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AHAJII3 MPOLECIB EHEPI'OOBMIHY IIPU BAJTIAHCYBAHHI
PEKUMIB CUCTEM EHEPI'O3ABE3IIEYEHHA 3
PO3OCEPE/’KEHOIO 'EHEPALIIEIO

Ilokasano, wjo 6adxicausol0 ymogow cmabilbHOi pOOOMU CYHACHUX CUCTNEMAX eHepeo3abe3neueHHs €
OOMPUMAHHA OANAHCY MIJC BUPOOHUYMBOM MdA CHONCUBAHHAM eleKMPUUHOi eHepeii. Axmuene 30inbuieHHS
Yyacmru GIOHOBMIOBAHUX Odcepell eHepeii 3IUYULYE  3aCmOCO8Y8aAmU HOBI ANOPUMMU DANAHCYBAHHA NONUMY MA
npono3uyili, 30Kpema, 3a paxyHox eHyukocmi. Lle nepedbauae HeoOXiOHICMb 8NPOBAVANCYBAMU HOBI MEXHONO2IUHI
piuienHs ma nioxoou 00 OANAHCYBAHHS PeXCUMIE 2eHepayii ma CROXCUBAHHS (30AMHICMb ONEPAMUBHO Peazy8amu
Ha 3MIHU NONUMY Ma Npono3uyii), wjo, y C60H uepzy, BUMazac 0emdaibHO20 AHANI3Y NpoYyecie 0OMIHY eHepeii 6
elleKmpoenep2emuyHux CUCmemax.

Busnano 3a neobxionicme noeiubnenoeo ananizy 6anancy ckiadoux enepeii, OYiHKU eleKmpoMasHimHOL
CyMiCHOCII 8 efleKmpOoeHepeemUYHUX CUCeMax, 0cOOUB0 6 YMO8AX 3POCHAIOU020 6NIUEY SIOHOEMI08ANHUX
Ovicepen enepaii Ha JNOKANbHI PUHKU elleKmpoeHepeil. Anani3 pisHOMAHIMHUX Gaxmopie 6niugy mexHoi02IYHUX
piuteHb ma cnienpayi pizHux CMOpPiH PUHKY € KIIOYOSUMU CKAAO08UMU OJisl PO3POOKU epeKmueHux cmpameeit
KepyeanHs ma 3a6e3neyenns CmiluKkocmi elekmpoenepeemuynol cucmemu.

Posznsinymo ocobrusocmi ananisy npoyecie enepeooOMiny 8 10KANbHUX eNeKMPOEHEPEMULHUX CUCEMAX
3 GU3HAYEHHAM OOMIHHUX NOMYICHOCMEU, AKI € [HMESPANbHUMY XAPAKMEPUCIMUKAMU GNAUGY PI3HUX (hakmopie
HeAKICHOCMI elleKmpoenepeii Ha 0OMIHHI npoyecu. 3anponoHo8ano 30ilCHI08amu nidgederHs OANAHCY CKIA008UX
enekmpuuHoi  emepeii Ha  OCHOGI OOMIHHUX Hpoyecigé y KOHMPONbOBAHUX NEPEeMUHAX  JOKATbHUX
€N1eKMPOCHEP2EMUYHUX CUCTNEMAX 3 BUKOPUCMAHHAM CKAAO0GUX MUMMEBOI NOMYICHOCMI HA  KOMHCHOMY
eHepeemuyHo He3MIiHHOMY cmaHi. IIpoananizoéano o0OMIHHI npoyecu 6 JIOKANbHUX eNeKMPOeHep2emUYHUX
cucmemax 3 GUOLIEHHAM PI3HUX PeHCUMi6 ix pobomu, 30Kpema, npu OYinyi pieHs eleKmpomMasHimmuoi cymic Hocmi
e/leMeHmi6 TIOKANbHUX e/leKMPOeHEeP2eMUYHUX CUCHIEM.

Beeoenns obminnux nomyscHocmeri 003601UN0 pO3POOUMU NOKAZHUKU OYIHKU DIGHA €/leKmMPOMASHIMHOL
cymicHOCmi eleMenmie J0KanNbHOoi cucmemu. [ oyiHKU 001b08020 BHECKY CHOJNCUBAYIE HA NOSIPULEHHSL AKOCMI
enekmpoenepeii 6 mouyi 3a2anbHo20 NIOKNOYEHHA 3aNPONOHOBAHO AN2OPUMM OYIHKU G3AEMHO20 GNIUBY
elleMeHmi8 3 GUOLIEHHAM GHECKY elleMeHmAd Y CHOMEOPEHHs. eleKmpoenep2ii Y KOHMPOIb08AHOMY NepemuHi ma
auanizy 6eIUHUHYU GNIUGY CIOMBOPIOIOYUX (DAKMOPIE HA eNeKMPOMASHIMHI NPOYeCU 8 eJleMenmi CUCEMU.

Copmosano onmumizayiiny mooens 00CAHeH s 3a0aHUX PIGHIE DANAHCYB8ANHS (SHYUKOCMI) 8 IOKANbHUX
elleKmpoeHep2emudHUX CUCeMax 3 aKyMyIamopamuy eHepaii.

KoarouoBi cnoBa: cucmemu enepeoszabesneuenis, 10KaibHi e1eKMpoOeHep2emuiti Cucmemu, 8i0HOGII0BAHT
Odrcepena enepeii, posocepeddicena 2enepayis, DANAHCYBAHNS PEICUMIB, CHYYKICIb, KePYBAHHS NONUMOM, OOMIHHA
NOMYACHICMb.

Beryn

Ha cporogni po3BHTOK eNIEKTPOEHEPIeTUKH Iependadae cyTTeBi TpaHcdopmauiiiai 3miam [1 — 4].
BaxnBoro yMOBOIO cTabinbHOI POOOTH Cy4acHMX PHHKIB €JIEKTPHYHOI €Heprii € NOTpUMaHHs OajaHCcy Mixk
BUPOOHMIITBOM Ta CHOXMBAHHSAM eJeKTpuuHoi eHeprii [4 — 7). Ha puHkax, sKi 3acHOBaHI Ha MOHONOJII Ta
BIZICYTHOCTI KOHKYpPEHIIii, IMUTaHHSI JOTPHUMAaHHSI OajaHCy MK IONUTOM Ta MPOIO3HUIIEI0 BHPIIIyBalOCh
HACTYITHUM YUHOM: BUPOOHMKH €JIEKTPUYHOT €Heprii MiATpUMYBaJIU BEJIMKI PE3ePBH I'€HEPYIOUHX MOTYKHOCTEH,
sKi Oynu nye Hee(heKTUBHI Ta JOPOTi, a BUTPATH Ha I1i JOAATKOBI Pe3ePBU OILIadyBaJIHCh 32 PAXyHOK CIIOKHBAYIB
yn moxatkiB. Ilpm mpomy mpobiemu 3 6ajaHCOM TOMUTY Ta MPOTO3MUINI BUPINIYBAINUCH IUIIXOM OOMEKEHHS
TeHepartii.

3 BNPOBa[KEHHAM KOHKYPEHTHHX PHHKIB €IEKTPUYHOI €Heprii HpH MIMPOKOMY 3aCTOCYBaHHS
BigHOBIIOBaHUX Jokepen eHeprii (BAE) migxoaum 10 BHpPOOHMITBA Ta CIIOKHBAaHHS —EJIECKTPOEHEpTii
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3MiHIIHCE [§ — 10]. V mepiny gepry yJacHHKH PHHKY Ta OIEpaTop CHCTEMH Iepenadi (po3Iominy) BkKe MaroTh
HECTH CHUIBHY BiINOBITaNBHICTh 32 OajlaHC BUPOOHHUIITBA Ta CIIOKUBAHHS EJIEKTPUYHOi eHeprii. Came ToMy
YYaCHUKH PHHKY IUIAHYIOTh CBOIO IISJIBHICTH TakMM YMHOM, LI00 OajaHCyBaTd BUPOOHMILTBO Ta IONMHUT 3
HAMEHIIIMMHU BIAXWICHHSAMHM SIK 4YacTOTH, TaK 1 BiJl BU3HAYCHHUX NPOQINIB TeHepalii Ta CIOXKHBAHHS
enekrpoeHeprii [5 — 8.

Cu1ij1 3a3HaYNTH, 1110 BUTPATH Ha IUCIIETYEPHU3ALIIIO 1 pe3epBYBaHHS 3pOCTAIOTh IPONOPLIITHO BCTAHOBIICHIN
MOTY>KHOCTI eJIEKTPOCTaHIl, sSIKi BUpoOIsitoTh enekrpoeHeprito 3 BJIE, 3okpema, constunux (CEC) Ta BiTpoBHX
(BEC) emextpocTaHmiii, Ta Ha CHOTOTHIIIHIN NeHb y NepeBaKHill OULTBIIOCTI BHIIAAKIB HE KOMIICHCYIOTHCS
BIIACHUKAMH IUX eNeKTpocTaHmii [11 — 14]. MoxmuBicts iHTerparii go ckinaxy OEC Vipainu motyxsaocTeit BEC
ta CEC B 0CHOBHOMY 00yMOBIIOETBCSI MOXIIMBOCTSIMH 3a0€e31IeueHHs] BUKOHAHHS BUMOT a/IeKBaTHOCTI TeHepaii
— MOXJIHBICTh MIATPUMKH TOCTIHHOTO OallaHCy MiXK TeHepalli€ro i CHOKWBAaHHAM ENEKTPUYHOI eHeprii mpu
HOpPMAaTHBHINA ii SKOCTi mpu 3abe3leueHHI HEOOXITHOTO DPIBHA PE3ePBHUX IMOTYKHOCTEH. BcraHOBIECHO, IO
BUKOPHCTAaHHS TOBHOIO Miporo Bike icHytounx BJ/IE Ta OymiBHHIITBO HOBHX JDKEpeN TeHepalii HEeMOXIUBI 0e3
3aco0iB OanmancyBanHs eHeprocuctemu [8, 10]. Tak, yactka rerepanii BEC ta CEC B mOoKpuTTI HaBaHTaXCHHS
eJIeKTpOCHEPrii BHIHA 3 OanaHCy enekTpoeHeprii B Ykpaiui 3a 2021 p.: AEC — 56,0 %; TEC — 25,0; TEL] — 4,0;
I'EC - 3,0; TAEC - 1,0; CEC — 6,0; BEC — 5,0 %.

Hecranicts pexxumi poootu BJIE HeraTupHO BIIHBa€e Ha 0aIaHCOBY HaAIHHICTh CHEPTOCUCTEMH, a TAKOK
Ha crifikicte 1 pobotu [6, 7, 11]. AkruBHe 30umbmenHs yactku BJIE, sk posocepemxenoi renepanii, B
€HeprocucTeMi, 3MyLIy€e CUCTEMY NMPUIAMaTH HOBI MpaBuia poOOTH NpH OajaHCyBaHHI HONUTY Ta MPOMO3HMLIl, Y
MepIIy Yepry, 3a paxyHOK MiJBUIIEHHS I'HyYKOCTI CHCTEMH, TOOTO 34aTHOCTI 3a0e3nedyBary O0ajtaHC MOMHUTY Ta
MPOTIO3UIIiT, MIATPUMYBATH OE3MEePEPBHICTh Y HEOUIKYBAHUX CUTYAIISIX 1 CIIPABISITHCS 3 HEBU3HAYCHICTIO TIOMTUTY
Ta mpormo3utii [3, 11].

IcTopudHO TpaAMIiiiHI €IEeKTPOEHEPTETHYHI CUCTEMH OylN CIIPOCKTOBAaHI 3 BEMMKUMH IICHTPATi30BaHUMHA
TCHEPYIOUUMH CTaHIIISIMH, Ji¢ BHPOOHHIITBO BiIIIOBIIAJI0 IOMUTY HA €IEKTPOCHEPTiI0; TAKUM YHHOM OayaHC OyB
JIOCSODKHUM JIO MEBHOTO piBHSA [5 — 7, 12]. OpHak iHTerpaiiisi reHepaTopiB BiJHOBJIIOBAHOI €HEpril SIK YaCTUHH
IHTEJIEKTYaJIbHUX MEpeX YCKIaJHWIa TpolLec 4Yepe3 iX HEeBU3HA4YeHICTh 1 mepepuBYacTicThb. Jlucbananc
€JIEKTPOCHEPTIi, CIPUYNHEHUI! 3pOCTaHHSIM IIONMUTY Ta MIKOBUM HaBaHTAXXCHHSM, MPU3BOAMTH MO 3pPOCTAHHS
HaBaHTAXXCHHS Ha EJIEKTPUUYHY 1H(PAacTPYKTypy Ta MOCTIHHOrO 3pOCTaHHS 1IiH Ha CHEPriio Ta 3HAYHO BILUIMBAE Ha
HAJIIAHICTB 1 SIKICTh enekTpoeHeprii [12 — 14]. [likoBe HaABaHTa)KCHHS 3a3BHYail 00YMOBJICHO XapaKTECPUCTHKAMU
CIIO)KMBAaHHs €JIEKTpOeHepril KIiHIEBUMH KOpUCTyBayaMu. He3Bakaioum Ha Te, 110 TPHUBAJICTh MIKOBOTO
HaBaHTa)XEHHS MOXKe OYTH BiTHOCHO KOPOTKOIO, pe3epBHI TIOTYKHOCTI €JIeKTPOCTAaHIIIi BCE OHO MOBHHHI OYTH B
pPeXUMI OYiIKyBaHHS, MO0 3a0e3MednTH 3aJ0BOJICHHS MOMUTY Ha CIEKTpOCHeprito B Oymb-skuii gac. 1106
MiATPIMYBATH €KOHOMIYHO e(DeKTUBHUI OaJaHC MOTHTY Ta MPOIO3HUIIT eIeKTPOCHEPTil, JOIIIEHO 3aCTOCOBYBATH
nBa MexaHi3mu [14, 16]. [lepmuii MexaHi3M 3aCHOBaHUI Ha IHTErpallii CHCTEeM HAKOIIMYCHHS CHEpTii, a ApyTHii
MeXaHi3M 30cepe/DKeHI Ha MiHiMi3amii MiKOBOTO HABaHTa)XXEHHS IIUIIXOM 320XOYEHHS KiHIIEBHX KOPHUCTYBAdiB
3MIHHTH CBOIO TOBENIHKY Yy CIOXKHBaHHI €JIEKTPOEHEprii 3a IOIMOMOTrOI0 CTUMYNIOIYMX mepesar. Ilepmii
MEXaHI3M B OCHOBHOMY OOMEXEHHIl BHUCOKHUMHU IIOYaTKOBUMH Ta EKCIUTyaTallifHUMH BHUTpaTamu. Jlpyruii
MEXaHi3M CYTTEBO 3aJISKUTh BiJl MOXJIMBOCTEH 1 Oa)kaHHsS KIHIICBMX KOPUCTYBaYiB Ta Mepeadadyae IIUPOKe
3acTOCyBaHHs MexaHi3MiB kepyBaHHs mnonuToM (Demand Side Management, DSM) mpu crpareriuHomy
rianyBaHHi. [Ipu npomy nporpamu DSM noBuHHI OyTH peTesibHO pO3poliieHi, 00 CTUMYJIIOBATH MOXIIMBOCTI
KIiHIIEBUX KOPUCTYBauiB Ha CTOPOHI MOMKUTY Ha elleKTpoeHeprito [16, 17].

BbanancyBaHHS Mae BUpilIaibHe 3HaYE€HHS AU HalliifHOI Ta Oe3nepepBHOI pOOOTH €NeKTPOEHEPTeTHIHOT
CHCTEMHU Ta MOXe OyTH JOCSATHYTE 3a JIOTIOMOTOIO KEepyBaHHs I'€Hepali€ro, KepyBaHHs IOIUTOM, IIPABUILHOTO
TUIAaHYyBaHHS Ta BeAeHHs pexumiB [14 — 17]. HoBi OanaHcyrodi MOTY>KHOCTI MarOTh BHKOPHCTOBYBATHCS IS
MIBUAKOTO BiJJHOBJICHHS CHIBBIJIHONIEHHS IONMTY Ta INPONO3UIIi B €JIEKTPOCHEPreTHYHHX EHEepProcucremax,
30KpeMa i B JIOKaJIbHUX CHCTEMaX.

[Ipobnemy 3 OanaHCyBaHHSAM MOJXKHa BHPIIIUTH NUIAXOM 30UIBIICHHS KUIBKOCTI 00’€KTIB THYYKOi
reHepanii abo MOTY)KHOCTEH aKyMyJIOBaHHS €Heprii, 30iIbIIeHHs MPOITyCKHOI 3IaTHOCTI, a TAKOXK MMOKPAIIEHHS
3matHoCTi KepyBauHs momuToMm [18 — 20]. Konmemmiss rHydkocTti mepeabadae 3HaTHICTH €HEPrOCHCTEMH
miATpuMyBaTH OajaHC MK BHPOOHHMITBOM 1 HABaHTAXXEHHSAM B yMOBaxX HEBH3Ha4YeHOCTi. IcHye me it
aJAMIHICTPATHBHUN 3axXil 3a0e3ledeHHs THYYKOCTi. BiH mojsrae y THMYacoBOMY OOMEKEHHI BiIIIyCKy
enektpoeHeprii 3 BJIE, y mepioan komm icHye 3arpo3a Oe3meuHiid poOOTi cucTeMu abo0 KOJM JIOKaJIbHI JiHil
eJIeKTporiepeiadi He 3/JaTHI TPOIMYCTUTH JOJATKOBI OOCATH ejekTpoeHeprii. Takwid MiaxiJ Ha3WBAETHCA
«OOMEKEHHSIM BiJITyCKY».

BignosinHo 1o MaTepianis Mi>kHapOJHOTO €HEPTETUYHOTO areHTCTBA I'HYYKICTh €HEPrOCUCTEMH O3HAYAE
«CTYIIHB, JI0 SIKOT eHeprochucTeMa MOXKE 3MIHUTH BUPOOHUIITBO 200 CIIOKMBAHHS €JIEKTPOSHEPril y BiIOBIAb Ha
MIHJIUBICTh, OYIKYBaHy 4H IHIIY», 200 SK «MOu]iKaIlis MOJeNi reHepallii Ta/abo COXKUBaHHS Y BLATIOBIAb Ha
30BHILIHINA cUrHan (IIHOBMH CUrHaj abo akTHBaLis) 3 HaJaHHSAM IOCIYyT B eHepreTHyHid cucremi». OTxe,
THYYKICTh €HEPrOCUCTEMH — L€ 3AaTHICTh 3MIHIOBaTH piBEHb BUPOOHHUITBA (200 CIIOXKMBaHHS) €IEKTPOEHEPTii y
BIJIMOBib HAa IHCTPYKIi ab0 CHUTHANM, Taki K, HampuKiIaj, kKonuBaHHs motykHocTi BJIE [19]. 'myukicTh
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XapaKTepu3y€eThCs IBOMA IMapaMeTPaMu:

1) wac BiATyKy — 3a CKUIbKH CEKyH]l, XBHJIMH a00 TONH;

2) TPHUBAJIICTh — NPOTSTOM SKOTO 4acy AMHAMIYHI XapaKTEepUCTHKH JIMIIAIOTHCS CTIMKMMHU (XBHJIMHH,
TONUHY a0o0 JIHI).

He Bukimkae cymHiBiB, mo s interpanii BJE 8 OEC Ykpaiun notpioHa rHy4KicTs. MOXINBI JKepena
rayukocTi: TEC/TAEC, inTepkoHekTopH, HakonnuyBadi, ManeBpeHi TEC, 30kpeMa, 3a HanpsIMKaMu:

— renepariist: [EC, TemnoBa moTyXHICTb;

— eNIeKTpOMeperka: IIePeTOKN MiX KpaiHaMu, koHIentis Smart Grid;

— PETyNIOBaHHS MONUTY: THYYKICTh HOIHUTY, CIIOXKHUBA4l PETYIIIOIOTh CBOE HABAHTAXKCHHST;

— HakonmdeHHsI: TexHonorii HakonmaeHHs (TAEC, 6arapei Tomo).

AHaJi3 mokasas, IO NMPH BIPOBAHKECHHI 3aX0/1iB 0aJaHCYBaHHS Ta THYYKOCTi B YKpaiHi MOKHA BHIIIJTUTH
Tpu pisus [8 — 10, 18 — 22]:

— OEC Yxkpainu — 3arajibHO/Iep>KaBHa CHEPTeTUIHA CHCTEMA;

— eJICKTPOCHEPreTUYHA CHCTEMa Ha PiBHI CUCTEM Iepeiadi — perioHabHi eJIeKTPOCHEPTeTHYHI CHCTEMH;

— CHCTEMH eHepro3ade3nedeHHs Ha PiBHI pO3MOJUTY eIEKTPOSHEPTii, y TOMY YHCIi aBTOHOMHI — JIOKaJIbH1
enexTpoeHepretnuHi cuctemu 3 BIIE (JIEC).

Ha chorogni Bke NOCTanO He3alepeyHHM TBEPKEHHS, L0 EHEProCHCTEMH MalOyTHHOTO OyayTh
Bkitouatd BJIE stk ©a30By eHepris IUIIOC THy4YKa TeHepallis Jjs OalaHCyBaHHS CHCTEMH, a aHali3 MpooieM
OaaHCyBaHHs MOMUTY Ta MPOMO3ulliil, rHyukocti B JIEC mOIiNbHO 3ifiCHIOBATH HA OCHOBI aHaJi3y OOMIHHHMX
SHEePreTUYHHX MPOIIECIB.

Memoro po6omu € BUBYCHHSI PI3HUX aCIEKTiB €HEProoOMiHy, BKIIIOUAIOYH TeHEpallito, Iepeaady, po3Mnoiiia
Ta CIOXKMBaHHS eJeKkTpoeHeprii. JloCHimKeHHS CHpsMOBaHEe Ha BU3HAa4YeHHA (I3UYHUX Ta TEXHIYHHX
0COOJNMBOCTEW LIUX IMPOLECIB, a TAKOX Ha aHaJli3 BIUIMBY (akTOpiB, TAKMX SK HABAHTAKCHHS, BTPATH €HEprii Ta
e(heKTHBHICTh CHCTEMH.

I’'nyukicTs sik 6a30Buii eJleMeHT 0aJIaHCYBAHHS MOMUTY TA MPONO3UILii

'HYYKICTh €NeKTPOSHEPreTHYHUX CHCTEM 3MEHIIYE HMOBIPHICTh 3HECTPYMJICHHS, KOJIM IIONUT Ha
enexkTpoeHeprito Bucokuii [20 — 22]. THy4KicTh MEPEXi € CKITaHOI0 JUHAMIYHOIO CHCTEMOIO, 1 Maiiyke HEMOYKITMBO
BpaxyBaTd Bci JIOKanbHI (akTopu B rio0anpHOMYy MaciuTa0i. OJHaK TMiIBUIEHA THYYKICTH Mepexi Mae
BUpIIIAIbHE 3HAYCHHS, SKIIO MU XO4eMO OTpuMyBatu Ouibine 25 % enexrpoeneprii 3i aminaux BJIE [21, 22].
[I{o6 mocTayaHHs €ISKTPOCHEPTIi CTaI0 MEePeBaXKHO abO0 MOBHICTIO BiIHOBIIIOBAHHUM, MEPEXKa MA€ CTATH OLIBII
THYYKOI0 Ta aJanTOBaHOI, HDK ChOrojHi. ['Hyuka Mepexa 3MOKe BIIOpPATUCS 3 HECTaOUIBHICTIO TOMHTY Ta
MPOTIO3HIIIT €JIeKTPOCHEPTii Ta JOCATTH CTAJIOro OaNaHcy.

[okpateHHs THyYKOCTI €IeKTPOCHEPTeTHYHNX CHCTEM JIOLIIBHO BECTH 3a TAKUMH HamlpsiMKaMu [22].

Ilocmauanus. My MOXXeMO BUPIBHATH KU Ta CIa Iy IPONO3UIIi{, pO3MINPUBIIY BUKOPHCTaHHS MOCTIHHUX
BIJTHOBJIFOBAHUX JDKEpENl, TAKUX SIK reoTepMalibHa abo aToMHA eHeprisi. Smart iHBEpTOPH Bil COHAYHUX JUKEPE
MOXYTh CIPHUSTH CTa0UTEHOCTI MEpPEXi Uepe3 ABOCTOPOHHIH 3B’ 130K i BHKOHYBATH JOMIOMIXKHI QPYHKIII1, TIOB’ 13aH1
3 pETyIIOBaHHSAM HAMpyrd Ta 4YacToTd. TexHoioris Vehicle-to-Grid Takok MoOke HONOMOITH, JO3BOJISIOUU
3apsiIPKaTU eNeKTpoMoOii, 11100 3a MOTPeOU MoIaBaTH eJIEKTPOSHEPTito B Mepexy abo CIIOBUILHIOBATH IIBUIKICTD
3apsipKaHHS 1iJ] Yac MIKOBOTO TIOTIHTY.

3oepizanna. Kpami Oarapei, HacocHa ripocucTema, pO3IUIaBICHA Cilb — € Oarato crmoco0iB, 3a
JIOTIOMOTOI0 SIKMX HaMararoThCsl MOKPALIMTH MEXaHi3MU HaKOIMYEHHsI eJIEKTPOeHepril B MacuITabax, ki MarTh
JIOTIOMOTTH BIIOPATHCS 3 Ma{iHHIM IIPOIO3HILii a00 MiKaMH IOTHTY.

Cnocio nepedasanns. JlouinbHO 00’€qHATH TeHepyrodi 3000B’s3aHHsA, mo0 rpymu BEC a6o CEC
MPAaIoBaJIN Pa3oM, a HE MAJIM 1HMBIlyalbHI CTOCYHKH 3 €HEPTOCHUCTEMOIO.

Ilonum. IHTENeKTyaNbHI TEXHOJOTil MOXYTh JONOMOITH IiJNpHeEMCTBaM 1 OyamiBiusM edekTuBHiIIE
B32€EMOJIISITH 3 €IEKTPUYHOIO MEPEXKEI0 Ta 3MEHIIUTH pi3Ki 3MiHM noruty. Hanpuknan, i3 3acrocyBanusm Clade
Cloud — iHTeNeKTyalbHOT CHCTEMH JUISl MTiAKIIIOYEHHS TEIUIOBUX HACOCIB 10 PUHKIB €JIEKTPOEHEPTii Ta MeXaHi3MH,
SKi JJO3BOJISIFOTH €()EKTUBHO BHKOPHCTOBYBAaTH 3acO0M KepYBaHHS OIAJICHHSM 1 OXOJO/DKCHHSM, HAKOIHMYyBadi
TEIUIa Ta BJIAaCHI TeHepaTopH eHeprii (y aKTUBHHUX CIIOKKBayiB) [22].

3i 3pocraHHAM dYacTku enekTpoeHeprii 3 BJIE 30imbmryrorscsi i KonmmBaHHS 00cCATiB TeHeparii
enexrpoeneprii 3 BJIE [18, 22]. Lle#t BUKIMK CTOITH Tepes omepaTopamMu €JIeKTPOCHEPTETHKHA B YChOMY CBITI,
cepen skmx i omeparopu HEK «Ykpenepro». bamancyBatn Taki KOJIMBAHHS MOXKIWBO IUISXOM JIOJIaBaHHS
MaHeBpeHHX a00 aKyMYINIOIOUHX HOTY)KHOCTEH, a TaKOK 4epe3 3aXOoId KepyBaHHS IOMHUTOM Ta 30LIbIIEHHS
MIPOITYCKHOI 37aTHOCTI Mepex mepenadi. [Ipobiemy 3 OasaHCyBaHHIM MOYKHA BHUPINIMTH MUISIXOM 30UTHITCHHS
KIJTBKOCTI 00’€KTIB T'Hy4YKol TeHepauii abo MOTY)KHOCTEH aKyMyJIIOBaHHSI €Heprii, 30UIbIIEHHS MpPOITyCKHOT
37aTHOCTI, @ TaKOX IOKpAaIlEeHHS 31aTHOCTI perymoBaHHsA moruty [18]. IHmmi agminicTparuBHHMN 3axin
3a0e3IeYeHHs] THYYKOCTI IMOoJsira€e B TUMYacoBOMY OOMeEkeHHI BHpoOHHMUTBa enektpoeneprii 3 BJIE, sxuio
BUHMKA€E 3arpo3a OesmeuHiii pobori cucremu abo KoM OKpeMi JIiHIi elekTponepenadi He 3AaTHI MPOIYCKATH
JIOIaTKOBI 00csiry enexrpoeneprii. Lle Ha3MBaeThCsi «0OMEKEHHSIM BUPOOHHIITBAY.
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Ilo3utnBHI edeKkTH BUKOPHCTAHHS OOMEXCHHS BHPOOHHITBA SK BapiaHTy THYYKOI AMCIETYepH3amii
3aJe)xarb BiJl PO3paxyHKy B JHHAMIYHOMY PEXHMI pO3Mipy HEOOXITHHMX OIEpaTHMBHHUX PE3EpBiB, SIKi 3a3BHYAif
MPOBOJIATHCS ONEPaTOPaMH CHCTEMH 3 METOIO BPIBHOBa)KEHHS CHIOHTAHHOT'O AKMCOaIaHCy B MOCTa4aHHi Ta MOMKTI
Ha eJISKTPOEHepTilo abo nucOanaHcy B pe3ylbraTi Haq3BUYaHMX MNOJNIH, TaKUX SK BTpara CyTTEBUX O0CSATIB
reHepatii. [cHye 1Bi HafBa)XJIMBILI IPUYUHU, KOJH OIIEPATOpP CHCTEMU MOXKE OOMEXXUTH MOCTAYaHHS 3 00’ €KTIB
BiJTHOBJIFOBaHOO eHepreTuku [18]:

1) mo6 3MeHIMTH (AaKTUUHUKM HAUIMIIOK IOCTa4YaHHsS, KOJU 00CAr BUPOOHHMITBA «BHUMYLICHUMH
TeHeparopaMm» Ta oocsr BiupoOHUITBA 00’ ekTamu BJIE nepeBuirye nomur;

2) mo0 yHUKHYTH PU3UKY PETiOHAJIBHOTO MEPEeBAaHTAKCHHS MEpeXKi Mepeadi i PO3MOIiITy.

B pexwnmi obmexeHHs BHpoOHHMHTBA eiekrpoeHeprii 3 BJIE 3HmKyeTbcs moTpeba y omepaTWBHUX
pe3epBax, a BiATaK 3HIDKYEThCS dacTka reHepamii emektpoeHeprii Ha TEC. ToMy 3ampoBafKeHHS peXAMY
oOMexeHHS BUPOOHHUIITBA O3BOJISLE 3HAYHO 3MEHIIUTH 3arajbHUN 00CAT BUKHIIB MAPHUKOBUX Ta3iB 00 €KTaMH
reHepanii. [HTerparis 00’€KTiB BiTHOBIIOBAHOI CHEPTETHKH JI0 CHEPTOCHCTEMH 0e3 mependadeHHs MOXIIUBOCTI
TUMYacoBOTO0 0OMEXeHHs iXHbOro BUPOOHHIITBA CTaE QYK€ BapTiCHOIO. SIk mpukian y Tabn. 1 HaBeneHo naHi
10/I0 OOMEXXEeHHsI BUpOOHHITBA (dacTka Bij 3aranbHoro odcsry supodnunrsa BEC ta CEC) Ta npoHMKHEHHS
BITPOBOI i COHSYHOI eHepreTukH (oOcsr BupoOHuLTBa enekrpoeneprii 3 BJIE/3aransuuii nonur) st Kurato ta
Himeyunnu B 2017 p. [18].

BaxiuBo Big3HauMTH, IO JEsKi 3ax0u 3a0e3reueHHs] OajaHCyBaHHs IONMUTY Ta IPOIO3MLIM OyayTh
€KOHOMIYHO e()eKTHBHIIIMMHU Ha PaHHIX eTanax eHepreTHMYHOrO IMEepexoiy, a JesKi MaTUMyThb CEHC JIMIIe Ha
ocraHHiX eramax [19]. Hampuxman, kepyBaHHS TIIOIHTOM 3a3BHYail BBAKAETHCS HANOLIBII EKOHOMIYHO
e(eKTHBHIM pPECypcoM Y MiFOYii €HEepreTHYHIH CHCTeMi MICII MOACpHi3allii 3BHYAHUX eJICKTPOCTaHIH i
rayukocti BJE. MacoBe po3ropTaHHS HOBHX TEXHOJIOTiH HAaKONMMYEHHS CHEeprii Oyne eKOHOMIYHO IOIMINBHUM i
HEOOXITHUM JIMIIE Ha MOAAJBLIINX CEPEIHBOTCPMIHOBHX €Talax CHEPreTHYHOTO IEepexony, a TEXHOJIOTii
CE30HHOTO 30epiraHHsl, TaKi K CHHTETHYHHH a3, OyIyTh BaXKITMBUMH JUUIS 3aBEPIIAILHOTO €TaILy JUIS CUCTEM, IO
OyayTh CTOBIZICOTKOBO Oa3yBarucs Ha BJIE.

Tabmuusl — OOmexxeHHs: BUpoOHUITBa Ta yactka B/IE B enexrpoenepreruui anst Kurato ta Himeuunnun

Kpaina 3arajpHuii 00csT IIponuxnenns | IlponukHeHHs | OOMeXeHHS OOMexeHHs
BHUPOOHHUIITBA BITPOBOT COHSIYHOI BUPOOHUIITBA | BHPOOHMIITBA
eJIeKTPOeHEePTii, €HEPreTUKHU €HEPreTUKU BEC CEC
TBr'rox
Kurait 6313 5% 2% 12 % 6 %
Himeuyunna 654 18 % 7% 5% <1%

3a po3paxyHkamu ¢incekoi kommanii Wartsild y 2018 pomi mist Yipainu 3a ymos, wo «3eneni mapuguy
ottomw 32i0H0 3 PPA (THIIOBUM JOTOBOPOM KYMIiBJIi-MPOJAXKY SIEKTPUIHOT €HEPTil MiXkK rapaHTOBAHUM MOKYILEM
Ta Cy0’€KTOM TOCIIOJIAPIOBAHHS, 1[0 BUPOOJISE eNEKTPUUHY eHeprito 3 Bukopuctanusm BJIE, Power Purchase
Agreement), ducnemuepuzayis 30iUCHIOEMbCS 32I0HO 3 NPUHYUNOM MAPICUHATLHO20 YIHOYMBOPEHHs (moomo
npiopumemna oucnemuyepusayis Oinbu Oewesol enepaii, HanpukiIaod, AamomMHoiL), 6cmarosnena nomydxicricme BEC
i CEC na kineywv 2020 p. — 7500 MBm , To Bxe Ha kinelp 2020 p. o6csar oomexens Mozke 6yt nocsirru 30%
pupodHuuTBa BJE [23 — 25]. TTnata 3a o6mexeny (He BupoOIieHy) eHeprito ctaHoBuTiMe €580 MIIH. Ha piK
(muB. puc. 1) [24]. Tloganeire HapoulyBaHHsS BCTaHOBICHOI moTykHOCTI BJIE mpusBogutume g0 mie Gimbmroi
YaCTKH 0OOMEXEHb 1 He CYTTEBO BILIMBATUME Ha MPHUPICT «KOPUCHOT0» BUPOOHHIITBA.

BT ron/pik He BukopucTaHa,
30000 ane onnaJyeHa eHepris

Brpara €580 mnH Ha pik

E BOE

. 46% Hepria B

- = ObmemeHa
® BukopWcTaHa

10000

]
7500 MBr 9500 MBT 11500 MBr 13500 MBr
BOE BOE BOE BOE

Pucynok 1 — Obmeorcenns enepeii B/[E 3anexcho 8i0 8cmaH081eHOi NOMYHCHOCH
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[Hmmit HeratwBHUIT HacHimok 3poctaHHA BeraHOBIeHO! moTrykHOcTi BJAE B OEC VYkpaimm — 1e
HEeoOXiTHICTh 3aKyTiBJIi Bce OLIBIIOro 00CATY BTOPUHHOTO «Iapsidoro» pesepBy. 3a cuenapieM «7500 MBt B/IE»
18,8 mupa. kBT rox Ha pik MaroTh HajaBatu ByrinbHI TEC, mpaiioroun B Hee()eKTUBHOMY PEKHMi YaCTKOBOTO
HaBaHTAXXCHHSI, 110 XapAKTEPU3YETHCS MiBUIICHUMU BHKHIAMHU Ta OUIBIINM CHOXXHMBaHHAM nanuBa. OCKIIbKH
PHHOK JIOTIOMDKHUX IOCIYT II€ HE 3aIlpalfoBaB, OLIHUTH IOTEHLINHHY BapTICTh «rapsdoro pe3epBy» 3apa3s
HEMO>KJINBO.

Kpim TOro, Ai1st CTBOpEHHS I0CTaTHIX pe3epBiB «Ha Banmy» TEC HeoOXinHO TpuMmaru 3017bLIEHUH 00cAr
TIPAIIOI0YIX YaCTKOBO HABAaHTAKCHHUX BYTUIHHHUX OJIOKiB. Take BUMYIIEHE 3pOCTaHHS YaCTKU TEIUIOBOI TeHEeparlii
Moke OyTH peai30BaHO JIWIIE NUITXOM BIAKIIOYCHHS BiMNOBITHOI KibKOCTI aToMHHX OinokiB. Lls curyaris
BiZJOMa SIK «3€JICHO-BYT1IbHUH MapagoKcy: 0e3 TOIaTKOBUX iHBECTHIIN Y MiIBUIICHHS THYIKOCTI €HEPTrOCUCTEMHU
PO3BUTOK «YHCTO» EHEPTeTHKH INPHU3BOAUTH A0 3POCTaHHA «OpYIOHOI» BYTINBHOI TeHepaiii Ta OOMEXCHHS
nereBoi aToMHoi [23, 24]. Heratusauii (inancoBuit eekT TaKOTO CIIEHAPit0 BUMIPIOETHCS KiIbKOMa COTHSIMHA
MUTBAOHIB €BPO Ha PiK.

OCHOBHI 04iKyBaHi pe3yJIbTaTH 3aCTOCYBaHHS BUCOKOMaHEBPEHOI reneparii [23]:

— 3MeHIIeHHs1 oomexenHst B/IE 6inbm sk yrpudi — 3 6,5 10 1,9 miapa. kBT roa Ha pik (IikoM mo30yTHcs
0OMEeXEHHsI B ICHYIOUiil eHeprocucTeMi HEMOJKIINBO);

— 3MEHILIEHHSI BUKOpUCTaHHs «rapsiaoro» pesepBy TEC Ha 12,5 mapa. kBT roa Ha pik;

— 3MEHILIEHHs 00csATY BYTinbHOT reHepanii Ha 4,2 mapa. KBT ron Ha pik;

— 3arajibHe CKOPOUEHHsI CIIOYKMBaHHs Byriuis Ha 72 544 T]Ix Ha pik (mpuOIu3HO 3 MIIH T);

— HECYTTEBE CMOKMBAHHS Ta3y Ta30NIOPIIHEBMMH CTAHIISIMH «XOJIOJTHOTO» pesepBy — 40 MiH. M° Ha pik Ha
BCTaHOBJICHY ITOTYXHICTh y 2 ['BT;

— 3HKeHHs BUKHAIB CO2 HA 7 MITH. T Ha PIK;

— ckopoueHHs ekcruryatariianx Butpat OEC Ykpainu (BxitouHo 3 manusoM) Ha 300 MutH. €Bpo Ha pik.

I'HyuKiCTh BEJIMKHX CHEProcHcTeM OyAe TaKo)K BU3HAYATHCS THYUYKICTIO €JIEKTPOCHEPIeTHYHHX CHUCTEM
HIDKYOTO piBHA (mincucteM). Ha rHyuYKICTh €JIeKTPOCHEPreTHYHUX CHCTEM PETiOHAIbHOTO Ta JIOKAJIBLHOTO PiBHS
BXKE€ JOCUTh CYTT€BO OyJ/ie BIUIMBATH KEPYBaHHS €HEPIOCII0)KUBAHHSIM OKPEMUX CII0)KHBaUiB, KEPyBaHHS TOTUTOM
MIKpOpaiioHIB 4YM IMPOMHUCIIOBHX BY31iB. Y cBOI uepry, ruyukictb JIEC Oyme BU3HAa4YaTHCS KEpOBAaHICTIO
pozocepemkenoro renepaiieto (BJIE), mexaHizmMamMu KepyBaHHsS IOIUTOM, 3aCTOCYBaHHSIM aKyMYyJISITODIB,
peaizaiiero MexaHi3MiB THyYKOCTI IPY IPOrHO3YBaHHI HABAaHTA)KEHHS UM BUKOPUCTAHHS METOIB EKOHOMIYHOTO
aHayizy.

Ha perionansHOMY Ta JIOKQIbHOMY piBHI IIMpOKe BIpoBamkeHHs BJIE B enexTpomepexi cnpuunHHIA
MOCTaHOBKY HOBWIX 3aBIaHb, CHPSMOBAHMX Ha IMIBUIICHHS €(QEKTUBHOCTI (YHKI[IOHYBaHHS €IIEMCHTIB
nokajgpHOTO pUHKY, a came BJIE [8, 10, 26]. ®akrtopn, mo MOOTipmIyoTh OallaHCOBY HAIIHHICTH CHCTEM
eHepro3abesmedeHHst [26]:

— YCKJIQJIHEHHS KEPYBaHHIM PEXKUMaMU €IEKTPUIHUX MEPEXK;

— 11051Ba HAIJTMIIKOBO] MOTY>KHOCTI, [0 3yMOBJIIO€ TPYJHOIL 3 PETYJIIOBAaHHAM YacTOTH;

— BHUHUKHEHHS PEBEPCHBHHUX IEPETiKaHb IOTYXXHOCTI B MEpeXax BHUCOKOI HANpyrd B PO3MOAUIBHHX
Mepexax;

— HeoOXijHICTh 3a0e3e4eHHs CTIMKOCTI pOOOTH EHeprocHcTeMH 3a BigKiIIOueHHs (a00 BKIFOYEHHS)
Benukoi kibkocti B/IE;

— MNosiBA B CTPYKTypl enekrpuuHux Mepex BJIE, mo MaroTh iMOBIpHICHHI XapakTep TI'eHepyBaHHS
MOTYXHOCTI;

— CKJIaJIHICTh y3ro/KeHHs rpadikis renepyBanHs B/IE Ta enekTpocnoxuBaHHS.

Bognouac ocobmuBictio JIEC € morpeba B onTumizamii ckiialy TE€HEpPYIOUHMX IOTY)KHOCTEH Ta iX
XapaKTepUCTHUK, PSKUMIB cyMicHOT poboTu [27]. Taka onTumizarisi Mae BpaxoByBaTH OCOOIMBOCTI CIIOKUBAHHS
eHeprii, BAMOTH 10 Ha/liHHOCTI 3a0e3neueHHs, HassBHUH MTOTEHIliaJl BITHOBIIIOBAHKX JPKEpelN eHeprii (COHSIYHOI,
BITPOBOT), BapTiCHI MIOKa3HUKHU. 30KpeMa, IIpH poOOTi pa3oM 3 PE3epPBHUM JKEPEIOM EHEpTii Ha OCHOBI JIBUTYHA
BHyTpimHbOrO 3ropsuHs ([B3) mo ominku HamiffHOCTI IomaeThCsi BUMOTra MiHIMi3allii BHUTpaT HajluBa IPH
MakcuManbHOMY BukoprctanHi BJIE, a Takox 3HWKEHHS co0iBapTOCTi eHeprii. TyT KpuTepissMu poOOTH CHCTEMHU
OyayTp He NuIIe MOKAa3HWKM HafiitHOCTI (i1 Moxe 3a0e3meynTH TpagulliifHa reHepamis), a # eKOHOMI4HI Ta
exonorigni kputepii. CKIIaZOBUMH KPUTEPIIME ONTHMI3aIlil MOKHA BH3HAYNTH [27]:

— MiHIMYM O4iKyBaHOTO HebaaHCy;

— 0OMEXEHHS 11100 PEKUMY POOOTH PE3EPBHOTO JIXKEperIa;

— 0OMeXeHHS 3 HaJUIMIIKY abo aedinury eneprii;

— MiHIMi3aIlisl BapTOCTi 00N THAHHS.

