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BUPOBHHYI BUITPOBYBAHHS TECTOBOI'O IPIIAZY
EJIEKTPOHHOI BOJIOIII/II'OTOBKH «HydroFLOW))
B CUCTEMI ObOPOTHOI'O TEIINIOBOJAOIIOCTAYAHHA

Anomayia. 3a pe3ynpTaTaMi IIPOMHCIOBHX BHIPOOYBaHL TECTOBOTO
IIpWIaay EIeKTPOHHOI BOJIOMIJITOTOBKH 1 MOHITOPHHIY TEIUIOTEXHIYHHIX
IapaMeTpiB TEXHOJOTIYHOr0 00JIaIHAaHHS TEXHOJIOTIYHOrO 00JIaJHAaHHS Ha
00’ekTax aTOMHOI eHepreTuku. OCHOBHUMU CIIOKHBadyaMH TEXHIYHOI BOJIH
Ha AEC e kxoHJeHcaTopH mapoBUX TypOiH, MaclIOOXOJIO/DKYBadl 1
MMOBITPOOXOJIOKYBadl TypOOTeHepaTopiB, MIAIIHITHUKNA HACOCIB Ta 1HIITHX
JIOMIOMDKHUX  arperaTiB, TEIUIOOOMIHHUKNA BEHTILAIIHHUX  CHCTEM,
TEIUIOOOMIHHHUKHU JTOOXOJO/KEHHS MPOJIYBHOI BOIU TapOTreHepaTopa Ta iH.

TpuBanuMu BUIIPOOYBaHHSAMH 1 TECTOBHM MOHITOPHHIOM JOBEJEHO:
MO3UTUBHHUI  JIOBTOCTPOKOBUI  BIUIMB  3acCTOCYBaHHSA  IpUIIady
«HydroFLOW) Ha cTaH 30BHINIHLOI MOBEPXHI CITOK (PUILTPIB IIpU TPUBAIiil
iX exciuryartarii; 3HadyHe 3MEHINICHHS KiJIbKOCTI O10JOTIYHUX BIIKJIAIIB Ha
BHYTPIIIHINA TOBEPXHI CITKH (PUIBTpa IPH BUKOPHCTAHHI IIPHIATY: CYTTEBE
3MEHIIIeHH, Ipu BuKopucTtanHi npwiaay «HydroFLOW», 6ioo0pocTanus,
a TaKOXX BUIKJIAJIB 1pXKi, MyJy 1 KapOOHAaTIB Ha CITII (UIBTPY HACOCHOTO
arperaTty; BHUJaJICHHS, 3aBASKH 3acTocyBaHHIO Ipuiany «HydroFLOWy,
010JIOTIYHHUX BIJKJIa/IB B KOHTYpI BOJIOOXOJIOIKEHHSA
IOBITPOOXOJIO/I’KYBada €IeKTPOIBUTYHA.

Knwuoei cioea: aToMHa €HepreTHKa, €JIeKTPOHHA BOJOMIATOTOBKA,
cHUcTeMa O0OpPOTHOTO  BOJIONOCTA4YaHHS, OIOJIOTI9HE  OOpOCTaHHA,
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KOHJICHCATOpHU IIapOBHX TypOiH, MacJI00XO0JIOKyBadl,
IIOBITPOOXOJIOKYBadl TYpOOreHepaTopiB.

Ilocmanoexa npobiemu. 3araibHa aKTyaJdbHICTh Ta MEPCHEKTUBHICTD
00paHOi TeMAaTHKH HAYKOBHUX JIOCII/DKEHb 1 IIPOMHUCIOBHX BHIIPOOYBaHBL
npwiagy «HydroFLOW» moB's3ana, mepmr 3a Bce, 3 HACTYIIHHMH
dbaxTopamu:

— TI00aNbHUM MOTEILTIHHSAM 1 3aTallbHUM €KOJIOTIYHUM TPEHJIOM Ha
HOCWIEHHS OOpOoTHOM 3a 3MEHINEHHS HABAHTAXKCHHS HA HABKOJMUIIIHE
cepeoBHUIIE 3 00Ky MPOMUCIOBUX Ta EHEPreTHYHUX MIATMPHEMCTB;

—  NOJIOpOXKYAHHAM  €HEPrOHOCIiB, 30UIBIIEHHAM IUIAaTH 32
BHKOPUCTAHHS TPHUPOJHUX pecypciB (mepin 3a Bce — BOAU) Ta CKUIU
IIKIITUBUX PEYOBUH;

— TJI00anBbHUMH KJIIMAaTHYHUMU 3MIHAMH, SK1 IIPU3BOJIATE 0 CYTTEBHX
3MiH XapaKTepy CTOKY 3a 12 MICAIIB Ta BHYTPINIHLOPIYHOTO PO3IMOILTY
BOJIHOTO CTOKY PI4OK Ha TepHuTopii Ykpainu [1,2].

