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VIIK 62.5

I[MapameTrpuyeckasi ONTUMHU3ANUA CHCTEMbI
ABTOMATHYECKOI'0 YNPaBJIEeHUS

MOIIHOCTHI0 JHeProd10koB 300 MBT

B pe’KHMe MOCTOSTHHOTO JaBJieHHs Napa nepea TyYpOuHOM

I. T. Kyaakos”, A. T. Kynakos", K. U. Aprémenko"”

UBeJ‘IOpyCCKHﬁ HaIMOHAJIBHBIN TeXHUYeCKui yHuBepcuteT (T. MuHCK, Pecriybnmka Benapycs)

© benopycckuil HallMOHANBHBIN TEXHUYECKUH yHUBepcuteT, 2018
Belarusian National Technical University, 2018

Pedepar. PaccMoTpeH BOonpoc napamMeTpuuecKoil ONTUMHM3ALMK CUCTEM aBTOMAaTHUYECKOTO YIIPaB-
nenust MoutHocThio 3HeproodiokoB (CAYMB) 300 MBt Jlykomibckoit [POC B pexume mocTosH-
HOTO JIaBJICHHS MIEPErpeToro mapa nepex TypouHoil. B Tedenne 1974-1979 rr. Ha BockMH 3HEpro-
6mokax Jlykomibckoit I'POC 6simm BHenpenst CAYMB ¢ BemymuM KOTENBHBIM PEryIsTOpOM
MOIIHOCTH, KOTOpble OyAyT BBIHYKIEHBI paboTaTh B HIMPOKOM JHANa30HE M3MEHEHUS Harpy3ok
B CBSI3M C IUIAHUPYEMBIM BBOJIOM JBYX 3HeproOiokoB bemopycckoit ADC: mepsoro — B 2019 r.,
Broporo — B 2020 r. CymmapHast MomHocTh benopycckoit ADC cocrasut 2400 MBT. Kpome Toro,
Y>KECTOUMIIUCh COBPEMEHHBIE TPeOOBaHUSA K PEryJHpPOBAHHIO YAaCTOTHl M IEPETOKOB AaKTUBHOM
JJIEKTPUYECKOW MOIIHOCTH B SHEPTOCHUCTEME: BpeMs JOCTHXKEHHS MOJIOBUHHOTO 3HAYEHUS HE0O0-
XOIUMOTO M3MEHEHHSI MOIIHOCTH JOJDKHO COCTaBIATH 10 ¢ B Ipenenax HOPMaJIbHOTO M aBapHii-
HOTO PE3ePBOB; BPEeMs JOCTIDKEHHS IOJTHOTO 3HAYECHHS HEOOXOJUMOTO H3MEHEHHS MOIIHOCTH
JIOJDKHO cOCTaBJIATh 30 ¢ B Ipezesax HOPMAJIBHOTO pe3epBa U 2 MUH — B Ipe/iesiaXx aBapuiHOTO.
B cBsI31 ¢ 3THM aKTyalbHOI CTAHOBUTCS 3a/ia4ya MOBBIICHNS 3()(MEKTUBHOCTH PabOThI YHEProOII0-
KOB, pabOTAIOMUX B MIEPEMEHHON 9acTu rpaduka 3IeKTpHISCKUX HArpy3oK, 3a CUET UCIIOIb30Ba-
HUSI COBPEMEHHBIX METOJOB pacueTa HapaMeTpoB AMHAMUYECKOW HACTPOMKH PerylnupyOIuX
ycrpoiictB CAYMB. IlpuBenena meroauka napamerpudeckoil ontumusanuu tunosoii CAYMB,
MO3BOJISIONIAsT YITYUIINTh KadeCTBO PETYITUPOBAHMS MOIIHOCTH M IABJICHMS IEPErperoro mapa
nepen TypOuHON. OnncaHHas METOAUKA MILTIOCTPUPYETCs pe3ylbTaTaMH KOMITBIOTEPHOTO MOJe-
JIIPOBAHUsI IEPEXOHBIX MPOLIECCOB B CUCTEME IIPU OTpabOTKE 3aJaHUs U BHYTPEHHHUX BO3MYILE-
HUH, KOTOpBIE MOATBEP)KIAIOT NPABUIBHOCTh MPEUIaraéMoil METOAUKU TI0 CPABHEHHIO C M3BECT-
HBIMH MeTofaMu orrtuMu3anui TurosBsix CAYMB.

