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TEXHOJIOI'TI
TECHNIQUE

YK 621-523.8
B.II. PO3EH, €.M. IHIIEKOB, I.B. KAJIIHUMK

OIITUMIBAIIIS MTPOILIECIB BUPOBJIEHHSA EJIEKTPOEHEPTII
KOMBIHOBAHOIO EJIEKTPOEHEPI'ETUYHOIO CUCTEMOIO

Cunre3oBaHa KOMOIHOBaHa CHCTEMa €JIEKTPONOCTa4aHHs XIMIYHOTO MiANPUEMCTBA, 110 BKIIOYAE JKepesa
o0'eqnanoi eneprocucremu, MiHi-I'EC Ta TypOorenepaTtop, sKuil mIpamioe Ha TEIUIOTI, IO BUAUISETHCA B
pe3ysbTaTi TEXHOJIOTIYHOTO IPOILECY. 3amnpoloHOBAaHO MaTeMaTH4Hy MOJEIb ONTHUMi3alii BHPOOJICHHS
eIeKTpOeHepTii  CHHTE30BaHOi  eHeprocucreMu.  [lokazaHo, IO  BHUKOPHCTAaHHSI  KOMOIHOBaHOTO
eJIeKTPONOCTadaHHs 3a0e3reduye 3MEHIICHHS TeHepOBaHOI MOTYXXHOCTI B 00'¢IHaHIN eHeprocucTeMi YKpaiHw,
II0 IPU3BOIUTH 1O IporopuiiiHoro 3MeHmeHHst BUKuAiB CO, B aTMOChepy.

KiniouoBi ciioBa: elekTporocTayaHHs, ONTHMi3alisi, KOMOIHOBaHAa EHEProcHCTEMa, BiIHOBIIOBAJbHA
CHEpPreTHKA.

Beryn. [Iist 3MeHIIGHHsST BUKH/IB MAPHUKOBUX ra3iB Ta audepeHiiamii pkepen rexeparii eHeprii Hapasi
IIMPOKO BIIPOBAKYIOTHCSI KOMOIHOBaHI CHCTEMHU MOCTAa4yaHHS Ha 0a3i BimHoBmroBaHuX mkepen eneprii (BJE).
YacTo BiHOBIIOBaHA €HEPreTHKa MOXKE KOHKYPYBAaTH 3 TpaJHLiitHOIO 3a coliBapTicTiO oanHMLI eHeprii. Kpim
TOro, B YKpaiHi sk 1 B 0araTbox KpaiHax CbOTOJHI JIIOTH «3eJeHi» Tapudu, To0TO Tapudu, siKi CTUMYIIOIOTH
BIPOBAJKEHHS BiJTHOBIIIOBaHUX JDKepen. Lle moserurye BHpOBaiKeHHs, a TaKOX 3MEHIIYE TEPMiH OKYIMHOCTI
aNbTepHATHBHHX eJekTpocTaHmiid. KomOiHOBaHi cuctemn Ha 6a3i B/IE npuBaOItor0Th MiABUIICHHAM HAIIHHOCTI
€JICKTPOIIOCTAYAHHS, 3HIKCHHAM BUKHU/IIB TTAPHUKOBHX T'a3iB Ta €KOHOMIYHOIO CKJII0BOIO.

CyvacHuii cran nuraHHsa. CporomHi B YKpaiHi IOCTa4aHHS €JIEKTPOCHEPTil 3arajgoM 3IIHCHIOETBCS Bil
00’eqranoi eaeprocuctemu (OEC) Ykpainu. ['eHeparis 31e011bII0T0 3AIHCHIOETCS TPATUIIHHAMHE HKEpPETaMu
eneprii. [Ipore B ocTaHHI pOKH BCe MIMpIIE BIPOBaKyI0ThCs B/IE. BoHM MOXYTh BCTaHOBIIOBATHCS SIK OKPEMO
JUIA TeHeparii, Tak i KOMOIHOBaHO 3 TpaIWLiiHOI TeHepamielo eHeprii. CoOiBapTicTh BHPOOIEHOI eHeprii
oinpimictio Buaie BJIE y cBiTi Bike 3HU3WIACS MPUOIU3HO M0 COOIBAPTOCTI €HEPril BiA TPAmUIIMHUX HKEPE.
CpOro/iHi BapTICTh €JICKTPOCHEPTil, BUPOOICHOT Ha MiHi- Ta Mikpo-I' EC € HIKX4010 3a BapTICTh BiJl TPAAUIIIHHIX
JUKepes. A BapTICTh eJeKTpoeHeprii, BUpoOJeHoi Ha BiTpoBuX enekTpoycranoBkax (BEY), npaktuuno
3HaXOJUTHCSl Ha PIBHI BapTOCTI €IEKTPOCHEPrii, FeHepOBaHOI Ha Ta30TypOIHHMX CTaHILIAX 3 KOMOIHOBaHUM
[UKJIOM, 1[0 MAlOTh HaWBUII MOKa3HUKH €(EKTUBHOCTI cepejl TPaAWIIMHUX €HeprocucreM. TUM He MEHII,
eHeprist BUpOOJicHa Ha OCHOBI (DOTOEIIEMEHTIB COHSYHMX CTaHINi 3a COOIBapTICTIO BCe mmie mepeBuurye y 4-5
pa3iB 3a Hei. 3a paxyHOK CTpPIMKOTO PO3BUTKY raimy3i BapTicTh enekrpoeHeprii Bim BJIE mporaosyertscs
3HU3UTHUCH JI0 BAPTOCTI BiJ] IHIIKX JpKepen y Haitommkdi 5-10 pokis [1-3].

