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Pa3paborana MeTouKa pacyeTa SKOHOMHUYECKON 3 PEeKTUBHOCTH, KOTOPAsk MOXKET ObITh
YHUBEPCAILHOW M HCHONB30BaThCS [UISI TEXHUKO-KOHOMHUYECKOTO OOOCHOBAHUS YCTAaHOB-
K{ CHCTEMBI IIAPUKOBOM OYHMCTKM KOHJAEHCATOpa Ha MAapOBBIX TypOMHAX SJIEKTPOCTAHIHUIL.
Jlannas Meroauka, KpoMe 3 (dekTa OT CHIKEHHUs JaBieHUs 0TPabOTaBLIEro rnapa B KOHJICH-
carope 3a CYeT BHEAPEHUsS CHUCTEMBI IIAPUKOBOM OYHCTKH, YUUTBHIBAE€T Takxke dPQEKT OT
YMEHBIIEHUS THAPABIMIECKOTO COMPOTUBIEHHUS KOHAEHCATOPA.

IIpuBenens! npakTHYeCKUE Pe3yabTaThl BHEPEHUS CUCTEMbI IApUKOBON OYHMCTKU Ha Ia-
poBeIx TypOuHax ['omensckoit TOILI[-2. Kak pesynsrar peryisipHoe NPHUMEHCHHE CHCTEMEI
MIaPUKOBON OYMCTKHU TO3BOJIMIIO JOBECTH TEMIIEPATYPHBIE HAOPBI KOHIEHCATOPOB BCeX O110-
kOB TypOoarperata T-180/210-130-1 10 HOPMATHUBHBIX BEMMYUH M KOA(DGHUIMEHT YUCTOTHI
1o 0,85 Ha Bcex Tpex TypOoarperarax. Pe3ynbTaTsl paOOTHI, ONBIT BHEAPEHHUS aBTOMaTHYE-
CKOIi CHCTeMBI MIapUKOBOM ouncTkH Ha ['omenbckoit TOII-2 um MeToauka pacuera ee 3 dek-
TUBHOCTH MOTYT OBITh PACIPOCTPAHEHBI IPH BHEAPEHUH aHATOTUYHBIX CUCTEM Ha 3JIEKTPO-
cTaHIUSAX benopycckoll 9HeprocucTeMsl.

IIpennoskeHsl MEPONPHATHS M0 COBEPIIEHCTBOBAHMIO aBTOMATHYECKOH CHCTEMBI IIApH-
KOBOM OYMCTKH KOHJAEHCATOpa C UCIIOIb30BAHIEM MaTeMaTHIECKOH MOJENIHN TYpOUHEI, KOTO-
pble MO3BOJIAT ONTHMU3UPOBATH PEKUMBI OYUCTKH KOHAEHCATOPOB M HOBBICHTbH 3(PEKTHB-
HOCTB pabOTHI CHCTEMBI IIAPHKOBOIM OYHCTKH C yBEIUUCHUEM KOd(QHUIMEHTa YUCTOTHI KOH-
nencaropa o 0,90-0,92.

KiroueBble cioBa: KOHICHCATOp MAapOBOil TYypOMHBI, CHCTEMa LIAPUKOBOW OYHCTKH,
TEMIIepPaTypHBIA HANOp, JaBJICHWE OTPa0OTABIICTO Mapa, BaKyyM, THAPAaBIMYECKOE COMPO-
TUBJICHHE KOHACHCATOPa, IKOHOMHUYECKHI dPPEKT, CPOK OKYIMAeMOCTH, MAaTEMAaTHIECKasi MO-
JieNib TYpOUHBL.

Wn. 3. Ta6mn. 2. bubnuorp.: 10 Ha3s.
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DESIGNING AND EFFICIENCY EFFECT
OF AUTOMATIC BALL-CLEANING SYSTEM
FOR CONDENSER 180-KTsS-1 OF TURBINE T-180/210-130-1 LMZ

Part 2

ZENOVICH-LESHKEVICH-OL’PINSKIY Yu. A.Y, NAUMOV A. Yu.?,
ZENOVICH-LESHKEVICH-OL’PINSKAYA A. Yu.?

Uaffiliated Branch ‘Gomel CHP-2’ of RUP ‘Gomel’energo’,
2Belorussian National Technical University

The authors elaborate the economical efficiency evaluation technique that could be
universal and applied for technical-and-economic feasibility study of the ball-cleaning sys-
tem installation on the steam turbines of the electric power plants. Besides the effect from
reducing the exhaust steam pressure in the condenser by means of the ball-cleaning system
implementation, this technique also accounts for the effect of lowering the condenser hyd-
raulic pressure.

The article refers to the practical results of the ball-cleaning system introduction on the
steam turbines of Gomel CHP-2. As a result of regular application of the ball-cleaning system
the temperature difference of the condensers of all blocks T-180/210-130-1 confined into
the regulatory values and the cleanness coefficient of all three turbine units reached 0,85.
The authors consider the working results, implementation experience of the ball-cleaning sys-
tem at Gomel CHP-2 and its efficiency evaluation technique to be worth disseminating when
introducing the analogous systems at the plants of Belarusian power network.

The authors suggest measures on the condenser automatic-cleaning system improvement
with the turbine mathematical-simulation model employment that will make it possible to
optimize the condenser cleaning regimes and to increase the ball-cleaning system effective-
ness with the condenser cleanness coefficient growing up to 0,90-0,92.

Keywords: steam turbine condenser, ball-cleaning system, temperature difference,
exhausted steam pressure, vacuum, the condenser hydraulic pressure, economic effect, period
of recoupment, the turbine mathematical simulation model.

Fig. 3. Tab. 2. Ref.: 10 titles.

