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PIBHOBATH YV ITIPOCTOPOBII JYOMOJIII:
ACHUMETPISI PUHKIB VS. TPOJYKTOBA JU®EPEHIIAIISA

C.B. Me1bHUKOB
K.€.H., JIOIIEHT, AOUEHT KadeIpy MiIPUEMHULITBA 1 TYpU3MY,
Ooecvkuil HayionanbHull Mopcvkull yHisepcumem, Odeca, Yrpaiua,
ORCID ID: 0000-0002-2627-9463

Anomauisn

Bcemyn. Y meopii canyzesux punkie 01a onucy pi6HOBANCHUX CAHIE BUKOPUCTOB)-
ombcs, K npasuio, 06i 6azosi modeni — Kypno ma bepmpana. Ilicis nosigu 3Hamenu-
mux pobim Kypuo i Bepmpana, exonomicmu oce yoice Oinbuie cma poKie NOpieHIOIMb
Mide coboro nepesazu kinvkicHoi (3a Kypuo) ma yinosoi (3a Bepmpanom) KonKkypenyii.
Y knacuuniii modeni dyononii yiHo8a KOHKYPEHYIsI 3HUNCAE YIHU OO0 DIBHS 2PAHUYHUX
sumpam (napadoxc bepmpana). Cnoscusaui 8i0 yvozo sueparoms, a gipmu ompumy-
tome MiHiManbHul npubymox. Tomy, 8 pamkax Kiacuuuoi mooenui, ipmu 88axcaromeo
3a Kpawje KinvKicHy KoHKypenyito. Ilooonamu napadoxc bepmpana moxciugo 3a ymo-
8U B8EOEHHS 8 MOOEIb THUIUX XAPAKMEPUCTUK PEallbHUX PUHKIB, a came: NPoOyKMoeoi
oughepenyiayii, OuHamiunoi 83aemo0ii hipm, 0b6MedNCeHHA BUPODHUYUX NOMYHCHOCIE,
npoCcmoposo2o posmautyeannsa @ipm, mowjo. Memoro danoi pobomu € ananiz y3azais-
HeHoi moldeni npocmoposoi dyononii [Liang, W.J., Hwang, H., & Mai, C.C., (2006).
Spatial discrimination: Bertrand vs. Cournot with asymmetric demands. Regional
Science and Urban Economics, 36, 790-802] 6 ymosax acumempii po3mipie purxie ma
npooykmosoi ouepenyiayii. 3 memoro maxcumizayii npuoymky gipmu cnowamxy eubu-
paioms micye posmautyeanis, a nomim euo Koukypenyii — 3a Kypno abo bepmpanonm.

Pesynvmamu. Iloxasano, wo npu 00Cumy 8UCOKOMY PIiGHI acumempii pumHKis, azio-
Mepayis na Oinbuomy punKy € €OUHOI0 pignogazoio Hewia 6 uucmux cmpamezisx, He3a-
JIEJHCHO 810 8UOY KOHKYpeHYii ma xapaxmepy npooykmogoi oupepenyiayii. OmpumaHro,
Wo CmaHu piHOBACU CYMMEBO 3ANeHCAMb IO CNIBGIOHOULEHb MIJC ACUMEMPIEI0 PUH-
Ki6, npOO0yKmMoeow ougepenyiayicto ma mpancnopmuum mapughom. Busnaueno siono-
BIOHI 3aNEIHCHOCMI 8 AHANIMUYHOMY 8u2isi0l. Ha 0cHO8I NOPIBHANbHO2O0 AHANIZY PI6HO-
BAICHUX CIMANIG OOIPYHINOBYEMbC ONMUMANLHA cmpamezisi ipm wo0o eubopy micys
PO3MAULY8aAHHA MA 8UOY KOHKYDEHYII.