KnimaTngHi 3MiHH, Yepe3 BHKHAH ITApHHKOBUX Ta3iB 1 3HAYHOTO
30UIBINIEHHS] BUTpPAT Ha €HEprilo, BUMAararoTh €(QEeKTHBHOTO YIIPaBIIHHS
€HEepro— 1 BOJIOCIIOXKUBAHHAM. Y 3B'SI3KYy 3 IIUM OCOOIMBO BaXKIUBa
e(eKTUBHICTh CHCTEM BOJSHOTO OXOJIO/PKEHHS Ha €NEKTPOCTAHIIIAX IS
MATPUMKH MAaKCHUMAJIbHOTO BHUPOOJIEHHS €IeKTPOeHeprii Ha TOHHY
CIIO>KHBaHOIO mamusa [3].

AHaniz ocmawuHix 0ocnioxceHs. TeMiiepaTypa € IIKaBOIO HE TUIBKU 3
TOYKH 30pYy PO3YHUHHOCTI, BOHA TAKOXX BaXKJINUBA /U IPOXOKEHHS XIMITHUX
peaxiriii 1 3pocTaHHs MiKpoOIiB B 00’eMi 1 Ha IMOBepxHI TpyO. OnTHMaIpHa
TeMIlepaTtypa Ui OI10JOTIYHOTO 3pOoCTaHHs cTaHOBUTH Bi 15°C mo 50°C
(TouHe 3HAYCHHS PI3HUTHCS IS PI3HUX BUAIB Oakrepiil). IlimBurmenHs
TeMIlepaTypu B 00’eMi Moke ab0 30LIBIINTH, a00 3MEHINHTH peakKilii, B
3aJIIKHOCTI BiJI CIIONYK Y HhOMY. BHCOKI TeMIlepaTypt Ha ITOBEPXHI MOXKYTh
BHKIIMKATU pO3KJIaJaHHA KOMIIOHEHTIB pIIUHH, B pe3yabTaTi YOro
B1IOYBa€eThCAd OKOKCYBaHHS MoBepxHI. Ha pmc. 1 mokasaHi 3aJeXHOCTI
JIesIKIX MEXaH13MIB 3a0pyIHEeHHS B1JI TeMIIepaTypH IToBepxHi [4,5].

biopinkaatennn Kpucraaizanis
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Temmepatypa nosepxmi, €
Pucynoxk 1. TemnepaTypHa 3aJIe:KHICTD I PI3HAX THITIB 3a0pyIHESHHS
TEIIOOOMIHHUKIB
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3 HaBeJeHHX TpadigHUX 3aleKHOCTEHl HAOYHO BHAHO, IO 3
iIBUIIeHASM 3HadeHH Rf, Tim Outbiire o6poctanus. Po3Mipn 9acTHHOK He
3MIHIOIOTHCS, BHACIIJIOK TOTO, 1[0 YaCTHHKH IIOCTIHHO pyXawmThcs. A Ha
BHYTPIIIHIX poOOYHX MTOBEPXHAX BiOYBa€ThCSI KPUCTAII3aIlid, IO CIIPUSE
HaKOIMMYECHHIO 010JI0TIYHHUX BIAKIAAIB [6,7].

3BOpOTHHIT TYpOYIEHTHHIT TTOTIK 30UIBINY€E JTOKAIbHY TEMIIEpaTypy 1,
OTKe, INBUJIKICTh OOPOCTAaHHS IHBEPTOBAHUX PO3UHMHHUX CIIOIYK Ta 1HIIHX
BHJIIB 3pocTae [5,6,7].

O HIM 3 HallBayKIMBIMHIX (aKTOPIB, IO BININBAIOTL HA OOPOCTaHHS, €
MaTepiall MOBEpXHI 00'€KTa 1 HasSBHICTH HA HHOMY ITOJIPSITHH.

Iloapsmuan — me Micld pyiHyBaHHS 3aXHCHUX OKCHIHHX ILTIBOK 1
CKYIYeHHS 3a0py/IHEHb, Yepe3 0 OaKkTepii, MOJIEKYIIH 1 3Ba)KeH1 YaCTHHKU
MOXYTh OCIJITaTH B HUX 1 IHTEHCH(DIKYBaTH I10JIabIIe 3a0pyIHEHHS.

Pi3H1 MaTepianu MarTh pi3auil pH (Helitpansamii pH = 7 momerimye
IPUKPITICHHS BIIKIAIB) 1 pi3HI QYHTIIUIHI BIACTHBOCTI, 1[0 IPUHITUIIOBO
BIUTHBA€ Ha ()OPMyBaHHS MOBEPXHEBUX BIAKIAMIB [6—8].

Benukuii cBITOBHI JOCBIJT €KCILTyaTaIlii €JIeMEHTIB CHCTEM BOJI000ITY,
BHKOHAHHUX 3 PI3HHX MaTepialiB, JO3BOJII€ BUBECTH IIE€BHI 3aKOHOMIPHOCTI,
BOKJINBI JUII PO3YMIHHS MeXaHI3MIB (OpMYBaHHS BIJKJIAJeHh Ha IX
IIOBEpXHI, IIOJAJBIIOT0 BINIMBY Ha 3MIHY TEIUIOTEXHIYHHX 1
T1IPOIMHAMIUHUX XapaKTEPUCTUK, TIEPCHIEeKTHB e()eKTUBHOCTI, JOPO>KHeUI 1
€KOJIOTTYHOCT1 3aIIAaHOBAaHUX JJI 3aCTOCYBaHHS TEXHOJIOTIN OYHITECHHSA
IIOBEPXOHB BiJl HAKOMHYEHUX BIJIKJIa/ICHb.