JKOHOMHUYECKOe 000CHOBaHHMe YCTaHOBKH. [Ipu pacuere sdpdexTuBHOCTH
BHe/peHus1 cucteMbl mmapukoBod ounctku (CHIO) ot yrmyOnenust Bakyyma
B Ka4yeCTBE HCXOIHBIX BEIMYMH YUIHUTHIBAIN (PAKTHUECKHE TEIUIOTEXHHUYECKHE
napameTpsl padoThl KoHAeHcaTopa Ne 1 B MEKOTOMMUTENBHBINA CE30H MPU Pacxo-
Jie mapa B KOHHIeHcaTop, paBHOM ~350 1/4. B mponecce paboTsl ogHOro Gioka
pacxo oxmaxnaromed Boxsl coctaBiser 19195 1/4. TemmepaTypHblid Hamop
KOHJIEHCAaTopa NpH JaHHBIX YCJIOBHSX, NPUBEICHHBIH K Ha3BaHHOMY pPacxonry
oxnaxaaromei Bozpl, 8t = 5,23 °C. Ipu sTOM:

o abCOMOTHOE NaBjcHWE OTPabOTABIIETO Tapa B KOHAeHcaTope Py =

=0,1139 kre/em?;

e TEMIIEpATypa OXJIAKIAIOLIEN BOIBI HAa BXOE B KoHaencarop t;, = 33,2 °C;

e HAIPEB OXJIAKIAIOIIEH BOIBI B KOHAeHcaTope At = 9,63 °C.

Breapenne CIIO 10o3BONUT 3HAYUTEIHFHO YMEHBIIUTh TEPMUUECKOE COTPO-
THUBJICHUEC KOHJICHCATOPHOW TPYOKH W YBEIUUUTH KOIDOUIMEHT YHCTOTHI JI0
a =0,9. TTo oOmIenPUHATHIM IJI HHKEHEPHBIX pacueToB ¢opmyiam [1] ompene-
JIUM TEeMIICpaTypHBIN HATIOP, KOTOPBIHM MPH OOIIHUX PaBHBIX YCIOBUAX OYIET CO-
OTBETCTBOBaTh KO uineHTy uncTothl ¢ = 0,9:
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At 9,63
e" -1 2,718"%2 1

5t =3,272, °C; 1)

kF 3405-9000

n= 3 = 3 = 1,372, (2)
¢.G,10° 419.5332-10
k = 4070, D, D, =

_ 4070-0,9-0,931-0,9986-1,0-1,0 = 3405, Br/(v2K), @)

e n — nokasarensb creneHn; F = 9000 M? — OBEPXHOCTH OXJIAXICHUS KOH-
neHcatopa (CyMMapHasi MMOBEPXHOCTh OXJIAXJICHUS OCHOBHOTO W BCTPOCHHO-
ro mydkoB); G, = 19195 1/4 = 5332 xr/c — pacxon OXJTaKAArOIIeH BOMBI; Cy =
= 4,19 xJIx/(xkr-K) — ynenpHas TEIIOEMKOCTE BOABI, K — koaddumeHT Termio-
nepeaayr KOHJIEHCaToPA.

MHOXUTEIb, YYUTHIBAIOIIMN BIUSIHUE CKOPOCTH OXJIKIAFOIICH BOJIBI;

x 0,54
D, = Liw | _ {1’1'1’8} =0,931, (4)
4/d 426

BH

rae x = 0,6a = 0,6 - 0,9 = 0,54; d,, = 26 MM — BHYTPEHHHUI IHAMETP TPYOKH
KOHIeHcaTopa; W — CKOPOCTh OXJIaKIaoIIel BOIBI B KOHIEHCATOPHBIX TPYOKax,
G,z 5332-2

——=1,273-10°- . =18, mc; (5)
P dzN 1000-26° -11460

w=1273-10°

Z = 2 — 9HCI0 XOA0B OXJIaxaaromeit Boasl; p = 1000 KI/M® — [JIOTHOCTE BOJIBI;
N = 11460 wmT. — obmee yncno TpyOOK B KOHAEHCATOPE (OCHOBHOH U BCTPOCH-
HBIN ITy4YKH).

MHOXHUTENb, YYUTHIBAIOIINK BIUSHUE TEMIEPATYPhl OXJIaXAato1e BOJIbI:

bya (35-1,)2 =1 _0.4427-409 3533512 0.9986,  (6)

D =1-—
1000 1000

rae b=0,52-0,0072d, =0,52-0,0072-10,74 =0,4427; dy — ynenpHas mapo-
Bast HarpysKa,

_ D, -10° 96,7-10°
F 9000

d, =10,74, r/(M*-c); (7)

Dy — pacxox napa B KOHJIEHCATOP,

D, _ GG, At _5332:4,19-9,63
“" Ah 2225

=96,7, xr/c, (8)

Ahy = 2225 xJIx/Kr — pa3HHIa SHTAIBIIAHN Mapa U KOHICHCATA.
MHOXUTEND, YIUTHIBAIOIIMN BIMSHUE YHCIIA XOJI0B!
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o, -1+2=22[1-b o @)
15 (45

MHOXHTENb, YYUTHIBAIOUIMN BIMSHUE TAapOBOW HArpy3kd KOHIEHCATO-
pa: @5 =1,0.

Taxum 00pa3zoM, OmpenesuB BEIMYNHY TEMIIEPaTypPHOTO Haropa, BEIYHCINM
3HAUCHHE TEMIIEPATyphl HACBHIIIECHHS T1apa B KOHICHCATOPE

t,=t, +At+06t=33,2+9,63+3,272=46,10, °C. (10)

CrnenoBatenpHO, aBlIeHUE OTpabOTaBIIEro Mapa B KOHAEHCATOpPE, COOTBET-

2

cTBylolee koaduuuenty uuctorsl a = 0,9, Oyznet pasHo p, = 0,1035 kre/cm”.
[ocne Bueapenus: CIHIO nmonmyunm yriayOieHre Bakyyma B KOHIEHCATOpe

Ap, = p? — p¥ =0,1139-0,1035=0,0104, krc/cm’.