KonuBanHs eHeprobanaHcy He0OXiJHO KOMIIEHCYBATH 3a PaXyHOK 3MiHH HOTY>KHOCTI 1HIIMX, TPaIULiHHUX
JUKepell, JUIs 490ro HeoOXiJHa HasBHICTH BiJIOBIJHOTO [iala3oHy pPETYJIOBaHHS Ha HHX, JOAATKOBO JIO
HEOOX1HOTO IS IOKPUTTS 3MiH HaBaHTA)KECHHS CIIOKUBaYiB 1 3a0e311e4eHHsI HOPMaTHBHOI SIKOCTI €JIEKTPOeHEeprii.

Kpim TOrO0, NpakTHKK KepyBaHHs NOIMMTOM Ha ChOTO/HI 3[IIICHIOETECS 32 TPhOMa HaNPSIMKaMU: PECYpCH Ta
iHpQpacTpykTypa (CHCTEMH €HEpPropo3MOAiTy KOHCTPYIOIOTHCS 3 BpaxyBaHHSIM KOHTPOJIEPIB JAMHAMIYHOTO
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HaBaHTA)XCHHS, SKi BUKOHYIOTH pOJIb OalaHCy HAmpyrd B Mepexi; crmoxwBadi (moOyToBi, KOMepIliiiHi Ta
MPOMUCIIOBI); PUHKM (PUHOK KEpyBaHHsS MOMHMTOM IIPONOHYE EHEPrOPHHKY MOCIYyTrH) — TaKoK HOTpedye
Jeraiizalii aHasi3y nporeci eHeproooMiny [5, 6]. Ciix BpaxoByBary, o Hapasi BJIE, iHTerpoBane 3 cucremoro
HaKOIIMYEHHSI aKyMYIISITOPIiB, y’Ke KOHKYPEHTOCIPOMO)KHE 32 I[IHOO 3 JCIKUMH TPaJuLiiHUMU JpKepeaaMy, 1 ix
BIPOBaKCHHSI MIABUIINTH HAlIHICTh MEPEXKI.

OcodsmBocTi aHaIi3y nponecis eHeproodminy B JIEC

CyTtb 00MiHHKX TIpotieciB y mepetuHax JIEC mokaxeMo Ha MPUKIIaAi TIOCIiIOBHOTO 3’ €JHAHHS TeHepaTopa
(I') Ta maBantaxenus (H) [28, 29]. Posrmsaremo mporecH, sSKi MPOTIKaIOTh Y KOHTPOIHOBAHOMY ITEPETHHI MiX
reHEpaTOPOM Ta HaBaHTaKEHHAM. [l cucTemMu BUimMO iHTepBamu t*, 1% t, Ha SKUX I METTEBOT MOTYKHOCTI
p(t) BukonytoTscs criBBimHomenus: p(t) = p*(t) > 0, p(t) = p(t) < 0 Ta p(t) = 0. Bynemo BpaxoByBatH, 10 Ha
inTeppani t° BiOyBaOTLCS NEePETBOPEHHS €1EKTPOMATHITHOT eHeprii HAKONUYYBaYiB y iHIII BUAM, ajle Hi caMUM
IHTEepBAJIOM, Hi 3MiHOIO HAKOITMYEHOI eHEepTii Ha IIbOMY iHTEepBaJli HEXTYBAaTH HE MOXKHA.

JIn1sl OLIHKM IHTEHCHBHOCTI €HEPTeTHYHUX MPOLECIB BUKOPUCTAEMO MOHSTTS «OOMIHHOT eHeprii» uepes
KOHKpEeTHHI nepetun cuctemu [28]. Tlpu po6oTi cuctemu 3 HasBHIiCTh inTepBany t° Ha nepioai T npu3BOAUTS 10
BU3HA4YCHHS OOMIHHOI eHeprii uepe3 BUIUICHUI NIepeTHH JBOMA CIIOCO0aMHu.

[Tpu nepiomy 3 HUX OOMIHHY €HEpTilo uepe3 11eH epeTHH BU3HAUYNMO 13 CITIBBIIHOIICHHS:

W, =DW* =W*- W =DW, - WO +w~ =W +wO-w~, )

OB
e W* (P*) — enepris (cepeHs MOTYKHICTb), sIKa HAJXOAUTh Bifl reHepaTopa B HaBantaxkenHs; W~ (P7) — enepris
(cepenHs MOTYXHICTh), Ka MOBEPTAEThCSA 10 reHeparopa BiA HapaHTaxenHs; W™ (PM) WO (PO) WO(P-) —
eHepris (Cepe/IHs MOTYXKHICTh), SKa MEPETBOPIOETHCS B HABAHTAKCHHI B 1HIIN BHIM BiINOBiIHO Ha iHTepBanax t*,
0, t7 AWa*, AW1, AW,  — 3MiHM eHeprii, sKa HAaKOIMYEHa B HAKONMYyBauyaX EJEKTPOMATHITHOI €Heprii
HaBaHTA)KEHHs, BIJNOBIAHO Ha inTepBanax t*, t% t

To6To oominHa enepris Wopi TOpIBHIOE eHepril, sika HaAilILIa Bix reHepatopa no HaBaHTaxxeHHs JIEC
OpOTSTOM iHTepBaiy yacy t*, 3a BHHATKOM CHEprii, ika epeTBOPIOETHCS B iHIII BUAM B HABAHTAXKCHHI 3a el ke
inTepBai yacy. Kpim Toro, Wosi TOpiBHIOE CyMi €HEpTiH, sika IEPEeTBOPIOETHCS B 1HIII BUIU IPOTATOM IHTEPBaiB
t®Ta t~ i moBepTaETHCA 0 reHepaTOpa IIPOTAroM iHTepBaiy T

VY npyromy cmoco0i oOMiHHY €HEprii0 depe3 KOHTPOIBOBAHWN MEPETHH BH3HAYNMO SK CHEPTifo, IO
JOPIBHIOE €HEprii, HAKONUYEHil y HABAHTAXEHH] B KiHIli iHTepBany yacy tO:

+ + — + + + - & -
W, =W*-W - DW, =W -W®-Ww» =pw*- DW, =W -wW", )

T0O0TO O0OMiHHA eHepris Wos, HOpIBHIOE eHepril, sika HaAXOJUTh BiJl TeHepaTopa N0 HABAaHTAXKEHHS MPOTAIOM
inTepBany wacy t*, 3a BUHATKOM eHeprii, siIka MepeTBOPIOETHCSI B iHIIN BUAM TPOTIAroM iHTepBanis t* ta t~. Kpim
toro, Wos2 JOpIBHIOE CyMi eHepril, mepeTBOpeHol B iHIII BHIM 3a iHTepBasl t Ta HOBEpHEHOI reHepaTopy 3a Lei
ke iHTepBas 4acy. BUKOPHCTOBYIOUM MUTTEBY MOTYXHICTh HakormaeHHs Pr(t) B mepetuHi, criBsigHomenus (1),
(2) 3anmIeMo y TakoMy BUTIISIL

t t* t*
Wexy =T P* () dt-T po (t) dt =1 p, (1) dt; (3)
0 0 0
t*+t° . t*+° t*+°
Wexo=T P (t) dt- T pg (t) dt=1 p, (t) dt. (4)
0 0 0
OO6minHi notyxHOCTi Qex1 Ta QEx2 BU3HAYMMO 13 HACTYITHHUX (DOPMYJI:
t* t* 40
Qex1 = (@ Py (1)d)/ T; Quez = (T Py (t)dt)/T. )
0 0

BpaxoByroun nonepenni cmiBigHomeHHs (1) — (4), ski BIAMOBIAHO BiZOOpaXkaroTh OallaHC CKIIAIOBUX
eeKTpoereprii Ha inteppanax t*, 0, t-, To MokeMo 3amucaTy piBHICTh

P= (WM +AW™) + (WD - aw, ) + (WO - AW, 7)) /T. (6)
Ockinbku Ha iHTepBani t° eHepris nepeTBOPIOETHCA B iHINI BMAM 33 PaXyHOK €HEprii, HAKONMYEHOI B
HAKONMYYBayax, TO AKTHBHY TOTYkHicTh P 3anumemo sk P = P*+ P-, e P* = (W™ + AW*)/T; P~ = (WO - AW,
)/T.
Bupas (6) st aktiBHOT HOTYXHOCTI P peicTaBuMo sk
P=PM+p®)4+pO =p*+p-, (7
VY BignosigHocTi 3 (6) y cmiBBigHOmIeHH] (7) HE MOXHA BHAUIMTH CKJIaJIOBI B jgomankax P*, P~ ski
Binnosinarots P, PO, PO). Bemuuunu PM, PO, PO) pu3snauaroTsest, konu B MaTeMaTHUHIIT MOIEIi HABAHTAXKEHHS
CHCTEMH BiOMi YMCIIOBI 3HAUCHHSI AKTHBHUX OMOPIB, @ TAKOXX MUTTEBI CTPYMH YH HANIPYTH HA HUX.
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Benmmunan QOpxi Ta QOpx2 € IHTETpaTbHUMH XapaKTEPHCTUKAMH BIUIMBY PI3HHUX (aKTOpPiB HESKICHOCTI
eJleKTpoeHeprii Ha 0OMiHHI npouecH B cucteMi. [lotyxxnocti Qexi Ta Opx2 Bu3HavatoThes y neperuni JIEC nosa
3aJIEXKHICTIO BiJl XapakTepy IPOTIKAHHS €HEPreTHYHUX IPOLECIB B OKPEMHX €JIEMEHTaX B CEpeHHI BHIICHUX
EKBIBAJICHTHHX ITiIcXeM (BH3HA4YalOThCs Ha 30BHIMIHIX 3axxuMax miacucteM) [28]. Komu Ha nouarky nepiony 7,
SKAN BU3HAYA€ThCS (PYyHKIIE0 HAPYyTrH reneparopa u(f), BUKOHyeThest ymMoBa p(f) = u(0)i(0)<0, To MaroTs Micue
HepiBHOCTI Qex1>0, Qex2>0. [Ipu Buxonanni ymoBu p(f) = u(0)i(0) 0 3HaueHHs OOMIHHMX IOTYXHOCTEl Oyne
Bix’emue: Oexi < 0, Orxz < 0.

VY Tabn. 2 HaBeIEHO CIIBCTABJICHHS CIIPOMOYKHOCTI BiIOOpa)KeHHSI PI3HUX CTOPIH EHEPreTHYHUX TPOLECIB
y NepeTHHax CHUCTEMH 3a JIONIOMOTOI0 PEaKTUBHHMX MOTYXXKHOCTEH, L0 BH3HAYEHI 3a KIIACHYHOIO TEOPI€lo, Ta
oOMiHHMX mOTYXHOCTeit [|. HaBeaeHi maHi mokasyroTs MOXKIHBI chepH MPAKTHYHOTO BUKOPUCTAHHS OOMiHHOT
MOTY)KHOCTI TpW aHamizi eHepreruuHux mnpoueciB y JIEC, 30kpema, peamizalii OKpEeMHX TEXHOJIOTIH
OayaHCyBaHHS IONUTY Ta MPOMO3UIIIH.

Tabmms 2 — CriBcTaBHA y3arajJbHEHA XapaKTEPHUCTHKA 0OMIHHOI OTYXKHOCTI
XapakTeprucTuka pi3HUX acIeKTiB PeakxTnBHa OO6MmiHHA
NPOTIKaHHSA €HEPTETUIHOTO IPOLIECY HOTYKHICTb, MOTY>XKHICTb
BU3HAYCHA 32
KJIACHYHOIO TEOPIi€0

OpHo3HauHe BigoOOpakeHHS OOMIHHMX TMpoOIeciB (iHIUKAIis
ymoBu W ~# 0)

Haxonu4eHHs eHeprii B peakTHBHHX €JICMEHTaxX (XapaKTepUCTHKA
CHEPrOEMHOCTI Ta €KCTPEMAIBHHUX PEXUMIB POOOTH PEaKTHBHUX - +
€JIEMEHTIB)

HasiBHICTb B3a€MOKOMIICHCAlii PEaKTHBHUX MOTYKHOCTEH PI3HUX
rapMOHIK (MOJJIMBICT ICHYBaHHS YMOBH DIBHOCTI HYJIO + -
peakTUBHOI mOTyXHOCTI mpH ip(t) = 0)

BigoOpaxeHHs: eHeprooOMiHy IIpH HAasSBHOCTI pPi3HOMMEHHHX
rapMOHIK CTPYMY Ta HalpyTH B IIEPETHHI CHCTEMHU

Bigo0paxeHHs1 0OMiHHUX MPOIIECIB MiXK T€HEpAaTOPaMU CTPYMY Ta
Harpyru

O1iHKa OOMIHHHX NPOLIECIB Y NEPEXiIHMX PeKUMaX — +
ChiBcraBieHHs OOMIHHHX IIPOIIECIB Y PI3HUX MEPETUHAX CUCTEMH — +
OuiHKa B3a€EMHOTO  BIUIMBY  €JIEMEHTIB  CHCTEMH,  SIKi
XapaKTepU3yIThCs PI3HUM rapMOHIYHIM CKJIaqoM HanpyTH U(t) Ta - +
cTpymy i(t)

OmiHKka CTIHKOCTI pEXUMIB pPOOOTH 32 PpaxyHOK BBEICHHs
IpaHUYHUX 3HAYCHb BEJIMYMH XapaKTEPUCTHK

BpaxyBaHHs 3HaueHb KyTiB cTpyMy k' Ta Hanpyru i (K > 1) s
BUIIIMX TAPMOHIK

IHaMKanis HAsBHOCTI PEAKTUBHOI MOTYXKHOCTI y CHCTEMH 3
HENiHIMHAM HEeCTalllOHapHUM OIIOPOM TIPH BIICYTHOCTI pe- + -
AKTHBHHUX €JICMCHTIB
BinoOpakeHHs reHepallii peakTHBHOI MOTYXHOCTI B CHCTEMH + —
Bupinennss rapmoHiuHux Pr(t) Ta MixrapmoHiuHHX  Pmr(t)
CKJIAJOBHX MHUTTEBOI MOTY)HOCTI P(t)

OnHO3HaUYHE YCYHEHHsS 3BOPOTHHMX IIOTOKIB eHeprii mnpu
KOMIICHCAIIi] BiIIOBiTHOI XapaKTEPUCTHUKU

Po3paxynok oominHuUXx nomyscrnocmei. B 3a5e)XHOCTI BiJl CTYIICHS JeTali3allil aHaIi3y CHCTEMH MOXHA
OTpHUMATH Pi3HI PO3PaXyHKOBI CHiBBigHOIIEHHS It o0umnciaeHHs Benuund P(t), po(t), Qex1 Ta Qexe [28]. Bubip
KOHKPETHOTO PO3PaxXyHKOBOTO CIIIBBITHOIIEHHS OOYMOBIIOETHCS SIK 3aJIaHOI0 MOXUOKOI OOYMCIICHHS, Tak i
MOJKJIMBICTIO BHMIPIOBaHHs MMapaMeTpiB cuctemu. PosrisHemo BusHadeHHS Qexi Ta Qexe IpH MOCTIHHIN
IHTEHCHBHOCTI IIEPETBOPEHHS €JIEKTPOMArHiTHOI €Heprii B iHIII BUIH

CripaBeUIMBUMH Y IbOMY BUMaKy € TotoxkuocTi W = Pt*; WO = Pt0, i3 ypaxysannam sxux popmymm
(3), (4) mepeTBOPIOKOTHCS JI0 BHIY:

Wey,= W= P = P* (f+ t”) — Pt ®)
Wiy, =W* - Pt - Pt’ =P*t - P~ (t++t0). ©)
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Bupasu (8), (9) BiamoBigaoTe 0OMIHHAM IOTYKHOCTAM
QEXl = (P+ (t7 +10) —Pt+) /T, (]0)
Qexr = (P*t‘ - P~ (t+ +t0)) IT. (11)

3a3HauMMO, WO TMOCIIOBHICTE 4epryBanHs inTepaiiB ta*, ta’, ta~ Ha mepioai poboru cuctemu GyTH
JIOBUIBHOIO, KOXHUH 13 IHTEpBAJIIB MOXKE CKJIAJaTHCS 3 KiJIbKOX MiJIHTEpBAJIiB, HE MOB’s3aHUX MiX co0or0. Y
[[bOMY BHIIJIKy BU3HaUCHHSI aKTUBHUX Ta OOMIHHUX MOTYKHOCTEH 3aJIMIIA€THCSl HE3MIHHUM, X04a y BIAMOBITHUX
(dopmynax HEOOXiTHO BpaxOBYBAaTH MO YacOBHX iHTepBamiB Ta BenwuuH W*, W, W, WO ga ckramosi
YaCTHHH.

st OOMIHHHX €Hepriii BUKOHY€ETHCS CIiBBiAHOIICHHS

AWEex = Wex1 - Wexe = (W+ + Wf)tO/T = Pt0,

[puknagoM peakTUBHOI MOTYXKHOCTI, BH3HAYECHOI 3a JOIMOMOTOK OOMIHHHX IpPOLECIB, € peaKkTHBHA
MOTYKHICTh Ha OCHOBI BH3HAYEHHS 0OMIHHOI IOTYKHOCTi QFx 32 YMOBH MOCTIHHOI iHTCHCHBHOCTI IEPETBOPEHHS
€JIEKTPOCHEPTii B IHII BUAM MPOTATOM Tiepiony 7:

t+
1 .
Qe =+ [ui, @, (12)
0
. INTIRN r _ 2 i
ne Ip(t )=1(t)—1i, (t)— peaxrusna cknanosa crpymy; i, (t) =u(t)P /U “ — akrusna cknanosa crpymy; i(?)

— IOBHMH CTPYM B JaHII031; P — akTUBHA MOTYXHicTh; U — Jitoue 3HAUCHHS HAIIPyTH. 3a3HAYMMO, 10 BETHIHHY
Qcx p, BA3HAYEHY 3 YPaXxyBaHHSAM PEaKTUBHOTO CTPYMY ip(f), MO’KEMO 3aIMCATH Y BUIVIAIL

4
Qex p :T\u(t) ip (t)\dt/ 2T. (13)
0

3rigHo 3i criBBigHomeHHsM (12) ta (13) Bemmunan Qex Ta Qpxp MOXHA PO3MIIAAATH SIK THTErPaJbHY
XapaKTEePUCTUKY MPU BUOOPI KOMIIEHCATOpa, IPU3HAYSHOTO ISl KOMICHC AL peakTUBHOTO cTpyMy ip(t).

BenmunHa Qpy TaKOX MOXE PO3IIALATUCS SK IHTErpajibHA XapaKTepPUCTHKA BIUIMBY pi3HHX (akTopiB
HESKICHOCTI eJIeKTpOeHeprii Ha OOMiHHI MPOIIECH B CUTEMi 3MiHHOTO Ta MOCTIHHOTO CTPyMY, SIKa OOYHCIIOETHCS
3a HACTYITHUM BHPa30M:

T

1
Qex = ? J. | Pex (t) dt; (14)
0
1T
Qex :?.H py (1) ldt, (15)
0

ne Py () =U(t)'ip(t),HpI/I‘{OMy piBHsHHS (15) n03BOJNsle BU3HAYNTH OOMIHHI TOTYXHOCTI Ui CHCTEMH

MOCTIHHOTO CTPYMY (IUTsI, OCKUIBKH y JIHISX MOCTIHHOTO CTPYMY €HEpTisl CIIOKHUBAETHCS Ha TEpPIIiil rapMOHII
TOMY BCl BHIIi TApPMOHIHHI CKJIAJOBI € BUKIIFOYHO PEAKTHUBHI, OCKIIBKY BOHH HE MEPEAaloTh CHEPTilo Bi IpKepena
JKUBJICHHS).

Jlist ipuKiIamy po3mISTHEMO MakpOMOJENb CHCTeMHU (puc. 2), e eKBiBaJCHTHE Kepesio Hampyru e(f)
XapakTepu3ye pe3yJasTyIody HECHHYCOimanbHy Hampyry u(f), sxka (GopMyeThcs BCiMa JKepelaMH CHUCTEMHU B
nepeTHHi A—A, a eKBiBaJICHTHE JDKEpeNo cTpyMy J(f) BU3HAa4Ya€ HECHHYCOiJaIbHUHN CTPyM i(f), [0 TpOTiKaTuMe
yepe3 nepeTuH A—A cucTeMu.

J)

Pucynox 2 — Maxpomoodens cucmemu 3 6uOineHHAM eKgisanrenmuux odxcepena Hanpyau e(t) ma cmpymy J(t)
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[pumycTumo, mo Hanpyra U(t) Ha mepiomi 7' mae hopMy Meanpa 3 ammtitynoto U, a hyHkiis ctpymy - i(t)
TaKOX € MeaHaApoM 3 nepiogom 7 1 amrutitynoro |, onHak 1s (GyHKIIS 3CyHyTa BiJTHOCHO IIOYaTKy KOOpAMHAT Ha
inTepBan ti. 3rigno cuiseimnomenns (12) npu t°= 0 Gopmyna a1 BU3HaUeHHS 0OMiHHOT MOTy)HOCTI Qex Mae
Burisag Qex = Ul-(1 — 4t / T).

Bananc cknaoosux enrexmpuunoi enepeii JIEC na ocnosi oominnux npouecie. IlinBencHus (i3udHO
obrpyHTOoBaHoro 6anaHcy enekrpoeneprii B JIEC € 6a30B0r0 mporeyporo JOCSTHEHHS ONTUMAaJIbHUX PEXUMIB
npu OajaHCyBaHHI Ta Ma€ IPDYHTYBaTHCS Ha PO3paxyHKy CHEPreTHYHHMX XapaKTePUCTHK 1 IMOKa3HHUKIB Ta
eHepreTHYHNX (YHKINH SK Ha iHTEpBaji dacy, Tak i Ha BcboMy mepioni poboru cucremu [28]. [lomupene Bu-
KOPHCTAaHHS TapMOHIYHOTO aHAJ3y EeJIeKTPOMArHiTHUX IPOIECIB y CHCTEMi 3yMOBIIOE TaKOXX HEOOXiTHICTH
PO3po0KH Tponieayp MiABEeIeHHS OalaHCY CKIIaZOBUX EIEKTPOCHEPTril Ha OCHOBI CIIEKTPiB CUTHAIIB, IO Ma€ CBOI
Henomiky [28].

Bamanc Ha OCHOBI MHUTTEBHX NpOIECiB — MiABEACHHSA (Pi3UYHO OOIPYHTOBAHOTO OallaHCY CKIAIOBUX
eJeKTpoeHepTii 0a3yeThCsl Ha BUKOPHCTaHHI MUTTEBHX XapakTepucTHK Ha BuaiieHnx EHC, ToOTo iHTepBamax
yacy, konu B JIEC dyepe3 KOHTpOJIbOBaHI MEPETHHH HANPSMKH IOTOKIB €HEpPril 3alWMIAIOThCS HE3MIHHUMHU
(intepBanax cranmocti crpykrypu JIEC) [28]. Buseneni piBusuus (5), (10), (11) Oamancy ckiIamoBHX
eJIEKTPOCHEPTii 3 ypaxyBaHHIM OOMiHHUX MOTY)HOCTEH Qex1 Ta Qex2 MiATBEPIKYIOTh HEOOXITHICT TpU HopMy-
BaHHI OanaHcy enekrpoeneprii B JIEC onepyBatu 3 npoliecaMu Ha KO)KHOMY 3 IHTEpBaiB CTANOCTI CTPYKTYpH.

st BimoOpaxkeHHsI peasibHUX (I3MYHMX TPOLECIB y cHcTeMi Oy/ieMO BpaxOBYBaTH HAINPSIMKH IOTOKIB
eHeprii B KOHTPOJILOBaHUX MEpeTHHaX cuctemu, BuKopuctoBytoun EHC cuctemu [28]. Bukopucraemo mami
NO3HAYCHHS: NEHC — YUCIIO CHEPTeTUYHO HEe3MIHHUX CTaHIB CXEMHU; Ny, Nyc — YUCIO TEHEPATOPIB; Nyr, Nye — YUCIIO
HaBaHTaXXCHb, SKi MPAIIOIOTh BIANOBITHO y pekuMax reHepamii (iHmekc «I'») ta cmoxuBaHHs (iHIOEKC «H»)
enextpoeHeprii; Wr(Wre) Ta Wy (Wye) — eHeprist, o renepyeThest (CoKHUBAETHCS) TEHEPATOPAMH Ta TEHEPYEThCSI
(cTIOXKMBAETHCST) HABAHTA)KCHHAMH.

Bananc ckiragoBHUX eIeKTpOeHepril y CHCTeMI Ui MHOKHHU KOHTPOJIOBAHUX TIEPETHUHIB Y BIAMOBITHOCTI
10 (5) Ta 3 BpaxyBaHHSIM HAMPSAMKIB MOTOKIB €HEPTIi BU3HAYUMO BUPA30M

Neis Mg N
_C_ [[e_ WGG,fl(i,j) +e_ ’WLG,fz(i,k)"
i=1 j=1 k=1

(16)

Nicj Nl j

- [Ie_lwl‘c’fs(i‘l)+e_l’\NGC,f4(i,m)‘]] = 0,

ne f1—f4 — dyHKIiT HinoYMcenbHUX 3MIHHUX, SIKi BCTAHOBIIIOIOTh 3B’S130K MiX MOPSIIKOBMM HOMEPOM TreHeparopa
un HaBaHTtakeHus, EHC cucremu Ta ingexcamu j, K, 1, m.

Benuunuu Ngne, Neri, Nariy Niciiy Nreji, CKIa70BI eHeprii, Burisa yskiiii f1—f4 BusHavarotscst Ha ocHOBI
PO3paxyHKIiB 4 BUMIPIOBaHHS CTPYMIB i HAPYT B KOHTPOJILOBAHHUX IIEPETUHAX 3 MOJAJBIIOI0 iNeHTHDIKAIIE0
napametpiB cucteMu. VY criBBigHomeHH (16) Bei CKi1agoBi CyMH 110 | JOPIBHIOIOTH HYHO, TOMY Oananc (20) mae
Micrie # s koskHoro EHC cucremu. Bim3naunmo, mo ycepensenss (16) va nepioai T npu3BOAUTH JIKIIE 10
30anancyBanus pexxumis JIEC 3a cepeaHiMu 3HaUCHHSIMH aKTHBHOI IIOTYKHOCTI.

OCKINTbKH €Hepris, 10 HAJAXOANTh B HABAaHTa)KCHHSI, HAKOIINIY€ETHCS Ta MIEPETBOPIOETHCS B 1HII BHIH, TO
st koxxaoro EHC 3anumemo

— (+)
Wie =Wex e tWie (17)
AHaNOrivHoO [UIsl €HEeprii, 0 MOBEPTAETHCSI B HABAHTAXKEHHSI, € BIDHOIO PIBHICTD
= _ ©)
W s =W, LG Wi (18)
38’5130k Mk Wog1,1 Ta Wop2,1n JUISL OTHOTO # TOTO K HaBaHTa)KeHHS! BU3HAYAETHCS SIK
- =\ (0)
WEXl,L WEX 2L _WL : (19)

Cuissignorienss (17) — (19) marors MokuBicTs 1uist koskHoro EHC cuctemu B (16) moGyayBatu piBHOCTI,
1110 TOB’13y10Th Mixk co6oto Besmanun Wrr, Wre, Wext, Wexz, W, WO, WO,

BusHayeHHs OOMIHHHX MOTY)XHOCTEH, CKJIaloBUX OanaHcy eHepriii Ha xoHkperHux EHC nepenbauae
3HAXOJUKEHHS MOMEHTIB Iiepexony (YHKIIi MUTTEBOT MOTYXKHOCTI p;(f) j-TO KOHTPOJIHOBAHOTO MEPETUHY Yepes3
HYIIb.

ANTOpUTM  pO3paxyHKy  OajlaHCy  CKJIAJOBHUX  EJIEKTpOeHeprii B  cuUcTeMi Ha  OCHOBI
cniBBigHoImeHb (16) — (19) nerko opmainisyroTbest Ta nepeadadae onepyBaHHS 3 MATPHUIIMH, IO 0OYMOBIIIOE
MOXJIMBICTH 1X €(heKTHBHOI pealtizallii 3a JOMMOMOTOI0 Cy9aCHUX MPOTPaMHO-amapaTHUX 3aco0iB.

SIkmo GayaHC CKIIAJIOBHX ENEKTPOCHEPTii PO3pPaxoBYEThCA IS BCIX €JIEMEHTIB CHCTEMH, TO HAaO4YHE
MIPEACTABICHHS PEe3yJbTaTiB IMiJgBEIEHHS OalaHCy CKIaJOBHX EJEKTPOCHEpTii 3IiHCHIOETHCS 3a JIOTOMOTOI0
rpadiB 3miam crany [I3c{Vc, Hsc} Ta mepenmaui eneprii Ine{Vme, Hne}. A mOmambpIioro BUKOPHUCTaHHS
pE3yABTAaTH PO3PaxXyHKY CKIAZOBHUX OallaHCY 3BOAATHCS B Marpuili Bci(ij) Ta Bea(i,j) po3MIpHICTIO BiIMOBITHO
nenc-i Ta neac-(nrtng) [28]. YV mux MaTpuisx i-i psAAaoK BiANOBiIae CKIAA0BUM OalaHCy JUIS i-TO €HEPTeTUIHO
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HE3MIHHOTO CTaHY, j-i CTOBIICIlb MaTPHUIli B¢ BiINoOBifae j-i enekrpuyHii miHii (j-# my3i rpada [ 3c{Vac, Hac}), j-
it cToBmenp mMarpulli Ber ipu j = 1,...,nr — j-My TeHepaTopy Ta npH j = nrt+l,..., nrtny BigmoBigae (j - nr)-y
HAaBaHTAKECHHIO CXEMH.

st enemeHTiB MaTpHLi Bci BUKOHYIOTBCS] YMOBH:

1) Ws, i =_en_llel(i, j) (] |bc1(i, j) >0) — obcsru eneprii, nepenani Ha j=li-my EHC B pexumi
reHeparii gepes BCi Jn—iHi'f JIEC;
2) We.; :enjlb01(i,j) (j|bc1(i,j) <0)- obcarn  emeprii, mepemani ma i-my EHC B pexumi
CIIOKMBaHHS uepes ;:i ninii JIEC;
3) WA’i :”eslsl bCl(i,j)*Beﬂl/I‘{I/IHa aKTHUBHOI eHeprii, mepemaHoi depe3 j-Ty JiHII0 Ha BUAIJICHOMY
i=

nepiozi poOOTH CHCTEMHU.

st marpuni B 3Havenss bei(i,7) ns i-ro EHC BinnoBinae BenuuuHi €HEprii, 0 reHepyeThes (3HAK «+»)
YU CIIOKMBAETHCS (3HAK «—») j-M €JIEMEHTOM CHCTEMH, MPUUOMY HYJILOBE 3HaYE€HHS BiJOOpaka€e BiAKIIOYCHHS j-
IO eJIeMEHTa BiJ CHCTeMH. [IJIst eneMeHTIB MaTpHLi B¢ BAKOHYIOTBCS YMOBH:

e
I)WGG ci —€ bcz (I ) j) ( J |bc2 (I ) j) >0 ) — BeIMYMHA EHEprii, 110 TeHePYEThCS TeHepaTopoM Ha i-
=

my EHC;
N,
Z)WGCe i—€ bcz (i, j) ( j | bcz (i, j) <0 ) — BeJIMYMHA SHeprii, 1[0 CIOKUBAETHCA TeHEPaTOpaMK Ha

=1

i-my EHC;
)W i = :§n:1 bcz (i , j) (Jjl bcz (i, j) >0 )- BenmunHa eHeprii, MO TeHePyEThCS HABAHTAKEHHAMH
Ha i-my EHC; )
4)W|_CC i= j“is?"“:l bcz (i ) j) (Jl bcz (i ) j) <0)- Bemmumma emeprii, o CIIOKMBAETHCS
=ng

HaBaHTaXeHHsAMHU Ha i-Mmy EHC;
Ne
5 Wsse ;s =€ b (I : j) (J11=1,...ng ) - Benuuuma eweprii, mo reHepyeTHCS j-M TEHEPATOPOM Ha
=1
nepioni 7,
Neis L o
OW,.; =e b, (I , j) (Jli=ng+1,...,n; +Nn; )- Benmunna eneprii, mwo cHoKUBAETLCA (j- nr)-M
i=1

HaBaHTA)XCHHSIM Ha mepiomi 7.

Bemwauau Wrrs;, Wresi, Wharsi, Wues,; BIIIOBIIHO NOPIBHIOIOTH 3HAY€HHSIM cyM j, m, k, [ 3a
cniBBigHomeHHssMH (16). CrinbHuUE po3risan criBBigHOmeHs THIy (17) — (19), noOynoBaHMX JUIsi KOHKPETHHX
crpyktyp JIEC, no3Bosnsie yCTaHOBUTH pO3paxyHKOBI CITiBBIJHOLIEHHS, 110 BiZIoOpakaloTh HE TIIbKU OajaHc 3a
cepelHIMU 3HAaYECHHSIMH aKTHBHOI IOTYXXHOCTI, aJie if OanaHC CKIIaJIOBUX €JIEKTPOEHEepril, sSIKMH aJeKBaTHO BiJO-
Opakae OOMIHHI TIpolLleCH B cUCTEMi. 3a HaBEICHWMH CIIiBBIJHOIICHHIMH MO)KHa C(HOpPMYBaTH BiJIIOBIAHY
MaTpUIIO CTaHy CUCTEMHU.

Ananiz 63aemMH020 6nIUBY eNleMenmi6 cucmemu Ha 0cHosi 0ominnux npoyecis. EnexrpomartitHycymicHicts (EMC)
MOYKHA PO3IVIIATH SIK CKJIAI0BY OalaHCyBaHHs MOIUTY Ta MPOIIO3HKILIiH, 30KpeMa, TpH OMiHI piBHs Oanancysarus [29, 30].
BraeMHmii BIUTHB €TeMEHTIB CHCTEMH OyZIeMO OLIHIOBATH ISl KOHKPETHOTO PO3PAaXOBAHOIO PeKUMY ¥oro pobdotw. ITpu anamizi
B3aEMHOTO BIUTMBY €JIEMEHTIB BUKOPFICTAEMO IHTETPAJIbHY MOJIEIIb Ha OCHOBI PO3/UIEHHST CyMapHOIO CTpyMy Ha aKTHBHY Ta
pEaKTHBHY CKJI1a/10Bi [28]. AHai3 nependadae BpaxyBaHHsI BIUTUBY Pi3HUX (HaKTOPIB HESKICHOCTI entekTpoereprii. o dakTopis
HesIKICHOCTI eniekTpoereprii npu owjaii EMC Gynemo BimHocutr 3midd ¢Gopmu curams U(E), i(t), mo oOyMoBiroTh
BiJIXFJICHHSI, IPOBAJIH Ta 3MiHU HAMPYTH, CIIOTBOPEHHSI CHHYCOIATLHOCTI KPHUBOI HAMPYTH Ta CTPYMY, HECUMETPIFO HATIPyTH Ta
CTpyMy, IOSIBY IMITYJIECIB HAIIPYTH Ta THMYaCOBOI [IEpEHAIPYTH.

[opsin 3 kputepisiMu epEeKTUBHOCTI €HEPreTHYHNUX HPOLECIB, JUIs OL[IHKMA B3a€EMHOTO BIUIMBY €JICMEHTIB
JIEC B sxocTi KpuTepiiB MOXyTb TakoX OyTH BHOpaHi KpuTepii, 110 BiZoOpaxaloTh BiAMIHHICTb Bij
ONTHMAJILHOTO PEKHMY, B TOMY YHCIIi BIAMIHHICTb Bii CHHYCOIJaJIbHOTO PEXHUMY, PIBHI PEaKTHBHOI MOTY>KHOCTI
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3a MEepPIIOI0 Ta BUIIMMHU TapMOHIKaMH, CKJIAZIOBUMH BTPAT, XapaKTep MPOTiKaHHS OOMIHHHX IIPOLECIB.
besnocepeanso piBenb EMC B epeTHHI CUCTEMH OLIIHUMO 3TiJHO 3 TOKa3HUKaMH Agi, Ay, Az (110 Mipi
3HIDKEHHS 3HAYUMOCTI TIOKa3HUKA), SIKi BU3HAYUMO 13 CITiBBiTHOIICHB:

k

A, :r(u(t)/i(t) - R))dt/ (TR, ),ne Ry =U?/P; (20)
0

Ay, =Qpy I P; 21)

Ap; =Q/Qpy - p. (22)

Sxuro moka3Huku Ay Ta Ag; (cniBBigHOmeHHs (20 Ta (21)) BigoOpakaroTh BiIIOBIIHO KPUTEPIii MiHIMyMY
BTpar Ta YCEpeIHEHHsS 3BOPOTHUX IMOTOKIB €HEprii, TO MOKa3HUK A3 (cmiBBigHOLIEHHS (22)) € iHTErpajbHOIO
XapaKTEepUCTUKOIO HAOIMKEHHSI €HEPTeTHYHOTO MPOLECY J0 CHHYCOiJaIbHOTO. Mipy OLIIHKHM B3a€MHOTO BILUIUBY
€JIEMEHTIB Ha OCHOBI MOKa3HUKIB A1, Ag2, Ap3 MOXKHA BU3HAUUTH CTYIICHEM X HAOJIMKEHHSIM JI0 HYJISL.

JIyist OIiHKK JTOJbOBOTO BHECKY CHOXHBadiB oOMiHHI mporiecu y mnepetuni JIEC ams 3amanoi miro4oi
HANpyTH TeHeparopa u(?) po3AUTIMO 3a Tepioro (iHIeKe «1»), OmHi€o j-10 BUMIO (1HIEKC «j»), BCIMa BHIIMMH
(iHImekc «oo») Ta Bcima (iHIEKC «)») rapMOHIKaMH 3TiTHO 3 HACTYITHIMH BUPa3aMu:

1Y . i
o = { Ul Sin(@t — i )dt; (23)
, oLt o .
QI(Ei() ZE}[u(t)lm(,‘)Sm(Ja)t_‘//j)dt, (24)
.
9 = 2 u(®)l sinjot -yt es)
2T
1 & i
8 == JUO X 1o sin(et )t (26)
e

JIJs OLHKH JIOTBOBOTO BHECKY CIIOXKMBAYiB Ha TMOTIPIICHHS SKOCTI SIEKTPOSHEPTii B TOYI 3arajbHOTO
M AKITIOYEHHS MOXUIIMBI 1Ba Tmiaxou. [lepmmit 6a3yeThes Ha OMLIHII BILTHBY €IEMEHTIB CHCTEMH OI[IHIOETHCS 1032
3aJISKHICTIO BiJI TOTIEPEHIX PEKUMIB pOOOTH K CHCTEMH B LIIOMY, TaK | KOHKPETHUX HOTO €JIEMEHTIB, a KUTBKICHI
NOKa3HUKH B3a€EMHOTO BIUIMBY BH3HAYAIOTHCSI CyMOIO BIUTHBIB JUISl KOXKHOTO 3 BUAUICHUX (DAKTOPIiB HESKICHOCTI
EJIEKTPOCHEPTii 3 BpaxyBaHHSIM KPHUTEPil0 MIHIMyMY BTpar ejeKTpoeHepril. 3arajbHUH BIUIMB Y II€PETHHI
0OYMOBITIOETBCS CYMOIO BILIMBIB BCIX €JI€MEHTIB, LIO MiJKIIIOUEHI J10 BUAJICHOTO MEPETHHY.

BumineHHs: BHECKy j-TO €JIeMEHTa y CIOTBOPEeHHs enekTpoeneprii y meperuni JIEC mependauae
(dbopMyBaHHs IHTErpajbHOI MOZEI OIHKA B3aEMHOTO BIUIMBY 1 PO3IICIUICHHS MOJAETI CHCTEMH Ha JBi
OPTOTOHAJIbHI CKJIQJIOBI, SIKI BiZOOpa)KatOTh BiJIIOBIIHO MPOTIKAHHS aKTUBHOTO Ta PEaKTHMBHOTO cTpyMiB. Jlai
3MIACHIOETHCS PO3PAXYHOK OOMIHHUX TOTY)KHOCTEH y PO3IICIUICHIH MOJAETl Ha OCHOBI PEaKTUBHOI CKJIaq0BOT
CTPyMY 3TiTHO 3i criBBigHOIICHHAMH (8), (9).

Jpyruit miaxix nependavyae OMiHKY 3MIHH BEJIMYHH OOMIHHUX IMOTY)KHOCTEH K (YHKIIN Bill OKpeMHX
3MIiHIOBaHUX MapaMeTpiB, HAMPHKIAA, 3TiIHO 3 KOe(II[iEeHTOM BIDIMBY (YyTIHBICTIO) Sji 3MiHH OOMiHHOI

OB,j / AIYJ' '

BuzineHHs BHECKY j-TO €JeMEHTa Yy CIOTBOPEHHs eiektpoeHeprii y meperuni JIEC posrisHemo Ha
MPUKJIAAI BUKOPUCTAHHS 1HTErpajbHOI MOZE 3TiTHO 3 KPUTEPiEM MIHIMyMY BTPAT €JIE€KTPOCHEprii. AJIropuTM
OIIIHKH B3a€MHOTO BIUTUBY XapaKTePU3y€ETHCS TAKOIO ITOCIiOBHICTIO KPOKiB!

1) npoBeeHHSI aHAI3Y eEKTPOMArHiTHHX TPOIIECB;

2) GpopMyBaHHS iHTErPaIBHOI MOJIENI OLIHKH B3a€MHOTO BILIMBY;

3) po3uIenIeHHst MOJIENI CHCTEMH Ha JIBI OPTOTOHAJIBHI CKJIAI0BI;

4) po3paxyHOK OOMIHHHUX IPOIECIB y PO3LIEIUIEHIH MOJEN Ha OCHOBI PEaKTHBHOI CKJIagOBOI CTPyMY,
HaNpUKJIa, 3riIHO 31 criBBigHONMIEHHsIME (23) — (26);

5) oIiHKa BIUIMBY j-TO €JI€MEHTa CXEMH i3 CITiBBiTHOLIECHHS:

TNIOTYKHOCTi Qpy ; [-TO elleMeHTa BiJl 3Minu napamerpa [l; j-ro enemenra cuctemu kQ’ o= S_;. =A

KQa,j - QEX,_/‘ / QEXS; 27
QExs = 'elQEx'j ; el KQs,j =1, (28)
i= j=

CmiBBigHomeHHs (27) Ta (28) Aar0Th MOXKJIMBICTh B HAOIMYKEHOMY BUIJISIIII OI[IHUTH BHECOK j-TO €JIEMEHTA
y CIIOTBOpEHHS enekTpoeneprii y neperuni JIEC.
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®opmyBaHHs onTUMi3aliliHOi 3axa4i mpu peasi3auii TexHoJoriii 6anancyBanns (ruyukocri) B JIEC

[Ipu peamnizanii TexHosoriii OamaHCyBaHHS (THYYKOCTi) HEOOXiJHO BHUpIIIyBaTH ONTHMI3alliiHi 3amadi.
®dopmyBaHHS Takol ONTHMIi3alliifHOl 3a1a4i (BU3HAUEHHS! KPUTEPIiB) IS CHCTEMH, IO MICTHTh aKyMYJISTOpHI
Oarapei, HaBeJIeMO HUXKYE.

TpaguuiitHui miaxij 10 OUiHKY NPaBHIBLHOCTI KOH(DIrypalii cucTeMH MoJjsrae y 3ade3nedeHHi 6anancoBoi
HajiitHOCTI a00 3amanoro rpadika reHepanii / ClIOKMBaHHS €IEKTPOEHeprii. 3arajgoM MoXKHA po3IVIsiIaTH OanaHe
MOTY>KHOCTI Ta OayaHc eHeprii, xoua 1i ¢iznuni Benmunuu 1o si3ani. s JIEC 3 akymynstopHumu GarapesiMu
Ha TIePIINI TUIaH BUXOAATH NMOKA3HUKH 3a0€3MEeUeHHS MONHUTY. [Ipu OLiHIII eKOHOMIYHUX IMOKa3HUKIB CHCTEMHU
moTpiOHO 3Ba)kaTH TaKOX HA ONTHMAIbHE BUKOPHUCTAHHS BUPOOICHOT eHeprii.

