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AJIATITALIA PE3YJIBTATIB EKCIIEPUMEHTAJIBHOI KBAJII®IKAILIIT ITACUBHUX
CUCTEM BE3IIEKU AJEPHUX EHEPTOYCTAHOBOK

IIpodnemaTuka. AKTyaJIbHUM MUTAHHSAM 3abe3neueHHsT Oe3neku siaepHux eHeproyctraHoBok (SIEY) e amanranis pe-
3yJIbTaTiB €KCIEPUMEHTAIbHOI KBajlidikallii apMaTypy IMaCUBHUX CHUCTeM Oe3MeKr Ha omHO(a3HOMY CepeIOBHILI 10
aBapiiHMX yMOB ABO(a3HUX IOTOKIB. 151 OiIbIIOCTI 00JagHAHHS CHUCTEM, BaXKJIMBUX IUISI O€3MEKM aTOMHUX eJIeK-
TPOCTaHILIill, HE iCHYE NMPUHIMIIOBOI MOXJIMBOCTI KBalidikalii 3a ZOIMOMOIo0 MPSIMUX BUIIPOOYBaHb B aBapiliHUX
yMmoBax. [locBin ekcruiyaTtallii aTOMHUX €J1eKTPOCTaHIIiM, a TAKOX Pe3yJIbTaTy MOMAEIIOBAHHS ITiC/s MIPOEKTHUX aBapiit
BU3HAUYWIM MOXKJIMBY HEBIIMOBIZHICTH YMOB pOOOTH apMaTypy B aBapiliHMX CUTyallisX i B pexXuMax eKCIUTyaTaliiiHuX
BUIIPOOYBaHb 3 OOHO(MA3HUM I1apOra30BUM CepedoBUIIEM. TakuM 4MHOM, Tpeba amanTyBaTU Pe3yabTaTh €KCIIepH-
MEHTaJIbHOI KBastiikalii apMaTypyu CHCTEM aBapiiHOro BUAAJEHHS MHapy i rasy B ogHO(Ga3HOMY CEepedOBMILI IO
aBapiiHUX YMOB OBO(a3HUX MOTOKIB.

Meta nociimkeHns. MeToro 1€l CTaTTi € 1OCTaTHE OOTPYHTYBAHHS ajanTallii pe3y/abTaTiB BUIIPOOyBaHb Ha 0fHO(DA3-
HOMY CepeIOBUILi O YMOB aBapiiHUX MPOLECIB i3 ABO(A3HUM CEepPeIOBUILIEM.

MeTtoauka peanizauii. {151 1OoCSATHEHHS 1iJIeil JOCTIIXKEHHS 0YJ10 BUKOPUCTAHO I€TEPMiHICTUUHE MOJIEIIOBAHHS YMOB
i KpuTepiiB (hyHKIIOHYBAaHHS/BUIIPOOYBaHb KJIalaHiB CUCTEM aBapiifHOTO BUJAJICHHS Tapu i rasy.

Pe3ynbTaTtu nociimkenns. BukoHaHo aHasiz oOIpyHTOBAHOCTI pe3yJibTaTiB €KCIIepUMEHTAIbHOI KBasiikaii ais au-
HaMiYHOTO HAMopy TUCKY Ha 3aMUKAIOUMI MPUCTPI y pexXumi BUIIpoOyBaHb (omHO(MA3HUI peXuM Teduii) i muHa-
MIYHOIO HAIopy TMCKY Ha 3aMUKAIOUMi MPUCTPiii B aBapiiHOMYy pexkumi (aBodasHuii pexxum Tedii). BukonanHs
ajanTauii pe3yJbTaTiB eKCIIepMMeHTaIbHOI KBamidikallii Ha 3aKpUTTI Ha oMHO(Aa3HOMY CepelIOBUIL KIalaHiB CUCTEM
aBapiliHOro BUAAJIEHHS Mapu I ra3y I0 aBapiiilHMX YMOB OBO(A3HUX MOTOKIB MPOBOAMJIOCH 32 YMOB IO3BYKOBHMX Ta
HaAA3BYKOBUX PEXUMIB TeUii.