VYBenuueHue MOIMHOCTH TypOoarperara 3a CHeT CHIIXKCHHUS JaBIICHUS OTpa-
0oTaBIIIero IMapa COCTaBUT

AN = AN, ;Ap, -10° =1060-0,0104-10% =1102,4, xBr,

rae ANgo; = 1060 kBT — n3MeHeHre MOIIHOCTH TypOWHBI IPY N3MEHEHUH BaKy-
ymMma B KoHJeHcaTope Ha 1 %.

Cpennee guciao 9acoB paboTsl TypOoarperata B MEKOTOIMUTEILHBIN TTEPHOT
C YYeTOM BpPEMCHU HaXOXJeHHUS OJOKa B PEMOHTE HIIU pe3epBE MPUHSITO
T = 2200 u; TOImIMBHAS COCTABIIAIONIAS BBIPAOOTKH 3JIEKTPOIHEPTrUU S, =
= 0,035 mon./(xBt-u). DdexT oT cHMKEHUS MaBICHUS OTPaOOTABIIETO Tapa
B KoHZIeHcaTope 3a cueT BHeaApeHnus CIIO cocraBut

3, =ANS T =1102,4-0,035-2200 = 84885 nomn./rox.

Kpome BbIpaOOTKH AONOIHUTEIBHON MOIIMHOCTH 3a CUET CHIDKEHUS TEPMU-
YEeCKOT0 COMPOTHBIICHHU KOHJEHCATOpHOU TpyOKu, BHeapenue CILIO mo3Bomut
cUCTEME LUPKYJIALUOHHOIO BOAOCHAOXKEHHUs padoTaTh ¢ HEM3MEHHBIM TI'HIPO-
COIIPOTHUBIICHHEM KOHIEHCATOpa. JTO YIYYLIMT XapaKTEepPUCTHKY COBMECTHOM
paboThl UUPKYISIUOHHBIX HACOCOB M LHUPKYJSIMOHHOW CHCTEMBl M TPUBEACT
K TOBBILICHUIO PAcX0/a OXJIaXAaroliel Boibpl Ha KoHaeHcaTop. HekoTopoe yBe-
JUYEHHE TUAPOCONPOTHBICHUS CHUCTEMBI IHMPKYJSIMMOHHOTO BOJOCHAOKEHUS
BeieacTBue ycraHoBku amnmaparoB CLIO (puibTpa mpenoyncTku U MIapHKO-
YJIABIMBAIOLICH CETKH) OyZeT KOMIIEHCHPOBAHO CHI)KEHHEM TI'MIPaBIMYECKHX
MOTEPb B KOHJCHCAIIMOHHOHN yCTaHOBKE.

XapaKkTepUCTHKa COBMECTHOW pPa0OThl HUPKYJSIMOHHBIX HACOCOB M CHC-
TEeMBbl LUPKYJSLIUOHHOTO BoJocHaOxeHus mo u mocie BHenpenust CHIO mpu
pabote oaHOro 0JioKa mpejacraBicHa Ha puc. 1. Kak BUIHO M3 MPUBEACHHOTO
rpaduka, CHIDKEHHE THAPABINIECKOTO CONMPOTHBIICHHSI KOHICHCAIIMOHHOH ycTa-
HOBKM Ha AH = 1,3 M BOJ. CT. (C y4E€TOM CONPOTHUBIICHUH (DUIBTPa MPETOIHCT-
KU U TIapUKOYJIaBIMBAIOIIETO YCTPONCTBA) MPHU paboyeM pacxojie OXJIaKIaro-
meit Boabl 19195 T/4 MO3BONMT YBEIUYUTH €€ PAacXoll B KOHICHCATOp Ha
AQ = 2950 1/4.
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Puc. 1. XapakrepucTuka COBMECTHOI pabOThl UPKYIALMOHHBIX HACOCOB
U CUCTEMBI IIMPKYIALUOHHOTO BogocHabxenus 10 (1) u nocine (2) Baeapenus CLIO

Kak u3BecTHO, IpH YBETUYCHUH Pacxojia OXJIAXKIAoIIeH BOIbI B KOHICHCA-
TOp MPOUCXOAUT MHTECHCHU(UKAIMA TeriooOMeHa (yBenMYuBaeTcsl KO3 Q-
SHT TEIUIOOT/IaYM) W KakK CJICICTBUE YriyOisercs BakyyMm. Takum oOpa3om,
MOXKHO TMOJICYMTATh 3KoHoMm4eckuil addekr or BHempenus CLIO 3a cuer
CHIDKEHUS THAPABINYECKUX TOTEPh HAa KOHAEHcaTope. B mpensiaymnem pacuere
OBUIM OmpeJie]IeHbl OCHOBHBIE TapaMmeTpbl padOThl KOHJICHCAIIMOHHOHM YycTa-
HOBKH IIpU paboyeM pacxoje OXJIaKAarolned Boasl B KoHaeHcaTop (19196 1/4)
nocie BHeapenus CIIO (koadduuuent uucrotel a = 0,9). CrenoBarenbHo,
MOKHO PacCUUTaTh TEMIIEPaTypHBI HAIIOp B KOHACHCATOPE MIPU PacXoje OXJia-
XK Iaroien Boibl, paBHOM 22146 1/4 (¢ yuerom nipupocta AQ = 2950 1/4).

