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AHOTAILIISA

OcranoBernis A.O. Po3pobOka wmetomiB kBamidikaiii MojaepHizaiiil crparerii
eKCIUTyaTallli CUCTeM, BXKJIMBUX JIsI OE3MEKH SACPHUX CHEPIeTUYHHX YCTAHOBOK. —
Kgamidikamiitna HaykoBa mparis Ha IIpaBax PyKOIHUCY.

Hucepramiss Ha 3700yTTS HAyKOBOTO CTymeHsS JokTopa ¢imocodii 3a
cnemianpHicTIO 143 «ATOoMHa eHepreTukay. — HailoHanbHUN TEXHIYHUN YHIBEPCUTET
Vkpainn «KuiBcbkuil nomitexHiunuii iHCTUTYT 1MeHi Iropst Cikopcbkoro» MOH
VYkpainu, Kuis, 2025.

Hucepramiitna po0OoTa mNpuCBSIYeHA MOJEpHI3allli MPOEKTHUX CTpaTerii
eKCIUTyaTarlii, BUIPOOyBaHb, TEXHIYHOTO OOCIYrOBYBaHHS 1 PEMOHTY CHCTEM,
BOXKJIMBUX 151 Oe3rneku sigepHux eHeproycraHoBok (CBbB SEY), ski Bu3HauaroThCS
TaKUMH TOJIOKEHHSIMH :

- TEXHOJIOTIYHMMM periiaMeHtamu Oe3neuHoi ekcmtyaranii SAEY 3 BBEP
cTparerii miaHoBux BumnpoOyBaHb (IIB), TexHiuHOro OOCIYroByBaHHS 1 PEMOHTY
(TO1P) CBb BcranoBneHi ampiopi 0e3 JOCTaTHIX OOIPYHTYyBaHb 1 HE BPaxOBYIOTb
Oararopiunuii nqocsif excruryarauii IEY 3 BBEP;

- TEpPCNEeKTUBHUMHU IS TIJBUIIECHHS €()EKTUBHOCTI EKCIUTyaTaiii aToMHO1
€HEPreTUKN YKpaiHu MOXKYTh OyTH CTpaTterii ekcIulyartauii SiIepHUX pPEaKTOpiB Ha
nigBuileHid TpuBajocTi mnanuBHOi kKamnaHid (ITTIIK) 3a paxyHOK mMiABUIICHHS
HoMmiHanbHOI oTykHOCT1 (I[THIT) Ta MmomepHizarii tepmiunux omnopiB TBEJI, ocobmuBy
aktyanbHicTh cTparterii [THIT Ta IITIIK MaioTh y cydyacHUX €KCTpeMalbHUX YMOBax
BOEHHOTO Yacy, IO XapaKTepU3yIOTbCS 3HAUYHUM 3HUKEHHSIM PIBHS MOTYXKHOCTI
reHepartii eIeKTpoeHeprii.

BianoBigHO 10 SIEpPHOrO0 3aKOHOAABCTBA YKpaiHU, a TaKOX MEPeIoBOro
MDKHApOJIHOTO JIOCBily MOJiepHi3alist crpaterii ekcrutyarartii, [IB ta TOiP CBb SEY
NOBMHHA OyTM 3acHOBaHAa Ha  JIOCTaTHIX OOTpyHTYBaHHSX  (KBamidikarlii)
PO3paxyHKOBUMH a00 €KCIEPUMEHTAIbHUMHU METOJIaMHM, 110 1 BU3HAYA€E AKTYaJIbHICTb,

METY Ta 3aBJaHHs pOOOTH.
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Metorw pobotu € po3poOka MeToAiB KBaiiikaiii MoJAEpHi3alliil CcTparTerii
excrutyaramii, [IB ta TOiP CBb SEY 3 BBEP nns migBumeHHs Oe3leku Ta
e(EKTUBHOCTI €KCIUTyaTallii aTOMHOI EHEPTreTHUKU Y KpaiHH.

OcHOBHI 3aBIaHHS POOOTH: aHaJI3 MPOEKTHUX 1 TMEPCIEKTUBHUX CTpaTerii
excrutyataiii SIEY, a Takox HOpMaTHUBHOI Ta METOAMYHOI Oa3u MOJEpHI3allii CTpaTeriii
excrutyatanii, [IB ta TOiP CBBb SEY 3 BBEP; po3poOutu anbTepHAaTUBHUN
JNEeTePMIHICTUYHUN MeToJ KBamidikaiii cTparerii exkcruiyaraiii peakTopiB Ha
nigBuileHid TpuBasniocTi nanuBHuX Kammadiil (IITIIK) 3a paxyHok migBUIIEHHS
HoMmiHanbHOI motyxHocti (ITHIT) Ta w™Mogmepnizamii Ttepmiunux omopie TBEJI;
aJanTyBaTH PU3UK-OpIEHTOBaHMM Tiaxin ontumizamii crparterii [IB ta TOiP y
pexumax [THM ta/abo IITIIK; anami3 pesynbTaTiB ontumizauii nepiogudnocti [1B
CBb y pexxumax [THM Ta/a6o ITTIIK.

Y Berymi OOIpYHTOBAaHO aKTYaJIbHICTh PO3POOKM MIAXOAIB Ta BKa3aHUX
COpPSDKEHUX MOJIENIeH, HaJlaHa 3arajbHa XapakTEepUCTHKAa poOOTH, chopMysbOBaHa il
MeTa, OCHOBHI 3aja4i, 00’ €KT Ta MpeIMeT JIOCIIIKeHb, BU3HAUECHAa HAYKOBA HOBH3HA Ta
NpaKkTUYHA IIHHICTb OTPUMAHUX pE3yJbTaTiB, MNPEACTaBIEHO 1H(OpPMAIII0 PO
0COOMCTHI BHECOK 3/100yBaya Ta anpooaiiito poOboTH, i CTPYKTypy Ta 0OCHT.

Y nepumomy po3aiji NpoBeIeHO aHai3 MPOEKTHUX Ta MEPCIEKTUBHUX CTpaTErin
excruryaranii €Y, a Takok METOAMYHOI 1 HOPMAaTUBHOI 0a3u MonepHi3alii cTparerii
excrutyararii, [IB 1 TOiP CBb SEY 3 BBEP. Ha ocHOBI mpoBeacHOro aHajizy
BCTAHOBJICHO:  HEOOXIJHICTh  YAOCKOHAJICHHS ~ METOAWYHOI 0a3u  kBamidikarii
MozepHizairii crpareriit excriryaraitii, [IB 1 TOiP CBb SIEY; HeoOxiaHICTh TpUBEACHHS
y BignoBigHicTh [IpaBun 1 wHopm Oe3neku (IIHAE) no exkctpemanibHHX yMOB
eKCIUTyaTallii B yMOBaxX BOEHHOTO dYacy. 30Kpema, BCTAaHOBJICHI B MHUpPHHU dYac
IMOBIPHICHI TIOKa3HUKH (KpuTepii) saepHoi Oe3neku (CyMapHa 4acTOTa MOIUTKOKCHHS
aktuBHOi 30HM — UYIIA3) He BpaxoByIOTh pealibHI 30BHIIIHI €KCTpeMalbHI MOAll
BOEHHOro d4acy. Hanpuknan, IMOBIpHICTD BUHUKHEHHS aBapii 3 TOBHUM
3HecTpyMmieHHsIM eHeproomokiB AEC (amanor aBapii Ha AEC ®ykycima) pawnimie
OIIIHIOBAJIACs MOPSAJAKY HE OUIbIlIe OJHOTO pa3y 3a MUIbHOH POKIB; a B €KCTpEeMaJbHUX

YMOBax BOEHHOTO 4acy JIMIIE 3a TPU POKU CTAJOCS KiJIbKa JAECIATKIB aBapiitHUX 3yMUHOK
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yepe3 IMONIKOMKEHHS/pyIHHYBaHHS KPUTUYHOI E€HEpPreTMyHoi 1H(GPacTpPyKTypu Ta
BIJIMOBITHE 3HECTPYMIICHHSI €HEProOJIOKIB.

[THAE, nmpuBesneHi y BIANOBIAHICTh MO €KCTPEMalbHUX YMOB BOEHHOTO Yacy,
MaloTh TepeadayaT MOXKIMBICTh PO3POOKH Ta BIPOBAKEHHS HEMPOEKTHUX CTpaTerii
excruryaramii - SIEY, chopsmoBaHmx Ha miABUIICHHS €(QEKTUBHOCTI  Oe3MeyHOl
eKCIUTyaTallli aTOMHOI EHEePreTHKU YKpaiHH.

Y apyromy po3aijii MpoBENEHO aHali3 BIAOMHUX IMJAXOJIB PO3PaxXyHKOBOL
kBamiQikamii ctpareriii ekciutyarauii AEY 3 BBEP B pexxumax ITHII ta/at6o IITIIK. Ha
OCHOBI [TPOBEJICHOTO aHaJli3y BCTAHOBJIEHO:

. ['paHnyHO JOMycTMMa HOMIHAJbHA TMOTYKHICTh pPEAaKTOpPIB IOBHHHA
BHU3HAUaTUCS YMOBAaMU BUHUKHEHHS TEPMOAKyCTHYHOI HECTAaOUIBHOCTI TEIJIOHOCIS B
aKTUBHIM 30HI.

. KBamigikamiss mMoaepHi3alii crpaTeriii MmiJBHUILIEHOT TPUBAJIOCTI TEPMIHIB
NaJMBHUX KaMIIaHIi Ta HOMIHAJIbHOI MOTY>KHOCTI PEAKTOPIB TPAJULIMHUMH METOAAMMU
aHaiizy 0esneku gerepMinictuuHuMu konamu (/1K) € HemocTaTHRO OOIPYHTOBAHOIO.

. AKTyanbHOIO € po3po0OKa aJbTepHAaTUBHUX METOAIB KBasli(ikalii cTparerii
[THII, sixi 103BOJISAIOTH OMTUMI3YyBaTH BU3HA4YAIbHI MapaMeTpu MOJEpHI3aIlil cTpaTerii
Ta HE 3ajieXaTh BiJl BIUIMBY Ha pe3yibratu KBamidikamii edextiB «pizauui K ta/adbo
xopuctyBauiB JIK».

Bnepmie po3poOieHo  geTepMiHICTHYHHM — MeToj  KBamidikamii — cTparerii
excruryatauii SAEY wa ITHIT 1 IITIIK, 3acHOBaHMii Ha KpPUTEPIsIX TEPMOAUHAMIYHOI
MOMIOHOCTI TMPOEKTHUX 1 MOJAEPHI30BAHMX pOOOYMX Ta aBapiiHUX PEKUMIB.
Po3poOnennii  MeTOA ~ BCTAHOBIIOE  ONTHMI3AIID  BHU3HAUaJbHUX  TMapameTpiB
(HeTpoHHO-(P13uuHKX 1/a00 Termnodiznunux BiaactuBocrer Al 1/abo0 KOHCTPYKUIHHO-
TEXHIYHUX TIapaMeTpiB €JIEMEHTIB AaKTHUBHOI 30HHM) MOJIEPHI30BaHOI CTparerii
eKCIUTyaTalli peakTopiB Ha TPAaHUYHO JOMYCTUMIA HOMIHAJIBHINA MOTYKHOCTI 32 YMOBH
JTOTPUMaHHS HEOOX1THUX YMOB SIJIEPHOT OC3IEKHU.

Y TperboMy PO3AiIi aganToOBaHO PHU3UK-OPIEHTOBAHWI METOHA ONTHUMI3aIlii
MEepIOIMYHOCTI TJIAHOBUX eKciiyarariinux BunpoOyBanb (EB) CBb SAEY y po6Gounx

pexxumax peakropa a0 ymoB crparerii IITIIK Ta ITHII i3 ypaxyBanHAM 30UIbIICHHS
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TPUBAJIIOCTI POOOYMX PEXKHUMIB peakTopa (30UIBIICHHS TPHUBAJIOCTI «IAJTUBHHUX
KamnaHii»). Kpurepiii onTumizaiii — 1MOBIPHICTh MAaKCHMAaJIbHOI TOTOBHOCTI
BUKOHAHHA HeoOXiMHUX QyHKUIN 6e3neku. [lapamerpu onTumizartii:

. IMOBIPHICTh HAKOIWYEHHS «IPUXOBAHUX» BIIMOB/KPUTUYHUX JCHEKTIB Y
M1KXBUTIPOOYBaJIbHI MEPIOAHN Yacy pOOOUYNX PEKUMIB peakTopa («pexuM OUiKyBaHH»);

. IMOBIPHICTh nepea4acHoro 3HOIIEHHS/ IErpajiaIlii/3MeHIIICHHS
3aJIMIIKOBOTO pecypey obnannanus CBb yHacninok Haamipao yactux EB.

Y d4erBepTOMYy po3aijii Ha OCHOBI anantoBaHoro A0 yMoB ctparerii ITTHIT 1
[ITIIK pu3uK-Opi€EHTOBAHOTO METOAY MPOBEJACHO KBaMiQiKallilo cTpaTerii onTuMizarii
nepioguuHocti EB  Hactynmaux cucrem ©Oe3neku (CB): cucremu aBapiidiHOTO
OXOJIOJKECHHSI aKTMBHOI 30HU pEaKTOopa HACOCaMU BHCOKOTO Ta HHU3BKOTO THCKY,
CUCTEMHU TMI/DKUBJICHHS Ta OOPHOTO PETYIIOBAHHS TEIUIOHOCIS, CUCTEMH aBapiiHOTO
N1/UKUBJIEHHS NAapOreHepaTopiB, TOMIO - y polOoumx pexumax peakropa Ha [THII 1
[ITIIK. ¥V pe3ynbpraTi KBaji(ikaiii BCTAaHOBJIEHO, IO ONTUMalibHA MepioguyHicTh EB
Cb y pobouux pexumax [THII nns miBropapiuHOi «MamuBHOI Kammadii» y 3—4 pasu
OlJIbI1Ia 32 IPOEKTHY.

KarwuoBi cjoBa: aBapis, AEC, aromHa eHepreTuka, TiJIpoaHHaAMIKa,
JIarHOCTUKA,  eKCIUTyaTallis, KBamidikallis, MareMaTH4YHE Ta  KOMII IOTEpHE
MOJICJIFOBAHHSI, MaporeHepaTop, peakTop, sijaepHa Oe3reka, TBEJ, TEIIOOOMIH, sJiepHa

€HEpreTHKa, siIepHe NajuBo.



ANNOTATION

Ostapovets A.O. Development of qualification methods for the modernization of
the operation strategy of systems important for the safety of nuclear power plants. —
Qualification scientific work in the form of a manuscript.

Dissertation for obtaining the scientific degree of Doctor of Philosophy in
specialty 143 "Nuclear Energy". — National Technical University of Ukraine "Igor
Sikorsky Kyiv Polytechnic Institute" of the Ministry of Education and Science of
Ukraine, Kyiv, 2025.

The dissertation is devoted to the modernization of design strategies for
operation, testing, maintenance and repair of systems important for the safety of nuclear
power plants, which are determined by the following provisions:

- technological regulations for the safe operation of nuclear power plants with
VVER strategies for scheduled testing, maintenance and repair of systems important for
safety are established a priori without sufficient justification and do not take into
account the long-term experience of operation of nuclear power plants with VVER;

- strategies for operating nuclear reactors with extended fuel campaign duration
by increasing rated power and modernizing thermal resistance of fuel elements may be
promising for improving the efficiency of nuclear power in Ukraine; strategies for
increasing rated power and extending fuel campaign duration are especially relevant in
the current extreme wartime conditions characterized by a significant decrease in power
generation capacity.

According to the nuclear legislation of Ukraine, as well as international best
practices, modernization of operation strategies, scheduled testing, maintenance and
repair of systems important for the safety of nuclear power plants should be based on
sufficient justification (qualification) by computational or experimental methods, which
determines the relevance, purpose, and objectives of the work.

The aim of the study is to develop methods for qualifying modernization of
operation strategies, scheduled tests, maintenance and repair of systems important for

the safety of VVER nuclear power plants to improve the safety and efficiency of nuclear



power in Ukraine.

The main objectives of the work are to analyze the design and perspective
operation strategies of nuclear power plants, as well as the regulatory and
methodological framework for modernization of operation strategies, scheduled tests
and maintenance and repair of systems important for the safety of VVER nuclear power
plants; to develop an alternative deterministic method for qualifying the strategy of
reactor operation for extended fuel campaigns by increasing the rated power and
modernizing the thermal resistance of fuel elements. Adapt a risk-based approach to
optimizing strategies for scheduled testing and maintenance and repair in modes of
increased rated power and/or extended fuel campaigns; analyze the results of optimizing
the frequency of scheduled testing of systems important to safety in modes of increased
rated power and/or extended fuel campaigns.

The introduction substantiates the relevance of developing the approaches and
the above coupled models, provides a general description of the work, formulates its
purpose, main objectives, object and subject of research, defines the scientific novelty
and practical value of the results obtained, provides information on the personal
contribution of the applicant and the testing of the work, its structure and scope.

The first section analyzes the design and long-term operation strategies of
nuclear power plants, as well as the methodological and regulatory framework for
modernization of the operation strategy, scheduled tests, maintenance and repair of
systems important for the safety of nuclear power plants with VVER. Based on the
analysis, it was established that there is a need to improve the methodological basis for
qualification of modernization of operation strategies, scheduled tests, maintenance and
repair of systems important for the safety of nuclear power plants; the need to bring the
Safety Rules and Regulations into compliance with extreme wartime operating
conditions. In particular, the probabilistic indicators (criteria) of nuclear safety (total
core damage frequency) established in peacetime do not take into account real external
extreme events in wartime. For example, the probability of an accident with complete
blackout of NPP units (analogous to the Fukushima accident) was previously estimated

to be no more than once in a million years; and in extreme wartime conditions, several
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dozen emergency shutdowns occurred in just three years due to damage/destruction of
critical energy infrastructure and corresponding blackout of power units. Safety rules
and regulations brought in line with extreme wartime conditions should provide for the
possibility of developing and implementing non-design-based strategies for the
operation of nuclear power plants aimed at improving the efficiency of safe operation of
the nuclear power industry of Ukraine.

Second section analyzes the known approaches to the calculation qualification of
strategies for the operation of nuclear power plants with VVER in the modes of
increased rated power and/or increased duration of fuel campaigns. Based on the
analysis, it was established that:

- the maximum permissible rated power of reactors should be determined by the
conditions of thermoacoustic instability of the coolant in the core.

- the qualification of modernization strategies for extended fuel campaigns and
reactor rated power by traditional methods of safety analysis with deterministic codes is
not sufficiently justified.

- it is important to develop alternative methods for qualifying the strategy for
increasing the rated power, which allow optimizing the defining parameters of the
strategy modernization and do not depend on the influence of the effects of “differences
in deterministic codes and/or users of deterministic codes” on the qualification results.

For the first time, a deterministic method for qualifying the strategy for operating
nuclear power plants at increased rated power and extended fuel campaigns based on
the criteria of thermodynamic similarity of design and modernized operating and
emergency modes has been developed. The developed method establishes the
optimization of the defining parameters (neutron-physical and/or thermal properties of
nuclear fuel and/or structural and technical parameters of core elements) of the
modernized reactor operation strategy at the maximum allowable rated power, provided
that the required nuclear safety conditions are met.

In the third section, the risk-based method for optimizing the frequency of
scheduled operational tests of systems important for the safety of a nuclear power plant

in reactor operating modes is adapted to the conditions of the strategy of extended fuel
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campaign duration and increased rated power taking into account the increase in the
duration of reactor operating modes (increased duration of “fuel campaigns™). The
optimization criterion is the probability of maximum availability of the required safety
functions. Optimization parameters:

- probability of accumulation of “hidden” failures/critical defects during inter-test
periods of reactor operating modes (“standby mode”);

- probability of premature wear/degradation/decrease in residual service life of
equipment of safety-critical systems due to excessively frequent operational tests.

In the fourth section, based on the risk-based method adapted to the conditions
of the strategy for increasing the rated power and increasing the duration of fuel
campaigns, the strategy for optimizing the frequency of operational tests of the
following safety systems was qualified: the system for emergency cooling of the reactor
core by high and low pressure pumps, the system for coolant feeding and boron control,
the system for emergency feeding of steam generators, etc. — in reactor operating modes
at increased rated power and extended fuel campaign duration. As a result of the
qualification, it was established that the optimal frequency of operational tests of safety
systems in operating modes of increased rated power for a year and a half “fuel
campaign” is 3-4 times higher than the design frequency.

Keywords: accident, NPP, nuclear energy, hydrodynamics, diagnostics,
operation, qualification, mathematical and computer modeling, steam generator, reactor,

nuclear safety, fuel rod, heat exchange, nuclear power industry, nuclear fuel.
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PO3JIUI 1. AHAJI3 IIPOEKTHUX TA TIEPCIHEKTMBHUX CTPATETIA
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[TEPEJIIK YMOBHUIX ITO3HAYEHbL, CUMBOJIIB, OAMHWIb BUMIPIOBAHb
TA CKOPOUYEHb

Ilo3naueHus:

KIJIBKICTD IMPOBCACHUX INNIAHOBHUX KOPOTKOYACHHX BKIIIOUCHL KaHAJIy Ha

k MOMEHT 4acy t,;

M; — 3arajbHe YHMCJIO TUTAHOBUX 3aXO/iB;

Ni — KUIBKICTh OJHOTHITHUX €JIEMEHTIB Ha 1-My €Hepro0JIo1i;

S — KUIBKICTh €Hepro0JIOKiB, IIIT;

T — TEepiOJIMYHICTh BUMPOOYBAHb CUCTEMH, TOT;

t — MOTOYHHH 4Yac, roj;

dip — KUIBKICTb B1IMOB 3a (JaKTOPOM MOPYLIEHHS;

de — YuCio 3a(iKCOBAaHMUX BIJIMOB €JIEMEHTIB 3a akTopoM Dg;

gl — 1HTEHCHBHICTb BIJIMOB 4epe3 HeSIKICHI BUIIPOOyBaHHs, 1/Tp;

o a _ IHTCHCHBHICTb BUMOT Ha CIPAlbOBYBAHHS 1 4aCTOTA 3BOPOTHHUX [IEPEXOAIB
’ y PE€KUM OUIKYBaHHs, BIANOBIIHO, 1/TOx;

Y _ IHTCHCHBHICTb BiZIMOB, 0 BMHHKAIOTh MK BUIPOOYBAHHAMH B PeXHUMI
b po0OTH Ta OYiKyBaHHs, BIAMOBIIHO, 1/TOM;

i — 1HTEHCHUBHICTH BIJHOBJIEHHS, 1/TOx;

TABP — TPUBAJICTh CHIBLHOI pOoOOTH ABOX KaHaliB y mpoiieci ABP, rox.

Innexcu:

r — TOTOBHICTE;

1 — HOMeEp 00'€THAHOTO eJIEMEHTA B CTPYKTYPHIN (QyHKIIIT;

pe3 —  pe3eps;

per — PETJIaMCHT;

p — poOoTa MiACUCTEMHU;

Y — HMOBIPHICTb;

Q — HoOMep AyOJIbOBAHOT MiJCUCTEMH.

CKOpOYEeHHS:
ABP — AaBTOMATUYHE BBEJCHHS PE3EPBY;

AEC — aTOMHAa eJIEKTPUYHA CTAHIIIS;



AXEH
A3
AIIEH
AC
ACI
BB
BBIII
BI'P
BIIY
BBEP
BI

TA

re

ro
T'IH
ity
JOKEH
JIK
JUT
"JTHTL]
SIPB"
EB

EB

EK

EO
EIIK
3AB
3AEC
3JIA
IAB

IE
KBBII
KBIT
KBITiA

aBapiiHMIA KUBUIBHUN €JIEKTPOHACOC;
aKTUBHA 30Ha;

aBapiiiHe MIJHKUBIICHHS €JIEKTPOHACOCAMU;
aTOMHA CTaHIIIs;

aBTOMATH30BaHA CUCTEMA MITPUMKH;
0aceliH BUTPUMKU;

OaceliH BUTPUMKH 1 IEpEBAHTAKEHHS;
OJIOK Tapsuoro pe3epBy;

OJIOKOBUI IIUT YNPABIIIHHS;
BOJIO-BOJSIHUN €HEPIETUYHUN PEAKTOP;
BUPOOHUY1 BUIIPOOYBaHHS;
T1IpOAKYMYJISITOPH;

T1POEMHICTB;

repMOOOOJIOHKA;

TOJIOBHUHM HUPKYJISLIMHUN HAcoc;
JU3EIIbIrEHEPATOD;

JOTIOMIKHUHN KUBWJIHBHUHN €JIEKTPOHACOC;

JTETePMIHICTUIHUHN KOJT;

JHepxaBHe mianpueMcTBo "JlepxkaBHUN HAYKOBO-TEXHIYHUHN IIEHTP

SIIEPHOI Ta pajiamiitHoi 6e3meku’;

eHeproOJIoK;

eKCIUTyaTalliiiHi BUpoOyBaHHS;
eKCIUTyaTallliHui KpUTEpiil repMEeTUYHOCTI;
eKCIUTyaTyroua opraHizarfis;

CJICKTPUYHUI THEBMO KJIATIaH;

3BIT 3 aHaJI3y O€3MeKH;

3anopi3bKka aTOMHA eJICKTPpUYHA CTAHIIIS;
30Ha JIOKaJTi3allii aBapii;

IMOBIpHICHUH aHasi3 0€3IeKu;

THCTPYKIIA 3 eKCILTyaTallii;

Koe(iIieHT BUKOPUCTAHHS BCTAHOBJICHOI MMOTY>KHOCTI;
KOHTPOJIbHO-BUMIPIOBATIbHUM MPUCTPIH;

KOHTPOJIbHO-BUMIPIOBAJILHUM MPUCTPI 1 anapaTypa;
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KCE
KY
JICB
MAT'ATE
MIIA
HAEK
HKT
HITA
HCB
HT]
B

I
™
TTHAE
MMHBT
TTHIT
TITIP
TITIIK
MIYAEC
PAEC
PB
PJIEC
POII
Py
PIITY
CAT
CAO3
CAITKB
Ch
CBB
CBB HE
Cro
CJIA
CVA
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KOHCTPYKITisl, CHCTEMA Ta CJICMEHTH,
KJIFOY YIIPaBIIIHHS;
JIOKaJli3yroya cucrema O0e3IeKH ;
MiHapoIHE areHTCTBO 3 ATOMHOI €HEPTEeTHKH;
MaKcUMaJlbHa MPOEKTHA aBapis;
HarrionanpHa aToMHa eHeproreHepyroda KOMIIaHis;
HeCTalllOHaApHHUH KOe(dII[IEHT TOTOBHOCTI;
HOPMAaTHUBHO-TIPABOBUH aKT;
HayaJlbHUK 3MIHU OJIOKY;
HOPMAaTHUBHO-TEXHIYHA IOKYMEHTAII1S;
TUTAHOB1 BUIIPOOYBAHHS;
aporeHeparTop;
MOKA3HUK (TTOKa3HUKH) HAIIMHOCTI;
MpaBuia 1 HOPMU O€3MEKH aTOMHOI €HEPTEeTUKY;
TUTYH)KEPHUH HACOC BUCOKOTO THCKY;
1BHUIIICHA HOMIHAJIbHA MTOTYKHICTb;
IJIaHOBO-TIOTIEPEKYBAJIbHUI PEMOHT;
1JBHUIIICHA TPUBAIICTD MAJTUBHUX KaMITaHIH;
[TiBgenHo-YKpaiHChKa aTOMHA €JIEKTPUYHA CTAHIIIS;
PiBHEHCBhKA aTOMHA €JIEKTpUYHA CTaHIIIS;
peaKTOpHE BITIICHHS;
pe3epBHA JAU3eNIbHA CIICKTPOCTAHIIIS;
PU3UK-OPIEHTOBAHMUM ITiIX1]1;
peaKkToOpHa YCTaHOBKA,
PE3EpPBHUIA IIUT YIIPABIIiHHS,
CHUCTEMa aBTOMATUYHOTO PETYJTIOBAHHS;
CHCTEeMa aBapiiHOTO OXOJIOKEHHS aKTUBHOI 30HU;
CHCTeMa aBapiiHOI Mmojavl >KUBUIILHOI BOJIU;
CHCTEMH OC3IICKH;
CHCTEMH, BaXKJIUBI JIJI1 OC3IEKH;
CUCTEMHU, BAXJIMBI JJ1s1 O€3MEeKH, HOPMaJIbHOI eKCIUTyaTallii;
CHCTEeMa TepMETHYHOIO OTOPOJIKEHHS,
CUCTEMa JIOKaJTi3aIli aBapii;

CHUCTeMa YIIpaBIIiHHS aBapIsIMU;



CYB]I
CV3
TAH
TB3
TBEJ
TMO
TO
TOB
TOiP
TPBE
XAEC
YT AB
YTIA3
IIIPY-A
IPY-K
SIEY
AT
STITY

CUCTEeMa yIpaBJiHHA 0a3aMH 1aHUX;

CUCTEMa YMPaBIIIHHS Ta 3aXUCTY;

TEPMOaKyCTHUYHA HECTIHKICTB;

TETIOBUAISAIOYA 301pKa;

TETIOBUAUISIIOUNI CIICMEHT;

TeIJIOMeXaH1uyHe 00J1aIHaHHS;

TeIJIOTEXHIYHE 00J1aTHAHHS;

TEeXHIYHE OOIPYHTYBaHHS OE3IEKU;

TEXHIYHE OOCIYyrOBYBaHHS 1 PEMOHT;

TEXHOJIOTIYHUM periaMeHT 0e3meyHol eKCIUTyaTallii;

XMeNbHUIIbKA aTOMHA €JIEKTPUYHA CTaHITIs;

4acTOTa ra30BOT0 aBapiiHOTO BUKULY;

94acTOTa MOIIKO/XKEHHS aKTUBHOT 30HMU;

IIBUIKOIF0Ya PeIyKIlIifHA YCTAaHOBKA CKUAAHHS apu B aTMochepy;
IIBUIKO/1F0Ya PEIYKIIIHA YCTAaHOBKA CKUIAHHS TIApHU B KOHJICHCATOD;
sJiepHa €HEPreTUYHa YCTaHOBKa;

sJIepHE MaJIUBO;

sJiepHa MapoIpolyKTHBHA YCTaHOBKA.
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BCTVII

AKTyaJIbHICTb TeMH. YHACHIJOK BIMCHKOBOI arpecii eHepreTuka YKpaiHu
nepedyBae B KPUTHUYHOMY CTaHl — 3HAYHO ITOIIKO/KEHI a00 IOBHICTIO 3pyHHOBaHI
OKpeMi EeHeproreHepyrodi 00’€KTH, a TaKOXX MOCTIHHO 3a3HAIOTh MOIIKOIXEHb abo
PYUHYIOTbCSI KPUTWUYHI 1HQPACTPYKTYpU EHEPreTUKH. Y CKIATHUX EKCTPeMabHHUX
YMOBax €HEpPreTUKH YKpaiHu 4acTKOBA KOMIICHCAIllsl eHEPTeTUYHUX BTPAT MOTYKHOCTI
MOXJIMBA Ha OCHOBI IMIJBUIICHHS €()EKTUBHOCTI BUPOOHUIITBA EIIEKTPOEHEPTil
aromHuMu enekrpoctanilisiMu (AEC) 3a 3abe3nedeHHst HEOOX1THOTO PiBHsI OE3MEKHU.

besneka ykpaincekux AEC 3 peakropamu BBEP-1000 3a0e3neuyerbes
3aXUCHUMH Oap’epamu Oe3MeKH — OOOJOHKOIO TBENA, KOPIYCOM PEAKTOpa, 3aXUCHOIO
00OJIOHKOIO TepMO00’€MY PEaKTOPHOI YCTAHOBKH, CHUCTEMOIO YIIPaBJIiHHS aBapisiMu
(CYA). o ckimamy CYA BxoasaTh obnagHaHHS Ta TpyOomnpoBoau cucteM Oesnexu (Ch),
CUCTEMH KOHTPOJIIO M aBTOMATHKH, @ TAaKOX O€3MOCEepeaHbO ONEepaTHUBHHUM MEepCOHal
CTaHIII.

Ypoku BOEHHOTO Yacy MmoKa3aju, 0 Ha 3a0e31eUeHHS HeOOX1THUX YMOB OC3IeKH
AEC VYkpainu HaiOLIbIINI BIUTUB MArOTh YHCJICHHI MOIIKOKEHHS a00 pyiHYBaHHS
KpUTUYHUX  1H(QpacTpykTyp eHepretuku. lLle crpuumHsie aBapiiiHl  3YNHUHKH
eHeproOJIOKiB Yyepe3 30BHIITHE 3HECTPYMIICHHS (aHAJIOT BUX1JHOTO CIICHAPIIO SAEPHHX 1
pamiamiiaux asapii Ha AEC ®ykycima). Y NpOEKTHUX OOIPYHTYBAHHSX O€3MEeKu
anepHux eHepretnyHux yctaHoBok (SIEY) 3 BBEP BBaxamnocs, mio WMOBIpHICTH aBapii
31 3HECTPYMJICHHSIM €HEeproOJiOKiB HE MEpPEeBUIIYBATUME OJHOTO BUMAJAKY 332 MIJIbHOH
pokiB. OnmHaK 3a TPU POKHM BIMHU CTaloOCs KiJIbKa JCCATKIB aBapIMHUX 3yIMUHOK
eneproonokiB AEC Vkpainu depe3 MOMIKOMKEHHS a00 pyWHYBaHHS KPUTUYHUX
1H(PACTPYKTYp €HEPreTUKHU 1 30BHILIHE 3HECTPYMIICHHS CTAHIIIMN.

Takum dYWHOM, 3 ypaxyBaHHSIM YPOKIB €KCTPEeMalbHUX YMOB BOEHHOTO dYacy,
3arajJbHUN PiBeHb O€3MEKM aTOMHOI EHEPreTUKH YKpaiHu CYTTEBO 3HUBHMBCS. Y
chopMOBaHIM KPUTUYHIM CUTyallii BKpal akTyajdbHO W HEOOXiAHO I 3a0e3MedeHHS

HEOOX1THOTO PiBHS OE3IMeKH:
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— IlpuBecTH y BIAMOBIIHICTH A0 €KCTPEMAIBHUX YMOB BOEHHOTO Yacy MpaBHIIa
1 HOpMaTUBHI BUMOTH peryitoBaHHs sinepHoi 0e3nexku AEC Yipainu.

— VYIOoCKOHANMUTH Ta eKkcrnepuMeHTanbHO KBamidikyBatu Cb g 1OMiHAHTHUX
rpyn BUXIIHUX aBapiiHUX MO B EKCTpEMATbHUX YMOBaX €KCILTyaTallii.

B SEY 3 BBEP ekcnepumenrtansHa kBamidikaiis Cb 3a1iCHIOETBCS NUISIXOM
eKcrutyaraniinux unpoOysanb (EB) min vac miaHoBO-mONepeKyBaJbHUX PEMOHTIB
(IIITP) enepro6mokiB; misi OararokaHanbHuX Cb (Hampukian, CUCTEMH aBapiitHOTO
OXOJIOMKEHHS aKTUBHOI 30HHU peakTopa — CAO3 — HacocaMu HU3BKOTO ¥ BUCOKOIO
TUCKY; CHUCTEMH aBapiiiHOrO MiJKUBJICHHS IapOreHepaTropiB €JIEKTpOHACOCaMU —
AIIEH Tta iHmmx) BunpoOyBaHHSI MPOBOASATHCS TAKOXK y poOOUMX PEXHMMax peakropa
(“pexuMu O4lKyBaHHA).

[IpoextHa nepionuunicte EB Cb SEY 3 BBEP y poGouux pexumax peakropa
BU3HAueHa amnpiopi 0e3 HeoOXiAHMX OOIpYHTYBaHb, HE BpaxoOBY€ JOCBIJ
eKCIUTyaTalli/BUpoOyBaHb, a TAKOK EKCTpeMabHI YMOBH ekciutyaraiii AEVY.

VY zaranpHOMYy BUNAAKy MiABUIIEHHS edekTuBHOCTI ekciutyaramii AEC
(BIATIOBIIHO W OCHOBHOTO TOKa3HWKAa €(EKTUBHOCTI eKCIUTyaraiii — KoedilieHTa
BUKOPHUCTaHHSI BCTaHOBJIEHOI moTykHOCTI — KBBII) Moxke OyTu 371HCHEHO NUIIXOM
ckopoueHHs TpuBanoctTi I[P eneproOnokiB (“peMOHTHMX KammaHiii”) 1/abo
30UTBLIEHHSI TPUBAJIOCTI pOOOYMX PEXHUMIB peakropa (“majvMBHUX KaMIlaHii’) 1/a0bo
niaBUIlieHHs: HoMiHaMbHOI moTy»)HOCTI (ITHIT) peakTopa B pobouux pexumax.

¥ 90-x pokax XX cromitras KBBII ykpaincekux AEC 3HauHO 3MeHIuBCA (10
60% 3a mpoekTHUX 3HaueHb MoHan 80%) uepe3 HaamipHy TpuBamicth [IIIP. Omnak
po3poliieH] ¥ yrnpoBakeHi ekcrutyaryiodoro oprasizaniero AEC VYikpainm — HAEK
“EneproaroM” — oOprasi3aliifHO-TE€XHIUHI 3axoAu 31 ckopoudeHHsi TpuBaiocti [IITP
no3Bosiv cyTTeBO TiaBuuTH KBBII 10 piBHS NpoBIiHUX SACPHUX JEPKAB.

B ekcrpeManbHUX yMOBax €KCIUTyaTallli BOEHHOIO dYacy (4acTli BHUMYILIEHI
aBapiiiHi 3yNUHKU peakTopa ¥ TpuBajil “ipocToi’ eHeproOJOKiB) peanizallis cTpaTerii
CKOPOYEHHS TPHUBAJIOCTI “pPEMOHTHUX KaMIaHiii® Moxke OyTH YCKIAIHEHOI0, a poloui
pexumu IIHII peakropa MOXyTh CTaTH JOMIHAHTHUM MIIXOIOM 10 TMIABUIICHHS

edextuBHOCTI excruryatari (miasumenHs KBBIT).



22
ITepcniektuBHicTh Tamy3eBux mporpam IIHII BBEP posrmsganacs HAEK

“Eneproatom” mie HanpukiHimi 90-x pokiB XX CTOMITTSA, OAHAK YHACIIAOK psay
oOcTaBUH Tak 1 He OyJia BIPOBaHKEHA B EKCIUTyaTallliiHy MPaKTUKY.

Peamizamis crparerii ITHII peakTopiB Moxe OyTH 31iiiCHEHa TaKMMH CIIOCOOaMU:
MOJIEpHi3allisl HEHTPOHHO-(PI3UYHUX 1/a00 TEmIO(PI3UYHUX BIACTUBOCTEH SAEPHOTO
namuBa (SI1) 1/a00 KOHCTPYKTUBHO-TEXHIYHUX MapaMeTpiB €JIEMEHTIB aKTUBHOI 30HU
peakropa (mapamertpiB, 10 BuszHavaroTh crpaterito [THII peakropiB). V 3arambHOMY
BUIAJIKy BHU3HadasibHl napamerpu crpaterii [IHII MOXyTh CyTTEBO BIAPI3HATHUCSA BIJ
IPOEKTHUX IapaMETPIB aKTUBHOI 30HM, L]0 MOXKE BIUIMHYTH Ha 3a0€3M€UEHHS yMOB
0e3rneku B poOOYMX i aBapiiHUX peKUMax.

BianosinHo ao I[lpaBun 1 HopMm Oe3nexku atoMHoi eHepreTuku Ykpainu (IIHAE),
MoJIepHi3allisi cucteM, BaxiuBux g Oesneku — CBBb (B T.u. 1 akTuBHa 30Ha
peakTopa), Mae OyTu 00IrpyHTOBaHa (KBadiikoBaHa) Ha 3a0€3MEeUEHHS] YMOB O€3MEKU B
pobounx i apapiiiHux pexkumax SEY. OcHOBHI OOMEXEHHSI BIAOMHX MIiIXOAIB O
kBamidikanii moxepHizaiii CBb SEY, 3acHoBaHuMX Ha po3paxyHKOBOMY MOJIETIOBAaHHI
poOourx 1 aBapiiHUX PEKUMIB T.3B. AeTepMiHicTHUHMMHU komamu (/IK), mom’s3ani 3
BIJTMBOM Ha IHTEpPIpETaIlil0 pe3ylbTaTiB  KBamidikaiii HEraTUBHUX €(EeKTiB
“pinminHocTei JIK 1/a6o xopuctyBauiB JIK”, a TakoX 3 BUKIIOYEHHSM MOXKJIMBOCTI
onTuMi3alli Bu3HadaibHUX napametpiB crparerii [IHIT peakropiB. ToMy akTyanbHOMO €
po3poOKa anpTepHATUBHUX MeToIB KkBamidikarii crtparerii [THII, sxi m03BONSIIOTH
ontumi3dyBatu BuzHavyasbHi mapametpu [THII 1 Bukmouatots edextu “Bimminnocreit [IK
1/abo kopuctyBauis JIK”.

VY 3zaranmpHomy Bunaaky crpareris I[IHII peanidyerscss mnpu BiJHOCHOMY
NIJBUILIEHHI MakcuMmanbHOi Temneparypu SIl. BigHocHe miaBUILEHHS MaKCUMaJIbHOI
temrieparypu SI1 Bu3Hauae, 3a IHIIUX PIBHUX yYMOB, 30UTBIICHHS TIIMOWHUA BUTOPSIHHS
All, a BIANOBIAHO W TpUBAIOCTI “‘NManuBHOI Kammadii’. ToMy akTyalbHOIO €
HeoOxiaHicTh kBanidikauii crparerii EB Cb B ymoBax ITHII peaktopa 3 ypaxyBaHHsIM
301IbIIEHHS TPUBAJIOCT] “TIATMBHOT KaMMaHii” .

Takum yrHOM, 11 TABUINECHHS €(PEKTUBHOCTI O€3MEeUHOi eKCIuTyaTallii aroMHOT

CHCPICTUKU pralHI/I B CKCTPCMAJIbHUX YMOBAX BOCHHOI'O 4aCy aKTyaJIbHUMHU € ITUTAHHSA
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kBamidikaii crparerii excruryaramii Ha [THIT peaxtopa it crparerii EB Cb B ymoBax
[THIT peaktopa Ta 3017bIIIEHHS TPUBAIOCTI “TaJMBHOI KamImaHii’. AKTyaldbHICTh LHX
MUTaHb BU3HAYAE 11Tl ¥ 3aBAaHHS MPECTaBIeHO] KBaji(hikaIiiHo1 poOOTH.

3B’830K po00TH 3 HAYKOBHMH NPOIrpPaMaMH, IUIAHAMH, TeMaMH. TeMaruka
TUcepTaniiHoi poOOTH BIANOBiNAaE MPIOPUTETHOMY HampsMKy «Enepretnka Ta
eHeproe()eKTUBHICTh» BIANOBIAHO 3akoHy VYkpainu «lIpo mnpiopuretHi HampsMu
PO3BUTKY HAayKH 1 TEXHIKW», a TAKOX IEpesiKy MPIOPITETHUX TEMAaTHYHUX HampsMiB
HAyKOBHUX JIOCIIKEHb 1 HAYKOBO-TEXHIYHUX pOo3p000K Ha mepiof 10 31-ro rpyaHs poky,
HACTYITHOTO MICIsl MPUITUHEHHS a00 CKacyBaHHS BOEHHOTO cTaHy B YkpaiHi (I[loctanoBa
KaGinery MinictpiB VYkpainu Big 30 kBiTHs 2024 p. Ne 476). Pob6ora BuKOHaHA
BIANOBITHO A0 MixranyseBoro miany [{II HAEK «Eneproatom» 1 [JIAPY mono
nofaneinoro migsuiieHHsa 0esnexku AEC Ykpainu 3 ypaxyBanHsM ypokiB aBapii Ha AEC
Fukushima-Daiichi Ta KommiekcHoi (3BefeHo1) nporpamu mijBuiieHHs oe3nexku AEC
VYKpainu.

Mera i 3aBaaHHsl JociaigxkeHHs. Meroro poboTH € po3poOka MeETOMiB
kBamidikaiii MOJEpPHI30BAHUX CTpaTerii MiJABUIICHHS HOMIHAJIBHOI TOTYXHOCTI
peaktopa 1 ctparerii EB Cb B ymoBax migBUIlIEHHS HOMIHAJIBHOI TOTY)XHOCTI 3
ypaxyBaHHSIM 30UIbIIIEHHS TpUBaJoCcTI “nanuBHUX kammadiit” SAEY 3 BBEP nns
NIJBUILIEHHSI €(EeKTUBHOCTI O€3MeyHOl eKCIUTyarallii aTOMHOI €HEpreTUKH YKpaiHu B
eKCTpPEMaJIbHUX YMOBaX BOEHHOTo 4acy. Jlyis JOCATHEHHS IOCTaBI€HOI METH Y
JcepTaliiiHiif poOOTI MOCTABICH] Ta BUPIIICHI TaKl 3aBJaHHS:

1. [IpoBecTn aHai3 MPOEKTHHUX 1 IEPCTICKTUBHUX CTpareriii excruryaraiiii BBEP
Ha T1BUIIEHI HOMIHAIBHIN MOTY>KHOCTI.

2. IlpoBectu aHaii3 MeTOAIB KBasi(ikalli MOAepHI3alliil cTparerii ekcruTyaranii
cUCTEM BaxJUBHUX Jy1st Oe3neku SAEY.

3. Po3poOut HOBUN JETEPMIHICTUUHHUNA METOH KBamidikaiii cTparerii
excrutyarainii BBEP Ha miaBumeHii HOMIHAJIBHIM TOTYXXKHOCTi, SIKHH JO3BOJISIE
ONTUMI3yBaTH BH3HA4YalbHI MapaMeTpu CTparerii ¥ BHUKIIOYAE BIUIMB €(EKTIB

“ginminHocTei JIK i/a6o xopucrtyBauiB J1K”.
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4. IIpoBectu anani3 MeToAiB kBamidikalii ctparerii EB Cb y pobounx pexxumax
peakropa.

5. Po3poOut MOIEpHI30BaHMI PHU3UK-OPIEHTOBAHUN METOJ] 3a0e3MeueHHs
MaKCUMaJbHOI HaAilHOCTI (QyHKIIN Oe3neku s kBamidikamii crparerii EB Cb B
peXUMax MiJBUIICHOI HOMIHAJIBHOI MOTY>KHOCTI peakTopa 3 ypaxyBaHHSIM 30UTbIICHHS
TPUBAJIOCT] “NAJIMBHUX KaMIaHii”.

00’exT pocaimxennsi. Crparerii ekcruryaTallii CUCTEM BaXJIMBUX IS OC3MEKU
AIEPHUX €HEPreTUYHUX ycTaHOBOK AEC Ykpainu.

IIpeamer mocaimxkennsi. Meronu kBamidikalii crpareriii excruryaraiiii, EB Tta
TOIP cucrem BaximBux misi Oesnexku SIEY Ha mijgBuIeHId TPUBAIOCTI MaJIUBHUX
KaMIaH1i Ta MiABUIIEHI HOMIHAJIbHIN MOTY>KHOCT1 pEeaKTopa.

Metoau AOCHiI:KEeHHSI - JETEPMIHICTUYHI W IMOBIpPHICHI MeTOonu KBasiikarrii
crpareriii ekcrutyatanii, EB Cb Ha migBuilieHill TPpUBAJIOCTI MaJWBHUX KaMmIaHIA Ta
M1JIBUIICHINA HOMIHAJIbHIM MOTYKHOCTI peakTopa.

HaykoBa HOBH3HA OTPMMaHUX pe3yJbTaTiB. B po0oTi npuBeseHO pe3ynbTaTH,
[0 OTPUMAHO BIIEPIIIE, a CaMe:

1. Po3pobneHo HOBHI AeTepMiHICTUYHUN MeTON KBamidikaimii cTparerii
eKCIUTyaTallli peakTOpiB Ha MiJABUILCHIM TPUBAJIOCTI MNaJMBHUX KaMIIaHi Ta
MIJBUIICHIH HOMIHAJIBHIA TMOTYKHOCTI, SIKUH JO3BOJISIE ONTHUMI3yBaTH BU3HAYaJIbHI
napamMeTpu MoJepHizaiii W BHUKIO4ae BIUIMB edekTiB “BimMinHocter JIK 1/abo
xopuctyBauiB JIK” Ha pe3ynbraru kBamidikarii.

2. MonepHi30BaHO PHU3UK-OPIEHTOBAHMM METOZ 3a0Ce3MEUCHHS MaKCHMAaJIbHOI
HaJIHHOCTI HeoOximuux (GyHKuii Oe3nexku s kBamidikanii EB Cb Ha migBumeHii
TPUBAJIOCTI MAJMBHUX KaMIMaH1i Ta MiABUIIEHIM HOMIHAIBHINA MOTY>KHOCTI.

IlpakTuyHe 3HAYeHHS1 OTPUMAHUX pe3yiabTariB. Po3pobieHi wmetoau
kBamidikamii ctparerii exkcruryaranii BBEP, EB Cb na migBumieHiii TpuBaiocTi
NaJUBHUX KaMOaHid Ta TIJBUILEHIM HOMIHAIbHIA MOTYXHOCTI MOXYTh OyTH
BIIPOBA’KEHI B TE€XHIUHI pimieHHs ekcruryaryrouoi kommnanii HAEK “Eneproarom™ miis

niaBuIeHHs epekTuBHOCTI Oe3neunoi ekcruryaranii AEC Ykpainu.
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OcoOucTHii BHecok 3100yBaya. JlucepTtaiiiiina poOoTa BMKOHaHa Ha Kadeapi
atomuoi eHepretuku HTVYY «KIII im. Irops Cikopcekoro» ta Ha 0a31 AT «HAEK
«Eneproatrom», BHKOHaBYa JAUPEKIlis 3 BHUPOOHUITBA Ta PEMOHTIB, JeMapTaMEHT
MOJICpHI3aIlli Ta TMiJABUIICHHA O€3MeKH, I1HKEHEPHO TEeXHIYHA JTUPEKIls Bl
TEIJIOMEXaHIYHOIO O0OyiagHanHsg. PoOoTa BHKOHAHa TiJi HAYKOBUM KEPIBHUIITBOM
K.T.H., 1011. Kapenpu atomHOi eHepretnku Konbmmua B 1., skuii cipusB GhopMyBaHHIO
3aB/IaHb JIOCIIIPKEHHS Ta aHaJli3y OCHOBHUX OTPUMAHHUX PE3yJIbTATIB.

Ocobuctuii BHECOK 3100yBaya MoJisrae y:

- MOCTAHOBIIl METH Ta 3aBAaHb JOCIIKCHHS;

- TIPOBEJICHHI aHaJli3y HOPMATHMBHOI 0a3u perysoBaHHs Oe3NeKku MOEepHi3aIin
CHCTEM BAXJIUBUX ISl OC3TEKU;

- aHaji3l NPOEKTHUX 1 NEPCHEKTUBHUX cTpaTerii ekcruryaraiii BBEP Ha
I1IBUIIICHI A HOMIHAJIbHIN TTOTYKHOCTI;

- aHa131 pe3yIbTaTiB PO3paxyHKOBOTO MOJICIIIOBAaHHS YMOB KBasli(pikarii;

- aHaJII31 pe3yibTaTiB KBami(iKailii MOJEPHI30BAHUX CTPATET1i.

Anpolanisa  pe3yabrariB  aucepramii. Pesymbratm  aumcepramii - Oyio
MPEICTABICHO Ha 2-0X MDXHAPOAHUX HAYKOBUX KOH(EPEHIIISIX:

1) OcranoBens A.O. Kgsamidikariss cTparerii MiABUIIEHHS HOMIHAJIBHOI
MOTY)KHOCT1 siiepHuX eHeproyctaHoBok / A.O. Ocranosens, B.I. Kowbmmun // 1
International Scientific and Practical Conference «European congress of scientific
discovery». Proc. — Madrid, Spain. — December 29 — 31. — 2024. — P. 238 — 243.

2) OcranoBens A. O. ApanTarifiss pu3UK-OpIEHTOBAHOTO MIAXOAY KBasidikarii
MOJICpHI3aIlli CTpaTerii MepioJIMYHOCTI ITUTAHOBUX BUMPOOYBaHb CHCTEM O€3IEKH
peaktopa / A.O. Ocranogenp, B.I. Konsmun // VI International Scientific and Practical
Conference «Current trends in scientific research development». Proc. — Boston, USA.
— January 16-18. —2025. —P. 215 —-221. (ISBN 978-1-73981-122-8).

ITyonikaunii. OCHOBHI HayKOBi TIOJIOKEHHS 1 pe3yNbTaTH AUCEPTAIIHOI poOoTH
BiOOpa)k€HO B 5 HAyKOBUX MpalsX, Y TOMY YMCHi: 2 cTaTi omyOnikoBaHl y (axoBUX
BUJAHHIX, SIKI BKJIIOYEHO 10 Kareropii «b» mepeniky HaykoBuUX (DaxOBHX BHIaHb

VYkpainu, oHa, sfiKa 1HAEKCYETbCS Y MLKHApOAHUX HaykomeTpuuHux 0azax SCOPUS
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Q3 BignosigHo 10 kiacudikaiii SClmago Journal and Country Rank / Journal Citation
Reports Ta 2 my6mikaiiii y maTepiagax MbKHaApPOJHUX HayKOBUX KOH(EpEHIIiil.
CrpykTypa Ta o6csar auceprauii. /[ucepraiiiina po6oTa CKJIaIa€ThCA 31 BCTYITY,
YOTHUPHOX PO3MiTiB, BHCHOBKIB, CIIUCKY BUKOPUCTAHMX JDKEpeN Ta 5 momarkiB. [loBHU
obocsar mmcepramii 170 cropinok, 27 pucyHkiB, 1 Tabmwms, Ta 5 momatkiB Ha 82

cropiakax. CIUCOK JiTeparypu BKItodae 93 HalilMeHyBaHb.
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PO3JII 1. AHAJII3 TTPOEKTHUX TA IIEPCIIEKTUBHUX CTPATETTA

EKCIUIYATALII TA BUTTPOBYBAHB CUCTEM, BAXXJIMBUX 151 BE3IIEKU
SAEY

1.1 Amnamiz HOPMAaTHBHOTO peryjlOBaHHS O€3MeKu CTpaTerid MiABUIICHHS

edexTuBHOCTI excrutyaTaiii AEY

ATOMHA €HEpPreTHKa € OCHOBHOIO CKJIQJIOBOIO €JIEKTPOreHepallii B €eHEprocucTeMi
VYkpainu, a came:

3abe3rneuye 0J1M3bko 55 % notpedu Ykpainu B €IEKTPOCHEPTii, B OCIHHbO-3UMOBI
nepioau 1iei mokasHuk csrae 70 % [17];

dopmye npubmmu3HO 4 % HAIIOHAIBHOTO BHYTPIIIHBOIO BaJOBOIO MPOIYKTY Ta
MOCIJIa€ TIepIIe Miclie 3a 00CSTOM BUPOOHUIITBA €JIEKTPOCHEPTii;

MoCiIa€ ChbOME MicIle 3a 00CSTOM BHPOOHHIITBA aTOMHOI €HEprii, BXOAUTH Y
1’ ATIpKY Hailouipmumx onepatopiB AEC cBity [1].

binbm toro, 3rinHo 3 «EHeprernunoto crpateriero Ykpainu Ha nepion g0 2050
POKY», cXBajeHOw po3nopsmkeHHsM KaOinery MinictpiB Ykpainu Ne 373-p Bin 21
kBiTHS 2023 p., aTOMHA €HEPreTHKa pPO3IIIAIA€ThCA K OJIHE 3 HAMOUIbII €KOHOMIYHO
e(peKTUBHUX HHU3bKOBYTJIELEBUX JKepen eHeprii. Iloganbimimii po3BUTOK SIEPHOTO
€HEepreTHYyHoro cekropa Ha mepiof 10 2050 p. MpOrHO3yeEThCS BUXOIASYU 3 TOTO, IO
YacTKa AaTOMHOI TeHepalii B 3araJbHOMY 00CS31 BUPOOHHUIITBA EJIEKTPOCHEPTil
3pocTaTume.

3 iHmoro 6Ooky, edextuBHicTh podotTn AEC VYkpaiHu € J0BOJII HEBUCOKOIO,
30KpeMa 3Ha4eHHsS KOe(illieHTa BUKOPUCTAHHS BCTAaHOBJICHOI MOTY>KHOCTI CTAaHOBHUTH
7075 %.

HaiiGinpimn cyTTeBUM KpuTepiem, 1o BIumBae Ha edextuBHicTh podotu AEC, €
TPUBAIICTh NPOBEACHHS ILJIaHOBO-TONepeKyBaabHux pemMoHTiB (IITIP), sxi ans
ykpaincbkux AEC craHoBmaTh 45-65 ni6. Y Bumaaky MojepHizamii Ta 3amiHU

ob6nanHanHs TpuBaiictk [IIIP mMoke craHoBuTH OiMbIn HIX 3 Micsli. TakuM YHWHOM,
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ckopoueHHss TpuBanocti [I[IP — HaWOIIBII MOMIMPHUNA 1 NPUAHATHUA METOJT
nigsuieHHs epextuBaocti AEC.

Ckopouenns tepmini [1I1P moxxnuBe 3a paxyHOK peastizailii TaKuX 3aX0/IiB:

- MIOBUIICHHS HAJAIWHOCTI 00J1aJHAHHS;

- 3MIHM KOHCTPYKIIIi OKpeMoro oOjagHaHHS 3 METOI0 CKOPOYCHHS TPUBAJIOCTI,
o0csTy poOIT Ta MiABUIIEHHS 3pyYHOCTI 00CITyrOBYBaHHS;

- omrumizarii rpadika I1I1P;

- peamizawii cTpaTerii peMOHTY 3a TEXHIYHUM CTaHOM OOJIaJHAHHS.

Y Oinpmiocti BUMAAKIB, KOJM Kae MOBa TPO ONTHUMIZAIID TEXHIYHHUX
o0ciayroByBanb 1 peMOHTIB (TOi1P), po3risgaeThCsi KOHIIETIISI PEMOHTY 32 TEXHIYHUM
CTAaHOM OOJIaJHAHHS.

Takox BukopucTtoByeThes minxia no onrtumizamii TOiIP ma AEC 3a paxyHok
nepenocy poOit 3 I[P y pexum poOGOTH eHeproOjoKy Ha MOTYXHOCTI. IIpoekT 3
ontumizamii TOIP 3 BHKOpPUCTAaHHSIM 3a3HAYEHOTO MIAXOJY BIPOBA/KYBABCA Ha
eneproosormi Ne 2 3amopizpkoi AEC (10 modarky moBHOMAcIITabHOI arpecii).
[InanyBanock, Mo peanizaulis LbOrO MPOEKTY NAaCTh 3MOry MOKPAIIUTA E€KOHOMIYHI
MOKa3HUKK 0e3 3HWKEHHS PIBHS OE3MeKH €HEproOJIOKYy 3a paxyHOK BIPOBAKCHHS
pPU3UK-1HPOPMOBAHOTO YMPABIIHHS KOH(DIrypali€e eHeproOjoKy, 3arajdbHUN BUTJIS
MPOLIECY MPEACTABICHO HA PUCYHKY 1.1.

VY CBITI peani30BaHO YMMAaJIO KOHIICMIIiH, CIIPSIMOBAHUX Ha CKOPOUYCHHS TEPMIiHIB
[IITP. 3okpema, Ha eHeproodsokax Ne 1-4 AEC «/lykoBanu» B YUexii (peakTopu TUITY
BBEP-440/213) pomyctuMuii dYac HETOTOBHOCTI (PEMOHTY) AHW3EIb-T€HEPAaTOPiB
CUCTEMHU aBapiiHOTO (HAAIMHOTO) eJeKTporocTadaHHs 30iabmieHo 3 3 go 15 mib.
30UTbILIEHHS JOMYCTUMOIO YaCcy HETOTOBHOCTI JIU3€Nb-TeHepaTopiB 10 15 106 npuiHATO
perymtorounmM opranom Yecrkkoi PecyOmmiku.

VY Bourapii Ha enepro6nokax Ne 51 6 AEC «Kosnoayit» (peakropu turty BBEP-
1000) 13 BUKOpPUCTaHHSM PHU3UK-1H(HOPMOBAHOTO MiAXOAY BHPOBAKEHI Taki 3MIHU 3
orrrumi3artii [TITP:

- 3MiHa IHTEepBaJy M1 BUIPOOOBYBAaHHIM 00JIaIHAHHS;

- 3MiHa Yyacy peMOHTY 00JiafHaHHS 0€3 3HIKEHHS MOTYKHOCTI,



29

- po3poOKa HOBUX KpUTEPIiB Jy1s poBeeHHs miaHnoBoro TO1P (Bux TeXHIYHOTO
oocnyroByBanHs (TO), 3MiHa 1HTEpBaIy Mi>K 00CITYyTOBYBAHHSIM).

Takoxx pusuK-iHPOpMOBaHE YMpaBiIiHHSI KOH(QIrypamiero Ha0yBae IIHPOKOTO
3actrocyBanHa Ha AEC CIIA. Yactuna AEC, 3okpema «Canyon Diabloy», yxe
oTpumaia Bif peryitotouoro oprany CIIA — Kowmicii siepHOro perynntoBaHHs 103BUT Ha
BUKOPHCTAHHS Ta 3aCTOCOBYE y CBOIN AISUIBHOCTI 3a3HaYCHUM miaxin [2].

BianoBinHO 10 aMepUKaHCHKOI MPAKTUKU BIPOBAKEHHS PU3UK-1H(HOPMOBAHOTO
YOpaBIIHHSA KOH(QITYpaLI€r0 T03BOJISE:

- MIABUIIUTH KOSDIIIEHT BUKOPHUCTAHHS BCTAHOBJICHOT IMOTYKHOCTI (JIOCATAETHCS
3MmeHIeHHsIM TpuBasiocTi [P, po3mupeHHs M 00cAry TEXHIYHOTO OOCIYrOBYBaHHS 1
PEMOHTIB MpU POOOTI €HEProOIOKY Ha MOTY>KHOCTI, 301IbIIEHHSIM JI03BOJIEHOTO 4acy
BUBEJICHHS OOJIaHAHHA B PEMOHT, 30UIBIICHHSIM MDKPEMOHTHUX I1HTEpBAIIB 1
NEePI0IMYHOCTI TEXHIYHOTO OOCITYyTrOBYBaHHS);

- MIJBUIIATHA €(QEKTUBHICTh EKCIUTyaTamii (JOCSAraeTbCs 3MEHILEHHSM O00CsTY
poOIT 3 OO0JagHAHHSAM - 3HIDKCHHS Jerpajaarii oOJIaJHaHHS, 3HMKCHHS JI030BHX
HABAHTAKEHb HA MIEPCOHAN);

- TMABUIITUTH €KOHOMIYHI TOKa3HUKHU (30UTbIIIEHHSI BUPOOHUIITBA €IIEKTPOCHEPTI,
ONTUMI3allisl Ta T[UJIaHyBaHHS HABAaHTAXCHHS PEMOHTHOTO TEpPCOHANY, 3HIDKEHHS

BUTPAT).
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TlopiBHSAHHA 3MIHH PHIHEY 3 IOPOTOBHME
KPHTepiaMH

Pospobka
KOMICHCY HOUHX 3aX0] liH

,
Buxonanna 3axony nia vac sannanoesanoro [ITP

3agoBoabHAE
Kpurepii?

BHEOHAHHS TEXHIYHOTO 0GCIYTOBYBAHHS
Ta OIAAAY Ha MOTYAHOCTI

:

Anams edeKTHBHOCTI BHROHAHOT
AATEHOCTL

Pucynok 1.1 -3aranbHa cxeMa npoliiecy pu3uk-iHhOpMOBAHOTO YIIPABIIHHS

KoH(irypaitiero eHeprodymoxy AEC

Sk BumHO 3 pucyHka 1.1, 1151 BIpOBaXKEHHS pU3UK-1HPOPMOBAHOTO MIIXOTY i
yac 1UIaHyBaHHsS Ta oOrpyHryBanHi TOiP, BUKOpPUCTOBYIOTBCS pe3yJbTaTH
iMoBipHicHOTO aHami3y Oesneku (IAB). ¥V pamkax nporo miaxomy A 3MEHIICHHS
tpuBasnocti [1I[TP maroTs OyTu po3pobieHi mporpaMu TEXHIYHOTO 0OCITYyTOBYBaHHSI, K1
B po0OUYOMY PEXHMI TO3BOJISIOTH OLIIHIOBATH 3MIHU PU3HKY 3aJIEKHO BiJ KOH(DIrypaiii
eneproo6sioky AEC. Ilpu ibomy Bci 3MiHH, 110 110B’s13aHi1 3 ieperecerdsm TOiP 3 TP
y pexuM poboTu peakTopHoi yctaHoBKH (PY) Ha moTyXHOCTI, OOIpYHTOBYIOTHCS 3
TOYKHM 30py IXHBOTO BIUIMBY Ha YacTOTy MOMIKOJKEHHsS akTuBHOi 30HU (UIIA3) Ta

4acTOTy IpaHUYHOrO aBapiitHoro Bukuny (UI'AB).
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1.1.1 TopiBHsuibHUE aHami3 BuMor a0 TOiP, 3acTocoBaHuX y CBITI, 3 BUMOTaMU

Ykpainu

Yemmauii  cBiTOBUM  J0CBi Yy yactuHi ontumizamii  TOiP  ceorosHi
3aCTOCOBYETHhCS AKIIIOHEPHUM TOBapHCTBOM «HaiioHanpHa aToMHa €HeproreHepyrva
komnanis “Eneproatom™ (AT «HAEK “Eneproarom™). SIk 3ramyBanochk padimie, B
VYkpaini OyB po3moyaTuil MPOEKT, capsMoBaHUil Ha onTtuMmizamito TOiP Ha ocHOBI
pPU3HK-1HGOPMOBAHOTO yIpaBiiHHA KOH(pIirypamieto eneproosoxy AEC.

[TitoTHUM €eHeproOJI0oKOM I peaiizallii 3a3Ha4eHOro IPOEKTYy OyJIo 0OpaHO
eHepro6siok Ne 2 3anopizpkoi AEC (32 00’ €KTUBHUX NPUYKH MTPOEKT MPU3YITUHEHO).

Bnpoamxenns pusuk-iHpopmoBanux TOIP nns enepro6sioky Ne 2 3anopi3bkoi
AEC n03BOJIUTS:

- MIABUIIUTH KOE(DIIIEHT BUKOPUCTAHHS BCTaHOBJIEHOI moTyxHOcTi AEC 3a
paxyHoK ontumizauii npoeaeHHs TOiIP 13 noTpumaHHSIM OOIPYHTOBAHOTO pPIBHS
oesnexu AEC;

- CKOPOTHUTH KUIBKICTh MEPEXIAHUX PEKUMIB, 110 MOB’sI3aH1 3 epeBeAeHHsIM PY
B PErjaMEHTOBAaHUN CTaH «XOJOMHUU 3ynuH» (y pasi 3aKiHYEHHS JOMyCTUMOTO 4acy
PEMOHTY KaHally CHUCTeM Oe3neku npu poOoTi PY Ha moTyXKHOCTI) 3 MOJAIbIIUM
MyCKOM €HEProoJIoKy;

- ckoporutu yvac [1I1P;

- CKOPOTHUTH 4ac MPOCTOI0 €HEProOJOKy 1, SIK HACHIIOK, 30LIBIIMTH TE€HEpalio
EJIEKTPOCHEPTI] Ta TETJIOBOI MOTY>KHOCTI;

- CHOBUIBHUTH Jerpajaiiro OOJaJHAHHA 3a PaxXyHOK 3MEHILIEHHS KUIbKOCTI
nepeMUKaHb 00J1aIHAHHS.

JUIss  MOKJIMBOCTI ~ BOPOBAJKEHHS  PUBHUK-IHOOPMOBAHUX  MIAXOAIB  JUIS
ornrumizanii TOiP, anmpo6oBanux y CIIA, ans AEC Ykpainu nacammepen HeoOXigHO
3a0e3neunTy BIAMOBIAHICTE mporiecy ontumizaiii TO1P BiTun3HAHIN HOpMaTHBHIN 0a3i
3 siepHOl Ta pamianiiiHoi 6e3neku. Ha 1ieil yac y HOpMaTUBHUX JIOKYMEHTaX € IMEBHI
oOMeXeHHs Ha peamizamito Moaudikarliii, sSKi MPU3BOAITH A0 30UIBIIEHHS 3HAYCHD

IMOBIPHICHUX TOKa3HUKIB 0e31neku (y TOMY YMCIIi, KOJIU 3MIHU € BIITHOCHO MaJIMMHU ), 1110
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3HaYHUM YMHOM CTPUMY€ BUKOPUCTAHHS PU3HK-1H(HOPMOBAHUX MIAXOJIIB Y MPAKTUUHIH
nismeHOCTI (HIT 306.2.106-2005 [3]).

Huxde HaBeneHO OcCOOIMBOCTI JEpKaBHUX HOPMATHUBHO IMPABOBHX AakTiB 3
sJIepHOI Ta pafdiaiiiHoi 6e3neku a0 ontumizaiii TO1P:

1. [TnanyBanns TOiP o6nagnanas cuctem, BaxxiuBux s 6e3nexku (CBb) AEC,
3MIACHIOETHCS HA TMIJACTaBl BHMOI HOPMAaTHBHOI, TEXHIYHOI, EKCIUIyaTalllfHOi Ta
PEMOHTHOI JOKYMEHTallli ekciutyaTyrodoi oprasizauii (EO), mo BHU3HaYae KOMIUIEKC
3aXOJiB JIJIs1 KOKHOTO THITY OOJaJIHAHHS 3 ypaxyBaHHSM BUMOT HOPMAaTUBHO-TIPABOBHX
aKTIB 3 SIZICPHOI Ta pajllaliifHOI Oe3MeKH.

2. Ilin uwac posrocrpokoBoro mianyBanHs TOi1P obnagnanus CBb AEC
ypaxoBYIOTbCs (haKTOpU, BaXJIMBI 1Jig Oe3eku: KBamidikallis Ta CTapiHHS €JIEMEHTIB,
BOKJIMBUX JIJIs O€3MEeKH, a TaKoXX J1ocBia BukoHaHHs TO1P Ta excruryararii.

3. Ilinx yac mnmanyBanHss TOiP oOnagnanus CBB AEC 3abe3neuyeThes
JOTPUMAaHHS MEX Ta YMOB 0€3MeYHOi eKCILTyaTallii.

4. Poootru 3 TOIP ob6nagnanus CBb AEC mnepeBakHO IUIAaHYIOTBCS Ha TIEPioj
IJIAHOBOTO MOMEPEIKYBAILHOTO PEMOHTY €HEProOJIOKy Ta B MIKPEMOHTHUMN MEPIO/I.

5. 3MiHa TepMiHy TIpoBeIeHHs, TpuBasoCcTi Ta 06csry TOI1P, mo mosxe npusBecTu
0 30UIblIEHHS HOro o0csary Ta/abo 3MEHLIEHHS MeploJUYHOCTI, O(OPMIIIOETHCS
BIIMOBIIHO 10 TeXHIYHUX BUMOT EQO.

6. 30unbiIeHHs 1HTepBany Ta/ado mepioguyHocti TOIP 1 BumpoOyBaHb, fKi
MOXYTh BUHUKHYTH Mg yac 1aHyBaHHa TOiP obnagnanns CBBb  AEC,
o0rpyHToByeThcsi EO Ha OCHOBI MMOBIpHICHMX Ta/a00 NETEPMIHICTHUHUX aHANI3IB 1
MOTOKYETHCS 3 [lepikaToMperyItoBaHHSIM.

