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INIACUJIEHHA 3BIPHUX 3AJIISOBETOHHUX PEBPUCTUX IIVIUT IIEPERPUTTA
HIJIAXOM HAPOIIIYBAHHA ITEPEPI3Y JOAATKOBUMU 3AJI3OBETOHHUM
IIAPOM B CTUCHYTIIA 30HI TA APMYBAHHSM B PO3TATHYTII 30HI
Y BULJIA/II IITPEHTEJIBHOI 3ATSKKU

Anomauis. Ipu nidcunenni 6GIKOBUX | NAUMHUX 3ATI300€MOHHUX CLEMEHMIE ULLAXOM HAPO-
wyeanus nepepizy 00HOUACHO 8 POIMAZHYMILL T CIUCHYMIU 30HAX BUHUKAIOMb PO MPYOHOULE,
AKI N6 A3GHT 13 BUSHAUCHHAM 6 iX KOMOIHOBAHUX Nepepi3ax ONMUMALLHUX NAPAMEMPI8 KOMNO-
Henmie nidcunenns (Po3mipie nepepisy npu GUSHAUEHUX XAPAKMEPUCTIUKAX MAMeEPIaie), Kilb-
KiCmb AKUX cmanosumy n=3. Busnauenns posmipie KOMNOHeHMI6 NiOCULeHH MONCIUGE JllLe
NpuU NOCMANHOMY NPUTHSMME BEIUUUNI 001020 13 KOMNOHEHMIB, W0 NPu3eooumy 0o 000amrosux
mpydosumpam npu po3paxymxy i besniui piwens, SKi He 3a8H0U € MEXHOIOZIUHO T EKOHOMIUHO
epexmuenumu. Buknadeno ananimuunuii memod nociioosHocmi po3paxynxy nepepisie eiemen-
mie apmysanns npu niocuienni 30IpHUX 3a11300eMOHHUX PEOPUCTIUX NIUM NePEKPUMMIE WIS -
XOM 00HOUACHOZ0 HAPOWYBAHHS iX Nepepi3ie 6 CMUCHYMIL | PO3MAZHYMITL 30HAX, AKUL 0036056
epaxosyeamu ix Hecyuy 30amuicmo Ha 32un i 3pi3: HASGHE APMYBAHHS NePePi3ie 6 NPO2oHi i Ha
npuonopnux oinsnkax. Hasedeno nocriooguicmv pospaxynky i npoexmyeanis KOHCMPYKmMue-
HUX eleMenmie npu nidcurenni 30ipHux 3a1i300eMOHHUX pe6pucmux naum nepexpumms Mapox
HII1-2 i HII3-1 3a cepiero HA24-1/70 posmipanu y naani 5,6 1,5 u ma 5,6 0,75 i, gucomoro
nepepisy h=400 mm wisxom HaAPOULYBAHHS iX nepepzsy dodamxosumu 3a1i300emMOHHUM WAPOM
8 CuUCHY ML 3011 MA APMYBANHAM 8 POIMALZHYMILL 3011 Y U201 WNPeHzeNbHOT 3amsnicKu npu
PEKOHCIMPYKULT Ni0BATILHO20 NPUMILEHHS 8 NPUMILGeHH NOOBILIHO20 NPUSHAYEHHS N0 YKPUMMS
IV-20 xnacy, sixke nosurHe cnpuimamu K6aicmamuyne exgigaieHmme HasaHmMaXceHHs 8eIUUUHOTO
AP, = P, =100 xIla 32i0no eumoe n. 14.1.2.2 IGH B.2.2-5:2023 [1]. 3anpononosanuii memoouunuii
nioxio 3 nidcunenns 36IPHUX 3a1I300eMOHHUX PEOPUCTIUX NAUM MOXce OYMU UKOPUCTIAHUTL NPUL
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PO3PAXYHKY | NPOCKMYBAHHI KOHCIPYKMUBHUX eleMenmis (KoMNoHenmie) niocuienus 30ipHux
3a1i300emoHHUX 6azamonycmomuux NAUM ma 6arKoBUX eLeMeHMi6 MOHOLIMHUX 3aNI300eMOHHUX
nepexpummie 6ydisen i cnopyod npu ix pexorcmpyxuyii, pesimanizayii uu 8i0Ho6IeHHI NPU NOUKO-

OxHcenHi.

Kniouosi cnosa: 36zpm 3ani300emonni pedpucmi naumu nepexpumms, niocuneHHs Wasxom
HAPOUYEAHI nepepizy 00HOUACHO 6 CMuUCHEHIU i po3mseHymiii 30HAxX, dodamkosuil
apmosanuli wap HabemonyeanHs 320pu, WnpeHzeIbHa 3amaxncKka, Memoouxa po3paxynxy i

npoexmysanus.

ITocraHoBka npo6emu. [Ipu peKoHCTPYKITii,
peBiTasi3allii Mmi/[BaJIbHUX TPUMILIIEHb ICHYIOUNX
OyaiBesb i CIOPYL i/ TTPUMITIIEHHSI TOABIHHOTO
IIpU3HAYeHHS JJIs1 3aXUCTY JIoJei TpY BUMYIIe-
HIll eBaKyallil i/l YaC BUHUKHEHHSI 30BHINIHbOI
Hebe31eKH (3arposn ) HeoOXiTHO BUKOHATI KOMII-
JIEKC 00’ €MHO-TIaHYBAbHUX, KOHCTPYKTUBHUX
1 opraHizaiiitHuX 3aX0/[iB, OJJHUM i3 IKUX € TIiJI-
cuJTeHHsT 30ipHUX 3aMi300€TOHHUX IUIAT Tepe-
KPUTTS MiABajbHOI yacTuHM 00’ekTiB. TuIosi
MEePeKPUTTS MiJBATbHUX MPUMIIIEHb 1CHYIOUMX
BUPOOHMUKMX Oy/iBesnb (CHOPYX) YJIaIliToBaHi
y OLIBIIOCT] BHUIAAKIB i3 30ipHUX 3a71i300€TOH-
HUX PEOPUCTUX TINT 1 ITOCKUX ILTUT CYTLTHHOTO
nepepisy yu nepepisy i3 KpyrJauMU YU 1HIIO1 KOH-
(irypaltiii nmycroramMmu 3aJe;KHO Bijl IPU3HAYEHHS
1 KOHCTPYKTUBHOTO BUPIIIIEHHS iX HECYUUX CHC-
Temn (KapkacHoi, 0Ge3KapKacHoOi, 3 HEeMOBHUM
KapKacoM, KOMOIHOBAHOI 1 iH.) Ta BEPTHKAIbHIX
KOHCTPYKTUBHUX €JIEMEHTIB KaTeropii BiJIIIOBi-
pamprocTi Al, A1 B (cTiH nernsgHux, i3 30ipHUX
OJIOKIB 4M i3 CTIHOBUX IIaHEJIBHUX €JIEMEHTIB;
KOHCTPYKTUBHUX eJIeMeHTiB Kapkacy (HermoBHOI
KapKacHOI cucTeMn): Kool (CTiliok) 3aizobe-
TOHHUX YU MeTaJeBUX 13 30BHIIIHIM CTIHOBUM
OTOPOKEHHSIM Y BUIJIS/l CTIHOBUX OETOHHHUX,
3a/1i300€TOHHNX TaHeJeil Yl TPUITaPOBUX CaH-
JBIY-TIaHeJsIel; CTOBINB IEIVIAHUX, 3asi3obe-
TOHHWX PUTENIB TaBPOBOTO UM IPSIMOKYTHOTO
nepepisy). 3rigHo ampbomy II cepii TKII-73
(tema 525-1-72) mepekpuTTS HigBaTbHUX IIPHMi-
1eHb BUPOOHUYMX OY/IiBETb 3 HOBHUM HECYUYHM
KapKacoM YJIAIITOBYIOThCS 13 30ipHUX 3a1i300€-
TOHHWUX TOMEPEIHBO-HAPYKEHNX PeOPUCTHX
AT po3Mipamu 5,6X1,5 M ta 5,6X0,75 M, BrCO-
toto mepepidy h=400 mm (mapox 11 i 112) Ta
h=600 mm (mapoxk 113 i [14), aki BUrorosJieHi i3
Baskkoro 6erony mapok M300 i M400. ITmurn
nepekputTsi Mapku [11 3ampoexToBaHi Ha TOBHI
PO3PaxyHKOBi HaBaHTakeHHS q=3,6 T/M?, MapKu
[12 — na q=6,5...7,65 T/m?, a mapok I13 1 [14 — Ha
q=7,5...20,0 T/M2 [Tt TePEKPUTTS MapKU IT1
3a PO3MIPaMI i apMyBAHHSAM BiATIOBIZAIOTS TITH-
tam mapku WI11-6 3a cepiero M124-1/70. 3ami-
300eTOHHI peOPHCTI ILIUTU IEPEKPUTTS 3 CEPIEI0

NN24-1/70 B icHylouMX BUPOOHWUMX OYiB-
J5x (cropyziax) 3 MOBHUM YU YaCTKOBUM HeECy-
YUM  KapKacoM Ge3IocepeHbo  OOIUPAThCS
Ha TMOJIMI[I PUTEJIiB TaBPOBOTO Tiepepi3y i MaroTh
posmipu 5,6x1,5 M ta 5,6%0,75 m (5,1%1,5 M Ta
5,1x0,75 m), Bucory nepepizy h=400 mwm, Buro-
TOBJIEHI i3 Bakkoro 6erony mapok M200 i M300.
[Lmutn mepexkputta mapox WI11, UTI2 3a cepieto
NW24-1/70 3ampoekToBaHi Ha MOBHI PO3paxyH-
KOBi HaBaHTa)KeHHs Ha I103/0BKHI pedpa q=1,2;
1,8; 2,4; 3,0; 3,6 T/m?% a mapok W13 i NII4 — na
q=1,33; 1,93; 2,53; 3,13; 3,73 T/M?%, Ha TOJIUIIO —
q=1,61;2,21; 2,81; 3,41 /Mm%

3rigHo noJsioxkeHb 11l 6.4.1, 6.4.2 nitounx Hopm
JBH b B.3.1-2:2016 [2] mizcusents 3amizobe-
TOHHUX OAJKOBUX 1 IVTMTHUX MPOTiHHUX €JIeMeH-
TiB BUKOHYETBCS ILISIXOM: 301/IbIIEHHST TTepepisy
3a JIOTIOMOTOI0 yJIAINTYBaHHS B CTUCHEHIN, PO3-
TSITHEHI 30Hax i 3 GOKIB B 30Hi 3pi3y 3asiz00e-
TOHHOTO TITapy HapoIyBaHHs, abo 3asiz00e-
TOHHOI «COPOYKU», SIKI apMYIOTh T03/[0BKHIMU
1 MOXUJIMMM Y BUTIJSI BiJITUHIB CTEPKHAMMU;
VJIAIITYBaHHSIM ~ HAlPY>KEHUX  IMIIPEHTesb-
HUX 3aTSKOK; BCTAHOBJIEHHSIM (Ti/IBEZICHHSIM )
NMOMATKOBUX (PO3BAaHTAKYBAJTbHUX) CTAJEBUX
OaJIKOBUX €JIEMEHTIB i3 MpOKaTHUX MPodiris
Y CTUCHYTII 1 PO3TATHEHI 30HaX TIpU He0CTaT-
Hill X Hecydiil 3marHocti un mocaabsenti. [Ipu
HiJCUIEHH] 3aJ1i300€TOHHUX PEeOPUCTUX ILIUT
HEPEKPUTTS. BUPOOHWYMX Oy/iBETb i CIOPY.
3 TIOBHUM M HETIOBHUM HECYYUM KapKacoM, SKi
BuroToBJIeHi 3a cepieio MM24-1/70, Bunuka-
I0Th PSIJl TPYAHOIIIB, sIKi Oe31mocepesHbo MOB'sI-
3aHi 3 iX KOHCTPYKTUBHUM BUPIIIEHHIM, a CaMe:;
HasIBHICTDH OMOPHOTO TIOTIEPEYHOTO pedpa Ha BCIO
BUCOTY IIJTUTH, 110 HE JI03BOJISI€E BUKOHATH 1X MijI-
CUJIEHHS IIJISIXOM IiIBe/ICeHHS TI1][ 1X TT03/[0BKHI
i momepeuni pebpa OATKOBKX €JIEMEHTIB i3 Mpo-
KaTHUX TPO(ITiB i 6e3mocepesHbo iX 0OMUpaHHS
Ha TIOJIMIIl PHUTETiB KapKacy, sike HalOiIbIn
HIMPOKO 3aCTOCOBYETHCA IIPU 1X TijicuyienHi. s
3MIMICHEHHS MiJCUJIECHHA IUIAT BUINE 3a3Haye-
HUM CII0COO0M HeOOXiZHO J0/ATKOBO BUKOHATH
POOOTH TI0 yJIAIITYBaHHIO Hilll B OIOPHOMY pebpi
TJTUT, TI[0 TTPU3Be/IE /10 JJOKATBHOTO HOTO PYWHY-
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BaHHS i 301/IbIIIEHHS JOJaTKOBUX BUTPAT Ha ixX
migcuaeHnst. Tomy HeOOXiTHO PO3pOOUTH HOBI
KOHCTPYKTUBHI PillleHHs 3 MigcuaeHHs 30ipHuX
3a/1i300€TOHHNX PEOPUCTUX TLIAT TEPEKPUTTSI
icHylounx BuUpoOHWUYMX OymiBenb  (CIOpyH)
3 MOBHUM Y1 HEIIOBHUM HECyYuM KapKacoM, sIKi
OyayTh eeKTUBHI 3 TEXHOJOTIYHOI i eKOHOMIY-
HOI TOYKH 30DY.

AHaJli3 OCTaHHIX JOCJI/KEeHb 1 MyOiKaIlii.
Haykosiamu B pobotax [3—6] OyB mpoBeeHmit
JleTaJIbHUIN aHasli3 ICHYIOUMX HAayKOBUX JIOCJIi-
JUKEHb 3 MIICUIEHHS 3aMi300eTOHHUX OaIoK
HIJIIXOM HapOUIyBaHHS 1X Iepepidy OJHUM i3
crocobiB pu GeTOHYBaHHI OZHI€ET, IBOX YK TPHOX
OiuHmX rpaneii (auB. puc. 1), TOOTO: TiJBKH
HIDKHBOI TPaHi (POSTATHYTOI 30HH mepepisy)
(puc. 1,6) un BepxXHBOI I‘paHl (cTucHyTOI 30HU
nepepizy) (puc. 1,a); Tinbku OOKOBHX TpaHeil
(puc. 1,B); Tisbky GOKOBUX i HUKHBOI TpaHeil

(puc. 1,r).
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Puc. 1 Criocobu mijcusienns nepepisy 6aikoBoro
3JTi300€TOHHOTO €JIEMEHTY TIJISIXOM HAPOIIYBaHHS
fioro Tepepisy J0aTKOBIM IIapoM 300Ky OJIHI€T, IBOX
4 TPHOX HOTO rpaHeii: a) TiIbKK 300Ky BEPXHBOI IPaHi
(cTrcHeHOi 30HM Tepepiay); 0) TiIbKI 300Ky HUKHBOI
rpati (PO3TATHYTOI 30HHK [EPEPi3y); B) TLIbKU 300Ky
OIYHUX TpaHeil mepepisy; T') OMHOYACHO 300Ky TPHOX
rpaHeil Tepepisy: HIKHBOI 1 IBOX OIYHNX; 1) OHOYACHO
BI/IHOCHO BEPXHbOI 1 HUKHBOI TPaHeil epepizy
(B CTUCHYTIH 1 pO3TATHYTIi 30HAX)

B pesysibrari aHanmizy nmpoBe/ieHUX HAyKOBUX
pocriakensb [3—6] HaykoBusgMu Oy oOIpyH-
TOBaHi BHUCHOBKHM MO0 (DaKTOPIB BILIMBY HA
MIIHICTD 1 Tpl]J_[I/IHOCTII/IIﬂCTb 3aJ1i300€ TOHHUX
OANKOBUX ~ €JIEMEHTIB, TiJACHICHUX IISTXOM
HApOIIyBaHHS Pi3HUME CIIOcOOAMH X Tepepisy,
a came:

— pisHi criocobu (KoHbirypartii) 3 miacuIeHHsT
(MoziepHi3altii) mepepisiB MalOTh 3HAUHWI BILJINB
Ha MOMEHT TPIMMHOCTIHKOCTI eJIeMeHTIB TIOPiB-
HSTHO 3 MaKCUMaJIbHUM MOMEHTOM Y BUTIAJIKY 1X
3Mil[HEHHS Ha BUTUH;

— CIIBBIJIHOIIEHHST BiJICTAHl BiJl OIOPU JIO
30cepesKeHOro HaBaHTaKeHHS (a) i edeKTuB-
Hol Bucotu mepepisy enementy (d) (mporomy
3cyBy A=a/d) Ta TOBIIMHA MIapy HAPOIYBaHHS
iX mepepisy (Z0AaTKOBOTO MiJICUJIEHHS MLISXOM

Geronysants) (Ad) MaoTh 3HAUHIIT BIIMB Ha 1X
MIIHICTb Ha 3CYB Ta XapakTep iX pylHYyBaHHS,;

— Pi3HI METO/IM 3UEIIJIEHHS MiXK IIapOM Mi/ICHh-
JIEHHS 1 TIepepi3oM eJieMeHTa MaloTh He3HAYHUI
BILJIMB Ha 1X MIIHICTH TIPU 3CYBI, ajie TTO3UTUBHO
BILIMBAIOTh HA 1X MIIIHICTh [1PU 3THHI;

— TPUCTOPOHHE TIJICUJIEHHS Tiepepi3y eJie-
MEHTa B TIOPIBHSHHI 3 IHITMME CIOCOOaMK Ma€
BUIIMIA /11alla30H MPUPOCTY MIITHOCTI HA BUTUH
(MakcumyMm ipupocty minHocTi 81%—120%; -
BuieHHst TpimuHoctiiikocti Ha 300%-500%),
Tak 1 Ha 3CyB (MaKCUMyM TPUPOCTY MilIHOCTI
51%—80%; migBUIEHHST TPIMIMHOCTIHKOCTI Ha
121%-180%).

3orsany mireparypu [3—6] 6yn1o BcraHOBIIEHO,
[0 TPU HASIBHOCTI YMCETbHUX HAYKOBUX POOIT
OJIHOYACHOMY TIi/ICHJIEHHIO 3a/1i300€ TOHHUX OaI-
KOBUX €JIEeMEHTIB IIIJIIXOM HapOIILyBaHHs iX repe-
pi3iB y HUXKHIN i BepxHill 3oHax (nuB. puc. 1,1)
MPUCBAYEHO HEJOCTATHS KIJIBKICTh JOCJHI/[KEHb.
ToMy I IMPOKOrO 3arpoBa/KEHHS B IpPaK-
THKY HPOEKTYBaHHs CIIOCOOY MifCHIEHHIO 3aJIi-
300€TOHHUX €JIEMEHTIB, 110 3TMHAIOTHCS, TISTXOM
OJTHOYACHOTO HApOIIyBaHHs Tlepepi3iB B CTUCHE-
Hill 1 pO3TATHYTIN 30HAX HEOOXiTHO PO3POOUTH
METO/IUKY iX PO3PaxyHKy 3 BuU3HaueHHs edek-
TUBHUX TapaMeTpiB ONTUMAJbHOTO apMyBaHHS
(BemumH KOe(iIiEHTIB apMyBaHHS Tepepi3iB
eJIeMeHTY TIpU 3TUHI 1 3pi3i) 1 TOBUMHU IHAPY
HaportyBanHs (Ad) samexHo BiJ BUCOTH Tepe-
pisy esementy (d), itoro mporony (L) i icHyrounx
BEJIYIH apMyBaHHSI 38113066 TOHHOTO eJIEMEHTY,
IO TT1/ICUJIIOETHCS HA 3TUH 1 3Pi3.

ABTOpaMu CcTaTTi B Te3ax JIOMOBijiell Ha Hay-
KOBUX KOHd)epeHmﬂX [7—11] Takox Gyu mpoa-
HaJi30BaHi TepeBari i HeoJTiKu plBHI/IX BapiaH-
TiB i coco0iB migcuIeHHs GaJIKOBYX 1 MINTHUX
3a/11300€TOHHUX IIPOTOHHUX eJieMeHTiB. [1pu mijx-
CUJIEHH] 3a/1i300€TOHHIX €JIEMEHTIB OKPEMIMU
crocobaMu 3a JJOIIOMOTOI0 CTAJIbHUX IPOKATHUX
npodiniB iX Tepepisu CTATh CTajne3arizobe-
TOHHUMM, OaraTomapoBUMU, KOMOIHOBaHMMHU,
TOMY JIJISI ITUPOKOTO 1X BUKOPUCTAHHS 1 3a1poBa-
JKEHHSI B IIPaKTHKY OyIiBHUIITBA HEOOXi[HI PO3-
POOKH BifMOBIIHIX HOBUX €(heKTUBHUX METO/IIB
1X pO3paxyHKY 1 TPOEKTYBAaHHSI.

Meta poGoTu: pPo3poOKa METOAUKH PO3-
PaxXyHKY 1 TPOEKTYBaHHS KOHCTPYKTUBHOTO
pillleHHs 3 MiACHIeHHS 30i pHUX 38113006 TOHHIX
pPeOPUCTUX TIIUT TEPEKPUTTS MIJISAXOM Hapo-
IyBaHHS Mepepisy M0AaTKOBUME 3aJ1i300€TOH-
HUM I1IaDOM B CTUCHYTIN 30HI Ta apMyBaHHAM
B PO3TATHYTII 30HI y BUIJIL/Al HIITPEHTEJIbHOI
3aTSIKKH.
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PesyabraTtu focaimkens. Po3paxyHok i mpo-
eKTYBaHHS KOHCTPYKTUBHUX KOMIIOHEHTIB (eJe-
MEHTIB) TifcuIeHHsT 30ipHUX 3aMi300€TOHHIX
PEOPUCTHX TIJIUT TEPEKPUTTS IIJISIXOM HApOIILy-
BAHHsI TIepepi3y A0AATKOBUMHU 3aJi300€TOHHUM
IIAPOM B CTUCHYTIN 30HI Ta apMyBaHHSIM B PO3-
TATHYTII 30H1 Y BUTJISI/L HITIPEHTEIbHOI 3aTSKKI
BUKOHYEMO B TaKiil MOCJIiJOBHOCTI:

— BU3HAYCHHS BEJIMYMH PO3PAXYHKOBUX HABaH-
Ta’KeHb; TIPUIHATTS y3araJlbHEHOI PO3PaxXyHKOBOI
cxemu Ta (DOPMYBAHHS TIPUBEIEHOTO KOMOIHOBa-
HOTO PO3PaxXyHKOBOIO Iepepidy Halpy:KeHO-le-
dbopMoBaHOro cramy TO30BKHIX pedep 30ip-
HUX TJIAT TEePEKPUTTS, 10 MiJICUITIOI0ThCS, TTpU
3abe3nedeH i yMOB MIITHOCTI Ha 3THH (IUB. puC. 2
i puc. 3); BU3HAUEHHS Ta BHYTPINTHIX 3yCUIIb B PO3-
PaxyHKOBMX KOMOIHOBAaHUX TTepepizax MO3M0BKHIX
pebep i IIMTHYX ITHOK 30ipHIX 3a/1i300€TOHHUX
IUIUT [IePEKPUTTS, 1110 IT/ICUITIOI0ThCS;

— BU3HAYEHHS I1JIOII [Iepepi3iB apMyBaHHS TOPU-
30HTAJIHOTO 1 TIOXWJIOTO €JIEMEHTIB IIITPEHTeIbHO1
3aTSUKKK [IPY BU3HaueHiit (3amamiit) Tosumai (d)
JIOIATKOBOTO  3a/1i300€TOHHOTO  Tapy HaOeTOHYy-
BaHHs1 30ipHUX PeOPUCTHX TIUT HEPEKPUTTS, IO
TmiicKIIe i, pu 3abe31edeH ] YMOB MiITHOCT] Ha 3THH
B PO3PaXyHKOBHUX Mepepisax ix MO3I0BKHIX pedep;

— BU3HAYEHHS 3yCUJIJIS 3CYBY Mi’K BEPXHBOIO
IUIOIIHOIO 301pHOI 3a/1i300€TOHHOI IIUTH Iepe-
KPUTTS 1 HUKHBOIO IJIONMHOIO JI0aTKOBOTO
3aJ1i300€TOHHOTO apy HaGeTOHYBaHHST 3aJI€KHO

Bijl BUTIAJIKY HAIPY;KeHO-1e(hOPMOBAHOTO CTAHY
B 11 pO3paxyHKOBOMY Ilepepi3i Ha 3THH;

Prc. 2. PogpaxyHKkoBa cxema Mo3I0BKHIX pebep
36ipHOi 3a/11300€TOHHOI IIJIUTH HEPEKPUTTS, 1[0
HiJICUITIOETHCS TIUISTXOM HAPOIIYBAHHS TIEPEPi3y
JIOIATKOBMMHU 3a/1i300€TOHHUM IIAPOM B CTHCHYTiit
30Hi Ta apMYBaHHSIM B PO3TSATHYTIH 30H1 y BUTJISI/
MITPEHTETHHOI 3aTSLKKH Ta EMIOPY BHYTPITITHIX 3YCUITb
TIPH JIii Ha HUX TTOBHOTO PO3PaXyHKOBOTO HaBAHTAKEHHS

— BUM3HAYeHHs ILJIONI Tiepepi3iB eJieMEeHTIB
apMyBaHHsI IJIMTHHUX JIISHOK 30ipHUX pebpuc-
TUX TJIAT TIEPEKPUTTS, 110 TiICUJIeH];

— IepeBipKa JAOTPUMaHHI BUMOT MIITHOCTI Ha
3pi3 B PO3PaXyHKOBUX Iepepi3ax MO3/I0BKHIX
pebep 30ipHUX peOPUCTUX TIUT MEPEKPUTTSI, 1110
IiJICUJIEeH], Ta BU3HAYEHHS IJIOII TIepepi3iB eJie-

I |
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. |
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Puic. 3 Bumagxu HanpyskeHo-1e(hopMOBaHOro CTaHy IIPUBEIEHOr0 KOMOIHOBAHOTO Iepepi3y MO310BKHIX pebep
30ipHIX 3a/1i300€TOHHUX [LUIHT MEPEKPHUTTS, 10 MiACKIIO0THCS IIIIXOM HapOLLyBaHHS [ePePi3y 10AaTKOBUMU
3aJ1i300€ TOHHUM TAPOM B CTHCHYTIiT 30HI Ta apMyBaHHSAM B PO3TSTHYTIi 30H] y BUIJISA/ IIIPEHTENBHOT
3aTSKKN
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MEHTIB /I0/IaTKOBOI'O 1X apMyBaHHS y Pa3i HeJo-
CTaTHBOI 1X HECY4Ol 3/IaTHOCTI;

— KOHCTPYIOBAaHHSI KOMIIOHEHTIB (eJIeMeHTiB)
TiicuIeH s 301pHUX 3a/1i300€TOHHUX PeGPUCTHIX
IJTUT TIEePEeKPUTTSI.

Busnauennsa niowi nepepisy apmysanust zopu-
30HMANLHOZ0 eJleMEeHmy WNPEH2ENvHOL 3AMSNCKU
npu eusnaveniil (3adaniii) moswuni (d) dodam-
K08020 3ai300eMOHH020 Wapy HAOCMOHYBaAHHS.
30IPHUX PEOPUCTUX NAUM NEPEKPUMMS, WO Ni0-
cunieni. YMOBa PiBHOBArH Ty 3a0e3IeYeHHi yMOB
MIITHOCTI Ha 3TMH B PO3PaXyHKOBUX Tlepepizax
TO3/I0BKHIX pebep 30ipHUX IUIUT MEPEKPUTTS, IO
micnIeHl OHOYACHO HAPOIILY BAHHAM CTI/ICHyTo'l'
1 POSTATHYTOI 30H Nepepisy, BIHOCHO PIBHOATIO-
40i 0Ci CTUCHEHOI 30HU OeTOHY Oy/1e MATH BULJISIL

M = f A x (No +d —0,5%) + fog Ay x

x(hy +d £ag—0,5%) + A, x(0,5x—a) (1)

ne M — 3ruHajibHUI MOMEHT B PO3PaXyHKOBOMY
nepepisi 30ipHOI 3a/1i300€TOHHOT TINTH Bij il
30BHIIIHIX HABAHTAKEHB;

d — TOBITMHA JOIATKOBOTO 3aJTi300€ TOHHOTO
mapy HaGeTyBaHHS HpPU MiACHIeHH] 30ipHUX
PeOPHCTHX TUIUT IIJISIXOM HaPOIILyBaHHsI IX mepe-
pi3iB;

hg — poboua BrcoTa repepisy 36ipHOi 3auri-
300€TOHHOI TIJIUTH, IO T ICUITIOETHC,

fs — pospaxyHKOBHII OIip Ha PO3TAT I103-
TOBKHBOI apMaTypu BiMOBIHO 1. 3.2 HOpM [ 12]
3aJIeKHO Bijl 11 KJacy, KO0 apMOBaHA HUKHS
PO3TATHYTA 30Ha IIO3A0BKHIX pebep 30ipHUX
TLTAT HeperI/ITTﬂ'

f{ — PO3PaXyHKOBHil Omip HA CTHCK I03-
JOBKHBO1 apmarypu BizimoBiziHO 11. 3.2 HopM [12]
3aJIeSKHO Bifl 11 K7acy, SIKOI0 apMOBaHa BepXHS
CTHCHYTa 30Ha J0JaTKOBOTO 3ajli300€TOHHOTO
mapy HabeTyBaHHSI, SIKUX 3/iIICHIOETHCS TiICH-
JIeHHsI 30ipPHUX TLTAT TIEPEKPUTTSI;

fsg — PO3PaxXyHKOBHii O HAa PO3TST TOPH-
30HTAJBHOTO €JIEMEHTY TITPEHTeIbHOI 3aTSKKN
BifmoBiHO HOPM [13];

ap — Bi/ICTaHDb Mi’X TeOMETPUIHUMU TOPU3OH-
TaJIbHUMU OCSIMU 1CHYIOUOI TO3/I0BKHBOI apMa-
TYPH i TOPU3OHTATIBHUM €JIeMEHTOM HITIPEHTeb-
HOI 3aTsKKM (A ), 1K TPUAMAETbCS B PiBHAHHI
31 3HAKOM «+t» IPU hy+ag >hy Ta 31 «-» 3HAKOM
pu hy —ag <hg; ' '

A, — CyMapHa ILIOIIA Iepepi3y M030BKHIX
apMaTypHUX CTEPKHIB, SKI BCTAHOBJEHI B PO3-
TSTHYTIN 30HI Tiepepisy 30ipHOi 3a/1i300€TOHHOI
TLJTUTH, 10 TT1/ICUITIOETHCS;

Ay — CyMapHa ILIoIa Iepepisy Mo3/[0BXKHIX
TOPU30HTAJIBHUX  €JIEMEHTIB  HIIPEHTeIbHOI

3aTsKKU (A ), IKUMU JI0O/IATKOBO 3/1iHCHIOETHCST
apMyBanHs1 361pHOI 3a1i300€TOHHOI IIMTH, 1O
HI,ZICI/IJIIOGTI)CH B PO3TATHYTIH 30Hi 1Iepepisy;

— CyMapHa TIJIONIa Tepepisy TMO3T0BKHIX
apMaTypHHUX CTEpP:KHIB, KOTPUMHU 3/IHICHIOETHCS
apMyBaHHS JI0ATKOBOTO 3aJ1i300€TOHHOTO TIHapy
HabeTOHYBaHHS B CTHCHYTIH 30Hi TIepepisy 306ip-
HOT 3a711300€TOHHOI TIUTH, IO MiACUIIOETHC,

X — BHCOTA CTHCHYTOI 30HU GETOHY B po3pa-
XYHKOBOMY KOMOIHOBAaHOMY Tiepepisi Ha IiJIstHIT
MJTATH, 10 CHPUMAE HABAHTA)KEHHS BiJ 3TH-
HaJIbHOTO MOMeHTY (M), sika BU3HAYa€ThCS 3a
3AJIEKHICTIO:

x=(fsds x+fsa dsd + JsAS) I (feab), (2)
ne f,, - PO3PAXyHKOBMIL O Ha CTHUCK BakKOI0
6eT0Hy BiZImoBiHO 11. 3.1 HOpM [ 12] 3ase:xHO Bix
fioro kJjacy, i3 sikoro Oyze BUroToBJAeHHIT (y/Ia-
IITOBAHMI) OMATKOBUI 3a/i300€TOHHUIT Tap
HaOeTOHYBaHHS ITIPY IIACUIEHH] 30ipHOI 3aJIi-
300€TOHHOI ILJIUTH;

b — po3paxyHKOBa MHPHHA KOMOIHOBAHOTO
nepepisy miAcuIeHHsT 30ipHOI 3a/1i300€TOHHOT
IUIUTHOTO 4k GaJKOBOTO KOHCTPYKTUBHOTO eJie-
MEHTY, SKa TIPU PO3PaXyHKOBOMY TaBPOBOMY
[IPUBEICHOMY Tlepepi3i IOPIBHIOE b = b f

B ymosi piBHoBaru (1) HeBioMumMu € BeJsu-
quHn O, Ay, X, Ag, TI0 YCKJIATHIOE PO3PAaXyHOK
oNTUMATbHUX (e(heKTUBHUX) iX MapaMeTpiB pu
BU3HAYEHUX (3a/aHUX, TPUWHATHAX) BeJINYMHAX
30BHIIIHBOTO HABAHTAKEHHS 1 MIITHOCHUX XapaK-
TEPUCTUKAX MaTepialiB IJIUTU I KOMIIOHEHTIB
nijicunienss. 13 piBHaAHHA piBHOBaru (1) 1pum
As =0 i IpUIHATTI OIHIET i3 HEBIZIOMUX BEJTNINH
OTO CKJIQJIOBUX: TOBIIMHU JIOJATKOBOTO 3aJli-
300€TOHHOTO Mapy HabeToOHyBaHHs (d) 4r MO
MOTIEPEYHOTO MEPEPi3y TMO3/I0BKHBOTO IeMEHTY
HINPEHTeNbHOI 3aTSKKHU (Asd ), IIIISIXOM MEePeTBO-
pPeHb MOXKEMO OTPUMATH HACTYIIHI 3aJIe5KHOCTI,
3a JIOIIOMOTOI0 SIKUX MOKeMO BU3HAUUTU OJHY 13
HEBIZIOMUX BeJMUIH d 94U Agy:

Jeb
fsd

—(hg+d +tay—0,5x,)x(1+d *ag —0,5x,);

Agg =20 (<2M + fids x (hy +d —0,5x,)—( (3)

=MifsdAsd'a0_ _fsAs‘Ffsd“lsdl (4)
JsAs + fod Asd 2fch
Jie X, — BUCOTA CTHCHYTOI 30HH OETOHY B PO3pa-
XYHKOBOMY KOMOIHOBaHOMY TIepepisi Ha IiJIsTHIT
MJTATH, 10 CHPUNMAE HABAHTA)KEHHS BiJ 3TH-
HaJlbHOTO MOMeHTy (M), npu apMmyBaHHi Horo
TIJIBKM ICHYIOYMMHU apMaTYPHUMHU CTEeP:KHAMU
B PO3TATHYTIN 30HI IJIMTU 3arajbHOI0 TJIOHIE0
A,, sIKa BU3HAYAETHCA 32 3aTIEHKHICTIO:
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x, = (f,4) 1 (£.b). )
PospaxyHOK Besmun  d, 4 sd BIAIOBIIHO 32
3asieskHicTio (3) un (4) He 3aBK/IM 6y11e OITHUMAJTh-
HUil (eheKTUBHWIT 3 €KOHOMIUHOI TOYKH 30pY),
TOMY 110 B OKPEMUX BUIAIKAX TIPH HAPOITyBaHHI
1epepisy IUIIXOM HaGeTOHyBaHHSI BCTAHOBJICHHSI
JIOIATKOBOTO  aDMYBAaHHS B  PO3TATHYTIN 30HI
nepepizy Moke OyTu HeroTpibre, 60 Oyze gocTaT-
HBO BKe iCHYIOUOi B Hill TIIONIT apMyBaHHS (Ag).
Tomy mist ymockoHaIleHHST METOIMKN PO3PAaXyHKY
KOMIIOHEHTIB MiICHIeHHsT OyB 3allPOIOHOBAHII
NOATKOBUI KoeditieHT (1), sskuii Oy/ie BpaxoBy-
BaTH Bi/[HOIIIEHHS TIJION] apMyBaHHS Agy/10 Ag.

n=Ay /A (6)
Benmuuny koediilieHTa 7 BU3HAYAEMO 3a
3anexHoctamu (7)—(9):

0,5, -n% +(hy +d £ag +X,)-n+(hy +d +0,5xﬂ—%)=0; (7)
S

D = (hy +d ag +x,)% —4x0,5x, x(hy +d +O,5xn—%); (8)
g+ +ag+x,)£\/D
12 = X . . (9)

H

[Ipr n<0 migcuaeHHsT 3a1i300eTOHHOT OasI-
KOBOTO €JIEMEHTY OJIHOYACHO IIJISIXOM HapoIILy-
BaHH4 [lepepi3y B CTUCHYTI 1 PO3TATHYTIN 30HAX
HeroTpioHe, Oyjie A0CTATHBO BUKOHATH ITiCH-
JIEHHSI eJIeMEHTY TIJIbKU B CTUCHEHI HOro 30H1
NUISIXOM  YJTATIITYBAHHST I0/IATKOBOTO 3asri300e-
TOHHOTO ma%y HabeTOHYBaHHSI.

pu NSV mpoma mepepisy mo3moBKHBOIO
eJIEMEHTY 3aTsKKU OyJie CTAHOBUTH:

Ay =(n+0,1)x A,. (10)

BusHauaeMo BeJIMYMHY HeOOXiAHOI ILIOII
apmyBanHs (Ag) samizobeTonHOrO Mmapy Habe-
TOHYBaHHsI B KOMOIHOBaHOMY TIepepisi IINTHOTO
4 6aIKOBOTO €JIEMEHTY 32 YMOBH PiBHOBATH TIPH
3abe3reueHHi YMOB MIIIHOCTi Ha 3TUH BiZIHOCHO
PIBHO/III0YOI  BiCl TIO3/I0BKHBOTO apMYBaHHS
B I0T0 PO3TATHYTI 30Hi:

M — fobxx (hy +d —0,5X)

A= fox(hg+d-a’) 1h

[Tpu BeJINYNHI TLJIOTIT apMyBaHHS
BEPXHbOI ~ CTHCHYTOI ~30HM  MeHIle  HyJs
(Ai <0), apMmyBaHHSI BHUKOHYEMO KOHCTPYK-

tuBHO. [Ipm A >0 BUKOHYEMO KOperyBaHHS
BEJIMYMHU ILJIOIII TIepepi3y MO3/0BKHBOTO eJie-
MEHTY 3aTSKKM 3 YPaXyBaHHAM BEJIMYMH PO3pa-
XYHKOBUX OTIOPiB HA PO3TAT iICHYIOUMX apMaTyp-
HUX CTEPXKHIB ( fg) I IO30BKHBOTO €NEMEHTY
IIIPEHreIbHOI  3aTSKKU  ( fgy), IO IPOEKTY-
€THCS, 32 3AJIEKHICTIO:

8

Agg = fs I T x (A x(n+0,1) + Ag). (12)

Bukonyemo mnepeBipKy Hecyuyol 3/aTHOCTI
mepepisy MiACHIeHOI IINTH TPH 3a0e3nedeHH]
YMOBH MiIIHOCT1 Ha 3TUH B PO3PaXyHKOBUX Iiepe-
pisax MO3J0BXKHIX pebep 30ipHUX ILIAT Iepe-
KPUTTS, IO IMiJICUJIeH], BIIHOCHO PiBHOI0YOI
Bici cTHCHEHOT 30HU GETOHY 3a 3aJIEKHICTIO:

M < foAg x(hy +d —0,5x) + foq Agq ¥
x (hy +d + ag —0,5x) + f, 4 x(0,5x—ag), (13)

Busnauenns nnoui nepepisy apmysanns noxu-
71020 eneMenmy wWnpenzenvHol  3amsanKu npu
BU3HAYEHI nﬂouﬂ 11 20pU30OHMATLHOZO eNeMEHMY.
[Tnomty mepepisy moxusoro exemeHty (Asinc )
HINPEHTeTbHOI 3aTSKKU BU3HAYAEMO 32 3aJI€K-
HICTIO 3 ypaXyBaHHAM KyTa (o) 0ro HaxXuiy 10
TOPU3OHTA/IBHOI IJIONUIMHHY 1 BETUYIH PO3PAXYH-
KOBHUX OIOPiB Ha PO3TAI IM03/[0BKHBOTO (fsd)
i noxuoro ( fsinc) esmementi mmnpenrempHol

3aTSKKH, 110 TIPOEKTYETHCS:

Asiinc = fsa / fsinc X Asg / cOsa, (14)
ne  fsine — pospaxymkosuii omip Ha po3TAT
HOXWJIOL  apMaTypu (Bl};[H/IHy) A inc BIITOBIIHO
1. 3.2 HopM [ 12] 3a71e;xH0 BijT 1i KJ1acy, sKa € TIOXVJIIM
€JIEMEHTOM TITIPEHTETbHOI 3aTSKKHU 1 I0/IaTKOBUM
apMyBaHHSIM — peOpa 30ipHUX TUIAT TEePEKPHUTTS,
110 IT/ICUJTIOIOTHCST, HA ITPUOTIOPHUX 1X ILJISTHKAX;

o — KyT Haxury moxuaoro enementy (Asinc )
HINPEHTeTbHOI 3aTSAKKKU BIZIHOCHO TOPU30HTAb-
HOI IJIONMH.

Busnauenns sycunns scysy (\,,, ) M 6epx-
HDOIO TIIOUUHOIO 30ipHOi 36l]ll306em0HHOl naumu
nepexpummst i HUNCHL010 NIOUUHON 000amKo-
8020 3aNi306emoni0z0 wapy Hadbemonyeanis
3anexncno 6i0 eunaoxy manpyrceno-oeopmosa-
nozo cmany (H/[C) 6 ii pospaxynxosomy nepepisi
Ha 3eun. BeanmdynHa CyMapHOTO 3yCUJLISL 3CYBY
(V}, ) Oyzie cTanoBUTH:

Viw = fubi X+ fi A = fuds + foqg Asg» npu x <d; (15)
Viy = fobsd + f A < fodg + fog Asg, npu x> d; (16)
Cymaphe 3ycujis 3CyBY, sSKe BUHUKAE Ha
MeXl CTUKYBaHHS PI3HUX KOHCTPYKTUBHUX
KOMIIOHEHTIB y 30ipPHO-MOHOJTITHUX €JIEMEHTaX,
HOBMHHO OYTH MeHIIe MIITHOCTI Ha 3CYB KOMIIO-

HEHTIB 3'€/IHYBaJTbHUX €JIEMEHTIB:
Vv < PRy (17)

ne Prq — Hecyua 3[IaTHICTh Ha 3CYB PI3HOI KOH-
CTPYKTUBHOI (hOPMU KOMITOHEHTa 3’€/IHyBaJIb-

HOTr'O €JEMEHTY, AKa BU3HAYACTbCA 3I‘iI[HO HOPM
[14].
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Axmro ymosa (17) 3a710BOJBHIETHCS, TO BUKO-
HYIOTh KOHCTPYIOBAHHS 1 PO3MIIIEHHS KOMIIO-
HEHTIB 3’ €THYBAJbHUX €JTeMEHTIB TI0 J[OBKUHI
CTUKYBaHHsI ~ JIOJQTKOBOTO  3aJ1i300€TOHHOTO
mapy HabGeTOHYBaHHS 3 MOJHUIE0 30ipHOI 3aJi-
300€TOHHOI PeOPHCTOI IJINTH 3aJI€KHO Bij HOTro
H/IC B po3paxyHKOBOMY Tiepepisi.

Busnauenns niowyi nepepisis eiemenmie apmy-
BAMHSA NAUMHUX OLLSAHOK 30TPHUX PeOPUCTIUX Num
nepexpummsi, w0 niocunieni. B rpaHmaHOMY cTaHi
sycuist Big gii omoprux (Mgp) i nporintux
( M np ) MOMEHTIB Bijl 30BHIIIHBOTO HaBaHTa-
JKEHHSI CIIPUIMAIOTHCS TO3/I0BKHBOI0 1 MOTIe-
PEYHOI0 aPMATYPOIO, KA POSTAOBYETHCA B PO3-
TATHYTIiE 30HI PO3PAXyHKOBIIX KOMOIHOBaHWX
HepepisiB IIMTHUX AISTHOK 30ipHUX TLIUT mepe-
KpuTTs. /lJ19 BU3HAUEHHS apMyBaHHS B Tiepepisi
JIOJIATKOBOTO TITapy HaOeTOHYBaHHS 3aMa€MOCS
BEJIMUMHAMH 3aXHUCHOTO T1apy GeToHy g1 i Agp
BIJINIOBI/IHO BiJl BEPXHbBOI 1 HUKHBOI HOTO TpaHeil.
Busnauaemo 1uionry mepepisy apmysanns Ag )
Ha 1 M IMUPUHU TUINTU Y BEPXHiil 30H1 10/1aTKO-
BOTO Iapy HabOeTOHYBaHHS ii PO3PaxyHKOBOTO
KOMOIHOBAHOTO TIepepisy Bij il OMOpHOTrO 3rH-
HAJIBHOTO MOMeHTy:

(Zl X fSl)

A= (18)
ne Mgp — HaI/I61JIbHJI/II/I 32 BeJIMYMHOIO i3 3THHAJIb-
HIX MOMEHTIB B OIIOPHUX KOMOIHOBAHUX mepepi-
3aX IJIMTHUX JIISTHOK 301pHIX PeOPUCTHX ILINT;

fg — pospaxynkoBuii onip Ha posTAr Mo3-
MOBKHBOI apMaTypu BiNOBIIHO 1. 3.2 HOpM [ 12]
3aJIe3KHO BiJ 11 KJ1acy;

Zy BeJMYWHA BiJICTaHi BiJl TeOMETPUYHOI OCi
030BKHbOI apMaTypy Agp 10 TOUKHU PiBHOBAru
B CTHCHYTill 30Hi pO3paXyHKOBOr0 KOMOiHOBa-
HOTO TIepepi3y, Ky BUBHAYaEMO 3a (DOPMYJIOIO:

21 =0,5t+d -ag (19)

Jie ¢ — TOBIIMHA MOJINI 30ipHOI 3a/1i300€TOHHOI
IJIUTHU TI€PEKPUTTS;

A, — BeJIUYMHA BIJICTAHI BIJI TeOMeTpUY-
HOI OCi TI03/I0B’KHbOI apMaTypHu y BepXHiil 30H1
JI0ZIATKOBOTO 3aJ1i300€TOHHOTO Iapy HaOEeTOHY-
BaHH JI0 NOTO BEPXHbOI IPaHi.

