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OINTUMM3AIIUS YIIPABJIEHUSA SJIEKTPOCTAHIIMEN U3 YCJIOBHUSA
MHUHHUMYMA PACXOJIA TOILIMBA ¥ C YYUETOM METEOYCJIOBUI

B pabome paccmompeno pewienue 3a0a4u nogululeHus ghgexmusnocmu ynpasieHus 1eKmpo-
cmanyuell no Kpumepuio MUHUMAIbHO20 PACX00d MONUSA ¢ yiemom memeoyciosuu. Ilpoananusupo-
8aHbL pedCcUMbL padOMbl SNEKMPOCMAHYULL COBPEMEHHBIX CYO08 U UX CPeOHss 3acpy3Ka. [Ipednodicenvl
8bIPAdNCEHUSL 0151 ONPEOEeNeHUsL CYMMAPHO20 KOdgduyuenma uzoeimxa 6030yxa dgueameineii 8 cy008oll
9EKMPOCMAHYUU C Y4eMOM PAcX00d GIANCHO20 U CYXO20 8030YXA, ONPEOeNsIeMO20 N0 HOMOSPAMMAM,
npugsedenuvim 8 pabome. llonyuenvl svipadicenus, NO360A0OUUE ONPEOETUMb ONMUMATLHBII KO-
Quyuenm uzbvimra 8030yxa O0suecamesisi BHYMpPeHHe20 C2OPAaHUs, COOMBEMCMEYWUN MAKCUMATbHO-
my KIIJ]. Paspabomansl ancopummsl ynpagienus d1eKmpocmanyueli ¢ y4emom MUHUMyMa pacxooa
MONIUSa Nymem 8apbupo8anusl Kodghguyuenmom usdbvimrka 030yxa u monaugonooauei. Buinoanen-
Hble UCCIe008AHUsL NO360IAIOM YCMAHOBUMb NPABUIA QYHKYUOHUPOBAHUSL CUCEMbL ONMUMATLHOO
YApagnenus 1eKmpocmanyuell npu usMeHenuu Hazpys3Ku, mexuuieckozo cocmoanus I'A u yciosui
OKpydHcaiowell cpeowl.

Knroueswie cnosa: ynpasienue snekmpocmanyuetl, Kodghuyuenm uzdbimka 6030yxa, CUHmMes
AneOPUMMO8, PACX00 MONIUBA, ONMUMUAYUSL.

BBeaenue. DkcriyaTUpyeMble Ha COBpe-  3arpy3KH BbI3BIBAIOT HEOOXOAMMOCTH Ooiee fe-
MEHHBIX Cy/Jax aBTOMAaTH3HPOBAHHBIE 3JIEKTPO- TalbHOW NpOopabOTKH BOMPOCOB ONTHMH3ALMY,
JHEPreTHYECKUE CHCTEMBl XapaKTepU3YIOTCS  CBS3aHHBIX C pecypcocOepeskeHHeM U MHHUMH-
HI3KAM KO3(P(HUITMEHTOM 3arpy3KH YCTaHOB- 3amuell pacxoga TtoruimBa. Oco0oe BHUMaHHE
JICHHOH MOIIHOCTH M, KaK CJEeACTBUE, HEBHICO- IPH 3TOM oOpaiiaercss Ha He0OX0AUMOCTh y4eTa
KO JKOHOMHYHOCTBIO, YTO OOBSCHSACTCSI HE METEOyCJOBUIl B pacduere BEpXHUX YPOBHEH 3a-
TOJIbKO KOMIUICKTAIUEH 3JIEKTPOCTAHIIUN, HO M TPY3KU AM3eJiel BO M30eKaHHe WX TEPMHUUECKUX
HECOBEPILIEHHOW OpraHM3anueil pexxuMoB pabo-  meperpy3ok. Otmeuaercs [1, 7] cIoXKHBIM Xapak-
Thl. Jlo cux mop pemieHHe paccMaTpUBAaEMBIX TEp BO3ACHCTBUS METEOYCIOBUH Ha paboune
3a/lad MPOU3BOJAT, KaK MPaBWIO, C IMOMOMIBIO  MapaMeTphl IW3eNed, OTIMYAIONINXCS MHOT000-
NpHOMKEHHBIX, a 3a4acTyl0 JOCTaTOYHO I'py- pa3ueM KoHCTpykuuil. IlpenenvHas Harpyska
ObIX crioco0oB [1], cTpemsich B OoJblel Mepe K Ju3esieil HauWHAEeT CHIDKATHCS MPU MOBBILICHUU
YBEJIMYCHHIO TOJBKO OJTHOTO KPUTEPHS — pe3ep- TEeMIepaTyphl OKpPYKAaIOIIEro BO3Ayxa Ooee
BupoBanue 9DC B OCHOBHBIX pexumax padotel  32°C, BiaxHocTu Oojiee 60% u CHIKEHUsIX Oa-
CyJHa. pometpuueckoro aasnenus Hiwke 101,3 lla [4].

AHaju3 NOCJeTHUX WHCTOYHMKOB uc- Bo3zpeiictBue 3Tux ()akToOpoB B COBPEMEHHBIX
ciaenoBaHuidi u mnydoaukanmid. [lpu pacueTe cuUCTeMax YYHTHIBAETCS BBHIOOPOYHO, B TO BpeMs
MOIITHOCTH U AOMYCTUMBIX 3HAYEHHUH 3arpy3KH  Kak OHM JEHCTBYIOT B3aUMOCBSI3aHO.
3EKTPOCTAHIIUH 10 PEKUMAM HCXOISAT OOBIYHO Hanpumep, 3aBoa-usrorosutens “Wartsila-
U3 yCpenHeHHBIX MO0 TpeaenbHBIX 3HaueHuit  Sulzer" [8] ykaspiBaeT B macrmopTe IU3eIs, YTO
HEyNpaBIAEMbIX NEPEMEHHBIX (3ampoca 3arpy3- HOPMaJbHBIMM MapaMEeTpaMH CPEAbl SBIAIOTCH:
KU, TEMIIEPaTyphl, AaBICHHS, BIAXHOCTH cpenbl  atMocdepHoe namieHue 960 mOap (720 mm
U T. J1.), HE YYHTHIBAasl BOBMOXKHBIN JIMANa30H UX  PT. CT.), Temmeparypa Bosayxa 20°C, Buax-
W3MEHEHUS], YTO MPUBOJUT K CHWKCHUIO TeXHU- HOCTb 70%, M Tpeaymnpexaaer 0 TOM, YTO BCS-
KO-3KOHOMHMYECKHUX IOKa3aTejIei, 0 4YeM CBHJE- KO€ OTKJIOHEHHE ITHX BEJIMYMH, OCOOCHHO TE€M-
TEJILCTBYET LEJbIN psaf myOnukanuii [2-5]. [epaTypsl BCACHIBAIOLIEIO BO3AYyXa U AaBJICHUS,