Takox MIFOYUMU HOPMATHBHUMHU JOKYMEHTAMHU PETIIAMEHTYEThCS, IO TMia dac
rianyBaHHs Ta BuKoHaHHA TO1P 3a6e3neuyeTnces:

- JIOTPUMaHHS KOHIIEMIiT ITMOOKOEIIEIIOHOBAHOTO 3aXUCTY;

- BHUKOHAHHS OCHOBHMX (DYHKIIi} Oe3MneKH;

- paniauiHuN 3aXUCT MEPCOHATY BIAMOBIIHO 10 OL[IHEHUX PU3HUKIB;

- JIOTPUMAHHS NPUHLIHUIIB KyJIbTYpH O€3MEKH.
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[InanyBanuss TOiP wa AEC VYkpainu opranizoBaHo BiAmoBigHo 10 [4].
[TnanyBanus TO1P mMae 6GararopiBHEBHIA XapakTep 1 BKItoYae po3pooky rpadikis TO1P:

- piuHuX rpadikiB BuBeaeHHs eHeproOiokiB y [1I1P;

- piyHux rpadikiB PEMOHTY OCHOBHOI'O, JOIOMIDKHOTO 1 3arajbHOCTaHIIIMHOTO
001aJHaHHS;

- wmicsyaux rpadikiB  (mmaniB) TOiP  ocHOBHOro, JOMOMIXKHOTO 1
3araJIbHOCTaHI[IIHHOrO 00JIaHAHHA.

[TnanyBanus TO1P npoBoauThCS 3 ypaxyBaHHSIM:

- CTPYKTYpH PEMOHTHOTO IHMKIY 1 JaHMX 13 HalpaloBaHHI OCHOBHOTO
obOnagHaHHs (KamiTaabHUM PEMOHT, cepeaHiii peMoHT). CepenHii peMOHT eHeproOJIoKy
MPOBOJUTHCA KOKEH PIK, KallITAIbHUA PEMOHT MPOBOJUTHCS OJUH pa3 Ha 4 POKH);

- HeoOximHocTi BukoHaHHsS Ha AEC poOiT 3 MojepHizaiii, peKOHCTPYKIIil
oOJlalHaHHS, TPOJIOBXKECHHS TEPMIHY EKCIUTyaTallli €eHEpProO/JoKiB (BHU3HAYAETHCS
MEPCIEKTUBHUMH Ta PIYHUMH IpOorpamMaMu, TMPUITHCAMH, CHEIIaJbHUMHA YMOBaMH
TAUMYaCOBUX JI03BOJIIB Ha EKCIUIyaTallll0 E€HeproOJiokiB, rpadikaMu yIpaBIiHHSI
pecypcom o01agHaHHS TOUIO);

- TEpPMIHIB Ta OOCSTIB TEXHIYHOTO OTIOCBIAUYECHHSI 00JIaIHaHHS Ta TPYOOTPOBO/IIB;

- ONITUMAJILHOTO PO3MNO1ITY PEMOHTIB IPOTATOM POKY.

HoMenknaTypa BHKOHYBaHHMX pPOOIT BH3HAYAETHCS PErIaMEHTAMHU TEXHIYHOTO
00CITyroByBaHHS 1 peMOHTY 00JIaIHAHHS, 1110 BU3HAYAIOTHCS B TIPOEKTI.

OO0csT peMOHTY 00J1aHAHHS YTOYHIOETHCS 3 YpaXyBaHHIM JaHUX TPO BiJIMOBH B
MDKPEMOHTHHM TIepioJl, EKCIUTyaTalliiHUX JaHuX TMpo HOTro TEXHIYHWUW CTaH,
pe3ynbTaTiB  mepeBipok (BUMpoOyBaHb) Ha TMpale3aTHICTh, a TaKOoX JaHHUX
JIarHOCTYBaHHs 00JiaJlHaHHA. 3a3HayeHl B PErjlaMeHTax OoO0CATH 1 TEPMIHU TEXHIYHOTO
00CITyrOByBaHHS Ta PEMOHTY MOXYTh OyTH 3MiHEHI NUISXOM O(GOPMIICHHS TEXHIYHOTO
pILIEHHST B YCTAHOBJICHOMY IMOPSJIKY 3aJIEKHO BiJ (DAKTUYHOTO CTAaHy CHUCTEM Ta
o0JiaTHaHHS, BUXO/ISIYM 3 BUMOT 3aBO1B-BUPOOHHUKIB, TAHUX IIOA0 HAIIMHOCTI, TOCBIAY

eKCIUTyaTallil, a TaKOX 1] 4ac MPOBEJCHHS MOJEPHI3AIlii CUCTEM.
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Hiroua cuctema manyBanHs TOiP 11o3Bosisie 3acTocyBaTH ii 1 B yMOBax pU3HK-
iHpopmoBaHoro TOIP y dacThHi BH3HAYEHHS HOMEHKIATYpH POOIT 3aJ€KHO Bij
MPUIHATOTO PEMOHTHOTO MWKy, HOPM dYacy Ha BHUKOHAaHHS POOIT, PO3PaxXyHKY
TPYJAOBUTPAT, KOMIUJIEKTAI[il MaTepialiB 1 3allaCHUX YaCTUH, (piHAHCYBaHHSI.

3 MeTOI0 BHUSIBJICHHS BCiX HasBHUX OOMEXEHb Y HOPMATHBHHMX JOKYMEHTaX
YkpaiHu, a TakoXX BHBYCHHS MDKHAaponHOI mpakTuku (30kpema, CIHA) Oymo
MPOBEICHO TMOPIBHAJIBHUNA aHalli3 HalllOHATBbHUX HOPMATUBHHUX JIOKYMEHTIB Ta
peryirorunx 1 TexHIYHuX AokyMeHTiB CIHIA, a TakoX MDKHapOAHUX JOKYMEHTIB
Mixuapogunoro arentctBa 3 aromHoi eHeprii (MAI'ATE) i1 3aximHoeBporiencbkoi
acomianii smepuux peryiaropiB (Western European Nuclear Regulators Association,
WENRA), neranphime auB. [5]. Pe3ynapTaté MNOPIBHSAJIBHOIO aHai3y MOJIOKEHb
HOpMATUBHUX Ta TexHIYHUX JokymeHTiB CIIJA 1 VYkpainu, sKi CTOCYIOThCS
BUKOPUCTAaHHS PU3UK-IHPOpMOBaHUX MIAX0AIB Ta mposeneHHs TOiP, HaBeneHo B
noaaTtky A, tabmuii A.1.

Pesynbrati  aHamizy  MOMIIMBOCTI  3aCTOCYBaHHS  PHU3UK-1H(OOPMOBAHOTO
yIOpaBIIHHS KOH(DIrypariero Ha AEC Ykpainu BHSIBUB HU3KY
3aCTepPEKEHB/HEBIIMOBIIHOCTEH Yy YacTUHI BHUMOT Ta TIOJOKEHb HOPMATHUBHUX
JOKYMEHTIB YKpaiHu, sKI MaloTh OyTH ab0 YCyHyTi, a00 HaJeXHUM YHUHOM
OOIPYHTOBaHI.

3a pe3yabpTaTaMu aHaIi3y HOPMATUBHOI JOKyMeHTaIli YKpainu cpopmyliboBaHO
HU3KY 3MIH, SIKUMH HEOOX1JHO JOMOBHUTH JOKYMEHTH JJIsl MOMJIMBOCTI BIPOBAIKEHHS
pusuk-iHpopmoBannx TOI1P:

- ponoBHeHHs HIT 306.2.141-2008 [8] BuMoramu mI0AO0 aJIbTEPHATUBHOI
kiacugikauii KCE 3 BUKOpHUCTaHHSIM OLIHKU PU3UKIB;

- nonioBHeHHs HII 306.2.141-2008 [8] Bu3HaueHHAM Ta KPUTEPISIMU 32 YACTOTOIO
PaHHBOTO aBAPIHHOTO BUKUAY;

- 3miau B HII 306.2.141-2008 [8] mo10 aibTepHATUBHUX JI0 TTPOEKTY BUMOT JI0
TOIiP;

- yrounenHs B HII 306.2.106-2005 [3] moa0 OiHKMA BIUITMBY Moaudikaiii Ha

Oe3IeKy;



35

- monoBHeHnHst HIT 306.2.217-2017 [10] BumMoramu 0 KpUTEPIiB JIs ONTUMI3AIT
TOI1P y yacTuHi MOXJIMBOTO BUKOHAHHS Ha MOTY>KHOCTI Ta IXHbOI TPUBAJIOCTI.

HonatkoBo EO nmo1inbHO BHECTH 3MIHHM B CTaHAAPTH MiJNPHUEMCTBA B YAaCTHHI
MO>KJIMBOCTI peanmizanii npoekty ontumizaiii TO1P Ha ocHOBI pU3HK-1HPOPMOBAHOTO
ynpaBiinHsa KoHpirypamiero AEC, a TakoX BHECTH BIANOBIIHI 3MIHU B MPOEKTHY Ta
eKCIUTyaTallliiHy JOKyMEHTAIIIIO.

JIns o1iHKY MOKIIMBOCTI 3acTocyBanHs AocBiny CIIA mis AEC Ykpainu Takox
OyJI0 BUKOHAHO MOPIBHSJIBHUN aHaJI3 KpUTEPIiB O€3MeKH, 5IKI BAKOPUCTOBYIOTHCS MPHU
ornrrumizanii [TTTP na AEC CHIA.

[lin yac BUKOHAaHHSA LBOTO aHANI3y MPUHMAJOCS /10 yBaru, 1m0 B MPOLETYypl
(meromuii) ontumizamii pemonty Ta TO, mo 3actocoBana mis AEC CIIIA,
BUKOPHCTOBYIOTHCSl 3a3HAY€HI HMXKYE KpUTEPIi, 32 JOMOMOIOI0 SKHUX BUKOHYETHCS
OLIIHKA (MOHITOPUHT) 3pOCTaHHSI PU3HUKY M1J YaC BUKOHAHHS PEMOHTIB CUCTEM O€3MEKU
Ha MOTY>KHOCTI.

ImoBipHicTh MoOmKOKeHHST akTuBHOI 30HU (CDP) — 11e 1HTerpangpbHe 3HaYEHHS
UITA3 (CDF) 3a niepion 4acy.

JlomaTtkoBa YacTtoTa MOMIKOMKEeHHS akTuBHOI 30HHM (Incremental Core Damage
Frequency, ICDF) — 3HaueHHs 3017IblIEHHS 4YacTOTH, y TOPIBHSHHI 3 0a30BUM
3HaueHHaAM UYIIA3 (CDF), 06e3 ypaxyBaHHA pPEMOHTIB, IMICJA SKOTO MOXJIMBE
MOIIKOJPKEHHSI aKTUBHOI 30HU (BIAMPalbOBAHOTO MAJINBA).

YMoBHaA NMOBIPHICTh MOMIKOMKEHHST akTUBHOI 30HM (CCDP) — BHU3HauyaeThcs
IUIIXOM TIEPEMHOKEHHSI YaCcTOTH TMOMNIKO/KCHHSI aKTHBHOI 30HM (BIAMPaI[bOBAaHOTO
najguBa), ska BignoBimae xkoHdirypamii AEC mimg gac peMoHTy, Ha 4acOBHM IHTEpBaJ
PEMOHTY.

JlonatkoBa WMOBIpHICTH MoMmKOKeHHST akTUBHO1 30HU (ICDP) — interpan ICDF
3a MOPOMDKOK uyacy. IMoBipHicTh Benukoro asapiiiHoro Bukuay (LERP) — ue
1HTerpajibHEe 3HAUCHHS 4acTOTH paHHBOTro aBapitHoro Bukuay (LERF) 3a nepion gacy.

VY nonmatky A, Tabmuui A.2 HaBEAGHO peE3yJbTAaTH MOPIBHIBHOTO aHai3y

HIIOBUX KpuTepiiB Oe3neku s IAb y HopmatuBaux nokymentax CIIIA ta Ykpainu.
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Ha ocHoBi indopmamii, HaBemeHoi B gomatky A, Tabmumi A.2, BapTo
KOHCTaTyBaTH:

- B ocHoBi Mmerogojorii ontumizamii TOiP, ska BuxopucroByerbcs B CILIA,
JeXaTh KpUTEpii, 3aCHOBaH1 Ha YacTOTI MOMIKOKeHHs akThuBHOI 30HU (CDF) Ta yactoTi
pannboro aBapiitHoro Bukuny (LERF);

- TIOPIBHSJIBHUM aHali3 LUTFOBUX KPHUTEPIiB O€3MEKH, 10 BUKOPUCTOBYIOTHCS B
Vkpaini ta CIIA, nokazaB oAHaKOBUN MiAX1J Y YaCTHHI BUKOPUCTAHHS KPUTEPIIO 3a
YaCTOTOK IMOMIKOJKEHHS AKTHMBHOI 30HM Ta Pi3HI MIAXOAM B YACTUHI aBapIAHOTO
BUKUAY. 30Kpema, B YkpaiHi BuxkopuctoByetbcsi UI'AB, y Ttoit wac sax y CIIA
BUKOPUCTOBYEThCS sIK vactoTa Benukoro Bukuay (LRF), Ttak i1 wactora paHHBOTO

asapiitHoro Bukuay (LERF). Buznauennio UI'AB Oinbiie Bianosigae BuzHaueHds: LRF.

1.2 AHani3 NpOEKTHUX Ta MEPCHEKTHUBHUX CTpATEriil eKcrulyaTaulli saepHUX

eneproycranoBok (AEY) 3 peakropamu BBEP Ha HOMiHaIBHIN MOTYKHOCTI peakTopa

[IpoekTH1 cTparerii ekcrulyaTauli saepHux eHeproyctaHoBok (SAEY) 3
peakropamu BBEP Ha HOMiIHanBHIH TOTYXXHOCTI Oa3yBaiucs Ha pe3yJibTaTrax
KBaM(iKalii NPOEKTHUX TEXHIYHUX OOrpyHTyBaHb Oe3neku (TOB).

MOXJIMBICTh Ta HEOOXIJIHICTh MEperyiany pe3yipTaTiB npoektHux TODB mono
HOMIHAJIBHOI MOTYKHOCTI PEaKTOpa IPYHTYIOThCS HAa TaKUX MOJOXKEHHX [16-56]:

1. Meroauune 3abe3nedyenHs TODb, no TenepimHbOro 4vacy, 0a3yBajocsi Ha
KOHCEPBATUBHHUX MOJIETSAX poOOYMX 1 aBapiiHUX pexuMiB peakropa. CydacHi, OLIbII
peaNiCTUYHI METOJM MOJICIIOBAaHHS pPOOOYMX 1 aBapiHUX pEXUMIB peakTopa
BU3HAYMWIIA MPUHIIMIIOBY MOKJIMBICTh MIABUUIEHHS HOMIHAJIBbHOI motyHocTi (ITHIT)
MOPIBHSHO 31 BCTAHOBJICHOIO TIPOEKTHOIO HOMIHAJILHOIO TTOTYXKHICTIO PEaKTOpa.

2. Cy4acHi JOCSATHEHHS B 00J1acTi BJOCKOHAJEHHS HEUTPOHHO-(PI3UYHUX 1
TeII0(13UYHUX XapPaAKTEPUCTUK SIEPHOTO MajuBa, €JIEMEHTIB TBEJIB 1 aKTUBHOI 30HU
(3okpema, muBepcuikaiis TermoBUAULIIOUNX 30ipok — TB3) Ta iHm momepHizaiii
TaKOXX CTBOPIOIOTH MOXJIMBOCTI JiJIsi peanizallii crpateriii excryataiii IEY 3 BBEP

Ha [THII peakropa.
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3. CydyacHi eKcTpemajbHl YMOBH €KCILTyaTallli aTOMHOI €HEpreTUKd YKpaiHu
poOIITE akTyallbHUM TijBHUIIEHH edekTuBHOCTI AEY nma yactkoBoi kommeHcarrii
BTpaTH EHEPreTUYHUX MOTY>KHOCTEH Yepe3 BIiCHhKOBY arpeciio.

OnHuUM 3 TaKMX aKTyaJbHHUX IMIIXOJIB IMiJBUIICHHS €()EeKTUBHOCTI €KCIUTyaTarii
aTOMHUX €HeprooyiokiB Moxke Oytu BrpoBamxkeHHs ctpaterii [IHII BBEP. Onnak,
BianoBiaHO 10 BUMOT [IpaBui 1 HopMm Oe3nexu aromHoi enepretuku (IITHAE) Ykpainu
Oynp-sika MoJepHizalis cucteMm, BaximBux s Oesneku (CBB) SAEY (Bkimouno 3i
ctpareriero ITHII peakropa), moBuHHa OyTH KBami(pikoBaHa Ha 3a0€3MEUYEHHS YMOB
Oe3reku B poO0YuX 1 aBapitHUX pekrUMax eKCIuTyaTallli.

OCHOBHUN MPOEKTHUN KpUTEpi Oe3leku B poOOUYMX peXUMaxX eKCIuTyaTarlii
peaktopiB Tuity BBEP/PWR — kpuTuuH1 TE€mIOBI HaBaHTa)XXE€HHSI HA MOBEPXHI TBEJIIB,
IO BIAMOBIIAIOTE YMOBaM IMOYATKy KPHU3U TEIJIOOOMIHY (KHUITIHHS) TEIJIOHOCIS B
aKTUBHIN 30H1 (a.3.) peakTopa. HeoOXi1H1 yMOBU KpU3U KHUIIIHHS — CTiliKa mapoBa (a3za
TEIJIOHOCIA Ha MOBEPXHI TBEJIB. IHTEHCUBHICTD TEINIOOOMIHY MiK OOOJIOHKOIO TBEJIB 1
napoBor0 (Pa3or0 TEIUIOHOCIS 3HAYHO MEHINA, HDK JUISl PIAKOTO TEIUIOHOCIS, IO
BHU3Hayae (3a 1HIIMX PIBHUX YMOB) 1HTEHCHUBHE MIJBUILICHHS TEMIIEpaTypu 0OOJOHOK
TBEJIIB 1 MOX€E MPU3BECTHU (32 MEBHUX YMOB) JI0 MOIIKOKEHHS/PYHHYBaHHS 000JIOHOK
(3axucHuii 0ap’ep siaepHOi O€3MEKH ).

[IpoektHa notyxHicte AEY 3 BBEP/PWR y HOMiHanbHHX pOOOYMX pEXUMAaX
eKCIUTyaTallli Mae 3HAYHUM 3amac Mo yMOBaxX IOYaTKy KPU3MU KHUITHHS B a.3., IO
BHU3HAYa€ MPUHIIMIIOBY MOXJIUBICTh 3HauHOTO ITHII peaktopa (axk 10 MakCHMalIbHO
JOTYCTUMHX 3HAYEHb MOYATKY KPU3U KUITIHHS).

VY pob6ori [46] Oyo mpoBeeHO PO3PAXyHKOBO-EKCIIEPUMEHTANLHY KBaTi(hiKaIlio
YMOB 1 HACJHIIKIB BUHUKHEHHsI TepMoakycTtuyHoi HecTiiikocTi (TAH) temmonocis B
poboUrX pexkuMax peakrtopa. B pe3ynabTari IMX Ta HIIUX POo3po00OK OyJI0 BCTAHOBJIEHO:

1. HeoOximna ymoBa BuHUKHeHHS TAH — IHTEHCMBHE TIOBEpXHEBE
(«HEemorpiTOro» N0 TEMIIEpAaTypu KUIIHHA MO 00’€My TEIJIOHOCIA) OyibpOalkoBe
KHUITIIHHS TETUIOHOCIS; aocTtatHi yMoBH TAH — He3aBepleHICTh TEII0-MacOOOMIHHHUX
OpOIECiB  KOHJAEHCAIll TMapoBUX OyJbOalIOK Yy aKyCTUYHHX XBHISAX 00’ emy

«HEIOTPITOTO» TEIIOHOCIS.
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2. OCHOBHA YacTOTa TEPMOAKYCTUYHUX KOJMBaHb TUCKY TEIJIOHOCIS B a.3. BBEP-
1000 cTaHOBUTH KiJibka COTeHb ['epil mpu MakCHUMalbHUX aMIUTITyJaX KOJIMBAaHb 1O
50% Bim cepemHBOTO 3HAYCHHS THUCKY B a.3. YMoBH TAH TemmoHOCISI MOXYTh
MPU3BOJUTH IO BUCOKOUUKIIUYHUX 1 BUCOKOAMIUTITYTHUX JUHAMIYHUX HABAHTA)KEHb Ha
TBEJIM, HACHIJIKAMH SKMX MOXYTb OYyTH TOIIKOJDKEHHS/pyHHYBaHHSI OOOJIOHOK TBEJIiB
abo kpuTHyHi Aeopmarii TBEiB.

3. ¥V npoekTHUX HOMiHaIBHUX pobouux pexxumax BBEP neo6xinni ymosu TAH
BiicyTHI. OnHak 3a neBHoro ITHII peaktopa a0o BiANOBIIHOIO 3MEHILEHHS BUTpaT
TEIJIOHOCI aKTUBHA 30HAa Moxke mepedyBatu B ctaHi TAH 13 ycima HeraTMBHUMU
HacJiIKaMu JUIs O€3MeKH eKCILTyaTarlii.

HeoOximni ymoBu TAH TemnoHoCis peami3yroTbCs 3a MEHIIMX TEIIOBHX
HABAHTAKEHb Ha TOBEPXHI TBEJIB, HDK KPUTHUYHI TEIJIOBI HABAHTAKEHHS KpU3U
kumiHHA. OTxe, mMakcumanbHOo pomyctuMe IIHII peakTopa MOBHMHHO BH3HAYaTHCS
ymoBamu BuHUKHEHHS TAH TenoHocis B a.3.

VY 3arasibHOMy BUNAJKY MiJIBUILIEHHS HOMIHaIbHOI noTykHocTi (ITHIT) peakropa
B pOOOUYHX pEeKUMAX MOXKE BIUIMHYTH Ha 3MIHY (BIIHOCHO NMPOEKTHUX PEKHUMIB) TAKUX
BU3HAYAJILHUX TTAPaMETPiB/yMOB B aBapiiiHUX pEKUMAaX:

- TOTY>XKHICTh 3aJIUIIKOBOTO TEIJIOBUJICHHS MiJ Yac aBapiid 3a YCHIIIHOTO
CIpallbOBYBaHHs aBapiitHoro 3axucty (A3) peakropa;

- HaIIMHICTH BIJIBEICHHSI TEIJIa Bl aKTUBHO1 30HU (a.3.) nmaporenepatopamu (I1I")
M1 yac aBapii 13 BiiMoBOIO A3 Ta/ab0 3a yMOB "IIIJILHOTO" pEaKTOPHOTO KOHTYPY;

- BU3HAYaJIbHI MMapaMeTpu YMOB sIEpHOT O€3MeKn — MaKCHMaJIbHI TeMIlepaTypu
ob6ononok TBEJI 1 smeproro nmanusa (A1I1).

Oxkpim Toro, mpu anami3i Oe3neku crpaterii [THII peaktopa B aBapiilHuUX
pexxrMax HeoOXimHO BpaxoByBatu crocobu pgocsraenns [THII — wmopepHizariito
HEUTPOHHO-(DI3MYHKUX Ta/a00 Ternodi3nunux BiaacTtuBocTeil All 1/a0o KOHCTpyKIIiitHO-
TEXHIYHUX MTapaMeTpPiB €JIE€MEHTIB aKTUBHOI 30HH TOMIO.

Takum umHOM, METOIU pPO3paxyHKOBOI KBasidikaiii Oesmeku crparerii ITHII B

aBapIMHUX peKMMaxX peakTopa MOBUHHI BPaXOBYBATH BC1 3a3Ha4eH1 BUIIE (haKTOPH.
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AHalli3  BIJOMHUX  pe3YyJbTaTiB  pO3paxyHKOBOi  KkBamidikamii  Oe3mneku
MOJICpPHI30BaHUX CHUCTEM, BaXIUBUX s Oe3neku (CBB) spepHux eHeproycTaHOBOK
(SIEY), BukoHanuwii y pobOorax [16-20, 55-65], mokazaB, 1m0 OUIBIIICTHP METOMIB
KBai(ikaiii IPYHTYIOTbCS Ha PO3PAXyHKOBOMY MOJICIIIOBAaHHI aBapiiHUX PEXKHUMIB Y
SAEY 13 Bukopuctanasam nerepminictuyHux kofiB ([K), 3 ypaxyBanusM moepHizariit
CBb.

Uepez HemocTaTHIO (i3UYHY OOTPYHTOBAHICTh MATEMaTHYHUX  MoJeleh
HEpPIBHOBAXHUX JBO(a3HUX MOTOKIB TemoHocis B JIK KIIOUYOBUM MHUTAaHHSIM
aJICKBaTHOCTI OTPMMAHMX PE3yJIbTATIB KBali(ikallii peaJbHUM yMOBaM €KCIUTyaTarlii €
excriepuMenTaibHa Bepudikaiis JIK [18].

HaiiGinpm npeacraBauiibka Bepudikamis pizaux K ta/abo pi3sHUX KOpUCTyBayiB
JK mono yMoB aBapiii 13 MpOTIKaHHAMH B peakTopHoMmy KoHTypi BBEP Oyna
3niiicHeHa e B 90-X pokax Ha BEJIMKOMACIITA0OHUX €KCIEPUMEHTAbHUX YCTAHOBKAX
[1Ch-BBEP Tta ICB-BBEP [66].

Bepudikamis JIK mpoxomuna B kinbka eramiB. Ha mnouarkoBomy etari
kopuctyBauam JIK HajgaBamuch Juiie BHUXIAHI JaHI €KCOEPUMEHTIB JJIsl MPOBEACHHS
nornepenHix TecTiB (0e3 pe3ysbTaTiB eKCIEPUMEHTIB) PO3PAXyHKOBOTO MO/ICITIOBAHHS
aBapiii. Ha HacTynmHOMYy eTami KOpUCTyBauaM HaJaBalKCh PE3yJIbTATH €KCIIEPUMEHTIB
JUTsl TIOPIBHSAHHS 3 OTPUMaHUMU pe3yJibTaTaMu MonepenHix po3paxyHkis. g Beix K
Oy70 BCTAHOBJIEHO 3HAYHI PO301KHOCTI PE3YNbTATIB TOMEPEAHIX PO3PAXyHKIB 1
BIJIMOBITHUX E€KCIEPUMEHTAIbHUX JaHWX. Ha HacTymHoOMy eTami MpOBOIMIKCH IOCT-
TECTOBI (3 ypaxyBaHHSM pe3yJIbTaTIB €KCIIEPUMEHTIB) PO3PAXyHKH aBaAPIMHUX PEKUMIB,
pE3yNbTaTH SIKAX 3HAYHO MOKPAITMIIHA Y3TOIKEHHS PO3PaxXyHKIB 1 €KCIIEPUMEHTIB.

Onnak  TakoXX OyJauM  BCTAHOBJIEHI  CYTT€BI  PO3ODKHOCTI  pe3yJIbTaTiB
PO3PaxXyHKOBOTO MOJICTIOBAHHS KOHKPETHHX aBapiiHuX pexkumiB pizaumu JIK abo
igenTnuaumu - JIK,  ame  pisHUMHM  kopucTyBayamMu  (epexT  BIAMIHHOCTEH
JK/xopucrtysauis /IK).

AHani3 HaCTYNMHHUX Nporpam ekcrnepumeHtanbHoi Bepudikamii K mo3Bosse

3pOOUTH TaKl BUCHOBKU:
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- OUIBLIICTh pe3yJbTaTiB Bepu@iKallii TIPyHTYBaJIUCh Ha TMOCT-PO3paxyHKax
EKCIIEpPUMEHTAILHUX/BUTIPOOYBATTLHUX JaHUX, OTPUMaHUX Ha
eKCIIEPUMEHTAIbHUX/PEaIbHUX YCTAaHOBKAX;

- OUIBIIICTh EKCIEPUMEHTAJbHUX YCTAaHOBOK HE BIJMOBIIAIOTh yYMOBaM
no/II0HOCTI peajbHUM YCTaHOBKAaM, II0 BH3HA4Ya€ HEOOIPYHTOBAHICTh EKCTPAIOJIALIi
pe3ynbTaTiB Bepudikallii Ha yMOBU pealbHUX YCTAaHOBOK;

- st Bepudikanii JIK Ha peanbHUX yCTaHOBKax MEPEBa’KHO BUKOPUCTOBYBAIUCH
JaHl poOOYMX/TIEPEXITHUX PEXKUMIB, Kl HE BIJNOBIJAIOTH YMOBaM YCBOI'O CHEKTPY
aBapiiHUX PEKUMIB;

- 3a pe3yJbTaTaMu JesKUX Bepu]iKaliifHUX MPOTrpaM TaKOK BCTAHOBIICHI €PeKTH
BinMiHHOCTeN JIK/kopuctyBauiB JIK.

HeratusHi nHachiaku edekrtiB BigminHocTel JIK/kopuctyBauiB JIK BcTaHoBIeH1
TaKOXK MiJl 4ac JerepmiHicTuyHoro anamizy Oesneku SAEY 3 BBEP. Hanpukian,
pPO30DKHOCTI B pO3paxyHKax MaKCUMallbHOI —Temmeparypu o6OosioHok TBEJI
(BU3HAUAJIBHUN TapaMeTp YMOB SIIEPHOI OE€3MEKH) MiJ 4yac MaKCHUMAaIbHOI MPOEKTHOI
aBapli (MHUTTEBUI pO3PUB TOJOBHOTO LUPKYJSLIAHOTO TpyoOompoBogy — MIIA),
otpuMadi pizaumu JIK/kopuctyBauamu [IK, caranm corens rpaaycis.

3HauHI PO301KHOCTI pe3yJbTaTiB PO3PAXyHKOBOTO MOJIEIIOBAHHS 4epe3 ePeKTu
BinMiHHOCTEN [IK/kopuctyBauiB JIK BcTaHOBIEH1 B raimy3eBHX Mporpamax KamiQikaiii
MIPOJIOBXKEHHSI TEPMIHIB €KCIuTyaTallii kopryciB peaktopiB BBEP ta nusepcudikarii
teroBuALbHUX 301pok (TB3) y aktusHiil 30H1 BBEP.

Taxkum unnom, kBamidikaiis ctparerii [IHIT peaktopa B pobounx Ta aBapiitHHX
pexxumax Merogamu mojentoBadHs JIK € HemocTaTHRO 0OTPYHTOBAHOTO.

st kBamidikamii excrutyatarii BBEP 3 [THII y poGounx Ta aBapiiHUX pexxumax

aKTyaJIbHO PO3POOUTH AIbTEPHATHUBHI METOIH, SIKi 3a0€3MEUYIOTh:

ONTHUMI3alli0 HEUTPOHHO-(13UYHUX/TETIOPI3UUHUX BJIACTUBOCTEMN
ATT/KOHCTPYKUIHHO-TEXHIYHUX MapaMeTpiB aKTHUBHOI 30HU JUIsl CTparerii Oe3medHoi
excrutyartarii AEY 3 makcumansao momyctumoro [THIT peakTtopa;

- BIZICYTHICTb HEOOX1HOCTI JOJIATKOBOT €KCTIEPUMEHTANIbHOI BepUudiKarliii;

- YCYHEHHS BIUIMBY Ha pe3yibTaTti edektiB BigminHocTel JIK/kopuctysauis JIK.
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1.3 AmHami3 NOpOEKTHUX 1 TMEPCIEKTUBHUX CTpATerii BUMPOOYBaHb CHCTEM

0e3MeKk B poO0UYnX pexuMax peakropa

[IpoexTom simepHoi eneproycranoBku (AEY) 13 BBEP pernamentoBano crparerii
BUIMIPOOYBaHb y poOOUMX peXHMMax peakTopa HacTynmHux cuctem Oesneku (Cb):
CHUCTEMH aBapiifHOTO OXOJIOPKEHHS aKTUBHOI 30HM HACOCAMH BHUCOKOTO Ta HU3BKOTO
tucky (CAO3 BT/HT), cuctemu mijpKuBIIEHHS Ta OOPHOTO pEryJIOBaHHS peakTopa
(TK), cucremu aBapiiHOro Ta JOMNOMDKHOTO MI)KUBICHHS IapOreHEepaTopiB
enektponacocamu  (AXKEH/JIPKEH), cuctemu aBapiiHMX JH3€Ib-TE€HEPATOPHUX
ycTaHOBOK Ta iHII. ¥Yc¢i 3a3HaueHi Cb € OaraTokaHallbHUMH, MPUUOMY KOXKEH
HE3aJICKHUN KaHal 3a0e3leuye BUKOHAHHS HEOOXigHUX (QYHKIINA Oe3neku s
YIpaBIIHHS aBapisiMU Ta/a00 MOPYIICHHSIMH HOPMalbHUX YMOB eKcrutyaraiii. Okpemi
Cb (mampuknag, CAO3 HT ta JIDKEH) MOXyTh 3aCTOCOBYBaTHUCh Y HPOEKTHUX
pEeXHUMax IMyCKy Ta 3yITUHKU PeaKTopa.

HeoOxinnicte mpoBenennst BumnpoOyBaHb Cb y pobounx pexumax peaxTopa
oOyMOBJIEHa THM, L0 OCHOBHUW pexuM ekciutyatanii Cb — ne pexum ouiKyBaHHS
BUKOHAHHS TpHU3HAYCHUX (QYHKIINA Oe3MeKd, a MOMIIUBICTh TPOBEACHHS TaKUX
BUNPOOYBaHb 3a0€3MEUY€ETHCS X HE3AIEKHOIO OAaraTOKaHAJIbHICTIO.

PernamenToBana mpoektoMm nepioguuHicTs BunpoOyBanbs Cb SAEY 13 BBEP y
poOOUMX peKMMax peakTopa (3a3BUuail MOMICSYHI BUNIPOOyBaHHs oaHOTO KaHairy CBb)
BCTAHOBJIEHA amnpiopi 0e3 HeoOXIJHUX OOIPYHTYBaHb 1 HE BpPaxOBYE JIOCBITY
eKCILTyaTarlii.

bararopiunuii gocBig mpoBeaeHHS Ta pe3yinbratu BunpodyBanb Cb AEY i3
BBEP y po0Gounx pexumax peakTopa BUSBHIM HAIMIPHY KUIBKICTh BUIPOOYBaHb y
MOPIBHSAHHI 3 BHSBICHHMMH KPUTHUYHHMH BigMoBamu mparesnatHocti Cb (BigmoBu
3allyCKy HACOCIB, BIJKPUTTS apMaTypd TOINO), IO BHU3HAYWIO aKTyaJlbHICTh
BJIOCKOHAJICHHs//Mo/iepHI3alii crparterii BumnpoOyBanb Cb y poOounx pexumax
peakropa.

Y pobGortax [19, 20, 55, 58-65] mpencraBieHO aHalli3 PU3UK-OPIEHTOBAHUX

MIXO0IB/METOIIB  MOJIEpHi3aIii CTpaTerii IUJIaHOBUX BUIPOOYBaHb, PEMOHTY Ta
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texHiuHoro oOcinyroByBanHsa CBbBb SIEY, 3acHoBanmii Ha pe3yibTrarax iMOBIPHICHOTO
anamizy Oesneku (IAB) mono omiHKM HWMOBIPHOCTI BUHUKHEHHS SIEPHOI (BaXKKOi)
aBapii — 4YacTOTH MOMKO/pKeHHS akTuBHOI 30HU (UIIA3). ¥V pamkax 1mux migxosiB
anpiopi BBAXAETHCS, 110 CKOPOUEHHS OJIHOTO TUIAHOBOTO BUIIpoOyBaHHs/peMoHTy CBb
OJTHO3HAYHO MPU3BOIUTH /10 3HMKEHHSI PiBHA O€3IeKH, a 0TXKe, 1 10 301nbmeHHs YITAS.
Opnnaxk AKIIIO MPUPICT YITA3 BHACJI/I0K CKOPOYEHHS IJIaHOBOTO
BUMNPOOYBaHH/PEMOHTY 3HAYHO MEHIIMH 3a 0a3oBe (3a pesynbratamu 1AbB) 3HaYeHHS
CUIIA3, TO Take CKOpPOYEHHs IUIAaHOBUX BUIpPOOyBaHb/peMOHTIB CBB BBaxaroTh
JIOTTYCTUMHM.

OCHOBH1 HEJIOJNIIKU PU3UK-OPIEHTOBAHUX METO/IIB KBaTi(piKallii:

- Meroau pomnyckaroTh "mTydHe" 3HWKEHHSA PIBHS O€3MEKH, IO CYyNEpEeyurTh
IOPUHLIUITY MPIOPUTETHOCTI SAEPHOI OE€3MEKH BIAMOBIIHO 1O SIIEPHOTO 3aKOHOJ/IaBCTBA
Ykpainu.

- bazoBa ominka CUITA3 3HauHOIO MIPOIO 3aJI€KUTh BiJl HMOBIPHOCTI BiAIMOB "13
3arajbHOI MpUYMHU" Ta/ab0 MOMUIIKOBUX J1i IEpCOHANY, 1[0 POOUTH 1i HEUYTIUBOIO JI0
CKOPOYEHHS OJTHOTO IIJIAHOBOTO BUIIPOOYBaHHs/peMOHTY KOHKpeTHOi CBb.

- YV pa3i CKOpouYeHHS IUIAHOBUX BUIPOOYBAHB/PEMOHTIB KIUIBKOX CHCTEM,
"gyyrnmuBux" g0 06azoBoro CUIIA3, cymapauit npupict CUIIA3 wmoxe Oyrtu
CIIBBUMIPHHM 13 0230BOIO OIIHKOIO.

- Metonu He J03BOJISIIOTH OMNTHUMI3YBaTH CTpaTerii MepioJuYHOCTI TUIAHOBHX
PEMOHTIB/BUIIPOOYBaHb 13 ypaxyBaHHSM HEOOXIJHOCTI BHSBJICHHS MPUXOBAHUX
nedexTiB/BiIMOB Ta IIEPEAYACHOTO 3HOIISHHS 00Ia HAHHS.

Takum YrHOM, pU3HK-Opi€HTOBaHI MeToau KBamidikamii monaepHizamniii CBb Ha
OCHOBI1 pe3ynbTariB [Ab HenocTaTHRO OOrpYHTOBaHI AJis KBajiikaiili MojaepHi3alii
ctparerii BunpooyBanb Cb y po6ounx pexumax peakTopa.

Y poGoti [18] 3anmpornoHOBaHO pHU3HMK-OPIEHTOBAHMN MeTOA KBami(ikalii
MOJIEpHI3allii  CTparerii MJaHOBUX peMOHTIB/BunpoOyBaHb Cb Ha  OCHOBI
WMOBIPHICHOTO TOKa3HWKA TOTOBHOCTI BUKOHAHHA HEOOXITHUX (YHKIN Oe3mexu.
YMoBa MpUHUHITHOCTI MOJIEPHI3allii — MOKa3HUK TOTOBHOCTI MOJIEPHI30BaHOI CTpaTerii

HE TOBMHEH OyTH MEHIIMM 3a IMOKAa3HUK MPOEKTHOI cTpaTerii. Y pe3ynbTaTi OyIio
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BCTAHOBJICHO MEPI10JIUYHICTh BUNPOOYBaHb Cb y po0ouux pexumax Mpu CKOpOYEHHI
MEepIOANYHOCT]  IUIAHOBUX PEMOHTIB 1 BUOpOOyBaHb y TIpoOIlleCi IUIAaHOBO-
nonepeKyBaTbHIX peMoHTIB eHeproosiokiB AEC 13 BBEP.

OpnHak Takui TAXi HE 3a0e3ledye ONTHMI3AIliio MepIoJUIHOCTI BUIIPOOYBaHb
Cb y pobounx pexxumax peaktopa. Kpim Toro, mpu mepexoi 10 cTpaTerii 301IbIIeHHS
TPUBAJIOCTI pOOOUMX PEKUMIB peakTopa (30Kpema uepe3 MiABHILECHHS HOMIHAIbHOI
MOTY)XKHOCT1 peakTopa Ta TJUOWHU BUTOPSHHSA SASPHOTO TajnBa) KUIBKICTh
BunpoOyBanb Cb Oyne HeoOrpyHTOBaHO 301JIbIITYBATHUCH.

HeoOxinHicTh onTuMizaliii nepiogudaHocTi BunpoodyBanb Cb y pobounx pexxumax
peakTopa BU3HAYAETHCS TAKUMH (haKTOPAMHU:

- 3 omHOro 0OKy, MOTPiOHO 30LIBIIYBATH KUIBKICTh BUIPOOYBaHb (3MEHIIEHHS
NEepIOIMYHOCTI BUMPOOYBaHb) JIJIsl BUSIBIICHHS MPUXOBAHUX JE€(PEKTIB/BIIMOB Y PEXKUMI
OYIKYBaHHS.

- 3 1Hmoro OOKy, 30UIbIIEHHS KUIBKOCTI BUIPOOYBaHb MOXE MPHU3BECTU 10
NepeIyacHOro  3HOUICHHs/Aerpajamii Ta 3MEHIUEHHS  3aJUIIKOBOIO  pecypcy
oOnamuanus Cb.

Kpurepiem onrtumizaiii Moxke OyTHM MaKCUMalIbHUN WMOBIPHICHHM TOKa3HUK
TOTOBHOCTI JI0 BUKOHaHHSI HEOOX1THUX (PYHKIINA O€3MeKH, a mapaMeTpoM ONTUMI3alli -
onTUMajbHa MEePIOAUYHICTh BUMIpoOyBaHb Cb y pobounx pexumMax peaktopa.

Takum uymHOM, I KBamidikarmii oNTUMaNbHOI cTparerii BumpoOyBanb Cb y
pobounx pexHMax peakTopa akTyalbHO PO3POOUTH AalbTEPHATHBHI METOAM, IO
BPaxOBYIOTh:

- HEOOXIAHICTh BUSIBJIICHHS NMPUXOBAHUX JC(PEKTIB/BIIMOB Y PEKHUMI OUIKYBaHHS
BUKOHAHHS (YHKIINA Oe3MeKw,

- HaJMIpHE 3HOIICHHS/Ierpaarito o0na HaHH,,

TPUBATICTh pOOOYMX PEXKUMIB peakTopa (TpUBANICTh "HaJIMBHOL

KammaHii").
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1.4 Bumorn 10 TEXHIYHOTO OOCIYrOBYBaHHS 1 PEMOHTY OOJIaJIHAHHS CHCTEM,

BaxxinBuX U1 Oe3nieku AEC

OnHi€r0 3 HAMBaKIUBIIMIKMX CKJIAJIOBUX 3a0€3MEUEeHHS HaJIIHOT pOOOTH aTOMHHUX
enekTpoctaniii (man — AC) € npodigakTHYHE Ta MOTOYHE TeXHIYHE 00CTyroByBaHHS 1
peMOHT obOsamHaHHs cucteM, BaxymBux i oesneku AC. TOiP o6nannannss CBb AC
BXOJUTh y CUCTEMY OpraHi3alliiHO-TeXHIYHUX 3aXO/iB 3a0e3neueHHs Oe3neku AC, sKi
MIJJIATal0Th TOCHIIOBHIN peanizamii mig vac ii ekcrutyaraiii [67]. TO1P ob6nagnanHs
CBb AC oxommoe CyKyIHICTh B3a€MOIIOB'sI3aHMX 3aco0iB, gokymeHTanii TOiP 1
BUKOHABI[IB, HEOOX1IHUX JUIsI MIATPUMKHU Ta BIHOBJIEHHS SIKOCTI Ta IMpale3/laTHOCTI
BUPOOIB, SIKI HaJeXaThb JO Il€i CUCTEMU. 3HAyHA yBara MNPUIUIAETbCS MUTAHHSIM
niaBuineHHs: eheKkTuBHOCTI podotn AC, 1 SIK OAWH 31 CIIOCOOIB I[LOTO PO3IIISIAETHCS
CKOPOYEHHSI TPUBAJIOCTI IUIAHOBO-MONEPEKYBAIbHUX PEMOHTIB — onrtumizauii TOiP
obnmagnannss CBB AC. 3pebinbiioro, koiau #Hae moBa mnpo ontuMizaiiro TOIiP,
PO3TIIAIA€THCSA KOHIICMIIISI PEMOHTY 32 TEXHIYHHM CTaHOM oOnagHaHHS. BomnHowac, y
CBITOBIM MPAKTHUIIl PO3MIISIAAETHCA Ta 3aCTOCOBYETHCS MIAX1M 100 ontumizaiii TO1P
Ha AC 3aBISKH 1X MEPEHECEHHIO 3 IJIaHOBO-TIONEPEIHKYBALHUX PEMOHTIB Y PEXKUM
poboTH eHeprobyioka Ha MOTYXKHOCTI [68]. OIHMM 3 MEPCIEKTUBHUX HAMNpPSIMIB €
BUKOPHUCTAHHS IMOBIpHICHUX METOMIB Jyisi ontumizaiii TO1P, a Tako mepioAu4HOCTI
onpobyBanb obOnagHanHs CBb AC € BukopucTaHHs pU3UK-1HGOPMOBAHUX ITiIXO/IB.
BonHouac, 3acTtocyBaHHS pU3UK-IHGOPMOBAHMX MIAXOMAIB, @ TAaKOXK PETYJTIOBAaHHS
snepHoi Ta pamiamniiHoi 6e3meku gismbHOCTI 3 TOIP ob6nagnanus CBb AC moBuHHO
3MIMCHIOBATUCS BIAMOBIAHO /10 YMHHOI HOPMATHMBHOI 0a3W 3 sIepHOI Ta pamiamiitHoi
0e3MeKu, 10 BIAMOBIJAE CYYaCHUM MDKHAPOAHUM MiAXOJaM Ta MPAKTHUIl. 3 MOYaTKy
YTBOPEHHSI HE3aJIKHOI JIep>kaBu YKpaiHa (popMye HallioHabHE s/IepHE 3aKOHOJaBCTBO
3 ypaxyBaHHSIM MIKHApOIHO-TIPABOBUX Ta 3aKOHOJABYMX aKTIB KpaiH 3 PO3BHHEHOIO
SJICPHOI0 eHepreThkor. OIHUM 3 OCHOBHUX IPUHIMUIIB HOPMAaTHBHO-TIPABOBOTO
peryntoBaHHs B YKpaiHI € CHCTEMHO-1€papXi4HMi MiAXiA MiA 9ac po3poOseHHS i
nepersiny HopMatuBHUX akTiB. Tak, y mucromami 2001 poky Komneris [epskaBHOi

THCIIEKIII1 SIIEPHOTO PETYIIOBaHHS YKpainu (nmani — JlepkaToMperysitoBaHHs) yXBaIniia
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pIIEHHST MPO BUKOPUCTAHHS OIIHOK PHU3UKY B pEryJitoBaHHI O€3MeKH sJIepHUX
ycTaHoBoK [69]. Jlns peanizarii pimens Koserii 6yma po3poOiieHa Ta 3aTBepKeHa B
2003 pomi, a motiMm aktyamizoBana B 2020 pomi wMibkramy3eBa «lIporpama
BIIPOBA/DKCHHS  PU3MK-IHGOPMOBAHUX MIAXOJIB B PETYJIOKOYIH  JIsUTBHOCTI Ta
excrutyatamii AEC VYkpaiam». Ha migcraBi mporpamu Oynio posmodaTo poOOTH 3
BIIPOBA/DKCHHSI PU3UK-IHOOPMOBAHMX TMIAXOAIB SK Yy pEryilomdy, Tak 1 B
eKCIUTyaTaliiny aisuibHICTh. Tak, y 2017 poi 6yio BeeaeHo B aito HIT 306.2.217-2017
«BuMoru 10 pu3HK-1HGOPMOBAHOTO MPUUHSTTS PILIEHb 3 O€3MEKM aTOMHUX CTaHLI»
[70], sikuii BCTAaHOBJIIOE METY, MIPUHIIUIM, KPUTEPIi Ta TOPSAIOK BIPOBAHKEHHS PU3HK-
1H(popMOBaHOTO TPUIHATTS pimeHb 3 Oe3neku AC Ta perjamMeHTye BUKOPHUCTAHHS
IHCTPYMEHTIB IMOBipHICHOTO aHami3zy Oe3neku. 3 2017 mo 2021 pik 3a chOpusiHHA
TeXHIYHOI Ta (hiHaHCOBOI miATpuMKH MiHictepcTBa eHepretuku CIIA 13 3amydeHHsIM
APproHcbkoi HalllOHaNBHOI JabopaTopii B YKpaiHi peanizoByBaBcs NIJIOTHUN NPOEKT HA
enepro6yomi Ne 2 3anopizekoi AEC 3 ontumizanii TOiP CBb Ha oCHOBiI puU3HK-
iHpopmoBanoro ympaBiiHHS  kKoHpirypamiero AEC [71]. IlinoTtHu#i  mpoexT
peaizoByBaBcs y JeKUIbKa eTaniB BianoBiaHo Ao Bumor HIT 306.2.106-2005 [72]. Yci
po3po0sieHl Martepiaau OOTpYHTYBaHHSI O€3MEKH MPOEKTY I BBEICHHS y JOCIHITHY
eKCIUTyaTallllo MpOWIILIN JIep’KaBHY EKCHEPTU3y SIACPHOI Ta pajiaiiitHoi Oe3meku Ta
norokeHi JlepkaToMperymoBaHHsIM. 3a pe3yJabTaTaMH BIPOBAHKCHHS MIJIOTHOTO
MIPOEKTY KPUTUYHUX 3ayBaKCHb, IO CTaBJIATH IIiJ] CyMHIB MOJJIMBICTH JOCIIJIHOI
eKCIUTyaTallii pu3uk-iHpopMoBaHuX miaxoAiB Ayg ontuMizaiii TO1P BusiBieHo He OyJo.

HesBaxatoun Ha 11e, ctanom Ha 2020 pik, Hanpsm TOiP obnagnanus CBb AC
OyB HEIOCTaTHHO 3a0e3MeUeHU HOPMATHBHUMHU BHUMOTAMU JUIsl PETYJIIOBAHHS IHOTO
mporecy. 30Kpema, 3arajibHi BHUMOTHM I10JI0 HeoOximHocTi mnpoBeneHHs TOi1P
oonagnanass CBb AC naBeneni B [67]. [IpoTe, BUMOru 10 miaHyBaHHS, OpraHi3ailii,
miaArotoBku Ta BUKOHaHHS poOiT 3 TO1P ob6nagnanus CBb AC, a TakoX MOXJIMBOCTI
ontumizauii TOIP 3 ypaxyBaHHSM pU3HK-IHPOPMOBAHOTO TMIJXOMy B UYWHHHUX
HOPMATUBHUX JOKyMEHTax OyJu BiICYTHI. BiACYTHICTH BIIMOBIAHOTO PEryIIOI0YOrO
nokyMeHTa oo ontumizaiii TOiP CBb Ha ocHOBI pu3uK-iHGOPMOBAHOTO MIAXOIY

YCKJIaIHIOBAJIO BIPOBAXKEHHS MUJIOTHOTO MPOEKTY He eHeprobsomi Ne 2 3amopi3bkoi
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AEC.

Omxe, BimmoBigHO 10 «llmaHy HOpMaTUBHOTO peryioBaHHA Jlep:kaBHOI
1HCTeKIIi siAepHoro peryioBanHs Ykpainu Ha 2020 pix» [73] y 2020 porii po3noyaTo
pO3pOOKY HOBOTO HOpMaTHBHO-TpaBoro akrta (nani — HITA), mo 1 Bu3Hauae aetayibHi
BUMOTH IIIOJI0 TUTAHYBaHHSI, MIATOTOBKH Ta BUKOHAHHS poOiT 3 TO1P o6nannanns CBb
AC, a takox moximBocTi ontumizamii TO1P 3 ypaxyBaHHSM pH3UK-1HPOPMOBAHOTO
nigxoay. 3aBnanHs po3poOku HoBoro HITA BuzHaueHo JleprkaTOMperyitoBaHHSIM SIK

HaWBUILMI TPIOPUTET.

1.4.1 Ormsan Bumor HITA VYkpainu Ta JOKyMEHTIB MIXKHApPOJHUX OpraHizalii

o0 TO1P o6magranas CBb AC

Cranom H©Ha 2020 pik ocHoBHMUMHM HamioHaneHuMu HIIA, y  skwux
yctaHoBmoBanucss BuMoru 1o TO1P obnmagnanns CBb AC 6ynu HIT 306.2.141-2008
[67], HIT 306.2.217-2017 [70], HIT 306.2.145-2008 [74], HII 306.2.210-2017 [75].
30kpeMa, OCHOBHI BUMOTH II0A0 HeoOxiaHocTi npoBeneHHs TOiP ob6mannanns CBb
AC ycranosneno B 1. 5.3.4 HIT 306.2.141-2008 [67] «TOiP koHCTpyKIIili, cHCTEM Ta
CJIEMEHTIB, BaXXJIMBHX JUIS O€3IEeKH, € OJHMM 3 OCHOBHHX 3aco0iB 3a0e3neueHHs
3ano0iraHHsl MOPYIIEHHSIM HOPMaJbHOI €KCIUTyaTalli BIAMOBIIHO 10 PIBHIB CTpaTerii
rIMOOKOEIeIOHOBaHOTO  3axucty». Y migpo3aim 10.4 HIT 306.2.141-2008 [67]
«TexHiyHe 0OCIyroByBaHHS, pEMOHT 1 BUIIPOOYBaHHS» BU3HAUEHI 3arajbHi BUMOTH 10
TOiP CBb AC, 30kpema BUMOTH MO0 HEOOXITHOCTI, OCHOBHUX YMOB IPOBEIACHHS
TOI1P ta BunpoOyBans micas TO1P. Ha nonoBuenus no 3aranpaux sumor a0 TOiP CBb
AC, naBenenux y [67], okpemi Bumoru a0 TOiP naseneni B HIT 306.2.145-2008 [74]
I0JI0 HEOOXIAHOCTI TMEpIOANYHUX BUIPOOYBaHb, 30KpeMa BHUIPOOYBaHb MeEpe
nycKaMu 1/abo 3ynMHKaMu eHepro0soKa, MIiCis MPOBEACHHS PEMOHTY a00 TEXHIYHOTrO
obcimyropyBanHs Ta B m. 13 Posminy II, m. 6 Poznury III, m. 15 Pozmury III HII
306.2.210-2017 [75] mono BpaxyBanus mporpaMm TOi1P mij yac ympaBiiHHSA CTapiHHAM
€JIEMEHTIB 1 KOHCTPYKIIiM Ta TOBrOCTPOKOBOI eKcIuyaTallii eneproosokis AC [76].

Y HIT 306.2.217-2017 [70] BcTaHOBIEHI 3arajdbHi BHUMOTH JI0 PHU3HK-
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iHpopMoOBaHOrO MNPUUHATTA pimieHb 3 Oe3nekun AC, skl BIIAKPUBAIOTh MOXKIIHUBICTH
BUKOPUCTAHHS IHCTPYMEHTIB IMOBIPHICHOTO aHamizy Oesmneku 1isi ontumizaiii TOiP.
3okpema, y . 2 Pozmimy II HIT 306.2.217-2017 [70] periiaMeHTOBaHO BUKOPHUCTAHHS
IHCTPYMEHTIB IMOBIpHICHOT0 aHami3y Oe3nexu s ontuMizallii TO1P ta n. 3 Pozainy 111
HIT 306.2.217-2017 [70] BcTaHOBIEHI OKpeMi IMOBIpHICHI KpPHUTEpIi, SIKi MAalOTh OyTH
JOTPUMAaHI ITiJT 9acC TaKoi isUTbHOCTI.

[Ilomo MOKYMEHTIB MIXHApPOJHHMX OpraHizalii MOXHa BHUIUIUTH JTOKYMEHTH
MixnapoaHoro arenrctBa 3 atToMHoOi eHeprii (MAI'ATE) ta pedepeHTHi piBHI O€3MeKn
3axinHoeBporeicbkoi acomiarii saepaux peryiastopiB (WENRA). Illogo Bumor o
TOIiP o6nannanas CBb AC B MAT'ATE mosxHa BUIIUIM TpU OCHOBHI IOKyMeHTH: SSR-
2/1 (Rev. 1) [77], y saxomy (mogo TOiP CBb AC) Bu3HaueH1 pekoMeHAallli BiAHOCHO
BpaxyBaHHs HeoOximHocTi TOIP CBBb AC ming yac npoektyBanHs; SSR-2/2 (Rev. 1)
[78], y skomy BumoraMm j0 TOiP ob6nannanns CBb AC npuaineno okpemuit Po3nin 8§,
OCHOBHI BHUMOTH SIKOTO CIIPSMOBaHI Ha pPO3pOOKY Ta BIPOBAIHKEHHS €()EKTUBHUX
nporpam TOiP o6nagnanass CBb AC; Tta okpeme kepiBHunrso SSG-74 [79],
po3pobiiene Ha 3aminy NS-G-2.6. SSG-74 [79], 110 MICTUTh KOHKPETHI peKOMEH Il
1010 TEXHIYHOTO OOCITYyrOBYyBaHHs, BUIPOOYBaHb, HATJISITY Ta THCIEKIIIMHOT TISITEHOCTI
3 METOI0 3a0€3MeUEHHs HAJIEKHOTO PIBHS HAJIMHOCTI Ta TOTOBHOCTI BCIX KOHCTPYKIIii,
CUCTEM 1 €JIEMEHTIB, BAXXJIUBUX JIJIsl O€3MEKH, 3riHO 3 mpoekToM. Hamani pekomenaaiii
HarpaBJieHI Ha 3abe3neueHHs BUKoHaHHs Bumor 28, 31 i 32 SSR-2/2 (Rev. 1) [78].
KepiBHUIITBO OXOIUIIOE CTBOPEHHSI Ta BIPOBAKEHHS MporpaM MpoQiIakKTUYHOTO Ta
KOPUTYBAJILHOTO OOCITYyTOBYBaHHS, BUIIPOOYBaHHS, HAIJISy Ta TEPEBIPOK; PEMOHTY
oOnaHaHHS; HAsBHOCTI Ta 30epiraHHs 3alacHUX YaCTUH; a TaKOX JOKYMEHTYBaHHS
JISTTBHOCTI 3 TEXHIYHOTO 00CIIyTrOBYBaHHSI.

OcranHIM 3 MDKHApOJHHMX JOKYMEHTIB € pedepentHl piBHI Oe3rnekn WENRA
[80]. Hapasi, mist nirouMx peakTopiB akTyaldbHOIO € pefakiis pedepeHTHUX piBHIB
oesnekn s aitounx AC Big 2020 poky. Illlomo TOIP BuminseTscs okpema rpyna
pedpepentHux piBHIB — I'pynma K «Texniune oOcCiayroByBaHHS, MepeBipKa IMia dYac
eKcIuTyarailii Ta (PyHKI[lOHaJIbHEe TecTyBaHHs» [80].

AHani3yroud YMHHI Ha TOM 4Yac HAI[lOHAJIbHI JOKYMEHTH, a TaKOX MIKHApPOJHI,
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OyJlo BH3HA4YEHO, IO B YKpaiHi BCTAHOBJEHI JMIIE 3arajibHi BHMOTH, Kl
pernamenTyoTh JisuibHICTE 3 TOIP o6nagnanus CBB AC. JletanbHi BUMOTH IIIOJIO
3a0e3MeUeHHs SIepHOI Ta pajiamiifHoi Oe3MeKH IiJl 4Yac TUIaHyBaHHS, ITATOTOBKH,
BUKOHaHHS poOIiT 3 TOIP o6mannanas CBB AC, 3o0kpema ix onTtumizamii 3

ypaxyBaHHSM PU3UK-1HPOPMOBAHUX MiAX0/1B, — y unHHUX HITA Oynu BiaCyTHI.

1.4.2 Po3pobnennss HITA «BuMoru /10 mpoBeIeHHS TEXHIYHOTO 0OCITYTrOBYBaHHS

1 pEMOHTY OOJIaJIHaHHSI CUCTEM, BaXXJIMBHX 11 Oe3nexku AECy»

[TinctaBoto ctBopeHHss HIIA «Bumoru no mpoBeneHHS pEMOHTY Ta TE€XHIYHOTO
0OCITyrOByBaHHSI CHUCTEM, BaXKJIMBHUX /Jig Oe3leku atoMHuX cTaHuim» [81] e Ilian
HOPMATUBHOTO peryitoBaHHs [lep:kaBHOI 1HCHEKINI SIIEPHOTO PETYJIOBaHHA YKpaiHU
Ha 2020 pik, po3min «Po3poOka Ta  meperisAg  HOPMATUBHUX  aKTIB
HepxxaTtomperymatoBanHs», nyHKT 3.8 [73]. BignoBimHo, poOOTH 3 pPO3pOOJIEHHS
nokymeHTa posnodanucs y 2020 porii 1 3aBepriiucs y 2023 porri.

HITA crBoproBaBca (QaxiBusmu [epxkaromperymtoBanHs Ta Jlep»kaBHOro
nignprueMcTBa «JlepaBHUI HAYKOBO-TEXHIYHUN IEHTP 3 SJIEPHOI Ta pajiamiiHol
Oe3MeKn» Ha OCHOBI HaOyTOro JOCBIY MiJ 4ac MPOBEIEHHS JIEP>KaBHOI €KCIEPTU3U
sJIepHOi Ta paaiamiiiHoi 6e3neku matepiamiB 3 TOIP cucTeM Ta €l1eMEeHTIB, BaXKJIMBHUX
s 6e3rnekn AC. OCHOBOIO BCTAaHOBJICHHSI HOPM 1 MPAaBHWII 3 SJICPHOI Ta pamialiidHoOi
oe3neku B npoekTi HITA € BUMoru HaljioHaJIbHUX 3aKOHOJIaBUMX aKTiB, HOPM, MPABUII 1
CTaHJApTIB 3 SAEPHOI Ta pajiamiiHol Oe3nmeKkr Ta MDKHAPOAHHWM JOCBI 3 I[bOTO
nuTanHs, 30kpema pekomeraaiii MAT'ATE Ta pedepentnux pisaiB WENRA. B ocHoBI
BpaxyBaHHS MI)KHApPOJHOIO JIOCBILy CTalM pedepeHTHI piBHI Oe3neku ais airounx AC.
3okpema, mig yac po3pobsiennst mpoekty HITA BpaxoBani pedepeHTHI piBHI O€3MeKH:
['pyniu D «HaBuanus Ta 060B's3ku niepcoHany (poOoTu Baxkiausi ajis 6e3nexu)» (Issue
D: Training and Authorization of NPP Staff (Jobs with Safety Importance)) ctocoBHO
MiArOTOBKH Ta KBamigikaiii peMoHTHOTO nepconany, I'pynu H «Excruyartamiitai mexi
ta ymoBu» (Issue H: Operational Limits and Conditions (OLCs)) moao a1oTpruMaHHS

MeX Ta yMoB Oe3neuHoi ekcrutyartanii mifg yac TO1P, I'pynu | «YnpaBniaas crapiHHsIMY
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(Issue I: Ageing Management) moao BpaxyBanHs TOiP y mporpamax yrpaBiiHHS

crapinHam Ta pedepentHi piBHiI ['pynu K «Texniune oOciiyroByBaHHs, epeBipKa IiJl

yac ekciutyaranii Ta ¢yHkuioHanbHe TectyBaHHs» (Issue K: Maintenance, In-Service

Inspection and Functional Testing) mrono o6csry 1 uiieir TOiP CBb AC, po3po6ieHHs
Ta BIpoBa/pkeHHs mporpamu TO1P.

Pospo6nennii mpoexkt HITA konkpeTtusye Ta aetamisye Bumoru [67], [70], [74],

[75].

1.4.3 Ormang HITA «Bumorum no mnpoBeneHHsS TEXHIYHOTO OOCIyroBYBaHHS 1

PCMOHTY O6J'Ia,Z[HaHHH CHCTCM, BAXIIMBUX OJIA OC3IIeKH aTOMHUX CT&HI.[iﬁ»

HITA HIT 306.2.240-2023 «BumMoru 10 IpoBeIeHHS TEXHIYHOTO 00CITYyTrOBYBaHHS
1 pEeMOHTy OOJaJHaHHSA CHUCTEM, BAXJIMBUX [ O€3MEeKM AaTOMHHMX CTaHII»
3atBepakeHo Hakazom JlepxkaTomperymtoBanHs Bij 7 6epesnst 2023 poky 3a Ne 133 Tta
Oymno 3apeectpoBaHo B MinictepceTsi toctuiii Ykpainu 10 xBitHs 2023 poky 3a Ne
597/39653 1 BiaNoOBiAHO BBEAEHO B fit0 [81].

HITIA [81] ckmamaetbes 3 8 po3niiiB, IO OXOIUIIOIOTH: 3arajibH1 TOJIOXKEHHS,
¢byHkuii Ta 000B'a3ku cy0'ekTiB AisibHOCTI y cept TOIP, cucrema TO1IP cucrem Ta
€JIEMEHTIB, BaXXIUBUX i O0e3neku AC, manyBaHHs Ta migroroBka TOiP, BukoHaHHs
TO1P, noxymenramis TOiP, anamiz pesynbrariB 1 BpaxyBanHs pgocBigy TOIiP,
ontumizaisg TOiP.

Po3nin «3aranbhi monoxeHHs» [81] MicTuth Mery, cdepy 3acTOCyBaHHS Ta
TepMiHM 1 iX Bu3HadeHHs . 3okpema, HITA [81] BcTaHOBIIOE OCHOBHI BUMOTHU
3a0€3IeueHHsl SIICPHOI Ta pajaianiiHoi Oe3MeKd IiJi Yac TUTAaHyBaHHS, IiJITOTOBKH,
BUKOHAHHS Ta JokyMeHTyBaHHsS poOiT 3 TOiP ob6nannanns CBb AC, 3 ypaxyBaHHSM
PHU3HK-1H(HOPMOBAHOTO MiAXOAY, 30KpeMa:

- BUMOTH JI0 TIJIaHYBaHHS, MIATOTOBKM 1 BUKOHAHHS TOIP Ta OIIHKM TEXHIYHOTO
crany obnannanus CBb AC; Bumoru g0 nepeniky JokyMeHTalii, HeooxiaHoi amus TO1P
o6xamnanusg CBb AC;

- BUMOTH MIOJI0 MOMJIMBOCTI 3aCTOCYBaHHS PU3HK-IHPOPMOBAHUX IMiIXOJIB JJIS
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TO1P o6magunanus CBb AC.

Takoxk, y 1bOMYy pO3AUTl HaBelIEHI TEPMIHM, BU3HAYEHHS Ta CKOPOYCHHS, IIO
3actocoBytoTbes y HITA [81] i1 chepi TOIP o6nannanass CBb AC. Beneno HOBI J1st
YKpaiHChKOI peryiodoi 0a3u 3 sSAepHOi Ta pamialiiHOoi Oe3MeKd TEpPMIHM, IO
3aCTOCOBYIOThCS MiJ 4Yac AisuibHOCTI 3 onTumizamii TOiP 13  3acrocyBaHHAM
IHCTPYMEHTIB IMOBIPHICHOTO aHami3y Oe3neku. OCKITbKY 1 OCHOBHOIO METOI0 PO3pOOKHU
HITA [81] 6yno pernmamenTtyBanHs AisuibHOCTI 3 ontuMizaliii TOiP CBb AC. YV po3aini
«Dynkuii Ta 000B'13ku EO B cdept TO1P» [81] mictutbes iHGopManisa moa0 GpyHKIin
Ta O0O0OB'I3KIB eKkcrulyaTyto4oi oprasizamii (maai — EO) mig 4dac miaHyBaHHSA,
MIJTOTOBKHM, BUKOHAHHSA Ta JMoKyMeHTyBaHHs poOit 3 TOiP o6mamnanns CBb AC.
BcranoBneno, mo EO 3abesnedye gorpumanHs cuctemMatuyHoro miaxoay o TOi1P
ob6nagnanns CBb AC, skuii nependayvae:

o CUCTEMAaTUYHY OI[IHKY BHKOHAaHHS TIIOCTaBJIeHUX (YHKIINA 1 3amgad
o6namnanusg CBb AC, nis Bu3HaueHHsT HeoOXx11HuX 3axoA1B TO1P;

o MplOpUTETHICTh BUKOHAHHA MiaHoBoro TOiP ob6nannanns CBb AC Hap
PEMOHTOM 3a TEXHIYHUM CTAHOM IILOTO OOJIaIHAHHS;

° mianyBanHs TOi1P o6nagnanns CBb AC Ta po3poOieHHS BiANOBIIHUX
rpadikiB 3 METOIO AOTpUMaHHs BUMOT perinameHTy TO1P.

VY po3gimi «Cucrema TOiP obnamgnanas CBb ACy» [81] MicTAThCS OCHOBHI
royioskeHHs misibHOCTI 3 TO1P o6mamnanns CBBb AC, Bumorm 5o O€3mekH miJ dac
TUIaHYBaHHS, MATOTOBKY Ta BUKoHaHHS poOiT 3 TO1P obnagnanus CBb AC, Bumoru 110
MIATOTOBKH Ta KBamidikarii mepcoHary. Y 1bOMY PO3ALIi, 30KpeMa, BU3HAYCHI CKIIA]]
cuctremu TOIP obnannanns CBb AC. 3okpema, cuctema TOi1P obnagnannss CBb AC
CKIIAJAETHCS 3.

° HOPMATHBHOI, TEXHIYHOi, EKCIUTyaTaI[iiHOT Ta PEMOHTHOI JOKyMEHTAIlll,
10 BU3HAYAE€ KOMIUJIEKC 3aXOJIIB JJIsI KOYKHOTO TUIY OOJIaHAHHSI, 3 METOIO MiATPUMKHU
HOT0 Tpare31aTHOr0 TEXHIYHOTO CTaHYy;

o 3ac001B OIIHKMA TEXHIYHOTO CTaHy Ta BunpoOyBaHb obnagHanus CBb AC,
a TaKOX 3ac001B TeXHOoI0rYHoro ocHameHus: TO1P;

o nepcoHany, skui 3anydaetbes 10 BukoHanHsa TOi1P o6mannanas CBb AC.
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Poznin «IlnanyBanus ta miaroroBka TOi1P» [81] MicTUTh BUMOTH 110 TIaHYBaHHS
ta niarotoBku 10 TO1P obomagnanus CBB AC. Po6oru 3 TO1P o6magnannas CBb AC
NEPEeBAKHO IUIAHYIOTBCA Ha TEepioj] IUIAHOBOTO IOMNEPEIKYBAIbHOTO PEMOHTY
eHepro0JIoKa Ta B MiKpeMOHTHUH Tiepio. [lmanyBaHHS BUKOHAHHS TaKUX POOIT i 4ac
po0OOTH eHeproOJIoka Ha MOTYKHOCTI 0OTpyHTOBYEThCS EO (i3 3acTOCyBaHHSM PU3HK-
1H(HOPMOBaHUX MMIIXO/TIB) Ta TOTOMKYETHCSA 3 JepkaTOMperyIroBaHHSIM.

[TinroroBka TOiP ob6nagnanas CBb AC monsrae B po3poOieHH] Ta peami3artii
3ax0/11B (30KpeMa MiJIr0TOBKA PEMOHTHOI IOKyMEHTAIlli Ta PEMOHTHOT'O MIEPCOHAITY ), SIK1
NIATBEPAKYIOTh TOTOBHICTB aaMiHicTpanii AC 1 3alydeHuX NIAPSAHUX OpraHizamii 10
BUKOHaHHS poOiT 3 TOiP nporo obOmagHaHHA 1 B HEOOXigHOMY O00Csi3l U 3
YCTaHOBJICHUMH TIOKa3HUKaMH sIKOcTi/HajiiHOoCcTl. EO 3a0e3neuye HasBHICTH MOBHOTO
KOMIUJIEKTY 3alacHUX YacTHH, 1HCTPYMEHTIB, mpuiaias Ao mnoyatky poOit 3 TOiP
oomannanus CBb AC.