Busnauaemo mIonry Tepepisy apMyBaHHS
(A2) Ha 1 M UWMPUHK IUIMTH Y HUXKHIA 30HI
JI0JIATKOBOTO Iapy HabGeTOHYBaHHS 1l po3paxyH-
KOBOTO KOMOIHOBAHOTO Tepepisy Bij il mpoTiH-
HOTO 3THHAJIBHOTO MOMEHTY:

Asz—( s3><As3><21) (z2xfs2), (209

neMp, — HaI/I61JIBmI/H‘/’1 3a BEJWYMHOIO 13 3THU-
HAJIbHUX MOMEHTIB B IIPOTIHHUX KOMOIHOBaHUX

repepizax MIMTHUX AiISHOK 30ipHUX peOpHUCTHX
TLJTHT;

fso — pospaxynkosuii omip Ha posTar mos-
noBxkHBOT apmarypu Agy BiamosiaHo 11. 3.2 HOpM
[12] 3anesxHo Bif ii K71acy;

A3 — TIoIIa TIepepisy apMyBaHHSI BEPXHbOI
oI 36ipHOI 3a/1i300€TOHHOT TLINTH, IO TTijI-
CUJTIOETBCS, MUPUHOW0 b=1 M;

fs3 — pospaxynkosmil omip Ha po3TAT 103-
noBxHbOI apMarypu Az BifnmosigHo 1. 3.2 HOpM
[12] 3amexxHo Bim ii KJacy, KOO apMOBaHa
BEPXHsI MOJIUIA 30ipHOI 3a/1i300€TOHHOI ILIUTH,
IO TTICUITIOETHCS, MUPUHOI0 b=1 M;

Iy BeJIMYMHA BIJICTaH1 BiJl TeOMETPUYHOIL OC1
1103J10BKHBOI apMatypu Agp 10 TOUKHU piBHOBATK
B CTHCHYTIHl 30HI PO3paXyHKOBOrO KOMOiHOBa-
HOTO Tiepepi3y, Ky BU3HAYaEMO 32 (popMyJIoto:

zp =d—ag —asp, (21)
ne A  BeIMuMHA BifICTaHi Bifi TeOMETPUYHOIL
oci TI0310BKHBOI apMatypu Agp Y HUKHIN 30Hi
JI0JIATKOBOTO 3aJ1i300€TOHHOTO IMapy HaOEeTOHY-
BaHHS /10 NIOTO HUKHbBOI TPAHI.

Ilepesipka dompumanmi 6umoz miynocmi Ha
3pi3 6 PO3PAXYHKOBUX Nepepisax Mno3008MHCHIX
pebep 30ipHUX PeOPUCTIUX NIUM NEPEKPUMMSL, U0
nidcuneni, ma usnauenns Niou nepepisie eie-
Menmie 000amK08020 ix apmysanns y pasi nedo-
cmammvoi ix necyuoi sdamuocmi.

Minnicts Ha 3pi3 B PO3paxyHKOBUX Tlepepi-
3aX MO3I0BKHIX pebep 30ipHUX 32113006 TOHHIX
IJIUT TIEPEKPUTTS TIPU JIi1 MAaKCUMAJILHOTO TOTIe-
peyHoro 3ycus V _0Oy/ie 3a10BOMbHATHCS TIPU
NOTPUMaHi YMOBU:

Vmax SVc +sz +Vs,inc ) (22)

ne Vimax — MakcuMajibHe MOTepevyHe 3YCHILIS,
sSIKe BUHWMKAE B MO3/I0BKHIX pedpax 30ipHUX MTHAT
MEPEKPHUTTS Ha JIJSTHKAX MOOIN3Y O11op;
Ve:Vsw:Vsinc —  Tomepeuni  BHyTpilIHi
3YCHUJLIS, SIKI CIIPUUAMAIOTHCS BifOBiIHO GeTo-
HOM, apMaTypHUMH TIOTIePeYHNMHU (BEPTUKAITH-
HUMMN) 1 TTOXUJIUMU (BiITMHAMU ) CTEPKHIMH, STKi
BU3HAYAEMO 32 HACTYTTHUMU 3AJIEKHOCTSIMU:

Ve = Q@) x 2 Tpb g +2,[fabd; (23)
sz _ Aswl fswlhO . (2 4)

S
Vs,inc = fsinc X Asinc xsina | (25)

ne foo — pospaxyrkoBuii omip Ha cTHCK BasKKOTO
6etoHy BianmoBinHo m.3.1 HopM [12] 3ameskHO Bix
MOTO KJ1acy, i3 IKOro BUTOTOBJIEeHa (yJIalToBaHa )
36ipHa 3a1i1300eTOHHA TIJINTA, 110 MiACUIIOETHC,

[l))w — mupuHa pedpa MPUBEIEHOTO PO3PAXyH-
KOBOTO KOMGIHOBAHOTO TIepepisy 30ipHOI TIHTH
MEePEeKPUTTS, IO MiICUTIOETHCS;
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by — IIMPUHA TOJIUI TTPUBEJIEHOTO PO3pa-
XYHKOBOTO KOMOIHOBAaHOTO Tepepidy 30ipHOi
IJTUTYA TIEPEKPUTTS, 110 MiJACUIIOETHC;

Aswi1:S — moma epepisy ( Ayt ) BEpTHKaIb-
HUX (TIOTIEPEYHNX ) CTEPKHIB (XOMYTIB) i IX KPOK
(S) Ha MPUOIIOPHUX MIISTHKAX MO3I0BKHIX pebep
30ipHUX IUIAT HEPEKPUTTS, IO i ICUITIOI0THCS;

fsw — pospaxyHKOBHii OI1ip Ha PO3TAT HOTIe-
peuroi (BepruKajibHOi) apmarypu Agyg Bigio-
BiiHO 11.3.2 HOpM [ 12] 3aseskHo Bif ii K1acy, SKoto
apMOBaHe MO3/I0BKHE peOpo 301pHUX ILIUT TIepe-
KPUTTS, 1[0 MiJICUIIOI0THC, Ha TPUOMOPHUX 1X
IISTHKAX;

¢ P KoeillieHT, IKU BPaXOBYE BILJIUB CTHUC-
HEeHUX TIOJTUIIb B TABPOBUX €JIeMEHTAX:

b — xt
o5 :o,75—wso,5,
by o
e b'f Sbw—i-gt. (26)

Axmo ymoa (22) He 3a/I0BOJIBHAETHCS, TO
BU3HAYAEMO HEOOXi/IHY BEJMUIHY IO 0/IaT-
KOBUX IONEpeYyHuX (BepTUKATbHUX) eJleMEHTIB
(Awp ), 3a gomomorom skux Oyje 3abe3nedyBa-
THCST HECy4a 3/[aTHICTh Ha 3Pi3 TO3/I0BKHIX pebep
IJIAT TIEPEKPUTTS, 1110 iJICHUJIeH] Ha TPUOTIOPHUX
JIJISHKAX:

_ Vimax =Ve =Vsw —Vsiinc
Asw2 - )

fSW2
ne fop — pospaxynkosuii onip na posrar goxart-
KOBOTO eJIEMEHTY TIONepeyHoro (BepTUKAIBLHOTO)
apMyBaHHS Ay, BIAOBIHO 11. 3.2 HOPM [12] un
[13] 3anesxHo Bif ii KJacy 4 MapKu CTaJIi.
Konucmpyrsannsa xomnonenmie (enemenmis)
niocunenns 30ipHuUx 3a1i300emonnux pedbpucmux
naum nepexkpumms. 1IpoekTyBaHHS KOHCTPYK-
TUBHUX €JIEMEHTIB MijicHIeHHsT OyJI0 BUKOHaHE
JJIsT  PEKOHCTPYKI[l TEePeKPUTTS MiBATbHUX
IPUMIIIeHb CKJIAJACbKOI Oy/iBJIi 3 HENOBHUM
HECYYHM  KapKacoM (nmuB. puc. 4) B mnpumi-
MICHHS TOJBIHHOTO NMPU3HAYCHHS T/ YKPUTTA
IV-ro knacy, sike NMOBUHHE CHpUIIMATH KBa3i-
CTaTUYHe eKBiBaJIeHTHE HaBaHTAKEHHS BEJTUYU-
HOIO AP, = ;=100 kIIa 3rizno Bumor 1. 14.1.2.2
JABH B.2.2-5:2023 [1]. Ilepexputts migBamy
yJIalToBaHe i3 36ipHIX 3a/1i300e TOHHIUX peGpuc-
Tux ManT 3a cepieio MM24-1/70 posmipamu
y mrani LxXB=5,6x1,5 m (mapok UII1-2..1111-6)
ta LXB=5,6x0,75 M (mapoxk WMII3-1..M1I13-5),
BHCOTOIO TIepepidy A=400 MM Ta puresiB TaBpo-
BOTO 1epepi3y. ToBIIMHA MTOJNII TJIAT CTAHOBUTD
hs =50 MM, BucoTa TI01IepedHnX pedep, sKi BeTa-
HOBJIEHI 3 KPOKOM $=1,5 M B IIPOTOHI IJTUT MapOK

(27)

10

UII1-2..1111-6, — hz =200 v, a kpaiinix omop-
nux nonepeunnx pebep — N =400 mm. [Inutn
nepekpuTTs 3a cepieto N24-1/70 BurotosieHi
i3 6etony mapok M200 i M300, apmyBaHHSI 1103-
MIOBXKHIX pebep BUKOHAHE i3 MIOCKUX apMaTyp-
HUX KapKaciB, dKi yJalllTOBaHI B PO3TATHEHIN
30HI — 13 apMaTypHUX CTePKHIB JiamMeTpaMu
(18...028 mm kmacy A-IIT (A400 C), B ctucHe-
Hill 30H1 — 13 apMaTyPHUX CTEPKHIB JiaMeTpaMu
08, 010 mm KJ1acy A-TIT (A400 C), Honepequ
apMyBaHHS Ha JISHKAX MOOJIU3Yy Ormop —
apMaTypHUX cTep:kHiB giamerpamu D81 D10 mm
kynacy A-1IT (A400 C), siki BcTaHOBJIEHI 3 KPOKOM
s=150 MM. ApMyBaHHSI TIOJIUI[b IJTAT yJIAIITOBAHE
IJIOCKUMM CiTKaM¥ i3 apMaTypPHUX CTePKHIB D4
i @5 mm kmacy Bp-I, siki BcranoBieHi 3 Kpo-
koM $=200 MM y HO3/I0BKHBOMY 1 MOIIEPEYHOMY
HalpAMKax IJINUT. B pe3yssrari iHCTpyMeHTaIb-
HOTO OOCTEKEHHSI HEPYHHIBHUM MeTOA0M OyJia
BCTaHOBJIEHA MII[HICTh OETOHY Ha CTHUCK B ILJIH-
TaxX TEePeKPUTTS Ii/[BAJTbHOTO MPUMIIEHHS, dKa
Bignosigae mapii 6erony M250 (kmac Gertony
B20; C16/20; foq = feo =115 MIIa). Takox
B pe3yJibTaTi iHCTPyMEHTATLHOTO OOCTEKEeHHsI
OyJia BCTaHOBJIEHA TOBIIMHA 3aXUCHOTO IIAPY
Gerony (t=30 MM) MiK HUKHBOIO ILIOIIHHOIO
pebpa TJIMTH 1 30BHINIHBOIO TPAHHIO HUKHBOTO
MO3/I0BKHBOTO  apMAaTYPHOTO CTEepP:KHS, SKUi
BurotoBsienuil giamerpom D20 mm, kmacy A-I11
(As=3,14 cM?), mo BiANOBiZAc Mapii ILIUTH
NII1-2, gka 3ampoeKToBaHa Ha PO3PaXyHKOBE
NoBHe HaBaHTaxkeHHs q=1,2 T/M?, i BcTaHOBJIeHA
BEJIMUMHA MiXK OTO MO3/I0BKHBOIO BICCIO 1 HUK-
HBOIO ILJIOIMHOI pebpa mmuTu: a=40 MM, Tofi
poboua BricoTa Iepepisy MO3A0BKHBOTO pedpa
[IPU OTO apMYBaHHI B PO3TATHEHIN 30H1 OJJHUM
103108k HIM cTepxkHeM D20 mm, knacy A-II1 cta-
nosutb Ng=h — a — @/2=360 mm. ITonepeune
apMyBaHHS TO3I0BKHIX pebep TIUTH MapKu
NII1-2 ynamroBaHe i3 CTEPKHIB JiaMeTPOM
08 mm ( Agy =0,503 cm?) kmacy A-IIT (A400 C),
SKi BCTAaHOBJIEH] HA TPUOTIOPHUX [IIISTHKAX 3 KPO-
KoM s=150 MM. ApMyBaHHS TTOJIUIIb TIJIUTH TIepe-
kputTss Mapku MII1-2 ynamToBaHe NI0CKUMU
CITKaM¥ i3 apMaTypHUX CTEPKHIB D4 MM KJacy
Bp-I, sixi BctaHoBJsieHi 3 kpokoM s=200 MM y 1103-
JIOBKHBOMY 1 ITOTIEPEYHOMY HATIPSIMKAX IIJIUT.
KoHCTPYKTUBHI ~ KOMIIOHEHTH  (eJIeMEHTH )
migCUIeHHsT 30ipHUX  3aMi300€TOHHMX — ILIHAT
MEPEeKPUTTS IIJIIXOM HAPOIIYBaHHS 1X Tiepepisy
yJIAIITOBaHI: JIOAaTKOBUIA 3a/1i300€ TOHHIHN Iap
HabeToHyBaHHs TOBIINHOW d=300 MM i3 GeToHy
kiacy C25/30(B30) feg = for =17,0MIla, apmy-
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BaHHS — 13 CTEP)KHIB apMaTypHOI CTaJli KJacy
A400C; ropu3oHTAIBHII €JIeMEHT 3aTSKKH — 13
IIPOKATHOTO rapsyeKaTaHoro (hacOHHOTO i JINCTO-
Boro Metany mapku craii C245; moxusmii ese-
MEHT 1 10/JaTKOBI BePTUKAJIbHI eJIeMEeHTH IIIIPeH-
reJIbHOI 3aTSKKM — 13 TIPOKATy rapsiueKaTaHoro
Kkpyrsioro Mapku craimi C355.

é 6008 é 5000

i i
N
008 ke

6

¥
Al
6000 ke

Pruic. 4. @parMenT many nepekpuTTst OyiBi (BUIIIsL
3HU3Y) Ta 1l Po3pi3 Ha PiBHI MiZIBATBLHOTO TIOBEPXY

PospaxyHkoBe 10OroHHe HaBaHTa)KEHHS Ha
03/I0BXKHE PeOPO TIUTH CTAHOBHJIO:
q=(0, +p)xB/2=(13,06+120)x15/2 =99,795kH | u
ne— g, =3,25+0,3x25x1,1+0,05%x 24 x1,3 =13,06«/1a
MOCTifiHE cyMapHe PO3paXyHKOBe HaBaHTAKEHHS
Bij Baru: 30ipHOI PEOPUCTOI MIUTH TIEPEKPUTTSI
Ha TIO3/I0BKHE PeOPO g, =3,25kH | »> 3a CepI€io
1N24-01/70; momaTKoBOro  3aj1i300€TOHHOTO
APy HAGETOHY BAHHSIIILTBHICTIO 756 = 25xH | 1°
MiHiMaIbHOIO TOBIIMHOI d=300 MM (3riaHo
pumor m. 14234 wnopm [11]); KoHCTpPYK-
i MosaiuHoi OGETOHHOI THAJIOrM 3  Ccepe-
HBOIO IIJIBHICTIO ¥, = 24xH / M3, TOBII[THOIO
hy =50mm ; p= R xk, =100x1,2 =120«Ila —
PO3paxyHKOBEe  KBa3iCTAaTUYHOTO  €KBiBaJIEHT-
HOTO HaBaHTa)KeHHsT Ha 1 M2 Bix xii HagMipHOTO
TUCKY TOBITPSIHOL YIapHOI XBWJI 3TiJTHO BUMOT
. 14.1.1.1 i ganux Tabs. Al B gomarky A Hopwm [1].

Busnayaemo BeqMYMHM BHYTPIIIHIX 3YCHJIb
B PO3PaxXyHKOBUX KOMGIHOBaHMX Mepepizax Mmo3-
JIOBKHBOrO pebpa 1 IIMTHUX JiAsHKaxX 30ipHOI
3aJ1i300€TOHHOI IIJINTU TEPEeKPUTTS, IO IMij-

CUJIIOETHCS, dKa MAa€ PO3PAXyHKOBUIl IPOTIH
lo =5,55Mm (AuB. puc. 5):

Y Y v \ o <.
X y T
* {p=5550 ¥
i 1=6000 +
Fa '
oy Ly

Pric. 5. Po3paxyHKOBHII TIpOTiH 30ipHOI 387113006 TOHHOT
TJTNTH TIePEKPUTTS

M pmax = 0% 12 /8=99,795x 5,552 / 8 = 384, 24xHn
Vinax = dxlo /2 =99,795x5,55/ 2 = 276,93k Hx
an =ax(,, xhxl, =0,0179x131,185x1,245x1, 25 = 3,654xHn

Mon = %0, xly xl, =0,0417x131,185x1,245x1, 25 = 8,513k Hm

ae |k =1,245u — po3paxyHKOBUI MTPOTIH IJIUTHOIL
TiSTHKA 301pHOI 3a71i300€TOHHOT TIMTH TIepe-
KPUTTS Y TIONEPEYHOMY 11 HATIPAMKY;

I, =1,25m — po3paxyHKOBUI TPOTIH TJIUTHOIL
JIIAHKY 30ipHOI 3a/1i300€TOHHOI [LINTH IIepe-
KPUTTS Y TI03/I0BKHBOMY ii HATIPSMKY;

o, B — eMIipudHi KoedillieHTH, SKi Bpaxo-

BYIOTb BIJIHOIIIEHHSI CTOPIH TJIUTHOI [IJISIHKU
36ipHOT TWIMTH I, /1, 1 THI ii o6mupaHHs, Oyau
NPUUHATI JJid BUMAJAKY 3alleMJeHHd 11 ycix
4oTUpPBOX cTOpiH, Ko lp /1y =7;
Uz =(0,05+0,3)><25><1,1+0,05>< 24x1,3+100x1,2 =131,185«/1a
— CyMapHe TIOBHE PO3paxXyHKOBe HaBaHTa)KEeHHS,
gKe JIi€ Ha TIMTHI JiISHKY 301pHUX ILIAT TIepe-
KPUTTS, IO MiJCUITIOI0THCS.

B pesysibrati po3paxyHKiB 3a BHIle BUKJIA-
nennmu 3ajiexHoctsmu (5—-12), (14), (18-21)
OyJiM OTpYMaHi 3HAYeHHS BeJM4YMH: Koedili-
enta n=3,635; MJIONI TOPU3OHTAILHOTO eJie-
MEHTA 3ATSKKH A =13,4cn® (TIpU fg = 365M1a ),
Ay =22,64cv? (TIpU  fs =216MIla)) i IOXKJIOTO €Jie-
MEHTY 3aTAKKU A, ;o =19,0en? (IIPU  f =365MT1a ) );
TJTOT apMYBaHHSI BEPXHBOI 30HU JOATKOBOTO
3aJ1i300€TOHHOTO TIapy HAOETOHYBaHHS y 1M03-
JIOBKHBOMY HATIPSIMKY TUTUTH A =1,6cx? ; TLIOI
apMyBaHHS BEPXHbOI 1 HUKHBOI 30H JOJATKO-
BOTO 3a/Mi300€TOHHOTO TTapy HaOeTOHYBAHHSI
y TIOTEPEYHOMY HANPIMKY IIJTUTH BiITIOBIZHO
Aq =0,79cw?, Ay, <0 (apMyBaHHS KoMOiHOBa-
HOTO Tepepiszy apmaryporo 5O4 mM, kiaacy Bp-1
IUIATHOI JIIAHKN 30ipHOI IIJIMTH MEPEKPUTTSI
mapku WI11-2 B 1i mporoxi € foctatHim).

KoHCTpYKTUBHI pileHHsT TMOAO TIPOEKTY-
BaHHs KOMIIOHEHTIB (€JeMeHTIB) KOMOIHOBAHMX
PO3PaxyHKOBUX Nepepi3iB MpH MiJICUJIEHH] 1103-
JIOBXKHIX pebep ABOX CyMiCHMX 30ipHUX 3aJIi-

11
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Pric. 6. 3aranbHuil BUTJISIT KOHCTPYKTHBHOTO PIIEHHS T ICHIEHHS 30ipHIX PEOPUCTHX ILIUT TIEPEKPHUTTSI
IIJITXOM HaPOILYBaHHs Iepepisy J0AATKOBMMI 3a/1i3006 TOHHIM IIAPOM B CTUCHYTIH 30Hi Ta apMyBaHHsIM
B PO3TSTHYTIl 30Hi y BUTJISII ITIpeHTeNbHOI 3aTsukkm: Byaym | i [T mpuBeseni na puc. 7 i puc. 8

lopu3zoHmansHUG eneMeHm
3amaxku cknadeHo2o nepepizy

(na3. 1)
Loox7 Ry AN
\\ \\\ g?\
O
—12x200 &
200

Puc. 7. KoHCTpyKTUBHE pillleHHsI HiACHIeHHsT peGPUCTUX ILIAT IEPEKPUTTS 003y KpaliHboi
OIIOPH ILIUT Ha 30ipHi 3213006 TOHHI PUreJIi TABPOBOIO Mepepiay: 1 — FOpU3OHTAIbHUIA e1eMEHT
satsukkn (msesiep Ne 33 abo ckrajieHoro mepepiay); 2 — By30J1 KPITUICHHsT TOXUJIOTO eJIEMEHTY 10
TOPU3OHTAIIBHOTO efieMenTy 3atskkn (Tpyba 80x80x7 mm; mostoca — 12x100x100 mm); 3 — moxusmit
eJIeMEHT 3aTsKKH (cTepskenb D56 MM); 4 — TOPUBOHTAILHIIN eJIEMEHT KPIillIeHHs TOXUIIKX eJIEMEHTIB
3aTSKKH JI0 aHKEPHUX eJieMeHTiB (crepskerb D32 MM); 5 — aHKepHHUIT eleMEeHT KPIIIeHHST 3aTSKKI
Ha Kpaiiniil oropi nepexkpurts; 6 — BepTrkaibHuil I-moiGHuiT efeMeHT KPIlJIeHHs TOPU30HTAILHOIO
eieMenTa 3aTsKKH (crepkenb @20 Mm); a — icHyioua peGpucTa uTa NepeKpuTTs; 6 — pureJip;

B — MOHOJIITHU 3/1i300€TOHHMIT AP HAOETOHYBAHHSI, 110 BJIAIITOBYETHCS 3BEPXY TLITHTH
JUIST 11 T ICHIeHHs

12
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Puc. 8 KoncrpykruBHe piteHHst MiCUJIeHHs PeOPUCTUX IJINT IePEKPUTTS Ha IIPOMIXKHIi o1opi:
1 — ropu3oHTaIBHUIT €JTEMEHT 3aTSKKY; 2 — By30J1 KPIMJICHHS TIOXUJIOTO €leMEHTY /10
TOPU30HTAJIBHOIO €JIeMEHTY 3aTsKKH; 6 — BepTuKanbHuil [-1oiGHMil eleMeHT KpilieHHs
TOPU30HTAJILHOTO eJjieMeHTa 3aTsKKE (crepskerb D20 Mm); 7 — MOXUJINIT €JIeMEHT 3aTsKKH
(crepxerb D56 MM); 8 — eeMeHT 3'€[HAHIST TOXHJINX eJIeMEHTIB 3aTsKKH (cTepskenb D36 MM);
a — icHyio4a peGprcTa IIKTa IEPEKPUTTS; O — PUresib; B — MOHOJITHII 3a71i300€ TOHHMIA 11ap
HabeTOHYBAHH, 110 BJIAIITOBYETHCS 3BEPXY IJIUTH JISK 11 THiACHIICHHSL.

300€TOHHUX TTAT TIEPEKPHUTTS ITi[BATBHOTO TIPU-
MimtenHs Oyaisii (aus. puc. 6, puc. 7 i puc. 8):
nepepi3 TOPU3OHTAJIBHOTO €JIeMeHTa 3aTSIKKU
npuitMaemMo 13 TpokaTHOro ImBesepa Ne 33
(4. =46.5cn*) ab0 CKJIAQIEHOTO TIEpepisy i3 ABOX
kyTuKiB L 90%90X7 MM i IpoKaTHOI T0J0CH
nepepizom ¢ xhb=12x200 MM (54, =48,6cu?), SIKi
3’eHyeMo Mix coboo 1o mosxkuHi y C-momi6-
Huil mpodinb (1uB. puc. 7 i puc. 8); HoXui ese-
MEHTH 3aTSSKKM TIPUHMAEMO 13 OTHOTO CTEPKHS
mepepisoM i3 TIPOKaTy KPYIJIOTO JiaMeTPOM
D56 (4=24,63cx?) Tix MeTpuuHy pizpOy M56
(BuyTpimmii miamerp 050,05 MM, 4=19,64cu®)
(nus. puc. 7 i puc. 8) abo ABOX CTepKHIB [ia-
MetpoM 2042 (=4=27,7em?) mij MeTpUUHY
pispby M42 (BuytpiumHiii miamerp 37,13 M,
$4=10,8x2=21,9cn?). JIJIs1 3aKpirieHHs 10 BepX-
HbOI TIOJHI 30ipHUX TJIUT TOPHU30HTATIBHOTO
eJleMeHTy 3aTsKKU 1 ikcailii HOTo B MPOEK-
THOMY TIOJIO’KE€HHI JI0OATKOBOTO BCTAHOBJIIO-
I0THCSI BEPTUKAJIbHI €JIEMEHTH, SIKi yJTallTOBYIOTh
i3 TIpoKaTy rapsueKaTaHoOTo KPYTJIOTO [iaMeTPOM
020 mwm mig Metpuuny pizpdy M20 (zuB. puc. 7
i puc. 8). ApMmyBaHHS BEePXHbOI 30HU JI0JIATKO-
BOTO 3aJi300€TOHHOTO Iapy HabeTOHYBaHHS
3MIICHIOEMO apMaTypPHOIO CITKOIO 13 CTEP:KHIB
miameTpoM D5 MM, Kiaacy Bp-I, siki BcTanoBio-

€EMO Y TIOTIEPEYHOMY HANPSMKY IJIUTH 3 KPO-
koM $=200 MM (505 MM Ha IM.IL, £4=0,982cu%)
Ta B MO3/0BKHBOMY HAINPSIMKY TIJIUTH — 3 KPO-
KoM s=175 MM (905 MM Ha tupuHi T B=1,
YA=1,7 cm?). ApMyBaHHSI HIKHBOI 30HU J0/aT-
KOBOTO 3aJ1i300€TOHHOTO Iapy HabGeTOHYBaHHS
3/IICHIOEMO KOHCTPYKTUBHO apMaTypHOIO CiT-
KOIO i3 cTep:kHiB miameTpoM D3 mm, kiacy Bp-1,
SKI BCTAHOBJIOEMO Yy TIOTIEPEYHOMY 1 TIO3/I0BXK-
HbOMY HAIIPSIMKaX IJIUTH 3 KPOKOM s=200 MM.
Hecyua 3maTHicTh KOMOIHOBaHOTO —mepe-
pisy 30ipHOI TUIMTH TIEPEKPUTTS, sIKa MiACH-
JileHa TIUISIXOM HapoIllyBaHHS Iepepi3y, cra-
HOBUTH Tipu mepeBipii ymoB (13) i (22): na
3ruH — M=436,98 kHw, 1o Ginbire ua 13,7% Bix
M max =384,24kH ; na 3piz — V=720,24 xH, 1o
Oinbiiie B 2,6 pasut Bl Vigy = 276,93kH .
BucHoBKH. 3alporioHoBaHa METOJIMKA pPO3pa-
XYHKY 1 TIPOEKTYBaHHS KOHCTPYKTUBHOT'O PillIeHHS
3 MTiICUIIeHHsT 30iPHIUX 3a71i300€TOHHUX PEOPUCTHX
TJTUT TIEPEKPUTTS MIJITXOM HAPOITyBaHHS TIepepisy
JIOJIATKOBMMH 3aJTi300€TOHHIM IIAPOM B CTUCHYTiit
30Hi Ta ADMYBAaHHM B PO3TSATHYTIN 30H1 Y BUTJISII
IITIPEHTeJIbHOI 3aTSIKKU JIO3BOJISIE: BPaXOBYBATH
HasiBHE apMyBaHHS MO3I0BKHIX pebep 1 MINTHHUX
JLJISTHOK 301pHUX IUTAT; 3a0€3IeYNTH MIIIHICTh PO3-
PaXyYHKOBHX IIEPEPi3iB MiCHIeHNX 30ipHUX ILJIUT

13
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MePeKPUTTS Ha JJITHKAX 3TUHY 1 3pi3y; Y/IOCKOHA-  JIeHHs IJIUAT niepeKputTTs tuiy (mapok) UII1-M1T14
JINTH TEXHOJIOTIYHI PillleHHsT 1 TTOCTIIOBHICTh MOH-  3a cepieio 1I24-1/70, siki GesnocepenHbo 06mm-
Taky (yJIAlITyBaHHS) 3 MiHIMAJIbHUME BUTPATH  PAIOThCs Ha 30ipHi 3a/1i300€TOHHI pUTeTi HECYYOro
KOHCTPYKTHBHHUX eJIeMEHTIB (KOMITOHEHTIB) Tiick-  Kapkacy OyiBesb (Cropy/).
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STRENGTHENING OF PREFABRICATED REINFORCED CONCRETE RIBBED FLOOR SLABS
BY INCREASING THE CROSS-SECTION WITH AN ADDITIONAL REINFORCED CONCRETE
LAYER IN THE COMPRESSED ZONE AND REINFORCEMENT IN THE TENSIONED ZONE
IN THE FORM OF A SPRENGEL TIE

Abstract. When amplifying beam and slab reinforced concrete elements by increasin% the cross-section
in both the tensioned and compressed zones, a number of challenges arise. These challenges stem from
the need to determine the optimal parameters of the strengthening components — such as cross-sectional
dimensions and material properties—within a combined section, where the number of variables is n>3.
The determination (l)f strengthening component dimensions requires a step—by—step approach, where
one component’s value is initially set. This leads to additional labor costs in calculations and results in
multiple solutions, not all of which are technologically or economically efficient.

An analytical method [/or calculating the rein/%rcement cross-sections of prefabricated reinforced
concrete ribbed floor slabs is presented. This method enables simultaneous cross-section enlargement
in both the corgpressed and tensioned zones while accounting for bending and shear load-bearing
capacity, including the existing reinforcement in spans and support areas. _ .

The calculation and design sequence for strengthening structural elements of pre ;_abmcated reinforced
concrete ribbed slabs g/%ypes IP1-2"and IP3-1 (series 1124-1/70) is provided. These slabs have plan
dimensions of 5.6 x1.5m and 5.6 X0.75 m, with a cross-sectional height of h=400 mm. Strengthening
is achieved by adding an extra reinforced concrete layer in the compressed zone and reinforcement
in the tensioned zone in the form of a s ren%el tie. This approach is applied during the reconstruction
of a basement into a dual-purpose shelter (Class I ?, designed to withstand a quasi-static equivalent
load of 100 kPa, as speciﬁgd in clause 14.1.2.2 of DBN B.2.2-5:2023 [1 j

The proposed methodological approach to strengthening prefabricated reinforced concrete ribbed
slabs can also be applied in the calculation and design ojj?stmctuml reinforcement components for
precast hollow-core slabs and monolithic reinforced concrete beam-slab systems during building and
structure reconstruction, revitalization, or damage restoration. ) ) )
Key words: prefabricated reinforced concrete ribbed floor slabs. strengthening by mqreasmg
the cross-section szmultaneouslly inthe compressed and tensioned zones, additional reinforce
concrete layer on top, sprengel tie, calculation and design methodology.
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OHNIHKA TEXHIYHOI'O CTAHY, MOHITOPUHI BYIIBEJIb TA CIIOPY /]
3A 10IIOMOTIOIO BIM

Anomauis. Onpayposaio rimepamypii xcepena uo00 npasui BUSHAUEHHS. (PI3UUHOZ0 3HOCY HCUTM-
N06UX 0YOuUnKie, Memooux obcmedncenis 6yodisens i cnopyd s OUiHKU iX MeXHIUH020 CIMAY, G MAKONHC
HoOpMamueni dokymenmu 3 0ydisHuYmMea, 30Kpema NoIoIeHHs NPO NPOBEOCHHS NAAHOBO-NONEPe-
OcyeanvHuUx pemormis npomuciosux 6ydisenv ma cnopyo. Ilpoananizosano naneposy Joxymenma-
uito, BKIIOUAIOY MexHiuni 36imu 3 00cmedcenis ma nacnopmii dani 6yodieens. Ha ocrosi ompuma-
Hol inghopmauii 30ilicheno demanvhuil AHALI3 OUIHKI MEXHIUHO20 CMAHY HCUMILOBUX | HEHCUMILOBUX
bydisenv ma cnopyd, po3easnymo npasuia 00Cmedncenis, OCHOBHI Kpumepii ma memoouxy npose-
denns maxozo ananisy 6id nowamxy 0o kinys. J[ocrioicero cmpyxkmyposani nepenixu degexmis s
PDIHUX KOHCMPYKMUBHUX eeMEHMI8, NPOaHANI308aH0 OCHOBHI KPUMEPIL OUIHKU MEXHIUH020 CMAHY
oydisenv. Ha ocrosi ompumanux danux po3podieno memooonoziio 0ns 3pyunozo eubopy oegexmis
OKpeMUX Koncmpykmuenux eiemenmis. Taxoxc cmeopeno cneyudixayio (mabuuuio Oedexmis)
3 ABMOMAMUUHOIO OUTHKON TEXHIUH0Z0 CIANY KOHCMPYKMUGHUX eleMenmie Oydisens 3a pesyiv-
mamamu obcmedxcenns. Onpayposano mexuiunui 36im 3 obcmedxcenns, 6y0ieii 201061020 HABUALL-
H020 Kopnycy Binnuyprozo nauionaiviozo mexniunozo ynisepcumemy. Ha 6asi ompumanux danux
3anosneno mabauylo deexmie i3 eHeceHHsIM 8i0N08IONOT indopmauii. Ananiz niomeepous nase-
HICMb NeBHUX 3AKOHOMIPHOCTEIL: Y BUNAOKAX, KOIU KOHCMPYKMUBH] eLeMEHMU € HenpUOamHumu
00 nodanvuoi excnayamauii, ixuii mepmin HopmaivHoi cayxcou dasno euuepnascs. Lle symosneno
8MPaAmMo10 OCHOBHUX MEXHIYHUX XAPAKMEPUCTIUK eSeMeHMIB, K MPUBATUU YAC eKCNIAYAMYBALUCS,
YACNO 8 HEHATEHCHUX YMOBAX. Y PA3l HAKONUUEHHS KpUMUuHUX Oeghexmis, siki He nionsearomny 6i0-
HOBNEHHIO, NOOATLULA EKCRIYAMAYis KOHCIPYKMUCHUX eLeMeHMI6 CMAE HeMONCIUG0I0. Y makux
sunaoxax neobxiona ixns samina abo 30iicHens 6i0nosioHuUx 3ax00ie 01 ycynenns degexmis.
Kntowosi cnosa: asmomamuuna madauys Oedpexmie, mamemamuune MoO0eaI08AHHS,
necyua 30amunicmo, BIM-mooens, Qizunnuii 3noc, mexuiunuii cmamn, mepmin excnayamauii,
Hanpyiceno-oepopmosanuii cman.

ITocraHoBka npooaemu. By Ta criopyau
€ HEBiJI'€MHOIO CKJIaJIOBOIO JKUTTEBOTO MTPOCTOPY
JIOAMHY, 3a6e31edyoun KOM(BOPTHI YMOBH LISt
IPOKMBAHHSA, POOOTH Ta COIiaJIbHOI B3aEMOIii.
3Bakalo4yM Ha IUPOKE PIZHOMAHITTS JKUTJIOBOTO
GboHIy, TPOMACHKUX 1 BUPOOHMYUX OyiBeb,
a TaKOXK 1X CUCTEeMHe YCKJaHEHHS — TijiBUIIle-
HOI aKTyaJbHOCTI HaOyBa€ MUTAHHS OO0 YTPU-
MaHHs Ta 00CJyTOBYBaHHS IIbOTO IOCIIOAAPCTBA
B HaJie)kHOMY cTaHi. CynpoBijiHa TOKyMeHTallist
Ha KOKHUI OyaiBeJbHUI 00’€KT Ma€ MiCTUTH
HACTYIIHY IOKyMEHTAIIi0, & CaMe: IPOEKT, IHBEeH-
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Tapu3alliiiHa cIpaBa, BUKOHABYA JOKyMeHTallid,
TEXHIYHUI ACIIOPT, 3BiTH 3 OI[IHKUA TEXHIYHOTO
cTaHy (OHOBJIOIOTHCA Yepe3 KOKHI I'STh POKIB
eKCILTyaTallii), 3BiT 3 eHeproayauTy Toilo. Tpa-
JUIHITHO, CKJIAIOCh TakK, 0 y BIACHUKA OYaiBJIi
€ JIMIIe IIOCh YacTKOBO 3 IiepesiiyeHol BHille
mokymenraitii. OcHOBHa Bara 3a 0OE3IEKy €KC-
TuIyaraiii, HaaiiHicTh OyAiBJII MOKIAJAETHCS
B JIAHOMY IIepeJiKy Ha TeXHIYHUN [acrnopr
OyziBesbHOTO 06’€KTY, 3BIT 3 TEXHIYHOrO 0OCTE-
JKeHHsI. AJle BUTOTOBHTH ITI0 JIOKyMeHTaIlii, 6e3
HAsIBHOTO IIOBHOTO KOMILJIEKTY JOKYMeHTaIllil,
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JIOCUTb TPYAOEMHO, Ta il NMPU KOKHOMY TIOCJIi-
IyI04oMy 0OCTeKeHHI TeXHIYHOTO CTaHy B Takiil
CUTYyaIlil JOBOAUTHCS BUKOHYBATU IOYMHAIOYU
3 BUTOTOBJIEHHSI 0OMIpHUX KpecjeHb. ToOTo 1e
NOCUTH TPYAOMICTKUMN, CKJIAQJAHWI Ta BiANOBI-
JTAJIbHUM TTpoIIec.

MumoBoJli BUHMKA€ MUTAHHS, YU CKOPIMI
JKUTTEBA HEOOXIMHICTh JESKOl ONTUMIi3alll Ta
mdposizaiii — 0co6IMBO 3 OIJISIAY Ha MOJKJIM-
BOCTI Cy4acHUX iH(OPMAIIITHIX TEXHOIOTI.

3apesyJbTataMu J0CJi/KeHH, BUKJIaIeHUMU
B JIaHiil poOOTi, TIPOTIOHYETHCS TPOIIEC EKCILTya-
Tarfii OymiB/Ii OpraHi3oByBaTH Ta peai3oByBaTh
3a JIONIOMOTOIO BITPOBAJI)KEHHS Ta BAKOPUCTAHHS
BIM mozei OyaiBii. A a1t HOBUX OY/IiBEIbHIX
00’exTiB, OGe3aMBTePHATUBHO, TTPOEKTHO-KOIITO-
PUCHY JOKYMEHTAI[0 CJTiji po3pOOJISATH, TIPOCK-
TYBaTH B BiINOBITHUX TPOTPAMHIX KOMTLIEKCAX,
aki MoxyTh Oytu moexHaHi 3 BIM-texnoso-
TISIMU.

Ha 6Gasi BIM-mozmeni Oyzisii moxke OyTh
OpramizoBaHUI CympoBo/i Oy/IiBJI Ha eTari eKc-
nJIyaTalii Ha TPUHIIMIIOBO HOBOMY PiBHi, TOMY
110 JI03BOJISIE:

— Ockisibki BoHa € TM(POBUM JBIHTHUKOM
Oy i, Ha 6asi KO, Ha Cy4acHOMY PiBHI MOKJIMBO
Ta JIOIJIBHO peasli3oByBaTU KOHTPOJIb Ta JUHA-
MIYHY OIIHKY TEXHIYHOIO CTaHYy KOHCTPYKIIiH;

— AHajnizyBaTu  HagBHI  TIOIIKOJKEHHS,
nedopmaltii  Ta 3HOIIEHHS KOHCTPYKTUBHUX
eJIEeMEHTIB, 3aIyCTUTHU MPOIEC PO3PAXYHKY IS
BU3HAYEHHS HATPYKEeHO-/1e(hOPMOBAHOTO CTAHY;

— [lmanyBatu peMOHTHI Ta BiJIHOBJIIOBAJIbHI
poboru;

— Bukonatu MaTemaTMuHe MOJIEJTIOBAHHS
MOKJIUBUX BaplaHTIB pyHHYBaHb Ta TaKOro
IHIIIOTO;

— IHTerpyBatm JaTYMKM MOHITOPUHTY [Tk
ABTOMATUIHOTO 36opy JIAHUX.

PoGota B jmawiit ccepi, Ha Tepmii OIS,
MO3Ke 3/IaTUCh HETIOMITHOIO, 32 YMOBH, 1110 JIaHN
II/IX1/] TIPAIoe CUCTEMO, TIJIAHOBO, TOOTO peasti-
30BYIOTBCS 1HKEHEPHO-TeXHIUHI 3aX0/I1 Ha yTie-
pe/UKeHHs, a He aBPJIbHOI JIIKBia1lll HACJIi/IKiB.
[lns peasizaliii came TaKOTO BapiaHTY KUTTE[-
SITBHOCTI OY/IiBEIBHOTO 00’E€KTY 1 MPOMOHYETHCS
BapiaHT cynmpoBoAy Oy/iBJi B mporeci exciya-
Tailii st 3abesnedeHHs e(heKTUBHOI, Ge31euHo]
eKcIlyaTallil, a OJIHOYaCHO 3 I[UM rapaHTyBaTu
JIOBrOBIYHICTb, HajiliHICTh. He 3Bajkamoum Ha
HasIBHUHN i1HKEeHEePHUI 0CBi Ta icHyBaHHS O€e3-
JIi4i TTOT0KeHb, METOINIHNX peKoMeHaartii [1],
IpaBUJI I[OAO ITIPOBENEHHS 3aXOAiB i3 3amobi-
raHHs geeKTam i MONKOKEHHSIM Oy IiBesb, Ha

CHOTO/IHIIIHIN Yac He ICHYE A1ICHO JIIEBOTO MeXa-
Hi3MY, TPAKTUKHU 3 TADAHTOBAHOTO yIePe/IsKeHHS
BUXOJY 3 JIaJy eJIeMeHTiB Oy/IiBeJIbHOI CHCTEM.
s KOHTPOJIO piBHS Oe3IeKH, eKCHJIyaTauiI‘/’IHoI
Ha/IIHOCTI p03pO6JI€HO HOPMATHUBHI JOKyMEHTH
TS OI[IHKY TEXHIYHOTO cramy OyaiBesb i Cropyt
[2, 3, 4]. Ha ix ocHOBI 3/1iliCHIOETHCST 0OCTEKEHHST
00’€KTiB, 3a pe3yJbTaTaMK SIKOTO CKJIATAEThCSI
TeXHIYHUI 3BIT 3 OI[IHKOIO CTaHY.

3BUYANHO, /IJIT CTBOPEHHS TEXHIUYHOI JIOKY-
MEHTAIlii I[0/I0 OI[iHKK CTaHy OYAiBeJb i CIIOPY/L
3aJIyyaloTh clielliai3oBaHi opraHisailii un BijlIo-
Bi/iHOI KBasti(pikaitii paxisiis. Ile (axisiii Ta exc-
HepTH, IKi MAtOTh BIJITIOBI/IHI 3HAHHS Ta HABUYKHU
B 11ii1 cdepi. [IpoTe mocayru Takux opraHisaitiit
MOKYTh OYTH JJOPOTHMMI, & PE3YJIbTaTH Y AESIKUX
BUIIAJKaX — IPUBHOCUTH €JIEMEHTH CY0 €KTH-
Bi3My 4 MOXYTbh OYTH BTpauyeHMMH, HETIOMide-
HUMU.

Y 3B’13Ky 3 1IUM MOCTAE MUTAHHS: YU MOXKYTh
BJIACHUKH KUTJIa ab0 BiAMOBiAHI cy:KOM camo-
CTITHO BUKOHATH OOCTEKEHHS Ta OIIHKY TeXHiu-
Horo crany Oyaismi? 1o A/t 1bOTO MOTPIGHO?
Ax moxHa eheKTUBHO 3aCTOCYBATH AaBTOMATH30-
BaHy Tab/uIo Je(eKTiB JJIsT BAKOHAHHS 1[bOTO
3aBJIaHHSA?

AHani3 ocTaHHIX JAOCHiKeHb 1 myOiKaIiii.
Y cyyacHiil HayKOBIi#l JiTepaTypi aKkTUBHO PO3-
TJIAIAI0ThCS TUTAHHS 3aCTOCYBAaHHS ITUMPOBUX
TEXHOJIOTI#T /IS OIIHKU TeXHIYHOTO cTaHy Oyii-
BeJb i CTIOPYA. 30KpeMa, JOCHTIKeHHS JeMOH-
cTpyoTh edeKTUBHICTh BuUKopuctanus BIM-
Mogenell s inTerpaiii Ta 0OpOOKKM BEJIMKUX
obcsriB iH(MOpMaItii, 1Mo CTOCYEThCsST (Gi3UIHOTO
CTaHy KOHCTPYKIIii, TEXHIYHOTO CTaHy, HECy4ol
3/IaTHOCTI.

3HayHa YacTHHA HOPMATWBHUX JOKYMEHTIB,
SKi PeryJIooTh OLIHKY TeXHIYHOro cTaHy Oyi-
BeJIb, OPIEHTOBaHA Ha TPAIUIIIIHI METOM 0OCTE-
’keHHsA. B Ykpaini 3acTOCOBYIOTbCS Taki CTaH-
naptu [3, 4], aKi BCTAaHOBJIIOIOTh OCHOBHI BUMOTU
JI0 TIPOBEIEHHSI TEXHIYHOTO 0OCTEKEHHS OyIi-
BeJIb 1 CIIOPYI.

OnHax 11i TOKyMeHTH He BPaXOBYIOTh MOKJIN-
BOCTI II(POBOTO MOJIETTIOBAHHS JIJIST CITPOTIIEHHS
mpolecy HakolW4yeHHd iHQopMailii, aHamizy Ta
Bigyasisaitii edekTiB. Takox JOCUTDH BasKJIUBUM
3QJINIIAETHCST HATIPY KEeHO-e()OPMOBAHMUIA CTAH.

MikHapozHi KOCTiIKEHHS, 30KpeMa poOOTH,
omyb6utikoBani y Science Direct Ta Springer, cBij-
YaTh PO aKTHUBHE BHpoBaskeHHss BIM y Oyi-
BeJIbHIiT cepi, ase B GITbINOCTI BUTIAAKIB aKIIEHT
POOUTHCS Ha eTalax MPOEKTYBaHHsI Ta Oy/[iBHUII-
TBQ, a HEe eKCILIyaTalfil.
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Pospobku y cdepi 1nndpoBux ABIHHUKIB
(Digital Twins) BiAKpUBAIOTH TEPCIEKTUBH
711 MOHITOPUHTY CTaHy KOHCTPYKIINA Y peskuMi
peasibHOrO yacy, aje ixHs iHTerpaiisg y BIM-
cepeIoBUINE Bce e 3AJUIIAETHCS BUKIUKOM.
3arajioM 1ie 1I0B’s13aHO i3 TPoOJEMOI0 IHAMIY-
HOTO BiJICJIIIKOBYBaHHS TeXHIYHOTO CTaHy OyIi-
BEJIBHOTO 00 EKTY.

Otie, KIIOYOBOIO MPOOIEMOIO 3aJIUIIAETHCS
HefoctaTHs iHTerpaiiss BIM s BupiteHHs
3aB/laHb TEXHIYHOTO MOHITOPUHTY Ta €KCILTY-
ararii OyziBesb. BimcyTHicTh craHzapTH30Ba-
HUX METOUK OI[IHIOBAaHHS Ta aBTOMaTH30BaHMNX
AJITOPUTMIB 0OPOOKH 1e(PeKTOOTIUHUX JTaHUX
y BIM-mozendax raibmye BIPOBAKEHHS IUX
TEXHOJIOTIIl y TPaKTUKY OyaiBeIbHOTO 00CTe-
JKEeHHS.

