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AHHOTaNUA

Ha aromHbIX 3jekTpocTaHuuax cTaHnusx (ADC) BBIABHIalOTCH BBICOKHE TPeO0OBaAaHMA K HAJNEXKHOCTH H
Oe3onacHocTH IHeprodaoka. Oco0oe BHMMaHUE ITOMY yAelsieTcsl IPH NPOBEeJICHHH TAK Ha3bIBaeMOro0 MaHeBpa
MOIIHOCTEIO. [Ipu 3xkcnTyaTanuu 3Heprodaoka aJs 6osee 3pGeKTHBHOM PadoThI HCNONAB3YIOTCA TPU Pa3IHYHbIE
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TEXHIYHI 3ACOBU TEXHOJIOI'Li B CACTEMAX YITPABJIIHHS

NMPOrpaMMbl peryJIMpoBaHusl, U KOMOMHanMU U3 HUX. Ha TaHHBIA MOMEHT Nepek/Il0YeHHe B Pa3JIMYHbIe PEKUMBI
yIpaBJeHHsl NMPOUCXOAAT INPH NMOMOIIU NEPCOHANa, TO ecTh BpyuHyl. Takum oOpa3zom siBiIsieTcsl aKTyaJabHOMH
npodJieMa aBTOMATH3ALMHU JAHHOIO mpouecca. B ¢Bs3u ¢ 3TUM ObLIA pa3padoTaHAa ONTUMH3ALUOHHAA CTPYKTypa
ynpaBijieHHsi 00opyaoBaHueM Jis oGecrnevyeHHs: I(PpdeKTHBHOI pPadoThl Heprodjoka, KoTopas mpeanoJaraer
noj/iep:kaHue MapaMeTPoOB HA 32JAaHHOM YPOBHe B 3aBHCHMOCTH OT BbIOPAHHOIi MpOrpaMMBbl peryJupoBaHus.

Abstract

High demands are claimed for reliability and safety of power-generating unit at nuclear power plants (NPPs).
Special attention is paid to this during the so-called maneuver of capacity. For effective operation during using a
power-generating unit there are three different regulation programs and combinations of them. Switching over to
variable control modes is currently done by the staff, in other words by-hand. Consequetly, the issue of automation
of this process is of current importance. Considering this, there was developed an optimization structure of
equipment’s operation in order to ensure an efficient operation of a power-generating unit, which involves
maintaining the parameters at a given level, depending on the selected control program.

KiroueBble cjioBa
OnTuMu3anusi CTPYKTYpPhI 000py10BaHus, IPOTPaMMa PeryJupOBaHNs, MAHEBPEHHbII PesKHM.

Ceronns B Ykpaune ADC ¢ peakropamu BBOP-1000 sBisitoTCSI OHUM U3 OCHOBHBIX ITOCTABIIUKOB 3JIEKTPOIHEPTHH.
B cBs3u ¢ aTUM cymiecTByeT mpobieMa HaJe)KHOCTH TEIUIOBBLICISIONINX ASJIEMEHTOB M CPOKa uX CiyxObl Ilyrem
ONTHMU3AIMK  YIPaBICHUS CTPYKTypol oOopynoBanusi Oyner oOecrnedyeHa dddekrtuBHas pabora 3HEprodioka.
[MpoBeneHHbIil HaMu 0030p M aHanu3 juteparypsl [l - 3] mokasay, MaHEBPUPOBAHHE MOIIHOCTHIO HMEIOT OOJBLIYIO
LEHHOCTh [T TPOJICHUS CPOKa CIIyKObI pecypca. [Ipu MOICTHMPOBAHHM CHCTEMBI 3HEProOJIoKa 3a OCHOBY B3sT [ 8 ]
CJIO’KHBIE YpaBHEHHsI MaTepHajIbHOIO OanaHca HauboJee Ka4eCTBEHHO ONUCHIBAIOT IAHHYIO CHCTEMY.

Ienbio cTaThu sBISICTCS ycOBepiieHcTBOBaHUe cymiectByromeii ACP sneprodnoka ADC ¢ BBOP-1000, kotopast
MO3BOJIIT C COOJIOJICHHEM pETJIAMEHTHBIX TpeOoBaHWH, Oe3 CHIKEHHS YPOBHS O€30IIaCHOCTH, 3KCIUTyaTHPOBAThH
9HEProOJIOK C aBTOMAaTHIECKON CUCTEMOH NMEPEKITIOYEHUS B Pa3HBIC PEKUMBI PETryJIMPOBAHMS.

