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Beryn. BucokoedektuBHI 100aBKM 10 OETOHIB MalOTh 3HAYHWNA BIUIMB Ha
SKICTh Ta JTOBTOBIYHICTH OyHiBETBbHUX KOHCTPYKINH. 3aBIASKH iM MOXKHA JTOCSTTH
MOKpAIEHHS XapaKTepUCTHK OETOHIB. 3aCTOCYBaHHsS Cy4acHHX J00aBOK I03BOJIE
3MEHIIATH KIJIBKICTh IIEMEHTY, BOAM Ta 1HIIMX KOMIIOHEHTIB y CyMIillli, 1110, B CBOIO
4yepry, COpuse ONTHUMI3AIli] MPoIleCy Ta 3HIKEHHIO BUTpaT. Bukopucrtanus n100aBok
CIIpUsi€ 3MEHIIEHHIO BUTpAT Ha OyAiBeNbHI MaTepiaad 3a paxyHOK ONTHUMI3aIlli
CKJIaJy O€TOHHOI CyMiIII Ta 3HWKEHHS MOTPEOU B IIEMEHTI.

OcHoBHa vyvacruHa. CydacHli J00aBkM 70 OCTOHIB CKJIQJalOThCA 3
PI3HOMAaHITHUX XIMIYHUX KOMITOHEHTIB, KOXKEH 13 SIKUX BUKOHYE MEBHY (QYHKIIIIO JIJIs
MOKPAIICHHS BJIACTUBOCTEH OeTOHHOI cyMmimil. OCHOBHI CKJIaJIOBI €IEMEHTU TaKUX
100aBOK MOYKHA MOIIUTH Ha KiIbKa KaTErOpii:

a) nnacmughikamopu - 3HWKYIOTh B'sI3KICTh OETOHHOI CYMIIIIi, 11O IMABHUIIYE i
IJTACTUYHICTh 1 3PYYHICTh yKJajaHHs. Lle 703Bojsi€ 3MEHIIMTH KUIBKICTH BOJIH,
MOTPIOHOT JJIsl JTOCATHEHHST HEOOXIAHOI PyXOMOCTI OETOHy, IO, B CBOIO 4epry,
CIpUsi€  TMIJABUINCHHIO MIIHOCTI Ta JOBIOBIYHOCTI TOTOBOTO  MaTepiany.
[Inactudikatopy  MOXyTh  OyTM  HOpMalmbHOI  (mOMIpHOI)  11i  abo
cynepruiacTu(ikaTopy, sSKi JO03BOJSIOTH CYTTEBO CKOPOTUTU BOJIOLIEMEHTHE
CITIBBIIHOIIEHHSI.

0) noeimpoemszyeanvHi 000aéKu - CTBOPIOIOTH B OETOHI MIKPOCKOMIYHI
MOBITPSIHI TIOpH, SKI MIJBUIYIOTh HOTO MOPO3OCTIHKICTh 1 BOJOHENPOHUKHICTD.
Bonu edexkTuBH1 a1 3ano0iraHHs pyWHYBaHHIO OE€TOHY BHACIIIOK 3aMEp3aHHS 1
BiJITaBaHHS BOAM B WOTO CTPYKTYpI, IO OCOOJIMBO aKTyaJbHO B YMOBaX XOJIOJHOTO
KJIIMATy.

8) npuckoproeaui meepoiHHA - BUKOPUCTOBYIOTHCS MJIsS HIBUIKOTO HaOoOpy
MIIIHOCTI O€TOHY Ha paHHIX eramnax. [le 0co0iaMBO KOPHCHO B yMOBaX HM3BKHX
TeMmriepatyp a00 Koiau TMOTpIOHO IIBMAKE 3aBEpUICHHS OyAIBEIbHUX POOIT.
[IpuckoproBaul J03BOJISIIOTH paHille 3HIMATH ONaTyOKy 1 MPOJOBXKYBATH MOAAbIII
OyJiBeJbHI €TalH, 10 €KOHOMUTh Yac Ta KOIIITH.

2) ynoginvHnioeaui meepoinHA - BUKOPUCTOBYIOTHCS JIJISl 3HWKCHHS IIBUIKOCTI
riparanii UeMEeHTy, 10 YMOBUIbHIOE IMpoliec TBEpAiHHA OeToHy. Lle xopucHO mpu
OETOHYBaHHI BEJIMKUX OOCSIriB ad0 B yMOBaX BHUCOKUX TEMIEpATyp, A€ IIBUAKE
TBEPJIHHS MOKE MPU3BECTH J0 HEPIBHOMIPHOTO HAOOPY MIIHOCTI Ta MOSIBU TPIIIKH.

a) rigpoioasimiiini 100aBKM - 3HWXKYIOTH BOJOIOTJIMHAHHS OETOHY,
MIIBUIYIOYM  HWOTO  BOJOHENPOHUKHICT. BOHM  MomomararoTh  3amo0irTu
MPOHUKHEHHIO BOJM Y BHYTPIIIHI IIapH KOHCTPYKLIN, 110 MIABUIILYE iX CTIHKICTH 10
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KOpo3ii, 0COOMMBO AJIA CIOPYI, SKI KOHTaKTYIOTh 13 BOJIOIO a00 3HAXOMSTHCS B
arpeCMBHHX CEPEIOBUILAX.

€) aHmMuKopo3iiHi 0o6asKku 3aXUIIAIOTh apMaTypy B OETOHI BiJ KOPO3ii,
3HUKYIOYH PHU3UK MOIIKOKCHHS OCTOHHMX KOHCTPYKIIH 1 301IBIIYIOYH TEPMIH iX
coyk6u. Ili  mgo6aBkuM 0COOJMBO  BaX/IMBI JUIA OCTOHHUX CIHOPYH, IO
BUKOPUCTOBYIOTBCSL Yy BOJIOTHUX YMOBax a00 MIJAalOThCAd BIUIMBY arpecMBHHUX
CEpEeIOBHILI.

’) cradlijgizaTopum -  JOMOMaralTh 3MEHIIUTH pPO3IIAPYBaHHA OETOHHOI
CYMIIIIl, TOKpAIyIouu ii OAHOPIAHICTh Ta 3amobiraloum BTpaTaM Martepiaiy mija yac
TPAHCTIOPTYBAHHS Ta YKJIaIaHHS.

3) ywyinbuioéaui - 30UTBIIYIOTH WIUIBHICTE OETOHY, IIO MiABHUIILYE HOTO
MIITHICTb 1 3HUKYE TTOPHUCTICTh.

i) cynepnnacmughikamopu — 1€ BUCOKOAKTHBHI [100aBKH, SKI 3HAYHO
3HUKYIOTh BOJIOIIEMEHTHE CITIBBIIHOIIEHHS MpH 30€peKEHHI PYyXOMOCTI 1 IIe
J03BOJISIE  OTPUMATH BHUCOKOMIIIHMM O€TOH 1 3HAYHO 3HUXKYE WMOBIPHICTD
BUHUKHEHHS TPIIIMH MPHU ycaill OeTOHY.

Po3paxyHok eeKTHBHOCTI 32CTOCYBAaHHSI CY4ACHUX 100aBOK 10 0eTOHIB

st BU3HAYCHHS €KOHOMIYHO1 e(eKTUBHOCTI 3aCTOCYBaHHS
BHCOKOE(PEKTUBHUX JOOABOK /10 OETOHIB CIiJl PO3MISIHYTH TaKi OCHOBHI ACIIEKTH:

a) 3HM:KEeHHSI BUTPAT HA meMeHT. BukopucrtanHs 100aBOK, 10 30UIbIIYIOTh
MILIHICTb O€TOHY, J03BOJISIE 3MEHIIWTH KUIbKICTh LEMEHTYy B cymimi. Lle copuse
3HUKEHHIO CO0IBapTOCTI OETOHY, OCKUIBKM IIEMEHT € OJIHUM 13 HaWJ0opOKIMX
KOMIIOHEHTIB O€TOHHO1 CyMIIIII.

0) 3MeHIIeHHS] BUTPAT HAa BOAY Ta eHepriw. Jleski 700aBKu 10NOMAararoTh
3HU3UTHU NOTPeOy B BOJII JJIs1 OTPUMAHHS HEOOX1/IHOT IUTACTHYHOCTI OETOHHOI CyMiIIi.
Ile 3MeHIIye BUTpAaTH Ha BOJOMNOCTAYaHHS, a TAKOX BUTPATH HA EHEpriro i ii
TPAHCTIOPTYBAHHS Ta BUKOPUCTAHHA Ha Oy1IBEJIbHOMY MalJaHUHKY.

B) CKOpPOYEHHSI 4acy Ha YyKJaJaHHA Ta 3aTBepAiHHs. BucokoedekTuBHI
00aBKH MOXKYTh CIPHUSTH MPUCKOPEHHIO MPOIECY TBEPJIIHHS OETOHY, IO J03BOJISIE
CKOPOTUTH 4Yac BUKOHaHHS PoOIT. lle mo3uTHBHO BIUIMBAaE Ha 3arajibHi BUTpPATH Ha
OyIIBHUIITBO, OCKUTBKH 3MEHIIYE BUTPATU HA OPEHIY OOJaJHAHHS Ta OIUIATy Mparll
POOITHUKIB.

r) MNOKpAaIlleHHA JAOBroBiYHOCTI KOHCTPYKWiA. 3aBOsSKd IIiBHILNCHIN
BOJIOHETIPOHUKHOCTI Ta MOPO3OCTIHKOCTI OETOH 13 J00aBKaMH CTa€ OUIBII CTIMKUM
710 30BHIIIHIX BIUTMBIB. Lle ckopouye 4acToTy Ta 0OCAT pEMOHTHUX POOIT MPOTITOM
eKCIUTyaTarii KOHCTPYKIIiH, 10, B CBOK 4Yepry, 3HIKYE BHUTpaTH Ha ix
00CITyrOByBaHHS.

1) 3HUKEHHSI €KOJIOTiYHOT0 HABAHTAKEHHS. 3aB/SKU 3MCHIIICHHIO MOTPEOHn
B IIEMCHTI, KM € CHCPrOEMHHMM MaTepiaJioM, 3HFIKYETHCS 3arajilbHe CITOKHUBAHHS
eHeprii Ta ckopouyeThcst BUkua CO:z. e Mae ekoHOMIUHY IIHHICT, OCKITTBKH CTIPHUSE
30epeKEHHIO MPUPOHUX PECYPCIB Ta 3MEHIIEHHIO TUIATH 32 BUKHUAU MMAPHUKOBUX
ra3iB y JesSKUX KpaiHax.



dopmyna 151 po3paxyHKy €KOHOMIYHOTO €eKTy

3aranpHuii exoHomiuHuii edekt (E) Big 3acTocyBaHHS J00aBOK MOXKHA
BU3HAYUTH 32 POPMYJIIOL0:

E=AC+AT+AP—-AB (1.1), ne:

AC — 3HIKEHHS BUTPAT Ha LIEMEHT (TpH/M?),

AT — 3HIKEHHS BUTpAT Ha BOJY Ta €Heprito (rpH/Mm?),

AP — cxopoueHHs1 BUTpAT Ha PEMOHT Ta OOCIyTOBYBaHHS KOHCTPYKIIINA MPOTATOM X
KUTTEBOTO IUKITY (TpH/M?),

AB — nonaTtkoBi BUTpaTy Ha pua0aHHs 700aBOK (TpH/M?).

3acToCyBaHHS Cy4acHUX BUCOKOC(EKTUBHUX J1I00aBOK J0 OCTOHIB € BAXKIMBUM
KpPOKOM JIO TIiJABUIIEHHS SKOCTI Ta €(QEKTUBHOCTI OyJiBeNbHUX poOiT. Bonu
JO3BOJISIIOTh  3HAYHO TMOKPAIIUTH EKCIUTyaTallliHI XapaKTepPUCTUKH OETOHHUX
KOHCTPYKIIiH, 30KpeMa I1JIBUIIUTH MIITHICTh, BOJOHEIIPOHUKHICTh, MOPO30CTIHKICTb 1
JIOBTOBIUHICTh MaTepiajy, a TaK0Xk 3HU3UTH NMOTPeOy B IIEMEHTI, BOA1 i eHeprii.

ExoHOMIYHI pO3paxyHKHU MOKa3yIOTh, III0 HABITh MPHU JIOAATKOBUX BUTpaTax Ha
caMi J00aBKM 3arajbHUM EKOHOMIYHMH e(eKT 3aJUIIacThcsl IMO3UTUBHHM. lle
JOCSITAETHCS 3a PaXyHOK:

. 3HM>KEHHSI BUTPAT Ha LEMEHT Ta 1HII MaTepialiu;
. €KOHOMIi Ha BOJI1 Ta €HEeprii;
o CKOpPOYEHHS BUTpaT Ha OOCIYrOBYBaHHS Ta PEMOHT KOHCTPYKIIH

MPOTATOM IXHBOTO KUTTEBOTO LIUKITY.

TakuM 4uHOM, BUCOKOC(EKTHBHI J100aBKU 0 OCTOHIB HE JUIIE MOKPAIyIOTh
TEXHIYHI XapaKkTepUCTUKUA MaTepialiB, ajne M 3a0e3MeuyyioTh JTOBFOCTPOKOBY
€KOHOMIYHY BHUTOAY, IO POOUTH iX BaXJIUMBUM KOMIIOHEHTOM CY4YaCHOTO
OyniBHULITBA. BUOip CKIIa0BUX €IEMEHTIB 100aBOK JJO OCTOHIB 3aJI€KUTh B1J] BUMOT
70 KIHIIEBUX BIJIACTMBOCTEH O€TOHHOI cywmimii. Baamo mimiOpani n00aBKu 37aTHI
MIJBUILUTH EKCIUTyaTallliiHl XapaKTepUCTUKU OETOHHMX KOHCTPYKLIH, 30UIBIIMTH
iXHIO JTOBIOBIYHICTb, 3HU3UTH BUTPATH Ha OOCIYTOBYBAaHHS 1 PEMOHTH, a TAKOX
MOKPAIIUTH EKOJIOTIYHI TOKa3HUKK OyIiBeNbHOTO Tporiecy. Jas mokpaiieHHs
BJIACTUBOCTEH OETOHHUX CYMIIIe 3aCTOCOBYIOTHhCS PIi3HI XIMIYHI peareHTH, SKi
3a0e3meuyloTh KOHKpETHI xapaktepucTuku Ta edextu. Cepen HaWBaKIMBIIINX
XIMIYHUX PEareHTiB, 0 BUKOPUCTOBYIOTHCS B Cy4acHUX Jo0aBKax J0 OETOHIB,
MO’KHA BUIUINTH TaKI:

IHonixkapooxcunammi echipu - 1e OCHOBHUH KOMITOHEHT
cynepruiacTudikaTopiB, 10 3a0e3nedye BHUCOKY PYXOMICTh OETOHHOI CyMilll Ta
3HaAYHE  3HWKEHHS  BOJOLIEMEHTHOro  cmiBBigHOMmIeHHS.  [lomikapOokcuiatu
JO3BOJISIIOTh  OTPUMATH BUCOKOMIIHUNA O€TOH MpU OJHOYACHOMY 30€pe’KeHHI
JIETKOCTI YKJIaJIaHHS.



Jiznocynvgponamu - nHanexatrb 10 Tpynu MIACTU(DIKATOPIB 1 CIPUSIOTH
M1JBUIIEHHIO TJIACTUYHOCTI 0€TOHHOI cymii. JIirHOCynIb(poHATH TaKOXK 3HUKYIOTh
BojonoTpeOy, ajge MeHIl edeKTUBHI TMOPIBHSIHO 3 TMojikapOokcwiaramu. Yacto
BUKOPUCTOBYIOTHCSI B HEJIOPOTHX JOOABKAX.

Cynvghamu kanvuiro - BUKOPUCTOBYIOTHCA SIK TNPUCKOPIOBAadl TBEPJIHHS
O€eTOHy, CHpUSIOYM IMIBUAINIOMY Ha0Opy MIIHOCTI Ha paHHiX eranax. Cynbdaru
KaJIBI[I}0 OCOOJIMBO KOPHUCHI B XOJOJHMX yMOBax, Ji¢ 3BUYaiiHI OCTOHHI CyMiIli
TBEPAHYTH MOBUIBHO.

Himpam kanovyiro - 11¢ TOTYXHUN MPUCKOPIOBAY TBEPAIHHS, IO TMPHUCKOPIOE
MpoleC TiApaTallii IEeMEeHTY Ta CIpUsi€e MBUAKOMY Habopy MimHOCTI. HiTpaT kanbIrito
TaKOX 3aCTOCOBYETHCS SIK aHTUKOPO3IMHUU 3aci0, 3aXMINAIOYM apMaTypy B OETOHI
BiJT KOpO3ii.

Kpemneszemni oumku (MIiKpoKpemHe3em) - pEeareHT HAJCKHUTh IO KaTeropii
MIHEpaJIbHUX J100aBOK, SIK1 MIJBUIIYIOThH MIUIBHICTE 1 MIITHICTh OeTOHY. KpeMHe3eMHi
JTUMKHA 3alIOBHIOIOTh TOPOKHUHH B CTPYKTYpl IIEMEHTHOTO KaMEHIO, IO 3HUXKYE
MOPUCTICTH Ta MIJIBUILYE CTIMKICTh O MPOHUKHEHHS BOIH.

Xnopuou kanvyiro - MBUAKOIIIOUNHN IPUCKOPIOBAY, KU 3aCTOCOBYETHCS AJIs
MIBUILIEHHS IIBUIKOCTI TBEPAIHHS B XOJOJHUX yMoBax. OpHaK XJIOPUIA MOXKYTh
BUKJIMKATH KOPO3il0 apMaTypu, TOMY iX BHUKOPUCTaHHS OOMEKEHEe, OCOOJIMBO B
KOHCTPYKIIISIX 13 apMOBAHOTO OETOHY.

AMminu ma amoniegi cnoayKu - pPEeYOBUHU BUKOPUCTOBYIOTBHCS ISl 3HUKECHHS
TEMIIEpaTypy 3aMep3aHHsd OETOHHOI CyMilIi, IO J03BOJISE€ MPALIOBAaTH 3 OETOHOM
MIpU HU3BKUX TeMmIeparypax 0e3 BTpaTH HOro sSKkocTi. BoHM TakoX MOXYTh MaTu
e(eKT MPUCKOPEHHS TBEPIIHHS.

Menaminghopmanvoecioni cmonu - Ai0Th K BOJOPEIYKYIOUl peareHTH, 0
CIPUSIOTh 3HIKEHHIO BOJONOTpeOM B OETOHI Ta MIJABUINYIOTH HOTO MIIHICTb.
BukopucToByIOTbCSI B JIESIKHUX THUMNAX IUIACTU(IKATOPIB JJIsi OTPUMAHHS UIUIHHUX
OCTOHHUX CYMIIIICH.

Tiopoghooizyroui azenmu (cmeapamu) - 10 HUX HaJICKaAThb COJII BUIIUX
KapOOHOBHUX KHCIIOT, TaKl sIK cTeapar Kaibliro abo Hatpito. ['iapodobizytoul arenTu
3HIDKYIOTh BOJIOTIOTJIMHAHHS OE€TOHY Ta MOKPAIlyIOTh MOTO0 BOJOHEMPOHUKHICTD,
M1BUIIYIOYH CTIHKICTh IO KOPO3ii Ta arpeCUBHUX CEPEIOBUIII.

Honiemunenenixons (I1ET) ma inwi 600oympumyroui azenmu - 111 p€4YOBUHU
J03BOJISIIOTH 30€perTu JOCTaTHIA piBEHb BOJIOTOCTI B OETOHI M1 Yac TBEPJIHHS, 1110
CIpHsiE€ pIBHOMIPHOMY Ha0OPY MILIHOCTI Ta 3HUXKY€E PU3HK YTBOPEHHS TPIIIHH.

3acTocyBaHHsS pPI3HOMAHITHMX XIMIYHUX pEareHTIiB y J00aBKax [03BOJISE
KOHTPOJTIOBATH XapaKTEPUCTUKH OETOHYy, amanTylouyd HWOTO BIACTUBOCTI 10
KOHKPETHUX YMOB eKcIuTyartarlii. Pi3Hi TMNU peareHTiB 3a0€3MeuyroTh JOCATHEHHS
ONTUMAIbHUX (I3UKO-MEXAHIYHUX XapAaKTEpUCTUK OETOHY, TaKuUX SK BHCOKa
MIIIHICTh, CTIMKICTh JO 3aMOPOKYBaHHS 1 BIATalOBaHHS, BOJOHENPOHUKHICTH Ta
AHTHUKOPO31iiHI BJIACTMBOCTI, IO € BaXJIWBUM YWHHHUKOM JJIS JIOBFOBIYHOCTI Ta
€KOHOMIYHOCTI OYy/11BeTbHUX KOHCTPYKLIIH.



Bucnoeku. 3acTocyBaHHS Cy4aCHUX BUCOKOC(PEKTUBHUX TOOABOK 10 OCTOHIB €
CTpaTEeriYHUM PIIICHHSAM y OyAIBHUIITBI, SIKE JO3BOJIAE CYTTEBO MOKPAIIUTH SKICTh
OCTOHHUX KOHCTPYKIIIM Ta MIJBUIIUTH €KOHOMIUHY €(EeKTHUBHICTh MpoeKTiB. KoxeH
13 BUJIIB 100aBOK BUKOHYE crenudiuHi QyHKIIII, 110 CIpHUsS€E TOCATHCHHIO Oa)KaHMX
BJIACTUBOCTEH, TaKWX SIK IJBUINEHA MIIHICTh, CTIMKICTh JO TIOTOJHUX YMOB,
BOJIOHEITPOHUKHICTh, MOPO30OCTIMKICTh Ta 3pPY4YHICTh YKiadaHHsA. EKOHOMidYHi
nepeBary BiJl BUKOPUCTAHHs J00AaBOK BKIIOYAIOTh 3HWUKEHHS BUTPAT HA OCHOBHI
MaTepialiy, ONTHUMI3aIlil0 BUTpAaT Ha OOCIYrOBYBaHHS Ta PEMOHT, a TaKOX
MOKJIUBICTh CKOPOYEHHSI TEpMiHIB OyIIBHHMITBA 32 pPAaXyHOK TPUCKOPEHHS
TBepAiHHA. Jl0/IaTKOBOIO MEpPEBarol0 € 3HWKEHHS HETaTUBHOTO BIUIUBY Ha JOBKIJUIA
3aBASKA CKOPOYCHHIO BUTPAT HA €HEPTIIO Ta IEMEHT. TaKuM YWHOM, BIIPOBAIKCHHSI
100aBOK /10 OETOHIB € BaXJIMBUM IHCTPYMEHTOM JUIS Cy4acHOTO OyIIBHMIITBA, SKUN
JI03BOJISIE TOCSATTH BHUCOKOI SIKOCTI 32 ONTHUMAJIBHUX €KOHOMIYHUX YMOB. lle poOuth
100aBKH HE3aMIHHUM KOMITOHEHTOM 1A 3a0€31eyeHHs JOBIOBIYHOCTI Ta HAAIHHOCTI
OyIiBEJIbHUX KOHCTPYKIIIH Y JOBrOCTPOKOBIM MEPCIIEKTUBI.
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MIHIMI3AIIIA PUBUKIB PYI‘/JIHYBAUHHH BYAIBEJIBbHUX
KOHCTPYKIIN

Yyoux 1.1, 0.m.n., npoghecop, pexmop IOHTYHI, Jloopsancoxuii I. M., 0.m.n.,
npogecop, Hobpancovka J1.0., k.e.n., ooyenm, Haenosau B.A., cmyoenm, [lpoys B.€.,
cmyoenm, lsano-ppanxiscokuil HAYiOHANbHUL MEeXHIYHUL YHIGepcumem Hagmu i
eazy, M. leano-Opanxiecvk

Beryn. byniBenbHI KOHCTPYKIT 3a3HAIOTh PI3HOMAHITHUX HaBaHTaXXEHb,
BKJIIOYAIOYU CTATHYHI, TMHAMIYHI, KJIIMaTH4YHI Ta TeXHOTeHH] (pakTopu. PyiiHyBaHHs
CIOpYyA MOXE€ MaTh KaracTpodidHi HACHIAKH, BKIIOYAIOUM JIIOJCHKI JKEPTBH,
€KOHOMIYHI 30MTKM Ta eKOJIOT14HI mpooOsemu. TomMy MiHIMIZalllsl PHU3HKIB
pYHHYBaHHS € KPUTUYHO BaXXKJIMBOIO JJIsi 3a0€3MEUYeHHs OE€3MEeKHU Ta JTIOBIOBIYHOCTI
Oy/iBeIb 1 CIOPY Ta O€3MEeKH KUTTENISITBHOCTI.

OcHoBHAa 4acTuHA. byjiBenbHI KOHCTPYKIII 3a3HAIOTh PI3HOMAHITHUX
HaBaHTa)XCHb, BKJIIOYAIOYHM CTaTW4YHI, JWHAMIYHI, KJIIMAaTHYHI Ta TEXHOICHHI
dakTopu. PyliHyBaHHS criopya MoOXke MaTh KatacTpo(idHi HACHIJIKH, BKIIOYAIOYU
JIOJICHKI JKEPTBU, €KOHOMIYHI 30UTKM Ta €KOJIOT14HI mpoOiemu. Tomy MiHIMi3alis
PU3MKIB PYHHYBaHHA € KPUTHYHO BaXKJIMBOK JUIsl 3a0e3leyeHHsi Oe3NneKku Ta
JIOBFOBIYHOCTI OYy1iBEJIb 1 CIIOPY/I.

OCHOBHI TpPUYMHH PYHUHYBaHHS KOHCTPYKI[IH: MPOEKTHI MOMMJIKH, HH3bKa
AKICTh MaTepianiB, OyAiBeNbH1 Ae()EKTH, BIUIUB PUPOJIHUX 1 TEXHOTC€HHHUX (DAKTOPIB.

[IIo6 MiHIMI3yBaTH pU3UKH pYyWHYBaHHS OYIIBEJIIbHUX KOHCTPYKIIH,
HEOoOX1/1HO:

3a0e3neunTH SIKICHE TPOEKTYBAHHS:
- BUKOPUCTOBYBATH PO3PAXyHKOBI MOJIEI /ISl aHAJI3y HABaHTAXKEHb;
- norpumyBatuck HopMm JIBH Ta €Bpokois.

KoHTpostoBaTH sSIKiCTh MaTepiaiB:
- BUKOPUCTOBYBATHU CEPTU(PIKOBaHI1 MaTepialiu;
- MIPOBOJIUTHU 1a00OpaTOpPHI BUIIPOOYBAHHS.

JloTpuMyBaTHUCh TEXHOJIOTTYHUX POLECIB OyAIBHULITBA:

- BUKOPUCTOBYBaTH Cy4YacCHI METOJM KOHTPOJIIO (Ja3epHE CKaHyBaHHS,
nponu, BIM-texHororii);

- PETYISIPHO MEPEBIPSATH AKICTH BUKOHAHUX POOIT.

3a0e3neynTH NpaBUiIbHY €KCIUTyaTallll0 Ta MOHITOPUHT:
- BIIPOBA/KYBATH aBTOMATH30BaH1 CUCTEMHU KOHTPOJIIO Jehopmartiii;
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- BUKOHYBATH PETYJISIPHI 1HCIEKIIIT Ta PeMOHTH.

Mertoau 1 3ax0u MiHIMI3aIlli pU3HKIB pyHHYBaHHS KOHCTPYKITIH:

1)  MiHimi3alis pu3HKiB pyHHYBaHHS KOHCTPYKI[IH BUMarae KOMILICKCHOTO
MiaXomy, IO BKJIIOYA€E MpaBUIbHE MPOEKTYBaHHS, SKICHI MaTepialu, KOHTPOJb
OyIIBHUIITBA Ta €KCIUTyaTallii.

2)  Po3paxyHKOBI MeTOAM JO3BOJSIOTH OLIHUTH HECy4y 3IaTHICTH 1
CTIWKICTh KOHCTPYKIIIH, 3ar100irarouu aBapiiHUM CUTYaIlisIM.

3)  IlpakTuuHi 3aX0I1 — BUKOPUCTAHHS Cy4aCHUX METOJIIB MOHITOPHHTY Ta
MIPOTHO3YBAHHS IMOIIKO/PKEHb — 3HAYHO 3HWKYIOTh PU3UKH PYHHYBaHHS CIIOPY/I.

OCHOBHI 3aBIaHHA JUI 3aM00IraHHs PYHHYBaHHIO OyA1BEIbHUX KOHCTPYKITIH:

1)  3amobiranHs pyHHYBaHHIO OY/IBEIBHUX KOHCTPYKIIH € KIIOUYOBUM
3aBIaHHSM TIPH TPOEKTYBaHHI, OYAIBHUITBI Ta EKCIUIyaTalii CIOPYH, OCKLIbKU
pYHHYBaHHSI MOXKE MIPU3BECTH 10 3HAYHHX JIOJCHKHX, EKOHOMIYHUX Ta €KOJOTIYHUX
BTpaT.

2)  OCHOBHI TNpPUYMHHM PYHHYBaHHS KOHCTPYKIIIH BKJIIOYAIOTh IMPOEKTHI
MOMWJIKK, HESKICHI Marepiai, TMOPYIICHHS TEXHOJOrlli Oy/IIBHUIITBA, BILIUB
IPUPOJIHUX Ta TEXHOT€HHUX (PaKTOpIB, @ TAKOK HEMPABUIIbHY €KCILTYaTallilo CIIOPY.

Metoau MiHIMI3aIlli pU3HKIB BKIFOYAIOTh:

- 3aCTOCYBaHHS Cy4YaCHHUX METOJIB pO3PaxXyHKy Ta KOMII IOTEPHOTO
MOJICTIIOBAHHS;

- BUKOPHCTAaHHS BUCOKOSIKICHUX CEPTH(PIKOBAHUX MaTepiaiB;

- noTpumaHHsa OyniBenbHUX HOpM ([ABH, €Bpokonn) Ta TEXHOJIOTIYHUX
MIPOIIECIB;

- pEryJsipHUIl MOHITOPUHT CTaHy KOHCTPYKIIil Ta CBOEYACHUM PEMOHT.

- NPOEKTYBaHHS  Ta  po3paxyHku. OCHOBHI  pO3paxyHKH,  SKi
BUKOPUCTOBYIOTHCS JIJII OIIHKK O€3MeKH OY/IBENIbHUX KOHCTPYKIIINA, BKJIIOYAIOThH
BU3HAYCHHS PO3PaXyHKOBUX HABaHTaXCHb, MEPEBIPKY MIIHOCTI Ta CTIAKOCTI
€JIEMEHTIB 32 TOTIOMOT010 (hOPMYJT MEXaHIKH MaTepiaiiB 1 TEOPii KOHCTPYKITIH.

besneka OyniBeNbHUX KOHCTPYKIIM — KIIOUOBHN (haKTOp EKCILTyaTaIliiHol
HAJIWHOCTI, a caMme pyHHyBaHHS OyNIBEJIbHHX KOHCTPYKIIIA MOXKE MPU3BECTH 0
JIOJICBKUX KEPTB, €KOHOMIUYHUX BTPAT 1 €KOJOTIYHUX KaTtacTpod, a HaAllHICTh
CHOpPYA 3aJ€XHUTh BlJ AOTPUMAHHS CY4YacHHX OYNIBEJIbHUX HOPM Ta CTaHAAPTIB,
takux gk JIbH ta €Bpokoamu.

[IpyuviHM pyHHYBaHHS KOHCTPYKLIA 1€ TPOEKTHI TMOMHJIKH — HETOYHI
pO3paxyHKH HaBaHTa)XEHb, HEBpaxyBaHHS TIPYHTOBHUX YMOB, HEIOCKOHAJE
KOHCTPYKTOPCBKE pIIIEHHS, BHUKOPUCTAHHA HecepTU(IKOBAaHUX MaTepialiB, IO
MalOTh 3aHMKEH1 XapaKTEPUCTUKHU MIITHOCTI, TOPYIICHHS TEXHOJOTIH Oy/iBHUIITBA,
HENpaBWJIbHE AapMyBaHHS, IOraHa sKICTh 3BapHUX 3'€HaHb, IE€PEBAHTAKCHHS
KOHCTPYKIlI,  HENpaBWIbHE  TMEpPEIUIAaHYBaHHS,  BUICYTHICTb  TEXHIYHOTO
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o0CITyroByBaHHs, 36MJICTPYCH, YparaHu, MiTOTUICHHS, TOXKEX1 Ta BIUTMB arpPeCUBHHUX
CEepPEeIOBHILL.

BaxnuBuMu  ¢daktopammu  3a0e3ledeHHsT  eKCIUTyaTallifiHOi  HaJiMHOCTI
KOHCTPYKIIii € BUKOPUCTAHHSA CYYaCHHUX METO[[IB MaTeMaTUYHOTO MOJCTIOBAHHS Ta
aHalli3y HaBaHTAXCHb Ta BIPOBAHKCHHS MPOTPAMHOTO 3a0€3MEYCHHS  JJIs
po3paxyHKy MirtHOCTI KoHCTpyKIii (ANSYS, SCAD, LIRA-SAPR).

BaxxnuBumu etanamMu HaiiHOCT1 KOHCTPYKIIIH SIBISIOTHCS:

KonTposnb sxocTi MaTepianis:

— BUKOPHUCTaHHA CepTU(IKOBAHUX MaTepialiB 3 MepeBipeHHUMH (i3HKO-
MEXaHIYHUMH XapaKTEPUCTUKAMU;

— IMPOBEJACHHA  JJA0OpAaTOPHUX  BUMPOOYBaHb  MaTepiaiB  Mepea
3aCTOCYBaHHSM Y Oy/TiBHUIITBI.

TexHOIOrYHUI KOHTPOJIb Ha BCIX eTanax Oy/11BHUITBA:

- peryJsipHUil Haris/ 3a JOTPUMaHHAM OyAiBEIbHUX HOPM 1 CTaHIapTiB;

— BUKOPHUCTAHHA JIPOHIB, JIa3epHOTO CKaHyBaHHA, 3D-moaentoBaHHS AJis
MepPEBIPKU BIAMOBITHOCTI MPOEKTHUM PIIICHHSIM.

MOHITOPUHT Ta 0OCITYyTrOBYBaHHS KOHCTPYKIIii:

- BCTAHOBJICHHSI aBTOMATHM30BAaHUX CHUCTEM KOHTPOJIIO JedopMalliid,
3MillIeHb, BiIOpalliii KOHCTPYKITIH;

— MIJIAHOBI1 1HCIEKI(li Ta peMOHTHI poOOTH NIl YCYHEHHs Ae(EeKTiB I11e Ha
PaHHIX CTaJlIsIX IXHBOT'O PO3BUTKY.

[lin MOCTIMHMM KOHTPOJIEM HEOOXIJTHO TPUMATH 3aXUCT BIJ MNPUPOJHHUX Ta
TEXHOT'CHHUX BILIMBIB, BIPOBA/KCHHS CEHCMOCTIMKUX TEXHOJIOTiM OyIIBHHUIITBA Ta
BUKOPUCTAHHA AHTUKOPO3IMHOTO 3aXMCTy METAJIEBHX KOHCTPYKIIM 1 J0JaTKOBE
3MiITHEHHS QYHIAMEHTIB y 30HaX 13 MiABUIIICHUM PU3UKOM T1TOIICHHS.

Ponb po3paxyHKOBUX METOMIB y 3a0e3neueHHi Oe3MeKd KOHCTPYKIIA - Iie
BU3HAYCHHS ONTUMAJIBHUX PO3PAXyHKOBUX HAaBaHTaXEHb, IEpEBipKa MIIHOCTI,
CTIHKOCTI Ta >KOPCTKOCTI KOHCTPYKIIi; BpaXyBaHHsS KOMOIHAIllil HaBaHTaXEHb IS
PEANTICTUYHOTO TMPOTHO3YBAHHS TOBEAIHKA CIOPYAM B EKCIUTyaTalliiHUX yMOBaXx;
BUKOPUCTAaHHS KOE(QIIIEHTIB 3amacy MIIHOCTI JJisi 3a0e3MedeHHs] J10JIaTKOBOT
0e3MeKH MPU MPOEKTYBAHHI.

