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Buxonano awnaniz  ocHosHux  c8imosux  iHQOpMAyiuHUX  MexHonNoz2iu,  AKI
BUKOPUCTNOBYIOMbCA Y NPAKMUYT ONMUMANLHO20 NAAHYBAHHA 0YOiBenbH020 MAUOAHYUKA.
Busnaueno ocnoeni epynu memooonocii, AKi 6UKOPUCMOBYIOMbCA Ol GUHAYEHHS
eheKmuerHo20 poO3MAuLyB8antsa OAuWmMosux Kpamie Ha OVOi8elbHOMY MAUOAHUUKY 3
AHANI30M IX HEQONIKI8 HA OCHOBE Al2OPUMMI6, IKL BUKOPUCTOBYIOMbCS O/ Ix onmumizayii.
3anpononosano winaxu niosuujerHs epekmusHOCmi iHGHOPMAaYilino20 MOOeN08aAHHA 3
posMilyenna Oawmosux Kpamie Ha 0Oy0i6eIbHOMY MAUOAHUUKY 3 YPAXYBAHHAM
NPAKMUYHO20 Q0CBIOY.

The main focus of this paper is to synthesize the scientific experience regarding the
optimization of tower crane placement on a construction site. The research presented in
the article revolves around the theme of the effectiveness of information planning for
construction sites, particularly in the optimal positioning of tower cranes to enhance work
efficiency. The study aims to identify parameters that are often overlooked in modeling
based on practical experience.

Improper spatial placement of tower cranes can lead to additional costs and project
delays. To enable optimization of the spatial positioning of tower cranes, an analysis of
leading-edge information technologies utilized in the practice of optimal construction site
planning has been conducted. The use of modern information modeling technologies in
conjunction with optimization methods makes the process of tower crane spatial placement
more efficient and accurate. These technologies will help determine the spatial placement
of all construction resources on the site, ensuring better outcomes for both physical space
utilization and machine technical characteristics. The reliance solely on the experience of
construction or project organization personnel for decision-making in construction site
planning precludes the application of an information-based approach. Through analysis,
the main groups of methodologies used to determine the effective placement of tower
cranes on construction sites have been identified, along with an examination of their
drawbacks based on the algorithms applied for optimization. Ways to enhance the
efficiency of information modeling for tower crane placement on construction sites have
been proposed to enable the adoption of more precise and effective decisions.
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Beryn. IlpaBunbHa oprarizamis OyIiBeTBHOTO MaWIaHYMKa, 30KpeMa,
pauioHaJIbHE PO3TallyBaHHS KPaHOBOTO O0JaJHAaHHS BH3HAYUTH €()EKTHBHICTBH
peaizarii mpoekTy B 1iiomy. [1aHyBaHHS MOCTIIOBHOCTI BUKOPUCTAHHS KPaHiB
MOYMHAETHCS HA PaHHIX eTanax OyiBeJIbHUX MPOEKTIB 1 CIYKUTh OCHOBOIO IS
NPUAHATTS TOAANBIIMX DIlIeHb, SK JUIS JAWHAMIYHUX, TaK 1 AJS CTaATUYHHX
Mojenell OymiBenpHUX MaiinaHunkiB. OJHAK 4Yepe3 CTPYKTYpy (akTopiB, 10
BU3HAYAIOTh IapaMeTpy AUISHKH, Take IUIAaHYBaHHA YacTO € CKIaJHUM 1
HeeeKTHBHUM. HeonTrMmanbHU BUOIp IPOCTOPOBOTO PO3MIIIEHHS OAIITOBOTO
KpaHa MOXX€ MPU3BECTH IO JOJATKOBUX BUTPAT 1 3aTPUMOK peaizallii mpoeKTy.
Tomy edexkTnBHE MIaHyBaHHS Mae€ BHUpIIAIbHE 3HAYEHHS JUIA ONTHMi3amil
BUKOPHCTaHHS TPOCTOPY MalflaHdYMKa Ta BIUIMBAE Ha Oe3leky Ta
MIPOAYKTUBHICTH OyAiBeIbHUX mporecis [1, 2].

EdexruBHe nnanyBaHHs OyniBelbHOTO MaiiJaHYMKa MOXKE OYTH JOCATHYTE
3a paxyHOK 3MEHIIEHHS IUIONIl, Ky 3aiiMaroTh pecypcu Ha OyAiBHHIITBI, Ta
[4, 5, 6], cipsiMOBaHUX Ha 3MEHIICHHS BUTPAT, Y€Pe3 ONTUMI3AIIiI0 MPUHHATUX
pillieHb MiJ 4ac NPOEKTYBaHHs Oy/iBENbHUX TeHEepaJbHUX IUIAHIB, MOKa3ye
ICHYBaHHS JBOX OCHOBHUX HAaIPSMKIB:

1) miHimi3amis mron] 00’€KTiB OYyIiBENPHOIO MaiITaHYMKa 332 PaxyHOK
€(eKTUBHOTO BUKOPHUCTAHHS PECYPCIB:

- 3MCHIICHHS MAaKCHMAJbHO{ KUIBKOCTI pOOITHHKIB, 1, BIAMOBIIHO,
3HIKCHHS HEOOXIHMX IUIONl aaMIHICTPaTHBHHUX Ta TOOYTOBHX
MIPUMIIIICHB;

- 3MEHIICHHS! HEOOXiAHOI IOl CKJIAJIChKMX MailaHYMKIB Yepe3 3MiHy
Iepioly BUKOPHUCTAHHS MaTepiaiis;

2) parioHanbHe IIAHyBaHHS OyiBeTbHOTO MalJaHIMKa [T 3a0e3eUeHHS
onepaniiiHoi  edpekTuBHOCTI, 1O mTepeadadae MiHIMI3aIio  BifcTaHen
nepeMimeHHs pecypciB. Lle Moxe OyTH MOCATHYTO MIISXOM €(QEeKTHBHOTO
PO3MIIIEHHS BaHTAXXOMIAHOMHOTO OONagHAHHS, 30KpeMa, OallTOBHX KPaHiB, 3
ypaxyBaHHAM JOCTYIMHUX INJIT3HUX NUIAXIB Ta MICIh U1 iX MOHTaXy I
JIEMOHTAXY.

