MIHICTEPCTBO OCBITU I HAYKU YKPATHU

OAECBKUN
HAITIOHA AbHUN MOPCBHKUI YHIBEPCUTET

PO3BUTOK
TPAHCIIOPTY

Hayxosuii orcypnan
BUITYCK 1(6), 2020

3acnosanuii y scoemui 2016 poxy

BugaBununii gim
«I'enpBeTHKA»
2020



OAECBKMI
HALIIOHA AbHUN MOPCHKIN YHIBEPCUTET

PO3BUTOK TPAHCIIOPTY

HAYKOBUI JKYPHA A

Ne 1(6) 3acHoBaHuii y :k0BTHi 2016 poky Buxonuts 4 pa3u Ha pik
2020

Cainourso MinicTepcTBa 1ocTuuii Ykpainu
NPO Jep:KaBHY peecTpailo IpyKOBaHOro 3aco0y MacoBoi iHgopmanii
Cepist KB Ne 22494-12394 1P Bix 04.10.2016 p.

Ha nincrasi Haka3zy MinicrepcTBa ocBiTu i Hayku Ykpainu Ne 1188 Bix 24.09.2020 p.
(zoaarok 5) :xypHaJ BHeceHuii 1o Ilepesiky HaykoBuX ¢axoBUX BUAaHb YKpaiHu (KaTeropis «b»)
y rajy3si ekoHoMidyHUX Ta TexHiyHuX HayK (051 — Exonomika, 073 — MeHeI:KMeHT,

133 — I'aty3eBe MamMHOOY1yBaHHs, 271 — PiukoBuii Ta MOpCbKHUIi TPaHCIOPT,

275 — TpancnopTHi TexHoJ0rii (32 BUAAMM).

3acCHOBHUK:

Opecbkuii HAIOHAJBLHUN MOPCHKUI YHIBEpCHTET
Ykpaina, 65029, m. Oneca, ByJ. MeunukoBa, 34
Penakuiiina xonerisi:

Tl'onoBHuii pegakTop — A.T.H., npo¢. Pyoenko C.B.
3acTyHUK roJI0BHOTO PeJaKTopa — K.T.H., aou. Hemuyk O.0.

Binnosinanbuuii cexperap — K.e.H., 1ou. Mensnukoe C.B.

Yuienu penakuiiinoi koJerii:

I.T.H, ipo¢. Bapoaneysv A.P., OHMY; I.T.H., Aou. ITimepcvka B.M., OHMY;
I.T.H., pod. Ayoposcvxuit M.I1.,, OHMY:; I.T.H., ipo¢. Illaxoe A.B., OHMY:;
I.T.H., Ipo¢. €2ynos K.B., OHMY; I.T.H., Aou. Kupunnoea O.B., OHMY:;
a.e.H., npo¢. Ilocman M.Al., OHMY; ®Dinina-/lasioosuu JI.C., PhD, DSc,
a.e.H., npo¢. Jlankina 1.0., OHMY; 3axintHonoMopchKHUii TEXHOIOTiYHUIH

yHiBepcutet y llenuni, [loabma.

PexomenioBaHo /10 1pyKy BueHoro pajioro
OpecbKkoro HaliOHAIBHOI0 MOPCHKOI0 YHIBepCHTETY
(mporoxoa Ne 4 Bin 25 aucronazna 2020 p.)

BinnosinaabHicTs 3a 10cTOBipHiCTH paKTiB, HUTAT, BJACHUX iMeH, reorpadgiuynux Ha3s,
Ha3B MiANPHEMCTB, OpraHizauiii, ycranos Ta inmoi ingopmaiii HecyTh aBTOpPH cTaTE.
BuciioBiieHi y Hux cTaTTAX IyMKH MOKYTh He 30iratucs
3 TOYKOIO 30py pefaKuiiiHol KoJlerii, He IOK/1aAal0Th Ha Hel HisSIKNX 3000B’A3aHb.
Ilepenpyxu i nepek/aau 103BOJISIIOTHCS JIMIIIE 32 3T0J0K0 ABTOPA Ta peJaKuii.

Crarri y BUaHHi nepeBipeHi Ha HAABHICTH NJIAriaTy 32 10110MOI0K0
nporpamHoro 3adesnedenHs StrikePlagiarism.com Bin nosbebkoi komnanii Plagiat.pl.

ISSN 2616-7360

© Opecbkuii HanioHAIBHUI MopcbKuUii YHiBepcuTeT, 2020



MINISTRY OF EDUCATION AND SCIENCE OF UKRAINE

ODESSA
NATIONAL MARITIME UNIVERSITY

TRANSPORT
DEVELOPMENT

Scientific journal
ISSUE 1(6), 2020

Founded in October 2016

Publishing House
“Helvetica”
2020



ODESSA
NATIONAL MARITIME UNIVERSITY

TRANSPORT DEVELOPMENT

SCIENTIFIC JOURNAL

Ne 1(6) Founded in October 2016 Frequency: four times a year
2020

Certificate of state registration of the print media issued by the Ministry of Justice of Ukraine
Series KB Ne 22494-12394 I1P dated 04.10.2016

Pursuant to the Order of the Ministry of Education and Science of Ukraine Ne 1188
dated 24.09.2020 (Appendix 5), the journal is included in the List of scientific professional
publications of Ukraine (category "B") in the field of economic and technical sciences
(051 — Economics, 073 — Management, 133 — Industry engineering,

271 — River and sea transport, 275 — Transport technologies (by type).

Founder:
Odessa National Maritime University
Ukraine, 65029, Odesa, 34 Mechnykova St.
Editorial Board:
Editor-in Chief: Doctor of Engineering, Professor Rudenko S.V.
Deputy Editor-in Chief: PhD in Engineering, Associate Professor Nemchuk O.O.
Executive Secretary: PhD in Economics, Associate Professor Melnykov S.V.

Editorial Board Members:

Doctor of Engineering, Prof. Varbanets A.R., Doctor of Engineering, Associate Professor
ONMU; Piterska V.M., ONMU;

Doctor of Engineering, Prof. Dubrovskyi M.P., Doctor of Engineering, Prof. Shakhov A. V.,

ONMU; ONMU;

Doctor of Engineering, Prof. Yehupov K.V,, Doctor of Engineering, Associate Professor
ONMU; Kirillova O.V., ONMU;

Doctor of Engineering, Prof. Postan M.la., Filina-Davidovych L.S, PhD, DSc,

ONMU; West Pomeranian University of Technology
Doctor of Engineering, Prof. Lapkina 1.0., in Szczecin, Poland.

ONMU;

Recommended for printing by the Academic Council of Odessa National Maritime University
(Minutes No 4 dated November 25, 2020)

Authors are responsible for the reliability of facts, quotes, proper names, geographical names,
names of enterprises, organizations, institutions and other information.
The Editorial Board may not share the authors’ opinion
and assumes no responsibility for the content of manuscripts.
Reprinting and translation are allowed with the consent of author and editors.

The articles were checked for plagiarism using the software StrikePlagiarism.com
developed by the Polish company Plagiat.pl.

ISSN 2616-7360 © Odessa National Maritime University, 2020



PO3BUTOK TPAHCIIOPTY

Ne 1(6), 2020
3MICT
EKOHOMIKA
J.I'. Kpyr.auii
B3aemo3B’ 30K 301bIIEHHS TOBAPOOOIry B mopTax YKpaiHH
3 PO3BUTKOM TPAHCIIOPTHOL IHPPACTPYKTYPH. ......vve e, 7
MEHEKMEHT
T.A. KoBTyH
DpeiiMoBe MOJIETIOBAHHS MTPOILYKTIB MPOEKTY €KOJIOTICTHYHOI CUCTEMHL. ................ 17

A.B. lllaxos, B.M. Ilitepcoka, O.1. HlepcTiok, B.M. Bonaniok
MexaHi3MU pU3HKO-OPi€EHTOBAHOTO YIIPABIIIHHS KOHIIECIHHIUMHE MTPOEKTAMHU
B MOPCBKUX TOPTAX. ... .eeuueeeiie e ee et e e e et 30

PIYKOBUI TA MOPCHKH TPAHCIIOPT
0.G. Kupraty
Mathematical modeling trajectory of a ship
as a control object in global planning........................ccoooiiiiiiiiiiiiiiiiiiiie e 40
O.1. Poccomaxa
KoHrentyanbHa MOJIENIb CHCTEMH TEXHIYHOTO OOCITyTOBYBaHHSI i PEMOHTY
CKITQITHUX TEXHITHIX CHCTEM. ....... ittt e it 56

TPAHCIIOPTHI TEXHOJIOI'TI (BA BUJIAMM)
H.O. ApcenbeBa, I'.P. ®omenko
OdyHKIiOHAIbHA KiacuDikailisi aBTOMOOITBHHUX JOPIT YKPATHHU. ... 7
X.A. bapgincbka, O.M. I'punynn
JocrmimkeHHs 3aTpUMKH TPAHCTIOPTHOTO TTOTOKY

Ha HEpETYIILOBAaHNX MEPEXPECTIX 3 00MEKEHOIO IIBHUIIKICTIO. ............vvveeeeeenn.. 80
K.B. Kpsiuko

YnockoHaIeHHS TEXHOJIOT1 poO0TH TIepeBaHTaXKyBaJIbHUX 3ac00iB

Ha KOHTEHHEPHUX TepMiHaIaX BAHTAKHUX CTAHIIM. .................ooovei 92

M.C. OuickeBuny, O.JI. Macruxkam, M.II. Poii

3anexHICTh ePEKTUBHOCTI TISUTBHOCTI 1 KOOITeparlii mepeBizHuKa

BiJT BXITHOTO TTIOTOKY 3AMOBIICHD. ...........cceeiieiiiie e e e e 103
I'.C. IIpokyain, 1.0. Pemex, T.I'. Xo60THs

Oprani3zaitisi He30aJJaHCOBaHUX BaHTAKHUX MEPEBE3CHb

i3 BUKOPUCTAHHSM BaHTAXKHUX MUTHUX KOMIUTCKCIB...............ooeieeiiiiiiieee e 116



PO3BUTOK TPAHCIIOPTY
Ne 1(6), 2020

CONTENTS

ECONOMY
D.H. Kruhlyi
Relationship between increasing turnover in the ports of Ukraine
with the development of transport infrastructure.............................ooooiee .. 7

MANAGEMENT
T.A. Kovtun
Frame models of the ecological system project................ccooeeeeeeeiiiiiil, 17
A.V. Shakhov, V.M. Piterska, O.I. Sherstiuk, V.M. Botsaniuk
Mechanisms for risk-oriented management of concession projects in seaports........ 30

RIVER AND SEA TRANSPORT
0.G. Kupraty
Mathematical modeling trajectory of a ship
as a control object in global planning..........................c...oooi 40
O.1. Rossomakha
Conceptual model of system of maintenance
and repair of complex technical SYStemS....................ccccciii 56

TRANSPORT TECHNOLOGIES (BY TYPE)
N.O. Arsenieva, G.R. Fomenko
Functional classification road of UKraine.........................ccccoco, 71
Kh.A. Barvinska, O.M. Hrutsyn
Investigation of transport flow delay
at unsignalized intersections with limited speed............................... L 80
K.V. Kryachko
Improvement of technology of work of transhipment means

on container terminals of cargo Stations.....................ccoooeiiiiii 92
M.S. Oliskevych, O.L. Mastykash, M.P. Roi
Dependence of carrier efficiency and cooperation on input order flow.................... 103

G.S. Prokudin, I.O. Remekh, T.G. Khobotnia
Organization of unbalanced freight transportation
with the use of freight customs complexes....................ccciiiiiii 116



PO3BUTOK TPAHCIIOPTY
Ne 1(6), 2020

EKOHOMIKA

YIK 629.5.061 DOI https://doi.org/10.33082/td.2020.1-6.01

B3A€EMO3B’S30K 35IVIBITEHHS TOBAPOOBIT'Y B ITIOPTAX
VYKPATHM 3 PO3BUTKOM TPAHCIIOPTHOI IH®PACTPYKTYPH

A.I'. Kpyramii
I.T.H., ipodecop kadeapu «[HHOBamiliHI TEXHOJIOTIi Ta TEXHIYHI 3ac00M CYIHOBOIIHHY,

Xepcoucwvra depoicasna mopcoka akademis, Xepcow, Ykpaina,
ORCID ID: 0000-0003-0236-3449

Anomauisn

Bcemyn. [obanvni npoyecu, wo 3abesneuyioms hopmysanis napamempis putky mop-
CbKO20 MO8apo0bi2y, cmaroms 3aKOHOMIpHICIO. L8 3aKOHOMIDHICTb 3yMOBIIOE 3A80AHHSA
PO3BUMKY CYOHOBNACHUYLKUX CIPYKIMYD 3a nesHuMU Kpumepismu. LIpu ybomy macuima0d
EKOHOMIUHUX GIOHOCUH YKPAIHU 3 THUUMU 0epiHcasami. nompedye nOCMIUHO20 PO3ulU-
penns ma 6e3nocepeonbo 3aneHcums Gi0 PO3GUMKY MOPCbKUX I PIUKOSUX nepeesetb mda
VOOCKOHANEeHHs. pobomu nopmie, ix Kouxypenmocnpomodcnocmi. Mema. Cmamms npu-
CBAYEHA BUBHEHHIO NUMAHHS 83AEMO38 A3KY 30ibUeHHs Moeapoodiey 6 nopmax Yxpainuu
3 possumxom mpauncnopmuoi ingpacmpykmypu. Pesynemamu. Y pobomi posensioa-
10MbCsl 2100aNbHI MEHOCHYTT PO3GUMKY MOPCLKOI 2ATy31, HABEOEH] NOKA3HUKU NEPeGaIKU
eKCNOPMHUX 8aHMACI8 Yy nopmax npomseom ciyna—oepesns 2018-2020 pp., a makooic
BU3HAYeHi cmpameziuni npiopumemu po3gumky Yxpainu sk mopcvkoi depoicasu. Posens-
HYMO aKmyanbHiCmb GUKOPUCMAHHS MUNi@ cyO0eH, SKI NOBUHHI 3a0080NbHAMU BUMOAM
5K PiUKOB0I, max i MOPCvbKoi Hagieayii, npobiemu 2any3i OCMAHHLO20 4ACy MA OCHOBHI
NPUYUHU IX BUHUKHEHHS, A TNAKOIIC 6U3HAYEHO OCHOGHT MEeHOeHYii pO36UMKY MPAHCNOPM-
Hol  eanysi. /lemanvruil ananiz OisIbHOCMI MOPCbKUX MA PiYKOBUX HOpmie Yxpainu npo-
MA20M OCMAHHIX YOMUPLOX POKIG NOKA3AB, W0 2ATY3b PYXACMbCA Y NEGHOMY HANPAMKY.
CKopouenHs Umpam i 3HUNCEHHsL PUBUKIE KANIMAIbHUX BKIA0EHb 8i0IepAlOmb 8ANCIUBY
POTb Y 00CACHEHHT ONepayitino2o npupocmy npoOyKmMuGHOCHI.

Bucnosku. Y pezynomami ananimuunux 00ciodceHb 3p00ieH0 8UCHOBKY Md 8UOi-
JIEHO MPU YMOBU POZGUMK)Y MOBAPONOMOKY PIUKOGUMU wiaaxamu. Boouuti mpancnopm
€ 00HUM 13 Hatloeuwleguux 8udie 00Cmasku eanmasicie. Tomy 3po3ymino, wo 6axicanus
30bWUMU Mo8apoodie eede 3a cobor 30inbueHHs Kiibkocmi cyoen. O0pa3y 8UHUKAE
numanms 6e3nexu CyOHonIaecmed, 3a0e3neyeHHs AKoi € OCHOGHUM 3ABOAHHAM PIUKOGUX
ingpopmayitinux cucmem (PIC). Ouesuono, wo yi cucmemu noguUHHI Hecmu ingopmayiro
0711 CYOHOB00I18 He uuie NPo MpaH3umHi cyoHd, a tl npo 6ci NAasaryi 00 eKmu 8 Medic-
ax npamoi euoumocmi. llepcnekmuea nooanbut020 00CiONHCEHH — 3pOOUMU NOBHOYIH-
Huti ananiz pooomu cmpykmypu PIC.

Knrwwuogi cnosa: nopmosa indycmpis, oocsie nepesesens, 6aHmMadicoodie, nponyckHa
30amHICMb, NOMEHYIAL, MOPCHKA 2Ay3b, PIUKO8a IHpopmayitiHa cucmema.

© Kpyrumii JI.T"., 2020
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Summary

Introduction. The article is devoted to the study of the relationship between increasing the
turnover in the ports of Ukraine with the development of transport infrastructure. This pat-
tern determines the task of developing shipowners’ structures according to certain criteria. At
the same time, the scale of Ukraine’s economic relations with other countries needs constant
expansion and directly depends on the development of sea and river transportation and the
improvement of ports, their competitiveness. Purpose. Global processes that ensure the forma-
tion of parameters of the maritime trade market are becoming a regularity. Results. The paper
considers global trends in the development of the maritime industry, presents indicators of
transshipment of export cargo in ports during January—March 2018-2020, as well as strategic
priorities for the development of Ukraine as a maritime state. Considered the relevance of the
use of ship types that must meet the requirements of both river and sea navigation, the main
problems that have developed in this area in recent years, highlighted the main causes of their
occurrence, and identified the main trends in the transport industry. A detailed analysis of the
activities of sea and river ports in Ukraine over the past four years has shown that the industry
is moving in a certain direction. Reducing costs and reducing capital investment risks play an
important role in achieving operating productivity gains. Trends and direction of further devel-
opment of the industry are considered. As a result of analytical researches conclusions are
made and three conditions of development of a commodity flow on river ways are allocated.

Conclusions. The article analyzes the use of the RIS system, which is one of the main
tasks of the development of cargo transportation, because water transport is one of the
cheapest types of cargo delivery. It is clear that these systems with regard to inland water-
ways, in terms of ensuring the safety of navigation, should primarily carry information
for navigators about all floating objects within line of sight, not just transit vessels. The
prospect of further research is to make a full analysis of the work of the RIS structure.

Key words: port industry, volume of traffic, cargo turnover, capacity, potential, mar-
itime industry, river information system.

IlocTanoBka npodJjeMn y 3arajJJbHOMY BHUIVIAAI Ta il 3B’fI30K i3 BaJIMBHUMH
HAYKOBMMH YM MPAKTHYHUMH 3aBIaHHSIMUI

CyuacHuil cran iHQpacTpyKTypu OaraTbox TMOpPTIB YKpaiHH CYTTE€BO BIJICTa€ Bix
3apyOiKHHUX TIOPTiB-KOHKYPEHTIB. [IMTaHHS TEXHIYHOTO BJOCKOHAJICHHS CJIEMCHTIB
MOPTOBOT IH(YPACTPYKTYpH CTa€ Bce OLIBII aKTyaIbHUM.

MopchKi TOProBesbHI MOPTH SBIISIOTH COOO0I0 TPAHCHIOPTHI KOMILIEKCH, SIKi 00CTy-
TOBYIOTH Pi3HI MPOMHUCIOBI perionun Ykpainu. [liqnprueMcTBa NoCTiiiHO pO3BUBAIOTHCS,
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BJIOCKOHAJIIOIOTh CBOKO TMPOAYKIIiIO, OyIy4d KIIEHTO-OPIEHTOBAHMMU B EKCIIOPTHO-
IMIIOPTHOMY BiJHOIIEHHI, OTPUMYI0UX a00 BiIIPaBIISIOUN Y€pe3 MOPCHKi IIOPTH CHPO-
BUHY, 00JIaJiHaHHS a00 iHIITY NpoAyKiio [1, ¢c. 27-62].

[TopTu — HalBaXKJIMBIIII BY3JIM IIEPEBAJIKH BAHTAXIB HA MOPCHKHI TPAHCIIOPT 3 Peri-
OHIB, IO 3HAXOAATHCS NMOOMKM3Y. BiiMiHHA MisUTBHICTH MOPCHKUX TTOPTIB 3aJICKUTh BiJl
e(hekTUBHOT POOOTH OCHOBHHUX Tally3eil KpaiHU: MaIlIMHOOY/IyBaHHS 1 METaIyprii, arpo-
IIPOMHUCIIOBOTO Ta MaJTUBHO-CHEPIETUYHOTO KOMILUIEKCIB, BiJl KOJUBaHHS OOCSTIB KOH-
TEHHEPHUX TIepEeBE3eHb 1 T.1I.

[moGankHi npotiecy, 1o 3a0e3nedyoTh HOpMyBaHHS apaMETPIB PUHKY MOPCHKOTO
TOBapPOOOIry, CTAIOTh 3aKOHOMIPHICTIO. LIs1 3aKOHOMIPHICTh 3yMOBIIIOE 3aBJIaHHS PO3-
BUTKY CYIHOBJIACHUIIBKHX CTPYKTYp 3a NMEBHUMHU Kputepissmu. [Ipu npomy maciirad
CKOHOMIYHHUX BIJIHOCHH YKpaiHU 3 1HIIUMU JiepKaBaMH MOTPeOy€e MOCTIHHOTO PO3IIH-
peHHs Ta Oe3rmocepeIHbO 3aJISKUTh BiJl PO3BUTKY MOPCHKUX Ta PIYKOBHX IMEPEBE3CHb
Ta YIOCKOHAJIEHHS POOOTH MOPTIB, IX KOHKYPEHTOCIPOMOKHOCTI.

BrieBHEHO MOYKHA TOBOPHTH ITPO TE, 1110 Yepe3 YKpaiHChKI MOpTH 3a0e3nedyeThes 10 40%
YCBOTO BaHTaX000ITY PErioHy, a e JOCHTh BATOMHUH MMOKA3HUK BAYKITMBOCTI HAIIIOHAJIBHOTO
MOPTOBOTO KOMITJIEKCY HE TUIBKH JUIsl YKpaiHH, alle i 1HIIMX KPaiH, 110 MOB’S3YI0Th CBOIO
CKOHOMIKY 3 YOpHOMOPCHKO-A30BCHKUM OaceiiHoM. He3Bakarouu Ha CTiiiKe CTaHOBHIIIC
YKpaiHCHKHUX MOPTiB, iX (hiHAHCOBI MOKA3HUKKM HEOHO3HAUHI [2, ¢. 22-34].

PeHTabenbHICTh CYTTEBO MEPEBUIIY€E aHATIOTTYHI MOKA3HUKH METaypriiiHO1, XiMid-
HOT IPOMHUCIIOBOCTI, arpOKOMILIIEKCY, alle YacTKa IMOJATKOBUX HAJIXO/PKEHb y J0XO/aX
JIepKaBHOTO OIO/KETYy CTaHOBUTH ychoro Onu3bko 0,8%, 1o BKpail mMano Uil IIbOTo
BUJIY AisUIbHOCTI. EKCIIepTH BiJ3HAUAIOTH, 1[0 TAKWH CTaH CIpaB OB’ A3aHUN HacaMIIe-
PEeJl 3 HAsSBHOKO CUTYaAIlI€0 Y chepl po3MOPSIKCHHS MAHHOM MOPCHKUX MOPTIB.

SIK T0XO/IM BOHU YacTO OTPUMYIOTh HE CTLIBKH JJOXOJIH BiJl ONEPaIliiHOT TisUTbHOCTI,
MOB’sI3aHl 3 HaJAaHHSAM TPAIMIIMHUAX MOCIYI, a OPCHIHI IUIATEXi, M0 CILIaYyIOThCS
CTHBIJJODHUMHU KOMIIaHISIMH 3a KOPUCTYBAaHHS MpUYajJaMH Ta MOPTOBOIO TEXHIKOIO.
VY 3B’3KY 3 IIUM 3’SIBIISIETHCS] MOYKIJIMBICTh MAHEBPYBAHHS TPOLIOBUMH TTOTOKAMH 1 ITiJI-
BUILIEHHSI TPUOYTKOBOCTI MopTiB [3, ¢. 77-96].

AHaJTi3 0OCTAaHHIX 10C/iIKeHb i my0ikaiii, B IKUX 3a1109aTKOBAHO PO3B’sI3aHHS
ni€i npodJeMu, i BUIiJIeHHs] He BUPilIEHWX paHillle YaCTHH 3arajbHoi mpodiaeMHu

[IpoGnemamu pO3BUTKY MOPCHKOI TpaHCHOPTHOI raimy3i YKpaiHu 3aliMaroThCs
Oararo BucHMX 1 KBasi(hikoBanux (QaxisuiB. B. Muxaiinosa [4, ¢. 1-2], /1. lllepOakos
[5, c. 2-3], K. InpHunpkwii [6, c. 44—54] npuinsioTh yBary aHajiidy CTaHy MOPCHKOTO
TPaHCIOPTY 1 AiSTIBHOCTI MOpchkuX mopTiB; B. Yekanoseup [7], M. IIpumausoB [8]
BUBUAIOTH MUTAHHS BJIOCKOHAJICHHS YIIPABIiHHI MOPCHKHMH ITOPTaMH.

Onnak € motpeba NMPOJOBKEHHSI Ta y3aralbHEHHS Pe3yJbraTiB IXHBOI poOOTH, Ha
IiICTaBl YOO MOYKHA BUSIBUTH HAIIPSIM PyXy ray3i Ta il NepCreKTUBU B MaiiOy THHOMY.

®opmyTIOBaHHS METH CTATTIi, MOCTAHOBKA 3aBIaHHs. TakiuM YHMHOM, HEOOXis-
HICTh aHaJIi3y poOOTH YKPaTHCHKMX MOPCHKHX MOPTIB, 1110 JO3BOJIMB OU BUSIBUTH CHJIbHI
i caOKi CTOPOHU BITYM3HSIHUX MIANPHEMCTB, BU3HAYUTH MOXIIUBOCTI Ta HAIPSIMHU X
PO3BHTKY B HAsBHOMY KOHKYPEHTHOMY CEpEIOBHIII, JOCHUTH OYEBHHA, OCOOIHMBO
B TIOCTKPU30BHX YMOBaX BiIPOJKCHHS CBITOBOT €EKOHOMIKH.
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Jly’ke BaKJIMBHM €JIEMEHTOM € PO3IIIST aKTyalIbHOCTI BUKOPUCTAHHS THITIB CyJIIeH, SIKi
MOBUHHI 33/I0BOJIbHSATH BUMOTHY SIK PIYKOBHX, TaK 1 MOPCHKUX HaBiraifiit. I skio ast mia-
BaHHS Yy BIJIKPUTOMY MOPI JOCHTh BIJIMOBIIATH KOHBCHIIIHUM BHMOIaM MO0 MIITHOCTI
KOPITYCY 1 pSITYBaJIbHUM/HaBITAIlIHIM 3aC00aM, TO Ha Pidlli BAHUKAIOTh SICKPABO BUPAXKEH1
rabapuTHI OOMEKEHHS, JHKEpEeNlaMH SIKMX BUCTYIAIOTh MITIO3H, Yepe3 sIKi Cy/iHa TOBHHHI
MIPOXOUTH IO IIMPUHI, MOCTH, ITiJ] SKUMH BOHU TIOBHHHI «TIOMIIIIATUCS», 1 IPOXIiHA OCa/IKa
(mbuHa y camiil MUTKOBOJIHIH JUISHIN PIYKOBOTO NIISIXY). HasBHICTB y TaKHMX Cy/IeH KOp-
MOBOTO SIKOPSI, PIYKOBOT paJIiOCTaHIIIT 1 XO/IOBUX BOTHIB TaKoX 000B’s3k0Ba [4, ¢. 32-35].

Taki nuTaHHsS TICHO TOB’sA3aHi 1 MPU3BOJATH JIO TOMIMIICHHS EKOHOMIYHOIO CTaHy
BaHTAXOIIEPEBE3€Hb YKPAIHHU.

00’ exTOM A0CTITAKEHHSI € TIOPTH YKPATHU Ta YAHHUKH, SIKI BIUTHBAIOTH Ha TXHIO pOOOTY.

Ipeamer pociaigkeHHs — TOBapOOOIr B YKpailHCHKUX MOPTaXx.

Bukaan marepiajgy J0cCaHilkeHHs 3 TOBHHUM OOIPYHTYBAaHHAM OTPHMMAaHUX
HAYKOBHX pe3yJbTaTiB

Jnst Toro mo0 3po3yMiTH Bci ciaOKi CTOPOHU TPaHCIOPTHOI rany3i YKpaiHu
Ta BU3HAYUTH TPIOPUTETHI CTOPOHU iX PO3BHTKY, HEOOXiTHO PO3IISHYTH CYYaCHUI
EKOHOMIYHUI CTaH MOpTiB YKpaiHU.

PosrnsHeMo auHamiky 3iHCHEHHS BAaHTaX0001ry TOpTiB YKpaiHu 3a Janumu AiMi-
HicTpatii MOpCchKHX MOpTiB Ykpainu [5, c. 1-5].

OTxe, MOXKHA 3pOOUTH BUCHOBOK, 1110 BAHTAXK000IT MOBIIBHO, ajie CTa0lIbHO I1i/{BU-
nryBases 1 gocsr 20%. Jlnnamika nepeBanku koHteiHepiB y 2017-2019 pokax miasu-

mmiacs Ha 63%. Y ToBapooObiry mepe-
y — Ba)KAlOTh TPH BHIM BaHTAXy: XJiOHI,
' pyaa, YOpHi METaH.

BinnoBigHo 10 (GiHAHCOBUX IMOKa3-
HUKIB  JICPYKABHOTO  MIANPUEMCTBA
«AJMIHICTpaIii  MOPCBKHUX  IOPTiB
VYkpalHu» YUCTHH JIOXiJ CTaHOBUB
7,0 mupa rpH. A 4ducTHiA (piHAHCOBUI
pesynbrar (mpubyTok) — 1,6 Map/ rpH.

Ha cyuacniii po0oTi TpaHCIOPTHOT
THIYCTpil B yCbOMY CBITI TIO3HAYMITUCS

Puc. 1. lunamixa eanmanicoobizy KapaHTUHHI 0OMEKEHHsI, Hallla JIepKaBa

¥ 20172019 pp. (muc. m) He cTana BUHATKOM. EkcriepTHi motokn

NOPOAYKIii  TipHUYO-METaTypriiHOTO

KOMIUIeKCY YKpainu 3a nepiof nepioro keaprany 2020 poky KpaCHOMOBHO BKa3yIOTh

Ha CTaH eKOHOMIKH CBiTy. MeTanypriifHa Ta TipHH4Opy/IHa rany3i YKpaiHu opieHTyIOTh

MOCTaBKU TPOJYKIIIT Ha KpaiHH, Jie TIONUT Ha TakKud BUJ Nponykuii €. Harenep Taka
NPOIYKILisl TOCTaBISIEThCS 10 KuTaro.

Ha 30BHINIHIX pHHKaX TOBapOOOIr 3ai30py/AHOI CHPOBHHH, HA BIJIMIHY Bijl criajy
EKCIIOPTY YOPHUX METANiB MPOTSITOM TEpIIOro Kpapraiy, 30umbmuBes Ha 18,2%.
[MoTpanuiu mia 3MiHM 1 HANPSIMHU BiJIBAHTAXKEHHS 1 criocoOu jocTaBku. JlocTaBka BOJI-
HUM TPaHCIIOPTOM CTaJia IPiIOPUTETHOIO.

2017 2018 2019
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VY npiopuTeTi 3iiicCHEHHS TOBapOOOITy 3aBXK/11 OYyJI0 BAKOPUCTAHHS BOJAHUX IIUISXIB,
a 3apa3 MOMUT Ha MIePEBE3CHHS BAHTAXY TaKUM BUJIOM TpaHCIOpTy 30inbmmBes. [Toptu
VYkpainu A30B0-HopHOMOPCHKOTO OaceiiHy 3a Mepuiuii KBapTal IMiIBUIIMIN TOKa3HUKU
ToBapooOiry Ha 11,2% MmopiBHSAHO 3 MUHYJIOPIYHUM MOKAa3HUKOM. Po3miissHeMO JieTalib-
Hillle 3arajbHi TOKA3HUKH MEePEeBaIKH EKCIIOPTHUX BaHTaXiB (puc. 2).

9000
8000
7000

7810

6000 5269
5000
4000 3697
3000 2616 2639 2478
iggg 87411740 sl 2P0 676 912
o | [ [
| kBapTan 2018 | kBapTan 2019 | kBapTan 2020
W Pyna 3697 5269 7810
W YaByH 874 514 676
Metanonpokar 2616 2639 2478
B [HWi BaHTaXi YOPHMX meTanis 740 956 912

Puc. 2. 3aeanvui noxkasnuxu nepeganku eKCHOPMHUX BAHMAIICIE
y nopmax npomseom ciuni—oepesus 20182020 pp., muc. m

BuBuKBIIM MOKAa3HUKN NEPEBAIKN EKCIIOPTHUX BAHTAXIB y MOpTax YKpaiHH Mpo-
TSICOM NIEPLIOTO KBapTaly, MOXKHA JIMTH BUCHOBKY, 1110, 33 JAHUMHU AAMiHICTpaLii Mop-
CBKHUX IIOPTiB YKpaiHH, eKCIIOPTHI NOKAa3HUKHU cKopotunucs Ha 1,3% — 1o 4,07 MiH T.
SIK1mo po3misAaTy AeTajbHille: BiIBaHTaXEHHS METATIONPOKATy 3HU3MIOCS Ha 6,1% —
2,4 MIIH T; a HalpHUKJIaJ MepeBajika 4YaByHY 3HauHO 3pociya Ha 31,6% — 675,7 Tuc. T;
TOBapoOOIr MeTanoopyxTy 3HU3MBCA Ha 52,7% — 1o 7,4 Tuc. T.

3a mepury mosoBHHY Oepe3Hsl 3aBaHTa)KyBajocCsl y BaroHH NPUIIOPTOBUX CTaHLIM
«YKp3ami3HUAL» y cepeaHbOMY 3a 100y mponykuii B 2,3 paza — 29,1 Tuc. T 6inblie HiX
3a Takui e MpoMixkok dacy y 2019 porri.

AJne 3a 1 ke Jac, 10 MPUIIAaB Ha MMOYaTOK MaHAeMii, BiOynHcs i Taki BaKIUBI
oAii: Briepiie 3a octaHHi poku JepxctuBinop nopty YopHOMOPCHK 34iiICHUB IpHiioM
BaHTAXXy 3aJ1i30pyAHOTO KOHIeHTpary; [lonTaBchkuil ripHUY0-30aradyBaabHII KOMOi-
Hat nipoTsiroM Oepe3Hst 2020 poky ekcrioptyBaB 1,149 MiH T. OKaTHIIIB; PO3IIOYABCS
excropt npoxaykiii «Apcemop Mitram» m. Kpusnii Pir Bogaumu nursxamu 1o Kurato.
VY nepcnekTHBi KOMIaHii — BifiBaHTakeHHs B o0csarax 300 THC. T. HA MiCSIIb.

OTxe, AAMiHICTpaLisi MOPCHKUX MOPTIB YKpaiHU 3a TaKUil MPOMIKOK 4acy 3a10BO-
JIeHa pe3yabTaTaMu POOOTH TIOPTOBOI raimysi. SIKII0 MopiBHIOBATH BiAIOBIIHI NIEpionn
2019 ta 2020 poky, To MOXKHa CKa3aTH, 1[0 BaHTaKOIEepepoOKa y cepeTHhOMY 3pocia
Ha 9%. A 3a MIPOrHO3aMHM Ha BECh PiK TOBAPOOOIr Moske 3poctu Ha 4%.

VYce e 6e3mocepeHbo MOB’sI3aHe 3 MOMUTOM TOBapOOOIry.

Po3msiHeMo 1oKa3HUKK TOBapooOiry Mo Beix nmoprax Ykpainu (puc. 3).
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OnHUM 13 BOXKJIUBHX TIUTaHb € YMHHI OOMEKESHHS JJIsI CyjIeH piuka-Mope. B koxHil kpa-
H1 BOHH CBOI, 1 (HOpPMYBAJIHCSI TiJ] BIUIMBOM Pi3HUX (PaKTOPIB BHYTPIIHIX BOJAHHUX IILISIXIB.

SIKu1o npoaHaizyBaTH 1 MOPIBHSATH CUTYAIIO 3 PIYKOBUMH i MOPCHKUMH MTOPTaAMH,
TO YITKO BHJIHO — B YKpaiHi IepeBakaroTh IIIMOOKOBOIHI MOPTH (Tabmuils 1).

53863
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1000
10 n
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o
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< & X
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Puc. 3. Iloxasnuxu eanmasicoodiey 6 MOpCbKUX NOPMax, muc. m

Tabmums 1
Jani mo noprax Ykpainu
Timn6oxoBoaHI MOPTH PiukoBi noptu
XepcoH — 7,6 M XepcoH —4,5 M
Muxomais — 10,3 m Hogsa KaxoBka — 3,6 M
Juinpo-by3pkuii — 10,3 M Muxonais — 4,5 M
OkT1a6pbek — 10,5 M Hikomons — 3,6 M
IliBnennuii — 18,5 m Juinpo — 3,6 m
Opeca— 13 M Sanopixoks — 3,6 M
Yopaomopcbk — 14 m JIHITpOa3epKUHCHK — 3,6 M
I3main — 7 m OuakiB — 4,5 M
bepasiaebk — 7,9 M Peni — 4,5 M
Mapiymons — 8 M Kimis —4,5m

MoskHa 3p0OUTH BUCHOBOK, 1110 PIUYKOBA CUCTEMa YKpaiHU Ma€ BETUKUH MOTEHIIIAN.

3aBsIKM iHTErpauii TepMiHaJIBHOIO CErMEHTA, IHTEPMOAIbHUX MEPEBI3HUKIB, EKC-
NEeUTOPIB y 3arajbHy MEPEKY NepeBe3eHb e(heKTUBHICTD 3arajlbHOi TPAHCIIOPTHOI CHC-
TEMH MOPCBKHX 1 PIYKOBHX II€PEBE3CHb 3aJICKHUTh Bifl 70T HU3KH IMOKa3HUKIB pOOOTH
KOKHOTO 3 eJIEMEHTIB Mepexi. ToMy 3 TOUKH 30py MiABHUILICHHS €()EKTUBHOCTI BBa)Ka-
€TbCS TIEPCIIEKTUBHUM BITPOBAKEHHSI HOBUX TEXHOJOTTYHHUX JOCSITHEHb y €JIEMEHTH
CepBicy IHTEPMOJAILHUX TIEPEBE3CHb.

Po3BUTOK crewniani3oBaHOTO CyAHOIJIABCTBA HA OCHOBI PI3HOMAaHITHUX i1HHOBA-
LWIMHKUX 1 MEHEIKEPCHbKUX TEXHOJIOTIH MiATBEPAKYIOTh €KCIIEPUMEHTH, 3aCHOBaHI Ha
BUOOPI HANPSIMY 3POCTAaHHS BiJladi pecypciB B yMOBax KOHKypeHuii inei [6, ¢. 87-97].
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Came BIIPOBaKEHHSI HOBUX TEXHOJIOTIYHUX JOCSTHEHb OCTaHHI JECSTUIITTS Tpae
POJb TPOBITHOTO YMHHMKA, IO BIUIMBAE HA IMiJBUIICHHS e(EeKTUBHOCTI poOOTH TpaH-
CIIOPTHOI CUCTEMH 3arajloM.

Ha cyyacHomy ertari Hacamriepes1 i1eThesl mpo iHpOpMAaIiiiHi TEXHOIOT', SIKi I03BO-
JSIIOTh  peali3oBYBaTH YIPABIIHHS KOMIUIEKCHUMH CHCTEMaMH, IO CKJIAJIalOThCs
3 BENHMKOI KUTBKOCTI eleMeHTIB (00’€KTiB 1HPPACTPYKTYpH, TPAHCIIOPTHHX 3aco0iB,
napTii BaHTaXy 1 T. I1.).

CyyacHu#l CTaH 1 NEPCIEKTUBU PO3BUTKY 1H(PACTPYKTYpH BHYTPILIHIX BOJHUX
HIISIXIB BU3HAYAIOTHCSI OararbMa B3a€MO3B’s3aHUMH YWHHHKaMU. Benwky yacTuHy
YUHHHUKIB 00’ €Hy€ HEOOXIIHICTh IIBUIICHHS OE3MeKH CyJIHOIUIaBCTBA. Po3mipu
CYJIeH, 3pOCTaHHS NIBHKOCTEH 1 301UIBIIICHHS IHTEHCUBHOCTI PyXy Ha MOPCHKHX Ta piv-
KOBHUX IIJISIXaX, IUTABAHHS CYJICH Y CKJIaJJHUX METEOPOJIOTTYHIX YMOBAX 1 0arato iHIIMX
PUYUH POOJISATH POOIeMy O€3MeKH HAHOUIBII PIOPUTETHOIO Ta AKTYaJIbHOKO B OI[IHII
CY4acHOTO CTaHy 1 pO3BHUTKY CYJHOIUIABCTBA. besreka, CBOEI0 Yeproro, BUIIIISE HU3KY
HaIpsIMiB PO3BUTKY, Cepell SIKUX — MiJABHUIICHHS ¢()eKTUBHOCTI BUKOPUCTAHHS iH(pa-
CTPYKTYpH BHYTPIIIIHIX BOJAHUX IIUIAXIB i BJOCKOHAJICHHSI CHCTEMU YIPaBIIHHS CY/I-
HOTUTAaBCTBOM 3arayioM. J{Jist BUpIIIEHHsI TOCTaBICHOTO 3aBJaHHS BKINBO PO3IVISTHYTH
NEPCIIEKTUBU PO3BUTKY IIUX CHCTEM, X CTPYKTYpY 1 QyHKIIi.

OnHUMU 31 CKJIQJIHUKIB, 110 BIUIMBA€ HA MOJICPHI3AI[il0 CUCTEMH MOPCHKUX Ta pid-
KOBUX TepeBe3eHb, € piukoBi iHopMmaiiiHi cucremu. [1ig nousTrsam «PIC» po3ymi-
I0ThCSI TAPMOHI30BaHi iH(OpMAaIliiiHI CITy>KOH, IO CIPHUSIFOTH YIIPABIIHHIO PYXOM CYJCH
1 TIepeBE3CHHAMHU y cepi BHYTPINIHBOIO CYJHOIUIABCTBA Y B3AEMO3B’S3KY 3 1HITUMHU
Bujamu Tpancnopty. PIC mokiukaHi cripusty 0e3reuHoMy Ta e(peKTHBHOMY MpOIecy
NepeBe3eHb 1 HAMOUIBII MOBHOMY BHKOPHUCTAHHIO MOMKJIMBOCTEH BHYTPIIIHIX BOJHUX
nusxis [7, ¢. 56—-83].

Harenep piukoBi iH(popMalliliHi CHCTEMH CTaJId HEBIJ]' EMHOO YacTUHOM J{epixkaBHOT
cucreMu 3a0e3redeHHst Oe3MeKn cyaHOoMmIaBcTBa. Lli cucTeMu CTBOPIOIOTHCS Ha aKBaTo-
PisIX MOPCHKHUX MOPTIB 1 HA MIX0aX /IO HUX, & TAKOXK Ha BCIH MPOTSHKHOCTI BHY TPILITHIX
BOZ [8, c. 286-296].

PIC 3abe3neuyrorh BUpIMIEHHS 1iJI0] HU3KHM YNPaBIIHCHKUX 3aBAaHb y BHYTpII-
HbOMY Cy/HOIIIaBCTBi. Lli 3aBaHHs MOB’s13aHi 3 TOCTABICHUMH HIJISIMH 1 BUPILTYIOThCS
B TPHOX PI3HHX cepax, TaKux sK:

— TPAaHCTIOPTHA JIOTICTHKA, JIe CTOPOHH, K1 IHIIIIOIOTH EPEBE3CHHS, B3aEMOJIIIOTh
31 CTOPOHAMH, SIKi 1Ie TIEPEeBE3ECHHS OPTaHi30BYIOTh (HAPUKIIA, BAHTAKOBIAMIPABHUKH,
BaHTa)KOOJ/ICP)KyBaui, MOCTa4aIbHUKH, (PPaxTOBi areHTH, CYJHOBIACHUKH);

— IIEPEBE3CHHS, JIC CTOPOHHU, 1110 OPraHi3yrTh IEPEBE3CHHSI, B3aEMOJIIFOTh 31 CTOPO-
HaMH, SIKi e TIepeBE3CHHS 3/1IHCHIOIOT (HAIIPUKIIA/l, CYHOBIACHUKH, ONIEPATOPH Tep-
MiHaJIB, KIIEHTYPA);

— pyX, Jie CTOPOHH, SIKi 3/IMCHIOIOTH NEpeBE3CHHsI (HANPHKIIAJI, KariTaHu CyIeH
1 Cy/ZIHOBO/IiT), B3aEMOJIIIOTH 31 CTOPOHAMH, SIKi KEPYIOTh PyXOM CY/ICH (HAPUKIIA], OTie-
patop CJIC, xomneTeHTHi oprauu) [9, c. 224-267].

B3aeMo03B’s30K pillleHb Uil HACTYITHOTO MOKOJIHHS YNPABIiHHS MYJIBTHMO/AIIb-
HUMH TIEPEBE3CHHAMH Ta iH(QOPMAIIHHUMH CHCTEMaMH € OJHI€I0 3 TOJOBHUX IIJICH
PO3BHUTKY TPaHCIIOPTHOI Tays3i.
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BucHoBKHM i mepcnekTHBA MOAAJBIIOT POOOTH B IILOMY HANPSIMi

[IpoananizyBaBImIi BCIO CYKYIHICTh CKJIAQIHHUKIB, III0 BIUTMBAIOTh HA TPAHCTIIOPTHY
rajxy3b TPOTITOM OCTaHHIX IECITH POKIB, MOKHA 3PO3YMITH, IO TaIy3b PYXAETHCS
MeBHUM KypcoM. CKOPOYCHHSI BUTPAT 1 3HMKCHHS PU3HUKIB KaIMITAIBHUX BKIAICHB Tpa-
FOThb BOXKJIMBY POJIb Y MOCATHEHHI OTEPAIiifHOrO MPUPOCTY MPOIXyKTUBHOCTI. Harerep
MOKHA BHJIUTUTH TPH YMOBH PO3BUTKY TOBAPOIOTOKY IO BOJIHUX IUIIXaX YKpaiHu:

— HEOOXITHO CTBOPUTH TaKi YMOBH ISl BOIHUX TEPEBE3CHb, SIKI OYIYThH CIPHATH
€KOHOMIYHIH JAOIITFHOCTI TOBApOOOITy YKpaiHu caMe BOTHUMH IIIIXaMHU;

— BKJIQJaTH iHBECTHIII B PO3BUTOK HOBUX TEXHOJOTIH 1 MU(POBI3AIiI0, CTBOPCHHS
HOBHUX PIYKOBHX 1HPOPMAIIHHAX CHCTEM, CTBOPEHHS JIOTICTHYHUX MUIIXiB 10 A30BO-
Yopaomopcbkoro periony [10, c. 9-13];

—3abe3neunTy peanizamiro PIC, mo 103BOIUTE HE JTUIIIE TOTIIIHTH 0e31eKy 1 edek-
THBHICTH TpaQiKy 10 BHYTPIIIHIX BOTHUX MUISIXaX, aJIe I IBUIIUTH ¢(pEKTHBHICTH TPaH-
cropTHUX omepartiii 3araiom. CyuacHi PIC ckiamaroThes 3 oqHiel abo O1IbIIIe TOToIKe-
HUX CHUCTEM Ha OCHOBI iH(opmariitaux Texuomorii (IT), To0To CyKyImHOCTI TFOACHKUX
pecypciB, amapaTHOTO 1 MporpaMHOTO 3a0e3NeueHHs, 3ac00iB 3B 3Ky 1 MpaBWII, IO
3a0€3MeuyI0Th BUKOHAHHS 3aBIaHHs 00poOKH iH(popMaIrii.

Komm 6i3Hec Oyme po3mismaTH PiuKOBHI TPAHCIIOPT, BiH CIIOYATKY MPOPaxXye €KO-
HOMIYHY TOIUTBHICTH: UM BAapTO IHBECTYBaTH, 1 UM OyIyTh TPOI, BKIAICHI B PiUuKy,
okymnarucs. B Ykpaini ¢pakTnaHO HEMa€e HisSKOTO 3aKOHOAABCTBA. He3posymino, skumu
OymyTh 300pH Uepe3 pik-IBa. BaxmMBo CTBOPUTH OiTbITIC BU3HAUCHOCTI JIJIS JIFOACH, K1
0a)karoTh iIHBECTYBATH T'POIIIi.

EdexruBHicTs — mapameTrp, SKkuii Oe3mocepeqHhO BINIMBAE HA EKCIUTyaTaIlifiHi
BuTpaTd. CyqHOIUIaBHI KOMITaHil ¥ BChOMY CBITi TOCTIHHO MpAIOIOTh HAJ 3HIKCH-
HSM CKCIUTyaTarifiHUX BUTpPAT, OCOOIUBO IIICSA BBEICHHS HU3KH EKOJOTIYHUX HOPM,
SIK1 301TBITYIOTH BUTPATH HA BIIPOBAKEHHS TIEPEIOBUX TEXHOJIOTIH 1 3aX0/IiB OE3MEeKH.
Ha momaroxk, 6araro 00’€KTiB i CHCTEM Ha OOPTY CYIHA MPAITIOIOTh TUTEKH 3a THM, 00
TIePEKOHATHCS, IO CKiTTaX 3a0e3MeICHIH YCiM HEO0OX1THUM.