DopMyBaHHS ONTUMI3AIIfHAX 33734 Mae 3IiIHCHIOBATUCS 3 BpaxyBaHHsAM oOMiHHHX mporeciB B JIEC B
3aJIe)KHOCTI BiA poiti Ta (pyHKINH HaBaHTa)keHb: BUMOTH J0 TpadikiB eleKTporeHeparii Ta eIeKTpOCIOKUBaHHS
(pexuMiB poOOTH), iX XapaKTEPHCTUK Ta MMOKA3HHKIB, K €IEMEHTIB onTuMizaris. @opMyBaHHS ONTHMI3aIiHOT
3a/a4di MOXKIIMBO 3[iHCHIOBATH IIPH BUKOHAHHI O/Hi€T a00 KiTBKOX YMOB:

— BJIACHE CIIO)KMBaHHS (aBTOHOMHa poboTa, DSM);

— KOOTIepaTHBHE CIIOKUBaHH (ToKanbHe), DMS;

— IPOJaX EICKTPOCHEPTIi B IICHTPATi30BaHy CUCTEMY 4yepe3 arperarop, DSM.

[Tpu dopmyntoBaHHi 3a7adi ONTUMI3alil HEOOX1THO BpaxXOBYBaTH, LIO SIK KPUTEPii HA TIOYaTKOBOMY €Tari
onTUMi3alii MOXYTh 3aCTOCOBYBAaTHCS CGKOHOMIYHI Ta TEXHIYHI CKJIaJOBi, a SIK OOMEXEHHS — COLialbHI Ta
EKOJIOT1YHI 0OMeXeHHs (HAaIpHKIIaJl, eKOIOTIYHA IPUHHATHICTE Y¥ 3aTpeOyBaHICTh).

BuHuKae 3a1a4a yTOYHEHHS CKIIQIOBUX ONTHUMI3aliiHOI 3a/1a4i, Ky, HAIPUKIIA[, JOLUIEHO BUPIIIYBATH 3
BpaxyBaHHAM HOTYXHOCTI @puse [29].

Copmymoemo MOXIIHBI BapiaHTH OanaHCy MUTTEBUX mmoTyxHOcTed y JIEC 3 BHAIICHHAM MHUTTEBUX
MOTYXKHOCTEH COHSYHOI Oarapei pcs(f), akyMyasTopHOi Oarapei pas(f), HeHTpai3oBaHOI Mepexi pm(f) Ta BIacHe
HaBaHTA)XCHb CIIOKUBAYa pr(?)

Pes (1) + Py, (1) +p s (1) =p, (1) (29)
Pes (1) +py (1) —pus(t) =py (1) (30)
Pes(t) —pu (1) +pus(£) =Py (2); 31)
Pes (1) =Py (1) —pas () =py (1) (32)

I3 ciBBinHOMIEHD (29) — (32) y moAanbmoMy MOXyYTh OyTH OTpHMaHi OanaHCH IMOTYKHOCTEH Npu Bidopy
MOTYXHOCTI Bix ogHOTO reHeparopa (33) — (35), a Takoxk mpu poOoTi rpymu 3 180X reneparopis (36) — (39):

Pes (t) =Py (t); (33)
Py (t) =Py (t); (34)
P (t) =Py (t); (35)
Pes (1) + Py (1) =Py (1); (36)
Pes () —pas(t) =py(2); (37)
Pes (1) +Pas(t) =0, (1); (38)
Pes(t) = (1) =Dy (2). (39)

VY HaBeJeHUX CIIBBIAHOLICHHIX MAIOTh MiCIle HACTYIIHI YMOBH:

1) 3HaK «+» mepen pm(?) o3HayYae, MO MUTTEBI TOTYXHOCTI BijI IEHTPAi30BaHOI MEpeXi JTOMAIOTHCS 10
MUTTEBHUX TOTY>KHOCTEMH, 110 BUPOOIIIIOTHCS COHSTHOIO OaTapeero, it 3a0e3medeHnsI moTped CroXuBaya,

2) 3HaK «—» miepea pm(f) 03HaYaE, MO0 MUTTEBI TIOTYXKHOCTI BiJl IIEHTPaTi30BaHOI MEPEXKI BiTHIMAIOTHCS Bij
MUTTEBUX TOTY>KHOCTEMH, 110 BUPOOIIIOTHCS COHSTHOIO OaTapeero, it 3a0e3medeHnsI moTped CroXuBaya,

3) 3HaK «+» mepen pas(?) 03HaYae, MO MUTTEBI TMOTYKHOCTI Bifl akyMyJsTOpHOI OaTapei momaroThes 10
MUTTEBHUX TOTY>KHOCTEMH, 110 BUPOOIISIOTHCS COHSTHOIO OaTapeero, it 3a0e3medeHHsI moTped CroXuBaya,

4) 3HaK «—» miepen pas(f) 03Hauae, M0 MUTTEBI OTY>KHOCTI BiJl aKyMYJISITOPHOI 0aTapei BiHIMaloThCs Bif
MHTTEBUX MOTY>KHOCTEH, 110 BUPOOIISIOTHCSI COHSYHOIO Oarapeero, st 3a0e3MedeHHs oTped CroKUBaya.

Buninuemm eHepreTHYHO HE3MiHHI CTaHU Ha Iepiofni poOotu cuctemu 1 (Hanpukian, 7 = 24 ronm)
TPUBAJICTIO # KUIBKICTIO MpHc Ta NOMHOXMBLIM JIiBI Ta TpaBi CTOpOHH cHiBBinHOIIEHb (29) — (39) Moxemo
nepeiTH 1o OajlaHcy eHepril:

18 ISSN 2308-7382 (Online)



ISSN 1813-5420 (Print). Enepeemuxa: ekonomixa, mexmnonozii, ekonozia. 2023. Ne 3

Neue Nenc Nenc Nene

;WCEI. (t) + ;WM(t) + Z‘WAE"(t) = ZWHi (t); (40)
%Wcsi(t)=§wyi(t),§WMi (t) ZWH, ZWAE, ZWH, (41)
Z csi t)iﬁwﬁﬁ(tkfwﬁi(t): 42)

ZWCEI ZWAEZ ZWH, 43)

3 BanyBaHHHM BapTOCTi eneKTpoeHeprn C npu it reHepaun Ta CIIOXKWBAHHA JIsA BI/IHiJ’IeHOI MHOXXHWHHU

tapudis {Ci, ... .. Cyr} 31X KIJIBKICTIO €IEMEHTIB 717 Ta TApU(HOTO IUIaHy MU MOXXEMO MEPEHTH 10 BapTICHUX
[MOKa3HHUKIB:
Nene NeHe
Z o (1C, +Z s (1C, +Z L (D, = ZWHJ (t)C); (44)
Nene Nene Nene Nene Nene
Z cB t)C_/ZZ;WH_/ (t)C_/,Z;WMj (t)c_/ZZ;WHj (t)C;, Z 4 (DG, = Z;W
i= i= i= i=
(45)
Z o (1 * Z y (tC; = Z (46)
Nenc

ZWCEJ (t)C; + ZWAEJ (t)C; = Z 5 (1C): “47)

Ha ocHOBiI HaBeleHHX CITIBBiIHOIICHD (40) — (43) un (44) — (47) moxHa chHOPMYITIOBATH HACTYITHI
OITUMI3AIlifHI 3a1a4i:

1) MmakcuMmainbHa reHeparis B Mepexy (ix BJE);

2) MiHIMaJbHE CIIOKUBaHHS BiJ Mepexi (0e3 reHepaii BIE);

3) MakcuMalbHE BIacHe ciokuBaHHA (TeHepartist BIE);

4) miHiMi3allisg KOIITIB [uist oruiaryu ejekrpoeneprii (0e3 B/E un 3 BE);

5) MakcuMi3allisi KOIITIB 3a BJIACHY I'€HEpallilo 3 BpaXyBaHHIM CBOiX MOTpeO.

VY croxuBaya Takok MOXKYTh TaKOXk peaji3oByBaTHCs OKpeMi mporpaMu kepysaHHs nomutom (DSM),
HAaIpUKIIaJ, 3 BAKOPHCTAHHSIM CUCTEM po3ocepemkeHoro kepysants (DMS), 1o Mae 3HallTH CBO€E BiToOpakeHHS
npu GopMmyBaHHI 1IbOBOT BekTOpHOI (yHKIIT onTuMmizauii. Sk Hachinok, chopMOBaHi BHIE CHiBBIIHOIICHHS
MaroTh OyTH YTOUHEHI 3 BBEICHHSIM y IIPaBUX YAaCTUHAX CITIBBIJHOILIEHB BiIIOBIIHO y 1-1i rpymi (CIIiBBiAHOLICHHS
(33) — (39)) — nomanka (—ppsm(?)), y mpyriit rpymi (cniBBigHOmeHHS (40) — (43)) — (—XWpswmi(?)), y Tperiit Tpyti
(cmiBBimHOMIEHHS (44) — (47)) — nomanka (—Wpsmi(#) Coswm)).

Sk mpukIIan HaBeAEeMO y3arajbHIOKY1 BHpa3u IS OMIHKH HEONITHMAIBHOCTI MPOIECiB:

W,= Wy— (Wep+ Wey) — min; (45)
W, = (WG’R2+ Wsz) — Wy = max; (46)
Com= Cp— (CG,R1+ CSl) —> min; 47)
Comir = (Copo+ Csy) — Cy > max; (48)

[Ipencrasneni Bupazu (45) — (48) g OLWIHKKM HEONTHMAIBHOCTI NPOLECIB J03BOJIAIOTH MiAIHTH 110
6anancyBanns JIEC 3 B/IE 3 cucteMHNX MO3MLiH, BpaXOBYIOUH HE TUIBKHU CKJIaJ Ta peKUMH pOOOTH CHCTEMH, ajie
i BUKOPUCTAHHSA Pi3HUX MEXaHi3MiB KEpyBaHHS IIOMUTOM Ha EJIIEKTPOCHEPTiI0, HEOOXiIHICTh onTuMi3arii 6i3Hec-
nporieciB (popMyBaHHS ONTHMIi3amiiHOI TAPUGHOT MOTITHKY 3aJaHUX PiBHIB THYYKOCTi) 3 BUKOPHCTAHHSIM BUMOT
49U 0OMEXKEHb, SIKi BU3HAYAIOTHCS €KOJIOTTUHUMU (haKTOpaMHu.

BucHoBku

1. TIpoBeneHuit aHami3 Mokas3aB, IO Y BHIAAKY TPATUIIHHUX EICKTPOCHEPTETHYHHX CUCTEM IPOIEC
OanmaHCyBaHHs IOMMTY Ta MPOIMO3UINNA TOCITAaEThCA MUITXOM 3a0e3leueHHs pe3epBiB i rpadikiB reHepamii /
HABAHTA)XCHHS, TO y CYYaCHHUX CJICKTPOCHEPIeTUYHHUX CHUCTEMaXx, Jie CyTTEBO 3pocrae yactka BJIE, Bumoru mo

ISSN 2308-7382 (Online) 19



ISSN 1813-5420 (Print). Enepeemuxa: ekonomixa, mexmnonozii, ekonozis. 2023. Ne 3

OarmaHCyBaHHS CTalOTh OUTBII SKOPCTKIMIMMHM, IO BHMAarae ITOKpPAaIlyBaTH THYYKICTH EIEKTPOCHEPTETHIHHUX
CHCTEM.

2. CytreBe 3pocraHHs 4vactku BJIE B cuctemax eHeprosa0esneueHHs, 30KpeMa, B JIOKAIBHHX
CJIEKTPOCHEPTETUYHUX CHCTEMaX, OOyMOBJIIOE€ HEOOXiAHICTh NpHUHMAaTH HOBI INpaBuiia pOOOTH, 30KpeMa,
II/IBUIIYBaTH PiBEHb THYYKOCTI, TOOTO 3aTHICTh 3a0e3reuyBaTy OanaHc MOMKUTY Ta MPOIO3HIii, BIIPOBaKyBaTH
HOBI TEXHOJIOTIYHI pilleHHS (KepyBaHHS IIOIUTOM, aKyMYJIOBaHHS TOIIO), IO MOTpedye y Nepuly dYepry
Jeramizalii aHayi3y NpoLeciB eHeprooOMiHy Ha pEeriOHAIFHOMY Ta JIOKAIBHOMY PIBHAX — CHCTEM PO3IMOALTY
eJeKTpoeHeprii, Ae y OunpmmocTi BUMaAKiB migkmodaoTbes BJIE Ta mpobmema OamaHCyBaHHS € HaI3BHYANHO
aKTYyaJIbHOIO.

3. Po3misHYTO OCOONMHMBOCTI aHami3y MpOIEciB €HeprooOMiHy B CHCTeMaxX eHepro3abesledeHHs Ta
3alpOMOHOBAHO U BHUPINICHHSA 3a7ad OajaHCYyBaHHS 3aCTOCOBYBAaTH OOMIHHY TOTYXKHICTH (gx, fKa €
IHTETPaJbHOIO XapaKTEPUCTHKOIO BIUIMBY Pi3HUX (PaKTOPiB HESKICHOCTI eNeKTpOeHepTii Ha OOMiHHI IpomecH B
CHCTEMi Ta BU3HAYA€THCS y KOHTPOIHOBAHMUX IIEPETHHAX CHCTEMH. 3alpOIIOHOBAHO OaJlaHC €HEepril B MepeTHHAX
JIEC Bu3Ha4aTH Ha OCHOBI OIIIHKM OOMIHHHX IPOIECIB, a BIacHE OOMIHHY IOTY)XHICTh BUKOPHUCTOBYBAaTH IS
aHaJli3y B3a€EMHOI'0 BIUTUBY eJieMeHTIB cuctemu (piBHiB EMC).

4. Jlns nocArHeHHs 3allaHUX piBHIB OamaHcyBaHHs (rHy4kocti) B JIEC Ha OCHOBI aHajiizy OOMiHHHX
MPOIIECiB CPOPMOBAHO ONMTHMI3AIINHY 3a/1a4y, OCOOIMBOCTI OOYIOBH CKIIAJOBUX SIKOT PO3MJISIHYTO HA MPUKIIA/II
JIEC 3 akyMyJ1aTOpHOIO OaTtapeeto.
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ANALYSIS OF ENERGY EXCHANGE PROCESSES WHEN BALANCING
REGIMES ENERGY SUPPLY SYSTEMS WITH DISTRIBUTED GENERATION

It is shown that maintaining a balance between the production and consumption of electric energy is an
important condition for the stable operation of modern energy supply systems. The active increase in the share of
renewable energy sources forces the use of new algorithms for balancing demand and supply, in particular, at the
expense of flexibility. This implies the need to implement new technological solutions and approaches to balancing
the modes of generation and consumption (the ability to quickly respond to changes in demand and supply), which,
in turn, requires a detailed analysis of energy exchange processes in electric power systems.

1t is recognized that there is a need for an in-depth analysis of the balance of energy components, and an
assessment of electromagnetic compatibility in electric power systems, especially in the conditions of the growing
influence of renewable energy sources on local electricity markets. Analysis of various factors influencing
technological solutions and cooperation of different market parties are key components for developing effective
management strategies and ensuring the stability of the electric power system.

The peculiarities of the analysis of energy exchange processes in local electric power systems with the
determination of exchange capacities, which are integral characteristics of the influence of various factors of the
non-acidity of electricity on exchange processes, are considered. It is proposed to balance the components of
electric energy on the basis of exchange processes in controlled intersections of local electric power systems using
the components of instantaneous power at each energetically constant state. The exchange processes in local
electric power systems are analyzed with the selection of different modes of their operation, in particular, when
assessing the level of electromagnetic compatibility of the elements of the local electric power systems.

The introduction of exchange capacities made it possible to develop indicators for assessing the level of
electromagnetic compatibility of the elements of the local system. To estimate the share of consumers' contribution
to the deterioration of the quality of electricity at the common connection point, an algorithm for evaluating the
mutual influence of elements is proposed, with the allocation of the element's contribution to the distortion of
electricity in the controlled intersection and the analysis of the magnitude of the influence of distorting factors on
electromagnetic processes in the system element.

An optimization model for achieving the specified levels of balancing (flexibility) in local electric power
systems with energy accumulators has been developed.

Keywords: energy supply systems, local electric power systems, renewable energy sources, distributed
generation, mode balancing, flexibility, demand management, exchange capacity.
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CONCEPT OF AN ENSEMBLE FORECASTING SYSTEM FOR
OPTIMIZATION PROBLEMS OF CONTROL OF SOLAR MICROGRID

Accurate probabilistic forecasts of renewable generation are the driving force for optimizing the operation
and management of MicroGrid systems. Combining forecasts of different individual models can improve forecast
accuracy, but unlike combining point forecasts, for which simple weighted averaging is often a plausible solution,
combining probabilistic forecasts is a much more complex task. Today, ensembles of forecasting models are one
of the promising directions for problem solving, where forecasting accuracy is more important than the ability to
interpret the model. The main idea of ensembles is the training of several basic models and the aggregation of the
results of their work. Empirical studies show that combinations of forecasts, on average, are more likely to produce
better forecasts than methods that are based on selecting only one forecasting model. When building ensembles,
the issue of ensuring diversity of models and effective training of model members of the ensemble becomes
especially relevant. The article is devoted to solving the issues of building an ensemble model for forecasting
photovoltaic (PV) power, which combines the results of several basic probabilistic models. Using the ensemble
method proposed by the authors can improve forecasting accuracy and reduce the time required for training and
evaluation of ensemble member models. Directions and prospects of further research are formulated.

Keywords: forecasting system, ensembles of forecasting models, solar power plant, MicroGrid, ensemble
architecture

Introduction. Forecasting plays a key role in the planning of any process, as it provides an insight into
uncertainty. With the help of simulation, it is possible to assess whether the proposed strategies can achieve the
desired goals within predetermined limits. However, determining the best prediction method is not an easy task
and depends a lot on the user's goals and the constraints he/she is likely to face. Rather than trying to find a single
best prediction method, an alternative approach might be to combine the results of independent predictors and take
some average of the predictions.

This method of averaging a number of independent forecasts obtained from different forecasting methods
is known as forecast combining, and the result is often called a consensus forecast. If a specific forecast model
that yields smaller accuracy errors compared to other individual forecasts cannot be identified, adopting a
consensus approach may be beneficial by achieving diversification. In recent decades, combined forecasts have
attracted a lot of interest, supported by the publication of a large quantity of research on the accuracy of forecasts.
Empirical researches have shown that combining forecasts has made it possible to increase the accuracy of
forecasts [1-6].

One of the advantages of using such a forecast is that it can be useful if the situation has a significant degree
of uncertainty or risk, and it is difficult to choose the most accurate forecast in advance. Even if one method is
determined to be the best, the combination is still worthwhile if the other methods can make some positive
contribution to forecast accuracy. Moreover, many factors can influence an independent prediction, and these,
together with any additional useful information, can be obtained using a consensus approach.

A MicroGrid is a small-scale electrical network that integrates distributed energy sources and can operate
connected to the United Energy Systems (UPS) or autonomously. MicroGrids are equipped with various types of
energy generation and storage sources, including solar and wind power plants, diesel generators, batteries, etc.

(Fig. 1).
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Figure 1 — 4 typical MicroGrid architecture
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The generation of electrical energy by renewable energy sources, and a solar plant in particular, is very
unstable, it depends on weather and geographical conditions, season, time, etc. The MicroGrid, in contrast to UPS,
is sensitive to various disturbances, it does not have such a property as inertia, which is usually provided by
powerful generators of large power plants. Therefore, the effective operation of the MicroGrid is related to accurate
grid management. Due to the variety and complexity of the processes that take place in the local power system, an
effective tool for managing such a network can be an ensemble (combined) system, the tasks of which can include:

—forecasting of generation and consumption, maximum load;

—management of energy source operating modes;

—problem detection and system management.

For the effective operation of such a control system, it is necessary to choose the right architecture, which
depends on a number of parameters (type of input data and system goals).

Purpose of the work. Development of the architecture of the ensemble forecasting system for the tasks of
optimizing the management of the Solar MicroGrid and the theoretical justification of the prospects for the
implementation of such a forecasting procedure.

Material and research results. In electrical networks, data is most often obtained in the form of time
series. They can be used as received or prepared by using data standardization and normalization. Forecasting is
one of the main tasks in a MicroGrid.

As arule, past data for a certain period are used for forecasting. The choice of the duration of this period is
a compromise between the complexity of the system, because the longer this period is, the more complex the
system is, and the quality of the forecast. In the Solar MicroGrid, the optimal forecast is made for 1-24 hours, and
input parameters are taken for the last 3-72 hours, respectively [7].

An important issue is the detection of abnormal situations in MicroGrid. The problem is that when creating
a training sample, there is much less data on extraordinary situations than on normal work, and it is impractical to
get them specifically. The forecasting system does not necessarily need to know what each abnormal situation
looks like, and the task of identifying problems is reduced to finding anomalies in time series. Therefore, the
training sample should consist of examples without anomalies. To solve this problem, the models accepted in the
forecasting system must process a certain period of time. The use of autoencoders is appropriate for this task. An
autoencoder is a model that consists of two parts: an encoder and a decoder. Accordingly, it learns to encode data
and reproduce it with the smallest possible error. Since the autoencoder cannot reliably reproduce anomalous data,
a noticeable increase in error will immediately be obtained, indicating an anomaly in the data due to an abnormal
situation.

The management problem corresponds to the classification problem. And in this case, the state and
situations in the solar power system are classified according to which decisions are made. Therefore, the main
types of models that can effectively solve this problem are K-Nearest Neighbor (KNN) or Neural Networks (NN)
with architectures of Perceptron, Convolutional NN or Deep Machine Learning Network. Often the management
problem is that vague categories are being operated on [8-10]. Therefore, the use of Neuro-Fuzzy Systems, such
as ANFIS (Adaptive Network Based Fuzzy Inference System), is effective for this task. This method combines a
clear interpretation of the raw data corresponding to Fuzzy Logic, and the membership functions are implemented
by a Neural Network.

Overview of the Proposed Ensemble Method for Forecasting Solar MicroGrid Power. The predictions
of the underlying probabilistic models are combined into a competitive ensemble method, illustrated in Fig. 2.
Historical and current PV data and weather data together with calendar variables and the geographic location of
the Solar MicroGrid are the inputs to the proposed forecasting system architecture. This data is used by the
underlying probabilistic models to construct individual probabilistic power forecasts. Finally, the predicted
quantiles returned from the underlying models are fed as inputs to the ensemble model to combine them
appropriately. In the forecast pooling step, calendar variables and geographic location may or may not be used,
which differentiates the parameter estimation. The output of the combination procedure is a probabilistic
photovoltaic power forecast.

Database. The following types of datasets are used:

—meteorological data that can be obtained both from local sensors of weather parameters and from a
centralized weather station [11];

—measurement data of electricity generation/consumption [11, 12];

—calendar information, according to which seasonality and time of day are determined;

—the geographical location of Solar MicroGrid.

Meteorological data is data that contains actual light and weather values with a resolution of 10 minutes.
Characteristics of meteorological data can be solar radiation, air temperature, precipitation, relative humidity, wind
speed, etc [11].

These data must be time-averaged to match the forecast interval. The measured real output power data of
the PV system is also used as a data function.
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Figure 2 — The concept of the general framework of an ensemble Solar MicroGrid power forecasting system

Evaluation of Data and Data Preprocessing. A correlation matrix is used to estimate the actual value of
the influence of each parameter on the output variable and separately on each of the input factors of the model. It
is a structured approach to ranking the importance of predictors or input variables in the output. The Pearson
Correlation Coefficient (PCC) and ¢-statistics are used to select the appropriate characteristics of the data. The PCC
is used to calculate the correlation value. Values are in the range -1 to 1 [11]. Value r =1 indicates a positive
correlation, r =0 indicates the absence of correlation, and r =—1 indicates a negative correlation. The PCC

formula is as follows:
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where X, ¥ — the average values for the sample X and y, S, and Sy — unbiased (adjusted) estimate of the

standard deviation for X and Y.

Data preprocessing involves normalization, cleaning, recovery, and separation of data. At the stage of data
preparation, data are normalized using minimum-maximum normalization. Minimum-maximum normalization is
defined as [13]:

7 Xn ~ Xmin
X, = X0~ Xmin_ @)
Xmax ~ Xmin

Je X, —normalized data, X,, — output data, Xpay 1 Xpin — maximum and minimum value of X, accordingly.

After data normalization, data cleaning removes outliers and data reconstruction replaces missing values
using linear interpolation. The "good" data is further divided into training and testing sets.
The stages of data preprocessing are shown in Fig. 3.
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Figure 3 — Preprocessing steps for cleaning and separating data into train test sets
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First, the missing values are identified and are replaced with the values from the same time the previous
day. If the value for the same time of the previous day is also missing, then the missing data is imputed using the
same time value of the last previous day with available data. Then further processing of the clean data is performed
in the ways discussed above. The transformations of sines and cosines of cyclic parameters, such as hour of the
day, day of the year, month of the year, season of the year, are determined. Binary encoding from the atmosphere
model can be used to encode the Cloud Type feature. Meteorological parameters including pressure, temperature
and wind speed are separated. One-day time lags of solar irradiance for the last day are organized as separate
characteristics for solar irradiance models. These functions are concatenated and then normalized, i.e. the range of
each input vector is bounded to (0, 1). The scaled data are then divided into training and test datasets for training
and evaluating the proposed model, respectively.

Probabilistic Underlying Models. The selection of basic models is based on an individual assessment of
each model, the number of which in the proposed architecture is unlimited. For each model, Model! 1..n, it is
assumed that the same subsequent training data are available at the starting point of the forecast #: N historical and

current values ﬂ_( N _1) , Pt—( N _2) ..., R of PV power; N vectors pt_( N _1) , pt_( N _2) ,---» Pt M predictors,

corresponding to each of the N historical PV power values. In particular, the general j-th vector of predictors is

pJ :{plj ,...,pMj

The Ensemble Model for Forecast Combination. The ensemble model is based on the quantile-weighted
sum. In [14] proposes and compares eight different strategies:

—the Pure Chuantile Weighted Sum (PQWS);

—the Hourly QuantileWeighted Sum (HQWS);

—the Pure Constrained Quantile Weighted Sum (PCQWS);

—the Hourly Constrained QuantileWeighted Sum (HCQWS);

—the Pure Quantile Weighted Sum with Least Absolute Shrinkage and Selection Operator (LASSO)
Regularization (PQWSLR);

—the Hourly QuantileWeighted Sum with LASSO Regularization (HQWSLR);

—the Pure Quantile Weighted Sum with Ridge Regularization (PQWSRR);

—the Hourly QuantileWeighted Sum with Ridge Regularization (HQWSRR).

In the "pure" approaches, the weights were estimated without any differentiation in terms of daily duration,
while in the "hourly" approaches, weights were estimated using only one-hour observations. In this way, the
weights are differentiated by hours of the day to account for the daily periodicity of the PV power scheme.

In [14], the last four approaches were extended, starting with the Least Absolute Shrinkage and Selection
Operator (LASSO) quantile regression and quantile Ridge Regression, respectively, which allows adjusting the
weights by assigning a penalty associated with the weights.

In the PQWS and HQWS strategies, the weights were estimated without any regularization restrictions or
losses. Compared to the constrained or regularized strategies, the PQWS and HQWS strategies return the lowest
net sum in the sample because the minimization problem is unconstrained. However, there is no certainty that
these weights are the best choice for out-of-sample predictions. This is a common problem for regression applied
to prediction, where the preponderance of training data has negative consequences when the model is used to
predict unknown data.

Since the ensemble combination of probabilistic individual forecasts is evaluated in terms of relative
improvement over the individual forecasts, the use of a specific combination block construction strategy depends
on the selected underlying models.

Forecast Evaluation. When operating any predictive model, sooner or later the question of the possibility
of correcting its parameters arises. Every year, the growth of electricity consumption and its generation increases,
the operating conditions of the electricity market and capacity change, the energy systems themselves develop, as
aresult, at a certain stage, the forecasting system turns out to be inadequate to the current state. Taking into account
the specifics of the electric power industry, namely the dependence of the amount of generation on many different
factors (weather conditions; type of day — weekend, working, holiday; type of consumer — industrial and household
sector), the problem of retraining the forecasting system is obvious, because sooner or later the model will cease
to provide an adequate forecast .

To realize the possibility of retraining, correction of model parameters based on the error of the original
forecast is introduced into the forecasting system. The output forecast of the system is compared with the actual
value of the Solar Microgrid generation and when the error will exceed a certain set allowable level, the system is
retrained on the new data.

As a block of forecast evaluation, standard criteria for determining a qualitative forecast such as mean
square error (MSE), root mean square error (RMSE), mean absolute error (MAE), mean absolute percent error
(MAPE), coefficient of determination (R2) can be used [12], as well as methods based on the genetic algorithm or
fuzzy logic

for j=t—(N-1),t—(N-2), ..., t.
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Conclusions. To improve the forecasting accuracy in the Solar Microgrid management strategy, this study
proposes a concept of a short-term PV power forecasting system that uses an ensemble forecasting method. The
ensemble model is built by combining individual forecasting models as basic models and then organizing them
into an ensemble combination. The model also provides for adaptation based on a change in the output value, if
the forecast becomes of inadequate quality.

Further development of methods of combining forecasts should be carried out within the framework of two
approaches: by including new types of individual models in the basic set of the combined model and by improving
and developing new methods of combining forecasts.

Prospective directions for improvement of methods of combining forecasts include combining based on
technologies of intelligent data analysis, and combining forecasts based on stable statistical estimates.
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KOHIENIIA AHCAMBJIEBOI CUCTEMH ITPOTHO3YBAHHS 1151 3ATAY
ONTUMI3ALIT YITPABJIIHHA MICROGRID COHSIYHOI EHEPTIi

Touni umMoipHICHI NPOCHO3U BIOHOBIIOBAHOL 2eHepayil € PYWINHOW CULOK Ol onmumizayii excniyamayii
ma ynpasninnsa MicroGrid cucmemamu. Kombinayis npoenosis, HA0aHux pizHUMU IHOUBIOYANLHUMU MOOESMU,
Modce 00360UMU NIOSUWUMU MOYHICIb NPOSHO3I8, OOHAK, HA GIOMIHY 6i0 KOMOIHYBAHHS MOYKOGUX NPOSHO3ISE,
O/ AKUX NPOCME 38AACEHE YCEPEOHEHHS. HACMO € GIPOCIOHUM PIULeHHAM, KOMOIHYBAHHS UMOGIPHICHUX NPOCHO3I6
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€ Habazamo cknadHiwum 3a80annam. Co0200HI ancamoOi mooeneli NPOZHO3YBAHHA € OOHUM i3 NEPCHEeKMUBHUX
HAanpsmie po3e s3anHs 3a0ay, 0e NPOSHOCMUYHA MOYHICMb 8ANCIUGIULA, HIJC MOJICIUGICMb IHMEPNpemysamu
moOens. Tonogna idess ancamobnie noasiecae 8 HAGUAHHI KLIbKOX 6A306uUx mooenel ma azpeeayii pe3yiomamis ix
pobomu. Emnipuuni 0ocnioocents nokazyomos, wo KOMOIHAYIL NPOSHO3I6 Y cepeOHboMY Hacmiue 0ams Kpawi
NPOSHO3U, HIJC Memoou, KL 6a3yIombcs Ha 8ubOPI tuule 0OHiel Modeni npocnosyearisi. IIpu nobyoosi ancamébnie
0cobaugol akmyanvHocmi Habyeac numanHs 3a6e3nevyeHHs pPIHOMAHIMHOCMI Molderell ma e@peKxmusHo2o
HaguaHHa mooeneu-unenie ancamomo. Cmamms npucesiuena po3e a3aHHIo numans no6y0osu ancambnesoi mooerni
011 npoeHo3yeanHa pomoenexkmpuunoi (PV) nomyoswcrHocmi, aKka NOEOHYe pe3ynbmamu OeKilbKox 6a308ux
imMogipHicHUX MoOenel. BukopucmaHnus 3anponoH08aH020 asmopamu ancamoieso2o Memooy mModxce nioguuumu
MOYHICMb NPOSHO3Y8AHHS MA 3MEHWUMU Yac, He0OXIOHULL OJid MPeHYB8AHHA U OYIHKU MOOelel-41eHi8 aHCAMOIo.
Cehopmynvosati Hanpamu ma nepcnekmusu HOOAILUUX O0CTIONCEHD.

KirouoBi ciioBa: crcrema mporao3yBaHHs, aHcamOlIi MoJelneil IPOrHO3yBaHHs, TeHepalis eIeKTPHIHOl
eHeprii, CoHs4HA eneKTpocTaniisa, MicroGrid, ancam0ieBa apxiTekTypa
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AHAJII3 METOJIB 3MIHH OBCAT'IB TEHEPAIII EJIEKTPUYHOI
EHEPI'ITI HA COHAYHUX EJEKTPOCTAHIIAX

B cmammi poszensdaiomecsi memoou 3minu epagikie cenepayii enrekmpuyHoi enepeii HA COHAYHUX
enexmpocmanyiax nio yac podbomu nio yeHmpaibHum peyiimopom enepeocucmemu. Ilposedeno ananisysantsa
icHylouux Memooie  pecyn06anHs, 3anponoOHOGANO  HOBUL MemoO Kepy8aHHs 2eHepayiclo  COHAYHUX
e1eKMpOCMAanyiil Ni0 YeHmpanbHum pecyisimopoM eHepeoCUCeMU.

IIpodnemamuka: 3pocmanns yacmru 2enepayii COHAYHOI enekmpoenepeii 8 enepeocucmemax Kpaiu ceimy
npu3800umMb 00 HeoOXIOHOCHI KOHMPOIIO8AMU A YIPAGIAMU NPOYECOM 8UPOOHUYMBA eNeKMPUYHOL eHepeii s
niosuujenHss cmaditbHOCMi ma CcmitKkocmi enepeocucmemuy. 3HAYHA YIHA HA KOMNEHCAyilo Hebanaucie 6
eHepaocucmemi 3aKIA0AEMbC 8 Mapuhu, Wo 6NIUBAE HA KIHYEBUX CHONCUBAYIE eleKMPUUHOT eHepei.

Mema oOocnidscenns: nidguweHHs: a0eK8AMHOCMI Pe3yibmamié po3nooiny OepiyumHux pesepsis
RIOMPUMKU YACMOMU, Pe3eps8i6 8iIOHOBNIeHH Yacmomu 0l KOMNeHcayli Hebanancie, wo SUHUKAIOMb Ni0 4ac
3MIHU 2eHepayii Ha COHAYHUX eIeKMPOCMAHYIAX. 3IMeHUIeHHs 6apmocmi KoMnencayii nebanancie, wjo 6UHUKAIOMb
npu 3MIiHi 2eHepayii Ha COHSIUHUX eleKMPOCMAaHyiax. [s eupiuienns Mmemu HeoOXiOHO NPOAHANI3YEeAmU ICHYIOYL
Memoodu Komnencayii Hebanaucieé enepeocucmemu, Wo GUHUKAIOMb 6 HACNIOOK 3MIHU 2eHepayii Ha COHAYHUX
e1eKMpPOCMARYISAX Ma 3anpPONOHYS8AmYU HO8e MEXHIYHe MAa MameMamuyne piuents 0a po3nooiny oeqiyumnux
pe3epeis niompumKy ma 6i0HOGIEHHs YaACMOmu.

Memoouka peanizayii: 6UKOPUCMAHO COYIATbHO-ITHIHCEHEPHUL NIOXI0 NPOSHO3YBAHHS MA MOOENI08AHH S
OJ1A aHAi3y Npoyecis, Wo BNAUBAIOMb HA MemOO0 YIPAGIIHHI 2PpApIKoM cenepayii COHAYHOT eeKmpoCmaHyii.

Pesynomamu  docnioxcenna: 3anponoHo8aHo Hoee MamemMamuyHe mMa MeXHiuHe piulenHs O
KOMneHcayii Hebaniaucy 6 enepeocucmemi y pasi weuokoi 3mini epagixy cemepayii erekmpuunoi enepeii Ha
COHAYHUX eNleKmpOoCmanyisax. Bnepwe eupiwena nocmasnena 3a0aua 3 6UKOPUCMAHHAM HOB020 MEXHIUHO20 Ma
Mamemamuyno20 piwenns. Take mexuiune ma mamemamuyne pilienHs Modice 3HAUMU WUPOKe 3acCmOCY6aHHs 6
npoyeci YnpasiinHi 2pagpikom 2eHepayii eleKmpudHoi eHepeii Ha COHSUHUX eNeKmpOCMAHyisax y 6azamvox
CUCIMEeMHUX Onepamopie pisHux Kpain ceimy, oOe ichye npobaema Oe@iyumuux pesepeie niOompumKu ma
BIOHOGNIEHHS YACOMU, A KiTbKICMb COHAYHOI 2eHepayii eneKmpuyHoi enepeii Mac 3HaA4Hy 4acmKy 8 3a2anbHill
KitbKOCmi 2enepayii eneKmpudHoi eHepelii.

Bucnoeku: Ilpoananizosarno icryioui memoou KomMneHcayii HeOanaHcie enepeocucmemu, Wo GUHUKAOMb 6
HACIOOK 3MIHU 2eHepayii Ha COHAYHUX eJIeKMPOCMAHYIAX Ma 3anpOnOHOB8AHO HO8e MeXHIuHe ma Mamemamuite
piutents 0 po3nodiny Oe@iyumuux pe3epeie niOMmpumMKy ma 6iOHOBNEHHSA Yacmomu. 3anponoHo8ane mexHiuHe
ma mamemamuyHe piuleHHs 00380JA€ CHPOSHO3Y8amu noodit, nid uac axoi 8i0bydemuvcs 3MIHA PIGHS ceHepayil
eeKMPUYHOI eHepeli Ha COHAYHUX eNeKMPOCMAHYISAX, nepedamu IHGOpMayito 00 YeHMPATbHO2O pe2ynamopd
eHepzocucmemu, AKUL Y C80I0 yepey, 0acmb KOMAHOY HA 3MIHY epaiKy cenepayii enekmpuunoi enepeii 3a64acHo
6 MedCcax 30HU HeYyMmAUeocmi, wjo npusgede 00 aKmueayii pezepeié GiOHOGNEHHA YACMOmU ma O00380]1UMb
KOMNEHCY8amu HAsA6HUI HeOANanC 3a PAXyHOK Dbl Oewesux pe3epeie ma He akmueyeamu pe3epeu niompumKku
uacmomu. Take mamemamuune ma mexuiune piulenHs 003601UMb 3HAYHO NIOSUWUMU CIIIKICIb eHep2oCcUcmeMu
00 BUHUKAIOUUX HEOANAHCI6 Ma 30euedumy ix KOMNEeHcayilo, wo 8 Yilomy no3umueHo GNIUGAE HA eHepemUiHy
besnexy depaicasu.

Kiro4oBi ciioBa: inmenexmyanvhi cucmemu, ynpaeniHHa COHAYHUMU eNEeKMPOCMANHYIAMU, KOMNEeHCayis
Hebanaucy enepeocucmemu, OONOMINCHI ROCTY2U, KOOEKC CUCTeMU nepeoadi.

Beryn

Ha renepimHiii yac mpouec nexapOoHizaiii HabyBae CBITOBHUX MacIITabiB, a OTKE YUCTA €HEPTis Ta 3aX0IH
3 eHepro30epexeH s BUXOAATh Ha nepwii iaH. [llopoky B kpaiHax, o MiATPUMYIOTh Ipolec AekapOoHizaii,
3pOCTa€ YacTKa TeHeparlil eIeKTPUIHOI eHeprii 3a paXyHOK BiJHOBIIOBAJILHUX JDKepelN eHeprii. Taka TeHaeHIIis
CIIOCTEPIraeThCs 3a paXyHOK BIIMOBH BiJl TEIUIOBOI TeHepallii Ha BYriuIi Ta 301JIbLICHHS €JIeKTPOCTAHIIH, 110
TeHEPYIOTh €JEKTPUYHY EHEpril0 Ha BiJHOBIIOBAIGHHX JDKEpENax eHeprii, y TOMy 4YHCHl 1 COHSIYHHX
€JIEKTPOCTAHIIIH.

OKpiM TO3WTHBHUX €KOJIOTIYHMX BIUIMBIB Ha JOBKULISL, WO JIa€ HAM YHCTAa EHEpreTHKa, 4YacTHHA
CHCTEMHHX OIEpPaTOpiB EHEProCUCTEM PI3HUX KpaiH BXKE CTHKHYJACh 3 pU3UKaMHU, 1110 HECYTh B CO01 BiMOBa Bij
TEIUIOBOI TeHepallii Ta 301IbIICHHS KUTBKOCTI YUCTOT EHEeprii.
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Jis po3yMiHHS PH3HKIB BapTO Bi3HAYHTH, IO TEIUIOBA T€HEPAIlis € ONHIEI0 3 HAMMOOIMBHININX MiCIsA
TiIpOENeKTPOCTaHIil, a OTKE 3 BiAMOBOIO BiJl TEIJIOBOi reHepallii KUIBKICTh HAsBHHUX PE3EPBIB MIATPUMKHU
yactotn (PIIY) Ta pe3epBiB BiHOBJIECHHS YacTOTH 3MEHIIYEThCS. Pe3epBOM MIATPHMKM YacTOTH Ha3HBAaIOTh
pe3epBaMu aKTUBHOI MOTY>KHOCTI, HAsIBHI TSl PEryJIF0OBaHHS YaCTOTH ITiCIIs BUHUKHEHHs HebanaHcy [1]. PesepBom
BIZIHOBJICHHS YaCTOTH Ha3MBAaIOTh PE3E€PBU aKTHBHOI IMOTYXXHOCTI, HAsBHI JUIsl BITHOBJICHHS YaCTOTH CHCTEMH JIO
HOMIHaJIBHOI YaCTOTH Ta, JUI1 CHHXPOHHOT 00J1aCTi, 10 CKJIagaeThes OlIblIe HiX 3 OJHIET 00IacTi perytoBaHHs,
JUISL BIZIHOBJIEHHsI OajlaHCy MOTYXKHOCTI J0 IJIAHOBHUX OOCSTIB. PeryioBaHHSM 4acTOTH Ha3WBaIOTh 3JIaTHICTh
reaepytodoi ommaumi, Y3E abo cucremu [ICBH mo perymoBaHHA CBO€I BHXiIHOI aKTHBHOI MOTY>KHOCTI y
BiINIOBiZIb Ha BUMIipsSIHE BIOXWICHHS YaCTOTH B €HEPrOCHCTEMI BiJl yCTABKH 3 METOIO MiATPHMAHHS CTaOLIBHOL
4acTOTH B eHeprocuctemi [1].

OxpiM 3MeHIIeHHS KiTbKOCTI pe3epBiB uepe3 3MEHIIEHHS KUThKOCTI OAMHUIF MaHEBPEHOI TeHeparii, icHye
TaKkoXX mpobjeMa 3 camMoO0 TeHepali€ro, Mo 0a3yeThCs HA BiOHOBIIOBANHHHUX DKepenax eHepril. CoHsdHa
TeHepalis € OIHI€I0 3 HecTaOITPHIX Ta HAaMEHII IMPOTHO30BAaHMX, Yepe3 MOJKINBI 3aBajH, IO BUHUKAIOTH B
npoteci rerepanii cCoHssgHoi exekTpu4Hoi eHeprii. Cepell TOJOBHUX 3aBa]| sl COHSYHUX €JIEKTPOCTAHIIIH BapTO
BIZI3HAYHUTH XMapH, 1110 3aTYJISIOTh COHSYHI POMEHI 1 He I03BOJISIIOTh YTPUMYBAaTH HEOOXI1AHUI piBeHb I'eHeparlii
CJIEKTPUYHOI eHeprii. 3 pOCTOM KiJIbKOCTI COHAYHHMX €JICKTPOCTAHINA KOJHUBAHHSA B CHCTEMI Ta HEBIAMOBIAHICTh
UIaHOBOMY Tpadiky reHeparrii eneKTpUIHOT eHeprii Oy/ae HeraTUBHO BIUIMBATH HA CTIHKICTh EHEPrOCHCTEMH Ta
Oysne MpU3BOIUTH [0 CUTyaulid, Koiau 1 6e3 Toro aedinuTHI pe3epBH MIATPUMKH Ta BiJIHOBJIEHHS 4YacTOTH
HEOoOXITHO aKTUBYBaTH JJsi KOMIIeHcalli HeOaslaHCiB, 11O BMHHKAIOTh BiJl HECTaOUIbHOI POOOTH COHSYHUX
€JIEKTPOCTAHIIIH.

