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OCOBJINBOCTI HOEJTHAHHS MOKJINBOCTEM COITAJIBHOI
I IMBLJILHOI IH)KEHEPII B MICTOBY1YBAHHI

I'inymenko A.l., acmipaHT,

gluschenko.art@gmail.com, ORCID: 0000-0001-6186-0387
Kuiscokutl nayionanvruil ynisepcumem 0y0isHUYmM8Ea ma apximexmypu
[ToBiTpodaorcekuii mp., 31, M. Kuis, 03037, Ykpaina

AHoTanis. TepMmiH «iH)XeHepis» Mae CBO€ KOPIHHS B JIATHHCHKOMY CJIOBI «ingeniumy, 10
O3HAYa€e «IHTeNeKT» abo «rajaHT». BiH MOXOOUTH BiJ ClIOBa «ingeniarey, 10 MEPEKIATAEThCA SIK
«3acHyBaTu» abo «BUHANTH». CaMe B IbOMY JIATUHCHKOMY BHPa3i MICTUTHCSA MOYATKOBA i1ed Mo
TBOPYICTb 1 3/aTHICTh PO3B'A3yBaTH CKJaJHI 3aBIAHHA, 3HAXOAUTUCh HAHOIMKYe A0 JIIOAUHH, ii
KOM(pOPTHOTO MPOKUBAHHS Ta POOOTH.

IloHATTS 1HXKeHepii, AK JUCUMIUIIHM, IOB'A3aHO 3 3aCTOCYBAHHSAM HAYKOBUX 3HaHb 1
TEXHOJIOTIH IS TPOEKTYBaHHS, MiCTOOYIyBaHHS, apXiTeKTypH, CTBOPEHHS Ta IMiITPUMKHU Pi3HUX
IH)KEHEpHUX CHUCTEM Ta KOHCTPYKIIM. Y CBOEMY Cy4yaCHOMY 3HAu€HHI I1H)KEHEpis OXOIUTIE
IIUPOKHUNA CHEKTp Talxy3ei, TaKuxX sSK MeXaHI4Ha, eJIeKTPUYHA, KOMIT'IOTepHA, XiMiuHa, IUBLIbHA,
aepOKOCMIYHA Ta 1HIII, 1 Ma€ BaXKJIMBE 3HAUEHHS JI1 PO3BUTKY TEXHOJOTIH Ta iH(pacTpyKTypu
HACEJICHUX ITYHKTIB, sIKI € HEOOX1THUMH JUIsI Cy4acHOTO CycHiibcTBa. Came CyCIiILCTBO MOTPedye
PO3BUTKY Pi3HUX BHJIIB 1H)KEHEPIi, 1110 BIUIMBAIOTh Ha HOro HOpManbHEe QYHKI[IOHYBAHHS Ta CTaJIHM
PO3BHUTOK. Y IIbOMY KOHTEKCTI «IMBLIbHA IHXKEHEPIs» 3HAXOAMTHCS HAWOIMKYe M0 JIOAWHH, il
KOM(OPTHOT'O NMPOKHUBAHHSA Ta POOOTH.

VYrpaBiaiHHS COIIAIFHUMH TPOLIECAMH — II€ CYKYITHICTB Aii Ta CTpaTerid, CIpsIMOBAHUX Ha
BIUIUB 1 OpraHi3aiil0 COIlalbHHUX SBHIL, MPOIECIB Ta B3aeMoAiil y cycminbeTBi. lle Bkimoudae
VIIPaBIIiHHS TOBEIIHKOO, AISUTBHICTIO, CTOCYHKAMHU Ta IHIIMMHU acleKTaMH JIIOACHKOTO JKUTTS, [0
BiJI0YBAIOTHCS B CYCHUIBHUX YMOBAaX.

[Ipn 1poMy ympaBiiHHS COLIAJIBHUMH IpolLecamMH («colliajibHa 1HXEeHepis») 0a3yeThcs Ha
JOCTIKEeHH1, aHaJi31 Ta PO3yMiHHI COLIOJOTIYHUX, ICUXOJIOTTYHUX, EKOHOMIYHUX, TTONITUYHUX Ta
KY/JTbTYPHHX aCIeKTiB CyCHinbeTBa. MIOro OCHOBHA MeTa MOJSra€e y JOCATHEHHI MEBHUX COLIaNbHIX
1Iel Ta po3B's3aHHI IPOOJIEM, y TOMY YHUCI TEXHIUHUX, 1110 CTOSITh NEpe CyCIIbCTBOM.

OCHOBHI acHeKTH YIpaBIiHHSA COLIAJBHUMHU IpolLlecaMH 1€ aHali3 Ta IPOrHO3YBAHHS:
perenbHE JOCTIDKEHHS Ta aHaji3 COLIaJbHUX MPOILECIB JOMOMAarae 3pO3yMITH IXHI NPUYUHH,
HACJIIIKY Ta TEHIEHII].

KurouoBi cioBa: 1uBUIbHA 1HXKEHEpis, CoOlliajibHA 1HXKEHepis, MICTOOYTyBaHHS, CTaIUN
PO3BHUTOK, apXITEKTypa, B3a€MO3aJICKHICTh, CYCIUIbCTBO, B3AEMO/IisI, CHCTEMHICTb.

Beryn. AkTyanbHICTH Ta HMOCTAHOBKA MIpoOJsieM, i1 3B'A30K 13 BaXKJIMBUMHU HAYKOBUMHU Ta
NPAaKTUYHUMU 3aBJJaHHSAMU: Ha IT1JICTaBl TAKOTO aHai3y MOKHA POOUTH MTPOTHO3U 111010 MOKITUBUX
CIIeHapiiB PO3BUTKY CYCIUJIBCTBA; PETYJIOBAaHHS: PO3pOOKa Ta BIPOBADKEHHS MICTOOYIIBHOL
MOJIITUKY, CTpaTerii Ta mporpaM, CHOpSMOBaHMX Ha JOCSATHEHHsS IEBHUX COLUAJIbHUX LJICH,
MOKpAIllEeHHs YMOB JKHTTSI Ta CHPUSIHHS PO3BUTKY CYCHUIbCTBA; KOMYHIKaIllis: 3a0e3MedyeHHs
B3a€MO/JIIT MK PI3HUMH COLIQJIBHUMH TpylaMH Ta CyO0'€eKTaMu, CIPUSHHS JIaloTy Ta BUPIIIEHHIO
KOH(JIIKTIB, MOHITOPMHI Ta OLIHKA: CIIJKyBaHHS 3a peaji3alli€lo COIlaJIbHUX IporpaMm Ta
MicTOOYIIBHUX MPOEKTIB, OLlIHKA iX e(EeKTUBHOCTI Ta BHECEHHS HEOOXITHUX 3MIH JJIS TOCSTHEHHS
ycmixXy; coliajgbHe MapTHEPCTBO: CHIBIpalsd MDK YpsJOM, TPOMAaJCbKUMHU OpraHi3alisimMH,
crcTeMaMH IMBUIbHOI 1H)XKeHepii, O13HeCOM Ta 1HIIUMH Cy0'€KTaMU CYCIUIBCTBA 3 METOIO CIIIBHOT
poOOTH Ta IOCATHEHHS MO3WTHBHUX pe3yibTaTiB. JlaHHA CTAaTTS NPUCBSYCHA YHIKAIHLHOMY
MOEHAHHIO MOXJIMBOCTEH coLiajdbHOI Ta LMBUIBHOI 1HXKEHepii 3 MeTO e(PEeKTHBHOIO
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BUKOPHUCTAHHS B MiCTOOYIBHIN AisUTBHOCTI.

AHaJi3 ocTaHHIX AocaiKeHb i myOaikauiii. /[ani nmuTaHHsS BUCBITIIOBAIM TakKi 3HAYHI BUYCHI
sk JI.S. bepesin, ®@posos I1.J1. [9], iHTerpaltito 1ux MUTaHb i3 COLIATLHUMH MPOOJIEMaMH Ta CTAIUM
PO3BUTKOM CycIiibeTBa npeacTasieno y Bullee J.-W. Experimental Social Engineering [10] ta Fan
W., Lwakatare K., Rong R. [12]. Steinmetz Kevin F., Holt Thomas J. [13] — BuBuae sKicTh
pPEKOMEHIAI IS JAOCIIKEHHs IOJITHKO-COMiabHOI imkeHepil. Zanchetta Sofia. Triennale in
Ingegneria Civile [14] — po3noBinae npo sIKiCTh MiATOTOBKH COLIAIBHOT iHyKeHepil B [raii.

MeTa cTaTTi: aHaJIi3 MOXJIMBOCTEH MOEIHAHHS COIIaIbHOT 1 MUBLILHOT 1HKEHEPIi Ta BIUIMB
Ha PO3BUTOK MIiCTOOY/IYyBaHHS.

Bukiag ocHOBHOro martepiajgy. YIpaBiiHHS COLIAJIbHUMHU IIPOLIECAMHM € CKIIQJAHUM
3aBJaHHSIM, OCKUIPKM BOHO CTHKA€ThcAd 3 OaraTbma (hakTOpamMu, TaKUMH SK 1HIUBIAYyaJbHICTb,
KYJIbTYpPHI BIIMIHHOCTI, TEXHIYHI MOXJIMBOCTI, 3MIHHICTh COIliaJJbHUX yMOB Ta iHmIi. Ile Bumarae
THYYKOCTi, 3/IaTHOCTi JI0 ajamnTailii Ta MOCTIHHOTO BJOCKOHAJICHHS CTpATeriil yIpaBIiHHS s
JOCSITHEHHS TIO3UTHBHUX 3MIH Y CYCHUIBCTBI. ICHYIOWI TIOHSATTS «COIllajbHA 1HXKCHEPIs» 1
«UUBUIbHA 1HXKEHEpis» BUKOPUCTOBYIOTHCS B PI3HMX KOHTEKCTaX 1 MalOTh Pi3HI 3HAYCHHS, aje
ICHy€ 3arajbHUH €JIEeMEHT, IOB'SI3aHMM 13 3aCTOCYBAaHHSAM II€BHUX HAaBUYOK Ta METOMAIB JUIS
JOCSITHEHHS! KOHKPETHUX LIIEH.

CoyianvHa inocenepia. ColialbHa 1HXXEHEPisl BITHOCUTHCSA J0 MPAKTUKU BIUIMBY Ha JIIOJAEH
abo Tpynmu 3 METOI0 3MIHM iXHBOI MOBENiHKM abo oTpuMaHHS iHopmamii. 3a3Buuail 1€
Bi/I0YBAa€ThCS LUIIXOM MAaHIMYJIIOBAHHS MIKOCOOMCTUMH B3a€MOMISIMH, 3JOBXKHMBAaHHSAM JIOBIpH,
BUKOPHCTAaHHSAM IICHXOJIOTIYHUX METOJMIB a00 IHIIMX TEXHIK, SKi JOMOMararoTh IHXEHEPOBAHO
3MIACHUTH TEBHY Nit0 abo 37moBMHUCHY air0. [Ipukianu couiaabHOi iHXEHEpii MOXKYTh BKIIIOUATH
IaxpancTBo, ¢immer, (GanpmBi MpeAcTaBieHHs a00 BIUIMB HAa OCOOMCTOCTI 3 METOK 3J00YTTS
KoH(iaeHIiitHOT iHdopMmalii abo JOCTyIy 10 3aXUIIEHUX PeCcypciB.

[ToHATTS «iHXEHEpis» BHUKOPHCTOBYETHCS Y COLIAIBHOMY KOHTEKCTI JUIsl TIO3HA4YECHHS
IIPAKTUKKU a00 METO/IIB, 1110 3aCTOCOBYIOTBCS 3 METOIO BILIMBY Ha JIIOJIeH, TpynH a0o CyCHUIBCTBO B
nitoMy. Y COIiaTbHOMY KOHTEKCTi, IHXKEHEepis 3a3BHuYaii Mae Ha yBa3l HE CTUIBKH (i3udHE
CTBOpPEHHSI MarepialbHUX OO'€KTIB, K y TpaauLidHIA 1HXKeHepii, ane Oinbine (QokycyeTbcs Ha
BILIMBI Ha JIFOJICBKY MOBEJIIHKY, B3aEMO/IIT Ta COIiaJIbHI CTPYKTYPH.

OCHOBHI acneKTH iHXeHepli y COIliaIbHOMY KOHTEKCTI BKIIFOUAIOTh:

1. ComianbHa 1HxeHepis. Lle Bkitouae MeToaM 1 MIAXOMAHM, CIIPSMOBAHI Ha MaHIMYJIIOBAHHS
COLIlaIbHUMH TpOIlecaMH, BIUIUB Ha JYMKH, TMOBEAIHKY Ta NepeKoHaHHs moaed. Hampukian,
COLIIAJIbHI 1HXEHEPU MOXKYTh 3aCTOCOBYBATH IICHXOJIOTTYHI METO/M, MaHINyIIOBATH 1H(QOpMAIIIEO
a00 BUKOPHCTOBYBATH COLIaJIbHI Me/lia JUIsl BIIMBY HAa TPOMAJICbKY AYMKY.

2. ComianpHa iHHOBaIisA. [H)KeHepis B COIIABHOMY KOHTEKCTI TaK0XX OXOILTIOE PO3POOKY i
BIIPOBA/PKEHHsSI HOBHMX COILIAJIbHUX PIIIeHb Ta 1HHOBAILll [UIs BUPILIEHHS CYCHUIBHUX HpoOieM i
nokpameHHs: skocti xkutTs [5]. Lle Moke crocyBaTucs, HANpHKIAA, 3MiH B CHCTEMaX OXOPOHH
3JI0pOB's, OCBITH, COLIIAILHOT'O 3aXUCTY, EKOHOMIYHUX MOJIEISAX TOILO.

3. 'pomazaceka y4acTs. Y comianbHIN iH)XeHepii BeJIWKa yBara NMPHUIUISETHCS BKIIOYCHHIO
rpoMajy y MpoLecC NPUUHATTSA pillleHb Ta po3poOKy HporpaMm Ta MOCHYyT. [HXeHepu MOXYTh
CHIBIIpAlllOBAaTH 3 TPOMAaJlaMH, CIIyXaTH IXHI MOTpPeOM Ta BpaxOBYBATU JIYMKHU Ta MOOaKaHHS IS
3a0e3neueHHs! yCIIITHOCTI MiCTOOYIIBHUX Ta apXITEKTYPHUX MPOEKTIB.

4. ComiansHa TpaHcopMallis. [HXKeHepis B COLIATBHOMY KOHTEKCTI MOXE BKIIIOYATH
CTBOPEHHsSI CTpaTerii i mporpam JJjisi 3MIHHM COLIQJbHUX CTPYKTYp, BHPIIIEHHS COLIaJbHUX
npo6ieM, TiATPUMKH PIBHOIPAB's, po30y10BH MUPHUX BIAHOCUH TOUIO.

3arasiom, iH)KEHepisl B COLIIaTbHOMY KOHTEKCTI BUKOPHCTOBY€E TEXHIKH, aHAIITUYHI METOH Ta
1HHOBAIIIT /TSI JOCSATHEHHS TTO3UTUBHUX 3MiH y CYCIUIBCTBI, B3a€EMOJIii MK JTFOJJbMU Ta BHPIMIECHHS
COLIIAIBHUX MTPOOIIEM.

Lusinona inowcenepia. LluBibHa 1HXEHEPIsl BIAHOCUTBCS 10 Taly3l 1H)XeHepli, SKa 3aiiMaeThCst
MPOEKTYBAaHHSIM, OyIIBHUIITBOM Ta YTPUMaHHIM (i3UYHHUX 1HOPACTPYKTYPHUX CHUCTEM Ta CHIOPY, LIO
BHUKOPHUCTOBYIOTHCSI TPOMa/IaMH, TaKUX SIK MOCTH, JOPOTH, TyHENl, Oy/iBJIi, BOJOPOBOIY, KaHAi3allis
1 iHm. [{uBiBbHI iHXKEHEpU BUKOPHCTOBYIOTh HAYKOBI 3HAHHS Ta TEXHIYHI HABUYKM JUIS BUPIILICHHS
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IH)KEHEpHUX TMPOOJIeM 1 CTBOPEHHs 1H(PPACTPYKTYpH, sIKa MOJINIIye SKICTb >KUTTA Jnoaed. Bona
BKJIIOYA€ B ceO€ pI3HOMAHITHI aCIlleKTH, TIOB'S3aH1 3 PO3POOKOIO 1 MiATPUMKOIO 1HKEHEPHUX CHCTEM Ta
KOHCTpYKILi# [1], mio 3a0e3neuyrots koMdopT, Oe3MeKy Ta KUTTENISUTbHICTh HACEIICHHSI.

OcHOBHI ramy3i HIUBLIBLHOT 1HKEHEPIi BKIIOYAIOTh:

1. TigporexniuHe OymiBHHNTBO. Po3poOka 1 OyMIBHHUIITBO BOJOCXOBHIN, Aam0, KaHAIIB,
CHUCTEM BOJIONIOCTAYaHHS Ta KaHali3alili 3 METOI KOHTPOJK 3a BOAHMMH pecypcaMu Ta
3aro0iraHHs MOBEHEH.

2. TpancnioptHa iHGpacTpykTypa. [I1anyBaHHs Ta MPOEKTYyBaHHS JIOPIr, MOCTIB, 3aJII3HUYHUX
JiHIHi, aeporopTiB, METPO Ta IHIIOTO TPAHCIOPTY AJ 3a0e3neueHHs] e()EeKTUBHOCTI MepecyBaHHs
JIIOJIeH Ta TOBapiB.

3. CtpykTypHE iHX)eHepcTBO. MicToOyyBaHHS Ta apXiTEKTypHE MPOEKTYBaHHS OyIiBelb, SKi
BUTPUMYIOTh HaBaHTAXXCHHS, 30KpEMa XMapOUYOCH, KHUTIOBI OYAMHKH, KOMEPIIiIHI CIOpYAH TOLIO.

4. T'eoTexHiyHe IH)XEHEPCTBO. BUBYEHHS IPYHTIB Ta TIPCHKUX MOPiJ Ui MOOYIOBU CTiH
MIATPUMKH, (PYHIAMEHTIB Ta IHIIUX TE€OTEXHIYHUX KOHCTPYKITIH.

5. Iigposnorisa Ta TigpoJIOTiYHE MOJIENIOBaHHSA. BUBUCHHS BOAHUX PECypCiB, MPOrHO3YBAHHS
PIBHIB BOAM Ta po3poOKa 3aX0/1iB JIJIs1 KOHTPOJIIO 32 PIYKOBUMU TEHISIMHU.

6. OxopoHa noBkiIsA. [IpOeKTYBaHHS CHCTEM YTHIIi3allii BiXO/iB, TTOBOPKEHHS 31 CTIYHUMH
BOJIAMHU, a TAKOXK 3aX0/U 111010 30epeKeHHS MPUPOTHUX PECYPCIB.

7. I'impomeTteopostorivHi iHKeHepHi crucTeMu. Po3poOka Ta miaTpuMKa CUCTEM Uil KOHTPOITO
HaJ TOTOAOI0 Ta KIIMATUYHUMHU YMOBAMH, TaKHUX SIK TiIPOMETEOPOJIOTIYHI CTaHIlli, CHCTeMHU
MIPOTHO3YBaHHS TIOTOAH TOLIO.

8. VYmpaBniHHsA mpoekTamMu 1 OyaiBedbHUMHU Marepianamu. llnanyBaHHS, opraHizaiis Ta
KOHTPOJIb 32 OyiBHUIITBOM, a TAKOX PO3p00Ka Ta BUKOPHCTAHHS HOBHUX Oy/iBEIHHUX MaTepiaib.

[{uBinpHA i1HXKEHEpis BIAIrpae KpPUTUYHY DPOJb Y PO3BHUTKY CYCHUIBLCTBA, 3a0€3MeUyr0UYn
HEOOXiMHY 1HQPACTPYKTYPY JUIS PO3MIMPEHHS CKOHOMIYHHMX, COIIATbHUX Ta KYJIBTYPHUX
MO>KITUBOCTEH JIOACH.

3acanvruil enemenm Mix IMMHU TOHATTSIMH TIOJISITA€ B 3ACTOCYBaHHI METO/IiB, TEXHIK Ta 3HaHb
JUIS TOCSITHEHHS TIeBHOT METH. Y COIalIbHIN 1HXKEHepii 111 METOAM 1HO1 MOXKYTh OyTH BUKOPUCTaH1
JUIS OTPUMAaHHS HECAHKI[IOHOBAHOTO JOCTYIy a0o0 BIUIMBY HA JIIOJCH 3 METOK 3JiHCHEHHS
maxpaiictea abo 1HIIMX 37OYMHHUX [1H, TOJI SK Yy IUBLIBHIN 1HXEHEpii METOIU 3aCTOCOBYIOTHCS
JUTsl pO3B'sI3aHHS 1H)KEHEPHUX 3aBJlaHb Ta MOKpAIEHHS 1HPPacTPyKTypH ISl TPOMAJICEKOTO Ojara.
Takum ynMHOM, B 000X BHUMAaJIKax 1HKEHEPU BUKOPUCTOBYIOTH CBOi 3HAHHsS Ta HABUYKH, ajie 3
PI3HUMU IUISIMHU Ta HACIIIKAMHU.

B3araini, «iHXeHepisi» — 1€ rajy3b 3HaHb Ta NPAKTUKH, IIO CTOCYETHCS MPOEKTYBAHHS,
po3po0OKu, OYIIBHUIITBA, BUPOOHUIITBA, YTPUMAHHS 1 BJOCKOHAJIEHHS PI3HUX CUCTEM, MPUCTPOIB,
MaTtepialiB, MpoLEciB Ta MOCHyr. [H)KeHepu 3acTOCOBYIOTh HAyKOBI MPHUHILMUIM, MaTeMaTH4Hi
METO]IM, TEXHOJIOT1YH1 3aC00M 1 KpeaTUBHUMN MIIX1A JIUIsl BUPIILIEHHS IPaKTUYHUX MpobieM Ta 3aaad
y PI3HUX Tamy3sx.

OCHOBHI XapaKTepUCTUKHU 1HKEHEPIi:

— IIpoektyBaHHA. [HXeHepH CTBOPIOIOTH JETalbHI IUIAHM 1 PO3POOJIAIOTH KOHLEMIT JUIs
HOBUX CHUCTEM, TEXHOJIOT1H a00 BUPOOIB.

— Bupo6uuurBo. ImkeHepu 3aiiMaloTbCs IUIAHYBaHHSIM 1 OpraHi3alli€l0  IPOLECIB
BUPOOHUIITBA, a TAKOK KOHTPOJIOIOTh SKICTh MPOIYKIIII.

— Buxopucranus pecypciB. IHXKeHepH ONTHMI3YIOTh BHUKOPHUCTaHHS PECYpCiB, TaKUX SK
Marepiaiau, €Hepris 1 9ac, 3 METOr0 3a0e3MeUeHHs €)EKTUBHOCTI Ta EKOHOMII.

— PosB'a3anHa npoOnem. IHxeHepw aHaNi3YyIOTh NMpoOJIEMH 1 PoO3poOIIsAIOTH 1HHOBAIiMHI
piIIeHHs], 100 BUPIIIUTH TEXHIYHI Ta TEXHOJIOTTYH1 BUKIUKH.

— IlocriitHe BmockoHaneHHs. [H)KeHepu NpaIOIOTh HAJA TMOCTIMHUM YIOCKOHAJEHHSM Ta
OTTUMI3AIIEI0 ICHYFOUHX CUCTEM 1 MPOIIECIB.

B3zarani, iHXeHepis € MIMPOKOI0 raimy33io 3 0ararbMa crieriaii3aisiMy, TAKHMH K MeXaHI4Ha,
eNICKTPUYHA, IIMBIJIbHA, MICTOOY/IIBHA, MPOrpaMHa, XiMi4Ha, eIEKTPOHHA, iH(opMariiiHa Tomio [4].
Bona Mae BaxiMBe 3HaU€HHS JJIs1 TEXHOJIOTTYHOTO MPOTpecy Ta PO3BUTKY CYCHUIBCTBA, OCKIIBKU
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IH)KeHepH BIUIMBAIOTh HA 0araTo acleKTiB KHUTTS, BKJIIOYAIOUYM TPAHCIIOPT, CHEPreTHKY, 3B'S30K,
OXOPOHY 37I0POB's, HAYKY, KOMYHIKaIIif0 TOIIIO.

MOXIJIMBOCTI LIMBUIBHOI 1 COLIaJbHOI 1HXEHEPIl MOXYTh MOEIHATUCS Yy NESKUX acleKTax,
0COOJIMBO KOJIM MOBa HJIe PO PO3B'sI3aHHSI COIiaIbHUX MPOOJIeM depe3 IHPPacTpyKTYpHI MPOEKTH
abo rpomajiceki iHimiaTHBU. [loemHaHHS [HMX JBOX MIAXOMIB MOXKE 3a0e3MedyuTH OiUTbII
KOMILUICKCHHUH 1 30a1aHCOBaHMI MIAX1]T 10 PO3B'SA3aHHS CKJIATHUX BUKIIMKIB CYCITIIHCTBA.

Ocp nesiki 3 BapiaHTIB, [ IMBIJIbHA 1 COLIaJIbHA THXKEHEPist MOXKYTh B3aEMOMISTH:

1. CTBOpeHHS coIliaTbHO-OPIEHTOBAHOT 1HOPACTPYKTYPH: IIPH MPOSKTYBAaHHI Ta OyIIBHUIITBI
iH(GpacTpyKTypH (HANPUKIAA, AOPIT, MIKiJ, JIKApEHb, CIOPTHBHUX MaWIaHYUKIB), MOXYTh OYyTH
BpaxoBaHi COIlialibHI aCIIEKTH, TaKi K JOCTYIHICTh, BIUIMB HA CHIBHOTH, €KOJIOT1YHA CTIMKICTh Ta
3pYUHICTB JJIs1 KOPUCTYBAaUiB.

2. I'pomajnceke KOHCYJIBTYBaHHS: TpPH PO3pOOIl BEIUKUX IPOEKTIB 1HXKEHEPH MOXKYTh
3aJy4aTd TPOMAJICHKICTh, JO3BOJISIOUM JIFOJSM BHCIOBIIOBAaTH CBOI JYMKH Ta BpPaxoBYBaTH iX
notpebu 1 mpomosunii. Ile moke 3abe3meunTH OiNBIN BNPOBAHKYBaHI PINICHHS Ta OUIBIIY
HiATPUMKY 3 OOKY rpomMajiu.

3. Po3BHTOK coIlialbHUX WpPOrpaM: IHMBUIBHI 1HXKEHEPH MOXKYTh CIPHUSATH PO3BHUTKY
COLIIAIBHUX TIPOTpaM, CIPSMOBAHUX HA MOJIMIICHHS SKOCTI YKUTTSA, TaKUX SK BOJOIOCTA4aHHS,
KaHaji3allis, colianbHa IHPpacTPYKTypa Ta eHeproe(heKTUBHICTb.

4. 3acTocyBaHHS TEXHOJIOTIM JUIsS COIIAJLHUX PpO3B'S3aHb: TEXHOJOTIYHI 1HHOBAIIIi,
po3pobIieH1 B paMKax LHUBUIBHOT 1HXKEHepii, MOXKYTh OyTH 3aCTOCOBAHI JJisi BUPIIICHHS COLlIaTbHUX
npobneM, Hampukian, 3a0e3ledeHHs JOCTyHmy /0 30epekeHHS eHeprii, e(eKTHBHIIIOro
BOJIONIOCTAYaHHS Ta 1HIIHX.

5. VmpaiiHHS pu3UKaMH Ta Kpu3aMu [7]: iHKEHEpH MOXYTh JOIOMAraTé YIpPaBJISATH
COLIIAIPHUMHU PU3MKAMHU Ta KPH3aMH, TaKUMH SK MPUPOJHI KaTtacTpodu, coriaabHi KOHQIIKTH,
€KOJIOT1YHI 3arpO3HU TOIIO0, PO3POOIISIOUY IUIAHU eBaKyallii, peadiiTalii Ta BiITHOBICHHS.

3araniom, MO€JHAHHS LMBUIBHOI 1 COIIANIbHOI 1HXKEHEpii MOKe CIPHUSATH OUIBII CTIHKOMY Ta
e(pEeKTHBHOMY PO3B'SI3aHHIO COIIAIbHUX MPOOJeM Ta MOKpAIIEHHIO SKOCTI XKHUTTSA B rpomaznax. Lle
MOJKJIUBE 3aBJSKH TOMY, IO 1HXEHEPHU BUKOPHCTOBYIOTh CBOI TEXHIYHI 3HAHHSA Ta 1HHOBAIliiHI
niaxonu, OyaiBesnbHI HOpMH [3], 0IHOYACHO 3BEPTAIOYHCH JI0 COLIATBHUX MOTPEO Ta BUMOT.

[Ipn ubomy, NHUBLIbHA IHXKEHEpisl BIUIMBAaE Ha colialbHy chepy B 0OaraTb0X acrlekTax,
OCKUIBKM BOHa 30CEpe/PKeHa Ha po3poOll, OyAIBHULUTBI Ta yTpUMaHHI 1HQPACTPYKTYpH, SKa
0e3mocepeIHbO BIUIMBAE HA JKUTTA JtoJiel 1 pyHKIIOHyBaHHA cycniibcTBa. Och AesKi 31 Croco0iB,
SIKUMU [IUBUTbHA 1H)XXKCHEPIs BIUIMBAE HA COIIATIBHY cepy:

Tokpawenns akocmi dcumms. [HXEHEpHI MPOEKTH, Taki K BOAONOCTaYaHHs, KaHai3allis,
JIOpPOTH Ta MOCTH, JONMOMArarTh TOKPAIIUTH YMOBHU IPOXHUBAHHS JIIOJEH 1 CTBOPIOIOTH OiIbII
KoM$OpTHE Ta Ge3neuHe cepeJOBULIE IS JKUTTS.

3abezneuenns docmyny 0o pecypcie. lluBinbHa iHX)eHepis 3a0e3medye JOCTYI A0 HEOOX1THUX
pecypciB, TaKUX SK YHCTA BOJA, €IEKTPUYHA €HEPTis Ta IHTEPHET, 10 CHPHUSE IMiIBUIIECHHIO SKOCTI
KHUTTS Ta PO3BUTKY CYCITUILCTBA.

besnexa i 3axucm. ImxeHepu po3poOISIOTH CUCTEMH 3aXUCTY BiJl MPUPOAHHMX KatacTpod,
TaKuX K TpedJsl, CUCTEMH 3aTPUMaHHs TOBEHEW, a TAaKOXX CTBOPIOIOTH 1HQPACTPYKTYPY It
00pOTHOM 31 CTUXIHHUMU JIUXAMH.

3menwenns nepienocmi. llpaBuibHe TUIaHYBaHHS 1HQPACTPYKTYpU MOXKE 3MEHIIUTH
COLllaJIbHY HEepIBHICTh, 320€3MeUyl0ud JOCTYIl 10 OCHOBHHX ITOCIYT YCIM I'pOMaJsiHaM, HE3aJEKHO
B1JI iX COIIAJIBHOTO CTATYCY.

Exonomiynuii  pozeumok. I'paMOTHe TJIaHYBaHHS MICTOOYMIBHUX MPOEKTIB CTHUMYIIOE
€KOHOMIYHUIN PO3BUTOK, IPUBEPTAE 1HBECTHUIIII, CIIPUSIE CTBOPEHHIO pOOOYMX MICIH Ta MATPUMYE
M ITPUEMHUIITBO.

3enena ingppacmpykmypa. ApXiTeKTOpH CIIPUSIOTH PO3BUTKY 3€JI€HOI 1HPPACTPYKTYPH, TaKOi
K MapKH, CaJid, €KOMAPKH, SIKi CIPUSIOTH 3710pOB't0 Ta JOOPOOYTY MEIIKAHIIIB MICT.

Vnpaeninna 6oonumu pecypcamu. IHXEHEpH pPO3pOOIIIOTE CUCTEMH 30EpeKeHHS Ta
yIPaBIiHHS BOJHUMHU PECypCaMu, IO € BAXIMBUMH JJIS 3a0€3MEUCHHS KUTTEIISUTBHOCTI JIoAeH 1
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3eMIIepoOCTBa.

[TokpamieHHss cucTeM MNHMBIIBHOI 1HXEHEPii MOKE€ BIUIMHYTH Ha COIllajbHI MPOIECH 1
cycninibcTBO B minomy. lluBinbHa imKeHepiss 3abe3meuye po3poOKy Ta BIPOBAIKEHHS
iH(DpacTpyKTypH, sika Oe3mocepeHbO BIUIMBAE HA SKICTh KHUTTS JIFOACH, COIIaJbHUNA PO3BUTOK 1
AMHAMIKy rpomaj [6].

Och paeski crocoOu, SIKMMH TOKPAIIEHHS CHCTEM IMBUIBHOI iHXEHEpii MO)Ke BIUIMHYTH Ha
comianbHi mpouecu: 1) 3abe3meyeHHS JIOCTYIy JIO OCHOBHHMX IIOCHYT: IOKPALICHHS
iH(pacTpyKTypH, TaKuX SK JOPOTH, MOCTH, BOAOIOCTAYaHHS Ta KaHAJI3allisl, eJICKTPUIHI MEPExKi,
J03BOJIsIE 3a0€3MeYUTH JJOCTYI 10 OCHOBHMX MOCIYT Jjisi HacelneHHA. Lle crpusie miIBUIIEHHIO
SIKOCTI1 KHUTTS, 3a0€3MCUCHHIO OC3IEeKH Ta 3JI0POB's TPOMAJISH; 2) 3HMKEHHS COIlialbHOI HEPIBHOCTI:
NpaBUIbHE IJIAHYBaHHS 1H(QPACTPYKTYPHUX IMPOEKTIB MOXKE 3MEHIIUTH COIlaJbHY HEpIBHICTH,
3a0e3neuyroun JOCTYI JI0 OCHOBHUX IOCIYT JUIsl BCIX BEPCTB HACEJICHHS, HE3aJEeKHO BiJ IXHHOTO
CTaTyCcy 4M Micls NMPOXKUBAHHS;, 3) PO3BUTOK CYCIIJIbCTBA: PO3BUTOK IMBUIBHOI iH(pacTpyKkTypu
CHpHUs€ EKOHOMIYHOMY POCTY, MIPUBEPTAE 1HBECTHULIII Ta CTUMYJIIOE PO3BUTOK IPOMaJ, 110 B CBOIO
4yepry MO3MTHUBHO BIUIMBA€ Ha COLIaIbHUI pO3BUTOK [6]; 4) 30epeikeHHs pecypciB: IUBLIbHA
1HXKEHEPisl MOXKE CIIPUATH PO3poOIll eHeproePeKTUBHUX TEXHOJOTIH Ta 3eJIeHO01 IHPPACTPYKTYpH,
mo copuse 30epeXEeHHI0 pecypciB Ta 3MEHIIEHHIO HETaTHBHOTO BIUIMBY HA HABKOJIUIIHE
CEPENIOBHUIIIE; D) CIPUSHHS IHHOBAIlISIM: BIIPOBAPKCHHS HOBUX TEXHOJIOTIH 1 IHHOBAIIIA B IUBUIbHIN
iHKeHepii MOKe BIUTMBATH Ha COIiaJibHI MPOLECH, CTBOPIOIOYM HOBI MOIJIMBOCTI U PO3BUTKY
CYCIIJIbCTBA 1 TOKpAIICHHS SIKOCTI JKUTTS; 6) 3MEHIICHHS BIUIMBY HPHUPOJHUX KaTacTpod:
IH)KEHEepHI 3aX0/Y, CIIPSIMOBaHI Ha 3MEHIICHHS PU3HKIB MPUPOJHHUX KaTacTpod, MOXKYTh 30eperTu
KUTTSI Ta MaifHO 1 3a0e3meunTy OiIbIIy CTIHKICTh TpOMaj y BUNAAKY HeOe3NeKkH; /) TpOMaJIChKe
KOHCYJIbTYBAaHHS: 1H)KEHEPH MOXKYTh 3JIydaTH TPOMAJICHKICTh Y MPOIeC TUIAHYBaHHS Ta peaji3aril
MPOEKTIB, IO J03BOJISIE BPAaXOBYBaTH JyMKH Ta MOTPEOM TIpoMaau Ta MOKpallye MiATPUMKY
MIPOEKTIB 3 OOKY HACETICHHS.

[TokpamieHHsi cuCTeM LUBUIBHOI 1HXEHepli MOXKe MaTH 3HAYHHM TO3UTHBHHMM BIUIMB Ha
COIiaJIbHI TPOLECH, CIPHUSIOYU CTAJIOMY PO3BUTKY CYCHUIBCTBA 1 MOJIMIIEHHIO SKOCTI >KUTTS
rpomansH. Lle 1eMOHCTpye, SIK iH)KEHEepisi MOKe CTAaTH MOTYKHUM 1HCTPYMEHTOM JIJIsl MOKPAIICHHS
CYCHUIBCTBA B LIJIOMY.

B3aemomist cucteM HUBIIBHOI 1 comianbHOl iHkeHepii B Itamii [2], Hanpukiad, sk i B Oy/b-
AKIA 1HIIM KpaiHi, MOXe MaTh pi3HI acmekTd 1 ¢opmu. LI 1BI ramysi 1HXKeHepli MOXYThb
B3a€MOJIISITH Ha PI3HUX PIBHAX, COPSIMOBYIOUYM CBOI 3yCHJIIS HA PO3B'I3aHHS COLIAIbHUX MPOOIIeM,
MOKpAIEHHS SIKOCTI KUTTS Ta CTBOPEHHS CTIMKUX 1H(pacTpykTypHUX cucteM. Och Jiesiki crocoou,
SKUMHU [IMBLIbHA 1 COlliabHa 1HKEHEePisl MOXKYTh B3a€EMOMISTH B ITamii:

— IndpactpykTypa mns rpomancekoro Onara. [uBinbH1 iHXeHepu B Iramii MOXyTb
po3poOisaTi Ta OyayBaTu iH(pacTpyKTypy A TpOMaJChbKOro Onara, Taky SIK JOpPOTH, IIKOJIH,
JIKapHi, BOJOMOCTAYaHHs Ta KaHATI3allis, [0 MOJIIIIYE KUTTS TPOMAISH Ta CIPHUSE COLIATTBHOMY
PO3BHTKY.

— Po3pobka exoyIoTiYHO CTIMKUX pillleHb. [HXXKEHepHW B3a€EMOMAIIOTH 3  COLIATLHUMH
IH)KeHepaMu ISl  po3pOOKM €KOJIOTIYHO CTIMKHMX TIPOEKTIB, CIPSAMOBAHUX Ha 30epeKeHHS
MIPUPOJHHUX PECYPCIB Ta 3MEHIIICHHS BIUIMBY HAa HABKOJIMIIIHE CEPEIOBHIIIE.

— CriBopang 3 rpomaaamu. [Ipu po3poOri MpoekTiB MiCTOOYAIBEIBHUKU B3a€MOJIIOTH 3
rpoMajamMu, TPOBOASTH TPOMAJICHKI CIyXaHHS Ta KOHCYJbTAalii, IO JO03BOJISIE BpPaXxOBYBATH
noTpedu Ta moOakaHHS MiCIIEBUX JKUTEINIB.

— Po3BuTOK 1HHOBAIil. ApPXITEKTOPH CHIBIPALIOIOTh 3 COLIAIBHUMH €KCIepTaMu st
PO3pOOKH 1HHOBAIIMHUX PIMIEHb I COLIANBbHUX MPOOJIeM, TaKuX SIK 3a0e3MedeHHs JTOCTYIy JI0
OCBITH, COIIAJIBHOTO 3aXHUCTY Ta 1HIIOTO.

— KpuzoBe ympaBmiHHSA. ApXITEKTOpU [IOMOMAraloTh YIPABISATH COLIAIBHUMH KpU3aMH,
TakKUMHM SIK TIPUPOAHI KaTacTpopu abo MDKHApOAHI MoJii, po3podJsiiouM IUIaHM JAid Ta
KOOPJIUHYIOUH JisUTbHICT B Pa3i HAI3BUYAWHUX CUTYAIIii.

— CouianpHl mnporpamu. IHXKeHepH MOXYTh CHPUATH PO3BUTKY 1HPPACTPYKTYypU ISt
COLIIAIbHUX MPOTpaM, TAKUX SK MPOrpamMu B 00JIaCTI OXOPOHU 3/0pOB's, OCBITH a00 3a0e3neueHHs
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COILIIaTbHOTO KUTJIA.

— CrBOpeHHs CTiHKHX TpoMmai. [mkeHepu B Itamii MOXKYTh CIIBOpALIOBATH 3 COI[iaIbHUMH
eKCIepTaMHu JUIsi CTBOPEHHS CTIHKUX TpoMajl, CIPHUSIIOYM PO3BUTKY COLIAIBHOI KamiTamty,
MIATPUMKH Majio3abe3neueHuX BepCTB HACETICHHS Ta 1HIIOTO.

B3aeMonisi IMBIIBHOI 1 COIiaNbHOI 1HXKEHEpii € BaXJIMBOKO JJISi CTAJIOTO PO3BUTKY ITamii,
CHPUSAIOYM TOKPALICHHIO >KUTTS TPOMAISH Ta PO3BUTKY CYyCHiIbcTBAa B Hutomy. OO'ennyroun
TEXHIYHI 3HAHHSA 1 COLIAJBHUNA KOHTEKCT, IHXXKEHEPH MOXYTh CTBOPUTH €(EeKTHBHI Ta
BIPOBAJKYBaH1 PIIICHHS], IO BIUTMBAIOTh HA IMOKPAIIEHHS SIKOCT1 KUTTSA 1 10OpoOyTy rpoma.

ITanificeki cucTemMu IUBUTHHOI 1HXKEHEPil aKTMBHO BHKOPHCTOBYIOTH 1HHOBAIIMHI TiAXO0IU
JUTSL PO3B'SI3aHHS CKIIATHUX TEXHIYHMX 1 COLIATIbHUX BUKIMKIB. OCh JesKi IHHOBAIlIWHI MiAXOAH, SKi
IIMPOKO 3aCTOCOBYIOTHCS B ITAIIHCHKIN IIUBUIBHIN 1HKEHEpIi:

— InTerpoBanmii MiAXim 0 MPOEKTyBaHHA. ITamiliChbKi 1HXKEHEPH YacTO BUKOPHUCTOBYIOTH
iHTerpoBanuii miaxia [14], mo nependadae po3risi BCiX acleKTiB MPOCKTY, BKIOYAOYH TEXHIYHI,
€KOJIOT1YHI, €KOHOMIYHi, coIiaibHi 1 KyabTypHi (akTopu. Ile momomarae cTBOprOBaTH OLIBII
30alaHCOBaHi Ta CTIMKi pilICHHS.

— 3acToCyBaHHS €KOJIOTIYHO CTIHKHMX TEXHOJIOTiH. ITaniiickka HMUBIIbHA 1HXEHEPIS MpoIarye
BUKOPUCTAHHS CKOJIOTIYHO CTIMKMX TEXHOJIOTIM Ta MaTepiaimiB Juisi OyJiBHUIITBA Ta
iH(GpacTpyKTypHUX TpoekTiB. lle BKIOYae BUKOPHUCTaHHA €HEProeeKTUBHUX TEXHOJOTIH,
3eJIeHUX OyiBHUIITB, BITHOBJIIOBAHOI €HEPTii Ta 1HIIHX.

— Iludposi TexHosorii Ta iHdoOpMaIiiiHI CcUCTEeMHU. ITamilicbki 1H)XXEHEpH AaKTHUBHO
BIIPOBA/KYIOTH 1H(POBI TexHONOTii Ta iH(pOpMamiifHI CHUCTEeMH [UIS ONTHMI3amlii TMPOLEciB
MPOEKTyBaHHS, OyIIBHHUIITBA Ta YHpaBmiHHS iHQpacTpykTyporo. lle mo3Bosise 301IBIINTH
e(EeKTHUBHICTh, 3HU3UTH BUTPATH Ta 3a0€3MEUUTH KPAIIUil KOHTPOJIb 32 TIPOCKTAMHU.

— YhpoBaJKeHHST «pO3yMHHUX» 1H(PACTpyKTyp. ITamiiicbki iHKEHEpH aKTUBHO MPAIIOIOTh
HaJ pO3POOKOI0 «PO3YMHHUXY» 1H(PACTPYKTYP, IO BKIIOYAOTH B ce0C CEHCOPH, MEPEXi 3B'I3Ky Ta
aBTOMATH30BaHI CHCTeMH ymnpaBiiHHA. e 103Bojsie MOHITOPUTH Ta KepyBaTH 1HPPACTPYKTYpPOIO B
PEKKMMI PEaIbHOTO Yacy, MiABUILYIOUH 11 e)eKTHBHICTH Ta CTIHKIiCTh [14].

— I'pomancbke KOHCYJIBTYBaHHS Ta CHiBHOpals. [tamilicbka IUBIIbHA 1HXKEHEPisS aKTHBHO
3allyda€e TPOMAJICHKICTh JIO TPOIECY MPUUHATTS pillleHb Ta pearizamii mpoekriB. Lle momomarae
BpaxoByBaTH MOTpeOM Ta mMOOaKaHHS MICHEBUX JKUTENIB, W0 MIABUIIYE MIATPUMKY
1H(QpacTpyKTYpHUX IPOEKTIB Y rpoMajiax.

— CTBOpeHHs1 pe3epByapiB s MoBeHeW. Iramiiicbka iHXeHepis Npaloe Haja po3poOKOro
CHUCTEM pe3epByapiB Ta 3aTPUMaHHS TOBEHEW NJ 3MEHIICHHS PHU3UKY IOBEHI Ta 30€peKEeHHS
BOJIHUX PECYPCIB.

— BukopucrtanHs ApoHIB Ta JUCTAHIIMHUX TEXHOJIOTIN. J[JI1 MOHITOPUHTY Ta JOCIITKEHHS
1HOPACTPYKTYpU Ta TEPUTOPIH, ITAMIHCHKI 1H)XXKEHEpU BCE YacCTillle BUKOPUCTOBYIOTH JPOHM Ta
NUCTAHIHHI TEXHOIOTI].

L1i iHHOBAaIIiHI MIIXOAM B 1TANINCHKIN UBUIBHIN 1HXEHEPIl CIPUSIOTH TOKPAIICHHIO SKOCTI 1
CTIMKOCTI 1H(PACTPYKTYpH, 3HMKEHHIO HETaTUBHOTO BIUIMBY Ha HABKOJIMIIHE CEPENOBUINE, a
TaKOX PO3BUTKY CYCIIJIbCTBA B ILIOMY.

Ak Mu 6a4uMO, CHCTEMH IIUBUILHOI Ta COILIAJIBHOI 1H)KEHEpIi TICHO OB’ s3aH1 OJIHA 3 1HIIIOKO, 1
MalTh 3HAYHUM BIUIMB OJHAa Ha OJAHY. PO3BUTOK IMBUIBHOI 1HXKEHepii copuse OaraTboMm
MO3UTUBHUM IIpOlIECaM y CYCHUIbCTBI, 1, B CBOIO Yepry, COI[iaibHI MpPOLECH BUPOOJISAIOTH HOBI
BUKJIUKH ISl CHCTEM ITUBLUTBHOI 1HXKEHEPIi.

OcCKiJbKH B TIONIEPEIHBOMY 3allUTaHHI MU B)K€ OOTOBOPIOBAJIM BIUIMB COLIIAJILHUX MPOIECIB
Ha LMBUIbHY 1H)KEHEpiIo, 1aBaiiTe pO3IIITHEMO JesIKi KOHKPETHI PUKIIaIu:

— CropusiHHA CTaJIOMy PO3BHUTKY: 3pOCTaioua yBara J0 CTaJOro PO3BUTKY Ta €KOJOTIYHOT
CTIMKOCTI BIUIMBAE Ha MIAXOAM JO TPOEKTYBaHHA Ta OYAIBHUITBA 1HXEHEPHUX CIIOPY/I.
[IpoektyBaHHsl eHeproe@ekTUBHUX OyIiBeNb, BUKOPUCTAHHS €KOJOTIYHO YHCTUX MarepialiB, 30ip
JIOIIOBOi BOJM, BIPOBA/DKEHHS aJbTEPHATUBHUX JKEPEN €Heprii - 1e MpuKiIaau, 1e COUiaJbHUN
MOMHT Ha CTAJIICTh BIUIMBAE HA 1H)KEHEPH1 PILICHHS.
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— PosButok rpomasncekoi iHdpacTpykTypH. 3pocTaioya norpeda y MmokpameHHi rpoMaachbKoi
iH(}pacTpyKTypH, Takoi SK IIKOJH, JiKapHi, OI0JIOTEKW Ta IHINI TPOMAJCHKI OYIiBIi, BHUMarae
IH)KEHEPHHUX PIllICHb, SKi BPaXOBYIOTh MOTPEON rPOMaJIU, TOCTYIHICTh Ta Oe3neky [8].

— YmopaBiiHHSA TPaHCHOPTHOIO 1H(PPACTPyKTyporo. 3pocraroyda KiTbKICTh aBTOMOOLTIB Ta
3aTOpM HaA JOpOrax BHUMAraroThb I1H)KEHEPHUX pIINIEHb [UIA TOJINIICHHS TPaHCHOPTHOT
iHpacTpykTypu. BrpoBa/pkeHHS CydyacHUX TEXHOJIOTIH yrpaBiiHHS TpadikoMm, OymaiBHUIITBO
e(eKTUBHUX MaricTpajiei Ta 30UIbIICHHS KUTBKOCTI TPOMAJICHKOT0 TPAHCIIOPTY — 1€ MPUKIAIH, A€
comiaibHi TOTPeOU BILUIMBAIOTH HA TPAHCIIOPTHI 1HXKEHEPHI PIIIICHHS.

— Apanraris 10 3MiHM KJIiMary. 3MiHU KJIIMary, Taki SK MIJBUIICHHS pPIiBHA MOpS,
eKCTpeMajbHI TOTOJHI YMOBH, BHMAararTh PO3POOKM IH)KEHEPHUX PIIlICHb I 3a0e3leueHHS
3aXHCTY BiJl CTUXIMHUX JIMX Ta MPUCTOCYBAHHS 1HPPACTPYKTYPH A0 HOBUX KIIMATHYHUX YMOB.

— CTBOpEHHsI KUTJIOBMX yYMOB. 3pOCTarouya HACEJEHICTh Ta 3pOCTAlOUMi IOMUT Ha JKUTIIO
CTBOPIOIOTH OTPEOY B po3poOLli IHKEHEPHHUX PIlLICHb 751 €PEKTUBHOTO BUKOPUCTAHHS TEPUTOPIM,
OyIIBHHIITBA KUTJIOBUX KOMILJIEKCIB Ta 3a0e31meueHHss KOM(GOPTHUX YMOB IPOKUBAHHS.

Ile nume npekibKka MPHUKIALIB TOTO, SK COIalibHI MpPOIECH BIUIMBAIOTh HA IHMBUIBHY
1HKeHepito. Y CBITII MOTped CyCHiIbCTBA Ta BUKJIHUKIB, 110 3MIHIOIOTHCS Ta CTOSTH MEpe] HAIIMMH
CYCIIIBCTBAMH, PO3pOOKa IHKEHEPHUX pIlIeHb, SKi BPaXOBYIOTh COIliadbHI aCIIEKTH, CTa€ BCE
OLITBII BOXKITUBOIO JJIs1 320€3MEUEHHS CTATIOr0 PO3BUTKY 1 MOJIMIIICHHS IKOCT1 KHUTTSL.

OCKiTBKM MU Ma€MO CHpaBy i3 CHCTEMaMH, i COLIaIbHOIO 1 1HKEHEPHO-IMBUIFHOW, Tpeda
BUKOPHUCTOBYBAaTH HalOLIbII €PEeKTUBHY METOO0JIOTIIO y JaHOMY BUIIAJKY, sika O JOIOMOIIa HaM
3pO3yMITH CaMy CYTh IPOIIECIB, iX B3a€EMOTIOB'SI3aHICTh 1 B3a€MO3JICKHICTb.

