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3ACTOCYBAHHSA TOJATKOBUX TIJIPOI3OJIAIIIMHUX IOKPUTTIB
A SAXUCTY TOPOKHIX BOJAOIIPOIIYCKHUX TPYD
3 METAJIEBUX TO®POBAHHX KOHCTPYKIIII BIJf KOPO3Ii

Anomauis. Ha cvozo0niwmiii Oenvp 00posicti 6000nponyciki mpyou 3 Memanesux 20()posaux Kom-
CMpYKYill 3acmocosyomvcst 3 npozoHom 6 40 m ma s6is0my c06010 KOMNOIUMHY CUCTIEMY 2DYHIM-
CMAns i WUpoKo nouwupeni 6 zanysi mpancnopmuoi oyodisnuymsa. JJopoxcni 6odonponyckui mpyou
3 MEMANeBUx 20POBAHUX KOHCMPYKUIHL € eKOHOMIUHUM, eCTNeMUUHO NPUBAOIUBUM, MAIOMYb Nepe-
6azy 6 WeUOKOMY COPYONCeHHT 3 MIHIMATLHUM 00CIY208YBAHHS 8 MALLOYMHLOMY, PO3PAXYHKOBUIL
mepmin cayxcou saseuuaii cmanosums 6i0 50 poxis do 100 poxis.

/lopodxcni eoaonponycxﬂi mpyou eKCIYamy1omvesl 6 CKAAOHUX YMOBAX, SKI CNPUUUHIOIOMD PO3GU-
MoK KOPO3itiH020 6NIUBY HA MEMAT KOHCMPYKUIL, 4 CaM Meman nompedye HaiersHoz0 3axucmy ois
3abesnevenns naodinocmi ma 0oszosiunocmi cnopyou 6 uinomy. Ilocmitino npawioloulL y 60102UX
YM08ax 0OPONCHT BOOONPONYCKHI MPYOU 3 MEMALEBUX 20(DPOBAHUX KOHCMPYKYiU NIOOAIOMbCS KOPO-
30l ma cmupaniio uepes 6NUE HABKOLUWHL020 cepedosuuia. Koposis eunuxae 6 xinvkox Micusx,
HA NOBEPXHI, KA KOHMAKMYE 3 SPYHMOM, HA GHYMPIUHIL cmOpori mpyou, de npucymus mexyua
600a, abo na nosepxHi, sika niddaemocs enausy nosimps. Lle nos’s13ano 3 azpecusHumu pewosUHaMU
6 nogimpi, 600i abo mamepiani ;pynmoeoi 3acunku, HANPUKIAO COIL, MEMANL Wi THILL AZPecUsHi
Ximiuni peuosunu. Koposis € 0cHosHow0 npuuunoio pyinysanis memaiesux xoncmpyxuii. Ileuo-
Kicmb dezpadayii mamepianie sanexcums 6i0 YMos HABKOAUWLHBO20 cepedosuuya. Ouikysanuil mep-
Mit CayaHcoU JOPOACHIX BOOONPONYCKHUX MPYD BUIHAUAEMBCSL 0062061uHICTI0 Mamepiany i 0062061u-
nicmio xoncmpyxuii. /loszosiunicms mamepiany eionocumuvcs 0o 3damuocmi mpyou 6ymu cmiiixoro
00 3HOCY BHACTIOOK MPUPOOHUX NPOUECis Koposii, cmupanns ma eposis. 110 uac npoexmyeans
dopodcnix sodonponycknux mpyod 3 Memanesux 20(PoBaAHUX KOHCMPYKUIL BANCIUBO PO3YMIMiL
YMOBU HABKOLUULHDOZO CEPeO0BULLA NPOMSAZOM YCh020 MePMiny ii excniyamauii, w0 ouinumu npu-
damuicmo mamepiany. IIJo6 3abesnevumu 6i0nosiOHICMb UMO2AM NPOEKMHO20 MEPMINY CAYNCOU,
cmanesy KOHCMPYKUiIo 3axuuyarmy aHmukopouHUM NOKPUMMSLM.

B pobomi sanpononosano eumozu 00 000amxo6ux NOLMePHUX 2i0pOI3OLAUTHHUX CUCTEM, WO HAHO-
CAMBCS PIOKUM CNOCOOOM.

Kniouoei cnosa: azpecusne cepedosuuie, 2iopoizonsuiiine
sodonponyckna mpyoa, Kopo3is, MEMUIMEMAKPULAMHI NOKPUMMAL.

nokpumms, 00poNCHA

Bomonporyckni  koBane mokputTs Metany (puc. 1). Ilokpurrs

TpyOH 3 MeTajeBUX TOPPOBAHUX KOHCTPYKIIH
(MI'K) maioTh icTopilo BUKOPUCTAHHS B CBITI
nonaz 100 pokis. BpaxoByiouwu, 110 KOpo3is
€ OCHOBHUM (aKTOpPOM, 110 BHU3HAYAE TPHUBA-
gicts  Tepminy cayskOm MIK  3actocoByioTh
pi3Hi 3aXMCHI MOKPUTTS IS 3aT00IraHHsT yTBO-
PEeHHS KOpO3il MeTaTy Ta MPOAOBKEHHS TEPMiHy
CITyKOM TaHUX pr6 [1,2].

Opnum i3 HaI/Il'IOU_II/IpeHH_L[I/IM 3aXUCHUM
HOKPUTTSIM € 3aCTOCYBAaHHS IOJIMEPHUX Mare-
piamiB [3] (TamiHOBaHa ITiBKA, PiZKi MOJiMepHi
PO3UUHU), SIKi K TPABUJIO, HAHOCATHCS HA OLUH-

3 MOJIMEPHUM TIOKPUTTSAM 3a0e3MeUye UyI0BY
ajresilo /10 OCHOBHOI CTasli Ta TpPUBALYy CTiii-
KiCTh /10 KOpo3ii Ta cTupaHHs. Pexkomenpartii
I0/I0 TePMiHY CTyKO1 6a3yioThest Ha OOITMPHUX
JabOpaTOpHUX Ta MOJBOBUX BHUIPOOYBAHHSIX.
Omnak MI'K (amanor amepukancbkoro CSP —
Corrugated steel pipe) 3 moiMepHUM IIOKPHT-
TsiM, 6e3 JI0IATKOBOTO 3aXKCTY, K OIMHKOBAHUM
a00 aJIFOMiHI30BaHUM OKPUTTSIM MalOTh MEHIITHIA
TEPMiH CITysKOM, IKUI cTaHOBUTD 10 40 POKiB.
AHaJ1i3 OCTaHHIX JOCHIKeHb. 3aCTOCYBaHHS
nofaTkoBUX 3axucHuX mokputtiB MI'K mae HGara-
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Puc. 1. 3actocyBanHs 10/IaTKOBOTO Ti/[POI30JISAIIHHOTO TIOKPUTTS HAa BHYTPILIHIX Ta 30BHINTHIX
YacTHHAX KOHCTPYKITii, Kanaza [4]

topiunmii gocsix. B 1970-x pokax 6yJ10 cTBOpeHO
KiJTbKa BapiaHTIB IOKPUTTS, IOJIMEPHE JiaMi-
HOBaHe Brepine 6yao po3pobieHo B 1974 porii
y BIJITIOBI/Ib HA 3aMiHY TIOKPUTTS HAa OCHOBI Opra-
HIYHUX B'SKYYUX PEYOBUH Ta MOKPUTTS i3 3aCTO-
cyBaHHsM azbecty [5]. 3 yacoMm mosiMepHe Jrami-
HYBaHHS CTaJI0 OCHOBHOIO CHCTEMOIO ITOKPUTTS
JIJISI Cepe/IoBUIIL, He CIPUSTINBUX JIJIs1 OIIMHKOBA-
HUX TIOBEPXOHb, OCKIIBKH BOHO J0OPE MOKA3aJI0
cebe B 6araTboX HECTIPUSATINBUX YMOBaX [3].

[ocaipkennss, mpoBefieHi y BickoHcusi,
CIIA, npwiluuii 10 BUCHOBKY, IO OiTyMHE
MOKPUTTS Ha «SIK OIMHKOBAHIN cTasi, TaK 1 aio-
MiHieBiil TpyOi MOKa3amo ayske MOTaHi XapakTe-
puctuku» [6]. Jocrimxenns nposeneni B Oraiio,
CIIA mnokasanu, mo OiTyMHE MOKPUTTS MAa€
3/IOBIJIbHUI CTAaH eKcIllyartallii, 32 BUHATKOM
YMOB CTUPAHHS TMiJ[ BUCOKUM TIOTOKOM CTOKIB,
3/IaTHUX TlepeHocuTr abpasuBHUil Marepial [6].

Y 1987 pomui B CHIA BUKOHYBasIOCS AOCIHi-
mxerns 3nocy MI'K 3 pisuumu noxkpurtsamu. 11
TpyOu Oy TOCTiKEH] B IBOX PI3HIX CEPEIOBH-
11X, OJtHE 3 KUCJIOTHMM CTOKOM, a iHie — abpa-
3uBHUM. X04a 00MBa JOC/IUKEHHS TIPU3BEIH
710 TIPO0JIEM i3 JIOBrOBIYHICTIO IIOKPUTTIB, IBH/I-
KicTh KOpPO3ii B abpasvBHOMY cepeloBHIii OyJra
Habarato momitHimowo [7]. Ile sBume MoxHa
MOMITUTH Ha JJISHIN BOAOIPONYCKHOI TPyOH
3 BEJIMKUM HAXWJIOM BiJl BXO/IY ZI0 BUITYCKY.

B CIHIA na ocHoBI 1OJBOBUX HOCJIKEHD
PO3POOIIEHO TPH T IXO/IH, IO HAAIOTH TPOTHO3H
TepMiHy CayKOM MaTepiasiB BOAOMPOIYCKHUX
1py6 (Kamicdopuia, AISI ta ®Dnopuna), a immmi
tpu Metoau (NCSPA, Heio-Mopxk i Komopamo)
Oimbiite 30cepe/pkeHi Ha BUOOPI MaTepiaity, Hixk
IIPOTHO3YBAaHHI TePMiHy eKkcryaTartii [8]. Kaumi-
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(bopHilicbKUll MeTO/ 3aCHOBAaHWI Ha IMOJBOBUX
pocmimkenassx 7000 BOAOMPOIYCKHUX  TPYO
y 1950-x pokax [9]. KiniieBum npogykTom crasa
rpacdika 300paskeHHs 3B’s13Ky Mik pH i muromym
0IopoM 710 iepopariii OIUHKOBaHOI CTa/Ii TPYOH.
[eit MmeTo BUpoOyBaHHsS GYB yIOCKOHAJIEHUT
IPOTATOM 6araThbOX POKIB y Mipy CTaHIapTH3a-
mii California DOT mporeaypa BunpoOyBaHHs,
Kamidopuis Tecr 643. OcranHi OHOBJIECHHS
11bOoro MetToy Oy 3pobireni B 1993 porii.

B nocnimkenni Xemmina [10] 3a3naueno, mo
nuToMuii omip i pH HamoBHIOBaYa € OCHOBHUMU
(bakropamu, MO BIUIMBAOTH Ha KOPO3i0 TpyO
3 OIMHKOBaHOI cTati. BoHM mnpoaoBXKyIOTH
CTBEP/KYBaTH, M0 6arato AepKaBHUX TOPOK-
HIiX areHIiit porpumyiotsest KamidopHriiicbkoro
TECTOBOTO MeToay 643, 106 BUSHAYNTH TEPMiH
CyKOU, a TCJAS TPOBEAEHHS BJIACHUX JIOCIIi-
TKeHb BUSIBJISIOTH, 1110 KastidopHiiichbKuii TecTo-
BUiT MeToj 643 3aHMKYE TepMiH cay:xkOu. Bonu
3rajlajii B JIOCJIi/IKEHH], 110 mepima mnepgopa-
1ist BinOyBaetnest pu 13 %, anme AISI (Amepu-
KaHCBKHMI 1HCTUTYT YaBYHY Ta CTaJi) BU3HAYA€
KiHellb TepPMiHy CJIYKOM, KOJM BTpaTa MeTaiy
nocsirae 25 %. BoHu peKoMeH/IyI0Th 3aCTOCOBY-
BATH OIMHKOBaHe MOKPUTTST TPYO /Ist YIIOBiJIb-
HEHHS HIBUIKOCTI KOPO3il, TYyT TaKOX 3rajy-
€THCS, 10 BOHU BPAXOBYBAJIU BMICT XJIOPHUJIIB,
i ockinbkn KamiopHIHCHKUIT MeTo[ BUIPOOY-
BaHHs 643 BukopucToBye Jutie pH gk opientup,
BiH MiCTUTB 11€BHY HETOUYHICTb.

Hamian Beben [11] mpoBiB mocmimkeHHs
KOPO31i1HOI aKTUBHOCTI 3aCUIIKA HABKOJIO BOJIO-
IPONYCKHUX TPyO i3 rohpoBaHOi cTaseBol miac-
TUHM, TIPH IIbOMY BiH BUKOPUCTOBYBaB Harato THx
caMUX TTapaMeTPiB, 110 i MoTepeiHi T0CTiTHUKHY,
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pH, maromuii omip Ta 6araTo iHIIKX, SKi MICTATHCS
B KamidopHiiicbkomy merozi BunpobyBanb 643,
1 BUSIBUB, 1[0 TaM € BEJIMKOIO 3arpO3010 KOPO3il
IPYHTY, KOJIM MiHIMaJbHE 3HAUYEHHS MUTOMOTO
onopy aocsrae 30 Om - M (3000 Om - c™m), a MiHi-
MaJibHe 3HAYeHHS 3MEHIIYEThCS ITPOTITOM BECHU
Ha 5—22 %, noxibHo 1o pH, aje B MeHIIOMY Biji-
COTKOBOMY BifgHOIIeHH. Takok OyJ10 TPoBeIeHO
KOPEJIAIiIo MiK MUTOMUM OIIOPOM 3aCUIIKU Ta
BMICTOM BOJIOTH, OYyJIO 3a3HAYeHO, IO HABECHI,
KOJIM BMICT BOJIOTH Y 3aCHIII TBUILYETHCS,
MUTOMMI OTIP TAKOK IT1IBUIILYETHCS.

Hermmonasi BUIPOOYBaHHSI MOKA3yIOTh, IO
MI'K mokputi mosiMepHUM TMOKPUTTIM MOXKE
BUTPUMYBATH YMOBH TPEThOTO PiBHS CTUPAHHS.
Ockinbky mosivep € Gap’€pHUM TIOKPHUTTSM, BiH
JIEMOHCTPY€E PIBHOMIPHO TiepedadyBaHi MOKa3-
HUKU JOBTOBIYHOCTI B MeyKaX BHU3HAYEHUX /ia-
a30HIB HABKOJIMIITHBOTO CepefoBuia. Tpyou
3 TIOJTIMEPHUM TTOKPUTTSM, IO TPAIIOIOTH Y X
miarmazoHax, MOXyTh jgocartu 100-piunoro Tep-
MiHY CJIysKOHU, BUXO/AYH 3 TIOTOYHUX OI[IHOK yCTa-
HOBOK Y PEKOMEH/IOBAaHUX Jlialla30HaX HEeCIIPUST-
JIUBUX YMOB ITPOTSATOM Maiike 40 pokis [3].

B VYkpaini srizno 3 BBH B.2.3-218-198 [12]
NOJIATKOBUIA 3aXUCT MeTaIeBUX JIUCTIB BiJl KOPO-
3ii IOTPIGHO MPU3HAYATH HA OCHOBI JAHUX IIPO
KOPO3iiiHy aKTUBHICTb (arpecuBHICTb) I'PYHTIB
OCHOBH, HACcWUIly Ta BOJHU, IO TIPOTIKAE vepes
CIIOPY/LY, @ TUIIH JIOJIATKOBOTO aHTUKOPO31MHOTO
nokputts MTK HaBezero B Tab/mmi 1.

BusnaueHnHsa arpecMBHOCTI IPYHTY O BiJIHO-
menHio 10 MK HaBesieHo B tabumtii 2.

Cryminb KOpO3iifHOI aKTUBHOCTI BOJM HaBe-
JIeHO B Tabui 3.

€BporieiichbKi CTaHIapTH 3aXUCTY BiJl KOPO3il
quist MI'K 3anexarpb Bijg TOro, un € BUpiO BUTO-
TOBJIEHOIO TPYOOIO UMt 3i6PaHOI0 IIACTHHYACTOO
KOHCTPYKIIi€0. [[y1st Tpy0 KepyIiourM CTaHAapTOM
JCTY EN 10346 [13], gaxkuil BUMarae 3axXucTy
Big xoposii 600 r/M? mHKY abo GibII CyBOpY
umory 1000 r/m? nuHKy B HMOEIHAHHI 3 T10JIi-
mepHuM mapom 300 Mxm (puc. 2).

Cranesi konctpykiii peryimoorscs [JCTY
EN ISO 1461 [14] (Bix 50 MM 10 85 MKM),
3 JI0IaTKOBUM 3aXUCTOM Y BUTJIS/II PIZIKOTO T10JTi-
Mepy (emoKCHIHOI CMOJIM, MeTUIMETaKpUJIaTy,
tomio) Big 200 mxm 10 400 mxm. EdbektuBHicTh
3acTOCyBaHH JoaTKOBOTO 3axucTy B MI'K Gyiio
onucano pisaumu ButpoOyBanusmi [ 15, 16, 17].
Ile gamo 3MOry po3pobuTH e(heKTHBHI CHCTEME
3aXUCTY BiJl KOPO3ii.

APMTEK [4] mnpoBemeno BumpoOyBaHHsI
B COJIbOBOMY TyMaHi (puc. 3) 3srizHo 3 ASTM
B117 [18]: A. TlorimepHa cucTtema — TJaacTUHA
putpuMana 4000 roauH, TPUCYTHE BUTIKATH
3 4ePBOHOI ip:Ki, aje 6e3 03HAK PO3IIapyBaHHS
(ASTM D714-87 [19], Peiitunr = 10; ASTM
D1654-92 [20], Peiitunr = 10); B. 36arauenmit
IIUHKOM 1Imap, — ImactuHa Butpumana 3000
TO/IUH, NMPUCYTHE BUTIKATU 3 YEePBOHOI 1pPKI,
ane 6e3 o3nak posmapyBanis (ASTM D714-87

Ta6muus 1. Tun 701aTKOBOro aHTHKOPO3iiHoro nokpurrss MK

3arajibHMi1 MIOKa3HUK

Tun 101aTKOBOTO AHTHKOPO3iifHOTO NOKPHUTTS TOBEPXHI

CTyIeHi arpecuBHOCTI

I'PYHTY Ta BOIH BHYTPIIHIA

3O0BHIIIHINA

Cuabo-arpecrBHa beronnnii jiotok

[pyHTOBKa, MacTHKa GiTYyMHO-TYMOBa

Cepennbo-arpecuBHa

IpyHTOBKA, MacTHKa OITyMHO-
rymoBa: acaibro6eTOHHMIA JIOTOK

[pyHTOBKa, MacTHKa OiTyMHO-TYMOBA,
GiTymMHO-MiHepabHa (OITYMIHOJIb)

Ta6uuus 2. ArpecuBHicTb IpyHTY 10 BigHOmenHio 10 MT'K

ITuromuii omip rpynry, Om - M

100

100-10 10

Cryminb KOpo3iitHoi aKTUBHOCTI

ciabo-arpecuBHa

cepeiHbO-arpeCuBHa | CMJIbHO-aIrpeCMBHA

Ta6auus 3. ArpecuBHicTs Boau, mo teye kpisb MK

8,0-6,0 meHnie 6,0
INokasuuxk pH 8,1-11,0 DD . ’
P S 11,1-12,5 Gimbme 12,5
Cymapua konnenrpauisg | mene 0,5 [0,5-5,0 6iabine 5,0 | menmie 0,5 |0,5 1 6isbiue |Oyab-saKa
cysibaTiB i XJTOPUJIIB, T/
Crymiab KOpo3iitHoi ci1abo- cepenHbo- |CUJIbHO-  |CepemHbo- |CHJIbHO- CHJIbHO-
AKTHBHOCTI arpecMBHA |arpecuBHA |arpecuBHA |arpecMBHA |arpecMBHa |arpecuBHA
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Steel

Zinc 42 um

HDPE 250-300 um

Puc. 2. Ilpuknaz 3axucTy cTaji Bil KOPO3ii 3 BAKOPUCTAHHSIM MOJIMEPHUX
MarepiasiB

Puc. 3. BuripobyBaHHsI B COJIbOBOMY TyMaHi

[19], Peiituar = 10; ASTM D1654-92 [20], Peii-
tuar = 10); C. Tinrbku Tapsye NMUHKYBaHHS —
nsactuHa ButpuMana 3000 roauH, 3HayHa yep-
BOHA ipsKa, IIyXUPi Ta PO3IIapyBaHHs Bijl TTOHA/
16 mm (ASTM D714-87 [19], Peiitunr = 2;
ASTM D1654-92 [20], Peiitunr = 0).

Mera po6OTH € YIOCKOHAJIEHHsS Ta TIi/[BU-
meHHsT epeKTUBHOCTI aHTUKOPO3IHOTO 3aXUCTY
JIOPOJKHIX BOJIOIPOIYCKHUX TPYO 3 MeTajieBUX
ro)poBaHUX KOHCTPYKIII 32 paXyHOK 3acTOCy-
BaHH4 JIOJIaATKOBUX T1IPOI30OJIAIINHNAX TTOKPUTTIB
Ha OCHOBI METUJIMETAKPUJIATY 31 BCTAHOBJIEHHSIM
BUMOT /IO KOMITOHEHTIB T1/[POI30JIAIIITHOI CUCTEMMU.

Pesyabratu  pocaimkenn.  [igpoizossii-
iiHe TIOKPUTTSI HAa OCHOBI MeTWJIMEeTaKpUJat-
Hux cmosieir (MMA) noBuHHO GyTH Gesnepeps-
HUM Ta BOJIOHEITPOHMKHUM II0 BCill 130JIbOBaHIl
MOBEPXHi, Y CHOJYYEHHSIX 3 KOHCTPYKTUBHUMU
eJIeMEHTaMM Ta eJIEMEHTIB CTATYBAHHS KOHCTPYK-
I1i1; MiITHO 34eIJIEHOIO 13 130JIbOBAHOIO TOBEPXHEIO
i 36epirati MilHICTh 3YeIJIEHHS 3a 3CYBY; Mill-
HOIO i 30epiraTy eJlacTHYHICTh Y Yaci Ta iHTepBaIi
PO3paxXyHKOBUX TeMIlepaTyp, B TOMY UuUCJHi i 3a
BiJ'EMHUX TeMIIEpaTyp; TEIJIOCTINKOIO B yMOBaX
JITHIX TeMIepaTyp, CTIHKOIO T1iJ] 4aC MOXKJIUBOTO
KOPOTKOYAaCHOTO BOTHIO; 3/IaTHOIO CIIpUMaTh

6

Oy/ib-sIKi THITH MEXaHIYHIX BILINBIB; MOHOJITHOIO
Ta Ge3nepepBHOI0, 6e3 31y TTsI, Oy Ib0AIIOK Ta XBI-
JIACTOCTI; XiMIYHO Ta 6i0JIOTiYHO CTiliKa Ta CTill-
KOIO /10 IPOHUKHEHHS XJIOPH/I-i0HiB; 6e3 KOMIIO-
HEHTIB, SIKi CHPUYUHIOIOTH KOPO3110 METAJY.

[ipoi3oiiito BAANITOBYIOTh 32 TEXHOJIOTIEIO
y BUIJIG/l CUCTEMH, IO CKJIAAAETHCI 3 TPbOX
(HaNTIOMTMPEHIINIT THTT) MIITHO TTOB’SI3aHUX MiXK
c00010 XiMIYHO OMHOPIAHUX IHAPiB, MOXKJIKBE
3aCTOCYBaHHSI JBOIIAPOBOI CHCTEME ab0 OHOTO
mapy mokpurts [21]:

— HWXKHIN map — rpyHToBKa (Tpaiimep), TOB-
muHa cyxoi miiku (0,30—-0,75) MM — aHTHKOPO-
3iiiHe MmoJliMepHe MOKPUTTS 3 BUCOKOIO a/Ire3i€i0
710 TIOBEPXHi MeTajy Ta /0 MPOMIKHOTO IIapy,
3abe3reuye aHTUKOPO3IHUIT 3aXMCT METaIeBOi
MTOBEPXHI BiJl OKUCJIEHHS Ta aJire3ito TiIPoi30Jisi-
[IHOTO MaTepiany /10 OCHOBY;

— MPOMIKHUIT Mmap — TiApoisossitiiina MeMo-
para — oaHO abo Garato IapoBe, BUCOKOEJAC-
TUYHE BOJOHENPOHUKHE Oe3LIOBHE HMOKPUTTS,
ToBIMHA cyxoi miiBku (2,0-3,0) MM, sika 3a0e3-
1evye BOJOHEITPOHUKHICTD 10 BC1id TIOBEPXHI, 110
T1/IPOI30JIIOETHCS;

— IMOBEPXHEBUN 1Iap — 3HOCOCTIMKWIA, TPIlH-
HOCTIWKWH, XIMi9HO Ta aTMOC(HEPOCTIHKHUT, Y TOMY
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YUCT 10 i1 yibTpadiosieTOBUX IIPOMEHiB TTOKPUB.

[pyHTOBKY BMPOOJIAIOTH y BIAIOBIAHOCTI 110
BUMOT TE€XHOJIOTIYHOTO PerJaMeHTy, 3aTBepIKe-
HOTO B YCTAHOBJIEHOMY ITOPSIIIKY.

[pyHTOBKA — 1€ HUZKHIH 1ap Tiapoisonsiiiinoi
CUCTEMU, IKUI YTBOPIOETHCA Y PE3YJIbTaTi OJIiMe-
pu3allil IBOKOMIIOHEHTHOTO IOJIIMePy Ha OCHOBI
MMA. Ile € HusbKkoB's13Ka Oe3bapBHa pignHa (3a
HeoOXigHOoCTI 1i 3a0apBJIIOIOTh), M0 CKIAIAETHCS
3 OCHOBH, KaTaJizatopa Ta CIielfialbHuX 100aBOK.

Besnocepenbo nepes 3acTocyBaHHAM /10/1a-
€ThCS TTOPOIIKOBUM KaTaii3aTop 1 peTeibHO PO3-
MIIIYETHCA.

[Tokaznukn (hisUKO-TEXHIYHNX BIACTUBOCTEN
IPYHTOBKM HaBeJIHO B TabJIHIL 4.

Tigpoisonsiiiiva MemOpaHa Iie TPOMIiKHII
ap, 10 YTBOPIOETbCA B Pe3yJIbTaTi MOJiMepH-
3allil /IBOKOMIIOHEHTHOIO TIOJIIMEPY Ha OCHOBI
AKPUJIOBUX MOHOMeEpiB, MOAM(IKOBAHUX ype-
taHoM. Ilig yac momaBanHg KartajizaTopa Biji-
OyBa€Thcsl TOBHA IIOJIMEpH3alliss MOHOMEpIB.
3arosriMepu30BaHnil  MaTepial sIBJIs€  cOOOIO
BHCOKOEJIACTUYHIN BOJOHETIPOHUKHUI Oe31110B-
HUIl TOKPUB 3 BUCOKUMHU XapaKTepUCTHKaMU
TPIIIUHOCTINKOCTI.

[Toxkazuuky  Pi3MKO-TEXHIYHUX BJIACTUBOC-
Tell  Tifpoi3ossIiiiHoi  MeMOpaHW — HaBeIeHO
B TabJIHII 5.

[Ti yac yarmyBaHH TiIpoi30JisIiitHoT MeMO-
paHM Ha OCHOBI METUJIMETaKPHUJATy METOI0M
OE3MOBITPSHOTO ~ PO3IUJIEHHST  PEKOMEHI0BAHO
BJIAIIITOBYBATH JIBA IMIAPH 3 METOIO JOCSATHEHHS
TOBIIUHU CYXOI IUIIBKU TTOKPUTTS KOKHOTO I1aPY
He MeH1ie Hizk 1,0 MM ab0 O1H 1Iap 3 TOBLIMHOO
CyXOl IJTIBKU He MeHIIIe Hix 2,0 MM.

[iapoisosrsimiiina MemOpaHa He TIOBMHHA Mic-
TUTU KOMIIOHEHTIB, 1[0 BUKJUKAIOTh KOPO3iliHe
PYVHYBaHHS METaJly.

Y BuNaZKy HaHECEHHS TiIPOi30JAIil  Ha
00’€eKTi OYAiBHUIITBA, 10 TI0YATKY HAHECEHHS IijI-
POI30JISAIIHOI CUCTEMU BUKOHYIOTh TaKi 3aX0/1:

— Ha JIUISTHIT BUKOHAHHS POOIT 3aBEpIIyIOTH
3arasibHOOY IiBe/IbHI POOOTH;

— 3abesmneuyioTh 06'€KT yciMa HeOOXiTHUME
T1IPOI30JILIIINHUMY MaTepiajlaMu;

— [epeBipsAlTh  BIMOBIAHICTD  MMOXWJIIB
MOBEpPXHi, Ha $SKY TiJIPOi30JAIlisl HAHOCUTHCH,
IPOEKTHUM BeJINYMHAM;

— 11epeBIPSA0Th HAIIMHICTD CUCTEMU BOJIOBIJI-
BeJIEHHS;

Ta6auus 4. Ilokazuuku BisUKO-TEXHIYHUX BIACTHBOCTEH IPYHTOBKH

HopmatusHhi
Ha3zBa noka3HuKiB 3HAYEHHS
MOKa3HHKIB

1. liana3on temiiepatyp Ha"ecenHs, *C 5—30
2. JKurrespartricts 3a 20 °C, XB He MeHIIIe HI%K 15
3. Yac nojrimepusaitii 3a 20 °C, XB, He MeHIIIe HiXK 30
4. Mi"iMaJbHUH Yyac BUCUXAHHS ITPYHTOBKM /0 HAHECEHHSI MIEPIIOTO Mapy
ripoi3oAIiiiHol MeMOpaHu, XB:

30 °C, 1e MeHIIe HixXK 30

20 °C, ne MeHIIe Hi’K 60

10 °C, ne MmemIIIe Hi%K 90

5 °C, He MeHl1IIe HIK 180
5. B’askictb 3a 25 °C, MIla - cex 100—130
6. [11isibHiCTD, B PiZIKOMY CTaHi, r/cM®, He MeHIIe HijK 0,99
7. MinnicTb Ha po3puB, MIla, He MeHIIIe HixK 10,0
8. BijiHOCHE 110I0B)KEHHSI HAa PO3TATYBaHH: (€JaCTUYHICTD), %, He MEHIIIE HijK 62
9. TenocTiliKicTh, He MeHIe Hix, *C 230
10. MimHicTb 34erieHHd 3 ocHoBoio, MI1a, ne MemnIre HixK
— 1leMeHTOOeTOHHA 0,3
— crajeBa 0,3
11. MimHicTh Ha yap, He MeHIIe HiX, CM 30
12. XimiuHa CTIfKICTh — CTIAKICTD /10 /il KUCJNX, JTY>KHUX, COJIbOBUX PO3YNHIB Crilki
i HahTOTPOYKTIB
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Ta6mmug 5. ITokasuuku BisHKO-TEXHIYHMX BJIaCTHBOCTEN TiPOi30sIiiiHol MeMOpaHu

Ha3zBa nokasnukis

HopmaTtuBHi 3HaYeHHS
IOKa3HUKIB

1. Kouip Ta Buj

[Ticsist BUCUXaHHS yTBOPIOE piBHE,
OJTHOPIHUI TOKPHB OisI0TO,
CIpOTO UM 3KOBTOTO KOJIbOPU

COJIbOBUX PO3UMHIB i HAPTOMPOITYKTIB

2. [liarmazon Temnepatyp HaHecenHs, “C 5-30
3. JKurresnarnicts 3a 20 °C, XB He MeHIIIE HIXK 15
4. Yac nmosrimepusaitii 3a 20 °C, XB, He MEHIIIE HiXK 60
5 Yac BucuxanHs /1o CTyIeHs 3, XB:
30 °C, me MeHIIIe Hixk 30
20 °C, He MeHIIIe HiXK 60
10 °C, He MeHIIIE HIZK 90
5 °C, He MeHIIIe HiX 180
6 1LisibHiCTD, B PiIKOMY CTaHi, I'/cM?, He MeHIIe HixK 1,1
7 Boponornuuanus, % 3a Macolo, He Oliblie Hix 1,0
8 Minnicts Ha po3pus, MIIa, He MeHIIIe HixK 10,0
9 BigHocHe NOOBKEHHS Ha PO3TATYBaHHS (€JTaCTUUHICTD), %, He 100
MEHIIIe HiXK
10 TemtocTifiKicTh, He MeHIIIe HiXK, “C 230
11 MirmHicTs 3ueraenHs 3 ocuoBoo, M1la, e Menre Hix
— cTajeBa 0,3
12 MittHicTb Ha yziap, He MEHIIe HiX, CM 30
13 Ximiuna CTiKiCTh — CTIHKICTD /10 il KUCTUX, JTY;KHUX, Critiki

14 MoposocTiiikicTb (3a TemmepaTypu 25 °C)

Burtpumye naBanrary

15 PexomenioBaHa TOBIMHA CYXOi TIJIiBKU KOKHOTO THAPY 1000
B JIBOLIAPOBOMY MOKPUTTI, E, 3rijiHO 3 JCTY EN 1062-1, MM, He

MEHIIIE HiXK

16 PexomenioBaHa TOBIIUHA CYyXOI TIJIIBKA B OJTHONIAPOBOMY 2000

nokputti, ES 3rizno 3 ICTY EN 1062-1, MKM, He MeHIIIe HixK

— 3a0e31evyioTh CyXiCTh MOBEPXHi, Ha SKY
T1/IPOI30JIA1i5I HAHOCUTHCS;

— TOTYIOTH JI0 POOOTH yCTaHOBKY GE3MOBITPsI-
HOTO PO3IUJIEHHST;

— MPOBOAATH IHCTPYKTAXK HA POOOYOMY MiCILi;

— 3amobirafoTh TepecyBaHHIO MPAIliBHUKIB
Ta MeXaHI3MiB 110 HaHeCeHUX Iapax TiJ[poi3o-
JIAIIIL

BucuoBku. B po6oTi y10cKOHAIEHO Ta ITiIBH-
MmeHo e(MEeKTUBHICTh aHTUKOPO3iIMHOTO 3aXUCTY
JIOPOKHIX BOJOIPOIYCKHUX TPYO 3 MeTaJeBuX
ropoBaHUX KOHCTPYKINH 3a PaxyHOK 3aCTOCY-
BaHHS JI0/IATKOBUX TiPOi30JISAIIHHIX TOKPUTTIB
Ha OCHOBI METUJIMETAKPUJIATY 31 BCTAHOBJIEHHSIM
(hi3MKO-TeXHIYHNX BIACTUBOCTEN /10 KOMIIOHEH-
TiB T1/[POi30JIAIIIHOI CUCTEMMU.
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APPLICATION OF METHYL METHACRYLATE COATINGS FOR PROTECTION
OF ROAD WATER PIPES MADE OF METAL CORRUGATED STRUCTURES FROM
CORROSION

Abstract. Today, road culverts made of corrugated metal structures are used with a span of 40 m
and are a composite soil-steel system and are widely used in the field of transport construction.
Road culverts made of corrugated metal structures are economical, aesthetically attractive, have the
advantage of quick construction with minimal maintenance in the future, the estimated service life is
usually from 50 to 100 years.

Road culverts are operated in difficult conditions that cause the development of corrosive effects on the
metal of the structure, and the metal itself requires proper protection to ensure the reliability and durability
of the structure as a whole. Constantly operating in wet conditions, road culverts made of corrugated
metal structures are subject to corrosion and abrasion due to environmental influences. Corrosion occurs
in several places, on the surface in contact with the soil, on the inside of the pipe where flowing water
is present, or on the surface exposed to air. This is due to aggressive substances in the air, water or soil
backfill material, such as salts, metals or other aggressive chemicals. Corrosion is the main cause of the
destruction of metal structures. The rate of degradation of materials depends on environmental conditions.
The expected service life of road culverts is determined by the durability of the material and the durability
of the structure. The durability of the material refers to the ability of the pipe to resist wear due to the
natural processes of corrosion, abrasion and erosion. When designing road culverts from corrugated metal
structures, it is important to understand the environmental conditions throughout its service life in order
to assess the suitability of the material. To ensure compliance with the design service life requirements, the
steel structure is protected with an anti-corrosion coating.

The paper proposes requirements for additional polymer waterproofing systems applied by liquid method.
Key words: aggressive environment, waterproofing coating, road culvert, corrosion, methyl
methacrylate coatings.
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TPAHCO®OPMAIIA MICBKOTO CEPEJOBUIIA YV HAIIPAMI BE3SBAP’EPHOCTI

Anomauisn. Cmeopenns be3dap’'eprozo Micbk0zo cepedosuwa € KiuosUM NPIOPUMENOM CYUacHoi
noximuxu ypoanicmuxu ma couianvnoi inkmosii. [ls mpancgopmais noiseae ne iuwe 6 adanmauii
ingpacmpyxmypu 015 modeil 3 ieanionicmio, ae i y sabesneuenii KoMpopmuozo ma beneunozo
docmyny 00 6Cix MICOKUX NOCIY2 | NPOCMOPIB OISt 6CIX MATOMOOUILHUX ZPYN HACCLCHHS, BKIIOUAIOUIL
JUmuix 100eil, 6a2imuux HIHOK, 6amvkie 3 QumauuMy 6i3Kamu ma ocié 3 MuMUAcoBUMU 0OMeNceH -
Hamu 300po6’st. Exonomivnuil, norimuunuii ma couianvhuil ycnix 0epicasu 3aniexcamny 6id nocmii-
H020 PO3BUMKY Ma Mpanchopmayii.

Couianvra ma exonomiuna yinHicmo iHKI03u6H020 Micma € bessanepeunoto. Bono ne minvku nio-
suuye SKicmy Jcumms 01 HAUOLIbUL BPAIUBUX BEPCME HACCIEHHS, dle T CNPUSE 3a2aTbHOMY
PO3BUMKY 2poMaAOU, 3MiyHeNHI0 008ipu ma coyianviiil zypmosanocmi. Cmeopenis. besbap’eprozo
cepedosua — Ue THEeCMulis 6 CAIUL PO3BUMOK, W0 3a0e3neuye PisHi MOICIUCOCTE Ma KoMpOpm
015 KONCHO20 MewKanys 6e3 6UHMKY.

Hauionanvia cmpamezis 3i cmeopenis besdap 'eprozo npocmopy 6 Ykpaini ma 6ionosioni depacasii
Oyoisenvii HOpMU 3aKIA0AIOMb NPABOBY OCHOBY OJLSL UUX 3MiH, POOLAULU BUMOZU U000 JOCTYNHOC]
0006 ’3K08UMU Ni0 Uac H0B020 OYJisHUYMBEA, PEKOHCMPYKUIT Ma Kanimaivhozo pemormy 00 ckmis.
Cv0200Hi OCHOBHUMU 3PA3KAMU CYCHITLHUX B3AEMUH Y CYUACHUX ZDOMAOAX CMOCOBHO T00elL 3 iHBA-
JUOHICIO € THKII035, WO SPYHMYEMbCS. HA BUSHANHT 0COOUCTIUX JI00CHKUX 6IOMIHHOCTEN MA 2apa-
myeanni im pignux npas. [o106Ha KOHUENUIS IHKTI03UBHO20 MEMOOY NOLAZAE 6 TNOMY, U0 U0 3AMICTMD
mozo, abu 100U NPUCMOCOBYBANUCS 00 CYCHILHUX, COUIANLHUX, eKOHOMIUHUX 36’S3Ki6, COUiyM
Mycumo opmyeamu 6ionosioni 06cmasunu 0iis 3a00601HHS HCUMMEBUX NOMPED KOHCHOT 00UHU.
Dopmysanns docmynnozo 006K 015 PYHKUIOHYBAHHS YCIX UNEHIE MEPUMOPIATLHUX CRILLHOM
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€ CYCNIILHUM HAOOAHHSM i MICHO KOPEIOE i3 COUiANbHO-eKOHOMIUHUM NPoZpecom yciei deparcasi,
momy wo be3nocepedivo 6IUBAE HA saayuenicmy 0Ci6 3 iHeaniOHiCMIO Y 6eCh Cnexmp J00COKUX
npas, 6zazzpae BAIICTUBY POLD Y (OPMYBAHHL THKIIOIUEHO20 COULYMY 3A2ATOM.

Couianvna iHKI03is — e Npouec CMeopPeHHs CYCNLIbCMBa 0t 6CiX, Y SKOMY KOJCHA 0co0a, He3a-
aexcHo 610 il indueidyanvnux GiOminHoCmeld (QI3UUHUX, COUIATDHUX, KYIbMYPHUYX, eKOHOMIY-
HUX MOW0), MAE PIBHT NPABA, MONCIUBOCNE MA Pecypcu 0Lk NOBHOUIHHOL Yuacmi 6 yYcix acnexmax
scumms. Ile nowsmms euxodumn 3a mexci npocmoi moepawmuocmi ma nepedbavaec axmusne
ycynenns cucmemnux 6ap’epie i duckpuminauii. Bnpoeadicenns 6esbap’eprnocmi 6 po3eumox micm
€ 0COONUBO AKMYATLHUM 8 CYYUACHT YKPaiti.

Pociiicvko-yxpaincvka eiiina we Oinve niokpeciuna HeoOXIOHICMb Iy 6NpoOBadscenti KoHyenyii
IHKII03UBH020 Cepedosulla 8 PO3eUmKY micm Ykpainu.

Kniouo6i croea: inkmosuene cepedosuuye, 00cmynnicmo, ynieepcanvHull 0u3ain, Couiaivia

IHK110315, coyianvHa Oe3nexa depicasu.

ITocraHoBka mpoOsemu. Maiike dYoTHpH
POKH GE3YIMIMHHOI POCIiIChKO-YKPaTHChKOI BilfHN
Ta 11 HACJiIKK JIJIST YCiX BepCcTB HaceJeHHs (op-
MYJIFOE TEMY J1JIsi 0OTOBOPEHHST Ta KJIIOUOBY METY
J1J1S TIOJIITUKIB, JIiZIepiB TPOMaJl, MiCbKUX TIJIaHYy-
BaJIbHUKIB 1010 CTBOPEHHS iHKJIIO3UBHOTO cepe-
nosuia. [HKIO3UBHE cepezioBuIIe — 1 Miclie,
JIOCTyTIHE 1 3pyuHe Il BCIX JIIOJIeid, He3aJIeKHO
Bifl iXHIX (DI3UIHNX MOKIUBOCTeN. BakiuBicTb
1HKJIIO3MBHOTO cepejloBUIIlAa He3allepeyHa: BOHO
He TiJTbKU MOKPAIILYE SIKICTh JKUTTST MaJTOMOOITh-
HUX TPOMaJsH, a W poburh GisHec mpuBadIuU-
BIIIMM JIJIsI HIMPOKOI ayAUTOPII.

AHami3 ocTaHHIX Kepea i myOJiKariii.
BuBueHHHSIM THMTaHHS CTBOPEHHS <IIPOCTOPY
JUIS BCiX» 3aiiMasiuch 1 BiTYn3HsHi, i 3apyOixkmi
noxituku. H. M. Bupko y cBoiii pobori «IIpi-
OpUTETHI TIAXOAU YHIBEPCAJIBHOTO [U3ANHY»
JIa€ BU3HAUYEHHSI MOHSTTIO «IHKJIO31s» HACTYII-
HUM yHOM [1]. [HKTI031s — 11e KoHIemnis, 110
nepegbadac CTBOPEHHSI CYCIILIbCTBA, e KOKHA
JIIO/INHA, He3aJIeXKHO BiJl 11 1HUBIyaJbHUX OCO-
OJIMBOCTEN, MAa€ MOKJIUBICTD MOBHOIIHHO OpaTh
yuacThb y BCiX cpepax sKUTTS, B/l OCBITH Ta Ipaili
JI0 KyJBTYPHUX Ta COlliaibHUX 3axo/iB. [le mij-
Xi/l, CHPSIMOBAaHUII HAa CTBOPEHHSI CepeIOBUIIIA,
SKe CIIPUSE PIBHOCTI, B3AEMOPO3YMIHHIO Ta B3a€-
MO/1ii BCIX IPYI CYCHIJIbCTBA.

3a crosuukom I. I. Bacusbesoi i B. B. JIwoba-
pellb, colliaibHa 1HKJIIO3id — 1€ «IIpollec 3MiH
y TOJIITUYHIN, €KOHOMIUHIH, colianbHill cde-
pax, CIpPsSIMOBAHUI HA YTBEPKEHHS COIiaIbHOI
piBHOCTI» |2, c. 44)].

O. O. Crpesbnikona ta H. O. €cina BusHava-
I0Th 1HKJIIO3110 K CIIPSIMOBAHY Ha BpaxXyBaHHS
noTped PisHUX COMiaNbHUX TPYII, 3abe3TeueHHs
IXHBOTO JIOCTYITY JI0 PECYPCIB Ta IOCJYT, a TAKOK
Ha TIOI0JIAHHA CTEPEOTHINB 1 AUCKPUMIHAILI.
CorriasibHa iHKJII03151 TpaTHe 10 CTBOPEHHS CIIpa-
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BE/IJIMBOTO Ta B3aEMOPO3YMIIOUOTO CYCIIJIbCTBA
[3, c. 242-247].

