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Koanosa  Apuma  leopiena, ApXiTeKTypHO-IUIAHYBaJbHA  OpraHizamis
BEePTHKAJBLHUX POCIUHHUIbKHUX rocnoaapcrn. — Kpamidikaiiiina HaykoBa Ipalis Ha
paBax pyKOMIHCY.

Hucepraniss Ha 3700yTTS HAyKOBOTO CTyIeHS JokTopa ¢imocodii 3a
creiaybHIcTIO 191 «ApxiTekTypa Ta MicToOyayBaHHs». — KUIBChbKUM HalllOHATBHUN

yHIBEpCHUTET OyAIBHUIITBA 1 apXiTekTypH, Kuis, 2025.

VY Beryni 00rpyHTOBaHa akTyallbHICTh 00paHO1 TEMH, BU3HAYEHH 3B'130K poOOTH
3 HAyKOBUMH MPOTpaMamMy Ta CTPATETIYHUMH LUIAMHU, CHOPMYIIbOBAHO METY, 3aBIaHHS,
METO/M JTOCIIIJIPKEHHSI, HAYKOBY HOBU3HY PE3YyJIbTaTIB Ta iX MPAKTUYHE 3HAUCHHSI.

JlocniKeHHsT TPUCBAYEHE apXITEeKTYpHO-IUIAHYBAJIbHIM OpraHi3auli MICBKHX
BEPTUKAJIBHUX POCIMHHULIBKUX FOCIIOAAPCTB Y KOHTEKCTI 3a0€3MeUEHHS iX €KOJIOTrT4HO1
CTIHKOCTI, EKOHOMIYHOI €(DEKTUBHOCTI Ta CTaJIO1 (DYHKIIIOHATLHOCTI.

VY nepmomy po3aijii «Cy4acHMH CTaH Ta NepeIyMOBH PO3BUTKY apXIiTEKTYpH
BEPTUKAJIbHUX ArPONPOMHCIOBUX KOMILUIEKCIB» MPOBEJACHO aHali3 (opMyBaHHS Ta
aKTyalbHOCTI BEPTUKAIBHUX TOCIOJAPCTB B KOHTEKCTI €KOJIOTIYHO CTajoro PO3BUTKY,
MPOAHAJI30BaHO HAYKOBI Ta METOJUYHI TOCIIIJKEHHS, @ TAKOXK MPUKJIIAJH MPOEKTYBAHHS
Ta peamizamii apxXiTEeKTYpHUX OO0’€KTIB BEpPTUKAIbHUX (epM, CHUCTEMaTH30BaHO
HaIpaIlOBAHHS IJI1 PO3POOKHU TEOPETUYHOTO MIAIPYHTS.

Y migpo3zaini 1.1 «CyuacHi TEeHAEHINT PO3BUTKY POCIMHHUIBKUX ¢epM Ta
apXITEKTYpHI HAyKOB1 JOCHIIPKEHHS B KOHTEKCTI CTaJOr0 PO3BHUTKY» JOCHIIKEHO
KOHIIENTYaIbHI OCHOBH BEPTHKAIBHUX POCIMHHHUIIBKUX TOCTIOAAPCTB Ta iX 3HAYUMICTh
JUIsL BUPIMICHHS TJIOOAIBHUX TMpoOJeM MpomoBosibuoi Oesneku. I[IpoananizoBaHo
HAYKOMETPUYHHMM CHEKTp MyOJiKaiiid Ta BCTAaHOBJIEHO OOMEXKEHICTh apXITEKTYypHHX
HaIpaIfoBalb y AaHii cdepi, OCKUIbKU ICHYIOUYl pOOOTH PO3MIISIAIOTH JIUIIIE 3arajibHi
npUHIMIHY (YHKIIOHATBHOI opradizanii arpo-OymiBens abo HajgaloTh (PparMeHTapH1
nociipkeHHs. Bu3HaueHo, 110 BITYM3HSHA HOpPMaTWBHA 0a3a Opi€HTOBaHAa Ha

BpETYJIIOBaHHS OyiBeNb TEIUIMIlb, SKI 3a CBOEK MPOCTOPOBO-IUIAHYBAIHHOIO Ta



OTepariiHol  CHenu@iKo HE  BIANOBIAAIOTE  OCOOJWMBOCTSAM  BEPTHKAIHLHUX
arpokomiiekciB. [limcymoBano, 1mo s €(pEeKTUBHOTO Ta CTIMKOTO pPO3BUTKY
BEPTUKAJIbHUX  POCIMHHUIBKUX  (pepM  HEOOXIIHO  pPO3POOUTH  KOMIUIEKCHE
METOJI0JIOTIYHE 3a0€3MeueHHs MO0 apXITEKTypHOI OpraHizailii Takux 00'€KTiB.