Hampukmnan, cucteMHMil MiAXi € HOTY)KHMM IHCTPYMEHTOM JUI BHBYEHHS Ta PO3BHUTKY
IMBUIBHOI 1HKeHepii. BiH gomomarae po3risigaTi HUBUIbHY 1HKEHEPII0 K KOMIUIEKCHY CHCTEMY, IO
BKJIIOYAE B ceOe B3a€MOJIII0 MK PI3HMMH KOMIIOHEHTaMH Ta eJleMEHTaMU. 3aCTOCYBAHHS CHCTEMHOIO
MIIXOy JOTIOMArae 3po3yMiTH, Ki ()aKTOPH BIUIMBAIOThH HA IUBLUIGHY 1HKEHEPIFO, SIK BOHA B3aEMOJIIE 3
HABKOJIMILIHIM CEpPeJOBUILEM Ta SK il MOJKHA ONTHMI3yBaTH ISl IOCATHEHHsI Kpalux pe3yibratiB. Och
KiJIbKa CIIOCO0iB, SKUMH MOJKHA BUKOPHUCTOBYBATH CHCTEMHHH ITiIX1]1 Y BUBUCHHI IMBUTHHOI 1H)KEHEpi:

— AmnHani3z cHCTeMHHMX »3B'S3KiB. BuBUEHHsS B3aemoii pi3HUX KOMIIOHEHTIB ITUBUIBHOI
imKeHepii, Takux sk OyniBii, iHPpPacTpyKTypa, €KOJOTiYHI YMHHUKHU, COIiaJIbHI MOTPeOH TOMIO.
BusiBneHHs 3B's13KiB Ta 3aJ€KHOCTEH JONOMarae 3po3yMiTH, Kl (GaKTOPH BILUIUBAIOTh HA CUCTEMY B
LIJIOMY 1 SIK MOKHA ONITUMI3YBaTH pOOOTY IUX KOMIIOHEHTIB.

— MogpenmtoBanHss  cucteMu. Po3poOka MaTeMaTHUHUX — MoOJenei, KOMII'FOTEpPHOro
MOJIETIIOBaHHS Ta CUMYJISALINA LMBUIBHOI 1HXKEHEPIl J03BOJISIE MPOTHO3YBaTH MOBEIIHKY CUCTEMH B
pi3HUX yMoBax. Mojeli 10noMararoTh 1HXEHepaM 3pO3YyMITH, sIKi pIIIEHHS MOKYTh MPU3BECTH 10
HaMKpalux pe3yibTaTiB 1 IK YHUKHYTH MOTEHIIHHUX MTPOOIIEM.

— Posrnsan cuctemu B KOHTEKCTI cepenoBuia. [liaxoauTu 1m0 mMBUIBHOI iHXeHepii K 10
YaCTUHU OUIBIIIOT CUCTEMH, sIKa BKIIIOYA€E B ce0e MPHUPOIHE CEPEIOBUIIE, COIIaTbHUNA KOHTEKCT Ta
€KOHOMIYHI YMHHUKU. PO3yMiHHS BIUIMBY 30BHIIIHIX (DaKTOpIB Jlornomarae 3a0e3MeuuTH CTalicTh
Ta BpaxyBaTH €KOJIOT1YHI Ta COLIaJIbHI aCTIEKTH y MPOEKTaxX 1HXEHEPIi.

— YnpaBiiHHS pu3MKaMy. BUsBIEHHS Ta ympaBliHHS PU3MKAMH, TOB'S3aHUMH 3 MPOEKTaMU
[UBUIHHOI 1HXEHEPIi, € BAXKIMUBUM aCIEKTOM CHUCTEMHOTO Miaxody. Po3rism pizHUX MOMKIMBHUX
CIIeHapiiB Ta aHalli3 HACTIAKIB JOTIOMAarae 3MEHIINTH HEraTUBHUI BILTUB Hernepea0auyeHNX MOIii.

— BzaeMmopist 31 3amikaBlI€eHUMH CTOpOHaMHu. BpaxyBaHHS moTpe® Ta OYIKyBaHb pI3HUX
3alliKaBICHUX CTOPIH, TAaKUX SK TPOMaad, YpAad, Oi3HEC-CTPYKTypH, Yy Hpoleci po3poOKu
1H)KEHEpHUX PIIIeHb JoroMarae 3a0e3neunTy COoLliabHy MPUIHATHICTD Ta YCIIX MPOEKTIB.

3acTocyBaHHS CHCTEMHOIO IiJXOMy JOMOMAarae iHXeHepaM OauuTH OUIbIly KapTUHY,
PO3yMITH B3a€MO3B'SI3KM 1 BIUIMB 30BHIIIHIX YMHHUKIB Ha MPOEKTH LMBUIbHOI 1H)XeHepii. B
pe3yibTati, 1€ J03BOJIAE PO3POOIATH OUIBII KOMIUIEKCHI, €(EeKTHUBHI Ta CTami pillleHHs, SKi
BIJIMOB1TaI0Th TOTpeOaM CYCIJIbCTBA 1 CIIPUSIFOTH CTAJIOMY PO3BHUTKY.

B Toii ke yac, cucTeMHUI MiAXiJ 0 COLIANbHOI 1HXKEeHepii — 11 MEeTOA0JIOTIs Ta MiAXij, 1110
J03BOJISIE  PO3TIISIIATH  COIIAJbHY 1H)KEHEPII0 SIK KOMIUIEKCHY CHCTEMY 3 B3a€MOJIIOYHMU
KOMITOHEHTaMHU Ta B3aeMO3B's3kamMu [11]. Bin 0a3yerbcsi Ha MPUHIMIII PO3YMIHHS COLIaTbHUX
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CUCTEM SK IIUTICHUX YTBOPEHB, J€ 3MiHa OJHOTO €JIeMEHTY MOXE BIUIMBATH Ha 1HI, a IUTICHA
CHCTEMa MO3K€ BUSBIIATU €MEP/KEHTHI BIACTHUBOCTI.

CucTeMHHU# MiIXiJ 10 COIIaNbHOI iHKeHepii BKIIIOYA€ TaKi KIIFOYOB1 aCTIEKTH:

— Posrnsin cucrtemu y kKoHTeKCTi. BpaxyBaHHS coIliaabHOI 1HXKEHEpii K YaCTHHH OUIBIION
CHCTEMH, II0 BKJIIOYAE B ce0e CyCHIbCTBO, KYJIbTYPY, €KOHOMIKY, MOJIITUKY Ta iHII B3a€MOJII0Yi
YUHHUKY. Bu3HaueHHs 3B'A3KIB MK PI3HUMHU acClieKTaMU COLIIaJIbHUX CUCTEM J0IMOMAarae 3po3yMiTu
iX BIUIMB OJMH Ha OJHOTO.

— Amnaniz B3aeMopiii. BuUBUEHHsI B3aeMOii MDK pPI3HUMH aKTOpaMH Ta CTPYKTypaMH B
coianbHUX cucreMax. lle BKIOYae BUBYEHHS pOJIi Ta B3a€EMOJIl TPOMAaJCHKUX OpraHi3aiii,
YPSIIOBHX YCTaHOB, 0i3HECY Ta IPOMAJICHKOCTI.

— MopentoBaHHs Ta cuMyJsimii. BukopucranHs MareMaTHYHHX MOJIENEH Ta KOMIT'TOTEPHOTO
MOJIETIIOBAHHS ISl aHAJI3Y COLIaJIbHUX CHCTEM 1 MPOTHO3YBaHHA X MOBENIHKH B PI3HUX YMOBaXx.
Lle mormomarae OIIHUTH HACTIJIKY PI3HUX PILICHb Ta 3MiH B COLIAJTBHUX CUCTEMAX.

— YrpapninHs pu3ukaMmu. BUsiBIeHHS Ta ynpaBiiHHS PU3UKaMU, MOB'SI3aHUMU 31 3MiHAMH B
COLIIAIbHUX CUCTeMaX. AHaJli3 PU3HKIB I0TIOMArae 3p03yMiTH MOXJIMBI HACIIAKH PIillIeHb Ta CIPUSIE
3MEHILIEHHIO HETaTUBHUX HACII/IKIB.

— ChiBrpans Ta KOMYyHIKalis. BaxkimBa ckiazoBa CHCTEMHOTO MiAXOy — CHIiBIpans 3
pi3HUMHU cTeHKXoJfepaMu Ta e(eKTHUBHA KOMYHIKallisg 3 HUMHU. BKIItOUeHHS pi3HUX 3alliKaBIECHUX
CTOpIH Yy TpoIeC PO3pOOKM IHKCHEPHUX PIIICHb JOoMoMarae 3a0e3MednuTH YCIiX Ta COIiaIbHY
MPUHHATHICTH IMPOCKTIB.

— Iocriiine Boockonanenus. CUCTEeMHUI TiaXia mependavae peryispHy OLIHKY Ta Heperisia
1H)KEHEpHUX PIIIeHb 3 ypaxXyBaHHSIM 3MiH B COIlalIbHUX cucTeMax. Lle momomarae BUSBISATH HOBI
BUKIIUKHU Ta MOXJIUBOCTI JJISl PO3BUTKY.

3acToCcyBaHHA CHCTEMHOTO MIiAXOAY JO COIIajdbHOI 1HXKEHepil JomoMarae 3po3yMiTH
CKJIAJIHICTh COILIaJIbHUX CHCTEM, 3poOHTH O1IbII 30aaHcoBaHi Ta e()EeKTUBHI PIllICHHS, CIPSIMOBaHi
Ha TOJIMIICHHS KOCT1 )KUTTA Ta JOCATHEHHS CTAJIOT0 PO3BUTKY CYCIIIbCTBA.

TakuM YHHOM, CUCTEMHHHU MiJXiJl MOKHA PO3TJISIATH K YHIBEPCAIbHY METOIOJIOTII0 s
BUPINICHHS TEXHIYHUX 1 COIIAIbHUX MPOOJIeM, OCKUIbKHU BiH JI03BOJISIE KOMILJIEKCHO aHAJi3yBaTH Ta
PO3YMITH CKJIAIHI CHCTEMH, IO BKJIIOYAIOTh TEXHIYHI Ta comianpHi acmekTtu. lled migxin
3a0e3neyye CUCTeMAaTUYHUI MiIX11 10 PO3B'A3aHHA MPOOJIeM Ta pO3pOOKH ONTUMATBHUX PIllICHb.

Ocp Jieski MPUYMHU, YOMY CUCTEMHUHN MIAX1]] € YHIBEPCAIIbHUM JJIsi BUPILLIEHHS TEXHIYHUX 1
COLIIaTbHUX MPOOIEeM:

1. Posrmsin koMIiekcHUX cucTeM. CUCTEMHUN MiAXIJ J03BOJISIE€ JOCTIIKYBATH CUCTEMU SIK
LIUTICHI YTBOPEHHS, 3'ICOBYBAaTH X CTPYKTYpPY, (YHKIIOHYBAaHHS Ta B3a€EMOJIII0 MK 1X CKJIaJOBUMHU
yacTuHamMu. Lle 0co0IMBO KOPHCHO, KOJM MU MAa€MO CHpaBy 31 CKIAJHUMHU MpoOJIeMaMu, M0
BKJIIOYAIOTh TEXHIYHI, COIliabHi, EKOHOMIYHI Ta €KOJIOTI1YHI ACTICKTH.

2. InenTudikarist B3aeMo3B's3kiB. CUCTEeMHHI TIIX1]] JOIOMAara€e BUSBIISATH B3a€EMO3B'SI3KH Ta
3aJIe)KHOCTI MK PI3HUMM eJleMeHTaMu cucteMu. lle 103Bossie 3po3yMmiTH, fKi 3MIHM B OJHIN
YaCTHHI CUCTEMH MOXYTb BIUTMHYTH Ha 1HII YaCTUHU Ta 3arajibHy NIPOAYKTUBHICTh CHUCTEMH.

3. O1iHKa HACHIJIKIB pilieHb. BUKOpUCTaHHS CUCTEMHOTO MiJIX0y 03BOJISIE IepeadayaT Ta
OLIIHIOBAaTH HACTIAKU NPUNUHATUX pIlIeHb, SKI MOXYTh MaTH SK TEXHIYHHMM, Tak 1 COLIAJbHUI
BIUIMB. Lle fornomarae yHUKHYTH HeOaXXaHUX HACHIJIKIB 1 3a0€3MEeUUTH Kpallll pe3yJIbTaTH.

4. 3abe3mnedyeHHs] CTAIOTO PO3BUTKY. CHUCTEMHUN MiAXiJ CHpuUse 3a0€3MEUECHHIO CTajoro
PO3BUTKY, OCKITBKH JIO3BOJISIE BPaXOBYBATH COIliaJIbHI, €KOJIOTIYHI Ta €KOHOMIYHI acleKTH B
mpoueci po3poOKH IHXKEHEpHUX pilleHb. BpaxyBaHHS 1HTEpeciB PI3HHUX 3alliKaBIE€HUX CTOPIH
JonomMarae 3a06e3neynTH NPURHATHICTD 1 MIATPUMKY POEKTIB.

5. @oKyC Ha CUCTEeMHHX TepeTBOpeHHsIX. CHCTeMHUH MiAX1T JO3BOJISIE PO3TIIAIATH PIIICHHS
SK CHUCTEMHI NEepEeTBOPEHHs, CIPSMOBaHI Ha JOCSATHEHHS KOHKpeTHHMX Ifiiel. Lle Moxke BKItoyaTu
3MIHH B TEXHOJOTISX, MIpolecax, CTPYKTypax Ta COLIabHUX CUCTEMAX.

3acTocyBaHHSI CUCTEMHOTO IMiJIXO/Ty J0 BUPIIIEHHS TEXHIYHUX 1 COATBHUX Mpo0eM Jomomarae
3abe3neunTy OuthIl e(EeKTHBHI Ta CTall PILIEHHS, SIKI BPaxOBYIOTb MOTPEOM Ta IHTEPECH pIZHUX
CTEMKXOJJIePIB Ta CIIPUSIOTH JOCATHEHHIO MO3UTUBHUX PE3YJIbTATIB B IOBIOCTPOKOBIHM MEPCIIEKTUBI.
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B3arauti, B3a€M03aJeKHICTh COLIATBHUX 1 TEXHIYHHUX MPOLIECIB MPOSBISETHCS B TOMY, SIK BOHH
B3a€EMOJIIIOTh Ta BIUIMBAIOTH OAWH Ha ofHOro. CollialibHI MPOIECH, IO CTOCYIOTHCS CYCIIILCTBA,
KYJIBTYypH, €KOHOMIKHM Ta 1HIIMX JIIOACHKHX ACHEKTIB, 1 TEXHIUHI MPOLIECH, TOB'A3aHi 3 po3poOKOIO,
BUPOOHUIITBOM Ta 3aCTOCYBAHHSAM TEXHOJIOTIH, € B3a€EMO3AJICKHUMH 1 B3aEMOJIIOTh Y CKJIAJHUX
cucremax [14]. Och aeski crmocoou, siK IXHsI B3a€MO3aJICKHICTh MPOSBISETHCS:

e TexHIvHI 1HHOBAIlIl BIUIMBAIOTh Ha CYCIJILCTBO. BIpoBa/yKeHHsSI HOBUX TEXHOJIOTIH MOXKE
BIUTMBATH HA Pi3HI aCHEKTH CYCILUIBLCTBA, 3MIHIOIOYH TOBCSKACHHUN CIOCIO >KUTTS, €KOHOMIYHI
YMOBH, PO0OOYi MiCIISl Ta KYJbTYPHI PAKTUKH.

e ComianbHi MOTpeOU BU3HAYAIOTh TexHIuHi iHHOBalii. IToTrpebu cycminbcTBa Ta TpoMaisH
BU3HAYAIOTh HAMPSIMOK PO3pOOKK TexHOOTii. TexHiuHi iHKeHepH] pillieHHs 3a3BUYail CTBOPIOIOTHCS
3 METOIO BUPIIICHHS KOHKPETHHUX COIIAIbHUX MPOOJIEM 1 337I0BOJICHHS TOTPeO CYCIiIbCTBA.

e ComiayibHe TPUAHATTS TEXHOJOTIH. YCHiX TEXHIYHUX IHHOBAIIM YacTO 3aJeKUTh Bif iX
OpUKAHATTS cycnibcTBOM. CorianbHi ()akTOpH, Taki SK KyJIbTypHiI BIIOJ0OAHHS, €TUYHI acleKTH,
€KOHOMIYHI BHWIOAHM, MOXYTh BIUIMBAaTH Ha T€, HACKUJIBKH YCIIIIHO TEXHOJOTil OyayTh
BUKOPHUCTOBYBATHCH.

e BrutiB TeXHOJIOTIH Ha comiaibHi B3aemoii. BripoBampkeHHST TEXHOJIOT1H MOXKEe 3MIHIOBATH
croci0 chiKyBaHHS Ta B3aeMoJii MK MtoapMu. Hanmpukias, couiansHi Mezia Ta IHTEpHET 3MIHUIU
croci® KoMyHiKallii Ta 3B'sI3Ky B CyCIIJIbCTBI.

e BIulMB CoOLiaTbHUX YWUHHHUKIB Ha poO3poOKy TexHojorii. KynbTypHi, MONITHYHI Ta
€KOHOMIYH1 aClleKTH MOXXYTh BILUTUBATH Ha HAIPSIMOK Ta MPIOPUTETU PO3POOKU TEXHIUHUX PIlLICHb.
Hanpuknan, 3akoHO#aBui BUMOTH a00 €THYHI HOPMH MOXYTh BIUIMBaTH Ha pO3pOOKy Ta
3aCTOCYBAaHHS TE€XHOJOTIH.

e B3aeMofiisi MK COIIaJbHUMH Ta TEXHIYHUMH cucTeMamu. CyCHiJIbCTBO Ta TEXHOJOTIi
YTBOPIOIOTHh BEITMKI CKJIQJIHI CHUCTEMH, JI¢ 3MiHM B OJHOMY acIieKTi MOXXYThb MaTH BIUIMB Ha BCIO
cucremy. Po3ymiHHS 11i€i B3aeMofii gomomarae 3abe3nedutd e(EeKTHUBHICTh Ta CTAJICTh CHUCTEM B
IOMY.

Takum 4rHOM, B3a€MO3AJICKHICTh COIIAIBHUX 1 TEXHIYHUX MPOIIECIB MPOSBISIETHCS y 0aratbox
acIieKTax, JIe TEXHIYHI IH)KEHEepHi pIllleHHs BIUIMBAIOTh HA CYCHUIBCTBO, a COIalibHI MOTpPEeOH Ta
ACMEKTH BU3HAYAIOTh HAMPSIMOK 1 XapakTep po3poOKH BiAmoBimanbHUX TexHoorid [11]. Po3yminHs
1i€T B3a€MOIIT JjoromMarae 3a0e3neunTH e€PEeKTUBHE Ta CTale PO3B'SI3aHHS TEXHIYHUX 1 COIIAIbHUX
npo0Jiem.

B3aemosist 1 B3aeEMO3alIeKHICTh COIIIAIBHOT 1 IIMBUIBHOT 1H)XKEHEPIi € HaI3BUYAHO Ba)JIMBUMHU
acTeKTaMH, SIKi IOTIOMararoTh PO3YMITH, SK 1 JIBi Taly3i B3aEMO/IIOTh Ta BIUIMBAIOThH OJIHA HA OJTHY.

BucHoBKHu:

1. KommiekcHicte mpobiem i pimens [10]. TIpoGmemu, 1m0 BHPIIIYIOTHCS COIIAIBHOIO i
[UBUTHHOIO 1HXKEHEPIEI, YacTO € KOMIUIEKCHMMH Ta OararorpanHumu. CycrniibHI moTpeOu Ta
CcolliambHI BUMOTH MOXYTh BH3HAYaTH MPHU3HAYECHHS TEXHIYHUX PIillleHb, a TEXHIYHI MOXIHUBOCTI
BIUIMBAIOTh Ha COIIAIbHY JIHCHICTD.

2. 3abe3neueHHs ctajoro po3BUTKY. CollianbHa iHXEHepis CHpsSMOBaHAa Ha 3aJI0BOJICHHS
COLIAJIbHUX MOTPeO 1 MiJBUIIEHHS SKOCTI XKUTTS rpoMajsH. [{uBiabHa 1HXEHepisd, y CBOIO 4epry,
BIJNOBIa€ 3a PO3BUTOK I1H(QPACTPYKTYpH, OYIIBHUITBO Ta PpO3MIIIEHHS O00'€KTiB, IO
3a0€3mevyoTh 3py4yHICTh Ta KoM(DOpT moaei. Bzaemomiss Mk HUMHU CHpUsi€e CTBOPEHHIO CTaIUX
1HGPACTPYKTYPHHUX PIIIEHb.

3. EdexrtuBHicTh pimeHb. Po3rimsin comianbHUX acheKTiB y MpoIeci NWBUTBHOI iHXeHepil
fornomarae 3a0e3MeyuTH NPUHHATHICT Ta COLHATbHY BHUIOAY BHPIIICHHS IH)KEHEPHUX IpoOIeM.
Po3ymiHHSA moTped CHUIBHOTH J03BOJISIE PO3POOJISATH PILIEHHS, SKI Kpallle BiAMOBIIAIOTh MOTpedam
TPOMa/IH.

4. 3miHa KylnbTypHOro oToueHHs. [{uBiIbHA 1H)KEHEPisl YacTo BIUIMBAE HA BUTJISAL 1 PO3BUTOK
MICT 1 HAaceleHUX IyHKTIB, IO MOXKE 3MIHIOBaTH KYyJIbTYpPHE OTOYEHHS 1 MOOYTOBI 3BHYAI.
BpaxyBanHs COMIOKYyIbTYpHUX (DaKTOpIB JomoMarae 3a0e3MeyuTH, M0 IHXKEHEPHI PIlIeHHS
BPaxOBYIOTh 1 30€piraloTh YHIKaJIbHY 1IEHTUYHICTh CIUJIBHOT.
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5. 3abe3neueHHs Oe3neku. BpaxyBaHHS cOIiaIbHUX AacleKTiB Yy LMBUIBHIN 1HXKeHepil
noroMarae 3a0e3meduTH Oe3MeKy JIIOACH Ta BpaxyBaTH IMOTPEOM PI3HUX TPYN HACEJICHHS,
BKJTIOYAIOUH JIIOJEH 3 00MEKXEHUMH MOXKIIMBOCTSIMH.

6. IHHOBaIl Ta MiIBHINCHHS SKOCTI XUTTS. B3aemomis comianbHOI 1 NUBUIBHOI 1HXEHEPIT
CHpUsi€ PO3BUTKY HOBUX IHXKCHEPHHX pIlIeHb, CIPSMOBAHUX HA TIONIMIICHHS SKOCTI KHUTTH,
BUPIILICHHS COILIaJbHKUX MPOOJIEM Ta MOKpAIeHHsT yMOB rpomasiH [11].

VYci i BUCHOBKM MIAKPECTIOIOTH T€, IO COIalibHA 1 IUBUIbHA IHXKEHEPiS € HEePO3PHUBHO
MOB'SI3aHUMHU 1 CITIBIparsl MK HHMH JOIOMara€ CTBOPIOBaTH €(EKTHUBHI Ta CTajl i1H)XCHEPHI
pillicHHs, SIKI BpPaxOBYIOTh IOTPEOM CYyCHUIBCTBA Ta MiATPHUMYIOTh CTalnuid po3BUTOK [13].
Po3yMmiHHS 1i€T B3a€EMOJIIi € KPUTUYHUM JUIsl JJOCSTHEHHS MO3UTUBHUX 1H)KEHEPHUX PE3YJIbTaTiB Ta
3a0e3neueHHs MOKPALICHHS SKOCT1 XKHUTTS JIIOJICH.

Bce 11e MOXHA TIOEIHATH TOHATTAM «IHIICEHEPIl CYCNiIbHO20 PO36UMKY», sika O chopMmyBaia
Takui co0l KOHIIIoOMepaT pi3HUX (GOpM iHXKEHepii, sKi 3a0e3MedyroTh MOCTIMHUN 1 epeKTUBHHUN
CTaJIMi PO3BUTOK CYCIIUIBLCTBA B ILIIOMY.

Takum 4MHOM, TexHOJOTI] (UIMBUIbHA I1HXKEHEpis) 1 CYCHUIBCTBO (CoLiaibHA iHXKEHEPis)
MOB’s13aHi MIX COOOI0 Jy)K€ HIUIBHO 1 B3aEMHO BIUIMBAIOTH OJ{HA HA OJIHY, CIPHUSIOYH B3aEMHOMY
PO3BUTKY, 30UTBIIICHHIO KOHKYPEHTOCITPOMOYKHOCTI, 3a0e3Meuyroun Maii0yTHE YKpaiHu.
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Abstract. A term "engineering"” has his root in the Latin word "ingenium”, that means an
"intellect” or "talent". It originates from a word "ingeniare", that is translated how to "found" or
"invent".

Exactly in this Latin expression there is an initial idea about work and ability to decide
difficult tasks. There is the nearest to the man, her comfort residence and work.

An engineering concept, as disciplines, is constrained with the use of scientific knowledge
and technologies for planning, town-planning, architecture, creation and support of the different
engineering systems and constructions.

In the modern value, engineering embraces the wide spectrum of industries, such as
mechanical, electric, computer, chemical, civil, aerospace et al, and has an important value for
development of technologies and infrastructures of settlements, that are necessary for modern
society. Self-society needs development of different types of engineering, that influence on his
normal functioning and steady development. In this context the "civil engineering" is the nearest to
the man, her comfort residence and work.

A management social process is totality of actions and strategies, sent to influence and
organization of the social phenomena, processes and co-operations in society. It includes a
management behavior, by activity, relations and other aspects of human life, that take place in
public terms.

Thus a management social processes (“social engineering™) is based on research, analysis and
understanding of sociological, psychological, economic, political and cultural aspects of society.
Him a primary purpose consists in the achievement of certain social goals and decision of problems,
including technical, that stand before society.

The basic aspects of management social processes it an analysis and prognostication: careful
research and analysis of social processes help to understand their reasons, consequences and
tendencies.

Keywords: civil engineering, social engineering, urban planning, sustainable development,
architecture, interdependence, society, interaction, systematicity.
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Abstract. Modernization of multi-apartment buildings is one of the steps towards achieving
the goals of Sustainable Development of cities and communities. It is not only energy efficient, but
also inclusive and spatial solutions. New concept has been introduced such as "Sustainable
modernization” is a harmonious and balanced process that combines coordinated changes in today's
and future needs, and "Sustainable modernization of residential buildings™ is a complete set of
actions for the regeneration of buildings and residential areas, including the regeneration of
communal communications and nodes. Because only energy efficiency of buildings is not enough
for the achievement of the goals of sustainable cities and communities, considering the fulfillment
of all the tasks set. The goal is to make cities and human settlements inclusive, safe, resilient and
sustainable. Regeneration today is the modernization of multi-apartment buildings to achieve
energy efficiency to conserve and reduce the use of energy resources, which helps reduce utility
costs and carbon emissions. But it does not satisfy the task of inclusive and planning decisions as
Sustainable Urban Development. Panel mass housing construction heritage makes up a significant
part of the country's housing stock in post-Soviet countries. These buildings were built according to
standards that do not meet modern requirements and energy inefficient. New concept of
regeneration on the basis of sustainable development is proposed as the modernization of residential
buildings considering the wishes and needs of co-owners, inclusive and sustainable planning. That
is, the architectural and planning decision includes the need for the house and the surrounding area
for inclusive and reconstruction taking into account the social needs of the residential quarter.

Keywords: regeneration, modernization, Sustainable  modernization, Sustainable
Development, Sustainable Urban Development, multi-apartment building, residential building

Introduction. Modernization of residential buildings is an important topic especially regarding
sustainable development cities and communities. The goal of Sustainable Urban Development is to
make cities and human settlements inclusive, safe, resilient and sustainable [1, 2]. When it comes to
regeneration or modernization, it is usually energy efficiency. Energy efficiency of buildings is not
enough for the achievement of the goals of sustainable cities and communities, considering the
fulfillment of all the tasks set. It is not only energy efficient, but also inclusive and planning solutions.
New concept has been introduced such as "Sustainable modernization" is a harmonious and balanced
process that combines coordinated changes in today's and future needs, and "Sustainable
modernization of residential buildings" is a complete set of actions for the regeneration of buildings
and residential areas, including inclusive and social architectural planning solution and the regeneration
of communal communications and nodes. Regeneration today is the modernization of multi-apartment
buildings to achieve energy efficiency to conserve and reduce the use of energy resources, which helps
reduce utility costs and carbon emissions. But it does not satisfy the task of inclusive and planning
decisions as Sustainable Urban Development. New concept of regeneration on the basis of sustainable
development is proposed as the modernization of residential buildings considering the wishes and
needs of co-owners, inclusive and sustainable planning. That is, the architectural and planning decision
includes the need for the house and the surrounding area for inclusive and reconstruction taking into
account the social needs of the residential quarter and neighborhoods.
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Modernization should be considered a complete set of actions for the regeneration of
residential buildings and neighborhoods, taking into account the regeneration of communal nodes,
which are on the balance sheet of the state and other organizations and enterprises. In other words,
the modernization of the housing stock of sustainable cities is the regeneration of the building stock
and urban communications and technical and engineering communication nodes such as boiler
houses, transformer substations, the sewage system of the city, taking into account the current needs
and with a focus on future generations with the preservation of natural resources and the
environment and inclusive.

Considering that the goal of modernization is sustainable inclusive cities and sustainable
communities, the task of the countries is the comprehensive achievement and solution of economic,
social, legislative and political tasks of Sustainable Development.

This is no longer just an engineering construction decision for multi-apartment building, but
the architectural planning of the surrounding area, neighborhoods and the city as a whole. This is no
longer an architectural decision from the point of view of appearance and construction norms and
energy efficiency, as in the construction of a new residential complex, and as in the case of
reconstruction taking into account the possible re-planning and completion of socially significant
elements of the house and outbuildings in residential neighborhoods.

This is creating inclusive cities and overcoming social exclusion, including in the
development of modernization projects. When it comes to sustainable modernization, it is necessary
to engage in explanatory work for co-owners of multi-apartment buildings and take into account
their wishes and needs. Analyzing the current situation and focusing on future needs is important
not only from the point of view of the operation of the house or residential neighborhoods, but also
the current and future needs of inclusive urban planning. Architects and researchers of social issues
need to take a direct part in the development of state or other programs, as well as in the planning of
projects for each separate group of residential buildings or even a separate residential neighborhood,
depending on the design and financial capabilities.

There are very important participation of the builder, developer, condominiums, local
government and social authorities’ protection for obtaining consent from the co-owners for
temporary or permanent eviction, consent to dismantling and receiving compensation in monetary
equivalent or for the cost of a new apartment in a new building which will build on the same place
or elsewhere. Work on clarification and initiating programs both at the state, local and commercial
and at the level of non-governmental organizations is important. That is, the initiation of the
modernization programs with the involvement of all stakeholders for the preparation, analysis and
planning of the project. So there are no controversial issues at the stage of development and
implementation. Achieving the goals of sustainable development is a global socio-political trend.

If previously the concept of sustainable development was adopted by the General Assembly in
the 1987 year report of Brundtland Commission [3], then with the adoption of goals until 2030 [2], any
issues related to the achievement of these goals and the implementation of tasks must be considered
comprehensively. Achievement is not possible if the execution works partially. World is changing and
we should follow new trends. Any country can't exist without people. The government, architectures,
constructors companies and Organization when talking about modernization and regeneration should to
involve in inclusive, planning decision of housing buildings and neighborhoods at first have thinking
about social needs and well-being people and about energy efficient, haw saving energy resources for
world and saving money for people in utility costs, and their safe and comfort future also. Regeneration
of multi-apartment building shows how sustainable modernization is a very complex and expensive
program. Given that large-scale Social Housing estates are predominantly inhabited by low-income
people, financing is more complicated because it is difficult to obtain consent on co-financing from co-
owners of old multi-apartment buildings. All current modernization programs are energy efficient only
and require co-financing by co-owners. Co-financing is very complicated for low-income citizens
especially in Post-Soviet countries because the credit rate is so high. Large-scale Social Housing
estates in the European Union are widely, especially how "panel houses" Soviet heritage in Post-Soviet
countries such as Lithuania, Estonia, Slovenia etc. Large-scale multi-apartment "panel houses"
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building until the 90s of the 20th century constitutes the main part of the housing stock in Post-Soviet
countries like Ukraine, Kazakhstan and others. Some of them are old and emergency. The housing
stock of Ukraine built before the 90s is more than 85%. Many houses built in the 90s aren't to meet
requirements, current building codes and energy efficiency also, not to mention the inclusive of
neighborhoods. More than 60% of multi-apartment buildings have reached the end of their service life
and didn't regenerate at all. It is inappropriate to carry out only energy modernization in houses with a
completed service life and in which no repairs have been made to other communication and
engineering parts and components.

Analysis of Recent Research and Publications. N. Aernouts with other researchers in their
report note that joint approaches to residential regeneration focused on sustainable development and
redesign of public space in social housing have rarely been seen in the past [4]. It refers to the
consideration of the modernization project both the involvement of social housing residents in the
regeneration of their living environment and the study of local living conditions to promote
construction with a mutually beneficial approach to planning solutions.

Joining the efforts of co-owners, condominiums, housing and utility organizations, architects as
spatial practitioners, and social organizations around the theme of regeneration are very necessary.

Modernization issues are widely discussed and researched, especially about "panel houses™
post-Soviet heritage. The problem of old residential buildings in Slovenia is described in
comparison to mass housing after the Second World War and the post-socialist era. It is proposed to
introduce an appropriate policy for the regeneration of housing in order to create an attractive living
environment and prevent the degradation of these neighborhoods [5]. Possibilities of modernization
of mass series Soviet residential building construction of the 1960s in Almaty city were explored.
The purpose of the research is to find an opportunity to transform the housing stock through
modernization and achieve comfortable living conditions [6]. Energy efficiency issues of old
buildings of Soviet heritage in Lithuania are raised. It is noted that many multi-apartment buildings
are in a particularly bad heat-technical condition and energy costs for heating are significant. Heat
supply infrastructure is morally and physically outdated. Obstacles to modernization are highlighted
such as not only legal and technical factors, but also financial and social aspects regarding
possibilities of co-owners [7]. The problem of residential housing built in the 1950s in Poland is
considered. Low comfort and attractiveness of such buildings and poor technical condition are
noted. Considering the modern requirements for housing and the goals of sustainable development,
possible directions of modernization are proposed by M. Piekarski with colleagues [8]. The
proposal is considered in terms of a technically similar residential development of the 1950s, as a
unified concept for modernization projects of a certain group of buildings. The issue of the
necessity of housing regeneration for more comfortable and attractive living as well as due to poor
technical condition and energy inefficiency is considered by many authors.

Financing issues and possibilities of co-owners are also not ignored [9]. Many countries have
inherited a lot of energy-inefficient buildings from the time of the Soviet Union. Analysis of the
issues of willingness to co-finance the energy reconstruction of residential buildings on the example
of Lithuania showed problems. The results showed that there are organizational and economic
barriers and current policies and support schemes do not adequately address them. Insufficient
government support and reluctance to take loans, as well as the inability to make collective
decisions and lack of cooperation is a major obstacle to the implementation of modernization
projects in the field of energy efficiency [10]. The question was raised whether modernization pays
off. The research is based on the analysis of German apartment buildings. As it turned out, the
significant environmental premium and the costs of the tax on carbon emissions do not adequately
compensate for the costs of energy-efficient modernization. A. Groh with other researchers had
been highlighted that marginal costs far exceed marginal benefits [11]. In connection with the
relatively low level of construction and the insufficient level of reconstruction of the existing one,
the question arises of quickly achieving the goals of sustainable development in terms of energy
efficiency. But despite all efforts, the rates of regeneration are low. Such a problem is proposed to
be solved comprehensively — improving energy efficiency through deep renovation. The discussion
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focuses on technical, financial and social aspects and barriers in the context of building renovation
[12]. The issue of implementing energy efficiency in multi-apartment buildings in Ukraine is also
being considered. Insufficient state support and funding, as well as the financial incapacity of co-
owners of the house are noted [13].

The problems of energy efficiency modernization and the need to regenerate buildings due to
unsatisfactory conditions are considered and obstacles and barriers are discussed. The need for a
comprehensive approach and deep regeneration is also noted.

Topics of sustainable modernization of multi-apartment buildings such as ways to reach the
goals of sustainable development including inclusiveness and regeneration housing stock and
sustainable urbanization of comfortable living today and in future don't usually be considered such
as government programs. All government programs concentrated energy efficient as usual.

Objective and Tasks. The objective of research is to identify impact sustainable development
on modernization of multi-apartment residential buildings. Transforming our world: the 2030
Agenda for Sustainable Development [1] has made adjustments to views and perceptions on urban
development. In this connection, the task became the development of a new approach for the
modernization of residential buildings. New approaches require new concepts. Modernizations of
multi-apartment residential buildings needs to take into account the goals and objectives of
sustainable development. The task is to identify gaps in the existing approach to the modernization
of residential buildings and find ways to solve them.

Materials and methods. The research is built on empirical methods such as descriptive and
observation based on the theoretical method quantitative and qualitative analysis data and
legislation. Using the method of quantitative and qualitative analysis the issue of regeneration of
large-scale social housing in some cities of the European Union is analyzed as examples of France,
Belgium and Italy. The analysis used report Socholab [4] at the request of the European Union and
other available information. Soholab report with retrospective analysis of existing projects in the
suburbs Paris, municipalities and communes; action research ongoing experience in Milan and
Brussels gave an introduction about regeneration large-scale social housing estates in Europe.
Policy objectives given in Programming Manual (2021-2027) Interreg Europe co-funded European
Union [14]. Using the method of generalization and qualitative analysis, the situation in the
modernization of old residential buildings in European countries with the post-Soviet heritage of
"panel houses” was determined. The emphasis is on describing programs, the legislative and
financing way in Lithuania example [15-20]. Programs and plans, legislation and government and
bank are given information about modernization. Using the method of quantitative and qualitative
analysis of existing modernization programs in Post-Soviet countries, using the example of
Kazakhstan [21] and Ukraine, current trends in the regeneration of the housing stock were
determined [22, 23]. Modernization programs introduce information about regeneration structure.
Quantitative and qualitative analysis of the Ukrainian legislation provided an opportunity to
determine future prospects. Using the method of generalization and analysis of statistical data on
the housing stock of Ukraine, current and future opportunities for the modernization of the multi-
apartment buildings, as well as possible obstacles in the implementation of projects are identified.
Using the method of observation and anonymous survey by condominium representatives and co-
owners of multi-apartment buildings, problems associated with sustainable modernization in
Ukraine were identified. Descriptive and explanatory method, based on the obtained analyzed data,
the current situation was determined, which was compared with the tasks of urban development, as
well as the achievement of the goals of sustainable development until 2030. A quantitative and
qualitative analysis of the involvement of all stakeholders such as Organizations, Founds,
construction companies and others identified possible ways and incentives for sustainable
modernization using the example of Ukraine. A comparative analysis led to the conclusion that it is
necessary to change approaches and emphasis in implementing the tasks of sustainable cities.

Results. Agglomeration has great political significance. There is a desire and foundation
aimed at creating an alternative point of view on neighborhoods and directing the actions of local
authorities to promote local regenerative changes in the housing stock. Large-scale social housing
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estates are characterized by important socio-spatial problems. These emphasize the need for
extremely innovative and integrated programs through the territorial determinations of planning and
interconnection of the city with districts and neighborhoods. The Soholab project is based to
develop an integrated approach to the regeneration of social housing in Europe [4].

Housing stock analysis of multi-apartment buildings which were built before the 1990s,
especially in countries with a Soviet heritage, such as "panel houses™ determined the real situation
and their needs. All buildings more or less, depending on countries' construction standards, do not
meet the building regulations. These include: energy efficiency and general condition of house.
Housing stock has completed service life in most cases. Better situations with buildings which were
partially renovated or regenerated parts of buildings such as roof, walls, electricity, plumbing
system, canalization communications and others.

The example of the countries of the European Union demonstrates the fact that the situation is
not so deplorable as the houses are periodically repaired and meet operational requirements.
Modernization requires a new approach such as to involve co-owners into process for understanding
their and their houses’ needs. Creating new programs that will include inclusive planning solutions is
preferable. Innovation programs means projects which include whole buildings and residential
neighborhoods’ needs. Modernization today is considered as energy efficient. Regeneration and repair
of parts of the building is as a separate periodic process. This process allows repair of old elements of
the buildings and makes the house suitable for operation. Without a new planning solution it is difficult
to make regeneration of the building which responds to modern construction standards considering
changes in current building regulations because majority houses were built until the 1990s. This also
does not include spatial re-planning and inclusiveness of buildings and neighborhoods.

The housing stock of post-Soviet countries is distinguished by the fact that planned periodic
repair works are rarely carried out. The situation is that almost all houses need regeneration and
repair of nodes and engineering parts. That is, it is impractical to improve the heating system and to
insulate the walls and roof without repairing these elements.

Energy efficient modernization is only suitable for buildings that meet operational
requirements and don't have a completed service life. When it comes to sustainable development, it
IS advisable to create programs that will comprehensively cover all problematic aspects: energy
efficiency, regeneration of all worn-out nodes, and inclusive re-planning. This applies to both of the
buildings and residential neighborhoods.

The strategy of all modernization programs is aimed at reducing primary energy consumption
and carbon emissions. The comparative characteristics of the modernization program considering
average statistical analysis are presented in Table 1.

Table 1 — Comparative characteristics of modernization programs (statistical average)

Countries Initiator Cover Financing Co-financing
EU Government up to 70% funds co-owners*
Post-Soviet Organization up to 70% funds Co-owners*
Nongovernmental
Organization

*— Self-financing or bank credit financing

Cost of work and materials does not differ significantly. Average monthly incomes are much
lower in post-Soviet countries. Average credit rate in many post-Soviet countries is much higher
than in EU countries. Therefore co-financing by co-owners in post-Soviet countries is a
controversial issue. A survey in Ukraine showed a significant percentage of reluctance to participate
in modernization projects precisely because of the financial burden.

Sometimes it is possible to find additional financing for low-income families or postponement
of payments for the post-modernization period, when savings on utility services are already
significantly noticeable.
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Modernization Fund covers up to 70% priority investments including modernization of energy
networks [24].

The Energy Modernization Program and "Green Country" were initiated with the participation
of the President of Ukraine. Accordingly, changes were made to the legislation and a
decarburization and energy-efficient modernization fund was created as a permanent source of
financing for many energy efficiency projects and programs in various sectors of the economy [25].
Changes in legislation can provide a basis for 100% financing of energy efficiency modernization.

The initiators of modernization projects in Ukraine are condominiums, as representatives of
co-owners. Therefore, responsible for all issues of coordination and dispute resolution are
condominiums. Any regeneration or modernization project requires the consent of co-owners.
Without such agreement in participation and co-financing, the modernization project, including the
achievement of the goals of sustainable development of cities and communities, is impossible. The
dispute resolution causes the reluctance of condominiums to participate in regeneration.

The dispute resolution, including between condominiums and co-owners, is a separate topic
for discussion. This is especially relevant for Ukraine because alternative dispute resolution is not
widespread in Ukraine compared to the countries of the European Union. Modernization is only co-
owners' expression of will, not an obligation, therefore solving such issues in court is impractical
and in general is not their competence.

In order to achieve the goals of sustainable development of cities and communities, it is
necessary to consider rehabilitation of residential buildings and residential neighborhoods.
Rehabilitation such as regeneration multi-apartment building, re-organization and planning solutions
which include inclusive cities is very important for achieving the goals of sustainable development.
Therefore, when we talk about sustainable urbanization, we must talk about sustainable modernization.

Sustainable modernization is the new concept. Because full modernization which covers all
construction elements and inclusive solutions it does not apply at this moment.

Rehabilitation is a set of measures to economic, technical and social factors of a residential
building with the aim of regenerating engineering condition or achieving modern standards of new
construction in relation to individual structural elements, as well as extending the life of the building.

Inclusiveness is very important for sustainable cities. Especially the cities of the post-Soviet
countries and their residential neighborhoods are not equipped for people with disabilities. Planning
solutions of "Panel houses™ and similar ones mostly do not have suitable conditions for mothers with
children and disabled people. Access to parks, driveways, underpasses is difficult for people with
disabilities and even for pensioners and mothers with baby carriages — too high steps make passage
impossible. Pharmacies should be inclusive, but they are usually located in violation of today's building
regulations, for example. They need a re-planning solution regarding new construction regulation and
sustainable modernization. Inclusive urban reconstruction is a new opportunity to make the country
accessible to all its inhabitants. Inclusiveness is the access of all categories of citizens to spaces of the
city. It is part of the achievement of goals of sustainable urbanization.

The innovative concept is the integration of both modernization and regeneration including
inclusiveness planning solutions for multi-apartment building and residential neighborhoods.

Developing programs and their projects is appropriate for separate groups of houses which
depend on construction year building. As a rule, large-scale residential buildings of different years
of construction differ in engineering and architectural solutions: the number of floors, amount of
elevators, and floor planning. Therefore, the individual needs of the house must be taken into
account when developing projects. Create projects according to groups of houses and residential
neighborhoods. As a rule, buildings built before the 1970s differ from the planning solutions of
buildings in the 70s-90s 20 centuries.

The combination of all components such as an inclusive planning solution, energy efficiency,
regeneration of all need to be repaired elements and engineering units and communications of the
building will provide an opportunity to achieve the goals of sustainable urban development and
improve housing comfort for present and future generations with the thought of protecting the
environment. The components of Sustainable Modernization are shown in Figure 1.
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Regeneration

Fig. 1. Sustainable Modernization

Comprehensive modernization of the building with the renewal of city heating
communications, electrical substations, sewerage systems, street landscaping will help renew and
restore residential neighborhoods and ensure reduction of carbon emissions, the preservation and
improvement of the environment also.

Large-scale projects are expensive of course. But, considering needs for complete regeneration,
phased modernization will cost more then. Step-by-step modernization requires development of several
projects, coordination, obtaining the approval, coherence, negotiations and search for funding at each
stage of the program. Each stage of modernization, as a separate project, will require repetitions of
operations. There is a risk that after completing the first stage, engineering changes of the previous
phase will be necessary for realization of the next stage, which in turn increases costs also.

The development of universal programs for similar groups of multi-apartment buildings will
make it possible to implement successful projects in all cities. Successful implementation depends on
commitment and alignment between all stakeholders. Such projects require participation and
involvement from Government organizations to each co-owner of the apartment. This is illustrated in
Figure 2.

Government
an
Non Government
Organisations Co-owners

an
Condominiums

Stakeholders

Sustainable
Funds Modernisation
and of multi-apartment

Banks Bigp
buildings Architecture
and
Construction
Companies

Local authorities

Fig. 2. Stakeholders of Sustainable Modernization of multi-apartment buildings

Cooperation will allow stakeholders to find the optimal solution, to agree on controversial and
financing issues.
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Conclusions. There are prospects for the modernization of residential construction, based on
the data on new ideas, parameters and components inherent in the process of urbanization and
sustainable modernization of multi-apartment buildings. Interrelationships between different levels
of social and political context can combine planning solutions and improvements with socio-
political and economic goals. However, construction opportunities within such programs often
cannot compensate for structural deficiencies, including lack of co-owners cooperation, public
investment, and serious deficiencies in management and maintenance in these areas. In addition,
these innovative measures are not well adapted to current modernization programs. Therefore, it is
precisely such an imperfection that must be eliminated in current and new modernization projects.

In order to achieve the goals of sustainable development and fulfill the tasks of sustainable
cities and communities and sustainable urbanization, it is necessary to develop innovative programs
and their projects for the regeneration of buildings and residential neighborhoods.

All current programs as a rule are unified and not adapted to the needs of each home, or
similar groups of multi-apartment buildings. The development of programs for similar groups of
buildings will provide a comprehensive, innovative and effective approach to the sustainable
modernization of residential multi-storey buildings and neighborhoods. The projects will be
individual for each group of houses, but universal across the cities or even countries. This will
ensure a reliable modernization program that can be implemented over a long period of time with
improvements if necessary after monitoring, evaluation and learning of the pilot project.
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AHoTanisg. MonepHizamis 0araToKBapHHX J>XKHTIOBUX OyIMHKIB € OIHHMM 13 KpOKIB [0
JOCSITHEHHS IJIe CTajmoro po3BUTKY MicT 1 rpomaa. lle He nume eHeproedexTuBHi, ane i
IHKJTIO3UBHI Ta MpPOCTOpOBI pimieHHS. byno BBemeHO HOBY KoHIeNIio, Taky sk «Crama
MOJIEpHI3allis» — 1€ TAPMOHIIHMI 1 30a1aHCOBaHMIA POIIEC, SIKUI TOE€HYE CKOOPIUHOBAHI 3MIHH B
CHOTONHINIHIX 1 MaiOyTHIX moTpedax, Ta «CTajia MOIEpHi3alis )KUTIOBUX OYJHHKIBY» — 1€ TOBHUN
HaOlp 3axoliB A pereHepailii OyaiBedab 1 KUTIOBHX TEPUTOPI, B TOMY YHCII PEKOHCTPYKIIiS
KOMYHaJIbHUX KOMYHIKaliii Ta By3miB. Jlume eneproedekTuBHOCTI OymiBenb HEIOCTAaTHBO IS
JOCATHEHHS LJIEH CTalloro po3BUTKY MICT 1 I'pOMaj, BPaXOBYIOUM BHKOHAHHS BCIX MOCTaBJICHHX
3aBlaHb. Mera mossrae B TOMY, IIOO 3pOOMTH MicTa Ta HACEJICHI NYHKTH I1HKIFO3WBHHUMHU,
OC3MeYHUMH, CTIHKMMH Ta CTaIMMH. Ha ChOromHimIHIA JeHb, pereHepailis — Ie MOACpPHi3allis
0araToKBapTUpHUX OyAMHKIB Il JOCSTHEHHS €HEepProeeKTUBHOCTI 3a/ylsl 30epexeHHs Ta
3MEHIIIEHHS BHUKOPUCTAHHS EHEPreTHYHMX pPEecypciB, IO CHpHUSE 3MEHIIEHHIO BHUTpaT Ha
KOMYHaJIbHI TIOCIYTM Ta BUKWJIB ByIVIEN0. AJe, JIMIIE €Heproe(eKTUBHICTh HE 3a/J0BOJIbHSIE
3aBJIaHHSA 1HKJIIO3UBHUX IUIAHYBAJIbHUX PIlIEHb Ta HEOOX1AHUX PEMOHTHHUX pOOIT 3HOLIEHUX YaCTUH
1 eJIeMEHTIB OyIMHKY, SIK IOCSTHEHHS CTaJIoro po3BUTKY MicT. [laHenbHa MacoBa kUTI0Ba 3a0ynoBa
yaciB PagsgHcekoro Coro3y CTaHOBUTH 3HAYHY YAaCTHHY KHUTIOBOro (POHIY MOCTPAITHCHKUX KpaiH.
{1 OynuHkHM noOynoBaH1 3a CTaHIApPTaMU, SIKI HE BIANOBIJAIOTh Cy4aCHUM HOpPMaM 1 BUMOTraM Ta €
eHepronee(ekTuBHUMHU. IIponoHyeThCcs HOBa KOHLIEMIIS pereHepariii Ha 3acaiax cTajoro po3BUTKY,
K MOJEpHI3allisl >KUTJIOBUX OYyIMHKIB, 3 ypaxyBaHHSAM NoOaxaHb Ta MOTpeO CIIBBIACHUKIB,
IHKJTFO3UBHOTO Ta CTAJOro IulaHyBaHHS. MojiepHi3allis, 3 TOYKH 30py apXiTeKTypHO-IIJIaHyBaJbHUX
pillleHb, Ma€ MOKPUBATH IHKJIIO3UBHICTh OYIMHKY Ta HPWJIEIVIOI TEPUTOPIi, a TaKOXK BKJIHOUATH
pereHepartito JKUTI0BOT 3a0y/I0BH 3 ypaxyBaHHSAM COL[IaJIbHUX NOTPEO JKUTIOBOTO KBApTAaIly.