[TepcniexkTHBa MOMABIIIOTO MTOCTIKEHHS — 3pOOWTH TIOBHOIIIHHAN aHalli3 poOOTH
ctpykrypu PIC Ta peranbHO 3yMUHHUTUCS HA YAHHHUKAX, IO JIOTTIOMOXYTh MOKPAIUTH
il BmacTuBOCTI.
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Anomauisn

Bemyn. 3mina ceimoansidy nodcmea ma nepexio 00 KOHYenyii cmanozo po3eumxy
nompebyoms 3aCMoCy8aHHsA CYYACHUX MoOoenell 8 YNPAGIiHHI NPOEKMAMU eKON02ic-
MUYHUX CUCMEM, WO BIONOBIOAMb BUMO2AM 3MEHULEHHS eKOOeCMPYKMUBHO20 NIUBY
Ha 0oekinia. Heobxiowicms ypaxyeanus ma nikeioayii HecamugHux HAcCHiOKi6 yHK-
YIOHYBAHHS €KON02ICMUYHOI cucmemu npuzeeia 00 nompedu NnoOOBHCEHHSA HCUMME-
8020 YUKJY NPOEKMY 30 PAXYHOK 88€0eHHs 000AMKOBUX eKOI020-0PIEHMOBAHUX ¢has3.
Kooicha ¢aza sccummesoeo yukiy npoexmy eKono2icmudHoi cucmemu 3aKiHUyemvcs
OMPUMAHHAM Ne8HO20 NpodyKmy. Mixc npooykmamu pizHux ¢as npoexmy exonozic-
MUYHOL cucmemu NPOCMeENCYEMbCSL 3ANENHCHICIb, OCKLILKU 610 XAPAKMEPUCTNUK OOHUX
npooyKmis 3anedxicamo eiacmusocmi inwux. Mema cmammi nonseae 8 no6y0osi mooe-
et ma mepedci nPoOyKmie NpoeKmy eKoai02iCmu4Hol cucmemu, wo 8iooopaicaoms
smicm ma KoHgieypayiro npodykmis npoekmy. Pezynomamu. Kongizypayia npooyxkmie
Gaz scummesozo YUKy NPOEKMY NOA2AE 8 NPEOCMABIeHHI IX cyMiCHOI cmpyKkmypu 3
BUSHAYUEHHAM NPUHUHHO-HACIIOKOBUX 38 A3KI6 MIdHC XAPAKMEPUCTIUKAMY, WO BU3HAYA-
toms smicm npodykmis. Biooopasumu ingopmayiro cmocogro 3micmy ma KoHgieypayii
NPOOYKMIB NPOEKMY MONCHA 3A80SIKU BUKOPUCTAHHIO IHCIPYMEHmMAapito meopii wmyu-
HO20 iHmenekny (MoOent08aHHsi NOOAHH 3HAHb). Dpelinose MOOen08AHHS 3Micmy ma
KoH@i2ypayii npooykmie az npoexmy exono2icmuyHoi cucmemu HeoOXioHo nPosoou-
mu 6 mpu emanu: 1. Buseumu abCmpaxkmmi NOHAMMA NPeOMemHol 2any3i npoekmy, a
came npodykmu haz npoexmy ma noe’sA3ami 3 HUMU IHPOpMayitiHo Aeuwd, 00 ekmu,
npoyecu i m.n., ma npedcmasumu ix y euenadi ¢peimis-npomomunie npooykmis ¢as
npoexkmy. 2. Onucamu KOHKpemHi 06 ’€kmu npeomemuoi eanysi y euenaodi gpetimis-
eK3eMNIAPI8 NPOOYKMie (haz NPoeEKmy, wo 8i000padcamuMyms 3Micm npooyKmie npo-
ekmy. 3. Busnauumu 36’a3xu Midc OOMIHYIOUUMU MA peyecUsHUMU NPOOyKmamu ¢as
NPOEKMY eKON02ICMUYHOI cucmeMuy ma Cmeopumu mepexcy (petimis, Ka 8i00opazums
KoH@izypayito npodykmie npoekmy. Bucnoexu. Bpaxysamu exooecmpykmuenuti 6nius
HAa OO0BKINLIA MOXNCHA 3A80AKU BKIIOUEHHIO 00 JHCUMIMEBO20 YUKILY NPOEKMY eKON02ic-
MUYHOI cucmemu, KpiM OCHOGHUX. NEPeiHeeCmuyiiunoi, iHmeecmuyiinoi ma excniya-
mayilinoi, exonoco-opienmosanux as: pecenepamusnoi ma niksioayitnoi. Koowcnitl
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¢hasi sionogioac ompumanis negHo2o NPOOYKMy, XapaKmepucmuxy K020 Gopmyoms
smicm npodykmy. Mixc npooykmamu ¢as sHcummesozo Yyukiy NPoEKmy eKono2icmu-
HOI cucmemu cnocmepiealomspCsi 36 s13KU, Wo GNIUBAIOMY HA KOHDIeypayilo npooyKmis.
Busnawumu smicm npodykmis ¢haz npoexmy nponoHyemucs 3a 00NOMO2010 Qpetmosux
Mooeneti npodykmis, a Kongizypayiro npoodykmis — gioobpasicamu (peiimosoio mepe-
arcero. 3acmocysanis pelmosoco Mooenosants Odcnb 3Mo2y 8paxyeamu cneyupiuni
0c00UBOCMI NPOOYKMIE (A3 HCUMMEBO2O YUKTY NPOEKMY eKONOZICIMUYHOL cucmemu
ma 8 nooanbULOMy 00CTIONHCEHH] CMBOPUMU ONMUMATLHI AAHYI02U NPOOYKMIE.

Kniwouosi cnosa: npockm exonocicmuunoi cucmemu, npooykmu (az Hummesoo
YUKJLY NPOEKMY, 3MICH NPOOYKMIS, KOHI2ypayis npooyKmis.

FRAME MODELS OF THE ECOLOGICAL SYSTEM PROJECT

T.A. Kovtun
Ph.D., Associate Professor,
Associate Professor at the Department “Logistic Systems and Projects Management”,

Odessa National Maritime University, Odessa, Ukraine,
ORCID ID: 0000-0002-5410-4783

Summary

Introduction. Changing the worldview of mankind and the transition to the concept
of sustainable development require the use of modern models in the project management
of ecological systems that meet the requirements of reducing eco-destructive impact on
the environment. The need to take into account and eliminate the negative consequences
of the environmental system functioning has led to the need to extend the life cycle of
the project through the introduction of additional environmentally-oriented phases. Each
phase of the life cycle of an environmental system project ends with the receipt of a specific
product. There is a dependence between the products of different phases of the ecological
system project, because the properties of some depend on the characteristics of some
products. The purpose of the article is to build models and a network of products of the
ecological system project, which reflect the content and configuration of the project prod-
ucts. Results. The configuration of the project life cycle phases products is to present their
compatible structure with the definition of causal relationships between the characteris-
tics that determine the content of products. It is possible to display information about the
content and configuration of the project products through the use of artificial intelligence
theory tools (modeling the representation of knowledge). Frame modeling of the content
and configuration of the product phases of the project of the ecological system should be
carried out in three stages: 1. Identify abstract concepts of the subject area of the project,
namely the products of the project phases and related information phenomena, objects,
processes, etc. and present them in the form of prototype frames of the project phases
products. 2. Describe the specific objects of the subject area in the form of frames-copies
of the project phase products, which will reflect the content of the project products. 3.
Identify the links between the dominant and recessive products of the project phases of the
environmental system and create a network of frames that will reflect the configuration of
the project products. Conclusions. It is possible to take into account the eco-destructive
impact on the environment due to the inclusion in the life cycle of the ecological sys-
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tem project in addition to the main ones: reinvestment, investment and operational, eco-
logically-oriented phases: regenerative and liquidation. Each phase corresponds to the
receipt of a specific product, the characteristics of which form the content of the product.
There are links between the products of the ecosystem project life cycle phases that affect
the configuration of the products. It is offered to define the maintenance of products of
phases of the project by means of frame models of products, and to display a configuration
of products by a frame network. The application of frame modeling will allow to take into
account the specific features of the products of the life cycle phases of ecological system
project and, in further research, to create optimal product chains.

Key words: ecological system project, products of project life cycle phases, product
content, product configuration.

ITocTanoBka npodaemun

Cy4acHO BUMOTOIO JI0 CTBOPEHHS Ta (DYHKI[IOHYBAHHS JIOTICTUYHUX CUCTEM Y CBITI
MapajurMyd CTAJOTO PO3BHUTKY JIIOACTBA € BPAaxXyBaHHS €KOJECTPYKTUBHOTO BIUIHBY
CHUCTEMHU Ta PE3YJIbTATIB il MISJIBHOCTI HA CTaH JOBKLLIA. 3anoliraHHs Ta JIKBigariis
HACIIIIKIB HETaTUBHOTO BILIMBY MOTPeOy€e 3aCTOCYBaHHS Cy4acHUX I1JIXOJIB, 30KpemMa
MIPOEKTHOTO, /IO YIIPABJIHHS €KOJIOTICTUYHUMH CUCTEMaMH.

[IpoexTHU# miaxij nepeadadae Mot KUTTEBOIO LIUKITY IPOEKTY Ha (a3 — nepioan
yacy, 0 XapaKTepU3yIOThCsS OTPUMAHHSM MIEBHOTO MPOMIXXHOTO PE3yJIbTaTy MPOEKTY,
SIKUM MOXYTb BUCTYTIaTH MPOAyKTH (a3 nmpoexty [1]. HeoOXiaHicTh ypaxyBaHHs Ta JiK-
BiJallii HEraTUBHUX HACIIKIB (PYHKI[IOHYBAHHS €KOJOTICTHYHOI CHCTEMH ITPHU3BEIIa 10
MoTpeOH MOIOBKEHHS KUTTEBOTO IUKITY TPOEKTY 3a PaXyHOK BBEACHHS JIOJATKOBUX
€KOJIOTO-OpieHTOBaHUX (ha3.

Mix npogykTamMu OKpeMux (a3 IMPOEKTY BCTAHOBIIOIOTHCS 3B’ I3KH, OCKIJIBKH BiIac-
TUBOCTI OJIHUX ITPOJYKTIB BIUTMBAIOTh HA XapAKTEPUCTHKH IHIINX, TAKAM YHHOM Y3TO-
JUKY€EThCSI KOH(ITYpartlist npoaykTiB (a3 npoekty. BinoOpaszuTtu 3micT NMpoayKTiB Ta ix
KOH(ITypaIlito MO’KHA B MOZIETI TPOJIYKTIB MPOEKTY EKOJIOTICTHYHOT CUCTEMHU.

AHaJi3 OCTaHHIX T0CTixXKeHb i myorikamiii

[MuTanns ynpasniHHS KOHQIrypami€e BiqoOpaXkeHi B MiXHAPOJHUX Ta HAI[lOHAIIb-
HUX CTaHJapTax, JOCTIKEHHS SIKMX JI03BOJHMIIO 3DOOMTH BHCHOBOK, IO YIPABIiHHS
KOH(ITypaIieo B HUX PO3IVISIAETLCS K HA PIBHI MPOEKTIB, TaK 1 HA PiBHI MPOIYK-
TiB. AHaJIi3 cTaHaapTiB [2—4] mokasas, 1110 CTaHAAPTH 3 yIPaBIiHHS KOHDIrypalli€w He
PO3IISIAI0Th TMUTAHHS YIPABIiHHS KOHQITYpaIi€lo MPOEKTIB, a 30CEPE/PKYIOThCSI Ha
yIpaBIiHHI KOHQITYpalieo npoaykiii. ¥ cranmaprax [5—6] po3misiiaroTbesl MUTAHHS
yIpaBIiHAS KOHDIrypalliero MPOEKTIB, sIKI HEPO3PUBHO TIOB’sI3aHi 3 YIIPABIIHHSIM KOH-
¢irypariero npoayKris.

VY nocHipKeHHSIX Cy4acHUX HAyKOBIIIB TaKOX MPOCTEKYETHCS 3B SI30K Mk KOH(i-
I'ypali€ro MPOEKTIB Ta MPOAYKTIB. ¥ poboTi [7] Bii3BHAYAETHCS, IO YITPABIiHHS KOH)i-
Iypari€r J03BOJISE JOCIITH BUCOKOIO CTYICHS Y3IOMKCHOCTI MPOEKTY. Y po0oTi [§]
BKa3y€ThCsl, [0 YIPaBIiHHs KOH(ITypaliero MpoeKTy MiATPUMYE IHTErpalliro B3acMo3a-
JISKHUX 00’ €KTIB: MPOIYKTY TIPOEKTY, IPOEKTY Ta HOTO OTOUCHHS IPOTITOM KHUTTEBOTO
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uKity. [TuTanHs y3romkeHHs] KOHIrypailiid CHCTEM-TIPOIYKTIB Ta X MPOEKTIB BUCBIT-
JIeHOo B po0oTi [9]. 3anpornoHoBaHo 3acTOCyBaHHS (PaKTOPHOTO aHATI3Y JJIsl YIIPaBIiHHS
KOHQITypartieto npoexTiB y po6oTi [10]. Y nux HaykoBUX JIOCIIKEHHSX OCHOBHA yBara
NpUiSICHa YIPaBIiHHIO KOHITypali€o MpoeKTIB Ta ii 3B’ 3Ky 3 KOHQIrypari€ero mpo-
IyKTiB. OCKUTBKH MPOEKT MAE MPOMIKHI pe3yNbTaTH, HEOOX1THO JOCHIUTH TTHTAHHS
CTBOPEHHS KOHQITypaIii MiXk TpoayKTamMu (a3 KUTTEBOTO IUKITY MPOEKTY, 110 HE BiI0-
OpakaeTbes y BUILETIEpeNiueHnX podoTax.

VYipapiiHHs KOH(IrypaIiero MPOEKTY HEMOXIJIMBO pO3MIsAaTH 0Oe3 ypaxyBaHHS
yIpaBIiHHS 3MicTOM TpoekTy. Y KepiBHUNTBI 10 3BOMY 3HAHB 3 YNPaBIiHHS MPOEK-
TOM (6-Te BHJAHHS) PO3PI3HIETHCS 3MICT MPOEKTY Ta 3MICT MPOAYKTY MPOEKTY [6].
[TuranHs 3acTOCYBaHHS MOZIEJICH Ta METOIB YIPABIIHHS 3MICTOM TIPOEKTY JI0CIIJIKY-
eTbesi B poboTax [11-17]. Mozenb BU3HAYCHHS 3MICTY Ta METOJ MOHITOPHHTY SIKOCTI
MPOYKTY 3amporioHoBaHa B po0oti [11]. ¥V poboti [12] 3anpornoHOBaHO JOTIOBHUTH
HasIBHI METOJOJIOTIT yNpaBIiHHS MPOEKTAMH MPOIECOM OINTHMI3allii 3MiCTy MPOEKTY.
JIBokpuTEpiagbHa ONTUMI3AIIS 3MICTY POEKTY Y pa3i 00MEKeHb Ha SKICTh MPOIYKTY
npencraeieHa B [13]. Onrumizaiiis 3MICTy MPOEKTY 3a KPUTEPIsIMHU MPUOYTOK, vac,
BapTICTh, SIKICTh, PU3UKHU 3IHCHIOETHCS B [14]. Monesb Ta MeTo OararoKpurepialib-
HOI onTUMI3alii 3MiCTy MPOEKTY y pa3i HEUITKUX BXiTHHUX JaHUX TpejacTaBieHi B [15].
Moperni Ta METOAM YIIPABIiHHS 3MICTOM IHBECTHIIHHHUX MPOEKTIB 3 BUPOOHUIITBA ITPO-
JyKIIi1 npeycTasieHi B [16].

OcTaHHIM YacoM JJisi IPUAHSTTS YIIPABIIHCHKUX PIllIeHb B YIPABIiHHI IPOEKTAMH
BCE YaCTIIlle 3aCTOCOBYEThCS Cy4YacHHUU IHCTPYMEHTapii, 30Kpema, Teopil po3ri3Ha-
BaHHs 00pa3iB, a came (peiiMoBe MoieroBaHHs. Y po0oTi [17] ¢hpeiiM BUIISETCS SIK
OJIUH 3 OCHOBHHX IHCTPYMEHTIB MIOBEIHKOBOT CKOHOMIKH. 3/1IHCHIOETHCSI TI0OY10Ba Oia-
JANTUBHOT CHCTEMH YTPABIIHCHKOI CUCTEMH MPOEKTHO-OPIEHTOBAHOTO ITiIIPUEMCTBA
3 BUKOPUCTAHHIM TPOAYKIIHHUX Mozene 1 ¢ppeimis y [18]. V mux poborax He npu-
JUISIETBCST TOCTATHSI yBara MOJICITIOBAHHIO Pe3YNIbTaTiB MPOEKTHOT AISTBHOCTI — IMpPo-
JYKTiB TIPOEKTIB.

MerTo1o cTarTi € MOOYI0Ba MOJIETIel Ta MEpexki MPOIYKTIB MPOEKTY €KOJIOTiCTHYHOT
CHCTEMH, 1110 BiZOOpaKaIOTh 3MICT Ta KOHQITypallio MpoxyKTiB mpoekTy. st mocar-
HEHHS [I0CTABJIEHOI METH ITOCTABJIEH] TaKl 3aBIaHHS:

1. BusnaunTu crienngivuni 0cCOOIMBOCTI CTPYKTYpU PpEeHMOBHUX MOJIENEH MPOIYKTIB
MPOEKTY EKOJIOTICTHYHOT CUCTEMH.

2. BUSIBUTH 3B’SI3KH MIXK TapaMeTpaMH MPOLYKTIB MPOEKTY EKOJIOTICTHYHOT CHCTEMH
Ta BiJIoOpa3uTH X 3 TOMOMOT0I0 (GpeiMOBOT Mepeki MPOIYKTIB.

BuKJ1a]] 0CHOBHOI0 MaTepiary

3a 3MICTOBOIO CYTHICTIO JKUTTEBUI LUK MPOEKTY EKOJOTICTHYHOI CUCTEMH IPO-
MOHYETHCS TOJUIATA Ha TEPEIHBECTHUIlIMHY, 1HBECTUIIINHY, CKCILTyaTalliiiHy, pere-
HEepaTWBHY Ta JikBijgamiiHy ¢a3u. KokHa ¢aza mpoekTy 3aKiH4yeThCSl OTPUMaHHIM
MIEBHOTO PE3yJIbTaTy — MPOJYKTY: NepeAiHBeCcTUlliliHA (pa3a — JTOKYMEHTaIbHO 0(hOopM-
JICHOTO MPOEKTY SKOJIOTICTUYHOT CUCTEMH; IHBECTHUIIIHHA (Da3a — eKOJIOTICTUYHOI CHC-
TEMH B MarepialbHOMY YSBJICHHI; eKcIUTyaralliiiHa ¢a3a — KOMIUIEKCY JIOTICTUYHUX
MOCTYT 3 MPOCYBaHHS MPSIMUX MarepialbHUX Ta CYMYyTHIX IMOTOKIB; pereHepaTHBHA
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(haza — KOMILJICKCY JIOTICTUYHHX MOCIYT 3 MPOCYBAHHS 3BOPOTHUX PELUKIIHIOBO-YTH-
JI3alidiHUX Ta CYIMyTHIX MMOTOKIB; JIiKBiIamilHa (a3a — KOMIUICKCY il 3 BiTHOBJICHHS,
03/I0pOBJIEHHS ekocucTemH (puc. 1).

KurreBuii MUKJ NPOEKTY €KOJIOTiCTUYHOI CHCTeMH

CDCIUHECCIMITIAHA InBecTuniiina Excruryaraniiina PerenepaTuBHa JlikBinaniiina
taza ¢aza ¢aza daza ¢asa

|

} v - -

JIOKyMEeHTaJILHO Exoutoricruuna Kommieke Kommnuexe Komnnexc
odopMmaeHui cucremMa JIOTiCTHYHMX JIOTiCTHYHHX niii mo

NPOEKT nocJayr no MocJyr no BiIHOBJIEHHIO
eKoJIoTicTHYHOT NPOCYBAHHIO NPOCYBAHHIO €KOCHCTEeMH

cucTeMH npsiMoro 3BOPOTHOIO

MaTepiajJbHOro MaTepiaJbHOro
MOTOKY MOTOKY
HpOIlyKTI/I (1)33 MPOEKTY €KOJIOTICTHYHOI CHCTEMHU

Puc. 1. Mooenv socummesozo yuxkmy ma npoOyKmis npoeckmy eKoa02icmudHoi cucmemu
IDicepeno: enacna pospobra asmopa

VY crangapri “A Guide to the Project Management Body of Knowledge” (Sixth
Edition) mig 3MiCTOM MPOXYKTY MPOEKTY PO3YMIIOTHCSI BIACTHUBOCTI Ta (YHKIII,
SIKI XapaKTepu3yloTh MPOIYKT, mociayru abo pesynsrar [6]. YV crangaprti “Military
Handbook. Configuration Management Guidance” koudirypartis (configuration) npesu-
CTaBJIeHa SIK CTPYKTYpa Ipe’ IBJICHOTO JI0 PO3POOKH, TAaKOT0, IO PO3POOISIETHCS, a00
ICHYH0YOT0 BUPOOY, 1110 BOJIOJIi€ (YHKIIOHAIILHUMU, (DI3UYHUMU Ta EKCILTyaTalliiHUMU
BJIACTHBOCTSIMH (XapaKTePUCTUKAMH ), K1 BiIMOBIJAIOTh BCTAHOBICHUM BUMOTaM, Bij10-
OpaxaeThCs B Pi3HUX 1HPOPMAIIIIMHAX MOJIEISIX, 110 BIIMOBIAAIOTH CTAIisIM KUTTEBOTO
LUKJTY 1[bOoT0 BUPOOY [3]. BiAMOBIIHO 10 HABEICHUX BU3HAYCHb MOXHA CTBEPIKYBATH,
110 KOH(pIirypariist mpoAyKTiB (a3 KUTTEBOTO IUKITY MPOEKTY TIOJISTAE B MIPEICTABICHHI
iX cyMicHOI CTPYKTypH 3 BU3HAYCHHSIM MPHUYUHHO-HACIIAKOBHX 3B’ SI3KiB MK XapakTe-
PUCTHKAMH, 1110 BU3HAYAOTh 3MICT IIPOJIYKTIB.

BinoOpasuTu iHQOpMaIlifo CTOCOBHO 3MicTy Ta KOHQIrypamii TpoAyKTiB MPOEKTY
MOYKHA 3aBISIKM BHKOPHCTAHHIO 1HCTPYMEHTApil0 Teopii MITyYHOTO iHTENEKTy (Moje-
JIFOBaHHS TOAAaHHS 3HaHb). OpeiiMoBe MOMENIOBaHHS 3MicTy Ta KOH(]Iryparii mpomyk-
TiB (a3 MPOEKTY €KOIOTICTUYHOI CHCTEMH HEOOXiTHO MPOBOUTH B TPH ETaIlH:

1. BusiBuTH aOCTpakTHI MOHATTS MPEIMETHOI raiy3i NMPOEKTY, a came MPOIYyKTiB
(a3 mpoeKTy Ta MOB’S3aHUX 3 HUMH 1H(QOpMaLiiHO SBUIL, 00 €KTIB, MPONECIB 1 T.II.,
Ta NPEACTABUTH 1X Yy BUIISII (hpetimis-npomomunie NPOIYKTIB (a3 IPOEKTY.

2.0nucary KOHKPETHI 00’ €KTH NPEAMETHOT rainy3i y BUDISI (hpetimié-eK3eMniapie
MPOAYKTIB (ha3 MPOEKTY, MO BiIOOPAKATUMYTh 3MICT HPOOYKMIE NPOEKNLY.

3. Bu3HauuTH 3B’SI3KH MK JOMIHYHOYMMH Ta PEIICCUBHUMH MpOayKTamu (a3 mpo-
€KTY €KOJIOTICTUYHOI CHCTEMH Ta CTBOPUTH MEPEXY PpeiiMiB, sika BiioOpa3uTh KoHDi-
2ypayito npooyKmis npoexmy.
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Tepmin «dpeiim» OyB 3arporioHoBaHui MapeiHoM MincekuMm y 1975 porii sik cTpyk-
Typa JUisl CIIPUMHSATTS CTepeoTUrHUX cutyaiii. [Tin ¢perimom (frame — kapkac, pamka)
MPUIHATO PO3yMiTH (popMalTi3oBaHy MOJIEITh IS BiJOOpakeHHs 00pasy, MiHIMaIbHO MOXK-
JIMBUH OMKC CYTHOCTI SIKOTOCh 00’ €KTa, SIBHIIA, TIOJII1, MPOLIECY, CUTYAIii 1 T.II., TAKHH, 110
CKOPOYCHHS [IbOTO OITUCY TIPU3BOUTH JI0 BTPATH Ili€l CyTHOCTI. MiHCBHKHIA J1aB TaKke BU3HA-
YeHHs1 PpeliMy: «omuHUIs iH(opMarii, o 3anamM’aTanach y MUHYJIOMY, JIeTali Kol 3a
HEOOX1THOCTI MOXYTh OyTH 3MIHEHI BiJIIOBIIHO JI0 MOTOYHOI cuTyarii» [19]. 3 koxHUM
¢peiimoM acoriifioBana iH(opmarlis pisHux BuaiB. Harpukiaz, y podorti [20] mponoHyeThest
MOJUISATH TaKy 1H(GOPMAILIO Ha TPU YaCTHHU: TIepIIa BKa3ye, IKUM CIIOCOOOM HEeOOXiTHO
BUKOPHCTOBYBATH TaKuii (ppeiim, qpyra — 1o mpuodIM3HO MOXKE CIIPUIUHHUTH 32 CO00I0 HOTo
BUKOHAHHS, TPETS — IO CIIiJ] 3pOOUTH, SIKIIIO OYIKyBaHHS HE MiATBEPIATHCS.

VY 3aranpHOMY BHNaAKy (peiiM Mae Taki CKIQJHUKH: M’ ¢peimy, im’s
CJIOTa, TOKA3HWKH YCIAJKyBaHHS, TWUI JaHHUX CJIOTa, 3HAYCHHS CIIOTA, MpPHUEIHAHA
nportenypa (1eMoH).

In’st ¢opetimy — yHIKanbHUH iIeHTHIKATOP PpeiiMy.

Im’ss cnoma — yHIKanbHUHR y Mexax Qpeiimy igeHTudikarop arpudyTta CyTHOCTI,
Ha/IIJICHUH IEBHOIO CEMaHTHKOIO.

Tokasnuxu ycnaoxkyeéanis XapakTepHi Jiis iepapXidyHux cucteM (peimis, 1o 0a3y-
I0ThCS Ha TIPHHIAIT «a0CTpaKTHE — KOHKPETHE» Ta BU3HAYAIOTH MpaBHJIa 3alIOBHEHHS
ciora: default — 3a 3amoBUyBaHHSM Bijg Qpeiimy-mipotorumy, a kind of (AKO) — yepes
CIaJIKOBICTh Bijl 0aThKIBCHKOTO (ppeiimy, override — y pa3i HEOOXIAHOCTI MOXKE 3MiHIO-
BaTHCh, Unique — yHIKaJbHE, range — B MeXKax, yKazaHuX y ppeiMi-poToTHII.

Tun oanux croma BU3HA4YAETheA sIK: frame — ppeiim, real — nilicHe yuco, integer —
1ijie yucio, boolean — ynoriunuit Tum, text — pparmMeHT TEKCTy, list — crucok, table —
TaOJIUIs, eXpression — MaTeMaTUYHUEN BUpa3, lisp — pueaHaHa IpoLeypa.

3nauenns croma OBUHHE BIIMIOBIIATH THITY JAHUX Ta MPABUITY YCIIaIKyBaHHSI.

Habip npueonanux npoyedyp BU3Hayae TNOBEHIHKY ¢perimiB. [Ipuennana mpo-
Heypa Moxe 3alyCKaTuch aBTOMaTHYHO Y pa3i BUKOHAHHS MEBHOI YMOBH — JICMOHA!
if-removed — skmo Buganeno, if-added — skmo momano, if-needed — Ha BUMOTY,
if-default — 3a 3amMoBuUyBaHHsIM.

OpeiiM poayKTy (Ba3u MPOEKTy Mae MEBHY CTPYKTYpPY Ta CKIANAEThCS 3 €JICMEH-
TiB — CIIOTIB (XapaKTEepPHUCTHK, aTpHOyYTiB, BIACTUBOCTEMH, ITapaMeTpiB), B IKUX BijoOpa-
JKAFOTHCSI XapaKTePUCTUKU (PpeiiMy — KOHKpeTHa iH(popMallis, IO CTOCYEThCS 3MICTYy
npoaykry. @peiiM npoayKTy MOXKHA ONUCATH TAKUM KOPTEKEM:

F=(N,I,5,R), (1)
ne N —im’sa ¢ppeiimy (mponykry (azu IpoekTy),
I —nigMHOXUHA cIOTIB [ = {xI jeer X; ;...;x,} , (i = 1,_1) , K1 MICTSITh 1H(OPMALIIFO ITPO
3araJjibHi XapaKTEPUCTUKH, 1110 BiIOOPaKAIOTh 3MICT IPOIYKTY Ta BU3HAYAIOTH JIeKJIapa-
TUBHY CEMaHTHKY (ppeiiMy, ycraJkoBaHy Biji 0aTbKiBCHKOTO (peimy;
S — miaMHOXKHMHA CIOTIB S = {xl ;...;xs;...;xs} , (s = I,_S), SIKI MICTATB 1H(pOpMAIIito
po crerudivHi XapaKTePUCTHKH, IO BiZOOPaKarOTh 3MIiCT POAYKTY Ta BU3HAYAIOTH
JICKIIapaTHBHY CEMAaHTHUKY (peiiMy, XapaKTepHy Ul TAaKOTo ppeimy;
R — migMHOXMHA CIOTIB R = {x1 ;...;xr;...;xR} , (r = I,_R), SIKi 320€311e9yI0Th 3B’ SI3KU
3 iHIMMHU ($peiiMaMu TPOAYKTIB Ta JO3BOJISIOTH CTBOPUTH KOH(QIrypauiro MpoayKTiB
1 BU3HAYAIOTh MMOBEJIHKOBHI CKIIHUK.
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MHok1Ha TTapameTpiB (ppeliMy yTBOPIOETHCS B pe3yiIbTari 00’ €/JHAHHSI ITiMHOKHH CIIOTIB
X=IUSUR. 2)

OpM ,ff;xlel;...;xg;xrf;;...;x,{f},
( f=LF ) , IO XapaKTepU3yIOTh MPOAYKT Ga3u f JKUTTEBOTO MUKITY IPOEKTY, € EBPHUC-
TUYIHOIO OTICPAIII€I0 Ta 3AICKUTH Bil HE0OXiTHOTO 00cATY iH(DOpPMAIIii TPO MPOITYKT TSt
a7ICKBaTHOTO YIIPABIIIHHS 3MICTOM IIPOAYKTY Ta 3MICTOM ITPOEKTY.

3anexHo Big o0caTy iHopmarii, mo BigoOpakae 3MicT hpeiimy, iX MOAUIIIOThH Ha:

— (¢peiiMu K1acu — GpeliM BUIIIOTO piBHS sl GPEHMIB IPOTOTHUIIIB, IIIO OIUCYIOThH
KJIaCH CYTHOCTEI;

— (peitmMu-3pasku (MMPOTOTHITH, TIPOTOPpPEeMH) — MAOIOHH IS OIHCY CYTHOCTEH,
SIKI MAIOTh 3araJIbHy CTPYKTYPY Ta MOBEAIHKY (HAIIPHUKIad, GPEHM-IIPOTOTHII TPOAYKTY
(hazu mpoeKTY);

— (pelMHu-eK3eMILTIpH — peaiizamis (QpeiiMy, 0 BimoOpa)kae KOHKPETHI CyTHOCTI,
SIBHIIA, TIPOIIECH TOIIO (HAPUKIIAM, PPEHM-CK3EMITIIP MPOIYKTY (ha3u MPoeKTy) (Tadm. 1).

3 A VY
@opMmyBaHHS MHOXMHHU MapameTrpiB X —{x”,...,x

Taomuns 1
Tunu ¢peiimi 3a indopmManiiiHIM HaABAHTAKEHHAM Y MPOEKTI
Tun XapaKkTepucTuka Caoru lHTg)pl;g;Tii;“m Ilpuxnan ppeiimy
¢ppeiimin ¢ppeiimi peiimy y l'll)[)OCKTi B NPOEKTI
[a6nonn it onucy XapaKTepHCTHKY BinoGpaxaiots da3za npoekTy, npo-
Opeit a0CTPaKTHHUX CyT- IYKT (a3u MpOEKTY,
peimu- Lo (mapameTtpn) 3HAHHSA PO .
HOCTEH, SIKi MaroTh < : HpolLIec, oneparis,
MIPOTOTUIH ¢peiimy 6e3 KOH- | 3arajabHi IOHATTS : ;
3aranbHy CTPYKTYpY . MOJIisl, CUTYyaList
- KPETHUX 3HAYCHb. B IIPOEKTI.
Ta MOBE/IHKY. PH3HKY.
IIpoxykr
Peanisamis dpein XapaKkTepuCTUKU IHBECTHIIIHHOT
o BiH06 gmae ¥ (mapametpn) BinoOpaxxatoTs (has3u mpoexTy
Dpeiimu- KOLIL{IK ein (?6’e1<m 3 KOHKPETHUMH 3HAHHS PO €KOJIOTiCTHYHOT
CK3EMIIAPH | o ap VAL, TIpo- 3HAYCHHAMHI KOHKPETHI MTOHATTS CHCTEMH,
e on T}; uo’ P Ta BiJITOBITHUMH B IIPOEKTI. PELUKIIIHTOBHI
1 1Ho- TIPOLIETyPaMH. IUPKYIIPHUH TIPO-
1ec.

Licepeno: enacna pospooka asmopa

@OpeiM-IPOTOTHI € OCHOBOIO U CTBOPEHHSI (ppeiMy-eK3eMIUIsipa MPOAYKTY KOH-
KpeTHOI (pa3u MpOoeKTy eKoNoricTUYHOT cucTeMu. [ mpoayKTy iHBecTULiiiHOT (a3u
MIPOEKTY EKOJIOTICTHYHOT CUCTEMHU (peiM-eK3eMIUISIp MpeACTaBIeHUH y Tabnumi 2.

Monens (peliMy MOXe 3aIeKHO BiJl 3MICTOBOIO HAarlOBHEHHS BifioOpaXkaTH iH(pOpMAaIiro
yepes ppeiiMu-00’ ety (HarmprkIia, GppeliM NpoayKTy IHBECTHLIHHOT (ha3u MPOeKTY), hpeimu-
poni (Hanpukiazn, GppeliM iHBeCTOpa MPOoEKTY), Ppeiimu-onepaii (Harprkiaz, ¢ppeiim npouecy
IIaHyBaHHsl), ppeiMu-cLeHapii (Harmpukiaz, GppeliM JaHIora NpoAYyKTiB MPOEKTY), Gpeimu-
cuTyauii (Harpukiaz, ppeim pu3iKy HeloiHaHCYBaHHS IPOEKTY) (Tad. 3).

@peiiM € yHiBepcanbHOIO 1H()OPMALIHHOIO CTPYKTYPOIO, sIKa HE TUIBKU 30epi-
rae HeoOXinHy iH(opMaLilo MPo XapaKTEPUCTHKH 00’ €KTa, SBUIIA a00 MpOLECy, L0
JOCHIJUKYEThCS, ane i BimoOpakae 3B’A3KM MK HUMH Ta IHIIMMH iHQOpMaiiHUMH
00’extamu. Taki B1acTUBOCTI PpeiiMiB JatOTh 3MOTY CTBOPUTH Mepedicy ppelimia, B AKil
BPaxoBYBaTUMYThCSI B3aEMO3B’SI3KM MK €JIEMEHTaMU, 1110 € aJJeKBaTHUM 1HCTPYMEHTOM
IUIs1 BioOpaskeHHs KoH@ieypayii npodykmie ¢as npoeknty ekonro2icmudutoi cucmemi.
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@peiim-ex3eMIISIP MPOAYKTY iHBecTHLiHOT (hazn

MPOEKTY eKOJIOTiCTUYHOI cucTemMu (pparMeHT)

Tabmur 2

In’s1 Hpoayxr inBecTHLiiiHOT (pa3u — ekoJoricTHYHA cUcTeMa
peiima (AKO ITpoaykTt (a3u Npo€EKTY eKOJIOTICTHYHOI CHCTEMH)
I’ 3HaueHHs Tun IIpuennana
M’sl cJI0Ta
cJa0Ta CcJI0Ta npoueaypa
IIpoekt CTBOPEHHSI €KOJIOTICTHYHOT CUCTEMH frame
daza mpoeKTy IuBecTHiiina frame
KinbKiCTh y4acHUKIB CyMa y4acHHUKIB MPSIMOro expression
JIOTiCTUYHOTO JIAHIFOTa Ta 3BOPOTHOTO JIAHIIFOTa P
KinbKicTh Y4aCHUKIB MPSIMOTO .
: 5 integer
JIOTiICTHYHOTO JIAHITIOTa
TlocravanbHuK pecypciB, BAPOOHUK
Y4acHUKH IPSIMOTO o PECYpCIB, BUD .
. JieTaseii, BAPOOHHUK MPOMYKIIIT, IOCTa- list
JIOTiCTUYHOTO JIAHITFOTa
YaJIbHHK TOCIIYT, CIIOYKUBAY/KOPHCTYBaY
Y4acHHK MPSIMOTO JIOTiICTUYHOTO o TauabHIK DeCYDCiB frame
naniora Ne 1 peeyp
Y4acHHK MPSMOTO JIOTiICTUYHOTO BupoGHHK 1eTaeit frame
naHIrora Ne 2 P
V4acHUK MPSMOTO JIOTiCTUYHOTO BUpobHIK MpoyKLii frame
nmaHirora Ne 3 p pony
V4acHUK MPSMOTO JIOTiCTHYIHOTO
[locTauanbHuK mocIyr frame
nanirora Ne 4
VdacHUK MPSIMOTo
Ne 5/3BopoTHOrO CrioXxuBa4/KopUCTyBad frame
Ne 1 JIOriCTHYHOIO JIAHIFOTa
KinpKicTh y4acHHUKIB 3BOPOTHOTO Cyma y4acHHUKIB 3BOPOTHOTO expression
JIOTiICTHYHOTO JIAHITIOTa JIQHITIOTa P
Cro)xuBayu/KOPUCTYBaY, LIEHT
Y4yacHUKH 3BOPOTHOTO pUCTYBat, LCHTP .
- 300py, LIEHTP PO300pY, LICHTP list
JIOTiCTUYHOTO JIAHIFOTa .
PEMOHTY, IIEHTP YTHIi3aIlil
‘YyacHHUK 3BOPOTHOTO .
: P Lentp 360py frame if added
JIOTICTUYHOTO JiaHiora Ne |
‘Y4acHUK 3BOPOTHOTO .
; P LleHTp peMOHTY frame if added
JIOTICTHYHOTO JiaHIora Ne 2
Y4aCHHK 3BOPOTHOTO LenTp yrrmizarmii frame if added
JIOTICTHYHOTO JtaHiiora Ne 3 Py
KinpkicTs UpKy1apHiX CyMa IUpPKYJISIPHHUX MTPOIIECiB integer
IIPOLECiB Y PKYJLAp p g
Hupkynspauii mporec Ne 1 recycle (penuKITiHT, epepooKa) frame if added
Hupkynspauii nporec Ne 2 refurbish (oHOBJICHHSI, PEMOHT) frame if added
o remanufacture (OHOBJICHHS .
Hupkynspuuii mporec Ne 3 > (oH ’ frame if added
Moardikaris)
Hupkynspawuii mporec Ne 4 repurpose (IepeopieHTallis) frame if added
Hupkynspauii mpouec Ne 5 repair (PEMOHT, BUIIPABJICHHS) frame if added
Lupkynsipauii porec Ne 6 reuse (MOBTOPHE BUKOPHUCTAHHS) frame if added
IMpoxykT ekcruyarauiitnoi ¢asmu, Komruieke noricTHaHnX
rapaMeTpH SIKOTO BIUTUBAIOTH Ha MOCIIYT 3 IPOCYBAHHS MIPSIMOTO frame
EKOJIOTICTUYHY CHCTEMY MarepiaJbHOTO MOTOKY
Ipoayxr pereneparuBHoi hasu, Komruieke noricTHaHmnx
rapaMeTpH SIKOTO BIUTUBAIOTh HA | MOCIHYT 3 IPOCYBAHHS 3BOPOTHOTO frame
€KOJIOTiCTHYHY CHCTEMY MarepiaabHOTrO MOTOKY
Bxinni pecypcu MarepiainbHi, iHpopmartiiiHi, (hiHaHCOBI list
BxiaHi MaTepiaibHi pecypcu CupoBHHA frame
Bigxonu IIkimmBi Ta HEMKIIINBI BIAXOIU list
BropuHHi pecypcu BroprHHa cupoBHHA frame

Hoicepeno: eracna pospobka asmopa
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Tabuui 3
Tunu ¢peiimiB 3a 3MiCTOBUM HATIOBHEHHAM Yy NMPOEKTI
Tun XapaKkTepucTuKa Caorn InTepnperanis IIpukaan gpeiimy
(ppeiimis (ppeiimi ppeiimy (ppeiimiB y npoexTi B MPOEKTI
Bimo6paxaroTsb . JKutreBuii UK
) Binobpaxarots
00’ €KTH, TIOHATTS, XapakTepu- : MPOEKTY, (asza
. . CJIEMEHTH 3MicCTy
Dpeiitmu- sBUIIa (abcTpakTHI CTHKH (TTapame- . JKHTTEBOTO IIHKITY,
) : B HPOEKTY, OCHOBHI
00’exkTH Ta KOHKPETHI1) TpH) 00’ €KTIB MIPONYKT (a3
. . MOHATTS Ta CKJIa/I- o
HpeIMeTHOT raysi (TIOHSATB, SIBUILT). I TIPOEKTY, PECYPCHUI
HPOEKTY. POEKTY. MOTEHIaJl IPOEKTY.
. Bino6pasaroTh poii
BinoOpaxators THIIOBY | XapaKkTepHCTHKH 3AITiKABICHIX OCI6 Y4acHHUK NPOEKTY,
Opeiimu- POJIb, 110 BUKOHYE (mapameTpn) DOEKTY. vaacHikis | 3AMOBHHK MPOEKTY,
pouti (peiiM-00’eKT 3a IIEBHUX | POII, 1[0 BUKOHY- P ¥y .| iHBecTOp, KEPIBHUK
) KOMaH/I1, BUKOHABIIIB
oOcTaBHH. I0Th 00’ €KTH. KOMaHJIH TIPOEKTY.
HPOEKTY.
BinoGpakaroTs THITOBI .
A00D; XapaKkTepucTuKu Binobpaxarots
cHTYalii, B IKHX MOXYTb .
. o (mapameTpw), 110 | cUTyarlii, o 3ara- Bexosa nopist
Opeiivu- | 3HAXOAUMTHCH peiimu- | : .
, % .| imeHTHQIKYIOTh | HOBAHO BUHHKAIOTH | MPOEKTY, CUTYALlist
cutyauii | 00’ektH Ta GppeiiMu-poni - :
. cutyaito abo | abo MOXKYTb BUHUK- | PH3UKY B IIPOEKTI.
a0o moxii, B SIKi BOHK : -
HOIO. HYTH B TIPOEKTI.
MOXKYTb TOTPAIHUTH.
Bingo6paxarors nmpo- | WBS-ctpykrypa,
BinoOpaxatorsb XapakTepuCcTuKH | 1ecu (YIpaBIiHCBKI | MakeT poOiT, mpo-
Dpeiimu- Pi3HOMaHITHI TIpoIIeCcH (mapameTpm) Ta onepaiiyi) LIeC YIIPaBIIiHHS
omeparii 00’ €KTiB MpeaMeTHOL npouecy abo MIPOEKTY Ta iX MIPOEKTOM,
raiysi. HOro CKJIaJTHUKIB. | CKJIQJIHUKN ((YHKIIT, JIOTiCTHYHUH
omepartii, podoTn). Oi3Hec-mporec.
XapaKTepUCTUKI
. . rapameTpu : :
BinoOpaxaioTs JUHAMIKY (Iuop3a6e3$1e)-’ Bino6paxae Bapiant
Dpeiimu- PO3BUTKY CHTYail, AVIOTH DO3BIL aJbTepHATHBHI (inaHcyBaHHS
CLeHapii | THIOBY CTPYKTYpY IMOiI, T}(I)K CI/Il(::)TeMI/I IHUIAXH PO3BUTKY HPOEKTY, JIAHIIOT
ii. IIPOEKTY. IT KTIB TIPOEKTY.
A 3a TaKUM POCKTY. pory POCKTY.
crieHapiem.

Licepeno: enacna pospodka asmopa

Mix mpomykramu (a3 NPOEKTY EKOJOTICTUYHOI CHCTEMHU CIOCTEPIraloThCs

B3a€MO3B’SI3KH, SIKI BiJOOpaXalOTh 3aJICKHICTh XapaKTEPUCTHUK OJHUX IPOLYKTiB
(peyecusnux) Bin BIacTUBOCTEH 1HIIMX (OomiHyrouux). POpPMyBaHHS MPOLYKTIB MPO-
€KTY y 4aci € pe3yJIbTaTOM BUKOHAHHS BIIOPSIKOBAHOI MOCIIOBHOCTI POOIT KOXKHOT
(hasu MpoeKTy Ta 3MIMCHIOETHCS, TOYMHAIOUH 3 NIEPEIHBECTHUIIIHHOT Ta 3aKIHUYFOUH JTiK-
BigauiiHoo ($a3zor0. 3 TOUKH 30py MPOIECy LIJCTOKIAAaHHS Y pa3i po3poOKH MPOEKTY
MOCIiIOBHICTh ()OPMYBAaHHS MapaMeTpPiB MPOLYKTIB Ma€ MPOTUIICKHY HAIPABICHICTDH
Ta 3A1HCHIOETHCS, MOYMHAIOUHN 3 MIPOAYKTIB EKCILTyaTalliiHOl Ta pereHepaTuBHOI a3y,
a 3aKiHUY€ThCA NPOLYKTOM MEPEAIHBECTULINHOT (a3u.

[Iponykr excrutyaTaniiHoi a3y — KOMIUIEKC MOCIYT 3 MPOCYBaHHS MPSIMOro Marte-
pilaJIbHOTO OTOKY TeHEPY€E NPOAYKT PereHepaTuBHOI (ha3u — KOMIUIEKC HOCIYT 3 IPOCy-
BaHHsI 3BOPOTHOTO MaTepiajibHOTO MOTOKY. B XapakTepuCTHK MPSIMOTO MaTepiajbHOTO
MOTOKYy (00CATiB Ta CKiaxy HPOAYKTY; BIACTUBOCTEH PEUOBHH, 3 SKHUX CKIAIA€THCS
MPOIYKT; CTPOKY CHOXMBAaHHS Ta MOMJIMBOCTI BTOPMHHOTO BUKOPUCTAHHS TOLIO)
3aJe’KaTh XapaKTEPUCTHKH 3BOPOTHOIO PELMKIIHIO-YTHIII3aliHHOTO HOTOKY (00cCsry,
CKJIaJ], IHTEHCUBHICTh TIOTOKY, PELHKIIIHTOBI MPOLECH, SIKi MOJKIMBO 3aisiTH, Ta iH.).
Takox BiH BIUTMBA€ Ha CKJIaJl yYACHHUKIB Ta CTPYKTYPY EKOJIOTiCTUYHOI cuctemH (ii mpsi-
MOT JIIHIAHOT AUISTHKH).
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Ha xapakTepHCTHKHM MPOIYKTy iHBECTHIIIHHOT (a3 BIUIMBAE MPOAYKT pereHepa-
TUBHOI (pa3u — KOMIUIEKC TMOCIYT 3 TPOCYBaHHS 3BOPOTHOTO MarepiajbHOTO MOTOKY.
Cama X eKOJIOTICTUYHA CHCTeMa MPOJYKY€E MPOIYKT JIKBigamiiHol (ha3n — KOMILIEKC
JUiH 3 JTIKBiJAIi] HEraTUBHUX HACIIKIB CTBOPSHHS Ta (DYHKI[IOHYBaHHS €KOJIOTiCTUYHOT
CUCTEMH i BiJIHOBJICHHSI CKOCHCTEMH.

XapakTepuCTUKH BCiX (a3 MPOEKTY EKOJIOTICTHYHOT CHCTEMU TOBUHHI OyTH BiJIO-
OpaskeHi B IOKyMEHTAIBHO O(OPMIICHOMY IPOEKTI Ta BIUITMBATH HA TPUBAIIICTH POEKTY,
o0csr poOiT, 1110 Mae OyTH BUKOHAHHN Ha KOXKHIH (a3l MpoeKTY, X OIOIKET Ta 3arajibHy
e(EKTHBHICTH ITPOEKTY TOMIO.

OpeiiMoBa Mepeka IPOJYKTIB (a3 MPOEKTY MpeJicTaBlIeHa Ha PUCYHKY 2.

3B’s130K Mix (hperiMamMu MPOIYKTIB (ha3 MPOEKTY BiIOOpaKaETHCS 3aBISIKH T IMHO-
JKMHI CJIOTIB R = {xl ;...;x,;...;xk} , (r = I,_R), OCHOBHHM 3aBJaHHSAM €JIEMEHTIB SIKOI
€ BpaxyBaHH: 3MiH y 3MICTi pelleCHBHOTO IIPOTYKTY ITiJl BILTMBOM 3MiH Y 3MICTi JOMiHY-
F0Y0TO TIPOYKTY Ta CTBOPEHHS KOH(DIryparlii mpoayKTiB mpoekTy. Taky koH(pirypariro
MOYKHa BBa)KaTy 0230BOFO Ta 3aCTOCOBYBATH ii Y MOIAIBIIIOMY MOHITOPHHTY CTaHY TPO-
€KTY TIPOTSTOM YCHOTO )KUTTEBOTO IHKITY.