KuoueBble cj10Ba: aBTOMaTHYECKOE YHOpaBJICHUE, JJICKTPUIECKAsA MOILITHOCTD, PEXXUM ITOCTOAHHO-
T'O JaBJICHUS Tapa, mapaMeTpUUICCKas ONTUMU3ALNA CUCTEMbI
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Parametric Optimization for Automatic Control System
of 300 MW Power Units at a Constant Steam Pressure
Upstream of the Turbine

G. T. Kulakov", A. T. Kulakov", K. I. Artsiomenka”
UBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. The problem of parametric optimization of automatic control systems of power units
(ACSPU) of 300 MW at the Lukoml’skaya GRES (Lukoml Condensing Power Plant) at a constant
superheated steam pressure upstream of the turbine is under consideration. During 1974-1979,
eight units of the Lukoml’skaya GRES implemented ACSPU with a leading boiler power control,
which will be forced to work in a wide range of loads due to the planned commissioning of two
power units of the Belarusian NPP: the first one — in 2019, and the second one — in 2020. The total
capacity of the Belarusian Nuclear Power Plant will amount to 2400 MW. In addition, modern
requirements for the regulation of the frequency and flows of active electric power in the power
system have been tightened: the time to reach the half value of the required power alteration
should be 10 seconds within the normal and emergency reserves; the time to reach the full value
of the required power alteration should be 30 seconds within the range of the normal reserve
and 2 minutes — within the range of the emergency reserve. With this regard, increasing the effi-
ciency of the units operating in the variable part of the electric load schedule by the use of modern
methods of calculation of parameters of the dynamic adjustment of the regulating devices
of ACSPU becomes an urgent problem. The methodology of parametric optimization of the typical
ACSPU that make it possible to improve the quality of power regulation and the pressure of the
superheated steam upstream of the turbine is presented. The described technique is illustrated
by the results of computer simulation of transient processes in the system when the task and inter-
nal disturbances are worked out, which confirm the correctness of the proposed technique in com-
parison with the known methods of optimization of the typical ACSPU.

Keywords: automatic control, electric power, constant steam pressure regime, system’s parametric
optimization

For citation: Kulakov G. T., Kulakov A. T., Artsiomenka K. I. (2018) Parametric Optimization
for Automatic Control System of 300 MW Power Units at a Constant Steam Pressure Upstream

of the Turbine. Energetika. Proc. CIS Higher Educ. Inst. and Power Eng. Assoc. 61 (5) 451-462.
https://doi.org/10.21122/1029-7448-2018-61-5-451-462 (in Russian)

BBenenne

Bompocam aBTOMaTHYECKOTO PEryJIHpPOBAHHS MEPETOKOB aKTHBHON MOIITHO-
CTH M YaCTOTHI SHEProOOBEAUHEHUS TIOCBSIIEHO OOJIBIIIOE KOIHYECTBO ITyOIIu-
kamuii [1-14], uccnenyrommx CHCTEMBI aBTOMATHYECKOTO YIPAaBICHUS MOIII-
HOCTBIO 2HEproOiokoB [1, 4, 7-11], cuctembpl OOIIECTAHIIMOHHON YacTH aBTO-
MaTHYECKOTO YIIPABJICHUS MOIHOCTBIO CTaHIMU [S5], CHOCOOBI yIpaBiICHHS
SHEPTroOJIOKOM B aBAapPHIHBIX PEXUMaX SHEPTOCUCTEMBI [6], allrOpUTMBI pado-
Thl CHUCTEM aBTOMATHYECKOTO PETYIUPOBAHMS IEPETOKOB MOIIHOCTH SHEPro-
cucTeMmsl [2, 3], aHanu3 THHAMHYECKHX XapaKTePUCTHK YHEPTOOIOKOB B HIHPO-
KOM JFiania3oHe M3MEHEHHUs Harpy3oK sHeproomokos [9, 11, 12].