KurouoBi ciaoBa: pereneparlisi, MoOJEpHI3ailis, CTiiKa MOJEpHi3allisi, CTaJul pPO3BUTOK,
CTaNuil MiCbKUI PO3BUTOK, OaraTOKBAPTUPHUNA OYAMHOK, )KUTIOBUN OYTUHOK.
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Abstract. The article analyses the current state and problems of forming inclusive spaces in
the world and national architecture. The International and Ukrainian regulatory documents that
regulate the inclusiveness and barrier-free accessibility for all the population groups are analysed.
The concedcpts of "inclusion”, "disabled person”, "disability”, "people with limited mobility",
"barrier-free space" are defined. The main organising elements of a quality inclusive environment in
all the social spheres are identified.

An urgent task is to provide the availability of residential and public buildings for all the
citizens, regardless of their physical capabilities. Inclusive spaces of modern architectural
development are not only about creating the appropriate infrastructure, but also about transforming
the existing one.

The purpose of this research is to identify the main elements of the organisation of a high-
quality inclusive environment in all social spheres. The necessary analysis of the current trends in
the architectural development of inclusive spaces in large cities, as well as the peculiarities of
accessibility for people with disabilities and people with limited mobility, has been carried out.

Main research methods are comparative and historical analysis; visual and analytical method;
monitoring method; analysis of statistical data and qualitative indicators; collection, analysis,
presentation, and interpretation of the information on theoretical and practical issues of organising
an inclusive environment, which is reflected in the works of foreign and Ukrainian researchers.

The findings of the study showed that the developments aimed at solving the problems of
creating inclusive spaces are relevant and timely. An important aspect of a barrier-free environment
is the development of inclusive spaces in modern cities. The different types of barrier-free
environment, including physical barrier-free, digital, educational and economic, social and civic, as
well as the information barrier-free, are very important for the development of inclusive spaces in
the world and national architecture. Persons with disabilities and people with limited mobility have
extremely limited opportunities to realise their rights.

Keywords: disability, inclusive space in architecture, barrier-free space, people with limited
mobility.

Introduction. The highest social value in Ukraine, according to the Constitution of Ukraine,
is a person, his or her life and health, honour and dignity, inviolability and security. The existing
barriers in various spheres of life, including the access to residential and public buildings,
employment or cultural life, prevent many Ukrainian citizens from realising their rights, getting the
access to public services and full participation in cultural, political and social life.

The welfare of every person depends on a barrier-free environment. There are some problems
with the access to physical and digital infrastructure, as well as the difficulties in accessing public
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transport and physical environment. For visually impaired people, the lack of website and
application adaptation is a significant challenge. The creation of a "barrier-free environment™ for all
the people is a public benefit and it is closely linked to the social and economic development of the
country in general.

The development of an integrated society means the equality of the access, easy participation,
independence of people with disabilities in all the spheres of life, and the creation of favourable
conditions for the concept of buildings, products, communication systems and electronic equipment,
and the environment. Therefore, the research focused on solving the problems of developing
inclusive spaces is relevant and timely.

Analysis of recent researches and publications. Many foreign scholars have studied the
issues of people’s inclusive adaptation in modern society. S. Busheri, D. Berkuk, T. Buzir paid
considerable attention to the analysis and implementation of inclusive design and multisensory
interactions in public areas [1]. Grandi Laurenessa Wungo and Ariel Natasia developed the form of
inclusive street space [2]. Technologically integrated inclusive educational spaces are considered in
the work of Nitu Ghosh. [3]. A. Maharani and A. Gaxioala developed the idea of an inclusive city,
expanding the space for social and urban housing [4]. In their works, K. Bondarenko and S. Kryvuts
[5, 6] discussed the concept of "universal design”, L. Baida [7] studied the availability of transport
and transport infrastructure facilities for people with disabilities. The issues of formation and
development of inclusive tourism and universal design in the cities were studied by such scientists
as Yen Gel [8], T. Semygina [9], I. Trunina [10].

Problem statement. There are about 15 % of people with disabilities in the world, it is about
1 billion 202 million people. An important feature of a developed society is an inclusive culture,
which affects many spheres of society. The term "inclusion” describes the process of interaction
between the people with disabilities and the people without disabilities in an environment that is
accessible for this interaction.

An urgent task is to provide the accessibility of residential and public buildings for all the
citizens, regardless of their physical capacity. Inclusive spaces of modern architectural development
are not only about creating the appropriate infrastructure, but also about transforming the existing
one.

The purpose and objectives of the research are to identify the main elements of organising
a high-quality inclusive environment in all life spheres. To do this, it is necessary to analyse the
current trends in the architectural development of inclusive spaces in large cities, as well as the
specific features of accessibility for persons with disabilities and people with limited mobility.

Materials and methods of the research. The main research methods used in the study are
comparative and historical analysis; visual and analytical method; monitoring method; analysis of
statistical data and qualitative indicators; collection, analysis, presentation and interpretation of the
information on the theoretical and practical issues of organising an inclusive environment, which is
reflected in the works of foreign and Ukrainian researchers.

The main part. Disability is a measure of health loss due to congenital defects, disease,
trauma or its consequences. When interacting with the external environment, the disability can lead
to a limitation of a person’s vital activity, and as a result, the state must create the conditions for the
realisation of their rights on an equal basis with other citizens and provide their social protection
[11]. At the end of 2023, there were 3 million people with disabilities in Ukraine; the number of
people with disabilities has increased by about 300.000 for the last year and a half.

Inclusion is the process of increasing the participation of all the citizens in the society. First of
all, the need for increased participation is experienced by people with physical or mental
disabilities. This involves the development and application of specific solutions that will allow
everyone to participate equally in academic and social life.

Inclusive planning consists of several steps: recognising and accepting that all people are
different and have many different characteristics: age, gender, wealth, race, language, etc.;
identifying the factors and barriers that prevent different people from participating in community
life and cause discrimination.
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The definition includes not only the access of every member of the society to the critical
aspects of the society, such as education and employment, but also the ease of such access by means
of transforming the society’s paradigms, such as health, education and social protection systems.
This is a difficult process (although significant progress has already been made in many parts of
Europe) because it involves changing long-held (and often erroneous) perceptions and systems. In
other words, in order to implement the inclusion in every sense of the word, it is necessary to step
out of our comfort zones and take action.

The process of development and implementation of state policy to remove the barriers is
complicated by the lack of statistical data. It is impossible to accurately determine the number of
people who face certain barriers every day.

The creation of an accessible "barrier-free" environment for all people is closely linked to the
social and economic development of the country as a whole and solves the problem of accessibility.

The main documents for creating a barrier-free space in Ukraine are:

1. The Convention on the Rights of Persons with Disabilities, ratified by the Law of Ukraine
Ne 1764-V1 from 16.12.2009 [12].

2. The European Social Charter, ratified by the Law of Ukraine Ne 137-V from 14.09.2006.

3. Joining of Ukraine to the international Biarritz Partnership.

4. National Strategy for Creating a Barrier-Free Space in Ukraine until 2030 [13].

On the basis of these documents and researches, Ukraine has created a barrier-free guideline
that clearly defines the conditions for overcoming these barriers [14].

The National Strategy clearly classifies the types of barrier-free space: physical barrier-free,
information, digital, social and civic, educational and economic [13, 15].

All the objects of the physical environment should be accessible to all social groups,
regardless of the age, health status, disability, property status, gender, place of residence and other
characteristics — all they include the concept of physical barrierlessness.

Highly qualified specialists in the field of city planning, architecture and transport are needed
to create physical barrier-free accessibility. The regulatory and legal framework must meet the
modern requirements, be effective and harmonised in the area of accessibility of the physical
environment and transport. The monitoring and control in the field of accessibility of the physical
environment and transport should be carried out on a systematic basis.

Inclusivity of buildings and structures is a set of architectural, planning, engineering,
technical, ergonomic, structural and organisational measures to provide the accessibility of
buildings and structures, in which each person, regardless of the age, gender, disability, functional
impairment, level of communication capabilities or circumstances, can feel safe and comfortable
without any assistance as much as possible.

For a comfortable and safe stay of people, it is necessary to solve the problems of social
adaptation of the population by creating and transforming public facilities considering the inclusive
space.

The transformation of the facilities and the implementation of inclusivity principles involve
both the construction of new facilities and the revitalisation of existing ones.

The biggest challenges people with disabilities and low-mobility groups face are:

— for the wheelchair users: overcoming the edges and height differences; too high objects;
manoeuvring in the narrow spaces; passing through the doorways; and overcoming the stairs;

— for the people who use canes or crutches — the problem of overcoming the height is
removed, but there is a certain problem of getting on the escalator (the required speed of
manoeuvre);

— for the blind — the spatial orientation; recognising unsafe situations; moving to the required
functional area of the premises; looking for the entrance to a particular room;

— for the people with hearing impairments the impossibility to use voice announcements.

The research was carried out on the barrier-free, accessible and comfortable environment of
the social facilities and infrastructure of Odesa historical centre within the streets
Staroportofrakivska, Pastera, Sofiivska, Uspenska.
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The names and number of the studied objects in Odesa are presented in Table 1.

Table 1 — Names and number of studied objects

Number of Compliance Percentgge of Percentage of
Names . partial )
objects percentage . non-compliance
compliance

Schools 16 0 31.25 68.75
Hospitals 4 25 25 50
Kindergartens 20 10 25 65
Colleges 10 0 30 70
Universities 10 0 40 60
Lyceums 5 0 40 60
Polyclinics 8 25 25 50
Pharmacies 52 19.23 19.23 61.54
Shopping centres 8 100 0 0
Market 1 100 0 0
Theatres 7 42.86 28.57 28.57
Religious institutions 9 0 22.22 55.56
Libraries 7 0 28.57 71.43
State institutions 12 8.33 0 91.67
Financial institutions 13 15.38 38.46 46.15
Average value 23 % 24 % 53 %

The research has shown that the percentage of total non-compliance is higher than the sum of
the percentages of full and partial compliance.

Figures 1 and 2 show the distribution of the studied objects by the number and compliance of
barrier-free, accessible and comfortable environment in Odesa within the streets
Staroportofrankivska, Pastera, Sofiivska, Uspenska.

Number of surveyed objects — % of full compliance ¥ Schools

® Hospitals 0,00 15,38 B Hospitals

0,00 .
# Kindergartens 0,00 | / 0,00 m’OZ ¥ Kindergartens
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“olleges ges
u Colleges 0,00 . ‘ ‘
® UNIVERSITIES B UNIVERSITIES
= Lyceums ¥ Lyceums
# Polyclinics B Polyclinics

™ ‘macies
# Pharmacies Pharmacies

- = Shopping centres
® Market
u Theatres

 Shopping centres

® Market

# Theatres

« Religious institutions i Religious institutions

Libraries Libraries

State institutions State institutions

Financial institutions Financial institutions

Fig. 1. Distribution of studied objects according to the number and partial compliance
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Fig. 2. Distribution of studied objects according to full compliance and full non-compliance

The condition of the pavements and the intersections within these streets was also
investigated, and it was found that less than ten per cent of them meet the conditions of barrier-free
and inclusive space.

The study of the barrier-free, accessible and comfortable environment of the social facilities
and infrastructure in other large cities of Turkey and the UK was conducted.

In Fig. 3 there is the state of inclusive space in the streets of Denizli city, Turkey.

- < I

Fig. 3. Current state of inclusive space in the streets of Denizli
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Figure 4 shows the current state of inclusive space in London, UK.

Fig. 4. Current state of inclusive space in London

Odesa also has a number of positive examples of inclusive architectural space solutions, as
illustrated in Fig. 5, which shows the satisfactory state of inclusive space in the streets of Odesa.

Fig. 5. Satisfactory state of inclusive space in the streets of Odesa
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However, the urban space of Odesa needs to be transformed in many more places, thus Fig. 6
shows the unsatisfactory state of inclusive space in the streets of Odesa.

The analysis has shown that the great majority of the physical environment in Odesa is not
adapted for the movement/use of people with disabilities and persons with limited mobility.

Most of the public transport (buses, trolleybuses, trams), intercity, international road and rail
services are outdated and inaccessible. It is impossible to transport people with disabilities and other
people with limited mobility (there are no ramps or the slope does not meet the current standards).

The steps needed to achieve the physical barrier-free environment:

— at the state and local levels, to follow generally accepted practices of creating an inclusive
living environment for the persons with disabilities and other low-mobility groups;

— to bring local authorities’ decisions in the field of public transport into line with the
subordinate legislation and relevant decisions;

— to bring the laws, regulations, norms and standards in the area of physical accessibility in
line with the international standards;

— to develop and implement an effective mechanism for monitoring and controlling in the
field of accessibility in accordance with the norms and standards;

— to increase the number of public transport units in the total number of units that meet the
requirements of accessibility;
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— to increase the number of the specialists in the technical supervision and control in the field
of architecture and construction who are certified to have knowledge of accessibility laws and
regulations and universal design principles.

It is necessary to create the conditions for information barrier-free citizens by providing the
access of all the people, regardless of their functional disabilities or communication capabilities, to
the information in different formats and using the technologies, such as Braille, audio description
(audio commentary), subtitling, the format suitable for reading by screen reader, etc.

To implement full information accessibility for all the citizens from the public authorities; during
the judicial and electoral process; the information broadcast by television and radio organisations and
necessary for the participation in cultural life, leisure and recreation, sports; and public services.

To give high-speed Internet access, public services and public digital information, and to
create digital inclusion for all social groups.

To provide equal opportunities for the participation of all people, their associations and
certain social groups in the life of the communities and the state, to provide the equal access to
cultural and social and political life, to create a favourable environment for physical development
and self-realisation — these are the state’s tasks in terms of social and civic inclusion. An inclusive
environment is a precondition for the participation in all the forms of public life and civic activity.

Improving the distribution mechanism of benefits and social guarantees, transforming the
approaches to assessing the loss of functionality and developing of rehabilitation services will help
to achieve social and civil barriers.

To provide for the educational barrier-free environment by creating the equal opportunities and
free access to education, lifelong learning, advanced training, additional competencies. To create an
inclusive educational environment, to meet the special educational needs for all the participants in the
educational process and to allow adults, youth and children to use all the types and forms of education.

To create the educational barrier-free environment, it is necessary to increase the number of
elderly people involved in the educational programmes of third-age universities; to increase the
number of kindergartens that have an accessible environment and take the children with disabilities
and special educational needs; all the inclusive resource centres should meet the regulatory
requirements and have enough specialists to provide educational services.

Economic inclusion — regardless of the age, gender, marital status or health, all the citizens
should be provided with the conditions and opportunities for employment, financial and other
resources for entrepreneurship or self-employment.

The Ministry of Infrastructure of Ukraine, together with NGOs, has identified the main list of
the facilities which are to be monitored for accessibility and barrier-free access: buildings for
accommodation of evacuees (dormitories, module campuses); civil protection facilities; healthcare
facilities; educational facilities; centres for administrative and social services; bus stations, airports,
railway stations; financial institutions — banks, post offices, insurance companies, non-state
retirement funds, investment funds; sports complexes, stadiums, etc.

The inspection report of the object and the degree of barrier-free accessibility of the physical
environment and services for persons with disabilities includes the following data: the date of the
inspection, the address of the object, the form of ownership, and the data about the person who
carried out the inspection. The monitoring includes the routes to the building; the entrance group;
the routes inside the building, the premises where the service is provided, and the auxiliary
premises; and the barrier-free accessibility of services for people with disabilities.

The task of the barrier-free projects today is to increase the number of barrier-free
intersections and the comfort of using the joint living space without the excessive implementation
of the accessibility elements.

Conclusions and directions for future research. The analysis has shown that the research
aimed at solving the problems of forming inclusive spaces is relevant and timely. The important
aspect of a barrier-free environment is the development of inclusive spaces in modern cities. The
different types of barrier-free environment, including physical barrier-free, digital, educational and
economic, social and civic, as well as information barrier-free, are very important for the
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development of inclusive spaces in the world and national architecture. Persons with disabilities and
people with limited mobility have very limited opportunities to use their rights.

The future research could be aimed at the development of a questionnaire on the accessibility,
transparency, and openness of the state’s activities in relation to the people with the various types of
disabilities in Ukraine and people with reduced mobility, processing the results and providing the
guidelines for the implementation of world’s best practices in inclusive spaces in architecture in the future.
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Abstract. Cities that are at the epicenter of military conflicts find themselves in an extremely
difficult situation. In addition to the most terrible — human losses, the infrastructure of cities,
housing stock and industry are destroyed. An extremely difficult task for such territories is their
post-war reconstruction. This process can be successful only when there is an understanding of the
main approaches and mechanisms for restoration work in such cities. The necessary solution is the
development of effective strategies and programs for the reconstruction of cities. This determines a
number of priority tasks, namely: analysis of the experience of recovery of the countries of the
world after similar destructions and study of the peculiarities of housing reconstruction, as the most
acute problem.

The article examines the main directions of post-war reconstruction of cities, since post-war
reconstruction is an extremely difficult task for any city and country. And for this, it is necessary to
determine the priority directions of the restoration and development of cities, depending on the
characteristics and nature of their destruction. The restoration of cities should not be limited to
reconstruction, but should be decided on a case-by-case basis, taking into account the degree of
destruction, the economic component and social reintegration. The experience of countries that have
gone through the stages of war and reconstruction is of considerable importance in creating
programs for the reconstruction of cities. The set of measures that will contribute to the
implementation of programs of reconstruction and provision of housing for the population accretes
the world experience. Therefore, the article examines the world experience of the restoration of
war-ravaged cities.

For partially destroyed cities with a preserved urban environment, it is possible to develop an
actual design solution that will take into account the type of reproduction — restoration,
reconstruction, or new construction. For territories that have suffered severe destruction, possible
options for the implementation of the reconstruction program and provision of housing for the
population are: new construction, housing rental, temporary construction of modular or container
facilities, formation of a replacement housing fund, compensation for housing.

An approach to architectural and town-planning solutions has been developed, which consists
in mastering the underground space, the spatial composition of the courtyard space, and the
architectural solutions of the buildings.

Key words: reconstruction, residential buildings, residential development, city,
reconstruction of urban development, building typology, restoration.
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Introduction. The war destroyed millions of square meters of housing in Ukraine. The factor
of IDPs (internally displaced persons), whose total number reaches 7-8 million people, is also added
to the problem. Taken together, all the factors caused by the war form a huge problem — both in the
current time and in the distant future. The vast majority of people who have lost their homes do not
have financial opportunities or financial resources to independently solve the housing problem.
Therefore, the problem requires the participation of the state, including in solving the post-war
reconstruction of the residential environment. The functions of the state cannot be reduced to
"distribution of apartments”. The state must regulate, create conditions, provide administrative
resources for recovery, and support rational financial programs and recovery projects.

Post-war reconstruction, as world experience shows, is an extremely difficult task. For many
countries, post-war recovery was not always successful. World experience shows that for successful
recovery, it is necessary to form further development comprehensively, using approaches and
mechanisms that correspond to the circumstances and the current situation and take into account the
existing features. Each military conflict has its own characteristics. Its consequences in terms of
duration, intensity and scale of destruction, starting positions and resources for recovery in terms of
existing infrastructure and human capital are different. Armed conflicts are always present in human
civilization.

Some experience of their completion has been accumulated, but it is not appropriate to assume
that there is a single correct solution or model acceptable for Ukraine. It should also be taken into
account that for large-scale conflicts, post-war recovery is not limited to the reconstruction of a
physically destroyed environment. Depending on the definition of the conditions for the end of the war,
the restructuring of the socio-economic structure that existed before the beginning of the conflict is also
conditioned by political decisions. Prolonged conflict transforms society, a return to the past may be
impossible or undesirable. There is a need to form new conditions for the functioning of peacetime
society. Therefore, post-war reconstruction is considered broadly and includes, in addition to physical
reconstruction, economic recovery, institutional development and social reintegration [1].

According to experts of the KSE Institute project "Russia will pay", as of September 1, 2023,
the total amount of direct and documented losses is $151.2 billion. USA. The war continues, the
destruction continues, which leads to an increase in the total amount of damage. Of the total share
of direct losses, 1/3 falls on the housing stock — $55.9 billion. As a result of hostilities (Fig. 1), a
total of 167.200 housing stock objects were destroyed or damaged, of which 147.800 are private
houses; 19.1 thousand multi-apartment multi-story residential buildings, another 0.35 thousand —
dormitories.

Area of damaged buildings by category, m?

5008 455 2 126 221746 861

15080 939

= Buildings

Industry and
agriculture

Infrastructure
Education

. Health care
107 281 239 - -

Fig. 1. Consequences of destruction

It should be noted that Donetsk, Luhansk, Kharkiv, Kyiv, Mykolaiv, Chernihiv, Kherson, and
Zaporizhia regions experienced the greatest destruction of the housing stock.
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As can be seen from the Table. 1, damages caused to infrastructure and industry and losses of
enterprises amount to $36.6 billion and $11.4 billion, respectively. Since the beginning of the war,
18 airports, 344 bridges, more than 25.000 km2 of state and local highways have been damaged [2].

$10.1 billion in damage was caused to the education sector. 1.223 medical facilities were
destroyed or damaged, including 384 hospitals and 352 outpatient clinics (Fig. 1).

Table 1 — Damage assessment by industry in monetary terms, as of September 1, 2023

Property type Estir_na_lted direct losses, %
billion US dollars
Residential buildings 55.9 37.03
Infrastructure 36.6 24.25
Enterprise assets, industry 114 7.55
Education 10.1 6.69
Energy 8.8 5.83
Agricultural industry and land resources 8.7 5.76
Forest fund 4.5 2.98
Vehicles 3.1 2.05
Health care 2.9 1.92
Housing and communal services 2.7 1.79
Trade 2.6 1.72
Culture, tourism, sports 2.4 1.59
Administrative buildings 0.5 0.33
Digital infrastructure 0.5 0.33
Social sphere 0.2 0.13
Financial sphere 0.04 0.03
Total: 150.94 100

Analysis of recent research and publications. Since before the full-scale invasion of the
Russian Federation into Ukraine, there was no pressing issue of developing strategies for the
reconstruction of cities in the post-war period, the number of publications, scientific and practical
programs and developments devoted to the problems of the reconstruction of Ukraine increased
only in the last year. Among the scientists dealing with these issues should be noted: U.D. Amosov,
V.V. Basilevich, O.S. Honcharenko, I.N. Dudar, M.M. D’omin, I.V. Dreval’, AM. Mamedova
AM., O.I. Meneylyuk, O.P. Pekarchuk, K.I Vyatkin, O.I. Synhayivs'ka. [3-13]. The works are
dedicated to: planning organization of temporary settlements for displaced persons; achieving the
goals of sustainable development during the reconstruction of Ukraine; restoration of destroyed
infrastructure; economic consequences and problems of post-war recovery; European experience in
building modular settlements. The research was helped by the analytical document "Coordination of
the reconstruction and recovery process with the policy of regional development in Ukraine"
created with the support of the European Union and EU member states — Germany, Poland,
Sweden, Denmark, Estonia and Slovenia. And also the study "Experience of the post-war
reconstruction of the world's cities: lessons for Ukraine” was carried out with the support of the
American people, provided through the United States Agency for International Development
(USAID), within the framework of the USAID Project "Economic Support of Ukraine™ [2].

The purpose of the work is to study the problems, prerequisites, principles and tasks of the
restoration of residential buildings in cities of Ukraine that suffered as a result of hostilities. The
main tasks of the work are defined as: analysis of the world experience of restoration of territories
destroyed as a result of military operations; study of features of urban reconstruction; definition of
architectural and urban planning aspects of urban renewal in Ukraine.

Research materials and methods. The following were used: urban planning analysis, system
analysis, statistical research.
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Results of the study. Since the Second World War, Europe has not faced such a scale of
destruction, which was caused by the military aggression of the Russian Federation.

City planners and urban planners have not actually encountered a situation where entire cities
have been destroyed. A partial analogy can only be disasters caused by large-scale earthquakes (for
example, according to the Turkish government, the total cost of damage caused by an earthquake in
Turkey in 2023 is 103.6 billion US dollars. But even in this case, there are fundamental differences
due to causal factors.

A moderately continental climate with a distinct winter period is also a relevant adverse factor
for Ukraine.

Some IDPs lost their jobs. Moreover, jobs may be destroyed as a result of hostilities. Different
options are possible — a city-forming enterprise that has ceased to exist, or a business that was based
on a certain type of resource. In this case, there is a problem of the expediency of returning IDPs
back.

Both "push™ and "attraction" factors work.

At the initial stage, the push factor definitely worked. Accordingly, the number or percentage
of returning IDPs will be smaller than the initial base and will depend on the influence of gravity
factors.

It is clear that the conditions that would shape the action of attraction factors must be
provided by the state.

It should be noted separately that the mobility of the population is currently the highest both
since the times of the USSR and during the entire period of independent Ukraine. This largely
makes it impossible to use administrative levers to direct population flows. Forced, semi-forced
resettlement programs are impossible in modern conditions [3].

The first wave of immigrants to the Donbas and other regions with cities — the centers of
industry — was largely provided by the Ukrainian countryside — dispossessed and peasants fleeing
starvation. The second wave of workers was provided by the so-called "labor recruitment” — young
people, graduates of vocational and technical education institutions, universities received referrals
according to the so-called distribution for employment, when they were obliged to work for several
years.

Donbas had and still has the highest density of correctional facilities, which also fell under the
paradigm of providing industry with labor.

Analysis of the theory and practice of refugee resettlement shows the existence of different
approaches to choosing the type of housing solutions.

Temporary settlements of the modular type as an alternative to housing for long-term use
have their distinct disadvantages. In European countries, the cost of building such settlements is
1.000-2.000 euros per square meter. It is not cheap, even for developed countries, and it does not
cover the full scale of the refugee resettlement problem. The study includes figures related to the
construction of towns with a total capacity of 1-2 thousand people in Germany, Belgium,
Switzerland, etc. Against the background of the number of refugees in several million, this is
obviously not enough [4].

The preferred planning and construction solutions of such modular settlements are the
simplest — container and modular houses of 1-3 floors, corridor type, with public premises. That is,
the minimum level of price and comfort. A projected stay of 5 years or more means making new
decisions after 5 years.

This experience is undesirable for Ukraine. Temporary solutions are therefore unsuccessful,
because they do not ensure sustainable development.

Ukraine has experience in building temporary housing for a quick solution to the housing
problem. It consists in the practice of building houses of the first mass series of industrial buildings,
i.e. "Khrushchevka". At one time, it may have been a palliative solution — when the country faced
the acute problem of providing housing for the population after the war.

A simplified solution made it possible to partially solve the problem and postpone
complications for the future.
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In modern conditions, they are trying to solve the problem of "Khrushchev" in a
comprehensive manner. The complicating aspects are:

— urban planning problems — blocks of linear buildings with imperfect planning solutions;

— architectural problems — morally outdated architectural and planning solutions.

Planning and construction decisions limit the possibilities of reconstruction on modern
foundations.

The scale factor is a significant volume of buildings located in urban areas.

Socio-economic problems — residents mostly do not have financial resources.

Accordingly, the question is excessively expensive, which makes simple solutions impossible.
Thus, it can be concluded that palliative solutions produce an accumulation of problems in urban
planning.

World experience shows that the country's post-war economic weakness and social disunity
increase its vulnerability and insecurity from military and social conflicts. Countries that failed to
effectively implement the post-war recovery process, as a rule, faced new conflicts: political, economic,
social. The consequences of which were the crisis and degradation of these countries [4, 14].

After the end of the Second World War, the reconstruction of Europe took place according to
the well-known program of recovery and development — the Marshall Plan, at the expense of
American economic aid.

Briefly, the plan provided for the implementation of the following main tasks: infrastructure
modernization; restoration and increase of production volumes; ensuring a more even geographical
distribution of heavy industry; increasing production efficiency in agriculture; rationalization of
production in light industry; monetary and financial stabilization in Europe. Europe has already felt
the consequences of the implementation of the comprehensive, balanced and resource-provided plan
in the 4th year of its implementation. However, the reconstruction of cities took much longer. In
addition to large-scale new housing construction, the experience of reconstruction showed that
much of what was built during the initial chaotic phase of reconstruction, immediately after the end
of the war, when the task was simply to clear all the ruins and put a roof over people's heads, was
unsuccessful from the point of view of architecture and urban planning.

Urban regeneration programs are developed and implemented primarily to improve people's
quality of life. It is impossible not to solve the problems of providing housing and employment for
demobilized military personnel and temporarily displaced persons. Urban regeneration always requires
the development and adoption of a concept/strategy for their development [15].

The world practice of aid is based on existing and updated urban planning documents.
Unfortunately, many cities of Ukraine still do not have updated master plans. During the period of
reconstruction of cities, this state of affairs is unacceptable [5].

Housing problems in almost all cities that have suffered destruction as a result of the war are
generally similar — and this is the low supply of housing for residents. Different cities approached
the solution of the housing problem in different ways.

There are well-known examples of attempts to quickly build cheap and standard housing
instead of destroyed buildings. This experience turned out to be ineffective. Already 10-15 years
after the construction of this type of housing, it requires significant reconstruction or replacement.

Architectural and planning solutions for residential buildings are quite diverse. Studies have
established that the unchanging core of any multi-story building is a block of stairs, kitchens and
bathrooms. The so-called free planning decisions are still grouped into these fixed elements of the
planning structure.

This principle also works for temporary housing - the primary cell should be the utility block
and the entrance space.

In European countries, the option of housing refugees in rented apartments is also
implemented. Refugees receive housing and social benefits financed by state or municipal
programs. This approach has a time frame, but it provides for the option of integrating refugees with
their employment, obtaining a permanent residence permit and, in the future, citizenship.
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Obviously, this approach does not ensure the return of Ukrainian citizens. However, it forms
the framework and conditions for the method of solving the problem: determining the status of a
person in need of housing; provision of housing for long-term stay at the expense of existing
programs; provision of assistance for the period of reintegration; employment assistance.

We can state that a similar scheme has not yet been implemented in Ukraine.

The problem to which attention is drawn [6] is the legal component of housing ownership.

For de-occupied cities, there will be an issue with apartments, the ownership rights of which
will be uncertain.

This will require extensive but urgent work to update homeowners. Such activity will allow to
form a reserve // maneuvering // fund. The issue needs to be agreed at the legislative level, since a
conditional apartment in a multi-story residential building will require maintenance costs. A
collision is formed when there is an object — an apartment, which requires expenses for its
maintenance, but the owner (subscriber) is not determined (or is temporarily unreachable due to
many reasons). In this case, it is not clear at whose expense all expenses are incurred, and the order
(algorithm) of compensation for this.

The standard legally weighted recommendation in such a case — to act in accordance with the
CCU (Civil Code of Ukraine) and obtain a decision in court is incorrect and will lead to chaos. The
result is the degradation of residential buildings, a decrease in the value of apartments and the
attractiveness of residential quarters (city plots). In the language of economics, this means a
depreciation of the asset, which will certainly provoke an impoverishment trap.

The issue of housing reconstruction will be especially relevant in cities that have suffered
significant destruction.

Point destruction for the cities of Kyiv, Kharkiv, Dnipro, Odesa is not a difficult problem. In
the conditions of the preserved urban environment, it is possible to develop an actual design
solution that takes into account the functional type of the reconstruction object, the type of
reproduction — restoration, reconstruction, new construction. The legal points of ownership,
compensation conditions, etc. will be resolved sufficiently correctly. For such situations, the
infrastructure and engineering support systems are kept. The urban planning restrictions within the
framework of the urban planning justification for the construction object do not change. For a large
city, there will be no problems related to the organizational and technical component of
construction. Simplified — solving the problem requires money comparable to traditional
construction. The differences and peculiarities consist in the implementation of the stage of
disassembly of the destroyed object [7].

For cities whose scale of destruction reaches critical values, two problems arise, two
directions of activity: 1 — maintenance of the existing (surviving) housing stock; 2 — determination
and solution of the tasks of reconstruction of the destroyed housing stock (Fig. 2).

The amount of replacement (3) is part of the existing housing stock (1) and consists of
buildings in a state of emergency; morally outdated level; housing that leads to exclusion zones;
quarters of perspective reconstruction (reconstruction).

The stages of development and implementation of the program for reconstruction of the
residential environment are as follows:

1. Preparatory — creating a register of destroyed housing.

2. Preparation of promising sites.

3. Development of project proposals, typological solutions of construction objects.

4. Implementation of the construction complex.

The reconstruction program should be considered comprehensively — as a program of
reconstruction and provision of housing for categories of the population that apply (have the right to
receive housing).
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Fig. 2. Scheme for determining the volume of the housing stock:
1 — Maintenance of the existing (surviving) housing stock; 2 — Determination and resolution
of the tasks of reconstruction of the destroyed housing stock; 3 — Substitution volume

Possible options for the implementation of the program of reconstruction and provision of
housing for categories of the population that apply (have the right to receive housing) are:

1. New construction.

2. Housing rent.

3. Temporary construction of modular or container facilities.

4. Formation of a replacement housing fund.

5. Compensation for dwelling.

For citizens of Ukraine, refugees, displaced persons in the post-war period, the model of
behavior can have several options (Fig. 3), with multidirectional consequences.

Refugees, internally displaced persons

|
v v

1. No return 2. Return

2.1 Your city —a new
dwelling

2.2 Another city —a
new dwelling <

2.3 Return to the place

of employment ¢

Fig. 3. Behavioral model of IDPs at the stage of return

The compensatory format only provides a return (2). Return options:

2.1. The city creates demand for new housing and ensures development.
2.2. Another city for new housing \\ demand within the existing city.

2.3. Return to the place of employment.

A compensation procedure is possible in the distant future \ monetary form.
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Only clause 2.1 is system-forming.

P. 2.2 and 2.3. has the local effect of fueling demand in uncertain regions.

It is expedient for the state to create conditions for the combination of factors 2.1 and 2.3,
which can have a system-forming character with a synergistic effect.

It is recommended to implement architectural and planning solutions for new construction
that provide flexibility of form, multifunctionality, and high adaptability.

It is advisable to use houses of medium story 5-7 \\ 3-5 \\ brick or with s/b monolithic frame.
Such solutions make it possible to design and build expressive architectural residential buildings
with modern planning solutions on a single material and technical base with a high level of
localization of local building materials [8].

Within the residential quarter, it is advisable to form closed and semi-closed courtyard spaces
with a wide use of built-in and attached volumes on the first floors.

The introduction of underground urban planning is relevant. Buildings should be designed
with full basements for dual purposes. It is necessary to use the experience of designing windows of
underground and semi-underground premises with the arrangement of pits and dual-purpose half-
ramps.

On the main compositional axes, the dominants or centers of the composition are placed
public buildings, shopping centers, administrative buildings, etc.

It is advisable to carry out construction with a setback from the red lines. Potential zones of
yellow lines should be designed for the allocation of pedestrian zones, bicycle areas, parking lots
and vehicle parking lots.

The set of measures that will contribute to the implementation of the program of
reconstruction and provision of housing for the population accumulates accumulated global
experience and provides for:

— development of state programs for preferential lending to persons who lost their homes as a
result of the war;

— compensation to landlords for the cost of housing rent by displaced persons (as a rule, it was
carried out at the expense of the state budget);

— construction of temporary towns and centers for resettlement;

— construction of social housing at the expense of state and local programs, implementation of
international aid;

— stimulation of individual construction, including simplification of issuing construction
permits, provision of free land plots, establishment of developer support offices, providing
developers with discounted local building materials;

— consistency of local infrastructure development parameters with housing reconstruction
(updating of city master plans).

Conclusions:

1. Having analyzed the world experience of restoring territories destroyed by war, it was
established that the restoration of cities should not be limited to reconstruction, but should be
decided on a case-by-case basis, taking into account the degree of destruction, the economic
component and social reintegration.

2. Peculiarities of urban reconstruction were studied and it was determined that the primary
task is to provide the population with a housing fund, as well as to restore the engineering
infrastructure of the city. For this, a number of solutions are proposed depending on the degree of
destruction. The issue of housing restoration in conditions of significant destruction and the urban
development situation in general is particularly difficult. Establishing that in order to solve this
issue, it will be necessary to provide the population with new construction, the possibility of renting
housing, provision of temporary construction of modular or container facilities, the formation of a
replacement housing fund, as well as compensation for housing.

3. The architectural and town-planning aspects of the restoration of cities in Ukraine,
consisting in the development of the underground space, the spatial composition of the courtyard
space, and the architectural solutions of the buildings, have been determined.
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4. The conducted research will make it possible to rationally plan urban development and
develop architectural and planning solutions to ensure the restoration of construction objects of our
State, which will be considered in future publications.

References

[1] Analitychnyy dokument «Koordynatsiya protsesu vidbudovy ta vidnovlennya z
politykoyu rehional’noho rozvytku v Ukrayinix» stvorenyy za pidtrymky Yevropeys'koho
Soyuzu ta derzhav-chleniv YES — Nimechchyny, Pol’shchi, Shvetsiyi, Daniyi, Estoniyi ta
Sloveniyi. Kyyiv, 2023. [Online]. Available:
https://decentralization.ua/uploads/attachment/document/1293/%D0%90%D0%BD%D0%B
0%D0%BB%D1%96%D1%82%D0%B8%D0%BA%D0%BO0.pdf.

[2] «Dosvid pislyavoyennoho vidnovlennya mist svitu: uroky dlya Ukrayiny» vykonani za
pidtrymky amerykans'’koho narodu, nadaniy cherez Ahent-stvo SSHA z mizhnarodnoho
rozvytku (USAID), v ramkakh Proyektu USAID «Ekonomichna pidtrymka Ukrayiny».
Kyyiv, 2023. [Online]. Available: https://era-ukraine.org.ua/wp-
content/uploads/2023/06/Doslidzhennia_Dosvid-pisliavoiennoho-vidnovlennia-mist.pdf.

[3] ILN. Dudar, "Yak nam vidbuduvaty Ukrayinu", Mistobuduvannya ta terytorial'ne
planuvannya, no. 80, pp. 25-28, 2022.

[4] O.S. Honcharenko, B.lI Denysyuk, T.V. Onyshchuk, "Vidnovlennya zruynovanoyi
infrastruktury na osnovi vykorystannya otsyfrovanykh danykh", Mistobuduvannya ta
terytorial'ne planuvannya, no. 83, pp. 74-87, 2023.

[5] LV. Dreval’, "Do pytannya rozrobky kontseptsiy vidrodzhennya mist Ukrayiny v
pislyavoyennyy period"”, Mistobuduvannya ta terytorial'ne planuvannya, no. 81, pp. 133-
142, 2022.

[6] M.M. D’omin, K.I Vyatkin, O.I. Synhayivs'ka, "Proyektsiya tendentsiy rozvytku
Kharkivs'koyi rehional'noyi systemy rozselennya naselennya v umovakh pislyavoyennoyi
vidbudovy", Mistobuduvannya ta terytorial'ne planuvannya, no. 81, pp. 3-12, 2022.

[7] A.M. Mamedov, N.O. Denysenko, "Ekonomichni naslidky na problemy povoyennoho
vidnovlennya terytoriy", Mistobuduvannya ta terytorial'ne planuvannya, no. 82, pp. 220-
231, 2023.

[8] O.P. Pekarchuk, "Yevropeys'kyy pidkhid do budivnytstva modul'nykh poselen’ dlya
bizhentsiv", Mistobuduvannya ta terytorial’ne planuvannya, no. 83, pp. 229-238, 2023.

[9] O.l. Meneylyuk, V.V. Russyy, "Tekhnolohiyi vidnovlennya tsehlyanykh stin,
poshkodzhenykh vnaslidok viys'’kovykh diy", Tezy dopovidey 78-yi naukovo-
tekhnichnoyi konferentsiyi profesors'ko-vykladats'koho skladu akademiyi, p. 9, 2022.

[10] V.A. Halushko, I.LN Babyy, Y.V. Kolodyazhnaya, A.S. Pydoyma, L.S. Shevchuk,
"Effektyvnye sovremennye sposoby zadelyvanyya treshchyn v ékspluatyruemykh
zdanyyakh y sooruzhenyyakh", Budivel'ne vyrobnytstvo, vyp. 56, pp. 45-48, 2014.

[11] U Kharkovi vzhe planuyut’ buduvaty nove zhytlo dlya meshkantsiv zruynovanykh
budynkiv. [Online]. Available: https://is.gd/ngWwKz. Accessed on: May 25, 2023.

[12] Zruynovane zhytlo: nove mozhna otrymaty v inshomu misti, ale ye umovy. [Onling].
Available:  https://acmc.ua/zrujnovane-zhytlo-nove-mozhna-otrymaty-v-inshomu-misti-
ale-ye-umovy/ Accessed on: April 2, 2023.

[13] Ministerstvo rozvytku hromad ta terytoriy Ukrayiny. Prohrama z vidnovlennya
Ukrayiny. [Online]. Available: https://www.minregion.gov.ua/napryamki-
diyalnosti/international-cooperation/spivpraczya-z-mizhnarodnymy-finansovymy-
organizacziyamy/yevropejskyj-investyczijnyj-bank/programa-z-vidnovlennya-ukrayiny/
Accessed on: November 30, 2023.

[14] YU. I. Hayko ta in., Problemy ta perspektyvy rozvytku zhytlovoyi zabudovy v umovakh
kompleksnoyi rekonstruktsiyi mista: monohrafiya. Kharkiv: KHNUMH im. O.M.
Beketova, 2019.

Modern construction and architecture, 2024, no. 7, page 39-48


https://decentralization.ua/uploads/attachment/document/1293/%D0%90%D0%BD%D0%B0%D0%BB%D1%96%D1%82%D0%B8%D0%BA%D0%B0.pdf
https://decentralization.ua/uploads/attachment/document/1293/%D0%90%D0%BD%D0%B0%D0%BB%D1%96%D1%82%D0%B8%D0%BA%D0%B0.pdf
https://era-ukraine.org.ua/wp-content/uploads/2023/06/Doslidzhennia_Dosvid-pisliavoiennoho-vidnovlennia-mist.pdf
https://era-ukraine.org.ua/wp-content/uploads/2023/06/Doslidzhennia_Dosvid-pisliavoiennoho-vidnovlennia-mist.pdf

48

ARCHITECTURE

[15] ILA. Arutyunyan, Naukovo-teoretychna platforma aktyvizatsiyi ta rozvytku budivnytstva
Ukrayiny: monohrafiya. Zaporizhzhya: ZNU, 2020.

APXITEKTYPHO-MICTOBYAIBHI ACIIEKTHU BIZTHOBJEHHS MICT B YKPAIHI

1quepemco JI.B., K.T.H., JOIIEHT,
liliyal3liliyal3@gmail.com, ORCID: 0000-0003-0348-3610
2quepemco 0.M.,

kuchernkoa@gmail.com,

*Bagiii I.M., K.T.H., JOIICHT,

igor7617@gmail.com, ORCID: 0000-0001-8650-1751
1Xpl/ICTI/I'-I O.B., K.T.H, JOIIEHT,

dockhristich@i.ua, ORCID: 0000-0003-0166-547X
1BiHHm4bKuL7 HAYIOHAIbHUU MEXHIYHUL YHIepCcUumem
XmenpHUIBKE moce 95, M. Binauns, 21021, Ykpaina

°TOB ,,JIEBEJIOIIMEHT BUIJIHI ['PVIL,,

Byn. @pomiebka 1, M. Kuis, 04070, Ykpaina

$00ecora oepoicasHa akademiss 6yO0ieHUYMBA Ma apXimeKmypu
By Jlinpixcona, 4, m. Oneca, 65029, Ykpaina

AHoTanisg. MicTa, sIKi 3HAXOIATHCS B EMIIEHTP] BiICHKOBUX KOH(IIIKTIB, ONMUHSIOTHCS B
HaAckmanHid curyarii. OkpiM HaNCTPAIIHIMIOTO-TIOJACHKUX BTPAT, PYHHYETHCS 1HPPACTPYKTypa
MICT, )KHTIIOBHI (DOHJT Ta TPOMHUCIOBICTh. Han3BuuaitHO CKJIaHUM 3aBAAaHHS JJISl TAKUX TEPUTOPIN
€ 1X MicIsABOEHHE BiMHOBIEHHA. Lleit mporec Moxe OyTH YCHIIIHUM JIMIIE TOA1, KOJIU € YSBICHHS
PO OCHOBHI MMIJXOAW Ta MEXaHI3MH [0 BiTHOBIIOBAIBHUX pOOIT y Takux Mictax. HeoOximHum
BUPIIICHHSM € po3poOKka edeKTUBHUX CTpaTerid Ta mporpam BinOynoBu MicT. Lle Bu3Havae psia
MPIOPUTETHUX 3aBJaHb, a CaMme: aHali3 JOCBIAY BIJIHOBICHHS KpaiH CBITY IMicCIs MOMIOHHX
pyHHYBaHb Ta TOCIIHPKEHHS 0COOIMBOCTEN BIAOYAOBU KUTIA, SIK HAHOLIBII rOCTPOi MPOOIEMH.

B crarTti mocnmimkeHO OCHOBHI HAampsMKH ITCISIBOEHHOTO BiJIHOBJIEHHS MICT, OCKUIBKH
MICISIBOEHHA PEKOHCTPYKIliS € HaI3BHUAaWHO CKJIAJHUM 3aBIaHHSIM s Oydp SIKOrO MicTa Ta
KpaiHu. A a1 1bOro, € HEOOXIJHUM BH3HAUEHHS NPIOPUTETHUX HANPSMKIB BIJHOBJIEHHS Ta
PO3BHUTKY MICT B 3aJI€KHOCTI BiJl 0OCOOJIMBOCTEH Ta XapakTepy iX pylHyBaHb. BiiHOBIEHHS MICT He
MOBHHHO OOMEXYBATHUCh JIUIE PEKOHCTPYKIIIEI0, a BHUPINIYBATUCh KOHKPETHHUM BHITIAJKOM,
BpPaxoBYIOUM CTYIiHb PyHHYBaHb, €KOHOMIYHY CKJIQJIOBY Ta COILalibHYy peiHTerpauito. HeaOuske
3HAYEHHs y CTBOPEHHI MPOrpaM 10 BiA0YA0B1 MICT Ma€ JIOCBIJl KpaiH, sSIK1 IPOUIILIIN €Tany BiifHU Ta
BiHOBJIEHHA. KoMIieke 3axo/liB, 110 CIIPUSATHME pealizallii mporpam BiOYJOBH Ta 3abe3meueHHs
KUTJIOM HACEJIEHHS aKyMYJIIO€ HaKOMHMYEHUW CBITOBUU A0CBiA. ToMmy, y cTarTi AOCTIIKEHO
CBITOBHI1 TOCIi/] BiJTHOBIEHHS 3pYHHOBAHHUX BIHHOIO MICT.

JIJ1 4acTKOBO 3pyWHOBAHUX MICT 31 30€peKEHUM MICBKHM CEPEJOBHILEM, MOKHA PO3POOUTH
aKTyalbHE INPOEKTHE pIlIEHHs, sKe Oyae BpaxoByBaTH THUI BIATBOPEHHS — pecTaBpallis,
PEKOHCTPYKIis, YM HOBOOynoBa. Jlyis TepuTopiil, IO 3a3HAIM BAXKKUX PYHHYBaHb MOXKJIMBHUMU
BapiaHTaMM peajizalii mporpaMu BiAOyJOBH Ta 3a0e3NEUYEeHHs >KUTIOM HACEJIEHHS €. HOBE
OyIIBHHUIITBO, OPEH/IA KHUTJIA, THMYACOBE OYAIBHUIITBO MOJYJIHHOTO a00 KOHTEHHEPHOTO 00’ €KTIB,
dbopMyBaHHS GOHITY MIAMIHHOTO KUTIIA, KOMIIEHCAIIIS 32 KUTIIO.

Po3pobiieno miaxim g0 apXiTEKTYpHO-MICTOOY/IIBHUX BHPINIEHb, IO TOJSITAE B OCBOEHI
MiA3€MHOTO TPOCTOPY, IPOCTOPOBOI KOMIO3MIII JBOPOBOTO MPOCTOPY Ta apXITEKTypHHUX
BHPIIIEHHAX OY/iBETb.

KurouoBi cioBa: BinOynoBa, ®HUTIOBI OyIUHKH, KUTIOBA 3a0y/l0Ba, MICTO, PEKOHCTPYKIIis
MICBKOT 3a0y/10BU, Oy 1iBEJIbHA TUIIOJIOT1sI, BITHOBIICHHS.
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Abstract. The article is devoted to Ukrainian cities that are very different in their history,
size, functions and architecture. In the period of crisis and almost complete halt of new housing
construction and critical resource limitation, the most promising approaches for the development of
residential areas are those that use existing housing structures and available resources. One of the
most advanced areas is the use of existing housing structures. Instead of building a new housing
stock with new networks and infrastructure, it is possible to develop and compact the existing
housing stock (both historical and Soviet), thus reducing the amount of old housing stock and
increasing the number of available square metres of housing for city residents. Each city has its own
specific history and background, as well as housing structures that were formed at different times.

The history of the formation and structural features of the residential development of Odesa
city have been studied, so it is important to understand it in the general typology of Ukrainian urban
settlements. The main criteria for dividing urban settlements into the types are the following factors:
city size, number of residents, historical background, planning structure and functional content.

The structural features of the residential development of modern Ukrainian cities are studied,
the characteristic features and their impact on the development of residential development are
identified. The development strategy for Odesa residential areas has been proposed to create a high-
quality high-density living environment in historic cities.

The purpose of this paper is to study the structural features of the residential development in
modern Ukrainian cities, to determine their characteristic features and influence on the development
of the residential development on the example of Odesa. The materials for this study are the
structural features of residential development in modern cities. In particular, the impact and
consequences of the crisis period on the housing infrastructure and the city structure are considered
in order to understand better the crisis contribution to the formation of the modern city. The
combination of the research results of the available material base and theoretical foundations of the
structural features of residential development in modern cities became the main methodological
basis of this work.

Keywords: residential development structures, crisis periods, residential development of
modern Ukrainian cities, formation of a modern city.

Introduction. Ukrainian cities are various in their history, size, function and architecture.
Each city has its own specific history and background, as well as housing structures that have
developed over time. The complex interaction between social, economic, technological and cultural
factors in the formation of the urban environment reflects the crisis periods’ effect on the
development of residential buildings in modern cities. The main type of residential building is
apartment houses with different number of storeys. Country houses, both traditional and cottages
for the construction in the suburbs and towns, and multi-storey buildings for the construction in the
heart of a large city — all of these are housing.

Analysis of recent researches and publications. Many foreign scientists have studied the
structure of the residential development. The comprehensive approach to the design of multi-
comfortable urban space in the conditions of high density of Milan was studied by O.S. Burukhina,
V.S. Tsarkova and I.N. Maltceva [1]. The modernisation and renovation of a school building in the
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Old Town with a high population density was demonstrated by Zhiyuan Chen et al [2]. The
technical problems of residential construction were examined by Beata Nowogonska and Jerzy
Cibis [3]. Irina Maltseva et al paid attention to mid-rise atrium residential buildings [4].
S. Rachmayanti et al developed the criteria for designing the architectural composition of residential
areas [5]. Yunxi Bai et al studied the attractiveness of housing in the compact urban areas on the
example of Hong Kong [6]. The innovative approaches in the period of mass industrial
development on the example of the residential areas of Kharkiv were studied by O. Buriak et al [7].
I. V. Ladigina and A. O. Rudenko analysed the peculiarities of the formation of a systematic
approach in the national urban planning [8]. The problems and potential of creating livable public
spaces in the historical centres of small towns in Slovakia were shown in the research of Katarina
Kristianova and Agnieszka Jaszczak [9]. Tomasz Bradecki et al developed the models for the
experimental high-density housing [10]. The main trends in the architecture of modern residential
complexes in the market conditions of Kyrgyzstan were studied by Kozhobaeva Saltanat
Tolonbaevna [11].