Hanpuxkiaz, B Tpy0ax 3 Hep:kaBIFOUHX BUCOKOJIETOBAaHUX CTallel THITY
08X18H10T, a Takox — B TpyOax 3 MiHO-HIKeIEeBUX ciuiaBiB Tury MHXK,
IICIIS  eKCIUTyaTamii, CIOCTepIraeTbcs HaWMEHIMUN pIiBeHh MHTOMOI
KUTBKOCTI1 3a0pyAHEeHb (JIiHIIHA MBUIKICTH YTBOPEHD 3 IpicHOI Boau JHimpa
ctaHoBUTH 0,6—1,2 mm/pik). ¥V Tpyb6ax 31 Cram 20 3abpyauens B 8—10 pazis
O1JIBIIIe, IPUYOMY ITOJIOBHHY 3 HUX CKJIAJAalOTh IPOIAYKTH Kopo3ii [7-9].

Martepiamn  TpyO, IO HE MICTATH Mifl, OUIBII CXIWIBHI 10
01000pocTaHHsa, HDK Tpyom 3 BHCOKHUM BMicToM Midi [8—10]. Yncmensi
JIOCIT/DKEHHS TPOJIEMOHCTPYBAH, IO MIJIb 1 JaTyHb € OaKTepHUITHIHUMU
MaTepiallaMH, a HepiKaBitoda cTalbHi. CaMe MIMPOKO BiIOMI IPOTUMIKPOOHI,
(YHTIITHIHI 1 aHTUCETITHYHI BIIACTUBOCTI MiJll Ta 1i CIIaBiB IIPHU3BOIATH JI0
MIHIMI3amii BIIKIAAIB Ol0JOTIYHOTO XapakTepy Ha IIOBEPXHAX MITHUX
TpyOok. IluTaHHAMH SKOCTI BOJU 1 BOJHHX PECypcCiB B CHCTeMax
IOBTOPHOTO, 0araropa3oBoro i oOOpPOTHOTO BOJIONIOCTAadaHHS 3aiiMamucs
Taki BUeHl, sk J[. @. ['onuapenko, A. 1. Aneitnuxos, A. K. 3anmonsceknii, D.
Stefanini, S. Wang, A. Tiri, L. Belkhiri, L. Mouni Ta iH.

BpaxoByoul BIANOBIIAIBHICTh TEXHOJIOTIYHHUX IIPOIECIB HEOOXITHO
BUPINIUTH BaXXJIUBY BOJOTOCIOJIAPCHKY MpoOieMy sKa IIOJIATaE B
I IBUINEHH] IIIITOTOBKH BOH B cucTteMax 000pOTHOTO
TEILIOBOJONIOCTAYaHHS MIMPUEMCTB aTOMHOI €HEPIeTUKH.
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Dopmynrosanusa yineli cmammi (nocmaxoeéxa 3aeoanus). lIpoBectu
TOCHUKEHHS IpUIaJy eJeKTPOHHOI BOJIOMIATOTOBKU B  CHCTEMI
00OpPOTHOTO  TEIUIOBOJOIOCTAYaHHSA  JIIA  CHCTEMH  OXOJIOJKEHHS
MAacJIOBaHHU MIIMUITHIKA 1 €IEKTPOABUTYHA HACOCHOI CTaHITIi OpU3KAILHHIX
OacelHIB IMUPKYIAMINHOI CHCTEMH.

OcHo6HI Mamepiaiu O0CTIOHCEHHS.

1. Moumaoic npunaoy enekmponHoi eodoniocomosku «HydroFLOW)
neped nodyamxkom e6unpoobyears. Bil MaricTpaJdsbHOTO TPYOOIIPOBOIY, B
KO)XXHY 3 HACOCHHUX CTaHIlIH, BOJa MOJaeThcs mo Tpyoomposoay (0VG40)
Jy100 gepe3 apmatrypy OVG40S01-42. Ha mro TpyOy, B TpUMIIICHHI
HACOCHOI CTaHIIii, MDK 3aMipHOI0 apMaTypoIo Ta MEXaHIIYHUM (PuIbTpoM, OyB
3MOHTOBAHUM, Ha 9Yac BUIIPOOYBaHb, IpWIaJ] €I1eKTPOHHOI BOIONIITOTOBKU
«HydroFLOW)» (puc. 2).