VY poznun «Bukonannsi TOiP» [81] BusHaueHi BuMoru 1o mpoBeneHHs TOI1P,
30Kpema:

o BUMOTH JI0 TEXHIYHOrO OOCIyroByBaHHs cucteM Ta oOnanHanHs AC
(BKIIFOYHO 3 TMEPIOJMYHICTIO Ta OOCATOM TEXHIYHOrO OOCIyrOBYBaHHS) Ta
BITPOBAKCHHS KOPUTYIOUUX 3aXO/IiB 32 PE3yJIbTaTaMu TEXHIYHOTO 00CITyrOByBaHHS,

o BUMOTH [JI0 TIPOBEACHHS PEMOHTY, IO TMependadaroTh: MpOIenypu
PEMOHTY, BHUMOTH JIO BHMKOPHUCTAHHS 3allaCHUX YAaCTUH, BUMOTH JO MPOBEACHHS
BUNPOOYBAHD IMICIII PEMOHTY.

Poznin «/lokymenTarttis TOiP» [81] mictuth BumMoru 10 nokymenTaitii 1js TO1P 1
nokymeHTyBaHHs pe3ysibrariB TO1P obnaananns CBb AC. 3okpema, BUMOTH J10:

- pernamenty TOI1P, #ioro minel, ckiamy Ta oocsry;

- TIOKyMEHTAIII{ i1 9ac miArOTOBKY Ta BUkoHaHHs TOiP;

- TOKyMeHTyBaHHS pe3yibTariB TO1P.

VY posaini «AHami3 pe3ynbTaTiB Ta BpaxyBaHHS nocBigy TOiP» [81] omucani
BuMoru 10 aHanizy pe3ynbraTiB TOi1P obnagnanns CBb AC i BpaxyBaHHS JOCBITY
TOI1P, BKIIOYHO 3 aHAMI30M EKCIUTyaTallliHUX MOJId, TPUYUHOIO SIKUX € JISUIbHICTD,

noB'si3aHa 3 TO1P.
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MoOXIUBICTh 3I1HCHEHHS Ta BUMOTrHM 3 Oe3mexku nig 4yac omnruMizamii TOi1P
obnmagnanass CBb AC nHaBemeHi y posaumn «Ontumizariss TO1P» [81]. Heo6xigHO
3ayBaxutH, 1o ontumizamis TOiP o6mamgnanas CBb AC — cykymHicTh poOIiT,
CIpPSIMOBAaHMX Ha MiABUILECHHS edekTuBHOCTI ekcruryaramii AC. Ontumizaris TOiP 06-
nannanHs CBb AC peanidyerbes 3a AOMOMOTOI0 3/1HCHEHHS PEMOHTY 32 TEXHIYHHM
CTaHOM, BUKOHAHHS 1HXEHEpPHOI OLIHKHK Ta BpaxyBaHHs aocBinxy TOiP Takoro Tumy
oOJlaHaHHS 1 BUKOPUCTAHHS OINIHOK PHU3MKY B JOMOBHEHHS JO JETEPMIHICTUYHOTO
aHamizy 0Oesneku, 5Kl € OocHOBOW pusuk-iHpopmoBanoro TOiP (PI-TOiP).
3actocyBanHa pusuk-iHPopMoBaHoro TOiP mossirae y BUKOPHCTaHHI IMOBIPHICHUX
ominok pu3uky s ontuMizaiii TO1P o6nagnanus CBb AC 1 BUKOHY€EThCS 32 TaKUMU
HaIpsIMaMHU:

o Meperisii PeriaMeHTHOrO 4Yacy BuBeACHHA oOsamHaHHs B peMoHT (PI-
TPBE) y Takux Bumaakax: rmiaHyBaHHs npoBeneHHss TOiP 3a po6oTu peakTopHOI
ycTaHOBKHM (nanm — PY) Ha moTy>KHOCTI; BiIMOBM 4YM HE3aIJIJaHOBAHOI HErOTOBHOCTI
oOnaaHaHHs 32 poOoTH PY Ha MOTyXHOCTI;

o nepereceHHs: BukoHaHHs1 TOiP o6mannanns CBb AC, na nepioa poboTu
PV Ha noTy»HOCTI, pusuk-iHpopmoBaHe ynpasiinHa koHPirypatieto AEC (PI-YK);

o 30UTbLIEHHS IHTEpBATY NepioandHocTi onpodyBanb (PI-I10).

ITinx gyac misueHOCTI 3 onrTuMizarii TOIP oOmagumanus CBBb AC uHagaerbes
npioputeT 3axoaam 3 ontuMizanii TO1P, siki He 3MeHIIyIOTh piBeHb Oe3neku AC, 3
ypaxyBaHHSM BIJIOBIIHMX KOMIICHCYIOUHMX 3axojiB. A BiacHe ontumizaiis TOiP
obmagnanass CBB AC 3ailCHIOETBCS BIAMOBIAHO 1O 3aTBEPKECHUX METOJHK
ontumizanii TOiP. Ili meroguku po3pobistoTeess EO 3 ypaxyBaHHAM anpoOOBaHOTO
MDKHAPOJIHOTO JTOCBIAY Ta MOTOKYIOThCS 3 JlepKaToMperytoBaHHSM BIAMOBIAHO 10
«Bumor 1o mpoBeneHHss Moaudikaiiid sSAEpHUX YCTAHOBOK Ta TMOPSAJKY OINHKH iX
Oe3meKm», 3aTBEP/DKEHUX Haka3oM JlepikaBHOTO KOMITETY SIIEPHOTO PETYIIOBAHHS
Vkpaian Big 10 ciuas 2005 poxy Ne 4, 3apeectpoBanux y MiHICTEpCTBI FOCTHIIIT
VYkpainu 24 ciuns 2005 poky 3a N 78/10358 [72].

Otxe, BuMoru BBesieHoro B air0 HITA [81] MokxHa yMOBHO pO3AUIMTH Ha KUIbKa

OCHOBHHMX HAmpsSMIiB, 30KpeMa: 3arajbHi BHUMOTH, Ta BHUMOTH, IO BIJAKPHBAIOTH
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MOTEHIIMHY MOXIuBicTh onTtuMizalli TOiP ob6nagnanns CBb AC, Bumoru momo
excrutyatariitnoro ctany PY Tta nepenecennss TOiP obnagnanus CBb AC y cran PY
«Ha TIOTY>XHOCTI», BUMOTH JI0 3MiH 00csriB Ta nepioanyHocti TO1P obnannanus CBb
AC. Okpemi BUMOT'H 3a IIUMU HanpsiMaMu HaBEJCHO HIKYE.

OcuHoBHO1O BuMorom € 1. 6 Pozmimy II HITA [81], mo cTocyeThcst HEOOX1THOCTI
MOJIaHHS Ha MOTOKEHHS A0 JlepkaToMperynoBaHHs HOBUX MiAXoAiB Ta MeToaiB TO1P
ob6nagnanas CBb AC, sxi MOXyTbh NMPU3BOAUTH A0 CYTTEBHX 3MIH MIJAXOIB 1 METOJIB
TOiP (3oxkpema onrtumizaiito TOiP) obnagnannss CBb AC, pazoM 3 o0rpyHTOBYIOUOIO
JIOKYMEHTAIIIE€I0, JIO 1X 3aCTOCYBaHHS Ha MpakTHIl. MeToau Ta MiAX0aH A0 ONTUMI3aIlli
TOiP o6nagnanus CBb AC Busznaueni B po3auri 8 HIIA [81]. Huska Bumor Tta
nosiokeHb HoBoro HITA [81] mpucBsiueHa BUMOram /10 €KCIUTyaTalliifHOTO CTaHy s
npoBeneHHs TO1P o6magnanuas CBb AC Ta i#oro 3minu. YactuHa 3 1IIMX BHMOT €
OUYEBMJIHUMH, NPOTE paHille He 3a3Havyanucs B HITA 3 sinepHoi Ta pagianiiiHoi Oe3neKH.
OcHOBOIO BHM3HA4YeHHS €KcIulyaTalidHoro crany PY mna nposemenns TOi1P
obonaananass CBb AC € mono)xeHHsSIMH €KCIUTyaTalliifHOi Ta PEMOHTHOI JIOKYMEHTAIlIi,
3TITHO 3 SIKOKO 1 BU3HAYAETHCA EKCIUTyaTallMHWM CTaH Ta pErjaMEeHTOBAaHUM dac
BUBEJICHHSI 00JIaIHAHHS B PEMOHT.

Bonnouac, noBum HITA [81] nonyckaerbest BukoHanHs TO1P o6nagnanus CBb
AC y BIIMIHHMX CTaHaX, 30Kpema MiJ yac poOOTH €HeproOyioka Ha MOTY>KHOCTI, MIPU
TOMY Tl Yac BU3HAYEHHS €KCILTyaTaIlliHOTO CTaHy eHeproosioka g ianoBoro TO1P

oonaananHs CBb AC EO BpaxoByeThcs:

o pe3epByBanHs oonagHannga CBb AC;

o JOTPUMAaHHS MEX Ta yMOB O€3M€4HOI eKCIUTyaTallli;

o JOTPUMAHHS IETEPMIHICTUYHUX Ta IMOBIPHICHUX KPUTEPIiB;

o 3a0e3MeyeHHs] HEMEepeBULICHHS HOPMATHUBHUX MEX 1 MIATPUMAaHHSA

paglaiiiHOrO BIUIMBY Ta 103 ONPOMIHEHHS MEPCOHATY HAa PO3YMHO JOCSHKHOMY
HU3BKOMY PIBHI.

ITin yac Bukonanus TO1P ob6nagnanus CBb AC B excmutyarariiinomy ctani PY
Ha MOTY>KHOCTI:

o 3a0e3neuy€eThCsl JOTPUMAaHHS MEK Ta YMOB 0€3M€4HOI eKCIUTyaTallli;
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o OLIHIOIOTHCS PU3MKU 3MIHM KOH(Irypaiii eHepro0ioka, TpUAHATOI A7
BOTO EKCIUTyaTaIlifHOrO CTaHy;

o 3a0e3neuy€eThCsl BU3HAYEHHS Ta JIOTPUMAaHHS MEXK MHTTEBOI YacCTOTH
BKKOTO TIONIKO/PKCHHSI aKTUBHOI 30HU (YaCTOTH TPAaHUYHOTO aBApIMHOTO BHUKHUY),
KYMYJISITABHOTO PHU3HMKY Ta BU3HAYEHHS MEX PU3UKY B PU3UK-MOHITOP1 IIJ Yac
3aCTOCYBaHHS IHCTPYMEHTa PU3UK-MOHITOPA;

o 3a0e3MeuyeThCs  JIOTPUMaHHS —~ IMOBIPHICHMX — KpPUTEpiiB  Oe3mekw,
BU3HAYCHUX Y «3arajbHUX TOJOXKEHHIX Oe3meku» [67], Ta KpuUTEpiiB 1I10]10
JOTYCTUMOTO 301TBIICHHAS] YaCTOTH BAYKKOTO IOIIKOKCHHSI aKTUBHOI 30HU 1 9aCTOTH
TPaHUYHOTO aBapiiiHoro BHKHUAY, ycraHoBieHux y HII 306.2.217-2017 [70]. EO
JeTaJlbHO OOIPYHTOBYE MOXJUBICTh mpoBeacHHs TOiIP o6nagnanns CBb AC Ha
noTy>HocTl. O0rpyHTYyBaHHA MOXJIMBOCTI npoBesieHHa TO1P obnagnanns CBb AC na
MOTY>KHOCT1  3/IMCHIOETBCS HA OCHOBI OIIIHOK PHU3UKY B JIOTIOBHEHHS [0
JETEPMIHICTUYHOTO aHamzy, 3aTBEP/IKYEThCS EO Ta MOTO/KY€THCS
JlepKaToMperyJIrOBaHHSM.

ITix yac manyBanHs Ta BukoHaHHs TOi1P o6nagnanas CBb AC nns crany PY Ha

MOTYHOCTI 3a0€31e4Uy€eThCS:

° TOTPUMaHHS KOHIIEMIIIT IITHOOKOEIIECIOHOBAHOTO 3aXUCTY;

o BUKOHAHHS OCHOBHMX (DYHKIIIHM O€3MeKu;

o paalaliiHui 3aXUCT NEPCOHATY BIAMOBIIHO A0 OIL[IHEHUX PU3HKIB;
o JOTPUMAHHS MIPUHITUIIIB KYJbTypH O€3TEKH.

He nonyckaerbcsi BukoHanHsa TOiP ob6nannanas CBb AC nns crany PY Ha
MOTY>KHOCTI, SIKIIO TI€ MO>KE MPU3BECTH JI0 IOBHOT BTPATH OJIHI€T a00 O1JIbIlIe OCHOBHUX
byukimin  O6esnexkd. OKpiM  TOTEHIIAHOI  MOXJIMBOCTI  3aCTOCYBaHHSI  PU3HK-
iHhpopmoBaHux miaxonaiB ans nepeHeceHHss TOi1P na o6nagnanns CBb AC B
eKCIUTyaTaliiiHoMy ctani PY Ha MOTy>KHOCT1 JJOMyCKa€ThCs 3MiHA MJIAHOBOI'O PEMOHTY
obnmagHanHss CBb AC Ha peMOHT 3a TEXHIYHUM CTaHOM. YMOBOIO TakKoOi 3MIHU €
HAsBHICTh  HEOOXIIHOTO JIarHOCTUYHOTO  3a0e3MeyYeHHs Ta perjJaMeHTyI4oi
eKCIUTyaTamiiiHol 1 pPEeMOHTHOI JOKyMEHTalii, JaHWX JOCBIy eKCIUTyartamii Ta

HaJIHHOCTI 00JagHaHHS. 3MiHA TJIAHOBOTO PEMOHTY Ha PEMOHT 3a TEXHIYHMM CTaHOM
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3MIMCHIOETHCS PO3POOJICHHSM TEXHIYHOTO PIIICHHS MPO 3MIHY IIJIAHOBOTO PEMOHTY
oONaJiHaHHS HA PEMOHT 3a TEXHIYHUM CTAHOM DPAa30M 3 KOMIICHCYIOUMMH 3aXOJIaMH.
TexHiuHE piIICHHS TOTOKYEThHCS 3 JlepikaToMperyIroBaHHIM.

[lomo 3arambHUX BUMOT J0 IUIaHyBaHHS Ta BUkoHaHHs TOi1P o6nagnanus CBb
AC y HITA BmpoBamkeHO HU3KY BHUMOT II0J0 3MiH o0csry Ta mepiogudnocti TOiP
oonagaanass CBb AC. 3okpema, m. 9 Posminy V HIIA [81] He nomyckaerhcs
3MeHIIeHHs 3arutaHoBaHoro oOcsary TOiP o6nagnanns CBb AC mig dyac #oro
BUKOHAHHS. Y pa3l 3MEHUIEHHs oO0cAriB ad0 30UIbIIEHHS MEPIOAUYHOCTI PEMOHTY
oonaananas CBb AC nin yac rutanyBanss, EO B ycTaHOBIEHOMY TOPSIIKY PO3pOOIISIE
TEXHIYHE PIIICHHS Ta HaIpaBisie WOTO pa3oM 3 OOIPYHTOBYIOUMMH MareplajiamMu Ha
noroxeHHs A0 [epxxaromperymtoBanss. KpiM Toro, 30UTbIIEHHS PETJIAMEHTHOTO Yacy
BUBeJIeHHS 3 pobotu obmagHanHss CBb AC 3miiicHioeTbest EO Ha 0CHOB1 IMOBIPHICHHUX
omiHOK pu3uky s ontumizanii TOIP uporo o6nagHaHHSA, BUKOHAHUX 3TITHO 3
MOTOKCHUMH  JIep)KaTOMpPETYIIOBaHHSIM ~ METOAWKAMHA Ta  KEPIBHHITBAMHU 3
notpuManHsM Bumor HITA [81]. 36inbmienns intepBany ta/ado nepiogudnocti TOi1P 1
BUNPOOYBaHb, SIKI MOXYTh BUHUKHYTHU MiJ 4ac ruianyBaHHs TOi1P ob6nagnanus CBb
AC, o6rpyHnToByeThest EO Ha 0OCHOBI IMOBIpHICHUX Ta/a00 JETEPMIHICTUYHUX aHATI3IB 1
MOTOKY€EThCs 3 JlepkaToMmperyoBaHHsM. BomHodac, 3MiHa TEpMiHY IPOBEICHHS,
TpuBajuocTi Ta o0cary TOiP, mo mMoxe mpu3BecT 10 30UIbIIEHHS HOro o0cary ta/abo
3MEHIIICHHSI IEPI0IMIHOCT1, OPOPMITIOETHCS BIAMOBIAHO /10 TexHIYHUX BUMOT EO Ta He

noTpedye norokeHHs JlepaToMperyItoBaHHSIM.

1.5 BUCHOBKH 10 TIEPIIOTO PO3ALTY

1. Ha ocHOBI mpoBeneHOTO aHami3y MPOEKTHUX 1 MEPCHEKTUBHUX CTpaTETii
excrutyatariii peaktopis Ha [ITIIK Ta ITHIT BcranoBnEHO:

. [TepcnextuBHi ctparerii [ITIIK Ta I[THIT MmoxyTh OyTu peasnizoBaHi uepes
MOJICpHI3AIlil0 HEUTPOHHO-GI3MYHUX Ta/ab0 TerIo(i3MIHUX BIACTUBOCTEH SIIEPHOTO

I1aJInBa.



56

. ['pannyHO AOMyCcTUMa HOMIHAJIbHA MOTY)KHICTh BHU3HAYAETHCSA YMOBAMHU
BUHUKHEHHSI TepMoakycTuuHoi HecTidkocTi (TAH) TemmoHocis, ska MoOXe
CYMPOBO/KYBATHCh BUCOKOYACTOTHUMH (COTHI TepIr) 1 BUCOKoaMIuniTygHuMH (10 50%
CEpPeAHBOTO THCKY B aKTHUBHINM 30H1) JMHAMIYHUMHM HaBaHTAXEHHSIMH Ha IOBEPXHI
TBEJI. YmoBu TAH TemmoHOCis B aKTHBHIN 30HI peakTopa peayni3yroThCsS 32 3HAYHO
MEHIINX TEeTUIOBUX HAaBAaHTAXXECHb, HI’K YMOBHU KPHU3U KUIIHHS.

. Meroau pospaxyHkoBoi kBamidikamii moxepHizauiii CBb AEY, ski
IPYHTYIOTbCSI Ha MOJIEIIOBAHHI pOOOYMX 1 aBapiHUX PEXHUMIB IETEPMIHICTUUHUMHU
konamu (1K) , HemocratHbo 00rpyHTOBaHI At kBamidikaiii crpateriit ITTIIK Ta TTHII,
TOMY IO PE3yJbTaTU PO3PaXyHKOBOTO MOJEIIOBAHHS MOXYTh 3aJIeKaTH BiJ €(EeKTiB
po301xHOcTI [IK Ta/abo po36ixkHOCTI KopucTyBayiB JIK.

. AKTyalnbHUM € pO3pOOJIEHHS aJbTEPHATUBHUX METOJIB KBamidikarii
nepcnektuBHOi ctparerii [IHII peakTopa, mio BpaxoBYIOTh MOXJIMBICTH ONTHUMI3AIl]
BU3HAYAJIbHUX MapaMeTpiB MOTYKHOCTI PEaKTOpa, a TaKOX HE 3aJIekaTh Bl €(EeKTiB
BiaminHocTi JIK/kopuctysauiB JIK.

2. [IpoBeaenuil aHai3 NPOEKTHUX 1 MEPCIIEKTUBHUX CTPATETid BUNMPOOYBAHD
Cb y pobounx pexxumax peakTopa BCTAHOBUB:

. [IpoexTHa nepioanuHicTh BulipoOyBanb Cb y poOounx pexxumax peakropa
perjiaMeHToBaHa ampiopi 0e3 HeoOXiAHMX OOIPYHTYBaHb 1 HE BpaxoOBY€ JOCBIJ
IPOBEJCHHS BUIIPOOYBaHb.

. Meroau  kBamidikamii  MOAEpHI3alid  MEPIOJUYHOCTI  IJIAHOBUX
pemonTiB/BunpoOyBanb CBbB, 3acHoBani Ha imoBipHiCHOMY anamizi Oesneku (IAB),
HEJI0OCTaTHHhO OOTPYHTOBaHI JJis KBami(ikailii cTpareriii MoaepHi3zaiii BurpoOyBanb Ch
y poOoYMX peKHMax pPEeaKTopa, OCKUIbKM MPUITYCKAIOTh "IITy4HE" 3HUKEHHS PIBHS
Oe3MeKu 1 He BpaxOBYIOTh Uy TJIMBICTh BU3HAYAIbHUX TapameTpiB UITA3.

AKTyanbHO pO3pOoOMUTH anbTEpHATHUBHI METOAM KBali(dikalii MozepHi3alli
MPOEKTHOI cTpaTerii BulipoOyBanb Cb y po0ouux pexumax peakTtopa, OpiEHTOBAHI Ha
3a0e3MeyeHHs] MaKCUMaJbHOI HalIHHOCTI BUKOHAHHS (DyHKIIIH Oe3MeKH 3 ypaxyBaHHSIM
- MOHITOpHMHTY 'mpuxoBaHUX" BIIMOB/IE(PEKTIB y MDKBUIPOOYBAJIBHUX Tepioaax

eKCIUTyaTallii.
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PO3ILJT 2. KBAJIIDIKALIA CTPATEIT] EKCILIYATALIII PEAKTOPA B
PEXXKMMAX HII[BI/I]_HEHO;I' TPUBAJIOCTI ITAJINBHUX KAMIIAHIN TA
[HIABUILEHIM HOMIHAJIBHIN [TIOTY>XXHOCTI

2.1 Amnami3z miTepaTypHUX JaHUX II0JI0 BIAOMHX pe3yJbTaTiB KBasidikarii

MojiepHizarii akTuBHOI 30HM SIEY Ta mocranoBka npooyiemu

B ekcrpemanbHMX yMOBaXx BOEHHOTO 4Yacy BHACHIZOK 3HA4YHOI BTpaTU
CHEpreTUYHUX IOTYKHOCTEH Ta Oe3NepepBHUX MOLIKOMKEHb/PYHHYBaHb KPUTUYHOI
1H(QPACTPYKTYpU €HEPreTUKH YKpaiHM aKTyaJbHICTh NIABUUIEHHS €(QEKTHBHOCTI
0e3MeuHO1 eKCIulyaTallii aTOMHOI €HEPreTUKU Ma€ NMPIOPUTETHE 3HAUEHHS.

[TinBumenus edexktuBHocTi ekcruryaranii AEC (migBuineHHs KoedilieHTa
BUKOPUCTAaHHA BCTAaHOBJIEHOI MOTYXHOCTI) MOKe OyTu 3a0e3leyeHe CTpaTerisiMu
nigBuieHHss HoMiHabHOI ToTyx)HOCT1 (ITHII) simepuux peaktopiB Ta MiABUIICHHS
TPUBAJIOCTI POOOUYMX PEXHUMIB PEAKTOPIB HAa MOTY>KHOCTI (MIJBHUILEHHS TPUBAIOCTI
nanuBHUX kammadiit — [1TIIK).

VY 3arampHoMy Bumanky peanizamis crpateriii [THIT Ta/ab6o TITIIK wmoxke
3MIACHIOBATUCA  MOJEPHI3ALIEI0  HEUTPOHHO-(DI3UYHUX  Ta/ab0  Termo(pi3UYHUX
BJIACTUBOCTEN SJIEPHOTO TMalvMBa  Ta/ab0 KOHCTPYKIIWHO-TEXHIYHUX TMapameTpiB
€JIEMEHTIB aKTUBHOI 30HHU.

Crparerii ITHII, o 6a3yroThcsl Ha NMIABUIIEHH] TEMIIEpATypH SAEPHOTO MaJlkBa B
poOOUMX PEKUMAX PEAKTOpPa, MOXKYTh 3a MEBHUX YMOB CIIPHUSTH peaizallli cTparerii
[ITIIK. 30iiblIeHHS TeMIlepaTypH SAEPHOrO NajdrBa B pOOOUYUX peKUMaX peakTopa 3a
IHIIMX PIBHUX YMOB 301IbIIIy€ TNIMOMHY BUTOPSIHHS MajlBa, a BIAMOBITHO 1 TPUBAJICTb
nanuBHOT KammaHii [82—-87]. Ommak IIHIT peaktopa Moxke Takox 30UTBITYBaTH
HIBUJKICTh BUTOPSHHS TalKMBa, a BIAMNOBIIHO 1 3MEHIIYBaTH TPHUBAIICTh MaJTUBHUX
KamraHii [88].

Tomy OUIBII aKTyaJIbHUMH € po3poOKa Ta OOIpyHTyBaHHS (KBasidikaiis)
crpateriit [ITIIK, mo 6a3yroThcsi Ha 30epeKeHHI MPOEKTHOT HOMIHAJIBHOI MOTYKHOCTI
peaktopa. 3okpema, ctparerii [ITIIK npu mnpoekTHii HOMIHAIBHIA MOTY>KHOCTI

peakTopa MOXYTh OYyTH peani3oBaHl NUIIXOM MOJEpHi3amii  Teraogpi3uIHUX
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BJIACTUBOCTEN sA/iepHOro nanusa [89, 90].

ITepcniextuBHicTh peamizamii ctpareriii [THII/IITIIK gias atomMHOT eHepreTwku
Ykpainu posriasganach 1€ Kijgbka JeCATKIB pokiB ToMy. OmHak uepe3 psa 0O0CTaBUH
nporpamu [THIT/TITIIK tak 1 He OyJi0 BIpOBaIPKEHO B €KCILTyaTallliHY MPAKTHKY.

Opni€ro 3 MpUYMH TaKoi cuTyalii Oyjia HEOOXiTHICTh JAOCTaTHBOI KBaliikarii
oesnexku crparerii [THIIVIITIIK, sxi He mnepeabadeHi MPOEKTOM  SIEPHHUX
eneproycranoBok 13 BBEP. 3rigHo siaepHoro 3akoHojaBCcTBa YKpaiHU MOACpHizallii
cucTeM, BaxiuBux mis Oesneku SEY, 3 BIAXWICHHSM BIJ MPOEKTHUX MNapaMeTpiB
MOBUHHI OyTH JTOCTAaTHHO KBali(iKOBaHI Ha 3a0e3MeUeHHs YMOB O€3MeKu B poOoUHX 1
aBapiitnux pexumax SJEY [82-93].

KBanigikamis 0e3neku ctpareriii ITHII/IITIIK Bu3Hauae HEOOX1IHICTh PO3POOKHU
BIJIMOBIIHUX MeTOAIB KBamidikarii. Meronu kBamidikamii Oe3neku cTparerii
[THII/TITTIK, mo 6a3yroThCs Ha pe3yibTaTax pO3paxXyHKOBOTO MOJIEIIIOBAHHS pOOOUMX
1 aBapiiiHux pexumiB SEY pi3HUMH [€TEpMIHICTCBKUMU KOJAaMH, HEJIOCTaTHbO
OOTpYHTOBaHI JUIsl PIMICHHS MOMIOHMX 3aad, TOMY IO pe3yJbTaTd KBamidikaiii
MOXXYTbh 3aJ€XKaTH BiJ BIUIMBY €(EKTIB PI3HMII KOIIB Ta/ab0 KOpUCTYBayiB KOJAMH
[92, 93]. Kpim Toro, metonu kBamidikamii crpateriii [THII/TITIIK, mo 6a3ytorbes Ha
pe3ynbTaTax MOJENIOBAHHS IE€TEPMIHICTCBKUMU KOJaMU POOOUYHX 1 aBAPIMHUX PEKUMIB
AEY, He 3a0e3nedyloTh ONTHMMI3allil0 BU3HAYAJIBHUX MapaMeTpiB MOJAEpHI3allii
(aeriTpoHHO-(i3MUHI Ta/ab0 TemIodi3uYHI BIACTUBOCTI SJICPHOTO TajMBa Ta/abo
KOHCTPYKIIHHO-TEXHIYHI TapaMETPH €JIEMEHTIB aKTUBHOT 30HN).

BpaxoByioun HaBe[eHI MOJOXKEHHS, aKTyalbHOIO € po3pobdka MeToja
kBamdikamrii ctparerii [ITIIK npu mpoexkTHI# HOMIHANIBHIN MOTYKHOCTI peakTopa, 1o
0a3yeTbcs Ha onTuMizalii TermTo(pi3uYHUX BJIACTUBOCTEH SIEPHOTO TajguBa Ta

3a0e3nedye yMOBH O€3MeKH B poO0OYHX 1 aBapiiHUX pPeKUMAaX.

2.2 Meron kBamidikalli cTparerii niBUIIEHHS TPUBAJIOCTI MAJTMBHUX KaMMaH1i

2.2.1 OcHOBHI NOJIOXKEHHS Ta JIOMYIIEHHS
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1. Meron xBamidikarii crparerii IITIIK 3a mpoekTHOI MOTYXHOCTI peakTopa
0a3yeTbCsl Ha peE3ysIbTaTax BIJOMHX CKCIICPUMCHTAIbHUX JOCHIKEHb BILIUBY
MOKa3HUKA TEIJIOMPOBITHOCTI SACPHOTO MajuBa Ap Ha TeMiiepaTypy nammsa Ty, [{umu
CKCIIEPUMEHTAMH BCTAHOBJICHO, IO 3MCHIIEHHS Ap 3a iHIIMX PiBHUX YMOB BH3HAyae
30uTbIIeHHST TF 1 BIATMOBITHO 301IBIICHHS TIIMOWHA BUTOPSHHS SIEPHOTO MmanuBa Hy Ta

TPHUBAJIOCTI MATUBHOI KaMIaHil peakTopa Ha MOTY>KHOCTI L:

I, =T =TH. =TL, . (2.1)

BpaxoByroun (2.1), nmokasznuk edexktuBHocti ctpaterii [ITIIK P, MoxinBo
peacTaBUTH Y (popmaTi BiIHOIICHHS MaKCHUMAaJIbHOI TEMIIepaTypu SEpHOTO MalliBa

MOJIEPHI30BaHOi 7F, Ta NPOEKTHOI /Fp MAJIMBHOI MaTPULIl TBENA!

T
P, =" _in (2.2)
TFD

1€ Lym, Lrp — TpUBaNICTh NAJIMBHOI KAMIIaHIi B MOJIEPHI30BAHOMY Ta MMPOEKTHOMY
pexXuMI.

HeoOxinHa ymoBa o0OIrpyHTOBaHOCTI (2.2) — 1JEHTUYHICTh HOTYXHOCTI
CHEproBUJIIJICHHS] AJIEPHOTO MajliBa B MOJEPHI30BaHOMY Np, Ta TPOEKTHOMY Npp

peXUMI:

NFm :NFD . (2.3)

2. EkcmnepumeHTanbHI JOCTIIKEHHS TaK0XX BCTAaHOBWIIM, IO TMPH 3HAYHOMY
30UTBIIICHH] TEMIIEpaTypy SIIEPHOTO TMajiuBa BiAOYBA€ThCS JAETpajaallisi MOBEPXHEBOTO
mapy (rim-30Ha) NaJUBHOI MATPUILIL.

ToMy mepcrneKTUBHUM HANpsIMKOM YCYHEHHsI TTOBEPXHEBOI Jerpajaiii najuBHOT
MaTpulll MoOXe OyTH JBO30HHA manuBHa Matpuus [89, 90], ska ckiamaeTbcs 3
IEHTPAJIbHOI 30HU 31 3HIKEHOK TEIIOMPOBITHICTIO Apg 1 BIAMOBIAHO MiABUILIEHOIO

MaKCHMAaJbHOIO TeMIepaTyporo mnamuBa Irn Ta TOBEPXHEBOI 30HH (rim-30Ha) 3
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M1JIBUIIICHOIO TETJIOMPOBIIHICTIO Ap; 1 3HIDKEHOIO TEMITEPATYPOIO MaauBa Trm.
HeoOximgna ymoBa Oesmneku ctparerii IITIIK — igeHTHYHICTH TemmepaTypu
SJIEPHOTO TAJIMBA B riM-30HI y poOOYMX peUMaxX peaKTopa Ta Ha MOBEPXHI MaTUBHOI
MaTpHIll B IPOCKTHOMY PEXUMI Trpy:

TFmr = TFDr . (24)

[Toka3znnk makcumanbHOi edektuBHOCTI crpaterii IITIIK P, npu 3abe3neueHHi
ymoB kBam@ikamii (2.3) 1 (2.4) y poOounx pexumax peakTopa BHU3HAYAETHCS
ONTUMAJIbHUM CITIBBIJHOIICHHSIM TEPMIYHUX OIOPIB TEIUIONPOBIIHOCTI SAEPHOIO
najanBa y MEHTPaIbHIHN 1 riM-30H1 MAJMBHOI MAaTPHILL.

VY 3araJibHOMy BHMaJKy PIBHSHHS TEIJIOBOrO OallaHCy TBEJNA B MPOEKTHOMY 1

MOJICpPHI30BaHOMY POOOYOMY PEKUMI pPEaKkTopa Ha MOTYKHOCTI [88—92]:

NFD = AF[RI:‘i)(TFDO _TFDr)+R_OlD(TFDr _TOD)]_{—O(AO(TOD _TT) (25)
NFm = AF[Rl;ln(TFmO - TFmr)+ Ré)lm(TFmr _TOm)]+ G‘AO(TOm - TT) (2‘6)
ne Npp, Npn — TOTYXHICTh CHEPrOBUAUICHHS SIEPHOTO TajuBa TBEjla B

MPOEKTHOMY 1 MOJIEpHI30BAaHOMY poOouoMy pexumi; Ap, Ao — TMIIONIA MOBEPXHI
MajJMBHOI MaTpulll Ta O0OJOHKM TBeNa; Trpo, Irmo — MaKCHUMajbHa TeMIepaTypa
SJIEPHOTO TMajiBa B MPOEKTHOMY 1 MOJAEpHI30BaHOMY poOouomy pexkuMi; Trpr, Trmr —
TeMIiepaTypa sJIEpHOrO NajvBa HA MOBEPXHI MAJMBHOI MATPHUIl B MPOEKTHOMY 1
MOJIEpHI30BaHOMY poOodoMy pexuMi; Top, Tom — TeMmrmeparypa OOOJOHKM TBela B
MPOCKTHOMY 1 MOJEPHI30BaHOMY POOOYOMY PEXKHMIi; 0 — TMOKA3HUK IHTEHCHUBHOCTI
TEIJIOBIA/Iaul Ha TIOBEPXHI TBeNa; It — TeMIlepaTypa TEIJIOHOCIS Ha BXO/1 B aKTUBHY
30HY.

TepMmiuHi OMOpPW TEMJIONPOBIAHOCTI €JIEMEHTIB TBENIB B MPOEKTHOMY 1
MOJIEPHI30BaHOMY DPEXMMI B JIIHIHHOMY HaOMMKeHH1 (OOIPYHTOBAHO Ui JiaMeTpy

TBEJIa 3HAYHO MEHIIIOTO 3a 0ro BUCOTY):
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) ) )
R, =2m g _Or0 O _
FD 7LFD Fm ;\'FO . 9 (2 7)
5, &
ROD:i+i:ROm, (28)
Ie App — TOKa3HHUK (KOE(]IIIEHT) TEIUIONPOBIIHOCTI SACPHOTO TallMBa B

MIPOCKTHOMY PEXHUMI; Apo, Apr — MOKA3HUK TEIJIOMPOBIAHOCTI B IIEHTPaIbHINA 1 r1mM-30Hi
NAJIUBHOI MAaTPHILIi; Ag, Ao — IOKa3HUK TEILJIONPOBIIHOCTI Fa30BOI0 3a30py Ta 000JIOHKU
TBeNA; OFD, OF0, OFr, Og, 00 — TOBIIMHA MMAJMBHOI MaTpPHUIIl, LIEHTPAJIBHOI 30HH, I1M-30HHU,
ra3oBOro 3a30py Ta 000JIOHKH TBEJIA.

BpaxoByroun ymMoBHM KBamiQikamii Ipy OPOEKTHIN HOMIHANBHINA MOTY>KHOCTI, 3

piBHsHB TeruioBoro 6anancy TBEJI Butikae:

TOD:TOma (29)

a MakcuManbHuM noka3Huk edektuBHocTI cTparerii [ITIIK y pobounx pexnmax

peakTopa:

m0 _ “‘Fm

max P :TF R TFDO_TFDr

FDO RFD T, FDO

(2.10)

Takum ymHOM, MakcuManbHUM moka3zHUK edextuBHOCTI ctparerii [ITIIK mpu
3abe3reueHHl yMoBU Oe3neku (2.4) y poOouMx peXMMax peakTopa BHU3HAYAETHCS
ONTHUMI3alli€l0 TEPMIYHUX OMOPIB TEIUIOMPOBIAHOCTI IIEHTPAIbHOI Ta TriM-30HU
MaJMBHOI MATPUIILI.

3okpema, 3 orpuMaHoro pimeHHs (2.10) BuTikae ONTUMAIbHUM TMOKA3HUK

TEPMIYHOTO OTMOPY MATMBHOT MATPHIIL JIJIS TIBTOPAPIYHOI MAIMBHOI KaMIaHii:

optRszopt{Sﬂ&}:uRmA_ 2.11)

FO Fr T FDO — T FDr

OnTuManbHUN TOKa3HUK TEPMIYHOTO OMOpY ManuBHOI Matpui (2.11) moxe OyTu
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BCTAHOBJICHUM NUISXOM MOJIEpHI3allli MOKa3HUKIB TEIJIONPOBIIHOCTI Ta TOBIIUHU
HEHTPAIBHOI Ta T1M-30HU MMAJTUBHOT MaTPHIII.

Ksamiikamiss crpaterii IITIIK npu mnpoekTHi HOMIHAIBHIA TMOTY>KHOCTI
peaktopa B aBapiiHUX pexXuMax 0a3yeTbCcsd Ha HACTYNHUX KOHCEPBATHBHHX
JOTTYIIEHHSX.

1. JIms yMOB MPOEKTHUX TMAJIMBHUAX MATPHIh MOYATKOBI Ta MOTOYHI 3HAYEHHS
BU3HAUYAJbHUX  MapaMeTpiB  aBapiiHOro  TPOIECYy  BIAMOBIAAIOTh  HAWOUIBII
KOHCEPBATUBHUM  pe3yJbTaTaM pPO3PAaXyHKOBOTO  MOJICTIOBAaHHSI  MaKCHMaJbHOT
npoekTHoi aBapii (MITA — po3puB roJIOBHOTO MUPKYIISIIAHOTO TpyOoIpoBoy) [84].

2. Ha ymoBu MIIA B mpoeKTHOMY 1 MOJEPHI30BAHOMY pEKMMax BU3HAYAJIbHUN
BIUIUB MAa€ IMOTYKHICTh 3aJIMIIKOBHX TEIUIOBUAUIEHh () 3a IHIIMX PIBHUX YMOB.
CriBBITHOIIEHHS] TMOTY>KHOCTI 3QJIUIIKOBUX TEIUIOBUJUIEHb Yy TMPOEKTHIH Op 1

MOJIEpHI30BaH1i O, MAIMBHIN MaTpPHUILl BU3HAYAETHCS TOKA3HUKOM €()EKTUBHOCTI P,

—==1,, (2.12)

MakcumanbHa 3MiHa TeMIepaTypu sjaepHoro namuBa B mporieci MITA nmns

MPOEKTHOI MAJIUBHOT MATPHIIL:

ATp, = Tip, _TFDO(t =0) s (2-13)

ne Trp, — MakcMMajbHa KOHCEpBaTHMBHA TeMIEpaTrypa sJIEpHOro IajuBa B
nporeci MITA.
Toni, BpaxoBytouu (2.12), makcuMalibHa 3MiHa TEMIIEPATYpH SIIEPHOTO MauBa B

nporiect MITA nis MoJiepHI30BaHO1 MATMBHOT MaTPUIL:

AT, = ATy, P, (2.14)

MakcumanbpHa Temmeparypa sAepHoro mamumBa B mporeci MITA  mus

MOJIEpPHI30BaHO1 MAJIMBHOI MaTPHIli, BpaxoByrouH (2.14):
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TFma = FmO(t:O)_l_ATi:DaPm . (215)

YMoBH 0Oe3leku IMOoA0 TPaHUYHO JIOMYCTHUMOi TEMIlepaTypd MOYATKY

TIJIaBJICHHSI/PYWHYBaHHS MAJIMBHOT MaTpuIll max 7f [84]:

T:.,, <maxT (2.16)

Tomi 31 cmiBBigHOmEHb (2.15) 1 (2.16) BuTikae MaKCUMAJIbHUN TMOKa3HUK

crpaterii IITIIK 11010 TpaHUYHO JOMYCTUMO1 TEMIIEPATYPH SASPHOTO TaInBa:

max 7Ty

max P =~
TFDO + AT'FDa

(2.17)

MakcumanbHa 3MiHAa TeMmIiepaTypu OOOJIOHKM TBena B mporect MITA s

MPOEKTHOI MATMBHOI MATPHIILL:

ATODa ZTODa _TOD(t =0) ) (2.18)

ne Top, — MakCHUMallbHa KOHCEpBATUBHA TeMIIepaTypa 0OOJOHKH TBeJa B MPOLIEC]
MITA 115t IpOEKTHOT NAaTUBHOT MATPHIIL.
Toni, BpaxoByroun (2.12), MakcuMaiibHa 3MiHA TeMIlepaTypyu OOOJOHKH TBeja B

nporieci MITA niis MoepHi30BaHO1 TAJTUBHOI MATPHIII:

ATow, = ATop, B, . (2.19)

MakcuManibHa ~TemriepaTypa OOOJOHKM TBena B mpomeci MIIA s

MOJICpHI30BaHOI MATMBHOI MaTPHIl, BpaxoBytouu (2.19):

TOma = OD(t :0)+ATODaPm- (2.20)
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YMoBH 0e3meKky I0J0 IPAaHWUYHO JOIMYCTUMOI TeMIlepaTypu OOOJIOHKM TBeEJa

nmovaTKy iHTeHcHUdIKaIlli mapo MUPKOHIEBOT peakiiii max 7o [84]:

15, <maxT, (2.21)

Tomi 31 cmiBBigHOmEeHh (2.20) 1 (2.21) BHTIKAE MaKCUMaJIbHHN TOKA3HHUK
ctpaterii [ITIIK momo rpannyHO JOMYyCTUMOI TeMIepaTypy 00OJIOHKHU TBEJA:

max T,
maxP, =—92
mo T +AT, - (2.22)
['pannuno nonmyctume 3HadeHHs nokasznuka ctparerii [ITIIK:
Pm (Opt RFm )
P, =min{max P, (2.23)
max P, ,

2.3 BUCHOBKH JI0 IpyTOro po3auty

1. TlpoBenenuit y pobOTi aHa/Ii3 BCTAHOBUB, 110 KBaTi(iKallis Ta BIPOBAIKCHHS
CTpaterii MiABULIEHHS TPUBAJIOCTI MAJIMBHUX KaMIMaHIN SIIEPHUX €HEProyCTaHOBOK 13
BBEP, mo 06a3yioTbcs Ha MojepHi3aiii Terao(i3uuyHUX BIACTHBOCTEH SIIEPHOTO
najvuBa, MOXYThb 3a0e3MeurTH HEeOoOXiJHEe MiABUIIECHHS e(EeKTUBHOCTI O€3MeYHOi
excrutyatarii enepro6sokisB AEC Ykpainu.

2. Po3pobneHo nmerepMiHiCTChKUI MeTona KBamiikamii crparterii ImiJBUINICHHS
TPUBAJIOCTI MAJIMBHUX KaMMaHIA 3a MPOEKTHOI HOMIHAJIBHOI MOTYXHOCTI, SKUHN
BU3HAYA€ TPAHUYHO JOMYCTUME TMIABUIICHHS TPUBAJIOCTI TMAJUBHUX KaMMaHIA Ha
OCHOBI onTUMi3alii TerO(I3UYHUX BIACTUBOCTEH SAEPHOTO MaJIUBa MPHU 3a0€3MeUeHH1
YMOB SIZIEPHOT O€3MEeKH B pOOOUYNX 1 aBapiHUX PEKUMaX.

3. Pesynbraty kBamidikaiii po3poOJeHUM METOJIOM HE 3aJeKaTh BiJ BIUIUBY
e(eKTIB pI3HUL TPATULINHUX JETEPMIHICTCHKUX KOIIB Ta/ab0 Pi3HUIIl KOPHUCTYyBauiB

KOJaMHM.
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PO3IL 3. AIAIITALLS PUBUK-OPIEHTOBAHOI'O ITIIXOAY KBAJII®IKALIIL
MOJIEPHI3AIIIT CTPATEITA ITEPIOJUYHOCTI IJTAHOBMX BUITPOEYBAHbB
CUCTEM BE3IIEKHN B PEXXUMAX ITHII I IITIIK PEAKTOPA

3.1 OcHOBHI MOJIOKEHHSA Ta MPUITYIIEHHS pU3UK-opieHTOBaHOTO Miaxoxy (POII)

06'exmom po3risiay € TersioMexaniune oonagHanHs CBB, mo ekcrutyaryoTbes B

CKIIaOHOMY pedicumi, SKui BKItodae [16-20]:

° PEXUM BUKOHAHHS MPU3HAYECHUX (QYHKIIIN;
° PEXKUM OUIKYBAHHS;
° pEXUM  TPOBEJCHHS  MEepeBIpoK  (TUIAHOBUX 1  HEIUIAHOBUX) 1

(yHKILI0OHAJIBHUX BUIIPOOYBaHb MiJ] 4ac poOOTH peakTopa Ha MOTYKHOCTI;

° pEKUM TIPOBENICHHS MO3aIuIaHOBUX (3a (akTOM BIIMOBH) PEMOHTHO-
B1IHOBJIFOBAJIbHUX POOIT.

Pexxum BUKOHaHHS Tpu3HadyeHUX GYHKIN y pa3l BUHUKHEHHS aBapii He
BPaXOBYETHCS, SIK BKpai piAKiCHA MO,

Jlo TennomexaniuHoro o6magnanas CBb HanmexaTh TEINTIOOOMIHHMKH 1 €MHOCTI,
HACOCH, apMaTypa, TpyOOmpoBOIH.

Ilin cmpamezicio nnanoBux BunpoOyBanb CBDb Maerbcs Ha yBa3i NEBHA
NEePIOINYHICTh, TOCTIAOBHICT, Ta OOCATH poOIT, SKI CHPSIMOBaHI Ha TEPEBIPKY
GyHKIIOHATBHOT TPAaIe3qaTHOCTI Ta TMIATBEPIKCHHS TMPOEKTHUX XaPaAKTEPUCTUK
€JIEMEHTIB 1 cuctem [21-25].

[lin onmumizayiero cmpameeii nnaHoBux BunpoOyBanb CBb MaeThcs Ha yBasi
BU3HAUCHHS TMEPIOJUYHOCTI POOIT, IO 3a BCTAHOBICHUX KOH(QIrypaliii CUCTEMH,
HAJIIMHOCTI €JIEMEHTIB CHCTEMHU/YCTaTKyBaHHsS Ta pPErJIaMEHTOBaHUX Jiil TepcoHaly,
MPOEKTHO-TEXHIYHUX  yMOB/OOMEXKEHb,  BIJMOBIJAIOTh MAaKCUMAJIbHO  JTOCSHKHIN
HAJIIMHOCTI BUKOHAHHSI CUCTEMOIO MPHU3HAUYCHUX MPOEKTHUX (PYyHKIIN abo 30epiraroTh
(HE 3HMKYIOTh) MPOEKTHUH piBeHb HafilHOCTI CBb [26-36].

Ilin nepioouunicmio eunpobysanv MaeTbcs Ha yBasi 1HTepBaid dyacy (abo

HaHpaH}OBaHHH) MIK JaHUM BHAO0OM BI/IHp06YBaHI> 1 HAaCTYIIHUM TaKHMM CaMHUM BHIOM
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BUIIPOOYBaHb OHOTO KaHATy CUCTEMH.

s CBb HexapakTepHUM TakoXX € iHTepBai Oe3mepepBHOI poOOTH, MPOTATOM
SKOTO KaHaJl BUKOHY€E CBO1 (PYHKIIIi, @ MOTIM BiI0OYBA€EThCS TUIAHOBE NMEPEMHKAaHHS Ha
OJIMH 13 pEe3epBHUX KaHAJIB 1 BUIIPOOYBaHHS 1HIIUX PE3EPBHUX KaHAIB. TakKUM YHHOM,
st CBb  HemepionMyHICTh IJIAHOBUX IEpEMHUKaHb OJIHO3HAYHO TIOB'Si3aHa 3
MEePIOANYHICTIO TUIAHOBUX BUIIPOOYBaHb [37-42].

OcHoBHUMHU (aKTOpamu, IO BH3HAYAIOTh HEOOXIAHICTH ONMTHUMI3aIli cTparerii
wiaHoBux Bunpooysans TMO CBB, € [43-56]:

° HaKOMWYEHHSI AE(PEKTIB/MOPYIIEHb Yy PEXUMI OYIKYBaHHS, K YHACHIIOK
BUIIAJIKOBUX MPOLIECIB, TaK 1 BHACIIJIOK CTapiHHSA OOJaJHAHHS a00 LUIECIPIMOBAaHUX
I}, 1110 BITMBAIOTh HA CTaH 00JIaJIHAHHS;

° 3HIDKEHHSI 3arajibHOT HAJIMHOCTI BUKOHAHHS CHCTEMOIO TPU3HAYCHHUX
MPOEKTHUX (YHKIIHM y MpoIeci MpoBeeHHsT BUMIPOOYyBaHHs 1 Tij yac (y pa3l moTpedn)
PEMOHTHO-B1THOBITIOBAJIbHUX POOIT;

° 3HOLIYBaHICTh 00JIaJJHAHHS B MTPOLIECI BUIIPOOYBaHb.

[Tepmmii pakTop BU3HAUYAE HEOOXITHICTD 3HUKEHHS TIEPI0IUYHOCT] BUTIPOOYBaHb
1 00CAriB PEMOHTHO-BIIHOBIIOBAIBHUX POOIT [Jii BUSABICHHS Ta YCYHEHHS
nedeKTIB/MopyIIeHb, 0 BUHUKAIOTh. [Ipy 11bOMy 3MiHa IMOBIPHOCTI BiIMOBH CHCTEMU
B pEeXUMI OYIKyBaHHS B 3arajlbHOMY BHIIQJKy T[IOB'S3aHa 3 BUHUKHEHHSIM
ne(deKTIB/MOPYyLIEHb 13 TAKUX MPUYHH:

° BUIIAJIKOBl TMPOIECH BHUHUKHEHHS Je(EKTIB/MOPYIIEHh y  PEXUMI
OUIKYBaHHS, HE MOB'sI3aH1 3 IPUPOJHUM CTapiHHAM OOJaIHaHHS Ta LUIECIPIMOBAHUMU
JSIMU TIEPCOHAITY 31 3MIHU CTaHy 00JIaJHAHHS;

° BUHUKHEHHS  Je()EKTIB/MOPYIIeHbh TMICIs  HESKICHOTO  IPOBEICHHS
TE€X00CTYyroOByBaHHS MPU BUIPOOYBAHHSIX 1 PEMOHTHO-BIIHOBIIOBAJIbHUX pO0OOTaX, SIK1
He OyJIM yCyHYTI B MPOLIECI I[HOTO TEXO00CIyTOBYBaHHS;

° MIPUPOIHI TIPOLIECH CTapiHHA 1 Aerpaaarlii o0Ja HAHHS;

° HEpEerJIaMeHTHI LUIeCIPSIMOBaHI i TMEPCOHAly IIOJI0 3MiHU CTaHy
oOnaHaHHS B PEKUMI OUIKYBaHHSI.

Pemira i3 3a3HaueHux BuIe (PaKTOPIB BU3HAYAKOTH HEOOXIAHICTH 301IbIICHHS
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nepiogudHocTi Ta 00csrie BumpoOyBanb TMO CBbB. 3miHa iMOBIpHOCTI BiIMOBHU
CHUCTEMU B PSKHUMI MIPOBEICHHS BUMPOOYBaHb MOB'sI3aHA 3 TAKUMHU IPUUYUHAMH:

° 3HMKEHHS 3arajbHOi HaJIHHOCTI CHCTEMM BHACIIJIOK Oe3MocepeIHIX
BUIIPOOYBaHb 1/a00 MPUBEACHHS B HETIpale3aTHui cTad BunpoOyBaHoro kanainy CBBb;

° BUHUKHECHHS JIePEKTIB/TIOPYIICHh Yepe3 HEsSKICHEe BHUIIPOOYBaHHS, IO
MPU3BEJIO JI0 I0JATKOBOTO 3HOCY O0JIaIHAHHS.

MeToandHOI0 OCHOBOIO OINTHUMI3allli CTparerii miaHoBUX BuMpoOyBanb TMO
CBb € pusuk-opi€eHTOBaHUM TiAXiJ, SKUH Yy 3araibHOMy BHIIQJIKy IIOJISITaE B
IMOBIPHICHOMY OI[IHIOBaHHI PHU3HMKY BiJ IMOBIPHOCTEl BHHHKHEHHS HECHPHUSATIMBOI
MoJ11 Ta HACIJKIB 111€1 MO/I1i HA YMOBH O€3IEKH.

VY paMkax pHU3UK-OpPIEHTOBAHOTO MIAXOJY JUISl ONTHMI3AIlli cTparerii MiIaHOBUX
BUNPOOYBAHb TMO CBb MIPUHAMAETHCS L1JIbOBA byHKIISA

pusuky R [55, 56]:

R = R(Ky, V7)- (3.1)

ne  Yi— IMOBIPHICHI NMOKa3HUKH MHUTOMOTO BHECKY 1-TOI CHCTEMHU B OIIIHKY
KpUTEPIiB O€3MEeKN eHeproOIIOKIB;
Kur — cymapuuii 3a ananizoBanuii nepiof t KoedilieHT HErOTOBHOCTI BUKOHAHHS

MPU3HAYEHUX MPOEKTOM (PYHKITIH Oe3reku [55, 56]:

K, = %fOtP(x)dx- (3.2)

ne P(x) — IMOBIpHICTb BIJIMOBU CUCTEMH B IOTOYHHA MOMEHT X.

Kpurepisimu ontumizaiiii ctparerii miaHoBux Bunpooysans CBb € [55,56]:

Kr(T*) = max Kr(T),
(3.3)
R(T*) = min R(KHri,Yi),

ne T* — ontumanbHa nepioguuHicTh BulipoOyBanb CBB.
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JIist He3alneKHHMX, 3 TOTJIAMY MOKIUBOCTI TPOBEIECHHS IMOBHOTO KOMILIEKCY
BurpoOyBanb, CBb miHiMizawis MiI60BOI (PYHKIIT PU3UKY 3BOAUTHCS J0 OLIIHKH YMOB,
110 BiJIMIOB1/1al0Th MakcUMyMy Kr

Takum yuHOM, OTPUMaHHS ONTUMAJIBHOI (3 TIOTJISAY HAIIAHOCTI) MEePiOANIHOCTI
T m1st KOKHOT CHCTEeMH OKpeMO 0a3yeThCs Ha aHami3l 3MIHM KUIBKICHOTO IMOKa3HHUKa
HAJIIMHOCTI M1/ Yac BapitoBaHHS MepiogudHoOCTI T.

Ile 3aBmaHHS BUPINIYETbCS HA OCHOBI aHaNi3y 3alie)KHOCTI KoedilieHTa
roroBHoCTI cuctemu Kr Bin T.

st BUpOOJIEHHST ONTUMAJIBHOI MEPIOJIMYHOCTI KOMIUIEKCHUX BUIPOOYBaHb, Y
AKUX 3a/isiHa Tpyla CHCTEM, HEOOXIJTHUN aHali3 BIUIMBY 3MIiHM PIBHS HaJIIHHOCTI
KOXXHOI CCTeMH Ha 3MiHy piBHs 6e3nexku AEC.

Ile 3aBmaHHS pO3B'SA3YyIOTH 3a JIONMOMOTOK OIIIHKHA KOE(IIIEHTIB 3HAYYHIOCTI
CUCTEM 13 TOJAJBIIOI OIIHKOK 3arajbHOTO BIUIMBY TPYMU CHUCTEM Ha IMOKA3HUKH
PHUBHKY.

OnrtumizoBaHuit koediiieHT HeroToBHOCTI Kur Bu3Havaetnes [55, 56]:

° CTPYKTYPOIO 1 CKJIaJIOM CUCTEMU;

[ MMOKa3HMKAMH HAJIMHOCTI €JIEMEHTIB CUCTEM/00IaHAHHS, SIK MOB'SI3aHUMU
3 SIKICTIO TPOBEICHHS CaMHMX BHUIIPOOYBAaHB/PEMOHTIB, TaK 1 HE TMOB'SI3aHUMU 3 iX

MIPOBENICHHSIM (Y PEKHMI OYIKYBaHHS);

° MEepIoIUYHICTIO MPOBeAeHHs BunpoOyBanb CBB;
° TPUBATICTIO (0OcCsiraMu) TPOBEACHUX POOIT TMijJ Yac BUNPOOYBaHb
(BITHOBJICHHS]).

OCHOBHI TIOJIO)KGHHS Ta TPHUIYHICHHS MaTEMaTUYHOrO  amapary, 1o
3aCTOCOBYETHCS B METOJUYHOMY 3a0€3MedYeHH]1 ONTHUMI3aIlli MepioAUYHOCT] MJIAHOBUX

BUNPOOYBaHb 1 NepeMuKanb eneMeHTiB CBb, Taki:

1. 3acTOCOBYIOThCS TaKl IMOBIPHICHI TAX0au 1 MeTou [56 - 62]:
° pereHepEeHTHUIM METO]T MOJICTIOBAaHHS BlJHOBJICHB;
° MapKOBCBKHH MPOIEC IS OMUCY BHUMAIKOBUX MEPEXOJIB MK O€3JU4io

CTaHIB OKPEMHUX €JIEMEHTIB CUCTEMU;

o OyJieBl METOAM JIJIsl OMUCY CTPYKTYPHU CUCTEMHU.
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2. Jlnst HezanexkHux (I dYac BHUMPOOYBaHb) CHUCTEM TApaMeTpoM, IO
ONTUMI3YEThCS, € TOKA3HWK HAMIMHOCTI aHaJi30BaHOI CHUCTEMH, IJIS 3aJCKHUX -
MOKAa3HUK PU3WKY, BapiMOBaAaHUM IapaMeTpoOM - TEPIOJMYHICTh BHUIIPOOYBaHb abo
NepEeMHUKaHb €IEMEHTIB CUCTEMU;

3. BunankoBuii yac nepeOyBaHHSI €J1eMEHTa/CUCTEMU B KOHKPETHOMY CTaHIi
Ma€ eKCIOHEHIIAJIbHY (PYHKIIII0 PO3MOALTY.

4.  Slxmo cucrteMa Ha iHTEpBaji BUNPOOYBaHb HE BTpAva€e Mpare3gaTHOCTI, TO
TPUBAJICTh BUMPOOYBAHHS NPUNUMAETHCS MUTTEBOIO. SIKIO cuCTeMa Ha IHTEpBal
BUIIPOOYBaHb BTpayae Mpare3JaTHICTh, TO BOHA MPEACTABISETHCS JAETEPMIHOBAHOIO
BEJIMYMHOIO BINOBIIHO JI0 MPOTPaMU/pPETrIaMEeHTy BUIIPOOYBAHb.

5. [lin enemMeHTOM pPO3YMIEThCS JIedKa CYKYIHICTh TEXHIYHMX 3ac00iB, SKi
MOXKYTh XapaKTepU3yBaTHUCS 3arajbHUMH 3aKOHOMIPHOCTSIMHU - 3arajlbHUM rpadikom
GyHKI1IOHYBaHHS, HassBHOIO CTATUCTUKOIO TOIIIO.

[Tig eneMEeHTOM TakoK PO3YMIIOTh OKpPEMHUN KOMIIOHEHT CUCTEMHU €HEeproOioKa,
OTPUMAaHUWA Yy pe3yJbTaTl i1 CTPYKTYpPHOI JEKOMIIO3MIII JUIsl LIJIeHd MpPOBEACHHS
ONTHUMI3allii MJIAHOBOI MEePIOUIHOCTI BUIPOOYBaHb 1 mepeMukanb odnaaHands CBb.

6. VY 3araibHOMY BUNIAJKY PO3IJISIHYTI MPOLIECH € PEr€HEPETHUMH.

7. Ha inTepBamax MiX IJIaHOBUMH, JIE€TEPMIHOBAHUMU MOMEHTaMHU dYacy
npoiiec (PyHKITIOHYBaHHS OMUCYETHCS 3a JOTIOMOTOI0 MAPKOBCHKOTO TIPOIIECY .

8. MopentoBaHHs ~ CTPYKTYPHO-JIOTIYHHUX  3B'SI3KIB  MDK  €JI€eMEHTaMu
3MIIMCHIOETHCS 3 BUKOPUCTAHHSM OyJIeBUX (PYHKITIH.

9. OuiHIOBaHHS ONTUMAJIBHOI TEPIOAUYHOCTI TJIAHOBUX 3aXOJIB MPOBOASTH
JUIsl BEPXHIX 3HAYEHb MOKA3HUKIB HAIMHOCTI OJJHOCTOPOHHBOTO JOBIPUOIO 1HTEpBAIY

(mns xBanTIIIA 95 %).

3.2 MaTtemaTu4yHU# anapat onTUMi3alii nepioguaHocTi Bunpodysanr CBb

3.2.1 3aranpH1 HOJIOKECHHS

Ilin dwac MojentoBaHHS BaXXJIUMBO BiJOOpa3suTH BeCh CKIAMHUNA Trpadik
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¢yukionyBanus CBb.

CTaH KOMIIOHEHTIB CHUCTEMH MOJXKE 3MIHIOBATHCS SK HACIITOK BHUITQKOBUX
npuurH (YHacHiJOK BiJIMOBH; CIIpallbOBYBaHHS Ha BUMOTY 3a aBapiiiHUMHU yCTaBKamMu
Ta OJOKyBaHHSMHU CHCTEMH; 3a (DAaKTOM 3aKiHUEHHS aBapifHOTO PEMOHTY), a TaKOXK
CTaH KOMIIOHEHTIB MO’K€ 3MIHIOBATHCS 3a TNEBHUM BCTAHOBJIEHUM TIpadikom, TOOTO
netepMmiHoBaHO. Jlo JeTepMiHOBaHMX MEPEXOJiB HaJeXaTh NEPEXOAH, MOB'sI3aHl 3
MIPOBEICHHSIM IIJIAHOBUX BUIMPOOYBaHb 1 IJIAHOBUX TMEPEMUKAHD (11 MEPEeMUKAHHIMHI
PO3YMIIOTh NEPEBEACHHSI KOMIIOHEHT CUCTEMH 3 PEXUMY POOOTH B pe3epB abo Ha3ax).

MopentoBaHHSI CUCTEM TPYHTYETHCS HA TPHOX THUIAX MAPKOBCHKUX rpadis, IO
MOJICJIIOIOTh TPYIX €JIEMEHTIB, SIKI Ha BIJOMOMY MPOMDKKY 4acy MPalol0Th Y IEBHOMY
pexKUMI.

BuaineHo Tpu xapakTepHi rpynu eIeMeHTIB [56 - 66]:

o Ti, W0 [UKIIYHO TMPalOTh (HANpUKIaZ, poOOodYl HACOCH TEXBOIU
BIJIMOBIJAIbHUX CIIOKHUBAYIB);

o Ti, 10 O€3MepepBHO MPAIIOIOTh (HAMPHUKIIAJ, PE3EPBHI HACOCU TEXBOJU
BI/IMOBIJATbHUX CIIOKHUBAYIB);

o Hempalpwyl  ad0 HEBIAHOBIIOBaHI €JIEMEHTH (HAaNpUKIad, HAcOoCU
BBEJICHHs 0OPY BHUCOKOTO THUCKY).

[HIIMME croBamMU, HA BIJIOMOMY JETEPMIHOBAHOMY BIJIPI3KY Yacy KOMITIOHEHT
CBb Matume oAuH 13 TpbOX TUIIIB POOOTH.

MopentoBaHHsl JIETEPMIHOBAHUX TME€PEXOJIB (32 BCTAHOBIECHUM Tpadikom)
MPOBOJATH y Takui cnocid. Yepes BIAOMMIA MPOMIKOK Hacy:

e 200 cTpuOKONOA10HO 3MIHIOIOTHCSI UMOBIPHOCTI CTaHIB KOMIIOHEHTA;

e 200 3AIMCHIOETHCA TIepeXi/l Ha 1HITUHN TUN rpada.

Hanpuxian, mia yac miaHoBOro BUMPOOYBaHHS €1EMEHTa, IO UKIIYHO MPAIIIOE,
BiI0OYBa€ThCSl OOHYJIEHHS! IMOBIPHOCTI MPUXOBAHOI BIAMOBU 1 Ha II0 CaMy BEIMYUHY
30UTBIITY€THCS IMOBIPHICTH Mepe0yBaHHS B PEXKUMI aBapiifHOTO PEMOHTY .

OckiIbKM MM Yac BUIMPOOYBaHHS NPUXOBaHY BIAMOBY (SKIO BOHa €) Oyne
BUSIBJICHO 1 €JIeMEHT Oy7ie MepeBEICeHO B PEMOHT.

}[KHIO IMPOBOJATE INNIIAHOBE IICPEMHUKAHHA, TO YCPEC3 IIEBHUI Yac KOMIIOHEHT 13
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TOTO, MO OE3MepepBHO TMPAIIOE, CTA€ TAaKUM, IO IUKIIYHO TMPAIIOE, a OTKeE,
3IIACHIOETHCS TepexiJl Ha 1HIMM Tun rpada (3 rpada apyroro Tumy Ha rpad Hepiioro
THUITY).

MopentoBaHHS CyKyIHOCTI €JIEMEHTIB 3IMCHIOETRCS Ha OCHOBI OyJIEBHX
GyHKIIIH HATIHHOCTI, [0 BPaXOBYIOTh CTPYKTYPHO-JIOTIUHI 3B'S3KH MK €JIEMEHTaMHU.
Onuc BunpoOyBaHb (BIJHOBJICHb) 3MIMCHIOETHCS 3 BUKOPUCTAHHSIM pPEreHEPEHTHUX
METOIIB.

VY 3arasibHOMYy BHIMAJIKy KOEQILIEHT TOTOBHOCTI CHUCTEMHU 3QJICKUTH BIJ TaKHX

BEJINYMH |55 - 64]:
KI‘ = f(TJ THHP’ S(hC())' fi' ;:9) Ai, air 9’:1 .ui; p’:‘)’ (34)

ne T — nepioiMYHICTh BUIIPOOYBaHb CUCTEMH, TOJT;

Trmp — MIaHOBA TPUBATICTh MIK 3YIIMHKOIO €HEPro0JIoKa Ha MIOPIYHUI MIIaHOBO-
nonepemxyBanbHui peMoHT (I1I1P), rox;

he(-) — cTpykTypHa (DyHKIIST HAIIMHOCTI CHUCTEMH, IO (POPMYETHCS HA OCHOBI
KOH'FOHKIIIT Ta MW3'TOHKIIIT 3 eneMeHTiB 1,2,3 Tury BIAMOBIAHO A0 KPUTEPIIO BIIMOBU
CUCTEMU;

S(-) — dyskuig, mo omnucye rpadik (QyHKIIIOHYBaHHS KOMIIOHEHTIB CHCTEMH
(ry1aHoB1 BUTNIPOOYBaHHS/TIEPEMHUKAHHS 3 YBIMKHEHHSIM KOMIIOHEHTIB Y KOPOTKOYAcHY /
JIOBFOTPUBATY POOOTY);

E' — IHTEHCUBHICTB BiIMOB 4epe3 HESKICHI BUIIPOOYBaHHs/BUIIPOOYBaHHs, 1/1p;

Ap', Ml — iHTEGHCHBHICTb BiZIMOB, 1[0 BUHHKAIOTh Mi BUIIPOOYBAHHSAMHU B PEKHMI
poOOTH Ta OUiKYBaHHS, BIAMOBIIHO, 1/TO;

0!, a' — iIHTEHCHBHICTL BUMOT Ha CIPAlbOBYBAaHHS 1 4YaCTOTA 3BOPOTHUX MEPEXOIIB
y PeKUM OUiIKyBaHHs, BIIMOBITHO, 1/TO;

W — iHTEHCUBHICTbH BiIHOBIICHHS (BEIMYMHA, 3B0POTHA 0 CEPENHLOI TPUBAIOCTI
aBapiiHOTO PeMOHTY), 1/To;

pr'— IMOBIpHICTB SKICHOTO MPOBEIEHHS aBapiHOrO PEMOHTY (Ha OJJHY BUMOTY);

1 — HOMeEp 00'€THAHOTO eJIEMEHTa B CTPYKTYPHIN (DyHKII].
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3.2.2 Po3paxyHKOBI BUpa3H sl TPhOX THUIIB (PYHKIIIOHYBaHHS €JIEMEHTIB CUCTEM

Ilin OJHOEIEMEHTHOIO CHCTEMOI0 MAaEThCA Ha YyBa3l O€3/1iY  EJIEMEHTIB,
00'eTHaHUX JJI1 BUKOHAHHS JIeSKO1 (yHKIII, K1 MA1aI0ThCSI OJJHAKOBUM 1 OTHOYACHUM
BIUIMBAM, TaKUM SIK PEKUM pOOOTH, OUIKYBaHHS, BUX1J Y BIAMOBY TOIIIO.

Po3B's13aHHd 331241 MOAEIIOBAHHS OJHOEIIEMEHTHOI CUCTEMH 3 O€3JI1UYYI0 CTAHIB 1
rpadikiB  (YHKIIIOHYBaHHS € OCHOBOIO METOJWKH OINTHUMI3aIli MepioaNIHOCTI
KoHTpoJto OararoenemeHTHUX CBB.

BenuuuHa cramioHapHOro koegimieHTa TOTOBHOCTI, Y 3arajJlbHOMy BHIAJIKY,
3aJICKUTh BIJ] CYMapHOTO Yacy Mpale3aaTHOro CTaHy Ha HECKIHYCHHOMY YacOBOMY
IHTEpBaJIi, SIKUW CKJIAJIA€ThCS 3 HU3KU MPOMIKKIB pereHepaitii [49].

Hanani, nns ctuciocti, craifioHapHUN KOe(ilI€HT TOTOBHOCTI HA3MBATUMEMO

Koe(]illiEHTOM IOTOBHOCTI.

3.2.2.1 VYHiBepcaiabHl MOel

Ha pucynky 3.1 npencraBneHo rpad, SKUM  yHIBEpCaJbHO  ONUCYE
(GyHKIIIOHYBaHHS €JIEMEHTa 3 ypaxyBaHHSM PEXUMIB pOOOTH, OUIKYBaHHS, PI3HOTO
poly BIZIMOB 1 BiJHOBJIEHb (OCHOBHa Mojeib) [55, 56]. Ctan 0 i 0’ mo3Hadae pexum
OuiKyBaHHs, cTaH 1 1 1’ - pexxum Oe3nocepeHbOro BUKOHAHHS (yHKINA. [Tpu nbomy

MITPUX IMO3HAYAE BIIMOBHHUI CTaH ISl JAHOTO PEKHUMY.