Y migpo3miai 1.2 «BiTuM3HSHMN Ta CBITOBUM JOCBiJ apXiTEKTYpHOTO
MPOEKTYBAHHS Ta OYJIBHHUIITBA arponpOMHUCIOBHX TOCIOAAPCTB» 3MIMCHEHO aHali3
CY4JacHHX MIAXOIB JI0 apXiTEeKTYpHOro (OpPMYyBaHHS BEPTUKAIBHUX POCITMHHULIBKHX
roCroAapcTB, BKIIOUAOYH OTJIS] TUTIOBUX MPOEKTHUX PIlIEHb B YKpPaiH1 Ta 3aKOPJOHOM.
BcTaHoBiieHO 0COOJIMBOCTI BITYU3HSHOTO PO3BUTKY BEPTHKAIBHUX (PepM Ta iX rmepeBaru
y CEKTOpi arpo-BHUPOOHHUIITBA B KOHTEKCTI Cy4aCHOi BIMCHKOBO-TIOJITUYHOI CHUTYAIIil.
OxpecieHO MNPUKIAIM peatizallii arpo-mJInpueEMCTB Y PI3HUX MICTax CBITY,
MPOAHANI30BAHO 1X BH3HAYaAJIbHI apXITEKTYpHI XapaKTEPUCTUKH, (DYHKI[IOHAIbHY
CTPYKTYpYy, IUIaHYBaJIbHI OCOOJIMBOCTI, TEXHOJIOT1YHI PIIICHHS Ta BIAMOBIAHICTD
OPUHLIKAIIAM CTajJoro po3BUTKY. Ha OCHOBI NpoOBeAEHOro JOCHIIKEHHS, OyJo
BCTAHOBJIEHO OCHOBHI1 HEJIOJIIKH TPOCTOPOBO-IUIAHYBAIbHOI OpraHi3allii Takux Oy/1BEb,
30KpeMa, Hee(PeKTUBHICTh apXITEKTYPHUX PIIIEHb, IO YCKIAIHIOIOTH PO3MOI1I OTOKIB
Ta 3HWKYIOTb 3arajibHy €()eKTUBHICTh CUCTEMHU.

Y migpo3nini 1.3 «®aktopu, mo BIUIMBaIOTh Ha (HOpPMYyBaHHS TPOCTOPOBOI
CTPYKTYPH, Ta KJacu@ikailis BEpTUKAIbHUX arpo-MiAPUEMCTB» OyJIO0 CUCTEMATU30BAHO
pe3yabTaTH MOMEPEIHIX TOCHIKEHb IS BCTAHOBICHHS TEOPETUYHUX HAPAIOBAHb:
dakTopiB, M0 BIUIMBAIOTH Ha (OPMYBaHHS BEPTUKAIbHUX (epM, a TaKOoX JIBOX
KjacudikauliHuX mojienel (0araToKpUTeplaabHOI Ta apXITEKTYPHO-(PYHKI1OHAIBHOT).
Bu3HayeHo Ta yTOUHEHO MPUPOJHO-KIIMATUYHI, TEXHOTE€HHI Ta aHTPONIOT€HH1 YHHHUKH,
10 BIUIMBAIOTH Ha (POPMyBaHHS TakuX arpo-o0’ekTiB. [lompainboBaHo kiacudikaiiiro
BEPTUKAJILHUX (GepM 3a apXITeKTypHUMH, (YHKIIOHAJBHUMU Ta TEXHOJOTIYHUMU
napaMmerpamu. JlaHi pe3ynpTaTH 3a0e3MedyloTh TEOpPETUYHE MIATPYHTA IS TaKuX
00’€KTIB Ta CIYrylOTh 0a3010 i1 TOMAJIBIIOI PO3POOKH TEXHOJIOTITYHHX Ta
apXITEeKTYpPHO-TUIAHYBAJIbHUX PIIIEHh 3aCHOBAHMX HA BUPINICHHI BCTAHOBJICHUX

po0Iem.



Y npyromy po3mini «Metoauka oprasizanii e()eKTHBHOI (PYyHKIiOHAIBHO-
NPOCTOPOBOI CTPYKTYPH BePTHKAJIBHHUX ArpoOKOMILIEKCIB» PO3pOOICHO METOINYHI
Ta TPUHIUITATRHI TIAXOAM 10 OpraHizaiii apXiTeKTypHO-(YHKIIIOHAIBHUX PIIICHb
BEPTUKAIBHUX POCIUHHUIIBKUX TOCIOJApPCTB, CHOPSIMOBAHWX Ha 3abe3medeHHs iX
€KOJIOTIYHOI CTIMKOCTI, apXITeKTypHOi €(heKTHBHOCTI, CTAJOCTI Ta aJanTHBHOCTI 0
MICBKOTO CepeIOBHUIIIA.

Y migpo3aini 2.1 «MeTtoauka mpoBeAEHHS JOCTIKEHHS» BU3HAYCHO KIIOUOBI
acnekTu (hOpMyBaHHS CTIMKOT apXiTEKTYpPHOI CUCTEMH arpo-rocrnoaapcts. JocmipKeHHs
30CEepE/KEHO Ha MpodiieMax 3HAYHUX KamiTaJbHUX BUTPAT, OOMEXEHOI €KOJOT14HOi
CTIMKOCTI Ta HEJOCTATHBOI apXITEKTYPHOI €(PEKTUBHOCTI. 3aPONOHOBAHO KOMIUJIEKCHY
METOJIOJIOTII0, IO OXOIUTIOE MUKAUCIUIUTIHAPHUN TIIX1d, 1HTErpaiiro 1HHOBaLIMHUX
IPUHIUIIB IPOEKTYBAaHHS, TEOPETUYHUH aHaJ13 Ta eMIIPUYHI AOCTIIHKEHHs. OKPECIEHO
MOJIEJIb aHaJII3y Ta IMIUIEMEHTAIllT HUPKYJISIPHUX PIllIeHb B OY/IiBIl BEPTUKAIBHUX (hepM
OpIEHTOBaHY Ha ONTUMI3aIliF0 OCHOBHHMX ITOTOKIB BUPOOHUITBA. JlaHMiT HAYKOBUM TT1 X111
Ma€ Ha METI 3HU3UTU BYIJEUEBHHA CH1J BUPOOHUYOI CHUCTEMHU. 3aMpPONOHOBAHO
lepapxiyHy CTPYKTYPY apXITEeKTYpHUX HaIpalloBaHb, sIKa OXOIUTIOE PIBHI «MICTa,
MICTOOY/ZIIBHE cepeloBuUIle Ta 3a0e3medye iX EKOHOMIYHE JOUUIbHE Ta CTiike

(GYHKIIOHYBaHHSI.