B HacTosiiiee BpeMst CYIIECTBEHHO Y>KECTOYMIIUCh TPeOOBaHUS K Ka4eCTBY
MTOA/IEPYKAHUSI MOITHOCTH M 9aCTOTHI YHEPTOOOBETINHEHHS: BPEMS TOCTHKCHHS
IIOJIOBUHHOI'O 3HAYCHHUA HeO6XOILI/IMOI‘O U3MCEHCHHUA MOIIHOCTU JOJIKHO COCTaB-
a7k 10 ¢ B Tpejiesiax HOpMajabHOTO U aBAPUIMHOTO PE3€PBOB; BPEMSI BXOKICHHUSI
B 30HY 1 % HOMUHAIBHOW MOIITHOCTH JHEProOJOKa Ny, TpeOyemoro 3Ha-
yeHus Harpy3ku: 30 ¢ — B mpezenax HopMaabHOTO; 2 MUH — B TIpe/ienax aBapuii-
HOTO pe3epna [12].
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Bwmecre ¢ Tem moBbIIeHHe KadecTBa MOJAEp KaHUS TpeOyeMOWl MOITHOCTH
SHEPro0JIOKOB OOBIYHO JOCTUTAETCS] YBEIMUEHHEM CTENCHU (OPCHPOBKU KOT-
nma B 1,5 paza, mna nyOmnp-6moka momHocteio 300 MBT ¢ kotnom TI'MII-114
1 111 MoHOOIOKA ¢ KoTitoM TT'MII-314 ona Bo3pacrtaer 1o 1,6 paza [12]. Pemre-
HUE O3TOTO0 TPOTHBOPEUHS TMPHUBOIUT K CYIIECTBEHHOMY YCJIOXHEHHIO CXEM
YIOpaBlIeHUs] ¥ METOJIOB WX ONTHMH3alMK B MIMPOKOM JHAra30HE WU3MEHEHUS
Harpy3ok sHeprodyoka. OcoOeHHO akTyanbHa 3Ta mpobiema i benopycckoit
SHEPTOCHCTEMBI B CBSI3M C IJIAHUPYEMBIM BBOJOM ABYX SHEprooiokoB bemnopyc-
ckoit ADC cymmapuoit MmomHOCTEIO 2400 MBT, KOTOpEIE OymyT paboTraTh B Oa-
30BOi1 yacTH rpadrka HIEKTPUIECKUX HArPY30K IHEPTOCUCTEMBI.

Oc00eHHOCTH CTPYKTYPHO-IIAPAMETPHUYECKOI ONTHMHU3ANNHU
npeaiaraeMbIX CHCTEM YIPABJEHUSI MOIHOCTHI) YHEPT00JI0KOB

CrpykTypHasi cxemMa MOCIMPOBAHUS TEPEXOAHBIX TPOIECCOB THIIOBOW
CUCTEMBI aBTOMATHUYECKOTO YIPABJICHUS MOIHOCTHIO DYHEProOJIOKOB ¢ (opcH-
pOBaHUEM CHUTHaja 3aJaHMs [0 MOIIHOCTU U BEAYIIUM KOTEIHHBIM PETYIISITO-
POM TIpH ITOCTOSIHHOM JIaBJICHUH Tapa nepe TypOHHOM puBeieHa Ha puc. 1.
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Puc. 1. CTpykTypHas cxeMa MOJIETHPOBAHUS MEPEXOIHBIX MTPOLIECCOB TUITOBON CHCTEMBI
aBTOMATUYECKOTO YIMPaBICHHUSI MOIIHOCTHIO SHEPTrOOIOKOB
¢ (hOpCUpOBaHUEM CHTHAJIA 3aaHUS 110 MOIIHOCTH

Fig. 1. The block-diagram of a typical ACSPU transient simulation
with power signal forcing

