXHBIM paclbUICHUEM Puc. 2. CIIOT c BHEIIHUMH KOHICHCATOPAMH:
qutst mpoekta AP-600: 1 — cranmbHast 3aluTHAas 1 — 3ammTHas 000J04Ka; 2 — BEHTHIALHOHHAS
oboouka; 2 — peakrop; 3 — Gacceltn cucreMa ¢ GuibTpamu; 3 — TapoNpHEeMHHKHY;
oXJIaXKaromieit BoJbl; 4 — maccuBHast 4 — Hapy>KHBIA KOHICHCATOP; 5 — HIKHSISL
CIIPUHKIJICPHAs CHCTEMA; 5 — IBIKCHUE BO3/lyXa; KaMepa; 6 — BEeHTWISILIMOHHAS TPYOa;
6 — nBkeHUe napa; 7 — IBUKEHHE KOHJICHCATa 7 — IacCUBHOE PACIBUICHHE; § — JIMHUS
BO3Bpara KoH/IeHcaTa; 9 — GacceiiH
2~
1
4 5
|
3
6
Puc. 3. CIIOT 30 nns nmpoexkra BBOP-640: Puc. 4. CIIOT ¢ BHyTpeHHUMH
1, 2 — BrOpuYHas ¥ NepBUYHAS 3aLUTHAS KOH/ICHCATOpaMH (C BHYTPEHHHM
obonouxa; 3 — 6ak CIIOT; 4 — BHyTpenHuit pacnbuieHneM): | — 3amuTHas 0607104Ka;
KOHJIEHCATOP (TEMI000OMEHHHK); 2 — Gacceiin; 3 — IaCCHBHOE PACIIBUIEHHUE;
5 — KOHJIeHCaTop; 6 — PEaKkTop 4 — BHyTpeHHHIT KOHAEHCATOP

[To mexanusmy Temmooomena kounenimu CIIOT 30 mMoxHO pa3genuTs Ha
JIB€ OCHOBHBIE TPYMIIBI; HCIOJIB3YIOMIHE, TOMUMO KOHBEKIINH, €Il U TETJIOBOE
M3ITy4YeHre M UCTIOIB3YIOIIe B OCHOBHOM KOHBEKIIHNIO. B mepBom ciryuae mare-
puanoM aist nepBuaHoi 30 sBISIETCS CTallb, BO BTOPOM — OETOH.

ITo mBwxymiel cuiae OXJIAAUTENs MOXKHO CKa3aTh, YTO OCHOBHOM IPUHIIUI
pabOThI BCEX TMACCUBHBIX CUCTEM OXJIAXKICHUS — 3TO €CTECTBEHHAS [IUPKYJIAIINS,
00yCIIOBJICHHAs CUJIaMu TpaBuTaiui. Ho B TermnoBoit TpyOe, KoTopasi COISpKUT
HATOJHUTENb, T. €. Ha BHYTPEHHEW CTeHKe, YKpeIuleH (DUTWIb, CHENaHHBIH,
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HampuMep, U3 HECKOJIBKHUX CJIOEB TOHKON CETKH, KOHJCHCAT BO3BpAIacTCS
B UCHAPUTEIb T0J] JSHCTBUEM KamwUISpHbEIX cwi. [lo3Ttomy, B oTiu4ue ot Tep-
MocudoHa, TerIoBas Tpyda MokeT paboTaTh B TF0OOM TOJI0XKEHHH, B TOM YHCIE
Y B TOPU30HTAIEHOM.

BbIB O bl

Pa3paboTka kmaccuukauu CUCTEM MAaCCHBHOTO OTBOJA OCTATOYHBIX TEI-
JIOBBIZICIICHUI OT 3all[UTHBIX O0O0JIOYEK SIBJIAETCS 3aKOHOMEPHBIM U HE00XO-
IUMBIM JTallOM IIPOIIecca HWCCIENOBAHMSA TACCHBHBIX CHCTEM O€30MacHOCTH
peakTopHOi yctaHOBKM ADC HOBOTO TOKOJIEHHs. PaccMoTpeHHass B cTaThe
KJIACCU(UKAIUS TIPEIJIOKECHA BIIEPBBIC U MO3BOJISET CUCTEMATH3UPOBATh CyIIle-
CTBYIOIIUE W pa3pabaThiBaéMbIE CHCTEMBI OTBOJA OCTATOYHON TEIJIOTHI OT
3alUTHON 00O0JIOUKH SICPHOTO PEaKTOpa, (PyHKIIMOHUPOBAHUE KOTOPBIX pealli-
3yeTcsl B MacCHMBHOM peknMe. OHa HMCIONb3yeT AEBITh KilacCH()UKAIMOHHBIX
MPU3HAKOB W OXBATHIBAET CXEMBI CUCTEM MMACCHBHOTO OTBOJAa OCTATOYHBIX TEIl-
JIOBBIZICIICHUI OT 3aIUTHBIX 000JOYEK BCEX M3BECTHBIX MPOSKTOB PEAKTOPHBIX
YCTAaHOBOK M KOHIIETITYaJIbHBIX PEUICHUN MEPCIEKTUBHBIX SACPHBIX SHEPTeTH-
YECKUX YCTaHOBOK.

[Ipennoxennass kimaccupUKAIUST MOXKET CTaTh MHCTPYMEHTOM aHaIHW3a pac-
CMaTPHUBAaEMOr0 TEXHHYECKOTO PEIICHHS, 3aKIaIbIBAEMOTO B MPOEKT C MENbI0
BBITIOJTHEHUS 3aJ1auul 00eclieYeHrs: 0E30MaCHOCTH B YCIIOBUSIX OTBOJa OCTATOY-
HBIX TEIUIOBBIAEICHUM PEaKTOPHBIX YCTAHOBOK.
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