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AHomayia. Cmammio npucea4eHo po3pobnaeHHI0 HayKoso 06rpyH-
moeaHo20 nioxody 00 MAaHY8AHHA Mepexti 800He8UX 3arpasHUX
cmanyil 8 YkpaiHi Ak cKknadosoi po3sumky 800Heg8oi MobinbHocMi
ma peanizauii yineli HU3bKOBY2neyeeo2o eHepaemuyHo2o rnepexody. AKmyanbHicme 00CAIOHEHHS 3YMOB/AEHA
HeobxiOHicmo repexody 8i0 MOYK0B8020 PO3MIU,eHHA OKpemux Hz-3anpasok 0o ¢hopmysaHHsA UiniCHOI Mepei,
30amHoi 3a6e3rnevyumu npPocmoposy 38°A3Hicme, MOEMAnHICMb PO320PMAHHA iHhpacmpykmypu ma macwma-
6y8aHHA PUHKY MPAHCIOpMYy HA NMAsaUSHUX enemMeHmax 3a ymos obmexceHuUx iHeecmuuiliHux pecypcis i nioeu-
WeHUX pusuKie. Y pobomi 3aripornoHo8aHo cyeHapHo-GIS-opienmosaHuli nioxio 0o naaHysaHHsa mepexi Hx-3a-
npaeokK, AKuUli NMOEOHYE pPO2HO3YB8AHHA nonumy HA 600eHb, 6a2amogakmopHy OUiHKY npudamHocmi
nomenyitiHux noKayili ma ¢hopmanizosaHuli MexaHiam ¢hopmyeaHHA mepexci. O6rpyHmMo8aHoO 8UKOPUCMAHHA i€-
PApXiyHOi cmpyKmypu mepexci murny «a0po — Kopudopu — repugepis» K 6a308020 rMpuUHYUNy MPocmMoposo2o
naaHyeaHHs. Po3ansHymo mpu 6a308i cyeHapii po3eopmaHHA Ha-3anpasHoi iHghpacmpykmypu e YKpaiHi 0o 2035
POKY ma MOKA3aHO ix 8i00bpaxceHHs y 8u2aa0i cxemamuyHux moodeneli iEpapxiyHoi cmpykmypu ma cueHapHoi
esos1ouii Mmepexi. 3anpornoHO8aHO MamemMamuyHy MoOesb, Y MEXCAX AKOI PpO38UMOK Mepexti hopmani308aHO
yepe3s CUeHapPHO 3anexcHi napamempu, Wo 8paxo8yroms mpaHcrnopmHudl nonum, egpekmusHy docmyrnHicme gio-
HOB/I0BAHUX OXcepes eHepeii 0019 enekmponizy, iHhpacmpykmypHy eomoeHicme ma creyugivyHi 0018 YKpaiHu
PU3UKOBi YUHHUKU. [ToKa3aHo, w,o Mmodess npudamHa 0111 peanizayii 8 GIS-cepedosuwyi ma moxe bymu sUKopu-
CmMaHa 0119 hopMyB8aHHSA IHMePaKmMueHoi Kapmu mepexci Ho-3anpasok 3 demanizauyiero 00 pisHa mepumopiane-
HUX 2poma0, Wo iCMoMHO PO3WUPIOE MPOCMOpPOo8y 2aAUbUHY aHAAI3Y MOPIBHAHO 3 HASBHUMU Midxodamu, obme-
HeEeHUMU pisHem obaacmell. Y3azanbHeHO, WO 3anpornoHo8aHuli cuyeHapHo-GIS-opieHmosaHuli nidxio
3abe3nevye HayKogo obrpyHmosaHe bayeHHA hopmysaHHA mepexci Hy-3anpasHux cmaryili 8 YKpaiHi ma moxce
crly2ysamu memoOuYyHOK OCHOB00 019 cmpameziyHo20, iHeecmuuyiliHo2o (i npocmopo8o20 NAaHy8aHHA PO38U-
mKy 800He80i MobinbHocmi.

L2 |HcTUTYT BigHOBAIOBAHO! eHepreTUKM
HAH YKkpainu, m. Kuis, YKpaiHa

Knrouoei cnoea: ocsima, ¢axieui, 600Hesa mobinbHicms,; mepexca Hp-3anpasHux cmaHuyili; cueHapHul aHanis;
GIS-M00ento8aHHS; NaAAHY8AHHSA IHGpPacmpyKkmypu, 8iOHO8/108AHI OXcepesa eHepeii; enekmpori3 800H0; iHeec-
muuiliHa npusabausicme,; mepumopianbHi epomadu.

Mepenik BUKOPUCTAHUX NO3HaUYEHb Ta CKOPOUYEHb
€C - EBponeiicbkuin Cotos BAM — BogHeBa M0ObiNbHICTb

B/JE — BigHOBANIOBaHI AxKepena eHeprii A3C — aBTo3anpaBHa CTaHUiA

B/AE — BigHOBNIOBAHI AoxKepena eHeprii
H> — BOAEHb
H»-3anpaeka — BoaHeBa 3anpaBHa CTaHUiA

GIS — reoiHdpopmauiiHa cuctema (aHrn. Geographic
Information System)

FCEV — TpaHCnopTHi 3acobu Ha NaNnBHUX efleMeHTax
(anrn. Fuel Cell Electric Vehicles)

MCA — 6aratokpuTepianbHuit aHanis (aHrn. Multi-Criteria
Analysis)

MCDA — 6araToKpuTepiasibHUIA aHani3 NPUAHATTA pilleHb
(aHrn. Multi-Criteria Decision Analysis)

LCA — oujiHKa NOBHOTO }KUTTEBOTO UMKAY (aHrA. Life Cycle
Assessment)

B/AlE-enekmposi3 — BUPOOHULITBO BOAHIO LUJAXOM €/1EKT-
pPONi3y 3 BUKOPUCTAHHAM BiAHOBNOBAHUX AXKepen eHeprii

EU4Energy —perioHanbHa iHiuiatuea €sponericbkoro Co-
103y, CNPAMOBAHAa Ha NiATPMMKY KpaiH CxiAHOro napTHepc-
TBa y pedopmyBaHHi eHepreTMYHNX puHKis/

Si_— iHTerpanbHWIM NOKa3HMK NPUAATHOCTI NoKauii Ana po-
3miweHHA Hx-3anpaBku

Pi — noKasHWK epeKTUBHOI AOCTYNHOCTi BiHOB/IIOBAHMX
J)Kepen eHeprii ANA eNeKkTponisy

Ti_ — NOKa3HWK TPAHCNOPTHOI IHTEHCUBHOCTI Ta AOCTYMNHO-
CTi

li — NoKa3HWK iHpPaCTPYKTYPHOI rOTOBHOCTI

Ri— iHTerpanbHWit NOKa3HUK PU3MKIB
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BcTyn. Y KOHTEKCTi rnobanbHUX KAiMaTUUHUX BUK/UKIB Ta
HeobXiAHOCTI CKOPOYEHHA BUKUAIB MapHMKOBUX rasiB po-
3BUTOK BOAHEBOI eHepreTUkn Habysae aegani 6inbLioi ak-
TyanbHocTi. EBponeiicbkunit Cotos, Cnonyyeni LWtatn Ame-
pPUKK, ANOHIA Ta iHWIi KpaiHX 3 PO3BUHYTOID €KOHOMIKOIO
B)Xe aKTMBHO BMPOBAAKYIOTb CTpaTerii nepexoay 40 HU3b-
KOBYI/1ELLEBOTO eHepreTUYHoro 6anaHcy, e BoLeHb, 0cob-
/INBO 3e/1eHNIN — OTPUMAHUI eNEKTPOSIZOM BOAM 3 BUKOPU-
CTaHHAM eHeprii BIAHOBNIOBAHUX [AXKepen — Bigirpae
KNH0YOBY PO/b. TPAHCNOPTHUI CEKTOP — OHE 3 OCHOBHMUX
nxRepen suknais CO, — po3rnafaeTbCsa AK NePCneKTUBHUN
HanpPAM BWKOPWUCTAHHA BOZHIO, LLO CTBOPKE NOTpedy y
BiANOBIgHIM iHOPaCTPYKTYpi, 30Kpema 3anpaBHUX CTAHLiAX
[ONA aBTOTPAHCMNOPTY Ha Na/MBHUX e1eMEHTaXx.

Ons YKpaiHM, fika Ma€e 3HauyHW MOTEeHUjan PO3BUTKY
BigHOBAIOBaHUX Axepen eHeprii (BAE) — BiTpOBOI, COHAYHOI
Ta bioeHepreTMKN — BOAEHb PO3INAAAETHCA HE ML AK iH-
CTPYMeHT aekapboHisaLii, a i AK cTpaTeriyHnin Hanpam ans
iHTerpauii B €EBPOMNENCbKUIA eHepreTMYHUn NpocCTip.
BianosigHo [0 «[lpoekTy [JOPOXKHbOI KapTM BOAHEBOI
eHepreTnkn YKpaiHu» [1] HauioHanbHi Lini nepeabavatotb
noctynose ¢opmyBaHHA iHOPACTPYKTYpU BOAHEBOrO
TPAHCMOPTY, BKAKOYHO i3 3anpaBHMMU CTaHuiamcn. BogHo-
Yyac BifgCyTHICTb y3roaKeHoro 6a4yeHHA NPoOCTOPOBOro nia-
HYBaHHA Ui€i iHGpaCTPYKTypU Ta HeAOOUiHKa iHBeCTULinN-
HUX i COLLIQNbHUX PU3MKIB CTPUMYIOTD ii PO3BUTOK.

3 ornAagy Ha MiKHapogHUM [0CBiA, B AKOMY BMPOBaAKEHO
HU3KY KOMMIEKCHUX MoAenen nnaHyBaHHA BOAHEBOI iH-
bpacTpykTypm, noctae notpeba B aganTauii nogibHoro nia-
Xo4y A0 YKpPAiHCbKMX ymoOB. Taka aganTauia mae Bpaxo-
BYBaTM TEXHi4Hi, €KOHOMI4Hi, couiaNbHi Ta NPOCTOpPOBI
YMHHUKM, WO BMAMBAKOTb HA AOUNbHICTb PO3MIlLLEHHA Ta
rpadik po3ropTaHHA 3anpaBHUX CTaHUi Ha BogHi. CTBO-
PEeHHA cLeHapHOi moaeni po3BUTKY TakMx 06’eKTiB gacTb
3Mory oOrpyHTYBaTU MOTEHUiMHO nNpuBabauMBi HanpaMu
ONA iHBECTOopiB, a TaKoX cPopMyBaTU aHaNITUYHY OCHOBY
ANA YXBAaNEHHA CTPATErIYHMX PilleHb Ha AePKAaBHOMY PiBHi.

MocTtaHOBKa 3aBAaHHA. [10NpKU HAABHICTb CTPATEriYHMX 0~
KYMEHTIB, WO AEeKNapyTbh NiIATPMMKY PO3BUTKY BOAHEBOI
eHepreTMkn B YKpaiHi, NuTaHHA GopMyBaHHA iHbpPaACTpyK-
TYPW 3anpaBHUX CTaHLi ANA TPAHCMOPTY Ha NaZIMBHUX ene-
MEHTax 3a/INWAETLCA BIAKPUTUM AK Y TEXHIYHOMY, TaK i B
NPOCTOPOBOMY BMMIpi. Y CBITOBIlA MpaKTULi NaaHyBaHHA
BOAHEBOI iHOPACTPYKTYPU CNNPAETLCA HAa MAaTEMATUYHI MO-
neni nonuty [3], cueHapHe moaentoBaHHA i reoiHdop-
MaUiltHWiA aHanis [3, 4]. Ana YKpaiHu BaXKAMBO aganTyBaTh
Ui nigxoam 3 ypaxyBaHHAM ii eHepreTMYHOro noteHuiany,
TPAHCMOPTHOI CTPYKTYPU Ta COLLia/IbHO-eKOHOMIYHMX 0COb-
nunsocTei.

MerToto uiei poboTn € 0BFPYHTYBaHHA CLEHapiiB PO3BUTKY
mepexKi Hy-3anpaBokK A4nAa aBTOTPaHCNOPTY B YKpaiHi Ha oc-
HOBi CUCTEMHOrO aHani3y, 3 ypaxyBaHHAM MOTeHLiany Bu-
pobHULITBA 3€1€HOr0 BOAHIO, TPAHCMOPTHOI AOCTYNHOCTI,
perioHanbHOro MonuTy, IHPPACTPYKTYPHUX MNepeaymoB i
HaABHMX pu3uKiB. Ocobansy yBary npuaiieHo matemaTuy-
HOMY NiaxoAy A0 OLiHKM A0LINbHOCTI PO3MILLEHHA CTaHL,in

3 N04a/bLLIOK MOMKAMBICTIO Bidyanisauii pesynbTtatis y ¢pop-
maTi GIS-mogeni.

3aBAaHHA AOCNiAKEHHA TaKi:

— y3araJibHEeHHA MiXHapOAHOro A0CBiAy NPOCTOPOBOrO
naaHyBaHHA BOAHEBOT iIHPACTPYKTYpU;

— iaeHTMdIKaLis YNHHUKIB, LLLO BNIMBAIOTb HA AOLLINbHICTb
6yaisHMLTBa H>-3anpaBHUX CTaHLIR B YKpaiHi;

— nobyposa H6araTodpakTopHOI Moaeni OLIHKK NpuAaTHO-
CTi perioHiB A0 BNPOBaAKEeHHSA iIHPPaCTPYKTYpK;

— po3pobKa TPbOX CLLeHapiiB PO3BUTKY 3aMpaBHOI MepeKi
(MiHIManbHWA, NOMIPHUIA, IHTEHCUBHUN);

— ¢$opMyBaHHA MeTOA0/0rYHOI OCHOBU ANsl CTBOPEHHA
iHTEPaKTMBHOI KapTW iHBECTULiNHOT NpnBabANBOCTI Bia-
NoBiAHUX NPOEKTIB.

