JEP)KABHUI YHIBEPCUTET
«KUIBCbKUU ABIALIIMHUU IHCTUTY T»
HAIIIOHAJIBHUU TPAHCIIOPTHUM YHIBEPCUTET
BUJABHUYUI JIM «EJIbBETUKA»

STATE UNIVERSITY “KYIV AVIATION INSTITUTE”
NATIONAL TRANSPORT UNIVERSITY
PUBLISHING HOUSE “HELVETICA”

AIRPORT

Planning, Construction
and Maintenance Journal

Bunyck 2 (4)
Issue 2 (4)

BupaBauunii 1im
«l'enpBeTHKAY
2024



I'OJIOBHUM PEJAKTOP:
dyoux Onexcanap MukosalioBH4, KaHAWIAT TEXHIYHUX HAyK, IOICHT, 3aBigyBad Kadenpwu iHOPaCTPyKTypu
aBiariifHoro Tpancnopry, Jlep>xaBuuii yHiBepcureT « KuiBChKHUil aBialliifHIHA IHCTHTYT»

PEJAKIIIMHA KOJIETISI:

AreeBa I'nnnna MuxosaiBHa, KaHIUIAT TEXHIYHUX HAYK, CTApIINN HAyKOBHH CIIiBPOOITHHK

Benenox Bagum IOpiiioBuy, xananaar Qisuko-MaTreMaTHUHUX HAyK, AOLEHT, JOLEHT Kadeapu aepoKOCMidHOI
reoznesii Ta 3emiueycTporo, JlepkaBHui yHiBepcuTeT « KuiBchkuil aBiamiiftHAN iHCTUTYT»

BeaoycoBa Haranisi BonogumupiBHa, TOKTOp €KOHOMIYHHMX HayK, TOLEHT, mpodecop Kadenpu aepoKOCMidHOT
reoznesii Ta 3emiueycTporo, JlepkaBHuit yHiBepcuTeT « KuiBchkuil aBiamiifHui iHCTUTYT»

Besmkoncskuii FOpiii IBanoBuY, kaHIUAAT (Hi3MKO-MaTeMaTHYHNX HAyK, CTApIINi JOCTIIHUK, 3aBiayBad Kadeapu
aepokocMiuHoi reosesii Ta 3emieyctporo, JlepskaBuuil yHiBepcuteT « KniBchknit apiaiifHuM IHCTUTYT»

JAvuTtpudenko AHapiii MukoaiioBuy, KaHIUIaT TEXHIYHUX HAYK, JOICHT, TOLEHT Kad)eApH TPAHCIIOPTHOIO ITPaBa
Ta Jorictiky, HarioHansHUI TpaHCTIOPTHUI YHIBEPCUTET

Imenko Haranis ®enopiBua, noktop ¢inocodii 3a cremianbHicTIO «EKOHOMIKa», NOIEHT, NOLEHT Kadeapu
aepoKOCMIUHOI reosiesii Ta 3emieycrpoto, JlepxkaBuuii yHiBepcureT «KuiBchbkuii aBianiiHuN IHCTHTYT»

Kparomkina Karepmna BikTopiBHA, KaHAnZaT TEXHIYHMX HayK, AOLEHT KadeIpy KOMITIOTEPHHUX TEXHOJOTIH
OyniBHHITBa, J{epxkaBHui yHiBepcuTeT «KHUiBChKMIA aBialiftHUI IHCTHTYT»

Jlanenko Onexcanap IBaHOBMY, TOKTOP TEXHIYHUX HayK, pogecop, npodecop Kadeapyu KOMI I0TEPHUX TEXHOJIOT1H
OyniBHHIITBa, lepkaBHUH yHiBepcuTeT « KHiBCEKUI aBialliiftHAH IHCTUTYT)

MapkoBcbkuii AHapii IropoBuY, TOKTOp apXiTEKTYpH, AOIEHT, Mpodecop Kadeapu apXiTeKTypH Ta IPOCTOPOBOTO
IUTaHyBaHHA, [lepxaBHuii yHiBepcuTeT « KUIBCHKUIT aBialliitHuN IHCTUTYT»

Maxiabko Haranis OJuiexkcaHapiBHa, TOKTOp TEXHIYHMX HayK, IOLEHT, mpodecop Kadeapu KOMIT IOTEPHHUX
TEXHOJIOT1# OyniBHULITBA, JlepxkaBHuii yHiBepcuTeT «KHUiBChbKUI aBialliiiHUIl IHCTUTYT»

IIyrpenko BikTop BajeHTHHOBHY, NOKTOp TEXHIUYHMX HayK, cTapiiuii gociiaHuk, npodecop, HanioHanbuuit
TexHIYHUH yHiBepcuTeT « KUIBChbKMH mosiTexHiuHui iHCTUTYT iMeHi Iropst Cikopcbkoro»

Cxpunnuk Jlinis PycianiBna, noxtop dinocodii 3 ekoHOMIKH, TOLIEHT, JOIEHT Kadeapu aepoKOCMIYHOI reosesii Ta
3emiieycTpoto, [lepkaBHuii yHiBepcuTeT « KUIBCbKMI aBialliifHUIA IHCTUTY T

Crenanuyyk Ouiexcanap BacuiaboBu4, JOKTOp TEXHIUYHHMX Hayk, mpodecop, npodecop Kadeapu KOMIT FOTEpPHHUX
TEXHOJIOT1H OyniBHUIITBa, J{epkaBHuii yHiBepcuTeT «KHiBChbKMH aBialiitHuil iIHCTUTYT»

Tosou4 Basepiii BacmiboBuY, TOKTOp apXiTeKTypH, Ipodecop, 3aBiayBad KaQeapu apXiTeKTypH Ta IPOCTOPOBOTO
IUTaHyBaHHS, KNIBCHKHIA HAIiOHAEHUH YHIBEPCHTET OYIIBHUIITBA 1 apXiTEKTypH

Tomam Homuk (Tomasz Noszezyk), moxtop imkeHepii, IOUeHT Kadempu 3emieycTporo Ta aHAmadgTHOL
apxitekrypu, CimschKorocnionapcskuii yHiBepcuTeT y Kpakosi (I[Tompima)

SxoBenko Irop AmHaTogilioBM4Y, JOKTOp TEXHIYHMX HayK, npodecop kadeapm OyxaiBHuuTBa, HarionamsHuit
yHiBepcHUTET OiopecypciB 1 mpuponokopuctyBanHs Ykpainu MOH Ykpainu

XKypnan yxBaneHo g0 apyky Buenoro pagoro
JlepxaBHoro yHiBepcuteTy «KuiBchkuii aBianiiHui iIHCTHTYT»
(mporoxon Ne 14 Bix 19 rpynus 2024 poky)

XKypnan 3acHoBano y 2023 pomi. Hayxoswuii xypHan «Airport Planning, Construction and Maintenance Journal»
3apeecTpoBaHo B HamioHanbHil paai YkpaiHu 3 MUTaHb TeJICOAYCHHS 1 paliOMOBICHHS
(Pimmennst Ne 1420 Bix 16.11.2023 p. Inentudikarop memia R 30-01877).
IMepiopnunicTb: 2 pa3u Ha piK.
Odiniitanii caiit BumaHHs: journals.nau.in.ua/index.php/apcmj

MoBH BuIaHHA: YKpaiHChKa, aHIIIIHChKa.

CrarTi y BUiaHHI epeBipeHi Ha HassBHICTb IUIariaty 3a JIOMOMOTO0
nporpamHoro 3abe3neueHHs StrikePlagiarism.com Bix monbcbkoi kommanii Plagiat.pl.

ISSN 2786-7617 (Print)
ISSN 2786-7625 (Online) © Odopmnenns «Bunasanunii gim «lenbBeTnkay, 2024



CHIEF EDITOR:
Oleksandr Dubyk, PhD (Engineering), Associate Professor, Head of the Department of Aviation Transport
Infrastructure, State University “Kyiv Aviation Institute”

EDITORIAL TEAM:

Galyna Agieieva, PhD (Engineering), Senior Research Associate

Vadym Belenok, Ph.D. (Physics-Mathematics), Associate Professor, Associate Professor at the Department of
Aerospace Geodesy and Land Management, State University “Kyiv Aviation Institute”

Nataliia Bielousova, DSc (Economics), Associate Professor, Professor at the Department of Aerospace Geodesy
and Land Management, State University “Kyiv Aviation Institute”

Yuri Velikodsky, Ph.D. (Physics-Mathematics), Senior Researcher, Head of the Department of Aerospace Geodesy
and Land Management, State University “Kyiv Aviation Institute”

Andriy Dmytrychenko, Ph.D. (Engineering), Associate Professor, Associate Professor at the Department of Transport
Law and Logistics, National Transport University

Nataliia Ishchenko, Ph.D. (Economics), Associate Professor, Associate Professor at the Department of Aerospace
Geodesy and Land Management, State University “Kyiv Aviation Institute”

Kateryna Krayushkina, Ph.D. (Engineering), Associate Professor at the Department of Computer Technologies in
Construction, State University “Kyiv Aviation Institute”

Oleksandr Lapenko, DSc (Engineering), Professor, Professor at the Department of Computer Technologies in
Construction, State University “Kyiv Aviation Institute”

Andrii Markovskyi, DSc (Architecture), Associate Professor, Head of the Department of Architecture and Spatial
Planning, State University “Kyiv Aviation Institute”

Nataliia Makhinko, DSc (Architecture), Associate Professor, Professor at the Department of Computer Technologies
in Construction, State University “Kyiv Aviation Institute”

Viktor Putrenko, DSc (Engineering), Senior Researcher, Professor, National Technical University of Ukraine
“Igor Sikorsky Kyiv Polytechnic Institute”

Liliia Skrypnyk, Ph.D. (Economics), Associate Professor, Associate Professor at the Department of Aerospace
Geodesy and Land Management, State University “Kyiv Aviation Institute”

Oleksandr Stepanchuk, DSc (Engineering), Professor, Professor at the Department of Computer Technologies in
Construction, State University “Kyiv Aviation Institute”

Valerii Tovbych, DSc (Architecture), Professor, Head of the Department of Architecture and Spatial Planning,
Kyiv National University of Construction and Architecture

Tomasz Noszczyk, Ph.D. (Engineering), Senior Lecturer at the Department of Land Management and Landscape
Architecture, University of Agriculture in Krakow (Poland)

Ihor Yakovenko, DSc (Engineering), Professor at the Department of Construction, National University of Life
and Environmental Sciences of Ukraine

The journal is recommended for printing by the Academic Council
of the State University “Kyiv Aviation Institute”
(Minutes No. 14 dated December 19, 2024)

Published since 2023. The scientific journal “Airport Planning, Construction and Maintenance Journal”
is registered by the National Council of Ukraine on Television and Radio Broadcasting
(Decision No. 1420 as of 16.11.2023, Media ID: R 30-01877).

Periodicity: 2 times a year.

Official web-site: journals.nau.in.ua/index.php/apcmj

Languages: Ukrainian, English.

Articles are checked for plagiarism using the software StrikePlagiarism.com
developed by the Polish company Plagiat.pl.

ISSN 2786-7617 (Print)
ISSN 2786-7625 (Online) © Design “Publishing House “Helvetica”, 2024



Airport Planning, Construction and Maintenance Journal Bunyck / Issue 2(4) , 2024

3MICT

Areeal. M
ITHHOBAIIWHI ITTIJTAHYBAJIBHI TA KOHCTPYKTHWBHI PILHEHH A BYIIBJIT
AEPOBOK3AJIBHOI'O KOMIIJIEKCY MIDKHAPOAHOI'O AEPOITIOPTY «bOPUCIILIb».......... 6

I'apkyma M. B., I'apkyma I. 1O.
3ACTOCYBAHHS AKPUJIOBOI KOTTOJIIMEPHOI JOFABKU J1J151 VKPITTJIEHHS
TA CTABUIIBAILIL ITPYHTIB Y BYJIBHUMIITBL........ooooviiiiioeeeeeeeeeee 33

Horb O. H., Shevchenko O. V., Bidna N. O.
STUDY OF REGIONAL FACTORS AND BASIC PROPERTIES OF RAW MATERIALS
FOR THE BIOCONCRETE FILLER SELECTION. ...ttt 40

Zhuravel D. V.
THE PROBLEM OF AVIATION NOISE POLLUTION OF THE TERRITORY
AR OUN D A R P O R T S, i e 47

Imenxo H. ®., Ckpunuuk JI. P.
[MPUHLIUIIN TEPUTOPIAJIBHOTO IIJTAHYBAHHS 3EMEJIb AEPOITIOPTIB YKPAIHU........... 57

Kosanenko JI. O.
TEXHOJIOT'TSI BUKOHAHHA TOIIOT'PA®O-TEOE3NYHUX POBIT IIIJI HAC
KAIIITAJIBHOT'O PEMOHTY AUISIHKA ABTOMOBIJIBHOI JHOPOI' Y. 66

Kpsauoxk C. /1.

L[OJ10 SIKOCTI 3B0PY TAMMA-KBAHTIB HA MAPIIIPYTI AEPO3HIMAHHS

3 BE3IIIJIOTHOT'O JIITAJIBHOT'O ATTAPATA TEPUTOPII

PAJIIALIIAHOTO 3ABPYIIHEHHSL. ..o 73

Maxkcumenko B. I1., lyouk O. M., Kapnenko A. K., 3inenko C. C.
3ACTOCYBAHHS KOMITIO3UTHOI APMATYPU B )KOPCTKUX ITOKPUTTAX
ABTOMOBUIBHUX JJOPII' TA AEPOJIPOMIB.........ooiiiiiiiiii e 87

IIycroBoiit P. O.
®YHKIIOHAJIbHE 30HYBAHHS TEPUTOPII
TPAHCIIOPTHO-IIEPECAZOYHHUX BY3JIIB B AEPOITOPTAX . ..o 96

Pomuenxo O. B.

KOMIT’'FOTEPHI TEXHOJIOI'TI BUSHAYEHHS KHACH@IKAL{IPIHOF O ITAPAMETPA
JKOPCTKOI'O AEPOJIPOMHOI'O ITOKPUTTSA 3 BUKOPUCTAHHAM

IITYUHOT O TH T ETIEK T Y e 104

Pycina H. I'., JIrvonbuux B. O., IlerpoBa O. M.

IHBEHTAPU3ALIS 3EMEJIb SIK BAXKJIMBUI KOMIIOHEHT V CUCTEMI YIIPABJIIHHS
3EMEJIBHMUMH PECYPCAMM (HA TIPMKJIA Il CAPHEHCHKOI'O PAUOHY

PIBHEHCBKOT OBJTACTI). ..o e e, 113

Cxuspenko C. O.

VYIOCKOHAJIEHHS 3ACOBIB BUMIPIOBAJILHOI TEXHIKU

JJIA EKCIIEPUMEHTAJIBHOT'O KOHTPOJIIO [TAPAMETPIB BYAIBEJIBHUX

KOHCTPYKII B YMOBAX BUPOBHUUYOTI'O MAUJAHUMKA. ..o 124

Crenanuyk O. B., Omeabsnenko M. B., Jlanenko O. 1.
JOCIIIXXEHHSA ITJTAHYBAJIBHUX PIIHIEHB ITPUBOK3AJIBHUX TTJIOIL]
HA TEPUTOPIT AEPOTIOPTIB.........ouiieioe oo e 130

Yepuumona O. C., Crenanuyk O. B., lyoux O. M.
CYYACHI BUMOTI'Y A0 MIIOXIAHWUX 30H AEPOIIOPTIB 1 3AJIIBHUYHUX BOK3AJIIB
3 YPAXYBAHHAM IIOTPEb MAJIOMOBIJIBHUX I'PYIT HACEJIEHHS. .................................. 141

4



Airport Planning, Construction and Maintenance Journal Bunyck / Issue 2(4), 2024

CONTENTS

Agieieva Galyna
INNOVATIVE PLANNING AND STRUCTURAL SOLUTIONS OF THE AIRPORT
TERMINAL BUILDING OF BORYSPIL INTERNATIONAL AIRPORT. ... 6

Harkusha Mykola, Harkusha Inna
APPLICATION OF ACRYLIC COPOLYMER ADDITIVES FOR STRENGTHENING
AND STABILIZATION OF SOILS IN CONSTRUCTION..........oooiiiiiiiiiiiiiiiiiee e 33

Horb Oleksandr, Shevchenko Oleksandra, Bidna Nadiia
STUDY OF REGIONAL FACTORS AND BASIC PROPERTIES OF RAW MATERIALS
FOR THE BIOCONCRETE FILLER SELECTION. ...t 40

Zhuravel Dmytro
THE PROBLEM OF AVIATION NOISE POLLUTION OF THE TERRITORY
AROUND AIRPORTS. ... 47

Ishchenko Nataliia, Skrypnyk Liliia
PRINCIPLES OF TERRITORIAL LAND PLANNING OF AIRPORTS OF UKRAINE.................... 57

Kovalenko Liudmyla
TECHNOLOGY FOR PERFORMING TOPOGRAPHIC AND GEODETIC WORKS
DURING THE OVERHAUL OF AROAD SECTION.......oooiiiiiiiiiiiiiie e 66

Kryachok Serhiy

TO THE QUALITY OF GAMMA QUANTUM COLLECTION ON THE ROUTE

OF AERIAL SURVEYING FROM AN UNMANNED AIRCRAFT IN THE TERRITORY

OF RADIATION CONTAMINATION........ooiiiiiiiiiiiiiiiii e 73

Maksimenko Valery, Dubyk Oleksandr, Karpenko Anatoly, Zinenko Serhii
APPLICATION OF COMPOSITE REINFORCEMENT IN RIGID PAVEMENTS
OF MOTOR ROADS AND ATRPORTS . ... 87

Pustovoit Ruslan
FUNCTIONAL ZONING OF THE TERRITORY OF TRANSPORT AND TRANSFER NODES

TN AR P O R T S, e, 96
Rodchenko Oleksandr

COMPUTER TECHNOLOGIES OF AIRFIELD RIGID PAVEMENT CLASSIFICATION

RATING DETERMINING USING ARTIFICIAL INTELLIGENCE ... 104

Rusina Nelya, Lyulchyk Vadim, Petrova Olga
LAND INVENTORY AS AN IMPORTANT COMPONENT IN THE LAND MANAGEMENT
SYSTEM (THE CASE OF SARNY DISTRICT OF RIVNE REGION)...............cccviiiiiieeeeee e 113

Skliarenko Serhii
IMPROVEMENT OF MEASURING EQUIPMENT FOR EXPERIMENTAL CONTROL
OF BUILDING STRUCTURES PARAMETERS ON A CONSTRUCTION SITE ..., 124

Stepanchuk Oleksandr, Omelyanenko Maxim, Lapenko Oleksandr
STUDY OF PLANNING DECISIONS OF TERMINAL AREAS ON THE TERRITORY
OF AR P O R T S oo e e e e e e e e e e e e et ettt e e et e ettt 130

Chernyshova Oksana, Stepanchuk Oleksandr, Dubyk Oleksandr
MODERN REQUIREMENTS FOR PEDESTRIAN ZONES AIRPORTS AND RAILWAY
STATIONS WITH REGARD TO THE NEEDS OF PEOPLE WITH REDUCED MOBILITY .......... 141



Airport Planning, Construction and Maintenance Journal Bunyck / Issue 2(4) , 2024

VK 725.398:72.025.5(045)
DOI https://doi.org/10.32782/apcmj.2024.4.1

AreeBa I'anuna MukoJjiaiBHa,

KaHIUAAT TEXHIYHUX HAYK,

CTapIIUi HAYKOBUH CHIBPOOITHUK,

3aBigyBavka Kadeapu yupaBIiHHSI apXiTeKTYPHOIO AisUTEHICTIO
Ta IUBITEHUM OYTiBHHIITBOM,

HaBuanbHO-HayKOBHIA IHCTUTYT HETIEPEPBHOI OCBITH
HepxaBHoro yHiBepcuTeTy « KHiBChbKUMit aBialliiHUi IHCTUTYTY,
mpoct. Jlrobomupa ['y3apa, 1, m. Kuis, 03058, Ykpaina
ORCID: https://orcid.org/0000-0001-9376-8753

E-mail: gala.agieieva@gmail.com

Scopus-Author ID: 58163079000

Researcher ID: F-9244-2018

IHHOBAIIAHI IJTAHYBAJIbHI TA KOHCTPYKTHUBHI PILIEHHA
BYIIBJII AEPOBOK3AJIBHOT'O KOMIIJIEKCY
MIZKHAPOAHOTI'O AEPOIIOPTY «bOPUCIIIb»

Anomauyin. Y pooomi 00ciodicytomsp s NAAHY8AIbHI Ma KOKCMPYKMUGHI piutentst 0y0i6ni aeposoksany (cyuac-
Ho2o mepminany B) Misxcuapoonozo aeponopmy «bopucniney, siKi € innosayitnumu 0st nepiody 1020 npoeKmy-
sanna u 6yoisnuymea (1959—1965 poxu).

Apximexmypy 06 ’ekmis inppacmpykmypu agiayitino2o mpaHcnopmy U3HAYAIOMsb CMui, SKi NAHYIOMb Y 6i0-
nogionomy icmopuuromy nepiooi. Huszka o6 ’exmie 6y0yemuvcs 3a munosumu npOEKmMamu, wo no8 s3auo 3 0coonu-
B0CHISIMU MEXHONOZIYHUX NPOYeci8 i He nompebye 00CACHeHH sl apXImeKmypHoi GUPAZHOCMI CKAAOHUKIE 3a0Y008U
MPAHCROPMHO20 NIONPUEMCINEA. BUHAMKOM € Aepo8OK3aIU, APXIMeKmypa sSiKux 0ae smocy 000amu im 000amKko8ux
DYHKYIU — CBOEPIOHUX «GI3UMIBOK» MICI | KDAIHU 3a2a10M.

Ocobnuso AcKpaso ye npocmexcyemspcsi 8 00 ' €kmax — 63ipyax cnaowunu apximexmypu mooepuizmy (1960—
1990-i poku), sKi uepe3 HU3KY RPUYUH MOXCYMb Oymu empadeni nicis 50 poxie excniyamayii.

OcmanHim wacom came NepeocMucientio CnaOWuHU apximekmypu MOOEpHI3MYy NPUOLIAEMbCs 8enuKa yeazd 3
b6oky Mixcrnapoonoi paou 3 oxoponu nam’smox ma icmopuynux micyb — ICOMOS.

o susuenns icmopuuHux i coyianbHux YMo8 1020 8UHUKHEHHS, 0COONUBOCMEll HAYKOBO-00CTIOHUYLKO20, NPO-
EKMHO-MEXHONO2IYHO2O0 1l HOPMAMUBHO-MEMOOUYHO20 CYNPOBOOICEHHS, NOUUPEHHS HAYKOBUX 3HANDb | 00CBI0Y 30e-
DEJICEHHSL 3aYUAEMbCS WUPOKE KONIO CREYIANicmis i 2poMadcbKoCmi, 30Kpema YKpaincoKe.

Mema 0ocrioarcennss — npocmedcumu OUHAMIKY 3MIH [ PO3GUMKY MEXHONO02IYHUX, NIAHYBATbHUX, KOHCIPYKMUG-
HUX MA [HHCEHEPHUX PIUieHb AepOBOK3ANi8 — 810 NACANCUPCHLKUX NABLILUOHIE 00 6A2AMOBOK3ANIbHUX KOMNIEKCI8,
npudinumu yeazy okpemomy o6 ’ekmy, nobyoosarnomy 6 Misicnapoonomy aeponopmy «bopucniney.

JDicepenvry bazy 0ocaiodicents cmanosisms mamepianu 6iOIi0OMmeuHUX, APXIGHUX I NPUBAMHUX 3I0PaHb, HOpMA-
mueHoi bazu 6 eany3i 6yOIBHUYMEA, NPOEKMHOT Ma eKCHIyamayitinoi 0oKymeHmayii mowo.

Memooonozia docriddicenns 6a3yeMvbCs HA 3ACMOCYBAHHT MAKUX MEMOOI8. 0HCEPETOZHABYO20, NOPIGHAILHO2O
ma KpUmuyHo20 aHatizy; CUCIEeMHO20 NioXo0y 00 UBUEHHS 00 €KMA AK CKAAOHUKA IHGPACMPYKMypU agiayitinoco
MPancnopmy ma 63ipys apximexkmypu MOOepHizm).

Ipoananizosano Oawi, sKi xapaxmepuzyioms 06 €KmM O0O0CTIONCEHHS AK 8ALOMULL CKAAOHUK THOPACPYKIMYpU
asiayiinozo mpancnopmy Yxpainu ma 63ipeyb cnaowjunu apxXimexmypu KUisCbko2o MOOepHizmy.

Buseneno il oyineno yHiKanvbHi 01 Moo Yacy npono3uyii wooo opeaHizayii mexHono2iuHux npoyecie 06cy-
208YBAHHSA NACAANCUPIB, 8IONOBIOHO20 iX HA3EMHO20 3a0e3neuents 0y0ienAMU Ma CNOPYOAMU, 30KPEMA 3aKPUMUMU
NOCAOKOBUMU 2aNePesMU, BIOKPUMUMU ThepACcAMU 3 PYHKYIAMU 021A008UX MAUOAHYUKIE, 3068HIUWHIMU MA GHYMPIUL-
HIMU RAHOYCAMU.

Oyineno 6naug c8imosoi npaKxmuxu Ha GopmMySanHsa MEXHONOTUHUX CXeM, NIAHYBANbHUX, KOHCIMPYKMUBHUX MA
IHOICEHEePHUX PillleHb aepO8OK3AIY.

Busgneno ocobnusocmi inougioyanvHux nioxo0ie 00 po38’a3aHHA CKAAOHUX 3A80aHbL 00 EMHO-NPOCMOPOBOL
opeamizayii aeposoK3aNbHO20 KOMNIEKCY U (POPMYBAHHS 1020 8UPAZHO20 APXIMEKMYPHO20 06pa3y, CMEOpeHHs U
NOCULEeHHS NCUXONIO02IUHO20 eekmy 8i0 nepeOy8aHHs 8 AepoBOK3ANI, YNPOBAOICEHHS NEPedosUx Ol MO20 4dacy

6 © Areesa . M., 2024
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IHOYCMPIATbHUX MEMO0i6 BUPOOHUYMBA MA MOHMANCY 30IPHUX 3ANI300eMOHHUX KOHCMPYKYIU, 30KpemMa 000IOHKU
NOOGIIHOI 000AMHOT KPUBUZHU MOWO.

Busnaueno ocobnusocmi nianysanbHux i KOHCMPYKMUGHUX piulenb 00 ’ekma iHppacmpykmypu asiayiiino2o
MpAHCnopmy, AKI 0anu 3MO2y HA emanax NPOEKmy8anHs U 6yO0iGHUYMBEA 3a0080TbHUMU COYIANbHULL 3aNUm Ha
CMBOPEHHS KOMPDOPMHUX YMOB 00CTY208Y8AHHI MACOBUX NACAICUPONEPEBe3eHb, 3a0e3neyumu 8ilbHuti 00CMyn 8io-
8i0y8auie 00 HAUKPAWUX BUOOBUX MOYOK CHOCEPEICEHHS 3d NOOISIMU Ul NPOYecamu Ha NepPoHi ma 1emosuyi.

Ompumani pe3ynomamu MoxuCymv OYmu GUKOPUCTAHI.:

— 071 BUBYEHHA MA PO38 A3AHHA NPOOIeM PO3BUMKY Ul YIPAGLIHHA AePOBOK3ANLHUMU KOMNAEKCAMU, 00 CKAAOY
AKUX 8X00AMb 00 €KMU 3 PISHUMU PECYPCHUMU U KYIbMYPONOSTUHUMY NOMEHYIAAAMU, WO NOompedbyoms nooo-
BIICEHHSL HCUMIMEBO2O YUK,

— 0715 p038’A3aHHA NPodieM 30epedicents, POKOHcep8ayii ma nodarbuloi mexniyHoi excniayamayii 06’ exma,
AKUl nepebysae 8 cmawi KoHcepeayiiy

— 07151 BUKTIIOYEHHS YMO8 HEeNONPAGHUX Ympam 63ipyie apxXimexmypu MoO0epHi3My 8 cepedoduiyi ingpacmpyx-
mypu agiayiiiho2o mpaHcnopmy.

Knrwuosi cnosa: acponopm, 3a0y008a, aepogoxsan, bopucnine, MooepHizm, 06010HKa NOOBIUHOI 000amHOi Kpu-
BU3HU, BIOKPUMI mepacu, 021008i MAUOAHYUKU.

Agieieva Galyna. INNOVATIVE PLANNING AND STRUCTURAL SOLUTIONS OF THE
AIRPORT TERMINAL BUILDING OF BORYSPIL INTERNATIONAL AIRPORT

Abstract. The study explores the planning and structural solutions of the terminal building (modern Terminal B)
at Boryspil International Airport, which were innovative for the period of its design and construction (1959-1965).

The architecture of aviation transport infrastructure facilities is defined by the styles prevailing in the corresponding
historical period. A number of such facilities are constructed based on standard projects due to the specific nature
of technological processes, which often do not require architectural expressiveness in the elements of the transport
enterprise's construction. Airport terminals, however, are an exception, as their architecture allows them to serve as
unique “business cards” for cities and countries. This is especially evident in the objects representing the heritage
of modernist architecture (1960—1990), which, due to various reasons, risk being lost after 50 years of operation.

Recently, considerable attention has been paid to the reinterpretation of the heritage of modernist architecture
by the International Council on Monuments and Sites (ICOMOS). A wide range of specialists and the public,
including those in Ukraine, are involved in studying the historical and social conditions of its emergence, as well as
the features of scientific research, design, technological, and regulatory support for disseminating knowledge and
preservation practices.

Objective of the Study. To trace the dynamics of changes and development in airport terminals' technological,
planning, structural, and engineering solutions, from passenger pavilions to multi-terminal complexes, with special
attention to a particular facility built at Boryspil International Airport.

The research is based on materials from libraries, archives, private collections, construction regulations, and
project and operational documentation. The study's methodology involves using various methods, including source
studies, comparative and critical analysis, and a systematic approach to examining the object as part of aviation
transport infrastructure and a sample of modernist architecture.

The data characterizing the research object as a significant component of Ukraine's aviation transport
infrastructure and a sample of Kyiv's modernist architectural heritage are analyzed. Unique proposals from that
time regarding the organization of passenger service processes, including land-based support with buildings and
structures like enclosed boarding galleries, open terraces with observation deck functions, external and internal
ramps, have been identified and evaluated. The impact of global practices on the formation of technological schemes,
planning, structural, and engineering solutions of the airport terminal has been assessed. The specific individual
approaches to solving the complex tasks of spatial organization in the airport terminal complex and forming its
expressive architectural image, enhancing the psychological effect of staying at the terminal, and implementing
advanced industrial methods for producing and assembling precast reinforced concrete structures (including double
positive curvature shells) have been revealed.

The study identifies the unique planning and structural solutions of an aviation transport infrastructure object,
which, during the design and construction stages, satisfied the social demand for creating comfortable conditions
for mass passenger transportation. It also ensured free access for visitors to the best viewpoints for observing events
and processes on the apron and runway.

The results can be used:

* To study and solve the development and management problems of airport terminal complexes, which include
objects with varying resource and cultural potential requiring lifecycle extension.
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» T0 address issues related to the preservation, deconservation, and further technical operation of the facility,

which is currently in a state of conservation.

» To prevent irreparable losses of modernist architectural samples within aviation transport infrastructure.
Key words: airport, construction, terminal, Boryspil, modernism, double positive curvature shell, open terraces,

visitors’terraces.

Beryn. Cropiunuii nepiof] icHyBaHHS i pO3BU-
TKY LIMBUIBHOI aBiallii HE pa3 CyNpOBOKYBaBCs
3MiHAMH MIIXOAIB O PO3B’SA3aHHS KOMILJIEKCY
npoOJIeMHUX MUTaHb €(PeKTUBHOI eKCIuTyararii
aepoJpoOMiIB Ta AEPONOPTIB, 30KpeMa 3eMJIEBi/I-
BE€/ICHHS, BUKOPUCTAHHS i OXOPOHU 3eMeJb aBia-
LIHHOTO TPAHCIOPTY, MPOCTOPOBOI OpraHizarii
TEPUTOPIM aeponopTiB 1 30H iX BIUIUBY; MOSIBH
HOBHMX THUMIB OyaiBeNb 1 CIOpYA Pi3HOTO NpH-
3HAUEHHs; IMEPETBOPEHHS CKJIAJHUKIB iH(]pa-
CTPYKTYpH aBiallifHOTO TPAaHCHOPTY Ha BEJHKI
aepoJPOMHI i aepOBOK3aJIbHI KOMILJIEKCH TOILO
[1-18].

CyyacHuif cTaH Ta PpO3BUTOK aepoOIOPTIB
XapaKTEepU3Yy€ETHCS TAKHUM:

— 3HQUHUMHU 00csraMu aBiallifHUX TepeBe-
3€Hb MMaCaXUPIB, MOIITH, BAHTAXKIB,

— BEJIMKUMH IUIOLIAMU 3€MEJIb aepoIopTiB
1 IpUaepoAPOMHUX TEPUTOPIi;

— 3a0y/10BOIO, CKJIAJTHUKAMU SIKOi € Oy/liBii Ta
CHopyau s 3a0e3MeueHHs aBialiiHuX 1 HeaBia-
LIAHUX BUIIB OISUTBHOCTI;

— BUCOKUMH DPIBHSIMM BIIPOBAI’)KCHHS HOBIT-
HIX TEXHOJOrIH Ta IHHOBALiHHUX MiAXOMIB,
30KpeMa, JUIsl yIPaBIiHHS IOTOKaMU M1aca)XHpiB,
BaHTaXiB, HA3€MHOT'O TPAHCIIOPTY TOLIO.

OcobmnmBe Miclie MOCiat0Th MUTaHHS eKCILTY-
araiii, MOJepHi3allii Ta PeKOHCTPYKIlii HAsIBHUX
00’€KTiB, SIKI HPAMO CTOCYIOTHCS OOCIYrOBY-
BaHHS MacaKUPONOTOKIB; BiAIrpaloTh OCHOBHY
KOMIIO3MLIIHHY pOJb HE TUIBKU B apXiTEKTyp-
HOMY CEpEeIOBUILl aepornopTiB, a i y dopmy-
BaHHI MaHOpaM 1 BHJIB MICHKUX JaHAmadTiB
y CHCTeMi MPOCTOPOBOI Oprasizauii TepuTopiit
y 30H1 BILTUBY aepornoptiB [2; 5; 7-10; 12-20].

ApXITeKTypy IIMX 00’ €KTIB BU3HAYAIU CTHII,
110 TAaHYyBaJM B MUHYJIOMY CTOJITTI, 1 BIIMOBiAHI
MOJITUYHI, COLIaJIbHI, EKOHOMIYHI M €KOJOT14HI
YMOBH Ta 3anutu. Ha pi3HUX ICTOpUYHMX eTa-
nax OyHiBHMLITBO BHMKOHYB&JIM 32 THIIOBUMHU
W iHAMBiAyanbHMMH TpoekTaMu. Peamizamist
OCTaHHIX CIIpHsIa TOMY, 110 Ha TEPUTOPIi aepo-
MOPTIB 3 ABJSUIUCH 00’ €KTH — B31pLli apXIiTEKTyp-
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HUX CTHUIIB, 30KpeMa apXiTeKTypH MOIEPHI3MY
(1960-1990-1 pokn).

AKTyaJbHUM € T€, 110 ICHYIOTh YMOBHU HEIO-
NpPaBHUX iX BTPAT YHACIIJOK:

— BUYEPIIAHHS MPU3HAYEHOTO TEXHIYHOTO
pecypcy CKIaIHUKIB a00 00’ €KTY B IILIOMY;

— MeperjlaHyBaHHA Ta 3MIH IOYaTKOBHUX
(byHKILH, 30KpeMa roJ0BHOI PoJli B CUCTEMI IIPO-
cTOpoBOi opraHizamii 3a0ymoBu [3-8; 10; 11;
14-17; 21-26];

— BiliChKOBHX arpeciit [27-29] Tomo.

Tomy nouinbHO:

— MPOCTEXUTU AMHAMIKY 3MIH 1 PO3BUTKY
TEXHOJIOT1YHUX, IUIAaHYBaJbHUX, KOHCTPYKTHUB-
HUX Ta IHKEHEPHUX PILLICHb TAKUX 00’ €KTIB — BiA
NacaKUPChKUX MaBUIBHOHIB 10 OaraTroBOK3allb-
HUX KOMIUIEKCIB;

— IPUAUTUTH yBary OKpeMomy 00’ €KTy, mo0y-
JI0OBaHOMY B MIXKHapoJHOMY aepornopty (maii —
MA) «bopucnine» [13; 19; 23; 30; 31].

Marepiasun Ta metonmu. J[xepenpHy O0a3zy
JOCTI/IKEHHS CTAaHOBJIATH!

— Matepianu O10J10TEUHHUX, apXiBHUX 1 MpH-
BaTHUX 310paHb;

— HOpMaTuBHa 0aza B raiysi OyJiBHUIITBA;

— MPOEKTHA ¥ eKCIUTyaTaliiiHa TOKyMEeHTaLis
TOLIO.

Merononoris JIocnipkeHHsT 0a3zyeTbcsi Ha
3aCTOCYBaHHI TAKUX METO/IB: [DKEPETI03HABUOTO;
HOPIBHSUIBHOTO Ta KPUTUYHOTO aHaJli3y; CUCTEM-
HOTO MiJIXOy A0 BUBYEHHS 00’€KTa K CKJal-
HUKa 1H(pacTpyKTypH aBialliiHOTO TPAaHCHOPTY
Ta B3IpIsL APXITEKTYPU KUIBCHKOTO MOJIEPHI3MY.

PesyabTaTu. Haitbinein BitoMuMu B3ipLsiMu
CHAJIIMHU apXITeKTYpH MOJEpHI3MY cepen
00’exTiB 1H(PACTPYKTYpH aBialliiHOTO TpaH-
cropty € OymiBii, moOymoBaHi 3a MPOEKTaAMH
apxitekropa Eepo Caapinena [11; 20]:

— aepoBok3an MA Jlamnaca (BamwuHrros,
CILA, 1958-1963) — puc. 1;

— MacaKUPChKHI TepMiHa aBiakoMmaHii Trans
World Airlines (TWA) MA imeHni [[xona @. Ken-
nemi (Heto-Hopk, CIIIA, 1957-1962) — puc. 2.
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Puc. 1. ByniBnsa aepoBok3any MA /lanaca, Bammmarron, CIIHA:

a — 3azanbHutl 8uis0, ddcepeno: hitp://surl.li/koajca;

0 — npoyec guxonanHs byoieenvHux pobim, oxcepeno: http://surl.li/zfineaq

Puc. 2. Bynisist nacaxxupcbKoro repminajy asiakomnanii TWA, MA
imeni [I:kona @. Kenneni, Hero-Uopk, CIIA:

a — 3azanbHull 8u2is0, odcepeno: hitp://surl.li/sfizca;

0 — npoyec suxonants oyoieenvhux pobim, oxcepeno: http://surl li/hytium

YpomoBx eKCIuTyaTalii BOHH 3a3HalU mepe-
IJIaHyBaHb 1 MOJIEPHI3allii, 3SMIHU POJIi B CHCTEMI
AepOBOK3aJIbHUX KOMILJIEKCIB BIJMOBITHUX aepo-
MOPTIB, aj€ HE BTPATHJIM O3HAK B3IPIIB CIIaJ-
IIUHU apXITeKTypHu MoaepHismy [11; 20].

3okpema, TepMmiHai aBiakomnanii TWA:

—y 1994 pori o¢imiitHO BU3HAHUI 1TaM’ ITKOIO
micra Hero-Mopka;

—y 2005 porii Bxe micis MPU3YITUHEHHS €KC-
TTyaranii BKIOYEHUH 10 PEECTPY 1CTOPUUHUX
00’€KTIB HallIOHAJILHOTO 3HAYEHHS;

— y nozansioMy OyB nepenpodiIb0BaHUN Ha
roTellb 13 MaKCUMaJIbHUM 30€peKeHHSM IMoyar-
KOBHX apXiTEKTYpHO-IUTAHYBaJIbHUX, KOHCTPYK-
TUBHUX 1 TU3aHEPCHKUX pimieHsb [11].

OcTaHHIM YacoM caMme IepPEOCMHUCIICHHIO
CIIAJIINHU apPXITEKTYPH MOJCPHIZMY TMPHUIiIs-
€ThCS BEJIMKA yBara He TUIbKH 3 00Ky MixHa-
POIIHOT pajii 3 OXOPOHHU TaM’ITOK Ta ICTOPHUYHHUX
micup — [COMOS [32].

Jlo BUBUEHHSI ICTOPUYHUX 1 COIIAJILHUX YMOB
HOro BUHUKHEHHS1, 0COOJTMBOCTEH HAYKOBO-0CITi/I-
HHIIBKOTO, TPOEKTHO-TEXHOJIOTIYHOTO Ta HOpMa-
THBHO-METOJJMYHOTO CYTTPOBODKEHHSI, OIIMPEHHS
HAyKOBUX 3HAHb 1 JIOCBIMY 30€pE)KCHHS 3aiTyda-
€THCS IUPOKE KOJIO CIICIIATICTIB 1 TPOMAJICBKOCTI
[20; 32—-37], 30kpema ykpaincbkux [27; 38-55].

Pesynbrarty 1€l gisIbHOCTI:

— BiJIOOpaXKaroThCsl B aHAITUYHUX OTIIAJIAX,
HAyKOBHUX CTaTTsX [6; 29; 34; 39; 42; 45; 48; 50;

9
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51; 56], monorpadisix [32; 35], aucepramiiHux
JocIipKeHHsx [57], ansbomax [35; 47], karaino-
rax, kaprax-cxemax [41; 44] tomo;

— ONPWIIOAHIOIOTBCS HA HAyKOBO-IPAKTHY-
HuX koH(pepenuisax [16; 38] i B 3acobax macoBoi
iHpopmMmartii [40; 41; 43; 46; 47, 49; 52; 55];

— BUKOPUCTOBYIOTHCSI ~ JIEpPKaBHUMH  yCTa-
HOBaMHM U TPOMAJCHKMMHU OpTaHi3aIisiMu It
MOMYyJIsipU3allii Ta NpUBEPTAaHHs yBaru rpoMasH
JI0 HAI[IOHATLHOTO KYIBTYpHOTO HaJO0aHHS, Mif-
TPUMKH MOr0 PO3MAITTS TOLIO.

3a mATPUMKH YKpaiHCHKOTO KYJIBTYPHOTO
¢donay Brpoporx 2023 poky peani3oBaHO IMpoO-
exT «Kpuxka crnaamuHa: mopraia apxiTeKTyp-
HOTO MOJICpHI3MY NPUPPOHTOBUX Ta TUMYACOBO
OKYIOBAaHUX PpErioHIB YKpaiHW» (BHUKOHABIII:
JlemapTaMeHT KyJbTYpH 1 Typu3My 3amopi3bKoi
MICBKOI paju, [lepaBHa HaAyKOBa apXiTEKTYPHO-
OyniBenbHa OibmioTeka imeni B.I. 3abomotHoro,
bayrays-lnctutyT icropii Ta Teopii apXiTeKTypu
1 TUIaHyBaHHS (aKyJIbTeTy apXiTeKTypu Ta ypOa-
HiCTHKH YHiBepcutery bayray3, m. Beiimap,
®PH) [46; 47].

VY Mexax IHIIOTO — TPOMaJChKOro — Ipo-
€KTY CTBOpPEHA KapTa CHAALIUHHU apXITEKTYpH
MOJICpHI3MY, fKa OXOIUIIOE BCIO TEPUTOPIIO
VYKkpaiHu Ta MOCTIHHO MOMOBHIOETHCS 1H(POpMA-
€0 TPO B3PI CTHUIIO, TOOYIOBaHI BIIPOAOBK
1960-1990-x pokis [33-37; 41; 44; 55].

KuiBchbka cmagmuHa mpencTaBieHa IOHAL
70 o6'ektamu, 30KpeMa CKJIAJHMKaMu iH]pa-
CTPYKTYpH aBialliiHOTO, aBTOMOOIILHOTO, peii-
KOBOTO (3aJi3HUIIS), PIYKOBOIO, CIIeliai3oBa-
Horo (¢yHikynep) 1 HiA3EMHOTO TPAHCHOPTY
[33-37; 41; 44; 55].

Cepen 00’ekTiB iH(paACTPYKTypH aBialliiiHOTO
TPAHCIIOPTY € Oy/iBIIs aepOBOK3ay (CyyacHUH Tep-
MmiHan B) y MA «bopucninsy» [13; 19; 23; 30; 31].

Bona nmobynoBana 3a iHAWBIAyaJIbHHM MPO-
ekTOM «AepoBok3an y Kuesi», pozpobieHrM
ynpoaoBx 1959—-1965 pokis Jlep:xaBHUM 1HCTH-
TYTOM i3 IpoekTyBaHHs «KHIBIpO€eKT» 3a yuacTi
30HaJIbHOrO  HaykoBO-ZOCHIHOTO — IHCTHTYTY
€KCIIEpUMEHTaJIbHOro IpoekTyBaHHs  (Kuis-
3HAIEIT), IIpoektHoro inctutyty «IIpomOyn-
MpOo€eKT» Toio (puc. 3).

Jlo ckimagy aBTOPCHKOTO KOJEKTUBY PO3-
POOHMKIB  TPOEKTY BXOAWIM  apXITEKTOpU
A.B. o6poBonbcekwmii [13; 19; 23; 30; 31; 37;
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56; 57], O.1. MamunoBcekuii, [.I1. Tlomenko,
IO.M.  €BpeiHOB,  iHXEHEPU-KOHCTPYKTOPH
3.B. Anensuun, JLI. Jmitpies, ['.b. I'inbman,
M.JI. [lanny, A.H. SIpmonenko i iH.

Benuki 00’extH, moOynoBaHi TOro 4acy 3a
IHAMBIOyalbHUMHU MPOEKTaMHU, Yy OLIBIIOCTI
BUIIAKIB:

— Oynu aKkIeHTaMH IJIaHyBaJIbHOT OpraHizanii
3a0yJ0BU BiJIIIOBITHOTO MEPIOTY PO3BUTKY apXi-
TeKTypH [32; 33; 41; 44; 46; 48; 51; 54];

— € 3pa3KkaMH apXiTeKTYpPHO-KOHCTPYKTUBHUX
Ta 1HXCHEPHO-TEXHOJIOTIYHUX DILICHb, Y SKHX
peasli3oBaHi HOBI MOXJIMBOCTI BHUKOPHCTaHHS
OyniBeJIbHUX MaTepiaiiB, CUCTEM 1 KOHCTPYKIIii,
30Kpema 3ainizo0eTonHux [32-35; 43; 44; 46-49;
51; 52; 54].

CrpoOyemMO TPOCTEXKUTH 1€ Ha MPHUKIAIL
aeporopTiB YKpaiHH.

3a o¢iniiHUMU JaHUMHU, B YKpaiHi 10 TOYaTKy
Jpyroi cBiToBOi BiHM Aisi 25 aepornopris,
340 nmocagkoBUX MaiJaHYMKIB, sKi 3a0e3medy-
BaIM (YHKIIOHYBaHHSA 77 NOBITPSHHUX JIiHIH
npoTsokHICTIO 27 146 kM. Yrpomosxk 1940 poky
nepese3eHo 33,6 Tuc. macaxupis, 1 864 T nomity,
1,9 tuc. T BanTaxis [13].

VY xoxi pyroi cBiTOBOI BiifHM BCi aepoONnopTH
Oymu 3pyiiHOBaHi. IX BinOymoBa posmouanacs
B 1943 poui, nanpukinmi 1945 poky 3a6e3nedeHo
¢byukuionyBanua 29 aeponopris, 295 mocaaxo-
BUX MalJaHYUKIB.

[Mepmuii, 3a kmacudikalieo TOCIITHUKIB,
HIiCJIIBOEHHUH Tmiepion OynyBaHHS aepoIopTiB
(1945-1956) xapaxrepuzyBaBcs FOCTPOIO IOTpe-
0010 y BUKOPUCTaHHI IUBUIBLHOT aBiallii Juist Bif-
HOBJICHMX Tajly3el HapOAHOIO TOCIOJapCTBa
KpaiHH, SIK HACJiJOK, CYyIpPOBOIKYBaBCS 1HTEH-
CHUBHHM PO3BHTKOM aBiallii, 3pOCTaHHAM 00cs-
riB MepeBe3eHHs MacaKupiB, MOLITH, BAHTAXKIB
(Tabmuusg 1) 1 BUMaras BiIIOBITHOTO HA3EMHOTO
3abe3neyeHHs ii pyHkuionyBaHus [1; 13].

OcHoBHI 00csru aBianepeBe3eHb MOBITPS-
HUMH CyIHAaMH HEBEJIMKOi Maca>kKHUpPOMICTKOCTI
3abe3neuyBanu aeponoptu Kuesa, Jlonenrpka,
3anopixxs, JIbBoBa, Onecu, Xapkosa.

[TaBinbHOHM — TUMYACOBI CIIOPYAU MPOCTUX
(opM 1 KOHCTPYKTHUBHHX PillIeHb — YK€ HE 3a/10-
BOJILHSUIM BUMOTH KOM(OPTY nepedyBaHHs maca-
KHUPIB, 30KpeMa 3aXUCTY BiJ MPUPOTHHUX SBHIL
(o, BiTEp, CHIT TOIIIO).



Airport Planning, Construction and Maintenance Journal

Bunyck / Issue 2(4), 2024

TAKWM BYRE
HAW AEPOBOKIA G

Puc. 3. AepoBok3aJ, aeponopt «bopucmiiab»:

a — npoexkmui nponosuyii 6yodisnuymsa, 1961 pix, pomo O. Muxaiinenxa, oxcepeno: http.//surl li/creeon;
6 — makem 6yoieni, 1969 pix, pomo 1. Kponusnuywvkoeo, ozcepeno: https://violity.com/en/113614910-starye-otkrytki-

goroda-ukrainy

Tomy mporec BiOydOBH JIITOBMIL CYyIpPOBO-
JDKyBaBcsl OyJIBHUIITBOM HOBMX OyiBelb aepo-
BOK3aJiB MaJloi TMPOIYCKHOi CIIPOMOXKHOCTI:
75, 100 Ta 200 mac/rox, 30kpeMa, B aeporop-
Tax obmacHux 1eHTpiB — Kuis/XKynsuu (1952),

JIpBiB, MuxkomaiB, XapkiB (1955), Huimpo,
Honenpk (1957) Tomo (puc. 4).
TexHomoriuHi, apXiTEKTYpHO-IIJIaHyBaJIbHI,

KOHCTPYKTMBHI I 1H)XKEHEpHI pilleHHs Oymi-

BCJIb aep0BOK33J'IiB peaﬂi3OBYBaJII/I 3a TUIIOBUMH

MPOEKTAMHU,  PO3POOJIICHHMH  CHeIiadicTaMu
rainy3eBoro IIpo€exkTHOro iHCTUTYTYy «Aepompo-
ext» [13].

OcranHi:

— Oy Opi€HTOBaHI Ha TEXHOJIOTIYHI OCO-
O6muBOCTi 3a0e3neyeHHs aBlallifHUX MepeBe-
36Hb ONU3bKO- Ta CepeIHbOMATiCTPaTbHUMHU
HnoBITpsSHUMU cyaHamu In-14 (macakupomict-

11
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Tabmuns 1

Piuni o0csirm nepeBe3enp aBianiiifHMM TPAHCIOPTOM y Nepili MOBOEHHI POKH

Piuni oGcsirn aBianepesesensn [43] KinbkicTh NOBITPSIHUX CydeH, sIKi
Pix nacaKupiB, nouTy, BAHTAXKIB, Oy, 00CJIyroBaHi,
THC. 0Ci0 THC. T THC. T THC. OAMH

1940 33,6 1,9 1,9 *

1945 119,7 0,8 6,8 *

1946 350,9 1,4 15,3 54,2

1947 528.,4 2,1 25,2 91,0

1948 5334 4,5 37,1 94,4

1949 523,1 5,7 39,7 112,8

1958 911,0 8,0 36,0 *

Tpumimka: * — 0ani 8iocymHi.

kicth — 18-36 micup), [1-12 (21-32 micus), JIi-2
(15-24 wicus); cydacHi TEHACHIII PO3BUTKY
apxitektypu (craiiHcekuil ammip) [9; 13; 50];
BUKOPHCTAaHHS MICHEBUX OyIiBEJIbHUX Marepia-
JIiB, TPYJIOBHX PECYypCiB TOILO;

— MajJM CHpOILEHI JiHIAHI (QopMu TIIaHIB
1 HeIupoKi Kopmycu OyniBeib, KOMOIHOBaHI —
3aJIbHi, APIOHO-YapYHKOBI — IUIaHYBaJIbHI CTPYK-
TYPHI pillIeHHs 1715 OJIOKYBaHHA Pi13HUX 32 QyHK-
L[IOHAJBHUM MPU3HAYEHHSAM NPUMIIIEHb; BUCOKI
MOKAa3HUKH KOMITAKTHOCTI 3a0y/10BH;

— MaJM BXIiJHI TPyIH, aKIIEHTOBaHI HOpTa-
namu Ta GamraMu (AMB. puC. 4) TOIIO.

Bapto gomartu, mo Jekinbka OyiBenb
aepOBOK3aJIiB, MOOYZOBaHUX YIIPOIOBXK TOIO
yacy, MaJid ab0 MaroTh CTaTyC MaM STOK apxi-
TEKTYpH, 30Kpema, y Xapkosi (puc. 4, B),
oxop. Ne 67-Xa [58].

[IpoexTyBaHHs Ta OyAIBHULITBO a€pOBOK3ILY
MA «bopucniney BigOyBayiocs BXKE B APYroMy
nicnsgBoeHHOMY miepioni (1956—1965 poxu). Bin
XapaKTepU3yBaBCs IUPOKUM 3alpOBAHKEHHIM
aBialliifHOT TEeXHIKM 3 ra3oTypOIHHUMH JIBUTY-
HaMH ¥ BUPaxXOBYBaHHSIM MEPCHEKTHB PO3BUTKY
aBialliifHUX MepeBe3eHb CEPEAHbO- Ta JJAJIeKOMa-
ricTpaJIbHUMH MOBITPSAHUMH cyaHamu — Ty-104
(mictkicth 50-115 mac.), Ty-114 (170-220 nac.)
TOIIO — 32 MEXI1 KpaiHu.

ApXiTeKTypa LBOTO MEpioAy XapakTepu3sy-
€THCS:

— BIIXOJIOM BiJl CTBOPEHHS MapaJHuX 00pasiB;

— YCYHEHHSIM HaJIMIpPHOCTEH y NMPOEKTyBaHH1
it OyHiBHUIITBI;

— OpI€HTAlll€}0 Ha IHAYCTpiajbHI METOIU
PO3B’s3aHHS HarajbHHUX 3aB/JaHb BIJHOBJIECHHS
Ta PO3BUTKY 3a0y/10BH.

12

s OyniBHUITBA aepoNoOpTiB 1€ BUMAarajio
BUBYEHHS W y3araJlbHEHHsS CBITOBOIO JIOCBIAY,
a came:

— 00CITyrOBYBaHHS MACOBUX MACAKUPOIIOTOKIB,
30KpeMa MDKHApPOIHUX peiciB, B yMOBaX Irepene-
3€HHS X OBITPSHUMHU CyTHAMH BEJIMKOT MICTKOCTI;

— 0coOJIMBOCTEN TEXHOJIOTTUYHUX Ta 00’ €MHO-
IUTaHYBAJIbHUX pIllIEHb aepOBOK3aMliB 3 ypaxy-
BaHHIM 0araTboX (yHKLIN (OCHOBHUX, JOAATKO-
BHX, JIOTIOMIXKHUX, CIICIIIAJIBHUX TOIIIO);

— Ooprasi3aiii Ha3eMHOIO CHOJYYEHHS Hace-
JICHUX ITyHKTIB 3 a€pONOPTaMU;

— MOXIIMBOCTEH oprasizaimii 1iinomno60Boi
POOOTH aepOIOPTIB 3 ypaxyBaHHSAM HEIaTUBHOTO
BIUIMBY Ha HABKOJIUILIHE CEPEIOBHUIIIE;

— pO3B’sI3aHHA MICTOOYIIBHUX IpoOIeM po3-
BUTKY aepoIOPTIB 13 KOPUTYBAaHHAM 1 Meperis-
JIOM TeHepalbHUX UIaHIB MICT TOLIO.

Pimenns npo crBopenHst aeponopry bopuc-
mias Ha 0asi BIICBKOBOTO aepoiapomy, modymo-
BaHOTro BpoAoBXk 1947-1949 pokis y KuiBcbkoi
obmacrti Ha BifcTaHi 35 kM Bin KueBa, npuiiHATO
B 1959 pori [13].

SIK mepCcreKTUBHI 7S eKCIUTyaTalii NpUHATI
nosiTpsHi cynna Ty-104, Ty-114.

Jnis o0ciryroByBaHHSI acaXxupis OyB CIIOpy-
JOKeHUW TUMYacOBUH MaBiubiioH, a B 1961 pori
posmnoyanocs OyliBHUIITBO a€pOBOK3aIYy.

byniBaunTBo  3miiicHioBanio  byniBenbHe
ynpasiinHs (BY) Ne 149 tpecry «IliBnen3axin-
TpaHcOym», Oyanoizg Ne 901 «lomoBToHenbMe-
TpoOyny», BY Ne 172 tpecty «IliBaentpancrex-
MoOHTax», KuiBchke cnemynpasminas Ne 421
«EnextpomonTtax» Ne 1 Towo.

AepoBoK3an yBENEHUN B  EKCIUIyaTallio
y TpaBHi 1965 poky. 3a 3aranbHOIO MpoOIycC-
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Puc. 4. AepoBok3ayn, modynosani Bponos:k 1952—1957 pokis B aeponoprax Ykpainu:

a — Kuis/2Kynanu, oocepeno: http://surl li/sbivzy;
6 — Muxonais, 0ocepeno: http://surl.li/pewcnl;

6 — Xapxie, Oxcepeno: http://surl.li/bprshz;

2 — JIvsig, Oacepeno: http://surl li/lsgkyd;

0 — [[ninpo, oxcepeno: http://surl.li/mpgkcv;

e — Jloneywk, docepeno: http://surl.li/mdfbje

KHOIO crpoMoxHicTi0O — 1600 mac/rom — BiH
HaJeXaB JI0 TpPyNHd BEJIUKHUX aepOBOK3aIiB
(1500-2000 mac/rox), MaB Mi>KHaApOJHHI CEKTOP
(200 mac/ron), cekTop 0OCIyTOBYBaHHS MacaKu-
piB kareropii VIP (Very Important Person, anr.
«0oco0NMMBO BaxkMBa nepcoHay). Lle, 3 omgHOrO
00Ky, CBIIUWJIO MPO MACIITAOHI IJIaHU KpaiHW
CTOCOBHO PO3BUTKY aBiallifHUX TIepeBe3CHb,
3 IHIIOTO — MPO HAOIMKEHHS JI0 CBITOBOTO PiBHS
ix Ha3eMHOTO 3a0e3ne4eHHs (TabmuIsd 2).

B ocHOBY npoeKTyBaHHS IOKJIAI€HO TaKe:

— KOMITJIEKCHUH TiAX11 10 pOpMyBaHHS TPHOX
IUTaHYBAJBHUX 30H MACaXUPCHKOTO KOMILIEKCY
(MpUBOK3aJIbHA IJIOIIA, aePOBOK3aJI, aBaHIIEPOH/
NacaKUPChKUN TIEPOH);

— JIelleHTpalli3oBaHa cHCTeMa OOCIyroBy-
BaHHSI MACAXXUPIB BHIBOTY;

— pO3MOJLT MOTOKIB MacaKUPIB Pi3HUX KaTe-
ropii i ix Oaraxy, CynpoBOKyBayiB, BiJIBiTyBa-
YiB TOIIIO;

13
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Tabmuig 2
IIponyckHa CIPOMOKHICTH 2€POBOK3aJIiB HU3KH 3apyOisKHUX aeponopTiB
IIponyckua
Ne HaiiMeHnyBaHHs Kpaina CIPOMOKHICTH Cranom
3/m aeponopry pO3TallyBaHHHA aepoBOK3aJLy Ha piK
(Tepminaiy), mac/ron
1 €BponeiicbKknii MAKPOEKOHOMIYHH perion
1.1 Jlounon — I'arBik BenukoOpuTaHis 1000* 1965
1.2 |Ilapmx — Jle Bypxe Opanriis 1500 1970
1.3 |Konenraren — Kactpyn Janis 1640 1968
2 IliBHiYHOAMEpUKAHCHKHUII MAKPOEKOHOMIYHHU perion
2.1 HLIO-ﬁOpK — JIoxon ®. Kenneni: CIIOA
2.1.1 | MiKHapOTHUHA TepMiHAT 1500 1965
2.1.2 | Tepminan Worldport (Pan Am) 1000* 1965
2.1.3 | Tepminan American Airlines 1000* 1965
214 &Ehngn Trans World Airlines (TWA) 1200% 1965
2.2 | TopoHTO Kanana 1500 1965

Ipumimka: * — epyna aeposoxsanié cepeonvoi nponycknoi cnpomosicnocmi (600—1200 nac/zo0)

— KOMOIHOBaHMI BHJ 3B’SI3Ky MK aepOBOK-
3aJI0M 1 MOBITPSIHUMH CyIHaMH (IIIIOX1IHUN +
aBTOOYCHMIA) TOIIIO;

— aBTOMOOUTBHUH 3B’S30K MK HAacEICHUMH
MMyHKTaMH ¥ aepoBok3asiom Toto [3; 7; 8; 14; 19;
21;23; 31];

— MaKCHMaJlbHa BIJKPUTICTb BHYTPIIIHBOTO
MIPOCTOPY, BUKIIOUEHHS 3aMKHYTHX MPOCTOPIB,
3aJTy4€HHs] IPUPOJHOTO OCBITIIEHHS;

— CyyacHl TIAXOAW JIO 3aXHCTy HaBKO-
JMIIHBOTO  CEepeloBHINA, 30KpeMa Omaroy-
CTPOIO Ta O03€JEHEHHIO NPUBOK3AJIbHOI IUIOIII
¥ 30H, sIKi HaOIMDKEH] 0 Mix 3HUX HUIAX1B TOIIO
[7; 8; 15].

Byniens aepoBok3any (puc. 5, a):

a) OyJa €JMHOIO Ha TOW Yac y CKJIaJli aepOBOK-
3aJIbHOTO KOMILJIEKCY;

0) 32 TEXHOJOTIYHHUMH PIIICHHSIMHU 30JI0KO-
BaHa 3a JIHIMHOIO CXEMOIO 13 1IeXOM OOpPTOBOTO
XapuyBaHHS, 0araTornoBepXOBUM KOMaHIHO-IUC-
MeTYEPChKUM ITyHKTOM Ta 1HIIMMHU IPUMILIEH-
HSIMU OCHOBHOT0, IOIIOMIHOTO ¥ CHEliaJIbHOTO
MpU3HAYEHHS;

B) MaJia MPOCTIIYy — JiHIHHY — GHOopMy B IUIaHI
1 TaKi XapaKTepUCTUKHU:

— Kopiyc A0BxHHOI0 240 M, mupuHoo 50 M;

— MOBEPXOBICTh — 2—3 MOBEPXHU;

— BUCOTA IEHTPaJIbHOI yacTuHU — 20,5 M;

— mutomna — 20 300 xB. M, 30kpeMa omnepariii-
HOTO 3aJly (mepiuunii nosepx) — 2 944 ks. M;

— OyniBenbHUM 00°em — 107 500 ky6. Mm;

14

I') OL[IHIOBaJacsi BUCOKMMHM ITOKa3HUKAMU KOM-
MaKTHOCTI 3a0y/I0BU MaCaXKHUPCHKOTO KOMILIEKCY;

) 3a0esmeuyBana 3B’S30K MK IPHUBOK-
3aJIbHOI0 TUIOIEI0 Ta MAcaXMPChKUM IMEPOHOM
y JBOX PIBHSX, 30Kpe€Ma, 3a JIOINOMOTOI0 JBOX
npuOyloBaHUX BIJIKPUTUX Trajiepeil-maHayciB
(puc. 5, 6, B) 1 Tepacu (puc. 5, 0);

e) (¢opmyBaja KOMITO3WIIIIO Ta BUKOHYBaja
PpOJIb TOMiHAHTH 3a0yA0BH MPUBOK3ATBHOT IO
i mepony (puc. 5, a);

’K) 3aBISKU 1HAMBIIyaJIbHUM apXiTEKTypHO-
MJIaHYBaJIBHUM PIIIEHHSAM, 1HHOBAIIMHUM TSI
TOTO 4Yacy TEXHOJOTIYHUM 1 KOHCTPYKTUBHUM
pimeHHsM Oyna mpuBaOIuBa Ui BiJBiyBaHHS
HE TUIbKU yYaCHUKaMU aBlanofopoxei, a i npu-
XUJIbHUKAMH aBlartii.

J1Ba moBepxu Oy/iBIIi TaBaId 3MOTY:

— PO3MOJLIUTH TOTOKHU [TACAXKUPIB BUIbOTY Ta
IPUIIBOTY, BIABIYBa4iB aepoBoK3aiy (puc. 5, 0,
B; 6);

— BIJJOKPEMUTH 3aJ1 OUIKYBaHHS B1Jl ONlepalliii-
HUX 3aJiB (puc. 5, 0), opranizyBaTH BUXiJ 13 3a/11
OYIKyBaHHS Ha Tepacy — ONIA0BUI MaliJaHUNK
(puc. 7, a);

— 320€3MeunTH  JOMAaTKOBUH 3B’S30K MIiX
MacaXMPChKUM MIEPOHOM 1 IPUBOK3AJIBHOIO ILIO-
IIEI0 B PiBHI JIPYToro mnosepxy (puc. 6, 6; 7).

Bigkputi Tepacu 3 (QYHKIISIMH OINISAJOBHX
MaiiTaH9rKiB OyJIM OMYJISIPHIM Ha TOW 9ac apxi-
TEeKTYpHO-TIJIaHYyBaJIBLHUM pilieHHsM [16]. Boru
JaBajid 3MOTry HeE JIMILIE PO3B’s3aTH IpoOIeMu
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Puc. 5. AepoBox3aia MA «bopucnijib»:

a — 3azanvrull 6uenso, 1982 pix, pomo b. Minoens, dxcepeno: http://surl.li/guelfz;

O — Opyeuli nosepx: cxema pyxy RACANCUPIE NPUILOMY (CUHA CYYINbHA NiHIs),; nacadicupie eunvbomy, sokpema VIP (wepsona
cyyinvha ainis); ocio, AKi 3ycmpiuaioms abo npoeoOHCAIOMb NACANCUPIE (Hep8oHa NYHKMUpHA AiHis), odxcepeno: http://
surl.li/pfhgxn;

6 — nepuiuLl NOBEPX: cxema Pyxy nacaxicupie npuibomy, 3okpema VIP (cumns cyyinbha ainis); nacaj)cupie Guibonty, 30Kpema
VIP (uepeona cyyinbHa Ninis); 6aHMadicy nacaxicupis npuibomy, 30kpema VIP (cumsi nynkmupHa ninis); 6anmaicy naca-
arcupie sunvomy, 30kpema VIP (uepsona nyHkmupHa niHis);, 60pmogo2o xapuy8ans 00 NOGIMPIHUX CYOeH (YOPHA NYHK-
MupHa Ninis); ocib, sKi 3ycmpiuaroms abo nPoeoOAICAOMb RACANCUPIE (YOpHA NiHIs), ddcepeno: http://surl.li/pfhgxn
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opraizauii MmImoOXiTHUX 3B’s3KiB, a i 3a0e3-
MEYUTH JOCTYH J0 HAMKpalMx BUIAOBUX TOUOK
CTIOCTEPEXKEHHS 3a MOJISIMH Ta IMpoLecaMu Ha
nepoHi i seroBumti (aeponopru bamaka, Maui,
3axigna Adpuka; Binens — IlIBexat, ABcTpis;
Hima, @panist Tomro).

3okpema, B aeponopty Binns IlIBexar nopsia
13 macaxupcekuM TepminanoM  «Flughafen
Wien» mnoOynoBaHO KOMIUIEKC KamiTaJbHUX,
NPU3HAYEHUX ISl JOBrOTPUBANIOl EKCIUTyaTaril
CIIOpYZ, 10 CKJIAy SIKOTO BXOAMIIH:

— OJIHOpiBHEBa JIHIMHO-TIPOTSDKHA TPOTY-
JITHKOBA Tepaca BIAKPUTOIO THUITY, pO3TAIllIOBaHA
B piBHI Jpyroro moBepxXy Ha BiJCTaHI B3JOBXK

ycworo ¢acaay Tepminany (puc. 8). Hotupu npsi-
MOKYTHI MalJaHYMKH IS TIS1/1a9iB IepETHHAIIN
Tepacy i po3MIllyBaJUCS HAa €KCITyaTOBAHOMY
MOKPUTTI HAKONHWYYBayiB MACaXUPIB BUIIBOTY
(puc. 8, a);

— BIJIKpUTA YOTHPHUIIOBEPXOBA CIIOPY/Aa OaITo-
BOIO THITy 13 CHCTEMOIO CTalliOHApHHUX 3aco0iB
3aXUCTy BiJ] aTMOC(EPHUX OCAIKIB 1 HAIAMIPHOI
iHCOAIIl, sika 3abe3neuyBana KyT onisimy 360°
(J1iToBUILE, IEPOH, TPUBOK3AJIbHA IJIOIIA) HA PiBHI
BIJIMITOK IIEPIIOro-4eTBepToro piBHiB [16; 18].

O6ungi ciopyau Oyiu moB’si3aHi MiXk c00010,
HE MaJii BUXO/IiB Ha mepoH (puc. 8, 0), ane 3a0e3-
HeyyBajiM JIOCTYIN BiJIBiTyBadiB 3 OOKYy IpPHUBOK-

Puc. 6. Intep’ep, BHyTpilHiii nanayc:

a — 3 boKy neputozo nosepxy, ocepeno: http://surl.li/tfzzzo;
0 — 3 6oKy Opyeoco nosepxy, Oxcepeno: http://surl.li/lnmcii

Puc. 7. ABaHnepoH:

a — ei0kpuma mepaca — 021A008Ul MAOaH4uxK, 3 60Ky nepoHy, oxcepeno: npusamuuii pomoapxis I M. Aecesoi;
6 — 306HIWHIT nandyc, 3 BOKY nepony, ddcepeno: hitp.//surl.li/viryfz
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Puc. 8. Aeponopt Binusa LlIBexat, ABcTpifi, aepoBOK3aJI:

a — npocmoposa opeanizayis asannepony, 1960 pix [18, c. 62];

6 — npoyec Oydysannus, 1959 pix [18, c. 53]

3aJIbHOI IUToIIi. /loIaTKOBUMH eJleMeHTaMHu Oj1a-
TOYCTPOIO 11i€1 30HU aBaHMEPOHY OYyJIH CHCTEMH
o3eJicHeHHs1 (KBITHUKHM) 1 BIOKpUTI (POHTAHU
(puc. 8, a).

Jist MA «bopucminby 3anponoHoBaHi i pea-
JI130BaHi 1HIII PIICHHS BIAKPUTHX T€PAC Ta OIS~
JIOBUX MaiaHuukiB (puc. 5, 0; 7, a, 6; 9).

Biakputa ornsmoBa Tepaca 3 60Ky macaxup-
CBKOTO TEPOHY Maljla PO3MIpH, JIOAMHOEMHICTh
1 IOCTYIHICTB, K1 3a0€e31MeuyBai MOKIIUBICTb il
MacoBOTO BiABigyBaHHs (puc. 7, a). s mporo
niepe0avyeHi BXOAW/BUXOAM 13 3aly OUYIKYBaHHSI
W 30BHINIHI MaHIyCH 3 OOKY INPHUBOK3AJILHOT
o (puc. 5, 6) 1 mepony (puc. 7, 0).

VY mponeci ekcrutyararii ajisi 3a0e3rneueHHs
0e3IeKn KOHTPOJIHOBAHOI 30HU — IEPOHY — IIi
eleMeHTH OyIiBil ¥ BUXiJ 13 3aJIy O4YIKyBaHHS
aepoBOK3aJy JIKBIJOBaHI.

Komno3uniiini pimenns. Snpom kommosu-
ii OymiBIIi aepOBOK3aly CIYTyBaB JIBOPIBHEBHIA
00’eM posMipamu B iaHi 48x48 M s po3mi-
IICHHSI OTEpAIlifHUX 3aiB, 3ajiB OYIKYyBaHHS,
JOTIOMDKHUX TTpUMIIIeHs (puc. 3, 5, a).