1-po X 1-px
M NI-pn

Pucynok 3.1 — [louatkoBuii rpa¢ ctaHiB
710 OCHOBHOI Mojiedi [55, 56]
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SIKicHUW OmUC MOJENi: €IEeMEHT, MOYMHal4YM (PyHKIIOHYBaTH B MOMEHT t=0,
nepedyBae B ctani (), mOTIM BUMAJAKOBUM YMHOM BiH MOKe a00 BIIMOBUTH 1 IEPEUTH B
0, abo cmpairoBaty Ha BuMory 1 nepetu B 1. IlepeOyBarouum B 1, einemeHT abo
YCHIITHO 3aBepirye poOoTy 1 mepexomuTh Hazax y 0, abo BiIMOBIIs€e B Mporieci
BUKOHAaHHS poboTu 1 nepexoauts B 1'. Ilpu 3HaxomkeHHi enemeHnTta B ctaHi (' ioro
BIJIMOBY MOX€ OYyTH BHSIBJICHO 3 IMOBIPHICTIO Pguss, 1 TOJI TO 3aBEPIICHHIO
MO3aIlJITAaHOBOTO PEMOHTY BiH ToBepTaeThcsi B 0. AGo mepeOyparoum B (', eremMeHT
3aKaJaloTh y poOOTy, 1 BiH aBTOMAaTU4HO MOTpAIUIsie B CTaH BIAMOBU 1’ pexumy
pobGotu. Ctan 1’ € cTaHOM BIIMOBU B PEXHMI poOOTH, IPH LIBOMY, 3PO3yMLJIO, TaKa
BIJIMOBA HE MOXe€ OyTH NPUXOBAHOK 1 MHTTEBO BUABIAETbCs. llicns 3aBeprieHHS
PEMOHTHHUX POOIT €JIEMEHT BIJIHOBIIOETHCS 3 IMOBIPHICTIO Pr 1 IEPEBOAUTHCS B cTaH 0
a00 3 IMOBIpHICTIO 1-p; mepeBoauTHCS B cTaH 0.

[HTEHCUBHOCTI MEPEeX0/1iB MAPKOBCHKOTO MPOIIECY (IUB. pPUCYHOK 3.1):

Ao = 1/l - IHTEHCHBHICTb BIIMOB Yy pEXKHUMI OUIKYyBaHHA, 1€ [ - cepeaHe
HaITpaIlOBAHHS HA BIAMOBY B PEXKUMI OUIKYBaHHS;

A = 1/, - IHTEHCHUBHICTh BIMOB Yy peXuMi pobotu, Ae [, - cepeaHe
HaIpaIlOBaHHS Ha BIAMOBY B peXUMI pOOOTH;

0 = 1/T ouix - IHTEHCHBHICTH BHUMOT eJIeMeHTa, J€T ouix - CEPEIHS TPUBAIICTH
pPEXKUMY OUIKyBaHHS;

a = 1/Tpos - IHTEHCHBHICTH 3BOPOTHHUX MEPEXOMIB, JI€ Tpos - CEPEIAHSA TPUBAIICTE
pexumMy poOoTH;

i = 1/t - IHTEHCUBHICTh aBapIMHUX PEMOHTIB, J€ T - CEPEIHs TPUBAIICTh
aBapiiHOTO PEMOHTY;

Pr - IMOBIPHICTB SIKICHOTO MIPOBEJICHHS aBapIHHOTO PEMOHTY (Ha OJTUH PEMOHT);

Psuse - IMOBIPHICTh BUSIBJICHHSI BIJIMOBH B PEXHUMI OYIKYBaHHS, 32 YMOBH, IO
eJIEMEHT 1nepedyBa€ y BiIMOBHOMY CTaHi.

Crin 3a3HAYUTH, 110 TIEpeXi]] 3 IHTEHCUBHICTIO (1 — Pause)(1 - pr )WL HE IEPEBOUTH
CUCTEMY B HOBMI1 CTaH, a OT>Ke, Ha pO3paxyHOK MapKOBCHKOT'O IMPOIIECY HE BILTUBAE. Y
OUTBIIOCTI BUIAKIB HEMOXKJIMBO TOYHO BU3HAUUTH 3HAYEHHS MMOBIPHOCTI BHSIBICHHS

BIJIMOB y PEKHMI OYIKYBAHHS Pauss, AJI€ 3@ €KCIIEPTHUMU OIL[IHKAMHU 3aBEJICHO BBAXATH 11
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JIOCUTh MaJIOI0 BEJIMYMHOIO, TOMY KOHCEPBATHMBHO MOXHA TOKJIACTH Pruss=0, MO J1a€
OLIIHKY HaAiHOCTI B 3anac. [Ipu poMy Takox nponaaae nepexin 3i crany 0' B 0.

Jlis eneMeHTIB, M0 HEJOBro MPAIIOITh Y MUKIIYHOMY PEXHMi, HE JOLUIBHO
OKPEMO BUAULITH Tpare3aTHUN CTaH pexuMy poOOTH. BumaeThcst GBI JOMUTBEHUM
BUJIUIUTH TPH CTaHW, 110 BianoBigaroTh ctaHaMm 0, 0 1 1" BuxigHoro rpada, a 3amicTh
JaHIokKa nepexoaiB 0—1—1' BBecTH HOBY €KBIBAJICHTHY iM 1HTeHCHBHICTh L. 1o
IHTEHCUBHICTh MOXKHA BU3HAYHWTH SK BEIMYHMHY, OOCPHEHY J0 CEPEIHBOTO 4acy 0

nepIioro noTparuistHHs 31 ctany 0 1o 1’ 3a manmroxkkom 0—1—1' (pucyHok 3.2).

Pucynok 3.2 — I'pad 15t po3paxyHKy IHTEHCUBHOCTI
nepexonay L [55, 56]

TpuBamicts mepebyBaHHS MapKOBCbKOro mpoiiecy B ctani 0 (g0 mepexomy

naHioxkoM 0 — 1 — 1') cranoButuMme [55 - 60]:

1
Ty = .
07 9+2,

Sxmro mozHauuTu yepes Qi cepenHiit yac 10 MOTpaIUISHHS Mpolecy B cTtaH 1', 3a
YMOBH, III0 MPOIEC MOYMHAETHCS B CTaHl 1, TO Oe3mocepeaHbo 3a TrpadoM MOXKHA

3armcaru:

Qo=To+Q, Q:1=T1+p10Qo,
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i€ p1o — IMOBIPHICTB TIEpEXOy Tporiecy 31 crany 1 y ctan 0.

piro=a/(atip).

TpuBanicTs nepedyBaHHS MapKOBCHKOTO MPOIleCy B CTaHi 1 cTaHOBUTUME:

1

T, = :
1 a+iy
[Ticyst miACTaHOBKU OTPUMAEMO:
Q __atAp+0,
0 = —L—
Ap6

Toni iHTEeHCUBHICTB Hiepexony L cranoButuMe:

L=1/g, = 2% (3.5)

a+ip+6
[lepeTBopennii rpad Mae Tpu ctanu. [lepenymepyemo ix y takuii cnoci0. Cranu
2 1 3 moBHicTiO BignoBigatoTe 0’ 1 1’ BuxigHoro rpada, ctad ke 1 gemo Bipi3HIETbCS

Bi11 0 BuxigHOro rpada. Tak ctan 1 MokHa Ha3BaTH 00'€IHAHUM NpaLE3JaATHUM CTAHOM

eleMeHTa (UB. pUCYHOK 3.3).

pH

Pucynok 3.3 - [lepeTBopenuii rpag crany - OCHOBHUI
(rpad mepiioro TUMy AJIs OMKCY €JIEMEHTIB, 110 [UKIIYHO MPAIoIoTh) [55, 56]
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Jlnis enemMeHTiB, sKi 37e0UIbIIOro mnepedyBaloTh y PEKUMI OUIKYBAHHS 1 JIUIIIE
KOPOTKOYAaCHO TMEPEeXOAsITh y peXUM poOOTH, TOOTO s  €JIIEeMEHTIB 3
Ty << Toyix> CTaH | XapakTepusye mpale3aTHUH CTaH PEXUMY OYiKyBaHHs, TOOTO
eKBiBaJIeHTHUI cTany 0 BuxigHoro rpada. SIKIIO X €JIeMEHT XapaKTepU3yeTbCs
TPUBAIUM PEXUMOM POOOTH, TOOTO T)y >> Ty cTan 0 36iraetbes 3 1, a cranm 0" 3 1',
Takum ymHOM, Tpad MEepeTBOPIOETHCSA MO BOX CTaHIB, IIO BiAMOBiAar0Th 1 1 3 rpada
pucyHka 3.3. B iHIMX BUIaKaX, KOJIU €JIEMEHT [UKIIYHO 3a1THUM, 1 Tp MIOPIBHSHHO 3
Touix> CTH 1 mIepeTBOpeHoro rpada BigoGpaxae mpare3naTH!ii CTaH i 000X PEKHMIB.

J1J1st MpOCTOTH 3amKCy B MEPETBOPEHiH rpadi MO3HAUNMO Ao Uepes A.
3.2.2.2 I'pyniyBaHHS €JIEMEHTIB

Hna cucrem CBb, mo ckmagaroTbcsa 3 OC3midul  €IIEMEHTIB, MOXKIIUBE
GyHKIIOHYBaHHSA, 3a SIKOTO TPYINH €JEMEHTIB MaroTh JACSKUM 3arajibHuil rpadik
GyHKIIOHYBaHHSA, TOAl1 IO TPymy OO0'€IHYIOTh B OAMH €JIEMEHT 13 €IUHUM THUIIOM
rpadika. BianosigHo 10 rpadika BCl €1eMeHTH, o BXOAATh 10 ckiaxy CBB, moxHa

pPO30UTH HA TPU THUIIH:

° €JIEeMEHTH, Kl HUKIIYHO 3alUTYIOThCS B pOOOTY - BIJHECEMO 0 MEPUIOTO
THUITY;

° €JIEMEHTH JIPYToro TUITY - Ti, L0 MPAIIOI0Th OE3NEPEPBHO;

° 70 €JIEMEHTIB TPEThOI'0 THUITYy BIJIHECEMO €JIEMEHTH, SIKi (PaKTUYHO HE

MIEPEBOMISITHCS B PEXKUM, TOB'SI3aHUM 13 O€3MOCEPETHBOI0 POOOTOI0, a00 €IEeMEHTH, SIK1
HEBIJTHOBIIIOIOTHCS HA B1JIOMOMY MPOMDKKY Hacy.

EnemenTn 3 mepiogMuHUM 3aMUTOM y pOOOTY OMUCYIOTHCS TEPETBOPEHUM
rpadoM OCHOBHOI MOJIENI - epaghom nepuioeo muny (IUB. pUCyHOK 3.3).

JIJist oTprMaHHs XapaKTePUCTUK HAIINHOCTI Ha OyJIb-IKOMY 4aCOBOMY 1HTEpBai
HEOOXITHO pO3B'SA3aTH TaKy CHUCTEMYy JIHIWHUX JOU(EepeHIiabHUX  pIBHSIHB

Konmoropogsa [56 - 65]:

Pi'(t) = pitPs(t) — AFL)Pi(D),
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P>'(t) = APi(t) + (1—pr)uPs(t) — OPx(t),

P3'(t) = LPi(t) + 6P2(t) — uPs(t).

AHamTUYHUN PO3B'SI30K CUCTEMHU Ma€ BUTJISA] (BUBEACHHS PO3B'SI3KY CHUCTEMU

nudepeHiiaTbHUX PIBHSAHB MICTUTBCS B pOOOYMX MaTepianax /0 3BITY):

C, + Cye™t + Cze™t, D>0
Pll(t) = C1 + (CZ + C3t)ert, D=0 (36)
C,+ (CycosPt+ Cysinft)e*,D <0

( A+L r,+A+L
Cy + C,——e

T .ur l’l‘T‘

A+L r+A+L Cs
+|CGG————+— A+ @T+A2+ D) ]|e™, D=0
U P U

2t 4 C

rs+A+1L
LS et D>0

G

Pi(t) =+

A+L (C, ‘ (3.7)
C; +(—((a+A+L)cosﬁt—ﬁsmﬁt)+

Uy Uy
\ +%((a:+l+L)sinﬁt+/j’cosﬁt)>e“t, D<O0

Benuuuna P,' (t) BusHauaerses yepes Pyl (t) i Ps! (t) sx nqonosHenns 10 oquHMII.
P,l(t) = 1 — Pil(t) — P5(t)

Koncrantu Ci, Cz, C3 BU3BHa4arOThCS 3 ypaXyBaHHSM IIOYaTKOBUX YMOB:

Pi'(0) = p1; P2'(0) =p2; P5'(0) =ps, (3.8)

Takux, Mo pit+p2+ps=1.

Ci = wb/q; (3.9
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Ur@+ro{yp3—(r3+A+L)p1}

G = i T o
p1— ur8/q, D<O0
(K0 sl — (p+ A+ Lp}
rsVD '
C;={urpzs+ru,0/q—p(r+1+L), D=0 (3.11)
1
¥ (rp3 +ap,0/q —pi(@+1+1L1)),D<0
( 1
E(_k +./D) D>0
k 2
T2’3=< r:—E’Dzo (312)
k
@ + pi,nea= _E;ﬁ =+v-D/2,D <0
VY Bupazax (3.6) - (3.12) BUKOpUCTAHO TaKl MO3HAYCHHS:
q = (O+WA+rp)+pu(6-L) (3.13)
k = A+L+u+6 (3.14)
D=k*>-4q (3.15)
W = Prib (316)

ExBiBaneHTHA IHTEHCUBHICTH mepexojiiB L, BUKoprucTOByBaHa B Tpadi mepiioro

TUITY, BU3Ha4aeThes 3a (3.5).

Wb (3.17)

a+/1p+8
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[HTEeHCUBHOCTI MEPEXO/IiB MOIAHO MiJ] Yac OMKUCY OCHOBHOI MOJETI.

Hecrarionapauii koedimieHT TOTOBHOCTI eJleMeHTa [-ro Tumy cTaHOBUTHME:

Krl(t) = Pi(t). (3.18)

[Ipu 1pOMy, HEOOXiNHMH BEKTOpP BUXIIHMX JaHUX Aj IS €JeMEHTa 3

NEePIOIMYHUM PEKUMOM POOOTH CKIIAJE:

A ={A42p,0,6,u1p} (3.19)

EnemenTn, mo Oe3nepepBHO NPALIOIOTh, ONUCYIOThCA rpadoM Ipyroro THUILY

(muB. pucyHok 3.4).

‘El-pr)u

Pkt

Pucynok 3.4 — I'pad apyroro tumy jist onucy
Oe3nepepBHO MPALIOIOYUX €JIEMEHTIB [56]

BuznauanpbHUM 1711 IIUX €JEMEHTIB € Te, 10 IXHI BIAMOBH HE MOXYThb OyTH
npuxoBaHuMu. ['pad micTuTh mpane3gatHuii ctaH 1 1 cTaH BiAMOBH/BIJIHOBIEHHS 2
(moni6ui moaeni po3risinyTo B [30, 45])

Hamparropannst Ha BiaMOBY / Bu3Hauae TpuBaiicTh mpoMikky [0; 1=T], sxa B
bOMY pa3l € BHIAJKOBOIO BEIWYMHOIO. TpHUBaNICTHL NPOMDKKY pereHeparii
BU3HAYAETHCSI CYMOIO JBOX BHWIIAJKOBHX BEIWYMH [ 1 TPUBAJIOCTI aBapiAHOTO
BiJIHOBJICHHS T.

Y upoMy BHUMNaAKYy OOIPYHTOBAHO 3aCTOCYBATH CHUCTEMY AHQEpEeHIIaTbHUX

piBHsHBb Konmoropona [56 - 65]:
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dPy(t
B8 = uP, () — AP, (t)

(3.20)

dP;t(t) = AP, (t) — pP,(t)

Hecramionapauii koedillieHT TOTOBHOCTI €JIEMEHTIB, (DYHKI[IOHYBaHHS SKUX

onucyetbes rpadom II-ro Tumy A1 mo4aTKOBUX YMOB:

P1H(0) =Pp1; P2H(0) =1- P1 (3.21)

Mae€ BUTJIST:

r (Ap+pri)—Dprit  _ . (3.22)
Ky = pli(g) = —Prt 4 Pillp e~ (Aptpri)t (
r ( ) 1 ( ) 2-p"‘prﬂ /1p+prﬂ

HeoOximHuii BEeKTOp BUXIAHMX JaHUX Ap Uil Oe3lepepBHO MPAIIOIOYUX

€JIEMEHTIB CKJIQJIE:

Ay = {1 1,p,) (3.23)

ODyYHKI[IOHYBaHHS €JIEMEHTIB, $IKI (PAKTUYHO HE TMEPEeBOJATHCA B PEKUM,
noB'si3aHuii 13 Oe3rmocepeiHbOI0  poOOTOr0, aje sKi MarThb OyTH TOTOBI 1O
CIIpaIlbOBYBaHHS Ha BUMOTY, OyJIeMO OMUCYBaTH rpadoM TpeThoro TUMy. BimMoBu, 110
BUHHUKAIOTh y TaKMX CJIEMECHTAX, € MPUXOBAaHUMH, TOOTO BHSBISIIOTECS W YCYBalOTHCS
TITBKH TM1JT Yac TUIAaHOBUX BUMPOOYBaHb. TOMY IIl €JIE€MEHTH € HEBIIHOBIIOBAaHUMHU B
IPOMIXKKY MIXK IJJAHOBUMHU BUITPOOYBAHHSIMH.

OYHKI[IOHYBaHHS ~ €JIEMEHTIB MDK  BHUIPOOYBAaHHAMH  XapaKTEPU3YHOThCA
HMOBIpHICTIO Oe3BiaAMOBHOI R(t) poOoTH, 10 BiANOBITa€ WMOBIPHOCTI 3HAXOKCHHS
npoiiecy B ctaHi 1 (pucyHok 3.5).

3a nouatkoBux ymoB P (0) = p; ; P! (0) = 1 - p1 Benmnuuna R(t) cranoBuTHME

[55, 56]:
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R(t) = Ki'(¢) = P/ () = pre™" - (3.24)

Pucynok 3.5 — I'pad TpeThoro THITY 111 ONHCY
HETpaIoYUX a00 HEBITHOBIIIOBAHUX €JIEMCHTIB

3a JOIIOMOI'OIO IBOI'O rpa(ba TAaKOX MOJKHA OIIMCYBAaTH Hpamoroqi CJIICMCHTH, HKi,
IIpoTe, € HeBiI[HOBJ'IIOBaJ'IBHI/IMI/I, abo BiI[MOBI/I AKHX 3 SIKHUXOCb IIPUYKWH HC BUABJIAIOTHCH.

VY upomy pasi sk BUX1JHI JaH1 3aMiCTh A HEOOX1JJHO BUKOPUCTOBYBATU BEIIUUUHY Ap.
3.2.3 BusHaueHHs koe]ilieHTa TOTOBHOCTI 0araToeIeMEHTHUX CUCTEM

dopmaizailisi KpUTEpil0 BIIMOBH CHUCTEMH MPOBOAUTHCA 3 BUKOPUCTAHHIM
OyneBUX (QyHKITIH.

IMOBIpHICTB BIIMOBH, TaK Camo SIK 1 UMOBIPHICTh O€3BIIMOBHOI POOOTH CUCTEMH,
3ajJIe)KaTUME SIK BI1JI KUIBKOCTI €JIEMEHTIB Ta 1XHBOI HAIIMHOCTI, TaK 1 BIJ JIOTIYHUX
3B'SI3KIB y cHCTeMi. IMOBIpHICTh 0€3BIIMOBHOI POOOTH CUCTEMH, IO CKIATAETHCS 3 71

€JIEMEHTIB, Ma€ BUTIIAA [55 - 61]:

Ke(t) = he{K} (0, KL @, KL (®)) (3.25)

ne he - ctpykrypHa (yHKIS cucTeMH, 1m0 (POPMYIIIOETHCS Ha OCHOBI OIepartii
KOH'FOHKIIIT Ta Au3'foHKIII [41,56], BIAMOBITHO 10 KPUTEPIIO BIIMOBU CUCTEMU;

KFJ;(t) - HEeCTallloHapHUU Koe(IlIeHT TOTOBHOCTI 1-TO enemMeHTta, i=1,2,....n,
OMKCYBAHMM J-M BUAOM rpadika QPyHKI[IOHYBaHHS, 1110 BPaXOBYE SIK TUIT €JI€MEHTA, TaK 1

BeCh rpadik (pyHKIIOHYBaHHS, 1110 OXOIUIIOE MJIAHOB1 MEPEMUKAHHS 1 BUIIPOOYBaHHS 1-

o CJICMCHTA.
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Pi3ni Tunosi ans ¢ynkuionyBanus CBb Buau rpadikiB HaBeEHO B HACTYHHHX
MITYHKTaX [OTO PO3ILTY.

IMOBIpHICTh Tpalre3gaTHOro abo CTaHy BIJMOBH CHUCTEMH TIPYHTYETbCS Ha
nepe0opi MOXKIIMBUX CTaHIB eleMeHTiB. OJJHa 3 OCHOBHUX YMOB 3aCTOCYBaHHs OyJIeBHX
MOJIENICH - 11e He3aJIeKHICTh MIEPEXO/IIB €JIEMEHTIB 3 OJTHOTO CTaHy B iHIIMH [41].

[lin yac MojENIOBaHHS CHUCTEM, €JIEMEHTH SKUX MPAKTUYHO HE BMHUKAIOTHCS B
po0OTYy, OYIb-SKHI €JIEMEHT PO3PaXyHKOBOI CTPYKTYPHOI CXEMHU OIUCYETHCS Tpadom
TpeTboro Ttuiy. lleil omuc crpaBeUIMBUM, OCKUIBKH TEPEXiJy MK CTaHAMH MOXE
HE3JIEKHO 3AIMCHUTHUCS JJIs1 KOKHOTO €JI€MEHTa CUCTEMU. TOOTO OyIb-IKUM €JIIEMEHT,
y Oyab-SIKHIl MOMEHT 4acy, MOK€ CAMOCTIMHO MEPEUTH B CTaH BiAMOBHU, HE3AJIEKHO BiJl
MOTOYHUX CTAHIB 1HIIMX EJIEMEHTIB.

[Tix yac onucy cUcCTeM, y SKUX € €IEMEHTH, 110 MEePI0IMYHO (PYHKIIIOHYIOTh a00
Oe3nepepBHO MPAIIOIOTh, JJIi HU3KU €JIEMEHTIB BUHUKAE JESKa 3aJICKHICTh Y 3MiHI
ctaHiB. Tak, HampuKiIaja, Mg 4Yac CHOpallbOBYBaHHS CHUCTEMH, Y CTaH pPOOOTH
MEePEBOJUTHCS OJTHOYACHO I[ijla HU3KA €JIEMEHTIB. Y pasi BIIMOBU B TOCJIIIOBHOMY
JIAHITIOKKY €JIEMEHTIB, 10 MOCTIMHO NPAIOI0Th, YBECh JAHIIOXKOK TMEPEXOAUTh Y
BIJIMOBY (IIpUMHHSIE pOOOTY) A0 3aBEPIICHHS BITHOBIIOBAJIILHUX POOIT HA €JIEMEHTI, 110
B1IMOBJISIETHCS.

3 BHUILEBUKIAJICHOTO BUILIUBAE, IO JJISI OMUCY CTPYKTYypU CUCTEM (Y SIKUX €
€JIEMEHTH, 10 TepioAuYHO abo Oe3MepepBHO MPAIIOIOTH) 3a JOMOMOIOK OyJIeBHUX
MoesIeii, HeoOX1aHe BBEACHHS J0JaTKOBOTO MOJICIIOBAHHS €JIEMEHTIB CUCTEMH. Take
MOJICITIOBAHHS, 3a SKOTO €JICMCHTH, (PYHKI[IOHYBaHHS SKUX OIHMCAHO 3a JOTIOMOTOIO
rpadiB mepuoro i Apyroro TUMIB 1 AKI MPH IIbOMY € eJleMeHTaMu OyJeBoi (yHKIIIi,
BIMOBiIaTt O mWpUHIMIY He3alexkHOCTI. lle 3aBmaHHS BUpINIyeThCs Ha eTarmi
MIATOTOBKH BUXIIHUX JAHUX.

Hnst 6inemocti CBB xapakTepHa Taka OCOONMBICTH (PYHKITIOHYBAHHSI - TICIIS
JESKOT0, TOCUTh TPUBAIOTO 4yacy T, cucTeMa MpOXOIuTh BUIMPOOYBAHHS 1 peTelbHE
BiHOBNeHHS. [li poborm nHa AEC 3a3Buuaii mpoBOAsSTH y TIEpioja TUIAHOBO-
nonepemxyBanbHoro peMoHTy (I1I1P) eneprodnoka. Tomy IITP moxkHa po3rasaaTu sk

(bakT MOBHOI pereHepariii CHCTeMH, a MOBEIIHKY CUCTeMH Ha BciX 1HTepBaiax t € [0; Tq]
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BBaXKaTH 1AeHTHYHOI0. Lleil mocun crnpaBeuiuBHiA, SKIIO €PEKTH 3HOCY 1 CTapiHHSA
oOaiHaHHS HE3HAYHI 1 IPOSABIIAIOTHCS ISl yaciB t >> T,.
Toni 3aranpHUM BUpa3 I PO3paxyHKY CTalllOHAPHOTO KoedillieHTa TOTOBHOCTI

Mae BUTJIA [55]:

Kr = - Jy" K-(Odt (3.26)

3.2.4 I'padiku ¢ynkuionyBanHss CBbB 1 po3paxyHok koedirieHTa TOTOBHOCTI

CHCTCM

VY 11bOMyY MYHKTI Ha KOHKPETHUX MOJEJISIX BUKJIAICHO METOJOJOTTUHUM TiaXid A0
mozemoBanHss CBB. Posrnsnyro 8 tumoBux st CBB rpadikiB (QyHKIIOHYBaHHS.
[IpoBeneHO SIKICHMM 1 KUIBKICHMM aHaji3 3MIHM HECTalllOHApHOTo KoedilieHTta
TOTOBHOCTI, MOJAHO PO3PaxXyHKOBI 3aJIEKHOCTI I TaKUX JOCHIKYBaHUX TpadikiB
dbyHKioHyBaHHA [55 - 62]:

o €JIEeMEHTH TMEepIOAUYHO 3alUTYIOThCS B poOOOTY 1 HE MIAJAIThCA
BUNPOOYBAHHIM (MOJIENb 1);

o cuctema 3 N pe3epBHUX KaHaJliB, €JIEMEHTU SKUX MPAIIOIOTh UKIIYHO, 1
OJIHOT'O poOOUYOro KaHany (MoJenb 2);

° cUCTeMa 3 e€JIeMEHTaMH, IO [UKIIYHO TIPAIO0Th, 3a HAasIBHOCTI
KOPOTKOYACHHUX TUTAHOBHX OJTHOYACHUX BKJIFOYCHB (MOJIETH 3);

o CUCTEMA 3 €JIEMEHTAMH, 10 IUKIJIIYHO TMPAIIOI0Th, 32 HASBHOCTI TJIAHOBUX
YBIMKHEHbB (BUTIPOOYBaHb), SIK1 MPOXOATH 31 3CyBOM (MOJENb 4);

° cuctema, 1o mianaetbcs ABP, 3 moueproBor mokaHajgbHOIO POOOTOIO
(Momens 5);

o cucteMa 3 ABP 1 ngomarkoBuM BUIPOOYBaHHSIM pE3EPBHUX KaHAIIB
(Momens 6);

o TPbOXKaHAJIbHA CHCTEMa, [0 Ma€ BHYTpIIIHE AyONIOBaHHSI 3

MepeMUKaHHIMU POOOTa/0UiKyBaHHS MK JIyOJIbOBAHUMH KaHaJIaMH (MOJIEIb /)
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o TpbOXKaHaNbHI cucteMu 3 ABP, y sikux 1Ba kaHanu nepedyBarOTh y poOOTI
(Mmomens 8).

MopenroBaHHsT TIPEICTaBICHO Ha TMPUKIAAI PE3epBOBAHOI CHUCTEMH, IO
ckianaerecss 3 N kanamiB. LI cucremum abo rpymu eJIEMEHTIB IU€l CTPYKTypu
HalvacTile MI1al0ThCS MIAHOBUM MTEPEMUKAHHSIM 1 BUIIPOOYBaHHSIM.

BuxopuctoBytoun 3a3HadueH1 MOJIeNl, CKIaJaeThes po3paxyHkoBa cxema CBb.

3.2.4.1 EnemeHTH, IO NEPIOJUYHO 3aNUTYIOTHCA B pOOOTY 1 HE MIAAAIOTHCA

BUNPOOYBAaHHIM (MOJIEb 1)

Hexait cucrema ckinamaeTrbesd 3 N OQHOTHUITHUX KaHAJIB, KOKEH 3 SIKUX 3JaTHUM
MOBHICTIO BUKOHATH BHMMOTH, TOKJIaJe€HI Ha cuctemy. Hexaii cucrema mpaiioe B
nepionyHOMy (LMKIIYHOMY) pPEXUMI, 3a SKOro Oyab-SKHH 13 KaHaIB MOXe OyTH
3aTpebyBanuii y poboty 3 yactoror § = 0. /N, ne 0. - yacrora 3amuTy CHCTEMU Ha
BUKOHAHHS MpU3HaYeHUX QYHKIIINA, a cepeHiid yac poOOTH KaHaTy 3aJ0BOJIbHSIE YMOBY
TP << Toqi}(‘

Kpim TOro, KOXeH 13 KaHaIiB CUCTEMH MICTUTbH JESKE YMCJIO N €JIEMEHTIB, 110
YTBOPIOIOTh KaHAJIbHY CTPYKTYPY 3 MapajelbHUX JTaHOK.

Cucrema mMaTuMe Taky MOJEJb: KOKEH KaHan Oyje MpeACTaBiICHUN y BUTIIAII
OJIHOTO ejneMeHTa (PUCYHOK 3.6) 1 omucaHui 3a JOMOMOTo rpada Mepuioro TUIY 3

HabopoM BuxigHux aanux (3.19):

A ={41,,a,60,4,p,.}

Pucynok 3.6 — Po3paxyHkoBa CTpyKTypHa
cxema mozeni 1 [55]
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Hecramionapauii koedilieHT TOTOBHOCTI IJisi OJHOTO (1-Tr0) eleMeHTa CHCTEMH
BIJINTOBI/Ia€ WMOBIPHOCTI 3HaXO/DKCHHS B TpaIe3gaTHOMY CTaHi i rpada Mmeprioro

THUITY:

K. = KL(b). (3.27)

BianosinHo go pernamenty ¢yukiionyBanHs CBb na MomenTt nycky Eb 1
CHUCTEeMH MaloThb TnepeOyBaTH B Mpare3gaTHOMYy cTaHi. ToMy MOYaTKOBI yMOBHU MJis

PO3paxyHKY CKJIAIyTh:

P1I(0) = 1; PZI(O) = 0, P3I(0) =0.

Sk BUIHO 3 TpadiyHUX 3alIeKHOCTEN (puUcyHOK 3.7), 3a NeSIKuX 3Ha4yeHb ts >0
HACTa€e PEXHUM, y IKOMY WMOBIPHOCTI HE 3aJ]€XaTh BiJ yacy. [1osicHIO€TbCA 1€ TUM, 11O
JI0 MOMEHTY t; OaraTopa3oBO peaji3yBalKCs BCl IHTCHCUBHOCTI IIEPEXO/IIB 1 3aJICKHICTh
BiJl TOYATKOBUX YMOB 3HUKIIA.

CrarionapHa BeJTMurHa JJIs KF’ (t) BU3HAYAETHCS 3 BUpA3y:
P, = limK{(t) = C;,
t—ooo

ne Ci - KOHCTaHTa, sika BU3Ha4YaeThes 3a (3.7).
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Pucynok 3.7 - 3MiHa IMOBIPHOCTI CTaHiB rpada [-ro Tumy aias pexxumin
(GbyHKITIOHYBaHHS, SIK1 HE Mepe10ayaloTh IIaHOBUX BKIIFOYEHDb y CUCTeMI [56]

Hecrarmionapauit koediiieHT roTOBHOCTI cucTeMu 3 N napajieabHUX €JIEMEHTIB

CTaHOBHUTHMC:

KI‘CI/IC =1- {V=1(1 —K (t))dt (328)

CrauionapHuil Koe(ilieHT FOTOBHOCTI CTAHOBUTUME:

K =1 —= [ T, (1 - Ku(6))dt. (329)

3.2.4.2 Cucrema 3 N pe3epBHUX KaHAJIIB, JIEMCHTH SKHX MMPAIIOIOTH IUKIIIYHO Ta

OJIHOTO POOOYOro KaHaiy (MoJenb 2)

VY Moneni po3TissHYTO BUNAJO0K HEHABAHTAXXKEHOTO PE3EpPBY 3 OJHUM POOOUYUM
kaHasioM 1 N pe3epBHUMHU, 3 ypaxyBaHHSIM 0coOIuBOCTel xapakrepuux mist CBb.

Hexaii cucrema ckimagaerbes 3 N+1 OJHOTUIHHMX KaHAIIB, KOXKEH 3 SKHUX MOXKE
BUKOHATH BUMOTH, TOKJIaJaeHl Ha cuctemy. [Ipu mpomy s Oe3BiAMOBHOI poOOTH

CUCTEeMHM MOTPIOHO, 11100 OJIMH 13 KaHaJiB Mepe0yBaB y pexrUMi poOOTH.
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VY pasi iioro BiZIMOBU B pOOOTY BKIIOYAETHCS OAWH 3 N pe3epBHUX KaHATIB. Y
pasi BiIMOBU B PE3EpBHOMY KaHajli BMUKA€ThCs 1HIUHN 3 N-1 pe3epBHUX KaHAIIB 1 T.1I.
[Tpu oMy BiTHOBICHUI poOOYMIA KaHAI O/pa3y BMUKAETHCA B poOOTY, a Pe3epBHUIA
KaHaJl, IO TMpAaIlOBaB, 3HOBY TIEPEBOIUTHCS B PEKUM OdUiKyBaHHSI. ToOTO st

PE3EPBHUX KaHAMB CIPaBeAIMBO T ~ T << Ty -

Toni Bci N pe3epBHHX KaHAIB MOJCIIOIOTHCS N MapaliedbHO CIONTYYSHUMHU
€JIEeMEHTaMU U ONUCYIOThCS IpadoMm mnepmoro tuny (pucyHok 3.8). s pezepBHUX
KaHAJIIB Mepe0adyeHO NPOBEICHHS IIJITAHOBUX BUIIPOOYBaHb.

PoGounii kaHam MOJCIIOETHCA OJHUM E€JIEMEHTOM 1 OMUCYEThCS TpadoM Ipyroro
TUILY.

Pe3epBHI KaHanM ONMCYIOThCA TpadoM MEpUIOro TUIY 3 HAaOOpPOM BUXIJIHHMX

TaHuX Aj.

pob

pob - poboui eneMeHTH

1,2,..,N - pe3sepBHi eJleMEHTH

Pucynok 3.8 — Po3paxyHkoBa CTpyKTypHa cxema JIjsi MoJieni 2

V uiii Mozmeni iHTEHCHBHICTL BHMOI § PE3EPBHHUX €JEMEHTIB 3aIE€KHUTH BiJ
BEJINYNHU ,ip poboyoro enemMeHTa 1 BiJ KUIBKOCTI PE3epBHHUX €JIEMEHTIB. SIKIO micis
BIJIMOBU pO0OOYOro ejleMEeHTa B pOOOTY MOKE BBIMKHYTHUCS OyAb-SKHH 13 pe3epBHUX
€JIEMEHTIB, TO IHTCHCHBHICTh BUMOT JJIi PE3EPBHUX CJIEMEHTIB MOXKHA OIlIHUTU 3a

BHUPA30M:

(W]
U
Yl
Z

(3.29)
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OctanHiil BUpa3 € HaOMMKEHUM, TOMY IO HE BpPAaxOBY€ MOTIK BUMOT, SIKUN
J0JJATKOBO BUHUKAE MICISI MOXJIMBHUX BIJIMOB PE3EPBHUX EJIEMEHTIB 1 PO3MOIIISETHCS
MiX IMpale3qaTHUMHU Pe3epPBHUMHU €JIEMEHTAMU, 110 3aTUIIIHUCS.

Hecramionapauii koedimi€eHT TOTOBHOCTI JUIsl poOOYOTO eJIeMEHTa BU3HAYAETHCS
3a (3.22) 3a mouarkoBoi ymoBu pi'! (0) = p1 = 1, i OCKiNBKH pOOOYMI €TIEMEHT HE
MiJA€ThCs IUTAHOBUM BUIIPOOYBaHHAM, BU3HaueHHS K[/(t) HpoBOAATH 3a yMOBH
te[0,t.].

Hecrarmionapauii koedirieHT roTOBHOCTI 411 Mojeni 2 [55]:

Krcuc =1- (1 - Kf‘l(t)) l_[{vzl(l —K .(t))dt’ (330)

r

Crarionapauii KoeilieHT TOTOBHOCTI JUISI MOJIEI 2:
1 T,
Kr=1-J, "KL A - Ky@de G310

ne KH(t) 1 K.;(¢t) - HecramionapHi koedilieHTH TOTOBHOCTI Ajsi poGodoro Ta

1-TO PE3EepPBHOTO €JIEMEHTIB, BIMOBIIHO, /IS 111€1 MOJIEI:
K (=K (==K (=K
rl r2 rN

3.2.4.3 Cucrema 3 eJeMeHTaMH, N[0 LMKJIIYHO TMPAIO0Th, 3a HASBHOCTI

KOPOTKOYAaCHUX IJIAHOBUX OJHOYACHUX BKIIFOYEHB (MOAEHH 3)

3a OCHOBY B13bMEMO OIUCH Ta YMOBH (DYHKI[IOHYBaHHSI CUCTEMH, MIPEACTABIICHI B
mozeni 1. BigMiHHICTIO BiJ] HA3BaHOi MOJENI € HASBHICTh KOPOTKOYACHUX IUIAHOBUX
BKJIIOYEHb Y POOOTY KaHAJIIB CHCTEMH.

Yac poboTH KaHaIIB HEXTYBAaHO MM MOPIBHIHO 3 BEJIMUMHOIO 1HTEPBATY MIXK
JAHUMU BBIMKHEHHSIMH T, 1, TMM mnave, mopiBHIHO 3 T, . ToMy TpHUBadiCTh JIaHOI

IJIaHOBOI POOOTH BBa)XaeMO pIBHOKW Hymw0. KpiM Toro, i IUJIaHOBI BKIIFOYEHHS
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3I1HCHIOIOTHCA I BCIX KaHAJIIB OJHOYACHO.
Onucanmii  tpadik  (yHKIIOHYBAaHHSA, XapakTEpHUW 11 €JICMEHTIB,
po3TanioBaHuX Ha JiHIIX pernupkysmnii CBb, mo maroTe rpadik miaHOBHX MEpPEXoiB

3a ABP (pucyHnok 3.9).

®

T | T | T T

<+—— [HTepBaJ, NPOTArOM AKOro KaHasn 3HaxoauTbcsa B pesepsi (I Tun)

° MOMEHT KOopoTKoYacHoi poboTu kaHany

Pucynok 3.9 — Jliarpama (pyHKIIIOHYBaHHSI CUCTEMH 32 HassBHOCTI OJTHOYACHHUX
KOPOTKOYaCHUX YBIMKHEHbB [55]

[TpoBencHHS TIEPIOMUYHUX 3aITYCKiB KaHAIIIB CUCTEMH MTPU3BOIUTH O BUSBIICHHS
NPUXOBAHUX BIJIMOB a00 MIATBEPKYE ixHIA mpare3gatHuii crtadH. [lpu npomy
BiZOyBaeThesl CTpHOKOMOAiOHA 3MiHa moYaTKoBUX yMmMoB P!(0) P(0) i P1(0), a mporec
pO3BUBa€ThCsl Ha HOBoMYy 1HTepBam [0; Tn]. SIKI0 MO3HAYUTH MITPUXOM BIAMOBIIHI
WMOBIPHOCT1 CTaHIB Ha monepeaubomy iHTepBaii [0; Tu], TO moyaTKOBI yMOBH st

HACTYMHOTO 1HTEPBAITy MalOTh BUTJISI:

P{(0) = P{'(T,);
P1(0) = 0; (3.32)
Pi(0) = P}'(T,) + PY'(T,) = 1= P{'(T,).

[lepma piBHICTh CBIIYUTH MPO TE€, IO MNEPIOJUYHE YBIMKHEHHS HE BIUIMBAE Ha
WMOBIpHICTh TIepeOyBaHHs B Mpaiie3gaTHOMY cTaHi 1 (nuB. rpad meprmoro tuy).
Jpyre piBHSIHHA BKa3y€ Ha YCYHEHHS MPUXOBAHUX BIIMOB MICIS YBIMKHEHHS.

[Ipy 1pOMY Ha BEJIWYUHY pzl’(Tn) 30UTBIIY€ETHCSI WMOBIPHICTh aBapiiiHOrO PEMOHTY

TICJIS MPOBEJICHHS YBIMKHEHHSI, 1110 B1JIOOPaXKa€ThCS TPETHOIO PIBHICTIO.

Taxum unHOM, PYHKIIOHYBaHHS KaHAIYy MOJENIOETHCA IpadoM MEepIIoro TUIY Ha



90

iHTepBasax [0; Tn] 1 mHOYaTKOBMMH yMOBaMH [UIsl KOXKHOTO 1HTEpBaly, SKi
BU3HAYAIOTHCS CKIHUCHHIMH WMOBIPHOCTSIMH CTaHIB 13 TTOTIEPETHBOTO iHTEPBAITY.

Hecrarmionapauit koedirieHT roToBHOCTI Ma€e BUTJIsA (pucyHok 3.10) [55]:

Ki(t) = KL(t — (k — DT,) (A — z(k)) (3.33)

3 IIOYaTKOBUMH YMOBAMMH:

PI(0)=tPi(k); PL(0)=0; PL(0)=1-PI(0).  (3.34)
_ 1L,onpu k=1
Pl = {fKHfPl(k —1),T,}, B iHWKX BUNaAKaxX (3.35)

ne fKMx, y} = KL(y), 3a mouatkoBux ymoB:

PI(0)=x; P(0)=0; P(0)=1—x,

VY Bupazax (3.33) - (3.35) BUKOpHUCTAHO TaKi MO3HAYCHHS:

KL(-)- Hecrauionapuuii koedillieHT TOTOBHOCTI, SIKUH BU3HAYA€THCS 3a rpadoro I
THUITY;

k - KUIBKICTh TMPOBEACHHX IUJIAHOBUX KOPOTKOYACHHX BKJIIOYEHb KaHaly Ha
MOMECHT 4Yacy t;

z(k) - IMOBIpHICTh BIJMOBHM BHACIIJOK K TpOBEIEHUX YBIMKHEHb KaHAIy 0
MOMEHTY t.

ImoipHicTs BiamoBu z(k) = 1 - exp(-§, k) xapakrepusyeThest mapameTpom &, -
CepeHbOIO0 IHTEHCUBHICTIO BIIMOBHU KaHaJIy Ha OJHE BBIMKHEHHS KaHaly.

KinpkicTe mpoBeneHUX IUIAHOBUX BKJIHOYEHb Kk 1-r0 KaHady Ha MOMEHT Hacy t

BU3HAYAETHCS 3 BUPA3Y:

k = [L 11 (3.36)

Ty
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Crnip 3a3HauMTH, 110 B IbOMY BHpasi W HaAalml KBaJApaTHI AyXKA y (popmyrax
HECYyTh aHAJIOTIYHE CMHUCJIOBE HABAaHTAXCHHS, a CaM€ O3HA4yaloTh, IO B3STO IILUTY
YaCTHHY BiJl YMcha: [X] - 1lJla YaCTHHA Bif X.

36impmenns Ky (t) micas t = jTn , j = 1,2,... BigOyBaeThcsl yepe3 BUSBICHHS
MPUXOBAHUX BIJIMOB 1 MOJAJNBIIE JOCUTHh IMIBUAKE (3 IHTEHCUBHICTIOf ) 1X YCyHEHHS
[UIIXOM IPOBEJICHHS aBapiHOTO PEMOHTY TPUBAIICTIOT.

3menmienns Ky (t) Hagami  3yMOBIEHO HAKONMUYEHHSM  1IMOBIPHOCTEH
Hempare3qaTHux craniB 2 1 3 (auB. rpad mnepmioro tuiy). Taka TEHIEHIS 3MiH
NPU3BOAUTE 10 "MHIKOMOAIOHOCTI" 3aJIe)KHOCTI HECTalllOHApHOTO KoedilieHTa
TOTOBHOCTI BiJI 4acy.

Jlnst mopiBHSIHHS Ha pucyHKY 3.10 Tako) HaBEIEHO HECTalllOHAPHUM KOE(IIEHT
roToBHOCTI KaHamyKk(t) mnsd BUIaKy, KOJNH NEpiOAMYHI IUIAHOBI 3aIlyCKH BiICYTHI.
Takoxk Ha LHLOMY pHCYHKY II0OKa3aHO 3MiHy MOYaTKoBMX yMoB PiY(0), 1o
CTpUOKOIOAIOHO 3MIHIOIOTh CBOE€ 3HAUEHHS IICIs MPOBEICHHS YEpProBOTO IIAHOBOIO

BBIMKHEHHS.

! |~ P1(0)
0,995
0,99
0,985
0,98
0,975
0,97
0,965
0,96
0,955 . l r :
0 200 400 600 800 t, roa

—

1

Kri(t

1

1

1

1

1
~
L
—_—
—

Pucynok 3.10 — 3miHa HecTarioHapHOTo Koeditienta rotroBHOCTI Ky (t) 1-ro kanamy 3a
HAsIBHOCTI KOPOTKOYACHHUX IUTAHOBUX yBIMKHEHS (&,; =0) [56]

Ci1ix 3a3HAYUTH, IO 32 iAeaNbHOI SIKOCTI MpoBeeHHs 3ammyckiB (&,; =0) pexum

poOOTH 3 MEPIOAUYHUMH 3aITyCKaMU € TMEPEBAKHUM, IO BHUIHO, 30KpeMa, 3 PUCYHKa
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1.10 3a Bummumy 3HaueHHAMY Kii (t) mopiBHsHO 3 K[ (t).
KoeimienTn roTOBHOCTI (HEecTaliOHApHUN 1 CTAlllOHApHUMN) AN cucteMu 3 N
KaHaIiB BU3HaudawTh 3a (3.28), (3.29), y axomy K =K , 1=1,2,...,N, Bu3HaueHu# 3a

(3.33).

3.24.4 Cucrema 3 e€JIeMEHTaMM, M0 I[UKIIYHO IIPAIfOIOTh, 3a HAasBHOCTI

TUTAHOBUX YBIMKHEHb (BUIIPOOYBaHb), SIK1 BIIOYBAIOTHCS 31 3CYBOM (MOAEIH 4)

Le#t rpadik GpyHKIIOHYBAaHHS HaliXapaKTEPHIIIMK I 3aXUCHUX CUCTEM Oe3MeKu
Ta BIAPI3HAETHCA B1Jl ONEPEIHBOT MOJEN] TUM, 110 KOPOTKOYacHe yBiMKHEHHA (10 0,5

TOJINHM ) 3A1HCHIOETHCS 3 PIBHOMIPHUM 3CyBOM, 1110 J1opiBHIOE Ty /3 (pucynok 3.11).

i=1

t4 T

iHTepBan, NPOTAroM SKOro KaHan 3HaxoauTtbea B pe3epsi (I Tvn)

® MOMEHT KopoTKoYacHol pO6OTI/I KaHany

Pucynok 3.11 — Jliarpama (hyHKI[IOHYBaHHSI CUCTEMH 3a HAsIBHOCT1 KOPOTKOYACHUX
YBIMKHEHb 13 PIBHOMIPHUM 3CYBOM

Ha iHTepBam MK TIUJIAHOBUMU BHUIPOOYBAaHHAMH MOXJIMBE BHHHKHEHHS
M03aIlJIAHOBOTO BUIPOOYBAHHS, BUKJIMKAHOTO BUSBJICHHSM BIIMOBHU B 1HIIIOMY KaHajl

M1]] 9ac mIaHoBOTo BulipoOyBaHHs. KoHcepBaTUBHO:

0= 2MT..

[licns mpoBeAeHHS TUIAHOBOTO  BUMPOOYBaHHS  (3amycKy) BimOyBaeThCs
CTpUOKOIOAI0HA 3MiHA MMOBIPHOCTI 3HAXO/KEHHS B cTaHax rpada | tumy. [lpu upomy
BiI0OYBa€ThCSl OOHYJICHHS! WMOBIPHOCTI 3HAXOXKEHHS €JIEMEHTa B MPUXOBaHii BIAMOBI,

1 Ha IO caMy BEJIWYHMHY 30UIBIIYETHCS MNMOBIPHICTh 3HAXO/HKEHHS B PEXKHUMI
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Hecramionapauii koe(dimieHT TOTOBHOCTI OJTHOTO KaHAJIy CHCTEMU Ma€ BUTIIS

[56]:

KL (1 — z(k)), mpu k < 1;

Kri(t) =
® {K’F(t — At; — (k — 2)T,) (1 — z(k;)), B iHIIMX BUNaJKaxX

3 II0OYaTKOBUMH YMOBAMM:

Pl(0)=1Pi(k); PI(0)=0; Pi(0)=1-PI(0).
1,npuk < 1;

fP1(k) = { SfK{fPi(k—1),At3npul <k <2
fKLfP (k —1),T,}, BiHmuX BUNagKax

ne fKr{x, y} = Kr(»),

3a MMOYaTKOBUX YMOB!:

PI(0)=x; P(0)=0; P(0)=1—x,

VY Bupazax (3.37) - (3.38) BUKopHCTaHO TaKi MMO3HAYCHHS:

(3.37)

(3.38)

KL(-)- Hecrauionapuuii koe(illieHT TOTOBHOCTI, SIKUI BU3HAYA€THCS 32 Ipadoro I

TUILY;

k - KITBKICTh TPOBEACHHMX IUJIAHOBUX KOPOTKOYACHWX BKJIIOYCHb KaHaTy Ha

MOMECHT 4Yacy t;

z(k) - IMOBIpPHICTH, BIIMOBH BHACIIZOK K IIpOBEIEHHMX YBIMKHEHb KaHAIy IO
y y

MOMCHTY t;

Ati - TpuBadiCTh BiJ TOYATKy eKCIuTyartaiii (Bil MEpIIOTO OJHOYACHOTO

BUMNPOOYBaHHS) J10 HACTYITHUX HAWOIMKYMX BUITPOOYBaHb 1-I'0 KaHAITY
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At = i-Tw/N. (3.39)

ImoBipHicTs BiamoBu z(k) = 1 - exp(- & k) XxapakTepu3yeTbCs MapaMeTpoM
§ - CcepelHbOI0 IHTCHCHBHICTIO BiIMOBH KaHaly Ha OJHE BBIMKHEHHS/BHIPOOYBaHHS

KaHaly.
KinbkicTh MpoBeIeHNX MIAHOBUX YBIMKHEHbB ISl 1-T0 KaHATY Ha MOMEHT 4acy t

BHU3HAYAETHCS 3 BUPA3y:

k=[5 +2 (3.40)
Bupas (3.37) cnpaBemyiuBuil ajisi yMOB, 32 SIKMX KaHaJ IiJl 4ac BUIPOOYyBaHb HE
BTpayvae Mpaue31aTHoCTI.
VY pasi skmo mija gyac BUIPOOyBaHb BIIOYBAlOThCA i, SIKI MPUBOJATH KaHAT Y
Herpare3JaTHUN CTaH (3aKpUTTS apMaTypH Ha Haropi 3 po30UpaHHSAM EJIEKTPOCXEM),

TO KOe(ILIEHT TOTOBHOCTI KaHaly BU3HAYaTUMEThCS 32 BUpa3oM [55, 56]:

0, npuru Atl + (k - 1)Tn — T < Atl + (k — 1)Tn,
Kri(t) = Ki(0)(1 = z(k;)),mpu k < 1; (3.41)
KL(t — At; — (k — 2)T,) (1 — z(k;)), B iHKX BUnagKax

J€ Teun — TPHUBAIICTh BUMPOOYBaHHSA, MPOTITOM SKOTO KaHall mepedyBae B
HeTpale3aTHOMY CTaHI.

[Touarkosi ymoBu st K (t) Bu3HauaroThes 3a (3.38).

[loBeninka HecTamioOHapHOTO  KoeQili€eHTa TOTOBHOCTI OJHOTO  KaHaIy
aHaJOor1yHa npeAcTaBieHoMy Ha pucyHKy 3.10. 3pymieHHs MiXk BBIMKHEHHSIMU BILJTUHE
JIUIIIe HA 3HAYCHHS JJI KOe(IIi€HTIB TOTOBHOCTI Ha MEPIIOMY 1HTEpBaIl i KaHATIB 1
i2.

Koedimientn rotoBHocTi cuctemu Bu3HayaoTh 3a (3.28), (3.29), y skux Ky,

1=1,2,3 BuszHavaeTncs 3a (3.37) abo (3.41).
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3.2.4.5 Cucrema, mo miagaetbcsi ABP, 3 moueproBoio MmokaHanibHOIO POOOTOIO

(Momens 5)

3a OCHOBY BI3bMEMO OITUC 1 YMOBU (PYHKIIIOHYBaHHS CHCTEMH, IIPEICTaBJICHI B
Mozaem 1. BiamiHHICTIO Big Ha3BaHOi Mozeial € HasgBHICT, ABP, mig dac sxoro
B110yBa€ThCSl BBIMKHEHHS B pOOOTY pe3epBHOr0 KaHaly 1 BUMKHEHHS pobouoro. [Ipu
IbOMY KaHaJl, 10 3HOBY MIJKIIOYAE€THCA, NESKUNA Yac Mpalloe CHUIbHO 3 pobounm. Y
pa3i HasBHOCTI HECIPABHOCTEH y PE3EePBHOMY MIAKIIOYECHOMY KaHal iX BHUSBIAIOTH, 1
KaHaJI IEPEBOMISITh B aBapiiiHUN PEMOHT, a 3 pe3€pBY BUBOAATh HACTYIIHUN KaHAJL.

[licnst  ycmilHO MPOBEACHOTO BUIMPOOYBaHHS PE3EPBHOrO KaHaly MHOro
3QJIMINAI0Th Y BBIMKHEHOMY CTaHl, a KaHall, 1[0 paHillle MpalfoBaB, MEPEBOJATH Y

peseps. Jiarpamy GyHKIIOHYBaHHSI CHCTEMHU MPEJICTABICHO Ha pUCYHKY 3.12. [55, 56].

! . ! ! : 1 ! ) 1
il o + | L P
=2 L | B Lo !
b g Tl | : ?i 1 3
N3 N B K !
¥ i B ~ .

i | i
. Aty | Tasp ” Ton "0, Tpesepn o
2 T 1% Ea B r' I
1 ] 1 1 | :

[HTepBaM yacy, IpOTATOM SKHX KaHAIl 3HAXOTUTHCS B
podori (Il Tum)

pesepsi (I Tum)

™ MOMEHT BKJIFOUEHHS B poOOTY

Pucynox 3.12 — Jliarpama (hyHKIIIOHYBaHHS CUCTEMH 3 TPbOX MapajebHUX KaHAIIB 3a
HasiBHOCTI ABP

Ha inTepBaini poboTn KaHal OoMMCYeThCsl rpad)oM JIPyroro TUIY, a HA 1HTEpBal
nepeOyBaHHs B pe3epBi - rpad)oM Mepiioro THUIY.

[Tepioguunicts npoBeneHHss ABP qis cuctemu 3 N kaHaniB CTaHOBUTHME:

Tn = Tpr[ + TpegepB = N(Tpn_TABP). (3 .42)
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3CyB MiX IMOYaTKOM POOOTH MEPIIOTO Ta i-TO KaHAIIB CTAHOBUT:
. T,
At; = (i—1) =2 (3.43)
N

KinbkicTh yBIMKHEHb/3amyckiB 3a ABP i-ro kaHamy Ha MOMEHT 4acy t:

k= |5+ (3.44)

Tn

Bennunnu k y Bupazax (3.36), (3.40) 1 (3.44) HecyTh OJIHE 1 T€ caMe CMHUCIIOBE
HABAHTAXKEHHS, TOMY MalOTh OJTHAKOBI ITO3HAYEHHSI.

[licns 3aKkiHYEHHS IUJJAHOBOTO 1HTEpBAy poOOTHM TpuBalicTiO Tpn KaHan
nepeBoUThCS B pe3epB. Ha iHTepBasii poOOTH BIIMOBH, IO MalOTh MICIIE, MUTTEBO
BUSIBJISIIOTECA W YCYBaIOThCS 3 1HTEHCHUBHICTIO fi (IIUB. Tpad Ipyroro THILY), TOMY

TI0YaTKOBI yMOBH JUIS PO3PaxyHKy K[ (t) CKIamyTh:

PIH(0)=Pi"(Tpn);  P2'(0)=0;  P3'(0)=P2"(Tpn). (3.45)

Ili ymMoBHM cmopaBeIMBI i1 BCIX MOMEHTIB IIAHOBOTO TIEPEXOJy KaHAIy 3
poOOTH B pe3epB.

[Ticnst 3akiHYEHHS TUTAHOBOTO IHTEpPBay MepeOyBaHHS B pPE3EPBI TPUBAIICTIO
Tpeseps KaHAT TIEPEBOAUTHCS B poOOTY. [Ipy 1IbOMY MOYATKOBI YMOBH ISl PO3PAXYHKY
KF(t) , mo xapaktepusye iHTepBal poOOTH, BU3HAYAIOTHCSA HMOBIPHICTIO cTaHiB rpada

NEPILOro TUITY HAMPUKIHI IHTEPBAILY PE3E€PBY 1 CTAHOBUTUMYTh:

Pl ”(O):P 1 I(Tpe3epB); lel(o):PZI(TpeSepB)+ P3I(Tpe3ep3). (3 46)

Ii ymMoBHM cmopaBeIMBI [JIi BCIX MOMEHTIB IUIAHOBOTO TEPEXOJly KaHAIy 3
pe3epByY B poOOTY.
Crning 3a3Ha4yuTH, MO0 MOYATKOBI yYMOBH 3ajieaTh HE JIMINE BiJ TOBEIIHKH

OCTaHHBOT'O PEXUMY TPUBATICTIO Tpn | Tpeseps, @ ¥ BiJ yCIX MOMEpPENHIX NPOUIECHUX

b
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pexxuMiB.  IMOBIPHOCTI MOYATKOBMX YMOB  PO3pPaxoOBYIOTh 32  CKIHUEHHUMH
AMOBIPHOCTSIMH CTaHIB Ha MOMEPEAHbOMY 1HTEpBai, 5IKi, CBOEI YEPrOI0, OTPUMYIOTh
3a TOYaTKOBUX YyMOB, IO JIOPIBHIOIOTh CKIHUCHHHM IMOBIPHOCTSM 31 Ile OUIbII
PaHHBOTO THTEPBAITY.

Takum uynmHOM, mMpoTAroM Yyciei ekcruryaramii cuctemu te[0;T.] BigOyBaeThcs
CTpUOKOMO/I0HA 3MiHA MOYATKOBHX YMOB MiJ 4Yac 3MIHH PEeXUMY (YyHKIIOHYBAHHS.
Po3paxyHKOBI 3aJIeKHOCTI JJII BU3HAYCHHS MOYATKOBHX YMOB KOXKHOTO PEXHUMY 1-TO

KaHally MarOTh BUTJA [S5]:

P'(t)=1P,(tk,), P,'(t) =0, P,'(t) =1-P,'(t), ans t < At
Pl (t) =P, (tk,), P," (t) = 1-P" (1), st (k;-D)T, < t-At, < T, +(k;-D)T, (3.47)
P!(t) =P (tk;), P,' () = 0, P, (t) = 1-P,'(t), st (k;-1)T, + T, < t-At; <kT,

{1. npu t < At;
FKH{1, At} npn At; < ¢ < At; + Ty,
TR = PP (Ui = DT, + 8t k), Ty mpm e = 1w > (ki = DT+ A+ Ty
le!{fPl((ki = 2)T, + Aty + Ty ey — 1), T, — Tpn} B iHIIMX BUNAJKaxX

(3.48)

ne fKi{x,y} = K} (y), 3a mouarkosux ymoB P1'(0)=x; P,'(0)=0; P5'(0)=1—x;
FKHx,y} = K{! (y), 3a mouarkosux ymos Pi"(0)=x; P,"(0)=1-x.
JIns mpeAcCTaBlICHOTO PeXUMy (PYHKIIOHYBaHHS HECTAI[lOHApHUN KOe]illieHT

TOTOBHOCTI 1-T0 KaHaimy cuctemu 1 = 1,2,..., N mae Burisn (pucyHok 3.13) [55]:

Ki(t), nput < At;
Kpi(t) = { K (t = (k; — DT, — At)(1 — z(ky)), npuk =1u 0<t—At; <Ty, + (k; — DT, (349)
Krl(t -T —(k;— 1T, — Ati)(l - z(kl-)), B iHIIMX BUINIAJKaX
pn

ne Tpn - TPUBAIICTH TIAHOBOTO 1HTEPBATTY pOOOTH;
TABP - TPUBAJICTh CHIBHOI pOOOTH ABOX KaHaiB y mnpoieci ABP;
Tn - nepioguunicTh npoBeneHHss ABP 3a (3.42);

t - morounwmii yac te[0;T J;.
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At; - 3cyB MI>K TOYaTKOM pOoOOTH MEPIIOro Ta 1-ro KaHamiB 3a (3.43);

ki - KiUIBbKICTH yBIMKHEHB/3amyckiB 3a ABP i-ro kanamy Ha MOMEHT 4acy t 3a
(3.44);

Ki()K}() - HecramioHapHuil Koe(illieHT TIOTOBHOCTi, SKMH BH3HAYa€ThCA 32

rpadaMu TEpmIOro 1 APYroro THMIB BIANOBIAHO 3 IMOYaTKOBUMH YMOBaMmu, IIIO
BU3HavaroThes 3a (3.47), (3.48);
z(ki) - IMOBIpHICTh BiAMOBM BHACIIJOK K; MPOBEIECHUX YBIMKHEHb/3aIyCKiB 3a

ABP mexaHi13MiB cucTeMH 0 MOMEHTY t Ha 1-My KaHaJli.

1" _APs(tk)
-

0.995 1. Ll
¥ x rd KI'Z(t)
0.99 - [\
0.985 -
0.98 A Krﬁ) o Tou /
0,975 -

i} T
0,97 Ki(h ) A ]
0,965
0,96 ! T T 1

0 500 1000 1500 _tron

Pucynox 3.13 — 3mina HecTarioHapHOTO Koe(dilieHTa TOTOBHOCTI PYTOoro KaHay
TphOXKaHaIbHOI cucteMu (N=3) 3a HasiBHOCTI I1anoBoro ABP £, = 0

ImoBipHicTs BinMoBH z(k; )=1-exp(-§ k; ), XapaKTepH3y€eThCs HapaMeTPOME -
a a

CepeHbOI0 IHTEHCUBHICTIO BIIMOB KaHaly Ha oauH (axkt ABP.

Jlis mpoBeneHHS pO3paxyHKy KOXKEH KaHal TOJAEThCS Yy BUTISAIAI OJHOTO
PO3paxyHKOBOT'O €JIE€MEHTa 3 HaOOpOM BHUXIJHUX JAHMX, II0 BU3HAYAIOTHCS BEKTOPOM
A1 . Bektop BenauuuH A; MICTUTh y cOOl BENTWYMHHU Ay , TOMY JUIsI €JIE€MEHTIB, fKi
MpaItol0Th, 3 BEKTOpa A1 00UPAETHCS HU3KA BEJIMYMH, IO BIAMOBIIAIOTh BEKTOPY Afr.

Jnsa apyroro kaHamy mporec (DyHKIIOHYBaHHS TIOYMHAETHCS 3 PEKUMY
OUiKyBaHHsS, Tpu 1boMy KpuBa Ko (t) Ha moyaTKoOBIA JAUISHIN 30ira€Tbcs 3

KpuBOIOK} (t) . OCTaHHS IeMOHCTpY€E 3MiHy HECTAIliOHApHOTO KOoedillieHTa TOTOBHOCTI
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3a YMOBH MOCTIIfHOrO mnepeOyBaHHS KaHaly B PEXHMI OYIKYyBaHHS, 3a BIJCYTHOCTI
OyIp-sSKHX TJIAHOBUX mepeMukaHb. [lomamemia moBeminka kpuBoi Ko (t) BimoOpaxae
IIaHOB1 iepemMuKkanHs 3a ABP, mij yac sikux kaHajl BMMKa€eThCs B Oe3mepepBHY poOOTy
Ha 4dac Tpn . Ilicmsa eramy poGotu ciigye mepiof OWIKyBaHHS, I TPbOXKaHAILHOI
cuctemH, 1m0 A0pi1BHIOE T =2T ouixpn -

Ileperun kpuBoi K2 (t) Ha 1bOMy NEpiOAl MOSICHIOETBCS TUMHU CAMUMHU
NPUYMHAMH, 110 W IS TONEpeaHboi Mojeni. HasBHI BiIMOBM Ha MOMEHT 3aKiHUCHHS
eTary poOOTH IMIBUAKO YCYBAIOThCS, MEPEBOAYN KaHal y Ipale3iaTHui ctad 1 (nuB.
rpad mepmoro Tumy). Y MNEpUIMi Yac MICIAS MOXIIMBOIO aBAPIMHOIO PEMOHTY KaHaj
HAJIMHIIIMN YHACIIJOK HWXYHMX, MOPIBHIHO 3 PEKUMOM pOOOTH, 1HTEHCHUBHOCTEH
NEPEeXO/IiB 13 MpALe3JaTHOrO CTaHy B Hempaue3aaTHuil. OHaK 13 IUIMHOM Yacy MOYHHAE
JABAaTHCA B3HAKU TEHICHIS MOSBH MPHUXOBAHUX BIIMOB (SIKI HEMOXJIMBI ISl PEKUMY
po0OOTH) 1 HAJINHICT, HANPHKIHI €Tanmy OYIKYyBaHHS CTa€ TIPIIOI, HIK Ha eTari
poooTH.

Cning 3a3HaunTd, mo xapaktep kpuBoi K. (t) 3alexuTh BiJ 3aKJIaJIeHUX
IHTEHCHUBHOCTEHN TIEPEXO/IiB 1 B 3arajJbHOMY BHUIMAJAKy MOXE MAaTH 1HIII TEHJICHIII] 3MIHHU.

Ha niarpami (pucynok 3.13) TakoX BHIIJIEHO 1HTEpBald TPHUBAIICTIO TABP , HA
sakomy 3aiicHioeThcst ABP 3 mepexomgom 3 ogHOro kaHaidy Ha iHIIUN. [HTEHCUBHICTH
BUMOT @ Ul KaHAIIiB, 10 1epe0yBaloTh y pE3epBi, Ha MPOMIKKY Tapp JACIIO BHINA, HijK
Ha PEIITI IHTEpBAy PE3EpBY, TOMY IO B poOOTI mepeOyBarOTh JABa KaHAIU, y SIKUX
BIJIMOBH MHUTTEBO BUSBIISIIOTHCA. OJHAK YHACTIIOK BIAHOCHOT MaIOCTI TABP << Tpeseps
HOXUOKa JOIYLIEHHS PO HE3MIHHICTh § HE3HAYHA.

KoedimienTn roToBHOCTI 111 MOAei BU3HadaroThes 3a (3.28), (3.29), y axux Ky
BU3HaYaeThes 3a (3.49).

3.2.4.6 Cucrema 3 ABP 1 nmogaTkoBUM BHUIPOOYBAHHSIM pE3EpPBHUX KaHAIIIB

(Momens 6)

BigminnicTIO Big monepenHboi Mojeni € (akT J0JaTKOBUX BHUMNPOOYBaHb

pe3epBHUX KaHaIB (pucyHOK 3.14) [55, 56].
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i=N=3
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t2=Tpn T T T T
®
t3=2 Tpn

[HTepBan yacy, NPOTAroM SIKOro KaHan 3Haxo4UTbCH B:
——— pobori (Il Tun)
pesepsi (I T1n)
° MOMEHT BKITHOMEHHS B poGoTy

Pucynok 3.14 — Jliarpama (yHKIIIOHYBaHHS CUCTEMHU 3 TPhOX KaHAJIB 32 HasIBHOCTI
miaHoBux ABP 1 jogaTkoBuX BUIIpoOyBaHb PE3EPBHOTO KaHAITY

[TopiBHsiHHA JiarpaM Ha pucyHkax 3.12 u 3.14 HAOYHO JIEMOHCTPYE BIIMIHHICTD
y rpadikax (QyHKOiOHyBaHHS. B ocraHHbOMY Tpadiky B MOMEHT IUIAHOB OIO
nepemukanHs 3a ABP, Hanpuknan, 3 kaHaimy 1 = 2 Ha KaHai 1 = 3 MpPOBOASTH
BUNpoOyBaHHs KaHamy 1 = 1, mo nepebyBae B pesepBi. Kpim Toro, mepesa moyarkom
excrutyatainii cuctemMu (t=0) TpPOBOAUTHCA OJHOYACHE BUIPOOYBAaHHS BCIX TPbOX
KaHaJIB.

Sk 1 B momepenHiit Mojeii, peXUM IUIaHOBOI poboTu omucyeTbes rpadom 11
TUIy, @ O4YiKyBaHHs - rpadom I Ttumy. [loyaTkoBi yMOBH Ha KOXKHOMY 1HTEpBaIl MIXK
MEePEMUKAHHIMHU BIJIMOBIIAI0Th CKIHYEHHUM IMOBIPHOCTSIM CTaHIB 13 MOINEPEIHBOTO
1HTEpBaTY.

KinbkicTb Oy1b-SKHX TUIAaHOBUX NEPEMHUKaHb (YBIMKHEHHS B pOOOTY, BUMKHEHHS,

BUNIPOOYBAaHHS) HA MOMEHT 4acy t:

k'=[i]+1°

Ton

(3.50)

IIs1 KiITBKICTh OJHAKOBA JIJII BCIX KaHAJIB CUCTEMH, OCKUIBKM NMEpPEMUKAHHS B

KaHajax BiIOYyBalOThCS OJHOYACHO.
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KinpkicTh BKJIIOYEHb y MiIaHOBY poboTy 3 ABP Ha MOMeHT t 11 i-ro xaHairy

CTaHOBHUTHUMEC:

k{l — [t_Ati] + 1’ (351)

NTpn

ne At; - 3cyB Mk OYaTKOM POOOTH MEpUIOro Ta i-ro kaHaity 3a (3.43).
KinbkicTh Oynb-SKHX IUIAHOBUX YBIMKHEHb (32 ABP 1 BunpoOyBaHb) Ha MOMEHT t

JJI1 1-TO KaHaly CTAaHOBHUTHUMC

k=14 L] _ [t_Ati_I_E]. (3.52)
=

Ton NTpn N

Cniz 3a3Ha4MTH, 1110, 30€piraroyu CHUIBHICTh MO3HAYEHB 11 Yac OMKUCY MOJICIICH,
K Kk mo3HaYeHO BEIMYMHY, IO BIOOpakae KUIbKICTh Oy/Ib-SIKUX MJIaHOBUX YBIMKHEHb,
OJIHAK, YHACJIIJIOK BIAMIHHOCTI MOJEJNEH M0 BEJIMYMHY BHU3HAYAIOTh 32 PI3HUMU
BUpazamu. i1 OJHUX MoOJenel BeIMYMHA K XapaKTepus3ye KUIbKICTh 3aBEPILIEHHUX
BUNPOOYBaHh HA MOMEHT t 1 BHUCTYIA€ sIK apryMeHT (DYHKIIiHi 1MOBIPHOCTI BIJIMOBH
BHACIIZOK TIpoBeneHHs BunpoOyBaHHs Z(k) 1 BHacmigok Oyap-SKMX MPOBEICHUX
M1aHoOBUX 3amyckiB z(k).

Benmnunnam k' ta k"€ momaTkoBHMMHU 1 HEOOXiJHI Uil OTPUMaHHS B I Mojei
AQHATITUYHOI 3aJISKHOCTI JUIsi HECTAaI[lOHapHOTO KoediiienTta TroToBHOCTI (3.54) 1
no4yaTkoBuX yMOB (3.53).