B [7] Obu1 pa3paboTaH W OIMUCAH NPUHIIAI MEPEKIIOUYEHUs ycoBepIIeHCTBOBaHHON ACP B pasnmyHbIe POrpaMMBI
perynupoBanus (puc.l). [IporpamMma nepexintoueHust paboTaeT B COOTBETCTBHH € aJITOPUTMOM (pHc.2)

Nr
1 23 11

¥ y

RS =k
A

\ 4
@

2 Rl S

—_
L]

Puc. 1 - YcoBepiiencTBoBaHHas npuHIMNUaibHAs cxema ACP anepro6ioka ¢ peakropom BBOP-1000
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Ha puc.1 n3obpaxensl: 1 — peakrop; 2 — maporeHeparop; 3 — peryJaupyrolue Kianansl TypOuHsl; 4 — TypOuHa; 5 —
reHepaTop; 6 — INIaBHBIA IMPKYJALUOHHBIH HAacoc; 7 — 3aJaTUMK 3JIEKTPUYECKOH MOIIHOCTH T'eHepaTropa; 8 — peryisiTop
MOIIIHOCTH HHEproOJioka; 9 — MexaHu3M ynpasieHus TypOuHoW; 10 — cepBoMorop; 11 — perynsTop 4acToThl BpamieHUs
TypOuHBI, 12 — MepBUYHBIN HM3MEPHUTENBHBIA IpeoOpa3oBaTeNls JAaBICHHUSA Mapa BO BTOPOM KOHType; 13 — mpuBOABI
perynupyomux crepkaeit; 14 — moHm3ammoHHas Kamepa; 15 — perymsarop HEHTpOHHOH MOIIHOCTH peakTopa; 16 —
peryisaTop IaBJIeHHS Iapa BO BTOPOM KOHType; 17 — 3amaT4Mk HaBICHMS Iapa BO BTOPOM KOHType; 18 — perymsrop
CpenHeil TeMIepaTyphl TSIUIOHOCHTENS IIEPBOr0 KOHTYpa; 19 — NaT4uKK TeMIepaTyphl TEIUIOHOCUTEIIS IepBOro KOHTYPA;
20 — 3amaTyMK CpeIHEHl TeMIepaTypbl TEIIOHOCUTENS IIepBOrO KOHTypa; 21 — 3agaTduK BXOAHOM TeMIepaTypsl
TEIUTOHOCHUTEINS TIEPBOT0 KOHTYpa; 22 — NAaTIYUK 4acTOTH 000pOTOB TypOWHBI; 23 — 3aaTIUK YacTOTH 00OPOTOB TYpOHHEL,
24 — 3anaTYrK HEHTPOHHOM MOITHOCTH PEaKTOpa.

[Tpuanmn paboThl 3aKm0YaeTCs B KOMIUIEKCE ASHCTBUI AJIS MOAJIEP)KaHUH OJHOTO U3 MapaMeTpoB (tfP = const ,
const , = const). B MoMEeHT MaHeBpa MOIIHOCTBIO NPOUCXOAUT pacyeT Ha OIpeleNeHHEe ONTUMAIbHOW NPOrpaMMbI
peryaupoBaHus U NMepeKitodeHre B He€. B cBsI3u ¢ GONBIION CTENEHBIO BaXKHOCTH O0BEKTA JII TOTO YTO ObI HE MOTEPATh
YIPaBISIEMOCTh PeaKkTopa MPOUCXOJUT MOAJIepKaHHe HEHTPOHHOW MOLIHOCTH , TPH CTaOMIIM3alMU KOTOPOH NMPUXOIHUT
paspelaronyii CUrHa 171 HepEeKITI0UeHHS.