Paccmotpennsie B [6] 3a7aun yIpaBlIeHUSS  MOXET CYIIECTBEHHO H3MEHHUTH XapaKTEepUCTHU-
3IIEKTPOCTAHIIMEH O MPUHIMITY THOKHUX MMOPOTOB KU JU3EJI.
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HawnGonee xapakTepHbIMH W3MEHEHUSMHU
NpY TUIABAHUW CYJIHA B TPOMHMYECKHUX YCIOBHSX
SIBTISIFOTCS: YMEHBIIICHUE MOIIHOCTH, YBEITHYCHUE
VAETBHOTO pacxoja TOIUIUBA WM TEMIEpPaTyphl
BBIITYCKHBIX Ta30B, BBI3BAHHBIC YMCHBIICHUEM
BECOBOT'0 3apsijia BO3JyXa M MOBBIIICHHEM €ro
HavyaJbHOU TeMmeparypsl [3].

BrI3BaHO 3TO TE€M, YTO MPH YMECHBIIEHUU
BECOBOT'O 3apsia BO3IyXa Pi YMEHBIIACTCS KO-

s duipent u3dbITKa Bo3myxa o =knypyk /9y ,

rae 1y, — Kod(pQUIUEHT HAIOIHEHUs LUINHIPA,
a g, — WMKIOBas mojava Tormsa. B cBowo oue-

pellb, CHIXKCHUE 0, BHI30BET YMEHbBIIICHHE WHJIU-
KaTOPHOTO Tj U, KaK clelcTBUe, 3GGEeKTUBHOIO

Ne KIIJ nmBuratens me = f(a) . B pesymbrare
Bpalaronuii MomMeHT ausens M = kg, ne HauneT

CHIDKATBCS, @ PETYNIATOP YaCTOTHI C IIENBIO CTa-
OMIM3alliy YacTOTHl TOKAa HAaYHET YBEIMYUBATh
nojgady TOIUIMBA (; , YEM BBI3OBET NMEPErPY3KY

M0 CpeJHEMY WHIAMKATOPHOMY nAaBiieHUto. [Ipu
STOM TEMIIepaTypa BBITYCKHBIX Ta30B HAYHET
BO3pacTaTh. Upe3MepHOe MOBHIIICHHE TeMIepa-
TYphl BBIMTYCKHBIX T'a30B BBIHYKIAET CYIOBBIX
CICIMAUCTOB YMCHBIIATh IMKJIOBYHO TIOJady
TOIUTNBA, YTO MPHUBOAWT K CYMMapHOMY yYMEHb-
HIEHUIO0 MOIIHOCTH ['A.

[IpoBeneHHBIE WCCIIEIOBaHUS PEKUMOB
paboThI IIeCTHArPEraTHON 3JCKTPOCTAHIIMU CY-
nosB tina "HAI YANG SHI YOU 702" mokasa-
JM, YTO TIPY IUJIAaBAaHUM CYJHA B PA3IMYHBIX IIIH-
poTax, B TOM 4YHCIE€ W TPOIUYECKOH 30HE,
HaOMIOMAIOTCS  KOJICOaHUSI METCODJIEMCHTOB B
mupokoM auanasone (t° =20+45 C; ¢=60+
85%; P, = 750+ 780 MM prT.CT.), 9TO HPUBOIMT K
WU3MEHEHUIO TPEICIBHO JIOITyCTUMOM, MO YCIOBHU-
M TEPMHUYECKOMN Harpy3ku, MOIIHOCTH OT 735 10
604 kBt (ma 18%). Yactele kKonebaHus HArpy3Kd
U MapaMeTpoB CpPeAbl B TCUCHHUE CYTOK JIENAIOT
ISl 0OCITY>KMBAIOLIETO MEePCOHANA TPYIHOOCYIIe-
CTBUMBIM peIIeHHe 3aJadd T0 ONTHMH3ALUI
yrnpasneHust coctaBoM ['A. Tlostomy, Bo n3bexa-
HHUE PUCKA, B OTHOIICHUN TEPMHUUECKON MIEPETpy3-
KW IIPUXOAUTCA OCPKATh BKIIFOUCHHBIM JOCTATO4Y-
HO OOJIBIION 3amac TEeHepUPYEMOH MOIHOCTH.
Hanpumep, B X070BOM peXMMeE BMECTO BO3MOXK-
HBIX YETBIPEX 3aJCUCTBYIOT, KaK MPaBUIIO, ISATh
T'A, nmuTensHO paboTaOIIUX TIPU MAJIBIX U CPel-
HUX Harpy3kax, YTO MPUBOJIUT K CHIKCHUIO Me-
xaamdeckoro KIIJ u, xak ciencTBue, yMeHbIIe-
HU10 3G HEKTUBHOTO Mg = NNy, KII.
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AHanu3 ycloBUH SKCIUTyaTallud JIBUTaTe-
Jiel 3IIEeKTPOTeHEPaTOpOB IO TPAHCIIOPTHOMY
oty [9] mokasweiBaeT, 4TO CpemHAA 3arpyska
cyoBbIX anekTpoctanumii cocrasiser 30 +35%
o0mmieli HOMHUHAJIHLHOW MOIIHOCTH TEHEPaTOpPOB.
Ha cynax oTaeibpHBIX TUIIOB IU3ENIb-T€HEPATOPEI
B TE€YEHHUE TIOYTH Bcero pabouero Bpemenu (90%)
3arpy’keHbl MeHee, YeM Ha MOJIOBUHY. JlmnTenn-
Has paboTa JgBUraTeieil ¢ MOHMKEHHOM Harpys-
KOH NPUBOIUT K OTJIOXKEHHUSIM Ha MPOTYBOYHBIX
W BBIXJIONHBIX OKHAX, KJanaHax, ra3otypOoHa-
THETATeJsIX, BBIXJIOMHBIX KOJUIEKTOpax M TpyOo-
MPOBOJAX, YTO CHIKAET SKOHOMUYHOCTbH JIBUTa-
Tens. M3BecTHBI cilyvan BBIXOJ]a U3 CTPOS. MOTHI-
JEBBIX W PaMOBBIX MOJANIMITHUKOB JIBUTATENeH
n3-32 TPONOJDKUTEIFHOW pPabOTBl HA MalbIX
Harpy3kax. Ha cynax tuma DSV "Bar Protector”
npu pabore omgHoro [II' ¢ Harpyskoi 270 kBt
BMecTo AByX I, paboTarouux mnapauieiabHO C