TemnepaTypHbIii Harop, COOTBETCTBYIOIIMKM pacXojy OXJaXAaroled BOJIbI
Go = 22146 1/4, paBeH

At 8,35
ot = = ; =3,311, °C, 11
e"-1 2,718"%° -1 (1)
rae At — HarpeB oxJaXkIaroen BOAbl,
Ab = D, Ah, _ 96,7-2225 —8,35, °C: (12)
G,c, 6152-4,19
kF _3607-9000 1,250, (13)

n= 3 3
c,G, -10° 4,19.6152-10
F =9000 Mm% G, = 22146 1/4 = 6152 kr/c;

k = 4070a®,®,®, D, =
= 4070-0,9-0,986-0,9986-1,0-1,0 = 3607, Br/(M*K). (14)
MHO)KI/ITCJ'IB, y‘lI/ITBIBaIOH_[I/Iﬁ BJIMAHUEC CKOPOCTHU OXHa)KZ[aIOH_Ieﬁ BOOHbI:
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w 4 d

BH

0,54

rne x =0,6a =0,6-0,9=0,54,

—GOZZ ~1,273-10° 615?'2
. dZN 1000 - 262 -11460

w=1,273-10° =2,0, m/c. (16)

MHuoxutens @;, yUYUTHIBAIOIINN BIMSHUE TEMIIEPATyphl OXJIAXKAAIOIEH BO-
a1, paccuntat (6): @, =0,9986.

OnpenennM BeTMYUHY TEMIIEPATYPhl HACHIIIEHHUS ITapa B KOHAEHCATOpe

t, =t, +At+5t=332+8,35+3311=44,86, °C.

JlaBieHue oTpabOoTaBIIEro mMapa pé =0,0971, xre/em’,

Takum o6pasom, H3MeHeHHe BakyyMa ipu p, = 0,1035 kre/em?
Ap, = ps — py =0,1035-0,0971=0,0064 xrc/cm’.

VBenuueHne MOIIHOCTH TypOoarperara 3a CUeT CHIDKEHHS HaBJICHHS OTpa-
0OOTAaBILIErO COCTABUT

AN = AN, 5, Ap, -10% =1060-0,0064 -10% = 678, 4, kBr.

OddexT oT cHmKEHUA NaBICHHS OTPaOOTABILErO IMapa B KOHACHCATOPE 3a
CYeT HEM3MEHHOTO THPOCOMPOTUBIICHUS KOHIEHCATOPA

D, = ANS.T = 678,4-0,035-2200 = 52237, noi./rox.

CymmMapheiii sxoHOMHYecknid 3¢ dexkt ot BHeapeHus CHIO mopcuuraem
C TIOMOIIBI0 METOJIa MPUBEACHHBIX 3aTpaT. AHAJIN3 NU3MEHEHHUS] OCHOBHBIX TeIl-
JIOTEXHUYECKUX M JPYTHX IOKa3zaTesieil paboThl KOHAEHCATOpa M HEpProlioka
B 1eJIOM (TUApABINKA KOHACHCATOPA U CUCTEMBI LUPKYJISIIUOHHOTO BOJOCHAO0-
KEHHUs, BAKYYM B KOHJAEHCATOpE, KOPPO3usi KOHACHCATOPHBIX TPYOOK W T. 1.)
B ciydyae BHenpeHus CIIIO yka3piBaeT Ha CHW)KEHHE TOIUIMBHOW COCTaBIISIIO-
niel. YMEHbIICHUE 3KCILIYaTallHOHHOM COCTABIAIOILEH OIpENEsIeTcsl CHUDKE-
HUEM 3aTpaT Ha ajbTepPHATHBHbIE METOIbl OYMCTKM KOHJIEHCATOpa, yBelnde-
HHEM CpOKa CIyKObl KOHIEHCATOPHBIX TPYOOK M YMEHBIIEHHEM BpEIHBIX
BEIOpPOCOB B atMoc(epy. YBelnueHue SKCIUTyaTalliOHHOM cOCTaBisonIel 00y-
CIIOBJIHBAETCA 3aTparaMu Ha ToKymnky mapukoB s CLIO. KanuransHble 3a-
TpaThl XapaKTEepU3yIOTCsS pacxoJaMH Ha BHeApeHHe. Takum oOpa3oM, LiesneBas
(GyHKIHMS UIsL pacdyeTa TOIOBOTO SKOHOMHUECKOTO 3ddekra OyneT BHITISAICTH
CJICAYIOIIMM 00pa3oM:

AD = AS, + AS, - E,K, (17)

rae AS, — U3MECHCHHE TOIUTUBHOW COCTaBISIONICH; AS, — U3MEHEHUE DKCIUTya-
TalMOHHOM cocTtasistonieit; £, = 0,20 — Hopma goxoaa Ha kamutan; K — crou-
MocTh BHeapeHus CLLO (kanuTanbHble 3aTpaThl).
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W3MeHeHue TOIUIMBHOM COCTaBIAIONIEHN onpeaenseTcs
AS; =035+ 31 + D5 + Oses (18)

rae J; — 3hdeKT OT CHIWKCHHS BaKyyMa B KOHJeHcartope, O, = 84885 non.;
3r — 3pdeKT OT CHUKEHHUsI TUIPOCONPOTUBIICHUS KOHIeHcaTopa, O, = 52237 mom.,
OCTaJbHBIE TIOKA3aTelNH, BIMSIONINE Ha N3MEHEHHE TOIUIMBHOM COCTABISIONIEH,
CJIO’KHO CIIPOTHO3UPOBATh, IO3TOMY B JaHHOM pacueTe MPUHHUMAeM HX PaBHbI-
MU HYI0: Do — 3QDHEKT OT UCKIIOYCHHS BHEIUIAHOBBIX OCTAHOBOB OJIOKA IS
OYHCTKH KOHJICHCATOPHBIX TPYOOK, He yuuThiBaeM (D5 = 0); Dy — a3ddekt ot
YBENMYEHHs] HAZAEKHOCTH pabOTHI PHEProOJIOKa BCIENCTBUE YIYUIICHHS Kade-
CTBa OCHOBHOTO KOH/ICHCAaTa, He YUUThIBaeM (D6 = 0).