Taxkum YHHOM, OIITUMI3allis OyIiBeTbHOTO MakgaHYnKa €
0araTtoBapiaHTHOIO Ta TPYJIOMICTKOIO 3ajadelo, 1o 30UIbllye 3aTpaTH Ha
NIPOEKTYBaHHA. 3MCEHIINTH KUIBKICTH BapiaHTIB JIO3BOJISAE€ BHKOPHCTaHHS
IHTEJIEKTyalbHUX CHUCTEM IpOEeKTyBaHHS. Ha BITUM3HSHOMY PHHKY OUIBIIICTH
OyIiBeIbHUX KOMITaHIH HE 3aiMAarOThCsl OI[IHKOIO e(EeKTUBHOCTI TUTaHYyBaHHS
OyIiBeIbHOTO MaWJaH4YHMKa, a PIIIEHHS MPUHAMAIOTHCSA Ha OCHOBI JOCBILy YU
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3acTapimux MeTomiB. Takwif cTaH CYTT€BO BIUIMBA€E HAa EKOHOMIYHICTH Ta
e(eKTUBHICTh peaizalii MPoeKTy B IIJIOMY.

Mera. IlpoBecTn aHaji3 OCHOBHHUX MOJENEH, IO 3aCTOCOBYIOTHCS JUIS
onTuMisalii OyIiBeNbHUX MalJJaHYMKIB, 3 BH3HAYCHHSAM IapaMeTpiB, sKi HE
BPaxOBYIOThCS MIPU MaTeMaTHYHOMY MOJIEIIOBaHHI, 30KpeMa, Ipy BUOOPI Miclb
po3TairyBaHHs OAIITOBUX KPaHiB, HA OCHOBI MPAKTUYHOTO JIOCBIY.

Anauniz gocaimkens. IcHyoTh pisHi Mozenmi [7-19], mo cnpsiMoBaHi Ha
MOITYK ONTHMANBHUX pilleHh IIOJ0 BHOOPY Ta pO3TallyBaHHS KpaHIB Ha
OynmiBeTbHOMY MaimaHUMKy. 3a3BHUail Ii MOZIeNi MOXXHA pPO3AUTUTH Ha TpHU
OCHOBHI I'pYIH, SIKi BIAPI3HAIOTHCS Y METOJOJIOTI] BUPIIICHHS:

1) indopmariitne MOIETIOBaHHSI — BUKOPHCTOBYETHCS TPU TMPOCTOPOBOMY
IUTAaHYBaHHI NUISTHKH 1 BKJIIOYAE CHUMYJLALII0 MOBEIIHKH BCIX TEXHOJOTIYHHUX
eJIeMEeHTIB OyaiBeNbHOTO MaimaHumka. L[i Mopjeni MO3BOJNSIOTH 3iHCHIOBATH
Bi3yaJlbHUIl MOHITOPHHI  YNpaBIiHHS, aje He BpPaxOBYIOTb THI Ta
XapaKTepPUCTUKU BUKOPHCTOBYBaHMX MaIIMH 1 HE MPOBOAATH IOUIYK
ONTHUMAJIEHOTO BapiaHTY MPOCTOPOBOTO PO3MIILLIEHHS KpPaHiB;

2) MaTeMaTH4He MOJCNIOBAHHA — IPYHTYETHCS Ha MOLIYKY HEOOXiTHMX
3HAYCHb IITLOBOT PYHKINT 3 ypaxyBaHHIM 3aJaHUX 0OMEKEHbB. BibIIICTh TAKHUX
MOJie/iell BUKOPHCTOBYIOTh QITOPUTMH, MIO IMITYIOTh NPHUPOIHI IMIPOIECH,
PO3TIIIAIOYH TIPOIIECH MOMUTY Ta MPOTIO3UIT MaTepialliB, sSKi MePEeMilIyIOThCI
0amTOBUM KPaHOM;

3) Moperi, IO BUKOPHCTOBYIOTh TCHETHUYHI aJTOPUTMH, TOCTIIKYIOTh
ONTUMAJIFHE PO3TAITYBaHHS OAIITOBUX KPaHiB 3 METOO 30alaHCYBaHHS poO0OUNX
orepamii Mk pi3HUMH MEXaHi3MaMH JJIs MiHIMi3a1ii MOKIMBHX KOH(IIKTIB Ta
JIOCSITHEHHSI MakcuMalbHOI eekTuBHOCTI poboTH. [ToyatkoBo Mozeb Gpopmye
Ipynd 3aBiaHb Ta BHOMpae pO3TallyBaHHsS MallMH 3 ypaxyBaHHAM
reOMETPUYHHX MTOKA3HUKIB.

Y mpakTHii 3IiHCHEHHS ONTHMAJbHOTO IUIAHYBAHHS OY/iBEILHOIO
MaljaHYMKa 3 ypaxyBaHHSM KOMIUIEKCHOTO KEPYBaHHS NMUTAHHSIMU OXOPOHH
3I0pOB'sl, OE3MEKM Ta EKOJIOTii, 30KpeMa, 3aCTOCYBAHHSAM IHTEIEKTyallbHUX
TEXHOJIOTiH, YacTo OTPUMYe OOMEXEeHy yBary. 3a3BWuail Take IUIaHYBaHHS
TIOKJIaJa€ThCsl Ha IHXKEeHepa-TPOeKTyBaJIbHUKA, SIKUH BPaXOBY€ YNHHI HOPMaTHBU
Ta BIIACHUI POQeCciiHUl TOCBII.