Pucynokx 2. ®0OTO KOHTPOIBHHUX €IIEMEHTIB B IIPOIleCi MOHTaxXy 1
3anycky npmianay «HydroFLOW»

3 METOI BI3yaJIbHOI  OINIHKH CTaHy €JIEMEHTIB KOHTYpIB
BOJOOXOIOKEHH HacocHux arperatis HC19 i HC20, o6 11%
25.08.2020p., 3a3Ha4eH] HACOCHI CTaHIIi OYyJI0 BIIKIIOUEHO BiJl MEpexKi 3
PO3KPHUTTSAM JIOCTYIIHUX €JICMCHTIB.
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Po3TuH 1 Bi3yaabHHUH OTJISA] BHYTPIIIHIX ITOBEPXOHB MIABIIHUX TPYOOK
1 OXOJIO/KYIOUOT0 3MiITOBHKA MacJIOBaHHHU OTIOPHHX ITIITUITHAKIB, a TAKOX
MITHHX TpyOOIIpOBO/IIB CHCTEMH BOJISTHOTO OXOJIOJIPKEHHSI
€IeKTPOJBUTYHIB, IX MEXaHIYHE OYUIIEHHS a00 MPOMUBAHHS BOJIOIO MEPE]T
IMOYaTKOM BHIIPOOYBaHb He TmpoBoawaucsa. [Ipum 3ymuHII HAcCOCHUX
arperaTiB OyJ0 IIpoBeJeHO pO30HpaHHS 3 OYHINEHHSIM BHYTPIIIHIX
IIOBEPXOHB KOPIIYCIB CITKOBUX (PUIBTPIB 3 3aMIHOIO CITKOBHUX €IEMEHTIB Ha
YHCTI 3 HASABHOT'O0 OOMIHHOTO ()OHIY 13 BIIOOPOM IIpoO BIIKIAIIB 1 BOIH.

Takox Oymo ormsHyTO ¢QuiaHIeBl 3'€IHAHHA MIIBIHUX T'peOIHOK Ha
CHCTEeMY PO3Be/ICHHS TPYOOK OXOJIO/DKEHHS €JIeKTPOBUTYHA 3 HAHECEHHAM
KOHTPOJIbHUX 3apy00K, BITOOpOM P00 BIIKJIAIB 1 CKJIay BOJIM.

Bigbip mpob6 1 d¢oTtorpadyBaHHS KOHTPOJIBHUX IIOBEPXOHBH 000X
HacOCHHX arperaTiB Oyio BukoHaHo cuiBpoOiTHnkamMu BPXJI BII 3AEC y
BIIIIOBITHOCTI JIO CTaHJapTHUX METOIUK. MaTepianu aHaji3y BiIiOpaHOTO
Matepiany BukiajgeHo B «IIportokom Ne38-21 / Nel788 Bix 19.10.2020 3a
pesynbTaTaMu oOcTeskeHHA GUIBTpIB 19,20, drmaHnmeBux 3'elHaHL 1
TpyOOIIPOBOIIB OX0JIO/KeHHA enekTpoaBurynis OUL10D19,20 mepen
moyaTkoM BHIpoOyBaub» [13]. 3a momomoror MoOLIEHOTO ocIIorpada
OMRON, Oymo IIPOKOHTPOJIBOBAHO MMOTY>KHICTb CHTHAIY
«HYDROPATH», mo reHepyerbca mpmwiagoMm «HydroFLOW», iioro
gactoTa 1 popma. JlaHi mapameTpu, 3a miJICYMKaMU IPOBEJIEHOI IEPEeBIPKH,
nmepedyBamd B HOpMi. IHAWKATOpU pOOOTH NpHiIaAy 1 MiATBEPKCHHA
rereparii curaany « HYDROPATH» gepBoHOTO 1 3€7I€HOTO KOJIBOPY TAKOXK
Ooymu B HopMi (Puc. 2).

Pucynok 3 Curnan Pucynok 4 CtaH KOHTPOJIBHOI
«HYDROPATH» mepen CITKOBUM  IUIOMOH
dbuBTPOM

Ilicna ycranoBku npunag «HydroFLOW)» 0yB yBIMKHEHHUI ¥ PO3ETKY

oaHO(ha3HOI eIeKTPUIHOI MepeXi 3MIHHOTO cTpyMy 220B, omnomOoBaHmit
rroM6Oo0r0 Ne 1.90279828 CONTROL (puc. 3, 4 ) 1 3aunHEHNH B MeTaJIeBHil
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3aXUCHHH aHTUBaHIATbHHN KOXYX Ha Kimrod. I[loBTopHmili myck (cTapT
BunpooyBans) HCI9 1 HC20, mcni MoHTaxy GuUIBTpa 1 €JIeMEeHTIB
€IIeKTPOABUIYHa, OyI10 3xilicHeno o 16°* 25.08.2020p [13].

2. Onuc pobomu mexHoI02T4HOT cxeMu i MemoouKu 6unpoodyeams.

Jna amanizy BmmuBy cur"Hary « HYDROPATH», mio renepyeTbes
npwragoM «HydroFLOW», Ha e]ekTUBHICTh OYHINEHHA 1 MOJAJBIIOTO
3aXHCTy €IIEMEHTIB KOHTYPY BOJIOOXONIOkeHHA MacioBanan HC20,
MPOBE/ICHO IIOPIBHSHHSA CTaHy KOHTPOJIhOBAaHUX IIOBEPXOHb KOHTYPIB
aHanorigaux enemeHTiB HC19 1 HC20, a Takox iX cTaHy IpH po30UpaHHI
MCas TPHUBAIOl eKCIUTyaTallll Ilepe] MOoYaTKOM Ta ITCiaA 3aKIHYCHHS
BHIIPOOYBaHb.