[TutanugamMu  10/10 BU3HAYEHHS 1HKJIO311
takox 3animanucs O. JI., Ilonosa, O. P. Illu1p,
T. O. 3inuyxa ta inmi. Cepen 3apyOiKHUX
NOCJIIHUKIB 3 IIbOTO IITUTAHHS MOYKHA BUIII-
mutn M. Iyngep, A. Mapnaninyp, M. Cacaxi,
M. [Taranoni.

Merol0 CTaTTi € BUCBITJIEHHS HEOOXiZHOCTI
cTBOpeHs Gesbap’epHOro MPOCTOpy B YKpaiHi Ta
BUCBITJIEHHST TIOTOYHOTO CTaHY 1[bOTO ITPOCTOPY
B JIepsKaBi.

Pesyabratu pocaigxens. OO0B’ 130K colli-
aJbHOT JIepsKaBH MO0 0¢ib 3 00MEKEHOI0 PyX-
JIUBICTIO TIPOSIBJASIETHCS Y (popMyBaHHi TTPaBo-
BUX, €EKOHOMIYHUX, TOJITUYHUX, COI[iaJIbHUX,
NCUXOJIOTIUHUX Ta IHIIUX MepeiyMoB s
rapaHTyBaHH4d IXHIX MpaB Ta CIPOMOXKHOCTI
Oparu y4acTh y TPOMAJChbKOMY KUTTi HapiBHI
3 IHIIUMHU TPOMaJsIHAMM, 30KpEMa: BUSBJIATU
Ta JIKBiZyBaTH HEPeIIKoAu i 6ap’epu s pea-
Jri3aiii mpas Ta 3a[0BOJIEHHS TOTPe0, BKIIOUYHO
3 TUMMU, 110 CTOCYIOTHCS AOCTYIY 0 TPOMaj-
chbKHUX OyJiBesb, 61ar0yCcTPOIo, TPAHCIOPTHUX
MepexX, JOPOXKHBOTO CepBiCy, BiJloMOCTell Ta
KOMYHIKaIliil, 3 orisgay Ha ocobucti 3ai6HO-
cTi, MOXKJIMBOCTI Ta ymomxobaHHsS—HaBYaHHS,
IpaleBIalTyBaHHs, CIOPT Ta (hi3MUHA aKTUB-
HICTh, MeIMYHA OIliKa; COI[laJbHUN 3aXUCT;
3abe3levyeHHsT BUKOHAHHS iHIWBiAyalbHUX
MJIAHIB BiJIHOBJIEHHI KUTTEMISIBHOCTI 0Ci0
3 1HBAJIIHICTIO; HAJJATU TPUCTOCOBAHE KUTJIO
[4, c. 24].

Ax 3aznaveno y Konseniii OOH mpo npasa
Jofiell 3 IHBAIIIHICTIO — <«JIOCTYIHICTb» Mae
3abe3reuyBaTi  OJHAKOBUI TIPYHT KOKHOMY,
He3aJIeKHO BiJ Jofieil 3 HabyTumu BagaMu. Lleit
npuHIUT KoHBeHIii € TPOBITHIM Ta CTOCYETHCS
ycix cTopiH ii BrizeHusg |9, 6].
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HocrynHicth — € 3abe3ledeHHs PIBHOTO
NOCTYITy yCiM BepcTBaM HaceJeHHS 10 (isud-
HOTO OTOYEHHS, TPAHCIOPTY, BiZIOMOCTEN Ta
3B’13Ky, 1H(OpMaIiliHO-KOMYHIKaIlIifHUX —TeX-
HOJIOTII Ta CUCTEM, a TaKOX 0 1HIIMX 00 €KTiB
Ta MOCJIYT, SIK Y MICbKUX, TaK 1 B CIJIbCbKUX MiC-
1IeBOCTSX. [7].

JloCcTylHICTh TIPOSBJLETBCSA TaM, Jie 3HUKA-
I0Th il aHTWIIOAM — TepernoHu i Gap’epw, SKi
YMOBHO 00’€IHYIOTbCSI B Taki rpynu: (isudHi,
iHdopMmalliiiii, MeHTaJIbHI, IHCTUTYITIIHI.

Bigomo, 110 nep:xaBu B yCcbOMY CBIiTI BUMa-
raloTb JOTPUMAHHS CTaHAAPTIB JIOCTYITHOCTI
11 3a0e3IeUeHHs TIpaB JIofeil 3 0OMEKEeHUMI
MOSKJIMBOCTSIMU Ta TPYII JIFOZIei 3 0OMeKEHHSIMU
PYXJIMBOCTI, SIK-OT BTparta CJIYXY, HEJYTH OMOpP-
HO-PYXOBOTO amapary Ta mopyiieHHst 30py. Lli
HOPMU MalOTh BUPIilllaJibHe 3HAUEHHS I/ T10J1i-
TUYHOI, COI[Ia/IbHOI Ta €eKOHOMIYHOI BasKJIUBOCTI1
TOCTYTIHOCTI [4, . 24].

Tak, Ko/ posrisgacTbest be3bap epHuil mpo-
ctip y [lanii, rOBOPUTHCS HE MTPOCTO PO TeXHIUHi
HOpMH ab0 HasIBHICTH TIAaHIYCiB. 3BEPTAETHCS
yBara Ha 11y ¢isocodito, gKa HA3UBAETHCS
«yHiBepcasbHUH in3aiiHy. OCHOBHA CYTh Y TOMY,
mob 3 CcaMoro TOYaTKy IPOEKTYBATH MiCTa,
OyZIMHKHM, TPAHCIIOPT Ta TPOMAJCHKI MiCI Tak,
KOM(OPTHI /IJIT HAWIIMPINOI KiJTBKOCTI JIofiei
6e3 Oy/Ib-SIKUX TOAAJIBIINX MePEPOOOK.

[le o3nauae, 1O Take cepeiioBUIlE 3PyuHE
He Jiulle s JIIOJAWHU Ha 1HBAJIITHOMY BI3KY,
a i A1 MaMU 3 JUTSYUM Bi3KOM, JJIS JIITHBOL
JIOJIMHU 3 TAJIALIEI0, Il IUTUHU. Y pe3yJbTari
MICTO CTa€ MO-CIPaBKHBOMY 3PYUHIM JIJIS BCIX.

Ha npakTuii 1ie Bursisgiae sk moBHa BiACYT-
HicTb OOPAIOPIB HAa TPOTYapax, KOJM TMIIIOXiTHA
Ta TPOI3HA YAaCTUHW CTAHOBJSATH €IUHY PiBHY
MOBEPXHIO, 110 3PYYHO 1 /i Bi3Ka, 1 /111 BeJo-
cuniezia. Ile rpomazichkuil TpaHCTIOPT, Jie PiBEHb
mimorn aBrobyca TOYHO 30ira€Tbcst 3 piBHEM
TPOTyapy, TOMy 3alTH MOKHA 32 KiJIbKa CeKyH][
6e3 Oymp-stkoi pomomorn. Ile iHTyiTHBHA HaBi-
raiisg Ta JOCTYNHICTb iHdOpMaIlii ajas Jiogein
3 MOPYIIEHHSIMHU 30py abo ciyxy. AJsie Haiiro-
JIOBHiIIIEe — 1€ 3MiHa y CBIIOMOCTI. Y JIaHIIB 1€
He PO3IJIA/IAETHCS SIK <ITiJIbTa JIJIT MEHIIUHUY,
e CHPUIMAETbCS IK HOPMa 1 3PYYHICTH JJIs
KOKHOTO. ToMY HIXTO He JMUBYEThHCS, MOOAUMIIN
JIIOJIMHY Ha Bi3Ky B 3BMYaitHOMY Kade um odici,
60 BeCh IIPOCTIP /10 1IHOTO IPUCTOCOBAHUIA.

Ieit migxig mokasye, mo Kouu Oesbap’ep-
HICTh CTA€ HEe BUMYIIIEHUM BUKOHAHHSM 3aKOHY,
a YaCTWHOIO KYJBTYPH TLIaHYBaHH:, TO BUTPa-
10Th yci, 60 MicTO cTae 6imbiT GyHKIIOHATLHUM
i KOMOPTHUM JIJIsT AKUTTST Oy Ib-SIKOT JTIO/[IHH.

Y JlaHii € piJIKiCTIO BUTJISA/ TIAHYCY, SIK OKpe-
MOT0 He3rpabHOTO eJIeMeHTY. APXiTeKTypHa IyMKa
MpaIfioe Ha BUTIEPE/KEHHS: MTAHyC € OPraHiYHOI0
YAaCTUHOIO 3arajibHOlI KoMnoauilil. Haitnommpeni-
HIMM PIllIEHHAM € MOEJAHAHHS CXO/IB Ta MaH[yCy
B €IMHOMY apXiTEKTYPHOMY CePe/IOBUIIL, /ie MaH-
JyC YacTO Ma€ BUIJIS MUPOKOTO, TIOJIOTOTO CITy-
CKY 3 HaTypaJIbHOTO KaMeHI0 abo OETOHY, iHTerpo-
BaHOTO ITPSIMO MixkK cxoamu, puc. 1 [8].

[laHisg BIIpOBa/Ky€e 1HHOBAIIMHI MiIXOAU 10
CTBOPEHHS 1HKJIIO3UBHOTO JKUTJIOBOTO Cepejio-
BUIIA, /Ie KOKEH MelllKaHellb Ma€ PiBHI MOKJIU-
BOCTI /11T KOM(OPTHOTO TIPOKUBAHHS.

Puc. 1. llpuknan mpoekTyBaHHSI MiChbKOTO IpocTopy, Jlanis
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OpHuM 13 HAMBIOMITIINX TIPUKJIA/IIB € JKUTJIO-
suii komiuteke 8 House (8 Tallet) y Konerrareti,
3anpoekToBanuii apxitexrypuum 6ropo BIG. et
VHiKaJIbHUI T1poekT, 3aBepienuii y 2010 pori,
ob'enHye 476 KBapTHp PI3HUX THUIIB — BiJ HeBe-
JIMKUX CTY[IN JI0 IPOCTOPUX CIMEMHUX arapra-
MEHTIB. APXITEeKTOPU BIIMOBUJIMCS Bijl Tpajui-
IITHUX CXOJ/IIB HA KOPUCTbh MOXWJIMUX MaH/AYCIB,
1o 3abesneuyye Oe3nepepBHUIl OCTYI JI0 BCiX
piBHiB KoMmILTekcy. OcobnuBy yBary MpULIEHO
CITJIBHAM ITPOCTOPaM JIJISI coltiasizaiiii, BKIoJa-
104U JIBOPOBI TEPUTOPIl 3 30HAMU BIIMIOYMHKY Ta
IUTSYUME Malianankamu [9].

YHacHiOK  MPaKTUYHOTO  BIIPOBA/KEHHS
3acaji IPOTPaMHUX JIOKYMEHTIB CTOCOBHO 1HKJIIO-
3ii Ta Gesbap’eprocri B €C yxBajeHo Taki iHi-
miaTuBu: €BPONENCHKUN aKT PO JTOCTYIHICTb,
SIKU{ BCTAHOBJIIOE BHUMOIM II[OI0 TPUAATHOCTI
ToBapiB 1 nocyr; [lonoxenHs npo npasa naca-
KUPIB 3 00MEKEHOI0 PyXJIuBiCTIO; [MpeKTHBY
PO JIOCTYIHICTh BeO-CTOPIHOK, 3aBASKM SKIii
BeO-caiiTh 3arajlbHOrO BKUTKY CTaHYTh JTOCTYII-
HIIUMU JUIS JIIOJed 3 1HBaJIIIHICTIO; 30BHIIIHI
Jil 1010 TIOMYJIApU3allil JIep;KaBHUX Mporpam
1 TIPOEKTIB TPOMAJISIHCHKOTO CYCILIbCTBA, IIijI-
TPUMKA 3YCUJIb YPSAiB-MIAPTHEPIB IOA0 3aTPO-
BaJIPKEHHST Ta HATJISILY 3aX0/iB 3 iHK/I0311 / 6e3-
6ap’epHocri [10].

KomruiekcHuit  xapaktep — €  CIILJIBHOIO
PUCOI0  CTPATEriyHUX JIOKYMEHTIB €BpOIIeii-
CbKMX JlepKaB HIOZ0 1HKJI0311 Ta JOCTYIHOCTI.
[le o3nauae, 1O KOXKEH OKPECJCHUN HAIPSIMOK
JIOTIYHO TIOB’SI3aHUII 3 THITUMM HATPSIMKaMHu,
11106 MaKCUMi3yBaTH BIUINB CUCTEMHU Ha IiJIbOBE
cepeloBUIILE.

BianosiaabHiCTh COIiaIbHOL IepKaBy MI0/10
Jofieit 3 0OMEKEHOI0 PYXJIUBICTIO BUSBIISETHCS
y CTBOPEHI MPaBOBUX, €KOHOMIYHUX, TOJITHY-
HUX, COI[iaJIbHUX, TICUXOJIOTIYHUX Ta IHIINX
YMOB JiJIst 3a0€e3IeueH st IXHIX MpaB i CIIPOMOK-
HOCTell OpaTW y4acTh y CYCIHIJIBHOMY JKHTTI
HapiBHi 3 iHMmMMMuU TpomagHamu [11].

Crana HeoOXiHICTh 320€3MeYnTH ONMTUMAITh-
HUN  gocTym 10 OO’€KTiB  IPOMAJCHKOTO
BUKOPHUCTAHHS, 3111 e(hEeKTUBHOTO IMiIXOIY
B TI0JI0JIaHHI 130/l Ta 3a0e3MeyeHHsT PIBHIX
npaB i MOKJWBOCTEH Jlofieil 3 1HBaJIiHICTIO,
npuiiManiocsi 'y Cranpaptaux npasuiax OOH
1010 3a0€e3MeUYeHHsT PIBHUX MOKIMBOCTEN /ISt
moziel 3 iHBasiHicTIo mounHaioun 3 1993 poky,
a caMme: JiepsKaBy MMOBUHHI TTOYATH 3alTPOBAIKY-
BaTH BI/IIIOBI/IHI 3aX0/I1 JIJiI YCYHEHHS MeperoH
Jid TiepecyBaHHsl Y (Di3UUHOMY  CepeloBUIILL.
Takumu 3axogamMy MOBUHHA OyTH PO3poOKa
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HOPM Ta HACTAHOB, a TAKOK PO3IJIS/ 3aKOHO/IAB-
cTBa JIst 3a0e3MedeH s IOCTYITY 10 PisHuUX cdep
CYCIIJIBCTBA, SK-OT JKUTJIO, CIOPYAU, TPOMAJ-
CHKUI TPAHCIOPT Ta iHII TPAHCIOPTHI 3acO0H,
ByJIulli Ta inmmi nmpocropu [12, c. 128; 13].

YkpaiHa 3arBepjuJa IJISX 1HTerpaiii /10
€BPOIIECIICHKOI Ta CBITOBOI CIIJIBHOTH 4epe3
HU3KY MIKHAPOIHUX MPABOBUX aAKTIB, IO MaJn
MeBHUIT BIJTMB Ha (POPMYBaHHS HAI[iOHAJIbHOI
JIepsKaBHOI TOJIITUKU Ta MPAKTUKK 100 3a0e3-
IIeYeHHsI OJIHAKOBUX MOKJIUBOCTEN JIJIs1 BCiX
IPOMa/ISiH, BIPOBA/KEHHS MPUHIUIIB JOCTYII-
HOCTI y pisHi chepr KUTTEMIATBHOCTI 0CiO
3 IHBAJITHICTIO.

MixkHapo/iHi TpaBOBi aKTH, cXBajeHl YKpa-
iHOI0, € HOpMaMM MPsIMOI JIii Ta MYCSTb BUKO-
HYBaTHUCS.

30 sucronaza 2018 poky yxBajieHO Haka3s
MiHicTepcTBa PerioHaJIbHOTO PO3BUTKY, OYIiB-
HUITBA Ta KUTJOBO-KOMYHAJIBHOTO TOCTO/AP-
crBa Yipainum Ne 327 Jlepxkasni OyziBesbHi
Hopmu  B.2.2-40:2018 «Iuksro3uBHicTh  Oyii-
BeJib Ta criopy» (nani — /IbH), mo ynopmoBye
[UTaHHS (HKJIIO3UBHOCTI OyaiBesb Ta 3aKoH
Yxpainn Big 16.01.2020 Ne 473 Ilpo BHeceHH:
3MiH 10 3akony Ykpainu «IIpo perysmoBanHs
MicTOOYIIBHOT [ISIBHOCTI» OO TOCHJICHHSI
3axucTy ocib 3 iHBaJIiAHICTIO Ta iHIINX MaJo-
MOOILIbHUX BEPCTB HACEJEeHHs IIPU 3/1HCHEHH]
MicToOyaiBHOI mistibHOCTI [14].

30 yepBus 2021 poky yxBajieHO TOCTAaHOBY
Kabinery Minictpis Yxpainu Ne 668 cro-
coBo Ilopstiky obsarmityBaHHst 3aco06iB 6e3-
[EPENIKOHOr0 JIOCTYIy 0cib 3 iHBasigHICTIO
Ta IHITHX MaJOMOOIIBHUX TPYIl HACETEHHS [0
OyIMHKIB, OyziBesb, CHOPYA OYAb-SIKOTO TIPH-
3HAUCHHH, X KOMILICKCIB Ta 4acTWH, 00€KTiB
iHKEHEPHO-TPAHCIIOPTHOI iH(ppacTPyKTypH abo
iX PO3yMHOTO ITPUTIACYBAHHSI.

Y cyyacHOMy CBiTi IHKJIIO3UBHICTD CTasla He
IIPOCTO MOJIOI0, a MOTpeboto, 10 Bigobpakae
3pOCTAIOYUIi TIOMUT Ha JOCTYIIHI Ta 3PY4Hi MPO-
cropu i ycix rpomazisga. Came Tomy 1 TpaBHS
2025 poxy nabpaau uymHHOCTI OHOBJeHi [lep-
kaBHi byaiBesbHi Hopmu Ykpainu “IHkimo3ns-
HicTh OymiBesb i ciopyn. OcHOBHI TOMOKeHHs”
(IbBH B.2.2-40:2018), mo MicTtaTh 3MiHU
Ne 1 ta Ne 2 Ta ipejictaBJieHi B OHOBJIEHOMY T€K-
cri 2025 poky [16, 17].

To6T0 M1t GaurimMo, 110 iize GesymuHHa podoTa
HaJl 3aKOHO/IAaBUNMU JIOKYMEHTAaMU 3a/IJIs1 CTBO-
penns 6e36ap’€pHOro cepefoBuIla B HAMIIN gep-
kaBi. OHOBJIEHHS ICHYIOUMX OY/iBEJbHUX HOPM
rOBOPUTH TPO Te, IO po3noyanach iHdopma-
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miliHa poboTa 3 HACEJEHHSIM, /Iy Th OMUTYBAHHSI
3 BIAIMOBIZIHOIO KATETOPI€0 JIOJeil 3a/J1s1 OTPU-
MaHHs HeoOXigHol indopmartii oo kombopr-
HOCTI nepeGyBaHH iX y OY/Ib-IKOMY TIPOCTOPI.

Ase TocTa€ NMUTAHHS — YW JHCHO BUKOHY-
I0ThCS 3MIHM IM0/I0 peasizaltii npuiinsaroi Harti-
OHAJIbHOI cTparerii 3i cTBopeHHsT 6e36ap €pHOTO
npoctopy B Ykpaini g0 2030 poky 3a imirmia-
TUBU Tiepiioi Jyiei Ykpainu OJenn 3eieHCbKOoi
«be3 bap’epis» [10]?

Srigno 3 JIbH B.2.2-40:2018 <«luxao3us-
HicTh OyaiBesb i criopyn. OCHOBHI TTOJIOKEHHST»
cropyau moBuHHI OyTH 3abe3nedeHi: GisnuHO©O
MOJKJIUBICTIO Ta KOMGMOPTOM [OCTYIy 1 Tiepe-
MillleHHsT  00’€KTOM, JOBKOJIMIITHBOI TEPUTO-
pi€to, 3100yTTAM HOCIYT; Pi3udHOI O6e3MeKo0
IpK BXOJi Ha 00'€KT Ta mepecyBaHHI 10 HbOMY,
JIOBKOJIUIITHBOIO TEPUTOPIEI0, MPU OTPUMaHHI
MOCJIYT; CIHPOMOKHICTIO BLIBHOTO OTPUMAHHS
BijomMocTeil Tpo 00’€KT Ta MOCTYTH, IO Haja-
I0ThCS; BIJIBHIM OPIEHTYBaHHSAM IO 00'€KTY Ta
TOBKOJIUIITHBOTO TepuTopieto [13].

[Ipore, y GaraThoX BHIIAJKaX HEMOKJIMBO
3alleBHUTU JIOTPUMAHHS OIMX 3aKOHO/ABUMX
HOPM aJMIHICTPAaTUBHUMHU YCTAaHOBAMHU, YCTa-
HOBaMU 1 OpPraHaMu COIIAJIbHOTO OPIEHTYBAHH4.
HaiicrabmuMu ta BificTaJMK JTaHKaM# TapaH-
TYBaHHsI JIOCTYITHOCTI JOBKULIA € obJamry-

BaHHs MiCBKOTO TIPOCTOPY, TIaHyBaHHs Oyiii-
BEJIb Ta CHOPY/IL.

€ BIANOBiIHI TOCTIZKEHHS O/I0 BUKOHAHHS
Crparerii 3i crBopeHHs 6e306ap’epHOro Ipo-
cropy B Ykpaini [19, 20]. Tlig yac 3giificHeHHs
OIIIHKH JIOCTYIy BPaXOBYIOTHCS aJIMIHICTPATUBHI
JlaHi, CTaTUCTUYHA iH(OpMaIlid, HACTIIKI COIli-
OJIOTIYHUX JIOCTI/IKEHb, ONUTYBaHb IPOMAJICHKOI
JLYMKH, MOHITOPUHTY JIOTPUMAHHS TIPaB i CBOOO.
JIOJINHU, 10 TIPOBAIUTHCI OPraHaMU JIepPsKaBHOI
BJIA/I, OPTaHAMU MiCIIEBOTO CAaMOBPS/IyBaHHSI.

Cranzapti JOCTYITHOCTI MYCATb MiCTUTH
TaKi BUMOTM: MOKJIMBICTH OGE3MEPEIIKOAHOTIO Ta
JIETKOTO PYXY /IS JT0Jeil 3 00MeKeHO0 MOO1Ib-
HICTIO B MeKax TEPUTOPil YW MOCJIYT; BXiJ 10
OyaiBii; JOCTyIl [0 jaBepel; Oe3repenKoaHe
HepecyBaHHs MO ILISIXaX CIOJyYeHHs1, Oy/IiB-
JIgX, NPUMINIEHHAX Ta TEPUTOPISX; AOCTYIIHI
MICI BIJIIOYUHKY; CTOCOBHO JIOCTYILY /10 Pi3-
HOMaHITHOTO YCTaTKyBaHHS Ta MeOJIiB; IHPHHH
110 BHYTpIiTHIX cxomiB [21, 22].

Ha npuxnazai mpociaipkeHb, 10 BUKOHaHI
B /BoX MicTax YepHiriBmuuu: Iuni ta Hixkuwi,
a Takok Ha OpermuHi, M. Ozieca, — MOKHA TOBO-
pUTH, IO y3araJdbHIOUi TTOKa3HUKK JOCTYITHO-
cti 1o corianbHoi iH(ppacTpykTypu (GymiBess
IPOMaJICbKOTO BUKOPUCTAHHA Ta TPUJIETIUX 10
HUX TEPUTOPiil) cBiYaTh 3arajoM Ipo ii HU3b-

B loctynHicTs
M 3aranbHa

Puic. 2. PiBetb Ge311e4HOCTI BUKOPUCTAHHS IIPUJIETINX TEPUTOPIIL 10
OyiBeb rpoMazichbkoro Bukopucrantsi, M. Hiskun [19]

B fNocrynHicts
M 3arancHa

Puc. 3. JloctymricTs OyaiBesb COIiabHOT iHPPACTPYKTYPH
y Hixxuni 3a kputepiem «Bxoan/Buxoau; asepi» [19]
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W LocrynuicTs
M 3aranvHa

Puc. 4. Pienp 3abe3nedenss maHmgycamu OyIiBeb 3aralbHOI0 IPOMAIChKOr0
Bukopuctanusd, M. Hizxun [19)]

M locrynHicts
M 3aranbHa

Puc. 5. JloctymHicTb cX0/1iB Oy/1iBesb rPOMajIChKOr0 BUKOPUCTAHHS
VIS JT0jiel 3 TOPYIeHHSIMH 30py Ta OOPHO-PYX0BOTo0 anaparty, M. Hizkun [19]

JlocTynHICTh comiaabHOL IHPpacTPYKTYpH MicTa [uns

JlocTynHICTh comianbHOl IHPpacTpyKTYpH MicTa HukHH

35 36 37 38 39 40 41 42 43 44

Puc. 6. 3aranpna roctynHicTs corianbHoi indpactpykrypu, M. Hizkun, M. [uns [19]

kuii Ta cepenniii piBenn [19, 20]. OTixe, Bimo-
MOCT1 Pe3yJIbTaTiB eMIIIPUYHOTO OCJIi/IKEeHHS
3aCBIMUYIOTh HEIOCTATHIN PpiBeHb 1HKJIIO3UB-
HOCTI colliajbHOi iHGpacTpykTypu M. Hizkun Ta
M. [ung, puc. 2-6 [19].

OO6cTesKeHHST eJIeMEHTIB JOCTYITHOCTI aMi-
HiCTPaTUBHO-AYAUTOPHOTO KOpitycy OiecbKoro
HaIioHATBHOTO KOopirycy OechKoTo HallioHAIb-
HOTO MOPCHKOTO yHiBepcutety, M. Ozneca, moka-
3aJ10 HeIoCTaTHIN piBeHb ocTynHOCTI [20].

BucuoBku. 3arasom, MOKHA BBa)KaTH, IO
HalliOHaJIbHA, 3aKOHO/[aBYa Ta MPaBOBa OCHOBU
110710 3a0e3eveHHs IHTerparil o/l 3 iHBaJIi-
HICTIO Y CYCHiJIbHE JKUTTS Ta peasisallii MpuH-
iy «6e36ap’€pHOCTI» Y TPAKTUYHIH AiSITBHOCTI
HepeBaKHO BiJINOBIIA€ MiKHAPOIHIN MTPaKTHUII Ta
norpebaM MaJOMOOITBHUX TPYI HaceleHHs. Aje
MOHITOPHUHT IIporpaMu 1ozio peasizartii Crpare-
rii 6e36ap’€PHOCTI CBIAYNTD PO Te, MO MOTPIGHO
MOCTIHO TATPUMYBATH B3a€EMOJIIIO 3 BINOBIJI-
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HOIO TPYIIOIO CYCITLIBCTBA, 1100 PO3YMITH OCHOBHI
pobJIeMy Ta HE3PYYHOCTI, 3 IKUMU CTHKAIOTHCSI
MaslOMOOLTbHI TPYIH JIOJel, a TaKoX IIyKaTu
eekTUBHI IHCTPYMEHTH, 10 OYAyTh MOTYKHO
BIJINBATH Ha TpaHc(OpMalliio MiCbKOTO cepejo-
BHIIA Y HATIPsiMi #ioro 6e36ap’€pHOCTi.

mmm JocTynHicth

B 3aranbHe

Pruic. 7. PesyJisratu 06CTeKEHHS €IeMEHTIB
noctynHocti, M. Ozieca, OjiechbKuii HATlIOHATBHI
MOPCbKUI YHiBEpCUTET
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TRANSFORMATION OF THE URBAN ENVIRONMENT TOWARDS BARRIER-FREE ACCESS
Abstract. Creating a barrier-free urban environment is a key priority of contemporary urban policy

and social inclusion. This transformation involves not only adapting infrastructure for people with
disabilities, but also ensuring comfortable and safe access to all urban services and spaces for all
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groups with reduced mobility, including older people, pregnant women, parents with prams and people
with temporary health limitations. The economic, political and social success of a state depends on
continuous development and transformation.

The social and economic value of an inclusive city is undeniable. It not only improves the quality of
life for the most vulnerable segments of the population, but also contributes to the overall development
of the community, strengthening trust and social cohesion. Creating a barrier-free environment is
an investment in sustainable development that provides equal opportunities and comfort for every
resident without exception.

The National Strategy for Creating a Barrier-Free Environment in Ukraine and the relevant
state building codes lay the legal foundation for these changes, making accessibility requirements
mandatory for new construction, reconstruction, and major repairs of facilities.

Today, the main models of social relations in modern communities with regard to people with disabilities
are inclusion, based on the recognition of personal human differences and the guarantee of equal
rights. The main concept of the inclusive method is that instead of people adapting to social and
economic relations, society must create appropriate conditions to meet the needs of each individual.
Creating an accessible environment for all members of local communities is a social asset and is closely
linked to the socio-economic progress of the entire state, as it directly influences the involvement of
persons with disabilities in the full range of human rights and plays an important role in shaping an
inclusive society as a whole.

Social inclusion is the process of creating a society for all, in which every person, regardless of their
individual differences (physical, social, cultural, economic, etc.), has equal rights, opportunities and
resources to participate fully in all aspects of life. This concept goes beyond simple tolerance and
involves the active removal of systemic barriers and discrimination. The introduction of accessibility
in urban development is particularly relevant in modern Ukraine.

The Russian-Ukrainian war has further emphasized the need to implement the concept of an inclusive
environment in the development of Ukrainian cities.

Key words: inclusive environment, accessibility, universal design, social inclusion, social
security of the state.
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MOPIBHAJIbHUU AHAJII3 BIKOHHUX I ®ACAJTHUX TEXHOJIOTTIA
VKPAIHU, €EBPOIIU TA CIIIA

Anomauisn. Y cmammi nposedeno nopieHAIbHULL AHATI3 BIKOHHUX MA (HACAOHUX MEeXHON0ZIl, U0
guxopucmogyromvcs 8 Ykpaini, €sponi ma CIIIA, 3 ¢oxycom na enepzoepexmuenicmo, exono-
Miuny douinvricmo ma exonoziuny besnexy. Ocobausa yeaza npuOiLAEMbCs 6NIUBY UUX MEXHOL02
Ha enepzocnoxcusanis 0yoiseib, NOKpaweHHs ix menio- ma 36YKOIBONAUIUHUX XAPAKMEPUCTIUK,
a MAKONHC SHUNCEHHS BUMPAM HA ONATeHHs ma KoHouuyiosanus. B Ykpaini axyenm 3pobieno na
IHHOBAUTIIHUX MemoOax MOHMACy ma be3pamuux gacadax, 3oxpema mexnonozii Aestech, wo 0os-
goasromy noxpawumu enepzoepexmusnicmy. Y CIIIA ocnosnuii (pokyc cmasumocs Ha po3eumxy
CMapm-6iKoH, 30Kpema eiexmpoxpoOMHUX BIKOH, 30AMHUX ABMOMAMUYHO IMIHIOBAMU CB0I0 NPO30-
picmp 6 3aneicHocmi 6id memnepamypu ma 0C6IMACHOCI, W0 3HAUHO SHUNCYE eHEPLOCTIONCUBAHHSL.
Eepona e 1idepom y 6nposacceni CKIAOHUX (acadnux cucmem, maKux sk mpuciotini ckionaxkemu
3 BUCOKUMU MENJOIZ0NAUIIHUMU BIACMUBOCMAMU, 1 CMAPM-BIKOH 3 €IeKMPOXPOMHUMU NOKPUM -
MAMU, WO 00360A€ SHUSUMU BUMPAMU HA ONATEHHS MA KOHOUYI0BAHHS, NOKPAUYI0UU KoMpopm
y Oyoiensx. Ilopiensanvnuii anaiis 0eMoHCmpYe, wo Koxcen pezion mae c6oi nidxodu do enepzoe-
(pexmusrocmi ma innosauiil y 0ydisHuymei, CRPULIOUU NIOBUWEHHIO PIBHSL KOMDOPMY, SHUNCEHHIO
BUMPAM HA eHepeilo MA 3MEHUEHHIO HezAmUeH0Z0 BNIUBY HA HABKOIUHE cepedosuiye. OKpemo
PO32NA0AEMBCSL, K a0anmauis nepedosux MidHaApoOHUX MexHoI0zill 00 YKPAIHCOKUX YMOB MOJce
CRPUSINU 3HAUHOMY NOKDAWEHHIO eHepzoedekmueHocmi ma exonoziunoi 6esnexu eimuusisnozo
Oyodienuymea, uo, 6 c6010 uepey, NIOBUUMb KOHKYPEHMOCHPOMONCHICMD YKPATHCHKUX Oydisenviux
nocaye na ceimosomy punxy. Adanmauis nepedosux mexnonozii iz €sponu ma CIIIA do yxpain-
CHKUX YMOB 00360UMb 3HAUHO NIOBUUMU eHeP2oeeKMUBHICMb MA eKOJOZIUHICTIG BIMYUUSHSHO20
oyoienuymea. lnmezpayis iHHOBAUIIHUX MeXHON0ZIL damu NOWMOBX 0L 3POCMAHHS eKOL02IUHOT
ceidomocmi cnoxcusauis ma Oyoi6esbHUX KOMNAHI 6 YKpaiui.

Kntouosi cnosa: gixonni mexnonoeii, pacaoni cucmemu, enepezoepexmueicmo, iHnHosauii

y Oyoienuymei, nopienanvrull ananis, Yxpaina, €epona, CIIIA.

ITocraHoska mnpoGxemu. Ilo cyTi, enepre-
TUYHI Ta eKOJIOTIYHI XapaKTePUCTUKU OY/IiBesb
3HAYHOIO MipOI0 3ajieKaTh Bijl cydacHUX OyIi-
BEJbHUX TEXHOJIOTIN, 30KpeMa BIKOHHUX Ta
dacanHux cucteM. 3i CBITOBUM PYXOM [I0 CKO-
POUYEHHS CIOKMBAaHHSI €Heprii Ta Ii[BUIIEHHS
eneproeeKTUBHOCTI Oy/iBesb, PoJib BIKOHHUX
Ta (acaiHuX TEXHOJIOTiNl TMePeTBOPIOEThCS Ha
OCHOBHUU (haKTOp, MO BIJIMBAE HA KOM(OPT Ta
eKcILTyaTaniitni Burparu Oymiesb. DakTHdHO,
caMme BOHHU € eJieMeHTaMU, SIKi MaiizKe MOBHICTIO
BM3HAUAIOTh TEIJIOI30JI4IIIiHI XapaKTepUCTUKHU,
piBeHb IIyMY Ta, BOJHOYAC, BILJIUB HA 30BHIIIHIN
BUIJISAL Ta TEPMiH CIysKOM MarepiasiB OyIiBJi.
EneproedexrusHi Oy iBii, 0c00JMBO 32 paXyHOK
VIIOCKOHAJIEHUX TeXHOJIOTiH (acajiiB Ta BiKOH,
€ MIPe/IMeTOM TapsuuX JAUCKyciii B Ykpaini. Tum
He MEHIII, MICI[eBI TEXHOJIOTil 4acTo BI/ICTAIOTh

20

BiJl CBITOBUX, 1 Ile¢ € Pe3yJIbTaTOM IMO/IBITHOTO
Gap’epy — EKOHOMIYHOTO Ta TEXHOJIOTIYHOTrO.
Bukopucrannsi crapux MatepiaiiB pa3oMm i3
METOJIlaMU BCTAaHOBJIEHHSI (pacajiiB Ta BIKOH
y OyAiBHUIITBI, SIKi 3araJjoM HEBIJOMi, TPU3BO-
JIUTH /10 BUCOKUX BUTPAT eHepril, HU3bKO1 TeILIo0-
BOI e(DeKTUBHOCTI Ta TOTipPIIEHHSI CTaHy HAaBKO-
JIUIITHBOTO CepPe/IOBUIIIA.

Tum wacom, eBporeiicbki kpainum Ta Cno-
aydeni Illratm Amepuku TaKoX TIIpocyBa-
I0ThCS Y BIIPOBA/KEHHI HOBUX Ta CydYyacHUX
TEXHOJIOTIYHUX PillleHb 71 BiKOH Ta acajis,
SIKi JI03BOJISIIOTh 3HU3UTU CIIOKWBAHHS eHep-
rii B OymiB/stx Ta 3pobdutH ixX Gimbir (GyHKIO-
HaJIbHUMU Ta I0BroBiyHUMU. Pi3Hi €BpoteiichKi
Kpainu, Bkitovyatoun Himeuuuny, IIBerito Tta
ABcrpito, OyJIi TepuMu y eMOHCTpartii edek-
THUBHOCTI BUKOPUCTaHHs OaraToIlapoBUX BiKOH,
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(hacagHUX cUCTEM 3 BUCOKOIO TETLIOi30JISAIIIE0
Ta BUKOPUCTAHHS BIJHOBJIOBAHUX MaTepiaiB.
3 iumoro 6oky, y Cmomyuennx Illtarax Biz-
OyBa€TbCsl  MBUAKAN PO3BUTOK  TEXHOJOTIM
aBTOMaTH3allil [I7I1 BCTAHOBJIEHHS BIKOH Ta
(hacaHNX KOHCTPYKIIii, 1110, SIK HACJI/IOK, TIPU-
3BOJINTH [0 3HIZKEHHS BUTPAT Ha pobOYY CILIY
Ta 301IbIIEHHS IBUIKOCTI POOOTH.

AHami3 TeXHOJOTi BIKOHHUX Ta ¢acajHuX
cucTeM, 110 BUKOPHUCTOBYIOTbCS B YKpaiHi,
€ppori Ta CIIA, HeobXigHUI s PO3POOKH
ONTUMAJIBHUX PillleHb M0JI0 aJallTailil mepeo-
BUX TIPAKTHK /0 BITYU3HSIHOTO OyiBETHHOTO
punky. lle miaBUmMUTL eHeproeeKTUBHICTB,
3HU3UTh BUTPATH Ha EKCILIyaTalliio Oy/IiBeib
Ta CHPUSATUME 3aXUCTY HaBKOJMIIHBOTO cepe-
nosuia. [TopiBHANBHUI aHa/I3 TEXHOJOTIN 11X
KpaiH /I03BOJISIE He Jiille BUSBUTH Haliedek-
TUBHIII MeTO/IU, ajie W J0IlOMarac BU3HAYUTU
NIAXW  afialTallil Mi>KHapOJHOTO JOCBILy [0
YKPaiHCHKUX YMOB. TaKuM YMHOM, BUBYEHHS Ta
BIIPOBA/I)KEHHS HOBITHIX BIKOHHUX Ta (hacajiHIX
TEXHOJIOTiH y OyIiBHHUIITBI € BaskJIMBOIO CKJIa-
JIOBOIO CTpaterii PO3BUTKY eHEprosdepeKeHHs
B YKpaiHi, 110 BUMArae JIeTaJlbHOrO MOPIBHSAHHS
JIOCBily 1HIMUX KpaiH Ta OIIHKU MOKJIUBUX
NUIAXIB iHTerpailii 1UX TeXHOJOTIH Yy Hallio-
HaJIbHY Oy/liBEJIbHY TTPAKTHKY.

Mera poGoru. MeTol0  JOCTiKEHHS
€ TOPIBHSIHHS BIKOHHUX 1 (hacajiHMX TEXHO-
JIOTiH, K1 3aCTOCOBYIOThCS B YKpaiui, €Bporri
ta CIIA, 3 Touku 30py eneproedeKTUBHOCTI,
eKOHOMIYHOI JIOIIJIBHOCTI Ta eKoJoriunoi 6e3-
neKu. 3aB/JaHHIM € BU3HAUEHHS KpalluX IIpakK-
TUK Ta peKOMEeHJalliil 1010 BIPOBAKEHHS
HaiteeKTUBHINIMX T€XHOJIOTIH y OyAiBHUIITBI
B YKpaiHi.

AHaJi3 OCTaHHIX JIOCTI/[?)KeHb. Y CydyacHOMY
OyIiBHUITBI BIKOHHI TEXHOJIOTIT 3aifiMaloTh BakK-
JIBe MicIle B KOHTEKCTi eHepro3bepeskeHHs Ta
eHeproeeKTUBHOCTI. BOHM 3HAUYHO BILJIUBA-
I0Th Ha 3HIKEHHSI €HeProCIOKUBAHHSA B OY/IiB-
JISX Ta TABUIIEHHS KOM(OPTY iX MEIIKaHIIB.
OcTtanHi J0CATHEHHS y Il TaTy3i TOKa3yloTh
Pi3HOMaHITHI 1HHOBAIIil, gKi aKTUBHO PO3BUBA-
I0ThCS IK B YKPaiHi, Tak i 3a KOPJIOHOM, 30KpeMa
B €Bpori ta CIHIA. B Ykpaini ogHuM i3 3HAaUHNX
IHHOBAIIMHUX [IOCATHEHDb € TEeXHOJOrIl KOMIIa-
Hii Aestech, sika po3pobuia yHiKanbHi Ge3paMHi
CKJISTHI hacajiHi crucTeMH Ha OCHOBI CKJIOTIAKETIiB
nizBuitenoi MinHocti [1]. Baxkiausolo nepesa-
rOI0 TaKUX CHUCTEM € 3HAYHe MOKpAIlleHHs ecTe-
THKY Oy/IiBeJIb, OCKIJIBKY BiJICYTHICTh METAJIEBUX
KOHCTPYKITiN Hazsae (acagaM <«JIeTKuii» BUTIIS]

1 3MEHIIY€ Bi3yasbHe CIIOTBOPEHHS BiJl BiA3€ep-
KaJIeHHs CKJa. TeXHOJIoTid /I03BOJISIE CTBOPIO-
BaTU OLIBII [IPO30PI, eCTeTUYHO IPUBAGIMBI Ta
eneproedekTuBHi acajiu, 1o poduTh ii BaKJ/Iu-
BMM KPOKOM Y PO3BUTKY OY/iBEJIbHUX TEXHOJIO-
riii B Ykpaini [1].

Y CIHA nayka Takok He CTOITh Ha MiCIIi.
Bueni po3pobuin HOBe pillleHHS, SIKe BUPINIYE
mpobJieMy OZHOYACHOTO KOHTPOJIO 3a BU/IH-
MUM CBITJIOM Ta iH(ppPauepBOHUM BHUIIPOMIHIO-
BaHHsIM (IY), 1110 € BUKJIMKOM /Ui TPajUIliii-
HUX cMapT-BikoH [2]. OCHOBHOIO iHHOBAILEO
€ BUKOPHUCTAHHA MOBEPXHI 3 OKCHJY BaHAJIIIO,
0 JI03BOJISIE 3HAYHO TTOKPAIIUTH OJOKYBAHHS
[Y-BUnpoMiHIOBaHHS, [PUCKOPUTU  PEAKILIO
BiKOH 1 3MeHInTH 1oTpeby B Marepianax. Ile
JI03BOJISIE  CMApT-BiKHAM CTaTh OiJbIl  eHep-
roeeKTUBHUMU Ta KOMGMOPTHUMU JIJIST BUKO-
puctannsd. Taka TeXHOJOTISI MOXKe 3MEHITUTH
BUTPATH HA KOHJMIIIOHYBAHHS TOBITPS BJITKY
Ta 00IrpiB B3WMKY, €(heKTHBHO BHUKOPHCTOBY-
104U 30BHIITHE Terio [2]. JlocmipkeHHS TakoxK
MIOKa3ye, 10 BIIPOBA/KEHHS I[I€] TEXHOJIOTII
MOXKe 3MEHIIUTH BUTpaTH Ha eHepriio Ha 20 %
MOPIBHAHO 3 TPAAUIINHUMKM BiKHAMU Ta 3HU-
3utn BUKuaM ByTaekucyaoro razy B CIIIA na
73 MiIBHOHM METPUYHMUX TOHH IIOpiYHO [2].
OpHak, BYeHi 3a3HAYalOTh, IO IIe MOTPIOHO
JIOOITPAIIOBATU JlesIKi acleKTH, Taki sIK MOKpa-
MEeHHS [M3aifHy HaHOIApeTeHy, /sl TOro,
o0 TEXHOJIOTIST cTaja MPaKTUIHO I[iHHOIO.
BikHa € omHMMM 3 OCHOBHUX €JIEMEHTIB, IO
BIUINBAIOTh Ha eHeproeeKTUBHICTh Oy/iBesb,
OCKIJIbKM BOHU CIPUYUHSIOTH OJU3BKO 4 %
3araJbHOr0 €HeprocroKuBaHHs C€BpoOIM uepes3
HazMipHi BTpat Ta HaOyTTss Temia. Tomy
3MEHIIIEHHS €HepreTMYHNX BUTPAT uyepe3 BJO-
CKOHAJIEHHSI TEXHOJIOTI BIKOH € BasKJIUBUM
3aBaHHsM |3]. TexHosOriYHUIT PO3BUTOK BIKOH
II0YaBCs 3 [epexo/ly BiJl OJJHOKAMEePHUX /10 JIBO-
KaMepHUX 1 TPbOXKaMEPHUX CKJIOIAKeTiB, 10
BXKe 3HAYHO IMOKPAIINJIO eHeproeeKTUBHICTD.
OpHak cOpaBXHS PEBOJIOIIS YeKa€ HA PUHKY
3aBIAKU «CMapT-BiKHAM», dKi J03BOJIIIOTh KOH-
TpoJTIoBaTH abo 30epiraTyl CBITJIO Ta TEILIO, IO
IPOHUKAIOTH 330BHi [ 3].