Merta Ta 3aga4i JOCTiAKeHHs. € BU3HAYEHHS
noTteHiiany  3acrocyBaHHss  BIM-texHosoriii
y Ipolecax OI[IHKU TEeXHIYHOIO CTaHy, MOHi-
TOPUHTY Ta €eKCILIyartailii Oy/iBeib i CIopy,
a TaKOK PO3p0oOKa METOIOIOTIYHUX T AXOIIB TSI
inrerpaiii BIM y mpomecu o6cTekeHHs Ta aHa-
713y f1eheKTiB KOHCTPYKTUBHUX €JIEMEHTIB.

Jluist focsrHeHHS 1€l MeTH HeoOXiHO BHpi-
IIUTHU TaKi 3aBJlaHHS:

— IIpoBecTn aHami3 Ccy4acHUX HOPMATHUB-
HUX JJOKYMEHTIB Ta JIiTePaTyPHUX JIKepeJt 10/10
OIIHKY TEXHIYHOTO CTaHy Oy/IiBeJIb.

— [locaiiutn  MOXKJIMBOCTI  3aCTOCYBAHHS
BIM-mopeneit nist cTpyKTypusallii JaHUX 1IPO
CTaH KOHCTPYKIIIH.

— 3anporoHyBaTl MeTOJUKY aBTOMAaTH30Ba-
HOro 00Ky nedekTiB GyaiBess Ha ocHOBI BIM
Ta U(PPOBUX TAOJIHIb.

— Po3pobury KoHIeNilo iHTerpaiii gaHux
obcrexxennss 'y BIM-cepenoBuiie st 110/1ajb-
III0TO MOHITOPUHTY CTaHy 00’€KTiB.

OuikyeTbes, MO pe3yabTaTH AO0CTIKEHHS /103-
BOJISITD IT/IBUIIATH TOYHICTD Ta MIBU/IKICTD OIIHKA
TEXHIYHOTO CTaHy KOHCTPYKIIi/, a TaKOXK TOKpa-
IaTh IIPOIIEC YIPABJIHHS eKCILTyaTarieio OyIi-
BeJIb 3aB/IIKU BUKOpUCcTaHHI0 BIM-TexHosoriit.

Pesyabratu gociakens. OcobImBOCTI BUKO-
pucrannsg BIM 14 o1liHKN Ta MOHITOPHUHTY.

BIM-rtexnosiorii HafialoTh MUPOKI MOKJIUBO-
CTi /I cUCTeMaTH3allii Ta aHaJi3y IaHUX PO TeX-
HIYHMIT cTal OyAiBebHIX KOHCTPYKIIi. OCHOBHI
nepeBary ix BUKOPUCTaHHS Y cepi MOHITOPUHTY
Ta OI[IHKMU CTaHy Oy/IiBeJib BKIIOYAIOTh:

— CrBopeHHss 1U(POBUX JIBIHHUKIB OyIi-
BeJIb — MOBHOIIHHI 3D-Mozesi, 1110 MIiCTITh AaHi
PO Matepiajiu, TeOMeTPil0 Ta CTaH KOHCTPYK-
TUBHUX €JIEMEHTIB.
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— ABroMatu3oBaHuil 00K medeKTiB — BHe-
ceHHd iH(opMalii PO TOIMKOMKEHHS Ta IX
XapaKkTeprucTUKy Oesnocepenbo y BIM-Mozenb.

— AHaJi3 1MHAMIKK 3MiH — BiICTE€KEHHSI TIPO-
1[eCiB CTapiHHS KOHCTPYKIIM HAa OCHOBI MOPIB-
HSAHHS JIaHUX 00CTEKEHb 3a Pi3HI mepioju.

— IIporHo3yBaHHs  3aJUIIKOBOTO TEePMIiHY
eKCITyaTalfii — BU3HAYeHHS PiBHS (Hi3UIHOTO
3HOCY Ta BU3HAUEHHS IPAHWMYHOTO TEPMIHY eKC-
TUTyaTallii JJIst IPOTHO3YBaHHST PEMOHTHUX POOIT.

— IdTerpamiss 3  CEHCOPHUMHU  CHUCTe-
MaMu — mijgkatodeHHst loT-gaTtumkis, 1o 703-
BOJIAIOTH KOHTpOJIoBaTH  jechopMmaiiii, BOJIO-
riCTb, TEMIIEPATyPHI 3MIHU Ta iHIII MOKA3HUKU
B PEKUMI PEaJIbHOTO Yacy.

[lng  edextuBHOrO  3acrtocyBanns BIM
y chepi MoHiTOPHHTY OyaAiBeIb HEOOXITHO PO3-
poOWTH CTaHIAPTU30BaHI METOAMKH BHECEHHS
Ta 00pOOKK 1e(EKTOIOTIYHNX JIAHUX, a4 TAKOK
MeXaHi3MU iHTerpalii Mux JaHuX 3 MUPPOBUMU
TaOJIMISIMU OI[IHKK CTaHy KOHCTPYKITiil.

[llo mpexacraBiasic aBTOMATHYHA TaOJIHILSA
nedeKTiB.

AsromaTuyna Tabuuig gedekTiB  TexHiu-
HOTO CTaHy KOHCTPYKIIii OyzaiBesb MOKe Mic-
TUTU PI3HOMaHITHY iH(MOPMAIliIO PO BUSBJIEHI
pobsieMu, IXHi XapaKTepPUCTHKK Ta BIUIMB Ha
Oynisio. 1o cyTi, 151 TabJIMIs CTBOPEHA IS CUC-
TemaTu3allil indopmarii mogo gedekris OyaiBii
Ta crmocobiB iX yCYHEHHs, Ta OCHOBHOIO 1i 3aja-
4el0 € CTBOPEHHS JIMHAMIYHOI Oa3u maHuX. Bona
€ 3PYUHOIO JIJi TIeperidny, a il inopMaTUuBHICTb
JI03BOJISIE PO3MIMPIOBATH 0a3y JaHUX Ta BHKO-
PUCTOBYBATH 11 JIJI1 TTO/IAJIBIIOTO AHAJII3Y.

Crernudikariss medexTiB 3a3Buyail (popmy-
€TBCS SIK y3araJlbHEeHHS PE3YIbTaTiB 00CTEKEHHSI
Ta CJIYT'YE OCHOBOIO /1711 BUCHOBKIB Y TEXHIUHOMY
3BITI.

Bona HanmoBHIOETHCS iH(MOPMAITIETO 31 3BITY Ta
BKJIIOYAE TaKl KJIIOYOBI KOMITIOHEHTH:

— Knacugikaitito KOHCTPYKTUBHUX eJieMeH-
TiB (CTiHU, IEPEKPUTTS, TIOKPIBJIS, PyHIAMEHTH
TOIIIO).

— Jlani ipo nedexT Ta MONTKOIKEHHS — BU/I,
CTYIIIHb TOIIKOJ)KEHHS, TeOMEeTPUYHI XapaKTe-
PUCTHKH.

— Dorodikcarlito — 300paskeHHST BUSBICHUX
nedeKTiB.

— BucHoBku 110710 ycyHeHHS aedexrTy —
3aIPOMIOHOBAHI 3aX0/IM PEMOHTY ab0 3aMiHML.

— Oninky TexHiyHOTO cTaHy [4] — BU3Ha-
YeHHd piBHS (DI3UYHOTO 3HOCY KOHCTPYKIIii [3].

— BusHaueHHs rpaHUYHUX TEPMiHIB eKCILTya-
Tallil KOHCTPYKTUBHUX €JIeMEHTIB.
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— MoxuBicTb BHECEHHS MNPUMITOK II0J0
yCcyHeHHS 1e(heKTiB Ta MOMIKOKEHb.

ABTomaTmuHa crierudikailiss aedexTiB 103-
BOJISIE CYTTEBO CIIPOCTUTHU HPOIENYPY aHAJII3y
TEXHIYHOTO CTaHy Oy/IiBesb, a/yke MICTUTDb YCIO
HeoOXiHY 1H(MOPMAIIiI0 B OJHOMY MiCIIi.

[lo mpukmany ysBiMO, IO TEXHIYHUUI 3BIT
dbopmyeTbest  Ge3mocepeiHb0 Ha  OCHOBI  IIi€d
Tab/MMIl — Y TaKOMY pasi OLIBIIICTh TEKCTOBUX
OINCIB CTAOTh MEHII IOTPIOHUMM, OCKLIbKU
BCl JlaHi BKe TIPe/ICTaBJIeHi B CTPYKTYPOBAHOMY
BUTJISAII.

B rabmuii pospaxyHOK (hisHYHOTO 3HOCY
BU3HAYAETHCS aBTOMATUYHO Ha OCHOBI 3a3Have-
Hux fedexTis. [licig BHECeHHST BUXIIHUX TaHIX
1010 Oy IiBJIi BCi 3aX0/1M Ta OIIHKK (DOPMYIOTHCS
OJTHUM HATUCKAHHSIM KHOTIKH.

binburicts gedexti [3] 159 KOKHOTO KOH-
CTPYKTUBHOTO  ejieMeHTa OyaiBii  BHeceHa
B cucreMy. KopuctyBau sIKuii mpaigioBaTMe i3
daitmom Microsoft Excel BuGupae morpibmHmii
nedeKT 3i CIMCKY, 10 ycyBa€ IMpobIeMu 3 Horo
(bopMyTIOBAaHHSIM Ta OITUCOM.

Ha (Puc. 1) HaBejena yacTuHa tabJIuili 3 mpu-
KJIaJIOM OTIHCY Jie(heKTiB.

Jlst orvicy sedbekTiB y TabJIuIli BAKOPUCTOBY-
eTbest Ba cToBI. Ile 3pobeHo 11t 3pyYHOTO
TPYIyBaHHS BCIX feeKTiB.

OavH CTOBIEIb TPUSHAYECHUN ST BUOOPY
nedexris (Puc. 2). 3aBagku BUILINBAIOYOMY
CIIMCKY, KOPUCTYBay MOXKe IepersisiHyTH BCi
MOKJIUBI BapianTy Ta BHOpaTH HEOOXIiIHUIL.
[Ticas BuOOpPY MOTPIOHO HATHCHYTH KHOIIKY
«/lopatu nedexty, i BiH aBTOMAaTUYHO 3'IBUTHCS

Bci 3adikcosani aedextn Bu6ip noTouroro Aedexty

y JIPyrOMy CTOBIII, 1[0 MICTUTbH IepesiK yxKe
BHeceHUX 7ie(heKTiB.

Yei 3adikcoBani nedekT KOHCOJIAYIOTHCS,
110 T03BOJISIE OTPUMATHU €INHE 3HAYEHHS (Di3ny-
HOTO 3HOCY, SIKE PO3PaXOBYETHCS HA OCHOBI BBe-
TEHUX TAaHWX.

[Ticta dikcyBanns naedeKTiB KOHCTPYKITIHT
OyziBJIi, BUSBJIEHUX TIiJl Yac TEXHIYHOTO obcTe-
JKEHHsI, 3aXO/M II0/I0 YCYHEHHSI (POpMYIOThCS
aBTOMATHUYHO Ha OCHOBI OTpUMaHOi iHpopMa-
il 3 nmonepenHix crosmiiB. Ha (Puc. 3) mnoka-
3aH0 c(hOPMOBAHUI BUCHOBOK TIOI0 YCYHEHHS
HONIKOKEHb KOHCTPYKIIH Oy /IiBJIi.

OcKiZIbKU 1010 KOHCTPYKTUBHOTO €JIeMEHTY
B TabJIUIT MOKYTD Oy TH KiJTbKa Ie(heKTiB, Criocobm
iX YCYHEHHS /11 KOKHOTO (biKCYIOThCSI 1H/IUBI-
NyajabHO. B mpuMiTKax 103BOJIEHO BECTH 3alllCU
PO PE3YJIBTaT PEMOHTHHX POOIT, M0 A€ 3MOTY
(ikcyBaTl BCi 3MiHM, TaKOK MOKHA OTHCYBaTH
JOIATKOBY iH(MOPMAIIIIO STKa CTOCYEThCS TIPUINH,
110 YHEMOSKJIMBJIIOIOTh BUKOHAHHS 200 Take iHiie.

J01aTKOBO JJIst HATJISITHOCTI B TaOJIHIIIO ZI0/1a-
eTbcsl orodikcallis, sKa a€ 3MOTY Bi3yaJbHO
nepersisiHy T fedextu. [l ekoHoMil mam’gTi Ta
3MeHIIeHHs HaBaHTaskeHHs Ha Microsoft Excel
BTabsuiio hororpadii He BCTaBIAIOThCs Ge3MOCe-
peanbo. HaTomicTb BUKOPUCTOBYETHCA CHUCTEMA
MOCUJIaHb Ta TilePIOCUJIaHb, IO J03BOJISE
nepexoauTu 70 3bepesxkennx dororpadiii. Parri-
OHAJIBHUM DIIIEHHSIM SIBJISIETHCST 30€PEsKEHHS
dotorpadiit 'y xmapuomy cxosuii (Puc. 4),
110 JIa€ YNMAJIO TIepeBar:

[To-mepmie, nHakommuyBaui [1K we 3acmiuy-
I0TbCSL 3aiiBUMM  aitmamu, a AJd Teperysaay

fojath  OiaWunmi
ey 3uoc

HesHauHi noWkogxenHa oxpen

Hesnauni okpewmi ckoau ko

2% Mose ekcnayaTysaThea 6es saxondis

Tpiuyrn 4o Twm Tpiuysrm 40 T

5% Beranosnenna maprepa

Mowkogmenna dacagy 5-10%
Nowrogennn dacany 5-10% nrowi 0w

17% BUBOIH Ta TPiLYHH, PEMOHT PAKTYPHOO Wapy

Hesnauwi Hesxauni n

| |15 Moxe ekcnayaTysaThea 6es saxondis

TDILLHY Y WEEK Mis% NAUTAMA 40
Tpiuyrn y waax mis naran 40 2 Zum

Knonka

6% Tpiwn

HesHauHi NOWKOAMENHA NOBEpxHi
Tpiumn y waax mix nwtan 40 2w, Heswauni nows nwut 1-2% niowi

Tiuy abo yeaakosi

12% i

Puc. 1. @parment aBroMaTnyHOi Tabmii geeKTiB
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300paskeHb J0CTaTHBO HaZaTH JOCTYI 0 XMap-
HOro cxoBwuia. Ile TakoX ycyBae HEOOXiTHICTH
y MePeHOCHUX HOCISX maMm'ari abo JI0JaTKOBUX
nepemileHHsX (aiiis.

[Ile oxmHi€eto TIEpeBaroio € Te, MIO ITi/1 Yac mepe-
nadi Gaiisis iHmmM ocobaM MOCUIAHHS Ta rimnep-
MOCUJIAHHS HE BTPAYalOTh CBOEI Mpale3/[aTHOCTI
Ta Be[yTh 10 moTpiOHUX hoTtorpadiit. Kpim Toro,
noImiapHO (hikcyBaTH Ha doTorpadisx pesysib-
TaTH yCYHEHHS neeKTiB, MO T03BOJISE OMIHUTH
BUKOHAHY POOOTY Ta 3pO3YMITH, sIKi came 3aX0/1
OyJIv TIPOBEIEHI.

Oxpim dorodikcartii, x0 TabIUIl MOXKHA
7oflaBaTh akTH AedexTallii, po3paxyHKOBI MaTe-
piajiv, CTATUCTUYHI JIaH1 Ta 1HII JOKYMEHTH, 110
HiITBEP/KYIOTh HasiBHICTD fedexTiB. [ls 3pyd-
HOCTI Ieperisijly peKOMeHI0BaHO 306epiraty I
aiinn y popmati PDE

Y crosmiti «CTpok HOPMaJIbHOI eKCILTyaTallii»
(Puc. 5), po3paxoBY€ETbCSI TPAaHUYHUIT TePMiH
eKcCIIyaTallil SIKUid J03BOJISIE OIIHUTU, CKLIbKU
yacy Ie MOXe IMPOCJAYKUTU KOHCTPYKTUBHUI
eneMeHT OyxiBmi. JIaHMI NOKa3HUK 3a/IeKUTh
Bifi mekisbkox hakTopiB: «Excmryarariitanii
TepMiH cyxkOu» ta «Disnunuii 3Hoc». Hopma-
TUBHI TIOKa3HUKU eKcITyaTaitii [3] /17151 KO3KHOTO
KOHCTPYKTHBHOTO eJleMeHTa Pi3Hi, TOMY iX Heob-
Xi/IHO BU3HAYaTU 1HAUBIAYaIbHO. Baxkaugo, o
(bakTHYHUN Ta HOPMATUBHUN TEPMiHU CJIyKOMU
MOJKYTb BiZIPI3HSATHCS SIK Y OIJIBIIY, TaK i y MEHIITY
cropony. Ha 11eit paxTop BImmBaoTh YMOBU €KC-
IJIyaTallii Ta BiICOTOK 3HOIIEHHS KOHCTPYKIII,
IKUI BU3HAYAETHCS 32 JIOMOMOT010 (hi3MUHOTO
3Hocy. Takox BaXJIMBUMU € MEPIOJAUYHICTD
00CIyTOBYBaHHS Ta IIPOBEACHHS MOTOUHUX Y1
KalliTaJbHUX PEMOHTIB.

HesHa4Hi NoWwKog#eHHA ohpemi

I NOWKOQ#EHHA OKPEMI CHOAH CHOIH

Bigragassr ur)':-)':ucr' Ao 105 nnowi
Bignapanup wrysrypss 10-305% naowi

BHETOROESHKR DOSHMHY 31 WETE 40 Tow ke 10%
BAETOHESHHER DOTwHY 31 WETE 40 Zow ke 30%
BusiproEasrR posHMHy 31 weis go dow ke 50%
Cromioeanks yermw 1-53 naowi

Maooee signagassr wiysaTypao 30-50% naou |

Y pasi 3amiHUM KOHCTPYKIlii, HaIpUKJIAJ,
HOKPUTTS TIOKPiBJIi, TEPMiH eKCILTyaTallii Moxe
BiZIPax0OBYBaTHCS BiJl MOMEHTY 3aMiHU. 3arajioMm,
TEPMiH CJIy;KOM TIOYMHAETHCS 3 MOMEHTY BBe-
neHHst OyIiBJIi B eKCILTyaTallifo, Koau OyaiBis
BBAKAETHCS HOBOIO Ta HEYIITKO/KEHOIO.

B rtabauii pospaxyHOK Mepiofy, IO SKOro
KOHCTPYKTUBHUI €JIeMEHT MOXe HOPMAaJbHO
eKCILTyaTyBaTUCs, 3/IMCHIOETbCS BiJl TIEepiojy
00CTeKeHHST, OCKIJTbKA Ha MOMEHT OOCTEeKEHHS
XapaKTePUCTUKU €eJIEMEHTIB BIJIPI3HAIOTHCS Bijl
MOYaTKOBMX. HopMaTuBHUIT TepMiH CIIy:KOU
BU3HAYAETBCI 3 yPaxyBaHHAM (HAKTUIHOTO
nepiofy, MO 3aJTUITUBCSI 3 MOMEHTY BBEIEHHS
OymiBJIi B €KCILIyaTalilo /0 MOMEHTY IIpOBe-
JIeHHS 00CTEKEHHSL.

Buxopucranng BIM-momeni png  Haros-
HEHHS Ta aHAJITUYHOTO PO3PAXYHKY 03BOJISIE
CTBOpIOBATH JAWHaMiuHy 0asy manux. Hampu-
KJal, y IporpamMHoMmy komiiekci Autodesk
REVIT € moxauBicTs criBmpartti 3 dhopmaTamu
Microsoft, mpoTe jaHa CIiBIpaIs peati3yeThest
3a JIoroMoroio 1arinis. [Ipore He 3Bakatroun Ha
1ie 3'SIBJISIETBCSI 3MOTa KOHBEPTYBATH HEOOXiIHY
indopmartiito y 3pydnuii ¢opmart i migB’a3yBatu
70 Mojesi ToToBy iH(opmario. Akmo Hamam-
TYBaTH TMPaBUJIBHO CUCTEMY, Bifipady B MoOJei
MOJKHa Oyjie IHTePAaKTHMBHO HATUCKAIOYN HA KOH-
CTPYKTUBHUIA eJIeMEeHT MPOTJISHYTH iH(popMailito
i3 a6 edeKTis.

3arazioM, crmigbHa pobora BIM-momeni Ta
Tab/uii gedeKTiB yTBOPIOE CBOTO poay 6asy
MaHUX 3 YCI€EI0 CYMYTHBOIO iH(OpPMAIlE Ta
IHCTPYMEHTOM /ISl IMHAMIYHOTO MOHITOPUHTY
TEXHIYHOTO CTaHy OyiBeJIb Ta COPY/L Ha TIEBHUI
nepion. /lana cnenudikailig y 1boMy KOHTEKCTI

2% Moie ekcnayaTysaTHod §e3 400aTHOBHX 3aX040

A0 Lam TpiwuHy oo Imm

5% BcraHoBneHHA

MNowkogxexna pacagy 5-10%

#edda dacagy 5-10% nnowi naowi

3ama3zysaHHiA BUEOTH Ta TPILMH, pEMOHT $akTyp

Puc. 2. Sk Burssizae Bubipka gedextin
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Dopata
nedert

DIFMUHMH
3HOC

Cnocobn yoyHeHHA

doTodikcaiin

https://drive google.com/file/d/
19Yf7Ln1jw021GRphZglarrhiBRUKE

5% BLTEHOBASHHA MapRepa AX|/view?usp=drive link
https://drive.google.com/file/d/
18Yf7Lnljw021GRphZelarrhjBRUKS

5% BCTaHOBASHHA Maprepa AX|viewFusp=drive link

POIWHBAHHA TPIWKHH Ta 3aMasyeaHia . JpiGHui pemoHT
18% WTYHATYRHH

https://drive.google.com/file/d/

INXvncsiLmtBIFIAIZIMIYEN1ZLpt]

ccl/viewZusp=drive link

FepMeTHIZWIA WEIE, 3aM33YBaHHA TPIWHH 3 BIAHOBNEHHAM
ONOPASKYESNLHOTD NOKPHTTA. BiQHOBNESHHA 33XMCHOND Wapy,
rEPMETHIALIA WEIB, 33Ma3YBIHHA TRILMH, YTENNEHHA YACTHHH
3R% FTHRIR

https://drive google.com/drive/f

olders/1igjyshbQ1KivimlKkag Ea

DeKnrYISGL]

Puc. 3. @parmenT tabmuiii 1ehekTiB i3 OMUCOM iX yCYHEHHsT

Puc. 4. Tleperiisiz oro y bpaysepi

dboTodikcauia CTpoK HOPMaNbHOI eKcnyaTaLji MposeaeHi peMmoHTH

https://drive google.com/file/d
19Yf7LnIw021GRphZglarhiBRUKE
_|A¥IviewPusp=drive link 2102

https://drive.google.com/file/d
15Y¥f7Lnljv021GRphZglarrhBRUKE
_|AXI/view?Pusp=drive link 2104

https://drive.google.com/file/d/
IN¥vncsiLmtBIFIAIZIMIVENIZ Lptl
_ ccl/view?usp=drive link 2090

https://drive google com/drive/f

olders/1igjyshbQlK7vimIKa8 Ea
_|OeKpeYISGS) 2069

Puc. 5. @parment tabamili nedexTis
i3 pO3paxyHKOM TePMiHy CJIyKOU
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CJIYTY€ IOMOBHEHHSIM [0 Mojesi, 30epirarodn
naHi oO6cTeKeHHsT Oy/IiBeIb Ta OMUCYIOYHN IX eKC-
IUTyaTaIli ol CTaH.

Bcee 1ie cnpusie g MOXKIMBOCTI Tiepiojiny-
HOT'O OHOBJICHHS JJAHUX, 1110 JI03BOJISE:

— BincrexxyBatu, ski gedextu 3’ABUINC,
a sIKi OyJIn yCyHeHi.

— AnanmizyBaTé TeH/IEHIll 3HOIIEHHS KOH-
CTPYKIIii.

— OuminoBati  edeKTUBHICTD TPOBEIEHUX
PEMOHTHMX 3aXO/IiB.

— IlnanyBaTit MaitbyTHI poOOTH 3 eKCILTyaTa-
1ii Ta peMOHTY OY/IiBJIi.

Takum ynHOM, aBTOMAaTHYHA TaOMHILs Jleek-
TiB € e(eKTUBHUM iHCTPYMEHTOM OIlIHKU TeX-
HiyHoro crany Gysisenb. Ii inTerpanis 3 BIM-
MOJIEJIIMU JI03BOJISIE CYTTEBO TOKPAIIUTHU TIPO-
1lec MOHITOPUHTY, IJIaHYBaHHS, PEMOHTY Ta
ekciuryaraiiii OyaiBebHIX KOHCTPYKILILA.

[Tomanbiie BAOCKOHATIEHHSI I[BOTO ITIXO/LY MOKe
BKJTIOYATH BUKOPUCTAHHS IITYYHOTO IHTEJIEKTY JIJIst
ABTOMATUYHOTO aHAJI3y KPUTUYHUX TIOHIKO/LKEHD
Ta IMPOrHO3YBAHHSI TEPMiHIB iIXHBOTO YCYHEHHSI.

BucHoBku. Pesysbrati A0CHKEHHS ITij-
TBEP/’KYIOTb 3HAYHUII MTOTEHIa] 3aCTOCYBAHHS
BIM-texHoJioriii 'y cdepi OIMIHKKH TEXHIYHOTO
CTaHy, MOHITOPHMHTY Ta eKcCILIyaraiii OyiBesb
i cnopya. Buxopucranns BIM-mopeneit mms
iHTerparii faHnx mpo aedeKTH, aBTOMATU30Ba-

HOi 06poOKK iH(popMallii Ta GopmyBaHHs 1Hb-
POBUX JIBIMTHUKIB CITPUSIE TT1/IBUIIIEHHIO e(DEeKTHB-
HOCTi 0OCTeKeHHS Ta YIPaBJIiHHS Oy i BISIMIL.

OcHOBHI BUCHOBKH JTOCIKEHHS:

— BIM-mozeni 103BOJIIOTH IEHTPaIi3yBaTh
iHopmariito mpo TeXHIYHUIT cTaH OyAiBEsb-
HUX KOHCTPYKIIiH, IO CIIPOIIY€E MPOIEC iXHbOTO
MOHITOPUHTY Ta €KCILIyaTalfii.

— Apromarmuna Tabmuilst Ae(eKTiB CIPOIIye
aHas3 JaHUX Ta MiHIMI3ye€ PU3UKH Cy0 €KTHB-
HUX [TOMUJIOK I1i]] YaC OI[IHKYU TeXHIYHOTO CTaHY.

— InTerpanis BIM i3 cencopaumu cucreMmaMu
MOHITOPUHTY [/I03BOJISIE OTPUMYBATU aKTYaJbHI
JlaHi Ipo cTaH OYAiBJI B PEKUMI PeaibHOTO Yacy.

— DBuxopucranng 1u@poBUX TEXHOJOTIH
y TIPOIIEC OIIHKU cTaHy Oy/IiBeJIb 03BOJISIE CYT-
TEBO CKOPOTHUTH BUTPATH Ha 0OCTEKEHHS Ta TIiji-
BUIIUTH TOYHICTh MPOrHO3YBaHHS HEOOXiZHOCTI
PEMOHTHUX POOIT.

[Toripu oueBuzaHI TepeBaru, BIIPOBAIKEHHS
BIM y miporiecu OIiHKY TEXHIYHOTO CTaHy Oy/Ii-
BeJIb CTUKAETDHCS 3 TAKUMU BUKJINKAMU:

— BigcyTHicTbh yHiiKOBaHUX METOIUK iHTe-
rpaitii gedexrosoriunux ganux y BIM-mozedti.

— HeoOxignicTs  agamTariii HOPMATHBHEX
TOKYMEHTIB il ITU(POBI TEXHOJIOTII.

— OOMeKeHICTh 3aCTOCYBAHHSI aBTOMATH30-
BaHUX QJTOPUTMIB aHa/li3y TEXHIYHOTO CTaHy
KOHCTPYKITii.
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ASSESSMENT OF TECHNICAL CONDITION, MONITORING OF BUILDINGS
AND STRUCTURES USING BIM

Abstract. Literary sources on the rules for determining the physical deterioration of residential
buildings, methods for inspecting buildings and structures to assess their technical condition, as
well as regulatory documents on construction, in particular, provisions on carrying out planned
and preventive repairs of industrial buildings and structures were analyzed. Paper documentation
was analyzed, including technical inspection reports and passport data of buildings. Based on the
information received, a detailed analysis of the assessment of the technical condition of residential
and non-residential buildings and structures was carried out, the inspection rules, main criteria and the
methodology for conducting such an analysis from beginning to end were considered. Structured lists
of defects for various structural elements were studied, the main criteria for assessing the technical
condition of buildings were analyzed. Based on the data received, a methodology was developed
for convenient selection of defects of individual structural elements. A specification (defect table)
was also created with an automatic assessment of the technical condition of structural elements of
buildings based on the inspection results. A technical report on the inspection of the building of the
main educational building of Vinnytsia National Technical University was processed. Based on the
data received, a table of defects was filled in with the relevant information. The analysis confirmed the
presence of certain patterns: in cases where structural elements are unsuitable for further operation,
their normal service life has long expired. This is due to the loss of the main technical characteristics of
the elements that have been operated for a long time, often in inappropriate conditions. In the event
of the accumulation of critical defects that cannot be restored, further operation of the structural
elements becomes impossible. In such cases, it is necessary to replace them or take appropriate
measures to eliminate the defects.

Key words: automatic defect table, mathematical modeling, bearing capacity, BIM model,
physical wear, technical condition, service life, stress-strain state.
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MMPOBJIEMATUKA MOJIEPHI3AIIII BATATOIIOBEPXOBOI ;KUTJIOBOI 3ABY/IOBU:

MOIIYK AJJBTEPHATUBHUX IIJISAXIB TA HIITPYHTTH
IS MOKJIMBOCTEN 11 PEAKIIIT

Anomauis. Bionosiens cmapozo dumiosozo ooy Mae 6eiuke SHAUeHst, A0ACe Ue ULLIX POICUMKY
Micm. 3 mouku 30py cmanoeo po3GUMKY, MOOEPHI3AYis JHeUmia € 00HUM 3 KPOKig docsiznenns cma-
1020 Micbk020 poseumxy. Haxcanw, modepnizayis, na cvozo0niumii 0erv nepesajicium oM, poszis-
daemocst 3 nosuuii enepeoepexmuernocmi. bes yeazu sanuwacmocs 6i0HOBIEHH MEXHIUHOZ0 CMAHY
AHUM0sUx OyounKie, a makoic inkuosusicy. [pozpamu Ginancyeanis npoexmis enepzomolepHisa-
uii nokpusaromvcs gordamu ma nompebyromn cnisginancysanus cnissracuuxamu scumia. Cmaia
MOOepHisauis, K 6I0HOGIEHHS MEXHIUN020 Cmany OYOUHKY, enepzoe¢e1<mu3uicmb ma HKI03UBHA
nepe6y806a i noninuenns 6y8umcy ma npu6y8umcoeoz mepumopii 6 Yxpaini ne po32ﬂﬂ8aembc;z ma e
iCHYE NPOZPaM O1s Peanisayii maxux npoexmis. Tomy sunuxia HeoOXiOHicmy npoananisyeami céimosy
npakmuxy ma, Ha niocmasi peyibmamis, chopmyaroeamu mendenyii ma niorpynms s MooepHisa-
uii cmapoi nanenvnoi aumnosoi 3adydosu na sacadax cmanozo po3sumxy. OCHOBHUM, HATCKAAOHIUUM
numannam € Qinancysanms. Tomy sanyuenns ma 3ayikagieHicmy NPUSAmMHoO20 Cekmopa € Kiouo8UM
acnexmom. Pesynvmamom docrioxcenis € 3anpononosana mooeiv exonomiunoi sayikasnernocmi 6ydi-
BEILHO20 CEKMOPA PO32NA0AMU CMALY MOOEPHI3aUiio Ha npomueazy Hoeomy Oydisnuymey. Cnitvia
npaus Oepicasi ma npusammo20 cekmopa 003601umy CMeOPUMU Ma Peauisyeami. NPOEKMU KOMNIeK-
CHOZ0 BIOHOBIEHHS CIAPO20 JHCUMIA T, SIK PE3YTMAm, 6I0HOBIEHHS MICT. i NOKPAUEHHS eKOHOMIUHOZ0
dobpobymy depacasu. Bydiseviuil cexmop mae ompumamu Qinancosy 6uzody 6id peanisauii npoex-
mie Modepnisauii, sxa 6 0yaa ne Meru 6u2ioHoI0 Hixe Hose OydisHUYMB0. 3auikasienicmy npueammozo
cexmopa 0o QiHancyeanms NPoeKmie KOMIIEKCHO20 BIOHOBLEHHSL CMAPOZ0 HCUMI08020 (POHOY 3MOdCe
BUPTULUMIY NUMANHSL THBECTYBANHSL 8 YTl BANCTUBUIL NPOUEC BIOHOBIEHHS. CIAPUX HCUMILOBUX KBAPMA-
76 i npusedents ix 0o 6IONOBIOHUX CYUACHUX BUMOZ.

Kntouosi crosa: cmana modepnizauyis, moodepuizauis wcummnoeoi 3a0y0oéu, cCmaauii Micokux
PO36umoxK, (inancysanns cmanoi modeprizauii, 6i0H0BIEHHA CMAP0O20 HCUMTLI08020 POHOY,

apximexmypa, 6azamonogepxosa jxcumnosa 3adyoosa.

ITocraHoBka npo6semu. MoiepHisaiiisi3acTa-
pisIoi JKUTJIOBOT 3a0yI0BU € BAKJIMBUM MeXaHi3-
MOM He JIiIlIe MOKPaleHHs SKOCTI JKUTJIa 1 Po3-
BUTKY MICTa BILJIOMY, @ U JJOCATHEHHS CTaJIOr0O
MICbKOT'O PO3BUTKY, SIKE€ TICHO TTOB'A3aHO 3 JIOCAT-
HEHHSIM 1HIKX Iijell Bu3HayeHux B [lopsaky
nenHoMmy 1711 CTasmoro po3BUTKY Ha Mepiof /10
2030 poxy [1]. TomoBHUIT BUKOHABYUIT KOMITET
s xkoopauHaitiili nporpamu OOH  (opranisa-
1ist 00'€IHAHNUX HAIiil) TT0 HaCeJeHUM MyHKTaM
OOH-XabitaT BHCBITJIMB 3araJbHOCHCTEMHY
cTpareriio cranoro Micbkoro po3sutky OOH [2].
Ykpaina, SK i 6arato iHIINX KpaiH CBIiTY MATPHU-
mye [Topsinok nennnii Ta Kepy€eTbes 3a3Ha4€HOI0
CTpaTeTi€l0 Y JIOCATHEeHI TOCTaBJEHUX I[iJIel Ta
3aB/laHb. B 3B'g43Ky 3 1M Tiepes CBITOM T10CTa€
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3aB/laHHST 3MEHITUTH HETATUBHUN BILINB BUKU-
miB ByTJelio B atMocdepy. B wactuni cramoro
MiCBKOTO PO3BUTKY — IIe ITPOTPAMU MOJI€PHi3a-
1ii eneproedexTuBHOCTI OyaAMHKIB. JlaHHi mpo-
rpamMy caHailii, SIKi IUPOKO MiATPUMYIOTHCS Ta
criB(MIHAHCYIOTHCS ypSaMu BCiX KpaiH, 1110 Mijl-
TPUMYIOTb JIaHUI HANPSIMOK, CTaBJATh HA MeTI
3MEHIIEHHSI CIIOKUBAHHA TIEPBUHHOI eHeprii,
1[0 B CBOIO 4epry aMeHnmTh 00'eM Bukuais CO2
BatMochepy Ta acTh MOKINUBICTH 320TA/[KEHHST
Ha KOMYHaJIbHUX MTOcJyTaX. Takox Jiesiki KpaiHu
Ha PiBHI MICIIEBUX Jlep:KaBHUX OpraHizaliil Ta ix
OI0/IKETIB TIPOTIOHYIOTh MOJIEPHI3aIif0, SIK TTOJIiTI-
IIEHHS cTany OyIMHKY 3a/1JIs1 HOKPAIeHHS SIKO-
CTi JKUTJIa, IO B CBOIO YEPTy POOUTH JKUTIOBUIL
OYAMHOK OiIbII MPUBAOIUBIM /IS TPOKMBAHHSL.
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[IlnsxoM Takol MoziepHi3allil MiIBUILIYETbCS Bap-
TICTb KBAIPATHOTO METPY JKUTJIA Ta CHPUSIE KO-
HOMIYHOMY PO3BHUTKY MiCTa, a TaKOK 3amobirae
Jierpajiailii KBapTasiiB Ta MiKPOPailOHiB 31 cTato
JKUTIIOBOIO 3a0Y/I0BOIO.

Ha »xasnb, B YKpaini He iCHy€ TpOrpaMm Ta HLId-
XiB (hiHAaHCYBaHHS MOBHOI MOJIEPHI3allil KUTJIO-
BOTO OYIMHKY, sika 6 3MOTJIa TIOKPHUTH B KOMILTEKCI
NUTAaHHS  eHeproeeKTUBHOCTI, 1HKIIO3UBHOCTI
Ta KalliTaJbHUX PEMOHTHUX POOIT, sIKi HeOOXi/Hi
JUIsE Bei€el crapoi sKuTIoBoi 3a0ynoBu. AJpKe 1ie He
JIIIle MIIX JOCATHEHHS UM CTaloro MiCbKOTO
PO3BUTKY, a il TpsiMa HEOOXiTHICTh /ISt BiHOB-
JIEHHSI CTaHy cTapux Oy/iBeJib, 10 3 Y4acy CBOTO
OymiBHUIITBA TIOBHICTIO YW YaCTKOBO BTPATHJIH
eKCIIyaTalliiiHi XapaKTePUCTUKU Ta NepeBasKHO
MalOTh 3aKIHYEHWI eKCIIyaTallilHuX CTPOK.
[Ipu 11poMy TepMiH CTyKOM TaKuX OYAUHKIB 1Iie
He 3aKIHUYEHO i BOHU € TIePCIIeKTUBHUMU 3 TOUKU
30py MojiepHizaiiii. Ctapa MacoBa TaHesbHa KUT-
JioBa 3a0y10Ba CKJIaa€ 3HAUHY YaCTUHY JKUTJIO-
BorO (hoHIY YKpaiHu, a TaKOK MOCT-PAATHCHKIX
KpaiH Ta Kpaiin €Bporu, 3 SKUTI0BUM (HOHIIOM ITiC-
JsiBoeHHUX pokiB /Ipyroi CBiToBoi BiitHu. Macose
COIliaJIbHE JKUTJIO He OMUHYJIO He Jiuile KpaiHu
CXi/iHOI, a 1 3axiiHOi €BPOIIN Ta iHIIII KPAiHU CBITY.
Tomy koMmILIeKCHA MOJiepHi3allig CTapol sKUTJIO-
BOI 3a0y/I0BU € aKTYaIbHOIO TEMOIO He JIHIIIE JIJISk
Yikpainu, a it g1 6araTbox Kpaid cBity. B 383Ky
3 1M HEOOXiTHO 3HANTH TEOPUTHYHI MEXaHi3MU
TOLIYKY (blHchyBaHHH TaKUX [TPOEKTIB MOIIele-
3ailii, sIKi 3r0l0M MOKYTh OyTH BUKOPHUCTAHI /ISt
pearmizaiiii MaiiOyTHix mporpam. Crapi JKUTJIOBI
OyZMHKK BTPATUIN CBOI (hi3WYHI BIACTHBOCTI Ta
HE BIJIIOBIIAIOTH CYYaCHUM BUMOTaM KOM(bopTy
e Takox CTOCYEThCA HpI/I6yIII/IHKOBOI TepI/ITOpll
Ta 1H)KEHEPHUX 1 KOMYHQJIbHUX BY3JIiB 1 Mepeik,
AKi 00CIYTOBYIOTh OYAMHKH. SIK MPaBUIO COIIi-
aJlbHE MacoBe JKUTJIO OyAyBajoCh IiJINUMU KBap-
TaJlaM¥ Ta KUTI0BUMU MacuBamu. Lle nae 3mory
PO3POOKTH OAWH TIXiJ, SIK MEXaHi3M /IS TOBHOI
MOJIePHI3allii, IKHiT MoyKe Oy TH BUKOPUCTAHO JIJISk
BCHOTO 3aCTAPIIOTO KUTJIOBOTO (DOH/TY, TA TPOEKT
JUUIST TIEBHUX KATETOPiii JKUTI0BOT 3a0y/10BH.

AHaJi3 OCTaHHIX J0CiIKeHb. [lepeBakHIM
YIHOM PO3TJISIAEThC (PiHAHCYBAHHST MOJIEpHi-
3ailii eHeproeeKTUBHOCTI. B ¢BOIX HOCTiIKEeH-
HSIX aBTOPU BiIMIYatOTh TTOTOUYHE (hiHAHCYBAHHS,
K HEOCTATHE 4n cynepewnse. Kpim dinanco-
BUX TIEPENIKO/l TAaKOXK BIIMIUAIOThC IOPUINYHI,
comiaysibHi Ta TexHiyHi. Ilo € 3aKOHOMIpHUM,
aJl’ke HaMipH Ta peaJrisallis MpsSIMUM YMHOM 3aJie-
KUTh Bifl (PiHAHCOBOI CIPOMOKHOCTI Ta BUPI-
HIEHHS COIIaJIbHOTO ACIeKTY, SIKUIl € HeBiJ| €M-

HOIO YaCTUHOIO ITPY MOJIepHi3aliil. BiqmivaeTbcs
HebasKaHHsI, HeTOTOBHICTD Ta BiJICYTHICTH (hiHaH-
COBOI1 MOKJIMBOCTI CIIBBJIACHWKIB CITiB(iHAHCY-
BaTu NMpoeKTH |3, 4]. bakanug skt B kKoMPopT-
HINIMX YMOBaX He € MPIOPUTETOM B IOPIBHAHHI
3 HeOOXIi[HICTIO BUTPATUTH HA 1€ 3HAYHI KOIITH.

Cuaip 3BepHYTH yBary Ha JOCJHiJDKEHHS Bue-
HIX, 110 TIPOBEJIN aHaJIi3 HebasKaHHsI cITiB(iHaH-
CYBaHHSI CIiBBJIaCHUKaMK 0araTOKBapTHPHUX
Oyaunkis Himeuunmuu npoexT MojepHisanii
eneproeexktuBHocti [5]. HaykoBusmu Bigmi-
YeHO, 1110 BUTPATU 3HAYHO MEPEBUIITYIOTH BUTO/IN.
HagiTb 1ipu yMOBI MiIHATTS BUJATKY HA BUKUN
BYTJIEIIO, SIKi 3HAUHO BUIII B eHeproHeedek-
TUBHUX OYAMHKAX Ta IEPEBUINYIOTh HOPMY,
i oTpuMaHHi GOHYCHOI eKOJIOTIYHOT TpeMii B pasi
MoaepHisaui'l' He BUKJNKAE BEJIUKOTO OAKaHHI
HpI/II/IMaTI/I y4acth y HpOGKTl [cHyIOTH €KOHO-
MiuHi i OpFaHIBaHII/IHl Gap'epu, IO BUpaKa-
I0ThCSI B HEIOCTATHIN JiepKaBHIN (hiHAHCOBIN
HiATPUMIL, 3 TOYKU 30PY CIIBBJACHUKIB JKUTJIA,
Ta HebakaHHI OpaTh KPEIUTH 4Yepe3 HU3bKUI
noxin. Ile B cBoIO uepry crae mepernoHo pea-
Jisarii mporpamu MozmepHizarii [6]. o momi6-
HuX BucHOBKIB aiimioB C. Kipic, saxuii posris-
JlaB 3alliKaBJeHICTh B eHeproedeKTUBHOCTI. Bin
BI/IMITHUB, 1110, HEIOCTaTHS peasi3allisi mporpam
B YKpaiHi BUKJIMKaHa (DiHAHCOBOIO HECTIPOMOJK-
HICTTO CTTiBBJIACHUKIB. [7].

bes  3HauHOro  po3risLy  3aJMUIIAETHCS
nuTaHHs (HiHAHCYBAHHS KOMILIEKCHOI MOJIEPHI-
3a1lii cTapoi KUTJI0BOI 3a0y10BH, ajKe He iCHYE
HOAIOHKX TIporpaM, siki 6 (iHaHCYBaIUCh [ep-
JKaBOIO UM IHIINMU 3aIlIKaBJIECHUMU KOMITAHIIMU
1 OpratisalfisiMmu.

Xoua HEOOXIJHICTh BiIHOBJEHHSI KUTJIOBOI
3a0y/10BH, CIIUPAIOYKCh HA 3aCajid CTAJIOr0 PO3-
BUTKY, IIMPOKO 00roBopioerhes. Tparcdopma-
i moTpebyoTh OYAMHKH, 10 MaiOTh HHU3BKY
IpuBabIMBICTh i KOM(OPTHICTD, a TAaKOXK He3a-
JOBLIBHUIT TexHIUHMI cTaH. [ToTpedy y BigHOB-
JIEHH], SIK BpaXyBaHHs CyYaCHUX BUMOT JI0 KUTJIQ
1 BUPIIIEHHA 3a/1a4 CTAJI0T0 PO3BUTY JIJIA KUTJIO-
BUX OYJIMHKIB, PO3IJISA0OTH MMOJbCHKI HAYKOBIII
Yy CBOEMY JIOCJI/IKEHI Ha 3arajJibHOMY IiJIXO/i
1 mpukiagax TpaHchopMallil CoIiagiCTUYHOTO
KUJTOTO OYIIBHUIITBA B CydacHe CTiiiKe JKUTIOBE
cepenouiie [8].

HocaignukaMn TaKoK BigMIYa€ThCs, IO
HOBI/IBHI TeMITH pereHepailii 6araToKBapTHPHUX
OYAMHKIB TIPSAMKIM YMHOM BILIMBAIOTh HA TEMITH
JIOCSATHEHH I1iJieil cTajoro po3BuTKy. Haykosiii
3 PI3HUX KPaiH Y CBOEMY CITIJIbBHOMY JOCJi/KeH]
BU3HAYAIOTh Ta II/KPECJAIOI0Th HAasIBHICTh TeX-
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HIYHUX, COIaJbHUX Ta, 0COOMBO, (hiHAHCOBUX
TIEPENoH TPU KarliTaTbHOMY PEMOHTI OyIWHKIB
[9]. Ilpu mboMy Bce X TaKu TIPOTIOHYEThHCST TJTH-
Ooka penosaliig. Ha migrsepikeHHS TOTO, 110
JOCTYI JI0 KamiTasy — (hiHaHCYBaHHS € OJHUM
3 OCHOBHUX TIE€PENOH /10 TITHOOKOI PEKOHCTPYK-
1ii, € poboTa aBTOPIB, SIKi MPOMOHYIOTH IEBHI
(biHaHCOBI TEXHOJIOTII /I BJIaCHUKIB OYINHKIB
i OyiBe/IbHUX KOMIIAHIN 3 TOUYKK 30py (hiHAHCY-
Banus [10].

Micbke BIiJTHOBJIEHHSI TIOCTINIHO PO3TJsijia-
€THCS. YCIIIIHE BiIPO/KEHHS MICT — pe3yJbTar
CIiIbHOT POOOTH MiXK YPSIIOM, JEeBeTONepaMH,
apxiTekTopamu, 3a0yI0BHUKaMHI Ta TPOMaIO Ta
BCiMa 3alliKaBJeHNMH CTOPOHAMHU, 3aJTy4eHUMU
JI0 TPOEKTYBaHHS, peasisallii, yIpaBJiHHA Ta
obcayrosysanst [11].

