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'Hauionanbnuii ynisepcuter 6iopecypcis i npuponokopucryBanns YKpainu

AOCTIKEHHS MPOUECIB TELJIOOBMIHY CUCTEMHA
OXOJIOKEHHA B ITAINIHUKY ITPU BIYHIN BEHTHJIALII

3anpononosanuii HOBUl CROCIO O0XON00NCEHHS 306HIUHBLO2O NOGIMPSL Y BEHMUNAYIUHUX CUCMEMAX
NMAWHUKIE, AKULL 06aA3YEMbCA HA  6UKOPUCMAHHI 600U 3 NIO3EMHUX C6ePONOSUH Md  MenI00OMIHHUKIG
PEKynepamopie 0ist OXOJI00HCEHHS NPURAUBHO2O NOGIMPAL.

Y nmaxienuuomy npumingenni nponoHyemoca 60kosa cucmema 0X0n00M4CeHHs 8 NIMHiIl nepioo poKy npu
memnepamypi 308Hiunb020 nogimpa +40 °C YV npunaueni xnanaua, i3 306HIWHLOI CMOPOHU NMAWHUKA,
Moumylombcs. mennoobminui anapamu. Ix kinexicme ckradae 40 wm 013 NONOSUHU NMAUHUKA 3 NONEPEYHUML
posmipamu 0,85x0,3 m.

Ilposedeno uucenvHe MOOeno8aHHA Npoyecie aAepoOUHAMIKU [ MenIonepeHocy 6 NMAUWHUKAX Npu
MYHebHill cucmemi eeHmuiayii. B pesyniomami uuceibHux po3paxyHKie OmMpUMAaHO pPO3HOOLL MmeMnepamyp,
wieuoKocmetl i MUCKI 8 NOGIMPAHOMY cepedosuyi NMAWHUKA. V neeHUX moukax, 8 paioHi 6xXo0y y NPUnIUGHUX
KAANAauie, MakCUMaibHA WeUoKicms nosimpsi 0oocsieae 00 11,62 m/c. Tuck Ha 6x00i 8 npuniusHi K1anawu 00csaeae
78,298 Ila. Taxa nogedinka 20860pumv npo me, Wo 8axcie 0X01004ceHe nogimps 6azyemvcs budxicue 00 nmuyi, a
6inbw Hazpime NIOHIMAEMbCS 820PY.

I3 po3nooiny memnepamyp y pisHux nepepizax 8 NMAawHuKy cnocmepieaemo, o 0xXon00xceHe no8imps 3
mennoodminnux anapamie memnepamyporo +20 “Cnanpasnsemovcs 6i0 kianamnie 6 nmawHux. Ilpoxoosuu 61u3vro
1,5 m Haepisaembvcs i xon00HUll nomix posocepeddcyemuvces no npumingenni. Cepedns memnepamypa Ha yux
oiankax ckaadae 6 medcax 6i0 +24,44 °C oo +26,67 °C. Bpaxosyrouu eeiuxy 008XHCUHY NMAUHUKA, NOOAU3Y
cminku 1,5...0,5 m, 8i00ysaecmvca memnepamypHa 3aCmiliHa 30Ha, siKka Koaugacmucs 6io +27 °C oo +32 °C.

Buxopucmanus  menioobminnuxie 015 0XON00JCEHHS. NPUNIUBHO20 NOBIMPS  0AE  MOJNCIUBICHIL
niompumyeamu 1io2o memnepamypy Ha pigui +20-25 °C ma 3HU3UMU NOKA3HUKU 80JI0208MiCMY 68 NMAXIBHUYUX
NPUMIWEHHAX, AKi € BUCOKUMU NPU BUKOPUCMAHHI OIS OXON00NCEHHS NPUNTUBHO20 NOBIMPs KACEMHUX Memooie
abo po3nuneants 600U GopcyHKamu.

Kmrouosi cioBa: CFD, 6oxosa cucmema eHmuiayii, cucmema 0Xon004CeHHsl, NMAUHUK, Menio0OMiHHUl
anapam.

Beryn

TpanuuiiHOI CHCTEMOIO OXOJIOMKEHHS B NTAIIHUKAX IS 3a0e3Ie4eHHss HOPMOBAHOTO MIKpOKIJIiMarTy B
NPUMIILICHH] € OXOJOMKEeHHS 3 mpsMuM BunapoByBaHHsM (OIIB) [1, 2]. ¥V mux cucremax 100 % cBixoro
30BHIIIHBOTO TMOBITPS BCMOKTYEThCS 4Yepe3 BHUIAPHI OXOJIOKYBaJbHI KaceTd Ha OIYHMX CTIHKax, Moo
BIAMOBIaTH BHIE3a3HAYEHUM OOMEXEHHSIM LIO/0 Teruia Ta sikocTi moBiTps [3]. OTike, TeMieparypa IOBITPs
OXOJIO/IKYETBCSL JI0 BOJIOTOTO TEPMOMETPA, 0JHOYACHO 30iblIyrour BMicT Bosioru. Kpim Toro, OB miaBuiye
BOJIOTICTh MPUILTUBHOTO MOBITPSI, THM CAMUM 3MEHIIIYOYH TEIUTOBi a4l Bix kypei [4]. OkpiM TEIIoBOro cTpecy,
BHCOKa BOJIOTICTh Y NPUMILICHHI NMPHU3BOAUTH 0 IHIIMX HECHPUSTIUBUX HACIHIAKIB Ui 370POB’S, OCKUIbKH
30UIBIIY€EThCS KIJIBKICTh aMiaky, SIKUA BHAULIETbCS KypsuuM mociigoM [5]. Lle mpu3BoauTh 10 3MEHIIEHHS
CIIO)KMBaHHS KypMH KOPMY Ta BUPOOHHUIITBA SI€Ib, 3 TAKOXK 301IBIICHHS PIBHS CMEPTHOCTI, 1110 BE/IE JI0 3HIKEHHS
BUPOOHHMIITBA Ta MPUOYTKY rayry3i. Buxomsuu i3 nux 4MCICHHNX TPYJHOILIB, 3 SKUMH CTHKA€THCS MTaXiBHUIBKA
MPOMHUCIIOBICTh, MOXKJIMBICTE CTBOPUTH BiJNOBITHY CTally CHCTEMY OXOJOKSHHS U1 NTAITHHUKIB y pETioHi
Karapy € rocrpoto norpe6oro.

CyuacHi CHCTEMH OXOJIOJPKEHHS MPUILTMBHOTO TMOBITPs B NTAIIHUKaX [6, 7] 6a3yl0Thcsl Ha BUKOPUCTaHHI
PO3MMWIIOBAILHAX 200 BUIMAPHUX CHUCTEM. B OCHOBI 000X CHCTEM JICKUTHh MPUHITUI aia0aTHOTO OXOJIOKEHHS
[8], komm Boja mepexoaMTh i3 PiAKOTO CTaHy B ra30MOAIOHNN YHACTIAOK BUILHOTO BUMIAPOBYBAHHSI, IO JI03BOJISIE
3HIKYBaTH TEMIIEPaTypy 30BHIIIHHOTO HATPITOTO MOBITPS B NTAXiBHUYNX MPUMIMICHHSIX.

VY po3nuoBagbHUX MPUCTPOSX THITY POPCYHOK 200 TUCKOBUX PO3IHIIOBAYIB yTBOPIOETHCS aep030Jib 200
crpel, o MICTHTh Kparut Boau Manoro miamerpa [9]. @opcyHkn OyBaroTh ABOX THMIB, a caMe: HU3BKOTO i
BUCOKOI'O THUCKY BOJH. 3a 3aCTOCYBaHHS Ul OXOJIOJDKEHHsS MOBITPsI (JOPCYHKOBOTO METOAY IepeadadaeThes
HasBHICTP CIICI[ialIbHOI CHCTEMH BOJIOIIATOTOBKH — OYUIICHHS, (QUIBTPYBaHHS # T. II., OCKUTEKH BUCOKHI BMICT
coJIel IIBUAKO BUBOIMTH 13 Jagy poOoTy dopcyHok. Kpim Toro, ekcruryaranist TakMx CHCTEM BHMarae BEIHKHX
BUTPAT €JIEKTPUIHOI €Heprii.

HenonikamMn kaceTHOTO METOAY € BHCOKMI aepOJMHAMIUYHHH OIip i BelWMKa BapTicTh YCTaHOBKH. [lo
HEJIOJIKIB yKa3aHOTOo METOJy MOXHA BIIHECTH TaKOX 3aCMiUyBaHHS KaceTHMX KaHaJiB ITHJIOM Yy Mporeci
excruryaranii. Cnif 3a3HauWTH, IO HA 3aCMiYeHid TOBEPXHI KaceTH YTBOPIOETHCS LBLIb, SIKa BHOCHTH Y
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MIPUILTABHE TIOBITPSI KOMITIOHEHTH, 1110 32 BUCOKOI BOJIOTOCTI MOBITPS CIIpHsi€ 30YIPKEHHIO B MITHUII Pi3HUX XBOPIiO.
VY pasi HEBYACHOTO OYHMINEHHS KaceT Ha iXHiIH MOBEPXHI MOXYTh BHPOCTaTH BOJOPOCTi. YKa3aHi YHMHHUKH
CIIOHYKAIOTh JI0 4acTOl 3aMiHH KaceT y)Ke Ha MepIIoMy polli eKciuryaranii. MakcuMmaibHui CcTpOK poOOTH KaceT
He mnepeBunrye 10 pOKiB 1 3aJIe)KUTH BiJ SIKOCTI BOIH, MPO(IIAKTUYHUX POOIT Ta PEXHUMY eKCILTyartarii.
EdekTHBHICTh KACETHOTO OXOJIOPKEHHS BEJIMKOIO MipOIO 3aJI€KHUTh TAaKOX BiJl FTePMETHYHOCTI NTAIIHHUKA.

Merta i 3aBIaHHA.

Y IOCKOHAJICHHSI CHCTEMH OXOJIOJUKEHHS B IMOBITPSHOMY CEPENOBHILI NTALIHHUKA 33 PaXyHOK MOHTaXY
TEIUIOOOMIHHHX amnapariB Ha OidHi# cTiHi 3aranoM 80 mT. Sk HAYKOBOIO CKJIQJI0BOIO € JOCIHIHKCHHS TPOIIECiB
TiAPOJAMHAMIKH Ta TEIIOOOMIHY B MOBITPSHOMY CEPEIOBHINI NMTANTHUKA 3 YIOCKOHAJICHHSIM PO3TAaIlyBaHHS SK
BEHTHJIIIITHOTO 00IaTHAHHS, TaK 1 TEITIOOOMIHHMX amapaTiB sSKi TOTHKAIOTHCS 0 MPUILTUBHUX KIIaNaHiB.

Martepiajin Ta MeTOAM A0CTiTKEHD

JocmimKyeTbest cucTeMa 0XO0JI0KEHHS IIPUILTUBHOTO MOBITPS B NTATHAUKY. Po3Mip sikoro ckmamae 120%21
M. [ligmora BukoHaHA 3 ABOX miapiB OeToHy TOBImMHOIO 0,1 M, 3BepXy i 3HU3Y, MK SKHMH 3HAXOIUTHCA
nomictupon toumHow 0,05 M. Y Micugx Ha BifcTaHi 2 M Bij CTiH, TOBUIMHY TEIUIOI30JSALIHHOTO Marepiay
30inbieHo 10 0,1 M. CTiHM BUKOHaHI SIK TPUILIAPOBi, 3 000X CTOPIH HasABHI JBa mapu 6eroHy ToBIInHOIO 0,06 M,
MK SIKUMH 3HaXOJUTHCS LIap NOJiCTHPOITy ToBIIKMHOKO 0,1 M. [In1s1 cipomieHHst Moziedi, IepeKPUTTSI BUKOHAHO SIK
TpHUILAPOBE, SIKE 13 30BHIIIHBOI 1 BHYTPINIHBOI CTOPOHHM BUKOHAHE 3 OETOHY, MK SIKMMHU 3HaXOIMTHCS LIap
TEIUTOI30JIsIIiHOT0 MaTepiany izovat 30 ToBumHOO 0,1 M.

BpaxoByoun «CUMETpilo» I'paHWYHUX YMOB Ha OOKOBHMX CTiHKax NTAIIHHUKA MU PO3IIISAAEMO TiTbKU
MOJIOBUHY NTAIIHUKA (IUB. pHC. 1), 0 A€ 3MOTY 3MEHIINTH BUKOPUCTAHHS KOMIT FOTEPHHUX PECYPCIB.

VY nraxiBHHYOMY MPHUMIIICHHI IPOIIOHYETHCA OOKOBA CHCTEMa OXOJIOMKCHHS B JIITHIA MEpiox pOKy MpH
TeMmIeparypi 30BHimHBOro moBitpst +40 °C. VYV mpuIUIMBHI KjamaHa, i3 30BHIIIHBOT CTOPOHM TTAIIHUKA,
MOHTYIOThCS TETIIOOOMIHHI anapat. IX KigbkicTh ckmagae 40 T il MOJOBMHM MTAIIHAKA 3 TONEPEYHUMH
po3mipamu 0,85x0,3 M. B skocTi oxomomkyBada SBISETHCS BOAA 3 MiJA3EMHUX CBEPIJIOBHH. I3 momepemHix
nJociimkenb aBTopiB [10], siki po3poOsUid TEMIOOOMIHHI amapaTd JAis TaKoi CHCTEMH OXOJIOPKCHHS,
MPEJICTABJICHO JCTalbHI JOCTIKCHHS. AHANI3YIOYN PE3yJIbTaTH, Yepe3 TaKi TeII0O0OMIHHUKH, 30BHIIIHE TEILIC
TIOBITPsI MPOXOAUTHUME Yepe3 HBOTO 1 Oye oxomomkyBaTuch 10 +20 °C.

BUTsDKHI BEHTWIIITOPU pO3TAILOBYIOTHCS Ha 3aJHIM TOPLEBIM CTiHI, B KUIBKOCTI 5 mT, Oepyud i3
peKoMeHaallii aBTopiB pociimkenHs [11], i3 3aranpHo0 MpoxykTuBHicTIO 42,815 Kr/c.

L5 KUTBKICTD TOBITPS € ZOCTATHHOIO AJISl BUAAJICHHS Ha/UTMIIKOBOI TEIUIOTH 3 MTAIIHUKA. B350 110 yBarn
1 IPUIUIMBHI KJIallaHW, BUCOTA PO3TALTyBaHHS AKHX Bix piBHA mepekputTs ckinanae 0,21 m. Ky naxwmny crioiinepa
Hajx kiramaHoM 73°. JloexwHa croitmepa 0,2 M. 3anmisHo 40 kiamadiB Ui TOJIOBHHH NTalTHWKA. Kimanmanw
Wilotpowietrza 3000-VFG marots mupuny 0,86 M, a Bucota Bimkpusanus ix ckiuagae 0,09 .

Ha ycix 30BHIIIHIX CTiHAX 1 MEPEKPUTTI 3aJaBANKCh TPAHUYIHI YMOBH TPETHOTO poxay (AuB. puc. 1), mpu
30BHiIIHIM TemnepaTypi noBiTps +40 °C i BenuuuHi koedinienta Temtopiaaadi 10 Br/m?K, sxuii XapakTepHuil ajs
cepelHIX LIBUKOCTEH 30BHILIHBOTO BITPOBOTO MOTOKY. [IpHIlyckaeMo, 10 TeMIrepaTypa IPyHTY, L0 MPHIArae
JI0 HIDKHBOT'O OETOHHOTO TIapy mimory, ckiragae +10 °C.

Pucynox 1 — I'eomempia 3D nmawnuka i3 3a3Ha4eHHAM SPAHUYHUX YMOB

I'eomerpito nranranka BukoHaHo B ANSY'S Design Modeler 2023 R1 i BuctaBierno rpaandsi ymoBH. Ilicns
yoro reometpito nepenaHo B ANSYS Meshing 2023 R1 mna mobyzoBu citku. I1oOynoBa ciTkn BHKOHaHaA 3a
noromoroto meroxy CutCell. MinimansamiA po3Mip rpai — 0,015 M. Makcumansauii po3mip rpani — 0,12 m. [l
NPUILIMBHUX KJIAIaHIB Ta BUTSHKHUX BEHTHIISITOPIB CITKY 3TYIIyBajX 3 MiHIMaJIbHUMH po3Mipamu enemenTa 0,01
M Ta 0,04 M BigmOBiAHO. 3TYIIEHHS CITKA BUKOHAHO IUIS OUTBII TOYHIIIMX PE3yJbTATIB MPH MOJCITIOBAHHS Ha
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BXOJIi Ta BUXO/Ii 3 ITAlIHUKA. S[K pe3ynbTaT, MOKAa3HUK SIKOCTi ciTku orthogonal quality ckianae 0,214, KinbKicTh
esnemeHTiB 4485116 T, a KibKicTh By3miB 4854992 mit. Pesynpratn moOynoBaHOl CITKM MOXKHA T00AYNTH Ha
puc. 2.

Pucynox 2 — Cimka 6 nogimpsinomy cepe0oguuyi nmauiHuka.:
a — bokosa cminka, O — 3a0HsA Mopyesa CMiHKd

YucenbHe MOJCIIOBaHHSA NPOBOAWIOCH Oe3mocepeanbo B ANSYS Fluent 2023 R1. Y wmomemi
3acTOCOBYBaIUCh piBHSHHSA Navier-Stokes, cranaapTHa Mozesb TypOyseHTHOCTI k-€ 1 MOJiesIb BUIPOMIHIOBaHHS
Discrete Ordinates.

Pe3ysabTaTH gocaigKeHb

Ha puc. 4-10 mokazaHo pe3yIbTaTH YUCETHHOTO MOACTIOBAHHS NTAITHHKA HA YOTHPHOX OiNITHKaX (puc. 3)
Mo ToBKUHI npuMitieHHs — 10,25 m, 43,25 M, 74,75 m 1 109,25 no oci xy. [lepma i apyra AinsgHKN — cepeanHa 4-
T0 IPUILUTUBHOTO KiamaHa i 15-ro BigmosigHo. TpeTs —Mix 25-M Ta 26-M NpUITHBHIMHE KiarnaHamu. YeTBepra
IUITHKAa — Ha cepenuHi 37-To MPUIUIMBHOTO KiamaHa. 110 TOBXWHI MTallHUKAa Po3TamoBaHo 40 MPUILTUBHIX
KJIaIlaH|, 13 TEIIOOOMIHHIMHY arapaTaMH.

Angye

Pucynox 3 — Ilepepisu gugedenux pe3ynbmamis 4uceibHo20 MOOe08AHHS

Ha nginsukax 1, 2 Ta 4 BimoOpakeHO JiHIi MOTOKY B MTAINHUKY (quB. puc. 4a, 40, 4r, 5a, 56, 5r).
CrioctepiraeMo, 110 KIAallaHW Ta CIOMJIEpH PO3TAIIOBaHI HE MOCTATHHO BAAIO. IIOTIK MOBITPS BUXOIUTH 3
KinamadiB 31 mBuakictio 11,485 m/c. Jlocsraroym, MPakTHYHO, CEPEAWHU MNTAIIHWKA 1 HANPAaBIIAEThCS BHH3,
BTPAYar0uH MBUIKICTE, 0 NTHUIN. MiX CTPIMKHM IIOTOKOM IOBITPS 1 ITHIICIO CTBOPIOETHCS BEIMKUN BUXOP, SIKUH
3a0e3neyuye 1mojady CBIKOTO MOBITPS NTHLI. Y BEpXHiH 4acTHWHI NTAlIHWKA, IO CEpeAHiil JiHil, CTBOPIOETHCS
MaJIMil BUXOp TOBITpPS Yepe3 crenuivHy KOHCTPYKIIIO NTAlIHUKA. A TaKOX BiOyBa€ThCs IOMALT HOBITPSHOTO
MMOTOKY, Yepe3 iHTeHCUBHY Horo noxaady. [l{o cynpoBoKye TypOyIeHTHICTh TIOTOKY MOBITPSI, HA KX JJISTHKAX,
Ta IHTEHCHBHE IEPEMIlIyBaHHS CBIXKOTO IOBITpPS i3 BiAIIpalbOBaHMM. Y IIEBHHX TOYKaX, B paiiOHi BXOILy Yy
MPUIDTMBHAX KJIAMaHiB, MAKCHMAJIbHA IIBHIKICTh MOBITPs focsrae go 11,62 m/c. Tuck Ha BXOAI B IPUILTUBHI
Kiamanu gocsrae 78,298 Ila.

B cBot0 uepry, Mixk 25-m Ta 26-M IPUIUIMBHIUMH KJ1aniaHaMu (IUB. puc. 4B, SB), IIBUJIKICTh TOBITPS 1OCSTAE
1,3 m/c. TToBITpst pPiIBHOMIPHO BUAAJSIETHCS 13 MTAITHUKA.

HIBHAKICTH TOBITPS HA TPHOX BEHTHJLITOPAX sIKI PO3TAIIOBaHI Y HIDKHIN JIiHIT ckianae 5,148 m/c, a THCK -
4,045 Tla, omHak Ha BEPXHIX JBOX BEHTHJIATOPAX MIBHIAKICTH cKiamae 4,871 m/c, a tuck -3,575 Ila (puc. 7). Taka
MOBEJIiHKa TOBOPUTH TIPO Te, IO BaKue OXOJIO/KEHE MOBITPs 0a3yeThCst OJMXKYe J0 NTHUL, a OLIbUI Harpite
MiIHIMAETHCS BrOPY.
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Pucynok 4 — Ione wsuoxkocmett (M/c) y npumingeHHi nMAWHUKA No OCL Xy HA 6i0CMaHi 6i0 nepedHboi mopyesoi
cminku: a— 10,25 m; 6 — 43,25 m; 6 — 74,75 m; 2 — 109,25 m.
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Pucynok 5 — Jlinii nomoky (m/c) y npumiwgenni nmawiHuxa no oci xy Ha giocmani 6i0 nepednvoi mopyegoi
cminxu: a— 10,25 m; 6 — 43,25 m; 6 — 74,75 m; 2 — 109,25 m.
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Ha puc. 6 npeacraBieHO pO3MOALT TEMIIEpATyp y Pi3HUX Mepepizax B NTAMIHUKY. Sk 0a4nMO, OX0JI0KEHE
TIOBITPS. 3 TEIUIOOOMIHHMX amapatiB Temmeparypoio +20 °C (puc. 6a, 0, T), HaIpPaBISIETHCSA BiA KIalaHIB B
nramHuK. [Ipoxomsyn Omm3pko 1,5 M HArpiBaeThCs i XOJOTHHM TMOTIK PO30CEPEIKYETHCS MO MPHUMIIICHHI.
Cepemas TeMmIepaTypa Ha IIUX IOUITHKaX CKIagae B Mexax Binm +24,44 °C mo +26,67 °C. BpaxoByoun BeIHKY
JIOBXKHHY NTaIIHKKA, N00au3y ctinku 1,5 M (puc. 6r) i 0,5 M (puc. 6a, 0, B), BinOyBaeThcsl TeMIIepaTypHa 3acTiiHa
30Ha, sAKa KoJuBaeThes Bim +27 °C no +32 °C. Y Moneni mpuBeneHe MPUITYIICHHS, O NTUI HE PO3MIIICHA HA
Binctani 0,6 M Big cTinu. TakuM 9rHOM, JIHIIE Ay’Ke Masia KUTbKICTh NTHII Oy/e BiAdyBaTH NEBHUN AUCKOMQOPT
(puc. 6r). [1o6aM3y epeKpHUTTs HA He BEIMKIiH BiacTaHi, 6amu3bko 0,15 M, TeMneparypa konuBaeTbes Bin +28 °C
o +40 °C. Lli miaBuUINEHI TeMIepaTypu CYHIpPOBOJDKYIOTHCS Yepe3 BHCOKY TeMIEpaTypy 30BHILIHBOTO HOBITPs
(+40 °C) Ta IHTEHCHBHICTb COHSATHOTO BUIIPOMiHIOBaHHs. Ha puc. 6B mpeicTaBIeHO TeMIIepaTypHe Tojie Mix 25-
M Ta 26-M IpUIUTHBHIMH KJIallaHaMu. Temreparypa Ha Liff ZUISHIN Jemo Hik4a, Bix +24,8 °C no +25,96 °C. Le
CYNPOBOJIXKCHE Uepe3 Te, 0 BIJACYTHS MOada OXOJIOKCHOTO MOBITPS Ha i TUTSHII.
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Pucynok 6 — ITonre memnepamyp (°C) y npuminyeHni nmautHuka no oci Xy na 6iocmani 6i0 nepeonvboi mopyesol
cminku: a— 10,25 m; 6 — 43,25 m; 6 — 74,75 m; 2 — 109,25 m.

Ha puc. 8 npencrasneno nosie meuakocTeit (puc. 8a) ta mone remneparyp (puc. 86) Ha Bucori 0,7 M Big
piBHs migpiord. JlaHi pe3yiabTaTH € HAHOUIBbIN IIKABUMU Ta BAKJIMBAMH, TaK SK MTHI 3HAXOIUTHCSA Ha
MiUIOrOBOMY yTpUMaHHI. BpaxoByo4n HOPMHU TEXHIYHOTO YTPUMAaHHS IITHIII, IIBUAKICTB MOBITPS MOOIN3Y NTHUILI
HE TIOBHHHO MEPEBUIIYBAaTH 2 M/C, TOMY pe3yJbTaTH Ha puc. Sa mokazano B Mexax Bifg 0 mM/c 10 2 m/c. 3 orysimy
Ha pe3yJIbTaTH MpEeACTaBIIeHI HAa pUC 3 Ta BUCOKI MIBUAKOCTI MOBITPS Ha BXOJI y NPHIUIMBHUX KJIaNaHiB, sKi
jocsiratoth 11,62 M/c, nuiie y Manux 30HaX IIBUIKICTh HOBITPs mepeBHInye 2 Mm/c. YcepeaHeHa IIBUIKICTh
NoBIiTpst Ha AUBIHLI (auB. puc. 8a) ckmamae 0,72447 wm/c, a tuck -0,385 Ila (muB. puc. 8B). Lli pesynbraTu
MOKA3yIOTh JOCTATHIO €()eKTUBHICTh CHCTEMHU BEHTHJISLIT B NTAIIHUKY.

Temneparypa MoBITpst y dKapKHii epio ] poKy mo0JIM3y NTHIII He HOBUHHA nepeBuinyBatu +28 °C. 3 ornsity
pe3yJIbTaTiB YUCEIBHOTO MOJIENIIOBaHHs (JIuB. puc. 80), TemnepaTypa MoBiTps, sika nepesuiiye +28 °C, 3aiimae
mronty He 6inbuie 0,46 %. Lle moka3ye xopolry eQeKTHBHICTh CHCTEMH 0XO0JIOJpKEHHs nTamHuka. [lo cepennni
NITAIHAKA CIIOCTEPIraloThes JIEI0 HIDKYI TEMIIEpaTypH IOBITpS, SIKi MmoyMHaroThes 3 +24,59 °C. YcepenHeHa
TeMIepaTypa 1o BCii o nTanHuka Ha BUcOTi 0,7 M Bil piBHSA HiIOTH cKianae +25,6987 °C.

Ha puc. 9-10 nokazano po3noaii mBHAKOCTeH moBitpsa B 3D nranrHuky y mexax Bin 0 1o 2 m/c.

Sk 6a4rMO, KJIanaHy MPaLOTh eEKTUBHO, IIOIAI0UH CBIXKE 0XOJIO/PKEHE MOBITPS IIPAKTUYHO JI0 LIEHTPY
NTalIHUKA. BIN3bKO i3 CepelyHM MNTallHWKA, HOro 3araibHOi JOBXKMHH, MOBITPS 13 KIAMaHIB yXe He Tak
iHTeHCHBHO mojae. CriocTepiraeThCsi EBHE 3aTyXaHHS, L€ CYNPOBOIKYETHCS 4yepe3 HaOJIMKEHHS IOBITPS /0
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BUTSDKHMX BEHTWJIATOPIB. SIK yKe CKa3aHO BHINE, HIDKHI TPH BEHTWIATOPU 3aTATYIOTh OUIBITYy YacTHHY
OXOJIO/IKEHOT0 MOBITPsA. TaKUM YMHOM, KJIallaHW HE MAlOTh 3MOTH IT0JJaBaTH MOBITPs 10 LEHTPY NTaIIHUKA.

Prossure Pressure
Cortaer xy 1033 Cortaar xy 4333 - B

1 1

[Paf

B r
Pucynok 7 — Ilone muckis (Ila) y npumingenni nmawnuxa no oci Xy Ha 8i0Cmaui 6i0 nepeduvboi mopyesoi
cminxu: a— 10,25 m; 6 — 43,25 m; 6 — 74,75 m; 2— 109,25 m.

Tlonsika
MiHicTepcTBY OCBITH Ta HayKn YKpaiHH 3a (DiHAHCOBY HiJTPHMKY HPOEKTIB Mojoanmx BueHuX (Kwis),
Ne 110/1M-mip-2022.

BucHoBkn

1. Pe3yspTaToM 4HCENBHOTO MOJICNIOBAHHS OYJIO JOCIHIIKEHO CHCTEMY OXOJOKEHHS Yy KapKHUi 1epion
POKY 3 TeMIiepaTyporo 30BHIIHBOTO HOBITps +40 °C B 3D i MONOBHHU NTAaIIHUKA. 3alpOIIOHOBAHO HOBY
CHCTEMY OXOJIOPKSHHSI NITALTHUKIB 3 IOIIOMOTOI0 TEINIO0OMIHHOTO 00JIaIHAHHS, HA BUXO/Ii TEMIepaTypa sKoro
Oyne cknanaru +20 °C. B sIKOCTI 0X0110/KyBaya NPONOHY€ETHCS BOJA 3 MiJ3€MHUX CBEPJUIOBHH.

2. Po3poOieHO MareMaTHYHY MOJieNib aepoAMHAMIKM 1 TeIIONEepPeHOCY B MNTAIIHHMKY. B pesysbrati
YHCEIBHOT0 MOJCTIOBAHHS OTPUMAaHO PO3HOALIN TeMIIePaTyp, INBHAKOCTEH Ta TUCKIB B IPUMIIICHHI NTAIIHHAKA.
B pesysnbrari mpoBeieHOro aHamisy IMOJsl TEMIEpaTyp B NTAIIHUKY MOKAa3aHO, L0 HAa OKPEMHUX IUISTHKaX
TemIeparypa B cepenabomy ckianae Big +20 °C go +27,22 °C. TakuM 4YMHOM, BPaXOBYIOYH OTPHUMAaHI PO3MOILIN
TeMIlepaTyp 1 HIBUAKOCTEH Bix piBHA mijtord no mo3Hadku 0,7 M, MOXKHa 3pOOMTH BHCHOBOK, IO IIPH
3aIpOIIOHOBAHIM cHUCTeMi 0XOJIO/PKeHHs AUcKOoM(opT BiguyBaTuMe He Oinbmie 0,46% Bij 3aragbHOI KUIBKOCTI
NTUI. YcepeaHeHa MIBHIKICTh MOBITps ckiamae 0,72447 wm/c, a temmeparypa +25,6987 °C, mo BimmoBimae
HOPMOBAHUM OKa3HUKAM.

3. TlepeBaroo 3anponoOHOBaHOT CHCTEMHU OXOJIOIXKEHHSI IPUILTUBHOTO TOBITPSI Y MOPIBHSHHI 3 ICHYIOUUMHU
MoJIsira€ B TOMY, L0 PO3MOLIM TeMIEepaTyp MOBITPs B NTAIIHUKY OJNM3bKI 10 HOPMOBaHHX 1 HE MEPEBHIIYIOTH
+28 °C y niTHiil nepioj; poky. HacTynHOO nepeBaroro € 3MeHIICHHS BiJHOCHOI BOJIOTOCTI MOBITPS B MTALIHUKY,
OCKIJIbKM BHKOPHMCTaHHSI KaCeT BUIIAPHOTO OXOJIOKEHHS ab0 PO3MWICHHS BOAM (OPCYHKaMH NPH3BOAUTH IO
MePEBUILCHHS HOPMOBAaHHUX MOKA3HUKIB BOJIOTOCTI MOBITps. Lle 1a€ 3MOry MOKpAIUTH HapaMeTpy MiKpOKIiMaTy
Ta MiJABUIINTH NPOJYKTHUBHICT NTaX0()aOpUKH B IIJIOMY.
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Pucynox 8 — Ione weuokocmeii, m/c (a), none memnepamyp, °C (6) i none muckis, Ila (8) y npumiwenni
nmawnuka no oci zx Ha eucomi 0,7 m 8i0 pi6Hs nidrocu
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Pucynok 9 — Bizyanizayis wieuoxocmi nogimps. nmauwiHuka 6 mevxicax 6io 0 do 2 m/c
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Pucynok 10 — JIinii nomoky nogimps nmawnuka 6 mevicax 6io 0 0o 2 m/c
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INVESTIGATION OF HEAT EXCHANGE PROCESSES IN A COOLING SYSTEM
IN APOULTRY HOUSE WITH SIDE VENTILATION

A new method of cooling the outside air in the ventilation systems of poultry houses is proposed, based on
the use of water from underground wells and heat exchangers for cooling the supply air.

Numerical modeling of aerodynamics and heat transfer processes in poultry houses with a tunnel
ventilation system was carried out. As a result of numerical calculations, the distribution of temperatures,
velocities, and pressures in the air environment of the poultry house was obtained. The use of heat exchangers to
cool the supply air makes it possible to maintain its temperature at +20-25 °Cand reduce the moisture content in
poultry houses, which is high when using cassette methods or spraying water with nozzles to cool the supply air.

As a result of the numerical studies, it is recommended to increase air flow rates by including a third
exhaust fan located on the top line of the rear end wall. This will allow for a more even temperature distribution
in the house.

Keywords: CFD, side ventilation system, cooling system, poultry house, heat exchanger
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«KuiBchknmii nosritexniyanii incrutyT imeHi Iropst Cikopcbkoro»

BILIUB OIIOPY PE3UCTOPA 3A3EMJIEHHS HEMTPAJII HA
PEKUMU POBOTHU PO3NIOAIJIBHUX HAIIPYT'OIO 20 KB

Y cmammi posensanymo enaue pisnux peoicumis 3a3emienHs Heumpani Ha eKCniyamayiiuni napamempu
Ppo3nodineHux mepedxc nanpyeoro 20 kB, 30kpema 6ubip onmumanbHO20 ONopy pesucmopa OJsi pe3sucmueHo20
3azemaeHHs Heumpani. OOHUM i3 OCHOBHUX 3A80aHb € NiOGUUEHHS edheKMUBHOCII pOOOMU PO3NOOLIbHUX MeperC
OEC Vkpainu wasxom nepexooy 3 nanpyeu 10 kB na 20 xB. L]e piwenna cnpamogaHne HA 3HUNCEHHSA 8Mpam
nomyascHocmi, 30i1bUeHHs 00cacy nepedanoi eHepeli ma noxinuieHHs pobomu penetHo2o 3axucmy. Y konmexkcmi
mMakozo nepexooy 0cobaU80 aKmydaibHUM € UOIp CNOCOOY 3a3eMIEHHS Helmpani MPancHhopmMamopa HcusieHHs,
wWo iCIOmHO NIUBAE HA HAOIUHICMY | Oe3neKy eKCHIyamayii eneKmpuiHux mMepesic.

B oocnidoicenni euxonano ananiz naugy pesucmuBHo20 3A3eMACHHA Heumpani mpaucgopmamopa Ha
pedcuMHui xa-pakmepucmuxu mepedxci nanpyeoio 20 kB, a maxoc usHauenHs ONMUMATbHO20 3HAYEHHS ONOpY
pesucmopa. Haeedeno pesynomamu nopieHAHHA eHep20GY3Ia Mepedici 3 130/1b0GAHOI0 HEeUmpanio ma
Pe3uCmuBHUM 3a3emienHam. [Ipoananizoéa-Ho oCHOGHI eKCniyamayiiuni napamempu, maxi K Cmpymu KOpomko2o
3aMUKAHHA, NepeHanpyu Ha HEYWKOONCEHUX (a3zax, 6mpamu NOMYHCHOCII Ma poOOmY penetinozo 3axXucny, wo
Maoms 3HAUHUI 6NJIUE HA CMADLNbHICMb [ 0€3neKy (DYHKYIOHYSAH-HS MePECL.

Cmeopeno imimayiiiHy po3paxyHKo8y MoOelb eHepeogy3ia Mmepedxci Ha 0a3i osompancgopmamopHol
niocmanyii 110/20 kB, wo exmoyae 06i cexyii 3 8I0XIOHUMU NIHIAMU DI3HOI OOBX’CUHU A HABAHMANCEHHS.
Mooeniosanis 6UKOHANO 3a O0NOMO20I0 NPoSpamHo2o Komniekcy PowerFactory, sikui 3a6e3newye Mojciugicms
MOYHO20 BIOMEOPEHHA PeanbHUuX ymMos8 (QYHKyionysanns enekmpuunux cucmem. Ocobausa ysaea npudinanacs
8UOOpY onopy pezucmopa OJis 3a3eMAeHHA HeUmpani ma 1Uo2o enaugy na napamempu mepesici. ¥ docuiocenmi
oyau  posensanymi womupu eapianmu  @QYHKYIOHYEAHHA HeUmpani. i301606aHA HEUMpAans mMa pe3ucmugHe
sasemnennsi 3 onopom 10 Om, 15 Om i 20 Om.

Yemanoeneno, wo ons 3abesneuenns cmabinbhoi ma desneunoi pobomu po3nooiibHOL MepexCt 8aiCIueuUM
€ Npasu-IvHull 8UOIp Memooy sazemaenns nelmpani. OnmMumMarbHUM 8apiaHmom 3 nepenixy NPUHAMUX 3Ha4eHb
onopy € pe3ucmugHe 3azemienns 3 onopom 15 Om, axe 0036019€ 3HUZUMU 6MPAMU HOMYIHCHOCMI, 3a0e3neuye
docmamHuiil pigeHb cmpymi6 015l eqpeKmusHoi pobomu peietno2o 3axucmy ma MiHIMI3Ye PUsUKU NepeHanpye Ha
Heyukoodxcenux ¢pazax. ILle Oocniddcennss € eaxcaueum O NIOGUWEHH HAOIIHOCMI QYHKYIOHY8AHHSL
PO3NOOIIbHUX Mepedc ma Oe3neku eleKmpono-cmadanHs, ocooauso y Koumexcmi modeprizayii mepexc OEC
Ykpainu.

Kurouosi caoBa: nanpyea 20 kB, pesucmusHe 3a3emienns, i301608aHa HeUMpAaib, KOPOMKE 3AMUKAHHSL,
nepenanpyeu, 6mpamu ROMYICHOCHI, PO3NOOLIbHI MepeiCi.

Beryn

3 MeToro miBuUIIEeHHS eheKTUBHOCTI QyHKIIOHYBaHHS po3noaibHUX Mepex OEC Ykpaiuu BaxIMBUM Ta
JIOLIb-HUM $IK 31 CTOPOHHM 3MEHIIEHHSI BTPAT MOTYXHOCTI, 30UIbIIEHHS NOTY)XHOCTI, 10 MEPeAaEeThCs, TaK 1 3
CTOpOHU (YHKII0-HYBaHHsI pesielHOro 3aXucTy € nepexija 3 Hanpyru 10 kB na 20 kB. Y npomy nporieci nocrae
aKTyaJibHe MUTaHHS BUOOpPY criocoly 3a3eMiIeHHs HeHTpaii TpaHchopMaTopa, 10 KUBUTh MEPEXKY 3 HAIPYTOIO
20 xB.

Croci® 3a3emuleHHs1 HelTpani TpaHcdopmaropa SKHBICHHS B PO3MOAUIBHHX Mepekax € Haa3BHYaiiHO
B)XJIMBOIO XapaKTEPUCTHKO0. BiH BIIIMBaE Ha TaKi acIeKTH, K CTPYM Yy MicCIli MOIIKO/DKEHHSI, IEpeHanpyry Ha
HEYIIKO/DKEeHHX (pazax mijx yac ogHo(a3HOTO 3aMUKAHHS, CXeMy MTOOYI0BH PEJIeHHOro 3aXHCTy Bijl 3aMHUKaHb Ha
3eMJII0, PIBEHb 130JIALII €JIEKTPOyCTaTKyBaHHs, BHOIp amapariB JJIsl 3aXHCTy BIJI TPO30BHX 1 KOMYyTaliifHHX
nepeHanpyr (oOMeXxyBadiB IepeHarn-pyru), 6e3nepeOiiHICTh eNeKTpOorocTayaHHs, JAOIMyCTUMUI OIp KOHTYpY
3a3eMJICHHS MIJICTaHIi{, a TaKOX pIBeHb OE3MEKH NMepcoHay Ta OOJaJHAHHS IMiJ 4ac OJHO(A3HUX 3aMHUKaHb.
Crioci6 3a3eMiIeHHS HEUTpaixi MOKe CYTTEBO BIUIMBATH HAa HAaBEICHI XapaKTEPUCTHUKH, IO CTAaBUTh aKTyaJIbHUM
NHUTaHHS ONTHMATFHOTO HOro BHOOPY 3 ypaxyBaHHsM crierudiku mepexi [1-6].

MeTa po60TH — aHANI3 BIUINBY PE3UCTUBHOTO CIIOCO0Y 3a3eMJICHHS HEHTpaili TpaHchopMaTopa SKUBJICHHS
Ha PeXXUMHI TapaMeTpH, a TAKOK BHOOPY 3HAUEHHS OMOPY PE3UCTOPa B PO3MOIUTEHIX Mepexax 20kB.

[TopiBHAHHS peXHMiB POOOTH MEpeXki 3 i30JIbOBAHOIO Ta PE3UCTUBHO 3a3€MJICHOI0 HEUTPAJUTIO IIMPOKO
BHCBITJIIO-€TBCS B HAYKOBUX ITyOmikamisix [7], [8], OCKiIBKH I1i BA METOAM 3a3€MJICHHS CYTTEBO BIIMBAIOTH Ha
PEXMMHI XapaKTepU-CTHKH €JIEKTPHYHUX MEPEX i, BIIMOBIIHO, MAIOTh CBOI IlepeBark Ta HeJomiku. Bubip mix
OUMH PEKUMAMH 3aJICKHUTh BiJl Criel(igHIX BEMOT MO O€3IMeKH, CTaOLIBHOCTI, EKOHOMIYHOI JOIUIBHOCTI Ta
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eKCIUTyaTalliiHuX XapaKTepUCTHK Mepexi. Y TaONmuIli  y3araJlbHEHO TIOPIBHAHHSA BIUTUBY 130Jb0BaHOI Ta
PE3ECTHBHO 3a3eMJICHOT HEHTpali XapakTepUCTUKH Mepexi [9].

Amnani3z HaBeneHMX ocoONMBOCTEH (YHKIIOHYBaHHS MeEpEX B PEKHMI 130Jb0BaHOI Ta PE3UCTHBHO
3a3eMJICHO] Haii-TpaJsi JaB 3MOTy OLIHHMTH iXHI BIUIMBM Ha POOOTY €JIEKTPUYHUX MEpexX i oOpaTh HalOiabII
BIAMOBITHUN MeTOA (DYHKIIOHYBAaHHS HEUTpal Uil KOHKPETHUX YMOB

Tabmunsg 1 — [TopiBHSHHS XapaKTEPHUCTHK 130JIbOBAHOM Ta Pe3eCTHBHO 3a3eMJICHOT HeWTpati

XapakTepucTuka I3onbBana HelTpaadb Pe3zecTuBHO 3a3eMieHa HeliTpaJab
1. Pigenp ctpymy | Ctpym K3 Ha 3emmmo e gyxe | Ctpym K3 oOMexyeTscs 3a TOIOMOTOIO
3aMHUKaHHS Ha | HU3BKHM, OCKIJIBKM Mepexa He Mae | pesucropa. lLle 3MeHIIye  MOXJIMBI
3eMITI0 npsMoro mupixy 1o 3emui. lle | momkomkeHHs oONajHaHHS, aje CTPyM
JI03BOJISIE MIPOJIOBXKYBaTH | JIOCTaTHBO BHCOKMIH sl TOro, Mmoo

q)yHKHBOHyBaHHH Mepemi HaBITh Y | BUKJIMKaTU CHOpallOBaHHSA 3aXUCTY i
pa3i OHHO(I)&?,HOFO 3aMHKaHHs, 110 | BUKOHATH Bi,HKJ'IIOLIeHHH npu 3aMUKaHHI

T ABHIIY € 6e3mepediitHicTh
SJICKTPONOCTaYaHHS
2. TIlepenampyrn Ha | YUepe3 He3HauHUi eMHICHUH cTpyM | OOMexeHHH Ha meBHOMY piBHI cTpyM K3
HEYIIKOJDKEHUX 3aMHUKaHHS MOXYTh BUHHKATH 3HauHi | 3a0e3nedye 3MEHIICHHS piBHA
¢azax NepeHanpyrn Ha HEYIIKOPKCHUX | TIepEeHaNpyrd Ha HEYIIKOJUKEHHX (ha3zax,

¢dazax, MmO MOXEe MPU3BECTH [0 | L0 3HW)KYE  PU3UK  JIOJATKOBHX
MOIIKOMKEHHS 130411 1 BUKIUKATA | MOIIKOIKEHD
BTOPHHHI 3aMHUKaHHS

3. besmneka ta | OgHodazni K3 He mnorpelyrors | [limBumgyerbess Oesmexka Ta — 3aXHCT
HaAIHHICTD HeraiHoro BiJIKJTFOUCHHS, 0 | MepcoHay. 3HIKY€ETbCS pHU3HK

MiBUINYE  HAJIMHICTh  Mepexi. | ypaKeHHsS €JEKTPUYHUM CTPYMOM IIiJ

OnHak, BUSBICHHS MICIsS 3aMUKaHHS | yac 3aMHKaHb. CIIpOIY€eThCsl BUSBICHHS

YCKJIQTHIOEThCS, a Bucoki | micist K3, mio mnokpamiye HaniiiHiCTh

NepeHanpyrn CTBOPIOIOTh PH3HMKH | MEpexi

IUIA O€3IIEKH

4. CkmagHicTh ta | [IpocTuii y BnpoBamkeHHi Meton, He | HeoOXiqHICTh BCTAHOBICHHS JOMATKOBUX
BUTpaTH Ha | moTpeOye MOMATKOBUX NPUCTPOIB IS | PE3UCTOPIB 1 HMPUCTPOIB KOHTPOIIO, IO
BIIPOBAKSHHS 3a3eMJICHHS, 10 MOXE 3HHU3UTH | 30UIbIIyE  IOYAaTKOBY  BapTiCTh  Ta

MTOYaTKOBI BUTPATH BUKJIMKA€ HEOOXITHICTh JIOZATKOBOTO

00CITyTOBYBaHHS PE3UCTOPIB

[30;p0BaHa HEHTpaib HAJA€ MEPEeBary y BUIUIAI MiABHIICHOT Oe3MepeOiiiHOCTI, ajle 32 paxyHOK Oe3rneKu
Ta pPU3MKY 3HAYHOI MEpeHanpyrd. Pe3ucTHBHE 3a3eMJICHHS, HAaBIAKH, 3a0e3leuye Kpamluil 3axucT Bif
MOIIKO/KEHb 1 Oe3leKy, aje BUMarae BIJKIIOUSHHS Mepexi MpH oAHO(A3HMX KOPOTKUX 3aMHUKAHHSIX, TaKOX
MOCTAE MUTaHHS BUOOPY ONTHMAIILHOTO 3HAUSHHS OTIOPY PE3HUCTOpA.

Y paMkax JaHOrO IOCTIMKCHHs Oyjga CTBOpEHAa MaTeMaTW4Ha IMITalliifHa MOJENb EHEeproBy3Jia
posnoainbHOi Me-peki 20 kB (puc.l) mis aHamizy BIUIMBY pI3HHX CIIOCOOIB 3a3eMJICHHS HeHTpaii Ha
eKCIUTyaTalliifHi peXKMMHI IapaMeTpu Mepexi, 30KpeMa Ha CTPYMH 3aMHKaHb, IIEPEHANPYrH Ta BTPaTH
MOTY>KHOCTI.

MonemroBanHst OyJ10 BUKOHAHO B IporpaMHOMY Komiuiekci PowerFactory, sikuit mmpoko 3acTocoByeThes
JUISL TOCTIJUKEHHS €JIeKTPUYHUX CHCTEM 3aBISKH HOT0 MOXIIMBOCTSIM TOYHOI iMiTaIlii MOBEIIHKHN €IIEKTPOMEPEK
B peanpHUX yMmoBax. Bubip PowerFactory sk mmardopmm ams moxemoBaHHS 0OyMOBIEHMH ii 31aTHICTIO
BPaxOBYBAaTH TaKi aCHEKTH, SIK MapaMeTpH JIiHIH, HAaBaHTaKEHHS, Pe)KUMH pOOOTH Ta XapaKTEPHCTHKH PEJICHHOTO
3aXHUCTY, IO JI03BOJISIE MTPOBECTH TIMOOKHH aHaIli3 BIUIMBY Pi3HUX CIOCO0IB 3a3eMJICHHS Ha MEPEXY.

Monens BinoOpaxae poboTy nBorpanchopmatoproi miacranmii 110/20 kB i3 1BoMa cekuismu Hanpyru 20
KB: meprma cexiiist MicTuTh TpH BiaxiaHi diHii (Pinepn) 20 kB; apyra cekuis — m'saTh BiaxigHux miHii 20 kB. Jlinii
MalOTh SIK MOBITPSIHI, TaK 1 KaOeNbHI TUISTHKU Pi3HOI JOBXKUHY 1 3aBaHTaXXEHOCTI (pHcC.2).

Y moneni PowerFactory 6ynu BukopucTaHi peanbHi mapamMeTpH JiHiH, HaBaHTOKEHHS Ta KOHQIryparmii
MiCTaHII{ A1 TOYHOTO BiATBOPEHHS yMOB poboTH Mepexi (puc.3). OcobimBuii akueHT OyI10 3p00IeHo Ha 3MiHi
3HAYCHHS OTIOPY 3a3€MJICHHS! HEHTpasli BTOPUHHNX OOMOTOK TpaHc(opMaTopiB XHUBJIEHHS AJIs OLIHKY BIUIMBY Ha
CTPYMH 3aMHKaHHsI, IEPEHANPYTH Ta BTPATH MOTYXHOCTI (pHC.4).

ISSN 2308-7382 (Online) 103



ISSN 1813-5420 (Print). Enepeemuxa: ekonomixa, mexmnonozii, ekonozis. 2024. No 4

e

- —
8.

t 1
3 ot W s k tf ' et
fo-iA"' f‘{* e T‘f;fl e
b ™

-7

peidSd

Pucynok 1 — Pospaxynkosa imimayitina modens gicbmughioepnoi posnodinvroi mepedci 20 kB 6 npoepamuomy
cepedosuwyi Power Factory
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Pucynok 2 — Moodenw pospaxynxosoi cxemu niocmanyii I1C 110/20 kB

IIpu mpoBeneHH] JOCTIKEHHS B MpOorpaMHOMY Komruiekci PowerFactory omHMM 3 KIIFOUOBHX €TalliB
MO/IENTIOBaHHS OyJI0 BU3HAUEHHS BIUTMBY KOXKHOTO 3 METO/IiB 3a3€MJICHHS Ha TTapaMeTpH MEpeKi i1 yac KOPOTKUX
3aMHKaHb. J[11 bOTO Ha OJHAKOBHMX MICHAX Y MOJIENi Mepexi Oyiu 3alaHi TOYKH KOPOTKOTO 3aMHUKaHHS IS
KOXKHOTO peXnMy (QYHKI[IOHYyBaH-HS HEHTpali Ta, 30KpeMa, pi3HHX 3HA4CHb ONOpPY 3a3eMiIeHHsA HeiTpami. Lle
JIO3BOJIMJIO TTPOBECTH ITOPIBHAUIBHUIN aHai3 IapaMeTpiB MEPexKi, TAKUX K CTPYMHU 3aMHUKaHHsI, IEpEeHAIpyTHd Ta
poboTa pesieifHOro 3aXUCTy, B OTHAKOBUX YMOBAX.

BB cnocoOy 3azeMileHHsT HEWTpami Ha pe3yJbTaTH MOZETIOBaHHS po3nojuibHOi Mepexi 20 kB
JIOCJIIJPKEHUH Ha OJTHAKOBIH TOUIl KOPOTKOTO 3aMHUKAHHS y KUIBKOX acleKTax, 30KpeMa: TaiHHs HalpyTH, BTPaTH
MOTYKHOCTI, PiBEHb CTPYMIB KOPOTKOTO 3aMHKaHHs, IIEPEHANpyrd Ha HEYNIKO/PKeHHX ¢as3ax Ta poboTa
perneiiHoro 3axucTy. JleTalbHHUI aHali3 KOXHOTO CIOco0y 3a3eMIICHHS B KOHTEKCTI LIMX IapaMeTpiB J03BOJIHB
3poOUTH BHCHOBKH OO iXHBOTO BIUTUBY Ha POOOTY PO3MOAUIRHOI €JIeKTpOMepexki. AHami3 MPOBOJUBCS IS
touku Ha AinstHi JI-30 3azum’s (TT1-669 — TI1-933), 1o 103BOIMIO 3IHCHUTH TOPIBHSIHHS BIUIMBY KOXHOT'O
THITY 3a3€MJICHHS.
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Pucynok 3 — @paemenm po3paxynkosoi mepesrci

Wvnegasic 3azemn., ctopossi HH
Heitmpans | Coemrienra LJ
™ Kamywka Metepcesa

Conp., Re | 15, Ohm

Peaxr. conp., X |0, Ohm

Pucynox 4 — bnok sminu pescumy QyHKYioHy8anHs Helmpani mpancghopmamopa ma onopy pe3ucmopa
3a3eMNeHHs Helimpani

Pe3yabTaTH 10CTiKEHHS:

1. I30ab0BaHa HelTpaIbL

AMIITYyIHE 3HAYeHHs CTPyMY KOpOTKOro 3amukaHHs (aszu Ha 3emio 3a 0,01c mocsrae 1400 A. Lle
HalOlIbIlle 3HAUSHHSI Cepell YCIX BapiaHTIB, IO YCKIAIHIOE POOOTY PEIeHHOro 3aXMCTy Ta IiJBHIIYE PU3UK
3HAYHMX MOUIKOKEHb Y pa3i aBapii. YcTaneHe 3HaUCHHS 3aMHUKaHHS CTPYMY 3aMHMKaHHS He nepeBuInye 7,4 A.

Brparu motyxsocti: AS = 39 MBA. Bucokuii piBeHb BTpaT CBiUUTh NP0 3HAYHEC HAaBAHTAXXCHHS Ha
MEpEKYy.

[301p0BaHa HEHTpallb Mae CIOHyKa€ OO BHHHKHEHHS IE€peHANpyr Ha HEYNIKO/KeHHX (azax mpu
onHoga3sHOMy 3aMuKaHHI. L{e cTBOproe 3arpo3y nmpo0Ooro i30i14wii Ta Jo1aTkoBUX aBapiil. Uepes ue, BapiaHT i3
130JIbOBAHOI0 HEUTPAJUTIO MEHII Oe3MeyHni 1 moTpedye 00epeKHOTr0 MiAX0ay, 0COOINBO B MEpekKaxX 3 BHCOKIMH
BUMOTaMH J0 HaiIfHOCTI.

2. Pe3ucTuBHe 3a3eMiieHHs 3 onopoM 10 Om.

VYcraneHe 3HaYeHHsI 3aMHKaHHS CTPyMy OAHO(A3HOTO 3aMWKaHHS Ha 3eMII0 He mepeBmirye 333 A.
[ligBumeHHs cTpyMy KOPOTKOTO 3aMHUKAaHHS B MOPIBHAHHI 3 130J5b0BAHOI0 HEHTPAILITIO MOJIETTITY€ HAJIAIITYBaHHS
1 pobOTy peneifHOTO 3aXHUCTY.