Metoau MiHIMIZalli PU3MKIB BKJIIOYAIOTh 3aCTOCYBaHHS CYYaCHMX METOJIB
pPO3paxyHKy Ta KOMIT FOTEPHOTO MOJICITIOBAHHS, BUKOPHCTAHHS BHCOKOSKICHUX
cepTudikoBaHUX MartepiajiB, oTpuMaHHs OyaiBenbHux HOpM ([IBH, €Bpoxoan) ta
TEXHOJIOTIYHUX TMPOIECIB, PETYISIPHUI MOHITOPUHT CTaHy KOHCTPYKIIIA Ta
CBOE€YACHUU PEMOHT.
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Bucnoexku. Minimizallisi pu3uKiB pyHHYBaHHSI KOHCTPYKIIIH Oy1iBeJb 1 CIIOPY/I
€ OJIHMM 13 HAMBaXJIUBIIIMX AaclekTiB OyaiBenbHOi Tamy3i. HaniiiHicTs,
JOBTOBIYHICTh Ta O€3MeKa CHOpYyJ 3aleXaTh Bil MPAaBWJIBHOTO TPOEKTYBAHHS,
BUKOPUCTAHHS SAKICHUX MaTepialiB, IOTPUMaHHS TEXHOJOTIYHUX TMPOIECIB Ta
MOCTIHHOT'O MOHITOPUHTY CTaHy KOHCTPYKIIIH.

3acToCyBaHHS Cy4YaCHHUX METOMAIB pO3paxyHKy, TakKuX SK KOMII IOTEpPHE
MOJIETIIOBAaHHS, JTO3BOJIAE€ MPOTHO3YBATH MOBEAIHKY KOHCTPYKLIM MiA Mi€l0 Pi3HUX
HAaBAaHTAKCHb Ta 3a0e3medyBaTH iX CTIHKICTh. BmpoBamKeHHS aBTOMAaTH30BaHUX
CHUCTEM KOHTPOJIO, 30KpeMa [aT4YMKiB MOHITOPHHTY Jedopmaliil, Ccrpuse
CBOE€YACHOMY BHUSIBJICHHIO MPOOJIEM 1 3aNI00ITaHHIO aBapiiHUM CUTYAIlisIM.

TakuM YMHOM, KOMITJIEKCHUHM MIAXiJ M0 YIPaBIIHHS PU3HKAMU, 110 BKIIOYAE
JOTPUMAHHS HOPMATHBHUX BHUMOT, KOHTPOJIb SIKOCTI Ta BUKOPHUCTAHHS CYYacCHHX
TEXHOJIOT1M, € KIIoUeM J0 CTBOPEHHS Oe3leyHuX, €(EeKTUBHUX 1 JIOBTOBIYHUX
OyIiBEIbHUX KOHCTPYKIIIH.

Cnucoxk BUKOPHUCTAHOI JiTepaTypu

1. binenpkuit B.C., OpnoB O.0. MinHICTh 1 CTIWKICTh OY/IBEIBHUX
KOHCTpyKIIii. — KuiB: Buma mxoia, 2015.

2. JIucenko B.B. ByniBenbHi1 KOHCTPYKIIII: pO3paxyHOK Ta MPOEKTYBAHHS. —
XapkiB: YkpIHTLI, 2017.

3. CepoB 10.0. MoHITOpUHT Ta €KCIUTyaTalliiHa HaAIMHICTh OyaiBEIbHUX
KoHCTpyKUii. — KuiB: Bynisenbnuk, 2020.

4, JIbH B.1.2-14:2018 — "3aranpHi npuHIAH 320€3MeYeHHS HAAIHOCTI Ta

KOHCTPYKTUBHOI Oe3mneku Oy/iBensb 1 cnopyn'.
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Kherson State Agrarian and Economic University, Ukraine

Introduction. The mathematical representation of the concrete stress—strain
diagram plays a crucial role in the analysis and design of reinforced concrete
structures [1]. Among the many proposed analytical models for this diagram, one of
the most accurate is a function based on a power polynomial [2-5]. As noted by
numerous researchers [1, 2], and supported by the author's own investigations [3],
this relationship provides a highly precise description of concrete behavior under
external loading.

Main part. The author proposes representing the total stress in concrete as the
sum of three components:

G =0 +Op| T+ O¢rc (1)
where:
cel - denotes the elastic stress component,

opi- denotes the plastic stress component,
occ- accounts for crack inhibition and frictional effects.

As the applied load approaches the prism strength of concrete, significant
cracking develops, leading to substantial material degradation. Due to bond
deterioration, the stress state within the material becomes highly non-uniform. Plastic
deformations caused by creep are largely exhausted. In certain regions of the
concrete, stresses begin to decrease, accompanied by unloading phenomena and
reverse plastic aftereffects. The process of crack growth inhibition intensifies, while
internal friction increases markedly, contributing additional resistance within the
concrete.

According to equation (1), the plastic stress curve oy = f{€) reaches a minimum
before gradually increasing again (see Fig. 1). Simultaneously, the crack formation
process accelerates, as illustrated by the curve ecc = f(¢) in Fig. 1. The point at which
these two curves intersect corresponds to the ultimate compressive strength of
concrete, f.

The intersection point of these function curves — denoted as point Z — is
defined by the following condition:

14



Opl = O¢rc = O;

The magnitude of the relative deformations will be — &€ = €1 with an accuracy
of up to five percent for concrete classes ranging from C12/15 to C40/50.
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Fig. 1. Stress—strain diagrams of the plastic components — o (&)
and oy (g), and the position of the parametric point Z

Let us determine the individual stress components. At a given level of relative
strain g, the total stress is known and corresponds to the prism strength of concrete,
fe. The elastic stress component, oe , can be determined using equation (1).

Gel = Egcl (2)

At the strain level eq\varepsilon gc1, and using equations (1) and (2), we
obtain:

f. =E&, + 20, 3

From this, it follows that:
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z 2 4)

or equivalently:

O — fc
o, =———
2
(5)
For example, for concrete of class C32/40, the stress at the parametric point Z
(see Fig. 1) is - 18.31 MPa. For typical concrete strength classes, the corresponding
stresses at point Z are summarized in Table 1.

Table 1 — Parametric Stress VValues

Kiac 6etony f., MIla o2t, MIla
C 30/35 25,5 -15.89
C 32/40 29,0 -18.31
C35/45 32,0 -19.68
C 40/50 36 -21.46

Equation (1) enables the formulation of an additional condition for determining
the coefficients of the power polynomial used in the concrete stress—strain diagram.
Specifically:

&+ =3, +3 ©

If we consider that the sum of all polynomial coefficients equals one,
expression (6) can be rewritten as:

azﬁtagzl_Ta1

a,+a, =—+= (7)

where a: is a known coefficient related to the modulus of elasticity and
depends on the loading rate [2, 3].

The intersection point C on the graph (Fig. 1), representing the modulus of
plastic deformation and the modulus of crack formation deformation, marks the
initiation of processes in concrete that lead to its ultimate limit state and eventual
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failure. In other words, this point serves as a predictor of concrete failure under
specific loading conditions over a defined time interval.

Physically, point C corresponds to the upper threshold of micro-crack
formation in concrete [4]. By identifying the strain corresponding to this point for a
given concrete—typically within the range of & = 0.0012 = 0.0001 — and using the
known stress relationships,

O

f (8)

C

B =

the first coefficient of the polynomial can be determined as follows:

2 3 4 5
523 —3 e +2[‘90j —5[‘9Cj —4[‘9¢j
Ec1 Ec1 Ec1 Ec1 (9)
2 3 4
Ee {10—15 Eeo +10[ Eeo j —15[ Ee j +12[ e j }
gcl gcl 8C1 gcl gcl
The calculated values of the polynomial coefficients are presented in Table 2,

while the key parameters of the concrete compression diagram are summarized in
Table 3.

a, =

Table 2 — Polynomial Coefficients for VVarious Concrete Strength Classes

Concrete ap as as as as
Class
C 30/35 2,246 -1,869 1,246 -0,869 0,246
C 32/40 2,263 -1,894 1,263 -0,894 0,263
C35/45 2,230 -1,845 1,230 -0,845 0,230
C 40/50 2,192 -1,788 1,192 -0,788 0,192

Table 3 — Values of the Parameters of the Concrete Compression Diagram

Concrete fck,prism, Ec1 Ecu Ecut Bu
Class MPa x10° <10° x10°
C 30/35 25,5 183 313 313 0,78
C 32/40 29,0 185 288 288 0,83
C35/45 32,0 188 263 263 0,88
C 40/50 36 190 237 237 0,93
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The ratio of the stress at the conditional failure limit—defined as the point at
which the concrete specimen fractures into distinct blocks or segments [1, 4] — to its
prism strength is denoted by the symbol g, in Table 3.

As follows from Table 3, for the first three parameters, all calculated data
exactly match those given in study [4], while the fourth parameter—the zone of
unstable concrete behavior—differs by less than 2.15%.

Plastic and pseudo-plastic processes are described by the second and third
terms together, as well as the fourth and fifth terms together, in the power
polynomial. The first two are determined by the gel component of the concrete
structure, crack growth inhibition, friction, and other factors, while the latter are
associated with the disruption of bonds within the concrete structure.

In this context, the identified parametric point Z can serve as an additional
criterion for concrete strength. The existence of this parametric point can be
considered an established fact.

Conclusions. Based on the proposed three-component stress model, a physical
interpretation of the stress—strain behavior of concrete under compression has been
developed. This approach clarifies the mechanical processes described by the well-
known fifth-order power polynomial. A specific parametric point has been identified
that defines the compressive strength limit of concrete. Notably, this point is
independent of elastic deformations and is entirely governed by plastic and pseudo-
plastic processes occurring within the concrete structure.
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JOCJIIIKEHHA I'TIPABJIYHOI'O MOJEJIOBAHHSA MEPEX
JOIMOBOI'O BOAOBIABEAEHHS MICTA XEPCOHA 3A HASIBHOCTI
PEI'YJIIOBAHHS CTOKY
Bonrowun M.M., k.m.u., doyenm
XepcoHcvKutl 0epaicasrull acpapHo - eKOHOMIYHULL YHIgepcumem, M. XepcoH,

Ykpaina

ITocTanoBka npo6Jaemu. [Ipodiema 3arorsieHHs ypOaHI30BaHUX TEPUTOPIN B
VYkpaini BHacHmigok 30UTbIIeHHS 00’€MIB Ta BHUTpPAT TIOBEPXHEBOTO CTOKY
MIJICUITIOETHCS. 3pOCTAOUMMHU TpeHAaMu ypOaHizamii, KJIIMAaTHYHHUMHU 3MiHAMH Ta
npoOJIEeMHUM TEXHIYHHUM CTAHOM BOJOBIJIBITHUX MEpeK. AHaji3 BKa3ye Ha Te, L0
aKTyaJbHICTh M1€1 MPOoOJEeMH 3pOCTaTUME YIPOJOBXK HACTYMHUX AeCATHUNITH. Lle
CIIOHYKAa€ HAyKOBY Ta IHXKEHEpHY CHUIBHOTH JI0 PO3POOKM CTpaTeriii 1 IJIaHIB
YIPAaBIIIHHS JOIIOBUM CTOKOM, @ TaKOX JO HIUPOKOT0 BIPOBAKEHHS B YKPAiHCHKY
IHKEHEPHY MPAKTUKY CHCTEM PETYJIOBaHHS MMOBEPXHEBUM CTOKOM, SIKi MAlOTh OyTH
HayKOBO OOIPYHTOBaHI Ta MPUCTOCOBAHI /10 MICIEBUX KJIIMAaTUYHUX, MICTOOY/IIBHHX
Ta EKOHOMIYHUX YMOB.

OcHoBHI MaTepiaiu gociaixxenHss. MojenoBaHHs MOBEIIHKH TOBEPXHEBOTO
CTOKY 3 ypOaHi30BaHHUX TEPUTOPIN CKIAIHOI 0araTopakTOpPHOI MPOOIEMOI0, IO
CTOiTh Tiepes; (paxiBISIMU Ta HAYKOBLUSMH B IIIJIOMY CBITI. 3 KOXHUM HACTYITHUM
JNECATUIIITTSIM KUIbKICTh ypOaHI30BaHMX IUIONI 3pOCTa€, IO BIUIMBAE Ha 00’eMU
JIOIIOBOTO CTOKY, a TaK0X 30UIbIIYETHCS HAaBAHTAXEHHS HA KaHaJI3allliiHI Mepexi
MICT, KaHaJi3alliiHI OYMCHI CHOpPYOW Ta, BIAMOBIIHO, BIAKpUTI BojmouMH. Jljist
3a0e3nedeHHs HaliiHOI poOOTH KaHaJ3alliiHIX Mepex HeoOXiTHO BpaxXyBaTH pi3Hi
PeKIMH iXHbO1 poOOTH (BKJ'IIO‘-IaIO‘-II/I MIKOB1 HABAHTAXXEHHS), a TAKOXK Taki (pakTopw,
AK 3MiHa KIIMaTUYHUX YMOB 1 CTpPIMKE 3pOCTaHHS IUIOI] yp6aH1303aHHx
MiKkpopaioHiB. [ BUpileHHs KX 3a7a4 Oy0 po3poOIeHO MUTUH PsI MiXOMIB AJIs
BHUBYCHHS MPOIECIB (hOPMYyBaHHSI TTOBEPXHEBOI'O CTOKY. 3arajioM ICHYIOTHb JECSATKH
Mozened ajig oOYHUCIeHb TigporpadiB IOHIOBOrO CTOKY, SIKi Oyiu po3poOiieHi
HAyKOBUMHU YCTaHOBAMH, YPSJIOBUMH JIeTIapTaMEHTaMH, a TaK0X MIKXHAPOIHUMU
opranizauissmMu. Ilig yac po3poOku 1UX Mojened Oylu BUKOPHCTAaHI PI3HOMAaHITHI
MIIXOM, a TaKOXX BPAaXOBaHO BEJIMKY KUIBKICTh TMapaMmeTpiB Jjsi 3a0e3MedeHHS
HAJIHHOCTI OTPUMAHUX PE3YJIbTaTIB.

st eKCnepuMEHTAIbHOTO  JOCTIKEHHST TifporpadiB MPUTOKY JOIIOBUX
CTIYHMX BOJ] OYJIO 3alIPOEKTOBAHO 1 3alIPOIIOHOBAHO EKCIIEPUMEHTAIBHY YCTAHOBKY —
G3BUYHY MOJENb THUIOBOTO mifbaceiiHa cToky. BoHa d03Boiisfia BHUKOHYBaTH
eKCIIEPUMEHTAJIbHI TOCITIKSHHS rmporpacpua MIPUTOKY JUTSI PI3HUX XapaKTepHUCTHK
nomty (IHTEHCHMBHOCTI, TPUBAJIOCTI, Ta 1H.) Ta (I3UYHHX MapameTpiB y IUIaHI
nigdaceliHa CTOKY (TIOXHJI, TUTOINA, THIT TOBEPXHEBOTO MOKPUTTSI Ta 1H.).

JlocnmimHa  eKCliepuMEHTalbHa yCTAaHOBKAa CKJIAJAEThCS 3.  HAIMIPHOTO
TpyOonpoBoay PP-R; po3noainbHOi rpeGiHKHM; YOTUPHOX PO3MPUCKYBayiB; 301pHOTO
JIOTKA; MpUMUMaIbHOTO pe3epByapa; enektpoHHoi Baru AXIS BDU-60; mudposoro
iHTepdeiicy RS-232; nepconanbHoro komm'rotepa (EOM) (puc. 1).
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Puc.1. Cxema excriepuMeHTaIbHOI YCTAaHOBKH — (DI3UYHOT MOJIENI KBAaPaTHOTO B MJIaHI Miji0aceiiHa CTOKY:
1 — monens migbaceiina croky; 2 — Hacoc Wilo JET 9-4; 3 — BenTuns npsimuii; 4 — Hanipauii Tpyoornposig PP-R;
5 — KynbOBHH KpaH; 6 — TpediHKa pO3MOiNIbHA; / — THYUKI IIUTAHTH; 8 — pO3MPUCKYBayi; 9 — nomonpuitMaabHU OTBI;
10 — nowmonpuitmanbauii pesepByap; 11 — enekrponna Bara mapku AXIS BDU-60; 12 — uudposuii intepdeiic RS-232; 13
— KOMII FOTEp
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Hwxde HaBemeHO pe3ynbTaTH YHCENbHUX EKCIIEPUMEHTIB 3 BUKOPUCTAHHSIM
yIOCKOHAJIEHOTO TPUBUMIPHOTO CEKTOPHOTO METOAY JUIsl TUTIOBUX KBaJAPATHHUX Y IJIaHi
nig0aceiHiB CTOKY A8 KIIMAaTMYHUX YMOB Micta XepcoHa. IpyHTOBHMI aHai3
pe3yNbTaTiB OTPUMAHUX HAYKOBIISIMHU, SIKI JOCIIKYBaJd (POPMYBAHHS MMOBEPXHEBOTO
JIOIIOBOTO CTOKY 3 ypOaHi30BaHWX OaceiHiB, MOKa3aB, MO caMe KBaJapaTHI B IJIaHI
nigbaceliHu CTOKY 3 JOMIONpHIMAaueM Yy OJHIA 3 HOTO BEPUIMH XapaKTepU3YIOThCS
MaKCUMaJbHUMH 3HAUYCHHSAMM IMIKOBHX BHUTpaT [OILIOBOTO CTOKY Ceped  YCiX
IPSAMOKYTHHX OaceiHIB CTOKY TaKoi K IJIOIII.

KnimaTuuni mapameTpu IpuiHATI U1t MicTa XepCcoHa 3TiIHO 3 JaHUMHU Ta0u. A.l
JIBH B.2.5-75:2013 (Tabu. 1)

InTencu IToka3s
[Tepion BHICTb (20, [Toxa3n KuIpKicTh | HUK CTEIeHs
P, pokiB a/(cxra) WK CTeNeHs N | jomiiB Mp, 1/pik Y
1 98,4 0,61 60 1,54
2 98,4 0,61 60 1,54

TakuM yuHOM, Ha puC. 2 TPEICTABICHO BILUIMB 0a30BOr0 MOXWUJIY MOBEPXHI Ha
riaporpadu J01I0BOTO CTOKY.
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Puc. 2. I'igporpadu gomioBoro cToky 3 migdacerina ctoky 50x50 M, oTpumasi 3a

TPUBUMIPHHM CEKTOPHUM METOJIOM JIJIsl PI3HUX 3HAYCHb 0a30BOTO MOXHIY 1, (020 = 98,4
n/(cxra); P =1 pik; n=0,61; n; = 0,015)

[Topanpiie BUBUYEHHS MPOOJEMAaTUKH MOJEIIOBAHHS JTOIMIOBOIO CTOKY 3BOJAUTHCS
710 OUTBIII IETAILHOTO aHalli3y BOJAOHETPOHUKHUX MMOBEPXOHb OaCEiHy CTOKY 3a THUIIOM
iX nOpuenHaHHS 10  JIONMIOBOiI  BOJOBIABIIHOI ~ Mepexi. 3arajbHy  IUIOULY
BOJIOHCTIPOHUKHUX TIOBEPXOHb 3a3BUYAl MOJULSIIOTh Ha HAMpsAMy TMpUEAHAHHI 10
MepexXi BOJOHENPOHUKHI MOKPUTTA ab0 Tak 3BaHl €(EeKTUBHI BOJIOHENPOHUKHI
nokputts (EBHII) Ta HEmpuegnani 1o Mepexi BogoHenporukHi mokputTs (HBHIT).

O06’ekTOoM JociiaxeHHs: 0yno oOpaHO KUTJIOBI KBapTaiu LleHTpanbHOro pailony
— OJIHOTO 3 IEHTPAJIbHUX pailioHIB MicTa XepcoHa. B mexax lleHTpamsHoro paiiony
BU3HAauCHO 3araibHy Iwiomy 370,2 ra, sika Oyna po3aiieHa Ha 32 KBapTaiau s
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3py4YHOCTI OOCTEKEHHS 1 aHai3y. YCl JOCTIIKEHI KBapTalld 3HAXOAAThCSI HA TEPUTOPIi
BOJ10300py M. XepCOHa, a MOBEPXHEBUU CTIK 3 Ili€l NUISHKKA BHAaJa€ y KOMOIHOBaHY
KaHATI3aIIiHy CHCTEeMY XepcoHa 1 Jajii - 0e3mocepeaHbo 10 XEePCOHCHKUX OYHCHHX
CTHIOPYI.

Pe3ynbraty BU3HAaYeHHs MMOKA3HUKA CTYIMEHS N BIANOBIAHO O MEPIIOTO MiAXOMY
HaBEJICHO Ha puc. 3.
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Puc. 3. Jlorapudmidna 3aexHiCTh MiJK YaCTKaMH €(DEKTUBHHX Ta 3araJIbHUX
BOJOHETIPOHUKHUX NOBEPXOHB M1 LleHTpanbHOro paiioHy Micta XepcoHa

BaxxnuBUM NUTaHHSM, K€ MOTpPeOye NEPEBIPKU, € HASIBHICTh UM BIICYTHICTh
CUCTEMAaTUYHOI JOBrOTEPMIHOBOI 3MIHM NapameTpiB aTMOC(HEpHUX OMAaIB ISl M.
Xepcona. Ha puc. 4. HaBeneHO rpadik 3MIHM B 4acl pIYHOI BUCOTH IIApy OMNAJIiB Y
Xepconi 3a iepiof 3 1945 no 2020 poky.
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Puc. 4. 3miHa B yaci piuHOi BUCOTH IIapy OMajiB y M. XepCOH 3a Nepioj
19452020 pp.: 1 — dbakTuyHi 3Ha4YCHHS; 2 — JIIHIMHA alTpOKCUMAITis

22



BucHoBku. 1. BusznayanpHuM QakTtopom s po3poOJeHHsS Ta IMILIEMEHTAaIii
aJICKBATHUX TPAKTHYHUX TUJIAHIB 3 YIPABIIHHSA MTOBEPXHEBUM CTOKOM € HOTO HAayKOBO-
OOTpYHTOBaHE MOJICTIOBAHHS, SKE 3IIMCHIOEThCS BIAMOBIIHO JO KJIIMaTUYHUX
XapaKTepUCTHK 1 TmapamMeTpiB OaceiiHa CTOKYy 3 ypaxyBaHHSM Jiama3oHIB iX
IIPOTHO30BaHO1 3MI1HU B Yacl.

2. MopentoBaHHS MTOBEAIHKH MOBEPXHEBOTO CTOKY 3 ypOaHI30BaHUX TEPUTOPIH €
CKJIaJIHOIO OaraToakTopHOO MpodieMoro. OOIPyHTOBAHO, IO JOCTOBIPHI PE3ybTaTH
MOJICITFOBAHHS CKJIATHUX JOMIOBUX BOJIOBIJBITHUX MEPEXK 3 HASBHICTIO PETYITIOBATLHUX
CIIOpYy/l MO’KHAa OTpPHMATH JIMIIE 3 3aCTOCYBaHHSAM 0araro(akTOPHUX UYHUCEITbHUX
MOJIeTIeH, 0 Peani3yloThCs y BIAMOBITHIUX KOMIT IOTEPHUX MPOTpaMax.

3. OTpuMaHy KOpEJALII0 MK CyMapHOIO Ta €(PEKTUBHOIO HETPOHUKHICTIO JJIs
KUTJIOBHUX KBapTajJiB MicTa XepcoHa JOIIHFHO 3aCTOCOBYBATH SIK BAXJIMBUN TTapaMeTp
MOKPUTTA OaceilHa CTOKY IpH po3poOJIeHH] TAPABIIYHUX MOJIENEH CHCTEM JOIIOBOTO
BOJIOBIJIBE/ICHHS B YKpaiHI.

4. OOpoOKOI0 Pe3yibTaTIB T1APOMETEOPOIOTIUHUX CIOCTEPEKEHb Y M. XEpCOHI
3a niepiof 3 1945 p. mo 2020 p. BCTaHOBIEHO JTUHAMIKY JIOBTOTEPMIHOBHMX 3MIH B 4acl
BHUCOTH PIYHOTO MIApy OMAaJiB: 3pOCTaHHSA y cepeaHbomy Ha 1,81 mMMm/pik, Ta piuyHOI
KUIBKOCTI JTHIB 3 aTMOC(EPHUMH OlajaMu: 3MeHIleHHs Ha 0,24 MM/piK.
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YK 624.971:624.014.2

_AHAJII3 HABAHTAZKEHbD I BIIVIUBIB HA ITPOI'PECYIOYE
PYUHYBAHHSA AHTEHHUX CITIOPY/J CTIVIBHUKOBOI'O 3B'A3KY

T'acenko A.B., 0.m.n., ooyenm, Ilaoyn FO.B., acnipanm
Hayionanvnuti ynisepcumem «Illonmascvka nonimexuixa imeni FOpia Konopamiwokay

Beryn. AHTEHHI CIOPYJU CTIIBHUKOBOTO 3B’SI3KY — IMMPOKUHN KJac CIOpPY/, SIKi
IPU3HAYCHI JJISI PO3MIIIICHHS Ha HUX TEXHOJIOTIYHOTO 1 PalOTEXHIYHOTO YCTaTKyBaHHS.
3a KOHCTPYKTHMBHOIO CXEMOIO aHTEHHI CHOPYIMU MOAUISIOTHCS Ha BEXI, LIOTIU Ta
KOMO1HOBaH1 oropu. BigmiHHA puca aHTEHHUX CIOPYA — BeJiMKa BUCOTa (y MOPIBHSIHHI
3 po3MipaMH TOINEPEUYHUX Tepepi3iB), TOMY HECydl KOHCTPYKIIi Ta BYy3JHU
pPO3paxoBYIOTh B OCHOBHOMY Ha aTMOC()epHI HaBaHTaKEHHS — BITPOBI, OXEJIE/IHI Ta
TeMriepaTypHi. EleMEeHTH HecyuuxX KOHCTPYKIIH aHTEHHHX CHOPYH BHUPIZHIIOTHCA
pPI3HUM CTYNEHEM CKJIQJIHOCTI BHU3HAYEHHS TEXHIYHOTO CTaHy, a TaKOX 3HAYHOIO
KUIBKICTh (DaKTOpIB, IO MOXKYTh HPHU3BECTH 10 (PIZUYHOTO 3HOCY, Jedopmanii,
HaJHOPMATUBHUX BIIXWJIEHb OCI CIIOPYAH BlJ BEPTUKAJI1, 1€PEKTIB Ta MOIIKOIKEHb.

HaniiiHicTh aHTEHHUX CHOPYJ € HaBaXJIMBIIIMM aclEKTOM iX €KCIUTyaTaliiHoi
npugaTHocTl. OIlHKa TEXHIYHOTO CTaHy AHTEHHUX CIOPYJ CTIILHHUKOBOTO 3B’SI3KY
MOKa3y€e aKTyaJIbHICTh TPOOJIEMHU aBapiMHOCTI Ta HEOOXIAHICTh KOMIUIEKCHOTO MIIX0TY
70 cUCTeMaTHu3allli aBapiiHuX Je(deKTIB Ta MUIAXIB iX MOMEpeHKeHHS a00 BUPIIICHHS
yke iCHyrouux. JIo OCHOBHUM IapaMeTpiB KOHCTPYKIIIH, SIKI CYTTE€BO BIUIMBAIOTH Ha
eKCIUTyaTaliiiHy MPUJIaTHICTh € MIIHICTb, CTIMKICTh, THYYKICTh HECYYHMX €JIEMEHTIB, a
TaKO BIIXUJICHHS OC1 CIIOPY/H BiJl BEpTUKAIIl B CTaHI CIIOKOIO Ta KyTOBI MEPEMIIIECHHS
B PIBHI pO3MIIIEHHSA pajiopeleiiHuX aHTeH. [l BHU3HAYEHHS TEXHIYHUX CTaHIB
nepeayciM HEOOXIIHO TPOaHai3yBaTH HAaBaHTAXCHHS 1 BIUIMBHU, SKI CHPUNMAIOTh
aHTEeHHI CIIOPY/H, IO €KCILTYaTyIOThCS.

Merow poGOTHM € ONHMC HABaHTAXEHb 1 BIUIMBIB, IO BHHHUKAIOTH MPH
eKCIUTyaTallli aHTEHHUX CIOPYJ CTUIbHUKOBOTO 3B’A3KY Ta iX Oe3mocepe/iHiil BIJIMB Ha
HMMOBIPHICTb aBapiii Ta pyHHYBaHHS aHTEHHUX CIOPY/I.

OcHoBHa 4actuHa. TepMmiH «mIporpecyroue pyidHYBaHHS» BIIHOCUTHCA JO
CUTYyallii, KoM pyWHyBaHHS a00 TMOMIKOKEHHS OyAb-sKOI Manoi 4acTUHU CIOPYAH
BeJle 10 MOBHOro ab0 Maike MOBHOTO pYyHHYBaHHS BCi€i KOHCTPYKIIi. ABapiiiHi
BIUTMBH a00 cUTyallli MOXKYTh OyTH BHKJIMKAHI JISJBHICTIO JIIOJAUHU (BUOYXH Trasy,
TEepaKTU, TMOXKEXKI, HAI3AU TPaAHCHOPTY, NePEKTH MPOCKTyBaHHsS, OYIIBHHUIITBA Ta
eKCIUTyaTalii  Crnopynd,  HekBadipikoBaHa  PEKOHCTPYKIIs,  CyIpOBOKyBaHa
ociabiieHHsIM ab0 TIepeBaHTAKCHHSIM HECYYUX €JIEMEHTIB) a00 MPUPOIHUMHU SBHUIIIAMH
(3eMreTpycH, yparanu, 3CyBu, HepiBHOMIpHI nedopmaiiii ocHOB). OCKUTBKH HEMOKITUBO
MOBHICTIO BUKIIOUATA WMOBIPHICTh BUHUKHEHHS TaKHX CHUTYyalliif, HEOOX1THO
3a0€3Me4YnTH NIEBHY CTYMIiHb Oe3MeKU 1 30epexKeHHs TeIEKOMYHIKAI[IHHOro 00J1aJHaHHS
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3a paxyHOK 3MEHIICHHS WMOBIPHOCTI MPOTrPECyruoro OOBaJeHHS MpU JOKAJTbHUX
pyMHYBaHHS HECYYMX KOHCTPYKIIIH.

KoHceTpykIlli aHTEHHUX CHOPYJ 3B’A3KYy PEKOMEHIOBAHO pPO3PaXOBYBATH SK
IPOCTOPOBY CHUCTEMY «OCHOBa — (YHJIaMEHT — CHOPYJa» 3 BHUKOPHUCTAHHIM
OPOrpaMHUX KOMILJIEKCIB, IO JI03BOJISIIOTH BpaxyBaTh (I3UYHY W T€OMETPUYHY
HEJIHIMHICTh. A TakoX 3a0€3MeUnTH HaHOLIBITy TOYHICTh PE3yJIbTaTIiB PO3PaxyHKy M
3HUKEHHS METAJIOEMHOCTI Oy 1IBHUIITBA.

PekoMeHZI0BaHO TPOBOAMTH PO3PAXyHOK 3a TAaKOK CXEMOIO: BHKOHATH
PO3paxyHOK yci€i cxeMu B (DI3WYHO HENIHIMHIN MOCTAHOBII HA MOCTIWHI 1 THMYAcCOBI
HABaHTA)XCHHS, 110 BXOJATH IO aBapiiHOTO CIOJyUYEHHS; 1l OTPUMaHUI HaNpPy>KEHO-
neOopMOBaHHI CTaH MPUHAMATH SK CTAPTOBHM JJIsl PO3paXyHKY HAa HABAaHTAKCHHS BiJ
€JIEMEHTIB, 110 BUJYUYalOThCSA; PO3PAXYHOK Ha OJIATKOBE HABAHTA)XCHHS, III0 BUHUKAE
Opy BWIYYCHHI €JIEMEHTIB, BHUKOHYBaTH y (I3MYHO W TEOMETPUYHO HENIHINHIN
MOCTaHOBII. TakuM YMHOM, PO3paxyHOK MIIHOCTI Ta CTIMKOCTI MMPOBOJIUTH Ha aBapiiiHe
CIIOJIYYCHHSI HaBaHTaKEHb 1 BIUIMBIB, 110 BKJIIOYA€ TMOCTIMHI 1 TpUBaJli TUMYACOBI
HABAHTAXKECHHS, a TaKOX BIUIMB Ha KOHCTPYKIIIO CHOPYAM JIOKAIHHUX BUKIIOUEHb 3
poOOTH €J1EMEHTIB KOHCTPYKTUBHOI CXEMH.

Po3paxyHOK HecyduMx KOHCTPYKIIN AaHTEHHUX CIIOPYJ BHUKOHYEThCS Ha IO
MOCTIMHUX, 3MIHHUX TpPUBAJIUX, 3MIHHMX KOPOTKOYACHUX Ta  €MI30JMYHUX
HaBaHTaXEHb. [0 TOCTIMHMX HaBaHTaXeHb CIiJ  BIJHOCUTH BJACHY Bary
METaJOKOHCTPYKIIIM Ta MOHTaXH1 HATATH BIATSKOK IIOTJI, IO 3MIHHUX TPUBAJIUX — Bary
TEJEKOMYHIKALIIIHOrO 00JIalHaHHs Ta KaOeJNbHOI Tpacu MO BCIM BUCOTI CIIOPYIH, 10
3MIHHUX KOPOTKOYaCHUX HABaHTaXEHb CIIIJI BPaXOBYBAaTH BITPOBI Ta Y BHIMAAKY IS
IIOTJI TEeMIIEpaTypHi BIUIMBA Ha BIATSXKKU (BaHTH). TakoX CliJ BpaxOBYBaTH
€MI30/IMYHI  OXKEJICMHO-BITPOBI HABAHTAXEHHS Ta B OKPEMHUX BHMAJKax I1HIII
HAaBAHTAKEHHS, 110 OOYMOBJEHI MOHAJHOPMATHUBHUMHU JAepopMalisiMM OCHOBHU
byHIIaMeHTy, 30KpemMa Mpu 3aM0quaHH1 MPOCAJKOBHX IPYHTIB.

Bimpoei nasanmasicents BITHOCSATHCS 10 3MIHHUX KOPOTKOYACHUX HAaBaHTAKEHb,
Ui SIKHX BCTAHOBJIOIOTBCS JBA PO3PAaXyHKOBUX 3HA4YCHHS — TpaHWYHE Ta
excrutyatarfiiine. [Ipu BuU3Ha4YeHH1 BITPOBOTO HABaHTAXKEHHS HEOOXIAHO BpPaxOBYBATH
[Ty CYKYyNHICTh MapaMeTpiB TaKuX, SK BITPOBUU paiioH MICIIEBOCTI, aepoIMHAMIUHI
Koe(IiIieHTH KOHCTPYKTMBHHMX €JIEMEHTIB CHOpyau, penbed, reorpadiyHa BHCOTA,
BHCOTA CIIOPYJU, BIUIUB TYyJbCAIlIMHOI CKJIAJ0BOi BITPOBOTO HABAHTAXKECHHS 1
MPOCTOPOBY KOPEJISIIIO BITPOBOTO TUCKY Ha CTIOPYY.

OoicenedHo-8impo6i HABAHMAdCEHHs BITHOCITHCS A0 €Mi30JIUYHUX HABAHTAKEHb
AK1 CIT1J] BpaXOBYBAaTH MPU PO3PAXYHKY HECYUOi 3/TaTHOCTI aHTEHHUX CIOPYH 3B’A3KY.
Ile cykymHICTH Barm OKeJIEAHHX BIIKIAJCHb Ta HOPMAJIBHOTO BITPOBOTO THUCKY Ha
€JIEMEHTH CIOpPYIH, IUIOIa SKUX 301JIbIIEHAa CTIHKOI OKenemi. TOBIIMHA CTIHKU
O’KeJelli BU3HAYAETHCS 3a JOMTOMOTOI0 XapaKTePUCTUIHUX KapT palOHyBaHHS TepHTopi'i
VYkpainn [1]. Bary OKeJel CIif BPaXOBYBaTH K Ha BCIX MeTaJ'IOKOHCprI(LUSIX
cropyau, Tak 1 Ha TeJIeKOMyHlKaLIlI/IHOMy oOnamHaHHI Ta KaOenbHIH Tpaci.
Temneparypy MOBITPS TIpH OXeNEl Ui PO3paxyHKIB ciix mpuitmatd minyc 5 °C.
Oco06MBy yBary 0KeJIeHO-BITPOBUM HABAaHTAXKEHHSIM CJIIJT MPUIUIATA JJISI aHTEHHHUX
criopya, po3rtamoBaHux B Onecbkiii 007acTi 3 XapaKTEPUCTHUYHUMH 3HAYCHHIMU
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TOBIIMHU CTIHKU OXenell y 28 MM, OCKUIbKA B MEPEBAXKHINA OUIBIIOCTI BUMAJAKIB II€
OyJie HalOIbIII HECTIPUATIMBOIO KOMOIHAIIII0 PO3PaXyYHKOBHUX HABAHTAXKCHD.