Harpyskoii menee 50% Ng, =, cyTo4Has 5KoHO-

MUsl JU3eNbHOrO ToruBa pgocturaer 0,81, a
LHUPKY/ISIHOHHOr0 Macia — 8-10 1 mpu coxpane-
Huu pecypca I

Takum 00pa3oM, ycTpaHEHHE 3TUX HENO-
CTAaTKOB TIO3BOJIMIIO OBI B IEJIOM 10 (JIOTY TIONY-
YUTh CYIIECTBEHHBIH TEXHUKO-3KOHOMHUYECKHI
addexr.

Henb padoTsl — pemieHne 3aayu ymnpas-
JICHUS DJIEKTPOCTAHIMEH U3 YCJIIOBUS MHUHUMYyMa
pacxoia TOIUIHMBA, pa3paboTKa aJrOPUTMOB pac-
4eTa W HEMPEePBIBHOTO KOHTPOJS JOMYCTUMBIX
Harpy3oK Ju3esei, a TakKe alrOpuTMOB aBTOMa-
THYECKOTO PEryJIMPOBaHUs MapaMeTPOB PaOOTHI
JIBUTATENs] B COOTBETCTBUU C M3MEHCHUSMU TIa-
pPaMeTpOB CPEIBI.

HN3no:xkeHHe OCHOBHOIO  MaTepuasa.
MexITyHapOJHBIM KOHTPECCOM JIBUTATEIIeCTPOe-
HUA U cnienuaibHbiM KomuteToM COB pexomen-
JIOBaHa METOJMKA, B OCHOBY KOTOPO# IMOJIOKEHBI
¢opmynbsl K. Hunnepa [10] mpu ompeneneHun
3aBHCHMOCTH W3MEHEHUs] WHAMKATOPHON MOII-
HOCTH, TJI¢ HHIUKATOPHAs MOIIHOCTD:

N;, (D-Pp m(zgs " 293)"
N 99 AR

rae Ni, Nj, — MHAMKaTOpHbIE MOLTHOCTH B TEKY-
IIMX ¥ HOPMAJBHBIX YCIOBHSX COOTBETCTBEHHO;
D - 6apomeTpuueckoe gasinenwue, klla; Py — map-
[MANBHOE JaBIICHUE BOJSHBIX mapos, klla; 7 —
TeMIiepaTypa Bo3ayxa Ha BcacwiBanuu, °K; T, —
TeMIiepaTypa oxJaxxmaromniei Boasl, °K.
[lapuuansHoe DaBieHHE ONMpeNeNseTcs 0
i-d mmarpamme BiaxkHoro Bosayxa (puc. 1), B
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1
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(yHKIUU TemImepaTypsl W BIQXKHOCTH CpEabl;
IIOKa3aTeNy CTENeHH M, N, ( IpUHUMAIOTCS B
3aBUCUMOCTH OT HOPMAJbHBIX 3HAuU€HUH CyM-

MapHOro ko3¢ ¢GuuueHTa o, u30bITKa BO3oyXa
{0,1, ecuul’<o<2l1

0,3, ecru 0. <1,7
0,20\, eciua>21

0,35\, ecul7<a<21,
0,55\, eciu a <17
0,2\, ecua>21
03npm, ecul7<a<2]l.

0,6mm, eciu a <17
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C yuerom mexanmyeckoro KIIZ mp ko-

s puument nepecuera Kpo MomHocTH Oymer
onpenenATsCT HOPMyYIIon
kRCL = (k —0,7(1— k)/nM—l,

a pomycrtumas Py mommocts i-ro II' — BbIpa-
xenneM P j =Kpcp -Py, tae Py — Homummams-
Hast MOIIHOCTb JIBUTATEIIS.

PacueTsl MOKa3bpIBAIOT, YTO TIPH H3MEHE-
HUU TeMIepaTypsl Bo3ayxa oT 27 po 62°C 3Ha-
uenust Kpo m3Mersutuch ot 0,96 mo 0,88, a mpu

n3MeHeHusnx tpex mapamerpos (7, D, j) — ot 0,93
1o 0,85. Ilpu aTom Temmeparypa oxiakaaromen
BOJBI U3MEHsIACh B peaenax 25-35°C.

1-2: t=const; p=var; d=var.
9=50% 1-3: t=var; ¢=var.

1-4: d=const; ¢=var; t=var.

©=100%

\4

Puc. 1. BinssHue n3MeHeHHs] OTHOCHTEIbHOI BJIAKHOCTH HAa MAPIAAILHOE TaBJIeHNE

Takum 00pazom, HAMH yCTAHOBIIEH 3aKOH
onpezeneHus Kge| , HCIONIB30BaHHE KOTOPOrO B

anroputMax pabotel [6] mpumaer THOKOCTH B
nopoxaernn npexukatos PH(I), PD(I), 4ro, B
CBOIO OYe€pe/Ib, IO3BOJMT IKCIUTyaTupoBaTh ['A B
30Hax, OJM3KUX K 3arpaJuTEeNIbHBIM XapaKTepH-
CTHKaM, U TEM CaMbIM IMOBBICUTH KO3(QQHUIMEHT
3arpy3KH CyJIOBBIX 3JIEKTPOCTAHIIUH.