Taki BikHa OUIKY€TbCS BBECTU B CTAH/IAPTHUI
ACOPTUMEHT MPOAYKITi Ha PUHKY. 3TiHO 3 MPO-
THO3aMH, TJI0OATbHIH PHHOK €JEKTPOXPOMHUX
(EC) crekou i mIiBOK, sIKi MOKYTH OJIOKyBaTH
10 98 % COHSYHOTO BUIIPOMIHIOBaHHS 3a J0IIO-
MOI0I0 PYYHOIO IlepeMuKaya, J0CSATHe TO0XOY
B EUR 580 wmisbitoniB 1o 2024 poky [3]. Iumri
TEXHOJIOTI1 CMapT-BiKOH, Taki IK (HOTO- Ta Tep-
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MoxpomHi Marepianu, SPD (cucremu 3 mizBi-
menumu vactuakamu), PDLC (pigkokpucrta-
JIYHI TJTIBKK), TiZPOTes, MiKCeJbHI TeXHOJOTI
Ta MIKpOIITOpH, 301AbIIATh 1€l MOKa3HUK /0
noHag EUR 650 wminbiioniB. €BporneiicbKuii
Co103 aKTUBHO TITPUMYE PO3BUTOK ITi€T ramysi,
JIOTIOMAaralo4yi CBOIM BHUPOOHUKAM TOTYBATHCS
n0 Maitbytaporo momuty. Yepes iHiriaTuswy,
ax CORDIS, €C cupusie po3po0bIli HOBUX Tex-
HOJIOTIN, Takux sIK BaockoHaseHi EC-mmiBku,
JIeTKI Matepiajiv, KBaJpYIJIEKCHI CKJOMAKeTH,
pirenHst st 300py eHepril Ta iHmn iHHOBAIi
B 00/1aCTi yTeruieHHst i eneproeeKTuBHOCTI [3].
Ile acTb MOKIUBICTD EBPOTIEHCHKIM BUPOOHH-
KaM 3aiHATH 3HAYHY YacTKy Ha 3POCTAI0uOMY
PUHKY CMapT-BiKOH, 1[0 BijlirpaBaTUMe BaXK-
JIUBY POJib y AocsirHeHHi 1ijeit €C mono 3H1-
JKeHHsT eHeprocinokuBanisg Ta Bukuaip CO2.
Pesymbratn pocaimkens. Y CIIIA aktuBHO
BUKOPUCTOBYIOTHCS CMapT-BiKHA, 30KpeMa eJIeK-
tpoxpomui (EC) ckma ta miaiBKH, SIKi MOXYTb
aBTOMATUYHO PETYJIOBAaTA CBOKO IPO30PICTh
3aJIeKHO BiJl TeMIlepaTypu Ta OCBiTJeHOCTi [2].
Ile mo3BoJIsE 3HU3UTH BUTPATH HAa KOH/UINIO-
HYBAHHS BJIITKY Ta OTaJeHHS B3WMKY, MOKpa-
IyIOYl 3arajibHy eHeproeeKTUBHICTh OyIi-
BeJib. BaXk/IMBUM € TaKOK PO3BUTOK TEXHOJIOTIH,
0 JI03BOJISIIOTh IHTErPyBAaTH COHSYHI MaHesi
B CMapT-BiKHa JJIs ONTHUMIi3allii eHeprocioKu-
BaHHs. €BpOIIa € JiIepoM y po3po0Ili TEXHOIOTi
CMapT-BiKOH i iIHHOBAIIMHUX (PacaHUX CHCTEM.
BuKOpHUCTOBYIOTBCS  €JIEKTPOXPOMHI  TLJTIBKH,
(boTO- Ta TEPMOXPOMHI MaTepiain, a Takox Oe3-
paMHi cKJsHI (hacasHi cuCTeMU, SKi TO3BOJIS-
I0Th 3HAYHO 3HUKYBATU CIIOKWUBAHHS eHeprii
3aB/ISKM KOHTPOJIO TemJa i cBitia [3]. Baxmu-

Puc. 1. Texnomoris STV [4]

BO10 € TexHoJsorisa STV (cyxa ctatuyHa BKJeiKa
CKJIOTIAKETIB), 10 /I03BOJISIE BUTOTOBJIATH BEJIN-
KorabapuTHI BiKHa, TIOKPAIIYIOYH iX TEILI0i30s1-
IiliHI XapaKTePUCTUKU 1 SMEHIITYIOYN PUSUK ITPO-
BUCAHHS CTYJIOK, 1110 TAKOXK MO3UTUBHO BILINBAE
Ha eHeproedekTHBHICTH OyiBesb [4]. Ha puc. 1
Bigo6paxeno Texxosorio STV.

B VYkpaini akTMBHO DPO3BUBAIOTHCA CYyYacHI
TEXHOJIOT1], 1[0 3MEHIIYIOTh €HePrOCIIOKUBAHHS
yepe3 IMOKPAIIeHHs TeIJIoi30Js1lii Ta iHHOBa-
minani MouTak. OnHieI0 3 TaKUX TEXHOJOTIN
€ «Tenne BikHO» (ATTB), o nosasirae y BUKO-
PUCTaHHI BIKOHHUX CTPIUOK [IJIST «TEIJIOTO MOH-
Taxy» BIKOH i JABepeil, 1o 3abesneuye repme-

Puic. 2. Texuostorist Terie BikHO Kommanii «Alenors [5]
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Puc. 3. bespamne

TUYHICTh MOHTKHOTO NIBA i 3HAYHO MOKPAIy€E
TETIOI30/IA1II I HI XapaKTepUCTUKU KOHCTPYKILii
[5]. Ha puc. 2 BigoOpaskeHO TEXHOJIOTIIO TerLie
BiKHO KoMIaHii «Alenors.

Bigoma kommanig Aestech, Takox akTmBHO
pO3BHBA€E HOBI TexHOJOTIi BikoH. Aestech mpo-
nonye Ge3pamHi CKJIsHI (hacagHi cucTeMu, 1Mo
3abe31euyoTh MiBUINEHY TEIJo- Ta 3BYKOi30-
JIAIHI0, @ TaKOXK J03BOJIAIOTH 30epiratu Gijibiire
BHYTPIIIHBOTO TPOCTOPY 3aBIAAKU BIiJICYTHOCTI
MeTaJieBUX KOHCTPYKIii. Takuii migxiz /103BO-
JISI€ He TIIbKU TIOKPAIUTH eHeproeheKTUBHICTD,
aJjie i CTBOPIOBATH OiJIBIN eCTeTUYHI Ta (hYyHKIIi-
oHasibHi acazu Oyaisenab. Ha puc. 3 BimoGpa-

ckiinns Aestech [6]

JKEHO YaCTHUHY CTPYKTYPU CUCTEMU 6€3paMHOFO

ckainng Aestech.

Cucremn Aestech forinbHO 3acToCOBYBaTH

B CYYaCHUX apXITeKTYPHUX PIIIEHHSIX, /I BAKJINBA
MiHIMI3aIlisl MEeTaJIeBUX €JIeMEHTIB 1 MAaKCUMaJIbHe
BUKOPHUCTAHHS TIPUPOIHOTO OCBITIeHHS [6].
BucHoBku. Bei tpu perionn — Ykpaina, CIITA
Ta €Bpola — aKTMBHO BIPOBA/UKYIOTb HOBITHI
TEXHOJIOTIT JI7I  TIOKpAIlleHHs] eHeproeeKTHB-
HOCTI Oy/1iBeJIb, 30KpeMa IISIXOM Y0CKOHATIEHHST
BIKOHHMX Ta (hacaHNX KOHCTPYKILH. YKpaiHa
cokycoBaHa Ha IHHOBAIITHIX METOIAX MOHTAKY
Ta BIOCKOHAJIEHH] TETLJIOI30 IS HUX XapaKTepuC-
THK, 30KPeMa 3aCTOCOBYE TEXHOJIOTIT He3paMHOro

Ta6mus 1. MopiBusanus TexHoorii Yrpainu, CIIIA ta €sponu

Acnekr Ykpaina CIIIA €Bpomna

Texnouorii ATTB, 6e3pamti cucremu | CMapT-BiKHa, COHSYHI Cwmapr-BikHa, 6e3paMHi
Aestech ranesi dacaau

Eneproedexrusnicts | Tertoizomsiris, PerystoBanHs nipo3opocrTi, | Bucokuit KOHTpoJIb
MTOKPAIEHHS MOHTAXKY 3HW)KEHHS BUTPAT TerJia Ta CBiTJIa

TunoBarifinicTsb Hogi MmeToiu MOHTaIKY, Inrerparis cmapT-BikoH i | InHOBartii B hacazax i
BeJIMKI BiKHA ranesen MaTepiajax

Exosoriuanii BrsimB | SHUKEHHSI 3menmenns CO, yepes | 3umxkenna CO,, cranuit
€HeProcIoKMBaHHA Yyepe3 | CMapT-TeXHOJIOTi] PO3BUTOK
TEIJI0130JI111 10

Dacaznni cucremun | bespamui cucremu

Conguni nanesi Ha

Bespawmmi dacamam 3

Aestech dacamax KPAaIoIO TETLTIOI30ISIIEI0
Texniuni nepesarn | Bumia tenoizosrsiris, BincyTHicTh MeTasieBux | Bumia terio- ta
MII[HICTh KOHCTPYKITIi 3BYKOI30JI11id
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CKJIIHHS BiJ Aestech, ski 3HAUHO MOKpAIIYIOTh
eHeproeeKTHBHICTh Oy/iBeb i eCTeTHYHI SIKOCTI
dacazi. OHUM 13 TIPUKIA/IB YCITINTHOTO BITPO-
BaJPKEHHsST TakuxX TexHosoriit € mpoekt Chicago
Cube B Kuesi, sikuii HaouHO 1eMOHCTPYE edek-
THBHICTh GE3PaMHUX CHCTEM y CydacHOMY OyiiB-
HUIITBI Ta 1X 3/IaTHICTh 3HUKYBATU €HEProCIo-
xuBanHs. CIIA, B cBoto uepry, hokycyioTbes Ha
PO3BUTKY CMapT-BiKOH, 1[0 BKJIIOYAIOTh TEXHOJIO-
Tii eJIEeKTPOXPOMHUX BiKOH, 3/IAaTHUX aBTOMATUYHO
3MIHIOBaTH CBOIO ITPO30PICTh 3aJIEKHO BiJl 30B-
HIIIHIX YMOB, 3MEHIIYIOYN TIPOHUKHEHHS COHSY-
HOTO TeIlIa 1, BIJITIOBIZIHO, 3HUKYIOUM BUTPATU HA
kouzuitionyBanusa. B CHIA aktuBHO iHTETpy-

I0ThCSI COHSIUHI TaHe I B OyiBeIbHI KOHCTPYKILI,
1[0 JI03BOJISIE Tiie OiJIbIIe 3HIKYBATH €HePreTHUHi
BUTpaTH. €BpOTA 3aUIIAETHCS JIiJIEPOM Y BIIPO-
BaJKEHHI CKJIQJIHUX (pacaiHUX Ta BIKOHHUX TeX-
HOJIOTiH, 30KpeMa B KpaiHax, TakuXx K HimeuunHa,
[IBerrisi Ta ABCTpis, /e BUKOPUCTOBYIOTHCS TPU-
CJIOIHI CKJIOTIAKEeTU Ta BIKHA 3 €JIEKTPOXPOMHUMU
HOKPHUTTSIMI, 1110 3a0€3I1eUyI0Th He TIIbKI BICOKY
TEII0i30JIA11i10, a 1 PeryJoloTh MOTIK CBIT/IA Ta
3HIKYIOTh CIOKUBaHHS eHeprii. [lani TexHoso-
rii He TUIbKU 3MEHIIYIOTh BUTPATU HA ONaJIeHHS
Ta KOH/IUIIIOBAHHS, a 1 J0IIOMaraioTh 3MEHIITUTHA
HEraTHBHUI BILIMB OyAiBelb Ha HABKOJIMIIHE
cepeloBHIIIE.
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COMPARATIVE ANALYSIS OF WINDOW AND FACADE TECHNOLOGIES IN UKRAINE,
EUROPE AND THE USA

Abstract. The article provides a comparative analysis of window and facade technologies used
in Ukraine, Europe, and the USA, with an emphasis on energy efficiency, economic feasibility, and
environmental safety. Particular attention is paid to the impact of these technologies on the energy
consumption of buildings, improving their heat and sound insulation characteristics, aswell as reducing
heating and air conditioning costs. In Ukraine, the emphasis is on innovative installation methods and
frameless facades, in particular Aestech technologies, which allow for improved energy efficiency.
In the USA, the main focus is on the development of smart windows, in particular electrochromic
windows, capable of automatically changing their transparency depending on temperature and light,
which significantly reduces energy consumption. Europe is a leader in the implementation of complex
facade systems, such as triple-glazed windows with high thermal insulation properties, and smart
windows with electrochromic coatings, which allows for reduced heating and air conditioning costs,
improving comfort in buildings. The comparative analysis demonstrates that each region has its
own approaches to energy efficiency and innovations in construction, contributing to an increase in
the level of comfort, reducing energy costs and reducing the negative impact on the environment.
It is separately considered how the adaptation of advanced international technologies to Ukrainian
conditions can contribute to a significant improvement in the energy efficiency and environmental
safety of domestic construction, which, in turn, will increase the competitiveness of Ukrainian
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construction services in the world market. The adaptation of advanced technologies from Europe and
the USA to Ukrainian conditions will significantly increase the energy efficiency and environmental
[riendliness of domestic construction. The integration of innovative technologies will give impetus to
the growth of environmental awareness of consumers and construction companies in Ukraine.

Key words: window technologies, facade systems, energy efficiency, innovations
in construction, comparative analysis, Ukraine, Europe, USA.
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FRAMED STAY-IN-PLACE FORMWORK: EFFICIENCY AND IMPLEMENTATION

Abstract. The articleinvestigatesthe efficiency of constructing enclosure structures made of lightweight
concrete using framed stay-in-place formwork with a light gauge steel framing system (LGSF), and
examines the experience of applying the obtained results at active construction enterprises, including
within the context of Ukraine’s recovery and rebuilding.

The relevance of the chosen topic is determined by the urgent need for rapid and resource-efficient
construction, recovery, and rebuilding of residential and public buildings. The application of combined
technologies is proposed as an effective solution for reducing construction timeframes, labor intensity,
and overall costs without compromising quality.

The research combines logical-analytical and systems-based methods. As a result, the most effective
organizational and technological model for constructing residential complexes using framed stay-
in-place formwork based on LGSF was identified. A comprehensive evaluation of the technical and
economic indicators was performed. In particular, it was established that, compared to the baseline
(design) solution, the application of the developed technologies and the optimization of organizational
and technological processes can: reduce construction duration by up to 70 % increase profitability up
to 41.8 % and lower total construction costs, including financing through loans, by 21.5 %.

An analysis was conducted on the implementation of two developed solutions — “Building Wall”
(UA149402) and “Framed Stay-in-Place Formwork System” (UA154847) — at multiple real
construction sites in Odesa and the Odesa region. The article presents photographic documentation
of the assembly process and a visual analysis of how the developed technologies align with practical
implementation.

The prospects for further scientific research are outlined, including the search for effective solutions
for the construction, repair, rehabilitation, and rebuilding of buildings using stay-in-place formwork
and light gauge steel framing.

Key words: light gauge steel framing (LGSF), framed stay-in-place formwork, enclosure
structures, organizational and technological modeling, optimization, repair, rehabilitation,
rebuilding, fast-assembly elements.

Introduction. In Ukraine, there are over housing is constantly increasing, particularly for
one hundred thousand damaged or destroyed internally displaced persons and those who have
buildings that require urgent and high-quality lost their homes entirely. Equally important is
repair or rebuilding. The demand for the the repair or rebuilding of damaged or destroyed
construction (rebuilding) of new fast-assembly public buildings (such as office centers, higher
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education institutions), warehouses, industrial
facilities, and other structures. These types of
facilities require construction technologies that
minimize downtime and allow for the rapid
restoration of operational functionality.

In this context, the search for and
implementation of effective  construction
technologies capable of reducing project duration
and costs without compromising quality is
critically important. One of the most efficient
methods for rapid repair and construction —
already proven on the construction market — is
the use of light gauge steel framing (LGSF) for
fast-assembly structural systems. In addition,
in the field of cast-in-place construction, the
technology of stay-in-place formwork is gaining
increasing popularity.

The combination of these two technologies —
framed constructionusing LGSFandstay-in-place
formwork — and their industrial-level application
significantly increases the effectiveness of repair
and construction activities by reducing costs,
labor intensity, and execution time compared
to traditional structural and technological
approaches.

In this context, the issue of optimization
becomes highly relevant. When using such
technologies,  optimization  enables  the
identification of the most effective organizational
and technological models (i.e., work execution
schedules) considering real-world constraints.
Determining optimal models and testing
work organization scenarios using modern
software tools improves the manageability of
construction processes and ensures maximum
efficiency under limited-resource conditions —
an especially important factor during large-scale
recovery efforts.

Therefore, the study and implementation
of framed construction technologies using
LGSF and stay-in-place formwork for casting
lightweight concrete mixturesisofhighrelevance
for active construction companies. The practical
results of implementing such technologies and
their corresponding effective organizational and
technological models are particularly valuable.
This is evidenced by the obtained patents and
the successful application of the researched
solutions across construction projects of various
functional purposes under real-world conditions.

Materials and methods. The study employed
a combination of logical-analytical and systems-
based methods aimed at evaluating the efficiency
of the construction technology for enclosure

structures using framed stay-in-place formwork
with light gauge steel framing (LGSF).

At the initial stage, logical-analytical and
systems approaches were applied to select the
most effective organizational and technological
model by generalizing and analyzing the results
of previous research.

Inaddition to theoretical analysis, an empirical
assessment of the implementation experience of
the stay-in-place formwork technology utilizing
LGSF framing was conducted across several
construction sites. This involved collecting and
systematizing photographic documentation from
completed projects, demonstrating key stages
of the system’s assembly process, including the
installation of thermal profiles, mounting of stay-
in-place formwork panels, fastening of U-shaped
elements, and more.

The collected visual materials served as
the basis for a visual-analytical assessment of
the compliance of actual solutions with the
developed technologies and research outcomes,
as well as confirmation of the practical feasibility
of the proposed solutions. Photographic
documentation was performed directly on
construction sites during the implementation of
the proposed technologies.

Analysis of recent research and publications.
As noted in the introduction, the application of
framed technologies (using LGSF) combined
with stay-in-place formwork represents a widely
accepted solution for repair and rebuilding
(construction). Consequently, many researchers
and construction professionals have studied these
technologies both separately and in combination.

Regarding the implementation of advanced
practices, doctor of technical sciences, professor
V. Saviovskyi in [1] considers the use of stay-in-
place formwork as a variant of precast-monolithic
structures.

In [2], doctor of technical sciences, professor
I. Shumakov and PhD candidate V. Buhaievski
investigate the optimization of parameters
in repair and construction works, as well as
effective structural and technological solutions
for the repair and reinforcement of bridge pier
structures using stay-in-place formwork. The
study also addresses the reduction of repair
duration and the improvement of load-bearing
capacity and service life of bridges by applying
stay-in-place formwork alongside optimization
measures.

Researchers P. Koval and S. Stoyanovich from
the Kyiv national university of construction and
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architecture explored the use of composite panels
as stay-in-place formwork in [3].

Scientists from the Ukrainian state university
of science and technology examined the
possibilities of utilizing local materials for the
fabrication of stay-in-place formwork and its
application in low-rise construction [4]. This is
especially relevant under the resource constraints
faced during Ukraine’s rebuilding efforts.

Studies [5, 6] focus on the specific features
of using profiled steel sheets as stay-in-place
formwork in floor slab construction.

D. Khokhriakova in [7] analyzed the
technological applicability of light gauge steel
framing (LGSF) for prefab construction, focusing
on fast-assembly buildings and structures.

The purpose of the study is to select the most
effective organizational and technological model
for the construction of residential complexes
using stay-in-place formwork and light gauge
steel framing (LGSF).

The following research tasks have been
identified:

1.Based on the conducted optimization
considering existing constraints, determine the
most effective organizational and technological
model for erecting a residential complex using
stay-in-place formwork with an LGSF frame.

2. Perform a technical and economic
assessment of the effectiveness of the conducted
research.

3. Analyze the implementation of the research
results in Odesa city and the Odesa region.

4. Identify promising directions for further
scientific work considering the research
outcomes.

Scientific novelty. For the first time, the most
effective organizational and technological model
for the construction of residential complexes
using stay-in-place formwork and light gauge
steel framing (LGSF), filled with lightweight
expanded polystyrene concrete mixture, has
been determined, taking into account existing
financing methods.

Presentation of the main material. Previous
studies [8—11] conducted numerical modeling
based on the construction of the “Avignon”
residential complex in Odesa. The construction
study was performed using two patented
solutions — “Building Wall” (UA 149402) and
«Framed Stay-in-Place Formwork System» (UA
154847) [12, 13].

At the first stage of the research [9], an analysis
of the effectiveness of known and developed
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solutions was carried out using a multicriteria
analysis methodology [14, 15].

After selecting the most effective solution for
erecting enclosure structures, the second stage
involved numerical modeling of key performance
indicators using the example of the “Avignon”
residential complex construction in Odesa
[10-11]. The methodology of experimental-
statistical modeling was applied [16, 17]. The
studied indicators included “construction
duration”,  “average  funding intensity”,
“maximum funding intensity”, “construction
cost”, ‘“construction cost considering loan
financing” and “profitability”. Variations of the
factor space such as “work overlap” and “number
of working hours per week” were also examined.

Study [11] investigated the obtained
dependencies under the introduction of an
existing constraint — the necessity to pay interest
on loans. It was assumed that the “construction
cost” component consisted of 10 % company’s
own funds and 90 % loan funds. The loan interest
rate was set at 10 % per annum with a 1 %
bank commission for monthly loan payments.
Additionally, laboratory testing of the developed
technologies was conducted [8].

Based on previous studies, this work
selected the most effective organizational and
technological model for constructing residential
complexes using the developed solutions
and performed a calculation of technical and
economic efficiency.

The highest value of profitability (Y,) in
the construction of the «Avignon» residential
complex using stay-in-place formwork is
Y, =41.82 %. Accordingly, the factor values work
overlap (X,) and number of working hours per
week (X,) are X, = 85.21 % and X, = 80 hours,
respectlvely Let us verify the ﬁeambﬂlty of
the selected most effective organizational and
technological model by other key performance
indicators. At these factor values, they are:

— construction duration (Y,): Y, = 272 days
(minimum value, thus most effectlve)

—averagefundingintensity (Y, )andmaximum
fundingintensity(Y,,):Y, =56. 744m11110nUAH/
month and Y, = — 61175 million UAH /month,
respectively (the least effective values in
the absence of immediate larger funding
portions; however, considering the presence
of “conditionally fixed costs” and the existing
constraint, these values are more reasonable as
they allow faster building erection and earlier
profit from housing sales);
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— construction cost considering loan financing
(Y,): Y, = 632485 million UAH (minimum
value, thus most effective).

Considering that all studied key performance
indicators of the residential complex construction
under the combined factor space of work overlap
(X,) and number of working hours per week (X))
at values X, =85.21 % and X, = 80 hours are most
effective, the organizationazl and technological
model shown in figure 1 is finally adopted.

To determine the technical and economic
efficiency of the research results, baseline (design)
values of the performance indicators (at factor
values work overlap (X,) = 74.61 % and number
of working hours per week (X,) = 40 hours)
were compared with the indicator values of
the selected most effective organizational and
technological model (fig. 1):

— construction duration of the residential
complex was reduced by 71.6 %;

— average and maximum funding intensity
increased by 71.2 % and 71.7 %, respectively.
However, this does not overall affect construction
efficiency because it depends only on the
availability of a larger volume of funding over a
shorter period;

— total construction cost considering loan
financing was reduced by 21.5 %;

— profitability of construction increased from
11.39 % to 41.82 %.

The following section reviews the
implementation experience of the developed
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technologies “Building Wall” (UA 149402) and
“Framed Stay-in-Place Formwork System” (UA
154847) [12, 13], as well as outlines prospects for
further research.

The first solution — UA 149402 <«Building
Wall» [12]. According to this solution, enclosure
structures are constructed using stay-in-place
formwork made of cement-bonded particle boards
on a steel frame composed of bent galvanized
profiles — LGSF (light gauge steel framing) — and
filled with expanded polystyrene concrete.

The second improved solution — UA 154847
«Framed Stay-in-Place Formwork System» [13].
It differs from the first in that, instead of cement-
bonded particle boards, thermal insulation panels
made of expanded polystyrene are used on the
exterior side as stay-in-place formwork, while
moisture-resistant gypsum board is applied on
the interior side.

Let us consider examples of the application
of these developed solutions in the Odesa region
and the city of Odesa. The first example is the
construction of townhouses in the Club Marine
residential complex (fig. 2). Additionally, these
technologies were used in the construction of
townhousesin the «Avignon» residential complex
in Odesa on the Black Sea coast (fig. 3). Figures 2
and 3 demonstrate that these technologies have
been implemented and are effectively used for
erecting low-rise buildings along the Black Sea
coast. Such solutions can also be applied in the
rebuilding of destroyed buildings, as confirmed
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Fig. 1. The most effective organizational and technological model for constructing a residential complex
using stay-in-place formwork, obtained considering existing constraints at factor values of “work overlap (X,)”
X, =85.21 % and “number of working hours per week (X,)” X, =80 hours (5 days, two-shift work, 8 hours each)

29



HOBI TEXHOJIOTTI B BYJIIBHUIITBI Ne 47 2025

Fig. 2. Photographic documentation of the implementation results of the developed structural
and technological solutions (construction of townhouses in the «Club Marine» residential complex) in Odesa city

Fig. 3. Photographic documentation of the implementation results of the developed structural and technological
solutions (construction of townhouses near the «Avignon» residential complex in Odesa city)
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Fig. 4. Photographic documentation of the implementation results of
the developed structural and technological solutions (construction of a
restaurant in Vilkovo, Odesa region)

by real-world implementation experience. For
instance, in the city of Vilkovo, a restaurant was
constructed within 3 months using the developed
technologies (fig. 4).

Figure 3 illustrates the application of the
second (modernized) solution, the “Framed
Stay-in-Place Formwork System” (UA 154847).
For the interior walls, moisture-resistant gypsum
boards are used as stay-in-place formwork on
both sides. For the exterior walls, expanded
polystyrene panels are applied on the facade
side, while moisture-resistant gypsum boards are
installed on the interior side.

The implementation of the developed
technologies, shown in figure 4, confirms that
they can be used not only for low-rise residential
buildings but also for public institutions.

The developed technologies have their own
material base for the production of LGSF frame
elements and are already proving themselves
in the field of mass construction. Using these
technologies, an entire settlement was erected in
the village of Sukhy Lyman (fig. 5).

The next important  direction  for
implementation and application is the
construction of “lightweight upper floors”
(fig. 6). This is especially relevant in the context
of restoring damaged buildings.

Figure 6 demonstrates that the developed
technologies can be used for superstructure

additions or as non-load-bearing enclosure
structures in multi-storey public and residential
buildings. In particular, they are applicable
during the restoration of damaged buildings
because these technologies are efficient and
help reduce the load from the self-weight on the
underlying structures.

The developed technologies and even further
modernized versions of these technologies have
already been implemented in a number of real
construction projects. However, this article
focuses on the key ones.

The developed technologies and even further
modernized versions of these technologies have
already been implemented in a number of real
construction projects. However, this article
focuses on the key ones.

Implementation Confirmation. The research
was carried out within the framework of three
research and development and experimental
design works (R&D and Experimental Design
Works) at the Odesa State Academy of Civil
Engineering and Architecture (OSACEA):

1. R&D and Experimental Design Work No.
0124U004607: Structural and technological
solutions for the installation of energy-efficient
enclosure structures of buildings and facilities;

2.R&D and Experimental Design Work
No.  0124U0004596:  Organizational  and
structural-technological solutions for the repair,
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Fig. 5. Photographic documentation of the implementation results of the
developed structural and technological solutions (construction of private
buildings in the “Sukhy Lyman” settlement, Odesa region): a) — shallow strip
foundation construction; b) — installation of the LGSF frame; ¢) — sheathing
the LGSF frame with stay-in-place formwork made of cement-bonded
particle boards on both sides; d) — concreting with expanded polystyrene
concrete mixture according to the developed proprietary technology;

e) — final finishing of private buildings

rehabilitation, and rebuilding of destroyed and
damaged buildings and facilities;

3. R&D and Experimental Design Work No.
0121U111213: Development and optimization
of organizational-technological and managerial
solutions for construction and reconstruction.

The obtained research results make it possible
to identify promising directions and form the
basis for further scientific work in the field of
erection, rebuilding, and repair of buildings using
stay-in-place formwork and framed systems made
of light gauge steel framing (LGSF).
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The following directions for further research
are highlighted:

1. Development of new and improvement of
existing solutions for erecting framed enclosure
structures made of LGSF and stay-in-place
formwork, taking into account the obtained
research results; determination of their efficiency
and investigation of physical-mechanical
characteristics.

2. Search for the most effective models for
erection, repair, rehabilitation, and rebuilding of
buildings using stay-in-place formwork.
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Fig. 6. Photographic documentation of the implementation results of the developed
structural and technological solutions: a) construction of the 3rd floor addition
in a kindergarten on Shevchenko Avenue in Odesa; b) erection of enclosure structures
of the multi-storey “Avignon” residential complex in Odesa; ¢) addition of the top floor
in the multi-storey building of the “Club Marine” residential complex in Odesa

3. Continuation  of research on the
implementation of obtained results into
educational processes, scientific work, and further
introduction into construction production

Conclusions

1. Based on the analysis of identified patterns
and optimization performed (through the
introduction of existing constraints), the most
effective organizational and technological model
(work execution schedule) for the erection of a
residential complex using stay-in-place formwork
was determined.

2. According to the calculation of the
technical and economic efliciency from

numerical modeling and optimization, it was
established that compared to the baseline
(design) solution: the construction duration
of the residential complex was reduced by
71.6 %; the total construction cost including
credit financing was reduced by 21.5 %; and
construction  profitability increased from
11.39 % to 41.82 %.

3. The effectiveness of the research results
has been confirmed by positive practical
implementation experience in the educational
process and the operations of several construction
companies across multiple sites in the city of
Odesa and Odesa region.
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4. The obtained research results allowed rebuilding of buildings using stay-in-place
the identification of promising directions formwork and aframe made of light gauge steel
for further scientific work in the search framing filled with lightweight polystyrene
for effective solutions for the erection and concrete mixture.
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KAPKACHA HE3HIMHA OITAJITYBKA: EOEKTUBHICTD TA BIIPOBA/IZKEHHA

Anomauis. Y cmammi docrioxceno egpexmuericmy 36e0enisi 020p00NCYBATLHUX KOHCIPYKYiL 3 1ee-
Kux Oemonie 6 nesnimuitl onanyoui 3 kapxacom i3 JICTK (rezkux cmanesux moukocminnux Kom-
CmpyKUiiL) ma 00ceio BUKOPUCTAHHS OMPUMAHUX PE3YIbMmamis Ha 0iouux 6ydisevnux nionpuem-
cmeax. B momy uucni y pospisi 6i06ydosu Ykpainu.

Axmyanviicmv 06panoi memu symosiena HeoOXIOHICMIO OnepamueHozo ma pecypcoedhexmusrozo
byoienuymea, 6i00y0o6u ma GIOHOGIEHHS HCUMIOBUX | 2pomadcvkux Oydieerv. 3anpononosano
3GCMOCYBAHHA KOMOTHOBAHUX MEXHOL02II SK PeKmUBH020 PilenHs, OlLs CKOPOUCHHs CIPOKIS, mpy-
domicmxocmi ma eapmocmi pobim 6e3 empamu ix sKocmi.

Y meancax docnioncenns peanizosano noconanis 102iKo-anaiimuunozo ma CUCmemMHozo Memooie.

3a pesyromamamu A0cHiONCeHHS BUSHAUCHO HalleeKMUBHIULY OP2aAHIZAUITIHO-MEXHOL02IUHY MOOeb
36C0eHHS JHCUMI0BUX KoMNIeKCI8 i3 sukopucmanuam kaprachoi (i3 JICTK) nesnimnoi onanyoxu.
Bukonano ouinky mexmixo exoHOMMHUX NOKA3HUKIE pesyivmamie dociioncery. 30Kpema 6Cmanos-
JICHO, W0 8 Pe3YbMAMI 3ACMOCYBAHHS PO3POOIEHUX MEXHOL02IH MA NPOBeOeHH ONMUMI3AUTT opza-
HISAUETHO-MEXHOL0ZIHUX Diierb NOPIGHAHO 3 0A3068UM (NPOEKMHUM) DIleHHAM MONCIUBO: CKOPO-
mumu mpusanicmv oydienuymea na 70 %, penmabenvricmv 36invwumu 0o 41,8 % ma sazanvny
sapmicmy OYOi6HULMEA 3 YPAXYBAHHAM 3ATLYUEHHS KpeOumHux xowmie snusumu na 21,5 %.
Iposedeno anania enposadicenns 080x pospobaenux piwens («Cmina oyodieni> UAT49402 ma
«Cucmenma xapkacnoi nesnimnoi onanyoxus UAT54847) na bazamvox 06’exmax peanvioeo 6ydis-
nuymea 6 m. Odeca ma Odecvkiii obaacmi. Hagedeno pesyavmamu pomoixcauii npouecy mom-
Maxcy ma 6i3yanvozo ananisy ei0noeioHOCmi po3POOICHUX MEXHOL02IH NPAKMUUHUM PIULEHHSIM.
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Busnaueno nepcnexmusu nooarsuux Haykosux docuioxcenn. B momy wucii, y cepi nowyxy epex-
MUBHUX Piiens 36e0enns, 6i0Ho61enHs ma 6i00ydosu Oydieenb 3 GUKOPUCIIAHHIM HE3HIMHOL ona-
nyoxu ma kapracy i3 JICTK.

Kmouogi cnosa: neexi cmanesi monxocminui xoncmpyxuii (JICTK), xapxacna nesnimna
onanyoxa, 020p00KHCY6ATbHI KOHCMPYKULL, OP2AHI3AUIUHO-MEXHONI02IMHE MO0eI08AHHS,
onmumizauis, 6i0H08.1eHHA, 6100Y006a, WEUOKOMOHMOBAHT eJleMeHmU.
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DESIGN OF THE STRUCTURE AND MOTION CONTROL SYSTEM
OF A STATIONARY ROBOT MANIPULATOR FOR CONSTRUCTION WORK

Abstract. The article presents the results of a comprehensive study dedicated to the development
of a stationary robotic manipulator (palletizer) for performing technological operations in
the construction industry. The work presents an integrated approach to designing a stationary robotic
manipulator, encompassing its structural, hardware, and software aspects. A structural diagram
of the automated control system has been developed, which establishes functional connections between
the controller, feedback sensors, actuators, and the database for storing operational parameters. This
diagram outlines the architecture of the robot’s key components, providing a conceptual framework
for implementing the system. A comparative analysis of modern software environments for three-
dimensional modeling, including Blender, SolidWorks, and Autodesk 3ds Max, has been conducted
based on criteria such as accessibility, functionality, testing capabilities, ease of learning, and support
for engineering formats. Based on the analysis results, the choice of the Blender platform as the
optimal tool is justified, as it provides the best balance between accessibility, visualization capabilities,
and manipulator kinematics animation. The modeling methodology is described in detail, including
the stages of planning, creating basic geometric primitives, detailed modeling using various tools, and
the Mirror, Subdivision Surface, and Boolean modifiers for geometry optimization, as well as creating
a skeletal framework to simulate the robot’s movements. A fully functional three-dimensional model
of a stationary palletizing robot manipulator has been created, which reproduces its structural
features, spatial arrangement of components, and kinematic capabilities. The model allows for the
visualization of the movement trajectories of individual manipulator segments and the verification
of the design’s functionality in a virtual environment before the physical manufacturing stage.
The hardware part of the system was implemented using the Autodesk Tinkercad platform, which
allowed for virtual modeling of the electronic circuit connections of components without the need
for physical devices. Software has been implemented based on the Arduino microcontroller using the
Servo.h library to control servomotors through pulse-width modulation. The practical significance
of the obtained results lies in the creation of a functional prototype of a stationary palletizing robot
control system, which can be used for educational purposes, demonstrating the principles of robotics
in construction, and for further modification. The obtained results provide a basis for expanding
the system’s functionality through the integration of additional sensors for automatic object position
detection, implementation of autonomous trajectory control algorithms, development of wireless
control interfaces, and adaptation of the design for specific construction operations involving
the palletization of materials at construction sites.

Key words: construction, stationary, robot manipulator, robotics in construction, motion
control system, 3D model, Blender, Tinkercad.
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Problemstatement. The modern construction
industry requires the implementation of
innovative technologies aimed at increasing
efficiency, accuracy, and safety in work execution.
Traditional construction methods, which
involve a significant share of manual labor, are
characterized by low productivity, high labor
costs, and the risk of worker injuries. In this
regard, the use of robotic systems capable of
automating monotonous, dangerous, or high-
precision operations is relevant [1-2].

Special attention is deserved by stationary
robotic manipulators (SRMs) for construction
work, which can perform functions such as
handling materials, moving structural elements,
applying mortars, or carrying out welding
operations. However, the main challenges in
creating such robots are ensuring the reliability
of the design, positioning accuracy, stability of
manipulator movements, as well as integrating
the hardware and software components for real-
time motion control.

To date, there are no standardized approaches
todesigning SRMsforconstructionwork thattake
into account the peculiarities of the construction
environment — variable loads, vibrations, dust
exposure, temperature fluctuations, and so on.
At the same time, it is important to be able to
model the structure and test its functionality
in a virtual environment before the stage of
physical production. Thus, there is a need to
create an integrated model of a stationary robot
for construction work that combines optimal
design solutions with an effective motion control
system. Solving this problem involves developing
a 3D model of the robot with the capability to
simulate its actions, as well as creating software
that ensures interaction between the controller,
sensors, and actuators.

Thus, the mainscientific and technical problem
lies in designing the structure and control
system of a stationary robot, which will allow
the automation of certain stages of construction
processes, increase their productivity, and
reduce the human factor in hazardous working
conditions.

Analysis of recent studies. Analysis of
scientific research in recent years indicates a
growing focus on the implementation of robotic
systems in the construction industry. This is
driven by the need to increase productivity,
accuracy, and safety in production processes.

Yes, in works [3, 4], a review and analysis of
the use of various robots in construction was
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conducted with the aim of improving efficiency,
accuracy, and safety of work performance.
In particular, areas of their application were
considered — from performing hazardous
and routine tasks (dismantling, inspection,
maintenance of buildings and structures) to
carrying out specialized operations. Different
types of robotic systems are described: remotely
controlled manipulatorrobots, drones, unmanned
ground vehicles, climbing robots, cable robots,
and microrobots.

It has been found that after 2015, interest
in construction robots sharply increased, and
their designs evolved into compact and mobile
platforms [4]. In the context of construction,
researchers’ main efforts are focused on stationary
[5] and mobile robots [6]. Today, mobility is an
important and key task for various construction
activities, such as loading and unloading
operations and site cleaning, among others.

Recent research trends focus on the
integration of artificial intelligence systems
[7,8], computer vision [9], and Internet of Things
(IoT) technologies to enhance the autonomy and
adaptability of construction robots [10]. Such
solutions enable automatic trajectory planning,
object recognition on construction sites, and
real-time quality control of completed work.

At the same time, a number of unresolved
issues remain, including the high cost of
robotic systems, the difficulty of adapting to
unpredictable construction site conditions, and
the need for standardization and safe interaction
between robots and workers [11, 12]. Thus,
current research indicates an active development
of robotic systems in construction, aimed at
increasing autonomy, accuracy, and work safety.
Further scientific studies focus on creating
intelligent, energy-efficient, and versatile
robots capable of functioning effectively in the
dynamic conditions of construction production.
Therefore, the need to develop an efficient design
and control system for a stationary robot to
perform construction tasks remains relevant.

The purpose of the study is the development
of a three-dimensional model of a stationary
robotic manipulator for construction work
and its motion control system, including the
hardware scheme and software, which will allow
the automation of certain stages of construction
processes and reduce the human factor in
hazardous working conditions.

Research  results.  Automation  of
technological processes is one of the key factors
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Fig. 1. Structural diagram of the automated control system of SRMs for construction work

in increasing efficiency and competitiveness in
modern production [13-16]. The contemporary
construction industry develops through intensive
implementation of innovations, particularly
via process automation [17]. An important
vector of this transformation is the creation
and application of SRMs for performing various
operations at construction sites. Designing
the structure of SRMs is a crucial stage in
ensuring its functionality and productivity at
the construction site. Key criteria in this process
include stability, maneuverability, load capacity,
and safety. To achieve optimal characteristics,
it is planned to integrate advanced engineering
solutions. Special significance is given to the
development of a motion control system, which
is key to effective operation.

The structural features of SRMs for
construction work are determined by their
functional purpose and the specifics of the
construction operations performed. To begin
with, we present a structural diagram of an
automated control system for a stationary
robot in construction, where the main hardware
components and their functional relationships
are shown (Fig. 1).

The diagram (Fig. 1) shows the main
components of the SRM control system and
their interconnections. The controller generates
control commands for the actuators through
the communication network, while the sensors
provide feedback and transmit measurement
data to the database. The effector, clutch, and
segments perform executable functions during
construction operations, and the database
serves as the central information repository for
processing and analyzing system performance
parameters. For the detailed development of the
robot’s design, taking into account all depicted

components and their spatial arrangement,
it is necessary to select an appropriate design
software environment.

During the conducted study, a comparison
of development environments was carried out,
presented in Table 1. Therefore, we justify the
choice of the environment that is most suitable
for the development of a 3D model.

Table 1. Comparison of the development
environment for a 3D model of a stationary
construction robot

'&V}
. g § ﬁ
Characterization -qé % E =

2 3| B8

R Nl <
Program accessibility 113 3
Functionality 2 1] 2
Support for all platforms 1|1 1
Better in animation 113 1
Ability to conduct testing 311 2
(strength, load, kinematics)
Ease of learning 212 3
Support for engineering file 211 2
formats for robot design

Note: 1 — best, 2 — average, 3 — worst.

Based on a comparative analysis of 3D
model development environments for SRMs for
construction work (Table 1), Blender was chosen.
Although the program is inferior to specialized
CAD systems in performing engineering
calculations, it offers high accessibility,
versatility, ease of visualizing and animating
robot movements, and supports the main 3D
model formats necessary for further integration
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into the control system. This makes Blender an
optimal choice for creating a visual model and
simulating SRM operations at the design stage.

So, the Blender environment was used for
modeling, as it is better than other approaches
for project development.

Let’s describe the process of modeling SRMs
for construction work:

1. Planning. Before starting the modeling,
the overall concept of the object was defined —
its shape, proportions, and structural features.
At this stage, basic sketches and ideas about
the appearance and structure of the model were
created (Fig. 2), which served as the foundation
for further work.

2. Creating primitives. Blender allows objects
to be formed based on basic geometric elements —
cubes, spheres, cylinders, etc. These primitives
were used to build the main components of the
model and determine the general proportions of
the structure.

3. Detailed Modeling. At this stage, the shape
and geometry of the object were refined. Edges,
faces, and vertices were added to create more
complex elements. Tools such as Extrude, Loop
Cut, Bridge Edge Loops, and others were used,
allowing the creation of a detailed and realistic
model (Fig. 2).

4.  Application of Modifiers. Built-in
Blender modifiers were used to optimize the
modeling process, including Mirror (mirroring),

Subdivision ~ Surface  (surface smoothing,
resolution enhancement), and Boolean (union
and subtraction operations of objects). This
allowed for increased accuracy and symmetry of
the model.

5. Rigging and Animation. To enable control
over the robot’s movements, a skeletal rig was
added to the model. This made it possible to create
various types of animations — segment movements,
rotations, deformations, and more. Blender has
advanced rigging and animation tools that allow
modeling the robot manipulator’s movements and
checking its kinematics in motion.

During the design process, a three-
dimensional model of a stationary manipulator
robot was created, reflecting its structural
features, component interactions, and possible
movements. However, to ensure the full
functioning of the system, it is necessary to
develop the software part, which implements
motion control algorithms, interaction with
sensors, and actuators. The efficiency and
flexibility of the software largely depend on the
choice of the development environment, which
should provide convenient integration with the
hardware, support for the necessary libraries,
and data exchange protocols. Thus, for the
development of the software part, the Autodesk
Tinkercad environment was chosen — a free
online platform for 3D modeling and electronic
circuit design, created by Autodesk (USA).

Fig. 2. Developed 3D model of the SRMs of the palletizer
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The main reason for choosing Autodesk
Tinkercad is its convenience, accessibility, and
extensive capabilities for integrating the hardware
and software parts of the system. Tinkercad
provides the user with an extensive component
library, including Arduino controllers, sensors, and
actuators, allowing the modeling of real electronic
circuits without the need for physical devices.
The built-in simulator ensures the verification
of correct connections, program performance
analysis, and detection of possible errors during
the design stage. Additionally, the environment
supports writing code directly in the browser,
which simplifies debugging control algorithms for
robot movements and interacting with sensors.
The simple interface and the ability to visually
verify circuit operation make Tinkercad an
optimal choice for developing the software part of
a stationary construction robot. This environment
combines the advantages of learning simplicity and
engineering precision, allowing effective testing of
control logic before transitioning to the physical
implementation of the system.

To verify the correctness of the interaction
between hardware components and software
code in the Tinkercad environment, a virtual
connection diagram was created. This diagram
(Fig. 3) includes an Arduino microcontroller,
sensors, and actuators, and serves as the basis for
further simulation of the system’s operation.

Fig. 3 demonstrates the hardware and software
components of the control system for a stationary
robotic manipulator. The constituent elements in
the diagram (Fig. 3) are:

— Arduino Uno - the central controller
that receives signals from potentiometers
(controllers) and controls the servomotors;

— potentiometers (4 pcs.) — used to set the
position or speed of each servomotor (e.g.,
manipulator segments);

— servomotors (3 pcs.) — simulate the
movements of the robot’s joints;

— 1.293D driver — a chip for controlling DC
motors or servomotors, providing direction and
power of movement;

— power supply (3 X AA 1.5V battery pack) —
supplies power to the circuit;

— connecting wires — transmit signals between
components.