Ha puc. 1 ncronp3oBans! ciaemyromue o0o3HaueHUS: N,; — 3aJaHHOC 3Hade-
HHME MOIIHOCTH 2HeproOioka; Ny — (akTHdecKkas dJIEKTPHYECKas MOLIHOCTh
9HEProOJIoKa; f; — BHyTpEHHEE BOSMYIICHHE; X,; — 33JaHHAE PETYIATOPY TOILIH-
Ba; OL — JIOJISI OMIMOKH PETYIMPOBAHMUS MO MOIIHOCTH C BBIXOJa H3MEPUTEIHHOTO
0JI0Ka KOTeNbHOTO peryisrtopa moutHocTH (KPM) Ha BX01 TypOMHHOTO peryiis-

topa mommHoctH (TPM); B, — H3MeHeHne pacxoza TOILUIHBA; p,", Py — COOTBET-

CTBEHHO 33JIaHHOE M TEKyIllee 3HAUYEHUs IaBICHUS IIEPErpeToro mnapa Iepen
TYpOUHOI; /iy, — TIEpEMEIIEHNE PETYAUPYIOIIUX KIAaHOB TypOHHBI.
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Hcxonuble maHHBIE I pacueTa MapaMeTpoB JUHAMMUYECKON HACTPOMKHU
turioBoit CAYMDB mipu MoaenupoBaHHUN TIEPEXOTHBIX IPOIIECCOB DHEProdIo-
ka 300 MBTt Jlykomnsckoii I'POC npusenens! B [14].

ITepenarounas GyHKIHS OTTEPEKAFOIIETO yUacTKa M0 pacxo. Iy TOILIHBA (Ta3a)

K, 1,2
W .p)=Wg , (p)= = ,
PO (T p+h)c  p+l) (Tp+1)(0,7p+1)

(1)
rie Ko, — K03 OHUIUEHT nepeiaun; s, — IepeMelleHne PeryInpyIoIero oprana
HOJauy TOIUIUBA; Ty, Oy — OOJIBIIAS M MEHBILAS IIOCTOSHHBIE BpEMEHU Iiepea-
TOYHOH (PYHKIMH OINEPEKAIOUIETO yyacTKa Mo pacXoay TOIUIMBa (rasa), C.

Ilepenarounast QyHKUMS MO 3IEKTPUUECKOW MOIIHOCTH HPH CKadKooOpas-
HOM HM3MEHEHUH 33/1aHUS KOTEJILHOMY PETyISITOpY Harpy3KH

-11,2p

v Ke ™ 1,6e
Niy» By (T p+1)(o,p+1)  (101p +1)(19p+1)’

2

rae K, — kodddumuent nepenaum; 7, 6, — OONbIIas W MEHBIAS MOCTOSHHEBIE
BPEMCHH TIEpEAaTOYHON (DYHKIMH TI0O MOITHOCTH IIPH W3MEHEHUH Pacxojia TOM-
JIMBa, C; T — BpEeMs 3ama3bIBaHuUs 110 KaHAIY PEryJIHPYOIIEro BO3ACHCTBU, C.
IMepenaTounast (yHKIMS TO JABICHUIO TEPETPETOTO Tapa mnepen TypOuHON
[P CKaYKOO0Pa3HOM M3MEHEHUH 3aJ[aHHsI KOTCIIbHOMY PEryyIsITOpPY Harpy3Ku

—T1p -19p
K,e ! 1,6e

W)= = :
B (T,p+1)(o,p+1)  (S6p+1)(14p+1)

3)

rae K> = koaddumnuent nepenaun; 75, 6, — OONbIIAs W MEHBIAS MTOCTOSHHEBIE
BpEMEHH TIepeIaTOYHON (DYHKITMY 10 JIaBJICHUIO Mapa nepes TypOuHO# npu u3-
MEHEHUH pacxojia TOIUIMBA, C; T, — BPEMs 3ala3/bIBaHMs M0 KaHATy PEryJIu-
PYFOILIEro BO3ACHCTBUS, C.