Jlnsa marpumaHHSs B poOOYOMY ialla30HI TeMIepaTypH OIOPHOTO
MINIUITHAKA HAaCOCHOTO arperary, Horo 3aHypeHO B CIEIiallbHy MAaclsHY
BaHHY, B Ky BMOHTOBaHO CIIEIlialbHUIl 3MIHOBHUK, IO SKOMY ITUPKYIIO€
OXOJIO/DKYIOYAa TEXHIYHa BoOjla, IMO BIAOHpaeThca Oe3lmocepeHbo 3
MABITHOTO KaHamy (puc. 5, 6) [11].
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Pucynox = Cxema moj1agi
OXOJIO/KYIOUOIl BOJIU HA OMOPHUN MiANMIHNK MacinoBaHHa OIOPHOTO
HacocHoro arperaty [11] T IITAITHAKA

[lepen moTparIssHHAM B OXOJIOKYIOUMIT 3M1HOBHK, BOJIa, IO TpyO1 Ha
AKiil BcTaHoBieHO BuIpoOyBanuii npmiag «HydroFLOW», mpoxoants
gepe3 QUIBTp TpyO0Oro OUHINEHHS (PO3MIp KOMIPKH CTaHOBUTH OJH3BKO 5
MM), Ha CITKOBHX €JIEMEHTaX SKOTO (0 2 MM) Ocijlae 3HaYHa KiJIbKICTh
CTOPOHHIX TIPEIMETIB (MOJIFOCKH, JIUCTS, €IIEMEHTH JIepeBa, O4epeTy, 1H.) Ta
PI3HOTO BHJIY O10BIIKIIaICHHA.

3BajkeHI Ta PO3UMHEHI PEYOBHUHH, a TaKOX JpiOHaA (MeHIIa 3a 2 MM)
MYILIA Ta 1HII CTOPOHHI MpPeJIMETH BUILHO TPOXOISATh depe3 (iasTp Ta
CITKY 1, B TOJIAJILIIIOMY, ITHPKYIIOIOTh MO €IEeMEHTaX OXOJIOKYBaJILHOTO
KOHTYpYy. BHyTpimHi miameTpu TpyOOK 3 BYIVICIIEBOI CTali, MO SKHX
OXOJIO/IKYI04a BOJIa MOJAETHCA 10 KOHTYPY BOJ00XOJIOMKEHHS MAaCIOBaHHU

SBTSATU. 11.1.1
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OIIOPHOTO MIAIIHITHUKA, cKiIagaTs 20-25 mm. JliameTp 3MilioBHKa—
OXOJIO/KYyBada B Kopiryci MacioBanuu — J[y40.

YacTruHa 3BaXKEHUX YACTOK, pa3oM 3 OloMmaTepialaoM, IO BKIIOUYAE
O10IUIIBKY, CTOPOHHIMH MpeJIMeTaMH — eJIeMEeHTaMH IpXi 1 JpiOHHMH,
IPOHUKHUMH CKpI3b CITKY (iIbTpa, MOJIOCKAMH OCIJa€ B eIeMEHTax
KOHTYpY, IIepeKpHUBapuu IepeTuH Tpyoku 1 moripmyroun KK]I
TEIJIOOOMIHHOTO 00JIaTHaHHA.

Manuii BHYTpINIHII JiaMeTp MMABIIHHX 1 BIABIIHHX TpyOOK 3
BYTJICIIEBOI CTaJl, SIKI IMJJIal0TECA KOPO3ii, HASBHICTH B OXOJIOKYIOUOMY
3MIHOBUKY MacJIOBaHHU OMOPHOTO IMIJINIMITHUKY 4—X pI3KUX ITIOBOPOTIB Ha
90°, B CyKyIIHOCTI 3 X CXMJIBHICTIO JI0 0OPOCTaHHS O10IIIi BKOIO, 3Ba)KEHIMU
YacTHHKaM 1 MOJIOCKAaMH, a TaKOX 3HayHa KUIBKICTh MOTPAIUISIOUUX 10
TPaKTy AplIOHUX MOJOCKiB cimelicTBa Thiaridae € mpUYNHOIO YaCTKOBOTO
ab0 TIOBHOTO TEPEKPHUTTA IIEPETHHY 3 BUINOBIIHUM IOTIPIICHHIM
TEMIIEPAaTypHOTO pEeXHUMYy MAaCIOBAaHHH, aXX /10 aBapiliHOi 3yNHHKH
HaCOCHOT'O arperary.

OuikyBaHHA MO3UTUBHOTO BIUIHBY npmwiaay «HydroFLOW) 6a3yerbcs
Ha BIIOMIH BIacTHBOCTI reHepoBaHoro HuM curHany «HYDROPATH»
3HUNIYBaTH  OIOINIBKY, $Ka € OKUBWIBHUM  CEPEJOBHINEM A
MIKPOBOJOPOCTEH 1 KOJIOHIH MOJIIOCKIB cimeticTBa Thiaridae, 3 BimoBiAHIM
3MEHIEHHSIM  3aCMIYeHHS  MEepeTHHY  3MIMOBHKA,  IOJIIIIEHHSIM
TEIUIONPOBITHOCTI HOTO CTIHOK 1 TIPONECIB TEIUIOBIIBEJCHHS BIJI
MacJIOBaHHU.