JoxyMeHTAIBHD
ohopMIEHHHE NPOEKT
EROIOTICTHYIHOT CHCTEMH

3 ry L 1
(_/‘c;:— | Ao ey ey e oo [
J,_""" =
o~ \\"x

Kommnaexc [ l\[ Kovmaerc
JMOTICTHYUHHX mid mo

nocayr mo H Exomoricraana \ . BiTHOB TeHHID

cHCTEMA
TMPOCYEAHHI \ - | EKOCHCTEMH
SEOPOTHOTO R e——
MaTepiaabHOro "‘m._\_:.' ... I + K iy i [ [t [t
TOTOKY ko '
- S
[ T T Lt \"\__ l

Kommuerc JoricTHYHHX
MOCIYT MO MPOCYEaHHED
NpAMOTe MaTepiaabHoOTO
MOTORY

Mudetn | Reemm e aman mestorsd e

Puc. 2. @petimosa mepesrca npodykmie ghaz npoexmy eKoioeicmuyHoi cucmemu
Jicepeno: enacua pospodra agmopa

BucHoBknu

BpaxyBartu ekopecTpyKTHBHUI BIUTUB Ha JOBKLLISI MOKHA 3aBASKU BKJIIOUCHHIO JIO
JKUTTEBOTO IHUKITY MPOEKTY EKOJIOTICTHYHOI CHCTEMH, KpiM OCHOBHHX: TIEpEiHBECTHIIIH-
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HOT, IHTBECTHUIIHOT Ta €KCIUTyaTalliiHOI, SKOJIOr0-OpiEHTOBAHUX (Da3: pereHepaTUBHOT
Ta jikBigamiiaol. KoxHiid ¢asi BiAMOBiIa€ OTPUMAHHS [IEBHOTO MPOAYKTY, XapaKTepHC-
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Anomauisn

Y pamxax peanizayii 3axony «llpo mopceki nopmu ¢ Yipainiy Minicmepcmeso inghpa-
cmpykmypu  Ykpainu po3poouno cmpameziio po3eUumKy MOPCbKUX nopmie Ykpainu, o
nepeobayac nUMAaHHs PO3GUMKY NOPMOBOL (MepMiHAIbHOTL) | CyMidicHol (nid 13Hi 3ani3HUYHI
Kozii, 0opoeu) iHgpacmpykmypu, a maxoxc Hanpsmu peghopmy8arHs 2ay3i 3a paxyHOK 3ajiy-
UeHHSL NPUBAMHUX THEECMUYILL ULIIXOM Peanizayii NPOEKmMI6 0epicasHO-NPUBANHO20 NAPIM-
Hepcmea. Konyecitini npoexmu, Ha i0MiHy 6i0 THUUX 8UOI8 0epPIICABHO-NPUBAMHO2O NAPI-
Hepcmaa, € HallOb egheKmuHo hopmoro cnienpayi 0epacasu i NPUBAMHUX iHBECIOpI8
npu peanizayii cmpameziii peghopmy8anHs MOPCbKUX MOpeoseivHUX nopmis. Memoro doci-
ODICEHH S € PO3POOKA MEXAHIIMY eheKMUBHO20 PUSUKO-OPIEHMOBAHO20 YNPAGTIHHA KOHYECill-
HUMU NPOEKMAMU, SIKI Peali3yIoOmbCst 8 MOPCbKUX nopmax Yxpainu. Y pobomi ecmaroenemi
CMEKX0N0epU KOHYECIUHO20 NPOEKMY 6 NOPMY: 0epacasa, NPUBAMHI IHBeCIopU, KOHMPOIIo-
10Ul OpeaHu (AOMIHICMpayist MOPCHKUX NOPMIB, eKONOSIUHA THCNEKYIst, MUMHI, NPUKOPOOHHI
opean), mpyo0osuLl KONeKmue nopnty, Opeamu Micyegoi 61aou, 2pomMadsHu, nopmosuil OizHec.
Bemanoeneno, wo peanizayisn genuxux in8eCmuyitinux npoeKmis, 6 momy Yucii KOHYeCIuHUx
NPOEKMIB, 3a64COU NOB SI3AHA 31 3HAUHOIO KUILKICHIO PUSUKIE. Y KOJICHO20 31 CMelkxonoepis
KOHYECIHO20 NPOEKMY, Peanizoeanoeo 6 nopmy, icHyloms ceoi enachi yini. Omoice, pusuxu
KOJICHO20 13 YHACHUKI@ NPOEKMY — DI3HI. Y pobomi npedcmagieno MexaHizv 3HaAx00HCeH s
obnacmi 83aeMHO QONYCIMUMUX Yilell CMeKX0N0epié KOHYECIIHO20 NPOEKNY, Peaniz08aH0e0
8 MOPCbKOMY nopmy. Busnauuswiu yini cmelikxonoepie KOHYeCilHo20 NPOEKNY, 3anpONnoHO-
BAHO MEXAHIZM YNPABGIIHHS PUSUKAMU KOXHCHOR0 3 YUACHUKA NPOEKNY, AKUL O0360/I5€ I0eHmU-
¢hixyeamu cunyayii pusuKy 0 0epicasu, NPUBAMHUX IHEECIOPIB, KOHMPOIIOIUUX OP2AHIE,
mMpy00B8020 KONEKMUy Nopnty, Opeauie micyegoi 61aou, spoMadsH ma noOpmoeoco OI3HecY.
3anpononosano mooenb YnpasiiHHa Yiibo8UMU NOKASHUKAMU CIEUKXON0EPI6 3 YPaXy8aHHIM
KoeghiyieHma 6a20MOCHi NE6HO20 NOKAHUKA OJIsL KOHKPEMHO020 CIEKX0n0epa.

Knwuogi cnosa: rxouyecitinuii npoexm, puzux, MOPCbKUll NOpmM, CMeuKxonoep,
YINbOBUL NOKASHUK.
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Summary

Within the framework of the implementation of the Law “On Seaports in Ukraine”,
the Ministry of Infrastructure of Ukraine has developed a strategy for the develop-
ment of seaports of Ukraine, which provides for the development of port (terminal) and
adjacent (access railways, roads) infrastructure, as well as directions for reforming
the industry by attracting private investment through implementation of public-private
partnership projects. Concession projects, unlike other types of public-private partner-
ships, are the most effective form of cooperation between the state and private investors
in the implementation of strategies for reforming sea trade ports. The purpose of the
study is to develop a mechanism for effective risk-oriented management of concession
projects implemented in seaports of Ukraine. The work identified the stakeholders of the
concession project in the port: the state, private investors, regulatory authorities (sea-
port administration, environmental inspection, customs, border authorities), the labor
collective of the port, local authorities, citizens, port business. The implementation of
large investment projects, including concession projects, is always associated with a
significant number of risks. Each of the stakeholders of the port concession project has
its own specific goals. Consequently, the risks of each of the project participants are
different. The paper presents a mechanism for finding the area of mutually acceptable
goals of the stakeholders of the concession project being implemented in the seaport.
Having determined the goals of the stakeholders of the concession project, a risk man-
agement mechanism was proposed for each of the project participants, which allows
identifying risk situations for the state, private investors, regulatory authorities, the
port’s labor collective, local authorities, citizens and the port business. A model for
managing goal indicators of stakeholders is proposed, taking into account the weight-
ing coefficient of a certain indicator for a specific stakeholder.

Key words: concession project, risk, seaport, stakeholder, goal.

Beryn
KoHrecist pepkaBHUX CTHBIJIOPHUX KOMITaHIH € Oe3MocepenHbol0 peaizaliero
HartionansHOT TpaHCIIOPTHOT cTparerii, a peaizaiii MJIOTHUX KOHIIECIMHUX MPOEKTIB
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y oprax YKpaiHu JI03BOJHTH IPUCKOPHUTH MPOIIEeC 3aTyUSHHS IHBECTOPIB J0 peaizaliii
MPOEKTIB B 1HIMX mopTax. KpiM Toro, peamizalis mpoekTy nepeadadae 3amydeHHs He
TUTEKH MPUBATHUX IHBECTHIIIH, ajleé TAKOXK CYJaCHHX TEXHOJOTIH 1 pillieHh B TTIOPTOBY
rajxy3b, MATUME TTO3UTUBHUN BIUTUB HA TPAHCTIIOPTHY TaJIy3b B oMy [1].

3rimHo 3 HamioHaapHOIO TPAHCIIOPTHOIO CTpaTericlo YKpaiHWm Ha Tepiox a0
2030 poxy He3aIOBLIbHUHN PiBEHb TPAHCIIOPTHO-JIIOTICTUYHUAX TEXHOJIOTIN 1 MYJIBTHMO-
JAJIBHUX TEPEBE3CHb 3HMKYE KOHKYPEHTOCIPOMOXKHICTh TPAHCIOPTHOI CEPEIOBHUILA.
Jis MaKCUMaIbHOTO BUKOPHCTAHHS reorpadiuHoro MojomkeHHs YKpaiHM SIK TPaH3UT-
HOI KpaiHU CIIiJi TEpPMiHOBO BXKHTH 3aXOJ[iB Y YaCTHHI 3a0e3MeUeHHsT OpraHisailii BaH-
Ta)XHUX NepeBe3eHb Mk KpaiHamu €Bponu, A3ii i Cxoxy [2].

HeoOxinne ninBumieHHs epeKTUBHOCTI Ta KOHKYPEHTOCIPOMOXXHOCTI TPAHCIIOPTHOT
ranysi, BOIOCKOHAJIEHHS MPAaBOBOTO MEXaHI3My Jep)KaBHO-IPUBATHOIO NapTHEPCTBa,
MOCHJICHHS B3a€MOJIT MK JIepyKaBHUM 1 IPUBAaTHUM CEKTOPOM, OpraHaMH Aep:KaBHOI
BJIaJ Ta OpraHaMH MICLIEBOIO CaMOBPSIyBaHHS, MPOBEICHHS HEOOXiAHUX pedopm,
y TOMY YHCJIi BBEJCHHS JICICHTpaIi3allil, 0COOIMBO NUIIXOM CKOOPJUHOBAHUX 1HIIIi-
aTWB Jiep>KaBHOI moiTuky. HaBeneHi npuHIunu 3a0e3nedyars Mil[Hy OCHOBY CTajoro
PO3BHUTKY TPAHCIIOPTHOI rayry3i Ta CTBOPEHHS BUILHOTO 1 KOHKYPEHTHOTO PUHKY TpaH-
cropTHHX mocayr [3].

3a ocTaHHI POKH IMOPTH YKPATHHU CTPIMKO BTPATHUIN CBOIO YaCTKy PUHKY B BAHTAXKOOOITY.

Sk mepskaBHI TATPUEMCTBA 3 0OMEKEHUM JOCTYIIOM JI0 iHBECTHIIIMHOTO KaITiTaly,
HOPTU YKpaAiHU CTHKAIOTHCS 3 TAKUM:

1)moTpebor0 3HaYHUX PEIHBECTHL B HasBHI aKTHBH, 1100 30€pertd CBOIO 31ar-
HiCTh 00pOOJISATH MOTOUHI OOCSTH BaHTaXIB. 32 BIICYTHOCTI KOLITIB ISl pEIHBECTYBaHHS
MO)KHA OYiKyBaTH, L0 YaCTKa PUHKY Oy/ie BTpaueHa Ha KOPHUCTh 1HIHMX TEPMiHAIIB;

2)HOBI iHBECTHIIIT HEOOXITHI ST 3a0€3CUSHHSI TPOIOBKEHHS JISUTBHOCTI IiIpPH-
€MCTBA, a TAKOXK JIJIST peastizallii MO>KJIMBOCTEH, OB’ I3aHUX 31 3pOCTAIOUUM EKCTIOPTOM
BaHTaXiB, 30KpeMa MPOAYKTIB epepOOKH 3EPHOBHX;

3)3a BiICYTHOCTI peiHBECTyBaHHS 1 301IBIICHHS KOMEPITIHHOT THYIKOCTI JUTSI peary-
BaHHS Ha BUKJIMKWA PUHKY TIOPTH OyIyTh BUMaratu ()iHaHCOBOT ITiITPAMKH.

Binnosinao no 3akony Ykpainu «lIpo koHIiecito» KoHIecis — e Gpopma 3/1iiicHeHHS
Jep>KaBHO-IIPUBATHOTIO APTHEPCTBA, 1110 Tepedadae HaJaHHs KOHLECieqaBIeM KOHLIe-
CiOHepY MpaBa Ha CTBOPEHHS Ta/a00 OyAiBHUIITBO (HOBE OYIiBHUIITBO, PEKOHCTPYKIIitO,
pecTaBpaiilo, KamiTalbHUH PEMOHT Ta TEXHIUHE MEPEOCHALIECHHS), Ta/a00 ynpaBaiHH
(KopuCTyBaHHSI, EKCILTyarTalilo, TeXHiYHe 0O0CIyroByBaHHs) 00’€KTOM KOHLECIi 1/abo
HaJlaHHS CYCIUIBHO 3HAYYIMX MOCIYT B MOPSAKY 1 HA yMOBaX, BU3HAYCHUX KOHLIECIH-
HUM JIOTOBOPOM, a TaKOXK Iependavae nepeaaqy KoHIeCioHepy 3/1e01IbIIoro oneparii-
HOTO PU3UKY, OXOIUTIOE PU3HUK MOMHUTY 1/a00 pU3HUK Mpono3uii [4].

MiXHapOAHMI JOCBIJ] TOCIOJAPIOBAHHS B MOPCHKUX MOPTax IMOKa3ye, M0 Cepel
Oararpox Jokepen (hiHaHCYyBaHHS, MOJIEPHI3aIlil Ta OHOBIICHHS 00’ €KTIB IOPTOBOT iH)-
PacTPyKTypH KOHIIECIs € HAiOLIbIll MPUBAOIMBUAM THCTPYMEHTOM 3ay4YCHHS KOIITIB.
Konmecist mependavae peanizarito CyCHiIbHO 3HAYYIIMX TPOEKTIB, TIPU I[LOMY MpPH-
BaTHE YIIPaBIiHHS IPEeIMETOM KOoHIIeCii € TepMiHoBuM (Big 3 mo 50 pokis) [5].

AHaJti3 ocTaHHIX A0CTiMKeHD 1 myOsTikaniii

KomnreciifHi IpoeKTH SIK ONWH 3 IHCTPYMEHTIB JEpP’KaBHO-TIPUBATHOTO TTAPTHEPCTBA
NPEJICTABISIIOTHCS JJOCHTh YCIIITHAM MEXaHi3MOM, IO JIO3BOJISIE BPAaXOBYBATH IHTEPECH
JIeprKaBH 1 MPUBATHOTO iHBECTOpA [6].
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Peamizarlisi KOHIIECIHHUX MPOEKTIB € OMHUM 3 ¢(EKTUBHHUX 1 HAKOLIBII 3aCTOCOB-
HHAX B MDKHApOAHIN MPaKTHUII MEXaHI3MIB JIep>KaBHO-TIPUBATHOTO IMapTHEpCTBAa. BoHM
3aCTOCOBYIOTBCS, KOJIU B A€P’KaBU HE BUCTa4da€e (DiIHAHCOBUX, JIFOICHKHUX, YIIPABIIHCHKUX
Ta 1HIIUX PECYpCiB IS HaJJaHH MMOCITYT HaceleHH:o [7; §].

Kpim mporo, koHnecii ans aepkaBu — crociO 3ajlyueHHsl YIPaBIiHCBKUX PecypciB
1 TexHoJOTii Oi3Hecy JUIsl peanizamii mpiOpUTETHUX 3a7a4 B MaciTabax BCi€i KpaiHH,
a TaKOX 3MEHIIICHHS OromkeTHHX BUTpar [9; 10].

Konmecii mudepeHtiitoroTbcst y KpaiHax i B raay3sX eKOHOMIKH (IIPOMHCIIOBOCTI).
Juis nmeskux KpaiH OinbIle MiAXOmWUTh Taka (opMa KOHIIECii, KOIU MPaBO BIACHOCTI
3aBKAM 30epiraeThes 3a Aepxkapotro (Ppaniis). [Jis iHIINX ke MOXKITUBI BapiaHTH, KON
MIPaBo BIACHOCTI MOXKE MEPEXOJUTH 10 TpUBaTHOTO iHBecTopy (sk B CLLUA) [11; 12].

MoskiuBi 1 3Mitani popMH KOHIIECIH, 32 SIKUX MPaBO BIACHOCTI 30epiraeThes 3a Mpu-
BaTHUM 1HBECTOPOM [0 THX TIip, TIOKM BiH BUKOPUCTOBYE 00’ €KT 3a MpHU3HAUYEHHAM. SIK
TITBKH 1HBECTOP TIEPECTaE 1e POOHUTH, 00’ €KT BITIYKY€ETHCS Ha KOPUCTD Aepkasw [13].

Juis iHBecTOpa BUTO/1a KOHIIECIT TONISTaE HE TUTHKH B IOCTYIII 10 TPATUIIIHO 3aKpH-
TUX Tally3edl €KOHOMIKH 1 MOMJIMBOCTSIX 3BEICHHS 1HOPACTPYKTYypH, HEOOXiAHOT A
YKpYTHEHHS cBOro Oi3Hecy (Hampukiaj, OyliBHUITBO TEPMiHAIIB B MOPTY ISl IHTEH-
cudikanii 00podku BaHTaxiB) [14]. Burona Takox nonsrae B Mofili PU3HKIB, 8 TAKOXK
y IOCHTh BUCOKHX rapaHTisAX MOBepHEHHs KOomTiB. KpiM Toro, B MaiflOyTHROMY y iHBEC-
TOpa 3’ SIBIISIETHCS MOXKIIMBICTh OTPUMaHHS PETYISPHUX IMPOTHO30BAaHUX AOXOAIB [15].

HepkaBHi cTparerii Ta mporpamu, peaiizoBaHi B TPaHCHOPTHIM ramysi Ykpainu
1 3aCHOBaH1 Ha BUKOPUCTAHHI TUIbKK OIOMKETHUX KOLITIB, HE IO3BOJIAIOTH Peasli3oBy-
BaTH MaclITaOHI CTpaTeriuHi MPOEKTH B moprax. Tomy Biaja KpaiHu B3sjia Kypc Ha
HIMPOKE 3aTy4eHHs NMPUBATHUX 1HBECTHUIIH 1 MIBUIKUA PO3BUTOK JIEep>KaBHO-TIPHBAT-
HOTO IapTHEPCTBA B MOPCHKUX TOPTOBEJIBHUX IOPTax YKpaiHU.

®opmyaOBaHHS LiJel cTaTTi

Mertoro naHoi poboTH € po3poOKa MexaHi3My e(EKTUBHOTO PH3UKO-OPIEHTOBAHOTO
yIpaBIiHAS KOHIIECIHHUMH TIPOEKTAMH, SIKI pEalTi3yI0ThCsl B MOPCHKHX MOPTax YKpaiHu.

Buxkiaa ocHOBHOro MarepiaJry 10CJIiIzKeHHsI

Crpaterist po3BUTKY MOPCBHKMX MOPTiB YKpainu Ha mepiog ao 2038 poxy [16],
a Takox 3akoH Ykpainu «IIpo Mopceki moptu B Ykpaini» [17] nepenbadae pedopmy-
BaHHSI TOPTOBOI TalTy31 Ta 3aTy9ICHHS TPUBATHUX 1HBECTHUITIH JIJIsI MOJIEPHI3aIlii Ta CTBO-
peHHs 00’ €KTIB IMMOPTOBOI iHPPACTPYKTYPH Ha ITiICTaBI TOTOBOPIB KOHIIECIT.

3rigHo 31 CTparteriero HanpsIMKHA PO3BUTKY MOPCHKUX ITOPTIB TOBHHHI BU3HAYATHUCS
3 ypaxyBaHHSIM IX OCHOBHOTO BaHTa)KOIIOTOKY 1 IIOTOYHOI KOH IOHKTYpPH pUHKY. Peari-
3anist Ctparerii 30iICHIOEThCS IIJISIXOM BUKOHAHHS TUIaHIB PO3BUTKY MOPCHKUX MOPTiB
Ha KOPOTKO-, CEPEeTHBO- Ta JOBIOCTPOKOBY MepCHeKTHRY [16].

3a vac naii 3axony «IIpo koHTIEeCcii» B YkpaiHi cTapTyBav 10 peatiallii KOHIeCiliHi po-
exty — B opTy XepcoH i OnpBist. [lopt Xepcon nepenany B koHIecito Ha 30 pokiB, a TOpT
OnbBist — Ha 35 pokiB. [Ipy pOMy MalfHO MOPTIB 3AIMIIAETHCS B JCp)KaBHiM BIACHOCTI
1 TiCJIst 3aBEpIICHHS TepMiHYy il KOHIECIMHUX JIOrOBOPIB MEPENAEThCs JIeprKaBi 3 ycima
00’ ekTaMu, MoOy1oBaHUMH a00 MOAEPHI30BaHUMH 1HBECTOPOM 32 Mepiof Horo poOoTH.
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Jist neprkaBu peatizallisi KOHIECIHUX TIPOEKTIB y IOPTY — 11, TIEPII 32 BCe, IHCTPY-
MEHT €KOHOMIYHOTO 3pOCTaHHSI 1 IiJIBUINECHHS PiBHS TOPTOBOI KOHKYPEHIIil, a OTXKe,
1 piBHS TIOCJIYT, IO HAJIAIOTHCS CYJTHOBIIACHUKAM 1 BITACHUKAM BaHTaXYy.

BiznoBiiHO 10 TONOKEHb TEXHIKO-€KOHOMIYHOTO OOIPYHTYBaHHSI, KOHIICCIHHUN MPOEKT
y TIopTax nepeadadac rnepesady Jep)kaBHOro MaliHa TIPUBAaTHOMY TapTHEpPY Ha NMEBHUI TEPMiH
i3 METOIO 3IIIHCHEHHS JisUTHHOCTI y cdepi Oy/liBHHIITBA Ta eKCIUTyaTallii MOPCHKUX TIOPTIB Ta iX
iH(PACTPYKTypH Ta B3SITTS IEBHUX IHBECTHIIIHHIX 3000B’513aHb 38 00 €KTOM MapTHEPCTBA.

Peauizarisi KOHIIECIHHOTO MPOEKTY B MOPTY MAaE€ Ha METI 30epeKeHHs MpaBa Biac-
HOCTI JiepKaBH Ha 00’ €KT KOHIIECIT, 301IbIIICHHS] BAPTOCTI JICP’)KaBHUX aKTUBIB 32 paxy-
HOK TIPUBATHOTO KalliTary, BIPOBAKEHHSI KPAIIIOTO YIPaBIiHCHKOTO JOCBITY 1 MOJIM-
HICHHS SKOCTI TIOCIYT JJIsl CTEHKXOJ/IepiB KOHIIECIHHOTO TPOEKTY B MOPTY.

Sk cTEHKXO0IIEepiB KOHIIECIHOTO MPOEKTY B MOPCHKOMY MOPTY OyZIeMO PO3IISIATH JCp-
JKaBy, IPUBATHOTO 1HBECTOpa (KOHIIECIOHEPa), OpraHu MiCIIEBOI BIIAJIH, TPYIOBHI KOJICKTHB
TIOPTY, TPOMA/ISTH, TOPTOBUH Oi3HEC, (JIHAHCOBI yCTAHOBH, KOHTPOJIOKOU1 OpPraHH.

VY4acTb y KOHIIECIHHUX TIPOEKTAX BUMArae peTesibHOTO aHai3y PU3HKIB 1 pO3YMHOI0
yIpaBIiHHS HUMH SIK 13 00Ky KOHIICJICHTa, TaK 1 3 00Ky KOHIIeCiOHepa.

Pusnk Mo)kHa BH3HAUUTH SIK JISUTBHICTH, TOB’S3aHY 3 TIOJOJIAHHAM HEBH3HAUYCHOCTI
B CHTYallil HEMHHYYOT0 BUOOPY, B MPOIIECI SIKOT € MOXKITUBICTD SKICHO 1 KUIbKICHO OLIIHUTH
HMOBIPHICTb JIOCSTHEHHS TIepei0aTyBaHOTO PE3yBTaTy, HeBaadl abo BiZIXHIICHHS Bil METH
[18]. Bianosiauo 1o cranaapty ISO 31000 pu3uk — Iie BILUIMB HEBU3HAYCHOCTI Ha 11k [ 19].

CknasHicTh e(eKTUBHOI peaiizallii KOHIECIHHUX TPOEKTIB y MOPCHKHX MOpTax
VYkpaiuu rnosyisirae B HEY3ro/PKEHOCTI I[iJIel KOXKHOTO 31 CTEHKXOJIJICPIB MTPOEKTY.

Crin 3a3Ha4MTH, 10 TiJ Yac peajizaimii KOHIEeCIHHUX MPOEKTIB Y TOPTY MEBHUM
CTEUKXOJIIep Tepeciiiye CBOIO BIIACHY METY, sSIKa 4acTO HE Y3TOJDKYETHCS 13 HIJISIMU
IHIIIMX CTEUKXOJICPIB IIPOEKTY.

Buxo/s4u 13 11b0r0, MOYKHA TOBOPHUTH TPO HASIBHICTH PI3HOMAHITHOCTI PH3HKIB, sIKi
JUTSI KOXKHOTO CTEHKXOJIIEPY — Pi3HI 1 HE 301ratoThCsl 3 pU3UKAMHU IHIINX YYaCHUKIB KOH-
HECIHOTO TIPOEKTY.

YV pamkax peajtizariii KOHIIECIHOTO POEKTY B IIOPTY BAXKIMBUM €TAIIOM € PO3pO0Ka MeXa-
HI3MY 3HAXO/DKEHHST 00JIaCTi B3aEMHO JIOIMYCTUMHUX LICH YCIX CTEHKXOJICPIB MPOEKTY.

JJ1s1 LIbOTO YiTKO MPOIUCYIOTHCS IiJIi KOXKHOTO CTEHKXOJIEPU KOHIIECIHHOTO TIPOEKTY.

[TpomoHyIOThCs 10 PO3MIsLY HACTYIIHI 11T cTeiKkxoiepiB (Tadm. 1).

JlaHi 1IbOBI MOKA3HUKH € OCHOBOKO JJIsl 3HAXOJPKECHHS 00J1acTi B3aEMHO JIOMTYCTH-
MUX PillIeHb, sIKi MOKHA Oyjie e(DEeKTUBHO peai3yBaTH B MOPChHKOMY MOPTY.

Hexaii y nace N creiikxonzaepis (n =1,2,..., N) koHueciiHOro npoekTy. KijabKiCTh
LIJbOBUX IMOKA3HMKIB cTraHoBUTh M (m=1,2,...,M).

I[Tpuitmemo B SIKOCTI fB,,, — Koe(illieHT BaroMOCTi 71 -TO TOKa3HUKA JUIsl /1 -TO CTEHK-
xonnepa. Koedimnient BaromocTi B, BU3HAYAIOTH €KCIIEPTHUM IIISIXOM BUXOJISYH 3 YMOB:

dBuw=L0 va=1.,N;>B,=1,0 Vm=1,..,M. (1)
LinpoBa yHKIIIS:

Z = i(J_rAm B,y ) = Max. (2)

ne A, — 3HaueHHS LiTbOBOIO MOKA3HUKA B PE3yJbTaTi YCHILIHOT peasizauii KoHuecii-
HOTO MPOEKTY B MOPCHKOMY TTOPTY. [IpH IIbOMY 3HAK «+» CTaBUTHCS, SIKIIO CTEHKXOIIED
KOHIIECIHHOTO TIPOEKTY 3alliKaBUBCS Y 3pOCTAHHI IIUTHOBOTO MOKA3HHUKA.
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Tabmuus 1
i cTeiikxo/aepiB KOHIECIHHOTO MPOEKTY, 10 PEAi3y€ThCsl B MOPCHKOMY MOPTY
CreiixxoJaep Hini creiikxongepy KOHLECIHHOIO IPOEKTY
. . . PiBenb nogarkoBux
Tepana | Ofest s | Pine apotymmoetipan |
pep p pTY Glo/KeTy
CTabimbHICTD CraGimsmi .
. L TaliNnbHICTh HasBHicTh
n . COIiaJbHO- CralibHICTD . . v
puBaTHi A .| momiTHYHOT rapaHTiit
. CKOHOMIYHOT | HOpMAaTHBHO-IIPABOBOT IMpubyTox
inBecTropu CHCTEeMH 3 6OKy
CHCTEMH CHCTEMH JepIKaBU
JiepKaBH JiepKaBn
JIepKaBU
. . Jlorpumanns
Opra};ﬁ;;llzuesm PiBeHb MOAATKOBUX HAIXOHKEHD /IO MiCIIEBOTO OFOIKETY apXITEeKTYpHO-
OyniBeIbHUX HOPM
Tpynosuii Kinbkicts PiBeHb cepeTHBOi 3apIUTaTH PiBenb TexHIUHOI
KOJIEKTHB NOPTY | poOodnx miclb Oe3nexu
KoHTDOoMI0I0qi PiBenp notpu- | PiBeHb noTpHMaHHS PiBenp PiBeHb noTpUMaHHS
o pr - MaHHSI MUTHUX HPHKOPIOHHUX HOPTOBHUX CaHITapHHUX
P (dhopmanbHOCTEH (dhopmanbHOCTEH 300piB (opmanbHOCTEH
YT — Exomoriuna BinnoBigHiCTh KOHIIECIHHOTO MPOEKTY COIIaIbHAM, MOPAIBHAM,
povazx Oe3riexa periony ICTOPUKO-apXiTEKTyPHUM MOTHBIB HACEJICHHS
MovToBuii Gismec Yac 006poOku JloTpuMaHHS iHTEpeCiB MIANPUEMCTB, IO MPALIOIOTH B TOPTY
P CyZeH 1 30IHCHIOIOTH 00POOKY Cy/ICH 1 BAHTaXIB

[Ticns BU3Ha4YeHHS IiNEH yCiX CTEUKXONIepiB KOHIIECIHHOTO MPOEKTY HEOOXiTHO
MIEPENTH 10 YIIPaBIiHHS PU3UKAMHU KOYKHOTO 31 CTEHKXOIJIEPIB MTPOEKTY.

MexaHi3M e(hEeKTHBHOTO PO3IMOUTY PH3HKIB CTEHKXOJAEPiB KOHIECIHHOI yroau
nependadae, M0 CyMapHUIl PHU3MK, SIKUI NEpeKIaJaeThCsl Ha MIPUBATHOIO iHBECTOpa
KOHIIECIHHOTO TIPOEKTY, HE TIOBWHEH IEPEBHIYBATH TPAHUYHUX MOXKIUBOCTEW HOTO
MOKPUTTS. TakoXK PU3HK NMEPEAaEThCS TOMY CTEHKXONIEPY KOHIIECIHHOTO MTPOEKTY, STKAN
3[IATHAN Kpallle, B TOPiBHSAHHI 3 IHIIMMH CTEHKXOIepaMu, 3amodiratn abo KOMITEHCY-
BaTy pu3uku. CymMapHU pU3HK AepKaBH OBUHEH BPAaXOBYBAaTH OIOMKETHI OOMEKEHHS
1 HEe TIOBMHEH BKIIFOYATH PU3HUKH ITPUBATHOTO iHBECTOPA.

OriHka pU3HKIB KOHIECIHHUX TPOEKTIB B MOPTY MOBUHHA 3/IHCHIOBATHCS HA ITiJI-
CTaBi 00’ €KTUBHUX JAHUX, BPaXOBYBATH 111l KOKHOTO 3 CTEHKXOJIEPiB.

OTxe, B pa3i HasiBHOCTI J pHU3UMKiB KoHIeciHOTO Tipoekty (j =1,2,...,J) amns npu-
BaTHOTO iHBecTopa H Mae BUKOHYBATHCS yMOBA!

J
SRy <W,, 3)
j=1

ne W, — dinancoBi MOXIMBOCTI IpUBATHOTO iHBecTOpa H , Npu3HAYeHI U1 IOKPUTTS
J -TO pHU3UKY.

3a HasBHOCTI N creiikxonaepiB (# = 1,2,..., N) KOHIIECITHOTO MPOEKTY 3 (hiHAHCO-
BHMH MOXJIMBOCTSIMH JJIs1 KOMIIEHCawii pusukis W :

W, >W,>.>W, =R, >..>R > R. “4)

Hnst nepxxaBu G 1ipu BUIUICHOMY AEp:KaBHOMY OIO/PKETHOMY (piHaHCyBaHHI V' Ha
KOMIICHCALIO j -TO PU3MKY CIIPABEAIMBHI BUPA3:

J
V2 3 R ®)
2

J

Jj=
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MexaHi3M pO3MOALTY PU3UKIB MiXK CTEHKXOJIEpaMH KOHIIECIHHOTO IPOEKTY B TIOPTY
0a3yeThCs Ha TAaKUX MPUHIIAIIAX:

1) BU3HAYHUTH CTEHKXONIepa KOHIIECIHHOTO MPOEKTY, IKUH Kpale Moe KOHTPOJIIO-
BaTW HACHIJKHU BIUIMBY pu3uKy. OJHUM i3 KPUTEPIiB IbOTO MPUHIMITY € MOXKIHBICTH
CTpaxyBaHHsI PU3UKIB: TAKUM YWHOM, PU3UKH, BiJI HACIIJKIB SKUX MOXKHA 3acCTpaxy-
BaTHUCS, PEKOMEH/YEThCSl HECTH NPUBATHOMY 1HBECTOPY, a Ti, 1110 HE MOYKHA 3aCTPaxy-
BaTH, — 3aJIUIIATH JICPIKaBI;

2) BU3HAUUTH CTEHKXOJN/Iepa KOHIECCIHHOTO MPOEKTY, SKUH Ma€ OiIbIle MOXKIHBOC-
Tl ynpaBIsTH MPOIIECOM HACTAHHSI PH3HKY;

3) BHU3HAUUTH CTEHKXONJIEpa KOHIECIHOTO TPOEKTY, SIKHH Mae€ MOMKIMBICTh yCy-
HYTH HACJIIJIKU PU3UKY 3 MCHIIINMHU BHTPATaAMH.

BucHoBku

Pearizanist KOHIIECIHIX TIPOEKTIB y TIOPTax Bi/NOBiIa€ OCHOBHIM MeTi Crparerii po3Bu-
TKY MOPCHKHX TIOPTIB Ykpainu Ha nepion 10 2038 poKy, OCKUIbKA 3aIy4eHHs PUBATHOTO
IHBECTOpa JIO3BOJIMTH MiJIBUIIMTHA KOHKYPEHTOCIIPOMOXKHICTh TTIOPTOBOI Taily3i, MPUHECTH
Cy4acHi TEXHOJIOT1] Ta CTaHIaPTH MOPTOBOT JIISITHHOCTI, 8 TAKOXK 30LTBIIUTH 00CSTH BAaHTaXKO-
TIePEBAIIKH. 3aCTOCYBAHHSI MEXaHI3MIB yIPaBIIiHHS PU3UKaMH KOHIIECIHHUX TPOEKTIB Y TIOPTY
€ e()eKTUBHUM THCTPYMEHTOM PO3MOJILTY BiIIOBIIATEHOCTI 1 TPOIIOBUX MOTOKIB MIXK CTEHK-
XOJJIEPaMH, 1110 CTBOPIOE TOJATKOBI CTUMYITH ISl BAKOHAHHSI HUIMH CBOTX 3000B’S13aHb.

Y po0oTi 3anporOHOBAHO MEXaHi3M 3HAXOPKEHHS 001acTi B3aEMHO JIOMYCTHMUX
IiJIeH yCiX CTEHKXOMIEPiB KOHIIECIHHOTO TIPOEKTY, Peali3oBaHOTO B MOPTY, HA IMiJCTaBl
YOpaBJIiHHS [UILOBUMH ITOKa3HUKAMH CTEUKXOJJIEPIB 3 ypaxXyBaHHSAM KoedilieHTa
BaroMocTi IIEBHOTO MOKa3HHUKa JIIsl KOHKPETHOTO cTerkxonaepa. Po3pobieno MexaHizm
PO3IOJITY PH3HKIB MIXK CTEHKXOJIJIEpH KOHIIECIHHOTO MPOEKTY, SIKUH JTO3BOJISIE 1/ICHTH-
¢bikyBaTH cUTyaIlil pU3UKY JJIS ISPKaBH 1 IPUBATHUX 1HBECTOPIB.
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Summary

In today s world of wars and pandemics, devices are needed that can control a ship with-
out a human, solve complex navigational tasks, and carry cargo/people to/from the affected
area. If it is a warship — to perform a combat mission without loss of personnel. Such devices
require conditional classification of scenarios and the formation of global planning tasks in
real time. A mathematical model of the global planning task has been elaborated. Changing
the trajectory in real time is a change in the route matrix in global planning, which allows
to rebuild the matrix of local planning. Each scenario is a coincidence of certain circum-
stances and conditions; circumstances and conditions are written in the form of program-
ming code. It is proposed to use track matrices for global planning of the ship s trajectory.
The binary path matrix (incidence matrix) can vary depending on the operational scenario.
There are 4 possible scenarios and a scenario matrix that shows the correlation between
the scenario and the waypoints. The proposed elaboration does not contain a conflict of
priorities. All global planning scenarios run on time. A sudden scenario is not included in
the scenario matrix, but it stops the global planning task. The three-column filter moves the
braking unit diagonally in the path matrix depending on the number of missed points and
allows the vessel to stop in front of the correct vertex by moving the braking unit diagonally
across the path matrix. The control device modifies the trajectory in accordance with the
execution of a scenario. The vessel is considered to be a control object which, in accordance
with the decision of the control device, changes trajectory and/or stops by active or passive
braking. Relevant graphic simulations are presented in the article. Economic efficiency is
calculated on the basis of open data on the salaries of the ship s crew.

Key words: global planning, scenario matrix, control device, control object, path
matrix, route matrix.

MATEMATUYHE MOJIEJTIOBAHHS TPAEKTOPII CYITHA
SAK OB’€EKTA YIIPABJIITHHSA B INTOBAJIBHOMY IIJIAHYBAHHI

O.I'. Kynparuii
crapumii Bukianad kapeapu « CyHOBOIIHHS 1 MOPCHKOT O€3MeKm»,
Oodecvkuti nayionanvrutl mopcokuti ynieepcumem, Odeca, Ykpaina,
ORCID ID: 0000-0003-3519-504X

Anomauin
YV cyuacnomy ceimi sitin ma nanoemiii HeoOXIOHI NPUCMPOT, WO 30amHi GUKOHYBAMU
VYIPABIiHH CYOHOM 0e3 o0UHU, POo36 s3y8ami CKIAOHI HABIeayitini 3a0ayi, GUKOHAMU
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nepesezenmst ganmaoicy/nooetll y/iz 30nu ypasicennst. Axujo ye Gilicbkose cyoHo, — BUKO-
Hamu 6otiogy 3adady bez empam 0co606020 ckaady. /s maxkux npucmpois HeodxXiona
YMOGHA Kaacuixayis cyenapiie ma opmysants 3a60aHb 2100ATLHOZ0 NAAHYEAHHS 8
peanvromy uaci. Pospobnena mamemamuuna mooens 3a60anisi 2100A16HO20 NIAHYBAHHS.
3mina mpaekmopii y peanvHoMy 4aci — ye 3MiHa KOOPOUHAMHOL mampuyi )y 2100a1bHo-
MY NIAHYBAHHI, WO 0038075€ Nepedyoy8amu Mampuyi 10KAIbHO20 NAAHY8AHHS; KOMCHULL
cyeHapiti — ye cnienaodinHs NegHUX oOCmasun i ymos, 00CMAaguHu i yMosu Nponucami y
8u2is0i Kooy npoepamysanus. lIpononyemuoca 3acmocysamu nymoo6i Mmampuyi os 2io-
OANbHO20 NAAHYBANHHSL MPACKMOPIT pyxy cyona. binapna nymvosa mampuysi (mampuys
IHYUOEHMHOCMI) MOdtce 3MIHIOBAMUCH 3AENHCHO 8i0 ONEPAMUBHO20 cyeHapir. 3anpono-
HOBAHO 4 MONCIUBT CYEHapii | Mampuysi CyeHapiis, AKa NOKA3YE KOPEnAYio MIiKHC CYeHapi-
€M I NymbOBUMU MOUKAMU. 3aNPONOHOBAHA PO3POOKA He MICIMUmb KOHGQIIKMY npiopume-
mis. Yci cyenapii enobanvrho2o niamyeanHa npayroioms y euszHaueHoMy daci. Panmosuii
CyeHapiil He 8X00UMb Y MamMpuyto cyeHapiis, aie 3ynuHAE BUKOHAHHA 3a60AHHS 2100ab-
HO20 naanyeanHs. Dinbmp, wWo CKIA0AEMbCA 3 MPbOX CMOBNYIE, PYXAE OOUHUYIO 2ATbM)-
8aHHsL NO OIA2OHANI 8 NYMbOGIN MAMPUYT 3ANENCHO i0 KLIbKOCMI NPONYUWeHUX NYHKMIG i
00380/14€ 3YNUHUMU CYOHO neped NPAsUIbHOI 8EPULLHOI0 34 PAXYHOK NepemiuyerHs oou-
HUYE 2an1bMYBaAHHA NO OIAOHA NYMbOBOL Mampuyi. Ynpaensiouuil npucmpiu Moougixye
MPAEKmMopiro y 8iOnoGiOHOCMI 00 BUKOHAHHSL 020 Yu iHuio2o cyenapiio. CyoOHo po3ensi-
0aemucst Ik 00 " €KM YNPAGIiHHA, KUl 610N0BIOHO 00 PileHHsl YNPABIAIoU020 NPUCTPOIO
3MIHIOE MPAEKMOPITO 1/a00 3YNUHACMbCA UWIAXOM AKMUBHO20 ADO0 NACUBHO20 2AlbMYBAH-
1. Bionoesioui epaghiuni cumynayii npedcmasneni y cmammi. Ekonomiyna egpexmugnicmeo
PO3PAX08YEMBCA HA OCHOBI BIOKPUMUX OAHUX PO 3aPNIAMU KOMAHOU CYOHA.

Knrouosi cnoea: cnobanvHe niamy8aHusa, mMampuys cyeHapiie, ynpasiaiodull
npucmpitl, 00’ €km YnpasninHs, nymv0o8a Mampuys, KOOPOUHAMHA MAMPUYSL.

1. Introduction

The development of the modern transport industry in the world is characterized
by the intensification of the use of unmanned vehicles. This is typical for the water
transport industry. An important feature is the need to increase the carrying capacity
of such vessels, expanding the range of tasks. In today’s world of wars and pandemics,
devices are needed that can control a ship without a human, solve complex navigational
tasks, and carry cargo/people to/from the affected area. If it is a warship — to perform
a combat mission without loss of personnel and eliminate unnecessary risks.

Thearticleis devoted to the elaboration of a global planning task for programming the control
device that will control the vessel in accordance with the requirements for unmanned vessels
[1]. In connection with the above, the topic of the work seems to be relevant.

One of the important tasks of the commercial operation of the vessel is to ensure
the possibility of reducing the costs of highly qualified command personnel by increasing
the level of automation of the vessel’s control. The proposed mathematical model will
save the costs of the crew on merchant ships and reduce the loss of human resources on
military ships during hostilities.

The formation of a global planning task for modeling the trajectory of a ship is
an important step towards the creation of an unmanned ship with the fourth degree
ofautonomy, according to the classification of MARITIME AUTONOMOUS SURFACE
SHIPS (MASS) [1]. The fourth degree of autonomy implies making decisions by
the control device without human intervention.
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2. Analysis of literature data and problem statement

The normative basis for programming the control device is described in the works [1-5].

Modern elaborations should be guided by the report of the Maritime Safety Committee
at its hundredth session, annex 2 [1]. Source [1] the classification of unmanned vessels
according to the degree of autonomy is given:

“Degree one: Ship with automated processes and decision support: Seafarers are on
board to operate and control shipboard systems and functions.

Some operations may be automated and at times be unsupervised but with seafarers
on board ready to take control.

Degree two: Remotely controlled ship with seafarers on board: The ship is controlled
and operated from another location. Seafarers are available on board to take control
and to operate the shipboard systems and functions.

Degree three: Remotely controlled ship without seafarers on board: The ship is
controlled and operated from another location. There are no seafarers on board.

Degree four: Fully autonomous ship: The operating system of the ship is able to
make decisions and determine actions by itself”. “The aim of the regulatory scoping
exercise is to determine how safe, secure and environmentally sound Maritime
Autonomous Surface Ships (MASS) operations might be addressed in IMO instruments.
(INTERNATIONAL MARITIME ORGANIZATION). The objective of the regulatory
scoping exercise on MASS conducted by the Maritime Safety Committee is to assess
the degree to which the existing regulatory framework under its purview may be affected
in order to address MASS operations” [1].

Source [2] is a code that applies to ship signals and indicators.

Source [3] is a convention consisting of rules for preventing collisions of ships at sea.

Source [4] is a code of general and specific requirements for ship positioning systems.

Source [5] is the International Convention for the Safety of Life at Sea, which
governs the construction and operation of a ship from keel laying to decommissioning.

The autopilot system is known from the Japanese patent [6], which allows
the operation of the ship’s steering gear to be adapted to the environmental conditions
in a way by choosing the control mode. In this patent, on the basis of weather data,
the parameters of the steering gear are changed, but constant monitoring by a person on
board is required.

From a Chinese patent application [7], a method for optimizing the route
of an unmanned vessel based on environmental information is known. Functionally, this
design is similar to design [6], but creates a recommended trajectory. This elaboration,
like the previous one, has limited functionality and cannot provide the 4th level of ship
autonomy [1].

The works [6] and [7] have a significant drawback, which does not allow the ships
with such devices to be called autonomous: these devices do not classify operational
scenarios in real time and do not form a global planning task.

Work [8] is the elaboration of an unmanned boat, called “Surface robot”. It is
a water robot that does not require a human presence to operate and can perform its
task autonomously without remote control. It is more suitable for dangerous or routine
and repetitive military and civilian tasks such as military strikes (commensurate with
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the size of the ship), patrolling, geomorphology, environmental monitoring and rescue
operations, but cannot be used to transport goods and people.

Thus, the functionality of existing unmanned vessels does not allow performing
complex large-scale tasks on a par with human-driven vessels.

The elaboration outlined in the article will increase the tonnage of commercial
unmanned vessels and the size of military unmanned vessels (their striking power
as a result). All these models are inferior to the elaboration proposed below already
at the modeling stage, since the proposed model classifies possible scenarios and it
becomes possible to moor a large unmanned vessel to the berth without tugs.

Works [9-11] are devoted to the accident rate in the fleet. According to statistics,
errors in the work of people are the causes of 75—80% of all accidents [9—11]. Human
errors are errors that occur when receiving and transforming information, when making
and implementing a decision.

The problem statement for the global planning of the ship’s movement was to establish
a connection between the vertex of the graph and the corresponding scenario, avoiding
a conflict of priorities when performing a global planning task in local planning.

Investigating this problem, the possibilities of discrete mathematics were studied
[12]. The paper [12] describes the capabilities of discrete mathematics, its basic laws,
but no tool is proposed to skip the vertex in the middle of the graph, and there are also no
suggestions on how to connect the vertex of the graph with a scenario (some coincidence
of conditions and circumstances). The theoretical justification for considering the vessel
as a control object is the sources [13; 15-18].

In work [13] a person is defined as a control device, a conceptual separation
of a person from control means is made, and a ship is considered as a control object.
Also in [13], much attention is paid to the maneuvering characteristics of the ship, their
calculation and comparison with the experiment. The integral control system includes
a control body (control device) and controls (steering machine, engines, bow thruster,
surface and underwater surveillance equipment, etc.) and a control object (ship).

In the work [14] a clear separation of the concept of a program and a device is given.

The work [15] describes the use of sensors for constructing the trajectory of global
and local planning.

Work [16] is a high-quality textbook on automation as applied to naval targets, which
contains block diagrams of interaction between controls and a ship as a control object.

Work [17] describes the maneuvering of ships in case of divergence, taking into
account the minimum specified time for maneuver.

Work [18] contains kinematic models of robotic systems and control algorithms.

Source [19] contains the minimum ITF rates for crew salaries, which are used to
calculate the economic efficiency from the introduction of a control device operating on
the basis of the elaboration proposed in the article.

Work [20] covers the main provisions of hydromechanics.

3. The aim of elaboration and its tasks

The purpose of the research is to elaborate global planning task for unmanned
control of the ship by a control device, to present the elaboration in numerical
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and graphic form, which will ensure the safety and economy of resources in the military
and merchant marine.

To achieve the aim, the following tasks were set:

— to elaborate a matrix that will connect the graph vertex and the scenario
and modification of the path matrix in accordance with the scenarios, avoiding a conflict
of priorities;

— to propose a filter that will move the task of passive or active braking and ensure
that the vessel stops at the corresponding peak;

— to show graphical simulation in MATLAB environment and in the electronic map
of OpenCPN, to assess the safety and economic efficiency of elaboration.

4. Materials and methods used for elaboration

The material for the study was the plans for the passage of ships from one port
to another, their passage through straits, narrows, rivers, as well as the maneuvering
of ships in limited water areas.

The research methods were numerical and graphic simulation using Microsoft Excel
and MATLAB and OpenCPN (USA).

A terminological basis for this article was formed, consisting of terms, the definitions
of which were transformed taking into account the subject of research.

Below are the definitions for this article:

— mathematical modeling is a research method consisting of numerical and graphic
simulation, used to elaborate mathematical instruments;

— path matrix (MP) — a matrix that represents the connection between the vertices
of the ship’s track [12];

— route matrix — a matrix consisting of a series of sequential coordinates, coordinates
are taken from the control device database;

— active braking — the process of stopping the movement of the vessel by rotating
the propeller (screws) in the opposite direction to rotation, which set the vessel in
motion, respectively, forward or backward [13];

— passive braking — the process of stopping the movement of the vessel by stopping
the rotation of the propeller (screws) to the speed at which the loss of controllability
occurs [13];

— a scenario is the coincidence of certain conditions, under which, at a specified time,
actions occur that lead to a change in the planned path or movement of the vessel in real time,
with the exception of deceleration or acceleration actions that do not affect the vessel’s path;
at the same time, these scenarios are elaborated in accordance with the International Regulations
for the Prevention of Collision of Vessels at Sea (COLREG 1972) and other mandatory
international and state regulations, as well as taking into account meteorological data;

— the set time is the minimum time until a probable event to determine the scenario
and make a decision in non-emergency mode by changing the global planning task;

— scenario matrix (MS) — a matrix that represents the relationship between points
(vertices) of the ship’s track and the corresponding scenarios;

— pilot-operator — a person who remotely, using a computer or telephone, downloads
input data to a control device that affects the route or movement of the vessel;
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—global planning — planning a ship’s route in the water area through the establishment
of alternate waypoints as a chain of route vertices nested in a route matrix based on
a binary path matrix;

— point B — the destination (final point of the route), which has a berth, anchorage,
a ship’s drift, a place of refuge for a ship, or a place of holding the ship’s position using
thrusters, the last vertex of the graph;

— a ship, from the point of view of the theory of ship steering and automation, is
an object of control;

— from the point of view of hydrodynamics, a ship is a body, the behavior of which
depends on draft, stability, size, displacement, hydrodynamic coefficients, external
factors, rudder position, characteristics of engines, thrusters and other data [20];

—control device—adevice connected to the Internet, programmed for a microcontroller,
which can be a computer, smartphone, regulator or navigation robot;

— a sudden scenario is a scenario of active braking with the possibility of changing
the direction of the vessel’s movement, initiated through the control device or the pilot-
operator, or the shipowner, executed in emergency mode, stopping the execution
of the global planning task;

— database — collection of navigation-related data, which is updated via the Internet.

5. Results of the elaboration of the necessary mathematical tools
5.1. Elaboration of the scenario matrix and modification of the path matrix

When modeling the trajectory from point A to point B, the data of the final point B are
received from the pilot-operator. The control device converts the information received
and builds the trajectory of movement (Fig. 1, 2). The circuit for determining the trail
by the control device from the start point A1 to the end point B before transforming it;
the final point B sent by the pilot-operator or shipowner is shown in Fig. 1. Conversion
of the route from point A1 to point B, taking into account the lines of the safety corridor
T1 and T2, which determine the possible range of movement of the vessel is shown in
Fig. 2. The scenario matrix in Figure 5 is an absolute innovation and basic mathematical
tool for creating a global ship trajectory planning task.

A route matrix represents a matrix of path points in the form of geographic
coordinates, where ¢ is latitude and A is longitude (Figure 3). The initial binary path
matrix for the route from point A1 to point B without any scenarios is shown in Fig. 4.

In the path matrix, “1” shows the movement of the vessel
from one point to another, and “-1” shows the impossibility B
of moving backward, 0’ means there is no connection between
the points. To increase the automation of ship control and simplify
the decision-making algorithm, a matrix of scenarios with
4 different defined scenarios is proposed in case any scenario is
not executed at any point. In this case, the MS contains 4 possible A
scenarios: S1,S2, S3, S4,—modifying the trajectory of the vessel.