Ha erami mnpoekTyBaHHsS 3ampONOHOBaHI
JIEKUJIbKa BaplaHTIB apXiTEKTYpPHO-TUIaHYBaJIb-
HUX pimeHb. OauH 13 HUX mepeadadaB BIAIITY-
BaHHS MPSMOJIHIAHOT 3aKpUTOi IOCAIKOBOT
rajepei U1 po3noiTy i 00CIIyroByBaHHS MOTO-

KiB aBlamacaXupiB y JABOX HAa3eMHUX DPIBHAX 3a
MEXKaMH1 aepoBOK3ally Ha mepoHi (puc. 3, a).

AHai3 nepeAnpoeKTHUX 1 MPOEKTHHUX PIllICHb
JTa€ 3MOTYy CTBEpKYBaTH, 1110 BIAKPUTA OIVISII0BA
Tepaca Ta NPSAMOJIIHIMHA 3aKpUTa IMOCaIKOBA
rajnepesi Oynu CKJIQAHUKAMH 3arajbHOi CUCTEMU
00CITyroByBaHHS aBlamaca)XupiB Ha aBaHIICPOHI
1 macaXKupChbKOMY TIEPOHI.

Ile — Texx momynsipHUA TOTO Yacy IJIaHyBaJIb-
HUW MPUHOM PO3B’sA3aHHS MPOOJEMHUX MMUTAHBb
CKOPOUYCHHSI PO3pPaxyHKOBOI JOBKUHHU JIHIWHUX,
JTHIHHO-AYTOBUX 3a ¢GopMoro OyaiBeias aepo-
BOK3aJIIB BEJIMKOI MPOITYCKHOI CIPOMOKHOCTI
(aeponoptu  bepmin-lllenedensn, Himeuunna;
Konenraren-Kactpyn, /[lanis; Jlonmon-I'aTBik,
BenukoOpurasis Tomno).

[Tnocka 3a reoMeTpi€ro MOKPIBIIS MOCAAKOBOT
rajgepei Ta BIAMOBIIHI KOHCTPYKTHUBHI PIIICHHS
JlaBalli MOXJIMBICTh i1 eKCIuTyaTallii, a came
BUKOPUCTAaHHS $IK OIVISA0BOTO MaiiiaH4uKa.
Pa3oMm 13 BIZKpUTOIO Tepacoro B3IOBXK dacaxy
aepoBok3any (puc. 7, a) BoHHU (opMyBaTH
LUJTICHY CHUCTEMY, OPIEHTOBaHy B OiK IMEpOHY Ta
3IITHO-TIOCaAKOBUX cmyr (puc. 3, a). Ilmany-
BaJIbHI PIIIICHHS 1 PO3MIPH III€ET CUCTEMH JaBaIN
3MOry ii MacoBOTO BiJIBIAyBaHHS, ajie¢ BapiaHT
BJIAILTYBaHHS came I0CaJIKOBOi rajepes He pea-
J130BaHUI.
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a

0

Puc. 9. Cucrema oprasizaunii mimoxignoro Ta Bi3yajbLHOro 3B’si3Ky
MiK aepoBOK3aJI0M i mepoHoMm, 1965 pik:

a — 306HiWHIN nandyc, oxcepeno: http://surl.li/uhonfr,

6 — 6iOKkpuma mepaca 3 YHKYIAMU 02151008020 MAUOAHUUKY 830084 pacady aeposoxszany, odxcepeno: http://surl.li/faiqgpk

PosrnsimaBes ¥ BapiaHT pO3MOAUTY MOTO-
KiB aBTOMOOIJIBHOTO TPAHCIOPTY y ABOX piB-
HSX Ui OOCITyTOBYBAaHHSI MACaXHPIB BUIIbOTY
Ta TNPWILOTYy Ha MPHUBOK3AJIbHOI  IJIOLIL
(Tabmuus 3, m. 1), ane foro He peanizyBaiH.

IloxpuTtTsl 3a71BHMX NpHUMilleHb OymiBJIi.
[IpuiinaTTIO W OOIPYHTYBAaHHIO OCTaTOYHOIO
KOHCTPYKTHBHOTO PIIIIEHHs MOKPIBJi 3aJiB O4i-
KyBaHHA (puc. 3) mepeayBalu MOIIYK Ta aHai3
MOKJIMBHUX BapiaHTiB (Tabmuis 3).

Kondirypaiiist kK0)KHOTO 13 3alpONOHOBAHUX
BapiaHTIB MOKPHUTTS 3HAYHO BILJIMBAJIA HA IJIAHY-
BaJIbHI pillleHHs W (hOpMyBaHHS MPOCTOPOBOIO
o0pa3y OymiBii.

ITpocTOpOBi TOHKOCTIHHI KOHCTPYKLIi 3 KpH-
BOJIIHITHMMU TOBEPXHAMHU — 3aJ11300€TOHH1 000-
JIOHKU — JUIl TIOKPUTTIB MPOMMCIOBUX 1 TPO-
MaJICBKUX CHOpPYJ PI3HOTO NPHU3HAYEHHS Mal
NepeBary HaJl iHIUMHU KOHCTPYKLISIMH, a came:

— MiJIBUIIEHI JKOPCTKICTh 1 MIIHICTh, K1
JlaBajid 3MOT'Y NEpeKpHBATH BEJUKI MPOTOHU Ta
MPOCTOPHU B IUIAHI;

— CyMIIIEHHS TPUMAJIbHUX Ta OTOPOJIKYBaJIb-
HUX (yHKITIH;

— CKOpPOYEHHsI BUTpar OyJliBelIbHUX Marepia-
JB.

Pi3HOMaHITHICTh (hOpM — IUIIHAPUYHI 000-
JIOHKH, 0OOJIOHKH JIBOSIKOT KpUBU3HU, 00OJIOHKU
y BUIVIsI TinepOosiuHoro napabonoina Tomo —
cripusiia e(peKTUBHOMY PO3B’SI3aHHIO MPOOIEMH
Ha/JaHHS OydiBIsAM 13 BEJIMKUMHU HPOTOHAMHU
apXiTeKTypHOi BUPA3HOCTI.

18

OOpaHe TpPOCTOpPOBE PIMICHHS MOKPUTTS —
000II0HKa MTO/IBIITHOT 0AaTHOT KPUBU3HU — 320€3-
nevrsia BUPa3HUM apXiTeKTypHHid 00pa3 (puc. 3,
5, a) 1 JaBana 3MOTy:

— pO3B’s3aTH CKJIaJHI 3aBAaHHS 00’ €MHO-
MPOCTOPOBOi opraHizamii s 3a0e3NedeHHs
HOBHUX TEXHOJIOTIYHHUX TPOLECIB HA3E€MHOI0
00CITyroByBaHHs aBialiepeBe3eHb;

— YIPOBAIUTH MEPEIOBI HA TOI Yac 1HIYCTpi-
aJbHI METOIM BUPOOHMIITBA Ta MOHTaxy 30ip-
HUX 32113006 TOHHUX KOHCTPYKIIiil TOIIIO.

KoncTpykTuBHi pimenns. 36ipHa 3anizobe-
TOHHA 00OJIOHKA MOJBIIHOI 10aTHOI KPUBU3HU
Mae MpsIMOKYTHY (opmy B ru1ani — 50,9x57,6 m (3
ypaxyBaHHSAM HaXWJIEHUX CBITIONPO30PUX OTO-
PO/IKEHb — BITPaxiB).

s cucrema 31 126 30ipHHX peOpHCTHX
3a1300€TOHHUX TMaHeled OJHOTO THUIIOPO3-
Mipy — 2,6x3,1 M — po3pobieHa it BUKOHaHa 3a
npoektoM KHIBCHKOTO 30HAJBbHOTO HayKOBO-
JIOCIIITHOTO 1HCTUTYTY €KCIIEpUMEHTAIBHOTO
npoektyBanHa  (KuiB3H/IIEII). OGononka
obmepra Ha OMOPHUH cTane3ani300eTOHHUIA
KOHTYp, YCTAaHOBJICHHI Ha OTOJIOBKM 3aii3zole-
TOHHUX KOJIOH, PO3TAIIOBAHUX Yy IJIaH1 KPOKOM
6,0 M (puc. 5, 6, B; 10).

MoHodmiTHI 3a71i1300€TOHHI OOPTOBI €IEMEHTH
apMOBaHi CTaneBo0 TpyOoro giamerpom 720 MM
13 TOBIIMHOIO CTiHKU 15 MM. beToHyBaHHS 11IBiB
MK HaHeIsIMH OOPTOBHX €JIEMEHTIB 1 KyTOBHUX
30H OOOJIOHKH 3a0e3nedye MOHOJIITHHM Xapak-
Tep pOOOTH CUCTEMH B LILJIOMY.
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Tabmung 3

IIpoexTHI Mpono3nuii 010 NOKPUTTS 3aJbHUX NPUMillleHb aePOBOK3AJIy

Ne

3/ BapianTu nokpurrs

Cxema*

TOHKOCTIHHUX 3aJ1i300€TOHHUX IOKPHUTTIB
TS Oy/iBeITh TIPOITLOTOM JI0 Ta TToHa 100 M.
B aBianiiiHoi ramy3i Brepiie BUKOPUCTAHO
JUIA TOOYIOBH €MTiHTiB poaboToM 80,74 M,
BHCOTOIO 54 M, nomxuHoI0 300 M. 1920 pik,

Opeccine).

1 |Ckaaguacre ckiaeniHHA (palliOHAIBHE PIlICHHS

aeponopt Opuri, [Tapmx, @pantis, imkeHep Exen

2 | BaHTOBe MOKPUTTS (BUKOPUCTAHHS TaKUX

i3 manamu y dopwmi koia. Hanpukaz, rapax
niamerpoM 160 M aBromapky Ne 7, 1974 pik,
ByJ1. bopucninbceka, Kuis, apxitekTop

(hopMu BHHUKAE OTpeOa y BIAITYBaHHI
CHeUiaTbHIX ONOPHUX KOHCTPYKIIiH i3
BIITSDKKAMU JIJISL CIIPUAHATTS PO3TIOPY).

KOHCTPYKLi# Hailbi1b11 e(heKTUBHO 115 Oy/IiBeh

B.I1. 3iakeBud [44]. Ans OyaUHKIB IPSIMOKYTHOL

3 | PaMHe mOKPHUTTS (TIpU BEITUKUX MPOTHOTAX
OyniBenpb NOTpeOy€e MAaCHBHUX 3aJ1i300€TOHHUX
TPUMAIIFHUX €JIEMEHTIB. € HU3Ka 0OMEKEHb

00’€KTiB).

CTOCOBHO (hOPMYBaHHSI apXITEKTYPHOT BUPA3HOCTI

Hpumimra: * — docepeno. http://surl.li/mplsfb.

Crpina nigitomy 8,9 M fajia MOXJIHUBICTb:

— Oprasi3yBaTu 3HAa4HUN 3a BHUCOTOKO Ta
00’eMOM 3aJl O4YIKYBaHHA B PIBHI Jpyroro
noBepxy (puc. 3; 5, a; 6; 7, 6; 9);

— 3a0€e3MeYnuTH HOro MPUPOIHE OCBITIICHHS
3 4oTHPBHOX OOKiB (puc. 3, 0; 6; 9; 11), 30kpema
OlunHl (BepTUKaNbHI) ¢acagu Maau YacTKOBE
npupoaHe ocBiTIeHHs (puc. 11, 0);

— copMyBaTu 3HAYHI 32 IUIOLICIO TMOXUII1
MMOBEPXHI CHCTEM BITPHUHHOTO CKIIIHHSI TOJIOBHUX
(acaziB, sSKi MpalfoBail «Ha MPOCBIT» 1 BI3y-
QJIBHO «PO3BAaHTAXXYBaJM» MAacCUBHE KOHCTpPYK-
THUBHE PILNICHHS KOMIIO3ULIAHOTO siApa OymiBii
(puc. 3, 0; 6; 9, a; 11, a).

VY BedipHi (puc. 12, a) 1 HiuHI Yacu A0OH
(puc. 12, 6) mTy4He OCBITIACHHS BHYTPILIHIX
MPUMIIIEHb a€POBOK3aly CTBOPIOBAIO HE MEHIII
SICKpaBui 00pa3.

[TepexputTs mepuioro noBepxy Ha BigM. 4,5 M
Mae po3mipu B miaHi 48x21 M 1 3MOHTOBaHO 3i
220 3ami300€TOHHUX PEOPUCTUX IUIUT Baror
6,0 T (puc. 13, a, B). IlpuiiHaTa KOHCTPYKILiA
MEePEKPUTTS 3a0e3neuna:

— OpraHi3alliio BUIBHOTO MPOCTOPY IMEPIIOro
MOBEPXY 3 MAKCUMAJIbHUM BUKJIIOUEHHSM J0/AaT-
KOBHX OITIOD;

— Oe3nexy W HaallHICTh eKCIuTyaranii OyaiBil
B LILJIOMY;;
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Puc. 10. ByniBuuurBo aepoBok3aiy MA «bopucniib», MOHTaXK 00010HKH OKPUTTH, 1963 pik

Ilicepeno: npusamnuti pomoapxis JI.1. Kpisenvosa, I'M. Aeeesoi

\_.

0

Puc. 11. AepoBox3aJ, aApyruii moBepx, 3aj ovikyBaHHs, 1965 pik:

a — opeanizayisi npupooHozo oceimienus, pomo O.H. lenamosa, dxcepeno: hitp://surl.lifiasfnr;
6 — opeanizayis npupooHo2o ocsimienns, biunull gacad, pomo O.A. Kociukinoi, docepeno: hitp://surl.li/cwgtex

— CKOpPOYEHHS BUTpPAT MarepiajiB i, IK HACII-
JIOK, 3HM)KEHHSI Barl KOHCTPYKTHBHOI CHCTEMH
NEPEKPUTTS;

— PO3MILIEHHS CUCTEM HITYYHOTO OCBITJIEHHS
MPUMILIEHb MEPILIOTro MOBEpXy B HilIax pedpuc-
Tux T (puc. 13, a, B).

JInst BepTUKAJIBHOT KOMYHIKALIli — 3B SI3Ky MIXK
3aJIbHUMH TPUMIILEHHSAMU MEpILoro Ta Jpyroro
MOBEPXiB — 3a/1isTHO MUPOKUiI manayc (puc. 5, O, B;
6; 13, 6, ). Foro dopma it opienTanis B mpoctopi
(puc. 6, a) 1anmu 3MOr'y pa3oM 13 CHCTeMaMH BITPHH-

20

HOT'O CKJIIHHS peaji3oByBaTd JyMKy aBTOpIB IpoO-
€KTYy — IIJISIX 10 HeOa MOYMHAEThCS 13 3emii [38].

Oco0smmBocTi 0araropiuyHol exkcliIyaramii
OynisJi aepoBok3auy. Jlo 2012 poky OyniBis sk
TEXHOJIOT1YHA JJOMiHAHTa, HABKOJIO AKOi (hopMy-
BAJIOCS apXITEKTYpHE CEPEeOBUIILIE:

— BUKOHYBaJIa POJIb TOJOBHUX «IOBITPSHUX
BopiT» Kuena it nepxasu [19; 23; 31];

—Opanma ydacth y (OpMyBaHHI CTaJoro
o0pa3zy 3a0yloBH TepuUTOpil aeporopTy, KU
crpusB Horo mi3HaBaHHIO (puc. 5; 14, a).
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Puc. 12. ByniBas aepoBok3aJy, 1965 pik:

a —y eeuepHhi uacu 006u, pomo b. Minoens, dxcepeno: http://surl.li/nodzkx;
6 — y Hiuni yacu 0obu, pomo 1. Ilan, oxcepeno: http://surl.li/qfamrz

[Toganpmmii pO3BUTOK A€POIOPTY CYIPOBO-
JDKyBaBcsi Oy/IiBHHIITBOM HOBUX MAaCaKUPCHKUX
TEpPMiHAIIB Y3A0BXK (POHTY NPUBOK3AIBHOT
wiomi (tepminanu A, C) Ta mo ii mepumerpy
(repminan F) [13; 22; 24-26; 30; 59].

VYopomorxk monan 50 pokiB eKcIuryaraiii
OymiBJISI aepoBOK3ay He pa3 Oyna meperuiaHo-
BaHa, pekoHcTpyHoBaHa (1994), a came:

— JIEMOHTOBAHI 30BHIIIHI Ta BHYTPIIIHIN
MaHIyCH, BIOKPHUTI Tepacd 3 (YHKLIIMU OTJIs-
IOBUX MaiJaH4YMKIB, HACTIHHI MO3al4Hi IIaHHO
B IHTEp’€pax MPUMIIICHb JPYroro IOBEPXYy
(3aJ1 O"iKyBaHHS, PeCTOpaH), cepell SIKUX MaHHO
«Ikap», «Mwup, mnpansg, mAcCTA» aBTOPCTBA
E.I. Korkosa, B.Il. Jlamaxa, 1.C. JIuToBYeHKO
[37; 55];

— y ckJIaai 6araToBOK3aJbHOTO aepOBOK3aIb-
HOTO KOMIUIEKCY Oy/IiBJIs aepOBOK3aly NEPETBO-
peHa Ha TepMminan B [3; 4; 8; 22; 24; 30];

— npulynoBani 110 Hei gomarkoBi 00’eMu
3 Ooky mnpuBOK3ambHOI Twiom (puc. 14, r)
1 mepony (puc. 14, 6, B, 1) 3a0e3neuniIn Cy4acHi
piBHI 00CITYrOBYBaHHS MIXKHAPOAHUX 1 BHYTPIIlI-
HIX aBiamepeBe3eHb, Oe3neku i kompopTy mnepe-
OyBaHHSI B a€pOIOPTY TOIIIO;

— JIBOpIBHEBHIA 00’€M OmepamiiHuX 3aliB,
3a]iB O4YIKYBaHHS, JOMOMDKHUX IPUMIIICHB,
MIEPEKPUTHI 0OOIOHKOIO TIO/IBIHOI JJONATHOT KpH-
BU3HH, YaCTKOBO BTPAaTHB (PYyHKLIT sIpa KOMITO3U-
il Oymiii aepoBok3aiy (puc. 14, a), ane i moci
€ JIOMiHaHTOIO KOMIUIEKCHOI 3a0y/I0BH, CKJIaTHU-
KamH sikoi € Tepminam A, B, C (puc. 14, 0, B, T, 7).
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Puc. 13. ByniBisi aepoBox3aiy, opradizauisi BHyTpilllIHbOT0 IPOCTOPY,
NepeKpuTTA Ha BiAM. 4,5 M, manayc, 1965 pik:

a — onepayiiunuil 3an, nepwuti nosepx, gppazmenm, pomo O.A. Kociukinoi, osxcepeno: http://surl.li/wyzxgh;
0 — 3an ouikyganms, Opyautl nogepx, ¢paemenm, gpomo I'B. Pudickoea, Odcepeno: http://surl li/hrnfge;

6 — onepayilinuil 3a1, nepuwiutl nogepx, gpaemenm, pomo O.A. Kociukinoi, oacepeno: http://surl li/yvegur,
2 — eonogHull secmubronw, nanoyc, gomo O.A. Kociuxinoi, oscepeno: http://surl li/pvugnt

Pa3om i3 TMM JOLIIBHO NPHUBEPHYTH yBary
i 10 1HIIUX MOXXJIMBUX BapiaHTIB PEKOHCTPYK-
1ii aepoBOK3aJIbHOIO KOMIIJIEKCY, 30Kpema
Hepeali30BaHUX MPOEKTHUX MPOMO3UILIil OyaiB-
HUIITBA HOBOTO TEpMiHaly, I1HTErPOBAHOTO
3 TepMiHasioM B.

ByniBHMILITBO HOBOTO TEpMiHAY IO MEpUMe-
TPy NPHUBOK3AJIBHOI IJIOLI IHependadano TaKox
peoprasizaliio IIaHyBaJbHUX PIlI€Hb MPUBOK-
3aJbHOI IJIONII 3 BJAIUTYBAaHHSIM JBOPIBHEBOT
TPAHCIIOPTHOT PO3B’ I3KU 151 PO3MOLTY MAaCaXHU-
POIOTOKIB BUJILOTY Ta HPUJIBOTY TOLIO. Y IIbOMY
BUMNAJKy TepMiHal B, a came ioro 1BopiBHEBUi

22

00’€M 3aJIbHUX MPUMIILEHb, HE BTpauaB (PyHKIIIH
sIpa KOMITO3UIIii Oy/iBIi, a B CUCTeMi 3a0y/I0BU
MPUBOK3AIbHOI TUIOII KOMMO3UIIIIHO OyB mif-
TpUMaHUil 006’eMOM OyJiBJII HOBOTO TE€pPMiHATY
(puc. 14, e).

[Ticns 3aBepiienHst y 2002 pori peKOHCTpYyK-
il 37iTHO-1ocaKoBoi cMyru Ne 1 moOynoBaHmit
1 BBefieHU y 2012 porii B eKcIulyararito TepMi-
Has D npornyckHoro cipomoxHicTio 3000 nac/rox
[24]. [InanyBaibHi pillIEHHS OCTAHHBOTO peati3o-
BaHi 3a JIHIHHOIO KOHLEMIIE Ta MaKCUMAJIbHO
Opi€eHTOBaHI Ha OOCIIyrOBYBaHHS MOBITPSIHUX
CyJIeH Ha ONKHBOMY IepoHi (puc. 15, a).
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Puc. 14. ETanu OyniBHUNTBA ii peKOHCTPYKIIIT aepoBoK3aJy (Cy4yacHOro tepminaay B):
a — nepwi poku excnayamayii, 1966 pik, oxcepeno: http://surl.li/guelfz;
0 — pexoncmpykyis, 6uo 3 boxy nepony, 2011 pix, oxcepeno: http://surl.li/mgomti;
8 — PEKOHCMPYKYIA, NPOCmoposa opeawizayis, oxcepeno: http.//surl li/chvirk;
2 — PEKOHCMPYKYisi, 6U0 3 BOKY NPUBOK3aIbHOI nowi, ddicepeno: hitp://surl.li/xhiavi;
0 — PEKOHCMPYKYIS, 8U0 3 OOKY 3MIMHO-NOCaoko6oi cmyau No 1, oocepeno: http://surl li/lngwre,
e — npoEKmHui npono3uyii OYOIGHUYMEA HOB020 MEPMIHATLY, IHMeZPOBAHO20 3 mepMIHAIoM B, i peopeanizayii npusoksan-
Hoi nrowi, 2004 pix (ne peanizosani), docepeno: http://surl li/psvgsv
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IMoctynoBo, ympomosxk 2011-2012 poxkis,
tepminanu A, B, C, F BuBoasTECS 3 eKciutyara-
1ii a00 BUKOPUCTOBYIOTHCS i1 0OMEKEHOI0 3a
gacoM 00CITyrOByBaHHSI OKPEMHX BHU/IIB MACaKH-
piB Ta aBiakOMIaHiM.

SIKk HACIiJIOK, OCHOBHI 30HM HAa3€MHOIO
00CIIyroByBaHHs aBialnaca)xupiB, rPOMaICHKOTO
Ta MPHUBATHOTO TPAHCHOPTY 3MIMICHI 10 TepMi-
Hany D (puc. 15, a), mo mpusBeno 10 MOBHOT
BTpaTH Oy/iBlIeI0 aepoBOK3ady (TepmiHany B)

GyHKUIH sapa KoMOo3uLii 3a0yl10BH aepOBOK-
3aJILHOTO KOMILIEKCy (puc. 15).

3 OOKy mia’i3HUX NUIAXIB UISL PO3MOALTY
pPyXy aBTOMOOUIBHOTO TpaHCHOPTY MoOyaOBaHA
JIBOpIBHEBAa TPAHCIIOPTHA PO3B’s3Ka, B IEHTPI
SKOT pO3MIIlLy€eThCsl OaraTopiBHEBHH BiJKpH-
TUIl Ha3eMHUH nmapkiHr Ha 2038 MammMHO-MICIb
(puc. 15, 6). Octanniii moB’s13aHui 13 Oy/iBIEIO
tepminany D ecTakazoro i mepexiTHUM HiIoXiI-
HUM MOCTOM [4].

0

Puc. 15. MA «Bopucnian», Tepminaa D, nBopiBHeBi TpaHcnmopTHa po3B’sa3Ka:
P » TEP ) P P P p

a — npocmopoea opaanizayis, maxem, 2019 pix, oocepeno: hitp://surl.li/ydsghw,
6 — 6yodisnuymeo bazamonogepxogozo napkiney, 2017 pix, oacepeno: http://surl.li/pmjwws

24



Airport Planning, Construction and Maintenance Journal

Bunyck / Issue 2(4), 2024

VYTpartuna ronoBHi GyHKUIT i MPUBOK3aJIbHA
wioma (puc. 5, a). Ii dynxuii 3apa3 Buxonye
came KOMIUIEKC €CTaKaJ 1 MapKiHry, po3MillleHHH
y310BX QpoHTy Tepminany D (puc. 15).

Amnpo0anis i ynpoBaJiKeHHsI pe3yJbTaTiB
AOCIIIKeHHS

Pesynbratu gociimKeHs:

a) ONPUIIIOIHEHI:

—Ha X BcecBiTHbOMY KOHrpeci «ABiaris
B XXI cromrri» — «be3mneka B asiamii Ta Koc-
MiuHi TexHojorii», Kuis, 2022 pik [14];

— Ha [V MixHapozaHiii koH(pepeHIii 3 iIHHOBa-
uiid y OyniBauntsi, Kuis, 2022 pik [16];

— Ha VI MixHapoaHili HayKOBO-IPAaKTUYHIN
KoH(epeHLii «ApxiTekTypa ictTopuyHoro Kuesa.
Ictopis — teopis — npakTtuka», Kuis, 2020 pik
[38];

— Ha MiXHapOIHIl HayKOBO-TEXHIYHIM KOH-
¢epenuii «ABIAy», Kuis, 2019 pik [15];

— Ha BceykpaiHCbKill HayKOBO-TE€XHIUHIM KOH-
¢epenuii «CydacHi TeHICHIIIT PO3BUTKY apXiTeK-
TypH Ta MiCTOOyyBaHHs», XapkiB, 2017 pik [21];

— Ha CTOpiHKax eHnukinonenuyuoro [30]
1 (paxoBux Bumans Ykpainu [3; 4], 3apyOiKHOTO
BUJIAHHS, SIKE 1HACKCYETbCS B HAyKOMETPHYHIH
6a3i manux Scopus [16];

0) BUKOpHCTaHI MiJ 4yac MPOBEICHHS KOMII-
JeKcy poOIT 13 HAyKOBO-TEXHIYHOTO CYIIPO-
BOJY BIJHOBJICHHA OyIiBHUIITBA MAacIITaOHOT
1HPpacTpyKTypHOI cropyau Ha Tepuropii MA
«bopucminb» micis OBroTpUBAJOi IEPEPBH,
2018-2020 pokis [4];

B) BUKOPHCTOBYIOTbCS B HAaBYAJILHOMY IIPO-
neci 3m00yBadiB BHINOI OCBITH CHEMialbHOC-
Tteil 191 «ApxitekTtypa Ta MiCTOOYIyBaHH,
192 «byniBHHNTBO Ta IUBLIBHA 1HXKEHEPIS»,
193 «l'eonesis Ta 3emueycTpiit» y Hamionans-
HOMY aBiamiiiHomy yHiBepcuteTi (HAY) min yac
BHUKJIAJJaHHS HaBYAIbHUX JucHuIUiiH «bymismi
Ta CIOPYAM aepomopriBy, «OO0’€KTH KpUTHY-
HOi iH(pacTpykTypH (aBiauiiHUI TpaHCTIOPT)Y,
«IIpocropoBa opranizaitist Ta 3a0ya0Ba Ipuaepo-
JPOMHUX TEpUTOPiit», «YpOaHizallis TEpUTOPIH,
HAOIMKEHUX 10 aepOTIOPTiBY; BUKOHAHHS KBaJIi-
¢ikaniitHux poOiT TOILO.

BucHoBku. IlincymoBytoun, 3a3Ha4MMO TaKe:

1.Aeponiopt «bopucninbe»y € HaHOIIBIINM
MDKHApPOJAHUM aepOIOPTOM KpaiHH, MOAAIbIINI
PO3BUTOK SIKOTO Tiepeadavae peamizaililo KOH-

Hemnuii MpoBiTHOrO TPAHCIIOPTHOTO By3Ja (xaly)
Cxinnoi €ponu. Lle Oyne cynmpoBomKyBaTHCS
PO3LIMPEHHIM MepexXi aBiallifHUX CIOIy4YeHb,
3pOCTaHHSIM OOCSTIB IEPEeBE3CHb MACaXKUPIB
1 BaHTaXxiB, po30y/l0BOI0 TPAHCIIOPTHOI iH(pa-
CTPYKTYypH, CTBOPEHHSM CHPHUATIMBHX YMOB
JUTSI T IBUIIICHHSI PIBHS JOCTYITHOCTI aBialliitHUX
MOJOPOXKEN I HACETIEHHS TOLIO.

2.PazoM 13 TuUM mnOTpedye BHBYEHHS Ta
pO3B’s3aHHS TpoOieMa pPO3BUTKY W yHpas-
JIHHA aepOBOK3aJbHUM KOMIUIEKCOM, CKJIAJHU-
KaMH SKOTO € 00’€KTH 3 PI3HUMH PECYpCHUMH
i KyIbTypOJIOTIYHMMH IOTEHIalaMH, Cepea
HUX — OyaHiBIsS aepoBOK3ally (CydacHOro Tep-
MiHay B) — B3ipels cnagmuHU apXiTEeKTypH
mognepHizmMy (1960-1990-1 poku). Bona moOy-
JIOBaHa 32 IMPOEKTOM, PO3POOJICHUM YIIPOIIOBK
1959-1965 pokiB JlepkaBHUM IHCTHUTYTOM
«KuiBnpoekr» 3a yuyacti 30HaJILHOTO HAyKOBO-
JOCTIZIHOTO  IHCTUTYTYy €KCHEPUMEHTAJIbHOIO
npoektyBanns (3HIIEIT), IlpoexTHOrOo iHCTH-
TyTy «IIpOMOYAITPOEKT» TOIIO. YIIPOAOBXK MOHAT
50 pokiB ekcrulyaralii He pa3 mepersiaHOBaHa,
pexoHcTpyioBana. Cranom Ha 2024 pik 3aKoH-
CEpBOBaHA.

3.V OyniBui:

— peamizoBaHi IHHOBAIlIMHI IJIT TOTO dYacy
NPOMO3ULIi MO0 OpraHizamii TEXHOJOTIYHUX
IpOIIECiB 0OCITyrOBYBaHHS MACaKUPIB, IMiIXOIAH
0 PO3B’SI3aHHS CKIAJHHUX 3aBJaHb 00’ €MHO-
MPOCTOPOBOi  OpraHizamii  OJHOBOK3QJIBHOTO
ACpOBOK3AJILHOTO KOMIUIEKCY # (opMyBaHHS
H0ro BUPA3HOTO apXiTeKTypHOTO 00pa3y;

— YOpOBa/UKEHI  IHAyCTpiaJbHI ~ METOAU
BUPOOHHUIITBA 1 MOHTaXy 301pHHUX 3aJ11300€TOH-
HUX KOHCTPYKIIii, 30KpemMa 000JIOHKH OABIHHOT
JIONATHOI KPUBU3HHU, TOLIO.

4.J1oBri poku OymiBiIsi BUKOHYBaja MPOBIAHY
ponb y GopMmyBaHHI cTaynioro o0pasy 3a0ynoBU
AepomopTy, SKUW CIPUSIB HOTO Mi3HABAHHIO SK
TOJIOBHHX «IOBITpsAHUX Bopit» Kuesa i nep-
KaBH.

5.IlnanyBanbHi Ta KOHCTPYKTHUBHI pPIIICHHS
OyniBii aepoBok3any B MA «bopucminey» norpe-
OYyIOTh MOJANBIIOTO BUBYCHHS, y3araJlbHeHHS Ta
MOLITUPEHHS Cepe]l CIEIIaliCTiB 1 TPOMaICHKOCTI
JUIS. BUKJIFOYEHHSI YMOB HEIOIIPAaBHUX BTpar B3i-
pLIs apXITEKTYPU MOJCPHI3MY B CEpEIOBHILI 1H(-
pPacTPyKTypH aBiallifHOTO TPAHCHIOPTY YKpaiHH.
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Hoasika. ABTOp BUCIIOBIIOE MOJSKY:

— criBpoOiTHUKaM LleHTpanabHOrO JAepkaB-
HOTO HAayKOBO-TEXHIYHOTO apXiBy YKpaiHH 3a
HaJaHy i1 O3HAaWOMJICHHS M OIpalIOBaHHS
apxiBHY JOKyMEHTAIIiI0;

— KepIBHHUITBY Ta CHiBpoOiTHHKaAM JlepxkaB-
HOT HAyKOBO{ apXiTeKTypHO-OyaiBeabHOi 610:7i-
oreui imeni B.I. 3abonoTHoro 3a miATPUMKY
i 1OTIOMOTry TiJ 9ac JOCHiJHUIIBKOTO MPOIIECy,

30kpeMa arpubyuii ¢otorpadiunoi HOKymMeH-
Tamii;

— BUKIaa4aM Kadenpu OymiBenb 1 cropyn
aeporoptiB (axyiprery aeponopriB KuiBchkoro
IHCTUTYTY IH)KEHEpiB LMBUIbHOI aBialii (3apa3z —
HepxaBuuii yHiBepeuTeT «KHiBChKuii aBiariiiHuit
IHCTUTYT») 3@ MOCTIHY MiATPUMKY Ta 3BOPOTHHUIA
3B’SI30K YIIPOZOBXK YCHOTO IIEPi0Ty HABYAHHSL, TIPAK-
TUYHOT, HAYKOBOI Ta JIOCIITHUIIBKOT AiSUTHHOCTI [ 1].

CHuCcOK BUKOPUCTAHUX JKepe:

1. AreeBa ['M. ByniBHHUTBO Ta eKciuTyarauisi OyIdiBelb i CIOpYX aepoHOpPTiB: OCBITHIM akueHT. Cmanuil
po36umoxk asiayiinoi ingppacmpyxkmypu Yxpainu : konektuBHa MoHorpadis / 3a 3ar. pea. B.B. Kapmosa. JIbBiB-
Topyns : Liha-Pres, 2023. C. 63—111. DOI: 10.36059/978-966-397-312-8-3.

2. AreeBa ['M. VYpGanizauis Teputopiil, HaOMMKEHUX 10 aepOINOPTiB, — MPIOPUTET MiATOTOBKU (haxiB-
1iB 3 MictoOynyBanHs B HamionaneHOMy aBiaumiiHOMy yHiBepcUTETi YKpaiHu. Apximexmypa, 0yOieHuymeo,
Ou3atiH 8 0C8IMHLOMY NPOCMOPI : KOJIEKTUBHA MOHOTpadis / 3a 3ar. pen. B.B. Kaprosa. Pura, Jlarsis : Baltija
Publishing, 2021. C. 8-39. DOI: 10.5281/zenodo.4705433.

3. AreeBa I'M., Bonkosa A.B. [IpuBok3ainbHi IJI0II0i: peopraHi3alis IIaHyBaJIbHAX PillleHb i 9ac pEKOH-
CTpYKUii aeponopTiB. [Ipobaemu pozsumky micvkozo cepedosuwya. 2017. Bum. 3 (19). C. 36—49. DOI: 10.5281/
zenodo.6668682.

4. Areea I'M., Kadies K.II. Ilpobmemu BimHOBIEHHS OyHiBHHWIITBA MAaCIITa0OHUX iH(PaCTPyKTyp-
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3ACTOCYBAHHS AKPUJIOBOI KOI[OJIIMEPHOi JAOBABKH
JJISI YKPIIJMIEHHS TA CTABUUIIBAIIL ITPYHTIB Y BYAIBHUIITBI

Anomayia. Yce uacmiue 0yOigHUYMBO 00 €KMi6 MPAHCROPMHO20 0YOi6HUYMBA 30TUCHIOEMbCA 8 CKIAOHUX
inocenepno-eeonociynux ymogax. Omoice, sk 6ydigenbHUll MAMepian 3aCMoco8yiomsbCs CAAOKI TPYHmMU, wo nompe-
oytoms nodanvuioi cmabinizayii ma ykpinienns 014 3a0e3neuents HadiluHocmi i 008208i4HOCMI 00 'ekma OYOigHU-
ymea. Benuke piznomanimms rpynmis, AKi 3acmocogyiomscs @ 0y0ieHUYmMEi, Mams Cymmese no2ipuieHHs mexa-
HIYHUX 871ACMUBOCMell YHACIOOK 8NAUBY KIIMAMUYHUX aKMOpI8, Wo 3HAYHO GNIUBAE HA iX HeCyY)y 30amHicmb.
Tomy eocusanma 0114 yux eudig IPYyHmMI8 3axo0ie 3i cmaobinizayii il YKpinieHHs € 4u He EOUHUM 3aX000M, W0 0ac
MOHCIUBICTD IX 3ACMOCYBAHHSA 8 6)OI6HUYMEI.

Hexmyeanns 3axo0amu cmabinizayii ma ykpinieHus pyumy, K npasuio, npusgooums 00 HepieHOMIPHO20 OCi-
OaHHA OCHOBU, A MAKOJHC T 00 8mpamu ii cmitikocmi.

Hatinowupeniwum mamepianom 3i cmabinoHumMu Qi3uko-mexaHivHuMu 61acmugocmamu 01a cmaobinizayii ma
VKpINnJienHs IpyHny € yemenm.

Mooudghikayis yemenmy Ons yKpinienHsa ma cmabinizayii IpyHmy pisHOMAHIMHUMU NOAIMEPHUMU 000A8KAMU
WUPOKO NPAKMUKYEMBCS NPOMALOM OCMAHHIX KiIbKOX 0eCAMUNime.

Ocnosa npuuuna 6UKOPUCMAHHI MAKUX MAMEPIANié — CXUNbHICMb 00 YMBOPEHHS yCAOKOBUX MPIWUH YKpinie-
HO20 Mamepiany, SKi 3 4aCOM MOACYMb 8I0OUBAMUCS KPi3b acharbmobemonHi yu yemeHmoOemoHHi mapu 00poxtc-
HbO20 NOKpUmMmsi Ha NOBEPXHIO NICL OYOIGHUYMBA, A MAKONC NIOBUWEHHST 8000HENPOHUKHOCE Ui 30L1bUEeHHS
MOPO30CIMIUKOCIME YKPINAEHUX | cmabini3o8anux IpyHmis.

Cb0200HI € nepcnexmuHUM 3aCmoCcy8ants aKpuiogoi Kononimeproi 006asKu i3 yemMeHmom Oisi YKpInieHHs ma
cmabinizayii tpynmie. 3acmocysanus yici KoMOiHayii 0ae MONCIUBICIb OMPUMAHHA MAKCUMATLHO eQeKmuUHoi
8 'A21CY U0l peyosurU. 3acmocy8anHs aKkpuioeoi KOnonimeprol 000a6KuU i3 YeMeHmom Modice 6ymu UKOPUCTIAHO OISl
BUKOHAHHS OYOI6HUYMEBA, PEKOHCMPYKYIL, a MAKOJIC PEMOHMY 3 MEemoio 3a0e3neueHHst 008208I14HOCI, eKOHOMIY-
HOCMI CNOPYO, 3MEHUIeHHA MAMepPialoEMHOCII 1l mepMinie 6yJisHUYmaEa.

Y pobomi npoananizosano mooicnugocmi 3acmocysantsi akpunosoi kononimepnoi 000aeKu 05 YKpIinienHs ma
cmabinizayii tpynmis y 6y0isHUymal.

Kniouogi cnosa: axpunosa xononimepua 006aexa, 008208I4HICIMb, MpaHcnopmue OVOIBHUYMBO, VKPINieHHs
IpyHmy, cmabinizayis [pyHmy, yemeHm.

Harkusha Mykola, Harkusha Inna. APPLICATION OF ACRYLIC COPOLYMER ADDITIVES
FOR STRENGTHENING AND STABILIZATION OF SOILS IN CONSTRUCTION

Abstract. Increasingly, the construction of transport construction facilities is carried out in difficult engineering
and geological conditions. Therefore, weak soils are used as building material, which require further stabilization
and strengthening to ensure the reliability and durability of the construction object. A wide variety of soils used in
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construction have a significant deterioration of mechanical properties due to the influence of climatic factors, which
significantly affect their bearing capacity. Therefore, the application of stabilization and strengthening measures for
these types of soils is almost the only measure that makes it possible to use them in construction.

Neglecting measures to stabilize and strengthen the soil, as a rule, leads to uneven settlement of the base, as well

as to the loss of its stability.

The most common material with stable physical and mechanical properties for soil stabilization and strengthening

is cement.

Modification of cement, for strengthening and stabilization of soil, with various polymeric additives has been

widely practiced during the last few decades.

The main reason for this use of materials is that the reinforced material is prone to the formation of shrinkage
cracks, which over time can be reflected through the asphalt concrete or cement concrete layers of the road surface
to the surface after construction, as well as to increase the waterproofing and frost resistance of reinforced and

stabilized soils.

Today, it is promising to use an acrylic copolymer additive with cement to strengthen and stabilize soils. The use
of this combination for soil strengthening and stabilization makes it possible to obtain the most effective binder. The
use of acrylic copolymer additives with cement can be used for construction, reconstruction, and repair in order to
ensure durability, economy of structures, reduction of material consumption and construction periods.

The paper provides an analysis of the possibility of using an acrylic copolymer additive for strengthening and

stabilizing soils in construction.

Key words: acrylic copolymer additive, durability, transport construction, soil strengthening, soil stabilization,

cement.

Beryn. Ipyntu 3a3Buuaii  BUKODUCTOBY-
IOThCSl SIK KOHCTPYKINi st 1am0, HACHIIIB Ta
THITUX 36MJISTHUX CIIOPY/I, € OCHOBOIO 111 Oy/IiBIIi
W cropyau, a TakoK HalMacoBIIIMM Oy/IiBelb-
HUM MaTepiajaoM.

Opnak y OUTBIIOCTI IH)KEHEPHUX IPOEKTIB
HEMOXXJINBO OTPUMATHU TPYHTH, SKi BiJITOBiJa-
TUMYTh TIPOEKTHUM BHMOTaM, 6e3 iX momudika-
mii. [ToToyna mpakTuka mosisirac B 3MiHI 1HXKe-
HEPHUX BIJIACTUBOCTEH MICIIEBUX MPOOIEMHUX
TPYHTIB BIJMOBIJTHO /10 TPOEKTHUX BUMOT.

CrhorogHi Taki IpyHTH, SIK TJIMHUCTI ¥ opra-
HIYHI, MOKHA TTOKPAIIUTH BiJMOBITHO IO BUMOT
UBUTHPHOTO OYMIBHUIITBA 3aBASKW CTaOlmizamii
Ta yKpiTIeHHs IpyHTY [1].

Crabimizamisi TpyHTy Ma€ Ha METi TOKpa-
IIEHHS MIIHOCTI IPYHTY Ta 30UIBIIEHHS CTii-
KOCTI [0 pO3M’SKIIEHHS BOJOIO0 HUISIXOM
3B’SI3yBaHHS YAaCTHMHOK TIPYHTY pa3oM, IiJIBH-
IIEHHS BOJOHEMPOHMKHOCTI YaCTHHOK abo
koMmOiHali o6ox [2].

HaiinpocrimuMu ~ cTabimi3aifHUIMH — TIPO-
1ecamMu € yIIUTbHEHHS ¥ npeHax. [Hmmi mpo-
L[eC MoJsrae B MOKPAIICHHI IIJISTXOM JOAaBaHHS
B’SDKYYHX PEUOBHUH (IIEMEHT, BAITHO, 30714, O1TyM,
nosriMep abo iX KOMOIHAIIER) 10 CITA0KUX TPYH-
TiB [3]. Crabinizarito IpyHTy MOXXKHA 3MIHCHUTH
KUThKOMa Crmoco0aMu, ycCi IIi METOAHM OIS~
IOTHCS Ha JIB1 BEJIMKI KaTeropii, a came:

34

— MexaHiuHy cTabumzarito (crabimizamis
IPYHTY MOXKe OyTH JOCSTHYTa 3a JIOTIOMOTOIO
(GI3UYHOTO TIPOIECY HUISIXOM 3MiHU (Hi3UIHOL
MIPUPOAH YACTHHOK IPYHTY 3a IOTIOMOTO10 BiOpa-
1ii a0o yIriIbHEHHS TOIIIO);

— XIMIYHY cTabii3arlito (3aJ1eKUTh TOJIOBHIUM
YUHOM BiJ XIMIYHHX peakiiii MK cTadimi3aTo-
poMm (B’sKydnid Marepiail) i MiHepajaamMu IPyHTY
TSl TIOCSITHEHHSI 0a)KaHOTO €(eKTy).

Tepumopia oocnioxncenns. OyHIaMEHTAIbHA
17Ies. TIOKpAIIEHHS 1HXCHEPHUX BIIACTHBOCTEH
IPYHTIB a00 Moaudikallii IpyHTOBUX MaTepiaiB
JUIsl BUKOHaHHS OakaHoi QyHKIlIT He HOBa. [leski
OCHOBHI TPHWHIIMIM TIOJIMIICHHS TPYHTY, TakKi
AK YIIUJTbHEHHS, 3HEBOJHEHHSI 1 BUKOPUCTaHHS
JIOMIIIOK, 1ICHYBaJIM TUCAYl POKiB. Bimomo mpo
BUKOPUCTAHHS JIEPEBHUX 1 COJIOM’SIHUX BKJIIO-
YeHb, 3MIIIAHUX 13 TPS3IOKOI0, IS OyIiBETbHUX
pobitT y craponmaBHi yacu Meconoramii (Mex-
UPIYYs, «3eMJISI MK piYKaMu», alroBiaJIbHA PiB-
HUHA MK piukamu Turpom i1 €Bdparom, HHHI
TepuTopis cydacHoro Ipaky Ta Cupii) i ctapoaas-
HbOTO €THNTY (110 H. €.). [ITnchkMOBI nparli KuTai-
cekux 1uBitizarii (3000-2000 pp. 10 H. €.) onu-
CyBaJld BUKOPUCTAHHS KaMEHIO i JepeBUHU [4].
Bamno, 3Mmimane 13 3eMieto, BUKOPUCTOBYBAIOCS
B OymiBHUIITBI 3HaMEHHUTOI B PHUMCBHKiN imme-
pii AnmieBoi mpoporu, moOyaoBaHOT TMPHOIU3HO
B 600 por1i HaIIoi epu Imi1 9ac po3kBiTy PuMchkoi



Airport Planning, Construction and Maintenance Journal

Bunyck / Issue 2(4), 2024

imnepii. Ll mopora BuUTpuMana BUIPOOYyBaHHS
94acoM 1 JJ0Ci MOBHICTIO (QYHKLIOHYE. SIK MOBiIO-
MIISIETBCS, PAHHE IMOKPAIICHHS IPYHTY LUIIXOM
JI0/IaBaHHsI HAIMlOBHIOBAYa BUKOPHCTOBYBAJIOCS
JUIS. KOHTPOJIIO MPOCOYYBAHHS Mij 4ac Oy/liBHU-
LTBa TpaBiifHO-KaM’sHUX AaM0 y €runti npu-
6mu3HO B 1900 poti, 1€ ApiOHO3EPHUCTHI IPYHT
3aJMBaBCs B rpyOuil 3al0BHIOBAY ISl 3HU)KEHHS
MIPOHUKHOCTI [5].

Bapro 3a3HaunTH, 10 IEMEHT € HAHCTapPIIIOo
B’SDKY4OI0 PEYOBHHOIO 3 MOMEHTY BHHAaXOIy
TexXHOJOrii crabimizauii rpyHty B 1960-x pokax
[2]. Moro MoxHa po3risgaTh K OCHOBHY CTabi-
Ji3yI04y PEYOBUHY, OCKIIBKH BiH MOX€E BUKOPHUC-
TOBYBATHCS OKPEMO JIJIsl TOCATHEHHsI He00X11HOT
ctabinizyrouoi aii [2; 6].

Peakiis mieMeHTy He 3aleXUThb Bl MiHepa-
JiB IPYHTY, KIJIIOYOBY pPOJIb BiJrpae Moro peax-
1is 3 BOJOIO, sIKa MOXKe OyTH JOCTynHa B Oyrib-
skoMy TIpyHTi [6]. Lle mMoxe OyTH MPUYMHOIO,
YOMYy ILIEMEHT BHKOPHCTOBYETHCS UL CTaOuIi-
3amii IMPOKOro [iama3zoHy IpyHTiB. Ha puHKy
JOCTYIHI YUCIICHH] BUIU LIEMEHTY; 1ie 3BUUaiHui
MOPTIAHILIEMEHT, IIUTAKOBUI LIEMEHT, Cybdaroc-
TIAKUHA 1 BUCOKOINIMHO3EMUCTHI LIEMEHT. 3a3BU-
yaii BUOIp LIEMEHTY 3aJIeKUTh BiJl TUILy IPYHTY,
110 00poOIIseThCs, 1 6akaHOT KiHIIEBOT MIITHOCTI.

CporozmHi BaXXKO CKa3zaTH 4epe3 CKIaJHi
3amucu W HewiTke (DiKCyBaHHS CIOrafiB Ipo
gac abo Micie, KoM MOPTIAHILEMEHT yrepIie
3MIIagy 3 IPYHTOM Il CTBOPEHHS 3aTBEpAiIO]
BOJIOCTIHKOI OCHOBH JUIsl JOPOXKHIX IOKPUTTIB.
VYBaXkaeTbCs, MO0 OJHUM 13 PaHHIX MiCLb 3aCTO-
CYBaHHsS MOPTJIAHALEMEHTY JUIS YKpPIIJICHHS
rpynriB € CLIA [7].

ABrop [7] 3a3Hadae, MO NEPEIYMOBOIO 0
BUKOPHCTAHHS CTaJIO CIHOCTEPEXKEHHs 3a TpaH-
CIOPTHUM IE€PEBE3CHHSAM BaHTaXiB: OyJI0 moMi-
YeHO, 110 BOAIl BAHTAXIBOK, Kl BO3UIN IIEMEHT
10 IPYHTOBIH A0PO31, 4ac BiJ] 4acy KMJaJIU KiJIbKa
MIMIKIB y J€sKi 3 TPA3bOBUX 5IM, 1100 Mpoixaru.
Li rpy0i cymimii rpyHTy i 1eMeHTy Oynu edex-
TUBHUMH, aJie HE BpaxoBaHi Ha TOi yac [7].

3riHo 3 HasBHOMWO iH(poOpMali€elo, 00podieHa
LIEMEHTOM Jopora Jjisi BUIIPOOyBaHHs MoOymo-
BaHa B [lencinpBanii, CIHA, me mo 1930 poky.
Leit npoexkt He OyB PO3roJiOIICHUH, 311HCHIO-
BaBCsl Maibke B armocdepi cekpeTHocTi. OnHaxk,
HE3BaXAIOYM Ha BHIIAAKOBI ab0 pO3pi3HEHI

nornepeaHi BunpoOyBanus, y Ilinenniii Kapo-
JiHI 3’ ABUJIMCSA TEPILi CIIOPYAX ¥ 3BITHOCTI IO
YCIIILIHI IPyHTOBO-IIEMEHTHI OcHOBH. [Ipo mio-
HepcbKy poboty B IliBnennii Kaposnini moBigo-
mieHo B 1936 poui. Xoua B Kamidopnii Hama-
rajycs 3MilIaTH TMOPTIAAHALIEMEHT 13 BaKKUMHU
IUHUCTUMHU TpyHTamHu e B 1921 pormi, ogHak
Il TOCHIKEHHS He TpoaoBxkeHi. [licisa nosimo-
mutens 13 [liBnennoi Kaponinu B mrari Kanigop-
Hist B 1937 pori moOynoBaHO JIBi CEKIIii JOBKH-
HOIO0 MpHOJIM3HO OIHY MWIIO KOokHa. Y 1938
1 1939 pokax 3a KOHTpaKTOM NOOYI0BaH1 A0AAT-
KOBI IPOEKTH, KOXKEH 3aBIOBKKU OJM3bKO TPHOX
Muis [7].

o 1940 poky Bci pobotu 1iporo tumy B Kari-
(bopHii BUKOPHCTOBYBAJIM METOA TOPOKHIX CyMi-
meid. OpHak 4yacTo OyJa0 BaXKKO 3a0e3MeuuTH
PIBHOMIpHY KOHCTPYKIIiO SIK 32 NIMOMHOI0 00pO-
O11eHOro Marepiaiy, Tak i 3a piIBHOMIPHICTIO pO3-
noziny uemenrty. Kpim toro, 3minryBaHHS 1Opir
3a JIOMOMOTOI0 CLIbCHKOTOCIIONAPCHKOTro 00a1-
HaHHS (HANPUKIAA, AWCKIB 1 OOpOH, sAKI TOmi
3a3BHYall BAKOPUCTOBYBAJIH) BUMArajiao 3Ha4HOTO
yacy, 3a3BU4ail Oyia 3aTpuMKa B 6—8 rofinH Mix
YBEICHHSIM LIEMEHTY # BOAM O OCTaTOYHOIO
YIIUTbHEHHS, 110, 3BUYaiiHO, 3HAYHO HETaTUBHO
BILIMBAJIO Ha MIIHICTh HA CTHUCK [7].

JloBruii nocBiza 3mimryBaHHs ac(haibTOOeTOH-
HUX CyMIillIed sIK JOPOXKHIM, TaK 1 3aBOJICHKHM
CrocoOOM yKazaB Ha IIE€peBary 3aBOJICHKOTO
3MIIIyBaHHS MIOAO IIBUIAKOCTI i OJHOPIAHOCTI.
3naBanocst JIOTIYHUM, IO MPOLEC 3MIITyBaHHS
IPYHTY ¥ IIEMEHTY TakoX OyJe BJOCKOHAJICHUH.
Tomy 3 1939 poky po3modaro TpU MPOEKTH, SKi
BUMarajiu 3MilllyBaHHS LIEMEHTY 3 IpaBiem abo
IpaHy/IbOBAaHUMHU MarepiajJaMy B CTallloHapHiH
3MIlTyBaJbHIA yCTAHOBIII.

OcCKUIbKM TPOTIOHOBAHI Marepiaiu, sK Ipa-
BWJIO, OyNU TpaHyIbOBAaHUMHM, a HE TAaKUMH, SIKi
arpapii 3a3BHyail KJIAaCHU(IKYIOTh SIK «TIPYHT»,
Oy70 BHpIIIEHO, IO TEPMIH «IIEMEHTOBaHA
OCHOBa» € Oinbmn gopedyHuMm. Kpim Ttoro, tep-
MiH «cTabimizamis IPyHTY» LIMPOKO BUKOpPHUC-
TOBYBABCS NPOJABISIMA Ta PEKJIAMHUMH areH-
[iIMA ¥ 3aCTOCOBYBAaBCS [0 PI3HOMAaHITHUX
METOJIIB 0OpOOKHU IPYHTY, SIKI MAlOTh Mayio abo
B3araji Hi40ro CHUTBHOTO. 3 TOTO Yacy BCi MOIi-
OHi pobotu B KamidopHii Ha3uBarOTbCs «OCHO-
BOIO, OOpOOJICHOI0 IIEMEHTOMY, HE3aJeKHO Bij
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rpajauii IpyHTY, MiHEpaJbHOIO 3allOBHIOBauYa
4y MeTony 3MmimryBanHd. Llle ogna 3miHa mopis-
HSHO 31 CXIJHOIO MPAaKTUKOK (CXiAHOIO Yac-
tuHOO CIIIA) monsirae B METOMI BHUPAKCHHS
BMICTY IIeMEHTY. Bu3HaueHHs BMICTy LIEMEHTY
32 00’eMOM OOTPYHTOBAHO 3 TEOPETHUYHOI TOUKH
30py, aje MEHII 3py4YHO B MPAKTUYHOMY 3aCTO-
CYBaHHI, 1110 CHIPUYUHUIIO 3aJTyYSHHS 10 «KOHTP-
OJTIO Ta IHCTIEKIi1» Oy/1iIBHUIITBA HAOAraTo OUbIIe
oci0, HiX y 1aboparopisix, ToMy OyJI0 BHPIIIEHO
BKa3aTH BMICT LEMEHTY y BiJICOTKax BiJ Macu
3anoBHIOBa4a. Ha nipomy erami Kanigophis mae
€IMHY TPAKTUKY 3a3HAYEHHS BiJCOTKA LEMEHTY
B OOpOOJEHHMX LIEMEHTOM OCHOBaX, SIKi Temep
YKa3yIoThCsl y BIZICOTKAx BiJl MacH CyXOro 3aro-
BHIOBaua.

o 1941 poxky 3aBepuieHo 6au3bko 30 MU
[IEMEHTHO-00pOOJIeHOT OCHOBH, a /O KIHIII
1943 poxky 36inbmuBcest go nonan 100 muns [8].
[Ipotsarom mporo mepiony Benacs jJaboparopHa
poboTa st BU3HAYSHHS BiJIMOBIAHUX MPOLIECTYP
BUIIPOOYBaHb, METOIB PO3POOKH CyMmillIeH, crie-
nu(ikamiii Tomo. YCTaHOBICHHS METO/IIB BUIIPO-
OyBaHb Mae€, 3BUYAifHO, BUMAraTH IMEeBHUX 3HAHb
I110/10 OCHOBHHX BJIACTUBOCTEH, YBa)XKaJI0CA CaMO
co0010 3pO3yMiIUM, IO OOpOOIEHI IIEMEHTOM
CyMillli TOBUHHI MaTH ME€BHY BiAYYTHY MIiLIHICTb
Ha CTUCK BIAMOBITHO 10 3BHYAHHUX YSBJICHb
II0/10 BIACTUBOCTEH LIeMeHTOOeTOHHY. [IuTanHs
PO Te, SIKI BIACTUBOCTI € TOJOBHUMH, HE OyIo
TAaKUM CaMOOYEBUIHMM 1 Mano Oarato ooOro-
BOpeHb. SIK 1 B yciX HOBUX po3poOKax, Ha izei,
CXUJIbHI BIUTMBATH €BOJIOIIIHI KPOKH 200 JyMKH
okpemux moneit. Ti iHkeHepH, sSKi MajJl TpUBa-
T TOCBi a00 3HAHHS B MIPOEKTYBaHHI i OyiB-
HUITBI IEMEHTOOETOHY OyNU CXWIIbHI BiJaBaTH
nepeBary BUCOKIM MIIIHOCTI IIEMEHTHHX OCHOB.
Tomy 11i 06po0ieHi OCHOBH JesIKi BBa)KaIH Pi3-
HOBHJIOM OETOHY HMKYOi SIKOCTI1, TO1 K 1HIII —
YAOCKOHAJIEHOI OCHOBOIO 3alIOBHIOBAYA.

o 1950 poky B Kamidopnii CLLIA 6yno nody-
JIOBAaHO KiJIbKa COT MUJIb AOPIT 13 BUKOPUCTAHHIM
YKpirjieHoi nemMeHToM ocHoBH [9]. Mix 1950
1 1962 poxamu monan 700 munp kamidopHiid-
CHKUX aBTOMaricTpajeil modyaoBaHoO 3 BUKOPHUC-
TAHHSIM YKPIIUIEHOi IIeMEHTOM OCHOBH, MOKpH-
Toi acpanbTo6eTOHOM ab0 1IeMeHTOOeTOHOM [9].

VY nocnimxenusx ®inina lepsyna [2] ycra-
HOBJICHO, WIO JpiOHO3EPHHUCTI TI'paHyIbOBaHi
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Mmarepiany Haiierme cTalini3yBaTu dYepes ix
BEJIMKY IUIONIY MOBEpPXHI MIOAO JiaMeTpa yac-
TUHOK. [TIMHUCTUH TIPYHT MOPIBHSAHO 3 1HIIUMHU
Ma€e BEJIMKY IUIOILY MOBEPXHI 3aBISKU IIOCKHM
1 BUTATHYTUM (popMam 4aCTHHOK. 3 iHILIOTO OOKY,
[JIMHUCTI Marepiajl MOXYTh OyTH 4YyTIMBUMHU
JI0 HEBEJIHKUX 3MiH BOJIOTH U, OTXKE, MOXYTh
BHSIBUTHUCS CKJIQIHUMU i yac crabimizanii [2],
AK 1 Top’sH1 ¥ opraHiuHi IpyHTH Oarari BMic-
TOM BOJIM, BHCOKOI TOPHCTICTIO Ta BHCOKUM
YMICTOM OpraHiYHMX pPEUYOBUH, Y OUIBIIOCTI
BUMAJKIB BIJAKJIAJEHHS HETIMOOKe, aje B Tip-
[IOMY pa3i BOHO MOYKE MOIIHMPIOBATHCS Ha KLIbKa
MeTpiB mix noBepxHew [10-13]. Opraniusni
IPYHTH MarOTh BUCOKY OOMIHHY 3/aTHICTb, ILIO
MOXe€ TepEIIKOPKAaTH POIIeCy riapararii, yTpu-
MYIOUM 10HHM KaJIbIIiI0, [0 BUBLIBHIIOTHCS TiJ
Yac Tiaparamii CUIIKaTy KaJblil0 Ta aliOMiHATY
KaJbIliIO B IIEMEHTI, 1100 3aI0BOJILHUTH OOMIHHY
30aTHICTh. Y TaKUX IPyHTax ycCHilIHa cTabifi-
3aIisi Ma€e 3alekaTd BiJl MPaBUIBLHOTO BHOOpY
B’SDKy4OTr0 M KUIBKOCTI JIOZAHOTO B’SKY4Oro
[12; 14].

VY 1938 poui HenaprameHT nopir OkiaxoMu
BUBYAaB BHMKOPUCTAHHS LIEMEHTHO-MOIU(IKO-
BAaHMX IIOBEPXOHb MLUIAXOM CIIOPYDKCHHS Ta
CHOCTEPEXKEHHS 332 CEMU MMJISIMH JIOPIT. YMICT
1eMeHTy KonuBaBcs Bin 4% 1o 16% 3a macoro.
VY 1983 poui BH3HAYEHO IJIACTUYHI Xapakre-
PUCTUKU II€MEHTHO-MOAN(DIKOBAaHOI OCHOBHU 3a
45 pokiB ekcruryatanii. Pe3ynpratu nux BHUIIpO-
OyBaHb MOKa3yl0Th, IO €(PEKTHUBHICTh IIEMEHT-
HOi Moaudikamii qpiOHO3EPHUCTUX IPYHTIB Oyia
NOCTIHHOIO Ta pe3yabTaTuBHOIO [15].

VY 1976 poui x.b. Bypnena Ta iu. [16] omnu-
CaJIy BIPOBAKEHHS HA3eMHOI 00pOOKH B «palli-
OHAJIbHOMY KOHTEKCT1» 3 OCHOBHUMH €TalaMu,
HE3BAKAIOUM Ha T€ 110 11l KPOKU MOXKYTb 34aTHCS
Jy’Ke MPOCTUMHU W OYEBUJHHMHU, BOHH € OCHO-
BHUMH MPUHLUIAMHU, SIKUX BapTO JOTPUMYBa-
THUCS, BUOUPAIOYH AUISHKY JUIsl HOBOTO Oy/IiBHU-
TBA.

Came B CIIA 3ampomnoHOBaHO BBEACHHS
KOMIUIEKCY MOJU(IKYIOUMX PEYOBUH JUIs CTa-
Oimizamii Ta YKpIiIUIEHHS IPYHTIB, y TOMY YHCII
MIOYaJIM 3aCTOCOBYBATH LIEMEHT 3 KOTIOJIIMEPHOIO
106aBKOIO.

Marepiaiu Ta meToau. Y po6OTi BU3HAYECHO
PO3paxyHKOBI ~ XapaKTEPUCTUKU  YKPIIICHUX
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IPYHTIB, BUIPOOYBaHHS MPOBOAMIOCSA 3TiIHO
3 metoaukamu [17; 18].

Cknag akpuioBOi KOHOJIMEpPHOi J00aBKH:
(55-60)% Binin axpunoBoro noaimepy; (1-5)%
epip OKTMI (PEHOKCHI MOJiETUIICHIIIKOIIIO;
(1-5)% edip okTun QeHiIoBUN MOJIECTHICHIII-
kouto; (40—45)% Bona.

3 METOI0 OTPUMAaHHS MOPIBHSJIBHUX PE3YJib-
TaTiB TOTYyBaJIM CyMillli TOCIIPKYBaHUX I'PYyHTIB
3 nob6aBkoro nmopriananemenT M400 + akpuiio-
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M400. BunpoOyBasiu IpyHTH: CYHIiCOK MHJIyBa-
tuit (mpoba Ne 1); cymicok mimanuctuii (mpoda
Ne 2).

Pe3yabraTu. Pesynbrary BuU3HAueHHS MeEXi
MIITHOCTI Ha CTHCK IPYHTIB, YKpIIIEHHX pi3-
HUMU 100aBKaMu, HaBeJeHO Ha puc. 1—4.

Pesynbrary BH3HAueHHS MeEX1 MIITHOCTI Ha
PO3TAT IpU 3TUHI IPYHTIB, YKPIIUIEHUX PI3HUMHU
no0aBkaMu, HaBEACHO Ha puc. 5, 6.
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BucnoBku. Pe3ynbsraru nocmipkenss cBiquare  JlocHipkeHHsT 3 e(QEeKTUBHOCTI BUKOPUCTAHHS
po eeKTUBHE 3aCTOCYBAaHHS AKPHJIOBOTO KOIO-  aKPUJIOBOTO KOMOJIMEpy 3 J100aBKOK MOpPTIaH[-
JiMepy 3 J00aBKOKO MOPTIAHIIEMEHTY, IO A€  IIEMEHTY MOTPeOyIOTh JONATKOBUX JOCTIIKESHD Ta
MOXJIMBICTh MiJBUIIMTH MEXaHIYHI BIACTMBOCTI.  arpoOarlii Ha OyaiBelbHOMY MalaHUUKY.
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STUDY OF REGIONAL FACTORS AND BASIC PROPERTIES
OF RAW MATERIALS FOR THE BIOCONCRETE FILLER SELECTION

Abstract. The article analyzes the possibility of using various organic aggregates for bioconcrete and the latest
publicly available statistics on the cultivation of the main types of agricultural crops in Ukraine, as well as the
amount of production waste during their processing. The world experience in the use of bio-concrete in residential
and public construction is studied and summarized. The optimal forms of structural elements and technological
features of the use of concrete mixtures with organic aggregate are determined. The main tasks of theoretical and
experimental tests are declared. The two most optimal types of mixtures for insulation were selected by preliminary
analytical comparison. A program was developed and the main methods and materials for laboratory tests were
selected. The key physical, mechanical, and chemical characteristics of some components of bioconcrete were
studied, and the dependence of the level of hygroscopicity of raw materials on time and humidity was experimentally
determined. Three main compositions of concrete mixtures and bituminous aggregates were experimentally selected.
Taking into account the experience of using woodworking industry waste as a filler to prevent fungal damage to the
organic component of biobased concrete, phenols were used, which proved to be much more effective in interaction
with the proposed composition. The research revealed the peculiarities of the use of bitumen in biobeton with the
subsequent need to study the optimal temperature range of the components during further mixing.

Key words: bioconcrete, organic filler, physical and mechanical characteristics, hygroscopicity.

I'op6 Onexcanap, lleBuenko Onexcanapa, bigna Hagis. JOCJIIKEHHS PET'TOHAJIBHUX
YAHHUKIB TA OCHOBHUX BJIIACTUBOCTEM CHPOBHHHU IIIJI YAC BUBOPY
3AIIOBHIOBAYA JJISI BIOBETOHY

Anomauia. Cmamms MiCMUmMe AHALi3 MONCIUBOCMIE 3ACMOCYBAHHS PI3HOMAHIMHUX OP2AHIYHUX HANOBHIOBAUIE
0151 6i06emoHi6 Ma OCMAHHIX HASAGHUX Y GIOKPUMOMY OOCMYNI CIAMUCMUYHUX NOKAZHUKIE 8UPOUYBAHHS OCHO-
BHUX 6UOIB CLTbCLKO2OCNOOAPCLKUX KYIbMYp HA mepumopii Yikpainu, a makosic KitbKicms 8UpOOHUYUX 810X00i8
nio uac ix nepepodxu. Busueno i yzaeanbneno c8imogull 00C8i0 ULIAXI8 BUKOPUCMAHHS 0i00emOonie V HCumio-
oMy ma epomaodcvkomy 0yoienuymei. Busnaueno onmumanbHi popmMu KOHCMPYKMUBHUX eleMeHmi8 | MmexHOon0-
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2IUHI 0COOIUBOCMIE 3ACMOCY8AHHS DEMOHHUX CYMIULEl 3 OPeAHIYHUM HANOBHIO8AUEeM. 3a0eKNapOBati 201061 3a0ai
MeopemudHUX ma eKCnepuMenmanbHux eunpobyeans. LLisaxom nonepednvoco ananimuuno2o 3icmasienHs 06pano
08a HANOIILW ONMUMATbLHI MUnY cymiwell 015 e1aumysanus ymennenus. Pospooneno npoepamy ii obpano ocho-
6HI Memoou ma mamepianu 0as 1abopamopHux eunpodyeans. JJoCaioxnceHo KoHosi Qi3uKo-Mexaniuui i XimMiuHi
Xapaxmepucmuka 0esKux KoMnonenmie 6i00emonis, exCnepuUMeHmaIbHO BUSHAYEHO 3A1eHCHOCMI PIBHS 2iepOCKO-
nIYHOCMI CUPOBUHU 8IO YACY U 601020CMI. EKCnepuMeHmanbHo oOpano no mpu 0CHOGHI CK1A0U 6EMOHHUX cyMiliel]
i GImyMHUX HANOBHIOBAUI8. 3 02710y HA 00CBI0 GUKOPUCIAHHSA K HANOBHIOBAHA 8I0X00I8 0epe8oobpobHOL npo-
MUcno8ocmi 015 3an00ieants SpUOKOBUM YDA CEHHAM OP2AHIYHO20 CKIAOHUKA OI06emOHY, BUKOPUCTNAHO (heHOonU,
KD 8UAGUIU cebe 3HAUHO epekmusHiule nio 4ac 63aemMooii i3 3anponoOHOBAHUM CKIAOOM. J{OCTIONCEHHS SUAGUTU
0cobnusoCcmi 3acmocy8anus 6imymia y 6i06emoni 3 NOOAIbULOI0 HEOOXIOHICIO BUBUEHHS ONMUMATLHO20 OIANA30HY
memnepamyp CKAAOHUKIE Ni0 4ac nOOAIbULO20 IMIULYBAHHSL.

Knrouosi cnosa: 6iobemon, opeaniynuil HaNOBHIOB8AY, (Pi3UKO-MEXAHIUHI XAPAKMEPUCTIUKU, 2I2POCKONTYHICb.

Introduction. In a world grappling with the
consequences of climate change, the construc-
tion industry has begun to seek innovative solu-
tions that are both environmentally friendly and
resource-efficient. One promising development
in this realm is the emergence of lightweight bio-
concrete blocks made from plant materials. This
article explores the composition, benefits, man-
ufacturing processes, and potential applications
of these revolutionary construction materials, as
well as the challenges that lie ahead.

Bioconcrete, at its core, is a type of concrete
[1-5] that incorporates living organisms that
enhance its properties and allow it to adapt and
react to environmental conditions. This innova-
tive approach not only improves the structural
integrity of concrete but also offers a sustainable
alternative to conventional mixtures that heavily
rely on cement.

Traditionally, concrete production is respon-
sible for approximately 8% of global carbon
emissions, primarily due to cement manufactur-
ing. Bioconcrete can offer a solution by using
alternative materials that minimize environmen-
tal impact. Lightweight bioconcrete blocks take
this concept a step further by incorporating plant
materials that provide insulation and reduce the
overall weight of the blocks, making them a com-
pelling option for both residential and industrial
applications (Fig. 1).

The production of thermal insulation materi-
als in Ukraine is extremely insufficient, and in
most regions, due to the lack of raw materials,
production has been stopped altogether.

At the same time, there are raw materials
available everywhere in Ukraine that do not
require complex operations to produce thermal
insulation materials.

These include biological waste from agricul-
tural production, in particular, corn cob cores,
which, when crushed, are of interest as an effec-
tive aggregate for lightweight concrete and ther-
mal insulation materials.

In each region, feed mills produce tens or hun-
dreds of thousands of tons of corn cob rods and
sell them mainly as fuel. However, the issue of
using corn cobs as a raw material for the produc-
tion of building materials has remained poorly
studied so far.

The main goal of this work was to produce
materials for thermal insulation of the enclosing
structures of rural buildings based on feed mill
waste.

The research objectives were to:

1) Establish the possibility of using corn cob
rods as aggregate in lightweight concrete and as
a material for backfill;

2) Determine the optimal compositions of
lightweight concrete based on corn cob rods;

3) To study some physical, mechanical and
thermal properties of the obtained materials;

4) To outline the areas of application of mate-
rials based on corn cob rods for rural and urban
construction.