Takum 00pa3om, okumIaeMoe U3MCHEHHE TOTUIMBHOW COCTABJISIIOIICH B CITy-
yae Baeapenus CLIO na INomensckoit TOLI-2 Oyaer

AS, = 84885 + 52237 + 0 + 0 =137122, nomn.

M3MeHeHne HKCIUTyaTallMOHHOW COCTaBJISIIONIEH pPacCUMTHIBACTCS CIEAYIO-
UM 00pa3oMm:

ASa = 3){ - Sm + 3KT + 335’ (19)

rae O — 3 deKT oT OTCYTCTBHS 3aTpaT Ha ANBTEPHATUBHEIC BUILI OYMCTKH KOH-
JICHCATOPHBIX TPYOOK (XUMHYECKas OYKCTKA, BBICOKOHANIOpPHAs MPOMBIBKA),
9, = 10000 mom./rom; S, — CTOMMOCTb TOJOBOH IOTPEOHOCTH IIIAPHKOB,
Sy =~ 2000 moit./rof; ocTanbHbBIC IOKAa3aTEH, BIMSIOIINE HA H3MEHEHUE DKCILTY-
aTalMOHHOW COCTAaBIISIONICH, CJIIOKHO CIPOTHO3UPOBATh, MO3TOMY B JaHHOM
pacueTe MPUHAMAEM HMX PaBHBIMH HYIIO: D — 3Q(deKT oT yBenWdyeHUs: cpoka
CITy’KOBl KOHIEHCATOPHBIX TPYOOK, Dy = 0; Dy, — o ekt oT cHIKeHHs Bpel-
HBIX BEIOpOCOB B atMocdepy, Iy, = 0.

Takum 00pa3om, oxuIaEMOE U3MEHEHHE DKCIUTYaTAIIMOHHON COCTABIISIFOIIICH
B cinyuae BHeapenus CLIO na 'omensckoit TOL-2 cocTaBuT

AS, = 10000 - 2000 + 0 + 0 = 8000, nom.

OpHEHTHPOBOYHASI CTOMMOCTh KanmuTaIbHBIX 3aTpar K Ha BHeapenune CIIO
orienuBaetcs B 320000 momn.

Hcxons U3 BBINMICH3I0KEHHOTO, TOIOBOM dKOHOMHUYECKHH 3¢ (dEeKT OT BHE-
penus CHIO na sHeproooke I'omensckoit TOLI-2 coctaBut

AD = 137122 + 8000 — 0,20 - 320000 = 81122, nom.

OnHuM 13 OCHOBHBIX TTOKasareliel 3(pPpeKTHBHOCTH BHEIPEHUS HOBOTO 000-
PYIOBaHHS SIBISICTCSI CPOK OKYITAEMOCTH

T, = K/AS = K/(AS, + AS,) = 320000/(137122 + 8000) ~ 2,2, roxa.

Pe3yabTaThl BHeApPeHUs] IApUKOBOH ouncTkM Ha I'omesnbcekoii TOLI-2.
B 2002-2005 rr. Ha I'omenbckoii TOII[-2 mpoBeneHa paboTa MO BHEAPCHHIO
CHCTEMBI IIAPUKOBOM OYHCTKM KOHaeHcaropa TypOunsl T-180/210-130-1 JIM3
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sHeprodaokoB Ne 1-3 (mpoekt — PYII «benHUIIN»neprompom»; MOHTaxX Tell-
JIOMEXaHHIECKON U dJeKTpudeckon gacteit ooopymoBanus — OAO «llenTpanep-
TOMOHTaX», «JIEKTPOLIEHTPMOHTaX»; Pa3pab0TKa aBTOMATUKU U YIPaBJICHUS
CIIO - PVYII «bemnekTpoMOHTaKHaNAAKa»; pa3paboTKa TEXHOJIOTUYECKOro
QIrOpUTMa U HajlaJKa TEIUIOMEXaHUYECKOIo OOOpYAOBaHMS — CIIELHUAIUCTHI
I'omenbckoit TOLI-2).

CucreMy MapuKOBOI OYHCTKH KOHJICHCATOPA BBOAMIM B SKCILUTYaTaIHIO 110~
OUEPETHO:

o 0stok Ne 2 — B anpenie 2003 1.5

o 0110k Ne 1 — B stHBape 2005 r.;

o 0110k Ne 3 — B stHBape 2006 r.

IIpensaputensuo no Beoaa CIIO B 3kcmiIyaTaluio Ha BCeX TPEX KOHAEHCA-
TOpax NPOBOAWIIH CleAylomye padboTsl [2]:

e OYUCTKY KaMep U TpyOOIPOBOIOB KOHAEHCATOpa OT MyCOpa, P>KaBUMHbI;

* Pa3BaJIbIIOBKY TOPLEBBIX BXOAHBIX M BBIXOJHBIX KPOMOK TPYyOOK KOHAEH-
caropa;

e BBITOPOJKY «MEPTBBIX» 30H BXOJHBIX, BBIXOJHBIX U MEPEMYCKHBIX Kamep
KOHJIEHCATOopa;

e IIPOMBIBKY BHYTPEHHEH NMOBEpXHOCTU TPYyOOK KOHAEHcCAaTopa BOJON IIOA
JaBJICHUEM (C TIOMOIIBIO «EpIIIa» TI0 BCEeH JuTHHE TPyOOK) Ha 3HEprodimoke Ne 2;

e IIPOMBIBKY BHYTPEHHEH NMOBEpXHOCTU TPYOOK KOHAEHcCAaTopa BOJON IIOA
JABJICHUEM (C TIOMOIIBIO «ITUCTOJIeTay) Ha dHeprobdmokax Ne 1 u 3.