3a3HayeHU niaxisa Aa€ 3Mory NOEAHATU aHANITUYHY K-
6MHY 3 NPUKAALHUM IHCTPYMEHTAPIEM, LLLO MOXKe ByTH Ko-
PUCHUM AK ANA AOCAISHWUKIB, TaK i ANA NPAKTUKIB — iHBe-
CTOpiB, MICbKMX NAaHyBasibHUKIB, NPeACTaBHUKIB OpraHis
AeprKaBHOi BAagu

Ornsagp, nitepatypu

Y cyyacHii HayKoBil niTepaTypi po3BUTOK BOAHEBOI iHppa-
CTPYKTYPU PO3rNAJAETLCA AK K/OYOBAa CKNafoBa TpaHC-
dopmalLLii TPaHCNOPTHOrO CEKTOPY B HAaNPAMi HU3bKOBYr/e-
ueBoro MmanbyTHboro. Tak, asTopu [5] 3ailcHUAK
FPYHTOBHUI ornag Hp-3anpaBHWX CTaHLiW, HaroaoLwyoun
Ha KPUTMYHIN 3aNeXHOCTI MiX 3pOCTaHHAM MNapKy aBToO-
Mo6iniB Ha NANIMBHUX eeMeHTax Ta PO3ropTaHHAM iHdpa-
CTPYKTYpU. Y pocniaxeHHsax [6] po3rnaHyTO amepuKaHCb-
KM [0CBi4, Ae yBara 3ocepeaskeHa Ha edeKTMBHOMY
npocTtoposomMy po3milieHHi HRS 3 ypaxyBaHHAM NOTICTUKM
Ta wWinbHocTi Tpadiky. Y poboTi [7] y KoHTeKcTi HimeuyunHum
BKa3y€eTbCA Ha HEOBXiAHICTb y3roaeHHA PO3BUTKY 3anpas-
HOI MepeKi 3 MOX/IMBOCTAMM EHEProcMcTeMu.

AHanoriyHi Nnpobnemu aHanisyoTbCA 1 y BITYNSHAHUX Hay-
KoBMX nybnikauisx. 3okpema, y poboTi [8] oxapaKTepuso-
BAHO OCHOBHi BWMK/IMKM Ta HanpAmMM PO3BUTKY BOAHEBOI
MOB6iNbHOCTI B YKPAiHi 3 aKLLEHTOM Ha MiXKCEKTOPabHil iH-
Terpau,ii iHdpacTpykTypun. Ocobnmsy yBary caig npuainum
DOCNIOXKEHHAM Yy BUAAHHI «BigHOBNIOBAaHA eHepreTukay,
30Kpema poboTi [9], A4e npoaHanizoBaHO HaNpAMWU po-
3BUTKY BOAHEBOI eHepreTMkn Ha 6asi BAE B ymoBax no-
BOEHHOTO BiAHOBAEHHA KPaiHUW. Y LLbOMY X KypHa/i aBTop
pocnigxye etanu ¢opmMyBaHHA HaLiOHA/NbHOI BOAHEBOI
cTparerii, NigKpecnoumn HeobxiaHicTb NOEAHAHHA TEXHO-
NOriYHUX IHHOBALLM 3 AeP*KaBHOM NONITUKOK PO3BUTKY Hy-

iHppacTpyKTypm [10].

Cepes, nNpuKNagHuUX  AOCHIAMEHb BapTo  BUAINUTU
nybnikauito [11], npuceaveHy peanisauii aBBTOHOMHOI cO-
HAYHO-BOAHEBOI 3anpaBHOI CTaHLii Ana enektpomobinis,
AKa INIOCTPYE MOXKAMBOCTI MOEAHAHHA AeueHTpani3osa-
HOro BUPOHHULTBA BOAHIO 3 aBTOHOMHMMM CUCTEMAMM 3a-
npasku [12]. lonoBHIOOTbL OrNAL EBPONENCHKI Mogeni, AK-
OT AOC/NiAKEHHA NPOCTOPOBOro po3miweHHsA HRS gna asTo-
6yCHOro TPaHCMOPTY 3 ypaxyBaHHAM 4OCTYNy A0 BigHOB/O-
BaHUX axkepen [8].
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BoaHouac BaxKNMBUIM BHECOK Y A0CNIAKEHHA iIHBECTULNHOI
CKN1af,0BOi 3e/1IEHOI0 BOAHIO 3p061EHO Y AOCNIAKEHHSAX aB-
Topis [13, 14], Ae AeTaNbHO PO3MNAHYTO METOAWMYHI nia-
XOAW A0 OLiHKM iHBECTUUiNHOI NpnBabanBOCTI BOAHEBUX
NPOEKTIB B YKpaiHi 3 NO3ULiA NPOCTOPOBOro NAaHyBaHHA,
pU3KNK-aHani3y Ta cueHapHoro moaentoBaHHsA. Li nybnikau,ii
€ MeToA0/10ri4HO0 0CHOBO AN popmyBaHHA [C-KapTn Ta
cueHapiiB po3miweHHs H,-3anpaBok, AKi po3pobnsatoTbes y
MEeKax LibOro A0CNiAXKEHHSA.

TakKMM UYMHOM, fAK MiKHAPOAHi, TaK i BITYM3HAHI [0-
CNiAXKEHHA NIATBEPAKYIOTb HAYKOBY M NPUKNAAHY aKTya b-
HicTb TemMun. BOHM 3aKnagatoTb OCHOBY AN GOPMYBaAHHA iH-
TerpoBaHoi cTpaterii po3BuUTKY H,-3anpaBHOi iHdpa-
CTPYKTYPU B YKpaiHi 3 ypaxyBaHHAM eHepreTuyHuX, noric-
TUYHUX, iIHPPACTPYKTYPHUX i COoLiaibHUX YUHHUKIB.

BuKknap ocHOBHOro martepiany

3 ornaay Ha nocTaB/ieHy MeTy — OBIpYHTYBaHHA MOXIUBUX
cueHapiiB po3BUTKY mepexi H,-3anpaBokK B YKpaiHi — Bax-
JINBO 3BEPHYTMCA A0 YCNIWHOro MiXXHapogHOro Aocsigy y
coepi npocTopoBOro naaHyBaHHA BOAHEBOI iHOpPaCTPyK-
Typu. AK NpUKNagL BUCOKOI ePeKTUBHOCTI KOMMIEKCHOrO
niaxoay po3riAHYTO MoAe b, WO BNPOBaAKYETbCA B LUTATI
KanidopHia (CLUA), sknit € oaHUm 3 nigepis y po3byaosi
BOAHEBOro TPaHCMOPTY. Y 3a3HauyeHOMy perioHi ajie gep-
YKaBHa Nporpama, CNpPAMoBaHa Ha CTBOPEHHA CUCTEMM 3a-
NPaBHMX CTaHLLi 3 po3paxyHKOM Ha 3abe3neyeHHs NoTped
OEKINIbKOX COTeHb TUCAY BOAHEBMX aBTOMOLINIB Bxe [0
KiHUA NOTOYHOro AECATUNITTA.

CyTTeBOO 0CO6AUBICTIO KanipopHilicbKoro nigxoay € BUKO-
PUCTAaHHA HU3KM B3AEMOAOMOBHIOOUMUX AHANITUYHUX iH-
cTpymeHTiB. Tak, mogenb STIEVE (Station Siting and
Investment Evaluation) gae amory BU3HaunTU ONTUMaANbHI
NoKaU,ii 4na po3mileHHA Ha-3anpaBoK HA OCHOBI MPOrHO30-
BAHOro MOMUTY, rycTOTU Tpadiky, WiNbHOCTI HaceNeHHA 1
TPAHCNOPTHOI JOCTYNHOCTI. KomnnemeHTapHa A0 Hei mo-
aenb SERA (Scenario Evaluation and Regional Analysis) su-
KOHYE CLLEeHapHWUIN aHani3 ANns PisHUX PerioHiB 3 ypaxyBaH-
HAM BapTOCTi BMPOBHMLTBA Ta JNOMCTUKM MNOCTAYaHHA
BoAHo. [JopatkoBo, mogenb GOOD (Grid Optimized
Output Distribution) BpaxoBye napameTpu eHepreTuyHoi
iHOPaCTPYKTypW, 30KpPemMa MOMAMBICTb BUKOPUCTAHHA
BiZLHOBJIIOBAHUX AyKepen eHeprii ANA KUBJIEHHA eNeKTpo-
nizepis. BaknmBy ponb y CTaHAaApTM3aLii Ta TEXHIYHOMY
KOHTpOANi 3a poboTol CTaHUil BiAirpaloTb iIHCTPYMEHTU
HyStEP (oujiHlOBaHHA npoAyKTUBHOCTI / AKocTi poboTu
obnagHaHHA Hy-cTaHuii) Ta HySCapE (oujiHoBaHHA f060BOi
NPOMNYCKHOT CNPOMOKHOCTI CTaHL,ii), L0 BUKOPUCTOBYHOTLCA
B npaktuui KanidopHii ana ctaHgapTU30BaHOI TEXHIYHOT
BafifgaLii Ta NOPIBHAHHA NPOEKTHMX piweHb [15].

Pesynbtatom € iHTerposaHa cucTema cTpaTeriyHoro nna-
HYBaHHA, BK/IIOYHO 3 TEXHIYHMMMK, NPOCTOPOBMMM Ta EKO-
HOMIYHUMM YMHHMKAMW. 3anpornoHoBaHi mogeni 3abesne-
YYOTb MPO30pPY JOTiKY iHOPACTPYKTYPHOIrO pPO3BUTKY 3
YiTKOIO NPUB’A3KOI0 A0 peasibHUX iIHBECTULLIMHMX N1aHiB, 30-
Kpema Tux, wWo o¢iHaHcytotbea 4yepes3 California Energy
Commission. Taknin A0CBIA CTAHOBUTDL iHTepec Ans YKpaiHu,

e NoAibHi iIHCTPYMEHTH LLe He € NOLLIMPEHUMMU, a/le MOXKYTb
6yTW afanToBaHi 3 ypaxyBaHHAM HaLioHaNbHMX 0cOBNMBO-
CTel eHepreTUKM, TPAHCMOPTY i NPOCTOPOBOrO PO3BUTKY.

YpaxyBaHHA CBiTOBUX MiAXoA4iB 4O BOAHEBOI iHGpacTpyK-
TYpY A03BONAE Kpalle 3p03yMiTU NOTeHLian po3BUTKY H,-
3anpaBoK B YKpaiHi. MpoTe peanisayia TakMx NPOEKTIB No-
Tpebye rNMMBOKOro aHanisy BHYTPIiLIHIX NepeaymoB — Big,
eHepreTUYHUX MOXKAMBOCTEN A0 PErynsaTOpHUX PamoK Ta
E€KOHOMIYHOI A0LiNbHOCTI.

3 nornapy eHepreTMYHOro NoTeHLuiany YKpaiHa Ma€ 3HaYHi
nepeaymoBu Ans macwtabHoro BUMPOOHWULTBA 3e/1eHOro
BOAHIO LWWASIXOM eNeKTponisy, wo 6asyerbca Ha BAE. Ocob-
INBO NEPCneKTUBHUMMU € NiBAEHHI Ta NiBAEHHO-CXiAHI
perioHu (OgelwmHa, MnkonaiBwuHa, XepcoHLWMHa), e BXKe
po3pobseHo abo iHiLiiOBaHO Be/IMKI MPOEKTM BITPOBUX Ta
COHAYHMX eNeKTPOCTaHLIN. 3riAHO 3 HauioHanbHO BoaHe-
BOIO CTpATEri€l0, YXBA/IEHOK Ha OCHOBI aHANITUYHOTO 3BiTy
2021 poky, YkpaiHa go 2030 poky ma€ noteHuian ana su-
pobHULUTBA NOHaA 1 MAH TOHH BOAHIO Ha pPiK, WO [A03BO-
NINTb AK MOro eKcnopT, TaK i BHYTPIWHE CNOXWBAHHA B
TpaHCNOPTi Ta NPOMMCAOBOCTI.

3 TeXHONOriYHOI TOYKM 30py YKpaiHa mae $paxoBy HayKoBy
6a3y, a TAaKOXK [,0CBiA Y CTBOPEHHI AEMOHCTPALIMHMX yCTa-
HOBOK enekTponisepis i Ho-3anpasHux moaynis. Lii komne-
TEHUI MOXYTb BYTW WBMAKO MacwTaboBaHi 3a ymOB A0-
CTyny 40 iHBeCTUL,ii.

EKOHOMIiYHi Ta iHBECTULiNHI YNHHUKN TaKOXK OEMOHCTPY-
I0Tb MO3UTUBHY AMHaMIRyY. Nybnikauii [13, 14] TopKaloTbcA
MEeTOAMYHUX MiAXOoA4iB [0 MNPOCTOPOBOI  OLHKM iHBe-
CTMUiNHOT NpnBabAMBOCTI BOAHEBMX MPOEKTIB 3 BUKOPU-
ctaHHam [NC-TexHoOriM, WO Aa0Tb 3MOTY BUABUTM OMNTU-
ManbHi nokauii ana Hx-3anpaBoK. 30Kpema, y perioHax 3
BMCOKOK aBTOMODOiNIbHOK IHTEHCMBHICTIO, Ha MEpeTuHi
NOTiCTUYHWUX MapLpyTiB Ta nobausy gitoumx abo nepcnek-
TUBHUX Axkepen BAE.