The study of two types of thermal insulation
materials in rural construction and economic
considerations for the use of biofillers based on
the results of field studies were carried out.

Vegetable waste from industry and agriculture
has long attracted attention as a cheap raw mate-
rial suitable for the production of lightweight
concrete, various thermal insulation materials,
plywood, wood-based panels, and other building
materials and products.

These types of raw materials include: flax,
hemp, rope and kenaf bark, reed waste, large
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Fig. 1. Examples of bioconcrete application: a) symmetrical blocks; b) asymmetrical blocks;
¢) insulation; d) eco-building

and small woodworking waste, straw, sunflower
husk, sunflower stalk, and corn cob rods.

Materials and methods. The works of
researchers from different countries highlight the
use of certain types of plant material as aggre-
gates for lightweight concrete, develop their
compositions, suggest methods of their manu-
facture, and establish some of their physical and
mechanical properties.

The issue of using agricultural waste such as sun-
flower husks and stalks, corn cobs as raw materi-
als for building materials is not sufficiently covered
in the current literature, especially the use of such
waste as organic aggregates in lightweight concrete.

The use of corn cob stalks as the most poorly
studied raw material for the manufacture of
building materials is currently worthy of atten-
tion among agricultural waste.
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Over the past half century, the area under corn
has increased 1.6 times, yields have increased
3 times, and gross grain harvest has increased
4.8 times. According to statistics, the area under
corn in 2018 amounted to 189 million hectares
globally and 4.58 million hectares in Ukraine
(8.3%). With such a sown area, Ukraine is capa-
ble of growing about 25 million tons of corn
grain. In particular, in 2021, the corn planted area
in Ukraine amounted to 5.3 mln ha, and in the
world — about 192 million ha.

Grain warehouses and feed mills accumulate
a huge amount of secondary raw materials when
grain is threshed.

Only a small part of the waste is used to make
furfural. For the most part, corn cobs are used by
the local population as fuel and sometimes sim-
ply dumped in landfills.
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It should be acknowledged that the use of corn
stover as fuel is far from rational given its effec-
tiveness as a raw material for building insulation
materials. In Ukraine alone, more than 2 million
tons of corn cobs will remain after threshing for
grain, which, after grinding, will amount to about
10 million m® of lightweight pellets.

Almost all regions of Ukraine will have suffi-
cient quantities of this raw material for the pro-
duction of thermal insulation materials.

The hydrolysis industry and furfural produc-
tion are expected to use about 500 000 tons of
corn cob stalks, including some stalks that were
proposed to be used for cattle feed in the form of
flour, which allegedly contains nutrients.

But turning the cobs into flour is a very
labor-intensive process and hardly profitable
for business. In practice, it is known that even
mechanized feed mills refuse to process corn
cobs into flour because of their elastic rub-
ber-like structure.

There is almost no data on the use of corn cobs
for construction purposes. It would make more
sense to use a significant portion of the cobs for
the production of heat-insulating building mate-
rials, providing the population with fuel instead.

In Ukraine, the main areas with the largest
corn crops, and thus areas of possible concentra-
tion of raw materials, are Dnipropetrovsk, Odesa,
Poltava, Kharkiv, and Kirovohrad regions. How-
ever, not all of the cobs concentrated in these
regions can serve as a raw material base for
industrial processing.

If at least 0.5 million tons of corn cob stalks
are used rationally for construction in Ukraine,
this amount could produce about 2.5 million m’
or 30 million m? of local efficient heat and sound-
proofing building materials.

The most readily available and widespread
aggregate for bioconcrete is corn cob stalks,
which are a waste product of corn production.
They make up 22-25% of the cob weight. Fresh
cobs have a moisture content of 10-18% and a
bulk density of about 200 kg/m’.

The rods have the shape of a cut cone
30-150 mm long and 25-40 mm in diameter.
This is a wood-like material with a bulk density
of 350-400 kg/m’ in a “dense body”. The outer
surface of the rod is covered with a layer resem-

bling a honeycomb, which significantly reduces
their bulk weight.

Disscussion. Cobs have a heterogeneous
structure. They consist of a honeycomb with
scales, a trunk, and a core. The outer layer and
the trunk make up about 98% of the total weight
of the cobs. The core is only 2% of the total
weight. It is a highly porous, hygroscopic, light-
weight white substance that is well wetted by
cold water (Fig. 2).

The shaft of the rod is tree-like, elastic, and the
densest and strongest. The outer “honeycomb”
part has a very developed and rough surface.

The rods contain a lot of soluble and hydro-
lyzed carbohydrates and hemicellulose. Hemicel-
lulose, which is part of the cell wall membranes,
belongs to the group of polysaccharides in terms
of its chemical composition and is a substance
close to cellulose. Unlike cellulose, it has less
chemical resistance and is easily hydrolyzed by
dilute acids and alkalis, turning into simple sug-
ars, such as rentoses and hexoses.

The extractable substances in the rods are
some soluble monosaccharides, organic acids,
mineral salts and acids, volatile oils, fatty and
resinous acids, etc. During extraction with water,
sugary substances, organic and mineral salts and
acids are extracted from the rods. The influence
of extraction time in cold and hot water and in
a 1% NaOH solution of crushed corn cob rods
one month after harvesting was investigated.
The studies show that the amount of extractives
that have passed into the solution increases with
increasing temperature and alkalinity of the
medium, as well as the degree of grinding of the
extracted particles of the rods. In 15 minutes,
4 times less extractive substances are transferred
to the aqueous solution from the 10-20 mm frac-
tion than from particles smaller than 3 mm.

With an increase in extraction time to 3 days,
this ratio decreases to two. The amount of extracts
from the coarse fraction of the rods passes into
the alkali solution is half that of the fine fraction
at any extraction time.

Rods can be treated to localize extractives
on the binder by physical or chemical means, as
well as by a combination of both. The physical
effect can be carried out by oxygen /oxidation/,
sunlight, heat and water.
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Fig. 2. Dependence of hygroscopicity of raw materials on time and humidity

Chemical localization is achieved by treating
the rods with special substances to convert plant
sugars into insoluble or harmless compounds for
cement, as well as to create impermeable films
on the surface of wood particles.

Water-soluble sugars are attacked by various
bacteria, fermented and partially oxidized, and
vitrified during drying or crystallized, becoming
less soluble than the sugars in fresh cobs.

As the crushed corn cobs are kept in the air,
the amount of water-soluble substances in them
decreases at the age of three months compared
to one month by 15-20% in cobs with a particle
size of less than 3 mm and by 20-30% in cobs
with a particle size of 10-20 mm; in the case of
longer keeping in the air (up to b months), the
amount of water-soluble substances decreases,
but slightly.

Based on the research, it can be concluded
that corn cob stalks are much more resistant to
fungi than wood. It can be assumed that the fun-
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gal resistance of the cores depends on the pres-
ence of extractive substances that are toxic to
fungi, which can be tannins and phenols. Phenol
has fairly good antiseptic properties. In addition,
according to Terek Sylvester, corn cobs do not
contain mannan, which, according to Nikitin, is
easily decomposed by various bacteria and fungi.

The properties of cements and butums used in
the work are given in Tab. 1-2.

Petrolatum

A mixture of solid paraffin wax and high-vis-
cosity mineral oil. The softening point is about
55°. It is used for some lubricants, for high-speed
drying of wood, etc.

Cookersil

This is a dark-colored liquid with a specific
gravity of 0.92. The raw material for its produc-
tion is heavy shale resin. Cookersil has thermal
activity and high heat resistance (up to 200°).

Results. On the basis of crushed corn cob
rods and bituminous binders, it is possible
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Table 1
Cements
Normal Curing times Compres- Volume | Uniformit
Type and activity density . p . y
Ne of cement of cement | Start ti End ti sive strength, | weight, | of volume
dough in % art time na time MPa kg/m3 change
Portland with an
I | activity of 50.6 MPa 243 3-15 6-00 50.6 1057 Y
Portland with an
2 activity of 59.0 MPa 21.4 0-18 3-30 59.0 1053 Y
Portland with an
3 | activity of 45.6 MPa 24.5 4-00 9-00 45.6 1022 Y
Table 2

Petroleum bitumen

. . . Bitumen types
Main properties of petroleum bitumen PB-ILI PRIV PB-I11— 60%, PB-IV — 40%
Bitumen hardness /penetration/ in degrees 56 21 40
Extensibility /ductility/ see at t = 25°C 42 4 18
Softening point on the “Ring and ball” device 5 80 63
in degrees

to obtain tile materials with a bulk weight of
340-400 kg/m* and a compressive strength of
0.3-0.6 MPa, which can be used for thermal
insulation of buildings with high humidity. It is
better to produce tile insulation with pure bitu-
men and hot bitumen mastic by dipping, and

with cold pastes by mixing. The best slab insula-
tion in terms of strength, bulk weight and trans-
portability is insulation based on pure PB-1V
bitumen, as well as on a mixture of PB-III and
PB-IV bitumen, respectively, 60 and 40% by
weight.
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THE PROBLEM OF AVIATION NOISE POLLUTION
OF THE TERRITORY AROUND AIRPORTS

Abstract. This article presents a study of the problem of noise pollution near airports. It includes: the definition
of the concept of noise (its nature, evaluation, causes of occurrence), the effects of impact on the human body (a
short list of diseases caused by noise) and ways to reduce the level of aviation noise. This problem arose/ appeared
in the middle of the 20th century, but as some examples of history show, it was not only solved, but even ignored.
However, over time, the aircraft noise problem has become perhaps the most powerful argument of communities and
politicians against any expansion or construction of a new airport. Of course, if it follows the established sanitary
standards (the noise level does not exceed a specific value or airspace traffic is organized in such a way that the
planes are not in a residential or other built-up area) or is not in the immediate vicinity of populated areas, it will
not cause any problems.

Airport designers have a huge array of tasks that they must solve when designing airports. Aircraft noise
pollution is a serious problem also because its real effects can manifest themselves after years. It can be both the
expansion of the airport and residential development in the direction of the airport. The ideal solution would be an
airport located at many kilometers from any city. But this is not always the case.

Airports must look to the future to be “good neighbors” and avoid resistance from an “annoyed” society.

Key words: airport, noise pollution, aircraft noise, environment, decibel (dB), A-weighted decibels (dBA),
airspace planning, annoyance, Heathrow, Equivalent Continuous Sound Level (L,,).

Kypaseas JImurpo. ITPOBJIEMA ABIAIIHHOIO IIYMOBOI'O 3ABPYIHEHHS
TEPUTOPIi HABKO.JIO AEPOIIOPTIB

Anomauia. Y cmammi npedcmagneno 00C1i0NHCeHHs npobaemu WymMo8020 3a0pyOHeHHs NOOIU3Y aepoOnopmis.
Lo nei 6xooums susnauents NOHAMMA wiymy (1io2o npupooa, oyiH8anHs, NPUUUHY BUHUKHEHHS), HACTIOKU GNIUGY
Ha opeanizm a00UHU (KOPOMKUU CNUCOK 3AX80PI06AHb, CNPUNUHEHUX OI€l0 Wiymy) i cnocodu 3meHuenHs pieHs
asiayitinozo wymy. Lla npobnema eunuxna we 6 cepeouni XX cm., ane, AK NoKasyrmy 0esaKi NPUKIaou icmopii,
60HA He MiNbKU He supiulyeanacs, a i Hasimy icnopyeanacs. Ilpome 3 uacom came npobrema wymy HOGIMPAHUX
cyoen cmana yu He HAUBALOMIUUM APSYMEHMOM AK 2poMaod, max i NONimuKie, npomu 0y0b-AK020 pO3UUPEHHs
Yy OYOieHUYMEA HOBO20 AePONOPMY. 38ICHO, AKWO GiH GIONOBIOAE BCMAHOBNIEHUM CAHIMAPHUM HOpMAaMm (DieeHb
Wymy He nepesuuyye KOHKpemue 3HaueHHs abo pyx NOGIMPAHUM NPOCMOPOM Op2aHi308aHO MAK, wod 1imaxu He
nepedysanu 6 30Hi HCUML0B0T U iHWOI 3a0y008u) uu He nepedysae 6 be3nocepedHill OIU3LKOCMI 00 HACeNeHUX
NYHKMIB, ye He CHPUYUHUMb HISIKUX NpOoOIeM.

Ilepeo npoexmysanvHuxamu aeponopmis cmoims eiuuesHa KilbKiCmb 3a80aHb, SKI GOHU NOSUHHI GUPIUUMU
nio uac npoekmysanus aeponopmis. Lllymoee 3abpyonenns 1imaxie € ceptio3noro npobaemoio we i momy, wo 1o2o
PpeanvHi HACTIOKU MOXNCYMb NPOAGIAMUCA Uepe3 poku. Le modwce 6ymu AK posuiupents aeponopmy, mak i Hcumiosea
3a6y006a 6 HanpaMKy aeponopniy. loeanvruum piviennsam 6y8 Ou aeponopm, po3mauio8anull 3a bazamo Kilomempia
8i0 6Y0b-AK020 Micma. Ane ye He 3a82cOU Max.

Aeponopmu nogunui ousumucs 6 MatOymue, wo Oymu «0obpumu cycioamuy U YHUKamu Onopy 3 0OoKy
«PO30pPamo8anHo20» CyCnilbCmaa.

Knruosi cnosa: aeponopm, uiymose 3a0pyoHenHs, agiayiiiHull wiym, HABKOTUWHE cepedosuuye, deyuben (0b),
A-38adiceni deyubenu (0bA), nianysamnns nogimpsiHo2o NpoCmopy, po3opamysanHs, Ximpoy, eKeiaieHmHuUll
besnepepenuii pieens 36Ky (L,,).
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Introduction. There's no getting away from
the fact that aviation can be noisy. When aircraft
land and take off, depending on the aircraft and
its altitude, as they fly overhead, they produce a
considerable amount of noise [2].

Aircraft noise is usually the key environmen-
tal concern for communities impacted by avia-
tion operations, whether it’s from major inter-
national airports, night-time freight operations,
business aviation facilities, helicopters, airfields
with repetitive activities like circuits or aerobatic
practice, or the result of flightpath changes [1].

There’s good evidence to suggest that more
people are annoyed at lower levels of aircraft
noise today than in the past, despite the introduc-
tion of relatively less noisy planes. The CAA’s
2014 study into attitudes towards aircraft
noise showed the same percentage of respond-
ents highly annoyed at 54dB L, as were previ-
ously affected at 57dB L, (in 1982) [1].

Some researchers agree with the view of many
communities that this could be, in part, related
to the increase in the number of noise incidents
experienced. While airport noise maps may show
noise ‘contours’ shrinking over time there has
been no evidence of a reduction in community
concerns [1].

Materials and methods. Were used mate-
rials of aviation organizations of the UK, USA
and ICAO; their reports and standards for noise
pollution were researched. There was also used
historical literature about Heathrow airport.

Disscussion. Noise — definition. Sound is
energy transferred through the air that our ears
detect as small changes in air pressure. The more
energy put into making a sound, the louder it will
be. Try whispering. Then yell. You can feel how
much more energy goes into yelling [3].

Noise is sound that is unwanted. Some sounds,
like a distant train whistle, can be a pleasant
sound for some, while being considered noise by
others. Other sounds, like a neighbor's barking
dog in the middle of the night, are more univer-
sally found to be annoying. Even sounds that are
pleasant at one volume can become noise to us as
they get louder. Noise, then, has both an objec-
tive, physical component; as well as a subjective
component that takes account of a person's indi-
vidual perception, or reaction, to a sound [3].
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The decibel (dB) is the unit used to measure
the intensity of a sound. The human ear hears
sound pressures over a wide range. Decibels,
which are measured on a logarithmic scale, cor-
respond to the way our ears interpret sound pres-
sures [3].

Some examples of typical loudness are near
total silence (0dB); normal conversation (60dB);
a heavy lorry passing 15m away (80dB); a jet air-
craft taking off at a distance of 300m (100dB) [4].

The human ear also responds to different
pitches or frequencies of sound differently. We
are less able to hear low frequencies like the rum-
ble of thunder but hear high frequencies like the
cry of a baby more strongly [3].

To account for differences in how people
respond to sound, the “A-weighted” scale (dBA)
is used. This scale most closely approximates the
relative loudness of sounds in air as perceived by
the human ear and provides a more useful way to
evaluate the effect of noise exposure on humans
by focusing on those parts of the frequency spec-
trum where we hear most [3].

'A-weighted decibels' (dBA) are often used in
measurements of aviation noise [4].

For noise sources in motion, like aircraft,
noise levels can change over time. For exam-
ple, the sound level of a plane increases as it
approaches, and then as it flies away the sound
level decreases. It can be useful to measure
the maximum sound level, abbreviated as L
of a particular noise “event”. While L _,_notes
the moment of maximum sound level, it does not
account for the duration of a sound event. The
maximum sound level of a gun firing a bullet is
high but very brief; a freight train can have the
same maximum sound level, if you are very close
to it, but the sound has a long duration [3].

To account for the differences in duration and
loudness of sounds, different metrics are used.
These metrics are used to compare individual
noise events as well as many events that take
place over an extended period [3].

Two basic measures for assessing noise impact
are [4]:

e L, which means the 'equivalent continuous
sound level'. This is the average sound level for
a specific location over a defined measurement
period.

max?
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e L, which uses an annual average of the
L., but also takes into account the additional
annoyance/disturbance of noise generated in the
evening and at night. 5dB is added to noise made
in the evening (7:00pm—11:00pm) and 10dB for
the night (11:00pm—7:00am).

L., is the preferred method to describe sound
levels that vary over time, resulting in a sin-
gle decibel value which takes into account the
total sound energy over the period of time of
interest [5].

L., noise levels are Logarithmic (dB) values
and cannot be added directly [5].

There are also numerous factors that deter-
mine how much aircraft noise is experienced on
the ground [6]: what model aircraft and what type
of engines are being used for each flight? Are the
aircraft taking off or landing? What is the flight
path of the flights going overhead? How quickly
does each plane ascend and descend? Is the air-
craft operating at full power or partial power?

Noise experienced on the ground also depends
on flight schedules, which can vary depending on
the time of day, season of the year, or other oper-
ational factors. Weather also plays a large role,
since sound attenuates (dissipates) differently
depending on weather conditions (wind speed
and direction, temperature, etc.) [6].

Determining how to capture the effects of all
these considerations can become extremely com-
plex very quickly. A house one-half mile north of
an airport may experience very different aircraft
noise exposure over a day, week, and year than a
school one mile south of that airport [6].

The effects of noise on the human body. Air-
craft noise is a public health issue. It can impact
memory and learning in children, disturb sleep,
and cause serious long-term health problems
including cardiovascular disease. A large scale
study around Heathrow Airport found that people
living under the flightpath were 10-20% more at
risk of stroke and heart disease than those not
living under the flight path. There is also emerg-
ing evidence of impacts on mental health, linked
to increases in stress and anxiety. A large body
of health evidence is reviewed in AEF’s 2016
report Aircraft Noise and Public Health: the
Evidence is Loud and Clear. The World Health
Organization (Europe Region) issued its Envi-

ronmental Health Guidelines in October 2018
which make specific health-based recommenda-
tions for limiting night and daytime exposure to
aircraft noise [1].

To represent the effect of aircraft noise expo-
sure on people, researchers in the 1960's and
1970's developed the concept of noise annoy-
ance. This concept proved useful in understand-
ing how communities felt about the noise from
the new jet age aircraft. There are several fac-
tors that affect the extent of annoyance that noise
causes. How loud is the noise? How long did it
last? How often did the noise occur? When did
the noise occur: was it during nighttime? Did the
noise occur against a backdrop of other noises or
did it occur in an otherwise quiet place [6]?

Annoyance. It is a cumulative measure of the
general adverse reaction of people to noise that
causes interference with speech, sleep, the desire
for a tranquil environment, and the ability to use
the telephone, radio, or television satisfactorily.
The results from annoyance surveys can then be
used to better understand how people respond to
different types of noise exposure [6].

Cognitive impairment. There has been con-
siderable research into the effect of aircraft noise
on cognitive performance in school children,
due to the interruptive nature of high levels of
aircraft noise. Research has suggested effects on
reading comprehension and memory. Cognitive
performance affects attention, perception, mood,
learning and memory [7].

Sleep disturbance. Aircraft noise is intermit-
tent in nature and exposure to it during the night
may result in sleep disturbance. Noise-induced
sleep disturbance refers to awakenings, changes
to sleep structure such as changes to sleep stages,
arousals in heart rate, and body movements. Peo-
ple can be aware of such disturbance, such as
when they remember being awoken by noise, or
the disturbance can go unnoticed at the time but
may result in next-day fatigue [7].

Cardiovascular disease. Aircraft noise at high
levels can be considered a stressor on the body,
and research has found an association between
high levels of aircraft noise and an increased risk
of developing Cardiovascular disease (CVD). It
is thought that this occurs due to the way such
stressors interact with the body, and the fact that
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the cardiovascular response to noise does not
decrease, even though the individual may no
longer consciously notice or react to the noise.
Cardiovascular disease includes all the diseases
of the heart and circulation including coronary
heart disease, angina, heart attack, congenital
heart disease and stroke [7].

Ways to reduce the level of aviation noise

1. Land-use planning and management. It
is an effective means to ensure that the activities
nearby airports are compatible with aviation. Its
main goal is to minimize the population affected
by aircraft noise by introducing land-use zoning
around airports [8].

Compatible land-use planning and manage-
ment is also a vital instrument in ensuring that
the gains achieved by the reduced noise of the
latest generation of aircraft are not offset by fur-
ther residential development around airports [8].

ICAO's main policies on land use planning
and management are contained in Assembly
Resolution A-41-20, Appendix F, which urges
States, where the opportunity still exists to mini-
mize aircraft noise problems through preventive
measures, to [8]:

a)locate new airports at an appropriate place,
such as away from noise-sensitive areas;

b) take the appropriate measures so that land-
use planning is taken fully into account at the ini-
tial stage of any new airport or of development at
an existing airport;

c)define zones around airports associated with
different noise levels taking into account popu-
lation levels and growth as well as forecasts of
traffic growth and establish criteria for the appro-
priate use of such land, taking account of ICAO
guidance;

d) enact legislation, establish guidance or
other appropriate means to achieve compliance
with those criteria for land use;

e)ensure that reader-friendly information
on aircraft operations and their environmental
effects is available to communities near airports.

2. Improvement of aviation technologies.
The ICAO Assembly Resolution A41-20 requests
the Council, with the assistance and cooperation
of other bodies of the Organization and of other
international organizations, to continue with
vigor the work related to the development of
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Standards, Recommended Practices and Proce-
dures and/or guidance material dealing with the
impact of aviation on the environment [9].

Annex 16 Volumes I, II and III contain the
environmental certification standards that shall
be observed by aircraft and engine designs. The
development and update of the environmental
certification Standards ensure that the benefits
offered by technology are reflected in real reduc-
tions of aviation environmental impacts, while
balancing environmental benefit with technolog-
ical feasibility, economic viability, and the inter-
dependency between environmental factors [9].

To foster the development of new technolo-
gies, ICAO regularly sets technology goals, with
the purpose of providing targets for industry
research and development, in cooperation with
States. Once the State of the Art of technology
reaches these goals, consideration is given to
updating the ICAO Environmental Standards to
ensure the latest technologies are incorporated
into aircraft and engine designs [9].

Technological progress continues to push
the aviation community to deliver on the ICAO
goal of limiting or reducing the number of peo-
ple affected by significant aircraft noise. ICAO
continually monitors research and development
in noise reduction technology, and this comple-
ments the Standard-setting process [10].

In its eleventh cycle (2016-2019), CAEP
conducted an independent expert (IE) review to
evaluate airplane noise goals by 2027 and 2037.
More information on the IE review can be found
in ICAO Doc 10127 (2019). The main IE conclu-
sions regarding noise reduction technologies are
as follows [10]:

e For modern large aircraft, Single Aisle and
Twin Aisle, jet noise is a secondary noise source
even at departure, with fan noise dominating. For
smaller aircraft, business jets and small regional
jets, the noise from the jet may still dominate at
departure, as it does for many older aircraft. Jet
noise has been reduced by reducing jet velocity
to improve fuel burn, but because jet noise is
now a secondary source, further improvements
in fuel burn will not bring automatic substantial
reductions in noise.

¢ A key technology for reducing fan noise is
acoustic wall treatment, and liners in the inlet and
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bypass duct provide essential attenuation. Work
continues to improve liner performance, but the
task of maintaining current levels of liner attenu-
ation will be challenging, given the incentives to
make the intake and bypass duct shorter in rela-
tion to diameter, and to reduce nacelle length for
fuel burn reasons.

e Airframe noise is the largest noise source
at approach for modern large aircraft, mostly
from the landing gear. Potential airframe noise
reductions are very dependent on aircraft cate-
gory, design and operational characteristics, and
the exploitation of this potential will be driven by
multiple constraints.

e As engines get larger in relation to aircraft
size, corresponding to lower fan pressure ratio,
it becomes more important for the engine and
the aircraft to be designed together as an inte-
gral unit. The optimization of the aircraft needs
to include acoustic design as well as design for
minimization of fuel burn and emissions.

The scope for noise technology reductions of
the conventional tube and wing configuration,
particularly in large aircraft, now appears to be
limited, and the potential additional benefits of
acoustic design optimization will need to be
properly assessed. Novel configurations, or even
some very advanced tube and wing configura-
tions, may bring new noise reduction opportu-
nities, but at the same time these will introduce
significant challenges of different nature, which
will also need to be addressed [10].

3. Involvement of the environmental com-
munity. As part of proper land-use planning and
management, community engagement by airport
operators and other aviation stakeholders is the
key link between environmental stewardship and
mitigating environmental constraints to aviation
operation and growth. Recognizing the impor-
tance of community engagement, CAEP under-
took a task in 2013 to collect case studies of air-
port outreach programmes around the world and
developed an ICAO Circular in 2016 highlighting
both lessons learned and good practices. The Cir-
cular, Community Engagement for Aviation Envi-
ronmental Management, was developed to assist
and encourage States and the aviation industry,
in particular airports, airlines, and Air Navigation
Service Providers, to engage local communities

early in airport development projects to address
environmental matters [11].

The report Environmental —Community
Engagement for Performance-Based Naviga-
tion highlights the importance of effective com-
munity engagement and provides good practices
that should be considered when undertaking air-
space modernization. As a work item under the
Committee for Aviation Environmental Protec-
tion (CAEP), the report was developed by gar-
nering information from industry stakeholders as
well as a detailed literature review and an assess-
ment of ICAO State PBN Action Plans. It is
intended to share and promote practices that have
supported improved community understanding
and effective airspace development. It serves as
a reference point, complementing ICAO's Bal-
anced Approach to Aircraft Noise Management,
as the industry continues to modernize airspace
in accordance with ICAO Global Air Naviga-
tion Plan (GANP) and Aviation System Block
Upgrades (ASBU) [11].

4. Airspace planning. Controlling where
planes fly during take-off and landing has
an important impact on noise pollution. The
placement and use of runways is fundamen-
tal, for example, planes travelling at night can
travel overseas or lakes to reduce the impact of
noise [12].

Air traffic management maps out flight tracks
that avoid the most densely populated areas.
Recent developments in navigation performance
mean that aircraft can now follow precisely des-
ignated tracks. This avoids track spreading and
the resulting ‘spaghetti’ radar flight track maps
but can mean that a smaller number of residents
are subjected to a higher number of flyovers. Air
traffic management therefore needs to be under-
taken in close consultation with community
groups. Issues such as the relative benefits of
track concentration versus track dispersion need
to be considered [12].

The Figure 1 [19] shows airspace planning
helps to avoid densely populated areas like Lon-
don. His flight tracks really look like ‘spaghetti’.

With support from the air navigation service
providers and airport operators, airlines and
pilots can implement noise reduction proce-
dures, such as reduced thrust take-off, displaced
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Fig. 1. This map shows a day of easterly operations flight tracks (Heathrow airport)

landing thresholds and continuous descent oper-
ations [12].

The problem of noise in the history of
Heathrow Airport. As now, aircraft noise was a
problem when the airport was opened.

Noise: In view of the major problems caused
by aircraft noise it is quite extraordinary that there
is no mention of noise anywhere in the files and
the problem seems to have been entirely ignored.
Colin Buchanan has commented on this strange
omission and one can do no better than to quote
him on this [13]:

“There were so many unbelievably noisy air-
craft around in 1944 that it seems incredible that
a so potent side-effect of aviation could have been
overlooked. But overlooked it was. Heathrow was
developed with a pair of parallel runways run-
ning due east-west pointing in one direction at
point-blank range straight into the huge housing
mass of West London and in the other direction,
straight at Windsor only six miles away — Wind-
sor of all places, historic town, royal residence,
famous school, glorious stretch of river, parks
and gardens beyond compare. Heathrow is fifteen
miles from the middle of London. This compara-
tively close proximity to the heart of a big city
has presumably paid dividends over the years in
respect of reduced travelling time to and from the
airport, but the misery which the fight paths have
spread, also over many years, far and wide over

52

a huge part of London and the Home Counties,
must surely make that decision in 1943 the most
disaster planning disaster to hit our country.

In this disaster area live half a million peo-
ple, whose daily lives are constantly disrupted by
aircraft noise. The very layout of Heathrow is an
affront to the rights and well-being of those who
live under the air-port's flight paths. 'Tolerate
or emigrate' are not options for these people or
places. (Here are Windsor Castle, Hampton Cor,
Chiswick Hose. Ke Gardens, Richmond Park,
Syon Park and Osterley Park all historic and
attractive places severely disturbed by overflying
aircraft)” [13].

Aircraft noise consists of a build-up to a peak
level, occurring at intervals, as opposed to the
continuous but fluctuating noise from heavy traf-
fic. The annoyance caused by aircraft depends on
the peak perceived noise levels and on the num-
ber of aircraft heard within a given period [13].

The index used in this country (UK), until
1990, to define the annoyance was the so-called
'Noise and Number Index' (NNI) [13].

NNI = Average peak noise level + 15log,,N — 80

Where N = number of aircraft heard in a
defined period [14].

An exposure of 35 NNI corresponds to air-
craft overflying at intervals of 15 minutes with
intrusive levels of noise inside houses. 55 NNI
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means aircraft flying overhead at intervals of
1-2 minutes at noise levels which can interfere
with conversation within houses [14].

This index has since been replaced by the
'Equivalent Continuous Sound Level' (L, ) with
57 L., which represents the equivalent contin-
uous sound level measured in A-weighted dec-
ibels' (dBA). The L, method of assessment
averages out exposure to noise over a number of
hours. On that basis a figure of 57dBA L, which
corresponds approximately to 35 NNI, is claimed
to correlate to the onset of annoyance. Contours
of noise exposure in terms of NNI or L, can be
mapped out around an airport in a similar manner
to the contour lines used on maps to signify dif-
ferences in height (see below). An official com-
mittee set up to consider the problem of noise
concluded, well before aircraft noise had become
a widespread problem, that extensive annoyance
is caused when the noise exposure exceeded
35 NNI and the noise became intolerable above
the range 50-60 NNI. However, more recent
research has brought this figure into question and
this showed that [13]:

e For areas with L less than around 43dBA,
the proportion of respondents who were at least
very annoyed was less than 12%.

e The proportion of respondents at least very
annoyed generally increased with L, for values
of L., over 43dBA, although there was a rela-
tively large spread in percentages for most L,
values.

e For areas with L greater than 57dBA,
more than 60% of respondents were at least very
annoyed.

This more recent study showed that 50 dBA
would be a more realistic figure to use as 60% of
respondents were very annoyed at a noise level
of 57dB. This should be compared with the 1990
study that gave a value of 57dB as merely the
onset of annoyance. Perhaps not surprisingly the
Department for Transport was very reluctant to
see this report published. This difference of 7dB
might suggest a difference of only 14% in noise
levels but this is grossly misleading as the deci-
bel is not a linear scale. It is in fact a logarithmic
scale and a perceived noise level of 57dB is per-
ceived by the human ear as being four times as
loud as a level of 50dB [13].

It is estimated that 2.25 million people around
Heathrow live within the 35 NNI contour which
stretches from Maidenhead in the west to Fulham
in the east. For those living close to the airport
the situation is of course much worse and the
Inspector reporting on the 4th Terminal Inquiry
concluded that, “In my view the present levels
of noise around Heathrow are unacceptable in a
civilized society” [14].

The map (Figure 2) [15] shows the area
affected by daytime noise in 1991, and as pre-
dicted for 2016 with and without a fifth termi-
nal. This is a considerable improvement on the
position 10 years earlier because of the introduc-
tion of less noisy aircraft. BAA claims that it will
improve still more because of the introduction of
what euphemistically calls 'quieter' aircraft even
with the construction of a fifth terminal and the
extra traffic that this would bring. However, even
BAA must admit that some of these improve-
ments would be negated if a fifth terminal were
to be built. On its own figures, 560.800 people
were adversely affected by aircraft noise in 1991.
This would drop by 59 per cent to 231.800 by
2016 if a fifth terminal were not built, but only by
35 per cent to 363.400 with a fifth terminal [15].

Indeed, previously mentioned BBA’s state-
ment about the number of people who will get
hurt by noise to 2016 can be claimed euphemis-
tic, if it is not only idealistic.

In 2017 was published Survey of Noise
Attitudes (SoNA) [16; 17] that was ordered by
Department of Transport in 2014.

The overall aims of SONA were to [16]:

e Obtain new and updated evidence on atti-
tudes to aviation noise around airports in Eng-
land, including the effects of aviation noise on
annoyance, wellbeing and health.

e Obtain new and updated evidence on what
influences attitudes to aviation noise, and how
attitudes vary, particularly how attitudes vary
with LA, but also other non-acoustic factors
that may influence attitudes, such as location
and time of day, and socioeconomic group of
respondents.

e Examine whether the currently used meas-
ure of annoyance, LA, is the appropriate meas-
ure of annoyance for measuring the impact on
people living around major airports.
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Fig. 2. Forecast of noise levels around Heathrow Airport from 1991 to 2016

e Consider the appropriateness of the policy
threshold for significant community annoyance
from aviation noise.

¢ Provide baseline results that can be used for
a programme of regular surveys of attitudes to
aviation noise.

In the UK has already been same research:
Aircraft Noise Annoyance Studies (ANIS,
1982) and The Attitudes to Noise from Aviation
Sources in England (ANASE, 2001-2007). Pre-
vious research has found the threshold in signifi-
cant community annoyance 57dB L,,. One of the
SoNA’s question was: is 57dB threshold correct
for current requirements (in 2014).

SoNA’s research result was: “The same per-
centage of respondents said by ANIS to be highly
annoyed at 57dB LAeq,16h now occurs at 54dB”
[16].

Table 1 [17] demonstrates increasing per cent
of highly annoyed people in 1982 compared with
2014.

The Table 2 [18] was taken from Report: “Stra-
tegic Noise Maps for Heathrow Airport 2016”.

Remember that BAA declared 363 400 people
who will get hurt by the aircraft noise in 2016
if Terminal Five is built. Map (Figure 2) shows
noise contour 57dB(A) L, that noise level in
1991 was the threshold in significant commu-
nity annoyance as ANIS confirmed. However, in
2016 this threshold is 54dB(A) L. That mean
populations in 246,600 (>57dBA) (Table 2) must
be watched, not 533,000 (>54dBA) (Table 2).
Thus, even if BAA get a little indulgence, all the
same it mistakes on 100,000 people!

Probably some criticism or accusation
BAA about noise level forecast in the future

Table 1
Percentage highly annoyed as a function average summer day noise exposure, LA ,16h
Average summer day noise % highly annoyed
exposure, LA ,16h (dB) ANIS 1982 SoNA 2014
51 3% 7%
54 5% 9%
57 9% 13%
60 14% 17%
63 23% 23%
66 34% 31%
69 48% 39%
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Table 2
Heathrow 2016 annual LA ,16hr area, population and dwelling estimates
LAeq,lGhr (dBA) Area (km?) Population Dwellings

> 54 179.2 533.000 217.500

> 57 95.5 246.600 92.700

> 60 52.9 110.800 38.700

> 63 30.8 38.800 13.000

> 66 17.2 9.900 3.400

> 69 8.5 2.100 750

>T72 4.6 100 <50

is wrong, because they could not know about
changes in noise standards (but they should
suggest it). However, critics in 1991 had
the right to do this. They saw a lot of times
hypocrisy and crazy statements of aviation’
spokesmen.

Results. The problem of noise pollution is
real and it can’t be perceived as an ordinary dis-
comfort.

The annoyance is caused by the periodic noise
of airplanes is considered to be a detriment to
quality of life, well-being and ultimately, health.
The World Health Organization’s (WHO) defini-
tion of health is [16]:

“Health is a state of complete physical, mental
and social well-being, and not merely an absence
of disease and infirmity”.

Annoyance from any source represents a
diminished state of well-being and noise is often
referred to as the stressor that is implicated in a
variety of responses [16].

The airport is responsible for aircraft noise. How
airport is planned, location of runways, organiza-
tion of airspace, use of “quieter” aircraft, traffic and
type of aircraft, permission or prohibition of night
flights, limitation of the annual number of takeoff
and landing operations, etc. All these factors must
be taken into account, and not only considered.
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IMPUHIOUIINA TEPUTOPIAJIBHOT O IIJIAHYBAHHS 3EMEJIb
AEPOIIOPTIB YKPAIHHU

Anomauyia. Cmammsa npuceéauena ananizy it OYiHIOBAHHIO nepcnekmus ioHoeneHHs Midxcnapoonozo aepo-
nopmy «Muxonaisy nicis 3a6epuienns iticbkogux Oitl. Y pobomi po3zensioaomuvcsa Modicausi inancosi dxicepena,
BKAIOUANOYU MINCHAPOOHY OONOMOZY, IHEeCMUYii NPUBAMHO20 CEKMOpy ma 0epHCAsHi THBeCmuUYii, a MaKodic cmpa-
me2iuHi Hanpamu 1 npocpamu O 6iOHONeHHs. ma po3sumky aeponopmy. Ocobnusa yeaea npudireHa mepumo-
PiansHOMY HAGHYBAHHIO, GKAIOUAIOUU THDPACMPYKMYPHI NPOEKMU, PO3GUMOK NPUNE2TUX Mepumopii, eKono2iyHi
iHiyiamueu i cnisnpayio 3 micyesumu spomadamu. Iliokpeciroemvca eadxcausicms iHmespayii aeponopmogoi ing-
PAcmpyKmypu 3 iHWUMU eeMenmamu MiCbKoz20 Ui pe2ioHanibHO20 PO36UMKY, 3abe3neuyouu epekmueHuti 00Cmyn
nacaxcupie i aHMax}cis, wo CNpUaIo 6 eKOHOMIYHOMY 3POCIMAHHIO Ma coyianvHitl cmabitbHocmi peciony. Kpiu
Mo2o, po32n0AEMbCs OANAHC MidHC eKOHOMIYHUMY, COYIANbHUMU U eKONOSTUHUMU ACNeKMAMU, KUl € KII0YOBUM
OJis CManozo po3eUmKy aeponopmis i ix echekmuenozo GyHKYioHy8aHHs 8 00820CMPOKOSIL nepchekmugi. 3pobneno
AKYeHm HA 8ANCIUBOCI BPAXYBAHHI MINCHAPOOHO20 00CBI0Y Y chepi 8I0HOBNEHH MA PO3GUMK)Y AepPONOPMIs, Wo
MO0 6 3HAYHO NIOBUWUMU eEeKMUBHICMb NPOEKMIE peKoOHCcmpyKyii. Takoxc ananizyromvcsa MOXNCIUGT BUKIUKU,
108 A3aHI 3 BIOHOBNLEHHAM IHPACMPYKMYPU 8 YMOBAX NICAAB0EHHOT cmabinizayii. Pozensoaemuvca pons aeponopmy
SAK CIMpame2iyno2o 8y3ia Oasi CIUMYIIO8AHHS PeCiOHANbHOI eKOHOMIKU MaA 3MIYHEeHHS 368 A3Ki6 3 MidCHAPOOHUMU
mparcnopmuumu Kopuoopamu. Haoano pexomenoayii w000 nooanvuioeo po3sumky i MooepHizayii aeponopmy 3
VDAXYBAHHAM CYYACHUX MEXHONOTYHUX PiuleHb Ma eKONO2IYHUX CIAHOApMmIs.

Knruosi cnosa: ingppacmpyxmypa, 8i0Hog1enHs, MOOepHiZ3ayis, asiayitiHull mpancnopm, iHHO8ayii, 3emenbHi
pecypcu, eKOHOMIYHUL PO3GUMOK.

Ishchenko Nataliia, Skrypnyk Liliia. PRINCIPLES OF TERRITORIAL LAND PLANNING OF
AIRPORTS OF UKRAINE

Abstract. The article was dedicated to the analysis and assessment of the prospects for the restoration of Mykolaiv
International Airport after the end of hostilities. The study considered potential sources of funding, including
international aid, private sector investments, and state investments, as well as strategic directions and programs for
the airport's recovery and development. Particular attention was paid to territorial planning, including infrastructure
projects, the development of adjacent areas, environmental initiatives, and collaboration with local communities. The
article emphasized the importance of integrating airport infrastructure with other elements of urban and regional
development, ensuring efficient access for passengers and cargo, which would contribute to the region's economic
growth and social stability. Additionally, it discussed the balance between economic, social, and environmental
aspects, which was crucial for the sustainable development of airports and their effective long-term operation. The
importance of considering international experience in the field of airport recovery and development was particularly
highlighted, as it could significantly enhance the effectiveness of reconstruction projects. The article also analyzed

© Tmenko H. ®@., Ckpunnuk JI. P., 2024 o7



Airport Planning, Construction and Maintenance Journal

Bunyck / Issue 2(4) , 2024

the possible challenges related to the restoration of infrastructure in the context of post-war stabilization. The role of
the airport as a strategic hub for stimulating the regional economy and strengthening connections with international
transport corridors was considered. Recommendations for further development and modernization of the airport,
taking into account modern technological solutions and environmental standards, were proposed.

Key words: infrastructure, restoration, modernization, air transport, innovations, land resources, economic

development.

Beryn. AeponopTu € BaKIMBOIO YaCTHHOIO
TPAHCHOPTHOI 1HGPACTPYKTYpH Oynb-sKOi Kpa-
iHM, 3a0e3Medyoun MIBHIKAN Ta €(QEeKTHBHUI
3B’S30K 3 IHIIMMM pErioHaMH Ta KpaiHaMHu.
B ymoBax cyudacHUX BHKIIMKIB, IOB’SI3aHUX 13
BifHOIO B VYKpaiHi, NUTaHHS TEPUTOPIAIILHOTO
MJIaHYBaHHSI 3€MeJIb aeporopTiB HabyBae 0CO-
OnMBOi aKTyaJbHOCTI. 3pyHHOBaHI N IOIIKO-
JDKEH1 aeporopTH TOTpeOyIOTh HE JIUIIE Bif-
HOBJICHHS, a i TIEPEOCMUCIIEHHS NPUHLHUIIB iX
TEPUTOPIAJILHOTO TUIAHYBaHHS 3 ypaxyBaHHSIM
HOBUX peatiid.

AKTyanbpHICTh TEMH 3yMOBJIEHA HEOOXIiJ-
HICTIO MIBUIKOTO ¥ €(EKTHUBHOTO BITHOBJICHHS
aepoNopTIB, 110 € KPUTUYHO BAXJIMBUMH IS
€KOHOMIKH, O€31IeK1 Ta MOOIJILHOCTI HACCIICHHS.
BiifHa 3aBmanma 3HaYyHMX 30UTKIB iHPpPACTPYyK-
Typi, II0 YCKJIQJHIOE TPAHCIIOPTHY JOCTYIHICTb
1 jmorictuky. ToMy BUHUKae moTpeda B po3po-
OJEHHI HOBUX HIAXOJIB /10 TEPUTOPIAIIbHOTO
IUTaHyBaHHS, SKI O ypaXoByBaJld sIK O€3MEKOBI
aCIeKTH, TaK 1 BUMOTH JI0 CTaJIOr0 PO3BUTKY.

CyvacHu#l cTaH 3eMellb aeporopTiB B YKpa-
iHI XapaKTepU3yeTbCS 3HAUHUMHU pYyIHHYBaH-
HAMH ¥ TOIIKO/DKCHHIMHU 1HPPACTPYKTYpPH, IO
MPU3BENIO 10 3HIDKCHHS iXHBOI (DYHKIIOHAIb-
HO1 cripoMOXkHOCTI. bararo aeponoptiB 3a3Hasio
pyliHyBaHb uepe3 BIHCHKOBI [ii, IO BUKIIHU-
KaJIo HEOOX1JHICTh TEPMIHOBOTO BiJHOBIICHHS
Ta MojepHizamii. KpiM TOro, BHHUKIM HOBI
BUKJIMKH, OB’ s13aH1 13 3a0e31eueHHsIM O€3IeKH,
aJIarTauli€ero 10 3MiH KIiMary i yrpoBaKEeHHAM
IHHOBALIIMHUX TEXHOJIOTIH.

3emuti aBialifHOTO TPAHCIOPTY MAIOTh OCO-
OnuBe 3HAUEHHS JJIs1 PO3BUTKY KpaiHU, OCKUIBKH
aeponopTH 3a0e3MeuyroTh MI)KHAPOAHUN 1 BHY-
TPIIIHIA TPAHCHIOPTHUMN 3B’ SI30K, CIPUSIOTH PO3-
BUTKY Typu3My, Topriii i Oi3Hecy. Po3BuTok
TaKol MiJKaTeropii 3emenb, SK 3eMJil aBlalii-
HOTO TPAHCIIOPTY, € KPUTUYHO BAKIUBUM IS
€KOHOMIYHOTO 3pOCTaHHS, IHTerpauii B MiKHa-
POJIHY €KOHOMIKY Ta IMiJIBHIIEHHS MOOUTHLHOCTI
HaceneHHs. EdekTuBHe TepuTopianbHe TUIA-

58

HYBaHHSI 3€MeJIb aepOINOPTIB CHPUATUME OITH-
Mi3alii BUKOPUCTAHHS PECypcCiB, MIJBUIIECHHIO
piBHs Oe3mekn i KoM(pOPTHOCTI IS Macakxupis,
a TaKOXX 3MEHILIEHHIO HETaTHMBHOIO BIUIMBY Ha
HABKOJIUIIIHE CEPEIOBUILIE.

MeTtor nociiKeHHs € po3podka i oOrpyH-
TyBaHHsI NPUHIUIIB TEPUTOPIATBHOIO IUIAHY-
BaHHS 3€MEJb aepomnopTiB YKpaiHM B yMOBax
BIMHM Ta MICISIBOEHHOTO MEPIONY, sIKi O CIIPHUSIITN
e(eKTUBHOMY BIJHOBJICHHIO 1 CTAJIOMY PO3BUTKY
i€l BaXJMBO1 iHQPaCTPYKTYpH.

TeputopiasibHe IUTaHYBaHHS 3€MEJb aepo-
MOPTIB € CKJIAJJHOIO Ta 0araTorpaHHOI TEMOIO,
mo mnoTpedye BpaxyBaHHS pI3HHX AacCIeKTIB,
TakMX sIK Oe3leka, eKOHOMiYHA €(EeKTUBHICTH,
€KOJIOT1YHA CTIMKICTh 1 COIaldbHI YHWHHHKH.
VY cydacHMX yMmoOBax BiIMHM U MICISBOEHHOTO
BiJTHOBJICHHS 1151 TeMa HaOyBae 0COOJIMBOT aKTy-
anbHOCTI s YKpainu. Omisin JiteparypHUX
JUKepeN J1a€ 3MOry BUSIBUTHM OCHOBHI HaIpsIMU
JOCHIKEeHD y I1{ raimy3l i BU3HAUUTU acTEKTH,
AK1 e moTpeOyroTh BUBYEHHS. 30kpema, 3. [0,
b. JIi, I. Tetinop, C. YxaH 10CHIKYIOTh YIIPOBa-
JUKEHHS €JIEKTPUYHUX CUCTEM IPOITYJIbCii B aBia-
IWHIA Tamy31 ISl TOCATHEHHS IIIeH 3HIKSHHS
BukuaiB CO2 B pamkax mporpamu «Flightpath
2050» [1]. ABropu mNpONOHYIOTH JBOLLIbOBY
CTPYKTYpYy IUIaHyBaHHS 1HQPACTPYKTypHu IS
MIKpPOEHEPTOCUCTEMH aePOIOPTY, AKa BPaxXoBYy€
€JIeKTPUYHI TPAHCIOPTHI 3ac00M U eNeKTPUYHI
JTaKM, a TAKOXK OI[IHIOIOTH BIUIUB cTparerii V2G
Ha CEKOHOMIYHYy e(eKTHBHICTh MIKpOEHEpPro-
cucremu aepornopry. I. Wxan, B. Bens, JI. Ban
PO3pOOMIN MOJIEh OLIIHIOBAHHS CTIMKOCTI OIle-
pariiiHoi Mepexi aepomopTy IiJ 4ac rpo30BOi
MOTOI, BHUKOPHUCTOBYIOUM MOJIENb Iepenadl
kiituH (CTM) [2]. Vdeni aHanmi3ylOTh €KCILTya-
TaliiHl JaHl aeponopty «TsHbI3iHb biHbXaii»
1 MPONIOHYIOTH 1HJEKC CTIMKOCTI JJ1sI OI[IHIOBAHHS
e(eKTUBHOCTI MEPEKI B yMOBaxX pI3HUX Mapame-
TP1B OTOAM.

K. 3ynira, I Bycren aHami3yloTh pO3BUTOK
aepornopty «Keperapo» B Mekcwuiii, makpecito-
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109l HEOOX1JIHICTb CTBOPEHHS aepOIOPTOBOTO
reHepanbHoro miany (AMP) 3 1oBroctpokoBoro
cTpareriuaoro Biziero g0 2040-2050 pokis [3].
ABTOpH HaroJouyrTh Ha BaXJIMBOCTI 1HTErpa-
1ii MIKHApOTHUX, HAIIOHANBHUX 1 perioHajb-
HUX TEHICHINH, HOB’SI3aHUX 3 aBialli€lo, i
CHpPUSHHS EKOHOMIYHOMY PO3BUTKY PpETiOHY.
L. 34, X. Xy, Y. O gocnipxyoTh ONTUMAIbHE
IJIaHYBAaHHS TIOPUIHOI CHUCTEMHU BiTHOBIIOBA-
HOI eHeprii /i1 aeponopTiB, BUKOPUCTOBYIOUH
MOJIeJIb Ha OCHOBI 0araTOKpUTEpialbHOTO MpH-
iuarTs pimenss (MCDM) [4]. IIpu oMy orii-
HIOIOTBCSL PI3HI cTparerii ekciulyarauii eHep-
TOCUCTEMH Il JOCATHEHHS ONTHUMAJIbHOTO
MaciTady BiJIHOBIIOBAHOI e€HEprii Ta eHepros-
Oepirarounx NpUcTpOiB.

M. ManbkoBcbka, []. Tinouincekuii, M. Bax-
KnockoBebka, I. Bymuak ananizyiors Qaxropw,
10 BU3HAYAIOTh €KOJIOT1UHY Opi€HTAIlI0 yIpaB-
niHHA aeponopramu B Ilombmii [5]. Asropu
BUSIBJISIIOTH, 110 (piHaHCOBI Oap’epu, HE3HAHHS
MOTEHLIWHUX BHUTOJ 1 HU3BKUU MPIOPUTET EKO-
JOT1YHUX MPAKTUK € OCHOBHUMHM IEPEUIKOIAMHU
JUIS eKONIOTiYHOTO yrpapiinus. M. Bir anamizye
HEeCTaOlIbHICTh, 110 3POCTA€, MOBITPSHOTO Tpa-
¢biky yepe3 KOHKYPEHIIII0 Ha PUHKY aBianepene-
3€Hb 1 30BHIIIIHI IITOKOBI OMil, TaKl AK MaHAEMIis
COVID-19 [6]. Yuenuii nporoHye rHy4Ke cTpa-
TETiYHE IUIaHyBaHHsS aeporopTiB 1 JuBepcudi-
KalliliHi cTparerii Ui MmiABUIIEHHS CTIHKOCTI 10
TaKUX LIOKIB.

M. Amnb-I3aBi, K. Enp-Paiiec po3poOisitoTh
METOZIOJIOTII0 ONTUMI3alii IUIaHIB MOETAIHOIOo
PO3IIMPEHHST aepOMOPTIB 3 METOK MiHIMi3a-
uii 360iB y po6oTi aeponopTiB mix 4ac OymiB-
HUIITBA Ta 3MEHIIEHHS BapTOCTI MPOEKTiB [7].
M. Bansrept, E. Ximenec Ilepec, P. Ilanbspi
IIPONOHYIOTh THYYKY MOJIeNIb PO3IIUPEHHS Maca-
KHUPCHKUX TEPMIHAJIIB aepoONOpTiB, 110 Bpaxo-
BY€ peajibHI BapiaHTU PO3LIMPEHHS cuUcTeM [8].
BoHu mokasyoTh, 110 Taka THYYKICTh CTBOPIOE
¢inaHcoBI nepeBaru il migBuILye e(heKTUBHICTH
IUTaHYBaHHS.

HaykoBa miTeparypa OXOIUIIOE€ IIUPOKHUI
CHEKTp MJOCHIKCHb, IOB’S3aHUX 13 TEpPUTO-
plaJIbHUM IUIaHYBAaHHSM 3€MeJb aepoOIOpTiB,
ajie JedKl acIeKTH 3aJUIIAIOTHCS HEAOCTaTHBO
JOCTIKEHUMHU, a CaMe: TUTaHHS BIPOBAHKEHHS
HOBHMX CTaHJApTiB O€3MeKu [Uisi aepoIopTiB

y KOHTEKCTI HICJIIBOEHHOTO BiJIHOBJICHHS; OCO-
OJIMBOCTI BIIMBY TEPUTOPIAIbHOTO MJIAHYBaHHS
Ha MICIIEBl TpOMaJH W CoLialbHI MUTAHHS, TaKi
SK TMEPEeCeIeHHs Ta MpPaleBIalITyBaHHS; YIIpO-
Ba/DKEHHS €KOJIOTIYHO YWCTUX TEXHOJIOTIH
1 IPaKTUK B aeporoprax OCOOIUBO B KOHTEKCTI
BITHOBJICHHS ITiCJIS BIifiHH.

OTke, mOJAJIbBII JOCTIIKECHHS MaloTh 30Ce-
penuTucs Ha iHTerpamii Oe3MeKOBUX 3aXOiB,
COLlIaJbHUX AacleKTax IJIaHyBaHHs, EKOJOriy-
Hill CTIHKOCTI i €KOHOMIUHIi €()EeKTUBHOCTI IS
3a0e3MeYeHHs] KOMIUIEKCHOTO MiAXO0Ay A0 Bif-
HOBJICHHSI Ta PO3BHUTKY aepoIoOpTiB B YKpaiHi
B YMOBax BiifHM I MICISIBOEHHOTO MEPIOAY.

Marepiaau Ta mMeTroau. Y XoIi HANMHMCAHHS
CTaTTi BUKOPUCTAHO PI3HOMAHITHI Marepiaiu
i HayKOBi MeTOJH. AHAJI3 JIITEpaTypy BKIIOYAB
OIJIS/I HAyKOBUX cTaTel, MoHorpadii Ta iHIINX
nyOJiKanii, mo CTOCYIOThCS BIAHOBICHHS 1H(Q-
pacTPyKTYpH Ticlisi BIiHCHKOBHX KOH(QIIIKTIB,
30KpeMa JOCIIKEeHb 3 BiJHOBJICHHS aepOIOPTiB
y Takux KpaiHax, sk Ipak i Cupis. Emmipuuni
JOCTKeHHs 0a3yBajics Ha aHaji31 IOTOYHOTO
ctany MixHapoaHoro aeponopty «MHKoIaiBy»
3 BUKOPHCTaHHSIM IaHUX CYIyTHUKOBUX 3HIM-
KiB 1 KapTorpadiuHuxX MarepiaiiB, OTPUMaHUX 13
wiatgopmu Google Earth. OuinioBaHHS BIUIUBY
BiIlfHM Ha 1H(PACTPYKTYPY aeporopTy BKItOUasa
JeTaIbHUM OIS/ TIOIIKO/KEHB 3J1ITHO-II0CA KO-
BUX CMYT, TepMiHaJiB Ta IHIIMX 00’ €KTiB, MPO-
Be/ICHUI Ha OCHOBI (hoTOMarTepiaiB 1 3BITIB Mic-
[IEBUX OPraHiB BIAJIH.

Metoau TepUTOPiaIbHOTO IJIAHYBAHHS BUKO-
PHUCTOBYBAJIM JUIsI PO3POOKU MPOIO3UIIM 11010
BIJTHOBJICHHSI i PO3BUTKY aepomopry. 30Kpema,
IPOaHai30BaHO (PyHKIIOHAJIbHE 30HYBAHHS Ta
iHTerpauii 3 TPaHCIOPTHOIO 1H(PPACTPYKTYpPOIO
pEerioHy, BKJIIOUal0YH aBTOMOOIIBHI i 3aTi3HUYHI
HUISXH.

PesyabraTu. TepuropianbHe IUIaHYBaHHS
BIUIMBa€ Ha (YHKLIOHYBaHHI aepoIopTiB,
3a0e3neuyrour IHTErpalilo aeponopToBoi iHO-
pPAcTPYKTYpPH 3 IHIIUMHU €JIEMEHTaMU MiCHKOTO
Ta PErioHaJIbHOTO PO3BUTKY. [IpaBuibHE pO3Mi-
IICHHS aepOINOPTIB 3 YpaxyBaHHSIM TPAHCIOPT-
HUX KOpPHUIOpiB 3a0e3meuye e(heKTUBHUM TOCTYI
Haca)KUpiB 1 BAHTAXKIB, 3MEHIITYIOUH 3aTOPH i yac
Ha MiA'i3ad. PO3BUTOK NpUIIErIMX TEPHUTOPIH,
30KpemMa OyIiBHMIITBO TOTENIB, Oi3HEC-IEHTPIB
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1 oricTuyHUX xabiB, CIIPUSE CTBOPEHHIO pobO-
YUX MiICLb T4 €KOHOMIYHOMY 3pOCTAaHHIO PEri-
oHy. BogHouac tepuropianbHe MJIaHyBaHHS Mae
BpPaxoBYBaTH EKOJOTiIYHI acleKTH W BIUIMB Ha
MICIIeBE HACEJICHHS, 30KpeMma IIyMOBe 3a0pyn-
HEHHs Ta 3a0pyaHeHHs MNoBiTps. bamanc Mix
€KOHOMIYHUMHM, COLIAJIbHUMH M EKOJIOTIYHUMH
aCIeKTaMU € KJIFOYOBUM JIJIsl CTAJIOTO PO3BUTKY
aeporopTiB 1 iX e(eKTUBHOrO (yHKLIOHYBaHHS
B JIOBIOCTpPOKOBii nepcrnektusi [10].

BukopuctanHs 3eMENbHHX pECypCiB  Iif
Yac TEpUTOPIaIbHOTO IUIAaHYBAaHHS aepoIopTiB
B YKpaiHi Ma€ OCOONUBOCTI, SIKIi BPaXOBYIOThH
TEXHIYHI, EKOHOMIYHI, €KOJIOTIYHI Ta COIlaJIbHI
acnekTH (Tadmuis 1).

i 0cob6nuBOCTI Bi10Opak)ar0Th KOMILIEKCHUI
HiAX1J A0 BUKOPUCTAHHS 3€MEIbHHX PECypCiB
JUIE CTBOPEHHS (YHKLIOHAJIBHOTO 1 CTaJIoro
aepoIoOPTOBOTO KOMILIEKCY.

[IpuHIMOKM  TEpPUTOPIAILHOTO  IUIAHYBAaHHS
3eMeNb aepoIopTiB BKIIIOYAIOTh KUIbKA KIIIOYO-

BUX ACIMEKTIB, CIPSMOBAHUX Ha 3a0e3MCUCHHS
e(eKTUBHOCTI, Oe3MeKu 1 CTaJoro pPO3BUTKY
(puc. 1).

Bume3aznaueHi NpUHIMIN CHPSIMOBaHO Ha
CTBOpEHHsI €(EeKTHBHOI, Oe3MeyHOi Ta EeKOJOo-
rYHO CTIMKOI aepomopToBOi 1H(PPACTPYKTYpH,
sKa BiANOBilae morpedaM Cy4yacHOTO CYCIHiJIb-
CcTBa ¥ 3abe3redye CTaluil PO3BUTOK PETiOHY
[10].

Mixnapoanuit aeponopt «Mukomaisy (NLV)
(pucyHku 2-3) 3a3HaB 3HAYHUX PyHHYBaHb yHa-
CIIJOK BiiiHM Ta motpelye BiIHOBIEHHS U po3-
BUTKY. Lleli aeporopT Mae cTpareriye 3HauYCHHS
JUISL PerioHy, OCKIJIbKU 3a0e3Ieuye TpPaHCIIOPTHI
3B’A3KH 3 IHIIMMU YaCTHHAMHU YKpaiHU Ta MiX-
HApOJHUMHU HaNpsMKaMH.

BaxnuBicTe  BIIHOBJICHHS, MOJEpHi3amii
aeporopTy BAXIUBO PO3IVISIATH B KOHTEKCTI
3eMeJIbHO-PECYPCHOTO MOTEHINANy, SIKUHM TMOJs-
ra€ B MOro 30aTHOCTI CTHMYJIOBaTd €KOHO-
MIYHUH PO3BUTOK PETiOHY, MOKpAIIUTH TpaH-

Tabmms 1

Oco0.1uBOCTi BUKOPHCTAHHS 3eMeJIbHUX PeCcypciB IiJl 4ac MIIaHyBaHHSA
i PO3BUTKY aepONOPTIB B YKpaiHi

OcobauBocTi

OOrpyHTYBaHHA

3onu 6esnexu 1 oomescennst

YcraHOBIIEHHS 30H 0€3MEKH, sIKi 0OMEXYIOTh OYIBHUIITBO H 1HIII BUAM MiSTTBHOCTI,
10 MOKYTh CTBOPUTH 3arpo3y Oe3melli MoJbOTiB.

CrBOpeHHsI 30H OOMEXEHHs, sIKi BPaxOBYIOTb BHCOTHI ¥ iHIII OOMEXEHHS IS
3a0e3IeyeHHs Oe3eKH MMOIBOTIB JITaKiB.

Onmumizayis mepminanie
ma ingppacmpyxkmypu

Po3TamryBaHHs TepMiHAIBHUX KOMIUICKCIB Ta 1HIIUX THPPACTPYKTYPHUX 00’ €KTIB
3 ypaxyBaHHSM MaKCUMaJbHOT e(DeKTUBHOCTI ¥ 3a0€3MeUeHHs JISTKOTO OCTYIY 110
HIUX.

Texuiuna ingppacmpyxmypa

Po3TanryBaHHs 311iTHO-IOCAIKOBUX CMYT, TaKCIBEH, TUIOINAZO0K IJIsl CTOSTHKH JTITaKiB
Ta IHIIUX TEXHIYHUX 30H JUI ONTUMAJIbHOI Oprasi3auii pyxy i yTpuMaHHs JIITaKiB.

Pe3zepani 11 asapitini 30Hu

3abe3meueHHs] Pe3epBHUX Ta aBapiMHUX 30H JUI MOXKJIMBOCTI pearyBaHHS Ha
EKCTPEHI CUTYyallii, TaKi sIK aBapii Uu HaJI3BHYAHI MOI1.

Exonoeiuni acnexmu

VYpaxyBaHHsI €KOJIOTIYHHX AaCIEKTIB ITiJ 4ac BUOOpPY Micis Juiss OymiBHUITBA I
eKCILTyaTaIlii aeporopTy.

3anobiraHHsa HETAaTUBHOMY BIUIMBY a€pOIOPTOBOT JisSUIBHOCTI HA IPUPOIHI peCypCH
1 JOBKULIA.

Cnisnpays 3 micyegumu
opearamu ma
2POMAOCHKICMIO

VY3romxeHHsS 3 MICHEBHMH OpraHaMH BIaiW M TPOMAaJCHKICTIO I BpaxyBaHHS
MICIIEBHX 1HTEpPECIB Ta OOMEKEHb.

3amydeHHs] TPOMAJICBKOCTI A0 TUCKYCiH 1 pillleHb, OB’ SI3aHUX 13 BUKOPUCTAHHIM
3eMENIbHUX PECYPCIB.

Tpaucnopmua
iHpacmpyxkmypa

YpaxyBaHHs 1OTped y 3pyYHOMY TPAHCIIOPTHOMY JOCTYIII 10 ¥ BiJ aepOIOpTY.
3abe3neueHHs 3pYYHUX TAPKOBOK Ta IHITUX TPAHCIIOPTHUX 00’ €KTIB.

Ynpaeninna pusuxamu

YpaxyBaHHsl PH3UKIB NPUPOAHMX SBUL (HANPHUKIAL, TOBEHI, 3eMJIETPYCH) |
pO3TalllyBaHHS aepolopTy 3 YpaxXyBaHHAM MOXKJIMBOCTEH YIIPaBIiHHA LHMMHU
pHU3UKaMHU.

DynkyioHanbHe 30HY8AHHS

Po3noxin tepuropii aeponopry Ha (yHKI[IOHAIBHI 30HM BIiAMOBITHO OO IXHBOTO
pU3HAa4YeHHS (MacaXUPChKi, TEXHIYHI, aIMiHICTPATUBHI).

3emnexopucmysanua.
npocpamu po3eUmKYy

IMnanyBaHHS ¥ ypaxXyBaHHS MOXJIHMBOCTEH IJIsi MaiOyTHHOTO PO3LIMPEHHS YK
MOJIEpHI3aIlii aepoTopTy.

Loicepeno: cghopmosano asmopamu.
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Onmumanvhe UKOPUCIMAHHA MEPUMOPIT aeponopmy Ui egheKmusHa OpeaHizayis pyxy.

Llioknouenns aeponopmy 00 0CHOBHUX MPAHCHOPMHUX KOPUOODIS.

| Vpaxysanns 3axodis 6esnexu, maxux ax Oyghepui 30nu, 6i00aneHicnmb 6i0 HCUMLOBUX

PAlioHi8 i 3a0e3neueH s HaNeNCHUX YMO8 O] A8apiliH020 peazy8anHs.

VIPAGNIHHA WYMOBUM [ NOGIMPAHUM 3A0PYOHEHHAM, 800HUMU PeCypcamu ma

‘ Oyinioanis ti MiHIMI3ayis 6NIUBY AEPONOPMY HA HABKOTUUHE cepedosuuye,

OIOPIZHOMAHIMMAM.

| 3abeszneuenns enyukocmi 6 pea2y8anHi Ha 3MIHU 8 aABIAYIUHIl 2any3i U eKOHOMIYHUX
| YMOBAX.

VYpaxyeanns inmepecie micyesoeo nacenenns, 3abe3nevents pooouux micys i
PO3BUMKY COYIANbHOI IHGDpacmpyKmypu HA8KOIO Aeponopmi).

3abesneuenns nanexicHol mexHiuHoi iHgpacmpykmypu, 8KI04arOYU
8000NOCMAYAHHS, eeKMPONOCMAYAHHS, CUCeMU YAPABLIHHA NOBIMPAHUM DYXOM
ma iHuwi HeoOXIOHI KOMYHIKAYiL.

Puc. 1. Ilpuanunu TepuTopiajJbLHOro IJIAHYBaHHS 3eMeJIb aeponopTiB

Lrcepeno: cghopmosarno asmopamu

CHOPTHY AOCTYIHICTb 1 3a0€3MeUUTH IHTETPallito
3 HalllOHAJbHUMHU U MIKHApOJHUMH TPAHCIIOPT-
HUMU Mepekamu (Tabmnuis 2). BigHoBIeHHS Ta
PO3BHUTOK aepoINoOpTy CHPUATUME 3aTy4EHHIO
1HBECTHIIIH, CTBOPEHHIO POOOYHX MICIh 1 TiBU-
IICHHIO SKOCTI )KUTTS HACEeJICHHS.

BinHoBnenHs iHpacTpykTypu MixHapon-
HOTO aepomnopTy «MukonaiB» micis 3aBep-
IIEHHS BIHCHKOBUX JIiil € aKTyaJdbHUM 1 JOCSK-
HUM 3aBIaHHIM, sIKe MOTpedye KOMIIJIEKCHOTO
MiaX0Ny ¥ 3aJlydeHHs pi3HUX (PIHAHCOBUX JIXKe-
pen. OgHUM 13 KIIOUOBHX JKepen (QiHaHCY-
BaHHS MOXKE CTaTH MIXKHapOAHA JIOIIOMOTa, siKa
BKJIIOYA€ TPAHTH, KPEIUTH Ha BUTIAHHUX YMO-
Bax Ta IHBECTHULIi B IHPPaCTPYKTYypHI MPOEKTH.
Taka nomomora moxe OyTH HaJjaHa MI)KHapo[-
HUMU OpTaHi3alisMH ¥ ypsiaMH 1HIIMX KpaiH,
3alliKaBJI€HUMH B cralimizamii Ta BiIHOBIECHHI
VYkpainu.

3HayHMii TOTeHIian i (iHAHCYBAaHHSA
PEKOHCTPYKIIii MalOTh TAKOXK 1HBECTHUIIIT TPUBAT-
HOTO CEKTOpy. BiTHOBIEHHS €KOHOMIKH U TOJIi-
TUYHA CTa01i3a1lisi CTBOPATH CIIPUATINBI YMOBU
JUId 3aJly4€HHs NPUBAaTHUX 1HBECTOPIB, SKi
MOXYTh 1HBECTYBaTH B PO3BUTOK 1H(PACTPYyK-
Typu MIiXKHapoJHOro aepornopty «Mukomnaiby,
JIOTICTUYHUX LIEHTPIB 1 KOMEPLIHHUX 30H. YIIpo-
Ba/UKCHHA MEXaHI3MIB IyOJi4HO-IIPUBATHOIO
NapTHEPCTBA J1aCTh 3MOTY €(EKTUBHO MO€AHATH
JiepKaBHI Ta IPUBATHI PeCypcu AJIsl TOCATHEHHS
CIUTBHUX ITiIeH [12].

CrpareriyHMM HampsiMOM Yy peajizamii ux
3aBJaHb € CTBOPEHHS HALlIOHAJIBHOI MPOrpamu
BIJTHOBJIGHHS TPAaHCHOPTHOI 1H(PACTPyKTypH,
sKa rnependayaTiMe KOHKPETHI 3aX0/1, TEPMiHU
BUKOHAHH ¥ jpkepena (iHaHCyBaHHs. Baxuiu-
BUMH CKJIQJIHUKaMH TaKOi MPOTrpaMu MOXYTb
OyTH PEKOHCTPYKIlisl 3TITHO-TIOCAIKOBUX CMYT,
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Puc. 2. Cxema (mu1an) MA «MmukonaaiB» 3 Bi1o0pakeHHSIM NPUJIEIIAX TePUTOPIi
(mporpamue 3a0e3nevyens QGIS)

Puc. 3. Micue po3ramyBanaa MA «MukoJiaiBy (caresiTHmii 3HiMok — miiatpopma Google Earth) [11]

TepMiHAJIB, MM i3HUX JOpir MIiXKHApOIHOTO
aeporopty « MHKOJIAIB», a TAKOXK YIIPOBAKCHHS
Cy4aCHHMX TEXHOJIOT1H 1 MarepiaiiB AJs MiJBU-
meHHs: eQekTuBHOCTI U Oesneku. JlogaTkoBo
PO3BHUTOK KOMEPIIIHUX 30H HABKOJIO aepOIIOPTY,
3allydeHHs] MKHApOJAHHUX aBlakoMMaHiil 1 peari-
3allisi eKOJIOTIYHUX 1HILIATUB CHPUATUMYTh M-
BUIIEHHIO HE JIMIIE MPUBAOIMBOCTI aepONOpPTY,
a1 #ioro CTIMKOCTI i ekoJyioriuHii 6e3nert [13].

62

Baxn1Bo0 yMOBOIO YCHIIIHOTO BiJIHOBJICHHS
MixnaponHoro aeponopty «MukomiaiB» € mif-
TPUMKa MICLIEBUX I'pOMa/I. 3alTy4€HHS MiCLIEBOTO
HACEJICHHS JI0 TPOIIECiB PEKOHCTPYKIIII CTBOPUTD
HOBI p0o0OYi MICLIS, MABUIIUTH PIBEHb KUTTS Ta
CIIpUSITUME COIliabHINA cTabinpbHOCTI. Hamanus
IPOMaJICBKMX KOHCYJBTAIl TaCTh 3MOTY Bpaxy-
BaTH MOTPeOM i moOakaHHS MICLIEBUX KUTEIIB,
110 3a0e3MeYnTh IXHIO MIATPUMKY Ta MiHIMI3ye
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Tabmuig 2

OOrpyHTYBaHHS 0CO0JIMBOCTEI HASIBHOIO CTAHY TePUTOPiaIbHOrO mianyBanusa MA «Mukosais»

i mepcrneKTUBU PO3BUTKY

Acnekm

| Oorpynmyeanns

Ananiz Haa8H020 CMAHy MepumopiantbHO20 NAAHYEAHHS

DYHKYIOHANILHA 30HAIBHICD

Hapasi aepornopt Mae OCHOBHMI TE€pPMiHaJ, 3JIiTHO-MIOCAIKOBY CMYTY U JeKiJbKa
JOTIOMIXKHMX 00’ €KTiB, AKi 3a3HANU PyHHYBaHb. BiAcyTHI pO3BHMHEHI KOMEpPLIiKHI
Ta BAHTA)KHI 30HH.