Bapto 3a3HaunTH, MO COOIBApPTICTH ENEKTPOCHEPTIi BiA TPAAHUIIHHUX HKEpeN IMiIBUIIYETHCS 332 PaXxyHOK
3HOUIEHOCTI OOnamHaHHs Ta miaBuIieHHA BaprocTi IIEP, BHUKOpPHCTOBYBaHMX Ha €JEKTPOCTaHLIsAX. 3a
MPOTHO3HUMHU JaHUMH OyJe CIocTepiraThcs CTpiMKe 3MEHIICHHS MOKJIAiB TPAAHIIHHIUX €HEepProHOCIiB (ras3,
Hadra Tomo) 1o 2050 poky, 110 Mpu3BeAE 0 3HAYHOTO MiJBHILICHHS IXHBOI IiHU. 3a CBITOBUMH HPOTHO3aMHU
BapTICTh €JIeKTpOoeHeprii, BUpoOiieHoi 3a paxynok B/IE, noBunHa 3uu3uTucs 3 8,5 nent/xkBt-roa y 2000 poui, 10
5,5 uent/kBt-rox y 2050 pori. OdikyeTbes, 1110 3a Lieit JKe Mepiojl BapTICTh eIEKTPOSHEPTIi Bijl €JeKTPOCTaHIIii
31 CHAJIOBaHHIM TajKMBa 32 PAaxyHOK 3POCTaHHS LiH Ha MaJMBO 30UIbIIMTHCS 3 HUHImHIX 3,2 mo 4,5-7,0
neHT/KBT roa. TakuM YMHOM, BapTiCTh €JIeKTpOeHeprii, o BUpoOsieTbess Ha B/IE Ta Ha 3BMUAiiHUX TEIUIOBUX
€JIEKTPOCTAHIIIAX (PAKTHUHO 3PIBHAETHCS, 10 3a0€3MEUYNTh MOKIIUBICTh ORI MIKUPOKOTo BHKOopHcTanHi BJIE B
eneprerui [1-3].

[opiBHSHHS BapTOCTi €IEKTPOEHEPTii, FTeHepOBaHOI TPAAUIIIHHUMH Ta BiHOBIIOBAHUMH €HEPrOCHCTEMaMHU
TIOKa3ye, 10 eHeprocucreMu Ha ocHoBi BJIE, kpiM COHSYHMX, TEPMOANHAMIYHUX Ta (POTOCICKTPUYHHUX CTAHIIIH,
€ LIKOM KOHKYPEHTOCIPOMOXXHHMH BXKE€ 3apa3. SIKI0 NMpUHHATH 10 yBaru TEHJAEHLIIO 3HWKEHHS BapTOCTi
esiexTpoeHeprii Bix BJIE Ta minBUIEHHS BapTOCTi €JIEKTPOEHEprii Ha TPaAWIIHHUX CTaHILIAX, TO MOXKHA
NPOrHO3YBATH 3HAUYHE 3pOcTaHHs 00csriB BupoBakerHs B/IE s BupoOHuuTBa enekrpoeneprii [1-3].

Meto10 po0oTH € cuHTE3 KOMOIHOBaHOI CHCTEMH EIeKTPONOCTadyaHHs i po3poOka MaTeMaTU4YHOI MOJENi
ONTUMI3a1lil BUPOOIICHHS €JIEKTPOCHEPTi] 1i€l0 EHEPTOCHCTEMOIO.

BukiaagenHnsi ocHoBHoro matepiany. IToOynoBy KOoMOiHOBaHO! €HEPTrOCHCTEMH PO3TIITHEMO Ha MPHUKIIAIi
eIEeKTPONOCTaYaHHs  XIMIYHMX MiAOpueMcTB.  EHeprozabesnedeHHS IUX MIANPHEMCTB B OCHOBHOMY
[EHTpaJli30BaHe BiJ 00 €HAHOI eHeprocucTeMu Y KpaiHu. BUKoprucTaHHS BIaCHUX JPKEpET eIeKTPUIHOI eHepril
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CIO)KMBayaMy JaHoi ITPyIH HE HAOyJIO IIMPOKOTO PO3IOBCIOKEHHS 1 pe3epBU BUKOPUCTAHHS aJIbTEPHATHBHUX
JDKEpelI eHeprii HeJOCTaTHRO BUBYCHI. AHAJII3 TEXHOJIOTIYHOTO MPOIIeCy BUPOOJICHHS aMiaKy MOKa3aB, M0 OKPiM
eJIeKTPHYHOI eHEepril MiAPHEMCTBO CIOXHUBAE 3HAYHY KUIBKICTh Ta3y (SIK EHEPTOPecypc) i TEXHOIOTIYHOT BOIIH.
Bonozabip Ha mochiKyBaHOMY WIANIPHEMCTBI 3OiMICHIOETBCS HacocaMH i3 pIUKH, sKa 3a CBOIMH
XapaKTepUCTUKaMH HAIIOPY 1 BUTPAT BOAU Ma€ 3HAUHHI eHEPreTHYHUH ITOTSHITia.