Mera po6otu. MeToto poboTu €, Ha IijcTaBi
HOIEPEIHBOTO  aHAJIi3y IOTOYHOI —CHUTYyallii
(dbiHaHCyBaHHS Ta paHillie OTPUMAHUM J[aHUM,
B TOMY YUCJIi CTATUCTUYHUM, TIPEICTAaBUTH TEO-
PETUYHUN MiXi MIIAXiB (hiHAHCYBAHHS MOJIEp-
Hizalii crapol IaHeabHOI KUTIOBOI 3a0yI0BH,
nepeBakHo 1epiogy 1npoektiB 70-80-xx pokiB
20 croaitTsa. OnucoBUM Ta MOSICHIOBAJIbHUM
METO/IOM, ITPEJICTABUTH OIS, SIKUi O HazaB
HiATPYHTS 71T PO3TJISLY MiAXOiB (hiHAHCY-
BaHHS MOJEPHi3allii cTapoi KUTI0BOI 3a0y/0BHL.
Meto/ioM y3arajibHeHHS CBITOBOIO JIOCBiY
MOJIepHi3allii BU3HAYUTU MOXKJIUBUI BapiaHT
(binaHCyBaHHS 3al[iKaBJEHUMU CTOPOHAMU, 0CO-
OJIMBO JIEBEJIONEPCHKOI0 KOMIIaHi€n. BusHaunrn
axTopH, sIKi 6 MO/ CHPUSATH 3alliKaBJeHO-
CT1 JIeBeJIOTIEPCbKUX KOMIIAHIl TIPOeKTyBaTh
Ta PO3MINIATH 3aMOBJICHHA CaMe Ha MOJIepHi3a-
IiI0 iCHYIOUNX cTapux OYAWHKIB Ha MPOTHBArY
HOBOMY OY/IiBHHI[TBY.

[Toniepenniii kinbKicHUI Ta AKICHUN aHasi3
iCHyIOUMX IIporpaM MoOJIepHi3allil HajiaB Mij-
IPYHTSI BUCBITJIUTA OMUCOBUM Ta IMOSICHIOBAJIb-
HIM METOJOM HeOOXiAHICTh IMOIIYKY ajbrepHa-
TUBHUX NUIAXIB (DiHAHCYBaHHS Ta BasKJIMBOCTI
CTBOPEHHS 1 peasi3allii IPOeKTiB MOBHOI MOJIEP-
Hi3allii Ha IPOTUBAry HOBOMY OY/IiBHUIITBY.

OCHOBHOIO M€TOI POOOTH € BUCBITIECHHS
HalicynepeuwynBilioro nutanHs — piHaHCyBaHHS
IIPOEKTIB, 110 € TEePernoHO0 /I KOMILIEKCHOI
MoJIepHizallii crapoi JKuTI0Boi 3a0yI0BK Ta Biji-
HOBJICHHSI MICT BIILJIOMY, 1 JIOCSATHEHI CTaJioro
MiCbKOT'O PO3BUTKY.

PesyawraTtu gocaimkenns. B Ykpaini Ha 3aKo-
HOJIABYOMY DIiBHI 3aKpillJieHa HeoOXiaHiCTh Bij-
HOBJIEHHS 3aCcTapijioro ;KUTaoBoro doumy [12].
CrBopeno ¢donn  EneproedekTUBHOCTI 3217151
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3abe3redeHHsT (hiHaHCYBaHHsI iICHYIOUNX IIPOTPAM
caHarlii B 4acTuHi eHeproeeKTUBHOCTI. 3a3Ha-
YaloThCd MPOTPaMU Ta YMOBHU CIIiBiHAHCYBAHHS
nporpaM criBBacHukamu skutia. [13]. TlomiGHi
oHIM Ta iX TporpamMu iCHYIOTh B PI3HUX Kpai-
Hax. B cTaTTi po3risijaeThes BILIUB CTAJIOTO PO3-
BUTKY Ha MOJIEPHI3aIlIIO Ta OIJISA]] ICHYIOUUX TIPO-
rpaM JIeSTKUX MOCT-PAITHCBKUX Ta KpaiH €Bpornu
3 TOUKH 30py HOTPeOH B CIiB(hiHAHCYBAHHI CITiB-
BJIACHUKAMU KUTJA. Bigmivaerbcd HeoOXi-
HICTh HOBOI KOHIIEMIIii, SIK cTajia MoJiepHi3ailis,
0 3MOKe TOKPUTH MOTPedy cTapux OyAMHKIB
B eHeproeeKTUBHOCTI, 1HKIIO3UBHOCTI Ta Bijl-
HOBJIeHI. BU3HauaeThes BasKIMBICTD YYaCTi B IIPO-
€KTaX BCIX 3aIliKaBjaeHuX CTOpiH [14].

Jlnsa npukaaxy ranbOKUX MiAXOAIB 10 BaxK-
JINBOCTI MOJIepHi3allii Ta BUPillleHHS 3ajlay CTa-
JIOTO PO3BUTKY, MO’KHA BIIMITUTH, 3aTBEPIKEHY
cxemy Terionoctadanus M. Kiea no 2030 poky,
sKa po3pobJieHa 3 METOI0 ONTUMI3allii CrCTeMH
IIEHTPAJI30BAHOTO  TEIJIOTIOCTAUaHHS  MiCTa
3 BpaxyBaHHSIM TIEPCIIEKTUB PO3BUTKY MICTA,
oTpeOr Ta MOKJIMBOCTEI MOJIepHi3aLil JKepest
reHepallii TerJjoBOi eHeprii Ta TEMJIOBUX MepeK
[15]. Bei mi inimiatBu AaioTh MHATPYHTS IS
MeBHUX MOJIEPHI3aliHNUX TIPOIECIB JKUTIOBUX
OyZAnMHKIB Ta TPUOYAMHKOBOI TepuTOopii. AJie
(biHaHCYETHCS, HA 3arajbHO/IEP;KABHOMY PiBHI,
Jute eHeproeeKTUBHICTD, 1O B CBOIO YEPTY,
TakoXK ToTpebye criBdiHaHCYyBaHHS CIiBBJIAC-
HUKaMU kUTJa. KOMIIEKCHUX 1TporpaM Mojiep-
Hi3allil He ICHY€, TOMY B CBOIO Yepry, He ICHY€E aHl
IIPOEKTIB, aHi MexaHi3MiB (piHancyBaHHs. | came
e TIUTaHHS TOTpeOye OOTOBOPEHHS 1 TIOLIYKY
HIJISIX1B BUPIIIEHHS.

Kowmriekcna MozepHisaliist, Ha 3acajgax cra-
JIOTO PO3BUTKY, Mepenbayae MOBHE BiHOBJIEHHSI
OyauHKy 1 TpuOYAMHKOBOI TepuTOpii i, Bijmo-
BiIHO 710 MPOEKTY, MOTpiOHA mporpaMa (iHaH-
cyBannd. Came B ITill YaCTWHI BUHUKAE CKJIAJ-
HiCTh. AIKe KOMILIEKCHUI 00cAT podiT CTaBUTh
3a MeTy MOJIEPHI3aIlii0 BCiX YacTHH OyINHKY
i mpubyAMHKOBOI TepuTOPil Jimie 3i 30epesKeH-
HsIM MaHeJbHOTO Kapkacy Oyanmuky. Came Takiii
MiIX1/1 I03BOJISIE BIIHOBUTU CTaPi )KUTJIOBI KBap-
TN 710 cydacHoro piBHs. PospaxoByBatu Ha
(biHaHCyBaHHS CITIBBJIACHUKAMU HE Ma€ CEHCY,
aJyke 3HaUHA BapTiCTh IPOEKTY Oy/ie HEIIOCUIbHA
I 1iepeciyHoro rpoMagsgnuna. /lepxaBHux
nporpaMm (inancyBaHHs He icHye. Aje icHye
BeJIMKa moTpeba, BpaXxOBYIOUHM JOCATHEHHS Ii/Iei
CTAJIOTO PO3BUTKY Ta HE3aJ0BLIbHUI TeXHIYHUN
cran crapux OyamukiB. Tum 6inbine, cydacHi
MicTa Ta CydacHi OyANHKH, SIK iX YacTHHA, TOKpa-
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IYIOTh EKOHOMIUHMIT J0OPOOYT MiCT Ta JepsKaBu
Brfiiomy. Crasa MogepHizalliss Moe 3amo0irTu
Jerpajallii ctapux PailoHIiB Ta PO3PITHEHOCTI
1 moJiisty Micra Ha cTapi Ta HOBI KBapTaiu. Takum
YUHOM HeoOXiJIHA MOTHBAIlisL JJIST JIeBEsoIep-
ChKMX KOMIIaHil, skum Oum OyJio Iikasimre pea-
JI3yBaTU TIPOEKTU KOMILIEKCHOI MOJIepHi3alliil
y TOPIBHSAHHI 3 HOBOW 3a0yA0BOM0. 3BUYANHO
e CKJIQIHUI Tpollec, B TOMY YMCJI, 3 OpraHisa-
IITHOI TOYKM 30Dy, a/iKe ICHY€ MUTAHHS TUMYa-
COBOTO BiJice/IeHHsI MelIKaHIliB. AJsie (hiHaHCOBe
MUTAHHS TIOCTAE JIy>Ke TOCTPO.

HeoOXiHiCTh CHCTEMHOTO MiIXOMy 10 CTa-
JIOTO MICbKOTO PO3BUTKY, /IJISI IPUKJIALY, BIIMIUA€E
AMepuKaHCbKa CIJIBHOTA JAHAMAMTHUX apXi-
tektopiB (The American Society of Landscape
Architects) [16]. HeoOxinHicTh — 11e MOTHBAIIIS,
ainaHcoBe 3a0e3meueHHs 11e Oasa st peaisariii
pOEKTY. TakuM YMHOM, (hiHAHCOBI MOKJIUBOCTI
JiepsKaBU CTOCOBHO MOJIEPHi3allil IPIMUM YMHOM
BILUIUBAIOTh HA IOCATHEHHS CTAJIO1 MOZIepHI3allil.
B 3B's13Ky 3 1M HEOOXIiTHO MIYKATH TISXU aJlb-
TepHATUBHOTO (PiHAHCYBAHHS; BIIMIHHOTO THM,
MO 3apa3 iCHYIOTb, IK TOKPUTTS BUTPAT (HOH-
naMu Ta criB(iHaHCYBaHHS CHiBBJIACHUKAMU.
Cepeq 3a1ikaBjeHUX CTOPIH, SIKI MOKYTh BILIU-
HYTU Ta peaji3yBaTh IMPOEKTH, KPIM Jep:KaBu
€ apxiTeKTopH, 3a0yAOBHUKK Ta JEeBEJIONEePChKi
kommaHii. Came J1st HUX TIOTPiGHA MOTHBAIIiS Ta
€KOHOMIYHA BUTO/A.

[l nepxaBu €KOHOMiIUHA BUTOJIA BUSIBJIS-
€ThCsA B PO3BUHYTUX Ta Cy4aCHUX i HpI/IBa6JII/IBI/IX
MiCTax SIK JIJisl TYPU3MY, iIHBECTHUIIIN TaK i MPOSKH-
BaHH, 10 B CBOIO YePry HmBMmye eKOHOMIUHU
ﬂ06p06yT He JIUIIe MiCT, a i Kpaiuu Biisiomy. J[yst
[PUBATHOTO CEKTOPY BUTOZIA JIWIIE B MPUOYTKY.
Tomy, gKio TpUBaTHUIN CEKTOP 3aMiCTh HOBUX
IPOEKTIB Oyzie iHBECTYBaTH B IPOEKTH MOJIEP-
Hizallii, oMy MOTPiGHO OTPUMATH 3 YOTOCH TIPH-
Oyrok. IIpukiaau peHosailii Bike BHIIPOOYBaHi
B Cinramnypi, CIITA Ta I3paini. Xou Bouu i He CTO-
CYIOTbCS MIPSIMUM YUHOM JIO CTAJI01 MOZIepHi3allii,
ajie TOKPUBAIOTh (DiHAHCOBE UTAHH Ta 3a1iKaB-
JIEHICTD 3a0YI0BHIKA.

Jloceio Cineanypy. Cinranyp — KpaiHa, sika
BiJTHOBUJIA JKUTJIOBUI (DOH/I, IKUI TTepeBaKHIM
YHOM OYB HETPSIMH, Ta Jy’Ke IIBUIKO PO3BUHY-
nacs [17]. Pozsurok Ta Binosnenus Cinramypa
OyB MOKJIMBHI 3aBISKH YPSAZAOBUM peopMaM.
Mok/auBicTh TPUAOAHHS 3eMJIi Y BJIACHICTD
CTAJIO MIATPYHTSM JIJI 3yCUJIb TPUBATHOTO CEK-
Topa 1o/10 BijHOBJIeHHS MicT. [losiTuka mepe-
CeJIeHHsI, sIKa IUIaHyBajgach ypsiioM, mepeada-
yasa (opmysry KomIeHcalil. 3alikapaeHiCcTh Ta

aKTHBHA yYaCTh MPHBATHOTO CEKTOPA 1 IepKaBu
CIIPUSJIO PEKOHCTPYKIIIL MiCT.

Jlocsio CIIIA. Ha mpuxmani micta Hpio- I/IOpK
IJIAHYETHCS TIEpeXi/] 10 KOMILIEKCHOI MOiepHi3alii
Ta KaritasbHoro (inancysansst [18]. ITixxix 6asy-
€ThCs Ha TIOBHIiT pereneparii 06'€kra Ta 3 pO3IJIsiioM
BaplaHTIB TUMYACOBOIO Bi/ICEJIEHHST MEIIIKAHIIIB Ha
nepio peaszarii mpoekry. Lle Moske OyTH B MesKax
KOMIIJIEKCY ab0 B iHIT KOMIIIEKCH, IO € Y BJTACHOCTI
JKUTJIOBOTO YIIPaBJiHHA. KojKeH IpOeKT Mae Bpa-
XOBYBAaTHU COIIAJIbHY CKJIA/IOBY Ta 3aIy4eHICTh BCIX
3alliKaBJIeHNX CTOPIH HAa KO;KHOMY €Talll.

Innosaniitnuit miaxig CIITA 1o mozxepHizartii
TaKOX JIeMOHCTPYE MeBHI ITUTAHHS 1[0/I0 BiJTHOB-
JIEHHSI JKWTJIa, 3 YPaXyBaHHSAM BCiX HEOOXigHMX
1HKEHEePHUX Ta apXiTeKTYPHUX 3MiH.

/loceio Ispainwo. Konnentiisi, B sKiii peasisy-
€TBCS pereHepalist, MOBHICTIO 3aJI€KUTD Bifl J1Eep-
aBu [19]. B neBHi nepioan yacy mixiza o mpo-
€KTiB BIJ{HOBJIEHHSI 3MIHIOBaBCs, ajle OCHOBHUM
OPIEHTUPOM € 3QJIYUYEHICTD JIePsKaBU Ta 3alliKaB-
JieHicTh mpuBaTHOrO cekropa. Ha 3a0ymoBHMKA
MOKJIQIAETHCA IUTAHHS [TePecesIeHHs Ta Ha/JaHHS
TUMYACOBOTO JKUTJa Ha IMEPioJ] peasizallil mpo-
ekty. [Ipu 11boMy HHOMY Ha/IalOThCS TI€BHI MIJIbTH.
[TepebymoBa, sIKk MpaBHJIO, BKIOYAE A00YA0BH
HOBHX TIOBEPXiB, i 3a0yJIOBHUK OTPUMYE MPaBO
Ha IPo/ia’k HOBUX KBapTup. IIpoekT, Ha cKiIbKN
e MOJKJHMBO, 3aKOHOAABYO CTBOPEHWH 1100
OyJI0 OTPYMAHHS BUTOAM IS CIIBBJIACHUKIB,
Y BUTJISIII TIOJTTIIIIEHHST YMOB; JIJIst 320y /IOBHUKA —
MOSKJIUBICTH OTPUMaHHs (DiHAHCOBOI BUTO/IN BiJ
peasizallii KBapTup. Butparu Ha MojepHi3allio
HOKPUBAIOThCS Peasizallicio KBapTup Ha 100y-
JIOBAaHUX TIOBEPXax Ta JI0IaTKOBOIO JIOX1/IHICTIO.
[Ipoext Buriznuii i nep:xasi. Crapa HempuBa-
6smBa 3a0y/10Ba CTa€ HOBOIO 1 Cy4acHOO, TIOJIIM-
IMyEThCST TPUOYAMHKOBA TepuTOpist. [HBecTOpH
3alfikaBjeHi y TmpuabOaHHI KBapTHP B CTapux
OyIMHKAX 341715 TTIOIAJIIIOTO IX MPOAAXKY 3 OiJib-
IIOI0 PUHKOBOIO BapTICTIO TCJS MOJEPHIi3allil.
3a6yJ_IOBHI/IK I LLOMY OTPUMYE JIOATKOBY
3alliKaBJIeHICTb 3 60Ky inBecTopiB. /lepxkaBa
Mailke He IHBECTY€E y BiJITHOBJIEHHS CTAPOTO JKUT-
JoBOTO (DOHLY Ta KOMYHIKaIliii, aje, IPU IIbOMY,
OTPUMYE CydacHWH OJaroycTpiil KBapTajiB Ta
BiJIHOBJIEHHST iIHPACTPYKTYPU MicTa.

Ha mizcraBi Bike icHYI040ro 3apy0isKHOTO 0C-
Bi[y, 3 I AITPUMKH IepsKaBi HEOOXiTHO pO3poOuTH
CTpaTerito 3alliKaBJeHOCTI [PUBATHOTO CEKTOPa
B IHBECTYBaHHI IIPOEKTIB CTaJI0l MOJIEPHI3allii.

3allikaBJIeHiCTh MOKe BUPAKATHICS:

— B OTPUMaHHI BJIacHOCTI Ha 00y/I0BaHi KBa-
JpaTHI METPH YM J0AaTKOBI 30yI0BaHi IIPHUMI-
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IIeHHS Ha TePUTOPIl KUTJOBOTO KBapTaly, SIKI
HIJISXOM peasii3aliil micJsst MojiepHi3ailii HalayTh
(hiHaHCOBY BUTOLY;

— 1Tepe/iaya 3eMJi Y BJIACHICTb, Ha TEPUTOPIil
SKoi Moske OyTi posbyzaoBaHa iHMpacTPyKTypa,
sSIKa B CBOIO 4epry OyJie HeCTH eKOHOMIUHY BUTO/LY;

— Tepeaya BiTHOBJIEHOTO OYAMHKY B yIpaB-
JIHHS KOMMaHil 3a0yJI0BHUKA, KWl B MOJa/Ib-
MOMYy MOKe 3apo0JsaTH Ha 00CTyroByBaHHI
OyAMHKY Ta BWKOPHCTOBYBATH 100yA0BaHi
IJIOIIII Ha CBill pO3CY/I.

[IpoexT cramoi MojepHisaliii Mae OyTH TaKuM
JKe TIKaBUM JIJIsT TPUBATHOTO CEKTOPA, SIK 1 Oy/IiB-
HUITBO HOBUX JKUTJIOBUX OYIMHKIB, a B TTO/IaJTb-
IOMY i1 O1JIBIN BUTITHUM Ta TIPIOPUTETHUM.

Cyuactre micToOyayBaHHS, Ha 3acajiaX CTa-
JIOTO PO3BUTKY, Y3TO/KYETHCS 3 JIeP:KaBHOIO BJIa-
JIOT0 Ta Mi/IIAE€THCS CUITBHOMY BILIUBY PUHKOBUX
cuat [20]. Tomy 3a15151 ebeKTUBHOI CTATIO1 MOJIED-
Hizamii HeoOXifHMM € MMPOKUN (hiHAHCOBUIL
MeXaHi3M, gkl Ou 3alikaBuB (DiHAHCYBAHHS
MIPOEKTIB MIPUBATHUM CEKTOPOM Ta OyB IiATpHU-
MaHWil JIep;KaBoio 1 BpaXOBYBaB IHTEPeCH BJiac-
HUKIB KBapTUP B CTapuXx OyIMHKAX.

BucnoBku. MojepHizaliisi KUTI0BOI 3a0y-
JIOBH TTOTPeOYE 3a/IyUeHOCTI IepKaBH, BIACHUKIB
JKUTJIA Ta BCIX 3allIKAaBJEHUX CTOPIH 3aJTy4YeHUX
no npoekty. He poctaTHbo posrisgpaTii Juiie
eHeproeeKTUBHICTh, KA B OinbImiil yacTHHI
(binaHCY€EThCS iep;KaBHUMU (HOHAMU.

OcHOBHOIO 33j1a4el0 € IOUIYK MeXaHi3MiB
1 3a/ydeHHs (piHaHCYyBaHHS Ta 3allikKaBJIeHO-

Jimepamypa

CTi TIPUBATHUM CEKTOPOM. YCIIIIHICTb IPOEKTY
CTaJiol MOjiepHi3ailii, 4K KOMILJIEKCHOTO Biji-
HOBJICHHS CTApOro SKUTJIOBOTO (DOHIY, B TOMY
qpcJIi TPUOYANHKOBOI TEPUTOPII, 3 ypaxyBaHHIM
BUMOT CTQJIOTO PO3BUTKY, 3aJI€KUTh BiJ (DiHAH-
COBOI CIIPOMOKHOCTI Ta 3alliKaBJeHOCTI 1 M-
TPUMKHU JIepKaBU.

B 3B'43Ky 3 1IMM 3aIIPOIIOHOBAHO TEOPETUYHY
KOHIIEMI[II0 MeXaHi3My 3aJlyueHHS Ta 3allikaB-
JIEHOCTi (piHAHCYBaHHS TPOEKTIB KOMILJIEKCHOI
MOJIepHi3allii Ha 3acajjaX CTajJoro PO3BUTKY.
Peanizaiiss MexaHi3MiB /I03BOJIUTh CTAaTH IIPO-
THBArol0 3allikaBJeHOCTi Oy/iBEJBHOTO CeK-
TOpY B OYIIiBHUIITBI HOBOI JKUTJIOBOI 3a0y/0BH
Ta HAJACTb MOKJIUBICTbH TPIOPUTETY Y BiJHOB-
JIeHHI KuTI0BOrO (hOHIY Kpainu. B cBoto yepry
e CTaHe IISXOM JI0 CTaJ0r0 MICbKOTO BiJTHOB-
JICHHSL.

Micra — ocepenku (hiHaHCOBUX MTOTOKIB, TOMY
cTaJia MOZIEPHI3aIlist JKUTJI0BOI 3a0yI0BH € OTHIM
i3 IIAXIB PO3BUTKY Ta 3abe3meyeHH s IpuBab)m-
BOCTI MICT JiJI BCIX COIIQJIbHUX, TIPOMUCJIOBUX,
exoHOMIYHUX Ta (piHancoBux cdep. Po3BuTok
MicT crpusie 6Jaromo/Iyddio MeIIKaHI[B i aep-
’KaBU BIIJIOMY.

BigcyTHicTb po3BUTKY 1 BiIHOBJIEHHSI CTapUX
palioHiB Mpu3Bejie /10 iX Jgerpajaiiii, IpOCTOPOBOI
audepeHIialii HaceJeHHsT Ta MIiCbKOI HEOAHO-
pinnocti. Tomy TONIyK aJbTepHAaTUBHUX MeXa-
Hi3MiB (hiHaHCYBaHHS MOZIEPHI3allii Ta iX peai-
3al1is € IysKe BaKJIUBOIO TEMOIO.
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PROBLEMS OF MODERNIZATION OF MULTI-STOREY RESIDENTIAL BUILDINGS:

SEARCH FOR ALTERNATIVE WAYS AND GROUNDS FOR ITS REALIZATION

Abstract. Recovery of the old housing stock is of great importance, because it is the way of urban
development. From the point of view of sustainable development, housing modernization is one of
the steps towards achieving sustainable urban development. Unfortunately, modernization, today,
is predominantly considered from the standpoint of energy efficiency. The recovery of the technical
condition of residential buildings, as well as inclusive buildings, remains neglected. Financing
programs for energy modernization projects are covered by funds and require co-financing by
co-owners of housing. Sustainable modernization, such as recovery of the technical condition of the
building, energy efficiency and inclusive reconstruction and improvement of the building and the
adjacent territory in Ukraine is not considered and there are no programs for the implementation
of such projects. Therefore, it became necessary to analyze world practice and, based on the results,
to formulate trends and foundations for the modernization of old panel residential buildings on
the basis of sustainable development. The main, most difficult issue is financing. Therefore, the
involvement and interest of the private sector is a key aspect. The result of the study is a proposed
model of the economic interest of the construction sector to consider sustainable modernization as
opposed to new construction. The joint work of the state and the private sector will allow the creation
and implementation of projects for the complex modernization of old housing and, as a result, the
regeneration of cities and the improvement of the economic well-being of the state. The construction
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sector should receive a financial benefit from the implementation of modernization projects, which
would be no less profitable than new construction. The interest of the private sector in financing
projects for the complex modernization of the old housing stock will be able to solve the issue of
investing in this important process of renovating old residential quarters and bringing them to the
relevant modern requirements.

Key words: sustainable modernization, modernization of residential buildings, sustainable
urban development, financing of sustainable modernization, renovation of the old housing
stock, architecture, high-rise residential development, multi-storey residential building.
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CUCTEMA 3AXO0AIB IIOA0 BAOCKOHAJIEHHA
OPTAHI3AIIMHO-TEXHOJIOTTYHOTO ITIPOEKTYBAHHS
B BYIIBHUIITBI HA OCHOBI BATATOBUMIPHUX MO/IEJEIT

Anomauis. Y cmammi axmyanizosano numanisi hopMysantsi CYuacHozo yusiiiosanozo puKy ma
COUIATLHO-0PIEHTNOBAHUX PUHKOBUX GIOHOCUH, W0 00YMOBIEHO HeOOXIOHICIIO 3aNyueHH s iHeeCmunill
y Oydisenviy 2anysv ma nideuwenns ix epexmusnocmi. Ha niocmasi ananisy meopemuunux oxcepei
i3 npobaemu 00CHIONCeN L 3’ ICOBANO, WO CYUACHULL eMmAan PO3GUMKY eKOHOMIKU XAPAKMEPUIYEMbCsL
MuM, wo Ha mepumopii Yxpainu 3pocmae Kintokicmo eeiuKux ineecmuuyiiino-oydiseiviux npoekmis,
npome ix peanizauin eussuia npobiemy GI0CMABAHHA CYUACHOT WKOLU NPOEKMYBAHHS, 108 A3AHY
3 MUM, WO Y MUHYIOMY CIOLIMMI Peanizayis 6eIUKUX NPOEKMie Oyia NpaKmuuto 3amopoicend.
Busnaueno, wo nio uac modemosanns xo0y oydiseiviux podim 6paxosyemvCs 6eiuKa KilbKicmy
napamempis: Qisuuni 00cszu KOHCMPYKUiil, tHacenepnozo obradnanns 0yoieni, ocodiueocmi mex-
Hoa02ii supoonuymea ma in. Huni 3D-mexnonozii cmpimxo possusaiomscs. Taxi modeni cmaiomo
HEe3AMIHHUM THCMPYMEHMOM He UlLe Y NPOEKMYBAHHT CKIAOHUX 00 EKMIB, W0 He MArmb aHAI02i8,
ane i eqexmueHUM THCMPYMEHMOM KOHMPOLIO BUKOHAHUX POOIM i cUuCeMi Onepamusno-oucnem-
UepcvHKO20 YNPAasLinms, a MaKoic 3paskom 0l GUSHAUEHHS Pi3H020 POOY PUSUKIE Ma HeOaHCanux
cumyauiii. Pesynvmamom cucmemozo nidxody 0o supiuenis maxux 3as0any moxce cmamu nooy-
dosa peanvoi pecypcroi mooeni npoexmy.

Crio sasmavumu, wo Huni Oinva yacmuna OyoiBHUUMBA BEIUKUX 00 EXMis 6e0embCs i3 3aNyueHHIM
Oeparasnux Kourmie ma KOWmie GimuusHsIHUX NiONPUEMIIE, Y 36 SI3KY 3 UUM AKMYATLOHUM NUMAHHSIM
€ onmumanvia yina. Bemanoeneno, wo 0ns nodaniuozo weuokozo ma eQexmuenozo eKoHOMIUH0Z0 Po3-
BUMKY Hauioi depaicasit, HeoOXioHe 3anyuenHs SHAUHUX THOEMHUX KOUMIB, MOOMO IHO3EMHUX iHEeCmu-
Will, SIKL Maiomb nesii nepesazit neped GImUUHIHUMU THEECTUUIIMU MA OePHCABHUM QIHAHCYBAHHIM.
Bonu noxnsiearomo y momy, wo, no-nepuie, inosemii ineecmuyii — ue dodamxoeuil kanimain 3anyuenui
Y Kpainy 0ns eupobruymea 6yoisenvioi npooyKuii, peanisauii nesHux npozpam, a no-opyze, ue Haoxo-
OdHcenHsL 8 0eparasy HOBUX MEXHOI0ZI MaA 3ACMOCYBAHHS HOBUX MEMOOI8 YNPAGTIHHS Y NPOEKMYBAHHI.
3 02130y Ha ue 3'A61AEMbCS MONCIUBICING BUSHAUUMU MEPMINU BUKOHANHS POOIM ma ymosu
Konmpakmauii. A 201061e 006e0eno: wob ompuMamu KOHKpemuuil incmpymenm, skuil Moxcna oyoe
suKopucmamu 0is. MaKcumMisayii npudymxy 3a paxynox exoHomii eumpam, nompiono cmeopumu
ULIUTL KOMIIEKC 0PZaHI3aUitiHO -NPpOZPAMHUX 3aX00168, SKULL NOCIMYNOBO NOBGUHEH MPAHCHOPMYEA-
mucs 6 cmanoapm.

Kniowosi caoea: ineecmuyiiino-oyoieenvnuti npoexm, opezanizauiino-mexnojoziune
Npoexmyeanns, 6azamosuMipHi Mooei NPOEKMY, CUCMEMOMEXHIUHA MOOETb.
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ITocranoBka npo6aemu. /lociutu icHyowy
MPAKTUKY OPraHi3aliiiHO-TeXHOJOTTYHOTO TIPO-
eKTyBaHHS y OYiBHUIITBI Ta BCTAHOBJIEHHS TEH-
TEHIIi y ii po3BUTKY. BUsBUTH OCHOBHI (hakTOpH,
SKi BAUBAOTH Ha BUOIP OpraHizaIliiiHo-TeXHOJI0-
TiYHKX pineHb OyAiBHAITBA OYAiBeb Ta CIIOPY/I.
Busnauntu nepeBaru, siki OTPUMYIOTh YYaCHUKU
peastizalfii MPOEKTY 3a PaXyHOK 3aCTOCYBaHHS
Bigyasizallii NpU IPOEKTYBAHHI OpraHisdaiiii-
HO-TEXHOJIOTIYHOI JOKyMEHTAIlil.

AHali3 OCTaHHIX AOCHIIXKeHb. Y 0araTbox
nocmipkennax [1; 3; 6; 7] 3agHauaeTbes, 1110
OIHUM i3 aKTyaJbHUX 3aBAaHb Cy4acHOi OyIi-
BEJIBHOI rajysi € po3poOka Ta BIPOBAKEHHS
iHbOpMaIiTHUX TEXHOJOTIN y MPaKTUKY AJIs
JIOCSTHEHHST SIKOCTi Oy/iBHUIITBA TPH EKCILTY-
arartii OyaiBesb Ta CIOPYL. Tomy 3aCTOCYBaHHs
e(eKTUBHUX METO/[iB 1HCTPYMEHTAJIbHUX BUMi-
PIOBaHb IOJISATAE Yy HEOOXIZAHOCTI TEOPETUYHOTO
OOTIPYHTYBaHHS CHCTEMH KOHIENITYaJIbHIUX i T€O-
PETUKO-METOI0JIOTTYHINX OCHOB 301/IbIIIEHHST TEP-
MiHY eKCILTyaTallii, a TAKOXX OITUMI3allil Oprati-
3aIIITHO-TE€XHOJIOTTUHUX 1 TeXHIKO-eKOHOMIUHUX
MOKa3HUKIB OYAiBHUIITBA Ta eKcIuryararii Oyi-
BeJIb Ta CIIOPY/IL.

Mera po6otu. MeToio cTarTi € J0CIiKEeHHSI
pobIeMy  JIOIIJIBHOCTI  YIOCKOHAJIEHHST Opra-
HI3aI[IIHO-TeXHOJIOTIYHOTO TIPOEKTYBAHHS Ha
OCHOBI GaraToOBUMipHUX MO/IEJIEH.

Pesyasratn  pmociimkenb.  Opranizaiiii-
HO-TEXHOJIOTIUHI PillleHHS — 11 CUCcTeMa 3aXO0/IiB,
110 Bi/INIOBI/IAI0OTh HA 3allUTAHHS: 110, 5K, Y Kiii
MOCJTIIOBHOCTI, SKUMU CUJIaMH 1 B 9KI TePMiHU
pobuTH. YXBajieHHs pillleHHsT € GajaHcoM, 1o
BPaXOBY€ BaXJMBICTb 1 KOPHUCHICTb OKpPeMHX
YUHHUKIB, 110 BILIMBAIOTh Ha pilleHHS. Y Oyb-
AKOMY Oy/iBEJIbHOMY IPOEKTI MOTpiOHA B3a-
€eMO/Iisl (paxiBIliB 3 PI3HUX Taly3eil 3 pisHUMU
«IIOTJISIIaMKM Ha CHTYyallifo», TOOTO MPUCYTHIl
JIOJICBKUH  (paKTOp, IKUIT MOKe BIUVIMHYTH Ha
yXBaJIeHHsI KOHKPEeTHUX pitenb. [1ig gac pobotu
31 CKJIQJHUMU CTPYKTypaMyu KOMILJIEKCHOTO TeX-
HOJIOTIYHOTO TIPOIleCY 3HANUTH PillleHHS BAAETHCS
HE 3aBXK/IM, TOMY PO3p0oOKa i 3HAHHS HAYKOBHX
METO/1iB YXBaJIeHHs PillleHb Y TeXHOJIOTI1 cyJac-
HIX METOIMK BapiaHTHOTO TPOEKTYBaHHs Haly-
Ba€ MEPIIOYEProBOTO 3HAUEHHSI.

Y GaraThOX BHIIaZIKaXx METOAM KaJeHzap-
HOTO TIJIAaHYBaHH4, JMiarpaMa laHTa 30Kkpema, sIK
3aco0u Bisyasizanii opraHisaiiiiHo-TexHOI0r -
HUX PillleHb, HEJOCTaTHbO (PYHKI[OHAIBHI, 1100
OIIHUTH PillleHHsI, TOMY 1[0 6HaraThOM Crieriaric-
TaM HeoOXiHO M0OAYUTH HOTO He TIIBKU B Yaci,
a il y IpocTopi.

Cuait BHOKPEeMUTH OCHOBHI 3aBJIaHHS Cydac-
HOTO  OpraHi3aiiiiHO-TeXHOJOTIYHOTO  MPOEK-
TYBaHHS B 6yZ[1BHI/IHTB1 O JIAKYTh B OCHOBY
NPUHIUTIB, KPUTEPIiB i HapaMeTplB bopmy-
BaHHsI 0araTOBUMIPHIX MOJieJieil 3Be/ieHHsT Oy 1i-
BeJIb 1 CIIOPY/I:

— dopmyBatHs rpadika BHKOHAHHS POOIT,
OB SI3aHOTO 3 3-BHMIiPHOIO MOJIEJLIIO 00'€KTA;

— Bi3yaJsizallig MOCJiIOBHOCTI BUKOHAHHSI
pOOiT;

— BUOIp ONTUMATBHUX CXEM BUKOPHCTAHHS
pecypcis;

— InepeBipKa 3/1IICHEHHOCT1 OpraHi3aliinHo-
TEXHOJIOTITYHUX PillleHb, BUSBJIEHHS KOJI31.

3a HeoOXigHOCTI Npe/CcTaBuTH 6yﬂiBeﬂbHH1‘/’1
IIPOEKT He TIJIbKKM B 4aci, a i y MPOCTOPI BUKO-
PUCTOBYIOTh TaK 3BaHi 6aFaTOBI/IM1pH1 MojIesti
nmpoexty (4D, 5D Tomo), ki 00'€aHYIOThCS
mig Oimbmn 3arampHuM TepminoM — Building
Information Modeling (BIM), y cBiti moci Hemae
3araJbHONPUIHATOI Ha3BU, TOMY B PI3HUX JKe-
peJiax TPaIJIsA0ThCS Pi3HI TEPMiHU.

BapianTu mpakTUUHOTO 3aCTOCYBaHHSI TaKUX
MojJiesieil IOCUTh PI3HOMaHITHI:

— HAOYHO TOPIBHATH MiX c060I0 pi3Hi Bapi-
AHTU peasi3allil MPOEKTY;

— 3icTaBuUTH IJIaH i (HakT, ab0 YTOUHUTH TeX-
HOJTOTi10 OY/Ib SIKOTO (h)parMenTy;

— BUSIBUTH IIPOCTOPOBO-YACOBI KOJIi3ii;

— IOKPAIUTH KOOPAMUHAIIIO POOIT I ps/HM-
KiB, MIJIPO3/ILJIiB;

— ONTHUMI3YBaTH BUKOPUCTAHHS KOHKPETHUX
pecypciB, 1110 CTAHOBJISATD

HANOLIBIITY BaKJIUBICTD JIJIsT TIPOEKTY.

BaratoBumipHy Mojenb OyaiBHUITBA Oyii-
BeJIb Ta CIOPY/l CTBOPIOIOTH I OTPUMAHHSI
MO>KJIMBOCTI BK€ Ha PaHHIN CTajll peasisallil
IIPOEKTY NPOEKTYBATH I ONTHUMI3yBaTH MaTe-
piasibHO-TeXHIUHEe 3a0e3MeYeHHsT MPOEKTY, Tijl-
psAHI opraHi3ailii, SIKi y CBOIO 4epry, MOXKYTb
BUKOPHUCTOBYBATH 110 MOJIEJIb JIJIsI MTOTIePeTHbOI
OIIHKN 00’eMiB pobiT, KoOpAMHAI[l MiX opra-
Hi3all1IMU-BUKOHABIAMU, TLJIAHYBAHHS IIpolle-
ciB OymiBHUIITBA, BUPOOHMUIITBA, 3aKyIiBEIb Ta
IHIUX QYHKITIH.

Bukopucranus miapsAAHUMEM OpraHizaiigamMmu
Takoi Mojesi 06'ekTa OyAIBHUIITBA [T CBOIX
1iJ1ei 1 3aBaHb He 3aBx/u Moskianse. [louaTkoBa
MOJIeJTb MOKe TIOTpeOyBaTH 3HAYHOTO KOPHUTY-
BaHHS 1 HacWMYeHHs iHdoOpMalli€o Bif M-
HUKa. 3a YMOBH BiMOBITHOCTI iH(MOpMAIiitHOI
Mozeri 00'ekTa BUMOTaM 1 3aBJaHHSIM miApsiL-
HUKA 11 BUKOPHCTAHHS TIPHHECE ed)eKT y BUTJIA/IL
GBI SIKICHO OTIPAIlbOBAHOI OpraHi3aIliiiHO-Tex-
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HOJIOTIYHOI JIOKYMEeHTallll, a 1le 3Ha4YUTh MeHIlle
TEXHIYHUX TIPOCTOIB, PiBHI pUTMH POOIT, 3HMU-
JKEHHs BiZICOTKA He3aIlIaHOBAaHMX POOIT TOIIO.
106 3a0e31eunTy 11i MOKJIMBOCTI, MOZEb CIIO-
pyau Mae OyTH JOCUTDH JOKJIATHOI 1 MiCTHTH
B 001 Taki Bu/M iHopMarrii:

1. JleranbHa indopmariis po 00'exT OyiB-
HUIITBA, 110 MICTUTHCS B TOYHI TPUBUMIPHIN
MoieJIl, sika 3abesreuye rpadidHi ysBIECHHS TIPO
KOMIOHEHTH OVZiBJI, 3 MOKJIMBICTIO BUTSTTH
TeXHIYHI XapaKTePUCTUKU OKPEMUX eJIeMEHTIB
MOJIEJII;

2. TumyacoBi KOMIIOHEHTH SIBJISIOTH COGOIO
obJIaiHaHHs, OnManyOKy Ta iHI THMYacoBi KOM-
MOHEHTH, 110 MAIOTh BUPIIIAJIbHEe 3HAYEHHS [
IJIAaHYBAHHS Ta peasiisallii TPOEKTY.

3. Indopmariiss B cnenudikaiiisgx, ska TMOB's-
3aHa 3 KOJKHOIO CKJIAJ0BOI0 YACTHHOIO OYiBIi,
B3AEMOIIOB'sI3aHa 3 TEXHIYHUMM BUMOTaMM IJIsi
KOKHOTO KomiorenTa. 1st irdopmartist HeoOxiaHa
JUISL TPUAGAHHS, MOHTAKY, IIy CKOHAJIATO/[KYBaIb-
HUX POOIT i BBEICHHST B €KCILIyaTallilo.

4. AHamiTUYHI 1aHl, TIOB'S3aHi 3 TPOEKTHUMU
BUMOTaMM, TaKUM $K, CTPYKTYpHI HaBaHTa-
JKeHH$I, MAKCUMAaJIbH1 OY1KyBaH1 MOMEHTH 1 1o11e-
peuyHi HaBaHTaKEHHS, HABAaHTA)KEHHS CUCTEM
BEHTHJIALL Ta KOHAMIIOBAHHS, PiBeHb HEOOXi/I-
HOi ocBiTstenocti tomo. 1l mani neoOXimni 118
3aKyIiBeJb, BAPOOHUIITBA Ta IHKEHEPHOTO MPO-
€EKTYBaHHS.

5. Cratyc mpoeKTyBaHHS Ta Oy/IiBHUIITBA
KOKHOTO KOMIIOHEHTa, 100 BIICTEKUTH peaJi-
3aIlil0 MPOEKTY 3arajioM, a TaKOXK 3aTBEPAUTH
IIPOCYBaHHSI KOMIIOHEHTIB I110/I0 TIPOEKTYBAHHS,
npuOaHHs, BCTAHOBJEHHS Ta IepeBipku (3a
norpebn). I1i gaHi gomaroThest 10 MOET T Aps-
HUKOM.

Ha cporouinHiit MOMEHT 5KO/ieH THCTPYMEHT
(mporpamue 3abe3medeHHs) He 3aJ0BOJIbHSIE
BUMOT 11b0OTO criucky. [leit cimcok CIIyTYE, 1106
IZIeHTI/I(leyBaTI/I iHopMariiitai moTpedu iz dac
peasizarii 6GaraToBMMIpHOro iH(MOPMAIIHHOTO
MO/IEJTIOBaHHS B MAiiOyTHHOMY.

Huwni, Ginbimicts  iHCTpYMEHTIB — IHATpH-
My€ CTBOpPeHHS iH(OpMaIlii 3a mepmuMm i apy-
T'UM IIYHKTOM 3 I[bOTO cHUCKy. HaBith y Tomy
BUTIAZIKY, KOJIU TIPOEKTHI Tpynu chopMOBaHi Ha
CTa/Ii1 3a1I0YaTKyBaHHS TIPOEKTY, KOKEH YUACHUK
MO>K€ BUKOPUCTOBYBATH Pi3HI THCTPYMEHTH [T
TOTO, 1I[00 CTBOPUTH CBOIO MOJIE]b OYAiBIi. 3'€/-
HaHHS BCi€l iHGopMaIllii B 1IUX MOJEIIX YacTo
€ BKpail TPyZIOMICTKUM TIPOIeCOM. TaKuM YUHOM,
Hapasi CTBOPEHHS €IMTHOT MOJIEJ /TSI BCIX (PYHK-
il He MosKIMBe. SIK HACiZOK, iCHY€e HeoOXij-
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HICTh ¥ PO3POOJIEHHI METOIIB B3AEMOIIT yUacHM-
KiB IIPOEKTY /ISl CTBOPEHHSI 1 pOOOTH 3 €INHOI0
MOJIEJITIO OYIiBEIbHOTO 00'€KTa.

Skio posrysHyTH OfHE i3 3aTpedyBaHUX
3aB/laHb HA HUHIIIIHII IeHb — CTBOPEHHS MOJIeJli
JUISE THATPUMKH TITaHyBaHHsT OyIiBHUI[TBA. YCITiX
BEJMKUX OpraHisaiiii, 3aqydeHux A0 Oy/iBHUII-
TBa MacIITaOHUX MPOEKTIB 31 CKIagHOIO iH(pa-
CTPYKTYpoIo (06'€KTH eHepreTHYHOI Ta aTOMHOI
IIPOMUCJIOBOCTI, BEJIMKI TEXHOJIOTIYHO CKJa/HI
BUPOOHMYI JIiHIT), 3a/eKaTh BiJl TOYHOCTI pea-
mizarii miaaHy-rpadika OyZiBHMIITBA Ta Bij-
CYTHOCTI TIOMUJIOK Y TIpolieci Oy/IiBHUIITBA, SKi
3HAYHOIO MipOI0 MOKYTb BILJIMBATH HA BapTiCTb
peastizallii IIPOEKTY.

Bupinmitu Take 3aBlaHHSI MOKHA 3a JI0ITOMO-
rOI0 BUKOPHUCTAaHHS iHCTPYMEHTIB GaraToBHMIp-
HOTO MPOEKTYBaHHA. BukopucroByoun meronu
Ta THCTPYMEHTU TPUBUMIPHOTO TPOEKTYBAHHH,
HalPUKJIa, B aTOMHiil MPOMKCIOBOCTI, Oyii-
BeJIbHI  OpraHisamii  po3pobJsiioTh  Bi3yasbHi
MOJIeJli Ta THCTPYKIII IIOA0 1XHBOTO 3aCTOCY-
BaHHS$, YHACIZOK 90r0 00'€IHYIOTh KOKHY Bi3y-
aznbHy a3y i MPOMIKOK Yacy B TPOEKTI. Takuii
MIIX1J] CTA€E MOKJIMBUM 13 3aCTOCYBAHHSM Cydac-
Hux nepenosux CAD cucrem 3 aBTOMaTUYHIMUA
3B'd3KaMM TPUBUMIPHOI TeoMeTpii Ta J03BOJIUB
3HU3UTU TPYJIOBUTPATH Ha pYy4YHE IIPOEKTY-
BaHHS B OpraHisamisix abo rpymax opraHisaiiii.
[ndopmartiiiina Mojesb 1a€ 3MOTY CTBOPIO-
BATH, MEPETJISAATH i pefaryBaTi 6araToOBUMIpHI
MOJIeJI, 1[0 TO3UTUBHO TI03HAYAETHCA HA IKOCTI
Ta HAJIIITHOCTI KaJleHAApHUX TIJIaHIB yCiX CTaliid
IJTAaHYBaHHSI.

KomyHikailis yyacHUKIB peasiizallii IIPOEKTY,
0Cc00JIMBO 3a IXHBOT HaraTOYMCENBHOCTI Ta HIU3b-
KOTO PiBHA CIIPAllbOBAHOCTI, HE MEHII BaxKJIUBE
nuTaHHsa. [HCTpyMmeHTH Bisyasisaiii B CyKyTI-
HOCTI 3 CHCTeMaMU KaJieHJapHOTO TIJIaHyBaHHS
JIAI0Th 3MOTY TH/PSAHUKY MOJIEJTIOBATH i OI[IHIO-
BaTH 3allIAHOBaHY IOCJIIOBHICTD OyIiBeJbHUX
po0iT, a TAaKOXK AIMUTH Ii POOOTH 3 IHITKMH yYac-
HUKAMU TIPOEKTHOI TPYIIN.