Bucnoeku. Ilposedenuti y pobomi ananiz 003601ue chopmynosamu ONMuUMAaibHy
cmpamezito Qipm 3a Kpumepiem npubymky. ¥ x00i xouwkypenmmuoi epu gipmu obu-
paioms Micye po3mauyéanHs ma eud Koukypenyii. Micye posmawyeanns eniu-
8ae Ha 6ubip 6udy Koukypenyii, ma Hagnaxu. OMpUMaHoO, WO HE3ANEHCHO 8i0 8UJY
KOHKYpeHYii, OnmumManbHum 01 Qipm € posmautyeanus Ha Oinbuiomy punxy. A om

© Meabuukos C.B., 2022



PO3BUTOK TPAHCIIOPTY
Ne 3(14), 2022

8UOID ONMUMATLHO20 8UOY KOHKYPeHYii 3anexcums 8i0 npodykmogoi oupepenyiayii.
Ilpu e3aemooonosurosanocmi npubymox ¢ipm 6yode suwum 3a YiHOB0I KOHKYPEHYI.
Tpu 63aemo3aMiHHOCTE ONMUMATLHULL 8UO KOHKYpeHyil 6yde 3anedcamut 8i0 Cnig8ioHO-
WIeHHs MIJHIC ACUMEmPIEI0 PUHKIB, NPOOYKMOBOI OudepeHyiayicto ma mpancnopmHum
mapugom.

Knrouoei cnosa: npocmoposa dyononis, acumempis puHkie, npooykmosa oughepen-
yiayis.

EQUILIBRIA IN A SPATIAL DUOPOLY:
MARKET ASYMMETRY VS. PRODUCT DIFFERENTIATION

S. V. Melnikov
PhD, Associate Professor,
Associate Professor at the Department of Entrepreneurship & Tourism,
Odessa National Maritime University, Odessa, Ukraine,
ORCID ID: 0000-0002-2627-9463

Summary

Introduction. In the theory of industry markets, as a rule, two basic models are used to
describe equilibrium states — Cournot and Bertrand. After the famous works of Cournot
and Bertrand, economists have been comparing the advantages of quantitative (Cournot)
and price (Bertrand) competition for more than a century. In the classical duopoly model,
price competition drives prices down to the marginal cost level (Bertrand’s paradox).
Consumers will benefit from this, while firms receive minimal profits. Therefore,
within the framework of the classical model, firms prefer quantitative competition. It
is possible to overcome the Bertrand paradox if other characteristics of real markets
are introduced into the model, namely: product differentiation, dynamic interaction of
firms, limitation of production capacities, spatial location of firms, etc. The purpose of
this paper is to analyze the generalized spatial duopoly model [Liang, W.J., Hwang, H.,
& Mai, C.C. (2006). Spatial discrimination.: Bertrand vs. Cournot with asymmetric
demands. Regional Science and Urban Economics, 36, 790-802] under conditions of
asymmetric markets and product differentiation. In order to maximize profits, firms first
select a location and then the type of competition — Cournot or Bertrand. Results. It
is shown that with a sufficiently high level of markets asymmetry, agglomeration in a
large market is the only Nash equilibrium in pure strategies, regardless of the type of
competition and the nature of product differentiation. It was found that the equilibrium
states significantly depend on the relationship between the markets asymmetry, product
differentiation and transport tariff. The corresponding dependencies are determined in
an analytical form. On the basis of a comparative analysis of equilibria, the optimal
strategy of firms for choosing a location and type of competition is substantiated.
Conclusions. The analysis carried out in the paper made it possible to formulate the
optimal strategy of firms based on the criterion of profit. In the course of a competitive
game, firms choose the location and type of competition. Location affects the choice
of type of competition, and vice versa. It was found that regardless of the type of
competition, it is optimal for firms to be located in a larger market. But the choice of the
optimal type of competition depends on product differentiation. With complementarity,
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the profit of firms will be higher than in price competition. With substitutability, the
optimal type of competition will depend on the relationship between market asymmetry,
product differentiation and transport tariff.

Key words: spatial duopoly, markets asymmetry, product differentiation.

1. BBeneHnHsi Ta NOCTAHOBKA NMPo0dJieMu

Y xjacu4HIN Momesi Jyoroiii IMiHOBa KOHKYPEHINis (3a beprpanom) mpu3BOIUTH
JI0 3HIKEHHS I[iH JI0 PiBHS IpaHWYHUX BUTpAT (mapagokc beprpana). CrioxxuBadi Bif
LBOTO BUIPAIOTh, a (ipMHU ONEPXKYIOTh MiHIMaIbHUN NpHOyTOK. ToMy, B paMKax Kia-
CHYHOI Mozeni, ¢pipMH BiIal0Th epeBary KilbKicHii koHKypeHuii (3a KypHo).