Brpatu noryxHocrti ckianaoTs: AS = 3,8 MBA. 36inbmeni BTpaTH NOTYXXHOCTI Y HOPIBHSHHI 3 IHIIUMH
BapiaHTa-MH Jie BAKOPUCTOBYETHCS PE3UCTUBHE 3a3€MJICHHSI, Yepe3 BUIUI CTPyM 3aMHKaHHS MOXKYTh BUKINKATH
TeperpiB i MmiBUIICHE HABAHTAXXCHHS Ha 00JIa THAHHS.

Pesucrop i3 onopom 10 Om 3a0e3nedye 3HauHEe 3MEHIICHHS NIEPEHANPYT HA HEYMIKO/DKEHUX (azax, 1o
migBuigye Oesnexy Mepexi. OpHak 30UIBIICHHS BTPaT MOTY)KHOCTI MOXKE CTAaTH HEJONIKOM, OCOOJIHMBO B
€HEproomaHUX Mepexax.
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3. Pe3ucTuBHe 3a3eMJeHHs 3 onopoMm 15 Om.

YcraneHe 3HaYe€HHs 3aMUKaHHS CTPyMy OJHO(]A3HOr0 3aMUKaHHS Ha 3eMJiito He repeBuinye 317 A. [pu
30inbIIeH-Hi onopy 10 15 OM, cTpyM KOPOTKOT'O 3aMHKaHHS 3MEHIITY€ThCsl TOPIBHAHO 3 10 OM, 110 3HUKY€E PH3HK
TMOIIKO/KEHHsI 00J1aIHAHHSI.

Brpatu notyxHocTi cknanatoth: AS = 3,7 MBA. BTpatu noty>HOCTI IIpH I[bOMY BapiaHTi 3a3eMJICHHS
3aJIMIIAI0TH-CSl HA IOMIPHOMY PiBHI, OCKUJIBKH CTPYMH 3aMUKaHHS BCE II€ I0OCTaTHHO BUCOKI, aJie MEHIII, HDXK MPH
oropi 10 OM. 3HMmKEHHSI BTpaT MOTY>KHOCTI pOOUTH Iiel BapiaHT OUTbII ONTUMAJIBHUM JUISI MEPEX 13 BETMKHM
HABaHTAXKCHHSM, JI€ BaXITHBA CEKTUBHICTb.

ITepeBaru Ta Hemomiku: OnTUMaNBEHUNA OalaHC MiX BTpaTaMu, piBHEM CTPYMY Ta CTaOLIBHICTIO poOoTH
Mepexi. Takwif BapiaHT MIOXOMUTH IUII MEPEeX, MO MNOTPEeOYIOTh HANIHOTO 3aXHUCTy Ta BHCOKOL
€HeproepeKTHBHOCTI.

4. Pe3ucTuBHe 3a3eMJIeHH 3 onopoM 20 Om.

YcTanene 3Ha4CHHS 3aMUKaHHS CTPyMy OXHO(a3HOTO 3aMHKaHHS Ha 3emirio He mepeBumrye 298 A. Ile
HaWHIDKYUH piBeHb CTPYMY KOPOTKOTO 3aMHUKaHHS Cepe/] PO3TJISIHY TUX BapiaHTIB, 110 MiHIMi3y€e PU3HK HEPErpiBy
Ta MOIIKO/PKeHHs oOnanHanHs. OHAK 3HKEHHS PIBHS CTPYMY 3aMHUKaHHS MOX€ BUKJIMKATH YCKJIQJHEHHS /IS
HaJIalITyBaHHs PEJIeHHOro 3aXKUCTY, OCKUIBKM BUMarae OUIbII BUCOKOI Yy TIIMBOCTI JUIsl BUSBJICHHS 3aMHKaHb.

Brpartu motyxxHocti cknanarote: AS = 3,4 MBA. HeBenuki BTpaTH HOTYKHOCTI BKa3ylOTh Ha BUCOKY
eHEepProceKTH-BHICTb.

Haii0inpln eHeprooma Hui BapiaHT 3a3eMJICHHs, 1[0 3a0e3meuye CTaOUIBHICTh MEpPEXi Ta 3HUKYE
nepeHanpyru. Ilporte, depe3 HHU3BKMH CTPyM KOPOTKOTO 3aMHKaHHS, MOXJIMBI YCKJIaJHEHHS Y TOYHOCTI
BUSIBJICHHS aBapiiHUX TOYOK, 10 MTOTPeOye HANAMITYyBaHHS Yy TJIMBIIIOTO PEJICHHOrO 3aXUCTY.

BucnoBok

Bubip pexxuMy poOOTH HeWTpami Ta 3HaYEHHs ONOPY 3a PE3EeCTUBHOTO 3a3€MJICHHS HEHTpami CyTTEBO
BIUIMBA€ Ha OCHOBHI €KCIUTyaTalilHI mapaMeTpu Mepexi IijJ 4ac KOPOTKHUX 3aMHKaHb. PeXuM 13011b0BaHO]
HeWTpasli JEeMOHCTPYE HaWBUILE aMIUTITYAHE 3HAUCHHS CTPYMYy KOPOTKOrO 3aMHUKaHHS a3y Ha 3eMIIIO, IO
YCKJIATHIOE POOOTY pENeiHOro 3aXWCTy Ta MIABHUILYE pPU3MK MOMIKO/KEHHS o0JaqHaHHs. BuHHKaIOTH
MepeHANPYrd Ha HEYIIKOMKCHUX (a3ax Imij dac oJHO(A3HUX 3aMHKaHb CTBOPIOE JOMATKOBI PUBMKH IS
CTabIIBHOCTI MepesKi Ta Oe3MeKH 00JIaTHAHHS.

PesucruBHe 3a3eMiIeHHs 3a0e3neduye Kpaluid 0anaHc MK CTpPyMOM KOPOTKOTO 3aMUKAaHHS Ta 3aXHCTOM
Bix mepe-Hanpyr. [Ipu omopi 10 OM cTpyM KOpPOTKOTO 3aMUKaHHS JOCTATHIN IS HAAIHHOI pOOOTH peleiHOTro
3aXHCTY, IO TO3BOJISIE MIBUKO BUSABILITH 1 BIAKITIOYATH TOIIKODKEH] TUTTHKHE Mepexi. OHak 301UTbIIeHI BTpaTH
MOTYKHOCTI MOKYTh BUKJIMKATH IIEPETPIB 1 J0AaTKOBE HABAHTAXKEHHS Ha 00JIa{HAHHSI.

YcTaHOBIIEHO, IO 31 30UTBIICHHSM OMOPY B HEUTpami TpaHCPOpMaTopa €HEproBy3ia CIIOCTEPIraeTbes
MOJTAITBINIE 3HIKCHHS CTPYMY KOPOTKOT'O 3aMHKaHHS 10 3Ha4eHb 317 A ta 298 A BiAMOBiHO, a TAKOX MTOMipHE
3MEHIIEHHS BTpaT NOTYXKHOCTI (AS = 3,7 MBA mist 15 Om 1 AS = 3,4 MBA st 20 Om). Le 3HMKY€E HaBaHTa)KEHHS
Ha oOyaJiHaHHA Ta MiJBULIYE eHeproe(eKTHBHICTh Mepexi, aje NoTpedye TOUHOrO HaJallTyBaHHs PeJIeHHOro
3aXHCTY JUIsl 32a0e3NeYeHHS] IIBUKOT peaKilii.

TakuMm 4nMHOM, JUIsl MiIBUIIEHHS HaaiifHOCTI Ta Oe3neku (QyHKLIOHYBaHHS MepexXi HeoOXisHO obuparu
METOJl 3a3e-MJICHHS 3 ypaxyBaHHsIM OaJlaHCy MDK 3HHKEHHSM CTPYMIB KOPOTKOTO 3aMHUKaHHS, DPiBHEM
nepeHanpyr Ta e()eKTUBHICTIO PEJICHHOTO 3aXHUCTY.

Bubip pe3ucTHBHOTO 3a3eMIICHHS 3 BIJIOBITHHM 3HAYEHHSIM OIOPY JO3BOJSE MIHIMI3yBaTH PU3HUKU
TIOIITKOJKEHHS 00JIaTHAHHI Ta 3a0€3IeYnTH CTablTbHY poOOTY MEpexKi.

IIpu BuOOpi pexxumy (GYHKIIOHYBAaHHS HEHTpalli Ta 3HAYCHHS OIMOPY pe3rcTopa 3a3eMIICHHS HeoOXiIHO
BPaxOBY-BaTH i TUTOMHH €JICKTPUYHHIN OMIp TPYHTY.

V. Kyryk?, Dr. Sc. (Eng.), Prof., ORCID 0000-0003-0419-8934
A. Buryak, Ph. D. student, ORCID 0000-0001-7732-575X
!National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”

THE INFLUENCE OF THE RESISTANCE OF THE NEUTRAL GROUNDING
RESISTOR ON THE 20 KV VOLTAGE DISTRIBUTION MODES OF OPERATION

The article examines the impact of different modes of neutral grounding on the operating parameters of 20
kV distribution networks, in The article examines the influence of different neutral grounding modes on the
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operational parameters of 20 kV distribution networks, in particular, the selection of the optimal resistor
resistance for resistive neutral grounding. One of the main tasks is to increase the efficiency of distribution
networks of UES of Ukraine by switching from 10 kV to 20 kV. This solution is aimed at reducing power losses,
increasing the amount of transmitted energy and improving the operation of relay protection. In the context of
such a transition, the choice of the method of grounding the neutral of the power transformer is particularly
relevant, which significantly affects the reliability and safety of operation of electrical networks.

In the study, an analysis of the effect of resistive grounding of the neutral of the transformer on the operating
characteristics of the 20 kV network was performed, as well as the determination of the optimal value of the
resistance of the resistor. The results of the comparison of the power node of the network with isolated neutral and
resistive grounding are given. The main operating parameters, such as short-circuit currents, overvoltages on
undamaged phases, power losses and operation of relay protection, which have a significant impact on the stability
and safety of network operation, were analyzed.

A simulated calculation model of the network's power node based on a two-transformer 110/20 kV
substation was created, including two sections with outgoing lines of different lengths and loads. Modeling is
performed using the PowerFactory software complex, which provides the ability to accurately reproduce the real
operating conditions of electrical systems. Special attention was paid to the selection of the resistance of the
neutral grounding resistor and its influence on network parameters. In the study, four variants of the operation of
the neutral were considered: isolated neutral and resistive grounding with a resistance of 10 Ohms, 15 Ohms and
20 Ohms.

It was established that in order to ensure stable and safe operation of the distribution network, it is
important to correctly choose the neutral grounding method. The best option from the list of accepted resistance
values is non-resistive grounding with a resistance of 15 Ohms, which allows you to reduce power losses, provides
a sufficient level of currents for the effective operation of relay protection, and minimizes the risks of overvoltages
on undamaged phases. This study is important for increasing the reliability of the operation of distribution
networks and the security of electricity supply, especially in the context of the modernization of Ukraine's UES
networks.

Keywords: voltage 20 kV, resistive grounding, isolated neutral, short circuit, overvoltage, power losses,
distribution networks.
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«KuiBchknmii nosritexniyanii incrutyT imeHi Iropst Cikopcbkoro»

MATEMATHUYHE MOJIEJIIOBAHHSA TA AHAJII3 TMHAMIYHUX
XAPAKTEPUCTUK BEHTHJIBHOT'O ABUT'YHA Y CUCTEMAX
ABTOMATHU30BAHOI'O KEPYBAHHA

Cmamms micmums OemanvHuil ananiz seHmunvHux osueyHie (BI]) e xonmexcmi asmomamusoeanozo
VAPAGNIHHA, PO32TAOAIOMbCA OUHAMIUHI pexcuMu ma mamemamuune MOOEN08aHHs eleKmponpusody. Bona
OXONIOE NUMAHHA OUHAMIYHUX XAPAKMEPUCMUK, NOOYO08U NepedamoyHux GyHKyil, a maxodxc ocobaugocmel
pobomu B/l y cucmemax 3 Keposanoio wieUOKicmio obepmanis. Y cmammi nooano excnepumenmanvii oani ma
pe3yrbmamu KOMN 1omepHo20 MOOeI08AHHS, SKI NiOMEepOX*CYIomsb epheKmusHicms 8UOPAHUX MoOerell.

Excnepumenmanvhi docnioscenns, nposederi Ha 1aO0pAMOPHOMY MaKemi, niomeepo’Ccyroms MOYHICMb
PO3DOONEHOI MamemMamuyHoi MoO0emi, 30Kpema MONCIUBICMb anpoKcumayii nepedamuoi QyHKyii osucyna 6
JUHITHOMY 8UnA0T 0I5l CNPOWEeH S AHANI3Y MA HATAWMYBAHHS cucmemu Kepysanns. Komn'tomepne modenioganms
die 6 cepedosuui MATLAB 3 suxopucmanuam SIMULINK, wo 0036015€ 3 8UCOKOI0 MOYHICMIO MA HAOYHICIIO
sizyanizysamu nepexioni npoyecu y B/[. Ilpedcmasneno maxoic npunyun nioieanoeo pecyuo8anis y 3amMKHymill
cucmemi KepyeanHs, KUl 3abe3neyye cmabilbHiCmb [ MOYHICMb KEPYBAHHS WIISIXOM PO30LIeHHS HA KOHMYpU
WBUOKOCHI ma Cmpymy.

Pesynemamu modenioanns O0emoncmpyoms MOJICIUBICING GUKOPUCMAHHA OMPUMAHUX Mooeneu O
nOOANLUUX 00CTIONCEHL MA PO3POOKU eeKMUBHUX | HAOTIHUX CUCMeM KepYEAHHA 8eHMUNbHUMU OBUSYHAMU 8
NPOMUCTIOBUX YMOBAX. 3anpononosanuil nioxio 00 MOOeN08aHHs BIOKPUBAE NEPCReKMuUsU 0N CMBOPEHHs
eHnepeoeheKmuHUX el1eKkmponpueooie 3 GUCOKOI0 MOUHICMIO Pe2ylo8aHHS.

KarouoBi cioBa: gewmunvnuti 08ucyn, mamemamuymne MOOENOSAHHS, AGMOMAMUYHE KepYBaHHs,
nepeoamua Qyukyis, ouHamiuui pescumu, komn'tomepre mooenrogartns, MATLAB, SIMULINK, npomucrosuii
e1eKmponpugoo.

PerynboBaHuii €IEKTPONPHBOA 3a3BMYail BHUCTYIIAE€ SK BHUKOHABUMI NPHUCTPil y 3aMKHYTIH cHCTeMi
aBTomarnuHoro kepyBaHus (CAK). OnHak HeZOCTaTHE JOCIIDKEHHS JUHAMIYHUX XapaKTePUCTHK BEHTHIBHOTO
neuryHa (BJI) Ta BimcyTHicTh TO4YHOT mepenatHoi (QyHKIIT 3HaYyHO yckianHIOIOTH mporec cuHredy CAK 3
BUKOPHUCTAHHSIM 1[bOTO IPUBO/LY.

B/l npencraBiisie o000 eIeKTPOMEXaHIuHY CHCTEMY, 110 CKIIAAETHCS 3 CUIIOBOTO HAIIBIPOBITHUKOBOTO
MePETBOPIOBaYa, OJIOKIB KEpyBaHHS Ta AaTYHKIB. [JIs1 TOCIIKESHHS JMHAMIYHUX PEKUMIB poOOTH NMPUBOIY Oyiia
po3po0iieHa MaTeMaTHYHA MOMETb, SKa 0a3yeTbCs Ha CHCTEMi HENHIHHUX Au(EpeHIiHHUX pPIBHSIHB, IO
OMUCYIOTh poboTy cuaxpoHHoi Mantiau (CM). [2, 3, 4]:

dy .

dtk =U, —ir, » k=1.5, (1)
PIBHSHHA PyXy

9o_Lm-m,). 2)
dat J

1 PIBHSIHD 3BOPOTHOTO 3B'SI3KY I10 MTOJIOKEHHIO POTOPA, 1[0 BPaXOBYIOTh 3aKOH KEPYBaHHS KOMYTaTOPOM i
KyTOBi XapakrepucTuku B/I:

- JUL 38KOHY ), = @ - st o, = o,
B, = const do 3aKOHY 46
- +— = const W =0+—
T 4t “ ' dt
Wy =0 +d£ (3) Wy =@ +d£ (4)
dt dt
21, X
y = arccos| cos S — M y = arccos| ———— +cos 3
V/3X adlt V3xX adlt
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déﬁd +iyr -y o, 40
0 = arctg dy _Et ®)
d

F+iqr+t//da)p

ne Y, iy, I, - MOTOKO3YCIUICHHS, CTPYMH i aKTHBHI OIIOPH OKPEMHX KOHTYPIB; J,M - momenr inepmii i
eJIeKTpOMarHiTHui Moment BJI; @, @,,® - 1actotu ctpymy, mons cratopa i oGepranHs potopa; @ - Kyt

HABaHTa)XCHHS CHHXPOHHOI MAIlIMHY; T,J - KYTH KOMYTAIIil i 3amacy nmepeTBoproBaya; :Bo, L - KyTu Mix cTpymoM
i BigmoBimHo EJIC X070CTOr0 X011y i HANPYTOl0 MAIlluHHY;
Bo=p+6, f=y+0,;
Wq:Wq Iyl q - TIOTOKO3YETLICHHS i ctpymu o ocsim d i ¢; I' - aktuBHHIT omip o6MoTku cTatopa CM; X, -

KOMYTAIIfHUI peakTaHC TePETBOPIOBATIHLHOTO KOJIa;

Xad - B3a€MOIHAYKTHBHICTB IO TIOJOBXHIN oci; |4 - cepeHe 3HaUeHHS BUIIPSMIICHOTO CTPYMY.

AmHani3 piBHSIHB MOKa3ye, 10 NpH 3akoHi B = const = 0 BEeHTWIbHHI KOMYTaTOp I'eHEpYe IoJie peaxiii
SIKOPS$1, YaCTOTa SIKOTO CHHXPOHHO IOB’s3aHa 3 4aCTOTOI o0epTaHHs potopa. Lle ycyBae konuBanbHi BIaCTHBOCTI,
XapakTepHi Ul MalliH 3MiHHOTO cTpyMy. [Ipote npu B = const, yacToTa CTpyMy OOMOTOK CTaTopa 3MiHIOETHCS
BIJITIOBIZTHO IO YaCTOTH OOEPTaHHS POTOpa, IO MOXKE BHKJIMKATH KOJNMBaHHS. J[Js1 MigTBEpIKCHHS TOYHOCTI
pe3yJbTATIB, OTPUMAHHX IU(PPOBHM MOJICITIOBAHHAM, OYyJO MPOBEACHO CKCICPUMEHTATIbHI JOCHIHKSHHS
nepexinaux nporecis Ha MakeTi CM Ty ECC-52-4, 1110 103BOJIHII0 BCTAHOBUTH Aiana30Hu Jist IpuBeacHHS B/
IO JIIHIMHOT MOAE.

i, > 0.8iﬁ, i 20°<p<60° (6)

B/l Mo>kHa BUKOHATH JIiHIHHAM 00'eKTOM. 3a BKa3aHUX YMOB CKJIaJHa CHCTeMa HeJiHiHHUX piBHsHB (1) -
(5) npuBOAMTBCS IO JOCTAaTHBO MPOCTOI JiHIHOT nepenarHoi (yHKHIi, 1T YOro HEOOXITHO anmpOKCUMYBAaTH
PO3paxyHKOBI KPHBI IEPEXiTHOTO MpoLecy JiHIHHUME TU(epeHliabHIMH PIBHSIHHSIMHA HEOOXITHOIO MOPSIKY.
OTtpuMaHa B pe3yibTaTi peaabHOI apoKcuMalii mepenaTaa yHkiis B/] 3 koedimieHTaMu B YiCeIbHOMY BT
BpaxoByBaTHMe BeCh Habip IMOYATKOBHX MapaMeTpiB i 3aeKHOCTI CUCTEMH 0e3 JOJATKOBUX JOIYLICHb, IO
MIPUBOIIATH JI0 CYTTEBOI BiIMiHHOCTI BiJl peaJbHOTO 00'€KTY:

W(p)=—rt—, ™
ap“+bp+c

ne a, b, Kq- xoedinientn nmepenaansuoi dhyukiii BJI.

SIK1I10 BBECTU NIO3HAUEHHS:

a
Ty =bT, =—
. b
®)
e = 1 ;C11:I3LJ1H 3H
Kycos g i,
2
R, - TMCEC.3 cos” B ‘L =R,

TO MOKHAa OTpPHMATH TeperaBanbHi (QyHKII B/l y BHMIAOI MOCTIIOBHO BKIFOUYCHHUX AaIEPiOJAWYHOI i
IHTErpyI4oi JaHOK i3 30BHIIIHIM HEraTHBHUM 3BOPOTHHM 3B'SI3KOM:
- 33 PEryJII0IYO0I0 I€0:

1
,(p) C,cosf
W — p — e
(P) U(p) T Tp*>+T, p+1 9
4
: I C.C, cos®
W'(p) = (p) _ . B
U(p) T,T,p +T,p+1

ne Ty, T. - eKBiBaJICeHTHI eeKTpoMexaHiuHa 1 enexTpomartitHa noctiitai yacy BJl; C,, C, - exBiBaneHTHi
KOHCTPYKTUBHI NOCTikHi; L. — eKBiBaJleHTHUH IHIYKTHBHUK OIIp INEPETBOPIOIOYOrO JaHLora; 17, —

HomiHanbHUH KITJ] (BH3HAYa€THCS BETMUMHOKO KyTa BUTIEPEKEHHS BiJIIOBITHO 10 3aKOHY KEpyBaHHS).
ITokazannmM mepenaTHUM (YHKISIM BiATIOBiTa€ CTPYKTypHa CXeMa BEHTHJIBHOTO OBUTYyHa (puc.l) i
HACTYITHI PiBHAHHA (IEPETBOPIOBAY IPEICTABICHUH arepioMYHOIO JJAHKOIO 1-TO HOPSIKY):
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.
U, K,—, edu 1/R_1 I.J M 7 w
T e T pT+1 cosp Cu @
I f
B /,
| Ce
Pucynox 1 - Cmpyxmypua cxema B/]
. di
€y =€y +igR, +L,—
M=M, +392
dt (11)
M=C,I,cosp

€y, = ©€yo COS
ey = C.wcos

edar

T,—=+e, =K,U,
dt
ne €y,,€4; - cepenni smawenns EJIC Bumpsiviida i imBepTyBaHHs; Kn - KoeimieHT mepegadi
nepeTBoproBava; 71, - eJNCKTpOMarHiTHa mocCTiiiHa dYacy neperBoproBauya; Uy - Hampyra ynpapiiHHS
HepeTBOpIoBayYa.

3aliKaBleHICTh BUKJIMKAE 3aleXKHICTh TNOCTIHHMX dacy BJ] Bix KyTa BHUIEpemKeHHS, SKi Ui
eKCIIePUMEHTANILHOT MalIMHU 300pakeHi Ha puc.2. OpieHTOBHUI PO3PaxyHOK ISl PSAy CHHXPOHHUX MallluH
(500-5000 xBt, 500-3000 06/XB) OKa3aB, 1[0 BEIUYHHN CKBIBAJICHTHUX MOCTIHHUX YacCy MPU HYJIHOBOMY KyTi
BUIICPEKCHHS JIekath B mexkax 1.=0,015...0,09¢ i 7,~0,3...0,9¢ .

[TpuHIMTIOBa BiAMIHHICT BEHTHJIBHOTO JBUTYHAa BiJl 3BUYAHUX CHHXPOHHUX MAllIWH, SIKi JKUBJISATHCS
CHHYCOIJaJIbHOIO HAIPYTOI0 BiJi MEPEeXi 3MIHHOI'O CTPyMy, HOJISITa€ B HECHHYCOiNaJbHOI KPUBOi HAampyrd Ha
00MOTKaxX 1 B JUCKpeTHOMY Xapakrepi nepemimenast MPC i maraiTHOTO mois. Lle Moke MPUBOIUTH 10 HECTIHKOT
pOOOTH CHCTEMH B JUHAMIYHHX pPEXHMax 1 MyJbcamii MOMEHTY 1 9acTOTH OOCpTaHHA B CTAJIOMY DPEXKHMI.
OCKUTBKH B KOXHIN (pa3i MalMHu y BEHTHJIFHOMY ABHTYHI 32 OJUH O0OPOT Baly CTPYM HPOTIKA€ MPOTATOM

2 . . . . .
2[;1-4_}/ , TO O6MOTKI/I CTaTOpa BHUKOPHUCTOBYIOTHCA TI1pHIC, HLK Yy 3BUYAMHOMY JIBHUI'YHI. HOTy)KHlCTb

CHUHXpOHHOT MaimmHK y BJ] B THOpIBHSHHI 3 MOTYXHICTIO NPHU CHHYCOINAJbHOMY JKMBJICHHI BHU3HA4Ya€ThCs
koediienToM radaputHoi mortyxHocti Cr. 3anexHicTh Koe(ilieHTa radapuTHOI MOTYXKHOCTI Bl KyTOBHX
napaMeTpiB BEHTHJIBHOTO JIBUTYHA 1 3aKOHIB YIIPaBIiHHs NPEACTaBIeHa Ha puc.3.

Maxcumym ¢yukuii Cr = f(/3,7) BU3Hauae Po3paxyHKOBY HOTYXHICTb MalIMHU. Tak Iuist crocoOy

ynpapninaa ff =60° (kpusa2)i B = f(y) (xpuBa 1) npu HoMiHamBEHOMY KyTi KoMyTawii ¥, =20° BignoBixHO

min
Maemo 2 i 1,4. Po3paxyHKOBa ITOTYKHICTh JBUTYHA B cxeMi B/] 30imbImyeTbest:

Por = PC (12)
Jie P — po3paxyHKOBa MOTYKHICTb, SIKa BU3HAYAETHCS M0 JliarpaMaM HaBaHTAXKEHb.
HomiHaibHUiT CTPYM IBUTYHA BU3HAYAETHCS MO (OPMYJIaM:
JUISL Croco0y I, P, (13) mms coocoly _ P, (14)
KEepyBaHHSA 7 KepyBaHHSA H y
B = const V3u, COS([} _7j B = £() J3U,, cos| 5, +7H

ne O, = 5...10° - miHiMaTbHe 3HAUEHHS KyTa 3amacy.

min T 5

3anexHicts KoedilieHTis 3cyBy | _ cos( p-r j iy _ cos( 5.+ j BiJl KyTOBMX MapameTpiB i crocobis
c — c i
2

KepyBaHH: [T0Ka3aHi Ha puc. 4.
Jns MocToBHX Tpu(a3sHHX CXeM MaKCHMajbHa BEJIMYMHA CEPEeIHHOTO 3HAUEHHS BUIPSMIICHOI HANpyru
Ugo, HOMiHaNTBHA JiHIHA Hanpyra aBuryHa Uy i nminiiiHa Hanpyra mepexxi Uc 3B'si3aHi HACTYITHUM YHHOM:
U U
do do
—90 _ 240 _135, (15)
U H U c

Uwcno mocmiIoBHO 3’ €JHAHUX BEHTHIIB B IJIeUe MOCTa TIEPETBOPIOBAYA
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T, Tm C ! P f(‘_ l_ T 1
‘ N4 3 [ p=30" === S (0 o=10"]
1.8 —=————— — 0,9 e~
0,081 2 I,ﬁ : %8 i i By cF=2
L I~ 0,7} b
1.4 -
i ™~ N -
N 0,6 |—e=g
o) 1 V 5 ‘_\ & !
/ I. L \\‘ 0.5 ;
0 o
0 ' "
I m b 10 20 30 40Yewp ' jo 20 30 40 tenm
PucyHok 2 - 3aneacnicmo Pucynoxk 3 - 3anescnicmo Pucynoxk 4 - 3anescnicmo
nocmitnux yacy Bl 6io kyma Koegiyicuma 2abapummnoi Koegiyicumis 3cysy
BUNEPEOIHCEHHS HOMYHCHOCTE
Loe Moo Lo e
Pl — — YT I
=N =N - =N P T—
d /
Ue e e
\I,f'l L H doe dfp \]/1 L M
B > P 0B

N255 Ky (16)
B
ne Ug — momycriMa Hampyra Ha BeHTH’i; Ky =1,5...2 - koediwieHT 3amacy 1o Harmpysi.
Yucno napajieiabHUX TiI0K:
M > o K,, (17)
3l

nel, =

0= -1, BEIMYHHA CEPEIHPOT0O 3HAYCHHS CTPYMY Ha BXOJIi iHBEPTOPY, BI/IIOBI/IHA HOMIHAILHOMY

NG
2
cTpyMmy aBUTYHa; lgT— cepenHe 3HaUeHHS cTpyMmy THpHCcTOpa; K; = 2...3 - KoedillieHT 3amacy 1o cTpymy.
Jnst 3riaKyBaHHS IyJbCallidl BUMPSMICHOTO CTPYMY i OOMEXKEHHS IIBHIKOCTI HAPOCTaHHS CTPyMy B
JaHIFO31 IBUT'YHA IIPH aBapiiHUX peXHMax poOOTH NMEpEeTBOPIOBAaYa BHKOPHCTOBYIOThH 3IJIa[KYIOUHH APOCEIb,
SKUH BUOMPAETHCS 110 CTpyMY lg 1 iHIyKTUBHOCTI Ly . [HIYKTHBHICTB qpOCeIs BU3HAYAETHCS 3 YMOBH:

L,, =0.15L,, (18)
re L, — U, . _60f _ .
« =(015...0,35) —F—; p=—"— - 9MCIIO Map MOJOCIB ABHTyHa.
H P@y ny
AKTHBHWIA OMIip pocetio Bu3HavatoTh 3a Brpatamu AP, , 1ctpymy lg:
- AR, (19)
P I dZ

ExBiBaJICHTHHH OMip IEPETBOPEHOTO JIAHIIOTA 3HAXOMATh 31 CXEMH 3aMillleHHs], TI0Ka3aHol Ha pHC. 5.
ExBiBaJIeHTHUH OMip EPETBOPEHOTO JIAHI[IOTa:

R.=r+r,, +4Nrg +r1,, (20)
Omip 0OMOTOK ABUTYHa OPi€HTOBHO MOXXHA BU3HAUYUTH 1O (POPMYJIi:
r = (0.0002...0.02) Yu | (21)

NEI

Omip BeHTWIS Y BIAKPUTOMY CTaHi:

r, =A%, (22)

ne AU, = (1,8...2,4), B— najiHHs HAIpYTy Ha BEHTUIi Y BiIKPUTOMY CTaHi.

ExBiBaJICHTHUH OMip 3MEHIIEHHS BHIIPSIMIICHOT HAPYTH, 110 BPAXOBYE, B N1€PioJ] KOMyTallil BEeHTHIIIB:
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mX
r, = —2=>, (23)
2p
Je m=3 — uucno ¢a3 nepeTBoproBaya;
U K% U 2TH -

;= .Z2TH - {HIyKTUBHUMN OMip BTOPUHHOT OOMOTKH TpaHC(hopMaTopa;
100% 1,4,

U, 7y - HOMiHaNbHA HampyTa i CTpyM BTOPUHHOI 0OMOTKHM TpaHc(hopmMaTopa;

Ukw - (4,5...6)% - Hampyra KOpOTKOTO 3aMHUKaHHs TpaHcdopmaropa.
ExBiBaseHTHA 1HIYKTUBHICTH NIEPETBOPIOBAIILHOTO JAHIIIOTA!
L=L¢+Lyp (24)
Koediuient nepenaui mneperBoproBaya K, = ey
AU

y

BU3HAYAETLCS 13 3aJEXKHOCTI e g = f(Uy), sIKa

TPUBOIUTHCS B KaTanorax abo 6yayerses (puc. 6).

EdextnBHO mOCHiIKyBaTH IHHAMIYHI PEKAMH 3aMKHYTHX EJIEKTPOMEXaHIYHHX CHCTEeM MO)KHA 3a
JIOTIOMOT OO0 YHIBEpCaJIbHOI IHTETrpOBaHOT MaTeMaTHIHOI KoM foTepHoi cuctemu Tuiry MATLAB. B iif o6omonmi
Mozens B/l Oynyerbes Ha (YHKLIOHAJBHUX €JIEMEHTaX 3 BUKOPUCTAHHSIM MAaKeTy MOJICIIOBAaHHS THHAMIYHHX
cucrem SIMULINK [5]. B xoMm'toTepHy CHCTEMY iIHTETpOBaHi TEKCTOBI, OpMYJIbHI 1 rpadivHi pelakToOpH, 110
JI03BOJISIE IPE/ICTABIIATH CKJIaJHI MOZEIMI 1 IIPOLIECH 3 BUBOJIOM iX Ha JIPYK.

Pucyrok 6 - 3anescnicmo e, = f (U y)

VYupasninasa B/] B nponoHOBaHi# Moieli peai3oBaHoO 3a MPUHIMIIOM ITiJJIETIIOro peryiroBanHs. Cucrema
pO30MBa€ETHCS, HAIPUKJIIAJI, HA JIBa KOHTYPH - MIBUIKOCTI i cTpyMmy. KOXKHHI KOHTYp MICTHTB CBIll perymisTop i
HEeTaTUBHMH 3B'SI30K 110 KOHTPOJbOBaHIH 3MiHHIA. Ha BXix cHCTeMHM NOMAETBCA CHTHAI 13 33JaTYUKa
inrencuBHocTi (3I). B cucremi MATLAB mopens BJ] mae Burmsiz (puc.7).

Ha puc.8 noxasani jxiarpamm 3amaHoi mWBHAKOCTI, AiiicHoi i Momenty BJI BigmosimHo: a) [ = 0°, 0)
B =30° B) g =60° mpu Mc=My i U~100%; 1) S =60° mpu Mc=Mpy U; =30%, oTpuMaHi B pe3yNbTarTi
KOMIT'TOTEPHOI'0 MO/ICIIIOBAHHSI.

Oco0iMBy LIKaBiCTh NPEACTABISAIOTH PE3YJbTaTH MOMAETIOBAHHS IMPOLIECY DPEBEPCYBaHHS 4YacTOTH
obepranns B/l Ha moBHOMY XOfy 3MiHOIO KyTa BUIIEpEIKEHHs, npeacTapieHi Ha puc.9. Tyr: a) #=70°,6) B
=80°, B) B=100° 1) pB=110° mpu Mc=My i U;=100%. Ha puc.10 mnokazaHa cTaTM4HA PpEryJIOKYa
XapaKTEepUCTHKA MPOIIeCy peBepcy, moOyJoBaHa 3a pe3yJibTaTaMH MOJICITIOBaHHSI.

PesynpTaTil KOMIT'tOTepHOTO MojenoBaHHs BJl mokaszamu BHCOKY 301KHICTh 3 €KCIEPHUMEHTaIbHUMH
JTaHMMH, OTPUMaHUMH Ha TabopatopHoMy cteHai. [Ipencrasnenns B/l nepenaBaipHOIO QYHKITIEIO € HAOIMKEHOIO
MOJIEIUTIO, TIPOTE BiJ0Opaka€ OCHOBHI BIIACTUBOCTI TAKHUX JIBUTYHIB.

BucHoBoOK. Y cTaTTi IOCIIKEHO OCOOJMBOCTI MaT€MAaTHYHOTO MOJEJIOBAHHSA Ta aHali3 JUHAMIYHHUX
xapakrepuctTuk BJ] sx o6'ekta aBromMaTm3oBaHOro YympariuiHHSA. OCHOBHY yBary NpHAITIEHO po3poOrii
MaTeMaTHyHOi Mozeni B/l Ha ocHOBI HemiHIHHUX AudepeHnifHNX PiBHIB CHHXPOHHOI MAIINHM, IO BPaXOBYE
CHJIOBI HAITiBIPOBITHUKOBI TIEpPETBOPIOBaYi, OJOKH KEpyBaHHS Ta JAaTYMKH. Taka MOJENb TO3BOJISIE JOCITIIUTH
JTUHAMIYHI pEXKUMHU pOOOTH €IeKTPOIIPHUBO/IY Ta Mepe0aYNTH NOBEIIHKY IBUTYHA 33 PI3HUX YMOB HaBaHTAXCHHS.

Amnaiiz xapakTtepuctuk B/l mokaza, mo BuOip 3aKOHy BIUIMBa€ Ha YaCTOTHI BJIACTHBOCTI CHCTEMH,
30KpeMa Ha CTIHKICTh Ta KOJIMBaJIbHI NPOLECH. Y CTaTTi HABEJEHO /IBi OCHOBHI MOJIEJi KEPYBaHHS, SIKi PI3HATHCS
4acTOTOIO CTPyMy B OOMOTKaX cTaTropa, sika, y CBilf yac, MO)Ke CHHXPOHHO a00 T'HYYKO 3MiHIOBATHCS 3aJI€XKHO Bijl
4acTOTH 00epTaHHs poTopa. Bubip meBHOI cTparerii KepyBaHHS JO3BOJISIE YHUKHYTH HeOa)kaHUX KOJMBAaHb, K1
XapaKTepHi JUIsl IBUTYHIB 3MiHHOTO CTPYMY.
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JInst TiATBEpHKCHHST TEOPETHYHHUX JaHUX OyJIo TPOBEACHO EKCIepUMEHTAbHI JOCTI/DKEHHS Ha
71a00paTOPHOMY MAKETI, pe3yJIbTaTH SIKMX CITIBIIAJIU 3 KOMIT'TOTEPHUM MOJICITIOBAHHSIM. TAaKUM, OYJI0 BCTAHOBJICHO,
1110 IIPH NeBHUX NapaMeTpax B/l MojkHa anpokcHMyBaTH JiHIHHY HepegaTouHy (QyHKIII0, [0 COPOLIy€E aHaTi3 Ta
MPOEKTYBaHHs CHCTeMU KepyBaHHs. OTpHMaHi MOJEJ TaKOX JO3BOJISIIOTH JOCHIIKYBaTH edekTuBHicT BJ] y
PI3HHX pexXxuMax poOOTH, BpaXOBYIOUM MOMEHT ITyJIbCALlil T2 YaCTOTH OOEPTaHHS B CTAIOMY PEXKHUMI.

Oco01Bo{ yBaru 3aciyroBye Miaxia 10 Komir'totepHoro MozemoBanns B MATLAB, o pearnizoBaHo 3a
nonomoroto makera SIMULINK. BukopucraHHs iHTErpoBaHMX TEKCTOBHX, rpadiyHux Ta QopmanbHUX
penaKkTopiB IO3BONMIIO CHPOCTHTH MOJENIOBAaHHS Ta Bi3yallizalifo MpoIleciB, 3a0e3medyrodr HAaOYHICTh Ta
TOYHICTH OTPUMAaHUX pe3yibTaTiB. KpiM TOro, B MOJENsAX peanizoBaHO MPUHIUM IiJIETIOT0 PETyIIOBaHHS, IO
3a0e3medye MO CHCTEMH Ha KOHTYpPH IIBHAKOCTI Ta CTPYMY 3 BiAMIOBITHUMH PETYIATOPAMHU Ta 3BOPOTHUMHU
3B'SI3KaMHU, 10 3a0e31edye TOUYHICT KepyBaHHS Ta CTa0UTBHICTh CHCTEMH.

[IpencraBnenHa cTaTTs y pO3BUTOK METOMAIB KEPYBaHHS BCHTIJIBHUMH JBUI'YHAMH Ta 3a0e31edye OCHOBY
JUTA TOHANBIINX JOCHIIHKEHb Yy Taly3i aBTOMAaTH30BaHHUX €JIEKTPOMEXaHIYHHX cucteM. OTpuMaHi pe3yibTaTH
MOXYTh OyTH 3aCTOCOBaHI Il PO3pOOKH eHeproeeKTUBHUX MPOMHUCIOBUX IIPUBO/IIB, sIKi MOTPEOYIOTH BUCOKOT
TOYHOCTI PETYJIFOBaHHS Ta CTIMKOCTI B YMOBaX 3MIHHOT'O HaBaHTa)KCHHSI.

ZATATTIHE {HTEHCHEHOCTL

KA |
S | 17K
5 |

Enwond Win
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MATHEMATICAL MODELING AND ANALYSIS OF DYNAMIC CHARACTERISTICS OF
A BRUSHLESS MOTOR IN AUTOMATED CONTROL SYSTEMS

The article provides a detailed analysis of brushless motors (BM) within the context of automated control,
focusing on dynamic modes and mathematical modeling of the electric drive. It addresses the dynamic
characteristics, transfer function development, and specific operational aspects of BM in systems with regulated
rotational speed. The article presents experimental data and computer simulation results that validate the
effectiveness of the selected models.

Experimental studies conducted on a laboratory model confirm the accuracy of the developed mathematical
model, particularly demonstrating the feasibility of approximating the motor's transfer function in a linear form
to simplify control system analysis and tuning. Computer simulations are conducted in MATLAB using SIMULINK,
which enables precise and illustrative visualization of transient processes in the BM. The article also introduces
a subordinate control principle within a closed-loop control system, which ensures control stability and accuracy
by dividing into speed and current loops.

The simulation results demonstrate the potential of utilizing the developed models for further research and
the design of efficient and reliable control systems for brushless motors in industrial settings. The proposed
modeling approach paves the way for the creation of energy-efficient electric drives with high-precision control.

Keywords: brushless motor, mathematical modeling, automatic control, transfer function, dynamic modes,
computer simulation, MATLAB, SIMULINK, industrial electric drive.
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'HauionanbHuii TexHiunuii ynisepcurer Ykpainu

«KniBcskmii mostitexniunuii inerutyt imeni Iropsi Cikopcskoro»

3MIHHU B CBITOBI EHEPT'ETUIII CIPUYHUHEHI BIHHOIO POCII
IPOTU YKPATHHA

IIpoonemamuxa. Pociiicoke émopenenns 6 Ypainy, 8i0moea pocii 8i0 nocmayantsa 3aniaHosanux 00ca2ie
npupooHozo 2aszy 8 kpainu €eponeticokoeo Cow3y CAPUHUHUIU CBIMOBY eHepeemuyHy i (IHAHCO8Y Kpusu ma
3aeanbmy6anu pyx 00 po3gumKy 6i0HOGII08ANbHOI enepeemuKu. [l 6azamvox Kpain nepexio 00 cmabiibHux ma
€KOJI02IUHO YUCMUX 0dHcepenl eHepeii cmae npooremamuiHum.

Mema oOocnidycenna. 3azanvhuili 0enad ma aMariMuyHull aHaniz MeHOeHYil pPOo36UMK)Y CHONCUBAHHS
eHepeemUuYHUX pecypcié ma 8npoeao*CeHHs BIOHOBNIOBANbHUX O0JCepell 8 eNeKMpPOeHepeMmUYHUX CUCTHEMAX Y
2017-2023 pokax 3a mamepiaramu Odocniodcenns International Energy Agency (IEA), nasedenumu y World
Energy Outlook (WEO) /1-6].

Memoouxa peanizauyii. ¥ cmammi 018 O0CHIONCEHHS BUKOPUCNAHO MEHOeHYii PO36UMK)Y C8imoeoi
cucmemu BiOHOBNIIOBANLHUX CIMAHYIU HA NIOCMA8] 3a0e3neueHHs KIMAmuyHol HeUmpanibHOCMi, HYIb08UX BUKUOI8
ma 4ucmozo eKono2iuHo2o cepedosunya. [locniodxcens 3mMiH ma cnocooie 0oMedcents HeeamusHUX HaAcaioKie 6i0
siticbkogux 0itl 8 €gponi ma bnuzexkomy Cxodi guxonarno 3a nepcnekmuernumu naanamu IEA.

Pesynomamu  0ocnidscennsn. Hagedeno 0240 3MiHU CMpPYKmMypu eHepaopecypcié y ceimogomy
enepeemuynomy 6ananci. ITloxazano, wo enepeemuuyHa Kpuza npuseena 00 PI3K020 3POCHMAHHSA BUOODYMKY
BUKONHO20 NAIUBA, Nepedycim 8yeliia ma Hagmu. 3 memoro cmabinizayii YyiH Ha NAIUO Ma 3HUNCEHHS YIHU HA
8UPOOIIEHY eNleKMmpOeHep2ilo po3noyamo 0yOiHUYMBO HOBUX NOMYdCHOCmel 01 eupoonuymea 250 mapo.
Kybomempie ckpanienozo 2asy wjopiuno. Hasedeno cmamucmuuny ma npocHO306any iHgopmayilo uooo
CIMPYKMypu Cc8imoeozo 0anancy eHepeoHOCii6 i piyHoe0 SUpPOOHUYmMEa eiekmpoenepeii 3a euoamu 2eHepayii.
Poszenanymo exonociuni necamueni HACIIOKU, AKI 3apeccmpo8ano Ha ocmanni mpu poku. niosuwena emicis CO2;
3a6pyonents nogimps OpiOHOOUCNEPCHUM NUNOM, 3a0pYOHeHHs TPpYHmMI@ i B600HUX 20PU3OHMIG; 3MiHA
KAimMamuyHux noxazuuxis. Ilpoananizogano npobiemu, sAKi YMEOPUIUCA Ol peanizayii HO8UX NPOEKMI8
0y0isHUYMBA BIOHOGIIOBANLHUX OJiCepell, PO3BUMKY elleKmpoeHepeemuyHol iH@pacmpykmypu, Oesneku ma
HAOTHICMb eleKmponocmavants. Bukonano ananiz 3anponoHo8anux 3axo0ie 3a KiIbKOMA CUeHApismu ujooo
30LIbUEHHS BUPOOHUYMEA | BUKOPUCMAHHSA COHAYHOL, 8IMPOBOT ma amoMHOI eHepeii, SMEeHUIeHHS 3a1eHCHOCMI 810
mMpaouyitiHux 0dicepes eHepaii ma nepcnekmuu 00CASHeHHs. HYIb08UX 8UKUOIE 0lokcudy gyaieyro 0o 2030 poky.

Bucnoeku. /i, cnpsamoeaHi Ha CKOpOUeHHs CHOJICUBANHSL eHep2ii, NPOSHO308aHe 3HUNCEHHSL YIH HA NATUGO,
3an1aHO8aHI nepe3anycKu amoMHoi eHep2emuKy ma nooanbule NPo8aA0*CeHHs GI0HOBI0BANLHUX CINAHYIU — MAKI
3aNPONOHOBAHT 3aX00U 0AIOMb 3MO2Y BUPIULY8amu C8IMOGI npobaemu, wo BUHUKIU. Bnesnenicmov y eupiwienui
NOCMABNeHUx 3a80anb Haoaroms niomeepodcenus 3 6oxy 83 kpain ma €eponeticokoeo Cow3sy @uacho ma 8
NOBHOMY 00CA3I UKOHAMU 30008'3AHHA CIMOCOBHO OO0CACHEHHS HYIbOBO2O DiGHS BUKUOIE JiOKCUOY Byeneyio.
Buguenns 0ocgidy ma Hanpamie po36UMKY C8iM060i eHepzemuKklu CMEOPUMb MONCIUBICML 00 UWBUOKO20
BIOHOGIEHHS eHepeemu4Hoi CmpyKkmypu 8 Ykpaini 6 nicisi8oeHHUll yac.

KarwuoBi cioBa: ewepeemuuna kpusa, eKonociuHi HACAIOKU, GIOHOGNIOBANIbHA EHepeemuKd, GUKUOU
OioKkcudy gyeneyio.

CaiToBa eHepreTHka 3 moyarky XXI cTopivdst 3HaXOIUTHCS B Ipolieci MaciITabHUX 3MiH, sSIKi HacamIiepes
CKepOBaHI Ha IHTEHCHBHE BIPOB3/KEHHS OCHOBHHX TEXHOJOTIH BiJJHOBIIIOBAHOI EHEPreTHKH B YMOBAaxX
BIATIOBITHOTO 3HIDKEHHS IX BapTOCTi Ta OOMEKEHHS BHUKOPHCTAHHS BHKOIHMX IPHPOAHUX KOMAIMH Ta
HadTonpoaykTiB. Y mianax po3Butky (WEO-2017) [1] enepreTudHoi rany3i Breplie 0yJ0 BIPOBaJKEHO HOBHIl
BaXIUBUI HampsMoM — «CreHapiil CTaJoro po3BHTKY i HOBHX CTpaTerii B €HEPreTHKM» 3 KOMIUIEKCHUM
MiIX00M IIIOJI0 Y3TOKEHHS OCHOBHHUX ITiJIeH CBITOBOTO CTAJIOTO po3BUTKY («LIini cTamoro po3BUTKy» Ha Mepiof
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2015-2030 pokwu ) [7] Ta monoxeHp «PamkoBoro koHBeHmiero OOH mpo 3minu kiaimaty (UNFCCC)» [8] mono
3amobiranss 3MiHaM kiaimatry Ha 2021-2030 poku. 3riIHO HaBEACHOTO CIEHAPII0 OCHOBHI HANPSIMH PO3BUTKY
OyJl0 BH3HAYEHO SK «IOJAibIIe BIPOBAIKCHHS MPUPOJHOTO Ta3y MOPSA 31 CTPIMKO 3POCTAI0HuOI0
BiJIHOBJIIOBAJIbHOIO €HEPI'eTUKOIO Ta 3a0e3MeUeHHs 3araJibHOro JJOCTYITy A0 HEeJOpOroro, HaAiHHOTo, CTIHKOrO i
CY4YacHOT'O €HEprolocTadyaHHs B OyAb-sKiil KpaiHi cBiTY». Y BKa3aHHUX JOKyMEHTaX HaroJIOUIyBaJloCs, L0 3a/JIs
CTBOPEHHSI YMOB CTOCOBHO OOMEXEHHSI 3pOCTaHHs riodanbHoro norertinas Ha 1,5 °C mo 2050 poky nmorpiOHO
peaizyBaTu mOHaWMEHIIE Taki chepH AisTbHOCTI:

1. AKTHBI3yBaTH AeprKaBHY IOJITHKY 3 BAPOOHUIITBA €HEPTi] 3 aIbTEPHATUBHUX JpKepell. Take nojxokeHHs
nependavaso 3pOCTaHHs 1HBECTHLIN y OyJiBHULTBO HOBHUX €JIEKTPOCTAHIIH 3 BUKOPUCTAHHS BiIHOBIIIOBAIBHOT
EHeprii;

2. BripoBa/KCHHS iHHOBAIIITHUX TEXHOJIOTIH i MaTuBa, BUKOPUCTAHHS SIKUX JIa€ 3MOTY 3MECHIITUTH BUKUIN
niokcuny Byraento (COz). ITotpibHo mependaunTy OyJIBHUITBO MOTYXHUX €JIEKTPOCTAHIIN 13 3aCTOCYBaHHIM
NajiiBa 3 HU3bKUM piBHEM BHKHIB, Hacamriepen AEC, 3 BipoBa/UKeHHSIM TEXHOJOTiH 1yt ynoBmoBaHHs CO; Ta
Horo nocTiifHOTro 30epiraHHs abo MepeTBOPEHHs Ha KIIIMaTUYHO HEWTpaJIbHE MaJIkBO.

3a «CueHapieM cTajoro po3BHTKY i HOBHX CTpPAaTeTii» MPOrHO3yBaJOCs, 10 HU3bKOBYIJIELEBI JpKepea
MOABOATH CBOIO 4acTKy Ta B 2040 poui mocsarHyts 60% B CTPYKTYpl €NEKTPOCHEPIeTHKH, y KIHIIEBOMY
€HeprocoXKMBaHHI YacTKa MPsSMOro Ta HENPsSMOI0 BUKOPUCTaHHS BiJIHOBJIIOBAJBHUX JKepesd 3pocte 3 9% 1o
16% [2, 3]. CtpimMKe 3pOCTaHHS BUKOPHUCTAHHS BiJHOBIIIOBAILHHUX JDKEpPEN B €JICKTPOCHEPreTHUIll Ta BUMOIHU
[MTapu3bkoi yroam «HaONM3ATH KiHEUb IMEpiofy UIMPOKOTO BUKOPHUCTAaHHS BYTriuni». CrHoXuBaHHS HadTH
npoaoBKyBaTuMe 3poctatu 10 2040 poky, aje BkKe HIKYUMH TeMraMmu. [[iIBHUICHHS eHeProeeKTUBHOCTI Ta
3aX0/I¥ 3 €KOHOMIi 3HU3ATH MMOTPeOy B 3pOCTaHHI BUIOOYTKY Ta BUPOOHUITBI eHeprii. OmHaK clieHapill «CTaloro
PO3BHUTKY» Ha IUTaHeTi 3akiHumBcs 24 motoro 2024 pori 3 moYaTKOM BTOPTHEHHs pocii B Ykpainy. Huwi, sx
BiJJ3HAYAIOTh AHAJITHKH, CBIT BCTYIHB B Iepioa TpaHc(opMalliii Ha miacTaBi TpUBaIuX BiHCHKOBUX KOH(QIIKTIB
[9].

Bropraenns pocii B YkpaiHy mpu3Beso A0 eckamnamii rro0anbHOi eHepreTHIHOo1 Ta (JiHAHCOBOI KPH3H, MO0
MOJKE CTaTH ICTOPUIHUM MTOBOPOTHAM MOMEHTOM Y TIOJITHII Ta €HEpreTUlli B HallOmmk4di poku. [Ipogosxyroun
OotioBi mii B YkpaiHi, p) CTBOpIOE pU3NKN BUHUKHEHHS 3aTsDKHUX KOHQIIIKTIB HAa biamspkomy Cxomi ta Adpwi.
[eomosiTiuHa HANpPy>KEHICTh pPyHHYE EHEpreTHUHy Oe3leKy Ta MEepCIEeKTHBH ILIBHIKHX, TEXHOJOIIYHHUX,
Oe3neuHux i (PiHAHCOBO TOCTYIHHUX MPOIIECIB PO3BUTKY. [ '€OMOIIITHKA Ta eHEpreTHKA 3aBXKAM MOB's13aH1 BIPOJOBXK
yCiel epu 3acTOCyBaHHS NPHPOIHOTO 1 BHKOITHOTO MNaJIMBA. IMIOPTEpH € 3alie)KHUMHU Bl €KCHOPTEpiB y
MOCTa4aHHi, a EKCIIOPTEPH TaK caMoO 3aJIe)KHI y TUIaHI OTpUMaHHS MPUOYTKY Ta PO3BUTKY TEXHOJOT1H. IcTopuuHO
MOJITHYHI Ta KOMEpLiiHI BIIHOCHHM MiDX BUPOOHHMKaMH Ta CIOXMBauyaMH 3MIHIOBAIUCS, TPU3BOASYH YU JIO
MOTIPIICHHS, YU J0 BPErYJIIOBaHHS K CIIOCOOY YIPAaBIiHHS TAKOK 3aJCKHICTIO. Y IBAAIITOMY CTOPIUYi Taki
pU3HMKH OyJM 3HIDKEHI Yepe3 CTBOPEHHS BIAKPUTHUX MIKHAPOAHHX €HEPTeTHMYHHX PUHKIB, CIIOYATKy BYTLIIA Ta
Ha(TH, a OCTaHHIM 9acoM i IpUpoAHOTO ra3y. JoOpe GyHKIIOHYIOWi PHHKH, TOPS] 3 TAKIMH 3ac00aMH OE3IeKH,
SK pe3epBHI HE3aBaHTAKEHI TOTYXHOCTI OCHOBHUX BHPOOHHKIB 1 KOOpPIMHOBaHAa CHCTeMa 3amaciB Hadrw,
JIOTIOMOTTIM KpaiHaM YTPaBISATH 3MiHAMH B IIOTHTI 1 MPOIO3UIi Ta 3a0e3lMe4YnTH 3amach y pasi BigMOB, sKi
CIPUYMHEH] eKCTpeMaJlbHUMH IIOTOJHHMH yMOBaMH{, TPHUPOJHMMH HAJA3BHYaWHUMHU CHTYalisIMH YU
TEOTOJIITHYHUMH TOJISIMU.