If even one scenario is not executed, then the scenario matrix Fig. 1. Scheme for
consists only of zeros. S1 scenario means passive braking  determining the route
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Figure 3. Route matrix
\ - |A1]A2[A3[A4]A5 | B]

A3 Aljo 1 0 0 0 0

T2 A2|-1 0 1 0 0 0

Al A3 0 -1 0 1 0 0

A2 A4l 0 0 -1 0 1 0

As|0 0 0 -1 0 1

B o o0 0 0 -1 0

Fig. 2. Scheme
of the converted trace Fig. 4. Initial path matrix

~ [s1 ‘ 37 | 93 | g4 | scenario, denoted as “1” in the path matrix. Scenario S2 means
active braking scenario, denoted as “-1” in the path matrix.
Alj0- 0 00 Braking scenarios always take place not at the vertex, but in
2100 U front of the vertex, at a sufficient distance from the vertex so that
A3l 0 0 0 the ship could continue to move and make a turn if necessary.
A4l 0 0 0 For these purposes, in global planning, one more point is shown
A5l0 0 0 0O in the route matrix (Fig.6, ), so that when processing a task in
Blo o o o local planning, the control device can calculate the minimum

distance to the vertex sufficient to make the corresponding

Fig. 5. Scenario mairix turn if it is. necessary to cpntinue the movement after st(?pping.

(execution of scenario S3 scenario is a scenario .Of sk1ppmg a p_lanned pc_)mt (s).

1 for vertex 3) S4 scenario means a scenario of active braking and sideways

movement (lag movement) at the same time. S4 programming

allows you to moor the vessel to the berth without tugs.

Figure 5 — represents a similar matrix of scenarios in case the first scenario S1 is executed

in point A3. Figure 6 — represents a diagonal matrix, a graphical illustration of scenario 1 at
point 3, built on the basis of the scenario matrix shown in Fig. 5.

The route matrix in Figure 6 changes accordingly.

- |Ar|A2]A3] A4 A5|B] [u Pa: | |oas u}
Alfo0 0 0 0 0 0 Al M s | Vs
210 0 0 0 0 0 1
A3l 0 0 1 0 0 0 5
A4l 0 0 0 0 0 0
A5/ 0 0 0 0 0 0
B|/0O 0 0 0 0 0
3
A B

Fig. 6. lllustration of scenario 1 at vertex 3
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In Fig. 7 shows the addition of two matrices (the path matrix and the diagonal matrix)
into one matrix in the case of passive braking (scenario 1). Passive braking at point A3 is

transmitted through “1” in coordinates A3_A3.
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Fig. 7. Addition of the path matrix and the diagonal matrix in scenario 1
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In Fig. 8 shows the addition of two matrices (path matrix and diagonal matrix) into
one in the case of active braking (scenario 2).

Active braking at point A3 is transmitted through “-1” in coordinates A3_A3.
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Fig.8. Addition of the path matrix and the diagonal matrix in scenario 2
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In Fig. 9, b shows a variant of scenario 3 (skipping point A3). Substitution occurs by
moving the vertical A6 Fig. 9, a. The path matrix has been modified to establish a link
between the second and fourth point and eliminate all links to the third point, based on
the scenario matrix in Fig. 10, in which “1” is at position A3 _S3.

Thus, the article proposes a new simple logic for replacing links in the path matrix
when skipping a point in the middle of the graph, if the missing point was at the end,
then there would be no links with it, as shown in Fig. 9, a. It follows from this that when
the missing point is moved in the matrix, the absence of links should be preserved,
and the diagonals will move one cell from the central diagonal. In this case, there will
be less feedbacks than direct connections by the number of missing vertices. The shift
occurs starting from the first links of the vertex before the missing one. This is the first

time such a transformation has been proposed.

Fig. 9. Execution of scenario 3 in the path matrix for the vertex A3
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Fig. 10. An example
of a matrix of scenarios with
the implementation of scenario 3

In Fig. 11 shows the graph for

N the path matrix in its initial form

2 based on the matrix in Fig. 4, and in

Fig. 12 shows the graph of the path
matrix based on the matrix in Fig. 9.

The graphs of path matrices are

a clear illustration of the effectiveness

of the proposed matrices connecting

the vertex and the scenario, in

Fig. 12. Graph of the path matrix particular, the skipping of vertex 3 in
with the missing third vertex Figure 12 is the result of scenario 3.

Fig. 11. Initial graph

is

5.2. Elaboration of a braking scenario filter

To filter the determination of the braking point, a filter was developed, shown in Fig. 13.
The novelty of the proposed filter is the diagonal movement of the braking scenario.

In Fig. 13 shows 3 filter options: no vertex skip, one forgiven vertex and two skipped
vertices.

The filter consists of three columns: 7 is the number of skipped points, P is the initial
position “1” of deceleration, K is the end position “1” of deceleration.

In column 7, the number of skipped vertices is calculated as

In = MAX(11;In-1) + 1.

At the same time /n always stands in a row 4n.

In column K the values are as follows:

Kn = If{MAX(11;IB)=k;Pn+f),
where f'is quantity of skipping points.

The transformed path matrix MP’ depends on the position “1” in column K. The
maximum number of skipped points before braking in the first column I of the filtration
matrix, denotes the number of rows by which “1”” will rise along the diagonal, transformed
by the path matrix MP’.

The row in column K of the filtration matrix, which contains “1”, coincides with
the coordinates of the cell of the transformed path matrix MP’, in which “1” or “-1” will
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e [k P [k e |k
Aljo 0 O 0 0 0 0 0 0
A2 10 0 O 0 0 0 1 0 0
A3 |0 0 O I 0 0 2 01
A470 0 O 0 0 1 0 00
A5)10 1 1 0 1 0 0 1 0
B |0 0 O 0 0 0 0 0 0
(a) (b) (©)

Fig. 13. Filter of braking scenarios

appear. If AS, then the coordinates are in MP” A5 _AS, if A4, then the coordinates are in
MP’ A4 A4, and if A3, then the coordinates are in MP’ A3 A3.

When skipping points, the feedback “-1” in the corresponding columns is replaced by
“0” to exclude the possibility of conflict of priorities during programming, the braking
scenario rises up the diagonal. This is clearly seen in Fig. 14 and 15. In these figures,
the transformed matrix with the missing point is aligned with the diagonal matrix, in
which the unit of passive braking in Figure 14 or active braking in Figure 15 lies on
the diagonal. This is the first time such a replacement is proposed. In these two figures,
the deceleration at the apex A5 moves diagonally to the coordinates A4 A4.

0 1 0

0 0 0 00 0 0 00 0O 1 0 0 0 0
-1 0 01 0 0 000 0 OO0 -1 0 01 00
0 0 00 1 0| |0O0O0 OO0OO|I=|lo 0 0 0 10
o0 -1 0 0 0 1 o0 0 1 00 0 -1 0 1 01
o 0 0 0 0 O 000 0 OO0 0O 0 0 0 0 0
0O 0 0 -1 0 O O0 0 0 00 0O 0 0 -1 0 0

Fig. 14. The unit of passive braking at the vertex of 5 rises 1 cell diagonally

0o 1 0 0 0 0 0 0 0 0 0 O 0o 1 0 0 0 0
-1 0 0 1 0 0 0O 0 0 0 0 0 -1 0 0 1 0 0
0 0 0 0 1 0| 00 0 0 0 0f_ o 0 0 0 1 0
0 -1 0 0 0 1 00 0 -1 0 0 o -1 0 -1 0 1
o 0 0 0 0 0 0O 0 0 0 0 0 0 o0 0 0 0
o 0 0 -1 0 0 0O 0 0 0 0 O o 0 0 -1 0 0

Fig. 15. A unit of active braking at vertex 5 rises 1 cell diagonally

In Fig. 16 shows how “-1”” moves with active braking at vertex 5 diagonally with one
missed point 16 (a) and two missed points 16 (b).
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01 0 0 0 O0[|l0O 0 0 1 00
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(@) ()

Fig. 16. Braking at the vertex 5 with two options

In Fig. 17 shows the route matrix without omitting the points in Fig. 17, a with
deceleration at vertex 5, with one missing point and deceleration at vertex 5 (Fig. 17, b)
and with two missing points and deceleration at vertex 5 (Figure 17, c).
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Fig. 17. Route matrices with deceleration at point 5
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Fig. 18. Braking graph at vertex 5

In Fig. 18 shows a graphical
simulation of the active braking
scenario at the vertex 5 with a missing
point.

As follows from the proposed
circuit solution, the developed
mathematical model is a powerful
mathematical tool for solving
the assigned tasks. The use of such
atransformation of matrices to change
the trajectory of a ship has not been
previously carried out by anyone.

5.3. An example of a graphical simulation of a global scheduling task in
MATLAB and OpenCPN, elaboration evaluation

A vivid example of changing the trajectory

in real time is skipping point 14 in

Fig. 20, which was in Figure 19. Fig. 19 — simulation of ship movement in global
planning without skipping vertex 14. Fig. 20 is a graphical simulation of the S3 scenario
for vertex 14 in MATLAB. In Figures 19 and 20 show a simulation of the movement
of a vessel in the Bosphorus Strait and on the Sea of Marmara. In fig. 21, a, b shows
the simulation of the ship’s movement on the electronic OpenCPN charts without

skipping point 14.

50



PO3BUTOK TPAHCIIOPTY
Ne 1(6), 2020

41 .3 T T T

1.2

1.1

41

10.9

40-8 1 1 1
289 29 201 20.2 20.3

Fig. 19. Graphical simulation of the trajectory without skipping the vertex
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Fig. 20. Graphical simulation of the trajectory with the skipping of the vertex

In Fig. 22, (a) 22 (b) shows a graphical simulation of the movement of the vessel in
the same area with the missing vertex 14.

Simulations in MATLAB and OpenCPN show that the developed mathematical
model has practical applications in navigation.

According to statistics, errors in the work of people are the causes of 75-80%
of all accidents [9—11]. Therefore, the relative reliability of the device based on this
elaboration is 1,33 and the economic efficiency of $ 37626 per month for one merchant
ship with a crew of 23 people according to the ITF ILO Minimum Wage Scale [19].
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A B

A B
Fig. 22. Graphical simulation in OpenCPN with skipped vertex

On military ships, this elaboration can save life for crew, when performing combat
missions. It eliminates unnecessary risks for navy.

6. Discussion of the results of the proposed mathematical modeling
When carrying out numerical and graphic simulations in Fig. 1-12, it was found that
the algorithm for creating a global planning task does not contain a priority conflict, in

particular, due to zero substitutions of the feedback cell. The route matrix changes in
real time depending on the execution of a particular scenario.
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Special attention should be paid to the fact that all global planning scenario work
at the set time, a sudden scenario is not included in the scenario matrix, but stops
the execution of the global planning task.

The global planning scenario matrix does not contain an off-course scenario; the off-
course scenario will be considered in local planning as it is a product of local planning.

Scenarios S1, S2, S3, S4 are the basis for changing the global planning task in real time.

The S4 scenario should be disclosed when developing local planning, since S4 is a global
planning scenario that looks like an active braking S2 scenario in a graphical global planning
simulation. And the graphic simulation of the lateral movement is possible only after calculating
the coordinates of the lateral movement end point in local planning. In Fig. 13—18, numerical
and graphic simulation of the filter of braking scenarios 1 and 2 was carried out.

This filter moves the braking unit diagonally according to the number of missing
points. Such mathematical modeling makes it possible to stop the vessel in front
of the desired vertex, regardless of the number of skipped points before braking.

In Fig. 19-22 show graphical simulations in MATLAB and OpenCPN (USA).
The simulation data shows the usefulness of this mathematical simulation in creating
a global planning job.

The electronic control device, operating on the basis of the proposed global planning,
will reduce the number of accidents significantly by eliminating the conflict of priorities
and subjective perception of a person.

Evaluation of economic efficiency shows that this elaboration has the prospect of becoming
the basis for the operation of the control device in the military and merchant fleets.

7. Conclusions

1. The elaborated matrix of scenarios and the modified matrix of the path make it
possible to program a high-quality task of global planning, since they do not contain
a conflict of priorities.

2. The braking scenario filter allows you to stop the boat at the correct vertex by
moving the braking unit along the diagonal of the path matrix.

3. The practical usefulness of this elaboration is shown through graphical simulation
in MATLAB and OpenCPN, as well as the relative reliability of the device based on this
development is calculated as 1,33 and the economic efficiency of $ 37626 per month for
one merchant ship with a crew of 23 people according to the ITF ILO Minimum Wage
Scale [19]. On military ships, this elaboration can save many lives when performing
combat missions in obviously unequal conditions.
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Anomauisn

Bemyn. [Tiosuwenns naditinocmi ma 006208i4HOCMI CYOHOBUX MEXHIYHUX 3AC00i6
bazamo 8 4omMy noe ‘azame 3i C6OEUACHUM NPOSHO3YBAHHAM HECNPABHOCMEU, MEeXHIUHUM
00C1y208Y8AHHAM | PEMOHMOM CAMUX 3Ac00i8. Yce ye Moxcaugo nio yac po3pooieHHs
cucmemu TOIP cKknaoHux mexniyHux cucmem.

Mema. Memoro cmammi € po3podoxa cucmemu ynpasninua TOiP pomophux cyoHo-
BUX MEXHIUHUX 34C0018.

Pesynomamu. Y cmammi 6udineno i po3xpumo 5 KoHyenmyanibHux nioxo0ie mexHiuHo2o
00C1Y208Y8aHHA | PEMOHNY DOMOPHUX MeXHIYHUX cucmem. A came: 3a nompeboro, nia-
HOBO-NONEPeONCYBAIbHA, 34 CHIAHOM, NPOAKMUBHA MA 3MIUAHA. 3pOOIEHO 8UCHOBOK, WO
HAUOOYibHIUE BUKOPUCTNOBYBAMI KOHYENITY ATIbHI NIOX0OU «3G CIAHOMY A0 «3MIULAHY».

Ipoananizoeana HusKa MIHCHAPOOHUX CMAHOAPMIG, KOMHIIEKCHE BUKOPUCMANHS
SAKUX MOdIce NOCAysIcumu 6azorn (meopemuiHo O0CHO8010) 018 po3poOKU | 6nposa-
Ooicenns na cyonax onmumanvroi cucmemu TOIP.

3anpononosano KoHyenmyaibHy MoOelb CUCeMU MEXHIYHO20 00CLY208Y8AHHS | PEMOH-
1My CYOHOBUX MEXHIUHUX 3aC00i8, KA 0036071AE NIOSUUUMU e(heKMUBHICIb OpeaHi3ayil i Kepy-
BAHHS MEXHIUHUM 00CTTY208Y8AHHAM MA PEMOHIMOM POMOPHUX MEXAHIZMIE HA NPUKIAOI i0-
yenmpogozo nacocy HIIB 63\30. Po3xpumo ma 0aro noscheHHs 00 KOXHCHO20 emany Mooeri.

Ipoananizosano xapakmepu 6i0mos ma cnocoodou ix oiaenocmuku. Pozyminns ¢izuu-
HUX NPOYeCis, ujo 1excamsv 8 OCHO8I HeCnpasHOCMell PI3HUX 8U0i8, a MAKoIC 30ip OAHUX,
N08 A3AHUX 3 NONEPEeOHIM 3ACMOCYBAHHAM MAWMUHU, iI MEXHIYHUM 00CIY208Y8AHHSM,
pe3yibmamamy  KOHmpouo, nepiooom 06e38i0MO8HOI pobomu, xapakmepom podoomu
MAWUHU 8 PI3HUX YMOBAX NPU PIZHUX NOKAZHUKAX NPOOYKMUBHOCHE HeOOXIOHI 0/ npo-
2HO3YBAHMNS pO38UMK) Hecnpasnocmi. Ha ocnosi yboeo npusedena madauys 3 intocmpa-
MUBHUM NPUKAAOOM KAACUPDIKAYIT MANCKOCMI HACTIOKIE BIOMOBU.

Pospobreno xapmu pusuxie na ocnogi ananizy 6udis, HACIIOKIE Ma KPUMu4HOCMi
8iomos abo FMECA. [lpoananizosano eniue nHecnpasHocmell pOMOPHUX MeXAHIZMI8
Ha 3apo0diCcenHs MatloymHix 8iomos. Po3pobierno memoo npoeHo3y8aHHs UHUKHEHH |
3apo0icenHs dehekmis Ha OCHOBI peepecilinoi mooeni. [Iposedena 0bpodra pesyroma-
mie NONTHOMIAbHOIO MOOeLt0 cmynenem 6i0 2 0o 10.

Bucnoexu. Omoice, peanizayis mooeni 003601UmMb iCHMOMHO CKOPOMUMU 8UMPAMU
Ha mexuiuHe 00CY208Y8aHHS I pEMOHMU 0ONAOHAHHSA, 3HUSUMU MPUBATICIb 11020 NPO-
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cmoig i, 8 RIOCYMKY, RIOSUWUMU HAOTUHICb MA eheKmueHicmb pooomu POmMopPHUX
MEXHIYHUX CUCTEM.

Kntouosi cnosa: mexuiune 00ciyeo08y8ants ma pemMonnm, KOHYenmyaibHa Mooey,
npoenosyeanns, FMECA.

CONCEPTUAL MODEL OF SYSTEM OF MAINTENANCE
AND REPAIR OF COMPLEX TECHNICAL SYSTEMS

O.I. Rossomakha
Postgraduate Student,
Senior Lecturer at the Department “Maintenance and Repair of Ships”,
Merchant Marine Institute of the Odesa National Maritime University, Odesa, Ukraine,
ORCID ID: 0000-0002-4425-2192

Annotation

Introduction. Improving the reliability and durability of marine equipment is largely
due to timely fault forecasting, maintenance and repair of the equipment itself. All this
is possible in the development of maintenance systems for complex technical systems.

Purpose. The purpose of the article is to develop a control system for maintenance
of rotary ship equipment.

Results. The article highlights and reveals 5 conceptual approaches to maintenance
and repair of rotor technical systems. Namely: as needed, planned and preventive, by
state, proactive and mixed. It is concluded that it is most appropriate to use conceptual
approaches “by state” or “mixed”. A number of international standards are analyzed,
the integrated use of which can serve as a basis (theoretical basis) for the development
and implementation of the optimal maintenance system on ships.

The conceptual model of the system of maintenance and repair of ship technical
means which allows to increase efficiency of the organization and management of
maintenance and repair of rotor mechanisms on an example of the centrifugal pump
NCV 63\ 30 is offered. Explained and given an explanation of each stage of the model.

The characters of failures and methods of their diagnosis are analyzed. Under-
standing the physical processes underlying the faults of different types, as well as
collecting data related to the previous use of the machine, its maintenance, control
results, period of failure, the nature of the machine in different conditions with differ-
ent performance indicators are needed to predict development malfunctions. Based
on this, a table with an illustrative example of the classification of the severity of the
consequences of failure is given.

Risk maps have been developed based on the analysis of types, consequences and
criticality of failures or FMECA. The influence of malfunctions of rotary mechanisms
on the generation of future failures is analyzed. A method for predicting the occurrence
and origin of defects based on a regression model has been developed. The results were
processed by a polynomial model with a degree from 2 to 10.

Conclusions. Thus, the implementation of the model will significantly reduce the
cost of maintenance and repairs of equipment, reduce the duration of its downtime and,
ultimately, increase the reliability and efficiency of rotary technical systems.

Key words: maintenance and repair, conceptual model, forecasting, FMECA.
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Beryn

V mocuneHiit KOHKypeHTHIH 00pOoThO1 Ha PHHKY MOPCHKHX TTEPEBE3CHD CYITHOBIIAC-
HUKH WIYTh IO NIISIXY CKOPOYCHHS EKIMaXKy i MAKCMMATBHOTO 3HW)KCHHS BHTPAT Ha
TexHiuHe 00cmyroByBanHs i peMoHTY (TOIP) cknaganx TexXHIYHUX cucTeM. Takuit mima-
X171 IPU3BOIUTE 0 3HIKEHHS OC3IEKH 1 3pOCTaHHS aBapitHOCTI QIIOTY.

KomriekcHO BUPIIIATH IO 3a7ady MOXKHA TUTBKH 332 YMOBH PO3POOKH CHCTEMHU
TOI1P cxmagHuX TEXHIYHUX CUCTEM.

AHaJTI3 HAYKOBUX JOCTiTKeHDb i myOmikamiii

Crmparodynch Ha MOCBIMYCHI JaHi eKCIDTyaTallii CyTHOBHUX MAIllMH 1 MEXaHi3MiB,
MOKHA BHIIIJTUTH 5 KOHIETITYaIBHHX TIIXOMIB 0 MpoBeaeHHs pobit 3 TOIP.

1. PeMOHT MOke BUKOHYBATHCS ITiCISI TOTO, SIK BiOYIETHCS TOJOMKA MEXaHi3MYy,
MPUCTPOIO 200 IHIIOTO eJIEMEeHTa Cy[aHa. Y I[bOMY BHIAJKYy 3aCTOCOBYIOTH CTpare-
Tit0 PEMOHTY 3a nompeboto (abo peaxmusna). Jlana crpareris 3ade3mnedye HaiMeHTIT
BHUTpATH Ha PEMOHT, TaK SK 3aMiHIOIOTH (200 PEeMOHTYIOTh) TUTBKH Ti €JIEMEHTH, SKi
BUUATILIN 3 jdamy. OgHaK depe3 HEeMpOTHO30BAHICTh BUXOMIB 3 JaAy CIIEMEHTIB CymTHA
MOJKJTUBI HEIIJIAHOB1 CTOSTHKH CyACH Ha PEMOHTI 1 3HI)KSHHS OS3IIeKH CYIHOTUIaBCTBA.

2. PeMOHT MOYKe TIPOBOIUTHCS B 3a3/1aJICTi/Ib BCTAHOBJICHI TEPMIiHH 3 THM, 1100 Iorepe-
JIATH TIOJIOMKY. Y [IbOMY BHTIJIKy 3aCTOCOBYIOTh MIAHOBO-HONEPEOICYBALHY CIPAMeito
pemonny, sika Mae TPU PI3HUX HANPSMKH: ITICITOCMOTPOBA CTPATETis, PEMOHT 32 CTAHOM,
CTaHJ[apTHa INIAHOBO-TIONEPe Ky BaJbHA cTpareris. [TicisiocMOTpoBa IIaHOBO-TTONIEPEIKY-
BaJIbHA CTPATETis TIOJIATAE B TOMY, III0 3a3aJIeTib PETIAMEHTYIOTHCSI TEPMIHH TIPOBEICHHS
PEMOHTHHUX POOIT 1 iX 00csTu. Lli 00carr MOXKYTh OyTH BiAKOPUTOBaHI ITICITST BUKOHAHHS
TIEPEBIPKH, IO TIPOBOTUTHCS 10 PeMOHTY. CTpaTerisi «pEMOHT 32 CTAHOMY € TIOHAJIBIITAM
PO3BHTKOM OCHOBHOI CHCTEMH 1 XapaKTEePU3Y€EThCS MEPEXOJIOM JIO BU3HAYCHHS CTAHY eJie-
MEHTIB, BY3JIiB, 1 IeTaieii cyHa 0e3 iX po30upanHs Ha 0a3i MarHOCTYBaHHS 00’ €KTa.

[Ipu cranmapTHIN IaHOBO-TIOTIEPEHKYBANBHIA CTpaTerii PEeMOHT IPOBOIUTHCS
B 3a3/1aJIeTiIb BCTAHOBJICHI TEPMIHH 1 B 3a371aJIeTiNb 3a3HaueHNX oOcsrax. [lependadeHi
IO 3aMiHM BY3JIM a0o JeTali, 000B’sSI3KOBO 3aMIiHIOIOTH HE3aJeKHO BiJ TOTO, B TTOTa-
HOMY a00 XOPOIIIOMY TEeXHITHOMY CTaHI BOHH 3HAXOATHCS.

3. 3a cmanom — aHai3 JaHWX 3a pe3yJIbTaTaMU BUKOPUCTaHHS 3aco0iB 0e3p030ip-
HOTO J1iarHOCTYBaHHS.

4. Ilpoaxmuenuit memoo — cydacHuir po3BuTok cuctemMu TOP. Ileit Tum crparerii
TOP xapaktepn3yeThCsl BHHUKHCHHSIM 1 PO3BUTKOM JTOBIPUOTO PiBHS MPOTHO3Y, 3aCHO-
BaHOTO Ha MPOIOBKEHHI MI)KPEMOHTHOTO pecypcy.

5. lllnpoke mommpeHHsT HAOYBAIOTh 3MiliaHi CTPATETii PEMOHTY, 3a SKUX IJIS Pi3-
HUX JIEMEHTIB OIHI€T 1 Ti€l K TEXHIYHOI CHCTEMH 3aCTOCOBYIOThH Pi3HI CTpaTerii: s
HaWOTBII BIAMIOBINATEHUX — CTAaHIAPTHA (32 BiAMPaIlbOBAHUM PECYpPCOM), IS Oib-
IIIOCT1 IHITUX EJIEMEHTIB — 32 CTAaHOM Ha 0a3i TEXHIYHOTO JiarHOCTYBAaHHS, TSI OKpe-
MUX HEBIIMOBITAIBHUX €IEMEHTIB — 3a TOTpeOOr0. 3MimmaHi cTparerii 3a0e3meuyoTh
HaWOTBITY HaMIHHICTD 1 MiHIMaJIbHI BUTPATH HAa PEMOHT, OJHAK ITHPOKE TOITHPCHHSI
IINX CTpaTeriii BUMarae CTBOPEHHS 1 BIPOBAHKCHHS CYTHOBHX OOPTOBUX JiarHOCTHY-
HUX KOMIUICKCIB.
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Cxema knacuikalii crpareriii peMOHTY MTOKa3aHa Ha PUCYHKY 1.

He BuKkMKae CyMHIBIB, 1110 HAalOIIIbHINIE BUKOPUCTOBYBATH KOHIICNITYaJIbHI TijI-
XOJIU «3a CTaHOM» abo «3MimaHy». OJHaK y)ke Maike MiBCTOMITTS PO3POOIISIOTHCS
pi3HI METOAM TEXHIYHOTO JIarHOCTYBaHHS OKPEMHUX BY3IIiB 1 MexaHi3MiB. 3a 1el uac
peanbHOT KOHIICTIIIT TaK 1 He BIPOBAKCHO.

Crparerii
PEMOHTY
I11
[ | | | 1
3a oTpeboro TIITO u III1P 33 CTAHOM MPOAKTHBHA 3MilIaHa
. . . pi3ui cTpaterii B
IiCIIst BiIMOBH | | moTouHuii 3a pe3yJbTaTaMu 3a pesysIbTaTaMu 3AEKHOCTI Bijl
e - PEMOHT BHKOPHCTAHHS JHarHOCTyBaHHS eneMenTy
3acobin S — TEXHiYHOT
0e3posbipHoro CHCTIEMH
JarHOCTYBaHHS
miciist 3a60poHH KaritaabHUi —————
Pericrpom — PEMOHT
TEXHHIYHE
00CITyroByBaHHs
(TO)

Puc. 1. Knacughixayias cmpameziii pemonmy cyoeH
(6nacHi po3pooxu asmopa ma [3; 12])

B ocranHI IeCATUIITTS BUHHUKIIA I[1J1a HU3KAa MIXKHAPOJHHUX CTAHAPTIB, TAKUX SIK:

1.1SO 31000: 2018, MenemxmenT pusukiB. [IpuHIMIN 1 KepiBHI BKa3iBKU, MiCTUTb
MPUHIMIN, CTPYKTYPY 1 Tpoliec ympaBiiHHS pU3uKaMu. BiH Moxke OyTH BHKOpHCTa-
HUH Oy/Ib-SKOI0 OpraHi3allier0 He3aJIekKHO BiJl 11 po3MipiB, BUY JiSUILHOCTI a00 rairysi.
3actocyBannst [SO 31000 moxke mormoMaraTi opraHizallisiM Mpy IiIBUIIEHHI HMOBIp-
HOCTI JIOCSITHEHHS IiJIeH, OibIl e()eKTHBHOMY BHSIBICHHIO MOMKJIMBOCTEH 1 3arpos,
a TakoXK OUTbII e()eKTHBHOMY PO3IOJTY 1 3aCTOCYBAaHHS PECYpCiB MPH MOHITOPHHTY
pu3sukiB [4].

2.1SO 9001: 2015, CuctemMn MEHEPKMEHTY SIKOCTi, BCTAHOBIIIOE KPUTEPii CUCTEMH
MEHE/PKMEHTY SIKOCTI 1 € €IMHUM CTaHJIAPTOM B CBOIH cepii, 3a SIKUM MO)KHA TPOUTH
ceprudikaniio (xoua 1e He € 060B’I3KOBOIO BUMOTOI0). MOro Moke BHKOPHCTOBYBATH
Oy/b-siKa opraHizallisi, He3aJIexHo BiJ i1 po3Mipy 1 chepu AisIbHOCTI [4].

3.1SO 13381-1 MownitopuHr ctany i aiarHocTuka MamuH — [Iporno3 — Yactuna 1:
3aranbHi peKoMeHIallil, HaJla€ KePiBHUIITBO HIONO PO3POOKH Ta 3aCTOCYBaHHS IPO-
neciB nporHo3yBanHs. [SO 13381-2, migxoau 10 3MiHM XapaKTePUCTUK (TEHICHIIIT),
ISO 13381-3, nukiiyai MeToan BUKOpUCTaHHS pecypey, [SO 13381-4, moneni xopuc-
HOTO TePMiHY CITy>KOH, IO 3auIuBcs [4].

4.1SO 13379-2 MoHITOpPHHT CTaHy i IiarHOCTHKA MalIMH. MeToau iHTeprpeTaii
Ta JIarHOCTUKU JTaHUX.

KommuiekcHe BUKOPHUCTaHHS IIUX CTaHAAPTIB MOXE MOCIYKHTH 0a3010 (TeopeThy-
HOIO OCHOBOIO) JIUIsl PO3pOOKH 1 BIIPOBAKCHHS Ha CyHaX ontuMaibHol cuctemu TO1P.
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JlocipkeHHsIMA 3 JIIarHOCTYBaHHS JIBUTYHIB BHYTPIIIHHOTO 3TOPSIHHSI OCTaHHI
POKH yCIINIHO 3aiiMaeThes mpodecop Bapbanens P.A. Bin Beae nocmimkenHs B o0nacTi
Teopii pobOUOro mporecy Ta napaMeTpUdHOi JIarHOCTHKHM JBUTYHIB BHYTPIIIHHOTO
sropsiHHS 3 1996 p 3a 1eit yac po3poOUB METOMOJIOTIIO 1 TEOPETUYHI OCHOBH JIiarHOC-
TUYHOTO KOHTPOJIIO pOOOYOTO TPOIIECY CYTHOBHUX JIU3EIIiB B yMOBaxX eKcruryararii. Po3-
pobuB psin aiarnoctuuHux komruiekcie DEPAS 2.34, 3.0, 4.0, sxi 3HaHILIIN IAPOKE
3aCTOCYBaHHS B CKCIUTyaTallii CyJHOBHX, 3aJlI3HUYHHMX 1 CTalliOHAPHUX JTU3EITBHUX
yCcTaHOBKax B YKpaiHi 1 3a kopnoHoM. Po3po0Oiieni Metoau Oyiu 3acTocoBaHi JUIs JTia-
THOCTHKH €HEPreTHYHUX ycTaHOBOK KopabiiB BMC 30poiinux Cun Yipainu [5—8].

Cuctem TOIP ans niarHocTyBaHHSI pOTOPHUX MEXaHI3MiB Oararo, aje Jjisi KOXKHOTO
MEXaHi3My OKpPeMO, a KOMIUIEKCHOT CHCTEMHU HEMae.

MerToro crarTi € po3podka cucremu yrpasiiaHs TOiP poTOpHUX CYTHOBUX TEXHiU-
HHX 3aC00iB.

Buxuian ocHoBHOro marepiaiy. TimbKu y mporieci MOCTifHOTO MOHITOPHHTY CTaHy
1 IPOTHO3YBaHHS PO3BUTKY HECTPABHOCTEH Y CKIIQJHUX TEXHIYHUX CHCTEMaX MOXKIIHBE
MIABUIIICHHS €(heKTUBHOCTI ITiJT Yac ix ekcrutyaraitii. KOHTposib cTaHy CKI1a{HOT TEXHIYHOT
CHCTEMH CKJIaJIA€ThCS 3 JICKITBKOX CTAaIliB: BUSBICHHS BIIXWUJICHHS; BUSBIICHHS HECIIPaB-
HOCTEH Ta iX MPUYMH; POTHO3YBaHHS PO3BUTKY HECIIPABHOCTEH; NPUIHATTS PEKOMEH-
JIALIii 11010 KOPUTYBAJIBHUX JIiH; aHAJTI3 CTaHy MICIs 3yIUHKH TEXHIYHOT cucTemu [ 1; 2].

Ha pucynky 1 npezcraBiieHa KOHICTITYalbHA MOJIEITh KOMIUIEKCHOT CHCTEMH yIIpaB-
JIHHS TEXHIYHOTO 00CITyTOBYBaHHS i PEMOHTY MEXaHI3MiB.

IMonepenniii eran Brirouae B cede 3 cramii, siki nmpoBoasathes aisi CTC onuu pa3
1 OiJIbIIIE HE TIOBTOPIOIOTHCS, 32 BECh TEPMIiH CITyKOH.

Etan anani3zy HecrnipaBHOCTEH TOJIsiTae y BU3HAYCHHI Ta aHaIi3i yMOB 1 (akTopis,
SK1 IPU3BOMSATH 200 MOXYTh IMPU3BECTH 0 BUHUKHEHHSI MOBHOT 200 4acTKOBOI BTpaTH
GyHKIIH, 3HIKEHHST €eKTUBHOCTI POOOTH TEXHIYHOT CUCTEMH, NOTIpIICHHS Oe3IeKn
a00 IHIIMX BRKIIMBHUX BIACTUBOCTEH, SIKi B HACHIAKY Mpu3BoaaTh 10 TO 1 P mexanizmy.

ETan BU3HAYCHHS J1arHOCTHMYHUX HapamMeTpiB. JliarHOCTHYHUI MapaMerp — napa-
MeTp (03HaKa) 00’€KTa JIIarHOCTYBaHHS, BCTAHOBJICHHMIA JIJIsl BU3HAUYEHHS HOTO TEXHiU-
HOTO cTany. /1o JiarHOCTHYHHUX MapaMeTpiB MOXKYTh OyTH BiTHECEHI IMOTYKHICTh, THCK,
urym, BiOparis, mojada (Harip) Ta iH.

HecnpagnicTs Jiermie (Jiemmesiie Ta mpocTilie) BUSIBUTH HA MOMEHTI 11 3apoJiKeHHS,
a He NIyKaTH NPUYXHY TTOBHOT BiMOBH TEXHIYHOI CHCTEMH, TOMY 3yMHUMOCS OUTBII
JOKJIa/IHIIIIE Ha eTarax JiarHOCTYBaHHS 1 TPOTHO3YBaHHS CTaHY TEXHIYHMX CHCTEM.

Jl1st ko)KHOT BiZIMOBU HEOOXIAHO BH3HAYHMTH CIOCIO 1 BHUSBIICHHS 1 3ac00H, SKi
MOXYTh OyTH 3aCTOCOBaHi JiJIsl AiarHOCTUKH. JliarHOCTHKAa MOXke OyTH MpoOBeJcHa 3a
JIOTIOMOTOI0 TEXHIYHUX 3ac00iB, aBTOMaTHYHO (BOyJIOBaHE TECTyBaHHs) a00 IIISIXOM
BBEJICHHSI CIIELiabHOI MPOLEypH KOHTPOJIO 0 MOYaTKy pOOOTH CHCTEMHU ado Mexa-
HI3MY, a TAKOXK ITiJ] 9ac TeXHIYHOTO 00CIYroBYBaHHs. Buau BiIMOB MOBHHHI OyTH ITpO-
aHaJi30BaHi 1 mepepaxoBaHi.

TsOKKICTh BIJIMOBH € OIIIHKOI 3HAYYIIOCTI BIUIMBY HACHIJKIB BUIY BIJIMOBH Ha
¢dyHKIioHyBaHHS 00’ €KTa [2].

[TporHo3yBaHHSI CTaHy TEXHIYHHX CHCTEM € OJHICI0 3 BaXKIMBUX [, pe3ylbTaTH
SKOi B TIOAJIBIIIOMY JIOTIOMOXKYTh JIIarHOCTYBaTH Mpale3/1aTHICTh TEXHIYHOI CHCTEMH
1 BUSIBUTH PU3UKH 11 BiTMOBH.
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BigMoBH TEXHIYHOI CHCTEMH
MOXYTbh OyTH BHUSBJICHI IUIIXOM
JIOCII/DKEHHST TICBHUX  (DYHKIIIH,
B3ATHUX 13 BUMIpIB, 1 IIOPIBHSHHS iX
i3 BIJIOMHMH MOPOTaMy TPHHHST-
HOT [TOBEMIHKHU. 30aTHICTE 10 BUSB-
JICHHSI Ta 3HOCOCTIHKICTh PI3HHX
BIIMOB CKJIQJHUX TEXHIYHHUX CHC-
TEM 3alie)KaTh BiJl MPUPOIU EKC-
MEPUMEHTY 1 JOCTYIHOCTI BUMI-
proBaHb. Y Tabnuii 1 HaBeaeHO
NpUKIa] Kiacu(ikaiii TsHKKOCTI
HACJIIAKIB BiJIMOBH.

PosymiHHs (hi3MYHHX TPOLIECIB,
IO JIe’)KaTh B OCHOBI HECTIpaBHOC-
TEl pI3HUX BH[IB, a TakoX 30ip
JIAaHKX, TIOB’S3aHUX 13 MOMEPEAHIM
3aCTOCYBaHHSIM MaIIIMHH, T1 TEXHIY-
HUM OOCITYTOBYBaHHSIM, pe3ylbTa-
TaMH KOHTPOJIIO, TepiogoMm 0e3-
BIIMOBHOI pOOOTH, XapaKTepOM
pOOOTH MalIMHU B PI3HUX YMOBax
IpU PI3HUX IMOKA3HUKAX MPOIYK-
TUBHOCTI, HEOOXIAHO JIJIsl TPOTHO-
3yBaHHS PO3BUTKY HECIIPABHOCTI.

HecnpaeHocTefl

BM3HaMEHHA
[iarHOC TAYHIK
napameTpie

Po3poGka kapT
PM3UKIB

1.
|
| Amnaniz
I
|

[liarHoc TyBaHHA

]

®OpMyBaHHA 6a3u
IAHHMX

LiarHOC TyBaHHA

Hoewuii cpok

TMpOrHo3yBaHHA

AHari3 pu3nKie
(noGynoBa
MATPUMHHUX PH3MKIB)

PMAHATTA pilleHHR

TO

PemoHT

Puc. 2. Konyenmyanvra mooens cucmemu TOiP CTC
(1acui po3pobku asmopa)

Taomuus 1
InocrpaTuBHmii npukiaan kiaacupikauii TAKKOCTI HACTIAKIB BiiMoBH

Ne kiacy
TSKKOCTI
BiAMOBH

HaiimenyBaHHs
KJIACy TSKKOCTI
BiAMOBH

Onmuc HacaiAKy BiiMOBH 1151 1107 €M
200 HABKOJIMIIHBOIO CepeoBHIIa

5 Karactpodiuanit

Bu BiTMOBH MOXeE MPUBECTH J0 NPUITHHEHHS BUKOHAHHS
MIEPBUHHUX (YHKIIH CHCTEMH 1 BUKIIMKAE BayKKi
YIIKOMKEHHSI CHCTEMH Ta HABKOJIHUILIHBOTO

cepemoBuIna i / abo 3arudess 1 BayKKi TPaBMH JTFOICH

4 Kputnaanit

Bun BigMOBH MOXKE MTPUBECTH /10 MPUITMHEHHST BUKOHAHHS
NEePBUHHUX (PYHKIIH CUCTEMH 1 BUKIIMKAE 3HAUHE
TMIOIIKO/DKCHHSI CHCTEMH 1 HAaBKOJIMITHBOTO CePEeOBHIIIA,
aJie He € Cepio3HOI0 3arp03010 JKUTTIO 200 310pOB 10 JHozeil

3 IcToraNit

Bun BinMOBH MOYKe 3HAYHO TOTiPITUTH BUKOHAHHS
TIEPBUHHUX (DYHKIIH CUCTEMH 1 BUKJIMKA€ HE3HAYHE
TIOIIKO/DKEHHSI CHCTEMH, aJle He IIPEJICTABIISE 3arpo3n
JUISl HABKOJIMITHBOTO CepeIOBUINA 200 JKUTTS JIFOAeH

2 MinimansHHAI

Bu BiIMOBH, 1110 MOJKE MOTIPIIUTH BUKOHAHHS (DYHKIIIN
CHCTEMH 0€3 MOMITHOTO YIIKOKEHHS CHCTEMH
a60 3arpo3u KUTTIO 200 37I0POB’I0 JOfei

1 Hesnaunui

Bun BinMOBH, KU MOXKE TTOTiPITUTH BUKOHAHHS (DYHKITIN
CHCTEMH, aji¢ He BUKIJIMKAE TOUIKOIKEHE CUCTEMHU
1 HEe CTBOPIOE 3arPO3H KHUTTIO 1 37I0pOB 10 JHOJIeH

(po3pobra asmopa i [2])
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[Tporuo3 uu nmporHo3yBaHHS Ma€ I[IHHICTh TUIBKH B 3aJIaHUX MEXax PiBHS JOBipH.
Yum OinbIni MeXi, THM MEHIIEe 3HaYUMICTh MPOTHO3Y, OCKUIBKU TPUIHATE OINepaTo-
POM pIIICHHS] IPYHTY€ETHCSI Ha IPUHHATHOMY piBHI pu3HKy. TUIOBa cXema MporeypH
KOHTPOJIIO CTaHy i OOY/I0OBH MPOTHO3Y BKIIOYAE B cede MmijieTant, sKi nepeadadaroTh
BU3HAYCHHS PIBHIB JIOBIPH 1 IPOIEYPY MiATBEPIKESHHS IPOTHO3Y.

PiBeHb f0BipH BitoOpakae y BiJICOTKAX YUCITIOBY XapaKTEPUCTUKY TOTO, 3 SIKHUM CTYTIe-
HEM BH3HAYCHOCTI MOYKHA CTBEPJDKYBATH TIPO MMPABUIIBHICTH AiarHo3y abo mporaosy [1].

L5 uncnoBa XxapakTepuUCTHKA ITOKA3y€e CyMapHH e()eKT BIUTMBY BCiX JUKEPEN HeBH3HA-
YEHOCTI Ha TOYHICTh OCTAaTOYHOTO BUCHOBKY. BoHa MOe OyTH OTprMaHa K CyMa 3Bake-
HUX HEBU3HAUCHOCTEH BIJI Pi3HUX JpKepert a00 3a TIEBHUM (3aJ]aHNM) aJITOPUTMOM.

[Mpouenypa BU3HaUEHHS PiBHS JOBIpH BKIIOYA€e B ceOe oOmiK iHdopmallii, sika Bij-
HOCHUTBCSI JI0 PI3HUX TapaMeTpiB MexaHi3My. J[0 Takux mapaMeTpiB MOKHA BiHECTH:
ictopito TO MexaHi3My, KOHCTPYKIIIIO 1 XapakTepHi BUAM BiIMOB MEXaHi3My, XapaKre-
PHUCTUKY METOJIiB aHAI3y, TPaHUYHI 3HAYCHHSI KOHTPOJILOBAHUX MTApaMeTPiB, IHTEpPBaIIH
MK BUMIpaMu, TIPOLIEYPY 1 OIIHKY JaHHUX, POLEAYPY ITiJ] 4ac TOCTAHOBKH J1arHO3y
1 CKJIaJIaHHs MPOTHO3Y, MaiiOyTHIX HABAaHTAXKEHb 1 YMOB pOOOTH MEXaHI3MYy, T.1.

MosxJHBicTh TIepenoayaTi pO3BUTOK HAKOITUYEHb TIOIIKOKEHb Y MAaIlliHi 32 HasiB-
HOCTI 3a/IaHMX KPHUTEPIiiB KOHTPOIIIO JIOCSATAETHCS METOaMH OJHOYACHOTO aHali3y
BEJIMKOI KIIBKOCTI TIapaMeTPiB i 3aCTOCOBYBAHUMH B HUX MOJICIISIMH.

BararodakTopHuil aHali3 BKJII0OYae B ceOe OHOUACHE BUKOPUCTAHHS BiAMOBIIHUX
JIAHUX OJHIEI0 CUCTEMOIO MOHITOPUHTY. Takuii croci0 aHalizy Kpaiuii Iij Jyac mpo-
THO3YBaHHS CTaHy TEXHIUYHOI CHCTEMHM, OCKIJIBKH J03BOJISIE HE TINBKH CIIOCTEpIiraru
OKpeMi KOHTPOJIbOBaHI MapaMeTpH, aje i 3icTaBisaTH ix 3MiHH. OcoONNBO 11 BaXKIHMBO,
KOJIM € MiJICTaBU MPUITYCKATH B3a€EMO3B’SI30K MK PI3HUMHU KOHTPOJIBOBAHUMH Iapame-
TpaMu TEXHIYHOI cuctemu [2; 3].

st mporHO3yBaHHS MallOyTHIX BIJIMOB TEXHIYHOI CHCTEMH, TIEpII 3a BCE, CIij
BU3HAYUTH KPUTEPIi IX HACTAHHS, MPUHMAIOUH JI0 YBary, IO OJMH i TOW caMuii mapa-
METp MOXKE CIYKHTH SIK BILUTMBAIOUUH (PaKTop JJIsl HACTYIA04ol BiJIMOBH i BUKOpPHC-
TOBYBATHCSl SIK O3HAaKa 3apOJDKEHHsSI HECIPaBHOCTI, IO MPUBOIWUTH JI0 MaiOyTHHOI
BigMoBH. [IpH 1IbOMY OCHOBHA MPUYMHA BiJIMOBH JIAHOTO BHJLy MOXKE OyTH BH3HaueHa
yepes3 Habip mapameTpiB, 3HAYCHHSI SIKUX MPSIMO 200 TOOIYHO BKAa3yIOTh Ha CTYIIiHb PO3-
BUTKY HeclpaBHOCTi [2; 3].

TakuM YUHOM, IPOTHO3 3aPOJPKEHHST HECTIPABHOCTI (ITOIIKOKEHHS ) TEXHIYHOT CHC-
TEMH, 10 BE/Ie /IO BIJIMOBU IIEBHOTO BUJIY, IPYHTYETHCS Ha BCTAHOBJICHHI KPHUTEPIiB
3apOJKEHHSI HECIIPABHOCTI.

PesynbratoM mporHo3yBaHHs € HMOBIPHICTh HACTAHHS Ti€l Y 1HIIOT HECIIPABHOCTI
€JIEMEHTa TEXHIUYHOT CUCTEMHU MPOTIATOM 33J1aHOTo mepioay vacy [2; 3].

Jyist OiIbIIl HAOYHOTO 3aCTOCYBAaHHS METOAY 0araro(hakTOPHOIo aHaJi3y MPUHMEMO
3a CKJIaJIHY TeXHIUHY CUCTeMy BiaueHTpoBuii Hacoc HIIB 63 \ 30.

CynHoBI BifilIGHTPOBI BepTuKanbHi Hacocu HIIB 3acTtocoByroThes s mepekady-
BaHHSI MOPCHKOT 1 IpicHOT BOjiK 3 TeMmepaTyporo a0 + 85°C, poscomny. [IpusnaueHi ajis
KopaOJIiB, Cy/IeH, IJ1aB3aco0iB yCixX KJIACiB, THIIIB 1 IPU3HAUYCHb. TaKOX HACOCH MOXKYTh
3aCTOCOBYBATHCSI B HA36MHUX YCTaHOBKAX 0€3 Mpej1’ IBJICHHS JI0 HUX crieludiyHux cy/-
HOBUX BUMOT. Takox Hacocu HIIB MOXyTh 3aCTOCOBYBAaTHCS B HA3€MHUX YCTAHOBKaX
0e3 mpe’IBJICHHS 10 HUX crelnuiYHUX CYHOBMX BUMOTL. Marepian mpoTo4HOl vac-

62



PO3BUTOK TPAHCIIOPTY
Ne 1(6), 2020

THHH: OpoH3a; mogagda 63 M>/rox; HaTuck 30 M; TTOTYKHICTh KOMITJIEKTYIOYOTO EJIEKTPO-
neuryHa — 11 kBt.

TexHIYHUI cTaH HACOCIB KOHTPOJIOETHCS 3a PIBHEM YIapHUX IMITyJNbCIB, BiOparlii,
NeperpiBy MiJIIUITHAKIB, 3HIKCHHS 1oJja4i (Hanopy), 3MiHH CTPyMY €JIeKTPOJIBUTYHA
MIPUBOJTY, 3MEHIIICHHSI TOBIIMHHU KOPITYCY 1 3a pe3ynbTaTaMy OIvisity pobodoro kojeca
eHJIOCKOTIOM. JIOCSTHEHHSI TPAHUYHO JIOIyCTUMOTO 3HA4YeHHs x0o4a O OTHHMM 3 Tapa-
METPIB TOBOPUTH PO HEOOXIAHICTH MPOBEICHHS TEXHIYHOTO 0OCITyTOBYBaHHS HACOCY.

VY tabnuii 2 mofaHo neperik XapakTepHUX BIIMOB 1 1iarHOCTHYHUX TTApaMeTpiB JIJIs
POTOPHUX MaIlIMH Ha MPHUKIaJ BiaeHTpoBoro Hacoca HIIB 63 \ 30, siki 103BOJISIOTH
JIarHOCTYBaTy HECTPABHICTh: «+» MO3HAUEHO, 10 31 3MiHOIO JIarHOCTUYHOIO Tapa-
MeTpa MOXKJIFBa KOHKPETHA HECIPAaBHICTh, «-» O3HAYa€ Te, IO 3MIHM Mapamerpa He
BKa3yIOTh Ha HECTIPABHICTb.

Po3poOKky kapT pU3MKIB MOXIHBO NPOBOJUTH pi3HUMH criocobamu. Ha mymky
aBTOpA aHaJli3 BHJIIB, HACIIKIB Ta KPUTUYHOCTI BiiMoB a00 FMECA — onuH i3 Hai-
ONTUMAJIBHIIIIMX CITOCOOIB aHAITi3y BiIMOB.

Amnani3 BuJiB, HacHiaKiB Ta kputrnaHOcTi BiiMoB (FMECA) mae Ha yBazi BUKopuc-
TaHHS SIKICHOTO 3aX0J/1y HACJIJAKIB BUIIB BiqMoBH. KpUTHUHICTH Ma€e 0€3J1i4 BU3HAUCHD
1 cIIoco01B BUMIPIOBaHHS, OLIBIIOCTI 3 SIKUX MIPUTAMaHHUH OM3bKUIT CEHC: BILTUB 200
3HAUUMICTh BHJLy Bi]MOBH, SIKHH HEOOXIHO YCYHYTH 200 IOM’ SIKIIUTH HOTO HACIIIKH.