Merta Ta 3aBIaHHS: TiIBUAIICHHS aIcKBATHOCTI PE3yIbTATIB PO3MOALTY NePIUTHUX PE3EPBIB MiATPUMKH
YaCTOTH, Pe3epPBiB BiJHOBJICHHS YacTOTH JJIsI KOMIICHCAIlil HeOalaHCiB, 0 BUHUKAIOTh MIPH 3MiHI TeHepalii Ha
COHSYHHX CJEKTPOCTAHIIIAX. 3MEHIICHH BapTOCTi KOMITEHCaIlii HeOaTaHCiB, [0 BUHUKAIOTH TP 3MiHi TeHepartii
Ha COHSIYHUX €JEKTPOCTAHIIAX. {11 BUPIMIEHHS METH HEOOXiTHO MPOaHali3yBaTH iCHYIOUi METOAN KOMIICHC Al
HeOaJlaHCIB €HEeProCHCTeMH, [0 BHHUKAIOTh B HACTIJOK 3MiHM T'eHepalii Ha COHSYHUX EJIEKTPOCTAHIISX Ta
3aIpONOHYBATH HOBE TEXHIYHE Ta MaTeMaTW4HE PIillleHHs IS PO3NOAUTY Ae(ilMTHUX pe3epBiB MIATPUMKHU Ta
BiJHOBJIEHHS 4aCTOTH.

Orasig cyyacHoi 1iTepaTypH Ta iCHyIOUMX METOAIB!

binpuricTh eHeprocucTeM KpaiH CBITY CIUPaIOTHCS Ha HOPMATHBHI JOKYMEHTH PO3po0JIeH] crietiaibHO Mi
X 0coONMBOCTI Ta 3 BpaxyBaHHSM 3aKOHIB, IO JiIOTh B KpaiHi. BaxuBuM napamerpoM B Takiil cuTyauii €
HasBHICTH PUHKY €ICKTPHYHOI SHEePril Ta TOTMOMIXKHUX mochyr. B YkpaiHi cucteMHuit omepatop B cBOiif poOOTi
CIIUPAETHCS Ha KiJIbKa KIIFOYOBUX JOKYMEHTIB, a caMe: KOJeKC cucTeMu nepenadi[1], kogeke cucteMu posnoniny
[2], a Takoxx mocTaHoBa [1po 3aTBepmkenns [Ipasun punky[3]. [licas mpueqHanHs Y KpaiHu 10 eHeprood’ e THaHHS
ENTSO-E BinOyBaeTscs mporec Yy3ro/KCHHS Ta MPUBEACHHSA Yy BIAMOBIHICTH JaHUX JOKYMEHTIB [0
HOpMaTHBHO-TIpaBoBux J0KkyMeHTiB ENTSO-E, a came: The Synchronous Area Framework (SAFA) ta System
Operation Guideline (SO GL). ENTSO-E € eBporneiicbkoro acoliaii€ro st CriBpoOiTHHIITBA OMEpaToOpiB CUCTEM
nepeaayi eNeKTpoeHeprii. 3riHO 3 JOKYMEHTaMH acolliailii, CTaBUThCSA amOiliiiHa 3aja4ya JOCSITHEHHS MOBHOT
nekapOowizarii B enepretumi[4].

MarepiaJ Ta pe3yJIbTaTH A0CHIIKEHb:

3micToBHe opMy/IIOBaHHA 3a1a4i

Hexaii nmocmipkyBaHa €HEpProcucreMa MICTHTh CKiHYEHY MHOXHHY IiJICHCTEM, LIO MAlOTh CIIbHHMA
OITHOPIMHUI pecypc: eNeKTpUYHA SHEPTis, Ky TeHepYIOTh eNEKTPOCTAHIl pi3HUX TUMiB. B ymoBax medimury
pe3epBy MIITPUMKH YaCTOTH BHHUKAE HEOOXITHICTH 30aJaHCYyBaTH CHEPrOCUCTEMY, IS 3a0€3IEYCHHS CTIHKOT
poboTn eneproo0’eaHanHs. ToMy BUHHMKae HEOOXiAHICTh PO3POOKM HOBHX METOMIB NMPUHHATTS pillIeHb, 5IKi O
3HAYHO ITiJICHITIOBAIA MOXIIUBOCTI Y PO3’sI3aHHI MOIOHUX 3a/1ay.

AHaJi3 MeToAiB KOMIIeHcaNil HeGaTaHCY CHCTEeMHHMH OIIepaATOpPaMH

[Ipoananizyemo MeTtoanm KommeHcalii HeOalaHCIiB B KpaiHax €BpONEHCHKOrO0 COr03y, KOIITH, IO
BUTPAYalOTh EHEPrOCUCTEMH Ha KOMIICHCAIliF0 HeOaIaHCiB, BpaXOBYIOUH OCOOINBOCTI PHHKY €IEKTPHYHOI eHeprii
Kpain €Bpocoro3y.

B nam yac yci SCADA- cucTeMH HaJAITOBAaHI TAKMM YMHOM, 1100 B PEXKHMI PEalbHOTO Yacy KepyBaTH
Ta KOMIIEHCYBAaTH BUHUKAIO9i HeOAJAaHCH B eHEPIrOCHCTEMI B aBTOMAaTHYHOMY PeXXHMi. SIKIO BIIXUIICHHS YaCTOTH
cTa€ OUTBIIUM 32 30HY HEYYTJIMBOCTI CHCTEMH, TO CHCTEMa B aBTOMATHYHOMY PEXHMI MOYHMHAE aKTUBYBaTH
pe3epB MiATPUMKH 9acTOTHU IS cTabisTi3arii cucTeMu i aBTOMaTHYHUN pe3epB BigHOBIEeHHS yacToTh (aPBY) s
KOMIIeHcalii HebanaHcy.

[Ipoananizyemo Bapricte omgHoro MBT pesepBy miaTpumkum uyactotd Ta onniei MBr*rox renepamii
CJISKTPUYHOT eHepTii Ha PHUHKY eJEeKTPUYHOI eHeprii B €Bpomi. st mporo npoanaiizyemo nai 3a 2022 pik mo
pi3HMM KpaiHam €BpocoI03y Ta modyayeMo BianoigHi rpadiku [5,6].

st ananizy Oysio oOpaHo HacTynHI Kpainu €Bpocoro3y: ABctpist, benbris, danis, @panuis, Himeuuuna
ta Hinepnannu. 3Bakaroud Ha 3HaYHUHM PO3MIp BXIAHUX JaHUX U aHaJi3y HaBeIeMO HE3HauHHH (parMeHT
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tabmumi 3a epmri 10 gaiB 2022 poky ansa ABctpii (Tabin. 1). ¥V pesynbTyrounx rpadikax Oyae BHKOPHUCTaHO NaHi
3 tabnui 3a yBech 2022 pik.

Tabmums 1 — Lina MBt PITY Ta MBT1*rox rereparii 3a 10 qaiB 2022 poky B ABCTpii

Kpaina ABcTpis
ara/tiac But PIY | POY | PN | POU | PO | PIY | Cepen
(00-04) | (04-08) | (08-12) | (12-16) | (16-20) | (20-24) | 3a nems
I'enepartis
84,08
01.01.2022 (€/MWh) ’
PriaemMw) | 188 | 168 | 99 | 9643 | 484 | 11517 | 11917
I'enepanis
55,83
02.01.2022 (E/MWh)
prdemMw) | 185 | 165 | 11883 | 136 | 99 [ 127,20 | 13852
I'enepanis
84,13
03.01.2022 (E/MWh)
prrd (emMw) | 1222 | 1374 | 11067 | 110 | 82 [ 9334 | 10027
Ienepartis
154,55
04.01.2022 (€/MWh)
pridemMw) | 895 | 99 | 524 | s667 | 556 | 55 | 68,03
Ieneparris
132,3
05.01.2022 (€/MWh)
PITY (€/MW) | 1016 | 12089 | 5317 | 9141 | 82 | 552 | 84,05
Ieneparris
201,62
06.01.2022 (E/MWh)
prrd (emMw) | 6352 | 9932 | 40 | 38 | 384 [ 5532 | 5576
I'enepartis
180,94
07.01.2022 (E/MWh)
P emMw) | 7256 | 8671 | 40 | 4086 | 406 | 552 | 55,99
I'enepartis
177,54
08.01.2022 (E/MWh)
P (eMw) | 5333 | 8967 | 100 | 48 | 5167 | 9375 | 72,74
Ieneparris
172,64
09.01.2022 (E/MWh)
prd(eMw) | 100 | 167,24 | 16616 | 11104 | 47 | 69 | 11022
Ieneparris
261,47
10.01.2022 €/MWh)
PITY (eMW) | 9414 | 12504 | 272 | 26 | 3168 | 766 | 6344

OCoOIMBICTIO PUHKY €JIEKTPUYHOI €HEepril B UX €BPOIEHCHKUX KpaiHaX € po3MOIiUT MPOAaxy pe3epBiB
MiATPUMKH YaCTOTH MPOMDKKaMH 1Mo 4 roauHu. Takuii METON JO3BOJISIE OTPUMYBATH CIpPABEIJIMBY IIHY Ha
HaJIaHHS JOMOMDKHHX ITOCIYT 3 ypaxyBaHHAM Pi3HOTO poIy BIUIMBIB 30BHIIIHIX (aKTOPIB Ta Yacy HaJaHHS JaHOI
nocayrd. g aHamizy Ta MOAaNbIIMX PO3pPaxyHKIB 3HAWIEMO CepeaHio IIiHy 3a JeHb Ha | MBT pesepy
HiATPUMKH 9acTOTH. 151 bOTO IIPOCYMY€EMO Mixk co0010 BapTicTh oaoro MBT PITY Ta po3xninnmo Ha KUIBKICTh
4acoBHX Aiana3oHiB. OTpuMaHMi pe3ysbTaT 3alUCy€EMO B CHENiaJIbHO CTBOPEHHUH ISl IbOTO CTOBITYHK.

[Ipoanainizyemo Bapricts renepanii 1 MBr*rox enextpuuHoi eHepril y BiINOBIAHMX KpaiHax €Bporu [6].
Jiis mporo 3BeAeMO AaHi B €IMHY TAOJUIIO Ta HaBeaeMo (parMeHT miei Tabmumi 3a nepuwid Micsis 2022 poky
(tabm. 2).

[ToGynyemo rpadik IiH Ha TeHepalilo eleKTPUIHOI eHeprii 11 00paHuX KpaiH €BpONM 3 BUKOPUCTaHHAM
BXiJJHUX JaHUX 3 Tabmuii 2 3a Bech 2022 pik.

BpaxoByroun, mo miHa Ha aBTOMAaTH4HI pe3epBH BigHOBIEHHS dacToTH (aPBY) 3HayHO HMX4Ui, HDK Ha
pe3epB MiATPUMKH YaCTOTH Ta 3MIHIOIOTHCS IIIOIHS B 3AJICKHOCTI B/l CUTYaIlil Ha pUHKY eleKTpudHOi eHeprii [3],
MO>KEMO 3pOOWTH BUCHOBOK, IO i/JicalbHUM BapiaHTOM JIJIsi 3MEHIICHHST BUTPAT Ha KOMITEHCaIlilo HebalaHCiB B
Mepexi Oynie cuTyallist, KOJIi 3Ha4eHHs Hebanancy Oy/ie MEHIIMM 3a 3HAaYSHHS, TIPU SKOMY BiJIXWJICHHS YaCTOTH
Oyne OUThIIMM 3a 30HY HEYYTIMBOCTI €HEProCHCTEMH. Y TAaKOMY BHIIQJKy CHCTEMa aBTOMATHYHO OyIe
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KOMIICHCYBAaTH HAasBHUI HeOallaHC 3a paXyHOK aBTOMAaTHYHOTO PE3epBY BITHOBICHHS YacCTOTH 0€3 aKTHBAIIil
pe3epBy MiATPUMKH YacTOTH, IO € Tye JOPOruM y mopiBHsHHI 3 aPBY.

BapTictb 1 MBT PMY (€£/MW)
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sl ABCTDIA  ssslBoe BT JaHin esBes®OpaHyid  ssBesHimeuunHa e HigepaaHan
Pucynox 1 — I'paghix eapmocmi 1 MBm PIIY 6 obpanux kpainax €gponu.
Tabnuus 2 — [{ina Ha ayKIliOHI Ha IeHb HATIEPET U1 OOpaHUX KpaiH €BPOIIH.
Ilina Ha aykiiioni Ha neHs Harepen (EUR/MWh)
ABcrpis Benpris Hanis Opamntis Himeuunna Hinepmanan

01.01.2022 84,08 85,68 82,41 87,08 82,58 93,51
02.01.2022 55,83 50,62 55,69 49,12 47,35 58,81
03.01.2022 84,13 79,4 78,2 92,12 76,11 98,38
04.01.2022 154,55 156,28 140,98 156,3 153,92 162,67
05.01.2022 132,3 155,75 108,69 185,56 107,87 185,32
06.01.2022 201,62 216,73 188,03 225,77 1941 2221
07.01.2022 180,94 185,14 157,72 215,92 167,18 204,28
08.01.2022 177,54 175,36 145,77 176,56 165,9 184,68
09.01.2022 172,64 147,51 131,53 150,28 146,56 153,74
10.01.2022 261,47 261,17 2445 261,25 261,55 259,11
11.01.2022 254,75 251,96 155,98 253,96 255,41 240,89
12.01.2022 234,34 236,66 129,61 237,2 233,32 229,04
13.01.2022 196,67 216,6 18,54 223,7 180,16 189,65
14.01.2022 199,62 215,89 87,98 233,58 178,76 186
15.01.2022 216,98 217,6 170,22 220,5 216 210
16.01.2022 188,06 202,32 95,26 212,55 1331 199,89
17.01.2022 184,39 204,71 83,26 261,13 129,31 204,29
18.01.2022 237,56 240,35 162,5 244,83 235,87 223,31
19.01.2022 203,93 195,54 52,47 236,03 172,18 180,53
20.01.2022 179,9 178,31 69,85 228,02 117,7 160,52
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IIponoBxeHHs Ta0II. 2

Llina Ha aykiioHi Ha neHb Hanepen (EUR/MWh)
AscTpis Benbris Hanis Opanmis Himeyunna Hinepnanau

21.01.2022 177,04 191,79 132,77 216,69 159,27 168,28
22.01.2022 190,76 192,5 157,5 202,74 175,76 176,82
23.01.2022 194,41 195,22 140,21 196,97 193,7 192,48
24.01.2022 246,19 244,06 130,66 247 245,94 242,93
25.01.2022 296,85 291,16 175,28 295,11 297,29 276,95
26.01.2022 246,75 225,84 104,9 275,45 234,98 222,96
27.01.2022 193,02 200,25 33,39 262,15 120,71 200,08
28.01.2022 205,07 217,75 115,81 250,65 174,35 212,15
29.01.2022 161,19 112,46 70,67 218,9 92,13 159,77
30.01.2022 141,42 186,48 52,68 223,55 55,3 168,39
31.01.2022 205,35 202,44 184,79 213,48 195,2 194,6
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Pucynoxk 2 — I pagix sapmocmi MBm*200 eenepayii na aykyioni na 0env Hanepeo

Jns BUKOHaHHS Ii€i YMOBHM TaKOXX HEOOXiIHO PO3yMITH TOUYKY Y dYaci, KOJHM BiIOyZEThCS IOJis Ha
PO3BaHTaXEHHS COHSYHOI enekrpocraHuii. s orpumanHs 1iei iHpOpMamii B pEeXUMi peaTbHOr0 4acy
MPOTIOHYETHCS CTBOPUTH HEWPOHHY MEPEXKY, sika OyJie 3aCHOBaHa Ta HaBUCHA 3a PaxyHOK MacuBy dororpadiii 3
XMapaMH¥ pi3HHX BUAIB Ta po3MipiB. [ 0J10BHOIO 3a1a4uero HEHPOHHOT Mepexi Oy1e aHai3 MIBUIKOCTI Ta HAIIPSIMKY
PYXY XMap BiTHOCHO COHIISI Ta COHSYHOI €IeKTPOCTAHIIIl Ta MPOTHO3YBAHHS Y Yaci MOMEHTIB, KOJIM XMapH Oy Iy Th
MepeKkpuBaTh MpsiMi coHstyHI mpomeHi. OTpumana iHdopmariis Oyne obpobieHa Ta BiAlpaBieHa MO KaHajlam
BHYTPIIIHBOTO 3B 513Ky JI0 JIUCIIETYEPCHKOTO MYHKTY IIEHTPAIBLHOTO PEryJisiTopa.

OtpumaBmu Bci HEOOXiTHI TaHi IUCTeTdepa MAIOTh MOXJIMBICTH 30UTBIINTH Jiama3oH pETyIIOBaHHS
yIBiui BIIHOCHO 30HH HEYYTIMBOCTI 32 PaXyHOK PYYHOI KOMAaHIM Ha PO3BaHTA)KCHHs\3aBaHTaXXEHHs (KOMaH/a
3aJIe)KUThH BiJl MaiiOyTHBOT MPOTrHO30BaHOI ITO/IT 1 TPOTHIIEKHA 338 3HAKOM JI0 TIOJIT).

[IpunycTumMo coHSYHA €JIEKTPOCTaHIis 3 BCTAaHOBJIEHOIO MOTyXkHicTIo 100 MBT cnpornosyBaia yepes
HOro/iHI yMOBH po3BaHTaxeHHA a0 20 MBT uepe3 15 xBunun. Ilpun npoMy B yMOBHIiil eHeprocucremi 30Ha
HeuyTIMBOCTi ckianae SOMBT. B taxiii cutyauii, npu 3BM4aiiHIX yMOBax, croctepirascst 6 qedinut noTysxHocTi
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Ha 80 MBT. Ile o3Hauae, mo Oynu 6 aKTHBOBAHI Pe3epPBH MIATPUMKH JaCTOTH Ha CTPUOKOIMONIOHE BiAXMIICHHS
YaCTOTH, ITICJISl YOTO TToYallach aKTHBALIis Pe3ePBY BiJHOBJICHHS YaCTOTH JUIsl KOMIIEHCALlil HasBHOTO HebalaHcy.

Jnst 31eneBieHHs npoliecy KoMIeHcalii HebanaHCy NPOIOHY€EThCS FOJIOBHOMY AMCIETYEPCHKOMY ITyHKTY
3aBYaCHO BifJaT KoMaHIy Ha 3aBaHTakeHHs 40 MBT. TakuMm unMHOM B Mepeki BUHHUKHE HeOallaHC B MeXax,
MEHIIMX 32 30Hy HEUYTJIMBOCTI €HeprocucTeMu. J[is kommeHcarii qaHoro HebanaHcy Oyae akKTUBOBAHO PE3epB
BiJTHOBJICHHSI 4aCTOTH. B MOMEHT BiNOBiqHOI MOJil BUHKMKAE AedinuT B eHeprocucrteMi posmipom B 40 MBT.
BianoBinHO 3HaueHHST HOBOTO Ae(IIMTY TaKOX MEHIIE 3a 30HY HEUYTJIMBOCTI, TOMY pe3epB MiITPUMKH YaCTOTH
aKTUBOBaHO He Oyre. PesepB BiHOBIIEHHS YacTOTH IOYHE BIANPAIbOBYBAaTH HOBUI HeOallaHC CUCTEMHU.

Hexaif Ha TppOX XBHJIMHHOMY iHTEPBaJIi Yacy 3aJaHO 3HAYCHHS MOTY)KHOCTI Ta YaCTOTH. 3aCTOCYEMO JO
OTPUMAaHUX JIAHUX BKa3aHHI METO/I Ta 33 Pe3yJbTaTaMH MPOTHO3yBaHHs MOOYayeMO rpadik.
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10040

50,150

50,100
10020

.................................... - 50,050

10000 50,000

49,950

.................................... /1 49,900
49,850
O }} .................................

9980

49,800

9940 s o ' H t e 49,750

> UYac

57

02:01

0:00:01
0:00:05
0:00:08
0:00:13
0:00:17
0:00:21
0:00:25
0:00:29
0:00:33
0:00:37
0:00:41
0:00:45
0:00:49
0:00:53
0
2
0:02:05
0:02:08
0:02:13
0:02:17
0:0221
0:02:25
0:02:29
0:02:33
0:02:.37
0:0241
0:02:45
0:02:49
0:02:53
0:02.57

0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0

—=oTyxHicTe —YacToTa

Pucynox 3 — Ipaghix 3anescnocmi wacmomu 8i0 nomyascnocmi npu akmugayii aPBY

OTxe, MPOaHATI30BaHO ICHYIOYI METOAM KOMIICHCAIll HeOaTaHCIB €HEProCUCTEMH, 1[0 BUHHKAIOTh B
HACJIIJIOK 3MIHU IeHepalil Ha COHSYHUX ENIEKTPOCTAHIISIX Ta 3alPOIIOHOBAHO HOBE TEXHIYHE Ta MaTeMaTHuYHE
pillIeHHs JUIsl PO3NOiTY Ne(ilUTHUX pe3epBiB MATPUMKH Ta BiTHOBJICHHS YaCTOTH. 3allpOIIOHOBAaHE TEXHIYHE Ta
MaTreMaTHYHe PillIeHHs J/03BOJISE CIPOTHO3YBaTH MO0, IiJ 4Yac sKoi BiOyAeTbcs 3MiHa piBHs TeHepauii
EJIEKTPUYHOT eHeprii Ha COHSYHMX EJEKTPOCTaHIsAX, Mepenaru iHGOpMaIliio A0 LEHTPAJIbHOIO peryjisropa
€HEeprocucTeMH, KM Y CBOIO Uepry, 1acTh KOMaH/Iy Ha 3MiHy rpadiky reseparii eI1eKTpuIHOI eHeprii 3aBUacHO
B MeXaxX 30HM HEYYTJIMBOCTI, IIO NpU3BElIEe A0 AKTHBALIl pEe3epBiB BiJHOBJICHHS YacTOTH Ta JIO3BOJIUTH
KOMIICHCYBATH HasiBHUH HeOanaHC 3a paXyHOK OLIBLI JICIIEBUX PE3EPBIB Ta HE aKTHBYBATH PE3EPBU MiITPUMKH
yacToTH. Take MaTeMaTH4HE Ta TEXHIYHE PILICHHS JI03BOJINTH 3HAYHO ITIJBHIIUTH CTIHKICTh €HEPTOCUCTEMH IO
BUHMKAIOUYMX HeOalaHCIB Ta 3[EHIEBUTH IX KOMIICHCAIf0, 10 B LJIOMY TO3UTHUBHO BIUIMBAE HA €HEPreTHYHY
Oe3reKy aepiKaBH.
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ANALYSIS OF METHODS OF CHANGING VOLUMES OF ELECTRICITY GENERATION
AT SOLAR POWER PLANTS

The article examines the methods of changing electricity generation schedules at solar power plants when
operating under the central regulator of the power system. An analysis of the existing regulation methods was
carried out, and a new method of controlling the generation of solar power plants under the central regulator of
the power system was proposed.

Background. The increase in the share of solar electricity generation in the energy systems of the countries
of the world leads to the need to control and manage the process of electricity production to increase the stability
and sustainability of the energy system. A significant price for compensation of imbalances in the energy system
is included in the tariffs, which affects the end consumers of electricity.

Objective: increasing the adequacy of the results of the distribution of deficit frequency containment
reserves, frequency restoration reserves to compensate for imbalances that arise when generation is changed at
solar power plants. Reducing the cost of compensation for imbalances that occur when changing generation at
solar power plants. To solve the goal, it is necessary to analyze the existing methods of compensating power system
imbalances that arise as a result of changes in generation at solar power plants and to propose a new technical
and mathematical solution for the distribution of deficit reserves of support and frequency restoration.

Methods: the social engineering approach of forecasting and modeling was used to analyze the processes
affecting the method of controlling the generation schedule of the solar power plant.

Results. A new mathematical and technical solution for compensating the imbalance in the power system
in the event of a rapid change in the electricity generation schedule at solar power plants is proposed. For the
first time, the given task was solved using a new technical and mathematical solution. Such a technical and
mathematical solution can be widely used in the management of the electricity generation schedule at solar power
plants in many system operators in different countries of the world, where there is a problem of insufficient for
frequency containment and restoration reserves, and the amount of solar electricity generation has a significant
share in the total amount of electricity generation energy.

Conclusions. Existing methods of compensating power system imbalances arising as a result of changes in
generation at solar power plants are analyzed and a new technical and mathematical solution for the distribution
of deficit reserves of frequency containment reserves and frequency restoration reserves is proposed. The proposed
technical and mathematical solution makes it possible to predict an event during which there will be a change in
the level of electric energy generation at solar power plants, to transmit information to the central regulator of
the energy system, which in turn will give a command to change the schedule of electric energy generation in
advance within the insensitivity zone, which will lead to the activation of the frequency restoration reserves and
will allow to compensate the existing imbalance at the expense of cheaper reserves and not to activate the
frequency containment reserves. Such a mathematical and technical solution will make it possible to significantly
increase the stability of the energy system against emerging imbalances and make their compensation cheaper,
which in general has a positive effect on the energy security of the state.

Keywords: Intelligent systems, solar power plant management, power system imbalance compensation,
auxiliary services, transmission system code
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TacruryT enexrponunamixu HAH Ykpainu

*IucTuTyT Npo6aem mMoneatoBanns B enepreTudi im. I'.€. llyxosa HAH Ykpainu

CIIOCIB NOPIBHSIJIBHUX OLTHOK KOMEPLIMHUX
MNPONO3UIIA EJEKTPOIIOCTAYAJBHUKIB JJISI CIIOKUBAYIB
BE3 NIOT'OJUHHOI'O OBJIIKY EJEKTPUYHOI EHEPT'II

Cmamms 8uceimuioe 0CHOBHI nIOX00U 00 8UOOPY ONMUMATLHO20 8APIAHMA 3KV NI eN1eKMPUYHOL eHep2ii
071 cnodcusayie bes 3acodie NO20OUHHO20 ODIIKY eeKMPUUHOL enepeil, Wo 3aKyno8yrmy eleKmpuiHy eHepeii y
nOCMAa4anbHUKie no einbHum yinam. [locniddceni ckaadosi eapmocmi eneKmpuunoi enepeii 01 KiHyesoeo
CROJICUBAYA MA BIOZHAUEHO MOICIUBOCIE CROJICUBAYA BNIUBAMYU HA 3HAYEHHS YuX ckaadosux. Hasedeno cnocio
NOPIGHANbHUX OYIHOK 0N 8UbOpY CHOdCUayemM HA pO30OPIOHOMY DPUHKY KoMepyiunoi nponosuyii 8io
NOCMayalbHUKIE eeKmpPUYHol enepeii.

KuarouoBi caoBa: po3opionuii punox enexmpuunoi emepeii, NOCMauyanbHUK elekmpuyHoi enepeii,
YIHOYMBOPEHHS, PUHOK «HA 000 Hanepeoy

Beryn. BrpoBamkenss 3 1.07.2019 poky po3apiOHOTO pHHKY €NEeKTPUYHOT €Heprii Ha BUKOHAHHS BUMOT
[1, 2] Hamano BCiM cHOXHMBa4aM MOXIIMBOCTI OOHpaTH MOCTa4YadbHUKA EINEKTPHUUYHOI €Heprii, Kepyruuch
BJIACHUMH KOMEPIIHHUME iHTepecamMu. B Toif wac, sk moOyTOBHM Ta, B AEAKii Mipi, MaluM HETOOYTOBUM
CIIO)KMBayaM eJICKTPUYHOT eHeprii eKOHOMIYHO JOIUIBHO MOKe OyTH yTPHMYBATH IOTOBIp i3 MOCTa4aIbHUKOM
YHIBEPCAIBHUX TOCIYT, IS 1HIIMX KaTEeropili CHOXXHMBadiB BHHUKIA JIOJATKOBA 3a/lada BUOOPY ONTHMAalbHOI
KOMEPIIIITHOT MPOITO3UIIii 00 OCTaYaHHS eIEKTPHIHOI SHEpTii.

st cioxkuBaviB 6e3 moroguHHOro 06Ky [3] enexTpuuHoi eHepril (pakTHIHO iCHY€E IBI OCHOBHI 3amadvi
BHOOPY ONTUMAJIBHOI CXEMH €NIEKTPOIIOCTAYaHHS:

— IepexiJ| Ha MOTOAMHHMUN OOJIK eJIeKTPUYHOI eHeprii;

— B MeXaxX iCHyI040i cxeMH 00Ky eeKTPUYHOT eHeprii 3a po3paxyHKOBHI Micsiib 00paTH ONTUMAJIbHY
KOMEPIIii{Hy MPOIO3HMIII0 BiJl €ICKTPONOCTAYaIbHHKIB.

Moiesnb OLIHKY JAOIIBHOCTI MEPEX0ay MPOMHUCIOBUX CIIOXKHBAYIB JI0 MOTOJUHHOIO OOJIIKY €IEKTPHIHOT
eHepril Ha po3PiOHOMY PUHKY BHUCBITJIEHO, HATIPUKIAJ, B [4].

Metow myoOaikamii € BHCBITIIEHHS cmocoOy OIIHKA Ta BHOOPY KOMEPIIHHOI NPOIO3MIii Bif
€JICKTPOIIOCTAYAJIbHUKIB, IO TPalOOTh IO BUIBHUM IiHaM, Ui CIIOKMBada Oe3 IOTOJMHHOTO OOJIKY
€JIEKTPUYHOT eHeprii.

Cutiz 3ayBakuTH, IO 32 pe3yJbTaTaMH TEHJIEPY UM Oe3MocepeHiX MeperoBopiB CIIOKUBAY OTPUMYE 32
3asiBICHIMH YMOBaMH (0OCAT eIeKTPOCIIOKMBaHHS, Tpadiku IJIaTeXiB, TOIIO) PO3paxoBaHi 3HAUCHHS IiH HA
CTIOKUTY €JNEKTPUYIHY SHEPTiio 32 BiIMOBIAHUMH YMOBaMH OOpAHOTO eleKTporocTadanbHa. [IpoTe, KonuBaHHsI
PHUHKOBO] IiHN €JIEKTPUYHOI €Heprii B pHHKOBUX CErMEHTaX Ta KOMMBaHHS 00CATIB €IeKTPOCIOKUBAHHS 32 PI3HUX
npuHIUNIB (GopMyBaHHS HiH a00 TapudiB MPU3BOAUTHMYTH O Pi3HHUX 3MiH BapTOCTI €IEKTPHYHOI eHeprii Ayt
KIHIIEBOTO CTIOXHBava. Tomy AJist MiHIMI3allii CIIOKMBavYeM BUTPAT Ha 3aKYITiBIIIO JICKTPUIHOT €HepTii HeoOXiTHO
JOCTIINTH CKJIa10B1 Tapr()OYTBOPEHHS 32 PI3HUMHU KOMEPIiHHUMH MTPOIO3HUIIIIMH €JIEKTPOIIOCTaYaIbHHKIB.

CkiafoBi Tapudy Ha eNeKTPUYHY €HEPTilo IS CII0)KMBaya.

Ha po3npidHOMy pHHKY enekTpu4HOi eHeprii YkpaiHW Hapa3i BapTiCTh CIIOXHTOI 332 PO3PaxyHKOBHH
MiCSIIIb €JIEKTPUYHOI eHeprii Maiike BCi eJIeKTPONIOCTa4YalbHUKH PO3PAaX0OBYIOTh SIK:

(m) cn(m) cn(m) cn(m) c
ze:
Vc(;f‘::l)) — 3aMOBJICHI Ha PO3PaxyHKOBUI MICSI[b M 00CATH CIIOUBAHHS €JIEKTPOCHEPTii, KBT-TOI;
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@ .. .

Vem) — OOCSTH (aKTHUHOTO CIOXKHMBAHHS EMEKTPOCHEPTIi 32 PO3PaXyHKOBHIT Micsib m, KBT-TOx;

W(KH)(@(V(BW) — cyMa HapaxyBaHb, 3yMOBJICHA 3aKVIIIBJICIO HA PO3PaxXyHKOBHI MICSI(b M 3aMOBJICHHX
P(m) cn(m) Y paxy. > 3Y y po3paxy. I

CHOXHBAaYeM 00CATIB €JIEKTPUIHOI eHeprii, &;

Wil (Vc(f(zn)) — CyMa IDIaTeXiB 3a MOCIYTH eIEKTPOIIOCTaYaIbHIKA, PO3paxoBaHa It 00CATiB (haKTHIHO

CIIOXKUTOT B PO3paxyHKOBHI MicCsIlb M €IEKTPUYHOI eHeprii, &;

@) . . .
Wocn (Vcn(m) — cyMa IuiatexiB 3a mociayru OmnepaTopa CHCTEMH Iiepenadi, po3paxoBaHa ajis oOCsriB

(haKTHYHO CIOXKUTOT B PO3PaXxyHKOBHH MiCAIb M €IEKTPUYHOI eHeprii, &;

Wocp (Vc(nq?m)) — cyMa IuiaTexiB 3a nocinyru Omneparopa CHCTEMU PO3IIOALTY, PO3paxoBaHa JIsd 00CSTiB

(haKTUIHO CHIOXKUTOI B PO3PaXyHKOBHH MiCAIlb M eIEKTPUIHOI CHepTii, .
Jis opiBHSHHS BapiaHTIB €NEKTPOIIOCTAYaHHS 3a PI3HUMH KOMEPIIHHUME IPOIO3HIISAMH 3pYUHIIIe
TIPUBOJIUTH CyMY IUIATEXKIB 10 00CATIB (PAKTUIHO CIIOKUTOI EIIEKTPOCHEPTIi:

(KID(d)
m
T((:;)n)(q;) = ](/(# = Cpem) * Tiiocr + Tocn + Toce [8/ (kBT - rom)], 1)
cn(m)
ne:
TED@ _ (hakTHuHUH Ta i i Mi
m) pu¢ Ha SNEKTPUYHY EHEprifo AJIs CIIOXKHBadya 3a PO3PaxyHKOBHH Micilb m,
2/(xkBtTon);

Cp(m) — CEPENHBO3BAXKEHE 3HAYCHHS PUHKOBOI CKIIa0BOI LiHK Ha €JIEKTPOeHEprito, &/(kBTrox);

T — Ham6aBKka 10 Tapudy 3a MOCTYTH MOCTaYaIbHUKA eNeKTpoeHeprii, /(kBT-rox);

Tocn — Tapud omnepaTopa cucTeMu mepenadi, 2/(kBr-ron);

Tocp — Tapud omeparopa CUCTeMHU po3mnoaity, &/(kBrroxn).

Sk BunHO, iHpOpMaUiliHOO CKIaJ0BOIO y (GopMyii ¢akTuuHOro Tapudy Ha EJEKTPUYHY EHEpTilo, siKa
3aJIC)KUTH BUKIIFOYHO BiJ] CIIOXKHBAYa, € 3aMOBJICHHI 00CST eICKTPUYHOT eHeprii Ha pO3paxyHKOBHUH MicsIb p G

cn(m)?
. Lo . . " (D)
Ta 06CAr (PaKTHYHO CHOXKAUTOI 3a Led Micslpb (PO3PaxyHKOBHH Nepion) eneKTpudHoi eHeprii Ve ;.
(hopMarbHa TIOCTaHOBKA 3a/1a4i JJIsI CIIO’KMBAdYa TMOJIATAE Y MiHIMI3allii MiHM eNeKTPUIHOI eHeprii 3a CTpOoK mii
JIOTOBOPY 3 €NIEKTPONOCTAYAIBHIKOM (3a3BHYail CTaHJapTHUH CTPOK [l JOTOBOPY CKJIAJAE OJHMH PiK HEPiAKO 3
MOJKJIMBICTIO TTOJANTBIIOT TIPOJIOHT i HOTO CTPOKY Aii) HMIITXOM BHOOPY ONTHMAIBHOT KOMEPIIHHOT IPOIO3HIIii

(KII) cepen 3anporoHOBaHMX €IEKTPONOCTadyaIbHUKaMH, IS SIKOT BUKOHY€ETBCSI yMOBa:
12
: K@) | y,(d)
min z Tem) Vaaamy |- (2)
m=1

JletanpHuil aHai3 KOMEPIIHHOI MPOMO3HUIli BUMAara€ BUKOPUCTAHHS PETPOCIEKTUBHOI iH(opMariii 3a
PO3paxyHKOBUI pik Jii JoroBopy 3 enekrpornocrayanHsi. OCKUIBKM €JEeKTPOIOCTauyaIbHUKKA 3a3BUYail He
OINIPWITIOHIOIOTH 1H(GOpMAaIio MoA0 (aKTHYHUX LiH Ta/abo TapudiB Ui OKPEMHX CHOXHMBA4iB, a PO3PAXyHKU
(aktuuHoro Tapudy 3a HaJAHHUM PSAJOM IIOMICSYHHMX 3HAYCHH 3aMOBIICHHX 1 ()AKTHYHO CIIOKHUTHX OOCSTIB
eJIEKTPOSHEPTii BUMarae KOMIUIEKCHIX PO3pPaxXyHKIB Tapu]iB IS BCi€T rpyIH CIIOKUBAYiB KOHKPETHOI CHCTEMH
po3moAiTy, HaBeACHa BHIIE (QOpMylIa Mae MEpeBaXHO TEOPETHYHHMH Xapakrep. Ha mpaktwii mpu BuOOpi
ONTUMAIIFHOI KOMEPLiHHOT IPOTIO3HUIIi] OKPEMOTO eNEKTPOIIOCTaYaTFHIKA MOKIIHBO JIUIIE BUMATaTH PO3PaXyHOK
tapudy UIS OESIKOTO THUIIOBOTO 3HAYSHHS MICSYHOTO OOCATY €NEeKTPOCHOXHMBAaHHS, a IPH IOPIBHIHHI
ANBTCPHATHBHUX KOMEPHIMHUX MPOMO3UI PI3HUX EIeKTPONOCTAYaIbHUKIB JOJATKOBO 3BA)KATH HA BIUIHB
30BHIIIHIX YHHHUKIB.

PosrnsHemMo pertanbpHime OCOOIMBOCTI BIUIMBY HaBeACHHMX B (1) CKIamoBHX Ha BapTiCTh €NEKTPHUIHOI
eHeprii /uia crokuBaya 0e3 TOTOJUHHOTO OOJIKY €JEKTPOCHEprii Ta MOKIWBOCTEH 3MiHM 3HAYeHb IUX
CKJIaJJOBHX.

PunKOBa CKIIafi0Ba BApTOCTI €IEKTPUIHOT €HEPTIii.

@DopManbHO PHHKOBA CKJIaJ0Ba BapTOCTI EJNEKTPUYHOI EHeprii A CIOXXKKMBada BH3HAYAETHCA 32
BIIHOIIIEHHSIM:

IIpu nupomy

w CAD + w (PAH) + w, BAP) + w.BP)

(m) (m) (m) (m)
Crom) = @,) | [8/(xBr - rop)] ©
Vcn(m)
ae:
W(%M) — BapTICTh 3aKYIUICHOI €JIEKTPOIOCTAYIBHUKOM MPOTSITOM PO3PaxXyHKOBOTO MICAISI m
€JIESKTPUYHOT eHeprii y CerMeHTi ABOCTOPOHHIX JJOrOBOPIB, &;
W(Sz;m) — BapTICTh 3aKYIUICHOI €JIEKTPOINOCTAYalIbHUKOM IPOTSATOM PpO3PaxyHKOBOTO MicAIsI m

CJICKTPUYHOT €Heprii y CErMeHTI pUHKY «Ha 0Oy Hamepeny, &;
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B/P . . )
W(En)ﬂ ) BapTICTh KyMiBJI/IPOAAXy €IeKTPONOCTauaJbHUKOM IPOTATOM PO3PaXyHKOBOLO MicsAlld m

eJIEKTPUYHOI €HepTii y CerMeHTi BHYTPIIIHBOJ000BOTO PHHKY, &;

W(ES;) ) _ BapTiCTh HAPAXOBaHMX ITOTOAWHHIX HEOANAHCIB JJIs TPYIH CIOXKHUBAYiB 0€3 TOTOAHMHHOTO OOTIKY
€JIEKTPUYHOT eHeprii y KOHKPETHi# crucTeMi po3noaity, &.

Sk 1 (2), BigHomeHHsS (3) Mae CyTO TEOpEeTMYHE 3HAUCHHS BiNOOpaKEHHS NPHHIMIIB (HOPMYBaHHSI
(dakTHYHOro TapuQy Ha CHOXHUTY EIECKTPUYHY CHEPril0 Ta HE MOXKE BHKOPHCTOBYBATHCH CIIOXKHBAYEeM IPU
MOPiBHAHHI KOMEPIIIHAX MPOTO3HUIIiH eJIeKTPOIIOCTaYaabHUKIB. Lle 3yMOBICHO HACTYITHIMH ABOMa YMHHUKAMHU:

— BIJICYTHICTh y CHOXHMBada iHpOpMaIii Mpo MiSUTBHICT €JIEKTPOIIOCTadYaJbHUKAa B CETMEHTaX PHHKY
eJIeKTPIYHOI eHepTii];

— HECYMICHICTh JaHUX IIOJI0 3aMOBJICHHX Ta ()aKTUIHO CHOKHUTUX CIIO)KHBAYEM 32 PO3PaxXyHKOBUH MiCAIh
00CSITIB €IeKTPUYHOI eHeprii Ta pe3ybTaTaMy TIOTOJMHHUX TOPIiB B PUHKOBHX CETMEHTaX.

CnoxwuBadi 6€3 NOroIMHHOTO OOJIIKY eJIEKTPUYHOT eHeprii BU3HAYAI0Th 3aMOBJICHHS €JIEKTPUYHOT eHeprii
Ha pO3PaxyHKOBHH MiCsIb Ta OTPHUMYIOTh HapaxyBaHHS 3a 0OCSr (DaKTHYHO CHOXKHTOI NPOTATOM IHOTO
PO3PaxyHKOBOTO MICsIs €JIeKTPUYHOI eHeprii. 3a3Bu4ail 00CSITH MOTOJUHHOTO €JIEKTPOCIIOKMBAaHHS HEBiIOMI
HaBiTh CIIOXKHMBady. PeTpocrneKkTHBa MOTOAMHHUX OOCATIB €IEKTPOCHOXHMBAHHS JJs TPYIH CHOXHBadiB 0e3
TIOTO/IMHHOTO O0JIIKY eJleKTpoeHeprii Moke OyTH HajaHa OnepaTopoM CUCTEMH PO3NOALTY 1 3a3BHUYail Halae€ThCs
eJIEKTPONOCTAYANBHUKY Y (hopMi JOOOBHX TIPO]iIiB eNEKTPOCIIOKUBAHHS IS BiAMIOBITHOT CHCTEM PO3IIOALTY. 3a
PETPOCIIEKTHBHEMH 3HAYCHHSAMH TAKHX NPOQITIB €JISKTPONOCTaYIbHUK MPOTHO3Y€E CYKYIHHH MOTOJUHHHI
MOMMUT Ha EJCKTPUYHY EHEprifo (I TPYNMH CIIOKWUBAYiB y 3aJaHid CHCTEMi PO3IONLTY), a AIMIiHICTpaTOp
PO3paxyHKIB 3MIHCHIOE PO3paXyHOK TMOTOAWHHUX OOCSTIB Ta HapaXyBaHHS MOTOJMHHOI BapTOCTI HeOalaHCIB.
CymapHa 3a po3paxyHKOBHI MiCSIb BapTiCTh HEOAIAHCIB PO3IOAUIIETECS Y TPYIIi CIIOKUBAYiB O€3 ITOTOTNHHOTO
00Ky eNeKTPOCHEePTii 32 IPHUHIIUIIOM COJIiTapHOT BiAMIOBINATEHOCTI.