Ilepenatounast GyHKIUS MO IIEKTPUUCCKOH MOIIHOCTH MPH CKAYKOOOpas-
HOM TIEPEMEIICHUH PETYTUPYIOIINX KIIAaHOB TYPOUHBI

I,p(T,p+1) 1698p(2,3p+1)

WNqJ,h (p): = 4 (4)
P (T,p )T, p+1) (168p+1)(48p+1)

rae Ty, T3, T4, Ts — IOCTOSIHHBIE BPEMEHH MEePEIaTOYHON (PYHKITHH 110 MOIITHO-
CTH MPU BO3MYIICHUHU PETYIUPYIOIIUMH KIallaHaMu TYpOUHBI, C.

ITepenarounast (GyHKIMS O JABICHUIO MEPETPETOTO Tapa mnepen TypOuHON
MIPH CKAYKOOOPa3HOM TIePEMEIIEHUN PETYIUPYIOMHX KIAaaHOB TYPOMHBI
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w _ K (Tp+1)  —0.25(4,6p+1)
Pos o T7p +1 90]? +1 ’ (5)

rae K; — ko duuuent nepenaunt; 7, 77 — MOCTOSHHBIE BpEMEHH NEPEIATOYHOM
(yHKLIMY O JaBJICHUIO NEPErpeToro mapa mnepen TypOMHOH IpH BO3MYILIECHUU
PETyIUPYIOLMMHU KilanaHaMu TYpOHHBI, C.

Kotenwublil perynstop momuoctd u perynstop TorumBa (PT) mpencras-
JSIIOT cO00H KacKaJHYI0 CHCTEMY AaBTOMAaTHYECKOI'O PEryJlrnpoBaHMA, B KOTO-
poii crabunusupyommii [1M-perynsTop TomiuBa HacTpawBalOT Ha ONTHMAllb-
HYI0 OTpabOTKy BHYTPEHHETO BO3MYILEHHS, a KOPPEKTUPYIOIIUI KOTEIbHbIH
[MU-perynsTop — Ha ONITUMANBHYIO OTPAOOTKY 3aJJaf0IIETO CUTHANIA.

PerynsaTop tommusa (puc. 1, nepenarounas ¢pyHkuus W,;) HacTpauBaioT 110
repeaaToyHo (YHKIUK OIepexaroniero ydactka (1) mo mMeromy 4acTHYHOM
koMmreHcarmu [13]. BHadane paccunTHIBaIOT OTHOCHUTENBHOE 3HAUYEHHE KOA(d-
¢unmeHTa nepeaadn CTaOMIU3UPYIOLIETo peryistopa K

2
K=Ky Ky =0, 7395T(1+%) -1, (6)

rae 7 — OTHOCUTENbHAs TIOCTOSIHHAS BPEMEHH TEepPEAaTOYHON (PYHKIMU OTepe-
karomrero ydactka (1), paBHas

r=to, ™

K, — koodduimenT nepegayn crabuau3UpyIONIero peryasropa.
3areM ¢ yuetoM (6) u (7) HaxoaaT abCOMOTHOE 3HaYeHHE Ky

K
K= Ki (8)

OTHOCHTENIFHOE 3HAUCHHWE BPEMEHH WHTEIPHPOBAHUS CTAOMIM3HPYIOIETO
perynsTopa I paccuuthiBatoT ¢ yuetoMm (6) u (7) mo dpopmyne

[t 03K )

3
o) 1
T (1 + j
T
3aTeM HaxogsiaT a6COHIOTHO€ 3HAYCHUC BpCMeHI/I I/IHTerI/IPOBaHI/IH Tm

I, =Io,,. (10)
Korenbnpiii ITHM-perynstop MOIIHOCTH C IepelaToyHod (yHKumei W,

HacTpamBaeM I10 TepeaaToIHON (GYHKITHN 00beKTa (2) Mpu BO3MYIIEHHH Pacxo-

JIOM TOIUIMBA, UCTIOIB3YSI METO]I MOJIHOM KOMIIEHCAIINH B YacTHOM Buze [13].
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Bpems unrerpupoBanus KPM

Tn=T *o, (11)
a K03 uLHeHT nepeaayn
Tl' + Gl
2 4@2—1%’ (12)

rae & — kodpduiueHT aeMIbUPOBAHUS, PABHBIM CIUHMIIC, IO3BOJAIOIIHIMA
YCTPaHUTH MEPEPETYINPOBAHUE TIPU OTPAOOTKE CKAUKa 3a[aHMUsL.