BucnoBku. OOrpyHTOBAHO ajanTallilo pe3yJbTaTiB eKCIepUMEHTaIbHOI KBaji(ikallii Ha 3aKpUTTS KJIAMaHiB CUCTEM
aBapiliHOro BUOAJICHHS Iapy i rasy 10 aBapiiHUX yMOB JO3BYKOBHUX i TPaHC3BYKOBHUX TeUili ABO(A3HOTO ITIOTOKY B
MPOTOYHIl yacTuHi KianaHiB. Kpurepismu kBamidikalii BBaXKalOThCsI IMHAMIYHMI HAIip Ha 3aMUKAIOUUI TIPUCTPIid
KJlarmaHa B ogHOMa3HMX MOTOKAaX eKCIUTyaTalliiHUX BUIIPOOYBaHb Ta JUHAMIYHMI Hamip y ABO(a3HUX ITOTOKAX aBa-
PpifiHUX PEXUMIB.

Kmouosi ciioBa: kBastigdikalisi, cucremMa 6e3rneku, apmatypa, siiepHa eHeproyctraHoBKa.

Betyn

3Baxkalouu Ha aHaji3 NPUUYMH aBapil Ha aTOM-
Hilt enekTpocraHiii PyKyciMu, BCTAaHOBJIEHO, IO
3HAuUHYy yBary Tpeba MNpUAUISATU OOIPYHTYBAHHIO
HaIiMHOCTI MaCMBHUX CUCTEM Oe3IeKN PeaKTOPHUX
YCTAHOBOK, 30KpeMa ix ejnemeHTiB. Ile mae 3mific-
HIOBATHCS 3a JIOMIOMOTOI0 X KBasiikarlii.

3rigno 3 pexkomeHpauismu MATATE mig
kBamidikamieo cucrem/odnagHanHs AEY wmaemo

Ha yBa3i po3paxyHKOBe, eKCIlepUMEHTajJbHE abo
pPO3pPaxyHKOBO-EKCIIEPUMEHTabHE OOIPYHTYBaHHS
(migTBepaKeHHSI) TMpaule3daTHOCTI i  HamilHOCTI
y IPOEKTHMUX Ta aBapiliHux pexumax [1].

o omHi€l 3 TAKMX MACMBHUX CUCTEM HAJIEXUTh
cucteMa aBapiiiHoro BupajaeHHs mapu i razy (CAII)
SEY 3 BOmO-BOASIHUM €HEPreTMYHHUM pPEeaKTOpOM
(BBEP). s cucrem npuzHavyeHa 1isl poOOTH 3 OJHO-
(hazHMMM TTOTOKaMU, ajie B aBapiliHMX CUTYALIisSIX MOX-
JIMBUI TIepexia Ha poOoTy i3 1BOa3HUMU TTOTOKAMU
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ITin yac mpoBeneHHs KBamidikallii eJleMeHTIB
LIi€] CUCTEMU CJIii BpaXOByBaTU caMe TaKUil aBapilii-
HUI TIepexi, 3BaXkaloun Ha 0COOJIMBOCTI poOOTH eJie-
MEHTIB CCTEMHU B YMOBax JABO(Ma3HUX MOTOKIB [2].

AHagni3 JiTepaTypHuX JKepes

Ho CAII [EY 3 BBEP nHamexatb 3aro0ixHi
KJlalaHW KOMITeHcaTopa TUCKY peakTopa Ta Iapo-
reHeparopa (3K KT/IIT'), mBuakoaitoui peaykiiiii-
Hi YCTaHOBKM CKHUJAHHSI Tapora3oBOT0 CepeloBU-
1a 1o KoHjaeHcatopa abo atmochepu (IIPY-K/
IIPY-A) Tta iHiii. OcHoBHe npudHaueHHs1 CAIl —
KOPOTKOUYACHE BiIKPUTTSI 3 HACTYITHUM 3aKPUTTSIM
KJlalaHiB /sl 3HUXKEHHSI TUCKY B CHUCTeMax, Bax-
quBux st o6esneku SAEY, Ta ympabniHHs (y pasi
HeOoOXiHOCTI) aBapiiHUMU TIpoLIeCaMMU.