Bropruenns pocii B YkpaiHy cTajio cepiio3HUM BUIPOOYBAHHSIM Ha CTIHKICTh Cy4acHOT €HEPrOCUCTEMH JI0
reOMNOJIITUYHUX MOTPsACiHb. CTPUOKH 11iH, IO BUHUKHYJIH ITiCJIsSi CKOPOUYESHHSI OCTayaHHs rasy 3 Pocii, 6e3yMoBHO
OyJiu CyTTEBUMH, ajie cripoba pocii BUKOPUCTATH IPUPOJHUH a3 sIK MOJITHYHUHN BaXKiIb poBanuiacs. Y 6epesHi
ta kBiTHI 2022 poky International Energy Agency (IEA) onpuiitoAHUIIO [UIaH 3 AECSITH ITyHKTIB 00 3MCHIIICHHSI
3anexxHocti €Bporneiicbkoro Coro3y Bifi POCIHCHKOTO MPUPOMHOrO ra3y Ta IUIAH 3 JECATH IYHKTIB 070
ckopoueHHs Bukopuctanus Hadru [10, 11]. Pocis BTpaTHia CBOro HalOUIBIIOrO CHOXHBaYa — €BPOMEHCHKUI
Cor03, 3HUIIMIIA PEIyTALi 0 HAaJIIHOTO eKCIIopTepa Ta CTBOPHIIA CTUMYJIH JIO MOLIYKY albTePHATHBH IPUPOJIHOMY
rasy Juisi crioxuBadiB. CBITOBa eHEpreTHYHA KpH3a CIPUYMHIIIA CYyTTEBUHN MEPErJIs] MOMUTY Ha NPUPOJHUN ra3 y
01K 3HMKEHHS EKCIIOPTY pocilichKoro rasdy. Biiina B YkpaiHi npusBena 10 0OMEXEHHs 3aKyMiBJi POCIHCHKOTO
razy. Skmo y 2021 pini miaHyBanocs MOpivyHe BUKOpUCTaHHS razy 1o 2050 poky B o0cs3i He MeHm sik 1 750
wiIpa KyoomerpiB, To 2023 poky oOcCsATM NMOCTaBKH Bij IHIIMX MOCTavaJbHMKIB 3HIDKEHO 70 920 mupn KyoO.
BripoBakeHHST HOBITHIX TEXHOJIOTIH Ui BUPOOHHUIITBA BOJHIO CIIOCOOOM €JIEKTPOJIi3y 3aMiCTh BUKOPHUCTAHHS
MPUPOHOTO Ta3y Ja€ MOXKIIMBICTH J0 MMOJANBIIOr0 3MEHIICHHS 00CSTIB.

Amnauri3 iHpopMarii Ta MPOTHO3iB, SIKi HaBeJeHO y mopiuHux 3Bitax IEA, mounnarounm 3 2017 poxky i g0
2023 poky [1-6] nae 3Mory mpoaHasi3yBaTy Ha CKiJIbKH CyTTEBO BILIMHYJIU BiliHA MIX POCI€r0 Ta YKpaiHOt0, BiliHa
Ha bBiu3bkoMy cXoAi Ha NOAANBIIMHA PO3BUTOK EIEKTPOSHEPreTHKH, CTaH EKOJIOTIYHOTO CepeloBHIIa,
JIOCTYITHOCTI JIIOJIEH JI0 CUCTEM eNeKTpOIocTadyaHHs Ta iHmWX 4uHHHUKIB. IEA — e Hemep>kaBHa camocTiiiHa
MiKHapoaHa opranizamis y ckmaai Organisation for Economic Co-operation and Development (OECP). IEA
yTBOpeHa 1974 poKy 3 METOIO CIIPHUSHHS MDXHAPOJHOMY CIIIBPOOITHHIITBY KpaiH-IMIOPTEPiB €HEPropecypciB B
HampsMax eHepreTuuHoi Ta ekosorignoi Oesmeku. [IporHosm IEA 06a3yroTecs Ha peTenbHO TepeBipeHiit
iHpopMmanmii i3 3axydeHHSM NPOBIAHMX (axiBuiB 3 eHepreruku. OcoOimBa yBara NPHUIUIETHCS PO3BUTKY
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paIrioHaJTbHUX €HEPTeTHYHUX MIPOEKTIB, BUKOPHUCTAHHIO alIbTEPHATHBHOT €HEPTETUKH, MIXKHAPOIHOT KOoTIepallii B
cdep HOBITHIX TEXHOJIOTIH. 3aBJaHHS BIPOBAKCHHS BiIHOBIIOBAJIBHUX JUKEPET €HEprii MO3UIIOHYIOTHCS SIK
NPIOPUTETHI B €HEPreTHIli. ¥ KOHTEKCTI BUPILIEHHS OKPECICHNX NPOo0JieM, OCTAHHIMU POKaMU 3'sIBUJIAcs BEJIHKa
KIIBKICTH  POOIT, Yy SKHX aHai3ylOThCd MOXJIMBOCTI Ta CHOCOOM 3a0e3Me4eHHs BHUCOKOTO piBHA
CHEepProceKTUBHOCTI B €BPONEHCHKUX KpaiHax [12—14] ta Vkpaini [15, 16].

O3HalioOMIIEHHS 3 TPOrHO3aMHU PO3BUTKY CBITOBOT €HEPreTHKH | BUBUCHHS PEKOMEHAALIIH 1110/10 MO0JIaHHS
HACJIJIKIB CBITOBOI €HEpreTHYHOl Ta (hiHAHCOBOI KPHU3U JACTh 3MOTY e(EeKTHBHO TPaHC(HOPMYBATH yKpPATHCHKY
€HEepreTUYHy CTPYKTYpPY Ta LIBHAKO BiIHOBUTH CHEPreTUUHY O€3IeKy y MiCIIBOEHHUHN Mepiot.

Meta Ta 3aBaaHHsi 3arajbHUI OMIAA Ta AHAJNITUYHUHA aHANI3 TEHICHLIH PO3BUTKY CIIOKHMBAaHHS
€HEPreTUYHUX PECYPCiB Ta BIPOBAKEHHS BITHOBIIIOBAJIBHNX JKEPEN B €IEKTPOCHEPTETHIHNX cucTeMax 3 2017
mo 2023 poxu 3a martepiazamu gociimkeHHs International Energy Agency (IEA), HaBenernmu y World Energy
Outlook (WEO).

Martepian i pesyabTatu Aociaimkenb EHepreTmdHa Kpu3a Tpu3Bela IO YIOBUIBHEHHS PO3BUTKY
BITHOBIIOBAJIbHUX JPKEPEIN B €IEKTPOCHEPTETHKY, Y ACAKHX KpaiHaX PO3BHTOK CHCTEM €JIEKTPOIOCTadyaHHS Ta
MPOLIECH BIPOBA/KEHHS €KOJIOTIYHO YHCTHX CIOCOOIB OMajeHHs Ta MPUTOTYBaHHS 1XKi 3arajJbMyBajucsi abo
HaBiTh 3MEHIIWINCS 10 JOKPH30BOT'O IIEPIOLy.

[lIBuake, aie HEPIBHOMIPHE BiIHOBIICHHS CBITOBOT €KOHOMIKH Micisl periecii, sika Oyna cnpruunHena Covid
19, Ta mopjanklla eHEpreTH4YHa Kpu3a CTBOPWIIM BEJMKI HABAaHTAXKEHHS HA YaCTUHY CY4YacHOI SHEepreTHYHOI
CUCTEMHU, BUKJIMKAIOYH Pi3Ke 3pOCTAHHS IiH Ha pUHKAaX MPUPOIHOIO ras3y, Byriuis Ta enekTpoeneprii. 3 2020 poky
eHeproHocii nogopoxuany Ha 40 %. 3 2021 poky 3apeecTpoBaHO Pi3KHii MOBOPOT /10 BUKOPHCTAHHS BYTILIS Ta
HadTH. LiHM Ha BUKOIIHE MAIMBO MOCATIH miKiB 2022 poKy. 3aXHUCT CHOXKHUBAYIB Bl CTPIMKOTO 3pOCTaHHS ITiH Ha
nanuBo y 2022 pomi noporo obifimoscs ypsagy CIIA (900 MinpspaiB momapiB Ha pik Ha YTPUMaHHS IiH Ha
eJIIEKTPOCHEPTII0 Ha CIIOXMBUOMY PUHKY) Ta KpaiHam €Bporeiickkoro Coro3y (600 mMipn €Bpo Ha EKCTpPEHY
MiATPAMKY).

2023 poky meski 3 6e3rmocepenHiX HACHIIKIB TII00ANFHOI HEPreTUIHOI KPHU3K Ocalin, ale pu3uKdA Ha
SHEPreTUYHNX PHHKAX, TEOIOIITHI, (DiHAHCOBIH cdepi Ta CBITOBiHf SKOHOMII NMPOJOBXKYIOTH 3pocTtaTH. Ha
[bOMY CKJIQJIHOMY €TaIll IosiBa HOBOT €KOHOMIKH 3 BUKOPHCTAHHSIM YHCTOI €Heprii, HacaMIepea COHSYHOI, Ta
EJIEKTPUYHHX TPAHCIIOPTHUX 3aCcO0IB JIa€ EPCIEKTHBY A0 MOJAIBILOr0 PO3BUTKY. [Ipoiaxki ClIoKUBUMX ra30BUX
KOTJIIB TAKOXK MalOTh TEHACHIIO /10 3HWKEHHS 1 B TENEePIllHIi Yac BiCTAIOTh BiJl NPOJaXKi TEIUIOBUX HACOCIB Yy
Oaratbox kpaiHax €Bponu ta CILA. Y cekropi eleKTpOeHepTreTHKN B YChOMY CBITI KiJIbKICTh €JIEKTPOCTaHIIIH,
SKi TPaLIOIOTh Ha BYT/UI Ta HPUPOJHOMY T'a3i, CKOPOTHJIACS LIOHAWMEHIIE BJBIUi MOPIBHSHO 3 MOIEpPEIHIM
pecatumitrsM. OnHak novyuHaroud 3 2021 poky peecTpyroTh 30iJbLICHHS OOCSriB BUKOPUCTAHHS BYTUUIS Ta
Hadtu. Taka TEHOEHIsI BEIMKOIO MIpOI0 € MPUYMHOIO CKayka pidHOro 3poctaHHs BUKUIIB COg2, sike crayo
HAMOUTBIINM 3apEeCTPOBAHHUM 3a BECh MEPi0JI CIIOCTEPEKEHHS B HOBITHIN iCTOPIi.

[TomoxeHHs, IMOMO BHUKOPHUCTAHHSA NPUPOJHOTO Ta3zy, skumii me B 2018 pori BBakaBcs HaHOUTHII
€KOHOMIYHHUM 1 MEpCIEeKTUBHUM BHJOM IajHBa, KapAWHAIBHO 3MIHMIUCA. YTIEpe/KEeHHs 1Moa0 Oe3neku Horo
BUKOPHCTAHHS 3apa3 MepeBaXkaroTh, OCOOJIMBO MICIs TOTO, SIK POCis CKOPOTWIIA OCTaYaHHs Ta3zy 10 €BpoOIH Ta
CIPOBOKYBAJIa 3pOCTaHHSA IiH O YOTUPHOX pa3iB y 2021-2022 pokax [17]. 3 MeToro crabimi3amii iH Ha MAITHBO
Ta 3HWKEHHA IIIHW HAa BHPOOJEHY eNEeKTPOSHEPrilo po3Novaro OyNiBHULTBO HOBHX IIOTYXHOCTEH IS
BUpOOHHMITBA 250 MIIpJI. KyOOMETpIB CKparuieHoro rasy mopiuHo, nepeBaxHo B CILA Ta Karapi. besnepeunoro
MepeBarol0 CKParuIeHOTo ra3y € MOXJIMBICTh HOTO Mepepo3noniiny B Oy/Ib-IKHH MOMEHT Y MiCI MiIBUIIEHOTO
MOMHTY, 1110 CTBOPIOE Cepil03HI TPy IHOILI /I cTparerii auBepcudikamii pocii B ik Asii.

[TnanyBanocs, 110 YacTKa BiIHOBIIOBAHHX JPKEPEN eHEpril y BUPOOHHUIITBI efieKTpoeHeprii 3pocte 3 28 %
y 2021 pomui no mpubmusuo 50 % y 2030 poui ta 80 % mo 2050 poky [2]. CriomiBaHHs, 110 CIIOKUBAHHS BYTULIS
Brajae 3 36 % y BupoOHHITBI enekTpoeneprii y 2021 pori 10 26 % y 2030 pomi ta 12 % y 2050 pomi He
copasamincs [6]. 2023 poKy BHKOPHUCTAHHS BYTUIA B €JICKTPOCHEPIETUYHOMY CEKTOPI 3pOCIO B 0arathox
KpaiHax y BiATOBib Ha MiJBUIIEHHUH MOTINT, BUCOKI IIHM Ha TIPHUPOTHUMN T'a3 1 MpoOJIeMH eHepreTHIHO] Oe3nmeKu.
CaiToBa reHepallist eJeKTpUYHOI eHeprii 3a Buaamu nanusa y 2010 poui i 2023 poui [6], a Takox nonepenHii
nporuo3 Ha 2020 pik, sikuit He 0yJ10 peasizoBano [2], HaBeaeHO Ha (puc. 1).

Sx BummBae 3 puc. 1, momepexHi mporHo3m 2017-2018 pokiB mog0 3MEHIIEHHS BHKOPHCTAHHS
npupoaHoro manuBa A0 37 % He Oynu peamizoBaHi. 2023 poKy YacTKa BUKOPUCTAHHS NPUPOIHHUX TAJIUB
3aJIMIIaeThCs Ha piBHI 67%.

BaxanHst kpaiH IPUCKOPUTH €KOHOMIYHE 3POCTAHHSI MICHs IaH/AeMii HAIITOBXHYJIOCS Ha HACHIIAKH Bix
rJ100aIbHOT eHEePreTHYHOT KPU3H Ta BHHUKHEHHS IIMPOKOMacIITAOHUX BIHCHKOBUX Il B €Bporti, A3ii Ta Adpuri.
Lle mpu3BeIo 10 3pOCTaHHIO 0OCATIB BUKOITHOTO MAJMBO, eperycimM By, Ha 9%. SIKio cBiToBa cTablIbHICTh
He Oyze 3abe3neuena 1o 2050 pori, o6csr BUnoOyTKy Byriust Bnase nume Ha (3...7)%. OcraHHi noxii, puHKOBI
YMOBH Ta MOJITHKAa 3MIHIOIOTh MOIJISAM Ha TPUPOJHUI ra3 Ta OOMEXYIOTh HOro BHKOPHUCTaHHS, BOJHOYAC
M AKPECITIOI0YH TOTSHIIAT SAePHOT HEPTEeTHKH AJIS1 CKOPOUCHHS BUKH/IB Ta 3MIITHEHHS €HEPreTHYHOI Oe3MeKH.
SIKII0 TOMUT Ha MPHUPOIHI KOMAJIMHM OyIe 3alWIIaTHCS Ha BHCOKOMY DiBHI, AK Iie BiOyBaeThCS 3 BYTLILIIAM,
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HaTOO 1 Ta30M, TO BiJ JOCSTHEHHS rIIO0ATbHUX KIIMaTHYHHUX Ta €KOJIOTTYHMX Liel, 3aaexkiapoBanux y [8],
notpibHO Oyze BiAMOBUTHCS y HaHOmMIK4oMy MaiOyTHROMYy. HaBiTh y pasi He po3mupeHHS 30H HasgBHHX i
MPUAACITHIX BIHCPKOBUX KOH(MIIKTIB e MIPH3BEe 10 TOAATBIIOTO 3POCTAHHS 00CSTIB BHKOPHCTAHHS BUKOITHOTO
nanuBa Ta BigmoBiaHo BUKKUIIB CO2 y HACTYITHI POKH.

2010 p. 2020 p. 2023
13
" 9
ml =2 =3 ml m2 =3 m]l m2 =3
a) 0) B)

Pucynok 1 - 'enepayis enexmpoenepeii 3a eudamu nanuea: a) 2010 pix; 6) npoenos na 2020 pix; ¢) 2023 pix
Hosnauenns na puc. 1: 1 — npupooni nausa; 2 — 8ionoen08anbHi 0dxcepena, 3 — amomHi cmanyii

EnepreruuHa kpu3a, sika Mpu3Bea 0 3MiHEHHS €HEpreTHYHOT0 OallaHCy, CIIPUYMHIIIA HU3KY €KOJOTIYHUX
HeOe3Iek, cepen sikux: minsuiena emicis CO2; 3a0pyJHEHHS MTOBITPsI; 3a0pYAHEHHS IPYHTIB 1 BOJHUX TOPU30HTIB.
EnepreTuuHuii CEKTOp YTBOPIOE Maike TPU YBEPTi BUKU/IB, SKi BXKE IiTHUIN TI100aNbHI CepeliHi TeMIepaTypu
Ha 1,1 °C Buie 3 OIHAYCTpiadbHOT €MOXH, 3 HOMITHUM BIUTMBOM Ha IOTOAY Ta €KCTPEeMalbHI KIIIMAaTHYHI yMOBH

(puc. 2).
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PucyHok 2 - 3acanvhi obcaeu euxudie diokcudy 8yeneyro 8 ceimi 3a poKamu.

2022 poky Bukuau CO, B eHepreTHYHHX cucTeMax aocsariu 36,6-10° M, mo € HaWGINbILMM pidHHM
npupoctoM B icropii [20]. BukopucTaHHs €HEpPreTUYHOro yCTAaTKyBaHHS Ha BHUKOITHOMY MAaJIMBI € OCHOBHOIO
NPUYUHOIO 3a0pyJHEHHSI NOBITPS, SIKUM BUMYIIEHO nuxatu noHag 90 % HaceleHHs CBiTy, 1[0 NPU3BOJMTH 1O
MoHaa 6 MiNBAOHIB BHIAJAKIB MepeauacHoi cmepTi rmopiuHo [18]. Bamns 3axucTy HaceJeHHS IUIaHYBaJoCs
BITPOBA/KCHHS MICBHHUX 3aXO[IiB, SIKi MMOEIHYIOTh MiHIMAIbHI CTaHAAPTH IM0J0 BHUKHIIB BUXJIOMHHX ra3iB Bif
AaBTOMOOIIBHOTO TPAHCIOPTY, 3MEHIIEHHsI BUKOPHCTaHHS BYTULIS 10 BUPOOHUIITBA €JIEKTPOSHEPTil Ta MaIMBHOI
JIEpEBHHH JI0 OIAJICHHS Ta IPUTOTYBaHHS 1XKi, 10 Pa30M MOKE ITPHU3BECTH JI0 MIOMIPHOTO 3HIDKEHHS TIT00AIBHUX
BUKHJIIB OCHOBHMX 3a0pyAHIOBadiB MoBiTps B mepioa 3 2021 mo 2050 poku [19].

2021 poky enekTpoeHepreTHuHui cextop BUKUHYB 13:10%° Mr CO,, 1m0 CTaHOBUTH MOHAJ TPETHHY
rnobansHuX BUKUAIB CO,, TOB'SI3aHUX 3 eHepreTukoro. OHOBIIEHI NPOTHO3U 3acBimumid, mo BUKuA CO, B
€JIEKTPOECHEPTETUYHOMY CEKTOPI JOCATHYTH MiKy B HaHONMMK4OoMy MaiilOyTHEOMY, 3 MOXKIIMBUM CKOPOYEHHSIM Ha
40% mume micns 2050 poky. Takuii pe3ynbTaT BKazye Ha Te, IO Y INIOOATbHUX €HEPTeTHYHMX CHCTEMax He
3aIpOBaPKEHO CYTTEBHX CTPYKTYPHHX 3MIiH 3a/Uls BIJJOKPEMJICHHS T'eHepalii Ta BHUKOPHUCTAaHHSA €Heprii Bix
BUKHUIB [21]. Take 3pocTaHHs 10 HOBOTO PEKOPAHOTO PiBHS CYIEpPEeYHUTh 3000B'sI3aHHAM KpaiH J0CATTH YUCTOTO
HYJIbOBOTO piBHS BUKHIIB 110 2030 poxky.

BupinieHHst exoJoriYHuX NpooiieM, MoB'si3aHuX 3 00MekeHHsIM BUKUiB CO, Ta ri1o0anbHOT0 NOTEIUTIHHS
1o 1,5 °Cy 2050—2100 poxkax, ctano nmpoOieMaTHYHUM 1 CKIaIHUM 10 peatizamii. 2023 poky npupicT riaodansHO1
CepeHbO1 TeMITepaTypH MOBepXHi Bke Habmu3uBcs 1o 1,2 °C Butie 3a JOIHAYCTpiaIbHAN PiBEHb, IO CIIPUYNHSIE
XBWJI TIOTOKIB TEIJIOTH, OypeBii, TOBEHi, JIICOBI MOKeEX1 Ta 1HIII eKCTpeMalbHi MoroHi sBumia. OUiKy€eThCs, 10
XBWJII CHEKH Ta 3POCTAaHHA MOTpeOW B OXOJIO/KEHHI OyAyTh 30iJIBIIYyBAaTHCS 3 YaCTOTOIO Ta IHTEHCHBHICTIO
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30BHIIIHBOI TeMIeparypu MHOBITPs [22]. YV Mipy MiIBHUINEHHS CEPEOHBOI TEMIEpaTypH 3pOCTaTHME KiIbKICTh
KpaiH, B SKUX IIei mpormec Oyae cTaHOBHTHME HebOesmeKy st 3m0poB's HaceneHHsA [23]. Hoctyn mo mociyr
OXOJIO/KEHHS NPUMIICHb, TPAHCHOPTY, XHTJIOBHX IOMEIIKAaHb CTaBAaTUME HAMBAXIUBIIIMM U 34OpPOB'A
HaCeJICHHS, KOM(OPTY Ta MPOAYKTUBHOCTI TpaIlli, i BIICYTHICTh HOCTYILy JO IOCIYT OXOJIOKEHHS BCE YacTille
YTBOPIOBaTUME OCEPENIKH COLiaNbHOT HanpyxeHocTi. [IporuosytoTs, mo 1o 2050 poky KiNBKICTh JIOAEH, KOTpi
MaTHUMe X04 SIKYCh OTpeOy B OXOJIODKEHHI, 3pOcTe MoHalMeHIe 10 9,4 muipn (monax 95% HaceneHHs IUIaHeTH),
110 Maike Ha 2 MiIpy Oisblie, HiXK HUHI. [11aHyr0Th, 0 CBITOBUIT 3amac MOOYTOBMX KOHIUIIOHEPIB 3pocTe 3 1,5
MUIBSIpAa OJJMHULB Y TelepilHii yac 1o 2,2 minbsipaa y 2030 poui ta 4,4 minespaa y 2050 pori.

B VYkpaini 2022 poky ¢uykTyaris TeMIIepaTypH MOBITPs Ha BCiil TepuTOpil EepeBHUIIMIA 3aTAILHOCBITOBY
Ha (0,4...2,1) °C. Criiike miIBUIICHHS TEMIICPATypH TMOBITPs 3a(piKCOBAaHO 3a yciMa CE30HAMH: ECPCBUILCHHS
cepeTHbOpIYHOT TeMneparypH cTaHoBuTh 1,4 °C ; BiiTKY npupict nocarays 1,8 °C; B3umky — 2,1 °C [24].

BukopucTaHHS BUKOITHOTO MaWBa MPU3BOJIUTH 10 3a0pyAHEHHS MOBITPs. 3a OCTaHHI POKH 3a0pyaHEeHe
MOBITPs € IpIYuHOIO moHaiMenmre 19 000 HammkoBuX cMepteit moaeHHo. 2021 poky 3a0pyaHEHHS TOBITPS
B MPHUMIMICHHAX CTAI0 MPUIMHOIO OIU3BKO 3,6 MITBHOHIB MepequyacHUX CMepTel, 3a0pyIHEHHS 30BHIIIHBOTO
noBiTpst — 4,2 Minpitona. [lopsn 3 TuM 3a0pyAHEHHS MOBITPS MPU3BOIUTH A0 CYTTEBOTO IIABHINCHHS BUTpAT 3
nepxaBHAX (OHIIB. BUHMKAIOTH NpsMi BUTpATH, HANPHUKIAL, TOB'A3aHI 3 HAZAHHAM OJATKOBOI MEIMYHOL
JIOTIOMOTH, Ta HENPsIMi BUTPaTH, HANPHUKJIAJ, MTOB’SA3aHi 3 JOAATKOBUMH BHUITQJAKaMH BiJ BTPATH IPAI[iBHUKAMH
mpane3gaTHocTi abo 3a0pyTHEHHSM CUTHCHKOTOCHONApChKUX 3eMellb Ta muTHOI Bomu [25]. IligpaxoBaHo, mo
rio0anbHI BUTPAaTH Ha MEIWYHE OOCIYTOBYBAaHHS XBOPHX Uepe3 BIUTUB 3a0pyIHEHOTO MOBITPS 3 IpiOHIMH
TBEPIMMH YacTKaMu JiameTpoM 1o 2,5 microns (inaexc AQL PM2.5) cranosisits 10 6% cBitoBoro BBIT i moHaz
10% y meskux KpaiHax, 3okpema B Iumii Ta Kutai [26].

VYxpaina nepeOyBana Ha 43 Micli B CBIiTi 10 BiiiHU 3a piBHEM 3a0py/JHEHOCTI MOBITPs 1 Ha 8-My — B €Bporii
[27], 3i cepenHbO3BaxkeHO0 KoHIEHTpamico 15pg/m®3a nomycrumoi konuentpamii Spug/m®. BeneHHs akTUBHUX
OoitoBux il Ha TepuTopii KpaiHU KaTacTpo(i4HO MOTIpIIY€ SIKICTh MOBITPS Ta CTaH BOAHUX TOPH30HTIB Ta
rpyHTiB. 3 2022 poky B YKpaiHi crioCTepiraeThcsi CyTTEBE 3pOCTaHHsI piBHS 3a0pyAHeHHs MoBiTps. [Ipsmuii BB
00ifoBHX il — 1€ ICTOHYBaHHS CHaps/IiB, BAKOPUCTAHHS apTUiIepilichkol 30poi, aBiaboM0 Ta 00HOBOT TEXHIKH.
3a nanumu JlepxkaBHOT ciiy»kOU 3 HaJ3BUYAHHUX CHUTYyalill YIPOAOBXK TUIBKU TPHOX MICALIB BiffHUM Ha TepUTOPIi
Yxpainu 3HenkomKeHo nonay 120 trcsiy BuOyxoHeOe3neyHux npeaMeriB, 30kpema 1 978 apiawiitaux 6om6 [28].
Boanouac pociiiceka apMist BUnycTiiIa mo Ykpaiuni g0 5 000 3a nepuii pik Bidinu i 1 500 paket — 3a apyruid. Y
JISSIKUX BHUITJKaX IIi paKeTH BIy4alli B YKPaTHCHKI CKJIaai OOEIPHUIIACIB, IKi TEX NETOHYBAH. Bix Takux BHOYXiB
B aTMOC(epHE TOBITPSI BUKAIAOTHCS CBHUHEI, CaXka, BYTJICIh W 1HINI IIKIIJIABI PEYOBHHH. 3ANUIIKA CHAPSIIB
MICTSTB CipKYy, Miflb, 3aJ1i30 Ta BYTJICIh i 3aJIMIIAIOTHECSA HA TIOBEPXHi, 3a0pyIHIOIOYH IIAPH IPYHTIB 1 BOAH, IO
3rOZIOM CHPUYMHHTH OTPYEHHS JIfoAed 1 TBapuH. Po3MiHYBaHHA Ta PO3IMBH HAa(TONPOIYKTIB, SK Pe3yIbTaT
VIIKODKCHHS MEXaHi30BaHMX KOJOH 0OHOBOI TEXHIKH, TAKOX CIPHUYHHIE HeOe3neuHe 3a0pyJHEHHS TPYHTIB i
MPUPOAHUX JKepen muTHoi Boaw [29]. Hempsimuii BIimB OOMOBUX [ili — IIe MOXKEXKi B €KOCHCTEMax, BUOYXHU
HaTOOAa3, aTaKM Ha IMPOMUCIOBI O0’€KTH Ta CKJIAOM 3 XiIMIYHOIO CHPOBHHOIO Ta IHIIMMH HEOE3eYHUMHU
pEeUOBMHAMH, HANpPUKIAMA, IIHOMOJIypeTaHOM, MiHepaJbHUMH J00puBaMu, JakopapOoBUMH BUpoOaMu,
amiavHOW0 cemiTporo Toiro. HadToba3u Oyiu i 3alMIIaOTHCS OJHIEI0 3 TOJOBHHX IIJICH POCIHCHKUX pPaKeT.
Cranom Ha 24 tpaBHs 2024 poky 3adikcoBano 36 BiyuyaHnb B 00’ €kt HaQTOBOI iHppacTpykTypu [28]. Bin noxex
Ha HaT00a3ax B aTMOC(epHe MOBITPsI BUKUAAIOTHCS BaXKKI METaJIH, TIOKCH]I CIPKHU, Ca)ka, OKCHAM a30Ty TOLIO.
Taki 3a0pyJHEHHS, TIOTPAILISIOYH y IPYHT, 3 4aCOM IOTiPUIYIOTh SKICTh MiI3EMHHX Ta MOBEpXHEBUX BoJ. Ob6cCsr
BUKHUJIIB BiJ 3arOpsiHHs JiciB, HaQTOOA3 Ta IHIIUX 00 €KTIB CTAHOBHUTH 182 MIIbHOHM TOH MIKIIJTUBUX PEUOBUH
mopiuHo. PosropraHHs BiHCHKOBUX /i 3 BHKOPUCTaHHSM 30pOi MacoBOro pyHHYBaHHS Ha E€KOHOMIYHO
PO3BUHYTHX TepUTOpisx o3Havae, mo 2030 poKy KiIbKICTh JIIOJEH, KOTpI MiIaBaTUMETECs BILIMBY MOBITPS 3
BHUCOKMMH KOHICHTpALisIMU 3a0pyIHEHHS NpiOHMMH TBepauMu dactuHKamu (PM2.5), 30impmmThes Ha 640
MUTBAOHIB MTOPIBHSIHO 3 2021 pokom.

2023 poxy KpaiHM BUKOHAJIH CBOi JepXaBHiI 3000B'sI3aHHSI CTOCOBHO OOMEKEHHS BUKHJIIB Ta OYHIIECHHS
NOBiTpst MeHIIe K Ha 20%, Topsi/1 3 THM 3aIU1aHOBaHi (PiHAHCOBI BUTpATH HE0OXiaHO 3akpuTu 10 2030 poky 3a1714
YTPUMaHHS HarpsMy pyxy a0 gocsbkaocTi 1,5 °C. diHaHCH € BiZICy THBOIO JIAHKOIO JI0 IPUCKOPEHOTO PO3rOpTaHHS
BiTHOBJTIOBAJILHUX JKEpeNl eHeprii B KpaiHax, 0 po3BHBAOThCS. HaTomicTs, mo0 mpuBECTH CBIT HA IIJIIX 10
0OMeXeHHS PUPOCTY TeMieparypu Ha piBHI 1,5 °C, moTpiOHO 301MBIIUTH MIOPIYHI iHBECTHINI B MPOEKTH Ta
iHPACTPYKTYPY YUCTOI CHEPTeTHKH 10 Maiike 4 TpuinsiioHiB gomapis CIIIA 1o 2030 poky.

3a ocTaHHIN piK €NEeKTPOCHEPTeTHYHI CHCTEMH 4Yepe3 KOJIMBAHHA I[iH Ha MaJMBO, PO3MOIIN eHeprii Ta
iHGIALIIO0 3ITKHYIHCA 3 HHU3KOI0 MPOONIEeM MIOAO AOCTYHMHOCTI Ta Oe3meku. 3a omiHKaMu (DaxiBIiB pHHKOBA
KOH'IOHKTYpa Ta €HepreTHYHa KpH3a IiABHIIIIN CEPEIHbOCBITOBY BapTiCTh MOCTAYaHHS €JIEKTPOCHEPrii Maiibke
1o 30% y 2022 poui. €Bponeiicbkuii COI03 CTUKAETHCS 3 0COOJIMBHM TUCKOM ITiCTIsl IOTPOEHHS ONTOBUX I[iH HA
€JIEKTPOEHEPTIIO0 B repiiomy miBpiudi 2022 poKy HOPIBHSIHO 3 MONEPEAHIM POKOM. 31€01IbIIOro 1€ € HACiIKOM
PEKOPHO BUCOKHX ILiH Ha MPUPOJHUH Ta3, MOpsi/L 3 TUM IIe TAaKOX BijoOpaskae 30pOXKeHHs Byriuid i HaTH Ta
MOCHJIIOETHCS 3HM)KEHHSIM JIOCTYITHOCTI JI0 aTOMHOI Ta TigpoeHepreTuku. [loroune iHQusmiliHe cepenoBuiue
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TaKOX BIUIMBA€ Ha 3POCTAHHA BHUTPAT IO KOMIIOHEHTIB BiJHOBIIOBAIBHHUX IDKEPEIN, CEpel SKHX COHSIUHI
(oroenextpuyHi Moy, Oarapei Ta iHBepTOpH. 2022 pOKy BUTpATH Ha COHSYHI Ta TiOpUAHI MiHI-Mepexi 3pociu
npuHaiitvHi Ha 20%, mopiBHsAHO 3 piBHeM 2019 poxy. Lle Takoxx cTBOprOo€e mpoOneMH IOJ0 BHUKOHAHHS
3aIUIaHOBAaHMUX KOHTPAKTIB Ha HOBI NMPOEKTH, OOMEXYIOUM aKTHBHICTH iHBecTopiB y 2024 poui. 30iibLICHHS
IHBECTHLIH y PO3BUTOK MacOBOTO BUPOOHMIITBA KOMIIOHEHTIB, a CaMe COHSYHUX (OTOECNEKTPHUYHHUX CHCTEM,
BITpOBUX TypOiH, MOOYTOBUX TEIJIOBMX HACOCIB Ta CTalliOHAPHUX aKyMyJIsaTopiB 2023 poKy 3apeecTpoBaHO TilIbKH
B CIIIA.

Taxki HeraTWBHI €KOHOMIYHI HACIIIKMA IPU3BEJIH 0 3pOCTaHHS KiIBKOCTI JIFOJeH, KOTPi )KUBYTh Y KpaHil
OimHOCTI, CHOBIIBHIOIOUM IPOTpec 3a0e3MEeUeHHs 3arajlbHOTO MJOCTYIY O eNEeKTPOCHEpTii Ta YHCTOTO
npuroTyBaHHS DXi. HaTromicTs Takuii mpoliec NOCHITIOEThCS (PiIHAHCOBOIO KPHU3010, IKa IPUMYIIY€E CHEPTETHKIB 10
BiIMOBH Bix OyIiBHUIITBA Ta BUKOPHCTAHHS BiIHOBIIOBAJIRHHX JDKepen eHeprii. 2022 poxy BIepmie 3a
JIECSITIITTS KUTBKICTB JIIOAEH Y BCHOMY CBITi, KOTPi HE MalOTh AOCTYIY O €IeKTPOEHEepTii, 3pociia Ta Jocsriia
774 MminbiioHIB, 0 03HaYUTHMeE 30iNBIIeHHS Ha 20 MiNbHOHIB Ifoael mopiBHAHO 3 2021 pokom. OkpeMo moTpiOHO
BIZI3HAYMTH, II0 TMOCTiHHI apTUIEPIHCHKI Ta paKeTHI OOCTPLIM MPU3BEIHU 0 OOMEXEHOTO JOCTYIy A0 CHCTEM
TEIIO Ta eJIEKTPONOCTaYaHHs IPAKTUYHO BCIX TPOMAJISIH Ha TepUTOpPil YKpaiHH.

BHacniiok Kpu3M BHUHUKIM TPH B33a€EMOIOB'SI3aHI NPOOJEMH IIOAO IOJAIBIIOTO PO3BHTKY CHCTEM
EJIEKTPOIIOCTAYaHHs: 3POCTaHHS I[iH HAa EJIEKTPOEHEPTilo il TPOMUCIOBUX Ta MOOYTOBUX CHOXKHBAUiB;
oOMexeHe BIPOBAPKEHHS PE3EPBHUX JKEPETI SHEpril; rajJbMyBaHHs PO3BUTKY €JIEKTPUUHHUX MepeK. Enekrpudni
MEpEXi € OCHOBOIO €JIEKTPOSHEPTeTUYHUX CUCTEM 1 MOTPEOYIOTh PO3IIMPEHHS Ta MOAEPHI3aLil s M ATPUMKH
€HEepreTUYHOro nepexoy. PU3uku, OB’ 13aH1 3 MPOIIECOM MOTETIIIHHS, TIPU3BOASATH 10 €KCTPEMATBHNX MOTOAHNX
ABUIIA (CIEKH, TOKEeKaM, XOJIOJaM), IO OEe3yMOBHO BIIIMBAaE Ha IEPEHABAHTAKCHHS EICKTPOMEPEX Ta
CIPUYMHAIOTh IX aBapiiiHe BIOKIIIOUYEHHS. 3arajbHy IOBXHHY MEPEX CHCTEM ENCKTPOIOCTAdaHHsS IOTPiOHO
30impmuTH Maibke Big 30% mo 90% 3 2021 mo 2050 poky. 3 mi€ro METOIO MIOPiYHI iHBECTHIIIi B MEPEkKi TOBUHHI
3pocrtatu opieHToBHO 3 300 Minbsapais nonapiB CIIIA B monepensi poku 1o (550...630) minespais gomapis CILHIA
110 2030 poxy 1 (580...830) minbspais gonapis CILA mo 2050 poky. OnHak pearizaliisi CKJIaJHUX MPOEKTIB HABITh
3a TaKMX IHBECTHIIH MOXE 3aMHATH ACCATHIITTS, 10 B OUIBIIOCTI BUIAAKIB BABIUl IOBIIEC, HIX PO3pOOKa
iHQpacTPyKTypu COHSYHHMX (POTOENEKTPUYHMX 1 BITPOBHX CTaHIIN YM 3apsAHMX CTAHIH IO €JIeKTPOMOOLTIB.
JIOBrocTpoKOBE MJIaHYBaHHS € HalBAXKIUBIIIAM YHHHUKOM 1 BUMara€e BHCOKOI KOMITCTEHIIIT (paxiBIliB, OCKIIbKU
MOTPIOHO BpaxOBYBaTH YMHHUKU 3 BHCOKMM pIBHEM HEBHU3HAYCHOCTI, Cepel] IHIIOro: 3pOCTaHHS MOIUTY;
301IBIIEHHS 00CATIB PEryIbOBAHHUX BiTHOBIIOBAHHUX JPKEPEI €HEPTil; a TaK0XK MOMIUBOCTI st poBizarii.

PerymioBaHHS eneKTpocHCTEMH € (DYHZAMEHTOM O€3MEKH EIEeKTPONOCTadaHHSA. 3MIHEHHS CTPYKTYpH
MONNUTY Ta 3POCTaHHS OOCATIB COHAYHOI (POTOECNEKTPUYHOI Ta BITPOBOI €HEPreTHKH ITOJBOIOIOTH NMOTPEOH B
rHy4KocTi 10 2030 poky Ta 30LTBIIYIOTH iX Maiike BueTBepo 10 2050 poky. Ha HUHIIHEOMY eTalli peryroBaHHS
B €HEPTeTHYHMX CHUCTEMax IeperyciM 3a0e3NeduyeThesl TEIUIOBMMHU Ta TiAPOCTAHIISIMU. BBajkaeTbes, mo Take
3aBJaHHS MOXHA BHPIIINTH B MaiilOyTHHOMY uYepe3 3aCTOCYBaHHS BOJHIO, aKyMyJISITOPiB, BUKOIIHOTO TaJlkBa 3
YJIOBIIOBAaHHSIM BYTJIEIIO, 3aXOiB 3 pearyBaHHs MONHTY, O10€HEPTEeTHKOIO Ta IHIIMMM BiJHOBIIOBaHI JUKepena
EHeprii, SKi MiASraTh JUCTIeTYePU3aIlii.

Enextpoenepris 3abe3reuye 3pOCTaldy YacTKy 3arajbHOTO KIHIICBOIO CIIOXKHMBAaHHS €HEprii B ycix
eKOHOMIKax. 3a mporHo3amu [6] CBITOBUI MOMUT Ha eJEKTpoeHeprito 3pocte Ha 5 900 TBT'rox 3a cueHapieM
3asBiieHoi nosrituku (STEPS) 1 monan 7 000 TBtrox 3a cuenapiem orosomieHux 30008's13aub (APS) mo 2030
POKY, 110 €KBIBAJICHTHO JJOAABaHHIO MOTOYHOTO piBHsI nonuty B Cronyyenux Illtarax ta €Bponeticbkomy Cotosi.
VY kpaiHax 3 pO3BUHEHOI €KOHOMIKOIO TPaHCIIOPT CYTTEBO IMiBHIIYBATHME HOIKT HA €JIEKTPOCHEPTi0, OCKIIbKH
YacTKa PUHKY esleKTpoMoOiiB 3poctatume 3 8% y 2021 poui 1o 32% y STEPS i maiixe 10 50% y APS no 2030
POKYy.

VY kpaiHax 3 puHKamH, 110 GOPMYIOThCS, 1 KpaiHax, 10 PO3BUBAIOTHCS, 3pOCTAHHS HACEIEHHS Ta 3pOCTAHHS
TIOMTUTY Ha OXOJIOKSHHS MPH3BeIe A0 301IBIICHHIO ONMUTY Ha enekTpoereprito. Y Kurai mo 2030 poky yactka
BJIACHHKIB KOHAMIIOHEPiB 3pocTe Maibke npubau3Ho Ha 40% MOPIBHAHO 3 MOTOYHUMHU PiBHSAMH. [IporHozoBaHmMi
cBiToBHi oruT y 2050 pori Ha eneKTpoeHeprito miABUIINThCS Ha 75% Bin HUHIIIHBOTO 32 ciieHapieM STEPS, Ha
120% — 3a cuenapiem APS i Ha 150% — 3a cuenapiem Net Zero Emissions by 2050 (NZE).

3a ocCTaHHE IECATWIITTS BUPOOHHUIITBO COHAYHOI €HEpPrii CYTTEBO PO3MIMPHIOCA, 30UIBIIMBIINCE Y
JeKiTbKka pa3iB y BcboMy cBiTi. bimpmr sk 100 kpaiH 3aBepmmian MpoekTH OYAIBHHUIITBA COHSYHHUX
(dhoToenexTpuuHuX cTaHMmii y 2022 poIli 3 BUKOPUCTAHHAM 37e0ibIIOr0 IMIOPTOBAHUX COHSYHUX MOJYJIIB, SIKi
BUpOOIIsiOTh y 40 KpaiHax, cepen sikux Kutaii € ocHoBHUM excriopTepoM [30]. OuikyBasocs, 1110 Taka TeHACHIIis
MIPOJIOBXKYBATUMETHCSI T IBUIIEHUMH TEMIIAMH, OCKUTLKY 1HBECTHIII, SIKi IIJIAaHYBaJIUCS, MAJIX 301 IIITH 3arajbHi
MOTY>KHOCTI BHUPOOHHWIITBA COHSYHUX MOAYJTiB mpubmmsHo 3 640 I'Bt y 2016 poui mo 9 200 I'Br y
cepeaHbOCTPOKOBii mepcnekTusi A0 2030 poxy. Onmnak 2023 poky 1iei mporiec CoBiIbHUBCA Ta y BepecHi 2023
poky Oyno omy0iikoBaHO OHOBIIEHY nporpamy «Hymnbosi Bukuau no 2050 poxy» (NZE), B skiif nependadeHo
3BEJICHHS J0 HYJIA IIKI[UIMBUX BHKHIIB B aTMOc(epy Ta JHOCSITHEHHS HyJIbOBUX BUKUAIB 10 2050 poky [31]. ¥V
nporpami Harojomyerbes: «IloTpiOHO nexkapOOHI3yBaTH eHEPreTHYHHH CeKTOp. 25 BIICOTKIB eHeprii
€Bponeiicbkuii Co103 OTPUMYE BiJl BITHOBIIOBAIBHUX JDKEPEJI, 1 MM IIOCTAaBMIIN METY NOCSTTH 38 BIZCOTKIB /10
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2030 poxy». Ha puc. 3 HaBeneHO BCTaHOBIICHY HMOTYXXHICTh COHSYHUX 1 BITPSAHUX CTaHIiN (axktnuny 3a 2019-
2023 poxku i nporro3osaHo Ha 2030 pik.
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Pucynox 3 - BcmaHognena nomyxcHicms COHAYHUX | 8iMPOBUX CIMAHYILL:
pao 1— 3a npoernozamu 2023 poky; pao 2 — 3a npoenosamu 2020 poky.

Sk BumiIMBaEe 3 puc. 3, mpolec BBOAY B EKCIUIyaTallilo COHSYHHUX 1 BITPOBHMX CTaHLiN BiOyBaeThCs
MOBUIBHIIIE HiXk mporHo3yBaiocs y 2020 poui [3]. [Iporaosu 2023 poky [6] He mepenbdadarTh pi3KOTro 3pOCTaHHS
BiJTHOBJIFOBAJILHOI CHEPTETUKH, 3MEHIIIy04H BBeeH 10 2030 poky motysxHocTi Ha 33%.

[Tporuosyetsces, mo 1o 2030 poky B Kurtai KijbKicTh COHIYHHX (OTOENEKTPHUYHUX 1 MOPCHKHX BITPOBUX
enexkTpocTanuiii 3pocre Ha 30%. IlepcrieKTHBU siIepHOT €HEPreTHKH TaKOX HNOKPAIIMINCS, YOMY CIIPHUSIIO
MPOJIOBXKEHHS TEPMIHY CIIy>KOM Aiouux atoMHHX peaktopiB y fmonii, Kopei Ta Cnonyueni llTarax, a Takox
BIPOBAPKCHHS HOBHX PEAKTOPIB y €BPONCHCHKUX KpaiHaX.

BinnoBmioBaHi kepena eHeprii, 30KkpeMa COHSYHI (POTOENEKTpHYHI Ta BITPOBI CTaHIii, OTPUMYIOTH
HaOLTBIIIe TIepeBar cepell yCix DKepel eHeprili B HboMy necaTiiniTTi. [I1aHyroTh, mo Ha HUX OyAe mpumagaTh
43% BupoOHHNITBA enekTpoeHeprii B ycboMy cBiTi B 2030 pori, nopiHsHO 3 28% 2023 poky. [Ipuckopernmu
TEMIIaMH POCTE BHUPOOHWIITBO COHSYHMX maHenei y 40 kpaiHax (puc. 4). [ImanyeTbes MiIBHIIHUTH cepenHiit
Koe(il[iEHT BUKOPHCTaHHS COHTYHUX MoayiB 3 0,4 1o 0,6 [6].
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Pucynox 4 - Ilpupicm enobanbho2o supoOHuYmea i 6CmMano8IeHoi NOMY*HCHOCTNI COHAYHUX NaAHenell:
pao 1 — 3a cyenapiem STEPS, pao 2 - 3a cyenapiem APS.

IlepenyMoBU CBHOTOJICHHS BIUIMHYJM Ha 3MiHEHHA OajaHCy TEXHOJIOTiM YHCTOI E€HEepreTHKH, SKi
BUKOPHCTOBYIOTh JUIsl JIOCATHEHHS LIJIeH 31 CKOpOYEHHs BUKHIIB. Jlesike CKOpOYEeHHS IiJl 4ac BIIPOBAKCHHS
JIOZIATKOBUX IOTYXXHOCTEH BITPOBHX CcTaHWil [32] mops 3 po3BUTKOM COHSYHOI (POTOENEKTpUYHOI eHeprii Ta
MPUCKOPEH] TEMIM Y BIPOBAPKEHHI TEIJIOBHX HACOCIB y OYMIBJIAX CTBOPIOIOTH OUiKyBaHHS, IO Taki CTaHMii
3abesmneuars 10 40% y 3aranbHiil cBiTOBIH renepanii 10 2030 pori.

HaromicTh CcBiTOBa €KOHOMIKa CTHKAaeThCsS 3 NPOOJIEMaMHM, sSKi 3aBaXyIOTh a00 CyTTEBO TalbMyIOTh
PO3BHTOK iHHOBALIIITHUX TEXHOJIOTIH. 3 MOMIX NPUYKH, SIKi BXe 3adikcoBaHi y 2023 pori, Taki:
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1. THBecTHIIiT B UUCTY €HEPTeTHKY B KpaiHax 3 pHHKAMH, 0 GOPMYIOTHCS, 1 KpaiHax, IO PO3BHBAIOTHCS,
nepecTany 3pocTaTH. BBa)kaeTbesi, 0 1€ CIPUYMHEHO IPOLECOM 3aKyIIBII ITiABUIIEHHX OOCSTIB pe3epBHUX
€HEeproHOCIIB Ta MPOJOBOIFYHX TOBAPIB Uepe3 IX MOCTiHHE T0I0POKYAHHS;

2. 3pyiiHOBaHO 30ajlaHCOBaHE MOEIHAHHS IHBECTHUIIH y BiJHOBIIOBAJBHI JDKEpesa, y €JIeKTPOCTaHMil 3
TPaAMUIHHUMHU JDKepelaM 3 HU3bKMM piBHeM BHKHIIB COz Ta B eHepreTuuHy iHdpacTpyktypy. Taki miaHu
MOTPIOHO HEOJIMIHHO JIONMOBHIOBATH OUIBIIMMH, PO3YMHIIIMMHU Ta IepenpodiaboBaHUMH 1HOPACTPYKTYPHUMH
Mmepexxamu. JloBoeHHa MepexkeBa iH(pacTpykTypa B VYKpaiHi € SICKpaBUM IPHKJIAJOM AucOanaHcy: dac
OUiKyBaHHS MiJKIIOYEHHS HOBOI BiTHOBIIIOBAJBHOI CTAHIIIT IO MEpeXKi 3aliMaB KiJIbKa POKiB i, CX0XKe, naii Oyze
30iIpIIyBaTHCS, @ HE cKopodyBatucs. Lle 3aBakae e(peKTHBHOCTI BIPOBAKCHHS IIOTOYHUX MPOEKTIB i CTABUTH
i CyMHIBH JOIJTFHICTD BIIPOBA/KCHHS HOBHX;

3. [epexin A0 BiAHOBIIOBATIHHHUX HKEPEI MiABHUIIYE ITONUT HA KPUTHIHO BAYKJIMBI MIPUPOIHI MiHEpaIH Ta
okpeMi eneMmeHTH. HuHi depe3 BiHCHKOBI Nii BUHUKIIHM 3aHETIOKOEHHS OO IOCTIHHOTO, BYACHOTO, JIEIIEBOTO
MOCTauYaHHs KPUTHIHO BAXKIMBHX MIHEpPaTiB 331 TEXHOJOTIH BHPOOHHITBA €IEKTPOCHEPTii, eIEeKTPOMEPEXK,
aKyMYJSITOpHHX OaTtapei Ta eneKTpoMoOiIiB;

4. Cxnagsomyi, siki OOMEXYIOTh peajli3amlilo CHiBOpali MK ypsjgaMu Kpaid. BoueBuap, 00’eqHaHHA
CHIJIBHUX 3YCHJIb IPUCKOPUTH PO3BUTOK TEXHOJIOT1H BiJTHOBJIIOBAILHOI €HEPTETHKH, 3a0€311€UNTh PO3LIUPEHHS Ta
€KOHOMIYHO e()eKTHBHE [TOCTaYaHHs CHEPrii, CTBOPUTH 00’ €IHAHI EHEPTOCUCTEMH 3 PE3EPBOBAHUMH MEPEKaMH,
SKi MOXYTb 3a0€3MeYNTH HalilHe SHEePronoCcTayanHs y pa3i BHHUKHEHHS BIIMOB UM aBapidiHUX CUTYalliil.

VY xoni TenepimHix MOAiNd TPUBAIOTh EHEPreTHYHI 3MIHEHHS, SIKi 3MILIYIOTh MOMKUT M)XK OKPEMHUM BHIAMU
TaJIMBa Ta JXKepeJaMH eJIEKTPOSHEPTii, BOJHOYAC IIOCHITIOI0YH B KIHIIEBOMY IiZICYyMKY KOHTPOJIb HaJ] BITACHUKAMHU
pecypciB BUKOMHOTO nanuBa. [Iporec Oyzae TpuBaJIuM Ta BUPOOHHKH BHKOITHOTO MajnBa, 30KpemMa Opranizaris
KpaiH-eKcropTepiB Ha)TH 3aMUIIaTUMYThCs BIunBoBUMH. [lonmT Ha HadTy Oyne 3poctatu Ha 0,8% mopivHO 110
2030 poxy Ta ZOCSITHE MaKCHMAIFHOTO MKy IPpHOIM3HO Ha piBHI 103 MinplioHN O6aperniB MOAEHHO. Alle 3 9acoM
(ma mexi 30-x-40-x pokiB 3a MPOTHO3aMH) MOMUT Oy/e 3MEHITYBAaTUCS, OCKUTBKHA CHOXKHBAadi PO3BHUBAIOTH BCE
OLIBLIMIA CIIEKTP JOCKOHAJIMX TEXHOJIOTIH OTpUMaHHS €Hepril Bijl BiIHOBIIOBAJIBHUX JUKEPEI, SKi 3 4ACOM CTalOTh
PEeHTa0ENbHIIIMMH Ta EKOHOMIYHO NpuBaOnuBiuMy. EHepreTnuHa Kpr3a MiATBEpAXKY€E TaKi NPOTHO3H, OCKITBKU
PO3ropTaHHs BiIHOBJIIOBaHMX JOKEpET €Heprii Ta MiABMINEHHS iX edeKTuBHOCTI B €Bponelicbkomy Coro3si
3amicTuiu Maibke 20 mipa kyooMmeTpiB rasy i HadTH, 10 cTaHOBUTH 25% BiJ CTBOPEHOTO POCIEI0 HMITYYHOTO
nedinuty B mocravanHi. [lopsig ¢ TUM 1IBUAKE 301IbLIICHHS NPOJAXy €IEKTPOTPAHCIOPTY BHKIIMKAE ONTHUMI3M
110/10 0OMEXEHHsI BUOOYTKY Ha()TH.

[Torut Ha eHepriio B KpaiHaX 3 PO3BUHEHOIO EKOHOMIKOIO OyJie CKOPOUYBATHCS BIIPOJIOBXK PEIITH IBOTO
JecAaTHITTS. opieHToBHO Ha 0,5% miopiuHo. [IporHO3yeThes, 10 MONWT HAa €HEPri0 IPOJOBXKHUTH 3POCTATH B
KpaiHax 3 pUHKaMH, 0 (GOpMyIOThes, 1 KpaiHax, 0 po3BHBaIOThes, Ha 1,4% mopiuno. [lii cnpsmoBani Ha
CKOPOYEHHS CIIOXXHMBAaHHS €HEprii, MPOrHO30BaHE 37ICUIEBIICHHS MNajliBa, 3aIUIaHOBaHI INEPe3allyCKH aTOMHOI
€HEepreTUKY Ta MOJAJbIIe BIPOBA/KECHHS BITHOBIIIOBAIILHAX CTAHIIN — Taki 3aIIpOIIOHOBAHI 3aX0M IAI0Th 3MOTyY
BUPIIITYBaTH [TOCTABJICHI paHilIe CBITOBI MpoOieMu. BrieBHEHICTh Y BHpIIICHHI MOCTaBICHUX 3aBIaHb HAJAIOTh
miaTBepkeHHs: 3 Ooky 83 kpain Ta €Bpomeiicbkoro Cor3y BHKOHYBAaTH BYaCHO Ta B IMOBHOMY 00cs3i
3000B's13aHHS CTOCOBHO IIiJIeH 1110710 HYJIbOBOTO piBHA BHKHAIB CO7. I{e MOXKIHMBO MPHUCKOPHUTH POIIEC MEPEXOTY
JI0 OTPUMaHHS €Heprii BiJ BiJIHOBJIIOBaJbHUX JpKepen. bepyun 10 yBard MOTOYHY CHTYalll0 B €HEpPreTHIll B
YxpaiHi, moTpiGHO YCBIIOMUTH, IO PO3BUTOK BiIHOBJIIOBAIbHOI €HEPTETHKH BCEPEMHI KpaiHi 0€3yMOBHO MOXe
CTaTH aKTHBOM Yy YaCH I'€OIOJIITHYHOTO HAIPY KEHHSI.