The developed hardware circuit (Fig. 3)
requires software that would implement the
algorithms for controlling the movements
of SRMs and ensure the interaction of all
components of the system. The software part
is critically important for the functioning of
the robot, as it defines the logic for processing
signals from sensors and generating commands
for the actuators. For the implementation of the
control system, the Arduino UNO R3 board was
chosen to serve as the central controller. The

. AS'LVY |

Fig. 3. Diagram of connecting Arduino project components in the Autodesk Tinkercad environment
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choice of this platform is justified by its sufficient
computational power, the availability of the
required number of analog and digital inputs/
outputs, as well as extensive library support for
working with peripheral devices. Arduino UNO
R3 provides the possibility to connect:

— micro Servo servos that mimic the
movements of individual segments of the
manipulator;

— DC motor through an 1L.293D driver to
simulate the operation of the gripping mechanism
(claw);

— potentiometers for manually setting the
position of each degree of freedom of the robot.
The model’s power supply is implemented from
a 3 x AA battery pack with a nominal voltage of
1.5V per cell, providing autonomy and portability
of the prototype. The robot is controlled manually
through analog controllers (potentiometers),
allowing the operator to accurately control the
position of each manipulator segment [18].

In the development of the program code, the
standard Servo.h library was used, which provides
functions for controlling pulse-width modulation
(PWM) of servomotors. The program structure
is built according to the classic Arduino project
scheme and includes initialization, setup, and
main execution loop blocks.

At the initial stage of the program, software
objects are created to control the servomotors:

Servo servol;
Servo servo2;
Servo servo3;
Servo servo4;

Each object of the Servo type corresponds to
a separate servo in the manipulator design and
provides an interface for controlling its position.
Next, the analog input pins for connecting
potentiometers are defined:

int pin@ = A9;
int pinl = A1;
int pin2 = A2;
int pin3 = A3;

These variables indicate the analog inputs of
the controller, through which voltage values are
read from the potentiometers corresponding to
the desired position of each segment.

Thus, the main functional blocks of the
program include:

1. Library inclusion. The program starts with
the directive to include the Servo.h library,
which provides specialized functions for working
with servomotors.
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2. Creation of control objects. Four objects
of the Servo class are declared for independent
control ofthe fourservomotorsofthe manipulator.

3. Configuration of input-output ports. Analog
input pins are defined for reading signals from
potentiometers, and variables are also declared
for storing the current angular positions and
analog-to-digital converter (ADC) values.

4. Setting limit values. Restrictions are set
for the movement ranges of the servomotors and
threshold values for controlling their rotation
speed, which ensures smooth movements and
prevents mechanical damage.

5. The initialization function setup(). This
function performs the initial system setup:

— configuring pins as inputs or outputs;

— attaching servo software objects to the
appropriate digital pins of the controller;

— establishment of the initial positions of the
executive mechanisms.

6. The main execution loop loop(). This
function runs cyclically and implements the
main control logic:

— reading analog values. Using the function
analogRead(), voltage values from

potentiometers are read (range 0—-1023) and
scaled to the control range 1-29 using the map()
function;

— center correction. Software correction of
values is performed to compensate for possible
inaccuracies in the mechanical centering of the
potentiometers;

— calculation of increments. The difference
between the current analog input value and the
central position determines the direction and
speed of change of the servo position;

— conversion to angles. The internal values of
the servos are converted to rotation angles in the
range from 10° to 180° using the map() function;

— command transmission. The calculated
angular values are sent to the corresponding
servos via the write() method, which directly
controls the PWM signal;

— gripping mechanism control. When the
button is pressed (reading HIGH on pin 3), a
digital output is activated (pin 4 is set to HIGH),
simulating the activation of an electromagnet or
the gripping system.

Such software architecture provides flexible
and precise control of all degrees of freedom of the
manipulator, allowing the operator to intuitively
control the robot’s position and perform basic
manipulation operations. The modular code
structure facilitates further system improvements,
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including the implementation of automatic
operating modes, integration of additional sensors,
or the realization of wireless control.
Conclusions. During the course of the
work, a comprehensive design of a stationary
construction manipulator robot was carried
out, encompassing both the structural and
software components of the system. The study
was based on an analysis of current trends in
the automation of the construction industry and
the need to improve productivity, accuracy, and
safety in performing technological operations
on construction sites. A structural scheme of
the automated control system was developed,
defining the interaction of the robot’s main
components, including the controller, feedback
sensors, actuators, and a database for storing
and processing operational parameters. This
scheme became the conceptual basis for further
modeling of the design and development of the
control system. Based on a comparative analysis
of software environments for three-dimensional
modeling, the Blender platform was chosen,
which provided an optimal combination of
accessibility, visualization functionality, and
the capability for robot kinematics animation.
In the Blender environment, a detailed three-
dimensional model of a stationary palletizing
robot manipulator was created using a sequence
of stages, from planning and constructing basic
geometric primitives to applying modifiers
and implementing a skeletal rig for motion
simulation. The resulting model reflects the
robot’s design features, its spatial geometry, and
possible movement trajectories of individual
manipulator segments. For the development of
the software and hardware parts of the control
system, the Autodesk Tinkercad platform was
used, allowing the virtual modeling of the
electronic circuit connections of components
and preliminary testing of the operational logic

without the need for physical devices. The
created scheme includes an Arduino UNO R3
microcontroller as the central control element,
four potentiometers for manual position setting,
three servomotors to simulate the movements
of the manipulator’s joints, an 1L293D motor
driver, and an autonomous power supply. This
configuration provides sufficient functionality to
demonstrate the basic principles of controlling
a multi-link manipulator. Software has been
developed based on the Arduino microcontroller
using the Servo.h library to control the
servomotors via pulse-width modulation. The
program code implements cyclic reading of
analog signals from the potentiometers, their
mathematical conversion into angular values
for the servomotors, taking into account limit
constraints and centering correction, as well as
control of the gripping mechanism through a
digital output.

The modular architecture of the program
allows the operator to intuitively control
the position of each degree of freedom of the
manipulator and perform basic manipulation
operations in manual mode. The practical value
of the completed work lies in the creation of
a functional prototype of a stationary robot
control system, which can be used for educational
purposes, demonstrating the principles of robotics
in construction, and further improvement
for practical implementation. The obtained
results provide a foundation for expanding
the system’s functionality by integrating
additional sensors for automatic object position
detection, implementing autonomous trajectory
control algorithms, developing wireless control
interfaces, and adapting the design for specific
construction operations. The developed design
methodology can be applied to create other types
of construction robots, taking into account the
specifics of particular technological tasks.
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MMPOEKTYBAHHS KOHCTPYKIIII TA CUCTEMA KEPYBAHHS PYXAMU
CTAIHIOHAPHOTI'O POBOTA-MAHIIIVJIATOPA AJIA BY AIBEJIbHUX POBIT

Anomayis. Y cmammi npedcmagieno pesyibmami KOMNIeKCH0z0 00CHIONCeHH S, NPUCBIUEHO20
CMBOPENHIO CMAUIOHAPH020 Poboma-maninyismopa (naiemaisepa) s GUKOHAHHS MeXHOI02IY-
Hux onepauiil y byoisenviiil zanysi. Y pobomi npedcmasieno KoMniekcrui nioxio 0o npoexmyeanis
CMAauionapHozo podOmMa-mManinyismopa, SKuil 0XoNI0e KOHCMPYKMUGH, anapammui ma npozpamui
acnexmu cucmemu. Pospobieno cmpyxmyphy cxemy asmomamu3osanoi cucmemu ynpasiinis, aKa
BCMAHOBTIOE (DYHKUIOHATILHT 36’ SI3KU MIJC KOHMPOIEPOM, OAMUUKAMIU 360POMHOZ0 36 SI3KY, BUKO-
Haguumu mexanismamu ma 6as3o10 Oanux 0is sbepizanns onepayiinux napamempis. Ils cxema
BUHAUAE APXIMEKMYPY 63aeMO0ii KIHOUOBUX KOMNOHEHMIE POOOMa ma 3a0e3neuye KOHYenmyaiviy
ocrosy 01s peanizauii cucmemu. Ilposedeno nopieHAIHUL AHATI3 CYUACHUX NPOZPAMHUX cepeo-
06uw, 015 MPUBUMIPHO20 Moderosanus, 3okpema Blender, SolidWorks ma Autodesk 3ds Max, sa
Kpumepismu 0oCmynnocmi, (pyHKUIOHATLHOCTI, MONCIUBOCTL NPOBedeHHs GUNPOOY6AID, 1e2ZKOCTI
0CBOEHHSL MA NIOMPUMKU IHXCEHEPHUX opmamis. 3a pesyibmamamu aHarizy 00spyHMOoBaro suodip
naamepopmu Blender sx onmumanvnozo incmpymenmy, wo sabesneuye naukpawuil 6AIAHC MiXc
docmynuicmio, MONCIUBOCMAMY BI3yai3auii ma animauii Kinemamukyu maninyasmopa. /lemanvho
0nUCaH0 Memo0o02i10 MOOCTIOBANHS, WO BKIIOUAE eMAny NIAHYBAHNS, CMEOPeHHs 6A306UX 2e0Me-
MPUUHUX NPUMIMUBIB, 0eMAIbH020 MOOETIOBAHHS 3 BUKOPUCTIAHHAM PISHOMAHIMHUX THCMPYMeH-
mie ma moduegixamopie Mirror, Subdivision Surface i Boolean s onmumizauii zeomempii, a maxoxc
cmeopenus ckeremnoi apmamypu 0as imimauii pyxie poboma. Cmeopero nosHOPYHKYioHAILHY
MPUBUMIPHY MOOeT> CMAUIoHAPHO20 POOOMA-MAHINYISMOPA NAeMAli3epa, sKa 8I0MEOPIE 1020
Koucmpyxmueui ocobnuocmi, npoCMopose PO3MaULy6anHs KOMNOHENMI8 Ma KIHeMAMUUHI MOJNC-
queocmi. Modenv doseonsie gisyanizyeamu mpaekmopii NepeMIUEHHA OKPEMUX CeeMenmis MaHi-
nYIsmopa ma nepesipumu npaue:aaammcmb Koucmpymm Yy sipmyanviomy cepedosuwii 0o emany
pizuunozo suzomosnenns. /lns peanizayii anapammoi uacmuny Cucmemu 8UKOPUCMano niamgpopmy
Autodesk Tinkercad, wo doseonuna sipmyaivio 3modenosamu erekmponny cxemy nioKIOUeHHs
Komnonenmis 6es nompebu y pisuunux npucmposix. Peanizosano npozpamne 3abesneuenns na 6asi
Mikpoxonmponepa Arduino 3 euxopucmannsm 6ioriomexu Servo.h 015 ynpaeninms cepsonpueodamu
uepes WUpoOmHo-iMnyabcHy mooyasuito. [Ipakmuune suauenns, OMpUMaHUX pe3yivmamie noisizae
Y CMEopenti (PYHKUIOHAILHOZ0 NPOMOMUNY CUCTIEMU YNPABLIHHS CMAUIOHAPHUM POOOMOM-Na-
JeMau3epom, SKuil Moxce BUKOPUCMOBYBAMUCS 01l HABUALLHUX WiNell, OeMOHCIPAUii npuHyunie
pobomomextixu y Oydisnuymei ma nodavwoi modeprisauyii. Ompumani pesyaomamu Gopmyomy
0CHOBY Ot POSULUPEHHS (PYHKUIOHATLHOCT CUCTEMU WLLAXOM iHmezpauii 000amKkosux 0amuuxie
015 ABMOMAMUUHO20 BUIHAUEHHS NOJOJNCEHHS. 00 EKMIB, BNPOBAONCEHH an20pUMMIe ABMOHOMHO20
KepyeanHs mpaskmopiamu pyxy, peaniauyii 6638p0m06ux inmepepeticie ynpasninta ma adanmauii
KOHCMpYKuii nio cneyudgiumi 6y81@eﬂbm onepauzz naﬂemus’amz mamepianie na byomaidanuuxax.
Kniouosi caosa: roncmpykuis, cmauionapuuii, podom-maninynsmop, podomomexuika
6 Oyoienuuymei, cucmema xepyeanns pyxamu, 3D modens, Blender, Tinkercad.
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HECTAHJIAPTHI METO/IY KPITIJIEHHSA IIEHTPAJIbHOI YACTUHU
METAJIOIIVIACTUROBHX BIKOH

Anomauis. Y cmammi poseisinymo 0coOIu60cmi NPOeKMy6anHs 6eIuUK02adapumuux Memaioniac-
MUKOBUX BIKOHHUX KOHCMPYKYiL 01t bazamonosepxosux 6ydisenn. Y cmammi po3eisdaemvcs euna-
00K, Ko neped GikonHuM NPopisom 0ydisni posmaulosani necyui KOHCMPYKYii, maxi sx sanisobe-
monni pewimxu, cmanesi 6aiku abo bemonni enemenmu. Uepes ye suxopucmanus cmanoapmuoi
(pacaono-puzeavroi cucmemu cmae HeMOXCIUSUM. Po3ensinymo MoNCIUGICMb KpineHHs imnocmie
0o necyuux eremenmis. Ilpusedeno nepesazu ma HedoriKu maxozo nioxody, a Maxoxc nNepenex-
MUGU 11020 BUKOPUCTIANHS 68 MAUOYmHboMY. 3pobieno 0z1a0 Memepianie ma cucmem Kpinienus
MEMALONIACMUKOBUX GIKOHHUX KOHCMPYKUL 015 bazamonosepxosux 0yoiein i3 6eIUKUMU NI0-
wamu ckninns. [poananizosano 6niug 6impoeozo HABAHMANCEHHS HA eleMEHMU GIKOHHOL CUCTNeMU
ma eusHaueHHI0 HeobxXionozo momenmy inepuii ons imnocmis. Memoduka pospaxynxy eiemenmis
BIKOMHUX KOHCIPYKUIL Ha Npo2uH Ni0 6NIUBOM GIMPO6020 MuUcKy ékuouaia pexomanoauii JJBH
B.1.2-2:2006 ma JICTY-H b B.2.6-146:2010. IIpogedero pospaxynok 6impo6ozo HaA8AHMANCEHHS HA
koncmpyxuii Ons micma Kueea. Y pospaxynxy epaxosano sucomy 0yoieni, mun Micueocmi, peiveq
ma Hanpsamox eimpy. Busnaueno, wo MaxcuMarvHuil muck nogimps 3pocmae 3i 30UIbUeHHIM
sucomu o6ydieni: 6id 192 Ila na nepuwomy nosepci do 761 Ila na 25-my nosepci, wo nompebye sacmo-
cyeanus OLIbUL HCOPCMKUX NPOoPinie ma Jo0amrosux eleMenmic NOCUICHHS HA 6ePXHIX NOBEPXAX.
Pospaxynxu momenmis inepuii noxasanu, wo nidibpani xombinauii pammux ma 3’ 60nysarvHux npo-
(pinie sabesneuyioms neobXiony HOPCMKICIb KOHCMPYKUTL, a UeHMPATLHUL BePMUKATHULL IMNOCT
cnpuiimae ocHosme nasanmanxcenns 6io eimpy. Ilokasano, wo npasuivnuil nidip npoghinie ma 6y3-
6 nocunenns sabesneuye cmadiivHicmn, 006206iunicms ma besnexy eiKonnux cucmem. Ompumani
pesymamu niomeepoxrcyomy 6aNCIUBICMb 8PAXYEaris sucomu 6ydieii ma xapaxmepucmux eim-
P0OB020 HABAHMANCEHH S NPU NPOEKMYBAHHT MEMATONLACMUKOBUX KOHCMPYKUIU BEAUKUX POSMIDIG.
Ipaxmuune 3acmocyeanms memoouxu 0036014€ NIOGUGUMI MEXAHIUHT XAPAKMEPUCTIUKI CKIONA-
Kemig i onmumisyeamu sapmicmv (pacaonozo cKiiHHs.

Kntouogi caoea: memanonnacmuxosi 6iKOHHI KOHCMPYKUii, 6impoee HABAHMANCEHHS,
MoMenm inepuii, epmuxanoHuil imnocm, éucomna 6yoieas, scopcmricmo npoghinie.

IIocranoBka POOIEeMH. ByxaiBHMIITBO ~ HUM BiTPOBMM HaBaHTa)keHHsIM. HeoOxiaHO Bpa-

BHCOTHUX OyziBesb y CBITi 3pocrae BeJs-
ye3HUMU Temnamu. [lJig 3HMKEHHS BapTOCTI
OymiBHUIITBA, 3a0yJI0OBHUKN BCE YacTillle BUKO-
PHUCTOBYIOTH IHHOBAIIMHI TEXHOJIOTII Ta HecTaH-
naptHi pitnenHd. Bikna 3 [IBX 3Hauno uactirie
BUKOPUCTOBYIOTb /ISl CKJIIHHSI BUCOTHUX KOH-
CTPYKIIN, HIK aJioMiHieBI pamu. Taki BiKHa
€KOHOMIYHO BWTIZIHIII Ta NPONOHYIOTH Kparii
TEIVIOI30JIAIIIHI XapaKTePUCTUKHU, HIK aJIOMi-
Hi€eBl. 3 oIy Ha 1ie, BikoHHI cuctemu 3 [I1BX
CIIOYATKy PO3POOJISIIUCS IS MaJOIIOBEPXOBHX
ab0 cTaHZapTHUX 0araTOMOBEPXOBUX OYiBEIb.
IIpote icHy[OTH TIEBHI 0COBIMBOCTI TIijf Yac BCTa-
HOBJICHHS Ta €KCILTyaTallil MeTaJonJacTUKOBUX
BIKOH y BUCOTHUX OYiBIISAX, IO IAI0THCS 3HAY-
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XOBYBaTH TEXHOJIOTIYHI OCOOJMBOCTI BIKOHHUX
cucrem 3 IIBX, apxitexTypy OyaiBji, a Takox
METO/IM Ta apaMeTpy OyAiBHUIITBA.

MerasoniacTukoBi BiKHA Jy:Ke 4acTo 3aCTO-
COBYIOTbCsI B cydacHoMmy OyaisauiTsi. ITepesa-
ro10 3aCTOCYBaHHS TaKOIO TUILY BIKOH € IX eHep-
roe)eKTUBHICTh, JOBTOBIYHICTH Ta TIPOCTOTA
MoHTaxy. IIpoTe mpu NpPOEKTYBaHHI BEJUKUX
a00 BUCOKMX BIKOHHMX KOHCTPYKIIifi BAHUKAIOTD
CKJIQ/IHOIII, TIOB’s13aH1 3 TEPMIYHUMU Ta MeXaHi4-
HUMU HaBaHTaKeHHIMMU.

OxHi€lo 3 OCHOBHUX MpobjieM € JiiHiiiHe
TETIOBe PO3IIUPEHHS POMITiB i/ TIEI0 COHY-
HOro BUIIpOMiHIOBaHHSA. Ilpu HarpiBanHi 1po-
(bisb TOMOBKYETHCS I MOKE BUTUHATHUCS, IO
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HiIBUIIYE PU3UK PO3TPICKYBAHHS CKJOIAKETA.
JlonatkoBo, IS BHCOTHHX OYAiBeJb BEIUKE
3HAYEeHHs Ma€ BiTPOBE HaBaHTAKEHHS, SIKE CTBO-
PIO€ MPOTMH IMIIOCTA BCEPeIMHY KOHCTPYKIILii Ta
MO3Ke MOITKOUTH CKJIO.

CranzapTHi BIKOHHI CUCTEMU MPOEKTYIOTHCS
JUIsT TIpOpi3iB 6e3 IeHTpasbHOi omopu. Y pasi
BeJMKNX ab0 HeCcTaHAAPTHUX KOHCTPYKIL Iie
MOJKe TPU3BOAUTU /10 HEJOCTATHHOI JKOPCTKO-
cTi 1 migBuIeHOl HeOe3meKu I CKJIOIAKeTa.
Jluist BUpitieHHs 11i€l mpo6JIeMi 3aCTOCOBYIOTHCST
HeCTaH/[apTHI MeTO/M KPIIJIeHHS IeHTPaJbHOI
YaCTUHU KOHCTPYKIIii, 30KpeMa BUKOPUCTAHHS
JI0JIATKOBUX HECYYNX €JIEMEHTIB, TAKUX SIK OaJIKI
00 TTiICHJIeH] IMITOCTH.

MertasioniacTUukoBi BikKHA BEJMKOTO PO3MIpy
YacTO CTBOPIOIOTH TEXHIYHI TPYAHOI TIiJ[ 4ac
BUTOTOBJIEHHSI Ta MOHTaXKY. SIKIIO IJI0Ia KOH-
CTPyKIlii mepeBunrye 12 KBagpaTHUX MeETPiB,
wanpukaan 3500 x 3500 mm, TO 3poburH i
CTaHJAPTHUM CIIOCOOOM MailsKe HEMOKJIUBO.
OcHoBHA IPUYMHA TIOJISATAE B TOMY, 1110 I/ [II€I0
COHIIA TPOMdiib HArpiBa€TbCs, TOAOBKYETHCS
11 MOKe BUTUHATHCA IyTot0. Yepes 11e cKIonakeT
TpicKkaeThest abo 1ehOPMYETHCSL.

Y BricoTHUX OyAMHKAX, 0COOIUBO BUIE BOCh-
MOTO TTOBEPXY, /10 IIOTO J0IAETHC IIle OJTHA TTPO-
GieMa — CUJIbHE BITPOBE HaBaHTaKeHHs. Birep
TUCHE Ha TJIONMHY BiKHA, TPOTUHAE IEHTPATbHY
YaCTUHY, 1 1l€ TaKOX CTBOPIOE PU3UK IMOIIKO-
JUKEHHS CKJIA.

CranpapTHi BIKOHHI cHCTeMU 3a3BUYail PO3-
paxoBaHi Ha OTBOPHM 0e3 IEHTPaJbHOI OIIOPH,
asie gKmo B OyAiBeNbHIN KOHCTPYKINi € Oaska,
ii MOJKHA BUKOPUCTATHU SIK IOJJATKOBUI Hecyunii
esieMeHT. SIKIO 3akpinuTu iMmoct 10 Oaiku,
HaBaHTa)KEHHST YaCTKOBO Tepeiizie 3 podisio Ha
camy Oyzismio. Takuil mpuitoMm poOUTH CHCTEMY
GisbI cTabiIbHOIO, BMEHINYE PUSUK BUTHHY IIPO-
(im0 Ta 103BOJIIE BUKOPUCTOBYBATH 3BUYAliHI
cKJIomnakeTy Oe3 I0aTKOBUX ILTiBOK. 1le He sutre
MIJIBUIIYE HAINHICT, @ 1 3MEHIIY€E BapTICThb
3aCKJIEHHS.

[HKOIM BesMKorabapuTHe BIKHO HEMOKIUBO
JIOCTaBUTH 200 BHECTH B TIPUMIIIEHHS IIJIHM.
Y Takux BUIafikaX KOHCTPYKIIi0 pOOJIATD i3 IBOX
yacTuH — HanpukJaj, mo 1750 x 3500 MM Ko:kHa.
Mix cob00 BOHM 3'€IHYIOTHCS CIENialbHIM
mpodisiemM, BcepeIuHi SKOTO BCTAHOBIIOETHCS
MeTtaneBuil migcumosad. Ilpore 1eit 3’emHyBayu
Ma€ 30BHinmHii BucTyn 6u3bko 20—30 MM, i BiH
MOsKe BImparucs y OymiBesnbHy Ganky. Yepes 1ie
BCE BIKHO JIOBOJIMTHCS 3MIlI[yBaTU TPOXU Bcepe-
JUHY TPUMIMIEHHS, 11100 YHUKHYTH 3iTKHEHHSI.

Take 3MillleHHS TIPU3BOAUTD 10 MOSBU OLIBIIOTO
3a30py MiXX PaMoOI0 Ta CTIHOIO, IO YCKJaJHIOE
AKiCcHe 03100/IEHHS CTUKY.

o6 yHuUKHYTH 1€l 1pobjeMu, MOKHA
3aMIHUTU 3BUYAWHUN 3’€HYBaJbHUN TPODLIb
Ha MiHi-3'eqHyBay 0e3 BHCTYMiB. BiH MeHI
JKOPCTKUI, aje SKIIO0 Micle CTHKY 30iracrhcst
3 PO3TallyBaHHAM OalKd, TO KPIILIEHHS MOKHA
BUKOHATH NpsiMo 10 Heil. [le Hazae momatkoBoi
MII[HOCTI Ta JI03BOJISIE BUKOPUCTOBYBATU KOM-
makTHi mpodini 6e3 MKOAM I 30BHIIIHBOTO
BUTIIALY (hacajy.

Y cTaHzapTHUX cUCTeMax 3a3BUYail He Tepe/l-
OadyeHi 3aBOJACHKI PIlIEHHS s 3aKpPilICHHS
TaKUX HECTAHJIAPTHUX €JIeMEHTIB. Y MicIli 3'€/I-
HaHHS JIBOX PaM HEMa€ CIelialbHUX 3adYelliB
ab0 MOHTaKHWX MaiiJIaHYMKiB, TOMY MaiicTpam
JIOBOJUTBLCS NIYKATH 1H/MBIyaJibHI BapiaHTU
KPIIJICHHS.

Omun i3 HalmpocTimmx cmnocobiB — Mpo-
CBEPAJIUTU TTPODIIb HACKPI3b 1 3aKPIiMUTH HOTO
TYpOOrBUHTOM ab0 IIYPYIIOM Yepe3 BHYTPIIIHIO
noBepxHio. OTBip TOTIM 3aKpPUBAIOTh 3arJylil-
KOI0 3 repMerukoM. Takwii crocib mpocTwuii
1 HaIIHWI, ajie He y:Ke ecTeTudHuid. Tomy fioro
yacTillle 3aCTOCOBYIOTh Y MPOMUCIOBUX OYIiB-
JISIX, Jle BaXKJIMBA MTPAKTUYHICTD 1 BapTiCTh, a He
30BHIITHIN BUTJISII.

[Hmmit BapiaHT — cBepaJIiHHSA Y (DasbleBiil
YacTHUHi, TOOTO TaM, Jie 3HAXOAATHCA I[pGHEl)KHi
orBopu. [omoBka IIypyIIa B TAKOMY pasi mpuxo-
BYETDCS i/ TITATTKOM, 1 30BHI KPITIJIEHHS HETIO-
mitHe. [IpoTe BoHO YTPHUMY€ JIMIIIE TLIACTHKOBY
YaCTUHY Hpocplmo He 3a4iTanyu CTajeBe apMy-
BaHHSI, TOMY MII[HICTh TPOXU HUKYA.

[le oxuu croci6 — Bukopucrants T-mozi6-
HOTO METAJIEBOTO €JIEeMEHTA, SKUU KPIMUTHhCS
Ha JIMIBOBY TOBepXHIO Tipodinio. MetaneBuii
CTPVIKEHDb BCTABJISIETHCS B OTBIp y Oauii Ta
(biKkcy€eTbest TaM, 1HOJII 3a JOTIOMOTOI0 CHelliasTh-
HOTO KJIEHOBOTO CKJIQJy — XIMIYHOTO aHKepa.
Ile 3abesmeuye MilHe Ta TOBTOBiUHE KPillJICHHS
3 OXaTHUM BUTJISIZIOM.

Tako0& 3aCTOCOBYIOTH L-110/1i0HI KPOHIITEIHH,
AKI KPITIATHCS 10 TIPOGIITT0 Ta GaIKu Iy pyTamMn
abo mobensamu. Ileil BapianT 3pyvHuil i Haiii-
Huil. /laHuit MeTo/1 3aCTOCOBYIOTH ITijl YaC PEKOH-
CTPYKIIii IPOMKCIOBUX Oy/iBEb. 3 €CTETHYHUX
MIpPKYyBaHb KPOHIITEHHU TAKOXK PEKOMEH/IYETHCS
dapbysaTu 611010 TOIiECTEPOBOIO (hapbHOIo.

dkmo momibHuX BikOH y OyaiBii Garato,
NOITIIBHO CTBOPUTU CTaH/IAPTU30BAHY CHUCTEMY
KpilJIeHHs 3 HepskaBHOi crami. Taki merasi
MOKYTb MaTH PeryJibOBaHUI 3aXBaT 1 JI03BOJIS-
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I0Th MIBUKO Ta TOYHO MOHTYBAaTHU iMIIOCTH [0
6anok. Ile 3abe3neuye MOBTOPIOBAHICTD, BUCOKY
SIKICTh MOHTAXKY Ta OXaiHWI BUTJIS (hacay.
AHani3 ocraHHIX JOCTiKeHb. Pesysnbratu
aHaJi3y HayKOBUX IyOJiKailiii mokasaiu, 1o
Cy4yacHi JocJi/pKeHHs c(hOKycOoBaHi Ha Tiji-
BUINEHHI Oe3mekn, eHeproeeKTUBHOCTI Ta
(YHKIIIOHAJIBHOCTI  BIKOHHUX — KOHCTPYKITiil.
B VYkpaini npoekTyBaHHS, BCTAHOBJIEHHS Ta
eKcIlyartailii BIKOHHUX KOHCTPYKIIH peryJiio-
I0ThCSl YAHHUMHU HOPMATUBHUMU IOKYMEHTAMMU.
Y nep:kaBHuX Oy/IiBeJTbHUX HOPMaX BU3HAUYEHO
OCHOBHI BUMOTY JI0 HaBaHTa)KeHb 1 BILJIUBIB,
0 if0Th Ha Oy/IiBeIbHI eJeMEeHTH, 30KpeMa
il Ha MeTasonaacTukKoBi BikHa [1, ¢. 3]. OcHo-
BOI0 /UId 3abe3leyeHHs HaAIHOCTI Ta JOBrO-
BIYHOCTI BIKOHHUX KOHCTPYKIIiil € gKicHI MaTe-
plasii Ta MpaBUJIbHE KPIIJIEHHS BIKOHHUX PaM.
Y macranosi [2, c¢. 1] npuBeneno pekoMeHaIli1
II0/I0 TPOEKTYBAHHS, MOHTAXKY Ta eKCITyaTaiii
BEJIMKOrabapuTHUX BiKOH 1 aBepeil. ¥ cyudac-
HUX JIOCJTI/DKEHHSX 3HAUHA yBara MpuIiIseThCs
NUTAHHSM MiJIBUIIEHHS eHeproeeKTUBHOCTI
ta Gesneku BikoHHUX cucteM. M. Maiikn Ta
criBaBTopu |3, c. 5357] BUKOHAJIU cuctema-
TUYHUN OTJIS TEXHOJOTi CKIIHHS hacais.
ABTOpaMu BHOKPEMJICHO HOBITHI PillleHHS 7St
3MEHIIIEHHSI EeHEPTOCIOKUBAHHSA Ta TIOKpa-
IIEHHA  TEIJIOBUX XapaKTEPUCTUK BIKOHHUX
KoHcTpyKIiit. ¥ npari A. Moxsik [4, c¢. 1254]
MPEICTaBIEHO OCBI/l 3aCTOCYBAaHHS CKJSTHUX
KOHCTPYKIIII y CydYacHiil apXiTeKTypi Ta Tij-
KPECJIUB POJIb CKIATHHS Y (OPMYBaHHI TIPOCTOPY
Ta ecretuku OyzmiBesb. M. AHApee Ta CIiBaBT.
[5, c. 767] npoBesu ekcriepuMeHTAIbHI OCTi-
JUKeHHS e(peKTUBHOCTI MPOTUYAAPHUX IITiBOK
Ta TPOCOBUX CHUCTEM, SIKI MOKYTh 3MEHITYBaTU
HACJTiIKK BUOYXOBUX HaBaHTa)keHb Ha BiKHA.
Y pobori II. Bau ta komeru [6, c. 6092] npex-
CTaBUJIM Pe3yJIbTaTH TOPIBHSJIBHOTO aHAi3y
MaTepiaJiB, 110 BUKOPUCTOBYIOTBCS Y BIKOHHUX
pamax. B wmiit crarti npejcTaBieHo pe3yJbTaTu
ONTUMI3aIll]l X TeIJI0I30JAIINHNX BJIACTUBOC-
Tell BIKOHHMX KOHCTPYKIi. /[locmimxenns
E. Copymnii Ta xomer |7, c. 18] pesiomye, 110
KOH(DiTypallisl BIKOH 3HAUHO BILJIMBA€ HA eHep-
ro3bepeskeHHsT Ta KOM(OPT OCBITIECHHST B JKUT-
JoBUX mpuMminieHHsax. Y mpami Partymuak [,
[Tanbkesuu B. i [Tanbkesuy O. [§, . 90; 9, c. 49]
Bijl0OpaskeHo OCHOBHI (hakTOpH, SKi CJIijJ Bpa-
XOBYBATH IIiji Yac OIHKK Oe3NeKr BIKOHHUX
KOHCTPYKIII B yMOBax MiIBUIIEHUX PU3UKIB.
bararo indopmariii B JiTepaTypHuX JpKepesax
IPUCBSIYEHO TIPOOJIeMi MEpCIeKTHB 3acToCy-
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BaHH4 HaHOMaTepialiB y BIKOHHUX CUCTEMaXx.
B Garathox cTaTTsX 0COOMUBY yBary MpHILICHO
BubOOpY MaTepiaiB. JlOBroBiYHICTh Ta CTIHKICTh
BUPOOIB y PI3HUX eKCIUIyaTallillHUX yMOBax
3QJI€KUTD BiJl METO/IIB KPITlJIEHHS Ta KOHCTPYK-
TUBHUX pimeHHb. Y pobori C. Yskana ta KoJern
[10, c. 5] nmpejcTaBIeHO Pe3yAbTATU TOCIIKEHD
MEePCIEeKTHB OJHOYACHOTO TTiIBUIEHHS TEIJIO0-
130JIAIITHUX BJIACTUBOCTEN 1 yAapOCTIKOCTI
Mpo30pux KoMIo3uTiB. He MeHI BakjJuBUM
YUHHUKOM Y HaJilfHOCTI eKcIlTyarailii Ta BCTa-
KOBJICHHSI BIKOH BEJIMKOTO PO3MIpPYy € BITpPOBe
HAaBaHTA)KEHHSI Ta CelicMiuHAa CTIHKICTb KOH-
crpykiii. I. JIi Ta cniBaBTopu [11, c. 4] moci-
JIAJI BILIVB BITPOBUX HaBaHTaxKeHb Ha OyAiBJIi
CKJIQJIHOI (hOpMU, IO € BAKJIUBUM JJi PO3Pa-
XYHKY HaBaHTa)keHb Ha BIKOHHI 3alTOBHEHHSI.

Y cTaTTi PO3rAgAaI0ThCA METOAN TTOCUJIEHHS
IEHTPATTbHOI ~ YaCTUHU  METaJOMJIACTUKOBUX
BIKOH, SKi JI03BOJISTIOTh 3MEHIIUTH JAedopmartii
npodisiB, 3HU3UTH PUBNK TIONTKO/KEHHS CKJIA
Ta 3a6e3reunT GesreyHe i eKOHOMiUuHe BUKOPHU-
CTaHHS BEJUKUX CKJIOMAKETIB.

Meroio mociimKenHsi Oyn0 BHU3HAYEHHS
ONTUMATTBHUX ~KOHCTPYKTUBHMX pillleHb Ta
MOMEHTIB 1HEPIIil eJeMEeHTIB MeTaJOIJIACTUKO-
BUX BIKOHHUX CHCTeM U151 3a0e31eyeHHs 1XHbOl
CTIIKOCTI /10 BITPOBUX HAaBAaHTA)KEHb Y BUCOTHUX
Oy TiBJISIX.

Mertoauka po3paxyHKy eJieMeHTiB
BIKOHHHX KOHCTPYKILiif Ha IPOTUH
Mi/T BILTABOM BITPOBOTO THCKY

Bxiani gami:

Micto: Kuis

Tun micuesocti: IV — Micbki Teputopii, Ha
AKUX MpUHaiMHI 15 % moBepxHi 3aiiHATI Oy/IiB-
JIIMH, TII0 MAIOTh CEPEIHIO BUCOTY MOHAL 15 M

CxeMy BIKOHHOI KOHCTPYKIIil, SKy BHUKO-
PUCTOBYBAJIM B PO3paxyHKax IPeCTaBJeHO Ha
puc. 1.

Bucory posraiiryBaHHs BEPXHbOTO Kpalo po3-
PaxXyHKOBOI KOHCTPYKIIil HaJl OBEPXHEI0 3eMJIi
3a3HaueHo B Tabmauis 1

— Bucora OyiBii: 73.5 M

— mupuHa Oyaisi: 50 M

[pannuHe po3paxyHKOBe 3HAUEHHS BITPO-
BOTO HaBaHTaKeHHs BU3HAUAJM 32 POPMYJIOIO Ta
3a3HaueHo B Tabsui 1;

W, =7, W,C (1)
ae v, = 1.14 — xoedilieHT HAJINHOCTI, TIPU-

UMW 1JId BCTAHOBJIEHOT'O TepMiHy EKCIlIyaTa-
uii (11.9.14 JIBH B.1.2-2:2006)
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Puc. 1. Po3paxyHkoBa cxema po3noziny BITpOBUX
HaBaHTaKeHb

W, =370 Ila — xapakrepucTiuyHe 3Ha4YeHHS
BiTpOBOTO THCKY /st M. KuiB (3rigHo 3 [lonat-
koM E /IBH B.1.2-2:2006)

Koedimient C Buznavamu 3a hopmyJioo:

C=C CC,C.C,.C 2)

aer~h " alt " rel ~ dir ~ d’

ne C - aepopmHamiunmii Koedinient (. 9.8
/IbH B81.2-2: 2006)); (Ta6JI 1).

C, — B 3aJIeKHOCTI Bil BUCOTH pO3Tally-
BaHH4 BIKOHHOI KOHCTPYKI[il, Ha/ I[OBEPXHEIO

zemui (1. 9.9 IBH B.1.2-2:2006 uam.1); AuBiTbes
Tabmuiio 1.

C, — xoedinienr reorpadiunoi BHUCOTH
(m. 9. 10 JIBH B.1.2-2:2006); (tab. 1).

C , — xoediuient peabedy (m. 9.11 JIbH
B.1.2-2: 2006) (tabu. 1).

C,. — xoedinient nanpamky (m. 9.12 JbH
B.1.2- 2 2006) (Tabm.1).

Cd - xoedimient auuamivnocti (m. 9.13
JIBH B.1.2-2:2006); (Tabux. 1).1.

HeobxigHuii MOMEHT iHepIlii BepTHKAIbHIX

Ta FTOPU30HTAJIbHUX IMIIOCTIB PO3PAaXOBYBAJIU 32

dbopmyJoio (3):
w, L'B
T1920E 7,

oot o2

ne L — moB:KWHA IMITOCTa, BIITOBIHO 710 puc. 1;
B — mupuHa HaBaHTa)KEeHHSI, BIJTIOBIZTHO /10
puc. 1;
f .y — Aorycrtumuii mporud 1/300 L;
£~ 21000 KkH /m? MO/ Th PY;KHOCTI CTaJI;
1920 = const — mocTiiiHa BeJTMUNHA,;
MiHiMaibHO HeoOXiJHe 3HAYEHHS MOMEHTY
1HePIIil po3paxoBY€ETHCS 32 (hOPMYJIOO:

X Heobx.

)

+1

xeoby. Ix(B1) x(B2).)

ne [ B1)) Il(Bz) BI/ITIOBiIHI MOMEHTHU 1HEPITil JIJIs
IMPUHK HaBaHTa)KeHHs B, Ta B,

PospaxyHnkoBe 3HaueHHs I  veose  BKA3AHO
B Tabuii 2 (KosoHKa 7), B 3a/l€KHOCTI Bij

BUCOTH pO3TallyBaHH KOHCprKI_[ﬁ.

by——
— Tl— I —m

Puc. 2. Cxema pOSHOlIiJIy HaBaHTaK€Hb Ha FOpI/ISOHTaJIbHI/Iﬁ IMIIOCT BiJ] Baru CKJIOTIaKeTa
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MiHiMaibHO HeOOXiHe 3HAYEHHS MOMEHTY
iHepIil Iy oo, T CIPUMHATTS HaBaHTAKEHHS
BiJl Baru CKJIOTIaKeTa PO3PAXOBYETbCI BIJIIIO-
BiJIHO /10 cxeMu puc. 2 3a GopMyJIoro:

I P
¥ Heobx. 2, 4E . f
ne a =12 cM-BijicTaHb BiJl BHYTPIIIHBOTO KyTa
110 CepeInHU OIOPH

E=21000 kH/m? MojtyJib Ipy:KHOCTI T
f=2 MM fomycTuMuii poruH

(3b* —4a*) (em?),  (4)

b — mmprHa CKIOMAKeTa, IPUITHSITA K PO3-
PaxyHKOBa JIOB)KMHA TOPU30HTAJIBHOIO iMIIOCTA
MiHyC 5 CM.

h — BHCOTa CKJIOMaKeTa MPUIAHATA K Bij-
CTaHb BiJl Kpal0 paMu /0 OCi TOPU30HTAJIbLHOTO
iMmnocra Minyc 7,4 cm.

P — Bara ta hopmy.ia ckiomnakera

Pe3yabraTu nociaiakenns. PesysbraTi po3pa-
XYHKIB MAaKCUMaJIbHOTO BITPOBOTO HABAHTAKEHHS
npezictassieHi B Tabuuii 1. PozpaxyHKu mpoBou-
scs BignosiHo 10 Bumor JJCTY b B.2.6-146 ta

Ta6muugs 1. Ipannyne po3paxyHKOBe 3HAYEHHS BITPOBOTO HABAHTAKEHHS 32JI€3KHO
BiJ MicIisl po3TamyBaHHst Oy/IiBJIi Ta BACOTH PO3TAalIyBaHHS KOHCTPYKIIii.

Biacrans Bizx 3emii 10 W
IloBepx | BepXHbOTO Kpaio KOHCTpyKmii | W, | Y C, il Coor | Cii| €| €, C (Hé")
/ (BuCOTa moBepxy)
1 2.8 (2.8) 370 [1.14] 06 [ 1 [08] 1 | 1 [095]0.456 | 192
2 5.6 (2.8) 370 [1.14(0.648| 1 [ 08| 1 | 1 [095]0.492 | 207
3 8.4 (2.8) 370 1140872 1 |08 | 1 | 1 [0.95]0.663 | 279
4 11.2 (2.8) 370 [1.14(1.048| 1 |08 1 | 1 [095]0.796 | 335
) 14 (2.8) 370 |[114( 116 | 1 |08 1 | 1 [095]0.882| 371
6 16.8 (2.8) 370 114 (1272 1 |08 | 1 | 1 [0.95] 0967 | 407
7 19.6 (2.8) 370 [1.14 (1384 1 [ 08| 1 | 1 [095]| 1.052 | 443
8 22.4 (2.8) 370 114 (1466 1 {08 1 | 1 [095]| 1.114 | 469
9 25.2 (2.8) 370 [1.14 (1543 1 |08 ] 1 | 1 [095]| 1173 | 494
10 28 (2.8) 370 [1.14(162 | 1 [08] 1 | 1 [095] 1.231 | 519
11 30.8 (2.8) 370 114 (1697 1 |08 1 | 1 [095| 1.29 | 544
12 33.6 (2.8) 370 [1.14 (1774 1 |08 ] 1 | 1 [0.95]| 1.348 | 568
13 36.4 (2.8) 370 114 (1851 1 |08 1 | 1 [0.95] 1407 | 593
14 39.2 (2.8) 370 11411928 1 [ 08| 1 | 1 095 1.465 | 618
15 42 (2.8) 370 [1.14[ 198 [ 1 |08 1 | 1 [095] 1.505 | 634
16 44.8 (2.8) 370 |1.14(2.022] 1 |08 1 | 1 [095] 1.537 | 648
17 47.6 (2.8) 370 [1.14(2.064| 1 [08] 1 | 1 ]0.95]| 1.569 | 661
18 50.4 (2.8) 370 [ 1142106 1 |08 1 | 1 [095] 1.601 | 675
19 53.2 (2.8) 370 1142148 1 |08 1 | 1 [095] 1.632 | 688
20 56 (2.8) 370 [1.14( 219 [ 1 [08] 1 | 1 [095] 1.664 | 702
21 58.8 (2.8) 370 [ 11412232 1 |08 1 | 1 [095]1.696 | 715
22 61.6 (2.8) 370 |14 227 | 1 08| 1 | 1 [095|1.725 | 727
23 64.4 (2.8) 370 [1.14(2305| 1 |08 1 | 1 [095]| 1.752 | 738
24 67.2 (2.8) 370 1141234 |1 |08 1 | 1 [095]1.778 | 750
25 70 (2.8) 370 11412375 1 |08 1 | 1 [095]| 1.805| 761

Jlocepeno: enacui obucienms
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Puc. 3. [pannune po3paxyHKoBe 3HAUEHHS BITPOBOTO HABAHTAKEHHS 3aJI€KHO Bifl MiCIIS
poaTaryBaHHs Oy/IiBJIi Ta BUCOTH PO3TAIIYBAHHS KOHCTPYKITI.

JDicepeno: enacui obucienis asmopa

JBbH B.1.2-2:2006 3 ypaxyBaHHSIM BUCOTH MOH-
TaKy KOHCTPYKIIil, TUCKY BITPY Ha (PYHAAMEHT Ta
MUTOMUX MTOMPABOYHUX KOe(Dilli€HTIB.

Pesyssrati po3paxyHKiB BITPOBOrO HaBaaH-
TaKEeHHs Ha BIKOHHY KOHCTPYKIIiIO 300paskeHo
Ha puc. 3.