[1lo6 y mpoekTHOMY Tpadiky KokHa podoTa
abo mist BiAmoBizama meBHOMY 00'€KTY Bi3yasb-
HOI Mojes, Bci 00'ekTi B OyAiBesNbHIN Mozei
MaioTh OyTH 3TPYIOBaHi Ta MOB's3aHi B TEBHIl
MOCJTIIOBHOCTI  BiAMOBIAHO 110 a3 Oy/IiBHUII-
TBa. Hampukaaza: skimo B rpadiky BUKOHAHHS
pOOIT 3BENEHHST TIEPEKPUTTSI PO3JIiJIEHE Ha TPU
3aXBaTKM, TO HA BI3yaJbHIN MO/l IEePEeKPUTTS
MOBUHHO OyTH JIETaMi30BaHO 10 TPHOX 3axBa-
TOK Tak, 100 1[I0 MOCJIOBHICT MOKHA OYJIO
3amlaHyBat Ta imoctpyBaTu. Ile crtocyerbes
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BCiX 00'€KTIiB 1 pobiT, 110 peasi3yoThCsl Ha IHX
3axBaTKaX: omajayOKa, apMaTypa, OETOH TOIIO.
Kpim Toro, 3emiistai po6oT i TiMYacoBi OyiBIi,
Taki K JICH Ta CKJai, MaloTh OYyTH BKJIIOYEHI
B MojieJsib. [le — OCHOBHA NpUYMHA, YOMY BUKO-
pUCTaHHs 3HAHb MiAPSAHNKA e(eKTUBHO BU3HA-
vae OymiBesbHY MOeIb. SIKIO B OyAiBHHUIITBI
Mozeri Gepe ydacTh apXiTeKTOp, KOHCTPYKTOP
i HiAPSAAHKK, 1€ 0 MOMEHTY [0YaTKy Oy/IiBHUII-
TBa, MIAPSIHUK MOKe 3a0e3MednTH IIBUAKUL
3BOPOTHUI 3B'SI30K I0JI0 KOHCTPYKTUBHMX Ta
OprasisaiiifHo-TeXHOJIOTIYHUX PillleHb, a TaKOX
KOIITOPUCHOI BaprocTi OymiBHUITBA. PanHs
iHTerpamis miei indopmairii Mae Gisbie mepeBar
JUIST BCIX CTOpPiH — y4YacHWKIB peasisarii Oy/i-
BEJIBHOTO TIPOEKTY, SIK [IJIsT TIPOEKTYBAJIBLHUKIB
1 MIPSIIHUKIB, TaK 1 1/ 3aMOBHUKA.

B nanomy Bumajgky GaraToBUMipHE MOJIEJIO-
BaHHS IPAIlOE B OCHOBHOMY sIK 3aci0 KOMYHi-
Kallil /I BUSIBJIEHHSI ITOTEHIINHUX IPoOJIeM i,
AK crocib mokpaieHHs crisnparti. Iligpsaaukm
MOJKYTh PO3TJIsiAaT OaraTOBUMipHE MOJIEJO-
BaHHsI 3 METOIO 3DOOUTH TJIaH BUKOHAHHS POOIT
sIKoMOTa e(heKTUBHUM i HaOJIMKEHUM 10 peastiii
Oy/1iBeTbHOTO MalilaHIMKa.

[Tepi 3a Bce, 6araToOBUMipHA MOJIETb BIMArae
HASIBHOCTI BI/IIIOBI/THUX 3B'43KiB MK BI3yaJIbHOIO
MoJeI0 OyaiBmi Ta KajaeHgapHUM Tpadikom
IPOEKTY, 1110, Y CBOIO 4epry, 3abe3redye movar-
KOBY 1 KiHIIEBY JIaTy Ta BIXU JIsE KOKHOI pOOOTH.

[Ipy pOTpUMaHHI CHUCTEMHOCTI TiIXOAY 0
OOY/IOBH, @ TAKOK aKTyasIi3ailil 6araToBUMipHOI
MOJIeJTi, MOKHA BHOKPEMUTH TOTEHINiHI (ak-
TOPU — MlepeBaru:

— Komywnikaris: [lnanyBaqbHUKM  MOXKYTh
BidyaJsrisyBaTy 3aljlaHOBaHWil OyiBeJIbHUI TPO-
11eC 1715t BCiX 3alliKaBJIeHUX IPOEKTOM ocib. Bara-
TOBUMipHA MOJIeJIb OXOITIOE TUMYACOBI Ta TPO-
cropoBi acrekTu rpadika i pobuth 1eil rpadik
e(eKTUBHIIINM 3a TPAUIIIHY Aiarpamy [aHTa.

— Desniu 3amikaBjieHuX CTOpPiH: 6GararoBu-
MipHi MOJIEJTi 4acTo 0OTOBOPIOIOTHCS Ha (hopyMax
HerpodecioHaTaMH, SIK TPOEKT MO’KE BIJIMHYTH
Ha Tpadik TpaHCmopTy abo iHIN BasKIWBI MPO-
GJIEMI CYCITLIBCTBA.

— Jlorictuka wmaiinanuuka: IlnanyBanibHUKI
MOKYTb KepyBaTH CKJIAZaMu, IOCTYIIOM JI0 HUX
i MicIieM posTalryBaHHsS BEJIUKOTO 00/Ia{HAHHSI,
TOIIIO.

— Koopaunanig mocravanns: [lranysasb-
HUKM MOXYTb CKOODJIMHYBATU OYiKyBaHUIA
rajy3eBuil MOTIK yacy Ta IPOCTOPY Ha BEJMKIi
TEPUTOPIl Tak caMo, SIK i poOOTU B HEBEJIUKUX
IPOCTOPAX.

— 3ictaBieHHs1 TpadikiB i KOHTPOJIb BUKO-
HaHHsA: MeHepkepu TPOEKTIB MOXKYThb JIETKO
TOPIBHSTH Pi3Hi rpadikul, i BOHU MOKYTh IBUIKO
ileHTUdIKyBaTH, UM BiAINIOBIZIa€ TPOEKT TPadiKy,
YU BIJICTAE BiJl HHOTO.

BuiiesasHaueri MipKyBaHHsSI poOJISITh BUKO-
pucTaHHs 6araTOBMMiPHOI MOJIET, 3 METOIO KOOP-
muHatii rpadika MPOEKTY, BiAHOCHO OPOTHM
nporecoM. BukopucranHs momepearHboro J1oc-
Bi/ly i 3HaHb, a TAKOK 3aCTOCYBaHHST HEOOXITHOTO
piBHSI JleTastizallii 1ae 3MOry po3poOUTH TOUHUIA
rpadik, IKUil HeoOXiHWIT ISt TOCSTHEHHS Hali-
OLIBIIIOT BUTO/IM 11iJ] YaC BUKOPMCTAHHS 1HHOBA-
I[IHOTO IHCTPYMEHTY.

CkopoueHHS TepMiHIB BUKOHAHHS PI3HUX
po0iT y OyIiBHUIITBI, 3MEHIIEHHSI BUPOOHUYNX
BUTPAT, TOJIIIIEHHST KOMYHIKaI[l MiXK y4acHU-
KaMU peasisaliii mporiecy OyIiBHUIITBA Ta iHIT
IJIIOCK PO3BUTKY METOJ[IB OpraHizailiiiHO-TeX-
HOJIOTIYHOTO MPOEKTYBaHHs, 30KpeMa i 30i/b-
IEHHS TPUOYTKY € MPUBAOJUBUMU /IS YUaCHI-
KiB iHBECTHILITHO-0y/IIBETbHUX ITPOEKTIB.

[lepeBarn ingopmariitHoro Mo/eTIOBaHHS
OYEBH/IHI i1 IOBe/IEH] 0araTor CBITOBOIO MPAKTH-
KOIO, 3/1aBaI0CsT O, BOHO MOBMHHO BIIPOBA/IKYBa-
THCS B Oy/IiBEJIbHY Taly3b IIBUAKUMU TEMITAMH,
30KpeMa i1 Ha IIPOEKTHO-OYAiBEIBHOMY PUHKY
MOCJIYT B Halmiil KpaiHi. 3a yMOBH, 1[0 HaBiTb
YaCcTKOBE BUKOPHMCTaHHS TeXHOJIOTI iH(opMa-
IIITHOTO MOJIEJTIOBAHHS OYiBe/Ib IPU3BOLAUTD 10
CKOPOYEHHSI TEPMiHiB IPOEKTYBAHHS i OY/Ii BHHII-
TBa Ta 3MEHIIEHHS BUTPAT Ha 3Be/IEHHST 00'€KTIB
3arajiom.

BrpoBaskeHHs TeXHOJIOTI GaraToBUMipHOTO
MOJIETIOBAaHHST OY/IiBEJb Y TPOEKTHO-0Y/TiBETbHY
MPAKTUKY — IIPOLleC TPUBAJINIA, CKIQTHNUIA 1 CyTIe-
peunmBmit. ToMy BiH 371€0iIbIIOTO TIPOXOANTH
3a 3araJIbHUMU JIJis TaKUX MPOIECiB 3aKOHAMMU,
a oTke I1e nuTaHHsa 4acy. OjiHaK Halmiid KpaiHi
HoTpiOHA BHCOKA IHTEHCHBHICTH OYAiBHMIITBA
B CYKYITHOCTI 3 BUCOKMM ITOKa3HUKOM peasii3allii
BEJINKUX 1HBECTUIIHUX TPOEKTIB, 1[0 CBIAYUTD
PO HEOOXIAHICTh BIPOBA/KEHHS TMPUHITHITIB
GaraTOMipHOTO TIPOEKTYBaHHS B)Ke HETailHo,
SKIIO He cKasaTh Ha BYopa. A yacy 3 I0YaTKy
BITPOBA/I;KEHHS 1HPOPMAIITHOTO MOJIETIOBAHHS
MUHYJIO TIOPIBHSHO HEOaraTo — ajpke Ie JIecsTh
POKIB TOMY HIMPOKI Macu TIPOEKTYyBaJbHUKIB
HaBITh He UyJIM TepMiHa «iH(opMariiitna Moziesb
Oy IiBJIi».

OcobsBa poJib y CydacHiil eKOHOMIIN Hase-
KUTh  1HBECTHUIINHO-OY/IIBETbHIUM — ITPOEKTAM
enepretnunoro komiuiekcy (EK). Bmposa-
JUKEeHHIO e(peKTUBHUX 1HHOBAIH Yy cdepi MPoek-
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TyBaHHA Ta peaJisallii OpraHisaliiiHo-TexXHOJIO0-
TiYHUX MPOIECIB Y Il KTIOYOBIii ramysi Garato
B YOMY Ma€ CIIPUATH BMiJie 3aCTOCYBAHHS BITUM3-
HSIHOTO Ta 3apyOi’KHOTO JOCBily, MisKHAPOIHKX
BUMOT 1 cTaHAapTiB. PO3BUTOK 1 MifBUIEHHS
eeKTUBHOCTI IHBECTHIIIITHO-OY/1iBETbHOT /Tisi/Th-
Hocti B EK moB's13aro0 6arato B YoMy 3 PO3BUTKOM
METO/IIB OpPraHi3aliiiHO-TeXHOJOTIYHOTO TTPOEK-
TyBaHHs B OymiBHUITBI. [Ipy 11boMy HEOOXiZHO
BPaXOBYBaTH MPOrpecuBHi iHpOpMaIliiiHi TeXHO-
JIorii, po3po0JIeHi B IHIIMX raly3siX, a TAKOK CIie-
1diuHi 0cOOMUBOCTI IHBECTHUIINHIX MTPOEKTIB
EK, gxi mos'sizani Hacamiiepes] 3 iX TaJay3eBOIO
CITPSIMOBAHICTIO, BEIMKOMACIITTaOHICTIO, 0CO0 M-
BOCTAMM TEXHIYHUX 1 TEXHOJOIIYHUX PillleHb,
3HAYHUM TEPUTOPIaIbHIM po3mimieHHsM. Heob-
Xi/IHI HOBI 1HHOBAIll 3 Y/IOCKOHAJIEHHS TEXHO-
Joriynux nporecis Ha o6'ekrax EK, mo gaorsb
3MOTy TBUIIUTH CYKYIMHUH edeKT y mnepion
iXHBOTO OY/IIBHUIITBA Ta €KCILIyaTaIlil.

Touna, obumcieHa, i BiIHOCHO TOBHaA Oyi-
BeJIbHA MOJIeJ/ib, SKa BKJIIOYA€E BUIIE3a3HAUCHY
irndopmariiio, HeobXigHa, MO0 MATPUMATH KPH-
THYHI Tporieck poOOTH MiApsAAHMKA. Baskinso
BiJ[3HAUNTH, 10 KOXKEH HOBHII Ipoiec podOTH
4acTo BUMArae, o0 miapsHuK 1o1aB iHhopma-
IO JI0 MOJEJI, OCKIJIbKK apXiTeKTop abo iHsKe-
Hep 3a3BWYail He BKJIOUAIOTH iHMOPMAIIIO Mpo
3acobm 1 Meroxu BupoOHHUITBA. Hampukmaz,
indopmariiio npo obiagHaHHsA ab0 BUPOOHMYI
MIOKA3HUKH IPOIECIB, sIKi BasKJIMBI [JIsI TOTO, {00
OLIHUTHU 1 3alJaHyBaTW MaTepiajibHO-TEeXHIUHe
3abesrieueHHs OyIiBHUI[TBA.

Takum yrHOM, TAPANHUKNA BUKOPUCTOBYIOTh
MoJieJIb Oy IiBII /I BUSHAYEHHST Oa30BHX IMOKA3-
HUKIB, a TaKOX JIJIT OTPUMaHHs iHdopMarllii Ta
JI0JIaBaHHST KOHKPETHOI Oy 1iBesIbHOI iH(bopMariii,
AKa HeoOXiJHA Ui MiATPUMKU PI3SHUX IIPOLe-
ciB OyniBenbHuUX pobiT. Kpim Toro, sikimo obesir
POOIT Il TMAPSAAHUKA BKJIOYATUME BBEIEHHS
B eKcIUTyaTalfifo abo ekciuryaraiiio 00'eKTa, TO
3B'SI3KM  MI’K KOMIIOHEHTaMU 0araTOBUMipHOI
MOJIeJTi Ta CUCTeMaMU YIIPaBJIiHHS 3aMOBHUKA,
TaKUMU 1K 0OCJIyrOByBaHHsI ab0 OpraHisalfist
BUPOOHMI[TBA, IIOJIETIIATh IIPOIEC BBEACHHS
B eKCILIyaTallifo Ta 31a4y 00'€KTa 3aMOBHUKOBI
IicJIst 3aKiHYeHHs TPOEKTY. ByaiBesnbHa Gararo-
BUMIpHA MOJIeJIb TIOBUHHA MiJATPUMYBATU TpeJi-
cTaByieHy iHgopmMalliio, sKa TOoB's3aHa 3 yciMa
ITUMU TTPOIIECAMH.

BisyasbHa Mojiesib opraHisaliii OyaiBHUIITBA
JIa€ 3MOTY BUPIIINTHU 4 OCHOBHI 3aB/IaHHS:

— po3pobutu rpadik BUKOHAHHA POOIT, SKUIi
Oyie CKOOPMHOBAHMI Y Yaci Ta mpocTopi;
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— IepeBIpUTHU 3[1CHEHHICTh OpraHi3alliiitHo-
TEXHOJIOTIYHUX PIillleHb, BUSABUTU KOJi3il Ta
3HANTHU PillIeHHA MIO/I0 IXHBOTO MOJI0JIaHHS;

— ONTHUMI3yBaTW BUKOPUCTAHHS  HasSBHUX
pecypcis;

— CKOPOTHUTH TPUBAJIICTh i BapTicTh OyiB-
HUIITBA 32 PaXyHOK ONTUMIi3allil OpraHisaliii-
HO-TEXHOJIOTIYHUX PillleHb i joricTuky Ha Oyi-
BEJIbHOMY Mail/JaHuUKY.

Peamizaiiis OoCHOBHMX 3aB/laHb CYy4aCHOTO
OpraHi3ailiiiHo-TeXHOJIOTIYHOTO  ITPOEKTYBAHHS
B OYIBHHUIITBI MIiCTUTh KOMILIEKCHUIN ITi/IXi/I,
SIKUI 3aCHOBaHUI Ha Ipoliecax CTaJoro po3-
BUTKY.

[lng BusHaveHHs creriuHuX TIPOIIECIB,
IIOB'SI3aHUX 31 CTAaJMM PO3BUTKOM i sIKi BiOyBa-
IOTBCSI B IHBECTHINITHO-OYAiBETbHIl [isIBHOCTI
U1 TIOZIAJIBIIOTO 1X BIIOPS/IKYBaHHS B IIPOCTO-
POBHX i YacOBUX yMOBaX, HEOOXiZIHO BU3HAYNTH
MOHSATTS «€KOHOMIYHUI TIPOCTIP» T4 «€KOHOMIY-
HII 9ac», IKi € 6a30BUMMU KaTETOPisIMU CHCTEMO-
TEXHIKU Ta EKOHOMIKH.

[ToHATTS €KOHOMIYHOTO TPOCTOPY MiCTUTh
y3arajibHeHe YsIBJIE€HHS BJIACTMBOCTEH TeXHi-
KO-eKOHOMIYHOI CHCTeMHU y BUXIJIHOMY CTaHi ii
PO3BUTKY. TakuM YMHOM, TPOCTIP 1HBECTHUIIIN-
HO-OY/IiBEJIBHOI [iSLIBHOCTI, SIK TEXHiKO-eKOHO-
MIYHOI CCTEMHU, — 1€ TPOCTIP MOKJIMBHUX 11 pyXiB
Y PaMKax CTaJIOr0 PO3BUTKY. XapaKTepHOIO O3Ha-
KOI0 €KOHOMIYHOTO IPOCTOPY € HOTO €HICTDb
1 HEIIO/I1JIbHICTb.

3 HOHATTSAM €KOHOMIYHOTO ITPOCTOPY OB 'sI-
3aHe TIOHATTS €KOHOMIYHOro 4Yacy. Kateropis
eKOHOMIYHOTO dYacy BimoOpaskae CyKYIHICTh
OCHOBHMUX 1 JIOIIOMIZKHUX TIPOIIECIB, IXHIO TPUBA-
JIICTH 1 MBUJIKICTD, 3 IKOI0 BOHM 3/[IMCHIOIOTHCS
B TEXHIKO-eKOHOMIUHiil cucteMi [4;9].

[ToxizHa pOro MOHATTI — ONTUMAJIBHUN €KO-
HOMIUHUI 4Yac, 110 XapaKTepu3ye ONTUMAJIbHY
MOCJIJIOBHICTh 1 CHMHXPOHI3AIIO  IIPOIIECIB,
a TAKOXX € BUPAKEHHAM €KOHOMil HalBaXKJIUBI-
II0TO pecypcy OyAiBHUITBA — Yacy.

[3 Toukm 30py opraHizaiii Ta TEXHOJOTI
OyIiBHUIITBA €KOHOMIUHWI 4Yac BepU(IKYETHCS
TPYZIOMICTKICTIO Ta TPOAYKTUBHICTIO — 1€ Ti
eJIEMEHTH, sIKi HeoOXiIHO OpaT 10 yBar, sKIo
IIOCTABJIEHO 32 METY — CTAJUIN PO3BUTOK y TIPO-
CTOpi iHBeCTHIIiTHO-0Y/iBETbHOI MisLIBHOCTI, Ha
NOCATHEHHS KOl CHPSIMOBaHI 3yCUJLIS gK JIep-
JKaBHOTO, TaK 1 KOPIIOPATUBHOTO PiBHSI.

JlocsAiTHEHHsT ONTUMAJBHOTO CTaHy B yaci
BUMAara€ eKoHOMil TpymoBoro (akropa BUPOO-
HUIITBA HacamIilepe/l 3a PaxyHOK e(eKTHBHOTO
BUKOPUCTAHHS MalllMH, MEXaHi3MiB, YyCTaTKy-
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BaHHS, CKOPOYEHHS BUTPAT MaTepialbHO-TEX-
HIYHUX PeCypCiB, 3aMiHM Py4YHOI Ipalli Ha Mexa-
Hi30BaHy, BUKOPUCTaHHs B OyIiBHUIITBI HOBHX
TEXHOJIOTIi 1 MaTepiaJisb.

BesmunHu  ONTUMAIBHOTO — €KOHOMIYHOTO
vacy 3ajexaThb Bil BUsy OyAiBHUIITBA, PYHKITIO-
HaJIbHOTO TPM3HAYEHHST 00'€KTIB, 10 3BOAATHCS,
HOMEHKJIATyPH POOIT, yMOB Oy/IiBHUI[TBA Ta IHIITAX
YIMHHUKIB Y KOKHOMY KOHKPETHOMY BUTIAJIKY.

BcranoBiieHo, 110 PO3BUTOK 1HBECTHUIIIH-
HO-OY/IiBEJIBHOI MiSIBHOCTI, SIK TEXHIKO-€KOHO-
MIUHOI CHUCTEMU, OIMHUCYETHCS 3MIHOIO BEKTOPA
apaMeTpiB CTaHy, KOMIIOHEHTU SIKOTO SIBJISIOTh
c00010 cepeiHi MOKa3HUKH, [0 XapaKTePU3YI0Th
OyziBesbHe BUPOOHUIITBO Ta HOTO iH(pPaCTPyK-
TYPY B TIEBHUIT MOMEHT Jacy|2].

[Tepexij BiJi 0THOTO CTaHy T€XHIKO-€KOHOMiY-
HOI CUCTeMHU /IO 1HIIIOTO OMUCYETHCS 3a J0IOMO-
rOI0 BXIIHUX 1 BUXITHUX BEJIMYMH.

BxigHumMy BeJWMYMHAMU IHBECTHINiTHO-OY1i-
BEJIbHOI [ISIIBHOCTI €, HANPUKJAJA, TTOKa3HUKU
OIlEPaTUBHMX IJIAHIB, XapaKTePUCTUKU MOTOKIB
TPYJIOBUX, MaTepiaJbHO-TeXHIYHNX, iH(hOpMa-
HiltHKUX, piHAHCOBUX pecypciB, Oy/iBEIbHOI MTPO-
AyKIii. Y 3B'sI3Ky 3 UM ImijgcucreMa OyiBesib-
HOTO BHWPOOHMI[TBA OTPUMYE BIiJ IiACUCTEMNU
VIIPaBJIiHHS BITUBH, IO CTOCYIOThHCS:

— o6csry Oy/IiBeIbHOTO BUPOOHMIITBA, OO
CTPYKTYpH,

— BHUMOT SIKOCTi Oy/IiBeJTBHOT IPOYKIIii;

— mepestiKy cyOmiaApsIHIX OpraHisaliiii;

— MOKA3HUKIB IPOyKTUBHOCTI TIpalli;

— mapaMeTpiB e(eKTUBHOCTI Ta peHTabe IbHO-
cti Oy/iBeTbHOTO BUPOOHUIITBA;

— HOPMYBaHHS BUTpAT MaTepiajbHO-TeXHiu-
HUX PecypciB, BUTpaAT Ipaii;

— 00csTy BUKOPHCTAHHS BiZXO/iB Oy 1iBHMII-
TBa TONIO.

BuxinHi BeJIn4uHU 1al0Th 3MOT'Y BCTAHOBUTH,
JK OJIHI IMJCUCTEMU BIUIMBAIOTH HAa IHIII I/~
CHCTEMHU B TIPOCTOPI iHBECTUIIHHO-OY/IiBETHHOI

TisLIBHOCTI, TOOTO PO3TJIIHYTA BXiJiHA BEJIMYNHA
€ BeJIMYMHOIO Ha BUXO/II IHIIOI ITi/ICUCTEMU.

Buxijni BesmynHU MOKHA MOIIJINTA HA J(Ba
TUTIU:

1) TOKa3HUKH, IO SIBJASIOTH COOOI0 YIpaB-
JiHCBKY iHQopmarttito. [laHuit TUN BeJaUYMH
BUJIAETBCA  TijcucTeMo0  iHMOpMaIiiiHOTO
3abe3IeueH s 1 MiCUCTEeMOI0 YIIPABJIiHHS MPU
BUKOHAHHI Heto (DyHKIIIT yIIPaBIiHHS, KOHTPOJIO
1 IPUAHATTA pillleHb;

2) TOKasHWKH, IO BiJ0OpPaKalOTh BILIKB
OJTHIE] MiJICUCTEMU HA 1HIII TICUCTEMHU 1HBECTHU-
iHO-0Yy IiBeJIbHOI TiSLIBHOCTI.

Cranmuii pO3BUTOK BU3HAYAETBHCS CIiBBIIHO-
IIEHHSAM BXOY 1 BHUXOAY, 00paHOIO CTpaTEeriero
1 IOCSATHYTUMU Pe3yJibTaTaMMU.

IIpocTip iHBeCTHIIITHO-OYAiBETbHOT AisTBHO-
CTi BU3HAYAETHCS TaKUM YnHOM (puc. 1.):

X,2,7} (1)
Jie: X — IpoCTip BXIIHUX BeJUYNH; Z — MPOCTIP
napaMmeTpiB ctany; Y — IPOCTIP BUXIIHUX BeJIU-
YUH.

[Ipocrip iHBecTHIiTHO-OYAIBENIbHOL [isLIb-
HOCTI {X,Z,Y} OXOILUIIOE CYKYIIHICTh OCHOBHUX
1 JIOTMIOMIKHUX TIPOIECiB, MOBEJIHKY TEXHIKO-
EKOHOMIUHOI CHUCTeMHU, PeKUM ii (DYHKIIOHY-
BaHHS B YMOBAax CTaJOTO PO3BUTKY.

@opmasrizaiiss  MeXaHi3MiB  €KOHOMIYHOTO
IIPOCTOPY Ta CTAJIOTO PO3BUTKY TEXHIKO-€KOHO-
MIYHUX CHCTEM BKa3ye Ha HeOOXiZHICTh omucy ix
y IPOCTOPOBO-4aCOBUX KOOP/IMHATAX.

[lepmmii Kpok mepeadadac BCTAaHOBJIEHHS
TOPUBOHTY HOCTiKeHHS — T, TOOTO 4acoBOi MEKi,
110 SIKOI IIPOEKTYIOThCA TPAEKTOPI1 3pPOCTAHHS.

Jlai BU3HAYa€ThC PUTM Mojesi, abo Ofu-
HUIE BUMIpYy ekoHoMmiuHoro yacy. llomo mpo-
CTOPOBHUX KOOP/MHAT, SIKi BiZloOpaskaroTh IIpoIec
CTAJIOTO  PO3BUTKY iHBECTHUIIITHO-OYMiBETbHOT
JISIBHOCTI, 3aCTOCOBYIOTbCS Taki ifieHTudiKa-
TOPHU:

[IpocTip iEBeCcTHMIITHO-0YAIBEIBLHOT TISUTHHOCTI

{X,Z,Y}

A

y

[pocTip BXigHUX
BEJINYIH

{X}

MIPOCTIp TapaMeTpiB
CTaHy

{Z}

MIPOCTIp BHXITHHX
BEJIHYHH

{v}

Puc. 1. TlapameTpu mpocTopy iHBECTHINIHO-0Y1iBEIbHOI IisLIBHOCTI
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X — BEKTOp BXI/IHUX BeJIUYUH (x € X);

U — BEKTOp MapaMeTpiB pillleHb (u € X);

Z — BEKTOP TapaMeTpiB CTaHy (z € Z);

Y — BEKTOD BUXI/THUX BeJIMYUH (y € Y);

@ — BEKTOP BUXIJIHUX BEJIMYUH, IKi TOCTyTIa-
I0Th Y MIJICUCTEMY YIIPaBJIiHHA (w €Y).

CucreMoTexHIUHA MOJIETTh CTAJIOTO PO3BUTKY
iHBeCTUITIITHO-OY T BEJIBHOI ISITBHOCTI € HaraTo-
BUMIPHOIO 1 Ma€ TaKUI BUTJISAL:

Ziy1 =F(ZopZegs o Zi_g1s (2)

Xe  Xe-1, 00 X925

Upy Up—1, s Up—g1 )
Yot e (Ze Zeors s Zempn s (3)

Xe, Xe—1, ) Xe—02

U, Up—q, o Up—g1 ) = Hy

We = @(2¢, Xp, Ur) (4)
Ve = 6(z¢, x¢, Ur) (5)

VY nasejieHiil BUIlle CUCTEMOTEXHIUHIN MOJIeJ1
nepunii BUpa3 IOKa3ye 3MiHY BeKTopa Tapa-
MEeTpiB CTaHy B IPOCTOPI Ta Yaci il ONuCye BHY-
TPIIITHIO MOBEIHKY CUCTEMHU, TOOTO BU/I 3aJI€XK-
HOCTI cTaHy cucteMu B MOMeHT vacy (¢ +1) Bif
4aCcoBOI IIOCJIIOBHOCTI CTaHIB, BXIJIHUX 1 BUXIiJ[-
HUX BeJINYUH 3 yPaXyBaHHSM TPUBAJIOCTI IXHBOTO
BILIUBY 6; .

Takum unHoOM, byHKI11ig Fy BUupaxae y popma-
JII30BAHOMY BUTJISI/Ii TIPOCTOPOBO-YACOBY JIMHA-
MIKY iHBeCTUIIHO-0Y T BeTbHOT ISJIBHO-
cri. Bemnmuuna Hp mictuth 0oOMeEXeHHS, AKUX
OTPIOHO JOTPUMYBATUCS B IIPOIECI CTAJIOTO

PO3BUTKY 1HBECTHUIIIHO-OY/iBEIbHOI isIBHO-
CTi, 1O 3a/1al0ThCd MiJICUCTEMOIO YIIPABJiHHA,
HAIPUKJIA/L HassBHI OOMEKEHHST Ha Marepiajb-
HO-TEXHIUHI, TPYIOBI pecypcu, HOMEHKJIATypy
OyziBeJIbHOrO  BUPOOHUIITBA, BUMOIM  SIKOCTI
OyiBeTbHOI TPOYKIIii, BCTAHOB/IEHA TPUBAJICTh
OyIiBHHUIITBA TOIIIO.

Tpere pIBHAHHSA CHUCTEMOTEXHIYHOI MOJEJI
onucye iHbopMaIliio, Mo MepeaacTbes TiICHC-
TeMi yIpaBJIiHHS, a YeTBepTe PiBHIHHS BiOMBa€E
IIPOCTOPOBO-YACOBY JINHAMIKY BMXI/IHUX BeJIH-
YUH TEXHIKO-eKOHOMIUHO1 cucteMu. OcCKiTbKu
pu crenudivHuX mporecax, 1o Big0yBaOThCs
iHBecTUIIHO-OyAiBeIbHOT  cepi, mapamerpn
CTaHy B MOMEHT 4Yacy t + 1 3aJeKUTD BiJl ITapame-
TPIiB CTaHy i BIUIMBIB SIK HA MOMEHT yacy t, Tak
i Ha GiJbII paHHIX TEPIOJiB, B CUCTEMOTEXHIU-
HIil MOJIeJTl 3'ABJIII0ThCA Pi3HI TTapaMeTpH 3alli3-
HeHHst, TOOTO 00cAr OyAiBeJbHUX MPOLYKTIB
3QJI€KUTh BiJl BEJIMYUH KalliTAJIbHUX BKJa/JE€Hb
MUHYJIUX TepiofiB. BTimomoThest BOHU B OyiIiB-
JISIX 1 CIIOPY/Iax, 10 BBOJATHCS B €KCILTyaTalliio
B JIAaHOMY TePiojIi.

BucnoBku. Ha ocHoBi anHasmidy marepiaji
cTaTTi c(hOPMOBAHO BHMOTH, SKUM Ma€ BiJIO-
BiJIlaTU Bi3yaJIbHO-OPraHi3alliitHO-TeXHOJIOT1YHA
Mozienb OyaiBesbHOro 06'ekta. J[okmamano pos-
[JISTHYTO TepeBar, fKi OTPUMYIOTh YYaCHUKU
peastizailii MPOEKTY 3a PaXyHOK 3aCTOCYBaHHS
Bigyasizailii Mpu IPOEKTyBaHHI oOpraHisaiiii-
HO-TE€XHOJIOTIYHO1 JIOKYMEHTallil, a TaKoX Ipo-
TSATOM YCHOTO KUTTEBOTO IIUKJTY TPOEKTY.
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SYSTEM OF MEASURES FOR IMPROVING ORGANIZATIONAL AND TECHNOLOGICAL
DESIGN IN CONSTRUCTION BASED ON MULTIDIMENSIONAL MODELS

Abstract. The article actualizes the issue of formation of a modern civilized market and socially oriented
market relations, which is due to the need to attract investment in the construction industry and increase
its efficiency. Based on the analysis of theoretical sources on the research problem, it is found that the
current stage of economic development is characterized by the fact that the number of large investment
and construction projects is growing in Ukraine, but their implementation has revealed the problem of
the lag of the modern design school, due to the fact that in the last century the implementation of large
projects was practically frozen. It has been determined that when modeling the progress of construction
work, a large number of parameters are taken into account: the physical volumes ohf structures, engineering
equipment of the building, features of production technology, etc. Today, 3D technologies are developing
rapidly. Such models are becoming an indispensable tool not only in the design of complex, unpamlfeled
facilities, but also an effective tool for monitoring the work performed in the operational dispatch control
system, as well as a model for identifying various risks and undesirable situations. A systematic approach
to solving such problems can result in the construction of a real resource model of the project.

It should be noted that today most of the construction of large facilities is carred out with the
involvement of public funds and funds of domestic entrepreneurs, and in this regard, the optimal
price is a relevant issue. It is established that for further rapid and efficient economic development
of our country, it is necessary to attract significant foreign funds, i.e. foreign investment, which
has certain advantages over domestic investment and state funding. They are, firstly, that foreign
investment is additional capital attracted to the country for the production of construction products,
the implementation of certain programs, and secondly, it is the entry of new technologies into the state
and thez application of new management methods in desi%n.

This makes it possible to determine the timing of work and the terms of contracting. And most
importantly, it has been proven that in order to get a specific tool that can be used to maximize profits
by saving costs, it is necessary to create a whole set of organizational and programmatic measures
that should gradually be transformed into a standard.

Key words: investment and construction project, orfanizational and technological design,
multidimensional project models, system engineering model.
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OPTAHI3AIIA BY AIBEJIbHOTO BUPOBHUIITBA 3ABY/10BI
KOMILJIEKCY BY/IIBEJb KOMEPIIIITHOTO IPU3HAYEHHS

Anomauis. Buxonana oyinxa micmooydienoi cumyauii ma xapaxmepucmuxa 00 exmie KOMNIeKcy
KoMepuitinoi Hepyxomocmi 0l 3abesneuenis 6CIX YUACHUKIE NPOEKMY YIMKOI0 i CIMPYKMypOsanoio
IHOPMAYIEI0 PO NPOEKM, CNPUSHHA KoOpOunauii pobim, a maxoxc 3abesneuenns KOHmpomo 3a
suKoHannam oyoisenvux pobim. Bionosiono do sameepoaceroi doxymenmauii ma pagixa cmeopeno
MUmyavHuLl CHUCOK 0is POPAXYHKY 8apmocmi 00 €kmie micmooyoieHozo KoMIieKcy. 3azaivia eap-
micmb 6cb020 Komniexcy ckiaia 2236 mun 874,5 muc eph, 8 momy uucii eapmicmv 6y0i6envHO-MOH-
maoxcrux pooim 1913 mun 380,6 muc zpn. Pospobiena opeanisauiiino -mexnoioziuna cxema nomounozo
Memooy 36edents Oyoisen KOMNIEKCY — KAIeHOAPHUTL NIAH HA 0CHOBI 3424 bHOT OP2aHI3AUIHHO-MeX-
HOZLOZIUHOT cXeMu OYOIBHULMBA, I AKOMY BCMAHOBIEHO: Uepzosicmb ma cmpoku Oydienuumea 6yoi-
6elb Ma cnopyd, NYCKOBUX KOMNIEKCie ma pobim nidzomosuozo nepiody 3 po3nodiiom Kanimaivhux
6KIa0eHs Ma KOumopuchoi eapmocmi Oyodisevio-monmaxchux pobim 3 emanie Oyoisnuymea ma
Y uaci. 3a 0onomoz010 OPeaHi3ayiliHO-mexHoI02iUHOT CXeMU BUKOHAHO POIPAXYHOK THMEHCUBHOCT
(inancysanms 6yoiservHuUx NOMOKIE N0 KONCHOMY 00’ €kmy, w0 00360110 PO3POOUMU KaieHOapHuil
nian 6ydisHuymea micmo0ydisHozo KOMNIEKCY 6 madIuuHil opmi 3 po3nodiiom 3azaivHoi 6apmocmi
ma eapmocmi 0y0igenvHo-MOHmMANCHUX POOIm 3a Keapmanamu. Y nidzomoeuomy nepiodi nepedbaueno
BUKOHAHHS OLILIOT Yacmun 0y0i6eIvHO-MOHMANCHUX POOIM 6 NPOOOBIHC NEPUIUX MICSUIE NEPULOZO
poky Oydienuymea, wo 00360J€ POINOUAMU 36e0eHHs 0CHOBHUX Oydiseny ma cnopyo KoMniexcy
3 Opye020 Keapmany neputozo poxy oydisnuymea. Chopmoeanuil KOMNIEKCHULL YKPYNHEHUIL CIMbOBUIL
2paghix npoexmyeants ma OyOIBHUUMBA KOMNIECKCY KOMEPUIIHOT Hepyxomocmi mepminom 45 micsuie
(npoexmyeanns — 9 micauis, Oyoisnuymeo — 36 micsyis).

Kniouoei croea: ynpasninnsa oyoienuumeom, xasendapnuil naan 0yoienuumea, 0yoieenvHo-
MoHmaxcni podomu, 0yoisevHi nNOMOKU, KOMNILEKC KOMEPUTUHOT HepyXoMOCHi.

ITocranoBka npo6iemu. CydacHa Oy/iiBesibHa
TH/LYCTPISA € OJHUM 13 HAMBAKJIMBIIINX CEKTOPIB
eKOHOMIKH, 110 3a0€e311euy€e PO3BUTOK iH(ppacTpyK-
Typu Ta kutioBoro (oumy kKpainu. EdexTrnBHa
opratizaifist Oy/iBeJIbHOTO BUPOOHHIITBA € KJIIO-
4oBMM (haKTOPOM YCITIIHOI peaisaitii OyiiBesb-
HUX TIPOEKTIB [1, 2], 3abesredyeHHst iXHbOI SIKOCT,
JIOTPYMAaHHS TEPMIHIB 1 GI0/KeTiB. 3Baykaloun Ha
CTPIMKMI PO3BUTOK TEXHOJIOTI Ta ITIBUIIIEHHS

40

BUMOT JI0 €KOJIOTIYHOCTI i eHeproe)eKTUBHOCTI
Oy tiBeJb, BHHUKAE HEOOXIIHICTh Y BUCOKOKBaTi(i-
KOBaHMX (PaxiBILsIX, 3[aTHUX KePYyBATH CKJIQIHUMU
Oy miBeIbHUMIE TIpotiecam [ 3...5].

AHaniz ocraHHix gochimkenb. Omnuc pos-
BUTKY OYAiBEJTbHOTO MPOEKTY € iH(MOPMAIiiHO
CKJIQJTHUM TIPOIIECOM, TOMY 1110 BiH 3aJIeKUTh Bijl
BEJIMKOI KIJIbKOCTI XapaKTepPUCTUK, 10 BILJIN-
BaloTh Ha HBOTO [6...10]. Tomy Ha cTamii miany-
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BaHHS BUKOPUCTOBYETHCSI METOJIOJIOTIS MOJIe-
JIIOBAHHS, 32 JIONIOMOTOIO SKOI ITPOTHO3YETHCS
3MiHa He BCiX, a TIJTbKU YACTUHU XapaKTepuc-
TUK Tporiecy. Byab-sika Mojesnb He MOke OyTH
MOBHICTIO TOTOXKHA OPUTIHAJY, THM OiJIbIIIe IO
OpUTiHAJT MOKe€ BHHUKHYTH TiJIbKH B MaitOyT-
HboMy. Mogenp T1poriecy yHpaBJIiHHS MOXKe
OiJIBII-MEHIII OJHO3HAYHO BU3HAYMTU MaiiOyTHI
BjacTuBOCTI opurinamy. OpHak, He3BaKawUN
Ha HaOJIMKEHICTh MOJieJIell KepYIOUnX MPOIIeciB,
BOHW JI03BOJISTIOTH CUCTEMHO OTIMCYBATH 00’€KTH
VIIPaBJIiHHSA U HA 11l OCHOBI MJIAHYBAaTH YIIpaB-
JIIHCBKI PillIeHHS.

Mera. Po3pobuTu KajieHapHuii miaH Oyis-
HUIITBA KOMILJIEKCY KOMEPIIIHOI HEepPyXOMOCTI
B Tabinuhiil (GopMi 3 PO3IMOILIOM 3arajbHOI
BapTOCTI Ta BapTOCTi OyAiBEIbHO-MOHTAKHIX
pOoOIT 3a KBapTaJaMu JJisl OI[iHKK IIAHOMIPHOTO
(dinancyBanHs xoay OymiBHUIITBA 00'€KTIB Ta
3arasibHoi BapTocTi. ChopMyBaTH KOMILIEKCHU
YKPYIIHEHUH CiThOBUIA TpadiK MPOEKTYBAHHS Ta
OyIiBHUIITBA KOMILIEKCY KOMEPIITHOI Hepyxo-
MOCTI Y CKJIaJli IPOEKTY OpraHizaliii Oy1iBHUITBA
(ITODB).

Pesyibratu qoCTiaKeHb. Y poOOTI BUKOPH-
CTaHO METOJI KaJIeHJAPHOTO TIJIaHYBaHHS MOTO-
KOBOI 3a0y/I0BM KOMILJIEKCOM KOMEPIIHOI Hepy-
XOMOCTi.

IEPIINN ETAII. Ouinka micmobydienoi
cumyauii ma xapaxmepucmuxa o6 €kmie Komn-
JIeKCY.

Komruieke KoMepIiiitHOT HEpyXOMOCTi, SIKUI
MPOEKTYETHCS, BXOJIUTH JI0 CKJIAy MiKPOPaiOHY.
Bin 3a0ynoByeThest Ha BisibHiN Teputopil. [Tpu-
fiMalo, 10 MariCTpajbHi 1HXXEHEPHI CHOPY/IH,
KOMYHIKallii 1 MicIsl 1X MiIKJTI0YeHHS BUKOHAHI.

Ha repuropii 3a0ymoBU KOMILIEKCY PO3Ta-
IOBaHi TPyIH Oy/IiBeJIb Ta CIIOPY/l PI3HUX THIIIB
00'€eMHO-TIITAaHYBAJIBHOTO 1 KOHCTPYKTHBHOTO
pitteHb. /[0 ckiiay KOMILTEKCY BKJIOYEHI Pi3HI
T OYIiBEIb i CIOPY/I, SKi BUKOPUCTOBYIOTHCS
IS 3iiCHeH S Gi3HeCY Ta OTPUMaHHS JOXOLY:

— 8 odicHi Oyxisai 16-moBepxoBi 24 Tric. M
3arajbHOI TIoIi (30ipHMI KapKac 3 HaBICHUMUI
HaHeJSIMN );

— OyaiBist TOProBeJbHA 5 THUC.M? 3arajbHOI
roni (36ipHMIT KapKac 3 HaBICHIMU MTaHEJISIMMI )
Ta OymiBJIsT TOpProBejbHa 25 THC.M? 3arajbHOI
ttonii (36ipHuit KapKac 3 HaBiCHUMI HAHEISIMH );

— nBa roreni 10000m? 3aranbHoi MU0 (Kap-
KaCHO-MOHOJITHA 3 3allOBHEHHAM CTiHOBUMU
BUPOOAMI);

— BucrtaBkoBuii cason 3200 Mm? 3arajbHOI
nyonii (KapkacHO-MOHOJIITHA 3 3allOBHEHHSIM

CTIHOBMME BUPOOAMM) Ta CHOPTHBHUIT KOPITYC
3 3aJ1010, OaceiiHOM Ta KPUTUMU BaHHaMu 00’c-
mom 10000 m* (kapkacHO-MOHOJTITHA 3 3aTIOBHE-
HHSIM CTIHOBUMH BUPOGAMHK).

3 HeoOXigHUMM 00CATaMU Ta BUAAMM 1HKe-
HepHoro obsagHaHHs i Giaroyctpoio. O6'ekTn
KOMILJIEKCY PO3TAIlIOBYIOThCS HA TEPUTOPII 3 11€B-
HOIO apXITEeKTYPHO-IJIAHYBAJIbHOIO 3aBepIlleHi-
crio 3a0yzoBu. [lo MOMEHTY 3/1aui B eKcCILIyaTa-
1ito OyiBesIb Ta CIOPY/ KOMILIEKCY MatoTh Oy TH
3aBepieHi Bci poboT 3 iHKEHEepHOTo 00Jaj-
HaHHsI, 0JJar0yCTPOIO Ta O3eJIeHEHHST TEPUTOPII.
Bci 00'extit y CKIagi KOMIUIEKCY Ii/ISTAOTh
3/1a4i B eKCILIyaTallifo.

[Tepesik 00'€KTiB KOMIUIEKCY Ta MOKa3HUK
TPUBAJIOCTI 3Be/IcHHS HaBeeH] B Tabwtr 1.

Ta6mmug 1. Xapakrepucruka 06'€KTiB
MiCTOOY/IIBHOTO KOMILIEKCY

Tpusasictb, mMic.
Ne | HaiimenyBanHs 00’ €kTy  SarajbHa
MiIrOTOBYOTO
nepioxy

1 2 3
Bynisas odicra 16-moBep-

{ X0Bi 24 Tuc. M? 3arajibHOI 14
tori (36ipHMiT KapKac 3 1
HABICHUMU TTAHEJISIMU )
bynisns roprosesnbHa

9 5 tuc. M? 3arasbHOI ot 12
(36ipHwmii KapKac 3 HaBic- 1
HUMW MaHEJSIMNI )
bynisag ToprosenmbHa

3 25 Tuc. M? 3arabHOL 110 20
(36ipHuil KapKac 3 HaBic- 2
HUMW TTaHEJISIMHI )

Bucraskoswii cason
3200 m? 3arasibHOT TLIOTIT 16

4 | (KapKacHO-MOHOJIITHA 3 1
3aMOBHEHHSIM CTIHOBUMHU
BHPOOAMIT)

CriopTuBHUH KOPITyC 3i
371010, HaceitHOM Ta Kpu-

5 | THMH BalHaMu 06’eMoM 10
10000 m* (kapkacHo- 1
MOHOJIITHA 3 3aITOBHEHHSIM
CTiHOBMMHU BUPOOaMM)

Toreas 10000 m? 3aranbHOT

6 o (KapKacHo- 15
MOHOJIITHA 3 3a1I0BHEHHSIM 2
CTIHOBUMU BUPOOAMH)

7 | KotesbHs onayieHHs 4

8 3akpuTa TpaHchopMaTopHa 15
MiCTAHIIA ’
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Ta6Gauus 2. Ilepenik 00'exTiB, pooiT i 3aX0/1iB KOMILIEKCY (THTYJIbHHIA CICOK )

06'eM pobiT Komrropucua Bapricrb, THC.TPH
% HaiimenyBanms 06‘f:1<TiB, ) 3araibHa y T.u.
5 poGiT Ta 3ax0/1iB On. Kirp- Hao
BHM. KiCTh o 6'615[1}.’ Yeworo BMP O06aaaHaHHs
1 2 3 4 5 6 7 8
1 | Migrorosui poboTu T.TPH 31879,92 31879,92
1.1. OcBoeHHs Gy
MalaHInKa 7969,98
1.2. IlnanyBatms Teputopii 11157,97
1.3. Tumuacosi Oyxisi 1975197
Ta COpy/Iu ’
2 | ImkeHepHi KOMyHIKatil T.TPH 127519,68 127519,68
2.1. Ilpoxmagka Mepex L.IpH 19127.95
BOJIOIIPOBOJY
2.2. Ipoxnajika mepex T.rpH 25503,94
KaHaJsI13aIll
fiﬂ%gggfam MepeiK r.rpa 31879,92
2.4. TIpokJajika Mepex L.IpH 19127.95
CJEKTPONIOCTaYaHHA
2.5. BramryBanus misixis T.TPH 31879,92
fl'ii'ggiiic}?of’mmpm HOTYK. 650,43 195,13 455,30
2.7. Korenpus MOTYK 1300,86 390,26 910,60
3 | Bynisai oicHi Ta rotesmi T.M2 1305156,0 1044124,80 261031,20
?ﬁfgﬁfﬁgﬁiﬁiﬁfom tv? | 2400 | 18867 | 45280800 | 36224640 | 90561,60
pyatens odicna 16 NOSDXOPT| wz | 2400 | 18867 | 45280800 | 36224640 | 9036160
5 -
g?fﬂf 10000w" sararoi v | 10,00 | 19977 | 19977000 | 15981600 | 3995400
5 -
IE(J’ITO‘;T 10000 w* sarabof ™2 | 1000 | 19977 | 19977000 | 15981600 | 3995400
4 ggg;f(fﬁgi Ta pospakaibHa 610968,00 549871,20 61096,80
3 2
?l?ayrﬁf;‘}foﬁﬁgﬁfﬂb}‘a drmea’ | 5,00 15982 79910,00 71919,00 7991,00
Esy ﬁfg‘;}ggﬁfgﬁmm M2 | 2500 | 15982 | 399550,00 359595,00 39955,00
o 2
fa‘;;ifg’;‘jgfﬁfo}l 3200w ™2 | 320 | 15315 | 49008,00 44107,20 4900,80
g;g;lf)ﬁ‘ggjﬁgﬁcolg’oﬁgfm ™™ | 10,00 8250 82500,00 74250,00 8250,00
BCbOTO 1o 3..4 T.IpH 1916124,0 | 1593996,00 | 322128,00
5 | bmaroycrpiit Ta 03eneHeHHs T.TPH 95639,76 95639,76
6 f)ﬁ%ﬁfj Herepe/ibatien T.IpH 63759,84 63759,84
Ycboro 1o KoMILIEKCY T.TPH 2236874,5 1913380,6 3234939
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JIPYTUH ETAII. Pospaxymnox sapmocmi 06 ‘ex-
mig micmoby0ieHozo KOMNLEKcy.

