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OmecbKuii HAIIOHAJIBLHUN IIOJITEeXHIYHUN YHIBEPCUTET

IMPUHOUIIN PET'VJIIOBAHHA KUBJIEHHA TAPOI'EHEPATOPA BJIOKY BBEP-1000

Amnoranis. [Taporeneparop 6;10xky BBEP-1000 € Tot0 0cHOBHOMIO J1eTasliIio, 3 SKOI MOYNHAETHCS JIPYTUH KOHTYD.
I mockoHabHE BUBUEHHS BCIX IIPOIIECIB, K1 BIAOYBAIOTHCA B HHOMY € IIPIOPUTETHUMU /IS OLJIBIIT TOYHOTO aHa-
JIi3y MOBeIHKM 00’eKTa. AIsKe caM 110 co0l ITaporeHepaTop ABJIAETHCA JOBOJIL CKIAMHUM 00 €KTOM, aIKe B HbO-
My IPOXOJIUTH OJHH 3 OCHOBHIX TPOIIECIB, 3 SKOTO IMIOYNHAETHCA TeHepYBaHHA eekTpoeHeprii. Jlocmmxeni Bel
BJIACTUBOCTI JTaHOTrO mmaporexeparopa 6soxy BBEP-1000, saxi Tpe6a 3aCTOCOBYBATH B TOJAJIBIIOMY [JIA TIOKPA-
IeHHS IPOLECY PEryJIIOBAHHS *KUBJICHHIM. I BuBeneni ocHoBHI XapaKTePHCTUKA 00’ekTa, MOro BJIACTHUBOCTI 1
BKAa3aH1 OCHOBHI IIPUHITAIIN, K1 JOIIOMOKYTh 3aCTE€PErTH BiJ] IOMUJIOK Y BUBUEHHI JaHoro nmuTauHsd. [Ipencras-
JIEH1 OCHOBHI JIOKA3W JIOITIJTHOCTI caMe TOl CHCTEMH PEryJIoBaHHs, IKa Oyae BUBEAEeHA, BUXOIAUYN 3 OCHOBHHUX
BJIACTHBOCTEM IaporeHepaTopa 1 3aKOHIB PeryJIloBaHHI.

Kmrouosi ciioBa: maporeneparop, BUTpaTa BOIH, BUTpaTa mmapu, Tuck, 6,10k BBEP-1000.
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PRINCIPLES OF WATER SUPPLY REGULATION
OF THE WWER-1000 STEAM GENERATOR

Summary. The steam generator of the WWER-1000 unit is the main part from which this cond circuit begins.
And a thorough study of all the processes that take place in it is a priority for a more accurate analysis of the
behavior of the object. After all, the steam generator itself is quite a complex object, because it is one of the
main processes from which the generation of electricity begins. All the properties of this steam generator of the
WWER-1000 unit, which should be used in the future to improve the power control process, have been stud-
ied. And the main characteristics of the object, its properties and the basic principles that will help to avoid
mistakes in the study of this issue. The basic proofs of expediency of that system of regulation which will be
deduced, proceeding from the basic properties of the steam generator and laws of regulation are presented.
The detailed study of the basic properties of the object for more accurate prediction of the steam generator in a
given situation depending on the specified parameters of the object and the current state of the system based
on the parameters set at the beginning. Derivation of the basic laws of regulation of this object looking at the
already set parameters and the state of the system at the moment. The basic theoretical knowledge for more
effective power management of the WWER-1000 steam generator is derived. Also, for greater objectivity of the
study, a comparison was made between different regulatory systems which also have the right to be, but the
study which have shortcomings and cannot be used in this work as impractical in terms of regulatory laws.
All options for power regulation are considered, but look in the results of regulation simply cannot be included
as the main. All available systems and explanations of each of them have been considered in detail for a more
objective analysis. That is why the study of this problem is a priority issue. Since the steam generator of the
VVER-1000 unit is an integral part of the unit, you need to work with extreme caution while observing all the
necessary principles and laws of regulation. Otherwise, a careless attitude to the study of this issue can lead
to many errors that will not allow us to fully use the capabilities of this object. Including all available factors
in the study of the properties of a given object, many conclusions can be drawn from how to manage this object
in order to increase its productivity and at the same time not harm the other processes that run in parallel.