BapianTHe nmpoekTyBaHHs Oy/AiBEJILHOTO MaiJaHYMKa BUMarae CTBOPEHHS
PI3HMX TUIAHYBaJbHUX MOAENEH, 10 30iJbIIye BUTPAaTH Ha MPOEKTYBaHHS.
BynisenbHI MaliJaHYMKK MAIOTh Pi3HY OPMY, 1 €IEMEHTH, SKi PO3TAIIOBYIOTHCS
Ha BUIPHUX IUIONIAX, MOKYTh MaTH Pi3HI MapaMeTpH, 10 He 3aBXIH JO3BOJISIE iX
ONTHMAIILHO PO3MICTUTH, 0COOJIMBO B YMOBaX 0OMEKEHOTO MPOCTOPY.

Bubip micis po3TamryBaHHS OamTOBOTO KpaHa IMOBHHEH 0a3yBaTHCS Ha
MiHIMi3aIlil 3aragbHOi BapTOCTI HOTrO eKCIUTyaTallii Ta MaKchMi3allii Horo
BHKOPHUCTAHHS, K B Yaci, TaK i 32 BAHTAKHUMU NapaMeTpamu. Takuii BUOip Mae
3aJI0BOJIBHUTH SIK EKCIUTyaTalliiiHi OOMEXKEHHsS, Tak 1 OOMEXCeHHS YMOB
MalIaH4YHKa.
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Buknax ocnoBHoro wmartepiaay. 3anadi IuaHyBaHHS Oy/iBEJIBHOTO
MaljaH4YMKa 3a3BUYail BKIIIOYAIOTh B ce0e pO3MILIEHHsS] THMYACOBHX 00'€KTIB Ta
0amTOBUX KpaHiB Ha JUISHII OYAIBHUITBA TAKMM YHHOM, 10O ONTHMi3yBaTH
LTI TUIAHYBaHHS Ta BPaxoBYBaTH OOMEXKEHHs 3 OXOPOHHM Mpali Ta Oe3neKu
HaBKOJIMIIHBOTO ceperoBumia. [lmaHyBaHHs OyaAiBEeNbHOrO MalaHuMKa €
CKJIaTHOI0 KOMOIHATOPHOIO 3a/1a4ei0 ONTHUMI3allil, 0 BKIIOYAE KiTbKa IiJIeH Ta
YCKITATHIOETHCS 31 3POCTAaHHAM KUTBKOCTI OO'€KTiB 1 OOMEXEHb Ha yMOBH
BHKOHAHHSA POOIT.

[MuTaHHIO TPOCKTYBaHHS MalmaH4YMKiB OymiBHUITBa (construction site
layout planning - CSLP) 3 BukopucTaHHSIM IHQOPMAIIHHUX TEXHOJIOTIH
MOJICTIFOBaHHS MPUAIISIETHCSA yBara y MNpakTHdi [5, 6], OCKUIbKH e CIpHse
ITiIBUILIEHHIO €PEKTUBHOCTI Ta SIKOCTI YIPABJIIHHS MIPOEKTOM Ha MicClli y pexumi
peampHOro uacy. Ilporec iH(MOpMAIHHOrO IUIAHYBAaHHS OY/iBEILHOTO
MalJaHYMKa € CKJIQJIHUM IPAKTUYHO 1 HOro MOJEIIOBAHHS 3a JIOMOMOTOI0
METO/IiB ONITUMI3allil HE 3aB)KAM FrapaHTye CTBOPEHHs e()eKTUBHOTO BapiaHTy. Ha
puc. 1 moka3aHuii MOPATOK ONTHMI3aLii OyIiBEIEHUX MallJaHIHKIB 3 YOTHPHOX
KpPOKIiB, IIOYMHAIOYH BiJ BXIMHUX MJaHWUX, BU3HAUCHHS WiJeH, Tpoiecy
(anmropuTMy) ONTHMI3AIii Ta BUXITHOTO eTamy (MPUAHATTS PilieHb). Y MPaKTHII
BHKOPUCTOBYIOTh pi3HI ainropuTMu ans TexHoiorii omrmMizamii CSLP, ski
MOKHA y3araJIbHUTH HACTYITHUM YHHOM:

1) wrryunnii inrenext (Al) [12]. Al 3acTocoByeThes A aHATI3y Pi3HHX
BapiaHTIB pO3MilleHHS O00'€KTIB Ha OyHiBEIbHOMY MaiIaHYMKy Ta BHOOPY
ONTHUMAJIHOTO BapiaHTYy;

2) esosroniiiauii anroput™ (EA) [6, 13]. 3acTocoByeThCs I MOLIYKY
HalKpalMx BapiaHTiB PO3MILICHHS O00'€KTIB Ha OYAiBEIbHOMY MaillaHYMKY
LIJISIXOM 1T€paTHBHOTO ITOKPAILCHHS,

3) anroput™ cBiTisukis (FA) [10, 19]. BukopucTOBY€eThCS AJIsl ONTUMI3ALIi
po3ramryBaHHs 00'eKTiB Ha Oy/1iBEIbHOMY MaiilaHYHKY;

4) meronu poiioBoro iHtenekTy (SI). 3acToCOBYIOTBCS U ONTHUMI3aLil
posramryBaHHs 00'€KTiB  Ha OyaiBeNbHOMY MalJaHYMKy, BPaxOBYIOUH
pizHOMaHITHI (haKTOpH, Taki sSIK 3arajJbHi BHTPAaTH Ha 3BEACHHS, Oe3meka Ta
e(heKTUBHICTh BUPOOHUIITBA.