[Tlo6 3aGe3meynTi BCIX YYACHUKIB MPOEKTY
YiTKOIO 1 CTPYKTYPOBAHOIO 1H(b0pMau1€Io po
IIPOEKT, CHPHUATH KOOPAMHALi pobiT, a TaKox
3abe31eYnT KOHTPOJIb 3a BUKOHAHHSIM Oy/Ii-
BEJIBHUX POOIT BIAMOBIAHO 10 3aTBEPIKEHOI
NOKyMeHTallii Ta rpadika CTBOPIOETHCS TUTYJIb-
HUI CITUCOK.

PospaxyHok BaprocTi 00'€KTiB MicTOOYIiB-
HOTO KOMILJIEKCY BUKOHYETHCS 32 YKPYTTHEHIMU
MOKa3HUKaMU O1I0CEPEIKOBAHOI BAPTOCTI CIIOPY-
JUKEHHS JKUTJIa 32 perioHaMu YKpaIHI/I Pesyib-
TaTH PO3PAXyHKY TIPeJICTaB/IeHi B Tabmm 2.

TPETIH ETAIL Opeanizayis nomoxoeoi 3aby-
006U MicmobYy0i6H020 KOMNILEKCY.

Y xasenziapHOMY IJIaHI Ha OCHOBI 3arajibHOI
OpraHi3aIfiiiHo-TeXHOMIOTIYHOI ~ cXeMu  OyJliB-
HUITBA BCTAHOBJIIOETHCS: YEPTOBICTh Ta CTPOKU
OymiBHUITBA OyiBEIb, MyCKOBUX KOMILIEKCIB
Ta POOIT IMATOTOBYOrO MEPIOAY 3 PO3MOALTIOM
KalliTaIbHUX BKJA/leHb Ta KOIITOPUCHOI Bap-
TOCTI  OyAiBETPHO-MOHTAKHUX POOIT 3a eTa-
mamu OyxiBHUIITBA Ta y yaci. Bixnosigno 1o
JOBH A.3.1-5:2016 xamengapuuii 1ian Oyis-
HUI[TBA KOMILTEKCY (Tabi. 5) po3pobJsieThest
B TabaHiit hopmi.

KommiekcHuii moTik mo 3a6y10Bi OyiBesb Ta
CTIOPY/T KOMEPITITHOTO KOMILTTEKCY (POPMYETHCS
Ha OCHOBI HACTYITHUX TIPUTTYTIEHb.

Jlnst 3BenenHst OymiBesab Ta CIOPY[A BWI-
JISTIOTBCST  CaMOCTiliHi ~ 00'€KTHI  TOTOKM:
1-i1 moTik — 3BeIeH s odicHUX Oy/IiBeb Ta roTe-

JIiB; 2-11 MOTIK — 3Be/IeHHS TOPTiBeJIbHOI Ta PO3-
BayKaJIbHOI HEPYXOMOCTI.

[Tosa MOTOKY BUKOHYIOThCSI POOOTH 3 Iiro-
TOBKH TE€PUTOPIi, iHKEHEPHIX KOMYHIKaIliii, 6J1a-
TOYCTpOIO Ta iHIIi poOOTH.

Jlo ckiamy 00'€KTHUX MOTOKIB 3i 3BeJeHHS
OyliBeib Ta CIIOPYA BXOAATH — CIIeIiaiso-
BaHi TOTOKKM 3 BUKOHAHHS TiJTOTOBYMX POOIT,
3 YCTPOIO TMi/I3eMHOI YaCTUHU, 3B€/ICHHS Ha/13eM-
HOI YaCTWHHM Ta BMKOHAHHS 03100JIOBATBHUX
pOOiT.

Hopwmu TprBajiocti 6yaiBHUIITBA BIH3HAYAIOTH
TUIBKY TPUBAJIICTh 3BEIEHHSI OKpeMUX Oy/IiBesb
Ta CIOpPYJ M HEe HOPMYIOTH CTPOKH 3a0yn0BH
MiKpOpailoHiB. 3arajbHa TPUBAJICTh Oy/iBHUII-
TBA KOMILIEKCY BCTAHOBJIIOETHCS —PillleHHSM
3aMOBHHUKA. A y faHiil po6oTi TepMiH Oy/IiBHUII-
TBa KOMIIJIEKCY BU3HAYAETHCS HA OCHOBI Bpaxy-
BaHHSI HOPM TPUBAJIOCTI OYIiBHHUI[TBA OKPEMUX
Oy/IiBeJIb Ta CIIOPY/L Ta IPUIHATOI iIHTEHCUBHOCTI
Oy/iBEeJIbHIUX TTOTOKIB.

TpuBasicTs 3BeIeHHs Oy ANHKIB (3araibHa TW ,
B TOMY 4MCJIi Iigrorosyoro nepiogy T’ ) BU3HA-
qaio 3a JICTY b A.3.1-22:2013 Tta HaBenmena
y Tabsmii 1. 3a eramamu 3Be/IeHHs 00 €KTIB TIPH-
iMaio B TaKOMy CIIBBIJTHOIIECHHI:

=025(T, ~T )
uad - 045 (T?m a Tnn) ’

- 03 (Tmz o Tnn)
Bukonyio p03anyHOK JIS KOKHOTO THITY
OyxiBesb (Taba. 3).
[IpuiiMaeTbcsi  TPUHIMI  Oe3MepepBHOCTI
OCBOEHHS IIPOCTOPY (3BEIEHHS KOKHOI OYIiBJIi).

Ta6muus 3.
Tpusaiicrts, Mic.
Ne HaiimenyBanns 06’ ekTy T T
3ar nn i HaJl 031 |

1 2 3 4 5 6 7

1 Bynisist odicha 16-moBepxosi 24 tic. M? 3araibHoi mwrori (36ip- 14 { 3 6 4
HUH KapKac 3 HABICHUMM HaHEJISIMU )

9 ByuiBiist ToproesibHa 5 Trc. M? 3araibHOI 1o (36ipHuil Kap- 19 1 3 5 3
Kac 3 HaBiCHUMH TTaHeJISIMU )

3 Byxisist toprosesibha 25 Trc. M? 3araibHoi o (30ipHuii Kap- 20 9 45 8 55
KacC 3 HABICHUMW NaHEJISIMNI ) ' ’

4 Bucraskoswuii cason 3200 m? 3arasibHOT 1110111 (KapKacHO-MOHO- 16 1 4 7 4
JIITHA 3 3aIIOBHEHHSIM CTIHOBUMHU BUPOGAMHK )
CrHopTHBHUIT KOPITYC i3 3271010, GaceiTHOM Ta KPUTHUMHU BaHHAMMI

5 |o6’emom 10000 M? (kapkacHO-MOHOJIITHA 3 3aIIOBHEHHSM CTiHO- 10 1 2 4 3
BUMU BHPOOAMI)

6 Toress 10000 m? 3arasipHoi 1Ut0IMi (KapKACHO-MOHOJIITHA 3 3110~ 15 9 3 6 4
BHEHHSIM CTIHOBUMU BUPOOAMH)

7 | KotesnbHs onasieHHs 4

8 | 3akputa TpaHchopMaTOPHA ITiJICTAHIIIs 1,5
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Mosk/I1BI IPIOPUTETH 3BEIEHHS OKPEMUX 00'€K-
TiB BUZLJIEHNX IPYII OyAiBe/Ib TOBUHHI 3a0BOJIb-
HATU OCHOBHUM TIPUHIIUIIAM TOTOYHOTO METOIY
opranisanii OyaiBHUITBA (HEPO3PUBHOCTI PO3-
BUTKY MOTOKY i Oe31epepBHOCTI OCBOEHHSI IPO-
cropy), 3sabesmedyBaTd HOPMATHBHI TEpMiHI
OyIiBHUIITBA OKpeMHUX OYIiBelb i KOMILIEKCY
B [IJIOMY TIPU PO3YMHOMY BUKOPHUCTAHHI pPecyp-
CiB. 3 ypaxyBaHHSM I[MX 0OCTABWH BH3HAYAETHCSI
IIOCJIIOBHICTD 3Be/IeHHsT Oy IiBeJIb.

Y Kkomriekci o MOMEHTY 371a4i B eKcCILIya-
Tario odicHux OyaiBesab Ta TOTETIB Mae OyTH
3aBepiieHo OyAiBHUIITBO TOPTIBEJIBHOI Ta PO3-
BasKaJbHOI HEPYXOMOCTI, i BUKOHaHI BCi poOOTH
3 IHKeHepHOro o0JaJHaHHs, 0Jaroycrpoio Ta
O3eJICHeHHS TepI/ITOpll Hepe/:[6aqa€Tb651 1o yci
00'€KTH TOPriBeJIbHOI Ta p03Ba>KaJ1bH01 HEepyXo-
MOCTI 3BOJIAITbCS OKPEMUM CAMOCTIHUM TIOTO-
KOM y MeXaX CTPOKiB OymiBHHUIITBA O(iCHIX
Oy/iBesib Ta TOTEJIB i He BIUIMBAIOTh HA 3arajibHy
TpUBaicTh OyAiBHUITBA KoMmiuiekcy. Jaumi miz-
rOTOBYi pobOTH, POOOTH 3 IHKEHEPHOTO 00JIajl-
HaHHsI, 6JIATOYCTPOIO Ta 03eJIeHEHHST TEPUTOPII.

3arajbHOMaiIaHYNKOBI TiAroTOBYI PoOOTH
BUKOHYIOTh y Takux ofcsirax, siki 3abeste-

YyI0Th IJIAHOMIPDHE OCBOEHHSI TEPUTOPil Ta
HeOoOXi/IHI JIJIst TToYaTKy OY/IiBHUIITBA KOKHOTO
o0'ekra (MOYMHAIOYM BiJl MOMEHTY 3a0yI0BU
KOMILJIEKCY 10 TOYaTKy OyIiBHUIITBA OCTaH-
HBOTO 00'€KTa).

O6csirn iHKeHepHUX KOMYHIKalliil MOBUHHI
3abe3reuyBaTi TJIAHOMIDHE BBEIEHHST 00'€KTiB
B €KCILJIyaTallio.

Po6otu 3 61ar0ycTpoio TepUTOPIi ITOUMHAIOTH
micJIst 3BeJIeHHS HaJ3eMHUX YacTUH Oy/IiBesb
i 3aBepiIyioTh 3aKiHUEHHSIM 03400 I0BAIBHIX
pOGIT, O3eJIEHEHHS € CE30HHOI POOOTOIO, a iHIIi
Ta HerepeabadeHi poOOTH BUKOHYIOTBCS TIPOTS-
TOM YChOTO TepPMiHY Oy/[iBHUIITBA KOMILJIEKCY.

3 orJigy Ha BUIlle BUKJIAJIeHI BUMOTH, PO3-
pOOJIIEThCS OpraHi3aliiiHO-TEXHOJOITYHA cXeMa
IIOTOYHOTO METOALY 3BeleHHST Oy/IiBelb KOMII-
nexcy (puc. 1).

YETBEPTUI ETAIL Po3pobka kanenpap-
HOTO IJIaHy B TaOJIn4Hii hopmi.

Posnogisi 06csriB KamiTaabHUX BKJIaJeHb Ta
BaprocTi BMP 3a nepiogamut OyaiBHuITBa 06'€K-
TiB KOMILJIEKCY 3/11ICHIOETbCS HA T1/ICTaBl PO3pa-
XYHKY 3Ha4eHb iHTeHCUBHOCTI (/i) Ta mpeacTaB-
JIeHWi B TabJuIli 4.

1 pe - 2026

2 o - N7 3 px - 2008

l%-’ Hatmenjbanng of ‘cxmif,

¥ xbgpman|3 xbapmens wbgpmeal xbappan | xbapman|3 xbgpmarls xbapmen) wbappar |l xbepmen|3 xbgpmanls xbapmed

03, podim ma saxodl 123 le s s 7]2]s 8t

plelrz]s s Tss 7 sTs ulnlwly2]slas s 7 s]s ]l

I V/iidzomoby podamu

11 Oclocunn bydmaudansuna

12 Mnanybanns mepumopii

13, Tumvacobi Sydibai ma cropydu

2 luwenepni xomynixayii

21 foxaadans mepex Bodonpobody

22 Tpoxnadans meoex karvanzaui’

23 Tpoxanfawns Mepex mensompacy

HEEN

24. [Tpoknadanns mepex en.nocmasanHg

25 Brawmybanng wanib

26 TRaHCPODMOMOBHE PigLmanIIs

27 Komemns

3 Vbydal ogice ma zomenf

311 bydibns ogicwa 16- noBepxoba

312 bydiBas opictia 16- noBeoxoba

321 fomem 1 mucm®

221 fomems 10 murm’

&, opaifensiia ma posbananera Hepusoricms

.11 budibss mopeiberska Smuc. m’

4,12 BydiBra mopaibensiia 25 muc. m’

.21 Buemabobus canow 312 muc. m'?

.22 Coopmeowaners 10 mucn’

5. Vorazoyempii ma osenenenns mepumopii

6. Vi ma #enepaddasyboni podomy

iobui nosravesks; = nidzomebyud nepied ;

— 0iIEHET VACIEHT ;

— e HAGIMHT YRR ; onoprexyBamsHi pedom

Puc. 1. OpranisarniiiHo-TexHOIOr9Ha cxeMa 3a0yI0BH KOMEPIITHOT0 KOMILIEKCY
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Ta6muis 4. InTeHCHBHICTD Oy /IiBETBHUX MOTOKIB 10 KOSKHOMY 00’ €KTY

Ne HaiimenyBanHs 06’ €Kty I 0,51 | F- 0,51,
1 2 3 4 5 6

1 | Byzisist oicna 16-oBepxoBi 24 tuc. M2 3arajbHOI TIIOTT 41164,36 | 20582,18 | 32931,49 16465,75
2 |Torenn 10000 m? 3arazabHOl IO 18160,91 | 9080,45 | 14528,73 7264,36
3 | Byxisist ToproBesibHa 5 THC. M? 3araabHOI MO 8878,89 | 4439,44 7991,00 3995,50
4 | ByziByst ToproBesibHa 25 THC. M? 3aTaTbHOT TLTOTIT 26636,67 | 13318,3 | 23973,00 11986,5
5 | Bucraskosuii cason 3200 m? 3arasibpHOI 0 4084,00 2042 3675,60 1837,8
6 gggﬁglqui{glgogohEPyc 3 3471010, GaCeHOM Ta KDUTUMHI BaHHAMU 1178571 | 5892.86 | 10607.14 | 53035714

Ta6mug 5. Kanennapuuii ian OyAiBHEITBA KOMILIEKCY

| Kommopucnaz sapricrs Poanonin of'emip kaniTamsHyx BIATEHE Ta 06'emiz BMP 3a nepionauu Gyisrimea
Haiimenygasa of'exTiB. THC. TPH
a B , 2 4 2
2 pobir Ta zaxonie Veoro | yza. EMP 1] 2 [ _3 [ 4 1 [ 2 [ 3 | 4 1 [ 2 [ 3 [ 4
1 pix 2 pix 3 pix
1 2 3 1 5 6 7 s 9 10 11 12 13 4 15 16
) ! 1503906 | 13939.96
IlinroToE4i pobotr 31879.92 3187992 15939.96 | 13939.96
1 l.liOcsoaHHx OymiEenBEHOTO 7966.98 7960.95 3984.99 3984.99
[ - 398499 | 398499
557899 | 357899
2 |1.2. IlnanyBaHHA TepHTOPE 11157.97 11157.97
557899 | 557899
13. Temreacosi Gymieni Ta 637598 | 637598
’ 1275197 | 1275197 : :
criopymm ’ “" 637598 | 637398
980217 | 1340240 | 1275197 12751,97 | 1275197 | 1275197 | 1275197 | 1275197 | 425066
It i ixanit 12751968 | 127519.68 - - : - - - - - !
eRepHl KoMy : % [(8891,57 | 12047.10 | 1275197 1275197 | 1275197 | 1275197 | 1275197 | 1275197 | 425066
PR ——— 19127.05 | 1912708 | 127520 | 191280 | 191280 | 101280 | 191280 | 151280 | 191280 | 191280 | 101280 | 191230 | 63760
omonpozony . s 1912,80 | 191280 | 191280 | 191280 | 1012,80 | 1012,80 | 191280 | 191280 | 191280 | 637.60
22 ol 2355 255 255 255 2
5 [22 Thoowram wepex 1550398 | 2550304 | 170026 | 255038 ; 253030 | 253039 | 255039 850,13
i 170026 | 255039 2550.39 039 | 255039 | 255039 850,13
23 Tlpoxnamsa wepex S 212533 | 318799 318799 | 318799 | 318799 | 3187.99 1062.66
8 |remmorpac 3187992 | 31879.92 3187.99 318799 | 318799 | 318799 | 3187.99 1062.66
2.4 2 2 2 2 2
5 [P+ Dpomnama seepec 1912795 | 1912795 1912,80 1912,80 | 191230 | 1912,80 | 1912.80 637.60
enexrportocTasasma 1912,80 1912,80 | 191230 | 191280 | 1912.80 637.60
¢ las = ] 17092 | 3187002 3187,99 318709 | 318799 | 318799 | 3187.99 1062,66
e e =< 318799 | 318799 | 318799 | 318799 | 318799 | 318799 | 3187.99 | 3187.99 | 318799 | 1062.66
>
g |»& Tpaschopmaropua 650,43 195,13
rineTassiz
630,43
10 |2.7. Korensas 130086 | 39026 15513
Bynieni odicki Ta rotem
Byaiena odicsa 16- 61746.55 | 12349300 | 123493,09 | 10291091 | 41164,36
11 |moeepxoei 24 Toe. M2 452808,00 | 362246,40
s amssof mromi 4939724 | 9879447 | 9879447 | 8232873 | 3203149
Bymiean odicra 16- 6174655 | 12349300 | 123493,09 | 10291091 | 4116436
12 |rosepxoni 24 Tie. m2 452808.00 | 362246.40
aransHol nomi 4939724 | 9870447 | 0879447 | §232873 | 3293149
Torens 100002 saramssol 008045 | 2724136 | 5448273 | 5448273 | 3632182 | 1816001
13 199770,00 | 159816,00 : - : :
rnomi : : 726436 | 2179309 | 43586,18 | 43586,18 | 20057.45 | 1452873
Cotens 10000 u2 saramsrol 908045 | 2724136 | 54482.73 | 54482.73 | 3632182 | 1816091
Y |nomi 199770.00 | 139816.00 726436 | 2179309 | 43586.18 | 4358618 | 2005745 | 1452873
Toprisensra ta
pO3EaKANEHA HEPYXOMICTE
Byaiem Toprozenera 5 e, 1331833 | 26636,67 | 2663667 | 1331833
5
15 |12 saramssot nnomi 79910.00° ) T1919.00 11986,50 | 23973,00 | 23973.00 | 1198630
i 25 3 35 59932 5 25 35 3
g [P oproneaana 25 |l e oo 6659.17 | 3995500 | 5993250 | 7991000 | 7991000 | 7325083 | 3995500 | 19977.50
v, M2 saramssol womi 599325 | 35959,50 | 53939,25 | 7191900 | 71919,00 | 6592575 | 3595950 | 17979,75
Brrcrassosmit canos 3200 612600 | 1021000 | 1225200 | 12252.00 | 612600 | 2042.00
17 |12 saramstrof romi 4900800 | 44107.20 551340 | 9189.00 | 1102680 | 1102680 | 551340 | 1837.80
Croprvmsuit xopyc i 17678,57 | 35357,14 | 2357143 | 589286
18 ! 82300,00 | 74230.00
sanoro, Gacefizom obexron : 1591071 | 3182143 | 2121429 | 530357
61746,55 | 143470,59 | 251831,30 | 322053,62 | 285127,15 206349.29 | 143011,55 | 12255171 | 77804,96 | 4377434 | 389286
BCHOTOmo 3.4 1916124,00 | 1593996,00 - - : :
e : " 49397.24 | 116774.22 | 208124.21 | 266299.81 | 23742455 17342551 | 119629.94 | 103032,17 | 66392.28 | 37580.81 | 530357
154 154 154 154 154 154 £
10 |Bnaroyerpii xa osenenesn | 9563976 | 9563976 7969.98 | 1195497 1195497 | 1195497 | 1195497 | 1195497 | 1195497 | 398499
796998 | 1195497 1105497 | 1195497 | 1195497 | 1195497 | 1195497 | 398499
; ; 562587 | 562587 | 562587 | 562587 | 562587 562587 | 562587 | 562587 | 562587 | 562587 | 187529
g | Ta nenepenbaseai 63759.84 | 63759.84 : : : : : : : : : : :
pobori 562587 | 562587 | 562587 | 562587 | 562587 562587 | s625.87 | 562587 | se25.87 | se2ss7 | 187520
93114,55 | 17843882 | 270209,14 | 34840144 | 315459.96 | 28284290 | 236682,09 | 17334435 | 15288451 | 108137.77 | 6560583 | 1175314
24 [Beero mo komrmmercy 2236874.49 | 1913380.59
79854,63 | 151287,15 | 226502,05 | 292647,63 | 267757.36 | 240944.48 | 20375832 | 14996274 | 13336498 | 9672509 | 35941231 | 1116385
o . i 93114,55 | 178438.82 | 27020914 | 34840144 | 31545096 | 282842,90 | 236682.00 | 17334435 | 15288451 | 10813777 | 6560583 | 11753.14
‘paibix posrroniny saramesiol
KomToprcHOI EapToCTi 28
eaprananr Tie. tpr.
[padix posrominy saprocti 79854,63 | 151287,15 | 226502,05 | 292647,63 | 267757.36 | 240944.48 | 20375832 | 14996274 | 13336498 | 9672509 | 35941231 | 1116385
EMP sa reapranar
TiC TpH
Tpadix motpedin = 176 502 1330 1744 1596 1436 1214 304 795 576 351 67
pobiTairx Kanpax 3a
| KE apTalami: 9el.
(Pozmomin KomTopHcHOT
PapToch  HapocTai e 93114.55 | 27155336 | 541762.50 | 89016354 [1205623.90| 1488466.79 | 1725148.89 | 1898493 24| 2051377.75| 2159515 52 | 222512135 | 223687449
THOCYMEOM 24 KEapTanaMmi,
rusc rpee
Posronin komrroprceor
PAPTOCT! 3 HApOCTAONIN 4,16% 2422% | 3979% | 5390% | 6654% | 77.12% | $487% | 9171% 9947% | 100,00%
rincyson: 3a smapranam,
%
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[Tpu 1bomMy mpuiiMai0 3aKOH 3MiHU IHTEHCHUB-
HOCTI T10 TIepioiax Oy aiBHUIITBA 00'€KTIB — y TIepi-
ozt posropramis (1, ) i sropranns (t,) Oy/tiBe/bHIIX
MOTOKIB IHTEHCUBHICTb CTAaHOBUTD (), PO3PaXyHKO-
BOI (IHTEHCUBHOCTI CTAJIOr0 MePiofy (t,) MOTOKY).
[lepioan posropranHst i 3ropraHHsT OYIiBEIHHOTO
notoky npuiivato pisnnvu 1, =t,=0,25T . Toni
IIPY PO3TIOILTT KaMiTaIbHUX BKJIAJIEHD 110 KBApTa-
JIaX BPAXOBYIO YUCJIO MICSIIIB, IO TPUTIAIAI0Th HA
11epioji PO3ropTaHHs abo 3ropTaHHst TIOTOKIB Pi3-
HOI iIHTeHCUBHOCTI.

Kanenpapuwuii 1ras OyiBHUI[TBA KOMILIEKCY
KOMEPIIIHHOT HEPYyXOMOCTi PO3pOOJSETHCS 32
JBH A.3.1-5:2016 «Opranizamnis 6yaiBepbHOrO
BUPOOHUIITBA» Ta IPUBEICHIH B TaOJIHII 5.

Pospaxosyio i po3pobusio (Tabaus 5): rpa-
ik posnojiiy 3arajgbHOI BapTOCTI MO KBap-
TajaM, THC. TPH., rpadik po3nojiay BapTOCTi
BMP 1o kBaprasiam, Tuc.IpH.; rpadik norpedu
B poOOYMX Kajpax M0 KBapTajaM, JIO/; PO3Io-
JIJT 3arajbHOl BapTOCTI HAPOCTAIOYUM II/ICYyM-
KOM 110 KBapTaJjiaM, THC.I'PH; PO3TIOIiJI 3arajibHO1
BapTOCTI HAPOCTAIOUMM I/ICYMKOM T10 KBapTa-
1aM, %.

IPATHH  ETAIL.  Pospobka kanenoaphozo
naamny nidzomosuozo nepiody Oyodisnuymasa.
TpuBasicTh MATOTOBYOTO TEPioLy Oy/IiB-
rnnrBa (1)) Bu3HavaeThCA 32 GOPMYIOIO:
T, =(05 ..0,8 )T;, =51..6,81fyo%
pe T =34 mic. — 3araJbHUIl TepMiH OyiBHUIL-
TBa BCbOTO KOMILJIEKCY.

[TpuiinsgTo 6 micsiiB.

[Inan BUKOHAHHS OyIiBelTbHO-MOHTAKHIX
poOGiT TigroToBYOTO MeEpioxy (Tabsuiist 6) po3po-
OasteThesTHATIICTaBI TUTY IBHOTOCTTHCKY (TabJT. 1)
Ta KaJIeHJapHOro IUIaHy OYAIBHMIITBA KOMII-
jekcy (tabi. 5).

Y nizroroBuomy nepiozi nepeadbadyacThest BUKO-
HaHHsT Oy/1iBeJIbHO-MOHTaKHIX POOIT B 00CsI31, 110
3abe3neyye HOPMaJbHUI TI0YATOK Ta PO3BUTOK
pOOIT 31 3BeIeHHS OCHOBHUX OYiBEJIb Ta CIIOPYL
KoMILIeKcy. Bukonanus Giibinol yactuam Oyi-
BEJIbHO-MOHTAKHUX POOIT IATOTOBYOTO HEPIOLY
B TIPOJIOBJK TIEPIITNX MiCSI[iB EPIIOTO POKY Oy/IiB-
HUIITBA JI03BOJISIE PO3IIOYATH 3BeIEHHSI OCHOBHUX
OyziBesIb Ta CIOPY KOMILIEKCY 3 APYroro KBap-
TaJIy TEPIIoro PoKy Oy/IiBHUITBA.

Ta6mug 6. Kanengapuuii 11an BUKOHAHHS POOIT B MiArOTOBYMIA IEPioy

Bapticts BMP, Tuc.rpu | Posnozin o6caris BMP no micausam OyaiBHALTBA, THC.TPH
Ne HaiimenyBsaunst Y tomy 1 kBapran 2 KkBapTai
00’€KTiB Ta POOIT B quCI B
ChOI'o . o
MIATOTOBYHIA 2 3 4 5 6
nepion
1 2 3 4 6 7 8 9 10
{ | Ocsoents Gyaisea- 7969,98 7969,98 | 1328,33 | 1328,33 | 1328,33 | 1328,33 | 13283 | 13283
HOI'O Man/laHYMKa
o | IlnanyBatns 11157,97 | 11157,97 | 1115,80 | 2231,59 | 2231,59 | 1859,66 | 1859,7 | 1859,7
TEPUTOPIL
3 | Tinwaaconi Gyaisi | 4975197 | 1975197 | 191280 | 191280 | 255039 | 212533 | 21253 | 21253
Ta CIIOPYAU
[Tpoxnamanus
4 | iemes mogompoBOY 19127,95 |  3187,99 637,60 | 637,60 | 637,60 | 637,60 | 637,60
5 |llpowraaka 25503,94 | 4250,66 850,13 | 850,13 | 850,13 | 850,13 | 850,13
Mepem KaHaJi13allll
g |lIpokranxa mepex 31879,92 | 5313,32 1062,66 | 1062,66 | 1062,66 | 1062,7 | 1062,7
TENJIOTPpACH
[Tpoxmamaka mepesx
7 [ etercrponocraanis 19127,95 | 3187,99 637,60 | 637,60 | 637,60 | 637,60 | 637,60
8 |Bmawrysanmns gopir | 31879,92 | 5313,32 1062,66 | 1062,66 | 1062,66 | 1062,7 | 1062,7
g | Tpancdopmaropa 195,13 195,13 130,09 | 65,04
MACTAaHIIA
10 | Koresbhs 390,26 390,26 97,56 97,56 9756 | 97,56
1 gé%gglﬂe“epeﬂﬁaqeﬂi 6375984 | 1125174 | 187529 | 187529 | 187529 | 187529 | 18753 | 18753
Beboro
B IATOTOBI TEpIO 2237448 | 64970,32 | 623221 | 11826,32 | 12398,87 | 11536,83 | 11536,8 | 11439,3
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IIOCTUH ETAII. Pospobka KoMniexchozo
YKPYNnHeHozo cimv08oz0 zpagdixa.

OCHOBOIO /TSI PO3POOKH  KOMITLJIEKCHOTO
VKPYIIHEHOTO CiTboBOro rpacdika (pUCYHOK 2)
€ TUTYJIbHUIT crucok (tabu. 1) Ta KameHmap-
HUH T1aH OYIiBHUIITBA KOMILIEKCY B TaOJMUHIN
dopmi (Tabdu. 5).

ITo KokHOMY 00'€KTYy MPHIIMAOThCS TaKi
yKpymHeHi pobotu (cTaziii) Ta MpUIIMAETHCS
HaCTYITHE MPUOIN3HE CIIBBIAHONIEHHS B % Bap-
TOCTI OKPEMUX CTaIill 3BeIeHHs OYAiBeIb Ta CI1o-
py: minzemHa yactuna 10%; Haj3eMHa yacTuHa
50%; o3mob.moBanbHi pobotn 20%; caHTeXHIUHi
Ta eJeKTPOMOHTaxkHI pobot 20%; MOHTaK
obmanHanHsa 25%. PoboTi 1o MOHTaxy 00Jaj-
HaHHSI BUKOHYIOTBCS MApajielbHO 31 0310010~
BaJIbHUMH POOOTAMU i1 CAHTEXHIYHUMMU Ta eJIeK-
TPOMOHTaKHUMU POOOTAMH.

ITo pemri 06'€ekTiB Ta POOIT NPUAMAIOTHCS
pobOTH B I[IOMYy TI0 KOMILIEKCY: IPOEKTHI
poboTu, T06TO PO3poOKa MPOEKTY Ta PobOUOi
JIOKyMeHTaIlii; poOOTH THATOTOBYOTO MEPioy;
MJArOTOBKAa /0 OYAiBHUITBA;, IPOKJIAJAHHS
KOMYHiKailiil (BOJOIPOBIij, KaHai3allis, Temao-
Mepexi TOIO); 00'€KTH eHEPreTHYHOIo TOCIO-
napcTBa; 00'€KTH TPAHCIIOPTHOTO TOCIIOAAPCTBA;
GJraroycTpiii Ta 03eJIeHEHHSI.

BucnoBku. Ha nepwomy emani BUKOHAHA
OIliHKa MicTOOYAIBHOI cuTyallii Ta Xapakrepuc-
THKa 00'€KTiB KOMILIEKCY KOMEPIiiHOI Hepy-
xomocTi. [lo ckiasy KoMIIeKcy BKJIOUEH] pisHi
TiTH OY/iBEb i COPY/I, IKi BHKOPUCTOBYIOTHCS
ISt 3ifiCHEeHHsT Gi3HECY Ta OTPUMAHHS JTOXOLY.
I[Teperik 06'€KTiB KOMILIEKCY Ta TOKa3HUK TPH-
BAJIOCTI 3Be/IeHHS HaBe/eHi B Tabmiii 1.

Ha opyzomy emani nns 3abe3nedeHHsT BCiX
YVUaCHUKIB IPOEKTY YITKOIO 1 CTPYKTYPOBAHOIO
iHopMaIli€l0 PO IPOEKT, CIPUSHHS KOOPAU-
Hatlii pobiT, a TakoXK 3a0e31eYeHHsT KOHTPOJIIO 32
BUKOHAHHSAM OyAiBeJbHUX POOIT BiAMOBIIHO 10
3aTBEP/KEHOI JIOKyMeHTallii Ta rpadika cTBOPIO-
€THCST TUTYJIBHUN CIUCOK. 32 JOTIOMOTOI0 SIKOTO
BUKOHYETHCS  PO3PAXyHOK BaprocTi 00'€KTiB
KOMILJIEKCY KOMEpI[IITHOT HepyXOMOCTH. 3arajibHa
BapTICTb BCHOTO KOMILIEKCY ckJana 2236 MiH

874,5 Tvc TpH, B TOMY YHCJIi BapTicTh OyIiBesb-
HO-MOHTakHIX poOiT 1913 MutH 380,6 THC TpH.

Ha mpemvomy emani po3pobiieHa opraHiza-
I[ITHO-TEXHOJIOTIYHA CXeMa TIOTOYHOTO METOIY
3BeJICHHS OyiBesIb KOMILIEKCY — KaJeHAapHUi
IIJIaH Ha OCHOBI 3arajibHOI OPraHi3aliiHO-TeXHO-
JIOTIYHOT cxeMu Oy/IiBHUIITBA, Y IKOMY BCTaHOB-
JIEHO: YEProBiCTh Ta CTPOKM OyAiBHUITBA OY/Ii-
BEJIb Ta CIIOPY/I, ITyCKOBUX KOMILIEKCIB Ta POOiT
MiIFOTOBYOTO TIEPIOy 3 PO3MOMIJIOM KalliTaslb-
HUX BKJIaJIeHb Ta KOIITOPHCHOI BapToCcTi Oy/Ii-
BEJIBHO-MOHTKHIX POOIT 3 eTariB OyAiBHUIITBA
Ta y 4aci.

Ha wemsepmomy emani 3a 1o110MOT010 OpraHi-
3alliiiHO-TeXHOJIOTIYHOI CXeMU BUKOHAHO PO3pa-
XYHOK 1HTE€HCUBHOCTI (hiHAHCYBaHHS Oy/IiBesb-
HUX MOTOKIB 0 KOkHOMY 00’ekty. IIpn 1pomy
NPUUHATUHN 3aKOH 3MiHU IHTEHCUBHOCTI I10 T1epi-
oziax OyaiBHHI[TBA 00'€KTIB — y Mepiou po3rop-
TanHs (T, ) i sropranns (t,) OyAiBeTbHUX TOTO-
KiB iHTEHCUBHICTb CTAHOBUTH (),5 pO3paxyHKOBOI
(lHTeHCI/IBHOCTl nepioxy (t,) noroky). Ilepioau
pO3TOpTaHHs 1 3ropTaHHs 62yI[1BeJIbHOFO MOTOKY
npuitaaTi pisanmun T, = 1, = 0,257, . o nosso-
JIJIO PO3POOUTH KaJIeHI[apHI/II/I 1A Oy IiBHUII-
TBa MiCTOOY/IBHOTO KOMILIEKCY B TaOJMUHIi
opmi 3 PO3TO/IIJIOM 3arabHOI BAPTOCTI Ta Bap-
ToCTi OyAiBEIbHO-MOHTAKHUX POOIT 32 KBapTa-
JIAMU.

Ha n’smomy emani y miiroTOBUOMY TIepiojii
repeabavacThcsl BUKOHAHHS OYIiBeJbHO-MOH-
TaXHUX PobIT B 00cs3i, mo 3abesmedye HoOp-
MaJIbHUII II0YaTOK Ta PO3BUTOK POOIT 3i 3Be-
JIEHHST OCHOBHUX OY/IiBEJTb Ta CIIOPY/T KOMILJIEKCY.
BukonauHst 6i/bI0i yacTHHU Oy/IiBEJTbHO-MOH-
TaKHUX POOIT MiZATOTOBYOTO MEPIOAY B MPOIOBIK
HEPHINX MICSIB IEPIIOro POKy OyAiBHHUIITBA
JI03BOJISIE PO3MOYATH 3BEJEHHS OCHOBHUX OY/Ii-
BeJIb Ta CIOPY/ KOMILTIEKCY 3 IPYTOTO KBapTaTy
TIEPIIOTo POKY OYAiBHUIITBA.

Ha wocmomy emani chopMoBaHUIl KOMILIEK-
CHUI YKpYIHEHUl CiThOBUiI rpadik IPOEKTY-
BaHHS Ta OYAIBHUIITBA KOMILIEKCY KOMEPI[iiTHOI
HEPYXOMOCTi TepMiHOM 45 MicsiiiB (TpoeKTy-
BaHHs — 9 MicsiiB, OyaiBHUIITBO — 36 MicAIIiB).
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ORGANIZATION OF CONSTRUCTION PRODUCTION OF THE BUILDING COMPLEX
OF COMMERCIAL BUILDINGS
Abstract. An assessment of the urban planning situation and a description of the objects of the
commercial real estate complex were carried out to provide all project participants with clear and
structured information about the project, facilitate coordination of work, and ensure control over
the execution of construction works. In accordance with the approved documentation and schedule,
a title list was created to calculate the cost of the objects of the urban planning complex. The total
cost of the entire complex amounted to 2236 million 874.5 thousand UAH, including the cost of
construction and installation works of 1913 million 380.6 thousand UAH. An organizational and
technological scheme of the current method of construction of the complex buildings was developed —
a calendar plan based on the general organizational and technological scheme of construction, which
establishes: the sequence and timing of construction of buildings and structures, commissioning
complexes and preparatory period works with the distribution of capital investments and the
estimated cost of construction and installation works by construction stages and over time. Using
the organizational and technological scheme, the intensity of financing of construction flows for
each object was calculated, which made it possible to develop a calendar plan for the construction of

49



HOBI TEXHOJIOTII B BYJIIBHAIITBI Ne 46 2025

the urban development complex in tabular form with a distribution of the total cost and the cost of
construction and installation works by quarters. In the preparatory period, it is planned to carry out
most of the construction and installation works during the first months of the first year of construction,
which allows the construction of the main buildings and structures of the complex to begin from the
second quarter of the first year of construction. A comprehensive enlarged network schedule for the
design and construction of the commercial real estate complex for a period of 45 months was formed
(design — 9 months, construction — 36 months).

Key words: management of construction, calendar construction plan, construction and
installation works, construction flows, commercial real estate complex.
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PO3POBKA IHOOPMAIIITHO-JIOTTYHUX MOJIEJEN OIITHIOBAHHSA UUHHUKIB

HETATUBHOTO BIIVINBY HA HABROJINIIIHE CEPE/IOBUIIE

Anomauis. Y cmammi ananizyiomvcs inopmanitino-1o2iuni Mooeri 01 OUIHIOBAHHS 6NIUGY MEX-
nozennozo nasanmaxcenns (TH) na nasxonuune cepedosuue. Axuenmyemocs 6pax 06 ekmusnoi
ingopmauii npo obcszu TH ma nemoxciugicmy pempocnexmusnozo anauisy smit, wo yckiaoHoe
ouinKy exonoziunozo cmany. Posensoacmvcs 3adaua pempocnexmuerozo ananisy TH ma ouinku
1020 6NAUBY HA CKAAO06I D0BKINLS 34 IHOUKAMOPAMIL U THOCKCAMU, U0 3600UMbCsL 00 eK0L02iUH020
oyintosanus posnodiny uunnuxie TH na mepumopii 06 'ednanux mepumopianvnux zpomad (OTT).
Busnaueno sadauy idenmuixauii cxnady, cmpyxmypu uunnuxie TH ma npuvunno-naciioxosux
36°43K18 MIJC HUMU. 3A3HAUAEMBCS, WO MEXHOZEHHI YUHHUKY BUSHAYAIOMb THMEZPATLbHY XapaKme-
pucmuxy enausy nomoxky TH na 06’exmu npupooro-mexnozennoi zeocucmemu (ITIC). IIpoananiso-
BaHO MEMOOU eKCNEPMHO020 OUIHIOBAHHS, 30KPeMA, MmO THMEPBATLHUX OUIHOK, AHATI3Y iepapxill,
cxiduacmoi mampuui ma mepexcnux diazpam. Ipudineno yeazy npuuunio-naciiokosum diazpama.
Jlemanvro docnioxcyemocs: cmpyxmypro-noziuna modern nomoxy TH ma gaxmopie enausy. ITio-
KPecaoemvpcs, wo cmpamugixauyis qba;cmopie TH modice 30iicHI08amuUCh 3 MUNAMU MEXHOZEHHOZ0
6nauBY, wWo 00360156 NoOYOyeamu iepapxiuny cmpyxmypﬁo-ﬂozmuy Modenv ouinku nomoxy TH.
Hpeacmaeﬂeuo nioxio do nposedenis KOMRICKCHOT OuinKY, SKULl 6a3yemvcs na bazamoxpumepi-
AILHIL OUTHUT 3a2P03 3 NOOATLULON 320PMK0T0 00 THMEZPAILHO20 THOCKCY.

Posznsdaemuvcs ennus paxmopie TH na sabpyonenns cknadosux zeocpep IITIC OTI. 3abpyonenns
BUSHAUAEMCS SK SMIHA BLACMUBOCMEN CKIA0BUX 2e0Chep, W0 Npu3so0umn 00 nozipuenns QyHx-
uitl Hasemnux i 600HuX exocucmem. Posensdaiomvcs numanns po3podxu cucmemnoi Kiacugixauii
Oocepen TH, nanpuxnad, xapaxmep ma npupooa noxooicenns, ciepa ma macumadu nowmupenis,
mun ma pesjcus GynKyionyeania oacepena. Onucano euxopucmanns wxaru Caami s excnepm-
HUX OUIHOK § GhopMyILL ons pospaxynxy indexcy ma gionowenns y3zoameuocmz Hasedeno xnacu-
Qixauito xpumepiie i paxmopie oyinrosanns nomoxy TH ma wkany oyinox 6i0HOCHOT BaNCIUBOCII.
Posznsidaemvcs pospobra npouedypu 01 nposedents OuiHKU 6NIUBY MEXHOZEHH0Z0 HABAHMA-
JHCEHHS HA BOOHT 00 6Kmu Ha mepumopii zpomadu.

Kniouoei cnosa: mexnozenne naganwmanicenns, ouiHo8anus exonoziunoi desnexu, 00 eonami
mepumopianvhi 2pomadu, cmpamuixauia YUHHUKIE , NPUMUHHO-CL0UT diazpamu, Memoo
Henvpu, memoo ananizy iepapxiii Caami, 6azamoxpumepianvna oyinka, iHmezpanvHuil
indexc, excnepmui ouinku, 6az06i Koeiuicnmu.

ITocraHoBka mpobaemu. BincyTHicth 06'€k-
TUBHOI iH(opMalii mpo 00'eMU TEXHOIEHHOIO
HaBanTtaxkennd (TH) ta HeMOXIUBICTH TIPOBe-
JIEHHS PEeTPOCIIEKTUBHOTO aHasli3y WOro 3MiH
BUKJIMKAE TM€BHI TPYJAHOIII TIPU HPOBEJIEHHI
MOTOYHOTO  OITIHIOBAaHHA ~ €KOJIOTIYHOTO —CTaHy
00’€KTIB HABKOJIMIITHBOTO CEPEIOBUIIA. B 1iboMy
BUIAJKy BUHHUKA€E 3ajlada PeTPOCIIEKTUBHOIO
anamizy TH Tta oriHioBaHHS 110T0 BIUIUBY Ha CTaH
CKJIaJIOBUX HABKOJIMIITHBOTO CEPeIOBUINA 3 1H/TH-
KaTOpaMy Ta iHIeKcaMu, 110 B KiHIIEBOMY PaxXyHKY

3BOAIUTLCS IO €KOJIOTIYHOTO OIliHIOBAaHHSI PO3-
noiny unaHuKiB TH #Ha Teputopii 00’eaHanmx
teputopiasbHux rpoMajt (OTT) 3a y3arasibHeHrM
iH(hOpMAIIITHUM TOPTPETOM.

Yepes GararoakTOPHICTh Ta KOMILIEKCHICT
BBy TH Ha 00’€KTH TPUPOIHO-TEXHOTEHHOT
reocuctemu (IITI'C) oxnieto i3 3a1a4 € ijieHTH-
dikartis ckaany, crpykrypu unHaukis TH i1 nipu-
YUHHO-HACIIKOBUX 3B S3KIB MK HMMU. B 3Ha-
YHiil Mipl, TEXHOTE€HH] YNHHUKN BU3HAYalOTh Ha
SJKICHOMY PIiBHI 1HTETpajibHy XapaKTePUCTUKY
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BBy motoky TH wa o6’exktu IITTC, skuii
hopMy€eTHCS BHACIIOK HBOTO.

AHaii3 ocTaHHIX JOCHIIKEHb. SIK BiTOMO i3
nyGaikaniit [1, 2], ana nopibunx sagay B ranysi
iH)KeHEepPHOI eKOJIOTil 3aCTOCOBYIOTBCS METO/U
eKCIIePTHOTO OI[IHIOBAHHSI, CePe/] IKUX HalOiIbII
BIJIOMUMM € METO/IM IHTEePBAJIbHUX OIIHOK, aHa-
JI3y iepapxiii, CXi/{4acTOl MAaTPUIIl Ta MEPEKHUX
Jiarpam.

IIporienypa mobymoBy IPUUMHHO-HACTIIKOBIAX
JiarpaM, 1o € OJIHUM 13 iHCTPYMEHTIB [IJIs1 JIOTi-
KO-iH(OpMaIlifHOr0 MOJIe/IIOBaHHS B CHCTeMaxX
praBJﬂHHH gakrocti [3], IPYHTYETHCS Ha nocJIi-
JKEeHH1 CTPYKTYPHO- JioriyHol Mojiesii motoky TH
Ta ynHHWUKIB BrsmBy Ha HIIC (puc. 1).