IHCTUTYLiHO-perynaTopHe cepenosuule nepebyBae Ha
eTani akTMBHoro ¢GopmyBaHHA. Y HauioHanbHiIN cTpaTerii
AekapboHisauii, MnaHi BigHOBNEHHA YKpaiHM Ta B «3efe-
HUX» iHiyiaTneax MiHBIAHOBNEHHA 3aKNaAeHO OCHOBU ANA
CTUMY/IOBAHHA iHBECTYBaHHA Yy BOAHEBY iHPpPaACTPyKTypy.
Hapasi ¢opmytoTbca TexXHiUHI cTaHgapTv Ha Ha-3anpaBku 3
ypaxyBaHHAM €BPONENCbKMX HOpM. Lle BiAKpMBaE MOX-
NINBICTb rapPMOHi3aLLii 3 EBPONeCbKMM PUHKOM i 3a/1y4eHHSA
MiXKHaPOAHUX MapTHepiB (HanpukNad, y mexKax MPOEKTiB
Hydrogen Corridor abo EU4Energy).

3 coujanbHoro 60Ky, aepani binblua 3auikaBneHICTb micle-
BMX FPOMAJ, Yy PO3BUTKY EHEPreTUYHUX KaacTepiB Ta eKo-
TPaAHCMOPTY CTBOPIOE NEpPeayMOBU AJ1A SIOKANbHOTO MpUii-
HATTA pilleHb LWOA0 PO3MILLEHHA BOAHEBOI iIHGPaCTPYKTypu.

OT1Ke, B YKpaiHi iCHY€E CYKYMHICTb NO3UTUBHUX NepesymoB
[NA po3BUTKY Mepexi H,-3anpaBok. Ix peanisauia notpebye
iHTerpauii NpPoOCTOPOBOro nJaHyBaHHA, HAYKOBWX iHHO-
BaLji, HOpmaTMBHOI 6a3n Ta Nyb6NiYHO-NPMBATHOIO NapT-
HepCTBa, WO M CTaHe OCHOBOO A/1A HAaCTYMHOrO CLLeHapPHOro
aHanisy.

231



BigHosntoBaHa eHepretvka. Ne 1/2026 | liapo-BogHeBa eHepreTuKa

3 ornagy Ha BMUABNEHI NepeayMOBM NNaHYBaHHA po-
3BUTKY Mepexi Hy-3anpaBok B YKpaiHi noTpebye 3actocy-
BaHHA CLEHApHOro niaxoAy, AKMM 34aTHUIN BpaxysBaTu
HEBU3HAYEHICTb EKOHOMIYHOr0o, TEXHO/IOTIYHOTO Ta reo-
NONITUYHOTO KOHTEKCTY. TakMi Nigxif WMPOKO BUKOPU-
CTOBYETbCA B MIXKHApPOAHiIN npakTuui (30Kkpema, B
KanidopHii, HimeyumHi Ta AnoHii) gna moaentoBaHHA
ManByTHIX KoHoirypauin iHppacTpyKTypm BignoBigHo A0

3MiIHHMX BXIAHWX NapamMeTpiB — Bif BapTOCTi eNeKTPpoNnisy
[0 TemniB 3poCTaHHA aBTOMAPKY Ha MAaNMBHUX eNeMeH-
Tax.

Ha ocHOBi aHani3y nitepaTypHUX AXKepen y Mexax Lboro
[OCNiAKEeHHA 3anponoHoBaHo Tpu 6a308i cueHapii posrop-
TaHHA H»-3anpaBHOi iHGpacTpyKTypn B YKpaiHi ao 2035
poky (puc. 1.)

CUEHAPIi PO3rOPTAHHSI MEPEXI H,-3ANMPABOK B YKPAIHI 10 2035 POKY

1. BasoBwuiA cueHapin
(IHepuiiHMiA po3BUTOK)

2. MomipHO ONTUMICTUYHWIA CLieHapin

(KepoBanwit po3euTok )

3. NMpuckopenni cueHapin

( BogHeswii npopus)

15-20 zanpasok

O6nacHi ueHTpm Ta Kuie

[ MNinoTHi npoexTu
B
@ MixHapoaHa gonomora

= 80 sanpasok

® TpaHCNopTHi Kopugopy

v [epxnigTpumka

B E-knactepu

150-200 3zanpasok

® 3aranbHOHaLiOHANbHA Mepexa

- Az o
|HO3emHi iHBecTUuji

-

_\'f& Hydrogen Corridor

AHani3 cueHapiis 2035: basosuit, MomipHo onTumicTUuHMi, TpUCKOpEHUM

Puc. 1. Tpu 6a308i cyeHapii pozzopmarHa Hz-3anpasHoi iHppacmpykmypu 8 YKpaiHi 0o 2035 poky

1. BazoBwuit cueHapil (iHepUiiHWI PO3BUTOK)

MNepenbayae noctynose ¢opmyBaHHS BOAHEBOI iHdpa-
CTPYKTYpM 6€3 iCTOTHUX Aep’KaBHUX CTUMYAIB ab0 BENNKNUX
NPUBATHUX iHBECTULiN. 3anpaBKM CTBOPIOIOTbCA nepe-
BAYKHO B MeXax MiNIOTHUX NPOEKTIB ab0 MiKHAPOAHOI TeX-
HiYHOT AonoMoru (HanpUKAag, y MeXax BiAHOBNEHHA Kpu-
TUYHOI iHPpacTpyKTypu nicna 6oiosux Aiit). OuikyBaHe
oxonieHHa — fo 15-20 H,-3anpaBoK, nepeBa*kHO B obnac-
HUX LeHTpax Ta HaBkono Kuesa.

2. NomipHO ONTUMICTUYHWIA CLUEHapIl (KepOoBaHMIA PO3BUTOK)

CueHapit nepegbayae aKTUBHY pPOab Aep)KaBu y ¢op-
MYBaHHi perynaTopHoOro cepesiosuliia, BNPOBaAKEHHA Me-
XaHi3MiB AeprKaBHO-NPMBATHOrO NapTHEPCTBA Ta CTUMYIO-
BaHHA BHYTPILIHLOrO NONWUTY (HanpwKkNag, yepes ninbru
AN MyHiLMNanbHOro TPaHcnopTy abo NOriCTUYHUX KOM-
naHin). NepenbayaeTbes iHTErpaLina 3 JOKaNbHUMU AKepe-
namun BLE, po3BMTOK perioHanbHUX Knactepis. o 2035
pOKy moxknse ctBopeHHA A0 80 H,-3anpaBok, Lo OXomnJito-
I0Tb OCHOBHI TpaHcMNopTHI Kopuaopu (Kuis — /lbeis, Kuis —
Ogeca, KuiB — XapkiB, Xapkis — Hinpo).

3. MpuUcKopeHuin cueHapiit (BogHeBuMI NPopuB)

ba3syeTbcAa Ha akTMBHOMY 3anyyYeHHi iHO3eMHWX iHBECTOPIB,
WBMAKIN aganTauii eBponencbKUX CTaHZAPTIB Ta y4yacTi B

TPaHCKOPAOHHUX iHiujaTMBax (sk-oT Central European
Hydrogen Corridor (CEHC)). Lieit cueHapili BpaxoBye TaKOX
MOMINBY EKCMaHCito Hp-TpaHCnopTy (NerkoBui, BaHTa-
HUI, aBTODOYCHWI) Nig, BNAMBOM AEeKapbOHi3aLiiMHMX 30-
608’A3aHb. [lo 2035 poky nepenbavaeTbca PO3ropTaHHA 40
150-200 3anpaBo, 3 PIBHOMIPHUM MNOKPUTTAM TepuTopii
YKpaiHu Ta iHTerpawieto B IOTCTUYHI 1 €KCMOPTHI NaHLtoru.

3anponoHoBaHi cueHapii po3ropTaHHA mepexi Hx-3anpa-
BOK MOTPEbYIOTb KiNIbKICHOro 0BrpyHTYBaHHA Ta NPOCTOPO-
BOi iHTepnpeTauii, WO 3yMOBNIOE AOLUINbHICTL BUKOPU-
CTaHHA reoiHpopmauiiHnx cuctem (GIS) y noegHaHHi 3
6araTodaKkTOpHO MOAennto OuiHKW. Takuii nigxia oae
3MOry nepenT Big, ONMCOBUX CLeHapiiB A0 ¢popmanizosa-
HOFO IHCTPYMEHTY NIATPUMKM iHBECTULIMHMX Ta YNpaBAiH-
CbKMX pPilleHb.

Y MeKax fOCNiAKeHHA KOXKHA NOTeHLUiHaA 10Kalina pos-
MiweHHA Hx-3anpaBHOI CTaHLIii po3rnagaerbca AK npo-
cTopoBuit 06’eKT 3 Habopom KinbkicHUX aTpubyTiB, WO
Biflo6paxKaoTb eHepreTUyHi, TPAHCNOPTHI, couianbHO-
E€KOHOMIYHI Ta PU3NKOBI XapaKTEPUCTUKN TepuTopii. IH-
TerpasbHUA MNOKa3HWK AOLINIbHOCTI PO3MIilLLeHHA 3a-
NPaBKKW y Touli i MOXKe ByTU onucaHWUi y BUTIALI 3BaXKe-
HOI cymu:
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T m
S = E wi, - Xk — E rj - Rij,
k=1 j=1
Si— iHTerpanbHUI iHAEKC iHBECTULIMHOT NnpuBabansocTi Ha,-
3anpaBKM y TouLi i;

Xik — HOpMani3oBaHi NO3UTUBHI YMHHMKK (NoTeHuian BLE,
TPaAHCMOPTHA AOCTYMHICTb, O4iKyBaHWN nonuT, 6A13bKiCTb
00 iHppacTpyKTypu);

Rjj— HOpMani3oBaHi YNHHMKN PU3UKY (perynsaTopHi, 6esne-
KOBI, coLia/ibHi, IOFiCTUYHI);

Wk, rj— BaroBi KoeoilieHTH, WO 3MIHIOIOTbCA 3a/IEXKHO Big,
BMOPAHOro CLEeHapito PO3BUTKY.

Y GIS-cepenoBuLLi KOoxeH 3 GaKTopiB NpeacTaBAeHUI Yy BU-
rNafi TeMaTUYHOrO LWapy, 30Kpema:

— Wapy noTeHuiany BUPOBHULTBA 3€/1€HOro BOAHIO (Ha
ocHoBi BAE Ta goctyny 40 enekTpomepe);

— Wapy TPaHCNOPTHOI iHTEHCMBHOCTI (MaricTpani, norictu-
YHi KopuaopH, By3nu);

— wWapy cnoxuByoro nonuty (ypbaHisauisa, aBTOMapk,
NPOMMUC/IOBI 30HM);

— wapy iHppacTpyKTypHOI rotosHocTi (A3C, NPOM30HM, Ni-
AcTaHUii);

— wapy pusuKis (6eanekoBi obmeKeHHs, colianbHi dak-
TOPU, PErYyNATOPHI HEBU3HAYEHOCTI).

[ns KoxKHoro 3i cueHapiis (6asoBoro, NoMipHO oNTUMICTK-

daKTopM MiHimi3auii pu3mKiB Ta HasBHOCTI roToBOI iHOpa-
CTPYKTYpPU, TOAI AK Y NPUCKOPEHOMY CL,eHapii 3poCcTaE posb
TPaHCNOPTHOrO NONWUTy Ta noTeHuiany BAE, HagiTb 3a nia-
BMLLEHOrO piBHA pu3uKy. Lle gae 3mory otpymaTu pisHi
NpPOCTOPOBi KOHIrypaLii «NPiopUTETHUX 30H» ANA IHBECTY-
BaHHA.

Pesynbtatom GIS-mozentoBaHHA € cepia KapT CLLEeHApHOro
PO3BUTKY, Ha AKMUX BiLOBPaXKatOTbCA KNacTepy BUCOKOT f0-
LiNbHOCTI po3miweHHA H,-3anpaBok. TaKi KapTu MOXKyTb
6yTV BUKOPUCTAHI He AunLLe AK iNtOCTPaTUBHUIA maTepian y
HAYKOBIN CTaTTi, a i AK NPAKTUYHUI IHCTPYMEHT ans popmy-
BaHHA JOPOXKHIX KapT PO3BUTKY BOAHEBOI iHOPACTPYKTYpH
Ha HALiOHAaNbHOMY Ta PerioHasIbHOMY PiBHAX.

3anponoHoBaHWUI Niaxig Aae 3mory nepemnTu Big AKicHoro
Onucy cLeHapiiB pO3BUTKY BOAHEBOI MOBINIbHOCTI A0 Kifb-
KICHOT OLLIHKM Ta NPOCTOPOBOI KOHKpeTU3au,ii piwweHb. Came
yepes BapitoBaHHA Habopy daKTopiB Ta X BaroBux
KoeodiuieHTiB y popmyni iHTerpanbHOro nokasHuka Si, 3a-
6e3neyyeTbcs 38’A30K MiXK CTpaTeriYyHUMM CLeHapiammn po-
3BUTKY PWHKY BOZHEBOrO TPAHCMOPTY Ta KOHKPETHUMMU
NPOCTOPOBMMMU PilLEHHAMM LWLOA0 PO3MilLeHHA H,y-3anpas-
HWUX CTaHUiM. Le Aae 3mory afantyBatv MoAesb 40 Pi3HUX
PiBHIB pU3KNKY, TEMNiB 3pOCTaHHA NONUTY Ta AOCTYMHOCTI iH-
dpacTpyKTypH, WO € 0CO6NMBO BaXKIMBUM B YMOBAX BUCO-
KOl HEBM3HAYEHOCTi.