Keywords: steam generator, water consumption, steam consumption, pressure, WWER-1000 unit.

ocraHoBka mnpoosemu. Ha pasi mpobiie-

MATHKA II0CTA€ HACTYITHA: HEI0CTATHS 00i-
3HAHICTH B OpraHi3allil IpoIleciB IIaporeHeparopa,
IIPUBOIUTE J0 IPUAHATTA HEBIPHUX PIIIeHb B IIH-
TAaHHI PeryJIIOBaHHSA KUBJICHHAM IIaporeHeparopa.
I me mysme cepitosHa mpobiema, aje BOHA MOMKE
IPU3BECTH [0 KATACTPOPIYHIX HACIIIKIB 1 AKIIIO 1Ie
BiKe Oylle He aBapis, TO BUBEIEHHS 3 PO0OTH OJIOKY
BBEP-1000 na nesnnii ac. I romy Gyso npuitnaTo
PIIIEHHsI PO OIKMC OCHOBHUX IIPHUHIIUINB PEryJIio-
BAHHS TAaHUM 00 €KTOM, Kl JOIOMOKYTEH II030aBH-
THCA BlJ CAMHX YaCTHX IIOMHJIOK B PEryJIIOBAHHI
IaHuM 00’exkToM. AmKe came maporeHepaTrop 6110}cy
BBEP-1000 e mouaTkomM Apyroro KOHTYPY aTOMHOL
€JIEKTPOCTAHILLY, 1 IBJIsE COOOI0 ONMH 3 HaHBaKIINBI-
mux 00’eKTIB 0e3 AKOro HeMOKJIMBA po0oTAa.

Amania ocrammHix HociimKeHnb i myOJsrikarii.
Bupuatoun ocranHi myO/mkarii y BIJKPUTHX [HKepeax
ir(opmariii, OyJm npep;CTaBJIeHi pi3HI/IMI/I CTATTSAMU HA
HoniGHY TEMaTHKy ajle B OCHOBI BCIX HUX JIE?KHTB OJJHA
A Ta cama ines, ajle 3aTaJIbHOTO KOHCEHCYCY II0 OCHO-
BHIN Teopil peryyoBaHHs. Byym BuBueHi Taki aBTopn
sk JIeMUeHKO B SIKMX PO3KPHUBAIOTHCS BJIACTHBOCTI Ja-
HOro 00'eKTy a Takosk Taxkux aBropis sk Kioes, JIykac
B MHHUTAHHSX TEOpll aBTOMATUYHOIO KEPYBAHHS, SKY
MOSKJIMBO OyJle 3aCTOCOBYBATH JI0 JTAHOTO 00 EKTY.

@opmyaoBauasa migen  crarri.  Jocoi-
IOUTH TaKuid O0'eKT SAK IIaporeHeparop OJIOKY
BBEP-1000 i BuBecTH 0OCHOBHY TEOPIIO STKA JOIIOMO-
JKe B PeryJIlOBaHHI JKUBJIEHHS JAHOTO 00 €KTA.

Ocuoena vyactuna. CriouaTky Bce TaKM OCTa-
TOYHO BU3HAYMMOCSH, 110 00’ €KT, AKUIA MU CHOTOJHI
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poariisgmaeMo € maporeHeparop 0soxy BBEP-1000.
[TaporeuepaTop siBJIsie OO0 TEIIIOOOMIHHUEK TPYO-
YaToro TUIY, TPU3HAYECHUN JIJIS TIepepOoOKH Terna,
1[0 BUPOOJIAETHCS PEAKTOPOM, JJIs IIPUBEIEHHS
B pyx TypOiuu. IlaporenepaTop 103BOJIsIE BUKOPHC-
TOBYBATH sepHE IKEPesIo eHeprii IepIroro KOHTY-
Py eHeprobJIOKY, 3aJIUITA0YN IPU ITbOMY Hap JIpy-
TOr0 KOHTYPY PATI0AKTUBHO YHUCTUM.

IlaporenepaTop € BaKJIMBAM KOMIIOHEHTOM LIHD-
KYJIALIAHOIL IIeTJIl IEePIIIoro KOHTYPY peaxropa BBEP-
1000. Bin PO3TAIIOBAHUI Ha KOYKHIHM TeTJIl IIepIIoro
KOHTYDY MIsK KOPITyCOM pPeakTopa i TOJIOBHHUX IWp-
kyssuiEux Hacocis. [laporenmeparopm aiioTe X
CIIOJTyYHA JIAHKA MIK IIEPIITUM 1 JPYTUM KOHTYPOM
eHepro0JIoKy, sike 3abesledye momady Cyxol HaCH-
YeHOI ImapH INITUCKOM 64 Krc/cM? mpu TemiiepaTypi
278,5 rpanycis Lenncis 3 BostoricTio menIry 3a 0,2%.