OTpuMaHa TEIUIOTa, SKa BUAULIETHCS MiJ Yac BHPOOHMIITBA HE BHUKOHYE KOPHCHOI poOOTH i, HAaBIIaKH,
JIOJJATKOBA €HEPTisl BUTPAYa€THCS HA OXOJOKEHHS, TOMY €Hepro3oepiratodoro e(hexTy MOXIIHUBO TOCATTH 3a
paxyHOK BUKOPUCTaHHS TeIUIa, 0 BUIUIETHCS IIJISIXOM ITEPETBOPEHHS 11i€T eHeprii B eIeKTPUYHY.

[HII pO3riIsHYTI ajJbTEpHATUBHI JyKepena eHeprii He MpeCTaBISIOTh IHTEpecy Uil BUKOPUCTAHHS IX Ha
XIMIYHHX HIIPUEMCTBAX B CHIIY MaJoi iX HOTYKHOCTI.

TakuMm 4rHOM HpH TTOOY10BI KOMOIHOBAHOT CHCTEMH E€JIEKTPOIIOCTAYaHHsI XIMIYHHUX MIIIPUEMCTB JIOLIJIBHO
pO3MIsiIaTH  OKpIM  IIEHTPaNli30BaHOTO  enekTporocrayanHs moOynoBy MiHI-TEC nns  3abe3nedyeHHs
BOJIONIOCTa4YaHHsl 1 YCTaHOBKY TypOoreHepaTtopa, sSKuWii Oyae mpamioBaTH Ha TEIUIOTi, L0 BHIUISETHCS B
pe3ynbTaTi TEXHOJIOTIYHOTO Tporecy. B pesynbraTi MpoBeAeHUX MOCITIHKCHB IS XIMIYHOTO IiIMpPHUEMCTBA
IPONIOHYETHCS KOMOIHOBaHA CHCTEMa EJIeKTPONOCTAYaHHS, SIKa BKJIOYAE IIEHTPATi30BaHYy EHEPrOCHUCTEMY,
BJIACHUH TypOOTreHepaTrop, SKWH BUKOPHUCTOBYE TEIUIOTY, IO BUIIUIAETBCA B PE3yNbTaTi TEXHOJOTIYHOTO
nportecy, Ta MiHi-I' EC. Cxema nependayae oTpUMaHHS €JIEKTPUYHOI €Hepril IpOTATroM JOOH BiX Pi3HUX IKepem
JKHBJICHHS.

EnemeHTH KOMOIHOBaHOI CHUCTEMH EJIEKTPOIIOCTaYaHHS IPALIOIOTh B MapajleibHOMY, HOCIIIOBHOMY abo
MIOCJTIIOBHO-TIAPANICNIFHUX PEXUMax. 3alpoloHOBaHa KoMOiHOBaHa enextpoeHepretnyna cuctema (KEEC)
MpaIlOE B MapajelbHOMY PEXKHMI, KOJIHU CJICKTPOCHEPTit0 BUPOOJSAIOTH OJHOYACHO BCI EJIEMEHTH
€HEeprocUCTeMH.

OcHOBHI mpoOyieMH, sKi MOTPIOHO BHUPIMIMTH INpH CTBOpeHHI anroputMmiB ynpasininHs KEEC, ne
ONTHMIi3allisl TEXHOJIOTIYHUX MpolieciB BUpoOieHHs enexktpoeneprii KEEC.

B npamiii poGoti KpuTepieM onTmMizamii € 3HIDKCHHS CYMapHHX 3aTpaT Ha eJNEeKTPUYHY CHEprilo, SKY
CHOXWBA€ XIMITHE TiAIPUEMCTBO 3a IIEBHUH Yac.

Jiist mo0ynoBr MaTeMaTHIHOI MOJIETi He0OX1THO JOCTIIUTH 3B’ SI3KM MK IMMH €JIeMEHTaMH, BHYTPIIIHI Ta
30BHIMIHI ()aKTOPH, IO BIUTUBAIOTH HA (QYHKI[IOHYBaHHS CUCTEMH (PUCYHOK 1).

BaytpimHiME (pakTOpaMu CHCTEMH BH3HAYaEMO MMapaMeTpu: (QYHKIliS IepeTBOPEHHS €Hepril kepena B
CNICKTPUYHY CHEPrilo, MaKCHMajbHa IOTYXHICTh YCTAaHOBKH a00 KOHCTPYKTHBHH TIapamerp IO
XapakTepu3yBaTHUME BUXIJHY MOTYXKHICTh Ta IHIIE.

