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Pedepar:

1. Ha AEC Ykpainu Typ6oarperaru pisHoi IOTY>KHOCTI i Yacy BB€JIE€HHS B €KCILTyaTallilo MigKII04al0ThCs B 00'€IHAHY
000poTHY cuctemy oxosiomkeHHs (OCO) i3 3arasibHUM 17151 BCix BogHO-XiMiuHuM (BXP) i TensorinpapniyHum
pexxumami (TTP) 3 egMHUM CKIIa[OM OHATKOBOI BOAM i 3arajlbHOIO IIPOJYBKOIO 6€3 BpaXyBaHHSI KOHCTPYKTUBHUX
0CO06JINBOCTEN KOHJIEHCATOPIB OKpEMUX 6JIOKIB, BUTOTOBJIEHUX 3 Pi3HMX MeTaliB. Bisblie TOro, oCTaHHIM 4acoM
eHepreTryHi 6;10ku AEC YkpaiHu 4acTo eKCIIyaTyIoTh IPY 3HIDKEHUX HaBaHTaKeHHSX. Taka MpakTHKa [IpU3BOAUTD
IIO BEJIMKMX BUTPAT JOAATKOBOI i IPOAYBHOI BOAM, @ TAKOK CTBOPEHHSI JIAHIIIOTa OOCTaBUH, SKi CIIPUSIIOThH