TermstoHOCIH IIEPIIOT0 KOHTYPY ITPOXOIUTH II0
Tpybax maporeHepaTopa, e TeIsio IepegaeThCs
B IpyTHUil KOHTYP, CTBOPIOIOYH CyXy HACHUYEHY Tapy.
Tax sk TerIOHOCIA IEpPIIOro KOHTYPY IIPOTIKAE IO
Tpy0ax, BIH HIKOJIM He ITOTPATLIISIE 1 He 3MIIITYeThCS
3 cepenmoBuIleM Japyroro KoHTypy. Ile mo3Bosisie BU-
KOPHMCTOBYBATH sflepHE MAJNBO, B TOM Ke Yac IIi-
TPUMYIOUHN PAJIOAKTUBHY YKCTOTY IIapa.

[Tomrepeunnit mepepia maporeHepaTopa OJIOKY
BBEP-1000 306paskenuit Ha puc. 1.

[Ticst KopoTKOro BBEIEHHS B 00'€KT, IKHUU Oye
POSIJISIIATHCA B IAHII CTATTI, IEPEHIEeMO 10 OCHOBHOI
Temu. A came 10 BUOOPY CXeMU 1 3aKOHY PeryII0BaH-
HSI 9KUBJIEHHS. PerysIioBaHHsS KUBJIEHHS B ITapore-
HepaTopl 3BOJUTHCS JI0 MATPUMKHN PIBHS JKUBUIBHOI
BOJIM B HIaporeHepaTopl. BUKOpUCTAHHSA TTPOMIOPITii-
Ho-iHTerpasiboro (I1I) 3axomy perysoBaHHS IS
acTaTUYHOTO 00'€KTa 3 edeKToM «HAOYXaHHID», He
3abesmeuye MOTPIOHOI IKOCTI peryJoBanHAa. Tak aK
IHTETrpaJIbHUN 3aKOH JIa€ IIOTaHy CTIHKICTH CHCTEMU.
[TpomopItiiHmit 3aK0H He JOITyCTUMUM Yepes CTATHY-
Hy IOXHOKY peryJoBaHusd [2, c. 56].

ToMmy mys peryoBaHHs pPIBHSI B IIaporeHepa-
TOpPl BUKOPHUCTOBYIOTH KOMOIHOBAHY aBTOMATUYHY
cucremy perysorauas (ACP). PerymoBanus 1o
BlaxwireHHio 3 Il-peryssgTopomM 1 KOHTYpoM 1HBapi-
AHTHOCT] 10 OCHOBHOMY 30ypeHHIO — BUTPATI IIapu.
[1, c. 214]

IIaposuii KoJieKTOp
IIpucrpoi
Cenapauii napu

IinBenenns
JKHBHJIHHOI BOIM

IlorpysHuuii

0JIEKTOP BOAU

Poarimssmemo cummres takoi ACP. Cxema ACP
3 IPUCTPOEM BBOJTy CUTHAJIY 10 BUTPATI BOIH 300pa-
JKeHa Ha puc. 2.
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Puc. 2. Cxema ACP 3 npucrpoem BBOAy CUTHAJLY
o BUTparTi mapu:

e NI — sumipoBaIbHUI TepEeTBOPIOBAY;
VB — mpucTpiit BBOAY CUTrHAJLY I0 BUTPATI HAPH;
P — peryumorounit mpucTpiii;

M — BuroHyOUHNiI MeXaHi3M

Jlorcepeno: [1]

B naniit ACP B peryssarop 3aHOCATBCS CUTHAJIM
0 BUTPATI IIapH Ta PIBHIO BOJH B IapOreHepaTopl.
I mamwmit peryasarop 3piBHIOIOYH CUTHAJN 3 3aBIAaH-
HAM, HAHOCHTh KePYIOUMi BILUIMB HA BHKOHYIOUH
MeXaHi3M, B SIKOCT1 SKOr0 BHCTYIIAE€ PEryJIIUNN
KJIAIlaH KUBUJILHOI BOIM.