Jnsa minTBepakKeHHsST HamiliHOCTI i mpaues-
natHocTi kianaHiB CAIl  ¢axiBui mnepioguyHo
MPOBOJSITh eKCIUTyaTalliliHi BUITPOOYBaHHSI Ha O/f-
Hoa3zHOMY MMaporazoBoMy cepenoBulli. OgHak Oa-
raTopiyHmii gocBin excruryatadii JEY, a takox
pe3yabTaTh  MOJEIIOBAHHS  3allPOEKTHUX  aBa-
piii BU3HAYMIM MOXJIMBY HEBIAIOBIIHICTH YMOB
cnpalbOBYBaHHSI KJallaHiB B aBapiiHUX CUTYyalli-
sIX Ta B peXumax eKcrulyaTaluiiiHuX BUMNPOOYBaHb.
Tak, Hampukian, apapiliHe 3akpuTts 3K-peak-
Topa y mpoleci saepHoi (Baxkoi) aBapii Ha AEC
TMI-2 (CIIA) y 1979 p. BigOyBajiocsi B pexXumi
nBogasHoi Tedwii TeruioHocis [3]. B aBapiitHomMy
inmmaeHTi Ha PiBHencwkiii AEC y 2009 p. micis
BinmoBu Ha 3akputtd 3K KT y mpoueci Bunmpooy-
BaHb y PEeXUMi «rapsiyoi» 3yNMUHKU peakTopa Ta-
KOX BMHUK PeXUM JIBOMa3HOI Teuii B He3aKpUTOMY
kjamnasi [3]. Pe3yabTaT po3paxyHKOBOTO MOAEIIO-
BaHHSI 3alPOEKTHUX aBapiil 3 BiAHOCHO BEJIUKUMM
MixXKOHTYpHUMU Teuamu Ha SAEY 3 BBEP Takox
BU3HAUMB MOXJIMBICTh TOTpAIUISIHHS ABO(a3HOro
cepenonuiia no 3K I1T7, IIPY-A Ta IIIPY-K [4].

Tomy mnst kBamigikariii kinamaHiB CAIT HeoO-
XiIHUM € JOCTaTHE OOIPYHTYBaHHSI ajarnTailii pe-
3yJIbTaTiB BUIIpOOYyBaHb Ha OZHOMA3HOMY cepelo-
BMILI JUISI YMOB aBapiiiHUX MPOLECiB i3 JBOMa3ZHUM
cepeaoBuleM. BupillleHHSI IbOTO TTUTaHHS BU3HAa-
Yya€ aKTyaJIbHICTb, 1IiJIi Ta 3amadi 1i€i poOOTH.

ITocTanoBka 3anaui

MerTo1o 11i€1 CTATTi € JOCTaTHE OOIPYHTYBaHHS
ajanrallii pe3yJbTaTiB BUIPOOyBaHb apMaTypu Ta-
CUBHMX CUCTEM Oe3MeKr Ha OJHO(pa3HOMY Cepelo-
BMILI JO YMOB aBapiliHUX TpoleciB i3 ABo(ha3HUM
CepeloBUIIIEM.

Ananrauis pe3yJbTaTiB BUIPOOYBaHb i aBapiiiHX
YMOB

JIist mOoCsITHeHHS 1ijieid JOCiIKeHHs OyJIo BU-
KOPUCTAaHO JeTepMiHiCTUUHE MOJETIOBAHHS YMOB
i KpuTepiiB (PyHKIIIOHYBaHHS/BUIIPOOYBaHb KJlara-
HiB CAII.

AHaJi3 OOTrpYHTOBAHOCTI pe3yJbTaTiB eKcre-
pUMeHTaNbHOI KBajidikallil po3MIsiAaETbCS ISt
JIBOX TapaMeTpiB: JIMHAMIYHOIO Haropy THUCKY
Ha 3aMmuKkawouuii npuctpiit (311) B pexxumi BUITpO-
OyBaHb (omHO(MA3ZHUI peXUM Tedii) i IMHaMiYHOro
Haropy Tucky Ha 3I1 B aBapiliHOMy pexuMi (ABO-
dazHuii pexxum Teuii).

JwuHamiuyHuii Hamip Ttucky Ha 311 kianmaHa
B yMOBax ogHoda3Horo MmoToky [3]:
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AP, = AP + O

1e0 7 (1)
pteFm
ne F_— mioiia MpoXigHOro Imepepisy KiamaHa

B 30Hi 3I1;
G,, — MacoBa BUTpaTa B PEXUMi BUITPOOYBaHb;
P — MWIIBHICTb OXHO(A3HOIO IMapOrasoBoro
cepeloBUIla B pexXUMi BUIIPOOYBaHb;
AP, — mepenaj CTaTMYHOrO TUCKY Ha KiaraHi
B peXuMi BUIIPOOYBaHb.