30BHILIHIMU (aKTOpaMU CHCTEMU BU3HAYa€MO SIK KOHTPOJIbOBAHI Tak i HEKOHTPOJbOBAaHI MOAa4l HOCIis
eHepril SKUi BUKOPUCTOBYETHCS YCTAHOBKOIO.

OCHOBHUMH E€KOHOMIYHUMH NOKa3HMKAMHU CUCTEMH BH3HAYMMO NUTOMI 3aTpaTH Ha TOW YW IHIIMH pecypc
CHCTEMH.

Xu(t) Xa(t) Xa(t)

ay(t) ay(t) as(t) l

EHeprocuc- MiHi-rEC _ Typ6o-

E— Tema — reHeparop

ns

n;
y(t) ya(t) ys(t)
v v \ 4
CINIOXNBAMI

Puc. 1. ®axropu dpynkmionysanas KEEC

Jlnst 3a6e3neueHns kiaacudikaii, BCi OCHOBHI (h)akTOpH PO3ALIAMO 33 HACTYITHUMH TpynaMu [4]:
1. TIpocTip BXiTHMX CUTHAJIB:
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X(1) = (X, (1), X2 (D). X, (1)) .
y(®) = (Y1 (0, y2(0)...ya (1)) .
a(t) = (ay(t), ay (1).. 2, (1) .

Enementu KEEC, Ta iX no3HadeHHs:
| — eJIEMEHT CHCTeMHU:
i =1- o00’emHana eHeprocucTeMa YKpaiHu,
i =2 - mini-T'EC,
i =3 - Typboreneparop.
Xi(t) — BXiZHWMIA CUTHAT i-TO €JIEMEHTY;
yi(t) — BUXimHUil CHTHA i-TO CNIEMEHTY;
N; — KOHCTPYKTHBHI MTapaMeTpH i-TO eJIeMEHTa,;
ki — xoediuieHT KOpUCHOI [ii mpolecy MepeTBOPEHHS EHepril Jokepesia B ENCKTPUYHY CHEprir i-ro
€JIEMEHTA;
a;(t) — mapameTp cHCTEMH YIIPABIiHHS aKTUBHICTIO BXOAY i-TO SIEMEHTA.
VY 3aranbHOMY BHMAJKY IIIbOBA (PYHKI[IS MATEMATUIHOT MOJIEII MA€ BUTIIS;

2. [IpocTip BUXITHUX CUTHAIIB!

3. [IpocTip KepyroUnx BIUINBIB:

T3
V(T)=[>ci-y;(t)dt - min, (4
ty i=1
IIe ¢; — TATOMA BapTiCTh OAMHUII €IEKTPUIHOI EHEPTil BiXl i-TO €JIeMEHTa;
Yi(t) — KiTBKICTH OMUHUIIG €TEKTPHIHOI CHEPTii OTPUMAHOI BiJl i-TO eIEeMEHTA.
OnuiieMo 3B’s30K MK (QyHKLISIMH BXOJly, BUXOJy Ta BHYTpILIHIMH ITapaMeTpaMu CUCTEMH ISl €JIEMEHTIB

y;(O=F (x®).n; )0 (2, ()

ne f; — pyHKIis HepeTBOpEeHHs eHeprii [UKepesa B eJEKTPUYHY €HEPTito BUPOOJIEHY i-THM eJIeMEHTOM.
Jlyist omucy BUXOMY [UISL €IEMEHTY =1, a caMe €HEepProCUCTEMH, BUKOPHUCTAEMO PIBHIHHS:

T
ya(®) = [[S®) -y (1) - ya (O it ()
to
KonkpernszyeMo BXiHWI CHTHAN eeMEHTIB i = 2,3:
Xo(t) — BUTpaTH MOTOKY BOIH;
X3(t) — THCK mapu.
Tak sik XIMi4HI MiATPUEMCTBA MalOTh OE3MEPEPBHUI LUK POOOTH, TO BOHH BUKOPHUCTOBYIOTH Tapudu Ha
eJIeKTpOeHepTio, AudepeHIiiioBani 3a 30HaMu 100H.
Po3risiHeMo cki1a10Bi OLIIHKK BapTOCTI €JIEKTPUYHOT €Hepril OTPUMaHOT BiJl /-0 eJIeMeHTa!
- 00’eHaHOT eHeProcucTeMH YKpaiHu:
c-k,, om teT,
qt)=5c-k,, om teT,, @)
c-k, om teT,

Jie ¢ — TapudHa CTaBKa Ha €JIEKTPOCHEPTiIo BiJ 00’ €IHAHOT EHEPTOCUCTEMH,

K., K.n K, — Tapudni xoedimieHTH 0JHOCTABOYHOIO TPHOX30HHOTO Tapu(y B YaCOBUX 30HAX BIAMOBITHO
mikoBii T,, HAMIBMIKOBi#M T,,Ta HIUHIH.