Y migpo3mini 2.2 «3acand TOpPOEKTYBaHHS CTajJUX AapXITEKTYpHUX pILIEHb
BEPTUKAIBHUX POCIMHHULBKUX T'OCHOJIAPCTB» PO3TISHYTO 0a30B1 MPUHIUIHN CTIHKOTO
MIPOEKTYBAHHS, K1 OPIEHTOBAHI Ha EKOHOMIYHY €()E€KTHBHICTb, €KOJIOT1UHY CTaJICTh Ta
(GyHKLIOHAJIBHY THYYKICTh cucTeMH. [laHl 3acaau, 30KkpemMa: MPUHUUI 30BHIIIHBOTO
JIOTIOBHEHHSI, IPUHITUTT €KOHOMIT Ta 30€pEKEeHHS PECYPCiB, a TAKOXK MPUHIIUI €KOHOMIT
yacy Ta MpOCTOPY, OO0’€AHAHO Yy TPYyMy «EKOHOMIYHOI e(PeKTUBHOCT». OKpECcIeHO
CIIBBIIHOCHI TPUHOMH, IO BCTAaHOBJIIOIOTH 3aCOOM CTBOPEHHS 3aMKHEHUX CHCTEM
CIIO)KMBAHHS ~ PECypCiB, ONTUMI3allli  TUIAHYBaJIbHOI  CTPYKTypH, IHTErpariii
BIJIHOBJTIOBaHUX JIKE€PEN €HEPTii, MABULIECHHS €eHeproepeKTUBHOCTI OY/11BII1, MiHIMI3aIll1
€KOJIOTITYHOTO BIUIMBY Ta 3a0e3MEYeHHs] TEXHOJOTrIYHOI BIAMOBIIHOCTI MpPOLECY

BEPTUKAJILHOTO (hepMePCTBA JAHUX APXITEKTYPHUX 00’ €KTIB.



Y migpo3gini 2.3 «l'apmoHi3aiisi Ta UUTICHICTh SK BH3HAYaJbHI MPHUHILIUIN
00’€MHO-TIPOCTOPOBO1 OpraHizaiii BepTUKAJIbHUX (epM» OMHCAaHO TPyMy MPUHIUIIIB
IUJIICHOCTI Ta TapMOHI3allli apXiTeKTYpHUX pIIIeHb I 3J1aro/pKeHOi 1HTerparii
BepTUKATbHUX (epMm y wmickkuii manmmadrt. Jlani 3acaad BKIIOYAOTH MPUHITUAIN
KOHTEKCTyali3My, cuM0103y QyHKIIIT Ta (OpMH, OTOTOKHEHHS KOHCTPYKIIT Ta popmu,
rapMoHizaiii 00’eMHO-TIPOCTOPOBUX 1 (hacaHUX PIIIEHb Ta IMIUIEMEHTAIlli HOBITHIX
TexHoJorii. JlochimKkeHo crnocobu NiABUINEHHS AapXITEeKTypHOI MpUBaOIUBOCTI Ta
rapMOHINHOCTI OyaiBenb 00’€KTYy JJOCHIDKCHHS 4Yepe3 BpaxyBaHHS OCOOJHUBOCTEH
MICBKOTO  CEpelioBHUINA, 3a0€3MEUeHHS  Bi3yaJbHO-00pa3HOI  CIIBBIJHOCHOCTI
(GYHKIIIOHATFHOMY MPU3HAYEHHIO, 3aCTOCYBAHHS 0Q30BUX KOMITO3UIIINHUX MPUMOMIB, a
TaKOXX BpaxyBaHHS BIUIMBY HOBITHIX Ta <G3EJICHUX» TEXHOJOTIA Ha 3arajbHy
apXiTEeKTypHY BUpa3HICTh. BcTaHOBIeHO (DyHIaMEHTaNbHI MiAXOIU 10 MPOEKTYBAHHS,
AK1 CIHPUSIOTh CUHTE3y BUPOOHMUYUX MOTpeO 3 YypOaHICTUYHUMHU Ta €CTETUYHUMU
BUMOTaMU BEPTUKAIBLHUX TOCIIOIAPCTB.

Y tperbomy po3aiai «ImiieMeHTalisi cTpaTeriii eKo-cTajol exkcimiayaramii y
BePTHUKAJIbHUX POCTHHHHIBKHMX FOCHOJAPCTBAX)» PO3IJSHYTO ACMEKTH I1HTerpaiii
e(PEeKTUBHUX CTAIMX PIIIEHb Y apXITEKTYPHY CTPYKTYPY BEPTUKAIIBHUX arpO-KOMILJIEKCIB
3 METOI0 3HMKEHHSI IX HEraTUBHOT'O BIUIMBY Ha JOBKULIS Ta MiABUILEHHS TEXHOJIOTTYHOI
e(eKTUBHOCTI BIAMOBIAHO JIO MPUHITUITIB IIUPKYIISIPHOI EKOHOMIKH.