BBezneHHs1 y Mozenpb iHIINX XapaKTEPUCTHK PEallbHUX PHHKIB JIO3BOJISIE ITOMOTATH
napajokc beprpana ta po3mmpuTn aHaniz. Hampukman, B [1] mokazaHo, mo mpu mpo-
OYKTOBiM nmudepeHmianii piBHOBaKHI 3a bepTpaHoM IiHM NEpeBHUIIYIOTH TPaHHYHI
BUTpaTH. Y LbOMY BUNAIKy (ipMH BUOMparOTh KOHKypeHLio 3a KypHo nume 3a B3a-
€MO3aMiHHOCTI, a 32 B3a€MOJIOTIOBHIOBAHOCTI iM B)Ke BUTiJHA KOHKypeHLis 3a beprpa-
HoM. [Ipy mboMy JUTsS CIIOKHMBauiB KOHKYpEHIisl 32 bepTpaHoM BUTiHA HE3aIEKHO Bij
BHIY TpoaykToBoi mudepentiamii. ¥ poboti [2] po3mmproerbest aramiz [1]. Tlopsg
i3 B32€MO3aMiHHICTIO TIPOYKTIiB TaKOXX BPAaXOBYETHCS acHMETpis QipMm 3a BUTpaTaMu
Ta MOMUTOM. JJOBOAHUTHCS, IO ITi]T BILTHBOM acUMETpii ipMaM Moke OyTH BUTiTHA KOH-
KypeHLis 3a bepTpaHoM Takox i 3a B3a€MO3aMiHHOCTI.

[le ogHKM HAPSIMOM € BUBUCHHS BILIMBY BUY KOHKYPEHIIii Ha MPOLIECH arjioMepa-
uii Ta nucnepcii Gpipm y nmpocropoBux mMozensax [3—7]. OTpumMaHo, 110 3a MiHOBOT KOH-
KypeHIlii GipMu MparHyTUMYTh 10 MaKCHMaJbHOI AWMCIIepCii 3a/JIs ITOMOIaHHS Tapa-
nokcy beprpana. 3a KinbKicHOT KOHKYpEHIIl po3TanryBaHHsS (ipM iCTOTHO 3aJIeKUTh
BiJl TPAaHCIIOPTHUX BUTpaT. HU3bKI TPaHCIOPTHI BUTPATH CTUMYJIIOIOTH (hipMu arome-
pyBaTucs Ta MpOAaBaTH Ha BCIX pUHKAx. 3a BUCOKUX TPAaHCIOPTHHX BUTpar (ipMam
BHUT1JTHO MOHOIIOJI3yBaTH HAHOIMKYUI PHHOK Ta MiHIMI3yBaTH MOCTauaHHS Ha CYCiIHI
PHHKH.

[omanpii mocnimkeHHA NOB’SI3aHi 3 ypaxyBaHHIM y NMPOCTOPOBUX MOZENAX IPO-
OykToBoi nudepeHmianii Ta acumerpii po3mipiB punkiB [§—10]. ¥V [8] moka3zano, mo
B3a€MO3aMiHHICTh (B32€MOJIOIIOBHIOBAHICTH) MPOAYKTIB [MOCHJIIOE MparHeHHs GipM 10
nucriepcii (ammomepartii). BpaxyBanHs acumerpii puHKiB y [9] mpu3Beno 1o 3BOPOT-
HEX Bif [1] pesynsrariB. OTpuMaHo, 110, 3a TOCUTh BUCOKOI aCHMETPii pUHKIB, dhipMaMm
Moke OyTH BWTiNHA I[iHOBA, a CIIOKWBa4aM — KUTBbKICHa KOHKYypeHIis. ¥ po6oti [10]
po3BuBaeThes aHamii3 [9] ans xkoukypeHuii KypHo 3a goBinbpHOT B3a€M03aMiHHOCTI Mpo-
JYKTiB.