Ons inocTpauii BigmiHHOCTEN MiXK cueHapiamu B Taba. 1
HaBeAeHo NpuKAag Habopy KtovoBux GaKTopiB Ta ix Baro-
BMX KoedilieHTiB, WO BUKOPMUCTOBYHOTbCA Mig 4ac po-

YHOrO Ta MPUCKOPEHOr0) 3a43€TCA CBill HAbip BaroBUX KO-  3paxyHKY IHTErpasbHOro MNOKAa3HWKA AOOUiINbHOCTI pPoO3-
ediuieHTiB. Tak, y 6asoBomy cueHapii AOMiHYOUMMKM €  MileHHA H,-3anpaBokK:
Ta6nuua 1. Npuknag dpakTopie Ta BaroBux KoedilieHTiB gNa pi3HUX cLeHapiiB po3BUTKY mepexi Hy-3anpaBok
" NomipHo "
prTl;I)a it aK- MoKasHuK ‘I:Sa:::ui; ONTUMICTUYHMIA np:c::apei;m
P ueHap cueHapii HeHap
EHepretTnuHi | NoTeHuian BAE (enekTtponis) 0,15 0,20 0,25
TpaHcnopTHi | IHTeHCMBHICTb Tpadiky, 61M3bKiCTb A0 MaricTpa- 0,15 0,20 0,25
nein
PuHkoBi QOuikyBaHUI NonuT Ha H,-TpaHcnopT 0,10 0,20 0,25
IHppacTpyKk- | HaaBHicTb icHytouMx A3C, NpOM30H, NiacTaHLin 0,25 0,15 0,10
TYPHI
CoujianbHo- MigTpyMmkKa rpomag, perynatopHa rotoBHICTb 0,20 0,15 0,10
IHCTUTYLLINHI
Pusukosi Be3neKosi, noricTuyHi, piHaHcoBi pusmkn* -0,15 -0,10 -0,05

* PU3nKoBi haKTopm BXOAATb A0 GOPMY/U 3i 3HAKOM «MIHYC» Ta 3MEHLLYIOTb IHTErpasbHMM NOKa3HUK S;

Ik BMAHO B Tabn.1l, y 6asoBomy cueHapii npioputeTt
HaJAETbCA MiHIMI3aLii PU3MKIB Ta BUKOPUCTAHHIO BXe Ha-
ABHOI iHOPACTPYKTYpU, WO BiANoBiga€e noriyi ninoTtHoro
BnpoBazeHHA H,-3anpaBok 3a ymoB obmexeHoro no-
nuTy. Y NOMipHO ONTUMICTUYHOMY CLLEHapii Baru ¢aKktopis
cTatoTb 6inbl 36anaHCOBaHMMM, 3pOCTAE PO/b TPAHCNOPT-
HOI AOCTYMHOCTi Ta PWHKOBOrO MNOMMUTY, WO BiAMNOBIAAE
eTany KepoBaHOro pPO3BUTKY Mepei. MpuckopeHuin cue-
Hapil XapaKTepu3yeTbcA AOMiIHYBAHHAM GaKTopiB NonuTy
Ta noteHuiany BAE, To4i AK BNAWMB PU3MKIB iCTOTHO

3MeHLYETbCA, WO Bigobpaxkae noriky macwrtabHoro iHBe-
CTYBaHHA Ta iHTerpauii YKpaiHn y mi*kHapoaHi BOAHEBI KO-
puaopwm.

Taknum YMHOM, BapiaL,is BaroBux KoeoiuieHTiB y GIS-mogeni
Aae 3mory ¢opmyBaTu pi3Hi npocTopoBi KoHirypauii me-
pexi Hx-3anpaBok, 36epiratoun npu Lbomy egMHY MeToa0-
NoriyHy ocHoBy. Lle pobuTb 3anpomnoHOBaHWI Miaxiz
YHiBEPCANIbHUM iHCTPYMEHTOM AR aHanidy iHBECTULiINHOT
NpvBabAMBOCTI, NIATPUMKM CTPATENYHOrO MAAHYBaHHA Ta
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NiArOTOBKN [0POXKHIX KapT PO3BUTKY BOAHEBOI MObiNb-
HOCTi B YKpaiHi.

Ona petanisauii 3anponoHoBaHoro nigxogy 6yn0 BWKO-
HaHO anpobaLito MeTogMKM Ha piBHI MicTa KueBa, AKkui
poO3rnAfAeTbCcA AK KAOYOBWUWA BY30/1 MOTEHLiHOrO po-
3BUTKY BoAHeBOI MobinbHOCTI B YKpaiHi. Knis xapaktepu-
3YETbCA BUCOKOI TPAHCMOPTHOK iHTEHCUBHICTIO, 3HAYHOO
KOHLLEHTPALLIEIO CMOXKMBAYIB, PO3BMHEHOIO iHKEHEPHOLO iH-
bpacTpyKTypolo Ta HAABHICTIO /IOMICTUYHUX 3B’A3KIB HA
HaLioOHaNbHOMY W MiXKHapOAHOMY PiBHSAX, WO pobuTb oro
NPiOPUTETHOK TEPUTOpPIED ANA iHBecTyBaHHA B H,-3a-
npasHy iHOPaCTPYKTYpY.

Y Mmexax focnigKeHHn 6yno BuaineHo n’aTb yMOBHUX 30H-
KaHOuMAaTiB A1a po3milleHHA Hy-3anpaBHMX CTaHUiM, SKi
BiZANOBIAAIOTb PiI3HMM TMMAM MICbKOrO NPOCTOPY: TPAHC-
NMOPTHi BY3/IM, MPOMMUCAOBI 30HUM, NepudepiitHi palioHu Ta

30HM KOHLLEHTpaLii NoricTUKN. NnAa KOXKHOI 3 HUX BUKOHAHO
OLLiHKY 3a po3pobJieHOo0 6aratohakTopHO MOoAEN IO,

BuxigHi nokauii ana ouiHtoBaHHA (Kuis):

e Kinbuesa gopora (3axigHa ginsHka)

e JliBobeperKHWN NPOMUCIOBO-/IOTICTUYHII By30A ([Lap-
HULbKWUI palioH)

e [liBaeHHMI B'i3g A0 MmicTa (palioH CToNMYHOrO Wwoce)

e T[liBHiYHMIA norictuuHunit By3on (O6onoHb — Buliropoa-
CbKMI Hanpam)

e [lpomucnosa 30Ha CBATOWMHE
OUujiHIOBaHHA 3A4iMCHIOBANOCh 33 MOMIPHO OMNTUMICTUYHUM

CL,eHApieEM 3 BUKOPUCTaHHAM GOPMYIN iHTErPaIbHOTO MNo-
KasHMKa:

5; = 0,20F; + 0,207} + 0,20D; + 0,151; — 0,10R;

Tabnuus 2. Pe3ynbTaT OLiHIOBAaHHA NOTEHLiMHUX NOoKawin Ha-3anpaBoK y m. Kuesi

Nokauis MoteHujian Tpadik, Monwur, IHdpacTpykTypa Pusuk, IHTerpanbHui
u BAE, P T D I R NOKa3HMUK, Si

Kinbuesa gopora 0,65 0,95 0,85 0,80 0,30 0,47
(3axia)
CronnyHe woce 0,70 0,90 0,80 0,75 0,35 0,44
(NiBoeHb)
JapHuupbKui 0,60 0,85 0,75 0,70 0,40 0,40
npPOMBY30/
O6010HCbKUI 0,655 0,80 0,70 0,65 0,35 0,38
HanpAm
CBATOLLUMHCbKA 0,50 0,70 0,65 0,75 0,30 0,36
NPOM30Ha

OTprMaHi pe3ynbTaT CBigYaTb, L0 HaMBULLY IHBECTULINHY
nNpuBabNBICTb MalOTb JI0Kallii, pO3TalloBaHi Ha 30BHiLLHIX
TPAHCMOPTHUX KiNbUAX Ta OCHOBHMX B’i3gax A0 MicTa.
3axigHa AinaHka Kinbuesoi A0OporM AeMOHCTPYE MaKCu-
MasibHe 3HayeHHA iHTerpanbHoro nokasHuka (Si = 0,47),
LLLO MOACHIOETLCA MOEAHAHHAM HAABMCOKOI TPAHCMOPTHOI
iHTEHCMBHOCTI, AOCTYNY A0 iHXeHepHOoi iIHppaCTPYKTypH Ta
MOM/IMBOCTI 0BCNYroBYBaHHA AK MICbKOro, TaK i TPAH3UT-
HOro TPaAHCMNOPTY.

MNisaeHHuMI B34, o Knesa (CTonnuHe Wwoce) € gpyrum 3a
NPIOPUTETHICTIO HAMNPAMKOM i MOXe PO3rnALaTUCh AK ONTH-
MafbHa NoKauia ana nepwoi ¢asu iHBecTyBaHHA. MNpomu-
CNoBi Ta noricTuyHi 3oHK JliBobepex:ka AouinbHO Aoda-
BaTM B HACTYMHi eTanu po3ropTaHHA MepeKi, OpiEHTYOUUCD
Ha BaHTaXXHWI Ta MyHIUMNAAbHUI TPAHCMOPT.

Takum 4YMHOM, 3aMpoMoHOBaHa MeToAMKa AA€ 3mOry ne-
pewnTH Bif, 3arasibHMX CLLEHAPITB PO3BUTKY BOAHEBOI MObib-
HOCTi [,0 KOHKPETHMUX iIHBECTULIMHUX pilleHb Ha PiBHI MicTa,
3ab6e3nevyoun NPo3opy Ta KiNbKiCHO 06rpyHTOBaAHY NOTiKY
BMOOpPY NOKaUil AN po3milleHHA Hy-3anpaBHUX CTaHLUIMN.

Y GIS-cepeoBULLi pe3ybTaTu MOXKYTb BYTU NpeacTaB/eHi
Y BUFNAAi TENN0BOT KapTv abo peTUHIOBOrO LWapy, Aie 30HU
3 5>0,45 BM3HA4YalOTbCA SIK MEpPLIOYEpProsi iHBECTULINHI
30HMK, 0,40-0,45 — 30HU cepenHbOro NPIOPUTETY, @ HUXKYI

3HaYeHHA — pe3epBHi TePUTOPIi 418 NOJANbLUMX eTaniB Po-
3BUTKY Mepexi.

[na pisHMx cueHapiis (6a3oBoro, NOMipHO ONTUMICTUYHOIO Ta
npuckopeHoro) y GIS-mogeni 3miHIOOTLCA /iMLIEe Barosi
KoediuieHTM ¢aKTopiB, ToAi AK MPOCTOPOBI LWApPK 3anuLa-
HOTbCA HE3MIHHMMW. Lle fa€ 3mory NOpPiBHIOBATM CLUEHAPIT MiXK
cob010 LWNAXOM HAaKNAZAHHA TEMATUYHMX KapT | BUSBNATM Te-
puTopii, cTabinbHO NpPUBabAMBI ANs IHBECTYBaHHA, a TaKOX
30HW, YYTAUBI 40 3MiH PUHKOBUX abO PerynsaTopHMUX YMOB.

OT:Ke, BUKOpUCTaHHA GIS 3abe3neyye NpakTUYHUI 3B'A30K
Mi}K  CTpaTeriyHMMM CUEHapiaAMU  PO3BUTKY BOAHEBOI
MOBINbHOCTI Ta KOHKPETHUMW NMPOCTOPOBUMM PiLLEHHAMM,
Jatoum Harogy TpaHchOpMyBaTW pe3y/bTaTM HayKOBOTO
aHanisy y popmat, npuaaTHUA ANA iIHBECTULIAHOIO NAaHy-
BaHHA Ta PO3PO6KM AOPOXKHIX KapT PO3BUTKY BOAHEBOI iH-

dpacTpyKTypw.

3 ypaxyBaHHAM MPOBEAEHOr0 cueHapHoro Ta GlS-aHanisy
pO3BUTOK H,-3anpaBHOI iHGPaCTPyKTypu AOLINBHO PO3rns-
[aTW He AK PO3MILLEHHA OKPEMMX 3aMPaBHUX CTAHLLIN, a AK
dopmyBaHHA UinicHOI Mmepexi, 3aaTHOI 3abe3neuynTn 6es-
nepepBHiCTb BOAHEBMX TPAHCNOPTHMUX MapLIPYTiB Ta Mac-
WTabyBaHHA PMHKY BOAHEBOT MOBIiNIbHOCTI.

3anponoHoBaHWi Niaxia nepenbayvae iepapxivyHy CTPYKTYpY
mepexi H»-3anpaBoK, AKa MICTUTb TpU QYHKLIOHANbHI
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piBHi. Agpom Mmepei BUCTyNatoTb By3N0Bi 3anpaBHi
CTaHLi, pO3TaLIOBaHi Y BE/IMKMUX MICbKMX arnomepauiax Ta
NOFiCTUYHNX LeHTpax (KuiB, Benunki obnacHi ueHTpu), akKi 3a-
6e3neyytoTb 6a30BUIN NONUT Ta GOPMYIOTb NOYATKOBUI pU-
HOK. [pyrnin piBeHb OXOMJIIOE KOPUAOPHI 3anpaBKu, po3-
MileHi B340BX¥ OCHOBHWX TPAHCMOPTHWUX MarictTpanen i
MiXKHAPOAHUX MapLIpyTiB, WO 3abe3neuyyloTb 3B’A3HICTb
MepEeXi Ta MOXIUBICTb MiKperioHasibHUX nepeBe3eHb.
TpeTin piBeHb GOpPMYOTb NOKa/bHI abo cneujianizoBaHi
CTaHUji, OpieHTOBaHi Ha MyHIUMNANbHUIK, NPOMUCIOBUIA
abo KomepuiiHUIA TpaHCNoPT.

Y merKax 6a30BOro cLeHapilo po3BMTOK Mepexi obmexy-
€TbcA GOPMYBaAHHAM A4PA 3 MiHIMasIbHO HEobXigHO Kifb-
KiCTIO BY3/710BMX 3anpaBoK. MOMIpHO ORMTUMICTUYHWIA cLe-
Hapih nepenbayae [OMOBHEHHA AApa  KOPUAOPHUMMU
eNemeHTamu, Lo 3abesnedye NoYaTKOBY 3B’A3HICTb Mepeki
Ha HaujioHanbHOMYy piBHi. [PUCKOPEHUI cLeHapilt opieHTO-
BaHWIA Ha NoBHoOLiHHE PpopmyBaHHA BaraTopiBHEBOI MepexKi

3 BUCOKUM CTYMeHeM MOKPUTTA TEPUTOPIi Ta iHTerpaLieto B
€BPONENCbKi BOAHEBI TPAHCMOPTHI KOPUAOPW.

Takum uymHom, GIS-mogenb i baraTodakTopHa cucTema
OLiHIOBaHHA BWKOPUCTOBYIOTbCA He Auwe Ana subopy
OKpeMMX SIOKaUii, a i AK IHCTPYMEHT niaHyBaHHA KOHiry-
pauii mepexi B LiNOMY, BU3HAYEHHA eTanHoCTi ii po3rop-
TaHHA Ta npiopuTeTiB iHBECTyBaHHA. Lle aae 3mory nepeitu
BiJ, NOKa/NIbHUX iIHBECTULIMHMX pilleHb A0 cTpaTeriyHoro b6a-
YeHHA PO3BWUTKY BOAHEBOI 3anpaBHOI iHOPACTPYKTypu B
YKpaiHi.