Temnepamypui  6niuéu  BIAITPAIOTh  BAXIWBY pOJb Yy  MOJETIOBaHHI
PO3paxXyHKOBHX CXEM IS IIOTJI, OCKUIBKHM 3aJI€KHO Bijl TEMIIEpaTypH BIATSKKHA MalOTh
BJIACTUBICTh 3MIHIOBATH CBOIO JIOBXKMHY 1, SIK HACIHIOK, MOHTQXHI HATATH BIATSKOK
LIOTJI JIOCUTE YyT/IMBI IO 3MIHHM TEMIIEPATYpP HABKOIMIIHBOIO CEPEOBHINA Ta BILTHBY
COHSTYHOT pazuauu Tomy mpu po3paxyHkax Hecydoi 3MQTHOCTI IIOTJI Ha CTIMKICTH B
oMy 1 iX OKpeMHX €JIEMEHTIB CJIiJl BpaxOBYBaTH BIUIMBU TeMIEpaTypH
cepeaHbopiuHoi, a Takox Temnepatypu Minyc 40 °C Tta mmtoc 40 °C. [Ipu po3paxyHkax
KOHCTPYKIIIH Ha OEJEAHO-BITPOBI HABaHTAXKEHHsSI CIIiJI BPaXOBYBATH BIUIMB
temneparypu minyc 5°C.

Kombinayii nasanmasicens. CrionydyeHHsI HaBaHTaKe€Hb (OPMYIOThCS K HaOip
iXHIX pO3PaxyHKOBHMX 3Ha4deHb a00 BIAMOBIAHUX IM 3ycuib 1/ab0 mepeMilleHb, II0
BUKOPUCTOBYETBCS JIIst nepeBlpKH KOHCTPYKLIT 200 OCHOBU y IEBHOMY IPaHHYHOMY
CTaHl 1 B TEBHIH po3paxyHKOB1H cutyanii. [lpumyckaeTbesi, 10 BCi HaBaHTaXCHHS B
o0OpaHOMy CHOJyY€HHI OJHOYACHO BIUIMBAIOTh Ha 00'€KT po3paxyHKy. [lo xomOiHamii
BXOJIITh HABAHTAXKEHHS, K1 HAWOLIBII HECTIPUSATIMBO BIUIMBAIOTH HA CIIOPYAY 3 TOUKH
30py TPAaHUYHOI'O CTaHy, L0 pO3IJIsAAaeThesl. BImBY, sIKI B3a€MHO BUKJIIOYAIOTh OJUH
OJIHOTO, HE pO3IJISAAIOThCA B OAHIN KOMOiHamii. B po3paxyHkax KOHCTPYKIIII
PO3TIISAAIOTHCS CIIOIY4YE€HHS JBOX TUIIIB — OCHOBHI Ta aBapiiiHi.

JIns mepeBipKM TpaHUYHHMX CTaHIB MEPIIOi T'PyNUd BUKOPUCTOBYIOTh OCHOBHI
CHOJIyYEHHS, K1 BKJIFOYAIOTh MOCTIIIHI HABaHTaXXCHHS 3 TPAHUYHUMU PO3PaXyHKOBUMU
3HAYEHHSAMH, TPAHUYHI PO3PAXYHKOBI, UKIIYHI a00 KBA3IMOCTIMHI 3HAYEHHS 3MIHHUX
HABaHTa)XEHb.

Jns mepesipkd IpaHMYHEX CTaHIB JAPYroi Py BHKOPHCTOBYIOTh OCHOBHI
CIOJTY4CHHS, sAKI BKIIOYAIOTH IOCTiMHI HABAHTAKCHHA 3  CKCILTyaTalliifHUMH
PO3paXyHKOBMMH 3HAYEHHAMH, & TAKOXK eKCIUTyaTalliiiHI pO3paxyHKOBI, MHUKIiUHI 200
KBa31IOCTIHHI 3HAUEHHS 3MIHHUX HABAHTAXKEHb.

Jlo aBapiiHOTO CIOMyYeHHS KpIM TOCTIHHUX 1 3MIHHUX HaBaHTAXEHb MOXE
BXOJIUTH TUTBKH OJIMH €M130JUYHUI BIUIUB.
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Puc. 1. IIpukitag komOiHaIiii HaBa

®oto 1-2. Ilpuknaan nporpecyroyoro pyuHyBaHHs aHTEHHUX CIOPY/ 3B’ SI3KY.

BucnoBku. HaniiiHiCTh aHTEHHUX CHOPYA CTUIBHHUKOBOTO 3B’SI3KY TEpeAyCiM
3QJICKUTh BiJl HASBHOCTI JOCTaTHBOTO 3amacy MII[HOCTI Ta CTIHKOCTI HECy4HX
€JIEMEHTIB KOHCTPYKIiA. ToMy mNpaBUIIBHICTh Ta KOMIUIEKCHUHM MAXiI ISl 300py
HAaBAHTAKEHb Ta BIUIMBIB HAa aHTEHHI CHOPYAM CTUIBHMKOBOTO 3B’A3KYy MAa€ KIIOYOBE
3HAUEHHS TMpPHU OIIHII X TEXHIYHOTO CTaHy, OCKUIBKH BiJIMOBa POOOTH OJHOTO 3
€JIEMEHTIB MO’K€ TMPU3BECTH TO BTPATU CTIHKOCTI Ta MOJAIBIIOMY MPOTPECUBHOMY
pYHHYBaHHIO BCl€l KOHCTPYKIII.
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YK 624.01

AHAJII3 NOKOJIXEHb 1 PYHHYBAHb BYJIBEJIb I CHIOPY /I
XEPCOHIIIUHU BHACJIIJOK BOHOBUX JIA

Kowesuu 1.0O., macicmpanm, inoxcenep TOB «Tepeny
XepcoHcvkutl depacagrutl acpapHo-eKoHOMIYHUL YHIgepcumem, M. XepcoH

Beryn. 30poiiHa arpecist Ha TepI/ITOpll VYkpainu cnpuyurHUIIA 3HAYHI pyHHYBaHHS
LIMBUIBHUX 1 NPOMHCIIOBHX 00’€KTIB y 0araTb0OX perioHax, 30KpeMa Ha XepCOHILHUHI.
InTencuBHI 60iOBI i TPU3BENIX A0 MOIIKOKEHb OY/IBENIb PI3HOTO MPU3HAYCHHS, 110
BIUIMHYJIO Ha COIllabHO-€KOHOMIUYHHUM PO3BUTOK pErioHy Ta Oe3mneky HaceseHHs [1,2].
AHani3 pyiiHyBaHb J03BOJISIE OIIIHUTH MacmTabu BTpaT Ta cPOPMyBaTH MIAXOIU IO
BIJIHOBJIEHHS 1H(pacTpykTypH [3].

Merta nmoCHiKEHHS: BUSBUTH OCHOBHI THIIM TIOMIKO/DKCHBH OYaiBellb Ha
XepCcoHIIMHI, OIIHUTU BIUIMB OOMOBUX [id Ha 1HQPACTPyKTypy Ta HaJIaTu
peKoMeHaaIli 010 BiTHOBJICHHS.

OCHOBHHMMH 3aBJAaHHAMHU POOOTH €:
e BHUBYCHHS XapakTepy Ta kiacudikallli pyiHyBaHb 3aJI€KHO Bl TUITY Oy/iBenb Ta

CIOPYA;

e aHamI3 NPHYUH BUHUKHEHHS OIIKO/KCHb i 9ac 00MOBUX Jii;

 OIliHKA HACIIJIKIB PYHHYBaHb JUIS )KHTTETISTILHOCTI PETiOHY;

e pO3po0Ka peKOMEHIaIlii 1010 BITHOBJICHHS 3pyHHOBAHUX 00’ €KTIB.

Temy pyliHyBaHb OyziBenb uepe3 O0HOBI JIli BXkKE HE pa3 JOCIIHKYBaJld, 30KpemMa Ha
npukiaai koHdumkTiB y Cupii ta Ipaky. B Vkpaini HaiiOinbiie yBaru NpUALICHO
aHanizy pyhHyBaHb y JloHemnpkiii Ta JlyraHcekiii o0nacTsax, aje cuTyalis Ha
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XepCoHIIMHI TOKH M0 BHBYEHAa HENOCTaTHHO. lle BaximMBO uyepe3 MacmTabu
MOIIKO)KEHb Ta CTpaTeriyHe 3HauUeHHs 1HQPACTPYKTYpH B IbOMY perioHi. [5].

OcHoBHa yacTtuHa. [locnmipkeHHs pyHHYBaHb Ha XEPCOHIIMHI MPOBOIMIN
KoMIuiekcHo. OCHOBHI eTamnu: BUi3au Ha MicI g orodikcanii, anami3 38itiB JJCHC
[7] Ta 1HIIMX CTPYKTYp, OMUTYBAaHHS MICHEBUX JKUTEIIB PO oOCTpiiu [8] , BUBUCHHS
CYNyTHUKOBHMX 3HIMKIB Ta TEXHIYHMX BUCHOBKIB 1HkeHepiB[10].

PyitnyBanna kiacudikyBanmu 3a TUIOM OyAiBial  (KUTIOBI, TPOMAJICHKI,
IIPOMUCIIOBI, 1H(PPACTPYKTYpHI), XapaKTepoM IONIKO/KEHb (YacCTKOBi, IIOBHI,
nedopmariii), mpuarHaAMU (apTOOCTpiNM, aBiaymapu, MiIpuUBH), Marepiagamu (O€ToH,
1eryia, MeTall, IEpeBo) Ta CTyNEeHEM IMOIIKOKEHHS (JIeTK1, CepeJiH1, BaXKKi, KPUTHYHI).
CporoiHi Xo4uy pO3MOBICTH MPO T€, SK MPOBOIUTHCS €KCIpec-aHali3 cTaHy Oy/iBeNb i
CIIOpyJZl Ticiisa OOMOBHX JiM, 30KpeMa Ha MPHUKIAJI MOTrOo JOCBiy B XEpCOHCBHKIN
o0JacTi.

[licns aBiaygapy Oyna 3pyHHOBaHa JIECATHTIOBEPXOBA 6y,Z[iBJ'I5I OnepaTHBHO
ozpazy micIst yaapy, noTpioHO Oyio TIPOBECTH CKCIEPTHHUIA aHalli3 — TaK 3BaHUUN
«aHali3 i3 Kojicy», — abu HajgaTu J03Bin Ha poboty migposainam JCHC. Im motpi6HO
Oyno Oe3reyHo HAONM3UTUCA 10 OydiBIl JUIsl MPOBEACHHS PATYBAJIbHUX POOIT.
HaiiBaxxnuBimum OyJio OIIHUTH KOHCTPYKTUBHUN CTaH CIIOPYIU MPOoTaroM 10 XBUIUH 1
BU3HAYUTH KPUTHYHI €JIEMEHTH, SIKI HEOOX1THO JIEMOHTYBAaTH HETANHO.

30KpeMa, aHali3 J03BOJIE€ BUSBUTH: HEOE3MEUHI IUIUTU MEPEKPUTTSL, SIKI MOXKYTh
BIIACTH; TMEPEMHUYKH HaJ JABCPHUMH Ta BIKOHHHUMH OTBOpPaMH, IO 3arpoKylOTh
oOBaJICHHAM; (parMeHTU CTiH, MLETJISHOI KIAaJIKH, AKI TpU OOpYIICHHI MOXYTh
MEPEIKOIUTH PATYBAIBHUM poOOTaM a00 3aBJATH MIKOIU JIHOJISIM.

VYcknagHEHHd TONsSrae B TOMY, IO 4epe3 3arpo3y IOBTOPHOTO YyAapy
CTHENTEXHIKY HE 3aBXKIU MOKJIMBO 3acTocyBaTH. Lle BuMarae MakCMMaibHO MIBHAKOTO i
TOYHOTO BI3yaJIbHOTO aHali3y 3 00Ky (haxiBIIiB.

[Ticnst mo4aTKOBOTO OOCTEXKEHHS (POPMYETHCS KOMICIS, 10 CKIaay SIKOi BXOASTh:
1H)XeHepU-0y11BEJIbHUKH; IPEICTaBHUKY MiCbKOi1 Biaau; paTyBanbHuku JJCHC.

Pa3om MM mpoBOAMMO ONUTYBaHHS CBIJIKIB MO/11, po3po0JsieMo MonepeaHii mian
JOCTYIy JIO CHOPYIU, TEPEeBIPSEMO MPUIIETIl OYyiBII HA MpPeaMEeT TPIIIMH, OCITaHHS
IPYHTY, 3arpo3u 00Baty. BaskJIMBO OLIHUTH MOBENIIHKY BCHOTO KBapTaly — aJ[ K€ OJIUH
yaap MOXe BIUTMHYTH Ha KUIbKa OyIMHKIB.

[mxenepu ~ OyaiBenbHOrO  OpodUIF0  MPOBOAATH  JCTAIBHMI  aHami3
KOHCTPYKTHUBHUX €JIEMEHTIB: ()yHIAMEHTY, HECYYUX CTiH, Omop. Y MiJACYMKY KOMIiCis
MpUiiMae PIIICHHS: YA € CEHC y PEeKOHCTPYyKUIi OyaiBii, abo X HEOoOX1AHUI MOBHUI
JEMOHTaX 3 IMOJIAJIBIITUM 3BEJICHHIM Cy4acHOTO, O1IBII €KOHOMIYHOTO 00’ €KTa.
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Puc. 1. Ilomkomkenus OyAiBii aBiaygapom Puc. 2. Ilomkomxena OyaiBis
(BurIISLA criepeny) (BUTJIAL 3BEPXY )

[TormkoKeHHS KOJIOHU ¥ TUTUTH TIEPEKPUTTS BHACIIIOK ap THIIEPIACHKOTO yAapy.

Y apyroMy BUMNAIKy apTWIEPIACHKHUI yaap MOIIKOAWB IHILY JAECITUIIOBEPXOBY
oyaisiro. [TocTpaxkganu: HeCcydya KOJIOHA; IITUTA MEPEKPUTTS HA ChOMOMY MOBEPCi.

I'pyna imxeHepiB-OyMiBEJbHUKIB TIPOBENia OINEpaTUBHE OOCTeXeHHs. Mera —
OLIIHUTH, Y MOKJIMBO:€BaKyIOBAaTH MEIIKAHIIIB (YaCTKOBO 200 MOBHICTIO); MPOIOBKHUTH
EKCILTyaTaIliio HHKHIX HOBeriB' IPOBECTHU peKOHCprKuiIo

Oco6J1HBy yBary HpI/I)IIJ'II/IJII/I noBepxaM 8, 9 1 10. byno obcTexxeHo: cTaH rpyHTlB
TplIIII/IHOCTII/IKICTB CTiIH 1 OETOHHUX KOHCTPYKIIA (32 JOMOMOTOI0 BiJIITOBITHOTO
J1arHOCTUYHOTO 00JIaIHAHHS).




Puc. 3. 3pyiiHOBaHa JOIXKisT apTyIapoM Puc. 4. Pexoncrpykitis

Ha ocHoBi pe3ynbTariB po3po0JieHO YITKHM IUIaH poOiT: MiAcuIeHHs abo 3amiHa
KOJIOHHU; PEMOHT IUTUTH TEPEKPHUTTSI;, BITHOBJICHHSI ITOIIKOKEHUX JiISTHOK.

PoGoTn BUKOHYBaJIMCh Jy’)Ke OOEpEKHO, 3 YpaxyBaHHSIM HEMOXKJIHBOCTI
BUKOPUCTAHHSA pPUIITYBaHb, IIHOMHHUKIB Ta IHIIOI TEXHIKM — dYepe3 3arposy
MOBTOPHUX yIapiB.

[Ticnst 3aBepiieHHA PEKOHCTPYKIi TMPOBOJUBCSA TMOBTOPHUM aHami3, 1100
MIATBEPAUTH HAIIHHICTH 1 Oe3meKy Oy IiBIIi.

AHari3 OyaiBenb micisi O0MOBHX YITKOKEHh — 1€ HAaJ3BUYANHO BiIOBITaIbHA
Ta Hebe3meuHa cmpaBa. BoHa BuMarae MmBUAKOCTI, MpodecioHamizsMy W YITKOTO

TJIaHyBaHHS.

['onoBHE 3aBHaHHS — 30€perTH JKUTTS JIOACH Ta 3a0€3MeUYUTH MOKIUBICTH
O€3MeYHOro MPOBEACHHS PATYBAJILHUX 1 BIAHOBIIOBAIBHUX POOIT.

MacmtabHe oOCcTeXeHHs MicTa Micisi 00HOBUX JIiH Ta 3aTOIUICHHS

Puc. 5. 3pyitnoBana Kaxosceka 'EC  Puc. 6 3pyiiHoBanuiil MicT uepes p. JHIimpo

CranoM Ha cborojHi moHaa 75% OyniBenb y MicTi XepCOH MatOTh MOIIKOKEHHS
BHACIIIJIOK aBia- Ta apTOOCTPIIIB, a TAKOXK MICIs KAaTacTPO(PIUHOTrO 3aTOTUICHHS 4Yepe3
migpuB  KaxoBcekoi T'EC. Ile Bumarae wmacmTabOHOro OOCTSXKEHHS  BCI€i
1H(MpaCTPYKTYpH MicTa Ta 001acTi.

Oco0nuBy yBary ciiji MpUAUISATH:

OyIiBIISIM 1 CIIOpY/aM, 1110 PO3TAIIOBaHI MOOJIN3Y PIYOK 1 BOJONM (30KpeMa
JIHinpa); KOHCTPYKLISAM, SIK1 TOTPAIUIIU M1 BIUIMB M1A3€MHUX BOJ; 00'€KTaM
KyJBTYPHOI CHIAAIIUHY Ta apXITEeKTYPHUM aM’sITKaM; OY1BJISIM, III0 MalOTh O3HAKU
OC1/IaHHSI, HAXUJTYy a00 BTPATU XKOPCTKOCTI [5].

Heo0xi1HO MpOBOAWTH HAayKOBO-AOCHITHUIBKI pOOOTH IPYHTIB, aJKE CHUTYyaLlis
nicas nigpuBy ['EC cyTTeBO 3MiHMIA TIAPOreoJoriyHl yMoBU. YacTUHU MiCTa MOXKYThb
BXOJIUTH JI0 CEMCMIYHO aKTUBHOI 30HM a00 30HU 31 CIA0KMMH I'PYHTAMHU, 1110 KPUTHYHO
BAXKJIUBO JIJIs1 Oy/Ib-sIKOTO HOBOT'O OY/IIBHUIITBA.

BucnoBok. Bci HOBiI OyniBHUIITBA B XepCOHI Ta 00JacTi MalOTh BPaXxOBYBATH
3MIHEHI YMOBH I'PYHTIB 1 CEHCMIUHY HECTAO1IbHICTb.

HeoOxi1HO OHOBUTH HOPMHU NPOEKTYBAHHS 3 YPaxyBaHHSM MOCTTPaBMATUYHOTO
CTaHy IPYHTIB.
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Jlnst mpuBaTHOTO 1 6araTomoBEpXOBOTO OYIIBHHIITBA CIIJ BIPOBAIUTH HOBI
HOPMU HECYYOi 3IaTHOCTI IPYHTY.

BaxnuBo BeCTH MOCTIHHMIA MOHITOPUHT 32 CTAHOM BKE TOIIKOPKEHUX OYIiBEIb,
a0y YHUKHYTU HaJI3BUYaHUX CUTYaIllll y MallOyTHHOMY.
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PO3POBKA EKOHOMIKO-E®OEKTUBHUX METO/IB BITHOBJIEHHSA
T'IJIPOI3OJIALIAHUX BJACTUBOCTEMR EJJEMEHTIB BY AIBJII HICJISI
TEXHOTEHHUX I IPUPOJHUX BILIUBIB TA YCYHEHHS iX
HACJIIAKIB

Cnons B.B., k.m.n 0oy., 3aixo B. I., macicmpanm
XepcoHcvkuil Oepacasruil acpapHo-eKoHoMIuHUl YHigepcumem, M. Kponuenuyvkuti

Beryn. [aTeHcuBHI BIHCBKOBI Aii HAa TepuUTOpii YKpaiHW TPHU3BOIATH IO BCE
OUTHIINX pYHHYBaHb MPUBATHOTO KHUTJIA HAIITUX TPOMA/ISH.

BinHOBNIEHHS OJHOTO 3 TOJOBHHX €JIEMEHTIB OyIMHKY, TaKOro fK Jax IIe
MOJKJIUBICTh ISl JIIOJIEH MaTH >KUTJIO 1 MPOJOBXKYBAaTH KUTH y CBO€l ocemi. Tomy,
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MIBUJKAA PEMOHT TIOMIKOJPKEHUX TIOKPIBIl Ta TiJ TOKPIBENIBHOI T1APOI30JISIIil
(rimpobap’epy) — i€ BaXKJIMBI TUTaHHS 1181 JiroAeH [4], [5].

OcHoBHMii TekcT. MeTolo € OOIpyHTYBaHHS Ta po3poOKa EKOHOMIKO-
e(EeKTHBHOTO METOJY BIJTHOBJICHHS IMOKPIBJI Ta IiJl MOKPIBEJIBHOI T1IPOi30sIii axy
OyJIMHKY MOIIKOJ/IKEHUX B HACHII0K OCKOJIOYHOTO MOCIYeHHs, BUOYXY ToIIIO [5].

AHani3 TUMOBUX MONIKO/KEHb JaxiB, po3po0Ka adropuTMy Aiil s iX yCyHEHHs
Ta METOJy PEMOHTY TOKpIBIl CIHPAEThCS HA CydaCHI BUMOTH JO OyAiBEIbHHX
KOHCTpYKIIi# [2], [3].

JIsi MIBHIKOTO BITHOBIGHHS TIiJ] TOKPIBENBbHOI Tiapoizossiii (riapobdap’epy)
PO3pO0JICH HACTYITHUN METO/I BUKOHAHHS POOIT.

['onoBHE, MmO pOOOTH MOXYTh BUKOHYBAaTHUCSA JIOKaJIbHO, IISHKaMH - 0e3
MMOBHOTO PO3KPUTTA Jaxy 1 JEMOHTaXy YacCTHUH JIEPEB’STHUX KOHCTPYKIH, TaKUX SK
oOpemriTka 1 KoHTppeika [5]. Lleit MeTon m03BOJIss€ MPOBOIUTH PEMOHTHI pOOOTH B
norogy 0e3 omnajiB, BIAKPUBATH YACTUHY J1aXy, PEMOHTYBATH 1 3aKPUBATU JaX IOTO XK
JTHSL, 1110 TapaHTye 3aXUCT OyAMHKY BiJ 3aiuBaHb [1], [4].

[IpencraBneni Hux4e 300pakeHHs (puc. 1) 3pyHHOBAHOI IiJl MOKPIBEIbHOI
T1APpO130JIs11lT HAOYHO AEMOHCTPYIOTh BXKJIUBICTD 1IbOTO MUTAHHSA:

*, [

a 0
Puc. 1. 300paxeHHs 3pyiHOBAHOI 111 MOKPIBEIBHOT T'1IPO130JISLIII:
a) 10 TOPKAHHS PyKOI0; 0) Miciisi MPOBEACHHS PYKOIO

k1110, TOAUBUTHCS HA 300pa’KEHHS, TO BUIHO, III0 HA pUC. la TIIiBKa MOKpiBeIbHA
Ha4yeOTo €, ajie 1e He TaK — BOHA BXKE MPOUIILIA TPOIeC ASCTPYKIIi 1 3pyiHHYyBajiacs Ha
MOJIEKYJIIPHOMY PiBHI, TaK 1110 BiJ HET 3ajivilanacs TUIbKH T CITKa.

Ha puc. 16 Texx came Miciie ajne Miciasi MPOBEICHHS PYKOIO MO CITII — BOHA
ocunaiaca. Ha mix Qoro HaiimemeBmmii rigpodap’ep, SKUM MO OCTIIKEHHAM Ha
COHSIYHIM CTOPOHI MOX€E MPOICHYBAaTH MPHUOIU3HO ABA/TPH CE30HY O PyHHYBaHHS.

Hactynnuii mpuknaag pyiHyBaHHS HaWKpallero IUTIBKOBOTO TifpoOap’epy 3a
aKicTio OpeHny «Juttay (puc. 2). Lle#t rigpobap’ep MoKe BIANPAIIOBATA HA COHSYHIN
CTOpOHI /10 8 pOKiB. AJie B pe3yJIbTaTi BCe OJHO Oy/1e MOTPIOHO HOTO TaKOX MIHSTH.

33



Puc. 2. PylinyBaHHs HaliKpaiioro riiBKOBOIO Tiapodap’epy 3a sKicTio OpeHay «Juttay

Po3pobiniennii anroputM BUKOHAHHS i MO 3aMiHI IPUPOAHBO 3pyHHOBaHOI a0o
OCKOJIOYHO TOIIKOKEHOI IMiJl MOKPIBEIbHOI TiAPOI30JsAlli Ha HOBY cymnepaidy3iiny
MeMOpaHy:

1. Ouinntn p03M1pH TUTSTHKA TS MPOBENICHHX PEMOHTHUX po61T 3 ypaxyBaHHsIM
TOTO, MO0 BIAKPUTY MIISHKY MOXIJIMBO OYJI0 BIAPEMOHTYBAaTH 1 3aKpUTH 1O KIHILA
poOOUYOTro JTHS.

2. JleMOHTYBaTH TIOKPIBIIIO Ha IIi€l OUIAHIN (MITy4Ha a00 METalIO4YepeITnIIs).
PekoMeHayeTbcsl BiIKpUBATH HE OLbIIe [BOX JJOBXKHH MPOJBOTIB KPOKB JUIS
BIIEBHEHOCTI, 1110 BOHU OyAyTh BIIHOBJIEHI 1 3aKPUTI 10 KiHIIS poboyoro aHs. Takox, e
3pyYHO — HE HAKOTIMYYBATH Ha JaxXy BEJIUKY KUIbKICTh J€MOHTOBAHO1 MTOKPIBJII.

3. IIpoBecT MOHTaX HOBOi MiJ MOKPIBEJBHOI TiApo130JisLii cynepaidy3iiHol
MeMOpaHu. MoHTaxX MeMOpaHu MPOBOJUTHCA CIOCOOOM «PO3XKOJIOOKa», KOJIU
KpIIUICHHST TPOBOAUTHCS 3a JOMOMOIOI OyIIBEJIBHOrO CTEIUIEpY B BEpXy
KOHTPPEUKH, CITyCKAIOUUCS MO CTiHI KOHTPPEHKH, N1aji MOBEpPX CTaporo riapodap’epy,
MOTIM 3HOB IO CTiHI KOHTPPEHKH HAMPOTH 1 HA BEPX Ti.

4. 3BOpPOTHIN MOHTaX MOKPIBJII.
IIpukiiag MOHTaXYy (puc. 3):

Puc. 3. Ilpuknany MOHTaXyY MeM6paHi/I
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Po3pobnena cxema BIAHOBIIGHHS T TOKPIBEIBHOI TiAPOI30JAIii MOKa3aHa Ha

PUCYHKY 4.
KoHTtppeiika
Hoga cynepmidy3iiina MmeMOpaHa

o
Lo g

o Crapuii rimpobap'ep

s

o

Kpoxsa

750 ’

Puc. 4. ®parmeHT NOKPIBEIHHOTO MUPOTA

Ha pucynky nokazano (parMeHT MOKpIBEIbHOTO MUPOra, a caMe — KOHCTPYKIIIO
KPOKBSIHOI CHUCTEMH 3 Tipo- Ta MapOo3aXMCHUMH IIapamMH, WMOBIPHO, B MPOIIEC]
PEMOHTY a00 MOJIepHI3allii.

3o00paxenHss (puc. 1-4) cayryioTb nOpukIagoM (Pi3UYHOro pyHHYBaHHA
rigpobap’epy U LTIOCTPYIOTh TOTPeOy B AKICHIN Audy3iitHIA MemOpani [4].

MonTax cynepaudy3iiitHoi MEMOpaHH BIAMOBIIA€ PEKOMEHAIISIM HOPMATUBHUX
JIOKYMEHTIB 11010 TiApoi3oaiii gaxis [1], [3].

BucnoBok. IlpakTdHe BUKOPHCTaHHS ITHOTO METOAY II0 BiTHOBJICHHIO ITiJT
MOKPIBEJIbHOT  T1APOI30JALii MOKPIBIl 31 IITYYHOI Ta METAJIOYEPEIHLl JIOBIB CBOKO
JEBICTh, CYTTEBO 3HWKYIOUM BUTPATH HA MPOBEACHHS JEMOHTAKHUX Ta MOHTAKHUX
POOIT.

Takox, rapantye 3axWcT OYJIMHKY BiJl aTMOC(EpHHMX OIaJiB, TaKk SK POOOTH
MPOBOJIATHCS JIOKAIBHO B 3aKiHYEHOMY MHKJII poOodoro maus. lle mo3Bomisie He
XBUJIIOBATHCS TPO MOXJIMBI 3aTiKaHHS Ta PYHHYBaHHS BHYTPIIIHBOTO O3700JICHHS
Ocelli, 0 TAaKOXK JTY,e EKOHOMHUTh PECYPCH JIIO/ICH, BIACHUKIB OYIUHKY.
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V]IK 624.01

JE®OPMAIIMHI IIBU SIK 3ACIE OBMEKEHHS I''TOBAJIBHOI'O
MNOMWKOIXEHHSA BY IIBEJIb I CIIOPY I YHACJIIJIOK PAKETHOI'O
YIAPY

Yexanosuy M.I". k.m.H., 0oy. kagedpu 6yodisHuymea, apximexmypu ma OU3aiHy
XepcoHcvkutl 0epacagHull acpapHo-eKoOHOMIYHUL YHigepcumem, M. XepcoH, Ykpaina

Beryn. OnHuM 13 HalOUIbII pYHHIBHUX BUJIIB BIUIMBY Ha 1HQPACTPYKTypy HaIIOi
KpaiHM € pakeTHI yJapu. YHACIIJOK UbOrO MOMIKO/KYIOTbCS ab0 MOBHICTIO
pYHHYIOTbCSL OYIIBJII Ta CHOPYAM, a TaKOX IXHI 3HayHl vacTuHU. [IpoBeneHHs
o0CTeXeHb 1 JOCIHIJKEHb HACTIAKIB TAaKOro BIUIUBY JO3BOJIIE HAa OCHOBI aHaNI3y
BU3HAYUTH YMHHHUKU Ta KOHCTPYKTHBHI PIIIEHHS, 10 3/1aTHI MIHIMI3yBaTH MaciTaOu
pyliHyBaHb y MalOyTHbOMY. OTpHUMaHI pPe3yJbTaTH MOXYTh OyTH BpaxoBaHl Mij 4yac
pO3pO0JIEHHS] HOPMAaTUBHUX JOKYMEHTIB, MPOEKTYBaHHS HOBUX 00'€KTIB OY/IBHHIITBA
Ta PEKOHCTPYKIIii iCHYIOUMX CIIOPY/ B yMOBaX Cy4acHMX BOEHHUX il [1-6].

BonHouac BijioMo, 1110 y Oy/iBeNbHINA MpakTUIll AedopMaliiiiHi IBU TPagUIIAHO
3aCTOCOBYIOTHCA B OYJIBIIAX 1 CIIOPYJax AJi 3al100IraHHs pyHHYBaHHSAM, CIPUYMHEHUM
TeMIIepaTypHUMH JiepopMalisiMH, OCIAAHHSAM Ta MPOCITaHHAM IPYHTIB OCHOBH, a TaKOXK
CEeHCMIYHUMU BIUIMBaMU [2].

OcHoBHMi TekcT. [IpoBeneHO KOMIUIEKC MOCHIKEHb 1 TEXHIYHUX OOCTEKEHb
OyaiBelb Ta CIOpy I Micis pakeTHUX yaapiB. Cepen 00’ €KTIB — IpOMaJICHKI Ta KUTIOBI
OyJIMHKH, IPOMUCIIOBI OyIiBII1 i CIIOPY/IH, 30KpEMa TAPOTEXHIYHOTO MTPU3HAYCHHS.

CporojiHi, aHaJI3ylOYd TIOMIKOJKEHHS W pyHHyBaHHA OYJiBEeNIb 1 CIOPYH
YHACJIIJIOK paKeTHUX Ta O0MOOBUX y/AapiB, a TAKOXK 1HITUX BUOYXOBUX BIUIMBIB, MOKHA
CTBEp/KyBaTH, 110 nedopmaliiiiti mBH 3ano0iraloTh MOMKUPEHHIO 30H PYWHYBAaHHS Ta
OOMEXYIOTb 30HY YpaXEHHS W TOIIKOHKCHHS. Tak, Ha TPUKIAAl KOHCOJIBHOI
3aJ11300€TOHHOT CUJIOBOI KOHCTPYKIIIT IUIUTU MOKPUTTS, IO 3a3HaJla PAKETHOrO yAapy
(puc. 1, 2), BUgHO, 1110 CYTTEBI pyHHYBaHHS HE MOIIUPIOIOTHCS 33 MEKY PO3TAITyBAHHS
nedopmarniitHoro mBa. JledhopmariifHuil 1MIOB yJalITOBAaHO MOOJIM3Yy BUCOKOBOJBTHOL
METAaJIEBOI OMOpHU MOpTady 3 OOKYy MpOJOMY IUIUTH. SIK BUAHO Ha puc. 1, 30epexeHHs
BHCOKOBOJIFTHOTO METAJIEBOIO CTOBMA KPUTHYHOTO EJIEKTPOIOCTauYaHHsI 3yMOBIIECHO
OJIM3BKICTIO 1eOPMaLIIfHOTO 1IBA.

AHaNOTiyHy CUTYyaIlio 3a(hiKCOBAHO MICIsI PaKETHOTO yJapy mo OyaiBil Majoro
HAaBYAJIBHOTO  KOpHYCy  XEpCOHCHKOTO  JEp>KaBHOTO  arpapHO-€KOHOMIYHOTO
yHiBepcuteTy (puc. 3). TyT, HEe3BakarO4M Ha Te, 10 yAap MpUIAB OJIM3BKO J0 MiCIlst
po3TarryBaHHs JedOopMaIlifHOTO 11Ba, PyWHYBaHHS Maike HE TOIIMPHIIOCS 3a KWOTO
MeX1. 3a IIBOM KOHCTPYKIIiSl IETJISTHOI CTIHM 30eperiia Hecydy 3/1aTHICTh Sk 1Mo (acany,
TaK 1 10 BHYTPILIHINA caMoHecydiil cTiHi. BogHouac 3 iHmoro Ooky aedopmariitHoro
1IBa 3pyHHOBaHO 30ipHE 3a)11300€TOHHE EPEKPUTTS MK MEPLIUM 1 APYTHUM MOBEPXaMH,
a TaKOX MOKpUTTs. PyiiHyBaHHS 3a3HaB 1 MOHOJIITHUN 3a11300€TOHHUI nosic (puc. 3).
3a ku1bKa MeTpiB Bifl (hacaay OyaiBJIl yTBOPHIACS BUPBA IITUOMHOIO 110 4—5 METpIB.

36



Puc.1. PyitHyBaHHS KOHCOJII 3a1i300€TOHHOI CHUJIOBO1 TUIUTH TOKPUTTST BHACIITOK
PaKeTHOTO yAapy

Puc. 2. PyiinyBaHH$ 3a11300€TOHHOI KOHCOJIbHOT YaCTUHH ITUTH. By 3HU3Y
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== B

Puc. 3. PyitnyBanus 6y)1i1$ni BHACITLIOK paKeTHdro yaapy, 3aBIAHOTO no0JIn3y
nedopmariiitHoro 1mBa

Puc. 4. PyiinyBanss ¢hpyHIaMeHTy OyaiBiIi M AI€I0 yAAPHOI XBHII1, CHPUYUHEHOT
pPaKkeTHUM YyIapoM IO TPYHTY
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Sx nns cnopyAu TIAPOTEXHIYHOTO KOMIUIEKCY, Tak 1 At OyaAiBii HAaBYAJIBHOTO
KOPIYCY, OYEBUAHOIO € AaCHUMETpis 30H pyilHyBaHHA. lle mosicHIO€TBbCS TUM, IO
nedopMalliiHuii 1IOB CTaB Ha 3aBajil IMOIIUPEHHIO Tpolecy pyHHYBaHHS Ta
MOIIKOKEHHS Oy 11BETbHUX KOHCTPYKITIH.