Meroro nanoi poOOTH € aHali3 cTpareriyHoi B3aemomii ¢ipM Ha OCHOBI Mozedni
[8—10] B ymOBax cyMiCHOTO BILTUBY aCHIMETPii pUHKIB 1 MPOAYKTOBOI nrdepenmiatii.

2. Mogeanb

JlBa pUHKH pO3TaIIOBaHi Ha KiHISIX JTiHil OTMHUYHOI JOBKHUHHU. MiX pUHKAMH € acu-
MeTpisi — oOcsT pUHKY JiBopy4 (L) mepeBuiye oOcsar puHKy mpaBopyd (S). Ha minii
KOHKYPYIOTh J1Bi QipMu 3 iHAekcamu i 14, i, j = 1,2, i # j. Ha 060ox puHKax ¢ipmu mpo-
JaroTh nudepeHIiioBaHi MPOTYKTH, apOiTpax MiX CITOKHBadaMH BHKIIOUeHO. KoxHa
(hipmMa Hece TPaHCIOPTHI BUTPATH { Ha MMOCTAYaHHs ONWHUII MPOIYKINI HAa OJUHHIIIO
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BifcraHi. Bigcranp i-i ipmu 10 L-prHKY AOpiBHIOE X;. MeTa QipM — MakchMizailis
CBOTO MIPHUOYTKY.
VY pobotax [8—10] nana Monens aHai3y€eThCsI IPU OOMEKEHH] Ha B3a€EMHE pO3Tally-

BaHHA dipM (xi < xj), SK Ha puc. 1.

X, 1-x,
L - prHOK . 1—x. S’ - prHOK
« d hipma !
Puc. 1 Moodenv npocmopogoi dyononii
IDicepeno: [9]

VY BUNaAKy cUMETpii pUHKIB Take 0OMEKEHHS Ma€ CEHC, OCKIIBKH TIOJIETIIYE aHai3
1 He MOpYIIy€E 3araabHOCTI pe3ynbTariB. [IpoTe, 32 yMOB acMeTpii pHHKIB, OJIH3bKICTh
JI0 OLTBIIIOTO PUHKY Ja€ KOHKYPEHTHY repeBary. Tomy B Hamniii Mojieni BicyTHI oOMe-
JKCHHSI Ha B3a€MHE pO3TalllyBaHHS (QipM.

st BUBeeHHS (PYHKIIIH MOMUTY CKOPUCTAEMOCS KBAIPaTHYHOIO (PYHKITIE€I0 KOPHC-
HocTi 3 [1]. LinboB1 (yHKIIIT CLIOXKMBAYiB HA PUHKAX:

o (ab) +20qtq" +(qt)

Ut =g/ +q; - 2 - P - pig;
1)
5\? s s 5\? (
q; ) +20q9,q; +\q;
US=61,-S+qf—( ) > +a) -p4 -p}q;

ne pl, p —uinu Ha MpomyKT i-i hipmu Ha L 1 S pUHKAX BiATOBiNHO, ¢, g — o6cATH
nponosuuii i-i dipmu, ¢ — Koedimient npoxykroBoi mupepenmiamii, 0<|d[<1,
¥ >1 — koeilieHT acCUMETPii PUHKIB.

[puitmMemo, 1o GipMu OKPHBaIOTH 00MIBA PUHKH, TO6TO ¢ >0, ¢° >0.
IIpubyToxk i-i hipmu Ha 000X PUHKAX:

F=B B =g (ph—x) ! (5 ~t(1-)).

KonkypeHTHa rpa ckinagaeThes 3 1BoX eTariB. Ha nepriomy etami ¢pipMu ogHOYacHO
0o0upaloTh CBOE po3TrairyBaHHs. Ha npyromy erarmi, BpaxoByrOUYH pillIEHHS PO Po3Ta-
nryBaHHs, pipMH OJHOYACHO BHOMPAIOTH CBOI 00CATH Mpomo3ulii (I[iHW) MpH KOHKY-
penuii 3a Kypno (beprpanom). PiBHOBara mozesi 3HaX0AUTHCA 3a IOTIOMOTOI0 METOLLY
3BOPOTHOI 1HAYKII].