VY migpo3aini 3.1 «Kpurepii aHanizy Ta OWIHKKA €(EKTHUBHOI IHTErparii CTajaux
pillieHb JUTsl BEPTUKAIBHUX arpo-KOMILJIEKCIBY MPEICTABICHO KPUTEP1i aHali3y HAyKOBHX
HaIpaIlOBaHb 00 OLUIHKH XUTTeBOrO UKy (LCA) BepTHUKaIbHUX rOCIOAAPCTB, K1
JI03BOJISIIOTh BU3HAYATH METPHYHI MOKA3HWKH BIUIMBY Ha AoBKULIA. IIpoanamizoBano
moneni «cradle-to-grave» Ta «cradle-to-gate», siki BUKOPHCTOBYIOTHCS ISl aHaNi3y
€KOJIOTIYHUX HACIHIJKIB PI3HUX eTamiB (YHKI[IOHYBaHHS OO0 ’€KTY, MOYMHAIOYM BIJ
BUJO00YTKY pecypciB 1 3aKIHUYIOUYH JOCTABKOIO MPOAYKIIii O CTIOKMBAayYa YU yTHIII3AIII€0
copyau. BuzHaueHo, 10 BUCOKI €HEPrOBUTPATH, HEOOXIiJIHI JUIsi KOHTPOJIHOBAHOTO
CepeZIOBUIIA € OCHOBHUM OOMEXEHHSM €KO-CTIMKOCTI TaKUX TOCTIoAapcTB. BiamoRigHo,
3alMpPONOHOBAHO TMPOAHANII3YBAaTH MIAXOAMW JO 3MEHIICHHS BYTJEIEBOTO CIiAy dYepes

BUKOPUCTaHHS JDKEpENI pecypciB BUPOOHMITBA (€HEpris, MOXWBHI PEYOBHHHU Ta



BYTJICKHUCIIMIA Ta3), 110 3aCHOBaH1 HAa MPUHITUIIAX [IUPKYJISIPHOI EKOHOMIKU. BcTaHOBIEHO
KpUTepii MOPIBHAHHS PI3HUX LUPKYISAPHUX CTpaTerii 3a mapaMeTpaMH BIJIHOCHOTO
MOKa3HUKa 3MEHIICHHS BHUKUJY MapHUKOBUX Ta3iB, MOTEHIIATy 3aMillleHHS MOTpeO
NEPBUHHOTO CHIBBITHOCHOTO PECYpCy Ta IHIIUX XapPaKTEPUCTUK CUCTEMH TaKHX, K
posTtairyBaHHsI 00’€KTy, (PYHKIIIOHAJIBHOI OAMHUII BUMIPY aHali3y, 3aCTOCOBAHOMY
METOJIy BUPOIIYBaHHS, CIIeliam3allii Ta iH.

Y migpo3aini 3.2 «IIpoayKTHBHICTH Ta €KOJIOTIYHA €(PEKTUBHOCTI TEXHOJOTTUHUX
MPUHAOMIB JUISl apXiTEKTYPHUX PIllIeHb BEPTUKAIBHUX (DepM» MPOaHAII30BaHO Cy4acHi
HUPKYJISIPHI MIIXO0AU AJi OyJ1IBEJIb BEPTUKAIBHUX (PepM, 30KpeMa 30BHIIIHIN cUM0103 13
MICBKUMHU  1H(pAcTpyKTypaMyd Ta BHYTPIIIHI TEXHOJOTI  camo3abe3reyeHHs .
BcTranoBneno, mo HaiOUIbI €(pEeKTUBHUMH 30BHINTHIMH MIAXOJaMHU € BITHOBJICHHS
MOKUBHUX PEUOBHUH Ta €HEPrii 3 JIOKAIHbHUX YCTAaHOBOK aHaepoOHOro OpojiHHS abo 3
KOMIIOCTYBaHHSI MYHIIMIAIBHUX BIIXOJIIB, YTHII3aIlisd HAJJIUIITKOBOTO TEIIa 1 BUKHU/IIB
JKepera 3pOIIeHHS 1 BHECEHHS IOKMBHUX T00aBOK. 30KpeMa, Mo i0H1 TEXHOJIOT1i 3/1aTHI
MOBHICTIO 3aMICTUTH yC1 HEOOXIIHI PECYPCH BUPOOHUIITBA Ta 3HU3UTHU BYTJICLIEBUI CIII]T
Oymini Ha 22-93% y mMOpiBHSHHI 31 JHIHHOIO cucTeMolo. B cBoro uepry, cepen
JIOKaJIbHUX CTpaTerii HalOIbIl JOIUIBHUMH BUSIBIEHI 1HTErpalilo0 (pOTOEIEKTPUUHHUX
naHesei Ta BITPSIKIB, pEIUPKYJIIAIII0 (DUIBTPATy Ta KOMIIOCTYBAaHHS OPTaHIYHUX BIAXOMI1B
BUPOOHMIITBA 3311 OTPUMAHHS €HEPrii 4YuM YTBOPEHHS JOOpHUB, cepel SKHUX
eexTUBHICTH 3amileHHs pecypci csrae 0,1-100% 13 MOKIIMBICTIO 3HU3UTH 3MEHIITUTH

BHUKHW/I TTAPHUKOBHUX Ta31B cUcTeMU 110 83%.