- YCTaHOBOK, BHKOPHCTOBYIOUHMX O€3KOINTOBHI Mkepena eHeprii, MiHi-I'EC i TypboreHnepaTop, SKnii mparoe
TEIUTOTI, 10 BUAUIAETHCA B PE3YNIbTaTi TEXHOJIOTTYHOTO MPOIIECY:

Ci = Cy.i. + Co.o.i. + Ca.i.(t)x (8)
Je ¢, ; - IMTOMa BapTiCTB YCTaHOBKH,

Co.0.i - TIATOMA BapPTICTh JOJATKOBOTO 00 THAHHS;
C,.; - TATOMA BapTICTh OOCITYrOBYBaHHS YCTAHOBKH Ta TOJATKOBOTO 00JIaTHAHHSI.
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IIpn HenmocraTHIH KUIBKOCTI Hapy, IO YTBOPIOETBCS B PE3yNIbTaTi TEXHOJOTIYHOTO MpOLEecy, I
3a0e3medeHHs] poOOTH TypOOTreHepaTopa MOKe BUKOPHCTOBYBATHCH Mapa BIACHOI KOTEJbHI, IO MPHBOAUTH 10
JIeSIKUX BUTPAT IMIPUPOIHOTO ra3y. Tozi BapTicTs enekTpoeHeprii Bix TypboreHepaTopa Oyae BU3HAYATHCh:

G = Cy.i tCooi T Coi (t) +Cpani (t) ) (9)

J€ Cpani(t) — IMTOMA BapTICTh JOAATKOBOTO MANKBA IS 3a06e3meueHHs poboTH TypOoreHepaTopa.

st moOynoBu MaTeMaTHYHOT MOJIENTi IOITyCKAaEMO, 110 BiJIOME POTHO3HE 3HAUCHHS eJIEKTPOCIOKUBAHHS —
S(1).

Po3B's3yBaHHA 3amad TaKoTO THITy Yy 3arajJlbHOMY BHUIJIAAI HEBioMe, TOMY OTpPHMaHy MOJENb CIiJ
NEePEeTBOPUTH 10 BHUIY, NPUHHATHOTO JUIA BHKOPHCTAHHSA BIiIJOMHX METOXIB, QJITOPHTMIB, IPOIpaM.
CkopucTaeMocs aAUTUBHOIO BIACTUBICTIO iHTETpaja

T M tm M M
[fdt=3 | fOdt= T (tn—tn) =D fr AL, (10)
to m=1 m=1

m=lt,

TakuM yMHOM, SIKIIO iHTEpBaN (YHKIIOHYBaHHS CHCTEMH PO30OMTH Ha PIBHI YaCTHHH TpUBAJicTO At (y
CBOIO Uepry, Taky TPUBAJICTh JIETKO 3BECTH 10 "OAMHWYHOI", At = 1, BBakarouu "onuHHMIE" PIK, KBapTa,
MICSIb, THXKICHB, ICHB, TOMUHY, TOIO) Ta 3MINCHUTH AlpPOKCHMAIliI0 (YHKIIN X yCepeIHCHHUMHU 3HAYCHHIMHU
Ha MPOMIXKaXx MOy, TO chOPMOBaHY BHIIE MAaTeMaTHYHY MOJIENIb MOXKHA TIOAATH y BUTIISL:

N
V(T):Z(Cln'yln+02n'y2n+03n'y3n)_)minv (11)
n=1
Yin = Sn —Yon = Yon. (12)
Yan = 2 (Xan, N2) - @20, (13)
Yan = f3 (Xan, N3) - @30, (14)
Sn=Yan - Yan - Yan - Yan = 0. (15)

3 ypaxyBaHHSAM KOHCTPYKTHBHHX OCOOJHMBOCTEH N; Ta KoedimieHTy KOpHCHOI aii K; 3amuiinemo

Yon = Kz Xon N2 - @gn, (16)
Yan = K3 X3 N3 * @an, , 17)

Toxai minboBa GyHKIIisA Oyae IpeAcTaBICHa Y BHII

N
v(T) ZZ((cln “Sp +(Cpp +Chan +Cop —Cipn) Ko - Xpp - Ny -y +
n=1 (18)

+(C,53 +Chan T Co3 +Crag —Cin) Kz Xgn - N3 - gy ) —> Min

3 00OMEXEHHIMH:
Sy —Ky - Xop - Ny -85, +Kg - Xz, -Ng -85, 20. (19)

Hana MareMaTuyHa MojeNnb 3abe3nedye MiHIMI3allilo 3aTpar Ha BHUPOOJCHHS eJeKTPOeHepril
KOMOIHOBaHOIO eHeprocucreMoro. IIpoTe 3a m0mMoMOrorw Koe(illieHTiB MH MOXEMO BBECTH TaKi J0MaTKOBI
KpHUTepil ONTHMI3allii Taki SK EKOJIOTIYHICTh, SKICTh €INCKTPOCHEPTii, HaaiiHICTh €NEKTPONOCTaYaHHs TOIIO.
Hanpuknan

N
V(T) ZZ(el'Cln “Yin +€5-Cop - Yon +€3-Cay - ySn) —>min ) (20)
n=1

Iie e; — KoeQiIieHT, 0 BpaXxOByBaTUME, HAMIPHUKJIA]I, EKOJIOTIYHICTh YCTAHOBKH Ta JISXKHUTh B Mexkax Bix 0 1o
1.