Crni 3a3HaUMTH, IO I1J] Yac OLIHKM TEXHIYHOrO CTaHy OY/IBENb 1 CIOpYI 3a
pe3yibTaTaMu TEXHIYHOTO OOCTEKEHHS HEoOXiJHO 3BEepTaTh yBary W BpaxOBYBaTH
MOIIKO)KCHHS Ta PyHHYBaHHS, pO3TalllOBaH1 Ha BIJCTaHI1 BiJ MICII PaKETHOTO yaapy.
Tak, y cunoBomy mokpuTTi ciopyau (puc. 1, 2) Oyno BUSBICHO KPUTHUYHI TPILIUHH
B3JIOBX pUTreld, siKi oOMexxyBanucs nedopMalliiHuM MIBOM. A B TPOMaJIChKiil OymiBii
(puc. 3) cmocrepiranucs HE JHILIE TPIIMHUA, a ¥ pyHHYBaHHS Ta 3HAYHE 3MIIICHHS
bparmenTa ¢pyHIaMEeHTHOTO OJI0Ka 31 CTBOPY (YHIAMEHTY Ha PiBHI MiA3€MHOI YaCTHHH.
Ile crano HacmigkoM ymapHOi Aii BHOYXOBOI €Heprii pakeTHOTO yaapy Ha TIPYHT
(puc. 4).

BucnoBku. Buxonsuu 3 10cBijty 00CTe)eHHs OyI1BEINb 1 CIIOPY/I, MOITKOKEHUX
pakeTHUMH yAapaMH, Ta aHallizy OTPUMAHHMX pE3yJbTaTiB, MOXHAa PEKOMEH]IyBaTh
JIOTIOBHEHHSI JI0 BIAOMOi CUCTeMHU Kjacudikaiii oOrpyHTYBaHHS HEOOXiIHOCTI
BIIAIITYBaHHS JehOpMaIliiHUX IMIBIB y OYHIBISAX 1 CHOpyJax TaKUM YUHHUKOM, SIK
BUOYXOBUI pakeTHUN abo OomOOBUI ynap. YNIPOBaKEHHS IIi€]l peKoOMEeHallli B
HOPMATHUBHY 0a3y, MPOEKTHY JOKYMEHTAIIIl0, a 3pEIITOI0 — 1 B OY/IBEJIbHY MPAKTUKY
JI03BOJIUTH 3MEHIITUTH PYHHIBHI HACIIJIKH Bl paKEeTHUX 1 0O0MOOBHUX yJapiB.

3BICHO, HEOOXITHO HAKOIHWYUTHU MPAKTHYHI JaHi, TPOBECTH iX y3araJbHEHHS Ta
TEOPETHYHO OOIPYHTYBAaTH PEKOMEHJOBAaHUI KpOK (IHTepBaji) nepopMaliiHUX HIBIB Y
OyIiBeJbHUX KOHCTpYKUIAX. [Ipym nmboMy ciif 3a3HaAYMTH, IO NMPU3HAYEHHS OYIIBII,
HAaBaHTAXXEHHSI Ha 1i YAaCTUHM, a TAaKOX PIBEHb BIAMOBIAAIBHOCTI 11 JUISHOK, SKI
BHOKPEMJITIOIOTECS 1e(OopMaliiHUMK IIBaMHU, MalOTh BIJIIpaBaTH HE OCTAaHHIO POJb Y
MPUIHATTI BIAMOBIIHUX MPOEKTHUX PILIEHb.
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ENSURING THE SAFE USE OF WAR-DAMAGED
INFRASTRUCTURE OVER ITS LIFE CYCLE
Anton Hasenko, Doctor of Technical Sciences, Associate professor
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Institute of Building Design (Capital Construction), Armed Forces University,
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LLC «SOLID POLTAVA», Poltava, Ukraine

Introduction. The failure or disruption of critical infrastructures leads to
significant impairments to public safety and serious supply bottlenecks. The built
environment is systemically relevant. Transportation infrastructure networks as well as
residential and non-residential buildings are a backbone for health, safety and economic
and social well-being. While the assessment of existing structures is generally a
challenging task, the degree of difficulty increases considerably in the event of war the
structures are damaged and difficult to access (see fig. 1 and 2). Resources for
maintenance and assessment ore severely limited. Nevertheless, questions arise as to
what loots the war-damaged buildings can still withstand and under what conditions
they can be used safely and for what purpose.

/

Fig. 1. f artial collépse a.d

g/

Fig. 2. The damage to thebuildi

craters in the deformed superstructure is considerable. Under what conditions
reduce the load-bearing capacity of the can it be used safely and for what
structure. How reliable is the bridge? purposes?

Project objective. The aim of this research project and the research cooperation
Is to develop a new method for the data-based assessment of the remaining load-bearing
capacity of war-damaged bridges and buildings. The actual structural reliability forms
the basis for the derivation of (a) the current safe utilization possibilities and (b) the
optimal constructive measure that enables the desired use in a resource-saving manner.
This method is implemented within the AAS Dataspace for Everybody to realize the
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integration into Manufacturing-X compliant data spaces and to enable an efficient
reconstruction of structures [1].

Main section. The overall project objective is achieved through the sub-
objectives defined below (see fig. 3):

1. Definition and classification of the relevant building types and building data.
This includes analyzing whether and what information and documents are available
about the buildings and infrastructure structures. We develop strategies for inspecting
and monitoring the structures so that the additional information about the structure, the
materials and the loads required for the reliability assessment can be collected in a
targeted manner.

2. Extension of the administrative shells to war-damaged structures. The further
development of existing ontologies is the basis for the automated generation of digital
twins using Industry 4.0 administration shells, which form the central platform for data
exchange and data processing and can manage all (heterogeneous) information about
the corresponding buildings [2]. This means that all Information relevant to utilization
and reconstruction decisions is available digitally. The developments benefit from
current research and development work in the context of Industry 4.0 and in particular
from Manufacturing-X and data rooms.

3. Data supported reliability assessment and derivation of decision variants. The
information bundled in the digital twin is used to assess the remaining structural load-
bearing capacity of buildings and components [3]. The innovative extension to the life
cycle of war-damaged structures compared to European standards enables the
identification of short-term utilization options and, in addition, the derivation of
construction and repair concepts to be implemented in order to achieve the desired
benefit.

4. Platform for efficient operations and reconstruction management. The
assessment results are mapped in the digital twin in order to (a) calculate performance
Indicators (Pis) and (b) identify non-linear relationships between the building
information and the building reliability using artificial intelligence [4]. The uniform
structure of all digital twins simplifies access to the database, enables data analyses and
modeling for improved prediction of the load-bearing capacity of buildings. The project
results are therefore scalable and can make a significant contribution to efficient
operational planning, more realistic risk minimization and resource saving maintenance
and reconstruction management.

Involvement of young scientists from Germany and Ukraine. The research
cooperation is by the combination of digital-technical and technical-communicative
measures. The BBox will be used as a central platform for the exchange of technical and
scientific information. The environment will be accessible to all those involved in the
research cooperation. In this way, not only can the database be widely used and
successively expanded, but joint and thus needs-based research work can be carried out
on the methods and models implemented there. The high level of scalability is an
essential prerequisite for the intended longer-term cooperation, which is to be realized
through third-party funding based on this project. The medium-term goal is to transfer
the results and findings generated with primary reference to buildings to other critical
infrastructures.
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Fig. 3. The digital twin as a central platform for maintenance

and reconstruction management

For integration and networking in research and development, we will not only
participate specifically in workshops for doctoral students and early stage researchers
participate. We will use our contacts in the professional world to enable at least hybrid
participation of the project partners in suitable formats. One concrete example is the
Young Researchers Symposium (12) which takes place regularly at RPTU
Kaiserslautern-Landau and at Fraunhofer IESE and ITWM. The regular professional
and organizational exchange within the project is a matter of course for us, as is the
close networking and joint supervision of the young doctoral candidates.

Communication of the research process and research results. To communicate
the research results and the research process, we plan to publish in renowned
international journals and conference proceedings. These include the events of the
International Association for Bridge and Structural Engineering (IABSE) and the
International Federation for Structural Concrete (fib) as well as journals such as
"Automation in Construction” and "Engineering Structures"” (both Elsevier). We will
publish the process as project notes and in relevant workshops in order to promote
critical exchange with the community and disseminate progress at an early stage. To
promote public relations, we will set up a project website as a central information
platform for interested parties, partners and the public. Explanatory videos created by us
will present the advantages and possible applications of our developments, as the
technology is not yet widely used in the target domain. The existing social media
channels will also be used.

Conclusions. Utilization and application possibilities. The ability to assess
structural reliability and remaining load-bearing capacity efficiently and based on data
offers considerable potential for the reconstruction and sustainable use of damaged
structures. The potential uses are not limited to Ukraine and in the event of war. In other
conflict regions and after natural disasters, the results are also of great benefit for
determining necessary, efficient conservation, reuse and reconstruction measures. The
methods and tools developed in the project not only enable the precise planning of these
measures, but also their optimization by scaling them up to system level. As a result
resources can be conserved and costs reduced.

Further advantages arise from the integration of the developed method with
existing data space implementations and Industry 4.0 standards: Implementation in the
AAS Dataspace as a Manufacturing X-compliant data from creates a standardized
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platform that both public and private stakeholders can use to access and use the
information This allows maintenance measures to be planned, coordinated and
monitored digitally. The digital twins developed during the load-bearing capacity
assessment can be used beyond the direct area of application for the inspection and
mortaring of structures and over the entire life cycle. By providing the data as
standardized digital twins, the more the platform is used, the more data is available that
can be used to improve and optimize the Al models. This provides decision-makers with
a powerful tool to manage risks and evaluate the benefits as well as the increase the
safety of buildings. The project results therefore have a high potential for
commercialization. Software and consulting services based on the developed digital
twins could be offered for both the civil and industrial markets.

The availability of the methods developed in the project for calculating carrying
capacity contributes to the restoration of critical infrastructure, ensures public safety and
improves the quality of life in regions affected by war and disasters. The project also
makes a contribution to society.

In the project, Fraunhofer IESE contributes state-of-the-art technologies and
standards, especially for Digital Twins and Data Spaces, and supports modeling using
Al as well as the implementation of the method developed in the project together with
UniBw and NUPP. To implement digital twins, IESE uses Eclipse BaSyx, an open
source platform for Industry 4.0 asset administration shells (AAS), as the central
technology for managing and integrating digital twins. This provides heterogeneous
information from different Qources (e.g inspection, material and load data) in a
standardized, interoperable form. In this way, we ensure that our digital twins can be
integrated as digital twins in Manufacturing X-compliant data rooms. We also ensure
scalability, as BaSyx is already being used productively by numerous companies. AAS
also offer a structured database that can be evaluated in real time and is ideal for Al-
supported analyses and for training Al models. This ensures that the project results can
be further developed and transferred to new areas of application even after the end of
the research project as part of a longer term planned cooperation Interoperability with
third party activities, eg for network visualization, ia promoted by the high degree of
standardization of the interfaces [5].
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Introduction. Multilayer reinforced concrete structures are formed both during
new construction to reduce weight or improve the thermophysical properties of
structures, and during the reinforcement of damaged structures to restore or improve
their operational properties [1]. Analysis of published materials proves the effectiveness
of using such multilayer reinforced concrete structures [2-4]. The effectiveness of
composite beams lies in the rational distribution of materials: concrete with higher
strength works in the compressed zone, while less strong concrete is used in the tensile
zone, which saves resources without losing the strength of the structure. [5].

Project objective. The aim of this work is to compare the deformability of
reinforced double-skin beams with rectangular cross-sections and different height ratios
of different concrete classes.

Main section. To obtain experimental data, five reinforced concrete beams and
two monolithic concrete beams of rectangular cross-section were tested, namely (see
Table 1):

— composite beam: concrete of the compressed zone of class C20/25 — 80 mm,
concrete of the tensile zone of class C12/15 — 80 mm (sample B-1 — 3 pieces);

— double-reinforced beam: concrete of class C20/25 in the compressed zone — 40
mm, concrete of class C12/15 in the tensile zone — 120 mm (sample B-2 — 3
pieces);

— double concrete beam: concrete of the compressed zone of class C20/25 — 120
mm, concrete of the tensile zone of class C12/15 — 40 mm (sample B-3 — 3
pieces);

— double concrete beam: concrete of the compressed zone of class C20/25 — 55
mm, concrete of the tensile zone of class C12/15 — 105 mm (sample B-4 — 3
pieces);

— double concrete beam: concrete of the compressed zone of class C20/25 — 105
mm, concrete of the tensile zone of class C12/15 — 55 mm (sample B-5 — 3
pieces);
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— solid concrete beam, class C20/25 (sample B-6 — 3 pieces);
— solid concrete beam, class C12/15 (sample B-7 — 3 pieces).

Table 1 — Ratio of concrete heights in experimental double-concrete beams
Type of Beam B-1 B-2 B-3 B-4 B-5

80/80 40/120 120/40 55/105 105/55

Height ratio (mm)
of concrete grades
C20/25 to C12/15

heaors/ heaors/ heaors/ Neaors/ Neaors/
hcizns=1 | hci215=0,3 | hcizns=3 [Nci215=0,5| hcizins=2

The experimental samples had cross-sectional dimensions of bxh=100x160 mm;
total beam length —1500 mm; reinforcement in the tension zone — 20312 mm class
A400C, reinforced with longitudinal clamps 11 6 mm class A240C. The pitch of the
transverse clamps is 150 mm. The design and cross-section of the sample are shown in
Figure 1 [6-7].

class boundary 2B6A240C = B6A240C

of concrete clamps, 150mm pitch

2(012A400C /
1500

Fig. 1. Formwork drawing of experimental beams

160

15

The deformability of reinforced concrete beams is an important criterion for
assessing their reliability and serviceability. This section discusses the results of
experimental studies aimed at evaluating the deformation patterns of such beams under
various loading conditions.

To analyse deformability, the results of experimental studies of the above-
mentioned five series of reinforced concrete beams, the level of reinforcement and the
ratio of concrete characteristics of different layers were analysed. The beams were
tested for bending under static loading until failure. During the tests, deflections,
concrete deformations in the compressed zone, and stresses in the reinforcement were
recorded.

When investigating the stress-strain state of bending elements in normal sections,
the deformations in the fibres furthest from the neutral layer (the most stretched and
most compressed) are of decisive importance, since they can be used to judge the load-
bearing capacity of the structure under investigation. As a result of measuring the
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deformations in the extreme fibres of the cross-section of the studied rectangular
reinforced concrete beams, measured using strain gauges, graphs of the dependence of
the deformations on the bending moment of the samples of seven series were obtained.

Figure 2 shows a comparison of the development of deformations of the most
compressed and most stretched fibres of double-reinforced beams of all series, as well
as single beams made of concrete of higher and lower classes separately. The graph
shown in Figure 2 shows that that the lowest deformability is exhibited by monobeams
made of higher class C20/25 concrete; the highest deformability is exhibited by
monobeams made of lower class concrete, as well as bi-concrete beams of the B2 series
with a ratio of heaoes/hcizins = 40/120 mm.
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Fig. 2. Comparison of the development of deformations of the most stretched (a)
and most compressed (b) fibres of all series of fibre-reinforced concrete beams

The graphs in Figure 2 show that all samples, regardless of the ratio of the heights
of the higher class concrete to the lower class concrete, were elastic in the initial stages
of loading in both the compressed and tensile zones of the bending element cross-
section. Plastic deformations were observed at loads of 60-65% of the destructive load;
the bending moment was 5.7-6.3 kNm. Based on the strain gauges glued to the tensile
zone of the beam, as well as the crack formation pattern, it can be concluded that the
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deformations of the reinforcement were within the permissible limits, which confirms
the rationality of the reinforcement scheme used. At the same time, the stress values in
the reinforcement at the moment of beam failure were close to their limit values, which
indicates the effective use of the material's strength.

Conclusions. Thus, the results of the study confirm the feasibility of using
double-concrete beams in construction practice to ensure the economic and technical
efficiency of load-bearing structures. It has been established that the ratio of tensile and
compressive concrete along the height of the cross-section of double-concrete beams
significantly affects their load-bearing capacity. The best results were shown by beams
with an optimal ratio of the characteristics of concrete of different strengths. Compared
to traditional concrete beams, double-concrete beams demonstrate practically the same
load-bearing capacity. This makes it possible to reduce the cost of manufacturing
reinforced concrete structures, which in turn contributes to a reduction in material
consumption and the estimated cost of the product. The efficiency of double concrete
beams lies in the rational distribution of materials: concrete with higher strength works
in the compressed zone, while less strong concrete is used in the tensile zone, which
saves resources without losing the strength of the structure.
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Introduction. Masonry structures remain a traditional and efficient solution for
multi-storey residential construction [1]. Their widespread use is attributed to a number
of significant advantages, such as high strength, thermal insulation properties, fire
resistance, and durability. In both residential and public buildings, two primary
approaches are employed when using masonry: load-bearing brick walls and infill
masonry partitions within frame systems.

Moisture infiltration and structural degradation of masonry due to prolonged
exposure to thermal and humidity-related factors are among the most pressing problems
caused by external environmental influences [2]. The main causes of deterioration
include direct moisture penetration, which results in material degradation. The most
common types of damage observed in masonry structures [3] include: diagonal and
cross-shaped cracks in wall piers and solid walls; vertical cracks at junctions of
longitudinal and transverse walls, sometimes leading to wall displacement; horizontal
cracks commonly found at the base of window openings, lintels, or floor supports;
cracks in zones of embedded reinforced concrete lintels; and randomly oriented cracks,
which often represent combinations of the aforementioned damage types.

Given these issues, the study of restoration methods [4], as well as the
enhancement of the load-bearing capacity of masonry under sustained loads from the
self-weight of walls and slabs, temporary floor loads, snow cover thickness, and
additional pressure from shock waves [5], constitutes a highly relevant and
insufficiently explored research area.

Project objective. The objective of this study is to describe the algorithm for
creating finite element models of steel-concrete specimens formed from spatially
reinforced masonry columns after the strengthening of damaged brickwork using steel
confinement jackets.

Main section. The development of a finite element model to determine the stress-
strain state (SSS) of virtual specimens and its analysis in the elastic working stage was
performed in the following sequence.
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Selection of coordinate system. The purpose of the coordinate system is to
define the position of points in space or on a plane. In the process of modeling with
MSC/NASTRAN, it is necessary to create a set of points that, together with the
elements, define the size and shape of the model. Assigning point coordinates implies
the use of a specific coordinate system. The base system is the orthogonal coordinate
system implicitly defined in all conventional finite element models of
MSC/NASTRAN.

Often, it is convenient to define the model or its components using a local
coordinate system different from the global one. A common use case for local
coordinates involves modeling a structure composed of several parts. In this case,
dimensions can be taken directly from technical drawings without prior conversion into
a unified coordinate system. Moreover, if the components are defined in their own local
systems, their position and orientation can later be adjusted by modifying the
specification of the corresponding coordinate system—minimizing the time required to
regenerate the mesh.

For the creation of specimen geometry, a global Cartesian coordinate system—
used by default in NASTRAN—was employed. This system consists of three mutually
perpendicular planes.

Geometry creation. |Initially, a two-dimensional cross-section of the
investigated masonry model was constructed using straight lines defined by the
coordinates of nodal points. A volumetric model of the structure (masonry) was then
formed by extruding the predefined planar boundary surface to the required model
height. To assign the position of reinforcement bars, it was first necessary to isolate
their location lines within the solid masonry body. This was achieved by slicing the
solid with planes, whose intersections formed the paths along which the reinforcement
bars would later be placed.

Material property assignment.

MSC/NASTRAN allows for the definition of isotropic, orthotropic, and
anisotropic material properties.

The materials used in the model (brickwork and reinforcing bars) were defined
separately as isotropic materials. All material properties were assigned as scalar
quantities. The physical and mechanical characteristics of materials, such as Young's
modulus (E) and Poisson's ratio (v), as well as the stress—strain relationship (o—¢), were
adopted in accordance with current regulatory standards. The third constant—the shear
modulus (G)—was calculated automatically using the known relationship between E
and v.

During modeling, it was assumed that the structures would operate in an elastic—
plastic regime. Therefore, when assigning material properties, bilinear stress—strain
relationships were taken into account. The behavior of steel reinforcement bars was
described using a simplified Prandtl diagram. It was assumed that the critical (failure)
strains in masonry (i.e., the onset of cracking between masonry units) occur earlier than
the strain-hardening stage of steel. Hence, the steel’s working diagram was truncated at
the yield plateau.
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Selection of finite element (FE) types and meshing.

The generated solid model was “filled” with finite elements. In linear static
analysis, elements are modeled as elastic particles. This mathematical approximation
adequately captures the real behavior of the structure. The goal of finite element
modeling is to create a discrete particle-based model that most accurately simulates the
actual structure and its performance.

The MSC/NASTRAN Element Library consists of a large number of elements
that can be divided into four categories: scalar, one-dimensional (1-D), two-dimensional
(2-D), and three-dimensional (3-D) elements.

Scalar elements, or zero-dimensional elements, are used to model springs,
concentrated masses, and viscous dampers. In static analysis, the scalar spring is most
frequently utilized. Scalar mass elements are also often employed, particularly when it
IS necessary to model a concentrated mass in a specific direction. Scalar dampers are not
used in static analysis. All scalar elements are defined between two degrees of freedom
in the model, or between a degree of freedom and ground (a fixed support). The
stiffness properties of scalar elements are not computed from physical material
properties but are instead specified directly.

One-dimensional elements are those whose properties are defined along a straight
or curved line. Typical objects modeled with one-dimensional elements include rods,
beams, and stringers.

Two-dimensional elements, commonly referred to as plate and shell elements, are
used for modeling objects where one dimension (thickness) is much smaller compared
to the other two. An example includes reinforcing bars in spatial frames. In finite
element analysis, the membrane behavior of these elements is defined according to one
of two theories: plane stress or plane strain. Under the plane stress assumption, strains
in the transverse direction are considered constant. It should be noted that a two-
dimensional element can be in either a plane stress or a plane strain state, but not both
simultaneously. By default, the linear two-dimensional elements in MSC/NASTRAN
are typically considered to be in a plane stress state.

Each of these formulations—plane stress or plane strain—is applicable to its
respective class of problems. Typical thin-walled structures made from conventional
materials such as steel and aluminum alloys are generally well represented using plane
stress elements.

Three-dimensional elements are employed to model structures whose behavior
under loading cannot be adequately represented by beam or shell elements. Three-
dimensional elements are usually referred to as solid elements. Typical applications
include the modeling of columns, foundations, and similar structures. In the
MSC/NASTRAN library, three-dimensional elements are subdivided into tetrahedra
(solid bodies with four faces and four vertices—see Figure 3.5a) and hexahedra (solid
bodies with six faces and eight vertices). For spatial bodies of regular geometric shape,
preference is given to solid elements of the hexahedral type.

Hex mesh solid elements can have from 6 nodes (in the case of only corner
points) up to 14 nodes (when there are intermediate points along the edges). The nodes
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do not have translational but do have rotational degrees of freedom (i.e., solid elements
cannot translate relative to one another, but can rotate freely about the nodal points).
Stresses within the element are calculated at its center. It is also possible to conveniently
view stress and strain values at the vertices of the solid elements.

The choice of the type and size of solid elements is influenced by the time
required to generate the finite element mesh, the disk space necessary for the
NASTRAN calculation, and the accuracy and convergence of the results when modeling
with different types of solid elements. Specifically, a large aspect ratio and significant
deviation of the face angles from 120° lead to reduced calculation accuracy.

In finite element modeling, symmetric meshing is extremely important;
otherwise, the resulting stress and strain distributions will be asymmetric. To prevent
this, before meshing, the model geometry was checked and partitioned along two planes
of symmetry.

After meshing the body with finite elements, it was necessary to merge all
coincident points (finite element nodes) created as a result of slicing the body, in order
to form a unified structure. This also included merging coincident nodes at the
interfaces between different materials—such as steel and masonry.

1. Assignment of boundary conditions (degrees of freedom) and constraints
applied to the structure.

The structural response to applied loads is manifested as support reactions at
the points of constraint, where boundary conditions are imposed by fixing certain
degrees of freedom in the model. Distributed boundary conditions were applied along
the plane to the specimens. For the bottom horizontal edge of the masonry model, both
translational and rotational displacements were constrained.

2. Formulation and application of loading conditions.

Loading was modeled as a static, uniformly distributed load applied over the
plane of the top edge of the masonry model. The effect of self-weight was not included
in the combined load case, as its contribution is negligible compared to the overall load-
bearing capacity of the simulated structure.

3. Verification of the developed model’s correctness.

After creation of the solid body, redundant boundary surfaces were removed,
as these could cause fatal errors during calculation. The quality and symmetry of the
finite element mesh were checked, as well as the number of merged coincident nodes in
the finite element grid (see point 4), the types of boundary conditions, the magnitude of
applied loads, and the surfaces over which they were distributed (see points 5 and 6).

4. Selection of finite element analysis (FEA) type.

Several types of finite element analysis were employed in the numerical
modeling of building structures:

A. Linear static analysis (Static): Primarily used as a trial run to verify the
correctness of the structural model. Upon confirmation of the model’s validity, a
complete calculation was performed.

B. Nonlinear static analysis (Nonlinear Static): The principal analysis type,
in which the predefined functional relationships for material behavior (c-¢ diagrams)
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were taken into account. The results of this analysis were used to compare the stress—
strain state of load-bearing building structures in both undamaged and damaged
conditions, as well as with and without strengthening elements.

C. Buckling analysis: Conducted to determine the buckling mode shapes of
slender structural elements, such as exposed reinforcement bars.

Structural calculation—finite element analysis.

As noted above, the models were analyzed under static loading conditions. The
number of loading steps from the onset of loading to the maximum applied load was set
to 10, with the option to display results at intermediate steps enabled. The number of
iterations at each step was set to 5.

Conclusions. The analysis of the obtained results and their interpretation for
practical use was performed. As a result of the finite element calculations using
computer-aided methods, diagrams of the distribution of deformations and stresses
relative to the principal axes were obtained for the surface of the masonry, as well as for
any cross-section or directly within the reinforcement bars, including their numerical
values and the location of extrema. The analysis of the most characteristic and
noteworthy numerical results regarding the stress—strain state, obtained through
modeling, is presented in the subsequent subsections of this work.
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YK 338.1

JOTPUMAHHA HOPMATUBHUX CTPOKIB CITOPY I KEHHA OB'EKTY
SIK METOJI MIHIMI3ALII KOIITOPUCHOI COBIBAPTOCTI
BYAIBHULITBA
1L.B. Xapuenxo, k. e. H., Ooyenm
Llenmpanvnoykpaincokut HayioHarbHuti mexuiynuu yHigepcumem, m.Kponuenuyvkuu
Xepconcwvkuil 0eparcasHull azpapHo-eKoOHOMIYHULL YHIgepcumem, M. XepcoH

Beryn. Hemano BunmajkiB, KOoiau (pakTU4YHA KOLITOPUCHA BAPTICTh CIOPYIXKEHHS
OynoBu 4n 00'€KTy MEpeBUILyE MPOEKTHY BapTicTh. [IpuunH moxke OyTu Gararto, ane
OJIHA 3 TOJIOBHUX - HEAOTPUMAHHSI HOPMATUBHUX TEPMIHIB CIIOPYIKEHHS 00'€KTY.

OcHoBHuii TekceT. CobiBapTiCTh OyA1BEIBHO-MOHTaXHUX poOIT Cgpp
BU3HAYAETHCS 32 (HOPMYIIOIO :

Cegmp =1+ 3B 1)

ne I1 — npsimi BUTpatu;

3B — 3aranbHOBUpPOOHMYl BHUTpaTH, TOOTO BHUTpATH Ha YIOpaBIIHHSA Ta
o0cIIyroByBaHHsI OYJIIBEILHOTO BHUPOOHHUIITBA, Ha oOpranizamio poOit [12]. 3a
€KOHOMIYHUM 3MICTOM 3arajJbHOBUPOOHNY1 BUTPATH € HAKIAJHUMH BUTPATAMH.

[Tpsimi Butpatu I1, ckinanaroThes 3 BapTOCTI MatepiaiaiB M, 3apruiaTHi poOITHHUKIB
OyIIBENBHUKIB 1 MOHTQXKHHUKIB 3,5, BAapTOCTI EKCIUTyaTauii OyAiBEIbHMX MAIINH I
MmexaHi3miB E,, [12]:

Il =M+ 3,5, tE, (2)

Bapricte ekcruryartanii OyJiBelIbHMX MAaIllMH 1 MeXaHI3MiB , a0o 3K 3Ha4Ha
YacTHHA TOTOYHUX BUTPAT HA BHUKOHAHHS TEXHOJOTIYHOTO TPOIECY BU3HAYAIOTH 3a
hopmyIioro:

Ey=3,+3,+3c+ 3y + 305 +33m0 + A (3)

ne 3, —3apIuiaTHs pOOITHHKIB SIK1 KEPYIOTh MAlTUHOIO; 3., — BUTpPATH HA

TEXHIYHE 00CIYrOBYBaHHS 1 PEMOHT; 3, — BUTPATHU HAa EHEProHOCil; 3,, — BUTPATH Ha
MacTWJIbHI MaTepiaiu; 3,5 — BUTPATH Ha nepeda3yBaHHs; 3,,, , — BUTPaTH HA 3MIHHE
oOnagHaHHs; A — aMOPTHU3alliifHI BipaxyBaHHs Ha peHoBaIlio TexHiku [12].

Buznauumo BuTpatH (KOmWITOPHMCHY codiBaprictb) BMP npu ckopoueHiii
TPUBAJIOCTI HOPMATUBHIN TPUBAIOCTI BUKOHAHHS KOMILUIEKCY pOOIT mpu OyAIBHHUIITBI 32
po3MipoM 00’ekTy, Oepyun 3a 0a3y KOIITOPUCHY COOIBApPTICTH MPU HOPMATUBHIN
TpuBajocTi. BizbMeMo TunoBuii 00’ekT. BenuunHy BUTpaT Ha el 00’ €KT BU3HAYAEMO,
3a gornomoror komiuiekcy ABK-5[9]. [lumu manumu i OyeMo KOPUCTYBATHCh IMPH
pO3paxyHKax BapTOCTI OyAIBHHUIITBA MPU PI3HUX TepMiHAX. Y BUIAJKY BUHUKHEHHS
HEOOXITHOCTI CKOPOYEHHSI CTPOKIB OYIIBHHUIITBA HEOOXIJHO CKOPOTUTH TpHUBAJl
TpynomicTki pobotu. lle MoxHa 3poOUTH 3 JOMOMOTOI0 3ay4CHHS JI0JATKOBO:
TEXHIKH, POOITHUKIB 1 MPEMIIOBaHHS 3a CKOPOYEHHSI TEPMiHIB. 3HAYHO YCKIAJTHITHCS
YMOBH 1 30UIBIIUTHCS OOCSAT POOOTH YHPABIIHCHKOTO IMEPCOHANY, TOMY HEOOXiIHO
J0JIaTKOBO ¥Moro 3amydatd 1 (abo) BHOpOBAKyBaTH TpeMitoBaHHS. BiamoimHo
301IBIIYIOTECS BiApaxyBaHHsa Ha ECB.
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BaxxnuBuM TakoXk € MUTAaHHS TPO Te, SIK OyJe 3MIHIOBaTHCh KOIITOPHUCHA
BapTICTh BUKOHAHHSA POOIT NP 30UIBLIEHHI CTPOKY  BIJHOCHO TOTO, MPH SKOMY
BUTpaTH € MiHIMaIbHUMH. Llelf CTpOK Ha3BeMO HOPMATHBHUM, TPUBAIICTH MO3HAYUMO
mudporo 1. He 3MiHATBCS BUTpaTH Ha 3apIliaTHIO POOITHHUKIB OYIIBEIBHUKIB 1
MOHTQ)KHHKIB. 3MIHATBCSA TMOPIBHSAHO 3 ONTUMAJIbHUMH 3aralilLHOBUPOOHUYI BUTpATH,
TOMY IIO 30UTHIIMTHCS YaC BUKOHAHHSA CBOIX (YHKIH yHpaBIiHCHKUM MEPCOHAIIOM,
IPOMOPLINHO 30UTBIIMTRLCS 1 HOTO 3apIljiaTHS, BiApaxyBaHHS Ha COLIAIbHI 3aX0JH Ta
pemiTa ctateil BuTpart. [locTiiHUMH 3aMHUIIATHCS BUTPATH Ha MaTeplaJIH Cnporaosyemo
3MiHYy BUTPAT Ha €KCILTyaTaIlito 6yI[1BeJIBHI/IX MaIiH 1 MEXaHi13MiB

Buznaunmo xapakTtep 3ajeKHOCT1 BUTPAT KOXKHOI CKJIAJIOBOT Bijl 4acy BUKOHAHHS
po6iT. Tak, 3apnaammua poOimuukie, AKi Kepyrwomb MAuiUHON, BU3HAYAETHCS 3a
bopmyoro

3, = K, Kgp Ty B-Uo Ky Ky (4)

ne K, - HOHpaBO‘-IHI/II/I KoeqnuleHT hi (o) TapI/chHm CTaBKU; K Koe(iIi€enT, 1o

BpaxoOBYy€ HpeMu T, — TepMiH 4acy pOOOTH TEXHIKH Ha 06P KT1;B — KUIBKICTB
POOITHUKIB IO KepyIOTL MaIIMHOI0 B OJHY 3MiHy; U. —ToamHHa TapudHa cTaBka
ormepatopa MamMHM; K, — Koe(illleHT HakIagHuX BUTpaT;K,; — Koe(IilieHT

HapaxyBaHb Ha 3apiuiatHio (ECB) [7].

€IMHOI0 3MIHHOIO BEIMYHMHOIO B JaHiil (opmyii € yac poOOTHM TEXHIKH Ha
00’ €KTi, BIIMOBIJTHO ITI0 3aJICKHICTh MOYKHA 3aITUCATH Y CIIPOIIEHOMY BUTJISAII

3 =a-T(5)

1€ o — KOHCTaHTa, 3aJEeKUTh BiJl TOAWHHOI Tapu(pHOI CTaBKU. 3apIiaTHS
OMepaTopiB MAaIlIMHA BU3HAYAETHCS 32 PECYPCHUMHU HOpPMATHBAMU—MOXHA BBaXKATH,
110 3apIUIaTHS ONEPATOPIB MAIIMH HE 3MIHUTHCS.

Bumpamu na enepeonocii (mamuBo) I poOOTH OYIiBEIBHOI TEXHIKH
BHU3HAUAIOTHCA 32 (POPMYIIOH0:

BHZ}{HB'HH'M'TP (6)

ne K,;; — koedilieHT, 1o BpaxoBy€e HAKJIaIHI BUTPATH;

I, — mina manusa s J[B3;

W,, — rOJIMHHI BUTPATH NaJIUBa, I'PH./ MalI-TOJ;

T, — Gonn vacy poborn Texuiku. [7].
B 1iit ¢popmyti 3MIHHOIO BETMYMHOIO € TOJIMHHI BUTpaTy nanuBa W

[oguHHI BUTpaTH ManWBa 3ajeXaTh BiJ CTYNEHIO 3aBAHTAXXEHOCTI JBUTYHA 3a
MOTYXKHICTIO Ta 4Yacy 3aBaHTAXKEHHsS JBHUryHa [6]. ICHye TeXHOJIOTiSI BUKOHAHHS
OyI1BEIbHO-MOHTKHUX POOIT, 111 TOKA3HUKHU € BU3HAYECHUMU BeIMYMHAMU. BUCHOBOK-
BUTPAaTU Ha NaJIMBO 3aJIeKaTh BiJ 4Yacy BUKOPUCTaHHS TEXHIKM Ha 00’ekTi. Ilpu
3MEHIIICHHI CEPETHHOI0 HOPMATUBHOTO KOE(DIIIEHTY 3aBaHTaKeHHS Ha 25% (a came Ha
CTUTbKK Oy/ie MOJOBKEHA TPUBANICTh BUKOHAHHS POOIT) KOEQIlieHT K, 3MIHUTHCA 3
1,06 mo 1,17 [6]. [Tutomi BuTpaTh nmanuBa 3poctyth Hal(0%. llei nmoka3Huk OymemMo
BUKOPUCTOBYBATH [IJIsi MPOTHO3YBAHHS BUTPAT Ha EKCIUTyaTaliro MamuH. [lomiOHum
YUHOM TPOAHANII3yEMO 3MIHY BUTPAT Ha MACTWJIbHI MaTepialid, BUTPATU HA TEXHIYHE
0o0CITyroByBaHHA 1 TOTOYHMI pEMOHT, BHUTpAaT Ha Mepeba3yBaHHS 1 Ha 3MIHHE
oOnmagHaHHS, aMOpTHU3aIliiHI  BigpaxyBaHHA Ha peHoBamito. He HaBomumo
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MOCIZIOBHICTh PO3PAaXyHKIB, SIKI € JOCTaTHbO OYEBHJIHHMH, JJIsI €KOHOMII Miclis.

