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Ilenrox I1.0.

OpnecbKuil HalllOHATEHUH MO TEXHIYHUH YHIBEPCUTET

ABTOMATHU30BAHA CUCTEMA PEI'YIIOBAHHSA INTOTYXHOCTI
EHEPI'OBJIOKA AEC 3 PEAKTOPOM BBEP-1000 B PEXKUMI
INIATPUMKHU TUCKY ITAPA Y IPYTOMY KOHTYPI

Cmammas npucesuena 00CHioNceHHIo poOboOmu 6 MAHESPEHOMY PEICUMI ABMOMAMU308AHOI cucmemu pecy-
mosantns nomyxcuocmi enepeoonoxka AEC 3 peakmopom BBEP-1000 6 pesxcumi niompumku mucky napu
opyeomy konmypi (pexcum T).

Cvo200ni nonao 47% enexmpoenepeii 6 Yxpaini oarome AEC (Pignencvka, 3anopisvka, Iliedenno-Yxpain-
cbka ma Xmenvruyvka). Enepeobnoku 3 peaxmopamu BBEP-1000, siki excniyamytomscs va yomupvbox AEC, €
HAUnoOmysICHiUMY Ha mepumopii Yxpainu.

CvocooHi eci ykpaincoki AEC 3 BBEP-1000 excniayamyrombscs 6 pedxcumi cmabinizayii nomysxcHocmi enep-
2obn0Kka Ha 3a0anomy pisHi, are uepez pooomy AEC Ha enepeocucmemy 3 8eIUKOK KiMbKICIIO CHOXCUBAYIE
yacy 0oou. Tomy docnioacenns pobomu enepeooroxa BBEP-1000 y maneepenomy pexcumi € 20cmpum numaH-
HSAM CbO2OOHI.

Pecyniosanns nomyscnocmi peaxmopa 30iticHIOEMbCA cucmemoro ynpaeninus i saxucmy (CY3) — auinoro
NOJIOJHCEHHS 8 AKIMUGHTU 30HI KAACEPIS 31 CMPUICHAMU 3 NOTUHAIOYUMU eleMenmamu (mpyoxamu 3 kapoioom
0opy), a maxoic 3MIHOI KOHYeHmpayii OOpHOT KUCIOmU Y 8001 NEPULO20 KOHMYP).

Y emammi posensoacmuca pezynioganus nomyscnocmi enepeoonoka 3a niOMpumMKU mucKy y Opyeomy KOoH-
mypi Ha 3a0aHOMY PIGHI, (YHKYIIO pe2yiamopa 8UKOHYE agmomamuynuil peaynsamop nomyxcuocmi (APII).
Pecynorouuii npucmpiii npusnauenuti 05 niOMpUMKU ROMYACHOCHI peakmopd 8i0N0BIOHO 00 NOMYIHCHOCHLE
mypbozenepamopa, cmabinizayii HelumpoHHOI NOMYNCHOCMI Peakmopd HA 3A0aHOMY PIGHI I NIOMPUMKU
ROMYACHOCMI Mypbo2eHepamopa I0N0BIOHO 00 HOMYHCHOCMI peakmopa.

Y pesynomami oocniodceno asmomamusosany cucmemy pe2ynioeants nomyscnocmi enepeoonoxa AEC 3
peaxkmopom BBEP-1000 y pexcumi niompumku mucky napu y opyeomy KOHmMypi 3a 3MiHU HABAHMANCEHHS Hd
peaxmop 3i 100% 0o 80% i nazao y npoepami MatLab 6 npuxiaonomy nakemi Simulink. I'onoseni docmoincmea
yiei mooeni: bes3nexa, HAOIUHICMb | eKOHOMIUHICb eKchiyamayii enep2ooiokie iz peakmopamu BBEP-1000.

Knwuogi cnosa: pecynamop, enepeodnox, npozpama pecyno8ants, asmomMamu308ana CUCmema pecynio-

BAHHA, asmomamu4yHuil pezyisamop I’lomy.?fCHOCIﬂi, HABAHMAMNCEHHA.