Ha ocHoBi cueHapHOoro aHanisy ta GIS-moaentoBaHHA pO3BU-
TOK MepeKi BOAHEBUX 3aMNpaBHMX CTaHLi AOLINBHO pO3rna-
[aTV AK iEpapxiyHy NpPOCTOpPOBO-QYHKLIOHANbHY CUCTEMY,
wo dopmyeTbcsa NoeTanHo Ta 3abesneyye macliTabyBaHHs
PVHKY BOAHEBOI MOBINbHOCTI. Y Meax Takoro nigxoay me-
pexa H,-3anpaBOK CTPYKTYPHO NOAINAETLCA HA TPU B3aEMO-
nos’A3aHi piBHi: AP0, Kopuaopu Ta Nepudepito (puc. 2).

CxemaTtunuHe npeacrasieHHs iepapxiuHoi cTpykTypu mepexi H,-3anpasok (sapo — kopugopu - nepudepis)

AAPO MEPEXI

(Kuie, Benuki arnomepaujii)

KuiB

y o= N

/ v 2 A

Puc. 2. CxemamuyHe npedcmasneHHs iepapxiyHoi cmpykmypu Hz-3anpasok

Anpo mepeki GOpPMYETLCA Y BEAMKUX MICbKUX ariome-
pauifax Ta NOTCTUYHMX LieHTPax 3 HaMBULLOK KOHLEHTpa-
Li€t0 TPAHCMOPTHOrO MOMMUTY, PO3BMHEHOID iHXEHEPHOH
iHPpPaCTPYKTypor Ta iHCTUTYLiMHOK roToBHIiCTIO. Came Ui
BY3N10Bi 3anpaBHi CTaHUii BUKOHYIOTb POb «AKOPIB» me-
pexi, 3abe3neyytoun 6a30BuMIA NONUT i CTBOPIOKOYM NoYaT-
KOBi YMOBM 417 KOMEPLINHOTO BUKOPUCTAHHA BOAHEBOrO
TPaAHCNOPTY. Y KOHTEKCTi YKpaiHM [0 agpa mepexi Hane-
*KaTb Kuis Ta iHWi Hanbinblwi o6iacHi LeHTPU, Ae MOXKIMBE
NOEAHAHHA MICbKOro, MYHILMNANbHOIO Ta BaHTaXHOro
BOZHEBOrO TPAHCMOPTY.

KopuaopHuii piBeHb MepexKi — Lie 3anpaBHi CTaHLii, po3Ta-
LWOBaHI B340BX OCHOBHWUX HALiOHANbHUX i MiXXHapOAHMUX
TPAHCMOPTHUX MaricTpanen. Ix npusHayeHHA nonArae B

3ab6e3neyeHHi NPOCTOPOBOI 3B'A3HOCTI MepeXKi Ta MOXKK-
BOCTi MiXKperioHanbHUX i TPAH3UTHUX Nepese3eHb. Kopu-
JOpPHI 3anpaBKuK 3’€gHYIOTb Aapa Mixk coboto, dopmytoum
6e3nepepBHi BOAHEBI MapLUPYTH, | € KPUTUYHO BaXKAUBUMM
ONA PO3BUTKY BaHTAXKHOMO Ta MiXKMiCbKOrO TPaHCMOPTY Ha
NannMBHUX eNleMEeHTaX.

MepudepinHnii piBeHb OXONIHOE NOKaAbHI abo creuianizo-
BaHi H,-3anpaBKuW, OpiEHTOBaAHI Ha KOHKPETHI CerMeHTH No-
NUTY: MYHILMNanbHUIA TPAHCNOPT, NPOMMUC/IOBI Knactepw,
NOpPTH, NOTiCTUYHI Xabu abo perioHn 3 NepCnekTUBHUM, ane
we He cpopmoBaHMM pUHKOM. MepudepinHi enemeHTH me-
pexi BigirpatoTb posib afanTUBHOIO WAPY, WO A€ 3MOry
MOCTYNOBO PO3LUMPIOBATM NOKPUTTA 63 HagMipHUX noyaT-
KOBMX iHBECTULLiIN.
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TaKkuii TpUpiBHEBUI NiaXia 3abe3neyye rHyyke niaaHyBaHHA
mepexKi Ha-3anpaBokK, y mexax akoro GIS-moaenb BUKopu-
CTOBYETbCA ANA BU3HAYEHHA KOHKPETHUX JIOKALN Ha KOXK-
HOMY pPiBHi, @ CLUEHapHWI aHani3 — ansa subopy Temnis i
NnocnigoBHOCTI iX po3ropTaHHA. Y 6a3oBomy cueHapii dop-
MYETbCA NepeBarkHO AAPO MepeXi, y MOMIPHO ONTUMICTMY-
HOMY — AOAAETbCA KOPUAOPHA 3B’A3HICTb, TOA AK NPUCKO-
peHuli cueHapii nepenbayvae NOBHOLIHHE PO3ropTaHHsA
BCiX TPbOX PiBHIB.

Mopanbwa  Agetanisauyia  3anponoHOBAHOro  nigxoay
34iMCHIOETBCA WNAXOM afanTauii iepapxiyHoi cxemu me-
pexi Ha-3anpaBoK [,0 KOHKPETHUX CueHapiiB po3BUTKy. Ha
puc. 3 npeacTaBAeHO TpWU BapiaHTU KoHoirypauii mepexi,
AKi BignosigatoTe 6a30BOMY, NOMIPHO ONTUMICTUMHOMY Ta
NPUCKOPEHOMY CLLeHapiAM i BigobparkatoTb pi3HMN piBEHb
NPOCTOPOBOr0 OXOMJIEHHA Ta ¢YHKLUIOHaNbHOI 3pinocTi
BOAHEBOI iHOPACTPYKTYPU.

lepapxxisi po3sutkKy Mmepexi Hy-3anpaBok 3a pisHMMM cueHapismu

i
.-ﬂn

‘.ﬂn |

’

NokanbHi /
MyHuumnaneHi

DopmyBaHHs nuLue aapa
Mepexi y BeIMKUX arnomMepaLisix

0PO AP0
gﬂn:::::nﬂn:
KOPUAOPU KOPU[OPY
NEPUDEPIS «ﬂp S H, [

I o [P H, TR

MoBHOUiHHa 3B'A3HICTb KOpUAOPIB
MK BENMKUMU siApaMU Mepexi

MpuckopeHnn cueHapin

\ NEPUDEPIA

JlokanbHi /
MyHuuinansHi

NMpomucnosi
/ Norictnuxi

Mpomucnosi
/ Norictnyni

[MNoBHe po3ropTaHHsa BCiel
mepexi Hy-3anpasok

Puc. 3. lepapxis po3zsumky mepexci H2-3anpag8ok 3a pisHUMu cyeHapiamu

Y 6a3oBomy cueHapii mepera GOPMYETbCA MNEPEBAXKHO
HaBKONO BY3/10BUX €/1EeMEHTIB — AZep, PO3TaloBaHUX Y
HaMBINbLWIMX MICbKMX ariomepaLisiX i NOTCTUYHUX LLEHTPaAX.
Taka KoHdirypauia opieHToBaHa Ha 3anyck NiJIOTHUX
NPOEKTIB, GOPMyBaHHA NEPBUHHOMO NONUTY Ta MiHiMi3aLit0
iHBECTULIMHMX | pPerynaTtopHux pusukie. [pocToposa
3B’A3HICTb MK OKPEMUMU eNemMeHTaMn MepeXki Ha LboMy
eTani € obmexKeHol, a KOpMAOPHi Ta nepudepiiHi 3a-
npaBKK MatoTb pparmeHTapHUIN XxapaKkTep.

MNMomMipHO ONTUMICTUYHUMIA cueHapi nepeabadvae nepexig,
Bif, TOYKOBOrO pO3BUTKY A0 GOpMyBaHHA 3B'A3aHOI Mepei
33 PaxXyHOK PO3BUTKY KOPUAOPHUX eNEeMEHTIB Y34,0BX OC-
HOBHWX TPAHCMOPTHMUX HAaNPAMKIB. Y LboMy pasi agpa me-
pexi NOEAHYIOTLCA MiXK COHOK BOLHEBMMU KOPUAOPAMM,
o 3abesneyye MOXKAMUBICTb MiKMICbKUX i MiXKperioHanb-
HUX NepeBe3eHb Ta CTBOPIOE NepeayMoBH AnA macluTaby-
BaHHA PWHKY BOAHEBOro TpaHcrnopTy. MepudepintHi ene-
MEHTM Ha UbOMYy eTani BifirpatoTb AOMNOMIXKHY POAb i
30CepearKytoTbCA Y 30Hax 3i cTabinbHMm abo nporHoso.a-
HUM MOMUTOM.

Y npuckopeHomy cLeHapii peani3yeTbca NoBHOLUIHHA bara-
TOpiBHEBA MepeXKa, Yy AKill A4po, Kopuaopu Ta nepudepia

bYHKLIOHYIOTb fIK €ANHA cucTema. Taka KoHoirypauia 3a-
6e3neyye BUCOKMI piBEHb MPOCTOPOBOrO NOKPUTTA, pe-
3epByBaHHA MapLIPYTIB i afanTMBHICTb Mepexi A0 3poc-
TaHHA MOMWUTY HA BOAHEBMIU TpaHcnopT. MNepudepiitHi
3anpaBHi CTaHLii B LLbOMY pa3i CTalOTb Ba*KAUBUM e/leMEH-
TOM PO3LWMPEHHS MepeXKi, OPIEHTOBAHMM Ha creLianiso-
BaHi CErmeHTM — MyHIUMNanbHUI, nNpomucnosuin abo
NOTiCTUYHWIA TPAHCMOPT.

OTKe, NpescTaBieHa cepia CXem HaOYHO AE@MOHCTPYE eBO-
NouUito  mepexi Hp-3anpaBoK BifA MOYaTKOBOI BY310BOi
CTPYKTYpPU 40 iHTerpoBaHoi nNpocTopoBO-pyHKLiOHaNAbHOT
cuctemu. Lle nigKkpecntoe, Wo cueHapHUi aHani3 y noeaHa-
HHi 3 GIS-moaentoBaHHAM AA€ 3MOry He fnwe obrpyHTy-
BaTW PO3MIlLLeHHA OKPEeMMX 3anpaBHMX CTaHLiN, a 1 cdop-
MyBaTW UificHe 6ayeHHA PO3BMTKY MeperKi BoAHeBOi
iHOpPACTPYKTYpU 3 ypaxyBaHHAM €TanHOCTI, iIHBECTULINHMX
MOXKMBOCTEN Ta CTPATErYHUX Linen AeKapboHisay,i.

PopmyBaHHA mepexi Hp-3anpaBHUX CTaHLIN y mexax pis-
HUX clueHapiiB Po3BUTKY BoAHeBOi MobinbHOCTI npono-
HYETbCA 3AiACHIOBATU HA OCHOBI MOEAHAHHA CLEHApHOro
NPorHo3yBaHHA nonuTy, 6HaratodakTopHOI NPOCTOPOBOI
OUHKW Ta eNeMeHTiB 3a4a4yi ONTMMAsibHOrO PO3MiLLEeHHA
iHPpPaCTPYKTYpU. Y LLbOMY AOCNIAKEHHI KOXKHE NOTEHUiiHe
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MicLe po3TalyBaHHA CTaHLil 3anpasku H, po3srnagaerbca
AK NPOCTOPOBUIA OB6'EKT, LLO XapaKTepU3yeTbCA Habopom
KiNbKiCHMX aTpubyTiB, WO BigOOpa)kaloTb eHepreTUyHi,
TPaAHCMOPTHI, couialbHO-eKOHOMIYHI Ta NoB'A3aHi 3 pusu-
KoM ocobamsocTti TepuTopii. lMoTeHLinHi NoKauii pos-
MileHHA H>-3anpaBoOK OLHIOKTLCA 33 iHTerpasibHUM no-
Ka3HWKOM NPUAATHOCTI.

Sis = E W s Xik — Z Tj.sti__js
k ]
ae Xik — HopmanisoBaHi NO3MTUBHI dpaKTopu (TpaHCNopTHA
OOCTYNHicTb, edeKkTUBHa AocTynHictb BAE ans enektpo-
ni3y, iHppacTpyKTypHa rotoBHicTb), Ri,j — GaKTOpU pU3MKY,
a BaroBi KOeQILiEHTN Wk.s,. Tj,s 3anexaTb Big BMbpaHoro
cueHapito.

dopmyBaHHA MepeXKi 34iNCHI0ETbCA WAAXoM Biabopy Habopy
nokauin yi,t€{0,1}, WO MaKCUMi3ye NOKPUTTA MPOrHO30Ba-
HOro NonuTy Ta 3abe3neyye KOPUAOPHY 3B’A3HICTb MiXK BY3/10-
BMMM e/1eMeHTaMM MepPEXKi 3a YMOB BI0KETHUX, iIHPpacTpyK-
TYPHUX i NpocTopoBux obmerkeHb. Y GIS-cepegoBulli ue
peanisyerbca AK NOEAHAHHA 334a4i MOKPUTTA NONUTY Ta KOpU-
[OPHOMO M/IaHyBaHHA, pe3y/ibTaTOM 4YOro € CLEHapHO 3a-
NexHa KoHdirypauis mepexi Tuny «s4p0 — Kopuaopu — nepu-
dbepia», npupgatHa AnAa  noganbwoi - Bidyanisauii  Ta
BMKOPUCTAHHA B IHBECTULAHOMY W NPOCTOPOBOMY Maa-
HYyBaHHi pO3BUTKY BOAHEBOI iHPpacTpyKTypu YKpaiHum

YKpaiHCbKa cneumdika po3BUTKyY meperki Ho-3anpasBoK Bpa-
XOBYETbCA B MOAE/i YepEe3 CUCTEMY PU3MKOBUX KOEDILLIEHTIB,
LLLO Big06parkatoTb iHOPACTPYKTYPHI, perynaTopHi Ta besne-
KOBi OBMEKEHHS, @ TaKOX HEPIBHOMIPHICTb PO3BUTKY eHep-
reTUYHUX | TPAHCNOPTHMX By3niB. Lle Aae 3mory agantysatu
CLeHapHe nnaHyBaHHA Ta GIS-moaentoBaHHA 40 YMOB
TpaHchopmaLLii eHepreTUYHOro cekTopy YKpaiHu.