BucHoBkHu

CBiTOBa €HepreTH4yHa KpH3a, CIPOBOKOBaHA BiHHOIO pocii mpoTm VYKpaiHW, NpUBEpHyNa yBary Jo
B)XJIMBOCTI 3a0€3MeYEeHHS MBUIKUX Ta BIOPSIKOBAHUX IIEPETBOPEHb B EHEPIeTHII 3 OPIEHTANII0 HAa €KOJIOTi4Hi
npoOJeMr Ta HACTiTKK s KOXKHOI Kpainw. Jlii pocii Ha €HepreTHYHUX PHHKaxX ra3zy i HaQTH CIPHIHHIIHA
MOMITOBX 1H(IALIT Ta 3pOCTaHHA I[iH Ha TAJIMBO, CJICKTPOCHEPTII0 Ta MPOJIOBOIBCTBO.

['0J10BHOIO METOI0 PO3BHUTKY CBITOBOI €HEpreTHkH Ha mepiox no 2035 poky BH3HaueHO 3a0e3IedeHHs
EHEepreTUYHOI Ta eKOJOTidHOi Oe3MeKH 1 mepexia 10 eHeproe()eKTUBHOTO Ta €HeprooIaHOI0 BUKOPUCTAHHS i
CIIO’KMBaHHS €HEPTrOPeCypCiB 3 BIIPOBAKCHHSIM 1HHOBaIIMHUX TexHoJorii. [lii, sKki cpsMoBaHi Ha CKOPOYCHHS
CHOXWBAHHS €Heprii, MPOrHO30BaHE 3JICIIEBICHHS BHUKOIHOTO ITajHBa, 3aIJJAHOBAHI IEPE3aIyCKH aTOMHOI
E€HEPTeTHKH Ta MoIajbllle BIPOBAHKEHHS BiTHOBIIOBAILHUX CTAHIIIN — TaKi 3alIPOITIOHOBAHI 3aX0/IU TaI0Th 3MOTY
BUPIIIIYBaTH ITOCTABJIEHI CBITOBI MPOOIeMH.

Biamosinuo mo mporuosis International Energy Agency B eHepreTwIli 3ajsi CTBOPEHHSI YMOB CTOCOBHO
00OMeXeHHsI 3pocTaHHs rI1o0abHOTO NoTeTuTiHH 10 2050 poKy, MOTpiOHO pearnizyBaTH IIOHANMEHIIE Taki chepH
JISUIBHOCTI:

1. AKTHBI3yBaTH iep>KaBHY MOJITHKY 3 BAPOOHUIITBA aJIbTEPHATHBHUX JKEPEN eHeprii. 3pocTaHHs 00csTiB
BUKOPHCTAHHSI BHKOITHOTO IaJIMBA YacTKOBO 3YMOBJIEHO HE3JIATHICTIO KpaiH NPHCKOPHUTH 3pOCTaHHS OOCSTIB
IHBECTHIIH y PO3BUTOK aJIbTEPHATUBHOI €Heprii Ta iHPpacTpyKTypH CHCTEM €JIEeKTPOIIOCTaYaHHsI.

2. BrpoBaguTy iHHOBaIifiHI TEXHOJIOTii Ta BIANOBIIHI BUIW MaJlWBA, BUKOPHCTAHHS SKUX Ja€ 3MOTY
3meHImMTH BUKHIU CO». IToTpiOHO mepenbaunTt OyAiBHHUIITBO MOTYXXHHUX €IEKTPOCTAHIIHN i3 3aCTOCYBAHHAM
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TaJMBa 3 HU3bKUM piBHeM BHKHIB, Hacammiepen AEC, a Takoxk BIPOBaKEHHS TEXHOJOTIH ISl YIIOBIIIOBAHHS
CO: Ta itoro nocriiiHorO 30€piraHHs a0 NepeTBOPEHHS HA KJIIMaTUYHO HEHTpaIbHE.

3. 3akiH4MTH BiiicbKOBI Aii B €Bpori Ta binzpkomy Cxolii, TOCHIITH KOHTPOJIb 32 JOTPUMaHHS 0a30BUX
TMIOJIO’KEHb MIKHAPOJHOTO TpaBa, BIPOBA/KYIOUH JII€B1 3MiHM B I€OMOJITHIII.

BuBueHHs Ta yCBIIOMIIIOBaHHS CBITOBOI'O JOCBIy Ta MEPCHEKTUBHUX HANPSIMIB  PO3BUTKY
CJIEKTPOECHEPIeTUYHUX CHCTEM JacTh 3MOT'Y IIBHJKO BiJHOBHTH, NEPETBOPUTH Ta pedopMyBaTH €HEPreTUKY
VYKpaiHu y miciasiBOEHHUH TIEpioj.
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CHANGES IN THE GLOBAL ENERGY SECTOR CAUSED BY RUSSIA'S WAR AGAINST UKRAINE

Problems. The Russian invasion of Ukraine, Russia’s refusal to accept the planned volumes of natural gas
to the countries of the European Union caused a global energy and financial crisis, and changed the movement
towards the development of renewable energy. the transition to sustainable and clean energy sources has become
problematic for many countries.

Objective. General review and analytical analysis of trends in the development of energy consumption and
the introduction of renewable sources in electric power systems in 2017-2023 using the results of research
International Energy Agency (IEA), listed in World Energy Outlook (WEQO) /1-6/.

Methodology of implementation Trends in the development of the world system of renewable power plants
to ensure climate neutrality, zero emissions, and a clean ecological environment have been analyzed for the study
of the topic article. The study of changes and ways to limit the negative consequences of hostilities in Europe and
the Middle East was carried out according to the long-term plans of the IEA.

Results. An overview of changes in the structure of energy resources in the world energy balance is
presented. It is shown that the energy crisis has led to a sharp increase in the production of fossil fuels, primarily
coal and oil. The construction of new capacities for the production of 250 billion tons of liquefied gas has begun.
in order to stabilize fuel prices and reduce the price of electricity. Statistical and forecast information on the
structure of the world energy balance and annual electricity production by types of generation is provided.

The environmental negative consequences registered for the last three years are considered: increased CO;
emissions; air pollution with fine dust; pollution of soils and water horizons; changes in climatic indicators. The
problems that have arisen for the implementation of new projects for the construction of renewable sources, the
development of electric power infrastructure, security and reliability of power supply are analyzed. An analysis of
the proposed measures under several scenarios to increase the production and use of solar, wind and nuclear
energy, reduce dependence on traditional energy sources and the prospect of zero carbon dioxide emissions by
2030 is carried out.

Conclusions. Actions aimed at reducing energy consumption, projected reduction in fuel prices, planned
restarts of nuclear power and further implementation of renewable power plants — these are the proposed
measures that make it possible to solve the problems that have arisen around the world. Confidence in meeting
the tasks is confirmed by 83 countries and the European Union to meet their commitments to achieve zero carbon
dioxide emissions on time and in full. Learning from the experience and directions of development of the world
energy sector will create an opportunity for the rapid restoration of the energy structure in Ukraine in the post-
war period.

Keywords: energy crisis, environmental consequences, renewable energy, carbon dioxide emissions.
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IHHOBYJOBA CTPYKTYPHU CUVIbBCBKHUX EJIEKTPUYHUX MEPEX
3 YPAXYBAHHSIM HASIBHOCTI BITHOBJIIOBAHUX J7KEPEJI
EJEKTPOEHEPI'1I

3asnaueno, wo xoua yacmka GiOHOGNOBAHUX Odicepen eNeKmpUdHOi enepeii npooosixcye spocmamu i
CMPIMKO  pO36USAEMbCA, OOHAK 2alY3b 6ce e CMUKAEmbes 3 bazambma npobnemamu, 30Kpema, 5K
nPO00BAHCYBAMU  3HUIICYBAMU 6MPAMU  eNeKMPUYHOi enepeii ma piuni npugedeni Gumpamu, HOKPAWUMU
egpexmugHicmv excniyamayii ma 00Ciy208y8aHHs, NIOMpPUMY8amu cmadilbHICMb eleKmpomepedic, 3abe3neyumu
be3neky ma HaditiHicmb pobomu cucmemu eneKmponoOCmaiauts wo MIiCmams BIOHOGNIO6AHI Odicepend
eNeKmpU4Hoi enepelii.

Ioxka3zano, wo egpexkmueHe piuieHHs 3a3HAUEHUX NPOOIEM MOJICTUBE JUULe HA OCHOBU AHANI3Y NePCEeKmUs
PO3BUMKY JIOKATIbHUX eeKMPOeHeP2eMUYHUX CUCIeEM, SIKI MICmAmMb 8I0HO8II08AHI Ddicepend eneKmpPuyHoi enepelii,
PO3DOOKU MEXAHI3MIE MEXHIYHO20 MA OPeaHi3ayiliHo2o 3a0e3nedents, SAKI CNpusmumyms nobyo0oei CyuacHux
CUCEMHUX (CXeMOMEXHIYHUX) pillieHb.

3anpononosano 3acmocyeamu memood nomenyitinoi nogepxui 013 nNoOYO08i ONMUMANLHOI CIMPYKMYpU
CinbCbKoi  enekmpuunoi mepeosici npu il npoekmyeauHi ma MOOepHi3ayii 6 yMoeax NPUCYMHOCMI 6 Hill
BIOHOGNI06AHUX OJicepen eleKMPUUHOI enepeii, AKUL 003605€ ONMUMIZY8AMU CIMPYKMYPY MEPedici 3 MOUKU 30Dy
8mpam eleKmpuyHoi eHepaii ma 3HUNHCeHHs PIYHUX NPUBEOEHUX UMPA.

Onucano ancopumm opmyeanHs CmMpyKmypu cucmem eieKmponoCmaiants, AKUl peanisye 00HouacHe
BUPIWEHHS 3080aHb BUSHAYEHHS KIIbKOCMI 8Y31i8 HABAHMAIICEHHS, PO3NOOILY MIJHC HUMU eeKMpOonpuiimayis,
BUSHAYEHHS KOHCMPYKYIT 0dcepest HCUBNeHHS, 8PAX)8AHHS OUCKDEMHOCHI KOHCMPYKYIL eneMenmie cucmemu.

Hageoeno pesynomamu uucenbHo2o MOOen08aHH HA OCHOGI 3aNPONOHOBAHO20 ANCOPUMMY HA NPUKAAOL
D038 ’A3aHHS 3a0a4i peKOHCMPYKYIT OLIAHKYU CLIbCLKOI eleKmpomMepedsci.

KaruoBi cioBa: cinbcoki enexkmpuuni mepedici, 8i0HO6108AHI ddicepena eHepeii, Memoo NnomeHYitHuxX

NOBEPXOHb, CMPYKMYPA CUCmeM eleKMPONOCMAYaHHA, V301 HABAHMAICEHHS, eNeKMPONPULMAa, 0HCepeio
JICUBTIEHHA, 6MPAMU eNEKMPUUHOI eHep2ii.

Beryn

VY cydacHHX yMOBax IMOBHOMACIITaOHOI BIfHHM Ta 3pOCTaHHS I[iH Ha IMEPBHHHI €HEProHOCI BCi ramysi
MPOMHUCIIOBOTO BHPOOHHMITBA YKpaiHM TOCTPO IMOTPEOYIOTh PO30CEPEKEHHX Ta aJbTEPHATHBHUX JDKEpPEIN
esteKTpuuHOi eHeprii. Oco01MBy NOTpeOy B HUX BiJUyBaTUMYTh y MICISBOCHHI POKH arponpoOMHCIOB] KOMILUIEKCH
(AIIK), Ha sikux Oynae MOKJIAJACHO 3aBIaHHS SKHANIIBUIIIONO BIXHOBJICHHS €KOHOMIKM KpaiHu. CinbChki
enexTpuuHi Mepexi (CEM), sik BiZJoMO, BiJIpi3HSIOTHCS BEIMKOIO MPOTSDKHICTIO, PO3rajyKEHICTIO IIPH TIOPiBHIHO
MaJioi MOTY)KHOCTI, 110 MEePEIAEThCs, 4 TAKOXK BUKOPHCTAHHSIM HHM3bKHMX KJaciB Hampyru. TeHaeHuii 3pocTaHHs
Tapu(iB Ha CJICKTPUYHY CHEPrif0 OOYMOBIIIOIOTH 3HAYHE 30UIBIICHHS CKJIaJ0BOI BapTOCTI BTPAT CICKTPUYHOT
eneprii (BEE) B Mepexax mpu ii mepenadi Ta po3moaiii i sk HACHIJOK - 301IbIICHAS PIYHIX IPUBEICHIX BUTPAT.

Ille y toBOeHHHMH IIepio] criocTepiranocs MOoCTiiHe 3pOCTaHHs YaCTKH «MaJloi» TeHepalii B eHeprodananci
nignpuemcts AIIK. Lle noB's3aH0 3 MIMPOKUM BIIPOBAUKEHHSM BiJIHOBIIOBaHUX jukepen enekrpoeneprii (BJE).
Haii6inp mmpoxe BIPOBaKEHHS OTPUMall COHSYHI Ta BiTpoeinekrpocranuii, mami ['EC, xoreHepauiiiui
YCTaHOBKH Ha Oiomanusi Tomo. OcTaHHIM 9acoM, BCe OLIBII MIUPOKO CTAIH BBOAUTHUCS B €KCIDTyaTAaIit0 00'€KTH
3 KOMIUICKCHIM BHUKOpPHUCTaHHAM Aekinbkox BJIE, ki BUpOOIAIOTH BXXE IIPOMHUCIOBI OOCSTH €IeKTPOeHeprii K
JUTSI BJIACHUX TIUJIEH 3 MOXKITMBICTIO MEPEKEBOTO TAKIIIOUEHHS, TaK 1 ISl POAAXKY €NEKTPOCHEPTii B Mepexy abo
IHITUM criokuBadam [1].

Ha sxanp, Ha ceoronuimHil geHs AIIK npu BUKOpHCTaHHI €1€KTPOyCTaHOBOK HA OCHOBI alTbTEPHATUBHUX
JOKEpeTI eHeprii CTHUKAIOTHCS 13 HU3KOI0 MPo0JIeM CHCTEMHOTO XapakTepy. Tak, K0 MATaHHS OI[IHKH HOTeHIiaIy
COHSYHOI, BITPOBOT €Heprii Ta eHeprii pivoK JOCHUTh JOKJIAJAHO BUpilIeHi, To mpu migxmodyeHHi BJIE no icayrouoi
Mepexi BHHUKAE 3a/1a4a MOIIyKy MicIid 11 mikiroueHHs. Halvyacrimie miaKIFouYeHHs TaKuX Kepel TeHepartii 10
CEM Hey3rojpkeHe, 10 MPHU3BOAUTH /10 CKJIAJHOCTI KEpyBaHHS Ta IPOTHO3YBAHHS PEXHUMIB POOOTH MEpex,
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3pOCTaHHS CKIIaZ0BOi BTpaT enekTpuaHoi eneprii BEE, ockinbku cTpykTypa iX mepecrae OyTH ONTHMAILHOO 3
TOYKH 30pYy MiHIMyMy mpuBeneHuX BuTpar. Kpim Toro, 30impmenHs wactku BJIE B 3arampHOMY O00CS3i
TeHEPOBAHOI €JIEKTPOCHEPTIi CTBOPIOE PSIJl 3aTaIbHOCHCTEMHUX TEXHIYHUX TIpobiem [2-4]:

- YCKIIaHEHHS JUCIETIEPCHKOTO YIPABIIHHS EIEKTPOCHEPTETHIHOIO CHCTEMOIO;

- koxxHe BJIE mae cBoi quHaMiyHi XapaKTepUCTUKH I MOXKIMBOCTI YIPaBIiHHS, IO TATHE HEOOXIJHICTH
BUPIIICHHS IPOOJIEM eNIeKTPOMArHiTHOI CyMIiCHOCTI;

- YCKIIATHEHHSI CUCTEMH PEJICHHOTO 3aXUCTy Ta aBTOMATHKH, a TAKOX MPOTHAaBaPiHHOTO YIPaBIiHHS;

- 301JIBIIEHHS CTPYMIB KOPOTKOTO 3aMUKaHH, [0 TIPU3BOJMTSH JI0 3aMiHM KOMYTAIlIHUX anapaTiB, 3MiHH
HaJIalITyBaHb 3aXHCTIB Ta iH.

Ane ocHOBHa mpoOiieMa HEY3rOKEHOTO IpHemHAHHS po3pizHeHHMX BJIE mo Mepexi - 1e CKIaaHICTH
KepyBaHHS Ta MPOTHO3YBAHHS PEKUMIB POOOTH E€HEPrOCHCTEMH, IOB'S3aHI 3 MEPeTiKaHHAM TOTYXHOCTEH y
Mepexi Ta K Haciinok — 30inemenHs BEE [5].

3MmeHienns ckianoBoi Baprocti BEE MoxmmBo mnumie uuisixom ontumizanii (moGymosi cydacHux
CXEMOTEXHIYHUX pileHb) cTpykTypu CEM mix yac peKoHCTpYKIii iCHYIOUMX MEpEeX eNeKTPOIoCTaqyaHHsl.

AHAJI3 cTaHy NUTAHHSA

Knrodororo mpobiemoro mpu (GopMyBaHHI ONTHMATIBHOT CTPYKTYPH MEPEKi IEKTPOIIOCTAYaHHsI € 3aj1a4ya
BU3HAYCHHS KUIBKOCTI JKEPEN )KUBJICHHS 1 PO3IOALT 32 HUMH NPUHMaYiB €JIEKTPOCHEPril, a TaKoX 00Ja HaHHS
MPOMIKHUX BY3JIiB HABAHTAXXCHHS (PiBHIB pO3MOALTEIOT MEepeKi) 3 ypaxyBaHHIM po3pisHeHnx B/IE.

OCHOBHI I IXOAM TPY BUPIIICHH] 33129l MO0y IOBH ONTUMANBHOI CTPYKTYPH MEPEXKi €IeKTPOIIOCTaqaHHs
0a3yroThCS Ha BUKOPUCTAHHI OIIHOYHMAX Ta ONTHMi3amiiHUX Mopeneit [6]. Ilepmii cmyxath ans BH3HaYCHHS
TEXHIKO-€KOHOMIYHHX MTOKAa3HUKIB I 33JaHOTO TIPOEKTYBAIBHIKOM BapiaHTy Mepexi. J{pyTi - Ui BUSHAYCHHS
ONITUMAJIFHOTO BapiaHTy KOH(Irypamii Mepeki B MeKaxX MPUAHATHX IIPOCKTYBaIFHIKOM IIPUITYIICHB BiAIOBIIHO
JI0 TIPUHHATOTO KPHUTEpiEM ONTUMaJbHOCTI. [Ipy 1IbOMY B ONTHMI3allifHUX MOJENSAX HEOOXIJHO BpaxoBYBaTH
JMCKPETHICTh JIESKMX BEJIMYMH (Tepepi3 MpOBOAIB Ta KaOesiB, MOTYXHICTh 1 KUIBKICTh TpaHcdopmaropis,
KijbKicTh npuenHans 1o BJIE ta in.).

BusHayanbHUM YMHHUKOM (DOPMYBaHHS CXEMH EJIEKTPUYHOI MEpEeXi € MiClle pO3TallyBaHHsS JDKepena
JKMBJICHHS Ta TpacH NPOKJIaJaHHs 11 AUISHOK, SIKI OTpUMaHi B pe3ysbTaTi ONTUMi3alii TOMOJIOTiYHOI 3a1aui 3
ypaxyBaHHSIM METPHUYHHX OOMEKEHb, 3yMOBJICHHX PO3TAallyBaHHSAM NPUPOJHUX Ta TEXHOJOTIYHHX O0'€KTiB.
lono ycranoBkn BJIE, TOo iX mNOTYyXHICTh OOyMOBIEHa MOTEHIIaJIOM IEPBUHHOI €Heprii, coIiaibHO-
EKOJIOTIYHUMHU OOMEKEHHSIMH, a TaKOXK TEXHIYHHUMHU (PaKTOpaMHu (BCTAHOBIICHOK TOTYXKHICTIO, KOS(illiEeHTOM
KOPHCHOI [ii, Hampyroro reHepamii Ta iH.). OCTaHHI TICHO TMOB'S3aHI 3 KOHCTPYKTHBHUMH Ta TEXHIKO-
€KOHOMIYHUMH TTOKa3HUKaMH MEPExKi.

IcHyroui migxomu a0 OIHKK e(ekTy Bia 3ampoBamxkeHHs BJIE 3acHOBaHI Ha OOYMCIICHHI HACTYITHHX
TEXHIKO-€KOHOMIYHHX TOKa3HUKIB: MIOYATKOBI KaIliTaJbHI BKJIAICHH JJIs1 OYAiBHUIITBA CHEPTETHYHOIO 00'€KTa;
BapTICTh 3eMJIi, 1[0 BiJjBEJIeHa il 00'€KT, BAPTICTh 3aX0/IB HA OXOPOHY HABKOJIMIIHBOTO CEPEOBUIIA, BUTPATH
Ha JEMOHTaX OO0'€KTIB TIpM BUBEJCHHI OCHOBHMX (OHIIB a0b0 PpEKOHCTPYKLil; MOTOYHI BHTpaTH Ha
00CIIyroBYBaHHs Ta PEMOHT, a TAKOX aMOPTH3alliiiHI BiIpaxyBaHHs Ha PEHOBAI[i10 OCHOBHUX (oHIIB 00'€KTa, sIKi
€ BUTPATHOIO YACTHUHOIO MPOEKTY [7].

OueBHIHUN B32€EMO3B'I30K MiX TEXHIKO-€KOHOMIYHMMH TOKa3HHKaMHU eleKTpu4Hoi Mepexi ta BJIE
BUMarae po3poOKH HOBOI MOJENi eJIeKTpUYHOi Mepexi, ska Oyne IOKIaJeHa y METOJOJIOTIYHY OCHOBY ii
onTHMi3alii 3 ypaxyBaHHSIM 3acTOCYBaHHS BChOTO psijly aJbTEpPHATUBHHMX JUKEPEN eJNeKTpoeHeprii. AHaii3
ICHYIOUHMX MIJIXO/B 10 (POPMYBaHHS CTPYKTYPH CUCTEM €JIEKTPOIIOCTaYaHHs M0Ka3aB, 10 iCHY€e METO/, 3aTHHH
BHPIIIIYBaTH BHIIE ITEPEepaxoBaHi 3a1a4i OAHOYACHOTO - 1€ METOJI eKBIOTEHIIaTbHUX KOHTYPIB [6].

Merta poGoTn.

IIpomoHy€eThCS 3aCTOCYBAaTH METOJl EKBIMTOTEHIIIMHMX KOHTYpiB 3 MeTO0 (OpPMYBaHHS ONTUMAIIBHOL
CTPYKTYPH €IeKTPHYHOI MEPEKi CLITBCHKOTOCIIONAPCHKOTO0 paifony, mo MicTiTh B/IE 3 Touku 30py minimymy BEE
Ta 3HWKEHHS PIYHUX IPUBEJCHUX BUTPAT.

MeToam Aoc/aigKeHHS.

CyTp METONy eKBITOTEHI[IaJIFHUX KOHTYpIB MOJSTAa€ B TPOBEJICHHI aHANOTii MiX HaBaHTAKCHHAM
npuitmadiB (P;), po3TalIOBaHUX B TOUKAX (X;,Y;), 1 MOTEHI{ialaMH AEIKHUX DKEPET €Heprii, pO3TalIoBaHUX Y THX JKe
Toukax. [loTeHIiamw mMX JDKEpeNl AOPIBHIOIOTh HAaBaHTAXEHHSIM mpuiiMauiB. [Ipu BijmaneHHi Bif TOYKH
po3TanryBaHHs TpuiiMada MOTEHITiaN BiJ JpKepena, PO3TalloBaHOTO B Tild caMidl TOYIl, 3MEHITYBAaTUMETHCS 1 B
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NIeSKHUX BiIJAICHUX TOUKAX MOTeHITial Oyae 6mu3bkuii 10 Hy1s [6]. CYyKyITHICTh yCiX TIOTEHITIATIB JHKepen eHeprii
YTBOPIOE TIOTCHINIHHY MOBEPXHIO, SIKY MOXXHA ONUCATH MOTCHINIHHOT (PYHKINI€0!

10x.y) = Zn: R e TR [ P+ ] | (1)
i=1

Iie: oyp; — KOS(IIEHT, IKU BpaXOBY€E BTPATH IOTYKHOCTI BiJ] [Kepelia KUBJICHHS 10 IpuiiMada

_ _Pp
AP = Gapcpyy (2

ne: Pi - OTyXKHICT TpHiiMaya; p — MATOMUIA omip Marepiany mposinuuka; U; - mampyra; F(P;)- mepepis
MPOBIJHUKA BU3HAYAETHCS SIK (DYHKILIS BiJ] IEpeIaHOl MOTYKHOCTI.

BuxopucTaHHs 3anIpONIOHOBAHOTO KoedilieHTa tapi (BUpa3 (2)) 1a€ MOKIUBICTh BiZIpa3y OLIHUTH CTYIiHb
MaiibytHix BEE B mpoBimHMKOBOMY MaTepiami ImiJ yac BH3HAUCHHS LEHTPY CICKTPHYHUX HaBaHTaxeHb. Kpim
TOTO, 3aIPONOHOBAHO BHUKOPHUCTAHHS 3aMiCTh €KBIMOTCHIIaJFHUX KOHTYPIB, SIK KPUTEPif0 GOPMYBaHHS BY3IiB
HaBaHTAXXCHHS, TOJATKOBI KpUTEpii BimOopy "moTeHmiiHMI" Ta "TeXHiYHmA" KpuTepil.

Oynkuis (1) € ocHOBOO 15 "MOTEHLIIHOTO" KpUTEpito BinOopy, 3a SKUM Ha MOTEHLIHHIN TTOBEpXHi, IKY
yTBOpIOE (YHKIIs, BU3HAYAETHCSI TOYKA MAaKCHUMyMy HoTeHUiany. Lls Touka Hagaigi BUCTymae B poJii LIEHTPY
CJIEKTPUYHHUX HaBaHTaXeHb. [Ipuiimaui, sKi OyAyTh OTPUMYBATH >KUBJICHHS BiJ LbOTO LEHTPY EJIEKTPHUYHUX
HAaBaHTAXXEHb 3a "NMOTEHUIWHMM" KPUTEpiEM BU3HAYAIOTHCS SK NpUiiMadi, ki Opanu ydyacts y (opMyBaHHI
makcumyMy ¢yHkii (1). i npuiiMadi 3apaxoByIOThCs 10 "MOTEHIIHHOT" TPyIH.

AHaIoriyHy MoBepXHIO MOkHa moOymyBatu 1 it BJIE, ne Pi npuiiMae 3HaYeHHS piBHE BEIWYHHI CHEPTii,
III0 TEHEPYETHCS TAKUM [KEPEJIOM SHeprii, ane 31 3HakoM Minyc [8].

HakmageHHs 1MX [ABOX IIOBEPXOHb NPHU3BOAWTH 1O 3MiHM KOOPIMHAT MakCHUMyMy, THM CaMHM
YTOUHSIOTBCSI KOOPJAMHATH BCTAHOBJICHHS JDKEpETa J>KUBICHHA. BaXJIMBMM MOMEHTOM y BH3HA4YCHHI NHX
KOOpPJWHAT € ypaxXyBaHHS 30H HENPHUITyCTUMOCTI IPOKJIAJaHH JIiHIA Ta BCTAHOBJICHHS JUKEPET XKHUBICHHS.

«IloreHuiiiHa rpyna» € 3aKiH4Y€HUM CTPYKTYPHUM €JIEMEHTOM MaiOyTHBOT po3Ioaiibuoi Mepexi, ane Toi
¢axr, mo npu GopmyBaHHi "moTeHNIHHOT" Tpyny Oy BpaxOBaHi JIMIIE PO3TAallyBaHHS NPUIMadiB BiZHOCHO
onuH onHoro i ouikyBani BEE B po3noaiipyiii Mepexi, He 1a€ MOXKIIMBOCTI 3alIpOBaJMTH "TOTEHLIHHY" Ipymy B
MaiOyTHIO PO3NOAUIbHY MEpEeXy, TaK SIK KpiM BpaxOBaHUX (DaKTOpIB Ille HEOOXIIHO NMPOBECTH Y3TrOJKEHHS
MaiOyTHBOT "MOTEHLIHHOT" IPyNH 3 MOKJIMBUM KOHCTPYKTUBHUM BUKOHAHHSIM BY3J1a MEPEKI.

Jis BupimeHHS i€l 3a71a49i BUKOPUCTOBYEThCA "TeXHIuHUHA" KpuTepiid. "TexHiuHnUR" KpuTepiil BigOOpy
BUKOHYE (DYHKIIiIO y3TrOJDKEHHS NpUiiMadiB "MOTEHIIHHOT" TPYIH 3 MOXJIMBUM KOHCTPYKTUBHUM BHUKOHAHHSIM ii
Jokepena kuBieHHs. Kputepiil lie Ha OCHOBI NPUHIIMITY HAUTUIIKOBOCTI "MOTEHLIHHOT" IPYITH 1O BiIHOIIEHHIO
JI0 TPaHUYHKUX YMOB "TexHiuHOro" kputepiro. Ha ocHOBI B3aemonii "moreHuiiiHoro" i "TexHiyHOro" KpuTepiis
Bi100PY CKIaJa€ThCS alNrOPUTM METOLY.

[Mpunnun poGoTH anropuTMy 0a3yeTbcsi HAa YTBOPEHHI 3BOPOTHHMX 3B'SI3KiB, SIKi OXOILIIOIOTH 00OHMBa
KpHTepii i CTBOPIOIOTH YMOBH JUIsl CTAHOBJICHHSI aJlTOPUTMY SIK CaMOOPTaHi3yro4uoi MoJiesli To0y/10BH CTPYKTYpH
Mepexi.

Posrnsmaroun xputepii BigObopy SK TpaHWYIHI YMOBU (DYHKIIOHYBAHHS MOJEINI, 3alIPONOHOBAHUH ITiIXi]T
Jla€ MOXJIMBICTh 3aKJIaJICHHA B HUX AMCKPETHOCTI KOHCTPYKTUBHHMX YMOB BHKOHAHHSI CTPYKTYPH MEpExi, siKa
Mmictute BJIE, i 4MM TOBHIIIe BpaxoBaHi Ii YMOBH B KpHUTEpil BimOOpY, TUM Oiiblle MOMXIHUBOCTEH SKICHO
BUPIIIUTH TOCTABIICHY 3a1a4y [8].

TakuMm wmHOM, TOOYAOBY CTPYKTYPH CHCTEMH eJIeKTporocTadaHHs, mo Mictute BJIE, MoxxHa
NPE/ICTABUTH Y BUIIISA/II HACTYITHOTO ITOPUTMY.

Ha nepmomy ertarmi Oy ryeThCs MOTEHIIIITHA TOBEPXHS I €IEKTPONPUIIMAYiB B PEKUMI CIIOKUBAHHS.

Ha ngpyromy erami OyayeThcsl TIOBEpxXHS AN pexuMy, B akux BJIE BHpOONSAIOTH €JIEKTPOEHEPrilo B
MEpEexy.

IToTiM mpoOBOAWTHCS HAKIAICHHS IIMX MOBEPXOHb 1 Ha CyMapHiil MOBEpXHI BHIUIIETHCI MaKCUMyM
(yHKIII1, B KOOpANHATAX SIKOTO 1 Oy/ie pO3TallloBaHE JHKEPEIO )KUBIICHHS.

BaxnuBuM MOMEHTOM y BH3HAuYCHHI IIMX KOOPJHMHAT € OOJNIK 30H HENPUITYCTHMOCTI MPOKJIAJIKU JIHIH 1
BCTAHOBJICHHSI JDKEPEN >KUBJIEHHA. sl 1[bOro MOXKJIMBO BHKOPHUCTOBYBaTH METOAM pPO3Mi3HAaBaHHA 00pasiB,
BIATIOBITHO JI0 IKHX Hepe0aueHo po30HUTTs IpocTopy 00'€KTa, Ha 00JIACTI, SIKI HE IEPETHHAIOTHCS, KOXKHA 3 IKUX
BIIMOBIi1a€ BiJOOPa’KeHHIO OJTHOTO 1 TOTO X KJIacy, J10 SIKOTO AOIYCTUMO EIEMEHTApHUI MaTeMaTHIHIH onwuc [8].

Ha mactymHOMYy eTami mpoBOAWTHUCS BiOip eNeKTpOnpuitMadiB 3a «IIOTSHIIIHIM)» KpUTEPieM, a TIOTIM 3a
«TeXHIYHMM)» 3 ypaxyBaHHSIM HUCKPETHOCTI KOHCTPYKTUBHOTO BUKOHAHHS €JIEMEHTIB.
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3rigHo 3 "moTeHIiitHIM" KpuTepieM BiOOPY Ha MOTEHIIIIHIN MOBEpXHi, BU3HAYAETHCSA TOUKAa MAKCUMYMY
noteHuiany. s Touka Hanmami BHCTymae B poJi LIEHTPY €JNEKTPUYHMX HaBaHTaXeHb. [Ipuiimadi, siki OynyTb
OTPUMYBATH JKUBIJICHHS B/l IIbOTO LIEHTPY EJIEKTPUYHUX HABAaHTaKEHb 3apaxOBYIOTh JI0 "MOTEHUIHHOT" TpyIH.

"TexuiyHui" KpuTepid BinOOpPY BHKOHYE (YHKIIIO y3TrOJUKEHHS NpHUiiMadiB "MOTeHLiHHOI" rpymnu 3
MOXITMBUM KOHCTPYKTHBHUM BUKOHAHHSM ii By3Jia KHUBJICHHS.

B pesymbrari BimOOpy e€JEeKTpOIpHiMauiB 3a BHIIEBKa3aHHUMH KpUTEPIsIMH (QOPMYeTbCs TIpyna
EJICKTPONPUIIMaUiB MEPIIOTO JHKEPEa KHUBJICHHS, 10 BUKIIOYAETHCS 3 HOAAIBIIOTO PO3riisiay npH GopMyBaHHI
CTPYKTYPH MEpEXi.

[Ticng mporo, 3HOBY OyayroThest ABi (skimo 3amummmcs BJE), abo oxna (sxmo Bci BJIE npuennani mo
JOKepell JKUBJICHHS) TOTEHINHHI TMOBEpXHi 1 3IiHCHIOEThCS (OPMYBAaHHS TPYIH €IEKTPONPUIMAUiB IPYyroro
JDKepea )KUBIICHHS.

Y pe3ynbTaTi MUKITIYHOI [ii (10 TOTO, MOKH BCi eNEKTPONPHIMadi He OTPUMAIOTh CBOE IKEPETIO KIBIICHHS)
(dopMyeTsCs pamiaibHa CTPYKTypa CHCTEMH CJEKTPOIIOCTA4YaHHS, IICIA YOTO 3IiHCHIOETHCS MepeBipKa
MOXJIMBOCTI OpraHizalii IpOMiXXHUX JpKepes )KUBJIeHH [8].

Ha ocranHpOMYy eTarti IpOBOIUTHCS OIIHKA MOXIIMBOCTI (32 KPUTEPIsIMU MIHIMyMY KalliTaJlbHUX BUTpAT i
BEE) 3aminu okpeMux IUITHOK pajiialibHOT Mepexi Ha MaricTpajbHi JUISTHKH. TakuM YMHOM, METO/I ITIOPiBHSIIBHOT
OLIIHKH Tependavyae aHasi3 JIOKaIbHOTO JTUITHKH CTPYKTYPH MEpexki 3 BU3HAYCHHSM PsIly TEXHIYHO JOLUIHHUX
BapiaHTiB Tl BUKOHAHHS Ta MOaNbIIIE TTOPIBHSIHHS LIMX BapiaHTiB MiXk CO00I0.

JaHuii minxin 103BOJIsIE HE TUIBKM aBTOMAaTH3YyBaTd MOOYJOBY ONTHMAIBHOI CTPYKTYpH PO3NOAIIBHOL
Mepexi, Mo MICTUTH [HKepelia «MaJloi TeHepamnii», a i 3HH3UTH PO3MipH KalliTalbHUX BKIIAIEHb IPH MOOYIOBI
Takol Mepexi 3a PaxyHOK 3aCTOCYBaHHS NPOMDKHHX BY3JIiB HAaBaHTAXKCHHS (BU3HAYCHHS IX ONTHUMAJIBHOL
KUTBKOCTI Ta po3TamryBaHH:A). Biok cxema aaroputmy moOyZOBH CTPYKTYPH MEpEkK €JIEKTPOIOCTadaHHs IO
mictsate BJE nonano Ha puc. 1.
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DOPMYBAHHA By3Na
Mepexi

Pucynox 1 - brok cxema aneopummy nob6y0osu cmpykmypu mepexc elekmponocmaianus wjo micmame B/E.

3anponoHOBaHMH alNrOpUTM OYB peanizoBaHHWN MPOrpaMHO 3a JOIIOMOTOI0 MOBH mporpamyBaHHs Python i
MaKeTa MaTeMaTHYHOTro o0uncieHHs SciPy.

BukopucTaHHsl JaHOTO AITOPUTMY JO03BOJISE€ MOOYAyBAaTH IHXKEHEPHI METOMUKH JUIS IONEPEeHBOro
PO3paxXyHKY CTPYKTYpH PO3MOAIIBHUX Mepex mo MicTsaTh BJIE, omiHUTH TOTEHIian Be iCHYIOUHX MEPEK,
MPOBOJINTH OLIIHKY €()EeKTUBHOCTI X pOOOTH ITpH MOJIEpHi3allii, @ TAaK0XX IIPOBECTH OLIHKY KalliTaJIOBKJIaeHb IPH
peKoHCTpyKIii yacTuHU Mepexi [9].

Pe3yabTaTn YnceIbHOr0 MOJETIOBAHHS.

3anpornoHoBaHuii anropuT™ OyJI0 anpoOOBaHO Ha MPUKIIAZl BUPIMIEHHS 3a/1a4i peKoHeTpyKuii nustaka CEM
wromniero 12 kM2 3 po3paxyHKOBHM HaBaHTa)KEHHSIM HA IOBHY MOTYXHicTh 4,4 MBA.

JIxepenoM >KMBJIECHHS € IBOTpaHc(hOpMaTopHa miacTaHmis i3 TpaHchopmaropamu 2xTMH — 4000/35.
Enmextpuuni mepexi Hampyroro 35 kB ta 10 kB koHCcTpykTHBHE peanizoBaHi moBiTpsHumE diHisMu (I1J1),
MIPOKJIaZICHUMH Ha 3aJ11300eToHHNX onopax tumy AC.
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IInan emekTpudHHMX Mepex Hampyroto 35 kB (kuBwibHa minsaka) ta 10 kB (posmoaibHa AiTSHKA)

IpeJCcTaBICHUH Ha puc. 2.

Pucynoxk 2 - [Tnawn enexmpuunux mepexc cilbCbKO20CH00APCbKO20 PAUOHY.

Y npotieci 1ociKeHHS OyJI0 PO3TISIHYTO TaKi BapiaHTH €ICKTPUUHOT MEPExKi:
nepuwiuii (I) — icHylo4a cuCTeMa €JEKTPOIOCTAaYaHHs CUILCHKOTOCHOAAPCHKOro paiioHy i3 3a3Ha4eHHMH

BUIIIE TTApaMETPaMU;
opyeuii (1) — nepuuii BapiasT i3 migkaroueHHsM BJIE cymapHoro notyxHicTio 440 kBT;
mpemin (III) — enekTpuuyHa MepeXka, sKa OTPUMaHa Ha OCHOBI ONTHUMI3aIlil PO3TAIIYBaHHS JKepena

JKUBIICHHS 3 ypaxyBaHHsM migkmodeHas BJIE.
VY Tabn. 1 - 3 HaBenEeHO pe3yNbTaTH YHMCEIHHOTO MOJEIIOBAHHS AJS KOXKHOTO 3 aHaJli30BaHMX BapiaHTIB

crpykrypu CEM
Tabmus 1 — CymapHa JOBKHHA TOBITPSIHUX JIHIH
Hosxwuna I1J1, km
Tun T1T Bapiantu CEM
I I 111

AC-95/16 35 xB 19 19 18,4
AC-70/11 10 xB 51 51 51
AC-50/8,0 10 xB 16,9 15,5 14,2
AC-25/4,2 10 kB 3,2 3,2 3,2

AC-16/2,7 10 kB 29,6 20,9 19,5

[Ipu migxTrOYeHHI 0 iCHYIOYOi MepeXi COHSYHOI eNEeKTPOCTAHIli MOTpiOHA CIOPY/DKEHHS TO0IAaTKOBHX
MOBITPSHKUX NiHIA Hampyroro 10kB, sxi mpuenHyroTe i 70 Mepexi, OJHAK ONTHMi3amis CTPYKTypH Mepexi
(BapianT 11I) 32 7OIIOMOT OO 3aIPONOHOBAHOTO AJITOPUTMY JIO3BOJISIE CKOPOTHTH K cyMapHy noBxuny [1J1 10 kB,

tak 1 [1JI 35 kB 3a paxyHOK 3MiHN KOOpANHAT BCTAHOBIICHHS JUKEPEIa )KUBJICHHS.
3umxenss cymapaux BEE mis 111 BapianTy ckiano 17,4% nopiBHSHO 3 6a30BMM BapiaHTOM, 110 NPpH Tapudi

6,816 rpH/pik cknane ekoHoMito BuTpat Ha nokpurtst BEE — Ha 439,6 THc. rpH/pik.
AHani3 TEeXHIKO-€KOHOMIYHHMX MOKA3HHMKIB BapiaHTIB CTPYKTypH EJIEKTPHUYHOI Mepexi I0Ka3aB, MI0

17,2% wmenre Hixk 6a3zoBuii. Lle moB’s3aH0 3 THM, 110 Taka ckiagoBa sk ButpaTu Ha BEE y npuBenennx ButpaTax
JIy’Ke CyTTeBa M 00yMOBIIEHA HEYKJIIOHHUM 3POCTaHHS TapHu(}iB Ha €IEKTPUIHY SHEPTIIO.
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Tabnuus 2 — Brpatu enekTpudHOi eHeprii B MOBITPSHUX JIIHIAX

Brparu enexrpudaHOi eHeprii
LT 1a MBTTon/pix
. Bapiantu CEM
Harpysi
I 11 111
10 xB 233,9 206,8 197,0
35xB 1425 118.0 114.0

Tabmmms 3 — TexHik0o-eKOHOMIUHI TOKa3HUKH BapianTiB CEM
TexHik0-eKOHOMIYHI Bapiaatu CEM

MNOKa3HUKU 1 11 111

Butparu Ha amopTu3aio ta

: . 8,2 7,0 6,4
eKCIITyaTallito, THC. TPH/PIK

Burparu Ha OKPUTTSI BTpaT 25594 | 22138 | 21198
EJIEKTPUYHOT eHeprii, TUC. TPH/PIK ’ ’ '

Ipuseneni Butparu, Tuc. rpu/pik | 2567,6 | 2220,8 | 2126,2

BucHoBku

3anponoHoBanuii popmarnizoBanuii meron mnodymosu crpykrypu CEM, mo wmictate BJ/IE, no3Bosse
BpaxyBaTu 3MiHy peXUMy PoOOTH TaKUX MEPEeX Ta ONTHMI3yBaTH TXHIO CTPYKTYpy 3 norysiay 3HikeHHs BEE B
Meperxax IpH i nepeiadi Ta po3nOALTl | SIK HACIIIOK - 3MEHIIEHHS PIYHUX TPUBEJCHUX BUTpAT.

Kpim TOro, Ha OCHOBI CHUJTLHOTO BUKOPUCTAHHS OIIHOYHKMX Ta ONTUMI3AI[IfHUX MOJIEJICH 3apOOHOBAHUI
METO/I JJa€ MOXKJIMBICTB MO0y IyBaTH ONTHMAJIbHY CTPYKTYPY Mepexi enekrponocrayanss mignpruemcts AIIK mo
Mmictuts BJIE 3a 3aMKHYTOFO CXEMO¥O, 1110 JO3BOJIUTH CYTTEBO 3MCHIIUTH SKCIUTyaTalliifHI BUTPATH, 10 HEOOXiIHi
JUTS TITPAMKHA TTOTPIOHOTO PIBHS HANIHHOCTI MEpeXki Ta IMiABHUIUTH IPOITyCKHY 3IaTHICTH ICHYIOUHX MEpEeX B
1,3 - 1,5 pasiB 6e3 10IaTKOBHUX BHTPAT HA IiABHUIICHHS TIepEPi3y MPOBOIIB Ta KaOemiB.
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CONSTRUCTION OF THE STRUCTURE OF RURAL ELECTRIC NETWORKS
TAKING INTO ACCOUNT THE AVAILABILITY OF
RENEWABLE SOURCES OF ELECTRICITY

It is noted that although the share of renewable electricity sources continues to grow and develop rapidly,
the industry still faces many challenges, including how to continue to reduce electricity losses and annualized
costs, improve operation and maintenance efficiency, maintain grid stability, ensure safety and reliability of the
power supply system containing renewable sources of electrical energy.

It is shown that an effective solution to these problems is possible only on the basis of the analysis of the
prospects for the development of local electric power systems that contain renewable sources of electric energy,
the development of technical and organizational support mechanisms that will contribute to the construction of
modern system (schematic) solutions.

Itis proposed to apply the potential surface method for building the optimal structure of the rural electrical
network during its design and modernization in the presence of renewable sources of electrical energy, which
allows optimizing the structure of the network from the point of view of electrical energy losses and reducing
annualized costs.

The algorithm for forming the structure of power supply systems is described, which implements the
simultaneous solution of the tasks of determining the number of load nodes, distributing electrical receivers
between them, determining the design of power sources,taking into account the discreteness of the design of system
elements.

The results of numerical modeling based on the proposed algorithm are presented on the example of solving
the problem of reconstruction of a section of the rural electricity network.

Keywords: rural electrical networks, renewable energy sources, potential surface method, structure of
power supply systems, load node, power receiver, power source, electrical energy losses.
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"Hauionanbnuii Texniunnii ynisepcurer Ykpainu

«KuiBchknmii nostitexniyanii incrutyT iMeHi Iropst Cikopcbkoro»

HIABUINEHHA ITPOAYKTUBHOCTI MAPKETHUHI'Y IIIJI YHAC
SAJIYYEHHSA ABITYPIEHTIB 10 BCTYIIY B YHIBEPCUTET

IHpodgeciuna opienmayisn abimypicumie € Hegi0 €EMHOK UYACMUHOI MAPKemuH2060i cmpamezii
VHigepcumemis i Kpainu 6 yinomy 3 ni02omoexu AKiCHUX gaxisyie 011 HayioHanbHoi ekoHomiku. Tlomenyitinumu
abimypienmamu 6baxanagpamy yHieepcumemis € 8UNYCKHUKU CePeOHiX WKil ma Konedxcis. B cmammi nagedeno
00C8i0 3anyueHHs 6UNYCKHUKIB WK ma Koaeodxcie 00 ecmyny Ha baxaiaspam kageopu erekmponocmavanus KI11
im. Ieopa Cikopewbkoeo 3a cneyianvricmio 141 «Enexmpoenepeemuka, eieKmpomextika ma eiekmpomexaniKay
eanysi 3nane 14 «Enexmpuuna ingicenepisy. biom. 3.

KarouoBi ciioBa: adimypienm, baxanasp, enexmpoenepeemura, eieKmpuiHa injicenepis, eHepeemuynuil
MEHeOHCMeHm, eHepeoepeKmusHi mexnoozii, oceima.

Berym.

SxicHa miAroToBKa npodeciiiHnX KapiB € HEBil’€MHOIO YMOBOIO YCHIIIHOTO CTajoro (yHKI[IOHYBaHHS Ta
PO3BUTKY KpaiHH, a OCHOBY Npo(eciiHUX KaApiB YTBOPIOE IHKEHEPHHUH CKJIaJ, SKHU BiJirpae NpoOBioHY POJIb Yy
(hopMyBaHHI HaAyKOBO-TEXHIYHOI 0a31 IEprKaBH i 0 IKOTO BHCYBAIOThCA MiIBUIICHI BUMOTH. UYn He HaHO1IbIIO0
MIpOIO IIe CTOCYETHCS SHEPreTUYHOI Taiy3i, 00 €KTH SKOI BiJ MOYATKy IMOBHOMACIITA0HOI POCIHCHKOI arpecii
MiATAI0ThCS Maike Oe3nepepBHAM PYyHHIBHUM MOBITPSHUM atakaM. «Hosi peanii smycunu dodamu 0o cmpamezii
poszsumky KIII we oOne sadcnuge 3a80aHHA: NiOSUWEHH 000POHO30AMHOCHI 0epicasy ma 3ano4amKy8aHHs
6azosux 3acad HayioHAnbHO2O cynpomugy. B niueni micayi ynieepcumem axmueizyeas HAYKO8I po3pobKu ma
ni020moeKy Kaopie 3a GilicbKOB0-NPOMUCIOBUMU HANPAMAMU, CIMAB PO3POOHUKOM NOHAO 40 HOBIMHIX MeXHON02ill
NOOBIUHO20 | BOEHHO20 NPUZHAYEHHS, WICb 3 AKUX 8Jice NOCMABIeHO Ha 030poeHHs ... Y poku eitinu K111 ne nuwe
pobumb yce modiciuge Oiisi nepemozu, d i Hanpaybosye Niamgopmy no8OEHHOI IHHOBAYIIHOI mpaHnc@opmayii
Kpainu, uxo0suu 3 06cmasut, wo Ykpaina tmMosipHo we 00820 3HAX0OOUMUMEMbCSL 8 HEOPYICHLOMY CYCIOCMBI»,
— 3a3Ha4yMB pekTop Muxaiino 3axapoBuy 3rypoBChKHii y BiTaJbHIM MPOMOBI Ha I0BLIEHHIH cecii npodecopchko-
BUKJIaaIbkoro ckianay 3 Haroau 125-piaust KIII im. Iropst Cikopebkoro [1]. Peamizariisi HOBUX 3aBIaHb, cepe
IHILIOTO, BUMAarae HOBUX ITiAXOIB 10 BiI0OPY 1 3alyueHHs 10 BCTYIy JI0 YHIBEPCUTETY MOTEHIIHHUX abiTypi€HTIB
3 YpClia HaHOUIBII MiArOTOBICHNX 1 MOTHBOBAaHWX BHUITYCKHHUKIB IIKiT Ta KolemkiB. Lle € HalakTyanpHIIINM,
30KpeMa, sl €HEepreTHIHO1 cepr, TOMY MiIBUIICHY YBary CbOTOJIHI NPUAUISETHCS MIATOTOBIN iHXCHEPHHX i
HAYKOBHUX KaJpiB B raiy3i 3HaHb « ENEKTpHUYHA iHKEHEPisn».

MeTow aocHiIKeHb € aHaNi3 yMOB, BH3HAYCHHS HampsMiB 1 QopMmyBaHHA Oa30BUX NPUHIHUIIIB
MOMyJIsIpH3allii, BinOopy, monepeHbo1 MArOTOBKH 1 3aIy4eHHs JI0 BCTYITy Ha Kadenpy enekrpornocradanss KIII
iM. Iropst Cikopcbkoro abiTypieHTiB OakanaBpaTy 3a cneniaibHicTIO 141 «EnekTpoeHepreTnka, eneKTpoTexXHiKa
Ta eJeKTpOMeXaHika» ranysi 3HaHb 14 «EnexTpuuHa iHXeHepis» B Cy4acHHUX peaisix.

Jnisi JocsrHEHHs IOCTaBleHOI METH B CTaTTi BMUBYEHO MOMNEpenHii IocBia kadeapu, NpoBeIEeHO
JIOCJIIJDKEHHSI cepesl CTYACHTIB 0akajaBpary II0J0 NPOJYKTHBHOCTI MapKeTHHIY BHIIMX HaBYaJbHUX 3aKialliB
(BH3) cepen mkonsipiB Ta BUIYCKHUKIB KOJIEJDKIB, KDUTHYHO POAHai30BaHO OTPUMaHi Pe3yJIbTaTH 3 TOUKHU 30pY
3aCTOCYBaHHS HA0yTOrO JOCBILY Y CYYacHHX YMOBax 1 po3po0JieHO pekoMeHmarli kadepu 100 MPOBEACHHS
BCTYITHOI KOMIIaHii.

Marepian nocaimkenb. Kadenpa enextporoctadanHs € 0a30yTBOPIOIOYOIO KadeIporo HaBYajIbHO-
HAayKOBOTO I1HCTHTYTy eHeprozoepexxkeHHs Ta eHepromenemkmenty (HH IEE) HamionanbHoro texHiuHOTrO
yHiBepcuteTy YKpainum «KwuiBcekuit momitexHiunuid iHCTHTYT iMeHi Iropst Cikopcbkoro» (KIII im. Irops
Cikopcbkoro) i uu He eanHOIO Kadeapoto cepen BH3 Ykpainy, sika 31iliCHIOE HaCKpi3HY TPUPIBHEBY ITiATOTOBKY
OakanaBpiB, MaricTpiB (podeciitHux i HaykoBLiB) Ta PhD ogHOYacHO 3a OCBITHBO-IpOdECiHHUMH TpOrpaMaMu
(OIIl) «Cucremu 3a0e3nedeHHs CIIOKUBAUiB EIEKTPUYHOIO EHepriero» 1 «EHepreTWdHMH MEHEKMEHT Ta
eHeproeeKTHBHICTEY crerianbHOCTi 141 «EnexkrpoeHepreTika, eneKTpOTEXHIKA Ta €NEKTPOMEXaHiKay ramysi
3HaHb 14 «EnexTpuuHa imKeHepis». Pe3ynpraroM Takoro miAXody € BHXOBaHHA KBamiikoBaHHX (haxiBIiB-
eJIIeKTPOCHEePTeTUKIB, SKi 3[aTHI HE JWIIe YCHIIIHO pPO3B’SA3yBaTH 3aBIAHHS BIIACHOI CHeIialbHOCTI, a i
e(eKTHBHO CITIBITPAIIOBATH i3 (haxXiBIAMHU CYMDKHUX cep TisSIbHOCTI, PO3yMil0uH IXHI MOTpedn Ta 3aBAAHHA i
BMIFOYY 3HAXOUTH KOMITPOMIC TIiT 9ac CIiILHOTO PO3B’ I3aHHS KOMIUIEKCHUX 3aj1a4 [2]. 30kpeMa, Iie € HACITiIKOM
TpuBaJIoi KpomiTkoi poboTm 3 momynspu3anii HaB4yaHHS, INpodeciiiHoi opieHTanii, BigOOpY, MomepeaHbOi
MiITOTOBKH 1 3aiIydeHHs 10 BcTymy Ha 3a3HadeHi OIIII aGiTypieHTiB, siKy Bxke OaraTo pokiB mpoBOIATH (axiBii
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Kadenpu eneKkTporocTadyaHHsl cepell MIKOJAPIB, YUHIB MO3AIIKIILHOT OCBITH, 30KpeMa BUXOBaHIIB KuiBchbKO1
Masoi akagemii Hayk (MAH) Ykpainu Ta CTyA€HTIB KOJIEIIKiB.