[TincymKoBi naHi 3Be1eMo B Ta0II. 1.
Tabnuig 1 — BapTicTe MalMHO-TOJMHM OYAIBEIbBHUX MAIlIMH

Crartd BUTpar

3arasibHa BapTiCTh, I'PH.,
P HOPMATUBHOMY
TepMiHI poOOTH

3arajibHa BapTIiCTh, TPH.
IpHU TEPMiHI poOOTH,
30uIBIIeHOMY Ha 25%

1

3

3aranbHa apTicTh
MAaIIuHO-TOANHU

406,45

434,06

IDicepeno: cknadeno agmopom Ha niOCMasi po3PaxyHKie 6apmocmi OyOieHUYMEa, apmocmi  MAwUHO-200UHU 34

odonomozoro komniexcy ABK-5, ma npoenosy sminu eapmocmi  Mauwiuno-200uHu

Tabmuis 2 — BuznaueHHs KOIITOPUCHOI co0iBapTOCcTi BukoHaHHs BMP npu pizuux

TepMiHaX BUKOHAHHS POOIT

Tepui HopmaTtusHui CxopoueHuii [TonosxeHuii
epMin/ . 6i : 6i : 6i
BapricTs, IpH. TepMiH POOIT TEPMIH POOIT TEPMiH POOIT
T=1 T=0,7 T=1,25
1 2 3 4

CobiBapricTh 6 890 291 7704 698 7041029

BMP

IIpsimi BUTpaTH 5597189 6 023 470 SI4T777

Butpartu Ha 2471898 2471898 2471898

Martepiajiu

3apraTHs 1619412 1943 294 1619412

OyIiBEIIbHUKIB

Burparu Ha 1505879 1608 278 1656467

eKCILTyaTallito

MaIyH, B T. 4.

3apIuIaTHs 137436 146732 137436

OrepaTopiB MaIINH

3araJibHOBUPOOH 1293252 1681 228 1293252

H4Yi BUTPATH,

a) 3apIuiaTHs 354561 460 824 354561

0) ECB 434272 529 993 434272

B) pemra crarei 509 419 690421 509 419

3BB

3MiHHI BUTpaTH 4418393 5232800 4569131

IDicepeno: cknadeno agmopamu Ha niocmasi po3paxyuxie eapmocmi 6y0isHuymea 3a 0onomo2oro komniexcy ABK-5 ma

NPOCHO3Y 3MIHU 8APMOCMI

BusznauuBim BeIMUYMHY 3MIHHUX BUTpPAT O€3 BapTOCTI MaTepialiiB, BA3HAYUMO

3aJIEKHICTh BAPTOCTI pOOIT Bl TEPMIHY iX BUKOHAHHS. J[JI1 1bOr0 BU3ZHAUYUMO
3anexHIcTh cobiBapTocTi BMP Bif TepMiHy BUKOHAHHS pOOIT 3a TaHUMH:

Tabnuug 3 — 3anexHiCTh 3MIHHUX BUTPAT BiJl CTPOKY BUKOHAHHs poOiT £, = f(T)

X ( yMOBHA TPUBAJIICTB) 0,7 1,25
VY (cobiBapTicTh oe3 5232800 4569131 4418393
MOCTIMHUX BUTPAT)

Licepeno: cknadeno aemopamu Ha niocmasi po3paxyHkie eapmocmi 6y0igHUYMEA 3a O0NOMO2010 KOMNLEKCY Ma NPOSHO3Y

3miHu eapmocmi 6yodisnuymea ABK-5.
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3a OTpUMAaHUMU YHCEIBHUMU 3HAYEHHSIMH MU 3 TOTIOMOTroto riporpamu Microsoft
Excel moOynyBanu ANpPOKCUMYIOUY KPUBY - PHC. 1 «3anexHicTh 3MIHHMX BHUTpAT Ha
CIIOPYIKCHHS 00’€KTy BiX TeleHy BUKOHAHHS 5)06iT» Jani anpOKCHMOBaHi
TIOJIIHOMIAJIFHOIO 3aJICXKHICTIO 3 TICHOTOIO 3B’si3ky R“=1. Ha rpadiky MoxHa dYiTKO
BUJIUINTA 30HY ONTUMYyMY — 30HY MIHIMQJIbHUX 3MIHHUX BUTpar. lle 30Ha
ONTUMAJILHOTO MEePi0/Ty BUKOHAHHS POOIT, Mo3HaYeHa Ha Bicl X mudporo 1.

[Tpu 3MiHI CTPOKIB BUKOHAHHS pOOIT - 3MEHIIEHHI a00 30UIbIIEHHI TEPMIiHY -

BapTICTh pOOIT OyJi€ 3pOCTaTH 32 BU3HAUCHOIO 3aJIC)KHICTIO.
6000000

5000000

£ y =532573x% - 2E+06x + 7E+06 |
5 T ,,,,,,,,,,,,, n erTITIEEE
g I-——~ I
2 4000000
B
£ 3000000
=t
=
5 2000000
(=1
-
=
(s3]

1000000

0
0,7 1 125
Pl 5232800 . A4418393. . 4669131
BigHocHa TpuBanicTb Hiepioay ByaiBHUUTBA

Puc.1. 3anexxHicTh 3MIHHUX BUTpAT Ha CHOPYUKEHHS 00’ €KTY BIJ TEPMiIHY BUKOHAHHS
pooiIT

IDicepeno: po3pobreno agmopom Ha niocmaei po3paxyHkie apmocmi 6y0ieHuymaea 3a 00nomozoio komniexkcy ABK-5

BucHoBku. MiHiMallbHa KOIITOPUCHA COOIBAPTICTH CIOPY/HKEHHS OYIiBII Mae
MICLIE TpU HOPMATUBHIM TPUBAJIOCTI BHUKOHAHHS poOIT. BiamosimHo une Ttpeda
BpPaxoBYBaTH OyA1BEJIbHO-MOHTAXXHUM OpTraHi3aIlisim.
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WAYS OF REDISTRIBUTING STREET AND ROAD SPACE
Lina Hasenko, PhD, associate professor,
Kherson State agrarian and economic University, c. Kherson
G.Ophylia Vinodhini, PhD, professor, researcher and landscape architect,
c. Tiruchirappalli, India

Introduction. A street should be not only a city transport artery, but also the
place of human interaction. The organization of street space should be guided by a
number of requirements related to the activation of socio-economic functions,
improving the quality of life, mobility and activity of residents.

The purpose of this study is to summarize the world experience of urban street
and road network designing and reconstruction and to formulate proposals for its
Improvement in accordance with the change of priorities that has occurred in the theory
of transport planning.

Main Section. The world experience shows that even investing heavily in the
street and road network development and in the solution of road transport services
complex problems, it is impossible to solve the problem of transportation in large cities
by providing comfortable movement only for cars. More and more cities around the
world are beginning to pay more and more attention to providing comfortable traffic for
pedestrians, cyclists and public transport (in this order and priority), and then for private
cars.

The global emphasis on prioritizing pedestrians, cyclists, and public transport
resonates strongly within India, where a substantial portion of the population relies on
these modes. India's rapid urbanization has frequently resulted in transport infrastructure
favoring private vehicles, leading to increased congestion, air pollution, and heightened
risks for vulnerable road users [1]. This trend not only diminishes urban livability but
also exacerbates socio-economic disparities by limiting the mobility of those without
private vehicle access. Consequently, a fundamental shift towards prioritizing
sustainable and inclusive mobility options is not merely an environmental necessity but
a vital step towards equitable urban development across India.

Furthermore, the distinct characteristics of Indian urban environments, including
high population density, mixed land use, and the prevalence of informal transport
systems, necessitate context-aware approaches to street and road space reallocation.
While the core principles of lane narrowing and road diets offer valuable frameworks,
their successful implementation requires careful adaptation to local realities. Integrating
these strategies with improvements in public transport infrastructure, the development
of safe and accessible pedestrian infrastructure, and the provision of dedicated cycling
corridors are crucial for cultivating a comprehensive and sustainable urban mobility
ecosystem throughout India [2].

So the question arises: how to implement change in priorities under the existing
settlements, because we need to redistribute the street and road space between
pedestrians, cyclists, public and private transport.

As a result of the foreign and domestic experience analysis, the authors proposed
the following options for solving this problem. In order to give cyclists and pedestrians
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more space, we need to either narrow the lanes for private transport or reduce their
number. Let's look at these two main ways.

1. The narrowing of lanes.

The change in priorities in Ukrainian normative documents is also evidenced by
the narrowing the regulatory minimum width of lanes on the roadway. Thus, in the
normative document DBN «Streets and roads of settlements», in effect since 2001,
minimum allowable lane width on main streets and roads of city and district
significance in the most significant, significant, large, medium and small cities was 3.75
meters. Instead in document DBN «Streets and roads of settlements», in effect since
2018, minimum allowable lane width on main roads of city significance with
continuous movement in the largest and large cities is 3.5 meters, and on main streets of
city and district significance in the most significant, significant, large, medium and
small cities, except streets with continuous movement, as well as on village roads and
main streets is 3.00 meters. Also the minimum allowable width of the lane on local
residential streets in this DBN in effect since 2001 was 3.5 and since 2018 is 2.75
meters.

That is, according to changes in regulations, free spaces from 0.25 to 0.75 m wide
in each traffic lane appear on Ukrainian streets. That is, for example, on streets with 4
lanes, built according to the old regulations, released from 1 to 3 m.

The task of planners now is to reorient these spaces during the reconstruction of
streets and to provide them with functions that will meet, first of all, the needs of
pedestrians, cyclists and public transport. The first step in this reconstruction could be
temporary markings (fig. 1), which would allow for a cost-effective test of the new
traffic management regime.

Fig.1. Temporary bike lane in Berlin

2. Reducing the number of lanes
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The most popular, especially in the USA, option of reducing the number of lanes
is «4-3 road diet», when a two-way street with two lanes in each direction becomes a
three-lane (fig. 2).

Fig. 2. Reconstruction of Edgewater Drive in Orlano, Florida, before (left) and
after (right)

The lane in the middle is reserved for those who go to the left. The remaining
space can be used to create bicycle lanes, widen sidewalks or arrange dedicated lanes
for public transport. Converting four-lane roads to three lanes makes them substantially
safer. This is evidenced by the following data:

» 3-lane roads are much safer for car drivers. A study of streets reconstructed on
this principle was conducted in 17 cities. It turned out that in small cities, this version of
the road diet reduces road accidents by 47%, and in large by 19%. No reduction in street
capacity was detected in any of the cases [3]. Converting roads from four lanes to three
has been found to reduce collisions anywhere from 20 to 50 %;

* 3-lane roads have marginal impact on traffic flow, such diet usually sees a
reduction in car throughput in the 5% to 10% range. As Federal Highway
Administration report puts it, “under most average daily traffic conditions tested, road
diets have minimal effects on vehicle capacity” [4];

* 3-lane roads slow speeds. The main difference between a 4-lane road and a 3-
lane safe street is that traffic speeds go down and become far more uniform. It’s a
proven fact that reducing speeds even a little bit, i.e. from 40 to 30 miles per hour, can
make a huge difference on accident severity for pedestrians and bicyclists;

» 3-lane roads increase biking and walking. After a 4-3 road diet was fixed in San
Francisco, “bicycle usage increased 37% during the PM peak hour, the number of
pedestrians increased 49% during the PM peak hour, and public response has been
overwhelmingly positive about this project”. That’s just one example; also, it’s common
sense;

* reducing the number of lanes is really cheap. Unlike expensive street
reconstructions cities and counties can quickly, easily, and cheaply fix such
redistribution of space.
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For three-lane one-way streets with parking on both sides, there is a proposal for
"3-2 road diet", which offers to remove one of the lanes and narrow the parking, and
give the freed space for a two-way bike lane. Such traffic reorganization on one of the
Brooklyn streets has reduced the speed of cars by 77% and the number of accidents by
63%. At the same time, the capacity of the street and the total travel time for motorists
remained at the same level [5].

The first example of reducing the number of lanes in Ukraine was John Paul 1l
Street in Ivano-Frankivsk, where they turned four lanes into two (fig. 3). This «4-2 road
diet» allowed the creation of safety islands to protect pedestrians, bike lanes for cyclists
and a separate pocket for turn.

Insights from government statistics in India reveal that an alarming 44% of road
accidents and subsequent fatalities in India involve two-wheelers. On the other hand,
pedestrians account for 17% of total crashes and a staggering 19% of fatalities.
Vulnerable Road Users, comprising pedestrians, cyclists, and two-wheeler riders,
collectively represent more than half of the fatalities resulting from road accidents [6].

The Ministry of Road Transport and Highways (MORTH) in India is developing
a plan to build dedicated lanes for two-wheelers on state highways and urban roads,
along with pedestrian foot-over bridges or underpasses on major urban arterial roads.
This initiative aims to address the high number of road crashes in India, primarily
attributed to non-segregation of traffic. The proposed scheme aims for a 70% reduction
in accidents and fatalities per 10,000 vehicles and a 50% reduction per 10,000 km of
road length.

Given India's unique traffic composition and the significant number of vulnerable
road users, the urgency for reallocating street space is amplified. Rapid urbanization has
often led to increased vehicular congestion encroaching upon pedestrian and cycling
zones, escalating accident risks. Moreover, the socio-economic structure of Indian cities
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necessitates equitable mobility solutions, where non-motorized and public transport are
vital for a large segment of the population [7]. Therefore, adopting and adapting global
best practices in road space redistribution aligns with the national goals of improving
road safety, promoting sustainable transport, and fostering inclusive urban development.

Effective implementation of strategies like road diets and lane narrowing in India
demands careful consideration of local traffic dynamics, existing infrastructure, and
active engagement with stakeholders. Pilot projects in cities such as Pune and
Bengaluru have illustrated the potential benefits of pedestrianizing key areas and
establishing dedicated cycle paths, resulting in improved air quality and enhanced
public spaces [8]. However, scaling these interventions requires robust planning,
consistent enforcement, and effective public awareness campaigns to ensure smooth
transitions and broad acceptance. Integrating traditional urban design principles with
contemporary traffic management techniques can yield contextually appropriate and
sustainable solutions for Indian cities striving for people-centric urban mobility.

Conclusions. The settlements infrastructure development, aimed at satisfying,
first of all, the needs of motorists, is accompanied by powerful negative changes in the
conditions of human life. It singled out 2 basic options for the redistribution of space
between pedestrians, cyclists, public and private transport: 1) narrowing of lanes for
private transport; 2) reducing the number of lanes for private transport.
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FEATURES OF LANDSCAPE DESIGN IN THE URBAN
ENVIRONMENT
Olena Usachova, PhD in architecture, associate professor
Kherson State agrarian and economic University, c. Kherson

Relevance of the Topic

The urban environment still requires architectural and artistic design, as the city is
an artificially organized and compact space. Due to the active pace of urban life, people
need a certain degree of relief—a reduction in the rhythm and tension of the urban
surroundings.

The art of designing the surrounding urban environment serves as a lifeline for
people. It is necessary to create urban oases of peace and relaxation that are as close to
nature as possible. Landscape architecture is recognized as one of the leading fields in
shaping spaces for human activity in almost every sphere of life, influencing the
essence, meaning, and beauty of leisure. Therefore, the role of landscape design is
crucial in the development of the modern city.

The main task of design activity is to create a comfortable environment for
human society. In this context, the importance of landscape design and its impact on
human life within the urban landscape is difficult to overestimate. Today, when the
artificial dominates the natural, the ability to maintain a balance between what is created
by nature and by human hands is more relevant than ever.

The objects of landscape design include both open and enclosed environments.
These comprise streets and squares, small recreational areas (such as parks, boulevards,
embankments, and pedestrian streets), parks with various functional purposes,
residential areas with diverse recreational and utility zones (such as children's
playgrounds, adult leisure areas, sports grounds, etc.), as well as interiors of various
types of functionally purposed buildings. All these spaces reflect the integration of the
natural environment into the formation of a particular space, along with the detailed
development of artificial landscape elements.

Landscape design is closely connected with architecture, landscape architecture,
urban design, as well as flora and phytodesign. The main task of the landscape architect
and designer is to organize space in accordance with functional, ecological, and
aesthetic requirements, and to create a vivid artistic image capable of evoking positive
emotions in people. When designing landscape objects, it is not sufficient to focus
solely on creating an artistic image aimed at emotional impact on a person [2].

Landscape design is both an art and a practical activity that involves landscaping,
improvement of territories, organization of garden and park plantings, lawns, rock
gardens, and the use of small architectural forms in green construction.

Landscape architecture addresses the improvement of human living
environments. The main materials with which the landscape architect works are the
natural terrain and vegetation typical of the region. The architect enhances these with
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engineering solutions and architectural elements, and also develops dendrological
compositions, thereby creating a harmonious landscape that is improved and refined
through landscaping and infrastructure development. The aesthetic value of greenery
could be significantly enhanced by broader use of coniferous species in both parks and
street plantings. Such decisions always attract attention and prove effective. Due to the
limited use of coniferous species in landscaping, there is a reduction in the diversity of
plant species used and a loss of the decorative quality of street plantings in winter [1].

Features of urban landscape design are reflected in its elements: buildings (which
form the central focus of the landscape project); lawn coverings (created using various
types of grasses); greenery in the form of individual trees, shrubs, flowers, as well as
their combinations and complete ensembles (gardens, flower beds, borders, etc.); large
decorative elements (lakes, ponds, streams, fountains, stones, sculptures); and small
artistic details (wind chimes, lamps, candles, etc.).

Main Components of Landscape Design

e When designing a flower bed, it is important to consider the blooming period of
all included plants so that the flower bed and surrounding areas remain visually
appealing throughout the entire season. In addition, the planting location and the
watering requirements of all the plants must be taken into account.

e Decoration. Decorative elements in landscape design include fountains, alpine
slides, stone structures, small bridges, statues, and other possible decorative
objects. They are typically placed at the center of flower beds and serve as key
focal points in any landscape design.

e Territory Lighting. To ensure the surrounding landscape delights and inspires at
any time of day, it is important not to overlook proper and reliable lighting. When
designing lighting, special attention should be paid to engineering structures.
Solar-powered lanterns are particularly popular among landscape designers—not
only do they save energy, but they also provide soft, romantic illumination to the
area at night.

e Automatic Irrigation Systems. It is very important to plan the automatic irrigation
system during the landscape design stage in order to lay and "conceal” all the
necessary pipes and fittings in advance for the proper maintenance of green
spaces.

e Artistic Details. A flower vase in a gazebo, a lace tablecloth on a table, light
curtains fluttering in the wind, shelves with books, an antiqgue samovar... all these
elements that bring a unique atmosphere and special character to the space are
considered artistic details of landscape design.

e Fencing. Skilled landscape and site design professionals pay special attention not
only to enclosing the entire area but also to dividing it into logical sections. Stone
fences, hedges, raised areas, and other enclosing elements can be used to varying
extents and for different purposes.
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The objects of landscape architecture and design are primarily urban and
suburban landscape-recreational areas, where careful attention is given to the details of
the cultural landscape. These are areas shaped by landscape design techniques,
including vegetation, land sculpting, water features, small architectural forms, and
visual communication. Such objects include small recreational areas, which are
structural elements of the city's green spaces system and typically serve ecological,
architectural-artistic, and recreational functions. The area of these spaces depends on
urban planning conditions and regulatory requirements. Small recreational areas can be
divided into two groups.

The first group includes areas for free use: city gardens, neighborhood gardens,
residential group gardens, squares, boulevards, embankments, pedestrian streets.

The second group consists of landscaped areas with restricted use: universities,
technical schools, hotel complexes, medical institutions, kindergartens, schools,
industrial enterprises, and others. The largest planning element of the first group is the
city garden.

Urbanization is typically accompanied by a deepening of environmental issues
and contradictions inherent in any large city [4]. The spontaneous nature of urban
development leads to the transformation and destruction of natural landscapes,
ecosystems, disruption of natural balance, and the suppression of the functions of green
spaces. In the development of the urban environment, due to the structural restructuring
of natural landscapes, the vertical and horizontal structures of elementary landscape
complexes are transformed into urban landscapes [3].

The natural framework of the city (large forest-park areas and the network of
small river valleys) and the urbanized framework (main roads, centers, embankments,
which define both the direction and intensity of the primary flows of matter,
information, and energy in the urban landscape) are supported by a system of green
spaces for recreational and other purposes. Different combinations of green spaces and
built-up areas ensure the ventilation of residential and industrial districts of the city. The
territorial organization of the system of natural areas is aimed at forming a continuous,
unified framework for the city, while the system of green spaces becomes more
complex, dispersed, intertwining with the urban fabric [2].

Ecologization of landscape design means transitioning to a new model of urban
development. The awareness of the need for such a change leads to the search for
solutions to ecological and social problems. Thus, modern landscape design becomes an
essential tool in shaping the ecological culture of humanity.

Conclusions

Urban green spaces are an integral part of the city's urban planning structure and a
vital component of its ecological framework. They are part of the city's life-supporting
system as an essential environmental and protective factor, ensuring the comfort and
quality of the human living environment, and are an obligatory and important element
of the urban landscape. As a highly urbanized city, it requires constant support for its
"green state,” as it is the main settlement of the country.
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Thus, emerging at the intersection of several arts, landscape design naturally
combines many principles characteristic of each of them. At the same time, the use of
natural materials in landscape design distinguishes it as an independent domain with its
own design methodology and scope of objects. A rich source for the development of
detailed landscape design methods will undoubtedly be the new approaches being
implemented in the theory and practice of the surrounding urban environment by
modern design.
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CYYACHI MATEPIAJIM TA IHHOBAIIMHI TEXHOJIOT'II B PIIIEHHSX
IHEHTPIB BI3YAJIBHOI'O MUCTEIITBA
boeoanoea JI.0., cmapwuti suxknaoau
XepconcbKutl 0epicasHull acpapHo-eKoOHOMIYHUIL YHIGepcumem, M. XepcoH

Beryn. V XXI cTOmTTI HEHTPH Bi3yalbHOTO MHCTELTBA TPAHCPOPMYIOTHCS 3
NPOCTUX BHUCTAaBKOBUX TMPOCTOPIB Yy CKJIaAHI MYJIbTHUMEiMHI CEpeqoBHINa, IO
BHMAararoTh 3aCTOCYBaHHSI HOBITHIX MaTepianiB, HU(PPOBUX TEXHOJOTIH Ta €KOJIOTTUHUX
pimenb. LleHTp Bi3yalbHOTO MUCTELTBA — II€ CTIELIaTi30BaHUI KyJIbTypHUN IPOCTIp, Y
SAKOMY JIEMOHCTPYIOTBCS, CTBOPIOIOTHCSA 200 IHTEPIPETYIOTHCS TBOPH, L0 ATETIOIOTH J0
BI3yaJbHOTO CHOPUMHATTSA: KHUBOIHUC, CKYJIBNTYypa, BileoapT, HU(PPOBE MHCTEUTBO,
1HTepaKkTUBHI 1HCTaNAMIl. CydacHi IIEHTPpU MOXKYTh MOE€IHYBATH B 001 (yHKIIIT raneper,
nabopaTopii, HABYAILHOTO CEPEJOBHUINA TA IPOMAICHKOTO MPOCTOPY. IX MeTa — He
JIMILIEe €KCIIOHYBaHHS, a ¥ aKTUBHE 3aJly4€HHs IJs11aya J0 MUCTELBKOIO MPOIECY Yepes3
B32€MO/II10, OCBITY Ta COIliajibHI 1HINIaTUBH. [HHOBALT ¥ cepl apXITEeKTypH Ta JU3aiHy
BIJIIrParOTh KIIFOUYOBY POJIb Y CTBOPEHHI JUHAMIYHUX MPOCTOPIB, 3AATHUX B3aEMOJIISITH 3
rsJayeM Ta aJanTyBaTHCS JO KOHTEKCTY MOoAiM. 3acTocyBaHHA LH(PPOBUX
IHCTPYMEHTIB, aJanNTUBHUX KOHCTPYKIIA Ta MYJIbTUMEIIMHHX (QacadiB MEepeTBOPIOE
LHEHTPU MHCTELTBA HAa IHTEPAKTHBHI IUIAaTGOpMHU KynbTypHOro oobminy [1, c. 76].
Oco06nmBoi yBaru HaOyBae BUKOPUCTAHHS HOBUX MarepialiB, siKi 3a0€3MedyloTh HE
JUIIE E€CTETUYHICTh, ajle W (PYHKIIOHAJIBbHICTh Ta €KOJOIrIYHICTh. Y HOBHUX yMOBax
rnofanizaii Ta 1udposizalii HEHTPU Bi3yalbHOTO MHUCTEITBA HAOyBalOTh HE JIMIIIC
KyJIbTYpPHOTO, a M CTpPATErivHOro 3HAYEHHSA SK IHCTPYMEHTH M SKOi CHJIM, 3aco0u
penpe3eHTalli 1IEHTUYHOCTI KpaiHM Ha MDKHApoAHIM apeHi. BoHu craroTh
mwiaThopMaMu IS I1aJIOTy MDK KyJIbTypamH, IO OCOOJIMBO aKTyajdbHO Y TIEpiof
MICISIBOEHHOT PEKOHCTPYKITT Y KpaiHu.

OcHoBHMI TeKCT. ApPXITEKTYpHI MiJXOJH, OPIEHTOBaHI Ha TpaHcdopmamio
LHEeHTPIiB Bi3yaJbHOro MHUCTENTBA, JeJaji dYacTilllie BpaxoBYIOTh MOTpedy Y
BIJIKPUTOCTI, MOOUTHHOCTI MPOCTOPY Ta TEXHOJIOTTYHIN THYYKOCTI. OJJHUM 13 IPUKIIAIIB
€ Myseit cyuacnoro muctentsa Jlyizianu ([anis), 1e mpupogHe OCBITICHHS Ta CKIISHI
(dacaau 3a0e3meuyIoTh Bi3yallbHY MPO30PICTh 1 3aHYpPEHHS Y KOHTEKCT npupoau (Puc.1).
BukopucTaHHs afanTUBHUX KOHCTPYKIIIH, sIKI 3MIHIOIOTh CBOIO T€OMETPIIO 3aJI€KHO BiJl
nojil (KOHUEPT, BUCTABKA, 1HCTAJIALIS), TO3BOJISIE 3MIHIOBATH AKYyCTHYHI BJIACTUBOCTI
Ta OCBITJIEHHA NpocTopy. Taki cuctemMu 0a3yroThCsl Ha IHTErpalii CEHCOPIB, aKTyaToOpPiB
Ta MPOTPaMHOro 3a0e3MeyeHHs JJIs YIpaBIiHHA MPOCTOPOM y peajibHOMY yaci [2, c.
103]. Oco6a1BO eheKTUBHUM € TIOETHAHHS apXITEKTYPHOI alallTUBHOCTI 3 MOOUIBHUMHU
€JIEMEHTaMU 1HTEep ’€py: PO3CYBHUMH TEPEropoJKaMy, NaHEIsIMUA 3 TUHAMIYHUMHU
300paKeHHSIMH, TUIATQPOPMaMHU JIJIs BIZICOMAITIHTY. Y PE3yNbTaTi MPOCTIp JETKO 3MIHIOE
(GYHKIIOHANBHICTh 3aJIe)KHO BiJ (opMaTy 3axody — BiJ KaMepHOI BUCTaBKHU [0
MacoBOTo niepopMaHcy.
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Puc.1. Myseii cyuacHoro mucrenra Jlyiziani, Jlanis

VY npoexTyBaHHI apT-TIPOCTOPIB BCE OUIBIIY pPOJIb BIAITPAIOTh IHHOBAMiiiHI
MartepiajaM, 3/1aTHI pearyBaTd Ha 30BHIIIHI CTUMYJIM Ta (QOPMYBaTH HOBI THUIHU
B3aeMoAli 3 risgadeM. Cepel HaWMOIIMPEHINIUX pillleHb — (OTOXpPOMHI CKIia,
CBITJIOB1IOMBHI IUIIBKHU, T’ €30€JICKTPUYHI TTOKPUTTS, SIKI pearyroTh Ha CBITJIO, pyX abo
tuck. Y ueHtpi Ars Electronica Center (JIinu, ABcCTpis), HampuKIaa, 3aCTOCOBAHO

iHTepakTUBHUM (acan 3 LED-eneMeHTaMH, 1110 3MIHIOIOTHCS 3aJI€KHO BiJl aKTUBHOCTI Y
micti (Puc.2) [3, c. 214].
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Puc.2. Ars Electronica Center, Jlini, ABctpis
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[HII1 MpUKIaAu BKIIOYAIOTh MaTEpiaiy 3 €eKTOM XaMeseoHa ado TepMOYyTIUBI
TKaHUHH, 110 3MIHIOIOTh BUTJIS MIPU JOTUKY. 3aBJIIKHA TAKUM BJIACTUBOCTSAM MaTepialiv
caMml CTalOTh YaCTMHOIO MHUCTELBKOI Jii, aKTUBHUM YYaCHUKOM XYJ0>KHBOT'O TPOIIECY.
CydacHl TEHJEHIli TakoXX CHPSIMOBaHI HAa CTBOPEHHsSI TIOpUIHUX PIlIeHb, SKi
MOETHYIOThH NEKIIbKa QYHKIIN — HAIpHUKIaA, IpOo30pl COHAYHI MaHel, 0 OJHOYACHO
CIIy)KaTh K JDKEPEJIO eHeprii Ta exeMeHT dacany. Lle BimkprBae HOBI MOXKIMBOCTI JIJIst
€HEPreTUYHOI AaBTOHOMII apT-IIEHTPIB Ta CTBOPEHHS YHIKAJILHOTO AU3alHY.

Bukopuctanis nu@poBUX TEXHOJIOTI Ta I0MOBHEHOI PeAJILHOCTI TOKOPIHHO
3MIHIOE YSBIICHHS PO MEXI MHCTEIBKOTO MPOCTOPY Ta B3aEMOJII0 BiJIBiAyBaua 3
tBOopoM. Crorogni VR, AR 1 MR BigkpuBaioTh HOBI CIIOCOOU CIPUHHATTS XYITOKHIX
o0pa3iB, 103BOJIAIOYN 3aHYPIOBATUCS Y BIpTyalibHI CBITH Ta B3aEMOJISATH 3 HUGPOBUMU
iHcTamnisMu. BinomuM npukiaagom € MoMA PS1 y Helo-Hopky, ne rmdposi TBopu
MOXHa TIepPEeryAaTd 3a JONMOMOror cmaptdoHa abo cCHemialbHUX OKYJAPIB, IO
CTBOpPIOE €(PEeKT MOBHOTO 3aHypeHHs [4, c. 44]. ¥V 3B’I3Ky 3 LIUM 3pOCTa€e morpeda y
BIJIMOBIJIHAX AapPXITEKTYPHUX PINIEHHSAX — CIEHIAIbHUX MPOEKIIAHUX TOBEPXHSIX,
aKyCTUUYHHMX Marepiajiax, MiJBICHMX cHCTeMax. MUCTeUbKUH MpoCTip HaOyBae puc
IHTEPaKTUBHOI TUIATQOPMHU, NI€ TIAa4 HE MPOCTO CIOMIAAE, a MOXKE 3MIHIOBAaTH
€JIEMEHTHU TBOPY y pE€ajJbHOMY Yacl — JIOTHKOM, JKecTaMu abo rojocoM. Taki popmaru
aKTUBHO BIIPOBA/KYIOTBCSI B paMKax MU(PPOBUX PE3UACHINN 1 MIDKHAPOIHUX
¢decruBainib, 30kpeMa Transmediale Ta FutureEverything. OcoGnuBy yBary choromsi
MIpUBEPTAE T€HEPATUBHE MUCTELTBO, 1€ TBOPU CTBOPIOIOTHCS Yy CHIBIpAlll 31 IITYYHUM
IHTEJIEKTOM 1 3MIHIOIOTHCS 3aJIEKHO BiJl TTOBEIIHKHU TJIs]1a4uiB, IO MEPETBOPIOE KOXKHE
B1/IBITyBaHHS Ha YHIKaJIbHUI JOCBIJI.