Iumeepayisa 3 mpancnopmmnoio
inghpacmpyxmypoio

MuxonaiBCbKUi aepormopT Mae OOMEXEHI TPaHCHOPTHI 3B’S3KH 3 MICTOM Ta
iHmmMu perionamu. [lotpeGye po3mmpeHHs i MoaepHizaril mij’i3Hux Jopir i
PO3BUTKY T'POMaJICHKOTO TPAaHCTIOPTY.

besneka 1 3axucm

YHacnigok BiliHM iH(ppacTpykTypa Oesmexkn Oyma nowmkomxena. HeobxinHo
BITHOBUTU ¥ MOJICPHI3yBaTH CHUCTEMH BIICOCIIOCTEPEIKECHHS Ta KOHTPOIIO

JIOCTYILY.

FExonoziuna cmitikicmo

[ToTpiOHO poO3poOMTH cTparerii 3 yNpaBIiHHSA ITyMOM 1 3HW)KEHHS BIUTUBY
Ha HaBKOJIMIIHE CEpelOBHIIE, 30KpeMa YIPABIIHHS BOAHHMH pecypcamu H
03€JICHEHHsI TepUTOpii.

Tlponosuyii ma pexomenoayii 05t NOTINULEHHS!

Acnexm Obrpynmysanus
Pozwupenns mpancnopmuoi | Po3poOuUTH MIaHM 010 MOKPALEHHA i1 I3HUX JIOPIr Ta iHTerpaLii aeponopry i3
inghpacmpyxkmypu 3aJI3HUYHOIO CHCTEMOIO. YIIPOBaIUTH MapUIPYTH I'POMAICHKOTO TPAHCIIOPTY IS

3a0e3MeueHHs IOCTYITHOCTI.

Poszsumok komepyitinux i
BAHMAICHUX 30H

3anpoBaJuTi PO3BUTOK KOMEPIIIMHUX 30H HABKOJO TEPMiHANY, BKIFOUAIOYN
roteni, pecropanu i O6i3Hec-11eHTpU. CTBOPUTH CyJaCHHH BaHTaKHUN TepMiHAI
JUISL TATPUMKH PET10HATBHOI EKOHOMIKH.

Bionoenenns i mooepuizayis
Oe3nexu

BigHoBUTH TOMIKOMKEeHI 00’€KTH OE3MEeKH, YMPOBAIUTH CYYacHi CHCTEMHU
BiJICOCIIOCTEPEKEHHSI W KOHTPONO JOCTymy. [liIBHIIMTH piBeHb Oe3neKn

BiJIMOBIJTHO JIO M>KHAPOJHUX CTAaHAAPTIB.

Exonociuna cmivikicme

Po3pobuti mporpaMu 100 3HIKEHHS LIyMOBOTO | MOBITPSHOIO 3a6pyz[HeHH;1
VYOpoBaAUTH COHSYHI MaHeNi M iHIN BiJHOBMIOBaHI JXKepena €Heprii A
3a0e3nedeHHs eHeproe()eKTHBHOCTI.

Coyianvha inmezpayis

3anyuntn MicueBy rpomaiy A0 BIJHOBICHHS aepONOPTY, CTBOPHOHYH Po6Odi
MICIlSl Ta CHpHUSIOYN PO3BUTKY Micuesoro GisHecy. IlpoBoauty perymsphi
IpOMaJIChKi CITyXaHHS i HaJaBaTH KOHCYJBTAIlii.

ﬂoeeocmpoxoee Nnaany6aHHs

Po3pobuti OBrOCTPOKOBY CTpaTeriio PO3BUTKY aepoNOPTy 3 ypaxXyBaHHAM
MOXJIMBOCTEH PO3LIMPEHHS TEPMIiHANIB 1 3/MITHO-MOCAJKOBUX CMYT, 3 OINIAY Ha
IIPOTHO3MU 3pOCTaHHs ACAKUPOIOTOKY I BAHTAXKHUX I1€PEBE3ECHb.

IDicepeno: cpopmosarno asmopamu 3a danumu Oxcepena [12; 13].

KoH(IiKkTH. TakuM YUHOM, KOMIUICKCHHMA ITifI-
XiJ1 10 BIJHOBJICHHS a€pOMOPTY i3 3aIy4eHHIM
MDKHApPOAHOI JOTIOMOTH, IMPHUBATHUX I1HBECTH-
il Ta ePEKTUBHUM BUKOPHCTAHHIM JIePKABHUX
pecypciB € peanicTHUHUM 1 3a0e3meuye JA0Bro-
CTPOKOBHH ycmixX 1i1st Mi>KHApOTHOTO aepOTopTy
«Muxomnaisy.

BucnoBku. [IpoBeneni 1o ciiKeHHS JalOTh
MOJKJIMBICTh BHIUJIUTA OCHOBHI aCIIEKTH TEPH-
TOPIaJIBHOTO IJIAHYBaHHS 3eMeNb aepoIopTiB,
AKI HEOOXIi/IHI B Cy9acHHX yMOBaX iX BiJTHOB-
JICHHS.

[lepexyciMm HEOOXiqHO 3BEpHYTH YyBary
Ha OCOOJIMBOCTI BHKOPUCTAHHS 3€MEIbHUX
pecypciB mia 4ac IUIaHYBaHHS W PO3BUTKY
aeporopTiB, 30KpeMa BpaxoByBaTH 30HHU 0e3-
MeKu i OOMEXEHHs, MPOBECTH ONTUMI3aIlii0

TEeXHIYHOI iH(paCTPYKTypu aepomopTiB, ypa-
XOBYIOUH 3apyOiKHHI TOCBiA, YIIPOBaIKyBaTH
BUKOPHUCTAHHSI PE3epBHUX Ta aBapiliHUX 30H,
3a0€3MeYnTH y4acTh T'POMAICHKOCTI W opra-
HIB MicIeBOi BIAAy BIANOBIAHUX pETiOHIB,
OCKIJTBKU CaM€ BOHH BOJIOJIIIOTH JOCTOBIPHOKO
iH(pOpMAIIi€0 MO0 CTaHy 3eMeJb aePOIOPTIB
y perioHi.

KinrouoBuMy nmpHHIUTIAME TEPUTOPIaIBHOTO
TUTaHYBaHHS 3€MeJb aePOIIOPTIB, SIKi CIIPSIMOBAaHI
Ha 3a0€3Me4YeHHs CTaJIOT0 PO3BUTKY TEPHUTOPIH,
€ TaKi:

— ONTHMI3alisg Oprasizamii pyxy #W ONTH-
MaJIbHE BUKOPUCTAHHS TEPUTOPIi aeponopry;

— B3AEMOJIiSl AePOTIOPTIB 3 OCHOBHUMH TPaH-
CHOPTHUMH  KOPUAOPAaMH, aBTOMOOLIHHHUMH,
3aJ1I3HUYHUMU (TPAHCIIOPTHUN MEHEIPKMEHT);
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— 3a0e3MeueHHs] BUKOPHCTaHHS OyQepHHxX
30H, AKi O crpusuii 3a0€3MEYCHHI0 HAJIECKHUX
YMOB JJIs1 MiHIMi3alii BIUIMBY aepomopry Ha
HaBKOJIMIIHE CEPEJOBUILE, YHPABIIHHS IIyMO-
BUM 1 MOBITPSIHUM 3a0pyIHEHHSM;

— (popmyBaHHS eKOHOMIYHOT THYYKOCTI aBiawiii-
HOI Tay3l 1O €KOHOMIYHUX YMOB (IHBECTHIIiifHA
TISUTBHICTb, JIeP’KaBHO-TIPHBATHE MTAPTHEPCTBO);

— 3a0e3MeueHHs! COoliaIbHOI IHPPACTPYKTypHU
HAaBKOJIO aepOIOPTy U COLiaIbHO-EKOHOMIYHOTO
PO3BHUTKY PErioHy 3arajioM.

ono BimHOBIEHHA iH(pacTpykTypu Mix-
HapogHOro aepomnopry «MuxkomnaiB», TO TyT
NOTPIOHWI KOMIUIEKCHUN TMiAXin, sKuii Oyne
BpPaxOBYBaTH PO3IIMPEHHS TPAHCIOPTHOI iH(O-
pacTpPyKTypH, BITHOBJIEHHs Oe3mneku U ¢opmy-
BaHHS MOJICPHI3AIIITHIX 3aXO/iB MO0 ii TOTpH-
MaHHS, 3a0€3I[eYCHHS EKOJOIIYHOI CTIMKOCTI
pErioHy, €KOHOMIYHOTO Ta COIIaJIbHOTO PO3BU-
TKY # iHTerpallii, a Takox po3po0sieHHs cTpaTerii
II0/I0 JOBIOCTPOKOBOTO IJIAHYBaHHS BUKOpPHUC-
TaHHS 3eMeJIb aepPOIOPTY.
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TEXHOJIOI'TA BUKOHAHHSA TOIIOI'PA®O-T'EOJAE3NYHUX
POBIT NI YAC KANITAJTBHOI'O PEMOHTY AIJISIHKHA
ABTOMOBIJIBHOI JOPOI'H

Anomauin. Y cmammi 0emanbHo po3eiisiHymo GUKOHAHHS MONo2pagho-2eode3uyHux podbim i 6UULYKy8aHb, Ki €
BAIHCIUBUM CKIAOHUKOM YCIX OyOisenvhux npoyecis. I eodezuuni pobomu nadaroms inghopmayito ujoo0o npasuibHO20
posmauiysants 6yoisenv, 00pie, KOMYHIKAYIUHUX CUCEM MA THUUX THOHCEHEPHUX 00 €Kmie y NPOCMOopi 3 8UCOKOIO
MOYHICMIO U 3 YPAXYBAHHAM YCIX 2E0MEMPUUHUX NAPAMEMPIE.

Posensmnymo nposedents 3U0MKU OLISIHKU A8MOMODOLIbHOI 00po2u Ul 3aKpinienHst ONOPHO-2e00e3UYHOL MePelC 3
BUKOPUCTNAHHIM CYYACHO20 GUCOKOMOYHO20 eleKmpOoHH020 maxeomempa. Ilpunao obnaonanuii modynem giooae-
HO20 38 S13KY, SIKULL OMPUMYE NOBIOOMILEHHSL NPO OOCHYNHI OHOGLEHHs 6HYMPIUHBLO2O NPOSPAMHO20 3a0€e3neyeHHs.
1Iio uac monoepagiunoi 3iiomku suxopucmana mepexca akmusnux 6azosux cmanyiti TOB « Cucmem ContowiHcy
(m. Kuis). Mepeoswca Real Time Kinematic dana 3moey ompumysamu HONpasKy 00 8UMIPIOBAHb I 6CMAHOBIIO8ATNU
Micye po3mauLy8anHtsi i3 CAaHMUMEempo8oI0 MOYHICIIO 8 PelCUMI pedanbHo20 uacy. Pesynomamu suimanns nooano y
8UnA0I 6eKMOPHOI yuGposoi modeni micyegocmi, y sAKill 6USHAUEHO 6CT OAHI 3a NIAHOM HAABHOI dopocu ma ii npo-
Qinem i3 8UCoOKOO MoUHiCcMIO.

Posenanyma 6 cmammi mexHONO2Is BUKOHAHHSL 2e00e3UYHUX poOim Modice Oymu 3acmocosana nio yac xKani-
MANbHO20 PEMOHMY A8MOMOOLIbHUX 00opie | GUKOHAHHS iHWUX OydisenvHux pobim. ¥ pe3ynomami 8UKOHAHHA MONO-
epapo-eceodezuunux podim ompumyloms Monopapiuni NiaHu, IKi MONCYMb OYMuU SUKOPUCMAHI OJISL UUPOKO20
nepenixy yinei, maxKux sik po36ioka mepumopil, nianyeanHs 6yOieHUYmMaa, silicbkoei onepayii, po3pobka micyesux
NIAHI8, [ 6 IHWUX 2aIY35X, Oe NOMPIOHA 0emanbHa 2e00e3udHa iHpopmayis.

Knrouosi cnosa: monozpagpo-eceooezuuni pobomu, indcenepri 06 ekmu, 2e00e3uyHi npuiaou, ONOPHI 2e00e3uyHi
Mmepedici, 2nobanbHa cucmema nO3UYIOHYSAHHS, YUPPoea Mooeib MiCYe8oChi.

Kovalenko Liudmyla. TECHNOLOGY FOR PERFORMING TOPOGRAPHIC AND
GEODETIC WORKS DURING THE OVERHAUL OF A ROAD SECTION

Abstract. The article discusses in detail the performance of topographic and geodetic works and surveys, which
are an important part of all construction processes. Geodetic surveys provide information on the correct location
of buildings, roads, communication systems and other engineering facilities in space with high accuracy and taking
into account all geometric parameters.

The article considers the surveying of a road section and the establishment of the geodetic network using a
modern high-precision electronic total station. The instrument is equipped with a remote communication module
that receives notifications of available internal software updates. A network of active base stations from System
Solutions LLC (Kyiv) was used for the topographic survey. The Real Time Kinematic network made it possible to
receive corrections to the measurements and determine the location with centimeter accuracy in real time. The
results of the survey are presented in the form of a vector digital terrain model, in which all data on the plan of the
existing road and its profile were determined with high accuracy.

The technology of geodetic works discussed in the article can be applied in the process of major repairs of roads
and other construction works. As a result of topographic and geodetic works are obtained topographic plans, which
can be used for a wide range of purposes, such as territory exploration, construction planning, military operations,
development of local plans and in other areas where detailed geodetic information is required.

Key words: topographic and geodetic works, engineering facilities, geodetic instruments, geodetic reference
networks, global positioning system, digital terrain model.
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Beryn. [mxenepHo-reone3nyni pobotu — e
KOMIUIEKC BUMIpPIOBaHb, CIIPIMOBAaHUX Ha OTpU-
MaHHS TOYHUX TEOAC3MYHUX TaHUX MpPO Mic-
LEBICTh a00 TEPUTOPIIO Ui MOAAIBIIOTO IMpPO-
eKTyBaHHs, OyJIBHULTBA YU PEKOHCTPYKIIi
IH)KEHepHUX CHOopy/ Ta iHmuX 00’exTiB [1; 2].

Tomorpado-reone3nyni poGOTH U BHIIYKY-
BaHHS € BAXKJIMBUM CKJIQJHUKOM OyJb-5IKOTO
OyIiBEIBHOTO MPOIIECY, OCKITBKU HATAIOTH KITFO-
4OBY iH(OpMaIlif0 MPAaBUIBHOTO PO3TALTYBAHHSI
OyziBenb, JOpIr, KOMYHIKalliHHUX CHCTEM Ta
IHIINX 1HXEHEPHUX 00’ €KTIB y MPOCTOPIi 3 BUCO-
KOO TOYHICTIO ¥ 3 ypaxyBaHHSAM YCiX reoje3uy-
HuXx napametpiB [3; 4]. ['eone3nuni napamerpu
BKJIIOYAIOTh PI3HOMAaHITHI XapaKTepUCTUKH MicC-
LEBOCTI M 00’€KTIB, fIKI BUMIPIOIOTbCS Ta Bpa-
XOBYIOTbCS MiJl Yac 1H)KEHEPHO-T€OJEC3UIHUX
BUIIyKyBaHb. OCHOBHI reofie3MuHi MapameTpu
BKJIIOYAIOTh TaKe:

— KOOpAMHATH: TreorpadidHi KOOpAWHATH
TOYOK Ha 3€MJ BHM3HAYAIOTh IX MOJIOKEHHS
B npoctopi. Koopaunaru Moxyts OyTu BHpa-
XeHl y (opMaTi mMpoTH, JOBTOTH I BUCOTH HAT
piBHEM MOpS;

— penbed: BUCOTHI JIaHi, 110 OMUCYIOTh 3MIHU
BHCOTH MiclIeBOCTI. BuMiprotoTecs abo Mmofe-
JIOIOTHCA JUIS BUSHAUYEHHS XapaKTepy TepHUTopii,
HasIBHOCTI CXMJIIB, TIPCHKUX YTBOPEHbH TOILIO;

— TOPHU3OHTANbHI W BEPTHKAJIbHI BiACTaHI:
BHUMIPIOIOTBCS ISl BU3HAUCHHS BiJICTaHEH Mixk
TOYKaM{ Ha 3€MJIi B TOPH3OHTANIbHINA 1 BEpTH-
KaJbHIN IUIOMMHAX;

— KyTOB1 BUMipH: OUCYIOTh HAIIPSIMOK Ta Opi-
€HTAIII0 00’ €KTiB 200 TOUOK Y MIPOCTOPI;

— TEOJEe3WYHI MapLIpyTHU: TpaekTopii ado
JiHi{, IKI BKa3yIOTh IIISAX MK TOYKaMHU Ha 3eMIIi
i MOXyTh OyTH BHMKOPHUCTaHI Ui TMOOYIOBH
JI0pir, MaricTpajiei 4u iHIIUX 1H)KEHEPHUX CIIO-
PYZ,

— TEOJEe3WYHI MEpexki: CHUCTEeMH B3aEMO-
OB’ I3aHUX T'€0JIC3UYHUX TOUOK, SIKI BAKOPUCTO-
BYIOTHCS JJIl BUMIPIOBaHb Ta OOYHUCIIEHb Y Pi3-
HUX 1H)KEHEPHUX MPOEKTAX.

Marepianu Tta metoau. ['eone3uuni BuMi-
PIOBaHHS MPOBOAATH cepTUdikoBaHI (axiBIi —
IH)KEHEPH-Te0Ie3UCTU. Y TPOIeCi BUMIPIOBaHb
I€0/Ie3UCTH  BHKOPUCTOBYIOTH  Pi3HOMAaHITHI
NpwiIagd ¥ TEXHONOTii (HampHKIaa, Taxeome-
Tpu, HiBemipu, GPS-mpuiimadi, nasepHi BuMmi-

PIOBAJIbHI MPHUJIAAH, CIEKTPOHHI CKAaHEPHU TOIIO)
Juis 30MpaHHsl JAHUX NPO Penbed MiCLEBOCTI,
MEX1 3eMeJIbHOI IJISTHKH, T€OMETpito Oy/iBelnb-
HUX 00’€KTiB, iX MiClle pO3TalllyBaHHS TOILO
[5; 6; 7]. Takox BaXJIMBO 3a3HAYMTH, IO T'€O-
JIe3WYHI MapaMeTpu MOXYTb OyTH BHUMIpsHI
il BUKOPUCTOBYBaHI B PI3HUX CUCTEMaX BUMIpPIO-
BaHb, TAKHX SIK:

— Treofie3uYHa CHCTeMa KOOpAMHAT (manmi —
I'CK) — e cucrema BU3HaUEHHS KOOPJIMHAT, sIKa
BUKOPHCTOBYETHCS JUIsI TOYHOTO OIUCY Miclie-
BocTi Ha 3emii. 'CK moxe Oyt mmobambHOO
(mammpukinan, WGS84 — cBiroBa reome3nyHa
cuctema) abo JIOKaTbHOK (HAMpUKIIAA, KOOPIu-
HAaTHA CHUCTEMa, BUKOPUCTOBYBAaHA JJIsI MEBHOI
Kpainu abo periony);

— TeO0JIe3UYHI KOOPAMHATH: IIUPOTa, JOBrOTa
il BUCOTa MEBHOT TOYKH CTOCOBHO 0OpaHOi cuc-
TEMH KOOPIUHAT;

— TeOJIe3UYHI MPUB’SI3KH — 1€ BIJOMI TOYKHU
3 BIIOMHMHU T'€OIe3MYHIUMH KOOPAMHATAMU, IO
BUKOPHCTOBYIOTbCS SIK MOCHJIAHHS I BUMIPIO-
BaHb 1 CTBOPEHHS I'€0JIE3UYHUX MEPEXK;

— TPOEKIIi KapT: TeoJe3UyHi JaHi MOXYTh
OyTH MepeTBOpPEHi 3a JTOTIOMOTOI0 T'€0Ie3UYHUX
IPOEKIiH, 10 JTa€ 3MOTY MPEACTaBIATH IIOCKI
KaprorpadiyHi mpoekuii 3 reorpagiuHux Koop-
JIMHAT Ha IUIOLMHI.

OcCHOBOIO /17151 BUKOHAHHS 1HXXEHEPHO-Teoie-
3UYHHUX POOIT € OMOpHi reone3nyHi mepexi [8;
9]. lep>xaBHa reofe3nvHa Mepeska — Lie CUCTEMa
I€0/IC3UYHUX MYHKTIB, SIKa OXOILUIIOE TEPUTOPIIO
JiepKaBu M TNpHU3HA4YeHa JJsl BU3HAYEHHS Teo-
rpadiYHUX KOOPJIMHAT, BUCOT, (POpMyBaHHS KapT
1 3a0€e3IeYeHHs TOYHUX IeOJEe3UYHNX JaHUX IS
pi3HOMaHITHUX wHijel. Llg Mepexa € KiIo4oBUM
CKJIaTHUKOM 1H(QPACTPyKTypHu B raiy3i reopesii
Ta Kaptorpadii Kpainu.

['eone3nyHo-po3MiuyBalibHa Mepexa — Ie
cUcTeMa TOYOK Ha MICLIEBOCTI, SIKI BHUMIpsHI
i po3MiveHi 3a I0TIOMOT' 010 T€0Ie3UNYHUX 1HCTPY-
MEHTIB 1 METO/IB 3 METOI CTBOPEHHS BIAMOBII-
HOi 0a3u A BU3HAYEHHS reorpagiuHux Koop-
JMHAT, BUCOT, penbedy N IHIIMX T€ONE3UYHHX
napameTpiB. Ll Mepexxa BHKOPUCTOBYETHCS
JUISE TIPOBEJCHHSI PI3HOMAHITHUX T€O0C3UYHUX
pOO0IT, TaKKX SIK KapTorpadyBaHHs, OyiBHUIITBO,
JOCTI/KEHHS 36MEJIbHOTO AUISTHKH, MOHITOPHHT
3MiH Yy penbedi Towo.
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l'eone3nyno-po3MidyBajbHa Mepexa CKJaja-
€TBHCSI 3 TOUOK 3 BIJIOMUMH KOOPJMHATAMHU i BUCO-
TaMHd, SKi 3a3BHYail PO3TAlIOBaHI BH3HAYCHUM
YMHOM Yy TPOCTOpl Ta 3B’s3aHI MK COOOK 3a
JIOTIOMOTOI0 BUMIPIOBaHb, TaKUX SIK TPUTOHOME-
TpuuHi cnocrepexenHs, GPS (miobanbHa cuc-
TEeMa TO3UIIIOHYBaHH:), HIBETIOBaHHS TOmIO. LI
Mepeka HaJae OCHOBY JUIS MOAAIBLIMX BUMIpIO-
BaHb 1 T€0/IE3UNYHUX O0UYHCIIEHb, II0 BUKOPUCTOBY-
IOTBCS B PI3HUX rally3sx reojiesii Ta kaprorpadii.
Pesynbratu. BukonanHs Tomorpado-reo-
J€3UYIHUX POOIT PO3TITHEMO HA TPHUKIAJI Teo-
JIE3UYHOTO CYNPOBOAY KaMiTabHOTO PEMOHTY
TUISTHKA  aBTOMOO1UTEHOT joporu B JloHeUbKiit
oOnacri, po6otu BukonyBainu y 2021 porui. Cxema
po3TallyBaHHS 00’€KTa IMOKa3aHa Ha PUCYHKY 1.
3aKpiruieHHs] OTIOPHO-TEOIC3MIHOT MEPEXKI Ta
3WOMKa JIJITHKA aBTOMOOLTBHOI JOPOTH BHKO-
HaHi eneKTpoHHUM TaxeomeTpoM Sokkia CX-105
i THCC-mpuiimauem Sokkia GRX3, mginsHka
MpEeICTaBIeHa y BUIVISII BEKTOPHOI mmdpoBoi
mozmem wictieocti (LIMM) [6; 11]. 3rimHo 13
[IMM, Bu3HA4YCHO BCI JIaHi 3a IUIAHOM HasBHOI
JOpoTH Ta ii mpod1iJib i3 BUCOKOKO TOYHICTIO.
Be3BiOMBHUIT ~ CIIEKTPOHHHIA  TaXeoMeETp
SOKKIA CX-105 moemnye Bci mepeBaru
MOTICPEIHIX MOJeNel 3 YHIKaJIbHUMH TEXHid-

EOALIE

fNpueinna

CepriiBka

PoraHcoke

HUMM iHHOBalisAMU. EnexkrpoHHuil Taxeomerp
SOKKIA CX-105 y31B yce Halikpariie BiJ Tonepe-
nHix cepiii (Takux sk SET550RX, SET530RK3,
SET530R To110) 1 HaMOBHEHMI OCTAHHIMH TEX-
HIYHUMU JOCATHEHHSAMH Ta NEPeOBUMH TEXHO-
jgorissMu. Maroun Halikpaluii y cBOeMy Kiiaci
nanekomip REDtech Technology Reflectorless
EDM, Ttaxeomerp SOKKIA CX-105 wmoxe
MipsaTH Biactani 10 5000 M Ha OAHY MpU3MY Ta
70 500 M y Ge3BIIOMBHOMY pPEXHMI 3 BEIHKOIO
MIBUIKICTIO ¥ TOUHICTIO [7; 13].

bes3BinousHmii Taxeomerp SOKKIA CX-105
oOaiHaHUM MOMYyJeM BIJIAJICHOTO 3B’SI3KY
TSshield, sxuit nucranuitHo 3abe3meuye Oe3-
NEeKy 1HCTPYMEHTYy N OTpUMY€ IOBiIOMIICHHS
PO JOCTYNHI OHOBJEHHS BHYTPILIHBOTO IPO-
rpamHoro 3abesnedenHs. llIBuaka 3miHa Haa-
HITYBaHb y poOOTI 3/1IHCHIOETHCS 32 JOTIOMOTOIO
OJIHI€T KJIaBillli Ha KJIaBiaTypi, a IIBUAKHIA BUMIp
BUKOHY€ETBCS 3a JIOMIOMOTOI0 KJIaBillli, sika po3Ta-
I0BaHa Ha O14H1i MaHesi IHCTpyMeHTa. 3aBAsKH
IIbOMY € MOKJIUBICTh BUKOHYBAaTH BUMIPIOBAaHHS,
HE BIJIPMBAIOYMCH BiJ] OKYJsgpa i HE BTpadarodyu
BI3yaJIbHOTO KOHTPOJIO MeTH. be3aporoBuii
Moyib Bluetooth™ nepirioro kiacy 3 QyHKIII€O
LongLink nae 3Mory mpaitoBaTH 3 TaXeOMeTPOM
SOKKIA CX-105 na Bincrani 300 m.

KpacHoTopKa

ManorapaHiBka

Puc. 1. Cxema posramyBannst 00’exra [10]
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OcHoOBHI eTanu TonorpadiuHOro 3HIMaHHSI
BKJIIOYAJIHM TaKe:

— IUTaHyBaHHS ¥ MIiATOTOBKY 10 3HIMaHHS:
BU3HAYCHHs JUISHKU 3HIMAaHHS, BUOIp MeETO-
JiB Ta IHCTPYMEHTIB, MONEpeIHI BUMipIOBAaHHSI
i aHyBaHHs poOiT;

— 30ip JaHUX: TNPOBEICHHS aepOoQOTO3HI-
MaHHS JJIs OTPUMAaHHS TEOIE3UYHHMX JaHUX
1 300paKeHb 3eMeJIbHOT TOBEPXHI;

—00poOKy 1aHux: 00pOOKY OTPUMAHUX TAHUX
JUIL CTBOPEHHS LU(PPOBUX Monenel penbedy,
BIATBOPEHHS KapT Ta iHIIOo1 iHpopMarii;

— BUTOTOBJICHHSI TUIaHIB: CTBOPEHHS i peaary-
BaHHs TonorpagiyHuX IJIaHIB HA OCHOBI 00pO-
ONeHUX JaHUX.

[Tix yac TomorpagiuHoi 3HOMKH BHKOpHUC-
TaHa Mepeka aKTUBHHUX 0a30BHUX CTaHIIN
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BukopuctoByloTbcst ABa mpuiiMadi:  OIUH
(6aza) ycTaHOBIIOETbCS Ha BUOpAHOMY ITyHKTI,
TOAl SIK IHIIMKA (pOBEp) BUKOPHCTOBYETHCS IS
3MOMKH.

baza moxe OyTu Takoro:

— BiacHa 6a3a 3 UHF pamiomomemom, ab6o
GSM wmonemoM, abo I1HIIMM 30BHIIIHIM NpH-
CTPO€EM /IS Tiepe/iadi MONpaBoK;

— HAJICKUTb TPETiH 0c00i, SiKa ynpasiisie 623010
abo Mepexero 6a30BUX CTaHIIN (3’ €IHAHHS Bif-
OyBaetbcst 3a jgonomororo NTRIP mpotokoiny)
1 Hagae nani posepy uepe3 GSM/GPRS moznewm.

s nepenayi RTK nonpasok 6azoBoro mpu-
iimava (0a3u) 10 poBepa Ma€e OyTH BCTAaHOBJICHUI
KaHaJ mepeiadi.

[lepenauya nanux mMoxke OyTH 3/11HCHEHA KiJlb-
KOMa CIIoco0amH:

— UHF pagio;

— crinbaukoBuit Mogem (GSM, GPRS um
CDMA);

— 1HI 30BHIIIHI npucTpoi (Taki gk Wi-Fi
TOIIIO).

VYeniniHa 3ioMKa BUMarae iHiniamizamii cuc-
TeMH Ta 30epeXeHHs iHimiami3amii MmpoTAroM
yciei 3OMKH.

MOXJIMBO KUIbKa OHOYACHO MPALIOI0UYHUX
poBepiB, mpuyoMy KoxkeH oTpumye aaHi RTK
MIOTIPABOK BiJ Ti€i camoi 6a3u.

Busnauenns W peecTpailis KOOpAUHAT
NYHKTIB 3A1fCHIOETbCS y BHOpaHiil cucremi
KOOp/IMHAT.

OcHOBHI ITpaBuUJIa i YaC BUKOHAHHS 3HOMKH
TOYOK TaKi:

— mepesa MoYaTKoM poOoTH HEeoOXiJHO mepe-
KOHATHCsl, 10 poBep oTpuMye nonoxeHHs RTK
(imimiamizaris MOBMHHA OyTH JOCSTHYTa ¥ Mif-
TPUMYBAaTHCH);

— QHTEHHY BIIIKY HEOOXiHO YTpPUMYyBaTu
BEPTUKAIBHO HA KOXKHOMY ITyHKT1 3HOMKH (SKILO
HE BHUKOPHUCTOBYETHCS INpHUIIMa4 13 KOMIIEHCa-
I€I0 HAXUITY);

— 4Yac 3WOMKHM Ha KOXXHOMY IYHKTI BCTQHOB-
JIIOETHCS KOPUCTYBaueM (KUIBKICTh TOUOK);

— IPOTATOM Y3STTS BIJUIIKIB POBEp ycepen-
HIO€ IIOCIIIOBHI ITOI0KEHHS, SIK1 BIH OOYHCIIIOE;

— MPU Pi3HIHA KITBKOCTI TOYOK POBEP PEECTPYE
JUILIE Tepuie TOJOXKEHHS, sIKe BIH OOUYHMCIIIOE
Ha IIbOMY HYHKTI (HEMa€ yCepeaHEHOro IOJIo-
JKEHHS).
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[Ipu 3iiomMKax B peajbHOMY 4aci iHimiasi-
3allisl CUCTEMH BBAXKAETHCS JTOCSITHYTOIO, KOIHU
cucreMa oTpumana ¢ikcoBane pimenHs RTK
Ui OyZlb-sIKOTO HOBOTO TOJIOKEHHS, SIKE BOHA
obuucioe. [1oTpibHO 3aBxkau OyTH BIEBHEHUM,
10 1IeH cTaryc iHiliami3amii miaTpPUMY€eThCS 10
KiHIIS 3{OMKHU. ToMYy 11e TPUPOTHO, 10 B PEXKUMI
RTK neoOxigHO OyTH BHEBHEHUM, IO IPOLEC
iHimianizanii OyB ycmimHuM. SKIo ryOuThes
craryc RTK cranoBuia, To Ma€eThcsi Ha yBasi,
IO cHcTeMa BTpaTwia iHimiamizarito 1 ii HeoO-
X1AHO BITHOBUTH.

VY 3iioMkax 3 mocTOOpoOKOIO € Ta cama
notpeba B IiHimiami3amii, 3a BUHSATKOM TOTO,
II0 B peaJbHOMY Yaci cHCTeMa HE 3aBXIH
30aTHA TOBIJJOMHUTH, IO LI BUMOTa BHKOHAHA.
[ToTpiOHO BpaxoByBarH, IO IPU LBOMY METO1
3MOMKH cHcTeMa — TUIbKHU 30Mpay CUpUX JTaHHX.
Tinbku 3ro0M, MOBEPHYBIIUCH Ha3ajd 70 odicy
JUISL 3A1MCHEHHS TOCTOOPOOKH CHpUX JaHHUX,
aHaJI3yr0ul OBHUH Habip pe3ynbraTiB 310paHux
JaHUX, MOXKEMO 3’5ICYyBaTH, 4H Oyia YCIHIITHOO
1”1 am3anis.

VY reone3uuniii RTK cucrtemi kanan nepemadi
BUKOpHCTOBY€eThCS s niepenadi RTK monpaBok
BiJ 0a3u 10 poBepa. Kanan moxe Oyt OHUM 13
TaKUX JBOX THUIIIB:

— ABTOHOMHHH: KOPUCTYBa4 Mae€ IIOBHUH
KOHTpOJIb Haja (opmyBanHAMHU nepeaadi RTK
nonpaBok  (0OnmajHaHHS ~ BUKOPUCTOBYETHCS
B KOH(irypauii 6a3u/posepa);

— MEpEeXEBUI: KOPUCTYBau MIOBUHEH 3BEpPHY-
TUCA 10 TPEThOi CTOPOHM, MEPEKHOIO MPOBaAK-
nepa ans orpumanas RTK mompasok (oGman-
HaHHS BUKOPHCTOBYETBHCS JIMIIE B KOH(pIrypaii
poBepa).

[IpencraBiieHo 1Ba OCHOBHI criocoOu nepenayi
JAHUX, JOCTYIHUX y T€0JIC3UYHUX CUCTEMAX:

— pajaio (aBTOHOMHHIA);

— MOOLITBHI KOMYHIKaIIii.

KirouoBi TepMinu i BUpasu:

— BIK TIOMPABOK: JOPIBHIOE MPOMIKKY Yacy,
110 MPOTIKa€e MK 4acoM IMONPABOK, 10 TeHEPY-
I0ThCs Ha 0asi, 1 YacoMm, KOJIM BOHH (PAKTHUHO
BUKOPHCTOBYIOTbCS JJISi OTPUMAaHHS KOOPAMHAT
RTK B poBepi, SIKICTh ONPABOK 3MEHIITY€THCS 31
3011BbIIEHHSIM iXHBOTO BIKY;

— CSD (Circuit Switched Data — texHosorist
nepenayi JaHuX Il MOOLTBHUX Tene(OoHIB).
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OpurinansHa ¢opma nepeiadi JaHuX, 10 po3-
BuBaethes At TDMA (Time Division Multiple
Access — MHOXXKMHHMH JOCTYI 13 TOXLIOM 3a
gacoMm), 110 0a3zyeThcst Ha Tele(OHHUX MOOLIb-
HHUX cucTeMax, moaionux 1o GSM;

—GPRS (General PacketRadio Service—maxer-
HUI pajio3B’s30K 3arajbHOTO KOPUCTYBAHHS).
CepBic MOOUTPHUX AAHUX, JTOCTYIHHUI KOpHUC-
TyBadaMm MoaemiB GSM (Hampukiaa, CTilb-
HuKoBoro tenedony). Ilepenaua manux GPRS
3a3BHYall OIJIaYy€eThCs 3a MerabaiT nepegaHux/
OTpUMaHUX JIaHUX, a lepesiada JaHuX 4epes Tpa-
muriitne CSD migKIIoueHHS OIIavyy€eThCs 3a 9ac
3'€IHaHHS IMOXBWJIMHHM (HE3aJCKHO BiJ TOrO,
nepeaaB KOPUCTyBad JaHi YM Hi);

— NTRIP (Networked Transport of RTCM via
Internet Protocol — mepexna nepenasa RTCM
MIOTIPABOK 32 JIOTIOMOT00 [HTEepHET-pOoTOKOIY).
IIpotokon, BuxopuctoByBanuii GNSS cepsi-
COM TPOBaWJepiB, CIyrye mepeaadi MONpPaBOK
BiJ Mepex pedepeniHux cranuii (6az). Cepen
no6pe Bigomux BuxkopuctoByBanux NTRIP mpo-
tokoiiB — VRS, MAC, FKP Toro.

VY pesynbrari TomorpadiyHOro 3HIMaHHSI
3a3BMYail OTPUMYIOTH IUIAHH, L0 BimoOpaka-
I0Th yCi TOKa3HUKHU [IJISHKA aBTOMOOIIBHOT
JIOpOTH, penbed MPUAOPOXKHBOI CMYTH, CHUTya-
L[I}0 HABKOJIO JOPOTH M 1HIII XapaKTEPUCTHKH
MmicreBocti. Tonorpadivyni miuaHu ¥ iHIIa reo-
ne3udHa iHQopMmarllisi BUKOPHCTOBYIOTbCS ISt

OOCTEeKEHHS aBTOMOOLIBHUX JOPIL, PO3POOKH
IPOEKTIB KaMiTaJIbHOTO PEMOHTY Ta PEKOHCTPYK-
1ii 1opir.

BucHoBku. Tororpadiune 3HIMaHHS SIK MIPO-
[IEC CTBOPEHHsS TOmorpadiyHUX IUJIaHiB, IO
BiZJOOpakaroTh penbed Ta iHII XapaKTePUCTUKH
3eMeJIbHOT TMOBEPXHI W PIZHOMAHITHHUX 1HXKe-
HEpHUX O00’€KTIB, IIMPOKO BHUKOPUCTOBYETHCS
B OyniBHUITBI. Tonorpagivni miaHu BKIOYAIOTh
Ta y3arajbHIOIOThH 1H(GOPMALiI0 PO JaHJmAQT,
pensed, Tigporpadiro, Aoporu, OymaiBimi, Mexi
3eMEIIbHUX JUISHOK, JIICH, IIOJIS ¥ 1HII 00’ €KTH,
K1 € BKJIMBUMH JUIsI BU3HAYEHHS TeorpadiyHux
oOJiacTeid 1 IIIaHyBaHHs B PI3HUX Tay3sX.

Tomorpadiune 3HIMAaHHS BKIIOYAE BHMIpIO-
BaHHsI 1 peecTpaLliio pi3HUX NapaMeTpiB 3eMellb-
HOI TOBEpPXHI 3 BHUKOPHCTAHHSAM TI'€0JC3UYHUX
1 kaprorpaiyHUX MeETOAIB. 3a3BUYall BOHO
BUKOHY€ETBCS 32 JIONIOMOT010 aepo(OTO3HIMAHHS,
Ja3epHOTO CKAaHYBaHHS, T'€0JE3UYHUX BHMIpIO-
BaHb Ha MicIli a0o koMOiHalii 1IuX MeToiB. Po3-
IJISIHyTa B CTATTi TEXHOJIOTi BUKOHAHHS reojie-
3UYHHUX POOIT MOXKe OyTH 3acTOCOBaHa Iij yac
KaliTaJbHOTO PEMOHTY aBTOMOOUIBHUX JIOPIT
1 BUKOHAHHSA 1HIIKX OyIiBEJIBbHUX POOIT.

TomorpadiuHi m1aHu MoOXyTh OyTH BUKOpPHUC-
TaHi JUIS PI3HUX I[UIeH, TAKUX SK PO3BiAKa TepH-
TOpiii, I1anyBaHHs Oy/liBHUIITBA, BIHCHKOBI OIle-
pariii, po3poOka MiCIIeBUX IJIAHIB Ta 1HIII Tamy3i,
ne notpiOHa feranbHa reorpadiyHa iHpopmaris.
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mMOoJ0 AKOCTI 3bOPY TAMMA-KBAHTIB HA MAPHIPYTI
AEPO3HIMAHHA 3 BE3IIIJIOTHOTI'O JIITAJIBHOI'O AITAPATA
TEPUTOPII PAATAINIMHOI'O 3ABPYJHEHHSA

Anomauia. Huni nayxoei i mexwiuni OOCACHEHHS 3HAYHO POSUWUPUTU Chepy 3aCmOCYB8AHHA 2e00e3UUHOT
HAYKU 8 HAnpami OUCTNAHYIUHO20 30HOVE8AHHA 3emi 015 3abe3neuenHs 00CMOGIPHOI 2e0npOCMOopo8or0 iHghopma-
yieio pisHux cgpep ar00cvkoi disibHocmi. Tlosisa pobomu306anux OUCMAHYIUHUX SUMIDIOGAILHUX KOMNIIIEKCIE HA
ba3zi besninomuux aimanvhux anapamis (BILJIA) dae 3mocy eukarouumu 6e3nocepeorio yuacmo a0OUHY Nio yac
BUKOHAHHSA PISHOMAHIMHUX HeOe3neuHUx Micill, OOHIEI0 3 AKUX € PO3BIOKA Ul KapmoepagyeanHs mepumopii paoi-
ayitinoeo 3abpyouenns. Hapasi ons euxonanns yiei micii 3acmocogyroms 6 ochosnomy BITJIA konmeproeo muny
3 pyxaugumu oemexmopamu. Taxi demexmopu maromo HatmeHull 2abapumu i 6acy NOPIGHAHO 3 THUUMU MUNAMU
cencopis. [leped BUKOHAHHAM MICIT HeOOXIOHO BUKOHAMU KANIOPYBAHHS OemeKmopa OJisk NPUBEOeHHA 11020 UMIDIE
00 nosepxwi 3a6pyonenus. Memorw cmammi € 00CHIONCEHHA AKOCMI 300py 2AMMA-KBAHMIB NONeM 30PY PYXAUBO2O
0emexkmopa 2amma-8unpoMiHIO8anHa na mapupymi aeposnimanus 3 BILIA. {ns meopemuynux 00cnioxceHs npu-
unamo maxi npunywenius. Tepumopisa padiayitino2o 3a0pyOHeHHs € PIGHUHHOIO MICYEBICMIO, AKA 6KPUMA MOHKUM
wapom padioakmuerHo2o Uiy 3 PIBHOMIPHUM PO3NOOLIOM IHMEHCUBHOCMI 2aMMa-eunpomintoeants. Ha mepumopii
3HAXOOAMBCSA JOKANbHI MAKCUMYMAMU Y 8ULTAOT MOUKOBUX 0JICepel 2amMMa-8UnNpomMinoeants. Y pesyismami npo-
8€0EHUX MEOPEMUUHUX O0CTIONCEHb OMPUMAHO MAMEMAMUYHUL anapam O7is GUSHAYEHHS PO3MIDI6 | Niowy 30H, AKI
BIOPI3HAIOMbCS 3a AKICMIO 300py eamma-Keanmie na mapwupymi aeposuimanus 3 BIIJIA mepumopii padiayitinoco
3a6pYOHeHHs 3 BUKOPUCIAHHAM 2aMMa-0emeKmopa pyxaueo2o muny i ROOIIIOMbCs HA iHOpMamueni ma Manoin-
dopmamusni 30Hu. OOHUM i3 NOKAZHUKIE AKOCMI 300pY 2AMMA-K8AHMIE MOoxce 6ymu 30ibUleHHs GIOHOWEHHA NA0WI
CYKYnHOT inghopmamusnoi 30nu 00 niaowi camma-3uimanns. Hasedeno pospaxynxu posmipie i niow ykasanux 30H
Ha Mapuipymi aepo3HiManus 0oeocunoro 1 km, Kyma noas 30py eamma-oemexmopa 3 90°, uacmomu 360py camma-
xeaumis 1 'y, weuoxkocmi BIIJIA 10 m/c ma eucomu 30 m. Pesynomamu Hasedenux 0ocaiodtcens Moxicyms Oymu
KOPUCHUMU OJis NAAHY8AHHA Mapuipymie camma-3Himanus 3 BIIJIA 1 ananisy akocmi 6UKOHAHO20 AePOIHIMAHHSL.

Knrouosi crosa: BIIJIA, padiayiiine 3a0pyoHenHs, aeposHIMAHHA, 2AMMA-0emeKmop.

Kryachok Serhiyy. TO THE QUALITY OF GAMMA QUANTUM COLLECTION ON
THE ROUTE OF AERIAL SURVEYING FROM AN UNMANNED AIRCRAFT IN THE
TERRITORY OF RADIATION CONTAMINATION

Abstract. Currently, scientific and technical achievements have significantly expanded the scope of geodetic
science in the direction of remote sensing of the Earth to provide reliable geospatial information in various spheres
of human activity. The appearance of robotic remote measuring complexes based on unmanned airkrafts (UAV)
allows to exclude the direct participation of a person during the execution of various dangerous missions, one
of which is reconnaissance and mapping of radiation contaminated territories. At present, helicopter-type UAVs
with moving detectors are mainly used to perform this mission. Such detectors have the smallest dimensions and
weight compared to other types of sensors. Before the mission, it is necessary to calibrate the detector to bring its
measurements to the contamination surface. The purpose of the article is to study the quality of gamma quanta
collection by the field of view of a mobile gamma radiation detector on the aerial survey route from a UAV. The
following assumptions were adopted for theoretical research. The territory of radiation pollution is a flat area
covered with a thin layer of radioactive dust with a uniform distribution of the intensity of gamma radiation. There
are local maximums in the form of point sources of gamma radiation on the territory. As a result of theoretical studies,
a mathematical apparatus was obtained for determining the sizes and areas of zones that differ in the quality of
gamma quanta collection on the route of aerial photography from a UAV of the territory of radiation contamination
using a mobile gamma detector and are divided into informative and uninformative zones. One of the indicators of
the quality of gamma-quanta collection can be an increase in the ratio of the area of the total informative zone to
the area of the gamma-shooting. Calculations of the sizes and areas of the specified zones on the aerial survey route

© Kpsuok C. 1., 2024 73



Airport Planning, Construction and Maintenance Journal

Bunyck / Issue 2(4) , 2024

with a length of 1 km, a viewing angle of the gamma detector of 90°, a gamma quanta collection frequency of 1 Hz,
a UAV speed of 10 m/s and a height of 30 m are given. The results of the above studies can be useful for planning
gamma-shooting routes from UAVs and analyzing the quality of the performed aerial photography.

Key words: UAV, radiation pollution, aerial photography, gamma detector.

Beryn. 3a ocraHHI JECATHIITTS PO3BUTOK
udpoBUX Ta iHGOpMALIMHUX TEXHOJIOTIH, erne-
MEHTHOI 0a3M CTaB MOIITOBXOM JUIsl CTBOPEHHS
ACPOKOCMIUYHUX CHCTEM BHCOKOI pPO3UIBHOL
30aTHOCTI Ul JMCTaHIIHOrO 30HIYyBaHHSI
3emii, udppoBoro aepooTo3HIMaHHS Ta BUKO-
pUCTaHHS O€3MIJIOTHUX JIITaJbHUX arapariB
(mami — BITJTA), 1110 3Ha4HO PO3LIUPUIIO MOKITH-
BOCTI ¥ TOPH3OHTH 3aCTOCYBaHHS I'€0JE3UYHOT
HayKH 151 3a0e311eueHHs! J0CTOBIPHOIO reorpoc-
TOPOBOIO 1H(OpPMALII€I0 PI3HUX Taly3eld eKOHO-
MIKH, HayKH, BIMCBKOBOi cdepu Ta TpomajsH,
a TaKkoX JUIs PO3B’S3aHHS PI3HOMAHITHUX 1HXKe-
HEpHUX 3aBJaHb 1 NPUHHATTA YHPABIIHCBKUX
pimens [1].

BIUTA nanexarp 1m0 kiacy Oe3MiIOTHHUX ama-
patiB 1 3a CBOEIO CYTHICTIO € POOOTH30BAaHMMHU
CHCTeMaMH, sIKi MOKJIMKaHI MeperyciM 3aMiHUTH
JIONTUHY TT1]] YaC BUKOHAHHSA PI3HOMaHITHUX MICIH,
3HAMIUIN CBOE 3acTOCYBaHHS B aepomoprax.
Bimome 3actrocyBanns BIIJIA s miarHOCTHKH
CTaHy aepoAPOMHOIO MOKPUTTS, Y TOMY YHCIHI
BU3HAYEHHsI 1HJIEKCY Oro CTaHy, IHCIEKIlii BOTHIB
TOYHOT'O 3aXO0/ly Ha MOCAJAKy I CHCTEMHU MOCAIKU
NoBITpAHUX cyaeH [2]. ¥V crarti [3] HaBeneHo
PO3po0Ky Ha3eMHOTO POOOTHU30BAHOTO KOMII-
JIeKCy, SKUN TOKIMKAaHMHA BHM3HAYMTU BIIMITKH
MOKPHUTTS 3JITHO-TIOCA/IKOBOI CMYTH aeporopTy
B pexxumi auctanuiiiHoro I'IC/GPS-kepyBanHs
KOMIIJIEKCOM MOOUIBHUX HIBETIPHUX POOOTIB.
3arajgoM aeponopt — I CKJIaAHui iHppacTpyk-
TYpHUIl 00’€KT, sSiKuil 3aliMae 3HaYHI TEPUTODIi,
MICTUTh JOPOTOBApTICHI MOBITPSHI Cy/Ha, 00al-
HaHH#A Ta cnopyau. Ha foro Tepuropii nepeminty-
I0ThCS 3Ha4YHI MAaCaXUPONOTOKH. ToMy BiH MOXe
CTaTH MIIIEHHIO JUI TEPOPUCTUYHUX aTaK HaBITh
3 BUKOPUCTAHHAM SJepHOI 30poi Majoi HOTYyX-
HOCTI, OCKUIbKM Hapa3si JIIOACTBO IepeOyBae Ha
MeX1 11 3aCTOCYBaHHS TEPOPUCTUUHUMHU PEXHU-
MaMH i yrpyrnoBaHHAMU. Y TaKOMy pa3i B IPUTOII
MoxyTb ctati BIUJIA s po3Biaku Ta kaprorpa-
(byBaHHS HACHIAKIB ii 3aCTOCYBaHHS.

Marepiaiu Ta metoau. JIroncTBo Mae J0CBif
3acrocyBaHHs BIIJIA pans posBimku Hacmifa-
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KiB BUTOKY pajialii yepe3 LlyHami Ha aTOMHIH
cranuii ®ykycimi B Anownii [4]. Cucremy nuc-
TaHIIHOTO pajiallifHOr0 MOHITOPUHTY 3 BUKO-
puctanusaM BIIJIA Bukopuctano Ha TepuTopii
30HU BIACY/DKEHHS HaBKOJIO YOpHOOMIBCHKOT
AEC [5].

bazoBum miTanbHMM amapatoM s poO3-
BIJIKM I KapTorpadyBaHHs TepUTOpill paaiaiii-
Horo 3a0pyaHeHHs € BITJIA konrepHoro tuiy
[5; 6; 7]. Ha puc. 1 nmokazaHo npuKIIa 3aCTOCY-
BaHHs okrTokonrepa DJI Matrice, sikuii 31areH
HECTH JI0 5 KI' KOPUCHOTO HABAaHTAKEHHA [6].

Sk ceHcop pamialifHOTO BHUIPOMiIHIOBaHHS
Ha DbBIIJTA BHKOpUCTOBYIOTBCS B OCHOBHOMY
JIETEKTOPU PYXJIMBOTO THIy, ab0 CIPsIMOBaHi
JIETEKTOPH.

Bonu narorh 3Mory BU3HAuaTu MicClie3HaxXo-
JOKEHHSI JDKepesa paJlioaKTUBHOTO BUIIPOMIHIO-
BaHHs 3a YMOBH, L0 CHCTEMa BHSBIEHHS a0o
JoKepenio pyxaetbesi. Kyt mons 3opy aerekropa
 BIJIOBIJIa€ 3HAUYEHHIO MPOCTOPOBOI PO3ILIb-
HO1 31aTHOCTI (puc. 2).

I1i nerekTopy MarOTh MOPIBHAHO 3 IHIIUMHU
TUTIAMU  JICTEKTOPIB  pafialiifHOro BUIPOMi-

GPS Antenna
R kA L

we . - b !
S Il
ey ws - L=

Puc. 1. Texniune ocnamenns BITJIA:
GPS-npuiimau, WiFi, kommn’otep
i nerexTop paxiamii [6]
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Puc. 2. Kyt nmoJist 30py ® aerekTopa, noJse 30py
paniyca R na 3emHiii moBepxsi 3a Bucotn BIIVIA H

HIOBaHHS HalMeHI rabapuTd ¥ Bary, a TOMy
i 3actocoBytoThes Ha BITJIA [8].

ITepen 3acrocyBanusam BITJIA niist BUKOHaHHA
MICIH 3 PO3BIIKU Ta KapTorpadyBaHHS TEPHUTO-
pii pamiamiitHoro 3a0pyIHeHHST HEOOXiHO BUKO-
HaTh KaniOpyBaHHsS netekropa. s mporo abo
BITJTA 3aBucae Ha KiIbKa XBWJIMH HaJl JDKepe-
JIOM pajialliifHOTO BHUIPOMIHIOBaHHS B1JOMOT
IHTEHCHBHOCTI Ha MaJiii BUCOTI ab0 BUKOpHC-
TOBYIOTh HasiBHI Ha MICLEBOCTI JiKepesa pai-
OAKTHBHOIO BMIIPOMIHIOBaHHS, 1HTEHCHUBHICTb
BUIIPOMIHIOBAHHSI SIKUX BH3HAYEHAa HA3€MHHUM
CIIOCOOOM 3 BUKOPUCTAHHSIM €TaJIOHOBAHOTO
JO3UMETpa, AJIs YOoro BUKOHYeThes momiT bITJIA
HaJ KamiOpyBaIbHIM MalJIaHYMKOM HA BiJIOMiit
BHCOTI, Hanpukiaz, 10 M. B 060x Bumaakax gaxi
PO 1HTEHCHUBHICTh BUIIPOMIHIOBaHHS Ha OCHOBI
4acTOTH paxyHKy (4ucia BIAJIIKIB 32 CEKyHJY)
JeTeKkTopa i o0YMCIeHOi KamiOpyBaibHOI KOH-
CTaHTH JAI0Th 3MOTy NEPENUTH 10 MOTYXKHOCTI
7103 OIPOMiIHEHHS. BH3HA4Yal0ThCs TAKOXK BUCO-
THUN KOEQIMIE€HT JUIsl TPUBEICHHS BU3HAYCHUX
MOTYXKHOCTEH 103 HAa BUCOTI ramMMa-3HIMaHHS
3 BIIJIA 10 craHmapTHOi BUCOTH OTHOTO METpa
HaJl 3eMHOIO TMoBepxHero [5; 9].

JUis BHUKOHAHHS aepo3HIMaHHA TEPUTOPIL
pamiamiitHoro 3a0pyTHEHHSI BUKOHYEThCS TUTaHY-
BaHHA 1oJbOTIB BITJIA Haj KOHKPETHOIO TEPUTO-
pi€to. Aepo3HIMaHHSI BUKOHY€ETHCS, SIK IPaBUIIO,
MPSIMOTIHIMHUMU TajicaMy, a OTPUMaH1 JjaHl Ipo
IHTEHCUBHICTh BUIIPOMIHIOBAHHSI ¥ KOOPJIWHATH
BITTA mepenatoThcsi Ha Ha3eMHY CTAHIIIIO Yepe3
WiFi-3’ennanns abo o kaHaiy paaio3s’si3ky. Ha

Ha3eMHIl CTaHIii OTpUMaHI JaHi BUMIPIOBAaHb
00pOOIIAIOTHCS B PEXKHMMI PEasIbHOTO Yacy Ta Bi3y-
anizyrorbes 3a fonomororo QGIS — Open Street
Map, Google Earth aGo inmoro kaprorpadiu-
HOTO TPOrpaMHOro 3abesneueHHs. Y MiCYMKY
OTPUMYIOTh KOOPJMHATHY 1H(pOpMAILI0 PO PO3-
MOJIUT IHTEHCUBHOCTI paialliiiHOTO BUIIPOMIHIO-
BaHHA 3 JiHiAMuU MapuipyTiB BIUIA (puc. 3, a) un
KapTy MICLIEBOCTI 3 PO3IOIIIOM iHTEHCHBHOCTI
y BUIJISAAI 1300iHi# (puc. 3, 6) [5; 10].

['aMMa-BUIIPOMIHIOBaHHSL Bl MPHPOIHHUX
1 TEXHOT€HHUX JIXKEPeJl € OTHUM 13 HalOIb1I ITpo-
HUKHUX cepeJl pi3HOBHIIB pajialliifHOrO BUIIPO-
MiHIOBaHHA. Tak, JanbHICTh A1l raMMa-IPOMEHIB
NPUPOAHUX PATIOHYKIIIJIB Y MOBITPI CTAHOBUTH
6mm3bko 700 M [11]. Tomy, sik mpaBuiIo, came Ha
BU3HAUEHHs IHTEHCHBHOCTI I'aMMa-BUIIPOMiHIO-
BaHHS HAJANITOBaHI JETEKTOPH pPaaialiifHOTO
BunpomiHtoBanHs Ha BITJIA.

MerToro cTarTi € JOCHiIKEeHHS SKOCTi 300py
raMMa-KBaHTIB MOJEM 30pYy PYXJIHMBOTO JIETEK-
TOpa TaMMa-BHIIPOMIHIOBaHHS Ha MapIIpyTi
aeposnimanHs 3 BITJIA.

PesyabraTu. J[ns TeopeTMYHOro OOTPYHTY-
BaHHS MipKyBaHb, HAaBEACHUX Jalli, MPUIHATO
TaKi MPUITYIIEHHS: TEPUTOPisl raMMma-3HIMaHHS
€ PIBHMHHOIO MICIEBICTIO, SIKa BKPUTAa TOHKHM
IapOM PaJTiI0AKTUBHOTO MWJIYy 3 PIBHOMIPHUM
PO3MOIIOM IHTEHCUBHOCTI IaMMa-BUIIPOMIHIO-
BaHHS ¥ MICTUTb JIOKaJbHI HOr0 MakCUMyMaMH
Y BUIVISI/II TOYKOBHX JIXKEPEJl BUIIPOMIHIOBAHHS.

Bukonaemo anami3 300py KBaHTIB raMma-
BUIIPOMIHIOBAHHS TOJIEM 30pY JETEKTOPA i3 3eM-
HOI TMOBEPXHI BIPOJIOBXK OJHOTO IUKIY ramMMa-
3HIMaHHS Ha MapupyTi nonboty BIUJIA. Ilig
TPUBAJICTIO IIMKITy PO3YMI€TbCs O0OEpHEHE 3Ha-
YEHHS 4aCTOTH 300py JaHUX, 3asBJIEHOT BUPOO-
HUKOM, CTOCOBHO 1IHTEHCHBHOCTI TraMMa-BHIIPO-
MiHIOBaHHS [yl KOHKPETHOTO TUITY I€TEKTOPA.

Hexaii (puc. 4, @) y MOMEHT 4acy ¢, [10J€ 30py
paziycoM R 1eTeKTopa raMMa-BUIIPOMIHIOBAaHHS,
posramoBaHoro Ha BIIJIA wa Bucori H, 3Haxo-
JUThCS B OsI0XkeHH] O,, a fioro kpaiiHs Touka G ,—
Ha Mexxi AD Teputopii 3oH1yBaHH. [0 MOMEHTY
4acy ¢, HoJe 30py IEepPEeMILIyeTbCsl MO 3EMHIN
noBepxHi B310Bk HanpsMmky G H, mapmpyty
BITJIA. ¥V MoMeHT yacy f, HOro LEeHTp 3aiiMe
nonoxenHs O, 3a pisHuio dacy Ar=t,—t,,
IO BIJAIMOBIA€ TPHUBAJIOCTI IUKIY W IIBHUIKO-
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Puc. 3. Bizyaaizanin pe3yabrariB raMmma-3HiManns 3a gonomoroio BIIJIA

cti momboty BITJIA v, kpaiiHs TOYKa 1O 30py
G, nepeMiCTUThCS B MOJ0XKEHHs G, Ha BiACTaHb
a=v-At. Ha mo X BiJICTaHb TEPEMICTUTHCS
nentp O, 1 3aiimMe nonoxenHs O, (3a yMOBH, 110
a<R). Ilix yac mepeMileHHs oS 30py 3a Ipo-
MIXKOK 4yacy At BUKOHY€ThCs 30ip KBaHTIB raMMa-
BUIIPOMIHIOBAHHS [IUIIXOM iX iHTerpyBaHHS [5]
y3nosx Mapuipyty BIUIA nHa mimsani G, — H,,
MPUYOMY 32 OCOONHMBOCTI POOOTH PYXIHUBOTO
JETCKTOpa paJialiifHOr0 BUIIPOMIHIOBAHHS 30ip
raMMa-KBaHTIB BUKOHYETBHCS CYKYITHO 3 yYCHOTO
Kpyra IoJisi 30py. YNPOJOBX LUKy BH3Haua-
101best kKoopauHatu BITJIA 3a momomororo GPS.
OTtpumana B muKii iH(oOpMaIlisi CTOCOBHO KiJb-
KOCTI 310paHMX TaMMa-KBaHTIB y BUIIISAI YHCIia
BIUTIKIB 3a cekyHOy (counts per second) mae
KOOpIMHATHY TPUB 3Ky /0 CEpeAWHU TpUBa-
JocTi UKy — Touku O — i mepenaeTbes 3 00pTy
BIIJIA Ha Ha3zeMHy CTaHIII0 KepyBaHHS abo
3aMUCYEThCS HAa BHYTPIIIHIO TaM’ATh Ha OOpTY
BIUIA.

SIKmo BBaXkaTu 3a MEXi MapHIpyTy 30HIY-
BaHH: psIMOKYTHHK ABCD, To Ha KiHIISIX Map-
pyTy yTBOpsAThCS «MepTBi» 30HU: AE,G,, DG/F,,
BH,E,, CF,H,. ¥V nux 3oHax Oyne BiACyTHs
iH(pOpMaITiss CTOCOBHO XapaKTEPUCTUK pajTiaIliii-
HOro BUmNpoMiHiOBaHHA. CyKymHa IUioma IHX
30H CTAHOBHTHME TaKe:
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2

S, =4 B2 - o :4R2(1—EJ. (1)
360 4

SIKIIO MPUITYCTUTH, 11O MOJIE 30pY AETEKTOpa
mae posmipu G,E E,H,F,F, 1 306ip xBaHTIB BUKO-
nyetbes B craruili (BILJIA 3aBucae Hag 3eMHOIO
MOBEPXHEI), TO Oyna O oTpuMaHa JOCTOBIpHA
1H(oOpMaIlis CTOCOBHO XapaKTEPUCTUK paaiariiii-
HOTO BUIIPOMIHIOBAHHS 3a IIMKJ BUMIPIOBaHHSI.
Opnak 30ip KBaHTIB TraMMa-BUIIPOMIHIOBAHHS
B I1i#1 30H1 Oy/1e BUKOHYBATHUCS B TUHAMIIII, Y TIPO-
neci monsoty BITJIA.

3ony G,E L K,G,K,J,F, no3naunmo sitepamu
33 (3agns 30Ha), a 3ony L E.H,F,J, T,H, — mire-
pamu [13 (nmepenns 30Ha). Y 30H1 33, yum gani
touka 30HU Big ayru L K,G,K,J, y Hampsmky,
npotuiexHoMmy mnepemimendio BIUJIA, tum
MEHIIIE Yacy OKpPEeMi YaCTUHHU 30HU IepedyBaTu-
MYThb Y TOJI1 30py FaMMa-JIeTEKTOpa 3a MPOMIKOK
yacy At. Te came cTocyeTbes i To4ok 30HH [13,
aje B HampsMKy NEpeMilleHHS JeTEeKTopa CTO-
copHo nyru L, T H,T,J,. Inepuiiinicte poboTu
JeTeKTopa NPU3BOAUTH 1O 3ali3HEHHS peary-
BaHHS CUCTEMH JIETEKTyBaHHS Ha 3MIHY 1HTCH-
CHUBHOCTI BUIIPOMIHIOBAaHHSI 13 3€MHOI MOBEPXHI
(YHacnioK HasBHOCTI JIOKAJIBHOTO MaKCUMYyMY )
MiJ 4Yac TEepeMileHHsT TOJs 30py JeTEeKTopa.
Jluwe B 30n1 G,K,L, T H,T,J K, sixy no3naunmo
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mitrepamu BL] (Benuka meHTpanbpHa), yCi TOUKH
MICIIEBOCTI, 1110 BXOIUTH IO TEPUTOPIi pajiariiii-
HOTO 3a0py/IHEeHHs, 3a yac A¢ MKy OyayTh 3Ha-
XOTUTHUCS B TOJI 30py raMMa-JeTEKTOpa, SIKUi
3MOXK€e aJIeKBaTHO BijpearyBaTd Ha HasBHICTb
JIOKaJIbHOTO MAaKCUMY B IIiii 30Hi.

Otxe, Oinpm sgkicHO Oyae BHKOHAHO 30ip
KBaHTIB I'aMMa-BHIIPOMIHIOBaHHS caMe€ B 30HI
BII, 1m0 nae 3Mory orpuMaTy OUIbII TOCTOBIPHY
iH(pOpMaLIiF0 CTOCOBHO XapaKTEPUCTUK pajia-
LIHOTO BUIIPOMIHIOBaHHS 3a0pyJHEHOI Tepu-
Topii mix yac aepo3HiManHs 3 BIIJIA nopiBHAHO
13 3oHamu 33 Ta [13. Jlo ocTaHHIX MOXXHa 3apa-
XyBaTH /Bl MeHII 3a po3Mipamu 30Hu: EE,L,,
F J,F,, sxi nosHaunmo Mb (mana Oiuna). Orxe,
3oHy BIl MoxHa BBaxaTd i1H(GOPMATHBHOIO,
a3onu 33, [13 Ta Mb MmoxHa Ha3BaTH ManoiH(op-
MaTHBHUMH y BIIHOCHOMY po3yMiHHi. [lmoma
Bci€i 30HM ramma-sHimManHsg G EE,H,FF, 3a
OJIVH ITUKJI CKJIA/IA€ThCSA 3 TUIOILI ABOX MIBKPYTiB
G,E K,0K,F, Ta E;H,F,T,0, i1 npaMoKyTHHKa
E,E,T,O,T,F,F K,0 K,, nopiBHro€:

S, =R(nR+2a). (2)

[Tmoma indopmaruBHoi 30HuM BI[ cknana-
€TbCS 3 IUIOLI JABOX PIBHOBEIMKUX CETMEHTIB:
GK,L,OJK, ta L,T\H,TJO. Ina ii BusHa-
YEHHS HEOOX1THO OOUUCITUTH KYT 5. 3 IPSIMOKYT-
Horo TpukyTHuKa L,0,0 3po3ymino Take:

B= 2arccos%. 3)

Otxe, muiona iHGopmaruBHOiI 30HM BI] 3a
OIIMH IIMKJI TaMMa-3HIMaHHS BU3HAYA€ThCS 32
hopmyroro:

S, =S,y = R{ P —sinﬁ). (4)

180°

[Tnomi 3amuboi 33 Ta mepeanpoi [13 maino-
1H(pOPMATUBHUX 30H BU3HAYAETHCS SK PI3HUIL
wiomi kpyra paaiyca R i 3ouu BLI, a moma
JIOPIBHIOE TaKe:

S, =8,,= R{n(l—%)+sin8} (5)

[Tnomy (puc. 4, 6) manoiHpopMaTUBHOI M-
301 E,K,E,L, (MB) MO:XHa BU3HA4YNUTH 3 TAKUX
MipKyBaHb. [3 ¢opmynu (3) Ta puc. 4, 6 3po3y-
MLJIO TaKe:

B = arccos[ij , (6)
2 2R
aZ
b=,|R*——. 7
2 (7)
IInoma  cextopa  O,E.L, JIOPIBHIOE
R’

360 (90° —B/2). Imomy ¢irypu E KL, mo

craHoBuTh nonosuHy 3ouu E K,EL, (Mb),
MOYKHA OTPHMATH, SIKIIO BiJ TUIOII MPSIMOKYT-
Huka O,E K O Binuaru miomi cexropa OE L,
1 rpuxytHrka O,L,O. Toxi cykynHa miola JBox
Oiunnx ManoiHdopmatuBHux 30H E KL, Ta
FJ,F, 2MBb) (auB. puc. 4, a) BU3Ha4aeThCs 3a
dbopmynoro:

2
5, = a(2R—b)—%(90° —%j _

= R{2a _ R (90" —Eﬂ —ab.
90 2

JloBkuHAa 30HM TaMMa-3HIMaHHS 3a OIUH
IIUKJI CTAHOBUTUME (ZIUB. puc. 4, a)

L =2R+a, (9)

(8)

a BIJICTaHb BiJ] O CEPEAMHU TPHUBAIOCTI
UKITY — TOukd O 710 MeXi 1HPOPMAaTHBHOT 30HH
B3JIOBX MAapIIpyTy aepo3HIMaHHS (HANpsAMKY
G,H,) nopiBHio€:

d=R-2. (10)
2

Hapami mist po3paxyHKIiB Oyle KOPHCHHM
BU3HAUUTH IJIOMI JIBOX YaCTHH iH()OpMaTuBHOI
3onu Bl Taxk, mnoma cermenra G,K,O K, (auB.
puc. 4, a), sxuii noznaunmo sik BI{1, mis mapa-

METpiB
c=vR*-d*, (11)
(|)=2arccos%, (12)

Oyze Bu3HayaTucs 3a GopMysoro

S :R_z( nd): _Sin(l)j- (13)

2

3rigHo 3 popmysoro (11), 3HaueHHs ¢ MaTuMe
nivicHi 3HadeHHs B iHTepBanmi 0<a < R. Tomy
Juis 3HaueHb a, =0 Ta a, = R, mo, 3rigHo 3 (12),
Bianosinae ¢, =180 ta ¢,=0", 1O, 3riAHO
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a — 3CyB IIOJIA 30pY AETEKTOpa CTOCOBHO MICIIEBOCTI

BITPOJIOBK OJTHOTO ITUKJTYy BUMIpIOBaHb

0 — 10 BU3HAYEHHS IUIOIII 30HU
EK E,L,

Puc. 4. /1o 300py KBaHTiB raMMa-BUIIPOMIiHIOBAHHS I10JIEM 30PY /IeTeKTOpa i3 3eMHOI MOBepxHi
BIIPOIOBK OTHOT0 UKy Ha MapmIpyTi noaboTy BIIJIA 3a ymoBu 0<a<R

3 (13), Sy, =7R*[21a Sy, =0. Omxe, cer-
MeHT iH(popmaruBHOi 30HHM BIl1, oOmexeHuit
niamerpoM E F,, y nukii ramma-3HiMaHHS iCHY€
B iHTepBaJi 3HaYeHb 0<a<R y BUIIISII, HaBEJE-
HOMY Ha puc. 4, a.

[Tnoma ¢irypu O,K,L,T,0,T,J, (nuB. puc. 4,
a), siky no3Hauumo BII[2, nopiBHIO€ Mol 30HU
BI] 6e3 oy nBox cermenTiB BIT1:

Spypy =R’ [lgoo (B—(b)—(sinﬁ—sind))} - (14)

Ockinbku ¢irypa BL[2 orpumana 3 ypaxyBaH-
HSIM U101 1BOX cerMeHTiB BI1, To myis 3HaUueHD
a,=0 ta a,=R, mwo, 3rigso 3 (3) ta (12), Bin-
nosigae B, =180°, B, =120°, ¢, =180°, ¢, =0,

475—3\/5)

asrigno3(14), SBU21 =0, S3u22 _R? .

OTxe, iHpopmarnBHa 300K BLI2 B ikt raMma-
3HIMaHHS ICHye B iHTepBaji 3HaueHb 0<a<R
y BUIIISAII, HABEJICHOMY Ha pucC. 4, a.