Po3paxyHKOBI 3aJ€KHOCTI JUIsl BU3HAYCHHS TTOYaTKOBUX YMOB KOKHOTO PEKUMY

1-TO KaHaIy AJsl OyIb-sIKOTO MOMEHTY Yacy MaroTh BUTJIS;

1Lmput < Ty,
FRI{FP (ki — D)TyuN + Aty k' — 1,k{'), Ty},

npu (k{ — 1)NT,, + At; + Ty, < t < (ki = 1)NT,,, + At; + 2Ty,

FKE {fP1 <(k{ — )Ty k' — 1, [(k’ — fv);”" — Atl] + 1) , Tpn}. (3.53)

pn

Pl(tl k,' kL”) =

B iHIIMX BUIaJIKaX
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nefKh{x, vy} = Kk(y) 3a mouarkoBux ymoB P{(0) =x;P;(0) = 0;P1(0) = I-x;
fKp{x,y} = Ky(y) 3a nouarkoux ymoB P{7(0) = x;Pi(0) = I-x.

Hecramionapauii koedilieHT TOTOBHOCTI 1-TO KaHaly cuctemu, i=1,2,...,.N, s

MIPECTABICHOTO PeKUMY (DYHKIIIOHYBaHHS Ma€ BUTIIA (puUcyHOK 3.15):

KO (1 —z(1)),mpu t < Ty, i > 1
KH (¢ = N(k] = DTy — 48,) (1 — 2(k),
npu At; < t < (ki = 1)NT,, + At; + Ty
K%(t — (k' — 1)Tpn)(1 — Z(ki)),B iHIIMX BUITaJKaX.

K.(t) = (3.54)

1 T Ptk k2"
0,995 AN Kra(t)
0,99 1
0,985 A1 N N
0,98 1 / Touwix=2Tpn
0,975 1
0,97 - *
0,965 A
0,96 T T T

h 4

Pucynok 3.15 — 3mMina HecTaiioHapHOTO KOedili€HTa TOTOBHOCTI APYTrOro KaHaIy

(N=3) 3a nasBHOCTI ABP 1 1071aTKOBUX BUTIPOOYBaHb PE3EPBHOTO KaHATY (E , = 0)
a

Sx BunmHO 3 opiBHSAHHA pUCYHKIB 3.13 1 3.15, mpoBeaeHHs 101aTKOBOTO
BUNIPOOYBaHHSI 3MIHIOE BCIO TeHACHITII0 Kro (1), 1 3araiom ocTaHHii pexuM 3a imearbHol
SIKOCTI HepemMuKkans (€, = 0) € KpamuM.

KoedirmienTn roTroBHOCTI Ju1st MO/IeNi BU3Ha4atoTh 3a (3.28), (3.29), y sxux Ky (t)

BU3HavaeThes 3a (3.54).
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3.2.47 TpukananpbHa cucTeMa, IO Ma€ BHYTpPIIIHE AyOdrOBaHHS 3

NepeMUKaHHIMH poO0Ta/04iKyBaHHSI MK TyOIh0BaHMMHU KaHaIaMH (MOAEIH 7)

Ils mMonenp xapakTepHa JJis poOOTH CHUCTEMHU TEXHIYHOI BOJU BiIIMOBITATHHUX
cnoxuBadviB. s cuctema moennye GpyHKIii cucTeMu O€3MeKn Ta CHCTEMU HOPMAJIbHOI
excruryaTarii. CucremMa CKIaJaeThes 3 TPhOX KaHAIIB, KOXKEH 3 SKHX MICTUTh HaCOCHY
Tpymy 3 JABOX HacociB. Y poOoTi mepeOyBae OAMH 13 JBOX HACOCIB KOKHOTO KaHAIy.
[lepemukanHs MK HacocaMd 1 MK KaHajJaMU 3IIACHIOETHCS 3 PIBHOMIPHUM 3CYBOM
(pucyHok 3.16).

KinbkicTh MpoBeIeHUX YBIMKHEHB/3amycKiB 32 ABP ctanHoBUTHME:

ki,Q = [t_Ati,!Z_(z_Q)(1+i/3)Tpn + 2,
2Tpn (3.55)

1ie 1 - HoMep KaHally cucrtemu, i=1,2,3;

Q) - HoMep ay0ab0BaHOI macucTemMu, Q=1,2;

Atiq - TpHUBaJICTh BiJ MOYATKy EKCIUIyaTaiii 10 HACTYMHOTIO HaWOIMK4OTo
MEepPEeMUKAaHHS MK pe3epBOM 1 poOOTOIO (BBEACHHS B POOOTY);

Tpu - MJITAHOBA TPUBATICTH O€3MEPEPBHOT POOOTH MIACUCTEMH.

TpuBanicTh BiJl NOYATKy €KCIUTyaTalli 0 HACTYITHOTO HAOIM)KYOro BBEICHHS B

poOOTYy pE3epBHOTO KaHAITy BUSHAYAETHCA 3 BUPA3Y:

Atio = (Q—1)iTpn, (3.56)
3
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|HTepBaﬂM Yacy, NPOTAroMm AKOro KaHan 3aHaxogWTbCH B:
poboTi (Il Tnn)
peaepsi (| TKn)
® MOMEHT BKIMOYEHHS B poboTy
Pucynok 3.16 — [liarpama (pyHKI[IOHYBaHHSI CUCTEMH 3 TPHOX KaHAJIB, IO MPAIIOIOTh,
y KO)KHOMY 3 IKMX € AyOJbpoBaHa MiJICUCTeMa, 10 TyOII0ETHCS

(1 - Homepu KaHaNiB; () - HOMEp 1yOJIbOBAHUX MIJACUCTEM B OJTHOMY KaHai) [S55]

Po3paxyHKoOBI 3a7€KHOCTI JUIsl BU3HAYEHHS! TTOYaTKOBUX YMOB KOKHOTO PEXKUMY

Q-01 MACUCTEMHU 1-T0 KaHATy MArOTh BUTJISI:

fuPi(t, k), mpu 2 =1;

fP1(tk) = {bel(t, k), mpu 2 = 2,

(3.57)

ne
i
Lopuk;, < 1ut < ETpn;
; i
K{@,=T,,), npuk; o < 1ut >=T,;
faP1(t, ki, Q) = r (L5 Tpn) P kig =T

i
Kt (f P1(t = Ty k = 1), Tpn), mpu k > 1nt < 2(kyg — DTy + 3 Tons

\ Kff (faPl(t —Ton ki), Tpn), B IHIIMX BUMIaJKax
( 1,mpuk; o < 1;
[ i
K’F(1,§Tpn), npu k; g = 2ut < Ty, + §Tpn;

foP1(t ki, Q) = X

i
=T

Kf‘l(fbpl(t - Tpn: ki,.())'Tpn)' nput = (ki,.Q - 1)2Tpn - Tpn + 3 pns

\ Klr(bel(t =T kig—1), Tpn), B iHIIIMX BUIAJKaX
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ne fKL{x,y} = KL(y) 3a mouatkoBux ymos P{(0) =x; P1(0) =0; P}(0) = 1-x;

fKE{x, y} = Ky(y) 3a nosarxosux ymoB PJ1(0) =x; PJ'(0) = 1-x.

Hecramionapauii koedimieHT roToBHOCTI (2-0i MiICHCTEMH

1-TO KaHaIy Mae

BUTJISII;
K.;t),(1—2z(k; 2),npud =1;
K.i(®)p(1 — z(k;, 2), npu 2 = 2,
ne
( e i
r (t): npu t< g pn
i
Kri(t)a = < KL (t — (kg — 1)2T,, — §Tpn),
(KT (t — (kip —2)2Ty, — %Tpn — Tpn> , B IHIIMX BUMaJKax
[ i
npu (ki g — 1)2Ty, + 3Tm st < (kig — 1)2Tp, + 3 Ton + Ton;

Kri(t)h = 1

i
( KL(t),mpu t < §Tp”;
i

il (¢ = (ki = 2)2Tpn = 5 Ty ),

npu (k; o — 2)2Tpn +

i
3Tm =T,

pn) , B IHIIIKX BHUITIaJKaX

Kt (t — (kg — 2)2Ty, —

i i
3Ton St < (kig = 22Ty + 3 Tpn + T,

n

30BHINIHINA BUTJISA 3MIHM HECTaIllOHAPHOTO Koe(illieHTa TOTOBHOCTI CXOXXUU Ha

MpEACTaBICHU Ha PUCYHKY 3.13, 3 Ti€ro jawime pi3HUIEIO, MO Ui Ii€l Momeml

Tpn = Toui .



106

3.2.4.8 Tpukananbhi cuctemu 3 ABP, y sikux aBa kaHamu nepe0yBaroTh y poOOTI

(Momens 8)

OxpemMO pO3riasTHEMO BUIAJOK (PYHKIIIOHYBaHHS TPHOXKAHAIBHOI CHCTEMH, J1Ba
KaHaJIM SIKOT OJHOYACHO MaroTh nepedyBaTtu B poOOTI. 3a TaKUM MPHUHIIUIIOM MPAIOE
Hu3ka cucteM BeHTW AT AEC. Jliarpamy QyHKIIIOHYBaHHSI CUCTEMHU MPECTABICHO Ha
pucyHky 3.17.

I'padix QyHKIIOHYBaHHS CHUCTEMH TaKuW, MO IS OyJIb-IKOTO MOMEHTY
MPUCYTHSI poOOTa JBOX KaHaiB cucteMmu 3 TpboX. Uepes koxH1 0.5-Tpy BiaOyBaeThCs
IUIaHOBE MepeMuKaHHs 3a ABP 1 onMH 13 KaHAIIIB NEPEBOJUTHCS B PEKUM OUIKYBAHHS
(Tun 1), a itHmumit BMukaetbest B podoty (Tum II). Cucrema BBaxkaeThesl mpale3aaTHOIO,
KOJIM B po0OTI niepeOyBatoTh Oyb-sKi JIBa KaHAIU 3 TPHOX, TOMY OyJieBa (yHKIIIS JJIst

JIOTTYHOTO 3B'SI3KY MK KaHAJIaMU - IOHaiMeH1Ie 2 3 3.

i=1 At=0.5T

1 ] ]

- : ¢ : :
i=2 At,=0 : : :

t : ; 4 :
i=3 : i ' i
e a s ,
Ath.)Tp,, ' : : E

< - : : :
' T 15T ’ ; :

]

[HTepBanK yacy, MPOTATOM SKHX KaHAJ 3HAXOIUTHLCS B :
po6orti (I Tvm)

pezepsi (I Tum)

® MOMCHT BKJTIOUCHHS B poDoTY

Pucynox 3.17 — Jliarpama ¢yHKIIIOHyBaHHS CUCTEMH 3 TPhOX KaHAIIB 32 HAIBHOCTI

miaHoBux ABP 1 ogHouacHii poOOTI 1BOX KaHATIB [55]

KinpkicTh BKJIIOUEHD Yy MIaHOBY po6oTy 3 ABP Ha MOMEHT t /171 i-ro KaHary

(1i=1,2,3) ctaHOBUTHME:



1,5T
pn

ki = [t—Ati] + 1.

3cyB At; BUBHAUA€THCA 3 BUPA3Y:

Ati = Tpn (i-2)/2-.
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(3.59)

(3.60)

Jns wiei mogeni ki’ = ki , OCKiZIBKM CIIENianbHi 3aIlyCKH KaHaly s BUIIPOOYBaHb

HE NPOBOAATLCA. Benuunua Ki criemianbHo He PO3paxoBYEThCs, a BXOAUTh y (3.61) y

HESIBHOMY BUIJISI1, BHACIIIOK 4oro (3.61) HaOyBae Jenio rpomMi3AKoro BUTTISTY .

P03anYHKOBi 3aJICKHOCTI AJI1 BUSHAUCHHS ITOYATKOBUX YMOB KOJKHOI'O PCIKUMY

1-ro kanany (1=1,2,3) nns Oyab-IKOro MOMEHTY 4acy MarOTh BUTJISI:

Pi(t.ki)

<

f

( 1,oput < At; + Tpnm' * 3;
1,nput < At;ui = 3;
fKH1, At} npudt; <t < At; + Typ;
FRE{FP ((k; — D15T,, + Aty, k;); 0.5},
npu Ty, <t < At; + (k; — D 15T, + Tppui = 1
fK’F’{fPI((ki — D 1.5T,, + 4t;, ki); Tpn},
npu t = At; + (k; — 1)1.5T,, + Tppuk; = 1

fo{fPl((ki — 2)1.5T, + Ty + 48, k; — 1); O.STPH}, B IHIIMX BUNA/IKAX,

(3.61)

nefKhx,y} = Kk(y) 3a mouarkoBux ymoBP{ (0) = x;P}(0) = 0;P1(0) = I-x;
fKE{x,y} = Ky(y) 3a nodarkoBux ymoP/! (0) = x;P}(0) = I-x.

Hecramionapauii koediiieHT TOTOBHOCTI 1-ro KaHaimy cucrtemu (i=1,2,3) mis

MPEICTABICHOTO PEXXUMY (DYHKI[IOHYBaHHS Ma€ BUTIISA (pucyHOK 3.18):

Kri(t) = 5

( Kll(t),mput < Tpn/2ui = 1;
KL(t)(1 - z(1)),nput < Attai > 1;
KI(t — (ki — 1)1.5T,, — 4t;)(1 — z(k;)), npu
At; <t < (k; — 1)1.5T,, + At; + Ty

KL (¢ — Ton — (k; — 1)1.5T,, — At;)(1 — z(k;)), B iHWMX BUNaAKax.

(3.62)



108

. P1(t ko
0,995 fDTer__ I
0,99 -
0,985 - —
0084 Tdi=0.5Ton
0,975 4 Kr'(t) i
0,97
0,965
0,96 . , .
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Pucynok 3.18 — 3MiHa HecTalloHApHOTO KOe]illleHTa TOTOBHOCTI APYTrOTro KaHATy
TPHOXKaHAJIBHOI cucTeMH 3a HasiBHOCTI ABP Ta ogHOYacHOT0 3Hax0KEeHHS B poOOTI

nBox KaHauiB (&, =0) [55]

Sx BunHO 3 pucyHKiB 3.17 u 3.18, Apyruil kaHai MOYMHAE MpaLIOBaTH (pa3oM 3
nepium) 3 MoMeHTy t = 0. Po3paxyHok K2 npoBoauTscs 3a rpadoro 11 Tuny 1 Bupazamu
KI(t) . Hicns t = Tpn BigOyBa€eThCsl MEPEBECHHS KaHAy B pe3eps, i po3paxyHoK Kro
npoBoauThes 3a KL(t) 3a mouaTtkoBUX yMOB, IO CKIaiucst Ha MOMEHT t = Tpy . Jami
MPOLIEC HUKIIYHO OBTOPIOETHCS.

CrarionapHuit kKoeiieHT TOTOBHOCTI JJIsl MOJIEJII CTAHOBUTUME:

Ki=1 (T Ki(®Ko(®)+ Ko (OKas(0) +
f {+KF1 (t)Kr3 (t) - ZKrl (t)sz (t)KF3 (t)} dt (363)

ne Kii(t), i=1, 2, 3 — Bu3HauaeThes 3a (3.62).

Cnig 3a3HauMTH, OO0 B THUX YOTUPHOX MOJENAX, y SAKUX (PYHKIIOHYBaHHS
eJIEMEHTa MOJICITIOEThCS 3 BUKOPUCTaHHAM Tpada sk I-ro, Tak i II-ro tumy, eaemeHTH
oynemo BimHocutu no miatuny /1. Jlo migtumy I/II 3a3Buyait OyayTh BigHECEHI

€JIEMEHTH CHCTEMH, SIK1 CXMJIbHI JI0 TJIaHOBUX nepexoAiB 3a ABP.
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BumeBuknaaeHi mMozem JAEMOHCTPYIOTh MOKIMBOCTI METOJUKH MOJICTIOBAHHS
(GYHKIIIOHYBaHHSI €JIEMEHTIB 1 CHCTEM, IO MPALIOITh 3a CKIAAHUM Trpadikom i3
OC3JIY4I0 CTaHIB 1 PpO3Tally’)KEHOI0 CTPYKTYpPOIO €JEeMEHTIB, 1 [aloTh 3MOTY
chOpMYJTIOBaTH 3arajbHUN aQJITOPUTM PO3PAXyHKY ONTHUMAIBHOI TEPIOJUIHOCTI

BurnpoOysanb CBB.

3.2.5 [ligxix ;0 MpoBeACHHS OIIHKK ONTHUMAaJbHOI MEP10AMYHOCTI BUPOOYBaHb 1

ABP CBb AEC

3MiHa NEPIOJUYHOCTI MPOBEACHHS IUTAHOBHX BHUINPOOyBaHb 1 ABP uuHuUTH
KEpIBHUI BIUIMB HA HAJINMHICTh CUCTEMH, IO BUPAXKAETHCSA y 3MiHI KoMmIuiekcHuX [TH.
MaTteMaTH4HO 1€ TBEP/KEHHS BHPAKAETHCA  (PYHKIIIOHATBHOIO  3aJICKHICTIO
HecTarioHapHoro koedimieHnta roroBHocTi Ky Bim Bemuuumau T abo Tpn . s
HEBUIIPOOYBAaHMX €JIEMEHTIB 1 €JEMEHTIB, SKI He miaggarTbcs tuiaHoBuM ABP,
BenuunHa T abo T, mopiBHIOE 1HTEpBaNly MOBHOI pereHepauii T. . Takum yuHOM, y
OyIIb-SIK1 PO3IISTHYTINH CUCTEMI MOYKHA BHOKPEMUTH €JIEMEHTH, JUIS SIKMX BEIMUYUHHA T
a00 Tpy MOCTIHI ¥ JOPIBHIOIOTH Ta, 1 enemeHTH, 1 sSkux T abo Tpn MOXyTh OyTH
MeHIUMU 32 Ty 1 TEOPETUUYHO MOXYTh HaOyBaTh OYIb-IKUX 3HAYEHb 13 MPOMIKKY
[0; Ta].

Cnin 3a3HauuTd, WO KJIACHMYHI METOAM 1 TIAXOAM JO TPOBEIACHHS
BIJIHOBITIOBJIBHUX 3aXOMdiB [55-66], a TakoX BiOMI pO3B'SI3aHHS HU3KH MPUKIATHAX
3a/1a4 onTumizailii BUNpoOyBaHb [16-25] po3risaaroTh MOXKIMBICTh HAIBHOCTI O€3Jivi
nepiouyHoCTe Ayig Oe3nmiui eneMeHTiB cucreMu. Y 1pomy pasi Ki = f(Ti) abo Ky =
f(Tpni), 1= 1,2,...,N, ne N - KUTbKICTh pO3PaXyHKOBHUX €JIEMEHTIB Y CTPYKTYPHIN CXEMi.
Toni, cramioHapHUM KOE(IIIEHT TOTOBHOCTI CHUCTEMU B 3arajbHOMY BHUIAAKY €
dbynkmiero N 3minaux Kr = (T , Tz ,..., Tn ) @60 Kr = f(Tpn1 , Tpn2 5., T ).pnN.

Hapasi na AEC peanizoBano mporpaMmy BUMPOOYBaHb 1 MJIAHOBUX MEPEXOIIB 3a
ABP, 3a skoi Bci eneMeHTH KaHany (MIACHCTEMHM), IO IMIIAIOTHCS UM 3axo0jaM,
MalTh OJHAKOBY TNeEpioanyHiCTh. [lepeBakHO 1€ BUKIMKAHO TEXHOJIOTIYHHUMHU

BHUMOTI'aMH, BiI[HOBiI[HO A0 JdKUX HCEMOXKIHMBO IIPOBCCTHU BI/IHpO6YBaHHSI OAHHUX
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CJIEMEHTIB, HE 3aYETHBIIH I[UM IPOIIECOM IHINI €JIEMEHTH KaHamy (macuctemu). Tak,
HaIpukiIaja, BUnpoOyBaHHs HacociB CBb moxnuBe nuiie 3 yBIMKHEHHSIM iX y poOOTy
no JiHiT perupkysmii. [Ipy oMy aBTOMaTUYHO BUNPOOYBAaHUMH CTalOTh €JIEMEHTH,
pO3TaIioBaHi Ha JiHIT pernupKysmii. st IHIMUX eIeMEHTIB CUCTEMH MOJKJIUBA JIUIIE
HelpsiMa NepeBipKa Mmpare3JaTHOCT1, OCKUIbKH i Yac BUMPOOYBAaHb CHPallbOBYBAHHS
CBb no mratHUX JHISIX TEXHOJOTYHO HEMOXKIIMBE il yac poOOTH €HEeproOJOoKy Ha
MOTY>KHOCTI.

TakuM 4YWHOM, YHACIHIJIOK TEXHOJIOTTYHHUX OCOOJIMBOCTEH 1 HAsSBHUX MpOrpam
BUNPOOYBaHb 1 TUIAHOBUX nepexoAiB 3a ABP nns enementis CBb moxnuBi numie nBa
Buau niepioguyHocTi: T = T, - const (a060 Tpn = Ta - const) 111 HEeKCIIEPUMEHTAIBHUX
CJIEMEHTIB, 1110 HE BUIPOOyBaHi, Ta/abo MOCTIHO mpaIorTh, 1 T - var (a6o Tpy - var)
JUJISL PEIITH €JIEMEHTIB.

3 mporo BurmuuBae, mo st kKoxHOI CBbB icHye dyHKIIOHaNbHA 3aJIEKHICTD
CTaIllOHAPHOTO Koe(ilieHTa rOTOBHOCTI JiuIie Bif oHi€T 3MiHHOT T a60 Tpy .

JIns oTpUMaHHS ONTUMAJIBHOTO, 3 TOTJISAAY HAIIAHOCTI OOJagHaHHS, rpadika
MIPOBEJICHHS BUIIPOOYBaHb HEOOX1AHO MPOBECTH JOCIIKCHHS BIUIMBY BeIWYMHU T Ha
3HaUE€HHA KoeQilieHTa TOTOBHOCTI. OnNTUMaibHE 3HAYEHHS TPUBAJIOCTI MK
BUNPOOyBaHHAMU T BiANOBigaTMME MAaKCHUMalbHOMY 3HAYECHHIO CTalliOHAPHOIO

. . . * .
koedirienta roroBHOCTI Kr™ 1 BU3HayaeThes 3 Bupasy [58]:

Ki(T)= qp K (T). (3.64)

0<T<T,—1,,

OntumanbHa TIEPIOAUYHICTD TMPOBEACHHS IIJIAHOBUX BHUIPOOYyBaHb KaHATY

CUCTCMU:
TIT = T* + T (365)

BenvuuHa ONTMMAIBHOIO IUIAHOBOIO iHTEpBaly poOOTH € BeauuuHa Tpn , 1O

BIJIMOBI/Ia€ MAaKCUMAJIbHOMY 3Ha4deHHIO Kr:
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KT(T;H)Z sup Kl'(TPn)' (366)

0<T,, <T,

OnTuManbHa TEPIOIMYHICTh MpOBeACHHS mepexoaiB 3 ABP koxHoro kanamy

cuctemu [58, 59]:
T, = N(T,, +Tapp)- (3.67)

OcranHili BUpa3 CHpaBEIJIUBUNA ISl CUCTEM, Y SIKMX OJWH KaHal mnepeldyBae B
pexumi poOoTu. s cuctem 13 JBOMA OJIHOYACHO MpallOIOYMMM KaHanamu (Taki,

Hanpukiaf, sk TLO3) T, * mae purisi:

*

T, = %(TSH +Tapp) (3.68)
[lepioguuHicTh a7 3aCyBOK, BCTAHOBJIEHMX Ha JIHI  pEeLMPKYJISALIi
T = Thpu, MPOTE, SIK YK€ TOBOPHIIOCS ITiJT YAC OMKUCY MOJIEINI, 3a3BUYAM 111 €JIEMEHTH HE €
CaMOCTIMHUMH, a BXOAATh J0 ckiany CBb, y skiii mijg mepioJUyHICTIO pO3YMIETHCS
BenuuuHa Ty , 10 BU3HAYaeThes 3a (3.67).
Ha miacraBi unciieHHUX AociipKeHb noBeAiHku Kr (X) pi3HuXx cuctem [55, 56],
3p00JIECHO BHUCHOBOK, IO XapakTepHuM Burisiiom ¢yHkmii Kr (X) Mo)XHa BBakatu

KpUBY, HABEJICHY Ha PUCYHKY 3.19.

Kr
0,9998

0,9996 ~
/ -~

0,9994
/ ™
0,9992 /

0,9990 f

0,9988

0,9986
500 1500 2500 3500 4500 5500 6500 x,rog

Pucynok 3.19 — TumnoBuii BUTIIS 3a71€KHOCTI BEJIMUMHU CTAI[lOHAPHOTO KoedilieHTa
TOTOBHOCTI BiJl TPUBAJIOCTI MIXK TIJIAHOBUMH BUIIPOOYBAaHHAMH a00 IJIAHOBOTO

iHTepBay podotu [55 - 60]
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Jlng Manux 3HayeHb TPUBAJIOCTI MK BUMpoOyBaHHAMH T abo yacy miIaHOBO{
po6oTu Tpn 30UTBITY€ETHCS KUTBKICTh HA3BaHMX TUTAHOBHX 3aXO/IIB, 1 3@ KIHIIEBOI SIKOCTI
iXHBOTO TpOBeIeHHs (a00 B pasi HeMpare3aTHOCTI €JIEMEHTIB Y TIepiojl BUMPOOyBaHb )
CTHIOCTEPIraeThCsl 3HAUHE 3HIKCHHS CTAIllOHAPHOTO KOE(IIlieHTa TOTOBHOCTI. SIKIIO
BianoBiaH1 BenuuuHU (T abo Tpn ) HaOyBarOTh 3aHAJATO BEJIMKHUX 3HAY€Hb, MOYHUHAE
JaBaTUCAd B3HAKU MOJXKJIMBICTh IMOSIBU MPUXOBAHOI BIIMOBHU [JIsl €JIEMEHTIB, K1
nepeOyBaroTh y PEKUMI OUIKYBaHHS.

Takum ynHOM, dyHKuIsS Kr (X) Mae 3HauyHy TEHJEHIIO A0 3HWKEHHS npu X—0 1
IIPH X—0,

Oynkiis Kr (x) (pucynok 3.20) micTuTh 0€3/1i4 JIOKAJIBHUX MaKCHUMYMIB.
BiacyTHicTh rmaakocTi QyHKINT MOSCHIOETHCS TUM, IO 3a JEIKO1 3MIHU TPUBAJIOCTI MIXK
BunpoOyBaHHsMU T (abo Tpn ) 3MIHIOETBCA TakKOXK iXHS 3arajbHa KUIBKICTh Ha
npomixkky Ta Mk [IIIP. ¥V mapuni Manux 3HadeHb apryMEHTy CTpPHOKOIOI0HAa 3MiHA
B1JIOYBA€ETHCS YACTIIIEe, TOMY 1[0 Ha OJUH 1 TOH caMuii MpupicT AX 3a MaJIUX X 3MiHA

3arajibHOi K1IJIbKOCTI IMJIAHOBUX 3aX0/11B € OUIbIII IMOBIPHOIO.

Kr
0,99966

LN

0,99965 NV
0,99964 m V \
0,99963 (J(\I \\
0,99962

J [N

0,99961
\ | %, TOR

0,99960 -
1000 1500 2000 2500 3000 3500 4000

Pucynox 3.20 — Jlinsgaka kpuBoi Kr (x) B 001acTi MaKkCUMalbHUAX 3HAYEHB

[55-60]

3.2.6 OOrpyHTYBaHHS NPUWHATHOCTI €KCIIOHEHIIAIBHOTO PO3MOALTY

VY IMOBIpHICHUX MOJENAX IHTEHCUBHOCTI NEPEXOJiB € KOHCTaHTaMH, a OTXKe,
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T1MOPSIKOBYIOTBCSI €KCITOHEHITIATPHOMY 3aKOHY PO3IMOJALLY, M0 MOTPpe0ye OKPEMOTo

oOrpyHTyBaHHs [55 - 62].

3.2.6.1 Sx ¢yHKIsg po3moniny 0e3BIIMOBHOI POOOTH BUKOPHUCTOBYETHCS

EKCTIOHCHITIAJIbHUM 3aKOH 3 nocmitiHoto (0CEPETHEHOI0) IHTEHCUBHICTIO B1JIMOB.

BukopucTtaHHs €KCIIOHEHINIALHOTO 3aKOHY (3 TIOCTIHHOK 1HTEHCHBHICTIO
BIJIMOB) IPYHTYETHCSI HA TAKUX MOJOKEHHSAIX:

o cinaOka 3MIHA 1HTEHCUBHOCTI BIIMOB Ha JOCHTh TPUBAJIOMY (OCHOBHOMY)
INPOMIXKKY €KCIUTyaTalli 00J1aIHaHHS;

o KOHCEPBATUBHICTH 1IbOTO MPHUITYIICHHS.

KoHe 13 3a3HaYeHuX MOJ0KEHb OOTPYHTOBAHO HHKYE.

Crnabka 3MiHa IHTEHCUBHOCTI BIIMOB 0a3y€TbCA Ha y3araJilbHEHUX CTATUCTHYHHX
JTAHUX.

Uucnenni gocmiani nani (Hanpukiafn, §2.2 [52], C.3.3 [17]) noka3ywoTk, O st
OaratboX eJIeMeHTIB, 30kpema i s oonagHanus AEC, pyHskiis A(t) Mae xapakTepHui

BUTJIS]T KpUBOi "BaHu" (pucyHok 3.21).

(1)

U MEXaHIYHOTO 00/IaIHAHHS

N\

N\

JULSL CIICKTPUHHOTO ()()J'IHILH&HHH

riepios aganrauii OCHOBHHIi nepion ; nepion ctapinus

Pucynox 3.21 — Tunoa 3MiHa B 4yaci IHTEHCUBHOCTI B1JIMOB 00JIaTHAHHS

3 pucyHky 3.21 BuaHO, 10 TIEPioJ MPUIIPAITIOBAHHS HA0araTto MEHIINN 3a PEIITy

nepiogy ¢yHkiionyBanHs. Kpim Toro, mnsa o6namHanas AEC mepexn modyaTkoM
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eKCIUTyaTallil IPOBOASTHCS IMyCKOHAIAr0KyBaJlbHI BUIIPOOYBaHHs, MepeBipKa poOoTu
Ha CHeUialbHUX CTeHAax. ToMy B JaHii poOOTI HE BPaXxOBYETHCS MOMJIMBE 3HIKECHHS
Mt) B pesynabTaTi MPUIPALOBAHHS HAa TOYATKOBOMY eTari (yHKIIIOHYBaHHS
oOaHaHHSI.

VY 3B'SI3Ky 3 IIMM XapaKTEepUCTUKY A(t) pO3TIsSAarOTh SIK TaKy, IO HE crajae (1o
came 1o co01 Tak caMO € KOHCEPBATUBHUM MPUITYIIICHHSIM).

3pocTaHHs IHTEHCHUBHOCTI BIIMOB, IIO MAa€ MicIle, MOPIBHSHHE 3 pPECypcoM
obnaaHands (30 pokiB) 1 Ha TakuxX iHTepBaiax, sk 1 pik, 1,5 poky, mposBIsSETHCA
cnabko (muB. § 2.2 [52], C.3.3 [17] 1 pucyHok 3.21).

KoHcepBaTuBHICTh 3aCTOCYBaHHS E€KCIIOHEHIIAIbHOTO 3aKOHY  PO3MOJLITY
0a3yeThCcsi HA TOMY, IO OIlIHKa WMOBIPHOCTI BIIMOBU Ma€ MPOXOJMUTH 32 BEPXHBOIO
MEXEI0 TOBIPYOi HMOBIPHOCTI.

Buxoasuu 3 TeOpeTUUHUX NOCTIKEHb (IUB., Hanpukiaf, m. 3.1.4 [52]), mix yac
3aCTOCYBaHHS EKCIIOHEHINIAJbHOTO 3aKOHY PO3MOUTY OTPUMYIOTh BEPXHIO OIIHKY
(BITHOCHO BCIX IHIIIUX BUJIB PO3MOALTIB) MMOBIPHOCTI BIIMOBH, a came B 11. 3.1.4 [52],
30KpeMa, 3a3Ha4eHO:

Jns  Oyap-siKuX pO3MOALIIB Hecmaaarodoi A(t) chopaBemyiuBa Taka OIIHKA
HMOBipHOCTI 06€3B1IMOBHOT po0OOTH [55 - 62]:

BEpXHS OIlIHKA

Laa0<t<T,
pB(t) = {e—a)tt’ st >T. (3.69)
HIDKHS OIL[IHKa
e /T a0 <t<T
= ’ - ’ 3.70
pi(t) { O,pmat=>T, ( )

ne T — cepenHe HaIpalfoBaHHs Ha BIIMOBY;

¢ — TIapaMeTp, AKUI BU3HAYAETHCS 3a PIBHAHHAM 1 — 0T = e~ @tt,
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Pucynox 3.22 1 Bupasu (3.69) ta (3.70) meMOHCTPYIOTHh BHUCHOBOK, CYBOPO
oborpynroBanmii 'y [52] (§2.2, crop.105, 106), sxuii cBiguuth: "Hxwo mu Ons
OYIHIOBAHHS HAOIUHOCMI eneMeHma, o CMmapic, KOPUCMYEMOCS eKCHOHEeHYIAIbHUM
3aKOHOM, NIOCMAGNAIOYU 6 HbO2O ICMUHHULU CEePeoHill Yac, Mo Mu Mum CaMUum
3AHUNCYEMO  (DYHKYIIO HAOIIHOCMI Ol 6CIX MOMEHmMI8 t, SKI He Nnepesepuilyioms

cepednvoco uacy T".

1
08 -
pa(t)
0,6
04 -
0,2
0 T T t
0 2000 t=T 6000 2000

Pucynok 3.22 — BepxHs 1 HI>KHSI M€X1 KIMOBIPHOCTI 0€3B1IMOBHOI pOOOTH 151
3pocTarydoi PyHKII1 IHTEHCUBHOCTI B1JIMOB 32 BiJJOMOT0O CEPEAHHOTO 3HAUCHHS

HaIlpalfoBaHHS Ha BIIIMOBY [55 - 62]

[lepexonsun Big TOHATTS WMOBIPHICTH O€3BIIMOBHOI pPOOOTH /O TOHSATTS
HMOBIPHICThH BIIMOBH, OTPUMAEMO: JJIsi OYb-SKOTO BUIY PO3MOJIIY ICTUHHE 3HAUCHHS
WMOBIPHOCTI BiIMOBH p(t) JiexkaTUMeE B 1IHTEpBajl Bl NOBHOI 0e3B1iAMOBHOCTI p(t)=0 10
WMOBIPHOCTI, BHU3HAUCHOI 3a EKCIIOHEHIIAIbHUM 3aKOHOM pO3MOJAUTY 4Yacy JesKoi
BUIIAJIKOBOI BEJIMYMHU (HAMpALIOBAaHHS HA BIIMOBY, 4acy BIAHOBIJIEHHS TouIo) p(t)=1-

exp(-t/T), TobTO:

p(t) € [0; 1—exp(-t/T)], mpu t<T, (3.71)
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ne T - cepenHe 3HAYCHHS aHAII30BaHOI BUMAKOBOI BEJIMUNHHU.

Takum umHOM, noBemeHo, mo i obonagHanas AEC BepxHs oriHka (CTOCOBHO
IHITUX BUIB PO3MOJLTY) HMOBIPHOCTI BIIMOBH JIJIsl IHTepBaIiB mopsiaky 1 — 1,5 poky
MO’KE€ OIMUCYBATHCS €KCIOHEHI[IATbHUM 3aKOHOM pO3MOJLTY (32 YMOBH, IO 1HTEpBAJ
pO3paxyHKy HMOBIPHOCTI BIJIMOBH t OyjJe MEHIIIUM 3a HallpallfoBaHHS Ha BIAMOBY T,

T00TO t <T).

3.2.6.2 MOXIHBICTh 3aCTOCYBAHHS EKCHOHEHIIIAJIBHOTO 3aKOHY HJisi (PYHKIIN
PO3MOITY TPUBAIOCTI MepeOyBaHHSI B PEMOHTI BUILUIMBAE 3 OCHOB TEOpPli HAIMHOCTI
[40,51,52,66]. Ha ctop.50 [66], 30Kkpema, cka3aHo: "..sKwo 6 cepeoHboMYy
Hanpayro8auHs 00 6i0MOBU eleMeHmié 3HAYHO Oilbuie 4acy pemMoHmy, mo 6Oazamo

NOKA3HUKIB HAOIUHOCMI He 3aedcamy i0 udy po3nooiny 4acy 6i0OH06NeHH: "

JIJist pO3TIIIHYTUX CUCTEM JOTPUMYETHCS TE, IO B CEPEIHHOMY HAIMPAIIOBAHHS
JI0 BIIMOBH €JIEMEHTIB 3HAYHO OJIBIIIE 32 YaC PEMOHTY.

Tomy mist po3MIsSiAyBaHUX CHUCTEM PO3MOJIT 4Yacy BITHOBJICHHS MOXE MaTu
JOBUTBHUN XapakTep 1, 30KpeMa, € KOPEKTHHUM 3aCTOCYBaHHS EKCIIOHEHIIIaJIbHOTO

PO3IOILTY.

3.2.6.3 Pemra IHTEHCHUBHOCTEW TmepexodiB (IHTEHCHUBHICTb BHUMOr 0 Ta
IHTEHCHBHICTh 3BOPOTHHUX MEPEXOIIB 3 PEKUMY pPOOOTH a) 32 CBOEIO CYTTIO OMUCYIOTh

aOCOJIIOTHO BMIAJKOBHUI MpOILIEC, SIKWA MOBUHEH BUKOPUCTOBYBAaTH EKCIOHEHIIIAJIbHI

GbyHKLIT po3noainy.

3.2.7 IligroToBKa BUXITHUX JAHUX JJIsI IPOBEACHHS PO3PaXyYHKOBOI'O aHAIII3Y

3.2.7.1 3aranbHi OJIOKEHHS Ta HOMEHKJIATYpa pO3paXxOBYBAHHUX MOKA3HUKIB

UucenpHe OIIHIOBAHHS 1HTEHCHUBHOCTEM MEPEXOIiB IMPOBOAUTHCA  IMICIIA
MIPOBENICHHSI CTPYKTYPHOTO MOJISTIOBAHHS CUCTEMHU. 30KpeMa, 10 MOMEHTY MPOBEACHHS

€1 OIHKH BIJOMI:
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° CITUCOK €JIEMEHTIB 00JIafHAHHS 32 PO3TVITHYTUMHU CUCTEMaMH,

° moia enemMeHTiB 3a Turmamu/miarumamu (1, 11, 111 a6o 1/11).

Bimomi crarucTHyHl OaHl IOA0 HAIIMHOCTI Ta BIJHOBIIOBAHOCTI €JIEMEHTIB
YCTaTKyBaHHA CHUCTEM, IO pO3TJSIaloThesa, Ta 1HGOpMalis TpO  PEKUMH
(GYHKIIIOHYBaHHSI CUCTEM 1 OKPEMHX I'PYT €JIEMEHTIB CUCTEMHU.

KinbkicTh po3paxoByBaHUX IMOKA3HUKIB 3aJIEKUTh BIJ TOTO, O SIKOTO THILY
BiJTHECEHO IIeM e€leMEHT, a TaKOXK BiJI TOrO, UM CXHJIBHHH II€M eJeMEHT 0 IUIaHOBHX
3aXO0/1B.

Jliist eneMeHTiB | TUITy IpOBOAUTHCS OLIIHKA TAKUX 1HTEHCUBHOCTEH NEPEXOIB:

)\ - IHTEHCUBHICTh BiZIMOB y peskuMi 04ikyBaHHs, [rox |;

Ap - IHTEHCUBHICTB BiAMOB y pexuMi podotu, [rox! ];

0 - inTeHCHBHICTE BUMOT, [rox '];

a - IHNTEHCUBHICTD IEPEXOIIB i3 peXKUMY pOOOTH B PEXUM OUiKyBaHHs, [rog '];

L - IHTEHCUBHICTh aBapifiHUX PeMOHTIB, [rog '];

Pr - IMOBIPHICTb SIKICHOTO IIPOBEJICHHS aBAPIMHOIO PEMOHTY (Ha OJIMH PEMOHT).

Jlns enemenTiB Il Tumy HEOOX1HO MPOBECTH OIIIHKY BEJIMUUH Ap , L1 Pr.

Enementn, BimHeceni ao miarumy I/II, xapakTepu3yroTbcs ABOMa BEKTOpaMU
BUXiIHUX JaHuX A; 1 Ap Ilpy 1mpoMy cCIo4yaTKy TMpPOBOJSATH OIIIHIOBAHHS
IHTEHCUBHOCTEH, K Jig eneMmeHnTta | tumy (otpumytoth Bektop Ar). dns dopmyBanHs
BEeKTOpa Ay IPOBOAATH BUOIPKY HEOOXIAHUX BEJIMYUH 13 OLIbII 3arajIbHOTO BEKTOpa Aj.

Hnst enementi 11l Tumy mpoBoAMTHCS OLiHKA a00 A, SIKIIO €EMEHT IMOCTIHHO
nepedyBae B peXKUMi OUIKyBaHHS, ab0 A, , SAKIIO €JIEMEHT BIHECEHO 10 LbOTO THITY
4yepe3 HEeBIAHOBIIOBAHICTh (UB. Onuc rpada TPETHOTO THUITY ).

SIKmo eNeMeHT MiAMAeThCs TIAaHOBUM BHUMpPoOyBaHHSM abo ABP, momatkoBo
pO3paxoByeThCs BenmMunHa & abo &, :

£ - IHTEHCUBHICTD BiAMOBH Ha ofuH (GakT BUnpoOysauus, [tTp ];

& - THTEHCUBHICTH BIJMOBH Ha OJIHE IJIAHOBE BBIMKHEHHsI a00 Ha oauH (axT
manosoro ABP, [tp!].

s npoBenensst ominku takux IIH ax A, Ay, , pr , § a0o & HeoOXimHO IS

KOXKHOT'O €JIEMEHTa yCTaTKyBaHHs, III0 BIJIMOBHUB, 3MIMCHUTH KjacU]IKaIlil0 JaHUX 3a
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BIIMOBaMH BiAMOBIAHO A0 ¢akTopa nmopyueHHs. KoxHy BiIMOBY Mae OyTH BiIHECEHO
70 OJIHOTO 3 TpbOoX YMHHHKIB D , Dy abo D¢ . Ilepuri nBa YMHHUKK HaleXKaTh 0
oJIHI€T Tpynu A-(GaKTOpIB 1 PO3PI3HAIOTHCS JIMIIE THM, 110 BiAMOBU D) MPU3BOAATH 10
HEBUKOHAHHS (DYHKIINA 0OJIaHAHHIM y PeXUMI OUiKyBaHHS, a Dy, - y pekuMi poOOTH.
[TpuHumnu dhopMyBaHHs TPyH BIIMOB 3a A- 1 E-pakTopaMu HaBEJEHO HUXKYE.

Sxictb mpoBeneHHS BUIPOOyBaHb 1 miIaHoBUX ABP BH3HayaeThbcsi HHU3KOIO
yuHHUKIB. Hacammepesn, SKiCTIO MpOBEACHHS oOmeparliii, MOB'I3aHUX 13 BUBEIACHHSIM
CUCTEMH 3 pOOOYOro CTaHy 1 MOBEPHEHHSAM JI0 HBOTO MICHs 3aBEPIICHHS IUIAHOBHUX
poOit. Ilpm 1pomMy 3a3BHuail 3AIMCHIOIOTBCS Pi3HI MEPEMUKAHHS, pPO30MpaHHS
€JIEMEHTIB, 10 OIISIIAIOTHCA, a00 IX JIEMOHTaX Ta IHIII 3MIHM KOH(Irypauli CHCTEeMH
abo 11 IumsHKHM, 1O 3a0e3neuyloTh MpoBeneHHs BurpoOyBanb 1 ABP. Ha erami
IIPOBENECHHs BUIIPOOYBaHb 1 T1aHoBoro ABP yacThHa eneMeHTIB CUCTEMU MIINAETHCS
BUNPOOYBAHHIO 3 BIIMIHHUM BiJl TACIOPTHOTO HABAaHTAXEHHSM, 110 MOYKE TTPU3BOJIUTH
JI0 IXHBOT'O 3HOCY.

OO6xnik BuUIlleHa3BaHOTO e(EeKTy chij 3AIMCHIOBATH BJIACHUMM TOKa3HUKaMU
HaAIMHOCTI, TOOTO IIiJ Yac BHU3HAYEHHS IHTEHCHUBHOCTI BIJIMOB €JE€MEHTIB, BIJIMOBH,
BUKJIMKaHI BUMAAKOBUMH TIPUYMHAMHA HAa TIPOMDKKY MK TUJIAHOBUMH 3aXOJaMH,
XapaKTEPHU3yIOThCA TTOKA3HUKOM A, a BIIMOBH, 1[0 BUHUKIIM B PE3YyJIbTATI Ta 3 MPUYUHU
MIPOBEICHHS IMX 3aXO0/II1B, TOKA3HUKOM C&.

Cnipn 3a3Ha4uTH, 10 A0 (pakTopa D¢ HANIEKATh TUILKH T1 BIIMOBH, 5IKI HE MOXYTh
OyTH BUSBIICHI B Pe3yJbTaTl MOJAJBIIOT0 BUMPOOYBAHHS JIOTH, JOKH HAKOTTMYCHHM

nedeKT He epepocTe B KPUTUYHY BIAMOBY (3HOIIEHHS).

3.2.7.2 MeToauKka CTaTUCTAYHOTO OIpAIfOBaHHS JaHUX IIO0J0 BIiJMOB

oOnamgnanas CBb

OCHOBHUM  JIepKaBHUM  CTaHJApTOM, IO BCTAHOBJIIOE  HOMEHKIIATYPY
MOKA3HUKIB, Kl MOXYTh XapaKTepu3yBaTU HaAIWHICTh aTOMHUX CTaHIIA Ta iXHBOTO
oonamgnanus, € 'OCT 26291 [53]. ¥V Homatrky 2 Tta 3mini mo 'OCT 26291 [53],

30Kpema, ckazaHo: "36ip ma o06pobka excniyamayiuHux CMAmuCmuyHux OAHux Npo
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Haoitinicms AC, enepeobniokie, cucmem ma oonaonauns - 3a P 50-204-87".

3 1996 poky 3amicts PJ] 50-204-87 BBeneHO HOBHII HOPMATHUBHUMN TOKYMEHT -
JACTY 3004-95 [61].

Lle#i HOpMAaTUBHUN TOKYMEHT BCTAaHOBIIIOE METOAMKH PO3PAaXYHKY IMOKa3HHKIB
HasiHocTi (ITH) 3anexHo Bif:

° meTtony po3paxyHky I[TH (mapamerpuunuii abo HemmapaMeTpUIHMI)

o 1 BiJ TJIaHy BUMNPOOYBaHb HA HAMIWHICTh, BIAMOBIIHO 10 SIKOTO OTPHUMAHO
CTATUCTHUYHI JaHI.

JIns uinent miei poOoTH 0OTPYHTOBAHO BUKOPUCTAHHS €KCTIOHEHI[IAbHOTO 3aKOHY
PO3MOTY, TOMY IHTCHCUBHICTh BIJIMOB BU3HAYAaTUMEThCS MAPAMETPUUHUM METOOM 32
Bupaszamu noaatka /1 "Ouinka [TH npu ekcnionenuiansuomy posnoaini" JCTY 3004-95
[61].

Busnauennss miuaHy BurnpoOyBaHb Jisi IMapaMETPUYHOI OIIHKK TOKa3HUKa
HAJIWHOCTI 32 €KCIEPUMEHTAILHUMU JaHUMU TpoBoauthes 3rigHo 3 JJCTY 3004-95
[61].

HaiiGinpm  Omm3pkumMu 10 ekcrutyatarii  HacociB CBB  AEC  mnnanamu

BuUnpoOyBanb € maaHu NRT 1 NMT, ockiiabKY 3TiJIHO 3 TUMU TJIaHAMM:

o BUTIPOOOBYIOTHCSI N 00'€KTIB;
o y pa3si BimMoBu 00'ekT 3amiHIOeThesi (NRT) abo BigHOBMIOETHCS (NMT);
o BUMPOOYBAHHS MPUMTUHSIOTHCA MICIA 3aKiHYEHHS vacy T.

[Inanu BunpoOyBanb, mo Mictarb U (Hampuxman, NUT, NUr, NUz), He
MIIXOASITh, TOMY IO 3TiAHO 3 I[UMH IUJJaHaMM OO0'€KTH, 10 BIJAMOBWJIH, HE
BIIHOBJIFOIOTHCSI 1 HE 3aMIHIOIOTHCS, II0 HE XapaKTEPHO JJIsI eKCIUTyaTallli eJIeMEHTIB
CBb AEC.

[Inanu BUNpPOOyBaHb, 1O 3aKiHUYIOThCS T (Hampukiaa, NRr, NMr), takox He
MiIXOATh, OCKITBKM 3T1IHO 3 IHUMH IUIAHAMH BHUNPOOYBAHHS TMPUIHHSIOTH, KOJH
CyMapHa KUTBKICTH BiAMOB jgocsrHe 1. L[ ymMoBa He XapakTepHa Il eKCIUTyaTariitHol
CTaTUCTHKH, sIKa 3a3BMYail NpPEJCTaBJIEHA NESIKOI KIJbKICTIO BIJIMOB Ha BIJIOMOMY
npoMixkKy T, a He BUOIpKOIO AesKkoro iHTepBaiy T /it 3a1aHO1 KITBKOCTI BIIMOB T.

KBaHTHIII IHTEHCUBHOCTI1 BIIMOB y PEXKHUM1 POOOTH
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Apy = X}Z/(Zdzp+2), (3.72)
257 NiTp;

ne dip - KUTIbKICTh BIIMOB 3a (hakTopoM mnopyiiieHHs Dy, , K1 BUHUKIM B TIPOIIeCi
pobotu;

Tpi - cymapHHMii yac poOOTH €JIEMEHTIB Ha 1-My €HEproOJIoIi;

Ni - KITBKICTh OJHOTHITHUX €JIEMEHTIB Ha 1-My €Hepro0JIo1i;

S - KUIBKICTh €HEPrOOJIOKIB;

)(}% (m) - KBaHTWIb XI-KBaJpaT PO3MOALIY 3 YHCJIOM CTYIEHIB cBOOOIM m 1
WMOBIPHICTIO Y.

KBaHTHI1 IHTEHCUBHOCTI BIIMOB Y PEKUMI OUIKYBaHHS:

Ay = Xy(2da+2) | (3.73)
257 NiTo;

ne dy - KUIbKICTh BIIMOB 3a (hakTopoM nopyiieHHd @) , ki BUHUKIN B pEXUMI
OYIKYBaHHS;
Toi - cymapHHUii yac OYIKyBaHHS €JIEMEHTA Ha 1-My €HeprooJIon.

KBanTuI1 IHTEHCUBHOCTI BIJIMOB Uepe3 MJIaHOBUM 3axXiJl:

& = my2dg+2), (3.74)
2% NiM;

ne de - yncno 3adikcoBaHUX BIIMOB €JIE€MEHTIB 3a pakTopoM Dg;

M; - 3arajgpHe 4YHCIIO TUTAHOBHX 3axoAiB (BurpoOyBanb abo ABP), sxum
M1JITaBaBCS aHAJII30BAHUM €JIEMEHT 3a Yac CIIOCTEPEKEHHSI Ha 1-My €Hepro0JIo1li.

Akmo enemeHT cxwibHUKM 10 TiaHoBuX ABP, To 3a (3.74) BuU3HauyaeThCs
BeJIMYUHA ;.

OHiHKa qacy BiI[HOBJ'ICHH}I IMPOBOAUTHLCA 3a BUPA30OM:
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T =2ieHTi, (3.75)
H

JIe Ti - Yac BIJIHOBJICHHS 3a 1-1 BIIMOBH eJIeMeHTa (32 Oy ab-SIKUM (aKTOPOM);

H - 3arambHa KiIbKICTh TO3UTUBHUX Ti (T;i > 0).

Cnin migkpecnuT, mo 49ac Tp 1 To OyayTh pI3HUMHU 3aJI€KHO Bl THITY €JIEMEHTIB.

Jns enemenTiB I-ro Tuny BenmmuuHu Tp 1 To MOXKYTh OyTH BH3HAYEHI TIJIBKH 34
eKCIUTyaTaI[iifHOI0 CTaTUCTHKOIO.

Jliist enementiB 1I-ro Tumy Bech 4ac CrocTepekeHHs € yacoMm poootu Tp.

Jlns enementiB I1I-ro Tumy Bech 4ac cnoctepekeHHs € abo yac pobdotu Tp , abo
yac ouiKyBaHHS T, , 3aJI€KHO B1Jl TOTO, UM 1€ O€3NEePEPBHO MPALIOIOUHI €IEMEHT, IKUI
BOJHOYAC HE BITHOBIIOIOTH, YH II€ €JIEMEHT, IO MPAKTUYHO HE 3alUTYETHCS B POOOTY
(nuBHUCH omnuc rpada TPETHOro TUITY).

Jlst enementiB miarumy /11 moxiuBa oninka Tpusaiocti Tp 1 T, 3a BUpazamu:

Tp = To/3 To=2 T3, (3.76)

ne Ty - 3aranpHUI Nepioj] CTATUCTHYHUX CIIOCTEPEKEHb.
Taka olliHKa CIpaBemJiuBa JJi TPhOXKAHAJBHUX CHUCTEM 3 OJHUM MPaIIOI0YUM
kaHajoM. Jlis cucTeM 13 JABOMAa OJIHOYACHO MPAIIOIYMMHU KaHAJIaMHu (Hampukiaji,

cucrtema TLO3) omiHKa BEIMYMHN CTAHOBUTHUME:

Tp = 2 Tn/3 Toz Tn/3, (3.77)

VY Bupasi (3.74) BenuunHa M; BU3HAYAETHCS 32 CTATUCTUKOIO, a00 MOXe OyTH

OIliHEHA 3a BUpa3aMu:

M; ® Tui/(24-30.5) — mj1st cucTeM, 110 MPAaIfoI0Th 3a TUIIOM 1/3;
(3.78)
M; ® Tui/(24-(30.5+15)) — st cucteM, IO MPAIOI0Th 32 TUTIOM 2/3
(cuctema TLO3),
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ne Ty - mepiosl CTAaTUCTUYIHHUX CITOCTEPEIKEHb Ha 1-My €HEproOJIOIi.

Benuunny p; BuXigHOro Habopy AaHuX (IMOBIPHICTH SIKICHOTO TPOBEICHHS
aBapIMHOrO PEMOHTY) MOKHA NPUUHATH TaKOIO, IO JOPIBHIOE 1, OCKUIBKH IIICIA
MIPOBENICHHS aBapiifHOTO PEMOHTY (0 BBEACHHS B PEXHM OUIKYBaHHS) y KaHa
MPOBOJISATH KOHTPOJIbHI BUMIPOOYBaHHS, 1110 MIATBEPIKYIOTh SKICTh PEMOHTY.

[HTEHCHUBHICTh BUMOT Ta 1HTEHCHUBHICTb MEPEXOIIB 13 PEKUMY POOOTH B PEKUM
OUIKYBaHHS MOXE BHW3HAYaTHCS TUIBKH JJISI PO3PAXyHKOBOTO €JEMEHTA, OCKUIBKH
OJIHIEIO 3 IPUYMH 00'€THaHHA O€3J114l €JIEeMEHTIB B OJMH YKPYITHEHUN PO3paxXyHKOBUN
€JIEMEHT € OJIHOYACHICTh IXHBOT'O MEPEXOAY 3 OUIKYBaHHS B pOOOTY 1 Ha3a/l.

[HTEHCUBHICTD MEPEXOIiB JJIsT PO3PAXyHKOBHUX €JIEMEHTIB IMO3HAYaTUMEMO TUMU
CaMUMHU JIITepaMH, aje 3 PUCKOIO Bropi.

[HTEHCUBHICTb @ 6 B OJHUX BHUIAAKAX CJiJ BU3HAYaTH 3a JOIMOMOTOIO
CTATUCTUYHOI OIIIHKKA peaji3alli peXUMIB eKCIUTyaTallli, B 1HIIUX BHIAJKaX
3aCTOCOBYETHCS aHAIITUYHA OIlIHKA.

BusnaueHnns § 3a CTaTUCTUYHMMHU [JAHUMM TPOBOIATH I TIPYI €IEMEHTIB,
[UKJIIYHA poOOTa SKUX TOB'S3aHA 13 30BHINIHIMU BUMOTAMH Ha CIPAIlbOBYBAaHHS, IO
MalOTh BUIIAJKOBUI XapakTep y 4aci. Hampukian, y Takuii cnoci® ciij Bu3Ha4yat
JUISL TPy OOpPHOTO PEryJIIOBaHHS CHCTEMH ITiJKUBJICHHS-TIPOTYBAHHS TEPIIOTO
KOHTYpY. HacToTa BUMOT BU3HAYAETHCS YACTOTOKO 3MIHU KOHIIEHTpaIlli O0pHOT KHCIIOTH
B TmepumioMy KOHTYypi PV, y 3aranpHOMY BHUITQIKy € BHUMAJAKOBOIO BEIMYHHOIO 1 MOXKE
OyTu oriHeHa 3a iH(}opmartiero 3 onepaTuBHUX KypHamiB bIIY.

YacToTy BUMOT § MOKHA OILIIHUTH 33 BUPA30M:

6 =Kk/T., (3.79)

ne k - 3arasibHe unciio BUMor, 3adikcoBane 3a To;

T, - cymapHa TpUBAIICTh PEKUMY OUIKYBaHHS.

AHanoriyHo, 4YacToTy @ BHU3HAYaIOTh 3a CTATUCTUKOIO, SKIIO HEOoOX1JHa
TPUBAIICTh POOOTH TPYMH €JIIEMEHTIB 3aJI€KHUTh BiJl ACSKOTO 30BHIIIHHOTO (CTOCOBHO

I1€1 CHCTEMH), BUTIAJIKOBOTO B YaCi TEXHOJIOTIYHOTO TPOIIECY.
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YacroTa mepexoay 3 peXuMy poOOTH B PEXKHUM OUIKYBAHHA € BEIUYUHOIO,
0OEPHEHOIO J0 CEepPEeIHBOI TPUBAIOCTI Oe3MepepBHOTO (PYHKIIIOHYBAHHS, 1 BA3HAYAETHCS

3 BUpa3y:

a= 1/t (3.80)

ne ty - CepeiHs TPUBAIICTh Oe3mepepBHOTO (DYHKIIIOHYBaHHS.

V Hu3Li BUNAJKIB TOUHIIION € aHATITUYHA OLIHKA BEJIMYUHA if. IX oTpuMaHHs,
a TaKoK OTPUMAHHA A, A, I, Py, €, €, A PO3PAXyHKOBUX €JEMEHTIB MPEJICTABICHO B

HAaCTYHOMY ITYHKTI.
3.2.7.3. OTpuMaHHs IHTEHCUBHOCTEMN MEPEXO0/IIB Il PO3PAXYHKOBUX €JIEMEHTIB

Y wMoxmensx 3 OJHUM TMPAIIOIOYMM KaHAJIOM 1 JBOMa pE3EpPBHUMHU 3
nepeMuKaHHaM 3a ABP iHTEHCHBHICTH BHMOTI § PE3epBHHX KaHAB 3a€KHTh BiJ
BEIIUYMHU Ap, poOOYOro eJeMeHTa 1 BiJ KUIBKOCTI pE3epBHHUX KaHaliB. SIKIO TiCis
BIJIMOBH pOOOYOro KaHally B pOOOTYy MOXKE€ BBIMKHYTHCS OyIb-sIKHW 13 PE3epBHUX
KaHaIIB, 10 3aJIMIIWINUCS, TO IHTEHCUBHICTh BUMOT JIJI1 pO3PaxXyHKOBHUX €JIEMEHTIB, 1110

MOJICTIIOIOTh PE3EPBHI KaHAJIA, MOKHA OI[IHUTHU 32 BUPA30M:

/N, (3.81)

ne N - KUIbKICTh PE3ePBHUX KaHAIB.
Jlis BUMAAKy JBOX MPAIIOIOUMX KaHaJiB 1 OJHOrO PE3EpBHOrO (Harp., AJs

CHCTEMH BEHTUIIAL{T Oaceiiny ButpuMku TLO3) Bupas aas 6 Mac BUIIIS:

=22 (3.82)

p

Jlnig cucteM 13 KOPOTKOYaCHUM YBIMKHEHHSIM Y poOOTYy (3 periaMeHToM poOoTH,

sk y Cb) IHTEeHCUBHICTh BUMOT KaHAJIIB BU3HAYATUMEThCSl IHTEHCUBHICTIO BUHUKHEHHSI
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M103aIJIaHOBOI MEPEBIPKHU UYepe3 BUSBICHHS BIIMOBU B OTHOMY 3 IBOX KaHAJIB:

o
[
=

(3.83)

Jlnig cucteM 3 KOPOTKOYACHUM BKJIFOYEHHSM B pOOOTY (3 persiaMeHToM poOoTH,
gk y Cb) IHTEHCHBHICTP BUMOTM KaHamiB OyjJe BHU3HAYATUCS I1HTEHCHUBHICTIO
BUHUKHEHHS TO3aIlJIaHOBOI MEPEBIPKU 13-3a BHSBICHHS BiIMOBH B OJHOMY i3 JABYX

KAaHAaJIB:
0~ 2/Tp/Ta.

TpI/IBaJ'IiCTB Hepe6}7BaHHH B pO6OTi IJIA TaKUX CHUCTCM BHU3HAYAECTHCA IMPOIrpaMoOro

BUNPOOYBAHb 1 3a3BUYall CTAaHOBUTH 0iM3bKO 0,5 roauHu, TOOTO.
a=2rom ..

Hexali neskuil yKpynHEHUH pO3PaXyHKOBHM €JIEMEHT MICTUTh MHOXHHY 3 n
BUXIJIHUX €JIEMEHTIB OJHOTO THITy, 3'€IHAHUX Yy JACAKY JIOTIYHy cXemy. Twum
PO3PaxXyHKOBOTO €JIEMEHTA BU3HAYAETHCS TUIIOM BUXITHUX €JIEMEHTIB.

TpuBaiicTh peMOHTY PO3pPaXyHKOBOTO €JIEMEHTA 3ajie’KaTHME BiJl 4acy PEMOHTY
Ta 1HTEHCHBHOCTI BiAMOB i-Tro emementa, 1 = 1,2,...n. Ilepenbadaerbcs, Mo SKIIO
B1JIMOBUJIO K1JIbKa €JIEMEHTIB KaHaJly, TO MICJIsl BUSIBJICHHSI B HUX B1JIMOBH BC1 €JIEMEHTH
PEMOHTYIOTHCSI OJJTHOYACHO. TOJ1 TPUBATICTh PEMOHTY PO3paxyHKOBOTO eneMenTa [ 1 11

THUITIB MOKHA OTPUMATH SIK CEPEIHHO3BAKEHY OIIIHKY.

Ik Tk, (3.84)

T= -
T

neA; - 3aranbHa iHTCHCHBHICTB BIIMOBH (SIK Y PeXHMi poOOTH, TaK i B pexuMi
OUIKyBaHHs) 1-TO elemMeHTa, 1= 1,2,...,n;

Ti - 4aC BIJHOBJIEHHS 1-TO €JIeMeHTa, 1= 1,2,...,n.
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Jlist enementiB I Tumy, IHTEHCUBHICTh BIIMOB €JIEMEHTA BU3HAYAETHCS TUTHKU

BEJIMYUHOIO A, ,

A= M. (3.85)

KoHcepBaTtuBHO TPUBAICTh PEMOHTY PO3paxyHKOBOIO €JIEMEHTA
BU3HAUAaTUMETHCS K MaKCHMajbHa TPUBAJIICTh PEMOHTY JUIsl €JIEMEHTIB, 110 BXOJAATH

A0 PO3paxyHKOBOI'O CIICMCHTA:

T=maxt,; (3.86)

IaTencuBHICTEL BigHOBIEHHS A1 eteMeHTIB [ 1 I TumiB:

i=1/7. (3.87)

JUis OTpUMaHHs BeNMYHMH A, A, €, €, KPiM BiNOBIIHMX i-X XapaKTEpHCTHK

€JIEMEHTIB HEOOXIHO BpaxyBaTH MOXJIMBI CTPYKTYpPHO-JIOTIYHI 3B'SI3KM MK 1-MHU
€JIEMEHTAMH PO3PAXYHKOBOTO €JIEMEHTA.

VY HaWnmpoCTIIOMYy BHIAJIKY, KOJU BCl N €JIEMEHTIB 3'€IHaHI MOCIIOBHO, Oyb-
KW 13 TTOKa3HUKIB BU3HAYAETHCS SIK CyMa BIJMOBIIHUX 1-X BEJIUYUH, 1 =1,2,...,n.

Skmo  eNeMeHTHM  MaroTh  CKIAQMHINIUKH  CTPYKTYPHO-JIOTIYHHUN  3B'A30K,
IHTEHCUBHICTh BIJIMOBM Takoi cucteMu € (QyHKiieo yacy [62]. Y mpomy pasi
BU3HAUCHHSI IHTEHCUBHOCTEM BIJIMOBH PO3PaXyHKOBOTO €JIEMEHTa MPOIMOHYETHCS
BUKOPHUCTOBYBATHU 32 OCEPEIHECHUMU 32 YaCOM XapaKTEPUCTUKAMM.

JI1st eneMeHTIB, K1 He Mia0ThCs MUIAHOBUM 3aX0J1aM, YCEPEIHEHHS MPOBOSATh

Ha iHTepBam [0; Ta]:

X:—TilnR(x,Ta)’ (3.88)

a
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= 1 . 3.89
Ry == IR(,.T,) (3.89)

P
a

Jlnsg enemeHTIB, SKi MiAgaloThes BunpoOyBaHHSM abo ABP, ycepeanenns
MOBUHHO 3[iIICHIOBATHCS 32 BCIMa MOXJIMBUMHU TpuBanocTasMu T abo Tpn , TOMY 1uIs

TaKHX CJICMCHTIB )_[ 1 j'p BHU3HAYATHUMYTBCA 3a TAKUMHU BUPA3aMU:

1 dt, (3.90)
X——?J.lnR(k,t)T

a0

_ 1% dt . (3.91)
Ay T .([lnR(?\p,t)T
I[HTEeHCUBHOCT1 BIIMOBH f 1 é o BU3HAYAIOTHCS 32 TAKUMHM 3aJIEKHOCTIMMU:
_ 1 (3.92)
=——Y ~InR(&k)’
g - ék (&.k)
(3.93)

. 1 &
=——) —InR(E,,k)’
S= ; MR, k)

JIe M - MaKCUMaJIbHO MO>KJIUBA KUIbKICTh MJIAHOBUX 3aXO/IIB.

VY Bupazax (3.88) - (3.93) mig R(A,x), R(Ay .X), R(k), R(Ea,k) posymirors
(GyHKIL1I0 TMOBIPHOCTI 0€3BIIMOBHOT pOOOTH CUCTEMH 3 N €JIEMEHTIB 3a Yac X abo micis
k mpoBeieHrX TUTAHOBUX 3aXO0/I1B, BUSHAUCHY /IS XapaKTEPUCTHK €JIEMEHTIB A , Api , Gi ,

i, 1= 1,2,...,n, BiAmosigHo.

3.2.8 OOrpyHTyBaHHSI ONTUMAJIBHOI MEPIOUYHOCTI KOMILJIEKCHUX BUIPOOYBaHBb

13 BUKOpUcTaHHsM PBII

3a3BUuail MOKa3HUKHA PU3HMKY BKIIIOYAIOTh KOMOIHAIlIIO TTOKA3HUKIB MOTEHINIHHOT
BIJIMOBM 1 HACHIAKIB Takoi BIIMOBH, W0 BiIOOpakarwTh, HAIMPHUKIAJ, YacCTOTH

IUIABJICHHS aKTHUBHOIL 30HH, 4YaCTOTH Henepez{6aquaH0r0 BHUKHAY 3 KOHTallHMEHTa
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TOIILIO.

Jl7is OTpUMaHHS NEPi0ANYHOCTI KOMIUIEKCHUX BUIIPOOYBaHb, SIKa € CIUIBHOIO JUIS
KUTBKOX CHCTEM, HEOOX1THO OIIHUTH BILUIMB (3HAYYIICTh) KOKHOI CHCTEMHU Ha JESIKUi
MTOKa3HUK PU3HKY.

Hapasi mupokoro 3actocyBaHHs B YKpaiHi HaOyB IMOBIpHICHUI aHalli3 Oe3neKku
(IAB), TomMy OLIIHIOBaHHS PU3UKY IMPOBOAATH 13 BUKOPUCTAHHSAM IMIAXOMIIB 1 Mojeen
IAB.

VY IADB mmmpoko BUKOPUCTOBYIOTh JIBa OCHOBHI MOKa3HUKHU 3HAYYIIOCTI [55-62]:

o 3Ha4YUMICTh 3a bipaOaymom (Birnbaum);

o 3HauyiicTh 3a DycceneM-Becenem (Fussell-Vesely).

[Topsim 13 UMMM TOKA3HUKAMHM I OI[IHKM 3HAYYIIOCTI BUKOPHUCTOBYIOTH
NOKa3HUKA -  IHTE€pBajl  30UIbIICHHSA/3MEHIIEHHS  PHU3UKY 1  KOEe(iUieHT
3MEHIIIEHHS/301JIbIICHHS PU3UKY.

[aTepBanmu Ta KoedilieHTH PU3UKY MOYKHA PO3IVIANIATH SIK CKJIAJIOBI MOKA3HUKIB
3HauymocTi bipubayma ta ®yccens-Becens. 3okpema moka3Huk bipHOayma MoxHa
YSIBUTHU SIK YBECh 1HTEPBAJI 3MIHU PU3UKY, 110 BKJIIOYAE IHTEPBAIN 3MIHU PU3HKY: Y OIK
30UTBLIEHHS - 1 B O1K 3MEHILIEHHS PU3HKY.

OnTuMizaliiss TEepiOAUYHOCTI  OOCIYyroByBaHHS CHCTEM  CIpPSMOBAaHA Ha
MIJBUINCHHS HATIMHOCTI CHUCTEM, IO B KIHIIEBOMY ITJICYMKY 3a0e3redye 3HM)KCHHS
PU3MKY  TIOMIKOJPKCHHS  aKTUBHOI 30HM B  aBapiiHUX  CHUTyamisXx. Tomy
HAUTIPUIHATHIIIUM € BUKOPUCTAHHS TMOKAa3HUKA: 1HTEpBAJ 3MEHIICHHS PHU3UKY, SKUN
XapaKTepU3y€e€ 3HWKEHHS PU3UKY 0OpH 3MiHI HMOBIPHOCTI BIIMOBU CHUCTEMH BiJ
HOMIHAJIBHOTO 3HAYCHHS 10 HYJIS.

@DakTUYHO 1€l MOKAa3HUK Ja€ KUIbKICHY OIIIHKY PE3€pBY 31 3HM)KEHHS PHU3UKY
TIOIIKO/DKEHHS aKTUBHOI 30HM, SKWA MOJYKHAa BHKOPHCTaTH B pa3i a0COIIOTHOTO
BUKJTFOYCHHST MOKITUBOCT] BIIMOBU CHCTEMHU.

Ie# miaxia BpaxoBye CHUTYallli, KOJIM CUCTEMHU 3 OJIHAKOBUM PIBHEM 1IMOBIPHOCTI
BIJIMOBU XapaKTEPU3YIOThCS PI3HUMH 1HTEpBaJlaMU 3MEHIIICHHS PU3HKY .