PospaxyHok MOMeHTIB iHepIlii TOKa3as., 1110 13
3POCTaHHAM BUCOTH BCTAHOBJIEHHS KOHCTPYKIIi
MiIBUIIYETHCST HEOOXITHA JKOPCTKICTh €JIeMEeHTIB
JUIS1 CIIPUHHATTS BITPOBOrO HaBaHTa)keHHs. SIKIII0
Ha HIKHIX moBepxax (1-3 moBepxu) 10CTaTHBO
CTaHAAPTHUX paMHuX TpodiniB Ty 046 y Kom-
6inanii 3 etementamu 076 a6o 123, To nounnaoun
3 4 MOBEPXY CIOCTEPIra€ThCst MOCTYIOBE 301/b-
IIEHHST PO3PAaXyHKOBOTO MOMEHTY 1HEpIlii.

@axrnuni  sHavenna ([) ana  BuOpanHux
KoMOiHamiii mpodinis y BeiX BHIAAKax mepe-
BHUIYIOTh 200 BiJAIOBIZalOTh HEOOXiIHUM PO3-
PaxXyHKOBUM TIOKa3HWKAM, IO MiATBEPIKYE
HPaBUJIBHICTD  TAOOPY BY3JiB  MOCHUJIEHHSI.
[Tounnatoun 3 12 moBepxXy PpeKOMEHI0BAHO
3aCTOCYBaHHSI TOBCTOCTIHHUX TPOdisiB (i3 TOB-
rHO0 2,0 MM), SIKi 3a6€31e4y0Th MOMEHT iHep-
1ii 10 64,0 cM?, 1110 MOBHICTIO MOKPUBAE HOTPeOH
KOHCTPyKIii mpu Trcky 368 Ia. Anasris orpmma-
HUX JIaHUX TI0Ka3aB YiTKY 3aJI€5KHICTh BITPOBOTO
HaBaHTa)KEHHS BiJl BUCOTU BCTAHOBJIEHHS BiKOH-
Hoi KoHcTpyKIlii. Ha nepromy nosepci (110 3-ro
MoBepxy, Bucota 10 8,4 M) pPo3paxyHKOBUI THUCK
noBiTps He epeButyBas 280 [la, mo Bigmosigae
MOMiPHOMY HaBaHTaKEHHIO HA TIPOMIIb Ta CKIIO-
nakeru. [lounnaioun 3 5—6 moBepxiB (BucCOTa

noHa/ 14 M), HaBaHTaKEHHST 3POCTAE 10 OiJIbIIie
400 Ila, mo BWMarae BUKOPUCTAHHS apMOBa-
HUX KOJIOH a0 MeTasieBoi apmatypu. [loganbiie
301JIbIIIEHHST BUCOTH OYiBJII TMPU3BOANTH JI0
MOCTYTIOBOTO 3POCTAHHS TUCKY TTOBITPS:

Ha 10-my nosepci (#28 m) — 519 Ila,

Ha piBHi 15 noBepxa (42 m) — 634 Ila,

a Ha BEPXHBbOMY PiBHi (piBeHb 25, ~7() M) Mak-
cUMaJIbHe TPaHUYHe 3HaUeHHs cTaHoBUTH 761 I1a.

Otske, 3arajgbHe 30iTbIIEHHS  BITPOBOTO
HaBaHTa)KEHHSI BiJl MEPIIOTO /10 ABAAIATH 11'sI-
TOTO TOBEPXY CTAHOBUTH MPUOJIM3HO B YOTHPU
pasu. Ile mpuU3BOANTD 0 3HAYHOTO 30iTbINEHHS
nedexTiB BepTUKATBHUX eJIeMEHTIB (CTIOK)
Ta 36ipIy€e pu3uK Aedopmaiiii abo po3TpicKy-
BaHHsI CKJIONaKeTa, 0COOJIMBO IIPY BUKOPUCTaHHI
CTaHJAPTHUX METAJIONJIACTUKOBUX MPOPITiB.

I1i pesy/braTi MiATBEPIKYIOTh HEOOXIAHICTH
BpaxyBaHHS BUCOTU KOHCTPYKIIII ITiJ] 4ac MPOeK-
TYBaHHSI CHCTEM CKJIiHHS JIJIs1 BUCOTHUX OY/IiBETb.
J17151 ToBepXiB BuUIIle BOCBMOTO TIOBEPXY PEKOMEH-
JIYETHCSI BAKOPUCTOBYBATHU JI0JIATKOBI KPITlJIEHHS
CTIIKM JIJIS ATPUMKHN GAJIOK, 110 [epepo3HOi-
JIT€ HaBaHTA)KEHHS Ta 3MEHIIYE PU3UK TIOTIKO-
JUKeHHs ckia. [padiune mpencTaBieHHsS pe3yJib-
TaTiB PO3PAxXyHKYy MOKa3aHO HAa PUCYHKY 3, [e
MOKA3aHO MOCTYIOBE 301/IbIIIEHHST TUCKY BITPY 3i
301JIBIIIEHHSIM BHCOTH KOHCTPYKITIi.

Y BcCiX pO3IJISIHYTUX BapiaHTaX BepTUKAJb-
HUIl 1IMIIOCT, PO3TAlIOBAHUI IOCEpeJNHI KOH-
CTPYKIIil, 3QJIUIIAETLCS OCHOBHUM €JIEMEHTOM,
SKUU CITPUIIMAE BITPOBE HaBaHTAKEHHS, a epek-

ol
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Ta6mus 2. Po3paxyHKoOBe 3HaY€HHsI MOMEHTIB iHEpILii Ta MOKJIUBI BY3JIM €JIEMEHTIB ITOCHJIEHHST

KOHCTPYKIIii «0k-1»
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JDicepeno: enacui obucienns asmopa

THBHICTh HOTO poOOTH 3a0€3IeUyEThCs 32 paxy-
HOK MPaBUJIBHOTO MMig00py KOMOIHAIl paMHUX
i 3’eIHyBaJIbHUX MTPOMDIJIIB.

3 MiABUIEHHIM BUCOTH OYAIBJIL CHia BIiTPY
36iabIy€eThest. ToMy, BepxHi moBepxu Oy/IiBIi
MOBUHHI OyTH OCHAIeHi OilbIT JKOPCTKUMU
KOHCTPYKTUBHUMU esieMeHTamu. [l meprimx
TPHOX IMOBEPXiB CTaHAAPTHI Tpodini Kapkacy
tuny 046 Gyau nmoexHanHi 3 enementamu 076
abo 123. 36ismbiieHHss HEOOXITHOTO MOMEHTY
iHepIlii, MOYMHAIOYM 3 YEeTBEPTOTO IOBEPXY,
BUMAara€ MOCUJIEHHS BIKOHHUX KOHCTPYKIIiil.
PeasibHi 3HaUeHHS MOMEHTY iHepIlii B TIpohiidx,
npezcTaBienux y Tabmuii 2, € TakuMu K, abo
OibImMu 3a po3paxyHKoBi 3navensst. e cBin-
YUTH TPO T€, MO TTOCUIEHHS KOHCTPYKILT OYJI0
00paHO TPaBUJIbHO. PEKOMEHIYETHCS BHUKO-
PUCTOBYBATU TOBCTOCTIHHI TPOdiai 3 TOBIIH-
HOIO 2 MM TicJIs1 IBaHAIATOrO moBepxy. [li ese-
MEHTH 3a0e31euyioTh MOMEHT iHepIfi OJI13bKO
64 cM* i MOXYTb BUTpUMYyBaTH THCK 10 568
ITa. Y Bcix BapianTax po3paxyHKy IeHTpaJbHa
YaCTUHA BiKHA MiJICUJIEHA BEPTUKATIBHUM IMIIO-
cToM. Taka KOHCTPYKIlisI BUTPUMYE HaBaHTa-
JKeHHs BiJ BiTpy Ta 3annimaeTbest. CTabiabHICTD
KOHCTPYKIIil TIOKPAIy€E€ThCS 3aBASAKU TPABUIb-

o4

HOMY TIO€JIHAHHIO KapKacHUX 1 3'€/IHYBaJIbHUX
npodiiB.

OTtpumani pe3ysbraTy MOKa3auu, 10 KpH-
TUYHE BITPOBE HABAHTAXKEHHS [JId BEJIUKOI
METaJIOIJIACTUKOBOI KOHCTPYKIIl 3HAUHO 3aJie-
JKUTh Bijl BUcOTH OyiBIIi. Po3paxyHKu BITPOBOTO
HaBaHTA)KEHHS HA METAJIOIIACTUKOBY KOHCTPYK-
110 TOKA3ylTh 30i/IbIIIEHHST THCKY 3 BHCOTOIO
Oynmisai mpubausHo Bix ~192 Ila Ha 1-my 10
~761 Tla na 25-my nosepxax. Ili pesysbratu Biji-
nosigaoTh kputepism [IBH B.1.2-2:2006, ki
JI03BOJISIIOTh BPAXOBYBATU BUCOTY KOHCTPYKIIii
Ta pesibed MicIleBOCTI IPU BU3HAYEHHI KPUTHY-
HUX BITPOBUX HaBaHTaxkeHb |1, c. 7]. Jls1 3a0e3-
IIeYeHHsT HeOOXiTHOTO TPOTUHY KOHCTPYKIII Ta
I ATPUMKH CTabiIbHOCTI eJieMeHTiB (hacasy 6yJ10
IPOBE/ICHO PO3PaXyHKU MOMEHTIB iHepIlil iIMII0-
cris 3rigno ICTY-H b B.2.6-146:2010 [2, c. 6].
Hamri BUCHOBKM Y3TOJKYIOTbCSI 3 CyYaCHUMU
poboTtamu B rasy3i acaHoro CKIiHHsL. 30KpeMa,
Pe3yJIBTaTH y3POLKYIOThCsT 3 poboTamu M. Maii-
KJIa Ta KOJIET, Kl CUCTeMaTU3YIOTh TEXHOJOT1
CKJIIHHS Ta IIAKPECIOTh HeOOXiIHICTh ajar-
Tallil KOHCTPYKIN 70 HaBaHTa)KEHb, B 3aJIEXK-
Hocti Bixg Bucotn Oyzisens [3, ¢. 5357]. Y mparti
Noxgik (2022) Takox 3a3Hau€HO, 110 TPU BUKO-
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PUCTAHHI BEJIUKOTIPOJITHUX CKISHUX YCTAHOBOK
HeOOXiTHO TACKITIOBATH TXHI HECydi eJIeMEHTH.
Ile ys3romxyerbcsd 3 HalIMMKM PeKOMEHJalli-
SIMU TIIO/I0 BEPTUKAJBHUX IMIIOCTIB |4, ¢. 1255].
ExcnepumenTanbia pobora M. Anjapea Ta iH.
(2024) noxasye, 110 3 TPAaBUJIBHUMU KpillJieH-
HAMU Ta BapiaHTaMU TiJICUJIEHHI KapKacy sl
3MEHIIIeHHs TONIKO/KeHb Bijl 30BHINIHIX (hak-
TOPiB, TaKWX sIK yaapu abo BITPOBI HaBaHTa-
JKeHHsI, MOKHA 3HAUHO 3MEHIIUTUA MMOBIPHICTD
HOMIKO/IKEHHS CTPYKTYPHU CKJISTHOI ILJIUTH, SIK
BXKe IPOIEMOHCTPOBAHO BUKOPUCTAHHSIM Bep-
TUKQJIbHUX IMITOCTIB Ta TOBCTOCTIHHUX TIPO(IJIiB
[5, c. 769]. Kommekche pocimkenns 3. Banra
ta iH. (2024), pescTaBieHe B Marepianax /s
BIKOHHUX PaM, 1JIOCTPYE >KOPCTKICTb 1 Mill-
HicTb MTPO(MiIiB Ta 1X BAXKIUBICTD /151 PO3MOJIILITY
HaBaHTAKEHHS, 1[0 cXoke Ha npodisi, obpani
JJIs1 PI3HUX BUCOT /I TIOPIBHAHHSA B HAIIOMY
Bunagky [6, c. 6091]. E. Copymnis ta in. y Bif-
HOIIIEHHI /10 MJIAHYBaHHS BIKOH MiJIKPECJIOI0ThH
BUMOTY JIOCSATHEHHST 30a/IaHCOBAHOI KOPCTKOCTI
MiK KOHCTPYKIIiSIMU Ta €Hepro3bepekeHHsIM, 1110
BI/INTOBI/IA€ HAIIii MTPOTIO3MIIil MO0 MMiICUIEHUX
podiTiB Ha BEPXHIX TOBEpXax IpH 30epekeHH]
dbynkmionampraoCTi [7, . 1824]. Kpim Toro, yKpa-
THCBKI JIOCJII/KeHHS, TIpoBe/ieH] PaTylHsakoM Ta
in. (2025), aHanorivHo MiKPECII0I0Th, 110 BUOIp
IPAaBUJIbHUX KOHCTPYKTUBHUX BY3JIiB Ta iMIIO-
CTiB BIUIMBA€E Ha Oe3IeKy Ta HaAiliHiCTh BEJTMKNX
BIKOHHUX CHUCTEM y LHIPOKOMY maciitabi [8,9].
[lopiBrsnbHe TOCTIUKCHHA 3 OLTBIIT TEXHOJIO-
rivHuMy BapiaHTtamu, Hanmpukian, X. Zhang ta
iH. (2024) BUBYAIM MPO30PI KOMIIO3UTHI MaTe-
piayii 3 BUIIOIO YIAPHOIO CTINKICTIO; METO/T Tijl-
CUJIEHHSI METAJIONJIACTUKOBUX IMIIOCTIB BUSB-
JSEThCS eDEKTUBHUM Ta €KOHOMIUHO BUTIIHUM
TUIIOM TapaHTil HagiitHoCTI (hacaxy 6e3 Topornx
crertianbaux Matepianis [10, c. 4]. Hapemri,
nocmimpkenns Y.-g. Li Ta in. (2022) mono BiTpo-
BOTO HaBaHTaKEHHS Ha BUCOTHI OyaiBJIi 3 Hepe-
ryJgpHUME (popMaMul 3a3Hayae, 1110 BUCOTA Ta
reoMeTpiss OyiBIi MarOTh BasKJIWBUII BILINB
Ha MakcuMaspHi cumm [11, c. 2], miaTBepmky-
104U Te, 10 MU BUSIBWIU; 3 BUCOTOIO MU OTPH-
MYEMO 3POCTaHHSI MOMEHTY IHEpIlii 3aJekHO.

PesynsraTu Hatoro AoCaiiKeHHS TiATBePAUIN
OCHOBHI TeHJIeHIlii y BUPOOHUIITBI Ta €KCILIya-
tarii BikonHux cucrem y [IBX npodimsax, snaii-
JIeHi B yKpaiHChKUX Ta 3apyOiKHUX 1yOIiKaIfisIX.
Haia po6ora 1mpejicraBiisie KOHKPETHI IIPOEKTHI
pillleHHS, SKI HiXOAATH /IS BEJIUKOraOapuTHIX
METaJIOTIACTUKOBUX BIKOHHUX CUCTEM.

BucHoBku. Y X011 IOCHIKEHHSI PO3Paxo0-
BAaHO BITPOBI HABAaHTAXEHHS Ha METAJIOIIACTU-
KOBY BIKOHHY KOHCTPYKIIiF0O 6araTomoBepxoBOi
Oyaisni B Kuesi 3 ypaxyBaHHsM BUCOTH Oy B,
pesbedy MicIeBOCTI Ta THITY MiCbKOi 3a0y10BH.
byno BcranoBiieHo, 1o MakCUMaJdbHUN THUCK
HOBITPS 3pocTac 3i 30iJbIIEHHSM BHCOTH: Bij
192 I1a na nepriomy nosepci g0 761 Ila na 25my
noBepci. lle miaTBepmKye HeoOXiHICTh Bpa-
XYBaHHSI BUCOTM MOHTQ)KY IIPU TPOEKTYBaHHI
acaHUX CUCTEM.

PospaxyHok MOMeHTIB i1HepIlil BepTUKAJb-
HUX Ta TOPU3OHTAJIBHUX IMIIOCTIB I0Ka3aB, 110
Ha HWKHIX [OBepXax [OCTaTHbO CTAaHJAPTHUX
pamMHUX TPOMIiiB, TO/I K /711 BEPXHIX MTOBEPXiB
moTpibHi TOBCTOCTIHHI TIpodiai abo 10aTKOBI
eJleMeHTH TocuieHHsd. PeasbHi MOMEHTH iHep-
i 11 migibpanux KoMGiHaIiil mpoditiB mepe-
BUIIYIOTh a00 BiAMOBIAIOTH PO3PAXYHKOBUM
MOKa3HMKaM, HIO CBIIYUTH PO MPaBUJIbHICTDH
KOHCTPYKTUBHOTO Ti160PY.

OTpuMmani pe3ysbTaTi MOKa3ylOTh, 10 II€H-
TpaJbHUI BePTUKAJbHUN IMIIOCT 3aJIMINAETHCS
OCHOBHUM €JIEMEHTOM, SIKUI CIIPUIMAE OCHOBHE
HABAaHTAKEHHST BiJl Blpr, a TpaBWJIbHE TOE]-
HaHHS KapKacHUX 1 3€IIHyBaJH)HI/IX HpO(l)l]IlB
3a6esneqye cTabilbHICTh 1 JOBrOBIYHICTD KOH-
cTpykiiii. Pesysibratu fociizkeHb mokasasiu, 1o
JUIST BEPXHIX MOBEpPXiB Oy/IiBeib BUKOPUCTAHHS
JIOJJTATKOBUX KPIMMJIbHUX €JIeMEHTIB JOIlJIbHe
JIMIIe B TUX BUIIQJKAX, KOJU MMOCTAYAJbHUK HE
MOJKe YKOMILJIEKTYBATH KOHCTPYKIIIO Ti/ICUJTIO-
BayeM TOBIUHOIO 2 MM. TakuM 4YUHOM, JIOCJIi-
JUKEHHSI MIATBEPKYE, 1110 BpaXyBaHHS BUCOTU
OyaiBJIi Ta ’KOPCTKOCTI €JIeMEHTIB BIKOHHOT KOH-
CTPYKIIi1 ZI03BOJISIE ONTUMI3YBaTh TPOEKTYBAHHS
METAJIOIIACTUKOBUX CUCTEM BEJUKOIO PO3MIpY,
3abe3nevyoun iX HailiHiCcTh, 6e3MeKy Ta eKOHO-
MIYHICTb.
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NON-STANDARD METHODS OF FASTENING THE CENTRAL PART
OF METAL-PLASTIC WINDOWS

Abstract. The article considers the features of designing large-sized metal-plastic window structures
Sfor multi-storey buildings. The article considers the case in which load-bearing structures, such as
reinforced concrete grilles, steel beams, or concrete elements, are located in front of the building’s
window opening. Because of this, the use of a standard facade-transom system becomes impossible.
The possibility of attaching imposts to load-bearing elements is considered. The advantages and
disadvantages of this approach are outlined, along with its prospects for future use. A review of
materials and fastening systems for metal-plastic window structures for multi-storey buildings with
large glazing areas is made. The influence of wind load on the elements of the window system and
the determination of the required moment of inertia for imposts are analysed. The methodology
for calculating the deflection of window structure elements under wind pressure was based on the
recommendations of DBN V.1.2-2:2006 and DSTU-NB V.2.6-146:2010. The calculation of wind
load on structures for the city of Kyiv was carried out. The calculation took into account the building’s
height, terrain type, relief, and wind direction. It was determined that the maximum air pressure
increases with building height: from 192Pa on the first floor to 761Pa on the 25th floor/ This required
the use of more rigid profiles and additional reinforcement elements on the upper floors. Calculations
of moments of inertia showed that the selected combinations of frame and connecting profiles provide
the necessary structural rigidity, and the central vertical impost receives the main load from the wind.
It is shown that the correct selection of profiles and reinforcement nodes ensures stability, durability
and safety of window systems. The results confirm the importance of accounting for the building
height and wind load characteristics when designing large metal-plastic structures. The practical
application of the method enables increasing the mechanical performance of double-glazed windows
and optimising the cost of facade glazing.

Key words: metal-plastic window structures, wind load, moment of inertia, vertical impost,

high-rise building, stiffness of profiles.
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SWOT-AHAJII3 KOHIEIITYAJIbHUX 3ACAL
OIIEPATUBHO-KAJIEHAAPHOTIO IINTAHYBAHHA Y BYIIBHUIITBI

Anomauis. 32010 nputinamux euxionux oanux (mpyoomicmxicmy ckiadoeux npouecis 6yoieHuy-
mea, a MmaKoxc uucervHuil ckiad opuzad) eusHauero mpueaiicmy OYoieHUYMBA YMOBHO20 00 EXMY.
Y8’azano 6 uaci i npocmopi suxonanis ckiadosux npoyecie yvbozo dyodisnuymea. Pobomu opzanizo-
6aHO NOMOKOBUM MEMOOOM 3 PO3OUBKOT0 YMOBHO20 00 KMy Ha OKpemi diivHuyi — 3axeamxi. 3adauy
BUPTULEHO WLSXOM POIPAXYHKY MAMPUUL, PO3POOKOI0 NiHilH020 2padiKa, uuKIoZpamM G MaxKoxC
cimvo6020 zpagixa. Onepamuene Kepysanns € cKiad06010 UACMUHOIO Opzanisauii 0yodisenvHozo
BUPOOHUYMBA, BXOOUMD Y 3a2aTbHY CUCTeMYy Kepysanhs OYOieHUYMBOM i NOBUHHE CHPUSIMIL CB0E-
yacromy nposedennio Oyoiservrux pobim y mexnonoziunii nociidogHocmi 6ionogiono do nianie
i 2paghixie 3a 00NOMO2010 NOCMILIHOZ0 KOHMPOJIO HAO BUKOHAHHAM Pobim, ix Gesnepepsnozo 001iKy
ma pezynosanisi, koopdunauii pobomu byodiservrux nidposdinie. Ha ocnosi euxonanns SWOT-ana-
JU3Y HANPaybosani pexomenoauii uodo JoUiIbHOCME 3aCMOCYBaAHHS KAIeHOAPH020 niany OyoieHuy-
mea 06’exmy y popmax: LinitiHo20 Ma cimv06020 2papixy, a maxoxc 2papixy y Gopmi yUKI0ZpaAMIL.
3okpema, xarendapnuii nian 6yoienuymea 00’ exmy 6 LinitiHii opmi QOULIbHO 3ACMOCOBYBAMU NPU
HeBeNUKI KLbKoCmi npouecie 05 8i3yanizauii nociioo6HoCmi emanie uil sk 0ONOMINCHULL THempY -
MeHM Npu ONepamusHoMy ynpasiinui 0ydiseivnum nomokom; Kaienoapnuil nian Oyoienuymea
00’ckmy y popmi yurioZpamu 0ouiwHo 3acmocosyeamu 0is Oydisnuymea 06’exmie nosmMop6a-
HOT CIPYKMYPU Npu NOMOKOBOMY Memooi 0panizayii na emani onepamueHozo ma mexHoL02iuHoz0
NAAHYBaAHHS 0L ONMUMISAUTT posnoaiﬂy pecypcie i pummis euxonanms pobim; karenoapnuil nian
oyoienuymea 06’exmy y Gpopmi cimvosozo zpaiky 80@41]11)}10 3acmocosyeamu 015 CKIaonux, 6aza-
mocmynenesux OYOi6ebHUX NPOEKMIE NPU NAAHYBAHHI B3AEMO3ANEHCHUX MPOUECI8 Y cucmemax
ynpasninns npoekmamu (Project Management Office) 0751 KOHMPOO CMPOKIB T PUSUKIE 015 KOPU-
2y6ants 2pagixy y pejcumi pearvhozo uacy.

Kniowosi cnoea: ynpasninna 0yoienuumeom, onepamusHo-kajenoapie MniaAHY6anus;,
Kaaendapnui epadix 6yoisnuymea, SWOT-ananiz, 6yoieenvii nomoxu.

ITocraHoBka npoOsemu. Y cydacHomy 0Oi3-
Hec-Cepe/loBUINi,  KOTpe  XapaKTepU3yEThCS
MIBUAKUMU 3MiHAMU Ta BUCOKOIO KOHKYPEH-
I[i€l0, CTpaTeriyHe IJIAHYBAHHS CTA€ HEBiJ'€M-
HOIO CKJIQJ0BOI0 YCIIXy Oy/Ib-KOI OpraHisairiii.
3MaTHICTh KOMIAHII IBU/IKO pearyBaTH Ha PUH-

a8

KOBI1 TeH/IEHIII1 Ta aJIallTyBaTUC JI0 3MiH BU3HA-
Ya€ 11 MOXKJIMBOCTI [ TPUBAJIOTO PO3BUTKY Ta
spoctans [1]. OTxe, edekTuBHICTH peasiza-
il cTpaTeriii po3BUTKY MiANPUEMCTB 3HAUYHOIO
MipOI0 BUM3HAYa€ThCSI piBHEM C(POPMOBAHOCTI
CUCTEMU CTPATeriuyHoOro yIpPaBIiHHA. Y I[bOMY
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KOHTEKCTi 0COOIMBOrO 3Ha4€HHsI HabyBa€ Ipo-
Befienns SWOT-anamisy, SKuil 103BOJISE KOMII-
JIEKCHO OI[IHUTY BHYTPIlTHI CUJIbHI Ta c1abKi cTO-
POHU MiJITTPUEMCTB, a TaKOK BUSIBUTU 30BHIIIIHI
MOZKJMBOCTI ¥ 3arpo3u, 10 BILUIMBAIOTh HA 1X
CTpaTeriyHuii po3BUTOK. PeresibHe BpaxyBaHHS
pe3yJIbTaTiB TaKOTO aHai3y /a€ 3MOTy chopMy-
BaTh Oibll eeKTHBHY YIIPABIIHCHKY MOJEIb,
a/IalITOBaHy /I0 YMOB PHUHKY, 3 YPaxyBaHHAM ii
creniuiky, pU3NKIiB Ta TMOTEHIiATy 3POCTaHHS.
SWOT-anania miaANpUEMCTB J0O3BOJISIE KOMII-
JIEKCHO OI[IHUTHU SIK BHYTPIIIHI TOTEHIIaIH, TaK
1 30BHIiIHI (haKTOPH BILIUBY HA PO3BUTOK Tamy3i
B YMOBaX Cy4aCHUX BUKJIUKIB [2].

AHani3 octaHHiX AociaiaxKenb. [[namyBanns
OyiBebHOTO BUPOOHUITBA — (DYHKIIiST YIIPaB-
JIiHHS, OpieHTOBaHAa Ha (HOPMYyBaHHS ILIAHY
HisIbHOCTI Oy/iBEJIBHOI OpraHizaifii B ILJIaHO-
BOMY TIepiofii a/ist 3abesmedeHHs Ge3mepepBHO,
piBHOMIpHOI i HaTpysKeHOI pobOTH Ha OyIiBETb-
Hux ob’ekrax [3, c. 19]. IlianyBaHHsa MpakTHY-
HOTO BTiJIEHHS iHBECTHI[IITHO-OY1iBEILHOTO MTPO-
€KTY mepeadayae CTPYKTYP PO3MOALICHHS POOIT
MIPOEKTY, TPUBAJIOCTI, BUTPAT Ta Pe3yJIbTaTiB [4].
OmnepaTnBHO-KaJIeHapHe PUHKOBO-OPiEHTOBAHE
IJIAHYBAHHS € CKJIAJHUM i OaratoBapiaHTHUM
3aBJIAHHSIM, 110 3a0€3IeUY€E Y3TOKEHICTh i PUT-
MIYHICTh TIPOIleCY BUPOOHUIITBA KiHIIEBOI ITPO-
AYKIIi TPy pailioHaJIbHOMY BUKOPUCTaHHI BHY-
TPINTHIX BUPOOHUYNX pecypciB [].

Opranizaifiss  OyAiBeJbHOr0  BHPOOHUIITBA
MOJISATAE y CIIPSIMYBaHHI OpraHis3alliiiHuX, TeXHIu-
HUX, TEXHOJIOTIYHUX pillleHb Ta 1HMIMX 3aXO/liB
Ha peasiizallilo MPOEKTHUX PillleHb 1010 Oy/IiB-
HUI[TBA 00'€KTa 3 JOTPUMAHHIM BUMOT 3aKOHO-
JlaBCTBa Ta HOPMATHBHUX JOKYMEHTIB i 3a0e3-
HEeYeHHsAM i yac OyIiBHUIITBA /IS BBEACHHS
B eKcIuTyarariio 00’ekra 3 HeOOXiZHOI SKiCTIO
il y BcTaHOBJIeHWiT TepMiH [6, 1. 3.2 Ta 7, 1. 4.1].

ByaiBHUIITBO MOTPIGHO BECTH B TEXHOJOTIY-
Hili TIOCJTIIOBHOCTI BIITIOBIHO /10 KaJsieHJap-
HOTro TIaHy (rpadiky) 3 ypaxyBaHHSIM OOIpyH-
TOBAHOTO CITOJIYYEHHST OKPEMUX BHIIB PooiT [6,
n. 5.4]. OnTuManbHUIl BapiaHT KaJeHAApPHOTO
UIAHY MPUIMAETHCS Y TIOPIBHAHHI 3 6Ga30BMM Ha
OCHOBI OIlIHKM PU3MKIB Ta €KOHOMIYHOI edek-
TUBHOCTI, B 3aJIEKHOCTI BiJl IOTO JOIIJIBHOCTI 10
MPUPOJHUM, TEXHIUHUM, TEXHOJOTIYHUM, €KOJI0-
rivHUM yMOBaM [8, c. 243].

Kanenmapuuii 1iaH OyMiBHUIITBA MPOMIC-
JIOBOTO Ta KUTJIOBO-TIMBIIBHOTO TIPU3HAUYEHHS,
He3aJIesKHO Bijl CTYIEHS CKJIAAHOCTI iX OyiB-
HUITBA, BCTAHOBJIIOE YEPrOBICTb Ta CTPOKU
OyIiBHHUIITBA OCHOBHUX i JIOTOMIKHUX 00 €KTIB,

a TaKO’K IYCKOBUX KOMILIEKCIB i pobiT MiAroTOB-
YOro 1epiofly 3 po3NOJiJIOM KaliTaJlbHUX BKJIA-
JIeHb Ta 00cATiB OyAiBeIbHUX POOIT [0 KBapTajiax
OyAiBHUIITBA TANPUEMCTBA, OyAiBeb (CIIOpy),
SKI BXOIATH 10 CKJIAMy MYCKOBUX KOMILIEKCIB,
00’€KTIB OCHOBHOTO BMPOOHUYOIO, MifCOOHOIO
Ta 00CIyTOBYIOUOTO IIPU3HAYEHHST BiZIIOBIIHO 10
HOPM TpuBaJIoOCTi OyaiBHuUIITBA [6, 1. 8.3.1].

Kajenpapuuii 1aH BUKOHAHHS POOIT 110
06’exty (BuLy pobiT) B ckaazui [IIBP po3pobisiors
JIUIIE JUIS: HeCKJIAQHOrO 00’€KTa, SKUil MiCTUTD
OyaiBJI, ciopyau abo IXHi YaCTHHKM HEBEJUKOTO
OyIiBebHOTO 00CATY 3 MPOCTUME TEXHOJIOTiY-
HUMH IporiecaMu, 00'€MHO-IIJIaHyBaJIbHUME Ta
KOHCTPYKTUBHUMU PIillIEHHSIMH, 110 Hepe/t[6a—
4a€ y4acTh y OyiBHUIITBI, Kle reHepaﬂme
TIPS THOT 6y[[1B€JII>H01 opranizaitii, He Oisbiie
JIBOX CIIeIlia/li30BaHUX; OKPEMUX BH/IIB TEXHITHO
CKJIAJHUX 1 BEJMKHX 3a 00cATOM Oy/IiBETbHIUX,
MOHT&KHUX 1 CIEIialbHuX OyIiBeJbHUX POOIT;
pobiT miarorosyoro nepioxy [6, 1.9.2.1].

Mera po6Goru. Ha ocHOBI BHKOHaHHS
SWOT-ananizy HampaioBati peKoOMeH/allil
111010 JIOILJIBHOCTI 3aCTOCYBaHHS KaJleHJaPHOTO
mwiany OyaiBHUIITBA 00'€KTy y (hopmax: JiHiii-
HOTO Ta CiThOBOTO Tpacdiky, a Takoxk Tpadiky
y hopMi TTUKJIOTpaMHU.

Pe3yabrati 10CHiaKeHb. 3TiTHO 3 YMOBHUMHU
BUXiHUMU JlanuMu (puc. 1), 11e Tpy1IoMiCcTKiCTh
CKJIQJIOBUX TPOIECiB OyIiBHUIITBA, a TaKOK
ypceJabHUIT CKaajq Opuraj, BH3HAYEHO TPUBA-
JicTh OYAIBHUITBA YMOBHOrO 006’¢KTy. PoboTn,
AKi HOTPIOHO BUKOHATH, MO3HA4YeH] OykBaMu A,
b,B, I, /I, E.

Po6ota opraHizoBaHa IOTOKOBUM METOOM
3 PO3OMBKOIO YMOBHOTO 00’€KTY Ha OKpeMi /IiJib-
HUIT — 3aXBaTKU. BrkoHaHa yB's13Ka B 4aci i mpo-
CTOpi BUKOHAHHS CKJAJIOBUX MPOIECIB OyiB-
uuira. Hacrynauii motik (poborta) Ha 3axBatiii
MMOYNHAETHCI TIJIBKU TMiCJd 3aKiHYeHHS Ha Hiid
IOIIEPEAHBOTO 1 HeOOXiJHUX OpraHi3alliiiHuX Yu
TEXHOJIOTTYHUX TIEePePB.

3ajilaya BUPINIYETHCS AHATITUYHUM IIISXOM
3 BUKOPMCTAHHSIM MaTpHIli, Ha 06asi sKoI pos-
pobuisieThest JiiHilHMIT Tpadik Ta MUKIOTpaMa,
a TaKOX CiThOBUIA Tpadik.

CkJ1ajieHo po3paxyHKOBY MaTpPULIO (puc. 1)
po3mipom 4 x 6 (‘IOTI/IpI/I 3aXBaTKHU 1 1ICTh MPU-
BaTHUX IOTOKIB).Y KJITUHKUA MATPHUILI 3aII1CAHO
TPUBAJIICTH KOKHOTO MTPUBATHOTO TIOTOKY Ha KO-
Hill 3aXBaTIli, 10 PO3PaxOBaHi /g MiHIMAJIbHO
MOZKJIMBOI IHTEHCHBHOCTI BUKOHAHHS POOIT.

BukoHaHo po3paxyHOK TapaMeTpiB MaTpuIli
(puc. 2). [lng 1poro po3paxoBaHO IapameTpH
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Puc. 2. Po3paxyHKoBa MaTpHUIIS CTIEIia/li30BAHOTO MOTOKY

IIepIIOro NOTOKY (pe3yJibTaTh PO3PaxyHKY 3allu-
CaHo B KJITUHKaX Matpuili). [lani po3paxoBaHo
B IepIioMy HabJIMKeHHI TapaMeTpu APyroro
MOTOKY. BusHaueHO 30JMKEHHS —YB'S3YEMUX
MOTOKIB Ha 3axBaTKaX, BPAXOBYIOUM MO TIPU-
IHATI YMOBU YB'I3HEHHS He JOTPUMYIOTBCS, 3Mi-
HEeHO II0YaTOK I[bOTO TIOTOKY Ha HepIIiil 3axBa-
TIIi Ta TlepepaxoBaHO IapaMeTpu MOTOKY, a OTXKe
OTpUMaHi HOBi 30JIKEHHSI. YMOBa JOTPHMY-
€TbCA. TaKUM YMHOM PO3PAXYHOK I[LOTO ITOTOKY
BUKOHAHUH. 3a IIi€I0 METOIMKOIO PO3PaXxOBaHO

60

HACTYIHI TIOTOKH, TP 1IbOMY MOCTIHHO Bi/CTe-
JKYBAJIMCS TIOTPUMAHHS YMOB 30/IM/KEHHSI.

[Ticist po3paxyHKy MaTpHIl OOyA0BaHO Ipa-
(bik BUKOHAHHS PoOiT 110 06'€KTY B TiHiTHIiT hopmi
(puc. 3). Ipadix ckmamaeTbes 3 MBOX YACTUH:
JiBa — 11e iHopmariiiiHa i mpaBa 6e31ocepeTHbO
cam rpadik. B indopmariiiiHiii yacTHi BKa3aHo:
BUJ poOOTH, KiJIbKICTh POOITHUKIB Ta TPUBAJICTD
B IHAX. B mpasiii yactuHi rpadika 3a 101moMororo
TOPU30HTAJILHUX BiJ[Pi3KiB IIOKA3aHO YacC MOYaTKY
i 3aKiHYeHHS BUKOHAHHS KOKHOI pOOOTH.
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Puc. 3. Kanennapuuii nian GyiBauirea o6’ €Kty B JiHiiHiiT Gopmi Ta ricrorpama
BUKOPHCTAHHSI TPYIOBOTO PECYPCY

PoGorn Ha kamengapHoMmy Iiani (puc. 3)
MOKa3aHi y TeXHOJIOTIYHii TOCJiZIOBHOCTI BUKO-
HaHHs 3 3a0e31edeHHsIM HeOOXiTHIX TeXHOJIOTiY-
HUX Ta OPraHi3alliiHUX [epepB, 3 TOTPUMAHHSIM
BUMOT TexHiKu Oe3rexu. [Iporiec BUKOHYIOTHCSI
3 MaKCUMAJbHO MOXKJIMBUM CYMIIIEHHSAM Y yaci
Ta MPOCTOPi, BUKOPUCTOBYIOUU OCHOBU TIOTOKO-
BOIO0 MeToJa BMKOHAHHS POOIT. Y MiHiMaabHO
MOJKJIMBUM TEPMiH HAA€ThCS (DPOHT JJIs 37Iiic-
HEHHST HACTYHMHUX pobiT. OmHoiiMerHi podOTH
BUKOHYIOTh GE3YIIMHHO 32 PAXyHOK MOC/TiZIOBHOTO
Ta 0e3lepepBHOTO Iepexoxy pobodnx Opuraj
MOCTIHOTO CKJIa/Ly 3 O/IHIET 3aXBaTKU Ha IHITY Bijl-
TIOBI/IHO /IO MIPUHIIMIIB HOTOKOBOTO OY/[iBHUIITBA.
[IpuitHaTii HaiOLIBIN palioHAIBHUI HATIPSIMOK
PO3BUTKY TIOTOKIB TI0 3aXBaTKaxX 3 METOI0 MaKCH-
MaJIbHO MOJKJIMBOTO IXHBOTO 30/IMKEHHSL.

Ha migcrasi pospobiieHOro KajeHIapHOro
IJIAHY BUKOHAHHS POOIT PO3POOJSETHCS TicTO-
rpamMa BUKOPUCTaHHS TPYAOBUX pecypciB (puc. 3).
[t 11boTO i/ KaJeHapHUM TIJIAHOM TTPOBEIEHO
TOPU30HTAJIbHY JIHIIO, B/l KOl Y BU3HAYCHOMY
MaciTabi BiIKJTaleHO iHTEHCHUBHICTH BUKOPHU-
CTaHHS BIAIMOBITHOTO PECypCy 3a OJIMHUIII0 Yacy
npu BUKOHaHHI poboti. OTpuMaHy TicTOrpamy
BUKOPHUCTAHHSI TPY/IOBOTO pecypcy MOPIBHIOIOTDH
13 (haKTHIHUMM MOKTMBOCTSIMU OpraHi3aliii ioro

sabesmedeHHs. IIpyu 1bOMY CJIJI HParHyTd [0
3abe3redeHHst PIBHOMIPHOCTI Ta HeTepepBHOCTI
CIIOKMBAHHS PECYPCIB 1 10 OTPUMaHHS peCypCcHO1
peali3oBaHOCTI TPOEKTY.

3a PO3PaxyHKOBOIO MAaTPHIEI0 OyAyEThCS
nukaorpamMa notoky (puc. 4). Bona mopesnioe
PO3BUTOK MOTOKY B 4aci Ta mpoctopi. ITo oci abc-
IIUC BiJIKJIQ/IeHO TUMYACOBI IapaMeTpu TMOTOKIB
(pik, Micsip, KajgeHaapHi gaTH PoOOYMX [IHIB
i poboui xHi), a O OCi OpAUHAT — IIPOCTOPOBI
(HOMepa 3axXBaTOK) i opraHizamiiini (HaiiMeHy-
BaHHS I[UKJIB POOIT) XapaKTePUCTUKU MOTOKIB.
[IpuBaTHi TOTOKK 300paskeHO BiApisKaMu TIpsi-
MUX MOXWJIMX JIiHIi y Mexax 3axBaTok. [loua-
TOK 1 3aKIHUEHHST KOKHOTO BiJIpi3Ka Ha 3axBaTIll
BU3HAYAIOTHCS YaCOBUMMU IapaMeTpaMu po3pa-
XYHKOBOI MaTpuIll. SIKIIIO NPUBATHUIL OTIK PUT-
MIYHMIT — JIHISA NPsAMa, HEPUTMIYHUIN — JJaMaHa.
[ToToku HyMEPYIOTBCSI.

B ocHoBy ciThoBUX MO/IEIE (PUC. 5) TOK/IajieHa
Teopist TpadiB. 3aJeKHO Bifl 1IJIOTO PALY O3HAK
BiIoMi pi3Hi BUM Mojiesielt 1 pisHoMaHiTHI (hopmu
IXHBOTO IpeIcTaBaeHHs. Y Oy/IiBeIbHiil MpaKTHIli
B CUCTEMaX CITbOBOTO IIJIAHYBAHHS T YIIPABJIIHHS
HaliOiIbIITe OMMUPEHHsT HaOYJIM CiThOBI MOJeJI,
opieHTOBaHi Ha POOOTH. 3aCTOCOBAHO HAKIPO-
CTIlLy JIeTEPMIHOBAHY OJHOIIJIBOBY  CITHOBY
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Pric. 4. Kanenmapauii mian GyiBHUIITBA 00'€KTY B BUTJISA IIMKIOTPAMH CIIEIIaTi30BAHOTO OTOKY
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Puc. 5. Kanennapunii nnan GyiBauirea 00’ eKTy B BULJISI CiThOBOT MOjieri

MOJIENTb THITY «POOOTU-IYTH». Y TaKUX CITbOBUX
MOJIENISIX YCi pOOOTH, TT0 BXOASATH Y JIESIKY TIO/IIIO,
3’€/lHaHI 32 HACTYITHOIO CXEMOI0: MOIisT HACTyIa€e
TIJIBKU TOJ, KOJIM BUKOHAHA KOKHA 3 IMX POOIT.
AnajioriyHo BUXIiAHI 3 TO/I poOOTH TaKOXK 3'€I-
HaHi 3a TI€ K CXeMOI, TOOTO HACTAHHA IOl
03HAYa€ MOKJIMBICTD T10YATH KOKHY 3 I[HX POOIT.
bynb-sKka ciThoBa MOJIE/b CKIIAJIAETHCSA 3 JIesi-
KHX €JIEMEHTIB TaKWX SIK pecypcHa pobora, 0di-
KyBaHHS, 3aJeXKHICTb, MMOAiA Ta nuiax. /s
3a[aHOTO KOMILIEKCY POOIT 3BEIeHHSI YMOBHOTO
00’€KTY CKJIaJIeHO CIThOBY MOJIEJIb 32 ITPaBIIaMU
T0OY/I0BU CITHOBHUX MOJIENIEN: HAMPSIMOK MO0Y-
JIOBY 1 PO3TOPTAHHS CiTHOBOI MOJIEJ Biji BUXIiJI-
HOI TO/Ii1 /10 3aBepinasibHoi. ClouaTKy MoKazaHO
BCi pecypcHi pobOTH, SIKi 3a JOIMOMOTOI0 3B’S13-
KiB ((DiKTUBHUX POGIT) YB'A3YIOTHCS B €AUHY
MOJIENTb. 3B’SI3KM BiI0OPaKAIOTh TEXHOJIOTIUHY
IIOCJTIiIOBHICTh BUKOHAHHS POOIT, BPaXxOBYIOTH
BU3HAYaJIbHI OOMEKEHHSI 10 OCHOBHHX pecyp-
cax, MOJIeJIIOIOTh OpraHi3alliiiHl 1 TeXHOJOTIYHI
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TepepBy, BPAaXOBYIOTh NPABU/IA TEXHIKM Oes-
neku. Y npoue(n 1100y 10B1 HepeBlpHGTBCH Ha
MPaBUJIBHICTD MOOYZOBU TOTIOJIOTI, BiAMOBI-
HiCTb i KOMILIEKCY POOiT, 110 MOETIOEThCS, aHa-
J3YETHCS, UM € BCi omepeiHi poboTu, HeoOXiHi
JUIS TOYaTKy HacTymHux pobit. Ilicas 1mporo
BUKOHYETbCA TpadiuyHe YIOPSIAKYBaHHS CiThO-
BOi Mozeni. Mojiesib TIepeTBOPIETHCS Y OiTbIi
3pYYHMIT BUJ /I TIO/IAJIBIIIOTO BUKOPUCTAHHS
ILISIXOM  BUKJIIOYEHHS (DiKTUBHUX POOIT, IO
He HecyTh iH(QOPMAIITHOTO HaBaHTaKEHHS, Ta
BUKOHYETbCA KOJYBaHHS MO/l CIThOBOI MOJEJII.
Jlist po3pobJIeHoi ciThOBOI MOJIENT PO3paxoBaHi
YaCcOBi MapaMeTpu aHATITUYHKM CIOCOOOM IO
pob6orax Oe3mocepennbo Ha rpadiky. Pesysbraru
PO3paxyHKY 3aIlMCAHO I10 CEKTOPAX KOXKHOI MO/II1.