Crpykrypy TPM ¢dopmupyem Ha ocHOBe TepenaToyHOM (YHKIMU ONTH-
MaJIbHOT'O PEryJisiTopa ¢ MCIOIb30BaHUEM IepeaaTouyHol GyHkuu (5) mo nas-
JICHWIO T1apa mepea TypOWHOH NMpH BO3MYIICHAW TEpEeMEIIeHHEM pPEeryIupyro-
[UX KJIamaHoB TypOuHsI [14]

Wiy () =W () = [, I (0) | O (), (13)

rae W;;cl(":')( p) — nepenarouHass (YHKUUS Pa3OMKHYTOM CHCTEMBI B BHIC

WACATFHOTO WHTETPUPYIONIETO 3BEHA,

c(n= 1
Wi (p) = — (14)

3l

T,x1 — €AMHCTBEHHBIM pacyeTHBIN MapaMeTp TMHaMU4YecKOM HacTpoiiku TPM.
C yuerom nepemarounsix QyHkiwmit (5), (13) u (14) nepenatounas GyHKIHS
TPM npumert Buz peansHoro [11-perynsropa

- I p+l
TPM (p) - K3 (Tép +1)Tm1p ) (15)
Uucnennoe 3HaueHue 71,;; paCCUYUTHIBAIOT IO hopMyie
T, =0,6187. (16)

Pacuer mapamerpoB amHamMudeckod HacTpouku auddepeHImaropa WHBA-
PHUAHTHOCTH OCYIIECTBILIIOT C YYETOM TiepemaTodHblx (yukmmid (4) u (5) u3
YCIIOBUS

_KTip _Wo(p)__ TopTp+ (T p+1) (17)

WI/IHE(p)_ - — ,
8 Tip+l Ty(p) (T,p+)(Tsp+D)Ky(Tep+1)

OTKyJa YHUCJICHHOC 3HAYCHUC BPCMCHU Z[I/I(i)(i)epeHL[I/IPOBaHI/IH

T =T, +Ty+T,~T, - T,, (18)

u
a koo uLMeHT nepefaun K| NPUHAMAIOT PaBHBIM C/IUHULIC.
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[lepenaTounyto (yHKIUIO (opmupoBaTes curHana 3aganus (PC3) mpen-
CTaBIISIIOT B BUJIE 3BE€HA OBICTPOTO pearupoBaHuUs

31,301 3 31 30
W — 1+ W =1 K'L'p _ (KDL p+L  Tptl
w3 @) =1+ W =1+ - T " (19)

T p+l T p+l T p+l

[MocrosiHHyI0 BpeMeHH mepeaarounoit Gyukuuu (19) ¢ yuerom (4) paccuu-
TBHIBAIOT 11O OpMyIIe

T =3,00(T + T3). (20)

UucneHHOe 3HAYEHUE TMOCTOSIHHON BpPEMEHH YHCIHTEIS MepenaTOYHON
dbyaxkaur OC3 (19) onpenensroT Takke C yI4eTOM psiia YHCElT TpaBuia «30J10TO-
T'0 CEUCHUS», IPUHSB 32 IEJIOC TPU

T =3,382(T, + T). @l)

AHanu3 PE3YJIbTATOB NMEPEXOAHBIX MTPOLECCOB MpeajiaraéMbiX CUCTEM

I'paduxu nepexonusix npoueccoB CAYMB ¢ ucnons3oBanueM mnakera Si-
mulink MatLab npu oTpaboTke ckauka 3aJaHus IO MOIITHOCTH JJIST TpeX BapH-
aHTOB ONTHMH3ALMH IapaMETPOB AMHAMHUYECKONH HACTPOMKHU CHCTEM IpHUBeEle-