[Ipu mpoMy MIiABUINEHHS HAMIMHOCTI CUCTEMH, y SIKOI 1HTEpBaJ 3MEHIIEHHS

PUBHUKY OUIBIINHN, € OUTBIIT 3HAYYIIUM JJIsSl 3HKEHHS 3arajibHOro pU3HKY.
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OyHKIIsS, fKa XapakTepusye CYKYIHUH pe3epB 31 3MEHIICHHS PHU3UKY
MIOIIKOMKEHHSI aKTHUBHOI 30HM 3a MIABMUIINEHOI HamiHHOCTI N CHCTEM, Ma€ BUIJIA

[55, 56]:

R(T) - Zévzl[RI (Tpem) KHF(T) / KHF(TpeFJI)]i' (394)

1e RI(Tpern) - iHTEpBaN 3HMXKEHHS PU3UKY MPH 3HWKEHHI HIMOBIPHOCTI BIIMOBH 1-
O0i CHCTEMH BIJl HOMIHAJBLHOTO 3HAYEHHA (040l HA 1€l Yac NEepioUYHOCTI
BUINPOOYBAHb) 10 HYJIS;

Kur (Tpern) - KOE(ILIEHT HETOTOBHOCTI 1-0i CUCTEMH 32 HOMIHAJIbHOI (UMHHOI Ha
el yac) nepiogudHOCT1 BUMIPOOYBaHb Tpers;

Kur (T) - xoedilieHT HEroTOBHOCTI 1-0i CUCTEMHU MICHS 3MIHU NEPIOJUYHOCTI
BUNPOOYBaHb, 110 TIPU3BEIIA JI0 M1ABUIICHHS 1i HaIIMHOCTI;

N - KUIBKICTh aHaJi30BaHUX CHUCTEM, II0 OepyTh Y4YacTh y KOMIUIEKCHUX
BUNPOOYBAHHSIX BUIIPOOYBAaHb;

T - mepionMYHICTh KOMIUIEKCHUX BUNMPOOYBAHb CUCTEM.

[nTepBan 3HMKEHHST pU3HKY RI(Tpers) I KOXKHOI 1-0i CHCTEMH BU3HAYarOTh HA
ocHoOB1 Mozeneit [AB, axi po3pobiieHo 1 mioTHUX eHeproosiokiB 3 BBEP.

Benuuuna RI (Tpers) MOKe OyTH OTpriMaHa 3 BUpa3y:

RI(Tpern) = qHA36 —_ LIHAgi(Pl’Z’_"’] = 0), (3.95)

ne UITA3s - 6a30Be 3HAUYCHHSI YACTOTH TMONIKOKCHHS aKTHBHOI 30HHU, OTPUMAaHE
3a JIIF0Y01 Ha IeH Yac MepioAuIHOCTI BUITPOOYBaHb.

YIMA3;(P; 5, ; = 0) - Benmuunna YITA3, 3a ymMOBH, 110 HMOBIPHICTL BiaAMOBU P
yCIX J eIeMeHTIB 1-01 CUCTEMH JIOP1BHIOE HYIIIO.

OyukuioHanbHy 3anexHicTh Ky (T) = 1 - Ki (T) anga koxHoi 1-0i cucremu
BU3HAYAIOTh 32 pE3yJbTaTaMH pO3B'SI3aHHA 3a/1adl BHU3HAYCHHS ONTUMAJBHOT
MepiIoANYHOCTI Ha OCHOBI MakcuMi3allii Koe(imieHTa TOTOBHOCTI.

SIk mpuKIag HaBeJEHO OTPUMAHHS 3arajgbHoOro rpadika BumpoOyBanp s N = 2
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cucteM (pucyHok 3.23). OntumanbHuil rpadik BUMPOOyBaHb BiAmoBigae Takomy T, 3a
SKOTO BEJIMYMHA CYKYITHOTO Pe3epBY 31 3MEHIIEHHS pu3uKy R HaOyBae MiHIMAIbHUX
3HaueHb T* = Arg minR(T). Minimym R(T) 3a nesaxoro T* BiamoBigae BUIAIKY
MaKCHMaJbHOTO BUKOPUCTAHHS CyKYITHOTO PE3EPBY 31 3MEHILIEHHS PU3HKY.

TakuM YWHOM, YTOYHEHHS TEPIOAMYHOCTI peryiaMeHTHUX BuipoOyBanb CBb
MOXJIMBE Ha OCHOBI MiHIMIi3allii HUJIbOBOI (YHKIIT PU3UKY, SKa BPaXOBY€ MOTOYHUI
piBEHb HAAIMHOCTI KOMIIOHEHTIB CHUCTEM 1 PiBEHb BIUIMBY IIUX CHCTEM Ha BEIMYUHY

UITA3.

3.3 OwiHroBaHHS MOKA3HUKIB HaaiMHOCTI eneMeHTiB CBb

3.3.1 ®opmyBaHHS CHUCKIB 1 IPyM €IE€MEHTIB Jiisl Bu3HaueHHs [1TH

Cratuctuuny OIIHKY npoBoawin st eHepro0sokiB NeNel-6 3amopizbkoi AEC
3a CTaTUCTUYHUMHU JIaHUMHU 3a TEpioJ] BiJl MOYATKY EKCIUTyaTalii €HeproOJoKiB [0
04.07.99 p. TakuM YMHOM, CTATUCTUYHHUIA MEPIOJ CIOCTEPEKEHHSI CTAHOBUTH OJIM3BKO
65 peakTopo-pOKiB.

Jlns  mpoBeAeHHsT TpylyBaHHS oOOJaqHAHHS  31MCHIOETHCAS  (opMyBaHHS
3arajbHOrO TMepeniky oOJaJHaHHs, 1o Oepe ydacTh y po3paxyHkax. EnemeHTn
IpyIyBaIKCs 32 TAKUMH O3HAKAMU:

a) eIEMEHTH MarOTh OYTH OJTHOTO TUITY (KOHCTPYKTUBHE BUKOHAHHS, THIT
MPUBOJTY TOIIIO);

0) enmeMeHTH TOBUHHI MaTH 1ICHTUYHI YMOBH €KCIUTyaTarlii (s o3HaKa

BUKOPUCTOBYETHCS M1 Yac rpyyBaHHS HACOCIB).
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0,85 1
0,8 -
0,75 -
07 -
0,65 T ——
0,6 -
0,55

0,5 /* ' : - . T,rog
0 Ti"2000 4000 T2 6000 8000

Rl1 =110

Rl; =9 10°

a) MPUKIIAJ] 3aJIEKHOCT1 KOe(iIl€eHTa TOTOBHOCTI BiJ] MEPIOJUYHOCTI BUIPOOYBAHD JIJIS

JIBOX CUCTEM 13 PI3HUM BILUTUBOM Ha BennunHy UITA3

R, T/pix
1,0E-05

9,5E-06 A
G,0E-06 -
8,5E-06 -
8,0E-06 -
7,5E-06 A
7,0E-06 - T*
6,5E-06 A

6,0E-06 : ? - ' T,rog
0 2000 4000 6000 8000

0) mpuKJIa 3aJ€KHOCTI CYKYITHOTO Pe3epBY 31 3MEHIIIEHHS PU3UKY BiJI MEP1OAMIHOCTI
BUNIPOOYBAHb JIJISI BOX CUCTEM
Pucynok 3.23 - Ilpuxnag sBukopuctands POII ayist ontumizariii nepiogM4HOCTI

BUIIPOOYBaHb JEKIJIBKOX CUCTEM

Byno Binibpano Taki rpynu o0iagHaHHS:
° bak
° bak 3amacy 3HeconeHo1 Bou

° bak 3 enekrponarpiBaueMm
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° bak CAO3 BT

° bak CAO3 HT

° bak cripuHKIEpPHOTO pO3UHHY
° bpuskaneHuii 6aceitn

° BoponpuitmansHa kamepa

° baon 3 noBiTpsm

o I'enepatop

° [Napoakymynstop

o Jeaeparop

° J{n3zenb

° 3acyBKka py4Ha

° 3acyBKa 3 THEBMOIIPUBOJOM

° 3acyBKa 3 €JEKTPOIPUBOIOM
° 3anipHuii MHEBMOKJIaNaH

e  KBITLA-IT

° Hacocwu (yrBopunu 22 rpynu, npencrasieni y Jlonatky b tadnuii b.2)
° 3BOPOTHHOKOMOTHOBAHMM KJIaraH

° 3BOpPOTHUI KJIalaH

° Bizaciuna apmatypa

° [Tepenyckuuii 1 3an001>KHUN KI1amaH

° 3ano01HUM KIanaH

° PerymtoBanbHa apmarypa

° Penykiiiinuii kianax

° TemmooOMiHHUK

[ Tpuxonosa 3acyBKa 3 THEBMOIIPUBOJIOM
° Tpuxo10BUH KilanaH

° OinbTp MEXaHIYHUHT

° [{uctepHa HUPKYIISAIIAHOTO Macia

° EnexrponueBmoxnanan (EITK)

byno ctBopeno crnucku oOmanHaHHs aHamizoBaHux CBbB s eHepro6okis
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NeNel—-6 3amopizpkoi AEC. OckilbKH CIIOCTEpPITalOThCS BIIMIHHOCTI B CXeMax
eHeprooiokiB 3AEC (3a KUIBKICTIO HAacociB 1 3acyBOK), y BIAMOBIAHIN TaOmuil
3a3HAUYEHO HAasBHICTh LBOr0 OOJaJHaHHSA [ KOHKpeTHoro Onoka. Jlomarox b,
tabmuui b.1 sBnsie co6oro GpparmMeHT 3a3HaueHOT TAOIHIII.

3aranbHa KIJIBKICTh €IEMEHTIB 00JIaIHAHHSA, ISl IKUX MPOBOSTHCS PO3PAXYHKH,
cTaHOBUTH 8211 mT.

Po3spaxyHok apmaTypu 1 €MHOCTEH TIPOBOAWBCA JUIsi BCiX cucreM. Jlms
PO3paxyHKy HAcoCIB MOJII 3a TUIIAMHU, K JUIsl apMaTypH, HE MAXOAuTh. Y J0AATKy b,
tabmuui b.2 mpepcraBieHO mepemik HACOCIB, IUIS SIKUX TPOBOJMIIUCS PO3PAXYHKH
MOKa3HUKIB Ha/lliHOCTI. Hacocu 3rpynoBaHi 3a CHCTEMaMH 1 3a THIIOM.

Biamosu Oynu po3ziieHi 3a hakTopamu:

° BIJIMOBa B PEXXHUMI poOOTH,

° B1IMOBA B PEXUMI OUIKYyBaHHS,

° BIIMOBa yepe3 BUMPOOYBaHHS, a TAKOXK

° nedeKT 1 BIAMOBA, Ky HE MOXHA BIJHECTH [0 OIHOTO 3 (PaKkTopiB, -
HEBHU3HAYEHICTb.

BianoBigHo BU3HAYAIM TaKi MOKAa3HUKHM HAIIMHOCTI: Ap - IHTEHCHUBHICTH BIJIMOB y
pexuMi poOOTH, A - IHTEHCUBHICTh BIIMOB Yy PEKHMI OUIKYBaHHS Ta & - IHTEHCUBHICTb
B1JIMOB Yepe3 BUIIPOOYBaHHS.

Takox po3paxoByBaJli CEPE/IHIN Yac BiTHOBICHHS OJTHOTUITHUX €JIEMEHTIB.

CraTuCcTUKy, MO0 BUKOPHUCTOBYETHCS JJIA OIIHOK, HAaBEACHO B MAONATKy b,

tabmui b.1.

3.3.2 Pe3ynbratu po3paxyHkis [1H enementis CBb

BukopucToBytoun po3paxyHKOBY Iporpamy, OyJi0 TMPOBEICHO PO3PAXyHOK IS
BCIX aHANI30BaHUX TPYN OJHOTHUIMHUX EJIIEMEHTIB 1, TaKUM YHHOM, BHU3HAYCHO
MMOKA3HUKH HAJIMHOCTI JJI €JI€EMEHTIB TAKUX CUCTEM:

° cripuHkJiiepHa cucrema TQ11-31;

° cUCTeMa aBapiiiHOro po3xonomkyBanus TQ12-32;
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TLO3;
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CUCTEMa BBEJICHHS 00py 3 Hacocamu BIOpcKyBaHHs 6opy TQ13-33;
cucTeMa BBEJICHHs 00py 3 Hacocamu nojaadi 6opy TQ14-34;

cucteMa aBapiiHOi >KuBWIBbHOI Boau maporeneparopiB (CAXBII) TX10-

CHCTeMa TEXHIYHOI BOJM BiAMOBiAaabHUX criokuBauiB QF/VF;
cUcTeMa BOAM MpoMixkHOro KOHTYpY TF;

CUCTEMA PO3XO0JIOKYBaHHs Oaceiiny BUTpuMkH TG;

cUCTeMa MiHKUBJIEHHS-TIPOyBaHHsI niepiioro KoHTypy TK;

CHUCTEeMa BEHTWJIALII 11 OXOJOIKEHHSI BEpXHBOTo 010Ky 1 npuBoiB CY3

CUCTEMa JPEHaXIB 1 OPraHi30BaHUX MPOTIKaHb Meprioro KOHTypy TY;
cuctema HafiliHoro enektpornocradanns (PIEC):

nanuBHa cuctema QC;

macJisiHa cuctema QD;

cucTeMa BoAsHOro oxoJyiojkenns AI" BHyTpimHbOro KoHTYypy QE;
cuctemMa BoAsHOro oxoJyiomkenHs JI" 30BHIITHBEOTO KOHTYpY QF;

cuctema myckoBoro nositpsa QG.

PesyapTatn po3paxyHKy 3BeaeHO B JoAaTKy b, Tabmumi B.3 i3 3a3HaucHHSIM

HallMEHYBaHHS TPYIM €JIEMEHTIB, 3arajibHOi KUTBKOCTI €JIEMEHTIB y JaHld Tpymi, s

SAKUX MPOBOAWIIA PO3PAXYHKH, KUIBKOCTI BIIMOB Ta IHTEHCUBHOCTI B1IMOB 32 KOXHUM

dbakTopoM, a TAaKOXk Yacy BITHOBJICHHS JJI PO3TJITHYTUX €JIEMEHTIB.

Ha migcrasi ganux i3 qogarky b, tabmauni b.3 modymosano mgiarpamu (noaatox b.

pucynku b.1-b.3).

Ha pucynky b.1 HaBeneHo niarpamy IHTEHCHUBHOCTI BIIMOB B OUIKYBaHHI1, TOOTO

3a (aKTOPOM A.

Ha pucynky b.2 HaBeneHo giarpaMmy 1IHTEHCHUBHOCTI BIJIMOB y po0oOTi, TOOTO 3a

bakTopom A, .

Ha pucynky b.3 HaBeneHo aiarpamy iHTEHCHUBHOCTI BIJIMOB uepe3 BUIIPOOYBaHHs/

nepeMuKanHs, TO0To 3a pakTopom &.
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3.4 BUCHOBKH /10 TPETHOTO PO3ALTY

1. TlpoBemeHo aHami3 BIIOMHUX METOJIB PHU3UK-OPIEHTOBAHOTO IMIAXOIY
onTUMI3aIli TMepIOAUIHOCTI BHUIIPOOYBaHb CHCTEM, BaxUIMBUX g Oesneku SEVY.
BcranoBineno jgoctaTHIO OOIpYHTOBAHICTh  MOJIEpHI3allli  CTpaTerid  IJIaHOBHUX
BUIPOOYBaHb CHUCTEM OE€3MEeKH PU3UK-OPIEHTOBAaHUMH METOAAaMHU, IO 0a3yloTbCs Ha
KpUTepii onTuMmizallii - MakCHMallbHa HMOBIPHICTh TOTOBHOCTI BHUKOHAHHS (DYHKIIIH
Oe3MeKu B aBapiifHUX pexuMax.

2. Ha ocHOBI pe3ysibTaTiB NPOBEIEHOT0 aHali3y OOIPYHTOBAHO aIaNTAallil0 PU3UK-
OpPIEHTOBAHOTO MIAXOAY ONTHMI3aIlll MEPIOJUYHOCTI BUNPOOYBAHb CUCTEM OE€3MEKH B
yMOBax IMIJBUIIEHOT HOMIHAJIBHOI MOTY>KHOCTI Ta MIJBUILEHOI TPUBAJIOCTI MAaJIUBHOI
kamnanii JEY. HeoOxigHi yMoBHM aganTaiii - 1I€HTHYHICTh ONTHMAJIBHOI YacCTOTH
BUNPOOYBAaHb CHUCTEM O€3MEKH B PEKHUMAX MPOCKTHOI Ta MIABUIIEHOI TPUBAJIOCTI

HAJIUBHOI KaMITaHii.
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PO3JILJI 4. AHAJII3 PE3VJIbTATIB KBAJIIDIKAIIT MOJIEPHI3ALIIN
CTPATEI'T BUTIPOBYBAHb CUCTEM BE3IEKU ITPU POEOTI PEAKTOPA HA

MIJIBUIIEHIN TPUBAJIOCTI ITAJIMBHUX KAMITAHIN

HpaKTI/I‘IHe BHUKOPHUCTAHHA MCTOJUKH npeacTaBjICHO IMPOBCACHHAM

po3paxyHKoBoro ananizy juist cemu Hactynuux Cb 3AEC-5:

cucTeMa BBeJICHHs Oopy 3 Hacocamu BriopckyBaHHs 6opy (TQ 13,23,33);
cucTeMa BBeJIeHHs 00py 3 Hacocamu nonaadi 6opy (TQ 14,24,34);
cucrTeMa aBapiiHoro posxonomkysanss (TQ 12,22,32);

crpuHkiepHa cuctema (TQ 11,21,31);

cucTeMa aBapiiHO1 )KUBWIbHOI Boju naporeHeparopis (TX 10,20,30);
cUCTeMa TeXHIYHOI BOJM BiANOBIIanbHUX crioxuBadiB (VF/QF);

pesepBHa qu3enbHa enekrpocrtaniis (PAEC);

Po3paxyHok BUKOHYBaBcs 15 MioTHOTO eHeprobsioka NeS 3AEC.

4.1 Copunkiepna cucrema (TQ11,21,31)

4.1.1 InenTudikaris cucreMu

Cnopunknepna cucrema TQI11(21,31) mnpuszHaueHa nis 3HUKEHHS THCKY

BcepeauHi repmetudHoi obononku (['O) mpu pospuBax TpyOGompoBoay 1-ro KOHTYpY,

NapoIpoBO/IIB 2-TO KOHTYPY IUIAXOM KOHJIEHCallli Mapy Ha Kparisix Boau. [Ipu upomy

TaKOX BiZJOYBa€TbCs 3B'SI3yBaHHS PaAlOAKTUBHUX 130TOIIB Hoay B armocdepi 'O mifg

4ac B3a€MOJIii 3 PO3YMHOM TiApa3iHTIAPATY, TOAAHUM Y CIIPUHKIIEPHUI PO3YHUH.

Kpim Toro, cucrema mnpu3HaueHa /Jid aBapiHOrO 3alOBHEHHS OaceilHy

ButpuMku (bB) 1 aBapiifHOTO 0XOJIO/KEHHSI aKTUBHOI 30HU PEaKTOpa y pa3l BUXOAY 3

Jaay BCixX 3-X HACOCIB aBapiiHOTO PO3XOJIOKYBaHHSI.

Cnpunknepna cuctema TQ11 (21,31) mae Tpu He3alle)KHI KaHAIHM, KOXKEH 3 SIKUX

3laTHUI BUKOHATU HEOOX1aH1 (PyHKIIIT B TOBHOMY 00Cs31.

Texnonoriuny cxemy kanany cucremu TQI11(21,31) npencrasneno B noaatky B Ha
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pucyHky B.1.

4.1.2 MopaenroBaHHSA CUCTEMUA

st mepmioi 3 mepeniky CHCTEM MpOIEC MOJIEIIOBaHHS Oyje MpeAcTaBiIeHO
JOKJIa/IHO.

[Tim wac aHamizy WMOBIPHOCTI BIIMOBU CHUCTEMH, 3Ba)Kalouu Ha i1 CKJIAHICTH 1
BEJNIUKY KUIbKICTh MOXJIMBUX PEKUMIB POOOTH, MOTPIOHO BU3HAYUTH HU3KY TOJIOKEHb 1
MPUIHATH ACSKI JTOMYIIECHHS.

OCKUIbKM OCHOBHHUM KPHUTEPIEM BHKOHAHHS CHCTEMOIO CBOiX (YHKIIHA CIIyTrye
3a0€e3MeUeHHsl Crajy THCKY 1 TEMIEPATypH B MPOEKTHOMY Tpadiky, came 1 (QyHKIisA
CUCTEMM AaHANI3Y€eThCA IIOJA0 ONTUMAIbHOTO Tpadika MEepeBIpoK. 30KpeMa, He
BpPaxOBYIOThCSl J0JIaTKOBI (DYHKIIT, MOKJIAAeHI Ha CHUCTEMY, TaKl SIK OXOJIOKCHHS
OaceilHy BUTPUMKH B aBapiMHUX CHUTyallX 1 MOXJIMBICTH OXOJIOJKEHHSI CHCTEMOIO
TQI11(21,31) aktuBHOI 30HM peakTopa. [IpUUMHOIO TaKOro JOMYIIEHHS €
HEaBTOMATHUYHI NMEPEeMHUKAHHS B CHUCTeMi I peamizaiii mimkuBieHHs bB. 3amisHus
YaCTUHU HUTOK CIPUHKIIEPHOT CHUCTEMHU JJISI OXOJOKCHHS aKTHBHOI 30HU MOYKJIMBE
TITBKH B TEPIOJ] MEepPEe3aBaHTAKCHHS MalMBa 31 3HATOI KPHUINKOKW peakTopa. Y pasi
BUXOJy 3 JIaJly 6CiXx HACOCIB aBapiMHOrO 1 TIUIAHOBOTO PO3X0JIOKYBaHHS
TQ12(22,32)D01 npoBOAUTHCS OXOJOMKEHHS aKTUBHOI 30HM 1 OaceiiHy BUTPUMKH 1

nepeBanTaxeHHs nanusa (bBill) 3a Takoro cxemoro:

YCO00BOI — TQ10(20,30)W01 — TQ11(21,31)D01 — BBill — YCO0BOI.

Le nocnipkeHHs 3 BUBHAUYECHHS ONTUMAIBHOTO rpadika BUMPOOYBaHb pO3IIIsIa€e
npomixkok ekcruryataiiii PY mix IITP 1 He po3rmsinae moku 1o npomecwu mija gac [1T1P.

I'padik mpoBeneHHS TEPIOAUYHOTO KOHTPOJIIO BH3HAYa€E TMEPIOAUYHICTD
BUIIPOOYBaHb KOKHOTO 3 €JIEMEHTIB CUCTEMH, Yac MPOBEACHHS 1 BIIHOCHUNA 3CYB MIX

nmo4yaTkaMm KOHTPOJIKO €JIEMEHTIB CUCTEMH.
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[lpuitasTuii  rpadik NPOBEACHHS NEPIOAUYHOTO KOHTPOIIO 3aJUIIAE€THCA
HE3MIHHUM Ha BCbOMY IMPOMIKKY PO3TJISiAy poOOTH cUCTeMH, sKuil cTaHoBUTH 8000
roguH (yac MDK aBoMa mociigoBHumu [IIIP), 6e3 ypaxyBaHHs aBapiiHMX 3yNHHOK
0JIOKY.

MopentoBaHHsI CUCTEMH IPYHTYETbCS Ha MPUHIUIIT KOHCepBaTu3sMy. Y pasi
AKIIO:

° Ha eTami pernupKyJsIii BiIMOBa HAa BIAKPHUTTS OyIb-sIKOT 3 IBOX 3aCyBOK
TQ11S02 a6o TQ11S09 npu3BoAUTH JO BIAMOBH CHUCTEMH - IOCHIJIOBHE 3'€HAHHS
CJICMCHTIB;

° Ha OCHOBHOMY eTari poOOTH 3 MOJABAHHSIM CIHPUHKIEPHOIO PO3YMHY 1]
repMoo0O0JIOHKY JocTaTHbO ojHiel 3acyBku TQI11S02 a6o TQI11S09 - mapanenbHe
3'€IHAHHS €JIEMEHTIB y MOJIEIII.

OckuIbKu TIPOBEACHHS BUIPOOYBaHb 13 3amyckoM HacociB TQ11-31D01 Ha
PELMPKYJIALi0 HEe MoXe mporectyBath TemioooOMiHHMK TQ10-30WO01 Ha HasBHICTH
MpOTiKaHb (HE IOAAa€ 3HaHb MPO CTaH IILOTO OOJAJHAHHS), TO BBOMASTH MPHUITYIICHHS
mpo Te, mo TQ10-30WO01 ue BunpoboByeThes mixk [1T1P.

VYci eIeMeHTH TIepIIoTo TUITY 00'€THYIOTHCS B OJTUH PO3PAXyYHKOBUH €IIEMEHT.

Takox B OIUH eleMEHT O0'€IHYIOThCS €JIEMEHTH, 3'€IHaHI B JIOT1UHIA CXeMl
HOCII1ZIOBHO.

JloriuHa Ta po3paxyHKOBa CXEMHU JUIsl aHANI3y HaJIIMHOCTI pOOOTH CHUCTEMH
HaBejIeH1 B joaaTKy B Ha pucynkax B.2 1 B.3.

Tpu xananu cucremu TQ11(21,31) 3'ennani napaneabHO, OCKUIBKM KOKEH 13 HUX
MO>Ke 3a0€e3MeUnTH BUKOHAHHS (DYHKIIM CUCTEMHU, 1 TIJIbKU BIAMOBA BCIX TPHOX KaHAIIIB
CUCTEMHU TMPU3BOJIUTH 0 BIIMOBH B NUIOMY. EjleMeHTH cucTeMH TpencTaBlieHl
NPSIMOKYTHUKAMH 13 3a3HAUYCHHSIM MO3HAYCHHS 00aHaHHS (IUB. pUCYHOK B.2).

VYci eneMeHTH OJHOTO KaHaly, IO OepyTh y4yacTb Y PELMPKYJALiil, 3'€aHaHi
nocnifoBHO. lle moB's3aHO 3 TuUM, IO BiAMOBa OYAb-SIKOTO 3 IIMX €JIIEMEHTIB MOXeE
MPU3BECTH 70 BiAMOBU KaHany. Ilpu 1mpomy, kpiM (GakTUYHOT JIHIT PEHUPKYIISIT
"TeMmIo000MIHHUK - HACOC - JIBI 3aCyBKH'", JO JIOTIYHOI CXEMH BXOIUTH OOJIaTHAHHS

IIOYaTKOBOI'O 38,60py BOJHOT'O PO3YNHY (Ha BCMOKTYBAHHS HACOCa IOOAECTHCS BOI[HI/Iﬁ
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po3unH 13 Oaka TQ10BO1) - 6ax TQ10 (20,30)BO1, 3acyska TQI10 (20,30)S01,
3BopoTHuit kinanan TQ10 (20,30)S02.

[Tix yac aHanizy BUTpaTOMIp, APOCEIbHI Iaiiou 1 TPyOOIIPOBIT HE PO3TIISAIAIN SIK
CJIEMEHTH, IO MOXYTh MPHU3BECTH 1O BIAMOBH, TOMY IO B HUX HEMAaE PYIIHHUX
YaCTHH, 1y 3B'I3KYy 3 IIUM HEXTYBaHO MaJll 3HaYEHHS IHTEHCUBHOCT1 BIJIMOB.

[Tin yac MoaemrOBaHHS BpaxoBaHO, II0 CUCTEMa BTpavae Mpare3JaTHICTh i Jac
MIPOBEICHHS BUTIPOOYBaHb.

Po3paxyHkoBa 3a1€KHICTh JUIsl CTalllOHAPHOTO KOE(IIl€eHTa TOTOBHOCTI CUCTEMU

TQ11-31 mae Burisia;

Ke= 2[4 = (= Kn(OKS(0)(1 = Ko (OKF @)1 ~ K (OKS(0))des - (4.1)

ne K3 (t) = Kpg (1 — (1 — K7 )(1 — Krg))s

Kri(t), Kia(t), Ki3(t) — HKD gst 1-3 po3paxyHKOBUX €JI€MEHTIB, pO3paxyHKOBa
3anexHICTh (3.41);

KM KM K- HKT pos pemrrn eneMeHTiB, mo ¢yHKuioHyotsh 3a rpadom I11

THUITY, pO3paXxyHKOBa 3aJEXKHICTH (3.24).
4.1.3 Buxigni gaHi.

Ckrnan po3paxyHkoBux enemeHTiB Ta ixHix [IH momano B momatky B, TaGmui
B.1.

Crnig 3a3HaYuTH, 1O B pa3l SKIIO MiJ HOMEPOM PO3PaXYHKOBOTO €JIE€MEHTa
BKa3aHO KIJbKa €JEMEHTIB, TO TEXHOJIOTYHE MO3HaueHHs oOJiagHaHHs BiAIOBIga€c

CKJIaly epuioro 3 nepesiueHnx PO3paxyHKOBHX CJICMCHTIB.

4.2 Cuctema aBapiitHoro po3xonomkyBanns (TQ12,22,32)
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4.2.1 Inentudikariis cucreMu

Cucrema € aKTHBHOIO CHCTEMOIO O€3MeKH 1 TMpU3HAuYeHa Jis BIJABEICHHS
3QJIMIITKOBUX EHEPTOBUIIJICHh AKTHBHOI 30HU PEAKTOpa TMPH PO3TEPMETHU3AITIX
nepmoro KoHtypy. KpiMm Toro, cucrema Mo)e BUKOPUCTOBYBATHCS JJII BUKOHAHHS
Takux QyHKITIH:

o 3HATTS  3aJMIIKOBUX CHEPrOBHIUJIEHh B akTuBHIA 30HI (A3) 1
PO3XOJIOKYBaHHA 1 KOHTYpy 13 3aJaHOI0 MIBHAKICTIO B PEXHUMI IJIAHOBOTO
PO3XOJI0KYBAHHS;

o 3HSTTS 3QIMILIKOBUX €HEProBUAUIEHb B A3 1 PO3XOJIOIKYBaHHS 1 KOHTYpY
13 3aJ1aHOI0 MIBUAKICTIO B PEKHUMI aBapIMHOTO PO3XOJIO/HKYBAHHS 3a LUJIOTO MEPIIOro
KOHTYPY;

o poOoTa B peXUMI PEMOHTHOTO PO3XOJIOMKYBAHHS TPHU 3HATIA KPHUIIII
peakropa.

CucreMa CKJIQA€ThCsl 3 TPbOX HE3ANICKHUX KaHAIIB, KOXKEH 3 SIKMX 37aTHUMN
BUKOHATH HEOOX1/1HI (PYHKIIIT B TOBHOMY 0OCS31.

TexHOJIOTIYHI CXeMH KaHAJlIB CUCTEMU MPEJCTaBICHO B 10AaTKy B Ha pucyHkax

B.41B.5.

4.2.2 MopaenroBaHHSA CUCTEMHA

VYBIMKHEHHS CUCTEMHU TiJ 4ac BUIPOOYBaHHS 3J1MCHIOETHCS 3a TaK 3BaHOIO

"BENUKO0" JIHIEI0 PEIUPKYJISIIIT 32 CXEMOIO (7151 IEPIIIOTO KaHATY CUCTEMH):

Bax TA-201 — TQ10S01 — TQ10S02 — TQ10W01 — TQI12D01 — TQ12501
L TO12502 — TQ12502 — — TQ12803 — Bax ['4-201

Jlns inmux kanamB TQ23, TQ33 cxemu aHaIOT1vHI.
Opnak 3a aBapiiHUMU CUTHAJIAMHU HaKJIaIa€ThCs 3a00pOHA HA BIAKPUTTS apMaryp

TQ12(22,32)S02,S03, 1 peuupKyJdamis 3A1HCHIOETbCS  TpyOomnmpoBogoM  "maoi"
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PELMPKYJISALIT, SIKUIl HE MO’KHAa BUMKHYTH, 32 CXEMOIO (IS IEPIIOT0 KaHATy CUCTEMH):
T012D01 — TQ12501 — TQI2E10 — TQ41504 — TQ12D01.

s xanamiB TQ22, TQ32 cxema pob0oTH aHAJIOTTYHA.

3acyBku TQ12(22,32)S02,S03 y HopmaibHOMY cTaHi 3akpuTi. Ilim wyac
BUIIPOOYBAHHS CUCTEMHU 32 JIHIEI0 "BETUKOI" pelUPKYIIALIi (3 mepeMilryBaHHsIM OOpPHOT
KHUCIIOTH B OaKy-TIpUAMKY) OOH/IB1 3aCYBKH MArOTh BiJIKPUTHUCS.

[lin 4yac 3amycky cucTeMH 3a aBapiiiHMMHM ycTaBkamu Hacoc TQ12-32DO01
BMHUKAIOTh 3a JiHIE€0 "Mayoi" penupkyssiii, BOJAHOYAC HAKIaAaloTh 3a00pOHY Ha
BIIKpUTTA 3acyBok TQ12(22,32)S02,S03. Tomy pobGota cuctemu B pasl aBapii
3a0e3neuyeThCsl IMepeOyBaHHSAM Y 3aKpUTOMY CTaHl Oyab-sKOi 13 3aCyBOK
TQ12(22,32)S02,S03.

3 1BOTO OMHCY BUIUIMBAE, IO JIOT1YHE 3'€HAHHS 3aCYBOK B OJIHOMY BHUIIAJKY
MOCJIIOBHE, B 1HIIIOMY - HapaJiesibHE.

Buxoasuu 3 mpuHIMIY KOHCEpBATU3MY, B JIOT14HIM 1 pO3paxyHKOBIH MOjei
BUKOPHUCTOBYEThCS MOCTIIOBHE 3'eAHaHHs 3acyBok TQ12(22,32)S02 1 TQ12(22,32)S03.

Hinsuku noxadi B pizHi HUTKHA ['TIK 1 ogHOTO KaHAy Ta MUISHKH MOAavi B pi3HI
tpyoonpoBoau 'E CAO3 oxnHoro kanamy € 1y0J1b0BaHUMH.

JloriuHa Ta po3paxyHKOBa CXEMH JJIsI aHali3y HaIIAHOCTI POOOTH CHUCTEMU
moJaHo B A0/1aTKy B Ha pucynkax B.61 B.7.

KoedimieHT roTOBHOCTI 1151 I11€1 CUCTEMU Ma€ BUTJISL;

Ta

| 0= 0= K ORE 01 = (= K (O )1 = Ka@KS 0D
(1=K, OKE O [ -K 5 ()1 -K™ ()%
Kr = (1= (1 = K7 (DK () (1 = Krag (DK ()))) X (4.2)
(1-K,, KO- 1=K )1 -KD, )
(1= (1= Ko (K2 ())(1 = Ko (D)KP? ()N},
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Ae K3H(E) = (1 - (1 - K5 ()2 N1 — (1 - K51 (1))?);
K2 (8) = (1 — (1 — Kiz5(0)%)Ki'35(1);

Ku(t), Ku(t), Kus(t), Ku(t), K(t), Krz(t), Krs(t), Kro(t), Ko(t) — HKI mns
BIIMOBIHUX  PO3PaXyHKOBUX  €JIIEMEHTIB, pO3paxyHKoBa 3ajexkHicTh  (3.37)
(muB. MozieNb 4);

HI prlll gl gl gl Il gl Il gl gl Il gl Il

Kry, Krs, Kre » Kro , Krio, Kr11, Kr12, Kris, Krio, Kr2o, Kr21, Kras, Kras - HKD s

pElITH PO3pPaxXyHKOBHUX €JIEMEHTIB, 0 (YyHKLUIOHYIOTh 3a rpadoto I, po3paxyHkoBa

3aNexHICTD (3.24).
4.2.3 BuxiaHi gaHi

Cknajn po3paxyHKoBHX eneMeHTIB Ta ixHix [IH HaBenmeni B gomatky B Tabmuii
B.2.

Crning 3a3HaYuTH, MO B pasi SKIIO I HOMEPOM PO3PAXyHKOBOTO €JIEMEHTa
BKa3aHO KIJbKa €JIEMEHTIB, TO TEXHOJIOTIYHE NO3HAYEHHS OOJaJHAaHHS BIJIMOBIJAE

CKJIay TEPIIOro 3 MepeidyeHuX POo3pPaxyHKOBHUX €JIEMEHTIB.

4.3 Cuctema BBeJieHHs1 O0py 3 Hacocamu BropckyBaHHs 6opy (TQ13,23,33)
4.3.1 InenTudikaris cucreMu

Cucrema € akTUBHOIO CHCTEMOIO O€3IeKH 1 MPU3HAUYCHA JJIS MIOJJaBaHHS PO3UUHY
OOpHOI KMCJIOTH BUTPATOXO mioHaimene 130 M /ro i moyaTkoBoro KoHueHTpariero 40
I/KT 3a TUCKY B 1-My KoHTYpi 10 15 kr/cm? i monaiimenmie 100 M3 /rox 3a TuCKy B 1-Mmy
KOHTYpi He Ginbiie 10 kr/cm?

CucreMa CKJIQA€ThCS 3 TPHhOX HE3ANCKHUX KaHATIB, KOXKEH 3 SIKMX 37aTHUU
BUKOHATH HEOOX1aH1 (GYHKIIIT B TOBHOMY 00Cs31.

TexHonoriyHy CcXeMy KaHaly CHCTEMH TMPEIACTaBICHO B JOoAaTKy B Ha

pucyHky B.8.
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4.3.2 MonaenroBaHHSA CUCTEMUA

BunpoOyBanHsi Hacoca MPOXOJATh IO JIHIT PEHUPKYIAIII 3a CXeMOowo (s

NEPIIOro KaHaIy CUCTEMU):

TQI3B0I — TQI3501 — TQI3D01 — TQ13504 — TQ13S05 — TQ13S06 —
TOI13B01.

Bunpo6Oysanns aia kanams TQ23, TQ33 npoxoaaTh 3a aHAIOTTYHUMH CXEMaMHU.

[lin yac pobOTM B pexuMi aBapii HACOC BMHUKAETHCA Ha PELUPKYJALIID 32
BUIIPOOYBAJILHOIO CXEMOI0, 3a3HAY€HOI0 BuUIIe. Y pa3l JOCATHEHHS YCTaBOK IIOZO
3HIDKEHHS TUCKY TEPIIOTO KOHTYPY A0 3Hau€Hb, 3a SKUX MOXKJIMBA MOJada BijJ HACOCIB
TQ13-33D01, 3acyBka Ha Hamopi TQ13-33S07 BigkpuBaeThbcs, a 3aCyBKH Ha JiHIl
PELMPKYJIALIT 3aKpUBatOThCs. [Ipy IbOMY OCTaTHBO 3aKPUTTS OJIHIET 3 JBOX 3aCyBOK
TQ13-33S05 a6o TQ13-33S06.

[Ticns cropoxuennsi 6aka TQ13-33B01 BigOyBaeTbest BIAKPUTTS (yCcTaBKa 3a
piBaem y Oaky TQ13-33B01) 3acyBku TQ13-33S26, 1 nonansiie nogaBaHHs GOpHOTO
po3unHy BinOyBaeTbcs 3 Oaka-mpuiiMaya ['A-201 3 Bomozabopis TQ10-30BO1 3a

CXEMOI0 (151 IEPIIOTO KaHAIy):

bax I'4-201 — TQ10B01 — TQ10S01 — TQ105802 — TQ10W01 — TQ13526
— 1013501 — TQ13501 — TQI13D01 — TQ13507 — Peaxmop — Teuia — bax [ 'A-
201.

HopmanbHe mnonokeHHs 3acyBok Ha JiHIi penupkyssimi TQ13(23,33)S06,
TQ13(23,33)S05 - 3akpute. Ilig gac 3amycky Hacoca miJ 4ac BUIPOOyBaHHS abo 3a
aBapifHUM CUTHAJIOM OOMJIBI 111 3aCYBKU MarOTh Binkputucs. [1ix gac nmepexomy podotu
HAcoca Ha MEepUINi KOHTYpP 3aCYBKH 3aKpHUBAIOTHCS (IOCTATHHO 3aKPUTTSI OJIHIET 3 TBOX

3aCYBOK).
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SAx BumHo, moriuHe 3'eqHaHHsA 3acyBok TQ13(23,33)S06, TQ13(23,33)S05
3MIHIOETbCS. BUXOIsM4M 3 NPUHIUIY KOHCEPBATHU3MY, 3aCTOCOBYEMO IOCIIOBHE
3'€THaHHA 3aCYBOK.

Crnig 3a3HauuTH, 1O MiJ Yac poOOTH peakTopa Ha MOTYXKHOCTI BXKHTO 3aXOiB
HI0JI0 3arno0iraHHs HECaHKI[IOHOBAaHOMY 3auMHeHHI0 apmatypu TQ13(23,33)SO01 Ha
BCMOKTYBaHHI HacOCIB, a caMe MPUBOJIM apMaTypH 3aKpUTI HA JIAHIIOTH 13 3aMKoM. [Ipu
IBOMY € MOJKJIMBICTh 3aKpPHUTTSI apMaTypH BiJl py4YHOTO NpuBoay. ToMy Isi apMmarypa
PO3IIIAAAEThCA K pyUHa.

Po3paxyHkoBa Ta JIOri4Ha CXE€MH ISl aHali3y HaAIMHOCTI pOOOTH CHCTEMH
noAaHo B Aojnatky B Ha pucynkax B.9 i B.10.

KoedimieHT roTOBHOCTI 11 IT1€1 CUCTEMHU Ma€ BUTJIS/L;

[ = (1= K (OKE O = (1= K2 ()1 = K (0)?) X
Kp = TaJo 4.3)
X (1= Kep (OKHI (E(1 = (1 = K () (1 = KEL D)) X,

x (1= Kiz()Kie ()1 — (1 — K{15(0)) (A — Kf15 ()}t

ne Ko (t), Ko (t), Ks (t) - HKI' ans po3paxyHKOBUX e€JleMEHTIB 1-3,
pO3paxyHKoBa 3aiexHICTh (3.37) (auB. Moaens 4);

Kry, K, Kre , Ki7, Krg , Kro, Ko, Kr1y, Kz - HKD s pemrra

pPO3paxXyHKOBHUX €JIEMEHTIB, 10 (YHKIIOHYIOTh 3a rpadoro III Tumy, po3paxyHkoBa

3aNexHICTh (3.24).
4.3.3 Buxiad1 gaHi

Ckrnang pos3paxyHKoBUX ejeMeHTiB Ta ixHix I[IH HaBemeni B momatky B
tabmui B.3.

Crning 3a3HAuuTH, MO B pasi SKIIO I HOMEPOM PO3PaXyYHKOBOTO €JIEMEHTa
BKa3aHO KIJbKa €JIEMEHTIB, TO TEXHOJOIIYHE IO3HAYEHHSA OO0JaJHAaHHS BIIMNOBIAAE

CKJIa/ly MEpIIOro 3 MepeidYeHNX PO3PaXyHKOBUX €IEMEHTIB.
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4.4 Cuctema BBeneHHs O0py 3 Hacocamu nogadi 6opy (TQ14,24,34)

4.4.1 InenTudikaiisi CHCTEMH

Cucrema € aKTHBHOIO CHUCTEMOIO O€3NeKd 1 TMpu3HAuYeHa i I0JaBaHHS
BHCOKOKOHIIEHTPOBAHOTO PO3YMHY OOpPHOI KUCIOTH KOHIEHTpaIli€to moHaiMenie 40
I/KT 1 BUTPATOIO IOHalMeHIe 6 M> /rof 3a TUCKY B 1 KoHTYpi 160 xre/cm?,

Cucrema CKIaJa€ThCsl 3 TPHOX HE3AIECKHUX KAaHAJIB, KOKEH 3 SKMX 3JaTHUN
BUKOHATH HEOOX1/1HI (PYHKIIi B IOBHOMY 0OCS31.

TexHomoriuHy cxeMy KaHaldy CHCTEMH MPEICTaBICHO B JAOJaTKy B Ha puCyHKY

B.11.

4.4.2 MonenroBaHHSA CUCTEMUA

BunpoOyBanHsi Hacoca MPOXOJATh MO JIHIL PEIUPKYIALIL 32 CXeMOIo (s

MEPIIOro KaHaTy CUCTEMHU):

TQ14B01 — TQ14S19 — TQ14D0I — TQ14S01 — TQ14S01 — TQ14S04 —
TQ14503 — TQI14B01.

Bunpo6ysanns s kanamis TQ24, TQ34 npoxoaaTh 3a aHAIOTTYHUMH CXEMaMHU.

[lin yac poboOTM B pexkumi aBapii HACOC BMHUKAETHCA Ha PELUPKYIALII0 32
BUNPOOYBaNIbHOIO  cxeMoro. IIpu 1mpboMy 3acyBKM Ha  JiHIT  pEeUUPKYJISIIT
TQ14(24,34)S03,S04 y pexumi dYepryBaHHS BIIKPUTI 1 TMPOJAOBKYIOTh OyTH
BIJIKDUTUMH T11]1 YaC YBIMKHEHHSI HACOCa 32 BUIPOOYBAIBHOIO CXEMOIO.

VY pasi BUHUKHEHHS aBapii 3 HEOOXITHICTIO Toja4yl 6opHoro po3uuny Big TQ14
(24,34) DO1 aBromaTm4HO BimKpuBaeThcs 3acyBka 1Q14 (24,34) SO7, 1 omepatop
MMOBUHEH 3aKpUTHU 3aCyBKH Ha JiH1T PeLUPKYJIALIT
TQ14 (24,34) S03, S04.

Tomy 3acyBku TQ14(24,34)S03,S04 € TuibKU qyOII0OI0YMMH €JIEMEHTaAMU.
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Po3paxynkoBa Ta JjoriyHa cXeMHu IS aHaMi3y HaIIHOCTI POOOTH CHUCTEMU
HaBeZleH1 B 1oaaTky B Ha pucynkax B.12 1 B.13.

KoeditieHT roTOBHOCTI J1s IT1€1 CUCTEMHU Ma€ BUTJIS/L:

1 (Ta
T {1 -1 =K1 (OKH (01 — (1 = K ()1 = Kfg (£))?) x
Kr= a’o (4.4)
X (1= K (DK (1 = (1= K ()1 = K ()% %,

x (1 = Ki3(O)Kre (0)(1 — (1 — Ki11 () (A — K{15(6)))*)}de

ne  Ku(t), Kwo(t), Ks(t) — HKI gns po3paxyHKOBUX €JEeMEHTIB 1-3,
pO3paxyHKoBa 3aiexHICTh (3.37) (auB. Moaens 4);

KL KPS A, KL KA, KU, KA K, HKT o peurnn

pPO3paxXyHKOBHUX €JIEMEHTIB, 10 (YHKUIOHYIOTh 3a rpadoro III Tumy, po3paxyHkoBa

3aNexHICTD (3.24).
4.4.3 BuxigHi gaHi

Cknan po3paxyHkoBux enemeHTiB Ta ixHix IIH nHaBeneni B gonmatky B TaGmui

B.4.
Cnig 3a3HAYMTH, 1O B pasl SKIIO MiJ HOMEPOM pPO3PAXYHKOBOTO €JIEMEHTA

BKa3aHO KIJbKa €JIEMEHTIB, TO TEXHOJOTIYHE NO3HAYEHHS OOJaJHaHHS BIJIMOBIJAE

CKJIay TIEPIIOTO 3 MepeideHNX PO3PaXyHKOBUX €JIEMEHTIB.

4.5 Cuctema aBapiitHO1 )KUBHIIBHOI BoAu maporereparopis (1X10,20,30)

4.5.1 InenTudikariisi cCucTeMu

Cucrema aBapiiiHoro nojgaBanss xuBuibHO1 Boau (CAITXKB) y maporenepatopu
MpU3HaYeHa JUIsl TI0JIaBaHHS KUBUJILHOT BOAM B MApOTr€HEPATOPH B aBapiiiHUX peKuMax

pobotu Onoka, MOB'SI3aHUX 31 3HECTPYMJICHHAM OJIOKa 1 MOPYLIEHHSM HOPMaJbHOTO

IHogaBaHHA YKUBUJIBHO1 BOJHX B IIapOTCHEPATOPH.
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KputepieM BukoHaHHS (QYHKIIM CHCTEMOIO € 3a0e3Me4eHHs Mojayl >KUBUIIBHOI
Boau B III', a Takox BUKOHaHHS BUMOTH 3 00Ky PV - 3a0e3meunTy momayy 3HeCOJIEHOI
Boau B III" 3 BuTparorw He MeH1Ie:

. 150 m* /ron ipu P = 64 krc/em? (6,4 MIla);

. 125 m* /ron ipu P = 70 kre/em? (6,9 MlTa);

. 80 M /ron ipu P = 86 krc/cm? (8,5 MITa).

Texnonoriuny cxemy cucremu CAIDKB mpencraBneHo B npomarky B Ha

pucyHky B.14.

4.5.2 MopaenroBaHHSA CUCTEMH

BunpoOyBaHHS HACOCIB CUCTEMHU MPOXOJATH MO JIHIT PEUUPKYIISLIi 32 CXEMOIO

(7151 IepIIOro KaHaTy CUCTEMHU):

TX10B0I — TX10S801 — TX10D0I — TX105802 — TX10E04 — TXI10BO01.

BunpoOyBanns iHmux aBox kaHamiB TX20, TX30 npoxoadars 3a aHaJOTTYHUMU
CXEeMaMH.

Cning 3a3HauMTH, MO B pexkumi uvepryBaHHs 3acyBku TX10(20,30)S04,S05
3aKpUTI 1 MiJ 4ac BUMPOOYBAHHS HACOCIB MO JIIHII PELUPKYJIALIl HE 3MIHIOIOTH CBOTO
nosioxkeHHs. Ilim wac aBapii 3acyBku TX10(20,30)S04,S05 BinkpuBaroThCs, HACOC
3alyCKaeThCsl 3a BUIMPOOYBAJILHOIO cxeMoro, a mimxkuBieHHs B I perymroeThcs
perymstopamu  TX11S05, TX21S02, TX22S02, TX12S05, TX13S05, TX31S02,
TX32502, TX14S05.

3a BigKpuTOro perynaropa BianosigHoro I1I" THCK y HamipHIN JiHIT cTa€ MEHITUM
3a TMaAiHHS TUCKY Ha JpocenbHId maibi minii permpkyismii TX10(20,30)E04, 1
XIM3HECOJIeHa BOJIa TOYMHAE HAIXOAUTH y BianoBiauuii I11.

Ockinbku enexktpocxemy 3acyBku TX10(20,30)S01 poszibpano, a cama 3acyBka
3aKpuTa Ha 3aMOK (y BIAKPUTOMY IOJIOXKEHHI1), TO 1[I0 3aCyBKY KJIaCU(]IKyeMO SIK pyUHY.

Kputepiit BigiMOBH - BIACYTHICTb ITOAa41l BOAM B yC1 TapOTeHEPATOPH.
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Po3paxynkoBa Ta JjoriyHa cXeMHu IS aHaMi3y HaIIHOCTI POOOTH CHUCTEMU
HaBeZIeH1 B 1oaaTky B Ha pucynkax B.15 1 B.16.

KoeditieHT roTOBHOCTI J1s IT1€1 CUCTEMHU Ma€ BUTJIS/L:

1 (Ta
= f {1- (1= Ka OKE O = (1 = K5 (OKizs () (1 = Ker (DKHE(OKr24(D)))) X

X (1 - KrZ (t)K[{éI(t)(l - (1 - (1 - (1 - KFB(t))(l - Kr9(t)))Kr25(t)KI{{I7(t)) X
Kr= X (1 = KooK (DKe26(8)) (1 = Ket 1 (DKFL (O Kra7 (6)) X (4-5)

X (1= (1= =Ke12(0)) (1 = Kr13(£))) K28 (DK (1)) X
X (1 = Kz (DK ()1 = (1 = Kra (DK (D Kiz0 () (1 — Ki55 (1) Kizo (0))))}dt

ne  Ku(t), Ke(t), Ks(t) — HKI po3paxyHKOBUX €JI€MEHTIB, 110 BKIIOYAIOTh J0
CBOTO CKJaAy €JIeMEHTH YCTaTKyBaHHs, BUIMPOOYBAHHS SIKUX TMPU3BOJUTH KaHAI IO
Hempane3aaTHOCTI (Ha 4ac BUMIPOOYBaHb), TOMY BOHU PO3paxoBYIOThCA 3a (3.40);

Kz (1), K (1), Ko (1), ... - HK[ po3paxyHKOBHX €IE€MEHTIB, IIIO
MOJICNIIOIOTh  BUNPOOYBaHI €JEMEHTH YyCTaTKyBaHHS, BUIPOOYBAHHS SKUX HE
MPU3BOAUTH KaHAJI JI0 HEMpale3aaTHOCT1, po3paxoByroThes 3a (3.37);

KM KD KT ... - HKD HeBumpoOyBaHHMX pPO3paxyHKOBUX €IEMCHTIB

pO3paxoByIOThCs 32 (3.24).
4.5.3 Buxiani gaHi

Ckuag po3paxyHkoBuX eneMmeHTiB Ta ixHix [TH nogano B nonatky B Tabmumi B.S.
Cnig 3a3HayuTd, MO0 B pa3l AKIIO I HOMEPOM PO3PaXyHKOBOTO €JIEMEHTa
BKa3aHO KIJbKa €JEMEHTIB, TO TEXHOJIOTYHE MO3HaueHHs oOJiagHaHHs BiJIOBIgac

CKJIay MEPIIOro 3 MepeidyeHrX Po3paxyHKOBUX €JIEMEHTIB.
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4.6 Cuctema TexHIYHOT BoU BiamoBinansHuX cnoxuBadiB (VF/QF)

4.6.1 InenTudikaiiis cucreMu

CucteMa TeXBOJW BIJINMOBIIAIBHUX CIOXKHUBAYIB MpU3HAYEHA IS 3a0e3MeUeHHS
OXO0JIOJPKYBAJIbHOIO BOJIOIO OOJIaJIHAHHS CHUCTEM, BaXKJIWUBHUX IS O€3MEKH 1 CHUCTEM
HOpPMAaJIbHOI €KCILTyaTalli.

CucreMa CKIATa€eThCs 3 TPhOX HE3aJICKHUX KaHAJB, KOXKEH 3 SKUX 3a0e3redye
BOJIOIO BJIACHUX CIIO>KMBauiB (I10Ja4a BOJAM BiJ OJHOTO KaHAIy JI0 CHOKHBAYiB 1HILIOTO
KaHaITy i yac poOOTH peakTopa Ha MOTY>KHOCTI HEMOXKJIUBA).

TexHoJIOTIYHY cXeMy MEepIIoro KaHaly CUCTEMH MPEICTaBICHO B J0AaTKy B Ha

pucyHky B.17.

4.6.2 MopaenroBaHHSA CUCTEMHA

VY KOXHOMY KaHajl CUCTEMHM 3MOHTOBaHO jABa Hacocu QF11(21,31)DO1 1
QF11(21,31)D02. Ockinbku cucteMa TMOeAHYe€ (YHKIT CcUCTEeMU HOPMaJIbHOT
excrutyatarii Ta Cb, ouH 13 3a3HaU€HUX HACOCIB KOXKHOTO KaHajy rnepedyBae B poOoTi,
a IHIIMM - y pe3epBi.

OnuH pa3 Ha MiCSIlb BIIOYBAETHCS MEPEXiJl 3 OJHOTO HAcoca Ha IHIIUH, KpiM
TOT0, MPOBOSATH BUTPOOYBAHHS CUCTEMHU BIJI JKEPEN HAAIMHOTO €JIEKTPOIOCTaYaHHs, a
TaKOX BUMIPOOyBaHHs peryoBaibHoro kinamana VF40 (50,60) SO5 1 BiqmmMuBanHs Oaka
VF10 (20,30) BO1 3a nmomomoroto BmiuBYy Ha apmarypy Oaka VFI10 (20,30)
S03,S04,S05.

Takum 4MHOM, KITIOYOBOIO BIAMIHHICTIO ITI€T CUCTEMH BiJl PO3TJISIHYTUX PaHIIIE €
HasIBHICTh €JIECMEHTIB, 1[0 MPAIIOITh Oe3MepEePBHO.

EnemenTtu cucremu, uepes sKi MOCTIHO UPKYITIOE BOJA:

o VP10(20,30)S01,S02,S03;

o QF11(21,31)NO1;

o VF40(50,60)S06;
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o VF11(21,31)S01,S03,S04;

o VF12(22,32)S01,S03,S04,506,507,S09,S11,S13,S14,S15.

EnemenTn, siki mpamioroTh Oe€3MepepBHO MPOTITOM MEBHOTO Yacy, a IOTIM
NEPEBOSATHCS B PE3EPB:

o QF11(21,31)S04,S05;

o QF11(21,31)D01,D02;

o QF11(21,31)S06,S08;

o QF11(21,31)S07,S09.

EnemenTy, siki nepioJuYHO BUIPOOOBYIOThCS:

o VF10(20,30)S03,S04,S05 - y pa3i npoBeneHHs] BIIMUBAHHS 3 MEPEIUBOM
VF10(20,30)B01;

o VF40(50,60)S05 - mromicsus mijg yac MPOBEJACHHS MEPEXoAy 3 poOoUoro
HAacoca Ha pe3epBHUM.

EnemenTn, siki HE PaIIOIOTh MK BUIIPOOYBaHHSIMU:

o VF10(20,30)BO01.

[Iporenypa miaHoBOro Mepexoay Ha pe3epBHI HACOCH (TIPOBOIUTHCS IIIOMICSIIA):

1. TToyaTkOBUY CTaH CUCTEMU MEPE] BUKOHAHHIM MEPEXOY:
o y poooti VF10(20,30), QF10(20,30);

apmatypa QF11(21,31)S04,S05,S07,S09 Binkpura;
apmatypa QF11(21,31)S10,S11 3akpura.

2. TlpoBoauThCsi BHUMIPIOBAHHA  BIOPOIIBUIKOCTI  MIAIIUIHUKIB  BY3JiB
npaitorouoro Hacoca QF11 (21,31) DO1 (DO02).

3. 3anyctutu pesepBHuid Hacoc QF11(21,31)D01(D02) (mpu upomy obuaBa
HACOCH OJTHOTO KaHaJy SIKUHCh Yac MPaIIOI0Th Pa3oM).

4. 3a BIJICYTHOCTI 3ayBake€Hb 3aKpUTH 3aCyBKy Ha Halopi Hacoca, 10
BUBOJUTHCS B pe3epB, QF11(21,31)S09(S07).

5. BimkioouWTH HAcoC, IO BUBOJMUTHCS B PEe3epB. 3a HASBHOCTI 3ayBa)kKCHb
3aKpUTH 3aCyBKy Ha Hamopi HecmpaBHoro Hacoca QF11(21,31)S09(S07). Hacoc
3YIIUHUTH, YXBAJIUTH PIIICHHS PO PEMOHT.

6. Binkputu 3acyBKy Ha Hamopi Hacoca, BUBEJACHOTO B PE3€PB.
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7. IIpoBectu BUMIipIOBaHHS BIOPOUIBUAKOCTI MIAIIUIHUKIB BY3JIIB MPALIOI0YOT0
Hacoca.

8. Bukonatu mepeBipKy oOnajaHaHHA Ta TpyOompoBomaiB cucteMu VF Ha
TepPMETUYHICTD 1 CIIPABHICTb.

[Ipouienypa  mIaHoOBOrO  BUOPOOYBaHHS B JOKEpeNl  aBapiifiHOTO
€HEepronocTadyans (MPOBOJIUTHCS IIIOMICSIIS):

1. TlouaTkOBUU CTaH CUCTEMU:

o y po6oti VF10(20,30), QF10(20,30);
apmatypa QF11(21,31)S04,S05,S07,S09 Biakpura;
apmatypa QF11(21,31)S10,S11 3akpura.

2. Bukonano texoOciyroByBanHsi Oaka VF10(20,30) 3 apeHyBaHHs ocany i3
3anmyueHHam apmatypu VF10(20,30)S03,S04,S05.

3. 3uatu 3 ABP Hacoc, mo mepeOyBae B pesepsi, nepeBectu KY Hacoca B
nonokeHHs "Pemont". (Lls nmis 3a0e3meuye mepeBipKy/3allyCcK TUIBKH OJHOTO
MPALIOI0Y0r0 HAcoca).

4. 3akpuTH 3aCyBKY Ha Hamopi npamrorouoro Hacoca QF11(21,31)S07(S09).

5. 3nectpymutu cekuii BV(BW,BX).

6. IlpokoHTpoONIOBAaTH 3amMyCK Hacoca, IO MpaIlOBaB paHille, 3a MPOrpaMmoro
CTYTIEHEBOTO MYCKY (TpeTiil cTyIiHb - yepe3 10 cek micis 3amycky ).

7. TIpOKOHTPONIOBATH TOYATOK BIAKPUTTS 3aCyBKM Ha HANopi MpPaIiorvoro
Hacoca QF11(21,31)S07(S09). 3ynuHuTH BiIKpUTTS 3a3HaY€HOT 3aCyBKH B TOJIO)KCHHI
50 - 80 % BiakputTs. (LS onepais BUKOHYETHCS JIsI KOHTPOIK HOPMAJIbHOTO 3JIUBY
3anmacy Boau 3 Oaka VFI10 (20,30) BOl npu 3arpumii 13 3amycKOM Hacoca
QF11 (21,31) D01 (D02).)

8. KourtpomoBatu 31uB 13 Oaka VF10(20,30)BO1 (KOHTpoOJIb MOJOKEHHS
3BopoTHoro kiamada VF10S05 i pieas B 6aky VF10(20,30)B01).

9. [TIlepeBectm cucTteMy Ha HOpPMalbHE JKUBJICHHS. [IpokoHTpoIOBAaTH
crabimizamito piBHs B Oaky VF10(20,30)BO1 nHa HomiHaneHOMY piBHI. IlepeBectun
HACOC, 0 mepedyBae B pe3epBi, y MoJIoKeHHs - B3BoL ABP.

Cnijt 3a3HAYUTH, 1110 TUTIOBUM periaMeHT 0e3nedyHoi excruryararii TPB-1000 [55]
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HE BHMAarae IIOMICSYHOI MEpPeBIPKU KEepyBaHHS apMaTypol0 CHUCTEMH BiJ KIIOYiB
kepyBaHHs (Tab. 5.2.5 TPB-1000 [55]).

Buxoasuu 3 anamzy rpadika TO, BunpoOyBaHHS, BUIPOOYBaHb 1 MEPEXOJIIB 32
ABP [40], nepexoau B pi3HHX KaHallaX CUCTEMH BUKOHYIOTHCS B PI3HHI Yac. 3CyB Mixk
nepexo/IaMH 1o KaHajlaX CTaHOBUTH OJu3bKo 10 1i0.

Ycepeauni koxknoro kanany QF/VF € pezepByBaHHs 110 HACOCHIN MIJCUCTEMI 32
IIPUHLAIIOM 2 3 2.

Po3paxyHkoBa Ta JIOTi4HA CXE€MH [UJIs aHANI3y HAAIMHOCTI pOOOTH CHUCTEMH
noAaHo B Aojatky B Ha pucynkax B.18 1 B.19.

KoedimieHT roTOBHOCTI PO3PaxOBYETHCS IJIsi KOXKHOTO KaHATY CUCTEMU OKPEMO.

Jl71st mepiioro KaHaiay CUCTEMH KO€(IIIEHT TOTOBHOCTI Ma€ BUTJISIL;

1 (T
Kr= T {Ka(©(1 = (1= K, (0)(A = K3 () K (OKEE (0 }de (4.6)
aJo

ne Kri(t) — HKD' ans po3paxyHKOBOro enemeHTa 1, po3paxyHKOBa 3aJ€kKHICTh
(3.37);

K (t), Ki3 (t) - HKT ams po3paxyHKOBUX €1€MEHTIB 2,3, siki yTBOPIOIOTH I ATHII
I/IT 1 po3paxoByroThes 3a (3.58) (muB. Moaens 7);

Kl - HKI nus GesmepepBHO NpALIOUYMX EIEMEHTIB, MO (YHKIIOHYIOTH 3a
rpadowm II Tumy, po3paxyHkoBa 3anexHICTh (3.22);

K- HKT mns enemeHTiB, mo ¢pyHKuionytots 3a rpadom 111 tumy, pospaxyHkoBa
3aNexHICTh (3.24).

KoeditieHT roTOBHOCTI AJ1 PEIITH JIBOX KaHAIIB Ma€ TOW CaMHMU BUTJISI, OJHAK
y po3paxynkoBux Bupazax (3.37), (3.58) nns enementiB 1-3 HEOOX1THO 3MIHUTH HOMEP

KaHamy I.
4.6.3 Buxigai gadi

Ckrnan pos3paxyHkoBux ejeMeHTiB Ta ixHix I[IH HaBegeni B momatky B
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tabnui B.6.

Crnig 3a3HauuTH, MO0 B pa3l SKIIO M HOMEPOM pPO3pPaxyHKOBOTO €JIEMEHTa
BKa3aHO KIJbKa €JIEMEHTIB, TO TEXHOJOIIYHE NO3HA4YEHHS OOJIaJHAHHS BIAIOBIIAE

CKJIa/ly TIEPIIOTO 3 MePeidYeHNX PO3paxXyHKOBUX €JIEMEHTIB.

4.7 Pe3epBHa mu3enpHa enektpoctanilis (PIEC)

4.7.1 Inentudikariis cucteMu

PesepBHa nuzenbHa enexktpuyHa craduis (PAEC) € aBToHOMHUM aBapiiiHUM
JIKEPEJIOM €JICKTPOTNIOCTa4aHHs BiAMOBIAabHUX criokuBauiB AEC, 30kpeMa 3aXUCHHUX 1
JIOKANI3yBaJbHUX TMPHUCTPOIB, Yy pa3l 3HUKHEHHS HAMpPYrd Ha CEKIli HaaIiHOTO
xuieHHs: BV, BW 1 BX. PJIEC € cuctemoro 0e3reku, 1o 3ade3neuye, 1 CKJIaJI0BOIO
YaCTUHOIO CUCTEMU aBapIHHOTO €HEPronoCTayaHHs.

B ocnoBy npoekty PJIEC nokiaseHo Taki OCHOBHI IPUHITUITN Ta KPUTEPIi:

° ABTOMATUYHUI 3alMyCK AU3eb-TeHepaTopa 3a0e3neuyeThesi MpoTsrom 15
CEeK 3 MOMEHTY MOJaHHS KOMaHJM Ha MyCK O MOMEHTY TOTOBHOCTI JO TPUUHSTTS
HABAHTAKCHHS,

° yac HeoOciyroByBaHoi poOoTH nu3enb-reHepatopis PJIEC B aBapiiiHoMy
pexuMi cTaHOBUTH 240 rouH;

° pobGoui enement PJIEC 3a0e3nedye MOMJIIMBICTH HEPIOJUYHOTO
BUNIPOOYBAHHSI JIJIsl BUSBJICHHSI IXHBO1 TIPaIie31aTHOCTI;

° KopotkouacHui (31 3HATTSIM [ 3 peskumy "Peseps" mo 72 roauH) peMOHT
onuiei 3 Tppox PJIEC 0Oiioky Moke NpOBOAUTHCS IiJI 4ac poOOTH peakTopa Ha
HOTYXHOCTI;

° miJ 4ac BUNPOOYBaHHS AU3EIb-T€HEpAaTOpa HA BUJALIICHE HABAHTAXKECHHS
PJIEC He BTpayae cBOiX (hyHKIIIOHAIbHUX BIACTUBOCTEM;

° po0OOTy AM3eTb-TEHEPATOPIB MApAIETBLHO 3 MEPEXKEI0 MepeadadaroTh i
yac MPOBEJCHHS IMyCKO-HANIAroHKyBadbHUX POOIT 1 JJis BUIIPOOYBaHHS arperary Iij

HOMIHAJIFHUM HaBaHTAXEHHSM Ha HEIMPAIIOI0UOMY, PO3XOJIOKEHOMY PEaKTopi;
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° AKICTh ~ eneKkTpoeHeprii, mo  BupobOmserscss PIEC, Biamosimae
HOPMATHBHUM TIapaMeTpaM 3a HAPyTOIO 1 4aCTOTOIO;

° PIEC mnpoekTyeTbcs 3 ypaxyBaHHSIM 30BHINIHIX BIUIMBIB, 00YMOBIEHUX
YAApHOIO XBUJICIO, 3eMJICTPYCAMH, YparaHHUMH BITpaMH, TTOKEKaMH TOIIIO;

° BUKJIIOUCHO MOXJIUBICTh oOJHOYacHOi BTpatu TphoX PIEC oaHoro
eHepro0JI0Ka 31 CIiJILHOT IPUYUHHU.

VY pexumi HopMmanbHOI ekcrutyaranii eHeproonoka AEC PJIEC mepebyBaroth y
CTaHI IMOCTIMHOI TOTOBHOCTI JI0 MYycKy (pexum "Pe3eps").

Yei PJEC ckommoHOBaHI 1O Tpu B OJHOMY mOpumiiieHHi. [IpoctopoBa
130nb0BaHicTh PJIEC, po3ramioBaHux B OJTHOMY MPUMIIIEHHI, TIOCATAE€THCS HASIBHICTIO
MOXKEKOCTIMKUX Teperopoiok. Koxen eneprodiok 3adesneuyerscs Tppoma PIIEC.

MopentoBanHs poBOAUTHCA s Takux cucteM PJIEC:

1) manuBHa;

2)  macisHa;

3)  OXOJOJKEHHS:

— BHYTPIIIHBOTO KOHTYPY;

— 30BHIIIHBOTO KOHTYPY;

4)  ToBITpsIHA;

5)  mwmzenb-reneparop (AI).

[To xoxHIM cucTeMi 3 ypaxyBaHHSAM ii NMPU3HAYECHHS (POPMYIIOETHCS KpUTEpIin
BiJIMOBH.

TexHOJOrYyHI CXeMH KaHajiB 3a3HayeHUX BHUIIE CHUCTEM, pO3TalIOBAaHUX Y
nepurii komipii PJIEC, mpencraBieno B nomatky B wa pucynkax B.20 — B.25
(omepaTuBHE HaliMEHYBaHHS apMaTypu Ta 00JagHAHHS HABOMSTH IS TIEPIIOi CUCTEMU

Oe3mneKu, ISl APYTOoi 1 TPEThOi CUCTEM TepIly Hudpy 3aMIHIOIOTh BIIMOBIIHO Ha 2 1 3).

4.7.2 MopenoBaHHI CHUCTEMH Ta BHUXIOHI JaHI UII CUCTEM, IO BXOIITH 10

ckinany PAEC

Ilanusena cucmema
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[lanuBHa cuctema mnpu3HaueHa it Oe3mepebiifHOro 3abe3neveHHs Au3ens
namuBoM. CucremMa Mae 3a0e€3MeYUTH MHUTOMY BHUTpATy MajluBa 3a HOMIHAJIBHOI
noTy>HOCTI He MeHie 233 r/kBr-ron. ABToHoMHoro 3anacy namuBa Ha PJIEC wmae
BUCTA4YMTH Ha Oe3mepepBHy poOOTy cTaHIlli 0e3 J03arpaBlIeHHS IPOTATOM TPhOX 110 Ha
HABAaHTA)XEHHAX CTYIEHEBOTO MYCKY.

[Tim gac poboTu am3enst maauBO Ha (OPCYHKH TMOMAETHCS 3 BUTPATHOTO Oaka
yepe3 (uibTpu rpy0Oro 1 TOHKOTO O4YMINEHHS 3a jgornomororo Hacoca QC10DO1 1
HacociB [IHBT. IlonoBuenHss ButpatHoro Oaka QC11BO1 mig wac poborn I
IPOBOIUTLCA TEepioaudHo 3 mpomixkHoro 6aka QC12B01 o6'emom 100 M* . V pasi
3HMDKEHHSI PIBHS y BHUTPAaTHOMY Oalll 3a CUTHQJIAaMHU JAaTYUKIB PIBHSA BMHUKAETHCS
OCHOBHMM TMiJKayyBaJbHUI HACOC 1, 32 HEOOXIJHOCTI, - PE3EpBHUI MIJKavyBaIbHUI
Hacoc (s 30UTkIIEHHS mojayi y BuTpatHuii 0Oak). Enexrponacoc QCI11DO01
BUKOPHUCTOBYETHCS JUISI MPOKAUyBaHHS MAIIMBHOI CUCTEMH JU3EIISI TIEPET ITyCKOM.