Tem He MeHee, MOKHO NPEUIOKUTH EIIIe
OJIMH M3 CIOCOOOB JAIIHEHIIIET0 COBEPIICHCTBO-
BaHUS aITOPUTMOB YIPABICHHUS 3JIEKTPOCTAHIIU-
el myTeM MoAJep>KaHUSI ONTUMAIBHOTO peXnuMa
paloThl ABUTATENsA, €CIM B KAa4eCTBE KPUTEPUS
OIIEHKH peXuMa MPHUHSATH [4] MOCTOSHCTBO 3HA-
YeHHsT CyMMapHOTO Kod(Q(uIMeHTa H30bITKa
BO3yXa
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Ol¢— Olgpt = MiN,

Ie O¢ — TEKYIIee, Ogpt — ONTUMAIBHOC I

YCTaHOBUBIIIETOCS peXXHMa paOOTHI Tu3eis 3Ha-
yeHue KodhdumnuenTa, mpu KOTOPOM JOCTHUTACT-
Cs MaKCHMaJIbHO BO3MOXHAas MOIIHOCTb IpH
MHUHUMAJIbHOM PacXOJle TOIJIMBA W JTOMYCTHMOM
TeMIlepaType BBITyCKHBIX Ta30B. B CyIOBBIX
YCIOBHUSAX CYMMAapHBIH KO3(pQHUIHEHT H30BITKA
BO3/lyXa MOXHO OIpeAenauTs [4] mo noka3zaHusM
pUOOPOB, MOJB3YSICh BRIPAKECHUEM

— Al PS ( 1 }

o

c

TSGT 1+1,61d(|)
rac Aﬂ_ — KOHCTAHT4, YYHUTHIBAIOIIasA KOHCTPYK-
THUBHBIE OCOOEHHOCTH JU3CJIs1, a TaKXKE TO, YTO
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IMPOU3BCICHUC KO3(1)(1)I/ILII/IGHTOB HAIIOJIHCHUA H
IMPOAYBKHM MOXXHO CYHHUTATh MPAKTHUYCCKHU ITOCTO-

sHHBIM; Pg m Tg — nmaBieHume u TemmepaTypa
BO31yXa B TypOoHarnerarene; G — pacxoj Torm-
nuBa B equnuily Bpemenw; d(i) — Brarocoaepxa-
HHE BO3/yXa B I-TOM YCTaHOBHBIIIEMCS PEXKHME.
3Ty B3aUMOCBSI3b MOXKHO TPEJICTABHUTH B
BUJIC HOMOTpaMMBbI (puc. 2), TJe pacXoabl BIaxk-
HOT'O U CYXOT'O BO3/IyXa CBSI3aHbI OTHOIIICHUEM

3nauenue d; HAXOSIT MPH TTOMOIIM TaOIHI]
BJIaKHOTO Bo3ayxa min i-d quarpammet (puc. 1).

W3 HOMOTrpaMMbI CIEIyeT, YTO, €CIH TPH
marpyske JII' P(i) u pacxome TommuBa GfA oc-
TaJlbHBIE paboune TapaMeTphl OyAyT XapaKTepH-
30BaThCs HAOOpPOM {PS (1), Ts (i), d; }, TO CymMMap-
HEBII ko3 pummeHT H30BITKA BO3IIyXa
0c(i) <ogpt OyAeT MeHbLIE ONTUMAIBHOTO 3Ha-

YeHUs, a Pacxox cyxoro Bozayxa — Ha AGpc

Ggc 1
G 1 +1,61d; : MEHBIIIE HOPMBI, YTO YXY/IIAT MPOIECC Cropa-
HHSI U TIPUBEJIET K POCTY TEMIIEPATYPhI BBITYCK-
HBIX Ta30B.
********** Ps(i)
|
Ge, kric Gr Gt |Pi P P, kBt
< * Gi * GT >
ST i Gr, 1/c
20
} Qoﬂr
|
|
|
Gac

Puc. 2. HomorpaMmma B3anMOCBSI3H PacX0/10B BJA:KHOTO H CYX0ro BO3/AyXa

B sToM ciydae peryiaupoBarh pexuM pa-
0OTHI MU3esT MOKHO NBYMS CIIOCOOAaMH: YMEHb-
IICHUEM pacxoja TOIUIMBa Ha BennmyuHy AGr

MyTeM TMepepacnpeiesicHus] HArpy30K Mexay
napauieabHo paboraromumu ['A PRSH  wmnm
nonximouenneM Haxonuteneii ONACC wmm or-
kimoueHneM BropocteneHHbIXx OFCNS mns nan-
HOTO PeKUMA TOTPEOUTENS; CHIKCHHEM TEeMITe-
paTypbl HaJUIyBOYHOro Bo3ayxa Ts 3a CUET yBe-
JIMYEHUS] ITOTOKA OXJIAXKIAIOIIEH BOABI B CHCTEME
OXJIQXKICHHS HAITYBOYHOTO BO3/yXa.

Cnepyer OTMETHTB, YTO 30HA O > Gopt

ABJIACTCA TaKXKCE He)I(eHaTeJILHOI\/‘I, ITOCKOJIBKY
YBCIIMYCHHUE O OTHOCHUTCIBHO OITHUMAJIbHOI'O

MNpUBOAUT K YXYAUICHUIO IIpOLCCCa CropaHusd,
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YBEIIMYCHHIO MTOTEPH TEILIA C YXOIAIIIMH ra3aMu
U yMeHbllleHuto uuaukaropHoro KIT/I.
BrimonHeHHBIE HICCIEAOBaHNAS TO3BOJISIOT
CUHTE3UPOBATh CTPYKTYPY alTOPHTMAa ONTHMHU-
3armuu PROPT pexxuMoB pabOTHI TU3EICH, eCIIH
B Ka4eCcTBE yCIIOBUS MPHUHATH, YTO CHCTEMA CO-
JNEPKUT BCE HE00XO0TUMbIC JTATIAKU

{Ps, R, Ts,Gr,o,t" } IJ€ j — BIQKHOCTb BO3/yXa,

t" TeMIiepaTypa  BBIXJIOITHBIX
{SMW,SMF} — WCTIONHUTENBbHBIE OpraHbl (cep-

rasos,

BOMOTOPBI), C IIOMOIIBIO KOTOPBIX MOXKHO
yHIpaBisaTh nofadei Boasl SMW a1 oXnakaeHus
HaJIyBOYHOTO BO3JyXa W TOJA4Yei TOILTUBA
SMF.
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B xauecTtBe ciocoba opraHuzanuu padoThI
nporpammbel PROPT BeIOEpeM cmmocod mpephiBa-
HUSL C TIEPUOJIOM AUCKPETHOCTH o, OLperense-
MBIM JAMHAMHYECKHMH CBOHCTBAMH CHCTEMBI
OXJIXKJICHUs HAAJyBOYHOI'O BO3lyXa M IU3eJd
KaK JBUraTessi BHyTPEHHETO CrOpaHUs.