TunoBuit A7s1 OKpEeMOro BHIY CHOXHBadiB 1000BUil MPO(iIb MOTOJMHHUX OOCSTIB EIEKTPOCHOKUBAHHS
BUKOPHCTOBYETHCS €JIEKTPONIOCTAYaIbHUKOM ISl 3aKyHiBII eNeKTpryuHOoi eneprii. [Ipu 1pomy ciix 3BaxkaT, 110
00CsATH CNCKTPUYHOI CHeprii s TPyNd CIOXKHUBa4diB Oe3 MOTOAMHHOIO OOJIKY eIeKTPUYHOI eHepril
EJIEKTPOIIOCTAYaJbHUK 3aKyIIOBYE Yy pI3HHX pHHKOBHX cerMeHrax. IIpore iHdopMalis Ipo yd4acTh
EJIEKTPOIIOCTaYaIbHUKA y TAKUX TOPrax ONPHIIOJHEHHIO He mijsirae. ToMy oTpuMaTi peTpoCIeKTUBHI 3HAYSHHS
CKJIQJIOBHX BapTOCTI eJeKTpU4HOi eHepril y uucenbHUKY (3) BKpall CKiagHo, ane Juisl 3a1adi HOpPIBHSHHS
KOMEPIIIIHAX MTPOMO3HIIIN eNeKTPOIIOCTaYaIbHIKIB (PaKTHYHO BiJCYTHS MOTpeda y TaKOMY PiBHI JeTaii3aii.

PosrnsiHemo petanpHinie (HOpMyJy pPO3paxyHKYy PHHKOBOI CKJIaJOBOI BapTOCTI €NEKTPOCHEPrii, SKY
HPONOHYIOTh OKPEMi €IEKTPOIIOCTaYa IbHUKH:

— (PAH) o (PAH)
Com) = Camy ** Ky (4)
ne:
C ((:;f)m) — CepeTHO3BaXKEHA IiHA 3aKYIIBIIL €IEKTPUYHOI EHEePTii y CETMEHTI PHHKY «Ha 00y Harepe 3a

PO3paxyHKOBHii Micsie m, &/(kBT-rox);

PH .. . . .
K((ml)[ ) - KOC(I)II_IIGZHT, SIKUM BPAaXOBYIOTBHCS 1HII1 BUTPATU IOCTaYa IbHUKA, IIOB’s13aHI1 3 Y4acCTrO y TOprax Ha

PHHKY €JIEKTPUYHOT eHeprii.

PosrnsiHeMo fetasbHilie ckianosi (4).

EmexTponocTayaisHUK BHKOPHCTOBYE THIIOBI iHIUBiAyansHI mpodini enekrpocnoxkuBanns (IITEC) s
BU3HAYCHHS MOTOJUHHUX OOCSTIB €NeKTPUYHOI eHeprii, sIKi HEOOXiHO 3aKyIHTH y PUHKOBHX cerMeHTax. Ha

HpaKTI/II_Ii 34CTOCOBYIOTHCH JIBA BapiaHTI/I HiHOYTBOpeHHH JJIA CIIOKHBaya:

. PH . . .
a) JUIA KOXKHOI'O CIIOKMBada CEPEIHbO3BAaKCHA 11HA C((m'Z)L ) BU3HAYA€THCA 3a 1HAWBIAYAJIbHUM HpO(blHeM

CJICKTPOCIIOKMBAHHS;

0) erekTporocTayaJlbHUK BCTAHOBIIIOE €IMHE JUIA BCIX CHOXKMBAadiB 3HAYECHHS CEpeHbO3BAXKEHOI LIHU
(PAH)
Comy -
.. P/IH . . o . o
Koedimient K((m/:)[ ) B (4) BpaxoBy€ I0OMATKOBI CKJIaJOBI PHHKOBOI BapTOCTI E€JIEKTPUYHOI eHeprii,
nepexyciM BapTicTe HeOamaHCiB. 3TigHO i3 KOHIEMINE0 COJAAPHOI BiANOBIMATBHOCTI CHOXHBa4diB 0e3
MOTOJAMHHOTO ~ OOJIIKYy  eNeKTpOeHeprii 3a jomymieHi HebamaHCH, Ui BCIX TaKUX  CIIOXKHBadiB

P/IH
CJICKTPOIIOCTAYAJIbHUK BCTAHOBJIIOE €JUHE 3HAYCHHS K((mz)l ).

IlepeBaru Ta HemONIKM ABOX BapiaHTIB HIHOYTBOPEHHS A (4) Bu3Ha4yaroThes ocobmmBocTsmu IITEC y
KOHKPETHOT'O CIIO)KMBaya eyleKTpoeHeprii. Tak B yMOBaX BUKOPUCTAHHS ITOTOJMHHUX PUHKOBHX IiH y CETMEHTI
PIH, Baptictp enekrpuunoi eneprii mis IIIEC po3paxoByeTbcst BUXOASYM i3 3a3HaYCHUX y LbOMY mpodimi
HOTroIMHHNX 00csriB enekrpoeneprii. Tomy mst pisaux IIIEC gopmyroTbes pi3Hi 3HAUSHHS CEpeAHBO3BaXKEHOT

. PAH) . . . P/IH

minu C, ((mi)l ). BianoBigHO /Ui CMIOKKBAY1B €JIEKTPOCHEPTI, y AKuX C ((ml)l ) 3a BnacauM IIIEC Menie 3a enune aiist
. . P/IH . . RV

BCiX cnoxuBauiB C ((mi)l ), BUTiJHIIIE OOMpaTH KOMEpIIiWHI TMPOMO3MIi EJIICKTPONOCTadYalbHUKA 33
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TapudoyTBopenHs 1o innuBinyairsHuM ITIEC. 1 HaBmaku, Al CIIOKMBAYiB €NEKTPOSHEPTil, Y SKUX C((:f)m) 3a

. . . (PZIH) .. e
BiaacHuM II1EC Oinblre 3a eguHe Ui BCIX CIIOKHMBaYiB C(m) , BUTiIHIIIE OOMpaTH KOMEPIIiiHI MMPOMO3HIIii

CJIEKTPOIIOCTaYaJbHUKA 3a Tapu(OYTBOPEHHS II0 €AMHOMY ISl BCIX 3HAYCHHIO PHHKOBOI BapTOCTI
€JIEKTPOEHEPrii.

. o P/IH . . .

AHaOTIYHAN TPEHI] CTBOPIOE MHOXKHUK K((méI ) B (4) BigHOCHO TUTaTeXiB 3a Hebamancu. [ma ITIEC 3i

; (PAH) (PAH) - . .
301IbIIEHUM 3HaueHHIM C, (m) ~ MHOXHHK K, m) 301IBIIy€e CYMy TOJATKOBHX IUIATEXiB. | HAaBMaky, CIIOKHBadi,

ITIEC sixux hopmye MeHIIe 3Ha4eHHsI C, ((;L)IH)’ MaTUMYTh MEHIIY CyMy JOAATKOBHUX IIATEXIB.

. PIH . .
TaxkuM 9WHOM, IS CIIOKMBAYIB 3 BEJIUKHMHU 3HAUYCHHSIMH C((mz)l ) o BiacHoMy ITIEC 6imbm BuTiIHUM

OyIyTh KOMEpIIiifHI MPOMo3uLii i3 IMIHOYTBOPEHHM 110 (3), e JOAATKOBI IUIaTeXi (GOPMYIOTHCS aTUTHBHUMHU
CKIaJOBUMH 1 IX 3HA4eHHS 3aJe)KaTh BUKIIOYHO BiJl PHUHKOBHX IIIH Ta OOCATIB €JIEKTPOCHOXHBAHHS.
AJpTepHaTUBHUM BHOOPOM UIS TaKUX CIOXXHMBAYiB MOXKe OYTH KOMEpIUiliiHa MPOTO3HUIIiS 13 IIHOYTBOPEHHSAM II0

. . . PAH
(hopmyi (4) Ta eAMHUM 1711 BCiX CIIOKUBAUiB 3HAYCHHAM C, ((ml)[ ) (SIKII0 Take 3HAYCHHS MEHIIIE 3 CePEeIHBO3BAKECHY

1iny, pospaxoBany no I[IEC cnoxuBaua).

TeopeTndHO HAMOLTBII OYEBHUAHOIO CKIAJOBOI0 BHOOpPY CIIOKMBaueM KOMEpILIHHOI MPOIO3UIIi Bif
CJICKTPOIIOCTAYATIbHUKA € TMOPIBHAHHSA CepeIHbO3BaKeHOI miHKM, cdopmoBaHoi mus BimacHoro ITIEC, Ta
cepeHbO3BaKEHOT HiHK feskoro cymapHoro IITEC amst rpynu crioxuBadiB, 10 SKOI CHOXKMBAY OyzAe BiAHECEHUH
€JIEKTPONOCTAYabHUKOM IIICHS yYKIaaeHHs noroBopy. [Ipote, inpopmamnis npo takuii yzaramsaenuit IIIEC, sk
MpaBWJIO, BIACYTHA YW HE MANATaE ONPHIIOJHCHHIO. ToMy, Ui OIIHKM E€KOHOMIYHOI JOIITBHOCTI
tapuhoyTBOpeHHs 3a iHauBinyaspHuM ITIEC croxuBaya, Ctij MOPIBHATH CEPEIHBO3BAKEHOI IIIHU, PO3PaXOBaHOT
no Takomy IT1IEC, Ta cepennbo3BakeHofi 1inu, chopmoBanoi 3a yzaraabaenuM ITTEC cnioxxuBadiB 63 MorouHHOT
(ikcarii o6csariB crmoxkutoi eneprii OCP, 10 sIKOro 3miliCHEHO MiIKIIOUeHHs. SIKIO iHPOpPMAILi0 PO TaKUi
y3aransHenuii ITIEC orpumarn He BraeThes (Ha 4ac BOEHHOTO CTaHy Taka iHdopmanis He myOmiKyeTbcs Ha
odiuiitnomy caiiti HEK «Ykpenepro»), B SKOCTI €TaJIOHHOTO Uil TMOPIBHSHHS MOXJIHMBO BHKOPUCTATH
y3aransHenuii IIIEC, copmoBanuii 0 MOTOMIUHHUM 3HAYEHHSM MOIMKUTY HA €JEKTPHUYHY EHEPTilo y CEerMeHTI
PIIH. IIpote piBenp axmekBatHOCTI y3arampHeHoro IITEC mms mommry Ha P/IH mpm BHKOHaHHI OIIHOYHHX
MOPIBHSAHD CYTTE€BO HIDKYMH. [HINMI anpTepHATHBHUM BapiaHT OTPUMAHHS PETPOCICKTHBHOI iH(opmamii —
BUKOPHCTAHHS ITOTOANHHMX 00cATiB enekrpocnoxuBaHai B OEC Ykpainu Ha po3paxyHKOBY 700y .

OxpeMo CITij BUIUTATH 0COOTHBOCTI BHOOPY €IEKTpOIIoCcTavaIbHIKA T crtoxkuBadiB, ITTEC skux popmye

. . PAH) - . .
BiJIHOCHO HU3bKE 3HAUYEHHS CePEIHbO3BAXKEHOT IIiHU C ((mi)l ). Bianosigni ITIEC HeobxinHo oTpumMatn y Oneparopa

CHCTEMH PO3IOALTY 200 BiIOBITHOTO IMOCTaYaIbHUKA IOCITYT KOMEPIIIHHOTO 00iKy. Y OUIBIIOCTI BUITAIKIB IS
TaKWX CIIO’KMBAaYiB €KOHOMIYHO BUTIiTHIIIE OOMpATH BapiaHT i3 IMiHOyTBOpeHHsM 3a BiacHuUM I[1EC, Hampuknan,
3riHO MeBHOT (OPMyYIIH PO3paxyHKy Ha MpOoTHBary Tapudy, mo rnepeadadae BUKOPUCTAHHS TiJIBKH 3arajbHOTO
00csTy CIIOKMBaHHS 33 pO3paxyHKOBHUH mepion. B TapudHuX mnanax 3 po3paxyHkamu o inauBigyatsaomy IITEC

PIH . . . .
OTPUMYBaTHMETHCSI OIHAKOBE 3HaYeHHS C ((m/:)[ ) yCiX TIOCTayaIbHUKIB enekTpoereprii. Toxi Bubip crokuBayeM

KOMEpi{HIX MPOTO3HIH Bil eeKTPONOCTAYATLHIKIB 3BONTECS 10 TopiBHsHmsa K AN 5 @) ra T B (1) ans
pII p I i P )i\ A0 1I0p m) nocT at

KO>KHOT KOMEPIifHOT IPOTTO3HIIii.

T((T}é)n)(q)) (po3paxoBaHy

EJIEKTPOIIOCTAYaJIbHUKOM 33 (AKTUYHO CIHOXHUTY EJEKTPOCHEPTil0 B MeXax YHHHOIO JIOTOBOPY WIOJO
€JIeKTPONOCTaYaHHs UM PO3pPaxXOBaHy Ha BUMOTY CIIOKMBAyYa y XO/i IEPEMOBHH i3 €JIEKTPOIOCTaYaIbHIKOM) HE
CKJIAJ[HO PO3PaxyBaTH 3HAYEHHs PUHKOBOI CKJIa0BOi BAPTOCTI €NEKTPOEHEPTIi Cp(pm):

KIl
Coemy = T((m))(q)) — Thoer — Tocn — Toce-

3a ymoaw, mo IITEC okpemoro crioskiBava 4u rpyIy CII0KUBadiB 6€3 MOrOANHHOTO O0JIKY eJIeKTpOeHepTil
B M€XaX KOHKPETHOI CHCTEMU PO3IMOAUTY HE 3MIHIOETHCS JUISl PI3HUX €JIEKTPOIOCTaYaIbHUKIB, caMe 3HAYCHHS
Cpm) HAZAa€ MOXJIMBICTH OIIHHUTH €(QEKTHBHICTh MisTTGHOCTI €NEKTPOIIOCTa4YalbHUKA K B YaCTUHI SKOCTI

3a  3HayeHHsAM  (QakTHyHOro Tapudy Ha  ENEKTPUYHY EHEprito

MPOTHO3Y EJEKTPOCHOXKMBAHHA (a 3BIJICH — 1 BapTOCTI HEOAJTAHCIB), TaK 1 B YaCTHHI eEeKTUBHOI MiSUIBHOCTI B
PI3HHMX CETMEHTaX PUHKY €JIEKTPUYHOI €Heprii.

Tapud enekTponocrayajabHUKA.

BinpmicTe enekTpomocTadanibHUKIB B YKpaiHi Tapu@iKylOTh BIacHi (hiHAHCOBI BHTpaTH (DiKCOBAHOIO
aguTHBHOW CcknanoBoo Thder B (1). Taka dopma Tapubikarii MOCTyT eTeKTpONOCTavanbHAKA JO03BOISIE
JIOCTaTHBO TPOCTO MOPIBHIOBATH SIK Pi3HI rpadiky MIaTexiB OKPEMOro eJIEeKTPOIOoCTaYaIbHUKA (TIOPIBHIOIOTHCS
BUKIIIOYHO 3HauYeHHs Titer), Tak i KOMepIUilHi Tpomo3uIlii pi3sHUX eJeKTPONOCTaYaIbHUKIB (IIOPiBHIOIOTHCS
BUKIIIOYHO 3HAUEHHS Cp(y Ta Tiiocr)-

Ciin TakoX Big3HauMTH, IO Npu TapudoyTBopeHHi mo (1) cyma IIaTexiB €JeKTPONOCTAYaIbHUKY
3aJIe)KUTh BUKIIIOYHO BiJl 00CSTIB JAKTUUHO CIIOXKHUTOI EJIEKTPOEHEPTii 32 pO3paxyHKOBUH MICSIIb.
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Tapudmu 3a nocayru nepeaadi i po3moainy.

Tapud Ha nocmyru nepenavi BpaxoBYeThes y Tapu(i U1l KIHIIEBOTO CHOXKMBAYa aJIMTHBHOIO CKJIAJJ0BOIO
Tocn- TakuM amHOM, AJIS CIIOKMBa4a BapTiCTh IOCIYTH Iepenadi MpHB’sA3aHa 10 00CATIB (GaKTHIHO CIIOKHUTOL
enektpoeHeprii. 3HadeHHA Tocp €AWMHE AN BCiX cnoxmBadiB enekrpuyHOi eHeprii B OEC VYkpaimm Ta
nmyoOnikyeTbest Ha odiniiHomy caiiti HKPE KII, a takox Ha odiuifinomy caiiti HEK «Ykpenepro». B 3amauax
TOPIBHSHHS PI3HUX KOMEPLIHHMX MPOMO3HLINH PEKOMEHIYETHCS BUIYYaTH 10 CKJIaIOBY 31 3HAYECHHS Tapudy 1o
OKpeMili KOMEPIiHHIA NPOMo3HIIii 3 METOO MOPIiBHAHHA PHHKOBOI CKJIAM0BOi BAPTOCTi €NEKTPOEHEPTii Cp(r) Y
KO>KHOTO €JIEKTPOINOCTaqalIbHHUKA.

Tapud Ha nocmyru po3noainy BpaxoByeThes Y Tapudi Uil KIHIEBOTO CIIOXKHBAYa aJUTUBHOIO CKIIaJJ0BOIO
Tocp. Takum unHOM, I CIIOKMBa4ya BapTiCTh MOCIYTH PO3IOALTY HPHUB’s3aHa 10 00CATIB ()aKTUYHO CHOMXKHUTOT
esexkTpoeHeprii. 3HaueHHs! Tocp €AWMHE [UIS BCIX CHOXHBAdiB €JIEKTPUYHOI eHeprii B cucTeMi pO3NOAlly Ta
myOumikyeTbest Ha odimiiromy caiiti HKPE KI1, a Takox Ha odimiiHOMy caiiTi OnepaTopa CHCTEMH PO3MOILITY.

B VYxkpaini icHye 1Bi (popMH IITaTEXIB 32 TOCIYTH PO3NOILUTY €ICKTPHIHOI €HepTii:

— @JIEKTPOINOCTAaYaNbHAK CaMOCTIHHO CIUIadye€ BapTiCTh IMOCIYTH PO3MOALTY eJIeKTPOCHEpTii i BpaxoBye
el mwiatix y GakTHYHOMY TapUdi Ha CIOXKUTY €JIEKTPOCHEPTiI0 32 PO3PaxXyHKOBUI MICSIIb;

— CIIOKHMBa4 CIUIAYy€ OKPEMO EJIEKTPONOCTavalbHUKY BapTICTh CIIOXKUTOI €JIEKTpPOeHEeprii i OKpemMo
OmnepaTopy CHCTEMH PO3IOITY BapTICTh MOCIYTH PO3MOILTY SJICKTPOCHEPTIl.

BigMinHicTh MK IMMH JBOMa (opamu OTOBOpPIB MOJISITAaE y IMHMTAaHHI, XTO caMe CIUIayy€e KOMICilo 3a
0aHKIBCHKHH Mepeka3 BapTOCTi MOCIyTru po3noziny. Skmo 3 OneparopoM CHCTEMU PO3IOJLTY PO3PaXOBYEThHCS
€JIEKTPOIIOCTaYaJbHUK, TO BiH CIUIayy€ OaHKIBCHKY KOMICIIO 3 BHJIUICHHX Ha BJIAaCHY ONEpalliiiHy AisiIbHICTH
(iHaHCOBUX pecypciB. SIKIIO MOCITyry po3moniny CIuladye Oe3locepeHbO CIOKHBaY, TO CaMe BiJ TOJATKOBO
MOKpUBa€e 0aHKIBCHKY KoMicito. ToMy, IpH MOPIBHAHHI Pi3HUX KOMEPIIIHUX IIPOIIO3UIIii, A1 THX BapiaHTIB, e
CHOXHBAY CAMOCTIHHO CIDIady€e MOCIYTH PO3MOALUTY, CIIiJl JOJAaTKOBO BPaXOBYBAaTH CyMy OaHKIBCHKOT KOMicii 3a
nepeka3s KOIITIB 3a IIIaTeKaMH MOCIYT PO3MOIIILY eIeKTPOSHEepTii.

I'padiku nuarexip 3a ejleKTpoeHepriro.

OxpeMi eJIeKTPONOCTAYaIbHUKH CTUMYJIIOIOTh CIIOKHMBAa4iB OOMpATH BapiaHTH aBaHCOBHX IUIATCKIB B
PO3paxyHKax 3a eJeKTPOSHEPrito, 3SMEHIYI0UM 3HaueHHs Taprdy 3a GaKTUUHO CIIOXKUTY eneKTpoeHeprito. Take
3MEHILEHHS pealli3yeThCsl AOAaTKOBUMH MHOXXHUKaMHM TO 3HadeHHs (DaKTHYHOro Tapudy, abo 3MEHIIEHHSIM

3Ha4YeHHs Tapudy Ha MOCIYTH eNIeKTPOINoCTaYaIbHuKa. B pe3ysbrari HaiiMeHIe 3HaueHHs! pakTHUHOrO Tapudy

3a eJIEKTPOCHEPTII0 T((nigl)(d’) B (1) orpumyetncs ipu 100% mepenorniati 3aMOBJICHOTO 00CATY eleKTpoeHeprii (y

[[bOMY BHIAJKy OCTQTOYHHH pPO3paxyHOK BH3HAuae OalaHC IUIATEXIB 3 ypaxyBaHHAM (DaKTMYHOI PUHKOBOI
BapTOCTI eNleKTpoeHeprii Ta (haKTHYHO CHOXKUTOro obcsry enekrpoeneprii). HaitOinbie 3HaueHHs pakTHYHOTO

; (K () :
Tapudy Ha eJIEeKTPOCHEPTiIo T(m) B (1) oTpuMyeThCcs MpH PO3paxyHKax 3a CIIOKUTY eNIEKTPOCHepTio 6e3

ABaHCOBHUX IUTATEXIB.

I[Tpu BHOOPI rpadika MmIaTexiB 3a eNEKTPOSHEPTi0 3MEHIIEHHS Tapudy CIIi/I MOPIBHIOBATH i3 BUTpaTaMH,
MOB’A3aHUMH 13 JOJATKOBUMH BUTpaTaMy OOOPOTHUX KOIITIB BHACIIJOK BHECCHHS aBAHCOBHX IUIATEXKIB 3a
EJIEKTPOEHEPTito /10 (PaKTUYHOTO 3aBEPILEHHSI PO3PaxXyHKOBOTO Tepioay. MeToanka po3paxyHKy TaKHX BHUTpAT
3aJIeXKHTh BiJl 0COOJIMBOCTEH (hIHAHCOBOT MisUIBHOCTI KOMEPLIHHOTO MiAMPUEMCTBA.

Crnoci0 nopiBHAJILHUX OL[iHOK /151 BUOOPY CIIO’KMBaYeM ONTHMAJIbLHOI KoMepuiiiHol nmpono3uuii Bix
NoCTa4YaJbHUKIB eJIEKTPHYHOI eHeprii.

Sk 3a3Hauvanocs y MOMEpeIHiX po3aiiax IyOmikamii, HEMOXIJIHBO OTPUMATH y MOBHOMY OOCS3i BCIO
iHpOpMalio, HEOOXiTHY IS TOPIBHAJIBHOTO PO3PaXyHKYy (AaKTHYHHX TapudiB MO pI3HUM KOMEPIiHHHM
MPOMO3HLISM B/l €JIEeKTPOIoCTadYaIbHUKIB. HaToMmicTh NpONOHYyeThes 3IIHCHIOBAaTH pO3PaxyHOK I[IHOBHX
IHIMKATOPIB, 32 IKUMH MOXXJIMBO 00’€KTHBHO MOPIBHATH KOMEpPLIiHHI MPOMO3MIIl B YaCTHHI IX ONTHMaJbHOCTI
I110/10 3aIMTIB crioxkuBaya. [Iops1ok NOpiBHAIBHOTO aHaJi3y KOMEPLUIHHUX MPOIMO3ULiH HACTYITHHUH.

1. BusnadeHHs po3paxyHKoBoro mnepiogy M. [lns OTpMMaHHS JIOCTOBIPHUX IIIHOBHMX IHAMKATODIiB
HeoOXiTHO oOMpaTH pPO3paxyHKOBUH IEpioJ] HE MEHINe, HiXK KaleHJapHHH Micsis. HaiOumem mocToBipHi
Pe3yIBTaTH OTPUMYIOTECS ITPH BUOOPI pO3paxyHKOBOTO MEpioy B KaJICHIAPHUH PiK, TPOTE 1€ MPU3BOAUTHME JI0
HEOOXITHOCTI BUKOHAHHS 3HAYHOTO 00CATYy po3paxyHKiB. HaTtoMicTe qocTaTHRO 00paTh KilbKa KaJEHAAPHHUX
MICSIIB, SIKUMH OXOIUTIOIOTBCS BCi C€30HH POKy. [Ipu mpomMy He 000B’SI3KOBO OOMpPATH CYMIXHI MiCAIl POKY.
Hanpwukian, 3umMoBwHii iepioa Mmoxke 0yt npeactaBneHuii Ciunem, JTiTHIN nepioa — JIumaeM, a mepioa BeCHa/OCiHb
— XoBTHeM. 3a TOTpeOH, MOMKIIMBO J0JATKOBO EKCTPAIIOIIOBATH PE3yIbTaTH PO3PAXYHKIB 110 KOXKHOMY 0OpaHOMY
MICSII0 Ha YMOBHUH KaneHAapHui pik. OueBHHa BUMOTA 10 0OpaHOro PO3paxyHKOBOTO NEPioy — HasIBHICTD y
MOBHOMY 00Cs131 peTpocreKTHBHO] iH(opMaltii, HeoOXiaHOT JuIsl BUKOHAHHS po3paxyHKiB. Hanai, 1uist criporneHHs
OINCY, BBKAEMO, 1110 JJISI PO3paxyHKIiB 00paHO MepioJl B OJIUH KaJICHIApHHUHA MicsIb m.

2. Minroroska indopmanii no IITEC. B Ykpaini IIIEC, sk npaBuio, NOAal0ThCs Ipyroo 24 MOroAnHHAX

xoedimienTip K¢ rakux, mo:
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24
Z Ky = 1.

h=1
Horoauuni xoedinientn IIEC BH3HA4aIOTh MOTOAMHHY AOJIIO JOOOBOTO OOCSTY €IeKTPOCIIOKHUBAHHS.

BinmosinHo, 1711 06¢ATY (aKTHIHOTO eNEKTPOCIIOKABAHHS V,,Sq’) 3a PO3paxyHKOBHUH MiCSIb M ITOTOAWHHI 00CATH

)
ENIeKTPOCIIOKUBAHHS PO3PAXOBYIOThCA sik:  VANEC = ‘;LK,i“ECVh = [1..24], 5)
m

ne: D, — KiIbKiCTh KaJeHJapHUX AHIB y PO3PAaXyHKOBOMY MiCSIIi m.

Amnanorivso 3a Qopmysnoo (5) poO3paxoBYIOTbCS MOTOMWHHI OOCATH €NEKTPOCIIOKHMBAHHA IO
y3aransaesomy ITIEC OCP V2P, SIkmio 115 HOpiBHAHHS BHKOPHCTOBYETHCS PETPOCHEKTHBHA iH(OPMAILis PO
MONHT Ha EeJIEKTPUYHY eHeprito y cermenTi PJIH, To 1y KokHOT 100K pO3paxyHKOBOTO MICSIS MONEPEAHBO
PO3paxOBYIOTHCS 3HAUEHHS MOTOAMHHUX KOEQiIieHTIB K,fﬂH SIK BITHOIIEHHS 00CATY IMOTOXWHHOTO HOIUTY IO
CyMapHOTO 3a 100y o0csry monuty. Jlani o (5) BU3HAYar0ThCsl TOTOAMHHI 00CSTH €TAIOHHOTO BapiaHTy.

3. Po3paxoByloThCsS cepelHbO3BKEHI PUHKOBI IIHM Ha eJeKTpuuHy eHeprito. s BiacHoro IITEC
CIOXXKMBaya PO3paxyHOK 3iHCHIOETHCS 10 (HopMyIIi:

1 Dm 24
(PAH)  _ . (PAH) |, y7INEC
C(m)(BJl) - V(¢.) z Z(Cd,h Vh )’
m  d=1h=1
ne: C ‘g’hLlH) — rpaanyHa 1iHa P/IH y roguay h nobu d.

IIpu po3paxyHKax CIia 3BaXKaTH HA PO3MIPHOCTI OOCSTIB elekTpoeHeprii. Tak Ha po3apiOHOMY PHHKY
eJeKTpoeHeprii B YKpaiHi 00csTH, SIK paBUIIO, MOJAIOThCA po3MipHicTio KBTToa. B Toii ke wac Ha P/IH o6csaru
eJIeKTPOSHEePTii MoJarThes po3MipHicTIO MBTTOA.

st y3aransHenoro ITTEC OCP po3paxyHOk 3aiHCHIOETBCSI aHAJIOTIUHO 110 hopMyoti:

1 Dm 24
;) _ . (PAH) | y,0CP
C(m)(ocp) - V(q)) Z Z(Cd,h Vi )
m d=1h=1

4. TlopiBHAHHS CEPEIHBO3BAKCHUX ITiH.

(PAH) (PIIH) . . . . . .
Skimo C(m)(m) < C(m)(ocp), IHMBITyaIbHUE Tpodink criokrBaya 3a0e3nedye MEHIIy IiHY eNeKTPUYHOT

eHeprii y MOpIiBHSAHHI 3 y3arallbHeHHM MpoQileM A TPYIH CII0XKHBadiB 0e3 IMOTOAWHHOI (ikcarlii oOcsTiB
SNIEKTPOCHOKUBaHHsA. ToMy ClIOKMBa4y BUTiIHILIE OOMpaTH BapiaHTH eNEKTPONOCTaYaHHS 3 PO3PAXyHKAMH I10
BrnacHomy ITTEC.

Sxmo C((;/:)[?gﬂ) > C((ii)l?gcp), IHIUBIya’abHUI POk coXKBava 3a0e3nedye OUIbIy IiHY eNeKTPUYHOT

eHeprii y MOpIiBHSAHHI 3 y3arallbHeHHM MpoQileM A TPYIH CIIOXKHBadiB 0e3 IMOTOAWHHOI (ikcarlii oOcsTiB
CNIEKTPOCHOXKUBaHHA. TOMY CHOXXHBa4y BUTiJHINIE OOMPATH BapiaHTH €JICKTPONOCTAYaHHS 3 €IUHOI0 JUI BCIX
CIOXKMBauiB PUHKOBOIO CKJIAIOBOIO TapU(y Ha €JIEKTPUIHY EHEPTII0.

5. Jns  nomanmbimioro  aHamizy  (Gopmyerbcs MHOXMHA K KOMEPIMHMX  MPOMO3MIINA  Bif
€JIEKTPOIIOCTAYaIbHUKIB 13 MMEPEBAKHHUM JIJIsI CII0KKMBAyYa TUIIOM TapU(OYTBOPEHHS.

6. J1ns xoxxHOT KOMEpLiHHOT MPONO3ULLii PO3PaXOBYIOThCS IHIMKATUBHI 3HAUSHHS Tapudy.

VY npaBunax tapuOyTBOPEHHS U1 KOMEPUIHHNX MPOMO3KLIH BUITy4aroThes Tapudu Ha nepenauy Tocp i
posnonin Tocp, @ paBuiia TapuOyTBOPSHHS (POPMAITI3YIOTHCS 0 y3aralbHEHOrO BULJILY. i1 KOMEpIiHHNX
npono3uwiit 3 pospaxyskamu no Biacaomy ITIEC crioknBaya iHAMKAaTHBHI 3HaAYECHHS TapH(y BU3HAYAIOTHCS MO
¢dhopmyi:

(k) _ ~(PAH) k) TP (k)
Ten) = Comyeny * Kem) + Tnocr VkeK,

k .. " . -
ze: K((m)) — MHOXHHUK J0 3HAu€HHsS PHHKOBOI CKJIAJ0BOi Tapudy Ha EJEKTPUYHY eHeprito y k-ii

co eu ... IP(k ™ o ey
KOMEpLIMHIN HPOIMO3ULIT; THOC(T) — aJMTUBHA CKJIAJIOBA TApU(PY MMOCTAYATbHHUKA Y K-1i KOMEPIiHINA MPOTO3HIIiT

o (1).
Jns KOMepHiiHMX TPOMO3ULIH 3 €JUHOI0 JJIS BCIX CIOXKMBAdiB PUHKOBOIO CKJIAJOBOIO Tapudy Ha
€JICKTPOEHEPTiI0 1HUKATHUBHI 3HAYCHHS Tapu(y BU3HAYAIOTHCA 110 popMyti:

(k) _ ~(PAH) TP (k)
TS = Comity + Tnocr VkeK.
)

SAxmio npaBuiia TapudOyTBOPEHHS y KOMEPITiHIH Mpormo3ullii nepeaoadaroTh J0JATKOBUH MHOKHHK Ko

(PAH) . (PAH) _ () ()
110 (4), 70 C () 2y PO3PAXOBYETHCS SIK: Coniy =€ o - KD,

ne: C ((3;)) (ky — BU3HAUCHE EJIEKTPONOCTAYATEHUKOM ISt k-oi xomepmiiiHoi mpono3umii (hakTHIHE 3HAUYCHHS

PHHKOBOI CKJIaJOBOI IIIHN Ha pO3paxyHKOBHH MicCsIb m.
7. ONTUMABHOIO JUIS CIIOJKMBaya BBAXKAETHCS K-Ta KoMepLiliHa MPOIo3uLis i3 HaMEHITNM iHANKATUBHUM
3HAYCHHSM Tapudy:
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Ak: T((rlfl)) = min(T(S’:l))) VkeK.
3a motpebu, mpu BHOOpI ONTHMAaNBHOTO rpadika IUIATEKIB 3a CIOXHTY €IEKTPOCHEPTii0 IOJaTKOBO
MOPIBHIOETHCSI 3MEHIIEHHSI CyMH IIATEXIB 3a IOCIYTH €JIeKTPOIocTadyalbHUKA ngc(lT{) i3 CyMOIO J0/IaTKOBUX
(hiHaHCOBUX BHUTpAT, OB’ S3aHUX 13 37IHCHEHHSM aBaHCOBHUX IUIATEXIB.

BucHoBkH. B cTaTrTi IOCHIIKEHO CKIAJOBI BapTOCTi €JIEKTPUYHOI €Heprii B YacTHHI MOMIIMBOCTEH
CHOXWBa4da OOMpaTH ONTHMAIBHUI BapiaHT €JNIEKTPOIIOCTaYaHHS IUITXOM MOPiBHAIBHOTO aHAJTi3y KOMEpPLIHHIX
MIPOTIO3UITIH TOCTaYaIbHUKIB €IeKTPHYHOI eHeprii Ha OCHOBI iHOMKATHBHUX 3HAa4YeHb WiH. HaBemeHo cmociO
TOPIBHAHHA KOMEPIIIHHAX MPOMO3HIIH Bil €lIeKTPONOCTaYaIbHAKIB, BUKOPUCTAHHS SIKOTO J03BOJISIE TIPHHHSATH
o0TrpyHTOBaHE PIMIEHHS IIOI0 IOIIFHOTO BapiaHTY 3aKyIiBIi €JICKTPUYHOI €HEepril CIoKMUBaueM, IO i€ Ha
po3npiOHOMY PHHKY 0€3 TOTOIMHHOTO 00Ky eNeKTPHYHOI SHepTii.
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"Hauionanbnuii Texnignnii ynisepcurer Ykpainu

«KuiBchknmii nosritexniyanii incrutyT imeHi Iropst Cikopcbkoro»

AHAJII3 MO)KJII/IBQCTEﬁ PYHKIIOHYBAHHA TELl HA PUHKY
EJEKTPUYHOI EHEPI'II B YMOBAX 3AIIPOBA/I’KEHHA
HIHOBUX OBMEXEHDb HA PUHKY

B cmammi posenanymo numanua @opmysanns cmpameeii 3abesneyenus KOHKYPEHMHUX Nepesae
mennoenekmpoyeHmpanei 8 yMogax 3anpoeaoicents YiHoux 00Medcenb Ha pUHKAX eneKmpuynoi enepeii na 6asi
AHANI3y YHKYIOHATLHUX MOJNCIUBOCHEN MA eKOHOMIYHOL CKAA00801 ICHYIOUOI MOOeli PUHKY eleKmpoenepeii.
Takooic posensHymo @akmopu 6naugy Ha @QOpmyeaHHs cobieapmocmi O0OuHUYi MoapHOi NpoOdyKyii
Meni0ereKmpoyeHmpai 0isl y4acmi 6 PUHKAX eleKmMpUdHoi eHepeil.

Taxooic y pobomi po3ensadacmscsa npodIemMamuka npUCcmocy8ants Meniosux el1ekmpoCcmanyii 00 YyiHosux
00MediCeHb HA PUHKAX eleKmpoenepeii, sAKa 3abe3neuye KOHKYPEHMOCHPOMOJCHICMb mda CmabitbHicmb
supobrnuymea enexmpoenepeii. OCHOBHI acnekmu, Wo aHAIi3VIOMsbCsl 8 00CaioxcenHi, extouaome SWOT-ananiz
TEL], po3enso pe2yisimopHux MexaHizmie, makux 1K OONOMINCHI HOCIY2uU pe2yNto8aHHA YACMOMU Md AKMUSHOL
nOmMydCcHOCI, ma cmpamezii MoOepHizayii ma exono2iunoi adanmayii.

YV pamxax docnioxcenns po3enaoaiomocs MONCIUBOCT ONsL HAPOUWLY8AHHA KOHKYpenmuux nepesae TEIL],
Maxi sIK 6NPOBAONCCHHS HOGIMHIX MEXHOAO2IU, PO3GUMOK PUHKY BIOHOBNIOBAHOI eHepeemuKku ma 30LbulenHs
nomyochocmi. (QOHOHACHO, 36epmaecmvCs  y6aea HA 3a2po3u, NO6'A3GHI 3i 3MEHWEHHAM HNONUMY Ha
enexmpoenepeilo, 3MiHAMU HA PUHKY NATUEA MA PeSYIAMUSHUMU OOMEXHCEHHAMU U000 SUKUOIE WKIOTUBUX
peuosuH.

KoarouoBi cioBa: punok enexmpoenepeii, menioenekmpoyeHmpans, puHoK «Ha 000y enepeody, puHok
080CMOPOHHIX 002080Di8, 6HYMPIUHLOOOOOBUL PUHOK.

Beryn

IlepeBaxna Oinpmricts icHyrounmx TELl Vkpainum (GyHKIiIOHYIOTH BOPOAOBX 45-55 pokiB i Oiibie,
MOBHICTIO BHYEpIIAJIM CBIil MPOEKTHUI TEPMiH eKCIUTyaTalii Ta MEepeBUILMWIN NepioJ eKOHOMIUHO IOIiJILHOTO
LUKy, BCTaHOBIICHOTO IS OCHOBHOTO oOOJiaJHaHHs Takoro Tumy. Ekcruyatamisi takux TEL[ B pexumi
3a0e3MeueHHsT HacaMIlepes TEIUIOBMX HaBaHTaXeHb (32 TEIJIOBUM TIpadikoM CHOXKHBada TEIUIOBOI eHeprii)
00YMOBJIFOE HEMOJKIIMBICTh 1X €(EeKTUBHOTO BHKOPHCTaHHS JJsg OajlaHCYBaHHsS B 00’€/JHaHI €HEProcHcTeMi
Ykpaiau (OEC).

OpHak, Miji 4ac BOEHHOTO CTaHy, B YMOBaX CYTTEBO 0OMEKEHOr0 JIOCTYIy IO YCIX HassBHHUX €JIEKTPUYHUX
MOTY>KHOCTEH, 110 BUKOPHUCTOBYIOThCs uist OanancysanHs B OEC, TEL] moxyTs OyTH 3amistHi s OamaHCYyBaHHS
B eHeprocucteMi Ykpainu. Lle Moxke cratn 6a3010 U1 MOXIJIMBOTO HAapOIyBaHHS KOHKYpeHTHuX nepesar TEL]
B YMOBaXx IIHOBHX 00MEXEHb Ha pUHKaX eJIeKTpHIHO1 eHeprii. Kpim Toro, aHami3 cutyarii B eHepreThili Y KpaiHu
3 ypaxyBaHHSAM KUJIBKOCTI ITOIIKO/KEHb B CUCTEMI 3alBUI pa3 MiIIITOBXYE 70 [yMKH, III0 BAPTO 3BEPHYTH yBary
Ha MOXIIUBICTh BUKOpHcTaHHSA crapux TELl mma 3abe3medeHHS CTaOLMBHOCTI POOOTH EHEPrOCHCTEMH B
HaJ3BuuaiiHuX cutyauisx. Lle moxe 3pobutn taki TEL] Oinbimn npuBaGIMBUMU HAa PUHKY eJIEKTpOeHeprii i
301IBIINTH iX KOHKYPEHTOCIIPOMOXHICTh, HE3BAYKAIOUX Ha IXHi cabki cTopoHu. OfHAK, Takuil miaxig moTpedye
BIJIMOBITHOT MATPUMKH 3 OOKY AepKaBH, IO MOXXE OyTH BHKJIMKOM B YMOBaxX IIHOBHX OOMEXEHb Ha PHHKaX
eJIeKTPUYHOI eHepTii.

MeTta Ta 3aBAaHHA. JOCTIIUTH MOXJIMBOCTI HOBOTO PHHKY €JEKTPHUYHOI eHeprii mns cy0 eKTiB
EJIEKTPOCHEPIeTHKH, a caMe TEeIJIOeNIeKTPOLCHTpaNeil Ta BU3HAUYUTH HAINPSMHU HAPOLILYBaHHS 1X KOHKYPEHTHHX
repeBar B yMOBax I[IHOBUX 0OMEKeHb Ha PUHKAX EIEKTPUYHOI eHeprii.

Martepian i pe3yJbTaTH J0CTiIKEeHb:

B 2019 poui Ykpaina BupoBaauiia oHy 3 HaiickiaagHimux pedopm i 3 1 JIUIHS 3anparioBaB HOBUI PUHOK
eNeKTpHYHOI eHeprii [2]. BogHovac, Ha iMIIEMeHTAIli0 3aKOHOJaBCTBa OYJIO BiIBECHO 3HAYHO MEHIIIE Yacy, Hixk
IHIITMM €BPONEHCHKHM AepkaBaM. TUM He MeHIle YKpaiHChbKUI €HEprOpHHOK 3aIpalloBaB 32 HOBUMH IIpaBHIIaMH,
a YkpaiHa JjoBena CBITOBI 31aTHICTb pealli3yBaTH HaJICKJIa/IHI 3aBJjaHHs y oOMeskeHi TepMiHu. CBO€UacHUit cTapT
HOBOTO PHHKY €IEeKTpOeHepTii gaB YKpaiHi, 30KpemMa i MOKIMBICTh OTPUMATH MakpogiHaHCOBY gonomory Bix €C
y po3mipi 500 MIH. €BpoO.

CyuacHa MO/IeNb PUHKY €IeKTPUYHOI €HEePTii pO3IyIsiIa€ThCs SK MOXKIIMBICTh IHTETPYBaHHS €HEPTETUYHOTO
pUHKY YKpaiHu B 3arajbHOEBpOICHChKHIA TpocTip. TlepentkogaMu Ha NUIAXY 70 3alTPOBaHKCHHS HOBOI MOJEITi
PUHKY €JEeKTpUYHOT eHeprii OyJin 1 3ajduIIaroTbesi HE3aJOBIIBbHUA TEXHIYHUN CTaH EJICKTPHYHUX MEPEK,
Bpa3HUBICTh IHPOPMAIIHHIX Ta KOMYHIKALIMHAX CHCTEM BiJ] KibepaTak, HEIOCTATHIH PiBEHb PO3BHTKY KJacTepy
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IUQPOBOI EHEPreTHKH, 3aJCKHICTD BiJl MOCTaYabHUKIB NMEPBUHHUX E€HEPreTUYHUX PECypciB, 3HAYHHNA piBEHB
3a00proBaHOCTI CIIOYKMBAYiB HA ONITOBOMY PHHKY €JIEKTPUYHOI eHeprii [1].