Problem definition. To study the structural features of the residential development of modern
Ukrainian cities, to determine the characteristics and impact on the development of residential
development. To create a high-quality high-density living environment in historic cities, to develop
a strategy for the development of Odesa residential areas.

Purpose and objectives. To study the structural features of the residential development in
modern UKrainian cities, to determine their characteristic features and impact on the development of
residential development.

Materials and research methods. The materials for this study are based on the structural
features of residential development in modern cities. In particular, the impact and consequences of
the crisis period on the housing infrastructure and city structure were examined in order to
understand better the crisis contribution to the formation of the modern city. The combination of the
research results of the available material base and theoretical foundations of the structural features
of the residential development in modern cities became the main methodological basis of this work.

The main part. The article investigates the history of the formation and typology of the
housing structure of Odesa, so it is important to see it in the general typology of Ukrainian urban
settlements, which is shown in Figure 1. The main criteria for dividing the urban settlements into
the types are the following factors: the size of the city, the number of the residents, historical
background, planning structure and functional content.

Odesa in the general typology of Ukrainian cities. According to the general typology (Fig. 1),
which is shown in the diagram, Odesa is a one-million city with a history dating back to the Greek
colonies (6th century BC), but the city itself (its modern part) was formed after Khadjibey (the old
name of the city) came under the control of the Russian Empire. It was at this time that the
combined planning structure of the city was formed, consisting of two block nets that intersect at
the angle. Odesa is a multifunctional regional centre, Ukraine’s largest commercial port, tourist and
cultural centre.

The city has been formed for several historical periods. The history of Odesa begins in the 6th
century BC with the Black Sea Greek colonies. The first mention of the city as Khadzhibey or
Kotsyubey dates back to the 14th century. In the 15-18th centuries, Khadjibey was controlled by the
Osman Empire. In 1791, Khadjibey joined the Russian Empire. In 1795, according to the order of
Catherine 11, Khadzhibey was renamed to Odesa.

Since 1991, the city has been the part of independent Ukraine. Nowadays, Odesa has a
combined general layout, as it consists of two parts — the historical (1803-1875) and the new
territory, which is being formed since the Soviet era to the present day.

Odesa during the full-scale invasion of 2022-2024. There are many types of crisis periods that
affect city development [12]. Military operations are one of the most destructive types of crises.
Most often, the consequences of military conflicts in the cities are the destruction of infrastructure
and housing stock.
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TYPOLOGY OF UKRAINIAN CITIES
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Fig. 1. Typology of modern Ukrainian cities. Odesa is marked in orange

In 2022 — 2024, Odesa (Fig. 2) faced the significant destruction and changes in the city
development. The main and most significant consequences of the military operations were:

— mass migration — the departure of the local population to safer areas or abroad;

— refugees from the occupied or frontline cities;

— destruction of housing stock;

— destruction of infrastructure facilities;

— destruction of cultural heritage sites;

— full or partial halt of the construction of new residential and infrastructure facilities;

— partial "closing™ of the city for the citizens with military purposes;

— halt of large-scale urban projects.

Fig. 2. Photography of the public space near the Opera House
in Prymorskyi district, Odesa, March 2022
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The location of the city close to the front line (Fig. 3) is the factor that directly affects the
formation of the residential development in modern Ukrainian cities. The most important factor that
impacts on the development of urban residential development is the number of the residents and
their increase due to the urbanization. During the military conflicts, a large number of temporarily
displaced people can have both positive and negative impact on the structure and development of
the housing.

Modern Ukrainian cities can be divided into three main categories:

1. Frontline cities and towns, located directly on the contact line, are the most dangerous for
the citizens and the most damaged communities.

2. Cities and towns close to the frontline, located up to 100 km away, are safer for the
residents than the first category, but are also regularly destroyed.

3. Back cities and towns are the safest and most isolated cities, they are also damaged, but
much less frequently than the first two categories, the main feature is the large number of new
residents — temporarily displaced people.

According to the diagram (Fig. 3), Odesa belongs to the second category, which significantly
affects the development of existing and new residential buildings.
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Fig. 3. Typology of Ukrainian cities depending on their location near the contact line

Features and typology of the residential development structure in Odesa. In order to
comprehensively analyze the structural features and characteristics of residential development in
Odesa, it is necessary to examine the historical context first. Since this factor has had the greatest
impact on the structure and condition of the modern housing stock. Figure 4 shows the urban
planning analytical diagram "Main periods of housing stock formation in Odesa".

Depending on the period of formation, the examination of Odesa identifies four main types of
the residential development structure (Fig. 4):

1. Historic block high-density residential development (historic city centre).

2. Low-rise block development (areas that were formed as the suburbs of Odesa in the XIX
century).

3. Medium — and high-rise Soviet residential buildings.

4. Modern multi-storey residential development.

Modern construction and architecture, 2024, no. 7, page 49-57



ARCHITECTURE

HISTORY OF ODESA'S DEVELOPMENT
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Fig. 4. Town-planning analytical scheme "Main periods of housing stock formation in Odesa"

The city’s general plan shows that the residential structure of these periods has different
densities, the number of storeys, the typology of the apartments, and the shape of the buildings in

the plan (Fig. 5).

Thus, fundamentally different living environments were formed with the different scales in
relation to the residents, comfort level, infrastructure and features.
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Fig. 5. Diagram "Main structures of residential development in Odesa”

Specific features of different residential structures in Odesa. Depending on the time of its
formation and location, each type of housing structure is special and unique. The characteristics of
the main four types of residential structures are listed below and shown in Figure 6.

1. Historic high-density block housing development (historic city centre).

During the period of 1803-1905, Odesa experienced significant economic and cultural
development, which was reflected in the town planning and architectural appearance of the city centre.
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Fig. 6. Specific features of different residential structures on the example of Odesa

The residential buildings of this period are mostly made in such styles as Neoclassicism (the
main features of which are traditional strict forms and colonnades) and Historicism (many buildings
were made with the elements of Gothic, Renaissance, Baroque and other historical styles).

The first residential buildings had up to 2 floors, but later, with the development of the
economy and population growth, the multi-storey buildings began to appear in Odesa. They had the
balconies, large windows and ornaments on the facades.

A distinctive feature of the residential development of this period was the format of an
apartment building, which provided for entire houses to be rented to different citizens.

This period is one of the most important for the formation of Odesa’s urban structure, and its
architectural solutions determined the city’s appearance and cultural heritage over the years.

2. Low-rise block development (the areas that were formed as the suburbs of Odesa in the
nineteenth century).

The suburbs were developed along with the residential development of the central part of the
city in 1844-1905, and were formed by a regular rectangular low-rise block structure.

The blocks, which were originally formed as the summer cottages or country houses, are now
an organized residential structure in the heart of the city. Such districts are for example Slobodka or
Moldavanka.

The architecture of the residential buildings is stricter, there are less historicist facades with
the details and ornaments.

The number of the storeys in the residential buildings of this period is usually 1-2 floors, and
the buildings with the height of 3 floors are less common. Such buildings often have a small
adjoining territory, and one house can be divided into several apartments.

3. Medium — and high-rise Soviet residential buildings.

During the Soviet period, most of the housing stock of modern Odesa was formed. This
development has a special structure, characterized by a large-scale and integrated approach to the
urban planning and ideology.

As a part of Soviet industrialization and the planned economy, massive construction of
residential complexes was actively carried out. These were mostly multi-storey apartment buildings
(9-16 floors, as well as 5-storey buildings) designed to accommodate a large number of the
residents. The number of the storeys of the buildings depended on the period of the construction.
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Many architectural solutions were standardized in the interest of saving resources and
speeding up the construction process. This included the typical district layouts, building plans,
apartment formations, fagade elements, and general architectural forms. The residential structures of
this period are easily recognizable on the city’s general plan due to the large size of the buildings,
the spacing between them, and the general appearance of the neighborhoods. In its ideology, Soviet
society aimed at the social homogeneity, and this was reflected in the residential complexes, where
the variety in housing standards and infrastructure was limited [13].

The residential areas were planned with a focus on the functional zoning, including the location
of residential buildings close to schools, kindergartens, shops and other necessary infrastructure.

The development of city-wide plans and infrastructure was based on the needs of the city as a
whole. The location of the main arteries and service facilities was determined by the need to
provide the population with the necessary services. However, this comprehensive approach often
ignored the human scale and the need for visual identification of buildings.

4. Modern multi-storey residential development.

The formation of the residential development in modern Ukraine is a complex and
comprehensive process. During this period, the different types of residential development were
formed, such as multi-storey apartment buildings and complexes, cottage complexes, mid-rise
residential development, multifunctional complexes and apartments [14, 15].

Nowadays, Odesa has a new residential real estate market, but due to the war, a very small
number of new projects are still being built.

The main characteristics of modern residential development in Odesa are the following:

— multi-storey buildings;

— infill development;

— change of the apartment typology and reduction of the gross floor area;

— mixed architectural style;

— lack of a comprehensive housing strategy when implementing new projects.

New housing projects often overload the existing infrastructure of the city and break the
current state building codes. In Odesa, one of the most difficult problems in housing
implementation is the connection between the authorities, developers, and city residents.

The composition of the housing stock.

Thus, the modern housing stock of Odesa (Fig. 7) in percentage ratio consists of:

23% — historical buildings of the Russian Empire period,;

12% — early Soviet residential development until the 1950s (Stalinist period);

47% — Soviet panel housing development;

16% — modern residential development (“new" housing stock).

It should be noted that one of the important characteristics of the building is the condition of
its structures and networks. At present, 1.5% of housing in Odesa is in a state of disrepair, and 0.8%
is in a state of emergency.

The most important factor is that the largest share of the gross housing stock is made up of
Soviet panel buildings constructed in the period 1960-1990 — 30%.

Conclusions and prospects for further research. Consequently, Odesa, as a modern city
with a historical background, has a mixed housing structure formed during different historical
periods, with different characteristics and specific features.

At present, considering the current social and economic prerequisites, the housing structure of
Odesa is developing very slowly, in comparison with more secure large cities (Lviv, Ivano-
Frankivsk, etc.), it is almost in a state of stagnation due to the destruction during the wartime and
the outflow of city residents.

In the period of crisis and almost complete halt of new housing construction and critical
resource limitation, the most profitable approaches for the development of residential areas are
those that use existing housing structures and available resources. One of the most profitable areas
is the use of existing housing structures. Instead of building a new housing stock with new networks
and infrastructure, it is possible to develop and compact the existing housing stock (both historical
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and Soviet), thus reducing the amount of dilapidated housing stock and increasing the number of
available square meters of housing for city residents.

RESIDENTIAL AREAS IN ODESA

5% of all housing is dilapidate:
0,8 of all housing is emergenc

1991-2020

before 1922

1970-1991

1922-1950

1960-1970 1950-1960

Fig. 7. Composition of Odesa housing stock in 2024

The development of cities and housing structures is an endless process, as the residents need the
accommodations today, especially during powerful crises. That is why new approaches to formulating
a city’s housing strategy are an important part of the work for both the authorities and developers.
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OCOBJUBOCTI CTPYKTYPU JKATJIOBOI 3ABYJIOBH B CYUACHHUX
YKPAIHCBKHUX MICTAX, HA ITPUKJIAAI M. OJECA

Mopo3sosa T.T., acripanTka,

tanyamorozova0210@gmail.com, ORCID: 0009-0002-5269-8749
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AHoTanis. B crarTi po3risHyTi yKpaiHCBKI MicTa, sSIKi PI3HOMAaHITHI 3a CBOEIO ICTOpI€IO,
posMipamu, (QYHKISIMA Ta apXiTeKTyporo. B mepioj Kpu3w Ta Maibke IMOBHOI 3YIMHKH HOBOTO
KUTIIOBOTO Oy/IBHUIITBA Ta KPUTUYHOI OOMEKEHOCTI PecypciB HAHOUIBII TEPCHEKTHBHUMHU IS
PO3BUTKY KUTJIOBUX TEPUTOPIN € MIIXOAU 3 BUKOPUCTAHHSIM BXKE ICHYIOUMX >KUTJIOBUX CTPYKTYp Ta
JOCTYyNHUX pecypciB. OMHUM 3 MEPCHEKTUBHUX HAMpPsIMKIB € poOoTa 31 CPOPMOBAHHUMHU KUTIOBUMHU
CTPYKTYpaMH. 3aMiCTh OYIIBHHIITBA HOBOTO JKUTIOBOIO (OHIYy 3 HOBUMH MEpeKaMH Ta
1H(pacTPyKTypOr0, MO’KHA PO3BUBATU Ta YIIUIHHIOBATH ICHYIOUWH KUTIOBUI (DOHT (SK iICTOPHYHUIN TaK
1 paJsIHCBKiil), TAKUM YMHOM MO>KJIMBO 3MEHIIMTH KUTBKICTh BETXOTO JKUTIOBOTO (POHIY Ta 30UIBIIUTH
KUTBKICTh JTOCTYITHHX KB3JIPaTHUX METPIB JKUTJIA JUIS MEIIKaHIiB Micta. KoxHe MICTO Mae CBOIO
0c00JHBY iCTOPiO POpPMYBaHHS Ta OEKTPayH]I, & TAKOXK KHUTIIOBI CTPYKTYPH, CPOPMOBaHI B Pi3HI YacH.

Hocunimpkena icropis (PopMyBaHHS Ta 0COOJIMBOCTI CTPYKTYpPH KUTIOBOI 3a0y10BH caMe MicTa
Opeca, ToMy JUIs 3arajlbHOI KQPTUHU BAXKIMBO MOOAUUTH HOTO B 3arajbHiil TUIOJOTII YKpaiHChKUX
MICBKHX TOoceneHb. OCHOBHUMM KPUTEPISIMU JJI PO3MOAUIEHHS! MICBKUX MOCEJIEeHb HAa THUIH € TaKl
YMHHUKU, $K: pO3MIp MicTa, KUIBKICTh MEUIKaHIIB, ICTOPUYHHMI O€KrpayHJ, IJaHyBaJlbHa
CTPYKTypa Ta (pyHKIIIOHAIbHE HATOBHEHHSI.

JlocmimkeHo 0COOMHUBOCTI CTPYKTYPH JKHTIIOBOI 3a0yJOBH CyYacHMX YKPaiHCBKHX MICT,
BHU3HAUEHI XapaKTepHi 0COOIMBOCTI Ta iX BIUIMB Ha PO3BUTOK KUTIOBOI 3a0ya0BH. J1Ji1 CTBOPEHHS
SKICHOTO YKUTJIOBOTO CEpPEeOBHUIIA BUCOKOI HIIIBHOCTI B ICTOPUYHUX MiCTaxX, pO3pOOIEHO CTPATETiI0
PO3BUTKY XKUTJIOBHX paiioHiB OecH.

Meroro gaHoi poOOTH € JOCHIKEHHS OCOOJUBOCTEH CTPYKTYpH >KHUTJIOBOi 3a0ydOBH B
CYy4aCHHMX YKpPaiHCHKHMX MiCTax, BU3HAUEHHS IX XapaKTEpHUX OCOOIMBOCTEH Ta BIUIMB Ha PO3BUTOK
JKUTIIOBOI 3a0y0BU Ha mipukianl M. Oxeca. MaTepiamaMmu JuIs IPOBEICHHS JTaHOTO JIOCTIKEHHS €
OCOOJIMBICTD CTPYKTYPH KUTJIOBOi 3a0y/J0BH y CYy4acHHX MICTax. 30KpemMa PO3IJISHYTO BIUIUB Ta
HACIKA KPHU30BOTO MEpIOAY IS JKUTIOBOI IHPPACTPYKTYpPH Ta CTPYKTYPH MICT, 10O Kpailie
3pO3YMITH BHECOK, SIKHI poOJIATh KpU3H Y GOpMyBaHHI cydacHOro Micta. IloeHaHHS pe3yabTaTiB
JOCITI/DKEHb HAsBHOI MareplaabHOl 0a3W Ta TEOPETHMYHHUX OCHOB OCOOJMBOCTEH CTPYKTypH
KHUTIIOBOT 3a0y/IOBH Y CYy9aCHHX MICTax CTaJIO TOJIOBHOIO METOJIMYHOIO OCHOBOIO JTaHOI POOOTH.

KuarouoBi cjioBa: cTpyKTypHu >KHTIOBOi 3a0yJOBH, KPH30BI MEpioau, >KUTIOBa 3a0ynoBa
Cy4aCHHMX YKpaiHCbKUX MICT, (JOPMYBaHHS Cy4aCHOI'O MiCTa.

Crarrsa Hagivnuia no penakuii 10.02.2024
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AHoTtamifa. CTarTs NPUCBAYCHA BUSIBICHHIO OCOOJIMBOCTEH CYYaCHOTO apXiTEKTYpHOTO
MPOIIeCY Ta BCTAHOBJICHHIO aKTyaJlbHUX 3aBJIaHb apXiTEKTYpHOI AisUIbHOCTI. B cycmiabcTBi, Hayl,
MPAKTULl CHOTOACHHS MPOXOIATHh SBUIIA, SIKI KapAWHAJIHHO 3MIHIOIOTH MIAXOIW Ta TapaJurMH
apXiTEKTypHOTO Mpoliecy. B pobOoTI BUOKpEeMIIEHO MPOTUPIUYsS TEOpii Ta MPaKTUKU apXiTEKTYypH,
AKi mOoTpeOyloTh BUPILICHHS; PO3TJISTHYTI aCMEeKTH CY4YacHOI i7eoJiorii apXiTeKTypH; PO3BHHYTI
OKpeMi TMOJIOKEHHsSI Teopii CepeloBUIIHOIO MIAXOAYy, a caMe€ — OCOOIMBOCTI «PO3YMIIOUOTO)
MIPOEKTYBaHHS, KOMYHIKAQTHBHOI CKJIQJIOBOi apXiTEKTYpHOI [isSUIBHOCTI; 3pOOJEHO HArojioc Ha
B3a€EMOJIT pI3HUX CYO’ €KTIB B TMPOLECi apXITeKTYpHOI MAisUIBHOCTI, MJIlaJlory apXiTekTopa 3
crelikxonaepamu. HarojomeHo Ha BU3HAYaJIbHOI pOJII  apXiTeKTopa SK OpraHizatopa Ta
KOOp/AMHATOpa IPOEKTHOrO IpOLECy, TPaKTyBaHHI apXiTEKTYpPHOrO IpoLecy SK CKJIaJ0BO1
3arajibHOTO COLIOKYJIBTYPHOTO MPOILECY.

HaiiGinpii 3pyiieHHs MpOXOJsATh B LIAPUHI CEPENOBHUINHOIO MiAXOAY 10 apXiTeKTypHOI
nisutbHOCTI. CepefoBuIIHA MpoOIeMaTHKa, IKa BUBOJUTh Ha TEpIIMN TUIaH JIOAMHY Ta il oOpa3
KHUTTS, Ja€ MOLITOBX PO3BUTKY AapXITEKTypHOIO MEHEIKMEHTY Ta MapkKeTuHry. L{i 3miHu
MPIOPUTETIB MPU3BENHN 10 MPOOIEMHIN cUTyalil B TEOpil apXiTEKTYpH Ta BIAKPUIM HOBUN MPOCTIp
poOOTH - BUOKpEMIIEHHs Ta (pikcallisi CepeOBUIIHUX MEepeKUBaHb Ta 00pa3iB, MPOJYKYBaHHS LUX
MepeXKMBAHb Ta KEPIBHUIITBO IIUM MIPOIIECOM.

CepenoBULITHMNA MIAX1J OKpECIOe MaOyTHI TPaeKTOpii apXiTEeKTYpHOI poOOTH, CYTh SKHUX -
BKJIIOUEHHSI NPOEKTYBAJIbHMKA B JKUTTS HAceNeHHs, Marepiamizaiis BJIacHOI Bepcii >KUTTEBUX
MPOIIECIB, BHSIBIEHHS CYKYMHOCTI CIELIali30BaHUX MAISNIBHOCTEH, SKI MIATPUMYIOTH 1/1€0JIOTiI0
IIPOrpecy CYCHIJIbCTBA Ta PO3BUTOK KyJIbTypu. HaykoBi JoChiKeHHsS Ta apXiTEKTypHa MpaKTUKa
MOBUHHI CIUPATUCS HA JOCATHEHHS (QuIocodii apXiTeKTypH, PpO3YMIHHS HOBHUX IIHHICHHX
OpIEHTHPIB, ypaxyBaHHsS pO30LKHOCTEM Ta TeMIy CcOLlalbHMX 3MIH ToIlo. IcHye moTtpeba B
BHU3HAaHHI B@XJMBOCTI Takoro (axkTtopy sk Cy0’€KT apXiTeKTypHOro mpoiecy. 3MiHa 0a30BUX
OpPIEHTHUPIB CIIOKMBa4da apXITEKTYpHOro O00’€KTy BHUMarae 3a0e3leueHHs BXXe Ha cTajii
MIPOEKTYBAHHS MOKJIMBOCTI TpaHC(OpMaLiil apXiTEKTYpHOro 00’€KTy B Ipoleci Horo mojaanbuioi
eKCIUTyaTallli, NMPOTHO3yBaHHsS IOSBU HOBMX (YHKII Ta YTBOPEHHsS iX HOBOI MaTepiajabHOL
00OJIOHKH.

CraTTa OKpecialoe KOHTYpH HAayKOBHX IHHOBAlliX B ILApHHI apXiTEKTypH — TEOPiko
apXITEKTYypHOI MISIIBHOCTI B yMOBaX MDKCYO €KTHOi B3aemojii; mpormoHye (HOpMH KOPEKTHOTO
BBEJICHHS MOHATTS «Cy0’€KT MPOEKTYBAaHHS», SIKIH aKTHUBHO Ji€ B apXiTEKTYPHOMY CEpEeOBHUIII, B
MPOEKTHY MPAKTUKY Ta TEOPII0 apXITEKTYPHOI A1SUTBHOCTI.

Kuro4oBi ciioBa: apxiTekTypHa JisUIbHICTB, apXITEKTYpHHUH MpoLec, CepeIOBUIHUNA MiIXi,
«pO3yMilOUe» MPOEKTYBaHHS, «CYO’€KT NPOEKTYBAHHS», ILIHHICHI NPIOPUTETH, MIKCYO’ €KTHA
B3a€MO/Iis, apXITEKTYPHUI MapKETUHT, apXiTeKTYpHUI MEHEIKMEHT.

AKTYyaJIbHiCTh PO0OOTH I0B’s13aHa 3 HEOOX1/IHICTIO MOJAJIBIIOTO PO3BUTKY TEOPIi 1 MPAKTUKU
apXiTEKTYpHOI iSJIBHOCTI B HOBUX COILIIOKYJIBTYPHHX YMOBaX, ypaxyBaHHS BUKIIMKIB CbOTOJICHHS B
MpoekTHIM mnpaktuii. HoBl TexHomorii 3MiHIOIOTH BCl chepu KUTTA JIOJUHM, i moTped Ta
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MatepiaibHOro otoueHHs. Oprasizaiist apXiTeKTYpHOI TisSUIBHOCTI BXKE HEMOXKIIUBA 0€3 pO3yMiHHS
IIHHICHUX OPIEHTUPIB CyCHUIHCTBA B IUIOMY W OKPEMHUX HOTO MPEACTaBHUKIB, SKI PI3HUM YHHOM
MPUYETHI O apXiTeKTypHOI AisibHOCTI. Lle pi3Hi Kareropii croxuBadiB, cy0’€KTH MPOEKTYBAHHS
Ta OYJIBHUIITBA: apXITEKTOPH, CYMDKHUKH, 3aMOBHUKH, 3a0yIOBHUKU. Y paxyBaHHs 0COOJUBOCTEH
Cy0’€KTIB apXiTEKTYPHOTO NPOEKTYBaHHS IMPOBOKYE 3MiHM B 0a30BHUX OpIEHTHpAX CHOXKHBAUiB
apXiTEeKTypHOTO OO0 ’€KTy, HAIUIIOE TPOEKTYBAJbHUKIB Ha TepeabaueHHs IEpPCIEKTHUBH,
eKCIUTyaTallifHUX 3MiH Ta NPOTHOCTHYHY MAiSUIbHICTh. BHOKpemsieHO 3 Trpynu mpoTupid, sKi
noTpeOyt0Th HAYKOBOI'O OCMHUCIIEHHS, a cCaMe:

1. Tlpotupivus, sKi MOB’SA3aHI 3 HEBIAMOBITHICTIO CMOCOOIB OpraHizaiii apXiTEKTYpPHOTO
CepelIOBHUINA 0 3MiH B 00pa3i )KUTTS Cy4acHOT JIFOIUHH.

2. [Ipotupivyus Ha piBHI OpraHi3auii MPOEKTHUX MPOLECIB, AKi HE BCTUTAIOTh 32 TEMIIOM 3MiH
THITOJIOTIT apXITEKTYpPHHUX 00’ €KTIB Ta BUMOTaMH 3aMOBHHUKIB.

3. Ilpotupiuus, siKi MalOTh B OCHOBI HEIOCTATHIO YBary /10 F'yMaHICTHYHOI POJIi apXiTEeKTYpH B
Cy4acHOMY CBITi. ApXITEKTypa K CIIOCI0 OCMHUCJICHHS Ta BTUICHHS LIHHOCTEH JIFOAUHU; SK 3aciO
opraHizanii B3aeMOJil JIOJUHH Yepe3 MpeaMeTHy (GopMy 3 HPUPOAOI0, CYCHUIBCTBOM Ta CaMHUM
co0or0; sSK yMOBa Ui CaMOIII3HAHHSA Ta caMmopeani3alii Maike He pO3IJIJaeTbcs B
apxiTekTypHoMmy mporieci [1].

Ilocmanosxa npobaemu. Teopist 1 MpakTUKa Cy4acHOI apXiTEKTypHOI AiSUTBHOCTI HE OXOIUTIOE
aKTyaJlbHI aCleKTH, B TOMY YHWCII JIAJOTiYHI MPAaKTUKU apXiTEKTOpa 3 CTEUK-XOJAEepaMu Pi3HOTO
piBHA. [loci He € yCBIIOMIIEHOIO POJIb apXiTEKTOpa sIK OpraHi3aropa Ta KepiBHHKAa MPOEKTHOTO
nporecy. CydacHa npodeciiiHa IisTbHICTh apXiTEeKTOpa HE Pealli3yeThCsl HA OCHOBI aKIICHTYBAHHSI
MpIOPUTETHOT POl CyO’ekTy, Horo moTped, MiKCyO’ekTHOi B3aemofii. KopekTHe BBeAeHHS
(eHOMEHIB «Cy0’€KT TMPOEKTYBaHHS» Ta «MDKCYO €KTHA B3aEMOMIS» B TEOPIIO Ta MPAKTHKY
apXITEeKTypHOI [ISJIBHOCTI MOXJIMBO NpHU Tepernaal mnpodeciiHol ysSBU MpPO apXiTEKTYpHY
MOpdoIIOTito, TUHONOTI Ta HiHHICHI opieHTHpu [2]. Illo 1 3ymoBWIO (opmyitoBaHHS 00’€KTY,
IpeaMeTy, METH Ta 3aB/IaHb JAOCIIDKEHHS.

Merta cTaTTi — pO3BHTOK Teopii apXiTEKTypHOi MisTIBHOCTI B YMOBaxX MIXKCYO €KTHOI
B3a€MOI1, 110 MOOYAOBaHA HA MPIOPUTETI CYyO’ EKTY-CIOKMBAYa.

3aBgaHHs:

— BcraHoBneHHs 0coOaMBOCTEH CydacHOi apXiTeKTypHOi [isUIBHOCTI B CBITI HOBHX
MPOEKTHHX TapajJuTrM.

— BusiBieHHs1 HayKOBUX 3aC001B KOPEKTHOT'O BBEJICHHS MIPKCYO’ €KTHOI B3a€EMOJIT 10 CUCTEMH
apXITEeKTYpHOI ISJIBHOCTI.

— AKTyauni3auis MOHATh «@PXITEKTYpHUH MEHEKMEHT» Ta «apXiTeKTYpHUH MapKeTHHI» B
Teopii apXITEKTYPHOT AiSUIHOCTI.

Cryninb BuBYeHOCTI mpodjemu. OcCOONMBOCTAM CY4YaCHOTO apXiTEKTYpPHOTO TMPOIECY
npuausim yBary B. Amconbe, M. becker, P. 3e6cT, A. Koxi.

B ocHOBI poOoTu — cydacHa Qinocodiss apXiTeKTypH, 110 CIIUPAETHCS HA (HEHOMEHOJIOT1YH1
Teopii, skl Oynu 3aknaneHi B mpausx A. ['abpuueBcbkoro, B. Kanauncekoro, I1. ®dnopencrskoro,
J1. ApkiHa; HayKoBI mpalli 3axiJHUX TEOPETHUKIB 3074ecTBa, Takux sk Kp. HopGepr-Ulynsn, Kp.
Heit, X. Myranbon-TopuOepr, M. Xaiinerrep. OcHOBHE MOCWJIAHHS LUX Ipalb — IPOCTOPOBE
NepEeKUBAHHS SIK BHX1/IHA OCHOBa 3014ecTBa [3].

Ha migcraBi 1pOTO CydacHI TEOPETUKH CEPENOBUIIHOTO TMPOEKTYBAHHS PO3TIISAAIOTH
apXiTeKTYpHUH 00 €KT SK Te, 10 NePeKUBAETHCS JIOAMHOIO B Ipolieci B3aeMoii. OOrpyHTyBaHHS
noJiicy0’€KTHOT B3aeMOJIli B apXITEKTYpHOMY IHpoiieci, ¢popMyBaHHS MHOJICy0’€KTHOI Mmo3ulii B
apxiTeKTypi K OCHOBM TEOPETHMYHOTO 3HAHHS NpUCBsSYeHl HaykoBi mpami |. JlexaBu Ta iioro
MOCIOBHUKIB. TpakTyBaHHS apXITEKTypu SIK CHCTEMH, IO OpIEHTOBaHA Ha CYO’€KTIB, W10
B3a€MOJIIIOTH, JI03BOJIMIIO 3MIHUTH Npo(deciiiHi MpiopUTeTH:

— 3aMicTb  (YHKI[IOHaJbHOI ~ OOYMOBJIEHOCTI  apXiTeKTypu —  IpHUHIMIIAIbHA
1oJ1i(hyHKI1OHAJIBHICTh, THYYKa OHOBJIEHA THUIIOJIOTS;

— aKUEHTYBAaHHsS Cy0 €KTHBHOCTI IHTepIpeTaliidi Ta MepeXuBaHb, CEMIOTHYHI KOHLEMIIi
30/14E€CTBA;
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— MOIIYK HOBOI apXiTEKTYPHOI reOMeTpii;

— OHOBJICHHSI TEPMIHOJIOTIYHOTO anapary y BIAMOBIAHOCTI 10 HOBUX TPaKTyBaHb.

PoboTa TakoX BIAIITOBXYETHCS BiJ HOHATTS «00pa3y B apXiTEKTypi», SKHH pO3KPHBAETHCS B
MpoIeCl CIPUUHATTS B CHUCTEMI COIliabHO-ICTOpUYHUX 3MiH (mociimkenHs [. Benbdmina, €.
I'omoOpuxta, Y. Exo, M. bense) [4]. YpaxoBani HOCHi/PKEHHS B I[@pWHI HOBOI THUIOJIOTI3allil
apXiTeKTypHux 00’ekTiB: A. Pocci (Tumosioriss Ha OCHOBI reomerpuuHux apxerumiB), JI. Kan
(TMmosioriss Ha OCHOBI CTPYKTYPHUX 3B’s3KiB). BigMIHHICTP IIMX THIIOJOTIYHUX MIiAXOIIB B
€BPUCTUYHOMY CIPSIMYBaHHI, OpPIEHTYBaHHS Ha CKJIa/IHI SBUINA B ()OPMOYTBOPEHHI, CEPEAOBUILHY
B33a€MO/IIIO.

B cucremi QopmoyrBopeHHs, 06a3y CKiIagar0Th pPOOOTH aBTOPiIB, SIKIi BCTaHOBIIOIOTH
B3a€EMOJIII0 00’ €KT-CepeOBUIIC-KYIbTypa. APXITEKTYpHUH O0’€KT BHU3HAYAIOTh SK CHUCTEMY
CIPUAHSATTS Ta IHTEpIpETallii, cucreMy cepeaoBuil Hux nepexusans (JI. Kan, P. Kpue tomo).

[TpuiinaTi no yBarm myOJikamii mo cydacHi «eko-Tek» B apxitekrypi P. Cakcona, K.
Crneccopa, npoektHa mistibHicTh H. ®octepa, H. I'pummoy, JXX. HyBens, siki HarojomyrTh Ha
MPUHIUIIOBUX 3MiHAX Ta 11032 apXiTEeKTYpHOMY MalOyTHbOMY apXiTeKTYpH.

ADpXITEKTYpHa AISUIBHICTh MEPEOCMUCITIOETHCS 3 MO3MLINA apXITEeKTYpHOTO MapKETUHIY Ta
MEHE/KMEHTY B PYCIIi T€Opii JII0ACHKHUX CTOCYHKIB (€. Meiio, Mak-I'perop Toiio).

B mnpaunsx Tos6uu B.B. Ta Ilnockoro B.O. BuB4aeTbcs  MEHEIKMEHT apXiTEKTYPHOI
JUSJIBHOCTI SK €JEMEHT il METOJOJIOriYHOI MapagurMu. ABTOpaMHU 3alPOIIOHOBAHO y3arajibHCHE
YABJIEHHSI METOJOJIOTIT apXiTeKTYpHOI MiSJIbHOCTI, L0 CKJIAQJAEThCA 3 IMPEIMETHO-3MICTOBHOI,
OCBITHBO-1H(OPMAIIIHHOT Ta COIIO-TEXHIYHOI TijcucTeM. HaromomeHo BaKIMBICTH PO3BHTKY
JOCIIIJIKEHb 3 apXITEeKTYPHOTO MEHEKMEHTY — BaXKJIMBOI M1ICUCTEMHU apXiTEKTYpHOI rajy3i.

OcHOBHAa yYacTHHA. AHami3 Teopil Ta MPAKTHUKH CYYaCHOTO CBITOBOTO apXiTEKTYpHOTO
MIPOLIECy BUSBHUB HOBE PO3YMIHHS apXiTEKTypHOI MisuibHOCTI. BimmideHa 3miHa iepapxii HIHHOCTEH
Ta €CTETUYHY CYTHICTh apXITEKTypH, SKYy BHUKOPHUCTOBYIOTH SIK YHIBEpPCAJIbHY MapagurMy Uit
BIIOPSIIKYBaHHS  PI3HOPIAHUX CHUCTEM Ta €JIEMEHTIB JKUTTA. ApXITeKTypHAa isUIbHICTh
CTIPSIMOBYETHCSL Ha OYAyBaHHS CUCTEM CEpPEIOBHINA, KOHTEKCTIB KHUTTS 1 KYJIbTYpH, CHHTE3yBaHHS
KOMIUIEKCY apXiTeKTYpHO — OyIiBeIbHOI MisNIBHOCTI. APXITEKTYpHY AiSUIBHICTH PO3YMIIOThH SIK
crioci0 BIATBOPEHHS 1 Ooprasizalii collajJbHUX MPOIECIB, caMopeanizalli JIoAUHU (apXiTeKTopa i
CIIOYKMBAay4a) Ta 3B’SI3KiB 3 OTOYYHOUMM CBiTOM [5]. ApXiTeKTypHHUil 00’€KT BHCTYyIMae sK ii yMOBa,
ysiBa Ta pe3yiapTaT. BoHa BiAKpHUTa 10 MOXIIMBUX TpaHCHOPMYBaHb, PI3HOMAHITHUX IPOIECIB,
MOSIBM HOBHMX SIKOCTeH Ta Monudikauii crapux. Bysbke TpanuiiiiHe po3yMiHHS apXiTEKTYpHOT
TISUTBHOCTI, SIKE 3BEJIEHO BUKJIIOYHO JI0 PO3POOKH MPOEKTIB, CHOTOJIHI BBAKAETHCS 3aCTapUIUM Ta
Hee(heKTUBHHM 32 BCIMa KPUTEPISIMU: €KOHOMIYHHM, KYJIbTYPHHM, HayKOBUM ToIIO [6]. OcHOBHA
MOMHWJIKA TPAJAULIHHOTO MIAXOAY 0 apXITEeKTypHOI MISJIBHOCTI B TOMY, IO BBa)Kajocs, IO
MOBEJIHKA JIIOAECH 3BOJUTHCS A0 BUKOHAHHSA MEBHUX (YHKIIM I BIUCYETbCA B CTPYKTYpH, SKi
3aJlaHl AJis HbOT0 3a3JaJIeT1/1b, B TOMY YHCI1 00’ €MHO-TIPOCTOPOBI PIILIEHHS.

JIOCIITHUKN CY4acHOTO CTaHy PO3BUTKY apXiTEKTypHOI IISJIBHOCTI SIK CBITOBOTO MpOLECY
BHU3HAUYAIOTh JIEKUJIbKA JTOMIHYIOUMX HaNpsSMKIB: MOKIPHOCTI 00CTaBUHAM 3 3aKJIMKOM BKJIIOYATHCS
70 OyJb SIKUX CUTYaIlil; TApMOHIMHOTO CIiBICHYBaHHS JIFOJIMHU Ta 3€MIIi, BITHOBJICHHS 3B’ SI3KIB MiX
JIOJIbMU, JIIOJbMHU Ta CBITOM; €KCIEPUMEHT JUTITATIbHOI apXITEKTYpH, SIKI JeMOHCTpye o0Opii 0e3
oOMmexeHb. [l apXiTEeKTypH ChOTOJCHHS XapaKTepHO MEpPeTHHAHHS TEHIEHIH 10 ONIOJHEHHS 1
TEXHOKPAaTUYHUX YTOMIiH, BIAIPBaHMX BiJl XKUTTEBUX peajiil; 3MIIIyBaHHS XYAO0XKHIX MOB PI3HHUX
CTWJIBOBHMX HANpSMKIB, B3araji ieoyioris «3MinryBaHHsS» [7]. AKTyani3yroThCs BiYHI OIO3MIIi:
MOPSIZIOK-Xa0C, eTHYHEe-eCTETHYHe, TII00ambHe-JIOKalbHe, MUHYJIe-MaiioyTHe. [lepcnexTrBu
CBITOBOTO apXiTEKTYPHOT0 MIpollecy BOAYAIOTh B OJIOJHEHOI apXiTEKTypi BUCOKMX TEXHOJIOTIH, B
apXITEKTypHUX IMOIIyKaX B MeXax CHeUU(IYHUX CepeloBUll: idearvbuux — (opMa ICHYBAaHHSA
(eHOMEHY MUCIEHHS, KOMYHikamueHux — (GopMa ICHyBaHHA (PEHOMEHY JIIOJCHKUX CTOCYHKIB,
sipmyanvHux — Gopma CIiBICHYBaHHS HEMOKIMBHX ()eHOMEHIB cBigoMocTi [8].

B pamkax cepenoBHIIHOI TNPOOJIEMAaTUKH BHOKPEMIIIOETbCS TIE€BHI paMKH-BHU3HAUCHHS
TIOHATTS «CEPETOBUILIE):
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— cepenoBuie AK o0nacTh icHyBaHHS. Llg oOiacTh xapakrepusye eMHIIpUYHI Mexi
CepeloBHILA Ta CIIOCOOU Oro YyTBOPEHHS;

— CepeloBHILE SIK CBIT ysBieHb. Lle CBIT mpUIUCIB, 3pa3KiB Ta BCTAHOBJIEHHS CIIOCOOIB
YTBOPEHHS CEpe/IOBUILA Ta ICHYBaHHS B CEPEIOBHILI;

— CEpelOBHIIE SK MPOCTIp MOXJIMBOro. Lle BipTyanbHi 3aCO0M YTBOPEHHS CEpEIOBHUINA Ta
MOJKJIMB1 MOBH CEpEOBUIIIA.

[li BW3HAYEHHS, SKIIO iX PO3TISAAATH 130JIbOBAHO, TPU3BOMAATH N0 3 PI3HUX CHCTEM
iHTeprpeTarii cepeoBHUIIa: TEXHIYHOI, KYIbTYypoJIoridHoi Ta (izocodebkoi [9].

3MiCTOBE SIIPO TiSUTBHOCTI apXiTEKTOpa B IbOMY IPOLECI YTBOPIOE CEPEAOBUIIIHE MUCIICHHS,
SIKOMY TIPUTaMaHHI acOI[laTUBHICTh, MeTa(OPHYHICTh, PO3YMIHHS Ta YysBa, NPHUHIIUIIOBE HE
3BEJICHHS JI0 JIOTIYHUX (popM, BHIUICHHS Ta (ikcallisi cepeoBUII HUX NepexnuBanb. e MucieHns
JEKUTh B OCHOBI «pPO3yMIIOUOrO» HIAXOAY JO IPOEKTyBaHHsA, U mependadae BKIFOUYEHHS
MPOEKTYBAJIbHUKA B JKUTTSA HACENCHHs, poOOTY 3 3aMOBHHMKOM B)K€ Ha CTajii KOHIENTYaJlbHOTO
MIPOCKTYBaHHS OPIEHTYBAHHS Ha pOOOTY 3 CBIIOMICTIO, i1 Mi()OJIOTTYHIUMH CTPYKTYPaMH.

Po3ymitoue mpoekTyBaHHS BHOYIOBYE BIACHY TEOPETHUHY 0a3y, sSika PO3KpUBAE T'CHE3MC
npodeciiHuX ysBIEHb, IO 3HAXOIATHCS B OCHOBI MEpPEXOoAy K MIKCYO’€KTHIA B3aeMoO[ii B
apXiTeKTypi, PO3KpUBA€E 10332 CTUJIBOBI YSBJICHHS MPO (HPOPMOYTBOpPEHHS, HOBE TpPAKTyBaHHS
«obpazy B apxiTekTypi». HoBuil TepMiHONOTIYHUN Ta aHATITHYHUHN amapar MOBUHEH PO3KPUBATU
CEeMIOTHYHI MeXaHi3MH, 110 JeKaTh B OCHOBI MOHATTS 00pa3, 3a0€3MEeYUTH MEPEeXia BiJl ONMMCAHHS
Moposorii 10 BU3HAUEHHS MPUHIUIIB MOJEITIOBAHHS MOPQOIOTIYHOI CTPYKTYpU 00’ €KTy, IO
BUXOJATH 13 MOTped pi3HMX cyO’ekTiB. B crucTteMy HOBOI apXiTeKTypHOI AisITBHOCTI OpraHigyHO
BIIMCYIOTBCS: KOHIIEILIS apXITEKTYpHOIo O0’€KTYy, IO MEPEeKUBAETHCS, KOHLEMLIS MOAAIbHOCTI
apXiTeKTypHOrO0 O00’€KTy; HOBa THIIOJOTIYHA CHCTEMa; TEopis TMPOCKTYBaHHA B YMOBax
MiKCYO’€KTHOI B3a€EMO/Ii1, B CBIiTi, 1[0 MBUAKO 3MiHIO€ThCs [10].

CydacHe TpakTyBaHHS apXiTEKTYpHOI JISUTBHOCTI HAroJIOMIy€e Ha ii moJicyd’ €KTHOCTI, sSIka He
TITBKA € YMOBOIO apXiTeKTYpHOI MAiSUIBHOCTI, a TUM, L[0 3abe3meuye NBI  BaxIuBI cep:
MDKCYO €KTHY B3a€MOJIiI0 B IMPOIECI MPOCKTYBAaHHs Ta OyHiBHUIITBA Ta KOMYHIKaTUBHY CYTHICTBb
apXIiTEKTYpHOTO 00’ €KTY, SIKWI OpraHi3ye HOB1 COIialibHI MIPOLIECH.

Mixcy0’eKTHY B3a€MOJI110 3a0€31€UyI0Th KOMYHIKaTUBHI IPYIIU:

1. ApxitekTop — cioxuBay (Cy0’€KT Ha piBHI IPYIIN).

2. ApXIiTEKTOp Ta YYaCHHKH IPOEKTHOTO TPOIIECY.

3. Cno’kuBay — CIIOXkKHMBay Cepel0BUILA.

[IpiopuTeT B IMX KOMYHIKaTUBHUX IpyIax HAJIEKUTh Cy0’ €KTY-CIIOKHUBAUy.

Bin ¢axiBiiB BUMaraeTbCcsi MApKETMHIOBE MUCIICHHSI, HABUKU apXiTEKTYPHOTO MEHEIKMEHTY,
eBPUCTUYHI MIAX0AM TOO0. B cyyacHMX ymMoBax, MOTEHIIIHUN CIIOXKUBA4 apXITEKTYpHOTO 00’ €KTY
HaI[UIEHU Ha MOJJIMBICTH HIBHJIKOI 3MIHM MaTepiajibHOI'O CBITY HABKOJIO ce0e Ta peasizalliio
BJIACHUX PI3HOMaHITHHX MOTPEO B apXITEKTYpHOMY 00’ €KTI. ApximexmypHuil Mapkemune noTpedye
3MIHM MiIXOJIB 10 OpraHizauii apXiTeKTypHUX OO’€KTiB B CTOPOHY BIJMOBH BiJ CTaOiIbHOCTI H
He3MiHHOCTI [11]. ApXiTeKTypHHII MapKETHHT MOBHHEH (JOPMYBATH CYYacHi THYYKI MPOIeCyaibHi
MIIXOAW 10 apXIiTEeKTypu W OmiHKK 11 ekoHomiuHOi edekTtuBHOCcTI. Lli mimxomw, Hacammepen,
MOBUHHI OYyTM OpIEHTOBaHI Ha CHOXKKMBaya (Ha PIBHI COLaJbHOI TPyHH), Ha ONTHUMAaJbHE
3aJJ0BOJIEHHSI MOro moTpeld, M0 MIBUAKO 3MiHIOIOTHCS. Iligxomu peamizyroTbes 3a paXyHOK HOBOI
ciedikk  CTPYKTYpHOI ~Opradizamii apxiTekTypHoro o00’ekty (fioro (GOpMOYTBOpEHHS,
MOJIAJIbHOCTI, TEXHOJOTIYHOCTI), fKa 3a0e3neuye AMHaAMi4HI (OPMHU CIIOXKHUBYOI KYJIBTYpH,
BPaxOBAaHUX B MPOCKTHOMY DIIlIEHHI MOKIIMBOCTEH TEBHHUX NEPETBOPEHD CTPYKTYP apXiTeKTYpHUX
00’€KTIB, @ TAKOXK B IMOCTITHOMY PO3BUTKY Ta MOSBI HOBUX THIIIB 00’ €KTiB [12].

ApximexmypHuti menedxcmenm (HOpMye CcydacH! MIAXOAU JO ONTUMI3AIlT Ta edeKTHBHOI
oprasizarii apXiTeKTypHOI IPOEKTHOI AisIIBHOCTI B Cy4acCHUX eKOHOMiuHMX ymMoBax [13]. A came:

1. 3a0e3neuye cTpareriuHe IUIaHYBaHHS MPOEKTHOTO MPOIECY, IIO OPIEHTYETHCS Ha 3MIHY
LIHHICHUX MpPIOPUTETIB CHOXKUBadiB, TOOTO BHIIEPEPKAE Ta PO3IIUPIOE BUMOTH H MOTpedu
CIIOKMBAYIB, SIK1 ICHYIOTh Ha eTarl MPOEeKTyBaHHS.
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2. 3piiiCHIOE TaKTUYHE IUIAHYBAHHS MPOEKTHOTO TMpPOIEeCY SK JUHAMIYHOTO, TOOTO
OpPIEHTOBAHOT'O HA TIOCTIMHI OHOBJICHHS Ta BIOCKOHAJICHHS CTPYKTYP apXiTEeKTypHUX OO’ €KTIB B
npolieci iXHpOTro MPOEKTyBaHHs, OyIIBHULITBA Ta €KCILTyaTallii.

3. BiamoBigae 3a omepaTWBHE IIaHYBaHHS MPOEKTHOTO MPOIECY 3 IMO3MIli THYYKOCTI Ta
BIIKPUTOCTI 3MiHaM Ha BCiX CTalisAX MPOEKTHOI PO3POOKHM apXiTEeKTYpHUX 00’ €KTIB.

@dopMyBaHHsS HOBHX IIAXOJIB /10 YNpPaBJIIHHSA YYaCHUKAMH IIPOEKTHOI'O MPOLECY 3 MO3ULIT
POJIBOBOT B3aEMO1i1, BUOKPEMHJIO TaKi pOJIi B MPOEKTHOMY IPOLIECi:

1. TexniuHi, opieHTOBaHI Ha MpodeciiiHl HaBUYKH Ta BMIHHS BHUKOHYBATH CIEIliali30BaHi
3aBJIaHHS.

2. KowmyHikaTuBHi, sKi opieHTOBaHi Ha mnpodeciiiHy opranizamiro eheKTHBHOI
M1KOCOOHMCTICHOT B3a€MOJIi1, IO CIPSIMOBYIOTH IPOSKTHUN MPOLIEC 3 TOYKU 30pY PI3ZHOMAaHITHHX
moTped HOro y4acCHUKIB Ta CIIOKHBAYIB.

3. IlporHocTuyHi, MO COPSIMOBYIOTh MPOEKTHUH MPOLIEC Ta OPIEHTYIOTHCS HA Mepen0adyeHHs
TPAEKTOPIN PO3BUTKY CUTYaIlli, TOTpeO Ta mepeBar CIOKHUBadiB, SKI MOKJIAJEHO B OCHOBY BiIOOpY
Ta NPUHHATTS HAUOUIBIIT e()EKTUBHUX MPOCKTHUX PIIlICHb.

ADpXITeKTypHa ASUIBHICT IPU LIbOMY PO3IJISIAETHCS SIK 3asBKAa HAa BCTAHOBJICHHS MEXaH13MiB
YTBOPEHHSI cepefoBuIna. BupimeHHs KOHQIIKTIB iHTEpeciB 3a paxyHOK INpOrpaM yTBOPEHHS
cepenoBuilla (eKojorizamii, mpuBaTU3alii, I1HBECTHUIIl B JKHUTTEYCTpid, IHIUBITyami3allis,
nepcoHaIi3allis, yHikamisailis cepemonuina) [14].

CrpoOyeMo BUOKPEMUTH MIEBHI HAMPSAMKH 11i€1 poOOTH:

— BinrBopenns croco6iB (opMyBaHHSI CepelOBHUINA Ta ICHYBaHHS B HbOMY 32 PaxyHOK iX
B1JI00Opa’keHHA Ta TPAHCIISIIT B CEMIOTUYHUX KOHCTPYKIIISIX CEPEeIOBUIIIA.

— 3miHa, TEpEeTBOPEHHS Ta PO3BUTOK ICHYIOUMX CIIOCOOIB ICHYBaHHS 3a pPaxyHOK
Oprasi3aiiifHo-TeXHIYHUX Ta KOHCTPYKTUBHUX 3aCO0iB.

— BigmoBa Bim 00CTaBHH BiJITBOPEHHS TOTO, IO CKJIAJIIOCS, PO3pOOKa albTepHATHBHUX
HOIJISAAIB Ta MEXAHI3MIB.

— Posrmsn mTydHHX Ta MIPUPOIHUX CTHEMYJIIB IPOTPaMyBaHHS MTPOIECIB B CEPEIOBHIIII.

— 3ailficHeHHs Ta BiAHOBJIEHHS POrpaM YTBOPEHHsI CEPEOBUIIIA.

Mopnenbs Takoi IiSIIBHOCTI MOXE po3risiaatucs sK yHiBepcainbHa. CepenoBuile B Hel
PO3IIISIAETHCS Ta MEPEKUBAETHCS SIK O€3MEePEPBHICTD, 1110 J103BOJISE:

— TIOEJTHATH OPraHi3aIllifHO-TEXHIUYHE Ta €KOJIOTIYHE BITHOIICHHS 10 YTBOPEHHS CEPEIOBHIIA;

— Y3TOJUTH YCTAHOBKHM Ta IIUJII HEPEeTBOPEHHSA-NIOPO/DKEHHS Ta BIJTBOPEHHS-BIAHOBJICHHS
CepeIOBHIIA,

— MOB’s13aTH B MpogeciiiHOMy pOo3yMiHHI 1 pedIeKcii «30BHIIIHIO» Ta «BKIIOYEHY» MO3ULIT
MIPOEKTYBAJIbHUKIB.