Jiis obnerdenus: mpouenypsl JJOTHYECKOTO
OPOrpaMMHUPOBAHUSl  TPEACTABHM  MPOTPAMMY
PROPT B Bume coBokynHoctu PROPT =
{SBHTP,SBALF,SBSM,SBCNT} mommnporpamm, a
MMEHHO MOJANpPOrpaMMbl SB KOHTPOJIS BBICOKOM
temreparypsl SBHTP, pacuera orknoneHuii Ko-
s ¢unmenta u3dbITKa Bo3myxa SBALF, ympas-
nenusi cepsomotopamMu SBSM wm pacuera nnu-
TEJILHOCTH BKIIIOUeHUs cepBomoTopa CNT.

C y4eToM U3JI0KEHHOT'0, 3aluIleM MpaBu-
na GYHKIMOHHUPOBAHUS CUCTEMBI B BUIE CIEIY-
IOLIMX WHCTPYKLMH C UCTIOJIb30BaHUEM IOJIXO0/1a,
npunsToro Hamu B [11-13]:

while Ty do
PROPT,SBALF,SBHTP,SBSM,SBCNT od

while SBALF do: (& —th,, = At") if

At" >0 then HTP
goto SBHTP else do:

(ac(1)= T (Ps, R, Ts, G, Ao (i) —agpt)

if |Aocc(i)|>AocH0H

then go to SBSM else fi od,
T. €. BBINOJIHEHUE noanporpammel SBALF Bcerma
HAYMHAETCS] C KOHTPOJIsl TeMIIepaTyphl BBIITYCK-
HBIX ra3oB t' u, ecnu ona Bbie HOpMBI (HTP =
W), To ocymectBuseTcs nepexon k SBHTP, nna-
4e MpOM3BOAUTCS pacuet o (i) U cpaBHeHHe ero
C ONTHMAIbHBIM 3HAYCHHEM Olgpt , ©CHU IPH
3TOM OTKJIOHEHHUE BBIIIE JOIyCTUMOIO, TO Iepe-
xo0f K SBSM, nHaye KOHel IpPOrpaMMEl.

ITognporpamma BHTP BHIIOTHSAETCA TIO
MIPaBUITY:

while SBHTP do if HTP &WVOPN then

ONSMW(INC) do By, = f (At") goto SBCNT

else if HTP&WVOPN&DCF
then ONSMF(DEC) do

Be = f(At") goto SCBNT(Bg) else fi od,

T. €., €CIIM TeMIIepaTypa BhITYCKHBIX I'a30B BHIIIE
HOpMBI (HTP = W) u Kamad CHCTEMBI OXJIaXe-
HUS HAJJyBOYHOTO BO3/yXa MOJHOCTHIO HE OT-

kpeiT WVOPN |, To: Brirouaercst ON cepBoMoTOp
SM B Hampapienud ysenuueHus INC momauun
oxnaxparomeiir Bogsl ONSMW(INC); paccuunTsi-
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BaeTcs Bpems ero pabotel By B 3aBHCHMOCTH OT
MPEBBIIICHUS TEMIEPATypbl M OCYIIECTBISIETCS
nepexon kK nognporpamme orcyera SBCNT Bpe-
MeHH paboThl cepBoMoTopa. Ecnm ke mpu mo-
BBHIIICHHOW TEMIIEpaType Ta30B KJIamaH BOJBI
okaxkeTcss MOMHOCThIO OTKPbITBIM WVOPN u Ha
BEpPXHEM YpOBHE (YpOBHE KOOpAMHATOpA) MpH-
Hsato permenne DCF cHu3uTh Temnepatypy razos
YMEHBIICHUEM I10JIa4M TOTUIMBA, TO BKIIIOYACTCS
ON cepBonurarens SMF perymnsropa B Harpas-
JICHWM yMCHBIICHUsT momaun TtoruuBa ON-
SMF(DEC), paccunthiBaeTCs BpeMst €ro paboThI
Br v ocymmecTBIsieTcsl IEPEeXo1 K MOAPOrpaMMe
orcuera BpeMeHHoro wuHTepBana SBCNT(Bg),
WHaue KOHEI MOAIPOrpaMMEI.

{SBSM,SBCNT }

IpaMMBIl JOJDKHBI BBIIOJIHATBHCS MO CIEAYIOIIUM
WHCTPYKLUSIM:

while SBSM do if (Ao (i) <0) &WVOPN

then ONSMW(INC) do By = f(Aa)

go to SBCNT(Bw) else if (Aoc(i)>0)&

WVCLS & HTP)

then ONSMW(DEC) do By = f(Aa) go to
SBCNT(Bw) else if (Aa,(i)<0)&

WVOPN&DCF then ONSMF(DEC) do Bg =

f(Aa) goto SBHTP else fi od

while SBCNT(By) do:

if (ABy (t+1)—-1(CNT)=0) then OFSMW

else fi od;

while SBCNT(Bg)

do: if (ABg(t+1)—1(CNT)=0)

then OFSMF else fi od,

T. €. IIPU OTKJIOHEHHUSIX CYyMMapHOro K03 ¢uim-
eHTa M30bITKa BO3/AyXa B Ty WIH APYTYIO CTOPO-
HY OT ONTHUMAJBHOTO BKJIIOYAIOTCS B COOTBET-
CTBYIOIIIEM HAIIPaBICHUH CEPBOMOTOPHI, €CIH
€CTb BO3MOXHOCTH PETYJIHPOBKH, B MPOTHBHOM
cilydae, Korja KiIamaH YK€ IOJHOCTBIO OTKPBIT,
PETYINpPOBKa OCYIIECTBIISACTCS BO3ACHCTBUEM Ha
nojady TOIJIMBA, €CJIM €CTh Ha 3TO pa3pelleHue
koopauHaropa (DCP=U). Ilpu mnpeBblIeHUN
TEMIIepaTypbl BBITYCKHBIX Ta30B MpPOIECC OT-
npasisieTcs K moanporpamme SBHTP.
Bremmonnenne  mogmporpamm  SBCNT
OCYIIECTBIISIETCSl IyTE€M CPaBHEHMS pe3yibTaTa
BBIYMTAHUS U3 OCTaTKa YMCIa, OTOOpaKaroIiero