IocTanoBka mpoOsaemu. 3amopykoro HamiHHOT
eKCIUTyaTaLii eHeprooioka € Horo HeBiIMOBHA poOoTa
3a pi3HUX 30ypeHb, K Y PEKUMI NOCTIHHOTO HaBaH-
Ta)KEHHsI, TaK 1 B MAHEBPEHOMY PEeKUMI. Y 0ararbox
pobotax [1, c. 16—-19; 2, c. 128—139], sxi mpucBsueHi
JTOCITIDKEHHTO TTPOOIEMH ITOKPUTTS 3MIHHOT YaCTUHU
rpadikiB HaBaHTaXEHHs, 3a3HAYAECTHCSA, MIO TiIABH-
HICHHS YaCTKU aTOMHUX €JIEKTPOCTaHIIN y 3arajJbHO-
BCTAHOBJICHIM MOTYKHOCTI BHMAara€ BHKOPHCTAHHS
eHeprooOnagHanHs y MaHeBpeHoMmy pexumi. OTxe,
CTaTTs MPUCBSYCHA TOCIIIHKEHHIO PETynaTopa Tija-
TPUMKH THCKY Y IPYTOMY KOHTYpi 3a 3MiHU HaBaHTa-
JKEHHS peakTopa.

AHaNi3 ocTaHHIX Ja0c/igKeHb i myOsaikamiii.
VY po6orti [3, ¢. 19-27] po3nisgaeTbes aHai3 BILTUBY
METO/IB YIpPAaBJIiHHS MOTYXHICTIO €HEeprodiioka 3
BBEP-1000 B mManeBpeHOMY pexXuMi Ha KiTbKICHY
MIpy CTIHKOCTI, a camMeé Ha BEIHYHHY aKCialbHOTO

odcery.
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VY [4, c. 99-106] Oyno nocmimkeHO MaTeMaTHIHy
Mozens eneproomoky BBEP-1000 3a kommnpomicHo-
KOMOIHOBAaHOIO IPOTPAMOIO PETYITIOBAHHS 3 TOYKH
30py pO3MOJUTY 3HAYCHb HAMBAXIUBIIINX TEXHOJO-
TIYHUX TapaMeTpiB MO BUCOTI akTUBHOI 30HU (AK3)
peakTopa.

PoGora[5, c. 171-174] npucssiyena qoCiiKeHHIO
ABTOMATUYHOI CHUCTEMH DETYJIIOBAaHHS MOTY)KHOCTI
eHepro6ioka B pexxumi T. Hanpukiiaz, y po6orti Oyio
PO3pOOIICHO CHUCTEMY PEryJIIOBaHHS IMOTYXHOCTI
eHeproOI0Ka 3 TMMOCTIHHOIO MATPUMKOIO THCKY TIapH
B TOJIOBHOMY ITapOBOMY KOJIEKTOPi, IO Ja€ 3MOTY
EKCILTyaTyBaTH €HEProOJIOK Y MaHEBPEHHUX PEKUMAX.

I[MocTranoBka 3aBnaHHs. MeToro poOOTH € JTOCITi-
JDKEHHS aBTOMATH30BaHOI CHCTEMH PETyITIOBaHHS
notykHocTi eHeprooioka AEC 3 peakropom BBEP-
1000 y pexxuMi TATPUMKH THUCKY TIApU Y IPYTOMY
KOHTYPI 3a 3MiHH HaBaHTaXXeHHS Ha peakTop 31 100%
1o 80% 1 Hazaz.
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Buxiang ocHOBHOro martepiajy I0C/TigxkeHHs.
Enepro6iok i3 peakropom BBEP-1000 — camo-
CTililHAa YaCTHHA aTOMHOI eJieKTpocTaHIlii. Peakrop
BBEP-1000 npusHaueHnii 1151 30iHCHEHHST KEpOBa-
HOT JIAaHIIOTOBOI peakiii, sKka cama MiaTPUMY€EThCS,
MOJIIITY sI/Iep MMallMBa 3 METOK BUPOOJIEHHS TETUIOBOT
eHeprii.

PerynioBaHHSI MOTYKHOCTiI peakTopa 3iHCHIO-
€ThCS CUCTEMOIO ympasiiHHs 1 3axucty (CY3) —
3MIHOIO TTOJIOKEHHS B aKTHUBHIN 30HI KJIacTepiB 31
CTPIKHIB 13 TOTIIMHAIOUMMHU elleMeHTaMHu (TpyoO-
KaMH 3 KapOimoM 0opy), a TaKOoXK 3MIHOKO KOHIICH-
Tparii 60pHOT KUCIOTHU y BOAI IEPIIOTO KOHTYPY.