HBI Ha puc. 2-5.
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Fig. 2. Available power in the process of response to input step
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Fig. 3. Flow of fuel in the process of response to input step
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Fig. 4. Turbine regulation valve motion in the process of response to input step
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Ha puc. 2-9 kpussie 1 cootBercTBYIOT cxeme CAYMB (puc. 1, Bapuanr I), om-
THMHU3MPOBAHHOW MO ONMCAHHOW BBILIE METOAMKE, KpuBble 2 — BapuaHty Il
U OTJIMYAIOTCS TEM, YTO PETYJLATOP TOILIMBA HACTPOEH C yYETOM IepelaTOYHOM
¢ynkumu (1) mo MeToxy CHMMETPHUYHOro onTumyMma [15] ¢ yMeHbIIEHHBIM
B ZIBa pa3a Kod(pUIHeHTOM TIepenadn:
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Tnl = 4601'1; (22)
4
K, =—1—
1 : 23
p 4 K] Gon ( )

Kpussie 3 coorserctBytoT Bapuanty I u otnuuatorcs ot Bapuanra I Tem,
YTO, BO-TIEPBBIX, MU(PEepeHINaTOp HHBAPUAHTHOCTH NPEBPALICH B IPOIOP-
UOHAJIBHOE 3BEHO ¢ KO3 UIIMEeHTOM ITepeaayn, paBHbIM €JUHHUIE, BO-BTOPHIX,
Ha Bxoje KPM, onTUMU3NPOBAaHHOIO IO METOAY MOJHOW KOMIIEHCAIlUU B YaCT-
HOM BHJE, YCTaHOBJEH orpannuntens (£0,618), KOTOPBI yMeHbIIAeT KOPPEK-
TUPYIOIIUM cUTHAN Ha BXoje B PT, 4TO MPUBOJIUT K YMEHbBIIEHUIO MaKCUMAJIb-
HOI'0O U3MEHEHHs pacxoa TOIUIMBA NIPU 0TPabOTKE 3a1aHUsL.

[IpsiMble moka3zaTenu KadecTBa IpU OTPAaOOTKE 3aiaHusl NV, U BHYTPEHHEIO
BO3MYIIICHHS f| CBEICHEI B Ta0II. 1.

Tabauya 1
IIpsiMble MoKa3aTeN KauecTBa NMePeXoAHBIX MPOIECCOB CPABHHBAEMbIX BAPHAHTOB CHCTEM
aBTOMATHYeCKOro YIpaBJeHHsI MOIIHOCTHIO JHEPro0.I0KOB

Direct indicators of the quality of transients of the compared variants of systems
of automatic control of power units

Bapwuanr BO3MI;I/I_II§€HI/IH ty, C ABY Ahr‘fK Ahf AquL
N,, 25 3,500 1,000 40,1630 _
! N 900 0,125 0,007 +0,0065 0,00150
I N,, 25 2,130 0,950 +0,1750 _
N 900 0,280 0,050 0,0510 0,01250
N, 25 1,100 1,000 0,1200 -
& N 250 0,122 0,009 0,0065 0,00135

O6o3HaveHus B Ta0u. 1: ¢, — moaHOE BpeMs perynupoBanus; ABY — oTHocH-
TENbHOE MAKCUMAILHOE M3MEHEHHE PAacXoa TOIINBA; Al — OTHOCHTENBLHOE

MaKkCUMaJbHOE W3MEHEHHUE IIOJIOKEHHs PEeryJupyoIuX KIANaHOB TypOHWHBI,
Ah{ — MakcUMallbHOE OTKJIOHEHHE JJABJIECHMS NEPErPeToro napa nepes Typou-

HOW; AN({; L — MaKCHMAaJIbHOE OTKJIOHEHHE (PaKTHUECKON MOIIHOCTH MPH BHYT-

peHHEM BO3MYIIIEHUH.

W3 anHanm3a mpsSMBIX TOKa3zaTeled KadecTBa CPaBHHUTEIHHBIX BapHAHTOB
CAVYMBb crnenyeT, 94To TydIue XapaKTePUCTHUKU TIPH 0TPabOTKe CKadKa 3aTaHus
¥ BHYTPEHHETO BO3MYIIEHHUsT oOecneunBaeT BapuaHT III cucrteMsl ¢ orpanmde-
HHUEM KOPPEKTUPYIOIIEro curHaja Ha Beixoje u3 KPM u noparonuit Ha BXOn
MOCIIETHETO CUTHAJI TI0 JABJICHUIO TIEPErpeToro mapa nepes TypOuHOH B Anuara-
3o0He oT 100 1o 70 % HOMUHATBEHOW MOIITHOCTH HEPTOOIIOKa.