VY migpo3aini 3.3 «BrnpoBamkeHHsT eHeproe()eKTUBHUX Ta €KOJIOTIYHO CTIMKHX
pillieHb TPU TPOEKTYBAHHS BEPTUKAIBHUX TOCIOAAPCTBY» JOCTIIKEHO MPaKTHYHI
aCHEeKTU IHTErpaiii UUPKYISIPHUX MIIXOJIB Y CTPYKTYPY arpOrnpOMHCIOBUX OO0'€KTIB.
CucremMaTn30BaHO apXIiTEKTYPHI PIMICHHS 33 PIBHAMU «MICTO», «00'€EKT» Ta «IPOCTIP»:
BCTAHOBJICHO ONTHUMAaJbHI BijicTaHi (10 20 kM) po3rantyBaHHs ¢epM BITHOCHO JDKEpes
BTOPUHHOI CHPOBMHHU Ta HEOOXIJIHICTh BIJIAINITYBAaHHS OKPEMHX JIOTICTUYHUX BY3IIIB;
BU3HAYEHO OCOOJMBOCTI  (PYHKIIOHATBHO-TJIAHYBAIBHOI — oOprasizamii OymiBimi 3

BUOKPEMJICHHSIM CIIEL1aJII30BaHUX 30H JJIsl PO3MIllleHHs 0OJjaHaHHs (Ti{BaJIbHI PiBHI



JUIS IepepOOKH B1IXO/1B, TEXHIUHI NMPUMIIIeHHs A 30epiranns Boau ta CO2); HagaHO
pEeKOMEHAIlii 010 pO3paxyHKy €eMHOCTI pe3epByapiB (0,75-5,0 neHHUX HOPM ipHTartii)
Ta (OpMyBaHHS BIAMOBIAHOTO MIKPOKJIIMATy B TEXHIYHUX MPUMIIIEHHIX (TeMIieparypa
5-30°C, Bomoricte A0 85%). BusHaueHo onTuMalibHE CIIBBIIHOIICHHS IHTErpari
doToenexkrpuyHoro ckia y dacanni cucremu (40-20% g0 60-80%) Ta HaBeAEHO BUMOTH
JI0 MIPUMIIIIEHb 010ra30BUX YCTAaHOBOK (BJIAIITYBaHHS MPOTUIIOKEKHUX MEPETrOPOIOK 1 -
ro Kjacy, 3amoODKHUX KJIalmaHiB, CUCTEM IMOXKEKOTaciHHA) Ta 30H BUKopucTanHs CO;
(po3MmillieHHs Ha MEepIIoMYy MoBepcl 011 30BHINIHBOT CTIHU, BEHTHIIALIS 3 MOHITOpaMHU
piBHa CO:, BUBE/ICHHS BUITYCKHUX KJIallaHIB HAa30BHI).

Y 4erBepromy po3auni  «Ocol0auBocTI (POPMYBAHHS aAPXITEKTYpPHO-
NPOCTOPOBUX pillleHb BEPTUKAJIbHUX POCIMHHUIBKHX TOCHOJAPCTBY» HAJIaHO
apXITEKTYpHI PEKOMEHJAIl Ha PIBHIX «MICTO», «O0’€KT» Ta «IPOCTIP» IIOAO
MICTOOYZIIBHOTO  pO3TalllyBaHHSA, (PYHKI[IOHAIBHO-IJIAHYBAJIBHOI — OpraHizaimii Ta
MIPOCTOPOBOTIO IJIAaHYBaHHS OY/1BEJIb arpoOIPOMHCIOBUX 00’ €KTIB.

VY migpo3aini 4.1 «MicToOyniBHI peKOMEHAAIll PO3MIIIEHHS POCIWHHULIBKUX
arpo-mpoMHUCIIOBUX KOMILJIEKCIBY» 3alpOMOHOBAHO 1€papXiyHy MOJENb 1HTerpaiii
BEPTUKAJIBLHUX TOCHOAAPCTB Yy MiChbKe cepenoBuile. BcranoBineHo 4 piBHI 00’ €KTIB
BEPTUKAILHUX (epM: MICHKHIA, MDKPAHOHHUM, PAfOHHUI 1 JIOKAJIbHUM 32 OpIEHTAIIII0 Ha
MEBHY KaTEropil0 CIOXKUBAYIB, SIK1 PI3HATHCA 32 00CATOM MPOAOBOILYMX NOTped. [lane
JOCITIKEHHSI BUKOHAHO 3 YpaxyBaHHSM COIaJIbHUX, €KOHOMIYHUX 1 EKOJIOTTYHHUX
noTpe6 micta. BusHaueHno xapakTepHi KpUTEPIi 1711 KOXKHOTO 13 PIBHIB: pO3TaIllyBaHHS —
MICBbKI 30HM, OJIM3BKICTh JO MEBHOI TPAaHCHOPTHOI IHQPPACTPYKTypu a0 IHIIKUX
MPOMHUCIIOBUX 00'€KTIB; €KCIUTyaTalliiiHl nmapaMeTpu — piuyHa BpOXKalHICTh, IHTErpalis
CTpaTerii  CTajoro pO3BUTKY, CHeEIiami3allis BHUPOIIYBaHHS; Ta apXiTEKTypHI
XapaKTEPUCTHUKU — BHUCOTHICTh, 00'€MHO-IIPOCTOPOBA CTPYKTypa Ta MOKIHUBOCTI
dynKioHansHO1 Koomepartii. [[pogemMoncTpoBaHo, 1m0 iHTEerpaiis Gpepm y MicToOyiBHI
CHUCTEMH CIIPHUSE TIIBUINCHHIO MPOJOBOJBYOI OC3MEKH Ta IMOKPAIICHHIO E€KOJOTIYHO1
CTIMKOCTI MICHKOTO CEpEJOBHINA 3aBASKH JIOKAJbHOMY 3a0€3IMEUEHHIO  arpo-
MPOIYKITI€I0, MIHIMI3AIli TPaHCIOPTHUX TOTPeO, 1 TrapMoHi3alii 13 COIliaTbHO-

€KOHOMIYHOIO YPOaH130BaHOIO CTPYKTYPOIO.