JIBOoCTOpOHHS cHiBIpallsl BUKJIa1a4uiB Kadeapy enekTpornocradanHs i3 yunsamu-uienamu MAH Ykpainu y
(dopmati mozamkineHOi npodeciiiHo-opieHTOBaHOI OCBITH crpusie (OPMYBaHHIO OCOOHMCTOCTI Y4HIB LUIIXOM
3aJy4eHHs 0 HayKOBOI JIsTIbHOCTI, TOEAHAHHS y IIPOLIECi HABYaHHs TXHIX PO3YMOBUX Ta TBOPYHX 3/1i0HOCTEH 3
IHCTpyMEHTapieM Ta OCBITHIMH 3100yTKaMM Yy pIi3HHX Trajy3sx imkeHepii. Bukiagauli kadenpu
€JIEKTPOIIOCTAYaHHs OPIraHi30BYIOTH JUIS YYHIB 3aXOJM, CIPSIMOBAaHI Ha ITPOBENCHHS JOCTI/DKEHb y PI3HHX
HayKOBHX HampsMmax 3a npodinem kadeapu. Lle mo3Bonse ydHSAM IOTIHONIOBATH CBOi 3HAHHSA, PO3BHUBATH
aHANIITAYHE MUCIICHHSA Ta HABUYKH HAyKOBOI poOOTH, a TaKOXX 3pO3yMITH MPAaBHIBHICTE BHOOPY CIIEIiaTbHOCTI.
Crip Big3HAYWTH TaKi HANPSAMKHA IBOCTOPOHHBOI CHIBIpAIll SIK OpraHi3amis Ta mpoBeAcHHS J[HIB BiIKpHTHX
neepeit HH IEE, mpoBeneHHs i 9ac OIKiITBHAX KaHIKYJ HAyKOBO-TIPaKTHYIHUX 3ax0/1iB «[mxeHepHi mkomm 3BO»
(i3 3amy4eHHIM JTabopaTOpHOi 6a3u Kadeapu eICKTPOIIOCTaYaHHs ), BIAKPUTI JISKIIi1 i3 3aJIyYSHHAM CTESHKXOIAEPIiB
Ta poOOTOMABIB, Y4acTh HAYKOBO-TIEAATOTIYHUX IPANiBHHUKIB Kadenpu SK WIeHIB Xypi y BceykpaiHChKix
KOHKYypCax-3axHCTax HayKOBO-IOCIIIHULIBLKUX poOiT yuHiB — wieHiB MAH Ykpainu, mo € ogHuM i3 npoBigHUX
3axonis MAH.

[Ipodopienraniiini 3axoau kadeapy ereKkTpornocTadyants il y4HiB-ujaeHiB MAH YkpaiHu 0XOmIo0Th:

-TIpe3eHTallii Ta JEMOHCTpaIlii HAyKOBHX JOCSITHEHB 1 JIOCIIPKEHb, 110 BAKOHYIOThCS BUKJIaJauaMu;

-MO>XJIMBOCTI OpaTH y4acTh y HAYKOBHX MPOEKTaxX abo JOCIIIHUIBKUX IPyIax SK MiroTOBKa JI0 Y4acTi y
BceykpaiHchbkHX KOHKypcax-3axicTax HayKOBO-IOCITITHUIBKUX po0iT yuHiB MAH Ykpainu;

-iH(pOpPMAIIi0 IPO CHEiaThbHOCTI Ta OCBITHI MIPOTPaMH, 3a SIKUMH Kadeapa rotye (paxiBIiB;

-OpraHi3alliro eKCKypcii Ha pi3Hi miIIprueEMCTBA, YCTAHOBH Ta HABYAJIHHO-HAYKOBI TabopaTopil kadenpu;

-HayKOB1 KOHCYJIbTAIIi1, TATOTOBYI KypcH a00 HaBiTh MOXKIIMBICTB IPE3CHTYBATH CBOI TOCIIIXKCHHS TIepeT
eKCIIepPTaMH 3 YHIBEPCUTETCHKIX HAYKOBHX KOJICKTHBIB.

HayxoBo-miegaroriuai mpariiBHUKN KadeopH eNeKTPONoCTadyaHHs INPUIMAIOTh y4acTh B OpraHi3amii
pobOTH Ta MPOBENEHHS NOCHIIKEHb Yy CEKIil eKOJOriYyHO Oe3MevHUX TEXHOJOTiH Ta pecypco3abe3nedyeHHs
Bigninenns imxenepii Ta MatepianozHaBctBa MAH VYkpainu. ¥V cekuii BuxoBanusm MAH Ykpainu HagaeTbes
VHIKaJIbHa MOJXJIMBICTh TJMOOKO 3aHYpUTUCS B EHEPreTHKY, €KOJIOTII0 Ta EHEepro30epeeHHs 3aBISKH
NPaKTHYHOMY JIOCHI/PKEHHIO PI3HUX HANPSMKIB 13 BAKOPUCTAHHSM IIEPEI0BOr0 00JIaJHaHH: Ta pecypciB Ha Oa3i
cydyacHuX Jaboparopii kadenpu. 3aBOsSKd akTUBHOMY 3alydeHHIO BHXoBaHIIB MAH VYkpainu 10 HaykoBo-
JociniaHoi poboty, sika nepeabdayae IPOBEACHHS AOCIIKEHb, HATMCAHHS HAYKOBHX POOIT 1 y4acTh y KOHKypcax,
Y4YHI MaloTh MOXJIHMBICTb JUIS NPOAOBKCHHS CBOTO HAaBYaHHS B YHIBEPCHTETax, BKJIIOYAIOYM TakKi €Tamu Ta
(haxTOpH, IO CHPHAIOTH IXHHOMY YCIIIIHOMY II€pEeXOjy: IiJroTOBKa Yepe3 MOrIMOIeHe HaBYaHHS, HAyKOBO-
JociimHa poOoTa, CIIBIpald 3 YHIBEPCHTETaMH, y4acTh V KOHKYpCax Ta OJIMITiajax, MiATOTOBYI KypcH Ta
MpOTpaMH, OTPUMAHHS CTUIEH/AIN Ta TPaHTIB.

VY4acTh Ta mepeMoru B KOHKypcax i onimmianax, takux sk GENIUS Olympiad, HafgatoTh yuHsIM 101aTKOBI
TIepeBary Py BCTYTII 10 YHIBEPCUTETIB, OCKIJIBKH TaKi JIOCATHEHHS YaCTO BPaxOBYIOTHCS IIiJT Yac 3apaxyBaHHS JI0
YHIBEPCHUTETY.

3aB/sIKM UM MOXKJIMBOCTSIM 1 MIATPUMII CYTTEBO 30LIBUIYIOTHCS MaHCH Juis yuHiB MAH BeTynuTH 10
YHIBEPCHUTETIB 1 MPOJIOBXKHUTH CBOIO OCBITY Ha BUIIOMY PiBHI, BAKOPHCTOBYIOUYHM HAaOyTi 3HAHHS Ta HAaBUYKH JIJIsI
MOZAAJBUIOTO HAYKOBOTO i MPO(ECiiHOr0O 3pOCTaHHS.

BpaxoBytouu Te, 1110 MpodeCiifHO-TeXHIYHA OCBITa € 0A30BUM CKJIAIHUKOM YKPAiHCHKOI CHUCTEMHU OCBITH,
Je 3100yBa4 MO>Ke OBOJIOAITH IPAKTUYHUMHM 3HAHHSAMH, YMIHHSMH 1 HABUYKAMH 3a IEBHOIO npodecieto, a came
3m00yTH poOiTHIYY KBai(iKalilo MOKHA B JIIIIEH30BAHUX 3aKiamax mpodeciiiHoi oceitn. Cepel THITIB TaKUX
3aKIaiB, 3 SKUMH criBopaioe kadenpa enexrpornocradanas HH IEE, e npodeciitai yumnmmma, ninei, DeHTpH,
HaBYAIBHO-KYpCcOBi koMOiHaTH Tomo. CIifl BII3HAYUTH, 10 BAXKIIMBOIO TIEPEBATO0 TAKOI CIIBIIPAIli € MiATOTOBKA
MaiiOyTHIX (aXiBIIiB 32 CKOPOYCHUMH MPOTPAMaMHU, SKi POKYCYIOTHCSI BUKIFOYHO Ha podeciiiniii miarotosi. Lle
JI03BOJIsIE 3/100yBayaM MIBUAKO HAO0yTH HEOOXITHNX KOMIIETEHIIH, YMiHb 1 TPAKTUYHUX HABUYOK JUIS YCHIIIHOTO
BHXOJY Ha PUHOK ITpaLli.

Kpim Toro, Taka cmiBmpars 3abe3nedye 3700yBadaM MOXIIMBICTh HABYATHCS B PEANTBHHX yMOBax, IO
BINOBIArOTh iXHIA MaiOyTHIN mpodecii, HAPHUKIAA, 3 MPOEKTYBAHHSI Ta eKCIUTyaTalii cucTeM 3a0e3neueHHS
CHOXWBAYiB €IEKTPHUYHOIO CHEPTi€l0 a00 BIPOBAPKEHHS CHCTEM €HEpreTHYHOTo MEeHEKMeHTy. Lle momomarae
MiATOTYBATH 1X 10 poboTH 32 paxoM Ta 30ibIIye IXHI IIAHCH HA YCHINIHE MPalleBIAIITYBaHHS MiCIS 3aBEPIICHHS
HaBYaHHSI.

Takum umHOM, cmiBnpans Kadeapu eJeKTPONOCTa4aHHs 3 NMpoQeciHHUMH YYWIMIIAMH Ta IHIIUMH
3aKjalaMd TPOQECiifHOI OCBITH € BAXJIMBUM KpPOKOM y 3a0e3leueHH] SKiCHOI MiATOTOBKH KaApiB JUIS
€JISKTPOEHEPTETHKY 1 CIIPHsiE€ YCHINIHIN 1HTerpalii BUIyCKHHUKIB Ha PUHKY Tparli.

Pe3ynbpraT MapKeTMHIOBOi aKTHBHOCTI KadeapH eleKTporiocTadaHHsi Oyiio NpOaHai30BaHO Iij dac
NPOBEICHHS 3aHATH 31 CTyAeHTaMHu 000X cremianbHOCTeH 3 aucuuiulinu «lHpopmamis Ta KOMyHikalii Ha
HiNPUEMCTBAX ENEKTPOSHEPTeTUKM». 3a3HaueHy JUCLUILTIHY BiJIHECEHO JI0 HOPMAaTUBHUX JUCHHUIUIIH IHUKITY
npodeciitnoi miarorosku 6axanaspis [3].
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B ocHOBi miaroroBkm cydacHuX (axiBIiB-eJIEKTPOCHEPTETUKIB JIEKHUTh (HOPMYBaHHS TOTISIAY HaA
ENIEKTPUYHY MEPEXKY B paMKax kouierniii Smart Grid, BiamoBiHO 10 sIKOT OTHMM 3 TOJIOBHUX HATPSMIB PO3BUTKY
SJISKTPUYHOT Mepexi € MoJepHizalisi Oi3Hec-mpoleciB, 1O poOUTH PO3yMHI Mepexi peHTadenbHuMH. bisHec-
piBeHb apxiTekTypHoi Momeni Smart Grid mependauae BaockoHaneHHs iHGOpPMAaliHHOTO 0OMiHY IpaBLiB PUHKY
€JISKTPUYHOT eHepril 3apajn JOCSTHEHHS HUMH SIKICHO HOBUX O€HediTiB, 30KpeMa, MOKpalleHHs KepoBaHOCTI
€JIEKTPOEHEPTETUYHOI CUCTEMH, IIIBUILEHHS PiBHS €Heproe()eKTUBHOCTI, 3MEHIICHHsS] BUTPAT Ha €HEPreTHYHI
pecypcH, CKOPOUSHHS! BUKOPUCTAHHS BUKOITHOTO MAJIMBA 1 3HW)KEHHS IIKIUIMBOTO BIUIMBY Ha JOBKULIA TOIIO.
Jlibepamizarist puHKIB €JIEKTPUIHOI €HEpTii Ta afanTHBHE KepyBaHHS IpolecaMH ii BUPOOITKY 1 CIIO)KMBaHHS Ha
3acagax eHeproeeKTHBHOCTI Ta €Hepro30epeXeHHs Ha TJIi MIMPOKOTO iHTETPYBAaHHS /O EIEKTPHIHOI Mepexki
PO30CepeKEeHNX TeHepYBATbHIX YCTAHOBOK Ha 0a3i allbTEpPHATHBHHUX Ta BiTHOBIIOBAJIGHUX JDKEpeT CHeprii
(BAE) € TpeHmamu cy4acHOi €NEKTPOCHEPIeTHKH. 32 TaKUX yMOB €(EeKTHUBHICTH €HIOTCHHUX (3YMOBICHHX
BHYTPIIIHIMH NPHYUHAMHI) Ta €K30TCHHUX (IOPOKECHUX 30BHINTHIMA YMHHUKAMH) KOMYHIKaIlill € HeBiJl' €eMHOIO
YMOBOIO PE3YyJIbTAaTUBHOTO (YHKI[IOHYBaHHS MiJNPHEMCTB EICKTPOCHEPTETHUKH, IO Y CBOIO YEpry BHMAarae
SKICHOT TiArOTOBKH (haxiBI[iB-€IEKTPOCHEPTETHKIB, 30KpeMa, y chepi cydyacHnX iHpopMauiiHO-KOMYHIKaiHHIX
texnomori#t (IKT) [3].

OTxe, MeTor0 HaB4alnbHOI jaucuuIUiHM  «lHpOpMamiss Ta KOMyHIKalii Ha IJIPHEMCTBAX
EJIEKTPOEHEPreTUKN» € (OpMyBaHHs y OakanaBpiB Cy4yacHOT'0 PiBHS 3HaHb, YMiHb 1 HABHKIB Y rajly3i eJeKTpU4HOT
imKeHepii mijg yac opraizanii ciryxou iHdopmarii, mIaHyBaHHS KOMYHIKAI[IHUX TPOLECIB Ta BIPOBAKCHHS
IKT Ha mianmpueMcTBax EHEPreTHKH, 30KpeMa eJIEeKTPOCHEPreTHKH. 3aBIaHHSIM ONAHYyBaHHS IUCLUIUIIHH €
HaBYaHHA OakalaBpiB METOAAaM 1 MpPHHIMIAM IOOYAOBH, (YHKIIOHYBAaHHA Ta OCOOJHMBOCTSM 3aCTOCYBaHHS
CHCTEM yNpaBlliHHA 0a3aMM JaHWX, CTBOPEHHS 1 BUKOPHCTAaHHS BeO-pecypciB, 31iiicHeHHS MomyKy B IHTEpHeT,
YMIiHHIO €(DeKTHBHO B3a€EMOMISITH Ha MPOQECiHHOMY Ta COI[iaTbHOMY PiBHI 3 BHKOPHCTAHHSM iH(pOpMAIiHHNIX
TEXHOJIOTiH, 3aCTOCOBYBATH iH(OpPMAIIiiiHI TEXHOJIOTII Ta MPOrpaMHi 3aco0H Mia Yac Po3B’SI3aHHSA KOHKPETHHX
3aBIaHb MpoQeciifHol AisTTFHOCTI, OPTaHi30BYBATH YIIPABIiHHS iHPOpMaILieo Ha 0a3l cydyacHHX iHpOpMamiiHO-
KOMYHIKaI[IfHUX TEXHOJIOT1, IIpaloBaTH B KOMaHIi, MATPUMYBAaTH AIJIOBY KOMYHIKallito y npodeciiiiii cdepi,
BUKOPHCTOBYBATH OJICpKaHi 3HAHHS, YMIHHSI Ta HABHYKH JJIs TOJAIBIIOTO MpodeciiHoro HapyaHHs [3].

[TpeameToM HaBualbHOI NUCHUIUTIHM € (OPMYBaHHS TEOPETHYHHUX 3HAHb 1 MPAKTHYHUX HABUYOK 3
PO3po0OKH, MOOYAOBH, BIPOBAKEHHS Ta 3aCTOCYBaHHs cuUcTeM ympaBiiHHS Oa3amu nanux (CYBJ]) i BeO-
pecypciB, cuctem aBromaru3obanoro npoektyBanns (CAIIP), cucremu miarpumku npuiiHstrs pimens (CIITIP),
excrieptHux cucteM, CRM Tta ERP-cuctem. lle nmacte 3mory OakanaBpam y Traiy3i eJNeKTpHYHOI iH)XKeHepii
BUKOPDHCTOBYBAaTH HaOyTi 3HaHHA IS PO3B’si3aHHSA TpodeciiHUX 3aJad BHCOKOI CKIQTHOCTI, 30Kpema,
OpraHi30BYBATH BiJOMYi KOMYHIKAIIil Ta HAJIaroXKyBaTH KOMYHIKAIIi1 MiX piBHAMH Ta MiApo3aiaaMu, GopMyBaTH
KOMYHIKaIlii B KPH30BHX CHTyallifX, HAJIAro/pKyBaTH KOMYHIKallii 3 OpraHamMu Biagd 1 NpoCIiIKaMu,
BUKOPUCTOBYBATH OTPHUMaHi 3HAHHSA 1 TNPAKTHYHI HABHYKH JJIS TEXHIYHOTO 3a0e3meueHHs iHQOpMaIiiHO-
KOMYHIKAI[iIfHUX MPOIIECiB HA MiAMPHEMCTBAX €ICKTPOCHEPTETHKH [3].

JucnumutiHa po3KpUBaE TOHATTA 1H(QOPMAIIITHO-KOMYHIKAIHHUX TEXHOJIOTIH, IO CIPAMOBAaHO Ha
JIOCSITHEHHS NIPUHIIMIIOBO HOBOTO PiBHS Opranizauil iHpOpMaliifHUX 1 KOMYyHIKal[lilHUX TPOLEciB Ta IXHHOTO
TEXHIYHOT0 3a0e3MeYeHHs Ha MiANPUEMCTBAX eJeKTpoeHepreTuk. Cepes MporpaMHuX pe3yJibTaTiB HaBUYaHHS —
BMiHHSI BUOYJIOBYBaTH Ta HAJlaro/PKyBaTH JUJIOBI KOMYyHIKalii Ha MiJIPHUEMCTBI, 30KpeMa, KOMYHIKalii Mix
PIBHSIMH Ta MiAPO3AITaAMH, 3MIHCHIOBATH ITIATOTOBKY Ta OPTraHi3alil0 KOMYyHIiKallii B KpU30BUX CHUTYAIlisIX, BMIHHS
OpraHi3oBYBaTH Ta IIaHYBaTH iHpOpMaliliHi Ta KOMYHIKaI[iiHI IPOLIECH HAa Cy4aCHOMY IiJIPUEMCTBI, 3HATH i
BOJIOJIITH TEXHOJIOTISIMH aBTOMAaTH3AaIli1 0(iCy Ta OCHOBAaMH €JIEKTPOHHOTO TOKYMEHT000iITy [3].

B pamkax omHi€el 3 TeM mucumInIiHH, a came «KomyHikaii BHpOOHIHYOTO MPOIECy», CTYJCHTaM OyJIo
3aIpOIIOHOBAHO TTOAUIMTHCS BIACHUM JIOCBIIOM i3 3aiydeHHs ix 70 Berymy a0 KIII im. Iropst Cikopcerkoro 3a
BHOpAHOIO CHEIMiaJbHICTIO 1 HAJaTH 3BOPOTHUH 3B’S30K MO0 €()EeKTUBHOCTI MAapKETHHTY YHIBEPCHTETY.
PesynbraTu miATBEpAMIH MPABWIBHICTH BUHOPAHOI CTpaTeTii.

Cepex 1HIIOTO, CTY/ICHTH 3a3HAYMIIN:

1.Ilinb0BOIO0 ayTUTOPi€I0 MAPKETHHTY i3 3aJly4eHHS JI0 BCTYINY IO YHIBEPCHTETY MalOTh OyTH B HepIILy
yepry yuHi 8 — 9 kiaciB, ockinbku yuHi 10, a TUM 01161 BUTTycKHOTO 11 Kiacy mepeBakHO BxKe BU3HAYMIINCS 3i
CIEIiaTbHOCTSIMH, SIKUMH BOHU XOTiJIM O OBOJIOAITH 1 iX Baxko nepenpodimoBatu. « Yomy s max oymaro? Tomy
wo 6 11 xnaci matidice KOJCHA OUMUHA 3HAE HANPAM (MeXHIYHUL a0 2yManimapHuil) ma 3Hae yHigepcumem, 00
K020 mpic nocmynumu. B 10 xnaci meosic 6invwicms 3uae, Kyou xoue, i Oyace Maiuil 8i0COMOK mux, Xmo ue
sazacmbvcs. A om yuni 8§ — 9 Kaacie we He GUIHAUUNUCA, KUM BOHU XOUYMb Oymu i Ha MO0 OYMKY came maKum
VUHAM NOMPIOHO pO3n0sioamu npo pisHi cneyiarbHoCcmi, Wob 60HU NOYUHALU eUOUpamu mi, SKi im Oaudcue 00
oywi. Bo yuna uu yuenuyio 11 xnacy, ki edice 6ce yxeanunu pilleHHs, NePeKOHaAmU MAice HeMONCIUBOY, —
Harucanga ojHa 3i cTyaeHTok Oakanaspary rpynu OE-01 Onena baman. Maiike Bci cTyneHTH, SKi NPUHHSIIN
y4acTh B JOCIIKSHHI, IIITKOM TOTOJIMIINCS 3 IUM TBEPXKEHHSIM.

2.ITix yac nmanyBaHHsA 3ycTpiveii 31 IIKOJIsIpaMy HE BApTO 0OMEKYBaTHCS BiZBIIyBaHHAMH WKL L{e THM
OB aKTyalbHO CHOTOJIHI, KOJM 0araTo y4HiB THMYAacoBO Iepeixany abo MOKUHYJIH YKpaiHy 3 MipKyBaHb
0e3mexu i MPOoAOBKYIOTh HABYAHHS AMCTAHIIHHO B YKPAiHCHKUX IIKOJIaX a00 OYHO 3a KOpAOHOM. llepeBakHUM
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MicCIIeM 3yCTpidi 3 TOTEHIIMHUMH a0iTypi€eHTaMH MArOTh CTaTH COMLiaabHI Mepexi. OKpiM TOTO, IO TAaKWH IIIISAX
HaJla€ MOXJIMBICTh OXONMTH OLNBII IIMPOKY ayIUTOpito, 3p00UTH Iiel mpolec Maibke Oe3lepepBHUM, J0NATH
KpPEaTHBHOCTI 1 3aCTOCYBaTH Bech MOTYXHU iHCTpyMeHTapiit IKT, Takuii cnoci6 crinkyBaHHs 100pe 30iracThes
3 OYIKYBaHHSIMH MOJIOJI, BIINOBIIa€e IXHIM 1moTpedamM, poOuTh mporiec npodeciitHoi opieHTalii 3aXOIITIOI0YHUM i
NPOAYKTHUBHUM. «/[11 moeo, wob Oinbuiicms Oi3HAIUCL NPO Kapedpy, IHCMuUumym, yHieepcumem, siKk Ha MeHe,
nOmpioHo po36uamu CIMopinKu 8 coyianbhux mepexcax. Ha cboeooniumiti densb Mon00b nepesasicho npogooums
Maiidice gecy cgitl uac 6 Inmepnem. Mooicna posnosioamu npo Hawl iHCHMUMYmM 8 MAKUX COY. Mepexcax sK
Instagram, Telegram, Facebook (matinonynapuiwi mepeoici). Takodc ModcHa NpoeoOUmMuU 8 YUX Mepercax
3ycmpiyi, 3anpowlygamu 8UNYCKHUKI6 04 CRIIKY8AHHA 3 aOimypieHmamu, wob 60HU CMABUIU 3ANUMAHHA, WO
came ix yikasumo. Lle 0oso1i eeceno ma ingpopmamuseroy, — Hinutbes gocsizom Onena baman.

3.Ilepen BIAamITYyBaHHSIM 3ycTpideil BapTO NONEPEeIHHO MPOBECTH iH(POPMAIlfHY KaMIIaHilo, 3pOOUTH
pO3CWIKy iH(pOpMAmiHHUX MaTepialiB i 3MICHATH ONUTYBaHHA y4HIB. TakuM umHOM mpenctaBHukn BH3
3MOXYTh YTOUHIIN 1HPOPMAIIiF0 IIPO MOTPEOH MIKOIAPIB, a MIKOIIPi MATUMYTh MOXKIIMBICTS BU3HAYUTHCS 3 THM,
AKi came 3ycTpiui iM BapTo BinBimatu. «Meni cnodobanocs, wo neped muMm, AK nputimu i HAOAmu Ham
ingopmayito, cnouamxy 3podounu poscunky na email (abo nucoMosi aucmu xce 'y WIKOL) i3 3A0X0UYEATLHUM
onumysanHsm Ha memy. "Axi nanpamxu eac yixasnamvs?" i He0008'A3K06UM NYHKMOM OYI0 NO3HAYEHHS.
cneyianbHOCmi, AKWO Moouna exce susnayunacs. Taxoc Oyau numanna va kwmanm. "Axutl nanpsam Hagyauna y
sawomy xknaci?" (y nac y wikoni 6ynu ¢iz-mam, ingpo-mex ma xim-6io kracu) ma "Axuii npeomem eam Haubinvue
nooobaemocs?" Takum uunom s Mo21a 6uOPAMU WOCL KOHKPEmHe, W0 MeHi n0000aNocs, a He CIYXamu npo 6ce,
— nuiue crynenTtka rpynu OE-01 Maprapura Morunart.

CryneHTH pagsTh KPeaTUBHO MiTIHTH IO MiATOTOBKH MaTepialiB 0 TaKUX 3YCTpidel, OCKUTBKH HEesIKiCHI
iHpopMamiiiHi MaTepianm abo Taki, sSKi HE BIOIOBITAIOTh OYiKyBaHHIM YYHIB, JIUIIE 3iMCYIOTh 3aXill. « Ik éce
siobysanocs? lllkonapie 30upanu 6 akmosiii 3a71i i po3nogioanu npo Koieodxc u yHisepcumem 01u3bKo 2 YpoKie
(1.5 200). Pozoasanu 6yknemu, ouzaun sakux 0ye scaxausuil. Po3nogiob posnouunanaca 3 mozo, Koau 6y10
3an04amKo8ano Kojeddc abo yHieepcumem [ 6ci Oani Hibu Oyro e3amo 3 eixinedii. Taxi 3ycmpiui 3a
CMamucmuKoio Hivoeo He dasanu... A 6 11 knaci 6ci Mol 00HOKAACHUKYU NPUOIUZHO 3HAIU KYOU XOUYMb 6CIYNAMU,
i He dymaro, wo Maxow 6CMYNHOW KAMNAHIEW iX MOdcHa 6yn0 6 nepexonamuy, — TUIATHCS CIIOTaJaMHU iHIIA
cryaentka rpymu OH-01 [lana [TnOTHUK. «...MeHi He n0006anocs, Koau Oilbicms 6UCMYNY 3aUMANA (CMOPIs
8y3y (came icmopis, a e gidomi unyckuuxu). Bascnueo posnosicmu, wo yexkae na Mono0b nonepeody, aoxce
NUMAHHS MAUOYMHbO20 HAUBANCIUBIULE ONIsL BUNYCKHUKA WiKOIU», — e cTyneHt rpynu OH-01 Isan Yeuyn. Ha
IYMKy TETIEpIlIHIX BXKE CTYJACHTIB OakamaBpary, iH(poOpMamiiiHi MaTepialii, fKi IOIINPIOIOTHCSA Cepel Y4HIB,
MAaroTh OyTH JTaKOHIYHUMU, IIPUBAOHUMHE, KPEATHBHUMH 1 000B’S3KOBO, PO IIe 3a3HAYMIIN Maike BCi CTYJCHTH,
Mictutd QR-KOJ 3 mocwimaHHSIM Ha OUTBII pO3TOopHYTY iH(popMariro. Tofl € maHcH, Mo YYeHb Micis 3ycTpidi,
MOJKJIMBO Pa30M i3 OaTbKaMU MPOYHTAE ACTAIBHINTY iH()OPMAIIIO PO YHIBEPCHUTET, IHCTUTYT, Kadeapy. «...He
xominocs 6 6ayumu yiny eazemy 3amicmes Opouiypu, 60Ha MAe Oymu Hesequukorw i, HanesHe, 3 deskumu QR-
KOOamMu 3 ROCUNAHHAMU Ha Oitbuw demanvHy inopmayiro. Ilpocmo, y pasi 3ayixkaeieHocmi yueHb modce 3
Jleckicmio nepeumu 3a NOCUNAHHAM [ npoyumamu Oilbuie nPO me, W0 came Uo20 YIiKagumv, — 3BEPTA€ yBary
cryznentka rpynu OH-01 Anacracis €B1okuMoBa.

4.T1nanyBaHHIO 3yCTpiui BapTO MPUALIMTH OCOOIMBY yBary, OCKiJIbKM MOMMJIKH IiJl Yac BJIAIITYBaHHS
3yCTpiui, He BpaxyBaHHs IHTEPECIB He JIMILE HIKOJIPIB, @ M BUMTENIB Ta aJMIiHICTpalii HIKOJN MPOCTO 3BEIC
HaHIBEIlb yCi 3yCHILISI 3aJTyYUTH IIKOJISIPIB IO BCTYITYy CaMe JI0 I[bOr0 YHIBEPCUTETY. «A uimko nam ’smaio, sk 00
Jiyero, Oe s HA8HANACs HANPUKIHYI 0eCsimo20 — Ha NOYAmK)y 0OUHAOYAMO20 KAACY NPUXOOUTU NPeOCABHUKY 080X
YHigepcumemig... A nomim 08i MOOUHU, AKI NPONOHYBANU HABUAHHA MA NPOICUBAHHSA 6 SAKOMYCb MANEHLKOMY
micmeuxy 6 [onvwi. Moocnueo uepes nebasxcanns nocmynamu came 8 mi BH3, axi npononysanucs, s ne 6ajicaio
pobomy, aKka nposoounacs 3 Mandoymuimu abimypicumamu, egpekmueror. Mooiciuso, 1 maro maxy 0ymKy uepes
HU3KY NOMIMHUX MIHYCI8, SKI YLIKOM 3MIHUIU MO0 3a2anbHy Ya8y. Cb0200HI 51 MOJCY GUOLTUMU PO He2AMUBHUX
acnekmis, AKi xomina O euokpemumu, mMarouu maxkuii 00c6io 6 munyiomy. Io-nepwe, mene Oyace 30u8y6ana
Heopeanizosanicms 000X 3ax00i6, Y MOANCIUBO Ye 0YI0 NPOCMO XAAamue CMAagienHs adMiHicmpayii i mym eapmo
suHysamumu auwie aiyei. Y arooetl, SKi 8dice e neputy WKoay 000ieiu 8 NOWyKax MaudymHix cmyoenmis, nNpocmo
He OYN0 Yacy HOPMAIbHO PO3NOGICMU NPO YHIGepCUmMemu i MONCIUBOCHI, AKI GiOKpugatomvcs. Ilepebusanns
8uUUmMeNiG, AKi NpasHyIu cKopiue 3aKiHYUmu Ceill ypox i 63aeani He 3HAIU NPO me, Wo HA iX YPOK MA€ XMOCb
npuvmu, Oy 3aHa0mo NOMIMHUMU. Y maxiil cnpasi max axciuso 3pooumu ece opeauizosano. Tomy
npeocmagHuK yHiGepcumemy Mae 6NeGHUMUCS y MOMY, Wo 6ce 002060peHO | HAOAHO20 4acy Ol BUKIAOEHHS
iHghopmayii 6yde docmammubo, 60 nepexio 3 00HO20 CheKmpy NUMAHb HA THWUL, d NOMIE 3HO8Y NOGEPHEHHS 00
NONepeoHbO20 HEeMOGIPHO CUNLHO 6NIUBAE HA Y6azcy cryxayd. Akou s 6yna npedcmasHukom i MeHe 3a30an1e2iob
nonepeounu 6 npo nesHull AMim 6 Yaci, mo s 6 ycimMa cunamu Hamazanacsi 6 Cmucio nooamu ycio HeoOXiOHy
iHghopmayiro i Hivo2co He Hanaymamu. Hi 6i0 K020 5 He uyna npo MOICIUGICIb OMPUMAHHS CIuneHOii ma npo it
PO3MIp, T He po3yMilo yomy, 60 ye i 3a0X0Uye MaubymHbL020 cmydenma yeaxcuiwe cryxamu oani. Ilo-opyee,
nam’amaro, AK Nicis Mmoo AK NPeoCmaeHUKU CEOIMU CLOBAMU HAMAZANUCH WOCh OOHECIU HAM, BOHU 3ATUMANU
Ha nepwiti napmi AKiCb GI3UmMiGKU 3 HOMepPOM menepony abo e gracpu, 8 Hadii Wo XMOCL NICAA YPOKY 3axoue
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nioiumu i ix ezamu. A 6 euunuia 6 no-iHWOMY. CIUCIA Npe3eHmayis, AKY NPUEMHO OUBUMUCH, Oe3 600U 3
Hal20106HiW010 inghopmayicio — oce sapianm nabazamo kKpawuil. Hapasi, matidice Kodcen yuenb Kopucmyemucs
cmapm@onom, axuil i cmane y Hazodi. Yomy 6 ne 3pobumu QR-k00 nanpukinyi npezenmayii 3 NOCUNAHHAM HA
8I0N0GIOHI KOHMAKMU YU NOOAnLWLy iHGhopmayiro? Manenvki nanepyi nOCmMitiHo 2yOasmvbCst, MOMY, Ha MO0 OYMKY,
maxkutl cnocib nowupents nodanvuioi ingpopmayii € nabazamo egpexmusnivum. Mos cecmpa napasi Haguaemvcs
¥y wKoni i ckazana mewi me gic came. € 6a2amo MAaneHbKUX HIOAHCI8, AKi NOMIM CRPABIAIOMb NO2AHE 8PAIICEHHS,
Mmomy npeoCmagHuK MAe 3a30ane2iob iX YHUKHymu», — TUIMThCs TocBinoM cTyaeHTka rpymu OH-01 Onexcanapa
dininmosa. /st KodicH020, Oe3 BUKNIOUEHb, CUNEHOIA € CIMUMYIOM HAGYAMUCS, MO JIC ii cyma Modice 3ayikagumu
manoymuix cmyoeumis. YV cmyodenmis Hawioi cneyianvHocmi cmuneHOii Oinvblui, Mo A YuM 8apmo
Kopucmysamucsa. Ak na mene, ye modce 6ymu HAGiMb OOHIEIO 3 20I06HUX Nepedas HAWOI CneyianbHOCmi», —
miaTBepmkye ciaoBa Onexcarnpu IBan YeuyH.

5.3BicHO, 3ycTpiyaTHes 31 MIKOJISIpaMH BapTo 1 JOCBIAYEHHM BHKJIaadaM yHIBEPCHTETY, AKi 3IaTHI
JIOCTYITHO TIOSICHUTH MaiOyTHIM a0iTypieHTaM BCi IepeBaru i 0COOJIHMBOCTI CIIEHIaTbHOCTI, PO3IOBICTH TIPO
HaBYAJIbHUH MpOLIEC, METOAMKY BUKJIAJAHHS TOIO. BTiM, TakoX BapTo pO3yMIiTH, IO IIKOJSIPI JNOBIPSIOTH B
Hepiry 4epry He HOBaKHMM BHKJIaJadaMm, SIK OW Iie TMBHO HE 3By4ajo, a Habarato Oijbplle CTyAeHTaM, SKi
HaBYAIOTHCS 3apa3, i BUIyCKHUKAM YHIBEPCHUTETY, SIKI HAaBYAJIUCS paHille 1 OTpUMalli AUIUIOM KUIbKA POKIB TOMY.
«Konu euxnadaui npuxoounu i po3nosioanu, OHU He GUKIUKATU 6eIUKOL 008ipu, momy wo ye ixwsa poboma
azimyeamu wKoaapie i wob 6invuie 00 Hux nocmynaiu. A 00Cayxaniace nepesaxcHo 0o cmyoenmis 2-4 kypcis.
Tomy wjo 60HU HAGHANUCA [ MOTIU POZNOGICIMU NPO NEPCHEKMUBY NEGHOI CReyianbHOCMI Ma Npayeeiauimy6anHa»,
— ginmuteed nocsigoM Onena banan.

[IkosipiB WiKaBHUTh, K BUTIIAAA€ HABYAHHA B YHIBEPCHUTETI OYMMa CTYICHTIB, SIK KOJNHIIHI CTYICHTH
BJIAMITYBAIHCS Ha poOOTY, SIKi 3HAHHS, KOMICTEHTHOCTI, YMIHHS 1 HABHYKH, 3000yTi B YHIBEPCHTETi, CTAIH B
HaroJi B mpodeciiiHiil AisITHHOCTI, KW IIONAT HA BUITYCKHUKIB CaMe 32 Mi€l0 CIIeIiabHICTIO, i€l Kadeapu i came
IIBOTO YHIBEpCUTETY, AKi BIATYKH Big poOOTONABIIiB, UM JOBrO NPUHIIIOCH INOMOBHIOBATH 3HaHHSA a0o
MIepeHaBYATHCS TICIIS 3aKiHUSHHS yHIBEPCUTETY, sIKa SIKICTh BUKJIaAaHHs B YHIBEPCHUTETI, BIITYKH PO BUKJIA1a4diB
i e Ha OaraTo OaraTo 3amuTaHb. | B IUX MUTAHHIX IIKOJSIPI OBIPSIIOTH pajlie CBOIM CTAapIIMM APY3sM, HIK
BUKNanauaM. «[[fo6 noxpawumu npogopicnmayiiny pobomy 6 wikoni, s Ou NOPeKOMeHOY8A8 MAKOIC 3ATYHamu
cmyoenmis 00 makux 3axo0ie. Adsice ye Haukpawuil cnocio ompumamu 00CMogipHy inghopmayiio npo BH3, sxuil
cnooobasca abimypicuny. OKpemMo MOXCHA YMOUHUMU, YUM iM NOO0OAEmMbCA | He N000OAEMbCA HABYAHHA 8
yuisepcumemi. 1100ibHe cninKy8anHs mModice po3KpUumu K Hecnooi8ani nlOCU, NPo AKI HAGIMb He 3aMUCTTIOBAIUCS
manoymui abimypienmu, max i MiHycu, npo sAKi HIKOAU He po3Kkaxcymbv awni Oyknemu, aui cnikepu. Taxoowc, 0o
npoepamu npogopicumayiiHux 3ax00ieé A 00ayuu8 Ou Npo8edeHHs NONYIAPUZAYIIHUX AO0 6CMYNHUX JIeKYill,
maticmep-xkaacie mowo. Lle na moro 0yMKy 003601umb AK HAUKpauje NpUtiHAMY piuieHHa npo eubdip gaxy ma
nOOanHs OOKYMEHMI8 HA HABYAHHA 3a 8UOPaHOIO chneyianvbricmio», — paguTth cTyaeHT rpynu OH-01 Onexcannp
Tonano. «llocninkysascs 3 Moroowum mosapuuiem, wo 3apas Haguaemocay 9 kiaci. Y maubymuoomy 6in bauumao
HAGUAHHA 3 NPAKMUYHOT MOYKU 30pY... Mon00b Yyikasume HAGYAHHS pYKAMU, He auute 20108010. Pexnamysamu
cebe mooicna npakmuunumu 3ausmmsamu. Y KIII in. Ieops Cikopcbkoeo 6azamo aabopamopiii Ha 6yOb-siKuil KOaip
ma cmax. Bapmo npesenmysamu nauicyyacuiuii 3 Hux Ha ¢omo», — npononye IBan Yeuyn. «Taxooic meni
no006anocs, Koau npuUxoOuiu aKmueHi cmyoenmu (Cmapocmu, CmyoenmcuKi Kypamopu, akmugicmu, npogopeait),
KT 3HAU 8I0N0BGIOI HA HIOAHCU BCMYNHOT KAMNAHTL, KT MO2IU PO3NOGICMU, WO KOHKPEMHO 80HU 8UBYATONMb | KUM
nicnsa 3aKiHuenHs YHigepcumemy mMoxcHa cmamu. € enuKuil CeHc 3anpoulyeamu 8uUnyCcKHUKIe, AKi 0eakull uac
HA3a0 3aKiHYuIU YHigepcumem i npayowms 3a HAOYMOK CReyianibHICMIO, OCKIIbKU 8OHU MOICYMb NOOLIUMUCS
ocobucmum 00c8i0om ma posnogicmu 6azamo yikasux icmopii», — NINTBCS cnoragamMu Maprapura Morunar.
«A esasicaro,ujo npedcmagHUKOM YHIgepcumemy mae Oymu cmyoenm, aodxce € Oinbuie 8IpO2IOHOCMI, WO GiH
Hacnpasoi posnogicme, AK 6i00yeacmuvca HaguawHs. Lletl cmyoenm mae Oymu coyianbHUM, 6NEGHEHUM |
OpyoscentobHum, 6o came maxux nooetl byde yikaso ciyxamuy, — 3a3Hadae cryaenTka rpyma OH-01 Amnacracis
€BnokumoBa. [Hma crynentka rpynu OH-01 Mapist Pak OykBanbHo niaTBepauia tyMKy AHacracii: « Hacmynnoro
npobremoro 06ye eubip gpaxyromemy: ®EA wu HH IEE? [ mym 2onosny ponw gidiepas Anodpiti ['opobeys (2onosa
cmyoenmcovkoi paou HH IEE), naw eonosa yciei akmusnocmi gaxynememy. Bin o0pasy oc 6ionogie na moc
NOGIOOMIIEHHS, PO3HUMAG NPO Memy 6CIYNY, PO3HOGI6 NPO JCUMMSL Y 2YPMOICUMKY, NPO 3aX00U, GUKIAOAYi6 ma
HaguanvbHull npoyec, OONOMic HPOAHANIZY6amU YCi nepeéazu mMa HeOONiKU, NOKA3a8 OCHOBHI npobiemu
KOHKypenmuozo gaxynvmemy. To sic modcna cxazamu, wo s Haoana nepesazy HH IEE nuwe 3a80saxu AnOpiioy.

CTy[eHTH TakoX BH3HAYAIOTh SIK MO3UTUBHHUU TOW (hakT, SKIIO crapiiuii Opar, cectpa, Ky3eH, JApYr
HABYAIOTHCS 200 3aKiHYHIIM TOHM CaMUi YHIBEPCHUTET 32 TI€F0 CaMOFO CIielianbHICTIO. JlocBin poandiB a00 OIU3bKOT
JIFOJIMHU TIEPEKOHYE IIKOJIsipa HabaraTto CUIIBHIIIE 1 CKOpille, HK JOBOJY BUKJIanadiB. « Yu enaunyno na Bawe
piwenns nocmynumu 0o KIII im. Ieopa Cikopcokoco? Hi, a s nisik ne eniunyno, 60 0agHo 3HAIG ma Xomina
came ¢ KIII. Adoice ons mene yeti ynigepcumem cxodcuti Ha Bamuxan y Pumi. Mae csiti meduunuil 3axaao,
CHOPMKOMNAEKC, OIONIOMeKY, KYIbMypHUll yeump, napx, nam smuuxu, mysei ma inwe. Yu enaunyio na euobip
Bamu cneyianvnocmi? Teowc ni. Ha eubip enaunynu moi pezynomamu 3HO ma pioui. Tomy piwenus 6yno —
eHepeemuka, 60 NONOBUHA POOUHU NpuyemHa 00 Hei. 3 wacom i cama nepexonanacs y ceoemy eubopi. I[oo6 Bu
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nopaounu Ons nioguuents eexmusHocmi makux 3axodig? Y cywachomy ceimi ne Oymaio, wo came make
NOWUPEHHST MA PEeKNaMyB8ants HABUAIbHO20 3aKaady abo cneyianrbHocmi € 0opeuHum ma egexkmuenum. Icnye
bazamo incmpymenmie ma niam@opm 0is yvo2o. Possusaiouu coy. mepedici ma pisens 3a6e3neyenns cmyoenmia
ma euknaoauie 30ibuumsbcs iHmepec abimypicHmie, siKi npazHymuMyms 8i0gioamu 0eHb GIOKpumux ogepeti ma
6 nodanvuomy ecmynumu. Lleti inmepec nioguwums petimune HA8YAIbHO2O0 3aKAA0Y MA AKMYAIbHOCMI cepeo
iHwuxy», — ctBepmkye cryaentka rpymu OE-01 Awnacracis Xopesko. «llJooo nasuanus 6 KIII im. leops
Cixopcbkoeo, mo Ha MeHe GNAUMYIU MOI cecmpu ma Opamu, SKI HAGUAIUCH MYym, O0eaKi 3 HUX Ha yitl
cneyianbHocmi. 3apa3 6oHu Oyowce YCHiWiHI, MOMY 5 HAMA2AIOCb DPIGHAMUCL HA HUX, aoddce 68axcalo ix
docgioueHumu ma epyoo8anumMuy ao0bMu», — CTBEPIIKYE IO caMy TyMKy cryaeHTka rpymu OH-01 Xpuctinan
CiBadeHKo, sika PO3KpHiIa 3BOpyNUIHBY icTopito BracHoro murixy a0 HH IEE: «A naguanace 6 manenwkiti wikoni
Ha Muxkonaiswuni i 0o Hac iHKoaU He 00idcOdcaoms asmodycu, He me wo NPeoCmMasHUKU GUSHAYHUX 8)3i8 md
yuigepcumemis. Tomy 3 acimayiero 6 MOEMY HABUANLHOMY 3aK1A0I 3a82cOU Oyau npobremu... Bce posnouanocs 3
0e8’sImo2o Kaacy, Ko 00 HAC HA Nepepsi 3auiulu npeocmasHuKU patioHHo20 iyero 3 Memoro nposecimu aimayit
ceped HAC 8nPoO0BIIC NepepsU, a came 3a 0ecsamsb XGUIUH NiCIs KOHMPOIbHOT pobomu 3 mamemamuky. B mou
MOMENm 51 NPACHYA MINbKU BIONOYUHKY, d He CLYXAMU HE3HATOMUX H00el, AKi 0a8any npumMipsimu cneyoose 0
piznux npogheciu. 1 sax eu 6oce 3po3yminu, 6iH 68 He 6 HAUKPAWOMY CMAaHi... Bonu posoanu nam eisumisxku 3
Kanenoapem i niutiu. 32000M y HAC npoxoounu noodiOHi 3axo0u, aie 6Ci GOHU OYIU MAKL JHC Cami, HA nepepsi 3
sisumigkamu. O0HO20 pasy, 6 decamomy Kiaci Hac nogeznu 0o Muxonaiscokoeo azpapnoeo ynigepcumemy. A 6yna
3axonnena, aodce Meni 3a62cou ROO0OANOCL MICIO, 1020 Kpaca ma pumm scumms. A ouikyseana KpeamusHozo
ma Haykogozo nioxody 00 3a0X0YeHHS HAC 00 HABUAHHA 8 YbOoMy 3aKknaoi. Ane moi cnoldi8anHs NpoGANUNUCH
byKeanvHo yepes 00Hy xeuauny. Iicaa npubymms 0o nyHKmy npusHaueHHs, Ha 6xXo0i Hac HIXmMo He 3ycmpis. Mano
moeo, Mu OyIU UMYULEH] YeKamu X8UIUH 08A0YAMb OP2aHi3amopie ybo2o 3axody. Ilicis 00620 dopoau mu 6yau
3MOpeHI 1 3amMicb mo2o, oo 3anponoOHY8aAmU HAM RAAWKY 800U, HAC NOGELU 00 BeIUYE3HO20 3A0YULTUBO20 ALY,
de Oyna we comHs makux abimypicumis, maxux camux axK mu. Hac scoOHum yunom ne momugysanu, a npocmo
CcKA3anu, Wo Mu MauOymui azpapii' i wo Kpim Hac Oiibue Hema Ha Ko2o saruwumu Hawii semni. Moemy o0ypennio
He oyno mexc. Takuil cobi mapkemune. €ouna azimayis, 00 sKoi 51 6 XOMiNA NOGEPHYMUCL — Ye NoI30Ka Ha
Iig0ennoyxpaincoky amomny enexkmpocmanyiro. Lle 6yno spasicaroue. 3 npayeio na IIVAEC nog szana srcumms
Matigce 8¢t Mosi poouna. A oyna mam ne 00un pas i 3a6xcO0U 3axXONM08aANACh. Yu mo mam 6yn0 max Kpacugo 3
MOUKU 30py THIICEeHepa, YU mo Mos mimxa 6yna 0ysice 0Cc8iuenolo i NoKa3yeana ma po3nosioana Meni ace me, Wo
He KOJICHOMY 80aembcs nobauumu ma noyymu. Ilogepnemocsy 0o nawioi noizoxku na erexmpocmanyiro. Cnovamxy
HaM NOKA3a1u 4emeepmuti eHep2obioK, He npocmo 300Ky, a 3 cepedunu. Bin 6ye nedobyoosanuii, momy mu
ompumanu 0036in mam nobysamu. Hac oopyuunu mpvom indgcenepam, sxi npayioroms 8 pedibHUxX yMo8ax Ha
Oitouux enepeobnokax. Bowu po3nogioanu Ham, AKull ye CeKmMop YHPAGIiHHA ma 3a wo 6in sionosioac. Mene
epasicano KoodicHe c108o. Jlani Hac nosesnu Ha 2ciopoenekmpocmanyiro. Posnosinu ma nokazanu 6ci Kpoku
8UPOOIMKY enekmpoenepeii 6i0 Hanopy 6o0u. [{ysice 4y008o cnoHykaau 0o nodarvuioi pobomu na cmanyii. Ham
PO3N0GIOANU, WO KOJNCHA THOOUHA € OYdCce BANCIUBON) HA WMOMY YU IHUIOMY Npoyeci, wo KOJCeH IHdiceHep,
KOHMpOJep Ma eneKmpuK — ye HeMO8 28UHMUK V' 8eIUKOMY MEXAHI3MI, W0 8i0 KOMCHO20 3anexCums yu Oyoe
0CGIMII08AMUCH MBIl OYOUHOK 3A8MPaAY.

[l1e oHOT NOMIMPEHOT MOMUIIKH ITiJ1 4aC NPOBEACHHS 3yCTpivuel 3 HOTeHIIHHUMHU a0iTypieHTaMU CTYACHTH
pamsTh YHHKaTH, a came, IIPOCYBaHHs MiJl 4ac 3aX0/ay BHUKIIIOYHO BiacHOi kadeapu. A/pke B ouax LIKOJISIPIB
BUKJIaJia4 ab0 CTYACHT Iepejl HUMHU B MEpIly Yepry € MpeACTABHUKOM YHIBEPCHUTETY i Ma€ B Ieplly 4epry
MPOCYBaTH PITHUNA YHIBEpCUTET. «Ha Mo OyMKYy, 3HAYHUM HeOONIKOM MAaKux 3ycmpivel, € me, wo y maxKux
BUNAOKAX NPeOCMABHUKU Kagedpu po3nosioaroms cymo npo OisibHicmb Kagedpu, a npu nosei numans 6io
BUNYCKHUKI8 CMOCOBHO IHWUX HANPAMKI8 NIO20MOBKU HABUANLHO2O 3AKIA0Y HECHPOMOJICHI K8aighiko8aHo
sionosicmu Ha 3anumants. Takum uuHoOM, NPeOCMABHUKY 3ATULAIOMb NO3d Y8A20I0 8UNYCKHUKIB, NOMEHYIUHUX
0J1 €020 HABUAILHOSO 3AKNAQY, SAKUX B0HU He 3MO2NU 3ayikagumu nio yac 3ycmpidi... Haubinvwor npobremoro
NpPOGeOeHH s MAPKeMUH208UX 3aX00I8 € me, WO B0HU BUKOHYIOMbCI 8 MENCAX 00H020 3aKAA0Y MOYK0B0, PI3HUMU
8i00inamu, AKi He no8 a3ami midic coboio, be3 6cmanosienoi eOunoi idei ma eounoi cmpameeii», — 3BepTac yBary
crynentka rpynu OH-01 Citnana Spounryk.

«llo mpeba wob 3ayixasumu a00UHy nocmynumu 0o cebe. /sl yb020 NOMPIOHO OOMPUMYBAMUCDH
Oexinvrox kpumepiig: 1. Ilpedcmasnux(acimamop) nosunen 6ymu 0o 40 pokis. I[loeunen nesneno po3nogioamu
npo cneyianvHicms abo yHieepcumem axkuil 8in npedcmasise, ye nogunno zaumamu 10-15 xeunun. Bin nogunen
PO3n0Gicmu NPOCMUMU CLOBAMU NPO CREYIANbHOCMI MA KUM JI0OUHA MOce OYMU, AKWO BUPTUWUMb NOCEATNUINU
yboMmy ce0e€ dicumms (came modxce a He 0yoe). Ilicis ce0€i po3nogioi 6in mMae NPocmuMu C108amu 8i0nN0gi0amu Ha
sanumanns( ane 6e3 600u) na ye 5-10 xeunun 3anexncums 6i0 KiLIbKOCMI (AKWO 3ANUMAHb HEMAE a2imamop He
snopascs). 2. 3anpowenns ma nposedenHs «/{nie giokpumux ogepeily, 0e MOOUHA AKA 3AYIKABUIACH MOJiCe
NO3HAUOMUMUCH 3I CIYOEHmMamu NOCHLIKY8Amucy ma edice 0yoe supiulysamu xoue 6iH nocmynamu aoo Hi. 3.
AHouimMHUTl yam, 100U 0Y8aome Pi3Hi, GOHU MOJICYMb G8AICAMU WO IX NUMAHHS He mi SKi NOGUHEH CMABUMmIL.
JIroouna dyaice copomumucsi Ko Kasice 6i0 c6020 auys. Jaiime iomy macky i 6in ckaoice 6in npasdy. B nawomy
sapianmi 3a0acmv NUMAHHSL MO JiC Ye BANCTUBUL NYHKM SAKULL 8CT IZHOPYIOMb. 4. CIMOPIHKU 8 COYIATLHUX Mepedicax,
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3apas 6csa MONOOb CUOUMb 6 COYIANbHUX Mepedcax, mo mpedba ye UKOPUCMO8Y8amuU, CIMEOPUmMY CHMOPIHKY 6
YouTube ma euxnadamu scumms ynieepcumemy (Ilpagdy! bo abimypienm 6yde He 3a00801eHUll AKWO HA 8I0€O
00He 6 oicummi inwe). Yam abimypienmie abu 100U MO2U NOZHAUOMUMUCH MA OI3HAMUCH OOUH NPo 00Ho20. Ta
mabymv cmopinky 6 Instagram 60 1o0u cudsme mam Habazamo Oinbute.» ,— MiICYMOBY€E TOCBITUCHIIINN CTYACHT
rpynu OH-n01, Bumyckuuk xosiemky Janiin Pesniuenko.