[Imoma cykynHoi MepTBOi 30HM M3 3a ofuH
LUK TaMMa-3HIMaHHS OOYHCIIIOETHLCS, 3TiITHO
3 (1), 3a popmymoro:
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S,; =R (4-m). (15)

Ha puc. 5 mokazaHo cxemy 300py KBaHTIB
raMmMma-BUIIPOMIHIOBaHHS TIOJIEM 30pYy JCTEK-
TOpa 13 3€MHOI IMOBEpPXHI BIPOJOBXK JBOX
UKJIiB Ha MapmpyTi nmonboTy BITJIA, 3a sikoro
KIHeIlb NEePLIOro IUKIY € BOAHOYAC IMOYATKOM
Ipyroro NHKIy Tamma-3HimMaHHsA. Cucrema
nonepeaHboi OOpOOKM CHUTHAJIB BiJ Tramma-
JIETEKTOpa MUTTEBO IE€pPeIa€ CUrHa, 310paHuit
3a TIOTIepEeAHIN IUKII, IS MOAaNbIIoi 00poOKH
Ta 3HOBY BHKOHY€ 301p raMMa-KBaHTIB IIiJl 4ac
apyroro nukiy [12].

Biacranes e MK IEHTpaMH TEpIIOTO Ta
Jpyroro LUKIIB AopiBHIOE a. Lle 3po3ymino
3 puc. 4, a, ockinbku Toyka O — HEHTP MEePIIOTO
LUKy 3HaXOAMThCs Ha JiHIT L,J,, sika € niHie0
cumetpii ctocoBHo JdiHiil E F, Ta E,F, 1 po3rarmio-
BaHA CTOCOBHO HMX Ha Bimcraui a/2. Tak camo
(mMB. puUC. 5) HEHTP APYTOro MUKIY 3HAXOTUTHCS
Ha siHil L,J,, sika € niHI€r0 CUMETpii CTOCOBHO
niniit E,F, ta E;F; 1 po3raioBaHa cTOCOBHO KOX-
HOIT 3 HMX Ha Biacrani a/2 . OTxke, BiiCTaHb MiX
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Puc. 5. /lo 300py KBaHTiB raMMa-BHIIPOMIiHIOBAHHS I0JIEM 30PY JIeTeKTOpPa i3 3eMHOI MOBepXHi
BIIPOOBK IBOX IMUKJIIB Ha MapwpyTi moaboty BILJIA 3a ymoBu 0<a<R

miHisvu L,J, Ta L,J,, Ha SKUX 3HaXoOAThCA 1IEH-
Tpu ABoX 1uKIiB O’ Ta O, OpiBHIOE a.

3 puc. 5 3po3ymilio, 1110 3arajbHa IJIoIIA 3Hi-
MaHHSl BIIOJIOBX JIBOX LMKIIIB CKJIQJa€ThCS 13
CYyMH IUTONI JBOX IMBKPYTIB paaiyca R 1 miomri
npsmokytHuka E,E,E;O.F.F,F O,. Tox mioma
JIBOX LIMKJIIB raMMa-3HIMaHHS BU3HAYAETHCS 3a
dhopmyrioro:

S, =R(nR+2-2a). (16)

3 momepeaHix MipKyBaHb 3pO3yMiJIO, IO
iHpOPMAaTHBHUMH 30HAMH B IIbOMY BHITAJKy
OymyTs Taki: G,L,M,H,N,J, — y nepmomy 1ukimi,
AKy nozHauumo sk BIl,, 1 G;M,L,H,J,N, —y npy-
roMy LUK, Ky mo3Hauumo sk BIl,, mo mepe-
THHaIOThCA 1o JiHii G;M H N, Ta yTBOpIOIOTH
cepeiHIo iH()OpPMATUBHY 30HY, Ky MO3HAYUMO
gk CL. Tox wmanoiHQpOpMaTHBHUMHU 30HAMHU
BIIPOJIOBX JIBOX LUKIIB MO)KHA BBaXKaTH 30HU:
nsi kpaitni — G E,L,G,J|F, (33) ta H,F,J,H,L,E,
(I13); nBi 6i4ni — E E,E.LM L, Ta F,J,N,J,F.F,,
K1 nozHauumo Bb.

IInomi IBOX OCTaHHIX 30H MOXKHa BH3Ha-
gyuty TaK. Inoma nmomosunn 30um E E,E.L.M|L,
Hanexuts 30HI E,E;L,M,, miomy sAkoi MokHa
BU3HAUUTH SIK U0y 4oTUpUKyTHHUKA E, E;O,0,

0e3 mowl npsAMOKyTHoro TpukytHuka O,M,0,
1 owi cexropa O,M,E,. Toxi cykynHa momia
IBOX OlyHMX ManoiHdopMmatuBHUX 30H Bb
BHU3HAYa€ThCA 3a (POopMyIoro:

S =2a(2R—c)—nRY 1--2_ |-
2BF a( c) [ ISOOJ

= R[4a—nR(l— & H—2ac.
180°

ITnoma 30uu CILI cknamaeTbes 3 IUIONL JIBOX
cermentiB G;M,0,N, Ta O,M H N,, a came:

_R|
Sy =R (180" smd)j. (18)

CykynHa momia iHpOopMaTHUBHOI 30HH 3a JBa
UKIU Oyzie CKIIaJaTucs i3 CyMu ol iHdpopMma-
tuBHUX 30H BII, Ta BII,, mioma KoXHOi 3 HUX
BU3HAYA€THCA 32 GopMyIoro (4), 6e3 Mol ABOX
cermentiB G;M,O,N, Ta O,M H N,, sixi yTBOpIO-
10Th 30HY CII, a came:

(17)

2| T o o . )
S, =R [1800 (28" -9 )—(2sm[3—sm¢)](l9)

I[OB)KI/IHa 30HH raMMa-3HIMaHHA 3a JABa MUKJIN
CTaHOBUTHUME TaKe(JIUB. puUC. 5):

L =2R+2a. (20)
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Ha puc. 6 naBeneHo cxemy 300py KBaHTIB
raMMa-BUIIPOMIHIOBAaHHS I1OJIEM 30pY JETEKTOpa
13 3eMHO1 MTOBEPXHI BIPOJIOBXK IT'ITH LIUKIIIB Ha
MapuipyTi noasoty BITJIA. Jlns cpouieHHs Ha
puc. 5 BenMKa LeHTpajbHa iH(pOpMAaTUBHA 30HA
neporo mukiy sugy G,L,M H N J, Ha puc. 6
nicrana nosHadeHHs L, (Long), Bemuka iH(Op-
MaTHBHA 30Ha JAPYrOro LUKIYy Ma€ MO3HAUYEHHs
L,, m’aroro muxity — L. Ilepma B mapmpyTi
cepe/Hs LeHTpajbHa iHQOpMAaTUBHA 30HA BHUIY
G;M H\N, (CL| — nuB. puc. 5) micraia no3Ha-
yeHHs M, (Middle), apyra cepenus neHTpanbHa
iHpopmarusHa 30Ha Mapupyty CLI, Mae no3Ha-
yeHHs M,, yersepra — M,.

[Tnoma » UMKIiB ramMMma-3HIMaHHS B Mapil-
PyTi BU3HA4Ya€ThCA 32 (POPMYIIOFO:

S =R(nR +2na), 1)

o s n = 1 Ta n = 2 gae 3MOry OTpuMaru
dhopmymnu (2) ta (16).

CykynHa iHpopMaTUBHa 30Ha Ha puc. 6
MIOYUHAETHCS 1 3aKIHUYETHCSI CETMEHTaMH BH]LY
G,K,O K, mo Bignosigatots 3011 BIl1, mioma
sKOi obumcmoeThest 3a dopmynoro (13). Mix
CEerMEHTaMHU 3HAXOAATbCA ISATh (GIryp BUIY

O,K,L,M,O,N,J K,, ko:xkHa 3 AKUX BiJmOBiIa€
30H1 BI2, muoma sixoi obunciroerscs 3a ¢Gop-
mynoto (14). Lle mae MOXJIMBICTH OTPUMATH
bopmyny oOuuciIeHHS CyKyIHOI Iuiomi iHgop-
MaTUBHOI 30HM JUIS 7 LUKIIB raMMa-3HIMaHHS
B MapuipyTi (0<a<R):

S, =R {(n/180°)[n13° —(n=D§’ |+ (n=Dsing’ —n-sinp’} . (22)

Hnsa n=2 13 (22) BumuBae Qopmyna (19),
a st n=1 — ¢popmyna (4).

biuni manoingopmaTHBHI 30HM MarOTh TaKy
ocoOnuBicTh. KoxkHi 1Ba [IUKIIM raMMa-3HIMaHHSI
YTBOPIOIOTH BeJWMKI OiuHI ManoiH(OpMaTHBHI
3ouu Buay EE,E.L.M,L, (Bb,), sxi Ha puc. 6
no3HadeHi sk Bb.. 1li 30HM moenHyrOTbCA MiX
c0000 3a JOIIOMOIOK MaJIMX OIYHUX MaJIOiH-
¢dopmaruBHux 30H Buny E,E.L, (Mb,), fki Ha
puc. 6 no3HaueHi Mb. 3 omsany Ha HaBeleHY
3aKOHOMIPHICTh, MO)KHa BHBECTH (POPMYITY IS
BHU3HAUCHHS TUIOIII CYKYITHOT 619HO1 MastoiHpop-
MaTHBHOI 30HH B MapUIPyTi U1 # ITUKJIIB raMMa-
sHiMaHHS (0<a<R):

S, :R{2an—nR{l—io(n—l)+£o(n—2)}}—

" 180 180 (23)
—2ac(n—1)+ab(n-2).

/ Es

N B

sy @) (15) G) (1)
o fs0ser,

MepTBa 30HA

ManoiadopmaTruBHa 30Ha

InpopmaTuBHa 30Ha

Puc. 6. /1o 300py raMMa-KBaHTIB I0JIeM 30pYy J1eTeKTOPa i3 3eMHOI MOBEPXHi BIPOAOBK I’ ITH IMKJIIiB
Ha MapmipyTi moysoty BILJIA 3a ymoBH 0<a<R
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Hus n=1 i3 ¢opmymu (23) BuruBae ¢op-
myna (8) S,; =S,,5, Amsd n=2 3 popmynu (23)
surumBae popmyna (17) S,5 =S, -

CykynHa mioma MaloiH(pOpPMaTHBHOI 30Ha
IUISL n LUKJIIB FTaMMa-3HIMAaHHS y MapuipyTi S,
CKJIQJIaTUMETHCS 13 CYMH ILIOII 3adHBOI (33n)
ta nepeanboi (I13) mamoindopmaruBHUX 30H,
IUIONII SIKMX BHU3HAUYAIOThCA 32 (hopmymnoro (5),
1 wiomi cykymHoi 6iuHOi ManoiH(opMaTuBHOL
30HU, SKa BHU3HAYA€ThCA 3a ¢opmynoro (23).
Omxe, g1 0<a<R

_ I inpl—
SMIH—R{2na+nR{1+(n 1)180° n1800:|+2RsmB} (24)

—2(n=1ac+(n—2)ab.

JloBXHMHA MapHipyTy Uil IUSITH LUKIIB
raMMa-3HiMaHHs, 3TiJHO 3 pHUC. 6, oO4HcIIO-
eTbest 3a popMmynoro L, =2R+5a . IlopiBHAHHS
dopmyn (9) mia L, ta (20) ansa L, nae 3mory
Hamucatd GOpMyIy JOBKHHU MaplipyTy JUIS 7
LUKJIIB TaMMa-3HIMaHHS Ha MapuIpyTi

L =2R+na. (25)

Ha puc. 7 HaBeneHo po3TallyBaHHS IOJIIB
30py JAETeKTopa mija 4ac 300py KBaHTIB ramma-
BHUIIPOMIHIOBaHHS 13 3¢MHOT TTOBEPXH1 BIPOJIOBXK

JIBOX IIUKIJIIB HA MapupyTi noiaboty BITJIA, komu
R<a<2R.

3 puc. 7 3p03yMijio, IO AJISi OJAHOTO IHKITY
300py KBaHTIB TaMMa-BUIIPOMIHIOBaHHS MOJEM
30py JAETEKTOpa B MapUIpPyTi IJIOIIA 30HU 300py
CKJIagaeTbes 3 ABoX nonosuH kpyra G E,O,F, ta
O,E,H,F, i npamokyThuka E,E,O,F,F,O,, nopis-
HIOE SZ] = R(nR +2a), nis ABOX LIUKIIB 300Dy,
BiamosigHo, S 7, = R(nR +4a).

Lle B miICYMKyY Ja€ 3MOT'y OTpUMaTH (HopMyIiy
BU3HAUEHHS CYKYITHOI IUIOMII ramMma-3HIMaHHS
JUIS 1 UUKITIB Y MapuipyTi y BUDsiAi (21).

I3 puc. 7 3posymino, mo iHpopMaTUBHA
3oHa G,L H,T, cxianaerbes 3 ABOX piIBHOBENHU-
kux cermentiB G,L,N,T, ta N,L H,T,. Otxe,
rionia iHGOpPMaTUBHOI 30HU VISl OTHOTO ITUKITY
300py KBaHTIB TaMMa-BUIIPOMIHIOBAHHS IOJIEM
30py [JI€TEKTOpa BHM3HAYAETHCS 32 (HOPMYIIOO
S, = R’ [(nB°/l 80° ) —sin BJ , U1 JIBOX IIMKJIiB
300py KBaHTIB TaMMa-BUIIPOMIHIOBaHHS — 3a
dopmyrnoro S, =2R* [(nB°/180°)—sinB]. 3po-
3yMLJIO, IO JUIA 71 IUKJIIB 300py KBaHTIB raMMa-
BUIIPOMIHIOBAHHS ~ IOJIEM  30py  JETEKTopa
B MapupyTi IJIOHAa CyKynmHOi iH(opMaTuBHOI
30HU BU3HAYAETHCS 32 (HOPMYIIOH0:

MepTtBa 30HaA

MaioinpopmaTuBHa 30Ha

IndpopmaruBHa 30Ha

Puc. 7. 1o 300py KBaHTiB raMMa-BHIIPOMIHIOBAHHS I10JIEM 30PY JeTeKTOpa i3 3eMHOI MoBepxHi
BIIPOIOBK IBOX HUKJIIB Ha MapmpyTi moinbory BIIJIA 3a ymoBun R<a<2R
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S, =nR’ n—Bo—sinB ,
" 180

ne f Bu3HavaeThes 3a hopmyrioro (3).

3 puc. 7 BUAHO, IO TOBXHHA 1HGOPMATHB-
HOi 30HU CTaHOBUTH 2R —a. llg 30Ha 3HHKaE,
koiu a = 2R . Toni, 3rigHo 3 popmymnoro (3), =0,
a 3rifHo 3 popmyroro (26), S, =0. Orxe, iHpOp-
MAaTHUBHI 30HU B IIUKJII raMMa-3HiMaHHsg ICHYIOTh
B iHTepBaji 3HaueHb R<a<2R y BHUIIIAlI, HaBe/Ie-
HOMY Ha puc. 7.

3 puc. 7 3po3ymino, 1o mioma Maiaoindop-
MaTUBHOI 30HU B KOXHOMY 3 ITUKJIIB Oyze CKJia-
JATHCS 13 CYKYITHOT TUTOIII 30HH TaMMa-3HIMaHHSI
6e3 o iHpopMaTuBHOI 30HU. ToMy CyKymHa
oA ManoiHGOPMATUBHOT 30HU IS 1 IIUKIIIB
300py KBaHTIB raMMa-BHIIPOMIHIOBAaHHS TOJIEM
30py JAETEKTOpa B MapuIpyTi Oye BU3HAYATHUCS
SK PI3HUL CYyKyIHOI TUIOII 30HM TaMma-3Hi-
MaHHA S, 1 CyKymnHoi Iuiouli iHpOpMaTuBHOI
30HU S . ynBI/IFJISIILiZ

(26)

Sy, =R R\ l—nB—

+nsinf3 |+2na;. (27
oo [sinp @

JloBkMHA MapumIpyTy TraMma-3HIMaHHS JUIst
OJTHOTO IIMKJY, 3T1IHO 3 PUC. 7, CTAHOBHTHME
L =2R+a, nna nBox mukiiB L, =2R+2a,
[0 Ja€ 3MOTY JUIsl 7 LUKIIB TaMMa-3HIMaHHS
B MapuipyTi BUKOpuUCTaTH ¢opmyny (25).
[Tnoma «mMepTBOi» 30HU OOUUCITIOETHCS 32 op-
Mmyioro (15).

3rizmHo 3 puc. 4, a cepeauHa UKy — Touka O
€ TakoX IeHTpoM iHpopmaruBHOI 30Hu BII. Ls
TOYKa PIBHOBiAJANeHa BiA MeX iH(OpMaTHBHA
3o BLI: mo oci mapuipyTy, Ha BiacTaHb d Bif
touok G, ta H,, momepex mapuipyTy, Ha BiJ-
ctaHb b Big Touok L, 1J,. ko Touni O 3aBAsKu
GPS nHanmaroTbcst KOOpIUHATH, MeXi iH(opMma-
TUBHOI 30HU BIL[ B370BX 1 momepex MapuipyTy
ramMMma-3HIMaHHS CTOCOBHO TOYKH O JOpIBHIO-
10Th 3 ypaxyBaHHsM (10), BiAmoBiIHO,

x:id:i(R—ﬁj,
2

y=1b.

(28)

(29)

3rigHo 3 puc. 4, a Ta 3 ypaxyBaHHAM (op-
My (9), Mexi 30HH raMMa-3HIMaHHsI CTOCOBHO
Touku O B3IIOBXK 1 MMONEPEK MAPUIPYTy BU3HAUYA-
I0ThCS 32 (hOpPMYJIaMH, BiATIOBIIHO,

82

max

5 (30)

ymax :iR °

a
=+(R+-),
(R+2)

€2))

Sxwmo Ha ninii G, — G, (1uB. puc. 4, @) g yac
raMMa-3HiMaHHs 100au3y Todku G, 3’SBUTbCA
JIOKaJbHUHA MAaKCHUMYM 3HA4Y€HO! 1HTEHCHBHOCTI
pamianiiHOTO BUIIPOMIHIOBaHHS, TO YacTHHA
raMMa-KBaHTIB BiJl HbOI'O BCE X HaIlie B I1OJIE
30py ramma-jaereKkropa i Moxke OyTu OUIBLIO0
BiJl raMMa-KBaHTIB, 3i0paHuX Big (OHOBOTO
BUIIPOMIHIOBaHHS B cepeiuHi iH(opMaTuBHOI
3ouM BLI. Ie 5k crocyeTbes it TOUOK y 30HaX Oid-
HUX MajoiHpopmaTtuBHUX 30Hax MB, po3ramio-
BaHUX noonusy niHid E, — E, ta F, — F,. OTxe,
MOYKHA KOHCTaTyBaTH, IO JIJIS BUIAIAKY OJHOTO
UKy TaMMa-3HIMaHHS (Qikcamis MiaBUIICHOT
IHTEHCUBHOCTI TaMMa-BUIIPOMIHIOBaHHS CBiJI-
YHUTh TPO TE, IO HOTO JOKATEHUN MAKCUMYM Ma€e
HMOBIpHE pPO3TAIllyBaHHS CTOCOBHO CEpPEIMHH
ukiTy O B3JIOBXK 1 TIOMIEPEK MapIIPYTy B MEkKaX
X, y, alle He JaJl, HIX X, ., V, . 3 PUC. 3, a BUJIHO,
110 JOKaJbHI MAaKCUMYMH pajialliifHOro BUIIPO-
MIHIOBAaHHSI 3HAXOJATHCS Ha OCSAX JIHIN MapIi-
pyTiB. HacmpaBai BOHM MOXYTb 3HAXOIUTHUCS
103a JiHIsIMA MapHIpyTiB Ha HMOBIpHiil BiJICTaHi
+h, ane He maini BiAcTaHi £R, 3rigHO 3 hopmy-
namu (29) 1 (31).

Sxmo iHpopMaTHBHI 30HM TEpPEKpPHBA-
IOTBCS, TO CHTYyallld 3 BHU3HAYCHHSIM MicCIle-
MOJIOKEHHSI  JIOKAJIbHOTO  MaKCUMyMy eIl
3MiHIO€EThCA. Hampuknan (auB. puc. 5), SKIIo
JIOKaJIbHUH MaKCUMYM 3HAXOIUTHCSI B CEpeauH1
3o1u G,L,M,G;N|J,, To raMMa-KBaHTH B1J HbOTO
HaiiayTh A0 iHpopmaruBHOi 30HM BLI,. Toxi
3011bIIEHHS IHTEHCUBHOCTI TaMMa-BUIIPOMIHIO-
BaHHs OyJie MPUB’SI3aHO /10 CEPEIMHU IEPILIOro
UKy — Touku O'. SIKIIO0 K JOKAJIbHUN MaKCH-
MyM 3HaxoauThbes B 30H1 L,H,J,N,H,M,, T0 36111B-
HIEHHS 1HTEHCUBHOCTI TaMMa-BUIIPOMIHIOBAHHS
Oyze BiAMIYEHO B IPYTOMY LIUKIII Ta IPUB’SI3aHO
juire 10 Touku O'. SIKIo X JOKaJILHUM Mak-
CUMYM 3HaxOIUTUMEThCS B CEpPEeIUHI 30HH
nepekputts CLI, sika HaIe)UTH 000M 1H(DOpPMa-
tuBHUM 30HaM BIJ; i BIl,, To 30i1bII€HHS IHTEH-
CHBHOCTI TamMMa-BUIIPOMIHIOBaHHS Oyae BiaMmi-
YeHO B 000X IMKJIaX 13 MPUB’SI3KOI0 10 CepearH
MEPIIOro Ta JAPYroro MUKIIB — 10 Todok O' Ta
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O", K1 3HAXOOATHCI Ha BIICTAHI e =a ofa Bin
onHoi. Posmipu 3ouu CL| ckinagaroTh y310BX
i monepex mapmpyry a/2 Tta c. OmHak, SKIIO
B cepenuni 308 G,L,M,G;N,J, ra L H,J,N H M,
3HAXOJUTHMETHCS TI0 OTHOMY JIOKQJIEHOMY MaK-
CUMYMY OJHM3bKOi IHTEHCUBHOCTI raMMa-BUIIPO-
MIHIOBAaHHSI, TO 115 TIOJ(isl Oy/ie MPUB’SI3aHO 3HOBY
1o Touok O’ Tta O", 110 TOBOPUTH MPO HEOTHO3-
HAUHICTh BU3HAYEHHS WMOBIPHOTO MOJOXKCHHS
JOKaJIbHUX MakcuMyMiB. Lle nmutanus norpedye
MOJIAJTLIIIOTO BUBYCHHSI.

3acTOCyBaHHS HABEIEHOTO MAaTeMaTHYHOIOo
armapary MOXKHa PO3IISIHYTH Ha KOHKPETHOMY
npukianai. Hexalh moTpiOHO BHUKOHATH TramMMa-
3HIMaHHs 3a gonomoror BIUIA Ha mapuipyTi
noBxkuHo0 L=1 km. Bucora momboty BIIJTA
cTaHoBUTh H=30 M, moJie 30py HOETeKTOpa
raMMa-BUIPOMIHIOBAaHHS  JOpiBHIOE —~ @=90°
[13], gacTroTa 300py raMMa-KBaHTIB JETECKTOPOM
nopiBHioe f=1 I'm, mBuaKicte moisoty BITJIA
Ha Tpaci 3HiMaHHs cTaHoBUTH V=10 M/c [5]. Toxi
TPUBAIICTh HUKITY Af = 1/ lc™" =1 c. Pagiyc nons
30py JAETEKTOpa Ha 3€MHIM MOBEPXHI JOPIBHIOE
R=30mx1g(90°/2)=30m. 3cyB momst 30py
JIETeKTOpa 3a TPUBANICTh IUKIY | C CTaHOBU-
tame a =10m-¢ ' x1c =10m . Ockinbku a<R, TO
JUI. PO3paxyHKiB MOTPIOHO BHKOPUCTATH CXEMY
300py KBaHTIB raMMa-BUIIPOMIHIOBAHHS IOJIEM
30py JEeTeKTopa 13 36MHOI MOBEpPXHI, HaBEACHY
Ha puc. 6, 1 BianoBiaHi ii popmynu. Tak, 3rigHo
3 (25), yuCci0 NUKIIIB TaMMa-3HIMaHHS Ha MapIil-
PYTi TOBXMHOIO | KM MOXKHa BU3HAUUTH 3a (pop-
MYJIOH0:

(32)

HeoOximHi npomixHi mapamerpu S, ¢, b, ¢, d
obuuncirorThes 3a hopmynami (3), (12) (7), (11),
(10) (s1iHi¥HI 1 KyTOB1 €IEMEHTH PO3PaXOBaHO J10
7 um 8 3HauymMXx 1udp, mod 3ade3neunTH ToY-
HICTB IOAAJIBIIOro o0urcaeHHs mionr 10 0,1 m?).
3HayeHHs] MPOMDKHUX IapaMeTpiB HaBelIEHO
B Tabmuii 1. BiacTane e Mik EHTpaMH CyMixk-
HUX [HKJIIB TaMMa-3HIMaHHS, 3TIHO 3 pHC. 5,
nopiBHIOE e =a =10 M.

3rimno 3 dopmynamu (9), (21), (22), (24),
OOYHCIICHO Take: [OBXKUHY OJHOTO ITUKITY
raMma-3HIMaHHS L,; 3arajgbHy IUIOLIy TamMMa-
3HIMaHHA B MapuipyTi S,; CyKyIHy ILIOLLY

1H()OPMATUBHOI 30HM B MapIIPyTi S, ; CYKyNHY
VIO MajoiH(GOPMATUBHUX 30H y MapuipyTi
S,, (tabmuns 2). KoHTposneM po3paxyHKIB yKa-
3aHMX wiony € Take: S, =S, +S,, =102094,9 m>.
BinHomieHHss miomnii CyKynHO1 1H(OpMaTUBHOL
30HM /0 IUIOUII T'aMMa-3HIMaHHS B MapUIpyTi
craHoBuTh (S/5,)=94,9%. 3a Qopmynamu (4)
1 (18) obuucieno Take: miomy 1HGOPMaTUBHOL
304 BI] B onHOMY IMKII raMMa-3HIMaHHSA Sy, ;
abo twromnry cepenHpoi meHTpanbHOi 30HU ClI,
sSIKa € TUIOMICIO TIEPEKPUTTSI 30H TaMMa-3HiMaHHS
3a 1Ba WMKIH S, [10310BKHE MEPEKPUTTS MiXK
UMKJIaMU TaMMa-3HIMaHHs CTAHOBUTh (S.;/Sy)
=74,0%. CykynHa 1uiomia MepTBOi 30HHU BU3Ha-
yeHa 3a hopmysoro (1) i craHoBUTH 772,6 M2,
OCKiTbKM  BIJHOIIEHHS IUIOMII  CYKYITHOL
1H($OpPMaTUBHOI 30HH JI0 IUIOII TaMMa-3HIMaHHS
B MapupyTi craHoBUTh (S/S,)=94,9%, TO Bin-
HOCHA IUIOMIA CYKYIHOI MasoiHpopMaTuBHOL
301 — 5,1% Bix Bci€l IUIONI raMMa-3HIMaHHI
B MapIIpyTi JOBKUHOIO 1 KM, a00 y abcomoTHOMY
Bumipi 3040 Mm% [1]06 kparie yssBUTH pO3MIp Ii€l
TUJIOITI, 3 SIKO1 SIKICHO HE 310paHO raMMa-KBaHTH,
a OTXe, JOCTOBIPHO HE BHU3HAYCHO MapaMeTpH
raMMma-BUIIPOMIHIOBAaHHS, MOXKHAa TOPIBHATH 11
3 Tionier0 (pyTOONBHOTO OIS, sIKa JOPIBHIOE
nanpukiaa, 4050 m? [14]. Orxe, ioma CyKyIi-
HOT MaJioiH(GOPMATUBHOI 30HH CTAaHOBHTH TPH
YBEPTI BiJ MOTO TUIONI HA OJUH KIJIOMETP MapIil-
pyty. Ilnmoma cykymHoi wMaioiHhOpMaTUBHOT
30HU YyTBOPEHA B OCHOBHOMY 3a PaxyHOK O14HUX
BEJIMKUX 1 MEHIIIOI MIpOK Majux MajoiH(op-
MaTHUBHUX 30H 1 YaCTKOBO 32 PaxyHOK HasiBHOCTI
3aJIHBO1 Ta MEPEIHBbOI MaTOIHGOPMATUBHUX 30H
Ha TI0YaTKYy 1 y KiHIll MapmpyTy (auB. puc. 5). [Ipo
11e cBimuuTh po3mip 300U CL monepek mapuipyty
¢c=28,28 M (muB. Tabnwuiro 1, puc. 5), skuii MeH-
U BT pajiyca moJjs 30py JeTEKTopa Ha 3eMHIi
noBepxHi R=30 m Ha 1,72 M 1 BiamoBigae nomepe-
yHoMy po3Mipy E,M, ManoiHpopMaTuBHOi XOHU
BB, Toni six po3mip 30ouu BL] momepex mapmipyty
b=29,58 M meHmmii 3a paniyc ycroro Ha 0,48 m
W BIAMOBIZA€ MOMEPEYHOMY PO3MIPOBI MaJIOiH-
dbopmatuHoi 305U Mb. OTxe, He0OX1THO JTIKBi-
nyBaTh O19HI MajoiH(GOPMATHBHI 30HU ILISTXOM
3a0€e3MeUeHHsT TIOTIEPEYHOTO TEPEKPUTTS MK
MapuIpyTaMH TaMMa-3HIMaHHS —IIOHalMEeHIIIe
Ha 2 M. lle HeoOXimHO BpaxyBaTH IIiJ 4yac Iuia-

83



Airport Planning, Construction and Maintenance Journal

Bunyck / Issue 2(4) , 2024

Tabmuns 1
3HaYeHHsI NPOMIKHUX apaMeTpiB
ITo3naueHus Atye | Rm | a=em | n b, m c, M d m 5° 0°
3HaueHHs 1 30 10 94 | 29,58040 28,28427 25 160,81186 141,05756
Tab6murs 2
3HauyeHHsI KiHIIeBUX IapaMeTpiB
ITo3HaueHHs L,™m S, M S, m? Sgp M (S,/8,),% S, c» M Syes M Sy’ S0), %o
3HayeHHs 70 59227.,4 56187,1 3040,3 94,9 2230 1650 74,0

HyBaHHs monboTiB BITJIA Hanx TepuTopiero pai-
ariiHoro 3abpymnHeHHs. KpiM Toro, HEoOXigHO
BpaxyBaTH il HAsIBHICTh MEPTBUX 30HA Ha KIHIIAX
MapmipyTiB. i 11500 MOTPIOHO IIOHAWMEHIIIE,
o0 JiaMeTp MepIioro Koja IUKIy ramma-3Hi-
MaHHs Ha MapuipyTi (zuB. puc. 6 — miHisg EF))
OyB CyMIIIIEHUH 13 TTOYATKOM TEPUTOPIi aepo3Hi-
MaHHs (miHiero AD) 1 3HaxXoauBCs Ha BiacTaHi R
nepes] Helo, a JilaMeTp KoJia OCTaHHBOTO IHUKITY
EF, aepo3HiMaHHs BMXOIUB Ha LIIO X BiACTaHb
3a mexxi BC teputopii aepo3HiMaHHA. Y 1bOMY
BHITAJIKy OyIyTh JIKBiJIOBaHI W MasoiHpopMa-
tuBHI 300K 33 Ta I13. Lle Tex moTpiOHO Bpaxy-
BaTH TiJ1 Yac ruiaHnyBaHHs 1ois0TiB BITJIA.
Bussiieni B nukiax raMMa-3HiMaHH JIOKAIbHI
MaKCUMYMH paJialliiHOTO BUIIPOMIHIOBaHHS
MOXXYTb 3HAXOIUTHUCS 1032 JIHIIMH MapIIpyTiB
Ha KWMOBIipHINA BiAcTaHi +29,58 M, ame He maii
Bijgctani +30 M, 3rigHo 3 popmymamu (29) 1 (31).
BucHoBKH. Y pe3ynbTaT TEOPETUUHUX JTOCITi-
JDKeHb OTPUMAaHO MaTeMaTU4YHHUI amapar is
BH3HAYCHHS PO3MIPIB 1 TUIOMI 30H HA MapIIpyTi
aeposHimanHs 3 BITJIA Teputopii pamiamiitHoro

3a0py/HEHHS 3 BUKOPHCTAaHHSIM TaMMa-JIeTeK-
TOpa PYXJUBOTO THUIMY, SKi BIJIPI3HSIIOTHCA 3a
SKICTIO 300py raMMa-KBaHTIB ITOJIEM 30PY JCTEK-
TOpa ¥, BIAMOBIIHO, MOAUIAIOTH IJIOIIY raMMa-
3HIMaHHS Ha 1H(QOpPMATHBHI 30HH, Y SKHX IOJE
30py JeTeKTopa rnepedyBae BIPOIOBK Yacy, mpo-
TSTOM SIKOTO JIETEKTOpP 3/1aTCH IOBHOKO MIipOKO
3MaT€H pearyBaTH Ha 3MiHY 1HTEHCHBHOCTI
PaiOaKTUBHOTO BHUIIPOMIHIOBAHHS BiJ 3€MHOT
MMOBEPXHI 3T1THO 13 3asBJICHOI0 BUPOOHHUKOM Yac-
TOTOI0 pOOOTH JETEKTOpa, 1 MamoiH(OpPMaTHUBHI
30HH, JI€ TI0JIE 30pY JIETEKTOpa repedyBae MEHIIE
BKa3aHOTO 4acy.

OgHUM 13 IIOKA3HUKIB SKOCTI BHUKOHAHHSA
aepo3HiMaHHs 3 BITJIA moxxe OyTu 301bIICHHS
BIIHOIICHHS TUIOMNII CYKymHOI iH(OopMaTuBHOL
30HM J0 IUIONII TaMMa-3HIMaHHS B MapuIpyTi.
Hageneno npukiaa po3paxyHKiB po3MipiB i TUIOI]
yKa3aHHUX 30H Ha MapIIpyTi aepo3HIMaHHI.

Pesynbrarn HaBeICHUX JOCIIKCHb MOXYTh
OyTH KOPUCHHMMH JUTS TUIAHYBaHHS MapUIpyTiB
ramma-3HiMaHHs 3 BITJIA # aHanizy siIkocTi BUKO-
HAHOTO aepPO3HIMaHHSI.
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3ACTOCYBAHHS KOMIIO3UTHOI APMATYPH B )KOPCTKHUX
INOKPUTTAX ABTOMOBIVIBHUX JOPIT' TA AEPOJAPOMIB

Anomauia. Y cmammi nooano pe3ynomamu nepegipHux po3paxyHKie HanpyiceHo-0eghopmosano2o Cmany enemeHn-
Mi8 JHCOPCMKO20 NOKPUMMSL A8MOMOOIILHOI 00po2U 3 KOMHO3UMHOIO apMamyporo 8 0eqhopmMayiiiHux weax npu Hop-
MAMUBHUX eKCNIYAMAYIUHUX HABAHMAIICEHHAX | NePCREKMUBHUX HABAHIMANICEHHSX, SIKi MOOETIOI0Mb NOCAOKY TMAKA.
Yexnaonioruorw ymosoro 6yna neobxionicms enauimysanHs nio 00pooio kabenvHo2o nepexody. Y pamkax 6yoisensb-
HO20 NPOEKMY A8mMomodinbHoi 0opou 6 neguux 2eonociunux ymogax y 11K «JIIPA CAIIP» euxonano po3paxyHku Hanpy-
JHCeHO-0edhopMOBAHO2O CIAHY eleMeHmI6 NOKPUmMmsL 3 ypaxyeanHam deghopmayiti 1pyHmoeoi ocrosu. Pezyromamu
PO3DAxyHKi6 NOKA3AMU, WO HAGIMb Y CKAAOHUX YMOBAX NEPCHEKMUBHO20 HABAHMANCEHHS A8MOoMOOiIbHOI dopocu i
0CNA0NeHHsL KAOETbHUM nepexo0om KOMNOIUMHA apMamypa 8 0eqhopmMayitiHux weax i 6 Micyi apmMy8aHHs naumu Kabeisb-
HO020 nepexody Yinkom 3abe3neuye HadiliHicmy Hcopcmroeo nokpumms npu kraci Hacrioxie CC3. Iopisuano 3 memane-
6010 apmamypoio A500C eumpamu KOMROZUMHOT apMamypu Ha apMy6aHHs NIUMu KabelbHO20 nepexody Oaiomb 3HAUHY
exoHoMio no maci ons komnosumnoi apmamypu AKC800 na pieni 27%, a o AKC1000 — 32%.

Haseoeni pe3ynomamu niomeepodicyionv npunyweHHs oo 3acmocy8anHs KOMNOIUMHOL apMamypu 8 HCOPCMKUX
NOKPUMMSIX A8MOMOOIILHUX 0pie Ma aepoopoMi6 sIK albmepHamusy memanesit. Ane 0s Yyb0o2o HeoOXiIOHO supiutumu
HU3KY 00CUMb CKAAOHUX 3A60AHb, A CamMe Wo00 HANPYICEHO-0ehOPMOBAHO20 CIMAHY eleMEHMIE PI3HUX KOHCIPYKYIll
JHCOPCMKUX NOKPUMINIB A8MOMODITbHUX 00pie A aepoopoMI8 ) UUPOKOMY CREKMPI eKCIITYamayiliHux HAGAHMANCEHb.

Knrouogi cnosa: scopcmie nokpummsi, OeghpopmayiiHuii uos, KOMHO3ZUMHA apMamypa, aemomooiibha 0opoeaa,
aepoopom.

© Maxkcumenko B. I1., Iy6uk O. M., Kapnenko A. K., 3inenxo C. C., 2024 87



Airport Planning, Construction and Maintenance Journal Bunyck / Issue 2(4) , 2024

Maksimenko Valery, Dubyk Oleksandr, Karpenko Anatoly, Zinenko Serhii. APPLICATION
OF COMPOSITE REINFORCEMENT IN RIGID PAVEMENTS OF MOTOR ROADS AND
AIRPORTS

Abstract. The results of the verification calculations of the stress-strain state of the elements of the rigid pavements of
the road with composite reinforcement in the deformation joints under standard operating loads and prospective loads
simulating the landing of an airplane are given. A complicating condition was the need to install a cable crossing under
the road. As part of the highway construction project in certain geological conditions, calculations of the stress-strain
state of the pavement elements were performed in PC "LIRA CAD" taking into account deformations of the soil base.
The results of the calculations showed that, even in difficult conditions of prospective loading of the road and weakening
by the cable transition, the composite reinforcement in the deformation joints and in the bottom reinforcement of the
cable transition plate fully ensures the reliability of the hard cover with the consequences class CC3. Compared to
A500C metal reinforcement, the consumption of composite reinforcement for reinforcing the cable transition plate gives
a significant saving in weight for composite reinforcement AKCS800 at the level of 27%, and for AKC1000 — 32%.

The given results confirm the assumptions regarding the use of composite reinforcement in hard pavements
of highways and airfields as an alternative to metal. But for this, you need to solve a number of rather complex
problems, namely, regarding the stress-strain state of elements of various structures of rigid road surfaces and

airfields in a wide range of operational loads.

Key words: hard coating, deformation seam, composite reinforcement, road, airfield.

Beryn. 3 yBenaeHHSM y IO HAI[lOHAIBHHUX
crangaptiB [1; 2; 3] B Ykpaini 3’sBunucs mij-
CTaBH JUIs 3aCTOCYBAaHHS KOMIIO3UTHOI apMaTypu
B OyIiBHHUIITBI aBTOMOOLIBHUX JIOPIT Ta aepo-
npomiB. BukopucranHs HeMeTaneBoi KOMIIO3UT-
HOI apMaTypu B JOPOXXKHbOMY M aepoJpOMHOMY
OyIIBHHIITBI € aKTyaJbHOI TEMO, 00 KOpO3ist
CTaJIeBOi apMarypu, OCOOIMBO B arpeCUBHOMY
CEpE/IOBHIIIl, € CYyTTEBUM HEIOJIIKOM apMOBaHUX
YKOPCTKHX IIEMEHTOOCTOHHUX IOKPHUTTIB, SKHI
3HaYHO 3MEHINYE iX JTOBrOBiUHICTh. CBITOBHI
JOCBIJT OyTIBHUIITBA 1 €KCIUTyaTarlii aBTOMOO1Tb-
HUX JIOpIr Ta aepoapoMiB copMyBaB HampsIM
PO3BUTKY 3 BUKOPUCTAHHSIM >KOPCTKUX LIEMEHTO-
OCTOHHUX MOKPUTTIB, ApMOBAHUX KOMITO3UTHOIO
apMaTypolo.

Otrxe, y pamkax peami3amii KOHKPETHOTO
KOMEPIIIITHOTO MPOEKTY PEKOHCTPYKIIi aBTOMO-
OUTHbHOI JTOPOTH Ta 3JITHO-TIOCAJKOBOI CMYTH
MIPU YCKJIATHIOIOYMX YMOBaX HEOOX1HOCTI Bia-
ITYBaHHS KaOeJILHOTO NEPEX0 Ty BUKOHAHI Iepe-
BipHI pO3paxyHKH HaIpy>KeHO-1e(OPMOBAHOTO
CTaHy €JIEMEHTIB JKOPCTKOTO IMOKPHUTTS 3 Bapi-
aHTaMH apMyBaHHS CTaJ€BOIO Ta KOMIIO3UTHOIO
apMaryporo JIJIsl TOPIBHSIHHS.

Marepiaau ta Metoau. Posmisanyra cropo-
mieHa MOJEeNb  3JITHO-NOCAJKOBOI  CMYyTH
y BUIJISIAI TPHOX TUIMT po3MipaMu 7,5X5M TOB-
mmHoo 0,4M 1 HasBHE IMOJOTHO 3 IIapaMu
O0eTOHHUX Ta achaJbTOOCTOHHUX IUIUT Cymap-
Howo ToBmMHOIO 1,05M. Ha puc. 1 naBemeno
KpECJIEHHSI TOB3JIOBXKHBOTO IMepepidy 3 Bia-
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IITOBAaHUM KaOEJIbHUM TIEPEXOJOM 1 IIapamu
HasIBHOTO MOKPUTTA. 3aBJaHHSA Ha PO3PaXyHOK
MICTHJIO BpaxyBaHHs HasBHUX T'€OJOTTYHUX
YMOB MaiflaHYMKa OymiBHHIITBA, IO Iependa-
4yajo MOJEIIOBaHHS B3a€MOJIII HUKHBOTO LIapy
MOKPUTTS 3 IPYHTOBOIO 0CHOBOIO. Po3paxyHKkoBa
cxeMa manganyuka crBopeHa B I[IK «MOHO-
MAX CAIIP» ta ekcnoproBana B IIK «JIIPA
CAIIP-2021», y sskoMy BHKOHAHO PO3paxyHKH
apMyBaHHS OCTOHHOI IUIOMIAJAKA Ha IMPOEKTHI
W TIepCIeKTMBHI HaBaHTaXeHHs. BuximHi naxi
JUJISl pO3PaxyHKY: KJ1ac HaCIiAKIB (BiAMOBIIab-
Hocti) ciopyau — CC3 3rigHo 3 [4]; koeditieHT
HaJIMHOCTI 3a BiAIIOBImadbHICTIO — 1,25; Kiac
Oerony He MeHe B35 no [5] npu F,=32Mlla,
R, =3,0MIla; xnac 6erony He meHiue C32 o [6]
npu F,=32Mlla, R,=3,0MIla npu apmyBaHHi
CKJIOIUTACTUKOBOIO ~ KOMIIO3UTHOIO  apmary-
poro. YpaxyBaHHS JOBTOTPUBAJIOl IUKIIYHOCTI
HaBaHTaxeHHA Kk =1,16 1 koedilieHT yMOB
poboru Gam,=0,95/k =0,819. [lns BpaxyBaHHsS
BIUIMBY JTUHAMIYHUX HaBaHTa)KEHb HA IIOKPUTTS
3JIITHO-TIOCAJIKOBOI CMYTH IIiJI Yac TOCAIKH
JITaKIB 1 JOBTOTPUBAJIOTO BiOPAIIHHOTO BILJIUBY
Ha MOKPUTTS MPUHHATO MaKCHUMaJIbHE MPUCKO-
pennst 0,05G sax mns rpynTtiB Il kareropii mpu
HaNpsIMKY BIUIMBY B3JIOBX 3JIITHO-IIOCAJKOBOL
CMYTH.

Po3rnsinyTo Taki BapiaHTH apMyBaHHS TUIUTH
Ka0eapHOTO Tepexoay W nedopMmariiiHuX IIBIB
MIDX IUJTMTAaMU TOKPUTTSL:

1. CraneBy apmarypy AS00C 3rigno 3 [5];
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Puc. 2. Cxema HaBaHTaKeHb i po3TallyBaHHs A100eJIiB apMyBaHHA AedopManiiiHuX mBiB

2. KoMno3uTHy CKJIOMJIACTUKOBY apMarypy-
AKC800 3rigno 3 [6], [1]1[2];

3. KoMno3uTHY CKJIOIMJIACTHKOBY apMaTypy
AKC1000 3rigno 3 [6], [1]1 [2].

Ha puc. 2 HaBezieHa cxeMa HaBaHTaXE€Hb Ha
IUINTH TIOKPUTTS. M pO3TallyBaHHS Ar00eniB
(miametp d=25Mm) apMmyBaHHA JIedopManiiHuX
IIBIB MIXk TJIUTaMHU.

3a 101IOMOT0I0 CHUCTEMH «IPYHT», sIKa pealri-
3oBaHa B IIK «JIIPA CAIIP», Bu3HaYeHO Take:

KOe(IIIEHTH TPY>KHOI OCHOBH («KOE(iIieHTH
nocteni») C1 1 C2 BianoBigHo 10 Monenel Bin-
knepa Ta [lacrepHaka; 3Haue€HHSI HMXKHBOT MEXi
CTHCIIMBOI TOBUII IIApiB IPYHTY; IOJS OCIJaHb
I1apiB IPYHTOBOI OCHOBH.

Vka3aHi OOYMCIICHHS BUKOHYIOTbCS —IICIS
ABTOMATHYHOI TPIaHTYIALIT JUISTHOK, OOMEXEHUX
3aJJaHUMM KOHTypaMH. Y By3JlaX TpPIaHTYISIIl 13
3aJJaHIM KPOKOM OOYHCIIOIOTHCSI BC1 HEOOXiTH1
napaMmeTpu. 3a pesyibTaraMu poOOTH CHUCTEMH
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«IPYHT» BUKOHYETHCS TOOY/I0Ba €MIOp BEpTU-
KaJIbHUX HaIlpy>XeHb y Oyab-sKiil Todlll IpUKIIa-
JeHoro HaBaHTaxkeHHs. Ha puc. 3 HaBezeHna cxema
TPiaHTyJIALIT Ta TapaMeTpH IPYHTOBOI OCHOBH.
IIpuiiHare nus po3paxyHKy JOBIOTPHUBAJIE
HABaHTAXCHHS Ha IPYHT BiJl HASIBHOTO MMOKPUTTS
CTaHOBHTH 110 9Tc\M2. JlogaTkoBe KOPOTKOYACHE
NEPCIEKTUBHE HABAHTAXXEHHS HA TOKPUTTS
IHTEHCUBHICTIO 10 25T¢/M2 Ha momii 1M2 npu-
HHATE 11 MOACTIOBAaHHS [TOCAIKU JIITAKa.
Pesyabrarn. Po3paxyHku — koediuieHTIB
nocreni C1 1 C2 BuKkoHaHO 3 ypaxyBaHHIM 301J1b-
LICHHST MOIYJsl Aedopmallii IpyHTY 1O IIHOUHI
I TOKa3amu HEpIBHOMIPHICTH iX 3HA4YEHb IIO
IUIOIIKHI IpyHTOBOi ocHoBH. Ha puc. 4 Hase-
JICHO 130T10JIs IePEMIIIeHb 0 OCi Z Bia Jii cro-
ny4yeHHs HaBaHTaxkeHb PCH-1 (mocriitHoro +
KopoTkodacHoro). Ha puc. 5 HaBeneni i30modst
nepeMilleHb Ipu il CroNyYeHHs] HaBaHTaKEHb
PCH-2 (mocriiiHe + KOpOTKOYacHe + celcMika)
3 gomaBanHsAM 10 PCH-1 ceiicMi4yHOrO BILIMBY
B FOPU30HTAJIILHOMY HANpPSMKY IpU 3MEHIIEHH1

@ 9e9n B Coews [oyms ocose Cesec o Sowas
STHE INFrFAI NN SOKH SEIS QRIS IPIT Saadd s

O | Bopmt cpywt | S5z Parmag [ Ovamma [ €, (6 (m (B[O

KOPOTKOYacHOro. BIulMB celcMiku BUSBUBCA
HE3HAYHHM.

[30m0mns1 Hanpy’>keHb BiJl 3rMHATBHUX MOMEH-
TiB MpH [Oii croidy4deHHs HaBaHTaxeHb PCH-2
HaBe/ICHI Ha puc. 61 7.

Peakuito rpyHTOBOi OCHOBH, a came Hampy-
*eHb 10 Rz, mpu Aii crnoiy4eHHs: HaBaHTa)KeHb
PCH-1 i PCH-2, naBeneHo Ha puc. 81 9.

[30monst HampyKeHb BiJ MEpepi3ylouux CHII
Qx Ta Qy mpu naii croiyuyeHHs HaBaHTAKCHb
PCH-2 naBeneno Ha puc. 10 ta 11.

MakcuManbHi 3ycliisl B Ar00ensx aedop-
MaI[ifHUX IIBIB MIX IUIMTaMH TpU [ii CIIONy-
yeHHs1 HaBaHTakeHb PCH-2 cTaHOBIATH Take:
Nmax=0,148tc, Nmin=-0,7231c, Qy=0,065Tc,
Qz=0,721c, Mz=-0,007Tc™m, My=0,042TC*M.

Posmisisnemo  BapianT apMmyBaHHA jaedop-
MaI[ifHUX IIBIB KOMIO3UTHOIO apMaTyporo
AKC800 miamerpom D25mm. Toai MakcuMaibHi
HanpyXeHHsI B KoMIo3uTHii apmatypi AKC800
mobenst giamerpom 25MM  aedopmarniitHoro
mBa OyAyTh MEHIII PO3PaxXyHKOBHX:

& XapextepucTuku rpyHTie [ oh ‘{ ® f 3] J[ X r‘ ) £ J; 5 J l’ “
Al B c D[ & [F[ G H T [ O [ [ N

BTN Ywmos- Koegi- Koediyent |Npupoa-| Moxa- Koediiy- Kyt
| 2 | Ne | ne Haitmesyeanna Konip| Moayne | wewr | Mutoma | nepexoay | wa W l::a eut | Mutome | eHyTpiw-
| 3 | IFE [noaxa- rpyHTy Aegop- | Nyac-| sara A02+0 | sono- | Texy- nopuc- | 3uennesss | Heoro
4 ueHnA mayil, | cowa | rpywry. | moayna | ncrs. | wocn Tocti Re, Tepra

5 e/t 1e/m™3 | gedopmawi | vacnm | IL ° em2 | Fi*t |
[ 6| 1 Bupisnion. wap acansroberony 125000 025 23 2l o001 0.54 25 3
__7_ 2 Apmoberou icHyroue nokputTa Il kareropia 150000 02 25 3 002 0 072 15 43
L 3 UWeBens 6/8 1700 035 187 5 017 026 0.68 7 35
|1 9| 4 CyrnuHOK NiyBaTHit NOPHCTHI 1200 042 22 51 002 015 08 8 3
10| s Cyrnuox nunysarei 2100 03 23 5] 025 o018 06 9 2
11| ¢ Cyrnunox rpasiosaro-ujebesucruil nunysami 2500 0.28 25 4 003 0.01 0.08 15 25
12| 7 NMicxoyementoberon 1700 03 21 3] 025 o001 0.65 12 28

Puc. 3. Cxema TpianryJsinii Ta mapamMeTpH mapiB IPDYHTOBOI OCHOBH
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Puc. 5. I3onmons nepemimens 1mo oci Z npwu aii cnony4yeHHst HapanTa:xkens PCH-2
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Puc. 9. I3onoas Hanpyxens no Rz npu nii HaBanTaxens PCH-2

— po3taryroui: Sig=N\F=0,148\0,000490874=
=30,151c\M2=~3 MITa<<800/1,5MIla=533MIIa;

KpokoM 500MM 3abe3nedye 3a pO3pPaxyHKOM
HeoOXiTHY HaJiHHICTH 3a Kinacy HachiakiB CC3.

—cruckatoui: Sig=-N\F=-0,723\0,000490874=
=-1472,81c/M2=~15MI1a<0,2*800=16MIIa.

Takum unHOM, apMyBaHHA Ae(opMariitHoro
11Ba KOMITIO3UTHOIO apmaryporo D25mm AKC800

92

MaxkcuManbHi iepepi3yrodi 3yCHIlIs pH mep-
CIEKTHMBHOMY HaBaHTa)XE€HHI B apMarypi IIBiB
npu ngiamerpi 22MM OyayTh mpH KoedilieHTi
IIOBHOTH €MIOPU 3CYBHUX HampyxeHb Kray=1,2:
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Puc. 11. I3omoJist Hanpy:keHsb Big aii nepepizyrouux cui Qy

Qmax=\(Qy*+Qz2)=V(0,065*+0,722)=0,723c.

MakcumanbHI HapyXeHHs BiJ] Tepepisyro-
YUX CHJI OyIyTh MEHIIIE PO3PAXYHKOBHX:

Tmax=Qmax/(S Kray)=0,723/
(7*0,022%/4)/1,2=19021c\M2 =19,02MI1a<<Ts=
=190/1,5MI1a=126,7MIIa(ms AKC1000).

MaxkcumalnbHi Halnpy>KeHHs B apMmarypi Jia-
MeTpoM ¥22MM aedopmaltiiiHoro msa OynyTh
TaKi:

— po3tarytoui:  Sig=N\F=8,44\0,000314159=
26865,41c\M2=268,7MIla<<Rs=1000MIla (mus
AKC1000).

TakuM 4MHOM, NPHU NPOEKTHUX HABAHTAXKEH-
HSX JJI apMyBaHHA AedopMaliiiHux mBiB Oyae
noctatHpo koMmnosuTHoi apmarypu AKC1000
JiaMeTpoM 22MM.

VYV IIK «JIIPA CAIIP» miis criomyuyeHb HaBaH-
taxkeHb PCH-1 1 PCH-2 BHKOHaHO po3paxyHKH
apMyBaHHS 3T'1JTHO 3 IPUHHATUMHU BapiaHTaMH JUIs
MOPIBHSTHHSI KOMITO3UTHOT 1 CTaJIeBOi apMarypH.

ApMyBaHHA  IJIMT  LIEMEHTOOETOHHOIO
MOKPUTTS BUKOHYBAJIM CITKaMH (3BepXy i 3HU3Y)

3 pI3HHUX MarepiaiiB, 3TiIHO 3 YKa3aHUMHU Bapi-
antamu. [1IBU cTUCKaHHS Ta PO3MIMPEHHS apMy-
BaJI AIO0CIISIMH PI3HUX JIIaMETPIB 1 Marepialib.

Pesynpratu po3paxyHKy BapiaHTiB apMyBaHHS
0OETOHY CITKaMU TaKi:

1. Burparu craneBoi apmarypu AS00C Ha
IM2 mnuth apmarypa HuxHS: d 14MM, Kpok
200x200mm=12,16kr\m2 — npuitmaemo 3a 100%.

2. Burparu AKC-800 Ha oqHy 1M2 mmtu apma-
Typa HkHS: d 12Mm kpok 200x200MM=8,93kr\M2 —
11010 MaCH CTajieBoi apmarypu 73,44%;

3. Burpatru AKC-1000 Ha omny 1mM2
wmtn  apmarypa HwkHA: d  10MM  Kpok
150x150MM=8,19kr\M2 — 11010 MacHu CTaJeBOI
apmarypu 67,35%

HaBezneni pesynbraTé MmiATBEPIXKYIOTh MPH-
MYLIIEHHS 100 3aCTOCYBaHHS KOMITO3UTHOL
apMaTypHu B KOPCTKUX HMOKPUTTSAX aBTOMOOLIb-
HUX JIOPIT Ta aepOAPOMIi, K aIbTePHATHBU METa-
JeBid. AJle I IBOTO HEOOXITHO BHUPIIIUTH
HU3KY JOCUTH CKJIQJHUX 3aBAaHb, a camMe LI0J0
HanpyXKeHO-1e()OPMOBAHOTO CTaHy EJIEMEHTIB
PI3HUX KOHCTPYKIIIH >KOPCTKUX MOKPUTTIB aBTO-
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MOOUIBHUX JIOPIT Ta aepOAPOMIB Yy HIMPOKOMY
CIEKTpi eKCIUTyaTalliiHUX HABaHTAXKEHb!

— BU3HAYUTH BIUIMB JMHAMIYHHUX XapakTe-
PUCTUK EKCIUTyaTalliiHOTO HAaBaHTAXKEHHS, SKE
3MIHIOETBCSI B 4Yacl M IEepecyBaeThCS B3JOBXK
3TITHO-TIOCAKOBOI CMYTH 200 JOPOTH;

— BU3HAYUTH BIUIMB CE30HHHUX 1 J1000BHX
KOJIMBAaHb TEMIIEPATYPH U BOJIOTOCTI MOBITPS;

— BU3HAUUTU HASBHICTh 1 BIUIUB B3a€EMHUX
NepeMillleHb BEPXHBOTO W HUKHBOTO ILAPIB
0eTOHy TpU KOJHMBAHHAX TEMIIEPAaTypH i BOJIO-
rOCTI;

— BU3HAYUTH BIUIUB YOPCTKOCTI IPYHTOBOI
OCHOBH;

— BU3HAYUTH BIUIMB I'€OMETpPii CXeM BEpTHU-
KaJbHUX 1 TOPU3OHTAJIBHUX EKCIUTyaTalliitHUX
HaBaHTAXCHb;

— BU3HAYUTH BIUIMB F€OMETPHUYHUX PO3MIpiB
IUTUAT 1 po3TalryBaHHs JedopMaliifHuX MIBiB;

— BUKOHATH €KCTIEPUMEHTANIbHI JIOCIT1IKCHHS
3aJIS)KHOCTI XapaKTEPUCTUK MIIIHOCTI KOMIIO3UT-
Hoi apMaTypu Bif aiamerpa (10 36Mm);

— BUKOHATH €KCTIEPUMEHTANIbHI JIOCITIIKSCHHS
XapaKTepUCTUK MIIHOCTI KOMITO3UTHOI apMa-
TYPH IIPHU HUKITIYHUX HABAHTAKECHHSX.

BucHoBku. OTxe, 3 ypaxyBaHHAM BHKJIaJIe-
HOTO BUILE, MOKEMO PE3IOMYBATH TaKe:

1. OTpumaHi pe3yabTaTH CBiI4aTh, IO MPHU
kiaci Oetony B35 y pasi 3actocyBaHHsS MeTa-
neBoi apmarypu AS00C 3rigao 3 [5] mpu mpo-
€KTHOMY HABaHTAXKEHHI JIOCTaTHHO apMyBaHHS
WIMT — HWKHI citku dl4mm kpokom 200MMm
(7,7cM2\nim) mo X, ¥V (BapianT 1).

2. [Ipu apMyBaHHI ITUT KOMIIO3UTHOIO apMa-
typoro AKC-800 3rimHo 3 [2] y pa3i IPOEKTHOTO
HaBaHTa)XEHHs1 i kmacy Oerony C35 mo [6]
HeoOxinHI HKHI citku d12MMm kpokom 200Mm
(5,66cm2/mm) o X, V (BapiaHT 2).

3. IIpu apMyBaHHI IUTUT KOMIIO3UTHOIO apMa-
typoro AKC-1000 3rigHo 3 [2] y pa3i mpoek-
THOTO HaBaHTaXKEHHS i Kiacy 6etony C35 1o [6]
HeoOxinHi HwkHI citku d10MM kpokom 150Mm
(5,5cm2\nm) mo X,V (Bapianrt 3).

4. ApMmyBaHHS IIBa MK IUTUTAMU CTaJIEBOIO
apmaryporo A500C niametpom D25MM KPOKOM
300mMm abo D25Mm AKC800C kpoxom 500Mm
IpY MEPCIEKTUBHOMY HAaBaHTAXKEHHI 3a0e3meuy-
I0Th 32 PO3PAaXyHKOM HEOOX1HY HalI{HICTb MpH
kiaci Hacnigkis CC3.

5. 3menmenHs aiamerpa A0 D22MM KOMIIO-
3UTHOI apMaTypu (a100eliB) y MIBaxX CTUCKAHHS
i pO3LIMPEHHS] MOXIIMBO 32 PAXyHOK BHUKOpPHC-
tanHs Oinbm minHOi AKC-1000 B pasi mpoek-
THOTO HaBaHTa)XeHHs i kiacy Hacmiakis CC3.
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®YHKIIOHAJBHE 30HYBAHHS TEPUTOPII
TPAHCHOPTHO-IIEPECAJIOYHHUX BY3JIIB B AEPOIIOPTAX

Anomauin. B ocnogy pobomu noxknadeno meopemuuni il eKCHEPUMEHMANbHI OOCTIONCEHH mepumopii mpan-
cnopmmo-nepecadoynux 8y3nie (TIIB) 6 aeponopmax. V ypaxysanusm eKcnepumenmansHux 00Caiodcenb 8USHAYEHO
ocnogHui 30y mepumopii TIIB 3 nokasHuxamu niow 6i0nogionux Odinanok. Ha ocnoei ompumanux pesynomamie
3’8C08AHO 3a2abHI NIOWT Ma 2adapumMu MPaHCROPMHO-NEPECAOOYHUX 8Y3i8 YKPATHCOKUX I 3aKOPOOHHUX Aeponopmis.

Yemanoeneno mpu sonu opeamnisayii ma ¢opmyeanna TIIB 6 aeponopmax: mpaHcnopmHo-niuloxXiona, 30Ha
apximexmyprux cnopyo i pes3epéHa 30Ha. Busnaueno ocHo8Hi KOMNOHeHMU Ma NAAHYEANbHA CIPYKMYPAd MPAaH-
CROPMHO-NEPecado X 8y3i6 i ix YHKYIOHATbHI XapaKmepucmuxy Ha mepumopii aeponopmis.

Ananiz mepumopii mpancnopmHo-nepecadoyHo2o 8y3na 0a8 MONCIUGICMb SUOLTUMU OCHOBHY MPAHCHOPMHO-
NIWOXIOHY 30HY 11020 hopmysanus. 3a80aKu 00cioxceHHio 30Hy8anHsa TIIB yKpaincoKux i 3aKkopOOHHUX aeponop-
mie BUSIBILEHO CePeOH] BIOCOMKOBI 3HAUEHHS N0 BIONOBIOHUX 30H.

Ha ocnosi yzaeanvuenux peszynomamise awanizy mepumopii TIIB aeponopmis i3 nacajicuponomoxom 00
10 man nac/pix ycmanognena Hanoinbuia 30na OiNAHKY MPAHCHOPMHO20 Y3714 — 30HA MiCYb NAPKYBAHb i NPOI3HUX
YACMUH.

Jocriooicenns pynrkyionanvroo sonyeanns TIIB 0ano amozcy 6ukopucmosysamu 6CMaH0G1eHE NOKA3HUKU IXHIX N0
07151 NPOEKMYBAHHS HOBUX YlL PEKOHCIMPYKYIT HAAGHUX NPUBOK3ATLHUX NIOW) HA MEPUMOPIT AepOBOK3ATbHUX KOMNIIEKCIB.

Hocnioscenns naanysansHux piuiens mpaHcnopmHo-nepecadoyux 6y3iie Ha Mmepumopii aeponopmis uAGUIO,
Wo IX ONMUMATLHI 6CMAHOBIEHT NOKA3HUKYU NIOW CNPUSIIOMb NIOSUUEHHIO eqheKmU8HOCmi 00Cy208Y8aHHs NACA-
JHCUPIB, SMEHUIEHHIO YACY NepPeCy8anHs Ui NIOBULEHHIO PiBHS 3A0080JIeHHS NOCLY2aMU AePONOPNY.

Knrwouoei cnosa: aeponopm, mpancnopmuo-nepecadoyHuti 8y301, 30HYEAHHSA MPAHCNOPMHO-NEPECAOOYHO20
8Y314, NPUBOK3ATbHA NIOWA.

Pustovoit Ruslan. FUNCTIONAL ZONING OF THE TERRITORY OF TRANSPORT AND
TRANSFER NODES IN AIRPORTS

Abstract. The work is based on theoretical and experimental studies of the territory of transport and transfer
hubs (TTH) in airports. On the basis of the conducted experimental studies, the main zones of the territory of TTH
were determined with indicators of the areas of the corresponding areas. On the basis of the obtained results, the
total areas and dimensions of the transport and transfer hubs of Ukrainian and foreign airports were determined.

Three zones for the organization and formation of TTH at airports have been established: the transport and
pedestrian zone, the zone of architectural structures and the reserve zone. The main components and planning
structure of transport and transfer hubs and their functional characteristics on the territory of airports are defined.

The analysis of the territory of the transport and transfer hubs created an opportunity to identify the main
transport and pedestrian zone of its formation. Thanks to the study of the zoning of TTH of Ukrainian and foreign
airports, the average percentage values of the areas of the respective zones were revealed.

On the basis of the generalized results of the analysis of the territories of TTH of airports with a passenger flow
of up to 10 million passes/year, the largest zone of the transport hub site was established — the zone of parking places
and road sections.

The conducted study of the functional zoning of TTH created an opportunity to use the established indicators of
their areas for the design of new or reconstruction of existing terminal areas on the territory of airport complexes.

A study of the planning solutions of transport and transfer hubs on the territory of airports established that their
optimal set indicators of areas contribute to increasing the efficiency of passenger service, reducing travel time and
increasing the level of satisfaction with airport services.

Key words: airport, transport and transfer hubs, zoning transport and transfer hubs, terminal area.
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Beryn. [ocriiine 3011bIIeHHS PIYHOTO THaca-
KHUPOIIOTOKY aepOINOPTIB 3yMOBIIIOE BJIOCKO-
HAJICHHS TPAHCHOPTHOI CHCTEMH aepOBOK3alIb-
HOTO KOoMIUIeKcy. CBO€IO Ueproo, macakupcehbki
ACpOBOK3albHI KOMIUIEKCH TMPHU3HAueHI JJIs
3IiMICHEHHST TepecajKyd NacaKupiB 13 HazeM-
HOTO TPAHCIOPTY Ha MOBITPSHHWH 1 HaBIAKH,
1 Takli, SIKi BUMYILIEHI IpuiMaTu, 00CIyroByBaTH
i OpraHi3oBYBaTH BCi JIIOJICBHKI Ta TPaHCIOPTHI
MOTOKH, IO 3pOCTaroTh. [lacakupcbki Tepmi-
HaJIM JJIS1 YCHIIIHOT isSIbHOCTI 0OCIYyTrOBYBaHHS
MaloTh B3a€EMOJISATH 3 PI3HHUMH BHUJIAMU TpaH-
CHIOPTYBaHHS MAca)KUpiB, AKi NpuOyBaOTh 1 BiJ-
OyBaroTh. be3 4iTkoi opranizaiii macaxupcbKux
1 TPAHCHIOPTHUX MOTOKIB yCepeInHi aepOBOK3AITY
Ta Ha MPUBOK3aJIbHIH IO TaKa TiSIbHICTh MAE
Hee(eKTHBHI i HE3aJ0BUIbHI pe3ylbTaTi. ToMy
MIOKpAlICHHS ¥ YNOCKOHAJEHHS TPAaHCIOPTHOI
1HPPACTPYKTYpHU  aepoHoOpPTIB  3YMOBIIOETHCA
(dopMyBaHH]IM Ha IX TEpPHUTOpii TPAHCIOPTHO-
nepecagouyHux By3imiB (nani — TIIB).

[InanyBanpHi  pIilIEHHS AEPOBOK3aJIBLHOIO
KOMIUIEKCY TOBHHHI 3a0e3leuyBaTH HE TIIbKH
3py4YHU, Oe3neyHuil 1 MBUAKUI JOCTY JI0 MOBI-
TPSIHUX TPAHCIOPTHUX 3ac00iB, a M J0 PI3HUX
BUJIIB HA36MHOIO MHACAKUPCHKOTO TPAHCIIOPTY,
BKJIIOYAIOUM Takci, aBTOOyCH, IMpPHUBaTHI aBTO-
MoOLTI Ta iHII 3acobu nepecyBaHHA. Hemnpani
pimieHHs (YHKLIOHATBHO-TIAHYBAJIbHOI Opra-
Hizauii TIIB MoXyTh cTaTH NPUYMHOIO 3aTOPIB,
3aTPUMOK, HE3py4HOCTEH 1 HaBiTh HeOE3MEeKH
JUISL TIACAXKHPIB.

Tomy BaXJIHMBO JIOCHIJUTH HasBHI TEPUTOPIi
JUISHOK ~TPaHCIIOPTHO-TIEPECaJI0UHUX BY3IIIB,
1110, CBOEIO YEPIo0, CTBOPUTH CIIPUSATINBI yMOBH
JUTSI BA3HAUCHHS ONTUMAJIbHUX TUIOII 1 Ta0apuTiB
TpaHcnopTHOro By3na. Lleil minxin cmpustume
ONTHUMI3AIl] MMAaCaXKUPOMOTOKIB, 3MEHIICHHIO
Yyacy Ha MEpPecyBaHHS Ta MiJBHUIICHHIO 3aralb-
HOTO PiBHSA 33JI0BOJICHOCT] MACaXHPIB.

BusnaueHHs onTHManeHUX IUionI i rabapu-
1iB TIIB € omuum 13 HaAHOUIBII BiAIIOBIIAIE-
HUX 3aXOAIB JUISI BIOCKOHAJIEHHS IMINIOX1JIHOTO
1 TPaHCIIOPTHOTO PyXy Ha TEPHUTOPIii aepOBOK-
3aJIbHUX KOMILIEKCIB. JlOCHIPKEHHST 30HYBaHHS
TIIB nacte 3MOTy NPUHHATH ONTUMAJbHI 1HXe-
HEPHO-TUIaHYBaJIbHI PIIICHHS 100 OpTaHi3aril
MIIIOX1HO-TPAHCIIOPTHOTO MOTOKY Ha HMPUBOK-
3aIbHIN TUIOIII aepPOIOPTY.

Minimizaliss yacy nepeMillleHHs Macakupis
MK 3yHMHKaMU TPaHCIOPTY Ha TEPUTOpIi Hpu-
BOK3QJIbHOI IUIOIII € OJHUM 13 HAMrOJIOBHIIINX
3aBllaHb JIOCSTHEHHS €(QEKTUBHOTO (PYyHKIIIO-
HyBanHs TIIB. CknagHicTh MOCTaBICHOI METH
nojsrae He y BuBYeHHI Bciei crpykrypu TIIB
3 MOKa3HUKAaMH IUIOLI BiANOBITHUX 30H. Tomy
aHasi3 30HyBaHHs TepuTopii TIIB Moxe mokpa-
IIUTH Pi3HI acleKTH iX (yHKLIOHAJIHHO-IUIaAHY-
BaJILHOT OpraHizallii 3 HOAaJIbIINUM yI0CKOHAICH-
HSM 1H)KEHEpHO-IUIaHYBaJIbHUX PILIEHb YCHOTO
AePOBOK3AJILHOTO KOMILJICKCY.

Bapro Takox 3a3HaYMTH, IO JOCHITHKEHHS
cTpykrypu # xommnoHeHTiB TIIB mokpamurs
YMOBH 10710 BU3HAUEHHs HEOOX1IHUX MOKa3HU-
KiB IUJIOII BiAMOBIIHUX TUISTHOK TPAHCIIOPTHOTO
By3J1a.

3po3yMinio, 10 JUIsl BOPOBAKEHHS parli-
OHAJIbHUX IUIAHYBAJIbHUX Ta OpraHi3aliiHux
3axoliB JJs 3a0e3neueHHs 3pyuyHux, Kompopr-
HUX 1 0€3MEeYHUX yMOB MILIOXITHOTO PyXy Ha
TEpUTOPii aepPOBOK3ATBHUX KOMILJIEKCIB HEO00-
X1JJHO MPOBECTH JOCIIKCHHS, SIKi 1ayTh 3MOTY
BUSIBUTH HasBHI crierudiuHi 0coOIMBOCTI, TEH-
JIeHIIii, 3aKOHOMIpHOCTI (OpMYyBaHHS #H pyxy
nimoxiauux notokis y TIIB aeponopriB Ykpa-
1HH.