HNuHamiunauii Hanip Tucky Ha 311 B aBapiiiHOMy
pexxuMmi, 3a yMoBu HasiBHOCTI B 30Hi 311 nBodaszHoro

moToky [3]:
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AP, = AP +—=_,
pas Fm

as as0

+

()

ne G — MacoBa BUTpaTa B aBapiiiHOMY peXuUMi;
p,. — WIbHICTb ABOGA3HOro MoToKy B 30Hi 3I1;
AP_ — mepenag CTaTUYHOrO TUCKY Ha KJamnaHi
B aBapiiHOMY pexXuMi.

OOrpyHTOBaHICTh afanTallii pe3yJbTaTiB eKC-
IJTyaTaliiiHMX BUITPOOYBaHb i aBapiiHUX YMOB MOX-
Ha BU3HAUUTHU PiBHSIHHSIM

AP, <AP,.

as —

3)

Hesinomi napametpu p, i G MOXHA OLIHUTU
Ha OCHOBI MOJIEJIOBaHHS TeIUIOTiAPOAUHAMIYHUX
MpOLIECiB y MPOTOYHil yacTuHi kianaHa CAII.
PiBHsIHHS pyXy i TeruioBoro OajiaHcy nBodaz-
HOTO TOTOKY B TOMOTE€HHOMY, KBa3iCTalliOHApPHOMY
Ta 130TepMiYHOMY HaOIMXKEHHSIX [5; 6]:
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has((poﬂpasO) = has((pmﬁ })asm)ﬁ (5)
ne P, P

0> Py — CTATUYHMIA TUCK HA BXOJi Ta BMXOMII
KJIalaHa BiIOBiIHO;
F, — nio1a npoxiHoro nepepisy Ha BXO/i KjlalaHa;

Pus (@) = P, @y + P (1 = ));
Pas (Pr) = Py 0, + P (1= 0,,);
hy (@, Pg) = 1, (Py)®y + B (P )(1 = ¢y);
hy (9, P,) = h(Pg)(1-9,)+ (P, )1-¢,);

h,, h, — MUTOMa €HTaJbIliAd Napy Ta PiIMHM BiAIo-
BiHO;
p,» P, — LWIUIBHICTD Mapy Ta PidMHMU BIAMOBIAHO;
@, ¢,, — MAPOBMICT Ha Bxozi Ta B 30Hi 311 BiamosinaHO;
& — KoedilliEHT TiApaBJiyHOro ONnopy KjaraHa.

3a yMOB 103BYKOBUX pexXUMiB Teuii B 30Hi 311
KJ1armaHa KpuTepiit Maxy BU3HauaTh, PO3B’SI3aBILIU
PiBHSIHHS

= L <1, (6)

Pus (0, Fra(,,)

Jie IIBUAKICTD 3BYKY Y ABOdrasHOMY IOTOLI [5; 6]

a(9,) = [ @ 0n + a7 (1-0,)] ; )

a, a — WBUIKICTH 3BYKY 3a THUCKY P . B napi
Ta PiAVHI BiIITOBiTHO.

3a yMOB JI03BYKOBOTO pexXumy napametpu G,
¢, 1 AP, BM3HAYalOTh 3 PO3B’S3KiB PiBHAHD (2), (4)
i(5).

3a yMOB 3BYKOBMX pexXuMiB Teuii (M= 1):
(3)

3a yMOB HaJI3BYKOBUX pexxuMmiB (M > 1) BUHU-
Ka€ KOHJEHCALiMHUI iIMITyJIbC TUCKY TaJbMyBaHHS
IMOTOKY 3 MaKCUMAaJTBHOIO aMITIiTymolo [6; 7]:

Gas = pas ((pm )Fmaas((Pm )‘

CnucoK BUKOPHCTAHOI JliTepaTypn

(€))

VYMoBo10 amanrauii pe3yjbTaTiB BUIIPOOYBaHb
1 aBapiiiHUX pexumiB 3a M > 1 Oyne piBHSIHHS, sIKe
nokasye, 110 Kpajidikallisl MpuiHITHA, KOJU Av-
HaMiYHUI HaIip B eKCIIepMMEHTaJbHUX YMOBaX
He MEHIIUI, HIX B aBapiliHOMY PeXXUMI:

AP

as0

APm = pas(q)m )azs ((pm )alzif1 N

+AP, < AP,. (10)

Bukopucranus piBHsiHHsA (10) mae Moxiu-
BiCTh OOI'PYHTOBYBATU HAIiliHICTb i Mpale3aaTHiCThb
PO3IJISTHYTUX CUCTEM Y pa3i BAHUKHEHHSI aBapiltHUX
cuTyaliil 6e3 3aJydyeHHS HEOOITYCTUMUX BUIIPOOY-
BaHb B aBapiiiHUX YMOBax.