6.[lenp BinkpuTHX ABepeil. «Mene, sk abimypicnma, He 3ayiKasue ami 0OUH Paxyibmem, OCKIIbKU 51
bauue nuwe micye, de s Oy0y HABUAMUCH, A He 20]06HY Memy HAOYMMs OC8IMuU — NepCneKmuey ompumamu
sucoxkoksanigpikosarny pobomy. Byro 6 0obpe, akwo 6 eracHe pobomoodasyi 3aumanuci npogopicHmayicio
abimypienmis. ¥ Hux binvute pecypcie ma mosciusocmeti 01 0emoncmpayii cgpepu disnvrocmi... 3amicme «Hs
8IOKpumux oOeepeiy 3sanpocumu abimypienmie Ha «Hiu eiokpumux oOsepeily. 3anyuumu KOMRAHii, AKi
3ainmepecogani 6 Keanigikosanux xaopax. Bumukamu c6imno 6 Oeakux pauonax, noxazamu 001AOHAHHA,
cheympancnopm, cney@opmy, Kpecienns 00’ cKmie ma 6cb02o mo2o wjo mak He gioome ane Oyice yikase. L{um
MOJICHA nokazamu 6Cl0 HeoOXiOHiCmb ma Kpacy cheyianbHocmel, 3a AKUMU 30IICHIOEMbCA Ni020MO8Ka
cmyoenmie 6 IEE», — kpeatuButb ctrynmeHt rpymu OE-01 Taxa HOcod Myasna. «Taxooc mu eidgioysanu
HABYANBHUL 3AK1A0, 0e HAC POMICIMUIU Yy 6eluKil ayoumopii [ po3nosioanu npo YHieepcumem, U020
cneyianbHOCMi, YMOSU ma emanyu 8Cmyny, nepesazu, 0ocsenenns. Ha moro OymKy, 0as eunyckmuxie Oyno 0
yixasiwie, wob 6yna npoeedena eKcKypcCisi YHIgepcumemom, 00peuHo 6yno 6 6i06i0yeanHs 1abopamopii 3aKiady,
e MmodicHa 6yno 6 3iopamu cmeno, nocmasumu 00ciou», — npornonye CBitiaana Spoiyk.

7.JloBy3iBcbKa MiATOTOBKAa 0E3yMOBHO € €(EKTUBHHM pECYpCOM YHIBEPCUTETIB ISl 3aJydeHHs 1
MiATOTOBKY JI0 BCTYITY MOTEHIIHHNUX a0iTypi€HTIB. «/]6a poku 5 8i06i0yeas ghakyivmem 008y3i6CbKoi ni020moexu
6i0 KIII im. leopa Cikopcbkoeo, wjob nokpawumu 3HaHHA 3 Qisuxu ma mamemamuxu. [Jocgiouenicmos ma
npocgecionanizm suxiadaua cnpamyeanu miti eudip 6 Oix inoceneprux cneyianvrocmeil. Cxnasuwu 3HO, s 0bpas
nasyanns 8 KIII im. lzops Cikopcvkoeoy, — posnosinae Onekcanap Tomaro.

8.ITixBuIneHy yBary mKosipi npusitoth Web-pecypeam kadepu i yHIBEpCHTETY Ta IXHBOT IPUCYTHOCTI B
coujanbHUX Mepexax. Jlo Toro »x BiIMi4aroTh, 110 iH(oOpMallis Mae MOCTIHHO OHOBIIOBATHCS, 1HAKIIE B LIbOMY
HeMae ceHCy. «Hanucamu nocm, Hanpuxiao, po3noeioi 8i0 6UNYCKHUKIE Ma CMYOeHmie Cmaputux Kypcis, npo ixui
MOJCIUBOCTI NPAYEBLAWMYBAHHSL MA POMO, Yum 60HU 3aumaiomvesa», — paguth Onena banan. Ile Habararo
CHUJIBHIIIIC 1 CKOpIIIIe MIEPEKOHAE IKOJIAPIB BCTYMATH HA IO CHEHialbHICTh, HDK HYAHI «CIidi» MpodecopiB mpo
MEPCICKTUBHICTH BUOPAHOTO HAIPIMY. «AKWU0 2060pumu npo cawmu i cmyoeHmcovKi eaiou 8 Inmepnem — mo ye
oydice 2apHO, KOIU 60HU €, OO KO 51 MINbKU-HO NOYAIA BUEYAMU CREeYIaNbHICMb CHOYAMKY 5L HAMPANUid came Ha
ogiyitini catimu ma 2aniou 8i0 cmyoenmie 3i CMamucmuKamy ma 6i02yKamu, a exce NOMim Ha iHuie. Ane € HrOaHCuU
— catimu i eaiiou eapmo 6y10 6 OHOBUMU AKMYATLHOW THpopmayiero, 60 € MomeHmU, e 6a2amo o 3MIHULOCA.
Hanpuxnao, ingpopmayiero npo cam paxynrvmem, npo cneyianioHocmi ma uoiiumuy me, Wo Ha CReYiaibHOCMaX €
baecamo nanpsmkis. Takooic 0odamu binvuie 8i02yKi8 8I0 cmMyOeHmis, K 3apa3 HABYAIOMbC HA CReYIANIbHOCMI.
e na caiimax nompioHo npasunvHo nooaeamu iH@oOpmMayito, 2080pumu PO 8ci MOHKOWI (HAnpukiao, sAKi
npedmemu nompioni 0as 30aui 3HO came Ha yi HanpsamKu, sAKIi OOKYMeHmMU 6pamu npu 3apaxy8aHHui édice Hd
@axyremem, sKi QOKymMenmu ma 008LOKU 6pamu npu 3ACeleHHi 8 SyPMONCUMOK) I UOLISIMU MOYHI 0amu 6CiX
noditly, — mpononye Mapraputa Morunar. «xkou 3apas meHi 008e10¢s RPo8OOUMY a2imayiiny KamMnawilo s
wKonApis, 5, no-nepuie, He paouia 6 NPOGOOUMU Maxi azimayiuni 3axo0u Nicis YPoKie — YuHi X04ymv 0000MY,
B0HU CMOMIEHI | 306CiM He padi makum 20cmam. Ane Jic i HaBUANbHULL Yac MaKodic He ModicHa 3abupamu. Tomy
MeHI 30aembcst, wo mym y Ha2o0i 6yau 6 coyianvhi mepedici. Lle makosic Oyio 6eauxor npodremoio, OCKilbKu s
He 3HANa KyOu 36epHYMUCs 31 C8OIMU NUMAHHAMU: MenepOH NPUUMAnbHOI Komicii 6y8 yeecb yac 3auHAmMUI,
30umu 0o ynigepcumemy 0anexko, ma il peaibHux CHyOeHmis, sIKi pO3KAXCYmsb Npasoy, HAgpsao uu 3ycmpineut. A
om sKkbu s 3auwna 6, Hanpuxnao, ¢ Instagram, i nobauuna 6, HANPUKIAO, 2APHO PO3GUHEHY CMOPIHKY
gaxyrememy, de Oynu 6 3apinemosani nesHi noodii 3 socumms cmyoeHmie — meni 6yno 6 necwe. A 3naro, wo deski
yHigepcumemu max pobasims, max camo 5K i 3uaro npo caum HH IEE, ane sic ye minoku cyxa ogiyiiina
iHhopmayis, Oe 360pomHill 36 530K Oadcae Kpaujoeo (came nio 4ac GCMYNHOI KAMANAHIL, s po3ymiio, wo
8I0N0BIOANLHUM 0CODAM NPOCMO He BUCMAYANO0 YACY, MOJIC ye He ix nposuna). Taxooc s ou 6 Hncoonomy pasi He
MUCHYIa 6 Ha nomeHyitinux abimypienmie, OCKiIbKU BOHU Wje He BUSHAYUIUCSA, I He MOJICHA Opamu Ha cebe
8i0no0gidanvHicmy 3a ixue mauodymue. 3aearom, mpeda po3ymimu peanii WKoAApie, 3eadamu cebe 8 ixHbOMY 8iyi
ma nooymamu, wjo 6yno 6 akmyarvho 015 ac. Lle i € knoy 00 ycniuno2o 3ayikasénents abimypicumis, Ha MO0
CKPOMHY OYMKY», — CTBepIKy€e Mapis Pak.

Xpuctuau CiBad€HKO JUTATHCS BIACHUM OaueHHsIM e()EeKTHBHOI aritaliiHol KaMIaHii:

«Xopowa acimayis. Axor duc éce e maxu ona mae 6ymu?

3anopyxoro 6y0b AK020 ycnixy 6 ybomy € KoMyHiKayis. Basxciuso cninkysamucs 3 npeocmagHuKamil Yux
3ax00i6 «6iu Ha 6iuy, a He uepe3 eizumieku. L{umu ocobamu maiomv Oymu Keanigikosani cmyoenmu ado
BUKNAOAUI, AKI MOJICYMb BIONOBIOAMU HA NPOBOKAMUGHI 3ANUMAHHA AOIMYpPIEHMI8, a He NPOCMO CMYyOeHmu, 6
AKUX € 8LIbHULL Yac nopozoasamu gaaepu. Lle 3 wikinvHux pokie Ham o0biysioms, wo mi Qopmynu, aKi Mu 4uUmo,
3HAOOOAMBCA 8 HAULOMY NOOATLULOMY IHCUMIMI. Ale JHC HIXMO He NOACHIOE, AK came. Tomy dyoice 8arCIUBO 3HAMU
npo me, Yomy Hac 6y0ymv HAGYAMU, AKY Ye KOPUCMb NpuHece CYCnilbCmey ma Ham i AKA HAWa YacmKa 6 YoboMy.
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Baoicauso wimko npooymamu nian cniikyeamns 3 abimypicnmamu ma ixHim 3any4eHHAM 00 po3mMosu. B moemy
BUNAOKY, PO3NOGIOANU CIUCTIO NPO 3aKAA0 | 3aNUNYEANU 8 HAC, YU MAEMO MU 3anumanta. A mu Hagimy He 3Hanu
wjo cnumamu, adce miei inpopmayii, wjo 80HU HAM HAOOAIU, OYIIO 2eMb HEOOCMAMHbO, MA U YACY HA 3aNUMAHHS
oyno oomanv. I 8 Kpawomy sunaoky 6oHu nPOCMO UWLIU, A 8 2IPULOMY HACTHYNANA MOGUAHKA, WO NPU3EOOUNA 00
3HisAKOGLIOCMI. Bunuxae ncuxono2ivnui 6ap’ep.

Aemopumem 6izumepie MmaxKodic 6HOCUMb CEOI0 YACMKY 8 3aNOPYKY XOpOouwloi KomyHikayii. Adice, Ko
yHigepcumem Ham 6yoe npedcmasisimu HeOUCYUNIITHOBAHUI, He3i0panull cmyoenm, Kull He po3yMie, sikum 6yde
11020 nooanvuie Matdymue NiCis 3a6epUIEeHHs HAGYAHHA, MO abimypicHmu He GIOHEeCYMbCs Ceplio3HO 00 1020
npomosu. [Ipomunesicuicmio ybomy mae 6ymu po3nogiov yChiuHo2o cmyoeHma, aKuii edxce 3akinuug yei BH3 i
npayroe 3a cneyianvHicmio. Toll, Xmo Modce po3nogicmu, Yomy came yeu 3aK1a0 HeoOXionut Ham 01 0Y0y8aHHs
€8020 MAUOYMHBLO20 HCUMMA MA NOOATLULOT Kap "€PuUL.

s nac oyarce gasicaugo, sAx came i00y8ACMbCA CMYOEHMCbKE JICUMMSL, d came 3pAHKYy ma 00 6evopd.
Aooice we cb0200Hi X00AMb YYMKU NPO NO2aHi CMAHU Sypmodcumxie. Akuo yeu 3aknad cnpasoi xopowiui i
2YPMOACUMOK 0ONAUIMOBAHO HATIEHCHUM YUHOM, THO HA MOI0 OYMKY npuxosysamu nivozo. A esasicaio, HeoOXioHo
SHIMamMu KOPOMKiI pOIUKU NPO CHYOEHMCbKE HCUMMSL MA NOKA3Y8aAmMuU WKOAPAM.

Lysice saosicnuee micye 3aiimaiomv MOJICIUBOCI, 4 came NpaKmuxa ma poodoma nio 4ac HAGUAHMA.
ITionucanns konmpakmy yHieepcumemy 3 npOGIOHUMU OP2AHIZAYIAMU NPO MOACIUSICING NPOXOOIUCEHHS NPAKMUKU
3 MOACTUBICINIO OMPUMAHHA HANeICHOT 3apobimuoi naamu. [puxnadom crnyeye nionucanns ooeosopy KIII im.
leops Cikopcvroeo 3 komnaniceio JJTEK.

3oposuii konmakm 3atimae yunne micye 8 azimayii. Heobxiono nokasyeamu kopnycu, ayoumopii ma
nabopamopii yuisepcumemy. [lna mozo wjob maubymui cmyoeHmu 3HAIU, Wo 6y0e CYnposoo0x*cy8amu 6Ci ixHi poKu
HAGUAHHA 8 YbOMY MICYI».

Tox, miacymoByroun Jlana [InoTHHK pekoMeHaye:

—uimki cmucai gakmu, AKi moenu 6 3ayikasumu came WIKOIAPA, A He HAYKOSYA YU BUKIAdaud,
BUKOPUCMAHHA NPOCMUX 3DO3YMINUX CILiG;

—Opowypa (6yxkaem) mae 6ymu 0606 A3K060, ane GUKOHAHO 6 CYHACHOMY CMUTL, MIHIMAILHO MEKCMmY,
binvue Gomo, sckpasux, gomo cmyoewmie [ m.i., O0e ModxcHa Oy10 6 sHaumu iHopmayilo He auwie npo
yHisepcumem, ane i IHMepaKmus i YHieepCumemcvKi 2ypmru,;

—naugxaku (nopaou), wo Hacnpasdi Hac wekamume 6 yrieepcumemi. [lpuxnao: « Tax, na éac uekamumymao
cecii, ane y sac 6y0ymo KOMREmMeHMHI GUKIA0AYL, SIKi NIOMPUMAIOMb 3a8#COU, HA0A0YMb YCI HeOOXIOHI NOSICHEHHS
ma 0OKAA0Ymb 3yCUNb, AOU 8U 3PO3YMINU, MAKONC OYOYmMb CMyOKypamopu, Ki Ha 81ACHOMY 00C8i0i pO3KAXCymb,
AK CKAACMU ICRUM, 4020 NpacHe 8UKIA0ay, ma K HAuKpawum YUHOM 3aC80imu Mamepiany,

—BIOUMOBXYIOYUCH 8I0 CREYIANbHOCI, NPO AKY XOUYMb PO3N0GICMU, 0008 A3K080 NPOOYMAMU NPAKMUYHY
yacmumy, abu WKOAPI Mo2iu HAOYHO yce nobawumu ma sayikaeumucs. Lle mooce bymu ieposa popma ane
NOBYANBLHO20 Xapakmepy i m.i. A0dce mexHon02ii He Cmoamy Ha Micyi | ROMPIOHO «UMU 8 HO2Y 3 HACOM» PA30M 3
MOOOUM NOKONIHHAM.

—eucmyn mae Oymu Cmucium, smicmosHum (6e3 eoou), 10-15 xe., a pewumy uacy (30 x8.) sidsecmu Ha
NPAKmMu4Hy YacCmumy, Haoury ckasicimo. I ycbozo ye 3abepe nuwe 00U ypox, aie 3 KOpucmio Ojis YuHie,

—36UYAlIHO, 8ION0BIOI HA 3ANUMANHA MAKOXC CIMUCTI, YIMKI, Iuule Ha NOCMAgieHe 3anUmaHHs,;

—Mae 6ymu npaguUbHO UOPAHUL HAC: 3 CAMO20 PAHKY VuHi uje OYMKAMU 6 JIJICKY, 4 OCMAHHI YPOKU,
oymxamu eooma. Tomy navonmumanvuiwus wac — 3 10:00 no 12:00 coouny;

—MAaKONAC He MEHW BANCTUBUM € HACMPILL NPEOCAGHUKIB. AKWO 6OHU 6MOMIIEHI, 60 Ye 8ce NO PAXYHKY
1 Ama Yy cbomMa wKoa, mo i yuri ye bauams U inpopmayis giice CHPUIMAEMbCS He MAK.

Lle moi maxi nopadu nuwe aK 6i0 WKOIAPKU 6 MUHYIOMY, De3 AKUXOCb CKIAOHUX nopaod, 60 6cmynHa
KAMRAHIA, 51 66AHCAIO Ye MAKOIHC 8eIUKA pOOOmMA, i MU He Yce MOAHCEMO 3HAMU, WO 3a HEelO NPUXOBYEMBCY.

[IpoBeneHi nochimKeHHS TOBOIATH, IO IPpOoQopieHTaMiiHA poOOTa YHIBEPCUTETY € BAXKIHMBHM CIIEMEHTOM
y CHCTEMI BHIIOi OCBITH 1 CHIpHUsi€ MPaBIIIBHOMY BHOOPY Ipodecii moTeHIitHIMY 3100yBaYaMH Ta ITiIBUIIECHHIO
SIKOCTI  TIATOTOBKM MaiOyTHIX ¢axiBIiB. 3 MeTOI MiIBUIICHHS e()EeKTUBHOCTI OCHOBHI aCIeKTH
npodopieHTamiifHOl pOOOTH YHIBEpCUTETY MMOBHHHI OXOIUTIOBATH TaKi HAIPSMU:

—iH(OopMaIifHO-TIPOCBITHUIIPKA isUTbHICTh (opraHizamis [lHIB BiAKpHUTHX ABeped, iH(popMamiiiHi
KaMIIaHii, BUKOPHUCTOBYIOUHN COI[iaJIbHI MepeXu, BeO-caiTin, pekjIaMHi MaTepiaau Ui MOIUpeHHs iHpopmarii
PO YHIBEPCHUTET, HOTO MPOTPaMHU Ta JOCATHEHHS);

—IPOBEJCHHS 1HIMBIMyalbHUX Ta TPYNOBUX KOHCYJbTAIill A8 YYHIB IIKUI 3 METOIO JIONOMOITH M
BU3HAYMTHUCA 3 MallOyTHBOIO TIpodeciero Ta 0OpaTy BiJIOBIIHY CIIELiaIbHICTD;

—CHiBIpaL 3 MIKOJIAMH, TEXHIKyMaMH Ta KOJeKaMH (CTBOPEHHs HapTHEPCHKHUX MPOTpaM, HaBYaJIbHUX
MIPOEKTIB, IPOBEACHHS MalCTep-KIIaciB Ta JIEKIIH TOIIO);

—IPOBEJCHHS MiArOTOBUMX KYpCIB JUI CTapIIOKJIACHUKIB, SIKi JIONOMAararoTh iM TiJroTyBaTHCS [0
BCTYITHHX iCIIMTIB 1 HalllOHATBHOTO MyIbTHIPeaMeTHOTo TecTy (HMT);

—3aly4eHHs 0 HayKOBO-IOCIiHUIBKOI poboTH yuHiB MAH VYkpainuy;
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—3aJIy9eHHS POOOTOMABIIIB 10 MPOBEACHHS JICKIil Ta MPEe3eHTAIlH, SKi HaJalOTh BCTYITHUKAM YSBICHHS
PO PHUHOK TIpalli Ta IXHE MalOyTHE MpaleBIaTyBaHHS.

3aBIsIKM  KOMIUIEKCHOMY Tinxoay A0 npodopieHTaniiiHoi poOOTH, YHIBEPCHTETH JOMOMAraroTh
BCTYITHMKaM He JIMIIE NPaBUILHO 00paTH npodecito, aje it MOTHBYIOTh YCIIIIIHO HABYATHUCS, 00 B IOJAIIBIIOMY
peanizyBatu cebe Ha PUHKY Mpalli MiciIs 3aKiHUCHHS] HaBYaHHSL.

BucnoBku. HackpizHa TpupiBHeBa migroroBka Ha kadenpi enekrpornocradanus KIII im. Irops
Cikopcekoro GakanaBpiB, MaricTpi (mpodeciiiaux i HaykosiiB) Ta PhD ympomosxk 25 pokiB 3a OCBITHBO-
npodeciitaumu mporpamamMu «CHCTeMH 3a0€3IIeUCHHS CII0KUBAYiB €JICKTPUYHOIO eHeprietoy» i «EnepreTnanumit
MEHEDKMEHT Ta eHeproe(eKTHBHI TeXHOIori» cremianbHOCcTi 141 «EnekrpoeHepreTnka, eIeKTPOTEXHiKa Ta
eleKTpoMexaHikay B ramy3i 3HaHb 14 «EnekTpuuHa iHKeHepis» Oo3BONMIAa 3a0e3MeYnTH IPOMHUCIOBI,
€HepreTUdHi, KOMyHaJbHI, KOMEpIIiifHi Ta iHII KOMMaHii i opraHi3amii, a TaKOXX OpPraHH BIAJ{ i MiCIIEBOTO
caMOBpsIyBaHHA Y KpaiHu KBaui(hikoBaHIMH (paxiBISIMK 3 €IEKTPONOCTadYaHHs MiCT, TPOMHUCIIOBHX IiAIPHEMCTB
i O0’€KTIB CUIBCHKOTO TOCIIO/IAPCTBA Ta EHEPreTUYHOr0 MEHEKMEHTY, 3JaTHHMH CIUIBHO PpO3B’s3yBaTH
KOMIUIEKCHI 3aBJaHHS 3 HaJIHHOTO €JEeKTPOIIOCTAauYaHHs CIIOXKUBAYiB SIKICHOIO EJIEKTPUYHOIO EHEprielo 3
BIPOBA/PKEHHSIM €HEpProe()eKTUBHIX TEXHOJIOTiH, CKOPOUCHHS! BUKOPHCTaHHS BUKOITHOTO ITanBa i 3MEHIICHHS
IIKIIJIMBUX BUKHIIB Ha 3acajax CTAJIOr0 PO3BUTKY. B OCHOBI yCHINIHOI MiATOTOBKH Ta BUXOBaHHS (paxiBIliB-
€JIEKTPOOCHEPIeTHKIB JIE)KUTh KPOIiTKa podOTa 3 aHajli3y yMOB, BU3HAYCHHS HANpsMiB i (opMyBaHHs 0a30BHX
MPYHININB TOMyJIApH3alii, BiOOPY 1 3ailydeHHA A0 BCTymy Ha Kadeapy emekrponoctadaHas KIII im. Irops
Cikopcbkoro aOiTypieHTIB OakamaBpary 3a croemiaibHicTIO 141 «EmekTpoeHepreTnka, eleKTpOTEXHiKa Ta
eleKTpoMexaHikay Tamy3i 3HaHb |4 «EnexTpuuHa imKeHepis» 3 4YWClIa HAHOUIBII TiATOTOBICHHUX Ta
BMOTHBOBAHMX BHUITYCKHHUKIB IIKLI Ta KOJIEIDKIB.
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!National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”

MARKETING PERFORMANCE INCREASING WHILE INVOLVING APPLICANTS
TO ADMISSION TO THE UNIVERSITY

The professional orientation of applicants is an integral part of the marketing strategy of the universities
and the state as a whole to train high-quality specialists for the national economy. The schools and colleges
graduates are potential university bachelor's degree applicants. The article presents the experience of involving
graduates of schools and colleges for admission to the bachelor's degree at the power supply department of the
Igor Sikorsky Kyiv Polytechnic Institute, specialty 141 "Electrical power engineering, electrical engineering and
electromechanics" branch of knowledge 14 "Electrical engineering". References 3.

Keywords: bachelor's degree, education, electrical engineering, electrical energy, electrical engineering,
energy management, energy-efficient technologies, graduate student, master's degree, power supply systems.
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"Hauionanbnuii Texnignnii ynisepcurer Ykpainu

«KuiBchknmii nosritexniyanii incrutyT imeHi Iropst Cikopcbkoro»

IncTuTyT TemoenepreTuuHux Texnosoriii Hamionanbnoi akaxemii Hayk Ykpainn

BUKOPUCTAHHSA AMIAYHOI'O ITAJIMBA SAK 3AXI/ 31
SHUKEHHS ITAPHUKOBUX I'A3IB

Y npeocmasneniii pobomi euceimieno MoIcauBOCmi 6UKOPUCMAHHA AMIAKY AK ANbMEPHANUBHO20 NAUEA
3 Memol0 00CACHEHHS HU3bKOBY2NIeYeB020 PO3GUMKY 0epIICcasu ma NoCUIeHHs OOpoOmbOU 3 NAPHUKOBUMU 2A3AMU.
3 uacie npomucnogoi pegonroyii cnanto8aHHs 0YI0 OCHOBHUM MemOoOOM NepemeopeHHs eHepeii 01 M00CbKOL
OiAIbHOCMI, 8KIIOYAIOYU BUPOOHUUMBO efleKmpoeHep2ii ma mpancnopm. Ha cbo2o0HiwHill OeHb yi cekmopu
NPOO0BHCYIOMb ZHAUHOIO MIPOI NOKAAOAMUCA HA 8Y2lle800Hese NAIUBo. K HaAciOoK, Haubitbuwull abcoomHull
npupicm eukudis gyenekucnozo eazy y 2022 poyi 6y 6i0 eupobnuymea erekmpuuroi ma mennogoi enepeii. Ilpu
30inbulenti 2100anbHO20 NONUMY HA elleKmpoenepeilo Ha 2,7%, euKuou 6 eHepeemuyHOMY CeKmopi 3poCiu Ha
1,8% (abo 261 Mm), oocsienyswiu icmopuuno2o makcumymy 6 14,6 I'm. Taxum uunom, 3HAUHA YACMUHA BUKUOLE
CO:2 supobnaemocsa uepes yi cekmopu, wjo € 0N06HUM BUHYBAMYEM 2100ATbHO20 NOMENNiHHA, NIOpUBAIOYU
b6opomvOy 30 3minoto kiimamy. Heobxionicmes OexkapboHizayii epaxosyecmucsi NPOSPAMHUMU OOKYMEHMAMU, )
MOMY YUCTT 0epAHCASHUMU Cmpameziamuy, AKi He Juue 3acmepiearoms, a il 3a00pOHAIMb HAOMIpHe YMEOpeHHs
3aOpYOHIOIOUUX PeduosUrH ma CMUMYTIOIOMb HONYIApUsayilo 0e3gyeieyesux MexHOA0zil 6 eHepeemuyHUx
cexmopax. 3a2anbHo8i0oMO, WO IHHOBAYIUHUL PO3GUMOK MEXHON02IU CRANI08AHHA NANUEA HeOOXIOHUU O
docscHen s MatuOymHix yineil gyeneyeso-Helimpanvroi cucmemu. Hessascarouu Ha 00KIaA0eHi 3HAYHI 3yCUIs Ol
3MEHWeHHsT GUKUOI8 NAPHUKOBUX 2a3i6 NPU CHANIOBAHHI BY2IE800HI8, HANPUKIAO, WLIAXOM NiOBUWEHHS]
eekmusHoCmi 320PAHHA, YbO20 HEOOCMAMHbO 0151 OOCASHEHHA HU3LKUX 6UKUOIE napHukosux 2asie. IIposedeno
aHaniz 0ocsicHeHvb y yill 2any3i ma 3’ACO8AHO, WO AMIGKy Npudilaemvcsa 6ce Oinvuia yeaca sk OOHOMY 3
HAUnpUeadIUsIUX eHepeOHOCIi8 uepe3 1o2o bezgyzneyesy npupody. OOHAK GUKOPUCMAHMA aMIaKy npu
cnamosanti He nosbasnene npoonem, SKIIOUAIOUU HU3LKY WBUOKICbG NOAYM s, 8Y3bKi MeXCi 3alMUCmOCHi,
cxunvricmsb 0o ymeopenns NOx. Takum uunom, nooanvuie 6npoeaddicents amiaky 6 AKOCmi naiuea 6 enepeemuyi
ma nPOMUCI080CMi ROMPeDYE NPOBEOEHHA KOMNIEKCHUX OOCTIONCEHb POOO1020 npoyecy 20piuHA. JJochioxHcenHs
Marnome IPYHRMY6amucs Ha 6U3HAYEHHI 6NIUEY OCHOBHUX MEXHOJO02IYHUX PAKmMOpI6, MOACIUGOCME 3ACMOCY6ANHSA
cymiesux naiue, a MaKodiC 6CMAHOENEHHA ONMUMAIbHUX 2EOMEMPUYHUX A PEeHCUMHUX Nnapamempis
NAIUBOCNANI0BANLHOI CUCTHEMU.

KarwuoBi ciaoBa: napuuxosi easu, Oezgyeneyege naiuso, amiak, 0ekapOOHizayisi, CHilbHe CRANO8AHHS
amiaxy, ey2nekucauti 2as, OKCUOU azomy.

Beryn

3 yaciB IMpOMHUCIIOBOI PEBOJIONLII CITAMIOBaHHS OYJIO OCHOBHHM METOZOM MEpPETBOPEHHS €Heprii uis
JIFOICHKOT TISUTBHOCTI, BKIIOYAF0UM BHUPOOHHUIITBO EIEKTPOCHEPTii Ta TpaHCHOpPT. Ha chOromHIMHIA IeHb IIi
CEKTOPH MPOOBXKYIOTh 3HAYHOIO MIpPOI0 IMOKJIAJaTUCS Ha ByrieBoaHeBe manuBo [1]. Takum ymHOM, 3HAYHA
yacTMHa BUKMIIB Byriekucioro rasy (COz) BHpOOJS€TbCS 4epe3 Iii CEeKTOPH, L0 € TOJOBHMM BUHYBATIEM
rJ00aIbHOTO MOTEIUTIHHS, MiJPUBa0YH OOPOTHOY 31 3MIHOIO KIIIMATYy.

Haii6inbmmii abcomoruii npupict Bukuais COz y 2022 poni OyB Bill BUPOOHHMITBA €JIEKTPUYHOI Ta
tertoBoi eneprii [2]. Ilpu 30idblIeHHI TJI00aJBHOrO MOMUTY HA EJICKTPOCHeprio Ha 2,7%, BUKUIN B
€HepreTHIHOMY cekTopi 3pocin Ha 1,8% (abo 261 Mr), mocsrHYBIIM iCTOPUYHOTO MakcuMyMy B 14,6 I't (puc.
1). ITepexin 3 ra3y Ha ByriuIs B 6ararbox perioHax OyB I'OJIOBHOIO PYILIIHHOIO CHIIOIO IIbOTO 3POCTAHHS: BUKHIH
CO: Bix ByrinbHOI reHeparii enexTpoeHeprii 3pociu Ha 2,1%.

3araipHOBIIOMO, IO IHHOBAIIIMHUN PO3BUTOK TEXHOJNOTIA CHANIOBAHHS IATMBa HEOOXITHUN s
JIOCSITHEHHSI MallOyTHIX ILijel ByrieneBo-HeHTpaibHOi cuctemMu. BopHowac iHHOBamii B Tayry3i HepeTBOPEHHS
€Heprii NpocyBalOThCs MIBHUIIIE, HIK Y MUHYJIOMY, 1 JUISl IATPUMKH IIUX TEXHOJIOTii1 HEOOXi/JHI CYyTTEBI HAYKOBO-
JOCITiTHI poOOTH.

Hespaxaroun Ha Te, 0 3HAYHI 3yCHIUIA OylM PO3MIMPEH] A 3MEHIICHHS BUKHIIB MAapHUKOBHX Ta3iB,
HAINpPUKJIIA[], IUIIXOM IiBHIICHHS e()EKTUBHOCTI 3rOPSIHHS, IIMX 3yCHIIb HEOCTATHBO ISl JOCSITHEHHS HU3bKUX
BUKHIB MapHUKOBHX Ta3iB [3]. JlekapOoHizallisi OCHOBHHX IIPOIIECIB Y IPOMHICIOBOMY Ta €HEPreTHIHOMY CEKTOPI
BUAA€THCS BXKIIMBUM PYIIiEM IS OJOTAHHS Ha3piyioi mpoOiaeMu Ta BHKOHAHHS €KOJIOT1YHUX 3000B’13aHb 1010
BUKHIB MAPHUKOBUX Ta3iB.
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Enepremuka Mposmuciosicts Tpaucnop: Bymnuxn
2019 w2020 =2021 »2022
Pucynoxk 1 — Iobansni suxkuou CO2 3a cexkmopamu, 2019-2022 [2]

JexapOoHi3zalis IpOMHCIOBOCTI IPH3BOANUTH A0 MOCTYIOBOTO CKOPOYEHHS CIIOKMBAHHS BYTJICIIIO Ta HOTO
3aMiHM IHIIAMH BHIAMH. [IporpaMHUM AOKYMEHTOM, SKHH BpaxoOBye€ HEOOXiNHICTH aekapOoHi3amii, € HOBa
Eneprermuna crpateris Ykpainu Ha mepiog 10 2050 poky [4], 3TigHO SIKOi €HEPreTHYHHHA CEKTOp Mae OyTH
MaKCHMaJIbHO HaOIMXEHUH 10 KIIIMaTHIHOT HEHTPaIbHOCTI.

Eneprernunmii mepexin i JOCATHEHHS KIIMaTHIHOI HelTpanbHOoCTI 10 2050 poKy BHMarae CTpyKTYpHHX
3MiH 1 TpaHchopMallil UIJIMX CErMEHTIB eKOHOMiKH. MaiiOyTHe Oe3ByriieneBoro BUPOOHHITBA €JIEKTPOCHEPTii
3aJIeXKHTh, TOJIOBHUM YMHOM, BiJl BUKOPHCTAaHHS BiJHOBJIIOBAHUX, HU3bKOBYTJICLEBHX a00 OE3BYIJEIEBUX BUIIB
NajyBa, sIKi MOXYTh 3aJOBOJBHUTH 30UIbLICHHS MOTpPeOM B €HEprii, MiHIMI3ylOYM BIUIMB Ha HaBKOJIHUIIHE
cepenosuine [5]. [lotpedba B nekapOoHi3alii poOUTh BKpail BaKJIMBHM IOIIYK HOBHX METOJIB BHKOPHCTAHHS
XIMIYHUX PEYOBHH, TAKHX SIK aMiak, siki MOXKHa BUKOpUCTOBYyBatu 6e3 BUKHIIB COy.

Awiaxy (NH3) npuninserscst Bce Oiblia yBara ik OJHOMY 3 HAaHNPUBaOIMBILIMX €HEPrOHOCITB Yepes ioro
Oe3ByYIUICIIEBY IPUPOIY Ta CTBOPEHY HAMIWHY IHOPACTPYKTYPY AJIA HOro 30epiraHHs Ta PO3IOALTY.

CriouaTKy amiak po3riIsigaBcs K HOCIH 1 mocTadalbHUK BOJHEBOI €HEPTil, JTiHis OAadi B IIbOMY KOHTEKCTI
BKJIFOYA€ HOTO PO3KJIalaHHs Ha BOJICHB 1 30T B TOYILlI JOCTAaBKH [6]. OHAK B OCTaHHI KiJbKa POKiB BUKOPUCTAHHS
amiaky Terep BKJIIOUae Horo OesmocepeqHe BUKOPUCTAHHS B sSKOCTi manmBa [3, 5, 6]. [lepeocmucnenHs podi
amiaxy, 30KpeMa B €HEPreTUIYHOMY CEKTOPi, CTaJI0 OJJHHUM i3 CBITOBUX TPEHIIB.

AMiak Mae 3IaTHICTh TOPITH i, OCKUTBKU MoJieKysia NH3z He MICTHTB ByTJIeIio, TOpuTh 0e3 Bukuais COy,
TAKAM YHHOM BIJIHOBIIIOIOYH IHTEPEC /10 aMiaKy 3 TOUKHU 30py eHepropecypcy. Lle MokHa mo0aYuTy 31 CTPIMKOTO
301IbIICHHS HAYKOBUX ITyOJIiKaIliif, MOB’sA3aHUX I3 CHATIOBAHHAM amiaky, micias ormsigoBoi crarti Hideaki
Kobayashi ta in. [3].

30KkpeMa, OMUCYETHCSI TOPOKHS KapTa 0 EKOHOMIKM Ha OCHOBI amiaky B mpaisix Natalia Morlanés Ta iH.
[5], me TexHomorii 3acTOCYBaHHS amiaKy pO3MJISOAIOTHCS 3 aKIEHTOM HA IMOTOYHI OOMEKEHHS Ta OCTaHHI
nocsiraeHHs. Douglas MacFarlane Ta iH. [6] mependadaroTs BUpOOHUIITBO BiTHOBIIOBAHOTO aMiaKy B MacmTadax,
AKi € 3HAYHUMHM 3 TOYKH 30py IJIOOAIBHOTO BHKOPUCTAHHS BHMKONHOTO mnanusa. KpiM Toro, y BITUM3HSHIN
JiTepaTypi BaroMHii BHECOK CTOCOBHO aMiaky sk Oe3ByTrieneBoro MaiiOyTHeoro Ykpainu 3pobieno [Hcturyrom
TEIIOCHEPTreTHYHUX TeXHOJIOT1H. OHE 3 TOCHTIPKEHb IPUCBIYEHO 0COOINBOCTSIM BUPOOHHUIITBA 3€JIEHOTO aMiaKy
it Ykpaiau [7], Ae HaBOIUTHCS 3CIICHUI CHEPreTHYHHH MEepexil, o mepeadadac HHU3KY CHEPreTHYHHX
TpaHc(hOpMaIliid, BKIIIOYAIOUN JeKapOOHI3aIlilo, a TAKOX 3IMCHEHO OI[HKY HEeOOXiIHOi KUIBKOCTI eHeprii s
BHUPOOHUIITBA 3€JICHOTO aMiaKy.

Mera Ta 3aBAaHHS

T'onmoBHMM 3aBmaHHAM JaHOI pPOOOTH € BHCBITIEHHS MOJMIJIMBOCTI BHKOPHCTaHHA aMiaky SK
ANbTEPHATHBHOTO TANMBA, Y TOMY YHCIHi A 3a0e3nedeHHs MmoTped MyHIIUIanbHOI €HEpreTHKH, 3 METOIO
JIOCSITHEHHSI HU3bKOBYTJICIIEBOTO PO3BUTKY JIEP)KaBH Ta MOCUIICHHS! 0OPOTHOH 3 MAPHUKOBUMH T'a3aMH.

MartepiaJ i pe3yJibTaTH A0CTiTsKEHHS

AMiaKk € Ba)JIMBUM BEKTOPOM EHEPreTHYHOI Oe3neku mia yac nexapOoHizalii pi3HUX €HEepreTHYHHX
CEKTOPIB KiHIIEBHUX CIIOKUBAYiB.

Xouya TexHoJIOT1] BUpOOHMIITBA Ta TPAHCIIOPTYBAHHS aMiaky 10o0pe BiJloMi, HAyKOBa CIIUIBHOTA 3 TIPOOJIeM
TOPiHHS MOCTIHHO JOCTIJDKY€e HEBUKOPHCTAaHI pillIeHHs 111010 6ap’epiB amiaky JuIs OTo MPsSMOTO CHIATIOBAHHS.
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CraroBaHHS aMiaKy yCKIJIQJHEHE, TOJOBHUM YMHOM 4Yepe3 HOTOo HHM3BbKY peakUiiHy 3IaTHICTh, ajie PH
I[bOMY YTBOPIOETHCS a30T 1 BOAa:
4NH3 + 302 — 2N; + 6H,0 Q)
Huspka peakuiiiHa 31aTHICTh TOSICHIOETHCS HHU3BKOIO IIBHJKICTIO TODPIHHS JIaMiHAPHOTO TOJIyM s,
TEeMIIEPaTypOrO MOIyM sl Ta MEXKEIO 3aiMHUCTOCTI MTOPIBHSHO 31 3BUYAHUM BYTJICBOHEBUM MaJHBOM.
Awmiak Mae Iyxe pi3HI XapaKTEpPUCTUKU TOPIHHS HOPIBHSHO 3 IHIIMMHU BHAAMH NajMBa, i BayKIMBO
PO3YMITH, YMM BOHHM BiJPi3HSIOTHCS BiJ METaHy 4d BOAHIO. /Iy MOpIiBHSAHHS y TaOuuii 1 HaBeJeHO TEIUIOBi
BJIACTHUBOCTI Ta OCHOBHI XapaKTEPUCTUKH TOPIiHHS aMiaKy Ta iHIIUX ra30MoqiOHNX BUAIB manusa [3].

Tabmums 1 — TepMonuHaMidHI XapaKTepUCTUKY aMiaKy Ta iHIIMX BYTJICBOIHEBHX MajmB [3]

[TanuBo NH3 H> CH,4 CsHg
Huskya TennoTBopHa 31aTHICT, 18.6 120 50 464
MJIx/Kr

Mesxa saitmmetocTi (koepinienT 0.63-1.4 0.10-7.1 0.50-1.7 0.51-2.5
HaJJIMLIKY HAKBa)

Apiabatiisa TemnepaTypa 1800 2110 1950 2000
nonym’s, °C

MaK.CI/IMaHLHa HI]‘SI/I[[KICTB 007 291 0.37 0.43
JIaMiHapHOTO TOPIHHS, M/C

MlHlMai'IBHa TeN{)nepaTypa 650 520 630 450
camo3aiimanns, °C

SIK moKa3aHo, TEIIIOTBOPHA 3JaTHICTh 1| MaKCHMalbHa IIBUKICTh JJAMIHAPHOTO FOPIiHHS YUCTOTO aMiayHo-
MOBITPSTHOTO TOJIyM’s ZIy’)K€ HU3bKI MOPIBHAHO 3 TUIIOBMM BYIJICBOIHEBUM naynuBoM. Yepes BiacytHicts CO2 B
NPOJYKTaxX 3TOPSHHS aMmiaKy, TEIUIOBiJJada BHIPOMIHIOBaHHSAM 1 Temmneparypa (akeily HH3bKI BiJHOCHO
BYTJIEBOJHEBOTO MOIYM’sl.

V rany3i BUpOOHHITBA €IEKTPUYHOI 1 TEIJIOBOI €Heprii BUBYAIOTHCS XapaKTePUCTHKK FOPIHHS aMiaky Ta
HOro 3aCTOCYBaHHS B ra30BUX TypOiHax i ByriIbHUX KOTJax.

Hocnignuupkiid rpyni B SInonii Branocs cTBOpUTH ra3oTypOiHHY YCTaHOBKY mnotyxHicTio 41,8 kBT,
BUKOPHCTOBYIOUH aMiaK y SIKOCTi OCHOBHOTO NanuBa [§]. Bymu npoBenieHi 1ocIiqHO-KOHCTPYKTOPChKi poOOTH Hax
ra3oBO0 TypOiHOIO, PEMOHTHI pPOOOTH IMOCTauyaHHS aMiaKy Ta JIeMOHCTpaliifHe BHIPOOYBaHHS BHPOOHHIITBA
eJIeKTPOeHEePTii 3 BUKOPUCTAHHSAM amiadHoro majuBa. OCHOBHUMH IIUIIMH €(QEKTHBHOCTI Oylo 30epeKeHHS
CYMICHOCTI 3 iCHYIOUOI CHCTEMOIO BUPOOHHIITBA €IEKTPOCHEPrii Ta MiHiMi3allist BUKUIIB OKCHIIB a30Ty (NOy).

YV ra3oBiif TypOiHi MOYWHAIN 31 CITaMOBaHHA racy (puc. 2) [8], 30iIbIryoun BUPOOITOK eIeKTpoeHepril i
JIOCSITHYBIIN CTa01IbHOT MOTY)KHOCTI, MOJIaBajH ra3onoiOHui amiak 3 MOCTYIOBO 3POCTAaOYOI0 BUTPATOR).
Buxigny notyxHictb 41,8 kBt OyJj10 nocsrHyTo 3a paxyHok cnaimtoBanHs yrctoro NHs. BogHouac nomaua amiaky
pi3ko 361biye NOy y BUXJIOIHUX Ta3aX MOPIBHSHO 3 YUCTHM MeTaHOM. Xo4a KoHUeHTpalis NOy y BUXJIONMHUX
rasax BiJ CHAIOBaHHs amiaky repeBuinyBaia 500 ppm, sik MOKa3aHO HA PUCYHKY 2, OOaHAHHS ISl BUIAICHHS
NOy — cenextuBHe Katanituune BigHoBieHHs1 (CKB) — Mmoxke 3HM3nTH KoHUEeHTpawito NOx Hikue 10 ppm.

Ammonia Combustion (Powerd 1 BkW) Rotating Speed80,000rpm, Powerdl 8kW
— 60 90,000 800
£
i 50 Rotaing Speed|rpm) 80,000 700
3‘ ' NH,INm'/h) 70,000 600
= 40 averikWi 60,000 =
g dorid ool g E 500 *,LMelhane -Ammonia combustion
2 { soo00 E = o i
§ 30 . = = 400 ,‘(_ LHV Ratio 1:1)
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Pucynox 2 — Buxiona nomyacnicmo 41,8 kBm i euxuou NOx nio uac cnamosanns NHz y eazositi mypoini [8]
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CriaimoBaHHS 9HCTOTO aMiaky CyHpOBOJKYEThCS HIDKYUMHU BUKUAaMH NOy, HDK CIUIbHE CHATIOBAHHSI
MeTaHy 3 amiakoM [8], 0 J03BOJISIE PO3MIISIATH MOJKIIMBICT 3MEHIICHHS €MiCiii OKCHIIB IUIIXOM
BIOCKOHAJICHHS] KOHCTPYKIIii NaJbHUKA.

Kpim 11010, BUCHUMH TIPOBOJIMITNCS €KCIIEPUMEHTH Ha BUIPOOYBaIbHOMY CTEH[II MiKpora3zoBoi TypOiHH B
IHcTuTyTi BiqHOBIMIOBaHOI eHepreTuky Oykycimu [9]. Humu Gyiio npoBeeHo T0CiKEHHS CIIAIIOBaHHS Pi1IKOTo
amiaKy OUISIXOM HOT0 IMpsSIMOTO PO3IMMJICHHS B KaMEpy 3rOpSHHS.

OnHak, 4epe3 BiJMiHHOCTI y BJIaCTHBOCTSIX TOPIHHS aMiaKy BiTHOCHO BYTJICBOIHIO, MOXKYTh 3HaJOOUTHCS
neBHI Moaudikamii. He3pakaroun Ha 9UCIICHHI TIepeBary, aMmiak Mae Kibka 6ap’€piB i mporaimH y JOCHiKESHHSX,
SKi HEO0OXiTHO TOONATH, MEepII HiXK HOT0 BUKOPHUCTOBYBATH B INPHUCTPOSX I cradioBaHHA. L[i oOMexeHHS
MOJITAIOTh y HACTYIHOMY: 1) HHM3bKa SKICTh 3amantoBaHHs (oktaHOBe gucio ~ 130) [10], 2) Hu3pKa DIBHAKICTH
ropinHs, 3) By3bKi Mexi 3aiiMucrocti (16-25 % 3a 06’emMoM y NOBITpi) Ta 4) BUCOKI BUKUIN OKCHIIB a30Ty.

3Bakaroun Ha OKpPECJICHI NPOOJIeMH, HAasBHUX IOCATHEHb HEIOCTATHRO Ta IIOTPIOHI pO3poOKH, sAKi
TIOM’ SIKIITYIOTH TTEPETIKOIH [T e(peKTHBHOTO Ta YCIIIIITHOTO MPSIMOTO CIIAIOBAHHS aMiaKy.

Po3pobunsitoTeest Benmuki ra3oBi TypOiHM kiacy MBT. Ha BigmiHy BiJl cHCTEM MaJloro Ta CEpeIHBOTO
PO3Mipy, OUiKy€THCS, 1110 BEJINKI I'a30B1 TypOiHM MaTUMYTh CYBOPIILIi 0OMEKEHHS 11010 PO3MIpY KaMepH 3TOPSHHS
JUISL TIOBHOTO 3TOPSIHHS amiaky Ta CKiIagHimuid KoHTponb NOx B yMOBaxX BHCOKOTEMIEpPATypHOTO TOPIHHS.
Kommnanis Mitsubishi Power oronocuna npo nouatox po3po0ku amiaqyHoi ra3oBoi TypOinu noryxHictio 40 MBT
y Oepesni 2021 poky Ta Mae Ha MeTi BUBECTH Ii Ha KoMepliiiHe BUPOOHUNTBO y 2025 pori Mmiciist MPOXOKEHHS
pobouux mpoueciB ropiHHsA Ta BiANOBIAHMX BHUIPoOyBaHb [11]. 3HOBY X Taku, TEXHIYHOIO MPOOJIEMOIO €
yrBopeHHsT NOy uepe3 a30THHA KOMITOHEHT MaiuBa, i Mitsubishi Hamaraetbes BHpIUATH IO TpobieMy 3a
JIOTIOMOTOI0 HOBO1 KaMepu 3ropstHHs amiaky Ta CKB y razoBiit TypOiHi cepii H-25.

He timpku Bukunu CO,, ane i HaKOMMYEHHS 30JIH B Tedi, YTHIII3aIiI0 307U Ta CyIb(]iTHy KOpo3ito MOXKHA
3MEHIINTH [IUITXOM 3aMiHM YaCTHHH ITaJIMBa, 10 BUKOPHCTOBY€EThCS HA BYTUIBHIN €JIEKTPOCTaHII, aMiaKoM.

Kommnanis Chugoku Electric Power cpoOyBana mobyayBaTu ByTiTbHO-aMiaqHy €JIEKTPOCTAHINIO Ha 2-My
6noni smoHcbKoi enekrpoctanuii Mizushima (nmotyxHicts 156 MBT) [12]. ¥V nboMy aemoHcTpaniiiHoMy TecTi
Bukuny CO, Oysi 3MEHIIEH] 32 pPaXxyHOK KUJIBKOCTI aMiaky, IO CHAIOETHCS Pa3oM 3 BYTULISIM, 1 He OyJI0 5KOTHHUX
3MiH Y TeMIlepatypi MeTally TeIJIOOOMiHHMKA. AMiauyHe IajMBO MOBHICTIO 3ropajo i He BUKHIAIOCS Ha30BHI.
[TinTBep/KEeHO, IO EKOJOTIYHI CTaHIAApPTH OynM 3aJ0BOJIeHI Oe3 Oynb-skoi pi3HHLI. PiBeHb cHiIBHOTO
cniamoBaHHs cTaHoBHB Bif 0,6% 10 0,8% depe3 00MexeHHs OTYKHOCTI BUMTAPHUKA aMiaKy; OJHAK, MEPIII 32 BCE,
OyJI0O TiATBEPIDKEHO, IO TEXHOJIOTII0 CITJIBHOTO CIIAIIOBAHHS BYTULIS M amiaky MOXHAa 3aCTOCOBYBaTH Ha
eJIEKTPOCTAHIIIAX B KOMEPIIiiTHIN eKCIUTyaTallil, Ik 3aci0 3MCHIIICHHS BUKU/IIB TAPHUKOBHX Ta3iB.

[HIIOI0  eHEpreTMYHOI0 KOMIIAHIEI0 TPOBEJCHO TEXHIKO-€KOHOMIYHE OOIPYHTYBaHHS CIIJIBHOTO
CHIOBAHHS aMiaKy B i1CHYIOWOMY BEJIMKOMY BYT'UJIbHOMY €HEpreTHYHOMY KoTii [13]. YcTaHOBKM criamoBaHHS
BYTUIIsA OyJM OIIHEHI NUIIXOM PO3TIBSIAY PI3HUX JaHWX TMPO MPOAYKTHUBHICTH IJIi BUBYCHHS HHUTaHB, IO
BUHMKAIOTh y 3B’SI3Ky 13 3aCTOCYBaHHAM CIUIGHOTO CHAIIOBAHHSA aMiaky — HalpUKiIag, YW MOXKHA
BUKOPUCTOBYBATH YCTAHOBKH SIK BOHU €, a00 MOTPiOHI TOTIOBHEHHS/3MIHU — Pa30M i3 MOMIIMBUMH PIIICHHSIMU.

TexHiKo-eKOHOMIYHEe OOTPYHTYBaHHs 0yJIO MPOBECHO JUIsl ByTUIBHOTO €HEPreTHYHOTO KOTJIa HOTYKHICTIO
1000 MBT [13]. Amiak 3MilryBaau 3 ByrijUIsIM — OCHOBHUM HaquBoM — 70 20% BiJHOCHO TEIIOBOI MOTYKHOCTI
koTia. ITix yac BUMpoOyBaHHS rOPiHHS OYJIO MPOJAEMOHCTPOBAHO, 10 HABITh MPH CHIILHOMY CIAIOBaHHI aMiaKy
Bukuar NOy MOKHA OOMEKHTH JI0 TOI'O CaMOT0 PiBHS, 110 ¥ MPH CHATIOBAHHI BYTiJUIs, 1 M ATPUMYBaTH CTa0lIbHE
TOPIHHS IIUIAXOM I0Jja4l aMiaky 3 HEeHTpPY MaJbHUKA, MPALIOI0YOro Ha BYTUILII.

[Ipsme BukOpHcTaHHS O€3BYIVICIIEBUX BUJIB NajMBa BUKIMKAE iHTEPEC Y KOHTEKCTI pO3pOOKH HOBHX
TEXHOJIOT1H 3TOPSIHHS, IPUAUIAIOYH MJIbHY yBary 3MEHIICHHIO BUKH/IIB OKCH/IIB a30Ty Ta HE3rOpPLIOro aMiaky.

Ha mincraBi HEmoJaBHIX CIIOCTEPEXKEHb, 3TiTHO SKMX YMOBH 30aradeHoro MonepenHbOro 3MillyBaHHS
oM’ SIKITYI0Th HaaMipHi BukHIU NOy Bix 3ropsHEs NHs, 1 piBHOMIpHO 3MillIaHi aMia9HO-BOIHEBI MAaJIMBHO-
MOBITPSIHI CYMIIlli MalOTh TEHJICHITIO eKCTIOHEHIIANBHO 30inbIryBaT yTBOopeHHS NOy, Jin U. Ta Kim K. T. [14]
NPOTNOHYIOTh TiOpUAHY KOHGQirypamito 30arau€HOro BOJHEM KIiHETHYHOTO aMiayHO-TIOBITPSIHOTO IIOJyM’s
(BHyTpIimHS cTanis) Ta 30iMHEHOTO MOJYyM’s YHCTOTO BOJHIO (30BHIIIHSA CTalis) y paXialbHO PO3IIapoBaHIii
MEPBUHHIN peakuiHid 30HI. Ll cxema po3moaily majawBa, SIK CTBEPIKYIOTh aBTOPH, MPOIMOHYE MeEXaHi3M
3MeHIIeHHs BUKUIB NOy, KOHTPOIBOBAHOTO XiMi9HOIO KIHETHKOIO.

ExcniepuMeHTanbHa yCTaHOBKA, sIKa BUKOPHUCTOBYBAIacs B AoCiikeHHi [15], Oyia nmepeHanamroBana JUIs
3a0e3meueHHs] THYYKOCTi oOrepallii MOBO/)KEHHS 3 YUCTHM aMiadHUM MaduBOM ab0 amiayHO-BOJHEBHMH
cyMimiaMu. Y CTaHOBKa JJIsl BUIIPOOYBAaHHS CKJIAJIA€THCS 3 CEKIIii BXiJHOTO MOTOKY, By3/a (hOpPCyHOK BHYTPIIIHIMHU
niameTrpamu 6,5 MM, IMITIHAPUYHOI CeKii KBapIOBOi TpyOH JuIsl Bisyastizawii mosym’s, skapoBoi TpyOH 3MiHHOT
JIOBXKMHH Ta MOKPOTO CKpyOepa po3IHIIOBAIBHOIO TUITY JUISl BUAAJEHHs He3ropijoro amiaky. KoskeH enemeHT
IH)KEKTOpa OCHAIIEHUH IIECTHIIONATEBUM OChOBHUM 3aBUXPIOBAaYeM IIiJ1 KyToM 44° IpOTH TOAMHHUKOBOT CTPLJIKH.
30BHILIHS TOBEPXHS KBapLoBoi TpyOM Ta HAcTyNHI cekuii >kapoBoi TpyOM aKTHBHO OXOJIOJUKYIOTHCS 32
JIOTIOMOT'0I0 BHCOKOIIBH/IKICHOTO TOBITPSIHOTO CTpyMeHs. J[0aTKOBI BiZIOMOCTI MpO II0 €KCIIEPUMEHTAIbHY
YCTAQHOBKY Ta iHCTpyMEHTH MO>KHa 3HaiTH B [14, 15].
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3ayBaKeHO, 110 CYTTEBO Pi3HI HEOMHOPITHI peakiiiHi 001acTi MOKYTh OYTH BCTAHOBJICHI y BiIIHOCHO
KOMITaKTHOMY 00’€Mi 3ropsiHHsI 0€3 CTBOPEHHSI HEraTMBHUX €(eKTiB cTabiii3awii moiyM’sl, TaKUX SIK 3racaHHs
MEHII PeaKLiHHO3/IaTHOTO MOJIyM’s aMmiaKy Ta chajax Oifbll peakumiiHO3aTHOrO BOAHEBOro moiym’s [14].
[opiBHsHO 3 0a30BMMHM yMOBaMH OJHOPIAHOI CyMimll IHOKa3aHO, IO TiOPUIHWI METOJ PO3NOALIY CYTTEBO
3MEHIIY€ 3arajibHi BUKUAW OKCHIIB a30Ty: Bix 7764 no 310 ppmvd (vacTHH Ha MUIBHOH 3a 00°€MOM y CyXux
razax), T00To 3MeHIIeHHs Ha 96 %. OTpuMaHi pe3yIbTaTH CBiqUaTh Mpo Te, [0 MiHIMaIbHUHN piBeHb BUKHUIIB NOx
MOXHA Il 3HM3UTH LUIIXOM 30UIbIICHHS Yacy NepeOyBaHHS B yMOBax IiJBHIIEHOrO THCKY. BomHouac icHye
JIyMKa IIpO He3MiHHe 0OMEeKEHHS piBHS eMicii, IOB’s3aHe 3 XiMI€0 a30Ty Y CKIIai MMaiuBa.