Y crarti [leBitopanuecko A., lemmep M.,
Meponi 1., Mozika M., [Tazeapi C., 30601 P. [4]
(2016) «Orttinka cTifiKOCTI MiCbKMX TepUTOPiil
depe3 OaraTOKpUTEpiaibHy CHUCTEMY THATPUMKH
MPUIHSATTS PillleHb> PO3IJIAAI0ThCS IHHOBAIIHI
pillleHHsT /i TABUIIEHHST eHeproeheKTUBHOCTI
crapux Oy/IiBe/Ib Ta SMEHIIIEHHS IXHbOTO HEeraTwB-
HOT'O BIUIMBY Ha HABKOJIUIIHE CEPE/IOBUIIIE.

YV crarri Heit k. /Ix., Aokosin M., Yy E,
Tanarep /1., Paiir I [5] (2014) «Orsin Mozeneii
MiATPUMKH TPUHHSATTS PillleHb MO0 ajarTaliil 0
3MIHU KJIIMaTy B KOHTEKCTI PO3BUTKY» PO3IJIs/ia-
I0ThCA MOJIJI TH/ITPUMKY IPUIHATTS PillIeHb JJI51
aJlarTalii 10 3MiHU KJIIMaTy B KOHTEKCTI PO3BUTKY

Ta MiIKPECTIOEThC BAKIMBICTD IHTErpaltii Miciie-
BUX 3HaHb Ta Y4acTi poMa/l y TlJIaHyBaHHI cTpare-
riv agamnraii.

Y pobori Baur M. E. [6] (2018) «'Mu noBuHi
JIOBIPSITH I[bOMY, 200 K MOKEMO TIPOCTO BUKHHYTH
1e’: BukopucTanHs cucteM maATPUMKI TPUITHATTS
pillIeHb TIiJT YaC eKCTPeMaIbHUX MOTOJHUX SIBUTI»
PO3IIAAETHCS BUKOPUCTAHHS CUCTEM I ITPUMKU
npuitHaTTa pimensb (CIIIIP) B ekcrpemanibHUX
MOTO/IHAX YMOBAX 1 IJIKPECTIOETCS BAKIUBICTD
JIOBIpH /10 aBTOMATU30BaHUX CUCTeM [ edek-
TUBHOTO YIIPABJIIHHS B HA/I3BUYAHIX CUTYaIlISIX.

Y crarti Macapemnni K., binerri M. C., Tpio-
i M., Ypikkio B. @. [7] (2023) «Ilepumii kpok
710 PO3POOKU CHCTEMU THATPUMKH TIPUHHATTSI
pillieHb Ha OCHOBI 1IHTerpallll MOHITOPUHTY HaBKO-
JIMIITHBOTO CEePEIOBUINIA JIJIsT OXOPOHU PerioHallb-
HUX BOJIHUX PECYPCiB» IIPOAHAII30BAHO MTOITUPEH]
JuKepena 3a0pyIHEHHs, Taki K HITpaTH, MecTH-
U Ta BaKKi MeTajn, 3 METOI0 PO3POOKH CHC-
TeMU THATPUMKY TPUUHSATTS PillleHb JJIsT 3aXUCTY
BOJIHMX pecypciB y perioHi Amyurist B [Tauii.

Y crarti Tapanpiio C., K'eza C., JIa [Toprta JI.,
[Tomnino M., Bepmekkis M., Tomaccerti b,
Komaiiyza B., JTlombapai A. [8] (2019) «Cucrema
HiI[TpI/IMKI/I HpI/IfIHﬁTTH pimeHb JUIST PO3YMHOTO
MICBKOTO YHPABJIHHSA: CTIKICTb 10 HPUPOJHKX
SBMII 1 MOBITPSIHA €KOJIOTIYHA OIliHKa» IIpe]-
CTaBJIEHO HOBY KOHIIEII[iI0 CUCTeMU IiATPUMKU
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Puc. 1. Iepapxiuna cTpyKTypHO-J0TiYHa MOJiesb TToToKy TH
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npuiiasittst pimens (CIITIP), ska 3abesmneuye
KOMILJICKCHUI aHasli3 pU3MKIB IS KPUTHY-
HOI 1H(QPACTPYKTYPH, BKIIOYAIOUN ITPOTHO3Y-
BaHHsI iHI[U/IEHTIB, OI[IHKY ITOTEHIIIHHNX 30MTKIB
1 BIVIMBY Ha MiCbKe cepejloBHIIle.

Merta po6oti. Po3po6ka KOMILTIEKCHOTO METOTY
OIIHIOBAHHS PIiBHsI €KOJIOTTYHOI OE3IEKH TOBEpX-
Hesrx BogHNX 00'ekTiB OTT B yMOBax r106abHIX
KJIIMATUYHUX 3MiH 1 BeleHHS OOMOBUX [Iil.

Pesysnbratn  gociimkenb. /[l Hamoro
BUIIQJIKY, KOJIN BiICYTHI IaHi ITPO KLTbKICHI XapaK-
TepucTuky YnHHUKIB TH 1 o1liHKa BIJIMBY I1iI0TO
psizty HeOe3MmeYHIX YMHHUKIB TToraHo (hopmasisy-
€TbCS Yepe3 BIJICYTHICTD MOTePe/[HIX JOCI/KeHb
B I[iil ramysi, JOLUIJILHUM € TIOEJHAHHS 3aCTOCY-
BaHHS METO/IIB cTpaTUdiKallil, MPIYUHHO-HACTIT-
KOBUX fiarpam, metony /lembdu ta metomy aHa-
Jigy iepapxiii Caari, gKi 32 HasIBHUX PECYPCHUX Ta
(binancoBUX 0OMeReHb J03BOJISIOTH OO/ IyBaTH
e(heKTUBHUI KOMILJIEKCHUN MeTO][ OIliHIOBAHHS
PiBHSI €KOJIOTIYHOI OE3IEKU OBEPXHEBIX BOIHUX
o6’exriB (BO) OTT. Bin mactb MOKIMBICTD PO3-
pOOUTH CTPYKTYPOBaHi iepapxiuHi epeBa BILIUBY
uynrHrKiB TH Ha tigpocdepy Ta mobymysaru ix
iHhOpMaIliiHNI TTOPTpeT.

lepapxiuHa  CTPYKTypHO-JIOTIYHA  MOJIEJb
notoky TH wmae Tpu piBHI — TUIIM BILJIUBY,
dakropodopmyroui BIUIMBUA Ta 0Oe3m0CEpeaHbO
yuHHUKA BIUBY. [l inentudikamii craamy

ynHHukiB BBy TH na BO rta Busnayenns
IX B3aEMO3AJIEKHOCTI 1 BUSABJIEHHS BiJIHOCHOI
3HAUYUMOCTI YMOBHO HPEJICTaBUMO 1X Y BUTJIS/I
PUYMHHO-HACTIKOBOI Jiarpamu. B Hamomy
BUTIAIKY  TIPUYMHHO-HACTIIKOBA  Jiarpama
€ IHCTPYMEHTOM, MIO J03BOJIIE BUSBIATH Haii-
i icrorHi ynaHuKK BBy TH wa HIIC Ta
iX lepapxiyHy MiJIIIOPSAKOBAHICTb B 3arajibHiii
crpykrypi TH.

Crparudikariiss unHHUKiB 110TOKYy TH  103-
BOJISIE 3POOUTH iX CEJIEKINIO 3a HalpPsIMKaMHU Ta
piBHsMHu BBy Ha BO, 1110 BioOpaskaiorh Heob-
XifiHy iH(opMaItito TPo TPOTecH TEXHOTEHE3Y.
BizamosizHO 710 11bOTO METOY TTPOBOJISATH PO3IIIa-
pPYBaHHSI CTaTUCTUYHO JIOCTOBIPHUX JAQHUX IPO
yrauuku TH. 11 gani rpymyioTs 3a1€;kH0 BiJl yMOB
iX OTpUMaHHS 1 IPOBOJASATH 0OPOOKY KOKHOI TPYIIN
YMHHUKIB OKpeMo. /laHi, po3/iiyieni Ha rpyIu 3a ix
0COOIMBOCTSIMH, HA3MBAIOTH TITapaMit (CTpaTaMiu),
a caM IpoIiec PO3Mo/IiJTy Ha 1apu (CTpaTh) — cTpa-
TU(IKaIli€ero.

Crparudikamniss uynanukis TH wmosxke Oyrtu
poBe/ieHa 3a TUIAMU TEXHOTEHHOIO BILJIUBY.
Y crparax tumiB BIMBY — 3a (akTopamu, SKi
MOKYTh OyTH cTpaTH()iKOBaHi 32 TEPBUHHIMU Y1
BTOPMHHUMMU BILJIMBaMU. BifMOBIHO 10 METOLY
crparudikanii MoxHa MOOYHAyBaTH HACTYITHY
iepapxiuyHy CTPYKTYPHO-JIOTIUHY MOJeJb OIli-
HioBaHHs 1oToKy TH (uB. puc. 2), dka neBHUM

IHTerpanbHUit
KpuTepin oLiHKKU 3arpoau

KpuTepiit ouiHku

KpuTepiit oUiHKkM WNaxis

KpuTepilt oliHku

— )KepenanoxoaXeHHs — PO3MOBCIOAXKEHHS — peuunieHTiB BNNMBY
3arposmu BMNJIMBY 3arposu 3arposm
L I L I L I
PakTop ouiHKK | |PakTop ouiHkn MacwTaby | _|PakTop ouiHKM piBHA BNAUBY
MOXO/KEHHA fxepena NOLUNPEHHS 3arpo3n 3arposu
3arposu
) - ®akTop ouiHky P akTop OUiHKM rMNBUHK
aKTop OLIHKK — cepeaoBMLIa NOLMPEHHS BNAMBY 3arpo3n
— MNOXOAXEeHHsI BNIIMBY 3arpoau y
IKepera3sarposu
daKTop OUiHKM peXnumy P aKkTop OUiHKK
. - i '—  iHTEHCMBHOCTI BNNuB
dakTop oLiHKku TUNY KbYHKLiOHYyBaHHA pxepen y
T 3arposam 3arposm
[Kepena3sarposu

dakTOp OLiHKM XapakTepy .
— noxonXXeHHs oxepena

dakTop OUiHKK
PYXnuMBOCTi 3arposu

3arposu

Puc. 2. [epapxiuna cTpyKTypHO-JIOTi4Ha MOJIEND oliHoBaHHS moToKy TH [9]
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YITHOM XapaKTePHU3ye iepapXxiio (pakTopiB OIliHIO-
BanHsa TH, 1X B3aeMHY y3rojsKeHICTb Ta JIOTid-
HUH 3B'SI30K MiK PiBHAMHU hopMaJizaiiii.

OO6’eKTUBHICTD BUPIIIEHHS 3a/1a4i OI[IHIOBAHHST
noroky TH o6ymosmoemvcs sabesnevennsm kpu-
mepismi OOCMamHbo NOBHOZ0 JIAHUI0ZA OUIHIOBAHHS
o3nax 3azpos. lle oznavae, 1o Kpurepii ONUCyIOTH
BCl B&KJIMBI aCMIEKTU METHU OI[IHKH, aJie TIPU IIbOMY
TOTITBHO MiHIMI3yBaTH 1X uncsio. OcTaHHsS BUMOTa
33JI0BOJIbHSIETBCS, SIKIIO KPUTEPIl € He3a/IeKHUMU,
He TI0B'si3aHi MixK co0010 (Hanpuk/Iaz, OaxkaHo He
BUKOPHCTOBYBATH B PI3HUX CKJIAJIOBUX KPUTEPISIX
OJTHAKOBI BUMIpIOBaHi BeJMYNHU ab0 BEJMYNHH,
K1 BUBOASTHCS OJTHA 3 OJIHOI, TOITIO).

[Tponienypa mnpoBesieHHS KOMILTEKCHOI OIIHKT
0asyeTbcss Ha MiAXofax OaraTOKpUTEPiaTbHOI
OI[IHKH 3arpo3 3 MOAJIbIION0 3TOPTKOIO 11 JI0 iHTe-
TpaIbHOTO iHzEKCY. SIK mpaBusio, BoHa HaOyBae
MIPAKTUYHOTO CEHCY JIUIe B TOMY BUIIQJIKY, KOJIN
BUKOPUCTOBYETbCS TaKWil METOJ, TIPU SIKOMY
GaraTOKpHTepialbHa 3a4ava OI[IHIOBAHHS 3BO-
IAThCST 0 omHOKpHTepiambHoi [9]. TIpote oue-
BUJIHI repesaru 00'eIHaHHS JIeKiIbKOX KPUTEPIiB
B OJIUH CYIEPKPUTEPiil CyNpPOBO/LKYIOTLCS JIesi-
KUMU TPYIHOIIAMU 1 HEJOMKaMH, sIKi HeOOXiTHO
BPaxOBYBATH ITPY BUKOPUCTAHHI I[bOTO METO/TY.

His daxropis TH mpusBoauts 10 3a0pyi-
HeuHs ckiaagoBux reocep IITIC OTI, mo
O3Haya€e 3MiHy IX BjacTuBocTeil yepe3 aii TH,
AKi TIOTIpIIyIoTh (HDYHKINI Ha3eMHUX 1 BOAHUX
eKOCHCTEM 1010 KUBUX 00'€KTiB Giochepu.

Jxepeno 3abpynnenust I[ITIC  (mkepeno

(armocdepa, siTocdepa, rigpocdepa, biochepa)
o6’exty HIIC.

Jlist po3pobKu crcTeMHOI Kaacudikariil 1xe-
pen TH #a 06’extun HITC posriistHeMo icHy0qmi
Ha cbOTOHI f0ocBiA. Y Metoauti [10] muTannio
kiaacudikaiii mxKepesn 3abpyAHEHHS aHTPOIO-
TeHHOTO TMOXO/KEHHST MPUIIIEHO 3HAUHY yBary.
[Ipyn 1mpomy KaacudikaliiHIMKU — O3HAKAMU
3a0py/IHEHb € CHUTYyallii iX BUHUKHEHHs, XapaK-
Tep JuKepest 3a0pyaHeHHsI i PeryaspHicTb (HyHK-
nionysanHs. ¥ [loctanosi KMV [11] naBeneno
XapaKTePUCTUKY OCHOBHUX BU/IB 3a0pyIHEHHSI
o6’extiB HIIC Ta mepiogndHiCTh TIPOBEIECHHSI
MOHITOPUHTY iX MOKa3HuKiB. ¥ ctarti [12] Ha
OCHOBI CHCTEMHOTO MiIXOy y3araJbHEHO YWH-
Hukn TH, gxi MoxyTh GyTH BUKOpPMCTaHI U
po3po0IIi crcTeMHOI Kacuikaliil yKepest i YnH-
HukiB TH.

[lopiBHATBHUI aHAMI3 icHYIOUNX Kiaacui-
Kalliil TeXHOTeHHOTO HaBaHTa)KEHHS Ta y3arajb-
HEeHHs JIOCBily B Ii{ Taxy3i 103BOJILIOTH C(HOp-
MYBaTl HACTyIHI KJjacudikaitiiini ogHaku TH:
XapakTep TOXOJKeHHs; MPUPOJA MOXOKEHHS;
chepa mormupeHHst; MacIITabu TTOIMUPEHHST; TUTT
JpKepesa; pexkuM (hyHKITIOHYBaHHS Kepedia.

Ckian o3Hak (hpakTopiB OIIHIOBAHHS, YaCTKO-
BUX Ta IHTErpajbHOrO KPUTEPIIB MPOBOAUTHCS
BI/ITIOBiIHO /10 BUIIEBUKJIAAEHUX II1JIXO/IB 3TiIHO
i3 Tabaurero 1.

Kepytounch 1M MmiIXo10M, y3arajabHeHi ajin-
TUBHY Ta MYJBTUILUTIKATUBHI 1iJbOBI (DyHKII
MO:KHA TIpe/ICTaBUTH y BUTJIsAi [9]:

ynuauKiB TH) — 11e TexHoreHuuit 06'ext, 60itoBi Jz(e) = 2?=1Z—ffi(ei), @))
71ii ab0 IPUPO/IHE ABUIIE, Bifl SKOTO 3a0pyIHEHHST 1@ = s S i 9
. e) =I[it,—Ji(e
ab0 BIUIMB HAAXOAWTHh Y CKIaIOBI reochepn m =g I, (2)
Ta6mung 1. Illkasa oiHOK BiZIHOCHOI BasKJINBOCTI
Bau ouinku Busnauennsa IMosicuenus
{ EnemenTtn ofiHakoBO Bask/IuBi (1piopu- PiBHMII BHECOK /IBOX €/IEMEHTIB B I0CATHEHHS
TETHI) MeTH
3 Hesnauna niepeBara oiHOTO HaJl iHIIUM € yMOBH, 1110 HA/IAIOTh JIETKY TIEpeBary OIHOTO
HaJl iHITUM
5 IcToTHa iepeBara [crytoTh BaroMmi hakTH, 10 OAWH ICTOTHO
BasKJIMBIIINI BiJ[ 1HIIIOTO
7 SABHa nepeBara 0J{HOTO Ha/l IHIITUM € Geszarnepeyuti hakTh repesar 0HOro
HaJl THIIUM
9 Jly:ke cuibHa TiepeBara OueBuHICTD TTEpeBary OHOTO HAJ| IHITUM
He BUKJIMKA€E CYMHIBIB
9 4.6.8 [TpomizkHuit peaysbraT pillieHHs MiK IBOMa | 3aCTOCOBYETHCS B KOMIIPOMICHOMY BUTIQJIKY
U CYCiZIHIMU MipKYBaHHIMHU
Obepheni | SIKIIo Tpy MOPIBHSIHHI OIHOTO €JIEMEHTY 3 1HIITUM OTPUMAHO OJ[HE 3 BUIIE 3a3HAYEHIX YHCEJT
po3mipu (HanpukIaf, 3), TO MIPU 3BOPOTHOMY TTOPIBHIHHI €JIEMEHTIB O/IEP;KUMO 3BOPOTHE Y CJIO
npusegeHux | (to6to 1/3)
BHIIE YNCEJT

94



HOBI TEXHOJIOTTI B BY/IIBHUIITBI Ne 46 2025

e a; i s; — Barosi Koedilli€eHTH, SKi MOXYTb
BU3HAYATHUCS E€KCIIEPTHUM IIJISIXOM 3a JOTIOMO-
roI0 TPOIEyP TTONaPHOTO TOPIBHSHHS METOMY
anamigy iepapxiit Caati (MAIC).

KokeH yacTKOBUII KpUTEpiil J; CKJIAAEThCS
3 MHOKMHU (PakTopiB fij. [T OTprMaHHs eKcIiepT-
HUX OI[IHOK BIITIOBITHUX BILIMBIB 3arP03 €KCIEPTU
3aTlOBHIOIOTH aHKETH, B SIKUX TIPUCBOIOIOTH BiJIIIO-
Bi/IHI OITIHKY O3HaKaM (haKkTopiB €, BHaYeHHs SK1X
MOskHa 3adikcyBaTy B OasbHiil kasti abo B IIKa,
110 Bignoigae GanbHiil mikam MAIC [9] (tabr. 1).
[MIkasa — 1e cucremMa 4ynces BU3HAYEHOI ITOCJi-
JIOBHOCTI UM IHIIUX €JIEMEHTIB, IPUUHATUX [T
BUMIPY YW OILIHIOBAaHHSI BEJIWYUH, BUSBJIEHHS
3B'SI3KiB 1 BiTHOCUH MiX ejieMenTamu [13].

*BasibHa TTKas1a € MPOMIKHOO MiK TIOPSITKOBOTO
Ta IHTEPBAJILHOIO. SIKIIO € BIIEBHEHICTD, 1110 BCi €KC-
IIEPTH KOPUCTYIOTHCST €IMHOI0 OAJIbHOIO TITKAJION,
SK 11e OyBa€, HAIPUKJIAJ], 32 HASIBHOCTI CIIEIHiaIbHIX
€eTaJIoHiB, TO OaJIbHa IIKa/Ia HAOIMKAETHCSE 10 iHTep-
BAJIbHOI, 1 6aJIbHi OIIHKN 0OPOOJISIOTh SIK KiIbKIiCHI.

Pospobka npouedypu ouiniosanis 6niusy
MexH02eHH020 HABAHMANCEHHS HA 00T 00 €Kmu
epomadu. TlonapHi MOPiBHSHHS MPOBOASTHCS 32
JIOMIHYBaHHSIM OJITHOTO eJIeMeHTa HaJl IHITUM Ta
BUPAKAIOTHCS B IIINX Ymcax 3a mkaso Caati
(muB. Tabu. 1). [l yHidikarii BiamoBii ekcep-
TiB TMOBWHEH OYTH 3aJlaHUil OJHAKOBUI CITOCIO
1 1Kasia oliHKY. ExcriepT 3a110BHIOIOTH MaTPUIL
MapHUX MOPIBHAHb 32 BiAMOBiAHUMY (haKTOpaMu
KpUTEPIiiB OIiHIOBaHHS (IUB. puc. 2).

ITi yac monapHUX MOPIBHSIHD TIOPIBHSIHHS eJie-
MEHTY 3 caMuM COOOIO0 J[a€ OIMHWUINO, PEe3yJIBrar
HOPIBHSAHHS 1IEPIIOTO eJIeMEeHTY 3 IPYTUM — OIIHKY
A, Pe3yJIBTaT HOpi‘BHﬂHHH HEPLIOTO eJIEMEHTY 3 Tpe-
TIM — OUIHKY @, i T.1. Koken excrepr npoBoauTh
eKCIIePTU3Y He3aJIeKHO, a Pe3yJIbTaTH 3alUCyI0ThCs
710 TabJIHTI 3, STKA TIPEJICTABJISIE CTPYKTYPY MATPHITh
napHux TopiBHAHBb. Ha ertami 3 i ozxep:kaHHS
KOJKHOI Matputti motpiGHo n(n — 1)/2 cymKeHp.

[laHi TakuX OI[IHOK, OTPUMAHI BiJl M eKcIep-
TiB, 3BOJATBHCS B MATPUIIO TOPIBHSIHb (JUB.

Ta6muus 2. Knacudikaiisi kpurepiis i paxropis oninoBanus notroxy TH

Kpurepiii oliHkH JsKepesia NOX0/’KeHHsI 3arPO3H.

1. DaxTop OIIHKY TTOXOJPKEHHS [PKepeJia 3arpo3n
[noGanbHi Hanzsuyaiini [TpomwuciioBa

KJIIMATAYHI 3MIHT cuTyaitii MIAJIBHICTD
2. @akTop OIIHKM MOXOKEHHS BILTUBY JUKepeJia 3arpo3u
PanioaktuBre | XimiuHe | EnextpomarHitHe | Mexaniune | AKycTruHe | Bi6partiiitne | Teriose
3. DakTOp OIIHKY THITY JKepeJia 3arpo3u
Heopranizosaui | OpranizoBani | [pynosi OpuHouHi | [LnonmuHi | ToukoBi
4. DakTOp OIiHKU XapaKTepy MOXO/UKEHHS JUKepeJia 3arpo3u

Arponpomuciiona

Biiicbkosi il . )
JUSJIBHICTD

Jlan1ioxxKoBe | ®akropodopmyioue Besmnocepenne Bropunne
KpuTepiii o1iHKM NIJISIXiB PO3TIOBCIO/PKEHHST BIJIMBY 3aTPO3N.
1. @axTop OIIHKK MACIITa0y MOIIMPEHHS 3arPO3K
. . Oxorurioe 06'exTn .
Lnobanbhe MixnaepsxaBHe Perionanbue 130 Micriese JloxambHe
2. DaKTOop OIIHKU Cepe/IOBUINA MOMIUPEHHS 3arPO3H
Armocdepre . . .
HOngE [ pyHTOBI BotM [ToBepxHeBi Bo/U [pynru Mopcbki Bosiu

3. MakTop OMiHKHU pekUMY (DYHKITIOHYBAHHS JZKEpesIa 3arpo3n

[Tocriiino mitoue | [lepiognuno gitoue Enizonunyno xitove OnHopasose | Burmaskose
4. MaKTop OIIHKK PYXJUBOCTI 3arpo3n
Pyxoma | Masiopyxoma | Hepyxoma

Kpurepiii o1liHKM pelUIEHTIB BIJIMBY 3arpO3H.
1. DakTOop OIiHKU PiBHSI BILIMBY 3aTPO3H
Jlanpmadranit | Exocucremuuit | DnopucTnaHmil | DaynicTnaynmit
2. MakTop OMIHKMU IIMOMHY BILTUBY 3arpO3u

| [Monynamiitamii | Busosuii

HesBopoTHiit | YacTKOBO 3BOPOTHIl | 3BOpOTHIi
3. DakTop OIiHKK iIHTEHCUBHOCTI BIJIMBY 3arpPO3H
Bucoxa | Cepenns | Masna

[HTerpasibHMil KPUTEPIii OIIHKK 3aTPO3H.
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Ta6mmug 3. MaTpHig napHuX MOPiBHAHD 32
Bi/ZINOBITHUMH KPHUTEPisAMHU

BO Xq X2 - Xi s Xn

X1 ann=1 ap i an

X2 a axn-=1 asi azn

Xi a1

Xn an1 an2 ani A =1

TalbJ1. 4) 3a BiATOBITHUM KPr——i€M, Y KOKHIl
KJIITUHII SIKO1 §j CTOITh YUCJIO 4, dKe OPiBHIOE
ocepeTHeHil CyMi OI[iHOK TiepeBaru i-ro (hakTopy
OIIIHIOBAHHSI HaJl j-M 3a BI/IIIOBITHUM KPUTEPIEM,
OTPUMAHUX BiJl YCIX M €KCIePTIB:

— 1 m
ay =_X Y=t Qijy,

,m}, m — KIJIbKICTb €KCIIEPTIB.

(3)

Je ke{12,..

Ta6muis 4. Matpuilst napHUX MOPIBHSHB 32
KPHUTEPisIMH i3 0cepeTHeHNX OLIHOK YCiX eKCIePTiB

BO xl e xi ces xn
X1 |a;; =1 ay, A1n
Xi a;q cla, =1 ain
Xn an1 apn, app =1

Jlns koxxHOi MaTpui nopisuanb A € pimenna
AXW = Apax XW,

PIBHSIHHA
(4)
1€ Amax — MAKCUMaJIbHE BJIACHE 3HAYEHHS.

1 KoKHOTO psika MaTpUIli TOPIBHSIHD
OCEPETHEHNX 3a «EKCIepTaMi» OIiHOK 00dmC-
JIIOIOTHCS KOMIIOHEHTH BJIACHOTO BEKTOPY TII0JI0
PSZIKIB MATPUILL:

wy = (Tg X Tyz X Ay X oo X A) /M,
Wy = (@1 X Tpp X Wz X .. X W)™, (5)
Wp = (a—nlxa—ana—nSx o X ann)l/nl

SIK1 HOPMYIOTbCS JIIJIEHHSIM Ha Xi=; W; 1 /103BO-
JISIOTh BUBHAYNUTHU BaroBi KoedillienTn:

ky =5t (6)

Z?:lwi
OTpumanuii BeKTOp W JIa€ micJis HopMasti3a-
111 KoedillieHT TPIOPUTETHOCTI, 1O TTOKA3YIOTh

BHECOK €JIEMEHTIB B JOCATHEHHS BIAIOBIIHOI
MeTH. [[i KOMITOHEHTH TaKoK BUKOPUCTOBYIOTHCS
71 OIIHKHU Y3TO/)KEHOCTI OI[IHOK €KCIIEPTIB.
[Ticig 1poBeneHHsT TOMApHUX IOPIBHSHD
BU3HAYA€EThCs iHJeKe y3romxkeHocti (1Y) 1 Bin-
HomrenHs yaromkernocti (BY). 1Y, mo Bizo6pa-
JKa€ TOPYIIEeHHSI YHUCJIOBOI Ta TPaH3UTUBHOI
MaTpUIll TOPIBHSAHb, € BAXKJIUBUM €JEMEHTOM
MOJIeJTi  BU3HAUEHHS BaroBUX KoeillieHTIB
nopiBaoBanux BO. Tomy 1eit iHmekc MoxHA
PO3T/IAAAaTH K TIOKa3HUK «OJIM3BKOCTI 10
y3rojiKeHoCTi». ToOTO MOXMOKM CITiBBiTHOIIEHD
Qe = a;; X ay,k=1Lni=1nj=1n Jnaly
Mae miciie HactyiHa hopmya [13]:
-n
Iy == 0
Jie N — YUCJIO0 TIOPiBHIOBAHUWX eJsieMeHTiB. [l
00epHEHO CMETPUYHOI MaTPHIIL

>n

Amax (8)
[am nopisHooTh oTpuMany 1Y i3 Tielo, 1m0
yTBOpHJIacs 6 TIPK BUTTAAKOBOMY BUOOPI KiJTbKic-
HUX TOpiBHAHD i3 mkamm 1/9, 1/8, ., 1,2, .., 9
3 YTBOPEHHsSIM 00epPHEHO CUMETPHYHOI MATPHIILI.
PogpinmuBmiun 1Y Ha cepeiHio  BUIAJKOBY
yarozkeHictb (CY), omep:KytoThb BiJIHOIIEHHS
yarojpkerocTi (BY):

BY—-E§ .(9)

Y Taby. 5 cepeHi y3roKEHOCTI /st BUIA/-
KOBUX MaTPUIlb PI3HOTO MOPSIIKY.

Posmip BY ne nosunen nepesumryBatu 10%.
[noni nomyckaernbest 10 20%. Ao BY nepesu-
Iy€E MeXi, TO eKciepraM HoTpiOHO meper a0y-
BAETHCI CUHTE3 IPIOPUTETIB 3 APYTrOro PiBHS
BHU3. JIOKaJIbHI TIPIOPUTETH TIEPEMHOKYIOTHCS
Ha BWIII [PIOPUTETU Ta IMIJICYMOBYIOTbCS 3a
KOXXHUM €eJIeMEHTOM BIJAMOBIAHO /10 Koedilli-
eHTiB BaKJIUBOCTI. BeKTop HpiopI/ITeTiB BO

= {P,,pl, wir Popn}, AKMH CKIANAETHCA 13 KOM-
HOHeHTlB Pypij(i =1,m, j=13), € IHTErpasbHOIO
omninkoio i-ro TH 3a j-m kpurepiem. Hanpukiaz
s 1-ro BO:

Pyp11 = kg Xy + ky X a5 + k3 Xags
Pyp11 = kq X @1 + k2 X Qyy + k3 X3

(10)
Pypim = k1 X Qpq + kz X Ay + k3 Xy

Ha ocHOBI 0649MCJIEHOTO BEKTOPY MPIOPUTETIB
P,y MOSKHA TIpOBecTH pankyBantsa BO 3a Bubpa-
HUM KPUTEPIEM OIIHKM 1 CKJIACTU MATPHUILIO TIPi-
OpUTETIB

Ta6muus 5. Cepe/ini y3roasKeHOCTi st MATPULb Pi3HOTO NopsaKy [13]

Po3wmip maTpuii 3 4 )

7 10819 |10 11 | 12 | 13 | 14 | 15

Cepezrst BumnazikoBa yaromkenicts | 0,58 | 0,90 | 1,12

1,24

1,3211,4111,45|1,49(1,51[ 1,48 [1,56] 1,57 [ 1,59
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1 2 3 L
/xl Pvpll Pvplz Pvp13 PvplL\
P Xi Pvpil Pvpiz Pupi3 PvpiL ( )
Xn Pvpnl Pvpnz Pvpn3 Pvan

g nopiBHgHHA MK co0010  00’€KTiB
VP,.., VB, 3a BEKTOPHUMHU KDHUTEPisAMU (JIUB.
puc. 2 i Tabu. 2) BukopuctaeMo dopmyin (3),
(5), (6), (10), (11) i oTpuMaEMO KOMIIOHEHTH
BJIACHOTO BEKTOPY IIOJI0 PSAKIB MATPUIIl Mpio-

PUTETIB:

W \/P‘Upll X XPmey (12)
SIKi HOPMYIOTBCSI JIIEHHSAM Ha Xi=a Wi i mo3Bo-
JIIIOTb BU3HAUUTH Barosi koedimienTu:

Wy =
l n
T Wi*

(13)
=1
I KOL MOKHA OTPYMATH IHTerpajibHi OLIHKU
BiIIHOBi,Z[HOFO | -TO BO:

VP, =W} X B, +W; xP,, +W;xP,

VP11 VP12 VP13

VP, =W ><P,,1[,21+W2 ><P,,1[,22+W3 X Pyp,y + S+ WX

4o+ W X P

P (14)

VB, =W X Py + Wy X Py + W5 X Py + o+ W X Py

1. Etamnu 3, 4 1 5 mpoBoASITHCS 1711 BCiX PiBHIB
1 rpyn B iepapxii.

2. [TotiM BUKOPHUCTOBYIOTD i€PAPXIYHUN CHH-
Te3 JIJ1d 3BasKyBaHHS BJIaCHUX BEKTOPIB 32 Koedi-
IIEHTAMU BayKJIMBOCTI YU TPIOPUTETHOCTI KPUTE-
piiB i 06YNCIIIOITH CyMU 3a yciMa BiATOBIIHUMMI
3Ba)KEHUMU KOMIIOHEHTaMU BJIACHUX BEKTOPIB
KOKHOT'O PiBHS 1€papXil, 1110 JIeKUTh HUKYE.

3. Y3romkeHicTh iepapxii BU3HAYAETHCS TILISI-
XOM HEPEMHOKEHHS KOKHOTO 1H11e1<cy y3rojiKe-
Hocti 1Y Ha leOpI/ITeT i HlﬂcyMOByBaHHH
peayabraTiB. [loTiM 11€ii pe3yabrat AiUThCS Ha
CEPEeIHIO BUTIAIKOBY Y3TO/KeHICTh (11B. Tab1.4).
[IpuitHgTHA Y3rOIKEHICThH oins 10% abo
MeHTIre, SIKI0 BOHa BUIIA, TTOTPIOHO MO MITHTH
SKICTh CY/)KeHb, MEPETISTHYBIIN MUTAHHS TIPU
[apHUX TIOPIBHAHHAX a00 CTPYKTYpy 3ajadi,
MOBEPHYBIIUCH [I0 eTany 2 [Jsi CYMHIBHMX
YaCTHH iepapxil.

Toni, BIINOBIHO 10 IOYATKOBOTO JIONYIIEHHS
PO Te, 1110 PI3HUIA Y BIAMOBI/ISIX €KCIEPTiB M0sIC-
HIOETHCS BWIIAIKOBUMU He3aTeKHUMHI  (PIyK-
TYaIlisMy TO/I0 JESIKUX <«ICTHHHUX» BEJTWYWH,
111 0OPOOKM JIaHUX OIIHOK MOKHA BUKOPHCTO-
BYBaTH 3BUYHI CTaTUCTUYHI METO/M TOYKOBOTO
omnintoBanng. Koxknomy BO OTT caix mpusectu
Y BITIOBIZHICTD cepeHiii 6as OIiHIOBAHHSL:

Xj = % XYt xij, j=12,..,n

(15)

Ouinku (15) npuiiMaioThest SIK rpymosi. [Ipu
MIPOBEJIEHH] TPOIelyPU KOMILJIEKCHOTO OI[iHIO-

BaHH4 3HAY€HHS 1HAMKATOPIB 1 1HAEKCIB 3arpo3
IIPOEKTYIOTHCS HA 3HAYEHHS BIAMOBIHUX MIKAJ.

Pesynvmamu oyinrosansi 6n1usy mexnozennozo
HABAHMANCEHHS HA BOOHI 00 €Kmu HA Mmepumopii
OTT [lonb6acy. AktuBHi 60iioBi fii BinOyBaThCS
B HallOLJIBIIIOMY B CBIiTi BYTIJIeBUI00YBHOMY peri-
OHI YKpaiHu, KWl € OHI€I0 3 HAHOLIbIINX 1 Hail-
HeOe3NeYHimIX  IPHPOAHNX-TEXHOTEHHUX —Teo-
cuctem. Vloro miomma cTaHOBHTH 10 53 THC. KM2,
Jie TIPOKKBAE BifL 4 10 7 MJIH 0Cib.

Ha /Tonb6aci posramosano nonaj 4000 nmoren-
itHO HeOe3neyHux 00'€KTiB, TAKUX AK IIaXTH,
MeTasTypriitai Ta XiMiuHi BHPOOHHIITBA, TOJTITOHN
TOKCUYHUX BIAXOMIB TOIO. [XHE pyiiHyBaHHS
3arposKye GesIneli HaceJTeHHs perloHy [14].

BpaxoByioun ButiiezazHaueHi yMOBH, IO CKJIa-
JIMCS B IIbOMY PerioHi 0yJ10 po3pobiieHo iHanKa-
TUBHY CXeMY TIPOBEJIEHHST eKCIIpec-T0CTi/IKEHb,
Ki O ;a1 3MOTY OIHUTH, HAUOLTBII ypaKkaeMy
JIAHKY, SIKa € KPUTUYHOTO JIJIsT 3a0€31eYeHHsT €KO-
JIOTIYHO1 Oe3reku Ta Oe3lneKu KUTTEMSIbHOCTI
B I[bOMY PETiOHi.

Ha nmam norss, Boia € KJII0YOBUM 1HIUKATO-
pom ekosoriunoro crany Joubacy. OxHak yepes
GoioBi il iCHy€ HEBU3HAYEHICTh IOAO PiBHS
3a0pyIHEHHST BOJ PISHMMM PEYOBMHAMH Ye€pEe3
BIJICYTHICTb CUCTEMAaTUYHOTO MOHITOPUHTY.

Jls anasisy BBe/ieMo MOHATTS iHhOpMaIliitHoi
MaTputli posnoziny unuHuKiB TH, 1o GyayeTbest
Ha OCHOBI 1€papXiuyHOl CTPYKTYPHO-JOTIYHOI
mojiesi notoky TH (auB. puc. 3). 3acTocyBaHHs
Metony iH(pOpMalliitHOI MaTpHlli € KOPEKTHUM,
AKIO0 MOKHA TOPIBHIOBATHU CyMapHYy KUIbKICTb
iHdopmartii mpo nepexiz Teputopii BO 3a dakro-
pamu TH B pi3Hi kyacu, 110 MOXKYTb TOPIBHIOBA-
THUCS OJIVH 3 OJTHUM.

Y cnporennx indopManiiHuX MaTPUILIX BCi
TeXHOTeHHI YMHHUKNA MafoTh Bary 1, SKIMO 1pu-
cyTHi, i 0, K110 BifICyTHI. [HTEHCUBHICTH YNHHU-
kiB TH omiH0€ThCs 32 TPHOXOATBHOIO MIKAJIOIO:
1 — cmabka, 2 — ceperst, 3 — BHCOKa.

[ndbopmartiiini  BeIMYMHI  MOKYTh  TIOPIBHIO-
BATHCA JIMIE, SKIO OHOYACHO BUKOHYIOTHCS
HACTYITHI TPI YMOBIL: IOPIBHIOIOTECST {HMBITyalIbHi
KIJTBKOCTI 1Hq)opMau11 IO MICTSITHCS B O3HAKAX MPO
NpUHAJIEKHICTD 710 BiAnoBiaHuxX kiaacie BO HIIC
OTT; nopiBHIOIOTHCST BEJTMUNHM, PO3PAXOBaHi JIIs
omroro BO uu nieBHOI #0T0 (DyHKITIOHAIBHOI 30HU
1 PI3HUX KJIACiB; TIOPIBHIOIOTHCS BEJIMYUHU, PO3Pa-
xosaHi 1 pisnux BO HIIC OTT uyn neBHux iioro
(hyHKITIOHATTBHIX 30H 1 PI3HNX KJIACIB.

Ha puc. 3 HaBeeHO pe3ysibTaTi OI[iHIOBAHHS
BriuBy ynHHuKiB TH #a BO Ha Teputopii OTT
3a PO3pOOJIEHOIO TIPOIIELYPOIO.
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1.1.1. Bificskosi aii (0.10662)

1.1.2. T'nobamsai xriMaTeys] 3MmiEn (0.0636032)
1.1.3. Haxssryaiini curyamii (0,037476)

1.1.4. IIpomucrosa gisuteHicTs (0,0219614)

(1¥50sT°0)
ueodies eradser
FHHIETOXOI

HYMHIIO
domep 11

1.1.5. Arponpomucrosa JistsHieTs (0,012052)
1.1.6. Criuni Bogu (0,00788682)

o

1.2.1. PagioaxTusHe (0.0362884)
1.2.2. Emicis uactrHoxk (0.0258512)
1.2.3. Ximiuse (0,018056)

1.2.4. Encktpomarsitse (0,0124995)
1.2.5. Mexanse (0,0085869)

1.2.6. Axycrrume (0,00589037)
1.2.7. Bibpanitize (0.00406903)
1.2.8. Tennose (0,00287459)

1.2.9. CeiTmose (0.0021321)

1.3.1. Heopranisosani (0.0221824)
1.3.2. Opranizosasi (0,0132275)
1.3.4. T'pymosi (0,00779383)

1.3.5. Ogunouni (0.00456729)
1.3.6. ITnommmi (0,00269362)
1.3.7. Touxosi (0,00164021)

(89z911°0)
ueodres eradaxr

AHVITIE KHE2¥TOXOIT
muHo domed "7'1

ueodies

eradaxr
AH1 IO
domedp g1

(8¥01T50°0)

(6Trert o)
usodies kEHA¥TOXON eradar munTo Hidarnd,

1.4.1. Jlanmoxxose (0,0138513)

1.4.2. @akropodopmyroue (0,00642792)
1.4.3. Besnocepeare (0.00288064)
1.4.4. Broprmse (0.00135534)
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Aprymenrn 1inbosoi dyukiii €, mo € osma-
KaMu (haKTOPIB B OITIHKAX 3arPo3 3a CKJIA0BUMU
KPUTEPISIMU, BUPAKAIOThCs GaaMu B Ge3po3Mip-
HOMY BUTJIsAL. [list o1liHKM paKkTOpiB B Y4aCTKO-
BUX KPUTEPISIX CKIAZEMO TPU CUCTEMU PiBHSIHb:

1. Kpurepiii oIliHK# /Kepesia 3aTpo3u:

fi1(e)) =0,1-e; +0,06-e';,+0,04-ely5+
+0,02 - ey, + 0,01 elys + 0,008 - ey,
fi2(e}) =0,04-e',; +0,03 ey, +0,02-ely5 +
+0,01 - el,, + 0,009 - el,c + 0,06 - ey +
0,004 - e, + 0,003 - elyg + 0,002 - €15,
fiz(e?) =0,02-e;; +0,01-el3, + 0,008 ely; +
+0,005 - ey, + 0,003 - 155 + 0,002 - els,
fia(e?) =0,01- ey, +0,006-et,, +
+0,003 - el 45 + 0,001 - e'ys;

(16)

2. Kputepiil OIlIHKKM MNIJISIXiB  PO3MOBCIO-
JI’KEeHHS BIJIUBY 3aTPO3U:
f21(€?) =0,04- €2, + 0,02 - 2, +
[+0,01 -e2,5 40,008 - €2, + 0,005 - e2,5 + 0,003 - e2,,

f22(€2) =0,02-e2,, + 0,01 - e%,, +

+0,007 - 2,3 + 0,004 - e2,, + 0,002 - €25,
f23(€?) =0,01-e2%5; + 0,005 - €25, +

40,003 - €255 + 0,001 - €25, + 0,001 - €255,
foa(€?) = 0,007 - €2, + 0,002 - e2,, + 0,008 - e253;

(17)

3. Kpurepiii OILIHKM PEIUIIEHTIB BIJIUBY
JKepeJia 3aTpo3Hu:

(fz1(e3) =0,11-e3;; + 0,06 €3, +
+0,37 - €313+ 0,02 - €3, + 0,01 - €35 +
+0,006 - €3,
f32(e3) =0,06-e3,; +0,03-e3,, + 0,01 - e3,3,
fa3(e3) = 0,03 - €351 + 0,008 - €35, + 0,003 - €355

(18)

[Ticist omiku (hakTOPiB OOUKMCITIOTH 3HA-
YeHHST YaCTKOBUX KPUTEPIIB, 32 YMOBH 3aCTOCY-
BaHHS aJIUTUBHOI 11iJ1bOBO1 (BYHKIIiI, 32 hopmy-
JIAMU:

1. Kpurepiii ominku jkepesia 3arpo3u:

J1(e) =025 fi1(e") + 0,12 - fi(e") + (19)
+0,052 * f13(el) + 0,025 * f14(el),
2. Kputepiil OIIIHKM MIJISIXiB PO3IMOBCIO-
JKEHHS BIJINBY 3aTPO3M:

J2(e?) = 0,096 - fo1(e?) + 0,044 - fr5(e?) + (20)
40,02 - f53(e?) + 0,009 - fr,(e?),

3. Kpurepiii OIliHKM PENUIIEHTIB BIJIUBY
JoKepesia 3arpO3u:

J5(€®) = 0,25 f31(e®) + 0,1 f32(e®) + 0,04 - f33(e?) (21)

4. InTerpasbHUI KPUTEPill OMIHKY 3aTrPO3MU:

Js(e) = 0,44 -J;(e") + 0,17 - [,(e?) + 0,39 - J3(e%) (22)

Ortxe, 3amava ominoBanugd BBy TH Ha
noBepxHeBi Ta IpyHToBI BO 3B0IUTHCS 110 TOPiB-
HSAHHS OTPUMaHMX OaJbHUX OIIHOK i pamkKy-
BaHHS iX.

BucHoBk#. Po3po06iieH0 KOMIUIEKCHUTT METO/T
OIIHIOBAHHS PIiBHS €KOJIOITYHOI OGe3IeKy MOBEPX-
HeBrx BogHux 00’e¢kTiB OTT B ymoBax robaiib-
HUX KJIMATUYHUX 3MiH 1 BeeHHs OOHOBUX i,
M0 PO3B’SA3YETHCS METOJAMU CUCTEMHOTO aHAJIi3y
3 BUKOPUCTAHHSIM OAraTOKpPUTEPiaTbHOTO MiIXOLY.
[Tpu iboMy 3azaua imeHTH}iKaIlil PiBHS €KOJIOTIU-
HOi Oe3IeKN MOBEPXHEBUX BOAHMX O0'€KTIB 3BO-
JIUTBCS [0 TIOPIBHSHHS OTPUMAHUX GaJbHUX OIi-
HOK 1 PaH)KyBaHHS iX 32 CYKYITHICTIO YaCTKOBUX
KPUTEPiiB UM IHTErPATbHIM KpUTEPIEM (1HAEKCOM ).
BianosizHO 10 CTPYKTYPHO-JIOTTYHOI CXeMU CKJIa-
JICHO CUCTeMU PIBHSIHb, 32 IKMMU TP [TPOBE/ICHH]
BIZIIIOBIIHOTO €KCIIEPTHOTO OIHIOBaHHST OYAyTh
OTPUMYBATHUCS BIJINOBI/IHI OIIHKYA BIJIMBY YHH-
HUKIB TH BOEHHO-TEXHOT€HHOTO HaBaHTA)KEHHS
Ta TI00ATBHUX KIIMATHYHIUX 3MiH Ha TOBEPXHEBI
Boi 00'ektt OTT Jorbacy.
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DEVELOPMENT OF INFORMATION AND LOGIC MODELS FOR ASSESSING FACTORS
OF NEGATIVE IMPACT ON THE ENVIRONMENT

The article analyzes information-logical models for assessing the impact of technogenic load (TL)
on the environment. It highlights the lack of objective data on the volume of TL and the impossibility
of retrospective analysis of changes, which complicates the evaluation of the ecological state. The
task of retrospective analysis of TL and its impact assessment on environmental components through
indicators and indices is considered, which is reduced to ecological evaluation of the distribution of
TL factors within the territories of united territorial communities (UTCs).