Y migpo3aini 4.2 «Opranizamis  (QyHKIIOHANIBHO-TUIAHYBAJIBHOT CTPYKTYpHU
BEPTHKAIBHUX  arporoCHojapcTB»  HaBEeNEHO  AUQEpPEHIalil0  BEePTHKAIbHUX
rocrofapcTB 3a (PYHKIIOHATBHUMHU XapaKTepUCTUKaMH Ta 00’ €MHO-TUIaHyBaJIbHI
pileHHs. 3ampoNOHOBAaHO TpU HAOOpW MPHUMIIIEHb (QYHKIN (epMHu: PO3MIUPEHUI,
0a30BHIl Ta MIHIMAJIBHUM, /1€ 3aCTOCYBAaHHS PO3IIMPEHOr0 HAOOPY € AOLUIBHUM IpHU
(GbyHKITIOHATLHOMY JOMOBHEHHI (hepMu, 0a30BOTO — IS 3a0€3IMeUeHHs paIlioHaIbHOTO
orepyBaHHS BUPOOHHUIITBA, & MIHIMAJIBLHOTO — MPU MaTEPIATbHO-TEXHITHIX OOMEKEHHSIX
a00 mpH BIAIITYBaHHI B YMOBaX IIIJILHOI 3a0y/10BM YM KOMITAKTHOI JUISHKY. Ha ocHOBI
JTAHOTO aHaji3y TaKOXX HaJaHO (PYHKUIOHAIbHO-IUIAHYBAJIbHI PIICHHS OyMIBII IS
pI3HHX KOH(Iirypamiii — OJHO-, CEepelIHbO- Ta 0araronoBEpPXOBOI CTPYKTYpPH, SIKI
3aCHOBaHI Ha OCOOJMBOCTSX Ta IMOCIIOBHOCTI TEXHOJOTIYHOTO Tpoliecy. BuzHaueHo
OCHOBHHMI MEPEITIK MPUMIILIEHD 32 PI3HUMHU (PYHKIIOHATBHUMU KaTeropisiMu (BUpoOHHUYI,
CKJIAJIChK1, CAaHITAPHO-TIOOYTOBI, aIMIHICTPATUBHI, 1HKECHEPHO-TEXHIYHI Ta J1a00paToOpHi
OPUMIIICHHS) 1 iX HEOOXITHUMHU BHYTPIIIHIMU B3a€MO3B’s3kamu. Hamano mpakTtuyHi
peKoMeHAaIli o0 3a0e3nedyeHHsl 0e3neKr BUPOOHMIITBA Ta MPALIOIOUYUX HAa OCHOBI
B
1 Y  migpo3aiini 4.3 «IIpoctopoBi mapamerpu OyaiBedb BEPTUKAIBHHUX
POCIMHHUIIBKUX  (epM» JTOCHIIKEHO MNPUYMHO-HACIIJIKOBI B3a€EMO3B’S3KH MK
HEXHOJIOT1YHO-OMEPAIIHHUMUA Ta apXITEKTYPHUMH XapaKTePUCTUKAMHU BEPTUKAIBHHUX
Arpo-miANpUeEMCTB. BCTaHOBIEHO 3aKOHOMIPHOCTI PO3MOMALTY IUIONIl JJsi PI3HUX
YHKIIIOHATLHUX 30H BIJHOCHO 3arajlbHOi IwUiomi OyfiBii, CyMapHOi TUIOINI
HUPOIIYBaHHs 00J1aJHAHHS Ta BPOKAUHOCTI (pepMuU. 3apONOHOBAHO CIOCIO PO3paxyHKy
HJIOILI Ta BUCOTM OCHOBHOTO NMPUMIILIEHHS BUPOILIYBAaHHS, a TAKOX 3arajbHO1 IUIONII Ta
a0’ eMy Bci€i OyIiBJII HA OCHOBI TEXHIYHUX MapaMeTpiB 0O0JIaTHAHHS Ta IPOIYKTUBHOCTI
oamoro o0O’ckra. Hasemeno cmoci0 ontumizaili TEXHIKO-€EKOHOMIYHHX ITOKa3HUKIB
fIPOEKTY 3a TOMOMOT0I0 BUKOPUCTAHHS 0araTosipyCHUX CUCTEM y BEPTUKAIbHUX pepMax.

KaouoBi  ciaoBa:  BepTukaibHi  ¢GepMu;  MPOMHUCIOBA  apXITEKTypa;
HOMI(YHKI[IOHATIBHI arpoONPOMMCIIOBI KOMIUIEKCH; MICBKUN CcHMO0103; TPOCTOPOBO-
GyHKIIIOHATTEHE MPOEKTYBAHHS; rapMOHi3aIlis apXITeKTYpPHUX pIIIEHB;
PHEProePEeKTUBHICTh; €KOJIOTTYHA CTIMKICTh arpo-CUCTEM.
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In the Introduction, the relevance of the chosen topic is substantiated, the
connection of the work with scientific programs and strategic goals is defined, the
purpose, objectives, research methods, scientific novelty of the results and their practical
significance are formulated.