Y MacioBaHHI MIJIIUIHUKA KOXXHOTO 3 HACOCHHUX arperarTiB
BCTAHOBIICHO 110 2 (OCHOBHHUM 1 pe3epBHUII) JaTdhKa TeMIIepaTypH, fKi, 3
yacToToro 1 pa3 Ha cekyuay i 3 TounicTio o 0,1°C, mepemarors nami Ha
BHMIPIOBAJIbHY amapaTypy, BCTAaHOBIIEHY B CIIEIIaJIbHOMY IIPHUMINICHHI
PVYBII (po3noautsunii MpUCTpiii BIaCHUX OTPed).

3amporpaMoBaHa yCTaBKa TeMIIepaTypH aBTOMaTUYHOTO BIKITFOUCHHS
HACOCHOTO arperary II0 TeMIlepaTypi MacioBauHH cTaHoBUTE 70°C
(momepemKyBanbHa cHrHamizamis crpansoBye npu 60°C). Temmeparypa
BIIIOpaHoi y MIABIIHOMY KaHaJIl OXOJIO/KYIOYOl BOAH, Yy TeEpiof
BUIIPOOYBaHb, KoIMBanacs B Aiana3zoHi Big 33,5°C ma moyatkoBoMy eTalli B
miTHIN nepiox no 16,7°C mpu 3akiHdeHHI BHIIpoOyBaHB B IEpIIiil JeKaii
rpyaas  2020p. 3a mepiog BUIpoOyBaHb CIIpPaIIOBaHb aBapiifHOI
IoIepeKyBaIbHOI CHTHaMI3amii abo aBapiiiHUX BIJIKIIIOYEHb HACOCHUX
arperaTiB II0 TEMIIEpaTypi He 3a(diKCOBaHO.

3. Oyinka 6i0K1a0I6 HA NOGEPXHAX eleMeHmié @ilbmpi6 HACOCHUX
acpecamie HC19 i HC20 npu KoHmMpoibHOMY po30UparHi nepeod MOHmMaxicem
npunady «HydroFLOW».

Ha mouatkoBoMy etami BumpoOyBanp 25.08.2020p., micis IIaHOBOI
symuakn HC19 1 HC20, xomiciiiHo, Oynad po3KpUTI (UILTPH TPyOoOTO
OYHINEHHSI 000X KOHTPOIHLOBAHUX HaCOCHUX arperaTiB. [Ipu nbomy o6uaBa
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G1IBTpH — 4K IO BHYTPINIHIX IOBEPXHAX KOPIYCIB PUIBTPIB, Tak 1 IO
BHYTPINIHIX 1 3O0BHIIIHIX TIOBEPXHAX IX CITKOBUX €JIEMEHTIB, Mald
IICHTUYIHII CTaH 1 XapaKTEepU3yBaJNCS BHCOKUM CTYIIEHEM 3a0pyaHEHHS
ipxkero Ta 6iooopocTanasmu (puc. 7,8) [13].

Pucynok 7. 3aranpHuil BHUTJIAT (QLIBTpa IMOIEPEIHHROI0 OYUIICHHS
HAaCOCHOTO arperaTry CTaHIl OpH3KaIpbHUX OaceilHIB IHUPKYIAIIITHOI
cuctemu ['1] BII 3AEC npu po30upansi

P— a . "
D eEennn wa BapVARol noReprRocTy
cerek PIaRTpor. Jerenbie - Sanodpactanne,
: KOPHTHCBLIC - POIVKTH KOPpoIng K

Pucynok 8. CTaH 30BHIIIHIX ITOBEPXOHB CITOK (UILTPIB HACOCHUX
CTaHIIII TpH pO30HpaHHI Ha TOYATKy BUMNPOOYBaHL IICIA TPHUBAJOl
exciuryaTamnii. JliBopyd — 3araJbHUN BUTJIAJ CITKH (UIBTpa, IPaBOpYyd —
30UTBITIEHHH ()parMeHT.

3rigHo 3 Ilporokonom BumpoOyBaub [13], Ha 30BHINTHIA MOBEpPXHI
ciTok (UIBTpIB OyIM MPUCYTHI BIJKJIAJCHHSA, IO JIETKO 3HIMAIOTHCH,
OpyIHO—3€IIEHOr0 KOJIbOPY OPraHIYHOTO IIOXO/PKEHHS, TOBIIHHOKO 1,0—
5,0MM, a TaKOXX IIUILHO 39EILICHI 3 METAJIOM IIOPHUCTI, Y BUIJISA/I1 HAPOCTIB,
IPOAYKTH KOPO3ii KOHCTPYKIIHOTO Marepialy (QUIBTPIB pyIo—
KOPUYHEBOTO KOJbOpY, TOBIMUHOK 1,0—-7,0 MM, B AEAKHX MICIIX BHCOTa
(ToBIMMHA) YHCICHHHX HapocTiB cTtanoBmwia 7,0-10,0 mm. Ha Bcix
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eneMeHTax (uipTpa Oyna MPUCYTHS BEIMKa KUIBKICTB XKUBHUX 1 BIMEpINX
MoutrockiB ciMmeticTBa Thiaridae.