BBIBO/JbIL

1. IpemiokeHa cucreMa aBTOMATHYECKOTO YIIPABICHUS MOIHOCTHIO 3HEP-
rob6mokoB (Bapuant III), oTnnyaromascs OT THUITOBOW HAJIWMYWEM OTPaHHYNTE-
7. KOPPEKTUPYIOIIETO CUTHAJA Ha BBIXOJE KOTEIHHOTO PETYJSATOpPa MOIIHOCTH
U 3aMeHOU TudQepeHnaTopa HHBAPUAHTHOCTH HA CUTHAI TI0 JABJICHUIO Tiepe-
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IpeToro mnapa nepeja TypOMHOH, [10/1JaBA€MOr0 Ha BXOJ KOTEJIBHOI'O PEryJsTopa
MOIITHOCTH B PEXHMME MOCTOSHHOTO IaBJCHHA Mapa mnepen TypOMHOH, mpH mo-
BBIIICHHOM Kaue€CTBE YNPABIECHUS C MHHUMAJIbHBIMH OTKJIOHEHUSIMH pacxoia
TOIUIMBA U TIEPEMEIICHHS PETyIHPYIOINX KJIAITaHOB TypOUHEI.

2. Pe3ynpTaThl MOJENNPOBAHUS MEPEXOAHBIX MPOLECCOB MpeAIaraéMon cu-
CTeMbl aBTOMATHYECKOTO YIPABJICHUS MOIIHOCTBIO PHEProOJIOKOB MO CpaBHE-
HUIO C TaKUMH K€ THUIOBBIMH CHCTEMaMH, HACTPOCHHBIMH IO COBPEMEHHBIM
METOJIaM NapaMeTpUYeCKONW ONTHMHU3ALMK, TOKa3ald CYHIECTBEHHOE YIIydlle-
HHUE KauecTBa yNpaBJIEHHUs: MU OTpabOTKe CKadka 3alaHus V,; TOJHOE BpeMs
pEryInupoBaHus f, BO BCEX BapHUaHTaxX COCTaBisieT 25 ¢. OfHAKO IIPU ITOM MaK-
CHUMaJIbHOE OTKJIOHEHHE JaBJICHUs IIEperpeToro napa nepea TypOMHOHN B TpeTh-
€M BapuaHTe yMEHBIIMWIOCh Ha 35,8 % IO CpaBHEHMIO C MEPBBIM BapHaHTOM
u Ha 45,8 % — no cpaBHeHHIO cO BTOpbIM. KpoMe Toro, B ImpenaraeMoM Bapu-
aHTe CHUCTEMbl aBTOMATUYECKOI0 YIPaBJIEHHs] MOLIHOCTbIO SHEProOJOKOB MaK-
CUMaJIbHOE U3MEHEHHE PacxoAa TOIUIMBA COKPATHIIOCH IO CPaBHEHHIO CO BTO-
peiM B 1,94 pasa, a no cpaBHeHHIO ¢ nepBbIM — B 3,18 pasa. [IpudeM kak Makcu-
MaJbHOE HM3MEHEHHE pacxoj]a TOIUIMBA, TaK W IEPEMEIICHHE PEeryIUpYIONUX
KJIAlIaHOB TYPOMHBI OKa3aJIMCh MEHBIIIE JYUIIHX 3apy0eHbIX aHaioros [11].

3. Ilpu oTpaboTke BHYTPEHHEr0 BO3MYIIEHHMS f; BpeMs PEryJUpOBaHMs f,
COKpaTWIOCh B 3,6 pa3a IO CPaBHEHHIO C ABYMs IIEpBBIMH BapHaHTaMH IIpU
IPUMEPHO OJIMHAKOBBIX JPYTUX ITOKa3aTelsiX KauecTna.
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