AJle He TUBJIAYNCH HA IPUBEIEHHS OlJIbIII-MEHII
agexBatHOro npurianxy ACP, y Hel e ¢cBol HemoTiKky
SIK1 1 HE JI03BOJIAIOTH 11 BUKOPHUCTOBYBATH B IIPOMIC-
JIOBOCTI.

A memomiku ganoi 2-x immyabeuaol ACP macryrmwi:

1) BuTpara JKUBUJIHLHOI BOIHU Yepes PeryJIrouni
SKUBUJIBHUN KIIAllaH 3aJIeKUTh He TLIBKY BT IIOJIO-
JKEHHS KJIalaHa, ajie 1 Bl mepernaay THCKY Ha a-
HOMY KJIAIAHIl, aJ3Ke B IIPOLIeCl eKCIIyaTallli mepe-
maJ TUCKY MOKe 3MIHIOBATHCT;

2) B audpmMaHOMETpax-BUTPATOMIpax MUHYJIUAX
POKIB BHPOOHUIITBA, BUXITHUN CUTHAJI OYB IIPOIIO-
PLIMHUNA KBaIpPaTHOMY KOPEHIO 3 IIepemnaay THUCKY.

I Tomy mocrae muramas B momepmisarii ACP,
ajsKe JaHa He 3Moske 3a0e3IIeYnTH IoTP10-
HOI SIKOCT1 PeryJioBaHHS 1 MOKe HAHECTU
HEIIOIIPABHOI IIKOAYW SAK IJIA 00'€KTa TaK
1 171 Bclel aTOMHOIL CTaHITIL.

Tomy BKazaHl HeJOJIIKK 2-X KOHTYPHOI
ACP wMoxHa BUIIpaBUTH 3a Z0TIOMOT010
BBEJICHHS B PETYJISTOP TPETHOTO IMITyJIBCY
[0 BUTPATI JKUBUJIBLHOL BOAU Bix gudpMaHO-
MeTpa-BUTpaToMipa. | Iie Bike BHUXOOUTH,
mo cxema Oyme 3-x iMmiryiabcHa. Hacam-
mepen Tpeba MOSCHUTH B YOMY PI3HHUILA

pipuauii et 1 KoHTYpY 2-x 1 3-.x IMIIyJIBCHOL CI/ICTBMI/{"Bi,HHOBig-
Ho. A pisHHIE Oyske IpocTa 1 11 3po3ymie
abCOJIIOTHO KOKHA JIIOAWHA. AIke SKIIO
Po3noainbui Tpyoun Kopnyc JUBUTHCS HA MPUKJIAI AKUN OyB IIpHUBe-

JKUBHJILHOT BOIH

Teny000MinHi TPYOKH
naporeHeparopa

Puc. 1. [lonepeunuii nepepis naporeHeparopa 610Ky

BBEP-1000
Jlowcepeno: [1]

naporenepatopa JeHUI Bule, 2-X iMnyJILCHa cucreMa Iie

Ta, JO0 peryjaropa SKol HAIXOIATH JBa
CUTHAJIX 3 1HQOPMAIIIEIO 110 BI/ITpaTl mapu
Ta II0 PIBHIO BOJY B naporeHepaTopl I Bixce
OUBJIAYNCH HA IIe, 3-X 1MHyJII:CHa cucreMa
Oyme crJagaTucs 3 TPHOX CHUTHAJIIB a caMe
CUTHAJHU IIO BI/ITpaTl mapu, plBHIO BOJIU
B IIaporeHepaTopl Ta BUTPATI KUBUJIBHOI
BOJIH.
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I Tyt BiKe MOBEepHEMOCH 70 HAIIIOL 3-X IMITYJIbCHOI
ACP sika 300paskeHa Ha pwuc. 3.