IIPUCKOPEHOMY (POPMYBAHHIO BiIKJIaIeHHSI B&XKOPO3UMHHUX COJIEN i OKUCIIB METaJliB Ha OKPEMUX



KOHJIEHCTAaTOpax, 3alljamieHHIo esleMeHTiB OCO, NOpyIeHHIO LiTiCHOCTI TPYOOK i aBapiliHuM nprucocam
0X0JI0IKyI040i Bogu. EpexTrBHA excriyaTalist NofioHUxX 6araTo6JI0KOBUX €JIeKTPOCTaHIIil BUMarae
BHMKOPHUCTaHHs iHaMBinyanpHuxX BXP 1151 KoskHoro moHo6sioka OCO. Po6oTa nnpucBsiueHa akTyasbHill IpobJiemi
MigBUIEHHS HAAiHHOCTI Ta €(PEKTUBHOCTI JOBrOCTPOKOBOI ekciyaranii obnagHanHs OCO AEC 3 MeToro
ninsumenHs KBBII 3 ypaxyBaHHSIM BCTaHOBJIEHOI IOTY>KHOCTI, TEpMiHiB eKcIIyarallii 6J10KiB, CTaHy KOHZIEHCATOPiB
i AMCIIeTYePChKOrO HABaHTAKEHHS 32 PaxyHOK 3acTocyBaHH4 iHpuBinyanpHux TI'P i BXP OCO 3 iHnuBigyassHIMU
KUJIBKICTIO 1 SKICTIO JOJATKOBOI i IPOAYBHOI BOAU. [IpoBefeHO aHali3 aKTyaJbHUX HAyKOBO-TEXHIYHUX IIIIXOIIB O
nocanipkeHHs BXP icHyounx cxem OCO 3 METOIO TIOTIEPEIKEHHS BiIK/IaleHb BaXKKOPO3UMHHUX COJIEeN 1 KOpo3ii
MeTaJliB eHepreTUYHOro 00JIaHAHHS, SKi 3a0e3I1euyoTh TprUBaly ePeKTUBHY i HaZiliHy po6OTy TENI000MiHHUKIB.
yIapIOBaHHS i KOHIMLIOHYBAaHHS y BOyoBaHux BITY. CTBopeHa HayKOBO OOIPYHTOBaHA METOJMKA CTPYKTYPYBaHHS
OKpeMUX 0JIOKIB 3 [TOCIiJOBHUM i apasneabHuM mnigxnodeHHsIM OCO eHepreTUYHUX 6J10KiB 3 inauBigyanbHum TI'P i
BXP 3 ypaxyBaHHsM (i3UKO-XiMiUHOTO CKJIaly 1OJATKOBOI BOAU. YIOCKOHA/IEHI METOMKYU PO3PaxyHKY OCHOBHUX
nokazHukiB TT'P i BXP 1151 cxeM 3 NOBTOPHUM BUKOPUCTAHHSIM KOHJMIIIOHOBaHOI IIPOIyBHOI BOIY HA NIONEPEIHBO
BKJIIOUEHOMY i/a60 BOyJOBaHOMY OCBETJIIOBAYaX, 8 TAKOXK KOMILJIEKCHOTO ii BUKOPUCTaHHS JJ151 IPUTOTYBAaHHS
>kuBuibHOI Bogu 1IN i TernioBux Mepex Miciis 06po6Ky Ha ribpinHux Bogomniaroropyux ycraHoBKax (IBITY).
CTBOpeHa JIBOCTYyIIeHeBa MaclITabHa MOJieJlb 3 aBToMaTUYHUM MoHiTopuHrom TI'P i BXP, sika no3Bossie
BiITBOPIOBATH i MiATPUMYBATH PEXXUMU i YMOBU BUIIPOOYBAaHHS B 33JaHUX [ialla30Hax 3 HEOOXiJHOI TOYHICTIO i
CTabiNBbHICTIO MPOTArOM BCTaHOBJIEHOTO Yacy i npuiiHara JI1 HAEK «Eneproarom» st TeCTyBaHHSI HOBUX BXP
OCO. Po3pobsenuit MeToA JUCKPETHOI'O KOHTPOJIIO 32 eeKTUBHicTIO ekcinyaTauii OCO npu aBTOMAaTUYHOMY
MOHIiTOpuHTY NoKa3HuKiB TI'P i BXP i BeJIn4MH iHTEHCMBHOCTI BiIK/IalecHb BArOBUM METOOM Ha KOHTPOJIbHUX
3pa3Kax 3 apxiByBaHHSIM [NOKa3HUKIB B 6a3i JaHuX /7151 BU3HaAYeHHS edekTuBHOCTI BXP B poieci 1abopaTopHUX
IOCJIiIKeHb i IPOMUCIIOBUX BUIIPOOYBaHb IJIsl BOJ, Pi3HOTO COJieBMicTy. PO3po6ieHO MeTOANKY HOCiIKeHb i
IIpUCTPil (KaceTy), 1110 AO3BOJISIIOTH 3/iICHIOBAaTH B IPOMUCJIOBUX YMOBax JUCKPETHUI aHali3 BifKlageHb Ha
TEIJIOOOMIHHUX [TOBEPXHSIX 1 KOPO3il0 MeTasliB IpoTIrom Bciei pobodoi kamnanii OCO AEC, TEC Ta iH. B 3amaHuit
nepion yacy. Po3pobieno merton gudepeHuianii BinkiageHb BAXXKOPO3YMHHYX COJieil i okucitiB meTtastis. [IpogyBHa
BOJIa sIBJIsIE COOOIO0 LIiHHY CUPOBUHY i Miciis ii KOHOUIIIOHYBaHHS MOXe OyTH 3aCTOCOBaHa IIOBTOPHO Y TUX e abo B
iHIIKX OMKIax CTaHLii 3 6ibII HU3bKUMU BUMOTaMHU JI0 SIKOCTi )KUBUJIbHOI Bopu. [TponyBKy 3 He3HauHuM CC i Ky
a60 ii YaCTMHYU TaKOK MO>XHA BUKOPUCTOBYBATHU [1J1 )KUBJIEHHS] MEHII HAaBAaHTa)K€HUX TEIJIOTiNPaBiYHUX LIUKJIiB
€Heproos'eKTiB pu nepesBeeHHi Ha iHguBinyanbHi BXP okpemo cTpyktypoBanux OCO 6J10KiB, 110 CKIIaHAI0ThCS 3
0JI0KOBUX TpajupeHsb i KoHIeHcaTopiB. [1py pomy 3'aBiIsieThCs MOXIINBICTb B 0fiHIN OCO AEC nuisixom 3MiHU
SKOCTI )KUBUJIbHOI BOJY, 110 NIOAAETHCS, | BEJIMYMHU NIPOLYBOK HA OKPEMI CTPYKTYPY CTBOPUTHU iHIMBiAyanbHi BXP
OCO 1ux CTPYKTYP, B 3aJIE5KHOCTI Bif] AUCIIETIEPCHKOTO HABAHTA)KEHHS €HEeProOJIOKiB, a TAKOXK TEPMiHIB
eKCIlyaTalii Ta cTaHy KOHAEHCATOPIB, SIKi BXOIATh 10 CTPYKTYpHU. OJHI€I0 3 IEpeBar Takoro CTPYKTYPyBaHHS
6JI0KiB € MMPOKi MO>KJIMBOCTI yIIpaBiliHHs iHAUBinyanpHuMU BXP OCO 6J10KiB, CIpSIMOBaHUX Ha MiJBULIEHHS
ekoHoMi4HoCTi i HagifHOCTI Beiei OCO AEC npu 3HMKEHMX BUTPATax AOOATKOBOI BOJY, IOBTOPHOMY BUKOPUCTaHHI
nponyBHUX Bof i max Ky unpkysnsauiriHoi Bogu. IIpu TpuBasniii ekcrtyaTanii Beix 6J10KiB eHeproo6'exra i
KOPOTKOYaCHUX 3MEHIIEHHSIX HaBaHTKEHHSI 32 BUPOOHNYOi HEOOXiJHOCTi BUNIpaBIaHUil METO[, po3paxyHKy BXP
KOMIIJIEKCHUX OOOPOTHUX CUCTEM OXOJIOJPKEHHS, 110 MOJISITa€ B PO3PaXyHKOBOMY BU3HA4YE€HHi iOHHOTO CKJIafy
LMPKYJISILIHOI BOAY i IEpeCUYEHHS BAXKKOPO3UMHHUX COJIEN, IHTEHCUBHOCTI BifkianeHb Ha TTIK B 3a71€5KHOCTI Bif,
cTpykTypHoi nobymosu KOCO, gK0oCTi 4,0aTKOBOI BOJY i BeIMYMHYU IIPOLYBOK. JlaHa MEeTOMKa J03BOJIsIE
IIPOBOJIATHY aHAJI3 PI3HMX CXEM CTPYKTYPHOTO 3'€JHAHHS 0X0JIoIKyBaya B 6;10kax KOCO, a Takox