Ha Bcex sHepro6iiokax mo BkmodeHus B paboty koHTypa CILIO mpoBomnmn
W3MEpPEeHHUs] OCHOBHBIX MapaMeTpoB OJI0OKa M KOHAEHCATOpa HPH IMOCTOSHHBIX
AIIEKTPUYECKOH, TETJIOBOM, MapOBOI HArpy3Kax, a TaKKe MOCTOSHHOM PacXoie
OXJTXKIArOIIEH BOJBI U Mapa B KOHACHCATOp. 3aTeM BKItoyanu B padoty CILHO
U mocie 5—6 4 paOoThl MAPUKOB NPOU3BOAMIM MOBTOPHBIE M3MEPEHUs] OCHOB-
HBIX [1aPaMETPOB.

OmnbIThI, IPOBOJUMBIE HA TPEX HEProOsIoKax, MOKa3alM, YTO OUUCTKA TPY-
0ok konzeHcaropa ¢ nomoiipio CHIO npomomKUTEIbHOCTBIO 5—6 49 CHH3H-
Ja TeMIlepaTypHblii Hamop koHjeHcatopa Ha 1,0-6,9 °C W COOTBETCTBEHHO
nasnenne mapa Ha 0,013-0,015 krc/cm® (tabn. 1). TeMmepaTypHEIE HAmOpEL
KOHJIEHCAaTopa MPUOMM3WINCh K HOPMAaTUBHBIM 3Ha4eHUs M. HopMaTHBHBIE 3HA-
YeHUS! TEMIIEPaTypHOI'O Halopa COOTBETCTBYIOT SKCIUTyaTallMOHHO YHCTOMY
COCTOSIHMIO KOH/IGHCALIMOHHON YCTaHOBKH (KO3((HUIMEHT YHCTOTHl KOHICHCA-
Topa a = 0,85).

bonemmit 3dgdext oT mepBoit ouncTku 1Mo Oyiokam Ne 2 u 3 B CpaBHCHHH
¢ 6mokoMm Ne 1 00ycioBiIeH TeM, YTO TPOIUIO MEHBIIE BPEMEHH OT YHCTKU TPY-
0OK BBICOKOHAIIOPHOM YCTAaHOBKOW W ImepBOoro BkiroueHus koHrypa CIIO.
TpyOku KoHAeHcaTtopa OOJbIIE 3aWIMINCh. BBIMONHEHHBIE 3aMepbl pabOTHI
KOHZIEHCaTOopa MoKa3aiu, 4ro yxke depe3 45 1 30 mun padotsr CIIO mo ocHOB-
HOMY Ty4Ky W 4epe3 21 4 30 MUH 1O BCTPOCHHOMY IY4KY KOHJeHcaTopa (akx-
TUYECKUH TeMIIepaTypHbIH HAop KOHAEHcaTopa O0ioka Ne 2 cran paBeH HOpMa-
tuBHOMY. B manbHeimem kouTyp CIIO 3Hepro610Kk0oB BKIIOUAIH B padoTy Iie-
PHOAMYECKH OAMH-IBA pa3a B HEAEMIO I MOJAepKaHus paboThl KOHAEHCaTopa
B HOpMaTUBHOM cocTosiHuM. Perynspuoe npumenenne CIIO mo3Boimno nose-
CTH TEMIIepaTypHbIE HANOPbl KOHACHCATOPOB BCeX OJIOKOB A0 HOPMAaTHUBHBIX
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BEIIMYMH ¥ JOCTHXKEHUs Koddduimenra anctotel 10 0,85 Ha TypOoarperarax
BCeX Tpex OJIOKOB (puc. 2).

Tabruya 1
Brok Ne 1, Brok Ne 2, Bbiiok Ne 3,
HanMeHoparme 05.10.2004 05.02.2003 17.11.2005
Jo [Tocne Jo [Tocne Jo [Tocne
®daxTudeckuil TemiepaTypHblil Hamop
KOoHZIeHcaTopa, °C 5,500 | 4,900 | 9,000 | 2,100 | 9,000 | 4,100
HopmatuBHbIi TeMnepaTypHbIH Hanop
KOHJeHcaTopa, °C 3,100 | 3,100 | 1,800 | 1,900 | 1,900 | 1,900
dakTHyeckoe aOCOTIOTHOE JABJICHHE
0oTpaboTaBIIETO Mapa, Kre/om? 0,071 0,065 0,062 0,049 0,062 0,052
HopmaTuBHOE a0COIOTHOE AaBIICHHE
0TpabOTABILIEro [apa, Kre/cM> 0,062 | 0,057 | 0,042 | 0,043 | 0,043 | 0,043
10 t, =15°C |
S | {1 25°C
S . P
5% T e = 15°C
=2 4 = -1 41T 25°C |
o g P o —
s % /"”ﬂ/ I I g T o
oz 2 - L Mocne yctaHoskn
- =1 | T guo
[ |
0 100 200 300 400 500

Pacxon mapa B koHaeHcatop Q, 1/4

Puc. 2. Temneparyphblii Harop KoHaeHcaropa 180-KLIC-1 typ6unst T-180/210-130-1 JIM3

B pesynbprate padotel CIIIO, Kpome MOBHIIICHHS] YACTOTHI KOHAEHCATOPA,
CHIDKAETCS ero conpoTusiieHue (puc. 3).