IIpoxigHIiCTh 3a3HaYeHNX (UIBTPYIOUNX €IEeMEHTIB OyJIa MiHIMaJIbLHOIO
1 Tako, IO SABHO HajaBaja HETaTUBHHUII BIUIMB Ha TIIpOJHHAMIYHI
XapaKTEPUCTHKU CHCTEMH BOJJOOXOJIOKECHHS.

Ilicna BUKOHaHHS OOCTEeXXEHHA (QUIBTPIB, OYyJIO BHUKOHAHO 3aMiHY iX
CITOK Ha 3a3/[alieTib IMATOTORJICHI (OYHINEHI MEXaHIdYHHM CIIOCOOOM Bif
pi3HOTO ponay BijakJIajeHs) (puc. 9) [13]. Po30upanns, Bi3yaJdbHHN OIS,
OYHUITIEHHS a00 MpOoMHBaHHA TPYOOK Mojadl 1 BIIBEJICHHS BOJH, a TaKOX
3MIHOBUKIB MAacCIIOBaHH ONOPHUX IMIMHIIHUKIB IIepe] I0YaTKOM
BHIIPOOYBaHb HE TIPOBOIIIIHCS.

Civea planypy 190 L 10N Cirica piantpy 20UL10NO3
Pucynok 9. CtaH BCTaHOBJIEHHX CITYACTHX (UILTPIB Ha IIOYATKY
punipoOyBans. JliBopyd — ¢iuaetp HC19, mpaBopyd — dpumetp HC20.

Ilicna mporo ¢uIbTpu OyiI0 310paHO 1 3aKPUTO, a HACOCHI arperaTu—
HIITOTOBICHO J10 ImycKy. Ilicas mycKy HacOCHHUX arperartiB, 3aBepIIeHHS
ITYCKOBHUX IEPEX1THUX IIPOIECiB, BUXOIY Ha POOOUHIT peXXHUM 1 cTaOLII3aIil
BHMIPIOBAIBHUX IMapaMeTpiB, Oyiao BIJHOBICHO (iKCaIil0 KOHTPOJIbHUX
MMOKA3HHKIB.

Pesynomamu ma 6UcHO6KU 00CAI0NHCEHD.

1. OcHoBHUM (pakTOpOM, Ha SKHIT MOTPIOHO CIPSMYBATH 3yCHIUISA B
00poTEO1 3 BIAKIAASHHIMH B CHCTEMaX TEXHIYHOTO BOJOMOCTAYaHHS
TeIUIOBUX 1 AaTOMHHUX €JeKTPOCTaHIN, € PO3BHUTOK OIOIUIIBKH, SKa €
OCHOBHOIO NPHYUHOK MOTIPIICHHS IPOIECiB TeIlonepeaadi, Xap4oBoi
0a3010 A1 PO3BHTKY MaKpOOOpOCTaHb, BKIIOYAKYH OOpOCTaHHSA
MOJIFOCKaMH 1 JDKEPEIOM PO3BUTKY PI3HHX BHJIIB KOPO3ii KOHCTPYKITIIHHIX
MaTepiaiB.

2. Bucoka  pe3HCTEHTHICTP  MIKpPOOpPraHI3MIB 1  OakTepii,
CKOHIIEHTPOBAaHUX BCEpPEIUH1 OlOILTIBKH, HEMOXKIHBICTE, IMPH CY4acHOMY
PIBHI TeXHIYHHUX 3HaHb, TPAJUIIHHUX MIAX0JIaX, 3aCTOCYBAaHHSA BIJJOMHX
OlonuaiB, aHTUOIOTHKIB Ta IHIIHX peareHTiB, e(QeKTHBHUX CIpoO
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pyliHYBaHHs OIOIUTIBKH II0 Ii IIOBEPXHI, aKTyali3ye HEOOXITHICTh ITONIYKY 1
BIIIPAIIOBaHHA Ha TMPaKTUI[l CYYaCHHUX aJbTEPHATUBHUX TEXHOJOTIH
O00poTHOU 3 BIAKIAJICHHAMHU B CHCTEMaX TEXHIYHOTO BOJIONOCTadaHHS
€JIEKTPOCTAHITII.

3. BuzHaTtu 3a JONUIbHE MIPOIOBKEHHS JOBIOCTPOKOBHX (10 1 poky)
MPOMHCIIOBUX BUMPOOYBaHb MPHIAIB €ISKTPOHHOI BOJOIIATOTOBKHU
«HydroFLOW» Benukoro miamMeTpy Ha OCHOBHOMY BHPOOHHIOMY
oomamnanni BII 3AEC JIII HAEK «EHEPTOATOM» (ta i1HHmmUX), 3
ypaxyBaHHAM 3pOOJIEHHX 3ayBa’kKeHb 1 3a0€3MEYUBINH MOHITOPUHT 3MiHU
IapaMeTpiB poOOTH JaHOTO 00JIaJJHAHHA B IPOIleCi BUIIPOOYBaHb, 3HATTA 1
aHall3 TeOMETPUYHHX, MeXaHIYHHX 1 XIMIYHUX BJIACTHBOCTEH IIapiB
BIJIKJTA]11B Ha TOYATOK 1 KIHEI[b BUIIPOOYBaHb (MIPpH HEOOXITHOCT1 — IPOMDXKHI
aHaJII3H).
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PRODUCTION TESTING OF THE ELECTRONIC WATER
TREATMENT TEST DEVICE "HydroFLOW"
IN THE CIRCULATING HEAT SUPPLY SYSTEM

Summary
According to the production testing results, the electronic water treatment test
device "HydroFLOW" in the circulating heat supply systems at production and
technological units in closed cycles of industrial energy enterprises was investigated.
The purpose of this work was to solve several interrelated tasks and objectives
aimed at preventing and destroying carbonate sediments and biological fouling in cooling
systems, as well as developing and implementing existing engineering solutions aimed at
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efficient and rational use of water and water resources in circulating heat supply systems.