BucHoBku. Po3BUTOK Teopii apXiTEKTypHOI IiSIBHOCTI B yMOBaX MIXCYO €KTHOI B3aeMOii
OyayeThCs Ha IPIOPUTETI CYO’ €KTY-CIIOKHUBAYA.

Oco6IMBOCTAMHU CY4acCHOI apXiTEeKTYPHOI JIisSUIbHOCTI BUCTYIAIOTh HEBUpIIIEHI Mpo0ieMu Ta
HEBIJNOBIAHICTD TEOPii A0 MOIIYKIB NpakTHUKU. BOauaeMo nuIAX BUpPIIIEHHS IPOOJIEMU B PO3BUTKY
Teopii CepeIOBUILHOTO MiXOAY SIK CUCTEMHOr0. BiH Mae mposiBU B «pO3yMil0OUOMY» IPOEKTYBaHHI,
aKIEHTYE TPIOPUTETH TEPEKMBAHHS CEPENOBHUIIHOTO YTBOPEHHS, OYIyeThbcs Ha YypaxyBaHHI
LIHHOCTEH Ta MPIOPUTETIB BCIX YYACHUKIB Ta aJipecaTiB MPOEKTHOTO MpoIeCy. 3aBJaHHsS PO3BUTKY
Teopii apXiTeKTYpHOI [iSJIBHOCTI CTUMYJIOIOTh HAyKOBE OCMHCIEHHS 3MIH B MOIJSAaxX Ha
apXiTeKTypHY MOP(OJIOTiI0, THIIOJIOT0, TPAKTYBaHHS apXiTEeKTYpHOro 00pa3y, popMyBaHHS HOBUX
KOHUEMNIi apXiTeKTYpHOro (OPMOYTBOPEHHS, MOJAIBHOCTI apXiTEKTYPHOTO OO0’€KTY, THYYKOIi
TUIOJIOTTYHOI CUCTEMH Ta iH..

Bci mi 3miHa Hacammepen CTOCYIOTBCS CyO’€KTHOI CKIIaqoBOI Ha BCIX €Tamax YTBOPEHHS,
PO3BHTKY Ta CIIOXKHBAHHS CepeloBHINA. M GasyloThcss Ha Mik OCOOMCTHX BiTHOCHHAX Ta
MDKCYO’ekTHOI B3aemoii. Taki kareropii sk HepeXUBaHHS, CIPUUHATTA, eMoliiHa pedruekcis,
IIHHICHI MOJIeTIi, TOBEIIHCHKHI CTEPEOTHII Ta iH. BiAMOBIAAIOTH MPOIECYAThHOCTI Ta AJMHAMIYHOCTI
o0pa3y *KHUTTs CII0KHBauiB — 0a30BUX Cy0’€KTIB MPOEKTYBAHHS.
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KopekTHe BBEIEHHS TOHSATH «CYO’€KT MPOCKTYBaHHSI» Ta «MIDKCYO €KTHA B3a€MOJIS» JO
Teopii apXiTEeKTypHOI MiSTILHOCTI MOKe OYTH 3a PaxXyHOK OHOBJICHHS KOHIICTIi apXiTeKTypHOI
nisutbHOCTI. OHOBIIEHA KOHIIEMIIiS Mae 0a3yBaTUCs HAa BUBUCHHI MTPOIIECY MIKCYO €KTHOT B3a€MOIIT,
OpIEHTYBATHCS HA METOJOJIOTIYHY pOOOTY NO KOHCTPYIOBaHHIO CydacHUX (hopM cyO’€KTHOCTI B
apXiTeKTypl, CXEM Ta TEXHOJIOTIM B3aeMOJIi Cy0’€KTIB MPOEKTYBaHHS Ta CIOXHUBAaHHS, SKi
YTBOPIOIOTH 0a3ic Cy4yacHOTO apXiTeKTYPHOTO MEHEKMEHTY.

Konnenuiss Haromomye Ha akTyaii3amii MOHATh «aApXITEKTYpHHUH MEHEIKMEHT» Ta
«apXITEKTYPHUN MapKETHUHT» B TEOPil apXITEKTYPHOI iSUTBHOCTI.

BusHanHs mnpiopuTeTy Cy0’€KTy-CrioKMBada 0a3yeTbCcsi Ha OPIEHTHPU «I[IHHOCTI, IO
3MIHIOETBCSI», IKa BHOCUTh MOMEHT CY0’ €KTHOCTI Ta YTBOPIOE Pi3HOMAHITTS (POPM CIIO)KMBAHHS Ta
cBOOOIy Cy0’eKTa-criokuBada B apxirekrypaomy o60’ekti [15]. IIpiopureT cy0d’ekTa-criokuBada B
CUCTEMI B3aeMOJii Cy0’€KTa 3 MPUPOJHHUM CEpEOBHUINEM 3a0e3neuye (OpMyBaHHS CydaCHUX
MiAXOMIB 7O OpraHizamii apXiTeKTYpHHUX OO0’€KTiB K JUHAMIYHHMX CTPYKTYp, SKi €(EeKTUBHO
(GYHKLIOHYIOTh, aJalITUBHI Ta ONTUMAJIbHI B CHCTEMI IPHUPOTHOTO OTOUEHHS.

[Topanpmni  JAOCHIIKEHHS JOIUIBHO CHPSIMYBaTH Ha PpO3BUTOK TEOpPii yHpaBIiHHSA Ta
KOOpAMHAIIT MIDKCYO €KTHUX CTOCYHKIB B apXITEKTYPHOI JisITBHOCTI.
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Abstract. The article is devoted to the identification of the features of the modern
architectural process and the establishment of actual tasks of architectural activity. Today's society,
science, and practice are experiencing phenomena that radically change the approaches and
paradigms of the architectural process. The paper highlights the contradictions in the theory and
practice of architecture that need to be resolved; considers aspects of the modern ideology of
architecture; develops certain provisions of the theory of the environmental approach, namely, the
features of "understanding™ design, the communicative component of architectural activity;
emphasizes the interaction of various actors in the process of architectural activity, the dialogue of
the architect with stakeholders. The author emphasizes the decisive role of the architect as an
organizer and coordinator of the design process, the interpretation of the architectural process as a
component of the overall socio-cultural process.

The biggest shifts are taking place in the field of the environmental approach to architectural
activity. Environmental issues, which bring people and their lifestyles to the forefront, give impetus
to the development of architectural management and marketing. These changes in priorities have
led to a problematic situation in the theory of architecture and opened up a new space of work: the
identification and recording of environmental experiences and images, the production of these
experiences and the management of this process.

The environmental approach outlines the future trajectories of architectural work, the essence
of which is the inclusion of the designer in the life of the population, the materialization of their
own version of life processes, the identification of a set of specialized activities that support the
ideology of social progress and cultural development. Scientific research and architectural practice
should be based on the achievements of the philosophy of architecture, understanding of new value
orientations, taking into account the differences and pace of social change, etc. There is a need to
recognize the importance of such a factor as the subject of the architectural process. Changing the
basic guidelines of the consumer of an architectural object requires ensuring at the design stage the
possibility of transforming an architectural object in the process of its further operation, predicting
the emergence of new functions and the formation of their new material shell.

The article outlines the contours of scientific innovations in the field of architecture - the
theory of architectural activity in the conditions of intersubjective interaction; suggests forms of
correct introduction of the concept of "design subject”, which is active in the architectural
environment, into design practice and theory of architectural activity.

Keywords: architectural activity, architectural process, environmental approach,
"understanding” design, "design subject”, value priorities, intersubjective interaction, architectural
marketing, architectural management.
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Abstract. The proliferation of immersive presence environments (an artificially created
multimedia environment of an alternative reality) is evolving into a widespread social phenomenon
that gradually influences how people live and interact. As a result, it has the potential to reshape
expectations and demands regarding living spaces and their arrangement. While numerous studies have
explored the impact of virtual and augmented reality technologies on urban planning, relatively little
attention has been given to the possibility that the behavioral changes brought about by these
technologies could prompt a reevaluation of the fundamental principles underlying urban planning.

Previously, immersive environments were primarily seen as tools for a limited group of
individuals to enhance their problem-solving capabilities within the existing framework of urban
planning. However, with the widespread adoption of virtual presence tools, there is a potential for a
significant shift in this paradigm. The exact nature and implications of these changes are still not
well understood and remain uncertain. However, through the method of behavioral interpolation,
we can begin to model the key aspects and potential outcomes of this paradigm shift.

The object of this article is to present a theoretical framework for potential transformations in the
contemporary urban planning paradigm resulting from the widespread adoption of personalized virtual
reality technologies. Through analysis, five key categories within modern post-industrial urban
planning are identified as likely to undergo changes: a) residential areas; b) accessibility radius; c)
social cohesion; d) transportation requirements, and e) optimal density. Residential units will
necessitate additional opportunities and spaces, altering living requirements and lifestyles. The
significance of the accessibility radius, particularly for pedestrians, may diminish as a considerable
number of desirable locations become accessible directly from individuals' homes. Reducing strain on
transportation networks will enhance cities' environmental sustainability and create new opportunities
for green spaces. The concept of social cohesion will experience stratified transformations, as
differences related to ethnicity, religion, gender, race, age, social status, etc., become neutralized
through the development of shifting virtual personas and non-deterministic identities. These
interrelated changes will also diminish the weight of the optimal density category. Collectively, these
transformations form a comprehensive conceptual framework that reimagines the city.

This article outlines two potential directions of change in the urban paradigm that could arise
from the proliferation of personalized metaverse communication technologies. The first direction
pertains to the contemporary interpretation of deurbanistic concepts, incorporating elements of self-
sufficiency, stability, security, and communication infrastructure characteristic of the information
age. The second direction is likely to focus on various approaches to transforming the existing
urban environment. This transformation will occur through the involvement of market regulatory
mechanisms and the development and implementation of specialized municipal programs aimed at
modernization and stimulating population growth.

Keywords:urban planning, concepts, transformations, immersive environments, metaverse.

Introduction. Despite the significant progress of the phenomenon of immersive
environments, the understanding of their impact on urbanism is mainly limited to the subject of
imitation and modeling of urban development processes within the framework of current ideas
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about urban spaces of the post-industrial age. They are perceived as elements that improve the
design and predictability of existing concepts of interpretation of the urban environment and are
rarely considered themselves as a factor in changing the existing urban paradigm.

Obviously, this is due to the fact that the experience of immersive presence has not yet
reached critically large volumes and has not become a reality for most citizens, even in developed
countries. However, existing experiments and analysis of projects, that are already being
implemented, show that spaces of virtual presence will play an increasingly important role in many
areas of everyday life and will acquire a routinized character, both in the format of professional
employment and private life. Collective and individual activity can equally be transformed by the
metaversal experience, which will significantly affect the behavior and requests of the average city
dweller. His needs will change significantly, which cannot but be reflected in the ideas about the
functioning of the city body. It is likely that new criteria for assessing the quality of urban space
will emerge, and therefore, other principles of its design and interpretation.

Publications and sources analysis. The reflection of the role of immersive technologies in
urban planning is only in the first stage of its formation and to a large extent still depends on ideas
about urban spaces that developed in the post-industrial era. Therefore, the greatest attention was
paid to the possibilities of virtual and augmented reality as a means of modeling processes within
the framework of the late modernist paradigm [1,2]. The continuation of this trend was also
proposals for the involvement of more accessible means of augmented reality, aimed at increase the
number of participants [3]. In the future, it is possible to note the specification of the use of such
means in various segments of the modern urban planning discourse - for example, the involvement
of an immersive environment for the improvement of participatory urban planning [4, 5]. Thus, we
can talk about the gradual emergence of a new terminological framework with concepts such as "e-
urbanism™ [6], or cyber-urbanism [7,8]. A possible prospect is also the involvement of virtual
presence tools for visualizing the memory of a place [9].

A more significant step towards the self-sufficiency of immersive spaces as a new urban
reality is the development of the concept of "meta-urbanism", which is based on the emergence of a
virtual real estate market in metaversal environments, which can take the form not only of a small
personal environment, but also of an entire urban organism with enormous possibilities of
interaction between virtual characters. At the same time, current experiments show that the
morphological structure of such an organism currently does not have its own individual character,
but repeats the form-creative and spatial-creative principles of the late-industrial/post-industrial city
(cyber-city project "Liberland™) [10].

The goal of the article is to theoretically outline possible changes in the modern urban
planning paradigm under the influence of the mass spread of personalized virtual reality
technologies.

The object of the article. The spread of immersive presence environments is becoming a
broad social phenomenon that improves lifestyles and the nature of interaction between people. In
this role, it can change expectations and requirements for living space and its organization. Despite
the emergence of a significant number of studies highlighting the roles of virtual and augmented
reality technologies in the progress of urbanism, relatively little attention has been paid to the fact
that a corresponding change in the behavior of large numbers of people can lead to a revision of the
more fundamental foundations of urban planning.

If until now immersive environments were considered as tools for a certain small group of
people who were given the opportunity to more effectively solve tasks within the existing urban
planning paradigm, then the mass spread of virtual availability of tools can probably destroy this
very paradigm. The nature and content of these changes remain poorly understood and uncertain,
although their main features can be modeled by the method of behavioral interpolation.

Research materials and methods are based on the analysis of the current discourse, which
has developed around the issues of modern urban planning on the one hand, and on the other - on
the study of the experiences of virtual and remote involvement of city residents, which is connected
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with the development of the possibilities of immersive presence. These two analytical arrays were
included in the method of comparative and synthesizing analysis, the results of which formed the
basis of the conclusions for the article.

Results and discussion. The modern idea of the efficiency of the urban space is connected
with the postmodern criticism of the industrial city, which began to gain popularity in the 70s of the
20th century. The improvement and expansion of this criticism became the conceptual basis for the
formation of new categories of environmental value and the key concepts that define them - such as
environmental friendliness, sustainability, ingenuity, self-sufficiency [10], diversity, social cohesion
[11], inclusiveness, optimal density [12], etc. These categories formed a vision of a post-industrial
living space [13], a certain urban ideal, which, however, cannot have a static character due to the
rapid progress of technology and innovation. A post-industrial city aimed at attracting and retaining
the most valuable human potential must constantly adapt new opportunities, including in the field of
improving social interaction.

In this sense, the development of immersive places of presence can become not only a factor
in improving the paradigm of the existing city, but also a source of deeper changes that will
significantly affect the perception of the desired urban space. This article examines five expected
transformations of today's post-industrial urban model, which arise from the fact of mass
distribution of personalized virtual reality technologies.

The first of them is the rethinking of the basic unit of the urban fabric - the residential unit.
The COVID-19 pandemic became an experience of a positive rethinking of remote employment,
which led to a reduction in traffic load, noise, and pollution, which in some places even gave rise to
the revival of wildlife and a healthier environment [14]. The development of personalized systems
of immersive presence will provide additional arguments for strengthening home employment, due
to which new requirements for the space of the residential unit will arise. Its parameters should take
into account the fact of a much longer stay and diversification of activities of residents inside their
apartment. The growth of the home delivery sector of various goods is another factor in the
"domestication™ of daily activity. Therefore, there are new requirements for the planning of
apartments, which must now include areas for the safe use of VR headsets, the look and character of
which will also change and expand. A longer stay at home may also stimulate the growth of the list
of other mandatory spaces, such as offices, leisure rooms, etc., potentially changing requirements
for parameters such as noise isolation (in the presence of several people using VR devices at the
same time) and security (an active user The VR headset loses full control over its surroundings in
the traditional sense). On the other hand, the usual requirements for the design of physical premises
may change because they lose the monopoly on creating the living space of one or another person.

The next expected transformation is related to the activity distance. In post-industrial
urbanism, the valorization of the concept of density is closely related to the possibility of pedestrian
accessibility to a wide range of services [12]. "Cities of short distances” were supposed to
significantly reduce the traffic load and save time spent on the road. However, now, immersive
environments bring a large number of choice objects inside the home.

As a result, the requirements for the residential environment are changing. Work, education,
leisure, communication, and shopping are much more often carried out within the home space, due
to which the concept of optimal density and pedestrian accessibility loses a significant part of its
argumentation. Under these conditions, requirements for operational qualities of housing, ensuring
its optimal microclimate, safety, integration into life support systems and self-sufficiency will gain
more importance. For example, facilities related to health care, sports, recreation, personal
communication, and social rituals may remain in the pedestrian accessibility zone.

At the same time, other species do not disappear in general, but their importance and necessity
decrease. They can exist in a mixed form, for example, different ways of combining leisure with
recreation, personal communication with work and social rituals, etc. However, such, even hybrid
forms of non-virtual presence will have an alternative in immersive spaces of presence, which will
further increase the possibilities of personal choice. The mandatory real environments, under these
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circumstances, will probably monogenize, and housing will become an even more dominant type of
buildings, although the requirements for it will be significantly transformed.

Significant changes can also be expected in the interpretation of social cohesion [15], which is
associated with the third predicted transformation. By modeling different forms of cohesion, the
potential for conflict between different groups with different identities that inhabit large cities
should be reduced. They overcome their territorial and psychological isolation and together form a
common organism of the urban collective. Tensions that may arise on the basis of ethnic, social,
religious, linguistic, age and other differences are alleviated by a number of regulatory techniques,
including those of an urban planning nature — such as, for example, minimization of spatial
segregation, creation of inclusive public spaces, etc. Improved in this way, the solidarity collective
should have a more effective influence on the urban progress of its city, through various forms of
participation, joint projects of neighboring communities and other types of participation.

Nevertheless, achieving the appropriate level of social cohesion remains a serious problem,
especially in the context of relations between more and less wealthy categories of citizens and the
inertia of traditions of isolation of communities united by a certain identity. In this sense, the
development of environments of immersive presence is potentially able to significantly improve the
overall level of social cohesion due to the emergence of virtual personalities, which are
characterized by a much higher degree of variability.

Racial, age, social and other differences cease to play an important, if any, role in the
interaction within the urban collective. Concerns about spatial segregation are losing ground, and
multiculturalism and multiple identities are becoming not a characteristic of society but of a single
individual. Under these circumstances, isolated blocks of communities with a deterministic identity
are universalized through the layering of various changing roles, with temporary symbolic
expression. Other variations of potential conflict that may arise will not, however, be actively
expressed in a non-virtual environment.

The fourth likely change in the urban planning paradigm is related to the rethinking of the
need for transportation. Immersive environments of presence for work, study and leisure reduce the
need for personal presence in traditional offices, educational institutions or recreation facilities, due
to which the load on the transport network is significantly reduced. In addition, the development of
home deliveries, including with the help of unmanned aerial vehicles, can significantly affect the
intensity of use of personal and even public transport. Therefore, the level of pollution and noise
decreases, as well as the possibility of increasing pedestrian zones and landscaping due to the use of
excess road surface area. Transport networks, however, will continue to be used for service,
delivery, law enforcement and healthcare services. At the same time, the prospect of the
disappearance of personal modes of transport should not be considered, as they increase the breadth
of personal behavior choices, which in the conditions of the metaversal experience is one of the
main values.

The next potential transformation is related to the rethinking of the density category, the main
advantage of which is considered to be close accessibility to various service, employment and
leisure facilities. In practice, however, the variety of choices within the imaginary pedestrian zone
does not always become a reality. Often, dense construction is formed as a result of commercial
calculations of construction companies, the priority of which are those types of structures that are
more profitable on the real estate market. In addition, the method of acquiring the necessary
qualities of the territories of historical buildings, especially of the pre-modern era, remains
uncertain. Therefore, achieving "optimal density" has turned into a difficult problem, unattainable
for most areas of the urban fabric.

Reducing the level of dependence of choice on direct physical accessibility significantly
changes the basic circumstances that led to the valorization of density. Since convenient choice and
high density cease to be connected with each other, there is an opportunity to return to the
psychology of the optimal distance of individual living spaces. Given the nature of the above
transformations, it is obvious that it should be increased at least due to the increase in the area and
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functional diversity of the apartments.

In connection with the probable transformations outlined above, a question may arise about
the contours of a new urban planning paradigm that will replace the existing one. As such key
categories as transport, density, cohesion, accessibility and personal living space undergo a radical
rethinking, the conceptualism of urban space will be directed in a different direction. It can be
assumed that at the first stage, trends associated with deurbanization connotations, renewed
attention to relevant searches of the 20th century (for example, Broadacre City) and attempts to
form a new lifestyle and its visual ideals will become noticeable. On the other hand, deurbanization
ideas will run into problems of infrastructural provision and a tradition of skepticism about urban
growth.

Therefore, the most possible is the development of two conceptual directions of urbanism in
the era of the spread of metaverse communication technologies. One of them is related to the
modern reading of deurbanistic ideas, which will be significantly supplemented with elements of
self-sufficiency, sustainability and security and the corresponding communication infrastructure.
The second will be focused on the transformation of existing urban structures, both through market
regulation mechanisms and, probably, thanks to special municipal programs of modernization and
population growth stimulation. In this regard, new varieties of multi-story residential buildings and
advanced methods of renovation of historical objects may also arise.

Another principled approach can be the revival of the concepts of mobile housing, which, for
example, was developed by the futurists of the 1960s and 70s. Increasing the time spent in
immersive environments and reducing dependence on physical communications for employment
and leisure opens up a perspective for a new stage of understanding mobile living space. This, in
turn, changes the very category of static "dispersion”, which goes beyond the boundaries of one
static urban area and acquires a wider scale of territory, district, region, landscape zone, etc. Unlike
the ideas of the 1960s and 1970s, however, "nomadic" residential formations have the opportunity
to rely on significant experience in the development of technologies of self-sufficiency and
communication inclusiveness, which reduces the distance from the traditional static residential
environment, integrated into urban life support networks.

Conclusions:

1. Based on the analysis, five categories of modern post-industrial urban planning are
outlined, which may undergo changes under the influence of the development of personalized
virtual reality technologies: a) residential area; b) radius of availability; c) social cohesion; d)
transport necessity and e) optimal density. Residential units will require additional opportunities
and areas, which will change the requirements for living and lifestyle. The radius of accessibility (in
particular, pedestrian) may partially lose its current value, as a significant number of choice objects
will move directly to the homes of citizens. Reducing the load on transport networks will improve
the environmental performance of cities and allow new areas for greening and sustainability. The
issue of social cohesion will undergo stratigraphic changes, as differences in ethnicity, religion,
gender, race, age, social status, etc. will be neutralized due to the development of the phenomenon
of changing virtual personalities and non-deterministic identities. These changes will also cause the
optimal density category to lose its weight. The above changes are interconnected and create a
single conceptual complex of the new vision of the city.

2. Two directions of potential changes in the urban paradigm that may occur as a result of the
spread of personalized metaverse communication technologies are outlined. The first applies to the
modern interpretation of deurbanistic ideas, to which the elements of self-sufficiency, stability and
security and the communication infrastructure characteristic of the information age can be added.
The second will probably be devoted to different ways of transformation of the already existing
urban environment. This will happen both through the involvement of market regulatory
mechanisms and through the development and implementation of special municipal programs for
modernization and population growth stimulation.
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HNEPCHEKTUBHI HAIIPAIMKHU TPAHC®OPMAIIIL YPBAHICTUYHHUX KOHIEIIIINA
B KOHEKCTI PO3BUTKY CEPEJOBUII IMEPCUBHOI ITPUCYTHOCTI

®pankis P.b., x.apx., 101EHT,

romanfrankiv@gmail.com, ORCID: 0000-0003-1100-0930
Hayionanonuu ynieepcumem «JIvgiscoka nonimexixay
By1n. C. bannepwu, 12, m. JIsBiB, 79000, Ykpaina

AHoTauis. [lommpenHs iMepcuBHUX CEPEeIOBHIL TPUCYTHOCTI MOCTYIIOBO MEPETBOPIOETHCS B
IIOMITHE COL[iaJIbHE SIBUILE, SIKE IIOCTYIIOBO BIUIMBAE HA XKUTTA Ta B3aEMOJAII0 JItoJeH. SIk pe3ynbrart,
BOHM MalOTh IMOTEHLIal 3MIHUTH OYIKYBaHHS Ta BHMOTH WLIOJO0 >KUTJIOBHX MPHUMIIIEHb Ta iX
po3ranryBaHHs. XO4a YHCIEHHI JOCHIPKCHHS BHUBYAJIM BIUIMB TEXHOJOIIM BIPTyaJbHOI Ta
JOTIOBHEHOI PeaJbHOCTI HA MiChKe TJIAHYBaHHS, OPIBHAHO Majio0 yBaru NPUIUIAIOCS MOXKIHMBOCTI
TOT0, 10 TOBEIIHKOBI 3MiHH, BUKJIUKAHI IUMHU TEXHOJIOTIIMU, MOKYTh CIIOHYKAaTH J0 MEPEOIiHKN
(byHIaMeHTaIbHUX MPUHIHIIB, IO JIE)KAaTh B OCHOBI MiCHKOTO IIJIAHYBaHHS.

3aBIAKM IPOBEACHOMY aHaji3y BHM3HAUEHO II'SITh KIIOYOBHUX KaTeropil y cydacHOMY
MOCTIHAYCTPiaIbHOMY MICBKOMY IUIaHYBaHHI, SIKi MOXYTh 3a3HAaTH 3MiH: a) XKHUTJIOBI paiioHH; O)
paaiyc JOCTYIHOCTI; B) colliajdbHa 3TYpPTOBaHICTh; I') TPAHCIIOPTHI BHUMOTH Ta J[) ONTHUMAallbHA
IIUTBHICTE. JKHUTIIOBI OJMMHUIII BHMAaraTUMYTh JIOJIATKOBUX MOXKIIMBOCTEH 1 IIPOCTOPIB, 3MIHIOIOUN
XapakTep Ta croci® >KUTTS. 3HAUeHHS pajiyca IOCTYIMHOCTI, OCOOIMBO MMl MIIIOXOIIB, MOXKeE
3MEHIIUTHUCS, OCKUJIbKA 3HAYHA KIJTbKICTh OaKaHWUX MICIh CTaHE JOCTYITHOK Oe3MoCcepeHbo 3
[IOMENIKaHHsA. 3MEHILIEHHs HaBaHTAXEHHS Ha TPAHCIOPTHI MepeXi MiJBUIIUTh EKOJIOTIYHY
CTIMKICTH MICT 1 CTBOPHTH HOBI MOJIMBOCTI JUISl 3€JICHUX Haca/pkeHb. KOHIENIis colianbHOI
3TypTOBAHOCTI 3a3Hae CTpaTu(iKOBaHMX TpaHcopMmalliil, OCKUIbKM BIIMIHHOCTi, IOB’S3aHi 3
ETHIYHOIO MPUHAJICKHICTIO, PEIIITi€l0, CTATTIO, PACO0, BIKOM, COIIaIbHUM CTaTyCOM TOIIO, TICBHUM
YMHOM HEHTpasli3ylOThCsl 4Yepe3 PO3BUTOK MIHJIMBHUX BIPTyalbHHUX IEPCOH 1 HEACTEPMIHOBAHUX
imentuunoctedt. Ili B3aeMomoB’si3aHi 3MIHM TakKOXX 3MEHIIATh Bary KaTeropii ONTHUMAaNbHOI
IIUIBHOCTI. Y CYKYITHOCTI L1 TpaHc(opMallii yTBOPIOIOTh KOMIIJIEKCHY KOHILIENITyalbHY OCHOBY, sIKa
MIEPEOCMUCITIOE MICTO.

VY wiii cTaTTi OKpECIeHO /Ba MOTEHIIIIHI HAMPSAMKH 3MiH y MICBbKil mapagurmi, ki MOXYyTb
BUHUKHYTH BHACJIJOK MOIIMPEHHS NMEPCOHATI30BaHMX KOMYHIKAIITHIX TEXHOJIOT1 METaBCECBITY.
[lepmmii HampsIMOK CTOCY€ThCSl Cy4acHOi 1HTeprpeTauii J1e3ypOaHICTUYHUX KOHUEMLIN, 10
BKJIIOYAE €JIEMEHTH CaMOJJOCTaTHOCTI, CTa0UIBHOCTI, O€3MEKN Ta KOMYHIKalIiHO1 1HPPaCTPyKTypH,
XapakTepHi Ais iHpopMauiiHoi ernoxu. Jpyruil HanpsAMOK, MMOBIPHO, 30CE€peIUThCA Ha PI3HUX
Miaxomax 10 TpaHcopMmalii ICHYO4Ooro MichbKoro cepemoBumna. ILlsg  tpancdopmartis
BiIOYBaTUMEThCSl LUIAXOM 3allydyeHHs PHUHKOBUX MEXaHI3MIB pETyIIOBaHHA Ta pPO3pPOOKH Ta
peanizalii CHeliali30BaHUX MYHIIMUNAIBHUX MPOrpaM, CIPSIMOBAaHMX Ha MOJIEpHI3alil0 Ta
CTUMYJIIOBaHHS 3POCTAHHS HACEIEHHS.

Kurouosi cioBa: MicroOyayBaHHS, KOHLeENNii, TpaHcdopMallli, IMEPCUBHI CEpelOBUINA,
METaBCECBIT.

Crarta Haaidnua o penakuii 10.02.2024
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Abstract. The study examines the problem of preserving and improving the architectural
heritage in Ukraine. Many buildings and structures have a long service life or are already
deteriorating due to their age and other factors. This is particularly true for reinforced concrete
structures, which often have various defects and damage. Unfortunately, there are no clear methods
for assessing the residual load-bearing capacity of such structures. However, the research indicates
that the residual potential of damaged elements may be significantly underestimated. Therefore, it is
crucial to explore and apply effective innovative solutions for strengthening these constructions.

One such solution involves using composite materials (fiber-reinforced polymers, FRP) for
external reinforcement of structures. Composite materials offer numerous advantages, including
high strength, low weight, resistance to aggressive environments, and durability.

The article presents the results of a numerical experiment aimed at investigating the influence
of damage and reinforcement with carbon fiber-reinforced polymer (CFRP) on the stress-strain state
and residual load-bearing capacity of concrete beams with basalt-plastic reinforcement (BFRP). For
the experiment, 15 rectangular beams with dimensions of 2000x200x100 mm were prepared and
nonlinearly analyzed using the "LIRA-SAPR" software, which employs the finite element method.
The data obtained for each beam were compared with the results of laboratory tests, revealing that
CFRP reinforcement increases the residual load-bearing capacity of the beams without significantly
affecting their working deformation. Additionally, a comparative analysis was conducted on the
residual load-bearing capacity and stress-strain state of the beam components: CFRP fabric,
concrete, and reinforcement. The authors assert that modeling the complex stress-strain state of
experimental basalt-concrete beams using nonlinear finite element calculations through the "LIRA-
SAPR" software accurately reproduces experimental results, provides insight into the most likely
failure mode, and reliably predicts their load-bearing capacity.

Key words: non-metallic composite reinforcement, finite element method, modeling, bearing
capacity, stress, fracture, basalt concrete beam.

Introduction. Ukraine is a country with a rich architectural heritage that requires preservation and
improvement. Many buildings and structures have a long service life or are already out of order. Due to
the age and other various factors (for example, emergency exposure, aggressive environment, violation
of operating modes, etc.), the structures of buildings and structures are damaged. Reinforced concrete
structures often have various defects and damages [1] that affect their load-bearing capacity. There are
no clear methods for estimating the residual bearing capacity of such constructs [2], so decisions about
their amplification are usually made on the basis of intuition. However, as shown in [3, 4], the bearing
capacity of the elements can still be ensured — the residual potential of damaged structural elements is
significantly underestimated. Therefore, it is important to research and apply effective innovative
solutions to strengthen structures. One such solution is the use of composite materials (fiber reinforced
polymers (FRP)) for external reinforcement of structures. Composite materials have many advantages,
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such as high strength and deformation coefficient, low weight, manufacturability, resistance to
aggressive media, ability to repeat the shape of the reinforced structure and durability.

Modeling the behavior of structures in construction is a complex process aimed at
determining the stress-strain state of the structure and finding the optimal design solution.
Currently, software packages that utilize the finite element method (FEM) are widely used for
structural analysis. The distinctive feature of the "LIRA-SAPR" software lies in its ability to define
the calculation scheme, types, and number of finite elements, material properties, and other
parameters to obtain results that closely match experimental data. This flexibility allows engineers
to accurately simulate real-world scenarios and make informed design decisions.

The analysis of recent research and publications. Numerous scientific works are dedicated
to the study of building structures. Specifically, a series of studies focuses on calculating damaged
elements to determine their stress-strain state, taking into account their load-bearing capacity

In the work [5], the processes of modeling structural reinforcement using composite materials
in the "LIRA-SAPR" software and verifying the load-bearing capacity of reinforced elements in the
"ESPRIT" program were examined. The authors proposed an algorithm for calculating construction
objects when changing the design situation, considering the modeling of structural reinforcement.
The process of modeling structural reinforcement using metal clamps was investigated, and a
numerical modeling example of frame reinforcement with the selection and verification of
composite material was provided. The conclusion was drawn that the use of fiber-reinforced
polymers for structural reinforcement significantly increases their load-bearing capacity, extends
their service life, prevents or mitigates emergencies, rectifies construction or design errors, and
ensures reliable operation and durability of structures. It is demonstrated that modeling structural
reinforcement using fiber-reinforced polymer materials in the "LIRA-SAPR" software is
sufficiently accurate for use in reinforcement design.

In the work [6], the stress-strain state of basalt-concrete beams was investigated, taking into
account the combined action of concrete and basalt-plastic reinforcement. The actual load-bearing
capacity of inclined sections of basalt-concrete beams was compared with the calculated values
obtained using the "LIRA-SAPR" software. The study analyzed direct measurements of deflections,
deformations of concrete and basalt-plastic reinforcement, as well as correlated displacements and
stresses in experimental specimens before their failure.

The research provides valuable insights into the behavior of basalt-concrete beams and
highlights the effectiveness of using basalt-plastic reinforcement for enhancing load-bearing
capacity and ensuring structural durability.

In the work [7], the calculation of reinforced concrete beams of rectangular cross-section,
reinforced with carbon composite tapes, in the software complex "LIRA-SAPR" is considered.
Experimental and calculated deflection graphs for unreinforced and reinforced beams are presented.

The authors [8] in conducted nonlinear finite element modeling of reinforced concrete slabs
strengthened with carbon composite strips under the action of impact loads (subjected to explosive
loading) to assess the effectiveness of using carbon fiber-reinforced polymer (CFRP) as external
reinforcement (EBR) to protect these slabs from explosions. The article aimed to develop
comprehensive numerical models for predicting the behavior and response of these structures during
the arrival and rebound phases of shock waves. In the concrete modeling, a plastic material model was
employed, accounting for the influence of strain rate and capable of predicting crack formation.
Elastic-plastic material models and elastic material models were used to simulate steel reinforcement
and carbon composite strips, respectively. The interface between concrete and the carbon composite
strip was modeled using a specialized contact algorithm that considers strain rate effects at the interface
boundary, incorporating failure criteria. The simulation results were validated against experimental
data. The concrete material model provided accurate predictions of the response of the reinforced
concrete slab to explosions, both with and without EBR. Increasing the number of carbon composite
strips reduced maximum deflections in the middle of the slab span and deformations in the steel
reinforcement and carbon composite strips. The authors presented a qualitative picture of the stress-
strain state of ordinary and EBR-reinforced reinforced concrete slabs under the influence of explosions
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and developed corresponding finite element models. However, specific recommendations for
calculating and designing these slabs considering the impact of explosions were not provided.

The researched [9] presents the results of a numerical experiment to determine the stress-
strain state and residual bearing capacity of reinforced concrete beams of rectangular section, which
had damage in the compressed zone of concrete. 15 reinforced concrete beams were tested and
calculated with different parameters of damage and relative cut run. The nonlinear calculation in
"LIRA-CAD" SK was performed, which is based on the method of finite elements and relatively
obtained data with the data of laboratory tests and good convergence of the residual bearing
capacity and nature of the stress-strain state of concrete and transverse reinforcement was revealed.

In the work [10], models of a reinforced concrete bridge beam of T-section, ordinary and
reinforced with carbon strips, were developed, and their comparative analysis was carried out with
experimental data on deflections. The method of beam modeling using the software complex "LIRA-
CAD," which uses the method of finite elements, is described. The problem of strengthening building
structures, which requires an integrated approach and taking into account all technogenic and natural
factors, is highlighted. The authors emphasized that the current state of Ukraine's bridges does not meet
modern requirements, and the possibilities of their restructuring are limited. Therefore, it is proposed to
look for methods that allow more accurate calculation of residual reserves of existing structures and
effectively use various reinforcement methods, in particular, external composite reinforcement. It is
proved that this method of reinforcement is optimal for many designs that work on bending and
eccentric compression and are exposed to the external environment. It is shown that the simulation in
the software complex "LIRA-CAD" of the work of structures reinforced with external composite
reinforcement is accurate enough to use it in the design of reinforcement.

The analysis of recent research on the topic shows that today a large number of publications are
devoted to experimental studies of reinforced concrete structures and analysis of experimental data.
The calculation of reinforcement of building structures using the latest technologies, in particular
composite high-strength tapes, is an extremely urgent issue. Modern engineering CAD can be a good
tool for performing this calculation quickly and efficiently, provided that a sufficiently accurate design
model is built.

Purpose of work. To provide the results of numerical modeling of the work of damaged
basalt concrete beams reinforced with carbon fiber web, comparison with the results of laboratory
studies of the strained state and residual bearing capacity.

Research methodology. The stress-strain state and residual bearing capacity of the samples
were determined by numerical modeling using the 2021 LIRA-CAD software, and their analysis
was compared with the results obtained as a result of laboratory tests, deduction, generalization,
conclusion formulation.

Research results. The stress-strain state of prototypes-beams of the — was simulated in a
nonlinear exposition by the method of finite elements in the LIRA-CAD software complex of the
2021 version. This complex is based on the general theory of reinforced concrete with cracks
developed by Professor M. Karpenko [11] and his students.

The study took into account the compatible work of materials such as concrete, basalt-plastic
reinforcement and carbon-plastic fabric, which have different physical and mechanical characteristics.
For concrete, the results of tests of cubes and prisms were used, and the characteristics of basalt-plastic
reinforcement [12] and carbon-plastic fabric [13] were adopted in accordance with the relevant
regulatory documents and quality certificates. According to the experimental plan, 15 different models
of experimental beams were created in accordance with their characteristics.

Basalt concrete beams size 2000x200x100 mm. Longitudinal reinforcement beams —
2014BFRP (AKBS800). Transverse reinforcement beams — 20 4, 6, 8§ BFRP (AKB800). The beams
are made of concrete of classes C16/20, C30/35 and C40/50.

As structural factors, factors were assigned that varied at three levels (Table 1): X; — the relative

span of the cut (the distance from the support to the concentrated force), a/h,=1,2,3 at
h, =d =175 mm; X; — concrete class C, MPa, C16/20, C30/35, C40/50; X3 — transverse reinforcement
coefficient p,, (AKB-800) = 0.0029; 0.0065; 0.0115 for basalt concrete beams. Coefficients of upper
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and lower longitudinal reinforcement p, =0.0176 for beams with design spans L, =9h, =1575mm
and width b =100 mm.

Table 1 — CFRP of damaged beams with BFRP

= Plan of experiment

E s in coded variables in natural values of factors

2 z Concrete class Piw

(i Xo| Xe | Xa | ald C, MPa BFRP-800
1 + + + 3 C40/50 0.0115
2 + + — 3 C40/50 0.0029
3 + — + 3 C16/20 0.0115
4 + — — 3 C16/20 0.0029
5 — + + 1 C40/50 0.0115
6 — + - 1 C40/50 0.0029
7 — — + 1 C16/20 0.0115
8 — — — 1 C16/20 0.0029
9 + 0 0 3 C30/35 0.0065
10 — 0 0 1 C30/35 0.0065
11 0 + 0 2 C40/50 0.0065
12 0 — 0 2 C16/20 0.0065
13 0 0 + 2 C30/35 0.0115
14 0 0 — 2 C30/35 0.0029
15 0 0 0 2 C30/35 0.0065

Damaged after testing concrete beams with BFRP were reinforced. (Fig. 1) from below in the
stretched zone for their entire length. (1575 mm) and width (b =100 mm) and on near-support areas in
the form of closed shirts with a length of 150, 300 and 450 mm, respectively, with a carbon fiber cloth
Sika®Wrap® — 230S glued with a two-component resin Sikadur — 300 according to the established
technology [14, 15] with preliminary preparation of the surface of prototypes — beams and using fine-
grained polymer cement repair mixtures for filling potholes, caverns and excessively open cracks.

Fig. 1. The nature of crack formation and destruction of concrete beams with BFRP before (g, c, €)
and after (b, d, f) their reinforcement with carbon fiber web in the lower stretched zone and in near-
support areas with small, medium and large shear spans
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A separate calculation scheme was created for each beam. In the LIRA-CAD software
complex, finite elements No. 44 were used to simulate damaged basalt concrete beams — universal
quadrangular FE shells and No. 236 — physically nonlinear universal eight-node spatial
isoperimetric FEs with a volume of up to 1000 mm® (maximum size of edges of finite elements
10x10x10 mm) elements are connected by knots, which are absolutely rigid bodies of infinitely
small sizes with six degrees of freedom.

The number of elements in the whole samples reached 84.724 units, knots — 87.360 units.

Reinforcement of elements in the design scheme was taken into account in the form of the
same volume finite elements according to the specified characteristics of reinforcing materials and
the percentage of reinforcement of the element. Fixing in the calculation scheme is set as follows.
On the left support, links were superimposed on a number of nodes that limited movements along
the axes Y, Z and turns relative to the axes Ux, Uz, on the right support — links that limit movements
along the axes X, Y, Z and turns relative to the axes Ux, Uz.

To eliminate the effect of local crushing in the places of application of the load and supports,
plates with a given rigidity and dimensions of 0.01 x 0.01 m were installed. The method of firing
the experimental beam provided for blocking movements along the corresponding axes.

To set the properties of materials in the method of finite elements, such characteristics as
modulus of elasticity, Poisson's coefficient, ultimate strength and others were used. It is important to
take into account the anisotropy of the properties of the carbon fiber web, since it must differ in
strength and rigidity in different directions.

The calculation was carried out by a nonlinear step-iterative method. As a criterion for
destruction, the beam acquired at least one limit state: stresses in the longitudinal and/or transverse
reinforcement reach limit values; achievement of limit stresses in a significant group of finite
elements of compressed concrete at the place of sample burning or above the top of an inclined
crack; achieving excessive values of displacements (deflections).

Analysis of the results of modeling the stress-strain state of experimental damaged concrete
elements showed (stress isofields are shown in Figures 2, 3, 4) that the use of a nonlinear finite-
element calculation for this purpose, based on the general mechanics of reinforced concrete using
phenomenal strength criteria, allows us to reproduce the results of full-scale and numerical
experiments with sufficient accuracy for practical calculations. To improve the accuracy of the
calculation, it is desirable to use more advanced strength criteria. Therefore, the use of this
nonlinear finite-element calculation makes it possible to simulate the stress-strain state of
experimental elements at all stages of their work, including destruction. A consistent analysis of
isofields of stresses, displacements and forces in materials of real design allows to reliably assess
the influence of experimental structural factors and factors of external influence on their bearing
capacity, to predict the nature of subsequent deformation and destruction.

The destruction of experimental reinforced basalt concrete beams with large (a/d = 3) and
medium (a/d = 2) shear spans corresponded to the stress-strain state of an almost balanced normal
cross section, which was characterized by the achievement of closed deformations and rupture
stresses in the outer carbon fiber layer of the CFRP reinforcement, and in the compressed zone of
concrete — closed (at the bottom section of the diagram "o, —¢,") deformations and stresses. This
destruction of test beams with large and medium shear spans began with the rupture of the outer
reinforcement of the CFRP and was accompanied by a sharp increase in stresses in the stretched

basalt-plastic reinforcement of the BFRP, cracking and delamination of the protective layer of
concrete and excessive uncontrolled increase in deflections.
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Fig. 2. Isofields of normal stresses in MPa in the carbon fiber web (a), concrete (b), basalt plastic
longitudinal reinforcement (c) and vertical displacements (d) in mm of the damaged concrete beam
reinforced with i;(ternal fibro-reinforced carbon fiber (CFRP) with a small cut span
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Z
Coordinate axes — for stress isofields in concrete, reinforcement and vertical

displacements.
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Fig. 3. Isofields of normal stresses in MPa in the carbon fiber web (a), concrete (b), basalt plastic
longitudinal reinforcement (c) and vertical displacements (d) in mm of the damaged concrete beam
reinforced with external fibro-reinforced carbon fiber (CFRP) with average span of cut

Coordinate axes ‘f,[ — for stress isofields in a carbon fiber web;
£

Coordinate axes x — for stress isofields in concrete, reinforcement and vertical
displacements.
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Fig. 4. Isofields of normal stresses in MPa in the carbon fiber web (a), concrete (b), basalt plastic
longitudinal reinforcement (c) and vertical displacements (d) in mm of the damaged concrete beam
reinforced with external fibro-reinforced carbon fiber (CFRP) with a large span cut.

Y
Coordinate axes - 1[ — for stress isofields in a carbon fiber web;

Zz
Coordinate axes x — for stress isofields in concrete, reinforcement and vertical displacements.

The destruction of beams with small (a/d = 1) shear spans was accompanied by the
subsequent opening of previously formed inclined cracks and the rupture of closed carbon-plastic
jackets on the side faces of their near-support sections and a sharp increase in deflections caused
primarily by deformations of mutual shear of individual parts of prototypes.

Conclusions. Simulation of the complex stress-strain state of experimental basalt-concrete
beams by nonlinear finite-element calculations using the LIRA-CAD software complex makes it
possible to reproduce the results of experiments, the most probable scheme of work and destruction
and reliably predict their bearing capacity. It is worth noting that the whole process from the
construction of the calculation scheme to the analysis of the data takes a rather long period of time.
Therefore, the development of a simple engineering technique for calculating such elements is an
important and urgent task.
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MOJIEJIOBAHHSA HAITPYKEHO-AE®OPMOBAHOT'O CTAHY NIOHIKO/>KEHUX
BETOHHHUX BAJIOK, IIJICUJIEHUX BYTJVIEIIJIACTUKOBHUM ITIOJIOTHOM
B IIK «JIIPA-CAIIP»

"Kaumenxko €.B., 1.1.1., mpodecop,
klimenkoew57@gmail.com, ORCID: 0000-0002-4502-8504
'Caidouskuii P.B, acmipanT,

romich.gl@gmail.com, ORCID: 0000-0002-8730-5952
Y00ecvira deparcasna axademis Gydisnuymea ma apximexmypu
4, Byn. Jlinpixcona, Oneca, 65029, Ykpaina

AHoTaniAg. VY JOCHIDKEHHI pO3MIAfaeThCsl MmpolsieMa 30epeXeHHs Ta IOKPALIeHHS
apxiTektypHoi cmagmuuHu B Ykpaini. bararo OyniBens 1 cHnopyd MaiOThb TPUBAJIHHA TEpMiH
eKcIuTyaTarii abo BXKe BUXOIATH 3 Jaay 4epe3 Bik Ta iHmI (akrtopu. OCOOIHMBO 1€ CTOCYETHCS
KOHCTPYKLIN 3aJ1i300€TOHY, SKi 4acTO MalOTh pi3Hi Je(eKTH Ta MOIKO/LKeHHs. Ha xanmb, Hemae
YITKMX METOJIB JUIsl OI[IHIOBaHHS 3aJIMIIKOBOI HECydoi 3JaTHOCTI TakuX KOHCTpyKIii. I[Ipote
JOCIIKEHHST TIOKa3ye, M0 3aJUIIKOBUI MOTEHIla) MOIIKOKEHUX €JIEMEHTIB MOXKe OyTH 3HAYHO
HeZooIiHeHn. ToMy BaKJIMBO JOCHIKYBAaTH Ta 3aCTOCOBYBATH €(DEKTHBHI 1HHOBAIliiHI PIilIEHHS
IUIs1 3MIITHEHHS KOHCTPYKIIIH.

OnHUM 3 Takux pillleHb € BUKOPUCTaHHS KOMIIO3UTHUX MaTepiasiB (aApMOBAHUX BOJOKHAMHU
nonimepiB, FRP) mis 30BHIIIHBOrO apMyBaHHA KOHCTpYKLiH. KoMmo3wTHi martepiaii MaroTh
Oarato mepesar, TakMxX SK BHCOKa MILHICTb, Maja Bara, CTIMKICTb 10 arpeCUBHUX CEpElIOBHIL Ta
JOBTOBIYHICT.

VY cTaTTi NpeicTaBIeHO Pe3yIbTaTH YUCEIBHOTO EKCIIEPUMEHTY, KU MaB Ha MET1 AOCIIIUTH
BIUIHMB ITOIIKO/DKEHHS Ta ITiICHJICHHS BYTJICTUIACTUKOBUM ITOJIOTHOM Ha HANpyXeHO-Ae(hopMoBaHHA
CTaH 1 3aJMIIKOBY HECy4dy 3/JaTHICTh OETOHHUX Oanok 3 0a3anbTOIJIACTHUKOBOIO apMaTypOIO
(BFRP). [ns excniepuMeHTy Oyiio MiATrOTOBIEHO 15 0amok IpsIMOKYTHOTO Tepepily po3Mipamu
2000%200x100 mmM, sixi Oyu po3paxoBaHi HEMiHINHHO 3a qornomororo nporpamu “JIIPA-CATIIP”, mio
BUKOPHCTOBYE METOJI CKIHUEHHX eJeMeHTiB. JlaHi, OTpuMaHi sl KO>KHOI Oaiku, OyJiu MOpiBHAHI 3
pe3yabTataMu Ja0OpaTOPHUX BHUIIPOOYBaHb, K1 MOKAa3aJd, L0 MiJACHICHHS BYIJIEIIACTUKOBUM
MOJIOTHOM 30UIBIINY€E 3aJUIIKOBY HECY4Yy 3JaTHICTh OajioK, ajie He BIUIMBA€ Ha IiX poOouy
nedopmarito. Takox Oyll0o MPOBEAEHO MOPIBHSUIBHUI aHaii3 3aJIMIIKOBOI HECydol 3JaTHOCTI Ta
Hanpy>KeHO-1e()OPMOBAHOTO CTaHY CKJIQJOBUX OalOK: BYIJICIUIACTHKOBOTO IOJIOTHA, OETOHY Ta
apMaTypu. ABTOpPH CTBEPIXKYIOTb, IO MOJENIOBAHHS CKJIAQJHOTO HaNpy>KeHO-Ie(pOpMOBAHOIO
CTaHy JOCHIAHUX 0a3abTOOETOHHUX OaJIOK HEMIHIMHMUMM 3BUYAHO-EJIEMEHTHUMH PO3paxyHKaMu
3a gonomMororo nporpamHoro kommiekcy “JIIPA-CAITP” no3Bossie TOYHO BIATBOPUTH pe3yJbTaTh
eKCIIEpUMEHTIB, HaMIMOBIpHIIIY cXeMy poOOTM Ta pyHHYBaHHS, a TaKOX JOCTOBIPHO
CIPOTHO3YBAaTH IXHIO HECYUY 3JJaTHICTb .

KuarouoBi cioBa: HeMmeraneBa KOMIIO3UTHA apMaTypa, METOJ CKIHUEHUX EJIEMEHTIB,
MO/ICJIFOBAHHS, HECYYa 3/1aTHICTb, HANPYXEeHHS, pyHHYBaHHsI, 6a3a1bTOOETOHHA OajKa.