The research is devoted to the architectural and planning organization of urban
vertical plant growing facilities in the context of ensuring their ecological sustainability,
economic efficiency, and sustainable functionality.

In the first section, '""Current State and Prerequisites for the Development of
Vertical Agro-Industrial Complex Architecture', an analysis of the formation and
relevance of vertical farms in the context of environmentally sustainable development is
conducted, scientific and methodological research is analyzed, as well as examples of
design and implementation of architectural objects of vertical farms, systematizing the
findings for the development of a theoretical foundation.

In subsection 1.1, "Modern Trends in the Development of Plant Farms and
Architectural Scientific Research in the Context of Sustainable Development," the
conceptual foundations of vertical plant growing facilities and their significance for
solving global food security problems are investigated. The scientific spectrum of
publications is analyzed, and the limitations of architectural developments in this field
are established, as the existing works consider only general principles of functional
organization of agricultural buildings or provide fragmentary research. It is determined
that the domestic regulatory framework is oriented towards regulating greenhouse

buildings, which in their spatial planning and operational specifics do not correspond to



the characteristics of vertical agro-complexes. It is concluded that for the effective and
sustainable development of vertical crop farms, it is necessary to establish comprehensive
design framework regarding the architectural organization of such facilities.

In subsection 1.2, "Experience in Architectural Design and Construction of Agro-
Industrial Facilities," an analysis of modern approaches to the architectural formation of
vertical plant growing facilities is carried out, including a review of typical design
solutions. The peculiarities of Ukrainian development of vertical farms and their
advantages in the agro-production sector in the context of the current military-political
situation are established. Examples of the implementation of agro-enterprises in different
cities of the world are outlined, their defining architectural characteristics, functional
structure, planning features, technological solutions, and compliance with sustainable
development principles are analyzed. The main shortcomings of the spatial planning
organization of such buildings were identified as the inefficiency of architectural design
that complicate the distribution of flows and reduce the overall efficiency of the system.

In subsection 1.3, "Factors Influencing the Formation of Spatial Structure, and
Classification of Vertical Agro-Enterprises," the results of previous research were
systematized to establish theoretical developments: factors influencing the formation of
vertical farms, as well as two classification models (multi-criteria and architectural-
functional). Natural-climatic, technogenic, and anthropogenic factors influencing the
formation of such agro-facilities are defined and specified. The classification of vertical
farms according to architectural, functional, and technological parameters has been
refined. These results provide a theoretical foundation for such facilities and serve as a
basis for further development of technological and architectural-planning solutions.

In the second chapter, '""Methodology for Organizing an Effective Functional-
Spatial Structure of Vertical Agro-Complexes," methodological and principal
approaches to organizing architectural and functional solutions for vertical plant growing
facilities are developed, aimed at ensuring their ecological sustainability, architectural
efficiency, viability, and adaptability to the urban environment.

In subsection 2.1, "Research Methodology," key aspects of forming a sustainable

architectural system of agricultural facilities are defined. The research focuses on



problems of capital expenditures, ecological sustainability, and architectural efficiency.
A comprehensive methodology is proposed, encompassing an interdisciplinary approach,
integration of innovative design principles, theoretical analysis, and empirical research.
A model for analyzing and implementing circular solutions in vertical farm buildings is
outlined, oriented toward optimizing the main production flows to reduce the carbon
footprint of the system. A hierarchical structure of architectural organization is proposed
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on the levels of "city," "object," and "space," which are aimed on harmonious integration
of the building into the urban environment ensuring system’s viability and sustainability.

In subsection 2.2, "Principles of Designing Sustainable Architectural Solutions for
Vertical Plant growing Facilities," basic principles of sustainable design are examined,
which are oriented toward economic efficiency, ecological sustainability, and functional
flexibility of the system. These principles, including: the principle of completion from
without, the principle of resource conservation, and the principle of time and space
economy, are combined into the group of "economic efficiency." Corresponding design
techniques are outlined for creating closed resource consumption systems, optimizing
planning structure, integrating renewable energy sources, increasing building energy
efficiency, minimizing environmental impact, and ensuring design compliance with the
vertical farming process.

In subsection 2.3, "Harmonization and Integrity as Defining Principles of
Volumetric-Spatial Organization of Vertical Farms," a group of principles of integrity
and harmonization of architectural solutions for the coherent integration of vertical farms
into the urban landscape is studied. These principles include contextualism, symbiosis of
function and form, identification of structure and form, harmonization of volumetric-
spatial and facade solutions, and implementation of innovative technologies. Methods for
enhancing architectural synergy and harmony of vertical farms are investigated through
consideration of wurban environment characteristics, ensuring visual-imagery
correspondence to functional purpose, application of basic compositional techniques, and
considering the impact of innovative and "green" technologies on overall architectural
expressiveness. Fundamental design approaches are established that promote the

synthesis of production needs with urban and aesthetic requirements of vertical farms.



In the third chapter, '"Implementation of Eco-Sustainable Operation
Strategies in Vertical Plant growing Facilities," aspects of integrating effective
sustainable solutions into the architectural structure of vertical agro-complexes are
examined, with the aim of reducing their negative environmental impact and increasing
technological efficiency in accordance with the principles of the Circular Economy.