3. Konkypennia Kypno
3 (1) BuBomMMO QYHKIIT MOMUTY KOKHOTO PHHKY:

pr=1-(q/ +¢q})/v. p* =1-¢% —¢q° . )
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3rifiHO 3 METOAOM 3BOPOTHOI 1HIYKIIi1, TOYMHAEMO 3 JIPYTrOro eramy. 3 YMOB OITH-
MaJIBHOCTI TIEPILIOTO MOPSKY OTPUMY€EMO KPHBI peakiii ¢ipM:

L_v—0g v o 1-¢g) —t(1-x;)

. 5 ; ) 3
g, 2 q; > €)
YMOBH JIPYTOTO MOPSIKY: azEL/a(qiL )2 =-2/y<0, 62E5/8(qi5 )2 =-2<0.
Po3B’sa3ytoun cuctemu piBHSHG (3), 3HAXOANMO PIBHOBaXKHI 00CSATH HMPOIIO3ULIH:
L 20m)=g(t-on) o 2(1-e(1-x))—0(1-¢(1-x)))
q; Y 4_¢2 , q; = 4_¢2
YMOBH HOKPHTTSI PUHKIB:
g >0 < <t :i,
2x, — dx,
“
@ >0 o <6, = 270 :
2(1-x,)-¢(1-x,)
[IpuOyToxk:
F=(q") fr+(a). 5)

Ha mepmomy erami ¢ipMu ONTUMI3YIOTh CBOE PO3TAlIyBaHHS 32 JAHOTO PO3Tally-
BaHHSI KOHKYPEHTa. 3 YMOBH APYTOro MOPsAKY (6) BUILIHBAE, 10 GYHKIIsS TpUOYTKY (5)
CTpOTO OMyKJIa BHU3 32 MiCLIEM PO3TalIyBaHHS:

O’F, 8 (y+1)
axl_z a (4_¢2)2

Takum unHOM, B cTaHi piBHOBarn KypHo-Hema ipmu po3ramryroThesi TUIBKH Ha

>0, (6)

puHKax. Bcporo MoxknuBi 4oTHpH BapiaHTH po3TanlyBaHHA (ipM (xl. X /.) : arioMeparis
(0, 0), (1, 1), Ta mucnepcis (0, 1), (1, 0). 3HarOYM MOXIIMBI pO3TAlTyBaHHS, MU MOXKEMO
3aBEPILUUTH aHai3 YMOB IIOKPHUTTS PHHKIB (4):

t$ < min {l; 2;}
2

OnrtumalnbsHe po3TairyBaHHs (QipM 3aIeXHTh Bil BULY IPOAYKTOBOI qudepenuianii,
acuMeTpii pUHKIB 1 TpaHcopTHOTO Tapudy. BrnyB ux YMHHUKIB HA Micle pO3Tally-
BaHHsI BUTLTUBAE 3 QpyHKUil monuty (2). Hanpukian, B3aeMo3aMiHHICTh IPOAYKTIB Bif-
TOBXYE (QipMH, OCKUIBKA BOHU HE 3alliKaBJEHI y 3pOCTaHHI MPOAaXiB KOHKYPEHTA,
op; / dq; < 0. B3aeMOJOIIOBHIOBAHICTb IPOJYKTIB IPUTATY€ (HIPMHU, OCKLILKY BOHH 3aLli-
KaBJIeH1 y 3pOCTaHHI IIPOJIaXKiB KOHKYPEHTa, Op, / dq; > 0. ACUMETpisl PUHKIB [IPUTATYE
($ipMu Ha pUHOK 3 OUTBIINM MOMUTOM (L-pUHOK).