3BepHeHHs A0 OiomMiMikpii Ta NPUHUMINB CTAJOI0 PO3IBUTKY JI03BOJIIE
CTBOPIOBATU apT-LEHTPHU, TapMOHIMHO I1HTErpoBaHI B MPUPOJHE CEPEIOBUIIE I
ekojoriyHo  edgexktuBHl. OkpeMi MPUKIAAA TaKUX MIAXOJIB  JEMOHCTPYIOTh
BUKOPUCTAHHA TPUPOJHOTO OCBITJCHHS, TACHBHOI BEHTWIAIII, JOKAJIbHUX Ta
BIJIHOBITIOBaHUX MarepianiB. Hanpukian, neatp Pompidou-Metz y ®@paniiii Mmae 1axoBy
KOHCTPYKI[II0, 10 Harajaye CTPyKTypy OamOyka, MO€AHYIOUM NpUpPOIHY Gdopmy 3
TexHojoriyHor edextuBHicTIO (Puc.3) [5, c. 97]. IToxiOHI pileHHs TaKOXK BKJIFOYAIOTh
«3eneHi» (acaay, COHAYHI TaHedl Ta BOAO30IpHI cUCTEMHU. Y 0aratbox MPOEKTax
3aCTOCOBYIOTHCS BTOPUHHI MaTepiaiu — nepepoliieHe CKIIo, MeTall ab0 TeKCTUIIb, 1110
HE JIUIIE BIJIMOBIJA€ €KOJOTIYHUM CTaHJapTam, a i (Gopmye BuUpasHy XYI0KHIO MOBY
ciopyau. CydacHuiét OloiHCHIpOBaHUW JM3alH Jedalli  4acTillle BUKOPHUCTOBYE
QIrOPUTMH, 3aCHOBAHI Ha MPUPOJHUX 3aKOHOMIPHOCTSIX — (pakrajiax, CUMETPIisX,
aJlanTUBHUX CTPYKTypax, 110 3a0e3neuye 0JIHOYACHO €CTETUKY i eHeproe(peKTUBHICTb.
BioincnipoBanuii qu3aiiH — 1€ MiAX1J Y NPOEKTYBaHHI Ta 1HXEHEPIi, AKUU 4depriae
1711 3 npupoau. BiH mossirae y BUBYEHHI CTPYKTYp, MPOIIECIB, CUCTEM 1 CTpaTEriil, 1o
BUKOPHCTOBYIOTBCSI B JKMBHUX OpraHi3aMax, 3 METOI CTBOPEHHS e(EKTUBHHUX,
aJanTUBHUX 1 CTIAKUX TEXHOJIOTITYHMX pimieHb. J[0 TOJOBHUX XapaKTEPUCTHUK
0101HCTIIPOBAHOTO JAW3aNHy HaJekKaTh HACTYITHI: HATXHEHHS MPUPOJIOI0 Ta ii hopmamu;
IHHOBAIIWHICTh TPU CTBOPEHHI HOBITHIX MaTepiajiB;, CTIHKICTh: BUKOPUCTaHHS
€KOJIOTIYHO YUCTHUX PIIIEHb, 110 CIPUIIOTH CTAJIOMY PO3BUTKY.
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Puc.3. Lentp Pompidou-Metz, @paniris

BucnoBku. Cy4acHl IIEHTPH Bi3yaJIbHOTO MHCTELTBA € MPUKIAIOM CHMO103y
iHHOBAIIi}, eKOJIOTii Ta MUCTENTBA. IX apXiTekTypa 6a3yeThcs Ha PTHYYKHX ITPOCTOPOBUX
pIIIEHHSX, aJalTUBHUX MaTepianax Ta HUPPOBUX TEXHONOTIAX. [HTerpamis iHHOBAIIN
J03BOJISIE HE JIMIIE 3MIHUTH (PYHKUIOHAIBHICTh MPOCTOPY, aje H pO3MUPUTH
MOXKJIMBOCTI B3aeMoAli Iyiggada 3 MHUCTEHTBOM. IlomanbInl IOCITIIKEHHS ITOBHHHI
30CEepeKYBATHUCh HAa CTBOPEHHI YHIBEPCAIbHUX IIATPOPM, 1110 OEJHYIOTh MUCTELTBO,
HayKy 1 TexHoJjorii. KpiM Toro, HeoOXiJHO 1HTErpyBaTH HOB1 (JOpMAaTH CIiBIOpALl MK
MUTLSMH,  apXITEeKTOpaMH, 1HXKEHEepaMu Ta  JIOCHIJIHUKaMH, apKe  came
MDKIUCUUIUTIHAPHICTh € OCHOBOIO CTBOPEHHS MPOPUBHUX KOHUENUINA y BI3yaJIbHOMY
MucTenTBi. [HBecTHIlli y qOCHIIHUIIBK] TIIATHOPMH, EKCIIEpUMEHTAIIbHI JabopaTopii Ta
MyOJIIYHO JOCTYMHI HMUGPOBI PECYpCH TOMOMOXYTh LIEHTPAM MHCTEITBA 3aJIUIIATUCH
aKTyaJlbHUMHU Ta BIAKPUTHUMH JI0 1HHOBAIid. B ymMoBaxX cydacHMX BUKIIUKIB BaXKJIMBO
TaKOXX TEPEOCMHUCIUTH POJb TIIAga4a SK CIIBTBOPIT MHCTEIBKOTO MpOLEecy, a He
MacMBHOTO crocTepirada. L{eHTpu Bi3yaJbHOTO MHCTENTBA, IO OPIEHTYIOTHCS Ha
nocBig kopuctyBadya (UX), maroTh OUIbLIE IIAHCIB CTaTH XUBUMH KYJIbTYPHUMHU
OcepeaKaMH, K1 OpraHigYHO BIHCYIOTHCS Y COIlabHy TKAHUHY MICTa.
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MNPUHIUIIA CTBOPEHHS NIINOXITHO-OPIEHTOBAHOI'O
BYJINYHO-IOPOKHbBOI'O ITPOCTOPY
l'acenko JI.B., k.m.u., ooyenm, Kabuenxo C.M., cmyoenmka
Xepconcobkutl 0epicasHull azpapHo-eKOHOMIYHULL YHIsepcumen, M. Xepcon

Beryn. B micrax VYkpaiHu piBeHb 3aBaHTaXEHOCTI aBTOMOOIISIMH TOCTIHHO
3poctae. lle Mae HeraTUBHUI BIUIMB Ha €KOJIOT1I0 HACETICHUX MYHKTIB, SIK MPUPOIHUM,
TaK 1 QHTPONOTCHHMM, a TAKOX € MPUYMHOI0 MPOOJIEM €KOHOMIYHHMX Ta COIllaTbHHX.
OCHOBHOIO TPUYMHOIO BUHUKHEHHS IMX MpOOJIeM € apXIiTeKTypHI 1 IJIaHyBaJIbHI
CTPYKTYpPH ICTOPHYHOTO MiCTa, SKi HE BPaxOBYIOTh TaKOTO PIBHSA aBTOMOOIIHHOI
3aBaHTAXKEHOCTI.

BpaxoByroun 111 00CTaBUHHU, YKpaiHCBKMM MicTaM MOTPiOHI HOBI MIAXOIU O
(bopMyBaHHS 1 pEKOHCTPYKLIi BYJTMUHO-TOPOKHBOI MEPEXK1, aKTyaJIbHUM € IJIaHyBaHHS
BYJINYHO-JIOPO’KHBOTO MPOCTOPY 3 ypaxyBaHHSAM IHTEPECIB BCIX YYaCHHUKIB pyXy, a
0COOJIMBO MIMIOXO/IIB, aJKe MIIIOX0JaMH B Til 4u 1HIIIHN Mipi € maibke 100% yyacHUKIB
JIOPOKHBOTO PYXY.

OcHoBHa 4actmHa. [lepeBaru, 100 MNPUHOCUTH PO3BUTOK MINIOXIAHOI
1H(PACTPYKTYpH, MOKHA PO3IUIATH Ha:

1) exoHOMIYHI:

- 3HIDKEHHS TPAHCIIOPTHUX BUTPAT;

- miiBUIIeHa €(PEKTUBHICTh MAPKyBaHHA (TAPKOBKA MOKE OOCIYroByBaTH Ol/IbIlIe
MyHKTIB PU3HAYEHHS);

- MOKJIUBICTb 30UIBIIIMUTH TOXOH MICIIEBOTO OI3HECY;

- MIATPUMKA I1HIIMX aJbTEPHATHBHUX PEXKUMIB pPyxy (BelocuIeaamH,
caMoKaTaMHu 1 T. 1H.);

- oco0MBa MIATPUMKA JUIS IEIKUX Taly3eil, HalpuKiIal, Typusmy;

- ©KOHOMisl BUTPAT Ha OXOPOHY 3I0pOB'Sl BHACTIAOK 30UIBIICHHS PYXOBOi
AKTUBHOCTI MEIIIKAHIIIB HACEJICHUX ITyHKTIB,;

2) coiajibHi:

- TIOKpamieHa JIOCTYIMHICTh IS JItOoJIeH, SIKi He 3a0e3MedeHi TPaHCHOPTHUMU
3aco0amu;

- 3SMEHUIEHHS pU3UKY aBapiii, 3a0pyIHEHHS TOILIO;

- 301JIbIIIEHA COIliaibHa B3a€MOJIISl Ta 3TYPTOBAHICTD CIIJIBHOTH,

- TIOKpAILEHI MOKJIMBOCTI Uil 30€peKEeHHS KyJIbTYPHOI CHAAIIMHK (HAMPUKIIA,
1ICTOpUYHUX Oy/A1BENb);

- 301IbILIeH] (PI3UYHI HABAHTAKEHHS;

- IOKpaIllleHa €CTeTHKA BYJIHMYHO-IOPOKHBOTO CEPEIOBHIIIA;

3) eKoJoriyHi:

- 3MEHIIICHHS 3eMeJTb, HEOOX1THUX JIJIS IOPIT Ta MAPKYBAIBLHUX MICIIb;

- 30epeKeHHs BIIKPUTOTO MTPOCTOPY;

- 3HIDKEHE CTIOKUBAHHS €Heprii Ta BUKUIN 3a0pyIHIOIOUUX PEUOBHUH;
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- 3MEHIIIEHHS 3a0pyTHEHHS BOJIH;

- 3MEHIIICHHS €(DEKTIB «TEIJIOBOI'O OCTPOBAY.

IcHye kinbka mpUYMH, 4Yepe3 sKI Xoapda Ta MOXIMBICTE KOMMOPTHOIO
MIIIOXITHOTO PyXYy 3a3BMuYail HE BPaxXOBYIOTHCS IMPU MPOEKTYBAHHI 1 PEKOHCTPYKIIIT
BYJIMYHO-JIOPOXKHIX Mepex (puc. 1):

e CKnaaHicTb BUMipIOBaHHA.

¢ Xoabby, AK NpaBW/IO, BaXKue BUMIPATHK, HiXK NepecyBaHHA TPAHCMOPTHUM
3aco060M | MOMNUBICTb MPOXOAMKEHHA AK NPABU/I0, BaXKUE OLLIHUTH, HiXK
MOM/MBICTb aBTOMOBINBHOIO pyxXy.

e HW3bKacouianbHa oLiHKa.

® OCKi/IbKM HEMOTOPMU30BAHUMM BUOAMM TPAHCMOPTY, B YKPATHi MOKK WO
HalyacTilWe KOPUCTYIOTLCA TIOAM 3 HUKUMMM A0X0AAMMU, BOHU, AK NPaBUIIO,
CTUTMaTU3YIOTLCA, TOA] AK MOTOPM30BaHMM TPAHCMOPT, AK NPaBUIO, aCOLLIHOETLCA
3 YCMiXOM i MpOrpecom.

¢ OgHa 3 NPUYUH, YOMY NPOryNAHKU, AK MPaBUNO, HE NOMIYAKOTb, MONATAE B TOMY,
LLLO BOHM TaKi Hegopori. B pe3ynbTaTi HeMae opraHiaoBaHoI NiWoXigHol
NPOMMCNOBOCTI, AK Y BUNaAKy 3 aBTOMODINIbHUM, TPAH3UTHMM Ta NOBITPAHUM
TPaHCMOPTOM, a BUAiNeHoro piHaHCyBaHHA Mano.

SR ITHOpyBaHHA nepesar.

* Ocobu, AKi NPUMMaIOTL PiLLIEHHA, YAaCTO CMPUMMAIOTL MPOTYIAHKM AK HANIEKHE |
MPUNYCKaoTb, WO Le He noTpebye piHaHCyBaHHA.

* Hanpukiaa, MOXHa X0AMTU MO Aoporax fKi He MaloTb TPOTyapis, abo
NPONKAMOK YaCTUHOIO, 360 FPYHTOBMMM A0PIXKKAMMU, AKI PO3BMBAIOTLCA B340BX
[OpPOrv CTUXIHO.

meee HepoouiHKka noTpeb niwoxoais.

* 3BMYaliHe NNaHyBaHHA MaE TEHAEHLIO irHopyBaTK abo HeaEOLiHIOBATH
nepesaru, Taki AK NOKpaLleHHA ¢pisnuyHoi opmm Ta 340p0B’'A HaceneHHs Bij,
aAKTMBHOIO TPAHCMOPTY, 3a40BOJIEHHA Big Xoab0K Ta i3aM Ha Beslocunei, a
TaKOX NOKpaLLeHi MOX/MBOCTI NepecyBaHHA ANA TUX, XTO HE € BOAIEM.

* barato mogenen TpaHCNOPTHOI EKOHOMIYHOI OLLIHKM HaBiTb irHOPYIOTbL Nepesaru,
TaKi AK 3MEeHLUEHHA 3aTOpiB, EKOHOMIAA BUTPAT Ha NapKyBaHHA Ta EKOHOMIA
CMOMWBYMUX BUTPAT, LLO BUHUKAKTb Mig Yac NnogopoxKi aeTomobinem.

Puc.1. [Ipuunnu, yepes siki X0/1p0a 4aCTO HE BPaXOBYETHCS MPU MPOEKTYBaHHI 1
PEKOHCTPYKIT ByJTUYHO-IOPOKHIX MEPEX
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[cHYIOTB PI3HOMaHITHI CIIOCOOM MEPEPO3NOALTY BYJIUYHO-AOPOKHBOTO MPOCTOPY.
CBIiTOBMI JIOCBiJl peopraHizaiii BYJIWYHO-IOpOXKHBOI Mepexi [1, 2, 3] MoxHa
palioHaJIbHO BUKOpPUCTaTH B YKpaiHi. BpaxoByroun A0CBiA 1HIIMX KpaiH MOXKIIKUBO 3
ypaxyBaHHAM MOTpPeO BCIX YYAaCHUKIB JOPOKHBOTO PYXy TMO3UTHUBHO TOKPALTUTH
CTAaHOBUIIE BYJIMYHO-JOPOKHBOTO TMPOCTOPY MICT YkpaiHu. [ migBUIICHHS
KOHKYPEHTOCIPOMOXKHOCTI MIIMIOXITHOTO PyXy MOKHA JOJATHU BYJHMII, 110 3MEHIIUTh
JOBXKMHY KBapTally. A y BETUKHUX KBapTallaX BapTO PO3TIITHYTH MOXKIIUBICTh JOJaBaHHS
MPOXOJIB Ta TMEPEXOIiB IS MIMIOXOIB 1 BEJIOCHNEAUCTIB. BapTo mpuaiisaTtu ysary
O3CJICHEHHIO Ta O03100JIEHHIO MIIIOXIJHUX TMPOCTOPIB JJiA TMOKpAIIeHHS iX
MPUBAOIMBOCTI ISl MPOTYIIsTHOK. HeoOxiaHO 3a0e3meunTr JOCTaTHIO OCBITJICHHICTD Ta
Oe3nexy i pyxy mimoxoaiB. [IpoexTyBaTH MIMIOX1AHI TPOCTOPH CIif 3 ypaxyBaHHSIM
noTped B 3aJIeKHOCTI BiJl iX BULY (PUCYHOK 2).

Lopozu 3 obmexeHuUM
DPYXOM MPaHCrIopmHux
3acobie ma niwoxioHi aynuyi

Tpomyapu e3008ex Tpomyapu ma nepexodu
aemomobinbHux dopi2 6ina mazicmpaneli

MiwoxidHi 30HU, W0
MmuM4acoeo 38inbHeHieid Bynuyi crinbHo20 MiwoxioHi pieHi y cknadi
PYXy MpaHcrnopmHux BUKOPUCMAHHA po38'A30K
3acobie

BHympiwHbopalioHHi ma
BHYMPpIWHbOKBAPMANbHI
WiAAXU cnony4eHHs

MiwoxioHo-KomepyiliHa

. MiwoxioHi HabepexcHi
naowji

[lidzemHi ma Had3emHi

byneeapu . o .
NiWoXiOHi KOMYHIKayii

Bynuui mixc 6yduHkamu

Lopozu 3 asmomobinbHuUMm,
Mapkoei niwoxioHi dopirKu mpamealiHum ma
MiWOX0OHUM PYyXOM

MiwoxioHi npocmopu
ecepeduHidsopie

Puc. 2. Tlepenik BUAIB MIIIIOXOIHOTO MTPOCTOPY

Omxe, y3arajapbHIOIOYH, MOXKHa C(OPMYIIOBATH HACTYIHI OCHOBHI NPUHIIUIH
CTBOPEHHS MIIIOX1THO-OPIEHTOBAHOTO BYJIMYHO-IOPOKHBOT'O IPOCTOPY.

1. Ilpunuun Oe3neKu MOoJsArae y 3aXMILEHOCTI MIIIOXIAHOIO MPOCTOPY BiJ
aBTOMOOLUIIB, BIZCYTHOCTI MEPEUIKOA MO XOAy PyXy MIIIOX1THOTO MOTOKY: CXO/IIB,
MapKaHiB, CTOBIYMKIB, JABOYOK, JIXTapiB, OpraHizaiii MepexojaiB [0 MIIIOX1JHOTO
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POCTOpY, 3a0e3MeUeHH1 OJHOTO PiBHS TPOTYyapiB MOPIBHSHO 3 PIBHEM aBTOMOOIIFHOTO
noJIOTHa (Ha mpexojaax), 3a0e3meueHH] SKOCTI IMIIIOX1HOTO TOKPUTTSA 1 HaBirars
(HastBHOCTI 1H(pOpMALIi /I MIIIOXO0/IIB, CXEM pailoHy, KapT).

2. Ilpunnun ¢izugnoro komMdopTy Mojsrae y 3ab0e3nedeHHl AOCTYITHOCTI st
BCIX TPYI HACEJECHHS, HASIBHOCTI MICLIb JUISI BIATIOYMHKY, HassBHOCTI Ta PI3HOMaHITHOCTI
BYJIMYHOT'O CEPBICY, OCBITIIEHOCTI, YUCTOTH MPOCTOPY.

3. IlpuHIMT eKOJOTIYHOCTI mepeadadae 3a0e3MeueHHs] BUCOKOT SKOCTI MOBITPS,
HU3BKOTO PIBHSA IIIyMy, HasBHOCTI, pi3HOMaHiTHOCTi Ta SKOCTI O3CJICHEHHS,
e(eKTUBHOTO BUKOPHMCTaHHA  BOJHHX pecypcm opraHisauii' BOJOCTOKY,
CHEProe)eKTUBHOCTI, OPTaHi3allilo HAI3EMHUX Ta ITiI3eMHUX KOMYHIKaLlii.

4. TlpuHIMI OOCTYHHOCTI 1H(PACTPYKTYpH TPOMAJCHKOrO TPAHCIOPTY Mae
3a0e3neuyBaT HASBHICTh Ta SKICTh 3YIMHUHOK T'POMAICHKOrO TPAHCIOPTY MOpSAI 13
MIIIOXITHAM TMPOCTOPOM, a TakoX edeKTuBHE (YHKIIIOHYBAaHHS TPOMAJCHKOTO
TPAHCIIOPTY.

5. Ilpunnun ecteTnyHOi MPUBAOIMBOCTI Mepeadavae BizyalbHy HMPHUBAOIUBICTH
npocTopy (HAsBHICTh Ta SKICTh XYA0XKHBO-00pPa30TBOPUUX OO0'€KTIB (CKYJIBITYPH,
MO32aiKH, MAaHHO), O3EJICHEHHs, HAsBHICTh TOYOK OIJISAY, MPOIMOPLINHICTh IIMPUHU
JIOPOTH Ta BHUCOTH OYJIBENib), Bi3yaJbHy MpPUBAOIUBICTE OQOpMIIEHHS OyaiBelh
(ecTeTHUHICTh BHBICOK, O(OpPMIIEHHS BITPUH, Bi3yalbHa MpUBAOIUBICTH (pacasiB
Oy/iBelb, CTyHiHL 3HOCY OyaiBelb) Ta 1ACHTHUYHICTH IIIIOXIJIHOTO MPOCTOPY
(YHIKaNBHICTh PIlICHb AU3aiHY Ta OIAr0yCTPOKO, BIAMOBIIHICTE MPOCTOPY ICTOPHIHIM
TPAJULISM TEPUTOPIT, HASBHICTH | BAKOPUCTAHHS ICTOPHYHHX MaM'ATOK).

6. [IpuHIIMT BIAKPUTOCTI MPOCTOPY Mae 3abe3meuyBaTH BiIKPUTICTh 3aKjaliB Ha
NepImx noBepxax (BepaH]v, BIAKPUTI BIKHA, BITPUHH), HASIBHICTh MICIIb JIJISl 3yTTUHOK
MIII0X0/Aa, MPOCTOPOBY Ta (PYHKUIOHAIBHY PI3HOMAHITHICTh, MOXJIMBICTh BYJIWYHOI
AKTUBHOCTI ([ISUTBHOCTI BYJIMYHHMX MHTIIB, BYJIMYHOI TOPTIBJL 1 T.M.), BIAMOBIAHICTD
MPOCTOPY JOCYTOBO-KYJIbTYpPHOMY 3aIllUTy MEIIKAHIIIB PailoHy.

BucnoBku. OTxe, IUISIMH CTBOPEHHS MIIIOXIJHO OPIEHTOBAaHUX MPOCTOPIB €
BJIOCKOHAJIEHHS MIIMOXIJHOT IHPPACTPYKTYypu Yy MicTaX, 3a0e3MedYeHHs €JHOCTI Ta
KOMITJIEKCHOCTI MiIXOMIB J0 OJaroyCTpor CYKYITHOCTI BYJIMIh 1 JIOPIT HA TEPUTOPIii
MICTa, y TOMY YHMCII HiABUUICHHS O€3MEeKHM Ha A0pOorax; 3HIKEHHS 3a0pyIHEHHS
aTMocdepH; SKICHUM OJaroycTpiii TEpUTOpIN; MiJBUIIEHHS KOMQPOPTHOCTI MICHKOTO
CepeloBUIla; 30UTbLIIEHHS 1HTEHCUBHOCTI pyXy MIMIOXOMIB YCEpEAUHl paioHIB;
M1 IBUIIICHHS KOMEPIIIHHOTO MOTEHIN ATy TEPUTOPIii.

OCHOBHMMHM MPUHIMIIAMU CTBOPEHHS MINIOX1IHO-OPIEHTOBAHOTO BYJIHWYHO-
JIOPOKHBOTO TIPOCTOPY €: MPUHIUT O€3MEeKH, TPUHITUT (HI3UIHOT0 KOMGBOPTY, TPUHITUTT
€KOJIOTIYHOCTI, TPHUHIMI JOCTYMHOCTI 1H(QPACTPYKTYpH TIPOMAJICBKOrO TPAHCIOPTY,
MPUHITUI €CTETUYHOT TPUBAOIMBOCTI, MPUHIUIT BIIKPUTOCTI TIPOCTOPY.

CnMcoK BUKOPHCTAHHUX JIKepeJI
1. Economic Value of Walkability Victoria Transport Policy Institute 2017 /
[Enekrponnmii pecypc] — Pesxxum noctymy: https://www.vtpi.org/walkability.pdf
2. Princeton Complete Streets Design 2014 / [Enextponnuii pecypc] — Pexum
JOCTYITy: https://www.academia.edu/26463607/Princeton_Complete_Streets_Design_Guidelines.
3. Walkability analysis of east delhi 2013 / [Enexktponnuii pecypc] — Pexum
noctymy: https://www.academia.edu/2393717/walkability analysis_of east delh
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3BEPEKEHHS PYIH IK HATAJIYBAHHS ITPO BTPATH Y BIMHI
(HA NPUKJIAAI HEPKBU CB. MUKOJIN B TAMBYP3I)
Cmonencora C.Q., 0. apx., npoghecop,
Xepconcokutl 0epaicasHull azpapHo-eKOHOMIYHUL YHigepcumem, M. XepCcoH

Beryn. Biiinu HecyTh 13 co00t0 Ti100anbHi pyiHHyBaHHS Oy/AiBelb Ta KOMILJIEKCIB,
HaBiTh IIIMX MICT. BTpaTa MiChKHX CHMBOJIB Ta OO0'€KTIB, IIHHUX B apXITEKTYpPHO-
ICTOPUYHOMY IIJ1aH1, 0COOMMBO OONICHA JUIS MEIIKAHIIB. SIKi ICHYIOTh CTpaTerii moao
BIIPOJDKEHHS CIAAIIMHU, 3pyHHOBaHOI BiiHOIO? Sk 30epertd BimOWTKH MHUHYJIOTO,
BOXJIMBI JJI 1CTOPUYHOI MaM'siTi TOPOASIH, IS IXHBOI 11eHTHYHOCTI? LI muTaHHs €
HAJ3BUYANHO aKTyallbHUMU Uil YKpaiHu cbhorofHi. J[OCBiJ BiJHOBJIEHHS MiCHKO{
CIAJIIMHA B €BPONEUCHKUX KpaiHax micias Jlpyroi cBiTOBOi BiiHM MoOXe OyTH
KOPUCHUM 1 B Cy4YacHIM CUTYyaIlil MICISIBOEHHOT PEKOHCTPYKIIii. OANH 13 MAXOMIIB, K1
3aCTOCOBYIOTH IIOJI0 OKPEMHUX apPXITEKTYPHUX O0'€KTIB, BAKJIUBUX y MICTOOYIIBHOMY
Ta CMHUCJIOBOMY BIJHOIIICHHI, — I1€ 30epeKeHHs/KOHCepBallisl pyiH K HaraayBaHHS PO
BTpaTH y BiitHi. SlckpaBum npukianom € Llepksa CB. Mukonu B ['amOyp3i.

OcHoBHM# TekcT. ['aMOypr OyB JIpyruM 3a BeIUYMHOIO MicToM HiMmeuunHu 3
PO3BUHEHOIO MPOMHCIOBICTIO 110 1 mig 4vac Jlpyroi cBitoBoi BiiiHu. Y 1942 p.
BenukoOputanis po3podunia Omnepaniro  «l'oMoppa» 31 3HUIIEHHS HIMEIBKUX
MIPOMHCIIOBUX MICT 3a JIONOMOIOK MOBITpAHMX OoMOapayBaHb (yracHUMU Ta
3anaibHUMH OoMOamu. Taka mekenbHa CyMIlll CTBOPIOBajda CTPALIHI MOXEXKI, SAKI
CHAJIOBANM 1 OYyJIBIIL, 1 JIOJEW. 3 KIHLA JIMIHA 10 o4aTKy cepnHs 1943 poky aHrio-
aMepHuKaHCbKa aBiallis Maibke moaHs oomouna ['amOypr. IIpotsrom menm Hik 10 1HIB
3arunyno BiJ 35 10 40 TucAay MUpHHUX XKUTENiB (TO4YHI AaHi HeBigomi). KpiMm Garatbox
MIPOMHUCIIOBUX MIAMPUEMCTB, 3apaau SKUX OyJ0 3A1MCHEHO 1€ akT, Oyio 3pyHHOBAHO
OJIU3HKO TIOJIOBMHU KUTJIIOBUX OYIWHKIB Ta 0e3y TpoMajJChbKux OyaiBenb — KL,
JiKapeHsb, 1epkoB Ta iH. [1]. IlepkBa CB. Mukonu Oyia cepen HUX.

Bona Oyna 3acHoBana B 1195, Oaratopa3oBo posmuproBajaci 1
nepedynoByBanacss npotarom cromith. Ilicns moxexi 1842 poky HOBYy OyniBiio 3
TppOMa HepamMu 1 OAHOHE(PHUM TPAHCENTOM, JOBXKHUHOIO 86 M Ta 31 CKJIEHIHHAM
BHUCOTOIO /10 28 M y HEOrOTMYHOMY CTWJI1, OyJ0 3BEACHO 32 MPOEKTOM aHIIIMCHKOTO
apxitektopa Sir George Gilbert Scott 1 ocsiueno B 1863 porii.

J3BiHums Bucotorw 147,3 m Oyna 3aBepiieHa mizHime y 1874 pori, micias 4oro
nepkBa CB. Mukonu craja Ha KiTbKa POKIB HaWBUIOK OyAiBICIO Yy CBITI (J10
3aBepiieHHs OymiBHMITBA PyaHcbkoro cobopy y 1877 p.). Inrep'ep npuxpacuiu
CKYJBITYpH Ta BiTpaxi [2].

[lix gac MOBITPSHUX HATBOTIB A3BIHMII CITYKHUJIA OPIEHTUPOM JUIsl OPUTAHCHKHUX
Ta aMEpPUKAHCHKUX BIMCHKOBO-TIOBITPAHUX CWA. 25 nunHa 1943 poky mijg ynapamu
aB1aboMO 1ax 3aBaJIMBC, aJie MOIIKO/KEHI CTIHU Ta BE)Ka BCTOSIIH.
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Puc. 2. Memopiansauit my3eit y kpunti. @oto: © C.O.Cmonencbka, 2024

Cenar l'amOypra BuUpIIIMB HE BIJHOBJIIOBATU IIEPKBY, OCKUIBKH IICJS BIHHU
KUIBKICTh TIapadisH y il 9acTUHI MicTa 3Ha4HO ckopoTwmiacs. [lig wac BiliHM Garato
BITpaxiB OyJIO 3HATO, OO 3aXUCTUTH iX BiJ BUOYXIB. JlesKi 3 HUX, pa3oM 3 JeTalsIMU
Ta CKYJIBITYpaMH, 110 30€peryimcs, MepeHecIn B 1HIII IIEPKBU Ta MYy3ei.

Hecyua konctpykuis nepkBd CB. Mukonu 3alMilIdiacs 3HAYHOK MIpPOIO
HEYIIKO/KEHOI0, TOMY BapiaHT PEKOHCTPYKIlli Oy 1iBii Mir Ou OyTu peanizoBaHuM. Tum
HE MeHIle, ceHaTr ['aMOypra oOIpyHTYBaB pIllIEHHS NP0 3HECEHHS 3axoiamMu Oe3NeKu.
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Ane n3BIHUI Ta YacTWHA CTiH OynM 30€pekeHi, OCKUIBPKM BHHHKJIA i7[es 3BECTH Ha
pyiHax meMopian. Xoua mepir pectaBpaliitHi po6oTu 0yiao posnodarto y 1955 por, a
I3BIHUI HaOya cratycy mam'stHuka y 1960-1i, CeHaT 3r010M BiIMOBHUBCS Bij TUTaHIB
ctBopeHHs Memopiany. Y 1970t1i-198011 pyinu mnepeOyBanu B 3aHeNaji, aXx IOKH
acouiania «Save the Nikolaikirche e. V.» He mouana 30upaTé HOXXEpTBYBaHHS Ha
HIATPUMKY OYIiBIII, CTBOPEHHS MPOCTOPY [JIsi MPOBEICHHS 3aXOJiB Ta BHUCTaBOK Y
kpunti. 3 Toro uvacy memopian CB. MHKOIM TMOCTIMHO PO3IIMPIOETHCS SK «MICIIe
nam'saTi JKepTB BIMHM Ta THUpPaAHID», MOMOBHIOETHCA JIOKYMEHTAMU Ta BUTBOPAMHU
MUCTEIITBA.

VY gunHi 1993 poky Ha BIIKpHUTIH CXiTHIA CTOPOHI MEPIIOro PiBHS JA3BIHUIN OyiI0
BCTAHOBJIEHO KapHWJIbHOH, 10 CKIaAaeThesd 3 51 HepKOBHOIO JI3BOHY. Bin rpae menonuii
YOTUPHU Pasd Ha JICHb (pHc 1). 3 1 Bepecus 2005 p. ckissHUE maHOpaMHU JiT
yCcepeanHi BexXi JO3BOJISAE MAHIATUCS HA OTJISIOBUI MallaHYMK 3aBBUIIKH 76 M.

MewmopianbHuii My3eil O0y0 3Ha4YHO Hepe6y,uOBaH0 Ta PO3UIMPEHO y 2012-2013
poxkax. 3 BepecHs 2013 poky TyT BII[KpI/ITO HOCTlI/IHy EKCITO3UII110 «FOMoppa 1943 poky
— pyinyBanHa ['amOypry y mMOBITpsiHIM BiifiHI». Y MiABaAIbHUX MPUMIIICHHSIX, IO
30eperaucs, 3HAXOAUThCA My3ed. TyT TpEeACTaBICHO TMOCTIMHY €KCIO3UINIO,
MPUCBAYEHY 1CTOPIi LEPKBH Ta pyWHyBaHHIO ['amOypry B xomi omeparii «['omoppar.
Bin 3aiimae mionty 6sm3pko 450 KBagpaTHHX METPIB 1 penpe3eHTye OaraTy NOAiIsIMU
MicbKy icTopito [3]. ¥V cXOBHIINI TakoX PEryysspHO BiIOYBAIOThHCS JICKIIii, KOHIEPTH,
nam'siTH1 3aX0JIU Ta eKCKypci (puc. 2).

Memopiann CB. Mukonu BKJIIOYaE B ceO€ BEXY 31 CKISIHUM JIPTOM, SKUN
M1IHIMAETHCA 10 OIISIIOBOTO MaIaHYMKa, Ta KOJIUIIHINA XOp 1 3AJIMIIKK CTIH HABIPOTHU
J3BIHUII. MiX HUMU B KOJUIIHHOMY He(i 3HAXOAMTHCS MICIIE CIOKOIO, B SIKE MOXKHA
YBIATH 3 BIAKPUTOIO MIBHIYHOTO OOKY. KOJUIIHI CTOBNM LIEPKBHU MO3HAYEHI B IMIJJIO31.
Ha memopiani mpocto HeOa BCTAHOBJIEHO CYYacHI CKYJBITYPH, MPUCBSIYEHI Tpareiil
BiiiHM. [IpuiloM, BUKOpUCTaHUI1 TBOPISIMU MEMOpIajy, CIPaBII€ CUIbHE BPAXKEHHS: BU
OIlyCKaeTeCsl B KPUNTY, B MIA3€MENIsA, JI€ PO3TOPHYTO MEMOplajbHy EKCIO3MIIiIo, a
MOTIM 3JIITA€TE Ha CKISIHOMY JI(TI 10 OrJSA0OBOrO MalJaH4MKa, A€ IIMPSETE HaJ
MICTOM.

BucnoBku. Koncepsatiist pyiH — 7o0pe BIIOMUM MPUIOM, SIKUH BUKOPUCTOBYETHCS
I0JI0 apXITEKTYpHOI craamuHu. Bin moxke OyTh OOIpyHTOBAHHMM SK HEOOXI1AHICTIO
30epexeHHsT 3MiH 00'ekTa B 4acl, TaKk 1 TpPUBIAJBHOK BIJCYTHICTIO KOIITIB Ha
BIJIHOBJICHHS MaM'sITKU. ['aMOyp3bKHil MpUKIIal [IKAaBUN 1/IE€I0 BUKOPUCTAHHS PYiH 5K
HaraJyBaHHsI TIPO BiiHY, Mpo pyHHYBaHH, Ki BOHAa 3 COO0I0 Hece. 3alUIIKU EPKBU
CB.Mukoas — 11e He3aro€Ha paHa Ha TUTl MiCTa, BaXXJIMBA JJII HOTO 1CTOPIi.

Cnucoxk BUKOPUCTAHUX JKepeJt

1. "Operation Gomorrha": Feuersturm vernichtet Hamburg im Juli 1943.
https://www.ndr.de/geschichte/chronologie/Operation-Gomorrha-Feuersturm-
vernichtet-Hamburg-im-Juli-1943,feuersturm100.html

2. Ehemalige Hauptkirche St. Nikolai (Hamburg).
https://de.wikipedia.org/wiki/Ehemalige_Hauptkirche St. Nikolai_(Hamburg)

3. Mahnmal St. Nikolai

https://www.hamburg.de/tourismus/sehenswuerdigkeiten/nikolaikirche-314122
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BYAIBHULITBO HOBHUX OB'€EKTIB B ICTOPUYHUX HNEHTPAX MICT
IIpuitomMu rapmMoHi3zamii Cy4acHoi apxXiTeKTypH 3 iICTOPUYHOIO 320y 10BOIO
Xapnamona JI.B., crapuunii BUKIIagad
Xepconcwbkuil 0eparcagHull azpapHo-eKoOHOMIYHULL YHIgepcumem, M. XepcoH

Beryn.  Po3BUTOK MicT 3MiHIOE MICTOOY/IIBHE CEpEIOBHINE Ta CHpPUSE TMOSBI
Cy4acHHX 00'€KTIB B iCTOpHYHUX paiioHax. [Ipobiema moeqHaHHs iCHYIOUUX OyiBelb
Ta Cy4acCHHUX OO'€KTIB € aKTyaJdbHOIO Jii KOXKHOTO 1CTOpMYHOro MicTa. BupimenHs
npo0yieMy TOJsirae B TApMOHIMHOMY IHTErpyBaHHI CydacHUX OO'€KTIB Ta CTBOPEHHI
€TMHHUX o0pa3ziB 1ICTOPUYHUX Ta HOBUX POEKTOBAHUX OyaiBEb.
e mexi XIX—XX cTomniTh TEOpETHK 1 MpakTHK ypOaHizmy ['. JI>KoBaHHOHI 3acTepiras
CyYacCHHUKIB BiJ CIIOKYCHM KOHCEpPBYBAaTH ICTOPHYHI IIEHTpH abo cTapi paioHH,
NEPETBOPIOIOYM iX Ha M0J00Yy TEMaTHYHMX MapkKiB.  Tepuropii, skl 3yNUHUIUCS Y
PO3BUTKY, JOCHUTh  IIBHUJIKO  IIEPETBOPIOIOTHCS  Ha  He3aTpeOyBaHI  30HHU.
ApXITEKTYypHI NaM'ATHUKU MalOTh OyTH KUBUMH Ta 3aTpeOyBaHUMM, L€ €IMHUN IIaHC
YHUKHYTU 3a0yTTs Ta pyHHYBaHHS.

OcHoBHuii TekcT. [lounHaroum 3 cepeMHM MHUHYJIOIO CTOJITTS, MiJl €ri0k0
IOHECKO Oyno nmpuiiHATO IMOHAJ JeciITh JOKYMEHTIB, IO BHU3HAYAIOTh MEXI MIXK
CTapuM Ta HOBUM B apXiTekTypl. Benemianceka xaptis 1964 Bu3Hauumna, mo BCl
apXITEKTYpH1 JOMOBHEHHS MAlOTh BIAPI3HATHCH Bl OPHUIIHAJIBHOI MaM'iTKKM Ta HECTH
BUJIMMI O3HAaKH CY4YacCHOCTI. ["apMOHIliHE NO€JHAHHS «CTAporo 1 HOBOIO» Yy
(opMyBaHHS CTHJIICTHYHOTO Ta KOMIIO3UMLIMHOIO 00pa3y CcydacHHX OyIIBelb Yy
ICTOPUYHOMY CEpEIIOBHUILI, M0 CKJIAJO0Cs, 3aJUIIAEThCS Ha ChOTOJHI BaXJIUBUM
3aBJAHHSIM. [IpiopureTHUM € TUTaHHS 30€peXEHHS 1CTOPUYHOI ApPXITEKTYPHOI
CHAAIIMHA 3 MOXJIMBHUM  3allpOBA/DKCHHSIM HOBUX O0'€KTIB, BHKOHaHUX 13
3aCTOCYBaHHSM Cy4acHUX MPUHOMIB Ta TEXHOJIOTIH.