Crartsa Hagidnia o penakuii 25.01.2024
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BEARING CAPACITY, DEFORMITY AND CRACK RESISTANCE OF DAMAGED
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Abstract. The results of experimental studies of the load-bearing capacity, deformability and
crack resistance of damaged beams reinforced with fiber concrete in the compressed and stretched
zone are presented. Test samples are made of concrete and fiber concrete. The amount of steel fiber
in fiber concrete is 2% of the volume of the product. Preliminary tests were carried out on prisms
and cubes. During the manufacture of beam samples, before concreting, a foam insert was installed
in the area of planned damage, the shape and dimensions of which corresponded to the damage.
After the concrete set to 70% grade strength, the liner was pulled out, and the resulting cavity was
filled with a 2% mixture of fiber concrete. Tests of material samples showed that the introduction of
steel fiber into the composition of concrete in the amount of 2% by volume increases the
compressive strength limit by 15.3%. The initial modulus of elasticity of fiber concrete of the
specified mixture is 38.0% higher than that of ordinary concrete of this composition.

Conducted experimental studies of damaged beams showed that a beam whose cross-section
is 40% damaged in the middle-compressed zone, and the shape of the damage is close to
rectangular, has a load-bearing capacity of 92.0 kN, or 93.9% of the load-bearing capacity of an
undamaged beam. Cracking started at the 4th loading stage, when the load value was 26.0kN, i.e.
28.3% of the bearing capacity of the damaged beam. The maximum final crack opening width was
0.6 mm. A beam whose section is 40% damaged in the mid-stretch zone has a load-bearing capacity
of 92.4 kN, or 93.2% of the load-bearing capacity of an undamaged beam. Cracking started at the
5th loading stage, when the load was 32.5kN, i.e. 35.2% of the bearing capacity of the damaged
beam. The maximum final crack opening width was 0.8 mm.

It is claimed that the strengthening of a beam with 40% damage in the compressed or
stretched zone in the manner considered in the paper is effective, as it allows achieving its load-
bearing capacity, which is more than 93% of the load-bearing capacity of an undamaged beam.

Keywords: damaged beam, reinforced concrete, experiment, stand, bearing capacity, crack.

Introduction. The field of application of reinforced concrete beams in construction is huge.
They are used in various constructions and structures, such as high-rise residential and industrial
buildings, airports, bridges, for laying railway and tram lines, etc.

The main advantages of reinforced concrete beams are their increased strength, fire resistance,
installation speed, and durability. Due to various reasons, these structures can be damaged, it can be
mechanical damage associated with the destruction of concrete and corrosion of reinforcement as a
result of long-term operation. This problem is especially relevant in our time, since a large amount
of damage occurs as a result of military operations. It is not always advisable to change the
structure; in most cases it is more economical to strengthen the damaged part of the structure
without its complete replacement.

Analysis of research and publications. Many works are devoted to the strengthening of
reinforced concrete beams. All of them can be divided into experimental and theoretical, and the
latter include analytical and numerical methods for calculating reinforcements. The complexity of
mathematical models describing constructive solutions of reinforcements leads to the fact that most
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scientists prefer experimental research methods [1-5].

Current research is mostly related to the use of carbon fiber reinforced polymers (CFRP) for
reinforcement. Thus, in the article [6], the results of studies of the load-bearing capacity of ordinary
(reference) and reinforced with carbon-plastic webs in the lower stretched zone and at the
supporting areas of damaged concrete beams with basalt-plastic reinforcement under the action of a
static gradually increasing low-cycle load are presented. In works [7-13], the results of research on
strengthening of damaged reinforced concrete beams with various types of fiber-reinforced polymer
laminates are presented. Reinforcement of beams with basalt tapes is considered in [14]. In [15]
fatigue failure of reinforced concrete beams, damaged by corrosion, strengthened by composites
with reinforced fabric is considered. The effectiveness of using carbon fiber as a method of
strengthening reinforced concrete beams subjected to shock loads was investigated in [16].

Works related to the use of fiber concrete are much less. Research [17] is devoted to
determining the ability of reinforced concrete beams with and without steel fiber to absorb energy
during explosive loading. In work [18], reinforced concrete beams reinforced with steel fiber
concrete were studied. It was established that the use of a 45 mm thick reinforced concrete shell
with a fiber content of 2.5% increases the destructive load by 20%, stiffness by 3.4-11 times, crack
resistance by 2.6 times. The effectiveness of ultra-high-strength fiber reinforced concrete
(UHPFRC) in the repair of damaged concrete columns is considered in [19]. Article [20] deals with
numerical modeling to verify and evaluate the influence of design-oriented parameters affecting the
shear behavior of reinforced concrete beams.

This short review shows the relevance of research on damaged beams reinforced with steel-
reinforced concrete.

Purpose. The purpose of the work was experimental studies of the load-bearing capacity,
deformability and crack resistance of damaged beams reinforced with fiber concrete in the
compressed and stretched zone.

Research materials and methods. Samples are made of concrete and fiber concrete. The
amount of steel fiber in fiber concrete is 2% of the volume of the product. Preliminary tests were
carried out on prisms and cubes, 100100400 mm and 100x100x100 mm, respectively, aged for
28 days. 2 groups of prisms and cubes were made. One of ordinary concrete (with the size of large
aggregate up to 10 mm) class C20/25 and the second — with anchoring steel fiber. Each group
consisted of six samples. During the manufacture of beam samples, before concreting, a foam insert
was installed in the area of planned damage, the shape and dimensions of which corresponded to the
damage. After the concrete set to 70% grade strength, the liner was pulled out, and the resulting
cavity was filled with a 2% mixture of fiber concrete. For research, methods of mathematical
statistics, experimental methods of mechanics, and the strain gauge method were used.

Research results. In accordance with the research program of bearing capacity, deformability
and crack resistance of damaged reinforced concrete beams reinforced with steel fiber concrete, a
bench for testing reinforced concrete beams was developed at the departments of construction
mechanics and resistance of materials. The flat transverse bending of the load of the tested beam is
created with the help of a hydraulic jack and a metal beam with a two-beam traverse, which
transmits two equal concentrated forces to the beam. The load created is controlled by a sample
dynamometer of the Tokar system and a ring dynamometer that acts as a support (Fig. 1).

During the tests, the load transmitted to the beam, deflections and deformations were
recorded. A study of a series of beams with different types of damage was carried out. The damage
zone (stretched and compressed), the geometry of the damage zone and the method of strengthening
were varied. The research was carried out on beams of rectangular cross-section with dimensions of
200x120 mm, reinforced with two vertical frames.
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Fig. 1. Test bench: 1 — the beam being tested; 2 — traverse;
3 —the lower load beam (I-beams); 4 — jack; 5 — sample dynamometer; 6 — racks

The studied beam samples (they were named RCD1-RCD6) were divided into three groups.
In the first group, the compressed zone was damaged, in the second and third — the stretched zone.
Specimens of each group with corresponding damage were produced simultaneously, and an
undamaged beam was additionally added to each group. In addition, prisms and cubes were made in
order to determine the physical and mechanical properties of the material of these samples. For the
production of material samples, when mixing the concrete mass, fiber was added uniformly, the
total volume of which was 2% of the volume of the product.

Test samples of the beams were tested for the effect of a one-time short-term gradually increasing
load until destruction or reaching the limit state, when the opening width of inclined cracks and the
arrow of deflections exceeded the permissible values. The criteria for the failure of the test samples were
also the achievement of the limit values of deformations in concrete or reinforcement, excessively large
opening of inclined or normal cracks, a significant increase in the deflection of the sample beam, no
increase or decrease in the readings of the pressure gauge of the pumping station of the power plant.

The test program provides for the study of a series of beams with different types of damage.
The damage zone (stretched and compressed), the geometry of the damage zone and the method of
strengthening were varied. This paper describes the results of the study of two reinforced beams
(Fig. 2). Both have 40% cross-sectional damage, but one (RCD3) is in the middle-compressed zone,
and the other (RCD5) is in the stretched zone.

Brand
Damage scheme
sample
V] N
RCD3 1 1 -
L 40
i 200 )
=
RCD5 s T ]
" 60 )
L ’ 200 ’ )

Fig. 2. Nature of damage

The research was carried out on beams of rectangular cross-section with dimensions of
200x120 mm, reinforced with two vertical frames. Lower longitudinal armature — &12 mm, upper
— &8 mm. For transverse reinforcement, &6 mm rods with a step of 87.5 mm were used. In the
zone of the span of the section, the transverse reinforcement is made with rods of &4 mm.
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The bearing capacity of three undamaged reinforced concrete beams (one from each group) is

given in the Table 1.

Table 1 — Bearing capacity of undamaged reinforced concrete beams

Brand sample Total load, kN Final moment, kKNm
RCI 98.0 26.95
RCII 99.1 27.25
RCIII 98.4 27.06

In the Table 2 shows the bearing capacity of reinforced beams recorded in experimental studies.

Table 2 — Bearing capacity of reinforced beams

Brand sample | Zone damage | Volume damage, % | Bearing capacity, kN
RCD1 Squeezed 20 80.6
RCD2 Squeezed 20 93.6
RCD3 Squeezed 40 92.0
RCD4 Stretched 40 91.0
RCD5 Stretched 40 92.4
RCD6 Stretched 40 93.6

According to the results of the tests, graphs of the dependence of the relative longitudinal
deformation on the load for the left and right supporting parts of the beam, for the zone of pure
bending for all tested samples, as well as graphs of the dependence of the deflections on the load,
which we do not present here due to the limited scope of the article, were constructed.

A little more detail about the bearing capacity and crack resistance of samples RCD3, RCD5.

Sample RCD3. The load-bearing capacity of the RCD3 sample was 92.0 kN, or 93.9% of the
load-bearing capacity of the undamaged beam.

Cracking started at the 4th loading stage, when the load value was 26.0kN, i.e. 28.3% of the
bearing capacity of the damaged beam. At the same time, 5 cracks formed in the area of pure
bending. At the fifth stage, two more cracks appeared. At the 8th and 9th loading stages, 4 more
cracks formed. A total of 12 cracks were formed. The maximum final crack opening width was 0.6
mm. General indicators of crack formation are given in Table 3.

Table 3 — Indicators of cracking in sample RCD3

Degree load | Size load, KN | Number cracks d.FmaI width
isclosure, mm
1 6.5
2 13.0
3 19.5
1-0.25;2,4-0.2;
4 260 1-6 3,5 —-0.1;6—0.05
5 325 7-8 7-0.1;8-0.05
6 39.0
7 455
8 52.0 9-10 9-0.2;10-0.15
9 58.5 11-12 11-0.6;12-0.25
10 65.0
11 715
12 78.0
13 84.5
14 91.0
15 92.0
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The destruction of the sample started with crack 11. The general appearance of the cracks
formed at the end of the RCD3 sample tests is shown in Fig. 3.

Sample RCD5. The load-bearing capacity of the RCD5 sample was 92.4 kN, or 93.2% of the
load-bearing capacity of the undamaged beam.

Fig. 3. Cracks in the sample RCD3

Cracking started at the 5th stage of loading, when the load value was 32.5kN, i.e. 35.2% of
the bearing capacity of the damaged beam; the first crack appeared. Another one is at the second
stage. At stages 7-9 of loading, 8 more cracks formed, and at stages 11-14, the last six. 4 cracks
formed in the zone of clean bending. The total number is 19 cracks. The maximum final crack
opening width was 0.8 mm. General indicators of crack formation are given in Table 4.

Table 4 — Indicators of cracking in sample RCD5

Degree load | Size load, kN | Number cracks d.FmaI width
isclosure, mm

1 6.5
2 13.0
3 19.5
4 26.0
5 32.5 1 1-0.3
6 39.0 2 2-0.1
7 45.5 3,4 3-0.2;4-0.15
8 52.0 5-8 56-0.15;7,8-0.2
9 58.5 9-10 9-0.1;10-0.05
10 65.0
11 715 11-12 11-0.1;12-0.25
12 78.0 13 13-0.8
13 84.5 14-15 14,15-0.1
14 91.0 16 16 -0.1
15 92.4

The destruction of the sample began with crack 13.
The general appearance of the cracks formed at the end of the RCD5 sample tests is shown in
Fig. 4.

Fig. 4. Cracks in the sample RCD5
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Conclusions. According to the results of experimental studies of prisms, a diagram of
concrete deformation, graphs of changes in relative linear deformations of fiber concrete, as well as
graphs showing a comparison of the nature of deformation of concrete and fiber concrete were
constructed. Tests of material samples showed that the introduction of steel fiber into the
composition of concrete in the amount of 2% by volume increases the compressive strength limit by
15.3%. The initial modulus of elasticity of fiber concrete of the specified mixture is 38.0% higher
than that of ordinary concrete of this composition.

Conducted experimental studies of damaged beams showed that a beam whose cross-section
iIs 40% damaged in the middle-compressed zone, and the shape of the damage is close to
rectangular, has a load-bearing capacity of 92.0 kN, or 93.9% of the load-bearing capacity of an
undamaged beam. Cracking started at the 4th loading stage, when the load value was 26.0kN, i.e.
28.3% of the bearing capacity of the damaged beam. At the same time, 5 cracks formed in the area
of pure bending. At the fifth stage, two more cracks appeared. At the 8th and 9th loading stages, 4
more cracks formed. A total of 12 cracks were formed. The maximum final crack opening width
was 0.6 mm.

A beam whose section is 40% damaged in the mid-stretch zone has a load-bearing capacity of
92.4 kN, or 93.2% of the load-bearing capacity of an undamaged beam. Cracking started at the 5th
stage of loading, when the load value was 32.5kN, i.e. 35.2% of the bearing capacity of the
damaged beam; the first crack appeared. Another one is at the second stage. At stages 7-9 of
loading, 8 more cracks formed, and at stages 11-14, the last six. 4 cracks formed in the zone of
clean bending. The total number is 19 cracks. The maximum final crack opening width was 0.8 mm.

It can be argued that strengthening a beam with 40% damage in the compressed or stretched
zone by the method considered in the paper is effective, because it allows achieving its bearing
capacity, which is more than 93% of the bearing capacity of an undamaged beam.
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HECYYA 3JATHICTb, JIE®OPMATHUBHICTH TA TPINIUHOCTIMKICTH
MNOIKO/XKEHUX BAJIOK 3 HIACUJIEHHAM ®IBPOBETOHOM

1H€yT0B C.I1., x.T.H., TOIICHT,

neutov.stepan@ogasa.org.ua, ORCID: 0000-0002-0132-124X
lecBanmkusn B.1O., acnipanT,
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Y00ecora depoicasna akademis 6yO0iBHUYMBA Mma apximexmypu
ByIL. Jlinpuxcona, 4, M. Oneca, 65029, Ykpaina

Anoranis. [IpencraBiieHi pe3ynbTaT eKCIEPUMEHTAIBHUX JIOCIHIKEHh HECYYOi 3aTHOCTI,
nehOpMaTUBHOCTI Ta TPIMIMHOCTIAKOCTI TMOIIKO/DKEHUX OanoK 3 MiacuieHHsAM (GiOpoOeTOHOM Yy
CTHCHYTI! Ta pO3TATHYTIH 30HI. 3pa3ku Al BUIIPOOYBaHb BUTOTOBIIEHI 3 OeTOHY Ta (hiOpobdeTony.
Kinpkicts cranmeBoi ¢iOpu y ¢i6poberoni craHoButh 2% 00cary BupoOy. Ilomepenni
BUNIPOOYBaHHS TMPOBOAWJINMCA Ha Npu3Max Ta KyOax. Ilpm BUTOTOBJIEHHI 3pa3KiB OalloK mepen
OETOHYBAHHSM Yy 30HI 3aIlJIAHOBAHOT'O IMOIIKO/HKEHHSI BCTAHOBIIIOBABCS MIHOMIACTOBHM BKJIAIMIL,
dbopMa Ta po3MmipH SIKOTO BimmoBijamu nomkomkeHHto. [licns Habopy OGeronom 70% mapodnoi
MIITHOCTI BKJIAJUII BUTSTYBABCA, a MOPOKHUHA, IO YTBOPHJIACS, 3allOBHIOBAJIACS 2% CYMIIIIIIO 3
¢16pobetony. BumpoOyBaHHS 3pa3kiB MaTepialliB MOKa3ald, II0 BBEJIEHHS 1O CKJIagy OeToHy
cTaneBoro (GiopoBOro BOJOKHA y KUTBKOCTI 2 % 3a 00caroM 301IbIIIyE MEXKY MIIIHOCTI Ha CTUCK Ha
15,3%. IlouaTkoBuil MOIyNb MPYXKHOCTI (iOpoOeTOHY 03HaueHoi cymimi Ha 38,0% Buile, HIXK Y
3BHYAIHOTO OETOHY TaKOTO CKIALTy.

[IpoBeneH1 eKCepUMEHTAIbHI JOCIIKEHHS TOMIKOKEHUX OaJIOK IOKaszald, Mo OaJka,
nepepi3 skoi Ha 40% TOMIKO)KEHO B CEpenHil CTUCHYTIM 30HI, a GopMa MOIIKOHKEHHS Mae
BUIJISL, ONM3BKUI J0 MPSMOKYTHOTO, Mae Hecydy 3aatHicte 92,0 xH, a6o 93,9 % necydoi
3IATHOCT1 HEMOMIKOKEeHO1 Oanku. TpiliMHOYTBOpEHHS MoYajocs Ha 4-My eTari HaBaHTaKEHHS,
KOJIM BeJIMYMHA HaBaHTakeHHs ctaHoBmiIa 26,0kH, To0TO 28,3 % Hecydoi 31aTHOCTI MOMIKOKEHOT
Oanku. MakcuMaibHa KiHIIEBa IIMPUHA PO3KPHUTTS TpimuH craHosmia 0,6 mM. banka, mepepis sikoi
Ha 40% MOIIKOMKEHO B CepeAHiil pO3TATHYTIN 30HI, Mae Hecydy 3aatHicTh 92,4 xkH, a6o 93,2 %
HECY4Oi 3JaTHOCTI HEMOMKOpKeHoi Oanmku. TpillMHOYTBOpEeHHS TOdYajgocs Ha S5-My erari
HABaHTA)XCHHS, KOJM BeIMYMHA HaBaHTaXeHHs ctaHoBmIIa 32,5kH, 10610 35,2% Hecyuoi 37aTHOCTI
MOILKO/KEHO1 Oanku. MakcumanbHa KiHIleBa IIUPUHA PO3KPUTTS TPIlIMH cTaHoBuiaa 0,8 MM.

CrBepiukyeTbes, 10 mnocwieHHs Oanku 3 40% TOIIKOIKEHHSAM Y CTUCHYTIH abo
PO3TATHYTIHN 30H1 PO3TIISTHYTUM Y pOOOTI CIIOCOOOM € €(PEeKTUBHUM, OCKIJIBKH JTO3BOJISIE TOCATTH i1
HECY4ol 3JaTHOCTI, sIKa CTAaHOBUTH MOHaA 93 % Hecydoi 3JaTHOCTI HEYIIKO/HKEHOT OalIKH.

KurouoBi cioBa: nomkomkeHa Oanka, cranediOpoOEToH, eKCIepUMEHT, CTeH], Hecyda
3/1aTHICTh, TPIIIUHA.

Crarta Haaida o penakuii 20.01.2024
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AHoTanif. J[71s1 mokpamieHHs eHepro30epirarouux BIACTHMBOCTEH OCHOBHHUM HAIPSIMOM Y
TEXHOJIOTIi Cy4aCHHX CTIHOBUX MaTepiajiB € 3HIDKEHHS CepeqHbOi T'YyCTUHHU 3aJUIsl JOCSTHEHHS
KpaluX TEINIOTEXHIYHUX TMOKA3HUKIB IPH OAHOYACHOMY IIIJIBUINEHHI XapaKTEPUCTUK MIIHOCTI,
TOOTO CTBOpEHHS €PEKTHBHHX CTIHOBMX MatepiamiB. OTHUM i3 TaKMX MarepiaiiB € Tra300eToH,
KM YCHIIIHO 3aCTOCOBYEThCS Y BCbOMY CBITI. OAHMM 13 CHOCOOIB MiJBUIIEHHS (I3UKO-
MEXaHIYHUX BJIACTUBOCTEH B’SDKYUOTO SK TOJOBHOI CKIAJ0BOiI Ta300€TOHY Ta pO3IIMPEHHS
CUPOBUHHOI 06a3u MOke OyTH BHKOPHUCTaHHS BIIXOJIB YCUISIKUX BUPOOHUIITB, @ TAKOXX BTOPUHHE
BUKOPHUCTAHHS TOIIKO/PKCHUX Oy/IiBETbHUX MaTepiaiiB 13 3pyHHOBaHHX OyiBellb Ta CIOPYI Y
pe3ynbrati 00MOBHX il (PELMKIIIHT), IO € aKTyaJbHUM. MeTOr JaHHUX JOCHIIKEeHb € O KaHHS
ra3o0eToHy Ha MOAM(PIKOBAHOMY B'SDKy4OMY 3 BHKOPUCTAHHSIM PELUKIIHTY 3PYHHOBAHUX
OyniBenbHMX MatepianiB. Ha gaHoMy erami OpOBOAMTHCA JOCHIIKEHHS MOJIU(IKOBAHOTO
B'SDKy4oro. B pe3ynbTari IOCHIPKCHb BCTAHOBJICHO OINTHMAJBHE CITIBBIIHOIICHHS CKJIAJJOBHX
Moau(]iKoBaHOTO B’SKy4doro (MOPTIIAHIIEMEHTY, METaKaodiHy, IereiabHoro 0010). OTpumani
MaTeMaTHYHI MOJIEN, IO OMHUCYIOTh 3aJISKHICTh MIITHOCTI B’ SDKYYOTO TIPH 3THHI Ta CTUCKY BiJ] HOTO
ckiany. Pesynbratu peHTreHoga3zoBoro ta AudepeHiiaJbHO-TePMIYHOTO aHali3y MOKa3ylTh, 1110
BBEJICHHS JI0 CKJIay B SDKY4OTO Ha OCHOBI MOPTIAHIIIEMEHTY J00ABOK METAKAOIiIHY Ta IETeIbHOTO
0oro, miciasg 28 mi0 HOpPMAaJIbLHOIO TBEPAIHHS, HE BHUKJIMKAIOTh HOBHX (Pa30BO-MIHEpAJIOTIYHUX
YTBOPEHB MOPIBHSHO 13 3pa3kamu 0e3 100aBKHU, a JIUIIE BIUTUBAIOTH HA KUTBKICHUM MIHEPAJIOTTUHHMA
cknan. CrhocrepiraloTbCsl I1HTEHCUBHIIIE BHMpake€HI T'MJIpOCHIIKATHI (a3u 1 3MEeHIIEeHHS
KPUCTAJI3AI[IfHOTO TIAPOKCUIY Kaibiilo. Ha wmikpodoTorpadisx CTPyKTypu OTPHUMAHOTO
B'SDKYUOTO YITKO MPOTIIAIAETHCS MOHOMITHA CTPYKTYpa EMEHTHOTO KaMEHI0, BUJTHO JUCIIEProBaHi
JIyTOM 3€pHa IIEMEHTY, MICKY Ta KJIacTepH 13 T1IPOCUITIKATIB KaJIBIIIO.

KurouoBi ci1oBa: razo0etoH, MmoaudikoBaHe B’ spKyue, MyL0JIaHOBa 100aBKa, METaKaoiH, 01
ETIIH.

Beryn. [lnsg nmokpaieHHS €Hepro30epiralouymx BJIACTUBOCTEH OCHOBHMM HANpsSIMOM Y
TEXHOJIOTIi Cy4aCHHX CTIHOBUX MaTepiajiB € 3HM)KEHHS LIUIBHOCTI 3aJIs JTOCATHEHHS Kpallux
TEIUIOTEXHIYHUX IMOKa3HUKIB NpPU OJHOYACHOMY IMIJBUIIEHHI XapaKTEPUCTUK MILHOCTI, TOOTO
CTBOPEHHS €(peKTUBHHUX CTIHOBHX MaTepiajiB.

OmHuM 13 TakuX MarepiaiiB € ra300€TOH, KWW YCHIIIHO 3aCTOCOBYETHCS Y BCHOMY CBITI.
OnHuM 13 cnocoOiB MiABMINEHHA (DI3MKO-MEXaHIYHUX BIIACTMBOCTEH B’SDKYUOro sSK TOJIOBHOT
CKJIa/I0BOI Ta300€TOHY Ta PO3LIMPEHHS CHPOBHHHOI 0a3u Moke OyTH BHKOPUCTAHHS BIIXOMAIB
ycisskux BUpOOHMUTB [1, 2], a Tako BTOpPUHHE BHKOPUCTAHHS MOIIKOMKEHUX OYIiBETHHHIX
MaTepiajiB 13 3pyHHOBAaHUX Oy/iBeJb Ta CIOPYJ Y pe3yabTaTi 00HOBUX Al (PELUKIIIHT).

AHani3 octaHHix aociimxkenn. biii mernmu — 3arpeOyBaHul TEXHOT€HHUH Marepiaj, IO
OTPUMYETHCS BHACHIJIOK JEMOHTaXy CTIH Ta (QyHIaMeHTIB OyaAiBeslb, OrOpoXk, TUMOBHX TpYO,
HEKOHIUIIIIHOT LIeTJIH, a TAKOX 13 3pyiHOBaHMUX Oy/IiBeNb Ta CIIOPY.l y pe3ynbTaTi 00MoBUX Jiil.

3aBAsIKM CBOEMY MiHEpaJOri4yHOMY CKJIaAy Oiff HEerjau 3HaXOAUTh IIUPOKE 3aCTOCYBAHHS Y
OyniBenbHIM i1HAYyCTpii. Psn OyniBenbHMX KOMIAHIN A7 3HM)KEHHS cOOiBapTOCTi OyIIBHUIITBA
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3aCTOCOBYIOTH IIeTeNIbHUI Oiif sIK HAMOBHIOBAY B HU3bKOMAapoyHHX OeToHax. Takox 1el marepian
BHKOPHUCTOBYETHCS TIPU MIATOTOBIN M7 (YHIAMEHTH MaJOMOBEPXOBUX OYAiBEIb, Y TOPOKHBOMY
OyIiBHULITBI MPU BIICUNIAHHI JAPYTOPSIAHUX 1 TUMYACOBUX A0pir. Monotuii nerensHuil 6iif MoxkHa
PO3IIISIIATH SK aHAJIOT MPUPOJHUX TOHKOMOJIOTHX MIHEpaJIbHUX PEYOBHH, L0 BUKOPUCTOBYIOTHCS
SIK MYIOJIAHOB1 100aBKU B IEMEHTHHX B'SKYUYHUX.

Y Husmi poOiT [3-7] BYCHMMH BiJI3HAYAETHCA €(PEKTUBHICTh BHUKOPHUCTAHHS JTOOABKH Y
BUTJISAI KEPaMiYHOTO ab0 KepaM3HTOBOTO MUy, MEJIEHHX BiIXOAIB BHUPOOHUITBA KEpaMidHOT
LEMIM Ta KEPaMIiYHUX BUPOOIB IS MiJBUIIEHHS BOJOCTIMKOCTI Ta MOPO30CTIMKOCTI MaTepialiB, a
TaKOX JUIsl OTPUMAaHHSA KOMIO3MIIIMHHUX IIJAKONYKHUX B'SDKYYMX 3 J00aBKaMU MEJIEHOTO 0010
nerny. BeeneHnHs B nutakonyxHi B'sokydi 10 30% 0010 HEeTJIMHE A03BOJISE MiABUIIUTHA MIIHICTD 10
30-32%, miaBHIIye CTYIiHB TiApartarii, IPU3BOAUTE O YTBOPEHHS OUIBII OJHOPIAHOI MILTBHOT
CTPYKTYpH, 3HUKYE PIBE€Hb BUCOJIOYTBOPEHHSI.

B nmanmii yac mpoBOJATHCA JOCTIKEHHS 3 BUKOPUCTAHHS BHCOKOAKTUBHUX ITYIIOJIAHOBHX
KOMIIOHEHTIB, NP BBEACHHI SKUX Yy MaJMX KUIBKOCTSX MPUCKOPIOIOTHCSA MPOIECH Tigpararii Ta
TBEPAIHHS [IEMEHTHOT'O B'SHKYYOTO Ta MOKPAIIYETHCS 3JATHICTh ONMUPATHCS HABAHTAXKEHHSIM CTHCKY
IIEMEHTHOTO KaMmeH!o [8]. OIHUM 3 TakuX KOMITIOHEHTIB € BUCOKOJUCIIEPCHUH MIKpOKPEMHE3EM.
MikpokpeMHE3eM € TMOOIYHMM MPOAYKTOM METAIYpPrifHOTO BUPOOHWITBA TPH BHUILIABII
depocuiiniro. Mae BUCOKY MUTOMY OBEPXHIO, O113bK0 20 M HalT peuoBuHH [9].

Jlo my1ionaHiB BIAHOCSTHCS BCl MPUPOIHI Ta IITYYHI CHIIIKATHI MaTepiaiu, Ui SKUX OCHOBHOIO
XapaKTEPUCTUKOIO € BMICT peakyilino3oamnozo KpemHezemy. OCTaHHIN, pearyroudl 3 TiIPOKCHIOM
KaJIbIIif0 (TIPOIYKTOM Tipararii MOpTIaHAIEMEHTHOTO KITIIHKEPY), YTBOPIOE TiAPOCHITIKATH KaJIBITIFO,
1110 BU3HAYAIOTh IIBUIKICTh HAPOCTAHHS MIIHOCTI IITY4HOr0 KameHio [10].

[Tpubim3Ha cxema peakiii:

C + S + H — C-S-H
riﬂpoxgﬂﬂ I[iOKCI/I'I[ — riﬂpocngiKaT
KaJIBIII0 KPEMHIIO KaJIbIII0
Ca(OH), SiO; H.0O

KpiM Toro, y OinbmIOCTI BUNAAKIB MYIOJaHH MICTITh peakyitiHuli OKCUO antoMiHil0, STKAN
MOJK€ YTBOPIOBATH 3 PO3UYMHEHUM TiIPOKCHUIOM KAJBIIIIO T1APOATIOMIHAT KalbI[if0. TaKuM YUHOM,
JUTSL BCIX TYIIOJIAHOBUX JT0OABOK XapaKTepHA OLIBII-MEHII BUCOKA MOTpeda B TIAPOKCHIl KaIbIliO
s rigpasmiyaoro TtBepainHs [10]. B Tabm. 1 HagaHo TyIONIaHOBAa AaKTHUBHICTH JAEAKHX
MiHepaabHHUX 100aBoK [11].

Tabmuus 1 — [yronaHoBa aKTUBHICTh JESIKUX MiHepanbHUX 100aBoK [11]

HazBa no0aBku ITynionanoBa aktuBHicTh, M Ca(OH); Ha 1 r no6aBku
Oo6naneHuit 60KCUT 534
MikpokpeMHe3eM 427
JloMmeHHM# 1u1aK 300
30J1a-BUHECEHHS 875
MeTakaoJix 1000

HaBeneni B Tabnuli AaHi, CBIAYaTh Npo OLIBII BUCOKY aKTHBHICTh METaKaoJIIHY, OCKUIbKU B
HOT0 CKJIaJli MiCTUTHCS OUTBHITUE BiICOTOK akTUBHOTO AlyO3, IKMii 3IaTHUI CTBOPIOBATH CIIOJIYKH 3
OuThIION KiBbKicTIO MoJiekyn CaO, Hixk aktuBHuUi Si0; [12].

Metow JociailkeHb € Oep)KaHHS Tra300€TOHY Ha MOAM(DIKOBAHOMY B'XKyUOMY 3
BUKOPUCTAaHHSM PpELUUKIIHTY 3pyiiHOBaHMX OyniBenbHUX MatepianiB. Ha ngaHomy erami
MIPOBOJIUTHCS JOCHIKEHHST MOAM(PIKOBAHOTO B'S¥KYHOTO.

Metoan nocaitzkeHHsi. BuxopucraHi cTaHgapTHI METOIM BU3HAUYEHHS BIIACTHBOCTEH
BSDKYJOro Ta Ta300€TOHy, MaTeMaTW4YHl METOAW IUIaHyBaHHS EKCIEPUMEHTY Ta OOpoOKH
pe3ynbTaTiB. Bu3HadeHHs (ha30BO-MIHEPAJIOTIYHOTO CKJAdy HOBOYTBOPEHb 3IIMCHIOBAIOCH
METOAAMU PEHTTEHOCTPYKTYPHOT' O Ta AU(epeHLiHHO-TepMIYHOTO aHai31B.
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CupoBuHHI Martepiagu. VY JOCHIKEHHSX BHUKOPHCTOBYBAIM HACTYIHI CHPOBMHHI
Mmarepianu: nopmaanoyemenm I 1-500P-H (CEM I 42,5 R), mo Bianosizae JICTY b EN 197-
1:2015, BupoOnmnTBo Ykpaina IIpAT «IBaHo-®pankiBchkieMeHT (IBanHo-dpaHKiBcbKa 001
TucmeHunbKui p-H, ¢. AMHULA); nicox cTaHAapTHUN U1 BUNpoOyBans nemeHTiB JICTY b B.2.7-
189:2009; Boga JICTY b B.2.7-273:2011(I'OCT 23732-79, MOD).

B sikocti emopunnoi cuposunu (peyuxiiney) y pocmigax Oylio BUKOPHCTaHO Oiif CHIIIKAaTHOI
e 13 3pyWHOBaHUX OYy/iBenb Ta CHOPYJA YTBOPEHHMX BHACTIJIOK OOWOBHMX nii. BropuHHUI
Marepian — Oif Ieriu CKJIaaeThCs 13 3pYWHOBAHOI IEMIM 1 PO3YMHY KJIAJKU. 3pyWHOBaHA IIeriia
Mae OUTBIII MEHIII OJTHOPIAHUX CcKiIaa. MaTepian moapiOHIOETHCS Ta PO3METIOETHCS.

B sixocTi akTUBHOT MiHEpalbHOI JO00aBKU BUKOPUCTOBYBABCS 8UCOKOAKMUBHULL MEMAaKaoiH
TV V 14.2-36363275-001:2009 BupoOHunTBo Bupoonuvoi kommanii «META D» (Ykpaina).
XapakTepucTuKa mpecTaBieHa B Tadi. 2.

BucokoaktuBamii metakaonid (BMK) — e mrydyHo BUTOTOBJIEHA IMyI[0JIaHOBA 0OABKa, IO
BOJIOJIi€ HAHO1IBII BUCOKO aKTUBHICTIO CE€pe/l aKTUBHUX MiHEPAJIbHHUX J00aBOK, IO € HA PUHKY.
BucCOKOaKTHBHHMI METaKaoJliH Ma€ HaWBUIIIMK BMICT OKCHJIB KPEMHIIO Ta JIFOMIHIIO Cepe]l 1HIITUX
MYLI0JIAHOBUX J100aBOK.

[IymonanoBa akTUBHICTh MEeTaKaoJiHy cTaHOBHUTH MmoHaa 1000 mr BamHa Ha 1T MeTakaosiHy.
Jlyis mOpiBHSHHS, MYyIOJaHIYHA aKTHUBHICTH MIKpOKpeMHe3eMmy 3a3Buyail ctaHoBUTH 300-400 mr
BallHa Ha 1T MiKpOKpeMHe3eMy.

PekoMengoBana HOopMa BHUTpaTH MeTakaomiHy 5-15% mo uemeHTy (3aMiHa BiAMOBIAHOI
YJACTKH [IEMEHTY Ha METaKaoJiH). SIk mpaBuiio, 103yBaHHs CTaHOBUTH 8-10% macu nementy [13].

Tabmuus 2 — XapakTepucTuKa METaKaoliHy

HaiimeHyBaHHSI TOKa3HHKA 3HaYeHHS
MacoBa yactka okcuay amominiio Al,Os, % 35,5-43,8
MacoBa yacTka okcuay kpemHiro Sip0;, % 53,42
MacoBa yacTka okcuny 3amiza Fe,O3, % 0,75
MacoBa yactka okcuay titany TiO,, % 0,58
MacoBa yacTka okcuay kanbiriro Ca0% 0,45
Koediuient Biaoutts, % 77,5
PozuunHICTS Y BOI, % 0,13
AGpa3uBHICTB, MT 79,4
JlucniepcHuil cknax MeHu 2 MKM, % 55,8
Macosa yacTka 3aymmky Ha citii 0063, % 1,32
Hacumaa Maca, Kr/m° 304,0 (no yminpHeHH:)/447,0 (micas yIiiJIbHEHHS)
[Intoma noBepxHs M2/T 15
Macosa yactka Bosioru % He Ounbire 1%
30BHIITHIN BUTTIS [Topomiok BiJ 61J10T0 10 KPEMOBOTO KOJIEOPY
Poscumuacricts % 100
Oco0uBI BIaCTUBOCTI He TokcuuHo, pajioniiiHa akTUBHICTh-18 MKp/To.

PesyabTaTn nocaigkenb. Ha nanomy etami Oyno mpoBeAEHO OCIiIKEHHS MOAU(IKOBAaHOTO
B’SDKYYOT0, SIK€ CKJIQAAETHCS 13 IEMEHTY, METaKaoJliHy, LerIsHOro 6010. BusHaueHHs MIITHOCTI Ha
3TUH 1 CTUCK 3pa3KiB-0aiouok po3mipoM 40x40x160 MM MPOBOAMIIHN 332 CTAaHAAPTHOI METOJHUKOIO.
3pa3ku roTyBaiy i3 po3uuHy 1:3 (MoaudikoBaHe B’spKyde : CTaHAAPTHUHN MICOK AJIsl BUIPOOYBAHB).

3 MeTOI BCTaHOBJEHHS HAWOUIBII palliOHAIBHOTO CHIBBIJHOIIEHHS KOMIIOHEHTIB Ta
CKOPOYEHHS KIJIBKOCTI EKCIIEPUMEHTIB ONTHUMI3aIl0 CKIAAy B MOJIU(IKOBAHOMY B’SDKyUYOMY
MIPOBOJIMIIA 3a JIOTIOMOTOI0 CHMIUIEKC-TPaT4yacToro IJIaHyBaHHS EKCIIEPHUMEHTY sIKe IpU3HadYeHe
IUIT BU3HAUEHHS €KCTPEMyMy OaraTOKOMIIOHEHTHHX CHCTEM «CKJaJ — BIACTHBOCTI». B skocTi
BUXIJHMX KOMIIOHEHTIB OyJau TNpUHHATI HACTYNHUH BMICT KOMIIOHEHTIB B'SKY4Oro: Xi —
MOPTIAHIIEMEHT; Xz — OIf 1erM; X3 — BUCOKOAKTMBHUN MeETakaosiH. B AKOCTI BHXiTHUX
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napamMeTpiB MPUHHATO MIIHOCTI MPHU 3THHI Ta CTUCKY 3pa3KiB y Billi 28 1000BOro TBEpPIHEHHS B
HOpMaJIbHUX yMOBaX.
B pesynbTaTi mpoBeneHOTo eKCIIEpUMEHTY OyJIM OTpHMaHI MaTeMaTH4YHI MOJIE, 10 OMUCYIOTh

3aJIe)KHICTh MIIIHOCT1 HAa PO3TSIT TIPH 3THHI Ta MIIIHOCT1 Ha CTUCK BiJl HOTO CKIIady:

fon=50,5-x11t46,5-x,+t47,8-x3—0,8-x1:x2+8,6°x1°x3+9x2x3+5,58 X1 X2 X3

forr =0,1-X115,2-Xo+5,4-X3+0,2-X1Xo+3,4-X1 X3t2,34-X2-X3—6,3-X1X2°X3

AHaJi3 OTpUMaHUX PE3YJIbTATIB MOKAa3aB, 110 31 30LIBIIIEHHSAM BMICTY 000 1iernu Bix 10 mo
30% cmocrepira€TbCsi 3HIDKEHHS MIMHOCTI TMPH CTHCKY, IO MOSCHIOETHCS 30UIbLICHHAM
BOJIOTIOTPEOH 1, OTIKE, MPHU3BOJIUTH JI0 3HWIKEHHS MOKa3HHUKIB MilfHOCTI. [Ipu 301ibIIeHH] BMICTY
MeTakaoisiny 10 11-13% MIIHICTh NpU CTUCKY MIABUIIYETHCS. AJle MpU MOAAIbIIOMY 301IbIICHH]
BMICTY METaKaO0JIiHy 3HHKYETHCS MIITHICTb, IO TAKOXK MOSCHIOETHCS 30UIBIIEHHSIM BOJAOIIOTPEOH.

| uMnic

800 1

600 T

3,35

400 T

2,45

200

20

I uMmn/c

3,34

800

600 +

400 1

200

20

Puc. 1. Pentrenorpama po34rHy Ha OCHOBI:
a — MOPTIAHALEMEHTY; 6 — MOAN(]IKOBAHOTO B’SHKYUOTO
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Pesynpratu peHTreHo¢a3zoBoro Ta IudepeHIiaTbHO-TepMIYHOTO aHali3y po3uuHy (puc. 1, 2)
MOKa3yloTh, IO BBEICHHS JO CKJIAAy B’SHKY4Oro Ha OCHOBI MOPTIIAHAIIEMEHTY J100aBOK
METaKaoJNiHy Ta IereibHOro 0010, micis 28 1i0 HOPMaJIbHOTO TBEPIAiHHS, HE BHKIMKAIOTH HOBHX
(ha30BO-MiHEpAJIOTIYHUX YTBOPEHBb MOPIBHSAHO 13 3pa3kamMu Oe3 00aBKH, a JIMINE BIUIMBAIOTH Ha
KUTbKICHUIM MiHepasjoriunuii cknaa. CrocrepiraloTbCsi IHTEHCHUBHIILIE BHUPaXKEHI THAPOCUITIKATHI
($a3u 1 3MEHIICHHS KPUCTAII3aIlIMHOIO T1APOKCUY KabIlito. BrpaTa macu 3pa3kiB 3 go0aBKaMu
(9,8%) Ginbiia Hixk y 6e3n0aaTkoBux (7,8%), 110 CBIMYMTH PO OLITBII BUCOKHI PiBEHB Tigpararii

(puc. 2).
AT /

— /—-—7‘\

IITA P
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/
N
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Puc. 2. [ludepenuianbHO-TepMIYHHI aHaI13 PO3UYMHY HA OCHOBI:
a — MOPTIAHILUEMEHTY; 6 — MOAM(]IKOBAHOTO B’SKY4OTO
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JlOCIiDKeHHST MIKPOCTPYKTYPH  B'SKYYOTO TNPOBOAMIM 33 JIOMOMOTOI0 €JIEKTPOHHOIO
pactpoBoro mikpockorna PEM-1061.

Ha mikpodoTtorpadisx po3urHy Ha OCHOBI MOAM(}IKOBAHOTO B’sKyUOro (puc. 3) BHUIHO Teib
13 TIJPOCHITIKATIB KaJbI[il0 HA MOBEPXHI JUCIIEPrOBaHUX 3€PEH LIEMEHTY, po3Mip SKuX 3-5 Mkm, 1-3
MKM. JloOpe MOMITHI KJIACTepH 13 TiAPOCHIIIKATIB KajbIlifo, po3MipoM 6 MKM. Takox BHIHO
BOJIOKHA T'1IpOCYNb(OaTtoMiHATy KaJbIIO.

Ha puc. 4 mnpencrasneni mikpogororpadii cTpykTypu Moau¢pikoBaHOTO B'shkydoro 0e3
KpEeMHE3eMHUCTOro KommoHeHTa. Ha mepmriii mikpodortorpadii (puc. 4, a) mpencraBieHUNA CKOJI
noBepxHi B'skydoro. € amopdua daza. Ha npyriit mikpodotorpadii (puc. 4, 0) BuaHO 1yxe 1piOHi
3epHa HEMEHTY po3MipoM 1-3 MKM, a TaKOXK KJIacTepH, 110 CKIAAAI0ThCS 3 TAPOCHIIIKATIB KaJIbIiI0
po3mipom 0,5-3 mxm. Ha TperboMy 3HIMKY (puc. 4, B) TaKOXX BHIHO KJIACTEPH 3 TiIPOCHIIIKATIB
KaJbIito po3mipom 0,5-3 MKM Ta JIpiOHI 3epHa [IEMEHTY po3MipoM 3-5 MKM.

20.00kV__ x500 ___ 100um WD=17.1mm 20.00kV__ x5.00k
a) 6)
Puc. 3. MikpocTpykTypa po3uuHy Ha OCHOBI MOAM(]IKOBAHOTO B’SKY4OTO:
a — 301pmenHs 500 (100 mxm); 6 — 36inbmenHs 5000 (10 mxm)

‘WD=31.6mm 20.00kV__ x5.00k____i0;

Puc. 4. MikpocTpykTypa Moau(iKOBaHOTO B'SHKYYOro (0e3 KpeMHE3eMHUCTOTO KOMITOHEHTA):
a — 30ipmenHs 100 (500 mxwm); 0, B — 30imbienHs 5000 (10 Mxm)

BucHoBkn. B pe3ymbraTi JOCHIPKEHb BCTAaHOBJIEHO ONTHMaJbHE CITIBBIIHOLICHHS
CKJIAJJOBUX MOIM(IKOBAHOTO B’SHKY4YOro (TOPTIAHIINEMEHTY, METaKaoJiHy, IeTeJbHOT0 0010),
OTpUMaHI MaTeMaTH4yHi MOJEJi, L0 OMUCYIOTh 3aJEKHICTh MILHOCTI HA PO3TAT MpU 3THHI Ta
MIITHOCT1 Ha CTUCK BiJ HOTO CKJIay.

Pesynpratu peHTreHodazoBoro Ta IudepeHIiabHO-TEPMIYHOIO aHalli3y MOKa3ylTh, IO
BBEJICHHS JI0 CKJIaTy B’SKY4OTO HAa OCHOBI MOPTIAHIIIEMEHTY T00aBOK METAKAOJIIHY Ta IETeIbHOTO
6010, micng 28 ai0 HOPMaAIBHOTO TBEPAIHHA, HE BUKIMKAIOTh HOBHMX (ha30BO-MiHEPATOTTUYHHX
YTBOPEHB TOPIBHSHO 13 3pa3kamMu 0e3 100aBKH, a JIUIIE BINTUBAIOTh HA KUTBKICHUA MIHEPAJIOT1UHHMA
cknan. CrocrepiraloTbCsl 1HTEHCHBHIIIE BHpaKeHI T'MIpOCHIIKAaTHI (a3u 1 3MEeHIIeHHS
KPUCTAJI3AIIITHOTO T1IPOKCUIY KAJIIIIFO.

Ha wmikpodororpadisix CTpyKTYpH KOMIUIEKCHOTO B'SDKYYOTOo UYITKO HPOTJISIAETHCS
MOHOJIITHA CTPYKTypa IIEMEHTHOTO KaMEHIO, BHIHO JHCIIEProBaHi JIyrOM 3€pHa LIEMEHTY, IICKy Ta
KJIACTEpPH 13 T'IPOCUITIKATIB KaJbIIiI0.
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STUDY OF MODIFIED BINDER FOR PRODUCTION OF AERATED CONCRETE

1Zibrov I.F., postgraduate student,
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Abstract. In the case of energy saving, the main direction in the technology of modern wall
materials is to reduce the density in order to achieve better thermal performance while
simultaneously increasing the strength characteristics, i.e. creation of effective wall materials. One
of these materials is aerated concrete, which is successfully used all over the world. One of the
ways to increase the physical and mechanical properties of the binder as the main component of
aerated concrete and to expand the raw material base can be the use of waste from all kinds of
production, as well as the secondary use of damaged building materials from destroyed buildings
and structures as a result of hostilities (recycling). The purpose of the research is to obtain aerated
concrete on a modified binder using recycling of destroyed building materials. At this stage, a
modified binder is being studied. As a result of the research, the optimal ratio of the components of
the modified binder (Portland cement, metakaolin, brick mortar) was determined. Mathematical
models describing the dependence of the bending and compression strength of the binder on its
composition were obtained. The results of X-ray phase and differential thermal analysis show that
the introduction of methacoaline and brick mortar additives into the binder based on Portland
cement, after 28 days of normal hardening, do not cause new phase and mineralogical formations
compared to samples without additives, but only affect the quantitative mineralogical storage. More
intensively expressed hydro-silicate phases and a decrease in crystallization calcium hydroxide are
observed. The micrographs of the structure of the obtained binder clearly show the monolithic
structure of the cement stone, the alkali-dispersed cement grains, sand and calcium hydro-silicate
clusters are visible.

Keywords: aerated concrete, modified binder, pozzolanic additive, methacoaline, brick battle.
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PROPERTIES OF CONCRETE AND FIBER-REINFORCED CONCRETE FOR BASES OF
ROAD CLOTHES BASED ON SECONDARY AGGREGATES WITH HETEROGENEOUS
COMPOSITION
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Abstract. The problem of disposal of concrete scrap of dismantled building structures is
relevant for most countries of the world. For Ukraine, this problem is even more acute due to the
significant amount of destruction caused by hostilities and rocket attacks.

In current research the properties of concrete and fibre-reinforced concrete for the bases of
road clothes based on natural and secondary aggregates were compared: granite river gravel,
secondary crushed stone with a heterogeneous composition, quartz sand and secondary sand from
recycled reinforced concrete structures. CEM 111/A slag Portland cement with a blast furnace slag
content of 65% and a polycarboxylate type superplasticizer were used.

Three series of samples were studied: without fibre; with glass fiore ANTI-CRAK HP 12
(length 12 mm, diameter 0.017 mm, equivalent thread diameter 0.3 mm) in the amount of 1 kg/m?;
with polypropylene fibre BeneSteel 55 (length 55 mm, equivalent thread diameter 0.48 mm) in the
amount of 4 kg/m®. In each series, concrete on granite gravel and quartz sand, concrete on
secondary crushed stone and quartz sand, concrete on secondary crushed stone and secondary sand
were studied. The workability of all mixtures was equal to S1.

Due to the use of different types of aggregates and fibres, the W/C of concrete mixtures
differed significantly. Concretes on secondary aggregates had a higher W/C than on natural
aggregates. When using the Anti-Crak HP 12 fibre, the mobility of mixtures with equal W/C
increased by 5.5 — 6.9 %. When using BeneSteel 55 fibre, W/C increased by 10.6 — 15.5 %.

The type of aggregate had a significant effect on the average density of concrete. When using
secondary crushed stone and quartz sand, the average density decreased by 3.8 — 4.6 %. When using
secondary crushed stone simultaneously with secondary sand, the average density of concrete
decreased by 5.2 — 8.5 %. When using Anti-Crak HP 12 fiber, the average density of concrete
decreases by 2 %, when using BeneSteel 55 fibre — up to 4.1 %.

Concretes on secondary crushed stone with heterogeneous composition and quartz sand had
4 % higher compressive strength and 2 % higher tensile strength in bending than concretes on
granite gravel and similar sand (29.8 MPa and 3.18 MPa, respectively). When secondary crushed
stone is used simultaneously with secondary sand, the compressive strength of concrete is only 1.1
% lower than the strength of concrete on natural aggregates, and the tensile strength in bending is
10 % lower. This confirms the possibility of effective use of these concretes for arranging of bases
of road clothes. The high-quality performance of secondary aggregates in concrete explains due to
their better adhesion to the cement-sand matrix.

Dispersed fibre reinforcement with Anti-Crak HP 12 has a positive effect on the compressive
strength of concrete on all types of aggregate and increases the tensile strength of concrete on
natural aggregates. The use of BeneSteel 55 fibre was not effective due to a significant increase in
the W/C of the mixture when it was introduced. In general, taking into account the economic factor,
dispersion reinforcement of concrete on secondary aggregates with the types of fibres used in the
research is not advisable.

Key words: secondary crushed stone, heterogeneous composition, secondary sand, secondary
concrete aggregates, polymer fiber, plasticizer, base of road clothing, strength.
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Introduction. The problem of processing and disposal of concrete scrap and dismantled
building structures is relevant for all developed countries of the world. This is due to the fact that
the buildings, which were massively constructed in the second half of the 20" century, are
physically and morally outdated and are gradually being decommissioned. For Ukraine, the problem
of disposal of concrete scrap is even more acute due to the significant amount of destruction of
buildings and structures as a result of hostilities and shelling.

The most effective method of using of demolished building structures is their processing into
secondary crushed stone. The technologies of such processing are constantly improving. However,
the heterogeneity of secondary crushed stone still remains one of the main limiting factors for its
mass application for concrete production.