[ BUXiZHOI NOJAIT NPUITHATO MO PaHHIN
MOYATOK [IOPIBHIOE HYJIIO, [ajli PO3paxoBaHi
paHHi TepMiHHU 1MOYaTKy poOiT: BUSHAYEHI ITOCIIi-
JIOBHO TI0 BCIX IIJISIXaX CiTbOBOTO Tpadiky 1ps-
MUM XOJIOM PO3PaxyHKY, IOYMHAIOUHN BiJl BUXiJI-
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HOI TIO/Ii1 /10 3aBepliayibHOl. [[yig 3aBepiianbHOL
NO/i1 NPUIHATO 1[0 PaHHIN MMOYATOK JOPIBHIOE
ni3HboMy 3asepiieHHIo. Ilicas 1poro pospaxo-
BaHO Ii3HI TepMiHKM 3akKiHueHHS pobiT. Pospa-
XYHOK BiBCSI 3BOPOTHIM XO/IOM, TIOYMHAIOYM Bijl
3aBepiajabHOl 1ozil 10 BuxijgHol. HactynmHum
KPOKOM PO3Pax0OBaHO 3arajibHUil 1 TPUBATHUN
pesepBH Yacy poOiT, IKi PO3MIIIEHO B IPSIMO-
KYTHUKAX TIijl KOKHOI0 POOOTOI0 — Iie JI03BOJISIE
BU3HAYUTU KPUTUYHUN MIISAX CITHOBOI MOJEJI.
Ha xpuTwdyHOMy HIISXy JieXaThb Ti pobOTH,
y SIKUX 3arajJibHUi 1 TPUBAaTHUI pe3epBU yacy
pobiT mopiBHIOIOTH Hy1b. Ha cithoBOMY rpacdiky
KPUTUYHWH TIJIAX BUJIIEHO 4epBoHUM. OTpH-
MaHa B TaKuii c11ocib ciThoBa MOJIENIb 3 PO3PAX0-
BaHNUMM YAaCOBUMU TTapaMeTpaMy BUKOHYE POJIb
KaJIeHIaPHOTO TIaHY 3Be/IeHHsT 00'eKTY y hopmi
citboBoro rpadiky (puc. 5).

Ipacdiuna momenb 3BegeHHs OyaiBii (cro-
PY/Ii) Ha09HO BizoOpaskae Xizi pobiT y yaci Ta mpo-
CTOPI, X TOCJIIOBHICTb 1 B3aEMHE Y3TOJsKEHHS
Ta MO)Ke OyTH Ipe/CcTaBjieHa B IIUKJIOTPaM-
Hill, ciTbOBIN Ta JiHilHINA ¢dopmax. Kamen-
JIapHi CTPOKM BUKOHAHHS POOIT BCTAHOBJIIOIOThH
32 YMOB JIOTPUMaHHSI CYBOPOI TEXHOJIOTIYHOI
HOC/II0OBHOCTI 3 ypaXyBaHHSIM HeOOXiZHOCTI
B MiHIMAJIbHO MOKJIMBUI CTPOK HaJaTU (PPOHT
pobIT /I BUKOHAHHST HacTymHuX podit. Yac
MATOTOBKH (POHTY POOIT B GarathoxX BUITaZKax
301/IBIIIYETHCST Yepe3 HeOOXiAHICTh JOTPUMaHHS
TEXHOJIOTTYHUX TIepepB MK JBOMa IMOCJIiJJOBHO
BUKOHYBaHUMK poOoTamu. Taki TeXHOJIOridyHi
TepepBU MOB’sI3aHi 3 BJIACTUBOCTSIMU MaTepiaiB,
SKI 3aCTOCOBYIOTb. TeXHOJIOTIYHA TIOCTiIOBHICTD
pOGIT 3aJeKUTh BiJl KOHKPETHUX IPOEKTHUX
piterb. OCHOBHUM METOI0OM CKOPOUYEHHSI OY/1iB-
HUI[TBA O0'€KTIB € II0TOKOBO-IIApajie/ibHe Ta
cyMicHe BUKOHaHH OyaiBebHIX pobit. PoboTH,
He TOB’s13aHi Mixk c06010, TIOTPIOHO BUKOHYBATH
napajieJIbHO Ta He3aJe’KHO O/HA BiJi OHOI. 3a
HassBHOCTI TEXHOJIOTIYHOTO 3B’SI3KYy MiXk po6o-
TaMM B MeKax 3arajJibHOTO (DPOHTY BiJIIIOBITHO
BMIIIYIOThCSI AIISHKK 1X BHKOHaHHS, i poOOTH
BUKOHYIOTH cyMicHO. [Ipu 1iboMy TIOTPiOHO Bpa-
XOBYBaTH IpaBuJia oXopouu mparti [6, m. 9.2.10].

OmnepaTuBHE KepyBaHHS € CKJIAIOBOI0 YaCTH-
HOIO opraHizaiiii OyiBeJbHOr0 BHUPOOHUIITBA,
BXOJIUTh Y 3aTajibHy CHCTEMY KepyBaHHs Oy/IiB-
HUIITBOM | TOBUHHE CIIPUATH CBOEYACHOMY TIPO-
BEIICHHIO OyAiBEIbHUX POOIT y TEXHOJOTIUHIN
MOCJTIIOBHOCTI BIIMOBITHO JIO TIJIAHIB 1 TpadikiB
3a JIOTIOMOTOI0 TIOCTiITHOTO KOHTPOJTIO HAJl BUKO-
HaHHSM POOIT, ix 6e3repepBHOro 00Ky Ta pery-
JIIOBaHHS, KOOPAMHAII Po6OTH OyAiBeJbHUX

HIAPO3ILIB, MAPO3IIIB BHPOOHIIO-TEXHOIO-
rYHOI KOMILJIEKTallil, TPaHCIIOPTHUX OpraHisaiin
i MANPUEMCTB — IOCTAYaIbHUKIB OYAiBeJbHUX
MaTepiasiB, KOHCTPYKILiil i retaseii [6, m.11.1].

CepezuncieHHUX IHCTPYMEHTIB CTPATeTriyHOTO
mianyBannst, SWOT-anasni3 (aHami3 cujabHUX Ta
cJIabKUX CTOPIH, MOKJIBOCTEH Ta 3arpo3) 3aiiMae
ocobsmBe mictre. eit Metos € hyHIaMeHTaTbHIM
THCTPYMEHTOM, 1110 JIO3BOJISIE HE TIIbKU HATJISHO
BiI0Opa3UTH TIOTOYHMII CTaH CIpaB y KOMIaHii,
ajle 1 BU3HAYUTU TEPCIEKTUBM Ta HATPSIMKU
JUIST MailOyTHBOTO PO3BUTKY. IIpocToTa y BHKO-
pucranni ta yuiBepcaibaicth SWOT pobJisith
foro ifeambHIM BUOOPOM JUIsT OpraHizartiit Oy/ib-
skoro poamipy. Ha mpakruiii SWOT-anami3 moxe
BUSBUTH CBOI CUJIbHI CTOPOHU Y BU3HAYEHHi CTpa-
TEriyHMX IepeBar KOMIaHil, ofHak oro cjaabKi
CTOPOHM TaKOK BapTO BPAaXOBYBaTH, OCOOIUBO
KOJI MOBa iifie TIpo CyO'€KTHBHICTD OIMHOK Ta
HOTEeHIIHY HeAOCTaTHICTh IIMONHK aHaisy [1].

Bukonano SWOT-anasni3 TppoX THITIB KaJeH-
napuux rpadikis (Tabur. 1...3) i3 pekoMeH A IMI
I0/10 iX 3aCTOCYBaHHs y Oy/IiBeTbHOMY MPOEKTI
(3a I0IIOMOTOI0 YMOBHOTO 00’€KTY, TIOTOKOBOTO
METOLY, IITCThOX OyAiBeIbHIX mpotiecis: A, B, B,
LA, E).

Pexomendauii wodo Odouirvrocmi 3acmocy-
BanHs Kaienoaprozo naany oyoisnuymesa 06’ exmy
6 initiniti popmi (tabir. 1):

— IPU HEBeJIMKIN KiibKocTi mpoiieciB (110 10)
ab0 KOPOTKOMY IHKJIi poOiT;

— Ha eTami KaJEHIApHOTO TJIaHYBAaHHS JIJIs
Bigyautizallii OCJIiJIOBHOCTI eTalliB;

— JUId TIpe/icTaBleH s rpadika KepiBHUIITBY,
3aMOBHUKY Y1 KOHTPOJIIOIOYNM OpraHam (3po3y-
misa hopma);

— 4K JIONIOMIKHUIN 1HCTPYMEHT MpPHU oliepa-
TUBHOMY yTIPaBJIiHHI OyIiBEBHIM TOTOKOM.

Pexomendauii wodo Odouirvrocmi 3acmocy-
BanHs Kaienoaprozo naany oyoisnuymesa 06’ exmy
y opmi yuxnozpamu (1abir. 2) AOLIIBHO BUKO-
PHUCTOBYBATH:

— Juist OyaiBHMIITBAa 00’€KTIB MOBTOPIOBAHOI
CTPYKTYpH (CEKIIiit, HOBEPXiB, K0pir, OI0KIB);

— IPUTIOTOKOBOMY METO/Ii OpraHizariii (KijbKa
Opurajl pyXarThCs MOCII0BHO 10 3aXBaTKaX);

— Ha eTari OlepaTUBHOTO Ta TEXHOJOTIYHOTO
TJIaHYBaHHS;

— JUIs  ONTUMI3allil  po3NOJiIy PecypciB
1 pUTMiB BUKOHAHHS (CKOPOYEHHS ITPOCTOIB).

Pexomendauii wodo Odouirvrocmi 3acmocy-
BanHs Kaienoaprozo naany oyoisnuymesa 06’ exmy
y opmi cimvosozo zpaghixy (1abi. 3) m0ILIBHO
3aCTOCOBYBATH:
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Ta6mauus 1. SWOT-anani3 ayis kaxenaapHoro rpadiky y JiHiiHii popmi

Strengths
(CHJIbHI CTOPOHH )

Weaknesses
(cn1a0Ki cTropoHn)

Opportunities
(MO3KJIMBOCTI )

Threats
(3arposn)

* Harmaano mokasye
TTOCJTIZIOBHICTD 1
TPUBAJIICTD POOIT.

* [Ipocrwmii y 106y 0B Ta
CIIPUIHSATTI.

* 3pyuHuUit 71k KOHTPOJIIO

* He BigoOpasxae
JIOTIUHI 3aJIE;KHOCTI MixK
oTIeparlisiMu.

* He nokasye pesepBu
Jacy.

* Baxko BpaxyBatu

* BukopucraHHs siK
OIlepaTUBHOTO IJIAHY JIJIS
I1[0/IEHHOT0 KOHTPOJIIO Ha
MalIaHYUKY.

e [uTerpartlid 3 cucteMamu

00JIIKY TPYIOBHX PECYPCIB.

* [ToxubKu y BUXiTHUX
JAHUX TPU3BOIATH /10
3MIIIIEHHS CTPOKIB yCiX
pOOiT.

* Buicoka 3ay1eKHICTD
BiJl AMCUMILIIHA

BUKOHAHHS 110 TUXKHIX 3MiHU Ta MapajeJbHiCTh | ¢ BUKopucTaHHS SK BUKOHABILiB.
abo nexajax. ITPOIIECIB. 6a30BOro MabJIOHY IS * HeobxinnicTs gactoi
* Jlo6pe migxoauthb st | ¢ He 3pyuHo BizoOpakaTit | KOPOTKOCTPOKOBOTO aKTyasizaitii.
HEBEJMKUX 00’€KTiB 200 | CKJIajiHi 3B A3KM MikK TJTAHYBaHHS.
OJTHOTHITHUX POOIT. poboTaMuL.
lcepeno: cghopmosano asmopamu
Ta6muus 2. SWOT-aunani3 1uis kaneHgapuoro rpadiky y popmi mukiorpamu
Strengths Weaknesses Opportunities Threats
(CHJIBHI CTOPOHH ) (cnabKi cTopoHu) (MO3KJIMBOCTI) (3arposu)

* BigoGpaxae purMiuHicTh
i GesnepepBHICTH TTOTOKY
pOGIT.

¢ Jlo3BoJIsI€ TUIAaHYBaTH
pobGoty Gpuras 1o
TiTsgHKax (3axBaTKax).

* Minimi3ye mpocToi Mix

pisHiii TpUBAIOCTI POOIT.
* Bumarae ToyHoi
CUHXPOHi3allii mpoiecis i
PUTMIB.

* He nigxoautsb

JUIsT YHIKQJIBHIX 200

* CkJraziHa y 106y I0Bi ipn

Gpuraj i TEXHIKH.

* Bukopucranusg
JIUIST MacoBOTO 200
HOBTOPIOBAHOTO
OymiBHUIITBA (KUTIIO
CeKIIii, I0poru).

* Omrrumizaitisg ckiaamy

* 3aTpUMKa OZHOTO
POTIECY TIOPYIIYE
PUTM YChOTO MOTOKY.
¢ Bucoki BuMoru 710
oprasi3ariii mparfi.

* Pusuku yepes
HEBIATIOBIHICTH

Bl

IIPOTIECAMH. HeCTaHAAPTHUX 00 €KTIB. * Moske GyTu 6a3010 1718t | (haKTHYHOT
* [Tosermrye * Men epextrBHA MO/JIEJTIOBAaHHS TIOTOKIB | TPOAYKTUBHOCTI
OasaHCyBaHHS TIOTOKY i [P 3MiHHUX YMOBax Ha y BIM a6o CPM- ITAHOBII
Y3TOJUKEHHSI eTarliB MalilaHINKy CHCTEMAX
Jcepeno: cpopmosano asmopamu
Ta6auus 3. SWOT-ananis qyia kanenaapHoro rpadiky y ¢popmi cirboBoro rpadiky
Strengths Weaknesses Opportunities Threats
(CUJIbHI CTOPOHM) (cnabKi cTopoHu) (MO>KJIMBOCTI ) (3arposmu)

* Bigo6paskae joriuni
3B’I3KH MiXK yciMa
poboTamiL.

¢ Jl03BOJISIE BUBHAYUTH
KPUTUYHUN TJISIX 1
pe3epBu yacy.

* Onrumisye
HOCJI/IOBHICTD 1 pecypcH.
* JloOpe miaxoauTh

JIJTs aHAJTi3Y PU3UKIB Ta
CIIEHAPHOTO TJIAHYBAHHSI

o Ckurazauii y o0y 10Bi
6e3 creriaabHOTo
[POTPAMHOTO
3abe3neveHHsI.

* [Torpebye BHECOKOT

* Baxxko unraru 6e3
HABUYOK IHTEpIIpeTallil.

* [Torpebye yacToro
OHOBJICHHSI IIPU 3MiHAX y
ITPOEKTI

TOYHOCTI BUXITHUX JTAHUX.

* Buxopucranus ps
VIIPaBJIiHHS BEJTUKUMUI
a00 KOMILIEKCHUMU
MPOEKTAMH.

* MoIuUBICTD
aBToMaTu3alii B MS
Project, Primavera,
OpenPlan.

* Anasi3 ciieHapiis
<TI0 SKIIO» TIPU 3MiHI
TEPMiHiB UM PecypciB

o [Tomuiku y
3aJI€KHOCTAX 200
TPUBAJIOCTSIX ITPU3BOJISATH
10 XMOHOTO KPUTHIHOTO
TLJISIXY.

* 3aTPUMKH HA KDUTUIHUX
poboTax MPU3BOASATH 10
3PUBY BChOTO Tpadiky.

* Besimka KiJIbKiCTb
B3aEMO3B’SI3KiB YCKJIAIHIOE
OHOBJIEHHS

Jcepeno: cpopmosaro asmopamu
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— U CKJIaAHUX, GaraTtocTyleHeBUX Oyi-
BEJIBHUX TIPOEKTIB (KoMILTeKeH, 00’ekTH iHdpa-
CTPYKTYpH); _ .

— [IPY MJIaHyBaHHI B3AEMO3AJIEKHIX TIPOIIECIB
(TexHOJIOTIUHI, MOHTAKHI, IH)KEHEPHI CCTEeMM );

—y cucreMax ypasiinHs npoektamu ( Project
Management Office) aist KOHTpoOJIIO CTPOKIB
1 pU3HKIB;

— SK OCHOBY JUUII PO3PAaxXyHKY KPUTHYHOTO
MIJISIXY Ta PE3EPBIB Yacy, 10 A0TIOMara€ KOpury-
BaTu rpaik y pekrMi peaJbHOro vacy.

BucnoBku. Ha ocnoBi Bukonanuss SWOT-
aHaJi3y HampalboBaHl PeKOMeHJaIlll I0/0
JOLIJIBHOCTI 3aCTOCYBAHHS KAJEHAPHOTO IJIaHY
OyniBHuITBa 00’€KTY y hopMax: JHIHHOIO Ta

3aCTOCOBYBATH ITPU HEBEJIMKII KIJTbKOCTI IPOIie-
CiB JIJ1g Bi3yasii3allil OCiIOBHOCTI €TaIliB Yu SIK
JIONIOMIZKHUM 1HCTPYMEHT TIIpU OIePaTUBHOMY
yIpaBiiHHi OyAiBEJbHUM MOTOKOM; KaJeH/ap-
HUH T1aH OyAiBHUIITBA 00'€KTY Y (hOpMi ITHKITO-
rpaMy JIOIIbHO 3aCTOCOBYBATH JIJisi OY/IiBHUII-
TBa O00’€KTiB IIOBTOPIOBAHOI CTPYKTYpH IIpU
MIOTOKOBOMY METO/Ii OpraHisailii Ha eTari ore-
PaTUBHOTO Ta TEXHOJOTIYHOTO MJIAHYBAHHS IS
OITUMI3allii PO3MO/Iiy PecypciB i pUTMiB BUKO-
HaHHsI poO0iT, KaJeHIapHUN TIaH OyAiBHUIITBA
o6’ekty y dopmi ciThoBOTO Tpadiky AOIIIBHO
3aCTOCOBYBATH JUIsI CKJIAJHWUX, OaraTocTyreHe-
BUX Oy/iBeJTbHIX MTPOEKTIB MTPH TJIAHYBaHHI B3a-
€MO3JICKHUX TIPOIIECIB y crcTeMax YIpaBJIiHHS

ciThoBOTO Tpadiky, a Takox Tpadiky y dhopmi
IUKJIOTPAaMU.  30KpeMa, KaJleHJapHUN IJaH
OymiBHUIITBA 00’€KTY B JIiHIITHIN OpMI TOIIITHHO

npoektamu (Project Management Office) mnst
KOHTPOJIIO CTPOKIB 1 PU3UKIB /I KOPUTYBAHHS
rpadiky y pekrMi peabHOro vacy.
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SWOT ANALYSIS OF CONCEPTUAL BASIS OF OPERATIONAL
AND CALENDAR PLANNING IN CONSTRUCTION

Abstract. According to the accepted conditional initial data (labor intensity of the component
processes of construction, as well as the number of teams), the duration of the construction of
a conditional object is determined. The execution of the component processes of this construction
is linked in time and space. The work is organized by the flow method with the breakdown of the
conditional object into separate sections — sections. The problem is solved by calculating the matrix,
developing a linear graph, a cyclogram, and also a network graph. Operational management is
an integral part of the organization of construction production, is part of the general construction
management system and should contribute to the timely implementation of construction work in a
technological sequence in accordance with plans and schedules by means of constant control over
the execution of work, their continuous accounting and regulation, and coordination of the work
of construction units. Based on the SWOT analysis, recommendations have been developed on the
feasibility of using a facility construction schedule inthe following forms: linear and network schedules,
as well as a schedule in the form of a cyclogram. In particular, a facility construction schedule in a
linear form is advisable to use for a small number of processes to visualize the sequence of stages or
as an auxiliary tool in the operational management of the construction flow; a facility construction
schedule inthe form of a cyclogram is advisable to use forthe construction of facilities with a repetitive
structure in the flow method of organization at the stage of operational and technological planning
to optimize the distribution of resources and rhythms of work; a facility construction schedule in the
form of a network schedule is advisable to use for complex, multi-stage construction projects when
planning interdependent processes in project management systems (Project Management Office) to
control deadlines and risks for adjusting the schedule in real time.

Key words: construction management, operational and calendar planning, construction
schedule, SWOT analysis, construction flows.
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KOPEJIAIIA PE3YJIBTATIB TOCALI;KEHb OBBOJAHEHUX JIECOBUX IPYHTIB
M. THIITPO METOAAMU TUHAMIYHOI'O TA CTATUYHOI'O 3OHAYBAHHA

Anomauia. [lonpu mpueany icmopilo euxopucmanms memooy Ounamiunozo 30n0y6anus 0ns imice-
HEPHO-2e0102iuHUX 00CTIONCEHD, 00CT 3ANUULAEMBCS HEeY3200MCeHUM NUMAHHS KOPEKMHOT inmep-
npemayii pesyavmamie, OMpUMaHUx 3a 00NOM02010 MAI02AOAPUMHUX PYUHUX OUHAMIUHUX 30HOI6.
Binvwicmsy icuyiouux docioxcen 30cepedrceni na cnpobax 6CMan0sIeHHs NPAMUX KOPELSYIHUX
3ANeHCHOCNET MINC NOKASHUKAMU OUHAMIYHOZ0 A CIMAMUUHO020 30HOYBAHHS 0e3 YPAXYEAHHS KOH-
CmpyKkmueHux 0codauocmei 30ndie ma ix memponoziunoi eaaemosaminrocmi. Taxui nioxio snaumo
00MeNCYE MONCIUBICING NOPIBHAHHA PE3YTbMAMIe PIsHUX Memoois, 0COOIUBO 8 YMOBAX BUKOPU-
CMaHHs HeCMAanOapmu3o8anux abo 00CHOHUX Modeneil Manozabapumuux 30H0i8. AKMyaioHum
3ANUULAEMBCS, NUMAHHS CMBOPEeHHS YHipIK06aH020 nidxody 00 nobydoeu cucmemu KOPerSyiliHUX
3anexcnocmeil, wo nepeddbauae Paxysans NePexionux emanie Mije HeCmanoapmuumu PyUHUMU
npuradamu ma Cmanoapmuumy yYCmanosKamu cmamuunozo 30noyeanns. Ocobausoi ckradnocmi
Habysae ys 3adaua npu OOCIIONCCHHT TeCOBUX ePYHMIB, SKI XAPAKMePUYIMbCS 6UCOKOI sapia-
OenbHicmio Qi3uKo-MeXanivnux 61ACMUBOCMell Ma uymiugicnmio 0o 360J10MHCeHHSL.

Cmamms. npucesuena noivosomy memooy OuiHKu 6LACMUBOCMeil 00600HEHUX eCOBUX LPYHMIB
i3 3aCMOCYBAHHAM MAL02A0APUMHUX NPUCTPOIE MeMOOOM OUHAMIUH020 30HOYBAHNHS | KOPeNAUis
Pe3YIbmMamie 3 pesyibmamami. OMmPUMAHUMU MEMOJOM CIMAMUUHO20 30HOYBAHHS.

3’sic06ano, wo eusedeni 6 pesyivomami sunpodyeany Mail02abapumuuMyu OUHAMIMHUMU 30HOAMU
3AMOUCHUX TeCOBUX SPYHMIB HUNCUE PIBHSL SPYHMOBUX 600 KOPELAUIIHI 3ANEHCHOCTE MINC NOKAZHU-
Kamu OUHAMIYHOZ0 MA CIMAMUYHO020 30HOYBAHHS € OOCIATMHBO CMIIKUMIL, X0UA 11 Oy OMPUMAHI HA
obmedncenii 6asi BUXIOHUX OaHuX.

B pesynvmami nposedenux 00cuionens 1ecosux spyHmMie 6CMan06ieHo, wo Mano2abapumui 30n0u
MOJNCYMb OYmu BUKOPUCIAHT NPU NPOBEOHHT THICCHEPHUX BUWYKYBAHD HA JIECOBUX SPYHMAX,
Y MOMY YUCTIE Tl 3AMOYUEHUX, 0COOIUBO NPU BUPTULCHHT HECAHOAPTHUX 3A0aY Y CREUUQTUHUX YMOBAX
(30Kpema 3ondyeanns uepes Qynoamenmui naumu 6 niosarax 6yoisenn 3 Memor susUenHs CKiady
ma cmany ¢pynmis 0CHOG, Y NA3YXAX KOMILOBAHIE MOUWO).

Busieneni 6i0MIHHOCIN XAPAKMEPUCIUK, OMPUMAHUX N0 4ac OUHAMIUHO20 30HOYBAHHS. PISHUX SPY -
cig necosux cpynmie M. [ninpo, 003601510mb cMEepONCYaAmy Npo HASGHICMb GIACTIUCUX Juwe iM
xapaxmepnux 0cooUB0CMell, 30Kpema i Zpagiunozo muny.

Kniouosi cnosa: 3ondyeanns, docnioxcenns epynmis, memoou docnioycenns pynoamenmie
1 0CHO8, THCMPYMEHMATILHI MEMOOU, sPYHMU, 2€07102TUHI YMOBU.

ITocranoBka mpoOsemu. Bukonanus pocii-  6araTbox (haKTOPIiB, 30KpeMa TeXHIYHUX XapaKTe-
JUKeHb MaCWBY JIECOBUX TPYHTIB METO/OM 30H- PHUCTUK 30HY, PiBHS PO3TAIlyBaHHS IPYHTOBUX
JyBaHHS TIOTPeOYE OIHOYACHOTO BpaxyBaHHS — BOJ TaBPaXyBaHHS PETriOHATbHOTO PO3TALIyBAHHS
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MaNJIaHYUKY JOCJIJPKEHHS JIJIs1 3aCTOCYBAHHS
BIZIMOBIZIHUX KOPEJSIMHAX 3aJIeKHOCTEN 7S
06poOKK pesysbratiB  gocaimkenb. OcobmBoi
CKJIATHOCTI HaOyBa€ JMOCTIIPKEHHST 30H/IyBAHHSIM
0OBOJHEHUX JIECOBUX IPYHTIB Ta BCTAHOBJICHHSI
KOPeJIIINHUX 3aJIe5KHOCTeN JIJIs1 TAKUX TPYHTIB
IPU 1X IOCJIKeHHI METO/IOM CTaTUYHOTO 1 IMHA-
MIUHOTO 30H/IyBaHHS.

AHani3 ocraHHiX myOuikamii. Anayisz Oijb-
IIOCTI HAABHUX HA ChOTOAHINIHI leHb PO3POOOK
y cepi 1MHAMIYHOTO 30H/YBaHHS MOKa3aB, 1110
OCHOBHA yBara JIOCJI/IHUKIB TIPU/IiJieHa BCTAaHOB-
JIEHHIO KOPeJIAIIMHUX 3aIe5KHOCTel MK pe3yJib-
TaTaM BUTPOOYBaHb TPYHTIB AUHAMITHUMU
30HJIaMM, Y TOMY YHC/I i MajorabapuTHIMHU, Ta
CTAHZIAPTHUMHU YCTAHOBKAMU CTAaTUYHOTO 30H-
nyBaHHs [1-4] Ta 3a3HavyaeTbCd, 1O OJHUM i3
CKJIQ/IHAX BUTIA/IKIB 3aJTUIITAETHCS BCTAHOBJICHHS
HA/IITHUX KOPEJIAIINHUX 3B I3KiB came I JIeco-
BUX I'PYHTIB.

Mera po0OTH: BHKOHAHHS IOPIBHSAJIBHUX
JIOCTIKEeHb OOBOJHEHUX JIECOBUX IPYHTIB M.
JlHipo MeTosaMy CTAaTUYHOTO Ta JUHAMIYHOTO
30H/IyBaHHS 1 aHAJI13 OTPUMAHUX Pe3YJIbTaTIB.

Pesyanbratd pocaigkens. O6'e€KToM m0CTi-
JUKEHHST METO/IOM JMHAMIYHOTO 30HIyBaHHS
Oy PO3KPUTI OYAiBEJIbHUM KOTJIOBAHOM 4YeT-
BEPTUHHI €0JI0BO-/IeJIIOBIa/IbHI IPYHTH, TIPe/-
CTaBJieHI TaKUMM Ppi3HOBUJIaMM (HyMepallis
1I1apiB 3rOPU JIOHU3Y 3TIIHO 3 MaTepiajlaMu 1HKe-
HEepHUX BUITYKYBaHb HA JJISHIL ):

— map 5 (vdQIIlud). Cymicku Jecosi ymaii-
CHKOTO TOPU30HTY, CBITJIO-KOBTI, IIJIACTUYHI, Kap-
OOHaTH30BaHi, 3 MOOAMHOKUMHU BKPAILICHHIMU
TiZIPOOKCHU/IIB MapPraHIfio. 3aJsraloTh il CyTJIH-
Kamu 1mapy 4 moryskuictio Biz 0,5 10 2,7 M;

— map 6 (edQIIIpl). Cyrimuku Jecosi mpu-
JIYIIBKOTO TOPU3OHTY, JKOBTYBaTO-Oypi, TeM-
HO-Oypi, M'SIKOITACTHYHI, 3 MpPOIIApKaMi Ta
JiH3aMM IUIACTHYHUX CYIICKIB, KapOOHATH30-
Bani. [loryxnicTs mapy — 1,9-4,2 m. @axkTuano
€ OCHOBHUM JIOCJI/IZKYBaHUM I11APOM;

— map 7 (vdQIIIdn). Cymicku jiecoBi gHimTpoB-
CbKOTO TOPU30HTY, MaJeBO-KOBTI, IJIACTUYHI,
3 MpolIapKaMU CYIJIMHKIB, Y TI/IONIBI 3alilliaHi,
3 piAKiCHUMU JKOBHaKamu KapOOHaTiB. 3assira-
I0Th TIOBCIO/THO TIOTY>KHICTIO Bijt 2,4 110 5,9 M.

OcobIMBICTIO ISTHKHU € PO3TAIlyBaHHSI PiBHST
I'PYHTOBUX BOJI Y cepelHbOMY Ha 1 M HuKue JiHa
KOTJIOBaHY — (haKTUUHO HAa MeXi MiK 5 Ta 6
mapamu.

Ha MoMmeHT moyaTky nmpoBe/ieHHs A0CiIKeHb
Ha Il IIISHIT B KOTJIOBaHI I1e TPUBAJIK POOOTH
3 yJIallITyBaHHS alboBUX PyHIaMeHTiB (puc. 1).
Ha nanomy erami foc/iizkeHb PyYHUM 30H/I0M 31
JiHa KOTJIOBaHy OyJIM JOCTiZKEeHi IPYHTH IapiB
5 (4acTKOBO, MOOMM3Y MigomBY mapy), 6 (moB-
HICTIO, TI0 BCiii TOBII), 7 (4aCTKOBO, B MOKPIBJI
miapy), MpejicTaBjeHi JIeCOBUMU CYIICKaMU Ta
JIECOBUMU CYTJIMHKAMU TIJIACTUYHOI KOHCUCTEH-
11i1, K1 € IIPOEKTHOIO OCHOBOIO ILIUTU POCTBEPKY
aTbOBOTO (DyHAAMEHTY MaiiOyTHHOI Oy TiBJIi.

Puc. 1. Maiizianunk mpoBe/ieHHS I0CJI/KeHb 3 TO3HAYEHHSIM TOYOK 30H/[YBaHHS
(1.1.3. Ne 1 371iBa, T.11.3. Ne 2 cripaBa)
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[lng  mpoBeseHHS — MOCHIKEHb  [PYH-
TiB mapis 5, 6, 7 3i AHA KOTJIOBaHY Ha BiJM.
63,00-64,05 M OyjI0 BHKOHAHO 30H/YBaHHS
B 3-x Toukax (puc. 2) raubunoo 10 3,7 M (T./1.3.
Ne 1, 1.1.3. Ne 2, 1.1.3. Ne 3). Bubip Touok i Ha
JTAHOMY eTalll J0CJi/[>KeHb BU3HAYaBCS BUKO-
HaHHAM OyAiBeIbHUX POOIT y KOTJIOBaHI Ta
nepeminieHHsIM  OyaiBesbHOT TexHikm., Touka
sonayBanHg Ne 1 Oyja Hamiuena Gesmocepej-
HbO O1JI51 TOUKK CTAaTHYHOTO 30HAyBaHHSA Ne 1 Ta
PO3BilyBaJIbHOI cBep/IOBUHU Ne 2 TpoiiieHnx
Ha CTa/ll BUIIYKYBaHb, 3 METOI0 31CTaBJEHHS
OTPUMaHMX MPH 30HAYBaHHI 000Ma METOAAMMU
naHuX 3 (Hi3MKO-MeXaHIYHUMW BJIaCTUBOCTIMU
JIeCOBUX TPYHTIB, a TaKOX BUBEJIEHHSI KOpe-
JAIMIRHUX 3aJie’KHOCTe MK TapaMmeTpaMu
JIUHAMIYHOTO Ta CTAaTUYHOTO 30HAyBaHHA. Clijl
3a3HAYMTH, 110 BUKOHAHHS CTAaTUYHOIO 30H-

KOHMypu komnoBaHy

JlyBaHHS JIECOBOI TOBIII B TiPHUYO-TEXHIUHUX
yMOBaxX MicTa 3/1HCHIOBAJOCS BKpail PiAKo,
1 3 1€l NPUYNHKA HASIBHI HEUMCJEHHI apXiBHI
JlaH1 MalOTh 3HAUYHY I[IHHICTb JJIsI JOCJIIHUIlb-
KUX I[iJIeN.

[TopiBHgHHS 3arajbHOrO BUT/LLy TpadikiB
30HIyBaHHA (3axexHOCTI mapamerpis N/P, Bix
rbuan H) y Beix Toukax (puc. 3—5) saraiom
CBIIUUTH PO BITHOCHY OJHOPIIHICTb CKJIAIY
JIICOBUX CYTJIMHKIB miapy 6. [leno BiaMmiHHMIA
rpadik y T.0.3. Ne 3 1mopiBHSAHO 3 rpadikamu
B T.1.3. No 1 Ta Ne 2 3ymoBJIeHmil OiJIbIIO0 CTY-
MEHI0 HACUYEHOCTI BOJIOI0 TPYHTIB JIOCJHIIKY-
BaHOI TOBIII, WMOBIPHO, BHACJIIOK TPUBAJIOTO
BILUIUBY BUTOKIB i3 MOMIKO/[PKEHUX BOJIOHECYUUX
KOMYHIKaIliil Ha OpUJeryiil 10 KOHTYpy i€l
YACTUHU KOTJIOBAHY TEPUTOPIil CYMizKHOI JKUTJIO-
BOI 3a0y/I0BH.

adc. BidM. dHa komnoBaHy 63.00 M

AHO KOT/NOBAHY

CBepdn. 14

7.0.3.2

63.15 M\

CBepdn. 2, m.c.3.1

"

1.03.1 ~
63.00 M

1.0.3.3

/" 64.05M

Byn. CmenaHa baHdepu

\ CBepdn. 16

Byn. BockpeceHcbka

Puc. 2. Cxema po3TallyBaHHA TOYOK 30H/IYBaHHS B KOTJIOBaHi
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H,cm

2 L 6 8 10 12 14 16 18 20 22 24 26 28 30 32 p, ydapu
—————t+—+——+—+—+—+—+—+——
051 15 2 253 354 455 556 65 7 75 8 Pd, MMa
4

1 [

L1} =
2 L 6 8 10 12 14 16 18 20 22 24 26 28 30 32 p, ydapu
1
051 15 2 253 354 455 556 65 7 75 8 Pd, MMa

YMoBHI no3HaYeHHs:

e 3HayeHHs Pd, MMa B iHmepBani 10 cm
— Kinbkicmb ydapid n Ha 10 cM 3aHYPEHHS HaKOHeYHUKA 30HAY

Puc. 3. Ipacdix 3omH1yBamHHs J1€COBOI TOBII MapiB 3, 6, 7 B T.JL.3.
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YMoBHI no3HaYeHHs:

e 3HayeHHs Pd, MMa B iHmepBani 10 cm
— Kinbkicmb ydapid n Ha 10 cM 3aHYPEHHS HaKOHeYHUKA 30HAY

Puc. 4. Ipacik 3oH1yBaHHs JIeCOBOI TOBIII mapis I, 6, 7 B T./1.3.

Ne 2 B koTs10BaHi
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YMoBHi no3HaYeHHs:

e 3HayenHs Pd, MMa 8 inmepBani 10 cm
— Kinbkicmb ydapib n Ha 10 cM 3a0HYpPEHHS HOKOHEYHUKA 30HAY

Puc. 5. Ipacdix 3om1yBamHs J1ecoBoi TOBII mapis 3, 6, 7 B T./1.3.
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[le Takox miATBEpMKY€EThCSA Tpadikamu Ta
Y4aCTKOBUMU PIBHAHHAMU 3aJI€KHOCTI MK P, Ta
N st mecoBUX CYTJIMHKIB mapy 6 B TOUKax, 110
NOCTIKYI0ThCS (puc. 6):

Jna .13 Ne 1:

N=4_861P,-12979. (1)
Jlmsa 1.1.3 Ne 2:

N=4,7087P, - 0,8242 2)
Jlna t.r.3 Ne 3:

N=4,6781P,-0,5904 3)

[Ipuyomy mapu 5 Ta 7 1O BCiX TPhOX TOYKAX
30H/LyBaHHsI OyJIM BUKJIIOUYEH] 3 iHTepBaJTy MOpiB-
HsaHus. JlecoBi cymicku mapy 5 — uepe3 po3ra-
IIyBaHHSI iHTepBasy B30HAyBaHHS OOMEKEHOI
HOTYSKHOCTI B IL[OIIBI APy, 0 TOTO K MOOJU3Y
N3epKajia IPYHTOBUX BOJI. A JIeCOBi CYIiCKHU MIapy
7 — Tako’K yepe3 0OMesKeH 1 3a IIIMOUHOIO iHTep-
BaJl 30H/IyBaHHsI, 110 OYB MIPUYPOUYEHUIT JIUTIIE 10
HOKPIBJII I[BOTO TApy 1 He BioOpaskae ycix oco-
6BocTell OymoBu ToBIM. Y T..3. Ne 3 secoBi
CYIICKHU 1apy 7 He JNOCHIKYBAJIUCH, OCKLIbKA
3aIATasu TmoIe.

[l BU3HAUeHHA  XapakTepy  MOKJIUBOI
3aJIEKHOCTI MK TlapaMeTpamMy 30HIyBaHHS Ta
(hi3nKO-MeXaHIYHUMU BJIACTUBOCTSIMU JIiCOBUX
IPYHTIB JIOCJI/I)KYBAHOI TIJIONIQ/IKU BUKOPUCTO-
BYBAJIMCA MaTepiaji 1HXXEHEePHO-TeOJOrTYHIX
BulllyKyBanb, BukoHaHi JIIT <«/[ninpo/[HTP»
y 2006 ta 2014 pokax, a Takox 30epeskeHi
apxiBHI Marepiajii iHXEHepHUX BUIITYKYBaHb
y Mekax MmichKkoi Teputopii [16, 17]. BpaxoBy-

1041 TOH (haKT, O IPYHTH ITI€T TITTOMAKN Ha CTa-
Jlil BUKOHAHHS 1HKEHEPHUX BUIIYKYBAaHb TaKOX
BUBYAJMCSI METOZIOM CTaTUYHOTO 30H/YBaHHH,
OyJI0 JIOIIJIBHO MPOBECTH TOPIBHAIBHUI aHa-
JIi3 pe3yJsbTaTiB CTaTUYHOTO 30H/YBaHHS CTaH-
JIapTHOIO yCTaHOBKOIO 3 obsantantsam [TTKA-15
«Kacera» Ta aHaMigvHOTO 30HIyBaHHS MaJora-
OapuTHUM 30H/LyBaJIBHUM TPUCTPOoeM. Ha ocHOBI
[bOT0  aHaji3y Tepeadadyanocst BCTAHOBHUTH
KOPEJIAIHHI 3a/IeKHOCTI THITY N/q Ta P,/q
B iIHTepBaJIi MOPIBHAHHS, OPIEHTYIOUNUCDH HA TJIN-
OWHY 30HIyBaHHS JICOBUX IPYHTIB Imapis 5, 6,
7 MajorabapuTHUM 30HIYBaJbHUM IIPUCTPOEM,
BUKOHAHOTO 31 JIHA KOTJIOBaHY B TOYIl 30HIY-
BanHs Ne 1. Takox, BpaxoByI0un HasIBHICTb (hak-
TOpa IHBapiaHTHOCTI 3HaYeHb P, OTPUMaHUX Pi3-
HUMU 30HJIAMU JIJIs1 JIICOBUX TPYHTIB TLIONIAI0K
y CobopHOMY paiioHi MicTa, epenbadanocs, o
el akTop iHBapiaHTHOCTI Oy/e XapaKTepHHi
1 TIpU JOCJI/PKEHHAX JICOBUX CYIICKIB Ta CYTI-
JIMHKIB 1apiB 9, 6, 7 aHAJIOTIYHOI KOHCUCTEHII
Ha 11} TJIOTIAIIL.

3a pegyJbraTaMl aHaJi3y JaHUX CTaTHy-
HOTO 30H/IyBaHHS Ha CTa/lil BULTYKYBaHb Y TOYII
CTAaTUYHOTO 30HAyBaHHS No 1 Oimst cBepio-
BuHM Ne 2 Ta TUHAMIUYHOTO 30HAYBAaHHS Y TOYII
JAMHaMiuHOTO 30HAYBaHHA Ne 1 GyJI0 BMBELEHO
[Vl 3a3HAYEHUX TOPU3OHTIB JIICOBUX IDYHTIB
IJIACTUYHOT KOHCHUCTEHI[T HU3KY KOPeJsAIliii-
HUX PiBHSIHB. 30KpeMa, KOPeJsIiiiHi piBHAHHSI
MK ToKasHuKamu N, P, Ta MATOMUM OMOPOM
il KoHycoM 30H1Y ¢, MIla, MaioTh HacTyHMIA
BurJsiz (puc. 7):

N =4,861P4 - 1,2979

N =4,7087P, - 0,8242

6781P,4 - 0,5904

y

OcHoBHOI1

OCHOBHOIf T.1.3. Nel
Ocrosroii TA3- N2
Ocuodfbg N3 N=
OcHOBHOIT

N OcHoBHOIT

OcHOBHOIT

OcHOBHOIT

OcHOBHOIT

OcHOBHOIT

A

OcHOBHOIT

OcuoBHoiT OcHOBHOII OcHOBHOIT OcHOBHOIT OCHOBHOIT

P, MIla

Puc. 6. Ipadiku i piBHsanHA 3anexkHocTi Mixk P, 1a N 17151 JIecOBUX
cyrauHKiB mapy 6 B T.1.3. Ne 1, Ne 2, No 3
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Puc. 7. Ipadik sanexnocti Miz Nig_ 715 1ecoBUX IPYHTIB mapis 5, 6, 7 B 1.1.3. Ne 1

3okpeMa, piBHAHHA Kopeswii mix N, P, ta
IIMTOMUM OIIOPOM 1IIiji KOHycoM 3o0m/a ¢, Mlla,
MaroTh HacTymHui Bursz (puc. 3.1.38—-3.1.39):

N=10,195¢ - 1,1555;
P =2,0673¢ +0,0808.

Takosk 10BoJI 106pe TPOCIIIIKOBYETHCST KOpe-
JIAIIHA 3ayIeKHICTb MK N, P ', Ta TIHTOMUM OTI0-

N

26
24
22
20
18
16
14
12
10

SN B~ N 0

(4)
()

poM TepTio 1o 60KOBiif ToBepxHi 3011a — f, kKlla
(puc. 8—10).

N=0,5515/. - 7,3603; (6)
P,=0,1101f —1,1238 )

Hagezneni Buiie Kopesisitiiiai 3a1€3KHOCTI MiK
AVMHAMIYHUM Ta CTATUYHUM 30H/lyBaHHSIM 3 OpTa-
Hi3aI[iiTHO-TeXHIYHUX MPUYUH Oy/IM OTpUMaHi

N =0.5515fc - 7.3603
2

~ hd v‘
o *
*

‘ o y .

A‘ v A4
y . ’ -
10 20 30 40 50 60

f,, MIla

Puc. 8. Tpacix sanesxnocti mix P, i f, 111 mecoBux rpyntis mapis 5, 6, 7 B 1.1.3. Ne 1
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Puc. 9. Tpacix sanesxnocti mizk N1i f, 1 necoux rpyHTis mapis 5, 6, 7 8 T.1.3. Ne 1
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Puc. 10. Ipadix samexuocti mixk P, i f, 1 necoux rpynTis mapis 5, 6, 7 8 7.1.3. Ne 1

(bakTUUHO 3a pe3yJbraTaMu JIOCTI/KEHb JInIIe
B OZIHIll ToYIll MaiilaHuYnKa — OiJIs CBEPJIOBUHN
Ne 2 Ta Touri cratwmuHoro 30HIYyBaHHSI No 1.
3 1€l JK MpUUYMHE BUXIiIHI 1aHi depes3 ix oOme-
JKEHY KIUJIbKICTh He MiIaBaiuCh CTaTUCTUYHIN
06po61Ti, TOOTO PIBHSHHS KOPEJIi CloYaTKy
MaJii IMCKPETHUH XapakTep.