3HauHy yBary MOKJINBOCTeH (QyHKIIOHYBaHHS Cy0’€KTIB €JIEKTPOCHEPTeTHKH Ha PI3HUX CETMEHTAX PUHKY
npucBsYeHi pobotu 30kpema, Keita I''M., lllikosenp K.O., lleBuenko A.C. [10], Onedip 1.0., babiu B.1O.,
Bninos 1.B. [5], [Tonomapros C.B [11] Ta iHmi.

Bimznauaetbes, mo TEL] € 06’ekToM KpuTHYHOI iHQpacTpyKTypH, Tak sk 3abe3nedye OesnepediiHUM
MOCTa4aHHsIM Trapsidoi BOJM Ta BUpOOHHUTBOM enekTpoeHeprii. Kpim toro, TEL € crpateriunumu 06’ ekramu,
OCKIJIBKH € DKEPETIOM eJIEKTPOCHEPTIi AT B CepeIuHi MICT, THM caMUM 3a0e3Iedyoun HaliifHICTh eHeproBy3a,
B Ky 3HaxomaATecs. OcHoBHOIO ocoOnuBicTio TEIl € poGora B mporeci BUCOKOS(HEKTUBHOI KOTeHeparii, 1o
03HaJae, o MiJ 9ac OJHOTO TEXHOJIOTIYHOTO MPOIIECY OJHOYACHO BHPOOISAIOTHCS TEIUIO Ta EIEKTPOSHEPTisl.

Sk 3a3HavaeThCA Cepel OCHOBHHX MpoOieM (TepemKko] Ha puHKY enekTpudHoi eHeprii) TEL] moxna
BU3HAYMTH:

-3QJIE)KHICTh BiJI OCTaYaIbHUKIB IEPBUHHUX €HEPTETHYHUX PECYPCiB, OCKITIBKH 3MiHHM B IiHAX Ha TTAaJTHBO
3HAYHO BIUIMBAIOTH Ha peHTabenpHicTh TELL;

-3Ha4YHUI piBeHb 3a00pPrOBAHOCTI CHOKMBAdiB Ha ONTOBOMY PHHKY ENEKTPHUYHOI eHeprii, OCKUJIbKH Iie
MPU3BOANTL IO 3MCHIICHHS OOIMOBUX KOIITIB CTaHINM i, K HACTIIOK, MOXJHMBOCTEH UIs MOJCpHizalii Ta
OHOBJICHHS 00JIa/HAHHS.

BonHouac, HOBa MOZENb PHHKY E€JIEKTPUYHOI €Heprii MoXe CTaTH MOJKIJIMBICTIO ISl HapoOIyBaHHS
koHKypeHTHuX nepeBar TEL. Hampuknaz, 3any4eHHs iHO3EMHHX IHBECTHUIII Ta TEXHOJOTIH IS MOIEpHI3aIii
oONagHaHHSA MOKE CHPHUATH IMiIBUIICHHIO e(peKTHBHOCTI Ta HafmiiiHOCTIi poborm TEILl, a po3BHTOK HOBHX
TEXHOJIOTiH, SKi JO3BOJNATH 3MEHIIMTH BUKHIM MKimBuX pedoBuH TEILl, mo3BoimTh 3a0€31meUnTH aKTHBHY
CHIBIpAITIO 3 IHIIMMH TPaBIIMU HA PHHKY €IEKTPOCHEPTIi st 301TBIICHHS 00CcATY BUPOOHUIITBA Ta PO3MIUPEHHS
PHHKIB 30yTYy.

Po3BuTok KIactepy IHQPOBOi EHEPTeTHKH MOXKe 3a0e3neduTH OumbInl e(eKTHBHE YIPaBIiHHSI B
EJIEKTPOEHEPreTHIl Ta 3MEHIIIEHHs BUTPAT Ha eKCIuTyaTallito oOnaaHaHHs. Takoxk, MOXKIIUBICTh IHTETpyBaTUCS B
3arajJbHO€BPOINEHCHKHIN POCTIP MOXKE CHPUSTH 32a0€3NEeYCHHIO CTa0lIbHIX YMOB Ha PUHKY €JIEKTPHYHOT eHeprii
Ta 30LIBLIEHHIO 00CSTIB eKCIIOPTY enekTpoeHeprii. Takox, 3 Touku 30py nepcrekTus AisibHocTi TEL nouinbsHo
3BEpPHYTHU yBary Ha PO3BUTOK aJbTEPHATUBHHX JDKEpENl CHEPrii, sIKi MOXYTh CTaTH €(EKTUBHHUM JIOTIOBHEHHSM
TEI] Ta 3a0e3me4yyBaTu OUIBII HaMiliHE Ta €KOJIOTIYHE BUPOOHHUIITBO €JICKTPOCHEpril. 3acIyroBye Ha OCOOJIUBY
yBary MoxuiuBicte BukopuctanHs TELL nist 3a0e3nedeHHs pe3epBHOro abo 3aIacHoOro Jpkepesa eJIeKTpOoeHeprii
UL KPUTHYHO BaXKJIUBUX OO'€KTiB, TAaKWX SK JIKapHi, MIOPUEMCTBA Xap4yoBoi Ta (apMareBTHIHOI
MPOMUCIIOBOCTI TOLIO.

Kpim ToOro, nepxaBHa MIATpUMKa MOXE CTaTH BAaXIMBMM YMHHUKOM JUIsI  30€peeHH
KoHKypeHTocnpoMokHocTi TEL] B ymMoBax LiHOBMX OOMEXeHb Ha PUHKY eJeKTpu4HOi eHeprii. Hampukiarn,
JIepKaBHi IporpaMu Ta (piHAHCOBI IHCTPYMEHTH MOXKYTh CTUMYJTIOBATH IHBECTHUIIIT B MOJICPHI3AIliIO Ta MIATPUMKY
TEL, a Takox 3a0e3medyBaT CTa0IIBHICTD HA PUHKY €NEKTPUIHOI eHeprii. Takok MOXKYTh OyTH BBEICHI pi3Hi
3aX0/HM, SIKi CHPUSTUMYTh PO3BUTKY BHYTPIIIHHOTO PHUHKY E€JIEKTPOEHEPTii, 1[0 3MEHIINTh 3aJEeXKHICTh BiJ
MOCTa4YaJbHUKIB IEPBUHHUX €HEPreTUUHUX PECYPCIB Ta 30UIBIINTDG KOHKYPEHIIII0 Ha PUHKY.

PuHOK eleKTPUYHOI eHeprii Ta HOro cerMeHTH

Punox enexrpuynoi eneprii (nani PEE) € onHuM 3 HaiOUIbIINX 32 00CATOM Ta CKJIaJHUX PHHKIB y CBITI,
OCKiJIbKH TOEIHYE SK TEXHOJOTiuHi Tak i opraHisamiiini cermentu. Moro posmip Ta ckiamHicTh 3yMOBIIeHi
HEOOXIHICTIO TIOCTIIHOTO 3a0e3MeUeHHs SNeKTPUIHOIO CHEPTIEI0 ISl BHPOOHUIITBA TOBAPIB Ta IMOCIYT, 8 TAKOXK
JUIS 33JI0BOJICHHS TTIOTPEO HaceIeHHs..

PEE MoxHa pO3IUIMTH Ha KUTbKA TEXHOJIOTIYHHX CETMEHTIB, KOKEH 3 SKHX Ma€ CBOi OCOOJMBOCTI Ta
npuHOMIH (yHKUioHyBaHHA. OcCHOBHI TexHonoriuHi cermeHntd PEE BkmowaioTh BHpOOHMITBO, Iepepady,
PO3IIOIIN Ta CIIOKUBAHHS.

ITepumii TexHOMOTIuHMA cermeHT PEE - e BupoOHUITBO. BUpoOHNIITBO enekTpoeHeprii BitOyBaeThcs Ha
@JIeKTPOCTAHIIISX, SKI BUKOPHCTOBYIOTh PI3HOMAHITHI JPKepesa eHeprii - Bij Byrimis Ta HaQTH 0 COHAYHOI Ta
BiTpoBOi eHeprii. BupoOHHUIITBO enekTpoeHeprii Moxke OyTH Aep)kaBHUM a00 MPUBATHHUM, 3AJIEXKHO Bi KpaiHH Ta
peryJIlOBaHHS PUHKY €Hepril.

Hpyruit Texnomoriunuii cermeHT PEE - mepemaua. Ilepemada enekTpoeHeprii 3AiHCHIOETHCS IO
SNEKTPUYHUX Mepekax, SKi MOXKyTb OyTH Pi3HHX piBHIB Hampyru. 3a3BHUai, Jep>KaBHI KOMMaHii 3aiMalOThCS
nepesiauero eNeKTPOoeHepTii, OCKUIBKH 1€ € CKJIaJIHUM TEXHIYHNM IIPOLIECOM Ta NMOTpedye 3HAUHMX 1HBECTHUIIIH.

Tperiit Texnonoriunuii cerment PEE - posnozin. Po3nozin enexrpoeneprii 34iHCHIOETbCS 110 Mepekax 3
HU3bKOIO HAINpyrow, sKi IMJKI0YeHI a0 OynaiBesib Ta iHIIMX CIIOKUBA4iB EHEPrii, po3mojil Moxe OyTH
3MIMCHEHUI SK Jiep)KaBHUMH, TaK 1 NMPUBATHUMH KoMmmaHisimMu. OCHOBHAa MeTa PO3MOALNY eJlIeKTpoeHeprii -
3abe3rneueHHs 1 Oe3nepebiiiHoro Ta epeKTHBHOTO OCTaYaHHS CIIOKUBAYAM.
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Yersepruit TexHonoriuamii cermeHT PEE - crokuBaui. CrioskuBadi eJIeKTpOeHeprii BKIIIOYAlOTh B cede
HiANPUEMCTBA, TPOMUCIOBICTh, JOMOTOCHOAApPCTBA Ta IHII oOpraHizamii Ta 0coOH, SIKI BHKOPHUCTOBYIOTbH
CJIEKTPUYHY €HEPTilo JJIsl CBOiX MOTpeO.

Y xoxkHOMY 3 TexHojoriuHnX cermMeHTiB PEE nie BnacHa cuctema peryiroBaHHs Ta ynpasiiHHs. JlepkaBHi
OpPTraHH MOXXYTh BCTaHOBJIOBATH Tapu(U Ha EIEKTPOCHEPrilo, PEryiIoBaTH YMOBU BUPOOHMITBA Ta Iepenadi
€JIEKTPOEHEPTii, BCTAHOBIIOBATH CTAHAAPTH SIKOCTI €Heprii Ta 6arato iHIIoro.

JeprxaBa nepecrana OyTH €JMHUM MPOJABLIEM Ta MOKYILEM eJIeKTpoeHeprii. BupoOHuKH enekTpoeHeprii,
eJIeKTPONOCTaYaNbHIUKH, TPEHIepH Ta BEIHUKI MPOMHUCIIOBI CIIOXKHBAYi MPAIIOIOTh HA PUHKOBUX yMOBaX, A€ IiHa
(opMyeThCs HE 3 BHKOPHCTaHHAM pPYYHOTO YTPABIiHHA, a MUIAXOM KOHKYpeHIHii 3a mokynms. Toprieis
€JIIEKTPOSHEPTI€I0, BIAMOBITHO IO MPUHHATHX NpPaBWI ECBPONEHCHKOTO COIO3Y, BiAOYBAa€ThCS HAa TaKHUX
opraHizaminnx cermerrax HoBoro PEE, sk puHOK mBoctoponHix moroBopiB (P/IJ]), puHOK «Ha m00y Hamepem»
(PAH), BuyTpimHBOH060BHIT prHOK (B/IP) Ta 6amancyrounii punok (BP). Yci i opranizaniiini cermentu PEE
OoKpeMo, a00 KOMOIHOBaHO, TOBHHHI HAJJABAaTH HOBI MOIMBOCTI ISl YIaCHUKIB PHHKY.

Ha PJI/l xymiBns Ta mpojaXk eNeKTpOeHeprii MiX JBOMa YyYaCHMKAaMH PHHKY IPOBOJMTHCS 032
OpraHi30BaHUMHM CETMEHTaMH pHHKY, KpiM JIOTOBOPY IIOCTQ4aHHs eJeKTpoeHeprii croxkuBady [3].
LliHOoyTBOpEHHS BiI0OYBa€THCS HA OCHOBI JIBOCTOPOHHBOT JOMOBIICHOCTI CTOPIH.

Ha P/IH xymiBns-npogax eneKTpoeHeprii 31HCHIOEThCS Ha HACTYITHY 700y 3a JHEM MPOBEACHHS TOPTiB
[4]. Lina Ha 1bOMY CErMEHTI PHHKY BU3HAYa€THCS 38 IPUHIIUIIOM IPAHUYHOTO IHOYTBOPEHHS 13 320€3MeUeHHAM
MiHIMi3aIl] [[iHK Ta Makcumizailii oOcsriB Toprieii. JKofeH y4acHUK He OauyuTh 3asABJCHI I[IHU Ta OOCSTH
KYMIBIII/TIPOAaXy eIeKTPUIHOI eHepTii IHMUMHU ydacHuKaMu. Taka TexHouoris TopriB Ha P/IH cripusie po3BuTKYy
KOHKYPCHIIi.

Ha B/IP xymiBis-mipogax eneKTpoeHeprii 3AiHCHIOEThCS Oe3IIepepBHO Micysd 3aBEePIICHHS TOPTiB Ha pUHKY
P/IH ta BripomoBx 100 (i3WIHOTO MOCTa4aHHs enekTpoeHeprii [4]. Llel cerMeHT pHHKY Ja€ 3MOTy Y4acHHUKaM
PHHKY CKOpETYBAaTH CBOI TOPTiBENbHI MO3MIII Ta IPAMIOE 3a MPHUHIMIIOM «HA KOKEH TOBAap € CBIM MOKyIIEIb».
To6To npojaBLi Ta MOKYII 3asBISIOTE OOCATH Ta IiHHU, 33 IKUMH 0a)XKaloTh MPOJATH/KYIIHTH EIEKTPOCHEPTIIO, 1
YeKaloTh CBOI'O KOHTPAreHTa.

banancyroumii puHOK — 116 yMOBHMH opraHizauiiinuii cerment PEE, skuii npusHadenuii s
3a0e3neueHHs 0anaHCyBaHHS B pealIbHOMY 4aci 00CsTiB BUPOOHHUIITBA TA IMIIOPTY 1 CIIOXKHMBaHHS Ta EKCIIOPTY e/
[3]. Takox Ha IIBOMY PHHKY BiIOYBA€THCS Bpery toBaHHs cucteMHuX oomexerb B OEC Ykpainu ta dinancose
BPEryJIIOBaHHs HEOAJIaHCIB.

DaKTOPHU TA MEeXaHi3MU 1S 3aNIPOBAIKeHHs HiHOBUX 00MeKeHb

3anpoBaKeHHS LIHOBMX OOMEXEHb Ha PUHKY €JIEKTPOEHEPTIi € OJIHIEI0 3 KIIOYOBHX HPOOIIeM, 3 SIKUMHU
CTHKAIOTBCSA JepxkaBHi Ta mpuBaTHi ydacHukd PEE. Ile oOymoBieHo HeoOXimHICTIO OanaHCyBaHHS BHUMOT
EKOHOMIKH, €KOJIOTIi Ta Oe3TeKH SHepronoCcTadyaHHs HaIlil.

dakropw, 110 BIUIMBAIOTH HA 3aIIPOBa/HKEHHS IHOBUX OOMEXEHb Ha PUHKY €JIEKTPOEHEPTii, MOXYTh OyTH
pi3HOMaHITHI Ta 3ajJeXaTh Bl KpalHH Ta i €HepreTHYHOi momiThKH. OIHHM 3 HaHBaKIHBIMINX (aKTOpIB €
HasIBHICTH JIOMiHy040i o3ulii Ha PEE neskux KoMIaHii, siki MAI0Th MOJIUBICTH 3JI0OBXKHBATH CBOEIO TIO3UITIEI0
Ta BCTAHOBJIIOBATH 3aHWKEHI IIHU Ha MPOAYKIio. Lle Moxke NpU3BECTH 10 CKIIAIHOLIIB Y 3a0e3MeueHHi piBHOBAru
MIX TONUTOM Ta npono3uuicto Ha PEE.

[HmuM BakiuBUM (DAKTOPOM € 3aJICXKHICTh BiJ] IMIIOPTY €HEPropecypciB, IO MOXE MPHU3BECTH [0
3aJIeKHOCTI Bijl 30BHILIHIX MMOCTaYalIbHUKIB Ta BUTPAT Ha TPAHCHOPTYBaHHs €Heprii. 3aleXHICTh Bij IMIOPTY
TaK0X MOXe IPU3BECTH JI0 301IbIICHHS BUTPAT HA CHEPTeTUYHHUH CEKTOP, 110 y CBOIO YEPTy MOJXKE IPU3BECTH /10
30UTBIICHHS I[iH Ha eIEKTPOCHEPTIIO.

OmHUM 3 MeXaHi3MiB Ui 3ampoBapKEHHsS IiHOBUX oOMexkeHb Ha PEE e BcraHoBieHHs TapudiB Ha
eHepronoctadanHs. Takuii MexaHi3M J03BOJISIE JA€pXKaBl KOHTPOJIOBATH IIHM Ha EJIEKTPOEHEpTrilo Ta
3abe3revyBaTH iX Ha CTaOUILHOMY PiBHI JUIs CHIOXKMBadiB. BcTanoBieHHs Tapu(iB Moske OyTH 3/1iICHEHE IUIIXOM
PETyJIIOBaHHS AEp>KaBolO LiH HA PiBHI ONTOBOTO PUHKY, a00 ILIIXOM YKJIaJ@HHS JIOTOBOPIB 3 €HEPreTHYHUMHU
KOMIIaHisIMHU.

[HIIMi MexaHi3M - 11e po3apiOHa TOPTIBIS €IEKTPOSHEPTi€l0, M0 JO3BOJISE CIIOKUBaYaM 3a0e31eayBaTHCh
€JIeKTPOCHEPIi€cl0 Ha PUHKOBUX YyMoOBax. lleil MexaHi3M JI03BOJIsSiE CHOKMBadaM BHOUpATH Tapupu Ta
MOCTa4aJIbHUKIB €JIEKTPOCHEPTIi, 1110 BiAMOBIAIOTH IXHIM MOTpedam Ta Oroxety. /s 3abe3meueHHs cTa0lIbHUX
I[iH Ha PHUHKY EJEeKTPOEHEprii y TaKOMy BHIAAKy HEOOXiIHO 3a0e3meunTH JOCTATHIO KOHKYPEHIII0 cepen
MOCTaYaIbHUKIB €IeKTPOEHEePTii.

OkpiM TOrO, JIepKaBa MOXKE PETYJIOBATH LIHU Ha €JIEKTPOCHEPril0 MUITXOM BCTaHOBJICHHS aKIU3iB Ta
MOJATKIB Ha eHepreTnyHui cexrtop. Lli momgatku MoxyTe OyTH CIpSMOBaHI Ha MIATPUMKY PO3BHUTKY
IPTEPHATHBHUX JDKEpEJI €Heprii, 10 J03BOJMTh 3MEHLIMTH 3aJISKHICTH BiJl IMIIOPTY €HepropecypciB Ta
3a0e3MeunTH OLIBII CTa0UIbHY LIHOBY HONITHKY Ha PUHKY €JIEKTpOECHEprii.

3arajom, 3anpoBa/KEHHS [[IHOBMX OOMEKEHb Ha PHUHKY €JIEKTPOCHEPTii € CKJIQJHOI0 Ta MHOTOI'PaHHOIO
npo0JieMol0, 110 BHMara€ KOMIUICKCHOTO IMIIXOAy Ta 3ajJydeHHs DI3HUX MEXaHi3MIB DEryJIIOBaHHS PHHKY.
JlepxaBa moBHMHHA 3a0e3ledyBaTH OaJlaHC MK TIIONMUTOM Ta TPOIO3UINEI0 HAa PHHKY EIEKTPOCHEePTii,
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3a0e3meuyroun CTablIbHY Ta TOCTYIIHY €HePTreTHYHY MOJIITHKY U CIIO’KMUBAYiB, 8 TAKOXK MIATPAMYBATH PO3BUTOK
€HEepreTUYHOr0 CEKTOpY KpaiHu.

OnHak, ci1iJ] 3a3HaYUTH, 1110 3aIIPOBaPKEHHS [IIHOBHX 00OMEXEHb MOXKE MaTH SIK NO3UTHBHI, TaK 1 HEraTHBHI
HacliIKu. 3 01HOTO OOKY, 1€ MOXE JOTIOMOTTH 3a0€3MeUNTH JOCTYITHICTh CHEPreTHYHHX MOCIYT JUIS HaCEJICHHS
Ta MiJNPHEMCTB, 3HU3UTH 3JIEXKHICTH BiJl IMIIOPTY Ta 3MEHIINTH PU3UKU HOSBU MOHOIIOJIH HA PUHKY. 3 1HIIOTO
00Ky, IIIHOBI OOMEXEHHSI MOXKYTh 3HU3UTH IHBECTHLIHHY PUBAOIIUBICTE EHEPIETUYHOTO CEKTOPY Ta IPU3BECTH
JI0 3MEHIIIECHHS PO3Mipy NPHOYTKIB €HEPreTHYHNX KOMIaHiH.

VY migcymKy, BUpilIeHHs pobaeMu iHoBUX ooMexeHb Ha PEE € BaxImBHM 3aBHaHHAM IS IEpKaBH Ta
PUHKOBUX YYacHHUKIB B €HepreTHuHiil cdepi. g mocsarHeHHS cTaOlIbHOI Ta palliOHAIBHOI IIHOBOI MOJITHKH
HEOOXIZTHO 3aCTOCOBYBAaTH KOMIUIEKCHHH MiAXiJ Ta BUKOPHUCTOBYBATH Pi3HOMAHITHI MEXaHI3MH PeTyIIOBAaHHSI
puEKy. TimpKM Tak MOKHA 3a0€3MEYUTH IOCTYIHICTH Ta CTAOUTBHICTh €HEPTreTHYHOTO CEKTOpY KpaiHu Ta
3aJI0BOJIBHUTH BUIMOTH €KOHOMIKH, €KOJIOT1] Ta Oe3IeKr eHepromocTadanHs Hallii.

Ha mpuximani ompmmogaenoi HEK «VYkpenepro» perpocnekTuBHIK iH(opmarii mpo m060Bi rpadiku
BUPOOHUIITBA/CTIOKMBaHH enekTpudHoi eneprii B OEC Vkpainu (puc.1), y nepion 3 129 no 132 29.06.2021
cymapna notyxxHicte TELL craHoBuna 630 MBT [5]. Ilin yac BoeHHOro crany OajlaHC B CHCTEMi 3MIHMBCS, 1€
3’sIBUBCS Je(DiLUT €IEeKTPOCHEPTii, TOMY NOCTAJIM TOCTPI MUTAHHS CTOCOBHO (DYHKIIIOHYBaHHS PUHKY €JIEKTPHYHOT
eHeprii 3a paxyHOK I[IHOBUX OOMEKEHb.
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Pucynox 1 — Jobosuii epagix supobruymea/cnosicusanns enekmpuunoi enepeii 6 mopeosii 3oui OEC
Yrpainu 3a 29.06.2021 (0srcepeno - caum HEK « Vkpenepeoy)

TenpeHMis ocTaHHIX POKiB OyJia B HAPOIYBaHHS BCTAHOBJIEHOT MTOTYXHOCTI T€HEPYIOUNX YCTaHOBOK, IO
BHUKOPHCTOBYIOTh BiJJHOBIIIOBaHi jukepena eneprii (BJIE), ane ne 3aroctpuiio npobieMy 3abe3nedeHHs THYYKOCTi
OEC ms crifikoro 6anaHCyBaHHS MK ITOITUTOM Ta IPOTIO3HLIEI0 eIeKTPHUYHOT eHeprii. Taka TeHIEHIist pO3BUTKY
BJIE B VYkpaini Takox copMyBaja 3HA4YHI BHKIMKH TPaJULidHIA eKCIUTyaTaliiHIA NpakTHIl ICHYFOUMX
€JIeKTPOCTaHIIIi, 30kpemMa TermnoenekTporeHTpaisim (TEL]) Ha nmpupomHoMy rasi, 10 SIKUX MEHIIE BChOro OyJio
HaJIaHO yBAaru.

Toxi * moYayio 3pocTaHHs BapTOCTI €eHEPTOHOCI{B, 0COOIMBO ra3y, Koy Horo mina 0yna 03.2021 Ha piBHI
7549, 69 rpu/Tnc.xy6.Mm. Ta 05.2022 Ha piBHi 30 640, 00 rpH/THC.KY0.M. (pHUC.2), 1€ BUAHO 30UIBIICHHS I[iHK HA
300%, TEM caMHuM 301TBIIIEHHS COOIBaPTOCTI [T BUPOOJICHHS eNEKTPHYHOI Ta TETUIOBOI eHeprii [6].

Tomy [uist TOro o0 yTpuMaru IiHy Ha ra3 Ui NOCTa4aHHs MPUPOJHOTO ra3dy BUPOOHHKAM TEIJIOBOi
eHeprii Ta 0ro;ukeTHUM ycTaHoBaMm Kabinerom MinicTpiB Ykpainu Oyso npuiiHsTo noctanoBy Ne§12, ne B mepioai
3 1 Bepechs 2022 poky 1o 31 Gepesnst 2023 poxy. B 1iii moctaHoBi (ikcyroThcs pi3Hi 00CSTH BUKOPUCTAHHS ra3y
[71:

e00cATy, 110 BHUKOPUCTOBYETHCS I NMOTPed BHUPOOHMITBA TEIUIOBOI €HEprii sl HagaHHS IOCIYT 3
MOCTa4aHHsI TEIUIOBOI €Heprii Ta MocTayaHHs rapsdoi BOAM HACEIEHHIO Ta/abo MmocTayaHHs TEIUIOBOI eHeprii K
TOBApHOT MPOAYKIIIT Il 3a3HaYeHUX OTpeO (mani - oocsr I-dikcoBanwmii);
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e00csry, 10 BUKOPUCTOBYETHCS ISl BUPOOHHITBA TEIUIOBOI €HEpril Ui HafaHHS MOCIYT 3 MOCTAaYyaHH
TEIJIOBOI eHeprii Ta MOCTa4yaHHS Trapsyoi BOAM OIO/PKETHHUM YCTaHOBaM/OpraHizallisiM Ta peJiriiHuM
opraHizauisiv, IiANPUEMCTBAM, yCTAaHOBaM Ta OpraHi3alisM, IO nepedyBaloTh B yIpaBiiHHI Jlep:kaBHOTO
YIpaBJIiHHS CIIpaBaMu, Ta/abo mocTayaHHs TEIUIOBOT SHEPTil SIK TOBapHOT NPOIYKLIT AJIs 3a3HaYSHUX MOTped (mari
- oocsr I1I-¢ikcoBannii);

e00csTYy, 1110 BUKOPUCTOBYETHCS JUIS TOTPEO, BIAMIHHMX BiJ THX, 110 IOKPHUBAIOTHCS 3a paxyHOK oocsry I-
¢ixcoBanoro ado obcsry I1I-dikcoBanoro (maxi - oocsr II).

Takox Ui MIATPUMAaHHSA PHUHKIB OYyJ0 TNPHHHATO pIMIEHHS BEICHHA OOMEXEHb Ta KOPETyBaHHS
MiHIMaJBHOI IIiHK HA Pi3HUX CETMEHTIB pHHKY. B Tabmuii | Ta Tabmumi 2 HaBeHeHO MiHIMaNBHI Ta MaKCHMAaIbHI
oOMexyroui minu [8].

Peanisauis npupogHoro rasy B po3pisi MicauHuX pecypcis
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Pucynoxk 2 — [lunamixa peanizayis a3y 6 po3pisi micsaunux pecypcis [6]

Ta6muus 1. Oomexenns inu Ha PJIH/BJIP/BP Bix 04.2021

MinimaJsibHa 3asiBjieHa nina (6e3 I1/IB), rpu/MBT TOA:

Mepion PJIH BAP bBP
JUISl TOJIMH MIHIMAlTbHOTO HABAHTAXKESHHS 10.00 | 100,5 % Bix uisu PJIH, BusHauenoi
(nepiox 3 00:00 o 07:00 Ta 3 23:00 o 24:00): ’ JUISL KOJKHOTO PO3PaXyHKOBOTO 001
JUISI TOJIMH MaKCUMAJIbHOTO HABAHTA)KEHHS 1000 nepiozy BiANOBIAHOT 106H l
(mepioz 3 07:00 o 23:00): ’ focTadaHHi
MaxkcumaJsbHa 3asBJjieHa nina (6e3 IIJIB), rpp/MBt roa:
Iepiox PIAH BIP bP
JUISl TOJIMH MiHIMaIbHOTO HABAHTAXKEHHSI
(mepioz 3 00:00 mo 07:00 Ta 3 23:00 go 24:00): 734,85 734,85 734,85
JUTSL TOJMH MaKCHMaJIbHOTO HAaBAHTAXKCHHS 2655,99 2655,99 2655,99

(mepiox 3 07:00 mo 23:00):

Jami posrnspaerscsi MakCHUMasbHa IiHA, II€ 3yMOBJICHa THM, IO EJEKTPOCHEpreTHYHa CHUCTeMa
3HAXOJMTHCS 3ICOUTBIIOTO B PEXKHUMi IMOJOJMAHHSA Ae(DINUTIB, TUM CaAMHM OCHOBHY 0a30BYy IiHY Qopmye
3aJIE)KHICTD BiJl MAKCUMAJILHOTO OOMexxeHHs1. B cepenapomy niHa 30inbinmnacs Ha 20%, ane boro He JOCTaTHBO
Ui KoMrieHcyBaHHs coOiBaprocti manmuBy it TELL. Tomy HKPEKII 6yna mpuifHsATa mMocTaHOBA MPUAOAHHS
JIOTIOMIXXHO1 TIOCITYTH JIJIsl 3a0e3MeueHHs] peryIIoBaHHs 9YacTOTH Ta akTUBHOT notyxkHocTi B OEC Ykpainu [9], a
came 3a0e3MeUeHHS Pe3ePBiB 3aMillleHH (TPETHHHE PETYIIOBAHHSA), 16 PO3PaxyHOK 00CATIB HaZaHOI JOOMIXHOT
nocayry pesepsiB 3amimenHs (JII1 P3) 3milficHIOEThCSI HA OCHOBI OIpAIfOBAaHHS JaHUX KOMEPIHHOTO 00Ky
obnagHaHHs (0OCATIB BIAMYCKY), y BiTHONIEHH] SIKOTO HA AyKI[IOH IMOJABaJUCh MPOIIO3HIIii, OOCATY TOJaHUX
MpOTO3uIliHi, iHdopMaIli mOJ0 NHUTOMHUX BHTPAT YMOBHOTO [aJiMBa Ha BIAMYCK EJNEKTPHUYHOI EHeprii,
KaJIOPIITHOCTI MPUPOTHOTO Ta3y, LiH MOCTA4YaHHS IIPUPOIHOTO a3y s BUPOOHUITBA €JIIEKTPUYHOI €Heprii, iH
BUKOPHCTAHHS Ma3yTy JJIsl BUPOOHHIITBA €IEKTPUYHOI eHEeprii, Ha OCHOBI CepeIHbO3BAXKEHOI 1IIHU HA PUHKY «HA
00y Hamepe» 3a BiINOBIIHY JeKaly, CEpeIHbO3BAXKCHOIO 3HAYECHHS! YMOBHO-TIOCTIHHUX BUTPAaT BUPOOHUKIB,
1o 3aiiicHioBany pistibHicTh Ha TEC ta TELL , nokymeHTy 1mono o0csriB Bigdopy NpUpOIHOTO rasy, y BUMAIKY
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HamanHs JI1 P3 3 BHKOpHCTaHHSAM BHUKIIOYHO TpHpOmHOro Taszy. lle mae 3Mory Ui MOKPUTH MaNHBHY
co0IBapTICTh NMpH BHUPOOJIEHHI €JIeKTPUYHOI Ta TEMJIOBOi €Heprii, a TaKoX OyTH KOHKYPEHTHHUM Ha PHHKax

CJISKTPUYHOT eHeprii.

Jlist 30epexenHs kKoHKypeHTocnpoMokHocTi TELL B yMoBax 1iHOBHX OOMEXCHb Ha PUHKAaX €ICKTPHYHOT
eHeprii, HeOOXITHO € 3a0e3MeUYCHHS TOCTIHHOTO aHai3y PUHKOBHX TCHJCHIIN Ta 3a0e3MEYCHHS BIAMOBITHOT

MOJIEpHi3allil Ta MATPUMKY.

Otxe, SWOT-anani3 103BoJiss€ BH3HAYUTH CUIIbHI Ta ciabki croponu TEL], a Tako MOXIHBOCTI Ta
3arpo3u Ha iXHPOMY IIUIAXY IO HapOIIyBaHHS KOHKYPEHTHHUX IIepeBar B yMOBax LIHOBHX OOMEXEHb Ha PHHKAX

eJNIeKTPUYHOI eHeprii B Tabmnui 3.

Taoauua 2. O6mexenns ninn Ha PJIH/BJIP/BP Bix 02.2022

Minimanbsna 3asiBjiena uina (6e3 I1JIB), rpuy/MBT roxa:

Iepiox PJIH BAP bP
JUIA TOAWH MiHIMaJIbHOTO HAaBAHTAXKCHHS o) i s .
(niepion 3 00:00 z10 07:00 Ta 3 23:00 g0 24:00): | + 37897 | 110 % Bin tinu PIIH, Bushaserof
JUTSL KOXKHOTO PO3PaxXyHKOBOTO 001
Tepioy BiINOBITHOI 100U !
JJI1 TOAUMH MAaKCUMAJIbBHOI'O HABAHTAXKCHHSA 2 646 25 HOCTAYAHHS
(mepioz 3 07:00 mo 23:00): '
MaxkcumaJjibHa 3asBJjieHa nina (6e3 IIJIB), rpp/MBt roxa:
Mepion PJIH BAP bP
IlJ:IH T'OAWH MIHIMAJIBHOT'O HAaBAHTAKCHHS 2000 2000 ]
(nmepioa 3 00:00 mo 07:00 ta 3 23:00 mo 24:00): 120 % Big
miau PJTH,
JUTSL TOZIMH MaKCUMaJIbHOTO HABAHTa)KEHHS BU3HAYCHOT
(mepiox 3 07:00 mo 23:00) 4000 2000

Ta6muus 3. SWOT-ananiz TEL]

-Strengths (CunbHi cTOpoHH):

"Bucoka edexruBHicth TELl, ska mo3Bossie
OTPUMYBATH BEJHKHA 0OCAT eJIeKTpOeHeprii 3a
HU3BKUX BHTpAT.

*MO>KIIHBICTh CIIANIIOBATH Pi3HI BUAM ITaJHBa,
o0 JO3BOJIIE 3MEHIIMTH BUTPATH Ha MPHIOAHHS
nmanuBa i1 3a0e3mednTd cTabimpHY poOOTY CTaHIl
HE3aJIC)KHO BiJI CUTYyaIlil HA PUHKY TMAJIMBA.

»Bricoka MaHEBPEHICTh arperaTis.

-Weaknesses (Cia0ki cTopoHn):

*Bucoki BuUTpath Ha OyHmIBHUOTBO Ta
MiATPIMKY TELI, 1o 3MEHILY €
KOHKYPEHTOCIIPOMOJKHICTh Ha PHHKY €JICKTPOCHEPTIi.

*Bucokuii  piBeHb BHUKHUIIB  IIKiIJIHBHX

PCUOBHH y HABKOIHUIIIHE CEPEIOBHUILE TTi]] 4ac poOOTH
TELL
=3aJIeXKHICTh Bl PUHKOBHX I[iH Ha MAIUBO, 10

MOX€E 3HAaYHO BIUIMHYTH Ha  pEHTa0eNlbHICTh

sHasBHI BiJbHI IJIONI TEPUTOPIi Ui | BUPOOHHUIITBA €JICKTPOCHEPTil.
MOXJIUBOCTI PO3MIIIEHHsI O0’€KTiB  BiJIHOBJICHOI
CHEPIeTHKH.

-Opportunities (MoxuBocTi):

»3aCTOCYBaHHS HOBITHIX TEXHOJOTIH IS
3MEHIIECHHS BUKHIIB Ta IiJBHIIEHHS e€()eKTHBHOCTI
TEL.

=*MOXKIIUBICTH MepEeBENCHHS TEL Ha
napajenbHy (CIiibHy) poOoTy 3 BiIHOBIIOBAILHUMHU
JpKepena eHeprii, Taki sk BiTep, coHle abo Giomacy,
mo 3a0e3MedYnTh EeKOJOTiYHICTh Ta CTaOLIbHICTh
BHPOOHHUIITBA €JIEKTPOCHEPTil

*P0O3BHUTOK PHHKY BiTHOBIIIOBAHOI €HEPTETUKH
Ta MOXJIMBICTh KOHKYPYBaTH 3 HUMH, HAIPUKIIAJ, 32
JoIoMororo OiomMacu abo reoTepMaibHOI €Heprii.

*MosxnmBicTs 30ibmenHs nortyxxHocti TEC
Ta MIAKIIOYEHHS 10 IHIINX PUHKIB €JIEeKTPOEHEepTii,
1110 30IBIINTh PUHKOBY KOHKY PEHTOCHPOMOKHICTb.

-Threats (3arposwu):

=3MEHIIEHHSI TOMUTYy Ha eJIEeKTPOSHEePrilo,
BupoOsieny Ha  TEIL, 4yepe3  3pOCTaHHsA
€Heproe(eKTUBHOCTI Ta PO3BHTOK AIBTEPHATHBHUX
JOKEpeJI eHeprii.

*3MiHM Ha PUHKY TaJMBa, TaKi K 3pPOCTaHHS
IiH Ha HadTy abo MPHUIMHEHHS EKCIOPTY MajuBa 3
JIeSIKMX KpaTH, 1[0 MOXYTb 3MEHILIUTH PEHTA0CIbHICTh
BHUPOOHHUIITBA €JIEKTPOEHEPTii.

=PerynoBaHHS Ta OOMEXKEHHS Ha BUKHIH
IIKIUIMBUX PEYOBUH Yy HABKOJIMIIHE CEPEIOBHIIE, 10
MOXKe 30IIBIIMTH BUTPAaTH Ha MIATPUMKY Ta
moaepHizarito TEILL.
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[TeBHot0 Miporo posrsayTHit SWOT-aHami3 Moxe CTaTi OCHOBOIO IS ITOOYIOBH ONITUMI3aIliifHOT Moemi
nopaipuioro po3sutky TELL BpaxoByroud, 10 yMOBH LIHOBMX OOMEXEHb Ha PHUHKAax EJIEKTPUYHOI eHeprii
Bumararote Bin TELl 3HaxomuTW HOBI HanpsiMM IJis HApOIyBaHHS KOHKYPEHTHHX II€peBar, a TaKoX
3a0e3rnevyBaTd ONTHMaNbHE NOTOUHY (yHKuUioHyBaHHS oOnanHaHHs. CwinbHi croponu TELl - me Bucoka
e(eKTUBHICTh Ta MOXKJIMBICTh POOOTH Ha PI3HMX BHJAX NaJMBa, a TAKOXK MOXIIMBICTh IEPEXO/TY Ha BiTHOBIIIOBaHI
Jukepena eneprii. Cnadki croponu TEL] - 1ie Bucoki BUTpaTy Ha OyAiBHUITBO Ta NIATPUMKY, BUKUAN IIKIIJIHBUAX
PEUYOBHMH Ta 3aJISKHICTh BiJj pUHKOBHX ILIiH Ha MajarBo. MOXJIMBOCTI JJ1 HApOLyBaHHS KOHKYPEHTHHX IiepeBar -
1€ 3aCTOCYBaHHS HOBITHIX TEXHOJIOTiH, PO3BUTOK PUHKY BiJHOBIIIOBAHOI €HEPTETUKH Ta 301IBIICHHS MTOTYKHOCTI
TEL. 3arpo3u mst TEL] - me 3MeHIIeHHS OMUTY Ha eIeKTPOCHEPTilo, 3MiHI Ha PHHKY HAJINBA Ta PETYIIOBAHHSI
Ha BUK{AW LIKiJUIMBHX PEYOBHH Y HABKOJIUIITHE CEPEIOBHIIE.

BucHoBkHu

TemoBi enekTponeHTpaIi Y KpaiHu CTUKAIOTHCS 3 PAIOM BHKITHKIB, IOB'I3aHUX 3 IHOBUMHU OOMEKEHHIMH
Ha pUHKax eJEeKTPOeHeprii Ta 3MiHaAMU B yMOBax (DyHKIIOHYBaHHS PUHKY €JEKTPUYHOI eHeprii, 110 HaO04HO
imocTpyetbes BinnoianuM SWOT-aHamizom.

IIpMHIMIIOBUM NUTAHHIM PO3LIMPEHHSA MOKJIUBOCTEH U1 HApOILyBaHHs KOHKypeHTHHMX nepesar TEILL
CJIiJI BBAXKATH 3aCTOCYBAaHHsI HOBITHIX TEXHOJIOTiH, PO3BUTOK PHHKY BiTHOBJIFOBAHOI €HEPTETHKU Ta 301IbLICHHS
MOTYKHOCTI, a Takox MaHeBpenocti TELL,

3 orysiy Ha BUKJIAJIeHE MOYKHA CTBEPAXKYBATH, L0 JJIsl PETEILHOTO Ta BCEOIYHOTO aHali3y MOKINBOCTEH
¢ynkionyBanssa TELl Ha puHKY eneKTpHYHOI eHeprii B yMOBax 3alpoBa/UKEHHS I[IHOBUX OOMEKEHb BayKJIMBHM
€ OHOBJICHHS MOJETeH, 3a SKUMH OILIHIOITh eekTuBHiCTh HismbHOCTI TELl, moOynoBaHOi Ha MpHHIUIAX
3aTy4eHHS Cy9acHHX TEXHOJIOTIH, SK BUPOOHMIITBA TEIUIOBOI €HEPTii, TaK i PO3BUTKY aJIbTEPHATHBHUX KEPEl
eHeprii.
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ANALYSIS OF THE POSSIBILITY OF CHP FUNCTIONING IN THE
ELECTRICITY MARKET UNDER THE CONDITIONS OF INTRODUCTION OF
PRICE RESTRICTIONS ON THE MARKET

In the article, the issue of forming a strategy for ensuring competitive advantages of combined heat and
power plants in the context of introducing price constraints in the electricity markets is considered, based on the
analysis of functional capabilities and the economic component of the existing electricity market model. The
factors influencing the formation of the cost of a unit of commodity production of a combined heat and power plant
for participation in the electricity markets are also examined.

The work also discusses the issue of adapting thermal power plants to price constraints in electricity
markets, which ensures competitiveness and stability of electricity production. The main aspects analyzed in the
study include SWOT analysis of CHP plants, examination of regulatory mechanisms such as ancillary services for
frequency and active power regulation, and modernization and environmental adaptation strategies.

Within the framework of the study, possibilities for enhancing the competitive advantages of CHP plants
are considered, such as the introduction of the latest technologies, the development of the renewable energy
market, and increasing capacity. At the same time, attention is paid to threats related to the decline in demand for
electricity, changes in the fuel market, and regulatory constraints on harmful emissions.