Y nBoxontypHux AEC oCHOBHUM 3aBHaHHSIM
peTyJIIOBaHHS MapOCUIIOBOT YCTAHOBKH € TIATPUMKA
PIBHOCTI MiXK KiJTBKICTIO BUPOOICHOT 1 CITOKHBAHOT
€HepTii; HeBIAMOBIIHICT MiX BHPOOJISAIOUOI0 eHep-
Ti€I0 y peaxkTopi 1 crokuBaHoi B TypOiHi MOXe Mpo-
SIBJIATHCS 31 3MIHOIO THUCKY 1 TeMIIepaTypH TeILIO-
HOCISl B TIEpIIOMY KOHTYPi 1 THCKY (TeMIieparypH)
HacM4YeHoi mapu B JpyroMy KoHTypi. Bxazany
HEBIATOBITHICTh YCYBa€ aBTOMATHIHHUH PETYISITOP
MOTY)KHOCTI, SIKMH 3T1IHO 3 PEKUMOM POOOTH BILIH-
Bae a00 Ha peakTop, a00 Ha TypOiHY, 32 JIOTIOMOTOI0
bOTO MiJABUIIYIOThCS Oe31eKa, HaAIHHICTh 1 eKOHO-
MIYHICTb €KCIUTyaTallii eHeproOJIOKiB 13 peakTopaMu
turry BBEP-1000.

Y poboTi CTaBHTHCSA 3aBIAHHSA JMOCIiHKESHHS
poOoTH perynsTopa 3a 3MiHA HaBaHTaKEHHS peak-
topa 31 100% mo 80% i Ha3an. Ha pucynky 1 300pa-
JKeHa CTPYKTypHa CXeMa MaTeMaTh4yHOi Mojeni
(MM) B cepenoBuri Simulink. Jjis gocimipKeHHS

pOOOTH peryisiTopa 3MiHIOEThCS 3aBIaHHSI, 3a IKOTO
Bi10yBa€eThCS 3MiHA HABAaHTAXKCHHSI PEaKTOPA.

Ha pucynky 2 300paxeHO TepeximHUHA TIpo-
[ec 3MiHM EJEeKTPUYHOI IMOTYKHOCTI €HeprooOioKa.
30kpema, BHJTHO, 1110 3MiHa HaBaHTaxeHHs 31 100% 10
80% BinOyBaeTbes 3a 2 000 cekyH 1, 1aji MOTYKHICTb
niarpumyethesiHapiBHi 80% mpotarom 10000 cexyn,
ITiCJIsI YOTO BiJIOYBA€ETHCS IOBEPHEHHST HABAHTAKCHHS
peaktopa 10 100% 3a 2 220 cexyHz.

Ha pucynky 3 HaBeneno ¢parmeHT Trpadiky
3MiHHU eJICKTPUIHOT MMOTYKHOCTI 3 TOCATHCHHS 3Ha-
yeHHS 100%. MoxHa mo6aduTH, 10 ITiJT 9aC BUXOAY
HaBaHTaXeHHs Ha 100% BinOyBa€eThCs MepeperyIto-
BaHHS eJleKTpryuHoi notyxHocTi Ha 0,075%.

Ha pucynky 4 Ps) 300paxeHO mepexigHuii mpo-
[[eC PEryTIOBaHHS TUCKY MapH y JIPYroMy KOHTYPI.
30Kkpema, BHIIHO, [0 Ha MEPIINX CEKyHJax 3MiHU
HaBaHTaXeHHs 31 100% 10 80% BigOyBa€ETHCS CKAYOK
PeryJIbOBaHOTO MapaMeTpa, Jaji BiJ0yBaeThCs cTa-
Oinmizamist mapamerpa, micis yoro Ha 2 000 cekyHzi,
KOJIM HaBaHTaxeHHs nocsirae 80%, ckadok BinOy-
Ba€ThCSl 3HOBY, Jali 3HOBY BiJOyBaeThcst cTabii-
3arisg, ska TpuBae 10 000 cexynn. [loumHaroum 3
12 000 cexyHau BinOyBa€eThCs IMOBEPHEHHS HABaH-
TaxkeHHs1 peaktopa Ha 100%, ockimbky 1 mix yac
CIyCKy HaBaHTa)XXCHHS B PEryJIIOBaHHI MapaMerpa
BiJIOYBalOThCS JIBa CKAYKH — Ha IOYATKy 301JIb-
[IEHHS HAaBAaHTAXKCHHS 1 HANPUKIHIl, KOJH PEKTOP
BuxoauTh Ha 100%, BigOyBaeThCcs mepeperyito-
BaHHS, TaK CaMo SK 1 eIeKTPUIHOI IOTY>KHOCTI, a Ha
18 650 cexyHi BiIOyBa€eThCs MOBHE HAATOKEHHS
perynstopa 3a 100% HaBaHTa)KeHHS.