9
g CT T T T/
T =8 [o ycTaHoBku
o O i
g = i
£E3 7 I/(
I~
) 6 |
% 5_ ~ TMocne yctaHoBkn
g E 5 v cly
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25 L~ -///
1o} g 3 3
TS P aBozcKast
E 5 2 /1/ :__/./ XapaKkTepucTuka
IS¢ |
8E 1 e
g =
=
—

o
N

4 6 8 10 12 14 16 18 20 22
Pacxox oxnaxzaromei Bome! G, x10° /1

Puc. 3. Tunpasnuueckoe conporusieHne kouaencaropa 180-KLC-1
Typ6unsl T-180/210-130-1 JIM3

CHuxeHue ConpoTUBIIEHNUS KOHAECHCATOpa TOCTUTAeTCs 3a CUET:

e YNaBJIMBaHUS B LUPKYJISALUUOHHOH BOAE KPYHMHOTO Mycopa B (DUIbTpax
[PEIBAPUTEIbHON OUYMCTKM M IPEAOTBpAIleHUs 3a0MBaHUS TPYOHBIX IOCOK
KOHJIEHCaTopa;

e OYHMCTKU MOBEPXHOCTH TPYyOOK KOHAEHCATOpA M CHIDKEHHS UX LIEpOXOBa-
TOCTH.
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VYBenuueHne pacxoja HUPKYISIMMOHHON BOABI 38 CUET CHUKEHHSI COITPOTHUB-
JIEHHs1 KOHIeHcaTopa noBbimaeT 3¢ ¢eKTUBHOCTh padoThl rpaguped TOLI-2. Pe-
3ymbTaThl (hakTHUeCKOW sKoHOMUYecKkon addextuBHOocTH CHIO Ha 3HEprobIIo-
kax Ne 1, 2, 3 nmpencraBieHsl B Ta0JI. 2.

Tabauya 2
[Tapamerp Biox Ne 1, 2005 r. | Biok Ne 2, 2003 r. | Baok Ne 3, 2006 r.
[TpoaomkuTensHOCTH paboThI, U 5478,0 6571,0 5538,0
JomnonuuTespHas BoipaboTKa
3NEKTPOIHEPTUH, ThIC. KBT-4 4225,6 3347,6 45927
DKOHOMUS TOIUINBA, T . T./TOJ 1066,0 819,0 1112,0
CpoK OKyaeMOCTH, JIeT 3,2 4,5 3,1

Bonee Huskas s¢dextuBHOCTs Mcnonb3oBanus cxembl CIIIO Ha Gmoke Ne 2
no cpaBHeHuto ¢ O1okamu Ne 1 u 3 0OycnoBieHa ero HaXOXKICHUEM B CpelHEM
PEMOHTE B MEKOTONTUTENHHBIN TIEPHO/I.

IIyTu coBeplIeHCTBOBAHHS AaBTOMATHYECKOW CHCTEMbI YNpPaBJieHHUA
mapukoBoii ouucTkoil. OuneTp mpenBaputenpHO oumctku CIIIO pabora-
€T B aBTOMAaTHYECKOM pexrme. CHUTHAIOM K OYHCTKE (HIBTpa CIYKHUT yBe-
JTUYeHUE TIepemnana AaBlieHHs] NUPKYJISIUOHHOW BOABI IO W Tocie (PriibTpa.
Heo0xomuMocTh OYHCTKH KOHAEHCATOpa OMpeNeNseTcs MO 3aMepaM TeMIie-
paTypHOro Hamopa KOHICHCATOPOB U B CPAaBHEHHHM €r0 C HOPMAaTHBHBIM.
s Gonee TOYHOTO OMpeNesieHHs] TEMIIEPaTypPHBIX HAaOPOB HEOOXOAMMBI pe-
UMbl ¢ MAaKCHUMaJIbHO BO3MOKHBIM PacxoJOM Iapa B KOHAEHCATOp M COOTBET-
CTBEHHO OOJBIIMM PAacXOA0M LUPKYISIUOHHOH BOABL. B CBs3M C mepeMeHHbIM
XapaKTepoM Harpy3ok OJIOKOB U3MepeHne (PaKTHYECKUX U OIpeNeleHne HopMa-
TUBHBIX TEMIIEPATYPHBIX HAIOPOB 3aTPyIHEHO HEOOXOAMMOCTHIO OXKHIAHHS
MaKCHMalbHBIX HArpy30K JUIS TIOJYYEeHHsS HauOOJBIIEro pacxona Iapa
B KoHAeHcaTop. [losToMy B OCHOBHOM MyCK CHCTEMBI IAPUKOBOH OYHCTKH
OCYIIECTBISIETCSI OOCITYKHBAIOIUM TIEPCOHAJIOM IHUCTAHIIMOHHO MO TpaduKy
W TEePHOANYECKU NPH 3a(UKCUPOBAHHOM TOBBIIICHUH (DAKTUYECKUX TeMIlepa-
TYPHBIX HaropoB.

ABTOMaTH3MPOBAaHHOE YK€ ONpeNeIeHNE OTKIOHEHUS (PaKTHYECKOTO TeMIIe-
paTypHOTO Haropa OT HOPMAaTUBHOTO MO3BOJIMIO OBI MOBBICUTH d(h(HEKTUBHOCTH
padoter CHIO, onpenensisi BpeMsi IPOBEACHUsI OYMCTKU KOHJAEHCATOopa, U Clie-
JaTh €€ TOJHOCTBIO aBTOMATH3MPOBaHHOW. Jlns cpaBHEHHsS (QaKTHYECKOTO
Y HOPMAaTHBHOTO HAllOPOB HEOOXOIUMO ONPEIETUTh PAcXoA Mapa B KOHICHCA-
TOp, AaBJICHUE Mapa B KOHACHCATOPE, TEMIIEPATYPY U Pacxo] HUPKYISIHOHHOMI
BoNbl. M3MepeHus AaBlieHHsl Tapa B KOHJIEHCATOpE, TEMIIEPaTypbl M Pacxo-
Ja UUPKYJISOUOHHOM BOJBI BXOAAT B COCTaB CHCTEMBbl LIAPUKOBOH OYHCTKH.
Onpexenenre pacxoia napa B KOHICHCATOP BO3MOXKHO TOJIBKO KOCBEHHBIM ITy-
TEM C TOMOIIBI0O HOPMATHUBHBIX XapaKTEPUCTHK TypOoarperara W TOMPaBOK
K HuM [3-10].