AHani3 JTaHUX METOIIB ONTHMI3allii MOKa3ye, [0 BOHM HE BPaXOBYIOThH
HHU3KHU MOTOYHUX (PaKTOPiB, TAKUX SK: PO3IMOAUT PECYpCiB, B3a€MO3B'SI3KH MiXK
MIEBHUMHU €JIEeMEHTaMHU OyIiBEIbHOTO MaWIaH4YHMKa, MIBUAKICTH BHPOOHHIITBA,
npocToi OyaiBeIbHOT TEXHIKH Ta iH.
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Pucynok 1 — [Tops 1ok TOKPOKOBOTO MONIYKY ONTUMAIBHOTO PIillIEHHS 3
IUTaHyBaHHS OyAiBETHbHOTO MalTaHIHKA.

VYci Bulle3asHadeHi aarOpUTMH CHPSIMOBaHI Ha IIOUIYK BUPIIICHHS
IIOCTABJICHOT 3a/1a4i, IPOTE HE Ha CTBOPEHHS PEAIbHUX JaHUX JJIS IPAKTUYHOTO
BUKOPHUCTAaHHS, OCKUIBKM YacTO HE YyPaxoBYIOTh YCi YMOBH (DaKTHHHOTO
BUPOOHMITBA, YacTKOBO iX crpourytoud. BoHu ¢QoKycyloTbCS Ha IOIIYKY
KOMITPOMICHUX pillleHb MiX BUTpaTaMd Ha OpraHi3aiilo MalgaHdynKa 4Yd
BHKOHaHHSI POOIT Ta BHUMoramu 10 Oe3meku pobit. 3araiom, moxaeni CSLP
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nependavaoTh 30HH PO3MIMICHHS €JIEMEHTIB OyAiBET-HOTO TOCHOJapcTBa Ha
MalJaH4YMKy 3 METOI0 MiHIMi3allil 3arajibHUX BUTPAT HA OyIiBHHULITBO, IPOTE Ha
MIPaKTHILI PO3TAIlyBaHHS LIUX €JIEMEHTIB MOKE 3aJICKATH BiJl PI3HUX YMHHHUKIB.
Takok He BpaxoBYIOTh YacoBI NapaMeTpyd Ta YWHHUKH, TMOB'A3aHI 3
OpraHi3aniifHO-TeXHOJIOTIYHUMH CXEeMaMH Ta yMOBaMH BUKOHAHHS POOiT.

Bubip cxemu po3ramyBaHHS 0amTOBOro KpaHa Ha OyaiBeJbHOMY
MalJaHYMKy 4acTO I'PyHTYETHCS Ha AOCBiI (axiBLiB OyMiBeNbHOT Ta MPOEKTHOT
opraHizamii. Xoya ICHYIOTP pPO3pPaxyHKOBI METOOM MJIS 3HAXO/KCHHS
ONTHMAIBHOTO IX PpO3TAIlyBaHHS, aJe€ BOHH MOXYThb OYTH CKIaJHAMH Ta
TPYILOMICTKHMHU, 30KpEMa, Y BITYU3HIHIN IPAKTHII BUKOPUCTOBYIOTh METOIUKH:

- 33 CTyNIEHEM BHKOPHCTaHHS NOPIBHIOBAaHWX KpaHIB 3a BaHTaKHOIO
IUTOLIEIO;

- 3a MO3WIIOHYBAaHHAM BCiX MOHTQ)XHHX €JIEMCHTIB BiIIHOCHO 0aIToBOTO
KpaHa, BHOOPOM MapaMeTpiB KpaHa HAa OCHOBI MaKCHMaJbHOI MaCH MOHTaKHUX
€JIEMEHTIB Ta BUOOPOM caMOro KpaHa BiJIIOBIIHO JI0 BAHTaKHOTO MOMEHTY;

- 32 BU3HAUEHHSIM «KPUTHYHUX» EJIEMEHTIB, SIKI BPaxXxOBYIOTh MOHTaXHY
Bary 3 ypaxyBaHHSIM BiJICTaHi JI0 10Jiaui eJIeMeHTa;

- 32 aHAJII30M MOHTAXXHUX XapaKTEPUCTHUK 00'€KTa 3 BUKOPUCTAHHAM Tpado-
AQHAITUYHOTO METOJIy 3aJIeKHO Bijl BAHTAXKOIIAHOMHOCTI, pajiycy Aii i BUCOTH
oMy Taka KpaHa;

- 32 TIOKa3HUKOM Pi3HOMOMEHTHOCTI KOHCTPYKTHBHOTO PiIlICHHSI.

VY OimpmIocTi BHIAAKIB TMONIYK ONTHMAIBHOTO PO3TAIlyBaHHS KpaHa €
THUIIOBOIO TEXHIYHOIO 3a]1aueto, MPOTe /I KO)KHOTO KOHKPETHOTO OY/iBeTIHHOTO
MalJaHYMKa BOHA MOXX€ BHMAaraTH iHAWBiAyaJbHOTO MiIXOAY Ta pO3paxyHKIiB.
CnocobM mOYaTKOBOTO PpO3MIlIEHHS O0allTOBOr0 KpaHa Ha OyJiBelbHOMY
MalJaHYMKy 3 BHKOPUCTaHHAM iH(OpMaliHHUX TEXHOJOTIH MepeBaXHO
BUKOPHCTOBYIOTH JIBA ITiAXO/IH:

1. miHiMi3alis MIoI crijabHOT podoTH GamToBUX KpaHiB [15]. e miaxin
CIPAMOBAaHMH Ha MiHIMI3amifo KOHQUIIKTIB MDK pPOOOYMMH 30HAMH KpPaHiB.
[nstxom iHTErpanii reoiHGOpMAIifHUX CUCTEM 1 TEXHOJIOTIH MOIETIOBAHHS
oynisens (BIM - Building Information Modeling), MoxHa BH3HAYHTH
ONITHMAJIbHE PO3TAIlyBaHHS KPaHiB, 1110 J03BOJISIE MiHIMI3yBaTH B3aEMHHHI BIUTUB
ixHiX pobounx 30H. lle n03BoJIsE MiABHUIINTH NMPOIYKTUBHICTH OYZiBEIHHOTO
IIpOLIECy Ta 3MEHIINTH Yac Ha BUPOOHUIITBO;

2. MiHIMIi3amisg yacy Ha poboTy OamrroBoro kpana [13]. OntumisyroTbes
poboui pyxy KpaHa 3 METOI MiHiMi3alii 4acy MmepeMilieHHs] KOHCTPYKIH Ta
MaTepianiB. BukopucTaHHS anropuTMiB ONITUMI3Allii, HA OCHOBI 30aJaHCyBaHHSA
MIPONO3HUIlii Ta MOMHWTY HAa MaTepiand B MeXKaxX OYIIBHHIITBA, IO JO3BOJISE
e(eKTUBHIIllE PO3MOAUIATH 3aBJaHHSI Ta 3MEHIIYBaTH Yac Ha TEPEBE3CHHS
marepiainis. [1i 1Ba miaxXoau BUKOPUCTOBYIOTHCS OKpeMO abo KOMOIHOBAHO ISt
BU3HAYCHHS ONTHUMAJIBHOTO PO3TAIlyBaHHS OAIITOBOTO KpaHa Ta IMiJBUIICHHS
MIPOJyKTUBHOCTI Oy IiBEILHOTO MPOLIECY.
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OxpeMi HayKOBi IOCHIMKEHHS MPONOHYIOTH iHIII MiIXOAHM AN BHOOPY
ONTHMAJIEHOTO PO3TAIIYBaHH: OAIITOBUX KPaHiB Ha Oy/1iBEJIbHOMY MaiJaHYHKY:

1) cykynmHe BHKOpPHCTaHHS I€HETHYHHMX aJITOPUTMIB Ta iH(OpMaLiifHOrO
MojemoBaHHs OyamiBenp [18]. Lled migxim mnependayae BHKOPHCTaHHS
TEHETHYHUX aJrOPUTMIB Ul IOLIYKY ONTHMANBHHUX pIlIeHb WIOJ0 THUIY Ta
po3ramryBaHHsl OAalITOBUX KpaHIB Ha OCHOBI iH(OPMAIIIfHOTO MOJEIIOBaHHS
Oynisesb. BiH 103BOJIIE aBTOMAaTHYHO CTBOPIOBATH IUIAHYBaIbHI PIllIEHHS, 110
BpPaxOBYIOTh OCOOJMBOCTI KOHKPETHOTO OYAiBEIFHOTO MPOESKTY Ta MiHIMI3YIOTb
BHTPATH Ta Yac BUKOHAHHS POOiT;

2) BUKOPHUCTAHHS IHTETpOBaHUX MeToAiB BIM Ta mporpaMHUX KOMILUIEKCIB
CAD [20]. Lli mizxoam BUKOPHCTOBYIOTH iHTErpoBaHi MeTonu BIM mis aHamizy
Ta onTuMizamii OyzmiBempHOTO Tpomecy. BoHm 0OasyroThes Ha immopti IFC
(Industry Foundation Classes) mopneneil Ta BHKOPHUCTOBYIOTH OOYHCIIOBAIIBHI
ITOPUTMHU JJIsl aBTOMAaTHYHOTO CTBOPEHHS ONTHMAJIbHUX TUIAHIB PO3TaIlyBaHHS
0aIITOBUX KpaHiB;

3) BUKOPUCTAaHHS CHUCTeM aBTOMaTH30BaHOro mnpoekTyBaHHS (CAIIP) Tta
reoinopmauiitnux cucrem (GIS) [21]. Lli koMIUIeKCH NOENHYIOTH Yy cOOi
CHUCTEMH aBTOMAaTH30BAaHOTO IMPOCKTYBAaHHs Ta reoiH(opMaiiiHi CUCTEMH IS
BU3HAYCHHS ONTUMAaJbHOTO pO3TALIyBaHHS KpaHiB Ta TOYOK 30epiraHHs
MaTepiaiB Ha OyIiBEIEHOMY MaliJaHIHKY.

[IpoBenenuit aHami3 moka3ye, IO OUTBIIICTE ONTHUMI3AIHUX MOIEIeH
HEIOCTaTHHO BPAXOBYIOTh pEANiCTHYHI yMOBH OYIIBHHIITBA, OCOOIHMBO IIie
CTOCYETBCSI ~ MPABHJIBHOCTI  BHOOpPY  TOYOK [IOCTadaHHSA Ta  Iojadvi
(mo3umioHyBaHHS) MaTepialiB 1 CHOpPSAMOBaHI Ha MiHIMI3alil0 BapTOCTI
nepeMillieHHsT pecypciB  0amToBUMH KpaHamu. [lorinOneHHs NoAajIbIInx
JOCIIHKEeHb y cepl ONTUMABHOTO [UIAHYBaHHS Oy/IiBEIbHUX MaiIaHYMKIB 3
BUKOPHCTAHHS METOJMIB IHTEJIEKTYyaJbHOI ONTHMI3alil JO3BOJHUTh MPHAMATH
TOYHiI Ta edekTuBHILI pinteHHs. OJJHaK CTBOPEHHS ONTHMaNbHOI MOJieli Oyze
BHMaraTd BpaxyBaHHs BCIX YMHHHKIB, SIKi MOXYTh BIUIMBaTH Ha IPOCTOPOBE
pO3MilleHHsI 0AaIITOBUX KPaHiB Ta i IX B3a€EMOJIiI0 3 HABKOJIMIIHIMA YMOBaMHU.