Marepiajm Ta Meroam. 3a OCTaHHI POKHU
Oarato BITYM3HSHHMX 1 3aKOPIOHHUX YYEHUX
3aiiManocs gociikennsm TIIB. Cepen takux
poOiT MoxkHa HaszBatu pobotu [l; 2; 3; 4; 5;
6], ane mepepaxoBaHi MyOJiKalii po3MIAIalOTh
MUTAHHS 00 OKPEMHX AacMeKTIB opraHizamii
NacCaKUPChKUX MEPEeBE3eHb, TEXHOJOril poOoTH
3yNUHHUX IYHKTIB 13 3aJI3HUYHUMHU BOK3aJlb-
HUMH KOMIUIEKCAMH, CTAHIIISIMA METPOIIOJIITEHY,
aHaJIi3y CXeM 1 TEXHOJIOT11 poOOTH NaCAKUPCHKUX
CTaHLiH, X po3MmimienHs B mexxax TIIB, came Ha
BYJINYHO-JIOPOXKHIA Mepexi U yIOCKOHAJICHHS
metoniB popmysanns TIIB y mictax. I cboroani
B OCHOBHOMY 1ii muTaHHs BupimeHo. Ane TIIB
(OopMYIOTBCS HE TUIBKH Ha BYJIMISAX MICT, a i Ha
TepuTopii aeponopriB. ToMy OKpPEMOIO IpYIIOO
MOYKHA BUAUTUTU nociimkeHHs, ne TIIB pos-
[JSIIAI0TBCSL B KOMILIEKC aepomopry, 30KpemMa
il aepoBok3aiy. Pe3ynbraTu Takux JOCIIIKEHb
BiOOpakeHHI B MpAISIX TAaKUX HAYKOBIIIB, SK
Anna Tappicon (“Principles of Experience
Design for Airport Terminals”, 2015 p.) [7], Capa
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H. Hlyui (“A Novel Concept for Airport Terminal
Design Integrating Flexibility”, 2015 p.) [8],
M.B. Kacim («IIpuHUIMOHN apXiTeKTypHO-IIaHY-
BaJIbHOI Oprasizaiii TepMiHalliB aepornopTiB (Ha
npukiaai aepornoptis Ipaky)», 2019 p.; «Po3Bu-
TOK CTPYKTYpPH Cy4acHUX aeporoprtiBy) [9; 10].

Merta po0oTu monsirae B aHami3i i BUSHAYCHI
¢yHkuioHanbHOro 30HyBaHHsA Teputopii TIIB
B Aaepomoprax, L0 AAaCTh 3MOTY BCTAaHOBUTH
3arajbHI TIOKa3HUKH IUIOLI BIAMIOBIAHMX 30H, SIKi
JOTIOMOXXYTh YIOCKOHAJIUTH MPOLECH MIIIOXif-
HOTO Ta TPAHCIIOPTHOTO PYXy Ha TepUTOpii aepo-
BOK3aJIbHUX KOMILIEKCIB.

Pesynbraru. TpaHcnopTHO-IIepeca OuHUN
BY30JI CTAaHOBHUTh KOMIUIEKC CTPYKTYPHHUX elie-
MEHTIB, KU MOXKHA PO3MOILIUTH 32 BIAMOBI-
HUMH 30HaMHU: TPAHCIOPTHO-MIIIIOXiJHA, 30HA
apXITeKTypHHUX CHOPY/ Ta 00’ €KTIB COLIaIbHOTO
MpU3HAYEHHS (32 HASBHOCTI) 1 pe3epBHA 30Ha (3a
HasiBHOCTI) (puc. 1).

Tpancnopmuo-niwioxiona 30Ha € OCHO-
BHOIO oauHuLer aepornoprosoro TIIB, ae pos-
MIIIYIOTbCS 3YMHHOYHI IYHKTH PI3HUX BUIB
TPAHCIOPTY Ta TPAHCHOPTHO-IIIIOXIHI IIJISXH,
Mo 00 €IHYIOTh IMYHKTU NEPECaJKH Macaku-
piB. TpaHcHOpTHO-MIIIOXiTHA 30HA PO3TAIIOBY-
€TbCA Ha MPHUBOK3AJBHIM IUIONII, € 3A1HCHIO-
IOThCSI MDKMAapILPYyTHI THEepecajKd Macakupis
nepes aepoBOK3aoM. BinmoBinHo, 1151 TEpUTOPIs
CKJIQJIA€ThCS 3 TaKUX IMiI30H: 30HU O3C€JICHEHHS
Ta 0JaroycTporo, MIIOXiIHOI TepUTOpii, 30HU
MICIIb MapKyBaHb 1 MPOIKIKUX YAaCTHH 1 30HH
aBTOMOOITEHUX JOPIT.

3ona ozenenennsa ma 6Onazoycmpoio CKiaja-
€TbCA 3 MICIIb BIAMOYMHKY MACAXKUPIB 1 3€JCHUX
HaCaJKCHb.

Hiwoxiona 30na BKIIOYA€E TOPLKKH H mimo-
XiIHy TUIOLIY Mepe] aepOBOK3aJIOM 1 3YMUHKH
IPOMAJICBKOTO Ta MPUBATHOTO TPAHCIIOPTY.
OCKUTbKM 3YNUHKH TPAHCIOPTY CKJIaJAI0ThCS

TPAHCIIOPTHO-
HNEPECAJOYHUU
BY30.1

[

30HA
TPAHCIIOPTHO- APXITEKTYPHUX PE3EPBHA 30HA
MIMOXI/THA 30HA CHoPYJ (3A (BA HAABHOCTI)
HASIBHOCTI)

30Ha 03€eJIeHEHHS

Sai3HUYHUNA BOK3aJl

ITimoxixHa 30Ha

ABTOOYCHHI BOK3aII

30Ha MicCIlb TAPKyBaHb

CraH1isg MeTpo

30Ha aBTOMOOUIEHHUX
Jopir

TpancnopTHO-
KOMEpIIiiHI criopynu

Puc. 1. Crpykrypa TIIB Ha TepuTopii aeponopty
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3 IUISIHKM CKYIMYEHHS NacaKupiB Iepen mnepe-
CaJIKOI0 Ta MICIIEeM 3YIMUHKH TPAHCIOPTY, TO iX
MOYKHA BKJIFOUHUTH JI0 CKJIQAy MIIIOXiJHOI 30HHU.
CBo€10 4eproro, 3ymUHKH TPOMAaJICBKOrO TpaH-
CHOPTY KJIACH(]IKYIOTBCS Ha aBTOOYCHI, Tpam-
BaiiHi i 3aJII3HUYHI TyHKTH BUCAJIKH Ta TOCAJKH
nacakupis. o mpHUBaTHOTO TPaHCIOPTY Halle-
XKaTh 3YNUHKM TakCi W 1HIUBIAyaJbHUX TpaH-
CHOPTHHX 3aC00iB.

3ona micyb napKyeams i npOINCOHCUX YACTUN
CKJIQ/IA€ThCS 3 MApKyBaJIbHUX MailIaHYMKIB, SKi
MOXKHa KJIacH(]iKyBaTH Ha TaKi TUIIH:

1. KopoTKoCTpOKOBI aBTOCTOSIHKH JJISI MIPHU-
BaTHOTO TPAHCIIOPTY.

2. JIoBroCTpOKOBi aBTOCTOSTHKH, 1110 OOCITyTO-
BYIOTbh MIPUBATHUI TPAHCHIOPT Ha 0Oy 1 OijbIie.

3. CrosHKM Uil T'pPOMAJCBKOTO TPaHCIOPTY
(aBTOOYCiB, TpaMBaiB 1 TaKCi).

4. ABTOCTOSHKM 3aKpuToro Tumy (OymiBii
6araropiBHEBUX MApPKIHTIB).

5. CrosiHKa Il BEJIOCHIIC/IIB (3a3BUYai IS
CHIBpOOITHUKIB aepOIOPTY).

6. CrosiHKa U151 CIIIBPOOITHUKIB — 3ape3epBo-
BaHa /s 0Ci0, K1 MPAIIOIOTh B aPOTIOPTY.

7. IapkyBanbHi MicCIisl 17151 30HU OPEH]IU aBTO-
MOOLTIB — BUKOPUCTOBYIOTBHCS Jisi 30epiraHHs
aBTOMOOWJIIB, a TaKOX JJIsl iXHHOrO OOCIYroBY-
BaHHs (3ampaBKa, MUKKA TOIIIO).

3ona asmomobinbHux Qopic MICTUTh TpaH-
CHOPTHI CHOJYYEHHS, SIKI PO3MOJUIAIOTHCS Ha
TaKi THIIU:

1. City>x60Bi IOpOTH a€pOIOPTY — FPOMAJICHKI
Ta MpPHUBaTHI JOPOTHU BCEPEIUHI aepOBOK3alIb-
HOTO KOMILIEKCY, 110 3a0e3MedyIoTh JOCTYII JI0
aepOBOK3aJIiB, MAPKyBAJIbHUX MICIb, IHIIUX CIIO-
PYZ aeponopTy i perioHaJbHUX, MaricTpagbHUX
aBTOMOOITFHUX JOpir/moce.

2. Ilix’i3Hi goporu — 3a0e3MeUyIOTh PyX
TPAHCHOPTY MK Mepexero 1opir o0iacTi, Mari-
CTpaJbHUX JIOPIT 1 30HOI0 AaepPOBOK3AJIBHOIO
KOMILIEKCY.

3. IIpoi3Hi cMyru nepes aepoBOK3aIOM — Iie
JIOPOTH, SIKI PO3TAIIOBaHi MOpPAN 13 IUIOIAMHU
npuOyTTS i BiANpaBICHHS MACaXHUPIB 1 IpU3HA-
YeHi JJIs BUCAAKHU M MOCAAKU MAacaKUpPiB mepes
aepOBOK3aJIOM.

4. PerupKymsiiiiHi JOporu — 11e TPAaHCIIOPTHI
LUISXH, K1 IPU3HAYEHI I IPUBATHOTO Ta IPpo-
Ma/ICBKOTO TPAHCIIOPTY, AJISl BUCAJIKU M MOCAIKH

MacaKupiB y MeKaxX 3yNMUHOYHUX IYHKTIB 1 Ha
TEPUTOPISAX NapKyBaJIbHUX MaiJaHUUKIB.

3ona apximexkmypnux cnopyo (3a Haae-
nocmi). Ilix yac ¢popmyBanus TIIB Ha ocHOBI
BOK3aJly, CTaHIil I'POMaJCHKOTO TPAHCIIOPTY UM
TPAHCIOPTHO-KOMEPLIHHOI CIIOPY/IM HA TEPUTO-
pii aepOBOK3AJILHOTO KOMILJIEKCY O CTPYKTYpH
TIIB nonmaerscsi 30Ha apXiTEKTYpHHUX CIIOPYA
Ta 00’€KTIB coliajgbHOro npusHayeHHd. o ii
CKJIQJly MOK€ BXOJIUTH 3aTI3HUYHHIA YK aBTOOYyC-
HUI BOK3aJI, CTaHIIisl METPO 1 1HIII TPAaHCTIOPTHO-
KoMepIIiitHi criopyau. CBOEIO Yeproto, 10 KOKHOT
TPAHCIOPTHOI OyiBIII BXOAATH TaKi OCHOBHI
MPUMIIIEHHS: aJMIHICTpaIlis, 32 O4YiKyBaHHS,
KBUTKOBI Kacu # mocaakoBi muiardopmu. Jlns
Ha/laHHS JOJATKOBUX TIOCIYT MOXYTb BHJII-
JSITUCS KOMEPLIKHI IUIOIII: TOPriBeNbHI, KyIb-
TYpPHO-pO3Ba)KkajbHi, XapyyBajbHI TOIIO, IO
MiBUILYE 1HBECTHUIIIHY puBabnuBicTs TIIB.

[Tpuxnagom TIIB i3 30HOI0 apXiTEKTypHUX
cnopyzn € aeporopt @pankdypra (Himeuunna).
[0JIOBHUM €JIEMEHTOM TPAHCIOPTHOTO By3Ja
aeporniopty € uentp AlRail, axuii € odicHo-
TOTEIbHUM KOMILUIEKCOM, IO PO3TAIIOBYETHCS
HaJl HalllOHAJILHOIO 3aJII3HUYHOIO CTaHIicio. Bin
€ JIeB’SITUIIOBEPXOBOIO Oy/iBJICI0 3arajbHOI0
wioiero 185 000 m? i3 6ararbMa KOMepIiHHUMU
IIoMaMu W 00’€KTaMu JOAATKOBOro 0O0CIy-
roByBanHs [11]. Takox BapTo 3a3HAYUTH 1HIII
TIIB, mo ckinagy SIKUX BXOAATH TPAHCIOPTHI
cropyau, a came: aepornopt «Maxapun» (Icna-
Hisl) — 3aJli3HUYHA, 0araTopiBHEBa CTAHIiS TEPE]T
TepMiHajoM; aeponopt «Jlanpwkoy YxyHuy-
aub» (Kurail) — MDKHapOIHUI TpaHCIIOPTHHMA
BY30JI, SIKMH pO3TAIIOBAHUNA MIX TEepMiHAJIOM
1 CTaHIi€0 MDKMIChKOI 3ami3HuLl YKyHUyaHb
1 MICTUTH pI3HI BUAM TPAHCIOPTY: MIKMICBHKI
aBTOOyCcH, Takci, TpaHcdep g0 aepomopry
¥ 3anmi3HUYHUE TpaHcnopt [12]; aeponopT «IHu-
xoH» y Ceymni (Pecny6uika Kopest) — Tpancnopr-
HUH BY30J1, SKHI MICTUTh JCKITbKa 3aTI3HUYHUX
CUCTEM: JIETKOPEWKOBE CIOJYYECHHS, MiCLIEBY
3aJII3HULII0, HAI[IOHAJbHY BHUCOKOIIBHJIKICHY
3QII3HUII0 T4 MDKTEPMIHATBHUN IIBHIKICHUI
Tpan3ut [11].

Pezepena 30na (3a naaernocmi). Po3mpenHs
it po3Oynosa TIIB MokiMBe HUIIXOM BUKOpPHC-
TaHHS pPe3epBHOI TepUTOpii B pa3i 30UIbIIEHHS
NacCaKUPOMOTOKY ~ aeporopTy, WOro IMOMUTY
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il IHTEHCUBHOCTI MPUOYTTS TPAHCHIOPTHUX 3aCO-
61B a00 B pasi ii BIICyTHOCTI BIaIITyBaHHs Oara-
TOPIBHEBOT'O BY3J1a 3 BiJIOKPEMJICHUMH ILIOIIAMHU
npuOyTTS Ta BIAMPABICHHS MACAKUPIB.

[lincymMOBYyI0YM TEOPETUYHY YAaCTUHY JOCIIi-
mxeHHs cknany TIIB na Teputopii aeporop-
TiB, MOXXEMO CTBEp/UKYyBaTd, LIO0 OCHOBHOIO
30HOI0 € TPAHCIOPTHO-MIIIOXiAHA TEPHUTOPIs,
sKa BU3Hayae rabaputu il GopMy TpaHCIOPTHO-
HepecasoqHoro By3ia.

Ha mnpaktnyHoMy mpuKIaii mpoaHamizy-
emo TIIB tepminana B aepomopry «bopuc-
nitb» (puc. 2), BU3HAUMBIIM HOTO CTPYKTYpPY
Ta cknajosi enemenTu. TIIB Ttepminana B Haii-
OUIBIIOrO aepornopty YKpaiHM Mae B CKJIaji
JUIIE TPAHCIOPTHO-MIIIOXITHY 30HY. Tepuro-
pisl TPaHCIIOPTHOTO By3Ja 3aiiMae 3HA4YHYy MpPHU-
JerNly YacTHHY HPUBOK3aJIbHOI IUIOIII Tepen
Oy/1iBJICIO a€POBOK3aITY, 1110 3yMOBIIIOETHCS HasIB-
HICTIO BEJIMKOIO O00CATY MapKyBaJbHHX MiCLb.
€ [OUTPHUM yBaXkaTW, L0 HASBHICTh PI3HUX
THUIIIB TPAHCIIOPTHUX 3aCO0IB y mporiecax mepe-
canok Ha Teputopii TTIB Bu3HauarTh iioro Mexi

ta rabaputu. Takum umHOM, po3mipamu TIIB
TepMiHaia B € TpaHCHOPTHO-MINIOXITHA TEPUTO-
pisi, sSika AUTMTHCS Ha Taki mia3onHHu (puc. 2):

—30Ha O3€JCHEHHs Ta Onaroycrpor —
8,2 Trc. M?

— mimoxigHa 30Ha — 5,3 THC. M%;

— 30Ha MICIb MAPKyBaHb Ta MPODKIKHUX Yac-
TUH — 21,45 THC. M%;

— 30Ha aBTOMOOLIbHUX Jopir — 13,8 THe. M%.

3ona ozenenenna ma 6racoycmpor MiCTUTb
KITyMOU ¥ 3€JIeHI HacaKeHHSI.

Hiwoxiona 30na CKIAAAETHCS 3 JIOPIKOK
1 TUTOIL TIepe/l aepPOBOK3AJIOM, SIKa € OCHOBHOIO
mimoxinHoto Tepuropiero TIIB, ne dopmy-
IOTHCSI OCHOBHI MaCa)KMPOIIOTOKH Il TPOLECy
nepecajKy 3 JiTaka Ha 1HII BUIU TPAHCHOPTY
i HaBmaku. J{o ckiaay MiIIoXifHOI 30HM TaKOX
BXOJSITh 3yIHHKH I'POMAJICHKOTO Ta MPUBATHOTO
TPAHCIOPTY, TOOTO MICISl CKYIYEHHS U OdiKy-
BaHHs MAaCaXHUPIB JUIs TpolLecy INepecaakd Ha
TPaHCIOPTHI 3acO0U.

3ona micyb napKysansv i NPOINCOHCUX YACHIUH
OXOILTIOE aBTOOYCHY CTOSIHKY, KOPOTKOCTPOKOBY

[ - 30ma oserenemns 1a OnaroycTpolo - 8.2 THE. M.KB.

: - MIUIOXIMA 3012 - 3.3 THC, M.KB.

:I- 30Ha MICUL napKysank - 21,45 THe. M.KB.
- - 30Ha ABTOMOOLILHIX A0opir - 13,8 THC. M KB

Jar.naoma - 48,75 1uc. m.KB.

Puc. 2. ®ynkuionanasHe 30nyBanHs TIIB tepminana B (aeponopt bopucninb)
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i JTOBFOCTPOKOBY CTOSIHKY, MPODKIKI YaCTUHHU
Il MapKyBaHHS 7151 CIIIBPOOITHUKIB.

3ona _asmomobinbhux _Qopie CKJIAAA€ThCs
3 mA’{3HUX, PEUUPKYISAMIMHUX, CIy)KO0BHUX
1 Mpoi3HUX (MPOi3HI CMYrH NPUBOK3AIBHOL
TUIOIi) OPIT.

[lincymoBytoun  aHajmi3  TPAHCIOPTHOIO
By3/a TepMmiHaia B aepomopry «bopucniiby,
MOXKEMO BHIIJIATH BIJCOTKOBI CITIBBIJHOIIEHHS
wiomy y TIIB (puc. 3). 3 rpadika 3po3ymiio,
10 HaWOUIBIIMK BiJCOTOK 3aliMae 30HA Hap-
KyBaHb — 45,0%, mimioxigHa 30Ha CTAHOBHTH
11,0%, 30oHa aBromMoOinbHUX mopir — 28,0%,
30Ha o3eneHeHHs — 16,0%. I3 npoBeneHoro aHa-
713y MOXKHa 3pOOUTH BUCHOBOK, 1110 1/2 yacTuHa
By3na (45,0%) BigBOAMTHCS i 30HY MapKy-
BaHHS, MIIIOXiJTHA 30HA CTAaHOBUTH 1/9 wacTuny
(11,0%), ninstaka qopir — 1/3,5 yactuny (28,0%),
30Ha o3eneHeHHs — 1/6 wactuny (16,0%).

OTxe, HA OCHOBI BU3HAUYCHUX 30H (DYHKI[IO-
HanbHOi opranizauii TIIB npoananizyemo 30HY-
BaHHs Teputopiii TIIB BiTUM3HAHMX 1 3aKOPOH-
HUX aepOIOPTIB 13 MacCaXKUPONOTOKOM 110 10 MiTH
Mac/pik i3 MoAaIbIIMM BUSHAYCHHSIM TOKA3HUKIB
ILJIOII BiAMMOBITHKUX 30H (Tabmuis 1).

Ha ocHOBI TOKa3HUWKIB IUION] 30HYBaHHSI
(Tabmuig 1) ycTaHOBIICHO 1X BiICOTKOBI 3HAYEHHS

50
45
40
35
30
25

21,45
20

IInomia, TuC. M.KB.

13,8

8,3
53

W

[1moma, THC. M.KB.

B 30Ha Miclb MapKyBaHb Ta MPOIKUKUX YACTHH

B 30Ha aBTOMOOITEHUX JOPIT

(Tabmuist 2) 11 po3paxyHKy CEpeaHiX MOKa3HU-
KiB BIJIOBIIHUX 30H. Y3araibHEHI pe3yJbTaTH
MOKa3aly, o Hailuibmy mionty nitstaku TIIB
3aliMa€ 30Ha Micllb MTAPKYBaHb 1 MPOTKPKUX Yac-
TuH (45,0%), Ipyroro 30HOIO0 3a IUIOMICIO € 30Ha
aBTOMOOUTBHUX J10pir (24,2%), TpeThoI0 — 30Ha
onaroyctporo (17,3%), yeTBepTOrO — MiMIOXigHa
teputopis (13,5%).

Amnanizytoun nokasuuku miony TTIB BiTuns-
HSHUX 1 3aKOPJOHHUX AaepoIoOpTiB, MOXKEMO
3pOoOUTH BHCHOBOK, III0 A€POMNOPTH 3 MACAKUPO-
MOTOKOM OijibIle SIK 2 MJIH Hac/pik y OLIbIIOCTI
BUIMAJKIB MAalOTh 3arajbHy IUIONIY 3a0ydOBH
TIIB nonax 100 tuc. m*.

BucnoBku. [lincymoByroun Bce BHILECKa-
3aHe, MOXKEMO 3pOOUTH BHUCHOBOK, IIO CTPYK-
typa TIIB Ha Tepuropii aeponopris € Gararo-
KOMIIOHEHTHOIO Ta MOXKE CKJIaJaTHUCS 3 TPbOX
30H: TPAHCIOPTHO-MIIIOX1THOT, 30HU apXiTeK-
TypHHUX crnopyA (3a HasBHOCTi) 1 pe3epBHOI
30HHM (32 HasBHOCTI). AHami3 (yHKIIOHAJb-
Horo 3oHyBaHHs TIIB BiTUM3HSHHX 1 3aKop-
JOHHUX aepoIopTiB JaB MOXJIMUBICTH Yy3a-
rajJbHUTHU CEPEJIHI BiJICOTKOBI 3HAYEHHS IUIOL]
BIAMOBIIHUX  JIUISHOK TPaHCIOPTHO-MIIIO-
XiTHOT 30HU ¥ BHAUIMTU HAWOLIBIIYy TEPUTO-
pito TIIB — 30Hy mapkinriB i ctosHok (45%).

45

28

11

[Tnoma, %

[TimmoximHa 30Ha (TepMiHATBHA TUTOIIA)

B 30Ha 03eJICHCHHS

Puc. 3. Bincorkosi cniBBinnomenns miony y TIIB Tepminana B aeponopry «bopucnijib»
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Tabmums 1
IMokasznuxu mionr 3onyBanns TIIB aeponopriB
Ne S mitnoxigHoi S S . S. S TIIB
¥ Aeporopt somi, Tuc. ¢ | O1ATONCTRO0, || napiintin, | aTOMOSLILINX | 1y
Ykpaincbki
1 | «bopuchinby, Tepminan B 5,3 5,3 18,8 12,0 41,4
2 | «bopucminby, Tepminan F 3,5 9,5 23,0 9,1 45,0
3 | «XapkiBy 17,05 3,15 20,06 26,7 67,5
4 «J"[LBiB» imeni Janrina 11.8 15.0 373 162 80.3
T'amunekoro > > > > ’
3akopaonni
5 EE;%%Z‘%?{“&%’:)"PT 9,0 25,8 71,0 30,4 136,2
6 | «3arpeb» (Xopsaris) 15,1 14,2 44,4 33,3 107,7
7 | «BinbHtoc» (JIutBa) 8,75 5,35 31,95 12,65 58,7
8 | Imeni xopons laku (ITAP 31.2 117,0 162,9 71,0 382.1
«bparucnasa-IBankay
9 (C};OBamHa) 10,2 17,3 26,4 16,2 70,1
10 |«mancek» (ITonbma) 19,2 59,5 103,2 39,8 221,7
Tabmmig 2
BincorkoBi nokazunku niouy 3ouyBanas TIIB aeponopris
Bincorkosi nokazHuku ¢pynkuionanbuux 301 TIIB
Ne Aepomopr Mimoxinna | baaroycrpiii, | Ilapkinrm | ABTOMOOLIBHI Hacamnpopon'lc,
3/ 30Ha, % % (crosinkm), % | pgoporu, % MJIH/piK
Ykpaincbki
1 |«bopucminby, TepMinan B 12,8 12,8 45,5 28,9 2,0
2 | «bopucminaby, Tepminan F 8,7 21,1 51,0 20,2 2,6
3 | «XapkiBy 26,0 5,1 31,2 39,7 1,34
4 «.]:[BBiB» iMeHi [lannna 15.7 18.6 46.5 20.2 1.83
Tanunekoro > > > > >
3axopaonni
5 EEE;’F‘;*‘E‘;}%?{“(%%’J%"PT 7,0 18,5 52,1 223 225
6 | «3arpeb» (Xopsaris) 14,3 13,4 41,2 31,1 3,43
7 | «BinpHIOC)» (JIuTBA) 14,9 9,11 54,4 21,5 5,0
8 |Imeni kopons [laku (ITAP) 9,7 30,1 42.6 18,6 6,09
«bparucnasa-IBankay
9 (C};’OB&mHa) 14,6 24,7 37,6 23,1 2,29
10 | «Imancek» (ITonbma) 9,9 26,8 46,5 18,0 5,37
CepenHi 3HaYeHHsI 13,5 17,3 45,0 24,2

Takum ymHOM, 3po3ymino, mo 1/2 tepurtopii mmom TIIB MOXyTh BHUKOPHUCTOBYBATHCS IIiJl
TPAHCIIOPTHOTO BY3JIa BiJIBOAMTHCS IiJ 30HY Yac MPOEKTYBAaHHS HOBUX UM PEKOHCTPYKIii
MapKyBaHHS TPAHCIOPTHHX 3aco0iB. TakoX HAasABHUX NPUBOK3AJIBHHUX IUJION[ HA TEPHUTOPIi
BapTO 3a3HAYMTH, 110 BCTAHOBJICHI MOKa3HUKH aepOBOK3AIbHUX KOMILJIEKCIB.
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KOMII’IOTEPHI TEXHOJIOI'II BUBHAUEHHS
KJACUDPIKAIIMHOTO MAPAMETPA
KOPCTKOI'O AEPOAPOMHOI'O IOKPUTTA
3 BUKOPUCTAHHAM IITYYHOI'O IHTEJEKTY

Anomayia. Cmamms npuceésauena ocoonU80CmMAM GUKOPUCIAHHS WMYUHO20 THmMeneKkmy Ol GUSHAYEHHS K-
cughixayitinoco napamempa Hcopcmrux aepoOpomuux nokpummis. LLmyynuii inmerexm (L) — ye nosedinka
KOMN TOmepHOoi cucmemu, wo iMimye npoyec NPUtiHamms piutenus 1oounu. Mixcuapooua opeanizayis yuginoHoi
asiayii (ICAO) nputinana nosuti memoo Aircraft Classification Rating/Pavement Classification Rating (ACR/PCR),
wo saminume memoo ACN/PCN (Aircraft Classification Number/Pavement Classification Number). ACR — ye
Kaacuixayiinuil napamemp nogimpsHo20 CyOHd, W0 GU3HAYAEMbCS K NOOBOEHE 3HAYEHHS OONYCMUMO20 HABAH-
masiceHHsi Ha Koneca, supaicene @ comuax xinoepamie. PCR — ye xnacugixayiiinuii napamemp aepoopomHo2o
nokpumms, wo eusnavacmocs Ak ACR «xpumuuno2o» abo emanioHHo20 Nimaka npu MaKkCUMANbHIti 00NYCMuUMIll
snimuil maci. Y 36’a3ky 3 yeedenuam y 0iro 08020 memody ICAO ACR/PCR sunuxna neobxionicms 6 adanmayii
BIMYUZHAHOI MEMOOUKU 00 HOBUX umoz. 3a donomozor komn tomeproi npoepamu ICAO ACR susnauerno knacugi-
xayitunut napamemp ACR 0ns pi3HUX 3HAYEHb KAMe20PIUHO20 HOPMAMUBHO20 HABAHMANCEHHS HA YOMUPUKONICHY
onopy. OoHieto 31 chep, Oe LU mae enubokuil enaus, € peepecitinui ananiz. Posensnymo cnocio suxopucmanns LT
ChatGPT ons peepeciiinoco ananizy nio 4ac GU3HAYeHHsl KAACUDIKAYIIHO20 napamempa JHCOPCMKUX aepoopom-
Hux noxkpummie. Ompumano emnipuyHi opmynu Oas GU3HAHYEHHS KIACU@IKayitinoeo napamempa HcoOpCcmKo2o
aepoopomnozo noxpummsa PCR ona womupvox xamezopiti miynocmi IpyHmoeoi ocnogu. Yam-6om 3i wimyunum
inmenexmom ChatGPT mooicha suxopucmogysamu 0 peepecitinoco anaizy, ane 6iH He Haoac 8iopasy nompioHy
8I0N06I0b V 8UNAOT YUCTOBUX 3HAUEHDb, | 011 HOOANLUUUX PO3PAXYHKIE HEOOXIOHO GUKOPUCTOBY8AMU PO3POOIEHY
ChatGPT npoepamy. Komn iomepni mexnonozii Mooeniosanus OyoieenvHux KOHCMPYKYIU | WmyyHull iHmenexm
Maromb nomenyian 0151 600CKOHALEHHA O)YOI6HUYMBA AePONOpPmis.

Knrouosi cnosa: xomn tomepri mexnonoaii, kiacugixayitinuil napamemp nimaka, Kiacu@ikayiunui napamemp
aepoopoMHO20 NOKPUMMISL, WIMYYHUL iIHINENIeKM, Memo0 HAUMeHWUX K8AOPAMIs, HCopCmKe aepoopomMHe NOKPUMms.

Rodchenko Oleksandr. COMPUTER TECHNOLOGIES OF AIRFIELD RIGID PAVEMENT
CLASSIFICATION RATING DETERMINING USING ARTIFICIAL INTELLIGENCE

Abstract. This paper is dedicated to the specifics of using artificial intelligence for determining the classification
rating of airfield rigid pavements. Artificial intelligence (Al) is the behavior of a computer system that simulates
the decision-making process of a human. The International Civil Aviation Organization (ICAO) has adopted a
new method called Aircraft Classification Rating/Pavement Classification Rating (ACR/PCR), which will replace
the Aircraft Classification Number Pavement Classification Number (ACN/PCN) method. ACR is the aircraft
classification rating, defined as twice the permissible wheel load, expressed in hundreds of kilograms. PCR is the
classification rating of airfield pavement, defined as the ACR of the “critical” or reference aircraft at its maximum
permissible takeoff weignt. Due to the introduction of ICAO's new ACR/PCR method, there is a need to adapt
the Ukrainian methodology to meet these new requirements. Using the ICAO ACR computer program, the ACR
classification rating for various values of standard load on a four-wheel support was determined. One of the areas
where Al has a significant impact is in regression analysis. The article examines the use of Al, specifically ChatGPT,
for regression analysis in determining the classification rating of airfield rigid pavements. Empirical formulas
for determining the airfield rigid pavement classification rating (PCR) for four categories of subgrade strength
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have been obtained. Al chatbots ChatGPT can be used for regression analysis, it does not provide immediate
numerical answers, and further calculations require using a program developed by ChatGPT. Computer modeling
technologies and artificial intelligence have the potential to improve airport construction.

Key words: computer technologies, pavement classification rating, aircraft classification rating, artificial
intelligence, method of least squares, airfield rigid pavement.

Beryn. MikHapogHa opraHizailis [HBiTb-
Hoi asianii (ICAO) npuiiHsiia METOJ, 110 3aMi-
Huth Metox ACN/PCN (Aircraft Classification
Number/Pavement Classification Number).
HoBuii meron, mo orpumaB Ha3By Aircraft
Classification Rating/Pavement Classification
Rating (ACR/PCR), BKJIIOYEHU N 110
[Monpasku 15 no Honmarka 14 ICAO, Tom 1
(ICAO, 2020), neranbHO ONUCAHUW B OHOB-
nenHi 1o [TociOHUKA 3 TPOEKTYBAaHHS aepOAPO-
MmiB ICAO (ADM), Yactuna 3 (ICAO, 2022).
Meton ACR/PCR HaOyB 4YMHHOCTI B JIMIIHI
2020 poky i, SIK O4IKYyETHCS, IOBHICTIO 3aMIHHUTH
ACN/PCN 28 nucronana 2024 poky. [Iporsirom
MepexXiIHOTO Mepioay oOuaBa METOIU 3aluIia-
TUMYTbCS JOCTYyInHUMH [1].

ACR (xnacudikaniiHuil mapameTp JiTaka)
BU3HAUAETHCA K MOABOEHE 3HAYECHHS JIOIYCTH-
MOro HaBaHTa)keHHs Ha kosieca (DSWL), Bupa-
KEHE B COTHAX KIJOrpamiB, 3aMiCTh TUCAY K1JIO-
rpamis, sik 1ie O0yno y BusHadeHHi ACN. Lls 3mina
y BU3HAUEHHI IPU3BOAUTH JI0 TOTO, 1110 3HAUYCHHS
ACR (i BignoBimnoro PCR) npu6iau3Ho B AeCsThH
pasiB OiIbIIIe 32 BEIUYMHO, HixK 3HaUueHHS ACN
(i BizmoBigroro PCN). Lle iuiie nuTaHHs BU3Ha-
YEeHHs; 11 He O3HaYae, 0 MOXKHA IEPETBOPUTH
ACN B ACR (a6o PCN y PCR), npocTo nmomHo-
KUBIIM HA JecsTh. [IpuunHoro 1i€i 3MiHu OyIo
YHUKHEHHS MOXKJIMBOT IJTyTAaHUHH TIiJ1 4ac 3BITY-
BaHH (HAaIpUKIIad, BUNaKoBe nopiBHsAHHSI ACR
3 PCN), ocobnuBo B mepexigHui mepion, KOJIH
00H/IB1 CUCTEMHU BUKOPUCTOBYIOTHCS [1].

PCR (xnacuikamiiinuii mapameTp aepoapom-
HOT'0 NOKPUTTS) Bu3Ha4yaeThes ik ACR «xputnu-
HOTO» 200 €TaJIOHHOTO MOBITPSHOTO Cy[IHA MPH
HOro MakcHMaJbHIA JAOMYCTUMIM 3IITHIM Maci.
Takum unHOM, OcHOBHa ¢yHKUis meroqy PCR
NOJISITa€ B iIeHTU}IKaLi] KPUTUYHOTO MOBITPS-
HOTO CyqHa i BU3HAYE€HHI WOTO MaKCHUMAJIbHOT
JOMYCTUMOI 31iTHOT MacH. [licis nporo MoxHa
po3paxyBati ACR, BHUKOPHUCTOBYIOUM CTaH-
naptay npouenypy ICAO, i mpuzHauuT HOTO
st PCR [1].

VY 3B’513Ky 3 YBEICHHSM Y J1i10 HOBOT'O METO/Y
ICAO ACR/PCR BunHHKIIa HEOOXITHICTE B a1ar-
Tamil BITYM3HAHOI MeTOAUMKN Bu3HaueHHs PCN
JI0 HOBHUX BHMOT.

OniHioBaHHA Ta 3BITYBaHHS IIPO HECydy
30aTHICTh MOKPUTTIB aepOAPOMIB 3aBXKIU OyIu
BOXJIMBUMH 33aBJaHHSAMHU B aepOIOPTOBIN 1HXKe-
Hepii, OCKIIBKY BOHU MIATPUMYIOTH IIPOLIEC IpH-
HHATTA pimenb. OdiniliHa cucTema 3BiTyBaHHS,
10 BUKOPUCTOBYBAJIACs B YCbOMY CBITiI MpOTS-
TOM OCTaHHIX YOTHPBHOX JIECATHIIITh, — LIE METO]
ACN/PCN. OpHak HEUIOAABHO 3alpOBaKEHA
OHOBJICHA CHUCTEMa, METOI SKOi € YCYHEHHS
HenonikiB cucremu ACN/PCN, mo cnoctepi-
ranucs mij yac ii BukopuctanHs. Ll cucrema,
Bigoma sk ACR/PCR, noknukaHa BpaxoBYBaTH
OCTaHHI JIOCATHEHHSI B MPOEKTYBaHHI il OLiHIO-
BaHHI a€pOAPOMHUX MOKPUTTIB. OCKIIbKH BiAOY-
BAE€THCS NEPeXiTHUM mepion, y npaui [2] po3ris-
HYTO KPUTHYHI aCTIEKTH, 1[0 BUHUKAIOTH i1 Yac
YIPOBAHKEHHSI OHOBJICHOI CUCTEMHM, Ha OCHOBI
Cy4aCHHUX METO/IB OI[iIHIOBAaHHS TOKPUTTIB aepo-
npomiB DenepanabHOIO aBiallifHOW aJMiHICTpa-
miero. Ha miifi OCHOBI pO3MISIIA€ThCS MHTAHHS
NEePEeHECEHHS MIXK IBOMA CUCTEMaMU, HaJIal0ThCS
KOPHCHI KOMEHTapi i 3ayBa)KeHHS JUIsl aepoIiop-
TOBHUX OpraHiB, SIKi XOUyThb YNPOBAJAUTU METO[
ACR/PCR mnoBor Miporo. AHaji3 mokasye, 110
NEPEHECEHHs MK JBOMa CUCTEMaMH HE € MOX-
JUBHUM, 1 BIPOBAJKEHHS OHOBJIEHOI CHCTEMHU
ACR/PCR Moe NpU3BECTH 10 HU3KHU IpolIiem,
TaKuX sK HEOOXIAHICTh MoAudikalii HasBHHUX
3BITIB NIPO HECYYy 3/1aTHICTh NOKPUTTS [2].

YV HaykoBiii nipaiii [3] Ha IPUKIIaJl aepOTIOPTy
[TiBnenno-Cxignoi A3ii 00roBopeHo anomamii
MK TPOEKTHOIO HECYYOIO 3/1aTHICTIO MOKPUTTS
32 METOAOM PO3PAaxXyHKY TOBIIUHHM TTOKPHUTTS
PTD ta metomom ACN/PCN. YcraHOBIIEHO, IO
metonr ACR/PCR moxe HajgaBaTé pe3yiabTaTH
CTPYKTYpHOI OIIIHKM MOKPHTTS, IO BiJAIOBiza-
I0Thb pe3ysbTaram 3a merogoM PTD [3].

BaxuBiCTh BUKOPUCTaHHS HEPYHHIBHOTO
KOHTPOJIFO JUIi TOYHOTO OIIHIOBAHHS (haKTHY-
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HOTO CTaHy aepoJIpPOMHOIO MOKPUTTS 3JITHO-
MOCAJAKOBOI CMYTHU i Bu3HaueHHs iHnekcy PCR
3a3Ha4yeHo B mpaii [4].

®denepanbHa aBiariitHa agminictpaitis (PAA)
CIIA 3 2017 poxy HpOBOIUTH JOCIITKCHHS
Bukopuctanus Il nns BupimmeHHs 3aBoaHb i3
MIPOEKTYBAHHS a€POIPOMHHUX MOKPHUTTIB [5—11].
Mopenb MalIMHHOTO HaBYaHHs, po3polieHa
®AA, nponoHyeThCs 10 BUKOPUCTAHHS B HOBIM
nporpami ANNFAA i npoeKkTyBaHHS SKOp-
CTKHX aepOIPOMHMX MOKPHUTTIB 1 BU3HAYCHHSA
Kiacu(ikauifHOro mapaMeTpa aepoIpOMHOIO
nokpurrs [12; 13].

[Ityynuit  iHTENEKT — 1€ MOBEdiHKa
KOMII'FOTEPHOT CHUCTEMH, 1110 IMITY€ MpOoLeC Npu-
WHATTS pimeHHs Joaunu [ 14-16].

HITyyHuii 1HTENEKT BKIIOYAE TaKi MigpoO3-
TN

I.Mamnne HapyanHsi (ML) — nmae 3mory
KOMIIT'FOT€paM HaBYATHCS 3 JaHUX 1 BIOCKOHAJIIO-
BaTHCs 0€3 IBHOTO MPOrpaMyBaHHS.

2.06po0ka npuponnoi moBu (NLP) — 3nar-
HICTb KOMII IOTEPIB PO3YMITH i FeHepyBaTH JIO/I-
CbKY MOBY, SIK TUCbMOBY, TaK i yCHY.

3.Komm’toTepHuii 3ip — TEXHOJOTIs, M0 Aa€
3MOTy KOMIT'IOTepaM «0aunuTh» U po3mi3HaBaTH
00’€KTH Ha 300paxeHHsIX 200 BiJ€O.

4.HelipoHHi Mepexi — 1€ OOYMCITIOBAJIbHI
MOJIeINi, 10 KOMIIOITh MPHUHIIUIN POOOTH JTFOMI-
CBKOTO MO3KY, MOXYTb BUKOPHCTOBYBATHCS IS
BUSIBIICHHS CKJIQIHUX IIA0JOHIB Y JaHUX.

5.Po6oToTexHiKa — Tajay3b, IO 3aCTOCOBYE
HII ast kepyBaHHS poOOTaMH, 10 MOXKYTh BUKO-
HYBAaTH 3aBJaHHS aBTOHOMHO a00 3a JOTIOMOT010
JFOJIHU.

HITy4yHuii iHTENEKT 3aCTOCOBYEThCS B Oara-
ThOX chepax: MeauIMHi, piHaHCAX, ABTOMOO1JIe-
Oy/1yBaHHI, CLIbCBKOMY TOCHOAAPCTBI, 1HXKEHepii
TOLIO.

Marepiaan ta metoau. OnHiero 3i cdep, ae
H1I mae ruOOKHii BIUIUB, € perpeciiHuil aHamis3.
Po3rnsitHeMo Mozenb MoliHOMIanbHOT perpecii
PCR=aF *+b'F +c. llpumycTumo, IIO Ma€EMO
pe3yNbTaTu 7 Map HE3aJeKHUX CHOCTEPEkKEHb.
CyTp 3amauyl mosisira€e y BHU3HAU€HHI 3V1aJ0KY-
BaJIbHOI KPUBOI, 110 «HAWKPALIKXM» YHHOM IIPO-
XOIWUTh 4Yepe3 MHOXKUHY TO4oK. Hamnnommpe-
HIIIMM METOJIOM MpHU PO3B’s3aHHI Ii€i 3amadi
€ METOJl HaliMeHIInX KBajaparis [17].
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[MpuHIMIT MeToMy HAWMEHIIWX KBaJpaTiB
JUIS TIOJIIHOMIaJIbHOT perpecii nonsrae B 3Haxo-
JOKEHHI mapameTpiB perpecii a, b Ta ¢, Ui AKUX
CyMa KBaJpaTiB BIIXWUJICHb TOCIITHUX 3HAYCHb
MOKAa3HUKA BiJl 3TMIaJKyBaJIbHUX Oy/ie MiHIMallb-
Hoto [17].

Jlist o1iHIOBaHHS a/JIEKBaTHOCTI MapHOI KBa-
3UTiHIAHOT  perpecii  cmoctepexyBaHuM — abo
TaOJMYHUM JTaHUM MOKHA BHKOPUCTAaTH KpHTe-
piit @imepa [17]:

2
Fy = (n-2).

Jie 11 — KIJIbKICTh 3HaueHb pakTopy, R — koedi-
LIEHT KOPEJIALIi.

Pesyabrarn. CyTh BITUM3HSHOI METOJUKHU
BU3HAUEHHs KiIacu@ikalifHOro 4muciaa aepo-
apomuoro mnokputts PCN monsirae y Bu3Ha-
YEeHHI1 3HAYCHHS MaKCHUMaJbHOIO KaTeropiitHoro
HOPMAaTHUBHOT'O HABAaHTAXKEHHS, IO JIi€ HA aepo-
JPOMHE TIOKPHUTTS, 1 BCTAHOBJICHHI 32 rpadikom
BennuuHu PCN [18; 19].

3a JOMOMOIOI0 KOMIT' IOTEPHOI Hporpamu
ICAO ACR BusHaueHo kiacudikamiiHuii
napameTp ACR a1 pi3HUX 3HaUY€Hb KaTeropii-
HOTO HOPMAaTMBHOTO HAaBaHTAXXCHHS Ha YOTH-
pukojicHy omnopy F (tabmuus 1) nis xatero-
piii MIITHOCTI IPYHTOBOi OCHOBHU (A — BHCOKA
MilHicTh, B — cepenns, C — Husbka, D — qyxe
HHU3bKA).

Bu3Haunmo HeBiJOMI MapaMeTpu IMOJiHOMI-
anpHO1 Mozeni perpecii PCR=a'F *+b-F +c. [lns
BUpimeHHs i€l 3aaadi Bukopuctano ChatGPT.
ChatGPT — ne mTy4Huil 1HTENEKT, CTBOPEHHI
kommaniero OpenAl Ha OCHOBI MOBHOI Mojemi
GPT (Generative Pre-trained Transformer). Bin
NpU3HAUYeHU Ui 00poOkM Ta reHepamii Tek-
CTiB y mpupoaHiit MoBi. 3a qonomoroto ChatGPT
MOJKHA BECTH Oecifi, OTpUMYBATH BIAMOBIII Ha
NUTaHHS, IepeKIa aTi TeKCTH, TeHepyBaTH 1J1el,
IUCaTH Pi3HI TUIU TEKCTIB, IPOTpaMU Pi3HUMHU
MoBamu nporpamysanHs Touo. ChatGPT nanas
BI/ITIOBi/Ib:

— Yy BUDIAAI NPOrPaMHOrO KOAY MOBOIO
Python 11 BU3HaueHHsI HEBIAOMMX MapaMeTpiB
perpecii Ta mobynoBu rpadika,

— Yy BUIJISA1I BU3HAYEHUX 3HAYEHb HEBIJJOMHUX
napameTpiB a, b Ta c,

— y BUIAAL rpadika.
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Tabmunis 1

Kaacundikauiiinnii napamerp ACR kateropiiiHoro HOpMaTMBHOr0 HABAHTAKEHHSI
JJIs1 KaTeropii MiltHOCTI IPYHTOBOI OCHOBU A

F,xH ACR F,xH ACR F,xH ACR F,xH ACR
300 140,32 500 273,87 700 459,52 900 686,85
310 145,87 510 281,87 710 470,00 910 699,09
320 151,52 520 290,08 720 480,58 920 711,41
330 157,28 530 298,45 730 491,08 930 723,80
340 163,15 540 306,98 740 502,04 940 736,26
350 169,13 550 315,68 750 512,94 950 748,79
360 175,23 560 324,49 760 523,93 960 761,40
370 181,44 570 333,22 770 535,27 970 774,07
380 187,77 580 342,24 780 546,37 980 786,30
390 19421 590 351,38 790 557,55 990 799,60
400 200,79 600 360,64 800 568,30 1000 812,47
410 207,49 610 370,02 810 580,18 1010 825,40
420 214,31 620 379,52 820 591,70 1020 838,39
430 221,27 630 389,13 830 603,31 1030 851,45
440 22837 640 398,36 840 615,00 1040 864,57
450 235,61 650 408,70 850 626,77 1050 877,47
460 242,99 660 418,65 860 638,63 1060 891,21
470 250,51 670 428,71 870 650,57 1070 904,30
430 258,15 680 438,88 880 662,58 1080 917,67
490 265,92 690 449,15 890 674,68 1090 931,10

Monens monHOMIANBHOI perpecii 3 BU3Ha-
YEeHUMHU TNapaMeTpaMH JJs KaTreropii MiIHOCTI
I'PYHTOBOi OCHOBU 4 Ma€ BUIISLL:

PCR,=0,00052-F >+0,28496 F +3,06987. (1)

3a aHaJIOri€l0 OTPUMAHO eMITpUYHI POpMYyIH
JUISL IHIIUX KaTeropiil MillHOCTI IPYHTOBOI OCHOBH:

— g B
PCR,=0,0004- F *+0,5764F —61,8983; (2)

—qa C

PCR=0,00037-F *+0,75123-F —87,3057; (3)

— s D

PCR, =0,00032-F 2+0,897-F —97,23. (4)
Jns  rtpadiyHOrO BU3HAUEHHS BEIUYUHU
knacudikaniinoro pedtuHry PCR KOpPCTKOTO
aepoJPOMHOIO MOKPUTTS HaBeIeHO rpadiku Ha
puc. 1-4, orpumasi 3a 10MOMOTOI0 PO3POOJICHOT
ChatGPT nporpamu.

BucnoBku. Otpumano emmipuddi GhopMynn
JUIST BU3HAYCHHS KiacudikaifHoro mapaMmerpa
XKopcTkoro aepoapoMHoro mnokpurrs PCR st
YOTUPHOX KaTeropiit MilIHOCTI IPyHTOBOI OCHOBH
3a gomomoroio pospobienoi ChatGPT mnpo-
TpaMHu.

[Tpu BuznauenHi BemmuumHu PCR 3a orpuma-
HUMH emmnipuaHuMu popmynamu (1-4) mnsa 3Ha-
YeHb KaTeropiitHOro HOPMAaTHBHOTO HABAHTAKEHHS
Ha YOTUPUKOJIICHY onopy F. B inTepsaii Bix 300
10 1090 kH po30bKHICTB 13 pe3ynsraramu, OTpH-
MaHMMH B KomiT roTepHii nporpami ICAO ACR,
3HAXOMUThCS B Mexkax Bin 1 1o 4% (mis kareropii
MIIIHOCTI TPYHTOBOI OCHOBU A), 3—7% (11151 Kare-
ropii MIITHOCTI TpyHTOBOI OCHOBH B), 1-3% (s
KaTeropii MilHOCTI IpyHTOBO1 OcHOBH C Ta D).

Otpumani emnipuuti ¢popmynu (1-4) naroth
TaKOX MOYKJIMBICTh BU3HAYATH BEIMYMHY KJIaCH-
¢ikamiiiHoro mapaMmerpa >XOPCTKOIO aepoIpoM-
Horo nokputts PCR 1151 3HaYeHb KaTeropiiHoro
HOPMAaTHUBHOIO HABaHTAKEHHS Ha YOTHPHUKO-
aicHy onopy F, B inTepsami Bix 1100 go 1220 kH
13 pO30LKHICTIO 3 pe3ylbTaraMu y Hporpami
ICAO ACR B mexax Big 0,5 no 3,5%.

IIpu Bu3nauenni PCR nis 3HaueHb Karero-
pilfHOrO HOPMAaTWBHOTO HABAHTAXXEHHS B 1HTEP-
Basi Big 200 mo 290 xH po36ixkHICTH 13 mporpa-
moro ICAO ACR 6yne B mexax Bin 5 10 10% s
KaTeropii MIIIHOCTI TPYHTOBOT OCHOBH A.

[Tpu Bu3Hauenni PCR ams 3HaueHb kareropii-
HOTO HOpMaTUBHOTO HaBaHTaxeHHs 240-290 kH
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po30ixHicTh 13 mporpamoro ICAO ACR Oyne
Bxke B Mexkax Bifg 7 10 10% s xareropii mi-
HOCTI IPYHTOBOi OCHOBH B.

[Ipu Bu3nauyenni mapamerpa PCR mns 3na-
YeHb KaTeropiiHOro HOPMAaTHBHOIO HaBaHTa-
xeHHst 260—290 kH po30ixHICTH 13 MpOrpamMoro
ICAO ACR 6yne 5-9% nans xareropii MilIHOCTI
I'pyHTOBOI OCHOBH C.

IIpu Bu3Hauyenni mapamerpa PCR mns 3na-
YeHb KaTeropiiHOro HOPMAaTHBHOIO HaBaHTa-
xeHHst 240-290 kH po30ixHICTH 13 MpOrpamMoro

ICAO ACR 6yne 3—10% st kareropii MilIHOCTI
IPYHTOBOI OCHOBH D.

He pexomennyerscsi 3actocoByBatu (op-
My (2) Ta (4) A 3Ha4eHb KaTeropiiHOTO HOP-
MaTUBHOTO HaBaHTAXEHHS B iHTepBayi Bix 10 10
100 xH, ockijbKH pe3yibTaT MaTHME BiJ €MHE
3HAYEHHS.

He pekoMeH 1y €eThCsl TaKOX 3aCTOCOBYBATHU (op-
Myny (3) a7 3HauYeHb KaTeropiiHOro HOpMAaTHB-
Horo HaBaHTakeHHs Bix 10 mo 110 xH, ockiibku
OTPUMaHMI Pe3yJIbTaT MaTUME BiJl’€MHE 3HAYEHHSI.
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IHBEHTAPU3AIIIA 3EMEJIb IK BAXKJIUBUH KOMIIOHEHT
Y CUCTEMI YIIPABJIIHHSA 3EMEJNBHUMMU PECYPCAMHU
(HA IPUKJIAIAI CAPHEHCBKOI'O PAMLOHY
PIBHEHCBKOI OBJIACTTI)

Anomauin. Ineenmapuzayis zemens A615€ c000i0 IHCMPYMEHM 0EPAHCABHO20 KOHMPOTIO, GUSIGNIEHHS eKOHOMIY-
HO20 NOMeHYIany 3eMeNbHUX PeCcypcie AOMIHICMPAMUEHUX YMEOPeHb, MEPUMOPIANbHUX 2POMAO, 0epIHCABU 3a2aATIOM.
Buoineno xnouosi ¢ynkyii ingenmapuzayii 3emens — inghopmayitiny, Haznsa008y abo MOHIMOPUH208Y, KOHMPOTIO-
8AIbHY, NIAHYBANbHO-OP2AHI3AYIIHY, 0epAHCABHO-YNPABIIHCLKY, 001ik08y. [Iposedenns ineenmapuzayii zemens-
HUX OLISIHOK HA mepumopii epomaou 8i00Yeaemvcs 3a PIUUEHHAM OPeaHy MICYe8020 camospsioy8aHHs ma 32I0HO 3
MaKuMy cmaodisimu, K 06CmexCcy8anbHi, monocpagpo-2eode3uyti i nPoeKmHO-8UULYKYSALbHI pOOOMU, CKIA0eHHS
il oghopmnentss mexHiuHoi OOKyMeHmayii 8 naneposii ma eireKmpouHilu )opmi, CKIAO0EeHHs eeKMPOHHO20 OOKY-
menma. O0’em pobim 3anexicums 8i0 Memu iH6eHMAaApU3ayii 3emend i Yib08020 NPUSHAUEHHS 3eMeNbHOT OLIAHKU.
Y nposedenomy Oocnidoicenni posensanymo npoyec ingeHmapusayii 3emenvHoi OiAHKY 3anacy Oid NepcneKkmueg-
HO20 POMIUEHHS NONICOHY U000 BUOANIEHHS MEEPOUX ROOYMOsUX 8i0x00i8 (cmimmessanuwja) Ha mepumopii Kon-
KIBCbKO20 CMAPOCMUHCHbK020 OKpyey Jyoposuybkoi micbkoi padu Capuencbkoeo pationy Pisnencokoi obnacmi.
Bugueno semenvno-pecypcruii nomenyian ma epexkmusHicmo 11020 6UKOPUCHIAHHSL 8 MENCAX MEPUMOPIANbHOL 2po-
Mmaou i Hacenenozo nyukmy. Posensnymo npoyec npogedenns monoepagho-eceodesuunux pobim, uou 3UOMOK, Ki
sUKOpucmogysau 01a npoyecy ingenmapuzayii. Ilpoananizosano Ilacnopm micys eudanrenus 6ioxodie (MMB),
MEXHIKO-MEXHON02IUHT XApaAKMepUCmuK NPOEKMHO20 CMIMME3BATUWA, BIONOGIOHO OISl 4020 BUOPAHA NPOEKMHA
oinanxa. Yemanoseneno, wo NPoeKmua 3emenvHa OAHKA 3a C80IMU IPYHNOBO-2e000MAHIHHUMU XAPAKIMEPUCTIL-
Kamu 8i0n0sioac sumozam posmiwenus cmimmessanuwa. OOTPYHmMOo8ano HeoOXIOHICMb NPOGeOeHHs, IHeHMaPU3a-
yii' 3emenb 3 Memoro GUBUEHHSL 3eMEIbHUX PECypCi8 O CNPOWEHHA 3eMLeBNOPAOHO20 Ui MiCmobYOigHO20 npoyecy,
ehekmuHo20 30ilCHEeHH S 3eMAEYCMPOI0 ULTAXOM CIBOPEHHS eleKMPOHHO20 Pecypcy 3 Mamepianamu 3HiManHHsa ma
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pe3yrbmamamu monozpago-zeodezuunux podim. 3podineHo 8UCHOBOK W00 BANCIUBOCII THGEHMAPU3AYIT 3eMenb-
HUX OLIAHOK, SIKa 3a0e3neuye 301UCHEeH S 3eMIeyCMpPOIo.

Knrouosi cnosa: oonix semens, ingenmapuszayis 3emens, YAPAeiiHHA 3eMeIbHUMU pecypcamu, yHKyii ineenma-
pusayii 3emensy, iHgeHmMapu3ayis 3emenbHol OLIAHKUY, npoyec THBeHmapu3ayii 3emenbHoi OLISAHKU.

Rusina Nelya, Lyulchyk Vadim, Petrova Olga. LAND INVENTORY AS AN IMPORTANT
COMPONENT IN THE LAND MANAGEMENT SYSTEM (THE CASE OF SARNY DISTRICT
OF RIVNE REGION)

Abstract. Land inventory serves as a tool for state control, identifying the economic potential of land resources
within administrative units, territorial communities, and the state as a whole. Key functions of land inventory
include information provision, monitoring, control, planning and organization, state management, and accounting.
The conduct of land parcel inventory within a community is based on a decision of the local government and follows
stages such as surveys, topographic-geodetic and design-survey works, compilation and formalization of technical
documentation in paper and electronic form, and creation of an electronic document. The scope of work depends
on the purpose of the land inventory and the intended use of the land plot. This study examined the process of
land inventory of a reserve land plot for the prospective placement of a solid waste landfill and the territory of the
Kolkyvskyi cmapocmuncokuii okpye of the Dubrovytska city council, Sarnenskyi district, Rivnenska oblast. The land
resource potential and the efficiency of its use within the territorial community and settlement have been studied.
The process of conducting topographic and geodetic works, the types of surveys used for the inventory process, have
been considered. The Waste Disposal Site Passport (WDS Passport) has been analyzed, as well as the technical and
technological characteristics of the planned landfill, according to which the project site was selected. It has been
established that the project land plot, according to its soil-geobotanical characteristics, meets the requirements
for landfill placement. The necessity of conducting a land inventory for the purpose of studying land resources to
simplify land management and urban planning processes, to effectively carry out land management, by creating an
electronic resource with survey materials and the results of topographic and geodetic works, has been substantiated.
The conclusion was made regarding the importance of land inventory, taking into account the need to consider the
specific characteristics of each individual land plot and thereby ensure the implementation of land management.

Key words: land accounting, land inventory, land resource management, functions of land inventory, land plot

inventory, land plot inventory process.

Beryn. VYmpaBniHHA 3€MENTBHUMH  PeCyp-
caMu — 11e 6baraTorpaHHu# Ipolec, 1o nepeada-
yae poOOTy 3 BEIMKUMH OOCSTaMH Pi3HOTUIAHO-
BOi 1H(OpMaIIii mpo 3eMeNbHI AUISHKHU: BiJ iXHIX
MPUPOIHUX XAPAKTEPUCTHK O MPABOBOTO CTa-
TyCy ¥ MaltOyTHIX MIEPCIIEKTHB. 3aKOHOM YKpaiH!
«IIpo 3emenpHUM KagacTp» BU3HAUEHO, IO JIaHI
KUTBKICHOTO OOJIKY 3€MeJb «XapaKTepHU3yIOTh
3eMeJIbHI AUISHKY 3 IJIOUIEH0, CKJIaJOM 3€MEb-
HUX YTiJb BIANOBIAHO 1O 3aTBEPPKEHOI KJia-
cudikaiii, po3noaiioM 3eMellb 3a BIACHUKAMH
(kopucTyBayamMu) B 00cCs31, BUSHAYEHUM 3aKoO-
HOoM» [1]. PesynpraTuBHICTH ynpaBiiHHS 0€31M0-
CEPEeIHBO 3AJIEKUTHh B SKOCTI 1H(pOpMaLiiHOL
0as3u, TOOTO BiJ TOrO, HACKIABLKHA 00’ €KTHBHUM,
TOYHHMM 1 IIOBHUM € 00K 3emenb [2]. Baxmu-
BHM 3ac000M OONIKy € IHBEHTapH3allis 3eMeib
SK IpoLec MepeBIPKU JIOCTOBIPHOCTI JaHHUX
13 momanmeuM omucoM o0’ekta. Bona mposo-
JUTHCS 3 METOK0 «CTaHOBJICHHS MICLS pO3Tallly-
BaHHs 00’ €KTIB 3eMJICYCTPOIO, IXHIX MEX, PO3-
MIpiB, NPaBOBOIO CTATYyCy, BUSBJICHHS 3EMEIb,
10 HE BUKOPHUCTOBYIOTHCS, BHKOPHUCTOBYIOTHCS

114

HepalioHalIbHO a00 HE 3a IUIbOBUM MPU3HAYEH-
HSIM, BUSBIICHHSI 1 KOHCEpBaIlii JerpagoBaHUX
CUIbCHKOTOCIIOJAPCHKUX YIifb 1 3a0pyIHEHUuX
3eMellb, BCTAHOBJICHHS KUIBKICHHX Ta sKIC-
HUX XapaKTEepPUCTUK 3€MeJb, HEOOX1IHUX JUIs
BeZieHHsT Jlep»aBHOro 3eMENbHOI0 KaJlacTpy,
BUSIBJICHHS Ta BUIIPABJIICHHS IOMUJIOK Yy BijO-
MoOCTSIX JlepaBHOro 3€MeNIbHOTO KaJlacTpy,
3I1ACHEHHS! 1epKaBHOTO KOHTPOJIIO 32 BUKOPHUC-
TaHHSIM Ta OXOPOHOIO 3€MEJIb 1 IPUMHATTS Ha iX
OCHOBI BIJIMOBIAHUX PILIEHb OpraHaM1 BUKOHaB-
4yoi BJIaJJi Ta OpraHaMH MICIIEBOIO CaMOBpsAY-
BanHs» [3]. [lpu 1IbOMY CTBOPIOETHCS TOBHO-
IMiHHAa 0a3a JaHWX PO BCl 3€MENbHI IJISTHKH
B M€Xax rpoMajid, HaCeJICHOI0 MMyHKTY Ha Iare-
POBHX Ta €JIEKTPOHHUX HOCISAX, 3a0€3MeUy€EThCs
MOJKJIMBICTb SIKICHOTO KOHTPOJIO I opraHizauii
3eMeJb y CBOiX Me)KaxX, BUSBISIOTHCS BCl Bilac-
HUKUA ¥ 3eMJIEKOPHUCTYBayl; YTOUHSIOTHCS MEXI
BHECEHUX 3€MEJIbHUX NUISHOK 110 [lep:kaBHOTO
3€MEJILHOTO KaJlaCTPy Ta BUSBISAIOTHCS JUISIHKHY,
0 HE BHUKOPUCTOBYIOTHCS a00 BHKOPHUCTOBY-
IOTHCSI HE 3a I[IJTbOBUM IIPU3HAYCHHIM [4; 5].
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Takum dYMHOM, IHBEHTapHU3allil 3eMellb
€ OJIHUM 13 TOJIOBHUX 1 MEPIIOYEPTOBUX 1HCTPY-
MEHTIB YMPaBIIHHSA 3€MEIBbHHUMH pecypcamMu
JUis 3a0e3Me4eHHs] KOPUCTYBa4iB JOCTOBIPHOIO
iHpopMaLiero mpo iXHId cTaH, e()eKTUBHICTH
BUKOPHCTAHHS Ta MPUUHATTS YHPABIIHCHKUX
pillIeHb.

Marepiaiaun Ta Mmeronu. HaykoBi moci-
JOKEHHSI 3 METOIMYHUX IMiIXO/IB 10 MPOBEICHHS
poOIT 3 iHBeHTapH3allii 3eMelb Ipu 3AiiiCHEeHH]
3eMJIeycTporo BinoOpaskeHo B mpausx A. Tpe-
Tsixa, M. Kamoxuoro, 1. Hopoma, A. MaptuHa,
A. Tapnononbscbkoro, b. ABpamuyka, O. lopon
Ta iH. 30KpeMa, HayKOBI[I BU3HAYaJIM MOETAITHE
BUKOHAHHS pOOIT 3 iHBEHTapu3alili 3eMeib
y JIOT14Hii MOcHiIoBHOCTI [5], mpaBoBe 0OrpyH-
TYBaHHS 3/IMCHEHHS IMpPOLECY IHBEHTapu3alil
[6], HamamM MPOMO3HUIIT OO0 CTPYKTYPH, 3MICTY
Ta CKJIQAy IHBEHTapu3aulii 3eMenb JepKaBHUX
ycranoB 1 minnmpuemcts [7]. . Konagparenko
B JOCHI/DKEHHI pO3DIsiIae  1HBEHTAPHU3ALII0
3eMelnb SIK MpaBoBy (opMmy OOJIIKYy 3eMenb, siKa
«BUKOPUCTOBYETHCS SIK €JIEMEHT MOHITOPHUHIY,
iH(popMaLifHOTO 3a0€e3MeYeHHS, a TAKOXK KOHTP-
OJIIO 32 SIKICTIO 31MCHEHHS Cy0’ €KTaMH 3eMellb-
HUX BIJIHOCHMH CBOiX IOBHOB&X€Hb, a IIOJ0
OpraHiB IyOJIIYHOTO YIPABIiHHA — KOHTPOIIIO 3a
e(EeKTUBHICTIO peaji3allii HUMH CBOiX ITOBHOBA-
KEHb y cepl BUKOPUCTAHHS 3eMellb, SKi 3HAXO0-
JATHCS B 30HI 1X BiAMOBiTaIbHOCTI» [8].

Oxpemi mnuUTaHHS MpaKTUYHOI peasisa-
uii poOiT 3 iHBeHTapu3alii 3eMellb PO3KPUIN
10. Kapninceknii 1 K. bukoBa. Yueni mpen-
CTaBWJIM JIOCBiJ anpoOarii METOAUKH iHBEHTa-
pu3zanii 3eJeHUX HacaKeHb BYIMYHO-IOPOXK-
HBOT Mepexi, 3acBiAUMBLIM 11 €(EeKTHBHICTH
1 MOXIIMBICTh HPAaKTUYHOTO 3aCTOCYBaHHS Ha
00’€eKTax BEJIMKOi PO3MIPHOCTI 3a JTOTIOMOTOIO
reonoptainy « MOHITOPUHT 3eJI€HUX HACAKECHb
micta Onecay [7]. €. ByTeHko B mpatsx po3ris-
Ja€ 1HBEHTApHU3allil0 K €(EeKTUBHUU 1HCTpY-
MEHT ynpasiiHHs TepuTtopii rpoman [10] i monae
pe3yabTaTé CTBOPEHHS W BUKOPHCTAHHS OPTO-
¢doTomuaHiB mija yac iHBEHTapu3alii 3eMelb C.
Bumensku bopucninscekoro paiiony Kuis-
cpkoi obnacrti [4]. Takoxx HayKOBEIb MPOIMOHYE
po3pobnsaTu nns pan web-mathopmu 3 Mare-
pianamu iHBeHTapu3auii (TonorpadiuHuii miaxn
MICIIEBOCTi, poOounii i 3BeICHUH MIaHU MicIle-

BOCTI1) 3 HAallOBHEHOIO aTpUOYyTUBHOIO iH(pOpMa-
Ii€10 PO 3eMEIbHI JIIISHKH.

[Ipore TeopeTnyHe OOTPYHTYBAaHHS Ta MpakK-
TUYHHIA OCBIJ] IHBEHTapU3allii 3eMeIbHUX JIiJIs-
HOK Ha TEpUTOpil HOBOYTBOPEHHUX TpOMaj SK
KOMIIOHEHT PO3BHUTKY PETIOHY # JepaBH 3ara-
JIOM 3aJIMIIAETHCS MAJIO JJOCIIIKEHUM B YKpaiHi,
10 MOK€ HEraTMBHO BIUIMHYTH Ha peai3alliio
e(eKTHUBHUX pILlIeHb LIOA0 palioHaJbHOI opra-
Hi3alil TepUTOPii MICLIEBUX 1 PETiOHATIBHUX T'PO-
MaJl.

Mera ctaTTi nossArae B aHasi31i HayKOBO-TIpaK-
TUYHHX 3acajl IHBEHTapu3alii 3eMeIbHUX JIiJs-
HOK TepUTOpPIabHOI TpoMaau W BUBUEHHI OCO-
OIMBOCTEH, 1110 XapaKTePU3YIOTh ii IPOBEICHHS.

Pe3yabratu. [Ipouec iHBeHTapu3alii 3eMeb
K 3aci0 yropsAKyBaHHs i oNTUMI3aLli pecypciB
€ YaCTUHOIO €(EKTUBHOTO YIPABIIHHS 3€Mellb-
HUMU BilHOCMHamMU. B ymoBax 1ii 3eMelbHOTO
PHUHKY iIHBEHTapu3a1lisi HabyBae 0COOIMBOIO 3Ha-
YEHHS — IHCTPYMEHTY JIepP’KaBHOTO KOHTPOJIIIO Ta
BUSIBJICHHS €KOHOMIYHOTO MOTEHINaly 3eMellb-
HUX PECypciB aJMiHICTPaTUBHUX YyTBOPEHB,
TEPUTOPIaAIbHUX TpOMal, JIEp’KaBU 3arajom,
JI0Ka3aM 40ro CIyTylOTh OCHOBHI i XapakTepuc-
TUKH [8]:

— «mo-miepuie, IHBEHTApHU3allisl Ja€ 3MOry
BU3HAUUTH pPEAJbHUN CTaH ICHYBaHHS 3€Mellb-
HOro (OHIY, BUSIBHBILM BJIACHHKIB 1 MEPBUHHI
IPaBOBCTAHOBIIIOIOY1 JOKYMEHTH, TOOTO iCTOPIIO
CTaHOBJICHHS NIPABOBOTO TUTYITY KOXKHOI 3€Mellb-
HOI J1ISHKY,

— Mo-Apyre, I1HBEHTapH3alis € CIoco0oM
HEepeBIpKU 3aKOHHOCTI (opMmyBaHHA Jlepkas-
HOTO 3€MEJIBHOI0 KaJacTpy, JOCTOBIPHOCTI BHE-
CEHUX Y HbOTO JAHMX 1 IX BIAMOBITHOCTI MPaBO-
BCTaHOBJIIOIOYMM JJOKYMEHTaM;

— MO-TPETeE, LI CIOCi0 yTOYHEHHS AIHCHOTO
CTaHy 3€MeJIbHUX aKTHUBIB JEPXKaBH;

— MO-YeTBEpTE, 1 1€ BUAAETHCS HANTOIOBHI-
MM, IHBEHTapu3allisi MOBUHHA H MOXe po3-
DISATHCS K YIPABIiHCHKA disl, OCKUIBKH BOHA
CBOIMHM pe3yibTaTaMH BiJIKpUBA€ 34aTHOCTI
JUIS BUHUKHEHHS HOBHUX IOPHIWYHMX HACIHiJI-
KiB, TOOTO J1Ta€ MOXKJIUBICTh BUIIPABICHHS (ak-
TiB TMPOTHU3aKOHHOTO BHOYTTS 3eMenb Bia ix
peaslbHUX MEePBUHHUX BIACHUKIB. BinOyBaeThcs
YTOUHEHHS IXHBOTO NPABOBOIO CTAaTyCy ILIs-
XOM OTpPUMAaHHS MiACTaB JJIsA CKacyBaHHS BCIX
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MOTepeIHIX MPOTU3AKOHHUX Iiil 13 3eMeNbHOI0
UISHKOIO».

KpiM TOrO, MO’XHa BUAUTUTH TaKi KIIHOYOBI
¢yHkuii iHBeHTapu3alii 3eMenb, K iH(opMma-
1iliHa, HarsAoBa ab0 MOHITOPUHIOBA, KOHTP-
OJIIOBaJIbHA, IUIaHyBaJIbHO-OpraHi3aliiina,
JiepKaBHO-YIPaBIIHChKa, O0JiKOBa, 110 3a0e3-
MEYyIOTh MOBHOIIIHHE BUKOPUCTAHHS €KOHOMiY-
HOTO TOTeHUiaTy 3emii (Tabnuug 1).