All cooling systems at NPPs are combined into a single and called the technical
water supply system, which, in many respects, determines the reliability and efficiency
of NPP operation. Investments in its construction are estimated at 10% of the kilowatt
cost of installed capacity. According to the results of industrial testing of the electronic
water treatment test device and monitoring of thermal parameters of technological
equipment at nuclear power facilities. The main consumers of technical water at nuclear
power plants are condensers of steam turbines, oil coolers and air coolers of
turbogenerators, bearings of pumps and other auxiliary units, heat exchangers of
ventilation systems, heat exchangers for cooling the purge water of the steam generator,
etc. Long-term tests and test monitoring proved: positive long—term impact of the device
"HydroFLOW™" on the condition of the outer surface of the filter grids during their long
operation; Significant reduction in the amount of biological deposits on the inner surface
of the filter mesh when using the device: significant biofouling reduction when using the
device "HydroFLOW", as well as deposits of rust, sludge and carbonates on the filter
mesh of the pump unit; removal of biological deposits in the water cooling circuit of the
air cooler of the electric motor, due to the use of the device "HydroFLOW™.

Key words: nuclear energy, electronic water treatment, circulating water supply
system, biological fouling, steam turbine condensers, oil coolers, air coolers of turbo
generators.
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IMPOU3BOJACTBEHHBIE UCIIBITAHUA TECTOBOI'O IIPUBOPA
SJIEKTPOHHOH BOJOIIOAI'OTOBKH «HydroFLOW» B CHCTEME
OBOPOTHOI'O TEILIOBOJOCHABXKEHHUA

Annomanusa

ITo pe3ynpTaTaM IPOMBINLIEHHBIX HCHBITAHUN TECTOBOTO MPHOOpa HIEKTPOHHOM
BOJIOTIOATOTOBKN H MOHHTOPHHIA TEIUIOTEXHNYECKHX MapaMeTPOB TEXHOJIOIHYECKOr o
obopynoBaHNs Ha 00beKTaX aTOMHOI YHEPTETHKH.

OCHOBHBIMH ITOTPeOUTEIIMU TeXHIIecKoi Bojbl Ha ADC ABISETCS KOHIEHCATOPBI
MapoBbIX TYpOMH, MAacIOOXJaJUTE M BO3AYX00XIaJUTeNIH TypOOreHepaTopos,
MONNIMITHUKA HAcOCOB M JIPYTUX BCIIOMOTaTelIbHBIX arperaTtoB, TEIUIOOOMEHHHKH
BEHTIWISIIMOHHBIX CHCTEM, TEIUIOOOMEHHHKH JO0OXJakJeHHe IPOJYBOUHOH BOJBI
raporeHeparopa u JIp.

JUINTenpHBIMH ~ HCIBITAHHSMU U TECTOBBIM MOHUTOPHHTOM  JIOKa3aHO:
MOJIOKHUTEIBHBIN JOATOCPOUHBII BIHAHHE NpuMeHeHHS mpudopa «HydroFLOW» Ha
COCTOSIHHE BHEITHEI MOBEPXHOCTH CETOK (DIIIBTPOB MPH JUTHTEIbHOM UX 3K CILTyaTallHH.
3Ha4YHTENbHOE YMEHBIICHHE KOJMYecTBa OMOTOTMYECKUX OTIOKEHHII Ha BHYTpeHHEH
MOBEPXHOCTH CETKH (UIbTpa MPH HCHOIB30BAHHN TpHOOpa: CYIIECTBEHHOE
yMeHbBIIIeHHe, TpH Hcrmons3oBaHun mpudbopa «HydroFLOW», «HydroFLOW»,
OuooOpacTaHus, a TaKKe OTIOKEHUI PKABUMHBI, IIa U KapOOHATOB Ha ceTke (IIbTpa
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HAaCOCHOTO arperata; yaajieHue, Omarogaps mpumMeHeHHro mnpubopa «HydroFLOW»,

OHOIIOrHYeCcKNX OTJIOKEHHH B KOHTYpE BOJOOXJIAXKICHHA BO3AYXOOXIIAJIHTCIIA
SJICKTPOABHIATECIIA.

Knrouessle clo6a: aTOMHas SHEPTeTHKA, SIEKTPOHHAS BOJIOMIOATOTOBKA, CHCTEMa
obopoTHOro BOAOCHAOKeHUs, OHoIorHdIeckoe oOpacTaHie, KOHIEHCATOPhI HMapOBHIX
TypOHH, MacI00XIaIUTeIIH, BO3IyX00XIaAUTENH TypOoTreHepaTOpoB.
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