BucHoBkn. BukopuctaHHs cy4acHHX TeXHOJIOTiIH iH(popMmariitHoro
MOJIETIIOBaHHS Y TOEJHAHHI 3 METOJaMH ONTHMi3amii MOXe 3pOOHTH Ipolec
MIPOCTOPOBOTO PO3MIIIICHHST OAINTOBUX KpaHIB OUTBII €()EKTUBHUM 1 TOYHUM,
oJHaK 115 e(peKTUBHOI pealtizalii Takoi METOJMKH T0JJaTKOBO Oy1yTh IMOTPiOHI:

1) po3pobOka po3mIMpeHNX MOJeNel 3 ypaxyBaHHSAM PEaTiCTUYHHUX YMOB.
HeoOxigHO CTBOpIOBAaTH MOAENI, SIKIi BPaxOBYIOTh IOIATKOBI YMOBH, TaKi 5K
MOJKJIMBICTh KOPHT'YBAaHHS JOBXHHH CTpil OAalITOBHX KpaHiB, MapaneibHe
3BEJICHHS TPyl OYIWHKIB 3a Pi3HOIO BHCOTOIO, TOMIO. I1i Momenm MOXyTh OyTH
moOy0BaHi Ha OCHOBI peajbHUX (IMHAMIYHUX) 0OMEXEHb Ta BUMOT ITPOCKTY;

2) amanTariisi onTHMIi3aiiHUX Mozeneli. HeoOXimHO amanTyBaTH iCHYIOYI
ONTHMI3aliifHI MoJeNi [yl BpaxyBaHHsS OIEPATUBHUX 3MIH Yy Ipoleci
OyniBHHMLTBa, Bi3yamizalili B pexuMi peanbHOro yacy 3a pornomoroio BIM rta
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po3mmpeHnx (QYHKIIH HTpocTOpoBOro 3amuTy. Lle M03BONUTE yOOCKOHAJINUTH
MOJIeNI Ta 3pOOHTH iX OB peaslicTHYHIMU Ta e()EKTUBHUMM;

3) BpaxyBaHHA MOJATKOBUX TEXHOJOTIYHMX MAIIMH Ta OOJagHaAHHS.
HeoOxinHO BpaxyBaTH MOKJIMBICTb BUKOPHCTaHHS TOJaTKOBHX MAlllUH, TaKHX
SK CaMOXiJHI KpaHW, Ui OIepaTMBHHX IoTped OyxiBHuuTBa. lle Moxe
3a0e3rneunTH THYYKille Ta eQeKTUBHILIe YIpaBIiHHA pecypcaMu Ha
OymiBeIbHOMY MaliTaHIUKY;

4) inTerparis KoAaTKOBUX (YHKLIH Ta aHaNi3 BIDMBY. Po3poOka cuctem,
SIKi HAQIAIOTh PO3MINPEHY (PYHKIIIOHANBHICTD, TaKy SK aHaJi3 BIUIUBY JOJATKOBHX
MallMH Ha e(EeKTHBHICTh BHKOPHCTaHHS OCHOBHHUX OAaIITOBHX KpaHIB, MOXeE
JOTIOMOTTH BpaxyBaTH iHII (paKTOpW Ta ONTHMI3yBaTH POOOTY OyIiBEIEHOTO
MaiaH4HuKa.

References

1. Mudryi I. B. Znyzhennia vytrat pry planuvanni budivelnykh maidanchykiv //
Suchasni tekhnolohii ta metody rozrakhunkiv u budivnytstvi : zbirnyk naukovykh prats. —
2023. - Vyp. 19.— Pp. 117-123.

2. Mudryi 1. B. Perspektyvy vykorystannia tekhnolohii informatsiinoho
modeliuvannia pry rozrobtsi proektiv orhanizatsii budivnytstva // Naukovyi visnyk
budivnytstva. — 2020. — Vol. 100, Ne 2. — Pp. 132-137.

3. Shawki K. A Dynamic automated system for site layout planning in Egypt. //
International Conference on Construction Applications of Virtual Reality, University of
Sharjah, 2014, p. 61.

4. Muralidhar P. Analysis on improving operational efficiency of construction project
site. 2018. VVol. 9 No. 3: Independent Journal of Management & Production.

5. Xu M., Nie X., Li H,, Cheng J., Mei Z. Smart construction sites: A promising
approach to improving on-site HSE management performance. Journal of Building
Engineering. 2022. Vol. 49.

6. loanna N. Papadaki, Athanasios P. Chassiakos. Multi-objective construction site
layout planning using genetic algorithms. Procedia Engineering. 2016. 164. Pp/ 20 — 27.

7. C. Huang, C. Wong, C. Tam. Optimization of tower crane and material supply
locations in a high-rise building site by mixed-integer linear programming. 2011.

8. Roya Amiri, Javad Majrouhi Sardroud, Vahid Momenaei Kermani. Decision
support system for tower crane location and material supply point in construction sites
using an integer linear programming model. 2022.

9. A. Kaveh, Y. Vazirinia. Optimization of Tower Crane Location and Material
Quantity Between Supply and Demand Points: A Comparative Study. 2018.