[Ipumenenne MaTemMaTuueckold Moaenu Typounsl B aBTomaruke CLIO mos-
BOJIUT 10 HECKOJBKHM JOIMOJHHUTENBHO HM3MEPSIEMBIM TapaMeTpaMm C J10CTa-
TOYHOW TOYHOCTHIO OMPENENATh PACXOJ Mapa B KOHIAEHCATOp U (haKTUUIeCKHue
TEeMIIEpaTypHbIE HAIOPBI, OTKA3aBUINCh OT ANMPOKCHMAIMA MHOXECTBa HOp-
MaTHBHBIX XapaKTepUCTUK TypOoarperara. [lOMOJHHUTENFHOE HCHOJIb30BAHUE
TEIUIOBOT'O pacueTa KoHAeHcaropa [1] maeT BO3MOKHOCTb OnpeAessTh (hakTuye-
CKWU M HOPMATUBHBIN TeMIepaTypHble HAnopbl, KO3Q(HUIMEHT YUCTOTH KOH-
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neHcatopa. Ha ocHOBe pacyeToB COCTOSHUSI KOHJCHCATOPA OMPEIeIIeTCs He0O-
XOJIMMOCTh €T0 OYHCTKH. MaTeMaTHYeCKHUe pacyeThl MO3BOJIAT MOJIHOCTHIO aB-
TOMAaTHU3UPOBATh AHAIN3 COCTOSHUS KOHCHCATOPA W PEKUMbI pabOTHI IAPUKO-
BOW OYHMCTKH HE3aBUCHMO OT PEKHUMOB paboThl TypOoarperata. OnTHMHU3AIHS
peKUMOB TOBBICUT 3 dekTuBHOCTS padotel CIIIO u moeemer kod3dhduumEeHT
YUCTOTHI KOHIeHcaTopa 10 0,90-0,92,

BbIB O I bl

1. B Hacrosmee BpeMs BBICOKOI(D(PEKTHBHOE OOOPYIOBAaHUE CHUCTEMBI IIIa-
PUKOBOW OYHCTKM YCIICUTHO AKCIUTYyaTHPYETCs Ha 3JIeKTpocTaHmmsx Poccuw,
VYkpaunsl u benapycu (kpome 'omensckoit TOLI-2, na Munckoit TOLI-5, MuH-
ckoit TOII-4, bepe3orckoit u JIykombckoit 'POC).

2. BHenpeHHe CHUCTEMBI IAPUKOBON OYMCTKH KOHJEHCATOpOB TypOuH ['o-
Menbckoi TOLI-2 m03BOIIIIO MOTYYUTh CISAYIONIUE PE3yIbTaThI:

e CHU3HWTH JIaBJIicHHE OTPabOTAaBIIEro mapa B KOHJEHcaTope (Bakyym). ['omo-
Basi 5KOHOMUS TOTUIMBA OT TPEX SHEPTro0I0KoB 2997 Ty. T.;

e YMCHBIIUTh OTPAHUYCHHUS DJIEKTPHUYECKON MOITHOCTH CTAHIMU B JICTHUH
nepuon Ha 60—80 MBT;

e YMEHBIIIUTh BPEIHBIC BHIOPOCHI B aTMOC(EpPY, MOBBICUTH 3KOJOTHYHOCTh
paboTHl 000PYIOBaHMSI SHEPTOOIIOKOB B TIETIOM;

e CYIIECTBEHHO CHHU3UTHh OJKCIUTyaTallMOHHBIE 3aTpaThl Ha O00CIyXHBa-
HUE KOHJICHCAIIMOHHOW YCTAHOBKH 3a CUYET HCKIIOYCHHS aJbTCPHATHBHBIX
METOJIOB OYMCTKM (IIPOMBIBKA TPYOOK BBICOKOHATIOPHOW YCTAaHOBKOH) —
30-35 TEBIC. O./TOX;

e YIIYYIIUTh BOJAHO-XHMMHUYECKHU PEXKUM H TIOBBICUTH HAJICKHOCTH PaOOTHI
0JI0Ka 3a CUET COXpaHCHUS HEU3MEHHOMN )KECTKOCTH OCHOBHOTO KOHJICHCATA,;

e HCKIIIOYUTHh KOPPO3UMIO KOHACHCATOPHBIX TPYOOK, 3HAYUTEIHHO YBEIMUUB
CPOK UX CITY)KOBI;

e CHICTEMa [IAPUKOBOM OYMCTKH 33 BpeMsi MHOTOJIETHEH DKCILTyaTalluy TOKa-
3aJ1a BBICOKYIO HaJIS)KHOCTD U YA00OCTBO B 0OCITY)KHBaHUH.

3. Pe3ynbraThl paboThl, OMBIT BHEPECHUS aBTOMATHYECKON CUCTEMBI YIIPaB-
JIEHWs TapuKoBOM oumMcTKOW Ha I'omenbckoit TOII-2 m meTommka pacuera ee
3P PEKTUBHOCTH MOTYT OBITh PACHPOCTPAHEHBI TPH BHEJPEHHH aHAIOTHYHBIX
CUCTEM Ha 3JICKTPOCTAHIIUAX Beropycckol 3HEPrOCUCTEMBI.
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