Merta aHaii3y KPUTHYHOCTI MOJISTA€ B SIKICHOMY BU3HAYCHHI BIHOCHOT BEJTUUMHU
KOKHOTO HACJIIJIKY BIIMOBH. 3HAUCHHS I1i€1 BEJIMYMHU BUKOPUCTOBYIOTH JIJISl BCTAHOB-
JICHHSI IPIOPUTETHOCTI Jil 3 YCYHEHHS BiZIMOB a00 3HIDKEHHS 1X HACIiJIKIB HA OCHOBI
KOMOIHAIT KPUTUYHOCTI BIJIMOB 1 TSKKOCTI X HACHIIKIB [2].

OnHUM 13 METONIB OIIHKM KPUTHUYHOCTI € BHU3HAUCHHS 3HAUCHHS DPHU3HKY R.
Sk 3aranbHy Mipy noreHmiiHoro pusuky R 8 FMECA BUKOpUCTOBYEMO BETHUMHY

R=V.-P.U,
ae:
V — AMOBIpHICTb MOSIBH BiJIMOBH;
P — 3HaueHHs TSHKKOCTI HACIIKIB, TOOTO cTyrneHs BiumBy BiaMoBu Ha CTC;
U — BpaznuBicts (He3axumieHicts) CTC.

TouHe uncesnbHE BU3HAYECHHS CTaHy PU3UKY HaiyacTille po3paxyBaTd HEMOXKIINBO,
TOMY aBTOPaMH IIPOTIIOHYETHCSI BUKOPUCTOBYBATH B IaHIM 3a1a4l METO HEYITKHX MHO-
>KMH. {7151 1bOr0 BU3HAYKMMO IIKaIU 3HaYeHb 11 V, P11 U.

V — AMOBIpHICTbH MOSIBH BiJIMOBH;

V =1 — He3HauHa (BCi MapamMeTpH 3a/I0BiIbHI);

V = 2 — wmiHiManbHa (3apO/PKEHHS HECIIPaBHOCTI 1O OJHOMY a00 JEKIIBKOX
ITOKa3HUKaX );

V =3 —icrorHa (cTaH xo4a 0 1 mapamerpa He3a/I0BIIIbHHN);

V =4 — kputnuna (He3anoBinbHui cran CTC);

V =5 — karactpodiuna (BimmoBa CTC).

P — 3HaueHHs TSHKKOCTI HACIIKIB, TOOTO cTyrneHs BiumBy BiaMoBu Ha CTC;

P =1 — ne3nauHna (0e3 HEMpUEMHOCTEH);

P =2 — minimanpHa (Oyze moTpiOHO PEMOHT 3 HE3HAYHUMH BUTPATaAMHU ),

P =3 —icroTHa (Oyne moTpiOHO PEMOHT 31 3HAYHUMHU BUTPATAMH);

P =4 — xpurnuna (xputnuni Hacniaku g CTC 1 exomnorii);
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P=5—xaractpodiuna (karacTpoda 31 KOO0 JJIst €KOJIOT I 1 JTFOJCHKUMU YKEPTBAMH);

U — BpasnuBicTs (HezaxuieHicTs) CTC;

U =1 — He3Ha4yHa (MaeThCs AyONIOI0unil arperar);

U =2 —n miHiMasibHa (Marothest C3Y 1 koMaH/1a, sika Ma€e J10cBij pooit 1o pemonty CTC);

U =3 —icrorHa (MaroTecst CU3, ane Hemae KBai(pikoBaHOT KOMaHJIN);

U = 4 — karactpodiuna (Hemae CU3 i komaHIH.

[pu TakoMy migxo1i MaKCUMaIIbHUN 1 MiHIMAIIbHUH PU3UKU CKIIAYTh:

R,=V-PU=11-1=],
R, =V-P-U=55-4=100.

3pyUHICTH JAHOTO METOY TOJISATAE B TOMY, III0 EKCIUTyaTaIliifHIK MOYKE caM TTpHU3HA-
YUTH BEIMYNHY TPUHHITHOTO PU3UKY B 3QJIKHOCTI Bill (haKTHIHOTO CTaHy i (piHAHCO-
BUX MOXITUBOCTEH CYITHOBJIACHUKA.

Taxwuit MeTOq MPUHHATHOTO PU3HUKY TO3BOJISIE PO3POOUTH ONTUMAIBLHUH TUTaH POOIT
3 TEXHIYHOTO 0OCITYTOBYBaHHS 1 PEMOHTY CKJIATHAX TEXHITHIUX CHCTEM.

Eran popmyBanns 6a3 qannx. baza maHux — CyKyIHICTb TIOB’ SI3aHUX JaHUX, OPTaHi-
30BaHMX 3a TICBHUMH MPABHIJIAMH, IO ITepea0avaroTh 3arajibHi IPHHIIAITH OTIHCY, 30epi-
TaHHS 1 MaHITYTIOBaHHS, HE3aJIe)KHA Bi IPUKIATHAX mporpam [11].

- HesapgosinbHo

S
<

g"

R

-3

| 3apoBinbH

[obpe

Puc. 3. Hopmu cmany nacoca
(é1acua pospooka aemopa ma [9])

I3 rpacdixa BuIHO, 110 KOXKEH MMapaMeTp TaK 4M iHaKIIe BIUIMBAE Ha poOOTy Hacoca.
[To oci X BimmmigyeTbes gac pod6oTH (200 KiUMBKICTh BiITPAallbOBAHUX TOAMH) MEXaHI3MY,
o ocsix Y — KOHTPOJIbOBaHI MapaMeTpy Hacoca 3 MO3HAYEHHSIM KOHTPOJIBHHUX TOYOK
3MiHH CTaHy MEXaHi3MYy, KOJJbOPOM ITOKa3aHO HOPMH CTaHy Hacoca (3eleHui — 1o0pui,
JKOBTHH — 3a7J0BIJIbHA, OpAHKEBUI — He3aJ0BUIBHHN, YePBOHUI — BiJIMOBA).

KoxeH mapameTp Moxe po3IIsSAaTHCS SIK OJHA 3 PYNIHHUX CHJ PO3BUTKY HasB-
HOI1 HECIIPaBHOCTI, ajie¢ BiH TaKOK MO)KE BIUIMBATH (Ta BIUIMBAE) HA PO3BHTOK IHIITUX
HECITpaBHOCTEH 1 Ha 3apO/HKEHHS MalOyTHIX BiZIMOB.
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Hanpuknaa: nocuuiacs BiOparllisi BHAC/I1I0K 3HOCY IiIIMITHUKIB (TICpBUHHA BiJI-
MOBA), II[0 BUKJIMKAJIA TPOCiIaHHs a00 BUKPUBJICHHS Basly (BTOpHUHHA BisiMOBa). BTo-
pPHHHA BiZ]MOBa PO3BUBAETHCS IIBUJIIC, HIXK TIEPBUHHA, 1 B Mipy BUKPUBJICHHS Bay
BiZIOYBaETHCS 3a4inanHsi poO0OYOro Kojeca 3a KOpPIycC, 0 PO3BUBAETHCS 3 IIMM IMOIIKO-
JOKEHHSI KPHITBIATKY 1 KOPITYCY - IPUYUHH TPETHHHOT BiTMOBH).

Ha ocHoBI Bcix 310paHuX JaHUX 1 aHAI3y MOXIIUBHUX (XapaKTepHHX) BiIMOB 1 TIpH-
YHH X BUHUKHEHHS 1 BiJJOYBaIOThCS MPOIIECH MPOTHO3YBAHHS 1 aHAJI3y PU3HUKIB.

[Tporuec mporHo3yBaHHs IPYHTYETHCS HA METOIOJIOTI], SIka MOYKE BKJIFOYATH B ceOe
BiJIOMI MOJIeNi PO3BUTKY HeclipaBHOCTeH, Taki sk metog FMECA, anani3 nepesa npu-
YUHHO-HACIIAKOBUX 3B’SI3KIB PO3BUTKY HECIPABHOCTEH, METOIM OI[IHKU PU3UKY BijI-
MOBH, (i3MuHI MOJENi 3apOKEHHS Ta PO3BUTKY IOIIKO/KEHb, METOIU IMOOYI0BU
TPEHIB 1 BU3HAUYEHHS 3aJIMIIKOBOTO PECypcy MpH 3aJlaHOMY PiBHI JAOBIpH 1 pu3uK. 3a
JIOTIOMOTOO IIMX MOJIEJICH MOYKIIMBO OTPUMATH JIaH1 ITPO BUJIM BiJIMOB 1 B3a€EMO3B’sI3Kax
MK HUMH, CTYTICHI 1 HIBUJKOCTI BiIMOBH MEXaHi3My, pU3UK BiJIMOBH.

[TporHo3yBaHHs 3MiHU 3HAUEHHSI TOTO YH 1HIIIOTO IarHOCTUYHOTO MapameTpa B yaci
MOYKHA BUKOHYBATH Ha OCHOBI perpeciitHoro aHamizy. [1pu iibomMy sik OMI[iF0 BUKOPUCTO-
BYEMO TIOJIIHOMiQJIbHY 3aJICKHICTb.

SIK mpHKIax po3IISTHEMO Pe3yNbTaTH BiOPOAIarHOCTYBaHHS BIJIIEHTPOBOTO HAcoca
HIIB 63 \ 30 npoeeneHoro 3 nepioguunictio 100 roxuu (tadbmuig 3).

Tabmums 3
Pesyabrarn Bioponiarnocrysanns HLB 63\30
T, ronun V, Mmm\c T, ronun V, mm\c
100 4.0 1600 4.4
200 4.0 1700 4.5
300 3.9 1800 4.4
400 4.0 1900 4.5
500 4.0 2000 4.7
600 4.1 2100 4.8
700 4.0 2200 4.8
800 4.2 2300 4.9
900 4.1 2400 5.0
1000 4.2 2500 53
1100 4.2 2600 5.4
1200 4.3 2700 5.6
1300 4.3 2800 5.8
1400 4.4 2900 6.0
1500 4.3 3000 6.4

(pe3ynvmamu diazHOCMY8aHHsL i3 0dHceper 3a2aNbHO20 KOPUCTITY8ANHS)

O0poOKa pe3yJIbTaTiB MOJIHOMIAIBHOK MOJCILIIO cTyneHeM Bif 2 10 10 npoBeacHa
3a jjonomororo nporpamu Grapher.

Grapher — 11e MOBHOQYHKITIOHAIBEHUI MakeT JIst TOOYI0BH HAyKOBUX Tpadikis, 110
JIO3BOJISIE KOPHCTYBAYEB1 IMIIOPTYBATH JlaHi B 0arathox hopmarax, CTBOPIOBATH 1 KOM-
OlHyBaTH BEIHMKY KiJBbKICTh THITIB JJBO- 1 TPUBUMIPHUX rpadiKiB i HAJIAIITOBYBaTH Ipa-
¢biku 3 HeCKiHUEHHOI AeTanizaiiero [10].
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Pesynbratu npencTaBieHi Ha pUCYHKY 4 Ta B TaOJuIll 4.

Graph 1
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Puc. 4. lloninomiansrha mooens
(6nacmi pozpooxu asmopa ma [10])

By noniHOMiadbHUX 3aJIEKHOCTEN:
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AHa1i3 3HaueHb KOSQIIIEHTIB MMOJIIHOMA TIOKA3Yye€, 1110 BUKOPUCTAHHS B JIaHIN 3aa4i

CTYTICHSI alpoOKCUMAIlii OiIblIe 3 HE Mae CEHCY.
.oodr dt .
BusnauuBum 1-10 Ta 2-10 moximHi ;U 7 T4 NpUPIBHABIIA iX J0 «0» MoxHa
BHUSIBUTH KPUTHYHI TOUKH (DYHKIII1, K € TOYKAMH 3apOPKEHHS 1 pO3BUTKY BiJIMOBIIHOT

HECITPaBHOCTI.
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BucHoBknu

VY crarTi 3anporoHOBAaHO KOHIIENTYalbHY MOJENb CHUCTEMH, 3a JOTOMOTOK SIKOT
MO>KITUBE T IBUIIECHHS €(DeKTHBHOCTI EKCIUTyaTaIlii CKIIaIHAX TEXHITHUX CHCTEM.

Po3po0bero MeTo mporHo3yBaHHs BUHHUKHEHHS 1 3apODKEHHS AeEKTiB Ha OCHOBI
perpeciitHoi Mozeni, Mo MO3BOIHUTHh ¢(hEKTHBHINIE KOHTPOIIOBATH Ta MPOTHO3YBATH
CTaH CYITHOBUX TEXHIYHHUX 3aC00iB

Ha ocnoBi 3anponionoBanoi mozeni i merona TOP MOXIHBO MiABUIINTH €()EKTHUB-
HICTh POOOTH, BUSIBIICHHS BIIXUJICHHS, BUSIBICHHS HECIIPABHOCTEH Ta iX MPHYMH; MPO-
THO3YBaHHSI PO3BUTKY HECIPABHOCTEH; MPUHHSITTS PEKOMEHIAII M0 KOPUTYBAILHIM
TlisIM; aHaJTi3 CTaHy MICIsI 3YITMHKU TEXHITHOI CHCTEMH.
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OYHKHIOHAJIBHA KJTACUDIKALIA
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Anomauisn

Bcemyn. B Yipainui npakmuyno nemae inghopmayii npo pons i 3HawerHs QyHKYIOHATbHOT
Kaacughixayii dopic ma npo nepesacu QyHKyionarbHux cucmem. Lle symoesnene giocymmuic-
M0 cUCmemMU NIAHYBAHHS, KA BCMAHOBIIOE IEPAPXII0 OOPOHCHLOI MEPEHCT 3 YPAXYBAHHAM
@YHKYILL, AKI BUKOHYIOMbCS KOJCHO 8yauyero abo 0opozorw. Ilepcnekmugu po3eumky mepe-
2HCT ABMOMOOITBHUX D0pi2 3a2a/lbHO20 KOPUCHTY8AHHS DA3YIOMbCS HA GUPIUEHHT 8IONOBIOHUX
HasA6HUX NpoOIeM. AHANI3YIOUU NPOONeMU PO3GUINKY GIMHUUSHAHOL OPOACHLOL Mepedici, 6cma-
HOBILEHO GIOCYMHICb IX KOMNIIEKCHO20 QOCTIONCEHHS. 3pOCMAnHsS MPAHCROPMHUX NOMOKIG
sumazae ix onmumizayii ma HeoOXIOHOCMI 6PAXy6aHHsl CKAAdY i YMO8 PYXY Y pa3i HOPMYEAaH-
H5l OCHOBHUX Napamempie 0opie, o c80€10 Yepeoro Nompedye YOOCKOHALEHHS HOPMAMUBHOT
Oasi Ha NPOEKMYBAHHs ABMOMOOLIbHUX dopie. Po3sumor 00posichvboi mepedici nompeobye it
BNOPAOKYBAHHSL | NIAHYBAHHS, MOMY GUHUKAE HEOOXIOHICMb (DYHKYIOHANLHOI Kiacugikayii
Oopie. Mema. YV yiti cmammi 6cmanogneHi epynu Kpumepiie 8ionecents: agmomoOibHUX
o0opie 00 GiONOGIOHUX (DYHKYIOHATbHUX KILACIE Md 3aNPONOHOBAHO NOPSOOK NPULHSINMISL
Piutentst Wooo 6CMaHoenentst QyHKyionanHoeo kiacy oopoeu. Pesynomamu. Hamenep y
HOPMAMuUHUX OOKYMEHmax YKpainu Ha npoekmyeamHs. agmomoOiibHux 0opie 3a2aibHO20
Kopucmyeanusi 8i0cymHs (hyHKyionanvra kiacugixayis. Y pesyiomami 00CiodicenHs cma-
HY OOPOACHLOT MEPEACI, AHANIZY MA PAHIICYBAHHS (DYHKYIOHATLHOL 3HAUUMOCIE 3a0€e3NneyeH-
Hsl MPAHCROPMHUX 38 SI3KI6 HA MEPENCi a8MoMOOLIbHUX Oopie BCMAHOBNIEHO, WO HEOOXIOHO
MOOepHI3y8amu Has6HY KAACUDIKaYio asmomMoOibHUX 0opie, 32i0H0 3 iX (hYHKYIOHANbHUM
npusHaueHHsm. byno po3pobneno nopsoox usHayeHHs GYHKYIOHAIbHOZO Kaacy 0opie 3 ypa-
XVBAHHAM cUcCmemMy Kpumepiis, HapOOHO2OCNOOAPCHKOZ0, AOMIHICIMPAMUEHO-NOTIMUYHO2O
i MIDICHAPOOHO20 3HAYEHHS MPAHCIOPIHUX MAPWPYMIG 3 021180y HA MIDCHAPOOHULL 00CBIO
NPOEKMYBAHHS ABMOMOOLILHUX Dopie. Buchosku. Y cmammi nagedeno epynu kpumepiis 6io-
HeceHHsl asmoMOoDLIbHUX 00pie 00 8IONOGIOHUX (DYHKYIOHATLHUX KIACIE, NOPSOOK GU3HAUEHHS
DYHKYIOHATLHO20 KAACY QOpIZ 3 YPAXYSAHHAM CUCIEMU KPUMEPIIE ma CRIGEIOHOUEHHS MidIC
DYHKYIOHATLHUMU KLACAMU ABMOMODLILHUX QOpie Ma Kame2opisamu asmoMOoOLbHUX Oopie.

Knrouoei cnosa: rxnacugbixayis agmomodinbrux oOopie, (yHKYIOHabHA Kiacugixayis
0opie, (PyHKYIOHAbHULL KIAC, Kpumepii (hyHKYIOHAIbHUX KILACI8, PiBeHb 00CTY208Y68AHHS PYXY.

© ApcenbeBa H.O., ®omenko I.P., 2020
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Summary

Introduction. In Ukraine, there is virtually no information on the role and importance
of functional classification of roads and the benefits of functional systems. This is due to
the lack of a planning system that establishes the hierarchy of the road network, taking
into account the functions performed by each street or road. Prospects for the develop-
ment of the network of public roads are based on solving the relevant problems. Analyzing
the problems of development of the domestic road network, the absence of their compre-
hensive study was established. The growth of traffic flows requires their optimization and
the need to take into account the composition and traffic conditions in the rationing of the
basic parameters of roads, which in turn requires improvement of the regulatory frame-
work for the design of roads. The development of the road network requires its streamlining
and planning, so there is a need for functional classification of roads. Purpose. This arti-
cle establishes groups of criteria for assigning roads to the appropriate functional classes
and proposes a procedure for deciding on the establishment of a functional class of the
road. Results. At present, there is no functional classification in the normative documents
of Ukraine for the design of public roads. As a result of the study of the road network,
analysis and ranking of the functional significance of the provision of transport links on
the road network, it was found that it is necessary to modernize the existing classification
of roads, according to their functional purpose. The procedure for determining the func-
tional class of roads was developed taking into account the system of criteria, economic,
administrative, political and international significance of transport routes, taking into
account the international experience of road design. Conclusions. The article presents
groups of criteria for assigning highways to the relevant functional classes, the procedure
for determining the functional class of roads taking into account the system of criteria
and the relationship between functional classes of highways and categories of highways.

Key words: classification of highways, functional classification of roads, functional
class, criteria of functional classes, level of traffic service.

OcHoBHHUII MaTepiaJl J0CTiKeHHSA

YrnockoHaneHHsT Kiaacu]ikailii aBTOMOOUTBHUX JIOPIT, 10 € HAWBAXJIMBIIIAM eJIeMEH-
TOM CHCTEMH HOPMAaTHBHUX JJOKyMEHTIB Y IOPOXKHBOMY TOCIIONAPCTBI, MOTPIOHO OYMHATH
3 YIOCKOHAJICHHS Ki1acu(iKallii 1opir, sika perIaMeHTy€eThCsl HOPMAaTHBHUME JIOKYMEHTaMH
Vipaiau [1; 2]. Ilpu npoMy moTpiOHO BpaxoByBaTu IOCBiA Kiacuikallii aBTOMOOLTBHIX
JIOpIT 3a (yHKIIOHATFHIMH BHUMOTAaMH, KW HasBHUN y OarathoX KpaiHax cBiTy [3-5].

72



PO3BUTOK TPAHCIIOPTY
Ne 1(6), 2020

Bumorn 1o knacuikariii aBToMoOLTBHUX JIOPIr OyIlyTh TaKi: JIOTT4Ha, TIPOCTA 1 3po3yMiia Ha
BCIX piBHAX 3acTocyBaHHs. DYHKITIOHATBHA KiIacuiKaiis i KpUTepii BiTHECEHHS IOPIT 10
KJIaCiB 1 KaTeropii Ja€ MOXITMBICTB KIacH(iKyBaTH He TITBKU HOBI IOPOTH, SKi IPOEKTYIOTh,
aJie i HasiBHI Joporu 0e3 BUTPaT Ha 1X mepeOyIoBy 3TiTHO 3 BAMOTaMHU HOBOI KiTacH]iKartii.

[loBHa xiacuikailis MOBHMHHA 3a0e3MevyBaT BCTAHOBJICHHS €IMHUX NPHHLUIIB
yIpaBiiHHS aBTOMOOUILHUMHU JIOpOTaMU Pi3HOTO PIBHS 1 MPHHAIEKHOCTi, BCTAHOB-
JIIOBAaTH X OCHOBHI CITOKHMBYI BIIACTUBOCTI Ta (PyHKIIOHAJbHE NMPHU3HAYCHHS, BH3HA-
YJaTH JpKepesa Ta MPiopuTeTH GpiHaHCYBAHHS, BCTAHOBIIOBATH CTAHIAPTH 3MICTY 1X TS
MaKCHMAaJIbHOTO 3aJI0BOJICHHS MOTPed KOPUCTYBaUiB, BUXOASYH 3 PO3MIPIB BUALIICHIX
KOLITIB, TO3BOJISITH IJIAHYBaTH PO3BUTOK MEPEXKi AOPIr Ha TPUBAITY MIEPCIICKTHBY, BUXO-
J519M 31 3HAUEHHS KOXKHOI JIOpOTH Uil pOOOTH €IMHOI MEpEeKi, BCTAHOBIIIOBATH €1HI
CTaHJAPTH JJISl IPOEKTYBAHHS aBTOMOOUIBHUX JIOPIT BIAIIOBIAHO IO TIOTPEO pyXy.

VY 3B’513Ky 3 PO3MISAIOM MHTaHb, MMOB’SI3aHUX 3 (YHKIIOHAIBHOK KiIACHU(IKAIIED
aBTOMOOUTBHHX JOPIT B YKpaiHi, TOCUTH IIIKaBUM € A0cBig HiMeuannu. Y HopMaTuBax
Himeyunnu Ha eramni BU3HAUYEHHsI KaTEropii JOPOTM OCHOBOIO € ii HAPOAHOTOCHOAAP-
chKa morpeba i (pyHKIiOHAIbHA 3HAYUMICTb, a HE IHTEHCUBHICTH pyxy [6; 7]. JocBin
CILA noxa3sye, 1110 OCHOBHHM Y BU3HAYE€HH1 KaTeropii JOporu € ii 3HaYnMicThb Ta TepH-
TOpiajibHa IPUHAIIKHICTH [8; 9].

HasBHa wmepexa aBTOMOOITBHHX JOpIr YKpaiHW CKJIANa€TbCs 13 CHCTEMH
B33a€MOIIOB ’SI3aHUX ABTOMOOIJIBHUX JOPII, KOXKHA 3 SIKUX BUKOHY€ IIEBHY TPAHCIOPTHY
¢yskuiro. lle 3a0e3medeHHs TepeBe3eHb Pi3HOI MPOTSHKHOCTI Ta TPAH3UTHHU PYyX,
3a0e3MeUYeHHs BUILHOTO B’13/ly B MPHWJIETIII TEPUTOPI Ta MICHEBUN PyX, IEPEPO3MOILT
TPaHCHOPTHHX MOTOKIB cepell aBTOMOOUIBHHUX JIOPIT y MEPExi.

OyHKIIIOHAIBHUH KJIaC aBTOMOO1IBHOT JOPOTH BU3HAYAE CITIBBITHOMICHHS BKa3aHUX
BHIIB TPAHCTIOPTHHX ITOCIYT 1 MICIIe, SIKE IMOocimae qopora B 3abe3neueHHl mepeBe3eHb
10 MepeKi aBToMOOUTbHIX Aopir [10].

Jist XapaKTEepUCTUKH TPAHCIOPTHUX B3a€MO3B’sI3KiB Oynia po3poliieHa OoK-cxema
KpuTepiaibHOl 0a3u QyHKUIOHATBHOT Kiacudikamii aBTOMOOUIBHUX JOPIr, sKa Mpen-
cTaBJieHa Ha puc. 1.

Byno BumineHo aBa OoKu:

broxk 1. Xapakrep nepeBe3eHb, piBeHb iepapxii B Mepeki aBTOMOOIIBHUX Aopir. J{o
IIbOTO OJIOKY BiTHECCHO:

1) I piBens iepapxii i I miciie y ckmaai Mepexi aBTOMOOUTBHHAX JTOPIT — TPaH3UTHI
repeBe3eHHs (MaricTpasibHi JOPOTH);

2) II piBens iepapxii i Il micue — mepepo3noisl TPaHCHOPTHUX MOTOKIB IO MEpPexi
aBTOMOOLTBHUX AOPIT (KOJIEKTOPHI, PO3MOIiIbHI IOPOTH);

3) Il piBeHb — MiCIIEBI TICPEBE3CHHSI.

brok 2. @yHKITiS qOPIT, KA CKIANAETHCS 3 TBOX (DYHKITIOHAIBHIX MPOIIECIB:

1) MoOiIBHICTD (320€3TeUeHHS PyXy TPAHCIIOPTHUX MOTOKIB);

2) TOCTYITHICTh — Ha JOPOTH BUIIOTO 200 HMKYOTO KIJIACIB 1 JIO MIOYATKOBOTO 1 KiH-
LIEBOTO MYHKTIB MOT31KU. Y BOMY pa3i BHi3[ Ha PO3MOAUIBLHY JOPOTY HE € KiHIEBUM
IYHKTOM MOi3/IKH.

VY Grori 1 BUBHAYa€THCSl MeTa MOT3IIKH (XapakTep MepeBe3eHb), BiICTaHb TOI3KH, IHTCHCHB-
HICTb 1 CKJIa/T TPAHCIIOPTHOTO TIOTOKY, SIKi BU3HAYAIOTh MICIIE JJOPOTH B i€papXii TOpir Mepexi.

BinmoBigHO 10 i€papXivHOTO PiBHS IOPOTH 1 XapakTepy MepeBe3eHh BU3HAYAIOTHCS
(hyHKIIIOHAIBHI BUMOTHY 1 YMOBH PYXY.
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Koxna TpancnoptHa QyHKIisI (MOOITBHICTB, JTOCTYIHICTD) XapaKTepPH3YEThCs TIeB-
HUMH XapaKTepUCTHKAMH TPAHCIIOPTHOTO IMTOTOKY 1 yMoBaMH pyxy. OCHOBHI 3 HUX, SKi
MIpUTaMaHHI BCIM BHITaIKaM:

— BIJICTaHb MEPEBE3CHbD;

— MIBHJIKICTB PYXY;

— piBeHb OE3MeKH PyXy;

— piBeHb yTPUMaHHS TPAHCHOPTHO-EKCILTyaTalliiHUX XapaKTEPUCTHK JOPOTH.

Xapakrep nepeBe3eHb, piBeHb iepapxii B Mepexi
aBTOMOOUIBHHX JIOPIT
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Puc. 1. Brok-cxema kpumepianohoi 6asu
dynxyionanvnoi knacugikayii asmomooiibHux 0opie
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TpancnopTHHI MOTIK XapaKTePU3YEThCs K TPAH3UTHUH (MaricTpalibHi JOPOTH), SKIIO:
JIOJIT MDKHAPOJHUX 1 MDKpPEriOHAJIbHUX TepeBe3eHb (IPOOIry TPaHCIOPTHUX 3ac00iB)
niepeuirye 30%, a pa3oM 3 IPOOIrOM Y BHYTPIITHLOPETiOHATEHOMY (B MEKax perioHy abo
Ha 00JIACHOMY PiBHI) CIIOJYYeHHI TIepeBHIILye 2/3 BiJl 3araJIbHOTO TIPOOITY TI0 A0PO3i.

MoOOUTBHICTE TPaH3UTHHUX TIEPEBE3CHb Mae OyTH BHCOKOIO 1 HE CTPHMYBaTh i He
00MEXyBaTH TPaHCIIOPTHI poriecy. [{uM BiMoraM HaiO1TbIIe BIIOBIIAE piBEHB 00CITY-
rOByBaHHS pyXy B: pyx aBTOMOOUTIB MalMMu IrpyniaMu, BillbHI YMOBH JUIsi OOTOHIB, KOe-
¢imientn 3aBantaxenus z=0,20-0,45, WBUIKICT PyXy — KOSQIMIEHT IBUIKOCTI PyXy
nopieaioe Bij 0,7 10 0,9 B MBUAKOCTI Y BUIBHUX YMOBaX OMHUYHOTO aBTOMOOLIIS.

Ha pjpyropsyiHux — MaricTpaisix MOXIHMBI  YMOBH  DiBHA  OOCIyroBYBaHHS
C — pyx aBTOMOOUTIB BenukuMu rpynamu (5—14 aBromo0iniB), koedillieHT 3aBaHTa-
sxenns 0,45-0,70 1 koedinient mBuarocti 0,55-0,70.

Bincranp moi3/iok TpaH3UTHUX TEPEBE3EHb, SIK MTPABMUIIO, BU3HAYAETHCS JIOBKHHOKO
MDKHApOJIHUX a00 HalllOHAJIBHUX TPAHCIIOPTHUX KOPHJIOPIB.

AJte MOXyYTb OyTH 1 OKpeMi JIJISTHKH JIOPIT, Ha SIKUX MEPEeBE3CHHs BU3HAYAIOTHCS SIK
TPaH3UTHI.

Kareropist aBTOMOOUTLHOT JOPOTH MPU3HAYAETHCS 3AJIEKHO BiJl PYHKIIOHAIBEHOTO
KJIacy IOPOTH 1 KJIacy JIOPOTH 3a aJIMiHICTPAaTHBHOIO Kiacu(iKalli€ero.

Kareropii i piBHI 00CIyroByBaHHS aBTOMOOUIBHUX JIOPIT, [0 MTPOEKTYIOTHCS, TIOBU-
HHI BIJINIOBIIaTH BUMOTaM TaOJuIll 1, sSika BCTAHOBJIFOE CITIBBIIHOIIEHHS MK (DYHKITIO-
HaJbHUMH KJIaCaM¥ aBTOMOOIIBHHX JIOPIT Ta KATErOpisiMUA aBTOMOOLIBHUX JIOPIT, A0y C-
TUMHMH Ha aBTOMOOUTBHUX JIOPOTax PiBHSMH 3aBaHTXKECHHS Ta YMOBaMH JIOCTYITy Ha
aBTOMOOLTBbHI JIOPOTH.

HeoOxigHO B3sITH 710 YBaru, 10 JJIsl KOKHOTO ()YHKIIIOHAIBHOTO KJIACy aBTOMOO1Ib-
HUX JIOPIT € TICBHI TEXHIYHI Kareropii, i iHNTEHCUBHICTh PyXy B IIbOMY pa3i He € abco-
JIIOTHO BU3HAUYAIBHOIO JIJIsl BCTAHOBJICHHS KATETrOpii JOPOTH 32 KJIACaMH.

Tabmuus 1
DyHKIiIOHAJIBHI KJIacH i KaTeropii aBToMOOIILHUX AOpPir
Korac apromo- . T'panununo Koedi-
. oinbHoOi noporn | Kareropis . ‘YmoBu goctyny .
dyHKUioHa- L . JOMYCTUMUIT . Hi€HT
" 3a ajMiHicTpa- | aBTOMOOIIBL- | . Ha aBTOMOOIIbHY
JIbHMIi KJ1ac . piBeHb 3aBaH- LIBHIKO-
THBHOIO KJIACH- | HOI 10poru aopory .
AR Ta’KeHHS cTi pyxy
pikauniero
1 2 3 4 5 6
V pi3HHUX PiBHSX
OcHOBHI I-a, V pi3HHUX piBHIX,
MaricTpanbHi MDKHAPOIHI, 1-0, HeperyIpoBaHi ** o
ABTOMOOLIBHI HalliOHaIbHI 0.45 V pi3HUX piBHSX, 0.80-0,90
JIOPOTH (In* perymnboBaHi***
i HeperynboBaHi**
. V pi3HHX piBHIX,
hi?‘?g;) p;rf[:ﬂli HalliOHaJbHI -6, HeperyI0BaH]
PaJIbH1 1 . 0,45 B omnomy pieni, | 0,75-0,85
aBTOMOOUIBHI (perioHanbH1) 1 -
, HeperyJboBaHi
Joporu
OcHOBHI I-b, Y pisHEX pIBHSX,
KOJIEKTOPHi HaIiOHANBHI . perymboBaHl
S . 2 0,70 i HeperynpoBani. | 0,70-0,80
(po3momiibHi) perioHabHi P
OPOTH 11, B ognomy piBHi,
Aop (I)* HeperyabOBaHi.
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[Tponowxenus Tabnuii 1
1 2 3 4 5 6
5&?1]62?1?3 H:il erioHasbHi 1L, B onomy piBH.i’
OPHL P LT 111, 0,70 HeperyaboBaHi 0,65-0,70
(po3mominbHi) TEPUTOpiajbHI % . .
(Iv) i perynboBani
JIOpOTH
Micruesi ..
aBTOMOGLTBHI | oGnacki, pationni | 111, IV, V 0,70 B omiowy pisi, | 550,60
JIOpOTH pery: :

* — AK BUHAMOK NPUSHAYAEMbCA Kame2opis 00po2u y pasi HeSHAYHOT nepcnekmusHol iIHmeHCUsHOCmI
PYXY (MeHwe 75 8i0comKig 610 MIHIMANbHOT 011 HUNCHOI Kame2opii 3a QYHKYIOHATbHUM KAACOM)

** Hepecynbo6ani nepemunu i NPUMUKAHHS — PYX 30TUCHIOEMbCSL 8IONOBIOHO 00 OOPONCHIX 3HAKIB
1 posmimxku.

*E* pecynbosani nepemuHu | NPUMUKAHHA — PYX 30IUCHIOEMbCS BIONOGIOHO 00 CUSHANIG C8IMIOPOpY,

O00POHCHIX 3HAKIB T POIMITKIL.

3a pesynbTaTamMu MPOBEACHUX JIOCITIJKEHb MOYKHA 3alIPOTIOHYBATH TaKUil TIOPSIOK
TIPUHHATTS pillleHHs o0 (YHKITIOHAIBHOI Ki1acuikarlii Jopir.

Bapiaar 1. SIkmo AupeKTHBHUMH JOKYMEHTAMH a00 TEXHIYHUM 3aBIaHHIM Ha
MIPOEKTYBAHHS aBTOMOOITHHOI TOPOTH WITKO BH3HAUEHI OCHOBHA TpaHCHOpPTHa (yHK-
ITis TOPOTH, TOJIOBHI KOHTPOJIBHI TOUKH (ITYHKTH) i CYMIIIICHHS JOPOTH 3 IHITHMU eJie-
MEHTaMH TPAHCIIOPTHOI iH(pacTpykTypu (MbKHApOIHI a00 HaIliOHAJBHI TPAHCTIOPTHI
KOPUIOpY, MIDKHAPOIHI aBTOMOOUTHHI JOpPOTH), TO (PYHKIIIOHATEHUN KiIac IOPOTH
BH3HAYAETHCS 32 TAOIHUIIETO 2.

Tabmurs 2
DYHKIIOHAJbHI KJIaCH aBTOMOOIJIBLHUX T0OPir

DyHKIIOHATBHUI KJIac
aBTOMOOIILHOI JOpPOrH

1 2

— cronuilo Ykpaiau M. KuiB 31 CTONMHIIMU 1HO3EMHHX JICPIKaB;
— cronuio Ykpainu M. KuiB 3 obnacHuME LeHTpamy;

— aBTOMOOITIBHI JOPOTH, 110 € MIKHAPOTHIAMHU TPAHCTIOPTHUMH
OcHOBHI MaricTpaibHi | KOPUIOpaMu; )

aBTOMOOGIIBbHI Jopory | — CYMIIIQIOTECS 3 MDKHAPOAHUMHU TPAHCIOPTHUMH
KOpHIOpaMu Ta/abo BXOAATH JI0 €BPOMEHCHKOT Mepexi
OCHOBHUX, IPOMDKHHUX, 3’ €HYBaJbHUX aBTOMOOIIBHUX JIOPIT
Ta BiJIraTy’>KeHb, MAIOTh BIANOBIIHY MDKHAPOAHY 1H/AEKCAIII0

MapupyTn Mepe:xi, 10 3’ €IHYI0Thb:

— o0JyacHi IIEHTPH, BEJIHKI 1 HAHOLIBIII MicTa MiXK COOOIO;

— MaricTpajibHi aBTOMOOIJIBHI JOPOTH 3 TPAHCTIOPTHUMH
By3J1aMH (MOPCBHKIi ITOPTH, PIYKOBi IOPTH, a€POMIOPTH, 3aTI3HUIHI
CTaHWII Ta iHII 00 €KTH TPAHCHOPTHOT IHPPACTPYKTYPH), IO
MAarOTh MDXXHAPO/IHE 3HAYCHHS;

— MepeXy aBTOMOOUTBHUX AOPIT 3aralbHOTO KOPHCTYBAHHS

3 KOPJIOHAMHU CyMDXKHUX JIEp)KaB

JpyropsiiHi MaricTpanbHi
ABTOMOOLITBHI TOPOTH

— MaricTpajibHi aBTOMOOUIBHI JOPOTH MiXk CO0010;

— MaricTpanbHi aBTOMOOITBHI JOPOTH 3 BEIUKUMH

1 HAfOITBIITUMH MiCTaMH;

— HalOLIbII MicTa YKpaiHu 3 00CITyroBYIOUMMH TX
TPAHCIIOPTHUMH BY3J1aMHU (MOPCHKHAMH 1 PIYKOBUMH TTIOPTAMH,
aeporopTaMH, 3aI3HUYHUMHE CTAHIIISIMU Ta IHIIUMHA
TPAHCIIOPTHUMH 00’ €KTaMU);

— MaricTpaibHi aBTOMOOITIBHI JOPOTH 3 00’ €KTaMH THKIHHS

OCHOBHI KOJIEKTOPHI
(po3noxinpHi) JOpOTH
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[IponosxenHs Tadmwmili 2

1 2

— MaricTpaiabHi aBTOMOO1JIbHI JJOPOTH 3 OCHOBHUMH KOJIEKTOP-
HUMH JJOPOTaMU;

— MaricTpaibHi aBTOMOOIJTBHI JOPOTH 3 MICIICBHMH aBTOMOO1JTh-
HUMH JIOPOT'aMHu;

— OCHOBHI KOJICKTOPHI IOPOTH 3 MiCIICBUMH aBTOMOOUTEHIMU
JIOpPOTaMH;

— MaricTpaibHi Ta OCHOBHI KOJIEKTOPHI JJOPOTH 3 00JIACHUMU
LIEHTPaMH, 3 PAHOHHUMHU [IEHTPAMHU;

— 00JTacHi EHTPU 3 TPAHCIIOPTHUMH By3J1aMU (aepOropTamu,
MOPCBKHUMH, PIYKOBUMH MOPTAMH Ta IHITUMHU TPAHCIIOPTHUMH
00’€exTaMu) 00JIACHOTO Ta PaiOHHOTO 3HAYCHHS;

— 3a0e3MeuyIoTh i i3] 10 00’ €KTiB TSHKIHHSA (Y TOMY YHUCIII CIIe-
IaTLHOTO MPU3HAYEHHs) 00JACHOTO Ta palOHHOTO 3HAYCHHSI.

JpyropsinHi KOIeKTOpHi
(po3MoAiIbHI) TOpOrK

MicreBi aBTOMOO1IBHL
JIOpPOTH

BapianT 1I. SIKmo mpoekTyeThCst aBTOMOOUIbHA AOPOTa SIK €IEMEHT MEpEexkKi Jopir
ab0 Mepexa JOopir periony «3 HyJs», TO MPOIOHYEThCS TAKHIA MOPSIIOK Kiacuikarmii:

— 1-nit KpoK — aHaNi3 CKIaay ¥ IHTEHCUBHOCTI TPAHCTIOPTHHUX MOTOKIB Y MEXKax €KO-
HOMIYHOTO (HapOIHOTOCTIONAPCHKUN KOMIUIEKC) PETiOHY MO MepeXi aBTOMOOIIBHUX
JIOpIr;

— 2-Mi KpOK — BCTaHOBJICHHSI KJlacy IOPIr 3a aJMiHICTpaTUBHUM HPU3HAYCHHSIM
1 HasSIBHICTIO MDXKHAPOIHUX TPAHCIIOPTHUX KOPHIOPIB;

— 3-mif KpOK — BCTAHOBIICHHS XapakTepy IEepPEeBEe3CHb: TPAH3UTHI, MEPEepO3MOAiT
TPaHCHOPTHUX TOTOKIB MO MEPEXi, MICIIEBI MEPEBE3CHHSI HA OKPEMHUX XapaKTCPHHX
JiISTHKaX JI0pOTH;

— 4-uif KPOK — BCTAHOBJICHHSI BAHTA)KOYTBOPIOIOUMX (IIOYATKOBI MyHKTH IOI31KN)
1 BAHTQ)KOTIOITIMHAIOUNX (KiHIIEB1 MyHKTH) IYHKTIB;

— 5-uil KPOK — BCTAaHOBJICHHS MiCIIsl TOCTYITy TPAHCIIOPTHUX MOTOKIB Ha 1HIII JOpOTH
1 TIepesTiK 0PI, MO SIKMX MOMKJIMBO MEPEPO3NOAUTUTH TPAHCIIOPTHI MOTOKM MiCLIEBUX
nepeBe3eHb (palOHHUX, 00IaCHUX) Ha JOPOTH BUILKX 32 i€papXi€lo;

— 6-Mii KPOK — OLIIHIOBAHHS CITiBBITHOIICHHS JBOX (YHKLiH (MOOUIBHICTE 1 JOCTYII-
HICTh) Ha KOHKPETHHX JIOpOrax 1 Ha OKPeMHUX creuupiuHuX AUISTHKaX J10piT;

— 7-1ii KpOK — 3 ypaxyBaHHSIM HE0OXiHOTO CIiBBiTHOIICHHS JBOX OCHOBHUX (YyHK-
il Topir (MOOUIBHICTS 1 IOCTYIHICTB), BIICTaHI ITepeBe3eHb, CKJIaly Ta iIHTCHCHBHOCTI
TPaHCIOPTHOTO MOTOKY BU3HAYUTH OCHOBHI TPAHCHOPTHO-EKCILTyaTaliifHi mapaMeTpu
noporu (Hacammepern LIBUAKICHUN PEeKUM, piBHI Oe3Neku pyXy Ta piBHI 0OCITyroBy-
BaHHS pyXy). BU3HaunTH NpiOpUTETHI ApaMeTPH 3a XapaKTepaMH MepeBe3eHb;

— 8-Mif KpOK — Ha MiJCTaBi BChOr0 BUILEC(HOPMYIbOBAHOTO BU3HAYAETHCS (PYHKIIIO-
HaJBHUH KJ1ac JOPOTH.

BucHoBkn

TakuMm 4MHOM, KaTeropis aBTOMOOIIBHOT JOPOTH MPU3HAYAETHCS 3aJICKHO Bl PyHK-
LIOHAIBHOTO KJIAcy AOPOTH 1 KJacy JOPOTH 3a aAMiHICTPaTHBHOIO Kiacu(iKarli€ro.

Kareropii i piBHI 00ciayroByBaHHsI aBTOMOOIIBHHMX AOPIT, IO HPOEKTYIOTHCS,
MMOBHMHHI BIAIIOBIIAaTH BUMoTraM TaOmuil 1, sika BCTAHOBIIIOE CIIBBIIHOIIEHHS MIXK
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(GYHKIIOHAIBHUMH KJIacaMH aBTOMOOUIBHUX JIOPIT Ta KaTeropisMu aBTOMOOUTBHUX
JIOPIT, TOMYCTUMHMH Ha aBTOMOOUIBHHMX JOpOTaxX PIBHSIMH 3aBaHTAXKCHHS Ta yMO-
BaMU JIOCTYIy Ha aBTOMOO1UIBHI JOPOTH.
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JOCIIIZKEHHA 3ATPUMKHU TPAHCITIOPTHOI'O ITIOTOKY
HA HEPETVJIbBOBAHUX IEPEXPECTX 3 OBMEXEHOIO IBUAKICTIO

X.A. Bapgincbka', O.M. I'punyHs?

'K.T.H., JIOLIEHT, TOLEHT Kadeapu « TpaHCTIOPTHI TEXHOIOTI»,
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Anomauisn

Bcemyn. Y 6acamvox pobomax cmeepodiceHo, ujo mpancnopmha 3ampumKkd Ha Hepe-
2YIbOBAHUX NEPeXPecmsx 3a1eHCums 6i0 IHMEeHCUBHOCTNT NOMOK) 20/108HO20 HANPIAM-
Ky ma IHMeHCUBHOCMI NiuloxXioHo20 nomoky. Mema — 3 UKOPUCIAHHAM NPOSPAMHO20
cepedosuwya VISSIM oocrnioumu 3ampumku mpancnopmuzo nomoxy Ha Hepe2yib8aHux
nepexpecmsax 3a piznoi weuokocmi nomoxy. Pesynomamu. Y yenmpanvuii uacmumi
micma JIb606a 6ubpano OiNAHKU 8YIUUHO-00POICHLOT Mepedici OJisi NPOBEOEeHHs. eKCne-
PUMEHMATbHUX 00CAI0dICeHb. Po3paxosano mpukymuuku 6i0Cmati UOUMOCHi, 8U3HA-
yeno npobnemui micys, oe Heobxiono ecmanosumu 0opodicHiti suax 3.29 «Obmedsicenns
MAKCUMANbHOT WEUOKOCHI pyXy». V pobomi npogedeno ananiz HaasHux Memooie 6uU3Ha-
YeHHS. MPAHCNOPMHUX 3aMPUMOK HA Hepe2yibosanux nepexpecmsx. Hasedeno memo-
OUKY OYIHKU CepeOHbOoi WeUOKOCMI pyXy MpancnopmHo20 NOMOKY ma Memoouxy imi-
Mayitino2o MOOeN0B8AHH MPAHCNOPMHUX NOMOKIE 3 Memo no0y008u meopemuyHol
mooerni. Ilpogederno ananiz 3an1excHocmi 3MiHU MPAHCNOPIMHUX 3AMPUMOK, OMPUMAHUX
HA OCHOBI GUMIPAHUX (DAKMUYHUX OAHUX MA MEMOOOM MOOENOBAHHS MPAHCHOPIHUX
nomoxie. Pospaxosarno iocmarns uOUMOCHi 0Jis KOJCHO20 Nepexpecms 3 YPaxy8aHHAM
weuoKicnoeo pedxcumy. Hasedeno epaiuni 3anexicHocmi 3MiHU cepeOHboi ma Makcu-
MAIbHOI 008HCUHU Hep2u MPAHCNOPMHUX 3AC00I8 30 PISHUX PEeNCUMIE CEIMI0POPHO2O
pe2yo8anHs Ha Opy20pAO0HOMY HANpAMKY. Busnauerno, wjo cepeons weuoxicms nomoky
smintoemucs 6i0 17 km/200 00 38 km/200 y pazi 3Minu 00MedHCeHH MAKCUMATLHOT WEUO-
Kocmi 8i0 15 km/200 0o 40 km/200. Bemanosneno, wo nativenwa cepeoust mpancnopm-
HA 3amMpumMKa HA Hepe2yibO8AHUX NePexpecmsax CnOCmepicaemocsa y pasi weuoKocmi
mpancnopmuo2o nomoxy 30 km/2o00. Bucnosku. Hasedeno obrpynmyeanms egedens
PEKOMEHO0BAHO20 WBUOKICHO20 PENCUMY HA OLIAHKAX 8VIUYb 3 0OMENCEHOI0 WUBUOKIC-
M0 PYXy, Wo 8PAX08y€ MPAHCNOPIY 3AMPUMKY, O0BIUCUHY Yep2ll, 2eOMempUYHi napa-
Mempu 8yiuYi, HAA8HICMb 3YRUHOK 2POMAOCHKO20 MPAHCHOPIY Md NIUOXIOHUX nepe-
X00i8, IHMEeHCUBHICMb MA CKAAO MPAHCROPMHO20 NOMOKY. 3anponoH08aHa Memoouxa
VAPAGHIHHA MPAHCNOPIMHUMU NOMOKAMU OPY2OPAOHO20 HANPAMKY HA HEPe2yibOBaAHUX
nepexpecmsax 0036015€ NIOSUWUMU Oe3neKy pyxy nio udac pos’i30y mpaucnopmuux
3ac00i8 OpyeopsOHO20 HANPAMK).

Knrouosi cnosa: nepezynvosane nepexpecms, weuUOKicms NOmMokKy, imimayiiine
MOO0en08anHs, 008ACUHA YepeU, MPAHCNOPMHA 3aMPUMKA, THIMEHCUSHICTNb PYXY.

© Bapsinceka X.A., I'punyns O.M., 2020
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Summary

Introduction. Many studies have argued that traffic delays at unregulated inter-
sections depend on the intensity of the main flow and the intensity of pedestrian flow.
Purpose. It is proposed to investigate traffic flow delays using the VISSIM software
environment at unsignalized intersections at different flow rates. Results. Areas of the
street and road network for experimental research were selected in the central part of
Lviv. Triangles of visibility distance are calculated, problem places where it is neces-
sary to establish a road sign 3.29 “Limitation of the maximum speed of movement”
are defined. An analysis of existing methods for determining traffic delays at unregu-
lated intersections is carried out at the paper. The method of estimating the average
speed of traffic flow and the method of simulation modeling of transport flows in order
to build a theoretical model are presented. The analysis of the dependence of the
change of transport delays, obtained based on measured actual data and the method
of modelling traffic flows, is carried out. The visibility distance for each intersection is
calculated taking into account the speed mode. Graphical dependences of the change
of the average and maximum length of the queue of vehicles under different modes
of traffic light regulation in the secondary direction are given. It is determined that
the average flow speed varies from 17 km/h to 38 km/h when changing the maximum
speed limit from 15 km/h to 40 km/h. It is established that the lowest average traf-
fic delay at unregulated intersections is observed at a traffic flow speed of 30 km/h.
Conclusions. The substantiation of the introduction of the recommended speed regime
on sections of streets with limited speed is given which takes into account transport
delay, queue length, geometric parameters of the street, the presence of public trans-
port stops and pedestrian crossings, traffic intensity and composition. The proposed
method of controlling secondary traffic flows at unsignalized intersections, allows to
increase traffic safety when traveling in secondary vehicles.