The problem of identifying the composition, structure of TL factors, and causal relationships between
them is defined. It is noted that technogenic factors determine the integral characteristic of the impact
of TL flow on objects of the natural-technogenic geosystem (NTGS). Expert assessment methods are
analyzed, including interval estimation, hierarchy analysis, stepwise matrices, and network diagrams,
with particular attention to causal diagrams.

A detailed study of the structural-logical model of TL flow and influencing factors is presented. It is
emphasized that stratification of TL factors can be performed by types of technogenic impact, allowing
the construction of a hierarchical structural-logical model for TL flow assessment. An approach to
comprehensive assessment based on multicriteria threat evaluation with subsequent aggregation into
an integral index is proposed.

The influence of TL factors on the pollution of geosphere components of NTGS in UTCs is examined.
Pollution is defined as a change in the properties of geosphere components leading to deterioration
of terrestrial and aquatic ecosystem functions. Issues of developing a systematic classification of
TL sources are discussed, including the nature and origin, scope and scale of distribution, type, and
operational mode of the source. The use of the Saaty scale for expert evaluations and formulas for
calculating the index and consistency ratio are described. A classification of criteria and factors
for TL flow assessment and a scale of relative importance ratings are provided. The development
of a procedure for assessing the impact of technogenic load on water bodies within the community
territory is also considered.

Key words: technogenic load, environmental safety assessment, united territorial communities,
factor stratification, cause-and-effect diagrams, Delphi method, Saaty’s analytic hierarchy process,
multicriteria evaluation, integral index, expert assessments, weighting coefficients.
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STABILITY ANALYSIS OF SLOPE SUPPORTED
BY PRESTRESSED ANCHOR PILE SLAB BASED ON FLAC3D

Abstract: Stability problems in high fill slope projects in mountainous and hilly areas have become a
key challenge affecting project safety. The article is devoted to discussing the existing research results
on the determination of potential slip surface, stability analysis, optimization of support structure
parameters, and numerical simulation analysis of high-fill slopes in mountainous and hilly areas. In
the article, a FLAC3D three-dimensional numerical model of a typical high-fill slope was established,
which revealed the spatial distribution characteristics of potential landslide fracture surfaces of
multilevel slopes, and the results showed that multilevel slopes often had more than one potential
landslide fracture surface, which needed to be “‘graded management” in the actual project; A two-
parameter orthogonal test was designed and implemented to comparatively analyze the interaction
mechanism between the pile-slab-prestressed anchor cable composite support structure and soil, and
reveals the sensitivity of the anchoring depth of the pile and prestressing stress of the anchor cable
in the prestressed anchor cable-pile-retaining plate support structure to the slope safety coefficient,
and the calculation results show that increasing the embedment depth of the pile and increasing the
prestressing stress of the anchor cable can improve the slope safety coefficient; The article also reveals
that there are critical values of pile embedment depth and anchor cable prestress, beyond which the
contribution of increasing the embedment depth or anchor cable prestress to improving the slope
safety coefficient will decrease, and further determines the optimal values of pile embedment depth
and anchor cable prestress for this typical slope project. The results and ideas in the paper provide
technical references for the design and construction of similar projects, as well as methods and ideas
for scientific colleagues to further carry out numerical simulations of related projects.

Key words: High slope, slope stability, numerical simulation analysis, pile-slab-prestressing
anchor cable, retaining structure, parameter sensitivity.

Formulation of the problem. With the rapid
development of economy and the accelerated
evolution of urbanization, the problem of land
resource utilization in China, which is “an inch of
land is worth a pound of gold”, is becoming more
and more prominent. In order to meet the demand
for infrastructure construction in mountainous
and hilly areas and new urban areas, high-fill
slope engineering has gradually become an impor-
tant topic in the field of geotechnical engineer-
ing. High-fill slopes usually refer to earthworks
with a fill height of more than 20 meters, steep
slopes and complex geological conditions, and
are widely found in highways, railroads, airports,
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water conservancy hubs and urban development
projects. However, due to the inhomogeneity of
the fill material, the nonlinear characteristics of
the soil ontological relationship, and the complex
coupling effect of external loads (e.g., rainfall,
earthquakes, and construction disturbances), the
stability problem of high-fill slopes has always
been a difficult point in engineering design and
construction. If the slope is destabilized, it will
cause geological disasters such as landslides and
landslides, resulting in serious economic losses
and casualties. Therefore, how to assess the sta-
bility of high-fill slopes by scientific means and
design economically reasonable support pro-
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grams has become a key problem in the field of
geotechnical engineering.

Traditional high-fill slope stability analysis
is mostly based on limit equilibrium theory or
simplified numerical models, such as Bishop's
method and Janbu's method. Although these
methods are easy to calculate, it is difficult to
accurately reflect the real stress-strain relation-
ship of the soil, the progressive damage process
and the interaction mechanism between the
retaining structure and the soil. With the pro-
gress of computer technology and numerical
simulation methods, the finite difference method
software represented by FLAC3D (Fast Lagran-
gian Analysis of Continua in 3 Dimensions) has
gradually become a mainstream tool for geo-
technical engineering numerical analysis. Based
on the explicit Lagrangian algorithm, FLAC3D
can effectively simulate large deformation, nonli-
near materials and complex boundary conditions,
which is especially suitable for the dynamic anal-
ysis of slope instability, foundation settlement,
underground excavation and other problems.
By constructing a three-dimensional geological
model and combining elastic-plastic ontologi-
cal relationship and strength discount method,
FLAC3D can realize quantitative assessment of
slope stability coefficient, location of potential
slip surface and deformation characteristics, and
provide theoretical basis for the design and opti-
mization of support structure.

Analysis of recent achievements. In recent
years, scientists had carried out a lot of research
around the stability of high-fill slopes and sup-
port technology. In the aspect of slope stability
analysis, Yao Y, et al. (2024) [1, c. 4] developed
a slope energy visualization program based on
thermodynamic principle from the perspective
of energy change using FLAC3D, and carried out
a validation analysis through two actual slope
cases, which showed that the deformation and
destruction of slopes were essentially driven by
energy, and there was a correspondence between
the energy stabilization stage and slope equilib-
rium stage, the energy dissipation stage and slope
deformation stage, and the energy mutation stage
and slope destruction stage, and the coeflicient
of safety and sliding surface of the slope could be
determined by using the energy mutation rela-
tionship, and the calculation error was only 0.02.
Wang Chongjing et al. (2023) [2, c. 69] simu-
lated and analyzed the stability change law of soil
slopes under rainfall conditions by FLAC3D, the
increase of daily rainfall will cause the stability of

shallow soil body to rise briefly and then decline,
when the daily rainfall of 150 mm, the stability
coefficient tends to be close to 1, the slope was in
the limit state. Liu L, et al. (2024) [3, c. 2] ana-
lyzed the local dynamic factor of safety ( FOS ) of
slopes based on the energy criterion, considering
the groundwater level, impact load and load loca-
tion, etc. The study showed that the groundwater
level is the main influencing factor of slope stabil-
ity compared to the load location and impact load
and should be prioritized. Bracko, T., et al. [4, c. 4]
(2022) used Geo-Studio's SEEP/W module to
analyze surface infiltration modeling of slopes
and found that when soil permeability was low,
the factor of safety decreased during the rainfall
period and subsequent days. Nanehkaran Y. A,
et al. (2023) [5, c. 3] compared the estimation
results of multilayer perceptron (MLP), decision
tree (DT), support vector machine (SVM), and
random forest (RF) learning algorithms with the
objective of slope safety factor estimation based
on the computational intelligence and machine
learning methods and validated the results
by using the Janbu limit equilibrium analysis
method (LEM) and GeoStudio for validation.
The results showed that MLP>SVM>RF>DT
in the order of accuracy of the estimation results,
which provided an idea for the intelligent predic-
tion of slope stability. Bardhan A, et al. (2022)
[6, c. 8] addressed several artificial intelligence
(AI) techniques for machine learning (ML) algo-
rithms, including adaptive neuro-fuzzy infer-
ence systems, artificial neural networks, extreme
learning machines, functional networks, genetic
programming, Gaussian process regression, least
squares support vector machines, multivariate
adaptive regression spline, minimal maximum
probability machine regression, correlation Vec-
tor Machines and Support Vector Machines are
comprehensively summarized, and challenges
and future visions of AI techniques for solving
slope stability problems were discussed. Raghu-
vanshi, T. K. (2019) [7, c. 103] comprehensively
discussed the common “planar mode” damage
mechanism in layered and metamorphosed sedi-
mentary rocks, stating that planar damage
occured when structural discontinuities (e.g.,
preferred orientations of laminated surfaces,
faulted surfaces, or jointed groups) dip towards
the valley or excavation direction at an angle that
was less than the angle of the gradient and more
than the friction angle of the discontinuity. The
stability of such slopes depended on geometry,
rock type, potential damage surface characteris-
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tics, groundwater conditions, dynamic loading
and overloading conditions. Liu, X., et al. (2020)
[8, c¢. 3] A direct Monte Carlo simulation (MCS)
method for circular and/or non-circular poten-
tial sliding surface slopes was developed based on
the theory of slope system reliability analysis by
limit equilibrium method (LEM). The method
could correctly estimate the failure probability of
a slope system, which significantly improved the
computational efficiency of LEM-based slope sys-
tem reliability analysis.
Intheresearchofslopesupportsystem, FanRQ,
et al. (2025) [9, c. 7] used Flac3D and orthogo-
nal tests to comparatively analyze the influence
of five influencing factors, such as pile diame-
ter, pile spacing, anchor pre-stressing, anchor-
ing angle, and number of rows of anchors, on
the deformation of the deep foundation pit, and
obtained the optimal pile-anchor design parame-
ters, which not only ensured the safety and sta-
bility of the foundation pit, but also reduced the
construction cost. Luan, L., et al. (2020) [10, c. 3]
proposed an analytical model for calculating the
horizontal dynamic impedance of group piles
connected by an arbitrary pile foundation with
a rigid pile cap, and the derived solution could
robustly take into account the effect of inter-pile
interactions on the impedance of the group piles.
The expression took into account the coupling of
the source and receiver pile displacements, and
the proposed solution could be directly used to
determine the frequency-dependent impedance
of a group pile consisting of an arbitrary number
of piles, but this numerical modeling was difficult
to build, so it was not very popular. Zeng H., et
al. (2024) [11, c. 1240] developed an analytical
model for seismic stability of slopes based on
the limit equilibrium theory with frame anchor
reinforced slopes. They considered the anchor
prestressing force as a homogeneous force acting
on the slope surface, and explored its reinforcing
effect on the slope and its influence on the slope
stability. They also established a functional rela-
tionship between the coordinates of the center
position of the potential sliding surface and the
safety factor, which could dynamically search
the center position region of the potential sliding
surface, so as to obtained the minimum safety fac-
tor and its corresponding center position coordi-
nates. However, this method was only applicable
to homogeneous soil slope projects with circular
sliding surfaces. Li Y, et al. (2023) [12, c. 4] inves-
tigated the dynamic behavior of the slope system
and the progressive damage process of piles using
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the finite element method (FEM) with three
different reinforcement schemes, unsupported,
pile-supported and pile-anchored supported.
The results showed that the shear and flexural
capacities of piles were substantially improved
in pile-anchored structures, but under simulated
seismic loading, cracking occured in the pile
near the sliding surface in a very short period of
time when the peak ground acceleration arrived.
Therefore, for support structures with seismic
requirements, it is necessary to reinforce the piles
near the sliding surface. Zheng G, et al. (2024)
[13, c¢. 764] numerically modeled the mecha-
nism of anchor failure and pit collapse using the
finite difference method. They found that in the
anchor— beam— pile support system, when the
anchor fails, it leaded to the destruction of the
cover beams and cross beams, which triggered
the destruction of the piles, and accelerated the
process of pit collapse. Therefore, the damage
conditions of anchors should be considered in
the design of cover (brace) beams to improve the
overall safety performance of the support system.
Ma, T, et al. (2022) [14, c. 5] Based on the elastic
fulcrum method and the principle of deformation
coordination of pile-anchor structure at the top
of the pile and the anchor end, the computational
model of the support structure under the syner-
gistic action of the top beam and the simplified
computational method of the internal force, dis-
placement and the overall stability of the side
slope were constructed. And combined with
engineering cases, the simulation calculations of
pile-anchored structures with and without roof
beams are compared and analyzed using PLAXIS
3D and Geo Studio. It is showned that the top
beam effectively enhances the pile bearing capa-
city while restricting the development of pile top
displacement, and the synergistic effect of the
top beam leaded to a more substantial improve-
ment in the safety factor of the slope. Bulko, R.,
et al. (2024) [15, c. 1269] numerically modeled
the self-drilling anchored reinforced concrete
micropile supported slopes using Plaxis 2D.
The safety coefficients of the slopes before and
after reinforcement were also evaluated by the
¢-c¢ discount method, and the results showed
that the reinforcement of micropiles significantly
improved the stability of the slopes.

The goal of this study were to reveal the
deformation and damage mechanism of high-fill
slopes, to explore the interaction mechanism
between the pile-slab-prestressed anchor cable
composite support structure and soil, to evaluate
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the sensitivity to the slope safety factor at diffe-
rent support parameters, and to propose the opti-
mal design of the parameters. This study not only
provided technical references for the design and
construction of similar projects, but also enriched
the application method system of FLAC3D in
the numerical simulation of high-fill slopes.
Research results. Numerical analysis is a
complex method of analysis, but the develop-
ment of computers has made the implementation
of this method for solving problems simple and
feasible. In practical engineering problems, it is
often the case that a more complex engineering
problem is simplified into a physical model, which
is then transformed into a mathematical problem
to be solved. For engineering problems modeled
with continuum medium mechanics, differential
equations of motion, geometric equations, and
eigenstructural equations generally arise during
the solution process. For specific simple enginee-
ring problems, which can be solved mathemati-
cally based on initial and boundary conditions,
the However, for the more difficult engineering
problems, due to the complexity of the consti-
tutive relationship (stress-strain relationship),
the mathematical solution method makes the
problem solution complicated or even infeasible,
which can be solved by numerical analysis can
achieve good results. In this paper, a systema-
tic numerical analysis of the slope stability of a
high-fill slope project using a combination of
prestressed anchor pile slab wall and frame pre-
stressed anchor retaining structure was carried

out by FLAC3D. The numerical model of the
slope before and after support was shown in Fig. 1.
The soil parameters of bedrock and fill layers
determined from the engineering investigation
report were shown in Table 1.

1. Safety analysis of the slope without
retaining structure

Safety, economy and aesthetics are the goals of
slope management projects. Since there are many
potential sliding surfaces on a slope, when the
first sliding area is reinforced, it does not mean
that the slope will be stabilized, and there is a
possibility of destabilizing damage along other
potential sliding surfaces. Therefore, the location
and shape of the slope slip surface should first be
determined, which is especially critical for com-
plex slopes. There are many ways to determine
the sliding surface, this paper realized the search
of multiple sliding surfaces by setting the bound-
ary conditions to preset the safety height, i.e., the
range of h_heights above the bottom of the model
was set as the safety zone (limited to the corre-
sponding normal displacement), as shown in
Fig. 2(a). The factor of safety were calculated
under different h_conditions using the strength
reduction method, and the potential slip surface
and slope safety coeflicients were obtained as
listed in Table 2, and the corresponding slip sur-
face cloud diagrams are shown in Fig. 2(b)~(d).

As can be seen from Fig. 2, when no retaining
structure was installed, the three h_correspond-
ing conditions all have slip surfaces, and the slip
surfaces were through from the bottom of the cor-

FLAC3D 7.00

3005 nanoa Computreg Cros, e

Zone Model
B movcodkers

(a) Model without retaining structure

FLAC3D 7.00

3005 nauce Canpting Croes, ine

(b) Model with retaining structure

Fig. 1. FLAC3D numerical model of the slope before and after support

Table 1. Soil parameters of the slope

Youn~'s modulus C-~hesion Angle ¥ friction Density
E /MPa Poisson's ratio ¥ C/kPa ® P/(kg/m?)
Filler 10 0.32 40 33 1800
Bedrock 76 0.25 95 45 2200
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responding slopes to the top of the slopes, and the
slopes were in an unsafe condition. From Table 2,
with the sliding surface shear exit moving up, the
slope safety coefficient gradually increased, but
from the overall point of view the safety coefi-
cient were significantly lower than the specifica-
tion requirements (especially the first two con-
ditions), the slope tended to be unsafe, and need
to be reinforced to ensure the safety of the slope.

Table 2. Options for different safety heights
and factor of safety

Safety height "e/m | 64 7?2 78
FOS 0.684 | 0.746 0.975

2. Analysis of slope safety with retaining
structure

Based on the principle of “strengthening the
foot of the slope”, a prestressed anchor pile slab
retaining wall was used at the vertical slope to
prevent overall destabilization; Then, the upper
two-stage slopes were reinforced with a frame pre-
stressed anchor cable retaining structure, and the
slope dimensions were shown in Figure 2(a). The
relevant requirements of the retaining structure
were as follows (see Table 3 for value parameters):

The vertical slope: reinforced concrete piles
(cross-section size 2mx1m, concrete strength
grade C30, pile spacing 4m, one beam at the top
and one at the waist of the piles, reinforcement of
the beams and piles according to the design doc-
uments), baffle plate (thickness 200mm, concrete
strength grade C30, double-layered bi-directio-
nally reinforced), prestressing anchor cables (one
bundle at each intersection of the beams and the
piles, 4 per technique, diameter 17.8 mm. Angle
of inclination 30°, length 20 meters, grouting
scope is 1/3 area inside the anchor cable).

The upper slopes: frame beams (i.e. lon-
gitudinal and transverse lattice girders with
a cross-section size of 0.3m x 0.3m, concrete
strength class C30, longitudinal reinforcement
and hoop reinforcement configured according
to the design documents), prestressing anchor
cables (one bundle at each intersection of the
beams with the piles, 4 cables per art, diameter
17.8mm, inclination angle 30°, grouting scope is
the inner 1/3 of the area of the anchor cables. The
length in the first level slope above the foot of the
slope is 14 meters, and the prestressing locking
value is 100kN; the length in the second level
slope is 10 meters, and the prestressing locking
value is 80kN).
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(a) Schematic diagram of the range of safety heights (unit: m) (b)h, = 64

Fig. 2. Contour of Maximun Shear Strain Increment of safety heights
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In order to study the influence of the embedment
depth of the pile and the value of the prestressing
stress of the anchor cable in the prestressed anchor
cable pile slab support structure on the stability of
the slope, orthogonal tests for the analysis of slope
safety under different working conditions were
designed and implemented, and the test scheme
and test results are shown in Table 4.

In the orthogonal tests for slope safety analy-
sis using FLAC3D, the Moore-Cullen principal
model was used for both bedrock and fill layers.
In the numerical simulation of each condition, the
simulation was carried out by changing only the
corresponding parameters of the upright slope at
the foot of the slope (pile embedment depth d and
anchor cable prestress T) in order to exclude the
influence of other factors and to improve the cor-
relation between the results and the variables.

(1) Effect of pile embedding depth (d) on
slope stability

In order to study the effect of the embedment
depth of the pile in the prestressed anchor pile
slab wall on the slope stability, four working
conditions with the anchor prestress T=0 were
selected for one-factor simulation. The corre-
sponding results of the calculation of the safety
coefficients are shown in Table 4. The cloud dia-
gram of the incremental shear strain of the slope
at T=0 is shown in Fig. 3.

Analyzing the maximum shear strain incre-
ment cloud shown in Fig. 4, it can be found that
when the anchor prestress is kept constant, with
the increase of pile embedment depth, the shear
strain concentration area of the potential slip
surface of the slope is gradually shifted to the
deeper part of the slope and the range is reduced,
which indicates that the restraining effect of the

Table 3. Parameters of slope support structures

pile on the soil is significantly enhanced. The
increase in embedment depth not only improves
the pile's overturning resistance, but also effec-
tively shares the slope sliding force by expanding
the contact length between the pile body and the
stabilized rock and soil body, thus reducing the
overall shear damage risk.

(2) Effect of anchor cable prestressing (T)
on slope stability

The application of prestressing is extremely
widely promoted in geotechnical anchoring
technology, and the application of prestressing
can improve the mechanical properties of the
geotechnical soil, and can effectively inhibit the
relaxation deformation and potential slip of the
geotechnical soil. Thus, FLAC3D was utilized to
apply prestressing to the anchors for each condi-
tion separately according to the scheme in Table 4
(Fig. 4), and the safety factor was calculated. The
slope safety coeflicients for each working con-
dition were obtained by simulation (filled into
Table 4).

Finally, based on the simulation calculation
results of orthogonal tests listed in Table 4, the
relationship curves between pile embedment
depth and anchor prestress and slope safety coef-
ficient were compiled and plotted as shown in
Fig. 5.

Analyzing Fig. 5(a), it can be seen that when
no prestressing is applied to the anchors, the
slope safety factor increases accordingly with
the increase of pile embedment depth, and the
increase of FOS is smaller when the pile embed-
ment depth is small (d <4 m); When d increases
from 4 to 6 meters, the FOS increases the most
and the curve tends to increase steeply; when
d increases from 6 to 8 meters, the FOS increase

Parameters| Youn<'s modulus Poissor's ratio Density
Structures E /MPa v P/(kg/m?)
Piles 3x104 0.2 2600
Baffles 3x101 0.2 2400
Beams 3x104 0.2 2500

Table 4. Orthogonal test scheme and result statistics of slope safety analysis under different conditions

FOS The Anchor Prestress T/kN
The Embedment Depth /m 0 250 300
2 1.124 1.583 1.682
4 1.287 1.721 1.805
6 1.644 1.756 1.845
8 1.727 1.806 1.912
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Fig.4 Contour of the slope when prestress was applying to the cables (d=6m)

decreases again and the curve tends to flatten.
The above phenomenon shows that there is a cor-
relation between FOS and d, and there is a criti-
cal value (d=6m in this case), which needs to be
prioritized when carrying out the scheme design
in order to achieve a more reasonable enginee-
ring synthesis. When the prestressing force was
applied to the anchors, the FOS increased sig-
nificantly and increased accordingly with the
increase of T. Especially in the case of small d, the
contribution of T to the FOS was more promi-
nent, and the curve as a whole showed a ten-
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dency of surge followed by a slow increase, which
implies that there is a critical value of T, and that
the increase in the FOS will tend to be modera-
ted by the continual increase of T after excee-
ding the critical value.

From Fig. 5(b), it can be seen that when the
pile embedment depth is kept constant, the FOS
increases accordingly with the increase of T. This is
mainly due to the fact that the application of anchor
prestressing force effectively suppresses the shear
deformation of the soil body and enhances the inte-
grality of the support structure. For the same value
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Fig. 5. FOS trends of the slope

of T, as d increases, FOS increases accordingly. It
was worth noting that all four curves showed a uni-
form development trend: a steep increase followed
by a slow increase, which indicated that there was a
critical threshold for T. When the prestressing force
exceeded the ultimate frictional resistance between
the soil and the anchoring solid, the anchors may
undergo debonding failure, leading to a signifi-
cant weakening of the effect of the factor of safety
enhancement. In addition, excessive prestressing
will also trigger local stress concentration in the
pile body and even cause structural damage to the
pile. In specific engineering practice, it is nece-
ssary to consider the soil parameters, density of
anchor arrangement and bending capacity of the
pile body, and determine the optimal application
range of prestressing through numerical simula-
tion and on-site monitoring to achieve a balance
between safety and economy.

Conclusions. In this paper, taking a tertiary
slope project as an example, a three-dimen-
sional numerical model was established based
on FLAD3D, and multiple sliding surfaces of
the slope were searched by using the method of
assuming the safety height, and the orthogonal
test program used to investigate the correlation
between the parameters of the supporting struc-
ture and the slope safety factor was systemati-
cally designed and implemented:

(1) Multi-level high slopes often have more
than one sliding surface, in engineering practice
need to comprehensively use a variety of analysis
methods and management tools. The spatial dis-
tribution characteristics and interaction mech-
anisms of sliding surfaces at all levels should be
systematically analyzed, with particular atten-
tion to the influence of sensitive factors such as
weak interlayers and changes in the water table
on the shear strength of sliding surfaces.

(2) As the depth of pile embedment increases,
the slope safety factor increases accordingly, with
the increase being first larger and then smaller.
It suggested that there was a critical value of
pile embedment depth beyond which the rate of
increase in the factor of safety plateaus, and might
even be controlled by excessive bending moments
in the pile resulting in the pile's own strength.
Meanwhile, excessive embedment depths may
be uneconomical due to construction difficulties
and cost spikes. The engineering design should
be combined with geological exploration data
and pile-soil interaction analysis to optimize the
embedment depth and ensure that the support
system achieves the optimal solution between
safety redundancy and resource investment.

(3) Prestressing the anchors could signifi-
cantly improve the overall factor of safety of the
slope, which was more obvious when the embed-
ment depth of the pile was small. As the value of
anchor prestress increased the slope safety factor
increased accordingly, the increase was first large
and then small. This means that there is a criti-
cal value for the prestressing of the anchors, and
when this value is exceeded the contribution of
the increase in prestressing to the improvement
of the slope safety coefficient will be reduced.
Excessive prestressing may also lead to the con-
centration of stress in the pile body near the
anchorage point, which may cause damage to the
pile structure in serious cases, thus threatening
the safety of the whole support system.

Therefore, in the specific project, we should
take into account the overall stability of the
slope and the characteristics of the multi-sliding
surface, the management should follow the prin-
ciple of “hierarchical management, the main and
secondary”, the establishment of multi-level pro-
tection structure, and combined with the slope
drainage system to optimize the underground
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seepage field. For the deep sliding surface, pile +
prestressed anchor anchoring technology can be
implemented, while ecological protection measu-
res such as lattice girders + vegetation slope pro-
tection can be adopted for shallow sliding areas.
In the construction process, automatic slope

monitoring system can be established to realize
dynamic design through the real-time feedback
of displacement, stress and other data to ensure
the synergistic eftect of different levels of support
structures, and finally achieve the optimal balance
of overall stability and engineering economy.
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AHAJII3 CTIMKOCTI CXUJIY, OIEPTOIO HA IIONEPE/THHO HAIIPY KEHY
AHKEPHO-ITAJIbOBY IINIUTY HA OCHOBI FLAC3D

Anomauis. Yepes cknaoni zeonoziuni ymosu, zioponoziute cepedosuwye ma 6N 4acmoi ao0cvkoi
dismvrocmi npobaema cmitixocmi NPOEKMI6 3 GUCOKUM Di6HEM HACUNY 6 ZIPCOKUX MA 20pOUCTIUY PATIONAX
CMana KmouosUM BUKIUKOM, SKULL 06M69f6y6 Oesnexy ma cmanuil PO3EUMOK PeZiOHATLHUX NPOEKMIS.
Tomy nocunenns docaiderns cmiiikocmi ZIPCOKUX HACUNHUX CXUNIE € HAZATLHOIO NOmpe6oio 01s
3abesneuents inycenepoi Gesnexu ma Cpusiiis SKICHOMY PO3GUMKY Zipcokoi exoromiku. I1s cmamms
bepe ananis cmitixkocmi CxXuiie ma ONMUMISAYTI0 NPOEKMHUX NAPAMEMPIE ONOPHOL KONCPYKYii npu
NPOEKMYGAHHI ZIPCLKUX MA 20pOUCTIUX MEPUMOPILL SIK 6I0NPAGHY MOUKY, A wymaugicm dsoxnapamempis
Nonepeoivzo HANPYIHCeHHs aHKePHOZo Kabeo ma 2ubuHI 3anypents. nai Ha CMIKICmy Cxuty npu
npoexmyearii nonepetyo HANPYICeHoi onopHoi KOHCMPYKYIL arkeprozo kabemo-naii, wo ympumye
naumy, sk 00 €Km ananisy, ma CUCMeMamuyHo poseisoae pesyivmamu oCHoxHcerHs moao BUHAUCHHS
NOMENYITIHOL NOBEPXHI KOB3ANHS CXUIIB 3 GUCOKUM DIBHEM HACUNY, AHANI3Y CIIIKOCT, ONMUMISAYTT
napamempie 0nOPHOi KORCMPYKIL, a MAKOdC uucebHe MOOCTIOBAHHS. MA AHANS. AHAII3 MA YUCeIbHE
Modemosanis. B siocmi 06 'exmy docioicerst 06pano munoeutl cXui 3 6UCOKUM HACUNOM, HA OCHOGI
0amux 2601021HUX GUUYKYBAHD MA HAMYPHUX BUNPOOYBAHD CTBOPEHO MPUBUMIDHY uucenHy Moden
FLAC3D na ocrosi onmoioeiunozo 36 s3ky Mypa-Kyiona, pospaxosaro xoediyienmu cmitikocmi cxuiy
6 nPUPOOHOMY POOOUOMY CIMAHI 3 BUKOPUCTIAHHAM MEMOOY OUCKONIMYGANH MIYHOCTI, NPOAHAIIZ06AH0
XAPAKMEPUCTIUKIL NPOCMOPOE0Z0 PO3NOOLLY NOMEHYIUHUX NOBEPXOHD KOB3AHIS, NPOBEOEHO NOPIGHSHHS
Mexanismy 63aeM00ii KOMNOSUMHOL ONOPHOI KOHCIMPYKTL NANi-numu-npumuckaoui arkepi kabeni
3 TPYHMOM, CMPOEKMOGAN0 Ma GUKOHAHO opmozoHaivki eunpodysants. Ilposedeno opmozonanvii
6unpodysans O1s CUCTEMAMUUHOZ0 AHANI3Y MA KUGKICHOT OUiHKU Yymaueocmi 2ubunu sanypennst
naai ma 3ycunis nonepeorvozo HANPYdHcenHs anxkeproeo xkabemo 0o Koediuienma sanacy cmitixocmi
CXUTY, @ MAKoxc Hadano nponosunii wodo onmumisayii napamempie. Lls cmamms micmumo mexwiuni
pexomendauii Ons npoexmyeanis ma OydisHuymea nodiOHUX NPOEKMIs, a maxojc Memoou ma ioei dns
N00ALUL020 YUCETLHOZ0 MOOCTIOBAHHS CNOPIOHEHUX NPOEKMIB HAYKOBUMIU KONCZAMU.

Kmouosi cnosa: Bucoxuii yxic, cmitikicmos yxkocy, 4uceavHull imimayitinuil ananis, naie-
nauma-ankepHutl mpoc, wo 60a6I0EMbCs, HeCYua KOHCMPYKUIA, YYmausicms napamempis.
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BinHuibKMii HaIlOHAIBHUI TeXHIYHUI YHIBEPCUTET

HMxemxyna B.
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ADVANTAGES AND DISADVANTAGES OF DEVELOPER COMPANIES
IN CONSTRUCTION PRODUCTION MANAGEMENT

Abstract. The article analyzes the nature, advantages, and disadvantages of developer companies
as a modern organizational form of construction production management in Ukraine. The relevance
of the study is driven by the transformation of the construction market, the growing need for an
integrated approach to the implementation of the life cycle of facilities, as well as the necessity of
post-war rebuilding of damaged infrastructure. It has been established that developer companies
enable the effective integration of investor, contractor, designer, facility manager, marketing, and
legal support functions within a single management structure (a holding).

The study employs logical-analytical, system-based, and comparative methods, as well as analysis
of open information sources and recent scientific publications. Based on the source analysis, a
comprehensive model of a developer company’s organizational structure has been built, covering all
stages of a construction project’s life cycle—from pre-investment to operation and dismantling. A
typical classification of the functional departments of developer structures is presented, along with
their interactions with market and public institutions.

It has been found that the main advantages of developer companies include high management
efficiency, reduced project implementation time, lower costs, increased asset value, and the ability to
respond quickly to market changes. Identified disadvantages include the complexity of organization,
high initial capital requirements, and elevated demands on the competence of the main company’s
management.

It has been substantiated that real estate development holds strong potential for growth in the context
of modernization of Ukraine’s construction sector and the urgent need for rebuilding damaged
infrastructure. The analysis also highlights the growing demand for specialists with engineering,
management, and economic competencies, which is evidenced by the emergence of relevant
educational programs at leading higher education institutions in Ukraine.

Key words: real estate development, construction development, developer company,
construction production, project management, organizational structures of construction
production management, life cycle, rebuilding, investment, managerial decisions.
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Introduction. A significant number of con-
struction enterprises operate in Ukraine. From
2015 to 2019, their number increased rapidly [1].
Since 2022, there has been a sharp decline in the
volume of new housing construction for a certain
period [2]. However, in addition to new housing
development, the need has arisen for the repair
of damaged and rebuilding of destroyed build-
ings and structures. As a result, the demand for
construction companies has become increasingly
urgent. Educational institutions have begun
to respond to labor market demands, including
the introduction of new academic programs.
For example, starting in 2024, the Odesa State
Academy of Civil Engineering and Architec-
ture launched the master’s-level educational
and professional program «Construction Devel-
opment» under specialty 192 Construction and
Civil Engineering [3]. A similar program titled
«Real Estate Development» is offered by the
Kyiv National University of Construction and
Architecture [4]. This highlights the increasing
demand for developer specialists with a solid
engineering background.

Construction companies in Ukraine vary in
organizational structure. In response to the need
to manage the entire life cycle of construction
projects, some of these enterprises have begun
transforming into more integrated organiza-
tions. In particular, construction companies are
increasingly taking on the roles of investors and
property owners, as well as providing design,
facility management, marketing, and other ser-
vices.

The use of developer companies as a model of
construction production management enables
the intensification of building processes through
integrated management and full life cycle cover-
age — from the pre-investment stage to the dis-
mantling of the facility.

Therefore, the study of the current state and
role of developer companies as an organizational
structure for managing construction production
is highly relevant.

Materials and methods. The research
employed a set of theoretical and analytical meth-
ods that enabled a comprehensive characteriza-
tion of the activities of developer companies in
the field of construction management. The study
applied logical-analytical and comparative meth-
ods, as well as a systematic approach.

An analytical review and generalization of
theoretical sources were conducted. The research
was carried out using open-access information

sources. The study is based on the synthesis of
findings from scientific publications, a review of
the real estate market, and other publicly availa-
ble resources.

Review of recent studies and publications.
Recent studies [5] have analyzed the implemen-
tation of the educational and professional pro-
gram Construction Development at the master’s
level in the specialty 192 Construction and Civil
Engineering at the Odessa State Academy of
Civil Engineering and Architecture.

The activities of developer companies have
been widely explored in academic literature. Sev-
eral notable works include the following:

Malykhin M. O. in [6] investigated the imple-
mentation of development projects in the con-
text of the country’s digital transformation.

The topic of real estate development has been
actively discussed at academic events organized
by representatives of the Odessa State Academy
of Civil Engineering and Architecture and the
Kyiv National University of Construction and
Architecture [7, 8].

The presence of not only construction but
also marketing functions within developer com-
panies was explored in [9]. Another, arguably the
core, function of developer companies—namely,
their role as investors and property owners—was
investigated by Andreeva V. A. in [10], where
development projects are classified as a specific
type of investment project activity.

A comprehensive study of construction devel-
opment was carried out by researchers and grad-
uate students of the Kyiv National University of
Construction and Architecture in [11].

This analysis shows that developer compa-
nies, which only recently emerged in the Ukrain-
ian construction sector, are already undergoing
active modernization through the integration of
digital technologies, management tools, market-
ing strategies, investment practices, and more.

The purpose of the study is to analyze the
implementation of developer companies in
Ukraine.

The following research tasks have been iden-
tified:

1.to perform a substantive analysis of the
organizational structure model for managing
construction projects through developer compa-
nies.

2. to identify the advantages and disadvan-
tages of using developer companies in compari-
son with other organizational forms of construc-
tion production currently applied in Ukraine.
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Main body. Before considering the essence of
the use of developer companies as an organiza-
tional structure for managing construction pro-
duction, it is necessary to define terminology.

Investor — a legal or natural person (Ukrain-
ian or foreign company, state, private individual)
who makes financial investments in assets and
projects to generate income [12].

The term «project» is commonly understood
as a chain of tasks that must be completed within
a set timeframe and with the expenditure of cer-
tain resources to achieve a result. Another defini-
tion of a project is the process of solving a prob-
lem — from the conception or idea of a solution to
the final implementation of the idea [13].

General contractor — a legal entity directly
responsible for organizing construction and installa-
tion works on the site and accountable to the inves-
tor or customer for the entire scope of construction
works until the facility is commissioned [12].

Contractor — a natural or legal person who
undertakes, for a specified fee, to perform certain
types of work and is responsible for the quality of
their execution [12].

Project management — activities aimed at
solving tasks and achieving the set goals of the
project [13].

Project management is understood as the
application of knowledge, skills, tools, and tech-
niques to execute the project according to speci-
fied requirements [13].

Project resources — labor (engineering and
technical staft and workers), financial, time, tech-

nical (equipment, machinery), and/or material
(consumables) resources used to perform project
tasks [13].

One of the organizational forms of construc-
tion production management is the design-and-
build method, also known as the turnkey method
(Fig. 1). When applying this method, a holding
company is usually created (which controls the
work of a group of companies) based on the prin-
ciple: investment — management — construction.
A holding is a group of commercial firms legally
connected with each other. The unity of eco-
nomic activity is ensured by gathering partici-
pants of all three processes under the holding’s
management [11-13].

Initially, one type of this turnkey method gained
popularity — the «customer-developers model.
The name suggests that in this case, the customer
simultaneously performs the functions of the devel-
oper. The holding assumes design and construction
functions and can also act as the customer (inves-
tor). In the development of the turnkey method, a
new type appeared — the «customer-developer and
operation service»> model. In addition to the par-
ticipants mentioned in the «customer-developers»
structure, this type may include operation and/or
maintenance services of buildings.

At the latest modern stage of the turnkey con-
struction management method development, the
most comprehensive organizational structure
type has emerged — developer companies.

The goal of developer companies is to obtain
profit or a positive outcome (development of pro-

Fig. 1. Types of design-and-build («turnkey» ) organizational forms of construction production
management
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duction, solving social problems, etc.) through
the transformation of a territory, land plot, real
estate object, and construction of buildings and
structures.

Developer companies are analogous to the
previously discussed holdings and associations
but have some distinctive features:

— the developer is primarily the investor and
owner of the real estate asset (land plot); they may
invest in the entire project, including marketing,
design, construction, surveys, operation, building
materials production enterprises, and more;

— only the developer interacts directly with
government authorities;

— unlike others, developer companies may
include real estate agencies, marketing and con-
sulting firms, production and/or distribution
enterprises for building materials, etc.;

— the main managing developer company
can both self-invest in all stages of construction
(through its own investment campaigns) and
attract external investment campaigns (which
may act as clients) [11-13].

The most comprehensive model of a developer
company is illustrated in figure 2.

From figure 2 and the analysis of sources
[1-13], it can be emphasized that the main tasks
solved by developer companies are:

— changing the land use designation accord-
ing to market needs;

— construction and operation of buildings and
structures;

— rehabilitation, rebuilding, and repair of
existing buildings;

— changing the functional purpose of build-
ings and structures (or their parts).

Figure 2 clearly demonstrates that devel-
oper companies enable the implementation of all
stages of the building project life cycle:

— pre-investment stage (forming the develop-
ment idea, searching and analyzing the develop-
ment object, auditing the real estate asset, etc.);

— investment stage (developing the pro-
ject concept and business plan, purchasing the
development object, obtaining necessary permits
and approvals, conducting engineering surveys,
design and construction works, obtaining occu-
pancy permits, state registration of ownership
rights, etc.);

— operational stage (marketing campaigns;
realization of project spaces — operation, leasing,
sale, etc.).

The article reviews open information sources
[1-13] and investigates the essence of developer

companies. This has made it possible, in compari-
son with other organizational structures for con-
struction production management, to highlight
the following advantages and disadvantages.

Advantages of construction management
through developer companies.

1. Thorough market analysis and proper selec-
tion of land plots by the developer team allow
making investment decisions that exceed “aver-
age market” indicators by 20—50%.

2. Preliminary investment justification gener-
ally enables optimizing the use of investor funds
by an additional 10-15%.

3. Proper registration of property rights for
real estate assets and resolution of other legal
issues can increase the value of a land plot
(or other real estate objects or their parts) by
150-300%.

4. Tt is possible to reduce the duration of pro-
ject development and implementation by 7-15%.

5. It is possible to reduce overall project costs
by 5-15% (construction cost savings by 10—20%;
reduction of labor intensity at the implementa-
tion stage by 5-15%; reduction of operational
costs by 15-25%).

Disadvantages of construction management
through developer companies.

1. A large amount of initial capital may be
required.

2. High qualification requirements for the
management of the main developer company.

3. Long-term nature of projects and the need
for continuous control over their implementa-
tion (increased importance of planning and fore-
casting; accounting for changes in the external
environment — demand, supply, surrounding
infrastructure, etc.).

4. Developer companies are mainly applied in
complex, large-scale, and long-term construction
projects.

The prospects for the use of developer com-
panies in Ukraine are highly ambitious. This is
due to the growing need for post-war rebuilding
of Ukraine. An important factor for the broader
implementation of developer companies is their
ability to ensure a comprehensive approach to
project delivery — from land search and audit,
through design and construction, to the further
operation of the facilities. This format makes it
possible to optimize time, financial, and other
resources, improve the quality of construction
project management, and establish effective
cooperation with government authorities and
investors. Thanks to digital tools, marketing
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Subcontractors (specifie é,—) -
types of work) e

Design and survey organizations
(geotechnical base, sketches,
planning, architectural style,

calculation of techmnical and
economic indicators/feasibility
study, project)

Realtor company (advertising,
marketing, consulting, legal support
of transactions, sales)

Property management

Marketing, and operation of
advertising, and engineering systems,
consulting agency organization of internal
(analysis, marketing  infrastructure facilities,

research, modeling, road repairs,
forecasting, maintenance of common-
advertising, use land)
consulting)

company (maintenance

Fig. 2. Management structure model of a developer company

strategies, and financial flexibility, developers are
becoming key players in Ukraine’s rebuilding.
Moreover, the emergence of relevant edu-
cational programs in leading Ukrainian con-
struction universities (such as Kyiv National
University of Construction and Architecture
and Odessa State Academy of Civil Engineer-
ing and Architecture) confirms the growing
demand for developer professionals. Their main
value lies in the balanced development of engi-
neering, managerial, and marketing competen-
cies. This forms the basis for a new generation
of specialists capable of implementing modern
approaches tointegrated real estate development.
Thus, developer companies can become one of

the key elements in the reform of Ukraine’s con-
struction sector in the coming years.

Conclusions.

1. The analysis of open information sources
and the conducted research allowed for the iden-
tification of the essence of developer compa-
nies, the potential for their wider application in
Ukraine, and the development of a block diagram
of the most complete version of the management
structure of a developer company.

2. The analysis of the essence of developer
companies has made it possible to identify their
advantages and disadvantages in comparison
with other organizational structures for con-
struction production management.
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IIEPEBATH TA HEJIOJIIKY JIEBEJIOIIEPCbKUX KOMITAHI
ITPU YITPABJIIHHI BY AIBEJIbHUM BUPOBHIIUTBOM

Anomauia. Y cmammi npoananizosano cymuicmv, nepesazu ma HeOOLiKU 0e6eionepeoKux
KOMNAHii K cyuachoi opzanizayiinoi popmu ynpasninus 6yodisesvrum supoOHuymeom 6 Yxpaiui.
Axmyanvricmo docniowcenns 3ymosiena mpancopmayicro Oy0ieenvozo PuHKy, 3pOCIAHHAM
nompe6 Y KOMIIIEKCHOMY Nioxo0i 00 peaﬂiaauii' HCUMMEBO20 UUKY 00 '€EXMIB, 4 MAKONC HeobXiOHicmIo
NICIAB0EHH020 BIOHOBIEHHSL 3PYUHO6AHOT IHGpaCMPYKMYPU. 3 AC06AHO, U0 desenonepcoki KomMnanii
dosgosiomn e(pekmueuo mmezpyeamu gbyum;n ineecmopa, 3a6y806HuKa nPOEKMYBANLHUKA,
excnayamayiiinoi opzanizayii, Mapkemurnz080i ma WPUOUUHOT NIOMPUMKYU MOWO 8 MEXCAX EOUHOT
Kepyiouoi cmpyxmypu (xordunzy).

Y mexcax docnioxcenns 3acmocosano a02iK0-AHALIMUUHUL, CUCTEMHUT | KOMRAPAMUBHUIL
Memoou, a Mmaxox ananis eiéicpumux ingpopmaitinux Oxcepen i pesyrvmamie CYUACHIY HAYKOGUX
nyonixayii. Ha ocnoei ananisy ingopmayiinux dxcepen no6y806aﬂo HaUOLILW NOBHULL Bapianm
Modeni opeanizauiiinoi cmpyxmypu 0esenonepcvkoi KOMNanii 3 Yypaxysanuim 0XoNIeHHs N06HO20
HCUMmMeB020 Uuky Oyodisenvrozo npockma — 6id doineecmuyiiinoeo emany 0o excniyamauii ma
demonmancy. Hasedeno munosy xiacugixauyiio @yuxuionarvnux nioposdinie odesenronepcokux
CMpyKmyp 1 ixuio 63aeM00i0 3 PUHKOBUMIU TA 0ePHCABHUMU THCIUMYUISAMU.
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Bcmatosneno, wo 0cHoBHUMU Nepesazami 0eseionepcokux KOMNAHii € 6UCOKa eqexmusHicmy
YNPAGIIHHS, CKOPOUEHHS MEePMINI8 peani3auii NpoeKkmis, 3MEHUEHHS Gumpam, 3poCmaHHs.
6apmMOCMi AKmMueis, a maxodic 30ammuicms onepamueno peazysamu na sminu punxy. Cepeod nedonixie
6uUOiIeH0 CKIAOHICMb Op2anizayii, 6ucoky nompedy 6 NOUAMKOBOMY KANIMAL Ma NOBUWEHT BUMOZU
0o Komnemenmuocmi menedncmenmy 2010610i Komnanii. QOOTPYHMOBAHO NEPCNEKMUBL POICUMKY
desenonmenmy 6 ymosax mMooepisauii ykpaincokozo 6ydisenviozo cexmopy, a maxkoxc 6i03HaueHo
3pocmanis nompeou y Paxieusx 3 iHjiceHepHO-YNPABTIHCOKUMIU MA eKOHOMIUHUMU KOMNeMEHUIIMIL,
wo niomeeporcyemvcs nosB0I0 GIONOGIOHUX OCGIMHIX NPOZPAM 6 NPOGIOHUX BUULUX HABUATLHUX
saknadax Yepainu.

Kntouosi cnosa: desenonmenm nepyxomocmi, degenonmenm 6y8isuuum6a, aeseﬂonepcma
xomnanm, Oyodisenvhe 8upoOOGHUYMBO, YNPABNIHHA npoexmami, opeanizayiiini cmpyxmypu
ynpasmumz 6y316enbnum BUPOOHUUMEOM, HCUMMEBUU UUKT, GIOHOBTIEHHS, THEECTMUUIL.
YNPasaincoKi pilleHna.

Memneitmoxk O.1.

TOKTOP TEXHIYHUX HayK, podecop,

3aBizyBau Kadeaporo TeXHOIOri OyAiBeIbHOrO BUPOOHIIITBA,
OgechKka JepkaBHa akaeMis OyIiBHUIITBA Ta apxiTekTypu, M. Ozeca

Pyccuii B.B.

nokTop isocodii, crapmmii BUKIa1a49

kadepy TeXHOIOri OyAiBeIbHOr0 BUPOOHMITBA Ta XiMii Ta eKOJIOril,
OgechKa Jep:kaBHa akajieMis Oy/IiBHUIITBA Ta apxiTekTypu, M. Ozeca

Memneitmox 1.0O.
JIOKTOP TEXHIYHUX HaYK, IOIeHT Kadeapu XiMil Ta eKoJIorii,
OnechKka JepskaBHa akaeMist Oy/IiBHUIITBA Ta apxiTekTypu, M. Oyeca
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