Keywords: electricity market, combined heat and power plant, day-ahead market, bilateral contract
market, intraday market.
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MixBinoMuuii neHTp GpyHIaAMEHTAILHUX HAYKOBHX A0CIIIKeHDb B rajly3i eHepreTHKH

Ta exoJiorii HAH Ykpainu, «Onecbkoi nojirtexnikum» ta MinekoJsorii Ykpainu

HauionanbHuii TexHivnuil yHiBepcuTeT YKpaing

«KuiBcbknmii nostitexniyanii incrutyT iMeHi Iropst Cikopcbkoro»

KPHT@Pﬁ TA YMOBHU MI’KKOHTYPHOI TEPMOJNHAMIYHOI
HECTIMKOCTI MOJAEPHI3OBAHOI TYPBIHHOI CUCTEMHU AEC

Ilpeocmasnenuti opucinanrbHuLl Memoo GU3HAYUEHHS KPUMEPiie ma yMo8 MidiCKOHMYPHOI mepMOoOUHAMIYHOT
HecmabinbHOCmi 6 MOOEPHI3068AHI CcUcCmeMi «NnapomypOiHHA YCMAHOBKA — Ccucmema peceHepayii 3
abcopoyitinumu mennogumu Hacocamuy. Po3pobka euxonysanacs wiiaxom nposeoeHHs mepmoOUHAMIYHO20
ananizy 6NaUBy He3anedCHUX PIYKmyayitnux eioxuniens 6i0 Cmany pisHogazu K HOMOKY 80710201 napu Ha 6x00i &
abcopbyiuni mennogi Hacocu, MaxK i UMIPIHO20 MUCKY 8 AOCOPOYIUHUX MEeNnI08UX HACOCAX/3MIULYBATbHUX
Haepisayax Huszbko2o0 mucky. Ha ocnogi ananizy ompumanux xpumepiie ma ymo8 6CMAaH08NIeHO, U0 OCHOBGHOIO
NPUYUHOK MIJHCKOHMYPHOI MEePMOOUHAMIYHOI HeCmabiibHOCMI 8 MOOEpPHIZ08aHIl cucmemi «napomypOiHHa
yemanoska — cucmema pezenepayii 3 abcopoyitiHuMu menio8uUMU HACOCamMuy € HenosHoma (inepyitinicms)
MeniomMaco0OMiHHI ma 2iOpoOUHAMIYHI npoyecu npu QIYKMyayitiHux 6iOXUNIEHHAX 8i0 PIBHOBANCHO2O CMAHY
MePMOOUHAMIYHUX napamempis. 3anodicants ymMo8 MIJCKOHMYPHOI MepMOOUHAMIUHOI HecmabiitbHOCmi 6
MOOEpHI308aHill cucmemi «napomypOinHa yCmaHosKka — cucmema peeenepayii 3 abcopoyitinumu meniosumu
HACOCamu» MOJNCHA 3a0e3neuumu WIAXoM 6CIAHOBIEHH Pe2yIAMOopie sUmpamu 8 KOHMypax nooayi MOKpoi napu
810 YUNiHOPA BUCOKO20 MUCKY MYPOiHU 00 abCcopOyitini meniosi nacocu ma adbcopoOyiuni menioei HACOCU 8
SMIWYBATLHUX HA2PIBAYAX HUZLKO2O MUCKY 051 NIOMPUMKU NOCMIUHO20 MUCKY 8 aOCOpOYItIHUX MEeNnio8ux
Hacocax i 3MIUYBATbHUX HASPIBAYAX HU3LKO20 MUCKY. Taxodic HeoOXiOHO 8paxosysamu, wo MoOepHizayis
cucmemu «<napomypoiHHa yCmaHoska — cucmema pezenepayii 3 abcopoyitinuMu MeniosuMU HACOCAMU» MOiCe
BNIUHYMU HA pPOOOMY MA YMOBU MINCKOHMYPHOI MepMOOUHAMIYHOI HeCmabiibHOCMI «CYCIOHIX» cucmem.
Busnaueni  3acobu 3anobicanHs GUHUKHEHHS YMOB MINCKOHMYPHOI MepMOOUHAMIuHOI HecmabitbHocmi 6
MOOepHI308aHill cucmemi «napomypOiHHA YCMAHOBKA — CUCmeMd peceHepayii 3 abcopOYitiHUMU Menio8umu
Hacocamuy.

Karuosi ciioBa: modeprizayis mypboycmano8oK, mepmoOuHAMIYHA HeCMAOITbHICMb.

Beryn

IlepcriekTHBHIM HampsMKOM TinBHIIeHHS edexTuBHOCTI ekcruryatanii AEC 3 BBEP e mozpepnizamis
mapotyp6inanx cucreM (IITY). Bcranosneno, mo wmogepHizamis [ITY i3 cucremoro perenepanii (PC)
abcopouiinnmu TerutoBuMu Hacocamu (ATH) (cuctema «I1TY-PC 3 ATH») no3Bosnsie icrotao miasummtu KKJ]I
Ty.

[Ipore cucrema pereHepauii 3 ATH € 0araTokOHTYpHOIO CHCTEMOIO 3 PI3HHMMH TEpMOIMHAMIYHUMH
CTaHaMM OKPEMHX KOHTYpiB, IO 32 NEBHUX YMOB MOXKE NMPHU3BOJUTH JIO MIKKOHTYPHOI TE€pMOIMHAMIYHOI
HecrabinpHOCcTi (MTH). B yMoBax HecTabLNIBHOCTI MOXYTh BHHHKATH BHCOKO aMIUTITYAHI KOJHMBaHHS
TEpPMOJMHAMIYHMX TapameTpiB. lle MoXe Npu3BecTH A0 TOpYyUIEHHS HOpMajdbHUX yMoB poGortu IITY Ta
npu3Becty J10 nmaporeneparopuux (I1IN), rigpo- ta rermoBux «ynapis» (I'TY) B TpyOonpoBigHoMy o0naaHaHHI Ta
MIPU3BECTH JI0 IHIINX HETaTUBHUX €(EeKTiB.

IlepcriekTHBHIM HampsMKOM TinBuIneHHS edextuBHOCTI excmuryatanii AEC 3 BBEP € mozpepHizamis
napotyp6inaux cuctem (IITY). Bcranommeno, mo wozepHizamis I[ITY i3 cucremoro pereneparii (PC)
abcopbuiinnmu teroBuMu Hacocamu (ATH) nosBomnsie icrorno migsumutu KKJ[ TITY. Ilpore cucrema
pereneparii 3 ATH € 6araTOKOHTYpHOIO CHCTEMOIO 3 Pi3HUMH TEPMOJIMHAMIYHUMY CTaHAMHU OKPEMHUX KOHTYIB,
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10 3a IIEBHUX YMOB MOYKE TIPU3BOJAUTH J0 MIXXKOHTYPHOI TepMoanHaMiuHOi HecTabimpHOCTI (MTH). B ymoBax
HecTaOlIbHOCTI MOXYTh BUHHMKAaTH BHCOKO aMILTITYJHI KOJMBAaHHS TepMOAMHAaMiYHMX mapamertpis. Lle moxxe
MIPU3BECTH J0 NOPYILIEHHS HOpManbHUX yMOB pobotu IITY Ta mpussectu 10 rifpo- Ta remioBux «yaapis» (I'TY)
B TpyOONpOBiIHOMY 00JaJHAHHI Ta JI0 IHIIMX HEraTHBHUX €(EeKTIB.

AHaJI3 JiTepaTypu. AKTYyaIbHICTh POGOTH.

[IpyuvHM BMHHUKHEHHS DPI3HMX BHAIB TepMojuHamiuHol HectabutebHocTi (TH) B TemnmoeHeprerndaHoMy
oOnasHaHHI BUBYEHI HemoctatHbo [1]. Hampukinan, y poGoti [2] mpoBeneHO aHaii3 BiIOMHUX AOCIIIKEHb 3
MozemoBaHHs HachiakiB TH gepes rizpoanHaMiuHy HECTiHKICTh. YMOBH BHHUKHEHHS TiApOyAapy Ta BiOparii B
IBOMY JTOCTI/KCHHI HE aHAi3yBaJIUC.

Y po6ori [3] mpoBeneHO aHai3 BIIOMHX AOCHTIHKEHB 3 MOJEIIOBAHHS BIUIMBY TEIUIOBHUX yIapiB Ha KOPITYC
SIIEPHOTO peakTopa SK HACHiJOK IMIyJIbCHOI TeroBoi HecTabinpHOCTI. YMoBH Ta Hacuiaku MTH Takox He
aHaJi3yBaJucs B Iiit poOOTi.

Y pobGoti [4] HaBemeHO eKCHEPUMEHTANbHI pPe3yJbTaTH BIUIMBY Tigpoydapy Ha MOJETb KOPITYCY
KOMITEHCATOpa TUCKY PEaKTOPHHUX yCTAaHOBOK. YMOBH Ta Haciiaku MTH He aHamizyBanucs B 11iif cTaTTi.

Y po6ori [5] 3Moenb0BaHi YMOBH Ta HACIIAKH TiApOyaapy SIK HACTII0K TEPMOAUHAMIYHOT HECTa01IBHOCTI
B TepMETH4YHIl ycTaHOBII peakTopHOi ycraHoBku 3 BBEP-1000. IIutanns mozpemroBanHss MTH Takox He
aHaNi3yBaJKCs B il poOOTi.

VY poGori [6] 3MonenboBani yMoBH Ta Hachiaku TH y 3amo0ibkHEX KianaHax y TpaHC 3BYKOBHX PEXHMax
nBogasHux notokis. [Intanus ymoB i Hacniakie MTH B wiit po6oTi Takox He aHaNi3yBaoCs.

VY poboti [7] po3pobieHO METOH MOJECTIOBAHHS YMOB 1 HACHiAKIB TiApoyHapy depes3 TiApoAWHAMIUHY
HECTIHKICTh MEePEeXiTHUX PEKUMIB HACOCHOTO OOJagHAaHHA, a B poOoTi [8] melt MeTon pearnizoBaHO I CHCTEM
aktuBHOI Oe3nexkn AEC 3 BBEP-1000. [Tutanus MomemtoBaHHS yMmoB i HachinkiB MTH B cuctemax Oesmekn
TaKOX HE aHaJi3yBaJINCs B IIUX pOOOTaX.

Y poborti [9] npoBeaeHo aHami3 aKTyalIbHAX IPOOJIeM MOAETIOBAHHS, IPOCKTYBAaHHS Ta BAXKKHX aBapiil Ha
aromHux einekrpocranuisx (AEC). [Ipu upoMy nutanHs MonentoBanHs yMoB 1 HaciinkiB TH tumiB BiOpauii (B
tomy yucii MTH) B aBapiiiHuX yMOBax TakoX HE aHali3yBaJIUCA.

TakuM YMHOM, B Cy4aCHHX YMOBax BiJICyTHI JIOCTaTHbO OOIPYHTOBaHI METOAM MOJENIIOBAHHS YMOB i
nacniakis MTH B IITY AEC 3 BBEP. Ile 3ymMoBIIt0€ aKTyanbHICTh MPEICTABICHOT pOOOTH.

Mera i 3aB1aHHs podOTH.

OCHOBHOIO METOI0 poOOTH € IpoBenieHHs aHanizy ymoB BunukHeHHst MTH B cuctemi «I[1TY-PC 3 ATH».
Ie mactp migcTaBy At OOTPYHTYBaHHS NPAKTUYHUX PEKOMEHJANii MO0 NPOMIIaKTHKH YMOB JUISl BAHUKHEHHS
MTH.

JJist HOCSTHEHHS METH JaHOTO JOCITIKeHHS HeOOX1THO BUPIIIUTH HACTYIIHI 3aBJJaHHS.

1. Po3pobuTn MeToauky Bu3HaueHHs kputepiiB Ta ymoB MTH B cucremi «IITY-PC 3 ATH»

2. [IpoananizyBaTé OTpUMaHi pe3yIbTaTH Ta OOTPYHTYBATH MPAKTHIHI pEKOMEHIAIIIT.

Crnoci0 Bu3HaYeHHs1 kpuTepiiB Ta yMoB BUHUKHeHHs MTH B cucremi «IITY-PC 3 ATH»

Cucrema «IITY-PC 3 ATH» cknafaeTbest 3 TaKHX CXEM:

- epIIMit KOHTYP [UIst BOJIOTOi Hapu "HMIIiHAp TYypOiHK Brcokoro Tucky - ATH";

- IpyTHii 3aMKHYTHIT KOHTYp neperpitoi napu i kouaeHcary «ATH — nuininapu HU3bKOTo THCKY TypOiHH
— ATHp»;

- TpeTilf 3aMKHYTHI BUMIapHO-KOHAeHCaTHIH KOHTYp «ATH — konzaencaropHa cuctema — ATHy;

- yeTBepTHH KOHTYp Bostoroi nmapu « ATH — 3minryBanbHi migirpiadi Hu3pkoro tucky (3ITHT) nepmroro
CTYIIEHS;

- II'ITHH KOHTYP BOJIOTOI ITApH «IMJIHAPY HU3bKOTro THCKY — 3ITHT»;

- mocTtuil kouaeHcatHuil kouTyp «Kongencatop IITY — 3ITHT»

- ceomuii KoHAeHcaTHHH KOHTYD «3[THT — moBepxHeBi TEII00OMIHHUKH IPYTOTO CTYTICHS.

VYeci Bkazani cxemu mictarts cuctemu ATH ta/a6o 3ITHT.

PiBasnHs TemnomacoBoro Oamancy mius ATH Ta/a6o 3ITHT y BcraHOBIeHOMY (piBHOBa)KHOMY) CTaHi
cucremu «IITY-PC 3 ATH»:

Go - GAGO - GA, 1)
Golp+ My (Py-Go) = Qup(Pa~Go) + Qck(Pa-Go) + Gaig @)
Ga+ Gy + Gip = GpGy+ G + Gup = Gp o
Ga'lg+ Ggrig+ Gpripp = GpripGarig+ Gx g+ Guplip = Gprlp
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PiBHAHHS pyXy B 4ETBEPTOMY, IT'ITOMY, IIIOCTOMY i CBOMOMY KOHTypax:

Ga=Fy &P (Pa—Pp)Ga = Fy & - (Pa—Pp) ®
Gp = Fs & p+(Pp —Pp)Grp = Fs /&5 - p - (Prp —Fp)
APpy(Gx) = Pp — Px + & Gi/(p1 - FE)

APp1(Gg) = Po — Py + &6 Gi/(py - FE). @)
APpy(Gp) = Py — Pp + &7 Gp/(py - F7)
APpy(Gp) = Py — Pp + &7-G3/(py - F7) ®)

1000, Ga, Gg, Grp, Gplo, Gy, G, Grp,

P . inmoBinHO MacoBi BUTpaTH HA TIEPIIOMY, YETBEPTOMY,

: loy Lay Iy Uppy Ip e : .
IIOCTOMY, IT'STOMY Ta choMoMy piBasx; 07 “A? *K» *LD» *P - pinmoBinso muTOMi €HTANBIIi B TIEpmIoMy KOHTYPi,

Pa, Pp, Prp, Py

ATH, xoHmeHcaropi, mwriHApax HM3BKoro THCKy, 3[IHT, croMomy KOHTYpI;

PA’ PP ! PLD’ PO- tuck B ATH, 3IIHT, nmriagpax HU3BKOTO THCKY, CBOMOMY KOHTYPI; MA (PA . Gﬂ)

MA (PA . Gﬂ) - MOTYKHICTB TEIUIOBUIIJIEHD ATH; QLD (PA . Gﬂ}’ QCK (PA . Gﬂ)
QLD (PA . Gﬂ)’ QCK (PA . Gﬂ} - CyMapHi TEIJIOBI BTpaTH B INUIIHApPaX HHU3BKOTO THCKY 1 CHCTeMi

KOHz(eHcaTopa;St‘l" 65’ 66’ 6764’ 65’ 66’ 67 - cymapHi Koe(ilieHTH O€3MOBOPOTHUX BTpPaT ¥y
Fy, Fs, Fg, F7Fy, Fs, Fg,

YCTBCPTOMY, H'?[TOMy, oI0CTOMY Ta CbOMOMY KOHTYpaXx; 7. 3arajibHa IIIoIIa

MIOTOKY B YETBEPTOMY, I'SITOMY, LIOCTOMY 1 CHOMOMY KOHTyan;p » PPy Pr . LIIJIBHICTh MOTOKY TAapH 1

KOHJICHCATY; APP 1 APP 2 'ﬂPP 1 'ﬂPP 2 - yanipHi (rizpaBiTiyHi) XapaKTEpPHCTHKH KOHIEGHCATHHX HACOCIB.
Ymosu MTH B cuctemi «I1TY-PC 3 ATH» BH3HA4alOTHCS BUHUKHEHHSM HE3QJIC)KHHUX (QIYKTYaIliifHUX

8Gy < Gp, 6Py < P,, 8Pp

K _ 6Py K _SPPK, _ 6Py K __ &Pp
, AT 56,7 TC T 86, A 86, ¢ 86

ATH i 3ITHT Taxi: o o o 0, 9
3a ymoB [1] cucrema «I1TY-PC 3 ATH» € TepmoauHaMiqHO CTaOiLIBHOIO

Ky < 0; Ko < 0Ky < 0; K <0 (10)

Cucrema € TepMOAMHAMIYHO HECTIHKOIO, SAKIMO onxHa abo o0maBi ymoBu crabimpHOCTI (10) He

BiIXWJICHB BiJ PIBHOBa)XXHOTO CTaHY. < PP , 1 kpurepii gt MTH B

BUKOHYIOTBCS.
[Micns cmpomieHHss Ta Jineapusarii piBastEb (1) — (8) y Qopmari duykryamiiHux BigxuieHb
6Go, 6Fy, 5PP, MH OTPMMAEMO:
6Go " fe1 = 6Py - fabGo - fo1 = 6P, - fA, (11)
6Go * fe2 = 6Pp * fpbGy " fez = OPp - fpl (12)
e
- My 8Qup 8Qck . - My 8Qup 8Qck
= iy + — — — i = iy + — — —
fe1 0" 56, 5G, 86, afe1 0" 56, 5G, 86, 4
di di aM d d
fA:_GO'( 0o A)_ A, QLD_|_ Qck
dP,  dP,4 P, P, P,
di di aM d d
fA:_GG'( 0o A)_ A, QLD+ Qcxk
dP,  dP,4 P, P, P,

. diy . dig
Jeo = la+Go = Kafgo = ia+ Gy —— * Ky
dP, dP,
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fp— _IK'R6_ ILDaP + lpap + IP'R';.' ‘|—Gp .de
fp = —lg- R6 — Uip ap + lp Py + lp - R';.' + GP . Py
__dAPp, 2:Gg -1 dAPp, 26 -1
k Prig k Pi'%e
dAP 2-G

R,=—(—2— ¢, _Pz)—l

dGp P I

3 ypaxyBanusM (10) ymoBu TepMomuHaMiunoi HecTiiikocTi cuctemu «IITY-PC 3 ATH»:
Ky=182 <0, k. =20k, =12 <0, kK, =12 <0

A fe : fa fe _ (13)

Cuctema «I1TY-PC 3 ATH» € TepMOAMHAMIYHO HECTIHKOIO, SKIO HE BUKOHYETHCS OJHA 200 JIBi YMOBH
(13).

Anauiz orpumanux kpurepiiB Ta ymoB MTH cucremu «IITY-PC 3 ATH».

Ymosu MTH monepnizoBanoi cucremu «I[1TY-PC 3 ATH» 3amexats Bix:

- TEPMOJMHAMIYHOTO CTAHY 1 CHCTEMH KOHCTPYKTHBHO-TEXHIUYHHX ITapaMeTpPiB KOHTYPIB;

- HamipHUX (TigpaBIiYHUX ) XapaKTEPUCTUK HACOCIB MOJIadi KOHICHCATY;

- MOBHOTH (1HEPIIITHOCTI) MPOIECiB MIXKKOHTYPHOTO TEIUIOMACcOOOMIHY 3 He3aJe)KHIUMH (IIyKTyaIliiTHIMA
BIZIXMJICHHSIMH BiJl PIBHOB2)KHOTO CTaHy 1notoky Bosioroi mapu B ATH i tucky 8 ATH/3ITHT.

B ymoax MTH B monensoBaniii cuctemi «I[ITY-PC 3 ATH» MOXJIHMBI BUCOKOAMILTITYHI KOJHBAHHS
TEPMOJMHAMIYHUX ITapaMeTPiB, HACIIIKaMH SIKUX MOXYTb OyTH — TiZIpoyIapy B KOHTYypax, IiJBHIIeHa BiOpailis,
MOPYIICHHS! HOPMAJIbHUX YMOB €KCILIyaTalii Ta iH. HeraTUBHI HACIIIKH.

OcHoBHOW mpuynHOO BuHUKHeHHs MTH B wmopepHizoBaniit cucremi «IITY-PC 3 ATH» €
HE3aBEPUICHICTh (IHEPUIHHICTh) TEMIOMAacOOOMIHHUX 1 TIIPOAMHAMIYHUX TIPOIECIB TPH (QIYKTyaIiiHHIX
BiIXWJICHHSX BiJl pIBHOBaYKHOTO CTaHY TCPMOJUHAMITHHX MTapaMeTpiB.

3amobiranHs BuHUKHEHHIO yMoB MTH B MonepHizoBaHiii cucteMi «[1TY-PC 3 ATH» MoxHa 3a0e3neunTa
IIJISIXOM BCTAQHOBJICHHS PETYJIATOPIB BUTPATH B KOHTYpax IoJadi MOKpPOI mapy BiJ HUJIIHIpa BHCOKOTO THUCKY
TypOian 10 ATH ta Big ATH mo 3ITHT mns migrpumku moctitiamii Tuck B ATH 1 3TTHT.

OoroBopeHHs.

Ha ocHOBI TepMOJIMHAMIYHOTO aHai3y BIUIMBY HE3aJIe)KHUX (UIyKTyalliiHUX BiIXWJIEHD BiJl pIBHOBaXKHOTO
CTaHy BUTPATH BOJIOTOI ITapy po3poOJIEHO OPHUTiHAIBHY METOJIMKY BU3HAUEHHSI KPUTEPIiB Ta YMOB BUHMKHEHHS
MTH na Bxomi ATH i tucky ATH/3ITHT B moaepHizoBasiii cuctemi «IITY-PC 3 ATH». Ha Bimminy Big BizoMux
MIX0/1iB 1O MOJIEIIIOBAHHS TEPMOJIMHAMIUHUX TpolieciB (Harmpukiaz, [9 — 13] ta iH.), TepMoJMHAMIYHA MO/IETb
PO3pOOJICHOr0 METOIy BpaXxOBY€ BIUIUB (DIyKTyamiiHUX BiIXHUJICHb BiJl PIBHOBAXXHOTO CTAHY TEPMOIUHAMIYHHUX
rapameTpiB, BU3HAUat0uu KpUTepii Ta ymoBH BUHUKHEHHS MHT.

Ha mincraBi aHami3y oTpUMaHUX KPUTEPIiB Ta yMOB BCTAHOBJICHO, 10 OCHOBHOIO IIPHYMHOI0 BUHUKHEHHS
MTH B wmopnepnizoBaniii cuctemi «I[ITY-PC 3 ATH» e HemoBHOTa (iHEpIiifHICTB) TEIUIOMAacOOOMiHY Ta
TiApOAMHAMIKH, TPOLECH NpH (GIYKTYAIIfHUX BIAXWIEHHSAX BiJl PIBHOBAXHOTO CTaHY TEPMOAWHAMIYHUX
mapaMeTpiB.

OTpuMaHi pe3yabTaTH MOXYTh OyTH BUKOPUCTaHI IIPH NPOEKTYBAaHHI Ta BIPOBAPKEHHI MOJIEPHI30BaHOT
cucremu «IITY-PC 3 ATH».

Takox HeoOXimHO BpaxoByBaTH, 1o MozepHizamis cuctemu «IITY-PC 3 ATH» Moxe BIIIMHYTH Ha
MIPOYKTUBHICTH Ta yMOBH BUHUKHEHHSI MTH B «CyCiHIX» cucTeMax, 30KpeMa, B TapOTeHEPATOPHI yCTaHOBIII.
Takum yuHOM, BiOip MOKpOI MapH Mmicist NHIIHAPA BUCOKOTO THCKY TypOinu B ATH 3aificHIOeThCS TapanensHo
3 maponpusogoM Typoonacocy (TITH), sixuit sxuButs maporenepatopu (IIT). III' — me enmemeHT (obnamHaHHS)
HOpMAaJIFHOI EKCIUTyaTallil BaykiuBe A Oe3nekn aToMHOI enekTpocTtaHiii. Oxke, HagiitHicTs pobotn 1" Moxe
3abe3neunTn 6e3nexy AEC.

3’enmnannst PC 3 ATH 3meHnrye BuTpaTy mapu Ta AWHAMIYHUH THCK y mapoBomy npusoxi TITH, a
BIZINIOBIJTHO 3MEHIIYE (32 IIEBHUX PIBHUX YMOB) BUTpATy >KMBHJIBHOI BOAU B 00’ eMi maporeHeparopa. Kpim toro,
(uryKTyaliitHi BiIXniIeHHs TePMOAMHAMIYHUX MapaMeTpiB B 3MojienboBaniil cucremi «I[I1TY-PC 3 ATH» MoxyTsb
BIUIMHYTH Ha yMoBH BUHUKHeHHS MTH B naporeneparopHii ycTaHoBIi.

Li nuTaHHS 3yMOBIIIOIOTH HEOOXIHICTD NOAAJIBIIOTO aHaJI3y AOLIIbHOCTI MoaepHi3auii cucremu «I1TY-
PC 3 ATH».

BucHoBku

1. Po3po0iieHo opuTiHATBEHY METOIUKY BU3HAYEHHS KPUTEPIiB Ta yMOB MiXKKOHTYPHOT TEPMOJIMHAMIYHOL
HeCTabUTLHOCTI B MOJISPHI30BaHi# CHCTEMI «TTapOTypOiHHA YCTaHOBKA — CHUCTEMa pereHepaitii 3 abcopOniiHuMu
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TEIUIOBIMH HacocaMm». MeTo ] 3aCHOBaHUI Ha TePMOJMHAMIYHOMY aHaTi31 BIUIMBY HE3aICKHHUX (DIyKTyamiiHIX
BIZIXWJICHB BiJl PIBHOB&KHOTO CTaHY ITOTOKY BOJIOTOi mapy Ha BXOJl B aOCOpOMLiiiHI TEIUIOBI HACOCH Ta THUCKY B
a0CopOIIMHUX TEIJIOBUX HACOCAX/3MINTYBAIBHUX HAarpiBayax HU3BKOTO TUCKY. Ha BimMiHY Bifl BITOMUX MiIXOIiB
JI0 MOJIEIIFOBaHHS TEPMOIMHAMIYHUX MPOLIECIB, TEPMOJHMHAMIYHA MOJIENIb PO3POOIIEHOT0 METO/ly BPaXOBY€ BILIHB
(uryKTyaliitHuX BiIXWJIEHb Bl pIBHOBKHOTO CTaHy TEPMOJMHAMIYHHUX HapaMeTpiB, 1110 BU3HAYAIOTh KpUTEpii Ta
YMOBH MIKKOHTYPHOI TEpMOANHAMIYHOT HECTaOLIBHOCTI.

2. Ha mixcraBi aHanizy OTpUMaHUX KPUTEPIiB Ta yMOB BUSBIICHO, 1[0 OCHOBHOIO IIPUYMHOIO MIKKOHTYPHOT
TepPMOANHAMIYHOI HeCcTablIIBPHOCTI B MOAEPHIi30BaHil cucteMi «IlapoTypOiHHa ycTaHOBKa — CHCTEMa pereHepaii
3 a0COpOUiIHHUMH TEITIOBUMH HACOCAMID» € HETTOBHOTA (1HEPUIHHICTH ) TETIO Maco OOMIHHHEX i TipOINHAMITHIX
TporieciB mpu QIIYKTYaIliHHUX BiAXMJICHHAX BiJ PIBHOBXXHOTO CTaHYy TEPMOIMHAMIYHUX MapaMeTpiB.

3. 3amobiraHHEs yMOBaM MDKKOHTYPHOI TE€pPMOAWHAMIUHOiI HecTalOiTbHOCTI B MOJCpPHI30BaHIA CHCTEMi
«ITapoTypOiHHa yCTaHOBKa — CHCTeMa percHepamii 3 aOCOpOLIHHMNMH TEIUNIOBIMH HAcOCaMm» MOXHaA
3a0€3IEeYNTH LIUIIXOM BCTAaHOBJICHHS PETyJIATOPiB BUTPATH B KOHTYpax I101a4i BOJIOToi apy 3 LHJIIHIPa BUCOKOTO
TUCKY. BiJI TypOiHU 10 aOCOPOIIIfHMX TEIIIOBUX HACOCIB 1 BiJl a0COPOIIITHUX TSIUIOBUX HACOCIB IO 3MIIIYBAIbHUX
HarpiBadiB HHU3bKOTO THCKY JUIA MIATPUMKHM IIOCTIHHOTO THCKY B aOCOpOLIMHUX TEIUIOBHX Hacocax i
3MIlIyBaJIbHUX HarpiBayax HU3bKOTO THCKY.

4. Takox HeoOXiHO BpaxyBaTH, 110 MojepHizauis «[laporypOiHHa ycTaHOBKa — CHCTeMa pereHepariii 3
aOcopOIIHIMY TEIUIOBUMH HACOCAMM» MOXKE BIUIMHYTH Ha POOOTY Ta yMOBH MIKKOHTYPHOI TEPMOJMHAMIYHOT
HecTablIbHOCTI «CYCITHIX» CUCTEM, 30KpeMa aporeHepaTopHol YCTaHOBKH.

5. 3a3HaveHi MUTaHHSA 3yMOBJIOIOTh HEOOXIMHICTh IMOJANBIIOrO aHaJi3y OOIPYHTOBAaHOCTI MOJIEpHi3aril
cucreM ««IlapoTypOiHHa YCTaHOBKA — CHCTEMa pereHepartii 3 abcopOuifHIMH TETTIOBUIMHU HACOCAMID.
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CRITERIA AND CONDITIONS OF THE INTER-CIRCUIT THERMODYNAMIC
INSTABILITY OF THE NPP’S MODERNIZED TURBINE SYSTEM

The original method of determining the criteria and conditions of inter-circuit thermodynamic instability
in the modernized system "steam turbine - regeneration system with absorption heat pumps” is presented. This
was developed through a thermodynamic analysis of the effect of independent fluctuating deviations from
equilibrium in both the wet vapor flow at the absorption heat pump inlet and the measured pressure in the
absorption heat pump/low pressure mixing heaters. Unlike known approaches to modeling thermodynamic
processes, the thermodynamic model of the developed method takes into account the influence of fluctuating
deviations from the equilibrium state of thermodynamic parameters, which determine the criteria and conditions
of interloop thermodynamic instability. Based on the analysis of the received criteria and conditions, it was
established that the main cause of inter-circuit thermodynamic instability in the modernized system "steam turbine
unit — a regeneration system with absorption heat pumps" is determined by the incompleteness (inertia) of heat-
mass exchange and hydrodynamic processes during fluctuating deviations from the equilibrium state of
thermodynamic parameters. Prevention of the conditions for inter-loop thermodynamic instability in the
modernized system "steam turbine unit — a regeneration system with absorption heat pumps" can be ensured by
installing flow controllers in the wet steam supply circuits from the high-pressure cylinder of the turbine to the
absorption heat pumps, and absorption heat pumps in mixing heaters low pressure to maintain a constant pressure
in absorption heat pumps and low pressure mixing heaters. It is also necessary to consider that the modernization
of the "steam turbine unit — a regeneration system with absorption heat pumps" system can affect the performance
and conditions of inter-loop thermodynamic instability of "neighboring" systems. These issues determine the need
for further analysis of the validity of the modernization of the "steam turbine unit — a regeneration system with
absorption heat pumps" systems.

Key words: modernization of turbo installations, thermodynamic instability
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OBTAINING UNSATURATED HYDROCARBONS FROM COAL

The article is devoted to the improvement of the technology of obtaining Liquid Motor Fuels from Coal.
Unsaturated hydrocarbons are the most important chemical raw material products and are widely used for
producing polymers, alcohols and some other organic substances. The paper considers the proposition of
technological process of obtaining Synthetic Fuel from Coal with a positive yield effect of the final product with
high quality. It is possible to organize the production of Liquid Fuel is made of Coal conversion. The method of
Coal conversion into Liquid Motor Fuel is its gasification and hydrogenation but this is not the only way out. The
paper proposes the possibility of creating the small plants for the production of synthetic fuels and components of
organic synthesis, which can be used of the capacity of metallurgical factories and shops of machine-building
enterprises that are vacated areas. In modern society the need is growing to use alternative liquid fuel
technologies, for example, by indirect liquefaction of coal. This is especially important for Ukraine during and
after hostilities. Ukraine does not have sufficient oil and gas reserves, but it has coal deposits in the coal basin in
the west of the country.

An important aspect that is insisted on is the achievement of energy independence. Given the historical
traditions and the existing structure of energy deposits in Ukraine, one of the ways to solve this strategic task
should be the development of the coal industry. In addition, the environmental component of each of these types
of security can be an integrator that integrates them into the national security system. This will help to find their
optimal ratio in this system. Moreover, today there is no doubt that any aspect of national security, whether
economic, technological or defense, loses its meaning in the event of unfitness of the environment for human life
and activity. An influential factor in increasing production of coal for processing in the western part of Ukraine
is the maximum extraction of coal reserves and at the same time protection of subsoil.

Keywords: coal conversion, liquefaction of coal, liquid fuel, calcium carbide, electro-thermal furnaces, shaft
furnace.

Introduction

The rising of world prices for energy resources amid rising of their consumption to set the task of finding
the production of alternative types of Motor Fuels [1]. Such Fuels can be obtained on the basis of Coal conversion.
At some countries this kind of research is carried out within the framework of Government Programs in order to
ensure the energy security of States [2, 3].This is especially true for Ukraine which does not have sufficient Qil
and Gas reserves. An important task for the next decade is the creation of Production Plants for alternative types
of synthetic Motor Fuels, which can be obtained from Coal and brown Coal.

Natural Fuels include Coal and brown Coal. Alternative Fuels include Liquid Fuels which are an alternative
to the corresponding Traditional Fuels and which are produced from non-traditional sources and types of energy
raw materials.

Alternative types of Liquid Fuels include: combustible liquids obtained during the processing of solid fuels
(coal, peat, shale) [4].

Unsaturated hydrocarbons / alkenes are the most important chemical raw material products and are widely
used for producing polymers, alcohols and some other organic substances. The Paper considers the capability of
producing Synthetic Fuel from Coal with a positive yield effect of high quality output product.

It is possible to organize the production of Liquid Fuel made of Coal conversion. The method of conversion
Coal into Liquid Motor Fuel is its gasification and hydrogenation but this is not the only way out.

Just more recently the production of the main products of organic synthesis was based on Acetylene which
is produced by the interaction of Calcium Carbide with water.

In modern society there is a growing need to use alternative Liquid Fuel technologies, for instance by
indirect liquefaction of coal. This is especially important for Ukraine, which does not have sufficient Oil and Gas
reserves, but has big coal deposits in the Lviv-Volyn Coal basin.

The purpose of the Paper

The purpose of the work is to give the possibility of creating small plants for the production of Synthetic Fuel and
components of organic synthesis, which can use the capacities of metallurgical plants and workshops of machine-building
enterprises that are released.

Indeed, this Work proposes a modification of a forgotten method of producing Motor Fuel proposed in the middle of
the last century.

Setting the task

- to improve the technological process of obtaining Liquid Motor Fuel.

- to make this process adapting to carry it out in Electric Furnaces.
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Problem statement

Substantiation of expedience of the study

Well known Fischer-Tropsch Method (F-T) indirect liquefaction of Coal is known. The method consists in
it at the Preparatory Stage the coal is a grinding (in Shredder) and then loaded into a Gas Generator (Gasifier),
where the Stage of Coal Gasification takes place. The gasification product is sent to the Reactor, where under the
action of high pressure, high temperature and catalysts, the Stage of Liquefaction of the finished product. That is,
the process includes the Preparatory Stage, a Gasification Stage and a Liquefaction Stage. For instance: from 1000
liters of a mixture of Hydrogen H, and Carbon Monoxide CO at a pressure of 2,5 MPa and a temperature of 250 °
C is obtained 208,5 m® of final products. The weight of 1000 liters of the mixture is 475, 87 kg, so the yield is
about 44 %. Almost from the final product is possible to obtain 80 % of Gasoline and Motor Fuel, so a yield is an
approximately 31%. It should be noted that the quality of such Gasoline is low; the Octane Number is in the range
of 50-60.

A scheme of realization of the technological process by the F-T Method can be presented as at Fig. 1.

The disadvantages of this method include the need to maintain both high pressure and temperature in the
reaction zone, low yield of the finished product and its low quality. In addition, there is a very rapid senescence of
the catalyst.

The disadvantages of the equipment in which the process F-T is carried out include: the need for high-
quality chemical equipment with a large number of thick-walled temperature and corrosion-resistant elements of
large volume, fire and explosion hazard of equipment.

high pressure
action, high
temperature action,
catalyst action

SHREDDER GASIFIER REACTOR
grinding coal : coal gasification | Dquefaction of the
stage stage product stage

the vield of the
final product

Fig.1. The scheme of realization of the technological process by Fischer-Tropsch Method

But more than 50 years a method for producing Calcium Carbide at simple Shaft Blast Furnaces has been
known also. The required temperature was achieved by enriching the blast with Oxygen up to 60% in those
Furnaces. However at that moment this method was not widespread due to the efficient factor of Blast Furnaces
and the cheapness of natural gas (while at that time) as a raw product material for the production of Ethylene (that
replaced Acetylene), which was obtained from Calcium Carbide. Using activated Carbon as a catalyst, Benzene-
motor Fuel with an Octane Number about 108 [5] and a component of organic synthesis was obtained by reaction
from Acetylene.

There is different important aspect that encourages the introduction of Motor Fuels from Coal. This is an
environmental safety.

In a wide sense Ukraine's national security is interpreted as the absence of threats to human rights and
freedoms, the basic values of a sovereign state. It is a way of self-defense of the people who have reached a certain
level of organization in the independent state of Ukraine.

Environmental security is a component of national security that guarantees the protection of vital interests
of man, society, the state and the environment from real or potential threats. Such threats can be created due to
natural or man-made factors. In addition, the environmental component of each of these types of security can be
an integrator that integrates them into the national security system. This will help to find their optimal ratio in this
system. Moreover, today there is no doubt that any aspect of national security, whether economic, technological
or defense, loses its meaning in the event of unfitness of the environment for human life and activity. Therefore,
environmental security should not be seen as one of the components of national security, but as an integrator, able,
on the one hand, to consolidate society, and on the other — to ensure its progress [6].

Processing of Coal into Liquid Fuel contributes to the establishment and strengthening of environmental
safety, subsoil conservation and environmental protection.

Therefore the implementation of the technological process proposed in this Paper is one of the components
of strengthening the environmental security of our country.

Proposed approach to creation of small plants for production of Liquid Fuel

Systematic structure of the technological process of obtaining Motor Fuel
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In the 70s Acetylene was substituted by Ethylene which was almost 2 times cheaper. However already in
the early 70s experts began to get wise Acetylene is a strong competitor to Ethylene as a raw material for the
synthesis of output products. Specifically it competes with Vinyl Chloride and Vinyl Acetate; both are produced
in a relatively simple one-step reaction.

In this case, the requirements of expensive and critical catalysts are reduced, there is no need of high
pressure and, therefore, reactors made of thick sheets of Titanium steel with strapping pipe of 50-70 km are not
needed. In addition, the price differential has begun to reduce due to better energy consumption in the production
of Calcium Carbide in electro-thermal furnaces. Now for the production of a tone of Calcium Carbide, 3000-3400
kW-h of electricity is consumed 0,95 tons of Lime, 0,55 tons of Carbon [7].

The process proceeds according to the reaction, which can be stoichiometrically represented as follows:

Ca0+3C=CaC,+C0-Q,
where CaO — Unhydrated Lime;

C — Carbon;

CaC,— Calcium Carbide;

CO — Carbon Monoxide;

Q — emitted heat.

The degree of Carbon Conversion is more than 98% in this case; it is the best among of the known processes of Carbon
Conversion.

The first approximation suggests as follows scheme of indirect liquefaction of Coal through Calcium Carbide (see
Fig. 2).

CaC, CH,

Preparative Gasification Liquefaction
stage :> stage :>

stage
H,0 H Ca(OH);

Unhydrated |©a0, 02 Recovery
Lime, Coal, :> of heat,
Oxygen blast Lime and water

Benzene,
Styrene

Fig. 2. Scheme of implementation of the method of indirect liquefaction of Coal through Calcium Carbide

Presentation of the process of indirect liquefaction of Coal

The process could be presented in the following sequence descriptively:

1. Unhydrated Lime CaO and Carbon C (coke / anthracite) are fed into the Shaft Furnace by skip lift.

2. Ca0 and Carbon both react in the Shaft Furnace to form Calcium Carbide (CaC,) and Carbon Monoxide (CO) at a
temperature about 2200 ° C, which is reached by enriching the blast air with Oxygen.

3. Molten Calcium Carbide is periodically discharged from the Furnace into the Accumulator Tank, from which Calcium
Carbide is fed into the Cooler-crystallizer with pseudo-fluidized bed, in which the counter-flow of the cooling air makes coolness,
crystallization, and granulation the Calcium Carbide fluid in the pseudo-fluidized bed. The basic mass of the cooled Calcium
Carbide is automatically discharged through the appropriate side port-hole into the Storage-hopper of Carbide. Part of the
Calcium Carbide is carried out by the flow of cooling air into the Cyclone of the Cooler-crystallizer in which the separation of
hot air and the fine fraction of Carbide is made.

4. The cooled Calcium Carbide is fed to Acetylene Generator by feed like carbide-to-water. Gas yield is
95% approximately. Acetylene C2H is passed off to polymerization to Benzene / Styrene and Burnt Lime Ca(OH);
is passed off to Sedimentation Tanks, where residual gases are given out.

5. As needed Burnt Lime is fed into the Dryer from the Silt-settling Tank, and then into the Kiln-Dryer
(Dryer with a vibro-liquefied bed) without contact of the heating agency and the Ca (OH); substance, where Lime
dehydration occurs by hot gases (blast furnace gas and hot air from the Calcium Carbide Crystallizer-cooler).

6. Hydration water gave out in the Kiln during dehydration of Bumnt Lime Ca(OH), is supplied to the
Utilization Steam Turbine for driving auxiliary mechanisms (blowers, pumps, turbo expanders). Steam
temperature 600° C; pressure 3, 5 MPa; turbine efficiency — 0, 34.

7. Liquid air from the Turbo-expander is directed to rectification for the goal of obtain Oxygen to enrich
the blast.

8. Water is given out to the Acetylene Generator from the Condenser of the Steam Recovery Turbine and
from the Burnt Lime Dryer.

9. Acetylene is polymerized at 550-650° C to Benzene on an activated Carbon catalyst. Heating is made
out at the expense of the heat of the waste blast furnace gases.

10. Benzene is given out to clarification and cooling. Not reacted Acetylene is given out to polymerization
again.
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11. Residual gases from the Silt-settling Tank, gas from the Acetylene Generator is given out to the
Absorber, where they are washed and absorbed. The Acetylene is given out for polymerization according to the
scheme, and other gases with the solution are removed for neutralization.

12. Sulfur gases are neutralized with help of Lime to form Gypsum, Phosphite, respectively to form
Calcium Phosphate.

13. Ammonia, which is released during the interaction of Calcium Nitride with water, is given out to the
Plant of Nitrogen Oxide Suppression.

14. Burnt Lime from the Kiln and Coal are fed into the Hopper of the shaft Kiln.

15. It is possible to estimate approximately the expenditure of Coal, or rather the organic mass of Coal, per
unit of the output product in the process with the utilization of heat of Lime and water.

If an efficiency factor of Shaft Furnace is 0, 4, then for the production of 1 kg of CaC; are needed:

- CaO -0, 88 kg;

- Carbon - 0,563 kg.