OcrainbHbie MOTIPO-

BemMuuHy BpeMeHHoro untepsama AB(t+1) |

enuaunpl 1(CNT) cuera, KOoTOpasi, Kak MpaBUiIo,
9KBUBAJICHTHA JUIUTEIILHOCTH OCHOBHOT'O
TakTa Ty
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Ilognepxanue oNTUMAIBLHOTO PEXUMA pa-
6otbl Kaxgoro /II' myrem perynupoBaHus O B
KaKOW-TO Mepe CHOCOOCTBYET PEUICHHIO 3aJadu
MUHUMH3AIUN pacxoja TOIIIMBA, TaK Kak MJis
TEKyILIero 3HA4YEeHUs Harpy3Ku cucrteMa olecre-
YHMBAE€T HE TOJIBKO HOpPMaJbHBIA TEIUIOBOW pe-
XKHUM Ju3ensi, Ho 1 MakcumanbHbiil KITJ] (puc. 3).

A

MNe
Temax |

Me(i)-

v

}
a(i)
Puc. 3. 3aBucumocts KII/I ot ko3puunenta

H30BITKA BO3AyXa npH 65% Harpyske

OmHako, B IEJOM I10 JICKTPOCTAHIINH IIe-
neBasi (PYHKIHS CyMMapHOTO Pacxojia TOIUINBa
MOXKET HE HMETh TTI00TEHOTO MUHUMYMA.

|
Fy = > F(i) > min, F(i) = e ()P (i),
i=1

|
Fs = Gex Pz Gex = 2 M1) e (1),
i-1

rne Fy, F(i) — pacxoms!l TormmBa 35eKTpocTaH-
i 3a 9ac U i-To T'A; Jey , Qe(i) — ynenbHble
pacxo/bl TOILIMBA JIEKTPOCTaHIMU U I-T0 T'A;
Ps u Py (i) — Harpyska snekrpoctanuuu u i-ro
LA; A(i) = Py (i)/ Py — mons marpysku i-ro [A.
Heo0xoanmbIM yCIIOBHEM CYIIECTBOBAHHS
MUHUMYMa Fs sBIsSeTCS paBeHCTBO HYIIO IOJ-
Horo quddepennmnana dg,s:
! Oes :
dgex = Zrdpﬂ(l)
i—10Pn (1)
Jdns  momydeHHs OJKcTpemMyMma (QyHKIUH
Jey HEOOXOAMMO TaK pPacIpeieNUTh HarpysKH,

0.

gqro0bl BenmuuHbl O(i) kaxmoro I'A B Toukax

peKuMa 150 (51050 PaBHBIC 3Ha4YCHUA,
0(1) = 0(2) =...= 0(i) =... = (1), e

T. €.
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e(i)_ﬁ(Pﬂ(i)ge(i)) _ 9Ye (1)

Py (i) Py (i)
HOCTaTO‘lHBIM YCJI0OBUEM ONTHUMAJILHOI'O
pacrpeaciaCHus Harpy3ku SBJISACTCA Tpe60BaHI/Ie
MHHHUMYMa gez —> min . 3TO O0CTAaTOYHOEC YCJIO-

ge (1) + P (i)

BH€ BBINIOJIHsACTCS TipH dez >0.

Ecmn I'A uMeroT OJMHAKOBBIE HArpy304-
HBIC XapaKTCPHUCTHKH, TO JJIs1 BHIOJHEHUS HEO0O-
XOAMMOTO YCIIOBHSI TpeOyeTcsl B TOUKaX PEXHMOB
paboThI ANEKTPOCTAHIINN PACTIPENIENIUTh HArpy3Ku
paBHOMEpHO. JIJis BBIMOTHEHUS] JOCTATOYHOCTU
TpeOyeTcs BHIMOIHCHNE HA00Pa YCIIOBHIA:

00
>

-1
| %J > 0},

YTO BO3MOXXHO TOJIBKO B TOM Ciiydac€, €CJIM BCE

1)

MMPOU3BOJHBIC OKaAXKYyTCH IOJIOXKHUTCIIb-

oPy (i)
HBIMH.

DTOT BBIBO SIBJISIETCS OYE€HDb BasKHBIM, I10-
CKOJIBKY JIae€T BO3MOXXHOCTH pPacCYHUTaTh IO
YCJIOBUSIM ONTHMAJIbHOCTH HIKHHE IMOPOTH 3a-
rpy3KHu dnekTpocTaniuu (puc. 4). B aTom ciaydae
obacTe paboOTHI TeHepaTopoB (puc. 5), orpaHu-
YeHHasl JOMYCTHMBIMH TIpEeaMH, MOXET BO3-
pacTH, U ee BeIpaKeHHe OyIeT HMETh BHUT

Pop < Pr(i)s(l—%)Pﬂ.

A
J
KBT -4
260 -+
250
. 89.(i)
240 - —Pr(i) =%
T oP (i)
230 r
|
S
220
| 0(i)=230-22=208
- P, kBt
200 400 600 800 1000 i

Puc. 4. K onpenesennio napamerpa g
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80 |
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20 +

100+ Px(i).%

Pu(2) Pu(3) Pn(4)

Pu(1)

PD(2)=PD(3)~PD(4)

Puc. 5. Onpenenenne 10mMycTHMOr0 HHZKHET0 Npe/iesa 3arpy3Kd JJIEKTPOCTAHINH U3 YCJIOBHS
ONTHMAJIBHOIO pacnpeaejeHUsl HATPY3KH

OpnHako B TpoIiecce dKCIUTyaTallui Harpy-
304YHBIE XapaKTEPUCTUKNA TEPBUYHBIX JIBHUTaTE-
Jied, KaK MpaBUII0, U3MEHSIOTCS, YTO MOXKET IIPH-
BECTH K CYIIECTBEHHOMY HX pa30pocy W mocTa-
HOBKE 33Ja4d ONTHUMH3AINHA PEKUMOB pPabOTHI
3NEKTPOCTAHIMH C YUYE€TOM peajbHBIX Harpy3ou-
HBIX XapaKTePUCTHK.