He MeHI BaromMuii BHECOK 371H{CHEHO BITYN3HAHUMHE BYeHUMH [ 1 6], 30KpemMa po3poOKa i BIPOBAIKCHHS Y
MPOMUCIOBOMY MacmTabi CTpyMEHEBO-HINIEBOI TEXHOJOTIl CHamioBaHHA. Pe3ynbTaTH MPOMHUCIOBOTO
BITPOBA/KCHHS TEXHOJIOTIi JTO3BOJIIIN HAKOIMIUTH 3HAYHHUH 00CAT TeXHIYHOI iH(popMarii Ta Jau MOKIHBICTh
TIOTIEPETHHO1 €KOJIOTIYHOI OIIIHKHM IPH MOJIEPHI3allii ra30CIaIiOBAIFHOTO O0IagHaHH:. SIK MOKa3ye MpakTHKa, Ha
Cy4JacCHOMY eTalli OCHOBHUM HAIPsIMKOM yJIOCKOHAJIEHHS TEXHOJIOTII € IiABUIEHHS i €KOJOTiYHIX MOKAa3HHKIB.
BuzHaueHO MOKIIMBOCTI IPUHMKEHHS OKCHJIIB @30Ty NEPBUHHUMH TEXHOJIOTIYHUMH METOAaMH, HAUIPOCTILINM 1
e(eKTUBHHM 3 SIKHX € BBEJCHHS PELUPKYJIILIHHUX ra3iB y TOMKOBUI IIPOCTIp.

BcTaHoBieHO, 1110 e)eKTUBHICTH BBEICHHS PELUPKYJIIIIHHIX ra3iB 3aJISKUTh BiJ] OTYKHOCTI arperary Ta
BiZ iX cymapHoro o06’emy mpu OanactyBaHHI oKMCHHUKA [16]. BincoTok 3MeHIIEHHS OKCHAIB a30Ty Ha OJUH
BIJICOTOK PEUUPKYIALMIHHUX Ta3iB CTaHOBUTh Cnox=2—8%, 3aJIeXKHO Bi THITy KOTJIOArPEraty Ta BHUIIEBKa3aHHUX
ymoB. Haiibinbiia eQeKTUBHICTh MPOIECY MAOCATAEThCS INPH YAaCTKOBMX HABAHTAKEHHSX, KOJIU MOBITPS
3abanacToBaHe razamMu He Oinbie 5—7% 3a 00’emom. Po3pobnena cxema perupKyIsLii peaai3oBaHa B KOTJIaX Ha
OCHOBI CTpyMEHEBO-HimeBoi TexHonorii. [IpakTiHyHi pe3ysnbTaTé rOBOPSTH IPO T, IO BOHO Nae€ 3Mory Ha 1/3
migBumutn KK/l mopiBHSHO 3 TEXHOJIOTISIMA BHXPOBOTO CIAIIOBAHHS 33 PaXyHOK PALliOHAJIBHOTO PO3MOILTY
MajnBa B 00’ €Mi OKHCHHUKA.

BucHoBknu

TernoBi enekTpocTaHiii, BKIIOYaOYH BYTUIbHI eIEKTPOCTAHIII] Ta Ta30Bi TypOiHH, € BEIUKUM [DKEPEIOM
BukuAiB COy, i eheKT CKOPOUCHHS BUKHUIIB BYTJICIIIO MOKE OyTH MAaKCUMIi30BaHUH, SKIIO B CUCTEMaX CIIATIOBAHHS
BUKOPHCTOBYETHCS aMiak.

{06 crpusitu nekapOOHi3allii EHEPreTHYHOTO CEKTOPa, BAKOPUCTAHHS aMiaKy sK majuBa 0e3rmocepeHbo,
a00 3MIIIAHOTO 3 IHIIIMMHU BUAaMHU MAJIMBA, MOXE MAaTH 3HAYHI IEpPeBar. 3aBAsKU BHCOKIH 00’ €MHIH IIiIIBHOCTI
eHeprii (HOPIBHSHO 3 BOAHEM) 1 I0Ope HaNaroJpKeHii BUpOOHHYIH 1 TpaHCHOPTHIN iH(pacTpyKTypi amiak €
MPHUBa0IMBUM CTIHKHM eHeproHocieM. OHaK BUKOPHUCTAHHS aMiaKy IpH CHaJIOBaHHI He 1M030aBlicHE IPOOIIeM,
BKJIFOYAIOYH HU3bKY IIBUJIKICTH MOIYyM sI, By3bKi MEXI 3aMHUCTOCTI, CXHIIBHICTB 10 yTBOpeHHS NOx.

OCKUTBKH CHAIOBAaHHS aMiaKy XapaKTepU3yeThCs BHCOKMMH BHUKUAaMU NOy 1 HU3BKOIO CTaOiIBHICTIO
MOJyM s, TIOTPiOHE peTesibHE JMOCHIIKEHHS Iepe]] IHUPOKHM 3aCTOCYBaHHSIM aMiaKy y NAJIMBOCIAIIOIOYOMY
oOnagHaHHI. MexaHi3MH YUCTOTO a00 CHITBPHOTO 3 IHIMMMH BHIAMH TaJlMBa 3TOPSHHS aMiaKy MarmTb OyTH
JIETaJbHO 3’SICOBaHI 3 TOYKH 30py XiMiuHOi KiHeTHKH. Taka iH(opMarlis BakIIiBa I 3a100iraHHs HaqMipHOMY
yrBopeHHI0 NOy 1 MOKpalleHHs cTadinizamii moaym’s.

VY ¢dyHAaMeHTaNbHUX JOCITI/PKEHHAX cja0Kka 3aiiMUCTICTh aMiadHO-TIOBITPSIHOTO IMOJYyM’sS MOXe OyTh
MOCHJICHA LUISIXOM JOaBaHHA OUIbII peakuiiHO3JAaTHUX NajMB, MOIEpPEIHIM HArpiBaHHSAM BXIJHUX Tras3iB i
MIIBUILIEHHSM KOHIEHTpallii kucHio. OJHaK Ba)KKO BBECTH JIOJIATKOBI MaJIMBHI ra3u a0 YUCTHI KUCEHDb Y CUCTEMY
CHAJIOBAaHHs ISl BUPOOHMITBA enekTpoeHeprii. CrijbHe CHajoBaHHS MEBHOTO MajHBa 3 aMiakoM MoTpedye
JIOZIATKOBUX BHUTPAT, OCKIJIBKH CYHNPOBOJIKYETHCS 00 €KTaMH Ta30I0CTa4aHHS, TPyOONpPOBOJAMH, CHCTEMOIO
KOHTPOJTIO Ta Oe3MeKH.

[otounuit piBens BukuAiB NOyx I 9ac 3ropsHHA aMiaky B €KCICpUMEHTaxX 3 ra30BUMH TypOiHaMH
CTaHOBUTh KUIbKa COTE€Hb YaCTOK Ha MinbHOH, a BUKUAN NOy, IO YTBOPIOIOTbCS B PE3YJIBTATi 3TOPSIHHS,
BIZJOKPEMITIOIOTBCSl Yepe3 YCTAaHOBKY Jalli MO XOay NPOAYKTIB cramoBaHHsA. CTpOro KakKydd, TaKWH Miaxina
HIBEJIIOE TIepeBarn BHKOPUCTAHHS O€3BYIJIENIEBOTO amiayHOro mnanuBa. [IpobiieMy MOXKHa BHPILIMTH, SKIIO
PO3pOOUTH TEXHOJOTIIO CIIAIOBAHHS 3 MiHIManbHUMH BUKHIAMH NOy 6e3 04icHOro 00JagHaHHS, HAIIPUKIIA,
nusixoMm otpumanHs peakuii CHKB mix gac sropsaag. Hait6Ginem nmomupeHIMy crioco0amMu Ui IPaKTUIHOTO
3MeHnIeHHs BUKUIiB NOy € 6aratocTyneHeBe CIaFOBaHHS Ta PELUPKYIIALIS AUMOBHX ra3iB.

YV TexHiKO-eKOHOMIYHOMY OOTPYHTYBAHHI JUIS BEJIMKUX BYTUIBHUX €HEPTeTHYHUX KOTIIB BYCHUMHU OYII0
BCTAHOBJICHO, 1110 €IMHI MoAudikaii, HeOOXiqHI AN CIUJILHOTO CIANIOBAHHS aMmiaKy, CTOCYIOTHCS CHCTEMH
mojadi amiaky, a Bci iHIII 00’€KTH MOXXHAa BHKOPHCTOBYBATH 3TiTHO 3 iCHyIOUMMH crnenudikamismu. OmgHak
pe3ynbTar OyB OTPUMaHHMH HIISIXOM OLHKM JIMIIE 332 OJHOrO HabOpy KOHKPETHHX YMOB, TOMY IOTpiOHe
MPOJIOBXKEHHS PO3IIISAY Yepe3 3aJISKHICTh Pe3yJIbTaTy BiJl THILy BYTUUIS, PIBHS CIIUIBHOTO CIAJIOBAHHS aMiaky
Tomo. Y MalOyTHhOMY, MO0 MiABHIINTH MOKJIMBICTE CYCHUIBHOTO BIIPOBA/PKCHHS, IUIAHYETHCS OLIHUTH
MOXJIMBICTb CITUUIEHOTO CNAIOBAHHS aMiaKy 3 MEHIINM ITiJIBEJICHHSM TEeIUIa Ta pPO3pOOUTH NaJbHUK, SIKHHA MOXe
CHATIOBATH MIJIOBYTUIBHY CyMilll 3 BMiCTOM amiaky monasn 20%.
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USING AMMONIA FUEL AS A MEASURE TO REDUCE GREENHOUSE GASES

The presented work highlights the possibilities of using ammonia as an alternative fuel in order to achieve
low-carbon development of the state and strengthen the fight against greenhouse gases. Since the Industrial
Revolution, combustion has been the primary method of energy conversion for human activities, including power
generation and transportation. Today, these sectors continue to rely heavily on hydrocarbon fuels. As a result, the
largest absolute increase in carbon dioxide emissions in 2022 was from electricity and heat production. With
global electricity demand increasing by 2.7%, emissions in the energy sector increased by 1.8% (or 261 Mt),
reaching an all-time high of 14.6 Gt. Thus, a large part of CO, emissions is produced through these sectors, which
is the main culprit of global warming, undermining the fight against climate change. The need for decarbonization
is taken into account by program documents, including government strategies, which not only warn but also
prohibit the excessive formation of pollutants and stimulate the promotion of carbon-free technologies in energy

ISSN 2308-7382 (Online) 147



ISSN 1813-5420 (Print). Enepeemuxa: ekonomixa, mexmnonozii, ekonozis. 2024. No 4

sectors. It is common knowledge that the innovative development of fuel combustion technologies is necessary to
achieve the future goals of a carbon-neutral system. Despite the considerable efforts made to reduce greenhouse
gas emissions during the combustion of hydrocarbons, for example, by increasing the combustion efficiency, these
efforts are not enough to achieve low greenhouse gas emissions. The progress in this field is analyzed and it is
found that ammonia is receiving increasing attention as one of the most attractive energy carriers due to its
carbon-free nature. However, the use of ammonia in combustion is not without problems, including low flame
speed, narrow flammability limits, and tendency to NOx formation. Therefore, the further introduction of ammonia
as a fuel in energy and industry requires comprehensive studies of the combustion working process. Research
should be based on determining the influence of the main technological factors, the possibility of using mixed
fuels, as well as establishing the optimal geometric and mode parameters of the fuel combustion system.

Keywords: greenhouse gases, carbon-free fuel, ammonia, decarbonization, co-combustion of ammonia,
carbon dioxide, nitrogen oxides.
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YucruryT enexrponunamiku HAH Ykpainn

BIIJINB AHOMAJIBHUX 3HAYEHDBb HA TOYHICTD
ITPOI'HO3YBAHHS BTPAT B PO3IIOAIVIBYNX MEPEKAX

Axmyanvricms  docnioxcenus 00YMOBNEHA CYHACHUMYU MPEHOAMU 6 YHPAGNIHHI pexcumamu pobomu
DPO3NOOIIbHUX eNeKMPUYHUX MepexC 13 eukopucmanuam mexuonoeii Smart Grid, a maxooc HeoOXioHicmio
SHUDICEHHS 8UMPAM ONepamopis cucmem po3nooiny Ha 3aKynienio enekmpoerepeii. s yboeo nompioui mouni
pe3yibmamu npOSHO3YEAHHS HABAHMAIICEHb ) 8Y31AX MEPEdHCi HA PI3HUX 20PU3OHMAX NPOSHO3Y8aHHA. Pi3Ki 3minu
MONON02II Mepedci MoHCYmb 30inbutygamu NoOXUOKU NPOSHO3Y GMPaAm AK €OUHO20 YACOB020 PAOY, WO HE2AMUBHO
BNIUBAE HA eheKMUBHICMb KepYBAHHA Mepedicelo ma Ni0GUUWYE SUMPamu Ha 3aKYNignio elekmpoeHepeii 0
HOKpUMMS 6Mpam.

YV pobomi Oyno posenamymo memoou npoeHO3Y8AHHA HA OCHOSBI WMYYHUX HEUPOHHUX Mepexc O
PO3PAxyHKy ma npocHO3Y8aAHHS GMPAm eNeKMPUIHOL enepeii, a makodic npo6eoeHo NOPIGHAHHI YUX MemOo0i6 Midic
c00010. Po3paxyHnku 6UKoHano Ha 0CHO8I 0aHUX 0OH020 3 YKPAIHCHKUX ONepamopis cucmem po3nooiny, a mecmosa
enrekmpuina mepesica adanmosana Ha ocHogi cxemu CIGRE 0ns1 modeniosanms 6mpam enekmpuyHoi enepeii.
Ockinvku 0ani 8y3108020 HABAHMAICEHHA MICTNUAU NPONYCKU A AHOMANTT, OYNI0 BUKOPUCMANO 080emanHull
aneopumm aHanizy 0anux iz 3acmocyéanusam memody kiacmepuzayii DBSCAN ons ix eusenenns ma kopekyii. B
pe3yrbmami npogedeHuUx 004UCIeHb 8MPAm HA OCHO8I 00CMOBIPUZ08AHUX OAHUX, NOXUOKA empam Oyna
3MeHwena 6mpuii NOPIBHAHO 3 POIPAXYHKAMU, WO DA3VIOMbCA HA KOEDIYIEHMAX HABAHMAICEHH.
Buxopucmanus memoodie ananizy 0anux ma npocHO3y8anHs HA OCHOBE WIMYYHUX HEUPOHHUX MEPediC 3HAYHO
RIOBUULYE MOYHICTNb PO3PAXYHKIE 6MPam i MIHIMIZye NOXUOKU.

Karo4oBi ciioBa: smpamu, 8y3n06e naganmasicenns, npocHozysanns, neuponni mepesici, CIGRE, LSTM.

Berym.

Ha punky enexrpoeneprii YkpaiHu HaOyBae Bce OiNbLIOI aKTyalbHOCTI 3ajiaya MPOrHO3YBaHHS BTPAT
EJIEKTPUYHOT eHeprii B PpO3MOAUIBHUX Mepexax. TOYHICTh IIPOrHO3YBaHHSI BTpAT eJIEKTPOEHeprii Mae
Oe3nocepeHiil BIUIMB Ha BAPTICTh EIEKTPOCHEPTii sl crioyKuBaviB. A came, Ha pOpMyBaHHS KiHIEBHX Tapu]iB
BIUIMBAIOTh BUTPATH HAa MPHUIOAHHS €JIEKTPOSHEpPTii omeparopamu cuctemu posmoaity (OCP) ta omeparopamu
cucremu mepenadi (OCII) mms xommeHcamnii BTpar y BiacHHX Mmepexax [1]. Llei BIiMB 3miACHIOETBCS depes
ckianoBi Tapudie OCP Ta OCII [2—4]. KpiM Toro, HETOYHE MPOTHO3YBAaHHS MOXE CIPUYNHHUTU 30UTHIICHHS
3Ha4YeHb HebanaHCiB enekTpoeHeprii. Lle cTBoproe moTpedy B 3aKyMiBIIi JOJATKOBOTO OOCSTY €IeKTPOCHEpTril Ha
OanaHcyrouoMy puHKY [5]. BHacmimok 4oro yTBOpIOETBCS OJAaTKOBHH (DaKTOp 3pOCTaHHS BapTOCTI
enekrpoeneprii a4y OCP i cioxuBadis.

31e6iIbIIoro 32Tt BU3HAYCHHS BTPAT Y MEpekaxX BUKOPUCTOBYIOTH y3aralbHeHI Koe(illi€eHTH BTPAT, sIKi
pO3paxoBaHi Ha OCHOBI CE30HHMX MIKOBUX HaBaHTakeHb. HecTaOlIbHICTh TOMOJIOTIT MEPEX TAKOK YCKIIAJHIOE
MPOTHO3YBaHHS BTPAT, L0 3HIKYE e()eKTUBHICTh YIIPABIIHHS €HeprocucTeMamu [6].

HasiBHICTb TOYHUX NMPOTHO3IB HABAHTAXXECHHS y By3JIaX MEpExki IUisi Pi3HHUX MEepioJiB JO3BOJISIE HE JIMIIIE
3MEHIIUTH BUTpPATH Ha NpPUAOGAHHS EJNEKTPOEHepTii, a i ONTUMI3yBaTH YIPaBIiHHS PEKUMaMH MEPEK, IO
0CO0JIMBO BaXKJIMBO B YMOBAaxX BIPOBAPKEHHs TexHooriii Smart Grid B YkpaiHi.

Po3BHUTOK METO/IiB MallIMHHOT'O HABYAHHS Ta HEHPOHHUX MEPEX [UISl IPOTHO3yBaHHS BTPAT B €JIEKTPUYHNX
Mepexax € BaXJIMBHM KPOKOM y BIOCKOHANCHHI YNPaBJiHHS CydyacHHUMH eHeprocuctemamu [7]. Tpaauuiiiui
METOJIM PO3PaxyHKy BTpaT, 3aCHOBaHi Ha (I3MYHHMX MOJEISIX, MaloTh 0OMEXEHYy TOUYHICTh 4yepe3 CKIAJHICTbh
BpaxyBaHHsS 0araTboX 3MiHHHX, TaKMX SIK JMHAaMiKa HaBaHTa)XEHHs, MOTO/IHI YMOBHU, CTPYKTYpHI OCOOJIMBOCTI
Mepexi Ta ii cTaH. BUkopucTaHHS MaIIMHHOTO HABYAaHHS JIO3BOJISIE TIO/I0JIATH 11i OOMEKEHHS 3aB/SKN 37aTHOCTI
ITOPUTMIB BHSBJIATH CKJIaJHI HENiHIIHI 3aJIe)KHOCTI MK IapamMeTpamH, L0 BaXXKO (hopMaili3yBaTH BPYUHY.
Hetiponni mepexi 0cobnnBo eheKTHBHI 3aBASKH iX THYYKOCTI Ta 3JJaTHOCTI 10 HABYAHHS HA BEIMKUX MacUBaX
JTaHWX, 1110 JAa€ MOXKIIMBICTh IPOTHO3YBATH BTPATH 3 BUCOKOIO TOYHICTIO HABITh Y CUTYAIIisIX, KOJIM TIOYAaTKOBI JaHi
MICTSITh 3HA9HY KUIBKICTh HEBU3HAYEHOCTI.

Hanpuknan, y pob6oti [8] Oymo po3pobieHo kKoMOiHOBaHY HEHpOHHY MeEpexy, B SKill IoeIHaHO
OaraTomapoBHii MEPCENITPOH 13 aJITOPUTMOM aBTOperpecii. Moienb BAKOPHUCTOBYBaJIa aITOPUTM aBTOperpecii s
norepenHpoi 00poOKkK JaHuX, a ii edekTHBHICTH HepeBipeHo Ha naHux eHeprocuctemu PJM y CHIA 3a 2014-
2015 poku. [Hmra komGiHOBaHa MOzENb, ONKcaHa B [9], OeIHY€E Kijbka HEHPOHHUX MEPEXK 13 MOIYJIEM HEUiTKOI
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noriku (Moxayias PROTREN) mis BUSBICHHS TpEeHAIB Ha OCHOBI NTaHUX EHEprocucreMu octpoBa Kpwur,
BPaxoBYIOUH iH(OpMaLiI0 PO TEMIEPATypy MOBITPSL.

Merton Support Vector Machine (SVM) Takox MIMPOKO 3aCTOCOBYETHCS JUIsl TIPOTHO3YBAHHS BY3JIOBUX
HaBaHTaXeHb. Sk omucaHo B [10], meil mixxiJ BUKOPHCTOBYETHCS AN YIPABIiHHS €HEPrOCUCTEMOIO MPOBIHINT
lanpayn y Kurai. Mozgenb BpaxoBye CIiBBIJHOIICHHS MiXK aKTHBHOIO ITOTY>KHICTIO BY3JIiB 1 CHCTEMH 3arajioM, a
TaKOX B3a€EMO3B’A30K aKTHBHOI Ta PEaKTHBHOI MOTy>KHOCTeH. J{isa ouinku edexruBHocti SVM nopiBHIOBaIM 3
HEJIHIMHOIO aBTOperpeciiHolo HeWpoHHOIO Mepexeto [11] ta apmanTuBHUM QinsTpoM Kanmana, skuit
BUKOPHUCTOBYETHCS I IPOTHO3YBAaHHS KOS(IIIEHTIB IOTY>KHOCTI BY3iB.

Jns 3HMKEHHS BapTOCTI BTpAT 3alpoOIIOHOBAHO BUKOPHCTAHHS CyYaCHHX METOJIB PO3PaxyHKYy Ta
MIPOTHO3YBaHHS BTPAT €IEKTPOCHEPTii HA OCHOBI METO/IIB IITYYHOI HEHPOHHOI MepesKi IIOOKOro HaBYaHHsA. s
TepeBipKU epeKTUBHOCTI IPOTHO3YBAHHS BTPAT €ICKTPOCHEPTii BHKOPUCTOBYBAJICA Pi3HI apXITEKTYPH IITYIHHX
HEWPOHHMX MEPEX INTHOOKOT0 HaBUaHHS.

BusiBneHHA Ta 3aMiHa aHOMAJIBHHMX 3HA4YEHb Yy AAHUX € HAJ3BUYAHHO BAXIMUBUMH I 3a0€3MECUYCHHS
TOYHOCTI Ta CTaOLIBHOCTI MPOTHO3YBAHHS BTPAT B EIEKTPUYHUX Mepekax 3a JONOMOTOI0 IITYYHUX HEHPOHHUX
MepeX. AHOMaJIbHI 3Ha4eHHsI MOXKYTh BHHUKAaTH 4epe3 amaparHi 3001, TOMWIKK B 3amucax JaHUX abo BIUIMB
30BHINIHIX (paKTOPIB, TAKMX SIK ITOTO/IHI aHOMAJII1 UM HaJ3BUUAlHI CTaHU B Mepexi. SIKII0 Taki JaHi He 00poOIATH,
BOHH 3/]aTHI 3HaYHO BIUIMHYTH Ha Pe3yJIbTaTH MOJIENi, CIIOTBOPIOIOYHM 1 MPOTHO3M Ta 3HWKYIOYH 37aTHICTH 0
y3araipHeHHs. {e 0coOIMBO KPUTHYHO, a/ke HEHPOHHI MepesKi UyTJMBi 10 SIKOCTI BXIIHOI iH(pOpMalii: HaBiTh
HEBEJIMKa KUIbKICTh HEKOPEKTHHX 3HaYeHb MOXKE BHUKJIMKATH 3HAYHE BUKPHBJICHHS Bar MOZENI, 3MYyLIyIO4H ii
aJanTyBaTUCS IO MOMUJIKOBHX 3aJISKHOCTEH, sIKi HE BiJOOpakaroTh peallbHUX (Pi3MIHUX MporieciB y Mepesxi. [Ipu
MPOTHO3YBaHHI YaCOBUX PSiB IIe MOXKE BiOyBaTHCh Yepe3 BIUIMB aHOMAaJbHUX 3HAYCHb HA LITHOBY (PYHKIIIO
NpY HaBYaHHI HEHPOHHHUX MEPEK, HAPHUKJIAJ, CEPEIHbOKBAIPATHIHY MOXHOKY, SIKa € YyTIMBOIO JIO BEIHKUX
BIIXWJIEHD.

O0poOKka aHOMANBHUX 3HAYCHD TAKOXK CIIPHSIE IMOKPAIICHHIO CTabiIbHOCTI poOOTH HEHPOHHOT Mepexi. Y
BUIAJIKY CKJIQIHMX EHEPTOCHUCTEM, Jie Oarato napaMeTpiB B3a€MO3ale)XHi, HSKOPEKTHI JaHi MOXXYTh CTBOPIOBATH
HEJIOT14YHi 3B’SI3KM MIXK 3MIHHHMH, 110 cyrnepedaTs (izuii npouecy. Lle He yuie moripirye nporsos, ane i Moxe
NPU3BOJUTH 10 HEKOPEKTHHX BHCHOBKIB MpPO CTaH Mepexi. 3aMiHa a0o BUJAJICHHS aHOMaliil Jomomarae
HEeWpPOHHIN MeperKi HaBYaTUCs Ha KOPEKTHHUX JIaHHUX 1 CTBOPIOBATH MOJIE, SIKI BiTOOpakaloTh pealibHy NOBEIIHKY
€HEPrOCUCTEM.

TakuM 4MHOM, BYacHe BHSBJICHHS Ta 3aMiHa aHOMAJbHUX 3HA4YEHb € KIIOYOBUM €TAloM Yy Tpoleci
MiATOTOBKY JaHUX U MIPOTHO3yBaHHS BTpaT. Lle 3a0e3nedye He nwiie OLIBII TOYHI Ta HAAIWHI pe3ynbTaTH, a i
MiABHUIIYE JOBIpY A0 MPOTHO3Y, a/DKe MOJIENh 0a3yeTbcs HA JAaHUX, SKi BIAMOBINAIOTH PeabHUM yMOBaM i
(hi3HIHIM 3aKOHOMIPHOCTSIM.

J11s1 OLiHKYM BIIMBY aHOMaJIbHUX 3HaY€Hb HAa TOUHICTH IIPOTHO3YBaHHS BTPAT OyJI0 PO3POOIICHO J1Ba
MiIX0/IM JI0 IPOTHO3YBAHHS BTPAT:

e [IporHo3yBaHHs HAaBaHTa)KCHHS KOXHOTO By3Jla OKPEMO 3 TOJAIBIINM PO3PaxyHKOM BTpaT Ha OCHOBI
MPOTHO30BaHKX JIAHUX.

e Po3paxyHOK BTpaT €JIEKTPUYHOI eHEpril 3 HACTYIHUM ii IIPOTHO30M.

J1ist MporHO3yBaHHsI BCiX BY3JIiB HABAHTA)KEHHSI BAKOPUCTOBYBAJIaCh PEKYpPEHTHA HEHPOHHA Mepeka THUITY
LSTM, sixa ontucana B [12]. JIis iHAMBILyaIbHOTO IPOrHO3YBAHHS BY3/1iB HABAHTAXKEHHsI Ta BTPAT
eJIeKTpOeHeprii BUKopucToByBaiacs Mepexa eResNet, pospobiena B [HcTutyTi enekrpoauHaMiki. Ha pucyHky
1 moxa3aHO OJIOK-CXEMHM aJrOPUTMIB TPOTHO3YBAHHS Ta PO3PAXYHKY BTPAT €JIEKTPOCHEPTiI.

OOuziBa METOAM NPOTHO3YBaHHS OyJIM aJalTOBaHi IO PETPOCIEKTHBHUX JNaHMX «BiHHUIII001E€HEPTOY.
HaguanHs 000X aXropuUTMIiB MIPOBOIUTHCS 32 JOTIOMOTO0 alropuT™My ontuMizamii ADAM.

Po3paxyHKy BTpaT Ta MPOTHO3YBAaHHs EIEKTPUYHOI eHeprii BUKOHYBaJIOCh HA PETPOCTIEKTHBHUX JAHUX
«BinHAII00IEHEPTOY» SIKI BKIIOYAIOTH B ceOe 16 By3miB HaBaHTakeHHS 3a mepion 3 2017 mo 2019 poku 3 30-
XBUJIMHHOIO JIUCKPETHICTIO. 3aralbHUi 00CAT JaHUX CTAaHOBUTH 48 048 3HaYCHB.

Jliist MOJ/IeNIoBaHHS eJIEKTPUYHOT MEpexi Ta po3paxyHKy BTpar Oylia BUKOPHUCTaHA Mepeka CepeHbOTO
piBast Hanpyru CIGRE [13] sik ocHOBa JU1sl TECTOBOT €JIEKTPHUYHOT MEPExKi.

Moga mporpamyBanHs Python ta 6i6mioreka mmsa aHamizy manumx Pandapower Oymu BHKOpHCTaHi I
moOyJOBH Ta aHaJi3y TECTOBOi CHCTeMHM >KHMBICHHA. bibmiorexka Pandapower sBmse coboro okpemuii Habip
IHCTpYMEHTIB I pO3pOOKM Ta aHami3y eNeKTPUYHHX Mepex. bibmioTeka OXOIUTIOE IIMPOKHH CIEKTP
PI3HOMAaHITHHX MoOJENeH eNeKTPUYHHX MEpeX, BKIIOYAI0OYM YHCICHHI TECTOBI CHUCTEMH Ta NPUKIAIN
eneprocucrtem CIGRE [14].

TecToBa enekTpuuHa Meperka CKIagaeThes 3 IBOX TpaHchopmaropis notyxHictio 40 MBA 110/20 kB, 15
By3JiB, 18 jpKepen HaBaHTaXXEHHS, 3 BWIYYEHHMH JIBOMA JDKEpPENIaMM JUIsl Y3TOJUKEHHS 3 PETPOCIEKTUBHUMHU
JaHuMH, 14 niHii, y ToMy yncii 12 xaGesbHUX 1 J1Bi MOBITPsIHI, BUMHKAY . Y C1 €JIEMEHTH, SIKi BHKOPHCTOBYIOThCS
B IIil1 Mepexi, € eneMmeHTamu 0idmioTexku Pandapower,

Jlana tectoBa Mepeka Oyia po3poOiieHa Al MOJISIIOBAHHS PEKUMIB POOOTH €NEKTPHYHOI Mepexi Ta
BU3HAYCHHS BTPAT EJICKTPUYHOI €Heprii, JaHa Mepeka mpencrasieHa B crarti [15]. Ockinpku 1 Mepexa
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nmoOyoBaHa Ha OCHOBI peaIbHOT €BPOIEHCHKOT MEPEKi, BOHA CYTTEBO BiAPIZHAETHCS 3a CKIAI0OM HaBAaHTA)KCHHS
Ta MmapaMeTpaMu BiJl YKpaiHChKOI Mepexi. ToMy i 3a0e3MeUYeHHsT HAJC)KHOTO (PYHKI[IOHYBAHHS alTOPUTMY
PO3paxyHKy 30MTKIiB CXeMy PO3paXyHKY OYJIO aanTOBaHO 3 BUKOPUCTAHHSM HAasIBHUX PETPOCIICKTHBHUX AHHX.

Bxinui nani Bxinui nani
\ 4
[Ity4Ha HeifpoHHA Mepexa Po3paxyHok BTpar

eJIEKTPUIHOT eHepril

v |

IIporHo3Hi mani

IlITyuna HelipoHHA Mepexa

A 4

Po3paxyHok BTpat
SJIEKTPUYHOT eHeprii

Brpatu enextpoeHeprii

v 0)

Brparn enextpoeneprii

a)

Pucynox 1 - a) Pospaxyuxy empam 3a npocHo3numu snavenusamu, 06) Pospaxynky ma npozno3sysanns empam

BpaxoByroun pi3HHUINIO y BeNWYMHI HaBaHTaxeHHs Mix eHeprocuctemoro CIGRE Tta manumu OCP,
KaOeJbHI Ta MOBITPsIHI JIiHIT OyJK 3aMiHeHi Ha JIiHIT O1IBIIOro Mepepisy Ul HaJIe)KHOTO (DYHKIIOHYBaHHS TECTOBOT
eneprocucremu. Kpim Toro, nani npo HaBaHTakeHHs By3JiB Big OCP po3moaiisuincs BiAMOBIAHO 10 BEIHYUH
HaBaHTa)xeHHs By3J1iB eneprocuctemMu CIGRE.

[Ticnst npoBeieHHS MONEPEAHBOI0 aHai3y JaHUX OYJIO BHSBJICHO, IO JaHi MICTATh MPOMYCKH 3HA4YEHb
Ta aHOMaJIbHI 3HAYEHHSI, SIKi 3HAYHO BIJIPI3HAIOTHCS Bil HOPMAIbHUX 3HAUEHb.

Jnst BUSIBJIGHHS Ta 3aMiHM BIJICYTHIX 3Hau€Hb 1 aHOMAJIBHHMX JaHUX OyB 3aCTOCOBAHUH IBOCTAITHMI
ANTOPUTM TIEPEBIPKH JaHUX 3 BUKOPUCTAHHAM MeToay kinactepusanii DBSCAN [16].

3arporoHOBaHUH aJITOPUTM JI0CTOBIPH3ALIIT U OKPEMOTO By3JIa CKJIQIAETHCS 3 HACTYITHHUX €TalliB:

1. Bu6ip yacoBHX 3pi3iB i3 Ge3IepepBHOro YaCOBOIO Py HABAHTaXeHHS R™! — R4 %24,

2. BusiBneHHs rpyOMX aHOMAaJbHUX 3HAU€Hb Yy YaCOBMX 3pi3ax 3a JONOMOI'OI0 METOJy KiacTepH3aril
DBSCAN.

3HaveHHs, sIKi He HAJISKATh 0 MEPILIOTO KIacTepa, BBAXKAIOTHCS aHOMAIIbHUMHU.

3. 3amiHa aHOMaJIbHUX 3HAYEHb 32 JIOTIOMOTOIO JITHIHHOT IHTePHOJIALII.

4. Po3ropTka 4acOBHX 3pi3iB y Ge3nepepBHuil psi HaBaHTaxkeHb RM24X%4 — R™,

5. JIexoMIO3ullisi 4aCOBOTO Psijly Ha TPEHIIOBY, CE30HHY Ta 3aJMIIKOBY CKJIaJIOBI.

6. BusiBieHHsI aHOMaJIbHUX 3HA4YeHb (I1. 2) Y 4aCOBOMY P/l 3aJIMIIKOBOI CKIIaJ0BOT.

7. 3aMiHa BHSBICHHUX 3HAYCHB 3a JIOTIOMOTOIO JTIHIHHOT 1HTePIOJISII.

PerpocnexkTuBHI 1aHi BY3100r0 HaBaHTa)KEHHsS Ha Oynu po3gijeHi Ha BHOIpKM JUIs HAaBYaHHS Ta
TECTyBaHHS, Ul JaHUX 3 aHOMAJIFHUMH 3HAYCHHSMH Ta JaHUX 03 aHOMAJIBHUX 3HaueHb (IICI MEepEeBIpKH).
HaBuanpHi HaOOpW OXOILTIOIOTH YCi 3HAYCHHS HABAaHTAXXEHHS BY3Jla, 32 BHUHATKOM 336 3HaueHb, IO
MPE/ICTABIISIIOTH OIMH TYOKAEHS (7 AHIB), SIKI BAKOPHCTOBYBAJIHMCS SIK TECTOBHMH HAOIp.

PesynbpraT NpOrHO3yBaHHS BTPAT 3a JICHb Ta THIXK/ICHb HaBEJICHI Ha pUCYHKaX 2-3.

Jlis OLiHKKM TOYHOCTI MPEACTaBICHUX MiAXOoAiB Oyna BUKOpHcTaHa (yHKIS cepeaHboi abCoTOTHOT
BiZICOTKOBOI MOMMIKH y BigcoTkax (MAPE). ¥V tabnumi 1 HaBeneHi moxuOKu po3paxyHKY BTPAaT €NEKTPHYHOI
eHeprii.

IIpoBiBIIH IPOTHO3YBaHHS Ta PO3PAXyHOK BTPAT 3 BAKOPHCTAHHIM YCiX ITiAXO0/IB, MU CIIOCTEPIraEMo, II1o,
SIK TIPaBUIIO, TIPOTHO3YBaHHS HABAHTAXKEHHS 3 ITOJAJIBIIUMHU PO3paxXyHKaMH BTPAT MalOTh MEHIILY TOXHOKY BTpPAT.
Takox BapTO 3a3HAYUTH, [I0 BUKOPHCTAHHS METOJIB aHAN3y JaHHUX JJIsi BUSBICHHS Ta 3aMiHH aHOMAaJbHUX
3HAUYCHb JI03BOJISIE MIOKPAIUTH PE3yIbTaTH IIPOrHO3YBaHHSI.
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OTpuMaHi pe3yJIbTaTH TOCIIKEHHS € CKIIaZ0BOIO POOOTH 3 MIATOTOBKH JaHUX A Moaeri Smart Grid ms
OMEPaTUBHOIO YIMPABIIHHI PO3MOAUIBHUMU MEpeKaMd Ha OCHOBI METOJIB IITYYHOTO iHTeNekTy. Ll momens
pO3pOOIsIETCS aBTOpaMu MyONiKamii B pamMKaX CHUTBHOTO YKPalHCHKO-JIUTOBCHKOTO MpPOeKTy «CriibHI
YKpPaTHCHKO-IMTOBCHKI HAYKOBO-10CTiJHI poekTH y 2024 — 2025 pokax».
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Merox pOrHO3YBaHHS BTPAT Bennauna moxubku MAPE, %
[TporHo3 BTpaT 3 aHOMAJisIMU 20.08
[IporHo3 BTpat 6€3 aHOMaTii 20.24
Brparu 3a mporHO3HUMH JaHUMH 3 aHOMAITEHIMHA 12.78
3HAYCHHSAMHU
BTtpaTu 3a mporHO3HUMH TaHUMH 0€3 aHOMaJIbHHUX 3HAYCHb 3.29
BucnoBkmn.

Po3risiHyTa Meroguka KOPOTKOCTPOKOBOTO NPOTHO3YBaHHS BEIMYMH CyMapHHUX BTpaT €JIEKTPHYHOI
eHeprii B Mepexxi Ha OCHOBI PETPOCIIEKTUBHUX JaHUX 3 BUKOPUCTAHHSAM IITYYHHX HEHPOHHHUX MEPEX TIIMOOKOTO
HaBYaHHS JI03BOJIMJIA IiJBHIIUTH TOYHICTh BHM3HAUCHHs BTpaT 0e3 BUKOHAHHS IX pO3paxyHKy HOPIBHSHO 3
ICHYIOUMMH METOJIaMH.

KpiM TOro, 3ampornoHOBaHO METOJM KOPOTKOCTPOKOBOTO NPOTHO3YBaHHS BY3JIOBUX HaBaHTA)XEHb Ha
OCHOBI IITYYHHX HEHPOHHHMX MEpEeX IMMOOKOro HaBYaHHA. lle M03BONIMIIO MiABUINUTH TOYHICTH BH3HAUCHHS
PO3paxyHKOBHX 3HA4YCHb BTPAT B MEPEXi 3a PaXyHOK iX BpaxyBaHHS IPOTHO30BAaHMX 3HAUCHb HABAHTAXKEHBb
BY3JI0BOT'0 HABAHTAXKEHHS [l 4ac PO3PaxyHKY.

PesynbpraTy MpOTHO3yBaHHS BTPAT €IEKTPOCHEPTI] MMOKa3yIOTh, 10 3aCTOCYBAHHS METO/IB aHATI3Y AaHUX
1 METOJIB MPOTHO3YBAHHS JO3BOJISIE 3HU3UTH BEIMYMHY BTPAT MOPIBHSHO 3 NPOTHO3HUMH JaHUMH (HaKTHIHUX
BTpAT 3 HAABHUMHU aHOMAJIbHIMH 3HAYCHHIMHU.

[TpoBeneHHs 1OJaTKOBOTO aHaNi3y AaHHMX JJIs BUSABJICHHS Ta 3aMiHM aHOMaJbHUX 3HA4€Hb IiBHIIHIO
TOYHICTh MPOTHO3IB SIK JUIs BY3JIiB HABAHTAKCHHS, TaK 1 JIs BTPAT €JICKTPUUHOI EHepril.

[Toxubka MpOrHO3yBaHHS BTPAT 3 BUKOPHUCTAHHSIM LITyYHHX HEHPOHHHX MEPEX J03BOJSIE OTPUMATH
noxuoky MAPE B mexax 3,29% i NpOrHO30BaHHMX JIOCTOBIPM30BAHMX JAaHUX BY3IiB HaBaHTAXXEHHS, SKi
BUKOPHCTOBYIOThCS JUIsl PO3paxyHKy BTpar. Toai sk MpOTHO3yBaHHS BTPAT JAOCTOBIPM30BAaHMX JTAHUX MAalOTh
noxn6ky 20,24%. IToxnbOka BTpar a1 HenepeBipeHUX qaHux cTaHoBUTH 20,08%.

BukopucraHHs METOIIB MPOrHO3YBaHHS HaWOUIbII €(pEeKTHBHO MPOAEMOHCTPOBAHO IPH NPOTHO3YBaHHI
JOCTOBIPHM30BAaHMUX JaHUX BY3JIiB HABAHTaKCHHS, SIKi BAKOPUCTOBYIOTHCS IS PO3PaXyHKY BTpaT.

Ha ocHOBI npencTaBieHNX pe3yabTaTiB y HOAANBIINX JOCHTIPKCHHAX IUIAHYETHCS YAOCKOHATUTH METOIH
MPOTHO3YBaHHA Ta PO3PaxyHKy BTPAT €NEKTPUUHOI €HEPrii, 30KpeMa 3 MOXKIIMBICTIO BUKOPUCTAHHS JOAATKOBUX
koedimienTiB. KpiM Toro, s oTpuMaHHS OiNIBII TOYHUX 3HAYCHb BTPAT HEOOXiTHO OyayBaTH BIIAcHI TECTOBI
MepeXi Ha OCHOBI PEaIbHUX CXEM eJIEKTPHYHUX MEPEK.

Ilybaikayis niocomoenena 3a pe3yibmamamu 6UKOHAHHS CIIbHO20 YKPAIHCLKO-IUMOBCbKO20 HAYKOGO-
docnionozo npoekmy «Smart Grid moodenv 015 onepamuHo20 KepysanHs po3noOiTbHUMU MEPENCAMU HA OCHOBI
Memo0i6 WmMy4HO20 iHmeNeKmy».
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INFLUENCE OF ANOMALOUS VALUES ON THE ACCURACY OF
FORECASTING LOSSES IN DISTRIBUTION NETWORKS

The relevance of the study is determined by modern trends in managing the operation modes of distribution
electrical networks using Smart Grid technologies, as well as the need to reduce the costs incurred by distribution
system operators for purchasing electricity. Accurate load forecasting results at network nodes for different
forecasting horizons are crucial for this purpose. Sudden changes in network topology can increase the errors in
loss forecasts as a single time series, negatively impacting network management efficiency and increasing the
costs of electricity procurement to cover losses.

The study proposes using forecasting methods based on artificial neural networks for the calculation and
prediction of electricity losses, along with a comparison of these methods. The calculations were performed using
data from one of Ukraine's distribution system operators, and the test electrical network was adapted based on
the CIGRE scheme for modeling electricity losses.
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Since the nodal load data contained gaps and anomalies, a two-step data analysis algorithm was employed
using the DBSCAN clustering method for detection and correction. As a result of loss calculations based on
cleaned data, the error was reduced threefold compared to calculations based on load factors. Applying data
analysis methods and forecasting methods based on artificial neural networks significantly improves the accuracy
of loss calculations and minimizes errors.

Keywords: losses, node load, forecasting, neural networks, CIGRE, LSTM.
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EFFECT OF LIQUID KEROSENE DROPLET INJECTION
AT VARIOUS RADIAL AND TANGENTIAL VELOCITIES
ON NOX, CO FORMATION, AND TEMPERATURE DISTRIBUTION

This research presents a numerical analysis and CFD simulation of liquid kerosene combustion by means
of a variation of liquid kerosene radial and tangential velocity components of injected droplets through an atomizer
into a real combustor. The droplets are considered through the Rosin-Rammler droplet particle size distribution
with the Eulerian-Lagrangian Spray Atomization model. The main purpose of this investigation is to evaluate the
behavior of emission formations such as NO and CO, including temperature distribution fluctuations in the
primary combustion zone during the combustion process and droplet evaporation. For the simulation of
evaporated kerosene combustion, the flamelet model was performed for the detailed kinetic scheme of chemical
reactions between (JetA-C10H22) and air, which is integrated in ANSYS CFX, including the thermal and prompt
prediction of NO. The standard k-€ turbulence model was used with enhanced wall treatment including Pl
radiation model. Verification and validation of analysis results were considered in this study, where the results,
such as temperature and NO formation in various radial distances of combustor, were compared with the real
experimental results. The results showed that droplet behavior, influenced by injection velocities, significantly
impacts the combustion process, including temperature distribution, NOx formation, and CO emissions especially
in the primary combustion zone.

Keywords: CFD, combustion, atomization, emissions, spray, droplet evaporation, flamelet.

Introduction

In gas turbine engines the way that liquid fuel droplets are sprayed into the combustion chamber plays a
role, in how the combustion process unfolds. The swirling movement of these droplets has an impact on factors
like flame stability dynamics and overall structure. Understanding how liquid fuel droplets behave in swirling
conditions specifically those made up of C10H22 (decane) is key to optimizing combustion efficiency and cutting
down on harmful emissions such, as nitrogen oxides (NOx) and carbon monoxide (CO).

In gas turbine engines fuel atomization and droplet movement are engineered to generate a swirling
turbulent flow that enhances the mixing of fuel and air, in combustion chambers. The centrifugal forces resulting
from this swirl pattern produced by swirlers affect the distribution of fuel droplets in radial directions well, as
tangentially in the injection process. The speed factors play a role, in influencing how heat is spread out and how
flames move in the burning area while also affecting how long droplets stay there. One of the concerns in this
scenario is the creation of NOx emissions which occur mainly at combustion temperatures due to the nitrogen and
oxygen reaction, in the atmosphere. The duration of hot gas exposure and the temperature of the flame are factors,
in NOX production process. Influenced by how swirling fuel droplets interact with the surrounding air
environment. When fuel droplets swirl around it creates recirculation areas that alter the flames shape and can lead
to varying levels of NOX and CO formation based on flow circumstances.

Researchers are working to create combustion systems that not only meet increasingly strict environmental
laws but also ensure steady and efficient burning. Besides that, they are exploring the effects of swirling fuel
droplets on flame dynamics and the formation of harmful substances produced in combustion products.

Even though studies on liquid fuel combustors have yielded a wealth of knowledge, more research should
be done on the distribution of fuel injection output from fuel injection systems and the mixing process, which have
a significant impact on the quantity and quality of pollutants released during combustion process [1].

Analysis of Recent Research and Publications

K. K. Rink and A. H. Lefebvre in 1989 [2], in their investigation reported that, atomization quality affects
NO emission levels through the evaporation and mixing characteristics of the spray. Generally, the influence of
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atomization quality is most apparent at slightly fuel-lean conditions, with reduced drop sizes leading to diminished
NO, CO and UHC emissions.

Hajivand M et al. [1] showed in their study that atomization quality, such as the initial diameter of droplets
and spray cone angle, affects emission levels through the evaporation and mixing characteristics of the spray; in
other words, they improved that the influence of atomization quality is most definite at slightly fuel-lean
conditions, with reduced initial drop sizes and cone angle of spray leading to decreased emissions.

The results of the investigation of Kankashvar et al. [3] showed that increasing the air flow rate decreased
the stability range of the combustor, and increasing the fuel injection angle improved the lean blowout limit of the
combustor and allowed it to work in extreme lean conditions. They also found that the temperature of the center
of the chamber was lower with a higher fuel injection angle, and the temperature of the center of the chamber exit
decreased with increasing air flow rate. Besides that, the authors concluded that increasing the spray cone angle
improved the lean blowout limit of the chamber and allowed for flame stabilization even in extreme lean
conditions.

The studies of Dafsari et al. [4] were aimed at the experimental analysis of atomization quality and the
spray structure of aviation fuels with different viscosities, which were sprayed using a pressure swirl type nozzle
with laser diagnostics. And they discovered that the injection pressure controlled both the overall spray structure
and the quality of atomization of the fuel, which depended on the physical characteristics of the fuel. Lower
viscosity fuels were found to be able to produce the ideal spray characteristics required in the combustion field,
namely, well-developed hollow-conical sprays with finer drops, a wide distribution of size, and higher velocity
components. It has been depicted that sufficient swirl intensity is necessary for the transitional development of
hollow-conical sprays based on physical properties and injection pressure.

The decrease in pollutant emission concentrations for small droplet sizes is attributable to inadequate
atomization with large droplet sizes, which causes localized fuel-rich burning, ultimately leading to the generation
of soot and nitrogen oxides [4,5,6].

Bishop, K et al. [7] have investigated the impact of fuel nozzle condition on temperature distributions in
nozzle guide vanes using an optical patternator. Their study quantified average spray cone angle, symmetry, and
fuel streaks. Besides that, an ambient pressure and temperature combustion chamber test rig was used to capture
exit temperature distributions and determine the pattern factor. Their obtained results showed that small deviations
from the nominal distribution in the fuel nozzle spray pattern led to an increased pattern factor, possibly due to
degradation of mixing processes. Spray cone angle had the most significant influence, while spray roundness and
streak intensity had less influence. Comparisons were made with published studies on combustion chamber
geometry, and recommendations for fuel nozzle inspections were made.

Many researchers conducted experimental studies on fuel spray atomization and employed CFD
methodologies, concluding that the atomizing gas significantly influences spray atomization [3,8,9,10].

The spray angle, derived from high-quality pictures, significantly affects both the spray pattern and droplet
size [11]. Gong and Fu [12] examined the impact of structural factors and viscosity on the spray angle of a swirling
atomizer employed in combustion. They utilized oil in their studies and established empirical correlations to
ascertain the discharge coefficient and spray angle.

The purpose of this study

During the CFD study conducted here were six scenarios analyzed to delve into how changing velocity
components in different kerosene injection directions, such as radial and tangential, impacts combustion dynamics
and flame characteristics while affecting the levels of NOx, CO emissions, and temperature distribution,
implemented in ANSYS CFX [15,16].

The initial three cases concentrated on examining the changes in tangential velocity of droplets injected
into the combustion chamber. Besides that, the other cases were the variation of the droplet radial injection velocity.
The main goal in these scenarios was to assess the performance of the combustion procedure in the area where
maximum NOx development happens. This region is distinguished by temperatures and strong chemical responses,
making it essential to comprehend how the spinning droplets impact the flame front and general combustion
dynamics. The appearance of the flame and how steady and strong it combusts are factors in gauging how well
combustion is working and what emissions are being produced. Our goal was to study how adjusting the swirling
radial and tangential velocity affects these characteristics, specifically focusing the creation of CO, NOx, and
temperature distributions in the primary combustion zone.

The main material of the study

The governing equations, turbulence, mathematical modeling of combustion process and radiation

The principles, behind fuel combustion are built upon rules related to preservation and the transfer of
momentum and energy in addition to incorporating extra equations to address turbulence and combustion
mechanisms. The research employs the known k—¢ turbulence model which tackles two equations — one for the
turbulent kinetic energy (referred to as k) and the other, for how this energy dissipates (indicated as €). Through
the years turbulence models have been crafted by scientists offering levels of intricacy and applicability across
different scenarios. In this study approach, to modeling turbulence properties for high Reynolds numbers in flows
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involves solving two differential equations — one for kinetic energy (referred to as k) and another for dissipation
rate (referred to as €). Although this method is moderately intricate in nature it has garnered acceptance in research
works due to its effectiveness, under diverse flow scenarios. The initial equations that form the basis of this model
were initially presented by Launder and Spalding in 1974.

The constant model of PDF (Probability Density Function) flames created by Peters [13] relies on ideas; It
suggests that turbulent combustion happens through multiple separate and stable laminar flames and that the flames
thickness is less, than the smallest turbulent length scale (referred to as the Kolmogorov length scale) enabling the
flame structure to stay laminar [14]. The turnover time, for eddies is longer than that for chemical reactions in this
context; hence any short-lived effects are considered insignificant within the model’s framework. Furthermore,
this model has been incorporated into CFD software such as Fluent, Star. CD, Star. CCM and CFX. Its widespread
usage, across applications can be attributed to its effectiveness strong convergence capabilities and satisfactory
level of accuracy [14]. In this study Jet-A aviation fuel (kerosene) with air, modeled as a two-component surrogate
fuel (by mass 60 % C10H22 and 40 % C9H12).

In the laminar flamelet model available in ANSYS CFX, the species mean mass fractions are stored in the
flamelet library as a function of the mean mixture fractions Z , its variance Z”’2 [16,]. The Favre mean species mass
fraction can then be calculated with a probability density function P [16,17].

1

7 = f V.2, 2,0P(2)dz (1)
0

typically, a B-function is used as the pdf of the mixture fraction is used, which in other words, it can be
written like P(Z, x, t) . The pre-integration of flamelet tables is done with CFX-RIF [16] automatically.

In the flamelet model context of solving transport equations, for each chemical element we focus solely on
the transport equations for the Favre average mixture fraction and its variance. By assuming rates for all species
(uniform diffusivities) we can represent the transport equation, for the Favre mean mixture fraction as;

apZ) o(pwzZ) 8 [ o oup\ 07 ]
D2 [, )22
at ox; 0x; 07/ 0x;

Where p is the molecular dynamic viscosity, y; the turbulent viscosity and g, is a model coefficient. As the
mixture fraction is a conserved scalar, its transport equation contains no source term. The transport equation for
the mixture fraction variance Z'2 can be modeled as follows [16].

a(pz7?) o(puZ) @ ue \0Z e (0Z\
— | 7 2252 — 5y
+ # + O'Z/lz ax] + (?Z axj px (3)

ot Ox i axj
where o7z and Cy in equation (4) are model coefficients. The first term on the right-hand side represents

the production of variance, whereas the last term models its dissipation. The instantaneous scalar dissipation rate
is modeled as [16].

& —
F=C, =2 4
X=Cez 4)

With & and k being the dissipation rate and the turbulent kinetic energy, respectively. As the species mass
fractions are previously stored in a flamelet table, they can be obtained within the CFD simulation by coupling the
CFD code with the flamelet libraries [13].

In the flamelet concept framework of combustion modeling the characteristics of the Favre mixture fraction.
Its variation, alongside the scalar dissipation rate are calculated utilizing computational fluid dynamics (CFD).
These quantities are subsequently employed to extract already computed species mass fractions, from a library
dedicated to flamelet models [18].