Ha pucynky 2 moka3aHo rpadik HaBaHTaXXeHb KOMOIHOBAaHOT €HEPrOCHCTEMH IS MiJACTAHINI XiMiYHOTO
MiATIPHEMCTBA, 0 SIKO1 MOXKYTh OyTH ITiIKIIOUEH] aJlbTePHATUBHI JKepeIa eHeprii .

KombinoBaHa eHeprocucTteMa XiMIYHOTO MIiANPUEMCTBA BKIIOUae B cebe pkepena 00’ €aHaHOI
eneprocuctemu, MiHI-I'EC 1 TypOoreneparop, SKHi Ipamioe Ha TEIUIOTi, IO BUAUISETBECS B PE3yNbTaTi
TEXHOJIOTIYHOTO TMPOIIECY.
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|EI EHepzocucmema B Typb6ozeHepamop O MiHi-TEC |

Puc. 2. I'padix HaBaHTa)KeHHS KOMOIHOBaHOT €HEPTOCUCTEMH

CHiBBIIHOIICHHS YaCTOK BUPOOJICHHS eeKTpU4HOI eHeprii pisHumu enementaMmu KEEC st pi3HEX ce30HIB
(31Ma — JIiTO) MPE/ICTAaBICHO Y BHUIVISAI KPYTOBHX AiarpaM Ha PUCYHKY 3.

Suma Jlimo
Mini-r'EC MiHi-r'EC
TypGore- 1% 1%
HepaTop Typ6ore-
18% paTop
21%
Exepro- Enepro-
cuctema; cuctema
81% 78%

Puc. 3. [liarpama BiZICOTKOBHX CITiBBiJHOIIICHB €ICKTPOCIIOKUBAHHA BiJ] PI3HUX JPKEpes eHepril

Po3paxyHkoBUI pexuM poOOTH ambTepHATHBHUX JDKepen IionoboBuit. [IpoTe HaiOimpmmii edekt Bix
TXHBOIO BHUKOPHCTAHHS JOCSATAa€ThCs B TOAMHH MakcuManbHOoro HaBanTaxkeHHs OEC. Ilo-mepire, edekr €
€KOHOMIYHUM, TO-[pyre, podoTa albTepHATUBHUX JPKEpEIl Y MIKOBI TOJMHH MiJBHIILYE MO3UTHBHO BILUIMBA€E Ha
HAIIWHICTh EJIEKTPOIIOCTAYaHHS.

BucHoBku.

1. IlpoBeneHuii aHaymi3 TNOKa3aB, IO BapTICTh EJNEKTPUYHOI eHeprii, BHPOOJIEHOi allbTepHATHBHUMU
JUKEpeJlaMH eHeprii 3HaXOJHUTHCS Ha OJTHOMY PIiBHI 3 TPaJUIIHHUMH €JIeKTPOCTAHIIIIMH.

2. AHaii3 TeXHOJIOTIYHOTO IIPOIiecy MOKa3aB, U0 MPpH NO00Y10Bi KOMOIHOBAHOI CHCTEMH €JIEKTPONIOCTaYaHHs
XIMIYHHX MIiANPUEMCTB JIOLUUIBHO PO3IJISJaTH OKPIM HEHTPATi30BAHOTO EJICKTPOIIOCTaYaHHs 1MOo0yJOBY MiHi-
I'EC nnst 3a0e3nedeHHs BOAOIIOCTauyaHHs 1 yCTaHOBKY TypOoreHeparopa, sikiii Oyze npalifoBaTH Ha TEIUIOTi, 110
BUJILIAETHCS B PE3YNBTAaTi TEXHOJIOTTYHOTO MPOLIECY.

3. Po3pobnena maremaTHyHa MOJIENb, IKa 3abe3leuye MiHIMI3alliio 3aTpaT Ha BUPOOJICHHS eJIeKTPOeHepril
KOMOIHOBaHOIO €HEProcUCTEMOI0. 3a JOIMOMOTol0 KOe(illieHTIB MOXXYTh OYTH BBEJEHI JOJATKOBI KpHUTEpii
OTITHMI3aIlil TaKi IK €KOJIOTIYHICTh, SKICTh €IEKTPOCHEPTIi, HAAIHHICTh eeKTPOMOCTaYaHHs TOIIIO.
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4. TlpoBenmeHi eKCHEpUMEHTAIbHI JOCH/DKEHHS TIOKa3aJi BHCOKY e(EeKTHBHICTh KOMOIHOBaHOI
CIIEKTPOCHEPreTHYHOI CUCTEMH, sIKa TO3BOJISE SK 3HU3UTH 3aTPaTH Ha €JIEKTPONOCTayaHHS, TaK 1 3MEHLIMTH
Bukuau CO, B aTMOchepy.
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Energy supply of chemical objects is considered. It is shown that use of own energy sources by this energy
consumption group is not widely applied. In the article it is displayed that the heat produced during ammonia
synthesis is not applied for effective work, moreover, additional energy is wasted to cool down the vapor. Thus,
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electricity; and for intake pumps supply energy of mini HES built on the nearby river can be used. A combined
energy supply system for chemical plant was suggested; it composes from units of Unified Power System, mini-
HES and turbine-generating set which applies the heat produced during technological process. Mathematical
model for optimization of electricity production by the combined power system was proposed. It is shown that
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YK 621-523.8
B.I1. PO3EH, E.H. UHIIEKOB, N.B. KAJIMHYUK
ONTUMM3ALIASA NPOILECCOB BBIPABOTKH 3JIEKTPOSHEPTMM KOMBUHUPOBAHHOM