Y MDKHApOAHIN apXiTEeKTypHIM TPAaKTUIl ICTOPUYHI LIEHTPU MICT HIKOJIUA HE
PO3IIIAIATUCS SIK 3aKOHCEPBOBaHI My3e€(]iKoBaHI KOMIUJIEKCH 13 CYBOPOIO 3a00pOHOI0
HOBOTO OYyMIBHHUIITBA Ha iXHIA TepuUTOpii. Y MPaKTHUIl MPOEKTYyBaHHS PO3POOJICHO
KUIbKa TpUHOMIB (HampsiMiB) TapMoOHI3aimii HOBOI 3a0yJ0BH 3  ICTOPUYHUM
CepEeIOBUILIEM:

— iMITallis Y4 TOBTOPEHHS ICTOPUYHUX apXITEKTYPHUX POPM y HOBOMY O0'€KTI;

— KOHTPACTHE TMO€AHAHHS ICTOPUYHOrO CepeloBUIIa Ta HOBOro o0'ekta 0e3
BUSBIICHHS PO3MAITTsl «CTApOTO Ta HOBOTO», CUMO103 «CTapOro Ta HOBOTOY;

— «HIONOPAIKYBaHHS», TOOTO (OpMyBaHHS HOBOI 3a0yJOBHM Ha MPUHLHUIAX
«BMHCYBaHHS» HOBUX 00'€KTIB y CEPEIOBUIIE, IO BXKE CKIIATIOCH.

Sxio y3aradbHUTH BCl PEKOMEHJallli YUCICHHUX MEMOpAHIyMIB Ta XapTii,
cy4yacHi OyJliBJIl TOBHHHI BIIMCYBAaTUCS B ICTOPUYHY TKaHUHY A0aNHIMBO Ta MAaHOOIUBO,
ajle 1HOAlI iM JO3BOJISIETHCS JOMIHYBAaTH Ta KOHTpacTyBath. HeonHO3HA4HICTH
pPEKOMEHAIlI TOPOKYE MPOOJIEeMH CTOCYHKIB. I B TOH k€ 4ac CIIy)XKUTh BIAMIHHUM
KaTaji3aTopoM MpOorpecy, 3MYyIIYIOUYH IIyKAaTH HOBI 1 HOBI BUpa3Hi 1 BOAHOYAC TOCHUTH
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MOB&)XHI pIlIeHHA. ['apHUX Ta OpPUTIHAIBHUX AapXITEKTYPHUX PIIIEHb - MPUKIAIIB
BJIaJIO1 1HTErpallii HOBO1 apXiTEeKTypH B iICTOpUYHY 3a0yJ0BYy, YMMAJIO, HE3BAKAIOUN HA
TE, IO y CBITOBIM MpakTHUIll TOAIOHI 3aBAaHHS HajJeXaThb 10 3aBJaHb HaWBHIIOL
CKJIa/IHOCTI.

KOHTPACT ta PO3YMHEHHA. Hosuii kopnyc Llentpy bimspkoro Cxony,
aBTOPOM AKOTO € 3axa XaJil, 3HaXOJAUThCS B ICTOPUYHOMY CEPEIOBUII, B KOMILIEKCI
konemky Cent-Entoni.  Jlo ckiaay KOMIUIEKCY BXOJATh icHyroul ciopyau XIX cr. Ta
OpytanbHa ciopyna 1971 poxy, BCi BOHM MalOTh CTaTyC IMaM'sITOK apXiTEKTYpH.

3axa Xanin, sika BBaXkaia, mo « KoHTpacT qomomarae miIKpeCiIUTH ITICHICTD
MUHYJIOTO 1 CBHOTOACHHS », BHEcla B akaaeMmiuHy 3a0ymoBy Okxcdopra siCKpaBHii
JUCOHAHC Yy BHIVIAAI CTaleBUX KOHCTpyKuUid «byniBns IaBectkopm» Investcorp
Building.

dopmainbHO pillieHHS HOBOI OY/IiBIII IIIIKOM Bi10Opa)xkae CydacHy ernoxy, aje mpu
BCbOMY KOHTpPACT1 PopMHU, OYTMHOK 17I€aTbHO MOEAHYETHCS 3 ICHYIOUOIO 3a0Y0BOIO.

O6mmBKa ¢acaaiB Ta MOKPIBJII MaHEISIMHU TOJIPOBAHOI HEPXKaBiOUOl CTall
JI03BOJIsi€ HOBIN CTIOPY/l M'SIKO BiIOMBATH HABKOJIMILHE CEPEIOBUIIE, POZUYUHSIIOUUCH Y
Hii, IpU IIbOMY BHUTHYTa CTOpPOHa OYJIBII Ta CHEIlaJbHO BIAIITOBAaHA JPEHAKHA
CUCTEMa JJO3BOJIMIIM 30€pEerTy CTOPIUHY CEKBOIIO.

KOHTPACT. Iinkom iHIIMHA NpUHAOM 3aCTOCOBAaHMM MpH  MOJAEpHi3alii
HaIIB3pYWHOBAHOTO Kpuia 3amMKy Mopinoypr y ['amm (My3el mucrenrBa). IcmaHcbki
apxitektopu ®. Hwrero ta E. Cobexano (Nieto Sobejano Arquitectos) HaBiThb He
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HaMarajaucsl IMITYBaTH CTWIb paHHBOro BimpomkeHHs. JleMOHCTpaTHBHO cCy4acHa
HaJI0y/10Ba, 1aX Ta 3alIOBHEHHS MOPOKHEY SIKOT KOHTPACTYIOTh 3 ICTOPUYHUMHU CTIHAMH,
dbopmoro Ta matepianamu. lleil HaBMHCHHMII KOHTpAacT MOKJIMKAHUW MIJKPECIUTH
T1THOCTI CTAPOBHMHHOIO 1 Cy4aCHOT'O 30149€CTBA.
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Puc. 2. My3eit mucrenrna y 3a1<y Mopiuoypr y I'ammi

AJanTUBHE MOBTOPHE BUKOPUCTAHHS 1ICTOPUYHUX OyiiBeNh HaOMpae MOIMyISIPHOCTI
1 BeJle 710 iX ocMucIeHoro nepenpodimoBanHs. Lle ecreTnunuil npouec, KU afgantye
ctapi OyJAMHKU JJisi HOBOTO BHUKOPUCTaHHS, 30epiraloud NpH [bOMY IX 1CTOPUYHI
0COOJIMBOCTI.

POSUYUHEHHA Tta IMIJUIOPAAKYBAHHA. IleperBopeHHs nepkBu CBSTOI
Mapii B Kinkenni (Ipnanmis) B My3eil «cepeaHbOBIYHOI MHJII1» JIEMOHCTPYE 30BCIM
IHIIMIA TiAXiad. ABTOPH TPOEKTY «ApxitekTopu Makkanoy Mansina» (McCullough
Mulvin  Architects) 0e33acCTepeKHO  HIATOPSAIKOBYIOTH  PO3IIMPECHHS  MY3€HO
apxitektypu XIII cT., ame He HachiayloTh ii HI B JeTalsiX, HI B Marepiauax.
InTerpartito 101aTKOBOI CydyacHOI YaCTUHU OYJIIBII O ICHYIHOYOi ICTOPUYHOI IOCATHYTO
3a paxyHOK 3aCTOCYBaHHS KOJIOPUCTUYHOTO Mpuiiomy. OKUCIEHU CBUHEIb, BUOpaHUI
K OCHOBHUH Matepiall /uis naxy i ¢acamy mpuOyaoB, 3IUBAETHCSA 3 CIPUM KaMEHEM i
MOXMYPHUM 1pJIaHACBKUM HeOOM. [ Xo4a HOBa apXITEKTypa Bi3yalbHO PO3YMHSETHCS B
ICTOpUYHIN, PI3HUIL €M0X Ta CTUJIIB OYEBU/IHA.

Puc. 3. Pexonctpykuis uepkBu CBsToi Mapi'f B KinkenHni, [pnanais
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KOHTPACTHE TO€JAHAHHS icropuuHoro cepeaoBuiiia Ta HOBOro 00'exra 6e3
3arpaBaHHs 3 (Qopmamu crtapoi apxitektypu M. I'pan, ABctpis Kunsthaus Graz.
HaounuM mnpukiazoM OpUriHANIbHOI 1HTErpaiii HOBOI AapXITEeKTYpH B ICTOPHUHY
3a0y/IoBy MOke OyTH My3eil cydacHoro mucrentBa «KyHcrxaycey. XymokHIH My3ei
I'pana (Kunsthaus Graz) 3'sBuBcst y 2003 poiri, BucaBcsl y MiCbKE CEPEIOBHIIE Ta BXKE
BCTUT CTaTH MMaM'ATHUKOM aBCTPIWCHKOI apXiTEKTypH Ta MaM'sTKOIO MicTa. bymiBito
«Kyncrxaycy Oyno 30y10BaHO y paMKax mporpaMu «EBporeicbka KyabTypHa CTOTHII
2003 p., koau HEOOXiMHO OyJIO CTBOPUTH HOBY apXITEKTypHY mam'stky y I'parii.
VHikanmpHa ¢GopMa Ta SCKpaBUM KOJIp MYy3€H0 CYYaCHOTO MHCTEITBA IMOPIYHO
MPUBAOIIIOE TUCSAY1 BiJIBIIyBayiB 3 yChOT'O CBITY. 3a JIaHUMH MICBKOI pajiil 3 TypHU3MY,
KUIBKICTh TOCTEH nwmimie 3a m'arth pokiB 13 2003 p. 3pocna Oinmpmr HiX Ha 80%, a
HEPYXOMICTh MicTa 0araTopa3oBo KariTaaizyBajacs.

ABTOpaM BHanocs IHTErpyBaTH CydacHUW Au3aiiH OyaiBil O 1CTOPUYHOTO
0apOKOBOTO KPAa€eBHly MiCTa 3 YEPBOHUMH YEePENUYHUMU Maxamu. JIJig He3BHUaitHOTO
au3aiiny OyaiBmi, po3poOienoi apxitektopamu I1. Kykom Ta K. ®ypHbe, xapakTepHe
YVHIKaJIbHE MOETHAHHS apXITEKTYPHUX Ta IHHOBALIMHUX 17EH.

(W
a K.

@ypuebe. ['pan, ABcTpis

Ha dacani 3 cuHIX TIACTUKOBUX MaHesed nepeadadeHa Meaia-1HCTaJALis, 110
CKJIAIa€ThCS 3 E€JIEMEHTIB, IO CBITATHCS - (pryopecueHTHuX kuteub. [loOynoBanwmii
OynuHOK My3ero po3TallloBaHW y MEHII MNPECTHKHOMY paloH1 MicTa, HEMmoAaliK
ICTOPUYHOTO TIEHTPY, 3 METOI0 3TYYHTH MEIIKAHIIIB JI0 I[LOTO paiiony. HoBa OymiBis
o0'eqHaHa 3 1CTOpUYHOIO OyniBiero yHiBepMmary 19 cromitrs, 31 30epexeHHsIM ii
ictropuuHoro ¢acany. Binkputrsa «KyHcTxayca» 0o3HaMeHYBalo HOBHM €Tam y >KHUTTI
M. ['panl — mokuHyTa TepUTOpist Oyja MOJEpHI30BaHa Ta 3'€IHAHA 31 CTAPUM MICTOM.
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IMITAIIIS cepenapoBiUHOT apXiTeKTYpU KBapTtany JloMpbroMep.

Puc. 5. Peani:;auiﬂvn‘poérmy Dom-Romer. CDpaypT Ha MaiiHi

Haii6inpm MacimtrabHUM 1 3HAYHUM JIs cydacHoro Burisiny ®dpankdypra ctaB
MicToOyaiBHMM mpoekT 2012-2018 pokiB — BIJHOBJIEHHS Yy LEHTPAJbHIN YacTHHI
craporo micta kBaptainy Jlompbomep. HasBHICTD KamiTalbHOI MICISBOEHHOI 3a0y10BU
Ha MICISX BTpPAayeHUX IMaM'sTOK HE CTajla Ha 3aBajii BIATBOPEHHIO CEPEIHBbOBIYHUX
OyJiBenb, «OpyTalibHY» 3a0yJ0BYy OyJIO 3HECEHO, 1100 3BUIBHUTH MICIE JIsl POEKTY

KBapTaly.
3a ne 4vac Micto 30yayBajio B IIEHTpaJIbHOMY pailoHl Ausbmitanr 35
(MPAHUYHUX OYIUHOUKIB», 15 13 HMX — TOYHAa PEKOHCTPYKIS 1CTOPHUYHUX

OIOprepchbKuX  OCOOHSIKIB, a pemTa OyaiBedb TPOXU BIAPIZHAETHCS CYyYaCHUMU
enemeHTamu. [lig icTopuyHUM KBapTajaoM CTBOPEHO mia3eMHe mapkyBaHHs Parkhaus

Dom RoOmer. VY pe3ynbTari MICTO OTPUMAJI0O YW TO TEMATHUYHUW TaApK, YU TO
eTHorpad1yHUN My3el IMiTallii mpocTo Heoda.
BucHoBOK. [Ipn mpoexkTyBaHHI HOBHUX OO'€KTIB B ICTOPUYHHMX IIEHTpPax

HEOOX1JHO BUPINTYBAaTH BAKIIMBI KOMITO3HUIIIMHI Ta CTHIIICTUYHI 3aBIaHHS.

B sikocTi OCHOBHO1 peKOMEH[Iallisi TPOTOHYEThCSI BUKOPUCTAHHS MIPUHIIUIIOBO HOBUX
npuiiomiB  (GOpMyBaHHS apXITEKTypHOro obOpa3dy OyxiBenb, sKi CIOPUATUMYTh
OpraHIYHOMY BKJIFOUEHHIO HOBHMX OO0'€KTIB y HAaBKOJHIIIHE apXITEKTYpHO-ICTOPUYHE
cepeIoBUIIE MICTA.

Cnucoxk BUKOPMCTAHUX JKepeJt
1.https://www.domusweb.it/it/architettura/2015/06/04/zaha_hadid_investcorp_building.
html Hogwuii kopnyc Llentpy bausskoro Cxony, 3axa Xania, Cenr-Entoni. Okcdop.
2.https://www.google.com/search?client=opera&qg=
Mopinoypr+y+I ammi+(mMy3ei+mucrensa) + ®.+Hpet0%2CE.+
Coo0exano&sourceid=opera&ie=UTF-8&0e=UTF-8.

3. https://pragmatika.media/arhitektura-ili-butaforija-chestnye-pravila-dlja-chestnyh-
zdanij/ Pexonctpyxkiis nepksu Cestoi Mapii B Kinkenni, Ipnanmist

4. bezviz.co.ua/sights/budynok —mystetstv -kunstkhaus/ «KunsthausGraz»— xymnoxHiit
myseit. ['pan, ABcrpis.

5. https://pragmatika.media/arhitektura-ili-butaforija-chestnye-pravila-dlja-chestnyh-
zdanij/ Dom-Romer. ®pankdypt Ha Maiini
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YIK: 620.92.579.66

3EJIEHUI BOJEHbB: IIPEBATI'Y TA IEPCIHEKTUBHU PO3BUTKY
3asooanuii B.B., kano.. ¢.-m.u., ooyenm,; [lnunvxo O.0., cmydenm
XepcoHcvKutl 0epacasHull acpapHo-eKoOHOMIYHUL YHIGepCUmem,
m.Kponusnuywvkuu

Beryn. OnHuM 3 MEPCHEKTUBHUX IUISAXIB, SKOMY MOYaIH CJIiyBaTH PO3BHUHEHI
KpaiHu CBITYy, CTaB BOJeHb. llelt mpuHIMN 0a3yeThcss Ha BUKOPHCTAHHI BOJHIO, SIK
E€HEPTOHOCIS, KU 3MOXKE CTATH OCHOBOIO JJII MaliOYTHBO1 3€JICHOT €HEPTETHKH BChOTO
cBity. JlromsiM 3ma€Thesi, M0 3aMiHa BUKOITHOTO IMaliBa BiMOYyIEThCS IIBUIKO, ajie
noHaa 95% BOJHIO KW MU Ma€eMO, € TMOXITHAM MPOJTYKTOM 3 BUKOITHOTO TaiuBa. Mu
Ma€MO MOJKJIMBICTh 3MEHIIMTH 3JICKHICTH BiJl BYTJICBOJHIB, SKIIO 30CEPEAUMOCS Ha
3€JICHOMY BO/IHI, SKUH OTPUMYETHCS IUIIXOM BUKOPUCTAHHS BiIHOBIIOBAIBHUX JDKEPET
€Heprii s enekTpoi3zy Boau [1].

['mobGanbHi TEeHIIEHII Ta TMOJITHYHI 1HIIATUBU CHPUSIIOTH 3HIXKEHHIO BUTpAT,
MIPOTHO3YETHCS 3HIKEHHSI BUPOOHUUYMX BUTpaT A0 piBHA 2 ponapiB CHIA/kr mo 2030
poky. Taki po3BuHyTi Kpainu sk Himewunna, Snonis, ABCTpalif, € JiJiepaMu
BOJIHEBOTO BHUPOOHMIITBA, BOHHM CTaBJISITH COOl HA METI PO3MIMPUTH MOTY>KHOCTI Ta
IHTErpyBaT 3€JCHUN BOJEHb B IPOMHUCIOBICTh, TPAHCHOPTHUNA Ta EHEPreTUYHUI
cektop [2]. Ile 703BOIUTH 3HAYHO 3HU3UTH BIUIMB JIIOJIMHU HA €KOJIOTIIO Ta JO3BOJUTH
KpaiHaM OTpUMaTH CHEPTeTUIHY aBTOHOMHICTb.

OcHoBHHUIl TekcT. Boaenr — oauH 3 XIMIYHMHA €JIEMEHTIB, SKUU Mae€
KOJIOCAJIbHUM 3amnac y npupoi. Bin cknangae 75% macu BeecBiTy, a Ha 3eMJIl MiCTUThCS
y BOJl, NPUPOJHOMY rasi, Byruun Ta HadTi. J[oBoJil 4acTO BOJEHb MOPIBHIOIOTH 3
METaHOM, Ta HAa3UWBalOThb HOr0 YHUCTOK aJbTEepHATHUBON. BiH chpuiiMaeTscs, sk
JIOBTOCTOPOKOBE ~ DIIIEHHS y CTpaTerii CKOPOYEHHS BHUKUIIB Y HaHOUIbII
VTIEPOJIOMICTKHX CEKTOpax, Oepydud JO yBaru BHUPOOHUIITBO EJIEKTPOEHEPTii,
TPAHCIIOPT TOIIIO.

["oyloBHA BiIMIHHICTB, siIKa poOUTH BOJCHD (H;) MpuBabIMBUM, K aJbTepHATHBY
BHUKOITHOMY MaJIMBY — II€ 3/IaTHICTh «rOpiTH» 0e3 BualIeHHs Byriekucioro rasy (CO,).
TeopeTHyHO HUM MO’KHA 3aMIHUTH 3BUYaiiHE MAJMBO, ajie¢ HAa JIAHWH Mepioj 4acy — Ie
HEMOXJIMBO 3 EKOHOMIYHOi TOYKH 30py. OJHI€I0 3 BAXKIUBUX XapaKTEPUCTUK €
MO>KJIUBICTh 30€piraTu €Heprio OTPMMaHy 3 BOJHIO 30epiraTi Ha JOBIIMN TEPMiH, HIXK
y 3BHYANHUX JITIEBUX aKyMyJaTopax. | mpu HEoOX1AHOCTI MOro MOKHA NEPETBOPUTH
3HOBY B €JICKTPUYHY €HEPrit0 a00 BUKOPUCTATH 3aMiCTh BUKOITHOTO Ta3y [3].

3eneHnid BOACHL OTPUMYIOTh TPOIMYCKAIOUNW CHJIBHUN EIKEKTPUYHHHA CTPYM
gyepe3 pe3epByap 3 BOJAOKO, KM PO3IICTUIIOE MOJEKYJIW BOAM Ha ABI ckiamosi. Llei
METO/1 Ha3UBAIOTh €JIEKTPOII30M. AToMH BOJHIO (H2) 3’€1HYIOTBCS 3 aTOMaMU BOJHIO, a
KHCEHb CHaprOOTh. SIKIO I I[hbOTO TPOIECY BUKOPUCTOBYBATH EIICKTPOCHEPTII0
OTPUMaHy B1J] BiTHOBIIOBAJILHUX JDKEPEN €HEpii, IK COHSYHI MaHesi, BITpoBa TypOiHa,
T1APOENIEKTPOCTaHIisl, BAPOOHUITBO Hy cTaHe MOBHICTIO €KOJIOTIYHUM [5].
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Jlo mepeBar MO)XHa BIJIHECTH NPAKTUYHY HEOOMEKEHICTh BiJHOBIIOBAJIBHUX
JDKEpEeI eHeprii sl BUPOOHUIITBA 3€JIEHOTO BOIHIO. MOKIUBICTh JOCATHEHHS BUCOKUX
TeMIIepaTyp MpH craioBaHi. Lle € mepeBaror ais BUCOKOTEMIIEpATypHUX IPOIIECIB,
HAIPUKIIAJ, Y MeTanyprii [4].

Ha mnepmmii morisg BUKOPUCTATH 3€JICHUHA BOJEHb MOKJIMBO JIUIIE IS
CTIAJTIOBaHHS Ta OTPUMAaHHS TEIJIOBOi eHeprii abo ais BUPOOHUIITBA €IEKTPOCHEPTii,
ajie BIH Ma€ ¥ 1HIII MOTEHITiHI 3aCTOCYBaHHS:

o BOJIHEBI €JICKTPUYHI aBTOMOO1JTI Ta BAaHTaXK1BKH,

o KOHTEHWHEPOBO3H, 1110 MPAIOIOTH HA PIAKOMY aMiaKy 3 BOIHIO;

o TypOiHH, 10 MPAIIOIOTH HA BOJIHI, SIKI MOXKYTh BUPOOJISTH €JIeKTPOCHEPT1I0
B II€P10U MIKOBUX MOTPEO, 1100 TOMOMOTTH 3MILIHUTH €ICKTPUUHY MEPEKY;

o SK 3aMiHHUK TPUPOIHOTO Tra3zy MJisg NMPUTOTYBaHHS 1Ki Ta OMAaJCHHS B

OyauHKax [5].

He mnotpiOHO 3a0yBaTu, 10 BOJACHb Ma€ BEJIHKY MEPCIEKTHBY MEPECyBHOI
€JIEKTPOCTaHIIli, Ky MOXHa PO3MICTUTH Yy Oe3nmocepeaniii OMM3BKOCTI 10 HOro
cro)kuBaya a00  TpPAHCIOPTYBaHHS OKPEMHM  BOJHENpPOBOAOM. Hampukian,
€JIEKTPOJII3ep 3€JICHOr0 BOJHIO PO3TAIlIOBAaHO Y Oe3nocepenHii OIuM3bKOCTI 0
METaJypriiHoro 3aBojly, Ha sKoMy BIH 1 Oyzae crnoxutuM. llpu 1bomy
HEBUIIOBATUMYTHCSI HEBUPIIIEH]I TEXHIUHI 1 TPAHCTIOPTHO-EKOHOMIYHI TUTAHHS.

Takox NeprneKTUBHOI0 MOXHA BBakaTu MeTaHailito CO; 3a JOMOMOTO10 3€JI€HOTO
BOJIHIO. /{71 IbOTO HEOOX1THO:

® PO3MICTHUTH MOPSJ YCTAHOBKY BUPOOHHUIITBA 3€JICHOTO BOJIHIO 1 O10METaHy;

® KOHBEpPTYBAaTH 3€JICHUI BOJEHb y OioMeTaH, mpoBiBmHU Horo peakiiito 3 COo,
KWW BUAUISETHCA MMiI4ac BUPOOHUIITBA OlOMETaHYy;

® y Ta30MpoBiJl JAOJATKOBO J0 OIOMETAaHy 3aKauyBaTH CHHTETHYHHUA METaH, Y
KM OYyJI0 KOHBEPTOBAHO 3€JICHH BOJieHb [4].

KoHriemniiro nmepeTBOpEHHsI 3€JIEHOTO BOJHIO Y CHHTEHUYHHUM BITHOBIIOBAIBHHIM
METaH MOKHa 00aunuTH Ha puc. 1

Brpam 5% MeTamaym
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CHpOSMMa ANR NPOMMCAOHOCTI

Puc.1. KoHIieniist CHHTETUYHOT'O BiJIHOBIIIOBAJILHOTO MeTany [4]
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BuxopuctanHs Takoi CXeMHU JT03BOJHTH JOJATKOBO N0 MOTEHINIHHUX 9.7 Mipn
M%/pik Giomerany B YKpaiHi gojati 7 MIpa M3/pik CHHTETHYHOro MeTaHy [4].

HampsiMok 3eeHOro BOJHIO Ha CHOTOJHIIIHIA J€Hb € TEPCHEKTUBHUM Jis
1HBeCcTULIM. Y Tany3b BIMBAIOTh MUIBSIPJIM €BPO 1HBECTUILIIMHOrO KaliTaimy Ta
HIATPUMYIOTHCSl KpaiHaMH Jie BOHHM PO3TAaIllOBaHi, a I[IHM Ha aKIlii KOMITaHI# CTPIMKO
3poctaroTh. Jlo mpuknany, denepanpHuil ypsa HiMeuuynHu TpUWHSIB HalllOHAIBHY
BOJHEBY cTpaTerito. BoHa mossirae y OCHJICHHI JOCIHIKEHb BOJHEBUX TEXHOJIOTIN Ta
MIATOTOBUKM KpaiHU 10 TEpexXoay Ha BOJIHEBY eKoHOMIKy. Hapasi, @enepaJibHe
MiHicTepcTBO oCBiTH Ta HaykoBHX jaociimkens Himewunnu (BMBF) suninse
¢dinancyBanns B pamkax npoekty “KOPERNIKUS P2X” ska mocnmimkye BOAEHB BiA
BUpOOHMITBA 70 BHUKOpHCTaHHSI 3a crparerieio “POWER-TO-X”. Ille oxaum
NPUKIAOM € TpaHT sl yHiBepcuTery imeni JleiiOnina B I'anHoBepi B mporpami
Huxnapoi Cakconii «IHHOBaII1iH1 T1a0opaTopii BOAHEBUX TEXHOJIOT1D [5].

Jnst YkpaiHu HanpsMOK 3€JI€HOT0 BOJHIO TaKOX € CTpaTeriuHuM, 1€ MOKHA
MIATBEPAUTH TUM, 10 (haxiBil YKPriApoOEHEPro B3sJIM y4acTh y €KCIEepPTHIN JUCKYCIi
10JI0 IUIAX1B PO3BUTKY BOJAHEBOT €KOHOMIKH B Ykpaini. [1ig yac auckycii BinOyBatucs
0OroBOpPEHHs MI0J0 BHUPOOHUIITBA, JOCTIKEHHS. BigkpuBarouu 3acigaHHS roJioBa
Jep:xkeneproedextuBHocti Banepiii be3yc HaroiocuB Ha MPIOPUTETHOCTI PO3BUTKY
BOJIHEBO1 €HEPTreTUKH Ha JIepKaBHOMY PiBHI [6].

“Ha cvocooni 6 Minicmepcmsi enepeemuxu cmeopeHa ma aKmMuHO NPayioe
poboua epyna 3 po3pooku 600negoi cmpamezii. Hanpayvoeano nomysrcnuii 0OKymeHnm
— npoexm Hayionanvnoi 600Hesoi cmpameeii, axa Micmums OCHOBHI HANPSAMU MdA
nepcneKmusy 3acmocy8ants 600HI0 6 YVkpaini. L[1 mema — ocnoea enepeemuuHoi
Oe3nexu, OCKiIbKU 800eHb PO32IA0AEMbCS SIK eHEP2SOHOCIL MAUOYMHbO20, SIK eleMeHN,
AKUL 3M0dice 3aMiHuUmu npupooHut 2a3”’, - 3a3HaunB Basepiii besyc [6].

BucHoBkmu.

3eneHnil BOJIEHb Ma€ BEJMKI TEPCIEKTUBU 3aMIHMTH BCIM HaM TaK 3BHYHI
BUKOMHI TAaduBHI pecypcu. Mae BeluKi MOXJIMBOCTI IS 3aCTOCYBaHHS BiJ
IPOMHUCIIOBOTO BHUPOOHHUITBA JO JOMAIIHBOTO €JIEKTpOreHeparopa, sKuil Oyne
€KOJIOTIYHUM Ta HE3AIKOJUTh HABKOJMIITHROMY cepeAoBHINy. [lae MOXIUBICTH IS
1HTerpaiii 3 TaKUMHU B1IHOBIIOBAJIBHUMHU JKEpEIaMHu €HEeprii, Ta 3aCTOCYBaHHI y SIKOCT1
MaHEBPOBOI MOTY>KHOCTI, 1[0 MO3UTUBHO BIJIMHE HA PO3BUTOK 3€JICHOI €HEPrii BILJIOMY.

[lomanpmmii  po3BUTOK AOOYTKY 3€JIEHOTO BOJHIO JO3BOJIMTh HApPOCTUTHU
MaHEBPOBI MOTY>KHOCTI Ta 30LIbIIUTH YaCTKY 3€JIEHOI €HEeprii B eKOHOMILIl KpaiH CBITY.
BukopucTtoByBaTH MOTYXKHOCTI €(QEKTHUBHIIIE, L0 y CBOK YEpry 3MIIHUTh
€HepreTMyHui OajlaHc, Ta HAJNacTh 3MOTY IIBMJKO pearyBaTd Ha 3MiHY MOINHUTY Ha
€JIEKTPUYHY €HEPT1I0 Ta 3a0€3MeUUTH HEOOX1THY MPOIO3UILIIO.
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VIIK 621.3

AHAJII3 EHEPITOE®EKTUBHOCTI KUTJIOBUX KOTE/I’KIB B YMOBAX
KIPOBOI'PAJICBKOI OBJIACTI
3ybenxo B.O., k.m.u., doyenm
XepconcwbKuil 0eparcasHull acpapHo-eKoHOMIYHULL YHiGepcumem, M. Xepcon

Beryn. ¥V cyuyacHHX yMOBax 3pOCTaHHSI I[IH Ha €HEPropecypcH, 3aroCTpeHHs
npoOjieMr 3MIHM KJIMAaTy Ta HEOOXITHOCTI IMIJBUINCHHS SKOCTI JXWUTTS IHUTaHHS
eHeproeeKTUBHOCTI  OyziBens HaOyBa€ OCOONHMBOI  aKTyaJIbHOCTI.  3HWKCHHS
€HEProcroKUBaHHs OY/IBEIbHOTO (DOHIY J103BOJISIE HE JIMIIE ONTUMI3ZYBaTH BUTPATH
JOMOTOCHOJIAPCTB 1 MIANPHUEMCTB, @ W 3HAYHO CKOPOTUTU BUKUAM MAapHUKOBHX Ta3iB,
TUM CaMHUM CHPHUSAIOUN CTAJIOMY PO3BUTKY. Y I[bOMY KOHTEKCTI €HEproe(eKTHUBHICTbH
PO3IIIAIA€THCS HE AK JIOMIOMIKHUM €JIeMEHT MPOEKTYBAHHS UM €KCILTyaTallli Oy/1iBelb, a
AK KJIIOYOBHI MapameTp, 110 BU3HAYAE IXHIO CYYACHICTh, €KOJIOTIYHY BIJNOBIIAJIbHICTh
Ta eKOHOMIUHY e()eKTUBHICTb. [1-3]

Mertoto JTOCJI1IPKCHHS € CHUCTEeMAaTH3allis TEOPETUYHUX 3acaj
eHeproe(peKTUBHOCTI OyAiBENb, aHall3 CY4YaCHMX HOPMAaTUBHUX BHUMOT, OIlIHKa
MepeIoBUX MIAXO/IB Y MPOEKTYBaHHI Ta €KCIUTyartailii eHeproe)eKTUBHUX CIOPYI, a
TaKOK BUSBJIEHHS aKTyaJbHUX IPOOJIEM 1 NUISXIB iX BUPIIMIEHHS Y KOHTEKCTI CTAJIOrO
pPO3BUTKY OyaiBeIbHOI Tanmy3l YKpaiHM Ha NpUKIaAl KOTEIKHOI 3a0yJ0BH B
KipoBorpascekiit o0macTi.

Jo ocHOBHUX TpoOJieM eHeproeeKTUBHOCTI OyiBEIb HaJekKaThb: HU3bKUN
pIBEHb TEPMOMOJIEPHIi3allli ICHYIOYOr0 KHUTJIOBOro (OHAY; 3acTapiil 1HXKEHEpHI
CUCTEMHU; BIICYTHICTh HaJIEKHOTO KOHTPOJIIO 3a JTOTPUMAHHSAM OyJIBEIbHUX HOPM Mij
yac PEKOHCTPYKIIii; HEJIOCTaTHE BUKOPUCTAHHA NHUPPOBUX TEXHOJOTIA IS
MOHITOPHHTY €HEPTOCIIOKUBAHHSI.

OcHoBHa 4actuHa. JKutTinoBi OyAMHKM KOTEIKHOTO THIY, OCOOJIMBO
IHaUBiAyalnbHOI  3a0yJ0BHM, MalOTh 3HAYHUK  IOTCHINAN IS  ITiABHINCHHS
eHeproe(peKTUBHOCTI 3a paxyHOK BIIPOBAKEHHS CYYaCHHX KOHCTPYKTUBHUX Ta
1HKEHEPHUX PIIIECHb.

[Tin eneproedeKkTUBHICTIO OYIiBII PO3YMIIOTh 1i 3/aTHICTH 3a0e3medyBaTu
KOM(pOPTHI YMOBHM MPOXKHMBAHHS YU BUKOPUCTAHHS 3 MIHIMAJbHHUM CIIOXKHWBAHHSIM
eHepropecypciB. OCHOBHI (pakTopu, IO BIUTMBAIOTh Ha 1M MOKa3HUK, BKIIOYAOTH
TEIJIOTEXHIYHI XAPAKTEPUCTUKU OTOPOJKYBAJIbHUX KOHCTPYKUIM, €(EKTUBHICTh
IH)KEHepHUX  cuUCcTeM  (OMaJIeHHs, BEHTWIALIl, KOHJWIIIOHYBaHHS), a TaKOX
apXITeKTYpPHO-TUIAHYBaJIbHI pillleHHs. BaJIMBOIO CKIIaIOBOIO € TaKOX BIPOBAKCHHS
CyyaCHHUX MaTepiajliB Ta aBTOMATHU30BAHMX CHUCTEM YIPABIIHHA, $KI J103BOJISIIOThH
aJanTyBaTH PEKUM €HEPrOCIOKUBAHHS JI0 PEATbHUX MOTPEO KOPUCTYBAUiB.
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Puc. 1. EHCMCHTI/I 10 BIINIMBAIOTH Ha eHepFOGd)eKTHBHICTL GYILIBHI VYTCIIJICHH, BIKHa
Jax, BeHTI/IJ'ISH_[lH lH)KCHele CHUCTCMHU Ta pOBHOI[lJ'I TCILIOBTpPAT

B Vkpaini nuraHHa eHeproepeKTUBHOCTI OyAiBENb PETYJIIOETHCS HHU3KOIO
3aKOHOJIaBUMX Ta HOPMATHBHHX ITOKYMEHTIB, CE€pPea SIKUX KIIOYOBE 3HAUYCHHS MArOTh
3akonu "IIpo eneprozoepexxenns" Ta "llpo eneproedekTuBHICTH OyniBenb". Y iXHiM
OCHOBI — BHMMOTH 100 MiHIMI3allli €HEPrOCIOKUBAHHS, CHEPreTUYHA CePTU(IKAIIISL
OyliBedb Ta 3alpOBAJKEHHS €HEpPreTUYHUX nacnoptTiB [1-3]. BinmoigHi aep:kaBHi
OyniBenbH1 HOpMH (30kpema, JIBH B.2.6-31:2021) Bu3HauaroTh TEIUIOTEXHIYHI BUMOTH
70 KOHCTPYKI[IM 1 NPUHIMIMN OI[IHKU €HEPreTUYHUX XapaKTepUCTUK. IMIuiemMeHTarris
eBporneiicbkoi {upexktuu 2010/31/€C crumymnioBajia rapMOHI3alil0 HALIOHAIBHOTO
3aKOHOJIAaBCTBA 3 MIKHAPOJHUMH CTaHAapTaMH, 110 3a0e3neuye MoJaibIIni pO3BUTOK
chepu eHeproeeKTUBHOCTI B YKpaiHi.