Heat transfer plays a role, in fine-tuning and testing combustion system layouts with radiation being an
element involved. In the context of a combustion system heat transfer takes place through conduction, radiation
and inter diffusion [19]. Combustion essentially involves oxidation that produces heat and radiation underscoring
the importance of radiation, in the chemical reaction process. At temperatures thermal radiation emerges as a means
of energy transfer and needs to be taken into account when implementing a practical combustion system [19].

While radiation itself doesn't have an impact, on reactions, it does play a role in influencing the distribution
of flame temperatures, which then affects various aspects of combustion processes. In research conducted by Chan
and Viskanta back, in 2005 it was demonstrated that radiation can significantly alter flame temperatures, the
concentrations of minor species present NOx emissions levels, soot generation tendencies, flame extinguishment
behavior and other phenomena related to combustion. The Differential Approximation (known as the P1 model)
offers a method, for tackling the radiation transport equation by assuming that radiation intensity is uniform in all
directions at a point, in space. A comprehensive explanation of the energy equation and the development of the P
Model 2 are detailed by Modest [16,20].

Discrete particles numerical modeling
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In the ANSYS CFX Theory Guide [16] when it comes to particle numerical modeling and simulating fluid
movement using the Euler method specifically, the communication between various phases is depicted using
distinct physical models [21]. The movement of mass between these phases is mimicked using a model for
evaporation in this scenario. ANSYS CFX employs the Antoine equation (Equation 5) to replicate this process by
determining the boiling point of kerosene [21]. The equation helps us establish the boiling point, which is then
utilized to specify the source term for mass transfer in the simulation.

B
Pvar = Pscale * €XP (A - Tp T C) Q)

In this case, T, denotes the temperature of the droplet, while pg, stands for a scaling factor; A, B, and C
represent factors derived from reputable sources as, per this investigation, data about kerosene (C10H22). Studies
indicate that slight alterations in the values of A, B, and C—falling within the range for hydrocarbons to kerosene—
lead to negligible impacts in combustion efficiency, with an error margin of under 1.5%.

Using the size droplets uniformly spread out in the coolant liquid application process recommended a Rosin
Rammler distribution, for better simulation accuracy without major changes to key parameters [22]. The Rosin
Rammler model defined in (Equation 6) is frequently utilized in contemporary spray combustion simulations due
to its effectiveness and efficiency. Has been implemented in both core flow and coolant injection scenarios, for
this investigation [22]. In this chapter, we have talked about the Rosin Rammler distribution before. Now it’s being

shown in a light.
q/d q-1 d\?
@)= D(D) xp [ <D) ] ©

where D is the size parameter, q for spread parameter and d stand for droplet diameter [16].

During the phase of dispersion analysis is conducted to establish the source terms between phases as
outlined in the gas phase conservation equations. The spray is depicted as consisting of droplet categories spread
out over an initial dispersion range. The speed, distance, mass and temperature of each category are monitored
over time along their trajectories by applying the conservation equations within a Lagrangian framework [23].

This method enables monitoring of how everything behaves when it interacts with the fluid around it.

In the kth category we figure out how a moves, by looking at its speed and location along the way using a
droplet as a reference point. The droplet speed is calculated based on the balance of forces. Considering both the
droplets inertia and the drag force that affects it. This equation, for momentum can be expressed as follows:

dug. (k) =
my (k) ;lt( ) = §ﬁ[d(k)]2 |ui — Ug, (k)”uz - udi(k)]cdrag (7

The drag coefficient, Cyyqg »is evaluated following the spherical drag low [23].

The process of evaporation, from the droplets surface is simulated by assuming that the vapor pressure on
the droplets surface matches the saturation pressure at the droplet’s temperature [23]. To figure this out accurately
for the liquid fuel used in this scenario a linear relationship between saturation pressure and temperature is applied
in sections. The mass transfer coefficient is determined by referencing the Sherwood number correlation from
Ranz and Marshall [24]. Consequently, we can represent the change in mass caused by evaporation, with:

My — 2o (G, — ) ®)

Where s and Cy are the mass fractions of the fuel vapor on droplet surface and in the surrounding gas.

When determining how the temperature of a changes as it travels along its path, we apply an energy balance
across the surface of the droplet. This balance considers both the heat transferred to the droplet through convection
and the latent heat needed for evaporation. It can be written out in this way:

dTp dmp
MpCpp o = hAp(T —Tp) — T AHy, 9)
The heat transfer coefficient (h) is calculated using the Nusselt number correlation from Ranz and Marshall

[24], with radiation exchange with the gas phase being neglected.

NOx formation modeling

In gas flames that reach temperatures exceeding 1800 Kelvin (1527 degrees Celsius), the primary source
of nitrogen oxide (NOx) is the presence of nitrogen and oxygen radicals in the environment within the flames
grasp. The creation of NO or Zeldovich NO in conditions follows a sequence of simple chemical reactions as
explained by Zeldovich in 1946 and elaborated upon by Baulch and others in 1994 [25]. Nitric oxide (NO) is a
component formed when oxygen and nitrogen radicals interact with each other under elevated temperature
circumstances. The Zeldovich mechanism involves two steps. Is accountable for reactions (denoted as R1 and R2).
[16]. When the air fuel ratio leans towards either stoichiometric level, in certain scenarios a third reaction (referred
to as R3) could start playing a significant role in the process alongside the initial two reactions. This phenomenon
is known as the Zeldovich mechanism. The term "thermal" is employed because the first reaction requires a high
activation energy owing to the bond found in N2 molecules. This characteristic causes the reaction to occur swiftly
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at temperatures [25]. The initial response serves as the step that controls the speed at which thermal NO is generated
in production processes. The speeds associated with each reaction (R1, R2, R3) are listed following their reactions.

) 38370 R1

0+N, > NO+N so - ky = (1.8-10™)exp (- T) ®D
k2 3162

N+0, > NO+0 so - k, = (6.4-10%)exp (— T) (R2)
k

N+0, > NO+0 so - ks =3.0-10° (R 3)

When multiply the rates of reaction, by the concentrations of the substances involved in the reaction process
and express it in [kmol/m?®/s] it can then convert this outcome into a mass source term. This term indicates how
much mass is being produced or used up, per unit volume within the system.

d[(IinO] = k,[O][N,] + k,[N][0,] + k3[N][OH] (10)
So:
d[gtO] = k,[0][N,] — k,[N][0,] — k3[N][OH] an

In ANSYS CFX Solver Theory Guide [16], the thermal formation in, kg/m3/s, Syo. hermar -as described is
therefore related to the rate of Reaction (R1):

SNo,thermal = 2WN0 kthermal [0] [NZ]kthermal = kl (12)

This denotes the molecular mass of NO. Therefore, if the molar concentrations [O] and [N2] of O radicals
and N2 are established, the thermal NO mechanism can be assessed [16].

Prompt NO formation happens when temperatures drop below 1800 K and since our simulation is
conducted at temperatures exceeding 2000 K, we won't delve into the details of how NO forms but will incorporate
the thermal formation of NO into the simulation.

In the process of conducting a CFD simulation we address the mass transport equation concerning the NO
species by considering factors, like convection, diffusion, NO generation and consumption alongside species. This
approach is essentially rooted in the concept of preserving mass. To accurately represent prompt reactions, we rely
on the transport equation specific, to the NO species mentioned earlier [26].

ot TPY o T ax (p ax, ) T Swo (13)

The source term Sy is to be determined for different NOx formation mechanism.

Validation of the employed combustion CFD model

With all the studies done about combustion systems so far, researchers have noticed a big gap when it comes
to experiments specifically looking at how liquid fuels burn in combustion chambers. Many of the studies don't
dive deep into measuring emissions, like NOx levels and the amounts of important compounds, at the outlet of the
combustor. Engineers and researchers usually hold back from sharing results in these areas, especially when it
comes to how the related processes work in real-life situations and the complex behavior of jet stabilized
configurations using liquid fuel. The limited availability of published findings underscores the obstacles and the
necessity, for empirical research to comprehensively grasp the intricate interplays that influence NOX emissions
and other crucial performance factors, in these systems.

Recent research has thoroughly investigated the combustion and nitrogen oxide emission properties of jet-
stabilized combustors. In a jet-stabilized combustor type, secondary air is injected by four radial wall jets, essential
for flame stabilization [27]. This arrangement is non-swirling and does not depend on swirl-induced stabilization,
in contrast to standard setups. Consequently, jet stabilization provides an extensive operational range, rendering it
especially appealing for both experimental and numerical investigations (Bauer et al., 2020) [28].

In their study [28], Bauer and his team conducted experiments to understand how combustion and NOx
emissions occur in a jet-stabilized combustor. Kurreck and colleagues [29] used the k-epsilon turbulence model to
forecast how flow patterns and temperature are distributed inside the combustor. In a study conducted by Bazdidi
Tehrani and Zeinivand [30, 31], they used a method that combined the realizable k-epsilon turbulence model with
presumed probability density functions (PDF) to replicate spray combustion in a jet-stabilized configuration. Their
investigation also looked into how changing the quantity and locations of stabilizing jets affects both the efficiency
of combustion and the emissions of NOx. The findings suggested that extending the distance of the stabilizer jets
lowers NO emissions while increasing the number of jet orifices results in NO emissions.

In addition, to that point mentioned above by Bazdidi Tehrani and Teymoori [32], they worked on
improving the jet stabilized combustor to reduce the emission of substances like NOx and soot particles. Their
goal was to enhance this optimization process by adjusting the properties of the combustion chamber such as
diameter, angle, and positioning of the stabilizing air jets. Their study also discusses the application of modeling
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approaches like simulations, artificial neural networks, genetic algorithms, and multi-criteria decision-making
techniques to reach optimal results. Furthermore, the article outlines the optimization process steps, the specifics
of the simulations used, and validates these simulations by comparing them to data.

A study conducted by Alemi and colleagues [33] explored the impact of adjusting the angle and diameter
of jet injection on NO emissions optimization results. The results were noteworthy; higher jet Reynolds numbers
indicate an influence of injection angle on minimizing NO emissions at a 20° downstream angle. These findings
underscore the importance of jet configuration for emissions control and improving the efficiency of jet-stabilized
combustors.

The schematic of jet-stabilized combustor, mesh and boundary condition for investigation validation

The geometry of the present model combustor is inspired by the experimental setup documented by Bauer
et al. [28]. As shown in (Fig. 1 a.).

The combustor is 400 millimeters long and 80 millimeters, in diameter with four stabilizing air jet holes
measuring 8 millimeters each in diameter. These holes are placed around the circumference at intervals of 90
degrees. Are situated 60 millimeters away from the inlet plate. Moreover, a central liquid fuel atomizer of the air
blast type (as seen in Fig. 1.) is installed in the combustor to ensure blending of fuel and air. The atomizer sprays
fuel through a nozzle that's 0.7 mm of diameter, while air is discharged around the nozzle in a disk pattern with an
inner diameter of 1 mm and an outer diameter of 3 mm [28]. To ensure accurate simulation of the turbulent flow
within the model combustor, the computational domain is discretized using a structured mesh with 1,545,397
elements that includes a boundary layer, as shown in Fig. 1 a and b, employing the ICEM-CFD software generates
multi-block structured meshes of the combustors.

Wan

v'\ Statdborr po o
= eV ¥ e
| )
= Nt
L
FanY

a) b) ¢)
Figure 1 — The schematic and mesh of combustor a) Geometrical parameters; b) General view of combustor
structured mesh c) The view of structured mesh with O-grid at center of injector

The boundary conditions are in atmospheric pressure with 1 atm [28] and 295K of temperature, the air mass
flow of atomizer is 0.00033 kg/s, air mass flow through the jets is 0.0093 (kg/s) and liquid fuel (CioH22) mass flow
rate is 0.00028 kg/s. For the modeling of droplet distribution Rosin-Rammler droplet size is 20 (micron) with the
power of 2.5 and the initial droplet velocity is 10.5 m/s.

The simulation of combustion of kerosene in gas form was implemented in flamelet model of combustion
and the combination of finite rate chemistry and eddy dissipation model FRC/EDM [16].

The NOx formation and temperature distribution

As shown in Figures 2a and 2b, the temperature distributions at Z=1.75D and Z=2.275 demonstrate that the
deviation between the CFD results, using the flamelet and FRC/EDM models, is not significant, which means less
than 10%. Additionally, the comparison between the CFD results and the experimental temperature distribution
obtained by Bauer et al. [28] at the same distances (mentioned above) shows good agreement, further validating
the accuracy of the simulation.
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Figure 2 — Temperature distribution; a) in Z = 1.75D b) In Z = 2.275D
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Figure 3 — The NO distribution; a) In Z = 1.75D b) In Z = 2.275D

Figures 3a and 3b illustrate that at a distance of Z=1.75D, the discrepancy between the NO distribution
forecasted by the flamelet model and the experimental results from Bauer et al. [28] surpasses 20%. At Z=2.275,
the discrepancy between the flamelet model and the experimental results diminishes, indicating enhanced
concordance. The NO concentrations predicted by the flamelet model significantly diverge from the experimental
data, unlike the temperature outcomes, suggesting a substantial inconsistency that necessitates additional
examination. This discrepancy indicates that further parameters, such as model assumptions or NO generation
mechanisms, should be evaluated to enhance the simulation's accuracy.

The findings derived from the FRC/EDM model demonstrate a robust correlation with the experimental
data at both distances, signifying enhanced predicted accuracy for NO distribution.

The main investigated combustor, combustion mathematical model, mesh and boundary conditions

The CFD study was conducted using a CAN combustion chamber that was previously introduced in studies
by Prakash Ghose et al [23, 34, 35]. The combustion chamber is depicted more in Fig. 4a. The simulation was
carried out in the same conditions that were explained in the abstract.

However, for a clearer examination of the development of the flame front and the formation of nitrogen
oxides (NOx), including temperature and CO distribution, we adjusted the conditions for this study in a way that
differs from what was presented in Ghose Prakash et al. research. Specifically, we made changes to the mass flow
rates for both the fuel and air streams to gain an insight into NOx formation within a rich combustion setting.

The rate at which secondary air entered the combustion chamber was lowered to 0.005 kg/s to minimize its
impact on the combustion process. This enabled us to examine the dynamics of the burn flame without being
diluted by the air. Besides that, the flow rate of swirling air was changed to 0.05 kg/s. The C10H22 fuel flow rate
was adjusted to 0.001 kg/s. By adjusting these factors, our goal is to offer an understanding of how the mixing of
fuel and air caused by swirl affects the creation of flames and the release of NOx emissions, addressing the gaps
that exist due to the constraints of experiments.

In Fig. 4b, the velocity distribution within the combustion chamber is shown under cold flow conditions
(without combustion). The study utilized flow streamlines to anticipate the recirculation zone and internal velocity
distribution crucial for setting and determining the axial injection velocity in our experiments. The cold flow
simulation enabled us to concentrate on flow behaviors and notably the development of the recirculation zone.
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a) ' b)
Figure 4 — The geometry and area of simulation; a) Physical geometry of the real combustor under study
(Ghose P. et al.) [23,34,35]. b) The cold flow simulation contour plot of velocity and the area of investigation
1) X=0.04m 2) X=0.07m 3) X=0.0.12m 4) X=0.15m

Also, in Fig. 4b, the illustration indicated that the velocity near the fuel atomizer falls within the range of
30 to 35 meters per second (m/s). In order to maintain a flame formation and prevent any instabilities from arising,
we settled upon an axial injection speed of 30 m/s for all scenarios under examination. This choice was influenced
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by the necessity to restrict the injection velocity so it does not surpass the velocity around the atomizer and, within
the CRZ zone, since surpasses could disturb flame structure and result in combustion instabilities. Matching the
velocity of the injection with how the flow behaves in a cold flow situation ensures that the burning process stays
steady and controlled when faced with real combustion conditions.

The cases of study

In this investigation, six different cases were examined, as outlined in Table 1. These cases were designed
to explore the effects of varying droplet radial and tangential velocities on combustion dynamics, temperature
distribution, flame behavior, NOx and CO formation in the primary zone of combustion.

Table 1 — The various of atomization injection velocity component in various cases.

Cases Axial velocity Radial velocity Tangential velocity
(m/s) (m/s) (m/s)
1" Case 30 0 10
2t Case 30 0 17
3% Case 30 0 30
4" Case 30 5 17
5™ Case 30 12 17
6™ Case 30 27 17

The research, in the first three cases, delved into evaluating the changes in tangential velocity of C10H22
droplets inside the combustor. The main objective in these scenarios was to investigate how the combustion process
behaves in the region where NOx generation and temperature distribution are at their peak. The primary zone of
combustion is noted for its high temperatures and powerful chemical reactions that underline the necessity of
knowing how spinning droplets effect the flame properties, emission generation, and overall combustion dynamics.

In contrast to that, the fourth, fifth, and sixth cases investigated how the radial injection velocity of C10H22
droplets impacts the combustion process and emission formation in the primary zone of combustion. In other
words, we investigated in these 3 cases how liquid fuel droplets are distributed within the combustor and affect
mixing efficiency and flame characteristics, including the formation of NOx and CO.

Results and discussion for the Temperature distribution, NOx and CO formation

Fig. 5 a. (Temperature distribution at X = 0.04 m): The temperature distribution in the combustor's
primary zone varies noticeably between the six scenarios. Due to less effective combustion and weaker fuel-air
mixing, the first example has the lowest temperature (1377K). The temperature increases dramatically in the later
cases, especially in the third and sixth examples, as the tangential and radial velocities grow. In the sixth case, the
temperature reaches 1808K. Higher velocities boost mixing, which encourages more thorough burning and
produces a hotter flame in the primary zone's core, which is the reason for this rise. The second, fourth, and fifth
intermediate examples exhibit temperatures ranging from 1576K to 1656K, demonstrating the rising effect of
higher droplet velocities.

Fig. 5 b. (Temperature distribution at X = 0.07 m): At this axial location, there are still noticeable
changes in the flame core temperature, but the distribution of temperatures along the combustor wall becomes
more consistent. The maximum core temperature in the first case is 1815K, and the highest temperature in the
sixth case is 1960K. The core temperature indicates the strength of the combustion process, while the homogeneity
around the walls is a sign of stable heat transport. Better fuel-air mixing and greater flame temperatures in the core
are the results of the later cases' higher tangential and radial velocities, particularly in the third and sixth examples.

Fig. 5 ¢. (Temperature distribution at X = 0.12 m): As the flow progresses, the temperature differences
between the six cases diminish. The fluctuation is minimal, with temperatures ranging from 1985K in the first case
to 2010K in the third and sixth cases. This indicates that the combustion process has largely stabilized, with the
flame maintaining a high and consistent temperature. The reduced variation suggests that the fuel has been mostly
consumed, and the combustion process is nearing completion.

Fig. 5 d. (Temperature distribution at X = 0.15 m): By this axial position, the temperature fluctuations
among the cases remain minimal, as in Fig. 5 c. The temperatures range from 1978K in the third case to 2005K in
the first and sixth cases. This consistency reflects the complete combustion occurring by this point, where the fuel
is almost fully oxidized, and the temperature stabilizes throughout the chamber.

Fig. 6 a. (NO distribution at X = 0.04 m): The NO distribution at the primary zone of combustion
corresponds to the temperature fluctuations illustrated in Fig. 5a. The first case has the lowest NO concentration
(8.43 ppm), which correlates with its reduced flame temperature. With the increase in tangential and radial
velocities in the successive cases, NO production escalates markedly, culminating in the sixth scenario at 26.24
ppm. This is because NO generation, particularly thermal NOx, is extremely temperature-dependent, and the
higher temperatures in the later situations promote more NO formation in the flame core.
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Figure 5 — Temperature distribution in various location of the combustor for various cases

Fig. 6 b. (NO distribution at X = 0.07 m): At this point, NO formation increases substantially compared
to X =0.04 m. The first case has a maximum NO concentration of 13.67 ppm, while the sixth case peaks at 39.71
ppm. The increase in NO is driven by the higher temperatures at this axial position, as shown in Fig. 5 b, and the
prolonged exposure of the flame to high temperatures. The third and sixth cases, which have the highest flame
temperatures, naturally produce the most NO.

Fig. 6 c. (NO distribution at X = 0.12 m): By X = 0.12 m, the NO levels continue to rise, with the sixth
case reaching a peak of 67.7 ppm, while the first case remains at 37.8 ppm. The increased NO formation is a result
of sustained high temperatures in this region, as indicated by the temperature distribution in Fig. 5 c. The next
cases, with their higher initial droplet velocities and better fuel-air mixing, produce more NO due to the extended
time the flame spends at elevated temperatures.

Fig. 6 d. (NO distribution at X = 0.15 m): At the last location, the NO level remains high, with the first
case at 56.84 ppm and the sixth case at 67 ppm. The slight drop in NO from X =0.12 m to X = 0.15 m in some
cases suggests that NO formation has slowed as the combustion process nears completion. However, the high NO
concentrations across all cases reflect the sustained high temperatures in the flame core, as seen in Fig. 5 d.

Fig. 7 a. (CO distribution at X = 0.04 m): According to the CO distribution, the greatest mass fraction in
the first, second, and third examples is 0.086, 0.089, and 0.087, respectively, resulting in quite high CO
concentrations in the flame core. The greater CO in these circumstances is a symptom of incomplete combustion,
where insufficient oxygen hinders the entire oxidation of carbon to CO2. The fourth, fifth, and sixth examples
show a minor decrease in CO mass fractions as the radial velocity increases; the sixth case, in particular, reaches
a minimum of 0.085, indicating more efficient burning and less CO generation.

Fig. 7 b. (CO distribution at X = 0.07 m): CO concentrations start to decrease as burning continues. The
CO mass fraction in the first case is still somewhat high at 0.098, but it is lower in the third and sixth cases at 0.077
and 0.069, respectively. The higher temperatures in Fig. 5 b, are indicative of enhanced combustion efficiency at
this axial point, which is responsible for the decrease in CO. The greater droplet velocities appear to facilitate more
thorough combustion, generating more CO2 from CO, as evidenced by the lower CO levels in the latter examples.
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Figure 6 — NO distribution in various location of the combustor for various cases

Fig. 7 c. (CO distribution at X = 0.12 m): In every case, CO levels have decreased noticeably by this
point. The CO mass percent in the first case is 0.062, and the lowest value is 0.03 in the sixth case. The nearly full
combustion that is taking place in the chamber at this moment is reflected in the rapid decrease in CO since the
flame has reached steady, high temperatures, thoroughly oxidizing the fuel. The higher temperature and improved
fuel-air mixing in the latter situations correlate with the decreased CO production.

Fig. 7 d. (CO distribution at X = 0.15 m): At this final location, CO concentrations continue to decrease,
with the sixth case exhibiting the lowest mass fraction of 0.016, and the first case showing a higher value of 0.037.
By this moment, the combustion process is essentially complete, and CO levels are at their lowest. The little CO
formation across all scenarios implies efficient combustion and the complete oxidation of carbon to CO2. The
lower CO levels in the third and sixth cases imply that the greater droplet velocities lead to better mixing and
combustion efficiency, minimizing incomplete combustion and consequently CO generation.

Droplet penetration and its impact on combustion dynamics and emissions

In this study, droplet penetration behavior, as illustrated in Fig. 8 a to f for the first through sixth cases, is
crucial in defining combustion parameters such as evaporation rates and flame stability. In the first example,
droplet penetration is limited, which means that the droplets evaporate quickly after entering the combustion
chamber. This quick evaporation causes a more limited and focused combustion process, resulting in lower
temperatures, a smaller flame front, and less NOx generation, as seen in the temperature and NO distribution
figures. In comparison, the second and fourth cases show modest droplet evaporation and penetration. In these
circumstances, the droplets go deeper into the combustion chamber before evaporating, allowing for a more evenly
dispersed combustion process. This results in a more balanced temperature distribution and moderate NOx
generation. The droplets travel a greater distance than in the first scenario, but they remain inside the core of the
flame zone, allowing for successful burning without considerable contact with the combustor walls.

The third, fifth, and sixth cases exhibit maximal droplet penetration and evaporation, with droplets going
the greatest distance before entirely evaporating. In certain circumstances, the droplets approach or even strike the
combustor internal wall surfaces, resulting in concerns such as wall film development or lower combustion
efficiency near the walls. This increased travel distance results in a longer flame front, which leads to higher
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temperatures and greater NOx generation, as seen by the higher NO and temperature distribution. Furthermore, in
certain cases, contact with the combustor walls might cause localized hotspots and greater emission levels, notably
of CO, owing to incomplete combustion along the walls.
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Figure 7 — CO distribution in various location of the combustor for various cases

b) ¢)
Figure 8 — Droplet penetration in to combustor for various cases,
a) First case b) Second case c) Third case d) Fourth case e) Fifth case f) Sixth case

The change in droplet penetration across all cases demonstrates how droplet behavior directly effects
combustion dynamics, flame structure, and emission production in the combustion chamber. The combustion
process may be optimized and undesirable emissions like NOx and CO reduced by regulating droplet injection
parameters such as velocity and evaporation characteristics.
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Investigation of the Temperature, NO and CO formation contour for the first and sixth studied cases

Figures 9a and 9b present contour plots illustrating the temperature spread in the center plane of the
combustors for the first and sixth scenarios, respectively In Figure 9a, the situation shows a lower temperature
distribution around the fuel injection center and the central recirculation zone (CRZ). This indicates that in first
case there is fuel evaporation and combustion due to reduced penetration and evaporation resulting in diminished
heat release in these specific regions.

In comparison to Fig. 9b, the sixth situation depicted an uptick in temperature in these areas. The temperature
rise could be linked to penetration that allows for a greater amount of fuel to reach the core and CRZ. This results
in a combustion process and higher heat output. The differences in temperature spread between the two scenarios
suggest that greater radial and tangential speeds in the scenario enhance evaporation and combustion strength,
leading to a more effective energy release.
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Figure 9 — The contour plots of the first and sixth cases; a) Temperature distribution in the first case b)
Temperature distribution in the sixth case ¢) NO distribution in the first case d) NO distribution in the sixth
case e) CO distribution in the first case f) CO distribution in the sixth case

The NO distribution for the first scenario in Fig. 9c shows comparatively lower NO concentrations in the
vicinity of the combustor's center plane. This reduced production of NO is consistent with the temperature
distribution seen in Fig. 9a, where there is a noticeable decrease in temperature near the fuel injection center and
the central recirculation zone (CRZ). Lower temperatures, which restrict the thermal NOx generation process, are
thought to be the cause of the first case's decreased NO formations. On the other hand, the NO distribution for the
sixth example, where the NO concentrations are noticeably larger than those of the first case, is depicted in Fig.
9d. The higher temperatures shown in Fig. 9b are correlated with this increase in NO production. The sixth case's
greater temperatures promote the thermal NOx generation, which raises NO concentrations in the same regions as
the temperature. The close correlation between temperature and NO production is highlighted by this comparison.
As demonstrated in the sixth example, higher temperatures cause more NO to develop, but lower temperatures
cause less NO to be released, as demonstrated in the first example.

The CO distribution contour plots for the first and sixth cases are displayed in Figs. 9e and 9f. The contour
plot in Fig. 9e, which shows the CO distribution for the first scenario, shows lower CO concentrations in the area
surrounding the combustor's center plane. This outcome is consistent with the reduced NO levels in Fig. 9c and
the lower temperatures seen in Fig. 9a. In the first case, where the lower temperature and shorter primary
combustion zone lead to less CO formation, the lower CO levels point more thorough combustion and effective
oxidation processes. besides that, Fig. 9f displays the CO distribution for the sixth scenario, wherein elevated NO
levels, as illustrated in Fig. 9d, and higher CO concentrations are visible in the same regions where the temperature
is higher, as indicated in Fig. 9b. In areas with higher temperatures and longer droplet penetration, incomplete
combustion and reduced oxidation efficiency can be blamed for the increased CO formation in the sixth example.
This shows that although greater temperatures cause more NO to develop, they also raise CO levels because of
less complete combustion in those areas. This CO distribution analysis demonstrates how temperature and
combustion efficiency interact. If the combustion process is not optimized for complete oxidation, greater
temperatures can increase CO emissions in addition to NO generation. On the other hand, as the first example
illustrates, lower temperatures and shorter droplet penetration lead to less CO production, which denotes more
thorough burning.
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Conclusion

This paper investigates how temperature distribution within a gas turbine combustor and NOx and CO
emissions are affected by changing the radial and tangential injection velocities of kerosene droplets. The study
analyzes six different scenarios with varying injection velocity components using CFD simulations with ANSY'S
CFX with the goal of comprehending how these factors affect flame stability, heat distribution, and the formation
of harmful emissions.

The main conclusions show that injected kerosene droplets with higher radial and tangential velocities
greatly improve fuel-air mixing and, consequently, increase combustion efficiency. Higher core temperatures
within the combustion zone are indicative of a more stable and intense flame produced by this improved mixing.
Temperatures up to 1960K were reached in situations with higher droplet velocities, which encouraged more
complete combustion and a more even temperature distribution throughout the combustor.

It was discovered that NOx emissions, especially thermal NOx, were highly temperature-dependent. NOx
formation increased along with the droplet velocities, which raised the combustion temperature. The study
highlighted the direct relationship between temperature and NOx production by showing that the scenarios with
the highest flame temperatures also had the highest NOx concentrations. For example, NOx concentrations at the
furthest axial position reached 67 ppm in the highest velocity case.

The relationship between CO emissions and combustion efficiency was inverse. Due to inadequate fuel-air
mixing, incomplete combustion produced higher CO emissions in situations with lower droplet velocities. More
complete combustion happened as the injection velocities increased, which resulted in a notable drop in CO levels.
In the highest velocity case, CO emissions were reduced to a mass fraction of 0.016 at the end of combustion,
indicating very effective fuel oxidation.

The accuracy of the simulations is established by validating the CFD model with experimental data, which
is a critical component of the study. The results are given more credibility by the comparison with earlier studies,
which shows that the CFD model can accurately predict the temperature distribution and formation of NOx in the
combustor. The consistency between the experimental and simulated data highlights how reliable the numerical
techniques used were.

The study's conclusion demonstrates that kerosene droplet injection velocities can be optimized to have a
substantial impact on emission levels and the combustion process. Better mixing and more thorough combustion
are facilitated by higher radial and tangential velocities, which lower CO emissions. There is a trade-off between
increasing combustion stability and reducing NOx emissions, though, as higher combustion temperatures lead to
an increase in NOx formation. Thus, it is essential to strike the ideal droplet velocity balance in order to reduce
harmful emissions while preserving stable and effective combustion. This study emphasizes how crucial it is to
precisely regulate fuel injection settings in gas turbine engines in order to comply with environmental standards
and achieve operational performance objectives.
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BILJIMB IH'E€EKIIIT KPAIEJIb PITIKOI'O KEPOCHUHY IIPH PI3BHUX
PATAJIBHUX TA TAHTEHHIMHUX HIBUJIKOCTAX HA YTBOPEHHSA NOX,
CO TA PO3IIOALI TEMIIEPATYPHU

Y yvomy oocniosicenni npedcmasneno yucnosuti ananiz i CFD-mo0enosants 320panhs pioKo2o KepoCuHy
ULTIAXOM Bapil08aAHHS PAJIANLHUX | MAHSEHYIATLHUX CKAAOO0BUX WBUOKOCII KPanelb KEPOCUHY, THIHCEKMOBAHUX
yepes opcyHKy 6 peanvHull xamepy s2opauus. Kpanni posensdaromocs uepe3 po3nodin posmipie 4acmuHoK 3a
Posinom-Pammnepom 3 eukopucmanuam moodeni posnunenns FEiunepa-Jlacpansca. OcnosHnoio memoio yb0o2o
docnioxcennst € oyinka npoyecie ymeopenus euxuoie, maxkux sk NO i CO, a makooc KOIU8AHb PO3NOOLLY
memnepamypu 6 30HI NEPEUHHO2O0 320pSHHA NI0 YAC Npoyecy 2OpIHHA Mma SUNAposyéanHs Kpaneiv. Jlis
MOOENI0BAHHS 20PIHHA BUNAPEHO20 KepOocuHy 0yno eukopucmano modenv Flamelet, sika 0ossonse demanvHo
onucamu KinemuyHny cxemy Ximiunux peaxyiti mivic (JetA-CI10H22) i nosimpsam, inmeeposany ¢ ANSYS CFX,
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€ 3 NOKPAW eHUM ONUCOM CIIHOK i MoOeLto sunpominiosanns Pl. Bepugikayisa ma eanioayis pe3ynbmamie ananizy
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USE OF GEO-INFORMATION SYSTEMS FOR GROUNDWATER
MONITORING

Abstract . The article is devoted to the study of the possibilities of using geographic information systems
(GIS) for monitoring the state of groundwater, which is important for ensuring environmental safety and
sustainable management of water resources. Groundwater is an important source of fresh water for the
population, industry and agriculture, but it is vulnerable to various pollutions caused by both natural and
anthropogenic factors. Therefore, the implementation of reliable monitoring systems that allow timely detection,
assessment and forecasting of changes in water quality is necessary to prevent the deterioration of the ecological
situation and prevent the spread of pollution.

Geographic information systems (GIS ) offer significant opportunities for the collection and integration of
large volumes of spatial data, including satellite images, remote sensing results, automated sensor data, and field
observations. GIS allow creating multi-layered maps reflecting the ecological state of underground aquifers,
modeling pollution processes and predicting their possible impact on nearby ecosystems and water sources.
Thanks to the use of GIS, it is possible to combine data from different sources in a single interactive system, which
simplifies analysis and provides the ability to quickly respond to any detected deviations.

The article examines in detail the key methods used within GIS for groundwater monitoring, including
satellite sounding to analyze changes in the earth's surface, spectral indices to assess the state of vegetation and
soil salinity, and radar methods to determine soil electrical conductivity. Particular attention is paid to the
application of three-dimensional modeling, which allows visualization of the spread of pollution in underground
aquifers, which facilitates decision-making regarding the optimal location of monitoring stations and the design
of protective structures. In combination with automated sensors recording water parameters in real time, GIS
provides continuous monitoring of the physico-chemical indicators of groundwater and allows for prompt
assessment of their condition.

The article also analyzes the possibilities of using predictive modeling in GIS to assess the further spread
of pollution and develop environmental risk management measures. It is described how mathematical models in
GIS can help predict the impact of anthropogenic and natural factors on groundwater, which ensures the
development of scientifically based solutions to reduce pollution and maintain water quality at a safe level. The
implementation of GIS in groundwater monitoring is an important step towards increasing the efficiency of water
resources management, ensuring their protection from pollution and preserving the ecological stability of the
regions.

Keywords: geoinformation systems, groundwater monitoring, environmental safety, satellite sounding,
automated sensors, three-dimensional modeling, predictive modeling, water resources management, aquifer
pollution.

Introduction . Groundwater monitoring is a key element for ensuring ecological stability and sustainable
management of water resources, especially in regions with increased anthropogenic activity. In industrial and
mining areas where the level of contamination can change rapidly due to leaks, increased mineralization or
contamination with toxic substances, groundwater monitoring is critically important. Thus, on the territory of the
Dombrovsky quarry, the accumulation of brines creates an ecological threat to aquifers, which emphasizes the
need for highly accurate and integrated systems for monitoring the state of groundwater.

Geographic Information Systems (GIS) provide an integrated approach to groundwater monitoring by
providing the ability to collect, store, analyze and visualize a variety of environmental data from a variety of
sources. The use of these systems allows detecting changes in the state of groundwater, assessing the degree of
contamination, predicting the dynamics of contamination, and creating models that reflect the interaction between
contaminated zones and aquifers. GIS programs , such as ArcGIS and QGIS, are capable of processing large
volumes of spatial data, which allows you to quickly obtain information about the state of aquifers and make
effective management decisions to protect water resources.

The application of GIS includes the use of satellite sounding, remote sensing data, and spectral indicators
that allow us to assess the state of surface and groundwater in large areas. An important aspect is the creation and
analysis of thematic maps, which provide a reliable representation of the ecological situation. For example, maps
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that display the salinity level or the chemical composition of groundwater help to investigate areas with increased
levels of pollution and develop measures to minimize their impact on the ecosystem.

Modern geoinformation systems also support the creation of three-dimensional models of aquifers, which
allows you to explore not only the plane, but also the deep aspects. Such 3D models make it possible to estimate
the depth of the contaminated layers, adjust the optimal points for installing monitoring stations, and more
accurately predict the movement of contaminants in aquifers. The use of mathematical models ensures the creation
of forecasts regarding the further spread of pollution under the influence of natural and man-made factors, which
is a case for timely use of measures to prevent environmental damage.

Thus, the implementation of a geo-information system for groundwater monitoring not only ensures the
accuracy and efficiency of obtaining environmental information, but also contributes to more effective
management of natural resources. GIS technologies are a tool for specialists in the field of ecology and water
resources, which should ensure long-term environmental security of regions with a high risk of groundwater
pollution.

Purpose and task. The purpose of the research is to provide effective monitoring of the state of
groundwater using geoinformation systems for timely detection and forecasting of pollution. The task of the work
is the study of GIS methods that contribute to the detection, analysis and visualization of groundwater data, as well
as the assessment of their application for building models and making decisions in the field of water resources
protection.

Presentation of the main research material. Today, geographic information systems (GIS) are one of the
most effective tools for monitoring the ecological state of groundwater. Thanks to these systems, it is possible to
integrate and analyze data from various sources, visualize the dynamics of changes and predict possible scenarios
of the spread of pollution in aquifers. It allows you to create multi-layered maps and models that help assess the
state of groundwater and the interaction between various environmental factors that affect their quality and
quantity.

Geographic information systems (GIS) are indispensable in groundwater monitoring due to their ability to
integrate, analyze and visualize large volumes of data that cover the physical and chemical characteristics of
groundwater, the ecological status of regions, the level of damage, and spatial and temporal changes in ecosystems.
The use of GIS contributes to greater accuracy, efficiency and systematic environmental control, providing the
possibility of making informed decisions for the protection of water resources [1] .

First, there is the possibility of collecting and processing large volumes of data from various sources, such
as satellite images, sensors, field studies and automated monitoring stations. This data may include information on
salinity levels, concentrations of toxic substances, water conductivity, temperature, and other parameters that affect
groundwater quality. The integration of such data into a single system makes it possible to maintain a
comprehensive picture of the state of waters in the selected territory. The use of satellite images allows monitoring
of large areas and surface changes that may affect aquifers, such as landslides, changes in vegetation or aquifers,
which are the result of both natural and anthropogenic factors.

In addition, GIS contribute to the identification of regularities and the analysis of spatial and temporal
dynamics of pollution. The use of spatio-temporal data allows creating maps and models that reflect the dynamics
of changes in groundwater at different time stages. This is especially important for monitoring areas with a high
level of anthropogenic influence, such as industrial or mining areas. Regular monitoring of pollutant concentrations
makes it possible to accidentally detect anomalous increases in pollution levels, which may indicate leaks or other
sources of pollution, and to ensure a rapid response to environmental threats.

There is a huge potential for predictive modeling, which allows predicting how the state of groundwater
will change under the influence of natural or man-made factors [2] . Predictive modeling can be used to assess
different scenarios, for example, the deterioration of the ecological situation due to increased precipitation,
changing climatic conditions or the expansion of industrial production. Based on such forecasts, experts can
develop measures to prevent further deterioration of water quality, such as the construction of drainage systems,
the creation of protective barriers or the installation of monitoring stations at key points .

Three-dimensional modeling, which is supported by GIS, allows visualization of the distribution of
pollutants not only in the horizontal but also in the vertical dimension, providing a more detailed understanding of
distribution at different depths. This makes it possible to determine the depth of the contaminated layers and their
connection with fresh water horizons. This approach is especially valuable in regions with complex geological
conditions, where surface and underground distribution can be significantly different [3] .

It is possible to analyze the interrelationships of environmental factors, such as climatic conditions, the
intensity of industrial production, the condition of the soil and vegetation, the degree of anthropogenic load on the
territory. Such a comprehensive approach will make it possible to determine the main causes of pollution and
develop effective measures to reduce them. They also provide an opportunity to quickly respond to environmental
threats. Data from satellites, sensors, and field studies can quickly track abnormal changes, such as rising salinity
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levels in a given area, that may indicate expanding water salinization. These systems can quickly analyze data,
assess their impact on the environment and decide on preventive measures, such as installing temporary barriers
or diverting water to prevent further impacts.

The use of modern approaches makes it possible to develop long-term environmental programs that take
into account the peculiarities of a certain region, the dynamics of disturbance and environmental risks. On the basis
of the obtained data, it is possible to plan measures to prevent pollution for many years ahead, such as the
construction of protective structures, the implementation of water purification and desalination methods, and the
installation of drainage systems to maintain water quality at a stable level [4] .

GIS also facilitate an interdisciplinary approach and collaboration between higher scientific, public, and
private institutions involved in groundwater monitoring. The use of a single platform allows different organizations
to exchange data and coordinate their actions, which is especially important for large environmental projects that
require the involvement of significant resources and specialists from various fields.

Information capabilities are widely used for training specialists in the field of ecology, hydrogeology and
groundwater monitoring. Real data from various projects help to practically apply monitoring methods, improve
skills in working with spatial data, and obtain up-to-date knowledge about predictive modeling and systematic
management of natural resources [5] .

Analyzing the data of the Dombrovsky quarry from the GIS system for 2015 (Fig. 1) and 2024 (Fig. 2), we
can conclude about a significant increase in brines, marked in black in the photo as zones with high salinity. In the
image for 2024, the amount black areas are much larger, indicating a high level of salinity [6] . This indicates an
increase in the concentration of salts in underground and surface waters of the quarry.

Figure 1 — Snapshot (2015) from Sentinel Hub Figure 2 — Snapshot (2024) from Sentinel Hub

Such a series of salinity levels is a serious signal of the aggravation of the problem of salinization of water
resources in the region. The spread of brines can lead to ecosystem degradation, as high salt concentrations
negatively affect vegetation and soil, making the area unsuitable for many species of flora and fauna. In addition,
such changes can cause the migration of contaminated water into nearby aquifers, which threatens the quality of
drinking water for the surrounding areas.

Without the implementation of control measures and the construction of protective structures , the level of
salinity in the Dombrovsky quarry and adjacent aquifers will increase. This is due to several factors:

1. Cumulative nature of the process . Salinity tends to accumulate, reducing the salt level in water is a very
slow process. Accumulated salts will continue to accumulate in the lower horizons, seeping into the ground and
aquifer layers.

2. Infiltration of salts into adjacent horizons. Over time, saltwater can begin to seep into nearby aquifers,
increasing the extent and depth of contamination. This can cause water quality in the region to deteriorate, making
it unfit for consumption and threatening ecosystems.

3. Increasing the risk of fresh water pollution. Since the Dombrovsky quarry is located close to other water
bodies, there is a risk that, through capillary or underground processes, brines may penetrate into fresh water
sources, which are connected for economic and drinking needs [7].

Based on the trends observed in the 2015 and 2024 images, it can be predicted that the area of saline areas
will increase by 15-20% by 2030 if no protective measures are taken. This forecast is based on an analysis of
current salinization dynamics and the maintenance of current infection rates.

In the longer term, without effective control, the salinization of aquifers can lead to serious environmental
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consequences for the region:

1. Extension of sounding. Brines can penetrate aquifers that are currently completely protected. This will
lead to a significant expansion of the zone with high salinity, which will make the area unsuitable for economic
and agricultural use.

2. Negative impact on local ecosystems. An increase in soil and water salinity will negatively affect the
state of local ecosystems, including degradation of vegetation and changes in biodiversity. Many plants and
animals are unable to withstand high levels of salinity, which will lead to a decrease in the number and types of
biodiversity depletion.

3. Risk of environmental disaster. If the salinization process is not stopped or isolated, the penetration of
brines into aquifers of regional or global importance is possible. This will threaten not only local water sources,
but may also have greater consequences for the adjacent regions of Ukraine and neighboring countries, such as
Moldova, especially in conditions of a possible expansion of production works [8] .

GIS data play an extremely important role in the process of monitoring and minimizing the risks of
groundwater salinization. Thanks to the ability to process and analyze a large amount of spatial data, GIS allows
specialists to create interactive maps, predictive models and monitoring systems that help to quickly monitor
changes in the state of aquifers and respond to some threats.

The main ways of using GIS to minimize the risks of salinity are as follows.

1. Constant monitoring and periodic detection of changes.

GIS provides the possibility of regular monitoring of the state of groundwater and allows recording changes
in salinity, levels of damage and other physicochemical parameters. The use of satellite images, automated sensors
and ground observations allows for constant storage of updated data, which significantly increases the accuracy of
assessing the current state of aquifers.

For example, with the help of regular analysis of GIS data, it is possible to detect the tendency of increasing
salinity in a certain area in time. This allows for prompt decision-making, for example, regarding the installation
of additional drainage systems to avoid the further spread of brines.

2. Use of 3D modeling to assess the spread of pollution.

Three-dimensional modeling in GIS is a powerful tool for studying the dynamics of the spread of pollutants
in groundwater. With the help of 3D models, it is possible to visualize not only the horizontal, but also the vertical
movement of brines, which clearly assesses the depth of their penetration and the impact on deep aquifers.

For example, in the case of the Dombrovskyi quarry, 3D modeling can be used to determine the places of
the greatest accumulation of brines in deeper horizons, which allows obtaining risk points for fresh water. Thanks
to such modeling, specialists can develop more effective strategies to stop or slow down the seepage of salts, in
particular, to determine the optimal places for the construction of protective barriers.

3. Predictive modeling.

Using GIS mathematical models, it is possible to predict how the level of groundwater salinity will change
in the future, depending on factors such as rainfall, temperature fluctuations, geological conditions and other
factors.

For example, if forecast modeling shows that precipitation is expected to increase in the near future, this
could contribute to further spread of brines. In such a case, based on the forecast, risk reduction measures such as
expansion of the drainage system or strengthening of existing barriers can be planned in advance.

4. Optimizing the location of monitoring stations.

GIS data help to optimize the location of monitoring stations, which allows for more accurate control of
the state of groundwater in different parts of the territory. Thanks to the analysis of thematic maps and 3D
modeling, it is possible to determine the place with the highest concentration of pollution, where the installation
of monitoring stations is most appropriate.

Optimum location of stations reduces monitoring costs and provides more accurate data that can better
predict the spread of pollution.

5. Timely response to environmental threats.

Thanks to the data obtained from GIS, specialists can quickly respond to sudden changes in the state of
groundwater, for example, to a sharp increase in the level of salinity or the emergence of new polluted areas. Using
GIS, you can quickly analyze data, assess the impact of changes on the environment and make appropriate
decisions.

GIS also allows for the creation of long-term monitoring and management programs that take into account
environmental risks and allow planning activities for many years ahead. The use of historical data and models of
salinity dynamics additionally allows specialists to develop forecasts and plan measures to prevent environmental
disasters in the future.

Long-term planning based on GIS includes, for example, the construction of protective structures, the
creation of complex drainage systems, the implementation of cleaning and desalination methods that minimize
risks for the region and preserve water resources [9].
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Conclusion. The implementation of geographic information systems (GIS) in groundwater monitoring is
an extremely effective approach to ensuring environmental security and sustainable management of water
resources. Modern capabilities allow for the integration of huge amounts of data, including satellite images,
automated sensors and the results of field studies, into a single platform for comprehensive analysis of the state of
groundwater. The use of GIS provides not only efficiency and accuracy in data collection, but also creates a tool
for identifying dynamics and regularities in changes in water quality, especially in conditions of anthropogenic
influence.

One of the key achievements of GIS is the possibility of creating thematic and three-dimensional maps that
allow a deeper understanding of the spatial and temporal distribution of pollution in aquifers. Thanks to such maps,
experts can not only identify current "hot spots" of pollution, but also predict potential risks that may arise in the
future. For example, the use of 3D models helps to investigate how deeply polluted waters spread and to identify
areas that require additional protection measures.

Predictive GIS-based modeling is another extremely important aspect that allows for the development of
different scenarios for the development of the salinity situation. The inclusion of climatic and anthropogenic
factors in the calculations makes it possible to build forecasts that take into account possible changes in natural
conditions, such as an increase in the level of precipitation or changes in temperature, which can affect the salinity
of aquifers. Such forecasts are the basis for creating long-term risk management strategies, developing measures
to reduce the impact on ecosystems and ensure a stable state of groundwater.

Modern GIS also make it possible to create early warning systems that can detect changes in water
parameters in real time. Such a system provides the ability to immediately respond to sudden changes in the state
of groundwater, which is critical for preventing environmental disasters. This opens up prospects for more efficient
management of water resources, especially in regions with a high level of anthropogenic load, such as the
Dombrovsky quarry, where the risk of pollution is increased.

Using the example of Dombrovsky quarry monitoring for 2015 and 2024, it is possible to draw a conclusion
about the effectiveness of the GIS system in studying the dynamics of brines, which shows an increase in the
concentration of salts in the underground and surface waters of the quarry, which threatens the pollution of surface
and underground waters in the environment. Based on the trends observed in the 2015 and 2024 images, it can be
predicted that the area of saline areas will increase by 15-20% by 2030 if no protective measures are taken. The
application of 3D modeling can be used to determine the places of the greatest accumulation of brines in deeper
horizons, which allows to obtain points of risk for fresh water. Thanks to such modeling, it is possible to develop
more effective strategies to stop or slow down the seepage of salts, to determine the optimal places for the
construction of protective barriers.

Therefore, the implementation of GIS in groundwater monitoring is an important step on the way to
ecologically balanced development. Geoinformation systems provide specialists in the field of ecology,
hydrogeology and water resources management with an effective tool for analysis, forecasting and timely response
to environmental challenges. The development and improvement of GIS technologies allows to increase the level
of safety of water resources, providing a reliable basis for preserving ecological stability and protecting the quality
of groundwater in the long term.
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«KuiBchknmii nosritexniyanii incrutyT imeHi Iropst Cikopcbkoro»

BUKOPUCTAHHSA T'EOTH®OPMAIIIMHUX CUCTEM JJ11 MOHITOPUHI'Y
CTAHY HNIA3EMHUX BOJ

Cmammsi nPUCBAYEHA BUBUEHHIO MOICIUBOCIEl 8UKOPpUCMAaHHs 2eoingopmayiunux cucmem (I'IC) ons
MOHIMOPUHZY CIMAHY NIO3EMHUX 600, WO MAE 8AXHCTUSE 3HAUEHHA ONA 3a0e3neuenHs eKono2iunoi 6e3nexu ma
CMAn02o ynpasiinHa 600HUMU pecypcamu. I1iozemui 600U € 8axciusum 0xceperom NpicHoi 800u 015 HACENeHHS,
NPOMUCIOBOCII MA  CITbCbKO20 20CNO0ApCmEa, OOHAK GOMU 6pA3IUGI 00 PIZHOMAHIMHUX 3a0pYOHEHb,
CHPUYUHEHUX SIK NPUPOOHUMU, MAK i anmponozennumu gaxmopamu. Tomy enposaddicenns HAOIHUX CUCEM
MOHImMoOpuH2Y, AKI 00380JAI0OMb CEBOEYACHO GUAGTAMY, OYIHIOBAMU MA NPOSHO3Y8AMU 3MIHU AKOCMI 600U, €
HeOOXIOHUM 071 3aN00ieaHHs NOCIPUWEHHIO eKO02IYHOI cumyayii ma 3ano0ieanHs NOUUPeHHIO 3a0pyOHeHHS.

Teoingpopmayinini cucmemu (I'IC) 6iokpusaromv 3HauHi Modcaugocmi Oas 30upanus ma inmezpayii
genuKux 00csA2i6 NPOCMOPoBUX OAHUX, 30KpeMd CYRYMHUKOBUX 3HIMKI6, pe3ynomamis Oucmanyitinozo
30HOYBAHHSA, OAHUX ABMOMAMUI0BAHUX CEHCOPI8 Ma NONbosux cnocmepedxcens. I1C 003601510mb cmeoplosamu
bazamowaposi kapmu, wo 8i000padtcaiomy exoI02i4HULl CTAH NIO3eMHUX 8000HOCHUX 20PU3OHINIE, MOOeTI08AMU
npoyecu 3a0pyOHeHHs i RPOSHO3Y8AMU IX MONCTUBUL BNIUE HA NPpUNe2li eKocucmemu ma oxcepena 800u. 3a80axu
suxopucmannio I'IC moodicna noconygamu 0aui 3 piznux 0dicepen y COUHitl iHmepaKkmugtiltl CUCmeMmi, Wo Cnpouye
ananis i 3a6e3neyye ModNCIUBICMb WUBUOKO20 pedsy8anis Ha OYOb-5aKi 8UAGIEH] GIOXUIEHHS.

Y ecmammi ooknaono pozensioaromuvcs kirouogi memoou, ski euxopucmosyromovcs 6 pamkax I'IC ons
MOHIMOPUHEY NIO3eMHUX 800, 30KpeMd CYNYMHUKO8e 30HOY8AHHS OJNd AHANI3Y 3MIH HA NOBEPXHI 3eMil,
CREeKmMpanbHi iH0eKcuU OJi OYIHKU CIAHY POCIUHHOCHE MAd COTOHOCMI IPYHMIB, d MAKO’C padioNOKAYIIHI Memoou
011 GU3HAYEHHs eneKmponposionocmi tpyumie. Okpemy yeacy npulileHo 3acmoCy8aHHIO MPUBUMIPHO0
MOOEN0BAHHSA, SIKe O0360J5€ BI3YaANi3y8aAmu NOWUPEHHs 3a0pYOHeHb Y NIO3eMHUX 6000HOCHUX WAPAX, WO
nojecauwye NpuliHAMms pilleHb w000 ONMUMALLHO20 PO3MAULYBAHHA MOHIMOPUHSOBUX CMAnYil ma
NPOEKMY6AHHs 3AXUCHUX CNOPYO. Y NOECOHAHHI 3 a8MOMAMU306AHUMY CEHCOPaMU, Wo @IKcyloms napamempu
600u 8 pescumi peanvrozo uacy, I'lC 3abesneyye 6e3nepepsnuii KOHMPoORL 3a QI3UKO-XIMIYHUMU NOKAZHUKAMU
nio3eMHUx 600 i 00360.JIA€ ONEPAMUBHO OYIHIOBAMU iX CINAH.

Cmammsa makoosic anHanizye MoJICIUBOCmi 3acmocy6anHts npocHo3no20 mooemosanns y I'IC ona oyinku
nOO0ANbUO20 NOWUPEHHSA 3a0PYOHEHsA ma PO3POOKU 3ax00i6 3 YNPaeinHsA exono2iunumu pusuxamu. Onucano, sx
mamemamuyni modeni y I'IC mooxcymv Oonomoemu nepeddbauumu GnNIUS AHMPONOSEHHUX MA NPUPOOHUX
gaxkmopie Ha niozemHi 600u, WO 3abe3neuye po3pPOOKY HAYKOBO OOIPYHMOBAHUX piuieHb O 3MEeHUEeHHs
3a6pYOHeHHs. ma NIOMPUMAHHS AKOCMI 600U Ha be3neunomy pieni. Bnposaodicennsn I'lC y monimopune niozemHux
600 € BAJNCIUBUM KPOKOM 00 NiOGUWEHHS eeKMUSHOCMI YIPAGIIHHA 80OHUMU pecypcamu, 3a0e3nedeHHs ix
3axucmy 6i0 3a6pyOHeHb ma 30epediCeH sl eKOI02IYHOL CabiibHOCMI Pe2ioHis.

KawuoBi caoBa: ceoingopmayiiini cucmemu, MOHIMOPUHE NIO3eMHUX 600, eKONoziuHa be3neka,
CYNYMHUKOBE 30HOVEANHS, AGMOMAMU308AHI CEHCOPU, MPUBUMIDHE MOOENIO8AHHS, NPOSHO3HE MOOENO6AHHS,
VYIPABAIHHA BOOHUMU PECYPCAMU, 3A0PYOHEHHS BOOOHOCHUX 20PU3OHMIE.
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