SJEKTPOSHEPIETUYECKOW CUCTEMOM

CI/IHTCSI/IpOBaHa KOM6I/IHI/Ip0BaHHa${ CHUCTEMA 3HCKTpOCHa6)KeHI/I$[ XUMHUYECKOTO MPEANIPUATHUA, BKITFOYAroIias
WCTOYHUKNA OO0BeIWHEHHOW »HeprocucteMbl, MUHH-IDC wu Typboreneparop, paboTarommuii Ha TEIUIOTE,
BBIICJIAIONICHCS B  pE3ylbTaTe TEXHOJOTHYECKOTo mporecca. llpeanmokeHa MaTeMaTHdeckass MOIeEThb
OTNITUMM3AIMH BBIPA0OTKA AJIEKTPOIHEPTHH CHHTE3UPOBAHHOM dHEProcucTeMbl. [loka3zaHo, 9TO HCIIOIb30BAHKE
KOMOMHHPOBAHHOTO  3JIEKTPOCHAOKCHHUS obecrieunBaeT YMEHBIIIEHHE TEHEPUPYEeMOH MOIIHOCTH B
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00bEAMHEHHON YHEprocucTeMe YKpanHbl, YTO NMPHUBOJUT K MPONOPIMOHAIILHOMY YMEHbIIeHUIo BeIopocoB CO,
B aTMOCdepy.

KinloueBble  cjIoBa:  2JIEKTPOCHAO)KEHHE,  ONTHMHU3AaLMs, KOMOMHHPOBAaHHas  SHEProCHCTEMa,
BO300HOBIIEMast JHEPTETHKA.

YIK 621.311
H.B.bYCJIOBA , M.O.FAJZIEIIIEHKOBA, I M.YAIOH

BILJIMB ITOBITPSIHOI JIIHII HAIIPYT'OIO 750 KB BIJI IIJICTAHIIII
«3AIIOPI3bKA AEC» 10 MIACTAHIII «<KAXOBCbKA» HA
PEXKMMU POBOTHU OB’€THAHOI EHEPTOCUCTEMH YKPAIHU

OnHUM 3 TOJIOBHHX HAIIPSMKIB PO3BHTKY EJIEKTPOCHEPTEeTHKHM YKpaiHW € PO3MIMPEHHS MaricTpaibHUX
Mepex, Hacammepen Mmepexx Hanpyroio 750 kB. Cepen o006’ektiB Hampyroro 750 kB, mio minanyiooTbes 10
CHOPYKEHHS 3TigHo 3 EHepreTnyHO0 cTpaTeriero YKpaiHUW, BapTO BHIUIMTH HOBITPSHY JIiHIIO BiJ MiICTaHIIi
«3anopizpka AEC» mo miacranmii «KaxoBceka». B poOoTi 3a3HaueHO BaXIUBICTH 11 CHOPYIDKEHHS Ta
PO3TIISIHYTO BIUTUB Wi€l JiHIT Ha pexxuMu pobotn O6’eTHAHOT eHeProCUCTeMH Y KpaiHu.

Karwuosi cnosa: [ositpsHa minis, Pexum poboru, OEC Ykpaian, OnTuMizamis, IporpaMHAI KOMIDIEKC
«KOCMOCy.

Beryn

OCHOBHOIO 33J]a4el0 MaricTpajbHUX EJIEKTPUYHHX Mepex € 3abesnedeHHs (yHkuionyBanHs OO0’eqHaHOT
eneprocucremu (OEC) Ykpainu sik €IMHOTO KOMILIEKCY 3 BUPOOHUIITBA €JIEKTPOCHEPTii, ii TPAaH3UTY 3 PErioHiB,
SKI XapaKTepH3YIOThCSl HA/UIMIIKAMHU TEHEPYIOUMX MOTY)XHOCTEH, y Ne(iUMTHI pEerioHH Ta IOCTAauyaHHS B
posmnozinbHi Mepexi. OcHoBy MarictpansHux Mepexxk OEC VYkpaiuu craHoBmsaTh JiHii Hampyroto 750 xB. B
nepcnekTuBi 10 2030 p. mepenbaueHO IHTCHCUBHHI PO3BUTOK CHCTEMOYTBOPIOBAJIBHOT Mepexi Hampyrow 750
kB ms migBumenss HaniitHocTi Gpyrknionysanns OEC Ykpainu [1].