3anponoHoBaHe AOCNIAXKEHHA CNPAMOBaHe Ha NOA0/AHHA
PO3PUBY MiK 3ara/lbHUMM CTPaTeriAMN PO3BUTKY BOAHEBOI
€HepreTMKM Ta NPAKTUYHUMW 3aBAAHHAMM NPOCTOPOBOrO
nnaHyBaHHA iHPaACTPYKTypn BoAHEBOI MobinbHOCTI. Ha
BiAMiHY Big, 6inbLOCTI icHYOUMX POBIT, y AKMX BOAHEBI 3a-
NpaBHi CTaHLIi pO3rnAfatoTbCA AK OKpeMi iHPPaCTPYKTYPHI
06’€eKTH, y Uil cTaTTi 3p061EHO aKUEHT Ha popmyBaHHI me-
perKi Ha-3anpaBoK K uificHOT npocTopoBo-¢yHKLiOHaNbHOI
CUCTEMMU, L0 PO3BMBAETHLCA MOETAMNHO Ta 3a/1EXNTb Bif cue-
HapiiB NONUTY, iIHBECTULIMHUX MOXNMBOCTEN | pU3MKIB.

HaykoBa HOBM3Ha pobOTM MoNsrae y NOEAHaHHI cueHap-
HOro aHani3y po3BUTKY BOAHEBOT MObiNbHOCTI 3 GIS-opieH-
TOBaHO 6araTopakTOPHOK MOAENI0 NAAHYBAHHA Me-
pexi 3anpaBHUX CTaHLi, afanToOBaHO A0 YKPAiHCbKMX
peaniii. 3anponoHoBaHO GOpPMasi3oBaHUI MexXaHi3m nepe-
XO4y Bif, CTpaTeriyHMX CLueHapiiB 40 KOHKPETHUX NPOCTOpPO-
BMX pilleHb, AKNI Aa€ 3MOry 04HOYaCHO BPaxoByBaTh Npo-
FHO3 MONUTY, TPAHCNOPTHY 3B’A3HICTb, €HepreTUyHi
obMeKeHHs, iHGPaCTPyKTYPHY FrOTOBHICTb Ta PErioHaNbHy
cneundiky pmsmkie. OcobamBICTIO Niaxoay € BUKOPUCTAHHSA
iEpPAPXiYHOI CTPYKTYPU MepeXi TNy «Aapo — Kopuaopu —
nepudepia» Ak 6a30BOro NPUHLMMY NAaHYBaHHA, WO 3a-
6e3neyvye macwTaboBaHICTb i aAaNTUBHICTb MepeKi B Yaci.

Ha ocHoBi npoBeaeHoOro AocnigKeHHA MoXHa chopmyto-
BATM TaKi y3ara/ibHIOBa/IbHi BUCHOBKMU:

BucHoOBOK

3anponoHoBaHWUi cueHapHo-GIS-opieHTOBaHUI niaxia 3a-
6e3neyye HaykoBo obrpyHTOBaHe 6ayeHHA $opmyBaHHA
mepexKi Hp-3anpaBoK B YKpaiHi Ta MOXe BMKOPUCTOBYBA-
TMCA AK METOAMYHA OCHOBA [A/1A CTpaTeriyHoro h iHBe-
CTULiAHOrO NAaHyBaHHA BOAHEBOI MOBINbHOCTI.

1. TMoKasaHo, WO NaaHyBaHHA BOAHEBUX 3aMPAaBHUX CTaH-
i Ha piBHI LinicHOT mepexki € MeToanYHO O6rpyHTOBA-
HiLIMM 32 TOYKOBE PO3MiLLEeHHA OKpeMnx 06’€eKTIB, OCKi-
NbKK 3abe3nevyye NpocTopoBy 3B’A3HICTb, NOETAMNHICTb
pO3ropTaHHA Ta MacwTaboBaHICTb iHOPACTPYKTYPMU.

2. O6rpyHTOBaHO AOLINbHICTb BUKOPUCTAHHSA iEpapXiyHoOi
CTPYKTYpPU MepeXKi Tuny «aapo — Kopuaopu — nepude-
pisa» AK 6@30BOro NPUHLMMNY CLEHAaPHOrO MAaHyBaHHA
pO3BUTKY H,-3anpaBoK B ymoBax YKpaiHU.

3. Po3pobneHo Ta bopmanizoBaHO cCLLEHAPHO OPIEHTOBAHY
MaTeMaTUYHy MofAenb naaHyBaHHA mepexi H,-3anpa-
BOK, L0 MOEAHYE NPOrHO3 NonuTy, 6aratodakTopHy ou,i-
HKY NpPUAATHOCTI JIOKaLit Ta NPOCTOPOBi 0BMeEKEHHA
NMOKPUTTA | TPAHCNOPTHOI 3B’A3HOCTI 3 MOXK/MBICTIO pea-
nizau,ii 8 GIS-cepeaou,.

4. TlokasaHo, Wo 3MiHa NapameTpiB i BaroBux koeodiLlieHTiB
mogeni aae 3amory dbopmyBaTh pi3Hi KOHOirypauii me-
pexi ans 6a30BoOro, NOMipHO ONTUMICTUUYHOrO Ta NPMC-
KOpEeHOro cueHapiie 6e3 3miHM 3arasibHOT MeToANYHOT

CTPYKTYpM.

5. OTpuMaHO NPaKTUYHI NPOCTOPOBI PilLleHHA Ha NPUKNagi
micta Knesa Ta KuiBcbkoi o6nacTi, AKi AEeMOHCTPYOTb
MOX/IMBICTb Mepexoay Bif cueHapHoro 6ayeHHsA Ao
KOHKPETHMX peKoOMeHAaLLN WoA0 PO3MIlLEHHA efieme-
HTiB Mepei Ha-3anpaBHMX CTaHLN.

6. [loBeaeHo, WO BpaxyBaHHA YKPaAiHCbKOI cneundiku pm-
3UMKiB — iHQPACTPYKTYPHOI HEOAHOPIAHOCTI, 0OMeKeHb
€HeprocMcTeMm, NOTICTUYHUX | PEeryfATOPHUX YMHHU-
KiB — € HeobxiaHOW ymoBO GOpMyBaHHA peanicTuy-
HUX CcLeHapiiB po3BMTKY BOAHEBOI 3anpaBHOi iHdpa-
CTPYKTYpW.

[o nepcnekTnB NoganblnX AOCNIAMKEHb HasleXaTb YyTOY-
HEHHs MapameTpiB Mogeni Ha OCHOBI paKTUYHUX GIS-ga-
HUX, iHTErpaLia eKOHOMIYHMX NOKa3HWKIB BapTOCTi BUPO6-
HULTBA i IOTICTUKM BOAHIO, @ TAKOXK PO3LIMPEHHA niaxoay
Ha MiXKperioHanbHWUI | TPAHCKOPAOHHWUI PiBHI B KOHTEKCTI
€BPONENCbKUX BOAHEBUX KOPUIOPIB.

PucyHkm 1-3 6ynu cTBOpeHi aBTOpamMu 3 BUKOPUCTAHHAM
iHCTPYMEHTIB LUTYYHOrO iHTE/IEKTY Ha OCHOBI PO3pP0bAEHOI
B 4OCNIAKEHHI METOAMKM Ta OTPUMAHUX pe3ybTaTiB.
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Abstract. This paper presents the development of a scientif-
ically grounded approach to planning a network of hydro-
gen refuelling stations in Ukraine as a key component of hy-
drogen mobility development and the low-carbon energy transition. The relevance of the study is driven by the
need to move from point-based deployment of individual H refueling stations to the formation of an integrated,
spatially connected network capable of supporting market scaling under conditions of limited investment re-
sources and increased uncertainty. The study proposes a scenario- and GlS-oriented framework for hydrogen re-
fueling network planning that combines hydrogen demand forecasting, multi-criteria spatial assessment of po-
tential locations, and a formalized mechanism for network formation. The feasibility of applying a hierarchical
network structure of the “core — corridors — periphery” type is substantiated as a fundamental principle of spatial
planning. Three baseline scenarios for the deployment of hydrogen refueling infrastructure in Ukraine up to 2035
are analyzed and represented through schematic models of network hierarchy and scenario-dependent network
evolution. A mathematical model is developed in which network development is formalized through scenario-
dependent parameters accounting for transport demand, effective availability of renewable energy sources for
electrolysis, infrastructure readiness, and risk factors specific to Ukrainian conditions. It is shown that the proposed
model is suitable for implementation in a GIS environment and can serve as a basis for the creation of an interac-
tive hydrogen refueling network map with spatial resolution down to the level of territorial communities. This
represents a significant advancement compared to previous approaches limited to regional or oblast-level analy-
sis. It is concluded that the proposed scenario-based GIS framework provides a coherent and scientifically substan-
tiated vision for the development of a hydrogen refueling station network in Ukraine and may serve as a method-
ological foundation for strategic, investment, and spatial planning of hydrogen mobility.
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Keywords: education, specialists, hydrogen mobility, hydrogen refueling station network, scenario analysis, GIS-
based modeling, infrastructure planning, renewable energy sources, hydrogen electrolysis, investment attractive-
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List of Abbreviations and Symbols

RES-based electrolysis — hydrogen production via electrol-
ysis using renewable energy sources

EU — European Union

RES — Renewable Energy Sources
EU4Energy — European Union regional initiative aimed at
supporting energy sector reforms in Eastern Partnership
countries

H, — Hydrogen

H, refueling station (HRS) — hydrogen refuelling station
GIS — Geographic Information System

FCEV — Fuel Cell Electric Vehicle

MCA — Multi-Criteria Analysis

S; —integrated suitability index for locating an H, refuelling
station

P; — indicator of effective availability of renewable energy

MCDA — Multi-Criteria Decision Analysis
LCA — Life Cycle Assessment
HM — Hydrogen Mobility

Filling station (FS) — conventional fuel filling station

Introduction. In the context of global climate challenges and
the urgent need to reduce greenhouse gas emissions, the de-
velopment of hydrogen energy is gaining increasing rele-
vance. The European Union, the United States, Japan, and

sources for electrolysis
Ti —transport intensity and accessibility indicator
l; — infrastructure readiness indicator

R; — integrated risk indicator

other leading economies are actively implementing strate-
gies aimed at transitioning toward a low-carbon energy sys-
tem, in which hydrogen — particularly green hydrogen pro-
duced via water electrolysis using renewable energy sources
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— plays a pivotal role. The transport sector, as one of the
major contributors to CO, emissions, is considered a promis-
ing area for hydrogen deployment, which necessitates the
development of appropriate infrastructure, including refuel-
ing stations for fuel cell electric vehicles.

For Ukraine, which possesses significant potential for the
development of renewable energy sources (RES) — includ-
ing wind, solar, and bioenergy — hydrogen is regarded not
only as a decarbonization tool but also as a strategic direc-
tion for integration into the European energy space. Ac-
cording to the Hydrogen Roadmap Draft Report for Ukraine
[1], national objectives envisage the gradual establishment
of hydrogen transport infrastructure, including refueling
stations. However, the absence of a coordinated spatial
planning framework for such infrastructure, along with the
underestimation of investment and social risks, constrains
its development.

Considering international experience, where comprehen-
sive models for hydrogen infrastructure planning have al-
ready been implemented, there is a clear need to adapt
similar approaches to Ukrainian conditions. Such adapta-
tion must account for technical, economic, social, and spa-
tial factors influencing the feasibility of siting and the de-
ployment schedule of hydrogen refueling stations. The
development of a scenario-based model for the expansion
of this infrastructure would help identify promising oppor-
tunities for investors and establish an analytical foundation
for strategic decision-making at the national level.

Problem Statement. Despite the existence of strategic doc-
uments declaring support for the development of hydrogen
energy in Ukraine, the issue of establishing refueling infra-
structure for fuel cell transport remains unresolved both in
technical and spatial dimensions. In global practice, hydro-
gen infrastructure planning relies on demand-driven math-
ematical models [3], scenario-based modeling, and geospa-
tial analysis [3], [4]. For Ukraine, it is essential to adapt
these approaches while taking into account its renewable
energy potential, transport infrastructure, and socio-eco-
nomic specificities.

The aim of this study is to substantiate development sce-
narios for a network of H, refueling stations for road
transport in Ukraine based on a systems analysis frame-
work, considering the potential for green hydrogen produc-
tion, transport accessibility, regional demand, infrastruc-
ture preconditions, and existing risks. Particular attention is
paid to a mathematical approach for assessing the feasibil-
ity of station siting, with the possibility of further visualiza-
tion of results within a GIS-based model.

The objectives of the study include:

— summarizing international experience in
planning of hydrogen infrastructure;

spatial

— identifying key factors influencing the feasibility of
constructing H, refueling stations in Ukraine;

— developing a multi-factor model for assessing regional
suitability for infrastructure deployment;

— designing three development scenarios for the
refueling network (minimal, moderate, and intensive);
establishing a methodological foundation for creating
an interactive map of investment attractiveness for
relevant projects.