During processing of concrete structures that were damaged as a result of hostilities, it is even
more difficult to achieve homogeneity of the secondary material. This is because the dismantling of
the structures is not carried out according to the plan with using of optimal demolition technologies
and in conditions of probable additional contamination with associated materials.

Accordingly, the mass use of secondary aggregates, especially in the conditions prevailing in
Ukraine, is possible in structures that do not have high requirements for strength and frost
resistance. To such structures include bases of road clothing. The urgency of arranging of concrete
bases for road clothing is due to the constant increase in the load on the road network. For Ukraine,
it is also caused by large amounts of destruction of the transport infrastructure, which must be
restored.

One of the most important quality indicator for concrete bases of road clothing is the tensile
strength in bending. It is known that dispersed reinforcement is an effective and relatively
inexpensive method of increasing of the tensile strength of concrete. Accordingly, it is relevant to
study the effect of dispersed reinforcement on the properties of concrete bases of road clothing on
secondary aggregates.

Analysis of research and publications. Concrete is one of the most common construction
materials in the world, including for road construction [1]. In road construction, the largest volumes
of concrete are used for the arranging of hard road surfaces. It is known that rigid cement concrete
pavements have certain advantages over non-rigid asphalt concrete pavements at relatively close
cost of construction. The main advantages are high durability and resistance to rut formation [2].
Due to this, in the developed countries of the world, in particular in Ukraine, the share of roads with
rigid cement concrete pavement is gradually increasing [3, 4].

Concrete on secondary aggregates has the prospect of use for the bases of road clothing,
which are arranged to reduce the pressure on the soil of the subgrade. Concrete bases allow to
redistribute the load from transport over a larger area, which has a positive effect on the durability
and quality of roads [5]. The base layers of road clothing are made of cement concrete of relatively
low strength. According to Ukrainian norm GBN B.2.3-37641918-557:2016, it is recommended to
use concretes with tensile strength class By, 1.0 and By, 1.2 for bases [6]. The requirements for the
frost resistance of the concrete bases of road clothing are also not strict. According to DBN B.2.3-
4:2015, when the average monthly temperature of the coldest month is up to minus 5 °C, frost
resistance must be at least F25, at temperatures up to minus 10 °C — at least F50 [5].

There is experience in the use of concrete on secondary aggregates for the arrangement of the
bases of road clothing. For example, concrete with strength of up to 6 MPa was obtained in research
[7] using secondary crushed stone and sand, as well as blast furnace slag as a binder. In [8], waste
from the dismantling of buildings was used in bases concrete, while laying the base layer was
carried out by the rolling method. About 20,000 tons of secondary concrete aggregates were used in
the construction of the base of the 2-kilometer section of the Lahti highway in Finland. The
experience of operating this heavily trafficked area has shown its high quality [9]. Approximately
25.000 m® of secondary aggregates were used for the concrete base of the airfield surface during the
reconstruction of the Lisbon airport. The secondary crushed stone obtained during the dismantling
of the old coating had a maximum size of 40 mm. The average density of concrete based on it was
2026 — 2116 kg/m®, and water absorption — from 6.7 to 9.0 %. According to experts' estimates, this
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decision made it possible to save about 500.000 euros [10]. Directly secondary crushed stone was
used for arranging of the basement of highways, in particular temporary ones, backfilling sites for
parking equipment, etc. [11].

Control of the structure and properties of concrete on secondary aggregates is carried out by
methods that are generally similar to methods of controlling of "ordinary" concrete on mass-using
aggregates [12]. For concrete road surfaces and their bases, dispersed reinforcement is one of the most
effective methods of increasing the tensile strength, frost resistance, and wear resistance [13, 14].
Various types of fibres are used in road construction, but polypropylene, glass, and basalt fibres are
the most effective considering cost and corrosion resistance [15, 16]. The introduction of dispersed
reinforcement also makes it possible to reduce the opening width of cracks in the road surface and
change the nature of its destruction from brittle to ductile [15-18].

The mentioned above confirms the relevance of the study of the possibility of improving the
quality of concrete for the bases of road clothing based on secondary aggregates by the use of
dispersed reinforcement with resistant to corrosion fibre.

The purpose of the work is to determine the impact on the concrete properties for the bases
of road clothes of secondary crushed stone with a heterogeneous composition and secondary sand,
as well as dispersed reinforcement with resistant to corrosion fibres of different geometries.

Research materials and methods. The properties of concrete and fibre concrete on natural
and secondary aggregates were compared.

In the experimental studies, two types of coarse aggregate of fraction 8-16 mm were used
(DSTU B EN 12620:2013 [19]):

— granite river gravel mined in Slovakia in the floodplain of the Danube River. Bulk density
of gravel 1570 kg/m’, water absorption 0.70 %. It was selected as one of the most widespread
aggregate types in Central Europe;

— secondary coarse aggregate (crushed stone) with a heterogeneous composition.
Approximate composition of this coarse aggregate: 35.8 % of cement-sand concrete matrix; 30.2 %
of granite combined with cement-sand matrix; 24.68 % of pure granite; 9 % of pieces of brick and
ceramic tiles; 0.8 % of asphalt concrete; 0.4 % of steel wire. The bulk density of this crushed stone
is 1170 kg/m’, water absorption is 13.03 %. Such coarse aggregate is as close as possible to mass
secondary crushed stone available on the construction market. It can also be considered close to
heterogeneous crushed stone, which is obtained during the processing of destroyed buildings and
structures.

Two types of sand with a fraction of 0 — 4 mm were used as fine aggregate [19]:

— quartz sand with fineness modulus 3.19, the bulk density is 1850 kg/ms;

— secondary sand from recycled reinforced concrete structures. The fineness modulus of this
sand is 3.83, the bulk density is 1500 kg/m”.

Portland slag cement CEM III/A manufactured by CRH Cement Multicem, Germany, with a
blast furnace slag content of 65 % was used as a binder. This choice of cement is due to the need to
maximize the use of secondary resources, in particular metallurgical waste.

Additive superplasticizer polycarboxylate type Soudal Soudaplast manufactured by Soudal,
Czech Republic was used. The additive was introduced in a rational amount of 1.2 % of the mass of
cement. The rational quantity was determined as a result of previous experiments.

Two types of fibre were used as dispersed reinforcement:

— Anti-Crak HP 12, glass fiber, fiber length is 12 mm, fiber diameter is 0.017 mm, equivalent
thread diameter is 0.3 mm. Tensile strength according to EN 14889-2 is 1000...1700 MPa.
Manufacturer is Owens Corning, USA [20].

— BeneSteel 55, polypropylene fibre, fibre length is 55 mm, equivalent diameter is 0.48 mm.
Tensile strength according to EN 14889-2 is 610 MPa. Manufacturer is SKLOCEMENT BENES,
Czech Republic [21].

Three series of samples were studied, respectively without fibre (1a — 3a), with ANTI-CRAK
HP 12 fibre in the amount of 1 kg/m’ (1b — 3b) and with BeneSteel 55 fibre in the amount of 4
kg/rn3 (1Ic — 3c¢). This amount of fibre was chosen in accordance with the recommendations of
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manufacturers and the results of previous experiments. In each series, the following were
investigated: concrete based on granite gravel and quartz sand as a control composition; concrete
using secondary crushed stone and quartz sand; concrete using secondary crushed stone and
secondary sand. The workability of all mixtures was equal to S1, with cone slump (CS) =1...2 cm.
Such workability meets the requirements of DBN B.2.3-4:2015 [5]. The amount of water was
accordingly adjusted depending on the composition of the concrete mixture. The compositions of
the studied concretes and fibre concretes of the bases of road clothes are shown in Table 1.

Table 1 — Compositions of the studied concretes and fibre concretes for the bases of road clothes

Ne Cement Coarse aggregate Sand Additive Fiber Water WIC
| (kg/m®) (type, kg/m’) (type, kg/m?®) (kg/m®) | (type, kg/m®) | (I/m°)
First stage of experiment
la granite gravel, 1252 129 | 0.430
quartz, 752
2a| 300 secondary, 1102 3.6 - 166 | 0.553
3a secondary, 1050 secondary, 744 190 |0.633
Second stage of experiment
1b granite gravel, 1252 137 | 0.457
20| 300 dary, 1102 Auartz, 740 36 | Ant-Crak 05T 583
secondary, . HP 12. 1.0 :
3b secondary, 1050 secondary, 722 203 | 0.677
Third stage of experiment
1c granite gravel, 1232 149 | 0.497
quartz, 737 BeneSteel
2c| 300 secondary, 1092 3.6 55 4.0 185 |0.,617
3c secondary, 1030 secondary, 719 210 |0.700

Research results. As can be seen from Table 1, due to the use of different types of
aggregates, the water consumption and, accordingly, the W/C of concrete mixtures differed
significantly. Also, the presence and type of dispersed reinforcement influenced on W/C of the
mixtures. In Fig. 1 shown a diagram built according to the data of Table 1, which reflects the
influence of the type of aggregate and fibre on the W/C of mixtures of equal mobility.

Analysis of the diagram shows that concretes and fibre concretes on granite gravel and quartz
sand are as expected have the lowest W/C. When using secondary crushed stone with a
heterogeneous composition, due to the water absorption of the aggregate, the W/C of the mixtures
increases. When secondary crushed stone is used simultaneously with secondary sand, the W/C
increases to an even higher level, to 0.633 — 0.7. However, it can be noted that most of the
additional water in these concrete mixtures will be adsorbed by the porous aggregate. Accordingly,
increasing of W/C in this case plays a double role. On the one hand, the content of free water
increases, which affects the porosity of hardened concrete, on the other hand, the conditions of
hardening of the material and the adhesion of the cement-sand matrix to the aggregate improve [22].

For concrete on all types of aggregates, when using Anti-Crak HP 12 fibre (in the amount of
1 kg/m3), the W/C of mixtures of equal mobility increases by 5.5 — 6.9 %. When using BeneSteel 55
fibre (in the amount of 4 kg/m®), the W/C of the mixtures increases by 10.6 — 15.5 % compared to
mixtures without dispersed reinforcement. That is, despite the larger diameter and length due to the
higher fibre dosage, BeneSteel 55 requires the use of more water to ensure the necessary mobility of
the mixture.
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Fig. 1. Influence of the type of aggregates and fibre on the W/C of concrete mixtures (CS = 1...2 cm)

For all studied concretes and fibre concretes, their average density, compressive strength and
tensile strength in bending were determined (Table 2).

Table 2 — Physical and mechanical characteristics of the studied concretes and fibre concretes

No Average density Compressive Tensile strength in
- (kg/m?) strength (MPa) (MPa)
la 2346 28.1 3.12
2a 2258 29.2 3.18
3a 2224 27.8 2.78
1b 2339 29.8 3.41
2b 2230 32.7 3.29
3b 2179 28.9 2.78
1c 2331 27.4 2.93
2C 2226 29.0 3.04
3c 2132 26.3 2.65

In Fig. 2 shown a diagram built according to the data of Table 2, which shows the influence of
the type of aggregates and fibre on the average density of the studied concretes for the bases of road
clothes. As can be seen from the diagram, the average density of the studied concretes is mainly
influenced by the type of aggregate. Concrete and fibre concrete on granite gravel and quartz sand
have the highest density. Concretes based on secondary crushed stone with a heterogeneous
composition and quartz sand have a 3.8 — 4.6 % lower average density. When using secondary
crushed stone simultaneously with secondary sand, the average density of concrete is 5.2 — 8.5 %
lower compared to concrete on granite gravel. When using dispersed reinforcement, due to the
increase in the W/C mixture, the average density of concrete on all types of aggregate decreases —
up to 2 % when using Anti-Crak HP 12 fibre and up to 4.1 % when using BeneSteel 55 fibre.

However, the type of aggregates and fibres had a different effect on the strength of the studied
concretes than on the average density of the material. The compressive strength of the studied
concretes and fibre concretes for the bases of road clothing is shown in the diagram in Fig. 3.
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Dispersed fibre reinforcement with Anti-Crak HP 12 has a positive effect on the compressive
strength of concrete on all types of aggregate, even despite a small increase in W/C mixtures. The
strength of concrete with this type of fibre is 4.0 — 11.8 % higher than the strength of non-reinforced
concrete on similar aggregates. However, the use of BeneSteel 55 fibre was not effective. Concretes
dispersed-reinforced with this type of fibre showed 0.7 — 5.4 % lower strength than similar
concretes without fibre. That is, the effect of a significant increase in W/C of the mixture, which
was necessary when using this type of fibre, was not compensated by the effect of dispersed
reinforcement on the redistribution of loads on the concrete structure.

As defined above, the main requirement for concretes for the bases of road clothing is their
tensile strength in bending [6]. This is due to the loads acting on road structures. In Fig. 4 presented
a diagram showing the effect of the type of aggregates and fibre on the tensile strength in bending
of the tested concretes.

3.5

3.0 1

2.5

2.0 1

1.5 1

1.0 5

no fiber  Anti-Crak BeneSteel no fiber Anti-Crak BeneSteel no fiber Anti-Crak BeneSteel
HP 12 55 HP 12 55 HP 12 33
granit river gravel diverse secondary crashed stone  diverse secondary crashed stone
quartz sand quartz sand secondary concrete sand

Fig. 4. Influence of the type of aggregates and fibre on the tensile strength in bending of concrete

Analysis of the diagram and data in Table 2 shows that concrete without dispersed
reinforcement on secondary crushed stone with heterogeneous composition and quartz sand (2a)
had tensile strength similar to concrete on granite gravel (1a). The determined tensile strength of
composition 2a was even 2 % higher than the strength of composition 1a. When using both coarse and
fine secondary aggregates (3a), the tensile strength in bending of concrete is only 10.8 % less than the
strength of the "basic™” composition 1a. That is, concretes on secondary aggregates are characterized by
sufficiently high tensile strength in bending. This is also due primarily to the high adhesion of the
aggregate to the sand-cement matrix, which increases the resistance to tensile stresses [22].

However, the effectiveness of dispersed reinforcement in concrete on secondary aggregates
from the point of view of increasing of tensile strength was low. When using Anti-Crak HP 12
fibre, the flexural strength of concrete on granite gravel and quartz sand increases by 9.3 %. Similar
dispersed reinforcement of concrete on secondary crushed stone and quartz sand reduces its tensile
strength by only 3.5 %, which is within the accuracy of the experiment. For concretes on secondary
crushed stone and secondary sand, reinforcement with Anti-Crak HP 12 fiber had no effect on the
level of tensile strength.

Such a difference in the effectiveness of dispersed reinforcement for concrete based on natural
and secondary aggregates can be explained by their different structure. More porous secondary
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aggregates, as shown above, provide relatively high tensile strength in bending. However, their own
strength is lower than the strength of natural aggregates (gravel and quartz sand). Rubble of
secondary aggregates can pinch the fibres of dispersed reinforcement, which affects their work in
the composite material.

From the point of view of influence on tensile strength in bending, the use of BeneSteel 55
fibre in the studied concretes was not effective, as well as from the point of view of influence on
compressive strength.

Conclusions and prospects for further research. The studied concretes on secondary
crushed stone with heterogeneous composition, including concretes on secondary sand, have
compressive strength from 26.3 to 32.7 MPa and tensile strength in bending from 2.65 to 3.29 MPa.
That is, the strength of concrete obtained in laboratory conditions on secondary aggregates is 50 —
100 % higher than the level of minimum requirements for the strength of concrete for a monolithic
bases according to DBN B.2.3-4:2015 [5] and GBN B.2.3-37641918-557:2016 [6]. This confirms
the prospect of effective use of these concretes for the bases of road clothing, even taking into
account the poorer quality of similar concretes during their industrial production.

The impracticality of using of the fibre types used in these studies in concrete on secondary
crushed stone with a heterogeneous composition of dispersed reinforcement has been
experimentally established. The introduction of fibre did not significantly improve the strength of
concrete. Taking into account the economic factor, it is not possible to recommend the use of this
type of dispersed reinforcement.

In further studies, it is planning to study the effect of dispersed reinforcement on the frost
resistance of concrete on secondary aggregates, in particular when using cements with a high
content of slag.
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Anoranis. IIpobnema yrwmizanii OeToHHOro OpyXTy 1 JEMOHTOBAaHHMX Oy/iBEIbHUX
KOHCTPYKIIH € aKTyaJIbHOIW I OUIbImIOCTi Kpain cBiTy. s VYkpaini nsg mpoOiiema € 1e
TOCTPINIOIO Yepe3 3HauHi 00cATH pyifHYBaHb BHACIIAOK OOHOBHX JIiif Ta OOCTPIIB.

[TopiBHIOBaNKMCST BIACTUBOCTI OCTOHIB 1 (DiOpOOETOHIB JJII OCHOB JOPOXHBOTO OMATY Ha
MPUPOJHHUX 1 BTOPHMHHUX 3allOBHIOBAYaX: T'PaHITHOMY PIYKOBOMY IpaBii, BTOpMHHOMY mieOeHi 3
HEOJIHOPITHUM CKJIAZIOM, KBapLIOBOMY ITiCKY 1 BTOPUHHOMY MICKY 3 epepOoOICHHX 3al11300€TOHHUX
KOHCTpYKIil. BuxopucroByBaBcs umakonoprianainemeHT CEM III/A 3 BMicTOM OMEHHOTO
nuiaky 65% 1 cynepmnactugikarop noiikapOOKCHUIATHOTO THUITY.

Hocnimkeno tpu cepii 3paskiB: 0e3 ¢iopu; 3 ckisHOO (bidbporo ANTI-CRAK HP 12
(moBxuna 12 mm, niametp 0,017 mm, ekBiBaneHTHui aiametp HUTI 0,3 MM) y KiIbKoOCTi 1 KF/MS; 3
noJinporiseHoBoro (idporo BeneSteel 55 (mopxkmna 55 mwm, exBiBaneHTHUi miamerp 0,48 M) y
Kinpkocti 4 kr/m°. Y KoxHiit cepii mocniIKeHO: OETOH Ha IPaHITHOMY IpaBii Ta KBapLIOBOTO IICKY,
0ETOH 3 BHUKOPUCTAHHSM BTOPHHHOTO INEOEHIO 1 KBapIOBOTrO MICKy, OSTOH 3 BHUKOPHCTaHHSM
BTOPUHHOTO 1I€OEHIO 1 BTOPUHHOTO MICKY. PyxoMicTh BCix cymireit Oyna piBHowo S1.

3aBIsSKH 3aCTOCYBaHHIO PI3HUX THUMIB 3amoBHIOBauiB 1 (iOpu B/Ll OGeToHHHMX Ccymimien
CYTT€BO BiJpi3HsUIocsa. beToHN Ha BTOPMHHUX 3alOBHIOBadax Manu Buiy B/, HiX Ha mpupoaHUX.
[Mpu Bukopuctanni ¢pidpu Anti-Crak HP 12 B/L] cymimieii piBHOT pyXxoMOcCTi 3pocTaio Ha 5,5-6,9%.
ITpu Bukopucranui ¢pidpu BeneSteel 55 B/L] migumrysanocs na 10,6-15,5%.

Tun 3amoBHIOBaya CYTTEBO BIUIMBAB Ha CEpeqHIO T'ycTUHY OeToHiB. Ilpu BukopucTaHH1
BTOPUHHOTO IIEOEHIO0 Ta KBapLOBOIO MICKY CepeAHs TI'yCTHHAa 3HIKyBanacs Ha 3,8-4,6%. Ilpu
BUKOPUCTaHHI BTOPUHHOTO I1€0€HIO0 OJJHOYACHO 31 BTOPMHHMM ITICKOM CepellHsl TYyCTHHa OETOHIB
3HIKyBanacs Ha 5,2-8,5%. Ipu 3actocyBanni ¢iopu Anti-Crak HP 12 cepenns ryctuHa GeTOHIB
3HWKYEThCS Ha BENUYMHY 10 2%, ipu BUKopucTanHi ¢piopu BeneSteel 55 — no 4,1%.

beronn Ha BTOpMHHOMY ILIeO€H] 3 HEOJHOPIIHUM CKJIQJIOM Ta KBapLOBOMY ITiCKy Maiu Ha 4%
BUIIlY MILHICTh HA CTUCK 1 Ha 2% BUIIly MILHICTh HAa PO3TAr NP 3TMHI, HIK OETOHM Ha TPaHITHOMY
rpaBii Ta aHayoriyHomy micky (29,8 Mlla i 3,18 MIla BignoBinHo). ITpu 3acTocyBaHHI BTOPUHHOTO
e0EHI0 OJTHOYACHO 31 BTOPMHHHMM IICKOM MIIHICTE O€TOHY Ha cTuck € jume Ha 1,1% wmeHe
MIIHOCTI OETOHIB Ha MPUPOAHUX 3alOBHIOBAaYaX, @ MILHICTh HAa PO3TST NpH 3ruHi — Ha 10% MeHIIOox0.
Ile miaTBEpIKYE MOXIMBICTH €(PEKTUBHOIO BUKOPUCTAHHS JaHUX OETOHIB B OCHOBAaX JIOPOHBOTO
ofsry. SIkicHa poOOoTa BTOPMHHMX 3allOBHIOBAYiB B OETOHAX MOSICHIOETHCS iX KpAILOIO aJre3i€ro JIo
[IEMEHTHO-TIIIIAHOT MaTPHIIL.

JucniepcHe apmyBanHst ¢ioporo Anti-Crak HP 12 oka3ye mMo3uTHBHHUII BIUTMB Ha MILIHICTh Ha
CTHUCK OETOHIB Ha BCIX THIIaX 3allOBHIOBAaYa Ta IMiJBHILYE MIIHICTh Ha PO3TSr MpPU 3TUHI OETOHY Ha
NPUPOJHUX 3anoBHIOBavyax. Bukopucranus ¢idpu BeneSteel 55 ne Oyno edexTuBHUM Yepe3 3HauHe
migBumieHHs B/Ll cymimn mpu 11 BBedeHHI. B miomy 3 BpaxyBaHHSM €KOHOMIYHOTO YHWHHHKA
JMCTIEpCHE apMyBaHHS OETOHIB Ha BTOPMHHUX 3allOBHIOBauaX BHUKOPHCTAHUMHU B JOCIIJHKEHHSX
TuniamMu (Hi0py HE € TOMITTEHIM.

KirouoBi cioBa: BTOpUHHUI 11€0iHb, HEOJHOPIAHUI CKJIaJ, BTOPUHHUI MICOK, BTOPUHHI
3aroBHIOBaul OeTOHY, MoJyiiMepHa (pidpa, mIacTu(ikaTop, OCHOBA IOPOKHBOTO OJIATY, MIITHICTb.

Crarts Hapiinuia no penakuii 23.01.2024
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Abstract. The purpose of the work is the development of fiber-reinforced concrete compositions
for rigid pavements with properties of high strength, frost resistance and wear resistance due to the use
of polycarboxylate type superplasticizer and dispersed reinforcement. The experiments were conducted
according to an optimal 3-factor 15-point plan. The following composition factors were varied: the
amount of Portland cement CEM | 42.5 R (from 290 to 350 kg/m®); the amount of basalt fiber
BAUCON®-bazalt (from 0.9 to 1.5 kg/m®); the amount of polycarboxylate superplasticizer
STACHEMENT 2570/5/G (from 0.6 to 1 % by weight of cement). The workability of all
developed mixtures was S1, which corresponded to a cone slump 2...3 cm.

Research results shows when increasing the amount of cement and the amount of
superplasticizer to 0.9 — 1.0 %, the W/C of the mixtures decreases. The amount of basalt fiber
practically does not affect the W/C of the mixture.

Due to increase in the amount of Portland cement, the strength of fiber-reinforced concrete is
increases, as expected. With an increase in the amount of basalt fiber to 1.3 — 1.4 kg/m®, the tensile
strength in bending of concrete increases by 12 — 21 %, while the compressive strength changes
insignificantly. Fiber concrete with a superplasticizer content of about 0.9 % has the highest
compressive and tensile strength in bending.

Moreover, due to increase in the amount of Portland cement from 290 to 350 kg/m?, the frost
resistance of concrete increases to about 100 cycles. Due to the increase in strength of that
composition, the wear resistance of concrete was increased. With an increase in the amount of
basalt fiber from 0.9 to 1.3 — 1.4 kg/m®, the wear resistance of concrete increases by 11 — 16 %, and
frost resistance increases to approximately 50 cycles. The change in the amount of superplasticizer
has little effect on the wear resistance of concrete. However, with an increase in the amount of
additive STACHEMENT 2570/5/G from 0.6 to 0.9 % by weight of cement, the frost resistance of
fiber-reinforced concrete increases to about 50 cycles.

Fiber concretes with a rational amount of dispersed reinforcement (1.3 — 1.4 kg/m®) and
superplasticizer (0.9 %), depending on the amount of cement, have compressive strength from 43 to
60 MPa; tensile strength in bending from 4.9 to 6.4 MPa; wear resistance from 0.31 to 0.37 g/cm?
and frost resistance from F200 to F300. This ensures the high durability of the developed fiber-
reinforced concrete for rigid pavements.

Keywords: rigid pavement, frost resistance, wear resistance, basalt fiber, superplasticizer,
experimental-statistical modeling.

Introduction. To ensure the effective function of the transport system, the task of arranging
structurally and functionally stable road surfaces is important. It is known that asphalt concrete
coatings are the most widespread today. However, in the conditions of gradually increasing of
traffic intensity and high loads on the vehicle axle, rigid cement-concrete coatings became more
popular in many countries of the world. Such pavements distributing the load on the base layers and
soil more effective, they are not prone to rutting and practically do not change their properties
depending on the temperature of the surrounding environment. Also, a significant advantage of
cement-concrete pavements is their high durability, which allows to prolong intervals between
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repairing maintenance. However, to achieve such important result for the economic and ecological
benefits, it is necessary to use concrete with high durability for arranging of road clothes.

In the climatic conditions of Ukraine and most European countries, main indicators that
ensure the durability of rigid pavements are frost resistance and wear resistance of concrete. It is
possible to achieve a simultaneous increase in these indicators, in particular, due to the use of
effective superplasticizers and dispersed reinforcement. However, the raw material base of the
concrete industry is not constant: cement production technologies are changing, chemical additives
are being improved, and new types of dispersed reinforcement are being designed. Therefore, the
task of developing of concrete for rigid pavements with high durability and a guaranteed level of
strength remains relevant.

Analysis of Research and Publications. Due to a number of advantages of roads with rigid
pavements from cement-concrete comparing with roads with asphalt-concrete surfaces, the share of
first is increasing annually [1]. For Ukraine, an additional advantage of cement-concrete rigid
pavements, especially in the conditions of post-war reconstruction, is that their production does not
require using bitumen, which must be imported [2].

The high strength and elasticity of rigid pavements allows better redistribution of the load
from transport on the soil. Cement concretes have stable properties under changes in ambient
temperature and better color indicators of surface visibility [3]. If the required quality of concrete
and base layers is ensured, the intervals between repairs of roads with rigid pavements are two or
more times longer than those of roads with asphalt concrete surfaces [1, 4].

However, the task of ensuring the necessary durability of concrete for rigid pavements
remains relevant. This is due to the fact that it must be solved taking into account the need for
rational use of resources and the available raw material base [3, 5].

For Ukraine, one of the main factors affecting the operational quality of the road surface is the
damage caused by the cyclic effects of a dynamic influence and the action of freezing and thawing
[3, 4, 6]. As the studies of many authors show, in such conditions, the most effective materials are
fiber concrete with corrosion-resistant dispersed reinforcement [7-11]. Polypropylene, basalt, metal
and glass fibers are most often used in road construction [8, 9, 11, 12]. The use of fiber allows to
increase the frost resistance and wear resistance of concrete, as well as their tensile strength and
crack resistance. In addition, dispersed reinforcement reduces the autogenous shrinkage of concrete.
At the same time, basalt fibers have certain advantages that allow effective use of this fiber in road
concrete. First of all, this is the relatively low cost of basalt fiber and its fairly easy distribution in
the mixture during mixing [13-15]. It is also known that in nowadays conditions, concrete and fiber
concrete of rigid pavements can provide the required level of strength and economic efficiency only
with the use of modern additives, primarily superplasticizers [4-6, 8, 10, 12, 15].

Accordingly, the task of developing of effective dispersion-reinforced road surface concretes
modified with polycarboxylate type superplasticizer is relevant for modern materials science. It is
necessary to solve such a problem relying on the domestic raw material base, which is important for
the post-war recovery of the country, taking into account the significant amount of destruction
caused by aggression.

The purpose of this work is develop compositions of fiber-reinforced concretes for rigid
road pavements with high strength, frost resistance, and wear resistance by using polycarboxylate
type superplasticizer and dispersed reinforcement with basalt fiber.

Materials and methods of research. The experiment was conducted using an optimal 3-
factor 15-point plan [16, 17]. The following factors of the fiber-reinforced concrete composition
were varied in the experiment [18]:

— X1, the amount of Portland cement CEM | 42,5 R (produced by PJSC "Dyckerhoff Cement
Ukraine") from 290 to 350 kg/m®;

— Xz, the amount of basalt fiber BAUCON®-basalt (fiber length 12 mm, diameter — 18 um)
from 0.9 to 1.5 kg/m®;

— X3, the amount of superplasticizer STACHEMENT 2570/5/G (based on polycarboxylates)
from 0.6 to 1% of the cement mass.
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Granite crushed stone fraction 5 — 20 mm and washed quartz sand with a fineness modulus of
2.0 were used as aggregates.

The workability of all investigated concrete mixtures was constant, cone slump was 2 — 3 cm,
corresponding to the requirements of DBN V.2.3-4:2015 "Highways" [19]. This was achieved by
adjusting the amount of water in the composition of the fiber-reinforced concrete mixture.

Table 1 shows the plan of the experiment and the compositions of the investigated fiber-
reinforced concretes. The transition to coded values of factor levels (range from —1 to +1) was
carried out according to the standard procedure [16].

Table 1 — Plan of the 3-factor experiment and compositions
of the investigated fiber-reinforced concretes

Factor levels Fiber-reinforced concrete composition (kg/m®)

S 5 5 8% § =
pd S < o4y S o 3 c4Wo
= | .8 |.5¢9 .53 8 = o = |E25| 8
'S T | x2Z|I<XSF| B i) S = 2 ro <
S = rol e8| s E oz o 255 =

] Q F<r} — oo <5} al

5 2| 52| 5 o | 5Z

o < (20 7)) o nwm

m

1 -1 -1 -1 830 0.9 1.74 126
2 -1 -1 1 837 0.9 2.90 122
3 -1 0 0 290 1225 833 1.2 2.32 125
4 -1 1 -1 830 15 1.74 127
5 -1 1 1 834 15 2.90 124
6 0 -1 0 803 0.9 2.56 133
7 0 0 -1 798 1.2 1.92 136
8 0 0 0 320 1215 801 1.2 2.56 134
9 0 0 1 803 1.2 3.20 133
10 0 1 0 801 15 2.56 134
11 1 -1 -1 765 0.9 2.10 146
12 1 -1 1 772 0.9 3.50 141
13 1 0 0 350 1205 770 1.2 2.80 143
14 1 1 -1 763 15 2.10 147
15 1 1 1 768 15 3.50 144

Research results. Due to the fact that the mixtures of all investigated fiber concretes had
equal mobility, their W/C depended on the composition. Based on the obtained experimental data,
the appropriate experimental-statistical model (ES-model) was designed [16, 17]. According to ES-
model, one-factor diagrams were built, they reflect the influence of various factors on W/C in the
zones of minimum and maximum values (extremes). In the diagrams, the levels of two factors not
displayed on each of them were fixed at the values that provide the maximum and minimum value
of W/C, respectively (Fig. 1).
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Fig. 1. Influence of varied factors on the W/C of mixtures with equal workability in zones of
minimum and maximum values

Analysis of the diagrams presented in Fig. 1 shows that all varied factors nonlinearly affect
the W/C of mixtures with equal workability. When the amount of cement increases, the W/C
predictably decreases. Increasing in the amount of superplasticizer STACHEMENT 2570/5/G to
0.9-1.0 % allows for a 3 — 3.5 % reduction in the W/C of the mixture without losing its
workability. The limited decrease in the W/C with changes in the amount of superplasticizer in this
experiment takes place due to the fact that even at an additive amount of 0.6 % of the cement mass,
it has a sufficiently high effectiveness [15, 18]. When varying the amount of basalt fiber within the
experiment, the W/C of mixes changes by no more than 1.5 %.

For all investigated fiber-reinforced concretes, compressive strength, tensile strength in
bending, wear resistance and frost resistance were determined (Table 2).

Table 2 — Mechanical properties of the investigated fiber-reinforced concretes

Point No Compressive Tens_ile strength in ~ |Wear resistgnce, G Frost resistance
" |strength, f. (MPa)|  bending, f.(MPa) (g/cm?)
1 36.1 3.68 0.41 F150
2 39.3 3.97 0.40 F150
3 40.4 4.58 0.38 F200
4 38.8 4.46 0.39 F150
5 40.7 4.60 0.38 F200
6 49.7 5.23 0.38 F200
7 48.2 5.50 0.36 F200
8 52.2 5.68 0.34 F300
9 51.8 5.62 0.34 F200
10 51.5 5.67 0.32 F200
11 54.3 5.29 0.37 F200
12 58.5 5.56 0.36 F300
13 59.6 6.35 0.32 F300
14 56.4 6.11 0.32 F300
15 59.8 6.30 0.32 F300

Based on the data from Table 2, ES-models were designed, which describe the influence of
varied composition factors on the compressive and tensile strength of fiber-reinforced concretes for
rigid pavements. Using these ES-models, one-factor diagrams were built, which are shown in Fig. 2
and illustrate the influence of varied factors on the strength of fiber-reinforced concretes in zones of
minimum and maximum values.
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Fig. 2. Influence of varied factors on the compressive strength (a) and tensile strength in bending (b)
of fiber-reinforced concretes in zones of minimum and maximum values

Analysis of the diagrams from Fig. 2 allows us to conclude that due to the increase in the
amount of Portland cement, compressive and tensile strength of fiber-reinforced concretes
expectedly increases. Increasing in the amount of binder from 290 to 320 kg;/m3 causes a more
noticeable growth in strength than after binder increasing from 320 to 350 kg/m~.

Variation in the amount of basalt fiber within the experiment has a negligible effect on the
compressive strength of fiber-reinforced concretes. With an increase in the amount of fiber from 0.9
to 1.3 — 1.4 kg/m?®, the level of f., increases on average by only 4.5 %. The amount of basalt fiber
has a more noticeable effect on tensile strength in bending. Due to the increase in its amount to
1.3-14 kg/m3, the f. i level increases by 0.7 — 0.8 MPa, or by 12 — 21 %.

The highest strength is observed in fiber-reinforced concretes with an amount of superplasticizer
STACHEMENT 2570/5/G around 0.9 % by cement mass. An increase in the amount of
superplasticizer from 0.6 to 0.9 % has a greater effect on compressive strength than on tensile strength.

As mentioned above, during operation, concrete for rigid pavements are subjected to constant
wear from vehicle wheels, and in the winter period, they are also subjected to repeated freezing and
thawing. Accordingly, in typical weather conditions for Ukraine and other countries with a temperate
climate, the durability of rigid pavements is primarily determined by abrasion resistance and frost
resistance of concrete.

Based on the data provided in Table 2, an ES-model (1) was designed, which reflects the
influence of varied composition factors on the wear resistance of the investigated fiber-reinforced
concretes.
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G (g/cm?) = 0.340 —0.027x; + 0.009x> —0.006X:X, =+ 0x1X3
—0.019%, + 0.009x,? + 0X,X3
—0.005x3 + 0.009x5° (1)

One-factor diagrams constructed according to ES-model (1), and illustrate the influence of
varied factors on wear resistance in zones of minimum and maximum values (Fig. 3).
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Fig. 3. Influence of varied factors on the wear resistance of fiber-reinforced concretes in zones of
minimum and maximum values

Analysis of the diagram and data from Table 2 show that with an increase in the amount of
cement in the composition of fiber-reinforced concretes, their wear resistance increases due to the
increased strength of the material. Increasing in the amount of basalt fiber from 0.9 to 1.3 -
1.4 kg/m® reduces the abrasion of concrete by 11 — 16 %. The variation in the amount of
superplasticizer within the experiment has a negligible effect on the abrasion resistance of concrete.
When using a rational amount of dispersant and superplasticizer, the wear resistance of fiber-
reinforced concretes increases to 0.31 g/cm? for concretes with the maximum amount of cement.
The wear resistance for concretes with the minimum amount of cement (290 kg/m?®) is 0.37 g/cm?.
Thus, such fiber-reinforced concretes are characterized by sufficiently high wear resistance,
ensuring their durability for road pavement structures under the influence of vehicle wheels.

The ES-model designed based on the data from Table 2, which reflects the influence of varied
factors on the frost resistance of fiber-reinforced concretes, is as follows:

F (grade) = 240 +55x; + 25X;°  +0xiX» =+ 0x1X3
+ 15%, — 25X22 + 0xoX3
+15x3 — 25X5° 2)

It should be noted that the accuracy of this ES-model is limited by the significant discreteness of
determining of the frost resistance level using the accelerated method according to DSTU B V.2.7-49-
96 [20] for freezing up to —50 °C and thawing in saline water. According to this methodology and
according to Table 3 of DSTU B V.2.7-47-96 [21], concrete for road and airport pavements is
classified only by grades F100, F150, F200, F300, F400 and so on. Accordingly, the experimentally
determined values of the grade by frost resistance of the investigated fiber-reinforced concretes were
within the values operated by the accelerated method. However, this did not significantly affect the
identification of general trends in the influence of varied factors on the level of concrete frost resistance
due to the approximation that occurs when designed ES-models [16].

One-factor diagrams were built based on the ES-model (2), which are shown in Fig. 4 and
illustrate the influence of varied factors on the frost resistance of the investigated fiber-reinforced
concretes in zones of minimum and maximum values.
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Fig. 4. Influence of varied factors on the frost resistance of fiber-reinforced concretes in zones of
minimum and maximum values

Analysis of the diagrams shows that an increase in the amount of Portland cement in the
composition from 290 to 350 kg/m® increases the frost resistance of fiber-reinforced concretes by
approximately 100 cycles. Increasing of the amount of basalt fiber from 0.9 to 1.3 kg/m® increases the
frost resistance of rigid pavement concretes by approximately 50 cycles. A similar increase in frost
resistance occurs with an increase in the amount of superplasticizer from 0.6 to 0.9 % by weight of
cement. When using a rational amount of basalt fiber and superplasticizer STACHEMENT 2570/5/G,
fiber-reinforced concretes already provide frost resistance of F200 with a cement content of 290 kg/m?,
which meets the requirements for materials of road pavements [19].

Conclusions and prospects for further research. The best quality indicators of the
investigated fiber-reinforced concretes, namely the highest compressive and tensile strengths, the
highest frost resistance and wear resistance, are achieved when using BAUCON®-bazalt basalt
fiber in an amount of 1.3 — 1.4 kg/m® and superplasticizer STACHEMENT 2570/5/G in an amount
of 0.9 % by weight of cement. Concretes with this amount of dispersant and superplasticizer,
depending on the cement content, have compressive strengths ranging from 43 to 60 MPa, tensile
strengths in binding ranging from 4.9 to 6.4 MPa, abrasion ranging from 0.31 to 0.37 g/cm?, and
frost resistance ranging from F200 to F300. This ensures high durability of the developed fiber-
reinforced concretes for rigid pavements under typical operating conditions in Ukraine.

In further research is planning to implement the developed fiber-reinforced concrete
compositions on an experimental-industrial scale to assess their performance in road pavement
structures under natural conditions.
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JOBI'OBIYHICTDB BETOHIB ’KOPCTKHUX JOPOXHIX IIOKPUTTIB,
APMOBAHUX BA3AJIBTOBOIO ®IBPOIO
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shestakova_luba@ukr.net, ORCID: 0000-0002-3449-8498
Y00ecora depoicasna akademis 6yOiBHUYMBA ma apximexmypu
By Jlinpixcona, 4, M. Oneca, 65029, Ykpaina

AHoTanisg. Mertoto pobGotu € po3poOka ckiaaiB (GiOPOOETOHIB KOPCTKUX JIOPOKHIX
MMOKPHUTTIB 3 BHCOKOIO MIITHICTIO, MOPO3OCTIMKICTIO 1 3HOCOCTIHKICTIO 32 PaXyHOK BUKOPHUCTaHHS
cynepriacTuikaropy MoMiKapOOKCHIIATHOTO THUIY 1 JUCHEPCHOTO apMyBaHHs. EKcrepuMeHT
MIPOBOJIMIIACS 33 ONTHMAaJIbHUM 3-X (pakTopHUM 15-TH TOUKOBUM ILIaHOM. BapiroBanucs HacTymHi
dakropu ckmany: Kimbkicte moptiaanamementy IIL] I-500P-H, Bix 290 mo 350 Kr/M>; KiIBKiCTB
6a3anpToBOi (iopu BAUCON®-bazalt, Big 0,9 mo 1,5 KF/MS; KUTBKICTh TOJIIKapOOKCHIATHOTO
cynepmiactudikaropy STACHEMENT 2570/5/G, Bix 0,6 mo 1% Big macu nemeHTty. PyxoMicTb
BCiX cymimei 6yna piBHoro, OK =2..3 cm.

[Tpu migBUIICHHI KUTBKOCTI IEMEHTY Ta KuUTbKOCTi cyneprmactudikaropy ao 0,9-1,0% B/I1
cyMimieit 3HnkyeThes. KinbkicTs 0a3anbroBoi GpiOpu npakTuyHO He BIuMBae Ha B/L] cymiri.

3a paxyHOK MiBHINEHHS KUTBKOCTI MOPTIAHIIEMEHTY MIIHICTh (iOpOOETOHIB O4iKyBaHO
3poctae. [Ipu 30inbiIeHH] KibkocTi 6a3anpToBoi Gidpu mo 1,3-1,4 Kr/M° MiLHICTD Ha PO3TAT TIpH
3ruHi OeToHiB 3poctae Ha 12-21%, mpu mpoMy MIIHICTH Ha CTHCK 3MIHIOETBCS HE CYTTEBO.
Haii6inpiry MIIHICTh SIK Ha CTHCK, TaK 1 HA PO3TSr MPHU 3TUHI, MalOTh (iOpoOETOHH 3 KUTBKICTIO
cynepruiactugikaropy 61m3pko 0,9%.

[Tpu 306inbIIeHi KuTbKOCTi neMenty 3 290 no 350 Kr/m® MOPO30CTIHKICTh OETOHIB 3pOCTa€E Ha
piBenb 10 100 nuKIIiB, a TAKOXK 32 paXyHOK ITiABUIIEHHS MIIHOCTI 3HU)KYETbCSI CTUPAHHICTh OETOHY
(3poctae 3HOCOCTIHKICTB). [Ipu migBUIEHH] KUTbKOCTI 6aszanbroBoi ¢iopu 3 0,9 mo 1,3-1,4 K/
CTUPaHHICTh O€TOHIB 3HIKYeThcs Ha 11-16%, a MOpo30CTiiiKiCTh 3pocTae Tpubau3Ho Ha S50
LUKITIB. 3MiHA KIJIBKOCTI CynepriiacTU(dikaTopy HECYTTE€BO BIUIMBA€E Ha 3HOCOCTIMKICTH O€TOHY.
[Mpore mpu migumenHi kimbkocti 106aBku STACHEMENT 2570/5/G 3 0,6 1o 0,9% Bix macu
LIEMEHTY MOPO30CTilKiCcTh (piOpOOETOHIB 3pocTae Ha piBeHb 10 50 LUKIIIB.

®i6poGeToHn 3  pamioHAaNBHOK KimbKicTio mucmepcHoi apmarypu  (1,3-1,4 kr/m®) i
cynepmactudikaropy (0,9%) B 3a1€KHOCTI Bil KITBKOCTI IIEMEHTY MalOTh MIIHICTh Ha CTHUCK BiJ
43 no 60 MIla, minHicTh Ha po3TAar npu 3ruHi Bix 4,9 no 6,4 Mlla, ctupannicts Bix 0,31 mo
0,37 r/em® i Mopo3ocriiikicts Bigx F200 mo F300. Lle 3abe3nedye BHCOKY JOBIOBIUHICTH
po3pobneHux GhiOpoOETOHIB KOPCTKUX JOPOKHIX MOKPUTTIB.

KuarouoBi cjoBa: 3KopcTke JOpPOKHE TOKPHUTTS, MOPO3OCTIMKICTh, 3HOCOCTIHKICTD,
6azanpToBa (i0pa, cynepruiacTudikaTop, eKCIePUMEHTATbHO-CTATUCTUYHE MOJICITFOBAHHS.

Cratta Haaiinua 1o penakuii 4.02.2024
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1Apcipiifl B.A., n.1.H., mpodecop,

vasyly.arsiriy@gmail.com, ORCID: 0000-0003-3617-8487
1Kpounca 0.B., acmipasr,

Kolvi@epg.kolvi,com, ORCID: 0000-0003-0975-3079
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Anorauis. Ilin ugac aBapiii abo pyiiHyBaHb 1H(PPACTPYKTYPY KHUTJIOBHX KOMILIEKCIB TpH
HU3BKUX TeMIlepaTypax MOTPIOHO y CTHUCIMNA TEPMIH BIAHOBJIIOBATH, OCOOJIMBO pPOOOTY CHCTEM
TeronocTadands. [l 1poro 3pydyHO BHUKOPHCTOBYBAaTH Ta30TpyOHI KOTIH. Aje TOTpiOHI HOBI
piiieHHsT mpoOieM MiABHUILEHHS IMOTYKHOCTI Ta €Heproe(eKTUBHOCTI OONAJHAHHS Ta CHCTEM 3a
paxyHOK 3MEHIIECHHsS OIOpIB PyXy piaMHH abo Ta3iB, a TAaKOX IHTEHCH}IKalii Teruionepenadi.
UucneHH1 TOCIiPKEHHS TIOKa3alId, 1110 30UTbIICHHS Koe(illieHTa TEIUIOBI/Iadi Ha KOP/IOHI ra3 — MeTall
y 5 pasiB IpU3BOAMTH A0 30UIBIICHHS BUTPAT €HEpril BEHTWIATOpiB KoTiaa y 10 pasiB i Outemre. Y
CTaTTI BUKOPUCTAHO TPU METOIU AOCIIKEHb 3 METOI0 IOKPAILEHHS MOKa3HUKIB POOOTH KOTIIB.
BizyasnpHa qiarHOCTHKA pyXy piIvH Ta ra3iB J03BOJIHMIIA BHSABUTH O3HAKH CaMOOpTaHi3alii CTPYKTYpH
noToKiB. ['iipaBiiuHi TOCHiKEHHS B IIUIMHHUX KaHaax, A€ 3MIHIOBANAcs JIUIIE BUCOTa h y miana3oHi
h = 0,2-2,5MM miATBEepAWIH, IO CTPYKTYpa PO3IMOJUILY IMyJIbCALIHHAX KOMIIOHEHTIB JHMHAMIYHOT
YaCTMHU €HEeprii BIJIMBAa€E Ha 30UIbIIEHHS a00 3MEHILIEHHS MIBUAKOCTI MPU 33JaHOMY IOYAaTKOBOMY
THCKY ITOTOKY abo Re = const.

TennoBuil ekcriepMMEHT MOKa3aB, 110 CTPYKTYpa MOTOKY TAKOX BIUIMBA€E HA XapaKTep 3MIHU
KoedimienTa TeroBignavi o. Po3Mipu KaHamiB, MpH SKUX IYJIbCAI[ifHI KOMIIOHEHTH MAalOTh
MMO3UTHUBHI 3HaYEHHS, JAIOTh 30UIbIICHHS KoedillieHTa TEIIOBiAIaul Habarato iHTEHCHUBHIIIE, HIXK
IpU po3Mipax, Ji¢ IMyJbcalli MarThb HEraTWBHI 3Ha4eHHA. T00TO, Bi3yalbHl JOCHIKEHHS
CTPYKTYpH MOTOKIB Ta MPaBHJIbHUI BUOIp MOMEPEYHUX PO3MIPIB KaHANIIB MOXKE 30UIBIINTH 110/1a4y
TeIIoHoCis 10 24% 0e3 A0JaTKOBUX BUTPAT €HEPrii, a TAKOXK YCYHYTH MpoOieMy HEBU3HAYEHOCTI
IIpU BUPILLIEHH] 33J1aul iHTeHCU(iKallil TepeHeceHHs TeIUIOTH Ha MeXI1 ra3iB — MeTajieBa CTIHKA.

BizyanbHi AochipkeHHST CTPYMEHS y 3aTOIUIGHOMY MPOCTOpi JaloTh 1HMOpMaIlio ams
BUpILLIEHHs 3a/1a4i iHTeHcHikalii TerooOMiHy. BukopuctanHs TypOyini3aTopiB y ra3oTpyoHHX
KOTJIaX 3a0e3MeYrIO IMiIBUIICHHS e(PeKTUBHOCTI KOTIa BiJ My = 0,84 no Bemwumuu 1, = 0,929.
[TIpu 1mpoMy, BUTpaTH eHeprii Ha poOOTY BEHTHWJIATOpA 3MIHWIMCS HE3HAuHO. BUKOpHCTaHHS
BI3YaJIbHOI J1IarHOCTUKH CTPYKTYPH MOTOKIB J103BOJIsi€ BUPILTYBATH TiJpaBiIiuHi 1 TEIJIOBI 3aBAaHHS
PO3pOOKH M BIOCKOHAJICHHS €HEPTETUYHOTO 00JIaIHAHHS KUTIOBUX KOMIUIEKCIB.

KarouoBi cjoBa: JKUTIOBI  KOMIUIGKCH, KOTIH, TOTYXKHICTb, €HEeproe(eKTHBHICTb,
TEeIuIonepenaya, TeMeparypa, KoeilleHT TerIoBiaaql, TUCK, OMip, MOJICTIOBAHHS, YIOCKOHAJICHHS.

Beryn. Jlns BIAHOBIIEHHS TEIUIONOCTaYaHHS KUTIOBUX KOMIUIEKCIB Y IPOIOBXK 24 TOJUH MICIs
aBapiii uyu pyiHYBaHb 3pydHO BUKOpUCTOBYBaTH ra3zorpyoHi kotiau (I'TK). IIpoctoTta kotmiB, e B
TpyOax pyxarOThCS JUMOBI Ta3W, 3a0e3ledye €KOHOMIYHE Ta IIBHJKE BHTOTOBJICHHS, a TaKOX
cnpornye npodimakruydi podotu. Lli sxocti marote mpioputer I'TK 3a HEoOXiTHOCTI HIBHUIKOTO
BCTaHOBJIEHHS KOTJIB Yy TepioJ pyiHyBaHb 1HQpacTpykTypu. OpHak, HEOOXIJHO BiJ3HAYUTH
po0JIeMy HU3bKHMX 3HaU€Hb MEPEHECEHHS TEIUIOTH B HUX (KOe(DIIi€HTIB TEIUIOBIIaYi ) BiJl TUMOBHX
rasiB JI0 CTiH TpyOHOro npoctopy. L{s mpoGiema oOMexye TEmIOBY MOTYKHICTh JAHOTO TUITY KOTJIB.

MoskHa BiA3HAYUTH BEJIUKY KUTBKICTh JTOCIIKEHb 3 METOI0 iHTEHCH]IKaIlli TeIIoo0MiHy Ha
KOpJIOHI Ta3 — MeTajieBa CTiHKa, aje 30UIbLICHHS TEepEeHECeHHs TeIla CYMpPOBOKYETHCS
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HEMpPOMOPIIHHUM 301TBIIEHHSM BHTpAT CHEprii Ha mepeMimieHHs Ta3iB. ToMy akTyaabHUM
3aBAaHHSAM € po3poOKa METOJIB IHTeHCHdIKAIil TeIIoBiIaqi 3a yMOBH 3a0e3MedeHHs] TOMIpHOi
3MiHH OIOPiB B a6POCUCTEMI KOTJIA.