3aBaaHHA Ta MeTa JOCTiIKEeHHS

MerToro mociiKeHHS € BU3HaUeHHs BIUMBY noBiTpsiHo1 diHii (I1JT) Hampyroro 750 kB Big miacranmii (IIC)
«3anopizpka AEC» mo I1C «KaxoBcbka» Ha pexxumu podotn OEC Ykpainu.

CriopyKeHHs i€l JiHIT MIaHyBalloch IIIe 3a pamsHChKuX daciB. Y 80-x pokax XX cTomiTTs BoHa Oyna
CIPOEKTOBaHa Ta Ii3HIilIe YacTKOBO MoOynoBaHa. He3Bakarouw Ha Te, 1O Ui CIIOPYIDKEHHS JIiHIT Bxke Oynn
npuadaHi 3eMenbHi JUITHKY, Y 1992 potii Oy JiBHUITBO PUITHHUIIH.

3apa3 no [1C «3amnopizeka AEC» miakmtodeno tpu [1J1 750 kB, depes siki 3M1HCHIOETHCS BUAa4Ya MOTYKHOCTI
3anopizpkoi AEC o mepexx OEC VYkpainu, a came: IIC «3anopizbka AEC» — TIC «/lninpoBcbkay, T1C
«3amnopizbka AEC» — IIC «3amopisska», [IC «3anopizeka AEC» — «IIC IliBnennomonbaceka» — IIC
«lonbacbkay. [lnanysanocs, mo I1JI «3anopizeka AEC — KaxoBcbka» CTaHe OJHIEIO 3 YOTHPHOX MOBITPSHUX
JiHIA Uit BuAadi motyxHocti 3amopizpkoi AEC Ta macTh i 3MOTY mpamfoBaTd Ha MOBHY HOTYXHicTh. OmHAK
yepes 3yNHUHKY CIIOPYIKCHHS JTiHii cxeMa npueanands 3anopizskoi AEC nmotyxknictro 6000 MBT He BinmoBigae
Hopmam texnomoriunoro mpoekrtyBaHHsS AEC, ockimbkm B miama3oni moryxkHocTi 5300-6000 MBtT He
3a0e3MneuyeThCs JUHAMIYHA CTIHKICTH 11 eHeproOoKiB MpH KackagHoMy BinkimrodeHHi aBox [1J1 750 kB (ma I1C
«Juinposcpkay Ta [1C «3anopispkay). Lle o3nagae, mo rpanngHa noTyxHicTs AEC mpu TphoX iCHYIOUYHX JIHITX
1 aBTOTpaHC(hOpMATOPHOMY 3B’s13Ky 0OMekeHa BenmanHO0 5300 MBT. TakuMm 4rHOM, CIIOPYIKEHHS YE€TBEPTOL
ninii Hanpyroto 750 kB Big 3amopizskoi AEC € HeoOXigHuMm.

Hapasi crnopymxkenns minii «3amopisbka AEC — KaxoBcbka» BiIHOBJICHO, OCKUIBKM BBEICHHS B
excruryartarito IIJI 750 xB TIC «3anopizska AEC» — IIC «Kaxosceka» pazom 3 IIC 750/330/220 xB
«KaxoBcbKkay T03BOUTH 3HATH OOMEKEHHS Ha BUAa9y HOTY>KHOCTI 3anopi3skoi AEC Ta migBUIuTH HAAIHHICT
@JIeKTPONIOCTaYaHHsI CHOXWBAUiB MiBIEHHUX perioHiB Ykpainu [2]. [ligcranmis «KaxoBcbka» € HaI3BHIaWHO
BaXIUBUM 00’€KTOM, a/kKe BOHa Oyae (akTHYHO JDKepesroM enekTpoeHeprii ams Kpumcekoi eHeprocucremu
(EC) 1 medinuTHux wactuH JlHinpoBchkoi Ta IliBmenHoi EC. Takoxk IuiaHyeThCs, IO Ti3HIIIE BOHA CTaHE
ocHoBoro s cropymxenns [1JI 750 kB «Kaxoeceka — Ilpumopcbkay, sika HEOOXigHA JUIS ITiIBUIICHHS
HAJIIHHOCTI ENEKTPOIIOCTaYaHHs MiBJACHHUX paiioHiB Omechkoi 00acTi.

3aranpHa nosxkuHa [1J1 «3anopisbka AEC — KaxoBceka» cranoButh 186,11 kM. Beboro Ha Tpaci ninii
TUIAaHY€ETHCSI BCTAHOBUTH 496 omop, 3 sikux 427 npoMiKHHX Ta 69 aHkepHHX. OpHi€0 3 0cOOIMBOCTEH JiHIT €
BUKOPUCTAHHS TOCHJICHHX OIOp, OCKUIBKHM THIIOBi ONOpH HE BiAmoBimaroTs BuMoram aitodoro IIVE [3], a
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