10. Cong Liu, Fangging Zhang, Xiaojian Han, Hongyu Ye, Zanxi  Shi, Jie
Zhang, Tiankuo Wang, Jianjun She, Tianyue Zhang. Intelligent Optimization of Tower
Crane Location and Layout Based on Firefly Algorithm. 2022

11. Mona Salah, R. Khallaf. Construction Site Layout Planning: A Social Network
Analysis. 2023.

12. Dung Bui, N. D. Bui. Optimize location tower crane and supply facilities on
construction site by discrete PSO algorithm. 2023.

135


http://www.ijmp.jor.br/index.php/ijmp/issue/view/September%201%2C%202018
https://www.sciencedirect.com/journal/journal-of-building-engineering
https://www.sciencedirect.com/journal/journal-of-building-engineering
https://www.semanticscholar.org/author/Chun-Huang/2111199348
https://www.semanticscholar.org/author/C.-Wong/2045366359
https://www.semanticscholar.org/author/C.-Tam/145926951
https://www.semanticscholar.org/author/Roya-Amiri/2071863131
https://www.semanticscholar.org/author/Javad-Majrouhi-Sardroud/2125072260
https://www.semanticscholar.org/author/Vahid-Momenaei-Kermani/2158047422
https://www.semanticscholar.org/author/A.-Kaveh/145820668
https://www.semanticscholar.org/author/Y.-Vazirinia/101438390
https://www.semanticscholar.org/author/Cong-Liu/2108151155
https://www.semanticscholar.org/author/Fangqing-Zhang/2174226336
https://www.semanticscholar.org/author/Xiaojian-Han/1624898279
https://www.semanticscholar.org/author/Hongyu-Ye/102388204
https://www.semanticscholar.org/author/Zanxi-Shi/2174525785
https://www.semanticscholar.org/author/Jie-Zhang/2159192139
https://www.semanticscholar.org/author/Jie-Zhang/2159192139
https://www.semanticscholar.org/author/Tiankuo-Wang/2174289381
https://www.semanticscholar.org/author/Jianjun-She/2139666274
https://www.semanticscholar.org/author/Tianyue-Zhang/2189911165
https://www.semanticscholar.org/author/Mona-Salah/2221403040
https://www.semanticscholar.org/author/R.-Khallaf/65977635
https://www.semanticscholar.org/author/Dung-Bui/2147050757
https://www.semanticscholar.org/author/N.-D.-Bui/2003288822

CyyacHi mexHonoeii ma memodu pospaxyHkie y 6ydigHuumei. [lyuek, JIHTY. 2024, Bunyck 21
Modern technologies and methods of calculations in construction. Lutsk, LNTU. 2024, Volume 21

13. C. Tam, T. K. Tong, and W. K. Chan. Genetic algorithm for optimizing supply
locations around tower crane. Journal of Construction Engineering and Management,
2001. vol. 127, no. 4, pp. 315-321.

14. J. Wang, X. Zhang, W. Shou et al. A BIM-based approach for automated tower
crane layout planning. Automation in Construction, vol. 59, pp. 168-178, 2015.

15. P. Zhang, F. C. Harris, P. Olomolaiye, and G. D. Holt. Location optimization for a
group of tower cranes. Journal of Construction Engineering and Management, vol. 125,
no. 2, pp. 115-122. 1999.

16. A. Younes and M. Marzouk. Tower cranes layout planning using agent-based
simulation considering activity conflicts. Automation in Construction, vol. 93, pp. 348—
360. 2018.

17. H M. Alabool, D. Alarabiat, L. Abualigah, and A A. Heidari. Harris hawks
optimization: a comprehensive review of recent variants and applications,” Neural
Computing & Applications, vol. 33, no. 15, pp. 8939-8980. 2021.

18. Z. S. Moussavi Nadoushani, A. W. Hammad, and A. Akbarnezhad. Location
optimization of tower crane and allocation of material supply points in a construction site
considering operating and rental costs. [J] Journal of Construction Engineering
Management, vol. 143, no. 1. 2017.

19. C. Liu, F. Zhang, X. Han, H. Ye, Z. Shi, . Zhang, T. Wang, J. She, T. Zhang.
Intelligent optimization of tower crane location and layout based on firefly algorithm.
Computational Intelligence and Neuroscience. 2022.

20. S. Curry, Autodesk infrastructure solutions, CAD GIS Critical tools, Critical Links,
white paper, vol. 1. 2003.

21. Van Oosterom, P. J. M., Stoter, J. E., & Jansen, E. Bridging the worlds of CAD
and GIS. In S. Zlatanova, & D. Prosperi (Eds.), Large-scale 3D data integration: challenges
and opportunities (pp. 9-36). CRC Press (Taylor & Francis). 2006.

JlitepaTypa

1. Mynpwuii I.b. 3HIKeHHS BUTpaT NpHU IDIaHYBaHHI OyAiBENbHUX MaiiIlaHUUKIB //
CydacHi TEXHOJIOTIi Ta METOJH PO3paxyHKiB y OyIiBHHIITBI: 30ipHHK HAyKOBHX IIPAllb.
JIyupk — 2023. — Bum. 19.— C. 117-123.

2. Mynpuit Lb. IlepcriekTMBH BHKOpPHCTaHHS TEXHOJIOTIH iHdopMaIiiiHOrO
MOJICJIIOBAHHs MpH Po3podii MpoekTiB opranizauii OyxiBHuuTBa // HaykoBuil BicHHK
oyniuunTBa. JIpiB — 2020. — Bun. 100, Ne 2. — C. 132-137.

3. Shawki K. A Dynamic automated system for site layout planning in Egypt. //
International Conference on Construction Applications of Virtual Reality, University of
Sharjah, 2014, p. 61.

4. Muralidhar P. Analysis on improving operational efficiency of construction project
site. 2018. VVol. 9 No. 3: Independent Journal of Management & Production.