BucHoBku

1. AnanTalisi pe3yibTaTiB eKCIepUMEeHTaIbHOI
KBajidikalil KjamaHiB CUCTeM aBapiliHOro BUOA-
JIEHHS Tapu i razy Ha omHo¢pa3HOMY CEepeaOBUILI
10 aBapiiiHUX yMOB IBO(a3HUX MOTOKIB € HEOOXid-
HUM i aKTyaJIbHUM 3aXOA0M, SIKiii MOTPiOHO MPOBO-
IUTHU 1J1 3a0e3rnedeHHs1 6e3neku AEY.

2. IlomaHo aHaJli3 aganTalil pe3yJbTaTiB eKC-
NepUMEeHTaJIbHOI KBaji(ikalii Ha 3aKpUTTS Ha OJI-
Ho(a3HOMY CEepeIOBUILi KJIallaHiB CUCTEeM aBapiii-
HOIro BHUIAJIEHHS Mapu i razy OO0 aBapiiHUX YMOB
nBO(a3HUX ITOTOKIB.

3. INapameTrpamu KBaigikallii BBaKaeMo M-
HaMiYHUI HaIlip Ha 3aMUKAIOUMK IIPUCTPIM Kja-
naHa B OJHO(A3HUX MOTOKAX eKCIUTyaTalliliHUX
BUMNpPOOYBaHb Ta AWHAMIYHUI Hamip y ABOGa3HUX
MOTOKAaxX aBapiliHUX PEeXXUMIB.

4. BuzHaueHO yMOBM ajamTallii pe3yabTaTiB
eKCIIepMMeHTaJIbHOI KBajlihiKallil Ha 3aKpUTTS KJia-
MaHiB CUCTEM aBapiiHOro BUAAJEHHS Mapu Ta rasy
10 aBapiliHUX YMOB H03BYKOBMX 1 TPaHC3BYKOBHUX
Teuiii aBO(a3HOTO IMOTOKY y MPOTOYHIN YaCTUHI
KJ1anaHiB.
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V. A. Kondratyk

ADAPTATIONS OF RESULTS OF EXPERIMENTAL QUALIFICATION OF PASSIVE SAFETY SYSTEMS OF NUCLEAR POWER
PLANTS

Problems. An urgent issue of ensuring the safety of nuclear power plants is the adaptation of the results of experimental qualification
of the fittings of passive safety systems in a single-phase environment to emergency conditions of two-phase flows. For most of the
equipment of systems important for the safety of nuclear power plants, there is no principled possibility of qualification through direct tests
in emergency conditions. The experience of operating nuclear power plants, as well as the results of simulations after design accidents,
determined the possible inconsistency of the operating conditions of the fittings in emergency situations and in the modes of operational
tests with a single-phase steam-gas environment.Thus, it is necessary to adapt the results of the experimental qualification of the fittings
of the emergency steam and gas removal systems in a single-phase environment to the emergency conditions of two-phase flows.

The aim of the study. The purpose of this article is sufficient justification of the adaptation of test results on a single-phase
environment to the conditions of emergency processes with a two-phase environment.

Methodology of implementation. To achieve the goals of the study, deterministic modeling of the conditions and criteria of
operation/testing of valves of emergency steam and gas removal systems was used.

Research results. T An analysis of the validity of the results of the experimental qualification was performed for the dynamic
pressure pressure on the closing device in the test mode (single-phase flow mode) and the dynamic pressure pressure on the closing
device in the emergency mode (two-phase flow mode). The adaptation of the results of the experimental qualification for closing the valves
of the emergency steam and gas removal systems in a single-phase environment to the emergency conditions of two-phase flows was
carried out under the conditions of subsonic and supersonic flow regimes.

Conclusions. The conditions for adapting the results of the experimental qualification for closing the valves of the emergency vapor
gas removal systems to the emergency conditions of subsonic and transonic flows of two-phase flow in the flow part of the valves have
been determined. The dynamic pressure on the closing device of the valve in single-phase flows of operational tests and the dynamic
pressure in two-phase flows of emergency modes are considered qualification criteria.

Key words: qualification, safety system, nuclear power plant
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