[Mpuummun  pobor mamoi ACP  3saxieuaerbes
B TOMYy, II[0 CHTHAJIM II0 BUTPATI IIAPH Ta BUTPATI
SKMBUJILHOI BOJIM BBOJATHCSI B PETYJIATOP 3 PI3HH-
MM 3HAKaM#. B crasioMmy pesxumi 11l CUTHAJIN PIBHI,
TIPOTUJIEIKH] 38 3HAKOM 1 CITIAYIOYH 3 ITHOTO, KOMITEH-
CYIOTH OJMH OJHOr0. A CHTHAJI TI0 PIBHIO BOIU KOM-
TIEHCYEThCS 3aBIAHHS CUTHAJIOM 3aBIaHHS TI0 PIBHIO
Bomu. I Tomy mama ACP sBisteTbesa OLIBIN KpAaIloro
3 TOYKHU 30PY PEryIBAHHS 1 TOMY BUKOPUCTOBYETHCS
BiKe He OOMH piK. AJlle X04 1 BUHHKAIOTEH IIPO0JIeMH
3 THM, II0 TIPW BUMIPIOBAHHI BUTPATHU IIApH, BUHU-
Kae Ieperiay TUCKY Mapy AKUN He KPUTUUYHUMN I
TEC, ane xpurmunnii g AEC. Came Tomy 3amicTh
CHUTHAJIY TI0 BUTPATI IIAPH, BUKOPHUCTOBYIOTH CATHAJ
110 PI3HUITI TEMIIEPATYP B TAPSUiil 1 XOJIOMHIN HUATIT
IUPKYJISIIIIAHONO TPYOOIIPOBOAY IIEPIINOTO0 KOHTYPY.
Aute 1 B TakOMY BUTIQIKY BUSIBIJIUCS HEJIOTIKH a caMe
IpU 30LTBITTEHH] eJIEKTPUYHOI ITOTYKHOCTI 3MIHIOBA-
JIach TeMITepaTypa sKUBUJILHOI BOIM, STKA 1 BHOCHJIA
MMOXUOKY B PO3PAXyHKY BUTPATH IApH. A TakomkK Ie
OJTHUM HEJIOJIIKOM SIBJISLJIOCH Te, IO IIPH BIIKJIIOYEHH]
TOJIOBHOTO ITUPKYJIAINIAHONO HACOCY BUHUKAE 3aIlia-
HEHHS CUTHAJIY TI0 BUTPATI sKUBUJIBHOI BOJIU IT10 TIPH-
BOJIMTB JI0 301IBITEHHS PIBHS ITaporexHeparopa. Ase
1 JUIs IMX IIpo0JIeM 3HAMILINCS BUpPYIIeHH:A. Byia
BBeJIeHA PISHUIL [0 TeMIIePaTypl *KUBUJIHLHOI BOIU
B JIBOX HUTKAX. A JJIs1 GLIIBII IIIBUIKOTO PETYJIIOBAH-
HSI TIPW 3MIHI BUTPATH TIapu, OYB BBEJIEHUM CUTHAJI
I10 IIIBM/TKOCTI 3MIHU THCKY B ITAPOBOMY KOJIEKTOPI.

Bucuosku ta nmpono3unii. B namomy marepi-
aJi 0yJs1o ORI JeTaJbHO PO3MUCAHO TIPO Te, TKUHI

Coucoxk gireparypu:

C) )= P+ Ly,

é
L

Puc. 3. [Ipuanumnosa cxema 3-x immysbcuoi ACP
Jhicepeno: [1]

3aKOH peryJoBaHHA TpeOa BUKOPHUCTOBYBATH IJIA
IAHOro 00'eKTa Ta OLIbIIE He IOIIYCKATH IIOMIJIOK
y pasl BUBYEHHS JAHOI'0 00 €KTY, aJIske Bce HeoOXid-
He II0 PeryJIOBAHHIO JKUBJIEHHS IaporeHepaTropa
OyJs10 BHlJI€HE B IH CTATTI JJIS TOTO, 00N B Maii-
OyTHBOMY 1 CXeMy, IKYy BUKOPHMCTOBYIOTH HA TAHNI
MOMEHT, 3MOILJIA OLJIBII JeTAJIBHO BUBYMTH 1 BJO-
CKOHAJIUTH, AKIIO Iie Oyme MosxauBo. Jlanmit maTe-
plaj mpu3HaAYEeHUH JJIS TOTO, II00u O1JIbIe He 0YJI0
HISIKAX TTOMUJIOK Y KePYBAHHI ITUM 00 €KTOM, ajiKe
[IaporeHepaTop € OCHOBHOI YACTHHOI SK CAMOTO
0JIOKYy Tak 1 BClel aTOMHOI eJIeKTPOCTAHINI, 1 ToMy
Oy BHUKJIAIEHI OCHOBHI NPUHIUNNA KepyBAHHS
IDaHM 00'€KTOM 1 Il IMPUHIUIN ITOIIOMOMKYTH 0e3-
IOMMJIKOBO K€PYBATH $KHBJICHHAM IaporeHepaTopa
Ta 3a0e3ledyBaT HOro MAaKCUMAJILHY PoOOTY.
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