Jnst perienus 3ajaud B TaKOM IOCTAHOBKE
1e7ecO00pa3HO HMCIIONb30BaTh METOJ JAWHAMHYe-
CKOr0  MPOrpaMMHPOBaHUs,  O0ECHEeUHBAIOIINI
BBIOOp HaWOOJIee BEPOSITHOIO (KBA3HONTUMAJIBHO-
T0), ISl OTIPEACTICHHOr0 yJacTKa pekuma padoThl,
cocrasa ['A ¢ coOmoaenneM Bcex OrpaHuueHHU.

JJis BBHITMOJIHEHHST alropuTMa JUHAMHYE-
CKOTO TPOrpaMMHUPOBAHHS JIOJDKHBI OBITH TIO-
CTPOEHBl  DKBHBAJICHTHBIE  XapaKTEPUCTHUKU

FZS(PZ) , KOTOpbIE€ IPEACTAaBISAIOT CO00M 3aBH-

CUMOCTH MUHUMAJIBHOT'O pacxoJa TOIJIMBa arpe-
raToB OT UX CYMMapHOﬁ MOIIHOCTH, T. €.:

Fy (Pg) = min{F; (P(i)) + Fx_; (Ps — Pi)}.

Takum 00pazoM, I KaXXAOTO IOTIOTHH-

tenpHOro P(i) HaxoxkaeHume min FZB(PZ) CBO-

IUTCS K HAXOXKICHHWIO TI00AThbHOTO MHUHUMyMa
oyuxmmn  F (P(i)) + Fs_j (Pz - Pi) , KOTOpBI
MOXET OBITh OIpPEICIICH MPOCTHIM MEepeOOPOM.
OnHOBpeMeHHO ¢ BbIOOpoM cocTaBa ['A pemnaercs
3a[1a4a ONTUMAIBHOTO PacTIpe/IeTICHUS HarPy30K.

BoiBoabl. BEINONHEHHBIE WCCIEAOBAHUS
MO3BOJISIIOT YCTAHOBUTH CIIEAYIONIUE IpaBHiia
(YHKIIMOHUPOBAHHUS K QJITOPUTMY ONTHMAIBHOTO
yHOpaBiIeHHUS 3JEKTPOCTAHLIMEH NpPH H3MEHEHUH
Harpy3KH, TEXHHYECKOTO cocTosiHus ['A u ycio-
BHUI OKPY’KarOILIEH Cpelbl:

1. ®opmupoBaHue 0a3bl JaHHBIX, OIMPEICIIS-
FOIIUX KOJMYECTBO paboTarommx ['A, ux TexHH-
YECKOE COCTOSHHE, HATPY3Ky, Pacxo/| TOIUIHBA U
MapaMeTpbl OKPYKAIOLIENH CPEIBI.

52

2. AHamn3 Harpy304HbIX XapaKTEPHCTHK ar-
peratroB U (opMupoBaHHE 0a3bl MAHHBIX JJIS
pacyeToRB MO ONTUMU3AIMU PEKUMA.

3. Ompenencare ko3 uilMeHTa TMepecueTa
MOIIHOCTH Kpcl ¥ KOPPEKTHPOBKA BEPXHUX

MIOPOTOB 3arpy3KM U3 YCIOBHH TEXHUYECKOTO
COCTOSIHMSI U METE0JIEMEHTOB.

4. KoppekTupoBKa AOIYCTHMBIX, 110 YCJIOBHU-
SM ONTHUMAJIBHOTO pPAaclpeNelcHuss Harpysok,
HWKHHX TIOPOTOB 3arPy3KH.

5. Onpexnenenrue cyMMapHOW Harpys3ku 3JeK-
TPOCTAHINH, aHAIN3 SKBUBAJICHTHBIX XapaKTepH-
CTHK pacxojia TOIUTMBA U BBHIOOP ONTHMAaIBHOTO
cocraBa ['A Mo KpUTEpHUI0O MHUHHMyMa pacxoja
TOIUINBA, & TAKXE C y4ETOM OTrpaHUYEHHUH IO
BEPXHUM U HHXKHUM IOPOTaM 3arpy3KH.

6. BeimonHeHne onepanuii mMycka, CHHXPOHU-
3allid, TIepeBO/a HArpy3kd U OCTaHOBKH ['A,
CBSI3aHHBIX C (OPMUPOBAHHEM ONTHMAIBHOTO
cocraBa ['A.

7. Pacipenenenue Harpy3ok Mexny mapai-
nensHO pabotaromumu ['A 1o ycioBusSiM ONTH-
mamsHoctn Fy min(Py).

8. Bemonnenne nporpammel PROPT ontumu-
3allUM MEPBUYHOTO JBUTATENS DJIEKTPOCTAHLIUU
0 peaTn3alud KPUTEPUs

(o — agpt) — min.

B mnpouecce paboOTBl 3MEKTPOCTAHLMH B
YCTaHOBHBIIEMCSl pEXHME WU B MEPUOJ CMEHBI
COCTaBa IO YCJIOBHUSIM ONTHMAIBHOTO YIIPABIICHHI
MOT'YT BO3HUKATh aBapUilHbie W MpeaaBapUiHbIC
CUTyalliW, BBI3BAHHBIE BBHIOETOM KOHTPOJIHpPYe-
MBIX NTaPaMETPOB 3a NMPENENbHBIA YPOBEHb.

Jiist 3TUX CciiydaeB IOJKHBI OBITH Mpeny-
CMOTpEHBl aITOPUTMBI (HOPMUPOBAHHS KOMaH]
Ha BBOJ PE3epPBHOTO W BBIBOJ aBapHitHOTO ['A ¢
y4eTOM 3aJJaHHOH OYEpemHOCTH, pa3padoTKe
KOTOPBIX OYIyT MOCBSIICHBI JalbHEHIIINE nccie-
JIOBaHUS.
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OPTIMIZATION OF POWER PLANT CONTROL ON MINIMUM FUEL
CONSUMPTION TAKING INTO ACCOUNT WEATHER CONDITIONS

Modern automated marine electrical power systems have low generated power load factor and,
as the result, low efficiency. It can be explained not only by power plant configuration but also imper-
fect setup of power plant control modes. So far such tasks are being solved using approximate and in
some cases rough methods tending to increase power redundancy in main ship operation modes.