Key words: unsignalized intersections, flow speed, simulation, queue length,
transport delay, traffic intensity.

Beryn

31 3pocTaHHsAM PiBHS aBTOMOOiTi3alii Ha J0porax BUHMKAIOTH NMPOOJIEMH, TaKi SIK
HE3aJI0BUIbHE YTPUMAaHHS BYJIMYHO-I0pOKHKOI Mepexi (BJIM), HeBianoBiqHICTh 320y-
JIOBU BYJIHIIb 1 IOPIr YMOBaM PyXy ChOTOZICHHS Ha HUX (PO3MipH HPOTKIKOI YaCTHHH

1 TIIOXiTHUX JOPIKOK HE PO3paxoBaHi Iijl HAasBHY IHTEHCHUBHICTh PyXy, HE TarOTh
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MOKITMBOCTI BpaxyBaTd HOBOYTBOPEHI BEJIOCHIICHI CMYTH Ta BHJIIICHI CMyTH PyXY
JUTSL TPOMAJICBKOTO TPAHCIIOPTY), 3aTPUMKH PyXY Y pasi poi3ay HeperyaboBaHHUX Mepe-
XpeCTh, MOPYUICHHS NPABUJI JOPOKHBOTO PyX TOIIO. BOHM BUMararoTh cepHoO3HUX
JOCTIJKEHb Ta KOHCTPYKTHBHHX PIllIEeHh CTOCOBHO X BUPIMICHHSI.

VY pasi BUCOKOT IHTEHCHBHOCTI PyXy Ha MICHKHX BYIIUIISIX Yac, [0 BUTPAYAETHCS KOX-
HUM TPaHCIIOPTHUM 3ac000M (TIiJ 4ac pyxy 3 JAPYTOpsSIHUX HANpsSMKiB) B O4iKyBaHHI
NPUIHSATOrO iHTEpPBaTy Ha TOJIOBHOMY HANpPSMKY, 00 OE3MEeUHO MpoiXaTH mepexpecrs,
cyTTeBO 3pocTae. Lleit yac Ha3uBa€eTHCsI 3aTPUMKOIO TPAHCIIOPTHHX 3aco0iB [1-3]. He3pa-
JKAaIO4M Ha CTPIMKHH PO3BUTOK HOBHX TEXHOJOTIH YIpaBIiHHS MICBKHM PYXOM, yce IIIe
3aJIMIIAETHCS BEJIMKA KUIBKICTh HEpPETYILOBAaHUX IMEPEXPECTb, IO MOTPEeOYIOTh MOKpa-
HICHHST YMOB TIPOT3.Ly /ISl SMCHIICHHST 3aTPUMOK Ta ITiJIBUIIICHHS O€3MEeKH PyXy Ha HHX.

SIKIIO MPUYHMHOIO 3aTPUMKH TPAaHCIIOPTHHX 3aCO0IB Ha pETyIbOBAHUX Tepexpec-
TSIX € O4YiKyBaHHS JIO3BOJICHOTO CHTHANy CBITIIOGOpa, TO JJIsi BU3HAYCHHS 3aTPUMOK
TPAHCIIOPTHUX 3aCO0IB Ha HEPETYIbOBAHUX IMEPEXPECTAX HEOOXIIHO TOCIIPKYyBaTh
Ta BUBYATH YMOBH PYXY SIK Ha TOJIOBHOMY HAINpPSIMKY, TaK i Ha ApyropsyaHoMy [4].

ITocTanoBka npodaemMu

Besnieka pyxy yuacHUKIB TOPOXKHBOTO PyXy Ha HEpPETYJILOBAHUX TIEPEXPECTIX BH3HA-
4yaeThCsl 3a0€3MECUCHHSIM BUAMMOCTI B TUIaHI BYJIMII, SIKa MIIXOAUTh 10 mepexpects. [1in
Yyac BUKOHAHHS MaHEBPIB MepecikanHs ado 3UTTs aBTOMOO1TIB HEOOXiTHO OauUTH TpaH-
CTIOPTHUI 3acid, KU pyXaeTbcs MO TOJNOBHOMY HampsiMKy. OCKUIBKH pO3paxyHKOBI
BUMOTH JIO MiHIMaJIbHOI BiICTaHi BUIUMOCTI ISl O€3MEYHOTO TAIbMYBaHHS Ta 3yITUHKA
OJIHAKOBI, TPOTE BOHU HE BPAXOBYIOTh JJOPOXKHI YMOBH, IIBUAKICHI PEXKUMH PyXy aBTO-
MOO1TIB, ICUX0(i310JI0TUHI 0COOTMBOCTI MOBEIIHKY BOJIIiB, CTaH JOPOKHBOTO OKPUTTS
tomo. ToMy OCHOBHOIO TIPOOJEMOIO € OOIPYHTYBaHHSI BBEICHHS PEKOMEH/IOBAHOTO
HIBU/IKICHOTO PEXKUMY Ha JIISTHKAX BYJIHIb 3 00MEKEHOIO IBHJIKICTIO PYXY.

AHaJi3 ocTaHHIX a0c/iaKeHb 1 myOmikanii

HeperynboBani nepexpectss — Iie AUISHKA JOPOTH, Ha SKUX BOJIII NMPUUMAIOTh
PIIIEHHs PO MPOI3/] BIAMOBIAHO 10 MpaBmil TOpokHKOTO pyxy [1; 3]. B [5] onucano
METOJIOJIOTII0 CUCTEMATUYHOT OL[IHKU OYiKYBaHHMX CEpelHIX 3aTPUMOK Ha MYJIBTHMO-
JALHUX HEPETYIbOBAHUX TIEPEXPECTSIX, 110 € aJANTOBAHOIO IO BUKOPUCTAHHS B PI3HUX
MICBKMX YMOBaxX. MeTooorisi BpaXxoBy€e 3HAYCHHS TIOMUTY JUISL PI3HUX TPAHCIIOPTHUX
MOTOKIB (32 IHTCHCUBHICTIO PyXY), @ TAKOXK MPIOPUTET 1 HAMPSIMOK KOYKHOTO IOTOKY,
1100 BU3HAYMTH MPOMYCKHY 37aTHICTh JIJIsl KOXKHOTO T1IXOTY.

VY pesynbTari aHaii3y HEpErylbOBaHUX MEPEXpPecTh y [6] HaBEACHO METON BU3HA-
YEeHHsI TIPOITYCKHOT 3/IaTHOCTI, SIKWH 0a3y€eThcs HA B3aEMOIiT MK KOH(IIIKTHUMH TIOTO-
KaMH 13 CEPEHBOI0 MIBHUJIKICTIO Ta HANPSIMKaMHU PyXy MOTOKIB. YCi MOXJIHMBI MOTOKH
KOH(QIIIKTIB pO3IIISAAICS OJHOYACHO, a B3aEMOJiSl BPaxOBYBalach 3a JIOIMIOMOTOIO
EMITIPUYHUX JOCIIIKEHD PErpeciitHol MoIeri.

Mojienb 3aTpUMKH 00CTyTrOBYBaHHS, 3aCHOBaHA HA MIKPOCKOITIYHOMY aHaTi31 JaHUX
3aTPUMKH B YMOBAax 3MIIIAHOTO PyXy Ha HEPEryJbOBaHHX IMEPEXPecTsX, 3alpOrOHO-
BaHa B [7]. Y moOya0Bi Takoi MOJIeNi BpaXoBYBaBCsl CKJIA/l TPAHCTIOPTHOTO ITOTOKY 1 SIK
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pe3ysbTaT NpeCTaBICHO, 10 BEJIMKA KUIBKICTh BAHTAKHUX aBTOMOO1JTIB CYTTEBO BILIH-
Ba€ Ha IIBHUJIKICTH MTPOI3/1y HEPETrYIbOBAHHUX IEPEXPECTb.

Hogi miaxoau 10 MOJEIIOBAHHS Ta aHaNi3y MPOI3y HEPerylbOBaHUX MEPEXPECTh
3aMporoHOBaHoO B [8], ki 0a3yl0ThCsS Ha BpaxyBaHHI MCUX0(i310J0TTYHIX 0COOIHBOC-
Tei BOIIB y BHOOpI 1HTEpBAIIB Mi)K aBTOMOOIJISIMH Ha TOJIOBHIN JIOpO3i JUIsl TIPOi3Iy
nepexpectsi. Lle j1ae MOXKIHMBICTH OIIHIOBATH MPOMYCKHY 3/IaTHICTh HEPETYIbOBAHUX
MePeXpecThb 3 ypaxyBaHHSIM 3aTPUMOK PYXY.

®opmyBaHHs Lijeil cTarTi

ChopmynboBaHO Taki 3aBIaHHS: MpOaHAIi3yBaTH 3aKOHOMIPHOCTI Ta OCHOBHI
METOJTU JOCIIPKEHHSI TPAHCIIOPTHUX 3aTPUMOK Ha HEPETYITbOBAHUX TIEPEXPECTSIX; MPO-
BECTH aHaJIi3 3aJIe)KHOCTI 3MIHH TPAHCIIOPTHUX 3aTPUMOK, OTPUMAaHUX Ha OCHOBI BUMi-
psHEX (aKTHYHUX JIAHUX Ta METOJOM MOJICIIOBaHHS TPAaHCIIOPTHHUX IMOTOKIB; JIOCITi-
JUTH BIUIMB YMOB PyXy Ha JNUSIHKaX JOPOTH 3 OOMEKEHOIO MIBHJIKICTIO PyXy Ha
3aTPUMKH TPAHCIIOPTHOTO TTOTOKY.

BukJiag 0CHOBHOTO MaTepiary

Jnst Oe3rmeqHoro mpoi3ny HEpPIBHOZHAYHMM HEPETYJIbOBAaHHM MEpexpecTsiM Ha
OJTHOMY PiBHI TPAHCTIOPTHUMH 3ac00aMU JIPyTOPSIHOTO HANPSMKY HEOOXIiHE OFHO-
YyacHE BUKOHAHHS JIBOX YMOB po3’131y:

1) 6e3neuHoro po3’i3ay — HasBHICTh PO3PHBY Y TPAHCIOPTHOMY IOTOIlI TOJIOBHOTO
HAaIpPsIMKY;

2) 3a0e3MedeHHs 10CTaTHbOT BUIUMOCTI PYXY.

SIkmo mepmia ymoBa XapaKTEpU3YEThCSl TAKMM MOKAa3HUKOM, SIK 1HTEHCHBHICTb
MOTOKY, TO JUIsi BUKOHAHHS JIPyroi YMOBH HEOOXiJJTHO BU3HAUUTH BiJICTaHb BUIAMMOCTI
Ha nepexpecti. BijicraHb BUIUMOCTI — 1€ BiJICTaHb, MICHS SIKOi OOPUCH MPEIMETIB, 3a
SIKUMU CIIOCTEPIraloTh, CTAI0Th HEYITKMMU. Po3paxyHOK BijicTaHel BUAMMOCTI Ha Iiepe-
XpecTi BU3HauaeThes 3a popmysioro [3; 9; 10]:

2
hle, KV o (1)
3,6  254-(pxi)
f, —4ac peakuii Boflis, ¢; V, — NIBUAKICTb PyXy TPAHCIIOPTHOTO 3ac00y, KM/TOJL;
k, — xoedirieHT eQeKTUBHOCTI raJbMyBaHHS; ¢ — KOS(IIiEHT MOB3IOBKHBOTO 34e-
TUICHHSI KOJIIC 3 JIOPOXKHIM TOKPUTTSIM; i — TIO3/IOBXKHIN YXWIJI aBTOMOOLIBHOT JIOPOTH, %o;
|, — nowxuHa aBTOMOOLIS, M; /; — BiicTaHb OE3MEKN MiXK aBTOMOOUTSIMH, SIKI 3YTTUHIIINCS, M.
st IpoBEICHHST €KCTIEPUMEHTATBHUX OCHIKEHb BU3HAYCHHS BIiACTaHI BUIH-
MocTi Ha mepexpecti BuOpano minsHku BJIM wmicta JIpBoBa. OCKinbku HaWOiNbII
3aBaHTaKCHI TPAHCIIOPTHUM MOTOKOM BYJTUIIl PO3TAIIOBYIOTHCS B IIEHTPAIBHIN YaCTHHI
MiCTa, OTXe€, 30Ha MMPOBEACHHS JIOCHIKCHHs OyJia BCTaHOBJIeHa Ha Bynulli [. dpanka.
Byno BuOpano auistHky cxemu BJIM, 1110 CKJIala€Thest 3 TPHOX HEPETYJIbOBAHUX TEPe-
XPECTh 3 BIIMIHHIMH YMOBAMH PYXY, TCOMETPHYHUMH MapaMeTpaMH Ta CKJIAJIOM TpaH-
CIIOPTHOTO TOTOKY (TiepexpecTts Byn. I. @panka — 3enena, Byn. 1. ®panka — Camuyka;
Byl [. ®panka — CHonkiBchKa). TepMiHM MPOBEACHHS SKCIIEPUMEHTY OYyJIM BU3HAYCHI
OCIHHIM IepioJIOM 32 COHSYHHX MOTOJHUX YMOB MPOTSTOM BEPECHS.

L =
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[TpoBenemMo po3paxyHOK CTOPiH KOYKHOTO 3 TPUKYTHHKIB BHJIMMOCTI Ha IEpPeXpecTi
BynuIlb [. @panka — 3enena, BUKopuctoByrodn hopmymny (1):

1,0-25 1,234

I -
% =736 ' 254.(0.7-0,005)

+5+1,5=27,69m

« 1,0-34 1,239
L, = +

3,6 254-(0,7 -0,005)
Ha pucynky 1 300pakeHi JOIMyCTHMI HANpSIMKH PyXy TPaHCIOPTHUX 3acO0iB Ha

nepexpecti, Micllsl B3a€EMOJIiT TPAHCIIOPTHUX MOTOKIB (KOHQIIIKTHI TOYKH) Ta TPHUKYT-
HHUK BUIUMOCTI.

+5+1,5=33,8 m

Puc. 1. Tpuxymnux euoumocmi Ha Hepe2yibo8anomy nepexpecmi
synuys 1. Opanka — 3enena

Ha nepexpecTi HEOOXiIHO BCTAHOBUTH JOPOXHIiH 3HAK 3.29 «OOMEKEHHsI MaKCH-
MaJIbHOI IIBHJKOCTI PyXy», OCKIJIBKH TIcCJsl TPOBEJACHUX PO3PaxyHKiB TPHUKYTHHUKH
BUMMOCTI TIepeTHHaIN OyJIiBIi Ta 1HII CHOPYAH, IO € TIEPEIIKOIaMH IS 30pOBOTO
CIPUIHATTS BOAISIMH JJOPO’KHBOT CHTYAITI1.

Ha mepexpecti Byauup I. @panka — CHOIKIBCbKa TPOBEIEMO PO3PaXyHOK CTOPIH
KO)KHOTO 3 TPUKYTHHKIB BUTUMOCTI:

| TPUKYTHUK BHJIUMOCTI:

2
L, _L0-22 1232 +5+1,5=15,9 m
3,6  254-(0,7-0,005)
2
L, _10-25 1235 +5+1,5=17,69 m

3.6 254-(0,7-0,005)
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2 TPUKYTHUK BUJIUMOCTI:

1,0.22 1,232
J— ; 541,5=20,9
57736 254.(0,7-0,005 M
2
o, = 1016 L2360 51521568 u

3.6 254-(0.7-0,005)
3 TPUKYTHHK BUIMMOCTI:

2
Lglzl’0'25+ 1,235 +5+1,5=17,69 m
3,6  254-(0,7-0,005)
2
L%2:1,0-23 L2.33 +5+1,5=16,48m

3.6 254-(0,7-0,005)

4 TPUKYTHUK BUAUMOCTI:

2
L‘;1=1’0'25+ 1235 +5+1,5=17,69m
3,6  254-(0,7-0,005)
2
L‘;2:1’0'16 12-36 +5+1,5=12,68 m

3.6 254-(0.7-0,005)

Ha pucynky 2 300paxkeHi IOMyCTUMi HampsIMKH PyXy TPaHCIOPTHUX 3aco0iB Ha
nepexpecTi, Micls B3a€EMOJii TPAHCIIOPTHUX MOTOKIB (KOH(IIIKTHI TOYKH) Ta TPUKYT-
HUK BUIUMOCTI.

Ha nmepexpecti MBUAKICHI PeXUMHU PYXy B3sITi 3 HATYPHUX AOCHTIHKEHb, TOMY MiCIIs
pPO3paxyHKiB BHUIUIMBA€, 110 2 TPUKYTHHK BiJCTaHI BHUAWMOCTI TepeTHHae OymiBii
Ta iHIII CIIOPYIH, 110 € MEePELIKOJaMH IS 30POBOTO CIPUHHSTTS BOJISIMHA TOPOKHBOT
cutyauii. Y po3paxyHKax JUIsi TPUKYTHHUKIB 1, 3, 4 BUKOPHUCTaHO LIBHIKOCTI, 32 SIKUX
BiJICTaHI1 BUJIMMOCTI HE TIEPETUHAIOTH MEXI1 Oy/liBEIb Ta CIIOPY/I.

Ha nepexpecti Bynuus [. @panka — Camuyka, BuUKopucToByroun opmyiy (1), mpo-
BEEMO PO3PAXYHOK CTOPiH KOYKHOTO 3 TPUKYTHHUKIB BUIUMOCTI:

| TPUKYTHUK BUIUMOCTI:

2
L;1=1=0'30+ 1235 +5+1,5=24,5T m
3,6 254-(0,7-0,005)
2
L‘;2:1’0'36 1235 +5+1,5=24,57T m

3.6 254-(0.7-0,005)

2 TPUKYTHHUK BUIUMOCTI:

2
p, L0330 L2365 s 2501 m
36 ' 254.(0,7-0,003)
2
1o, = 1036 L2377 5i15-26,69 n

+
3,6 254-(0,7-0,005)
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1 mpuxkymuuk guoumocmi 2 MpUKymuux 8UOUMOCmi

3 MpuKymuux uOUMocmi 4 mpuxymmnux 6uoumocmi

Puc. 2. Tpukymuuku uoumocmi Ha Hepe2y1b08aHOMY nepexpecmi
synuys 1. Opanxa — Cronkiecoka

Ha pucynky 3 300pakeHi JOITyCTHMi HAmpsIMKHA PyXy TPaHCTIOPTHUX 3ac00iB Ha
MepeXpecTi, MICIs B3aEMOJIii TPAHCIIOPTHUX MOTOKIB (KOH(UTIKTHI TOYKH) Ta TPUKYT-
HUK BUIUMOCTI.

Bincranp TpuKyTHMKa BUAMUMOCTI 2 mepeTuHae OyAiBIIO, TOMY HEOOXiIHO BBO-
JUTH OOMEKeHHS MaKCHMaJbHOI J103BOJIEHOI IBHMAKOCTI pyxy. Ha mepexpecri
JUIS. pO3paxyHKy | TPUKyTHUKa BiJICTaHI BUIAUMOCTI IMIBUAKICHI PEXUMH PyXy
B3STI 3 HATYPHUX TOCIIJKEHBb, TOMY MiCIsI PO3PaXyHKiB IIBHIKOCTI HE MOTPiIOHO
3HHIKYBAaTH.

3 ypaxyBaHHSIM pe3yJibTaTiB HATYpHUX JOCIIKEHb MPOBEACHO MOACIIOBAHHS
3 METOIO BU3HAUCHHS MOPIBHSHHS TPAHCIIOPTHUX 3aTPUMOK Ha IIEpEXpecTi 3a HasB-
HUX YMOB PyXy Ta 3 ypaxyBaHHSM BIUIMBY YMOB PYXy Ha JTOCIIJUKYBaHHUX JiJISTH-
KaxX 3 00OMEXEHOK MBHAKICTI0O pyxy. Ha mocmimkyBaHux o0’ekTax BimOyBanacs
CUTYyaIlisl, KOJIU TPUKYTHUKH BiJICTaHEH BUAUMOCTI MEpEeTHHAIM OyMiBIi Ta iHIII
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CIOPYIH, IO € MEePemKoIaMy sl 30Po-
BOI'O CIPHUHATTS BOJISIMH JOPOKHBOI
cutyarii. ToMy Ha TakuX J10CJIIKYBaHUX
00’€KTaXx BCTaHOBIIOBABCS JIOPOXKHIM
3HaKk 3.29 «OOMexeHHs MaKCHMaJbHOI
MIBHJIKOCTI PYXY».

3 MeTOol0 BH3HAUEHHS TPAHCIIOPTHOI
3aTPUMKH 32 PI3HUX PEKUMIB PEryIIOBAHHS
Ha JPYTOPSITHOMY HANPSIMKY MPOBEICHO 1Mi-
TaIliitHe MOJICITIOBAHHS (IS T1"ATH IHKJIIB) 31
30UTBIICHHSIM (3MEHIIICHHSIM) MaKCUMaITbHOT
HIBUJKOCTI PyXy 3a HasBHOI BXiJHOI 1HTCH-
CHBHOCTI TPaHCIIOPTHUX TMOTOKIB. Pe3yib-
TaTd MOJICJIOBAHHSI BU3HAYCHHS BEIMYMHH
3aTPUMOK TPAaHCIIOPTHHX 3aC00IB Ha HEpery-
JHLOBAHUX TEPEXPECTAX 3a PI3HUX PEKUMIB
PETYIIIOBaHHS Ha JPYTOPSITHOMY HANpsIMKY
HaBezIeHO y Tabmui 1.

Ha ocHOBI mNpoBENCHHMX JIOCIIKEHb
y crierianizoBanoMy npoaykti PTV VISSIM

Puc. 3. Tpuxymnuxku euoumocmi
Ha Hepe2ylbO8AHOMY nepexpecmi
synuys I. @panka — Y. Camuyka

noOyoBaHo rpadiyHy 3aJIe)KHICTh BU3HAYCHHS BEJIUYMHHU 3aTPUMOK TPAHCIIOPTHHX
3aCc00iB Ha HEPETYJIhOBAHUX MEPEXPECTSX 32 PI3HUX PEKHUMIB PEryJIFOBaHHS Ha JPYro-

PAIHOMY HAMpPSAMKY (PUCYHOK 4—-6).

Tabmuus 1

Pe3yabraTu Moae1l0BaHHS BU3HAYEHHS BeJIUYMHHU 3aTPUMOK
TPAHCHOPTHHX 32c00iB Ha HeperyJIbOBAaHMUX MepexpecTax
3a pi3HUX pesKUMiB peryJI0BaHHS Ha APYTOPSIAHOMY HANPAMKY

O0MekeHHs Mz_uccnma.nbﬂoi' Cepensi TpaHcopTHA Cepenns MakcumaJjbHa
LIBHAKOCTI pyXy Ha 3aTPHMKa, C/aBT, JOBKUHA JTOBKUHA
JAPYTOPSITHOMY HANPSIMKY, KM/T0J yepru, M yepru, M
ITepexpects Bynuip 1. dpanka — 3enena
20 17,56 48,15 274,15
30 14,26 35,14 214,61
40 18,54 39,51 241,01
50 20,35 53,14 295,36
Ilepexpects Bynuin . @panka — CHONKIBChKA
20 11,36 29,63 204,32
30 8,14 26,15 185,14
40 13,54 30,14 206,52
50 15,21 32,01 212,32
[epexpects Bymuis . @panka — V. Camuyka
20 11,59 29,31 181,3
30 10,54 27,01 174,14
40 12,78 31,26 197,28
50 14,84 33,12 203,12
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CepejHa TPAHCIIOPTHA 3ATPHMEKA, C/ART.

20 30 40 (jcayroai ymoBM pyxy) 50
Ofmeskennn MaKCHMAILHOT IIBHEAKOCTI PYXY Ha APYTOPATHOMY HAOPAMKY, KM/TOT

=t=TIIepexpecTa EynLE 1 $panka — JencHa =B-TlepexpecTa Eymmk I.2panka — CHOMKIECBKA
=br=TTepexpecTq ByIoE 1 $pama — Camuyra

Puc. 4. I'paghix 3minu cepednvoi mpancnopmuoi 3ampumKu
30 PI3SHUX PeXHCUMIB pe2yN08aHHA HA OPY2OPAOHOMY HANPAMKY

IIpoBeaenunii moYaTKOBUHN aHAaJi3 3MiHU CEPEAHBO1 TPAHCTIOPTHOT 3aTPUMKH 32 PI3HUX
PEXHUMIB PETYIIOBAHHS HA JAPYTOPSIIHOMY HANPSMKY CBITYHTH MPO Te, 10 HAalMeHIIa
cepeqHsl TPaHCIIOPTHA 3aTPUMKa CIIOCTEPIraeThes y pasi MIBHAKOCTI TPAHCIOPTHOTO
notoky 30 KM/Tox 1 CTAaHOBUTH Ha TiepexpecTi: By [. @panka — 3enena 14,26 c/aBr.;
By 1. ®panka — CHonkiBebka 8,14 c/aBr.; Byi. 1. @panka — Y. Camuyka 10,54 ¢/aBr.
Lle mosicHIOETBCS THUM, IO y MICTax i3 HIUIBHOIO 3a0yJJ0BOIO 3a TaKOi PEKOMEHI0BAHOT
IIBUJIKOCTI PyXy 3MEHIIY€ETHCS BiJICTaHb TPUKYTHHUKIB BUAUMOCTI. Lle cBo€ro ueproro
MiIBUITY€ OS3eKy YIaCHUKIB JOPOKHBOTO PYXY.

Benuki 3HaYeHHS cepeHbOT Ta MAKCUMAIIbHOI JOBKHHHU YEPTH 32 PI3HUX PEKUMIB
peTyIroBaHHs Ha IPYTOPSAAHOMY HampsIMKy (PHCYHOK 5 Ta 6) crocTepiraioTscs y pasi
MaKCHUMaJIbHO JI03BOJICHOT IBUAKOCTI pyxy — 50 kM/To11. 3a 3a1aHUX YMOB pyXy Ha Iepe-
xpecrti Byi. |. @panka — 3eneHa cepenHs IOBKMHA Yepru CTAaHOBUTH 53,14 M, Makcu-
MaJibHa JOBXKHHA Yepru — 295,36 m; Byn. . @panka — CHONIKIBChKA: CepeaHs TOBKHUHA
yepru cTaHoBUTH 32,01 M, MakcuMmanbHa AoBkHHA yepru — 212,32 wm; Byn. [. dpanka —
V. Camuyka: cepenHs TOBKIHHA YepTH CTAHOBUTH 33,12 M, MaKCUMaThbHA JOBKHUHA YEPTH —
203,12 m. Takox BEJIMKOT0 3HAUEHHS JJOBKUHA Yepry HaOyBae 3a mBUIAKOCTI 20 KM/TOI.
Lle mosicHIOETBCS TUM, IO Ha TIIXO/1 10 IEPEXPECTs TPAHCIIOPTHUM 3aco0aM MoTpiOHO
OinpIe yacy, o0 MOKUHYTH JOCIIKYBaHy AUISTHKY.
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=t=TlepexpecTa eyinak I.Opam<a — Jenena

=#—=TIlepexpecta pymus I.$pamca — Cantyka

=l=TlepexpecTs eymae 1 $parxa — CHOMKBECEKA

Puc. 5. I'paghix 3minu cepednvoi dosaicunu uepeu
3a PI3HUX PeXHCUMIB pe2yNI08aH s HA OPY2OPAOHOMY HANPAMKY

Imax= 1,2775Vmax?

Ri=
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20

30

40 (icayroui

YMOEH PYXY) 50

OfmeseHan MAKCHMATLHOT MBHAKOCTI PYXY Ha IPYTOPSIHOMY HAOPSMEY, KM/TOX

—t—Tlepexpecta eymaE I $panka — Senexa

—t—Tlepexpecta eyman I $panka — Camayka

—@—Tlepexpecta ey I $panka — CHoIKIECEKa

Puc. 6. I'paghix 3minu maxcumanbHoi 008icuHU Yepeu
3a PI3HUX PENHCUMIB Pe2YTI08ANHSL HA OPY2OPSOHOMY HANPIMKY
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BucnoBku

Takum 4rHOM, 3ampOIIOHOBaHA METOAWKA YMPABIIHHS TPAHCIOPTHUMH TTOTOKAMHU

JPYTOPSITHOTO HANPSMKY Ha HEPETryJIbOBAaHHUX TIEPEXPECTSIX J03BOIISIE MiBUIUTH OE3-
MeKy pyXy I 9ac po3’i3ay TPaHCIOPTHUX 3aC00iB IPYTOPSIHOTO HATIPSIMKY.

OTtxe, I 9ac OOTPYHTYBAHHS TPOEKTYBAHHS JOIIIHHOCTI (200 3a00pOHN) BBEICHHS

PEKOMEHIOBAHOTO MIBUAKICHOTO PSKUMY Ha TTSTHKAX BYJIHITH 3 00MEKEHOIO IMITBUAKICTIO
pPYyXy HEOOXiJJHO BpPaxOBYBaTW HE TUILKH TPAHCIOPTHY 3aTPUMKY Ta JIOBKHHY YeprH,
aje 1 TEOMETPUYHI TMapaMeTpH BYJIHII, HASBHICTh 3YIMHHOK TPOMAJCHKOTO TPAHCIIOPTY
Ta MIIIOXITJHUX TIEPEXOIiB, IHTCHCUBHICTB Ta CKJIAJ TPAHCIIOPTHOTO IMTOTOKY TOIIO.
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VIOCKOHAJIEHHS TEXHOJIOTTI POBOTH
MEPEBAHTAXKYBAJBHUX 3ACOBIB HA KOHTEMHEPHHUX
TEPMIHAJAX BAHTAXKHUX CTAHIIA

K.B. Kpsiuko
K.T.H., IOLIEHT Kadeapu «3ali3HUYHI CTAHIIIT Ta BY3JIN»,
Vrpaiucokuil deporcasnuil ynisepcumem 3anizHuuHo2o mpancnopmy, Xapkis, Yxpaiua,
ORCID ID: 0000-0003-3087-1272

Anomauisn

Bcemyn. [Tumanns opeanizayii nepesezens ma pieeHb 00C1y208Y68aHHSL HA 30NI3HUYHO-
My mpancnopmi y nauonudicyi poku [1] nosunni 6 nosnomy 006cs3i 8ionogioamu €gponeti-
COKUM CTNAHOAPMAM T 6 NEPULY Yepey Ha MUX HANpsIMKaX, sIKi 6X005mb 00 MPAHCNOPIMHUX
Kopuoopie [2], 0e 0CHO6HA Hacmuna aHmaicie, Kpim MAacosux, NiaHyeEmvcs 00 nepege-
3eHHSA Y KpUMOMY PYXoMOMY cKaadi ma xoumetnepax. L{i 3a0aui, 6 ymosax oomedcenux
pecypcis, gumazaoms po3poOKU ONMUMATLHUX Pilietb YOOCKOHATIEH ST MeXHON02i ma
KOHCMPYKYIT UPIUATIbHUX COPMYBATIbHUX | 6aHMadcHux cmanyitl [3] 3 memoio pecypcos-
bepedicentss ma MAKCUMATLHO MONCIUBO2O CKOPOYCHHSI MepMiHy 00CMAGKU 8AHMAICIE
00 CnoJcueadis npu 3a6e3neveHti N0BHO20 ix 30epedicenist i IKICHO20 00CIY208Y8aANHSL.
Mema. YV Oaniti cmammi 00CHIONCYIOMbC NUMAHHS ONMUMI3AYTT YNPAGTIHHA MPAH-
CROPMHUMU 3ACOOAMU HA KOHMEUHEPHUX MepMIHaNax 8 yMogax npiopumemuoco oocy-
208YBAHHS OKPEMUX NOMOKIE KOHMEUHePI6 i3 OOCACHEHHAM MIHIMATbHUX NPUBCOEHUX
suUmMpam, y SKUX 3Haxo0simy 6i000paANCeHHs MAKI NOKAZHUKU, K NPOOYKMUGHICMb Npa-
yi, sUMpamu eHepeopecypcis, OAIbHICHb NePeMilyeHHs. NEPEeBAHMANICY8ATLHUX 3AC00i6 |
sanmaoicie mowo. Pezynemamu. 3a pe3ynomamom XpOHOMEMPANCHUX CHOCMEPENHCEHD
[4; 5] susnaueno ujo oanvHicms nepemiuyents Kono8ux Kpamie npu 00c1y208y8aHHi pyxo-
MO20 CKAAOY 3 8EIUKOMOHHANCHUMU KoHmetinepamu [6] konusaemvcs y mevcax 6i0 34 0o
66 m npu dcopemkil cneyianizayii OUIAHOK | CeKYiltl CeKMopie KOHMEUHEPHUX NI0UWAOOK
ma 6i0 43 00 60 m npu 3minHil ix cneyianizayii i pisHill IHMEHCUBHOCMI HAOXOOJICEHHS
8A20HONOMOKY, 3MIHA THMEHCUBHOCT HAOXOOJICEHHS ABMOMPAHCHOPITY NPU AHAI02IY-
HUX YMOBAX Cheyianizayii Ccymmeso He GNIueac HA OAbHICIb NepeMierHst KParie npu
HABAHMAJICY BAHHI-PO3BAHMAICYBAHHI HA NJOWAOKY I NPU JHCOPCMKIU CReyianizayii Kouu-
saemwvcs 6i0 38 00 68 M, a npu 3miHHIl — 6i0 36 00 51 M; cepedus danvHicmb nepemi-
WeHHsl KpaHie npu 00C1y208y68aHHi CepeOnbOmMOHANICHUX KOHmetiHepia [7] ckopouyembcs
v mexncax 6id 29 0o 54 m npu sicopemxii cneyianizayii ma 6io 32 00 48 m — npu 3MiHHilL;
00C1Y208Y8aAHH MPAHZUMHUX KOHMEUHEPIE 30L1bULYE OAIbHICIb NepemMilyeHHs. KPaHie
y cepeonvomy 00 84 m. Bucnosku. Tomy oana poboma cnpsimosana Ha po3pooxKy meo-
PEMUUH020 nioxo0y 00 opeaizayii pobomu nepesaHmaiCy8aibHux 3acodie Ha KoHmeli-
HepHUX MEPMIHANAX 3 NeGHUMU NPAKMUYHUMU BUCHOBKAMU MA PEKOMEHOAYIIMU U000
NOEOHAHMSL MEXHONO0IUHUX | KOHCMPYKMueHux napamempia [8; 9], sxi 6 cmeopunu ymosu
000 CKOPOUEHHsT MPUBANOCIT 3HAXOONHCEHHSL PYXOMO20 CKIAOY 8 NPOYeECi 11020 00Cyeo-
BYBAHMSL HA BAHMANCHUX (DPOHMAX | 3MEHUUEHHS WOPIUHUX eKCHIYAMAYIUHUX GUMPAN.

© Kpsuko K.B., 2020
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Tobomo enposaddicerts ONMUMANLHOI MEXHON02IL YNPAGTIHHA NePesanmatiCy8aIbHUMU
sacobamu [10] nosunne 8ionosioamu maxii KOHCMPYKYii cmanyii i KonmelHepHo2o mep-
MIHANY, sIKa 6 0ana MONCIUGICMb Y NOGHIT 3MO3L PEanizy8amu PO3PAXYHKOSL napamempu
3 MIHIMATLHUMU ekcnayamayiunumu eumpamamu [11].

Kntouosi cnosa: xonmetinepruil mepminai, eHepeopecypcu, NepesaHmadtCy8aibHi
3acoou, pyxomuii cK1ao, poHmu HaABAHMANCYBAHHA-PO36AHMANCY BAHHSL.

IMPROVEMENT OF TECHNOLOGY OF WORK OF TRANSHIPMENT MEANS
ON CONTAINER TERMINALS OF CARGO STATIONS

K.V. Kryachko
Ph.D., Associate Professor at the Department “Railway Stations and Units”,
Ukrainian State University of Railway Transport, Kharkiv, Ukraine,
ORCID ID: 0000-0003-3087-1272

Summary

Introduction. The issues of transportation organization and the level of service on rail-
way transport in the coming years should fully comply with European standards and espe-
cially in those areas that are part of transport corridors, where the bulk of cargo, except
for bulk, is planned for transportation in covered rolling stock and containers. These tasks,
in conditions of limited resources, require the development of optimal solutions to improve
the technology and design of critical sorting and cargo stations in order to save resources
and minimize the time of delivery of goods to consumers while ensuring their full safety and
quality service. Purpose. This article examines the issues of optimizing the management
of vehicles at container terminals in terms of priority maintenance of individual flows of
containers with the achievement of the minimum reduced costs, which reflect such indi-
cators as productivity, energy costs, range of transshipment vehicles and cargo and more.
Results. According to the results of time observations, it is determined that the range of gan-
try cranes in the maintenance of rolling stock with large containers ranges from 34 to 66 m
with strict specialization of sections and sections of container sites and from 43 to 60 m
with variable specialization and different intensity of traffic; the change in the intensity of
traffic under similar conditions of specialization does not significantly affect the range of
cranes during loading and unloading on the site and with rigid specialization ranges from
38 to 68 m, and with variable — from 36 to 51 m, the average range of cranes when servicing
medium-capacity containers is reduced from 29 to 54 m with rigid specialization and from
32 to 48 m with variable; maintenance of transit containers increases the range of cranes to
an average of 84 m. Conclusions. Therefore, this work is aimed at developing a theoretical
approach to the organization of handling transshipment facilities at container terminals
with certain practical conclusions and recommendations for combining technological and
design parameters that would create conditions to reduce the duration of rolling stock in the
process of its maintenance on cargo fronts and reduce annual operating costs. That is, the
introduction of optimal technology for handling transshipment facilities should be consistent
with the design of the station and the container terminal, which would allow to fully imple-
ment the design parameters with minimal operating costs.

Key words: container terminal, energy resources, reloading means, rolling stock,
loading and unloading fronts.
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Beryn

KounreiinepHi TepMiHany, 0 CTAHOBIAThH CKIAIHUI KOMIUIEKC IPUCTPOIB 1 CIIO-
pyZ, TpU3HAUYEHUX AJIsl NEPepOOKM KOHTEHHEPiB 1 KOHTpEWsepiB pi3HOI TOHHAXK-
HOCTI, iX 30epiranHs Ta nmepeBaHTa)KyBaHHS, OCHAIICH] HAaBaHTaXXyBaJbHO-PO3BaH-
TaXYBaJIbHUMHU 3aco0aMu (KO3JIOBUMH, MOCTOBHMH, aBTOMOOIJIBHUMHU KpaHaMH,
aBTOHABAHTAXXYBayaMH 1 iH.); KIJIbKICTh Ta €KCITyaTaliiiHa MPOIyKTUBHICTD SKUX
3aJIe)KUTH BijJ 60aratbox (hakTopiB, cepeln AKUX JAJBHICTD iX MEPEMIMEeHHS € OJHUM
13 oCHOBHUX [12].

3rigno 3 [13] nepenbauaeTbes 301IbIICHHS 00CATY MEPEBE3EHb BAHTAXIB 1 B TIEPILLY
4Yepry B MEXax TPaHCIOPTHUX KOPHIOPIB, /e OCHOBHA Maca BaHTaxiB Oyae mepeBo-
3UTHCS y KPUTHUX BaroHax Ta KOHTeHHepax (KpiM MacoBUX BaHTaxiB). CHOpYIKeHHS
HOBUX KOHTCHHEPHUX TEPMiHATIB a00 iX PO3BHUTOK B yMOBaX OOMEKEHHX KaITiTaio-
BKJIaJIeHb CKJIaJaloTh IIEBHY NIPOOJIEMy, TOMY OCHOBHA yBara oBHHHA OyTH IpUAiICHA
BIIPOBA/P)KEHHIO HOBUX Ta PAIliOHAIBHIN 3MiHI HASIBHUX TEXHOJIOTIH.

[1ig wac cknaganHs oneparuBHUX M1aHiB [ 14; 15] poOoTH KOHTEHHEPHUX TepMiHATIB
NPaKTHYHO HEMOJIMBO ypaxyBaTd HEPIiBHOMIPHICTh HAaJIXOIKEHHS PyXOMOTO CKJIaTy
BiJl 3aJII3HMUII Ta aBTOTPAHCIIOPTY, IO CYTTEBO BILTUBAE HA 3aIIOBHEHHS CEKTOPIB ILIO-
aI0K 1 BUMarae 3MiHHM iX CIIeIiaizarii 3 BiAMpaBIeHHS 1 HaIXomKeHHI. B okpeMux
BUTIAKaX MOKE 3MIHIOBATHCSI CIIEIialli3allis 32 OKpeMUMHU IIPU3HAYECHHSIMU TUTaHy Gop-
MmyBaHHsI. Lle BUKIIMKae 101aTKOBI MepenpoOiryu nepeBanTaxXxyBajJIbHUX 3ac00iB 1 3011b-
1Iye JOBKUHY XOJIOCTHX PEHCIB.

BinbiricTh KOHTEHHEPHUX IIOMIAI0K HE MAKOTh CIICIIaIbHUX CEKIIIH JIJIsl po3Tally-
BaHHS MMOPOXKHIX 1 HECITPABHUX KOHTEHHEPIB, II0 CKOPOUYE KOPUCHY MICTKICTh CIIEIli-
aJTi30BaHUX CEKTOPIB JJIT HABAHTAKEHUX KOHTCHHEPIB K i3 OOKY 3aII3HUYHOTO, TaK
13 00Ky aBTOMOOUTFHOTO TPAHCTIOPTY, & TAKOXK BUKIIUKAE MOAATKOBI repernpooiru [16].

BukJan ocHOBHOTO MaTepiany

Oco0anBY HEBU3HAUCHICTh Y IUIAHYBAaHHI pPOOOTH HaBaHTaXyBaJbHO-PO3BaHTA-
JKyBaJIbHUX TPaHCHMOPTHHX 3aco0iB [17; 18] cnpuunHse copTyBaHHS TPaH3UTHHUX
KOHTEHHEepiB, MepeMillleHHs KX MOXINUBE 0e3mocepeHh0 3 BaroHa y BaroH [19]
y paiioHi poOOTH OHOTO KpaHa ad0 B MeXax ACKiJIbKOX palioHIB, a TAKOXK 13 10JaT-
KOBHUM IEPEBAaHTAKYBAHHSIM Ha KOHTEHHEPHY IJIOMAAKY i HaBiTh 13 mepeaavyero Ha
IHITY MJIOMIAIKY.

Kpim 1poro, cmemmdika poOOTH TEPEeBAHTAKYBATHLHUX MPHCTPOIB 3aJCIKHUTH
BiJl BHJy TEpPMiHAJIB, sSIKi CIIEIiaii3yloThCsd Ha OOCITYroBYBaHHI BETMKOTOHHAKHHUX
(Big 10 mo 30 T), cepemaboToHHAXHHX (10 10 T) Ta 00’€HAHUX TUIIB KOHTEHHEPIB.
TepMiHaIM MEpLIOro Ta TPETHOTO BUIIB PO3TAIOBYIOTHCS, SIK MPABHJIO, Y BEITUKUX
3aJI3HMYHHUX By3JlaX 1 BOJIHHUX IOpPTax, a JPYroro BHIY — Ha TEPUTOPii BaHTAKHUX
paiioHIB AUTPHUYHUX 1 BAHTAXKHAX CTAHIIIH.

XpoHOMETpaXkHI CITOCTEPEIKCHHS POOOTH KO3JIOBUX KPaHIB Ha KOHTCHHEPHUX Tep-
MiHaJax MEepHIOr0 BHY IMOKa3ajH, M0 JAINBHICTh iX MepeMilleHHs (LHM) 3aJIC)KHUTh,
B OCHOBHOMY, BiJl iHTCHCHBHOCTI HAJXOIDKCHHSI BaroHiB i aBTOMOOITIB 10 (HhPOHTIB
HaBaHTAKyBAaHHS-PO3BAHTAKYBaHHS, a TAKOXK BiJ[ CIIeIliami3arii AUISHOK 1 CeKIid BiJl-
TIOBITHUX CEKTOPIB.
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Puc. 3. 3anesxcnicms danvnocmi nepemiwenus Kpauie 6i0 iHMeHCUSHOCMI
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Puc.4. 3anexcuicms danvnocmi nepemiugeHHsA KPaHie 8i0 iHMeHCUBHOCTI
HAOX00MCEeHHs A8MOMOOINI8 Npu 3MIHHIU cneyianizayii

AHaJi3 po3moiTy BETUYHH TIOKa3aB, 10 AaJbHICTh MEPEMIlIeHHS KO3JIOBUX KpaHiB

npu 00CITYrOBYBaHHI PyXOMOTO CKIIaay 3 BETMKOTOHHAKHUMU KOHTEHHEPaMH KOJIMBa-
€ThCS B M&Xax Bif 34 10 66 M MpH KOPCTKIN crieriamizamii ainsHok (puc. 1.) 1 cexiit
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CEKTOPIB KOHTEHHEPHUX ILIOIAM0K Ta Bij 43 mo 60 M mpu 3MiHHIN 1X creriami3ariii
(puc. 2) 1 pi3Hiil iIHTEHCUBHOCTI HAJXOJKCHHS BATOHOTIOTOKY.

3MiHa IHTEHCUBHOCTI HaJIXOJKCHHSI aBTOTPAHCIIOPTY TPH aHAJIOTTYHUX YMOBAX CIie-
miajizaiii CyTTeBO HE BIUIMBA€E HA JAJIBHICTh MEPEMIIICHHS KpPaHIB MPH HABAHTAXKY-
BaHHI-PO3BaHTAXXYBAaHHI Ha IUIOMIAJKY 1 MPHU KOPCTKIK crieniaizarii (puc. 3) KoimBa-
etbest Bi 38 o 68 M, a ipu 3miHHIN (puc. 4) — Bix 36 10 51 M.

Ha xoHTeliHepHHX TepMiHajIax TPEThOTO BHIY, SIK MPABUIIO, EKCIUTyaTYEThCS HE
MEHIIIE JIBOX IUIOIIA/IOK, IO CIEIiali3yOThCsl 3 00CTYTOBYBaHHSI KOHTEHHEPIB TIEBHOT
ToHHaXHOCTI. Cepe/iHs NaNbHICTh MEePEMIICHHS KPaHiB MPU 00CIyrOBYBaHHI cepeli-
HBOTOHH&KHUX KOHTECHHEPIB CKOPOUYETHCS y Mexax Bif 29 1o 54 M mpH >KOpCTKii
cnerianizamii i Bijg 32 10 48 M — 1ipu 3MIiHHIH.

301IbIICHHS JalbHOCTI IEPEMIIIICHHS] KpaHiB CIIPUYMHSIE 00CITYTOBYBaHHS TPAH3UT-
HUX KOHTEHHEPiB (B cepeIHbOMY J10 84 M) 3 IOBTOPHUMH 1 BapiaHTHHUMH NIEPECTaAHOB-
KaM¥ 3 BarOHy Ha BaroH a0o Ha TUIOIIA/IKY Ta HaBIIAKH.

3MiHa JaJbHOCTI MEpeMillleHHs KpaHiB Ta I1HIIMX HaBaHTaXyBaJbHO-PO3BAaHTA-
)KYBAJIBHUX TPAHCIIOPTHUX 3aCO0IB 3yMOBIIOE 3MiHY iXHBOI KUTBKOCTI, KalliTaabHUX
Ta eKCIUTyaralliiHuX BHUTpar. HemocTaTHs KINBKICTh KPaHIB BHKJIMKAE JOAATKOBI X
MepeMillleHHs, 3MEHIIIEHHS eKCIUTyaTamiiHOi MPOIyKTUBHOCTI, 301IBIICHHSI IIPOCTOIO
PYXOMOTO CKJIay, HEpUTMIYHICTH pOOOTH aBTOTPAHCIOPTY, @ TOMY CIIiJi BUKOHYBATH
TEXHIKO-€KOHOMIYHI TIOPIBHSHHS TEXHIYHOTO OCHAIICHHS TEPMIHAIIB 13 JOCATHEHHSIM
HaMEHIIMX NIOPIYHUX BUTPAT y ONTUMAILHOMY BapiaHTi.

I3 miero mMetoro Oyna po3poOiieHa MOJeNlb ONTUMAIBLHOTO YIPABIiHHS TIepeBaHTa-
)KYBAJIBHUX 3aCc00IB 3 BUKOPUCTAHHSIM PE3yJbTaTiB aHAIli3y 1 XpOHOMETPaKHUX JAHUX
(YHKI[IOHYBaHHS] KOHTEHHEPHOTO TEPMiHAITY.

Kpurepiem onrumizariii MOKyTh OyTH BapTiCHI TapaMeTpy Ha BUKOHAHHS OCHOBHHUX
orepariiii podo4oro IUKIY 3 ypaxyBaHHIM CHEPreTUYHHMX BHUTPAT Yy 3aJICKHOCTI BiJ
JABHOCTI TIEpEeMIIIeHHsT TPaHCTIOPTHHUX 3aco0iB. L{i BUTpaTH BH3HAYAIOTHCS OKPEMO
Ha MPOTS31 MOYATKOBO-KIHIIEBUX BIAPI3KiB IUISAXY Ta ITiJ] 4ac CTabilIbHOTO PyXY 3a JIOTO-
MOTOI0 11Tb0BOT yHKIiT [34].

k
S(Pr; P By Pyl 1) = Y E; = min, (1.1)
i=1
IIpu oOMexeHHIX
Pminsp SPmax;PmaxSPrcpum;

PP +P, 1+ <[, 1<V, 1,
ne E, — eKCIUTyaTaliiHl BUTPATH TIi/1 YaC BUKOHAHHS TIOYATKOBUX 1 KIHIIEBUX OMepallii
Ta cTaOUTBHIM HIBUIKOCTI PYXY, I'PH.;
P_— Tarosi sycumns, H;
P — cuna oniopy pyxy, H;
P_ — cuna onopy cepenosuina ta BiTpy, H;
|, 1 — nomxuHa nepemillleHHs KpaHa NPU BHKOHAHHI MOYATKOBMX Ta KiHIIEBHX
oreparii, m;
1B — moBKMHA BaHTaKHOTO (POHTY, M;
t — TpHMBANiCTh BUKOHAHHS [OYATKOBUX OIEPAlliif, IO,
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E =E +E , (1.2)
en e yT
ne B — eHeprerMuHa 4acTMHa €KCILTyaTalliiHMX BUTPAT Bijl MOYATKy ONeEpamii 10
MOMEHTY BCTAHOBJICHHSI CTA01JIbHOT IIBUAKOCTI PYXY.
Een:Nz{ntneen’ ( L. 3)

It NElH — PO3paxyHKOBa MOTY>XHICTh JIBUT'YHA [IPU BUKOHAHH1 ITIOYAaTKOBUX OIICPALIlN;

(P + By + Py)ly
- 102n¢, ’

(1.4)

p =2md, e (1.5)

Jie m_— Maca KpaHy Ta KOHTelHepa, T;
N — KoeilieHT KOPUCHOT J1ii ABUTYHA,

Pm=qk03010‘3, (1.6)
JI€ q, — CWJIa TSOKIHHS KpaHy Ta KoHTelnepa, H;
®_, —OCHOBHHUI MUTOMUH orip pyxy kpana, H/kH;

P.=q0_107, (1.7)

7€ ®_ — IOIATKOBUH ITUTOMHI omip Bij aii cepenosuiia ta Bitpy, H/kH;

2
0, = K"OV% , (1.8)

ne K — koedimient MOBITPAHOTO OMOPY; .
V| — pesy/bTyroua UIBHAKICTE CEPEIOBHIIA Ta BITPY, M/C;

K =0’1Fk/ , (1.9)
110 qk

ne F_— nnomma nonepeynoro nepeTuHy KpaHa Ta KOHTelHepa, M’

1
A

P

(Vot2 +17 + 2V, L1, cosp), (1.10)

~

n

ne V, — WBHJKICTB BiTPY, M/C;
B — KyT MK HarmpsIMKOM Jiii BITPY Ta BIJIHOCHUM HANPSIMKOM Jii CEpe0BUILA;
e,, — BapTICTh O/IHIET KIOBAT-TOAMHH 3 yPaXyBaHHIM CYIYyTHIX BUTPAT, PH.;
EyT — CKCILIyaTallliHl BATPATH Ha yTPUMAHHA TEXHIMHHMX IPHCTPOIB (xomiii, KpaHa,
CHCTEMH YIpPaBIiHHS) Ta 00CIyTrOBYIOUOr0O TIEPCOHATY.
E =e t, (1.11)

nee, — MTATOMI €KCIUTyaTalliifHi BUTPATH Ha OAHY TOAMHY pOOOTH KpaHa, TPH./TOI.