The proposed approach integrates analytical depth with
applied tools and may be useful not only for researchers
but also for practitioners, including investors, urban plan-
ners, and representatives of public authorities.

Literature Review

In contemporary scientific literature, the development of
hydrogen infrastructure is considered a key component of
transforming the transport sector toward a low-carbon fu-
ture. In particular, the authors of [5] conducted a compre-
hensive review of H, refuelling stations, emphasizing the
critical interdependence between the growth of the fuel
cell vehicle fleet and the expansion of refueling infrastruc-
ture. Study [6] analyzes the U.S. experience, focusing on the
efficient spatial deployment of hydrogen refueling stations
(HRS) with consideration of logistics and traffic density. Re-
search [7], in the context of Germany, highlights the neces-
sity of coordinating the development of refueling networks
with the capabilities of the power system.

Similar issues are addressed in Ukrainian scientific publica-
tions. In particular, study [8] characterizes the main chal-
lenges and directions of hydrogen mobility development in
Ukraine, with an emphasis on cross-sectoral infrastructure
integration. Special attention should be paid to research
published in the journal Vidnovliuvana Enerhetyka (Renew-
able Energy), particularly paper [9], which analyzes the de-
velopment prospects of hydrogen energy based on renew-
able energy sources under conditions of post-war recovery.
In the same journal, the author examines the stages of
forming a national hydrogen strategy, emphasizing the
need to combine technological innovation with state policy
in the development of H, infrastructure [10].

Among applied studies, publication [11] deserves attention,
as it is devoted to the implementation of an autonomous so-
lar-hydrogen refueling station for electric vehicles, illustrat-
ing the potential of integrating decentralized hydrogen pro-
duction with autonomous refueling systems [12]. The review
is complemented by European models, such as research on
the spatial planning of HRS for bus transport, taking into ac-
count access to renewable energy sources [12].

At the same time, a significant contribution to the study of
the investment dimension of green hydrogen has been
made in works [13, 14], which provide detailed methodo-
logical approaches to assessing the investment attractive-
ness of hydrogen projects in Ukraine from the perspective
of spatial planning, risk analysis, and scenario modeling.
These publications serve as the methodological foundation
for the development of the GIS-based map and the H, refu-
eling station deployment scenarios proposed in this study.

Thus, both international and domestic research confirm the
scientific and practical relevance of the topic. They
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establish the foundation for forming an integrated strategy
for the development of H, refueling infrastructure in
Ukraine, taking into account energy, logistical, infrastruc-
tural, and social factors.

Main Body of the Study

Given the stated objective - substantiating possible scenar-
ios for the development of an H, refueling station network
in Ukraine - it is essential to refer to successful international
experience in spatial planning of hydrogen infrastructure.
As an example of an effective integrated approach, the
model implemented in the state of California (USA), which
is one of the leaders in hydrogen mobility development, is
considered. In this region, a state-supported program oper-
ates to establish a refueling station network designed to
meet the needs of several hundred thousand hydrogen-
powered vehicles by the end of the current decade.

A distinctive feature of the Californian approach is the use of
a set of complementary analytical tools. The STIEVE model
(Station Siting and Investment Evaluation) enables the iden-
tification of optimal locations for H, refueling stations based
on projected demand, traffic density, population distribu-
tion, and transport accessibility. Complementing this, the
SERA model (Scenario Evaluation and Regional Analysis) per-
forms scenario-based assessments for different regions, tak-
ing into account hydrogen production costs and supply logis-
tics. In addition, the GOOD model (Grid Optimized Output
Distribution) incorporates parameters of the energy infra-
structure, particularly the potential use of renewable energy
sources to power electrolyzers. An important role in the
technical validation and standardization of station perfor-
mance is played by the HyStEP tool (Hydrogen Station Equip-
ment Performance), which evaluates the operational quality
of H, station equipment, and the HySCapE model (Hydrogen
Station Capacity Evaluation), which assesses the daily dis-
pensing capacity of a station. These tools are applied in Cali-
fornia to ensure standardized technical validation and com-
parability of design solutions [15].

The outcome is an integrated strategic planning system
that combines technical, spatial, and economic factors. The
proposed models provide a transparent logic for infrastruc-
ture development, closely aligned with actual investment
plans, including those financed through the California En-
ergy Commission. Such experience is of particular interest
to Ukraine, where similar tools are not yet widely imple-
mented but could be adapted with due consideration of na-
tional characteristics of the energy system, transport struc-
ture, and spatial development patterns.

Taking global approaches to hydrogen infrastructure into ac-
count allows for a better understanding of the potential for
H, refueling station development in Ukraine. However, the
implementation of such projects requires an in-depth analy-
sis of domestic preconditions, ranging from energy capabili-
ties to regulatory frameworks and economic feasibility.

From the perspective of energy potential, Ukraine possesses
significant prerequisites for large-scale green hydrogen pro-
duction via electrolysis based on renewable energy sources.
The southern and south-eastern regions (Odesa, Mykolaiv,

and Kherson regions) are particularly promising, as large-
scale wind and solar power projects have already been de-
veloped or initiated there. According to the national Hydro-
gen Strategy, adopted on the basis of the 2021 analytical re-
port, Ukraine has the potential to produce more than 1
million tons of hydrogen annually by 2030, enabling both ex-
port and domestic consumption in transport and industry.

From a technological standpoint, Ukraine has qualified sci-
entific expertise as well as experience in developing
demonstration electrolyzer installations and H, refueling
modules. These competencies could be rapidly scaled up
under conditions of sufficient investment support.

Economic and investment factors also demonstrate posi-
tive dynamics. Publications [13, 14] confirm the availability
of methodological approaches for spatial assessment of the
investment attractiveness of hydrogen projects using GIS
technologies, enabling the identification of optimal loca-
tions for H, refueling stations. In particular, such locations
include regions with high traffic intensity, intersections of
major logistics routes, and proximity to existing or prospec-
tive renewable energy sources.

The institutional and regulatory environment in Ukraine is
currently undergoing active formation. The National Decar-
bonization Strategy, the Ukraine Recovery Plan, and the
“green” initiatives of the Ministry for Communities, Territo-
ries and Infrastructure Development lay the groundwork
for stimulating investment in hydrogen infrastructure.
Technical standards for H, refueling stations are presently
being developed in alignment with European norms. This
creates opportunities for harmonization with the European
market and for attracting international partners, for exam-
ple, within the framework of Hydrogen Corridor projects or
the EU4Energy initiative.

From a social perspective, the growing interest of local
communities in the development of energy clusters and
eco-transport systems creates favorable conditions for lo-
cally driven decisions regarding the deployment of hydro-
gen infrastructure.

Thus, Ukraine possesses a set of positive preconditions for
the development of an H, refueling station network. Their
effective realization requires the integration of spatial plan-
ning, scientific innovation, regulatory support, and public—
private partnerships, which form the basis for the subse-
quent scenario analysis.

Given the identified preconditions, planning the develop-
ment of an H, refueling station network in Ukraine necessi-
tates the application of a scenario-based approach capable
of addressing uncertainty in economic, technological, and
geopolitical contexts. Such an approach is widely used in
international practice (notably in California, Germany, and
Japan) to model future infrastructure configurations in ac-
cordance with variable input parameters - from the cost of
electrolysis to the growth rate of the fuel cell vehicle fleet.

Based on the analysis of the literature, this study proposes
three baseline scenarios for the deployment of H, refueling
infrastructure in Ukraine up to 2035 (Fig. 1).

241



BigHosntoBaHa eHepretvka. Ne 1/2026 | liapo-BogHeBa eHepreTuKa

SCENARIOS FOR THE DEPLOYMENT of H, REFUELING NETWORK IN UKRAINE UNTI 2035

1. Baseline Scenario 2. Moderately Optimistic Scenario 3. Accelerated Scenario |
(Inertial Development) (Managed Development) (Hydrogen Breakthrough) =

15-20 stations

Regional centers and Kviv

0 State support
@ RES clusters

[ i! . Pilot projects
o
@ Mixnarodna assistanne

= 80 stations

e Transport corridors

150-200 stations

e Nationwide network

Foreign investment

ﬁ Hydrogen Corridor

Scenario Analysis 2035: Baseline - Moderately Optimistic — Accelerated

Fig. 1. Three basic scenarios for the deployment of H, refueling infrastructure in Ukraine by 2035

1. Baseline Scenario (Inertial Development)

This scenario assumes the gradual formation of hydrogen
infrastructure without substantial governmental incentives
or large-scale private investments. Refueling stations are
established primarily within pilot projects or through inter-
national technical assistance programs (for example, as
part of post-war critical infrastructure recovery initiatives).
The expected scale is up to 15-20 H, refueling stations,
mainly concentrated in regional centers and in the Kyiv
metropolitan area.

2. Moderately Optimistic Scenario (Managed Develop-
ment)

This scenario presupposes an active role of the state in
shaping the regulatory environment, implementing public—
private partnership mechanisms, and stimulating domestic
demand (for instance, through incentives for municipal
transport or logistics companies). It also envisages integra-
tion with local renewable energy sources and the develop-
ment of regional hydrogen clusters. By 2035, the deploy-
ment of up to 80 H, refueling stations is considered
feasible, covering major transport corridors (Kyiv—Lviv,
Kyiv—Odesa, Kyiv—Kharkiv, Kharkiv—Dnipro).

3. Accelerated Scenario (Hydrogen Breakthrough)

This scenario is based on the active involvement of foreign
investors, rapid adaptation of European standards, and par-
ticipation in cross-border initiatives (such as the Central Eu-
ropean Hydrogen Corridor, CEHC). It also accounts for the
potential expansion of hydrogen-powered transport

(passenger cars, heavy-duty vehicles, and buses) driven by
decarbonization commitments. By 2035, the deployment
of approximately 150-200 refueling stations is envisaged,
ensuring relatively uniform territorial coverage across
Ukraine and integration into logistics and export chains.

The proposed deployment scenarios for the H, refueling
station network require quantitative substantiation and
spatial interpretation, which justifies the application of ge-
ographic information systems (GIS) in combination with a
multi-factor evaluation model. Such an approach enables
the transition from descriptive scenarios to a formalized
decision-support tool for investment and management
purposes.

Within this study, each potential location for an H, refuel-
ing station is treated as a spatial object characterized by a
set of quantitative attributes reflecting the energy,
transport, socio-economic, and risk-related features of the
territory. The integrated feasibility indicator for station de-
ployment at location i can be expressed as a weighted sum:

T L
S; = E wy, + X — E rj « Ry,
k=1 j=1
S,—integrated investment attractiveness index of an H, re-
fueling station at location i;

X« — normalized positive factors (RES potential, transport
accessibility, expected demand, proximity to infrastruc-
ture);
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Ri — normalized risk factors (regulatory, security-related,
social, logistical);

wk, rj— weight coefficients that vary depending on the se-
lected development scenario.

In a GIS environment, each factor is represented as a the-
matic layer, including:

a green hydrogen production potential layer (based on
renewable energy availability and grid access);

— atransportintensity layer (highways, logistics corridors,
transport hubs);

— ademand layer (urbanization level, vehicle fleet size, in-
dustrial zones);

— aninfrastructure readiness layer (existing fuel stations,
industrial areas, substations);

— arisk layer (security constraints, social factors, regula-
tory uncertainties).

For each scenario (baseline, moderately optimistic, and ac-
celerated), a distinct set of weighting coefficients is de-
fined. In the baseline scenario, priority is given to risk mini-
mization and the availability of existing infrastructure,
whereas in the accelerated scenario greater importance is
assigned to transport demand and renewable energy po-
tential, even under elevated risk levels. This differentiation

results in varying spatial configurations of “priority zones”
for investment.

The outcome of the GIS-based modeling is a series of sce-
nario development maps displaying clusters with high suit-
ability for H, refueling station deployment. Such maps can
serve not only as illustrative material within a scientific
publication but also as a practical tool for developing
roadmaps for hydrogen infrastructure expansion at both
national and regional levels.

The proposed approach enables a transition from a qualita-
tive description of hydrogen mobility development scenar-
ios to a quantitative assessment and spatial specification of
decisions. By varying the set of factors and their weighting
coefficients within the formula of the integrated index
SiS_iSi, a direct linkage is established between strategic
market development scenarios for hydrogen transport and
specific spatial decisions regarding the placement of H, re-
fueling stations. This makes it possible to adapt the model
to different levels of risk, demand growth rates, and infra-
structure availability, which is particularly important under
conditions of high uncertainty.

To illustrate the differences between scenarios, Table 1
presents an example of key factors and their weighting co-
efficients used in calculating the integrated suitability index
for H, refueling station deployment.

Table 1. Example of factors and weighting coefficients for different scenarios for the development of the H; filling sta-

tion network

Group of Factors Indicator | Baselm_e Mo.de'rately Optl- Accelera.ted
Scenario mistic Scenario Scenario

Energy-related RES potential (electrolysis capacity) 0.15 0.20 0.25

factors

Transport-re- Traffic intensity and proximity to major high- 0.15 0.20 0.25

lated factors ways

Market factors Expected demand for H,-powered transport 0.10 0.20 0.25

Infrastructure- Availability of existing fuel stations, industrial 0.25 0.15 0.10

related factors zones, and substation

Socio-institu- Community support and regulatory readiness 0.20 0.15 0.10

tional factors

Risk factors Security, logistical, and financial risks* -0.15 -0.10 -0.05

* Risk factors are incorporated into the formula with a negative sign, thereby decreasing the value of the integrated suit-

ability index Si.

As shown in Table 1, the baseline scenario prioritizes risk
minimization and the utilization of existing infrastructure,
which corresponds to the logic of pilot implementation of
H, refueling stations under conditions of limited demand.
In the moderately optimistic scenario, the weights of the
factors become more balanced, and the role of transport
accessibility and market demand increases, reflecting the
stage of managed network development. The accelerated
scenario is characterized by the dominance of demand-re-
lated factors and renewable energy potential, while the in-
fluence of risks is significantly reduced, consistent with

large-scale investment logic and Ukraine’s integration into
international hydrogen corridors.