Jlnst mecoBux TpyHTIB Ykpainu PyoGimmrreii-
HoM A. f. Ta itoro xoseramu (7), HA OCHOBI
BUBE/JICHHA KODPEJSIIIMHUX 3aJIeKHOCTed MIiXK
YMOBHUM JIMHAMIYHAM OTOPOM Ta JIOOOBHUM

OIIOPOM IIiJI KOHYCOM 30HJa IIPU CTAaTUYHOMY
30H/lyBaHHi, BCTAHOBJIEHUX /ISl MIIIAHUX IPYH-
TiB, OYJIO 3alPOIIOHOBAHO BJIACHI KOPEJSIiiiHi
3aJI€5KHOCTI, CKJa/leHl, 30KpeMa, JJid JIeCOBU/I-
HUX cyrauHKiB OechbKoi 061acTi 3 10CTaTHHOIO,
Ha JIyMKY aBTOPiB, TOUHICTIO:

P, =0,1133+1,454g,—0,0055q". (8)

3 orzsny Ha 1o obctaBuHy OyJ0 BU3HAHO
3a HeoOXiJiHe 3AIHCHUTH MepeBipKy OTpHuMa-
HUX 3aJIeKHOCTEN, BUKOPUCTOBYIOUM PIBHSHHS

7
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3QJIEKHOCTI MK CTAaTUYHAM Ta AWHAMIYHUM
30H/IyBaHHSIM, BUBEJICHI IHIIUMU JOCJIITHUKAMU
(PyGinmrreitn i Kymaukin) mas pisHuX THIIB
IPYHTIB. Y JMaHOMY BHIIQJIKy HaWOiIbII MOKII-
BUM JIJI 3aCTOCYBAaHHS € PIBHSIHHS 3aJI€KHOCTI
P g BiX q ., BUBejieHe Pyo6inmmreiinom i Kymaukinnm
asg iecoBux IpyHTiB lliBaua Ykpainu. Pesyiib-
TaTU MOPIBHAHHSA apameTpa P, Ui Pi3HUX PO3-
PaxyHKOBUX PiBHSIHb HaBe/ieHi Ha puc. 11.

Opnax, piBustaHs Py6Ginnreiina ta Kymaukina
BUJIAETHCS CKJIAHUM JIJIST TPAKTUYHOTO 3aCTOCY-
BaHHS yepe3 OaraTo3HAYHICTh BapiaHTiB PO3B’s-
3aHHS.

Curii TakosK 3a3HAYUTH, 110 XapaKTePHi 3aJIesK-
HOCTI MIK TOKasHUKaMu 30HAyBaHHs N/P, Ta
TaKUMU XapaKTEePUCTUKAMU IPYHTY, SIK 3arajbHe
3uerieHHs C, TyCTUHA TPYHTY P, TYCTHHA CyXOTO
IPYHTY P, IOPUCTICTH N, KOEDIIIEHT MOPUCTOCTI
e, Y X0/l IOCJIijiIKeHb Ha Il MiJSHII OTpUMaTu
He BAasocs. BUHATOK CTAHOBJATH XapaKTepu-
CTHKH TepTs 110 OOKOBiil HOBepxHi 3011y f ..

BucHoBku. Bcranosieno, mo wmasoraba-
PUTHI 30HAM MOXKYTb OyTH BUKOPHCTaHI TpH
POBEJICHHI iHKeHePHUX BUIITYKYBaHb Ha JIeCO-
BUX IPYHTaX, y TOMY YMCJi U 3aMOYEHUX, OCO-
OJMBO TIPM BUPIIEHHI HeCTAaHIApPTHUX 3ajad

o 051 15 2 25 3354 455 556 657 15 8 Fd-Ma
10
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YMoBHI no3HaYeHHS:

® 31a4eHHs Pd, MMa 8 inmepBani 10 cm, pospaxoBane dns 3o4dy ANIT-5

o 3Ha4eHHs Pd, MMa 6 ikmepBani 10 cM, nepepaxoBHe yepe3 qc dns 3oxdid MMKA-15 “Kacema”

o 3Ha4enHs Pd, MMa B ikmepBani 10 cM, nepepaxoBHe no popmyni KynaskiHa i PydinwmedHa dns 30HdiB MMKA-15 "Kacema”

Puc. 11. Ipadiku sanexnocti mapamverpa P, Bin H i pisHuX pO3paxyHKOBUX PIBHAHD
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y creruiyHuX yMoBax (30KpeMa 30HyBaHHS
yepe3 GyHAAMEHTHI [JIMTH B TiBaaax Oy/IiBesb
3 METOI0 BUBUEHHSI CKJIAJy Ta CTaHy TPYHTIB
OCHOB, y Ta3yxax KOTJIOBaHiB ToIo). BusezeHi
B pe3ysbrari BUIPOOYBaHb MaJorabapuTHUMUI
IUHAMIYHUMM 30HJaMU 3aMOYEHUX JIECOBUX
I'PYHTIB y 30H1 BIIUBY Y I'B KOpeJisniiini 3amex-
HOCTI MIXK IIOKa3HUKaMHM [MHAMIYHOTO Ta
CTAaTMYHOTO 30HAYBAaHHS BUWSBWJINCS JOCHUTH
cTaJMMu, Xo4a i Oy mobynoBaHi Ha oOMesKe-
Hill 6a3i Buxigaux ganux. OxHuM i3 3aBIaHb,
MOCTaBJIECHNX Y XOJli BUKOHAHHS TT0JIbOBUX POOIT
Ha Maiiandnkax M. /[Hinpo, OyJo, 30Kpema,
BUBUYECHHS MOKJIMBOI TPUAATHOCTI 3aJIe;KHOC-
Tell, PO3POOJIEHNX [IJIs JIECOBUX TPYHTIB PiSHUX
PErioHiB /10 MICI[eBUX TPYHTOBUX YMOB, BUXO-
JISTYU 3 TIOIOHOCTI JIECOBUX IPYHTIB SIK OKPEMOTO
THITY 31 CXOKHUM CKJIaZoM, OYZI0BOIO Ta BJIACTH-

BocTamu. lIpoTe anamiz pesysbTaTiB 3acTOCy-
BaHHA BHBEJICHUX B IHIIMX KpalHaX PiBHSAHD
]IS JIeCOBUX ITPYHTIB M. /[HITIPO 110Ka3as, 1110 11e
CKJIQ/IHO peali3yBaTH Ha TPAKTUIll — <«yHiBep-
CAJIbHUX» 3aJIeKHOCTeH /1151 JIeCOBUX IPYHTIB He
icHye ab0 BOHM HENPHUIATHI /IS MPAKTHYHOTO
sacrocyBants. OTke, BUHUKA€E mMoTpeba y CTBO-
PEHHI BJIACHUX PETiOHAJTbHUX KOPEJAIIMHNX
3ajieskHOCTel. BusBieni BiIMIHHOCTI Xapak-
TEePUCTUK, OTPUMAHMX T/l 4Yac JAUHAMIYHOTO
30H/IyBaHHS PI3HUX SIPYCIB JIECOBUX IPYHTIB M.
JlHinIpo, /03BOJISAIOTH CTBEP/KYBATH PO HAsB-
HiCTh, OKPIM iHIMMX PO30IKHOCTEN, i BJACTUBUX
Jtie iM XapaKTepHUX 0CcOOJMBOCTEH, 30KpemMa
it rpacivnoro Tumy. Ile, y cBoto uepry, akTyasi-
3y€ MUTAaHHS CTBOPEHHS CBOEPIHOTO PerioHab-
HOTO TEOTEXHIYHOTO GAHKY MaHWX, IO BKJIOYA-
THUMe i 11eld mapaMeTp.
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CORRELATION ANALYSIS OF DYNAMIC AND STATIC PROBING DATA
FOR WATER-SATURATED LOESS SOILS IN DNIPRO

Abstract. Despite the long history of using the dynamic probing method for engineering and
geological investigations, the issue of correctly interpreting the results obtained using small-sized
manual dynamic probes remains unresolved. Most existing studies focus on attempts to establish
direct correlation dependencies between the parameters of dynamic and static probing without taking
into account the structural features of the probes and their metrological interchangeability. Such an
approach significantly limits the ability to compare the results of different methods, especially under
conditions involving non-standard or experimental models of small-sized probes.

The issue of developing a unified approach to constructing a system of correlation relationships
remains relevant. This approach should account for transitional stages between non-standard
manual devices and standard static probing equipment. This task becomes particularly challenging
when studying loess soils, which are characterized by high variability in their physical and mechanical
properties and sensitivity to moisture content.

This article is devoted to a field method for assessing the properties of water-saturated loess soils using
small-sized devices with the dynamic probing method, and correlating the results with those obtained
by the static probing method. It was found that the correlation relationships between the parameters
of dynamic and static probing, derived from tests using small-sized dynamic probes on saturated loess
soils below the groundwater level, are sufficiently stable, although based on a limited dataset.

As aresult of the conducted studies of loess soils, it has been established that small-sized probes can be
used during engineering surveys on loess soils, including water-saturated ones, especially when solving
non-standard tasks in specific conditions (in particular, probing through foundation slabs in building
basements to study the composition and condition of foundation soils, in trench backfills, etc.).

The identified differences in the characteristics obtained during dynamic probing of various loess soil
layers in the city of Dnipro make it possible to assert the presence of distinctive features specific only
to them, including those of a graphical nature.

Key words: sounding, soil investigation, methods of foundation and base investigation,
instrumental methods, soil, geological conditions.
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OOPMYBAHHSA COLIAJIBHOTO JKUTJIA HA 3ACAJAX CTAJIOTO PO3BUTKY

Anomayia. Y cmammi poseisnymo 0cobausocmi Gopmysanis COUIaIbHO20 HUMIA HA 3ACA0AX
CMA020 PO3GUMKY 6 YMOBAX NICIAB0ENHOT 8i00yd0su Yipainu. Busnaueno cyuacui 6ukiuxy icum-
JI06OT NOJMUKIL, 3YMOBLEHT PYIHYBAHHAM SHAUHOT YACTIUHIL JHCUTNI06020 (POHOY, 3POCTNAHHSM Kilb-
KOCMI GHYMPIWHbO NePemMiuyeHux 0cid ma CoUiaIbHo 6PAIUBUX 2pYN HACeeHHs. AKMYaniz06ano
HeoOXIOHICb nepexody 610 MUMUACOBUX Piuieb 00 CUCMEMHO20 NIOX00Y Y CIMEOPEHHT HCUMAA, SKUIL
NOEOHYE NPUHKUNIU eKOTL02IUHOT e(heKmUBHOCINE, eKOHOMIUHOT QOULILHOCTE MA COUIANLHOT THKII03UG-
nocmi. O6pyHMoBano, wo cMAalui Po3BUMOK COUIANLHO20 JHCUMIA MAE 3a0e3neuyeami He JulLe
MIHIMATLHI NOOYMOBL YMOBUL, A UL IKICMDb CepedosULlLa NPOICUBAHHSL, CIPUSMU (POPMYBAHHIO TOKATLL-
HUX CNITOHOM | NIOBUWEHHIO COYIATLHOT 32YPMOBAHOCIA.

Ha ocnosi ysazammenns esponeticvkozo doceidy (Qinnsnois, Janis, Hidepranou, Hivewuuna)
BUOKDEMIEHO KIIOYU0BL NPUHUUNU (YOPMYBAHHS CMAN020 COUIATILHO20 HCUMILA: eHEP2OeHEKMUBHICID
Oyoieenn i BUKOPUCTAHS BIOHOBTIOBAHUX OXcepell eHepeil; HYUKICIb | MOOYIbHICIb apXimexmyp-
HO-NIAHYEATHIX piulenn; inmezpayis zpomaacwux i peKpeauiiinux npocmopis y Cmpyxkmypy Hcum-
JI0BUX KOMNIEKCIS; 31YUeHHS. MEWKAHYIS | 2pomad do npouecy nianyeanis (i napmucunamueHuil
nioxio); opienmauis na amiwani munonozii, wo noednyomn pisui coyiavii zpynu. Ilokasano, wo ui
npuHyUNU 30amui chopmyeamu Ho8y AKICMb HUML06020 cepedosuwya — KoMpopmozo, docmyn-
H020 Ma 0062081UH020.

3anponorosano KOHUEnmyaivii HanpAMU Peari3ayii Cmaiux NPUHUUNIS Y GIMUUSHAHIL NPAKMULL:
CMBOPEHHA MUNOJO2IYHO PISHOMAHIMHUX HCUMI0BUX KOMNIEKCIB 3 YPAXYBAHHAM MICULBUX PECYPCI8,
3acmocysanis 30ipHo-mMooyIvHux cucmem y i06yoosi, ynpoeaocenis enepzoouaonux mexnoio2ii
i HOpMamusie 8poneticokozo piehs. Cmamms NiOKPecIoe, Wo COUiAILHE HCUMIO MAE CMAMU OCHO-
6010 0/151 HOBOT APXIMEKMYPHO -NIAHYBATLHOT MOOEIE CMAN020 PO3BUMKY Micm Ykpainu, opienmosa-
HOT Ha H00UHY Ma CRiTLHOMY.

Knmouosi cnosa: couianvne scumao, cmanuii po3eumox, apximexmypHo-nianyeanvHa
opeanizayisa, 6i00ydosa, eHepzoepexmueHicmb, IHKIIOZUGHICMb, NAPMUCUNAMUBHE
naanyeanus, Mooy.ivie 0yoieHUYMB0, 2POMAOCHKL NPOCMOPU, KOONEPAMUBHE HCUMLO.

ITocranoBka npooaemu. IIpobiema 3a6es-
MeYeHHs] HaceJIeHHSI JKUTJIOM € OJIHI€l0 3 Haii-
TOCTPIIIUX Yy COIIQJIbHO-€KOHOMIYHIN CTPYK-
Typi cydacHoi Ykpainu. B ymoBax BoeHHUX aiii
2022-2025 pokiB macmTabu pyiHyBaHb KHT-
J0Boro (oray Ta iHGpacTpykTypy HaOy/u 6e3-
Ipelle/IeHTHOTO PiBHS. 3a JaHUMU MiKHAPOJAHUX
OIIIHOK, YacTKOBO a00 MOBHICTIO 3PYHHOBAHO
COTHI THCSY JKUTIOBUX OYAiBEJb, M0 MPU3BEIO
110 BTPATU JOMIBOK MijibiiloHaMu TpoMajisit. e
CTBOPIOE Oe3TpereIeHTHIH BUKJIUK IS CHC-
TEeMHU JIeP;KAaBHOTO YIPABJiHHA, apXiTEeKTOPiB
i MicToOyMiBHUKIB, a/ke MOTPeda y MIBUIKOMY,
JNOCTYITHOMY H SIKICHOMY JKUTJIi CTa€ OCHOBOIO
comianbHoi crabisbHOCTI i TymaHiTapHOI 0€3-
HeKU KpaiHHu.

Y KOHTEKCTI Cy4yacHUX TIJIOOQJIbHUX TpaH-
cchopmartiii MizKHapoHa CIJIBHOTA TOCJIiZIOBHO
OPIEHTYETBHCSI HA MPUHIMIN CTAJIOTO PO3BUTKY,
3akpinzeni B Ilimax cramoro possutky OOH,
1[0 TPYHTYIOThCST Ha 3acai «HixTo He Mae OyTu
3aJuIIeHnii 0cToponby [1]. Y Kpalﬂax €Bponu
COITiaJIbHe JKUTJO € BAKIMBUM IHCprMeHTOM
3a0e3IeYeHHsT TiIHOTO PIiBHSI KUTTS Ta COI[ialib-
HOI 1HTerpailii, 10 3aKpileHo, 30kpema, y Hosiit
Jleiinu3abkiit xapTii [2]. YkpaiHa, sika cbOTO/IHI
NePeKUBAE HOBY XBUJIIO PYHHIBHUX HACJIJIKIB
BiiiHU, 3MyllleHa BPaXOByBaTH Iieil I0CBij, abu
He TIJbKU BIHOBUTHU 3PYIHOBaHWI KUTJIOBUIL
douz, aje il 3poOuTH 0ro GLIbII CTIHKNIM, IHHO-
BallliHUM 1 OPIEHTOBAHUM Ha JIOBFOCTPOKOBY
MepCIeKTUBY.
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Boanouac Ykpainaycna/ikyBasia Biji OnepeaHix
JECATUIITD 3aCTaplly KUTJIOBY HOJITUKY, Y SKIN
comiabHe KUTI0 (HaKTUYHO He (yHKIIOHYBAJIO
IK OKpema cucrema. lloro yactka y 3araJibHOMY
JKUTJIOBOMY (DOH/II € Mi3epHOI0 — MEHIIe OJHOTO
BiJICOTKa, TOZIi K Y GisbiiocTi kpain €Bporu 1ei
nokasuuk csrae 10-30 %. BixcyTicts crifikoro
MexaHi3My (hiHaHCYBaHHS, HEY3TOKEHICTh MixK-
JIePKaBHUX 1 MiCIIEBUX ITPOTPaM, a TAaKOXK einuT
IHHOBAIITHUX THUIOJIOTIN TIPU3BEJIU JI0 TOTO, 10
HaBiThb Yy MUPHUIA Yac 3HAUHA YaCTUHA HACEJIeHHS
He Maja JIOCTYIy /IO TiTHUX JKUTJOBUX YMOB.
ITicis moyatKy BIillHU I CTPYKTYpHi mpobieMu
BUSIBIJINCS 3 0COOJTBOIO TOCTPOTOIO.

3a iHdopMaIli€l0 aHATITUYHOTO TEHTPY
Cedos, y moBoeHHNUI TIepiof y KpaiHi HasiiuyBa-
gocs quie 1 098 kBapTHp coIiaJbHOTO JKUTJIA,
1[0 € BKpail He3HAYHUM MOKa3HUKOM y MaciiTa-
Oax gepxasi [3].

Tpamuiiiini Mogeni BigOymoBH, Opi€eHTOBaHI
Ha TIBU/KE BiJITBOPEHHS KUTJIOBOTO (OHIY
6e3 ypaxyBaHHsSI MPUHIIUIIB CTAJIOTO PO3BUTKY,
MOXKYTb JIUIIE YaCTKOBO BUPIITUTH ITUTAHHS PO3-
ceJIeHHs, ajie He 3/1aTHI CTBOPUTH SKiCHE MiCbKe
cepegosuiie. MacoBe JKUTJIO, 1MOOyAOBaHe 3a
CTapUMU CXeMaMH, He BI/IITOBIIa€ CYyYaCHUM KPHU-
TepisiM eHeproeeKTUBHOCTI, 1HKITIO3MBHOCTI Ta
eKoJIoTiuHO1 Oe3mexu. Takuil migxix BiATBOpPIOE
KOPOTKOCTPOKOBI PillleHHSI 1 He BPaXOBYE COIli-
aJIbHy 1HTerpaifio, MOOIJTbHICTh Ta €KOHOMIUHY
JKUTTE3AATHICTH HOBUX TIOCEJIEHD.

Cporogui 1octae HeOOXiJHICTH  PO3IJIs-
JIaTU ColliaJibHe KUTJIO He JIUIe SK TUMYaco-
BUIl THCTPYMEHT MOJO0JIAHHS KUTJIOBOI KPU3H,
a sIK CUCTeMHY OCHOBY [IJIsl peajisallii cTpaTe-
il CTaJIOro PO3BUTKY MICT 1 TpoMaj. Y I[bOMY
KOHTEKCTI apXiTeKTypa COI[aJbHOrO KUTJIA MA€
Nno€eAHyBaT! (HYHKIIOHAJIBHY MOIIIBHICTD, TEX-
HOJIOTIYHY e(eKTUBHICTh 1 COIIAJTbHO-TTPOCTO-
POBY IrapMOHiIO.

[licastBoeHHa BigOymOBa BUMAarae IMPUHIIN-
MIOBO HOBUX TI/IXO/IB /10 KUTJOBOTO MPOEKTY-
BaHHS — He KIJTbKICHUX, a TKICHUX. ApXiTeKTypHa
MIPaKTHUKA MA€ BIIMOBUTUCS BiJl KOHIIEIIIil «TUM-
YaCcOBUX PillleHb» 1 IEPENTH 10 CTBOPEHHS CTaJIOl
iH(hpacTpyKTypH, 3/aTHOI MIATPUMYyBATH PO3BU-
TOK TPOMa/IU TIPOTIATOM JlecATUIiTh. Came TOMY
colliaJibHe KUTJIO PO3TJSIAEThCI He SK J0M0-
MIKHUI, a K CTpaTeriYHuil iIHCTpyMeHT ypOaHi-
CTUYHOI TIOIITUKH, 1110 (hOPMYE OCHOBY JIJIST COTTi-
aJIbHOT CTabiIBHOCTI, EKOHOMIYHOTO 3POCTAHHSI
Ta €KOJIOTTYHOI BiZIIIOBIiaIbHOCTI.

BigHoBnenns 3pyiiHOBaHUX TepuUTOpiil Ha
3acajilaX CTaJoro PO3BUTKY mepeabadae OaaHC
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MiK TPbOMa B3a€MOTIOB’SI3AaHUMU CKJIAJOBUMHU:
COLIIAJIBHOIO, EKOHOMIYHOI0 Ta eKOJIOTIYHOIO.
CortiaTbHUI aCTIEKT TIOJISATAE y CTBOPEHHI PiB-
HUX YMOB JIOCTYIY /IO JKUTJA JJIT BCIX BEPCTB
HaceJIeHHS, Y TOMY YMCJIi BHYTPILTHBO TIepeMi-
meHnx ocib, BerepaHiB, OaraTomiTHUX CiMeid,
Jiojiell 3 iHBajijHICTI0O. EKOHOMIYHMIT KOMIIO-
HEHT BU3HAYAETHCS JIOLLJIbHICTIO BUKOPUCTAHHS
pecypciB, 3aCTOCYBaHHSIM MICIIEBUX MaTepiasiB
Ta €HeProolaJHUX TEXHOJOTIH, 10 3HUKYIOTb
eKCIUTyaTalliitni BuTpaTu. Ekosoriyauii acrekr
OXOILITIOE 3MEHIIEHHS BYTJIEIIEBOTO CJIi[Ly, BUKO-
PUCTAHHS BiJJHOBJIIOBAaHUX J)KepeJsl eHeprii, o3e-
JICHEHHSI TEPUTOPIil Ta IHTErpaIiio XUTJOBUX
KOMILJIEKCIB y TPUPO/IHE CePeIOBUIILE.

BaskmBuM 3aBaHHAM € TaKOK (hOPMYBaHHS
CTaJIOl apXiTeKTYPHO-TJIAHYBaJIbHOI CTPYKTYpU
COIIIaIbHOTO JKUTJIA, sIKa Hepeabavac MoEAHAHHS
KUTIOBUX, TPOMAJICBKUX i peKpeaiinuux HyHK-
iid. Takuil miaxijg crpusi€ Po3BUTKY JOKAJIbHUX
CHIJIBHOT, aKTUBI3allil TapTUCUTIATUBHUX IIPOIIe-
CiB 1 CTBOPEHHIO BIJIUYTT HAJEKHOCTI JI0 MicCIs
IPOKUBAHHSA. Y 1IbOMY CEHCI COlliaJibHe SKUTJIO
BUCTYIIA€ He JIMIIEe POCTOPOM TIPOKUBAHHS,
a I ocepesIkoM B3a€MO/Iil, OCBITH, KYyJBTYPHOTO
0OMiHy Ta camopeasi3arii.

Oco6MBy yBary CJij TPHIIJIATH BIPOBa-
JUKEHHIO CyYacHMX 1HXKeHePHUX 1 TUIOJIOTIYHUX
pillieHb, TAKKX K MOJIyJIbHE Ta 30ipHO-KapKacHe
OyIiBHUIITBO, 10 3abe3leuye MBUAKICTh MOH-
Ta)Ky, eHeproeeKTUBHICTb i THYUKICTh Y TpPaH-
copmariii mpocropy. BpaxoByiounm oOMeskeHi
(bimaHCcoBi pecypcu iep;KaBu, caMe I1i TEXHOJIOTii
JIO3BOJIAIOTH IOCATTH OITUMAJIbHOIO CITIBBIHO-
MIEHHS MiK BapTiCTIO Ta SIKICTIO JKUTJIA.

TakyM YMHOM, TIOCTAHOBKa TIPOOJIEMHU TIOJISI-
rac€ y HeoOXiZIHOCTI IePeOCMUCICHHS CaMOTo
TIOHSITTST «COLIATbHE JKUTJIO> SIK KJIFOUOBOTO eJie-
MeHTa cTparerii cTasoro po3sutky. Mloro opmy-
BaHHSI MA€ CIIUPATUCS HA IHTErpailito IPUHIUIIB
€KOJIOTIUHOCTI, COIliaJIbHOI CITPaBeJINBOCTI Ta
apXiTeKTYpHOI e(heKTUBHOCTI, 10 B CYKYITHOCTI
CTBOPIOE TIepeLyMOBH JIJIsI Bi/THOBJIEHHS HE JINTITE
KHUTIOBOTO (POHMIY, a U COIATBHOI CTPYKTypHU
VKPaiHChKUX MICT.

AHani3 ocTtaHHIX AociKeHb. JlociimkeH-
HSIM COI1IaJIbHOTO JKUTJIA 3aiMAIOThCSI BUEHI 3 Pi3-
HUX Tajly3ei, ajie MUTaHHS 3aJIUIIAETHCS Haaull
aKTyaJbHUM. BuBYeHHAM apXiTeKTYpPHO-THIIO-
JIOTIYHOI CTPYKTYPH CYYaCHOTO MiCBKOTO JKUTJIA
3aliMasich Taki ykpaincobki Bueni: [uecs 1. [4, 5],
sdo6noucoka I [6, 7], 3acaasens T. [8], Tnar I [9].

B po6orax Amip6exoBoi A. [10] ra Oniiituk O.
[10, 11, 12] posrasimanuchk npobieMi, TTOB si3aHi
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3 PEHOBAIIEI0 1 TOAAJIBIIUM BUKOPUCTAHHSIM
NOCTYIHOTO skuTaa. [locaipkeHo BITUYM3HSIHUN
Ta 3apyOiKHMI J0CBiA PEKOHCTPYKIII i Mojep-
Hizaiii. BcranoBieno, 1o OyAMHKH TEPIINX
MacOBUX cepiit, sIKi i JoHWHI ckyiaaioTh Bij 30 10
50 % HasIBHOTO JKHUTJOBOTO (DOH/IY, € MOPATHHO
3HOIIIEHUMU, ITIOBHICTIO He Bi/{ITIOBIIAI0TH J1I0YUM
Ha ChOTOJIHI MiCTOOYIiBEJIBHIM i CaHiTapHO- Tiri-
€HIYHUM HOPMaM, a XapaKTepHe JiJIsl HUX 00'eM-
HO-TIJIAHYBaJIbHE BUPIIIEHHS BUMAra€ IpoBe-
JIeHHS PEKOHCTPYKILii 1 MOZIepHi3allil 3 TOBHUM
nepervianyBaHHAM BHYTPINIHIX IIPUMIIIEHb.
3arajoM 3asHaueHy TeMy B CBOIX pobo-
Tax TakoK gocimpkysann: Iumbamosa T. [13],
Bypasuenko C. [14, 15], Kaumr L. [16].

3a  KOD/JIOHOM JIOCJI/KeHHS — apXiTeKTyp-
HO-TIJIAaHYBAJbHOI ~ CTPYKTYPU  COIIaJIbHOTO
JKUTIIA € Jly’Ke MUPOKUMU 1 CTOCYIOTHCS SIK TIPO-
Os1eM peKOHCTpPYKIIil icHyioyoro xutaa [17], Tak
i HoBoro OymiBuuiTBa. OKpeme Miciie 3aiiMae
JOCJTI/IZKEHHS] TIOBTOPHOTO BUKOPUCTAHHS MaTe-
piaJiiB Ta MUTaHHA eHeproeeKTUBHOCTI Ta eHep-
ros6epesxkenns [ 18, 19,20].

[Torrpu HasiBHICTH 3HAYHOTO TEOPETUYHOTO
Ta MPaKTUYHOTO IOPOOKY, B YKPAiHCHKOMY Hay-
KOBOMY JIHCKYpCi OpaKye JOC/IiKeHb, SKi TTOE/I-
HYIOTb apXiTeKTYpPHO-IJIAaHYBaJIbHI TPUHIIANIN
COITIAJIBHOTO JKUTJIA 3 KOHIIETIIIIEI0 CTATIOTO PO3-
BUTKY. [lepeBakHa GinbImicTs pobIT aHATIZYE 11i
SBUIIA OKPEMO — ab0 K COIiaIbHO-eKOHOMIYHE
nuTaHHsg, abo K TEeXHiuHy I1pobiemy eHep-
roedexrusrocti. Came ToMmy mocrae morpeda
B IHTerpaIiiiHoMy MiIXO/Ii, K1 103BOJUTH PO3-
TJISIATH COIliaTbHE JKUTJIO SIK TPOCTOPOBUIA, EKO-
JIOTIYHUH 1 colianbHuil geHomeH, 10 Gopmye
HOBY SIKICTb MICHKOTO C€pe/IOBUINA YKpPaiHU.

Peagynbratn  pociaimkenb.  DopmyBanHs
COIIAJIBHOTO JKMUTJA Ha 3aca/lax CTajJoro po3-
BUTKY € OJIHUM 3 KJIIOYOBUX 3aB/laHb CydyacHOI
apXiTeKTYPHOI Teopii Ta MPaKTUKH, 10 BU3HA-
Ya€ MOJIAJIbIINIT BEKTOP BiAOYI0BU YKPaiHCHKUX
mict. Ilicast macmtabHUX pyiHYBaHb KHUTJIO-
BOro (hOHY aKTyaJbHIM CTa€ He JIuie 3abe3e-
YEHHS KiTbKICHOI TOTPeOH ¥ JKUTJIi, a CTBOPEHHS
HOBOTO THITY JKUTJIOBOTO CEPEOBUIIA — €KOJIO-
riyHo 30aJ1aHCOBAHOTO, €EKOHOMIYHO IOI[JIBLHOTO
Ta COIIaJIbHO 1HKJIIO3UBHOTO.

Cranuii po3BUTOK Yy KOHTEKCTI JKUTJIOBOTO
OyIiBHUIITBA PO3IJISAACTHCS K CHCTEMA HPHH-
IUIIB, 10 3a0€31e4yi0Th JIOBTOTPUBATTY SKICTh
cepeloBUINA TPOKUBaHHS. VIoro cyTHICTD TOJIS-
ra€ y Moe/HaHHi TPhOX B3a€EMOIIOB I3aHUX BUMi-
piB: COIIQJIbHOTO, €KOHOMIYHOTO Ta eKOJOTiu-
Horo. /[yt apxiTekropa 1ie 03Haya€ HeoOXi[HICTh

IHTerpallii 1MX acleKTiB Ha BCIX eTarax IPOEK-
TYBaHHS — BiJl BUOOPY [ISHKHU 10 €KCILTyaTallii
OYIMHKY.

ComianbHuii BUMIp TIepenbadac CTBOPEHHS
JKUTIIA, SIKe CIIPUSIE IHTerpallii pisHUX TPy Hace-
JieHHs1, (DOPMYBAHHIO TPOMAJICbKOI aKTUBHOCTI
Ta PIBHUX MOKJIUBOCTeH. EKOHOMIYHA CKJIaZl0Ba
OpIEHTOBaHA Ha 3HUKEHHS BUTPAT IPOTATOM
JKUTTEBOTO IMKIY OyIiBJIi 3aBIIKUM BUKOPHUC-
TaHHIO MiCI[eBUX MaTepiasiB, eHeproeeKTUBHNUX
TEXHOJIOTii1 Ta MOYIbHUX CHCTeM OYAiBHUIITBA.
Exosoriunnii acnekt 3o0cepe/pKy€eTbcd Ha MiHi-
Mizarlii BIJIMBY 3a0yI0BM Ha JOBKLLIS — 4epes
palfioHaJibHe BUKOPUCTAHHS PeCcypciB, yTusi3a-
11110 JIOIIIOBUX BOJI, BIIPOBA/)KEHHS 3€JIEHUX JIaXiB
Ta eHEeProoIaJHUX CUCTEM.

JlocBiz €BporelicbKUX KpaiH JOBOAUTH, IO
CTAJINH X 10 COIIAJIbHOTO JKUTJIA JO3BOJISIE
O/THOYACHO BUPIIIYBaTH KIJbKa CTpaTeriyHuX
3aB/IaHb. TIJBUIIEHHS SKOCTI SKUTTS, PO3BU-
TOK MiCII€BUX CIILJIBHOT 1 3MEHIIIeHHS HaBaHTa-
JKeHHs Ha eKocucTeMy MicTta. 3okpema, y Jlanii
ta Hizepianaax coriaabHi )KMTIO0BI KOMILJIEKCH
(hOpMyIOThCS SIK YacTHHA 3araJbHOMIChbKOI €KO-
JIOTIUHOI iH(PACTPYKTYpH, THTErPyIOUN 3eJIeHi
30HU, BEJIOMAPIIPYTHU, TPOMAJICHKI MPOCTOPU
i1 OCBiTHI 06’€KTH.

[l Ykpainu, e colliajibHe JKUTJIO JIHIIIe
nounHae GopMyBaTUCS K OKPEMUil CEIMEHT,
BAKJIMBO CIIUPATHUCS Ha MIKHAPOJHUM JIOCBIJ,
ajie 3 ypaxyBaHHSIM JIOKaJbHUX YMOB — KJIi-
MaTy, COLiaJbHOI CTPYKTYPH, piBHs ypbaHisailii
Ta KyJbrypHUX ocobmusocreid. ITiaxix <kori-
IOBAHHS MOJieJieil» TyT He Mpallioe; HeoOXiZHO
CTBOPIOBATH HAI[IOHAJIBHY CHCTEMY CTaJiOToO
COI[IAJIbHOTO KHTJIA, 110 TIOETHYE apXiTeKTYPHY
pallioHAIBbHICTD 1 COIiAIbHY Yy TJIUBICTb.

ApXiTeKTypHO-TIJTaHyBalbHA opranisaitiga
COIIIAJILHOTO JKUTJIa Ha 3acajiaX CTajJoro pos-
BUTKY IPYHTYETbCS Ha CTBOPEHHI KOMILIEK-
CHOTO SKHMTJIOBOTO CepelOBHIIA, SKe MOETHYE
JKUTJIOBI, IPOMAJIChKI, peKpealliiiHi Ta cepBiCHI
dbynkiii. OCHOBHUM 3aBlaHHSIM apXiTeKTopa
€ (opMmyBaHHS TaKUX TTPOCTOPOBUX CTPYKTYD,
IO CTPUSIOTH He jiutie HisuaHoMy KOM(POPTOBI,
a i1 comiasbHill B3aeMOii, Big4yTTIO GE3MEKH,
PUHAJIEKHOCTI /10 TPOMAJIH.

JlocnipkeHHS CBijuaTh, 1110 OJHUM i3 BU3HA-
YaJIbHUX HaNpPsIMiB € THYYKICTb 1 aJ[alTUBHICTD
KUTJOBUX CTPYKTYDP. BUKOpPUCTaHHS MOJYJib-
HIX 1 30ipHO-KapKACHUX CHUCTEM J03BOJISIE CTBO-
pIoBaTU JKUTJO, sIKE MOKe 3MiHIOBaTH KOHI-
Typalfifo 3aJeKHO Bifi moTped MemrKaHI[iB abo
coriasbHO-eMorpadiyanx ymoB. Harnpukiaz,
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IJTAHYBAaHHSI KBapTUP 3 MOXKJMBICTIO TpaH-
copmartii — o6’exHaHHsg ab0 PO3MIIIEHHS TIPH-
MilieHb — 3abe3nedye JIOBrOBIYHICTh (PYHKIII-
OHAJIBHOTO BUKOPUCTaHHSI 0e3 KalliTaJbHUX
epeby10B.

[HIIMM TIPUHIMIIOM € IHTerpamisi TPoMa-
CHKHX TPOCTOPIB Y CTPYKTYpy kutiaa. Ha Biz-
MiHY BiJl TPAAUIINHUX PAASHCbKUX MiKpopaio-
HIiB 13 PO3MIJIEHHAM KUTJIOBUX 1 TPOMAJICHKUX
(dyHKIIH, cydacHe craje couliaJbHe KHUTJIO
nepebayac B3aEMOIPOHUKHEHHST — CTBOPEHHS
BIJIKDUTHUX JIBOPIB, KOJIEKTUBHUX T€PAC, BHYTPIllI-
HIX 3eJIeHUX KOpI/II[OpiB KOBOPKIHTIB 1 IUTIYNX
IPOCTOPIB yCEPEUHI KUTIOBUX 6y11113e]11) Ile
CHpUS€ CHINBHOCTI, 3HIXKYE PIBEHb COLIANbHOI
130J141111, CTUMYJIIOE KYJIBTYPY B3a€EMO/IOIIOMOTH.

OcobmBy poJib Bijlirpac 3Mimana (yHKILO-
HajibHa CTPyKTypa. [lepini moBepxu KUTIOBUX
KOMILJIEKCIB IOILJIbHO BUKOPUCTOBYBATH JIJIS1 COIIi-
aIbHO KOPUCHUX (PYHKITH — TPOMAJCHKUX T1€H-
TPiB, KaB'sipeHb, MalCTepeHb, MyHKTIB MPOKATY,
10 3a6e3MevyoTh CTAMCTh JKUTTEBOTO ITHKILY
paiiony. Taka Mojiesib, nomupena y Higepianaax
1 HimeuuuHni, 1eMOHCTpYE, 1110 Maji €KOHOMIUHI
AKTUBHOCTI Ha JIOKAJbHOMY PIBHI IJTPUMYIOThH
He JIUIlle 3aiHATICTD, a i COllia/IbHY IHTeTpallio.

He menm BaxguBUM € €KOJIOTiYHE IUIAHY-
BaHHA TEPUTOPIl, /ie KOKEH eJIleMeHT — BiJl po3-
MiltieHHsT OyiBesb 10 OJIarOyCcTpo — PO3TJIs-
JIAEThCA JK 4YacTUHA eKocucteMu. [loIiijibHUM
€ BUKOPMCTAHHs NPUHIIMINB <«3eJeHoro OyIiB-
HUIITBa»: OpieHTaIlis (acaaiB Ha CTOPOHU CBITY
JUII MaKCUMAJIbHOTO TIPUPOJHOTO OCBITJIEHHH,
OisIOyIMHKOBE ~ O3€JIEHEHHs, JIONOBI  caJH,
3eJIeHi MOKPiBJIi, COHSUHI TTaHeJi, cucTeMu 300py
BOJIA Ta COPTYBaHHS BI/IXO/IiB.

Takum umHOM, cTammii miaxizg dhopmye apxi-
TEKTYpY, 1O TOETHYE €CTETHKY, e(heKTUBHICTH
i comiaspny minHicTh. KokHe apxiTekTypHe
pillieHHst — Biji MacTabHOTO TJTaHy KBapTay /0
netadi acaay — Mae OyTH CIIpsIMOBaHe Ha TPHUBa-
JIVHA JKUTTEBHIA IIMKJI 00’ €KTa Ta KOM(OPT JIIOMHI
SK IEHTPATIBHOTO KOPUCTYBavya IPOCTOPY.

BaxximBolo CKIaJI0BOIO JOCTIPKEHHS CTaJIO
y3araJbHeHHs THIIOJIOTIYHUX MOjejieii CTajioro
COIiaJIbHOTO KMTJIA, sIKi MOKYTb OyTH ajar-
TOBaHi JI0 YKPAiHCBKOTO KOHTEKCTY. AHasi3
BITUM3HSIHUX 1 3aKOPAOHHUX JIzKepeJT 3aCBITUUB,
0 HAOIIBIT TEPCIEeKTUBHUMU € TPU THIIH:
MO/IyJIbHE KUTJIO, KJIACTepHe KUTJIO Ta KOolie-
paTuBHe (CHLIbHOBJACHHUIbKE) KHUTI0. KoxeH
13 HMX Ma€ BJACHI apXiTeKTypHO-IJIAaHyBaJbHI
0COOJIMBOCTI, COIiaIbHY CIPSIMOBAHICTB i TIOTEH-
Iiajr MacirTabyBaHHSI.

82

1. Moay:ibHe coliaJbHE JKUTJIO

[Teit Trm 6a3y€eThest HA IPUHITATI iHIyCTPiaib-
HOro OY/iBHUIITBA, IO JI03BOJISIE IBHUIKO 3BO-
JINTH SKUTJIOBI OAMHUIL 3a IOMOMOrO0 30ipHUX
KOHCTPYKIIiil. MoyJ/ibHi cricTeMu € MOOLIbHIMI,
€KOHOMIYHO e(DeKTUBHUMHU Ta €KOJOTIYHO OTIa/l-
Humu. Y OiHstHIiT BOHN BUKOPUCTOBYIOTHCS JIJIST
po3cesieHHsT Oe3IOMHUX 1 BHYTPIIITHIX MirPaHTiB,
a 3roJIOM QIANTYIOThCA [IJIS1 TIOCTIMHOTO MPOXKH-
BaHHs. /lyig YKpalHu MOJIyJibHE JKUTJIO MA€E 0CO-
OJ1MBe 3HAYEHHS Y MICISIBOEHHUN TEPIOf, KOJIN
HeoOXi/[HO OIepaTMBHO 3a0e3NeynTH Jax Hajl
TOJIOBOI0 COTHSM THUCSY JIHOJIeH, ajie BOAHOYAC
CTBOPUTH aPXITEKTYPHY OCHOBY JJISI TOJAJTh-
IIOTO PO3BUTKY HacesJeHNX MyHKTiB. OCHOBHOIO
1epeBaror0 € MOK/JIMBICTh PO3IMIMPEHHS Ta mepe-
TBOPEHHsI TAKMX OY/IiBeJIb y CTaJIi KUTIOBI KOMII-
JIEKCH 3 MiHIMaJIbHUMU BUTPAaTaMM.

2. KnacrepHe skuTIO

[La Tunosnoria Bunukaa y HIseitnapii, Himeu-
unHi Ta CKanaMHaBii AK ajJbTepHATHBA TPaju-
THIM 6araT0KBapTI/IpHI/IM Oynunkam. i cyTb
MOJISATAE Y TIOETHAHHI TPUBATHUX JKUTIOBUX OCE-
PEJIKIB 1 CIIIJIBHUX ITPOCTOPIB /IS MENIKaHI[IB —
KYyXOHb, MaliCTepPeHb, Tepac, BHYTPIIIHIX JABOPIB.
Taki xomIiekcn GOpMYIOTh aKTUBHY COITIATTBHY
MIiKPOCIIJIBHOTY, JIe MeITKaHI[ CHiBHpaHIOIOTb
y cdepi modyTy, 06CTyroByBaHHS Ta TPUNHSTTSI
pitieHb o0 1poctopy. Ilpukiagom € mpoekt
Mehr als Wohnen y [roprixy, xe apxitexrypHa
CTPYKTYpa CIIpUsE B3AEMO/LII Ta COIia/IbHIiT CTiil-
KocTi. /719 yKpaiHChbKUX MiCT KJIacTepHA MOJIENb
MOJKe CTaTh IHCTPYMEHTOM iHTerpailii repemi-
1eHnx 0cib y MicbKi rpomazu, OpMyOYn HOBY
KYJIBTYPY CIILJIBHOTO TIPOKUBAHHS.

3. KoomnepaTtuBHe KUTJIO

[leit Tun IrPpyHTYETHCS HA MPUHIUIIAX CITJIh-
HOTO BOJIOZiHHS ab0 opeHan OYANHKY KiIbKOMa
poauHamu uu 00’enHaHHSIMEU rpoMajsH. Koo-
nepaTuBM IIMPOKO 3acTocoByloTbes y [lawii
ta Higepnangax, me MemmkaHili 6epyThb ydacThb
y TJIaHyBaHHI, OyZiBHHITBI Ta IIOZAIbIIOMY
VIIPaBJIiHHI KUTJIOM. APXiTEKTYPHO 1€ TIPOSB-
JIIETBCSI Y CTBOPEHHI OJIOKIB i3 THYYKOIO CTPYK-
TYPOIO, 3aTaJIbBHUMH TIPOCTOPAMU Ta KOJEKTHUB-
HUM BHUKOPUCTaHHAM pecypciB. [ Ykpainu
KOOIIepaTUBHE JKUTJIO MOKe CTaTH MAaThHOPMOI0
MapTHEPCTBA MIXK /IeP5KaBOI0, MYHIIUIIATITeTaMU
Ta rpoMajisHaMu, 3a0e3Meuyoun J0BrOTPHBATIE
YTPUMaHHS KUTI0BOTO (HOHLY 6e3 BTpaTh SIKO-
CTi cepe/loBUIIIA.

3icTaBJeHHS 1UX MoJieJiell I03BOJINII0 BU3HA-
YUTH CITIJIbHI XapaKTePUCTUKU CTAJIOTO COIlialb-
HOTO JKUTJIA:
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* MYJIbTU(PYHKIIOHAJBHICTD  (TIOETHAHHS
JKUTJOBUX, TPOMAACBKUX 1 PpeKpeaniinHux
ynkiiit);

* aaNTUBHICTB /[0 COIAIBHUX Ta KIiMATHY-
HIX YMOB;

* eHeproeeKTHUBHICTb 1  €KOJIOTIUHICTh
MaTepiais;

* yyacTb TPOMAJIM y TIpoIlecax IJTaHyBaHHS,
VIPaBJIIHHS Ta eKCITyaTallii;

* THyYKa €eKOHOMIYHA MOJIeJib — MTOETHAHHS
610/pKeTHOTO  (hiHAHCYBaHHSI, MYHIIMITATBHUAX
Iporpam i NpUBaTHUX 1HBECTHUILIH.

OT:xe, cTaTil PO3BUTOK COIIAJBHOTO SKUTJIA
nepegbavyae He JIMIIE TEXHOJOTIYHY MOJEpHi-
3allito, a W HOBY KYJBTYPHY MOJIE]b ITPOKU-
BaHHS — CIIBXKWTTS, CIIBBiIIOBIIA/IbHICTD
1 cIiJibHe KOPUCTYBaHHSA IPOCTOpoM. Take
GaueHHs JI03BOJISIE TIEPENTH Bijl KUTJIA K <IIPO-
IYKTY» JI0 JKUTJIa SIK COIiaJIbHOTO MPOIIECY, 1[0
Ge3mocepeIHbO BILUIMBAE Ha SIKICTH MiCHKOTO
KUTTSL.