VY mnporeci BUKOHAHHS TMOKJIAJEHOTO Ha TMAaJUBHY CHCTEMY 3aBJIaHHS BOHA
MPOXOUTH JBa etanu (PpyHKIioHyBaHHs. [lepimmii etan nmojsrae B yCHIIIHOMY 3alyCKy
(eram mycKy), Apyrvil - OCHOBHMI eTan 3a0e3neueHHs Oe3nepeOiiiHol moaadl najvuBa Ha
muzenb. [lpu 1mpomy ckiaa obnagHaHHS, MO 3a0e3medye YCIIINHE MPOXOHKCHHS
KOXKHOTO eTamy, pi3Huil. Ha mepmiomy erami 3aaisiHi oOjiaHaHHS Ta MEXaHI3MHU Ha

JUUTSHIIL:

oax QCI11B01 - nacoc QCI11D01 - mpybonposoou eécepeduni ouzes - bax
QCI1BO01.

I[Ipu wupomy Hacocu QCI1DO1 1 IIHBT He HecyTh (PyHKIIOHAIBHOIO
HABaHTa)XCHHS Ha €TaIll IyCKy, TOMY B JIOT1YHY CXE€MY HE BKIIIOUEHI.

Cnig 3a3HauuTH, 1O (GUIBTpaLis MajduBa € BAKIUBOK (YHKIIEIO CUCTEMHU, a
BiZIMOBa (iIbTpa HA KINTANAT 3aCMIYCHHS IIIJIKOM MOXJIMBA, TOMY OJIOKH (iIbTpiB
QCI1NO02,NO3,N04,N0O5, He3Bakaroud Ha BIACYTHICTh Yy HHUX PYXOMHX YacTHH,
BKJIFOUEHO JI0 pO3IVIAQY Ta IPEICTaBICHO B JIOTIYHIM CXeMl y BUIVISAI OKPEMHX

CTpyKTypHUX eneMeHTiB. PunbTpu ToHKOro oummeHHs QCI1INO02 1 QCIINO3 3a
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TEXHOJOTIYHOIO CXEMOI0 BCTAHOBJICHI Ha MapajelibHl IUISTHKU TpyoOorposoxy. [lpu
poMy (YHKI[IOHAJIbHE HaBaHTAKEHHSI HECE JIUIIE OJMH 13 Mapu (PuIbTPIB, Yepe3 KU
CIIPSIMOBY€ETHCSI BECh MAJIMBHHMM MOTIK. TOMy B JIOTIYHIA cxeMi (UIBTpU TMOAAHO SK
nyOnroBajibHI €leMEeHTH. Te came CTOCyeThCsl 1 mapu (iIbTPIB IpyOOro OUYHUIICHHS
QCI11NO04,NOs.

VY CcTpyKTypi MaJIUBHOI CHUCTEMH HEOOXITHO BpaxyBaTHU €JIEMEHTU IUISHKH BiJl
baka QCI1B0l1 go ©Oaka QCI12B01 BKIIOYHO, OCKIIBKH TUIBKH HasSBHICTH
mpare3[aTHOrO CTaHy i€l TJIKK 3a0e3MeunTh TpuBady Oe3nepediiiHy poOoTy maauBHOL
cucteMu. TakoX Ha IIbOMY €Talll MAKIIYAThECd B poOOTY NaIMBOMIAKAYYyBaJIbHHUM
Hacoc QC10DO1 1 mapa nacoci IIHBT, a nHacoc QC11DO01 Bigkito4a€eThCs.

Jloriuyny cxeMy mpejcTaBieHo B 10JaTKy B Ha pucyHky B.26.

Crnig 3a3HauuTH, 10, HE3BAXKAIOYM Ha TMapalieibHe 3'€JHAHHS OCHOBHOTO 1
pesepBHoro HacociB QC12D01, D02, y TexHONOTrIYHIN cXeMi MpU3HAYEHHs 1X pi3He. Y
HU3IIl BHMNAQAKIB TMiJ dYac poOOTHM TaJIMBHOI CHCTEMH HEOOXIJHE CIiJIbHE
(GyHKIL10HYBaHHS 000X HACOCIB, TOMY B JIOTTYHIM CX€Mi 1Ii TIJIKU 3'€IHAHO MOCI1JOBHO.

KomriekcHa nepeBipka 1€l cucTeMu MpoBOAUTHCS abo mia yac 3amycky ' Ha
xosioctoMy xony, abo mig yac ACIL Ilpu npomy BUIpoOyBaHHIO MiAAAIOTHCSA BCI
€JIEMEHTH CHCTEeMU ojHouYacHo. EjleMeHTH cuctemu, skl 3'€JHaHI MOCIIJOBHO 1 MalOTh
3arajgpbHui eauHui Tpadik BUMPOOyBaHb, 00'€IHYIOTHCS B OJIMH YKPYITHEHUN €JIEeMEHT
13 CYMapHOIO IHTEHCHUBHICTIO BIJIMOB.

Po3paxyHkoBy cxeMy JJisl pI3HUX €TariB POOOTH MAJMBHOI CUCTEMH
MPEJICTABICHO B 10/1aTKy B Ha pucyHky B.27.

CxJa yKpyImHEHOTO pPO3paxyHKOBOTrO eleMeHTa cuctemu Ta oro ITH nHaBeneno

B nonatky B tabmuii B.7.

Macnana cucmema PIHEC

Cuctema mnpu3HaueHa JJjis Oe3MepepBHOI IMOJayl OJMBM Ha 3MallyBaHHS Ta
OXOJIO/DKCHHS JIeTale Au3eis 1 MAMUIHUKIB TeHepaTopa, MpUHMaHHS, BUJIAJICHHS,
OouulIeHHs Ta 30epiranHs oyivBu. CucTeMa MOBHMHHA 3a0€3Me4yBaTH Cemapalilo OJUBU

Ta BUIAJIEHHS JOMIIIOK 1 BOJIOTH 3 OJIMBH.
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Crig 3a3HaunTH, IO CcKiIaj oOjamHaHHA Ta Woro xommonyBaHHs anst SPIECI 1
SPAEC2,3 pizui. VY wmacnocuctemi mnepmoi komipku PJIEC  ycranoBneHo
MacJiomiakadyBaiibHi Hacocu QD14D01,D02. V apyriit 1 Tpetit komipui PAEC y nanii
cHUCTeMi IX HeMae€, OJHAaK, y HId BCTAHOBJCHO Mapy 3aCyBOK 3 EJIEKTPOMPUBOIOM
QD14S03,S04, siki pakTUYHO BUKOHYIOTH (DYHKIIIIO MiAKaYyBaJIbHUX HACOCIB.

DyHKIIIO OYHIIEHHS, 30epiranHs, cernaparliii OJIMBY Ta BUIAJICHHS 3 HE1 JOMIIIIOK
1 BOJIOTH HE PO3MISIAIOTH SIK TakKy, IO ICTOTHO HE BIUIMBA€ HA BUKOHAHHS OCHOBHHX
bynkuit PIEC (noxnmagHuit aHami3 [bOT0 NPUITYIICHHS HABEJIEHO HIbK4YEe). ToMy HU3KY
TpyOONpPOBOIB, IPEHAKHUIA OaK 1 HACOC, a TaKOK HAcOC BIJIKAYyBaHHS, OJMBOOYHCHA
MamuHa 1 niazeMHi pesepByapu PJIEC Ha pucyHKax HE HaBEJEHO.

VY nporeci yepryBaHHs (0€3 3amycKy AU3eIb-TeHepaTopa) B MiKUBIIOBATLHOMY
0aKy 1 IUCTEpHI LMPKYJSLUIAHOIO MACTWUJa KOHTPOJIOIOTH PIBEHb 1, B pa3l HOro
3HIKEHHSI, 3'SICOBYIOTh NMPUYUHY, a MOTIM 3a JOMOMOTOI0 MiKUBIIOBAIILHUX HACOCIB
QD14DO01 (D02) a6o 3acyBok 3 enexrpornpuBogom QD14S03 (S04) (s SPDC2,3)
NPOBOJATh MIKUBICHHS €eMHOcTed 13 Oaka 3amacy QD14BO01. Ilix yac yepryBaHHS
PJIEC koHTpoIII0I0TH HasABHICTH Macia B ['A.

[Tix gac 3a1licCHeHHS 3amycKy au3enb-TeHeparopa ([I') maciocucrema npoxoauTh
nBa eranu (QYyHKIIOHYBaHHSA. ETanmu pI3HATBCA SK TOKIAACHUMU Ha CHCTEMY
GyHKIISIMH, TaK 1 CKJIaJ0M 00JIaTHAHHS, 33/[ITHOTO Ha I[bOMY €Talll.

Ha nepmomy erami QyHkuionyBanHsi mij dac 3anycky JII' macio mijg BeTUKUM

TUCKOM HaAXOMUTh Bix ['A 110 riim:

ODI12D03 — QDI11S12 — enympiutHb0KOpNyCcHi npucmpoi ousens —
eenepamop — yucmepua QDI11B0]1.

Jlam  migKIIoYaroThCsl MMTHEBMOMPUBOJHI  OJMBOIPOKAYYyBallbHI — arperaTt, 1

IUPKYJISIIIIS Macia 31HCHIOETHCS 3a CXEMOIO:

yucmepna QDI11B01 — AMII — ¢inomp QDI12NO1— QD12502 — ouszenv —
eenepamop — yucmepua QDI11B0].
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[Togaya Bim rigpoakymynstopiB (I'A) Ha mnpuBIA BEIMKUX JTOMOMIKHHUX
MEXaHI3MIB IIPOBOJUTHCS MPAKTUYHO OJHOYACHO 3 HEBEJIIMKHUM BUIIEPEIKEHHSM 110/1a41
Bin ['A. Mexani3mu, 3ajisHI Ha IIbOMY eTari (QYHKI[IOHYBaHHS, MAalOTh 3a0€3MeYnTH
HEOOX1THUI MyCKOBHM TUCK Macja B CHUCTEMI.

Jloriuna cxema BKJIIOYAaEe OONaJHAHHSA g 000X eTamiB (YHKI[IOHYBaHHS. Y
CXeMi € JBl TapaJiefbHI TIIKWA, 0 SIKAX BXOJSITh HACOCH 13 ITHEBMOMPUBOIOM 1
apMaTypor0 Ha BCMOKTYBaHHI Ta HaIopi IUX HACOCIB, 10 AyOJIOI0Th OJAWH OJTHOTO T
4yac BUKOHAHHSI CBO€ET (DYHKIII.

[Tonaneine noctayanus MacyioM /1" 311CHIOETHCSI IO OCHOBHOMY KOHTYPY:

yucmeprua QDI11B01 — QD11S04 — yupxynayitinuti Hacoc ouzeas QD10D01—
Ginemp ODI11INO2 — oxonooocysaui macia QDI1IWOI, W02 — ouseno — QDI17S01 —
OD17501 — eenepamop — yucmeprna QD11B01.

Komrmencartist mpoTikaHb OCHOBHOTO KOHTYPY 3IIACHIOEThCS 3 Oaka QD11B02. ¥V
pa3i maaiHHs piBHA B O0axky QDI11B02 iforo mifkuBJI€HHS 3I1MCHIOETHCS BIJl Hacoca
QD13DO01 a6o Bix mimxuBmoBaasHux HacociB QD14D01 1 QD14D02 3 6aka 3amacy
QD14B01. Bix mmKUBIIOBAIBHUX HACOCIB TaKOX 3IIMCHIOETHCS IT1KHBJICHHS
nucrepun QD11BO01. VYei enementn oOnaaHaHHS, 3aAisiHl Ha JApyroMy eTari
byHKIIIOHYBaHHA, 30KpeMa OOJaJHaHHS Ha JIHIAX MMoJadl Macia 3 Oaka 3amacy 1
N1JUKUBIIOBAIBHOTO  0aka, BXOIATh JIO CTPYKTYpPHOI CXeMH. 3a BIACYTHOCTI
MOIIKO)KEHb Yy MAcJIOCUCTEMIi, MOB'I3aHMX 31 3HAYHUM BUTOKOM Macia, TMOJaBaHHS
omuBu Bix HacociB QD14D01,D02 a6o BiakputTs 3acyBok QD14S03,S04 (B
aNbTepHATUBHIN KOH(Irypailii) He MoTpiOHe. 3anacy Macia B IMiJKUBIIOBAIBHOMY OaKy
QDI11B02 1 mupkymsmiitHii muctepri QD11B01 gocratHbo ans 6e3nepepBHOT pobOTH
PJIEC npotsirom 10 116. Tomy min yac nepioguuanx sunpoOyBans PJIEC obnagnanss,
o 3/71CcHIOE ToAady macia 3 Oaka 3amacy QD14BO01, He 3amisiHe 1 KOHCEpPBATUBHO
BBAXKAETHCS TAKUM, 1110 HE BUMPOOOBYEThCS. [Ipy 1IbOMY 1IHTEHCHUBHICTH BIIMOB Yepe3

HESKICHE TIPOBEJEHHS BUIMPOOYBaHb A TaKUX €JIEMEHTIB BIACYTHsS. By3zon
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MHKUBITIOBAILHUX HACOCIB 3 apMaTyporo (3acyBku 3 enektpornpuBogoM mis SPJIEC-
2,3) YTBOPIOE B CTPYKTYpHIM cXeMi mapayienbHe 3'eqHaHHsA. JIOTI4HY cXeMy CHUCTEMU
HaBEJICHO B 10/1aTKy B Ha pucynky B.28.

Crning 3a3HauMTH, 110, HE3BAKAIOYM HA T€, MO0 B TEXHOJIOTIYHIN CXeMi HH3KY
€JIEMEHTIB 300pak€HO SK JiBa MapajeabHo 3'€IHaH1 00'€KTH, Y CTPYKTYPHIM cxeMi BOHU
MOB'sI3aH1 TOCTIAOBHO. [le BUHMKAe BHACTIOK TOTO, IO (DYHKI[IOHAJIBLHO OO0JaJ HAHHS
BUKOHY€ JOMOBHIOBAJIBHY (YHKIIIIO, 1 B pasi BiAMOBH, HAMPUKIAI, OJHOTO 3 JIBOX
oxonomkyBauiB QDI1WO01(W02) oxonomxeHHss Oyne HEIOCTaTHIM, a MPOTIKAHHS
OXO0JIOJIPKyBaua MPU3BOJUTH J0 BIAMOBM CHCTEMU. Te came MOKHA CKa3zaTh WI0JI0
¢bimeTpiB QD11IN02, QDI1INOI.

Pi3Huns B KOMIOHyBaHHI Ta cKiaal oOmamaHaHHS s KoMmipok PJIEC 6okiB
3AEC npusBena 10 BIIMIHHOCTI B CTPYKTYPHHUX CXEeMax.

KomriekcHa nepeBipka I1i€i cucTeMu MpoBOAUTHCS abo i yac 3amycky JI™ Ha
xoJjioctoMy xoay, ado mijx yac ACIIL. Yci enementu cuctemMu, 3'€lHaH1 MOCHIIOBHO, 110
MalTh OJIHAKOBUH Tpadik BUNPOOYBaHb, OO'€IHYIOTbCA B OJHMH PO3PAXYHKOBUUI
CJIEMEHT 13 CyMapHOI0 1HTCHCUBHICTIO BiJIMOB.

PospaxyHnkoBa cxema HaBeieHa B 101aTKy B Ha pucyHky B.29.

Cknaz yKpyIHEHOrO €JIEMEHTa pOo3paxyHKoBOi cxemu Ta ioro IIH HaBeneHo B

nonatky B, rabmuisg B.S.

Cucmema 600U 8HYymMpiuiHb020 KOHMYPY

Cucrema mpu3HadeHa JUisl TPUAMaHHS, TEepeKadyBaHHA 1 TMOJadi BOAM IS
OXOJIO/DKCHHSI BHYTPIINTHBOKOPITYCHUX TPUCTPOIB JU3ENs 1 BIABENCHHS TeIjla B
tertoooMiHHUKY QE11WO1 110 cuctemMu 0X0JI0/1KEHHS 30BHIIIHBOTO KOHTYPY.

JJist mpOMUBaHHST CUCTEMU BUKOPHUCTOBYEThCS po3unH 3 6aka QE13B02 emHicTio
2,5 M . @DyHKIIIS TTPOMUBAHHS HE € OCHOBHOIO [IJIsi III€] CHCTEMH, a caM MpolecC
POMUBAHHSI CUCTEMU HE MOB'si3aHui 3 nepiognunuMu BunpoOyBanHsmu PJIEC. Tomy
enemeHT 0ak QE13B02 pa3oMm 3 00B'A3K0I0 BUKITIOYEHO 3 PO3TIISIY.

ITpu 3naxomxkenni PJIEC y ctani rapsiaoro pesepBy - B pexumi "Ueprypanus" -

cucrema 3a0e3rnedye MIATPUMAHHSA TeMIEepaTypud BHYTPIIIHBOKOPIYCHUX TPUCTPOIB
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nu3ens. s 1boro mpu3HAYeHWil Tak 3BaHUU Onok rapsyoro pesepBy (BI'P), skwii
aBTOMAaTUYHO BMUKA€ETHCS B POOOTY B pa3i 3HMKEHHS TeMIieparypu Boau Hwxkde 25 °C 1
BiJIKJIIO4aeThes B pa3i Temneparypu Buiie 31 °C. Hupkynsuis BI'P 3aificHioeTbes 3a

TaKOI CXCMOIO:

oax QE12B01 (3 enekmponiodiepieom) - nacoc QE12D0] - niodiepisau macia
ODI3W0I - 6o0sina copouxa ouzens - baxk QEI12B01.

Cuctemy BI'P moxxkHa posrasijgatu sik cucremy OesnepepBHoi aii. [Ipu upomy
UMOBIpHICTh BiAMOBU BI'P Oyzae 3anexatu BiJl IHTEHCMBHOCTI BIIMOB €JIEMEHTIB, IO
BXOJSATH 7O ii CKJady, 1 TPUBAJIOCTI aBapiiHOTO PEMOHTYy (III0 BUHUKAE 3a (pakTom
B1IMOBH eJieMeHTIB). Mojentoemo 3a gornomororo rpada I tumy.

Jloriyna cxema cucteMu HaBejieHa B 1oAaTKy B Ha pucynky B.30.

OyHKI[IOHYBaHHS CHCTEMH MOXHa YMOBHO PO3JUIMTA Ha JABa ertanu. Ha
neprioMy MyCKOBOMY €Tarli 3aJIsiHO OOJaJHaHHA KOHTYPY UMPKYJISLIl BOJAW MiJ 4ac
po6otu PIAEC. Jlng tpuBanoi poOOTH CHCTEeMH HEOOXI1JTHO MPOBOIWUTH IiIKUBICHHS
CUCTEMHM, KOMIICHCYIOUYHM IITaTHI MpoTikaHHs. J[Jisi mogadi MiJKUBIIOBAJILHOI BOAU B
posmmproBainbHul 6ak QE12B01 npusnauveni Hacocu QE13D01 1 QE13D02, sixi pazom
3 apMaTypOIO YTBOPIOIOTH JIB1 MapaJiesIbHI TLIKH.

Po3paxyHnkoBa cxema cuctemu HaBeJleHa B 10AaTKy B Ha pucynky B.31.

Cknan yKpyImHEHHX €JIEMEHTIB po3paxyHKoBoi cxemu Ta ioro ITH nHaBeneHo B

nonatky B, Tabmunsg B.9.

Cucmema 600U 308HIUHBO20 KOHMYPY

Cucrema mipu3HaueHa IS OXOJIO/UKEHHS BOJU BHYTPIIIHBOTO KOHTYDY,
HUPKYJISIIHOTO MacTHIIa, MOBITPS B TOBITPOOXOJIOIXKYyBayax Ju3elis 1 reHeparopa.

Bona B cucremy HagxoauTh 13 HamipHOro kojektopa HacociB QF11D01,D02.
[IpokauyBaHHS BOAM Yepe3 TEIJIOOOMIHHUKH BIOYBA€TbCS MICHS  BIAKPUTTS
naeBMokyiananiB QF12S03,S07. CropaiboByBaHHSI MTHEBMOAPMATYPH BIJOYBAETHCA 32

dbakTOM 3amycKy Iu3eNis 3a HAasSBHOCTI THCKYy Macia B MacisHii cuctemi. [lig uac
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pO3IIIALy I1i€i CHCTEMH HE BPAaXOBYETHhCS HAJIWHICTh OXOJIOPKYBadiB Macjia 1 BOJH,
TOMY IO IIi €JIEMEHTH 32 CBOEI0 KOMIUICKCHOIO (DYHKITIE€I0 PO3TISHYTO BHUIIE ITiJ Yac
aHaJ13y BIAMOBITHUX CUCTEM.

Jloriyna cxema cucteMu, peACTaBICHA B 1oAaTKy B Ha pucyHky B.32.

[Ticnst 00'enHaHHS B OJIMH €IEMEHT MOCII0BHO 3'€JHAHUX E€JIEMEHTIB, 1[0 MalOTh
€ TMHUM rpadik BIJIHOBJICHHS, OTPUMAHO pO3paxyHKOBY cXemy
(B nogatky B pucynok B.33).

Cxnan ykpynHeHoro enementa 1 oro I1H HaBeneno B nogatky B tabmumi B.10.

Cucmema nogimpsna

Cucrema npusHayeHa JJId:

1) penykyBaHHS TOBITPS, 0 HaaxoauTh Bia pecuBepiB PB UT10B01 3 Tuckom
45-50 krc/cm? , i momaui HOro 70 IyCKOBOI Ta KEPYIOUOi CUCTEM JU3ENIS;

2) 3a0e3nedeHHd pOOOTH BUKOHABUMX MPHUCTPOIB, IO OepyThb y4dacTb Yy
TEXHOJIOTTYHUX ONEepalisiX MyCcKy 1 3yIUHKU U3,

3) mpoBepTaHHS KOJIIHYACTHX BaJliB AU3EIS IT1]T 9ac MyCKY;

4) penyKyBaHHS MOBITPs 10 4-6 Krc/cM? i MiABEAEHHS HOTO 10 TEPMOPETYIATOPIB
1 perymoBaIbHUX KJIalaHIiB CHCTEMH BOJISHOTO OXOJIOJDKEHHS 30BHIIIHHOTO KOHTYPY
PIIEC.

OcHoBHE (PYHKITIOHAJIbHE HABAaHTAXKEHHS CHCTEMa HEeCe I/l Yac MyCKy 1 3yMUHKU
PAEC. YV pexuMmi poOOTH TMOBITPS CHUCTEMH BUKOPUCTOBYETHCS JJII KEpPYBaHHS
kinananamu QG14S02,S05, QE11S02, QF12S11, QF12S03,S07.

Tomy MpoTAroM ychoro 4acy 3 MOMEHTY nojadi curHaiay Ha 3anyck PJAEC mo ii
3YIIMHKK CHUCTEMa IIOBUHHA TMepe0yBaTH B TMpare3garHoMy craHi. [lpu 1mpomy
KOH(DIiryparisi CUCTEMH HE 3MIHIOETbCS B MPOIECI BUKOHAHHSA CBOiX (YHKINNA (Ha
BIIMIHY, HAIlPUKJIJ, BiJ] MAacCJISIHOI CUCTeMHM a0O0 TMAaJWBHOI CHUCTEMHM). 3amac BOIU B
OamoHax IOCTAaTHIM Il 3M1ACHEHHS TphoX mociaimoBHux 3amyckiB PJIEC. V pasi
3HIDKCHHSI ~ TUCKY  TOBITps B OaloHaX  aBTOMAaTU4YHO  CHPAIlbOBYIOTh
enextponHeBmokiananu (EINK) QG11S01,S02, 1 3a1iicHIOETbCS MiAKauYyBaHHS TOBITPS

Bin pecuBepa UT10BO1 ugepes penykmiitauii kmaman QG11S03,S04. V 3B's3ky 3 mum
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JIHIIO MOJadi MOBITPS BiJ peCHBEpa TAKOXK BKJIIOYEHO B PO3IJISA IiJ Yac aHami3y fK
TaKy, 110 BIUITMBA€E Ha Mpare3faTHicTb cucteMu. OIHaK caM pecUBEp HE HAJCKUTDH J0
ob6naananus PIIEC, ToMy BUKIIIOUEHHI 3 aHAII3y.

VYci enextponHeBmokinananu (EIIK) ynpasisiodoi cuctreMu HEeCyTh pi3Hi (PYHKIIIT
1 MalOTh OyTH CIIpaBHUMH, TOMY B JIOT14HIM cxemi (B nomatky B pucyHok B.34) Bonu
3'eqHAH1 OCI1JOBHO.

Jns HopManpHOI poOOTH cHCTeMH HEOOXiAHO, 100 mpane3gaTHUMH Oyiu
M1JICUCTEMHU OAJIOHIB MOBITPS, ITyCKOBA 1 YIIPABIIIHHS MMOBITPSM PETYIISTOPIB.

Tomy 11 Tpynu €1eMEHTIB y CTPYKTYPHIM cXeMi 3'€/IHaHI MOCHII0BHO.

VY cxemi TakoXX € HHU3Ka EJIEMEHTIB, 3'€lHAHMX MIX CO0O0K NapajeIbHUM
3B's13kOM. Take 3'eqHaHHS BUHMKA€, 30KpeMa, y IMYCKOBIM MIACUCTEMI JUIsl ABOX TPYIl
enemeHTiB: rpynu 3amipuuit knamaH QG13S12, penykmiiinuit knanan QGI13S18,
nueBMoapmatypa QG13S20 1 rpynu 3 aunanoriynumu enemeHtamu  QGI13S16,
QG13S17, QG13S19.

[Ticnst mpoBeieHHST YKPYITHEHHS, 32 SIKOTO MOCIA0BHI €JI€MEHTH 00'€IHYIOThCS B
OJIVH 13 CYMapHOIO IHTEHCHUBHICTIO BIIMOB, OTPUMAEMO PO3PAXYHKOBY CXEMY, HaBEICHY
B ojatky B Ha pucynky B.35.

Cxnan ykpynHeHux enemeHnTiB Ta ixai [I1H naBeneno B nogatky B tabmwmmi B.11.

Juzenv-eenepamop, npunaou i a8mMomamuxa

PosrnsnyTo Taki cucteMu Ta eeMeHTH oonagHanns PIIEC:

° Jn3enb-reneparop.

° Cucrema 30BHIIIHBOTO OBITPO3a00PY Ta Ta30BUITYCKY.
° [ada ympaBiaiHHS MicLEBa.

° Kowmrmnektanii mpuctpiii.

° KontponbHo-BuMiproBanbHuil npuctpiit (KBIT).

° Cucrema aBromaruunoro peryntoBanns (CAP).

Cucmema 308HiWHBLO20 NOGIMPO3a6OPY | 2a306unycKy TpU3HAUYEHA I MOAayl
OYHUIIIEHOTO TOBITPS 10 TypOOKOMITpecopa JU3els 1 BIABEACHHS BiJl HOTO B aTMOchepy

BUITYCKHUX Ta3iB. J[o cuctemu BXoAsATh: OJ0K (iabTPiB MOBITPO3a00py, TPYOOTIPOBOIN
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30BHINIHBOTO TOBITPO3a00py, TPYOONPOBOIAM 30BHINIHBOTO TA30BUIYCKY, TIYIIHUK
mryMy (iCKpOTacHUK).

Ilimx yac MopearOBaHHS HAIIMHOCTI AW3€Nb, HIIMIAIHUKU U3, CHCTEMa
MOBITPO3a0OPy Ta TA30BUIYCKY PO3TJISAAIOTHCA SK OJWH €JIEMEHT 1 TO3HA4YeHI B
CTPYKTYpHi#t cxemi QV.

3'eMHaHHS [U3€Nid 3 TeHEepaTOpOM 3IIHCHIOETHCS 3a JIOMOMOTrOI0 €JacTUYHOI
myQTH. ['eHepaTop 13 MIAMIUITHUKAMH Ta €ACTUYHOI0 My()TOIO PO3TISAAETHCS SIK OJUH
€JIEMEHT 1 MO3HAYCHUN Ha CTPYKTYpHii cxemi GV.

Hlaga ynpasninns micyesa (IIIYM) npusHadeHa s pydHoro ympasiiHas J(I°
1] Yac IMyCKO-HaJaro)KyBaJIbHUX pOOIT 1 micis TexHiuHoro oociayroByBaHHs (TO) 2 1
TO3. TO2,3 npoBoasrs y [P, mpu nbomy TO2 npoBoauthes 1 pa3 Ha pik, a TO3 - 1
pa3 Ha 4 poxku. ITicns BcranoBienHs PJIEC y pexum "UepryBanua" 3amycku 3 HIYM He
MPOBOJATHCS, a BIAMOBA MPUIIAAIB 1 MOKaXUYWKIB, posramoBaHux Ha [IYM, ne
npu3BouTh 110 BiaMoBH (HerotoBHOCTI) PIIEC. Tomy BBaxaemo, mo cran LIIYM nHe
BiMBae Ha HanaiHicts PIEC y mnpomikky Mmipk IIIIP, a orxe, mei o0'ekT 13
MOIAJIBIIOTO aHAII3y BUKIIOYAETHCS.

Komnnexmuuti npucmpiti npu3HayeHU s yNpaBIiHHS, 3aXUCTy, CUTHAJI3allii
Ta PEeryJIOBaHHS CTaHIIIi.

KommnektHuii  mpucTpiii  3a0e3mneuye TOCTIMHY TOTOBHICTH CTaHINI  J0
aBTOMAaTUYHOTO IYCKYy, (JOPMYBaHHS IMITyJIbCy Ha YBIMKHEHHS T€HEpaTopa, 3aXUCT
reHeparopa, aBTOMAaTU4YHE TMIATPUMAaHHS B 3aJlaHUX MeXaxX BHUXIJIHOI HaMpyru
reHepaTopa, JKUBIECHHS CHUCTEMH AaBTOMAaTHYHOTO KEepyBaHHS TOCTIHHHUM CTPYMOM,
niaTpUMaHHs mocTiiHol vactotu JI', 3ynuHKy craHuii B pasi copaibOBYBaHHS
3aXHMCTIB, YIPABIIHHS BJIACHUMU TIOTpeOamMHu.

ITin yac mmanoux BunpoOyBanb PJIEC (xomoctuii Xija) 3amyCcK MPOBOAMUTHCS 3
IK .

Konmponvno-sumiprosanvni npunaou postramopaHi Ha madax LIYM, LIV,

LTV ]I, a Tako>x 3a MicIieM BUMIPIOBaHHS 1 Ha TUCTAHIIIMHUX IIUTaX YIIPaBIIIHHS.
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Cucmema  aemomamuunoco  pecymosanns  PJIEC  wmictuth  cucremy
aBTOMATUYHOTO TMIATPUMAHHS dacToTH obepranus JII', Hampyrw, miaTpuMaHHS
TEeMIIepaTypy BOJM BHYTPIIIHBOTO KOHTYPY 1 Macia.

[Tim gac MoaeIrOBaHHS HAIIMHOCTI aBTOMAaTHUKH Ta KOHTPOJbHO-BUMIPIOBATIBHUX
npuiadiB 1 mpuctpoiB koMmruiekTHUM npuctpii, KBII 1 CAP posrisHyTo sk oauH
CTPYKTYpPHHI eleMeHT, y cxemi no3Hauenunii KBITiA.

VY pasi Buxoay 3 nany Oyap-SKOrO 3 BHILIEHA3BAaHUX CTPYKTYPHUX EJIEMEHTIB
B1JIOYBA€ETHCS BIIMOBA CUCTEMH, TOMY B CTPYKTYPHIM CXeMi BOHU 3'€JHaH1 MOCII1I0BHO.
Po3paxyHKOBY cXeMy CHCTEMH HaBENECHO B 104aTKy B Ha pucynky B.36.

Cknan po3paxyHkoBoro einementa i [IH naBeneno B gfogatky B tabmui B.12.

4.7.3 3aranbna mogaens PJIEC

Pe3epBHY [u3€nbHY €JIEKTPOCTAHLIIO PO3IIAAAIOTh SK CHCTEMY, IO

CKJIQA€THCS 3 TAKUX IIECTH IT1JCUCTEM-0JIOKIB:

o MaJMBHA CUCTEMA,;

o MacJIOCHUCTEMA;

o CUCTEMA BOJM BHYTPIITHLOTO KOHTYPY;

o CUCTEMa BOJH 30BHIIITHHOTO KOHTYPY;

o cucTeMa MmoBITpS;

o In3eIb-TeHepaTop, MPUIaIn i aBTOMaTHKA.

Koxna 3 mificucreM Mae MeBHY CTPYKTYpPY 3'€JHAHHS €JIEMEHTIB, SIka pa3oM 31
CTATHCTUYHOIO OITIHKOIO iIHTEHCHBHOCTI BIJIMOB BH3HA4Ya€ HMOBIPHICTH 1i 6€3B1IMOBHOT
pobotu. Jns Oe3BiamoBHOiI pobotu PJIEC HeoOXinHa mnpane3faTtHicTh ycix il
MIJCUCTEM, a BUXIJ 3 Jagy OyIb-iKOi 3 HUX MPU3BOJIUTH JO BIIMOBU (HETOTOBHOCTI)
nanoi P/IEC, Tomy Bcl miicicTeMH YTBOPIOIOTH MOCIIIOBHE 3'€IHAHHS. 3 YpaxXyBaHHIM
poro cdopmoBaHo pospaxyHkoBy cxemy PIEC, npencraBieHy B gomarky B Ha
pucyHnky B.37.

Jnst 3a0e3neuenHs HaniHoro kuBiieHHs Cb eHepro0ioka BCTAHOBIIEHO MO TpU

PZIEC na Eb. 3a HasgBHOCTI aBapiiiHOT0 CUTHaIy 3a (PaKTOM 3HECTPYMJIEHHS BIACHUX
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notpe6d Eb mpoBoauthes 3amyck PIIEC. IIpu npomy xoxkaa PJIEC monae xuBieHHs Ha
CBi KaHaJ OE3MeKH.
Koedimient roroBHocti ansi koxxHoi koMipku PJIEC pospaxoByeTbcsi okpemo.

s nepioi komipku PJIEC koeditieHT roTOBHOCTI Ma€ BUTIISA:

Kr=
%I{K OKLO(-[-K . OKEO) )1 -0-K, OKBO 1-0-K,, OKELO) )

(10K Y02 F Yo 0K B0 Yo~ (- K O K 0Ky (0t
4.7)

ne  Ku(t), Ku(t), Ki(t), Kei(t), Kra(t) — HKT qis BiAMOBIZHUX pO3paXyHKOBUX
€JIEMEHTIB, pO3paxyHKOBa 3aJexkHICTh (3.37);
Krs (t) - HKI ans po3paxyHKOBOro eneMeHta 24, po3paxyHKOBa
3asIexHICTD (3.18);
pemra HKD' - ana enementiB, mo ¢yHKiionytooTs 3a rpadoro I tumy,
PO3paxyHKOBa 3aJ€KHICTD (3.24).
KoedilieHT roTOBHOCTI AJ1 PEUITH JBOX KaHATIB Ma€ TOM CaMHil BUTJISI, OJHAK
y po3paxyHkoBomy Bupasi (3.37) mns enementiB 1, 3, 7, 11, 24 HeoOXiTHO 3MIHHUTH
HOMED KaHay I.
[HTEHCMBHOCTI BIMOB PO3PaxXyHKOBHX €JEMEHTIB 3aJeKHO BiJ eTamy
dbynkuionyBanHsa Ta Homepa ocepenky PIIEC naBeaeHo B momatky B, tabGmwuis B.13.

Indopmariiro B TaOUI HABEACHO 32 OJHUM KaHAJIOM.
4.8 3BeneHi pe3ysibTaTtu po3paxyHkiB s Ch

[TepiognuHicTh mpoBeaeHHs BUTIPOOyBaHb (1 mepemukanb s cuctemu QF/VF)
BapiroBasiacs B iHTepBaii Big T = 100 rox 1o T = 6100 rox i3 kpokom 20 rox. UucenbHe
IHTErpyBaHHs Ui OOYHCIEHHS KOE(]II[leHTa TOTOBHOCTI MPOXOIWJIO 3 PI3HOIO

abcomoTHO TouHicTIo Bix 107 mo 1077 1 3anexano Bix nopsaxy BenuuuH KoedimienTa
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rOTOBHOCTI. BuOip TOYHOCTI PO3paxyHKy 3IIACHIOBABCS 3 TPHUHIMIY 3a0€3MedeHHs
MIHIMaJbHOTO BIUIMBY Ha PE3yJbTaT MOXUOOK YUCEIBHOT OI[IHKY 32 YMOBU MPUHHSATHOI
TPUBAJIOCTI po3paxyHKy (He Oumpme 10 rogmH koMmm'rorepHoro yacy Ha |
CHUCTeMy/KaHal).

Pesynbratu npencrasiieHi Ha pucyHkax 4.1-4.3 B pexxumax ekcrutyatanii AEY 3
BBEP 1000 npoexTHOi TpuBanocTi naymBHO1 kamnanii (1 pik) [55,56].

Kr
1,00000 +——
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Pucynok 4.1 - 3anexHICTh CTal[lOHApPHOTO Koe(dillieHTa TOTOBHOCTI BiJ MEPIOAMYHOCTI
BUNPOOYBaHb akTUBHOI yacTHU CAQO3 1 cuctemu aBapiiiHoro mimxuBiaeHHs 17
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MJIaHOBUX BUMPOOYBaHb/IEPEMUKAHb KaHAIIB CUCTEMU aBapiiHOI TEXHIYHOI BOJIU
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BUnpoOyBanb komipok PJIEC
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VY pexumax MiJBULICHHS TPUBAJIOCTI MAJIMBHUX KaMMaHIN peakTopa KpUTepii
ontuMizaiii mnepioauyHocTi BunpoOyBaHb Cb Ha mMOTYXHOCTI - 1AEHTUYHICTD
KOe(]iIlieHTIB TOTOBHOCTI BHMKOHAaHHS (YyHKIM O€3MeKu Ta ONTUMaTbHOI YacTOTH
BUIIPOOYBaHb Y pEKUMaxX MPOEKTHOT Ta MiABUIIEHOT TPUBAJIOCTI MATUBHUX KaMMaHii. 3
ypaxyBaHHSM IIbOTO KPUTEPIIO pe3yJIbTaTH PO3PAXyHKY ONTHUMAIBHOI MEPiOJUIHOCTI
BUNpoOyBaHb akTUBHMX Cb Ha TMOTY)XHOCTI peakTopa B PEXKHUMI MMIBTOPAPIUYHOI

MMAJIMBHOI KaMmaHii HaBeaeHo B Ta0II. 4.1

Tabmuus 4.1 - Pesynpratu ontumizaiii NepioIMYHOCT] MJIAHOBUX BUIIPOOYBaHb

Cb B pexxumMax miBTOpapivyHOT NAJIMBHOI KaMTIaH1i

PernmamenTHi OnruManpH1
CI/ICTeMa /KaHaH Xirr)naKTepI/ICTI/IKI/I *XapaKTepI/ICTI/IKI/I
T > Krpern T 2 Kr*
roja roa
1 2 3 4 5
Cripuniiepra cucrema TQ11-31 720 10.9999776 | 1440 |  0.9999799
- >

mereMa ABAPTROTO | 59 | 0,999881 | 2160 0,999928

po3xonomxeHas TQ12—32

Cucrema BBOAY OoOpa 3 HacocaMmu

720 10,9999672 | 2160 0,9999788
BrpucKy 6opa TQ13-33 ’ ’

Cuctema BBOAYy OOpa 3 Hacocamu
noxaaui 6opa TQ14-34

Cucrema aBapiitHO1 KUBUILHOT BOJIU
naporeneparopis TX10—-30

720 10,9999459 | 2160 0,9999672

720 10,9999518 | 1440 0,9999682

Cucrema TEeXHUYIHO1L BOJIU

BiAMOBIHaIbHUX crioxkuBayia QF/VF

Kanai 1 720 0,9874 1440 0,9877
Kanai 2 720 0,9876 1440 0,9879
Kanan 3 720 0,9877 1440 0,9880
Pe3epBHa au3enbHa €IEKTPOCTAHIIMUS 1440

PIEC

Kanan 1 720 0,807 1440 0,859
Kanai 2 720 0,813 1440 0,865

Kanan 3 720 0,819 1440 0,849
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4.9 BUCHOBKH J0 YETBEPTOTO PO3ALTY

1. AHamni3 TeXHOJIOTIYHUX perjiaMeHTiB Oe3rneunoi ekcruyataiii IEY 3 BBEP
3aCBIUMB, III0 BCTAHOBJICHA MEPIOAMYHICTh TUTAHOBUX BUIIPOOYBAaHb CUCTEM OE3TEKU B
poboUnX pexuMax peakTopa HEIOCTaTHhO OOIPYHTOBaHA, TOMY IO HE BPaxOBYE
JOCBIJy eKcIuTyartarii, e(QeKTIB 3HOIICHHs/Aerpajalii ycTaTKyBaHHS i d4ac
HQUTMIIKOBUX BHUNPOOyBaHb Ta MOJEpHI3allli cTpaTeridi eKkcIuryartalli peakTOpHUX
YCTAaHOBOK B PEXKMMaX MiABUIICHOI HOMIHAJIBHOI MOTYHOCTI 1 TPUBAJIOCTI MaJTUBHUX
KaMIIaHii.

2. AnantoBaHHi 10 peKUMIB HiABUIIEHOI TPUBAJIOCTI MAJIMBHUX KaMIaHl PHU3HK-
OpIEHTOBAaHUN METO] KBamidikailii MoJIepHi3allii cTpaTeriii onTuMizaili nepioJuIHOCTI
BUNPOOYBaHb CHUCTEM O€3MeKHM 1M Yac poOOTH Ha MNOTYKHOCTI  SIAEPHHUX
€HEProyCTaHOBOK.

Kpurepit onrtumizanii - IMOBIpHICHMM TOKa3HMK MaKCHUMAaJIbHOI HaAiitHOCTI
BUKOHAHHSI TPU3HAUYCHUX (PYHKIIN OE3MeKH CHUCTEM, IO BIJAMOBIIAE ONTUMAIbHIN
MEepIoIMYHOCTI BUTPOOYBaHb.

3. Ha OCHOBI ajanToOBaHOrO pPHU3UK-OPIEHTOBAHOTO METOAY BCTAHOBJICHO
ONTUMAJIbHI TEPIOJUYHOCTI TUIAHOBUX BUNPOOYBaHb CHUCTEM O€3MEeKH y PpoOOUYnx
pekrMax peakTopa MIBTOPApIYHOI MAIMBHOI KaMIiaHii, ski B 2-3 pa3u OuIblI 3a
perJIaMeHTHI.

4. Ha oCHOBI OTpUMaHHMX pE€3yJIbTAaTIB PO3POOJICHO MPAKTUYHI PEKOMEHMAI]
I10/I0 BJIOCKOHAJICHHSI TEXHOJIOTTYHUX PErJIaMEHTIB Oe3MEeYHOl eKCIUTyaTallli sIepHUX

eHeproyctaHoBok 3 BBEP.
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3AT'AJIbHI BUCHOBKHA

YpoKu BOEHHOTO Yacy BCTAHOBWJIM, IO Ha 3a0€3TMEUeHHS HEOOXITHMX YMOB
oesnekn AEC VYkpainn HaWOLIBIINMKA BIUIMB MalOTh YMCJICHHI TOIIKOKEHHS a0o
pYHHYBaHHS KpUTHUHUX 1HOPACTPYKTYp eHepreTuku. Lle cnpuunnse aBapiiiHi 3yUHKA
eHeproOJIOKiB Yepe3 30BHIIIHE 3HECTPYMIICHHS. Y MPOEKTHUX OOIPYHTYBaHHSAX O€3MeKU
SAJICPHUX CHEepreTHYHUX ycTaHoBOK 3 BBEP BBaxkamocs, mo HMOBIpHICTH aBapii 3i
3HECTPYMJICHHSIM €HEproOJIOKiB HE TMEepPEBUIIYBATUME OJHOTO BHIIAJKy 3a MIJIbHOH
pokiB. OmHaK 3a TpW POKH BIMHM CTaNOCS KUIbKa JECATKIB aBapiiHUX 3YMUHOK
eHeproOnokiB AEC Vkpainn depe3 MNOMIKOMKEHHS a00 pyWHYBaHHA KpPUTUYHUX
1H(PACTPYKTYp €HEPreTHKHU 1 30BHILIHE 3HECTPYMJICHHS CTAHIIIMN.

Takum 4MHOM, 3 ypaxyBaHHSM YPOKIB €KCTPEMAJIbHUX YMOB BOEHHOIO Yacy,
3arajJbHUM pIBEHb OE3MEKM aTOMHOI €HEPreTHKM YKpaiHM CYTTE€BO 3HU3MBCS 1 JJIA
MIBUIIEHHST €(EeKTUBHOCTI Oe3MeyHOl eKCIUTyarailii aTOMHOI €HEpreTUKA YKpaiHu B
EKCTpEMaTbHIUX YMOBaX BOEHHOIO Yacy aKTyaJbHUMU € MUTAHHS KBasiikaiii ctparerii
eKCIUTyaTalli Ha MIABUIIEHIA HOMIHANBHIA TMOTY)XHOCTI peakTopa W cTparerii
eKCIUTyaTaliiHuX BUMPOOYBaHb CUCTEM O€3IMEKH B yMOBAaX IIiJIBUIIEHOT HOMIHAIBHIN
MOTY>KHOCTI peaKkTopa Ta 30UIbIIEHHS TPUBAJIOCTI “NaIMBHOT KaMIIaHii .

Jlo HailOUIbII BaXKJIMBUX pE3yJbTaTIiB, Kl OTPUMAHO B AMCEpPTalliiHiil poOoTi,
BIIHOCSITHCS HACTYTIHI:

1. Ha ocHOBiI mpoBeJeHOro aHaimizy MPOEKTHUX 1 TMEPCIEKTUBHUX CTpaTerii
excrutyatariii peaktopis Ha [ITIIK Ta ITHIT BcranoBnEHO:

- Ilepcnextupni ctparerii IITIIK Ta ITHIT moxyTes OyTu peanizoBaHi uepe3
MOJICpHI3AIlil0 HEUTPOHHO-(GI3MYHUX Ta/ab0 Terao(i3UUHUX BIACTUBOCTEH SIIEPHOTO
najnBa.

- Meromu po3paxynkoBoi kBamidikamii wmopaeprizamii CBb  SAEY, sxi
IPYHTYIOTbCSI Ha MOJIEIIOBaHHI pOOOYMX 1 aBapiMHUX PEXHUMIB AETEPMIHICTUUHUMHU
konamu (IK) , HepoctaTHbo 0OrpyHTOBaHI Ais kBamidikamii crparerii IITIIK ta ITHII,
TOMY IO PE3YyJbTaTH PO3PAXYHKOBOTO MOJICITIOBAHHS MOXYTh 3aJIeKaTH Bill €(EKTIiB

po3oixkHocTi JIK Ta/a6o po3bixkHOCTI KOprucTyBadiB [[K.
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2. [IpoBenenuii aHadi3 MPOEKTHUX 1 MEPCHEKTUBHUX cTparteriii BunpoOyBans Cb
y poOoUHX pexuMax peaKkTopa BCTAHOBUB:

- IlpoexktHa nepioguuHicTh BuripoOyBaHb Cb y poOoumx pexumax peaxkTopa
peraamMeHToBaHa ampiopi 0e3 HeoOXITHMX OOIpYHTYBaHb 1 HE BpPAaXOBY€E JIOCBIA
MPOBEJICHHS BUIIPOOYBaHb.

- Metoau kBaiikamii MOJEpHIi3aIii Nep1OAUIHOCT1 IUIAHOBUX
pemoHTiB/BunpoOyBans CBb, 3acHoBani Ha imoBipHiCHOMY anamizi Oesmeku (IAB),
HEJI0OCTaTHBhO OOIPYHTOBaHI JJisi KBasi(ikalii crpareriii MojepHi3zaiii BuripoOyBanb Ch
y poOouMX peXHMax pPeaKTopa, OCKUIBKKA MPUITYCKAIOTh "MITy4dHE" 3HMKEHHS PIBHA
Oe3MeKH 1 He BpaxOBYIOTh UyTJIMBICTh BU3HAYAIbHUX napameTpiB YITA3.

3. Po3po6ieHo nerepMiHICTCHKHN MeToa KBajiikarmii cTparerii IiJIBUIICHHS
TPUBAJIOCTI MAJMBHUX KaMIaHIA 3a MPOEKTHOI HOMIHAJIBHOI MOTYXXHOCTI, SKUI
BHU3HAYA€ TPAHUYHO JOMYCTUME MIABUIICHHS TPUBAJIOCTI TMAJUBHUX KaMIaHIA Ha
OCHOBI onTUMi3allii TeTIO(I3NYHUX BIACTUBOCTEH SECPHOTO MaJIUBa MPH 3a0e3MeUeHH1
YMOB siiepHO1 Oe3neku B poOouMX 1 aBapiiiHUX pexxkumax. Pesynbratul KBamidikarii
pO3pOOICHMM METOJIOM HE 3ajeXaTh BiJ BIUIMBY €(EKTIB PI3HUII TPATUIIAHUX
JNETEPMIHICTCHKUX KOJIB Ta/a00 pI3HUILIl KOPUCTYBauiB KOJAMH.

4. TlpoBemeHo aHali3 BIJIOMHUX METOJIB PHU3UK-OPIEHTOBAHOTO TIAXOMIY
onTuMizaiii MepioJUYHOCTI BUMPOOYBaHb CHCTEM, BaXKIUBUX mJsi Oesneku SAEVY.
BcTaHoOB/IEHO  JOCTaTHIO  OOIPYHTOBAHICTh MOJEpHI3alli CTpaTeridi IJIAHOBUX
BUNPOOYBAaHb CHUCTEM OE3MEKH PU3UK-OPIEHTOBAHMMH METOJaMH, 10 0a3yrThCsi Ha
KpuTepii onTuMmizalii - MakCMMajabHa HMOBIPHICTh TOTOBHOCTI BUKOHAHHS (DyHKIIIH
Oe3MeKH B aBapiiiHUX peKuMax.

5. Ha ocHOBI pe3yJibTaTiB MPOBEJACHOTO aHAIli3y OOTPYHTOBAHO aIaNTallil0 PU3UK-
OpPIEHTOBAHOTO MIAXOAY ONTHMI3allll MEepIOAUYHOCTI BUNMPOOYBAHb CUCTEM O€3MEeKU B
yMOBaxX TJBUIIEHOT HOMIHAJBHOI MOTYKHOCTI Ta MIABUIIEHOT TPUBAJIOCTI TMaJIUBHOT
kammanii SEY. HeoOxigHi ymoBM aganTamii - iIGHTUYHICTH ONTHUMAJIBHOI YaCTOTH
BUNPOOYBAaHb CHUCTEM O€3MEKH B PEKHUMAX IMPOEKTHOI Ta MIABUIIEHOI TPUBAJIOCTI
NaJIMBHOI KammaHii. AJanToBaHUN N0 PEKMMIB MiABUIICHOT TPUBAJIOCTI MaIMBHHUX

KaMIlaHl pU3UK-OPIEHTOBAHUI MeTO ] KBamidikallii MoJAepHi3allii CTpaTerii onTumizarii
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NEePIOANYHOCTI BUTPOOYBAaHb CHUCTEM O€3MEKH Iij] Yac poOOTH Ha MOTYXKHOCTI SIIEPHUX
€HeproycTaHoBok. Kpurtepiii omtmmizamii - IMOBIpHICHHMA IOKAa3HUK MaKCHMAaJIbHOI
HaJIMHOCTI BHKOHAHHS TMpU3HAYEHUX (QYHKIIN Oe3NmeKu CHCTeM, IO BIAMOBIIAE
ONITUMAJIbHIH MEeP10AMIHOCTI BUTIPOOYBaHb.

6. Ha ocCHOBI ananToOBaHOTO pPHU3HK-OPIEHTOBAHOTO METOAY BCTaHOBJICHO
ONTUMAaJIbHI TEPIOUYHOCTI ITUIAHOBUX BHUIIPOOYBaHb CHUCTEM O€3IEeKH y poOoUYnx
pexuMax peakropa 18 MicsuHOT MaMMBHOI KaMIaHii, sIKI CyTTEBO BIiAPIZHSIIOTHCS Bif
pErJIaMeHTHH.

7. Ha OCHOBI OTpMMaHHX pe3yJbTaTIiB PO3POOJICHO MPAKTHYHI PEeKOMEHAAIlll
II0JI0 BAOCKOHAJIEHHS TE€XHOJIOTIYHUX PETJIaMEHTIB O€3MeYHO1 eKCIUTyaTalii sIepHUX

eHeproyctaHoBok 3 BBEP.
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JOIAATOK A. PE3VIJIBTATHU ITOPIBHAHHA HOPMATHUBHUX
JIOKYMEHTIB CILIA TA YKPATHU
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Tabmuis A.1 - Pesynbratu mopiBHAHHS HOpMaTHBHUX JokyMmeHTIB CIIIA Ta

Ykpainu
Hopmarusu )
) HopmarusHi
i
Cdepa 3acTocyBanHs JIOKYMEHTHU PesynbraTn ananizy
JIOKYMEHTHU
Ykpaiau
CIOA
1 2 3 4
HIT
306.2.141-
60 FR
2008 [8] HIT
3acTOCyBaHHS pusuk- | 42622 [6] KopuryBanp Ta 10NOBHEHb HE
. . . 306.2.162-
1H(OpPMOBaHUX MiIXO/IB NUREG- norpedye
2010 [9] HIT
2150 [7]
306.2.217-
2017 [10]
HIT
Bumorn go rpannunux ymos | 10 CFR KopuryBanp Ta 10OIOBHEHb HE
5036 [11] 306.2.141- .
eKcIuTyararii . noTpedye
2008 [8]
Bumoru bi (o] KOHTPOJIIO
MPOTyKTUBHOCTI abo CTaHy
KOHCTPYKIII, CUCTEM Ta €JIEMEHTIB
(KCE) BIJIIIOBITHO o HII
) ) ) 10 CFR KopuryBanb Ta JONOBHEHbL HE
BCTAHOBJICHUX JIILIEH31aTOM LIIEH y 306.2.141-
_ ' 50.65 [11] notpedye
crocio, JOCTaTHIN TUIs 2008 [8]
3a0e3neueHHs PO3yMHOI
BneBHeHOCTI, Mo Taki KCE 3gaTHi
BUKOHYBAaTH CBO1 (PYHKIIIi.
Bumorun no pusuk-inpopMoBaHO1 10 CFR HII [lotpebye  nonoBHEHHS B
kareropu3aiiii KCE 3a BnnmuBoM Ha 5060 [11] 306.2.141- YaCTHUHI aJbTEPHATUBHOL
6esrexy ' 2008 [8] knacuikauii KCE
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1 2 3 4
o HII [otpebye YTOYHEHHS
Bumoru no ymoB Buaaui 3min a0 | 10 CFR ] )
) ) 306.2.106- KpUTEpPIiB  OLIIHKKM  BIUIUBY
JineHsii 50.92 [11] o
2005 [3] Moaudikariii Ha 6e3neKy
‘ HII HanionansHsi HOPMAaTHBHI
Bumorn 10 oO0csry Ta piBHSA
o 306.2.162- JOKYMEHTHU noTpedyroTh
JeTajizanii IAB, skuii | RG 1.200 )
2010 [9] HIT | noompairoBanHsi B 4acTHUHI
BUKOPUCTOBYETbCSI B 3axojgax 3 | [12]
306.2.217- MO>KJITMBOCTI 3aCTOCYBaHHS
ypaxyBaHHSAM PU3UKY
2017 [10] PU3HUKY
Bumorn 10 aHamizy — pH3HKY,
. HIT
MOB’si3aHOr0 13 3amponoHoBanumu | RG 1.174 KopuryBanp Ta NONOBHEHB HE
_ _ i | 131 306.2.217- c
3MIHaMH B MPOEKTI Ta eKCIUTyaTallil notpedye
2017 [10]
YCTaHOBOK
BumMorn 1o omiHKH XapakTepy Ta
. HIT
BIUIMBY 3allPONIOHOBAHMUX 3MiH M0
_ 306.2.162- .
TEXHOJIOTTYHOTO pernamenty | RG 1.177 Heo0xigHo po3poOuTH
. 2010 [9] HIT ' ' _
0e3nedHol excrutyaTamii nuisixom | [14] BIIMIOB1JIHE KEPIBHUILITBO
_ 306.2.217-
pO3TISIy TEXHIYHWX MHUTAaHb Ta
' 2017 [10]
3aCTOCYBAHHS OIIHKH PH3HUKY
HopmarusHi JOKYMEHTHU
MICTSITh BUMOTH 10710
nposeneHHss TOiP cucrem Ta
. €JIEeMEHTIB, M0 MPAaIIOITh 13
Bumoru no pusmuk-iHGOpPMOBAHOTO
. . JOTPUMAHHAM MeX Oe3neyHoi
OpPUAHATTS ~ pilleHb M 4ac . .
HII eKCIuTyarauii, SIK1
BUIIPOOYBaHb, PEMOHTIB 1| RG1.175
) 306.2.217- B1I0OpakeHO B
TEXHIYHUX 00CITyTOBYyBaHb B | [15]
2017 [10] TEXHOJIOTIYHOMY  perjlaMeHT1

yMOBax pOOOTH €HEeproOJIOKy Ha

MOTY>KHOCTI

6e3neyHoi eKCIUTyaTarii.
[lpore 3a3HayeHi  BUMOTH
MoTpeOyIOThH JIOTIOBHEHHS
o010 MO>KJTUBOCTI

3aCTOCYBAaHHS OLIIHKH PU3HKY.
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HOopMaTuBHUX JoKymMeHTax CIIA ta Ykpainu
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oesneku s IAb vy

REGULATORY REGULATORY
HIT 306.2.141-2008 NUREG/CR-6595
GUIDE 1.174 [13] GUIDE 1.200 [12]
1 2 3 4

UI1A3

AEC Biamosizae BUMoraM
0e31eKH, SIKIIO B
pe3ysbTari IPUUHITHX Y
TIPOEKTI TEXHIYHAX i
OpraHizaiiiHiX 3aX0/IiB
JocAaTHyTa 6a3oBa MeTa
o6esnexu. Kpurepisimu
Oe3MeKu 1S JIF0UnX
ereproomnokis AEC e He-
MEPEBUIICHHSI OLIHEHOTO
3HAYEHHS YaCTOTU
Ba)KKOTO MOIIKOKESHHSI
aKTUBHOI 30HU

10~ 1/pix. Heob6xinno
MIparHyTH TOTO, 00
OIliHeHE 3HAUYEHHS YaCTOTH
TAKOTO MONIKO/PKEHHS He
MePEBHIILY BAJIO

107 1/pix

YacToTa NOMIKOIKEHHS
aKTUBHOI 30HU — CyMa
4acToT aBapil, sKi
3YMOBIIIOIOTH OTOJICHHS Ta
neperpiBy akTHBHOI 30HH,
1110, y CBOIO Yepry,
MPU3BOANUTH 10 OKUCJICHH
00O0JIOHOK TBEJIIB Ta BAYKKOTO
TIOIIKO/IKEHHS aKTHBHOT

30HHN
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1

2

Ur'AB

I'paHnuHMii aBapiiHuiA
BUKH]] — aBapiiiHUNA BUKU
PaliOaKTHBHUX PCUOBHH Y
BHIIA/IKY aBapii, 3a IKOTO
Ha MEXi caHITapHO
3axucHoi 30au AEC
CTBOPIOIOTHCSI YMOBH, L0
BHMArarTh eBaKyarlii

HACCJICHHA

BusHavaeThcs sk cyma
YacTOT ycixX aBapii, sKi
MPU3BOSTH J0 MBUAKOTO
He- KOHTPOJIbOBAHOTO
BUKHY JICTIOUHUX TIPOIYKTiB
MOJIUTY 3 KOHTaHMEHTa B
HaBKOJIMIITHE CEPEIOBHIIIE,
MPOTSITOM Yacy 110
BUKOHAHHS 3aXO0/IiB 3 IPOTH-
aBapiifHOTO peryJiroBaHHs Ta
3aXMCHHX 3aXOMiB 3a
mexxamu Maiinanunka AEC.
3araiom 70 TaKux aBapiit
HaJIe)KaTh paJioaKTHBHI
BUKHUIH 3 «PAHHBOIO»
BIAMOBOIO KOHTallHMEHTA
(mo abo ompasy micist
BiJIMOBHU KOPITYCY PEaKTOpa),
Ba)KKi aBapii, 10 TTOB’sI3aHi 3
OaiiracyBaHHIM
KOHTaHMeHTa abo 3 HOoro

HEI30JIALIE0

IIpunymenss mono
BU3HAYCHHS «PaHHIX» Ta
«II3HIX» BIAMOB
KoHTallHMeHTa. BinMoBH
KOHTallHMEHTa MOXYTh
OyTH TaKuX KaTeTropi:

1) pamHs BimMoOBa abo
Oaiinac (MOTEHINHHO
MPpU3BOAATE 1O PAHHLBOI'O

BEJIMKOT'0 BUKHIY);

2) mi3Hs BigMoOBa abo
30epeKEHHS IUTICHOCTI
(moTeHUiHO He TpH
3BOJMTH 0 PAHHBOTO

BCJIIMKOT'O BI/IKI/I,Hy);

3) mi3HA BimMOBa 3
HEMOXITUBICTIO eBaKyarlii
BHACJIIOK CENCMIYHHAX
BIUIHBIB 200 BILUTUBY BIiTPY
(pO3TIsIIAaETHCS SIK BHECOK

1o LERF);

4) panHi 30UTKH,
3YMOBJICHI Iepe- KO 00
JUIsl eBaKyalii npu
cefiCMIYHMX MOiAX Ta
CHJIBHUX BiTpax (s
ouinku LERF 1
KaTeropis BBa)KaeThCs

BHeckoM y LERF)

YacToTa BEITMKOTO BUKUILY
(LRF) — BUKOpUCTOBY€EThCS
SIK IOKa3HUK PU3HKY LIS
MpOoeKTHOI cepTudikamii
(design certification, DC)
PEaKTOPHUX YCTaHOBOK
LWR. YacroTa paHHbBOTO
aBapiitnoro Bukuay (LERF)
— BH3HAYAETHCS K CyMa
YacTOT aBapiM, sKi
TIPU3BOATE /10 MIBUAKOTO,
HEKEpPOBAaHOTO
panioaKTHBHOTO BUKHIY
JIETIOYUX TMPOIYKTIB MOILTY
3 KOHTallHMEHTa B
HaBKOJIMILTHE CEPEIOBUILE
JI0 BIIPOBAJIKEHHS
e(eKTUBHUX il 3
aBapiifHOTO pearyBaHHS Ta
3aXMCHHX i, [0 MOXe
TIPU3BECTH JI0 PAHHBOTO

BIUIUBY Ha 37I0pOB’sl
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1

2

HenepeBuinieHHst 3Ha4CHHS
YaCTOTH TPAHUYHOTO
aBapiiHOTO BUKHULY
paioaKTHBHUX PEUOBUH Y
TOBKIUIA UTS JIFOYNX
AEC ycTaHOBIIOETBCS Ha
piBHi He Ginbme, Hix 107
1/pik. HeobxinHO
MParHyTH TOTO, 100
3HAYEHHS TAKOTO
MOKa3HUKa He

nepesurryBaio 1076 1/pik
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JOJATOK b. BXI/IHI IAHI TA PE3YJIbTATHU PO3PAXYHKY
AJJATITALII PUBUK-OPIEHTOBAHOTI'O HIAXOAY KBAJIIDIKALIIT
MOJIEPHI3AIIIT CTPATEITA ITEPIOJUYHOCTI INTAHOBMX BUITPOEYBAHbB
CUCTEM BE3IIEKU B PEXXUMAX ITHIT I IITIIK PEAKTOPA
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Tabmuis b.1 - Cniucok o6nagHanHs, 1o 6epe yuacTh y po3paxyHkax (pparmeHr)

X =
= - m =
xR jas) I o «
= 5 2 8 | % = s =
5 : |z(Plegiele Es|fE Bz
> ow ol 2|9 o ¢| ¢ = B el <
o = SR SO =5 2 82
a. S B G| 8] 8| 8] e 5 3 & o B>
s & 52 | X 2 g
ow = E; =
X m
1 2 3145 6| 7| 8 9 10 11
Hi
| 2l 2| 2| ¥
QDI14B01 | Bax SEEEEE 0 0
Hi
s 2| | x| =
TY20B01 | Bak S EdEEE 1 0
“l oM ) ¥ 4| = 0,333
TY23B01 |Bax S EdEEE Tak 1 12
Hi
sl w2 o 4| x| =
QD24B01 | Bbax S EdEEE 0 0
Hi
| 2| | x| =
QC31B01 | Bak S EldEEE 0 0
Hi
| 2| x| x| =
QE33B01 | bak S EldEEE 0 0
Hi
s | | e =
YP20B01 | Bak S EdEEEE 1 0
Hi
| 2| | x| =
TF10B01 Bak S Sl dEE S 1 0
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1 2 3|1 415 6| 7| 8 9 10 11
bak 3amacoi Hi
|l wl o w2 -«
TX20B01 | 3HeconeHHOI S EdEEE 0 0
BOJIbI
bak 3amacoi Hi
el owl o 4 = -«
TX10B01 | 3HeconeHHOT S S dEEE 0 0
BOJIbI
bak 3 Tak
, el wl o 4 = -«
QE32B01 |enmekrponarpiBa| S| S| d S| & S 0,25 12
TeJIeM
bak 3 Tak
, | wl o u = -
QE12B01 |emexrponarpiBa| S| S| d S| & S 0,25 12
TeJIEM
bak 3 Tak
, el wl o 4 = -«
QE22B01 |emextpomarpiBa| S S| S| & & 0,25 12
TeJIeM
Hi
el w o w2 -«
TQ13B01 |Bak CAO3BT | & Sl d & & S 0 0
Hi
el w o u| = -
TQ10BO1 |Bbak CAO3HT | E &l d & & S 0 0
Hi
el ow o w2 -«
TQ30B01 |bak CAO3HT | & &l d & & S 0 0
Hi
el w o w2 -
TQ20B01 |bak CAO3HT | & Sl d & & S 0 0
bak Hi
el = ow| ¢ =
TQ31B01 | copunkneproro| | Sl d S| & S 0 0

pO34YMHY
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1 2 31 4|5 6| 7|8 9 10 11
bax Hi
2| w8 o=l x| =
TQ21B01 | copunkneproro| & Sl d S| £ S 0 0
PO3UYUHY
C 0| 2| o | =l o= Hi
NPUHKIICPHUI ;
B3C52 S S 4 I S < 1 O
Gaceiin ] B e B N e T ] B
C 0| x| = 2w = Hi
NPUHKIICPHUH ;
B3CB 1 S € | K S < 1 O
Gacein i B ol I < B el B e B
Tak
2 w8 o=l x| = 0,666
TLO3D03 | Bentumustop S EdEE S py 4
Tak
2 w4 o=l x| = 0,666
TLO3DO1 | Bentunstop S EldEE S c6 4
Tak
2 w8 o=l x| = 0,666
TLO3D02 | Bentunsitop S EdEE S py 4
B | A Hi
OJIOCTPYMHUHH ;
TO1 1D02 S € § K SO < 0 O
Q U HAacoC = BB EE
B = 2l o2l o= Hi
OJIOCTPYMHUHH :
T 2 1D02 S S 4§ I S < 0 O
Q M HAcOC =B R BB
[Tosi i A= 2l 2| = Tax
OBITPSTHHHIA ;
QG11B02 Sasomn S dEEE 0 12
[ToBi 7 2l x| 4| 2| = Tax
QG22B01 OBITPSTHHHIA 5 5 Pc (| 0 .

OanoH
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[Tponmosxenus Tadbmmi b.1

1 2 31415678 9 10 11
Tak
e sl w| m| -
GW ["eneparop S S dEEE 0 12
Tak
el sl o u| m|
GV I'enepatop S S dEEE 0 12
I = oM Tax
1 ;
QD22D03 Opﬂp B I I 0 12
I = oM Tax
QDI12D03 O;Hp RN E &l d gl &l & 0 12
I A . 0,766
TK70B01 | deaepatop S S dEE S Hi 66 0
Hi
e el u| w2 -
TK10BO1 | Jleaepatop S EldEEE 1 0
Hi
e el o u| m|
VF11S04 |3acyBkapyuna | & S| d S| & £ 1 0
Hi
el x| || e
QD34S02 | 3acyBkapyuHa | S| S| 4 S| E| = 0 0

[IpumiTku:

1. JIms xokHOTO OJIOKY B KOJIOHKAaX 3-8 3a3HAYEHO HASBHICTH IILOTO MPHUCTPOIO
(Tak - mpucyTHiit, Hi - BincyTHii). BimMiHHOCTI B KOH(DIirypartii croctepiratoTbes s
4,516 6aokiB 3AEC.

2. Slkmio eneMeHT IUTAaHOBO BHIMPOOOBYETHCA MM 4Yac POOOTH peakTopa Ha
HOTY>KHOCTI, TO B KOJIOHII1 11 BKa3zyeThbCs cepeiHs KUIbKICTh BUIPOOYBaHb.