[ligkpecnumo, M0 IHBEHTapHU3allil CTaia
HEOOX1THUM IHCTPYMEHTOM peatizalii JepKas-
HOT TMONITUKH JeleHTpamizallii, yHacIiIoK KOl
BiZOynocss mpoBeneHHs (akTHUYHOI Mepeaadi
3eMelb 13 JIep)KaBHOI B KOMYHJIbHY BJIACHICTb
mig yac pedopMyBaHHS CHCTEMH MICIIEBOTO
CaMOBpsIIyBaHHS I yTBOpPEHHS 00’ €IHAHHSIX
TeputopiansHux Trpoman [11]. BiamosigHo, 1€
CTaJI0 «YCIHILIIHUM KPOKOM JUIsl TOTO, 00 Tepu-
TOpiaJibHa TpoMmajaa Oyna IHBECTHLIWHO Npu-
BaOJIMBOIO Ta MOIJA TOBHICTIO KOHTPOJIOBATH
BUKOPHCTAHHS 3€MENbHUX DPECypCiB IpoMajan»
[4]. 3okpema, y PerionanpHiii mporpami po3Bu-
TKY 3€MeJIbHUX BITHOCHH Yy PiBHEHCBKIi 00nmacTi

Ha 2023-2025 poku BU3HAYECHO Cepell 3aBAaHb
IpOTrpaMu «IIPOBEACHHS 1HBEHTapH3alii 3eMeb
ycix (opm BracHOCTI, 3a0e3MeYeHHs MIaHOBO-
KaprorpadiyHUM MarepiajJoM Ta i1HJAEKCHUMH
KapTaMm#, BBEJEHHS 1HHOBAIIMHOTO MEXaHI3My
VOpaBIiHHSA 3eMJISIMH  JIEp>)KaBHOI Ta KOMY-
HaJapHOI BiacHocTi» [12]. Peamizamis 3axoniB
3MIIACHIOETHCSL 332 KOIITH, NependavyeHi B JAep-
KaBHOMY, OOJacCHOMY # Oromkerax MiCIIEeBOTO
CaMOBPSITyBaHHS Ha BIIMOBIAHMIA PIK B 00Cs3i
12290,70 tuc. rpuBeHs (TadbauLs 2).
BuxonaBmsmu 3axomiB  PerionanmpHOi mpo-
rpaMu IIOA0 IHBEHTApU3allii 3eMellb € CLIbChKI,
CEJIMIIHI Ta MICBbKI TepUTOpiaibHI TPOMAJIH, SKI,
BIANOBIMHO A0 JnaHux https://prozoro.gov.ua,
y 2023 pomi ykianu 853 10roBopH 3 apXiTek-
TYPHHUX, 1HXKCHEPHUX 1 IUIAHYBAJIBHUX IOCIYT
(puc. 1), cepen Hux — O6mm3pKO 60 HOrOBOPIB
Ipo MPOBEACHHS 1HBEHTapHu3allii 3eMelib. 3riHO
3 IOTOBOpPaMH PO HaJJaHHs NOCIYT, IHBeHTapu3a-
i1 MiJUIAraiy 3eMIli KOMyHQJIBHOT BIaCHOCTI Tij
3aKJ1alaMH OCBITH, KyJIBTYPH, OXOPOHHU 3/10pOB 1,
I1J] KJ1aI0BUIIIAMU Ta CMITTe3Banumamu [13].

Tabmuns 1

dDyukuii iHBeHTapu3anii 3emeib

Xapakrepuctuka GyHKuii

3abesmneuye IOCTOBIpHICTh iH(OpMAIl MIONO 3EMENbHOI AUISHKH; ONepyKaHHS
MIEPBUHHMX BiJOMOCTEH JJIS HAJTAaHHS 3eMENbHUX NUISHOK TPOMAJISTHAM, BEICHHS
00JTiKy 3eMellb; CTBOPEHHSI «IIEPBHHHOTO 36MEIbHOTO KaacTpy».

3abesmeuye MoCTIHHMIA HAITIST 1 CYKYITHICTB POOIT, CIPSMOBaHUN Ha BCTAHOBJICHHS
[PABOBOTO PEKUMY Ta (HPAaKTHYHOTO CTAHY BUKOPUCTAHHS 3eMEIbHUX IIISHOK,

iX MeX, po3MipiB, CKIaay YTifib 3 METOI PAIliOHAJIBHOTO 3EMJICKOPUCTYBAHHS i
YCYHEHHsI IPUYHH MOXJIMBOTO MOPYIICHHS 3MEITbHOTO 3aKOHOIABCTBA.

3abe3meuye BCTAHOBJCHHS IPABOBOTO CTATYCy 3€MEJIbHHMX JIISHOK 3 METOHO
JISUTBHOCTI,  €KOHOMIYHOTO  CTHUMYJIFOBaHHS,
panioHaJIpHOTO BUKOPUCTAHHS i OXOPOHU 3eMellb 1 BUKOHAHHS (pickanbHOi GyHKIii
JIepKaBH; KOHTPOJIb 3a SKICTIO 3MIHCHEHHA Cy0’ €KTamMHM 3eMeNbHUX BiJIHOCHH
CBOTX TOBHOBa)KCHb, a IIOAO OpPraHiB MyONIYHOrO YIpPABIiHHS — KOHTPOJIb 3a

HIMH CBOIX IIOBHOB)KEHb y Cc(epi BUKOPUCTAHHS 3EMEITb.

3abesmneuye GopMyBaHHS 00CITY MOXKIHMBOCTEH i MOBHOBa)XKEHb TEPUTOPIaIbLHUX
rpomaJ i cy0’€KTiB MPUBATHOTO MpaBa y cdepi ynpaBIiHHA HAsIBHUMU 3€MeTbHUMHU
AKTHUBaMM; OPTaHi3allilo YMOB €()eKTUBHOTO PHHKOBOTO MEXaHI3MYy ISl 3MiHCHEHHS

BiZIOMOCTEH 100 BCiX 03 BUHATKY 3eMejb B YKpaiHi;
BaJifario kaprorpadidyHUX Ta IHIIUX BIJIOMOCTEH MIOAO0 MPAaBOBCTAHOBIIOIOUUX

JUISTHKY; 1HQOpPMAITiT 1010 YMHHUX 00MEKeHb BUKOPHCTAHHS 36MEIbHOI AUISTHKY.

Ne 3/m Bun pynkuii
Indopmarniiina
1
MoHITOpHHTOBa
2
KoHnTtpontoBansHa
3MIACHEHHS  TOCIOAapPCHKOT
3
e(heKTUBHICTIO peaizaii
IInanyBanbHO-
4 opranizailiiiHa
MPOJIAXKyY 3€MENIbHUX JUISHOK, 3aJTy4eHHS iHBECTOPIB.
JepxaBHO- 3abe3meuye J0CTOBIPHICTh, TOBHOTY 1 PEJICBAHTHICTh
yIpaBJiHChKa
5
JOKYMEHTIB Ha KOXXKHY 3€MEIIbHY
O6mnikoBa
6
HENPAaBOMIPHUMH JiSIMH TPETIX 0Ci0.

3abe3neuye cUCTEMy 3aXHCTy IIpaB 3eMJICKOPHCTYBAJiB Ha IMiAcTaBi iHpopMmarii,
sKa BHOCUThCS B JleprkaBHUI 3eMeNTbHUI KagacTp YKpaiHH Iiciis iHBeHTapHu3anii
3eMenb, LIOJAO0 BH3HA4YEHHS PO3MipiB 30MTKIB 1 BTpaT, L0 3aBHAIOTHCS M

Licepeno: pospobaeno asmopamu.

116



Airport Planning, Construction and Maintenance Journal

Bunyck / Issue 2(4), 2024

Tabmuns 2

3axonm 3 BUKOHAHHS PerioHaJibHOI mporpamMm po3BUTKY 3eMeIbHHUX BiITHOCHH
y PiBHeHcbKiii o01acTi Ha 2023-2025 poku 3 iHBeHTapu3auii 3emMeb

3arajabHa Y Tomy 4mcIi 3a pokamMu
e | epei i | OBearn, | papricrs Bukonasui
3/m . THC. Ta PoOOIT. 2023 2024 2025
dinancyBanus THC. I‘p,l-l
InpenTapusanis 114,90 | 12290,70 | 5390,70 | 3350,00 | 3550,00 |LONOBHE yNpaBiiHsz
3eMelb Hepxreokanacrpy
JepxaBHUii OromKeT 11,10 1190,70 340,70 400,00 450,00 |y PiBHeHCBKIH
O61acHi GromKeT o0acri, lenapTaMeHT
(xomrtH crieriansroro | 48,60 5200,00 | 3200,00 | 1000,00 | 1000,00 aFPOHPOMH%HOBOF‘.?
1 | bormy) PO3BUTKY 00/acHOi
5 - JIepIKaBHOT
FOIDKCTH MICHEBOTO | 47 10 | 4500,00 | 1500,00 | 1500,00 | 1500,00 |ammimicTpamii,
CaMOBDPANyBaAHHA CiIIBCBKI, CeNuIAi Ta
[HII1 KotTH MICBKi TepUTOpPiasIbH1
13,10 1400,00 350,00 450,00 600,00 |rpomamu, dhizuuHi TA
IOPUINYHI 0COON
IDicepeno: [12].
Ol!k " fce . cropis 13, Eran fotosopin - Contracling stage v
.=.|. . i “'fl"' Ty w e u ¥ j' .-
5,85 Tue 179,97 man .'t.".f-;a-'. B85 :F!-m 18
Knasw@gizayis CPY gorooopy Aenanin Tearpagin (opranizatops) Pomanma
L umowy
| :
J e
. o4 m 02T - Pl M0 0L | 3088 20AT o = | n Ep Bp b G0

Puc. 1. Jluct «Ilokaznuxm» Ilyomiunoro moayns anaaiTuku 3a 1anumMu PiBHeHchbKoT o0sacTi 3a 2023 pik

IDicepeno: [13]

[Mopsimox  mpoBeneHHS  iHBEHTapu3allii
3eMellb BH3HAua€ BHUMOTH MO0 MPOBEACHHS
IHBeHTapHu3aIlii 3eMeb, BUHOKPEMITIOIOUYN Jep-
KaBHY I1HBEHTApH3allil0 3eMeb 1 3eMEIbHUX
ninstHok [15]. Pesynbratom poOiT € TexHiyHa
JOKYMEHTAIliS 13 3eMJIEYCTPOIO IIOAO0 IPOBe-
JICHHS 1HBEHTapu3allii 3eMenb, SKa MICTHTh
YCTAHOBIIEHUN 3aKOHOM TMeEpeiik HEeoOXiTHUX

TEKCTOBUX 1 rpadiuHux aokymeHTiB. Ilepemik
3aJIeKUTH Bl 00’ €KTIB IHBEHTapH3allii, y TOMY
YHCI JIepKaBHOI IHBEHTapu3alii 3eMelb
1 3eMENbHUX MOIAAHOK, A dYac 3OIHCHEHHS
3eMJICYCTPOIO Ta CKJIaJaHHSA 3a il pe3yibTa-
TaM{, y TOMY YHCJi JepKaBHOI 1HBEHTapH3a-
il 3eMenb 1 3eMenbHuX aingHok. Crarrero 57
«TexHiuHa JOKyMEHTAIis 13 3EMJEYCTPOIO
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3emenbHa ANAHKaE, Wo
BUCTynNuna 06’ekTom
AoCNia¥eHHA

Puc. 2. Oprodoronnan tepuropii KoakiBCbKOro cTapucTHHCHKOIO OKPYTy
JyOpoBuLbKOI MICBKOI paju 3 HAaHeCEHNMU MeKaMu cesia BesltoHb i MeskaMu 3eMe/ILHOIL AiJISIHKH,
sika miaJIsArae inBeHTapusamii

Licepeno: pospobra asmopie na ochogi suxopucmaris kapmozpaghiunozo éeocepgicy Google Maps

I0JI0 IHBEHTapHu3allii 3eMesiby 3akoHy YKpa-
ian «IIpo 3emueycTpiil» yCTaHOBIECHO MEPEITiK
JOKYMEHTIB, SIKi TIOBHHHA MICTHTH TEXHIYHA
nokymenTaiis [13].

O0’exTOM JOCHIDKEHHSI CTaja TEPHUTO-
piss  KoNKiBCBKOTO CTapUCTHHCHKOTO OKpPYTY
HyOpoBunbkoi Michkoi pagu CapHEHCHKOTO
paiiony PiBHeHCBKOi oOmacti. Y Xomi mpoBe-
JIEHOTO aHaI3y TEepPUTOPil BCTAHOBJIEHO, IO
B MeXaX OKPYTY BiJICYyTHE CMITTE3BAJIUIIE IS
TBepaux MoOyTOBUX BiaxomiB. Ha et MOMeEHT
JUTSL IIJIeld 3aXOpOHEHHS TBepAMX Mo0yTo-
BUX BIJXOMIB BHUKOPHUCTOBYETHCS 3eMeJbHA
JIJISHKA, KA 3HAXoauThes 3a 0,5 kM Ha MmiBHIY
Bijg c. Bemonb KonKkiBChKOTO CTapUCTHHCHKOTO
okpyry JyOpoBHIIbKOT MiCBKOT paay Ha 3eMIISX
3amacy, IO BUKOPUCTOBYIOTHCS [UIsl TEXHIY-
HO1 iHpacTpykTypu (kox 010.00), 3aranpHOO
moteto 1 2000 ra.

BigmosinHo mo myskry 3 crarti 20 3eMens-
HOTO Koziekcy Ykpainm [16], kareropis 3emeib
1 BHI IIJTOBOTO MPH3HAYCHHS 3E€MEIbHOL
IUITHKY BU3HAYAIOTHCS B MEXaxX BIIIIOBIIHOTO
BUY (PyHKIIOHAIBHOTO MPU3HAYCHHS TEPHUTOPII,
nepeadadyeHoro 3aTBEP/KCHUM KOMIUIEKCHUM
IUTAHOM TIPOCTOPOBOTO  PO3BHUTKY TEPUTOPIl
TepuTopiabHOI rpoMaan a0 reHepaTbHUM TUTa-
HOM HaceJsileHoro TyHKTY. Lli Buam nokymenTanii
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Ha 3eMEJIbHY JUISTHKY Ta MPUIETITYy TEPUTOPIIO He
po3poOsITHCS.

3a3HauuMo, 10 poOOTH 3 IHBEHTApHU3aIii
3eMeITbHOT JIUITHKH BKJIFOYAIOTh 00CTEXKYBaJbHI,
tororpado-reoge3nyHi Ta  TMPOEKTHO-BUIIIY-
KyBaJIbHI po0OOTH, CKJIAQJACHHS H OQpOpMIICHHS
TEXHIYHOI JIOKYMEHTAIlii B TaliepoBiii Ta eJeK-
TPOHHIN (opMi, CKIAAEHHS EJIEeKTPOHHOTO
nokymenta [15]. Pobotu 3 iHBeHTapm3arii mpo-
BOJATHCA 3TifHO 3 pimeHHsM JlyOpoBHmbKoi
MICBKOI paau. 3a pe3yabTaTaMH IPOBEICHHS
Tororpado-reoge3nyHNX poOIT CTBOPEHO IuIa-
HOBO-KapTorpadiuHi Marepiaii moa0 BCTAaHOB-
JICHHSI MEK 3€MEeJIbHOI AUISTHKY 3 TIPUB’ I3KOI0 J10
MYHKTIB JIep>KaBHOI Te€0e3MYHOI MEpexi 3 Tou-
HicTio 10 0,5 MM (puc. 3).

CepenHbOKBaIpaTHYHA TTOXHOKA BU3HAYCHHS
KOOp/IMHAT TOBOPOTHUX TOYOK MEX 3€MEIbHOI
JUISTHKY, 10 3HAXOOUTHCS 332 MEXaMH Hacele-
HOTO IyHKTY C. BenroHb, CTOCOBHO HaWOIIIK-
YMX TYHKTIB JEP)KaBHOI T'€OIE3WYHOI MEpexi,
a B Hamomy Bumnanky Cenenpk, Bucoupk, He
nepesummia 0,5 MeTpa, 10 BiANOBIIa€ BAMOTaM.

[Tin wyac BukoHaHHsS Tomorpado-reone3ny-
HUX POOIT TPOBENEHO OOCTEKEHHS 3EeMENbHOI
JUISHKA IOA0 HASBHOCTI PEKUMOYTBOPIOIOYHX
00’€KTiB 1 BCTAHOBJICHHSI OOMEXEHb ii BUKOpHC-
TaHHs. TakuMH 00’€KTaMU CTajld €HEpPreTuyHa
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Puc. 3. Ilaan 3emuexopuctyBaHHsA KoJIKiBCHKOI0 CTAPUCTHHCHKOIO OKPYTY
JAyOpoBULIbKOI MiCHKOI pajiv 3 HAaHECEHMMH Me:KaMu ceJia BeslloHb i MeskaMu 3eMe/ILHOIL AiJISTHKH,
siIKa miJJIArae iHBeHTapusauii

Licepeno: pospobaeno asmopamu

cuctema JIEII-35kB Ta rocmomapcbkuii ABip.
BinnoBinHo, Ha 3eMeNbHIN TiISHII BCTAHOBIECHO
OXOPOHHY 30HY B3JIOBX 00’€KTa CHEPreTUYHOL
cuctemu (JIEII-35kB) i caniTapHO-3aXHCHY 30HY
HaBKoJI0 00’ €kTa (Tocmonapchkuii 1Bip) (puc. 4).

BaxnuBor0 YacTMHOIO TPOBEJCHHS 1HBCH-
Tapu3aiii 3eMeNbHOI TISHKH € yCTAaHOBJICHHS
BIUIMUBY 3€MEJIBHOI MUISHKA Ha HAaBKOJHUIITHE
cepenoBuie. 3rigHo i3 3akoHoM Ykpainu «IIpo
OXOpOHY 3emenb» [17], 3a00pOHSE€ThCSI HECAHK-
IIOHOBAaHE CKUJAHHS H PO3MIIIEHHS BiIXOMIB
y TiA3eMHHX TOPU30HTAaX, HA TEPUTOPIi MICT Ta
IHIITUX HACEJICHUX ITYHKTIB, HAa 3eMJISIX IIPUPOTHO-
3aMoOBIIHOTO ¥ IHIIIOTO TMPUPOTOOXOPOHHOTO,
037I0POBUOTO, PEKPEAIHHOTO 1 iCTOPUKO-KYIIb-
TYpPHOTO NMPU3HAYEHHS, Y MEKaX BOJOOXOPOHHUX
30H 1 30H CaHITapHOI OXOPOHM BOIHUX 00’ €KTIB,
B IHIIMX MICIIX, III0 MOXXE CTBOPIOBATH HeOE3-
MeKy JUIsl HAaBKOJIMITHBOTO MPHPOIHOTO CEPeIo-
BHIIIA Ta 3I0POB’s JtoauHH. [IpoekTHa 3emMenbpHa
TISTHKa HE HAJICKUTh J0 BHINETIEpEepaxOBaHUX
3eMeb 1 30H.

VY cknaal BHXITHUX MaTepiajiB HaJaHO Ta
npoanaizoBano [lacopT mici BUugaaeHHs BiJl-

xoaiB (MMB). BiamoBinHo a0 BimomMocTeH, 1€
CMITTE3BAJIMILE, IO PO3TAIIOBaHE Ha OOCTEXY-
BaHIM 3eMENbHIM AUISHIN, Ii0Yedl po3MilieHe
3a 0,5 xM Ha miBHIY Bif c. BemroHb. 3a TeXHiKO-
TEXHOJIOTTYHOIO XapaKTEPUCTUKOIO — BIJIKPUTE
MOBEpXHEBE HACHUITHE, APEHAXHHUH CTIK BIIACYT-
Hil, 13 €JIEMEHTIB 1HKEHEPHOI MiATOTOBKU TEPH-
TOpii HAsBHI JIMIIE 3eMJISHI JIPEHAKHI KaHaJIH.
Pik movarky ekcrumyaraiii — 2020 p., po3paxyH-
KOBHM TEpMIH eKCIUTyaTalli He BHU3HA4YE€HO. 3a
MPUPOTHO-TEOJIOTIUHUMHU  XapaKTePUCTUKAMHU
IMOMHA 3alaraHHs IPYHTOBHUX BOJI CTaHOBUTH
2—4 M, ckiaj 1 OymoBa 30HU aeparlii — CyIiCKH,
MICKU CEePEIHBO3EPHUCTI. 3eMeIbHA NIJITHKA HE
BKJIFOUCHA JI0 TEPUTOPIi 00CITyroByBaHHS MEJio-
paTHUBHOT MEPEXKi.

TakumM 4YMHOM, BH3HAYEHO, IO OOCTEXKY-
BaHa JUISHKa mepedyBae B 3eMJIsiX, HE HaJa-
HUX y BJIACHICTh 1 KOPUCTYBaHHS, 1 (aKTUYHO
BUKOPUCTOBYEThCSI 0€3 BHU3HAYEHHS I[LJIbOBOTO
npusHaueHHs. [llnsxom peectpanii 3emenbHOL
IUISTHKY B JlepaBHOMY 3eMeIbHOMY KaaacTpi
OyIyTh YHECEH1 BiZIOMOCTI Tpo (GOpPMyBaHHS
3eMeJIbHOI UISTHKY Ta MPUCBOEHHS i KaJacTpo-
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KoHTyp obmesenHA Ne1
Ox0poHHA 30H3 B3J0EK
00’eKTa eHe preT HuHOT

cucTenmu (TIEM 35kB)

KoHTyp ofmeseHHs N2

CariTapro-2300HS 3068

waEono obexTa
{rocnopapoeeeit AER)

MEPEJIK OBMEXKEHb ¥ BUKOPUCTAHHI 3EMENBHOI AINAHKA

K
a Haszza

o obumexenHa

HEHHR

Oroxosni 2 akoHoa asul 2KTH

Mnowa
Iral

1 | 01.05 | Ox0opoHHa 30Ha BI0E

NocTatosa KMY sig 04.03.1997p. Ne209

"Mpo saTeepg®eHHA 1pa Bun 0XCPoHM ENEXTPHUYH HX
Mepex”, 3aKoH Yrpaiiu Tpo 3emMni e HEPTETH K1
Ta NpPaBOEW PEXMUM CNELian bBHUX 30H & HEPTETHYHIX
ob'exTie” sig 09.07.2010 N2 24301

of'erTa eHepreTM4Hol
cucTemu (NEN 35¢B)

0,1029

02m

C aHiTap Ho-3aXM CHa 30Ha OBH 360-52 "MicToGygysaHHi. [nadysaHHa
i 330yQ0B3 MICEKMX | CINBCBEMX NOCENEHB.
Hakas MiHicTepcTea 0X0opoHW 20opoE’a "M po 2aTEEpO#EHHA
[lep#aBH ux CAHTapH UX NPaBin MNaHyBaHHA Ta

zafiygosn Hacenenux nyHrTiE" Big 19.06.1996p.

Haekono of'ekTa
(rocnogap cekuit geip)

1,2000

Puc. 4. Ilnan o0MexkeHb Yy BAKOPHCTAHHI 3eMeJIbHOIL NiTAHKH

Licepeno: pospobreno asmopamu.

BOT0 HOMEPA 3 MOJAJIbIINUM [TOCBIAYECHHIM PEYo-
BOTO MpaBa Ha Hel Miclis 3aTBEPKCHHS TEXHIY-
HOT IOKyMEHTAIlii.

I'PYHTOBI, Fe000TaHIYHI 0OCTEKEHHS B MEXax
i€l 3eMeNbHOI MUISHKA HE MPOBOAWIHU, aje
BUKOpHUCTaHO AaHi Ilacmopra micis BUIaJICHHS
BimxoniB (MMB) crioctepexeHHs! (MOHITOPHHT)
3a SIKICTIO MOBEPXHEBUX BOJI, IPYHTIB Ta aTMOC-
(depHoro moBiTps, mo 3aikcHioe Y «PiBHEeH-
cekuii OLIKMX MO3 Ykpainn» [lyOpoBUIIEKOTO
BiIinenHs CapHEHCHKOTO palioHHOTO BIAILTY 32
BCTaHOBJIICHUMHU (hopmMamu. 3a BUKOIIIOBAHHIM
13 Mepepo3noiiay 3eMeNlb MK 3eMIIEBOJIONIb-
MU ¥ KOpHuCcTyBauaMu Ha TepuTopii Bemton-
ChKOI CUIbChKOI paau JlyOpoBHIIBKOTO pailoHy
BU3HAYCHO, 110 HA LM 3eMENbHIN MUISHIL 0
3MIHM YTib MiJ PO3MIMIEHHS CMITTE€3BAIUIIA
kinacudikyBanucs sk micku (xon 3rizHo KB3Y
003.02). 3riguo 3 JACTY 6 B.2.1-2, micok — 11¢e
HE3B’sI3HUU MiHEpaNbHUN TPYHT, Y SIKOMYy Maca
YacTOK PO3MIPOM MEHIIe 2 MM 1 CTaHOBHTH
o6inb1e 50%. 3rigno 3 [IpaBunamu po3poOieHHs

120

poOOYNX MPOEKTIB 3eMIICYCTPOIO, 3aTBEepKe-
HumH [TocranoBoro KMV Big 02.02.2022. Ne 86,
MacoBa YacTKa F'yMYyCY B HIDKHIN MEK1 POJIIOUOTO
1Iapy rpyHTy, 110 3HIMAEThCSI, CTAHOBUTH y MPH-
poaHO-ciIbCcbKkorocnogapebkin - 30ui  [lomices
He MeHIIe K 1%; MacoBa yacTKa TPYHTOBHUX
yacTUHOK MeHme HiK 0,1 Mm — 10-75%, a Ha
3aIlJIaBHUX, JEJILTOBUX MICKaX 1 MIAHUX BlOKIIa-
nax — 5—10%. Bukopucranns ix sk CiIbCHKOTOC-
MOJapChKUX yriab HeBumnpapnaaHe. [Ipote micns
3aBEpIICHHS BUKOPUCTAHHS TEPUTOPIi SK MOJIi-
TOHIB 3 BUJJAJICHHS TBEPJIUX MOOYTOBUX BIIXO/IB
PEKOMEHAYETHCS BXKUTH HHU3KY 3aXOMIB IO
pPEeKyIbTUBAIllI 3€Mellb 3a JICOrOCMOAapPChbKUM
HaNpsIMOM — KYJIICHI, KypTHHI i MacHBHI Haca-
JOKCHHS Ha TICKaX, 3IHCHEHHS TICOPO3BEICHHS.

Il moxyMeHTalisi i3 3eMJIEYCTPOIO IOTO-
JOKEHHS HE MOTpelye Ta 3aTBEPIKY€EThCS Opra-
HOM MICIICBOTO CaMOBpSAyBaHHA. BiAmoBinHO
0 3€MENbHOTO 3aKOHOAABCTBA, PO3MOPSIKa-
TUCS 3E€MEIBHOI JUISHKOK YIOBHOBAa)KEHA
Jy6poBuiibka micbka pana [16]. o [depxaBHOro
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Tabmuis 3
IlepeJtik 3eMeJbHUX JiJISTHOK, He HAIAHUX Y BJIACHICTH | KOPUCTYBAHHA
No Ha3zga Homep Koa yrins | Kareropis 3emenn Koxa Buay
3 /1'1 ciibebkoi paau | 3emeabHoi | [Lioma, ra 3rigHo 3a MIJILOBUM iJIbOBOTO
(po3nopsIHNK) TUISIHKH 3 KB3Y NMPU3HAYEHHAM NPU3HAYEHHA
1 |/lyoposuupka 1 1,2000 010.00 900 11.06
MichKa paja

Icepeno: pospobnerno agmopamu.

dboHIy MOKyMeHTalii i3 3eMJIEyCTPOIO TEXHIYHA
JOKYMEHTAI[iSl TEPEeJaETbCsl B EIEKTPOHHOMY
BUIVISIAL. 3a pe3yabTaTaMu poOiIT CKIIaJeHO eleK-
TPOHHUN AOKyMeHT ¢opmary XMI Ta mepemnik
3eMeNbHUX IUISHOK, HE HaJaHUX y BIACHICTb
1 KopucTyBaHHS (Tabnus 3).

BucnoBku. IlincymoByroun BUIlIEHaBEICHE,
3a3HAYUMO, 10 HUHI Ha 3aKOHOJABYOMY piBHI
mpolec iHBEHTapH3alii 3eMejb YperyaboBaHo,
ajie TpHU TMPOBEACHHI 1HBEHTapHU3aIlili OKPEMHUX
3eMeNbHUX MAUISHOK MOTpelye OiIbll JeTalb-
HOTO PO3MIALY Ta I1HAMBIAYaIbHOTO MiIXOLy
3 HAIMOBHEHHS 1H(OopMarIii.

VY pesynbrari aHajizy HayKOBO-MPAKTUYHUX
3acaji iIHBEHTapu3allii 3eMellb TePUTOPIaIbHOT
rpoMagy BHOKpeMJIeHO (YHKIi iHBeHTapu3a-
1ii 3emMenb Ta 0COONMBOCTI, IO XapaKTepU3y-
10T 11 mpoBeneHHs. BupuuBmim PerioHanpHy
mporpamMy pO3BUTKY 3€MEIbHUX BiIHOCHH
y PiBHeHchkilt obnmacti Ha 2023-2025 pokw,
YCTAaHOBWJIM, IO B 007acTi poOOTH 3 iHBEHTa-
puzaiii 3eMenb 3aliMaloTh BAXJIHBY YaCTUHY
(diHaHcyBaHHs, sike 3a0€3MeuyeThCs 3 PI3HUX
BHJIIB OIO/KETY, IO CBIAYUTH MPO 3alliKaBje-
HICTB JE€p>KaBU W OpraHiB MICIIEBOTO CaMOBPS-
JTyBaHHS UM BHUJIOM POOIT 1 IX BaXKIUBICTb.
[aBeHTapHU3allisa 3eMenb nependayae BHECEHHS

JAHUX MPO 3eMeNbHI AiIsHKU 10 Jlepkas-
HOTO 3€MENBHOT0 KagacTpy, IO JACTh 3MOTY,
no-mepie, OTPUMAaTu MPUOYTOK BiA OpeHAHOL
rwiatu (8% BiJ HOPMATUBHOI TPOIIOBOI OI[IHKH
B cepeqHbOMYy Mo Ykpaini) [4], mo-apyre, y3a-
KOHUTH BUKOPUCTAHHS THX YW IHIIMX JUISHOK
JUISL pI3HUX Lined. Y Hamomy pasi — mepenadi
3eMEIbHOI TUISHKU I TEePCIEKTUBHOTO PO3-
MIIIEHHS MOJIITOHY 3 BUJIaJIEHHS TBEPAUX MOOY-
TOBHX BIJIXOMIB (CMITT€3BalMIa), 10 3a0e3-
MEYUTHh OXOPOHY HABKOJIUIIHBOTO CEpPEOBUIIA
KonkiBcbkoro crapucTuHcbKoro okpyry Jyopo-
BHIIbKOI MICBKOI panau cena Bemtonb 1 noTpu-
MaHHS MOJOXKEHb cTaTTi 46 3akoHy YKpaiHu
«IIpo oxopoHy 3eMelnby, 3 MOAANBIIO PO3POO-
KOIO TMPOEKTY MO0 BEACHHS B EKCIUTyaTallilo
CMITT€3BAIMINA, JOKyMEHTAIli Moa0 OO0MiKy
Ta BUJAJCHHS BIAXOMIB 1 poOOYOro MPOEKTY
pPEeKyNbTUBALIT 3eMeNbHOT MISHKY Mics JiKBi-
namii 00’ eKTa MOBOIKEHHS 3 BIIXOLaMU.
[IpoBeneHHs iHBeHTapH3allii 3eMelb € Tepe-
JyMOBOIO IIPOCTOPOBOTO MJIaHYBaHHS 1 1HTETPO-
BAaHOTO PO3BUTKY TEPUTOPIaTbHOI TPOMAIH, IO
CIIpHsi€ 3MIHCHEHHIO TOCIOIAPCHKOT AISTBHOCTI,
[IJeCHIPSIMOBAHOTO BHUKOPUCTaHHS PECYpCIB,
3a0e3MeUYeHHs CTajJoro pPO3BUTKY Ta 3a70BO-
JICHHsI TOTPe0 CyCHiIbCTBA HA Il TEPUTOPIi.
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VYIOCKOHAJIEHHS 3ACOBIB BUMIPIOBAJIbHOI TEXHIKHU
A EKCIIEPUMEHTAJIBHOT'O KOHTPOJIIO
MNAPAMETPIB BYAIBEJbHUX KOHCTPYKIIA
B YMOBAX BUPOBHUYOTO MANJIAHUHKA

Anomayia. Y cmammi ananizyemvbca ROMOYHUL CMau 3acobié BUMIPIO8ATbHOI mexHiKu 015 pixkcayii nepemi-
weHb npozunie Ha punky Yxpainu. Ilodaemocs 6ucHo80K npo 8i0CYMHicmeb aHAN02i8 MPAOUYIIHUM NPULAOAM RPO-
eunomipie. Hageoeno ocrosHi 0coOmUuB0Cmi BUKOPUCTHAHHS Yb020 0ONAOHAHHS 8 YMOBAX OYOIBeTbH020 MAUOAHYUKA
Yy GUPOOHUYOT NAOWAOKYU 3a600Y. BiomiueHo eajcausicms yCmaHo81en s SUMIPIOBAILHO2O 0OAOHAHHS i3 cucme-
Mamu 3axucmy 8i0 oopyuieHHsi KOHCMPYKYill ma YHUKHEHHs CIOPOHHIX 6NIUGI6 HA BUMIPIOGATbHe 0bnaonanns. Pos-
SNAHYMO AHANO2U, SIKI GUKOPUCMOBYIOMb THULE opearizayii. Po3pobienutl npomomun Ha 0CHOSI 1a3ePHUX OamyuUKie
NOKA3a8 3A008IIbHI pe3yIbmamu ujo00 MOYHOCHI. 3A3HAYEHO HUZLKY HAOTIIHICMb Yb020 NIOX00Y Yepe3 HeOOCKOHA-
JCMb cucmemu ONMUYHUX NPUCTHOCYBAHD.

3anpononosano 61acHy KOHCMPYKYIIO 3 BUKOPUCTHAHHAM YUDPOBUX NPUCNOCYBAHL ONsl CHAHKIE Memaio-
06pobKuU. 3acib 8UMIpIOBaNbHOI MEXHIKU CKAA0AEMbCA i3 YUPPOBOI Mecypu, NAACMUKOB020 KOPNHYCY, KOPIUHU NPO-
musacy, CManegux nAACmun eanmaoicy. Buxonano nopisusannsa 3 2 npunaoamu npo2uHOMIipie, wjo npouuiu Mmempo-
J02TYHUL KOHMPOas | nogipky. Hasedeno ompumani Heznauni ¢ioxunenus i pozoixcnocmi. IIposedeno nosmopHy
nepesipKy 3a 00Nomozoio iHOUKAmMopie 200unHuK08o2o muny. Ompumani pe3yibmamu niomeepoIcyIoms 8UCOKY
MOYHICMb GUMIDIO6AHb.

Ha ocnosi npogedenozo 0ocniodcenuss 3po06aeHo 8UCHOBOK NPO 0ONYCMUMICIb 8UKOPUCIAHHA 3aNPONOHO8A-
HO20 npunady 00 GUMIpIO8aAHb NPO2UHIE. YKA3AHO OCHOBHI HANPAMU B0OCKOHANEHHS eNeKMPOHHOI cUCmeMu nPUnaody
Ul poswupenus tioeo ynxyionany. Biomiueno nepcnexmugu nposeoenns peecmpayii ma gupobuuymea. Ompumaro
nonepeoni eucnoexu JI « KUIBOEJICTAHIJAPTMETPOJIOT ISy npo mounicme eumipiosans Ha pieni 0,01 mm.

Knrwouoei cnoea: npocunu, nepemiwjenns, npuiaou, 3acobu 6UMIpIo8AIbHOI MexXHIKU.

Skliarenko Serhii. IMPROVEMENT OF MEASURING EQUIPMENT FOR EXPERIMENTAL
CONTROL OF BUILDING STRUCTURES PARAMETERS ON A CONSTRUCTION SITE

Abstract. The article analyzes the current state of measuring devices for recording deflections on the Ukrainian
market. It concludes that there are no analogs to traditional deflectometers. The main features of using this equipment
on construction sites or factory production sites are presented. The importance of installing measurement equipment
with protection systems against structural collapse and avoiding external influences on the measuring equipment
has been noted.

The prototypes used by other organizations were reviewed. The prototype developed based on laser sensors
showed satisfactory accuracy results. The low reliability of this approach was noted due to the imperfection of the
optical system. A new design using digital devices for metalworking machines has been proposed. The measuring
instrument consists of a digital micrometer, a plastic case, a counterweight basket, and steel weight plates.

A comparison was made with two deflectometers that passed metrological control and verification. Minor
deviations and discrepancies were reported. A repeat test was conducted using clock-type indicators. The results
confirmed the high accuracy of measurements. Based on the conducted research, a conclusion was made about
the admissibility of using the proposed device for deflection measurements. The main directions for improving
the electronic system of the device and expanding its functionality were indicated. Prospects for registration
“KYIVOBLSTANDARTMETROLOGY” indicate measurement accuracy at the level of 0.01 mm.

Key words: deflections, displacements, instruments, measuring equipment.
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Beryn. BumiproBanHst mporuHiB OyniBeIbHUX
KOHCTPYKIifl IIMPOKO 3aCTOCOBYETHCSI B IIpaK-
TUI[l HAyKOBUX JIOCIHIJIKECHb, MPOCKTyBaHHSI
1H/IMBIyaJbHUX HECYYHX KOHCTPYKLIH, OLiHIO-
BaHHI (paKTMYHOI HECy4oi 3/71aTHOCTI €JIEMEHTIB
Oy/1iBeTb 1 CIIOPY/ 1 KOHTPOJIIO SIKOCTI KOHCTPYK-
il 3aBOJICBKOTO BUTOTOBJICHHS B XOJi HAaTyp-
HUX BHUIPOOYyBaHb, B OCBITHbOMY IPOLEC] Mif
qac J1aboparopHux Aociimpkenb. Cepes BITOMUX
13aCTOCOBAaHUX 3aC001B BUMIPIOBAIBbHOT TEXHIKH
(mami — 3BT) B YkpaiHi i 3aKopIOHOM HAHOLIBIII
9acTO BUKOPHCTOBYIOTH HPOTHHOMIpH AicTOBa
6-ITAO (puc. 1, 6) Ta 1IHAUKATOPU CTPUIOYHOTO
TUIY 3 MPHUCTOCYBAaHHSAM DPI3HOTO POy MecCyp.
MeHi 3acTocoBaHUMH € 3aco0u (hoTorpamme-
Tpii abo creniani3oBaHUX CTepeoKamep, Halpu-
kinan, cuctemu «ARAMIS» (puc. 1, a). OcHo-
BHUMH HpoOIeMaMH 3aCTOCYBaHHS OCTaHHIX
METOIIB € JOCUTh 3HAa4YHA BapTICTh 3a3HAYEHOTO
oOnajHaHHs, WOro HE3HAyHe TMOIIMPEHHS Ta
CKJIaTHOIIl BHKOPUCTAHHS B «IIOJILOBHX» YMO-
Bax Oy/iBEJIbHOIO MalJIaHUYMKy YU BHPOOHUYOT
IUTOINAJKU 3aBOJy. YCTAHOBIICHHS 1HAMKATOPIB
CTPIJIKOBOTO THILy MOTpedye BIAIUTyBaHHS CIie-
1ia1130BaHUX MECYp, TOYHOCTI X YCTaHOBJICHHS,
JI0CTaTHBOT JKOPCTKOCTI i 3a0e31e4eHHs] yMOB ix
po6oTu 0e3 CTOpOHHIX BIUIMBIB. BunpoOyBanbHi
naboparopii JOCUTh 4acTO HAMAararOThCS BUKO-
HaTH BJIACHI IPUCTOCYBaHHS, 1110 IPYHTYIOTHCS Ha
ONTUYHUX YU JIA3EPHUX JATUMKAX PI3HOTO TUITY
(nanpuknan, puc. 1, B). Ha nmpaxTuii BUKOHaHHA
pizHOrO pony BUNpoOyBaHb (HapUKIad, puc. 2)
JOCUTh YaCTO BUHUKAE PU3UK OOPYIIEHHS KOH-

CTPYKIIi, 1[0 TPU3BOJUTH A0 3HUIICHHS BUMi-
PIOBJIBHUX MPHJIAAIB 00 BUKPUBICHHS CTPHIK-
HiB MeCyp IpHY 3HAYHHUX MPOTHHAX, IO CYTTEBO
BIUIMBA€ HA TOUHICTh OTPUMAHUX PE3YNIbTATIB.

Marepiaau Ta MeTroau. Y XoIi OHOBJICHHS
¢donny 3BT y BrnacHiit nabopatopii OyiBeIbHUX
KOHCTpyKLiil 1 BuOyxorexHiku IIII «IlonraBa-
IOPOEKT» BUSBICHO 3HAYHUN (I3UYHUNA 3HOC
nporuHoMipiB 6-ITAO i BiACYTHICTH anbTep-
HATUBU iX 3aMiHM. 3a3Ha4yeHi npuiaaau (y ToMy
YUCl 3 eNEKTPOHHUMHU LU(POBUMHU OJIOKaMN)
BUPOOJISIOTHCA BUKIIIOYHO B KpaiHi-arpecopi Ta
HE TOUIMPEHi 3a KOpIoHOM. JlocmimKeHHs IpyH-
TYIOTBCSl Ha aHaji3l JOCTynHUX Ha puHKy 3BT,
HepeoBUX BITYM3HAHUX 1 3aKOPIOHHUX MIPAKTHU-
Kax MPOBEJCHHS HATypHUX 1 Ja0OpaTOpPHUX EKC-
NEPUMEHTIB, BIACHOMY JIOCBi/li BAKOHAHHS Hay-
KOBO-TE€XHIYHOTO CYIPOBOJY PO3pPOOOK HOBUX
KOHCTPYKTHBHHUX PIIlICHb.

PesyabraTn. IlepmiuM KpokoM y HOLIYKY
1 CTBOpPEHHI BJIACHUX 3ac00iB BUMIpPIOBAHHS
cTajia mepeBipKa JAOCBily BUKOPUCTAHHS CIIe-
HiaJIbHUX NPHUCTOCYBaHb Ha 0a3i Jla3epHUX
Ta ONTUYHUX JATYMKIB, 1[0 YACTKOBO BHUKO-
pucrtoByBanu B naboparopisx HJII OyniBens-
HUX KOHCTPYKUiH. BuroroBinenuil mportoTumn
3amapkoBanuii PL-01 crtBopenmii Ha 6asi
Ja3epHUX JaTuuKiB KoMmIulekTy Bambu LAB.
[TopiBHSAHHS MPOBOAUIHN 3 MOKA3HUKAMH IOBi-
penoro mnporuroMipy 6-IIAO 13 TOYHICTIO
0,01 MM Ha 3pa3ky JepeB’sHOI IOLIKHU Iepe-
pizom 100x10 mm. Sk HampaBisio4i BHUKO-
pPUCTAHO TOJ€ 3 MAaTOBHUM CHHTETHYHUM

6) B)

Puc. 1. 3araabHi npucTocyBaHHs VI BUMIPIOBaHHS MPOTHHIB: a) cucTeMa crepeokamep «KARAMIS»;
0) npornnoMipu Aicroa 6I1AO; B) 101aTKOBiI NIPUCTOCYBAHHA
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Puc. 2. IIpoBenenHst BUIPOOyBaHb B YMOBaX BUPOOHMYOr0 MalIaHYNKA
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Puc. 3. Bunpo0yBanHs nepemimieHnsi Ha npucrocyBanus PL-01
(na3epHuii naTunk Big kommiaekty Bambu LAB)

NOKPUTTAM 1 HaJiiHOMIO (QiKcalli€o AaTdyuka
HaJ piBHEM IOBEpPXHi. Y XOI1 BUNPOOYBaHHS
(puc. 3) BigMidueHO 3aBUCaHHS AaTYMKA 3 YaCT-
KOBUM O€3CHCTEMHUM IPOCKOB3YBaHHSAM 3Ha-
yeHHs1 mnepeminieHHs. OCHOBHI OTpUMaHi
pe3ynbTaTv: BIAXWUIEHHS MIXK IOKAa3HUKaMU
nporunomipa 6I1AO (IT1) 1 3i6panoro npucro-
cyBanHs PL-01 cranoBuiio 4,66 mMm, a6o 29%.
Bapro BiAMITHTH, 1O 10 HIPOCKOB3YBaHHS
JaT4vka Ha 1—5 cTynmeHsX BiIXUJIEHHS CTaHO-
Buiio 0,07 mm ta 1,46% BigmoBigHO.

JIpyrum eTarom cTajo MPUCTOCYBAaHHS €lleK-
TpoHHOI Mecypu Ha 6a3i SHAHE 5403-200F i3
touHicTiO 0,005 MM, 1110 BUKOPUCTOBYETHCS ISt
nepeoOiagHaHHsA METano00pOOHMX BEpCTaTiB
y cranku UIIY. Kopnyc npunany 3Moaenb0BaHO
i BUTOTOBJIEHO HUIAXOM 3D NpyKy 3 TOUYHICTIO
comna 0,2 MM, 1m0 3a0e3Meunsio TOYHy CIiBBiC-
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HICTb HAIPaBISIOUUX JJIS1 KPIIUIEHHS MECYPH Ta
KOpP3WHM MpoTuBaru. Jis mepeBipku pe3ysbra-
TiB JaHUX BUKOPHUCTAHO BiJ(pa3y 2 MPOrHHOMIpH
6-ITAO. BigxuneHHs MiX MOKa3HHUKaMH 2 Mpo-
ru"omipiB 6ITAO (I11, I12) i 3i6paHoro npucto-
cyBanus PP-01 cranoBuno 0,08 mm, a6o 0,3%
(puc. 4, 5).

3Bakalouu Ha PO3HECEHHS TOUOK KPIiIUIEHHS
CTPYHHU NPOrHHOMIpiB Ha 30 MM ([ BEpTHKAJIb-
HOTO XOJy BaHTaXy MpOTUBAr) i 3adikcoBaHe
3aKpy4YeHHs Iepepidy eJIeMeHTa, 10 BHUIIPOoOo-
BYBAaBCs, BUKOHAHO MOBTOPHUI J0CHI 13 MOPiB-
HSHHSIM 310paHoro npucrocyBanus PP-01 i1 mosi-
PEHUM IHIMKATOPOM TOAMHHHMKOBOro iy MY
0,01 (puc. 6). BigxuneHHS MiX MMOKa3HUKAMH
craoBuiao 0,01 mm, a6o 0,1%. MakcumaibHi
BIJIXWJICHHS, 3a(DiKCOBaHI B XOJi BUIIPOOYBaHHS,
cranoBuin 0,03 mMm ta 0,97%.
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Puc. 4. Bunpo6yBanns nepemimenns Ha npucrocyBanust PP-01 (exekrponna mecypa SHAHE 5403-200F)
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Puc. 5. PesysabraTn BUunpoOyBaHHs nepeMimieHnsi Ha npuiaaaax PP-01, I11, 112

[lomanpmmii  pO3BUTOK  3aIPOIIOHOBAHOTO
MpUCTOCYBaHHA (puc. 7) Hapas3l 3BOJUTHCS [0
Oumpn cTabunpHOT (pikcamii Ta BIAMITYBaHHS
3axucty kopmnycy PP-01 nuisixom ycTaHoBIIEHHS
B CTasIeBy 000iiMy. BUKOHY€THCSI KOMITOHYBaHHS
T TKITFOYCHHS Ta Tiepeiada JaHuX Bipasy 3 Kijib-
KOX JTaTYMKiB Ha 1iaty Arduino 3 nmporpamyBaH-
HSM MOXJIUBOCTI YB’SI3KH OTPHUMaHUX JaHUX
y gaci. Onpanb0BaHO MOMEHTH 3HIMaHHS TIOKa3-
HUKIB MIPUMYCOBO (32 HATUCKAaHHSIM KHOIIKH) YU
BIJITIOBITHO /10 3aKJQJICHUX Yy TPOrpaMy CIIiB-
BiTHOIIICHb IMIBUAKOCTI PO3BHUTKY Aedopmartiit
(HE0OX11HO 7151 TOUHOT (hiKcarii Jacy 1 3HIMaHHS
MMOKa3HUKIB TPOTHHIB Micis cTabumizamii 3pa3ka
Ha CTyINEHI HaBaHTaXXCHHS BiJl KOJMBaHb KOH-
CTpyKIIii a00 mepediry JacTHIHUX aedopMartiii).
JlomaHo 101aTKOBI BUXOAM JIJIS 31CTABJICHHS 3HA-

YeHHs MPOTHHIB i3 NU(POBUMHU TOKAa3HUKAMHU
HABaHTAXCHHS (BiJl €MEKTPOHHHUX Bar 4u LUQ-
poBoro Onoky mpecy). JOCHiKyeThCsl BILTUB
Ha TOYHICTHh JaTYMKa TPOCITAaHHS TOKA3HUKIB
JDKEpeTia JKUBJICHHS MeECypH. YKe NpoBeleHi
nonepenni 3amipu daxisramu 1 «KUIBOBJI-
CTAHAAPTMETPOJIOI'TS» 3a3nHauunu  ToY-
HiCTh BUMiptoBaHb Ha piBHi 0,01 MM i3 HYITbOBHM
BIIXWJICHHSM TIOKa3iB TPWIAAY BiJl JOBKHHH
CTaH/JAPTHHUX CTAJIOHIB.

BucHoBku. OTpuMaHi pe3ylIbTaTH MOXYTh
CBITYMTH TIPO JIOCTATHIO TOYHICTH OTPHMAHOTO
NPUCTOCYBAHHS IS TIPOBENICHHS] BHIIPOOYBaHb
y «TIOJBOBUX yMOBax». JlOCBil BUKOHAHHS TOTi-
OHMX TOCIiKeHb yKa3ye Ha 3HAYHY KiIbKIiCTh
¢dakTopiB, MO BIUIMBAIOTH Ha JOCTOBIPHICTH
OTPUMAHMX PE3yJIbTATIB: BIUIUB CTOPOHHIX (hak-
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Puc. 7. llogansmuii po3BUTOK BUKOPUCTAHHSA nM(ppoBux Mecyp y 3BT
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TOpiB (BiOpawii KOHCTPYKILIH, BIUIUB BITpY Ha
KOPITyC TIPOTHMHOMIPIB, CHJIOBI CTOPOHHI BIUIMBH
Ha KOHCTPYKIIii, 10 JOCTIKYIOTHCS TOIIO), TOY-
HICTb 3HIMAHHS 3aMipiB 13 upepOIaTiB CTPLIKO-
BOTO THUITy B CKJIQJHUX YMOBaxX BUIIPOOYBaHHS,
TOYHICTh  YCTAHOBJIECHHS  BUIPOOYBaJbHOIO
CTeHJy 1 TNPHUCTOCYBaHHA JUI BHUIPOOYyBaHHS
Tou1o. PaKTUYHO MOBTOPHI BUNIPOOYBAaHHS OJHO-
TUIMHUX KOHCTPYKIH 4u TyOIrOBaHHS MPOTHHO-
MipiB Ha OHIM TOYIl KOHCTPYKLIN y MpHIaaax
MOKa3yrTh po30ikHOCTI 10 1% 13 moxubkamu

B Mexax 0,1 mm. Ili 3HaueHHs 3aMipiB € npu-
HHATHUMHU, 3BaXKar04l Ha TE€OMETPUYHI Ta mapa-
METpaJibHI HETOYHOCTI (BIAXUICHHS) (PaKTHUHUX
KOHCTPYKIIiH BiJl IPOEKTHUX, Y TOMY YHCIi CTO-
COBHO IPOEKTHOTO  (PaKTUYHOTO TOJIOKEHHS
KOHCTPYKILII Ta crmocoOy mepeaadi 3yCHIIs Ha
OMOpHi eneMeHTH. HailOmmkyuM yacoM Harie
HiANPUEMCTBO 3aIUIaHYBAJIO OTPUMaHHS MPOTO-
KOJIB BIAMOBIAHOCTI, ApiOHOCEpiiiHe BUPOOHU-
ITBO i MEpeBIpKy 3a3HaUYE€HUX 3aC001B BHUMipIO-
BAJIbHOT TEXHIKH.
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JOCIIIA)KEHHS IJIAHYBAJIBHUX PILIEHDb
ITPUBOK3AJIbHUX IIJIOIl HA TEPUTOPII AEPOIIOPTIB

Anomauyia. Mema 0ocniodxcenHs noaeac 8 aHANisi BIMYUIHAHO20 00CBI0Y WOO0 NIAHYEANLHUX PileHb Npu-
BOK3ANILHUX NIIOW AepONnopmis i ix 6NIUY HA PyX NiuloxXo0ié i MpaHCNOPMHUX NOMOKI6. Y cmammi no0ano munosi
cXemu npUBOK3ANbHUX NIOW VKPATHCOKUX aeponopmis 3a (opmoro OAHKY U pO3MAULy8anHaM nio i3Hux oopie 00
niow.

Posensanymo nanpamu 600CKoHaNeHHA MA PO3GUMKY NIUOXIOHO20 | MPAHCHOPMHO20 PYXY HA NPUBOK3ANLHUX
naowax aeponopmis.

Tlooano y3azanvueni pe3ynvmamu cxem NIAHY8ANLHUX DiUleHb NPUBOK3ALHUX NAOW AepONnOpPmIis i GU3HAUEHO
Hanpsamu 800CKOHANEHHS 3aX0016 3 Op2anizayii pyxy niuioxooig i mpaHcnopmuux 3acodie Ha mepumopii aepoeox-
3ANbHUX KOMNJIEKCIE.

Ananiz nomoynux niIaAHY8ANLHUX PilleHb NPUBOK3AbHUX N0, AepOnopmie 0as 3mo2cy cihopmysamu ix Kiacu-
@ikayiro 3a ghopmoro niowi 1l GUOLIUMU MUNOBT CXeMU NPUBOK3ATbHUX NA0W 3d POZMAULYBAHHAM nid i3HOI dopoaeu
00 camoi nioui.

AHaniz i 00cniONHCeHHs NIAHY8AILHUX PilleHb NPUBOK3AIbHUX NI0W, HA MEPUMOPIi aepOBOK3AIbHUX KOMNLEKCI8
0as 3mMo2y 8UABUMU, WO POPMYBAHHA MPAHCHOPIMHO-NEPECaA0OYHUX BY3Ti6 8I00YBACMbCS NEPeBaAX’CHO Ha OA3i npu-
B0OK3ANbHUX NIOW.

Hocniosxcenusn niamy8anvHux pilieHb NPUBOK3ALLHUX NIOW HA TMepUmopii aeponopmis eusaeuio, wo ix onmu-
ManbHA NAAHY8ANLHA OP2AHI3AYISl CHPUSE NIOBUUEHHIO eheKMUBHOCHI 00CTY208Y8AHHI NACANICUPIB, 3MEHUUEHHIO
yacy nepecysanHsi i NiOGUWEHHIO PIBHSL 3A0080JIeHHS NOCY2AMU AEPONOPNIY.

Tlpoarnanizoeano memoouxy po3paxyHky pieHs 00CIY208Y8aHHs NIUOX00I8, AKa 0ara 6 3M02y 800CKOHAIUMU
QDYHKYIOHYBAHHA NPUBOK3ANbHUX NIOW) I3 GUSHAUEHHAM ONMUMATbHUX NAPAMempPi6 NiUOXIOHUX WLIAXI8 HA mepu-
Mopii aepoBoK3ANLHUX KOMNAEKCI8. Y yill Memoouyi po3paxo8yiomuvcs MiHIMATbHI 8UMO2U U000 NPONYCKHOI 30am-
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HoCcmi niuoxionux wiisaxie. Lfi gumoeu npusrnaueni 0is BUHAYEHHS MIHIMATbHOT WUPUHYU RIWOXIOHOT 30HU, HeODXIO-
HOI 07151 6e3neuno2o ma 3pyyHo20 PyxXy 00ell.

Knrouosi cnosa: aeponopm, npusok3anvha niowa, niuioxXionutl NOMix, mpaHCnopmuuli HOMIK, RIUOXIOHULL PYX,
MPAHCROPMHULL PYX, MPAHCROPMHUL 3ACi0, MPAHCHOPMHULL 8V30]1.

Stepanchuk Oleksandr, Omelyanenko Maxim, Lapenko Oleksandr. STUDY OF PLANNING
DECISIONS OF TERMINAL AREAS ON THE TERRITORY OF AIRPORTS

Abstract. The aim of the study is to analyze the domestic experience regarding the planning solutions of airport
Jforecourts and their impact on pedestrian and transport flows. The article presents typical schemes of Ukrainian
airport forecourts by the shape of the site and the location of access roads to the forecourts.

Directions for the improvement and development of pedestrian and transport movements in the airport forecourts
are considered.

The article provides generalized results of planning solutions for airport forecourts and identifies directions for
improving measures for organizing the movement of pedestrians and vehicles in the areas of airport complexes.

The analysis of current planning solutions for airport forecourts allowed for their classification by the shape of
the forecourt and highlighted typical schemes based on the location of the access road to the forecourt itself. The
conducted analysis and research of planning solutions for airport forecourts on the territory of airport complexes
revealed that the formation of transport interchange hubs mainly occurs based on forecourts.

The study of planning decisions of station areas on the territory of airports established that their optimal planning
organization contributes to increasing the efficiency of passenger service, reducing travel time and increasing the
level of satisfaction with airport services.

The method of calculating the level of pedestrian service was analyzed, which allowed to improve the functioning
of the station areas with the determination of the optimal parameters of pedestrian paths on the territory of the
airport complexes. This methodology calculates the minimum requirements for the capacity of footpaths. These
requirements are intended to determine the minimum width of the pedestrian zone necessary for the safe and
convenient movement of people.

Key words: airport, station area, pedestrian flow, traffic flow, pedestrian traffic, transport traffic, vehicle,

transport node.

Beryn. ABiariiiHi mepeBe3eHHsS BiIirparoTh
BOXJIUBY pPOJb y 3a0e3medyeHHl MOOiIBHOCTI
HACEJICHHs, PO3BUTKY MIDKHAPOIHOI TOPTiBIi
i typusmy. I[opoKy KUIBKICTh Taca)upiB,
SKI KOPHUCTYIOTBCSI TIOCIyI'aMH aepOIOpTiB,
HEBIHMHHO 3POCTAE, MO0 CTABUTH NEpe aBialliii-
HUMHA Xa0aM1 HOB1 BUKJIMKH 100 3a0e3IIe4eHH S
e(eKTUBHOTO Ta KOM(OPTHOTO 0OCITYTOBYBaHHS.
OnHUM i3 KITIOUOBHX CKIIQJHUKIB I[LOTO IPOLIECY
€ opraHizariis 3axXo/1iB 3 00CITyrOByBaHHS JIIOICH
Ha TEPHUTOPIi aePOBOK3ATLHUX KOMILJICKCIB.

VYIOCKOHANICHHST TPAHCIIOPTHOTO  IPOIIECY,
3a0e3Me4YeHHs] SIKOCTI OOCIYroBYBaHHS W IiJI-
TPUMKH MOOUIBHOCTI HACEJICHHS € JTy>KE BaXKIIH-
BHAM acCIIEeKTOM PO3BHUTKY TPAHCIIOPTHHX BY3JIiB
Ha TepuTopii aeporoptiB. CrorogHi GyHKIIOHY-
BaHHs OLIBIIIOCTI aepOBOK3AIBHUX KOMILICKCIB
XapaKTepU3YEThCSl 3HAYHHUMH BHUTpPATaMU dYacy
MacaXUpiB IMiJI Yac MEPEeCajKu, a TAKOXK CKYII-
YEHHSIM TPaHCIIOPTHUX 3aCO0IB HA 3yNMWHOYHHUX
MyHKTaX, 10 TIPU3BOIUTH JI0 301IbIIICHHS HABaH-
TaXEHHS Ha HOBKUUIS W 3HWKEHHS Oe3neku
BUKOHAHHS TPAHCIIOPTHHUX OMEpaIliii.

[TnanyBanbHe pitieHHs Oy/TiBII a8pOIOPTY Ma€e
3a0e3nedyBaTu 3pyYHUH, Oe3MeUHNi 1 MBUIKUI
JOCTYITHE JIUIIE JI0 TMOBITPSHUX TPAHCIIOPTHHUX
3aco0iB, a ¥ 0 pi3HUX BHJIIB HA3€MHOTO Taca-
KHPCHKOTO TPAHCIIOPTY, BKJIIFOYHO 3 TaKCi, aBTO-
OycamMu, MIPUBAaTHUMHU aBTOMOOUISIMHU W 1HIIUMH
3acobamu mepecyBaHHsA. HeBpano crutanoBadi
NPUBOK3aJIbHI IUIONII MOXYTh CTaTH IPUYH-
HOIO 3aTOpiB, 3aTPUMOK, HE3PYYHOCTEH 1 HABITh
HEOE3IMEeKH JJIs MacaKUpIB.

Tomy Ba)KJIMBO MOCHIAWTH HasBHI MpOOJIEeMH
Ta BIIPOBAAUTH IJIaHYBaJIbHI PIIICHHS, K1 CIIPH-
SATUMYTh OINTHMI3allli MacakKUPOMOTOKIB, 3MEH-
HICHHIO Yacy Ha TepecyBaHHS W IiJBUIICHHIO
3arajJbHOTO PIBHS 33JI0BOJICHOCTI ITaCaKUPIB.

VY cyyacHOMY CBiTi aepOTIOPTH € BaKIUBUMHU
TPAHCIIOPTHUMH BY3JIaMH, $IKi OOCITyTOBYIOTh
MUTBHOHU TTACAYKUPIB MOPIYHO. 3pOCTaHHS 00CH-
riB aBiamepeBe3eHb CTBOPIOE 3HAYHUN THUCK HaA
1H(pacTpyKTypy aepomopTiB, 30KpeMa Ha IpH-
BOK3aJIbHI IUIOINI, SKI € TMEPIIO0 TOYKOK KOH-
TaKTy MAacaXHUpiB 3 aeponopTroM. EQexkTuBHICTH
00CITyrOByBaHHSI TACaKUPIB 3HAYHOIO MIipOIO
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3aJICKUTh BiJl TUIAHYBAJIbHUX pillleHb, MPUNAHS-
TUX MO0 opraHizamii ux rwiom. Hesmamni mna-
HYBaJIbHI PiIIEHHS MOXYTh MPU3BECTH JI0 3aTO-
piB, HE3PYUHOCTEH /JIs ACaKUPIB, 301IBIICHHS
yacy Ha IepecyBaHHs Ta 3HWKEHHS 3arajbHOro
PiBHS 33JI0BOJICHOCTI MOCIYTaMH aepOIOpTY.

OCHOBHUMHM NMUTAHHAMH BIOCKOHAJICHHS T1J1a-
HYBaJIbHUX PIlICHb € BU3HAYCHHS ONTHUMAJIbHUX
PO3MipiB MPUBOK3AIBLHUX ILUIOII, SIKi O 3a0e3me-
YyBaJIl BUCOKY €(EKTHBHICTh OOCIYrOBYBaHHSI
MacakupiB, 3MEHIIYBaJM 4ac repeOyBaHHS Ha
MPUBOK3ATBHUX IUIOMIAX 1 MiJBUIIYBaId KOM-
¢bopT macaxxupis.

Jlnisi BIIOCKOHAJICHHSI 1HKEHEPHO-IIJIaHyBaJlb-
HUX PILIEHb aepOBOK3AJBHUX ILJIOI HEOOXiIHO
BpPaxoBYBaTH Pi3HI aCIEKTH, Taki SK pyX TpaH-
CHOPTHHUX 3ac00iB, MIMIOXiJHI MOTOKH, PO3Ta-
IIyBaHHS 3YMUHOK T'POMAJCHKOTO TPAHCIIOPTY,
CTOSIHOK TaKC1, MapKyBaJIbHUX 30H Ta IHIIMUX 1H}-
pPacTpyKTypHHX €JIEMEHTIB.

TakuM 4MHOM, TOCTA€ MUTAHHS: K1 caMe I1a-
HYBaJIbHI pillIeHHS € HalOuIbll epeKTHUBHUMHU
B Oprasi3aiii NpUBOK3aJIbHUX IUIOIL a€PONOPTIB
1 OyyTh CIIPUATH MiABHUILIEHHIO SIKOCT1 00CIyTo-
BYBaHHsI MacaxxupiB? BiAmoBigs Ha 11e TUTaHHSI
BHUMArae MpoBeJCHHS KOMIUIEKCHUX JTOCIIIKEHb
Ta aHalli3y HAasBHUX MIIXOIIB A0 TUIAHYyBaHHSI
MIPUBOK3AJBHUX IUIOII B yMOBaxX OOCATIB raca-
AKHUPOIIOTOKY, 1110 3pOCTAIOTh.

Marepiann ta meroau. Croroani mictoOy-
JliBHA HAyKa MiCTUTh IOCTATHIO KiJIbKICTh HOpMa-
TUBHUX JIOKYMEHTIB, OCIOHUKIB 1 METOJUYHUX
PEKOMEHaIlii A1l IPOEKTYBAHHS aepOBOK3aIIb-
HUX KOMIIJIEKCIB, Y TOMY YHC1 i IPUBOK3ATBHUX
IUIOI Ha TEPUTOPII aeponopTiB. AJie BCe K BOHU
€ 3actapinumu. Haitbinein Biomi pekomeHaaii
3 MPOEKTYBAaHHS NMPUBOK3AIBHUX IUIOL] B aepo-
MOpTax, sKi BIpoBakeHi B Air0 y 80-90-x pokax
MUHYJIOTO CTOJITTS, HE MOXYTb IMOBHICTIO BiJ-
MOBI1IaTM BHMOTaM CYYaCHOTO IPOEKTYBAaHHS,
TOMY IO 3MIHWJIUCS BUMOTH J0 SIKOCTI 0oOciy-
TOBYBaHHsSI HAacCeNICHHs, a TaKOX 30UIbLIMIIACH
IHTEHCUBHICTb PYXy HaCAKUPCHKOTO TPAHCIIOPTY
B MICTax 1 Ha TEPUTOPIAX a€POIOPTIB.

OnHak OKpEeMOIO TPYIIOI0 MOXKHA BUIUIUTH
JOCTIIKeHHS, J1e IPUBOK3aJIbHI IUIOILI PO3IJIsiia-
IOTHCS B KOHTEKCTI a€POBOK3AIbHOTO KOMILIIEKCY.
Pesynbrary Takux JOCHIKEHb BiJOOpPaXKeHO
B MpalsiX TaKUX HAyKOBIIB, sk AHHa [‘appicoH

132

[1], Capa H. Ulyui [2], M.b. Kaciwm [3; 4]. Ana-
73 TEOPETUYHUX JKEpeN JaB 3MOTY BHJIALUTUTH
Taki MpoOJeMH MPOEKTYBaHHA U (hopMyBaHHS
NPUBOK3AJbHUX IUIOI, SIK Crenu(ika MPOEKTY-
BaHHs 3yIMHOYHUX MYHKTIB HA MPUBOK3AJIbHUX
IUIOIAX AEPOTOPTIB 1 KOHIENTYal bHI 3acaju
(bopMyBaHHS a€pOIOPTOBOTO CEPEIOBHILA TPAH-
CIOPTHUX BY3IIiB.

CraTTa Mae Ha METi IOCHIIUTH BIUIMB TIAHY-
BaJIbHUX PIllIeHb IPUBOK3AJIbHUX IJIO] Ha e(eK-
TUBHICTb OOCIYrOBYBaHHS IAcakKUpiB B aepo-
noprax. ¥ poOOTi po3IIsSIHYTO CydacHi IiJXOIH
JI0 TUIAaHYBaHHS W oprasizaiii MpUBOK3aJIbHHUX
TEpUTOPIii, MpoaHaIi30BaHO HAsBHI MpoOIeMu Ta
HAJaHO PEKOMEH/IAIIi1 010 MOKPAIICHHS IXHBOT
¢dynkuionagsHocTi. OcobnuBa yBara npuaiIsaTH-
METbCS IOCBIY IPOBIAHUX CBITOBUX a€pPOIOPTIB
1 MOXKJIMBOCTI aJjanTarlii IXHiX pillleHb y KOHTEK-
CT1 YKpaiHCBKHX peaii.

PesyabTatu. [IpuBok3anpHa mioma (manmi —
I1IT) € omHKM 13 OCHOBHUX CKJIaJIOBUX €JIECMCHTIB
AePOBOK3AJILHOTO KOMIUIEKCY aepOIOpTY, ITyHK-
TOM JJIsl TepecaZKd MacaXHpiB MiX PI3HUMHU
BUJAMU TPAHCIOPTY, B OCHOBHOMY MIX Iaca-
XKUPCHKUM HA3eMHUM 1 MOBITPSIHUM.

Tomy iHXEHEpHO-IIJIaHyBaJIbHA OpraHi3aris
NPUBOK3AJbHUX IO AEPONOPTIB € BaXKIIU-
BUM CKJIQJIHUKOM Yy 3a0e3IledeHHi YMOB edek-
TUBHOTO OOCIyroByBaHHs macaxupis. Ilpu-
BOK3aJIbHI IUIONII MICTATH TaKl €JIEMEHTH, SK
3YMHHKH TPOMAJCHKOIO TPAHCIOPTY, CTOSHKHU
TaKCl, MapKyBaJbHI 30HU, MIIIOXIAHI ITEPEXO/H,
MICIIsl BUCAJIKU U MOCAJAKU MACaXKUPIB, a TAKOXK
30HU I MOCAIKUNA BHCAJIKH MACAKHUPIB 13 MPH-
BaTHUX aBTOMOOLTIB. [lnanyBaHHs HUX eleMeH-
TiB Ma€ BpPaXOBYBATH KiJIbKa BaXJIMBUX ACIEKTIB
JUISL TOCSATHEHHSI MaKCHMAallbHOI €(eKTUBHOCTI
Ta 3pY4HOCTI.

3pyunuit 0oocmyn 00 mpancnopmy. 11puBok-
3a]bpHI IUIONII TOBHMHHI 3a0e3meuyBaTH JIETKUi
JOCTYTI IO Pi3HUX BUJIB TPAHCIOPTY, TAaKUX SIK
aBTOOyCH, TaKCl, OpEHI0BaHi aBTOMOO1JIi Ta Ipu-
BaTHI TpaHCNIOPTHI 3aco0u. Lle 3mMenIye vac oui-
KyBaHHS 1 MepeCcyBaHHs MMAaCaXXUPIB, 1110 CIPUSE
M1BUIICHHIO SKOCTI 1X 00CITyTrOByBaHHSI.

Po3dinenna  mpancnopmuux  nomokis.
OpHuM 13 KJIIOYOBHUX AaCHEKTIB MaKCHMaJIbHOI
e(EeKTUBHOCTI i 3py4HOCTI € PO3/iIEHHS TpaH-
CHOPTHUX MOTOKIB JJsl 3amobiraHHs 3aropam
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1 HeOe3mekaM sl MIIIOXOMAIB 1 TPaHCIOPTY,
30KpeMa CTBOPEHHSI OKPEMHX 30H Ul TpoMal-
CBKOT'O TPAHCIIOPTY, TAKCl, IPUBATHUX aBTOMOOi-
JiB 1 CTy>kOOBHX TPAHCIIOPTHUX 3aCOOIB.

3pyuni niwoxioni mapuwipymu. besneuni ta
3py4Hi MIMIOXiHI MapUIpyTH € HEeoOXiTHUMHU
Ui 3a0e3Me4eHHsT KOM(OPTHOTO TepecyBaHHs
nacaxxupis. IlimoxianHi nepexoan NOoBUHHI OyTH
no0pe MapkoBaHi U oOnamHaHi 3acobamu ISt
0e3MeKH, TaKUMH SIK CBITIIOPOPH, MAHIYCH IS
IHBAJIITHUX Bi3KIB Ta I1HIII JOIOMIXHI 3aCO0H.

Onmumizayia napkysanvuux 30H. Ilapky-
BaJbHI 30HM MOBHMHHI OyTH pO3TalllOBaHI TakK,
o6 3abe3neyyBaTH 3pyYHHUNA JOCTYH JI0 TEpMi-
HaJIiB aeponopTy. BoHM OBUHHI MaTH SIK KOPOT-
KOCTPOKOB1 MapKyBaJdbHI MICIS I BHUCAAKH
i MOCaIKK MAcaKupiB, TakK 1 JOBFOCTPOKOBI Hap-
KyBaJIbH1 30HU JUIA TUX, XTO 3aJIMIIIAE CBOi aBTO-
MOOLTI HAa TPUBAJINH MEPIOA.