Apantalfig MPUHIKATIB CTAJIOTO COIIaJIbHOTO
JKUTIA 10 YKPaiHCBKUX peasiit motpebye Bpa-
XyBaHHSI KOMILJIEKCY MicTOOYAiBHUX, €KOHOMIY-
HUX 1 COI[laJIbHUX YUHHUKIB, a TaKOX CIIeIU-
Gbiku moBoenHOI BinOynoBH. Po3pobieni Mozei
MaloTh He Jiuiie 3abesnedyBarit 6a30Bi MOTPEOH
B JKUTJI, @ I COPUATHA CTBOPEHHIO HOBOI CTPYK-
TYPH MIiCBKHX i CLTbCHKHX TIOCEJIE€Hb, OPIEHTOBA-
HUX Ha CTaJiCTh, aBTOHOMHICTB i KOMMOPT 1po-
KUBAHHSI.

Hepez[yciM HeOOXIIHO TIePEerIsTHYTH I IXO[N
710 PO3MIIl[eHHSI COIiaIbHOTO SKUTJIA B CprKTypl
HaceJIeHNX HyHKTlB JlocBin monepenHix mecs-
TUJITHh JIOBIB HeeeKTUBHICTh mepudepiiitHoro
MPUHIIUAILY, KOJIU COIliaJTbHe JKUTJIO KOHIEHTPY-
BAJIOCS HA OKOJIMILX MICT, BIZIOKPEMJIEHUX Bijl
indpactpykrypn Ta pobounx wmicip. CyvacHa
MpakThKa mepeabdavae iHTerpariio Takux 06'ek-
TiB Yy c(hOpMOBaHy MiChKy TKAaHUHY 3 PO3BUHE-
HUMU TPAHCIIOPTHUMU 3B’I3KaMMU, IOCTYTIOM [10
HIKLJI, MEJIMYHUX 1 KyJbTypPHUX 3ak1a/1iB. Lle Bij-
HOBifla€ TpUHIUIAM «15-XBUJIMHHOTO MicTay,
Jie JKITJI0, pobOTa i cepBic 30cepe/KeHi y Mexkax
MIIIO1 I0CTYMHOCTI.

[pyrum Hanpsamom € (opMyBaHHsI eHeproe-
(beKTHBHMX KHUTJIOBHX CEpPEIOBHII,. YKpaiHChKa
BifOy/I0Ba TOBMHHA CITUPATHCS Ha CTaHAApPTH
«ITaCHBHOTO OYIMHKY» 3 BHUCOKHMHU ITOKa3HMU-
KaMU TeIJI0130JI1111, TIPUPOAHOTO OCBITJICHHH,
BEHTUJIAIT Ta BUKOPUCTAHHS BiJIHOBJIIOBAHUX
JoKepes eHeprii. BripoBa/keHHsT TaKuX pillieHb
3MEHIIIY€E BUTPATH JIOMOTOCIOAAPCTB, TiIBUIILYE
eKOJIOriYHy cTabilbHICTh 1 CTBOPIOE KOMMOPTHI

MiKpOKIiMaTH9Hi yMOBH. BaxiiBo, mob eHep-
roe(peKTUBHICTD CTaTa He TPUBILTIEEM, 2 HOPMOTO
JIUIS1 BCIX KaTeropiil corfiaIbHOTO JKUTIA.

Tperiii acreKT — €eKOHOMIYHA >KUTTE3/AT-
HicTb. CTaJii JKUTJIOBI MPOrpaMu MaloOTh Peasi3o-
ByBaTHCS uYepe3 TO€JHAHHSA JIeP;KaBHUX, MYHi-
[UNAJbHUX 1 TPUBATHUX 1HBECTUIIIH, 3aTyYeHHS
MIKHAPOJHUX T'PAHTIB Ta 1HCTPYMEHTIB <3eJie-
HOTO (hiHaHCYBaHHsI». BakinmBO PO3POOHUTH
MIPO30pUii MeXaHi3M OPeHJN 3 KOHTPOJIeEM Bap-
TOCTI Ta MOXKJIMBICTIO JJOBTOCTPOKOBOTO KOPHC-
TyBaHH$, 1[0 CTBOPIOE BIIEBHEHICTh MeEIIKaHI[IB
y cTabibHOCTI KUTIOBUX YMOB.

YerBepTuil HarpsIM — MapTUCUIIATHBHE IPO-
eKTyBaHHsS. YcIix 0araTbOX —€BPOMEHCHKUX
MIPOEKTIB MIATBEPAXKYE, 10 3aIydeHHS Maii-
OyTHIX MeIIKaHI[iB Ha PaHHIX eTalax IPOEKTY-
BaHH4 CYTTEBO IIJ[BUIILYE SIKICTh apXITEKTYPHUX
pillieHb 1 piBeHb 33JI0BOJIEHHS Bijl cepeloBUIIIA.
[t yKpaiHCbKUX TPOMaJL IOIIJIbHUM € BUKOPU-
CTaHHsI BOPKIIOIIB, TPOMaJICbKUX OOrOBOPEHb,
OHJIAlH-TIaThOPM 17t 300pY MPOIO3HILiii i hop-
MyBaHHsI CIIJIBHUX PillleHb MO0 0JaroycTpoio
TEPUTOPIIi.

He menI BaX/IMBOIO CKJIAIOBOIO € TyMaHi3a-
wist cepemoBuina. CoriasbHe JKUTIO Ma€ 3a0e3-
MeyyBaTH TCUXOJOTIYHUI KOMGMOPT, TOUYTTS
rifHOCTI f ecTeTnyHy MpUBabINBICTh. ApXiTeK-
Typa Takux OyiBesb He MOBMHHA acOIi0BATHUC
3 «TUMYACOBUM MPUTYJIKOM», @ Ma€ Oy TH CUMBO-
JIOM CYYaCHOCTI, BIIPOJKEHHS Ta Hafil. Buko-
PUCTAHHSI MPUPOJHUX MaTepiasiB, KOJIbOPOBUX
AKIICHTIB, €JIEMEHTIB 03€JIeHeHHs i 1HKJII031B-
HOTO III/ISaI/IHy CTBOPIOE CePe/IOBUIIE, SKe CHPUE
peiHTerpartii JIOMHU B CYCITIJIBCTBO.

[TincymoBytoun pesyJbraTé  JOCJIKEHHS,
MO’KHA CTBEP/UKYBaTH, MO (POPMYBAHHS COIIi-
AJBHOTO JKUTJIA HA 3acajaX CTaJIOrO0 PO3BUTKY
€ He JIMIIe TeXHIYHUM Y1 eKOHOMIUHUM 3aBJIaH-
HSM, a HacaMmIlepesl apXiTeKTypPHO-KyJIbTyPHUM
i comiaspHuUM mporecom. lloro mera moJssrae
y CTBOPEHHI IMPOCTOPY, SIKUK He MPOCTO 3a/10-
BOJIbHSIE TIOOYTOBI MOTPEOH, a CTAE CEPETOBUIIEM
B3a€MOJIii, Oe31eKH i B4y TTS CILJIBHOCTI.

s Ykpainu, 1o nepeskuBae mepioJ; Macli-
TaGHOI BiAOYI0BH, COIiaIbHe JKUTJIO MA€ CTaTu
iHcTpyMeHTOM (OpMyBaHHS HOBOI Moedi
MICBKOTO 3KHTTSI — 3 ODi€HTAIli€I0 Ha C;FaJIiCTb,
y4acTh TPOMaJIM Ta TTOBary /1o JoauHu. Maerses
PO MEPEOCMUCICHHS CaMOl IPUPOIN SKUTJIA: BiJl
00'€KTa CMOKUBAHHS — JIO MPOCTOPY CIIBiCHY-
BaHHs, CITiBBI/IIIOBIIaJIbHOCTI Ta PO3BUTKY.

KitouoBuM 3aBaHHSM apXiTeKTypH € iHTerpa-
11i51 TPbOX BUMIPIB CTAJIOCT] y IPOEKTHE MUCJICHHS:
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* €KOJIOTIYHOTO — MiHiMi3allis BIJIMBY Ha
JIOBKLJLJISI, BUKOPUCTAHHS MPUPOJIHUX PecypcCiB
i MiciieBUX MarepiasiB, (POPMyBaHHS MiKPOKJTi-
Mary uepes 3eJieHy iHbpacTpyKTypy;

* comiaabHOro — 3abe3nedeHHs PiBHOTO
JOCTYILY, y4acTi MEIIKAHIIIB Y IPUMUHATTI PillleHb,
IHKJIIO3UBHOCTI Ta COLIAJIbHOI IHTerpallii;

* IPOCTOPOBO-ECTETUYHOTO — CTBOPEHHS
rapMOHIITHOTO, BIII3HABAHOTO CEPE/IOBUINA, SKe
(hopMye JIOKAIbHY 1/IEHTUYHICTD 1 IOYYTTS JIOMY.

BaknmuBuM BUCHOBKOM € Te, MO COIliaJibHE
JKUTJI0O MO’KEe 1 IIOBMHHO CTaTu KaTeyIiBaTopOM
BiJTHOBJIEHHSI YKPaiHCbKMX MicT. lloro poJb
BUXOAWTH 32 MEXi KUTJIOBOI (DYHKITI — BOHO
(hopMy€e HOBY KYJIBTYPY MiCHKOTO ITPOCTOPY, CTH-
MYJIIOE PO3BUTOK TPOMa/jl, CTBOPIOE TepelyMOBU
IS COTTiaIbHOT CTaOIBHOCTI.

TakuM 4yKMHOM, CTaJIMIl PO3BUTOK COIIaJIbHOTO
JKUTJIa — 11e He KiHIleBa MeTa, a IHCTPYMEHT OHOB-
JIEHHS1 MiCBKOTO CEPEeI0BUIIIA, 1110 TIOE/IHYE apXi-
TEKTYPY, €KOJIOTiI0 Ta cyciiibeTBo. Moro peaniza-
1ist 3a0e31eynTh Hepexiy YKpaiHu Bij BinOynoBu
SIK Peakilii — 10 Big0y/I0BU sIK CTpaTerii pO3BUTKY,
3aCHOBAHOI Ha T1JTHOCTI JIIOJIUHU, IKOCTI IPOCTOPY
i criibHIl BigmOBigaIbHOCTI 32 MaiibyTHE.

BucuoBku

1. IlpoBezieHe OCTiIKEHHST 3acBiUyeE, 110
(hopMyBaHHS COIIATBHOTO JKUTJIA HA 3aca/laX CTa-
JIOTO PO3BUTKY € KJIIOUOBUM HAIIPSIMOM CY4acHOI
apXiTeKTyPHOI MOJITUKKU YKpPalHU B YMOBAX IIiC-
JIIBOEHHOI BiZ0y10B1. BOHO BUXOIWUTH 32 MeXi
TPaAAUIIIITHOTO JKUTJIOBOTO TPOEKTYBAHHS, Mepe-
TBOPIOIOYNCh HA KOMILJIEKCHY COIIaJIbHO-TIPO-
CTOPOBY CTpATeriio, 10 OXOILIIE eKOJOTTYHUH,
eKOHOMIUHUI 1 r'yMaHiTapHUI aclleKTH.

2. CotliasibHe  JKUTJO B YMOBaX CTaJIOTO
PO3BHUTKY Ma€ pPOBIJIS/IATHCS SIK IHTErpoBaHa
cucremMa, y SKill apxXiTeKTyPHO-ILIaHYBaJbHI
pillleHHS MOEHYIOTHCS 3 €KOJIOTIUHUMU TEXHO-
JorisiMmu, e(eKTUBHUM BUKOPUCTAHHSIM pecyp-
CiB 1 aKTUBHOIO yyacTio rpoMajiu. Takuii miaxin
3abe31euy€e JOBTOBIUHICTD JKUTJIOBOTO CEPEIO-
BUIIA, MOTO QAlITUBHICTD /10 3MIH 1 MOJKJIUBICTh
MOETAITHOTO PO3IMIUPEHHS.

3. Y cTpyKTypi CTaloro COIiaJbHOTO KUTJIA
BU3HAYEHO GA30Bi MTPUHIIATIN:

— (pYHKI[iOHAJbHA THYYKICTh i MOKJIMBICTbH
TpaHcdopMmallii KUTIOBUX OCEPE/IKIB;

— IHTerpamisi TPOMAJChKHX MPOCTOPIB SIK
CKJIQJI0OBOI KOMYHIKAI[IHHOTO CePe/I0BUIIIY;

— eHeproe(eKTHBHICTh Ta €KOJOTIYHICTb
MaTepiaJiiB 1 TEXHOJIOTIN;

— coljiajJbHa IHKJIIO3UBHICTH 1 Gesbap’ep-
HICTD;

— MapTUCHNIATHUBHICTh — 3AJIyYeHHST METTKaH-
I[iB /IO YIIPABJIIHHS IPOCTOPOM.

4. IlepcrieKTUBHUMU [IJTS1 YKPAIHCBKOTO KOH-
TEKCTY € THUIIOJIOTi] MOAYJIbHOTO, KJIACTEPHOIO
Ta KOOINEepPaTUBHOTO SKUTJA, 1[0 Bi/[IIOBiAl0ThH
MPUHIIAIIAM CTaJIOCTI, IaI0Th MOKJIUBICTh ITBUJI-
KOTO MOHTa)KY, TIOE/IHAHHSI TIPUBATHUX 1 CITiJIb-
HUX [TPOCTOPiB, PO3BUTKY KOJEKTUBHOTO YIIPaB-
Jginng. 1[I Mozesi cTBOPIOIOTH TepeyMOBU [IJIs1
HOBOI KyJIBTYPU CIIBICHYBaHHS, 10 0a3y€eThest
Ha B3A€EMHIN MITPUMII Ta COIIaJbHIN BiAOBI-
NATTBHOCTI.

5. Jls1 eheKTUBHOTO BIPOBAKEHHS CTAINX
[PUHIAINB HeoOXiJlHAa HaI[iOHAJbHA CTpaTerist
COIL[AJIBHOTO JKHTJIA, siKa O TTOEAHYBaIa apXiTeK-
TyPHI, HODMATUBHO-IPABOBI, EKOHOMIYHI Ta COLLi-
aJbHI MexaHidmu. i peasizallisi Mae crmpaTucs
Ha MIKHAPOIHUUN JIOCBiJ], ajle OPIEHTYBATUCS Ha
YKpaiHChKi peasii — KjiMaT, ieMorpadito, piBeHb
ypbanizaitii, KyJIbTypHi KOJIH.

6. ApxiTekTop y IIiil cucTeMi BHUCTYyIIa€ He
JIMIIIE TIPOEKTYBAJbHIKOM, 2 MEIiaTOPOM COILi-
aJbHUX TPOIECIB, 3/[ATHUM TMOEIHATH IHTEPECH
rpoMajiv, JiepKaBu Ta cepefoBuiia. oro posb
noJisirae 'y (hopMyBaHHI MPOCTOPY, KWL OIHO-
YacHO € (PYHKITIOHAJTbHUM, €CTETUYHUM 1 COIli-
AJTbHO 3HAUYTITIM.

7. OTxke, comiajgbHe KUTJIO Ha 3acajax CTa-
JIOTO PO3BUTKY — I1€ HEe KOPOTKOYACHA PeaKliist Ha
PYWHYBaHHS, a IOBTOCTPOKOBA KOHIIETIIisT OHOB-
JIeHHsT MicbKoro cepenoBuiiia. BoHo mae craru
OCHOBOIO /17151 (POPMYBaHHS HOBOI apXiTeKTYpPHOI
KYJIBTYPH, OPIEHTOBAHOI Ha JIIOJIUHY, CHIJIbHOTY
Ta OajIaHc i3 IPUPOIOIO.
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FORMATION OF SOCIAL HOUSING BASED ON THE PRINCIPLES
OF SUSTAINABLE DEVELOPMENT

Abstract. The article explores the principles and features of forming social housing in Ukraine
under the conditions of post-war reconstruction based on the principles of sustainable development.
The research emphasizes the need to combine architectural, social, and environmental approaches
to create a new type of housing environment that is energy-efficient, inclusive, and socially integrated.
It highlights the importance of social housing not only as a tool for solving housing shortages but as a
long-term component of sustainable urban development.

The study summarizes the experience of European countries such as Denmark, Finland, the
Netherlands, and Germany, where sustainable housing models have evolved from temporary social
programs into complex systems that integrate housing, public spaces, and social services. On this
basis, key principles of sustainable social housing are defined: energy efficiency, adaptability and
modularity of design, participatory planning, inclusion of community and recreational spaces, and
mixed housing typologies that combine different social groups.

The research also outlines practical directions for Ukraine’s post-war reconstruction, including the
development of modular and cooperative housing, integration of public functions within residential
structures, and the creation of environmentally balanced neighborhoods. Social housing, designed on
the basis of sustainability, is viewed as a catalyst for the regeneration of Ukrainian cities and as a
framework for building a humane, resilient, and future-oriented urban environment.

Keywords: social housing, sustainable development, architectural and planning organization,
reconstruction, energy efficiency, inclusiveness, participatory design, modular construction,
public spaces, cooperative housing.
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AOCBIA ITPOERKTYBAHHA IVTIMBOKOTO KOTJIOBAHY
B YMOBAX YIILIbHEHOI 3ABY/IOBU

Anomauyis. B cmammi suxiadeno npaxmuunuii 00ceio npoexmyeanns ma Oyodisnuymea 2iubo-
K020 KOMI0BAHY 6 CKAAOHUX THIHCEHEPHO -2e0JI02IHUX YMOBAX 8 30HT YuyiivHenol ichyiouoi 3a6ydosi,
OMPUMAHUTL NPU Peai3ayil NPOEKMY HCUMI08020 KOMNIEKCY Taryan Towers (Bexci Maiioymuvoz0),
n06y8066m020 1o 6y  loanna Ilasna 11, 12 ¢ [leuepcokomy pauom micma Kuesa. Buxonanuii ozns0
ma ananiz wunnoi Hopmamuenoi 6asu Yxkpainu ma HayKoeo- MeXHIUNOL mmepamypu NPUCBAUEHUX
Oanii memamuyi. Hadanuii onuc ma npoeedenuii ananis imicenepto-2eooziunux ymos 6yoieeivnoi
dinsinku 6 momy wuci dana oyinka cmigixocmi 3cyenozo cxuny. Onucami 0CHOBHI KOHCMPYKMUGH]
pillienns 020po0rcers KOMI0BAHY, A MAKONIC MEXHOL02IUHA NOCII006HICIb PO3POOKU KOMI0BAHY HA
OCHOBHUX emanax OydisHUUMEa HYIbOB020 UUKILY HCUMIL068020 Komnaekcy. Hasedeni dani namypmnux
2€00e3uuHUx cnocmepexcerv 3a 0epopMayism KOHCMPYKYii 020po0AceHb KOMI0BAHY 6 NPoueci
OyoieHUYMEA Ma BUKOHAHO IX CNIBCMABEHHS 3 POSPAXYHKOBUMU SHAUCHHSIMU MA ZPAHUYHO-00NY -
cmumumu napamempamu. Hadarno onuc suxopucmanux npoexmuo-mexuiunux piwens 0penarcroi
cucmemu 05 pezyisyii spynmosux 600 i 3anobizanis euHUKHeHH OAPANCHO20 edexmy Ha M
ozopoaci komaosany. Hasedewi dani excnepumenmanvhux HamypHux unpodysams 00UHOUHUX
invmpayitinux ceepOr06un ma 3pobieni 6UCHOBKYU W00 ehexmueHoCmi 3acmoco8anoi OpeHaNcHoi
cucmemu. Hadano cmuciuii onuc KOHCmpyxmusnux 3axo0ie, npusHauerux 01s 3a0e3newenis mpam-
CNOPMHOT I0ZICMUKI MA BCMAHOBLEHHSL OAUMOBUX KPAHi6 Ha emani OYOI6HUMEA HYIb0BO2O UUKILY
HUML06020 Komnaexcy. [Ipoananizoearo dani HamypHux cnocmepexceny 3a 0eQopmauiamu ichyio-
YUX HABKOJUWHIX OYOUNKIE MA BUKOHANO X CNIBCMABLEHHS. 3 POPAXYHKOBUMU SHAUCHHAMU ehop-
Mayiil ma panudno 0ONYCIMUMUMU SHAYCHHAMU 32i0H0 BUMO2 YuHHUX OYdisebHUX HOPM. 3p0bIeH0
BUCHOBKU W00 e(eKMUBHOCNE Peali308anux NPOCKMHUX Pilleny nicis 3asepuienis 0yoienuymea
HYIb0B0Z0 UUKIY HCUMIL0B020 KOMNIEKCY.

Kniouosi cnosa: xomnosan, ywinrvnena naskoqumns 3a0y0oea, KOHCMPYKUiL 020poci
KomJoeany, Openaspcia cucmema, oepopmaui.

ITocranoBka npoosiemu. [lepeBaskHa 6isb-
IICTh HOBO6yIIOB y Oyab-sIKOMY BEJIMKOMY
MICTi peasi3yeTbcsi B yMOBax yL[IlJIbHeHOI
HaBKOJIMIIHBOI 3a0ymoBu. B L[eHTpaJIleI/I
YaCTHHI MicTa, SIK TPABUJIO, HASIBHUI TOCTPUIA
nedinuT Micip /Uil TTApKyBaHHSI aBTOTPaH-
CIIOPTY, OTKe IpH OyAIBHUIITBI JKUT/IA HEOO-
XiHO Tepenbayart GaraTOpiBHEBI IIig3eMHi
napkinru. OcHoBHa mpobJieMa TyT — norpeda
BUKOHAHHS IIMOOKMX KOTJIOBaHIB B 0e3Io-
cepeniHiil OM3BKOCTI /10 (DyHIAMEHTIB icHY-
104nX OYJIWHKIB Ta/ab0 iHKEHEPHUX MEpEK.
YacTto TexHIYHMIT cTaH iCHYIOYHX OYAMHKIB

3TiZIHO YMHHKUX HOPM [ 1] € He3agoBLIbHIM 200
B3arasi aBapiiinuM. B takux Bunazakax /IbH
[2] mocuTh cyBOpO persiaMeHTYIOTb MOSKJIH-
BUI BIJIMB HOBOOY/IOBU HAa OCHOBY iCHYIOUMX
OyauHKiB. BupimenHus npobjaeMu BJamiTy-
BaHHS KOTJIOBaHY 3aJI€5KUTh BiJl JIOCUTD ITUPO-
KOTo KoJa (pakTopiB: iH)KeHEPHO-TeOJIOTiuHi
Ta TiJPO-TeO0JIOrYHl YMOBH, KOHCTPYKTHBHI
pillleHHsT Ta TEXHIYHUIN CTaH iCHYI0YrX OyANH-
KiB, HapaMeTpy HOBOTO Oy/IiBHUIITBA, TEXHIYHI
MOKJIMBOCTI TJPSIAHUX OpraHisamii i T.II.
OnHO3HAUHOI METOJIMKNM KOHCTPYKTHMBHOIO
BUpiIIeHHsT Takoi OaraToakTOpPHOI 3aaui
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BOUYEBH/Ib HE iCHY€E, TOMY OY/Ib-SIKIiT TPAKTIY-
HUI JIOCBiJl, OTPUMaHUI MPU peasidallili KOH-
KPETHUX MPOEKTIB Oy/Ie aKTyaJIbHUM i KOpHC-
HUM [17is1 OY/IiBEJIbHOI CIIIBHOTH i PO3BUTKY
OymiBesIbHOI TaTy31 YKpaiHu.

Hwusxue nokakeMo, 9K aBTOPU CTaTTI BUPI-
IIYBAJIN CXOKY MPOOJEMY TPH MTPOEKTYBaHHI
i OyMiBHUIITBI HYJBOBOTO IUKJIY KUTIOBOTO
komriekcy Taryan Towers (Bexi MaiiOyT-
HBOI0), MoOymOBaHOrO 10 ByJaUIl loaHHA
[TaBna II, 12 B Ileuepcbkomy palioHi MicTa
Kuesa.

AHaJi3 HOpMaTHBHOI 0a3u Ta MoNepeaHiX
nocaiazkenb. YnHHa HopMaTuBHa 6a3a YKpa-
1HM 1110/10 TPOEKTYBAHHA B YMOBAX yII1JIbHEHOI
3abynosu npeacrasiera JIBH [3]. lani Hopmu
BCTAQHOBJIIOIOTD 3arajibHi BUMOTH OE3TEKU Mijl
yac HOBOTO OY/iBHUIITBA B yMOBaX YIIiJbHe-
HOi 3a0ymoBu. KoHCTpyKINi KpimeHHs CTi-
HOK KOTJIOBAaHIB TIPOEKTYIOTHCS 3Ti/[HO BUMOT
JCTY [4]. Ha mouyarkoBOMY eTari MPOEKTY-
BaHHsI BKpail HeOOXiHOIO € iHdopMallisa mpo
KOHCTPYKTUBHI PillIeHHS Ta TeXHIYHUN CTaH
icaytounx mpusersux Oyanukis. s indopma-
i1 OTPUMYETHCSA B PaMKaX HAyKOBO-TEXHIY-
HOTO CYTIPOBOJY 1 PErJIAMEHTYEThCSI HOPMaMu
[1, 5]. CremiamizoBana HayKOBO-T€XHiUYHA
opraHizalfisi BUKOHYE OOCTEKEHHST iCHYIOUNX
Oy/IMHKIB, TMPOBOANWTH T€OTEXHIYHUI MOHI-
TOPUHT Ta BU3HAYA€ PiBeHb BIJIMBY HOBOIO

OyZiBHMIITBA HAa OCHOBY HaBKOJIMIIHBOI iCHY-
10901 3a0y10BH, IKIiT persaMmenToBato Joxar-
koM b JIBH [2]. Haykosui 6yaiBebHOI ramysi
Ykpainu 3aBxAM NPUALIAIN 3HAYHY yBary
MUTaHHIO 00CTEKEHHsI Ta MOHITOPUHTY B YMO-
Bax yIIiJbHEHOI 3a0ymoBu. TyT BapTo 3razatu
OPUTIHAJbHI METOAM TeOTEeXHIYHOTO MOHI-
TOpUHTY [6], TPYHTOBHUI aHa/i3 HOPMATUB-
HOI 6as3y Ta TEXHIYHUX pilieHdb [7], METOAUKY
BU3HAYEHHS MMOBIPHOCTI PyHHYBaHHS OCHOB
OyziBesib [8] Ta psi iHIIMX HAYKOBUX Mpailb.

Ha 00’€eKTi, 1110 po3r/IstHy THI B 1aHiii cTaTTi,
HAYKOBO-TEXHIYHUI CYNIPOBi/I BUKOHYBaBCH
daxisiggamu 1T HAIBK [9].

Mera po6otn. Merta pobotu — 1mpoje-
MOHCTPYBAaTH MOKJWBUM TIJISAX BUPINIEHHS
HEIIPOCTO1 iH;KeHEePHOI 33/1a4i — TPOEKTYBaHHS
rJINOOKOTO KOTJIOBAHY B CKJIQJHUX 1HJKEHEp-
HO-TeO0JIOTIYHI YMOBAX Ha JIJSHIIN 3 yIIlJIbHe-
HOIO HABKOJIUIIIHBOIO 3a0YI0BOIO.

Pesyabratu poOotu. ImKeHepHa Iijaro-
TOBKA TEPUTOPIi Jist OYAiBHUIITBA KOMILIEKCY
Taryan Towers mnouanacs 1e B 2007 porti
i 3 nmepepBamu TpuBasia 10 2016 poxy, Koau
pO3IIoYaIocss akTHUBHE OYIiBHUIITBO HYJIbO-
BOTO IUKJIY. ApXiTeKTypHa KOHIIEMIIiS TIPO-
€KTY B OCHOBHOMY 3aJMIIANacs HEe3MiHHOIO
IIPOTSITOM IIbOTO Yacy — TPH BUCOTHI OYAMHKY
6aIToBOro0 THUILy, O00'€IHaHI CTUI0OATHOIO
4acTUHOIO (PUCYHOK 1).

Puc. 1. arampuuii Burs xkutioBoro komriekcy Taryan Towers i HaBKOJIMIIHBOI 3a0y10B1
(apxiTeKTypHA KOHIIETIIis )
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JlingHka 3a0yfoBH  XapaKTepU3yBaJacs
CKJIQIHUM PebeOM 3 HASBHICTIO 3CYBHOTO
CXUJIY 1 YIIIIbHEHOI HAaBKOJIUIIHBOI 320y 108U
(puc. 2, 3). Bigcraub Bij KOHTYPY CTHI06ATY
710 icHyIounX OyAMHKIB cKJagasa Bij 6 10 8.8 M.
[TpoekTHa TIOMHA KOTIOBAHY 0 IEPUMETPY
MJIAHKY KoJnBajgacd B Meskax 9.7...17.9 M.

[HxeHepHO-reosioriyHi  yMOBU  IJISTHKH
HaBe/leHO Ha puc. 3. Bonu xapaktepusyoTbes
HagBHICTIO TIOTY;KHOTO Tapy TIIMHUCTUX TPYH-
TiB y BEpPXHill YaCTHUHI reoJIOTIYHOTO PO3Pi3y
3 TIOBEPXHEI0 3CyBY Ta JIBOMa BOJIOHOCHUMU
ropudontamu. CTiliKicTb CXUJIy po3paxoBaHa
Ha eTalll iIHKeHEePHO-Te0JIOTITYHUX BULITYKYBaHb
[10] i 6yna oninena sx nocratnsa (K . = 1.42)
MIPU BiICYTHOCTI 3aMOYYBaHHS 3CYyBHUX TPYH-
TiB. Ilpu 3amouyBaHHI mnepepbavasacs imo-
BipHicTb BTpaTu cTifikocTi cxuay (K = 0.993).
[Tum Gysra oOymoBJIeHa HEOOXiAHICTH 3aCTO-
CyBaHHS HAJINHOI JPEHAKHOI CUCTEeMU gK Ha
nepios OyAIBHMIITBA TaK 1 HA 4ac MOJAJIbIION
eKcruryaraiii o0’exra.

Koncmpyxuis ozopodacenv xomaosany. Ha
eTari IIPOeKTyBaHHS 1HKeHEePHOI MiJIrOTOBKU
TepuTopil OyJI0 NPUIHATO PIillleHHS BUKO-
HATU KOMILIEKC WIMYHTOBUX MiJANIPHUX CTiH
3 Oyponabusnux nanb J1020 MM, 10BKU-
Hoto 15...30 M. Kpok mmasnb — 1 M (B 1maxoBomy
nopsiiKy ). Misk OCHOBHUMM TaJISIMU BUKOHY-
I0ThCA JIZKET-TIaJIl JI0 PIBHA JIHA KOTJIOBAHY JIJIs1
IoInepe/pKeHHs BUKHUIB TI'PYHTOBOI ITYJIBITH.

[ToBepxy masb BUKOHYETHCS OOB SI30UHMIA
poctBepk BucoToo 1300,...,1600 mm. B kyTO-
BUX JIVITHKAX BUKOHYIOTBCSI PO3MOPKU 3 KPYT-
qux craneBux Tpyo &1020 ta 1420 mm. TTapa-
JIEJIBHO 3 TIAJISIMU BUKOHYBAJIUCS BePTUKAJIbHI
JpeHakHi KoTos13i 3 60Ky mikosm Ne 47. Kow-
CTPYKIIiSl IIMYHTOBOI OTOPOKI HaBe/leHa Ha
puc. 4, 5.

[TpoBeneni po3paxyHKH MOKa3aand HEMOK-
JIUBICTh BUKOHAHHS KOTJIOBAaHYy Ha IIPOEK-
THY BiAMITKY 3 60Ky 1mikou Ne 47 i OyanHKIB
NeNe 1011 13 o By.r. I'masyHoBa 6€3 101aTKOBUX
PO3KpiIlJIeHb IIITYHTOBOI Oropoxki. B Toit xe
yac, B 30Hi icHy04oro 6yauaky Nel0 1o ByI.
Ioanna ITasmna IT po3paxyHOK /1aB MO3UTUBHUI
pesyibrar. Buxoasum 3 1poro, Gysa pospo-
6JieHa TeXHOJIOTIYHA TIOCIII0BHICTh POBIT 110
OyIiBHUIITBY HYJLOBOTO IMKJIY >KUTJIOBOTO
KOMILJIEKCY, SKa BKJII0UaJIa HACTYIIHI eTamu:

Eman 1 (puc. 6) — BUKOHAHHS YaCTUHU
KOTJIOBaHY i OYIiBHHUIITBO HYJIBOBOTO IHKIY
6ymuuky 1 1 npuiersoro crunobary. B koH-
CTPYKINSAX cTHI00ATy OYII0 TIependaueHo THM-
4aCOBUII 3a/1i300€ TOHHUI MTAHIyC Ha THMYACo-
BUX OIOpax /i 3ai3/ly B KOTJIOBaH 3 BYJIUII
loanna IlaBna II, gkuil BUKOHYBaB CBOIO
(DYHKIIiO /10 3aBepIleHHsI OCHOBHUX OY/1iBe/Ib-
HIX PoOiT i OYB IEMOHTOBAHUHN TIIbKK BJITKY
2025 p.

Eman 2 (puc. 7) — BUKOHAHHA YaCTUHU
KOTJIOBaHY i OYIiBHUI[TBO HYJIbOBOTO IIHKJIY

Puc. 2. Tenmnan aijagakn
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90

O6yauHKy 2. Ha 1ibomy eTarti BHKOHaHO JIOKaJTb-
HUH 1Ty HT 3 Oy poin’ ekniiinux naib 3620 M,
JOBKUHOI 12 M 111 36epesKeHHsT TPYHTOBOI
6epmu B310BXK KO No 47 i ;s 3abesrie-
YeHHs BCTAaHOBJICHHs OAIITOBOrO KpaHa. Ilasi
OyanHKy 2 BUKOHYyBasiucst 3 Biamitku 155.00
(mpoekTHa BijiMiTKa TosioBH Tiasti 153.55, iepe-
6yp 1.45 m).

Eman 3 (puc. 8) — BHUKOHAHHS YaCTUHU
KOTJIOBaHY i OyIiBHUIITBO HYJBOBOTO IHKJY
O6yaunaky 3. Ilpu 1pomy OyJI0 IOIMOBHEHO
JIOKQJIBHWI TIIYHT 3 OypOiH €KIIHHUX TTajb
(620 MM poBxuHOI0 12 M 171 36epeskeHHs
IPYHTOBOI GepMu Ha po3i mikoJu Ne 47 Ta BUKO-
HAHO JIOKAJbHUI IIIYHT I 3a0e3TedeHHsT
BCTaHOBJICHHsST OAIITOBOTO KpaHa i J0JaTKOBI
koHTpdopcu 3 6ypoHabUBHUX nanb D820 M,
nosxuHO0 21 M. ITanmi OyauHky 3 BUKOHYBa-
qucst 3 BinMmitku 154.50 (mpoekTHa BigMiTKa
rosiopu majii 153.55, mepebyp 1 m). Ha ripomy
K eTari p03p06JIHBC${ KOTJIOBaH i BHKOHYBA-
Jiocst GYIIBHUIITBO CTHIO0ATY B3/IOBK BYJIHILI
loanna [lasua II.

Eman 4 (puc. 9) — BUKOHAHHS pr6qamx
CTAJIEBUX POSMOPOK 3 KOHCTPYKILiil 6yI[I/IHK1B
2 Ta 3 Ha POCTBEPK IIITYHTOBOI OTOPOXKi KOT-
goBany. OcTaTouHa eKCKaBallisi KOTJIOBaHYy
JI0 TIPOEKTHUX BiAMITOK. /leMOHTaxX THMYaco-
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Puc. 6. Cxema kotsioBany Ha etari 1

BUX KOHTp(oOpCciB. 3aBepiieHHst OyAiBHUITBA
HYJIBOBOTO ITUKJY.

Taka TexHoJIoTiuyHA ITOCTIJ0OBHICTD J03BO-
JIJIa 3HAYHO 3HU3UTHU BapTICThb OTrOPOXKI
KOTJIOBaHY i 3abesneunTu ii HagiiiHicCTh Ha
nepiog OyAiBHUIITBA HYJbOBOTO IuKIy. Ha
NpoTA3i 1OrO TMepiofy BeJucs Teo/le3nyHi
crioctTepekeHHs 3a fedopMallisiMu MIMyHTO-
BOI OrOpO’Ki, IKi HaBeeHi B Ta0JI. 1 e TakoK
HaJaHO CHiBCTaBJeHHS (DaKTUYHUX, PO3Pa-

118 ‘ 170,700 5-5 7_"

1500 2000

16150

Puc. 7. Cxema kotyioBany Ha eTati 2

XYHKOBUX 1 TPAaHUYHUX BeJUUYUH Aedopma-
1.

Koncmpyxuis openaxcnoi cucmemu. s
peryJiloBaHHS 1 BiJIBeICHHSI T'PYHTOBUX BO/I
MEPIIOTO BOIOHOCHOTO TOPU3OHTY i aTMochep-
HUX omajiB Oyja 3acTocoBaHa KOMOiHOBaHa
JIpeHakHa cucreMa (puc. 1), gka ckiananacs
3 BePTUKAIbHUX TPyOUYaTHX KOJIOAS3IB Y BepX-
Hill 1 HUXKHIN YacTUHAX Ta IJIACTOBOTO JIpe-
Ha)Ky ITiJ] BCi€lo mionieio 3a0y1oBu. B mepion
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Puc. 8. Cxema xoT7I0BaHy Ha eTati 3
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Puc. 9. Cxema xo1sioBany Ha etari 4
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Ta6muus 1. Fopusonranbi nedopmaiii Bepxy
IIITYHTOBOI OTOPO3Ki MPH BiIKOIIi KOTIOBaHY
JIO IPOEKTHOI BiIMITKH, MM

B )
i S ©
= g = o 2
s @aktnyna | £ 'S =
o nedpopmanis | & S| E € E
RCE % = 2
a9 s & £ &2
L N e o EQ &
5 it iis
= E & &53
1-1 He 65 130
BHUMIiPIOBAJIOCS
2-2 /mapka 2 39 42
MapKa 5 100 -
3-3/mapka 16 46 55
4-4/mapka 25 22 34
Mapka 22 75 —
5-5/mapka 29 64 46
6-6 /mapxka 40 34 45

OyZIBHMIITBA, KOJU ILIACTOBA CKJAZ0Ba Jpe-
Haxy 1e He (hyHKITIOHYBaJa, BOJAOBIIBEIEHHS
BUKOHYBAJIOCS KOJIOAS3IMU 3 OOKY IIKOJIH
Ne 47, axi BUKOHYBajucs TIMOOKMMU — IO
Bigmitkn 137.80, 106 mpoiiT BOAOYMOPHI
1apu 1 10CSATTHU TOJITaBChbKUX TTICKiB. B nepion
eKCILTyaTallil BepXHi KOJIO/431 TIePeXOII0I0Th
I'PYHTOBI BOJIU [TEPIIOTO TOPU3OHTY 1 IPEHYIOThH
iX B IiCOK sIK Ge3rocepeHbo TakK i M0 IIacTo-
BOMY JIPEHAKY B KOJIOJSI31 HUKHBOI YaCTUHMU.
B pamkax HaykoBoro cympoBony (haxiBISIMU
H/IIBK Oyiu mpoBesieHi eKcliepuMeHTaIbHi
HATYpHI BUIIPOOYBaHHS APEHAKHUX KOJIOIS-
3iB Ta 3p00JIeHi BUCHOBKH 110,10 €(heKTUBHOCTI
3aCTOCOBAHOI J[PEHAKHOI cucTeMU. Byso KoH-
CTaTOBAHO, 1110 OJIMHOYHUN BEPXHill KOJIO/SI3b
3 60Ky 1Koy Ne 47 3patHuil iH(IIBTPyBaTH
BTpyHT (pibHuii micok ITE 13) 6isst 2 M? /100y
BOJIH, 1[0 TIPUOIMBHO JJOPIBHIOE IPUTOKY BOIN
3 IIepIIOTO BOJJOHOCHOTO FOPU30HTY /10 OJIHI€ET
ceepioBunn. Ilpym  HagxomkeHHi OiibHiol
KisibKocTi Boam (Mg 4ac cHiroraHeHHst abo
IHTEHCUBHUX JIOTIIiB Ta 3JIMB) IPOITYCKHA 3/1aT-
HICTb CBEPIOBUHM 301/IbIINTHCS Yepes 3011b-
nieHHa HaropiB Boau. lIponyckna 3parhicTb
KOJIOJA310 HUKHBOI YaCTUHM BUSABWJIACH HA
HOPSIIOK OiIbIIIOTO.

Cuiji 3a3HaYMTH, 1O 3a Bech yac Oy/iB-
HUIITBA HYJbOBOTO ITUKJIY 3HAYHUX 3aCTOIB

BOJU y BIIKPUTOMY KOTJIOBaHI MPAKTUYHO
He Oys10. Ha tenepimmnHiii yac, Ko KOMILITEKC
dakTryHO MOOY0BAHO 1 MiJ3eMHa YacTHHA
eKCIJIyaTyeTbCsI BiKe KiJibKa POKIB, CJIJIB
HETaTUBHOTO OapaskHOTrO BILIUBY TPYHTO-
BUX BOJI HE CIIOCTEPITAETHCS SIK B HOBOOY-
JOBi Tak i B 30HaX HaBKOJMIIHIX OyAMHKIB.
ITe cBigunTh PO €PEeKTUBHICTD APEeHAKHOI
CUCTEMHU.

Hamypni cnocmepescenns 3a odepopmaui-
AMU ICHYI0UUX HasKoIuwHix Oyounkie. B pam-
KaX HayKOBO-TEXHIUHOTO CYIPoOBOMY (axiB-
namu H/[IBK BukonyBasmucs BUMipu ocianb
icHyrounx OyAWHKIB B TIporieci Oy/iBHUIITBA
HYJIBOBOT'O UK. B Tabiuii 2 HaBegeHo maHi
BUMIDPIB /I0JIaTKOBUX BEPTUKAJIbHUX OCiZIaHb
1 iX cIiBCTaBJIEHHSI 3 PO3PAXyHKOBUMU 1 Tpa-
HUYHUMU 3HAYECHHSIMU.

TaGuns 2. lonatkoBi BepTukaibHi gedopmairii
OCHOB ICHYI0YHX OY/IMHKIB, MM

g S
w w S
=5 E5 _E%
Byaunoxk, agpeca 2 E. v E_ =i ©
Eol 28 588
LA T
& 28R &R
Ne10, Byar. lapna Ilagma Il | 6 12 10
[ITkoma Ne 47 9 28 20
Ne 10, By [l1agynoBa 5 13 20
Ne 13, Bya1. I'magynoBa 3 7 20

BucnoBku. B matepianmax maHoi pobotu
BUKJIAJICHO JOCBI IPOEKTYBaHH i Oy1iBHUII-
TBa TJINOOKOTO KOTJIOBaHY B CKJAIHUX YMO-
Bax. EdexTuBHiCTh peamizoBaHnX pilieHb 10
KPIIJIEHHIO CTIHOK KOTJIOBaHY Ii/ITBEP/KeHa
JAHUMU  HATYpHUX BUMIpIB gedopmarliii
HIITYHTOBUX OTOPOK Ta iCHYIOUMX HABKOJIMIII-
HiX OYJIUHKIB, sIKi He MMEePEBUIYIOTh IPaHNY-
HUX 3HayeHb. EdeKkTuBHICTL 3acTOCOBAHOI
JTPEHAKHOI CUCTEMH TITBEP/KeHA IK Ha CTa-
i Oy[iBHMIITBA, TaK 1 Ha cTail eKCITyaTarii
migzeMHol dacTuHU KoMmiuiekcy. Otmy0stiko-
BaHi pe3yJbTaTh MOXKYTh OyTH KOPUCHUM JIJIsST
MPaKTUKYIOUNX (haxiBIiB Oy/iBeJIbHOI ramysi
1 CTaHyTbh IM Y IPUTO/I1 TIPU BUPIIIEHH]I aHAJIO-
riYHUX 3aB/IaHb.
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EXPERIENCE IN DESIGNING A DEEP EXCAVATION IN CONDITIONS
OF COMPACTED CONSTRUCTION

Abstract. The article describes the practical experience of designing and constructing a deep
excavation in difficult engineering and geological conditions in the area of compacted existing
buildings, obtained during the implementation of the project of the residential complex Taryan Towers
(Towers of the Future), built at 12 John Paul II Street in the Pechersk district of Kyiv. A review and
analysis of the current building codes of Ukraine and scientific and technical literature on the subject
was carried out. The engineering and geological conditions of the construction site are described
and analysed, including an assessment of the stability of the landslide slope. The main constructive
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solutions of the excavation walls are described, as well as the technological sequence of excavation
development at the main stages of the construction of the basement of the residential complex. The data
of field geodetic observations of deformations of the excavation walls structures during construction
are presented and compared with the calculated values and maximum permissible parameters.
The description of the used design and technical solutions of the drainage system for regulating
groundwater and preventing the occurrence of the barrage effect at the border of the excavation walls
is given. The data of experimental field tests of single filtration wells are presented and conclusions
are drawn on the effectiveness of the applied drainage system. A brief description of constructive
measures intended to ensure transport logistics and installation of tower cranes at the stage
of construction of the basement of the residential complex is given. The data of field observations of
deformations of the existing surrounding buildings are analysed and compared with the calculated
values of deformations and maximum permissible values in accordance with the requirements of
current building codes. Conclusions are drawn about the effectiveness of the implemented design
solutions after the completion of the construction of the zero cycle of the residential complex.

Key words: excavation, compacted surrounding buildings, excavation walls structures,
drainage system, deformations.
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