a

Hauano

CKaHupoBaHue

X

B // \

If ( trans== true )

false

MNepekntoyeHne
N=const

true A

" ﬁ\\

/ T~

If ( hand== true) false————

true
B
e

| N
| Koney,

Puc. 2. Anroput™ paboTs! ycoBepiueHcTBOBaHHOH ACP

Hannblii ycosepmeHcTBoBaHHass ACP paboTaeT B NOCTOSIHHOM peXXMME CKaHMPOBAaHUS CHTHAJOB. [Ipu mosrydeHun
CHTHaJa 0 HEOOXOJMMOCTH IepekiroueHuns (trans==true) B onTuMagbHYyO POrpaMMy PeryJIMpOBaHUs ,UAET IPOBEPKaA Ha
tun nepekmoueHus (hand==true) pyuHoil mim aBroMaTruueckuii .BpIOOp ONTHMATBHOI MpOrpamMMBbl PEryJIHpOBaHHMS
NpoucXoauT B noamporpamMme «CkaHupoBaHue» (puc.3) cHcTeMa MPOM3BOAMT pacdeT Il TPeX IporpamMm
peryiupoBaHus..
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CKaHupoBaHue

N,w,AO

Funk

v

OntumanbHasa
nporpamma

\ 4

trans= true; —N/ KoHey, \

Puc. 3. Anroput™ pacdera ynpapJsOIIEro CUTHAA IS MEPEKITFOUCHHISI TPOrPaMM PETYIHUPOBAHUS SHEPTOOIOKOM.

B [4] paccmarpuBanach 1eneBas (QYHKIUS 1O JBYM KpuTepusiM( MOBPEKIACHHOCTh M aKCHATBbHBIA odcer)
HEJIOCTATKOM JIJAaHHOTO MOAXO0/a SIBJSIETCS] HE MOJHOTa MOJIEIM B CBSI3H C OTHM MpejasiaraeM JOIOJHUTh JaHHYIO (QYHKIHIO
B KOoTOpoil KiroueBbIMH mapameTpaMy ONpenesIsiolie ONTHMAIbHOCTD YIpaBieHus sBisitoTes: [loBpexaenHoct (™ ),

Momroctu (N) , 1 Akcuanpabie Odceer (AO). Ucxoas u3 qaHHOTO NMPUHIWIA KPUTEPUEM IS TIEPEKITIOUCHUS SBISCTCS
onrtuMu3anuonHast pyukius (Eg) .

(1 - m’{nﬂx)z + [1 - (A{};max _AUT"EC) 12 + El - (Nmax - NI) 1=
- AOrec max = Nin -

Efr = 3

(1)

s pacyera ONTHMANbHOCTH HCHOJIB3Yyd M3JIOKEHHYI0 METOIUMKY pacueTa [2] ObUIM MONydYeHBl JaHHBIE O TOM, Kak
HM3MEHEeHHEe MOITHOCTH BimsieT Ha (AO) (Tabnuma 1.) Ui Tpex mporpaMM peryIHpOBaHUS .

Tabmuna 1. 3menenne AO npu pasHbIX IporpaMMax peryJInpoBaHus BO BpeMs MaHeBpa MOIIHOCTHIO co 100% o
80%

Yacel 0 1 2 3 4 5 6 7 8 9 10 Makc

tor = const 100 | 86.5 | 80 80 80 80 80 80 80 90 100 20
N, % | t,,. = const 100 89 | 835 | 823 | 80.5 80 | 80.1 | 828 | 87.6 | 93.4 | 100 20
Py = const 100 90 84 | 817 | 804 | 80 | 80.2 83 88 | 955 | 100 20

tor = const -341| -6 |-382|-349|-354|-363|-395|-474]-599| -5 -3.38 2.59
tue = const | -341| -49 | -3.61|-352|-356 | -3.58 | -3.65 | -3.81 | -474 | -38 | -34 1.49
Py = const -341 | -341 | -341 | -341 | -341 | -3.41 | -3.41 | -341 | -341 | -3.41 | -3.41 0

AO,%
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Tak ke Ha OCHOBe [6] mosy4eHb! JaHHbBIe THHEHHON MoiHocTH DY (saepHast 3HepProyCTaHOBKA), HAXOISIIAsCS Ha
100% u 80% MoOIIHOCTH Al paccMaTpUBAaEMBbIX IPOrpaMM peryiaupoBaHus (Tabn. 2),
MonenupoBaHue OCYIIECTBIAIOCh AJIS YETBIPEXTOAWYHON KaMIaHUM TOIUIMBA, NPHU CTAaHAAPTHBIX IEpecTaHOBKaX
SIEPHOTO TOIUTMBA B aKTHBHOM 30HE W OCPEIHEHHBIX 3HAUCHUX 10 »HeproBuiaenernto kaxaon TBC. [IpuanmManocs, 9To
rpynnsl TBC omgHOrO rofga BRITOpaHHS MMEIOT OJMHAKOBYIO JHHEWHYIO MOIIHOCTH. BBUIO NPHHATO, YTO NEpecTaHOBKA
TBC Mexay KaMIIaHUSIMHU COOTBETCTBYET CTaHAAPTHON KOMIIOHOBKE IIpH ycIoBHH 3arpy3ku 41 ceexeit TBC.