Excrmyarartifini BUTpaTy Mpu CTaOIIbHINA MBUIKOCTI PYXy BHU3HAYAIOTHCS aHAJIO-
rigro 3a Gopmymamu (1.2, 1.3, 1.4), ane npu oMy

2
p=mVer, (1.12)
r 2,

ne 1~ moBxuHa nepeMilleHHs KpaHa 31 CTablIbHOK IBUIKICTIO PYXY, M.
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[Ipu Bu3Ha4EHHI sz 1 E 3a ¢opmynamu (1.10, 1.11) 3amicts | it crignpuiimarnl_it .
Ekcrmyarariiiini BUTpaTH i 9ac BUKOHAHHS KIHIIEBUX OIepallii BU3HAYAIOTHCS
aHanoriuHo 3a ¢popmyrnamu (1.2 — 1.11), npu 11bOMy CIIiJi 3a3HAYUTH, IO PO3PAXYHKOBA
MOTYXKHICTh JIBUTYHA Oy/ie BUTpaYaTHCs TUILKW Ha TIOIOJIAHHS CHJT 1HEPIIii.
_(A-R-F )i
* 102n¢, ’
P 2my (Vi 1)

i >
tk

(1.13)

: (1.14)

net — TPUBAJICTh BUKOHAHHSI KIHIIEBUX OIIEpaIlii, To.

Ha HasBHMX BaHT@XHUX CTAHI[SAX JOBKMHA IUIOIMIAJOK JJIS PO3MIIICHHS KOHTEH-
HepiB ckimanae Big 100 go 300 i1 GimbIie MeTpiB, ajieé iIHTEHCUBHICTh BUKOPHCTAHHS
JMOBKWHA BaHTAXXHOTO ()POHTY IyKe HE3HAUYHA, IO BUKIWKAE 30UTBIICHHS 00CATY
MaHEBPOBOi poOOTH, MI>KOTIEpalliiiHi MPOCTOI TepeBaHTAKYBAIBHUX 3aC00IB Ta pPyXo-
MOTO CKJIamy. SIKIO JaHy TUIOIIAKy OOCIYTOBY€E JNEKiTbKa KpaHiB, TO MPOCTIH omHieT
TPYITH BaroHiB 3aJICKUTh BiJl IPOCTOIO 1HIMX TPYT a00 BUKJINKAE HEOOX1THICTh 3aMiHU
rmojiayi i3 3ynmuHKOI0 poOOTH 1HIUX KpaHiB. OTXKe, BIPOBAPKEHHS ONTHUMAJIBHOI TeX-
HOJIOT11 YIpaBIiHHA TIEPEBAaHTAXKYBAaJLHUMHU 3aco0aMM TIOBHHHA BiAIMOBITATH TaKiit
KOHCTPYKIIi{ CTaHIIiT 1 KOHTEHHEPHOTO TePMiHAIY, SiKa O ama MOXIINBICTh peastizyBaTu
PO3paxyHKOBI TapaMeTpH 3 MiHIMAIbHUMH €KCIUTyaTaI[iiHIMU BUTPAaTaMHU.

[To-mepmre, cxema COPTYBaJNBHOTO TApKy ITOBHHHA JJO3BOJIATH Oe€3MOCepeTHIo
oJIaqy HAaKOMTMYEHNX BaroHiB Ha OyIb-sIKMi BAHTAKHUN (POHT KOHTEHHEPHOTO TEPMi-
HaJy; Mo-IpyTe, BUCTAaBOYHY 1 HABAaHTa)XyBaJIbHO-PO3BAHTAXXYBAIbHY KOJI1 CIIJ MOi-
TUTH 3’ 13aMU Ha OKPEeMi CEKIlii TOBKUHOIO Bix 45 10 60 M 3 MOXIJIHBICTIO OTHOYACHOT
rofiaui — 3a0MpaHHs BaroHiB 3 OfHi€l ceKiii i 0OCTyroByBaHHS BaroHiB Ha CyMiKHIN
cekiii. HammpoTu 3°1371iB 4acTrHA KOHTEHHEPHOI TUTOIIAIKU IOBUHHA TIPU3HAYATHCS TSI
MTOPOKHIX Ta HECTIPAaBHUX KOHTEHHEPIB, SKi CIIiJl HAKOMUYYBATH y JACKiIbKa ApYCiB.

BucunoBku

3a pe3ynbTaToM XpPOHOMETPAKHHUX CIIOCTEPEKEHb BU3HAYEHO:

1)nanpHICTh TEpEeMIIEeHHST KO3JIOBHX KpaHIB ITiJl Yac OOCIYTOBYBaHHS PyXOMOTO
CKJIa/ly 3 BEINKOTOHHAKHUMH KOHTEHHEpPaMH KOJIMBAETHCS y Mekax Bif 34 1o 66 M mpu
JKOPCTKINA creriam3artii MiJTHOK 1 CEKIii CEeKTOpiB KOHTEHHEPHUX IUIOMIAI0K Ta Bif
43 no 60 M mpu 3MiHHIN iX cremiami3anii 1 pi3Hiil IFTEHCUBHOCTI HAIXO/IKCHHS BarOHO-
MTOTOKY;

2)3MiHa IHTEHCUBHOCTI HA/IXOJKEHHS aBTOTPAHCIIOPTY 32 AaHAJIOTIYHUX YMOB CIIeIIi-
amizalii CyTTe€BO HE BIIMBAE HA JAJIBHICTh MEPEMIillleHH KPaHiB ITiJl 9ac HaBaHTaXYy-
BaHHI-pPO3BaHTAKyBaHHS HA MJIOMIA/IKY 1 IPH KOPCTKIil cremiamizallii KOTUBaeThCs BiJl
38 mo 68 M, a mpu 3MiHHIHN — Bix 36 10 51 M;

3)cepenns JanbHICTh IEPEMIIIEHHS KpaHiB TPy 00CIyTOBYBaHHI CepeTHbOTOHHAXK-
HUX KOHTCHHEPIB CKOPOUYETHCS y MeXax Bif 29 10 54 M mpu >KOpCTKiit criemianmizamii
Ta Bix 32 10 48 M — Ipy 3MiHHIH;

4)00CITyTOBYBaHHSI TPAH3UTHUX KOHTCHHEPIB 301IBINY€E MaTbHICTh TEPEeMIIICHHS
KpaHiB Y CEpeIHbOMY 10 84 M.
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301IbIICHHS JAIBHOCTI NIEPEMIIIICHHS KPaHIB Ja€ MOXKJIMBICTD ITiJIBUIIICHHSI IIIBH/I-
KOCTI 1 CKOPOUYCHHSI 3arajbHOi TPUBAJIOCTI poOOYOro Yacy, 3SMEHIIICHHS [TPOCTOIB PyXO-
MOTO CKJIQJy TIiJI HaBaHTaKyBaJbHO-PO3BAHTAKYBaJIbHUMH OICPAIiIMHU, 301bIICHHS
eKCIUTyaTaliiHOl MPOAYKTUBHOCTI 1 3MEHIIICHHS YKCIa TIEPEBaHTaKyBaJIbHUX 3aCO0iB,
ase, 3 IHIIOTO OOKY, 0OCITYTOBYBaHHS BAHTQXKHUX (DPOHTIB 3HAYHOT TOBXKMHU BHKITUKAE
JIO/IaTKOBI POCTOT BATOHIB HA KOJIiSIX COPTYBAIBHOTO MAPKy CTaHIIi1, 301IbIIICHHST HE00-
X1JIHOTO YHCJIa KO, MAHEBPOBUX JIOKOMOTHBIB Ta TIOBTOPHOI'O COPTYBAHHS BaroHiB.

Pa3om i3 TUM CKOpOUYEHHS ATLHOCTI MepeMillieHb 30UTBIIYE 3arajibHe YUCIIO BKITIO-
YeHb JIBUTYHIB, IO PI3KO 3MIHIOE OOCSTH BHUTpAT EIEKTPOSHEPrii, a TaKoXK 3MEHIIYE
CEepEeJTHIO MIBUKICTH /1 4aC BUKOHAHHS POOOYOT0 MUKITY, aJie MPU IIbOMY € MOXKIIUBICTh
CEKIIIFOBaHHS KON BAaHTXKHOTO (DPOHTY, IO JO3BOJHUTH OJHOYACHY TONady Ta 3a0u-
paHHs BaroHiB Ha CYMIDKHI CEKIIil, 3MCHIIIUTH MPOCTIH Y COPTYBAIILHOMY MapPKy Ta CKO-
POTUTH MiKOIEepalliiiHi TPOCTOT IMijI Yac BUKOHAHHS OCHOBHUX TEXHOJIOTTYHUX OTEpaIii
MepEeBaHTAKYBAJIBHOIO TIPOIECY, & TOMY YIPABIIHHS KpaHaMH HEOOXiJIHO OpraHi3oBy-
BaTy B ONTUMAJILHOMY PEXKUMI 3a JIOTIOMOTOK 3alPOIIOHOBAHOI IUTLOBOT (DYHKIIIT.

BucHoBku

Onrtumizaniss ynpaBliiHHS TPaHCIIOPTHUMH 3ac00aMH 3/IHCHIOETBCS 32 PaxyHOK
o0JaIHaHHS BAHTXKHOTO TEPMiHATY KOOPAWHATHOIO CITKOIO, SIKa J03BOJISIE BU3HAUATH
BIJIBHI MICIIS JJIsl pO3TAlllyBaHHsI KOHTEHHEPIB, 115 K CITKa TAKOXK BPaXOBYETHCS MPO-
rpaMolo, sika MOJICIIOE TIpollec poOOTH KpaHiB. [ 1poro nepepdadeHo o0aHaHHS
TOBapHOI KOHTOpH TepMiHaioM APM crapiioro npuiioMo3/iaBabHIKA, 1110 Ma€e 0e3Ino-
CepeJiHiH 3B’SI30K 13 MAIIMHICTAMH KPaHiB 3a JIOTIOMOTOI0 PaJlio3B’s3KY.

Jlys BU3HAYEHHS 3aHATTS AUISHOK ITiIKPAaHOBUX KOJIH Ha HMX BCTAHOBJICHI CIICIIi-
aJIbHI JaTYMKH, 3’ €IHAHI eJICKTPUIHUMHU KosiaMu 3 APM crapiiioro npuiioMo3/iaBaib-
HUKa, SKHI KOHTPOITIOE 1 KOPUTYE TIEPEMILIICHHS KPaHiB y MeKaX IXHIX pOOOUUX IUKIIB.

HeoOxinHicTh Takoro oOnajHaHHS TEpMiHANY BUHHKAE Yy BUIAIKY 301IbIICHHS
00csTiB 00CITyrOBYyBaHHS KOHTCHHEPHUX TIEPEBE3CHb Ha 3aTi3HUYHUX CTAHITISIX.
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Anomauisn

Bcmyn. Y cmammi posensioaemucs npobnema po3nooiny Haa6HUX i OpeHO08AHUX MPAH-
CHOPMHUX 3aC0018 0Jis 00CIY208Y8AHHA CIOXACMUYHO20 NHOMOKY 3AMOBIeHb 8AHMANCHUX
MIHCMICLKUX nepesesenb. 3Micm npodieMu NOA2AE 8 MOMY, WO 3a2dIbHULL 00cse pobim
NOMPIOHO PO3NOOINUMU MIXC HAABHUMU MPAHCIOPIMHUMU 3ACODAMU [ MUMU, KT MOJNCHA
opeHdysamu y napmuepis, mak, woob 3a2aibHa eqheKmuBHICIs MPAHCROPMHUX HPOYeCi8
i cymapHuil npubymox nionpuemcmea Oyau MaKcumanibHumuy. 3a0aya € akmyaibHow 8
OaHuil yac wepez me, Wo UMoU 00 NEPEBGIZHUKI8 3pOCMAlOMb, X 3a0aui ONepamueHo-
20 KepyBaHHs YCKIAOHIOWMbCA, d eeKmueHi Memoou, AKi 0aromy 2apanmosani moy-
HI ONMUMAnbHi po3e ’sa3Ku, € Hegioomi. Mema. Busnauumu o3Haxu opeanizayitino-mex-
HONO2TUHOI CYMICHOCTI 3A60aHb MPAHCHOPMHO20 NPOYECY, BUKOHAHHS AKUX Y EOUHOMY
NOMOYI € MAKCUMATLHO eheKmUsHUM. 3acmocy8ants MaKux 03HAK NOBUHHO NPUBOOUNU
00 2apanmosan02o MoYHO20 po38 3Ky 3a0adi po3noointy MpaHCROPMHUX 3dco0i8 npu
8UNAOKOBOMY Xapakmepi 6XiOHUX nomokie. Pezynomamu. Po3nooin mpancnopmHux 3aco-
016 N0 3AMOBNEeHHAX, AKI CMOXACMUYHO 8UHUKAOMb, € NP-cK1adHo0 3a0ayero 8 CUIbHOMY
3micmi. 3anponoHo8ano 000amKo6i Kiacupikayitini 03HaKu 3amMos1eHsb, IKI 0aiomb 3Mo2y
BHAUMU 2apaHmMoBaruLl CMilKuil po36 a30k. Takuil po3e s130K € MONCIUBULL 3A80KU MOMY,
WO CyMICHI abo YacmKo80 CYMICHI 3aMO8IeHHs 3a30a1e2i0b 00 €OHYIOMbCS 8 MHOMCUHU,
SAKI NPUSHAYAOMbCs 071 GUKOHAHHS 8 EOUHOMY NHOMOYL, 0OHOMY MPAHCHOPIMHOMY 3AC00Y.
3acmocosano mooenv HeniHiliHo20 npoepamysans. /s po3nooiny OUHAMINHO20 8XiOHO-
20 NOMOKY 3AMOG/IeHb PO3NOOLIbYA 3a0a4d OVIa Po36 A3aHa 31 CIILIKUM Pe3VibImamom.
Kpumepiem po3e’sisanns € cymapruii npuOymox, sakuti agmompaHCcnopmHuil NepesizHuK
MOdICe ompumamy npu 3anpPONOHOBAHIN NOCTIO08HOCI BUKOHAHHS 3AMO8eHb. Bukona-
HO MAaKodic JIHIHY anpoKCUMAYilo CyMApHO20 NPUOYMKY 6i0 O3HAK CYMICHOCMI 3AMOG-
nenv. Bucnosku. Cmpykmyphe Mo0enosants inmezpoeanozo mpaucnopmHuo2o npoyecy
O0YLIbHO NPOBOOUMU 015l KOHKDEMHUX O3HAK CYMICHOCMI 6XI0H020 nomoky. Koegiyicum
CYMICHOCI 3AMOBILEHb € NPAMOIO O3HAKOIO0 OOYLNbHOCIIE KOOnepayii mpancnopmuux Kom-
naniil. Jlinitina anpoxcumayis mooeni oae Oinvu, sik 100% noxubky pesyiomamis.

Knirouosi cnosa: sanmaoicui nepegezenns, 6XioHi nOMoxu 3aMo81eHb, CYMICHICMb
3aMO06/1eHb, Koonepayis nepesisHuKie.
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Summary

Introduction. The article considers the problem of distribution of available and leased
vehicles for servicing the stochastic flow of long-distance freight orders. The content of the
problem is that the total amount of jobs should be divided between the available vehicles
and those that can be rented from partners, so that the overall efficiency of transport pro-
cesses and the total profit of the enterprise are maximum. The problem is relevant today
because the requirements for carriers are growing, their operational management tasks
are becoming more complicated, and effective methods that provide guaranteed accu-
rate optimal solutions are unknown. The purpose of research is to determine the signs of
organizational and technological compatibility of transport process tasks, the implemen-
tation of which in united flow is effective. The use of such features should lead to a guar-
anteed accurate solution of the problem of distribution of vehicles with a random nature
of input flows. Results. The vehicles ordering that arise stochastically is NP-difficult task
of strong sense. Additional classification features of orders are offered, which allow us to
find a guaranteed stable solution. This solution is possible due to the fact that compatible
or partially compatible orders are pre-combined into sets that are intended to be executed
in a single flow, and single vehicle. The model of nonlinear programming is applied. To
distribute the dynamic input flow of orders the distribution problem was solved with a sta-
ble result. The solution criterion is the total profit that the road carrier can receive with the
proposed sequence of orders. Optimization at linear approximation of total profit on signs
of compatibility of orders is executed. Conclusions. Structural modeling of the integrated
transport process should be carried out for specific signs of compatibility of the incoming
flow of orders. A sign of compatibility of orders is the coefficient of time unevenness, has
a positive effect on the ability to obtain a higher maximum total profit. Linear approxima-
tion of the model gives more than 100% error of results.

Key words: freight transportation, incoming order flows, order compatibility, carrier
cooperation.

Beryn
Jlns eekTUBHOI AisSUTBHOCTI aBTOTpaHCcIopTHOTO mianmpuemcta (ATII) HeoOximHa

BAPOOHWYA CTPYKTypa, IO CKIATAEThCA 3 (PYHKIIOHAIFHUX OAMHUIIG, SKi IMOETHAHI
BiJIIOBITHUMHU 3B’S3KaMH 1 MO)Ke OyTH aJeKBaTHO 3aCTOCOBaHa IS 3aJ0BOJICHHS
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icHyrodoro nornuty. OaHak € Bunajaku, kond ATII, mig BIUIMBOM 3MIHHOTO BXIJHOTO
MOTOKY 3aMOBJICHb Ha MEpPEBE3eHHS, BiuyBae Opak (QyHKIIOHATBHUX €IEMEHTIB, a00
MOTYKHICTh TAKUX EJIEMEHTIB € HEJOCTaTHBOK. Y IIbOMY BHIIQJIKy TPAIUISIOTHCS Bifl-
MOBH KITi€HTaM, a00 K BIIACHUH TPaHCIOPT IEpEeBi3HUKA MPOCTOOE. JomaTkoBUMH
pecypcaMy MOYKHA MOITOBHUTH TPAHCIIOPTHY KOMITAaHIIO 13 30BHIIHIX JHKepen (ayTcop-
cuHry). OJHaK s OTO TOTPIOHO OOTPYHTYBATH MOTEHIIIHHY BUTOY BiJl B3a€MOJIT.
3aMOBJICHHSI, SIKi BUKOHYE OJINH NIEPEBi3HUK, IIOBUHHI OYTH TEXHOJIOTIYHO CYMiCHUMH,
a MOCJIIIOBHICTh X BUKOHAHHS Ma€ MPUBOJUTH JIO BUINUX MOKA3HUKIB €(PEKTHUBHOCTI.
[Ipu 11boMy BXiJHWH MOTIK 3aMOBJIEHb € CTOXacTHUHUM. Lle yckiaaHioe nporec mia-
HYBaHHSI TIepeBe3¢Hb. TOMY aKTyaJIbHOIO 33J1a4Ci0 € BCTAHOBJICHHSI BILTUBY CTPYKTYPH
BUIIJIKOBOTO BXiJIHOTO IIOTOKY 3aMOBJICHb Ha €()eKTHUBHICTH MTPOIIECy HOTO BUKOHAHHS.

IMocTanoBka npodaemun

CroxacTHYHUH XapaKkTep BXiJTHOTO TIOTOKY 3aMOBJICHB Il TPAHCIIOPTHUX ITiJITPH-
€MCTB, SIKI MOXYTh B3a€MOJIISITH, YCKIIAJIHIOE JOCATHCHHS METH — IiJBUIICHHS e(eK-
TUBHOCTI BaHTQ)KHHX IEPEBE3EHb Ta OTPUMAHHS BUIIOTO MPUOYTKY TPU CaMOCTIHHIH
JUSUTBHOCTI, Ta 110 Kooreparlii. AJpKe MPpH [bOMY OTPiIOHO BUKOHATH PO3IIOJILI 3aB/IaHb
MiXK HasBHUMHU Yy MiANPHEMCTBA TPAHCIIOPTHUMHU 3ac00aMH, a TaKoK OOMiHSITHCH
YaCTUHOIO 3aMOBJICHb 13 MapTHEpaMH. 3MICT MPOOJIEMH IMOJSTAE B TOMY, IO TPH CTO-
XaCTHYHOMY BX1JIHOMY TIOTOIIl PO3MOJiT HASBHUX PECypciB (TPaHCIIOPTHHUX 3acO0iB)
€ 33/1a4€10 TMHAMIYHOTO IJTaHyBaHHS IIEPEBE3CHb, SIKa /10 TOTO K IOBUHHA BPAXOBYBaTH
JI0/IaTKOBI pecypcu 1o koonepaitii. [{i 3MiHHI yMOBH pOOMATH IaHy pO3IOUIBYY 3a/1auy
NP-cknagHo0 B CHIIBHOMY 3MICTi, TOOTO Takol, SIKy HE 3aBKIH MOXKHA PO3B’S3aTH
HEJICTePMIHOBAaHUMHM aJITOPUTMAMU 3a TojIiHOMIanbHui vac [1]. s criporieHHs yMOB
3ajJa4i 3aCTOCOBYIOTh TIEBHI O3HAKU ONTHMAIBHOCTI, OTHAK JUISI CTOXaCTUYHOTO BXiJ-
HOTO TIOTOKY 3aMOBJICHb Ha TICPEBE3CHHS YHITAPHUX BAHTAXKIB JJISI MDKMICBKHX MapIi-
PYTIB Taki 03HaKH € HEBIJOMHMHU.

AHaJIi3 OCTaHHIX J0CTiNXKeHb i myOrikamiii

HesBaxkaroun Ha BUNIAJIKOBUH XapaKTep 3aMOBIICHb, MK HUIMUA MOYKHa BCTaHOBUTH
BIJIHOILICHHS, SIKi CIY)KUTUMYTh O3HAKaMH JJIsi TIOOY/IOBH ONTUMAIILHOTO 32 CTPYKTY-
PO IHTErPOBAHOTO TPAHCIIOPTHOTO MpOIieCy. Y CTarTi [2] BCTAHOBJCHO, 110 TAKMMHU
BIJIHOIICHHSMH € MMOKa3HUKH CYMiCHOCTI, KOHI[EHTpallii, HEPIBHOMIPHOCTI, BIIOPSIIKO-
BaHOCTI. CyMICHICTh 3aMOBJICHb O3HAYA€, 110 BKJIFOYCHHS 1X B €IMHUI MOTIK BUKOHAHHSI
HE TPUBOJMTH JIO0 3HIKEHHS €()EKTHBHOCTI IMEepeBe3CHb Yepe3 HENpPOAYKTHBHI 13/IKH
abo mpocroi. Y BIIOMHX JOCII/PKEHHSIX [3] 3aCTOCOBAHO OIIHKY CYMICHOCTI 3aMOB-
JICHb TMONapHO. BiaMoOBiHO, BUKOPHCTAHO JAUCKPETHUH MOKA3HUK CYMICHOCTI 3aMOB-
JICHb TPHOX KaTeropiil: IiJIKOM CyMiCHI, 4aCTKOBO CyMicHi i HecyMicHi. OHaK Taka
OIIIHKA € HEMOBHOIO 1 HEJIOCTATHBOIO IS TiI00PY 3aMOBJICHb B OJIMH MPOEKT, KOJH 1X
€ Ounbnr, HiX 1Ba. Taky K OLIHKY HEMOXKJIMBO 3aCTOCYBaTH JJIsi OOTPYHTYBaHHS B3a-
eMoIii iepeBi3HUKiB-apTHEPiB. CYMICHUMU Ha3BEMO TaKi 3aMOBJICHH I, /, BAKOHAHHS
SIKUX Y MOCIIZIOBHOCTI i—j OJJHUM TPAHCIIOPTHUM 3aCO00M XapaKTepU3YEThCsI TTOBHOIO
BiZICYTHICTIO HE3aBAaHTAXXCHUX 13/I0K 1 MMPOCTOIB B OUiKyBaHHI 3aBAHTAKCHHSL.
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VY po6Gorti [4] 3po0iieHO OIS METOIB MOJICITIOBAHHS PyXy MarepiallbHUX MOTOKIB
y tpancnoptHux cucremax (TC). Haiibinbimoi 3HauMMOCTI HaaeThes B 1iH AucepTarii
MeToaM Teopii cructeM MacoBoro obciyroByBanHs (CMO) 1 mepexam [letpi. ABTOp
HAroJIOIIYe€, 110 HAWOLIBII BATOMUM HEIOJIIKOM 000X METOOJIOrIH € Te, 110 BOHU HE
ONKCYIOTh B SIBHOMY BUIJISA/I MOBEMIHKY, @ CaMe JUHAMIKY TPAHCIIOPTHOTO MPOIECY
(TII). Buxonanwii y poOOTi aHai3 METOMIB JIaB IMiJICTAaBU CTBEPKYBATH, IO iX Tpeda
0o0upaTy THYYKO, BPaXOBYIOUH BIacTUBOCTI KOHKpeTHOT TC.

Benukoi yBaru y BupitieHHi npoOnemu mojenmoBanas CMO 3aciiyroByroTh mepi-
ommuHi motoku [5]. Ix ocHOBHOIO MIEPEeBaroko € Te, M0 CTOXaCTUYHI MEePiojn, sIKi Bij-
TBOPIOIOTHCS 3 TICBHUM TaKTOM, € JDKepesnaMu iHpopMalii Jiisi KOperyBaHHs MPaBuI
HACTYITHUX KPOKiB MojientoBaHHs. OJHaK Teopisi CTOXaCTHYHUX MEPiOJMYHHUX TIOTOKIB
€ MaJIO PO3BHHEHA Ha JIaHuit yac. ToMy nepiiodeproBo motTpioHO BUSIBUTH BILIHB Mapa-
METpIB MEePIOANYHMX MOTOKIB Ha BUukoHaHHS TTI.

3rigao i3 CMO, ajsi BX1IHOIO MMOTOKY 3aMOBJICHb BaroMe 3HAUCHHS Ma€ MiCIISIis
BUIAJIKOBUX MOMIN. Y 3B’s13Ky 3 Takumu o0ctaBuHamu CMO, sik €TMHY METOIMKY aHaTi-
truaHoro nofanHs TC, 3actocyBaru HeMOxIHBO. Kpim 116010, TC, sIKi OXOIUTIOOTh BX1JIHI
MOTOKH BUITAJIKOBUX 3aMOBJICHB 1 CTOXAaCTUYHI MPOLIECH X BUKOHAHHSI, € CKJIQJIHIMHU 1 HE
MAarOTh BIJIMOBIHOTO aHAJITHYHOIO arapary Jyis BinoOpakeHHs iX y auHamini. Haro-
MICTh 3aCTOCOBYIOTHCSI METO/IM IMITALIHHOTO MOJICITIOBAaHHS [S5]. AHaJii3 mepesar 1 HeJo-
JIKIB HAsIBHUX METO/IB MozietoBanHs TI1 nmokasaHo y crarti [6]. JloBeneHo, 30kpema, 1110
0COOJIMBO TIPOJYKTHBHUM € CIIOJIyYCHHS B OJHOMY JIOCJIIHUIIBKOMY TIPOIIECI METOIB
IM Ta MeTo/iB MaTeMaTu4IHOTO MporpamyBanHs. [IpoTe OCHOBHA MeTa IMOJaHUX Pe3yIib-
TaTiB — II¢ HAyKOBE OOIPYHTYBaHHS METOIB, MOJENEH Ta IHCTPyMEHTAJIbHHUX 3ac00iB
iHpopmarmzanii ynpasniaas TI1. JlocmiokeHHSM BXiJIHUX TOTOKIB 1 BHOOpPY crparerii
Ta MeTo/iB KypyBaHHs TI1 y cTarTi mpuaiieHo Iy)e Majo yBaru.

VY nuceprartii [7] 11 aBTop po3misiiae opraHi3ailiro BAKOHAHHS BUIIAJIKOBUX Pa30BUX
3aMoBJIeHb. 3acTocoBano CMO s rutaHyBaHHsI CyKYITHOCTI BIJIOMHUX, a JUIs Bepudi-
Kallii — iMiTaniiHy Mozeib. [IpoTe CyMHIBHUMHU BUIAIOTHCS TIPUITYIIEHHS aBTOpa Ipo
HAUMPOCTIIINHI MOTIK TAaKUX 3aMOBJICHB, OCOOJIUBO SKIIO WICTHCS MPO CIeIiali3oBaHi
BaHTaXi, OOCIyroByBaHHsI HEBEIMKOTO PETrioHy, a00 BHUKOPHCTAaHHS MAJIOTO TapKy
TPAaHCIIOPTHHX 3ac00iB.

[TincymMoByroun oIyOJIiKOBaHI METOAM, MOXHA CTBEP/KYBaTH, II0 Ha JaHUH yac
BiJIOMI JIWIIIE 3arajbHi MPUHIUIK (POPMYBAaHHS CUCTEMHU MPUHHSITTS PillleHb B Opra-
Hi3aIlil MpoIeciB MiXKMICHKOTO TIepeBe3eHHsI BaHTaxiB. [IpoTe Taki pillleHHs HEepiJIKo
JIOBOJIUTHCSl TIPUIMaTH B yMOBaxX HEBHU3HAYCHOCTI a00 HEMOBHOI BHU3HAYECHOCTI, IO
NPUMEHINYE TX epeKTUBHICTS.

MeTo10 gocaimkeHb OyJ0 BU3HAYUTH 03HAKH OPTaHi3aI[ifHO-TEXHOJIOTIYHOT CyMic-
HocTi 3aBaanb TII, BUKOHAHHS SKHX Y €IMHOMY TIOTOIII € e()eKTHBHUM. 3aCTOCYBaHHS
TaKWX O3HAK TIOBUHHO MPHUBOJUTHU JI0 TAPAHTOBAHOTO TOYHOTO PO3IOLTY TPaHCIIOPT-
HUX 3aC001B ITPU BUITAJIKOBOMY XapaKTepi BXiJHUX IMOTOKIB.

BuKJI1a] OCHOBHOI0 MaTepiary

Ha ocHOBI BiToMHX JIOCITI/PKEHB [ 8; 9] PUITHATO MPHITYIIICHHS, 1110 BUKOHAHHS KOYKHOTO
3aMOBJICHHS HA BAHTA)KHI TIEPEBE3CHHS aBTOMOOLISIME 3aJICXKHUTh BiJl cTpykTypH TI1, ToOTO
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BiJI JIQHITFOTA OTIepallii, sIKi TIOCITiJIOBHO BUKOHYE KO)KCH aBTOMOOLUTb. Y TaKOMY JIAHIIOTY
BUKOHAHHS OKPEMHUX 3aMOBJIICHb MOXKE BUSIBUTHCH HEPAIiOHAIBHUM, SIKIIO 3aBIAHHS JIIS
AT3 € HecymicHumH. J1J1s OLIHKK pallioHAJILHOCTI ¢cTpykTypu TII 3acTOCYEMO MOKAa3HUK,
SIKAI XapaKTepru3ye CyMIiCHICTh BUKOHAHHS 3aMOBJICHB Y TIOCIIZIOBHOCTI j —> i

K=, (1)

ne a,, — TPUBAIICTh BUKOHAHHS 3aMOBJICHHS Z 130JIbOBaHO, O€3 MOMepPeIHLOTO BUKO-
HaHHS JKOAHUX 3aMOBJICHB, @ TAKOXK 0€3 MiroToBUMX Jill (HYJIILOBOTO MPOOITY, OUiKy-
BaHHS BiJIBAHTAXXCHHS TOIIO);
a,; — TPUBAIICTH BUKOHAHHS 3aMOBJICHHS Z, TICIIsl 3AMOBIICHHS Z,.

AHAJIOTTYHO MO’KHA BUKOPHUCTATH 00EPHEHHH MMOKAa3HHUK, SIKMI BKa3y€ Ha CyMICHICTb
BUKOHAHHS 3aMOBJIEHHS B MTOPSAJIKY i—:

ay

K, =—. )
i

OueBUIHO, 1[0 MEHIIE 3HAYEHHS K, BIJIITOBIZTa€ MEHIIIH OpraHi3aIiiiHiii cymic-
HocTi. HaiiBume 3nadenna — K'=1. bepyun mo yBarm BimoMy KiacuQikarliro 3amMOB-
JeHb, K*=1 BiamoBigae MUJTKOM CyMICHUM 3aMOBJICHHSIM, a K*=(0 — IIIKOM HECYMICHUM.
JBa 3amoBienHs, mis Skux 0<K*<l, Ha3BeMO YacCTKOBO CyMiCHUMH. YacoBi 3B’SI3KH
a,, a,, MOXHa OIIHUTH 7151 OyIb-SIKOT TTapH 3aMOBJICHB 13 HaIepeln 3aJaH0l MHOKIHHI
Z={z,, Zpy ..., Z\}, AKY OTPUMaHO Ha JIEAKOMY TOPHM3OHTI IUIaHyBaHHs 7, 1 sKa CKJa-
narume inTerpoBanuii TII. ¥V 3B’s3Ky 13 MM MOXKHa TOOYAyBaTH MaTPHIIO YaCOBHX
3B’SI3KIB |a,<. il 57 =0...F ne 0, F — ¢pixtueHI 3aMOBJIEHHS, K1 03HAYAIOTh (POPMATBLHUI
rouatok i 3aBeprreHHst TI1. Takok MokHA MOOYIyBaTH MaTPHUITIO KOSQIIi€HTIB CyMic-
HOCTI |Kf j| JUTSE Ti€1 5k caMO1 MHOYKHHH 3aMOBJIEHb. J{JIs1 OIIIHKY CyMICHOCTI YCiX 3aMOB-
JIEHb TOPU30HTY BUKOPUCTAEMO CEpPEIHE 3HAUEHHS KOe(illieHTa CyMiCHOCTI:

N N

>3 K
1

K ==t 3
c I €)

Koedimient (3) mokasye, HacKiIbKM CYMICHHMH Y IUIaHI OpraHisamii mporecy
BUOpaHi 3aMOBJICHHSI B OJIHI MHOXHHI, sIKa IJIaHY€EThCS O BUKOHaHHs. [Ipu obumc-
JICHH1 bOTO KoedilieHTa He OepeThest 10 yBaru Te, 110 3aMOBJICHHS MOXKYTh BUKOHYBa-
TUCh PI3HUMH NIepEBI3ZHUKaMU 10 Koorepailii. ToMy naHuil kKoeillieHT He € JOCTaTHIM
JUISL OIIIHKK e()eKTUBHOCTI OpraHi3aiiiiHo-TexHojoriunoi B3aemonii ATII 3 maptHe-
pamu. Iyt OLIHKM KOHIEHTpalii 3aMOBJIEHb Ha 3aJaHiil TepuTopii 0OCIyroByBaHH:
BUKOPUCTAHO KOC(]Ili€HT KOHIEHTPALlii:

K, =—. (4)

ne N_— KiIbKiCTh 3aMOBJIEHb, FOTOBHUX JI0 BUKOHAHHS BIPOJOBX 3a/1aHoro nepiony 7
N, - KUTBKICTh TPAHCIIOPTHUX MYHKTIB (IIYHKTIB BiJJBAHTa)KEHHsI 1 MPUHMaHHS BaHTa-
XKIB), SIKI CTOCYIOTbCSI MHOKMHH 3aMOBJICHb, IKa 3aIJlaHOBaHa Ha niepiof 7.

[ToTpiOHO B3sTH 10 YBaru, 0 MYHKTH BiANPABICHHS BAHTAXKIB, TyHKTH PUHMaHHS
BaHTaXIB B iIHTEIPOBAHOMY TPAHCIIOPTHOMY MPOIECi MOXYTb 30iraruch. Y 3B 53Ky i3
LM PalliOHAJILHO 3aCTOCOBYBATH KOCQIIIEHTH:
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1) KoHIIEHTpAIlil 3aMOBIICHb y MMYHKTaX BiANPaBICHHS BAHTAXKIB:

N
—_ Zz
Kea =37+ (5)
q.d
ne N, — KUTBKICTh TPaHCIIOPTHHX IyHKTIB BiJIBAHTaXKEHHA Ha riepion 7,

2) KOHIIEHTpAIil 3aMOBIICHb y ITyHKTaX MPUHAMAaHHS BaHTaXiB:

Ko =" (6)
q.a
ne N, KiJIbKICTh TPAaHCTIOPTHHX ITyHKTIB MPUIIMaHHs BaHTaiB Ha niepiox 7.
Bxaxemo nesxi Bj‘[aCTI/IBOCTi koedirieHTiB koHeHTpalii. Koedimient K , — lie iuHa-
MiYHUI MOKa3HUK. Moro 4ymcioBe 3Ha4eHHs Ui OAHIET 1 Ti€l & TepuTopii (MHOKUHA
TPAHCHOPTHHUX IMYHKTIB) 3aJISKUTh BiJl TPUBAJIOCTI W BiJl Mepiofy MaHyBaHHS BUKO-
HaHHS 3aMOBJIEHb. MaKCHMallbHE YMCIIOBE 3HAYCHHS Koe(illieHTa KOHLIEHTpalii ooMme-
JKEHO JIMIIE JBOMA MMyHKTaMH, HE3aJIeKHO BiJ TOTO, CKIJIKM 3aMOBJICHb 3aIllIaHOBAHO.
MinimanbHe 3Ha4eHHsI KoedillieHTa KOHIIEHTPALil CTOCYEThCS BUTIAJIKY, 32 SIKOTO KOJKHE
3aMOBJICHHSI CTOCYETHCS IBOX OKPEMHUX TPAaHCIOPTHUX IMyHKTIB. OTXe, YMCIIOBE 3Ha-
ueHHs koediuienra K xomusarumetses B Mexkax 0,5N...2N_. Koediuientn K, , K,
€ TaKoX AWHAMIYHMMU 1 3ajexarb Bif mepiogy 7. MakcumaibHe YMCIOBE 3HAYCHHS
xoediuientis K, K, 00MekeHO ONHUM TPAHCTIOPTHUM MYHKTOM, SIKUH MOXKe OyTn
a0o BiANpaBHUKOM, 200 CIIOKMBAaYeM BaHTaxy. MiHIMalIbHE YHCIOBE 3HAYCHHS Koedi-
uientis K, , K, 3yMOBIIEHE THM, 1[0 TPAKTUYHO YCi TPAHCIIOPTHI TYHKTH MOXKYTh Oy TH
BiZIIPaBHUKAaMHU 1 CIIOKMBaYaMU BaHTaXIB AJISl OHOTO MPOeKTy. ToMy Aiana3oH iX 4mc-
JIOBMX 3HaY€Hb CTaHOBUTS 1...N_. CniBBinHomenns koedinientis K, , K i3 3aranbuum
xoediuientom K, a Takox Mixk co00K BKasye Ha TUII MapIIpyTiB (puc. 1).

—  —I3Ka 3 BaHTaKeM

------ . He3aBAHTAKEHA I37Ka

Puc. 1. J]o po3paxynxy xoegiyicumis konyenHmpayii 3amosneHs

Tak, na puc. 1, a BioOpakeHO MOJIENIb BUKOHAHHS YOTUPBOX 3aMOBJIEHb Z |, Z,, Z,,
Z,, O TOJIATAE B TIEPEBE3CHHI BAHTAXKY BiJl €MHOTO IYHKTY BIIBAHTAKEHHS 110 YOTHU-
prox criokuBadiB. KoedimieHT KOHTIEHTpaIIi1 TpH IIboMY 3a (hOpMyIToT0 (5) BUSHATUTHCS
ax K, =0,8, koedpinientn K, =4, K =1.
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Ha puc. 1, 6 moka3zaHo MOJIEJIb MOCIIOBHOTO KiJIbIIEBOTO BUKOHAHHS 3aMOBJICHb 13
pPO3pHUBaMU BaHTAKOIOTOKIB, TOOTO 3a BIJICYTHOCTI He3aBaHTaKeHUX 13710k, Koediri-
€HT KOHLEHTpallii BusHauuThCs sk K =1, koedimientn K =1, K _=1. Ha puc. 1 B noka-
3aHO MOJIEJIb MOCIIOBHOTO KiJIbI[CBOI'O BUKOHAHHS 3aMOBJICHb, 32 HASBHOCTI HE3aBaH-
TaxeHuX 13710K. Koe(illieHT KOHIIEHTpaIlil BUSHAYUTHCS K Kk=0,6, KoedilieHTH Kk' d=1,
K,,=1. Ha puc. 1, r mokazano MojieJib BAKOHaHHs TPhOX 3aMOBJIEHb Ha MasiTHUKOBOMY
MapIIpyTi 31 3BOPOTHOK HE3aBAaHTAXKEHOIO 13/1K0r0. KoedillieHT KOHIIEHTpallii BU3HA-
unthes sk K =1,5, KoeilieHTH K,,=L, K, =1. OueBuano, mo KOE(QII[IEHT KOHIIEHTpPA-
1i1, pa3oM 3 HOTro MOXiTHUMHU BEIUIMHAMH, BiJOOpakae Ti BUTPATH Uacy, siKi OTPiOHI
JUTSL T3/IKM 3 BaHTaXeM, a00 0e3 BaHTaxy. I3 moJaHuX YOTUPHOX MPUKIIAIIB BUIHO, 110
HaWOLIBII CIPUATINB] 3Ha9eHHSA KoediuienTis € Ti, 1 saxkux K =1, K, =1, K, =1. Ynm
OlIBIIIe OCHOBHMI, a00 YaCTKOBHI IMOKA3HUKHU BiAXMISAIOTHCS BiJl OMMHHIl, TUM O1IBII
HECIIPUSITIIMBUMH € YMOBHU opranizaiii TI1. 3aMoBIIeHHS, SIK1 HAJAXOASTh NIEPEBI3HUKOBI
JI0 BUKOHAHHSI, BIIPI3HSIOTHCS CEPEHBOI0 TPHBATICTIO. Pi3HUIS TPHUBAIOCTI BIUIMBAE
Ha BIIOPSIKOBAHICTh TPAHCIIOPTHOTO Ipoliecy [9], orke, Ha e(hEKTUBHICTH B3a€MOJIIT
TPaHCIOPTHHX 3aC001B OIHOTO 200 JEKUTBKOX MepeBi3HUKIB. YacoBy HEpiBHOMIPHICTD
3aMOBJICHb OILIIHIOEMO KOC(iliEHTOM HEpiBHOMIPHOCTI:

ay;
n, = —— > (6)
N
ay ;
e d,, ... — MakCMMallbHI BUTpAaTH Yacy, MOB'sI3aHi 3 PyXOM TPaHCIOPTHHX 3aco0iB,
Ha BUKOHAHHS i-TO 3aMOBJICHHS O€3 BpaxyBaHHS Oy/lb-sIKMX, MOTIEPETHHO BUKOHAHUX
3aMOBJICHb;

a,; — CepelHl BUTPATH 4acy, II0B's13aHi 3 pyXOM TPaHCIIOPTHUX 3ac00iB, HA BUKOHAHHS
i-IO 3aMOBJICHHSI.

Ha Binminy Bix nonepenHix Koe(illieHTIB, 1), CTOCYEThCS JIUIIE «IUCTOI» TPUBAIOCTI
BHUKOHAHHS, TOOTO 6€3 BpaxyBaHHS NIEPEXiTHUX Ta IMATOTOBYUX Oomeparii. MiHiMaabHe
3HaueHHsA KoeQilieHTa HepiBHOMIPHOCTI — 1, =1. UuM OL1bLIOI0 € HEpiBHOMIpPHICTH
TPUBAJIOCTI BUKOHAHHS 3aMOBJICHB, THM CKIIaTHiIIe mooyayBatu epextuBanid TI1 mst
OMHOTHITHUX TPAHCIIOPTHUX 3ac00iB omHOTro i Toro X ATII. 3 iHITOTO OOKY, HASIBHICTH
PI3HHX 32 TPUBAJICTIO TPAHCITIOPTHO-JIOTICTHYHUX OTIEPAITiH Ja€ MOKIUBICTH TTOOYIOBH
OLTBII BITOPSAKOBAHOTO iHTETPOBAHOTO MPOIIECY LTSI NEKLTBKOX IMePEBI3HUKIB, SIKi B3a-
eMonitoTh. OTXKE, 1, Ma€ ONTUMAJIbHE 3HAYEHHS, SKE BIAIOBiAa€ BUOPAHOMY DIBHIO
B3a€EMO/IiT TIEPEBI3HUKIB.

[TokazHUKK BITOPSAIKOBAHOCTI 3aMOBJIEHb PO3KPHUBAIOTH B3a€MO3ANIEKHICTh 3aMOB-
JIEHbB, SIKa 3yMOBIICHA OpTaHi3aIliifHO-eKOHOMIYHUMH, a00 TEXHOJIOTIYHUMHA (haKTOPAMHU.
3aMoBEeHHs Z, HAPUKIIAJ, MOXKE MATH NPIOPUTET Y BUKOHAHHI MEPE] 3aMOBJICHHAM
Zj, IO TIOB’SI3aHO 3 TEXHOJIOTI€I0 BUKOHAHHS Neskoro TII, SIKoro cTOCYIOThCS 3aMOB-
JIEHHS. Y TaKOMY BHITaJIKy YaCOBHHU 3B’ SI30K a, —00, a 9aCOBHi 3B’S130K a,;= CKIHUCHHE
ancyio. Lle y3romKyerbes i3 NPUAHATHM BH3HAYCHHSM @, =00, SIKILO 3aMOBJICHHS Z, HE
MO)Ke BUKOHYBATHUCH ITiCIIST 3aMOBJICHHS | 0€3M0CEPEIHBO, OJHUM 1 TUM K TPAHCIIOPT-
HHAM 3ac000M. Y 3B'SI3KY 13 ITUM JIJIS1 TOTO, III0O TTOPIBHSTH MPIOPUTETH 3aTAHOTO 3aMOB-
JICHHS | 3 IHITUMH 3aMOBJICHHSAMH, Ki € Ha TOPHU3OHTI IIaHyBaHHS T, 3aCTOCYEMO KOe-
(himieHT 9acoBOi BITOPSIAKOBAHOCTI:
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K. =L (8)

ne N — 3arajbHa KiIbKICTh 3aMOBJICHb HAa TOPH30HTI IJIaHYBaHHS.

3 dopmynu (8) BUAHO, IO KOJIH i-T€ 3aMOBJICHHSI MA€ HAWBUIINN NPIOPUTET CEpen
N samannx, To Oyab-sike a,,>a, . OTKe, YUM BUIIMI NPIOPUTET [-r0 3aMOBJICHHS, THM
xoediuient K —0.

OpranizauiiiHo-texnosnoriuna B3aemoniss ATII i3 mapTHepamu TiCHO MOB’sA3aHa 3i
foro creuiajiizaumi€io, B JaHOMY BHIAJKy — CTOCOBHO BJIACTHBOCTEH BXiAHUX IOTO-
KiB 3aMOBJICHb. TOMy palioHaNbHi B3a€MO3B’I3KH BaHTaKHUX MEPEBI3HUKIB MOTPIOHO
TaKOXX IOB’S3yBaTH 3 O3HAKAMHM CyMIiCHOCTI TPaHCHOPTHHUX 3aBJaHb, BPaxoBYIOUH iX
yacoBi BikHa. CopmynboBaHa 3ajavya IJIaHyBaHHS BUKOHAHHS 3aMOBJICHb € pPO3IIO-
JUIBYOI0 33 CBOIM 3MiCTOM, OararonapaMeTpUYHOIO 1 HEMIHIHHOIO — 3a BUIOM MOJEII.
3agady moTpiOHO pO3B’sI3yBaTH METOJAAMHU HEJIIHIHHOTrO mporpamyBaHHs. s ouiHro-
BaHHA MOTOKY BXiJHUX 3aMOBJICHb Ha MIXMICBKI I€PEBE3CHHs BaHTaXiB 3alPOIOHO-
BaHa CHCTEMa MOKa3HHUKIB, sIKa CKJIaJa€ThCsl 3 MOKAa3HUKIB CYMICHOCTI, KOHLIEHTpALii,
HEpiBHOMIPHOCTI, BIOPSAKOBAHOCTI. Taki MOKa3HMKH MOXYThb OyTH O3HAKaMH JUIs
Bubopy piBust B3aemoxii ATII 3 mapraepamu. YenimHa aisuibHicTs ATII i3 B3aemogaieio
3 MapTHEpaMH Ta KOHKYPEHTaMH 3aJIe)KUTh BiJ MOMUTY Ha MMOCIYTH mnepeBe3eHs [8; 9].
Juist Toro mo6 JOCHiANTH 3aKOHOMIPHOCTI 1€l 3aeXHOCTi, OyllI0 BUKOHAHO CTpPYK-
TypHE MOJCIIIOBAHHS 3 ONTUMI3AII€I0 32 KPUTEPIEM CYKYNMHOTO NPUOYTKY BiJ AisUTb-
HOCTI NepeBi3HUKA IS BIOPSAKOBAaHMX BX1JHHUX IOTOKIB 3aMOBJICHb. MOJEIIOBaHHS
MIPOBE/ICHO 3 BUKOPUCTAHHAM BijiomMoi meTonuku [10].