Ypaxysaunsa oécazie nacasxcuponomoky.
[InanyBaHHs NPUBOK3AJIBHUX IUIOII MOBUHHO
BpPaxOBYBATH MPOTHO30BaH1 00CATH MacaxHpo-
MOTOKY, 110 JAaCTh 3MOTY YHMKHYTH IEpeBaH-
TaXeHHS 1HQPACTPYKTypH B MIKOBI Hepioiu.
JUis 1bOTO MOXXYTh BUKOPHUCTOBYBATHUCS MOJie-
JIOBaHHS NACAaXHUPOMOTOKIB Ta aHAJIITHYHI
IHCTPYMEHTH.

Buxopucmanna  cyuacnux  mexmonozii.
CydacHi TexXHONOrii, Taki SK CHCTEeMH AaBTO-
MaTHU30BaHOTO KEpyBaHHS PyXOM, EJIEKTPOHHI
TabJ10 3 1HPOPMALIEI0 PO TPAHCHOPTHI 3aCO0H
i MOOLITBHI JOAATKH ISl HaBiralii, MOXXyTh 3Ha-
YHO MiJIBUIIUTH €(PEKTUBHICTh 0OCIYrOBYBaHHSI
MacakKupiB HAa MPUBOK3AIBHUX IUIOIIAX.

Exonoziuni acnexmu. Baxnuo BpaxoByBaTu
€KOJIOTIYHI aCMEeKTH MiJl 4ac IUIaHYBaHHS MpH-
BOK3QJIbHUX IUIOII. BHUKOPUCTAaHHS €KOJOTIYHO
YHCTOTO TPAHCIOPTY, CTBOPEHHS 3€JIEHUX 30H
1 cuctemu aist 30MpaHHs ¥ yTuii3alii BiIX0/iB
CHPUSIOTh 3HIDKEHHIO HETaTWBHOTO BIUIMBY Ha
HABKOJIMIIHE CEPEAOBUIIIE.

[TpuBOK3abHA IUIONIA MPHIISATAE 10 CHOPYIU
ACpOBOK3aNly Ta 3’€IHYETbCI 3 HACCICHUMH
NYHKTaMH i1 i3HAMHU LUIIXaMu # Marictpalib-
HUMH BYJIULSIMH Ta JOPOTaMHU.

BaxmBumMu eneMeHTaMu [PUBOK3AJIbHHUX
TUTOM] € MPOTSKHICTH (DPOHTIB BUCATKU-TIOCAIKH
NacaXUpiB HA3EMHOTO TPAHCHOPTY. IX TOBKUHU
3aeXaTh BiJl MPOIMYCKHOI CIIPOMOXKHOCTI aepo-
BOK3aily. MaJii aepoBOK3aJIi MPOITYCKHOIO CIIPO-
MoxHicTIO 10 400 mac/rom MaroTh JOBXHUHY
30HH BUCAAKHU-TTocaaku 15-50 Mm; Beauki Ta Hali-
Oinbii aepoBok3asii — 70-200 M BiIMOBiIHO
(aeponopt «bopucniny, Tepminan D, F, B; aepo-
nopt «JIbBiBY»).

Buxonsuu 3 TBepIUKEHHS, 110 MPUBOK3aJIbHA
IIoIa € OOMIHHUM IYHKTOM IIE€pecajiku Iaca-
KHUPIB, MO’KHA KOHCTATyBAaTH, 1110 OUIBIILY IUIOILY
ii TepuTOpii 3aliMalOTh KOPOTKOCTPOKOBI U JOB-
TOCTPOKOBI aBTOCTOSIHKM [UIs TPUBATHOTO Ta
IPOMAJICHKOTO TPAHCIIOPTY, CTOSIHKHU /1711 CITiBPO-
OITHHKIB 1 MapKyBaJIbHI MICIS ISl 30HH OPEHIH
aBTOMOO1JIiB.

[IpoextyBanHs MIPUBOK3AIBHOT TUTOI
notpedye IMEBHUX BIJOMOCTEH Yy HOPMYBaHHI
JIOMyCTUMHUX TapaMmeTpiB JIUIIHOK. ChOromHi
B YKpaiHi BiJICYyTHI HOpMaTUBHI JOKYMEHTH, SIKi
CTOCYIOThCSI came (DOpMyBaHHS HPUBOK3AIBHOI
wionii. Aje mopsan i3 UM € HOpMaTuBHA 0asa
IIO/I0 BOK3aJbHUX KOMIUIEKCIB Ta 3YyHMHHHUX
NYHKTIB. 3 ONNIAAY Ha T€ IO NPUHIMUNU (QyHK-
IIIOHYBaHHS BOK3aJly W aepoOBOK3ally € JIEIIO
CXO)KMMH, MOXKHa mpoaHainizyBatu Hopmu ['BH
B.2.3-37472062-2:2013 [5] nns MOAaIbIIoOro
pO3paxyHKy Ta BU3HAYCHHS HEOOXITHHMX Mapa-
METpiB NPUBOK3AIbHOT Mol (Tabmuus 1).

[lupuna TtpoTyapiB y3a0BX (hacaay maca-
JKUPCBbKOT OymiBii 3 OOKy IUIONII HaBeIeHa
B Ta0nuill 2. 3 omIsALy Ha T€ 10 Ha MPUBOK3AIb-
Hill TUIOILI MAacaXXUPH PyXarOThCs 3 Oaraxem, To
MIMPUHU A ofiHiel cMmyTu pyxy 0,75 M Moxe
Oytu 3amano. ToMy € akTyaqbHUM BU3HAYCHHS

Tabmums 1

Kuacugikanis Bok3aiuis 3a MicTkicTIO i muiomero 5]

I'pynu Bok3auiB 3a MicTkicTio | Po3mipu mitomi (MiniMmaabhi), m? MicTkicTh BOK3aJIy, Hac.
Mauni 3000 50, 100, 150 ta 200
Cepenni 7000 Bix 200 1o 700 BKIIIOYHO
Benuki 10000 Bix 700 no 1500 BxIIIOYHO
Jlyxe Benuki 12500 nonazx 1500
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Tabmuig 2

IIunpuna TporyapiB y310B:K (acaay nacaxupcbkoi OyniBii 3 6oky miomti [S]

I'pynu Bok3aJiiB 3a MicTKicTIO

Mupuna, m

Mami MeHie Hixk 3,0 M
Cepenni HE MEHIIE HiXk 4,5 M
Benuki He MeHIe Hik 6,0 M

Jyxe Benuki

He MeHIIe Hik 6,0 M

rabapuTiB 1 MapaMeTpiB MIMIOXITHUX MUISAXIB,
TPOTyapiB 1 MiClb CKyMY€Hb MacaKupiB Ha
3yNUHKaX Ha TEPUTOPii aepOBOK3aJIbHUX KOMII-
JIEKCIB.

[IpuBOK3anbHI MIIONII 3a CBOEK KOHPITY-
pami€ero MOXYyTb MaTH pi3HOMaHITHI ¢dopmMu
ninsaky. HailiGinpim mommpeHoro  KoHgpirypa-
LI€I0 MPUBOK3AIbHOI IUIOUI € MPSMOKYTHa 3i
CIIBBIHOIIICHHSM CTOPiH 1:2.

Jlocnipkyroun TpUBOK3albHI IO YKpa-
THCBKMX aeporopTiB, MOKHAa BH3HAYUTH (HOpMU
iXxHiX gingHOK (Tabmuusg 3): TpamerieBuaHa
(aepomopt «JIpBiB» iM. Jlanmna ['amuipkoro),
npsIMOKyTHa (aeporoptu «XapkiB», «Onecay,
«bopucniney (trepminanu F, B) i niniiina (aepo-
nopt «bopucnine» (Tepminan D). 3 ycix Buie-
3a3HayeHUX (OopM MPUBOK3ATBHUX IUIONI Hall-
Outbll  (PyHKIIOHAJIIBHOIO Ta ONTHUMAJbHOIO
€ TpSIMOKyTHa, TOMY III0 BOHAa MOXke 3abe3re-
YUTH HAWKOPOTIIHNH NUIAX PyXY JIOAEH B aepo-
BOK3aJly /10 BUOPaHOTO BUIY TPAHCIIOPTY.

[Iponorxyroun aHaii3 MmiaHyBalbHOI OpraHi-
3a1lii MPUBOK3aJbHUX IUIOINI BITYU3HSAHUX aepo-
MOPTIB, BAPTO BUAUIMTH IXHI TUIIOBI CXEMHU ILJIa-
HYBaHHSI 32 PO3TAIllyBaHHIM Ii 13HOT TOpOTH 10
ot (Tabmuis 3). 3 omisiAy Ha TPaHCHOPTHHIMA
PYX 1 IIaHYBaJIbHY CTPYKTYpPY a€pOBOK3aIBHOTO
KOMILJIEKCY, TPUBOK3aJIbHI ILJIONII MOXKHA MOJIi-
JUTH Ha JIB1 TPYIIU 32 pO3TalIyBaHHSAM i1 13HOT
JOoporu 10 GPOHTY BUCAIKH-TIOCATKH MACAKHUPIB
nepes aepoBOK3aJIOM: TPAH3UTHI i TYNHKOBI.

1. IIpuBOK3anbHI1 IO 3 TPAH3UTHUMU aBTO-
MOOUTEHUMHU JOpOoraMu a0o0 BYJIHUILSAMH, KpPIM
0OCJIYyrOBYBaHHS MAacaXupiB, SIKi BiJUTTAIOTh
1 IPUITITAIOTh JIITAKOM, TIPOIYCKAIOTh Pi3Hi TpaH-
3UTHI TOTOKHU MAaCaXUPCHKOTO i BaHTAKHOTO
TpaHcnopty. IlpukiagoM Takoro THUITYy ILIOL]
€ aeponopt «bopucniae» (Tepminanu D Ta B).
TpaH3uTHUI MacaXUPCbKUIl TpPaHCIOPT BUHE-
CEHO Ha CYCIJHI MOJIOCH pyXy OiJisl MPUBOK3aJIb-
HOi myomni. /logaTkoBe 3aBaHTaKEHHSI CTBOPIOE
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BAaHTA)XHHUI aBTOTPAHCIOPT, KU 0OCITyroBye
TOBApHI ¥ MOIMITOBI TEPMiHAIIH.

2. IlpuBoK3anbHiI IJIOLI TYHHUKOBOTO THUITY
00CIYTOBYIOTBCSI JIMILIE MACaKUPCHKUM TpaH-
CIIOPTOM, 1[0 Ma€ TYT KiHIEBUU MYHKT MPHU3HA-
yeHHs. [IpukiiagamMu Takoro THIy € aeponopT
«bopucninpy (tepminan F), aepomopt «Kwuis»
(Tepminan A), aeponopt «Onecay.

Hepomikamu mioin 13 TpPaH3UTHUM PYyXOM
TPAHCIOPTY € MO030aBJICHHS MAacaXHpiB HU3KHU
3pYYHOCTEH 1 CTBOPEHHS HEOE3MeKH pyXy TpaH-
CHOPTY U MIIIOXOJiIB. 30KpeMa, I1e MOXKHa Ipo-
ciiakyBatu B TepMmiHam D aeponopry «bopuc-
IiIb», JIeé aepoBOK3al MNOOyayBald MOOIU3Y
TPaH3UTHOTO PyXy, TAaK CTBOPIOIOYU JIOBTY IIPO-
TSOKHICTH (PPOHTY 3 BUIOBKEHUMH B IUIaH1 pop-
MaMU MapKyBaJIbHUX MalJaHYMKIB. AJie pa3oMm
3 TUM BUJOBXKeHa (hopMa MPUBOK3aIHHOI TLIOIII
CKOpOYY€ LUISIX BiJ TepMiHAIY J0 3yIHUHOK I'po-
MaJICbKOTO TPAHCIIOPTY.

[Tnomi KiHIIEBOTO THUITy PyXy TpPaHCIOPTY
TaKOX MaloTh CBOi HEJOJIKU, AKI MEPEeBa’KHO
BUPaXCHI B HEPO3MOAUICHHI INPUBOK3AIBHOL
IUTONII HA 30HU MPHOYTTS ¥ 30HU BiANPABICHHS
nacaxupiB. Tak, Hanpukiaj, Tepminan F aepo-
nopty «bopucnine» (puc. 1) mae ciinbHUN TpaH-
CHOPTHHUM HUISAX MO MEPUMETPY MPUBOK3AIBHOL
IUIOMII, 10 SIKOMY PYXarOThCs SIK MACaXHpH, 110
npulyBaTh, TaK 1 Ti, U0 BiamiTaroTh. Lle ma-
HyBaJIbHE pIIIEHHS CTBOPIOE 3aBaHTAXCHICTb
1 IEpETUH TPAHCTIOPTHUX 1 MIIIOX1THUX MOTOKIB.

[TincymoByrouM BUIlle IpOaHaIi30BaHI MIaHy-
BaJIbHI PILICHHS MPUBOK3ATBHUX IO, MOKEMO
JIaTH pEeKOMEHMaIli o0 IXHbhOI palioHaabHOT
(byHKIIOHATBHO-TUIAHYBAIbHOT oprasi3ari.
Tomy, MOBEPTAIOYUCH 10 TUTAHHS PO3MOIITICHHS
MIIIOXITHUX 1 TPAHCIIOPTHHX IOTOKIB Ha IpH-
BOK3aJIbHUX IUIOMIAX, CKJIAZIEMO MepeiiK TaKuX
3aXO/1B:

— BJIAIITYBaHHS MIIIOXiTHOI 30HU IO IEpUMe-
TPY IPUBOK3JIBHOT TIIOIII];
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Tabmung 3

Tunosi cxeMH NPUBOK3AJLHUX IJIOL 32 PO3TAIIYBAHHAM i1’ I3HOI TPAHCIOPTHOI JOPOry 10 MJIOLI
Yy
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Puc. 1. Ilnan npuBok3anbHoi muiomi tepminanay F aeponopry «bopucninb»

— IUTaHYBaHHS MIIOIOXiTHOI 30HU MiBOCTPIB-
HOTO TUMY B LEHTPAIbHIA YaCTHHI MPUBOK3aJIb-
HOI IJIONI, MIO PO3MOJUINTH IUIONIYy Ha 30HY
npuOyTTS i BiAMIPABICHHS;

— Ooprasizarisi pyxy MIIOXOJIB 1 TPaHCIIOPTY
y IBOX 200 JIEKITBKOX PIBHAX 13 BUKOPHCTAHHIM
TYHEJIB, €CTaKa/l Ta 1HIIUX CIIOPY IS PO3MOJIi-
JICHHS TXHIX IIOTOKIB;

— TPaH3WUTHI 3aCO0U IS TIOCAJIKH i BUCAIKHU
MacaKupiB MOBUHHI OyTH pO3TalIoBaHi Omx4e
710 BXOJy B a6pOBOK3aJ;

— PpyX TPOMAJCHKOTO TMACaXHUPCHKOTO TpaH-
CropTy Ma€ OyTH BiJOKPEMIICHUM BiJ JISTKOBOTO
aBTOMOOITTLHOTO PYXYy.

AKTyaJbHUM aCIEKTOM YIOCKOHAJICHHS PYXy
MIIIOX1THOTO Ta TPAHCIIOPTHOTO TIOTOKY € TILIa-
HYBaHHS (PyHKI[IOHATBHUX CXEM MPUBOK3ATBHUX
TUTONI KIiHIEBOTO (TYNMHMKOBOTO) 1 TPAaH3UTHOTO
pyxy (puc. 2, 3). Ba)XmuBUM IyHKTOM OpraHiza-
Iii TUIOII € CTBOPEHHS MIIIOXiJTHOTO MPOCTOPY
mo iXHIX HEHTpPalIbHUX 30HAX, SKUHA PO3IOMIi-
JUTH ONMH BiJ OIHOTO TUIOILY MPHUOYTTS i Bij-
NpaBJIeHHs macaxupis (puc. 2). Take 30HyBaHHS
CTBOPHUTH CHPHUSTINBI YMOBH Ui (YHKIIOHY-
BaHHS TPAHCIOPTY, MOKPALIUTH SIKICTh 00CIYyTO-
BYBaHHSI TTACAXKHPIB.
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B3siBIum 0 yBarm HayKoOBi JIOCIIJKEHHS,
NpOBENeH] BITYM3HSIHUMHU U 1HO3eMHUMHU (PaxiB-
IIMH, BUKOHaHI TPOEKTHI POOOTH U TEXHIKO-
E€KOHOMIYHI po3paxyHku [1—4, 6—12], moxeMo
CTBEP/KYBaTH, IO MiABUIICHHS €()EKTHBHOCTI
(YHKIIOHYBaHHS TMPHBOK3AJBHUX IUIONI aepo-
MOPTIB MOXIJIMBE IUISXOM YJIOCKOHAJICHHS CHC-
TEMHU YIPABIIHHS Ta PO3AUICHHS MIIIOXITHUX
MOTOKIB Ha MacakupiB, U0 MpUOYBArOTh, 1 THX,
mo BigOyBatoTh. Take pilmeHHS MOXe OyTH
JOCATHYTO IIJISIXOM TTONLTY TUIOINI HA JB1 30HU:
30Ha MPHUOYTTS MACaKUPIB 1 30HA BIIOYTTS.

[ToBepTatounch 1O MUTAHHS TUIAHYBAJIBHOTO
pILICHHS] CXeMH MPUBOK3AJIBHOI IJIOUI 3 TPaH-
3UTHUM pPYyXOM TpaHcmnopty (puc. 3), Baprto
AKIIEHTYBAaTH yBary Ha PO3MIIICHHI 3yNHHOK
IrpOMaJICBKOTO TpaHcnopty. JocimkeHHs opra-
Hi3amii TpaHCMOPTHOTO OOCIYroByBaHHS Ha
NPHUBOK3AIBHUX IUIOMIAX YKPAiHCBKHX aepo-
MOPTIB IMOKA3aJH, 10 NAapKyBaJIbHI MaliJaHUNKH
TPAHCTIIOPTY PO3TAIIOBYIOTHCS MEPEBAKHO HA
3HauHii BijcraHi (6inbme Hixk 200 M) Big acpo-
BOK3aJliB. 3BiZICH MOXXHa 3pOOWUTH BHUCHOBOK
po HEOOXIHICTh PO3MILIEHHS CTOSHOK TpaH-
CIIOpPTY, aBTOOYCHHX, TpaMBalHUX 1 3aJIi3HUY-
HUX 3YITMHOK Ha BificTaHi He Oinbire Hix 180 M
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Puc. 2. IlnanyBajibHa opradizanisi TYNMKOBOI NPHBOK3AJIbHOI MO

Bia OymiBii aepoBOK3aly, TOMY IO, 3TiTHO 13
3aKOpJIOHHUM JOCBigoM [12], rpaHWdYHa BIiJI-
CTaHb NEPecajKy BiJl TEpMiHAIY 0 BiAMNOBIJ-
HOTO BUY TPAHCIIOPTY HE MOBHUHHA MEPEBUIILY-
BatH 180 m.

OpnuM 13 BapiaHTIB BUpIIIEHHS MpoOIeMu
oprasizamii 3ynuHOK T'POMAJCHKOrO Macakup-
CHKOTO TPAHCIIOPTY W MailIaHYUKIB JIsI CTOSTHOK
€ OpraHizaiisi pyxy rpoMaJCbKOrO TPaHCIIOPTY
M0 KIJIBLIO, SIKe PO3MINIYeThCS B Oe3mocepen-
Hii ONM3BKOCTI 0 aepoBOK3aly Ta sike Oyze
oToueHe MIaropMaMu 13 30BHIIIHBOTO OOKY,
Ha SIKUX 3MOKE 0OCITyroBYBaTHCS MIChKUI maca-
)upchkuii TpancnoptT. Lax Bix miardgopm 1o
acpoBoK3any Mae Oyt HaiikopormmM. Kinbie
HOBHHHO MAarTd cClHelaixi3oBadl MalJgaHYUKU
npuOyTTS ¥ BiAMpaBICHHS TPAHCHOPTHHUX 3aCO-
01B, 1110 JAaCTh 3MOTy aBTOOycaM Ta aBTOMOOLIIAM
i1 TKKATA 0 OCHOBHHUX PO3IMOAUIBYMX TLIAT-

dhopwm (puc. 3).

VYnockoHaneHHsT (PyHKIIOHYBaHHS TPHBOK-
3aJbHUX TUION] HEMOXJIMBE O3 BU3HAYCHHS
ONTUMAJIBHUX TApPaMETPIB MMIIOXIMHUX M-
XiB Ha TEPUTOpPIi aepOBOK3AIILHUX KOMILICKCIB.
ToMy € JOpe4YHHUM IpoaHali3yBaTH METOIUKY
pPO3paxyHKy pIiBHS OOCIIyrOBYBaHHS MIIIOXO/IB
[12]. ¥V wiii meromuill po3paxoBYIOTHCS MiHi-
MaJIbHI BUMOTH IIOJO MPOIYCKHOI 3IaTHOCTI
mimoxigHuX nuisaxis. Li BUMoru npu3HadeHi st
BU3HAUCHHS MiHIMAJIbHOI IIMPUHHU IIIIOX1THOT
30HHU, HEOOX1AHOI Jisi 6€3MEeYHOro Ta 3Py4HOTO
pyxy mtoneit. s KOMQOPTHOCTI pyxXy JIHOI-
CBKHX IOTOKIB YCI MIIIOX1JHI HUIAXU ¥ CIIOPYAH
NOBUHHI OyTH CIPOEKTOBaHI Ta, 100 3abe3re-
YUTHU HaJEeKHUHN piBeHb 00ciayroByBaHHs (LOS)
y mepioa HalOiIbIIoT IHTEHCUBHOCTI MIMIOXi[-
HOTO TTOTOKY.

Icnye miicTe piBHIB OOCITYyroBYBaHHS MiIIO-
xoniB (LOS), sxi 0a3yroTbCsi Ha BHU3HAYCHHI
IIMPUHU 30HU MIMIOXiTHOTO PYXY, KIUIBKOCTI
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Puc. 3. IlnanyBaJjibHa opraHi3anis TpPaH3MTHOI TPHBOK3AJIbHOI IJIOLTI

Tabmuus 4

PiBni LOS mimoxinHux nmisxis

LOS IupuHa mimoxixHoro CepenHsi IBUAKICTD, S, - ;%g;ﬁ:‘c;:) I::III]/III());(:II:;?V;
HUIAXY, M M/XB (mit/m/xB)

A >10,7 79,2 0-7

B 7,6-10,7 76,2 7-10

C 4,6-7,6 73,2 10-15
D 3,04,6 68,6 15-20
E 1,5-3,0 45,7 20-25
F <1,5 <45,7 3MiHHA

MIIIOX0iB 1 MOXKJIMBHX neperikoa. PiBens LOS C
Ta BUIIl BBAKAIOTHCS MPUHHATHUMHM JUIS TTIIIO-
XIIHUX NIISXIB Y MEpioAM MIKOBOTO HaBaHTa-
)keHHs. [[nsg mepemimieHHs Jroned 3 oOMexe-
HUMH MOXXJIUBOCTSIMH PEKOMEHIOBAHHWI PiBCHBb
LOS B TaA.

[Tokpamiennsi crany (yHKIIOHYBaHHSI TpH-
BOK3QJIbHUX TUION] HA TEPUTOpii aepomnopriB
MOKJIMBE 32 paXyHOK TaKMX 3aXO/iB:

— TOALI TUIONII 1 MJIaHYBaJILHOMY BiJHOIIEHH]
Ha Bl 30HU: 30HY MNPUOYTTS i 30HY BiaIpaB-
JICHHS TTaCaKUPIB;

— oprasizallis MiloxiJHOro MPOCTOPY Ha LIeH-
TpajdbHIA YaCTHHI MPUBOK3AJIBHOI IUIOII, SKUH
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PO3ILTUTH 30HU MPUOYTTS 1 BiANpPABICHHS Maca-
JKUPIB OJTHA BiJl OJTHOI;

— HEOOX1IHICTh PO3MIIIEHHS 3yTUHOK MapIil-
PYTHOTO TPAHCIOPTY 1 CTOSIHOK 1HIIOTO TpaH-
CHOpTy Ha BiacTaHi He Oinbiie HiX 180 M Bix
OyZiBIIi aepOBOK3aITy 3 MOXKITUBOIO OpPTaHi3alli€ro
KUTBILIEBOTO PYXY TPAHCIIOPTY Ha MPUBOK3AJIbHIM
[UIOLI.

BucnoBku. JlocmipkeHHs MIaHyBaJlbHUX
pillIeHb MPUBOK3AJILHUX TUIOIT HA TEPUTOPIi aepo-
MOPTIB € KOMIIJIEKCHUM 3aBJaHHSM, SIKE BUMAarae
BpaxyBaHHS Oararbox (QakTtopiB. OnTuManbHi
TUTAHYBaJIbHI PIMICHHS CHPUSIOTH MiIBUIICHHIO
edekTuBHOCTI  OOCIYrOBYBaHHS — MMAaca)KUpiB,



Airport Planning, Construction and Maintenance Journal Bunyck / Issue 2(4), 2024

3MEHIIIEHHIO Yacy NepecyBaHHs i MIABUILEHHIO mpouecy. PerenbHuii aHami3 1 IUIaHyBaHHS MPH-
piBHS 33/I0BOJICHHS TOCIYraMH aeporopTy. BOK3aJIbHUX IUIOIL € KJIKOUEM JI0 CTBOPEHHS KOM-
VYpoBaUKeHHS! Cy4aCHUX TEXHOJIOTiHM 1 Hayko-  (OPTHOro i Oe3MeYHOro cepepoBHINA IS BCIX
BHUX MIJXO/MIB € HEBiJ €MHOI YAaCTHHOK IOTO MAaCaXXHpiB.
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CYYACHI BUMOI'M 1O IIIIIOXI/THUX 30H AEPOITIOPTIB
I 3AJII3BHUYHUX BOK3AJIIB 3 YPAXYBAHHAM IIOTPEDB
MAJIOMOBIJIBHUX I'PYII HACEJIEHHA

Anomayin. Y cmammi po3ensinymo 3a2anvhi sumozu 00 6e30ap 'epHocmi npocmopy aeponopmis i 3ani3HUUHUX
6ok3anig. [Ipoananizosano simuusHAHUL i 3aKOPOOHHULL 00CBI0 Y (POPMYBAHHT DE3NEUHO20 Ui 3PYUH020 Cepedosuyd 3
Memoio 3abe3neuerHs 00CMYNHOI0 MPAHCROPMHOIO IHPPACMPYKIYPOIO NPeOCMABHUKIE MATOMODINbHUX 2PYN HACe-
JeHHs. Busueno 00cs8io w000 hopmysanns niuloXionux nomoxis;, naow, sKi 3aiMaioms NACA3CUpu 6Cix Kamezopiii;
winbHoCcmi U WEUOKOCMI NIUOXIOHUX NOMOKIE. Taxoic npoananizo8ano 63a€M00iio neperiueHux Gakxmopie i 6niue
Ha HUX HAABHOCMI 8 NOMOYI NPEOCMABHUKIE MATOMOOLTbHUX DY HACENEHHSL.

IIposedeno excnepumenmanbHi 00CAIONHCEHHS Ui MOOETIOBAHNS PYXY NiUOXIOHUX NOMOKI@ 3 MEeMOI0 GUHAYEHHS
KOM@OPMHO20 NPOCMOpY 015 MAIOMODLIbHUX SPYN HACeNeHHs. Y X00I 00caiodicens 3i6pano 0awi npo pizui cyenapii
NIWOXIOHO20 PYXY 8 YMOBAX, XAPAKMEPHUX 0I5l AePONOPMIE i 3ANIZHUYHUX BOK3ANI6. 30KpeMa, YPaxo8ano cneyuixy
nepecys8ants ocio 3 0OMeNCEHUMU MONCTUBOCIAMU, HOOEU HA THBANIOHUX GI3KAX, MaM i3 OUMAYUMU BI30YKAMU,
JAIMHIX 0Ci6 ma THWUX yuacHukie pyxy. /i ananizy KompopmHocmi pyxy euKOpUCMAaHo pisHOMAHIMHI Memoou,
30Kpema BUMIPIOBAHHS WEUOKOCIE Nepecy8anHs, WINbHOCI NIWOXIOHUX NOMOKIE | uacy, HeoOXiOH020 O npo-
X00iCcen sl NeBHUX OLISIHOK.

Pesynomamu 0ocnioscenv danu 3mo2y uAGUMU KPUMUYHT MOMEHMU, WO 8NAUBAIOMb HA Oe3neKy Ul 3pYUHICMb
nepecyg8anHs MaiomMoOinbHux epyn Hacerents. Ha ocnoei ompumanux 0anux cghopmynbo8ano pekomenoosani napa-
Mempu RIWOXIOHUX 30H Y 0YOIGNAX aeponopmie i 3aMI3HUYHUX B0K3ANIG. YPAxXyeawHs OmMpumManux pe3yiomamie
ModHCIUGe NIO UAC NePenyiany8anHs abo MOOepHizayii HAA8HUX aepo- Ul 3ANI3HUYHUX 60K3aNié abo 6yJdisHuymea
HOBUX, W0 0acmb 3102y CMEBOPUMU cy4achull be3oap 'epruii npocmip y mpaHcnopmHux 8y31ax.

Knwuosi cnosa: soxzanu, niwioxionuii nomix, MaiomMoOibHl epynu HACENeHH s, IHMEeHCUBHICMb, WEUOKICb,
NPONYCKHA CNPOMOIACHICMb, NApamempy NiloXiOHUx 30H, Oes3nexa.
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Chernyshova Oksana, Stepanchuk Oleksandr, Dubyk Oleksandr. MODERN REQUIREMENTS
FOR PEDESTRIAN ZONES AIRPORTS AND RAILWAY STATIONS WITH REGARD TO
THE NEEDS OF PEOPLE WITH REDUCED MOBILITY

Abstract. The article discusses the general requirements for barrier-free space at airports and railway stations.
The author analyzes domestic and foreign experience in creating a safe and convenient environment in order to
provide accessible transport infrastructure for people with limited mobility. The experience of forming pedestrian
flows; areas occupied by passengers of all categories; density and speed of pedestrian flows is studied. The
interaction of these factors and the influence of the presence of representatives of low-mobility groups in the flow is
also analyzed.

Experimental studies and modeling of pedestrian flows were conducted to determine a comfortable space for
people with limited mobility. The research collected data on various scenarios of pedestrian traffic in conditions
typical for airports and railway stations. In particular, the specifics of the movement of people with disabilities,
people in wheelchairs, mothers with baby strollers, the elderly and other road users were taken into account. A
variety of methods were used to analyze traffic comfort, including measuring the speed of movement, the density of
pedestrian flows, and the time required to pass certain areas.

The results of the research made it possible to identify critical issues that affect the safety and ease of movement
of people with limited mobility. Based on the data obtained, the recommended parameters of pedestrian zones in
airport and railway station buildings were formulated. The results can be taken into account when redeveloping or
modernizing existing airport and railway stations or building new ones, which will create a modern barrier-free
space in transport hubs.

Key words: stations, pedestrian flow, low-mobility groups, intensity, speed, capacity, parameters of pedestrian

zones, safety.

Beryn. B ymMoBax cbOrojieHHs B yCbOMY CBITI
BCe OUIBIIOI aKTyalbHOCTI HaOyBa€ NUTAHHS
BAXJIUBOCTI 0e30ap’€pHOCTI, sKe IMOJsArae He
JUIIe B MOXJIHMBOCTI (PI3UYHOTO AOCTYMy 10
OyniBenb, criopyn 4 TpaHcnopty. Lle 3aBnaHHs
MIPUCBAYEHO CTBOPEHHIO CYCIHIJIBCTBA, Y SKOMY
KOJKHA JIFOAMHA, HE3aleXHO Bif il MOXKIMBOC-
Teil, OTpUMYy€ DPiBHI YMOBHU Ui MOBHOL[IHHOTO
#UTTA. OKpiM (yHIAMEHTY COLiajbHOI Crpa-
BEJJIMBOCTI, Oe30ap’€pHICTb MOXHA Ha3BaTH
IHBECTHIII€I0 B MAHOYyTHE, OCKUIBKHM JOCTYITHE
CepeoBUILE He JHIIe 3a0e3nedye noTpedu cyc-
MIbCTBA, a i CTUMYJIIOE €KOHOMIYHHIA PO3BUTOK
nepxaBu. Lle 3yMOBIEHO MOXJIMBOCTSMM JUIS
O1IBII0T KIBKOCTI JTFOJIEH KOPUCTYBATUCS Pi3HO-
MaHITHUMH TOBapaMu H MociayraMmu. 3a JaHUMH
MiHicTepcTBa COLIANBHOI TMOJITHKU YKpaiHu,
y Hallli KpaiHi KiTbKICTh JIO/EH 3 1HBaJAHICTIO
CTPIMKO 3pocjla BHACHiIOK IOBHOMAacUITa0-
HOTO BTOPTHEHHsS Ta CTaHOBUTb MOHAaA 3 MIH
rpoMazasiH [1]. OdiniiiHo onpuitonHeHi uudpu
CBiuaTh MpPO OCOOJMBY TOCTPOTY IHUTAHHS
6e30ap’epHOCTI B yCiX cdepax >KUTTS B HalIii
KpaiHi Juig 3a0e3MedYeHHs PIBHUX YMOB JUIS
BCiX. [0JI0BHI TPaHCHOPTHI BY3JIM — aepoNOPTH
i 3aJ113HMYHI BOK3aJIU € KJIIFOYOBUMHU €JIEeMEHTaMH
dbopmyBaHHs MOOiTBHOCTI HaceneHHs. [lix gac
BUOOPY BUY TPAHCIIOPTY IS TOJIOPOXKEN MOPsiT
13 0€3MEeYHICTIO, MIBUJIKICTIO Ta 3PYYHICTIO CaMOi
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NOI3KM 3HA4YHy PpOJb BIJIrpae i oprasizamis
npolecy, o mnepenye 6e3mocepesHbo MOI3ALI.
be30ap’epHicTh aeponopTiB 1 3aJI3HUYHUX BOK-
3aJiB J1a€ 3MOT'y MajJOMOOIJIbHUM TpyIiaM Hace-
JeHHs (macakupam 13 JITbMH, JIOISAM HOXUIIOTO
BiKy, MacakxupaMm 3 Ypa)X€HHSIM OIOPHO-PYyXO-
BOTO amapary, JIIOSIM 3 BaJlaMu 30py YU CIyXy
Ta 1H.) 6€3MepeIKOAHO NepecyBaTUCs i OTpUMY-
BaTU NOTPIOHY AOMNOMOTY MiJ 4ac MOJOPOXKEH.
Y po0oTi aBTOpH pO3MIISHYIHN 3arajibHi BUMOTH J10
6e30ap’epHOCTI MPOCTOPY aepo- Ta 3aTI3HUYHUX
BOK3aJliB, BITYM3HSHUHN 1 3aKOPIOHHMNA IOCBIA
y (hopMyBaHHi 3py4HOTO i PIBHOTO CEPEAOBUIIIA.
[TpoBeneHO eKCHepUMEHTaIbHI  JTOCIIIKEHHS
I0/I0 MOKJIMBHUX TEPEMILIeHb 1 PO3TallyBaHb
JTUTSYMX BI30UKIB Ta 1HBANIIHUX Bi3KiB Ha TepH-
TOpisl BOK3aJIiB 1 BUKOHAHO HU3KY PO3PaxyHKIB,
SK1 Jal0Th 3MOTY HaJaBaTH PeKOMEHJalii 110710
(dopMyBaHHs MIMIOXITHUX 30H 3 YpaxXyBaHHIM
noTped MaJoMOOUTBHUX IPYTl HACENEHHS.
Marepiaau Ta Mmetonu. /s HagaHHS 10MO-
MOTH MAaJOMOOUIBHUM TIpylaM HaceJeHHs Ha
TEPUTOPISIX BOK3AIIBTaaePONOPTIBY BCbOMY CBIT1
PO3pOOIISAIOTECS W YNPOBAIKYIOThCS HOTPIOH1
cepBicH, CreliajbHI OO0JaIlTYBaHHS MPOCTOPY
JUIsL 3py4HOI HaBiraiii, HaJarOTh CleliadTbHUl
TPAHCHOPT ISl TIEPEBE3EHHsI MacakKUpiB 3 1HBa-
JIIHICTIO TepUTOPIIMU KomIuiekciB. B Ykpaini
TaKOX PO3pOOJICHO BIAMOBIIHI PeKOMEHAIlli Ta



Airport Planning, Construction and Maintenance Journal

Bunyck / Issue 2(4), 2024

HOPMAaTHUBHI JTOKYMEHTH [2—5], rOJ0BHI BUMOTH
AKHX Taki. Ha TepuTopisix NpuBOK3aJIbHUX TUIOI]
MOBMHHI IepeadayaTucs crenialbHo 06aamTo-
BaHI MapKyBaJbHI MICIS AJS JIOACH 3 1HBAJiM-
HicTI0. HasiBHICTH Mepenikos y BUITISAII TOCTPUX
KYyTiB, IOPOT'iB, BUCTYIIB TOIO HE JOITYyCKAETHCS
B 30HAaX TPAEKTOPii PyXy BiJBigyBauiB BOK3a-
niB. IllupuHa NpoxoiB i ABEPHUX OTBOPIB Mae
JaBaTH 3MOTy O€3MEPelIKOTHUM pyX AUTIUUX
Ta 1HBaJiHUX Bi3KiB. BymiBmi norminbHO oOnaj-
HyBaTd MaHAycamMu u JidTaMu, BiJMOBIIHO,
JUISL TIOJIONIAaHHS. HEPIBHOCTEH 1 JOCTYMy J0 BCIX
MOBEPXiB Oy/iBi, a TAKOXK JUIS IIBUKOI €BaKya-
1ii ManoMoOLIbHUX Ipyn HaceneHHs. CaHBY3IH
MOBHMHHI OyTH 00JaJiHaHi cHeliaJbHUMHU MOpYyY-
HSMH, KHONKAaMH BHUKJIMKY JONOMOTH i MaTu
JOCTAaTHbO MPOCTOPY Ui MaHEBPYBaHHS 1HBa-
JigHOTO Bi3Ka. J{Jist opieHTAallii Moael i3 BagaMu
30py Ta CIIyXy MPUMINICHHS OONaIITOBYHOTHCS
TAaKTHJIBHOIO TUIUTKOIO, CIIELIaJbHUMHU CHCTe-
MaMH OIOBIIIEHHs, TaOiu4ykamMu 31 HIpUPTOM
Bpaiins. ns opienTanii itoeit 3 BagaMu 30py Ta
CIIyXy MPHUMIIIEHHS MalOTh OyTH OCHAIIIEH] TaK-
THWJIBHOIO TUIUTKOIO, CHELiaJbHUMU CHUCTEMaMH
OmoBileHHs i Tabnuukamu 31 mpudTom bpaiis.
BaxxiuBy posib Takox Bifiirpae BUCOTa pO3Tallly-
BaHH: iH(popMaLiiHUX Ta0Io i JOCTYII 10 Kac Ta
00CITyTOBYIOUMX CEpBICiB, 00 HE CTBOPIOBATH
MIePETLIKO ITIsl JIFOAeH Ha 1HBAJIIIHUX Bi3Kax.

VYkpaiHa y BUpilIeHHI MUTaHb 0e30ap’€pHOCTI
OCTaHHIMHM POKaMH CYTTEBO BiJICTaBajia BiJl CBi-
TOBOTO JIOCBiy, ajie HACHiJK{ MOBHOMACIITA0-
HOTO BTOPTHEHHS, 30KpeMa BEJIMKA KIJIbKICTbH
TPaBMOBAHUX CEpeJ] HACEJIEHHS U BeTepaHiB
BiifHH, CTaJIM KaTaIi3aTOPOM Jisi PO3POOKH KOM-
¢dopTHHX 1 piIBHUX YMOB AJs BCiX. Tak, 3a more-
penHiMH JaHuMU, K MiHiMyMm 50 Tuc. mronei
B YKpaiHi BTPaTHJIU KiHLIBKH 3 IIOYaTKy MOBHO-
MacmrTabHOro BTOprHeHHs [6]. 3 mMeToro 3a6e3-
TIEYCHHS JIIOICH TIAHUMH Ta PIBHUMH YMOBaMH
XKHUTTS PO3MOYATO POOOTH 3 BUPILICHHS NMUTaHb
6e30ap’epHOro MPOCTOpY 3arajioM 1 3abe3rme-
YEeHHs1 BUIBHOTO JOCTYNy 10 1H(pacTpyKTypu
30Kpema.

[IpauiBHukK 3ami3HUYHOI 1H(paACTPyKTypH
OfHI 3 MepHIMX AOJYYWIUCA JO CTBOPEHHSA
KOM(pOPTHUX YMOB Ui MajJOMOOUIBHUX Tpyl
HaceneHHs. Tak, HampuKiIaa, Ha 3aJi3HUYHOMY
Bok3asmi M. KueBa BBEOEHO B EKCILTyaTalliro

TPTH A7 3pYYHOTO IPOCIHiTyBaHHS Ha IEsKi
wiaTGopMu, OOJAIITOBAHI 3py4yHi 3aJId OUIKY-
BaHHS JUIS JTFONIeH 3 1HBAJiAHICTIO, OPraHi30BaHi
JUTAYl KYTOYKH, IPUMIIIEHHS CaHITapHO-TIri€-
HIYHOTO MPHU3HAYEHHS 3alPOEKTOBAHI 3 ypaxy-
BaHHSM MOTPe0 MAcaKUpiB, 110 KOPUCTYIOTHCS
IHBaJIHUMH Bi3KaMH, 1 MACaXHUpiB i3 MaJeHb-
KUMH JITHhMH, 3alIPOBAKCHI CEPBICH ISl JIIOACH
3 BaJIlaMH CIIyXy W HU3KY 1HIIMX 3aX0fiB. Y nes-
KUX MicTax OOJacHOTO 3Ha4YeHHs (HANpPUKIIA,
JIBiB, [{Hinpo) cnycku A0 maardopm odnamTo-
BaHi aHIycaMu, 3a0€3Me4eHi crielianbHi MapKy-
BaJIbHI MICIl HA MPHUBOK3AJIBHUX IUIOMIAX, Yep-
TOBI MPAI[iBHUKH 3aJTI3HUYHUX BOK3aJIiB HAJIAIOTh
KBaJIi(hiKOBaHYy JONOMOTY Macakupam 3 1HBaJJI-
HICTIO, SIKI IIbOTO NOTpeOyroTh. He3zBaxkaroun Ha
3aKpUTHH TOBITPSHUM HpPOCTip 1 3pyHHOBaHY
YacTUHY aBialliifHOi 1H(paACTPyKTypH, Hparlis-
HUKH Taly31 po3poOssioTh pilleHHs s 3a0e3-
MEYCHHs JOCTYMHOCTI aeponopTiB BOAHOYAC 13
BiJTHOBIIEHHSIM TONBOTIB. Tak, po3poONsIOThCS
pexoMeHzamii moj0 OoONaAMTyBaHHA JTOCTYIHOT
HaBiramii, JOCTYHHOTO IIPOCTOpY, CEpBICHUX
(abo camo00CITyroByBaHHs) KIMHAT, KIMHAT TUIII
JUTSL TIACAKUPIB 3 1HBAJIIHICTIO, OONMAIITYBaHHS
KIMHAT JUIsl JOPOCIUX 13 NITbMHU, pEeKOMEHAAMil
1010 (PYHKIIIOHATHHHX 30H 1 IX HAIIOBHEHH [5].
AJe, He3BaXKarOYM Ha BEJHMKI 00CSATU POOIT, Kl
NOCTIHHO BHKOHYIOThCS, B YKpaiHi HemocTar-
HbO PILIeHb 1100 3a0€3MEUCHHS 1HKJIIO3UBHOTO
POCTOPY, OCOOJIMBO 1I€ CTOCYETHCS HEBEIMKUX
HaceneHux MyHKTiB. Ilix yac mianyBaHHS Ge3-
MEYHOTO ¥ KOM(OPTHOTO MPOCTOPY OIHUM i3
BOXJIMBHUX (AKTOPIB € pPO3MipH MIIIOXiAHUX 30H.
Tomy B po0OTi aBTOpM MpOaHaANI3yBalIu JIOCBiA
1010 (hopMyBaHHS MIMIOXiIHUX MOTOKIB; IO,
K1 3aiiMalOTh MACAXHUPHU BCiX KATETOPiii; LIiIb-
HOCTI ¥ IIBUIKOCTI MIIIOX1JHUX ITOTOKIB; 8 TAKOXK
B3a€MOIi nepesniueHux (HakTopiB 1 KOPUTyBaHHS
iX 3a HAJBHOCTI B MOTOI NMPEICTaBHUKIB MaJjo-
MOOUTBHUX I'PYIl HACEJICHHS.

Jns  Oesmeynoro W koMdopTHOro mepe-
OyBaHHS TACaXUpPIB Ha TEPHUTOPIAX BOK3AJIIB
B)XJIMBY POJIb BIAIrpae IUIAHYBAaHHS MPOCTOPY
MIIOX1MHUX 30H. SIK BiIOMO, MpH BU3HAYCHHI
napaMeTpiB MIIIOX1IHUX 30H KEPYIOTHCS MOHAT-
TAMH TIPOITYCKHOI CHPOMOXKHOCTI, IIIIBHOCTI
# IIBUAKOCTI MOTOKY, Ha sKi Oe3rmocepeaHbo
BILJIMBAE TUIONIA, SIKY 3aiiMae TOW YM 1HIIUH maca-
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JKUP Y TIOTOII1, 1 KUTBKICTh BiJIBilyBa4iB Y TOJUHHI
3 HaO1IBIIMM HaBaHTAKECHHSIM.

[lig vac aHamizy HAayKOBHUX Mpalb OKpPEMY
yBary npuaiieHo podoram [7—11]. ¥ xonektus-
Hil HayKOBIiH mpaili [7] AeTanbHO PO3TISAAIOTHCS
OCHOBHI XapakTePUCTUKU MIMIOXiTHUX MOTOKIB,
X 3aJeXHICTh BiJ Pi3HUX (PAKTOPIB 1 BIUIUB HA
(hopMyBaHHSI MIMIOXiAHUX 30H.

Y poboti [8] HamaHO pekoMEeHJAIil MIoI0
BCTaHOBJICHHS MiHIMAJIbHOT IIMPUHU MIIIOX1IHOT
30HM Ul AePOBOK3AJIBHUX KOMIUIEKCIB, BHXO-
JS19M 3 TUIOMI], SIKY 3aiiMae maca)xup i3 BAaHTaKEM
pi3HOMaHITHOTO rabapury. Aje Npu IbOMY MPO-
CTIp, SIKMM MOXe 3aiiMaTH MpEeICTaBHUK MaJo-
MOOUIBHOT T'PYNU HACEJEHHS, HE PO3IVIsAIaBCs.
VY cy4acHHX yMOBax NHHMTaHHS PIBHHX MOXIIHU-
BOCTel Ha0yBa€e 0COOIMBOI TOCTPOTH, TOMY TIPO-
LIEC NPOEKTYBAHHS, PEKOHCTPYKIII 4u mepeoo-
JAIITYBAaHHS CHOPYJ TPAHCHOPTHUX BY3IIB i3
JOTPUMaHHSIM BUMOT opraHizaiii 6e36ap’epHoro
MIPOCTOPY € HEOOXiTHUM CKJIaJHUKOM OYIb-SKUX
MIPOEKTIB.

Ilix yac BHBYEHHS Marepiany OcOOIUBUI
1HTEepeC CTAaHOBWJIM HAyKOBI Mpalli 3aKOPIOHHUX
yueHux [9—11], siki npucBsiueHi BUOOPY MiCBKOTO
TPAHCIIOPTY JIIOABMH 3 1HBAIIJHICTIO, a TaKOXK
aHaJi3y pe3ylbTaTiB €KCIIEPUMEHTY 00 BCTa-
HOBJICHHS IUIOL, SIKy 3aiiMae KOpUCTyBad 1HBa-
JHOTO Bi3Ka Ha IUIATGOPMI METPOHONITEHY
3 pi3HUMHU OCOOIMBOCTSIMU IUIAT(OPM 1 BUXOAAMHU
JI0 HUX, CKUTBKU ITPOCTOPY NOTPIOHO Jy1s Oe3mey-
HOTO MaHEBpPYBaHHS a00 31 ICHEHHS PO3BOPOTY.

Buxonsuu 3 pe3ynbprariB, OTpUMaHUX HAYKOB-
MU B poborax [8-9], mimoxia 3aiiMae meBHY

IUIOIY eJINTHYHOI (OpPMH, SK IIOKA3aHO Ha
puc. 1, BenuuuHa SKOi 3aJIeKUTh Bif TEKIIBKOX
(axTopiB.

Ha mnoury, sxy nmonuHa 3aiiMae B MIIIOXij-
HOMY TMOTOIll, BIUIMBA€ BIK, (i3WUHI O0COOIH-
BOCTI, BUJI OSTY (HAPUKIIAJ, TITHIH, 3MMOBHUIA),
HIBUJKICTB PyXY (31 3pOCTaHHSAM HMIBHJIKOCTI Oyzie
3pOCTaTH i IJIolIa), HAsABHICTh PYYHOT MOKIaX1
Ta ii po3mipiB Tomo. Y podorti [§] mioma ropu-
30HTAJIBHOI MPOEKITiT JTIOAMHU 3aJIKHO BiJ BIKY
1 0114TY, @ TAKOXK HAasSIBHOCTI Oaraxxy i iteil mopsia
pospaxoBana B jmianazoni 0,26...0,98 m?/mox.
Ane mpoBeieH1 JochipkeHHs [8] HE BpaxoBy-
BaJIM HASBHOCTI B MIIIOXiJHUX MOTOKAaX JIFOACH
3 IHBIIIHICTIO, a AociimkeHHs [9—10] He Bpa-
XOBYBAJIY iHILI MaJOMOOLIbHI TPYITH HACEICHHS,
TaKuX SK JITHI JIFOMU, JIOOW 3 XOAYHKaMH Ta
MacaXwpu 3 JITbMH, OCOONHMBO 3a HASIBHOCTI
JUTAYNX Bi30uKiB. ToMy aBTOpHM IpoOBENH 101at-
KOB1 JOCII/PKEHHS, SIKI JalOTh 3MOI'Y BPaxoBY-
BaTH 3a3HAYCHI IPynu MacakwpiB miJ 4ac ¢op-
MYBaHHSI MTACAKUPCHKUX 30H 1 BUSHAYCHHS TXHIX
ONTUMAJILHUX PO3MIpIB.

Pe3yabraru. KittouoBum daxtopom, mo 3a6e3-
neyye 6e3neky, KoMopT 1 MPOIMYCKHY 31aTHICTb
aepo- i 3aJi3HUYHUX BOK3aIiB, € IIMPUHA IILIO-
ximHo1 30HU. Ilix yac 0OGcayroByBaHHS MaJOMO-
OUTPHMX TPYIl HACENCHHA BHMOTH JI0 PO3MIpIB
MPUMIIIEHbD 1 TIIOXITHUX 30H MOXYTh BiJIpi3HS-
Tucs. /{7 BU3HaYeHHS ONTUMATbHUX MTapaMeTpiB
BapTO OPiEHTYBATHCS HA YUHHI HOPMATHBH, MiXK-
HApOHI CTaHAAPTU W pEeKOMEHAALli BUPOOHUKIB
CIeIliali30BaHOr0 OONaAHAHHS (IUTSAYi Bi3KH,
IHBAITH1 Bi3KH, MUJIULI, XOAYHKH TOIIIO).

Puc. 1. YMoBHa mi1011a, IKy 3aiiMac JIOANHA B MiLIOXiTHOMY IOTOL
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upuHa MIIOXiTHOTO MpocTOpy Oe3moce-
peIHBO BIUIMBAE€ Ha OE3MEKy pyXy Maca)KHpis,
0COOJIMBO THUX, XTO HEPEMIIIyEThCA 3 AITHMH,
Ha IHBaJIOHUX Bi3Kax ab0 3 BEIUKHUM OaraxeM,
10 0TIOMAara€e 3HU3UTH PU3HK 3ITKHEHbD 1 3a0€e3-
NeYUTH KOM(POPTHU 1 BUIBHUN pyX. Y TOAUHHU
MK IIMPOKA MIIIOXiHA 30HA FapaHTye HAICKHY
MPOIYCKHY 3[aTHICTh, 3MEHIIy€E WMOBIPHICTH
3aTOpiB 1 3aTPUMOK. SIKIO MpOCTip s mepe-
CyBaHHsI OOMEXEHUH, IBUAKICTh MOTOKY BU3HA-
Yae€TbCAd HAWMOBUIBHIIIMMH YYaCHUKAMH, IO
MPU3BOAUTH JIO CKYIUYEHb 1 3arajbHOTO JAUCKOM-
¢dopty. Y Hag3BUYAMHUX CUTYyalisX, AKi BUMa-
raroTh MIBUJKOI €BaKyallil, HeJJOCTAaTHS IIMPUHA
MIIIOXITHUX 30H CTBOPIOE JIONATKOBY 3arposy
JUTSL 5KUTTS T 3J10POB 4.

BinBimyBaui 3 [OUTSYMMH Bi3Kamu, JiTH,
JITHI JIIOMU ¥ MAcakupu 3 OOMEKEHHSIMU PYyXy
noTpeOyIoTh OUIBIIOTO MPOCTOPY sl MAHEBPIB.
JlocTaTHs IIMpPHUHA MIMIOXITHUX 30H JIa€ 3MOTY
KO)KHOMY 00MpaTy KoM(pOPTHY IIBUAKICTH Iepe-
CYBaHHsI, HE 3aBa)KaI0UH 1HIIHM YYaCHUKAM PYXY.

ABTOpPU TIPOBENM JOCHIIKEHHS IIOJ0 OCO-
O6muBocTeil (hopMyBaHHS MIIIOXITHUX MOTOKIB
3a HasBHOCTI MaJOMOOIIBHUX T'PyN HACEJICHHS
B CTPYKTYpi MOTOKY. ExciepuMenTanbHi g0ci-
JUKEHHSI TIPOBOAMJIM HA 3aJII3HUYHHMX BOK3aJIax
takux MicT, sk Kwuis, JIbBiB, JIHimpo, a Takox
y TOPTiBeJIbHUX LEHTpaX, Ha 3yNUHKaX rpomMa/-
CBKOT'O TPAHCIIOPTY, BYJIMLISAX MICTa.

Pesynbraty  eKCHEpUMEHTY Jal0Th  3MOTY
CTBEp/XKYBaTH, 110 HASBHICTh y CKJaJl IMOTOKY
JIONEN 3 1IHBAIIAHICTIO, MIIIOXOMIB 13 JUTAYNMU
Bi30YKaMU i JITHIX JIOJEH CyTTEBO BIUIMBA€E Ha
XapakTep pyxy MiIIOXiTHOTO IOTOKY: 3MiHIO-
€THCS HE JIUIIE PO3IOLI 32 IJIOMICI0, IBUIKICT
1 ImIBHICTB, a ¥ 3arajgbHa Oprasizamis pyxy.
MayioMoOiIbHI  TpylM  HACeNIeHHs  CIpHiiMa-
IOTBHCS SIK ypa3JuBa Kareropis, TOMy 1HIII MiIIo-
XOJIM YaCTO HAMAraloThCs IHTYITHBHO 3MIHIOBATH
TPAEKTOPIii, 3BUIBHAIOUM OUIBIIE MPOCTOPY IS
ix mepecyBanHs. Lle sBuIe 0COOIMBO MOMITHE
y BY3bKHX ITPOX0Aax a0 IMpH BUCOKIN IIITBHOCTI
MIOTOKY.

Kpim TOro, HasBHICTh MaJIOMOOIIBHUX T'PYI
3MYIIy€ MIIIOXOMiB 3MIHIOBaTH CBOI 3BHYHI
TPaeKTOpii, 0 MOXKE MPHU3BECTH 10 THMYACO-
BOTO 3HID)KEHHS IIBHJAKOCTI MOTOKY abo yTBO-
PEHHS JIOKAJIbHUX CKYMUYeHb. 3a3HaU€HE SBUILE

MiJICUITIOETBCS. B yMOBaX OOMEXEHOro Mpo-
cTOpy ab0 BEJMKUX TPAHCIOPTHHUX BY3IIB, /€
MIIIOXOMW MOBUHHI IIBUAKO aIanTyBaTUCA [0
3MiH y TIOTOKaX.

Mopens MoBeAIHKY MIIIOXO/IB 32 HasIBHOCTI
MaJIOMOOITPHUX Tpyn 300pakeHa Ha puc. 2.
Tak, Ha puc. 2a NOKa3aHO XaOTHMYHHUH pyX
HINIOXOJiB HA TepUTOpii BOK3ay, OOMEKEeHHM
MeXKaMU MIIIOX1THUX 30H 1 HAMPSIMKaMU JJ03BO-
ae”oro pyxy. Ha puc. 26 npoaemoHCTpoBaHoO,
K 3MIHIOIOTBCS TPAEKTOPIi pyXy MiIIOXOIB
y pasi MosiBU MaJIOMOOUIBHHUX TPYIL: 1HIII HiIIO-
X0 TOYMHAIOTh MAaHEBPYBAaTH, YTBOPIOIOYHU
MIMPII TPOXOAH AJII MaJOMOOUIBHUX y4YacHU-
KiB MOTOKY, IO, CBO€I0 YEprolo, BIUIMBAE Ha
3arajbHy JUHAMIKy pyXy.

VYcTaHOBNIEHI  3aKOHOMIPHOCTI  3yMOBHIIH
notpedy B JOJATKOBHX JOCHIKCHHAX MO0
nepeMilleHb MaJOMOOUIBHUX TPYIl HaceleHHS
3 METOI0 BCTAaHOBJICHHS BIUIMBY Ha Taki mapa-
METpH, SK INIJIBHICTH MOTOKY, IIBUAKICTb, MPO-
MYCKHA CIIPOMOXHICTh MIIIOXiAHOI 30HM Ta i
ONTUMaJIbHA IIMPUHA. [3 1i€I0 METOI0 BCTaHOB-
JICHO IUJIOIII TOPU3OHTAIBHUX MPOEKLIN Jonei
13 DITbMH, a TAKOX JIIOACH 3 1HBajigHicTIO. JlIst
IPOBEJICHHS PO3paxyHKIB MPUNHHATO MapaMeTpH
JTUTSYUX Bi304KiB 13 Katanory [12], a inBanigHux
BI3KiB 1 XOyHKIB 3 Karajory [ 13]. Okpemi pe3yiib-
TaTHU PO3PAXyHKIB Y BUIVISI TUIOL TOPU30HTAIIb-

D fparMeHT MmNz gHol S0HH

o THITTOE T

() TIpE BCTAEHIE MATOMo bimEHIm
TPV HAC EIEHHT

0)
Puc. 2. Mojaeab 3MiHM TpPaeKTOpii pyxy

MilIOXiAHMX MOTOKIB 32 HAABHOCTI
NpeacTABHUKIB MAJIOMOOITLHUX I'PYNl HACETEHHS
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HUX MPOEKIiI MaTOMOOUTBHUX IPyH HACEICHHS,
a TaKoXK LIUILHICTE JIIOAEH Ha OOUHMINO ILIOII,
BUXOJISTYH 31 I1i1bHOT0 OTOKY (0,92 M?/M? 3ri1HO
3 [7-8]), HaBeneHo B Tabwii 1.

Sx BuaHO 3 Tabnumi 1, mioma ropu3oHTaNb-
HOT MPOEKIIT MacaXupiB i3 MITbMU U AUTTIUMHU
Bi30YKAMHU KOJIMBAETHCA B JOCHTH LIUPOKOMY
Jiama3oHi, M0 3yMOBJICHO PI3HUMH rabapuTamu
JTUTSIYOTO TPAHCHOPTY (ANt OfHIET AUTHHH,
NBIAHI YW TPIliHi, 3aJ€KHO BiJl YCTaHOBJICHOTO
ONIOKY — MPOTYASTHKOBOTO YH JFOJILKH JJISI HOBO-
HApO/KEHOT0), a TAaKOXK BIKOM JIiTEH, SKi pyxa-
IOTBCSL TOpsiZL, 1 moTpedye Oinble HPOCTOpYy
B 1,6...5,5 pa3a. Takox oTpuMaHi pe3ynbTaTh
BKa3ylOThb Ha Te€, L0 MPOCTip, MOTPIOHMHA s
0€e3MeYHoro mnepemileHHs ocid i3 mpodiemamu
OMIOPHO-PYXOBOTO amapary, BaJaMH 30py Ta
ciyxy, B 1,2...2 pa3u Mo)ke NepeBUIyBaTH aHa-
JIOTIYHUH MPOCTIP AJIE HOPMOTHUIIOBOT JIFOIUHHU.

3aJie)KHO BiJ] BEJIMYMH IO Oy/1e KOIMBATHUCS
W IIUIBHICTD PO3TALIyBaHHS MEBHOI KIJIBKOCTI
JIIOAEW HAa OJMHHUIIO INIONI IINOXIZHOI 30HU.

IIpu ouinni nmoTpiOHMX NHapamMeTpiB MilIOXiJ-
HUX 30H, OKPIM 3aiHATHX TUIOUIMH 1 MIIJTBHOCTI
IOTOKY, MOTPiIOHO BpaxOByBaTu I IIBUAKICTH
PYXy, sIKa yB’si3aHa TaKOI0 3aJIeXKHICTIO [ 7-8]:

N=V-qb (1)

ne N — IHTEHCUBHICTh PYyXy HIIIOXOMdIB;V —
HIBUKICTB PyXy MIIIOXOAIB; ¢ — IMIUTbHICTH JTHO/-
CBKOTO MOTOKY; b — IIMpHUHA MIIIOX1AHOT 30HH.

[IBuKkicTh pyxy MilIOXOAa CYTTEBO 3aje-
JKUTB BiJl HOTO (hiI3MYIHOTO CTaHYy, BIKOBOI KaTero-
pii, HassBHOCTI Oaraxxy, HOrOAHUX YMOB Ta 1HIIHUX
dakTopiB. Y X041 EKCHEPUMEHTY IPOBOIUIH
3aMipH 4acy pyxy, 3a sIKHH pi3Hi KaTeropii miio-
XOJIiB JIOJIaJIi TEBHI BiJICTaHi, IO Jal0 3MOTY
O0YMCIIHTH CepeH] MBHUAKOCTI ISl MOAATBITNAX
po3paxyHKiB. Tak, 370poBa JIFOMHA CEPETHHOTO
BIKY CaMOCTIfHO MO)ke NepeMilryBaTucs 3i
mBuaKicTio 1,2...1,8 M/c, 11004 3 TUTAYNMU Bi30-
ykamu — 1,1...1,4 M/c, niTu (3a1€3KHO BiJl BIKY) —
0,5...1,5 m/c, moau MOXUIIOTO BiKY W JIOAM Ha
mpore3ax — 0,5...1,1 M/c, Ha IHBaJIITHUX Bi3Kax

Tabmuns 1
Iomi ropu30HTATBHUX MPOEKIIH | IIIBHICTH HA OMUHHUITIO TJIONIL
JAesIKMX NPeACTABHUKIB MaJ0MOOIIbHUX TPyl HACEJIEHHSI
ILnoma
Ilioma ropu3ou-
IpeacraBHUKH . . . IpeacraBHUKH TOPHU30H- . .
MAaJIOMO-0iJILHHX HT a(‘])I&HOi.ll- m}ﬁ:*ﬁ; By | masomMo-6iibHHX TaJIbHOI IHJII‘]::)’H/IJ;"”
rpyn HaceJIeHHsI 152 /Jml)l ’ a rpyn HaceJIeHHsI NpoeKiIIii, A
a M2/ 10
0,78...1,16 1,18...0,79 1,06 0,88
0,86...0,94 1,07...0,98 1,26 0,73
094...1,1 0,98...0,77 0,44 2,1
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(3aJIeKHO BiJ KOHCTPYKLIi, (PI3MYHOTO CTaHy
i HasiBHOCTI moMiuHuKa) — 0,5...1,4 M/c, 3 XomyH-
kamu — 0,5...0,8 M/c. Buxonsuu 3 ycepenHeHUx
HIBUJIKOCTEH pyXy MIIIOXOAIB PI3HUX KaTero-
piil, BUSHAYMIIM IHTEHCUBHICTh PyXy U moganu ii
B rpadiuHOMY BHUIJISAL Ha puc. 3.

Hageneni pesynbraru po3paxyHKIB XapakTe-
PHU3YIOTh 3aJICKHICTh MIXK PI3HUMH KaTeropisiMu
MaJIOMOOUTPHUX T'PyN HaceleHHS i moTpiOHO0
IIMPUHOIO MIIIOX1HO1T 30HH. [IpH By3bKHX MiIIO-
XigHuX 30Hax 1...1,5 M IHTEHCUBHICTH pyXy Oyze
HAJTO HU3BKOIO JJIs BCIX PO3IISHYTUX KaTeTopiit.
CyTTeBe MiABUILEHHS MPOIYCKHOI CIPOMOXK-
HOCTI CIIOCTEPITa€eThcs 3a YMOBH 3a0e3MeueHHs
IIMPUHU MIIIOX1AHOT 30HU Bijg 3 M.

3 METOI0 BCTAHOBJICHHS paIliOHAIBHUX Hapa-
METpIB MIIIOXiIHUX 30H 3 ypaxyBaHHSIM BHUMOT
6e30ap’€pHOCTI aBTOPU IIPOAHAIIi3yBaJIl 0COOIIH-
BOCTI TPA€EKTOPIl pyXy BiJBiAYyBauiB i3 IUTIUUMHU
Bi30YKaMU i Ha 1HBAJIIJHUX Bi3KaX. 3 OMNIALy Ha
JOCIIJPKeHHS Ta HOPMAaTUBHI BUMOTH [2—5], Ha
puc. 4 300pakeHa imiTallis MaHEeBpPyBaHHS 1HBa-
JILAHOTO Bi3Ka.

Ha puc. 4 BinoOpakeHO MOTPIOHI MEXi s
30IMCHEHHS MaHEBpiB KOPUCTyBaueM iHBa-
migHoro Bi3Ka. Tak, MiHIMaabHO JOMyCTHUMA
IIMpUHA A7 1BOro noTpibHa 1,5 M, a pekoMeH-
noBaHa — 1,8 M.

VY poboTi NpONoHy€eThCS BU3HAYATU HIUPHHY
MIIIOX1AHOT 30HU, BUXOISYM 3 KIUJIBKOCTI Bi3KIB
y TOTOL, iXHIX MapaMeTpiB Ta IHTEHCHBHOCTI
pyxy:

N
b—;—I—n-c—I—aj ()

JIe 1 — KUTBKICTh BI3KIB Y TTOTOIII;

¢ —mupuHa Bi3Ka (y poooti npuiiasaro 0,8 m);

a4 — piacrans 6e3neku (0,5...1 m).

Kopucrytources HaBeneHrM Bupa3oM (2), mopa-
XyBaJIM MiHIMQJIbHO JJOITYCTUMY IIUPUHY MIIIOX1/I-
HOI 30HM 32 YMOBHU HasIBHOCTI B MOTOLI MajOMO-
OUTEHUX TPYN HAceJIeHHs. Pe3ynbsraru po3paxyHKy
(dbparMeHTaILHO TPEACTaBICHO Ha PUC. 5.

Buxonsum 3 ymMOBH, IO B TMOTOIl HasBHUMA
xo4a O OJTMH Bi30K, a BIJICTaHb O€3IMEKH IPUITHSITO
0,5 M, To MiHIMaNbHAa MIMPUHA OJHIEI CMYTH
pyXy moBuHHa craHoBuTH 1,9 M (auB. puc. 5),
a MIMOXIZHOI 30HM 3arajioM — HE MEHIIE HIXK
3,8 M. OTpuMaHi JaHi He cynepeyarb MiHIMAJIbHO
MOTPIOHOMY TIPOCTOPY JJISI MAHEBPYBaHHS Bi3KiB
(muB. puc. 4). 3 HABHUILEHHSIM 1HTEHCUBHOCTI
pPYyXy, OCOOJIIMBO B «IIKOBD» TOAWHHU TpHU MpH-
WMaHHI YW BIAMpaBICHHI MOI3IB HA 3aJi3HUY-
HUX BOK3ajlaX Ta 0OCIIyTOBYBaHHI PEHCIB B aepo-
MopTax, YCTAHOBIIOBATU palliOHATbHY LIUPUHY
MIIIOX1HOT 30HU MOTPIOHO BUXOASYM 3 TOTPIO-
HOT MPOMYCKHOI CITPOMOXKHOCTI KaHaJiB 1 KiJib-

N W AR 0 O Q9

O -
!

1 1,5 2 2,5

IHTeHCHBHICTH MiIOXiTHOTO PYXY, Oc/C

3 3,5 4 4,5 5

MupuHa nimoxigHoi 304U, M

=&—JII0JINHA CEPEHBOTO BiKy 0€3 MpoOIieM 3i 370pPOB'IM

=-1r01M 3 IATSYNMH BI30YKaMHU

== JIIOIH 3 JITbMH

=>6= 11011 Ha IHBaJIIJHUX Bi3KaxX

==JII01I1 IOXWJIOTO BiKY Ta JIIOJM Ha IPOTe3ax

JIFOAU Ha XOAYHKax

Puc. 3. B3aeM03B’ 130K Mi’ IIBHAKICTIO PYyXY, IHTEHCHBHICTIO i INMPHHOIO MilIOXiTHOT 30HH
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1,5.18m

’

e

—— —

Puc. 4. IIpocrip, noTpiOHMii 1151 MaHeBPyBaHHS
iHBasigHOrO Bi3Ka

KOCTI MPE/ICTAaBHUKIB MAJIOMOOUTLHUX TPYII HACe-
JIEHHS B IIOTOL.

BucnHoBku. BukoHani aBropamu J0CIHi-
JDKEHHSI JAal0Th 3MOTY CTBEP/UKYBaTd, IO JUIS
koM(pOpTHOTO TIepeOyBaHHS Ha TEPUTOPIi aepo-
MOPTIB 1 3aJI3HUYHUX BOK3aJIiB PEKOMEHJ0BaHA
IIMPUHA TMIIOXiIHOI 30HM cTaHOBUTH 1,90 M

B OJTHOMY HaIpSIMKY i He MeHIe Hix 3,80 y 1Box
HanpsMKax. Lli noka3Huku oOymoBieHi rabapu-
TaMH 1HBAJIJHUX BI3KIB 1 JUTAYUX BI30UKIB 13
CYTTEBUMHU TrabapUTHUMM poO3MipamMH i oOuwc-
JIeH1 BUXOJSIYM 3 BUMOT O€3MeKH Ta MOKa3HUKIB
koM(dopTy B pa3i He JHIIE PyXy MO HAMIYCHIH
TpaekTopii, a i morpebu B MaHEBpyBaHHI Ta
3MiHI HaNpsIMKY PyXy.

JloTprMaHHSI peKOMEHIOBAHUX MapaMeTpiB HE
auiie 3a0e3neunTs e(eKTUBHICTh PyXy, a i cyT-
TEBO MIABUIIHUTH O3MEeKy Ta KOMPOPTHICTH mepe-
CYBaHHS /Il BCIX MMAcakupiB 1 BiJBiTyBauiB,
30KpeMa JjIsi MaJIOMOOUIBHUX TPYyINl HACeJIeHHS,
TaKUX SIK JIFOIM HA IHBAJITHUX BI3KaxX1 MAMHU 3 JJATS-
YUMHU Bi30YKaMH. 3aBISKUA JIOCTATHIA IIMPHUHI
MIIIOX1THUX 30H, MOXKHA 3aMO0IrTH CKYMUEHHIO
JrOAEH 1 CTBOPUTH YMOBH ISl BUIBHOTO MaHEB-
PYBaHH:, 1110 € 0COOIMBO BaXIIMBUM Y CTPECOBHX
CUTYyallisiX, TAKUX K €BaKyallis abo Haa3BUYAiiHI
curyartii. Takum 4rHOM, peaizalis HUX PeKOMEH-
Jaliil He JIMIIE CIPHUATHME IiABUIIEHHIO SIKOCTI
00CITyroBYBaHHS, a i 3a06e3ne4nTh 6e30ap’ epHICTH
y MyOIIYHUX MPOCTOpax, IO € KIFOYOBUM YNHHU-
KOM JIJIs1 CY4acHOTO CyCI1JIbCTBA.
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E_ IHTeHcuBHICTH MilIOXiHOTO pPyXY, 0c/C

=

——MiHiMaJbHa IIMPHUHA 32 HAsBHOCTI | Bi3Ka B MOTOII

—IUUpWHA 33 HASBHOCTI 2 Bi3KiB B MOTOII

[IUPHUHA 332 HASBHOCTI 3 Bi3KiB B TIOTOIII

Puc. 5. 3anexHnicTs moTpiOHOT IIMPHHM MIIIOXiIHOT 30HU Bijl KiTbKOCTI iHBaJiTHNX Bi3KiB y nmoromi
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