During the calculation of power and load limits of power plant usually mean or critical values
of uncontrollable variables (power demand, pressure, temperature and ambient humidity) are used
without taking into account the changes in such parameters. The most specific changes in parameters
when ship sails in tropics are the following: reduction of engine power, increase of specific fuel con-
sumption and exhaust gas temperature caused by decrease of air weight charge and increase of its
temperature.

The goal of this research is to work out the algorithms of calculation and continuous control of
permissible power plant engine loads as well as the algorithms of automatic control of engine operat-
ing parameters in accordance with changes of ambient parameters.

Power plant internal combustion engines air to fuel ratio calculation method is proposed in the
paper taking into account wet and dry air consumption which can be defined using given nomograms.
Fuel-air ratio optimization algorithms are developed. Power plant control optimization algorithms on
minimum fuel consumption taking into account weather conditions are synthesized.

The fulfilled research allows to develop marine power plant control systems, optimal during
changes in load, generator engines technical condition and weather condition.

Keywords: electrical power plant control, air-fuel ratio, algorithms synthesis, fuel consumption,
optimization.

B. A. IlleBYeHKO, K.1m.H., OOUEHM,
3a6. kageopu mexniyHoi excniyamayii cyoeH
e-mail: vash4891@gmail.com
Hamionansauii yHiBepcuTeT «Oecbka MOpChKa akajeMish»
By Jinpixcona, 8, m. Oneca, 65000, Ykpaina

ONITUMIBALIA YIIPABJIIHHA EJJEKTPOCTAHIIEIO
3 YMOBU MIHIMYMY BUTPAT ITAJINBA 13 YPAXYBAHHAM METEOYMOB

CyuacHi cyOHOGI eleKmpoeHepeemuyti Cucmemu Maroms HU3bKUL Koe@piyicHm 3a8aHmaiceHHs.
i, AK HACMIOOK, HU3bKULl Koehiyichm xopucHoi 0ii. e mooxce Oymu HACAiOKOM He MilbKU He80an0i
mu. [oci supiuienus 3a860ans, Wo po3enadaomscs, 6UKOHYIOMb 34 O0ONOMO20I0 NPUOIUSHUX, A 4aCmi-
uie 0ocmamuvo 2pyoux cnocobis, npazHyui niosuUmuU pe3epeyeants eileKmpUuiHoi NOMY*CHOCHI )
207106HUX pedicumax pobomu cyona. Ilpu po3paxyHKy nomysCHOCMI ma NPURyCMUMUX 3HA4eHb 3a6aH-
MAdICEHHS eNeKMPOCMARYIT 3a PeHCUMAMU 3a36U4All IOULIMOBXYIOMbCS 6i0 YcepeOHeHUX abo epaHuy-
HUX 3HAYeHb 3MIHHUX, WO He KepylombCs (3anum 3a6anmadiceHHs, memnepamypa, muck, 60102iCib
HABKOIUUIHBbO20 cepedosuuia ma in.). Habinow xapaxmephnumu 3mMiHamu napamempie npu niaeaHHi
CYOHA Y MPONIYHUX WUPOMAX € 3SMEHULEHHS ROMYAICHOCME 08USYHIB, NIOGUWEHHS GUMPATNU NATIBHO20
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ma memnepamypy GUXIONHUX 2a3i6, GUKIUKAHI 3MEHUWEHHAM 3apsa0y NOGIMpPs. ma 3POCMAHHAM 1020
memnepamypu. Memorw ybo2o 00CNiONCeHHs € BUPIUIEHHA 3A80AHHA YAPABLIHHSA eleKMPOCMAHYIEN 3
VMO8 MIHIMYMY 8UMPAMU NATbHO20, PO3POOKA ANICOPUMMIE PO3PAXYHKY ma De3nepepeHo20 KOHMPOIO
NPUNYCMUMUX HABAHMNANCEHb OU3ENI8, d MAKONC ANCOPUMMIE ABMOMAMUYHO20 Pe2yNI08AHHs Napa-
Mempie pobomu 08U2YHA 3 YPAXYBAHHAM 3MIH HABKOIUUWHbO2O cepedosuya. ¥ pobomi npoananizosa-
HO pedcumu pobomu eleKkmpoCmanyiil Cy4acHux cyoeH ma ix cepeOHe 3a8anmadxcents. 3anponoHosa-
HI UpA3U 0151 BUSHAYEHHS CYMAPHO20 KOeDIYicHmMa HAOTUWKY NOGIMPS O8USYHIE ) CYOHOBIU eNeKmpo-
CMAaHyii 3 ypaxy8anHam sumpamu 60102020 ma CyXo20 NOBIMps, WO 8USHAYAEMbCI 34 HOMOZPAMAMU,
Haoanumu y pobomi. Ompumano eupasu, sKi 003804A0Mb BUSHAYUMU ONMUMANbHUL Koeghiyienm
HAOIUWKY NOGIMPS 08USYHA GHYMPIUWHbO20 320PsHHS, WO 6i0nogioac maxcumanrvHomy KKJ/[. Po3poo-
JIEHO ANIROPUMMU YAPABIIHHSA eNeKMPOCMAHYIEIO I3 YPAXYBAHHAM MIHIMYMY SUMPAMu NAIU8d ULIAXOM
8apirganus Koeghiyienma HaAOAUWKY NO8impsa ma nodavi naiuea. Bukonani oocnioscenusn 0038015-
1OMb 6CIMAHOBUMU NPAGUNA (DYHKYIOHYBAHHS CUCTIeMU ONMUMATbHO20 YRPAGTIHHS e1eKMPOCMAaHYIEI0
npu 3MIHI 308AHMANCEHHS, MEXHIUHO20 CMAHY 2eHEPAMOPHUX dzpe2amie ma YMOo8 HABKOIUUUHBO2O
cepedosuya.

Knrouoei crnosa: ynpasiinns enrexmpocmanyicio, Koe@iyicnm HAOIUWKY nogimps, CUHmes aji-
20puUmmis, BUMpama Naiuea, ONMUMI3ayis.
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