3. YV xononmi 10 Bka3aHO 4acTKy 4acy, MPOTATOM SIKOTO €JIEMEHT nepedyBae B

peXuMi poOOTH.
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CraHuiiHe MO3HAYEHHS

Twun macoca

HasBa cucremn

1

2

3

QC10D01, QC20DO1,
QC30D01

Hacoc nuzens

[TanuBHa cucrema PJIEC

QC11DO01, QC21D01,
QC31D01

[TanuBHa cucrema PJIEC

QC12D01, QC12D02, Hacoc 3
QC22D01, QC22D02, €JIEKTPOIPUBOJIOM
QC32D01, QC32D02
[TanuBHMM Hacoc | [TanuBHa cuctema PIEC
ITHBT
BHUCOKOTO THUCKY
QDI0DO01, QD20DO01, Hacoc msens Macnsna cuctema PJIEC
QD30D01
QDI12DO01, QD12D02, Hacoc . Macnsua cuctema PIIEC
QD22D01, QD22D02,
QD32D01, QD32D02 ITHEBMOIIPUBOJIOM
gggggi, QD23DO01, Hacoc ELP Macnsna cuctema PJIEC
QD14DO01, QD14D02 Hacoc . Macnsua cuctema PIIEC
QD24D01, QD24D02,
QD34D01, QD34D02 €JIEKTPOIPUBOJIOM
QE10DO01, QE20DO01, Cucrema BOJISTHOTO
Hacoc nuzens
QE30DO01 oxonomxkeHHs JII' PJIEC
QE12DO01, QE22DO01, Hacoc ELP Cucrema BOJISTHOTO
QE32D01 oxonomkenns JI" PAEC
QE13DO01, QE13D02, Hacoc 3 | Cucrema BOJISTHOTO
QE23DO01, QE23D02, €JIEKTPONPUBOIOM oxonomxenns JI' PAEC
QE33D01, QE33D02
QFIIDOI, QFIIDO2, Hacoc ’| Cucrema  Texmiunoi  BOmHM
QF21D01, QF21D02, €ITEKTPOTIPUBOIOM 8

QF31D01, QF31D02

BIINOBIIAJIBHUX CIOKHUBAYlB

TQI11DO01, TQ21DOI,
TQ31D01

[{enTpOoOI>KHNUIA HACOC

CnpuHkiepHa cucrema
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1

2

3

TQ11D02, TQ21D02,
TQ31D02

BonocrpyiiHui Hacoc

CrnpuHKIlepHa cuctema

TQI12D01, TQ22DOI,
TQ32D01

LleHTpoO1KHUI HacoC
CAO3 HT

Cucrema aBapiiHOTO

PO3XOJIOKEHHS

TQ13D01, TQ23DO1,

LeHTpoO1>KHUIMA Hacoc

Cucrema BBeneHHS Oo0py 3

HacoCaMu BIIOPCKYBaHH:
TQ33DO01 CAO3 BT
© oopy
TQI4DO1, TQ24D01, | Ilnymxepmii macoc | ' cMA BEGACHH Gopy 3
TQ34DO01 CAO3 BT Hacocamu BIIOPCKYBaHHS
oopy
TX10DO01, TX20D01
’ ’ LeraTpoOiKHUM HACOC CAIIIIB I
p

TX30DO01

TLO3DO01, TLO3D02,
TLO3DO03

Bentuisitop

Cucrema BeHTW AT JUIA
030J10KEHHST BEPXHBOTO
6si0ka Ta mpuBoAiB CY3

TF31DO01, TF31DO02,
TF31DO03

[{enTpoOIXKHUIA HACOC

Cucrema BOIM TMPOMINKHOTO
KOHTYpY

TK21DO01, TK21D02,
TK22DO01, TK22D02,
TK23DO01, TK23DO02

[{enTpoOIXKHUIA HACOC

Cucrema M1 IITATKA-

IIPOYBKH MEPIIOTO KOHTYPY

TY21DOI1, TY22DO1,
TY23DO1

[{eHTpoO1>)KHMI HAaCcOC

Cucrema  JApeHaxiB  Ta
OpraHi30BaHHUX Teuln

NEPIIOro KOHTYPY

TGI11DO01, TG12DO01,
TGI13DO01

[{enTpoOi>KHUI HACOC

CucremMa  pO3XOJOIKEHHS

OaceliHy BUTPUMKH
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KinpkicTh BiZMOB [HTEHCUBHICTD BIIMOB
Mm
Ne % é £l Yac
1/ HaiiMenyBaHHs é é % BimaoBne| ds, | di, | dap, | du, £ 1 % Uron | %, 1o
IT o ‘% G| HHIT,TON INT. | INT.| IOT. | IIT.
1 2 3 4 5 1 6 78 9 10 1
baku
1. | bax 162 3 0 | 2] 1 | 0 [1,296-03] 6,53E-07 | 8,36E-07
2. | Bak 3amacoi 3ueconensoi BoH 8 HEMAE T 9 1ol o0 | o He 1,76E-06 He
JTAHUX po3pax. po3pax.
3. | Bak CAO3 BT 36 HEMAE o L 2] 0 | 0 e 1,85E-06 e
JaHUX pospax. po3pax.
4. | Bak CAO3 HT 8 HEMAC o 1] 0 | o e 2,79E-06 e
JTAHHX po3pax. po3pax.
5. | Bak CIPHHKICPHOTO PO3UHHY 8 TEMAE T 9 1ol o0 | o He 1,76E-06 He
JaHUX po3pax. po3pax.
6. | BogonpuiimansHa kamepa 18 HeMac 0 0 0 0 e 1,76E-06 e
JaHUX pospax. po3pax.
7. | Tinpoarymyssitop 8 TEMAE 9 1ol 0 | 0 | 1,298-03] 1,76E-06 | 2,57E-03
JTAHUX
8. | Heaepatop 12 TEMAE T 9 Jol o0 | o He 2,26B-05 | 2,99E-06
JaHKX pospax.
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1 2 3 4 516 7 8 9 10 11
9. | lucrepHa mupKyIISIIIIAHOTO Macia 18 HeMae 0 0 0 0 He 1,76E-06 He
JaHUX po3pax. po3pax..
Apmarypa
10. | 3acyBka pydHa 2051 2 0 3 0 0 | 6,43E-04| 4,89E-08 | 8,18E-08
11.| 3acyBka 3 THEBMONPUBOIOM 168 30,5 0 2 0 0 | 429E-04| 1,23E-06 | 2,78E-07
12.| 3acyBka 3 €IeKTpOIpPHUBOIOM 1616 9,4 | 16, 10 0 | 429E-05| 2,67E-07 | 2,71E-07
13.| 3anopruit mueBMOKaman 72 HZMae 0 | 0] 0 | 0 |429E-04| 4,40E-07 | 8,57E-04
JAHHUX
: . HEMae
14.| 3BopoTHO-KOMOIHOBaHUH KJIanaH 18 — 0 0 0 0 | 3,86E-03| 5,28E-06 | 2,64E-06
15.| 3BOopoTHUI KJ1amaH 1199 23 3 1 0 | 1,28E-04| 4,38E-08 | 1,06E-06
16. | Binciuna apmarypa 100 17 0 0 0 | He po3pax.| He pospax. | 1,13E-06
17.| Ilepenyckuuii Ta 3aro01>KHUI KIIaraH 90 Ezrzi 0 0 0 0 | me po3pax.| 3,52E-07 | He po3pax.
18.| 3ano0ixxHMit KIanaH 270 6 0 2 0 0 4,29E-04 5,29E-07 2,20E-07
19.| Perymtoroua apmarypa 216 11,95 0 |20 7 0 | 2,27E-04| 3,16E-06 | 1,17E-06
20.| Peayxuiitamii xranan 180 HEMAC 0 1o 0 | 0 | 1.61B-04| 1,76E-07 | 3.22E-04
aHuX
21. Tpuxoznosa sacypia 18 reMac 0 0 0 | e po3pax.| 1,76E-06 | He po3pax.
IMHEBMOIIPUBOIOM JaHUX 0
HEMae
22.| TpuxoaoBHil KJIanaH 36 S 0 0 0 0 | 7,72E-04| 8,81E-07 | 1,54E-03
JaHH
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1 2 3 4 5 6] 7 | 8 9 10 1
HEMaAeE
23.| Enexrpormenmoxnanan (EITK) 144 || 0 [0 0 | 0| 320504 220E-07 | 643E-04
Temno00MiHHMKHN, QLILTPHU TA iHIIE 00JIATHAHHSA
24.| CrnpuHkiepHuil Oacelin 18 HeMac 0 0 0 0 e HE pOspax. 1,76E-06
JaHUX po3pax.
_ HEMae
25.| Baron 3 oBiTpsIM 198 0 |0 0 | 01,17E-04| 1,60E-07 | 2,34E-04
JTAHUX
26.| Ceneparop 18 M ol ol 0 | 0 | 1,29E-03| 1,76E-06 | 2,57E-03
TAHUX
27.| Muzers 18 HEMAC o 120 0 | 0 | 129E-03| 3,70E-06 | 2,57E-03
TAHUX
28.| TermooGminmk 456 22 0 | 1| 0 | 0 | 429E-04| 2,41E-07 | 1,28E-07
29.| KBIHA-JT 18 HEMAC 1 2] 0 | 0 | 2,04B-03| 3,70E-06 | 2,57E-03
TAHUX
. . o HEMae
30. | @uUIbTp MEXaHIYHUHN 213 0 0 0 0 | 1,43E-04| 1,61E-07 | 1,75E-06
TAHUX
Hacocu
QC11D01, QC21D01, QC31DO01, Hemac
31.| QC12D01, QC12D02, QC22D01, 54 mamax | 0 | 0| O | O | 4209E-04| 5.87E-07 | 8,57E-04
QC22D02, QC32D01, QC32D02
32.| QC10D01, QC20D01, QC30D01 18 Ezr:i 0 | 1| 0 | 0 |1,29E-03| 2,79E-06 | 2,57E-03
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1 2 3 4 5 16] 7 | 8 9 10 11

33.| QD10D01, QD20D01, QD30DO1 18 ZZK:; 0 |0 0 | 01,29E-03| 1,76E-06 | 2,57B-03
QD12D01, QD12D02, QD22D0], HeMmae

34.| AD22D02. OD32D01. OD32D02 36 | 0| 0] 0| 0| 643E-04] 8BIE-07 | 129E-03

35.| QD13D01, QD23D01, QD33D01 18 ;‘:ﬁi 0 |0 1 | 01,29E-03| 1,76E-06 | 4,07E-03
QD14D01, QD14D02, QD24DO01, HEMae HE HE

. 2 1,02E-
36 QD24D02, QD34D01, QD34D02 0 JTAHUX 0 0 0 0 po3pax. 02E-06 po3pax.
37.| QE10DO1, QE20D01, QE30DO1 18 ;‘Zﬁi 0 |0 0 | 0]1,29E-03| 1,76E-06 | 2,57E-03
HEMae

38.| QE12D01, QE22D01, QE32D01 8 e | 0|0 0| 0| 129B03| 235E-06 | 7.02E-06

QE13D01, QE13D02, QE23DO1, HeMae He e
. E-

39 QE23D02, QE33D01, QE33D02 36 JTAHUX 0 0 0 0 po3pax. 8,80E-07 po3pax.
QF11D01, QF11D02, QF21D0,

40| OF21D02. QF31D01 QF31D02 36 628 | 0 | 9] 12| 0 | 6,43E-04| 924E-06 | 1,14E-05

41.| TF31D01, TF31D02, TE31D03 8 198 | 0 | 2| 7 | 0 | 1,298-03| 5,56E-06 | 2,31E-05

42.| TG11D01, TG12D01, TG13DO1 8 343 | 0 | 1| 2 | 0 | 1,298-03] 4,19E-06 | 1,11E-05
TK21D01, TK21D02, TK22DO01,

43| 1K22D02. TK23D01. TK23D02 36 457 | 0 | 6] 9 | 0 |643E-04| 520E-06 | 1,38E-05

44.| TLO3DO1, TLO3D02, TLO3D03 8 75 0 | 4] 1 | 0 |386E-03] 1,61E-05 | 4,18E-06

45.| TQ11D01, TQ21D01, TQ31DO1 8 41 0 |19 0 | 0 | 1,29E-03| 1,64E-05 | 2,57E-03
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1 2 3 4 5 T6] 7 | 8 9 10 1
46.| TQ11D02, TQ21D02, TQ31D02 18 AEMAC g 1ol o | o He 1,76E-06 He
JaHHX po3pax. po3pax.
47.| TQ12D01, TQ22D01, TQ32D01 18 1145 | 3 |18 13 | 0 | 3.33E-03| 157E-05 | 1,77E-02
48.| TQ13D01, TQ23D01, TQ33D01 18 9.75 1 [13] 1 | 0 | 2.,04E-03| 122E-05 | 4,07E-03
49.| TQ14D01, TQ24D01, TQ34DO1 18 106 | 2 |14 2 | 0 | 2.70E-03| 129E-05 | 5.41E-03
50.| TX10D01, TX20D01, TX30D01 18 12.4 1 18] 0 | 1 | 2,70E-03| 1,64E-05 | 4,07E-03
51.| TY21DO01, TY22D01, TY23DOI 18 20 1 | 2] 2 | 1 |270E-03] 6.84E-06 | 1.36E-05
52.| THBT 36 HEMAE g 1 o] 0 | 0 | 643E-04| 8.81E-07 | 1,29E-03
TAHUX
[TpumiTKu:

1. SIkmo y BUXIHIN eKCIUTyaTamiiHii 0a3i JaHuX 100 BIAMOB OYJM BiACYTHI JaHi 1IOA0 TPUBAJIOCTI Yacy BITHOBJICHHS
JUTS Li€1 Tpynu 00JIalHAHHSA, TO Y BIAMOBIAHIN Ipadi 3a3Havanocs "Hemae qaHux'".

2. Skmo B aHami30BaHIM rpymi oOJagHAHHS BIJICYTHI €JIEMEHTH, IO IPAIIOIOTh 1 BUIPOOOBYIOTHCS, TO PO3PaXYHOK A,
HEMOXKJIMBHH - Y TaOJIHITIO 3aHOCATH ""HE po3paxoBye".

3) Sxuro B aHai30BaH1i TPyIll BC1 €JIEMEHTU OE3MEePEepBHO MPAIIOIOTh 1 HE MAaIOTh PEKUMY OYIKYBaHHS, TO PO3PAXyHOK A
HEMOXKJIUBHH - Y TAOJIMITIO 3aHOCATH ""HE po3paxoBye'.

4) Slxkmo B aHadI30BaHIM TPymi HeMae BHUMPOOOBYBaHMX 1/ab0 enemeHTiB, 1o mignalTeesi ABP, To po3spaxyHok &

HEMOXKJIUBHH - y TAOJUITIO 3aHOCSTH "HE PO3paxoBye".
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A, Vron
23E-05

20E-05

17JE-05

14E-05

1.1E-05

8.0E-06

5.0E-06

0.0 » SoonEm IIHSS5X8S&
K

de
3 3

:
Apmatypa TennooGuminHukH, BinkTpn Ta iHwe obnatHanHs Hacocu Ne of'mm

Pucynok b.1 — Po3nonis iHTEeHCUBHOCTI BIIMOB B OUIKYBaHHI A JIJIsl pO3pax0OBaHUX €JIEMEHTIB
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dg, Vron

5.7E-03

4.7E-03

3,7E-03

27E-03

1,7E-03

7.0E-04

0.0[= =T

Pucynox b.2 — Po3nosin iHTEeHCHBHOCTI BiIMOB Y pOoOOTI A, JJII pO3PaX0OBaHUX €IEMEHTIB
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38E-03

33E-03

28E-03

23E-03

18E-03 H

13E-03 -

8.0E-04

3.0E-04 1 I ! l

ni I

l L P 4. T
Baxu Apmatypa  TennooOMiHHMKH, GiLTPH Ta iHIIE 06NaAHAHHS Hacocu Ne

Pucynox b.3 — Po3nosin iHTEeHCHBHOCTI BiIMOB uepe3 BUMPOOYBaHHS & I pO3PAXOBAHUX €JIIEMEHTIB
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JOAATOK B. TEXHOJIOI'TYHI, JIOTTYHI TA PO3PAXYHKOBI CXEMU I
BXIAHI JAHI IS PO3PAXYHKOBUX EJIEMEHTIB CBb
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Pucynok B.1 — Texnonoriuna cxema kanany cuctemu TQ11(21,31)
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T T
Q Q
11 11
50 S1
5 4 T T T T T - T
0 Q Q a )
11 11 1" 11 11 | -
; S0 D Do S0 S Tn Tn Tn T Tn
1 T _ 6 01 2 2 9
BD Q 0 L TI'I
1 1" 1"
51 S0
3 9
Tn T ] Tn
T T T Tn —F T T Tn To— Tanf Ta
TI‘I T TII TI'I
T T
Q Q
31 3
- S0
Tn n 330 4
T T T T T I L T O A A O T
Q 0 Q Q Q Q Q Q Q Q
T - 31 31 31 31 31 30 30 30 30 31 - T
n il S0 D D S0 S0 W S0 S0 BO S1 o e
6 01 2 2 9 01 1 2 1 4 b 31
S1 51
0 B
T BunpobyeaHi enemeHTn (TNN 1)
Tn HesunpobysaHi enementn (tin )

Pucynok B.2 — Jloriuna cxema cuctemu TQ11-31
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7 1
1 4

8 1

9 1

1 1

1 1
3 6

1 1

BunpobyeaHi enemeHThl (THN 1)

— — HesunpobysaHi enemeHTb! (THN 111)

Pucynok B.3 — PospaxynkoBa cxema cucremu TQ11-31
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No entemenTi

[MToka3HuK HAAIHHOCTL

B PO3paxyHKOBIH RN
. Cknajs yKpyIHEHOTIo €JleMeHTa | O T &,
CXeMl, TUII )E = % é 3HayeHHS
£ £ g
TQ11DO01 - Hacoc | A, 1/ron | 1,720E-05
HEHTPOO1KHUN Ap, 1/Ton | 2,573E-03
1,2,3 (I) Bumpo6 | TQ11S02,03,06,09,10,11,12  —| p, 1/rox | 1,066E-01
3aCyBKa 3  €JEKTPOIPUBOIOM 1,501E-03
& lmp |7
(BUIPOO.)
TQ11DO02 - Hacoc cTpyitHUi A, 1/Tom | 5,767E-06
TQI11BO1 - 6ax copuHKIEpHOI
CUCTEMU
TQI10BO1 - 6ax CAO3 HT
TQIOWO01 - TemmooOMIHHUK
4,5,6 (111), (HeBUIPOO)
HEBUIIPOO TQ10SO01 - 3aCyBKa 3
CJIEKTPOIIPUBOAOM (HEBUITPOO)
TQ10S02 - 3BOpoTHMH KIiamaH
(HeBUTIPOO)
TQ11S14 - 3aCyBKa 3
€JIEKTPOIPOB (HEBUIIPOO)
7-18, (111) 3BOPOTHUH KjanaH (HEBUIIPOO) A 1/rox | 4.377E-08

HEBUIIPOO
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Pucynok B.4 — Texnonoriuyna cxema kaHainy cuctemu TQ12
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Pucynok B.5 — TexHosoriuna cxema kaHainy cuctemu 1Q22,32



Pucynox B.6 — Jloriuna cxema cucremu TQ12—-32
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Pucynoxk B.7 — Po3paxyHkoBa cxema cucremu TQ12—-32



Tabmuis B.2 - Jlani ans po3paxyHKOBUX efeMeHTIiB cuctemu TQ12-32

212

Ne enemenTin
B PO3paxyHKOBIH

Ckuazi yKpyImHEHOTro

[MToka3HuK HAIIHOCTI

HaiimenyBant

. eJIeMEHTa o 3Ha4YEeHHS
CXEMi, THIT s, PO3MIPHICT]
TQ12D01 — ueHTpOOKHUIMA A, 1/ron 1,659E-05
Hacoc Ap, 1/ Tox 1,775E-02
TQ10S02, TQI12S02 —| ', 1/rox 4,348E-02
3BOPOTHHI KJIallaH
1,2,3, (I) Bumpo6 | (Bumpo0)
TQI12S02, TQ12S03,
TQ12S04 — 3acyBka 3 S 1/t 3,713E-03
€JICKTPOIPUBOIOM
(BuMpOO)
TQIOBO1 — 6ax CAO3 HT
(HeBUMpoO)
TQIOWO1 -
tz;i’lf;gé’ TEII000MiHHUK (HeBUIIpOO) | A, 1/ Tox 3,296E-06
TQ10S01 — 3acyBka 3
€JIEKTPOIPUBOIOM
(aeBuMPOO)
TQ12S06 — 3acyBka 3 A, 1/ ron 2,670E-07
7,8,17,18,19,20, | e1eKTPONIPUBOAOM Ap, 1/ Ton 2, 711E-07
(T) Butipo® (BH1Ip0O0) u, 1/ rox 1,066E-01
&, 1/tp 4,294E-05
9-16, 21-36, (IIT) | TQ12S19 —  3BOpOTHHUH 2 1/ Tox 4.377E-08

HEBUIPOO

KJ1araH (HeBUIPOO)
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Pucynok B.8 — TexHonoriuna cxema kanany cuctemu TQ13(23,33)
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Pucynox B.9 — Jloriuna cxema cucremu TQ13(23,33)
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Pucynoxk B.10 — Po3paxynkoBa cxema cuctemu TQ13(23,33)



Tabnus B.3 - Jlani ans po3paxyHKoBUX eneMeHTiB cuctemu TQ13-33

216

No ejiemeHTiB

[MToka3HuK HAIIHOCTI

i ..| Cknag yKpynmHEeHOro eJeMeHTa Haiiwm.,
PO3paxyHKOBIM . 3HaYEeHHS
: PO3MIpHICTh
cXemi, THI
TQ13D01 —  1eHTpOOIKHBIH A, 1/ron 1,343E-05
HacocC Ap, 1/ Ton 4,077E-03
TQ13S05, TQ13S06, TQ13S07,| pu, 1/rox 4,348E-02
123, (1) TQ13S26 -  3acyBka 3 2,480E-03
B,I/I;'Ip’O 5 eJICKTPOIPHBOIOM (BHUIIPOO)
TQ13S04 — 3BOpOoTHMI1 KJamaH £ 1/p
(Bumpo0) ’
TQI13NO1 - GbUIBTP
MeXaHIYHUH(BUTIPOO)
TQI0BO1 — o6ak CAO3 HT
(HeBUIIPOO)
TQ10SO01 - 3aCyBKa 3
CJIEKTPOIIPUBOAOM (HEBUITPOO)
TQ10S02 — 3BopoTHMI KiamaH
(HeBUTIPOO)
4,5,6, (I11), TQIOWO0l — TemnooOMIHHHK A 1/ rox 5.767E-06
HEBUIPOO (HeBUIPOO)
TQI3BO1 — o6ak CAO3 HT
(HeBUIPOO)
TQ13S01 — 3acyBka pyyHa
(HeBUTIPOO)
TQ13S02 — 3ano6ixxHUI Ki1anmaH
(HeBUTIPOO)
7-24, (1I) TQ13S20 — 3BOpoTHMI KiamaH % 1/ rox 4.377E-08
HEBUIIPOO (HEeBUIPOO)
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Pucynox B.11 — Texnonoriuna cxema kanainy cuctemu TQ14(24,34)
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Pucynok B.12 — Jloriuna cxema cuctemu TQ14(24,34)

218



219

7 1

1 4
8 1
9 1

-— 2 5 —

1 1
1 1

3 6 [
1 1

BunpobyeaHi enemeHTn (TUN

— — HeeunpobyeaHi enemenTn (Tun )

Pucynoxk B.13 — Po3paxynkoBa cxema cuctemu TQ14(24,34)



Tabmuis B.4 - Jlani ans po3paxyHKkoBux enemeHTiB cucteMu TQ14-34

220

No ejiemeHTiB

[MToka3HuK HAAIHHOCTL

B N Cknaz yKpynmHeHOro Haiiy..
PO3paxyHKOBI €JIeMEHTa o 3HaueHHs
: PO3MIpPHICTD

cXemi, THI
TQ14D01 — muyHXepHHUA A, 1/ron 1,318E-05
HacocC Ap, 1/ Tox 5,407E-03
TQ14S01 — 3BopoOTHHIA w, 1/ rox 4,348E-02
KJ1araH (BUIPoO)
TQ14S07 — 3acyBka 3

1,2,3, (I) €JIEKTPOIIPUBOAOM
BUIIPOO (BUmpoO)

[lapanenbHO  BCTAHOBJIEHI & 1/tp 2,874E-03
TQ14S03 Ta TQ14S04 -
3acyBKa 3
eJIEKTPOTIPUBOOM
(BUpoO)
TQ14B01 — 6ax CAO3 BT
(HeBUTIPOO)

4,5,6, (II1), | TQ14S19 — 3acyBka pyuHa % 1/ ron 2 428E-06

HEBUIPOO (HeBUIpPOO)
TQ14S20 — 3anoOiKHMIMA
KJ1anad (HeBuIpoO)

7-18, (I11) TQ14S09 — 3BopoOTHHIA % 1/ ron 4.377E-08

HEBHUIIPOO

KJ1anaH (HeBUIpoO)
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Pucynox B.14 — Texnonoriuna cxema cucremu TX10(20,30)
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Pucynoxk B.15 — Jloriuna cxema cucremu TX10(20,30)
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Pucynoxk B.16 — Po3paxynkoBa cxema cucremu TX10(20,30)
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Tabmuis B.5S - Jlani ans po3paxyHkoBux enemeHTiB cucremMu TX10-30

224

No ejtemenTiB

[MToka3HUK HAIIHOCTI

b : Cknazn yKpymHEeHOro eJIeMeHTa Haiim.,
PO3paxyHKOBI . 3HaYEeHHS
. . PO3MIPHICTH
i cxeMi, TUII
TX10DO01 — nenTpobi>kHUI HAcoC A, 1/ron 1,697E-05
123, (1) TX10S02 — 3BoporHMi KiamaH | Ap, l/rox 4,075E-03
B’H;] ’0 5 (BHIIPOO) u, 1/ron 4,348E-02
P TX10S04, TX10S05— s3acyBka 3 2,917E-03
S l/p
€JIEKTPOIPUBOAOM (BUIIPOO)
TX10B01 — Gak 3amaca 3HECOJICHOI 1,809E-06
4,5,6, (III), | Boau (HeBUIPOO) A, Lrox
Heunpo6 | TX10SO01  —  3acyBka  pyuHa
(HeBUIIPOO)
TX22S03 - 3acyBKa 3| A, l/ron 2,670E-07
7-14, () €JICKTPOIIPUBOIOM (BHUIIPOO) Ap, 1/ron 2,711E-07
BUMPOO u, 1/ron 1,066E-01
g, 1/tp 4,294E-05
15-22, (IIT) | TX21S01, TX11S06 — 3BOpOTHMIA . 1/ro 8,753E-08
HEBHUIIPOO | KJ1anaH (HBUIIPOO) ’ 8
23-30, (1) TX11S05 — perynupyroda apmarypa | A, 1/ron 3,158E-06
i O . (BUIIPOO) Ap, 1/rox 1,172E-06
BHII
P u, 1/rox 8. 367E-02
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Pucynok B.17 — Texnonoriuna cxema kanany cucremu VF/QF
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Pucynoxk B.18 — Jloriuna cxema cucremu VF/QF
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Pucynoxk B.19 — Po3paxynkoBa cxema cuctemu VF/QF
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Tabnus B.6 — [lani nis po3paxyHkoBux eneMmenTiB cuctemu VE/QF

228

No ejtemeHTiB

[MToka3HUK HAIIHHOCTI

i ... | CkJag yKpyIHEHOrO eJeMeHTa Haiiwm.,
PO3paxyHKOBIi .. 3Ha4YCHHSA
: PO3MIPHICTh
CXeMi, THII
VF40S05 - peryJnopda A, 1/ron 4,270E-06
apmatypa (BUIpo0) Ap, l/ron 3,321E-06
VF10S03,S04 — 3acyBka 3 W, 1/rox 4,348E-02
1,611 €JIEKTPOIPUB. (BUIPOO)
(I) Bunmpo6 VF12510,S04 - 3acyBka 3
CIICKTPOIIPUB. (BUMPOO) &, 1/tp 5,267E-04
VF10S05 - 3BopoTHUMI KianaH
(BUmpoO)
QF11DO01 - Hacoc A, 1/ron 9,820E-06
2,3,7,8,12, | QF11S05,S07 - 3acyBka 3| Ap, l/rox 1,302E-05
13 (I/1D) CIIEKTPOTIPUB. (BUIIPOO) u, 1/rom 1,592E-02
QF11S08 - 3BopoTHMI KianmaH £ 1/mp 8 S60E.04
(BHIIPOO) ’ ’
CnpusknepHuii 6aceH - 1 mr. Ap, 1/ron 5,108E-06
QF11INO1 - ¢pinbTp MexaHIUHMIMA w, 1/rox 1,066E-01
(HeBUIpoO)
4,9,14 (I) | VF40S06 - 3aCyBKa 3
€JIEKTPOIPUB (HEBUIIPOO)
VF10BO01 - 6ak (HeBuUIIp0oO)
Pyuna 3acyBka (HeBurpo0) - 9
IIT.
5,10, 15 VF12S01,S04,S07 - 3acyBka 3 A Lrox 1.869E-06
(I10) €JIEKTPOIPUB. (HEBUIIPOO)

VP10S01,S02,S03,S04 -

3aCyBKa 3 €JICKTPOTIPHB.
(HeBUTIPOO)
(BcporO 7 3acyBKa 3

CJIEKTPOIIPUB. (HEBUIIPOO))
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Pucynok B.20 — Texunonoriuyna cxema nanuHoi cuctemu PJIEC QC

12
X So08

BUTPaTHHI
L
S01
y I
118020 11BO1
———————————— | V=10’
Aunsens |
| 14 13
10 10 | S03 4 S05
i‘sm S0 |
|
8 seiwied | & 6ak QD16802
< > | 1
| s10
|
C 11
|
THBA\ I
T I 12
\ I 50
\10
po1 1 5
1
L2 S0
I TS R | 1
i 1 S04
2516 05 12
DO
1
1 D01
503 12
S0

12
S08 12
12 Gax sanacyy ség
S {12801
V=100M" % <
4
S10
13
S01
8 6ak QC14B01

Bia exmagy FCM

229



230

nianuTka Gaky B pesuMi «poboTan MACJI0 BUCOKOTO
17501 THeky Ha IIKBM
=771 NiANHTOMHH
Bax
| reneparo | 3
| paToR | is Teuil
OCHOBOTO 11802
g = KouTypa V=10m"
b 1
14 1
1" 1 X S08 .
So8 S09
12 + 11 11
S02 2505 S06 ra
1" —I_. 12
PECEELLEE CEEEEEELELELELEET EEEEL LT o ey ST D03
1 1
: S0t ;
i —| e
H 1 : é‘:)r n:?.numa B pesiMi
«Yeprysans»
. 12 S03 11 11 1 R
' N1 NO1 NO2 1
1 1
] L}
] 1 14
' HE-
: Lucrepna yupryasuiiinoro macaa 11B01 1
' !' 1
- ]
3 S0:
so07 5
1 14 &
WO02pp £ 2
OXONOmKYBaY g
Macsa §
i 14 g
TOBITPA so
nosiTpA
r Gnoxk rapayoro pesepsy(bl P) 1
I Bak sanacy
| 13 13 ko
S09
14B01 <t
| Wo1 Do1 Vel %

ﬂ() BOAAHOIO HACOCY
| QE12D01

— = OCHOBHHI KOHTYpP MacCJIOCHCTCMH JIM3CIIA
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Pucynok B.24 — TexHo0TigHA CXeMa CHCTEMH BOJSTHOTO OXOJIOHKCHHS

30BHIIIHBOTO KOHTYpY PJIEC QF
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Pucynoxk B.25 — Texnonoriuna cxema cucremu myckoBoro nositps PJIEC QG
(pUCyHOK Ha JABOX apKyllax, JiBa YaCTHHA)
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Pucynoxk B.25 — Texnonoriuna cxema cucremu myckoBoro nositpst PJIEC QG

>
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B CHCTEMY BO/IH 30BHILIHBOIO.

koutypa na QFI12S11

8
QD12003

(pUCYHOK Ha IBOX apKyllax, paBa 4YacTHHA)
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QC
11N04 @
1
—| 11B01 — 11S02 [ —I: :lf 11810 |+ 11S12 | 11816 —>
11811 1INOS
11N02 (2)
(D— 11805 [ 11804 11803  11D01 4’ 11806 — 11S07 =
11N03
@—{ 11508 |— 11809 10801 [ 10802 —|THBA1{{THBA2{ 13505 [— 12508 —@

I

(3 — 12807 - 12806 | 12D02 [ 12505 —{ 12504 [ 12803 | 12D01 | 12S02

(4W—{ 12801  12B01 | 10D01 |—

BunpobyeaHi enemeHTol (TN |)

— — Hesunpo©®ysaHi anemeHTbl (TN |1I)

Pucynox B.26 — Jloriuna cxema nanusHoi cuctemu PJIEC

—( oc1 H oc2 =

Pucynox B.27 — Po3paxyHkoBa cxema poOOTH MaJIUBHOI CUCTEMHU



Tabmuus B.7 — [ani 11 po3paxyHKoBUX eneMeHTiB cuctemu QC
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No ejtemenTiB
B
PO3paxyHKO

Cknaz yKpynmHEHOTo eJIEMEHTa

[MToka3HuK HAIIHOCTI

Haiim.,

o . . 3HaYeHHS
Biif cxeMmi, PO3MIPHICTh
THUII
THBT11, THBTI12 — mnamuBHuu \. 1/ron 7 458E-06
HAcOC BUCOKOTO THUCKY (BUIIPOO)
QC10D01 — mHacoc  am3ens Ap. 1/rox 7.719E-03
(BUpoO)
QClL, () QC11D01, QC12D01, QC12D02 —
’ Hacoc 3 €JIEKTPOIPUBOIOM w, 1/ron 4,348E-02
(BUIPOO)
(BUmpoO)
QC10S01 QC10S02 — 3amobi>xHMIA
KJ1anaH (BUIIPoO
QC11810, ’ )chsn | sl 4,972E-03
TPUXOJOBUH KjianaH (BUIIPOO)
QCI1INO02, QCIINO3 — oiapTp
MexaHlyHui (BUMpoO) — rpyma
¢1apTpoB 1
QCI1INO4, QCI1INOS — oimpTp
MexaHIYHuil (BUMpoO) — rpymna
GbimeTpOB 2
(b1apTpH B OJTHIM rpymi
yOrOBaHHS, M1K rpyrnamMu
3’€JTHaHI1 TIOCITIJIOBHO)
QC12S03, QC12S06 — 3BOpOTHHMIA
KJ1araH (BUIIPOO)
QC11B01, QCI12B01 — 0Oak (He
orpo0)
QC11S02, QCI11S03, QC11S04,
QC2, (1) QCI11S05, QC11S06, QCI11S07,
(1eBUIPOG) QC11S08, QCI11S09, QC11S12, A, 1/ron 2,138E-06
QC11S16, QCI12S01, QC12S02,
QC12S04, QC12505, QCI12S07,
QCI12S08, QCI13S05 — 3acyBka

pyuHa (HeBurnpoO) — 17 miT.




QD 12 1| 12 t2 T2

12— 1S (45| 118 12 4o 1 A7s
12 f 12 42t 42p ().

(118 100 | 11S H 1N | 1IN H 115 H 115 (2

(CH 15 H 1MW —H 11W 4511451 135 ——43—p ()

31 1B — 118 +1 148 — 148 ()

14S || 14B (—

14S 14S — 14D — 14S ]
14S 14S — 14D 145

BunpobysaHi enemeHTbl (THN 1)

—  HeBunpobysaHi enemeHTb! (TKn l11)

EnemeHT poboTatoyi no ycTasdi, Npu LboMy HeBUNpobyBaHi (Tvn 1)

Pucynox B.28 — Jloriuna cxema macnocuctemu PIIEC a1 pi3HHX KOMIIOHYBaHb

D
D
b

QD2 QD4 QD7 —‘
QD1 |— QD6 H J

Qb3 QD5 QD8

BunpobysaHi enemeHTbI (Tun 1)

—  HeBunpoOyBaHri enemeHTsl (Tun lll)

EnemeHT poboTatoyi no ycrasui, npu Lbomy He BunpoOyBaHi (tun |)

Pucynoxk B.29 — Po3paxyHnkoBa cxema macisiHoi cuctemu PJIEC
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Tabnus B.8 - Jlani ans po3paxyHKOBUX eneMeHTiB cuctemMu QD
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Bumu No en. [Toxa3HuK HaTIHHOCTI
Ckuiazi yKpymnmHEHOro -
KOMIIOHOBOK| B pO3pax. Haiim.,
. eJIeMEeHTa . 3HaYEeHHS
PJIEC CXeMl, THUIl PO3MIPHICTh
1 2 3 4 5
QDI10D01  — Hacoc| A, l/ronm 6,206E-06
nusens (BUmpoO) Ap, 1/ron 9,550E-03
QD13D01 — macoc BI'P | p, 1/rox 4,348E-02
(Bumpo0O) g, 1/1p 5,217E-03
QD12D03 -
T1APOaKyMyJISITOP
(BumpoO)
QD17S01 —
QDI1, (I) | penyxuiitHuit KJIanaH
BUNPOO | (BUIpoO)
QDIINO1, QDI1INO2,
QDI2NOI —  diabTp
MeXaHIYHUH (BUIPOO)
QD11S04, QD118S05,
SPIEC 1
QD11S06, QD11S08,
QDI11S12, QD12S02 —
3BOPOTHHM KJIaraH
(BumpoO) — 6 T
QDI12D01 — macoc 3| A, l/ron 9,246E-07
QD2, (1) ITHEBMOIIPUBOJIOM Ap, 1/ron 1,287E-03
BHITPO (BUTIPOO) w, 1/ron 4,348E-02
QD12S06 — 3BopoTHHMI
&, 1/tp 7,710E-04
KJ1arnaH (BUIIPOO)
QDI2D02 — macoc 3| A, l/rox 9,246E-07
QD3 () ITHEBMOIIPUBOJIOM Ap, 1/ron 1,287E-03
(BUTIPOO) W, 1/ron 4,348E-02
BUIPOO QDI12S07 — 3BopoTHHMI
P £ 1/1p 7,710E-04

KJ1amnaH (Burpo0)




[Tponosxenus Tabnwui B.8
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1

2

QD4, (III)
HEBUIIPOO

QD12S03 -
IEepPEIy CKHUN Ta
3aroOKHUHN KIIanaH
QD12S04 — 3acyBka
py4Ha (HeBUIPOO)

A, l/ron

4,010E-07

QD5, (III)
HE BUIPOO

QD12S01 -
TIEPENYCKHUHI Ta
3anmo01KHUHN KIanaH
QDI12S05 — 3acyBka
pyuHas (HEBHUIIPOO)

A, 1/ron

4,010E-07

QDé6, (I1II)
HEBHUIIPOO

QDI11B0Ol — 1ucrepHa
MUPKYJISIIIITHOTO Maciia
QDI11B02, QD14B01 —
Oax

QD11S01, QD11S03,
QDI11S07, QDI12S01 —
MEepPEIyCKHUI Ta
3armo01KHUM KIanaH
QD11S02, QD11S09,
QD12S05, QD13S07,
QD14S07, QD14S08,
QD14S09 — 3acyBka
pyuHa (HeBUIpoO)
QDI11WO01, QDI11W02 —
TEMJI000MIHHUK
(HeBUTIPOO)

QDI11S011 — 3BOpoTHMI
KJ1anaH (HeBUIpoO)

A, 1/ron

5,343E-06

QD7, (IIT)
HEBHUIIPOO

QDI14D01 — mnacoc 3
€JIEKTPOTIPUBOAOM
(HeBunpoo)

QD14S03 — 3BopoTHMI
KJ1anaH (HeBUIpoO)
QD14S01, QD14S05 -
3acyBKa pydHa
(HEeBUIIPOO)

A, 1/ron

1,161E-06




[Tponosxenus Tabnwui B.8
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1 2 3 4 5
QD14D02 — mHacoc 3
€JIEKTPOIIPUBOIOM
(HEeBUIIPOO)
QDS, (IIT) | QD14S04 — 3BopoTHUI \. 1/ron 1.161E-06
HEeBUIIPOO | KiamaH (HeBUIIPOO)
QD14S02, QD14S06 —
3acyBKa pydJHa
(HeBUIIPOO)
QD9, (I) |QDI11WO02 —| A, l/ron 2,409E-07
pab. mo | TErmI00OMIHHUK Ap, 1/ron 1,279E-07
ycTaBKe,He | (HeBUIIPOO)
onpo0O W, 1/ron 4,545E-02
(bI'P)
QDI M Cxnan emementa ta ITH taxki x six nis 5 PIAEC 1
onpoO
QD2, D Cxuan enementa Ta [TH Taxi x six st S PIEC 1
orpoO
QD3, (D) Cknag enementa Ta [TH taxi x sik nis 5 PAEC 1
onpoO
QD4, (III) Cknag enementa ta [TH taxi x sik nisa 5 PAEC 1
HE onpo0d
QDS5, (IID) Cxuan enementa Ta [TH Taxi x six s S PIEC 1
HE onpo0d
5 PIIEC 2.3 QD6, (III) Cknag enementa Ta [TH taxi x sik nisa 5 PAEC 1
HEe ornpob
A,
QD7, (III) QD14S03 — 3acyBka 3 Y 2.670E-07
HEe ornpob €JICKTPOIPUBOIOM (HE OMpo0O) ron
QDS, (III) QD14S04 — 3acyBka 3 }IL; 2,670E-07
HE o1po0d €ICKTPOIIPUBOIOM (HE OImpo0) ron
QD9, (I
pad. 1o Cxirag enementa Ta ITH taxi x sk gius 5 PAEC 1
YCTaBKe,HE

ompo6
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Q
oo s 11 +H—HHsH—to—H12B—+H 12S H 125 { 135 p(O)
13 H13s {f 13 H 13 |

O 13 H 138
13 H13S {{ 13 { 13

BunpobysaHi enemenTin (Tvin 1)

— HeunpobysaHi enemeHTtu (T11n Il)

Pucynok B.30 — Jloriyna cxema cUCTEMH BOJITHOTO OXOJIOKEHHSI BHYTPIIIHBOTO

Q
m
N

koHtypy PIEC
QE4
QE3
QE5

BunpobyeaHi enemeHTn (TuN 1)

He sunpobyeaHi enemeHnTn (Tun )

Pucynok B.31 — Po3paxyHkoBa cxeMa CUCTEMHU BOJSHOT'O OXOJIOKEHHS BHYTPIIIHHOTO

koHTYypy PIEC



Tabmus B.9 - Jlani ans po3paxyHkoBux enemeHTiB cuctemu QE
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No ejtemeHTiB

[MToka3HuK HAAIHHOCTL

i - Cknag yKpyImHEHOTO €JIEMEHTA Haiiwm.,
PO3paxyHKOBIM . 3HaYEeHHS
: PO3MIPHICTH
CXeMi, THII
QE10DO01 — nacoc auzens A, 1/ron 4,964E-06
QEL (I) QE11SO01 — 3BoporHmii knamaH | Ap, 1/rox 2,574E-03
’ (BuMIp0oO) u, 1/ron 4,348E-02
BUNPOO
QEI11S02 — peryntoroua apmatypa 1,641E-03
& 1/1p
(BUIPOO)
QE2 (I), QE12DO01 — nacoc BI'P A, 1/ron 3,046E-06
Bunpo6, pod6 | QE12B01 — 6ak (Bunpo6.) bI'P Ap, 1/ron 8,924E-06
no ycraii | QE12S03  — 3BooporHmii Kmamad |, 1/rox 4,348E-02
(bI'P) (BHIPOO.) g, 1/tp 2,700E-03
QEI1WO01l — TtemiooOMiHHHMK (HE
BUIIPOO.)
QE3, (Ill) ve | QEI13BO01 — 6axk
1 1,041E-
pumpos | QEI2S01, QE12502, QE13S06,| /MO ;041E-06
QE13S20 — 3acyBka pyuHa (HE
BUIPOO)
QE13DO01 - HacoC 3
EJICKTPOINPUBOIOM (HE BUIPOO)
QE4, (Ill) ve | QE13S09, QE13S10 — 3acyBka % Urox | 1.022E-06
BUTIPOO pyuHa (He BUIIPOO)
QEI13S11 — 3BoopoTHHMI Ki1anaH (He
BUIPOO)
QE13D02 - HacoC 3
€JIEKTPOINPUBOAOM (HE BUIPOO)
ES, (ITI E13S12 E13S13 -
QES5, (IlT) ue | QE13S12, QEI13S13 3acyBKa % Uron | 1,022E-06

BHUIIPOO

pyuHa (He BUTIPOO)
QEI13S14 — 3BoopoTHMII K1anaH (He
BUIIPOO)
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QF

1250112803 12504

12S11 H10WOI = 10W02[112W0112W02[+ BK10 [~

12505 1280712508

BunpobysaHi enemenTn (tun )
- — HesunpobysaHi enementu (Tn )

Pucynoxk B.32 — Jloriuna cxemMa cucTeMu BOAU 30BHIIIHBOTO KOHTYPY OXOJIOKEHHS

PJIEC
QF1 QF3
R QF5 |-
QF?2 QF4

Pucynox B.33 — Po3paxyHkoBa cxeMa CHCTEMHU BOJH 30BHIITHBOTO KOHTYPY
oxonokeHHs PJIEC



Tabmuus B.10 - Jlani mu1st po3paxyHKoBHUX efeMeHTiB cuctemu QF
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No estemeHTiB

[Toka3Huk HaIIHAHOCTI

N ..| CKkimanm yKpymHEHOro eJIeMeHTa Haiiwm.,
pospaxymcomn POSMipHiCTE 3Ha4YECHHS
CXEMi, THII
A, 1/ron 1,234E-06
QF1, (D) QF12S03 — 3acyBka 3 Ap, 1/ ron 2,779E-07
BUNPOO THEBMOITPUBOIOM (BUIIPOO) W, 1/ ron 1,389E-02
&, 1/tp 4,287E-04
A, 1/ ron 1,234E-06
QF2 (D), QF12S07 — 3acyBka 3 Ap, 1/ ron 2,779E-07
BUIIPOO THEBMOITPUBOIOM (BHUIIPOO) W, 1/ rox 1,389E-02
&, 1/tp 4,287E-04
QF3, (IIl) me | QF12S01, QF12S04 — 3acyBka " 1/ ron 9,787E-08
omnpo6 py4Ha (He BUIPOO) ’
QF4, (IIT) ue | QF12S05, QF12S08 — 3acyBka 1/ Ton 9,787E-08
BHUIIPOO pyuHa (He BUIIPOO) ’
QF12S011 — TpuxomoBa 3acyBka 3
MTHEBMOIIPUBOJIOM (HE BUIPOO)
QF10WO01, QF10W02, QF12WO01,
QFS, ) He | ok 19W02 — remmootmimmmk (re| A, 1/ rox 4,485E-06

BUTIPOO

BUIIPOO)
BK10 — BogonpuiiMaibHa Kamepa
(1e BumpoO)
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Pucynox B.34 — Jloriuna cxema noBiTpsinoi cuctemu PJIEC

Qe NO H SO H so H soHsoh 4 soHstHeol}l dB1 Hs2}F .. 4s2Hs1bo
— 82
no H so H so H so H so st H st Heo deoHstF ... 4s2Hs1 b0
QG QG
O-| so L 1 s1 sol ... 4s1Hs2 s1 s1Hs2hq
s1 H s 11s H 158 O
O-f so b ... - so S0 |- +so Hs2k s1 s1 H s1
QG QG S0
O->{BoH soHsoHsoHsoHsoHsoHsoH so stHstHs2HsoH 2 HsoH so O
St
O->{sof{s0oH soH St sStiHsS0HS2HN H st
S1



Q63 QE5 QE7 QE9

QG1 QG2

QG4 QE6 QES8 QE1

BunpobysaHi enemeHTn (T1n 1)

— — HeBunpobysaHi enementn (Tun ll)

Pucynoxk B.35 — Po3paxynkoBa cxema nositpsiHoi cuctemu PJIEC

5

Pucynok B.36 — Po3paxyHkoBa cxema u3elb-reHepaTropa, MpuiaaiB 1 aBTOMaTHKU

247



Tabmus B.11 - [ani n1s po3paxyHKoBUX eneMeHTiB cucteMu QG
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No entemenTi

[MToka3HUK HAIIHOCTI

i . Cknag yKpyImHEHOTO €JIEMEHTA Harim.,
PO3paxyHKOBIH . 3HaYEeHHS
: PO3MIPHICTH
cXemi, THI
1 2 3 4
QGI12B01 — mnoBitpsamii OamoH | A, 1/Ton 2,566E-06
(BUpo0O) Ap, 1/ Ton 5,274E-03
QG12802, QG12504, QG12S07, | u, 1/rox 4,348E-02
QG12509 -
€JICKTPOITHEBMOKIIANAH (BUIIPOO)
— 4 .
QG14S17 — 3BOpOoTHUH KJIalaH
(BUpoO)
QG14S02 — 3alOpHUAN
MMHEeBMOKJIaraH (BUIIPoO)
QG14S03, QG14504, QG14S06,
14S0 14S1 —
QGL. (1) QG S.j’ ) QG14S19
penayKIiiHuN KianaH (BUMpoO) —
BUIPOO
Sir.
&, 1/tp 2,907E-03

QGI4NO1 — ¢utbTp MexaHIYHUUI
(BUmpo0O)

[TapanensHO BCTAHOBJICHI JiBa
3aIMOPHUX ITHEBMOKJIAITaHa
QG13S12 u QG13S16

[TapanmensHO  BCTAHOBJICHI  JIBI
Tpynu  apMaTtypu  BHUIIPOOyeMi
peAyKIIiHUN  Ta  3BOPOTHUU
KJanaHu (B KOXHIM  rpyri)

QG13S18, QG13S20 m QG13S17,
QG13S19 BigmoBigHO




[Tpomosxxenns Tabmwui B.11
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1

2

QG2 (1), ue
BUIIPOO

QGI11S15, QG11S28, QG12S01,
QG12S08, QG13S11, QGI13S15,
QG14S01, QG14S08, QG14S10,
QG14S11, QG14S16, QG14S20,
QG148S22, QGI15S01 — 3acyBka
pyudHa (He BUIpoO) — 14mr
QG12S03, QG12S506 -
€JIEKTPOITHEBMOKJIANIAH (He
BUIPOO)

QG14S05 — 3alIOPHUN
MTHEBMOKJIAIIaH (HEe BUIIPOO)

A, 1/ ron

1,566E-06

QG3, (I1I)
BUIPOO

QGI11B06-B10 —
0asioH (BUMpoO) — ST

QGI11S13 — 3BOpoTHMHM KJIalaH
(BUpoO)

MOBITPSIHUI

A, 1/ ron
Ap, 1/ Ton
W, 1/ roxn

& 1/tp

8,445E-07
1,170E-03
4,348E-02
7,126E-04

QG4, (III)
BUTIPOO

QGI11B01-BOS -
OayioH (BUMpoO) — ST

QGI11S14 — 3BOpoTHMM KJIanaH
(BUmpo0O)

MOBITPSTHUH

A, 1/ ron
Ap, 1/ Ton
W, 1/ roxn

& 1/tp

8,445E-07
1,170E-03
4,348E-02
7,126E-04

QGS5, (IIT) me
BUIIPOO

QG118S09, QGI11S11 -
3anoOKHUH KJ1araH (He orpoo)
QGI11S821-S25, QGI13S06-S10,
QG15S07-S11 — 3acyBka pydHa
(1e Bunpo6) — 15mT

QG13822—-
(ae BumpoO)

3BOPOTHUM  KJlamaH

A, 1/ Ton

1,835E-06

QG6, (III) ue
BHIIPOO

QG11S10, QG118S12 -
3ano01KHUM KJ1anaH (He orpoo)
QGI11S16-S20, QGI13S01-S05,
QG15S02-S06 — 3acyBka pyuHas
(ae BunpoO) — 15mT

QG13821-
(ae BumpoO)

3BOPOTHUM  KJlamaH

A, 1/ ron

1,835E-06
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| 2 3 4
QGI1INO1 — ¢inbTp MexaHIUHMI (HE
BUITPOO)
QG11S01 — enexkTpomHEeBMOKJIIAaH
(ue BumpoO)
QG7, (III) me QG11S03 — penykmiiiHuii Kiama 2 1/ Tox 6.496E-07
BUIIPOO (ae BuMpoO)
QGI11S05 — 3acyBka pyudHa (He
BUIIPOO)
QG11S07 — 3BopoTHuii kiamaH (He
BUITPOO)
QGI1INO02 — ¢inpTp MexaHIuYHUM(HE
BUITIPOO)
QG11S02 — enekTpomHEBMOKJIIAaH
(ae BumpoO)
QGS8, (Ill) e | QG11S04 — penykuiitHUN KiamnaH 2 1/ ror 6.496E-07
BHITPOO (ae BumpoO)
QGI11S06 — 3acyBka pyuHa (HE
BUITPOO)
QG11S08 — 3BopoTHuUl KinanaH (He
BUITIPOO)
QGY, (Ill) ve | QG14S013 — 3acyBka pydHa (HE 2 1/ Tox 4.893E-08
BUTIPOO BUIIPOO)
QG10, (IlT) e | QG14S012 — 3acyBka pyuHa (HE 2 1/ ron 4.893E-08

BUTIPOO

BUITPOO)
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Tabmums B.12 - [loka3HMKM HagidHOCTI CTPYKTYpHUX €JEMEHTIB CHCTEMHU

nusenb-reneparop 1 KBITIA

CrpykTypHUi Cucremu Ta npuiaau, [Toka3Huk HaaIHHOCTI

CJIEMEHT [I{o BXOIATH 10 CTPYKTYPHOTO Ha.ﬁM.., HatCHHS
CXEMH, THII €JIeMEHTa PO3MIpHICTH

. A, 1/ ron 3,702E-06

QL) oo mostore sopy | 1/108 | 2572503

BUIIPOO W, 1/ ron 1,389E-02

ra30BUITYCKY £ 1 1.286E-03

[Cenepatop 3  IiANIMIIHMKAMU A, 1/ ron 1,762E-06

GV, (D , | Ap, 1/Ton 2,572E-03

BUTIPOG enactuyHa MydTa  (3’€aHyroua w1/ rox 1. 389E-02

JIU3€Jb 3 TEHEPATOPOM) £ 1 1.286E-03

Kommnekruii npucTpi, | A, 1/ rox 3,702E-06

KBIIiA, (I) | KOHTPOJABHO - BUMIPIOBAIBHOIO | Ap, 1/ T0N 2,572E-03

BUNPOO MPUCTPOIO, cucrema w1/ Tox 1,389E-02

aBTOMATUYHOTO PYTYJIFOBaHHS ’
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35 - 9 1+ 1 1 1
2
1 6 R 1+ 1 1 1
) |
ot
5

Bunpo6yeaHi enemeHTn (TN 1)

EnemeH™n, po6oTatoMi no ycTasLj, Npu Uboly He BunpoGyeaHi (Tun )

— He eunpo6yeaHi, He poGoTatodi enemeHTw (Tyn 1)

Pucynoxk B.37 — Po3paxynkoBa cxema Bciei PZIEC



Ta6mums B.13 — 3Beneni pani s PJIEC
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Cknag yKpynmHEeHOTO

[MToka3HUK HAIIHOCTI

Bunu Howmep
ajeMeHTa (CKJIacH 3
KOMIIOHO|  €JIEMEHTA B .
... | YKPYIIHEHUX €JIEMEHTOB Harim.,
BOK PO3paxyHKOBIH o 3HaYeHHS
PJIEC exeMi. U OKPMEHHUX CUCTEM PO3MIpHICTh
’ PIEC)
1 2 3 4 5
QC1 QDI A, 1/ Ton 3,036E-05
QEl QGl Ap, 1/ Tron 3,283E-02
1, (I) Bunpo6
Qv GV i, 1/ Tox 1,389E-02
KBITLIA &, 1/1p 1,935E-02
2, (IIT) me QC2 QD6 QE3 QF5 1,457E-05
A, 1/ron
5 PIIEC BUIIPOO QG2
: QD2 A, 1/ Ton 9,246E-07
3.0) 5 Ap, 1/ron 1,287E-03
» |1 BHTPO w, 1/ ron 4,348E-02
&, 1/tp 7,710E-04
A, 1/ Ton 9,246E-07
Ap, 1/ ron 1,28 7E-03
4, (1 0 D3
, (I) BHIIPO Q w1/ ron 4,348E-02
&, 1/tp 7,710E-04
5, (IIT) me QD4 2 1/ Tox 4,010E-07
BUIIPOO
4,010E-
6, (I11) ne QD5 2 1/ Tox ,010E-07
BUIPOO
QF1 A, 1/ Ton 1,234E-06
Ap, 1/ Ton 2,779E-07
7, (1 0
» (1) Binpo w, 1/ tox 1,389E-02
&, 1/tp 4,287E-04
8, (I) BumpoO QF2 A, 1/ ron 1,234E-06
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1 2 3 4 5
Ap, 1/ Ton 2,779E-07
W, 1/ ron 1,389E-02
& 1/tp 4,28 7E-04
9, (IIT) me QF3 2 1/ Tox 9,787E-08
BUIPOO
10, (III F4 E-
0, (IIT) me Q 2 1/ tox 9,787E-08
BUIIPOO
QG3 A, 1/ Ton 8,445E-07
Ap, 1/ Ton 1,170E-03
11, (I
- (1) Binipod w, 1/ ron 4,348E-02
&, 1/tp 7,126E-04
QG4 A, 1/ Ton 8,445E-07
12, (I 0
, (I) Bumpo Ap, 1/ ron 1,170E-03
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1 2 3 4 5
W, 1/ rox 4,348E-02
& 1/tp 7,126E-04
13, (II1) me QG5 2 1/ Tox 1,835E-06
BUIPOO
14, (ITI) me 13, QG6 2 1/ Tox 1,835E-06
(IIT) He BUMpoO
15, (IIT) me 13, QD7 % 1/ Tox 1,161E-06
(IIT) e Bunpo6
16, (IIT) me 13, QDS 2 1/ Tox 1,161E-06
(I1T) He BUMpoO
17, (IIT) me 13, QE4 1,022E-06
Al
(IIT) me BUIPOO > 1/ron
18, (IIT) me 13, QES5 2 1/ Tox 1,022E-06
(IIT) e Bunpo6
19, (ITI) me 13, QG7 6,496E-07
Al
(IIT) ze BUIIPOO > 1/ron
20, (IIT) me 13, QGS8 2 1/ Tox 6,496E-07
(IIT) e BuIpoO
21, (1) me 13, QGI 2 1/ Tox 4,893E-08
(IIT) e BuIpoO
22, (IIT) me 13, QGI10 4,893E-08
Al
(1) me BUIPOO > 1/ ron
23, (Hue 13, | QDY — mopymoe BI'P| A, 1/roxn 2,409E-07
(IIT) ne MaclIOCUTEMHU Ap, 1/ ron 1,279E-07
BHIIPOO, poO. 4,545E-02
. W, 1/ ron
0 YCTaBIIl
24, (1) 13, (1) | QE2 — moxymwoe BI'P| A, 1/rox 3,046E-06
HE BUIPOO, | BOAM BHYTPILIHBOIO | Ap, 1/ r0x 8,924E-06
po0. mo KOHTYPY w, 1/ rox 4,348E-02
yCTaBIIl &, 1/tp 2,700E-03
1, (I) 13, (II1) Cxnan enementa Ta [TH Taki x ana qns S PAEC 1
HE BUNPOO
SPADC| 2, II) ne 13, Cxknan enementa ta [TH Taxi »x mos goist S PJIEC 1
2,3 (IIT) e BumpoO

3, (I) 13, (I1)
HE BUIPOO

Cxknan enementa ta ITH Taxi x ms qorst S PJIEC 1
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1 2 3
4, (D) 13, (IIT) Cxknan enementa Ta [TH Taxi x as s S PJIEC 1
HE BUIPOO
5, (IIT) ne 13, Cxman enementa ta ITH taxi x g nis 5 PAEC 1
(I1T) He BUNpo6
6, (I11) e 13, Cxuan emementa ta ITH Taxi x s mas S PIEC 1
(IIT) He BUMpoOO
7, (D 13, (1) Cxuan enementa ta I1H Taki x ns nns S PAEC 1
HE BUMPOO
8, (D) 13, (IIT) Cxuan enementa ta I1H Taki x nns nns S PAEC 1
HE BUIPOO
9, (I11) me 13, Cxmag enemenra ta I1H taki x gus oot 5 PIEC 1
(I1T) He BUMpoO
10, (I1I) we 13, Cxnan enementa Ta [TH Taxi x ansa qs S PAEC 1
(IIT) e BunpoO
11, (I) 13, (I1I) Cxnan enementa Ta [TH Taxi x ansa qs S PAEC 1
HE BUIPOO
12, (I) 13, (II1) Cknan enementa Ta [TH Taki x ang qns S PAEC 1
HE BUIPOO
13, (ITI) me 13, Cxnan enementa Ta [TH Taxi x ansa s S PAEC 1
(IIT) e BuIpoO
14, (ITI) me 13, | QD7 % 1jac 2,670E-07
(I1T) He BUMpoO
15, () we 13, | QD8 ) 1/aac 2,670E-07
(IIT) e BuIpoO
16, (IIT) ve 13, Cxnan enementa Ta [TH Taxi x ans qs S PJIEC 1
(IIT) e BumpoO
17, (IT) ve 13, Cxman enementa ta ITH Taki x g mis 5 PJIEC 1
(IIT) e BunpoO
18, (IIT) ne 13, Cxman enementa ta ITH Taki x g mis 5 PJIEC 1
(IIT) e BumpoO
19, (IIT) ue 13, Cxnan enementa Ta [TH Taxi x ans s S PJIEC 1
(IIT) e BumpoO
20, (IIT) ve 13, Cxman enemenra ta ITH Taki x g mis 5 PJIEC 1
(I1T) He Bunpo6

21, (IIT) e 13,
(IIT) e BumpoO

Cxknan enementa ta ITH Taxi x ms qorst S PJIEC 1
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1 2 3

22, (IIT) ve 13, Cxknan enementa Ta [TH Taxi x as s S PJIEC 1
(I1T) He BUNpoO6

23, (I) me 13, Cxman enementa ta ITH taxi x g nis 5 PAEC 1
(I11) ne
BUIIPOO, poO.
0 YCTaBIIl
24, (1) 13, (I11) Cxknan enementa Ta [TH Taxi x as s S PJIEC 1
HE BHIPOO,
po0. o
yCTaBIIl
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JOAATOK . ITPAKTUYHE 3ACTOCYBAHHSA PO3POBJIEHMX
HIAXOIIB TA PE3VJIBTATIB JOCIIKEHD



LIATBEPIDKYIO™

] ’t «Haykoso-

AKT

Npo BHKOPHCTAHNA Pe3yALTATIB AHcepTaniiinol poboTn
«Poapobka meroanie kpanidikauii mogepuizauiii erparerii ekenayaranil cuerem, BaKIHBHX
A De3nexn AAEPHUX eHePreTHYHNX YCTAHOBOK»
Ocranosus Anapia OuexkcanapoBu4a

Mu, mo H#xbe MTHCATHCH: KepiBHHK cayxOH TEeXHIYHOI MiATPHMKH NPOAOBAEHHA
excruyatanii inii «Hayxoso-rexniunm nentp» AT HAEK «Eneproatom» Cepriit PAITMEHKO
Ta NMPOBIAHMI iHeHep BiAALTY NiATPAMKH JoBroctpokopoi excrumyarauii ¢inii «Haykoso-
texuiunu uentpy AT HAEK «Eneproarom» Anapiii KEJITH, cknanmm nauuii akt B TOMYy, 1Io
pesyastati auceprariiinoi poSorn Ocranosus Amapis Onexcanapoeuua «PospoGka metonis
kpamidixaiuii Moaepuisauiil crparerii excrmyarauil cHcTeM, Baa/IMBHX 1A Oe3NeKH AACPHHX
€HEpreTHYHHX YCTAHOBOK) BHKOPHCTAHI Py oOIPYHTYBaHHI TEXHIYHHX pilleHb 3 MOEpPHizauil
CHCTEM YTIpaB/liHHA aBapiAMH SIEPHHX EHEProyCTAHOBOK Ta B pofouHx nporpaMax keatidixanii
cHCTEM, BARIHBHX 11 De3neKH SaepHHX eHepProycTaHoBoK.

B peaynwbTati npoeeaennx podiT Oy10 BUABICHO, WO Npe/icTannenuii MeToa keanidikami
MOJEPHI30BAHAX cTparterii MiABMINEHHA HOMIHANLHOT NOTYXHOCTI peakTopa i cTparerii
excIUTyaramiiinpx  BunpoOyBanb cucTeM Oe3nekn B yMOBax mNiABHINEHHA HOMIHATBHOI
MOTYAHOCTI 3 ypaxyBaHHsM 30UIblIEHHA TPHBAKOCTI “NATHBHHX KaMnauiii™  sjepHux
eHEpPreTHYHHX YCTaHOBOK 3 peaktopamu THmy BBEP, migpummrs wapiiinicts i nominumts
eKCILTyaTauiiini xapaKTepHcTHKH 00NaJHAHHA AIEPHHX EHEPIeTHYHAX YCTAHOBOK, A TAKOXK NPH
BIPOBA/DKEHHI pe3yJIBTATIE JIOCADKEHE B NpakTHKY 3aleineuars iCTOTHE NiABHIICHHS
eKoHoMiYHOCTI 1 JoBroTpHBanocTi (yHKIIOHYBaHHS TEIUIOCHEPreTHYHOIO YCTATKYBAHHA,
CKOpOHEHHS TepMiHiB IX MPOEKTYBAHHA | MOJIEpPHI3alli].

Haykopo-gocnigna poboTa BUKOHAHA HA BHCOKOMY HAYKOBOMY PiBHI.

Kepisuuk ciy#6u TexHiqHOT MATPHMKH ) ’; 7~

NPOOBACHHS eKCILTY aTanii ﬂ/ﬁ : Cepriii PAJJYEHKO
[posiauuii inaeHep BiLTY MiATPHMKR
JIOBFOCTPOKOBOT eKCITyaTaLil ﬂ;

Ml
5]

Anzapiii KEJIIH
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[MOT'OJDKEHO FATBEPJDKYIO

3asinysau kadeapun AE HHIATE B 0. MPEKTOPa HHIATE

Hanionanehoro TexsivHOro yHisepeHtery mb{;m TeXHIYHOTD ymnepcmew
Vpainu “Kuieceknil nonitexuiunui xpamu *“Ki¥schkHi NOMITeXHIYHUH IHCTHTYT

iHCTHTYT iMeni Irops Cikopeskoro™ inMeHi [mpﬂ Cuc ng
< Banepiti TY3 | e "Q ? €sred TIMCHMEHHHH
" S 2025 \‘ // / o 2025p.
AKT

[Ipo snposakenns B HaB4aALHOMY npoueci kadeapu aToMHOT eHEPreTHKH HABYAIbHO-
HAYKOBOTO iHCTHTYTY aToMHol Ta TenoBoi cuepreTukn HanionanbHoro Texnivnoro
yuipepenrery Yipainn "Kniscnknii noairexniunnii incruryt imeni Irops Cikopeskoro™
pelyabTaTie ancepTauiiinoi podorn Ocranosun Anapia Oaexcanaposnya
“Pospobka meroais ksaiidikauil mogepuizauiii erparerii excnayarauii cuerem, BAAIHBHX

AR He3neKH AAEPHHX eHepreTHMHAX YeTaHoBoK",

Komicia y ckmani 3acTynHHKa IMPEKTOPA HABYAILHO-HAYKOBOTO IHCTHTYTY aTOMHOI Ta
tennosoi enepretHkH HauiomamsHoro Texuiuworo ymisepcutery VYrpainn “KuiBchkuii
nonitexHiunmii iHeTHTYT iMeni Iropa Cikopebkoro” .1.H., aou. Illesena €.B. (ronosa komicii)
Ta BHKnIafa4is kadenpu artomuol emepretnkn AT.H., npod. Kpasus BIO. i arm, goun
Koumpatioka B.A. poarnanyna matepiamm amceprauiiinoi poGotu Ocranous A.O. npu
nigrorosui (axisuis 3a cnenianerictio 143 AtomHa enepreTHia.

Komicin npuiiuuia 10 BHCHOBKY:

Marepianu ancepraniiinol poGotn Ocranosus A.O. BXOMATE 10 CKNALY IHCIMILTIHM
“Kpanipikauis obnagnarua AEC”, pBemenni Temu “MeTofonoria AisnbHOCTI 3 kBamidikauil
obnannanis AEC” T1a “dopmypanns nepeniky oOnagnawHs, mo migmarae ksanidixamii’,
BBE/IEHO MpaKTHYHe 3JAHATTA Ha Temy: “Po3spaxynkosa kBaniikauis cucTeM BRMIIHBHX s
GearekH AAepPHHX EHEPreTHUYHHX YCTaHOBOK ™.

BumesasHaueHi AMCUHIUIIHE BHKIAJAIOTECA CTYAEHTaM KadeapH aToMHO! eHepreTHKH
ja cnemiansHicTio; 143 AToMHA eHepreTHKa, OCBITHS NpOrpama: aTOMHI eNeKTPHUHI CTaHIil,

ApyTHit (MaricTepchKHit) piBeHs OCBITH.

T'onosa kowicil: WALy '/ i T.H., 0w, €sren LIEBEJIb/
Unienu KoMicii: '_\J f

,,—KW“% / p.1.4., npod. Bonomumip KPABELLb/

/ ‘2? /l" n.T.H., non. Bagum KOHOPATHOK/
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IyOaikamii, B #AKHX ONyO0JiKOBAHI OCHOBHI HAayKOBI Ta MNpPaKTH4YHIi
pe3yJibTaTH JUcepTaumii:

1. OcranoBens A. O. JlocnipKeHHST METOIB 1 3aC001B MiABUIIIEHHS €()eKTUBHOCTI
excrutyataiii eneproosiokie AEC VYkpaiHu 3a paxyHOK ONTHMi3allii IJIAHOBO-
nonepexyBanbHUX peMoHTiB / A.O. Ocranosenb, B.l. Konsmmn // HaykoBo-
TEeXHIYHUN KypHal «fnepHa eHepreTuka Ta JoBKULL». — 2024. — Ne 1 (29). — C. 3-12.

URL: http://dx.doi.org/10.31717/2311-8253.24.1.1 daxoBe BUIAHHA BKJIIOYEHO IO

kareropii «b» mepeniky (axoBux BHJIaHb YKpaiHU, 1HJIEKCYETbCS Y MIDKHAPOIHUX
HaykoMmeTpuuHux 6a3zax Index Copernicus, Google Scholar, INIS, ResearchBib);

2. OcranoBeup A.O. BuUMOr" [0 TEXHIYHOTO OOCIYrOBYBaHHS 1 PEMOHTY
oONaJiHaHHS CUCTEM, BXKIMBHX i Oe3neku atoMHuX cTtaHiid / A.O. Ocranosen ,
O.B. Kyxoupkuii, /I.B. I'ymentok, O.1. Jlirouskuii, B.C. ITotockyeB, A.M. [lumryta //
HaykoBo-TexHiuHuM )XypHal «SlnepHa Ta pamiamiina 6esnexkay. — 2024. — Ne 3. — C. 52

—59. URL:https://doi.org/10.32918/n1s.2024.3(103).06 (daxoBe BUIaHHS BKIIOUYEHO 10

Kareropii «A» mnepeniky (paxoBUx BHAAHb YKpPAaiHU 1HJAEKCYETHCA Y MIKHAPOJHUX
HaykoMmeTpuuHux 6azax SCOPUS Q3, UGC CARE).

3. Ocramnogenp A. O. Kpurepiansuuit MmeTon kBasidikariii cTparerii miJBUIIEHHS
HOMIHAJIBHOI MOTYHOCTI anepHux peaktopiB / A.O. Ocranoseup, B.I. Konbmun //
HayxkoBuii xypHan «Bicauk HanionanbHoro TexHiuHoro yHisepcurery «XI1I». — 2024.

— Ne 2 (1368). — C. 47 — 52. URL: https://doi.org/10.20998/2220-4784.2024.02.05

daxoBe BUIaHHS BKIIOYEHO J10 Kareropli «b» nepeniky (paxoBux BuAaHb YKpaiHu);

Iyoaikamii, siki 3acBiTuy0TH anpodani MarepiajiB qucepraumii:

4. OcranoBeup A.O. Kaamidikaimis crpaTerii MiJBUILIEHHS HOMIHAJIbHOI
MOTYXKHOCT1 simepHux eHeproyctaHoBok / A.O. Ocramnosenpb, B.l. Konpmmu // 1
International Scientific and Practical Conference «European congress of scientific
discovery». Proc. — Madrid, Spain. — December 29 — 31. — 2024. — P. 238 — 243. (ISBN
978-84-15927-30-3). URL: https://sci-conf.com.ua/i-mizhnarodna-naukovo-praktichna-
konferentsiya-european-congress-of-scientific-discovery-29-31-12-2024-madrid-
ispaniya-arhiv/.

5. Ocranoseup A.O. AganTaiiss pU3UK-OPIEHTOBAHOTO MIAXOAY KBamiQikarii


http://dx.doi.org/10.31717/2311-8253.24.1.1
https://doi.org/10.32918/nrs.2024.3(103).06
https://doi.org/10.20998/2220-4784.2024.02.05
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MOJIEpHI3allli CTpaTerii MepioJUYHOCT] IUIAHOBUX BHUMNPOOYyBaHb CHUCTEM O€3MeKH
peaktopa / A.O. Ocranogenp, B.1. Konsmmn // VI International Scientific and Practical
Conference «Current trends in scientific research development». Proc. — Boston, USA.
— January 16-18. —2025. — P. 215 — 221. (ISBN 978-1-73981-122-8). URL: https://sci-
conf.com.ua/vi-mizhnarodna-naukovo-praktichna-konferentsiya-current-trends-in-

scientific-research-development-16-18-01-2025-boston-ssha-arhiv/.