Metoau o1uiHKu eHeproeeKTUBHOCTI Oy[iBEb MOAUISIIOTHCS Ha JIBI OCHOBHI
Ipynu: €KCIEepUMEHTalbHI Ta po3paxyHKoBi. [lepini 6a3yroThCs Ha TEIIOBI3IMHOMY
00CTeXKEeHHI, SKE€ J03BOJISIE BUSBUTU 30HU HAIMIPDHUX TEIJIOBTpAT, APYyri — Ha
KOMIT FOTEPHOMY MOJICTTIOBaHHI €HEePreTHYHUX IPOIIECIB 3a JOMOMOTOI0 MPOTPAMHUX
3aco0iB, Takux sk EnergyPlus a6o eQUEST. OctanHi € 0co0auBO €(peKTUBHUMH IIPH
PO3p0O0Ii MPOEKTHUX PIIICHb, OCKUIBKH J03BOJISIOTH MEpPeA0AUYUTH BIIUB KOXXHOTO 3
napameTpiB Ha 3arajibHUil piBE€Hb CIOXUBaHHA €Heprii. Taki MiIXoau TaKOXK aKTUBHO
BUKOPUCTOBYIOTBCA ~ JJIi  PO3paxyHKy  TMOKa3HUKIB  eHepronoTpedu  (EPnd),
eneprocnoxkuBanHs (EPuse) Ta BukuiB napuukoBux rasis (mCQO2).

MixHapogHa  MpakTHKa  JEMOHCTpYE  3HAuHMA  mporpec y  cdepi
eHeproeeKTUBHOTO OyaiBHUIITBA. Y KpaiHax €Bporericbkoro Coro3y i€ cTpaTeris
repexoay a0 OyniBenb 3 MaiKe HyJIbOBHUM eHeprocrnokupaHHsM (nZEB) [4], B skux
3HAYHA YaCcTHWHA €HEepTii HaJAXOAWTh 3 BIIHOBIIOBAHUX JKepen. KoHIemniss macuBHOTO
OyIuHKY, sIKa IIMPOKO BMIPOBAKyeThcss y Himeuunni, OpaHilii Ta CKaHIWHABCHKUX
KpaiHax, IPYHTY€EThCSI HAa MaKCUMAaJIbHIN TETUI0130JIA1111 Ta €HEPTrOOMATHIX 1HKEHEPHUX
pimeHHsx. Taki OyaiBiIi MarOTh NOTEHLIAN 3HUKEHHS CIIOKUBAHHSI TETUIOBOI €HEpPrii 10
90% y mopiBHSIHHI 3 TPAAUIIITHIMU CIIOPYIaMH.

VYkpaina TakoX JEMOHCTPY€E MO3UTHUBHY JUHAMIKY: Peasli30BaHO HU3KY MPOEKTIB
MOJCpHI3aIlii  JKUTJIOBUX 1  TPOMAACBKMX  OydiBelnb 13 3aCTOCYBAaHHSAM
eHepros0epirarounx TexHojorid. Hanoinpmmii eheKT TocATaAETHCS PU KOMILIEKCHOMY

87



iaXoal — TIO€AHAHHI yTeryieHHs ¢acasiB, 3aMiHM BIKOH, MOJIEpHI3allli CHUCTEM
OTaJieHHs, BUKOPHCTAHHS BIAHOBIIOBAHUX JDKEpPEN €Heprii Ta aBTOMaTH3aIlii
ynpasmiHHs. 30kpema, B Mictax Kuis, JIbBiB, IBaHO-DpaHKIBCHK peai3oBaHO IpOrpaMu
TEPMOMOJIEPHI3aIlii, SIK1 JO3BOJIUIN CKOPOTUTH BUTPATH TEIJI0OBO1 eHeprii Ha 50-60%.

LnHamika 3HVKEeHHA CNOXUBaHHA TENNOBOT eHeprii B MogepHizoBaHux byaienax Ykpainun
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Puc. 2. JlunaMika 3HMKEHHS CIIOKWBaHHS TEIIOBOI €HEPrii B MOJIEPHI30BAHUX
OymiBIsIX YKpaiHu

Koremxni OyaiBal BiAIrparoTh BaXKJIUMBY pPOJIb Yy CYYaCHOMY JKHUTIIOBOMY
OYIIBHUIITBI Ta BIJIPI3HSIOTHCS 1HANBITYAIBHUM apXITEKTYpPHUM CTUJIEM, aJallTOBAHUM
10 noTped KoM(pOPTHOTO MPOKUBAHHSA B YMOBaX 3aMiChKOTro cepenoBuina. BoHu, sk
npaBuiio, MaroTh 1oty Big 100 7o 300 M2, 1110 103BOJIsIE CTBOPUTH HE JIUIIE KUTIOBUN
MpoCcTip, ajle ¥ 30Hy [ TeXHI4yHoro oOnamHaHHg. [Jlnsg  3a0e3medeHHs
eHeproe()eKTUBHOCTI 3HAYHY pOJIb BIAIrpae BUOIp KOHCTPYKTUBHUX MaTepiadiB 1
1HKeHepHUX pimeHb. CydacHl KOTekl JAenani yacTime OyAyloThb 3 BHKOPHCTAHHSIM
BHCOKOC()EKTUBHUX TEIIOI30JAMIMHUX MaTepialdiB: CeHJBiU-MaHe]eH, ra300J10KiB,
YTEIUIEHUX (acajHUX CHCTEM. 3acTOCYyBaHHS €HEpro30epiralouMx BIKOH 31
CKJIOMAKETaMU 3 HU3BKUM  KOE(QILIEHTOM TeIionepeaadyi 3HA4YHO CKOpPOUYe
TeroBTpatu. KpiM KOHCTPYKTHBHHUX pIllleHb, J0 MIABUIIEHHS €HEeProe(eKTUBHOCTI
CIpusi€ BCTaHOBJICHHS cucTeM 3 BUCOKUM KKJ[ — TernmoBux HAcOCIB, KOHACHCAIlIMHIX
KOTJIIB, BEHTUJIALIIT 3 PEKYyIIEpali€lo Terjia Ta TEXHOJIOT1H «pO3yMHOTO OYJIUHKY.

Oco6muBocTi kimimaty KipoBorpaachkoi 061acTi — X0JIOAHA 3UMa Ta CIIEKOTHE
JITO — CTBOPIOIOTH MIJBUILEHE HABAHTAKEHHS HAa CUCTEMHU OMAJICHHS Ta OXOJIOI>KEHHS.
Ile obymoBitoe moTpedy B KOMILJIEKCHOMY MIJIXOM1 O MPOEKTYBAHHS KOTEIXKIB 13
BpaxyBaHHSIM MIKPOKJIIIMATHYHUX TIOKAa3HUKIB PETiOHYy. 3a 1H(OpMAIl€l0 MICHEBUX
MPOEKTHUX OpraHizauiid, y OLIBIIOCTI HOBOOYIOB 3aCTOCOBYIOTHCS TpaAMIIIiHI
Marepianm — 1erja Ta razobetoH. OmHaK BCe YacTillle BIPOBAIXKYIOTHCA HOBITHI
TEXHOJIOT1] yTEeIJIEHHS, 10 JO03BOJISIE€ JOCATTH 3HAUYHOTO CKOPOYEHHS €HEepProBUTPAT.
Hanpuknan, xoremk momero 150 M? mpu cTaHAApTHIM TEMJIO130JIS1011 CIOKHUBAE B
cepeaaboMy 90-100 xBt'roa/m®> Ha pik. 3acTOCyBaHHsS TOKpAIEHUX 130JISIIAHUX
MatepiaiiB 3HUXKYE TIeil MoKa3HuK a0 45 kBt ron/m?, a mpu iHTerpalii BiTHOBIIOBAHUX
JoKepen eHeprii (CoHsYHI maHeni, remocucreMu) — a0 25 kBr-ron/m?. Ile HaouHo
JEMOHCTPYE MOTEHITIa] TEPMOMO/ICpPHI3aIlIi.

Y wmictax KponuBauimpkuii, Onekcannpis Ta CBITIOBOACHK CIIOCTEPITa€ThCA
3pOCTaHHS KIJIBKOCTI €Heproe(peKTUBHUX MPOEKTIB y MPUBATHOMY cekTopi. OCHOBHI
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HampsiIMM  MOJEpHi3allii — 3amMiHa BIKOH 1 TIOKpiBeNb, yTeIJieHHs ¢dacaaiB Ta
BCTAHOBJICHHSI HOBUX OIAJIOBAIBHUX CUCTEM. Y CUIBCBKMX pailoHax Ha0yBae
aKTyaJlbHOCTI BHMKOPHCTaHHS aBTOHOMHMX JKepen eHeprii. KipoBorpaammumua wmae
COPUSTIIMBI YMOBU JUIsl 3aCTOCYBAaHHS COHSYHMX  €JIEKTPOCTAHI[N, OCKUIBKH
CEepelHbOpIYHA 1HCOJISISL € JIOCTaTHBOIO g  €(EeKTUBHOTO  BUKOPHUCTAHHS
(boTOoeNeKTPUYHNX MOAYTIB. BrpoBaykeHHS TaKMX TEXHOJIOTIM 3abe3mnedye HE JUIIe
eHeproe(eKTUBHICTD, a i MiABUIILYE €HEPTOHE3aIEKHICTh JOMOTOCIIOAPCTB.

TakuM yuHOM, KOTeMKHI OyauHku B KipoBorpaacekiii 00acTi JEMOHCTPYIOTh
3HAYHUNA TOTEHITAN 010 3HWKEHHS CHEPrOCTIOKMBAHHS 32 PAaXyHOK TEXHOJOTTUHUX
pillieHb Ta ajanTalii 10 KJIiMaTUYHUX YMOB. Po3poOka Ta peamizallis €HEprooIaJHuX
M1X0/1IB Y KOTEKHOMY OYIIBHUIITBI € BAXKJIMBOIO CKJIAJIOBOIO €HEPreTUYHOI cTpaTerii
pETiOoHY.

BucHoBku. JlociipKeHHS MIATBEPIUIIO, IO €HEProeEKTUBHICTh € KIFOYOBUM
YUHHUKOM Yy Cy4YacHOMY OYAIBHUILTBI JKUTJIA, OCOOJMBO KOTEIKHOTO THILY.
BukopucTaHHs TEIJIOI30JSIIAHUX MarepiaiiB, CYYaCHHUX 1H)XKEHEPHUX CHCTEM 1
BIJIHOBITIOBaHUX JIXKEPEJT €HEPTii 103BOJISIE CYTTEBO 3MEHIIUTU CIIOKUBAHHS €HEPrii Ta
MIIBUIIUTH KOMDOPT MPOKUBAHHS.

Ha npuxnani KipoBorpaacbkkoi 00yacTi BCTaHOBJIEHO, IO KJIIMAaTHYHI YMOBH
pPErioHy 3YMOBJIOIOTH BHCOKI BHUMOTH JI0 TEIUIO3aXUCTy OYy/iBeJb 1 CTBOPIOIOTH
CIPUSATIMBI YMOBH JUJISl 3aCTOCYBaHHSI COHSYHOI eHeprii. Po3paxyHku 3acBiqyumiiu: 3a
paxyHOK TEpMOMOJICpHI3aIlil eHePrOCIIOKMUBAHHS KOTSKY MOKHA 3HU3UTH B 3—4 pasm.
KomrekcHuit miaxia 10 eHeproeeKTUBHOCTI CIPUSI€E HE JIUIIEe €eKOHOMIT pecypceiB, a i
EKOJIOTIYHIM Oe3merl Ta eHEepreTUYHii He3aJdexHocTl. Hagam akTyaabHUM €
BIIPOBAKEHHSI LM(DPOBOTO MOHITOPUHTY, BJAOCKOHAJIEHHS HOPMATUBIB Ta MIATPUMKA
1HHOBAIIIH Y )KUTIIOBOMY CEKTOPI.

CnucoK BUKOPUCTAHMUX JKepeio

1. Enepretnuna crpateris VYkpainm Ha mnepion a0 2035 poky «besmneka,
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YK 624.01
JAOCBIJI OBCTEXXEHHSA CIIOPY L Y HIMEYYUNHI

Yexanosuu O.M., k.m.H., doyenm kagheopu 06yoienuymea, apximekmypu ma OU3auHy,
Xepconcwbkuil 0eparcasHull azpapHo-eKoHOMIYHULL YHigepcumem, M. XepcoH, Ykpaina,
Zhurakhivskyi V., inocenep, WIM Engineers Munich GmbH, ®@edepamuena Pecnybnika
Himeuuuna

Beryn. /[liarHoctuka OyfaiBenb 1 CHOpYA €  KIIOYOBHUM — €TamoM  JJis
OOTIPYHTOBAHOTO MPOEKTYBAHHS PEKOHCTPYKIIii, MiICUICHHS a00 MPOAOBKEHHS CTPOKY
ix Oesmeunoi ekcruryaramii [1]. VYV HimeuunHi Hakomu4eHO 3HAUYHUN OaraTopiyHUiA
JIOCBiA y cdepl TEXHIYHOTO OOCTSKEHHS Ta [JIarHOCTUKH, SKUH TIOCTIMHO
BJIOCKOHAIIOETHCS 13 3aCTOCYBaHHSIM cy4yacHUX UU(]poBux TexHousorik. Ile pobutk
JOCB1JIT TEXHIYHOTO OOCTEKEHHS OCOOJMBO AaKTyaJbHUM B YMOBaX OHOBJICHHS Ta
MOIepHi3alli iHQpacTPyKTypH.

OcHoBHa 4yactuHa. OIIHIOBAaHHS TEXHIYHOTO CTAaHY €JIEMEHTIB, KOHCTPYKIIIH,
Oynieimi abo cnopyau B 1uiomy (puc. 1, 2), TpaauIiiHO 31HCHIOETbCS Ha OCHOBI
1HKeHepHoi aiarHOcTUKHM. CydacHe OOCTEXEHHS, JIarHOCTHKAa OXOIUIIOIOTh HE JIUIIE
BU3HAYCHHS XapaKTEPUCTUK MIIHOCTI O€TOHY ¥ CTalll y 3aj11300€TOHHUX KOHCTPYKITISX
(puc. 3), ane i BCTaHOBJIEHHS (PAKTUYHOTO PO3TallyBaHHS apMaTypH Ta FT€OMETPHUYHUX
napameTpiB IPOrOHOBUX €J1eMEHTIB (puc. 4, 5).

Oco0nuBy yBary npuauIsOTh 11eHTU(IKALlT TONEPEIHbO HAIPYKEHO1 apMaTypH,
il BIJOKPEMJIEHHIO BiJ 3BHYANHOI, a TaKOXX BU3HAYECHHIO TPAEKTOPII MPOXOJKEHHS
KOXKHOTO ITydka uu KaHata (puc. 5). CaMe momepeaHb0 HANpyKeHa apMmaTypa iCTOTHO
BILUIMBAE HA MIIHICTh Ta KOPCTKICTh KOHCTPYKIIIH.

[TonboB1 poOOTH 3 BHUKOPUCTAHHAM CY4YaCHOTO J1arHOCTHUYHOTO OOJIa HAHHS
JO3BOJIIIOTh CKaHYBaTH 3aJI300€TOHHI €JIEMEHTH 3 BHUCOKOKO TOUHICTIO. Y TOYHCHHS
pe3yJbTaTiB CKaHyBaHHS 3/1HCHIOETHCS 32 JOMOMOTOK0 YJIBTPAa3BYKOBUX Ta MarHiTHUX
MeromaiB. llITydune po3kputTs O€TOHY 3 METOK BU3HAYEHHS KapOOHi3allii, B3STTS MPoO
JUTSL OLIIHKU XJIOPUTH3AIlli Ta OTJSAYy KOPO3IMHOrO CTaHy apMmaTypu, BU3HAUCHHS il
MOJIOKEHHS IPArHyTh 3BOJIUTH JI0 MIHIMYMY, 11100 HE MOPYIIUTH SKICTh KOHCTPYKIIIi.

B nmaGoparopii BU3HAUYaIOTh XJIOPUTHU3AIIIO, (DI3UKO-MEXaHIYHI XapaKTePUCTUKH
MarepiamiB. OrTpuMmaHi JaHi  OOpoOJIAIOTH 3a  JIOMOMOIOK  CHEIlialdi30BaHUX
KOMIT IOTepHUX TporpaM. Ha ocHOBI Benukoro oOcsry CkaHoOBaHOi 1H(opMarii, 3
BukopuctanHsaMm MetozgoJiorii BIM (Building Information Modeling), cTBOproOTH
npoctopoBy 3D-Mojens TpOroHoBOi OyaOBH, B fAKIA BHU3HAYEHO (PaKTUUHE
pO3TalryBaHHs KOXKHOTO apMaTypHOTO eleMeHTa. Takuil MiaxXil JO03BOJISE HE JIMIIE
OLIIHUTH HECy4dy 3JaTHICTh KOHCTPYKIIi, a ¥ TOYHO BU3HAYUTH MICLSI MOKJIUBOTO
PO3MIIIECHHS JOJaTKOBOTO apMYyBaHHSI y pa3i HEOOX1JHOCTI MiACUICHHS.

[TpocTopoBe MoOJEMIOBaHHS CHUCTEMH apMyBaHHS € KPUTUYHO BAXKIMBUM MJIs
NPUNHATTS TPOEKTHUX PIllleHh 0€3 pPHU3UKY TMOIIKO/KEHHS 1CHYIOUOi apMaTypu
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JI0JTATKOBUMH 3aX0JIaMH TI0 TifcuiaeHH o (puc. 5). [le 3a6e3meuye BUCOKY HaAIMHICTh Ta
O€3IMeYHICTh MOAAIBINIOT eKCILTyaTallli o0'ekra [2].

o

Puc. 2. Bun 3uu3y nporoHoBoi 0yZ0BH MOCTa
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Puc. 4. Burnsan Bcepennni kKopoOuacToi Oanku
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Puc. 5. 3D-Monens apMyBaHHs IPOTOHOBO1 OYZ0BH MOCTa

BucnoBku. IlpaktuyHuii 10OCBiJ OOCTEXKEHHS 3ali300€TOHHUX CHOPYA MiCIs
TpuBajoi ekcrutyaTanii B HimeuunHi miATBEpAUB JOLUIBHICTH BUKOPUCTAHHS Cy4YaCHUX
METO/MIB CKaHyBaHHS JJig BHU3HAYCHHS TMIOJOKEHHA apMmaTypu, Ja0opaTOpHUX
JOCIIKEHB XJIOpUTH3aIlli Ta kapOoHizarii. Ha 0CHOBI OTpUMaHUX JaHUX CTBOPIOIOTHCS
touHi 3D-Mozmeni, sKi € OCHOBOI Ui PAaIliOHATBHOTO TMPOEKTYBAHHS IIiJACUICHHS,
PEKOHCTPYKIIT UM MOIaJIbIN0T Oe3MeuHo0] eKcIuTyaTaiii Oy1iBesb Ta CIopyA.

Cnucok BUKOPHUCTAHUX JIZKEPEJ

1. ICTY-H b B.1.2-18:2016. HactanoBa 110,10 00CTeXEHHS OYIiBEIb 1 CIOPY IS
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2. Yexanosuy M.T". (2024). Arnomepramusruii po3paxyHok 06y0igenvbHUxX
KOHCMPYKYIU HA OCHOBI 06epmaibHo20 MomeHmy. TaBpiHChKUN HAyKOBUI
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BYAIBHUITBO EKOJIOI'TYHO YNCTUX TPAHCIIOPTHHUX CIIOPY/I I3
3ACTOCYBAHHAM BITHOBJIIOBAHUX MATEPIAJIIB

k.m.n ooy. Cnonw B.B., ac. kageopu osueynie i mennomexuiku Ilomwvomxin P.O.
XepconcbKull 0epicasHUll azpapro-eKoHoMiuHUl yHieepcumem, M. Kponusnuywvxuii
Hayionanvnuii mpancnopmnuii ynieepcumem m. Kuig

Beryn. Y cydacHux ymoBax 3pocTarouoi ypOaHizamii Ta KIIMAaTHYHUX BUKIWKIB
yce OUTBII aKTyaJIbHOIO CTa€ HEOOX1HICTh MEPEOCMUCTICHHS MIIXO/IB 10 MPOEKTYBAHHS
i peamizauii TpaHcnoptHoi iH(pacTpykTypu. [linBUIEHHS MIIIBHOCTI 3a0yI0BH,
3pOCTaHHA OOCATIB BUKHJIIB TNApHUKOBHX Ta3iB, 30UIbIIEHHS HAaBaHTaXXCHHS Ha
€KOCUCTEMHU Ta OOMEKEHICTh MPUPOJHUX PECYPCIB 3MYIIYIOTH (PaxiBIliB IIYKAaTH HOBI,
OB MPOAYKTUBHI pimieHHs. CaMme TOMYy BIPOBAKEHHS €KOJOTIYHUX MPUHIIMIIB Yy
OyIIBHHUILITBO TPAHCIOPTHOI 1H(QPACTPYKTypU CTa€ NPIOPUTETHUM 3aBJAHHSAM SK Ha
HalllOHAJILHOMY, TaK 1 Ha o0anbsHOMY piBHI [ 1, 2].

OpHuM 13 HANNEPCHNEKTUBHIIIMX HANpsSMIB PO3BUTKY Traiy3l € BHUKOPHCTAHHS
BI/IHOBJIIOBAHMX 1 €KOJIOTIYHO O€3MeUHuX MaTepiaiiB, SKI HE JUIIe COPUSIIOTh
3MEHIIICHHIO HETaTUBHOTO BIUIMBY HAa HABKOJIMIIIHE CEPEIOBHUIIE, & i MalOTh BHCOKI
MOKA3HUKW JIOBTOBIYHOCTI, €HEProe(eKTUBHOCTI Ta MPHUAATHOCTI JIO TMOBTOPHOTO
BUKOpHUCTaHHs [3, 4]. Hanpukiian, 3acToCyBaHHSI TaKUX MaTepialiiB, K T€OMOIIMEPHUN
o6eton, macuBHa nepeBuHa (CLT), mepepoOieHuil MiacTUK 1 ryma, J103BOJISE CYTTEBO
ckopotutu Bukuau CO2 Ha eTanax BUPOOHUIITBA Ta €KCIUTyaTallii CoOpy/I.

KpiMm Toro, BiIHOBIIOBAaHI Marepiajd 4acTO MalOTh MEHIIWA €HEPreTUYHUM CIijl
Mpy BUPOOHUITBI, Kpallll TEIJIOI30JSIMHI BIACTUBOCTI Ta MOTEHIIAN JUIsl YTUJII3alii
a00 BTOPMHHOTO BUKOPUCTAHHSA, IO € KIIOYOBUMHU KPUTEPISIMU B paMKax KOHIICTIIii
UPKYJISIPHOI €KOHOMIKU. Takuilt MiAXiJ COpHsie HE JUIIE MOJIMIIEHHIO €KOJIOTTYHOTO
OaylaHCcy TEpUTOpIH, A€ peai3yloThCA MPOEKTH, a W CTBOPEHHIO YMOB JIJisi CTaJOTO
PO3BUTKY MICT 1 TPOMa/I.

OcHoBHuUII TekcT. MeTor 1i€i poOOTH € POo3poOKa apXITEKTypHO-OyI1BEIbHUX
MIPUHITUIIIB MMPOEKTYBAHHS Ta peajizailii eKoJIOTIYHO Oe3MeYHUX TPAHCIOPTHUX CIIOPYI
3 ypaxyBaHHSIM CyYaCHHMX BUKIIMKIB CTAJIOTO PO3BUTKY, 30CEPEIKYIOUNCh Ha: 3HUKEHHI1
HEraTUBHOTO BIUIMBY Ha HABKOJIMIIHE CEPETOBHINE BIPOJOBK YCHOTO KUTTEBOTO ITUKITY
CIIOpYyIH; BIPOBA/PKEHHI BIAHOBIIOBAHUX, HU3LKOBYIJICIIEBUX 1 MEPEpOOICHUX
MatepiamB  [3, 4]; onTuMizaiii = NPOEKTHUX  pIllIEHb 3  ypaxXyBaHHSIM
eHeproe()eKTUBHOCTI, TOBTOPHOTO BUKOPHUCTAHHS PECYpCiB Ta yTHII3alli BIIXOMIB [2,
5]
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OcHOBHMMH  TiepeBaraMy BIIPOBA/DKEHHS  BIJHOBIIOBAHMX  MarepiaiiB y
MPOEKTYBaHHA Ta 3BEACHHSA TPAHCIOPTHUX CIOPYA €: 3HU)KEHHS BYIVICLIEBOTO CIIiAY
3aBASKH BUKOPHUCTAHHIO €KOJIOTIYHO YHCTUX KOMIIOHEHTIB (06100€TOH, reomoliMepH,
JIepEeBUHA 13 cepTU(IKOBAHUX JIICIB) [4]; 3MEHILIEHHs KUIBKOCTI B1IXO/(1B OyiBHHUIITBA Ta
3017BIICHHS. PIBHS TOBTOPHOTO BHUKOPHUCTaHHS MarepiaiiB (acganbroBoi KpPHUXTH,
nepepoOICHOTO IUIACTUKY, TYMHU) [2]; miABUICHHS eHEeProe(eKTUBHOCTI TPAHCIOPTHUX
BY3J1iB 32 paXyHOK BIIPOBAXKEHHS "3eJIeHUX" TEXHOJIOT1H (COHSUYHI MaHeli Ha BOK3alax
1 TepMiHaNax, nepmeadbenbHi MOKPUTTS, IHTEICKTyalbHe OCBITIECHHS) [3].

Oco0nuBa yBara B Cy4aCHUX MPOEKTaX €KOJOTTYHO YUCTHX TPAHCIOPTHUX CHOPYI
OPUAUIAETHCA IHTErpallii 3€JIeHUX Haca/KeHb, paIllOHAJIbHOMY BUKOPHUCTAHHIO
MICIIEBUX MPUPOAHUX 1 BTOPUHHUX PECYPCIB, @ TAKOXK CTBOPEHHIO YMOB JJII PO3BUTKY
CTasI01 MOOIJTBHOCTI.

BaxnuBy poinb Biairpae Jokajizaiisi MarepiajiiB, NPOEKTH OPIEHTYIOThCS Ha
BUKOPHUCTaHHS OyMiBEIBbHUX PECYPCIB 13 MIHIMAJIBHUM BYTJICLIEBUM CIIJOM, SIKI HE
noTpeOyIOTh JOBIOTPUBAJIOIO TpaHCHOPTyBaHHsS. Lle MOXyTh OyTHM MICLEBI IJIMHH,
11e01Hb, MICOK, a TAKOXX BTOPUHHI OyAiBEIbHI MaTepialid 3 PEriOHAIBHUX M1IIPUEMCTB
13 mepepoOKu OyaiBETbHUX B1IXOIB.

[HppacTpykTypa A CTanoro TPAHCHOPTY BKIKOYAE CHUCTEMY BEJIOJOPLKOK, SKi
IHTErpyIOTHCS B 3araJIbHOMICBKY MEPEXY Ta €JIEKTPO3apsiiHI CTAHIIIT 11 0COOMCTOrO Ta
I'POMAJICBKOTO €JIEKTPOTPAHCIIOPTY.

Taxi miaxXoau COPUSIOTh 3MEHIIEHHIO aBTOMOOIJIEIIEHTPUYHOCTI MICTa, 3HH>KEHHIO
BUKHUIB TMAapHUKOBUX Tra3iB, JI€ JOCTYN JO KIIOUYOBUX CEpBICIB 3IIHCHIOETHCS 0O€3
HEOOX1JTHOCTI BUKOPUCTAHHS 0COOHMCTOTO TPAHCIIOPTY.

VY  pesynbrari, cydacHe TPAHCIOpPTHE OYIIBHHITBO Bce Ounbiie HaOyBae
KOMITJIEKCHOTO E€KOJIOTIYHOTO CHpPSIMYBaHHS, J€ KOXKEH eJIEeMEHT IPOEKTy — Bif
Martepialy 10 JaHAapTHOrO pINIEHHS — CHOpPsSMOBaHMA Ha  (OpMyBaHHS
30aJ1aHCOBaHOTO, KOM(OPTHOTO ¥ OE3MEYHOr0 CepeoBHINA IS JTFOAMHM 1 mpupoau [1,
8].

VY pesyabrari OOCHIIKEHb 3pOOJICHO BHUCHOBOK, IO €KOJOTIYHO OPIEHTOBAHE
OyIIBHUIITBO TPAHCIIOPTHUX CIIOPYZ HE JIMIINE 3HUXKYE €KOJOTIYHE HABAHTAKCHHS, a U
MIJIBUILYE SKICTb JKATTA B MICTaX, CIpPHUSE PO3BUTKY LHUPKYISAPHOI EKOHOMIKH Ta
(dbopMmye NO3UTUBHUMN IMIJIK Tpoman [1, 6].

HaBenena croBmumkoBa giarpaMa JOKJIATHO UIFOCTPYE TMOPIBHSAHHS BOYTOBaHHMX
BUkuAiB CO: (kr/M®) s TphOX TMOMUPEHUX KOHCTPYKIIIMHUX MarepiaiiB, IO
3aCTOCOBYIOThCSl Y TPAHCIIOPTHOMY OYIIBHUIITBI. 3BHYAWHUM MNOPTIAHALIEMEHTHUM
o6eron (OPC), mo csarae = 300 xr COz/m?, BimoOpaxae BEpXHIO MEXKY THUIIOBOTO
Jiana3oHy JUIs CTaHAAPTHUX OETOHIB HA OCHOBI KJIIHKEPHOTO IIEMEHTY.
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I'IB(ggiBHﬂHHH Bukuais CO2 ons pisHUX MaTepianiB KOHCTPYKLUINA
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Puc.1. liarpama nopiBHsaHHS BUKHIB CO2 (KIr/M?) 17151 KOHCTPYKUIAHHUX
MarepiaiB

Takuii piBeHb €MiCiii 3yMOBIIEHHI €HEProEMHHM MPOLECOM BHUIATY KIIHKEpYy U
BunuieHHssM CO: mpu JiekapOoHi3allii BalHIKY, M0 TpaAMIiiiHO (GopMye OCHOBHY
YaCTKY BYIJICIIEBOTO CHiy OyAb-SKMX MAaCOBUX OETOHHUX KOHCTPYKIIIH.

['eomonimepHmit 6€TOH CTOBIMYMK 13 MO3HAYKOI0 =~ 123 k1 CO2/M* gemoncTpye =~ 60
% cxopoueHHst BUKuAIB nopiBHsHO 3 OPC. KitouoBa npuymHa — BIJICYTHICTD KITHKEPY
1 BUKOPUCTAHHSI JTY)KHO-aKTUBOBAHWX BTOPUHHHMX MarepialiB (30JId BUHOCY, JOMEHHUX
IUIaKiB, METAKAOdIHYy), Yy pe3yibTarli YOro BUPOOHUYMI MPOLEC CHOXKUBAE 3HAYHO
MeHIIe eHeprii Ta BuBLIbHsE Habarato meniie COx.

MacuBna kpoc-nmamiHoBaHa aepeBuHa (CLT) po3paxyHkoBe 3HadeHHS ~ 125 kr
CO2/m* oTpumaHe nuIsxoM MHOXeHHS muTtomux emiciii 0,25 xr CO/kr Ha cepemHro
ryctuny nasnen 500 kr/m®. BaxknuBo MIKPECIHUTH, IO LEW MOKa3HUK HE BPAXOBYE
O10Te€HIYHOTO TIOTIMHAHHS BYIVICII0 JCPEBUHOIO MPOTSITOM POCTY 1 HE MICTHUTH
3HUKYBAJIBHUX KOE(IIIEHTIB 3a MOTEHIIAJ] JOBTOTPHUBAIOr0 30€piraHHs BYIICHIO Y
BUpoOi. 3 ypaxyBaHHsAM Iux 4uHHUKIB CLT Moxe cratm Mailxe «BYIJIELEBO-
HEUTpaIbHUM» a00 HaBITh «BYIJICIIEBO-HETATUBHUMY MaTePiaioM.

Kontpact mixk OPC Ta anpTepHaTMBamMM HAOYHO IIOKa3ye, IO TEpexiJl Ha
reononimepu a6o CLT mo3Bossie moHaiiMeHIne yiBidi 3MEHIIUTH BOYIOBaH1 MapHUKOBI
ra3u B KOOKHOMY KyO1YHOMY METp1 KOHCTPYKIIIi.

['eomonimepu 3a6e3meuyoTh CYTTEBE 3HIDKEHHS BUKHUIB 0€3 paauKalbHOI 3MIHU
ICHYI04Oi OyIiBEIbHOI JIOTICTUKHU, OCKUIBKU 1XHS TEXHOJIOTiSI CyMICHA 3 TPaJWLIMHUM
OETOHHUM BUPOOHHUIITBOM.
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CLT nomae mo HM3BKMX €MICId 1€ ¥ JIerKy Bary, BHCOKY HECy4Yy 3aTHICTb
BIJIHOCHO BJIACHOT MacH, a TaKOX CIPHUSE PO3BUTKY JICOTOCHMOMAPCHKUX TMPAKTUK
CTaJIOr0 MEHEKMEHTY [7].

TakuM  4YHHOM, Bi3yasi3allisi  IMEepPEeKOHJIMBO  MIATBEP/KYE  IOTEHIIIAI
BIJTHOBIIIOBAHMX Ta HU3BKOBYIJICIIEBUX MaTepiajiB AJisi MiHIMI3allii €KOJIOTIYHOTO CIiTy
HE JIMILIE TPAHCIOPTHUX, a W Oyab-IKUX 1HPPACTPYKTYpHUX criopyd. BoHa miacuiroe
apryMEHTAaIll10 111010 HEOOX1THOCTI OHOBJICHHS HOPMATHBHOI 0a3u, Aep)KaBHUX IIporpam
«3€JIEHOT» 3aKyIiBIi Ta CTUMYIIOBAHHS BHUKOPHCTAHHA MepepoOieHoi uu Ol10TeHIYHOI
CHUPOBUHU Yy OyIiBHUIITBI.

BucnoBok. Ilepexin Bixg tpanumiiinoro OPC-06eToHy a0 reomojiMepiB abo
MAacUBHOI JIEPEBUHU MOXe CKOpOTUTH BOymoBaHi Bukuau CO: y TpaHCIOPTHUX
CHOpyZax y/Bidul, OCOONMBO SKIIO MOEIHATH 1€ 3 BUKOPUCTAHHSIM IEPEPOOICHUX
MmatepianiB (RAP, BropuHHa cTanb) Ta JKepen Il €HEepronocTradyaHHs OymiBeIbHHUX
MaiinanuukiB [4]. Lli mepeBaru cTaroTh e OUIBII BITYYTHHUMH 3a YMOBH 1HTErpartii
nepepoOIeHnX OyIiBEeIbHUX MarepialliB, TakuxX Ak acdainprodeTonHa kpuxta (RAP),
BIJIHOBJICHA apMarypa abo BTOpuWHHA cTaidb. JlomaTkoBuit eQeKT eKOJIOT14uHO1
€(EeKTUBHOCTI JIOCATAETHCS 3aBISKH BUKOPHCTAHHIO BIJHOBIIIOBAHUX JDHKEpPET €HEeprii
(BAE) nns 3abe3reyeHHs €JIEKTPOCHEPri€l0 OyaiBeIbHUX MalJIaH4YMKIB, BKJIIOUYAIOUU
COHSIYHI MaHeNl, aKyMYJISTOPHI CHUCTEMH Ta MOOUIbHI MIKpOEIEKTpOCTaHIli. Takum
YUHOM, TO€JHAHHS  EKOJIOTIYHMX  MarepiaidiB 13  Cy4YacCHUMH  METOJaMu
eHepro3adesnedeHdsT (opMye HOBY MapajurMy CTajoro OYIIBHHIITBA TPAHCHIOPTHOL
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