In subsection 3.1, "Criteria for Analysis and Evaluation of Effective Integration of
Sustainable Solutions for Vertical Agro-Complexes," criteria for analyzing scientific
developments regarding life cycle assessment (LCA) of vertical farms are presented,
which allow for determining metric indicators of environmental impact. The "cradle-to-
grave" and "cradle-to-gate" models used for analyzing the environmental consequences
of various stages of facility operation are analyzed. It is determined that high energy
consumption required for a controlled environment is the main limitation of eco-
sustainability of such facilities. Criteria for comparing various circular strategies are
established according to parameters of relative greenhouse gas emission reduction
indicators, potential for replacing primary corresponding resource needs, and other
system characteristics such as facility location, functional unit of analysis measurement,
applied cultivation method, specialization, and others.

In subsection 3.2, "Productivity and Environmental Efficiency of Technological
Approaches for Architectural Solutions of Vertical Farms," modern circular approaches
for vertical farm buildings are analyzed, particularly external symbiosis with urban
infrastructures and internal self-sufficiency technologies. It is established that the most
effective external approaches are nutrient and energy recovery from local anaerobic
digestion plants or from municipal waste composting, utilization of excess heat and CO,
emissions from industrial processes, as well as the use of wastewater as a source of
irrigation and nutrient supplements. These technologies are capable of completely
replacing all necessary production resources and reducing the building's carbon footprint
by 22-93% compared to a linear approach. The most relevant internal strategies were
found to be integration of photovoltaic panels and wind turbines, filtrate recirculation,

and composting of organic production waste to obtain energy or fertilizers, among which



the efficiency of resource replacement reaches 0.1-100% with the ability to reduce
greenhouse gas emissions of the system by up to 83% compared to a conventional system.

In subsection 3.3, "Implementation of Energy-Efficient and Environmentally
Sustainable Solutions in the Design of Vertical Farms," practical aspects of integrating
circular approaches into the structure of agro-industrial facilities are investigated.

nmn

Architectural solutions are systematized according to the levels of "city," "object," and
"space": optimal distances (up to 20 km) for farm location relative to secondary raw
material sources and the necessity of arranging separate logistical nodes are established;
functional-planning organization of the building with separation of specialized zones for
equipment placement (basement levels for waste processing, technical rooms for water
and CO: storage) are defined; recommendations regarding calculation of reservoir
capacity (0.75-5.0 daily irrigation norms) and formation of appropriate microclimate in
technical rooms (temperature 5-30°C, humidity up to 85%) are provided. The optimal
ratio of photovoltaic glass integration into facade systems (40-20% to 60-80%) is
determined, and requirements for biogas installation rooms (arrangement of 1st class fire
walls, safety valves, fire extinguishing systems) and CO: usage zones (placement on the
first floor near the external wall, ventilation with CO- level monitors, leading exhaust
valves outside) are presented.

In the fourth chapter, '"Peculiarities of Forming Architectural-Spatial
Solutions for Vertical Plant Growing Farms," architectural recommendations are
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provided at the levels of "city," "object," and "space" regarding urban location,
functional-planning organization, and spatial planning of agro-industrial facility
buildings.

In subsection 4.1, "Urban Planning Recommendations for Agro-Industrial
Complexes," a hierarchical model for integrating vertical farms into the urban
environment is proposed. Four levels of urban vertical farm facilities are established: city,
inter-district, district, and local, based on orientation toward a certain category of
consumers, which differ in terms of food needs volume taking into account the social,

economic, and ecological needs of the city. Characteristic criteria for each level are

defined: location — urban zones, proximity to certain transport infrastructure or other



industrial facilities; operational parameters — annual yield, integration of sustainable
development strategies, cultivation specialization; and architectural characteristics —
height, volumetric-spatial structure, and possibilities for functional cooperation.

In subsection 4.2, "Organization of Functional-Planning Structure of Vertical
Agricultural Facilities," the differentiation of vertical farms according to functional
characteristics and volumetric-planning solutions is presented. Three sets of premises for
vertical farms are proposed: extended, basic, and minimal, where the application of the
extended set is appropriate for functional supplementation of the farm, the basic — for
ensuring rational operation of production, and the minimal — under material-technical
limitations or when arranged in conditions of dense development or a compact site. Based
on this analysis, functional-planning solutions for buildings of various configurations are
also provided — single-story, medium-height, and multi-story structures, which are based
on the features and sequence of the technological process. The main list of premises
according to various functional categories (production, storage, sanitary-domestic,
administrative, engineering-technical, and laboratory facilities) and their necessary
internal interrelations are defined. Practical recommendations regarding ensuring
production and worker safety based on domestic regulatory documentation are provided.

In subsection 4.3, "Spatial Parameters of Vertical Farm Buildings," cause-and-
effect interrelations between technological-operational and architectural characteristics
of vertical agro-enterprises are investigated. Regularities of area distribution for various
functional zones relative to the total building area, total area of cultivation equipment,
and farm yield are established. A method for calculating the area and height of the main
cultivation room, as well as the total area and volume of the entire building based on
technical parameters of equipment and productivity of the facility itself, is proposed. A
method for optimizing technical and economic indicators of the project through the use
of multi-tier systems in vertical farms is presented.

Keywords: vertical farms; industrial architecture; multifunctional agro-industrial
facilities; urban symbiosis; spatial-functional design; harmonization of architectural

solutions; energy efficiency; ecological sustainability of agro-systems.