Juist Toro mo06 IOCHiANTH BILUTUB KOSQIli€HTIB CyMICHOCTI 1 4acoBOi HepiBHOMIp-
HOCTi 3aMoBJIeHb Ha MOxJIMBicTh ATII noCATHYTH METH JisUIBHOCTI — MAKCUMaJIbHOTO
npuOyTKy /1, — Oymno moOyJ0BaHO MATPHIIIO |ai. j| 3B’513KiB (5), €EMEHTH SIKOi 00UHCITIO-
I0ThCS 32 BUPA3OM:

4i; =01 T8, ‘B, ©)

1

ne i=1..N, j=0..N — Homepu 3aMOBJIE€Hb;

B — emmipuaamMii KoeimieHT, YUCIIOBE 3HAYCHHS SIKOTO MiAOUPaIoCh Tak, mob cepenHe
3Ha4eHHs KoedilienTa cymicHOCTI K, obunciene 3a Bupa3oMm (7), I0piBHIOBAJIO Harle-
pen 3ajaHoMy 3HadeHHIO K .

s Toro o0 migiopaTh 3HAYSHHST MATPHIIL |ai_ j| 3a BUpazoM (9), HeoOxiTHO 3a1a-
THCh MOYAaTKOBUMHM 3HAYECHHAMHM d , AKI 3aJI€XKaTh BiJ KOE]IIEHTa 4aCOBOi HEPIBHO-
MIPHOCTI 3aMOBIIEHD 77,. JI1s1 TOro 1mo6 nigiopark BEKTOP MOYaTKOBUX 3HAYEHb a,, ne
j=1..N, BUKOPUCTAHO BUpPa3:

ay; =0y, +a,;,-C, (10)

ne j=2..N; C — eMnipn4Huil KoeQilieHT, YNCIIOBE 3HAUCHHS SKOTO BIUIMBAE HA (HOpMY-
BaHHs HEOOXIZHOrO 3Ha4Y€HHs Koe(ilieHTa HEPIBHOMIPHOCTI 77, CEPE BEMMYUH a, 3a
dopmysoro (10).

Jist Toro o6 miAroTyBaTH BXIiNHI JaHi IS JOCIIKSHHS 3aMOBJICHb, BHOPAHO 110YaT-
KOBE 3HAYEHHs @ =2 TOJL., IO BI/INIOBIJIa€ CEPE/HIN TPUBAJIOCTI i3IKM 3 BAHTaXKEM Ha ITiJI-
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npuemctBi TOB «Opnan-Tpanc Cepic» (JIbBiBcbKa 001acTh), siKe 3IHCHIOE BaHTaXKHI
ABTOMOOLIBHI BEJIMKOTYPTOBI MEPEBE3CHHS. JUst reHepartii psity Mo4aTKoBUX JAHHX d ,
j=1..N 3actocoBaHno mnaket aHanizy « What-if» 3 enexrponsux Tabmuie Excel. JlaHuii naker
JIa€ 3MOTY 3HAWTH TaKke 3HA4YCHHs 3MiHHOI/KOHCTaHTH, 3a SIKOTO 3a/iaHa (opMmysa HaOyBae
NOTPiOHOTO 3HaueHHs. baxani 3HaueHHs KOeQillieHTa HEPIBHOMIPHOCTI 7, BUOHPAIUCh
oCJ1iI0BHO 13 kpokom 0,1, 3 mHokmum {1,1, 1,2, 1,3, 1,4, 1,5, 1,6, 1,7, 1,8, 2,0, 2,2}. Tak,
AKIIO NOTPiOHO, 11106 77,=1,1, To maxeT ananisy « What-ify Bunas snauenns C=0,02186. ITpu
ILOMY PSIT TOYATKOBUX 3HaueHsb Juist N=10 3a popmymnoro (10) naGysae BumIsLY: A | =2,0%
a,,=2,0;a,,=2,1;a,, 72,15 a,, =2,2; a, =2,2; a,,=2,3; a,, =2,3; a,,=2.4; a,, =2,4. Vci
IHII eTeMEHTH MaTpuIli |ai' j| BCTAHOBITIOIOTHCS 3aJIKHO BiJl Harepes 3aaHoro xoedi-
Li€HTa CyMICHOCTI K, SIKMi MOCITIIOBHO BMOMpPABCS 13 MHOKHHM WMOBIDHMX 3HA4€Hb
K {0.9,0.8,0,7,0,6,0.5,0.4,0,30,2}. s oGuncnenns Marpuui g, ;| Brkopucrano dop-
Mmyy (9), y sikiii koedirieHT B BUOUpaBcst 3 JONOMOTOI0 makeTy aHaiizy « What-ify. Tak,
HanpuKiIa, npu 7,=1,8 BEKTOp JaHnX aOJ.={2,0, 2,3,27,3,1,3,7, 4,3, 5,0, 5.8, 6,7, 7,8}.
3anano Oyno, mo koediuient cymicnocti Mae 6ytu K =0,6. [Ipu 3acTocyBanHi nakety ana-
mizy st popmynu (9) snaiineno B=0,112418 i moOynoBaHo BiamoBigHy Marpuigo. Jlis
HOBHO(AKTOPHOIO JIOCIIPKEHHS BILIMBY KOE(ILIEHTIB K 17, Ha CTPYKTYpY IHTErPOBAHOIO
TII ta Ha MpPUOYTOK Bi MisUTHHOCTI Ta BiJ KOOTEpallii mepeBi3HuKa MOTpiOHO OOy yBaTH
K, xm, Takux Marpuib, SKi OXOILTIOIOTh YBECH BEKTOP OYATKOBUX 3HAY€Hb, K K TaK i7,.
Jist po3B’si3aHHS 3a1a9i CTPYKTYPHOI ONTUMI3aIlii 3aCTOCOBAHO MPUKIIAIHUMA TakeT Solver.
Onmcana B [10] i 3acTocoBana HaMy MojieNb onTuMizarii cTpykTypu TI1 Mae Takwii BUTIISI.
Kpurepiit — cymapamii mpudytox ATII 3a mepiox 7:

m=(R-R)-P (R —R)-C ~(R.-R)-C, +

k4
N N
>.a - (1-x,,)- Py Ya x, P, PR (11)
Jj=

i=1 j=1 i=1

Mz

+

N
a;;-x, ;- C, = max

™= I\_Mz

Il
~.
I

M=

i 1

e R — KiNbKiCTh (JaKTUHO 3a/1iIHMX BIIACHUX TPAHCIIOPTHHUX 3aCO0iB;
P.— pHHKOBa IliHa 371aBaHHs B OPEH/ly TPAHCIIOPTHOTO 3ac00y, I'PH.;
C.— BUTpaTH Ha OPEH/Y OJMHHMII TPAHCIIOPTHOTO 3acO0y, IPH.;
C. — BapTicTh iH(OpPMALlil PO OZIHE 3aMOBJIEHHS;
C , C,— surparu komris ATII na 1 rox., BiANOBiZHO, pyXy i NPOCTOK TPAHCTIOPTHUX
3aco0iB;
a", — TPMBAJICTh PyXy TPAHCIOPTHOTO 3acO0y NMPHM BUKOHAHHI 3aMOBJIEHHS j, MICIIs
BUKOHAHHS 3aMOBJICHHS [
a;; — BUTPAaTH 4acy Ha MPOCTiA TPAHCIIOPTHUX 3aCO0IB Y IyHKTaX BiANPABJIEHHS i PH-
3HAUCHHS BAaHTaXY;
_— IBIiKOBA 3MIHHA 3a/1aui.

O6Me>i<eHH5{

N N

ZX,-,, _in,j =0, (12)
N

Xy =2 Xir =R, (13)
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2 X~ 2% = R (14)
Jj=1 Jj=0
N
>x, <1, (15)
=
N
Zx,._ ; <1, (16)
i=l1
N
> (1% = Xir]) = R, (17)
i=l1
e X, gy X Xy Xy — (hopMasbHI 3MiHHI, SIKi 03HAYAIOTh, BiJIIIOBIIHO, 3aBEPILICHHS/ ITOYa-

TOK BUKOHAHHS 3aMOBJIEHb Z,, Zj.

Uepes Bupaszu (11) 1 (17) mogens TII e veniniitaoro. Lle motpiOHO 00yMOBHTH B ITaHedTi
JIiaJtoroBoro BikHa rporpamu Solver. J[7s yCIminIHOTo 3HaXOPKEHHS PO3B’SI3Ky MOTPIOHO
BUOparu rpagieHTHUH Metoa. OaHaK po3B’si3yBaHHS MOTPIOHO TMOYMHATH 3 KPaWOBHX
YMOB, TOOTO Tomi, Ko R=1, =1, K =1. [lpyra kpaiins touka, — ko R=10, n=1, K=1.
Jlasi MeToJI0M MIBUJKOTO CITYCKY, 3MIHIOKOYM YMOBH, 3HAXOIUMO MPOMIXHI PO3B’SI3KH.
Pesynbraru ontumizaitii moJjaHo Ha puc. 2. 3 pe3yabTariB BHIHO, 110 MAKCUMAITLHHH TTPH-
oytok ATII 3anexuts Big koedilieHTa CyMiCHOCTI 3aMOBJICHb B €JMHOMY TTOTOLI.

Il rpu. 20000 K
18000 - 0,9

16000 ~08

~0.7

14000 il

12000 - 0.5

20,4

10000 03

8000 0.2

6000 2 | | | | | | |
1 2 3 4 5 6 7 8 9 10 R

Puc. 2. 3anexcnicmo cykynnoco npubymxy ATII 6i0 kinbkocmi
3A0ISHUX MPAHCROPMHUX 3AC00i6 Ma KoepiyieHma CyMICHOCI 3AMO6/1eHb

Taxk, ipu K= 0,9 Mmakcumanbuuii npuOyTok cranoButh 19,75 tuc. rpu. Ipu npomy
HE yCi 3aMOBJICHHSI TIPUMMAIOThCS O BUKOHAHHS. YacTWHA 3aMOBIICHb MPOAAETHCS
napraepam. A ke nipu K =0,2 MmakcumanbHui ipuOyToK cTanoBuTh 18,1 THc. rpu. [Ipn
LOMY yCi 3aMOBJICHHS 3 TOPH30HTY IPOTHO3YBaHH 7 BUKOHYIOTHCSI BIACHUM 1 OPEHI0-
BaHUM TPAHCIIOPTOM. SIK MOKHA TIOMITHUTH, MAaKCUMAJIbHUI MPUOYTOK MPU 3MEHIICHH1
koe(illieHTa CyMiCHOCTI 3aMOBJICHB 3MIIIAETHCSI B CTOPOHY 301IbIIICHHS 33 TisTHUX BJIAC-
HUX + OPEHJIOBaHMX TPAHCIOPTHHUX 3ac00iB. Y IiIoMy mpu 30iNblIeHH] KoedimieHTa
CYMICHOCTI 3aMOBIICHb MaKCHUMaJbHUH MPUOYTOK MOYMHAE 3pOCTaTH Maiike NiHIHHO,
aJie [IOYMHAIOYN BiJl YMCIIOBOTO 3HAYEHHS KC=0,4. Ile moB’si3aH0 3 THM, IO MPU HU3B-
KHX 3HaueHHsX koedirienta cymicHocTi ATII mimkom nepekianae (yHKINI BUKO-
HaHHS 3aMOBJICHb Ha OPEHJIOBaH]1 TPAaHCIIOPTHI 3aco0u, TOOTO Ha mapTHepiB. Huzpkuii
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Koe(illi€eHT CyMICHOCTI CIPUYMHIOE OUTBIINI BUTpATH Ha TICPEBE3CHHS MPH Til camii
1iHi. A open/Ha rmara — ikcosana BenuunHa. ToMy 4uCI0Be 3Ha4eHHs K MOXKHA IIiJT-
KOM I1OB’sI3aTH 3 piBHEM crierfianizaiii tTa konuentpaii ATII. Pesynsratu onTumizariii
TII npm ninikHIA anpokcumManii moneni (11) — Ha puc.3. Po3B’s3ku niHiitHOT Moneni
OTPUMYIOTHCS 0€3 YBEJICHHSI KpaioBUX YMOB. SIKIO MOPIBHATH IIi pe3yJIbTaTH 3 Heli-
HilHOIO MO0 (pHC. 4), TO MAKCUMAJIbHUH IPUOYTOK OTPUMYETHCS YIBIYl OUTBIINH.

17, rpu. 25000 |
20000 | e
15000 1 1,2
=14
10000 - ~1,6
—-18
5000
o 1 2 3 4 5 6 7 8 9 10 R

Puc. 3. 3anexcnicmo cymapnozo npubymry ATII 6i0 kinekocmi 3a0isaHux
(61aCHUX | OPEHOOBANHUX) MPAHCROPMHUX 34C00i6 ma Koepiyienma
HEPIGHOMIDHOCII 1], NPU NHIUHIT ANPOKCUMAayii Mooeni

I, rpu. 60000
50000 ¢ T T T [ T i I 1 /i

-12
=14
~1,6
—~1.8
—2

2,2
2.4
—~2,6

40000 |
30000 |
20000 |

10000

0
R

1 2 3 4 5 6 7 8 9 10
Puc. 4. 3anexcnicmo cymapnoco npubymxy ATI1
810 KiNbKOCMi 3A0IAHUX (61ACHUX [ OPEHOOBAHUX) MPAHCNOPMHUX 3AC00I8
ma Koegiyienma HepieHOMIDHOCII 1], 3 HEIHIUHOIO MOOELIIO

[Ipwu niniitHiN anpokcumarii BnacHi TparcrnopTHi 3acoou ATII BUKOHYIOTH JwIIe 110
OJIHIM 3aBaHTa)KEHIH 13111 3a LIUKJI, 1[0 IIOB’I3aHO 3 HEJOCKOHaIiCcTIO Moaeni. Heminiii-
HUH BapiaHT MOJETI Ja€ CKIIaHIMI KA 7151 KOKHOTO TPAHCIIOPTHOTO 3aC00Y, Y TOMY
YUCIi — JUTA OPEHI0BAaHUX, KOJIM BUOMPAIOTHCS CYMICHI 3aMOBJICHHS, SIKi BKITFOYAIOTHCS
B €IMHUI MapLIPYT.

BucHoOBKM Ta nepcrneKTUBH NOAAJIbIINX A0CTiIKEeHb
KoedimieHT yacoBOi HEpiBHOMIPHOCTI 3aMOBJICHb ITO3UTHBHO BILTUBAE Ha MOMKIIH-
BiCTh OTpUMATH OIIBIIHI MakcCUMaNbHIH cymapHuit ipuoyTok ATII. Lle mosicHroeThCs

HasBHICTIO B TOPHW30HTI IUIAHYBaHHs PI3HMX 3a TPHUBAIICTIO 3aMOBIEHB, SIKi JAlOTh
3MOTY TIOOYIYBaTH TOCKOHAII ITUKJIH.
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CrpykTypHE MOJIe/IIOBaHHs iHTerpoBaHoro TI1 AOIiIbHO MTPOBOIUTH JJIsi KOHKPET-
HUX yMOB 3aganoro ATII.

KoedimieHT cyMICHOCTI 3aMOBIICHb € TPSMOI0 O3HAKOIO JIONMIJIBHOCTI Koomepa-
1ii TPAHCIIOPTHUX KOMIIAHIM, OCKUIbKM MaKCUMaJIbHI MPUOYTKU MPSIMO-TIPOTIOPIIIIHO
3aJIe’Karh BijI HOTO YUCIOBOTO 3HAYCHHSI.

JliniiiHa anpokcumaltis Mojesi rocrnoaapcebkoi aisuibHocTi ATTI ipu Bifomil iHdOp-
Marlii mpo MoTiK 3aMOBJIeHb Jae Okl sk 100% noxuOky pesyasratiB. [1oOynoBaHa
HEJTHIMHA MOJIENIb JIa€ BUIII PE3YJIbTaTH, OJHAK JJIs 11 pO3B’ 3Ky HOTPIOHO BUKOPUCTO-
BYBAaTH KpalioBi YMOBH.
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Anomauis

Bemyn. Yuacniook coyianbho-eKOHOMIMHUX 3MIH, KT 6100yeaiombes 6 Yxpaini, ma nio
BNIUBOM ABUWY 2N0OANTI3AYIL 3A3HAIOMb 3MIH JI02ICMUYHI TIAHYI02U NOCMAYAHHS MO8API8
ma cuposuHU Ha nionpuemcmeax. Bonu cmaroms 008uuMU i CKAAOHIUMUMU 34 CIPYKIY-
poio. 11i0 enausom inpopmayitinux mexnono2ii, siKi CynpogooAICyIonb Mamepiaivhi ma
¢hinarncosi nomoku, NOCUTIOEMbCSL IHMe2payiss OKpeMux I1AHOK IAHYI02I8 NOCMAYAHHSL, KL
€ CaMOCmIUHUMU 20CnO0apcoKumMu o0unuyamuy. Taxodc pouwupoemoca eeocpais pyxy
MamepianbHux NOmoKie, Wo NposGISEmMbCs, 30Kpemd, V 30ibueHHT 8aHmanicoooiay, 5K
V MIJICMICOKOMY MAK i Y MIJICHAPOOHOM) CHOJYYEHHI HA A8MOMOOITbHOMY MPAHCNOPMIL.

Mema. CyuacHuii nioxio 00 opeaHizayii 8AHMANCHUX NePese3eHb BUMARAE BUKOPUC-
MAHHS CYHACHUX 3aC00i8 IHpOPMAYIIHUX MeXHON02I N0 Yac ONMUMI3ayii cxem 00CMAGKuU
8aHMAICI8. 38adicarouu Ha CKAa0 agmonapky Yrpainu, 32iono espocmanoapmam, 0oyins-
HUM € 86€0€HHA PYXY 30 CUCIEMOI0 MA208UX Niedel. Y ybomy 8UnaoKy Mu CImuKkaemMocs 3
HeOoOXIOHICIMIO BUKOPUCIANHSL NPOMINICHUX NYHKINIG OIS MUMYACOB020 30epiealHs HA0IULU-
Ki6 eanmaoicy. ¥ cmammi 00Caioncyemubcs 3aCmocy8amnHs 0azamoemantoi mpacnopmHoi
3a0a4i 0151 pO3NOOLNEeHHsl BAHMAIICHUX NOMOKIB, WO NOCMYNAIOMb HA SAHMANCHI MUMHI
KOMNJIeKCU, Ma 8UKOPUCIAHHS IHGOPMAYILIHUX MEXHONO0RIL 0I5l PO36 SI3AHHA YUX 3a0ay.

Pezynomamu. Egexmugnicmo uxkopucmauns 0a2amoemantoi mpaHcnopmuoi
3a0ayi nio yac pobomu 8aHMANCHUX mMumuux xomniexcie (BMK) nonseac 6 mooicau-
80CMI NPUUHAMMSL 8CIMA CKAAOCOKUMU NPUMIWEHHAMU, K 00CMYNHI 0J1 Opeanizayii
makozco 6udy nepegeszein, gkutouaroyu sk BMK, max i npomisichi ckiadcoki mepminanu
(IICT). Posensoarouu 08i ymosu 0l po36 s3anHs NOCMAGieHol 3a0aui, a came. Kouu
3a2aNbHA KIIbKICMb 8AHMAICY 8I0 NOCMAYANLHUKIE € PIBHOIO CYMAPHUM MOICIUBOC-
mam nputinamms eanmadicy BMK ma IICT ma 3a ymosu, aKuo 3a2aivHa KilbKicmb
B8AHMAICY 8I0 NOCMAYANLHUKIG € OLNLUIOI, HIJNC CYMAPHI MONCIUBOCHI NPUUHAINNIL
sanmascy BMK ma IICT, 6yno npointocmposano po3e’s3ants mpancnopmuoi 3a0aui,
8i0n06ioHo, y 06a ma mpu emanu 8 cepedosuwyi Excel i 3a donomoeoio cnpoexmosanozo
NpOSPAMHO20 KOMNJIEKCY.

© Ilpokynin I.C., Pemex 1.0., XoooTns T.I'",, 2020
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Bucnosxu. 'V yiti cmammi npodemoncmposano, wo oacamoemanua mpaucnopmHa
3a0aua supiuLye npoonemy YnpasiinHa 6AHMANCONOMOKAMU OJIs ONMUMATLHOT OpeaHi3ayii
pobOmMU 02ICMUYHORO0 JAHYIO2A, WO NPAYIOE i3 3ACMOCYBAHHAM CUCHEMU MA208UX Niledell
i NPONOHYE PaYIOHANLHI CXeMU OOCMABKU BAHMAICY 8 MINCHAPOOHOMY CHOTYYEHHI.

Knrouoei cnosa: sanmasicnuti MUmMHUL KOMNJIEKC, MePMIHAL, MIDCHAPOOHT 8AHMAIC-
HI nepeseseHHs, cucmema mMA208UX niedell, mumuacose 3oepieants, bazamoemanta
MPancnopmua 3a0a4d, iHpopmayitini mexnonoaii.
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Summary

Introduction. As a result of socio-economic changes taking place in Ukraine and
under the influence of globalization, the logistics chains of supply of goods and raw
materials at enterprises are changing. They become longer and more complex in
structure. Under the influence of information technologies that accompany material
and financial flows, the integration of individual links in the supply chain, which are
independent business units, is intensifying. The geography of material flows is also
expanding, which is manifested, in particular, in the increase in freight turnover, both in
long-distance and in international traffic.

Purpose. The modern approach to the organization of freight transportations
demands use of modern means of information technologies at optimization of schemes
of delivery of freights. Given the composition of the fleet of Ukraine, according to Euro-
pean standards, it is advisable to introduce traffic on the system of traction arms. In this
case, we are faced with the need to use intermediate points for the temporary storage of
excess cargo. The article investigates the application of a multi-stage transport problem
for the distribution of cargo flows arriving at cargo customs complexes and the use of
information technology to solve these problems.

Results. The effectiveness of the use of a multi-stage transport task in the work of
cargo customs complexes (CCC) is the possibility of acceptance by all warehouses that
are available for the organization of this type of transportation, including both CCC
and intermediate warehouse terminals (IWT). Considering two conditions for solving
the problem, namely: when the total amount of cargo from suppliers is equal to the total
capacity of acceptance of cargo CCC and IWT and provided that the total amount of
cargo from suppliers is greater than the total capacity of acceptance of cargo CCC and
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IWT was illustrates the solution of the transport problem, respectively, in two and three
stages in Excel and with the help of the designed software package.

Conclusions. This article demonstrates that a multi-stage transport problem solves
the problem of cargo flow management for the optimal organization of the logistics
chain, which works with the use of a traction arm system and offers rational schemes of
cargo delivery in international traffic.

Key words: cargo customs complex, terminal, international transportation, traction
shoulder system, temporary storage, multi-stage.

Beryn

bBararoeranna TpaHCIOpTHA 3a/ia4a BUPINIyE MPOOJIEeMy PO3TAIlyBaHHS i Harpas-
JICHHsI BAHTAXIB JIJIs1 ONITUMAJIBHOT OpraHizallii poOOTH JIAHI[OI'a, 1110 TPALOE i3 3aCTO-
CYBaHHSIM CHCTEMH TATOBHX IUICUEH 1 MPONOHYE HaWpaIliOHAIBHIIII CXEMH ISl Bij-
IIpaBJICHHs BaHTaxXy Ha BMK.

AHaJTi3 ocTaHHIX a0c/iIKeHb 1 myOmikanii

Y MiDKHapOJHUX TIEPEBE3CHHSAX BAaHTaXKIB 38 CHCTEMOIO TSATOBHX IUICUEH 3a Mapiil-
pyTom Ykpaina-€C ta €C-Ykpaina myHKTOM MEepeBaHTAKCHHSI MO)KE BHCTYIIaTH BaH-
TXHUHU TepMiHal, 0 3HAXOIUTHCS HA YKpaTHChKi cTOpoHI KopaoHy [2; 3]. 3axigni
obmacTi Ykpainu, mo MeXymTh 3 AcpxkaBaMu-wieHaMu €C, 32 yMOBU €(EKTUBHOTO
TPAHCKOPJIOHHOTO CIIBPOOITHUIITBA, TO3BOJISIIOTH BUKOPUCTOBYBATH BUT1IHHUIA T'€OIO-
TITHIHUH TOTeHIaT AepkaBu [4]. [JoBrocTpokoBi mpoeKTH moao Bukopructanus BMK
B3JIOBXK 3aXiJIHOrO KOPJIOHY — OJIMH i3 BapiaHTIB pallioHaNi3aiii BAaHTAKHUX IepeBe-
3eHb, TOMY ONTHMI3allisl Oprafizamii poOOTH i CHiBIpall TPAHCIIOPTHUX KOMIIaHIH 13
TEPMIHAJIILHUMHU 1 CKIIAJICBKUMH € Ba)ITUBOIO.

DopMy.TIOBaHHA Lijneil

Opranizaliis MDKHAPOIHUX BaHTAKHUX MIEPEBE3CHb HA CHOTO/IHI BUMAarae Cy4acHHUX
MIIXOIB 10 BUPIIICHHSI MUTaHb, TOMY BUKOPHCTAaHHS Cy4acHHX 3aco0iB iH(popmalliii-
HMX TEXHOJIOTIH IIij 4ac onTuMmizalii cXeM JOCTaBKH BAHTAXKIB € HEOOXIIHOK CKJIa-
JIOBOIO YacCTUHOIO AociipkeHHs. OcKilbku 00caru iMmopty toBapiB 3 €C B Ykpainy
1 eKCTIOPTY B 3BOPOTHOMY HAmNpPSIMKy € Pi3HUMH, IpoOiieMa 3 HAJIUITKAMUA BaHTAXKY,
o nocrymnae 10 BMK, € 10cuTh akTyaabHOW0, TOMY MH CTHKA€EMOCS 3 HEOOXITHICTHO
BUKOPHUCTAHHS IPOMDKHHUX ITyHKTIB JUJIsl TAMYACOBOIO 30€piraHHs Ha JIMIIKIB BAHTaXY
1, IK HACJIIJIOK, 13 0araToeTanHow TPAHCIOPTHO 3a/1aUeH0, 110 JI03BOJUTH C(HOPMYBaTH
ONTHUMI30BaHI rpaiky HAJXOKCHHS BAHTAXKIB JI0 CKJIaJICHKUX MPUMIIIEHb BAHTAKHUX
MHUTHHUX KOMIIJIEKCIB.

BuKJ1a]] OCHOBHOI0 MaTepiary

VY poboti HaBeieMO OIUC MiJXO0/MY, SKUH BUPINIYE 3aJla4y MOETAITHOTO TPAHCIIOPTY-
BaHHS BaHTaXIB B 11 MepexeBOMY MojaHHI y cepenopuiii Excel Ta inTerpaiiro 3a1a4i
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B niporpamysanHs Delphi 3a nonomororo makpocie VBA. Tlpu niboMy po3riistHeMO JiBa
BapiaHTH OaraToeTarHoi 3a1adi:

1. Konmu cymapHi 00’ €MU CKIIQ/ICBKUX MTPUMIIIEHb 3aMOBHHKA 1 IPOMIXXHHUX ITyHKTIB
piBHI 00csiraM BaHTaXYy, IO HAJCUIIAETHCS IOCTAYaIbHUKAMHU.

2.Komu 3aranmpHi 00’€MH TOCTaBOK BaHTaXy IOCTa4ajbHUKAMH IEPEBHIIYIOThH
3arajibHi 00’€MH MOMIJIMBOCTI NMPHHAOMY CKIIQJICBKUMH TPUMILICHHSMH 3aMOBHHKA
Ta MPOMIKHUX TYHKTIB.

Jlnsa nepwozo eapianmy po3niisiHeMo 2 (m = 2) MOCTIHHUX ONTOBUX MOCTAYaIbHU-
KiB OJTHOPIJTHOTO BaHTaXy (TMPOAYKTH XapuayBaHHs1) — MyHKTiB nocradanHs (I1I1) B mic-
Tax Yepkacu(A ) Ta Kuis(A,), ki MaroTh HoOro, BiaNoBiaHo, B obcarax: a, =210, . Ta
a, =318 . 14 (n=4) BMK — nynktn cnoxusanns (IIC) B HaceneHux myHKTax:
M. [poroGuy (B)), m. Toponok (B,) c. lerusi (B,) Ta M. Cynosa Buwns (B,), sixi
pO3TalllOBaHi B3JIOBXK KOpAOHY YKpainu y JIbBIBCBbKiH 00j1acTi, Ha SIKUX 3/IHCHIOBA-
TUMETHCS IEPEBAHTAKEHHSI eKCITOPTHUX ToBapiB. BMK MaroTh 3asBKM Ha I[iif BaHTaX
B 00csrax, BianosigHo: b, = 66 .. b, =44 b =132 . Ttab, =88 .. Ilpuiomy
3arajibHi 00’€MH MOCTABOK ILOTO BaHTaxy (528 . ) NEPEBHINYIOThH 3arajibHi 00’eMH
MOXIIMBOCTI npuiiomMy Bantaxy BMK (330 | ) na Benmuuuny A, a came:

Zai > b, (1)

A=Y a-2b, )

Taxoxx mu maemo 3 (/ = 3) mpomixHi cknaackki Tepminanu (IICT), sxi po3ramoBaHi
y HAaCTyIHUX HaceeHux myHkrax JIbsiBchkoi obmacti: ¢. Masexis (C)), ¢. Comnonka (C,)
ta M. JIbBiB (C,) 11 TAMYACOBOTO 30€piraHHs HAUIMIIKIB BAHTAXY (2), AKI MOXKYTh
BMIIIaTH HOTO B 00CATax, BIANOBIIHO, ¢, = 66 c,=44 . Tac, =838

T/™mic? T/™mic”

m n !
BpaxoBytoun BuXiaHi AaHi, Mixk lea,., Z}bj ! ;Ck
i= Jj= =

BUHHKAE CITIBBiTHOMICHHS (3) TpH 000B’I3K0BOMY BUKOHAHHI yMOBH (1):

iai =2 bj+Zl:ck. 3)

Bubip nanoi ymoBH 0OyMOBJICHHH HEOOXIJHICTIO 3aBYaCHO CIIPOTHO3YBAaTH TOYHI
00CsTH BaHTaXy, W10 OyIyTh HampapJeHi JO CKIAaJChbKHX MPUMILIEHb HAa KOKHOMY i3
eTamiB JOCTaBKU JJsl YKJIaJICHHS JOBIOCTPOKOBHX JOTOBOPIB Ha OOCIYTOBYBaHHS
MMOCTa4YaIbHUKIB.

Ha nepiromy erani po3B’si3aHHsI 3371241 3/{IHCHIOETBCS PO3IOLT BAHTAXKY Bijl TOCTa-
vanbHukiB (A ) mibk BMK (B)) ta IICT (C,). Butparu 3a KoXHHMM 13 HanpsmiB e
YMOBHI OJIMHUII, IO BPaXxOBYIOTh BiJJIaJICHICTh MOCTadyajJbHHUKIB BaHTaxy Bijm BMK
ta [ICT, IICT Bin BMK. [lpyruii eran po3B’s3aHHs 3a4adi pO3MOALISLE BaHTaXi, 10
onmamrcs B [ICT mixk BMK st mogansimoi ix BinnpaBku B €Bpory. Pesynsraru 6ara-
TOETAITHOT 3a/1a4i JOCTaBKH BaHTAXy 3a JOMOMOTroro cepenosumia Excel mpencrasneni
Ha PUCYHKY 1.
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Puc. 1. Excel-mabnuys po3e’szanns bazamoemantoi 3a0aui nepege3eHsi 6anmaicy

3a pe3ysabrataMu po3paxyHKiB OTPUMYEMO TIPOTHO3 [T PO3MINICHHS Ha 1-My 1 2-My
eTarnax MepeBe3eHHsI BAHTaXy, a TAKOX 3pOOJIEHO MPUIYLICHHS PO TOTOBHICTH BCiX
HOro ojiepKyBadiB 710 PO3MIIICHHS I[[bOT0 BAHTaXy B 00’ €MaX, BIAMOBITHUX IX TICPBUH-
HUM 3asBKaM. OOCSTH MOCTaBOK 32 KO)KHUM €TarioM PO3B’si3aHHsI 3a]1a4i MpeCTaBICHI

Ne 1(6), 2020
Bl B2 B3 B4 3anacu Cc1 c2 c3 3anacwk
Al 76 75 81 75| 210 Al 72 74 73 12
A2 63 57 62 57| 318 A2 53 56 54| 186
3aABKW b6 44 132 88 3aABKU 6 | a4 | 88 |
C1 c2 Cc3 3anacu
B1 B2 B3 B4 3anacu Al 0 12 0 12
Al 66 44 0 88 198 A2 66 32 88 186
A2 0 0 132 0 132 || 3anexn [L0660 [0 44|
3anBru 66 44 132 88 10930 3498 2680 4752
23100 = 5016 3300 8184 6600 1-i eTan
B1 B2 B3 B4 | 3anacu
c1 9 5| 10 8] 66
Cc2 7 & 8 3] 44
c3 8 3 8| 3| s8
Janeku 66 | 44 132 | 88
Bl B2 B3 3anacu
C1 66 0 4] 0 66
c2 0 0 0 a4 a4
C3 0 44 0 A4 88
Janeku 66 44 0 88
990 594 132 V] 264
2-# eTan

Ha ONTUMAJIbHI CXeMI ITePEBE3CHHS BAHTAXKY, PUCYHOK 2.

1-n etan

2-ih eTan

Puc. 2. Onmumanvna cxema nepegesents 6aHmaicy (6 moHax/micayy)
3a pe3ynomamamu nepuio2o eapianmy 6a2amoemantoi mpaHcnopmHoi 3a0ayi
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TakuM YMHOM, BaHTaX 2-X MOCTaYaIbHUKIB, 3T1JHO YMOB 3a/1a4i, PO3IOIITHBCS MiXkK
BMK Ta npomixkanmu Tepminanamu(I1T).

/s Opyzozo eapianmy pO3IISIHEMO aHAJIOTIYHO 0 momnepeaHsoro 2 (m = 2)
MOCTIHHUX ONTOBHX IMOCTAYaJIbHUKIB OJJHOPITHOTO BAaHTAXY (IIPOIYKTH XapayBaHHS) —
IIIT B mictax Yepkacu(A ) Ta Kui(A,), ane ki MaroTh HOro, BiNOBIAHO, B 00CATax:
a,=300 . Taa,=318 i4(n=4)BMK-IIC B Hacenenux mynkrax: m. J[porooud
(B,), M. Toponok (B,) c. Uleruni (B,) ta m. Cynosa Bummnst (B,), sixi posrauosai
B3/IOBXK KOpJIOHY YKpainu y JIbBiBChKil 00NacTi, Ha SIKUX 3/iHCHIOBATUMETHCS Tepe-
BaHTa)XCHHS eKcopTHUX ToBapiB. BMK MaroTh 3asBKH Ha 11ili BaHTaXX B 00csrax, Biji-
noBigHo: b, =66 ., b, =44 b =132 _Tab, =88 .. Ilpudomy 3arambni 06’emu
MOCTaBOK I[bOT0 BAHTAXY TEPEBUIIYIOTH 3araibHi 00’ €M MOXKIMBOCTI IPUIOMY BaH-
taxxy BMK, sk 1 B nepriomy BapiaHTi 3a1aui.

Takoxx mu maemo 3 (/ = 3) IICT, sixi po3ramioBaHi B TakuX HACEICHUX ITyHKTaX
JIbBiBCBKOT 0OMacTi: ¢. Manexis (C,), ¢. Cononka (C,) ta m. JIbsis (C,) mnst THMYaco-
BOrO 30epiraHHs HaUTHIIKIB BAaHTaXYy (2), sIKi MOXKYTh BMIIlIaTH HOTO B 00csATax, BiAIO-
BIJTHO, ¢, =66 c,=44 . tac,=88 .. Bpaxosywuu BUXIIHI HaHi, MIXK

T/™mic? T2 /™i
n

m !
> a, > b, i) ¢, Bunukae cnissigHomenus (1) Ta (4):

ia,ibﬁzck (4)

i=1 Jj=1 k=1

Bubip naHoi yMOBH 3yMOBJICHHI HEOOXIIHICTIO 3aBUYACHO CIIPOTHO3YBAaTH PO3Mi-
LICHHS BAHTAXXy 3 ypaxyBaHHSM HaJUTMIIKIB, MO0 OyAyTh HalpaBlICHI 0 CKIAJCHKUX
MPUMIlIEHb HA KO)KHOMY 3 €TalliB JOCTABKHU ISl YKJIAJCHHS JOBTOCTPOKOBHX JIOTOBO-
piB Ha 00CITYTrOBYBaHHS NOCTaYaIbHUKIB.

Ha mnepiromy erami po3B’si3aHHsI 3aja4i 3IHCHIOETBCS PO3IMOILT BaHTAXKY BiJ
nocradanbHuKiB (Am) mixk BMK (Bn) Ta npomi>kanmu mynkramu(tepminanamu) (Cl).
Butparu 3a KOXHHUM i3 HanpsiMiB — YMOBHI OJIMHHIII, 1[0 BPaXOBYIOTh BIJIJJAJICHICTh
nocravanbHUKiB BaHTaxy Bigt BMK. Jlpyruii etan po3s’si3aHHs 3a/1a4i pO3MOIiIsE BaH-
TaXi, 0 ONMMHWIKCS B MPOMDKHUX MyHKTax Mk BMK 1iist moganeimoi ix BiampaBku
B €Bpomny. Ha TpeThoMy eTari po3B’si3aHHs 337124l 3aJIUIIKHA BAHTAXKY PO3MOAUISIOTHCS
BiJ mocravanbHUkiB Mixk BMK. Pesynbratu 6araroeramnHoi 3aja4i JOCTaBKU BaHTAXKY
3a JI0NoMOroro cepeouiina Excel nipeacrapieHi Ha pucyHkax 3 Ta 4.

| Bl B2 B3 B4 | 3anack cl c2 C3 Janacw|
| a1 76 75 81 75] 300 Al 72 74 73| 102
| A2 63 57 62 57| 318 A2 53 56 54| 186
3asexu| 66 44 132 88 [

C1 Cc2 C3 3anacu|
| B1 B2 B3 B4 |3anacu|| A1l 0 39 0 39
| A1 66 44 0 g8 198 A2 66 5 g8 159
| a2 0 0 132 0 132 |[3anexvll 66|44 |D 88
3aneku| 66 A4 132 88 11416 3498 = 3166 = 4752
|23100 5016 3300 | 8184 | 6600 1-4i etan

Puc. 3. Excel-mabnuys poss 'szanns Opyeo2o eapianmy bazamoemantoi 3a0ayi
nepeegeszenns sanmasicy (eman 1)

121



PO3BUTOK TPAHCIIOPTY

Ne 1(6), 2020
Bl B2 B3 B4 3anacu B1 B2 B3 B4 3anacw
Cl 9 5 10 8| 66 Al 76 75 81 75| 63
Cc2 7 3 8 3| 44 A2 63 57 62 S5713F
C3 8 3 8 3] 88 3 66 44 132 88
3anBKku 66 44 132 88
B1 B2 B3 B4 3anacu Bl B2 B3 B4 3anacw
Cc1 66 4] 0 0 66 Al 0 30 0 33 63
c2 0 7 0 37 44 A2 0 14 0 13 27
C3 0 37 0 51 88 3 0 44 0 46
3ansku 66 A4 0 88 6264 0 3048 0 3216
990 594 132 0 264
2-% etan 3-# etan

Puc. 4. Excel-mabauys poss’szanns Opyeo2o eapianmy bazamoemantoi 3a0a4i
nepesesents eanmaoicy (emanu 2, 3)

3a pe3ympraraMu  pPO3paxyHKIB  OTPUMYEMO TMPOTHO3 IS PO3MIIECHHS
Ha 1-My i 2-My eTamax NEpeBE3CHHS BaHTaXy a TaKOK 3pPOOJICHO MPUIYIICHHS PO
TOTOBHICTh BCIiX HOTO OJIEP)KyBauiB JI0 PO3MIIICHHS IIHOTO BaHTaXy B 00’e€Max, Biji-
MOBIIHUX iX TEepBHHHUM 3asiBKaM. OOCSTH TIOCTaBOK 3a MEPIIMM Ta APYTUM eTa-
MOM PO3B’sI3aHHS 3aja4yi MPEJCTaBJICHI HA ONTUMAJIbHI CXeMi TIEPEBE3CHHS BaHTAXKY,
PUCYHOK 6, 00CSTH IIOCTABOK 3a TPETIM €TaroM, PUCYHOK 5.

:

33

«—— l-ieran

- 2-1 eTan @ 13

+«——— 3-teran

Puc. 5. Onmumanvha cxema nepesesents 6aHmadicy (8 moHax/micayv)
3a pezytomamamu opyeozo eapianmy BT3

TaxuM 9MHOM, BaHTaX 2-X MTOCTAYaILHUKIB, 3TITHO YMOB 3a]J1a4i, PO3IOITABCS MiXK
BMK Ta mpomixkaumu Tepminanamu (I1T).

I3 MeTor0 PO3B’sI3aHHS MPOOIEMH IIAHYBAHHS 1 TIOAAIBIIOTO 3MIHCHEHHS MacOBHX
BaHTaXHUX TepeBe3eHb Ha JITM OyB cripoekToBanuii mporpamunii komruieke (I11K) 3a
JTIOTIOMOTOIO aJTOPUTMIYHOI MOBHY TIporpamyBanHs Delphi Ta makpociB Visual Basic for
Application nyis cymicHOi poOOTH 3 TAOTMIHUM TIporiecopoM Excel [5].
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[pomnec ¢pynkuionysanns [1K Bkitouae 4 kpoku:

1. lianorose BiKHO 3a/IaHHsI CTPYKTYPH TiepeBe3eHb, T00To KinbkocTi [1I1, [TC ta CIIT.

2. JlianoroBe BiKHO BBEJICHHS 0OCSTIB ITEPEBE3CHHS BAaHTAXKY.

3. [JiamoroBe BIKHO BBEJICHHsI MaTpHUIll TPAHCHOPTHUX KomyHikaniii TM, ToOTO
Haiikopormmx Bigcraneit mix I 1 [IC,IIT i CIT,CIT i T1C.

4. Mianorose BikHO 4-T0 KpoKy poOortu [1K, Ha sikoMy cXeMaTW4YHO MpEACTaBICHI
pe3yNbTaTH HOro BUKOHAHHS, PUCYHOK 6 — nepimid BapianT BT3, pucyHok 7 — npyruit

Bapiant bT3.
KinbKicTb NPOMiKHKUX
cknanie (C) C1 cz C3 Sakputu
3 66 (44 38 nporpaMy
BincraniMix CiB MepeeeaeHna MiXx CiB  Biactani Mk AiIC MNepesezeHHA MIX AT C
B1 |E|2 B3 [B4 B1 |Bz B3 [B4 cl |c2 c3 cl |cz c3
PocoTta Mk Ci B = 930 c1 Ebds (10 |8 cl [0 o0 |0 72 74 |73 |] 12 |0 PogoTa Mixk A i C = 1093(
c2 |7 |3 |8 |3 czio o 0 |44 A2 |53 ‘55 54 A2 |66 |32 Lili]
1-i eTan
2-i1 etan cifs |3 (8 |3 cifo |44 [0 |24
14 etan MepeseszeHHs Mix Ai B

Kinbkicte

] B1 [B2 (B3 [B4
cngxuesuin:(b) <}:I Kineki
INBKICTE
EE 41 |0 iaa nocrauankHukie (A)

A2 [0 ‘n 1azin |E—

Tl

=

IW BinctaHi Mix AiB Al
l% Bl |E|2 B3 [B4 W
o 75 75 (81 |75 i;?]_s
132 A2 |63 |5? 62 |57 PoGoTa Mix A i B = 23100

B4

s

3aransHa poGota = 35020

Puc. 6. [lianoeose gixno 4-20 kpoxy pooomu 11K dns nepwozco sapianmy BT3

st nepuroro Bapianty BT3 sk pesynbrar pobotn [IK Mu oTprMyeMo cxeMaTnaHO
MpeACTaBIeH] KPOKM HOro BUKOHAHHS, a caMe: OOCSTH TEepPEBE3CHHS BaHTaXy MiX
[T 4, 4,1 1IC B,, B,, B,, B, na nepwomy emani N0CTaBKA BaHTaXy (BapTicTh HOro
peamizauii cknanae 23100 y.2.0.); o6csaru nepeesenns BanTaxy Mk 11114, 4,1 CII C,,
C,, C, Takox Ha nepuiomy emani TOCTaBK¥ BAHTaXxy (BapTiCTh HOTO peasisallii CKianae
10930 y.2.0.); 06csaru nepesesenns Bautaxy mik CII C, C,, C,i1IC B,, B, na dpyzomy
emani NOCTaBKH BaHTaXy (BapTicTh Horo peamizauii ckmagae 990 y.c.0.); i cymapHa
BapTiCTh (OCTaTouyHa) 3AiMCHEHHsI YCiX eTamiB JOCTaBKH BaHTaXy, sKa CKJaJac
35020 y.e.o0., pUCyHOK 6.

s npyroro Bapianty bT3, sk pe3ynbrar podoru [IK Mu orpumyeMo cxeMaruaHo
MpeAcTaBIeH] KpOKU HOro BUKOHAHHS, a came: 00csTH nepeBe3eHHst BaHTaxy Mix [111
A,A4,ilIC B, B, B,, B, Ha nepuiomy emani JOCTaBKM BaHTaxy (BapTicTh HOTo peati-
3auii cknanae 22524 y.2.0.); o6csaru nepesesenns antaxy mMix I[1I14,4,iCII C, C,,
C, Takox Ha nepwiomy emani TOCTABKH BaHTaXy (BapTICTh HOro peanizalii CKianae
11506 y.2.0.); ob6csaru nepesesenns Bantaxy mix CII C, C,, C,i1IC B, B, na opy-
eomy emani TOCTaBKH BaHTaXy (BapTiCTh oro peainizaii ckiamae 990 y.e.0.); oocsiru
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nepeBe3eHHs BaHTaxy Mix 111 4 A, iIICB » B,, B, B, Ha mpemovomy emani 10CTaBKH
BaHTaXy (BapTicTh Horo peaiizamii ckiamae 6750 y.e.0.); 1 cymapHa BapTicTh (OcTa-
TOYHA) 3[IHCHEHHS yCiX eTalliB JJOCTaBKU BaHTaXY, sika ckiiagae 41770 y.e.0., pucyHok 7.

EinukicTe npoMisHWs
crnania (C) C1 cz2 c3 TaKpHTH
3 153 44 88 nporpaMy [

Bincroui vk Ci B Nepepesennanix CiB  BincToi nixAiC Mepenesanna Hix AT C
1 |c2 |C3
Al B 44 0 FPodora Hix A Q= 11506

Podora mix Ci B - 950

A2 [66 0 88

= — 1-i eTan
2-ih eTan

Kinsricts

cnoxueauis (B) EinsricTe

nocTauankHKKIB (A)

T|

o

kA
g2 ™
=1

L3
@

Potiota nix Ai B = 226524

o=|e o
§|‘E|UE|N§|

3aransHa poGora = 41770

3-i eTan

Podora mix A B - B750

Puc. 7. [ianoeose gixno 4-2o kpoxy pobomu 11K dns opyeoco eapianmy BT3

3anponoHOBaHUi JIOTICTUYHMIA TIAXiJ J0 opradizailii He30alaHCOBAHHMX BaH-
T@XHUX TNEpeBe3eHb Ha TPAHCIOPTHUX Mepekax OyB peai3oBaHHil y BUINISAL IMPO-
rpaMHo-iHcTpyMeHTanbHOro KoMiuiekey (ITIK) [6; 7], sikuit 00’e€qHye eTam 3BeICHHS
MEPEKEBOTO MPEJICTABICHHS CXEMH JIOCTaBKHM BaHTaXIB JI0 TAOJIMYHOTO BUIIISY 1 eTan
TUTAHYBaHHSI 1 MOJAJIBIIOIO 3/IIMCHEHHSI MACOBUX BaHTa)KHUX repeBe3eHb Ha [ITM.

Le#t miaxin 70 onTUMi3allil MAaCOBUX BaHTa)XKHUX TiepeBe3eHb Ha JITM, sikuit 6azy-
€THbCS HA BUKOPHCTaHHI Cy4yacHHX 3aco0iB iH(OpMamiiHUX TEXHOIOTiH, JEMOHCTPYE
OJIUH 3 HAIPSIMIB IIBOTO PIIICHHs [8], ajie Mae Taki OOMEIKSHHSL:

1.Ha 2-omy erari (a ans iHmux Bapianiii BT3 1 mopanbmmx) 3po0ieHo NpUITyIeHHS
PO TOTOBHICTh BCIX HOTO OJICPKYBaviB JI0 PO3MIIICHHS IIbOT'0 BaHTaXy B 00csATax, BiJi-
MOBIIHUX TX TIEPBUHHUM 3aMOBJICHHSIM.

2. JInist yCHiNIHOTO 3aCTOCYBaHHS 3aITPOIIOHOBAHOTO MiAX0AY HEOOX1THO IMOTIEPETHBO
MIEPETBOPUTH MEPEIKEBY MOJICIIb MPEJICTABICHHS IMEPEBE3EHb BAHTAXKY JI0 TAOJIMYHOTO
BUTJISITY.

3.TIIK moxe Oyne 3acrocoBanuii 1ist TM Manoi Ta cepefHboi PO3MIPHOCTI Y 3B SIBKY
3 0OMEXKEHICTIO ITPOrPAMHOIO CEPEIOBHINA HOTo peatizallii — TabiIM4HOro mpouecopa Excel.

BucHoBku

EdexruBHicTs OaratoerarmHoi TpaHCIIOPTHOI 3aa4i y ONTHMI3alli BHKOPUCTAHHS
BMK mnonsrae y BpaxyBaHHI AaHHX LIOJ0 MOMKIJIMBOCTI TPUHAHATTS BCiMa CKIIAJCHKUMU
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MIPUMILICHHSIMH, SIKI JIOCTYITHI JIJIsl OpraHi3allii Takoro BUIYy MEPeBe3eHb, BKIIFOUAKOYH SIK
BMK, Tak i npomikHi TepMiHanu. Po3misiiatouu 1Bl yMOBH YISl pO3B’sI3aHHSI 33/1a41: KOJIH
3arajibHa KiIbKICTh BAHTAXY BiJl OCTAYaJIbHHKIB € PIBHOIO CYMapHUM MOKIIUBOCTSIM ITPH-
rasaTTs Bantaxxy BMK Ta [T Ta 3a yMoBH, KIIIO 3arajibHa KUTBKICTh BAHTAXY BiJl IOCTa-
YaJbHHKIB € OUIBIION0, HK CyMapHi MOMKIMBOCTI puiHsATTs BanTaxky BMK Ta 1T — Oyno
MPOLTIOCTPOBAHO PO3B’SI3aHHS TPAHCIIOPTHOI 33/1a4l y JiBa Ta TpW eramy. bararoerarHa
TPAHCIIOPTHA 3aJla4a BHPINIye MPOOJieMy PO3TallyBaHHS 1 HAIPABICHHS BAHTAXKIB IS
ONTUMAJILHOT OpraHi3aiii poOOTH JIaHIFOTa, IO MPAIIIOE 13 3aCTOCYBAHHSIM CUCTEMH TSTO-
BUIX TUIeYEH 1 MPOTNIOHY€E HalpalliOHATTBHIIII CXeMH JUTsl BiAipaBieHHs BaHTaxxy Ha BMK.
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