Tabnmma 2. JInHelHas MOITHOCTh YCTAHOBKH JIJISl YETHIPEXTOUYHON KaMIIAHWN TOIUTHBA

20 aKCHUaJIbHBIX CETMEHTOB.

CpenHee 3HAYCHUS IMHEWHON MOIITHOCTH
1-#i rox 2-ii rox 3-iirox 4-firon
240 Br/cm 250 Br/cm 170 Br/cm 120 Bt/cm
Q 100% 80% 100% 80% 100% 80% 100% 80%
1 120,0 90,0 140,0 90,00 100,0 75,0 70,0 50,0
2 170,2 131,1 192,0 150,75 135,1 100,5 91,3 68,9
3 200,4 159,8 214,0 175,10 1475 113,9 102,0 77,6
4 215,5 176,0 2249 182,71 152,1 120,7 106,9 81,6
5 220,4 179,8 243,2 193,28 163,6 126,3 111,0 86,2
6 229,6 1847 2447 195,66 164,8 129,7 112,9 89,8
7 234,0 188,7 247,5 200,59 168,0 133,8 1145 91,6
8 236,6 192,6 248,6 204,14 171,0 137,0 116,0 92,9
9 239,0 196,6 249,2 204,84 174,4 138,2 117,8 95,1
10 242,6 195,1 250,2 206,98 178,6 140,2 120,4 94,9
11 238,3 195,1 249,1 205,39 175,9 141,0 120,0 94,1
12 236,4 192,4 248,2 201,87 176,1 140,6 120,2 93,2
13 236,2 184,5 248,1 196,91 175,7 138,5 119,7 93,1
14 228,6 183,9 243,3 189,23 173,1 136,0 118,8 91,6
15 2247 179,7 239,7 179,33 169,8 132,7 117,9 89,8
16 220,8 172,1 230,8 167,59 165,9 128,1 115,7 86,7
17 209,3 158,5 210,6 154,51 157,7 122,9 111,4 83,6
18 198,3 138,6 186,6 119,40 151,0 1154 108,8 76,9
19 169,2 112,4 147,8 80,51 133,4 99,7 99,9 67,0
20 100,0 80,0 80,4 60,00 90,0 70,0 75,4 54,9

B Tabn. 3 npuBeleHbl pe3yJabTaThl PacueTOB MOBPEKAESHHOCTH O0O0JIOYEK TBAJIOB () (B OCHOBY pacyeToB ObLIO
nonoxkero [11])no mBaanaru akcHaibHBIM CETMEHTAM IS PacCMaTPUBAEMBIX MPOTrpaMM peryiupoBanust Ha 350, 700,
1050 u 1400 cyTku 5KCIUTyaTalMy aKTUBHOW 30HBI..

Tabnmna 3 IToBpexIeHHOCTH 000I04€K TBAJIOB I PACCMATPHBAEMBIX IPOrPaMM PETyIHPOBaHUS