If the fuel is Anthracite, then its theoretical expenditure for the production of 1 kg of CaC, will be 0,395
kg as fuel and 0,563 kg as a Carbon source. In general: 0,958 kg.

The energy needed to calcinations 1 kg of CaC, is 1,735 MJ, for calcining Burnt Lime and taking into
account the efficiency factor of the Tunnel Kiln, it is 2,67 MJ.

Waste blast-furnace gases have a temperature in the range of 1000 -1400 ° C. A heat capacity is more than
1 J/g-deg. Waste gases have energy of at least 10 MJ / kg, since up to 5 kg of blast-furnace gases are released per
1 kg of CaC.. This energy is sufficient for drying and Burnt Lime.

In additional hot air from the Cyclone Crystallizer-cooler of the CaC, can be directed to the Dryer and to
the Kiln. Sincel kg of CaC; at a temperature of 2200° C has energy of at least 2 MJ / kg, the energy of air and
blast furnace gas after the Lime dryer and Lime Kiln is sufficient for the polymerization of Acetylene into Benzene
at 550-650 ° C.

So in the process of utilization of heat, Lime and water, taking into account that 406 g of Acetylene is
released from 1 kg of CaCy, 2,36 kg of Anthracite is needed per 1 kg of benzene. With efficiency factor of Shaft
Furnace is 0, 6, then Anthracite are needed 1,911 kg respectively.

The implementation of this issue is especially important given the coal reserves in the Lviv-Volyn Coal
Basin.

Really this work proposes a modification of the forgotten method of the production of Motor Fuel, which
was proposed by Academician A. Petrov. In the middle of the last century Academician Petrov stood up for the
harmonious and balanced development of Carbochemistry and Petrochemistry [8, 9].

The importance of developing coal minerals in Western Ukraine for energy-saving technologies

Achieving energy independence was perhaps the first to be mentioned among the priorities declared by the
leadership of our country for many years.

Given the historical traditions and the existing structure of energy deposits in Ukraine, one of the ways to
solve this strategic task would be the development of the coal industry.

However, the events of recent years have significantly complicated both the development of long-term
development plans and the current situation in coal mining. The fact is that the lion's share of coal resources,
namely 92, 4% is in the Donetsk coal basin. The Lviv-Volyn basin accounts for only about 2, 5% of total «black
gold».

Experts from the Center for Energy Research propose to consider solving the problem of coal production
of the required brands in terms of the real situation in Donbass and the possible consequences of the military
campaign in the region. At the same time, the situation with coal deposits of grades G (gas) and D (long-flame) is
quite good, as they are mainly located in the Western Donbas and Western Ukraine.

Coal in the Lviv-Volyn basin has a high degree of ash content, and therefore needs to be enriched for use
in thermal power plants. Before entering the Power Electric Plant, the coal is processed at the Central
Concentration Plant. In addition, it should be noted that recently the mines of the Lviv-Volyn basin, despite the
amount of coal production, have had problems with sales for the needs of Power Electric Plants.

An important factor in increasing coal production is the maximum extraction of coal reserves and at the
same time the protection of subsoil. It is known that losses of coal during mining are still significant and average
from 27, 6 to 42, 6 %. To reduce losses, we need to introduce new highly efficient subsoil mining technologies
that best ensure the preservation of the earth's surface.

An additional stimulus for the operation and development of Ukraine's mines and a source of hope is the
fact that the potential of the Lviv-Volyn coal basin is far from spent.

Summing up the analysis of the situation in the coal mining industry of Western Ukraine, we can notice its
difficult economic and technological situation. However, the urgent needs of our energy and industry for coal, the
uncertainty of the situation in the Donbass together with significant reserves of the Lviv-Volyn Coal Basin
determine the high prospects and feasibility of further development of coal mining in Western Ukraine.
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The Lviv-Volyn Basin was not a strong participant in the Ukrainian Coal Market. Production in recent
years was only 2% of all-Ukrainian. However, in a short time production from this basin could be doubled. [10].

There are significant prospects for the development of the Lviv-Volyn Basin. The total balance reserves of
coal in this basin are more than 1, 5 billion tons. Industrial reserves of existing mines reach almost 100 million
tons.

Conclusion. Really this work proposes a modification of the forgotten method of the production of Motor
Fuel. The implementation of the technological process proposed in this Paper is one of the components of
strengthening the environmental security of our country There is different important aspect that encourages the
introduction of Motor Fuels from Coal. This is environmental safety.

Many of the technological components in the process scheme presented in this Paper are commercially
viable, but several key ones have not yet found commercial use. In this section we offer the possibility of developing
key technologies for Coal and converting it to Liquid Fuel.

The processing technologies listed are specific to certain raw materials. Finally, we conclude from a careful
evaluation and analysis of issues around Coal conversion that the optimum technology for small processing plants
to Liquid Fuels there is a proposed technology.
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ICxinnoykpaincbkuii HanionaabHuMii yHiBepcuTer imeni Bosogumupa Jans

OTPUMAHHSA HEHACUYEHUX BYIVIEBOJHIB I3 BYTI'IJIJIA

Cmamms npuceésyena YOOCKOHALEHHIO eXHON02Ii 00epPI’CAHHS HEeHACUYEHUX 8Y2le800HI8 i3 gyeinisi. B
pobomi po3eNAHYMO NPORO3UYII0 MEXHON02IYHO20 NpoYecy OMPUMAHHA CUHMEMUYHO20 NAAU6a 3 6yl 3
BUX000M KiHYe8020 NpoOyKmy 6ucoxoi axocmi. Memow pobomu € CMEOpeHHs MEXHON0LIYHO20 Npoyecy
OMPUMAHHA PIOKO20 NAIUEA 6 eNeKMPOMEPMIYHUX Nedyax HA HeGeuKux niONpueMcmeax, AKi MOdICymb
BUKOPUCMOBY8AMU NOMYNHCHOCMI MemAanypeiuHux 3a600i8 ma yexieé mawiunoOyoienux nionpuemcms. Memoo
OMPUMAHHSL PIOK020 NAUBA — ULTSIXOM 8Y2iIbHOI KOHBEPCIi, HenpsaMo2o 3pidcenns gyeins. [lpoyec 6iobysaecmucs
6 eleKmpOMepPMIUHI neyi 3a peakyiero, Ky 36e0eH0 00 00HO-CMAOTIHOL.

Peanizayis 3anpononosanozo ¢ pobomi mexHono2iuH020 npoyecy — € 0OHIEI 3i CKIA008UX 3MIYHEHHs.
eKoN02iYHOI 6e3neKu, a maKolc 00CAHeHHs eHepeemudnoi HesanexrcHocmi depoicasy. Texnono2iuni Komnonenmu
¥y cxemi npoyecy, wjo Ha0aHull 8 yill pOO6OMI, € KOMEPYIUHO HCUMMEIOAMHUMU, Ale KINbKA KIIOYOBUX 3 HUX NOKU
Wo He 3HATIWIU KOMEPYIIHO20 3aCmOCY6anHs. Y pobomi asmopu nponoHyons MOMCIUGICIb pO3POOKU CYUACHOT
mexHon0z2ii nepepodKu 8y ma nepemeopenHs 1io2o 6 pioke nanueo. L{s mexnonozis € cneyughiunoio 0na neeHol
CUpOBUHU i MOJICe OYMU 3anpoNoHOBANA OJisl BNPOBAOICEHHS.

KarouoBi cioBa: xousepcia eyeinas, 3piodcenHs @y2inis, pioke NAau6o, KapOio  Kaibyiro,
e1eKmpomepmiuHa niy.
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«KuiBchkmii noJritexniyamii incruryt imeHi Iropst Cikopcbkoro»

BEPU®IKAIISA TEOMETPUUYHUX MOJIEJIEA POTOPA IITHT
TYPBOATI'PET'ATY K-1000-60/3000 HA BA31 BJIACHUX TA
KPUTUYHUX YACTOT

OoHieio 3 npiopumemuux 3a0ay eHepeemuku € 3a0es3nedenHst HAOIIHOI ma 6Gesneunol excniyamayil
napomyp6innux aepecamie TEC ma AEC. 3 oensady ma cknaowy cumyayiilo 6 Kpaiwi, 3amiHumu 3acmapine
001a0HaHHsA, AKe GIONPAYIo8ano C8ill NPOEKMHUL pecypc, HOBUM HeModcauso. Ak eioomo, koeiyicnmu 3anacy
MiyHOCMI Mamepiany, Wwo 6paxoeysaiu npu NPOEKMyBanHi NapomypOiHHO20 00NAOHANHA, MAu Oyoice
HaoOudcenuti xapakmep. Ha moil ywac 6yau 6iocymui 0ani wo0o excniyamayii eHepeemuyHo20 001AOHAHH, AKe
6 soice nanpayrosanu 200-220 muc. 200. 8 ckiadHux excniyamayiunux ymogax. Hapasi cumyayis 3sminunace. B
HASIBHOCM € eHepP2OYCMAHOBKU, AKI GUYEpnau, abo GNpumyn HAOIUNCAIOMbCA 00 BUUEPNAHHI C8020 NPOEKIMHO20
pecypcy. IIposodsuu excnepumeHmanbHi 00CHONCEHHS 31 3pA3KAMU MEMALy 0aH020 0ONAOHAHHA MONCHA 3HAYHO
VYMOYHUMY Qi3UKO-MeXaHiuHi 61ACMUBOCMI cmaneli ma iX NOUWKOOXNCeHHs 6HACNIOOK exkcnayamayii. Tomy
npoonema no008ICceHHs pecypcy Habysac 6ce akmyanrvHiulo2o suavenus. Komn iomepne mooenioeanns 3HauHo
CIpOCmMUNO 3a0awy pos3paxyHky pecypcy obnaonawnwus. Ilpome makuil cknaowuii 06’ekm, K napomypOiHHa
YCMaHo6Ka Nompedye 3HAUHUX 0OYUCTIOBANbHUX PECYPCI6, A PO3PAXYHOK PIBHAHb 6 YCiX KiHYeGo-eleMeHmMHUX
8y3nax € oocums mpueaium 6 yaci. [lompiono wykamu wiaxu payionarizayii po3paxyHKosux MamemamuiHux
mooeneu. Ilpu ybomy mouHnicmv 0OUUCTEHHS NOBUHHA 3ATUWUMUCL HA 3A008iNIbHOMY pieHi. B Oamiii pobomi
cmeopero cnpowjeri ceomempuyni moodeni pomopy LIHT mypboaepecamy K-1000-60/3000. Pozenanymo eapianm
3amiHu pobOYUX TONAMOK eKBIGAIEHMHUMYU PO3NOOLIEHUMYU MACAMY MaA MOPOIOanbHuUMy Kinbysamu. IIposedens
sepuixayii ompumanux mooenell Ha OCHOBI KPUMUYHUX 4aACTOm 00epMAaHHs NiOMBEEepOUL0 MONCIUBICMb 3AMIHU
pobouux nronamox posnodireHumu macamu. Hamomicmv Hasenicmv mopoioanvhHux Kiieyv 6enukux paoiycie
npu3600UMb 00 3HAYHO20 3HUNCEHHS. KPUMUYHUX YACMOM 8 NOPIGHANHI 3 HOPMOBAHUMYU 3HAYEHHAMU.

KarouoBi caoBa: sanuwxosuii pecypc, pomop, mamemamuyne MOOENOBAHHA, 6IACHA YACMOMA,
kpumuyna weuoxicms, K-1000-60/3000.

Beryn

Eneprernuna ranysp 3abesmedye cTaOuTbHE (DYHKIIIOHYBaHHS YCiX CEKTOPIB €KOHOMIKH, a Bif 1i piBHSA
PO3BUTKY 3aJIE)KUTh EKOHOMIUHA Oe3reKka Ta eHepreTHIHa He3aIeXKHICTb IePKaBH.

B enemenTax  oOyiaJiHaHHS EJNEKTPOCTAHIN BIPOJOBXK iX eKCIUIyaTalil HEOJMIHHO BHHHUKAIOTh
HarpyxeHHs. BOHU MOCTIHO 3MIHIOIOThCS B Yaci K 32 BEJIMYMHOIO, TAaK 1 32 HAPSIMKOM CBOE€T Jil. BHacnigok
TPUBAJIOTO BIUIMBY HAalpy>KeHb, B MaTepiaji 00’€KTy BHMHHMKAIOTh MOIIKOJDKEHHs pi3Horo poxy. Tpusaie
HAKOIMYEHHS MOIIKO/KEeHb IIPU3BOUTH JI0 3aPO/KEHHS Ta PO3BUTKY TPIIIKH, 1110 B KIHIIEBOMY PE3YJIbTaTi MOXKe
MPU3BECTH JI0 aBapiiHOI CUTYyAalli] Ta CHPUYMHUATH PyHHYBaHHS 00’ €KTY.

3HaYHa YaCTHHI BITYM3HSAHHX TypOoOarperartiB TEIUIOBHX Ta aTOMHHX €JIEKTPOCTAHIIM BHYepmaia CBii
MapKOBUH pecypc ekciuryartamii, abo BHOpUTYJ HaOmMMKaeTbes M0 HWoro BudepmnaHHA. [lapkoBuit pecypc
napoTypOiHHUX YCTaHOBOK cTaHOBHTH 150-220 Tunc. rox [1, 2].

3amina o0yiajiHaHHS EHEPreTUYHUX 00 €KTiB MOBHHHA 3IIMCHIOBATUCS Ha OCHOBI TEXHIKO-€KOHOMIYHHX
pO3paxyHKiB Ta OyTH E€KOHOMIYHO 1 TEXHIYHO OOIpyHTOBaHOK. [lJis IbOro HEOOXiTHO MPOBECTH OIIHKY
3aJIMIIKOBOTO PECypcy OCHOBHOTO OOJIaJIHAHHS €JNEKTPOCTAaHLIM Ta Ha OCHOBI IIbOTO PO3POOHMTH CTpATeriio
TEXHIYHOTO OHOBJICHHS OOJIaHAHHS €HEeProOIOKiB 3 METOI0 ONTHMi3amii (hiHaHCOBMX 3aTparT.

TTonoBkeHHST pecypcy OONagHaHHA — II€ HaWIENIeBIINK CIMOCiO peHoBallil EeNeKTPUIHHMX CTaHIliH.
3acTOoCOBYIOUM KOMIUIEKCHI METO/M, MOKHA 3HAYHO ITOJIOBXHUTH TEPMIH eKCIUTyaTallii OCHOBHOTO O0JIaJHAHHS
eHepro6JokiB 0e3 3HaYHKX (piHaHCOBHX 3aTpat. [Ipy 1poMy HaAiHICTE Ta 1HII TEXHIKO-€KOHOMIUHI OKAa3HUKN
POOOTH 3aTUIIAIOTHCS Ha 3aI0BUIBHOMY piBHI.

s BU3HAYEHHS MOXIIMBOCTI MOJANBINOI eKCIDIyaTamii MOHaJ MapKOBHH pecypc HEOOXiAHO MpOBECTH
OOIPYHTOBaHy OIIHKY 3aJHMIIKOBOI'O pecypcy INapoTypOiHHOrO oOJiaJHaHHS Ha OCHOBI HIMPOKOTO CIEKTPY
EKCIIEPUMEHTAILHUX Ta PO3PaXyHKOBHX JaHUX MO0 MTOUIKOKEHHS MaTepiay, sskuii Hanparoas 200-220 Twuc.
TOJl B CKJIAJHMX EKCIUTyaTaliiiHnX ymoBax. Lle 103BOJIMTE 3HAUHO YTOYHHUTH KOe(illieHTH 3armacy MiIHOCTIi, THM
caMuM IepepaxyBaTH MPOEKTHUI pecypc 00JaIHaHHS.

Oco011By yBary HEOOXiIHO IPUAUIATH POTOpaM NapoBUX TypOiH. OCKiJIbKM BOHY NPALIOIOTh B CKJIAJIHUX
eKCIUTyaTallfHIX YMOBaXx, a iX MOJIOMKa MO>Ke MPU3BECTH 0 KaTtacTpodiunux Hacmiakis [3, 4].
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ToMy, yZOCKOHAIEHHS BXKE ICHYIOUHX Ta PO3p0o0Ka HOBHX PO3PaxyHKOBO-EKCHEPHMEHTAIBHUX METOZIB
BU3HAYECHHS] BTOMHOTO TIOIIKO/UKEHHS METay pOTOPIiB TypOOYCTaHOBOK i MOJOBXKEHHS TEPMiHY 1X eKcIuryaTaii
CTaHOBUTbH 3HAYHHUI HAyKOBHH Ta NPaKTUYHUI iIHTEpeC.

Merta i 3aBIaHHSA JOCTiIKEeHHS

Meroto naHoi po6oTH € po3podKa CIIPOIIEHUX T€OMETPUYHUX MOJIENICH POTOPY LMITIHAPY HU3BKOTO THCKY
typboycranoBku K-1000-60/3000 Ta nopanbiia ix Bepudikalis A1 BA3SHAYSHHSI NOIMIKOKEHHS Ta 3aJIUILIKOBOTO
pecypcy Typboarperary.

Jocnimanmpka poboTa nepeadavaia HACTYIHI 3aBJaHHS:

— CTBOpeHHs reoMerpuuHoro aHamory poropa ITHT typ6oycranoeku K-1000-60/3000 Ges pobGoumx

JIONATOK;

— PO3paxyHOK TEOMETPHYHUX PO3MIpIB TOPOINAIPHUX KiNEmb 3aMICTh JIONATOYHOTO amapary Ta
OaHIaXHUX KUIEHb,

— cTBOpeHHs reoMmerpmyHoi Moxem poropa LIHT typGoarperaty K-1000-60/3000 3 TopoimamsHIMH
KUTBIISIMH 3aMiCTh POOOYHX JIOTIATOK 1 OaHIaXKY;

— PpO3paxyHKH BJIAaCHHX Ta KDUTHYHHX YacTOT OOEPTaHHS CTBOPEHUX MOJIEIE;

— mnobyznosa giarpam Kemmoerna;

— TOpIBHAHHS PO3paxOBaHMX 3HAUCHb KPUTHYHUX Ta BJIACHMX 4YacTOT OOEpTaHHS poTopa LMIiHApa
HU3BKOTO THUCKY 3 aHAJIOTIYHMMH JaHHMH, IO HAaBOAATHCS 3aBOJOM-BHIOTOBIIIOBAYEM JIaHHX
TypOoarperaris.

MarepiaJ i pe3yJIbTaTH AOCTiIKEHHS

TypboycranoBka K-1000-60/3000 mpencraBnsie coO0r OTHOBANBHUN I SITUIMITIHAPOBHUH arperaT. Bin
CKJIQIAETHCSI 3 OJHOTO JIBOIIOTOKOBOTO IWJIIHIpPA BHCOKOTO THCKY 1 YOTHPHOX CHMETPUYHHX JBOIIOTOKOBHX
IITIHAPIB HU3BKOTO TUCKY. L[MIIHAP BHCOKOTO THUCKY PO3TANIOBAHWH B CEpeIHIA YacTHHI MapoBoi TypOiHH, a
IITIHAPH HU3BKOTO THUCKY — cuMeTpuuHO 1o obuaBa 6oku Bix LIBT. Bimmik LIHT npuitHsaTo 3niicHIOBaTH Bif
peryJaTopa MBUAKOCTI 10 eJIEKTPOreHepaTopa.

TypOoycraHoBka o0JlaHaHA NPOMDKHOIO Celapalielo BOJIOTH Ta OJHOCTYHIHYACTHM MPOMDKHUM
neperpiBom mapy. TypGiHa po3paxoBaHa [Uis eKCIUTyaTallii B mapi 3 peaktopom BBEP-1000 [5].

JlorxxnHa napoBoi TypOiHU cTaHOBUTH 50 M, IPH LILOMY 3arajibHa JIOBKHHA TypOOYCTaHOBKU — 74 M.

st 3ano0iranHsl IPUCOCIB TMOBITPS B MapoOBHH TPakT Ha eramax Habopy BakyyMy i mpu poOoTi Ha
HU3bKOBUTPATHHUX PEXHMMax eKCIUTyaTalii, a TAKOXK JUIsl IEPEIIKOKaHH BUTOKY TTapH 3 HWIIIHAPY IIPU PEKUMax
eKCILTyaTalii OJIM3bKUX 0 HOMIHAIEHUX 3aCTOCOBYIOTHCS KiHIIEBI YIIITbHEHHS. BOHH PO3MIIIYIOTECS B MICIISIX
BUXO/Iy POTOpa 3 KOPITyCy IapoBOT0 IMIIIH/PA Ta IIPEACTABISIOTE COO0I0 CErMEHTH, SIKi pOo3MillleHi B 00oiiMax Ta
BUTOYKH rpeOHe-Toai0H01 popMu Ha poTOpi.

PoTtopu mmmiHApiB HU3BKOTO THUCKY LUTBHOKOBAaHI, BHKOHaHI 31 ctanmi mapku P-2A (30XH3MI1DA) Ta
3’emHaHl MK co00r0 kopcTkuMH Mydramu. Ha XBOCTOBMKax KOXHOTO pOTOpa BHKOHAHI MIMHKH OMOPHHX
MIANIMIHYKIB, TPOTOYKH ITiJ] 1a0ipUHTOBE YIIiIJIbHEHHS, TPeOHI TaTYMKa BiZTHOCHOTO PO3LIMPEHHSL.

Porop UHT nBOMOTOKOBHIA, Ma€ 10 I’ATh pOOOYMX CTyINeEHI B KoxkHOMY motoui. KopeHeBuii niameTp ycix
CTYIICHIB € OJTHAKOBUM.

Jnst 30inblieHHs JOBKUHMA poOoumx JsonaTok ocraHHix cryneHiB IJHT iXx mpuiiHsATO BHKOHYBaTH 3
THTaHOBOTO cIUaBy. BiH Mae rycruny 450 kr/m%, mio Maiike BJBiYI MeHIIE 3a I'yCTUHY POTOpHOi cTami. Ilpu
[bOMY, MIIJHICTh TUTAHOBOTO CILJIaBYy Maibke Taka, sIK i Mil[HICTb CTaJIel, 3 IKUi BUTOTOBJISIOTH JIOIATKH MTAPOBUX
TypOiH. IlogoBxkeHHS pPOOOYMX JIOMATOK TypOoarperaTiB JO3BOJSE CYTTEBO 3OUIBIIUTH IUIOILY BHXOIY
BIANPAIlbOBAHOI APy 1 THM CaMUM 301IBIIUTH MOTY>KHICTh ocTaHHBOTO cTyrneHs Ta LIHT B iomy.

Banonposia typ6oarperary K-1000-60/3000 cknamaerbest 3 poropy LIBT, 4oTHPBOX CHMETPHYHHX
poropis LIHT Tta poropy enekrporeHepatopa. MaremMaTHuHe MOJEIIOBAHHS IMOJIOHMX CKIJIQJHHX 00 €KTIB 3a
JIOTIOMOTOI0 METOMIB KiHIIEBUX €JIEMEHTIB € CKJaJHHM, NMOTpedye 3HAauHMX PO3PaxyHKOBHX PECypCiB Ta €
TpuBaJIMM. BpaxyBaHHS yCiX KOHCTPYKTUBHHMX OCOOJIMBOCTEH JOCIIIKYBAHOT MOJIENI PU3BOJUTH 0 CyTTEBOTO
3pOCTaHHS KiJIbKOCTI KiHIIEBUX €JIeMEHTiB. ToMy HE00XiTHO MAaKCHMAJIBHO CIIPOCTUTH T'€OMETPHYHY MOJETb, ajie
MIPY IIbOMY TOYHICTh PE3yJIbTaTiB MOBHHHA 3AJIMIIATHCS HA 330BUIFHOMY DiBHI.

Bepudikariito po3pobnenux reomerpuanux Mmoxeneil poropy IIHT BHKOHAHO Ha OCHOBI TOPiBHSHHS
po3paxoBaHux B nporpamMHoMy Komiuiekci ANSYS KpUTHYHHX 4acTOT 00epTaHHs POTOPY i3 3HAUYEHHSMH, IO
HaBOJISITHCS B JIOKYMEHTALIT 32BOIOM-BUTOTOBIIFOBAYEM.

OnHUM 13 HAHTIOIIMPEHINIHX MiIX0/1iB IPX MOJIETIOBaHHI BaJIONIPOBO/IB TypOoarperaris € 3aMiHa poOounx
JIONAaTOK HAa BIANOBIIHHMX CTYNEHAX PO3MOIUICHMMH MacaMmH, IO NpPHKJIaJeHi 70 KopeHeBoro aiamerpa. Lle
JIO3BOJISIE CYTTEBO 3MEHIIMTH KUIBKICTh KIHIIEBUX €JIEMEHTIB 1 THM CaMUM 3MEHIIMTH 4Yac OOpaxyHKy
MaTeMaTUYHOI MOJIEII.

CrBOpeHi MojieNi poTopy MUITIHAPA HU3BKOTO THCKY BiIOOPakarOTh OCHOBHI KOHCTPYKTHBHI OCOOIHUBOCTI
JIAaHOTO €HEPreTUYHOro 00’ €KTy. BUKOHAHO MEBHI reOMETPUYHI CIPOIIEHHS KOHCTPYKTHBHUX €JIEMEHTIB, SIKi HE
CYTT€BO BIUIMBAIOTh Ha PE3yIbTATH MOJCIIOBAHHS, aJle IIPU [[bOMY BUMAaraioTh MEHIINX PO3PaXyHKOBHX PECYPCIB.
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Tak ¢opma KiHIIEBUX Ja0ipHHTOBHX YIIUTFHEHb Oyila 3aMiHEHa Ha TTIAJKY IFUTIHAPHYHY MTOBEPXHIO, paIiyc sSKOi
JIOPIBHIOE CEpeHbOMY PajliyCy KOKHOTO CTYIEHS YIIIIbHEHHS.

JociipkeHHs BIaCHUX Ta KPUTHYHUX YacTOT BiIOYBaJoOCs y BCbOMY MOXJIMBOMY Jiana3oHi MIBUAKOCTI
obepranHs potopa mapopoi TypOiru K-1000-60/3000. ITouatkom mociimkyBaHOro aianma3zony € 0 o0/xB., 110
BIAMOBIJa€ IyCKy arperary 3 MOBHICTIO 3yIMHEHOTO CTaHy.

MakcumanbHO MOXKIIMBA YacToTa 0OepTaHHs BaJoNpoBONy cTaHOBUTH 112% Bixm HominanbHOi. [lpm i1
MIEPEBHILIEHH] CHPalbOBYE 3aXHCT BiJ] PO3roHY TypOoarperaty (BiJ HEJOIyCTUMOTO 3POCTAaHHS MIBUAKOCTI
obeprannst). HekoHTpoIpOBaHUI pO3TiH TypOiHM CTAaHOBUTH 3HAYHY HeOE3NeKy, OCKUIBKH MPH IIbOMY CYTTEBO
3pOCTalOTh BiAIEHTPOBI cund. Lle Moke MpHU3BECTH IO MOBHOTO BHXOMY 3 JIady oONamHaHHA, a B HAWTipIINX
BHUIAJIKaX MPU3BECTH O CEPHO3HMX IOIIKODKEHb TypOoarperaty Ta MaIllMHHOTO 3aiy. ToMy KiHIEeBa TOYKa
JIOCTIKYBaHOTO JTiana3oHy cTaHOBHTE 3360 00/XB.

[Tepira reomeTpryHa MOAETH POTOPY BimoOpaxkae 0CHOBHI KoH(pirypamii 06’ ekty (puc. 1). Poboudi monatku
HE BiATBOpeHi. 3aMicT HUX NPUKIAJCHI PO3IOAIICHI MacH IO KOPEHEBOTO MiaMeTpy BiATIOBIAHOTO CTYIICHS.
HuninapuyHi TOBEpXHi, 10 KU NMPHUKIaJeHI PO3NOAITICHI Mac JIONIATOYHOTO anapary, IokKa3aHi Ha PHCYHKY
HIDKYE Ta IM03Ha4YeHl HacTymHUM YuHoM: A Ta B — 6 ctyninb, C Ta D — 7 ctynins, E 1a F — 8 cryninp, G Ta H -9
cryninb, | Ta J — 10 cTynine. Ha reomMeTpuuHiii Mozeni CTBOPEHO ABI LHMITIHAPUYHI TIOBEPXHI /ISl BIITBOPEHHS
MiAIUITHUKIB.

Puc. 1 — l'eomempuuna mooenw I{HT mypoinu K-1000-60/3000
3 eKGIBALEHMHUMU PO3NOOLIEHUMU MACAMU

IIpn po3paxyHKy BIacHHX Ta KPUTHYHHX 4YacTOT HEOOXITHO BpaxoByBaTH AeMmdipyBaHHA. [laHa
BJIACTHBICTD XapaKTEPU3y€e 3JIaTHICTh CHUCTEMM MOTJMHATH EHEPTil0 KOJIMBaHb. PO3PI3HAIOTH IEKUIbKA THUIIIB
nemriipyBaHHs, a came B’sI3Ke, NeMII(ipyBaHHS TepTAM Ta JeMIiipyBaHHSI B CAMOMY MaTepiai.

[Ipu B’si3k0My nemripyBaHHI €HEPTis PO3CIFOETHCS KOJIH CHCTEMa PYXA€ThCS B PIAKOMY, TApOTa30BOMY,
abo razoBomy cepezosuiii. JemrdipyBaHHs TEpTIM — [ PO3CIFOBAHHS CHEPTIi IPH KOB3aHHI YaCTHH MEXaHI3MY.
3arajpHa €HEpris CHUCTEMH 3MEHIIYEThCS Yepe3 BTPATH Ha TEPTs Ta BUIUIIETHCS Yy BUMIAAL TeIJa i IIyMy.
JemndipyBanHs B Marepiajli BUHUKAE€ BHACHIZOK CKJIAIHOI MOJIEKYJIIPHOI B3a€MOJIl BCEpPEOMHI Camoro
MaTepiany. BHacmigok 1iei B3a€EMOil €HEepris CHCTEMH MOTJIMHAETHCS MAaTEepiaioM Ta BUAUISETHCS Y BHIJISII
TEIUIOTH.

YucneHHi JOCHIKEHHS TiITBEPUKYIOTh TOW (akT, 1m0, IpH 30UIbIIEeHH] KoedilieHTy aeMndipyBaHHs
BiZI0OYBA€THCS 3MEHIIICHHS YaCTOTH BIIACHUX KOJIMBAHB JIOCHI/PKYBaHOTO 00 €KTY.

HaiiBaxmuBimmM IHCTpYMEHTOM JJIsI BHM3HAUEHHS KPUTHYHOI LIBHAKOCTI OOepTaHHs € jaiarpama
Kemmbemna. [{ns ii oTpiMaHHS BHKOHYIOTH MOJAIBHUH aHami3 poropy. Ha oci abcuuc miarpamul BiIKIaIaroTh
MIBUIKICTH 00epTaHHs (n, 00/XB ), @ HA OCi OPIUHAT YaCTOTY BIIACHUX KONMUBaHb (v, ['1). KputnyHa mBuakicts
BUHHUKAE B TOYI Je¢ JNiHiA 30yHKeHHS TepeTHHae Oynb-sAKy 3 JIHIH MOJ BIAaCHHX 4YacToT. Komw MmBHIKICTH
o0epTaHHs poTOpa CIIiBIaJa€ 3 BJIACHOI YacTOTOI0 KOJMBaHb, BHHHMKAE SBHUIIE pe3oHaHcy. [Ipu mpomy,
CIOCTepiraeThcs 3HAYHE 3pocTaHHA BiOparii 0o0’ekty. Tomy, TpuBama poGoTa 00epTOBOTO OOMaJHAHHS HA
KPUTHYHINA MIBUIKOCTI 00epTaHHS HE JOITyCKAETHCS, a IMPH MTyCKax Ta 3yNHUHKaX ii HOTPiOHO MBUAKO IMPOXOIUTH.

Po3paxoBaHi BiIacHI YacTOTH KOJMBAHHS MOJENi 3 PO3MOIUIEHUMH MacaMHu IoKa3aHi Ha puc. 2. Ha
Jiarpami BHAHO [Bi TOYKM TMepeTHHy JiHIl wactoti obepramHs poropa (R=1) 3 miHiAMH BIACHHX YacCTOT
KoymBaHHA (Mofa 2 Ta 3). BoHu 1 € KpuTH4HUME yacToTaMu oOepTaHHA. Moan Homep 4, 5 Ta 6 exars mo3a
pobounMm nianazoHOM oOepTaHHS TypOoarperary, TOMy Ha HUX MOXKHa HE 3BEpPTaTH yBaru.

PesynbraTu po3paxyHKy MepIioi MoJIeIi 3aHECeHI B TAOMUINIO 1, e Mae Miclie ABi KPUTHYHI IIBUIKOCTI B
poboyomy nianazoni Typboarperary K-1000-60-3000: 2160,3 o6/xB. (36 Hz) ta 2180 06/xB. (36,33 Hz). B
JIOKyMEHTaIlii napoBoi TypOinu [5] BkazaHa KpuTHYHA MIBUAKICTH o0epTanus 2153 Hz, mo Ha 0,34% meH1ue Bix
pospaxoBanoi. Takoro Mi3epHOIO ITOXHOKOI0 MOYKHA 3HEXTYBATH.

BinTBopenHs1 reoMeTpii poOOUYMX JIONATOK Ta OaHNKHHUX KPIMJIEHb CIPUYMHSE TEBHY CKIAIHICTD NPH
PO3paxyHKy METOJIOM KiHIIEBHX €JIeMEHTIiB. BuHMKae HeoOXiqHICTh CTBOPIOBATH OLTBII PiOHY CITKY, THM CaMHUM
KIJIbKICTh KiHIIEBUX €JIEMEHTIB 1 yac 00paxyHKy 3ajadi 3poctae B pasd. B HaykoBiii po6ori [6] 3anpomnonosano
BapiaHT 3aMiHM JIONIATKOBOTO amapaTy TOPOIMaTbHUMH KIUTBISIMH iI€HTHYHOTO paxiycy Ta macu. CTBopeHa
TeoMETpUYHA MOJETb 33 TAKOIO METOAMKOIO TI0Ka3aHa Ha puc. 3.
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Puc. 2 — Jiaepama Kemnbenna ons modeni pomopa 3 exeisaieHmHumu
PO3NOOINEHUMU MACAMU 3AMICIb PODOYUX TONAMOK MA OAHOANCHUX KPINJeHb

Tabmuus 1 — KpuTryHa MIBHIKICTH Ta BJIACHA YacTOTa 00CPTAHHS MEPIIOT MO

Mona, KprITMqHa 0, 06/xB 3360, 06/xB
Ne LIBHIKICTE, 00/XB
1 0 1,62E-04 Hz 1,62E-04 Hz
2 2160,3 36,17 Hz 35,91 Hz
3 2180 36,17 Hz 36,42 Hz
4 0 92,92 Hz 89,74 Hz
5 0 92,92 Hz 96,21 Hz
6 0 103,3 Hz 103,3 Hz

Puc. 3 — l'eomempuuna moodenv LIHT myp6inu K-1000-60/3000
3 eKGIBAICHMHUMU PO3NOOLIEHUMU MACAMU

Yac po3paxyHKy JaHOT MOJIeiIi, B HOPIBHSHHI 3 MEPIIO0, IEII0 30UIbIIMBCS, OCKIJIBKH 3pocia KUIbKICTh
KiHIleBUX eneMeHTiB. Ha miarpami KemmOesuia BHIHO, IIO YacTOTAa BJIACHUX KOJMBaHb 3HAYHO 3MEHIIUIIACK.
[IpUYMHOIO [BOTO € MOsBa JOBIMX TOHKOCTIHHHX €JIEMEHTIB y BHIVIAI TOPOINAIbHUX Kiltenb. Pamiyc
HAMOLIBIIOrO KibIS CTAHOBUTH 2123 MM mpu KopeHeBomy paziyci 900 mm.
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HasiBHICTH TOpOigaNbHUX KiJICIh BEIMKOIO JiaMeTpy MPU3BEia 1O CYTTEBOrO 3HMKCHHS BIIACHUX YaCTOT.
Sk BUAHO 3 miarpamu, KpUTHYHI IBUIAKOCTI OOCPTaHHS CTBOPEHOI MOJENI HE BiAMOBINAIOTH MiHcCHOCTI. ba3osi
TOYKH 1y ToOynoBH fiarpamu KemrOernia 3aHeceHi B TaOmHITio 2.

Tabmums 2 — KpuTrdHa MBHAKICTH Ta BIACHA YacTOTa OOSPTaHHS APYTOi MOJEII

Mﬁfa’ mBHIH{EiTTIfI;% " 0, 00/xB 3360, 06/xB
1 0 1,07E-04 Hz 1,07E-04 Hz
2 126,27 2,19 Hz 4,27E-02 Hz
3 126,31 2,19 Hz 4,28E-02 Hz
4 131,22 2,19 Hz 2,21 Hz
5 0 2,19 Hz 111,74 Hz
6 0 2,21 Hz 112,04 Hz

BucHoBok

1. B po0oTi BUKOHAHO PO3PaXyHOK BIIACHHUX Ta KPUTHYHUX YaCTOT 0OEPTaHHS pOTOpa HWIIHIPY HU3EKOTO
tHCcKy TypOoarperary K-1000-60/3000 mnst nBox BapiaHTiB 3amiHM poOoumx somarok. Ilepmra momenms 3
€KBIBaJICHTHUMH PO3IOIUICHUMH MacaMH, IPUKIaICHIMA J0 KOPEHEBOTO NiaMeTPy BiIIOBIAHOTO CTYIICHS, Ta
JIpyTa MOJEIh 3 TOPOINATEHUMHE KUTBISIMH, 1IGHTHYHOI JOBXHHHU Ta MacCH.

2. YcnimHy Bepuikalito, Ha OCHOBI KPpUTHYHMX IIBHJIKOCTEH OOEpTaHHs, NPOWIIIA TINBKA MOJENb 3
PO3MOAIICHNMH MacaMH. BiIXWIeHHS pO3paxOBaHMX Ta HOPMOBAHUX KPUTHYHHUX IIBUAKOCTEH OOepTaHHS
cra"HoButh 0,34%.

3. TopoinaibHi KIS BEIUKOTO JiaMeTpy B APYriid MOJeEINi MPHU3BEIH J0 3HAYHOTO 3HIKEHHS 4aCTOTH
BJIACHMX KOJMBaHb NEpIIMX MOA. B cBoio dWepry me cTamo NMPUYMHOI 3MEHIIEHHS KPUTHYHOI IIBUAKOCTI B
JIeKiTbKa pasiB.

CrnHcoK BUKOPHCTAHOI JiTepaTypu

1. HI MIIE Ykpainu. Kontpons Metany i IpofoBKEHHS TEPMiHy €KCIUTyaTallil OCHOBHHX €IEMEHTIB KOTIIB, TypOiH
i TpyOompoBoaiB Temnosux enekrpocranuiii: COY-H MIIE 40.17.401:2004. — Odiu. Bun. — K.: 'PIOPE: M-Bo nanusa ta
eHepreTuku Ykpainu, 2005. — 76c. — (HopmaruBHuit nokymMenT MinnanuseHepro Ykpainu, TUoBa iHCTPYKILis).

2. HI MIIE VYkpainu. BusHaueHHs1 po3paxyHKOBOTO PECypCy Ta OLIHKH JKMBYYOCTi POTOPIB Ta KOPIYCHHX JAeTaeil
Typ6irn: COY-H MEB 40.1-21677681-52:2011. Metomuuni BkasiBku / M.I". lllynexenko. — Odin. Bux., K.: 'PIOPE: M-Bo
najavBa Ta eHepreTHku Ykpainu, 2011. — 27 c.— (Hopmarusauii noxymeHT MinnanuBernepro Ykpainu, THIIoBa iHCTPYKIIis).

3. AWM. bamuukuii, M.M. Cemepak, B.A. bammmxkas, A.B. Cy6ora, S.Emam, O.b. Byc AHamni3 moxexH0-BOJHEBOT
Oe3mnexn TypOOTeHepaTOPHHUX 3alliB Ha €HeproOJIoKax eleKTpocTaHmiil. [Toocescna besnexa. — 2012. — Ne21. — C. 13-18.

4. Barella S., Bellogini M., Boniardi M., Cincera S. Failure analysis of a steam turbine rotor. Engineering Failure
Analysis. — 2011, — Ne6(18). — P. 1511-1519.

5. Typbuna maposass K-1000/60-3000. TexHHYECKOE OIMHMCAHHWE M MHCTPYKIMA MO SKcruryatauu Ne 1-D-TII-2.
Bapanr: HADK «OHEPT'OATOM», 2006. 112 ¢

66 ISSN 2308-7382 (Online)



https://journal.ldubgd.edu.ua/index.php/index

ISSN 1813-5420 (Print). Enepeemuxa: ekonomixa, mexmnonozii, ekonozia. 2023. Ne 3

6. Yepnoycenko, O. 0., ITemko B. A., Mapuciok B. O. Parmionanizaiis miIXo[iB YHCIOBOTO MOZIETIOBAHHS
TeOMETPUYHO-CKIIJTHOTO 00epTOBOT0 00JIaAHAHHS €NEKTPUYHUX CTaHLIiI0. EHepeemuKra: eKoHOMIKA, MeXHON02il, eKON02Is :
naykosutl scypran. — 2019. — Ne 3 (57). — C. 30-36.

7. Vaclavik J, Chvojan J (2017) Torsion vibrations monitoring of turbine shafts. In: Francesco I (ed) Procedia Structural
Integrity 5. Elsevier, Amsterdam, pp 1349-1354

8. Uepnoycenko O. 1O., Punmrok /1. B., ITemko B. A. Oninka 3aJIMIIKOBOTO pecypcy Ta MOTOBXKEHHS €KCIUTyaTarlil
MapoBHX TypOiH BEMHMKOI MOTYKHOCTI (dacTHHa 3): MOHOTpadis U HAyKOBLIB Ta JOKTOPIiB dinocodii 3a cnenianpHicTio 144
«Temnoenepreruka». Kuis: HTYY «KIII imeni Iropst Cikopcbkoroy, 2020. — 297 c.

O. Chernousenko?, Doct. Eng. Sc., Prof., ORCID 0000-0002-1427-8068
B. Marysiuk., Ph. D. student, ORCID 0000-0003-1099-0290
!National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”

VERIFICATION OF GEOMETRIC MODELS OF THE LPC ROTOR OF THE K-
1000-60/3000 TURBINE UNIT BASED ON NATURAL AND CRITICAL
FREQUENCIES IN THE ANSYS SOFTWARE COMPLEX

One of the priority tasks of the energy industry is to ensure the reliable and safe operation of steam turbine
units of thermal power plants and nuclear power plants. Given the difficult situation in the country, it is impossible
to replace outdated equipment that has exhausted its design resource with new ones. As is known, the safety factor
of the material taken into account during the design of steam turbine equipment was very approximate. At that
time, there were no data on the operation of power equipment, which would have already worked for 200-220
thousand hours. in difficult operating conditions. The situation has changed now. There are power installations
that have exhausted or are close to exhausting their design resource. By conducting experimental studies with
metal samples of this equipment, it is possible to significantly clarify the physical and mechanical properties of
steels and their damage due to operation. Therefore, the problem of extending the resource is becoming
increasingly important. Computer modeling has greatly simplified the task of calculating the resource of the
equipment. However, such a complex object as a steam turbine requires significant computing resources, and the
calculation of equations in all finite element nodes is quite time-consuming. It is necessary to look for ways to
rationalize calculation mathematical models. At the same time, the accuracy of the calculation should remain at
a satisfactory level. In this work, were created simplified geometric models of the rotor of the LPC turbine unit K-
1000-60/3000. The option is considered of replacing the working blades with equivalent distributed masses and
toroidal rings. Verification of the obtained models based on critical rotation frequencies confirmed the possibility
of replacing the working blades with distributed masses. On the other hand, the presence of toroidal rings of large
radii leads to a significant reduction of critical frequencies in comparison with normalized values.

Key words: residual resource, rotor, mathematical modeling, natural frequency, critical speed, K-1000-
60/3000.
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