AHaJIi3 0CTaHHIX J0CTiKeHb Ta myOJaikanii. Bimomi urcieHHl OCTIKEHHS, 3aBAaHHS KX
MOKPALUTH MPOLIECH TEPEHECEHHsS TEIUIOTH. AKTYalbHICTh Ta CKJIQJHICTh PO3B'SI3aHHSA IHOTO
3aBIaHHs J00pe MpeICTaBlICHI B OMUIAAL, J€ HaBeleHOo pesyabratd moHax 430 mocmimkens [1, 2].
JocmipkeHHsT TemIooOMiHy 3a3BHYaidl  pO3IJISIIA0Th 3MiHY KOG(II€HTIB TEIIOBiAgaul IpH
BUKOPHUCTaHHI TypOyJ1i3aToOpiB o, MPH IIbOMY Tpeba ITOCIipKyBaTH 3MiHH KoedilieHTiB onopiB f abo
KOe(ILiEHTIB T1PaBIIYHOTO TEPTS A.

Ormsan pe3yabTaTiB AOCTIHKEHb Ha TeMy 30UIBIIEHHS TEIIOBOI MOTYKHOCTI KOTJIIB 32 paxyHOK
iHTeHCH(DIKaI]l TerI000MiHy JO3BOJIMB BUALIMTH YOTHPU BUAM 3aXOJIB Ta BUKOPUCTAHHS MPUCTPOIB
IUISL TABUINEHHS KoedilieHTa TeIUIoBiAgayl Ha TpaHuli Meran — ra3z: 1 — y TpyOli BHKOHYETHCS
BHYTpIIITHE PeOpo; 2 — BCTaBKa B Tra3oTPyOHHH MPOCTIP KPYyYEHUX CTPIYOK, TETENb Ta I1HIINX
TypOysizaropiB [3]; 3 — TpyOH BUKOHYIOTH ropoBaHOi a0 Kpy4eHOi reoMeTpii; 4 — TpyOu BeepennHi
ab0 30BHI MOXYTb MaTd BHCTYNHM 4u 3ariamOncHHs [4]. Bei dortupu BapianT iHTEeHCH(IKALi
TEMI000MiHy MOB'S13aHi 31 3MiHOIO T€OMETPii NPOTOYHUX YACTHH, aJIe TIOKH 110 HAUMPOCTIIIHNIA BapiaHT
BUKOPHMCTAHHS CIIipajieii qae Haibinbine 30inpieHHs Koedimienta tepts [5, 6]. Kopucha indopmariis
B TOMy, IO OUIBIIICTh JOCTITHHKIB BKa3ylOTh Ha HAsBHICTh SIBHO BHPAXXEHOTO Jlialma3oHy
HEBM3HAUYEHOCTI EHEPreTHYHUX IapaMeTpiB IpU IPOBEIEHHI TiPaBIiYHUX, a TaKOX TEIUIOBUX
eKCIIEPUMEHTIB [7]. A 11e MOX€e MPUBOIUTHU JI0 30LTBIICHHS BUTPAT €HEPril Ha poOOTY BEHTHIIATOPIB.
MoskHa BUAUIMTH J1Ba OCHOBHI BHCHOBKHM 3 QHAJITHYHUX OIJISAIB PI3HUX BapiaHTIB IHTEHCH]IKAIT
TEIUIOOOMIHY:

1 — KiJBKICTh TOCHIKEHb KPYYEHUX CTPIYOK 1 MPOCTUX CIipaliell y KiIbKa pa3iB NEPeBUIIYE
CyMapHy KUJIbKICTh 1HIIUX BapiaHTiB iHTeHCU(IKaIlil TEMI000MIHY y Ta30BHUX IMOTOKAX.

2 — NPUMHATO MOTOKYBaTHCh, IO € IIMPOKUH Jlana3oH HEBU3HAUEHOCTI NpHU crpodax
3’ICyBaTH KOPEIIII0 CHIBBIAHOMIEHHS KoeQillieHTa Terionepeaadi ta KoedimieHTa TepTs s
PI3HUX PEKHUMIB K JJII BCTABJICHUX CTPIYOK, TaK 1 i1 BUXPOBUX I'eHEPaTOPIB.

Maso yBaru NpUAITICHO MOCTIKEHHSIM 13 PETYJISpHUMH BCTaBKaMHU Y Tra3oBi TpyOHW, sKi
3a0e3reuyroTh 301IbIICHHS TEIUIOBiAIaui 3 He3HauyHMM 30uIbineHHAM onopiB [8]. Bisyamizamis
MOTOKIB HE JIOCTaTHHO PO3TJISIIAETHCS JIJIsl BUPIIICHHS TiIPaBIivyHKX 1 TeIUIoBHX 3aBaansb [9, 10]. V
CTaTTi BUKOHAHO cHpoOy yB'A3aTH HOBY 1H(OpPMALIIO MPO CTPYKTYPYBAHHS IOTOKIB, OTPUMAaHy
METOJIaMHU Bi3yasli3alii 3 BHUPILIEHHSAM TIIPaBIIYHUX Ta TEIUIOBUX 3aBJaHb, CIPSIMOBAHHUX Ha
MOKpAIIEHHS eHePreTUYHUX MOKa3HUKIB Pi3HOTO 00J1aJTHAHHS.

Merta po6oTH: MOKpAIICHHS €HEPreTUYHUX MOKAa3HUKIB KOTJIIB 332 PaxyHOK 1HTEHcH(IKalil
TEIUIO00MIHY MpH Tepeiadi Terla Ha TPaHuIll Ta3u — MeTajeBa CTiHKa 13 3a0e3NeueHHsIM 3HKEHHS
OIOPIB €JIEMEHTIB ra30BOI0 TPAKTy KOTJIIB.

3aBaaHHA NOCJTIIKEeHb:

1. Po3poOuTH riipaBaiyHuil €KCIIEPUMEHT Ul JOCIHIPKEHHS 3MIHM BEJIMYMHU Koe(illieHTa
TiIpaBIiYHOTO TEPTS NMPH 3MiHI TeoMeTpii KaHaJiB, MOPIBHAHHUX 13 pO3MipaMH CTPYKTYpH HOTOKIB,
BUSBIICHOI NPY Bi3yaui3allil BUTIKaHHS CTPYMEHs BOJU B 3aTOIJIEHE MiCIIE.

2. Po3pobuTH eKCrepuMeHT 13 TEPEHECEHHS TEIUIOTH I JOCHIIKEHHS 3MIHH BEJIUYWHU
KoedillieHTa TemIoBiAa4Yl MpU 3MiHI reoMeTpii KaHalliB, MOPIBHAHHUX 3 pO3MipaMH CTPYKTYpHU
MTOTOKIB, BUSIBJIEHOT IPU Bi3yai3allii BUTIKAHHS CTPYMEHS BOJIU B 3aTOIJIEHE MICIIE.

Marepiaan Ta MeTOAM AOCJHIZKeHb. Y CTaTTI MOKAa3aHO Pe3yJbTaTH AOCIIKEHb MPOIECIB
PYXY pIAMH Ta ra3iB JJisi BUPIIICHHS 3aBIAAaHHS 3HIDKEHHS aepo- Ta TiIpaBIiYHUX OMOPIB, a TAKOX
301IbIIEHHS KoedillieHTa TEeIUIOBiA/1aul Ha TPaHHULIl Ta3 — MeTalleBa CTIHKA.

OCHOBOIO TOCTIIPKEHb € METOJ] BI3yaJIbHOT 11arHOCTUKH CTPYKTYpPHU MOTOKIB. Takok BUKOHAH1
TiIpaBivyHI Ta TEIUIOBI €KCIIEPUMEHTH, SKI IMOKa3alMd BIUIUB CaMOOpraHizalii CTPyKTYpH MOTOKIB
Ha OCHOBHI €HEpPTreTHYH1 MOKa3HUKU PYyXYy PIAMH Ta ra3iB Ta 3aKOHOMIPHOCTI ITEPEHECEHHs TeIJIOTH.

PesyabTaTn pociigkeHb. EHEpreTHYHMMH TMOKa3HUKAMHU TOTOKIB € TIOTCHINIAIM Ta
IMHaMIYHa cKjajgoBa eHeprii. Jns momaHHs abo po3paxyHKy eHeprii pyxy piauH 1 rasiB
BUKOPHUCTOBYIOTh pIBHSIHHSI BepHysui, B IKOMy MOKHA BUAUTUTH TUCK P a0o MOTeHLiiHy YacTHHY
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Ta JMHAMIYHY CKIanoBy D, mpomopuiiiny kBagpary msuakocti KVZ,

[TepenecenHs Tera Temmneparypa t K MOTEHIlaN 1 KUTbKICTh Teria ( sk auHamika. [1ig gac
MPOBE/ICHHS JOCIIIKEHb JIeTIIe CKOPHCTAaTHCA KOoedillieHTaMH MPOMOPIIHHOCTI MiX TOJOBHUMHU
€HEePreTUYHUMH NMOKa3HUKaMH. [1i1 yac pyxy piJiliH Ta ra3iB BUKOPUCTOBYIOTHh KOC(IIIEHTH OTOPIB.
Jlnisi mepeHeceH sl Terla BUKOPUCTOBYIOTh JIBAa THUIIM MOKA3HUKIB: KOS]II€HT TEIUIOBiAIAYI O, 110
XapakTepU3ye MPIMY 3aJIeXKHICTh AMHAMIKK TEIlIa Bix moTeHiany y 3akoni Hetorona ( = oty — t2).
OnHak y po3paxyHKax IOKAa3HUKIB MEPEHECEHHs TeIla MepeXosiTh J0 KOeQilli€HTIB TEMIOBHX
oropiB R sk 3BOPOTHOT 3aJIEXKHOCTI FOJIOBHUX EHEPreTUYHUX MOKa3HUKIB ( = (t; — 1) / ZR:.

Jlst po3poOKu mpono3uilii moao mokpaiieHHs podbotu ['TK BUKOPUCTOBYBaMCS TPU THITH
JOCHITHUIBKUX MiaxoiB. OCHOBHUI MeTO/ — Bi3yalli3allis MOTOKY CTPYMEHS IIPU JJaMiHapHOMY Ta
TYpOYJICHTHOMY PEXHUMI TeHiil JUIsl BHSABJICHHS T'€OMETPHUYHUX PO3MIpPIB CTPYKTYPH Teuli piIUHH.
Jlns BU3HAUCHHs BIUIMBY OpraHi3amii CTPYKTypW NOTOKIB Ha €HEpreTH4Hi MapamMeTpH piAuH, IO
pYyXaroThCs, BUKOHAHI T1JIpaBiiuHl JOCTIXKEHHS, a TAKOK €KCIIEPUMEHTH 3 MEPEHECEHHsI TEIJIOTH
BiJl HABKOJIMIITHHOT'O CEPEIOBHILA 10 METAJIEBOI CTIHKH.

Bnnue nonepeunoi cmpykmypu nomoxié Ha koegiyienmu onopig. IIpudnHOI0 MpPOBEACHHS
eKCIIEpPUMEHTIB IS IOCII/PKEHHS! eHePreTHYHUX IapaMeTpiB MOTOKIB CTAIN PE3yJIbTaTH Bi3yalbHOT
JIarHOCTUKU PYXy CTPYMEHs piguHHU y 3aToruieHomy mpoctopi [11]. Ha puc. 1 BumHO cBiTii Ta
TEeMHI cMyTH (OHOPI/IHI MapH, SKi NPEACTaBICHI y Bi3yallbHUX eKCIIepuMeHTax PeiiHonbiaca), siKi
MOKHA XapaKTepHU3yBaTU SIK MO3UTHBHI MyJbCAlliliHI KOMIIOHEHTH JAUHAMIYHOI CKJIaJ0BOi eHeprii
(cBiTIIi cMyTH — 4) Ta HEraTHBHI KOMIIOHEHTH (TEMHI CMYyTH — 5).

Puc. 1. BizyanpHa kapTHHA Ta MOJEIH JJIS JOCITI/DKEHHS BIUTUBY TIONIEPEYHOT CTPYKTYPH TOTOKIB!

a — Bi3yaJlbHa KapTUHA 3aKIHUEHHS CTPyMEHsI BOJIU B 3aTOIJIEHU NIpOCTip; O — MOJIeNb ISt
T1IpaBJIIYHUX Ta TEIMJIOBUX JOCHIKEHb BILUIMBY CTPYKTYPH ITOTOKIB HA EHEPTeTHYHI TapaMeTpH pyxy
piauHH. b — mmprHa coma; Ah — po3mip CBITIOl Ta TEMHOT CMYTH CTPYKTYPH MOTOKY.

1 — ctpy™minb; 2 — comuto; 3 — 3aTorieHe Micie; 4 — cBiTia cMyra (TO3UTHBHUIA TPAIEHT AMHAMIYHOT
CKJIAJIOBOI ITOTOKY); TEMHA CMyTa (HETaTUBHUI IPa/lieHT TUHAMIYHOI CKJIa/I0BOI IOTOKY)

BisyanbHa kapTuHa Ja€ HOBY iH(OpMAaLI0 PO CTPYKTYpPY IMOTOKIB, HMOPIBHSHO 3 BiIOMHMU
Bi3yaJIbHUMH JOCTI/DKEHHSIMH CTPyMeHsi B 3aTomieHoMmy mpoctopi [12, 13]. [ns mnepeBipku
BIJMOBIAHOCTI BI3yaJIbHOI KapTUHHU CTPYKTYpPU MOTOKIB 3MIHI €HEPreTUYHUX MapaMeTpiB IMOTOKIB
PO3pO0IIEHO Ta MPOBEACHO JEKIJIbKa IJIPaBIiYHUX Ta TEIUIOBUX €KCIIEPUMEHTIB. [aes mapasnienbHOro
MIPOBE/ICHHS] EKCIEpUMEHTIB Oyna y HE3aJe)KHOMY BHSBIEHHI BIUIMBY CTPYKTYpU IOTOKIB Ha
SHepreTUYHI MapaMeTpy pyxy piIMHU uM rasiB. Y jgabopartopii Onecbkoi 1epkaBHOI AKaieMii X001y
(OJAX) y 2002 porii Oyo BHKOHAHO CYMIIIEHWH TiApaBIIYHUAN Ta TEIUIOBHHA EKCIIEPUMEHT Oe3
aKIIEHTIB Ha Bi3yalbHi JOCTI/DKEHHS CTPYKTypu moTokiB [14]. B Opechkiit mepxaBHili akamemii
OyniauuTBa Ta apxitekrypu (OJJABA) BHKOHYyBaBCS JMIIE TiJPaBIiYHUM €KCIIEPUMEHT i3 YITKOIO
NPUB'SA3KOI0 JI0 pe3y/bTaTiB BUSBICHOI CTpykTypu [15]. 3aBmaHHs JOCHiIKEHb — BH3HAUYCHHSI
3aJIeKHOCTI 3MIHM BUTpatd Q ab0 MIBUAKOCTI MOTOKY V B 3amaHoMy fiana3zoHi THckiB (P =5 — 40
klla) mpu nuckpeTHii 3MiHI TUTbKM BHCOTH KaHaimy h [mwm]. HarmsimauM moka3HMKOM 3MIHU
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JMHAMigHOT CcK1azoBoi emeprii motoky D = kV? = f(P) e koedimienT rinpasmiunoro teprs A.
[HopcTkicTh MOBEPXHI KaHATIB IMiJl Yac MPOBEACHHS EKCIIEPUMEHTIB HE 3MIHIOBatacs. Tomy Jyis
JAMIHAPHOTO PEKUMY Tepediry eKCIIepHUMEHTAIbHI PEe3yIbTaTH 3aJIeKHOCTI Koe(illieHTa TepTs BiA
yrcna PeliHonbca moTpiOHO MOPIBHIOBATH 3 JIHIEIO, KA pO3paxoBYyeThes 3a Gopmydoro [Tyazeins A
= 64/Re; npu uucnax Re > 5000 pe3ynbTaTé MOTPiOHO MOPIBHIOBATH 3 JIHIEIO, KA PO3PAXOBYETHCS 3a
dopmynoro Brnasiyca A = 0,3164/ Re®®. Ha puc. 2 mokasaHi pesyibTaTd ABOX TiApaBIiYHHX
EKCIIEPUMEHTIB Y JIBOX PI3HHX J1ab0OpaTopisx 3 METOK JOCHIHKCHHS 3aJIeKHOCTI KoedimieHTa
TipaBIigHOrO TepTS A Bij uncia PeiiHonbaca npu pi3HUX JiHCHUX 3HAYEHHSX BUCOTU KaHAy h.

A =f(Re) mpu h = (0,4 + 2,5) mm Q)
a) A
.
0,10
4
~
A , - 025
- =64/Re % A =0.3164/Re
A =96/Re
Re
0,001
1000 10000 30000
0,055
0) Y —e— 1,04 — @ 1,08 —® — 1,17
1,69 -—0-- 1,73 —e— 1,89 ®— 2,3
0,05 2,38 —&— 2,55 =l Puazeil =l B|a7ius
e=1700 === Re =3400
\ e
o\

0,04 .\.\ N 8
0,035

0,03 Re

1000 1500 2000 2500 3000 3500 4000 4500 5000

Puc. 2. 3anexHicTb KoedilieHTa T1IpaBIiyHOro TepTs A BiA uucia PeliHonb/ca npu pyci Boau B
HIUIMHHUX KaHajlaX [P pi3HUX 3HAYEHHSIX BUCOTU KaHAMIB h:
a — pesynbratu excriepumenty B OJIAX npu h = (0,4-2,5) MM; © — pe3ynbTaTi eKCIIEPUMEHTY B
OJABA npu h = (0,4-2,5) mm

Benuuunu 3a30py — BUCOTH KaHaity h 3MiHIOBanucs AMCKPETHO B Aianasoni h = 0,4 + 2,5 mm. B
excriepumenTi OJIAX He Oyiio MpUB'A3KU /10 BUSBIEHUX 3aKOHOMIPHOCTEH MPO CTPYKTYpPY MOTOKIB,
TOMY BIAXWJIEGHHS 3HaueHb Bia 3anexHocti [lyaseitns i1 brnasiyca noci BuaaloThCst sIK 00JacTh
HEBU3HAYEHOCTI, M0 TAaKOK Oynao moka3zaHo B poborax OJAX [14]. Taki ysBICHHS IIUJIKOM
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BIINOBITAIOTh MAPAUIMi Xa0Cy TYpOYJIEHTHUX TOTOKIB Ta METOAMII OMOCEPEIKYBAaHHS MapaMeTpiB.
Xoua SKII0 YMOBHO MPOBECTH BEPTHKAIBHY JIiHItO 115 uncna PeitHonmbaca Re = 1700 (puc. 2, 6), To
I oniepedHoro po3Mipy h = 0,9 MM koedillieHT rigpaBiigHoro Tepts aopiBHIOE A = 0,09, a mpu
h = 1,3 koeoimieHT TepTs Biapi3HsIeThCA B 3 pa3u Ta fopiBHioe A = 0,03. Takuii camuii miama3oH
3MiHU KOe(QIIi€HTa TiAPaBIIYHOTO TEPTs 30epiracThbcs, SKIO BEPTUKAIBHY JIIHIIO MPOBECTH YHCIIa
Peiinonpaca Re =3500 (puc. 2, 0).

B excriepumenti OJIABA BuOMpanucs 3HA4eHHST BUCOTH KaHAIIB hi, SIKi JO3BOJIMIM BHUSBHUTH
BIIMIOBIIHICTH PO3MIpPIB HIapiB Ha Bi3yaJlbHUX KapTHHAX XBHJIHOBOTO XapaKTepy 3MIHHM JHMHAMIYHOL
CKIIa0Boi eneprii otoky [ = kaV? = f(h) npu miniituiit 3mii Bucotn kanany h (puc. 3) mpy 3a1aHKX
gyucinax PeitHonbaca Rep = 1700 (sraminapruii peskum Tedii) 1 Re; = 3500 (TypOysieHTHHI pekuM Tedii).

0,12 0,12

L="1(h) kAV? kAV2 ={ (h)

0,08 [m?/s?] Re = const

0,04

- Ah + AL
+AV? - AV?

04 0,6 0.8

s

+AV? || - AV?

8 0,2 04 06
-0,04

0

2

-0,04

0,08 -0.08

0,12 -0,12
a) 6)
Puc. 3. 3mina koedilieHTa riipaBIiyHOrO TEPTS Ta IMHAMIYHOI CKIIAI0BOi €HEprii MOTOKY MpH
JHIMHIN 3MiHI BUCOTH KaHamiB ipu Re = 1700:
a — sanexuicts A = f (h) pu Re = 1700; 6 — 3anexwicts kaV? = f(h) npu Re = 1700

To6to, npu niHiiHIA 3MiHI pO3MIpiB MPOTOYHOT YACTHHH peajbHa IIBUAKICTD 3MIHIOETHCS 3
ypaxyBaHHAM XBHIILOBOTO XapaKTepy 3MiHH JHHAMIYHOI CKIIag0Boi eHeprii motoky /J = kV2,

Bnaue nonepeunoi cmpykmypu nomoxkie Ha xoeghiyicnm mennogiooauyi. 3aBIaHHs yCyHEHHS
pobIeMH HEBU3HAUEHOCTI MOKA3HUKIB MEPEHECEHHsS TEIUIOTH B KaHallaX HIUIMHHUX PO3MIpiB Mae
0CcOOJIMBY AaKTyaJIbHICTh JJIsl TOJIIIIEHHS pPOOOTH TEIIOOOMIHHUX arapariB KOTJIB, CHUCTEM
KiiMaTu3auii tomo. ['onoBHUM 3aBaaHHAM JochimxkeHs y naboparopii OHAX y 2002 poui Oys
€KCIIEpUMEHT 3 BU3HAUEHHS KOoe]illieHTa TEIUIOBIA1aul B IIUIMHHUX KaHaJlaX 13 IUCKPETHOIO 3MIHOIO
BUcoTH B niamazoHi h = 0,4-2,5 mm [14]. TermnoBuii motik Q y KaHamax BU3HAYaBCS E€IEKTPUYHOIO
notyxkHICTI0 Q = Ng; = U*I [Br] 3 0JHOCTOpOHHIM MiJBEICHHSIM TEIUIA B IIUTMHHUX KaHAIaX.
BennurHa mUTOMOro TEIUIOBOTO MOTOKY 3MiHIOBajacs B eKcHepuMeHTax a0 BenuuuHu 200BT.
Po3paxyHok koedirieHTa TerIoBi1aui po3paxoByBaBcs 3a GOPMYJIOKO:

o= Noy / [S (tr—t:)] )}
ne: Ney — MOTYKHICTB €IEKTPUYHOTO HATPiBaTBLHOTO €JIeMEHTa; S — MiIola 00JIacTi HarpiBy,
ter — t, — TemmepaTrypa CTIHKH Ta PIJMHH, K1 BUMIPSHI B €KCIIEPHMEHTI.

Ha puc. 4 npeacrasieHi rpadiku 3a pe3ynbraraMi 00pOOKH JOCITIIHUX JaHUX €KCIIEPUMEHTIB 3
HIUTMHHAMA KaHajamu 31 cTatTi [14], a Tako)k MOBHOTO 3BITY MPO BUKOHAHHS JIOCITIKeHb. B sKoCTi
BU3HAYAJILHOTO PO3MIPY LIUTMHHOIO KaHATy NMpHiMaBcs €KBIBAJEHTHUH JiaMeTp, po3paxoBaHMM 3a
dopmynoro dekB = 4S/R3m, nme: S — mioma XKMBOTO Tepepidy KaHaly, R3M — #Horo 3moueHuit
nepuMeTp. XapaKTepUCTHKHU MPEICTABIICHI I TUCKPETHUX BEJIWYMH BUCOTH KaHary h = § [mm].

3a BU3HAUAIbHY TEMIIEpaTypy NpHuiiManacs cepeHs 10 KaHaly TeMmIeparypa piiuHu. Brus
3MIHHOCTI ()I3UYHUX BJIACTUBOCTEHM pIIMHU Ha 1HTEHCHBHICTH TEIJIOBIAJadl BPaxoBYBaJloCs 3a
JIOTIOMOTOI0 TTOTIPABKH ﬂ’l’p/Pl’c,,,)0 = y MeXax BCiX cepiii JOoCiiliB, MPOBEAEHUX HA MIUTMHHUX
KaHajax, ii BenuunHa HaOyna 3HayeHHs Big 1,0 go 1,2. ABtopu excnepumenty B O/IAX 3a3naumnu,
mo xapakTtep 3MiHM uucen Hyccembra Bif uucna PeitHonbiaca (puc. 4, a) mo3Boiisie 3poOHUTH
BHUCHOBOK IPO T€, II0 B 3aKOHOMIPHOCTSX TEIUIOOOMIHY JJIsl KaHAJiB LIUIMHHUX PO3MIpPIB MEHIIE
0,8 MM criocTepiraeTbcsi CyTTEBE BiIXHIICHHS BiJl MOIMPEHOT 3aiexHocTi M. A. Mixeesa [14].
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Puc. 4. XapakTepuCTHKH NPOLECIB IEPEHECEHHs TeIUIa Y IIIMHHUX KaHalax:
a —3anexnicte NU = f(Re) y kananax 3 Bucoroto h = 0,4-1,3 mm; 6 — 3anexnicts a = f(P) y
kaHayax 3 Bucororo h = 0,4-1,6 mm

Amnani3 3anexsocti o = f(P) y kananax 3 Bucotoro h = 0,4-1,6 mm Ha puc. 4, 6 mokasye, 1o 3
eKCIIEpUMEHTAIbHUX JaHUX CEpelHIX 3HaueHb KOE(QIII€HTIB TEIUIOBLAJaul MOXHA 3pOOUTH
BHCHOBOK TIPO T€, IO TeMIT 30UIbIICHHS KoedilieHTa TeruioBiaaadi B miama3oni h = 0,4-0,65 mm i h =
0,9-1,17 MM (30HU MO3UTHBHUX JUHAMIYHHX KOMIIOHEHT) Oiiblie, HiXK y miamazoni h = (0,65-0,9) mm
ta h=(1,17-1,45) MM (30HH HETATHBHHUX JUHAMIYHUX KOMIIOHCHT).

3icTaBiCHHS pe3yJbTaTiB TiJIPaBIIYHOTO Ta TEIUIOBOIO EKCIIEPUMEHTY II0Ka3ye O3HAKH
BIUIMBY CTPYKTYPH IIOTOKIB (XBWJIBOBHH Ta AMCKPETHHH XapakTep pPO3MOAUTY IHHAMIYHHX
KOMITOHEHTIB €Heprii B MOTOIl PiAWHK) Ha TiApaBliyHI Ta TEIJIOBI MapaMeTpu MOTOKiB (puc. 5).
[Tpugomy TpaauIiiHO JJIs PO3PaXyHKIB Ta MOJAHHS XapaKTEPUCTUK BUKOPHCTOBYIOTH KOCQIIIEHTH
oropiB (Koe(dilieHT T1IPaBIiYHOrO TEPTA — A), a AJs TEIUIOBUX MPOLECIB BUKOPUCTOBYIOTh MPIMY
PONOPLIHHICT — KOeQilieHTH TeroBingaui o. J[ng ra3oTpyOHUX KOTJIIB OTPUMaHI pe3yiabTaTu
MO’KHA BUKOPHUCTOBYBATH JIJISI PO3POOKH MIPHUCTPOIB IHTEHCU(IKAIIT TSIUIOBIIIa4il HA TPAHUIII Ta3 —
MeTajieBa CTiHKa. Pe3yibTaTi MOKa3yroTh Jlalna30H MOMEPEeYHUX pO3MipiB KaHAIIB, A€ KOSQIIieHT
TETUIOBIIIa4i Ma€ BUCOKI 3HAYCHHS, TIPH [bOMY OIIOPH KaHAJIiB MAaTUMYTh MiHIMaJIbHI 3HAYCHHS.

0,12 28

kAV?2 kAV? = f (h) Ao
0,08 [m%s?] Re = const 26 [Br/m2K]
24
o +AV? |- AV? 2
0 _ 20
02\ 04 [ o6 18 s
-0,04 16
14
-0.08 2 AN——— h [mm]
0,12 0.2 04 0.6 0.8 1 12 L4 1.6
a. 0.

Puc. 5. 3anmexxHOCTI 3MiHN JUHAMIYHOT KOMITOHEHTH €HEPTii MOTOKY Ta KOe(iIlli€HTIB TEIUIOBIIadi
IIPU 3MiHI PO3MipiB KaHAMTIB:
a—kAV? = f (h) npu Re = 1700; 6 — o = f(h) mpu P = const
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Bnnueé no3006sicuboi cmpykmypu nomoxkie Ha Koegiyicum mennogiooayi. BaxxiuBe 3HaYCHHS
MMOBUHHI MaTH HOBI1 3HAHHS OpraHi3ailii Mo30BKHIX CTPYKTYpP MOTOKIB. /{11 BUSBIEHHS CTPYKTYpH
MOTOKIB TIOKA3aHO Bi3yalbHY KapTHUHY PiJMHM, 110 BUTIKA€ B 3aTOIUICHUI mpocTip (puc. 6).

Puc. 6. Ctpykrypa TypOyIE€HTHOTO CTPYMEHS Y 3aTOIIEHOMY IIPOCTOPI:
1 — cTpyMiHb; 2 — KaHaT; 3 — 3aTOIUICHHUN MTPOCTIpP; 6 — JUCKPETHI CTPYKTYPH; 7 — BUXOPH;
8 — rpaHwMIIst 30HU YTBOPESHHS TUCKPETHUX CTPYKTYP

IaTepec mpencrapisie 30Ha YTBOPEHHS CBITJIMX JUCKPETHUX O0JIACTEH, IO XapaKTEPHU3YIOTh
30UIbIICHHS JMHAMIYHOI CKJIAZIOBOI €Heprii MOTOKY, CIpPSIMOBAHOI BiJ] NMPUKOPAOHHOIO ILIapy
Bcepenuny ctpyMeHs. CboroHi OuIbIe yBaru NpualISeThest BuxopaM — 7. [IpoTe cmijx 3a3Ha4uTH,
1110 HAsIBHICTh BUXOPIB MOKa3ye pi3Kke 30UIbIIEHHS onopiB y noroui. [JuckpeTHi o6nacti — 6 BaxkKo
BUSIBJSITH Y TIOTOKAX, Ta iX POJIb BAKKO MEPEOLIHUTH. BUroTOBIEHHS TypOysIi3aTOpiB A KOTIIB
JI03BOJISIE CYTTEBO 30UIBIIMTH TEIUIOBLAJIA4y HA TPAaHULI a3 — MeTall, IpU LbOMY 3a0e3MeyuTH
MOMIpHIi 3HaYeHHS TipaBaidyHuX onopis. Ha puc. 7 mokazanuii TypOymizarop s koraa "Konsi'".

Puc. 7. Metoz po3poOku reomeTpii TypOymizaTopa KOTJa Ha OCHOBI BUKOPHCTaHHS CTPYKTYpH
CTPYMEHS B 3aTOIJIEHOMY IPOCTOPI

BumpoOyBanust kotina «KonBi», B SKOMY TOCTIDKYBaJIHCS €HEPreTUYHI MapaMeTpu JBOX
BapiaHTIB ekcuryatamii: 1 — 6e3 TypOyini3aropiB y ra3oBux Tpybax Ta 2 — i3 BCTAHOBJICHHSM
CTpIUKU Il 1HTeHCHIKamii TertooOMiHy. YcCTaHOBKa TypOyii3aTopa J03BOJIMIA 30UTBIIUTH
edeKTUBHICTh KOTJIA BiJl Ny = 0,8 mo Benmuumnam 1y, = 0,92. [Ipu nboMy BUTpaTu eHeprii Ha poOoTy
BEHTHJISITOPA 3MIHUJIHCS HE3HAYHO.

BucnoBku. Amnamiz pesynbrariB Oinbiie 430 mocnmigkeHb 31 30UIbLICHHS KOE(IIiEHTIB
TETUTOBIa4l HA TPAHUIll Ta3 — METajieBa CTIHKA MOKa3y€e€ MOJKJIUBICTh 301JBIIIEHHS TEPEHECCHHS
TEIIOTH B 2-5 pasiB, MpoTe BCi MPOMO3ULIi MPU3BOAATH 10 3HAYHOTO 30UIBLIEHHS Tipo- a0o
aepoOTOPIB 1 BIAMOBITHO CYTTEBOMY 3pOCTAHHIO BUTPAT €HEPTrii HA TPAHCTIOPT.
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BizyanbHi q0CmiKEHHS MOTOKIB 3 BUSBJICHHSIM CaMOOpPTaHi3allii CTPYKTYpH MOTOKIB JAarOTh
KOpUCHY iH(pOpMaIliio JUIsl OpraHi3alii riipaBliyHUX Ta TEIIOBHX EKCIEPUMEHTIB JJISi BUSBICHHS
BIUIMBY CTPYKTYpPHOI Oprai3ailii Ha OCHOBHI TapaMeTpH €HepreTUIHOro 00JIaHaHHS.

['iapaBiiuHi Ta TEMIOBI €KCIIEPUMEHTH MIATBEPAWIIA BIUIMB CTPYKTYpPHOI OpraHi3amii piauH
Ta ra3iB Ha CHEPreTHYHI MOKAa3HWKU TMOTOKIB. Pe3ympTatu M03BONISIOTH YCYHYTH MpOOJEeMy
HEBHM3HAYCHOCTI IMPHU pO3paxyHKax eHEPreTHYHUX mapameTpis [7].

Otpumani  pe3yibTaTH  JEMOHCTPYIOTH  TiepeBaru  BizyanpHOi  iH(popmamii  mpo
CaMOOpraHi3aililo CTpYKTYpH MOTOKIB PiIMH Ta ra3iB Mpu po3poOli ado BIOCKOHAJIEHHI TeoMeTpii
KaHaJIB 3 METOIO MMOKPAIlyBaTH MapaMeTpu poOOTH CHCTEM OTAJICHHS, OXOJIOKEHHS, KIIIMaTU3aIlii
TOIIIO.
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THERMAL AND AEROMODELS OF ENERGY EQUIPMENT OF RESIDENTIAL
COMPLEXES
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Abstract. During accidents or destruction of the infrastructure of residential complexes at low
temperatures, it is necessary to restore the operation of heat supply systems in a short time. It is
convenient to use gas tube boilers for this. But we need new solutions to the problems of increasing
the power and energy efficiency of equipment and systems due to the reduction of resistances to the
movement of liquids or gases, as well as the intensification of heat transfer. Numerous studies have
shown that an increase in the heat transfer coefficient at the gas-metal wall interface by 2-5 times
leads to an increase in energy consumption of boiler fans by 10 times or more. The article uses three
research methods to improve the performance of boilers. Visual diagnostics of the movement of
liquids and gases made it possible to identify signs of self-organization of the flow structure.
Hydraulic studies in slot channels, where only the height h varied in the range h = 0.2-2.5 mm,
confirmed that the distribution structure of the pulsation components of the dynamic part of the
energy affects the increase or decrease in speed at a given initial pressure.

The thermal experiment showed that the flow structure also affects the nature of the change in
the heat transfer coefficient. For channel sizes where the pulsation components have positive
values, the increase in the heat transfer coefficient is much more intense than for sizes where the
pulsations have negative values. That is, visual studies of the flow structure and the correct choice
of transverse channel sizes can solve the problem of increasing the flow up to 24% without
additional energy costs, as well as eliminate the problem of uncertainty when solving the problem
of intensifying heat transfer at the gas-metal wall boundary.

Visual studies of the jet in a flooded space provide information for solving the problem of
intensifying heat transfer. The use of turbulators in gas-tube boilers ensured an increase in boiler
efficiency from n,; = 0.84 to n,» = 0.929. At the same time, the energy consumption for fan
operation changed slightly. The use of visual diagnostics of the flow structure makes it possible to
solve hydraulic and thermal problems when developing or improving energy equipment for housing
complexes.

Key words: residential complexes, boilers, power, energy efficiency, heat transfer,
temperature, heat transfer coefficient, pressure, resistance, modeling, improvement.
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BUMOTH IO O®POPMJIEHHS CTATEH
y 301pHUKY HAYKOBHUX ITpallb
“CyuacHe OyJiBHHIITBO Ta apXiTeKrypa”

Jlo onyOmikyBaHHS y (axoBiii 30ipui HAyKOBHX TMpalb  HPUHAMAIOTBCA paHille He
OIryOJIiIKOBaHI HAyKOBI CTATTI, 13 3a3HAYCHOIO HIDKUE TEMATHKOK MyO TiKamiii:

1. Apxitekrypa.

2. ByniBenbHI KOHCTPYKIIIi.

3. ByniBenbHI MaTepiaiy Ta TEXHOJOTII.

4. 'igpoTexHivuHe Ta TPaHCTIOPTHE OYIIBHUITBO.

5. ImxenepHi Mepexi Ta 00aHAHHS.

6. OcHOBH Ta HyHIAMEHTH.

7. TexHozorist Ta oprasizaisi Oy iBeJIbHOTO BUPOOHHIITBA.

CrarTs NIOBHHHA BiANOBiIaTH TeMaTHLi 30ipHUKA, NY0JiKyBaTHCS BIIepLIe | BKIKYATH TaKi
eJIEeMEeHTH:

* aKTYaJbHICTh Ta IMOCTAHOBKY MPOOJIEMH Y 3arallbHOMY BUTJISAL, 11 3B'SI30K 13 BaKJIUBUMH
HAyYKOBUMH YU MPAKTUYHUMH 3aBIAHHIMH,

* aHaN3 OCTaHHIX JOCHIKeHb 1 MyOmikamii, y SKHX TNpEACTABICHO BUPIMICHHS IaHOi
nmpoOjieMd 1 Ha SKi CIUPAEThCSA aBTOP; BUILICHHS HEBUPINICHUX paHIIIE YacTHH 3arajibHOl
poOJIeMH, SIKUM TPUCBSIIYETHCS 1aHa CTATTS,

* (opmymroBaHHS METH CTATTI (IOCTAaHOBKA 3aBJaHHS);

* BHUKJAJ OCHOBHOTO MaTepialxy IOCTI/DKCHHS 3 IOBHHUM OOTPYHTYBAaHHSM OTPUMAaHHX
HAyKOBHX PE3yJbTaTiB;

* BUCHOBKH 3 JIAHOT'O JIOCITI/KEHHS 1 TIEPCIIEKTHUBY MOJATIBIIIOTO PO3BUTKY Y IAHOMY HATIPSIMKY;

* CIIUCOK JIiTepaTypHu.

3araJjbHi BEUMOTH 10 0()OPMJICHHA TEKCTY

CratTi noJatoThCs B eNeKTpoHHOMY Burisial ¢ainom Word 97 — 2003 B ¢opmari .doc. Ha3sa
¢aily Mae MICTUTH HOMEp TEeMaTHKM IyOuikaiii Ta Mpi3BUILNE MEpUIOro aBTopa (HAmpukKiIaa, S5
IBanoB.doc).

CraTTi IoAar0ThCsl YKPaiHCHKOIO UM aHTJIICHKOI0 MOBOIO 1 APYKYIOTHCSI MOBOIO OpHTiHATY.

TekcroBa 4acTMHA CTAaTTi HaOupaeThesi Ha apkymax Qopmary A4 mpudrom Times New
Roman 12 nT yepe3 oguHapHUil IHTEPBal, BUPIBHIOETHCA 110 IHUPHUHI CTOPIHKY, MO 1O 2 CM 3 YCIX
60kiB, ab3arHuii BiacTyn — 1,0 cm. O0csr cratTi 7-16 NOBHUX CTOPiHOK Pa3oM 3 aHOTALIAIMMU.

Crpykrypa crarri:

— indexkc Y/[K (BUpPIBHAHO IO JIiBOMY Kparo ©Oe3 a03al[HOro BIiACTYIy, NPONHUCHUM,
HaIBXUPHUMN);

— Hazea cmammi (BIALEHTPOBaHa, yci JITEpH NPOMMUCHI, HAMIBKUPHI, NEPEHOCH He
JIOTTYCKaIOThCA);

— npizeuwe, iniyiaau 6cix aemopis, HAyKoGUil cHMyniHb, é4eHe 36aHHsa (BUPIBHSHO IO
paBOMY Kpao, MPIi3BHUIIE — HAIIIBXUPHUHN; CTYIIHb 1 3BaHHS — PSIIKOBHIA);

— HO6HA HA364 GUWLO20 HABGUAIbLHOZ0 3AK1Ady uu opzauizayii (KypcuB, BHUPIBHSIHO IO
MPaBOMY KParo; SKIIO aBTOPH 3 PI3HUX HABYAIBHHX 3aKJIAIiB, TO KOXKEH aBTOP 3 OKPEMOTO PSIKA);
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— enekmpona nowma (BUPIBHSIHO MO IPAaBOMY Kparo Ta nopsia yHikanbauit Homep ORCID);

— anomauyii 0o cmammi (a03aIHUI BiACTYI, Ha3Ba HAIIBKUPHA, aHOTAIlli MHUIITYTHCSA JIBOMA
MOBAaMU: YKPATHCHKOIO 1 aHTIIHCHKOIO.

Texcr nepmioi aHoTalii NUIIETHCS MOBOIO OCHOBHOI'O TEKCTY CTaTTl Ta IOBUHEH OyTu He
Menul sk 1800 3naxiB.

Tekcr gpyroi aHoTalli, SKIIO BUAAHHS HE € IOBHICTIO aHTJIOMOBHHM, KOXKHA IyOJIKallis He
AHTJIIHCHKOI0 MOBOIO CYITPOBOKYETHCS aHOTAIIIE€I0 aHITIMCHKOI0 MOBOIO 00csiroM He MeHmn sik 1800
3HAKIB. SIKII0 BUJaHHA HE € MOBHICTIO YKPAiHOMOBHUM, KOKHA ITyOJIKaILlisl HE YKPaiHCBKOIO MOBOIO
CYIPOBOJDKYETHCS AHOTAIIEI0 YKPATHCHKOIO MOBOIO 0OcsiroM He MeHm sik 1800 3makiB. [[pyra
aHOTAITisl PO3MIIIYETHCS B KIHII CTATTI MICIISI CIIUCKY JITepaTypH Ha aHTJIINCHKii MOBI.

JIBi aHOTAMii MOBUHHI KOPOTKO MOBTOPIOBATH CTPYKTYPY CTaTTi, IO BKJIIOYAE BCTYIH, METY,
METOAMKY, pe3yJbTaTH, BACHOBOK. MalllMHHUI [IepeKiaj He 103BOIAEThCS.

— Kawuoei croea (MDKPSIKOBHI IHTEpBal HE pOOUTHCS, al3alHMW BIJICTYN, Ha3Ba
HaIBKHUPHA, TEKCT KJIOYOBHUX CIIiB HE Oibine 6—8 CIIiB).

Hasga crari, mpi3Buie i iHilianyd, HAYKOBUH CTYyIiHb, BYCHE 3BaHHA, MicIle poOOTH, aHOTAITis
1 KJIFOUOBI CJI0BA — IOBTOPIOIOTHCS YKPATHCHKOIO Ta aHIJIIHCHKOK MOBaMH.

Mix psakamu 3 iHgekcom Y JIK, Ha3Boro crari, MPI3BHINEM aBTOPIB, AaHOTAIIIEI0, OCHOBHUM
TEKCTOM 1 MEPeNiKOM JITepaTypu, JIITepaTypol0 Ha AaHMNMCHKIA MOBI Ta JPYrol0 aHOTAli€l0
OJIMHAPHHIA IHTEpPBAJL.

— OcHOGHUIl mexcm cmammi.

CTpyKkTypa OCHOBHOTO TEKCTYy CTaTTi 3rigHO 3 moctanoBoro BAK VYkpainu Ne 7-05/1 Big
15.01.2003 p. (bronerenr BAK VYkpainu Nel, 2003 p.) noBuHHa MaTH Taki HEOOXiIHI €JIEMEHTH
(nazeu cmpykmyphnux enemenmie 6 mexcmi cmammi ROMPIOHO 6UOLTUMU HANIEHCUPHO):

— BCTyn (IIOCTAaHOBKAa NpoOJeMM Yy 3arajJibHOMY BHIVIAAI Ta ii 3B’SI30K 3 BaKJIMBUMHU
HAYKOBUMH UM NMPAKTHYHUMHU 3aBJJAaHHSIMH );

— aHaJi3 OCTaHHIX JpKepelN AOCHTIKEHb 1 MmyOsikaliid, y sSKUX 3al04aTKOBAaHO PO3B’S3aHHS
npobnemu (OakaHo, mo0 1e OyB aHai3 OCTaHHIX myOmikamii y (axoBuX >KypHayax) i Ha sKi
ONUPAETHCSI aBTOpP, BUJUICHHS HE pO3B'I3aHUX paHIlle YacTUH 3arajbHOi MpoOJeMH, SKUM
MPUCBAYYETHCS CTATTS;

— IIOCTaHOBKA METH Ta 3aBJaHHs ((HOPMYITIOBaHHS METH Ta 3aBAaHb JOCIIKEHb);

— MareplaJii Ta METOAU JIOCHIUKEHHsS (ONMHUC BUKOPHUCTAHUX MaTepiajiB Ta MeETOJIB
JOCTIKEHHS TPOOJIeMH, 110 PO3TIISIAETHCS Y CTATT1);

— OCHOBHHUHM MaTepiall 1 pe3yJbTaTu (BUKJIAJ OCHOBHOTO MaTepialy JOCHIKEHHS 3 TTOBHUM
OOI'pYHTYBaHHSAM OTPUMaHUX HAYKOBUX PE3YNbTaTiB);

— BHCHOBKM (HayKOBa HOBH3HA, HAYKOBE Ta MPAKTUYHE 3HAUYEHHS PE3y/IbTATIB OCIIKEHHS,
NEPCHEKTUBH MMOATBIINX HAYKOBUX PO3POOJIECHB);

— Jimepamypa (BiILIEHTPOBAaHA, HAIIBXUPHA; TOCWJIAHHSA B TEKCTI TOJAIOTh Y KBaJpaTHUX
ayxkax [2]; cnucok miTepaTypu HABOAWTHCS BIAMOBIAHO MOPSIKY MOCKIAHb Y TeKCTi 3rigHo 3 JICTY
8302:2015 Ta 3ammcyeThCs B CTOBITYMK; HanucaHHs «J/[kepena indopmartii», «Ileperik miteparypm» He
nomyckaerbest). biOmiorpadidHuii CIMCOK HABOJUTHCS MOBOK) OpHTIHAITY Ta TPaHCIITEPYETHCSL.
KinbkicTe mocuiaHp Ha JiTEpaTypHI JKepelia y CTaTTi MOBUHHO OyTH He MeHIe 15 mxepen. OcobmmBa
yBara npuaiIsieTbesl CydacHUM aHTJIIOMOBHHUM CTaTTsAM, 30KpeMa iHekcoBanux WoS abo Scopus.

— oioniozpaghiunui cnucox (References). Jlns BiATBOpPEHHs YKpaiHCHKMX BJIACHUX Ha3B
3ac00aMH aHIINHCHKOI MOBM TIpH TepeKyiaai MyOrikaiii aHTIHCBKOI0 MOBOIO 3aCTOCOBYETHCS
TpaHchiTepariis. HaliMeHyBaHHsSI opraHizaiiii Ta yCTaHOB, IO HE TMEPEKIAJTAOThCS HA aHTIIIHACHKY
MOBY, TaKOX TPaHCIITEpYyIOThCs. TpaHciiTepallis Mpi3BUI aBTOPIB BUKOHYETHCS 3AJISKHO BiJl MOBU
OpHriHay Jkepena BianoBiaHo 10 BuMor [loctanosu Kabinery MinictpiB Ykpainu Bin 27.01.2010 p.
Ne 55 «Ipo BopsaKyBaHHS TpaHCIiTepalii ykpaiHcbkoro andasity gatununero». bidmiorpadiunuii
CIHCOK TOBWUHEH Oytu odopmwiienuii 3 Bukopuctanusm ctuias |EEE STYLE s3rimro 3
«M1XKHapOJHUM CTHJIEM LIMTYBAaHHS Ta MOCUJIaHHS B HAyKOBUX poOoTax», Kuis, 2016.

Tabauyi cnin BUKoHyBaTH B pemakTopax Word 6e3 3anuBanHs. Koxxna tabmuiis mae OyTu
HAQ/IpyKOBaHa 3 BIAMOBIJHUM 3arojlOBKOM Ta HyMEpalli€lo IMicis MNEepIIOro MOCHJIaHHS Ha Hei.
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upuna Tabnuipe HE MOBHHHA TNEpeBHINYBaTH mojs cropiHkd. lpudTt B Tabmuii mnoBuHEH
BIIMOBIIaTH MIPUQPTY CTATTI.

@opmynu MaroTh OyTH BHKOHaHi B penmakropi ¢opmyn Equation 3.0 un MathType 3
BUKOPHCTAHHSAM TUIbKHM 3aranbHOnpuiiHATHX MmpudTiB (Times New Roman; Symbol). Koxna
dopmyna HaOHpaeThCs K OAUH 00’ €KT, Hymepalis (opMyn apabCbKuMH IU(ppaMu CIIpaBa B TyXKKax
BHUPIBHSHA 10 IIUPHHI CTOPIHKH.

Pucynku (nmiarpamu, (HoTo), MOAAIOTHCS y YOPHO-O1IOMY, KOJHLOPOBOMY BapiaHTi abo y
rpajialisx Ciporo KOJbOpy MiCJs MEPIIOTro MOCWIAHHS HAa HUX; MalOTh OyTH 3TPYIOBaHi Ta SBISATH
co0ot0 oauH rpadiuyHuii 00’ €KT; MaTH HyMEpaLilo Ta MiJNKC MO3HAYEeHHS 0Ch KoopauHat. Po3mipu
IIJIMKMCIB HA pUCYHKY MTOBUHHI BiamoBigatu mipudty Times New Roman 12 mr.

Pa3om 3i cTarTero nogaTLCA:

— BIJOMOCTI Mpo aBTOpa (aBTOPChKA JOBIAKA): MpPI3BUINE, IM s, MO OAaTHKOBI (ITOBHICTIO);
BUCHE 3BaHHS, BUCHHI CTYIIIHB; MOCAaa, MicIle pOOOTH; KOHTaKTHI aJpecu W TenaedOoHH; MOIITOBA
azipeca, Ha SIKy HaJICUJIaTH IPUMIPHUK 30ipHHUKA

— PpEeIeH31s Ha CTaTTIO, SKIIO aBTOPOM € acmipaHT Oe3 CIBAaBTOPIB 3 BYCHHWM CTYIICHEM Ta
BUCHUM 3BaHHSIM.

CrarrTi, sIKi He BIINOBIIAIOTH HABEAEHUM BHMOIaM, /10 PO3IJIsiAy He IPUHMAKThCS.

[Tomani MaTepianu MiUIATral0Th JOJATKOBOMY PEIICH3yBAaHHIO WIEHAMHU PEIKOJerii a0o mpoBiAHUMHU
¢daxiBusMH 3a HAYKOBHUMH HalpsMaMH, TOMY MOXYTh OyTH TIOBEpHEHI aBTOpamM Ha
JOOTIPAIFOBAHHS.

OcrartouHe pimeHHs mo0 myOTiKamii CTaTTi NpuitMae pegaKiiifHa KoJeris BUIaHHS.
BinxwieHnii opuriHal He IOBEPTAETHCA.
Omutara 301HCHIOETHCS TUTBKH MiCTS MIATBEPAKEHHS IPUMHSTTA CTATTi 10 IPYKY.

Bapricte my6mikamii crarti 1100 rpu. 30ipHUK BUXOAWTH 4 pa3uW Ha piK MIOKBapTaIbHO, B KiHII
KO)KHOTO KBapTaiy. CTaTTi HeoOXiHO HaJcWiIaTh 10 | 4ucna OCTaHHBOTO KBapTaly (HalpuKIam,
SKILO 301pHUK BUXOAWTH B KIHIIl YEPBHS, TO CTATTI NMpUMaloThes 10 1 yepBHS). Aje npuiioM crareit
MOXe€ 3aKIHUUTHCH PaHillle BKa3aHOTO TEPMiHY, SKIIO Oy/e HabpaHO HEOOXiTHY KUTBKICTh CTOPIHOK.
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