5. Xu M., Nie X,, Li H., Cheng J., Mei Z. Smart construction sites: A promising
approach to improving on-sitt HSE management performance. Journal of Building
Engineering. 2022. Vol. 49.

6. loanna N. Papadaki, Athanasios P. Chassiakos. Multi-objective construction site
layout planning using genetic algorithms. Procedia Engineering. 2016. 164. Pp/ 20 — 27.

7. C. Huang, C. Wong, C. Tam. Optimization of tower crane and material supply
locations in a high-rise building site by mixed-integer linear programming. 2011.

136


http://www.ijmp.jor.br/index.php/ijmp/issue/view/September%201%2C%202018
https://www.sciencedirect.com/journal/journal-of-building-engineering
https://www.sciencedirect.com/journal/journal-of-building-engineering
https://www.semanticscholar.org/author/Chun-Huang/2111199348
https://www.semanticscholar.org/author/C.-Wong/2045366359
https://www.semanticscholar.org/author/C.-Tam/145926951

CyyacHi mexHonoeii ma memodu pospaxyHkie y 6ydigHuumei. [lyuek, JIHTY. 2024, Bunyck 21
Modern technologies and methods of calculations in construction. Lutsk, LNTU. 2024, Volume 21

8. Roya Amiri, Javad Majrouhi Sardroud, Vahid Momenaei Kermani. Decision
support system for tower crane location and material supply point in construction sites
using an integer linear programming model. 2022.

9. A. Kaveh, Y. Vazirinia. Optimization of Tower Crane Location and Material
Quantity Between Supply and Demand Points: A Comparative Study. 2018.

10. Cong Liu, Fangging Zhang, Xiaojian Han, Hongyu Ye, Zanxi  Shi, Jie
Zhang, Tiankuo Wang, Jianjun She, Tianyue Zhang. Intelligent Optimization of Tower
Crane Location and Layout Based on Firefly Algorithm. 2022

11. Mona Salah, R. Khallaf. Construction Site Layout Planning: A Social Network
Analysis. 2023.

12. Dung Bui, N. D. Bui. Optimize location tower crane and supply facilities on
construction site by discrete PSO algorithm. 2023.

13. C. Tam, T. K. Tong, and W. K. Chan. Genetic algorithm for optimizing supply
locations around tower crane. Journal of Construction Engineering and Management,
2001. vol. 127, no. 4, pp. 315-321.

14. J. Wang, X. Zhang, W. Shou et al. A BIM-based approach for automated tower
crane layout planning,” Automation in Construction, vol. 59, pp. 168-178, 2015.

15. P. Zhang, F. C. Harris, P. Olomolaiye, and G. D. Holt. Location optimization for a
group of tower cranes. Journal of Construction Engineering and Management, vol. 125,
no. 2, pp. 115-122. 1999.

16. A. Younes and M. Marzouk. Tower cranes layout planning using agent-based
simulation considering activity conflicts. Automation in Construction, vol. 93, pp. 348—
360. 2018

17. H M. Alabool, D. Alarabiat, L. Abualigah, and A A. Heidari. Harris hawks
optimization: a comprehensive review of recent variants and applications,” Neural
Computing & Applications, vol. 33, no. 15, pp. 8939-8980. 2021.

18. Z. S. Moussavi Nadoushani, A. W. Hammad, and A. Akbarnezhad. Location
optimization of tower crane and allocation of material supply points in a construction site
considering operating and rental costs,” [J] Journal of Construction Engineering
Management, vol. 143, no. 1. 2017.

19. C. Liu, F. Zhang, X. Han, H. Ye, Z. Shi, . Zhang, T. Wang, J. She, T. Zhang.
Intelligent optimization of tower crane location and layout based on firefly algorithm.
Computational Intelligence and Neuroscience. 2022.

20. S. Curry, Autodesk infrastructure solutions, CAD GIS Critical tools, Critical
Links, white paper, vol. 1. 2003.

21. Van Oosterom, P. J. M., Stoter, J. E., & Jansen, E. Bridging the worlds of CAD
and GIS. In S. Zlatanova, & D. Prosperi (Eds.), Large-scale 3D data integration: challenges
and opportunities (pp. 9-36). CRC Press (Taylor & Francis). 2006.

137


https://www.semanticscholar.org/author/Roya-Amiri/2071863131
https://www.semanticscholar.org/author/Javad-Majrouhi-Sardroud/2125072260
https://www.semanticscholar.org/author/Vahid-Momenaei-Kermani/2158047422
https://www.semanticscholar.org/author/A.-Kaveh/145820668
https://www.semanticscholar.org/author/Y.-Vazirinia/101438390
https://www.semanticscholar.org/author/Cong-Liu/2108151155
https://www.semanticscholar.org/author/Fangqing-Zhang/2174226336
https://www.semanticscholar.org/author/Xiaojian-Han/1624898279
https://www.semanticscholar.org/author/Hongyu-Ye/102388204
https://www.semanticscholar.org/author/Zanxi-Shi/2174525785
https://www.semanticscholar.org/author/Jie-Zhang/2159192139
https://www.semanticscholar.org/author/Jie-Zhang/2159192139
https://www.semanticscholar.org/author/Tiankuo-Wang/2174289381
https://www.semanticscholar.org/author/Jianjun-She/2139666274
https://www.semanticscholar.org/author/Tianyue-Zhang/2189911165
https://www.semanticscholar.org/author/Mona-Salah/2221403040
https://www.semanticscholar.org/author/R.-Khallaf/65977635
https://www.semanticscholar.org/author/Dung-Bui/2147050757
https://www.semanticscholar.org/author/N.-D.-Bui/2003288822