Puc. 1. CrpykrypHa cxema MM B cepenoBuiui Simulink
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Puc. 3. ®parmenT rpagiky 3MiHH eJJeKTPUYHOI NOTYKHOCTI

Ha pucynky 4 D) 300pakeHO 3MiHY PiBHS TapH
y JApyromy KOHTYpi. 30Kpema, BHIHO, IO PiBEHb
Mapy 3MIHIOETHCS BIJTIOBITHO JIO 3MIHU €JIEKTPUIHOT
MTOTY>KHOCTI.

KinbkicHOIO MipOl0 CTIHKOCTI peakTtopa € akci-
anpHuil odcer (AO) — TexXHOJOTIUHA XapaKTepHuc-
THKa PIBHOMIPHOCTI CHEPTOBHUIIJICHHSI, TOMY MipOIO
edexTrBHOCTI ekcruyaTanii eneproomoka 3 BBEP-
1000 € minimizanis Binxunenus AO. Ha pucynky 5
300paKeHO MEPEXiJHUHI MPOIIeC 3MIHU aKCIaJIbHOIO
odcery. 3okpema, BUIHO, M0 AO 3MIHIOETHCS Bif-
MOBI/IHO 0 3MiHHU €JIEKTPUYHOI TOTY>KHOCT1 €HEPro-
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0J10Ka, 1 1oT0 3HAYCHHS HE BUXONIATH 32 JOMYCTUMI
MEXI.

BuchHoBku. Y po0oTi po3mIsiHyTO PoOOTY aBTOMa-
TU30BaHOT CHUCTEMH PETYIIOBAHHS TOTY)KHOCTI €Hep-
roomoka AEC 3 peakropom BBEP-1000 B pexumi
MATPUMKH THUCKY TIApH y JPYToMy KOHTYpi 3a 3MiHH
HaBanTtaxkeHHs 31 100% 10 80% i Hazaz. 3’sicoBaHo, 110
poboTa CHCTEMH B MaHEBPEHOMY PEKHMI € 3aI0BLTh-
HOIO, ITiJT Yac BUXOMy HaBaHTakeHHS Ha 100% MoxHa
nobaunTy mepeperymoBanns mapamerpis Ha 0,075%,
OJIHAK HEOOXiJJTHO MOJICPHI3yBaTH CHCTEMY pEryIto-
BaHHSI TUCKY TIApH [Tl TIOJIITIICHHS SIKOCTI TIepeXiTHIX
MPOIECIB, & CaMe — 3MCHIIICHHSI KOJTMBAJILHOCTI.
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Puc. 4. Ilepexinuuii npouec peryJroBaHHsI THCKY NapH Y APyroMy KoHTypi Ps)
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Puc. 5. llepexinnuii npouec 3Minu akciajabHOTo oeery
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Peliukh P.O. AUTOMATED SYSTEM OF REGULATION OF POWER OF NPP WITH VVER-1000
REACTOR IN THE MODE OF STEAM PRESSURE SUPPORT IN THE SECOND CIRCUIT

The article is devoted to the study and development of a mathematical model of an automated system
for regulating the power of an NPP unit with the VVER-1000 reactor in the mode of maintaining the steam
pressure in the second circuit (mode T).

Today, more than 47% of electricity in Ukraine is supplied by NPPs (Rivne, Zaporizhzhia, South-Ukrainian
and Khmelnitsky). Power units with VVER-1000 reactors, which are operated at four NPPs, are the most
powerful in Ukraine.

Today all Ukrainian NPPs with VVER-1000 are operated in the mode of stabilization of capacity of the
power unit at the set level, but due to the operation of the NPP for the power system with a large number of
electricity consumers, its consumption is rather abrupt and depends on the needs of users, season and time
of day. Therefore, the study of the operation of the VVER-1000 maneuvering unit is an urgent question now.

The reactor power is regulated by a control and protection system (CPS) — by changing the position in the
core of clusters with absorbent cores (boron carbide tubes), as well as by changing the concentration of boric
acid in the water of the first circuit.

The article deals with regulating the power of the power unit while maintaining the pressure in the second
circuit at a given level, the function of the regulator is performed by an automatic power regulator (ARP). The
control unit is designed to maintain the reactor power in accordance with the power of the turbogenerator,
stabilize the neutron power of the reactor at a predetermined level, and to maintain the power of the turbo
generator according to the power of the reactor.

As a result, an automated system for regulating the power of an NPP unit with the VVER-1000 reactor in
the mode of maintaining the steam pressure in the second circuit was investigated, when the load on the reactor
was changed from 100% to 80% and back in the MatLab software package Simulink. The main advantages of
this model: safety, reliability and economy of operation of power units with VVER-1000 reactors.

Key words: controller, power unit, control program, automated control system, automatic power
regulator, load.
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