Thus, varying the weighting coefficients within the GIS-
based model enables the formation of different spatial con-
figurations of the H, refueling station network while main-
taining a unified methodological framework. This makes
the proposed approach a universal tool for analyzing in-
vestment attractiveness, supporting strategic planning, and
preparing roadmaps for hydrogen mobility development in
Ukraine.
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To further detail the proposed approach, the methodology
was tested at the level of the city of Kyiv, which is considered
a key node in the potential development of hydrogen mobil-
ity in Ukraine. Kyiv is characterized by high transport inten-
sity, a significant concentration of consumers, developed en-
gineering infrastructure, and strong logistical connections at
both national and international levels, making it a priority
area for investment in H, refueling infrastructure.

Within the study, five conditional candidate zones for H, re-
fueling station placement were identified, representing dif-
ferent types of urban space: transport hubs, industrial ar-
eas, peripheral districts, and logistics concentration zones.
Each of these zones was assessed using the developed
multi-factor model.

Initial locations selected for evaluation (Kyiv):
— Ring Road (western section)

— Left-bank
district)

industrial and logistics hub (Darnytskyi

— Southern entrance to the city (Stolychne Highway area)
— Northern logistics hub (Obolon — Vyshhorod direction)
— Sviatoshyn industrial zone

The assessment was carried out under the moderately op-
timistic scenario using the integrated index formula:

S; = 0,20F; + 0,207; + 0,20D; + 0,151; — 0,10R;

Table 2. Results of the assessment of potential H; filling station locations in Kyiv

Location RES Potential | Traffic (T) | Demand (D) | Infrastructure (I) | Risk (R) Integrated
(P) Index (S;)

Ring Road (Western Sec- 0.65 0.95 0.85 0.80 0.30 0.47

tion)

Stolychne Highway 0.70 0.90 0.80 0.75 0.35 0.44

(Southern Entrance)

Darnytskyi Industrial Hub 0.60 0.85 0.75 0.70 0.40 0.40

Obolon Direction (North- 0.655 0.80 0.70 0.65 0.35 0.38

ern Logistics Corridor)

Sviatoshyn Industrial 0.50 0.70 0.65 0.75 0.30 0.36

Zone

The obtained results indicate that the highest investment
attractiveness is associated with locations situated along
outer transport ring roads and major city entry corridors.
The western section of the Ring Road demonstrates the
maximum value of the integrated index (Si=0.47), which
can be explained by the combination of very high traffic in-
tensity, access to engineering infrastructure, and the capac-
ity to serve both urban and transit transport flows.

The southern entrance to Kyiv (Stolychne Highway) ranks
second in priority and may be considered an optimal loca-
tion for the first phase of investment. Industrial and logis-
tics zones on the left bank of the city should be included in
subsequent stages of network deployment, with a focus on
freight and municipal transport applications.

Thus, the proposed methodology enables the transition
from general hydrogen mobility development scenarios to
specific investment decisions at the city level, ensuring a
transparent and quantitatively substantiated logic for se-
lecting locations for H, refueling stations.

Within the GIS environment, the results may be presented
as a heat map or ranking layer, where zones with $i>0.45
are classified as priority investment areas, zones within the
range of 0.40-0.45 as medium-priority areas, and lower val-
ues as reserve territories for subsequent phases of network
expansion.

For different scenarios (baseline, moderately optimistic,
and accelerated), only the weighting coefficients of the

factors are modified in the GIS model, while the spatial lay-
ers remain unchanged. This enables comparative analysis
of scenarios through the overlay of thematic maps and al-
lows the identification of territories that remain consist-
ently attractive for investment, as well as zones sensitive to
changes in market or regulatory conditions.

Accordingly, the use of GIS provides a practical linkage be-
tween strategic hydrogen mobility development scenarios
and specific spatial decisions, transforming the results of
scientific analysis into a format suitable for investment
planning and the development of hydrogen infrastructure
roadmaps.

Taking into account the conducted scenario-based and GIS
analysis, the development of H, refueling infrastructure
should be considered not as the placement of isolated sta-
tions, but as the formation of an integrated network capa-
ble of ensuring continuity of hydrogen transport routes and
enabling the scaling of the hydrogen mobility market.

The proposed approach envisages a hierarchical structure
of the H, refueling station network comprising three func-
tional levels. The core of the network consists of hub refu-
eling stations located in major urban agglomerations and
logistics centers (Kyiv and large regional capitals), which en-
sure baseline demand and form the initial market. The sec-
ond level includes corridor-based stations positioned along
main transport highways and international routes, provid-
ing network connectivity and enabling interregional
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transport. The third level is formed by local or specialized
stations oriented toward municipal, industrial, or commer-
cial transport applications.

Within the baseline scenario, network development is lim-
ited to forming the core with the minimum required num-
ber of hub stations. The moderately optimistic scenario en-
visages the expansion of the core through corridor
elements, thereby ensuring initial network connectivity at
the national level. The accelerated scenario focuses on the
full-scale establishment of a multi-level network with high
territorial coverage and integration into European hydro-
gen transport corridors.

Thus, the GIS model and the multi-factor evaluation
framework are applied not only for selecting individual

locations but also as a tool for planning the overall net-
work configuration, determining deployment stages, and
setting investment priorities. This makes it possible to
move from isolated investment decisions to a strategic vi-
sion of hydrogen refueling infrastructure development in
Ukraine.

Based on the scenario analysis and GIS modeling, the de-
velopment of the hydrogen refueling station network
should be considered as a hierarchical spatial-functional
system formed in stages and ensuring the scalability of
the hydrogen mobility market. Within this framework,
the H, refueling network is structurally divided into
three interrelated levels: core, corridors, and periphery

(Fig. 2).

Schematic Representation of the Hierarchical Structure of the Hydrogen Refueling Network (Core—Corridors—
Periphery)

(Kyiv, large agglomerations)
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Fig. 2. Schematic representation of the hierarchical structure of H: gas stations

The core of the network is formed in large urban agglomera-
tions and logistics hubs characterized by the highest concen-
tration of transport demand, advanced engineering infra-
structure, and institutional readiness. These hub refueling
stations act as “anchors” of the network, ensuring baseline
demand and creating the initial conditions for the commer-
cial deployment of hydrogen-powered transport. In the
Ukrainian context, the network core includes Kyiv and other
major regional centers, where the integration of urban, mu-
nicipal, and freight hydrogen transport is feasible.

The corridor level of the network encompasses refueling
stations located along major national and international
transport highways. Their primary function is to ensure spa-
tial connectivity and enable interregional and transit trans-
portation. Corridor stations connect the network cores,
forming continuous hydrogen routes and playing a critical

role in the development of heavy-duty and intercity fuel cell
transport.

The peripheral level consists of local or specialized H, refu-
eling stations oriented toward specific demand segments,
such as municipal transport, industrial clusters, ports, logis-
tics hubs, or regions with emerging but not yet fully devel-
oped markets. Peripheral elements serve as an adaptive
layer of the network, allowing gradual expansion of cover-
age without excessive initial investment.

This three-tier approach ensures flexible planning of the H,
refueling network, where the GIS model is used to identify
specific locations at each level, while scenario analysis de-
termines the pace and sequence of deployment. In the
baseline scenario, the network core is primarily estab-
lished; in the moderately optimistic scenario, corridor
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connectivity is added; and in the accelerated scenario, full-
scale deployment of all three levels is envisaged.

Further detailing of the proposed approach is achieved by
adapting the hierarchical H;, refueling network scheme to

specific development scenarios. Figure 3 presents three al-
ternative network configurations corresponding to the
baseline, moderately optimistic, and accelerated scenarios,
reflecting different levels of spatial coverage and functional
maturity of the hydrogen infrastructure (Fig. 3).

Hierarchy of the Hydrogen Refueling Network Development Across Scenarios
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Fig. 3. Hierarchy of development of the H: gas station network according to different scenarios

In the baseline scenario, the network is formed primarily
around hub elements — the core — located in the largest
urban agglomerations and logistics centers. Such a configu-
ration is oriented toward launching pilot projects, generat-
ing initial demand, and minimizing investment and regula-
tory risks. At this stage, spatial connectivity between
individual network elements remains limited, while corri-
dor and peripheral stations have a fragmented character.

The moderately optimistic scenario envisages a transition
from point-based development to the formation of a con-
nected network through the deployment of corridor ele-
ments along major transport routes. In this case, network
cores are interconnected by hydrogen corridors, enabling
intercity and interregional transportation and creating the
preconditions for scaling the hydrogen transport market.
Peripheral elements at this stage play a supportive role and
are concentrated in areas with stable or forecasted de-
mand.

In the accelerated scenario, a fully developed multi-level
network is established, in which the core, corridors, and pe-
riphery function as an integrated system. Such a configura-
tion ensures a high level of spatial coverage, route redun-
dancy, and adaptability of the network to growing
hydrogen transport demand. Peripheral refueling stations
in this case become an important element of network

expansion, oriented toward specialized segments — munic-
ipal, industrial, or logistics transport.

Thus, the presented series of schemes clearly demonstrates
the evolution of the H, refueling network from an initial
nodal structure to an integrated spatial-functional system.
This underscores that scenario analysis combined with GIS
modeling makes it possible not only to justify the placement
of individual refueling stations, but also to formulate a com-
prehensive vision for hydrogen infrastructure development,
taking into account phased implementation, investment ca-
pacity, and strategic decarbonization objectives.

The formation of the H, refueling station network under
different hydrogen mobility development scenarios is pro-
posed to be based on a combination of scenario-based de-
mand forecasting, multi-factor spatial assessment, and ele-
ments of an optimal infrastructure location problem.
Potential H, refueling station locations iii are evaluated us-
ing the integrated suitability indicator.

Sis = Z wy X — Z iR j,

k b]

where Xk represent normalized positive factors (transport
accessibility, effective availability of renewable energy
sources for electrolysis, infrastructure readiness), Ri;
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denote risk factors, and the weighting coefficients Wi, rjs
depend on the selected development scenario. Network for-
mation is carried out by selecting a set of locations Y;:€{0,1}
that maximizes coverage of the projected demand and en-
sures corridor connectivity between hub elements of the
network under budgetary, infrastructural, and spatial con-
straints.

Within the GIS environment, this is implemented as a com-
bination of a demand coverage problem and a corridor
planning task, resulting in a scenario-dependent network
configuration of the “core — corridors —periphery” type,
suitable for further visualization and application in invest-
ment and spatial planning of hydrogen infrastructure de-
velopment in Ukraine.

The Ukrainian specificity of H, refueling network develop-
ment is incorporated into the model through a system of
risk coefficients reflecting infrastructural, regulatory, and
security constraints, as well as the uneven development of
energy and transport hubs. This enables the adaptation of
scenario planning and GIS modeling to the ongoing trans-
formation of Ukraine’s energy sector.

The proposed study aims to bridge the gap between gen-
eral hydrogen energy development strategies and the prac-
tical tasks of spatial planning for hydrogen mobility infra-
structure. Unlike most existing studies, where hydrogen
refuelling stations are considered as isolated infrastructure
objects, this article emphasizes the formation of an H, re-
fueling network as an integrated spatial-functional system
that develops in stages and depends on demand scenarios,
investment capacity, and risk factors.

The scientific novelty of the study lies in combining scenario
analysis of hydrogen mobility development with a GIS-ori-
ented multi-factor model for refueling network planning
adapted to Ukrainian conditions. A formalized mechanism
is proposed for translating strategic scenarios into specific
spatial decisions, simultaneously accounting for demand
forecasts, transport connectivity, energy constraints, infra-
structure readiness, and regional risk specifics. A distinctive
feature of the approach is the application of a hierarchical
“core—corridors—periphery” network structure as a funda-
mental planning principle, ensuring scalability and adapta-
bility of the network over time.

Based on the conducted research, the following general-
ized conclusions can be formulated:

Conclusions

The proposed scenario- and GIS-oriented approach
provides a scientifically grounded framework for the
formation of an H, refueling station network in Ukraine
and may serve as a methodological basis for strategic and
investment planning of hydrogen mobility development.

1. It has been demonstrated that planning hydrogen
refueling infrastructure at the level of an integrated
network is methodologically more justified than point-
based placement of isolated facilities, as it ensures

spatial connectivity, phased deployment, and
infrastructure scalability.

2. The feasibility of applying a hierarchical “core—
corridors—periphery” network structure as a
fundamental principle of scenario-based planning for
H, refueling station development in Ukraine has been
substantiated.

3. Ascenario-oriented mathematical model for planning
the H, refueling station network has been developed
and formalized. The model integrates demand
forecasting, multi-factor suitability assessment, and
spatial constraints related to coverage and transport
connectivity, with the possibility of implementation
within a GIS environment.

4. 1t has been shown that modification of model
parameters and weighting coefficients enables the
formation of different network configurations for
baseline, moderately optimistic, and accelerated
scenarios without altering the overall methodological
framework.

5. Practical spatial solutions have been obtained using
the case study of Kyiv and the Kyiv region,
demonstrating the feasibility of transitioning from
scenario-based vision to concrete recommendations
regarding the placement of H, refueling network
elements.

6. It has been proven that accounting for Ukrainian-
specific risks — including infrastructural heterogeneity,
power system constraints, logistical limitations, and
regulatory factors — is a necessary condition for
developing realistic scenarios of hydrogen refueling
infrastructure expansion.

Future research perspectives include refinement of model
parameters based on empirical GIS data, integration of
economic indicators related to hydrogen production and
logistics costs, and extension of the proposed approach to
the interregional and cross-border levels in the context of
European hydrogen corridors.

Figures 1-3 were developed by the authors using Al-
assisted graphical tools based on the methodological and
analytical framework proposed in this study.
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