t* =const P, =const t% =const

I W 350 @ 700 W 1050 @ 1400 @ 350 @ 700 @ 1050 W00 | Waso | W70 | Wi050 | O 1400
1 0.000 | 0.040 | 0.101 0.190 0.020 0.045 0.081 0.190 | 0.044 | 0.055 | 0.066 | 0.209
2 0.004 | 0.045 | 0.189 0.312 0.017 0.053 0.186 0,321 | 0,033 | 0.066 | 0,207 | 0.363
3 0,007 | 0.062 | 0,259 0,407 0,015 0.071 0,266 0,424 | 0,026 | 0.088 | 0,310 | 0,484
4 0,011 | 0.089 | 0,311 0,477 0,015 0.099 0,326 0,499 | 0,021 | 0.120 | 0.380 | 0.572
5 0.015 | 0.127 | 0.349 0.522 0.016 0.137 0.369 0.546 | 0.019 | 0.163 | 0.425 | 0.627
6 0.018 | 0.176 | 0.377 0.540 0.019 0.186 0.398 0.565 | 0.021 | 0.216 | 0.453 | 0.649
7 0.022 | 0.214 | 0.395 0.549 0.022 0.219 0.417 0.570 | 0.025 | 0.250 | 0.470 | 0.657
8 0.022 | 0.233 | 0.409 0.563 0.027 0.235 0.429 0.579 | 0.032 | 0.266 | 0.484 | 0.669
9 0.029 | 0.250 | 0.419 0.578 0.034 0.251 0.437 0.591 | 0.042 | 0.283 | 0.501 | 0.679
10 | 0.039 | 0.264 | 0.429 0.592 0.048 0.265 0.445 0.604 | 0.056 | 0.301 | 0.514 | 0.690
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11 | 0.054 | 0.275 | 0.441 | 0.606 0.061 0.277 0.457 | 0.616 | 0.068 | 0.318 | 0.522 | 0.699
12 | 0.073 | 0.285 | 0.446 | 0.617 0.073 0.287 0.464 | 0.628 | 0.078 | 0.332 | 0.529 | 0.708
13 | 0.086 | 0.294 | 0.448 | 0.625 0.082 0.294 0466 | 0.635 | 0.088 | 0.341 | 0.534 | 0.716
14 | 0.094 | 0.302 | 0452 | 0.628 0.090 0.303 0.471 | 0.639 | 0.095 | 0.343 | 0.538 | 0.723
15| 0.096 | 0.304 | 0453 | 0.627 0.096 0.312 0.477 | 0.636 | 0.101 | 0.349 | 0.540 | 0.730
16 | 0.091 | 0.303 | 0.449 | 0.619 0.097 0.312 0.477 | 0.626 | 0.110 | 0.348 | 0.540 | 0.731
17 | 0.080 | 0.287 | 0.435 | 0.604 0.091 0.302 0.466 | 0.607 | 0.112 | 0.344 | 0.540 | 0.713
18 | 0.062 | 0.256 | 0.408 | 0.582 0.077 0.270 0.439 | 0578 | 0.100 | 0.312 | 0.496 | 0.676
19 | 0.038 | 0.211 | 0.366 | 0.549 0.054 0.219 0.390 | 0.537 | 0.077 | 0.250 | 0.430 | 0.622
20 | 0.008 | 0.150 | 0.303 | 0.507 0.022 0.150 0.315 | 0.483 | 0.044 | 0.165 | 0.341 | 0.550

[Mocne mony4eHus Bcex HEOOXOAMMBIX JaHHBIX JUIS PAacueToB, Oblja paccuuTaHa TeKyllas d3pQEKTUBHOCTh KaXKIOH

MPOrpaMMBbI PeryiupoBaHus. B Tabmuily 4 BeIBeICHBI JaHHBIE B MOMEHTHI dKcIuTyaTanuu Ha 350, 700, 1050, 1400 cytku
SKCIUTyaTallud aKTUBHOM 30HBI.

Tabnuna 4. Tokazarenu 3(pPEeKTUBHOCTH IPOrPaMM PETYJIMPOBAHHUS B TEUEHUU YSTHIPEXTOINYHON KaMIIaHUH

IIporpamma

PeF}II)JI;gOBaHI/Iﬂ Eﬁ350 E.ﬂ:700 EﬁlOSO Eﬁ1400
t% =const 0,701 0,681 0,668 0,659
P, =const 0,621 0,599 0,585 0,575
t* =const 0,707 0,688 0,677 0,668

BriBoj
B pesynbrare pa3paboTku Oblla CMOJEIMPOBAaHA CHUCTEMA H3MEHEHHS] CTPYKTYPhl TEXHUYECKUX CPEJICTB

aBroMaTm3ammu npu pabore ADC ¢ BBOP-100 B maneBpeHHOM pexnMe. Paccuntana 3¢ (heKTHBHOCTE pabOTHI IPOTPaMMEI
nepexntoueHuss Ha 1400 cyTok OSKCIulyaTallMMd aKTHBHOM 30HBI. ABTOMAaTHYECKOE MEPEKIIOYEHHE Nporpamm
PETyIHPOBaHUS OCYIIECTBIIOCH MPU TOMOIIM ONTHMH3aIHMOHHOM (YHKIMH, C ydeToM u3MeHeHus IloBpexiaeHHOCTH

(%), Momnuoctu (N) , u Akcuansibie Odcer (AO), ris nosblineHus 3GHEKTUBHOCTH PaOOTHI .
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