6araToCTyleHeBUX CXEM CTPYKTYpHOTro 06'egHaHHs 6510KiB KOCO.

2. At Ukrainian NPPs turbines of different capacity and various commissioning dates are connected to the
combined circulating cooling system (CCS) with common for all water-chemical (WChR) and thermo-hydraulic
regimes (THR) specific with a single composition of additional water and never taking into account the design
features of individual units’ condensers made of different metals. Moreover, in recent years, power units of
Ukrainian NPPs are often operated at low loads. Such a practice leads to high costs of additional and purge water



as well as involves the origination of a chain of circumstances that contribute to the accelerated formation of
deposits of sparingly soluble salts and metal oxides on individual condensers, with components sludging, breaches
in pipes integrity and emergency water suction. Efficient operation of such multi-unit power plants requires the
use of individual VHR for each CCS monoblock unit. This research is devoted to the topical problem of increasing
the reliability and efficiency of NPP equipment CCS long-term operation in order to increase the installed capacity
utilization factor (ICUF) taking into account the installed capacity, service life of units, condensers and dispatching
load due to the use of CCS individual THR and WChR as well as the additional and purge water quality. The analysis
of existing scientific and technical approaches to the existing CCS WChR research for the purpose of insoluble
salts deposits and metals corrosion prevention at the power equipment to provide a continued effective and
reliable work of heat exchangers is carried out. The mathematical model for calculating the circulating water
physicochemical composition in the process of its evaporation and conditioning in built-in VSU has been
improved. A scientifically substantiated method of structuring individual units with serial and parallel power units
with individual THR and WChR CCS connection has been created, taking into account the additional water
physicochemical composition. Improved are the methods for THR and WChR main indicators calculating for
circuits operating the conditioned purge water reiterative use with pre-included and /or embedded water
cleansing, as well as such water integrated use for SG feed and heat networks water preparation after treatment
on hybrid water treatment plants. Created is a two-stage scale model with THR and WChR automatic monitoring
that allows reproducing and maintaining test modes and conditions in the specified ranges with the required
accuracy and stability for a set time; that model has been adopted by State Enterprise “National Nuclear Energy
Generating Company “Energoatom” for testing new WChR CCS. A method of CCS operation efficiency discrete
control with THR and WChR indicators and deposits intensity values automatic monitoring by weight method on
control samples with indicators archiving at database to determine WChR efficiency in the process of laboratory
researches and industrial tests for water of various saltiness has been developed. Elaborated is the research
methodology with designing devices (cassettes), which allow performing, in industrial conditions, a discrete
analysis of deposits on heat exchange surfaces and metals corrosion during the entire working campaign of NPPs’
and TPPs’ CCS, during a given time period. A method for the differentiation of sparingly soluble salts and metals
oxides deposits has been developed. The purge water is a valuable raw material and after its conditioning can be
reused in the same or in other powerplant’s cycles which have lower requirements as to the feed water quality. A
purge with a small saltiness and Ky or its part can also be used to feed less loaded thermohydraulic cycles of
energy facilities when converting to individual WChR the separately structured CCS units consisting of unit
cooling towers and condensers. At that it is possible to arrange individual WChR CCS in a separate NPP’s CCS by
changing the quality of feed water and purge values for separate structures, depending on the power units control
load and the condensers service life and condition. One of the advantages of such unit structuring refers to wide
possibilities of individual WChR CCS units control aimed at increasing the entire NPP CCS economy and reliability
with reduced additional water consumption, reuse of purge water and circulating water max Ky. When continued
operation of all power facility’s units and short-term reductions of loading upon production considerations
justified is the use of complex circulating cooling systems WChR calculation method that consists in calculating to
assess the circulating water ionic structure and supersaturation with sparingly soluble salts, quality of additional
water and size of purges. This technique allows the analysis of different schemes for cooler, and water-treatment
facilities structural connection at CCCS units, as well as CCCS units structural connection multi-stage schemes.
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