Ha mepmomy erarni KOHKypeHTHY B3a€MOZit0 GpipM MOXKHA ONUCATH Y BUIVIsAL OiMa-
TpUYHOI rpu (Tadm. 1).
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Tabmaums 1
Marpuis rpu Ha nepuioMy erami
; J L-punox S-punoxk
L_puHOK Fi (0: 0)7 Fi (05 0) Fi (07 1)’ E (07 1)
S-punox Fi(1,0), F;(1,0) Fi(, 1), F,1)

Uepes cUMETpUYHICTH (ipM BUKOHYIOTHCSI HACTYITHI CITiBBiAHOIICHHS:
F;(0,0)=F;(0,0), F, (1, 1)=F;(1,1), F, (0, 1) = F; (1, 0), F; (1, 0) = F; (0, 1).
Jist momyKy piBHOBaKHHX CHTYaIliil OPiBHAEMO MPUOYTKH (QipM 3a PI3HUX BUJIIB
MPOAYKTOBOT nu(epeHIialii.
[opiBHsubHMIA aHai3 PUOYTKIB i-1 GipMu py BUOOPI PO3TAIIyBaHHS B YMOBaXx
63acmo3aminHocmi PEICTaBIeHUH B Ta01. 2, 1e:

22-90-) (06

= =

Y(4=0)+0 T 7 y+o-1

Tab6muws 2
F,(0,1)> F(0,0)> F,(1,1)> F,(1,0) 0<r<y,
F,(0,1)>F(0,0)>F/(1,0)> F,(1,1) f,<t<t,
F(0,1)>F,(1,0)>F(0,0)> F,(1,1) 1, <t<(2-9)/2

Touka ¢, icHye TIIBKY Y BUIIAKy HEBEIMKOI aCUMETPIii pUHKIB, a came mpu Y <14 ¢.
Ilpu y >1+ ¢ TOYKa £, 3HUKAE, TOMY IO BUXOIAMTH 38 YMOBY IIOKPHUTTS: #, > (2 — ¢) / 2.

Ipoimoctpyemo ananis i3 Tabn. 2 va puc. 2, ne y=3/2, ¢=3/4, t, =2/9, t, =1/2,
£ =5/8.

cov

Puc. 2. Ilpubymxu i-i pipmu y pienosasi Kypno-Hewa
npu 63AEMO3AMIHHUX NPOOYKMAX
Iicepeno: enacna pospobka
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3 puc. 2 BUIUIMBAE, IO MPH B3aEMO3aMIHHOCTI ONITUMAIILHUM IS i-1 ipMu € Bapi-
aHT, KOJIM BOHA PO3TAIIOBYETHCS HA L-pUHKY, a KOHKYpPEeHT Ha S-puHKy. lle owikyBa-
HHAW pe3yiIbTaT, 3yMOBJICHHH MI€I0 acCHMETpii PUHKIB Ta B3a€MO3aMiHHICTIO MPOIYK-
TiB. 30UIBIIEHHS TPAHCIOPTHOTO Tapudy IMOCWIIOE BUTOMM AWCIEpCii, 1 mpu ¢ > t,
i-i1 GpipMi HABITH BUTI/IHIIIIE OKPEMO PO3TAIIYBATUCS Ha S-PUHKY, HIXK arlioMepyBaTHCS
Ha L-puHKY.

Takox Ha puc. 2 6a4nMo, IO MPH CTPATETIAX AUCIEPCii 3POCTaHHS TPAHCIIOPTHOTO
Tapudy Mo)Ke IpU3BECTH A0 30inbLIeHHs npuOyTKy i-1 dhipmu. Lleit mapamokcaibHUi,
Ha NepIIMH NOMISL, Pe3yIbTaT 00yMOBICHUH THM, IO 301IbIIEHHS Tapu(y NPU3BOIUTD
JI0 MOHOTIONI3a1i]l puHKiB. PipMu 301TBIIYIOTH MPUOYTOK 32 paXyHOK 3HIKEHHS 00Cs-
riB TPAHCHIOPTYBaHHS HA CYCiHIH PHHOK Ta MOCIAa0ICHHS KOHKYPEHIIi.

PiBHOBaru y rpi 3ajearh BiJl CIiBBIAHOMICHHS M)XK aCHMETPIEI0 pPUHKIB Ta B3a€EMO-
3aMiHHICTIO TIPOIYKTiB.

Ilpu y =1+ ¢ BruMB acuMeTpil JOMIHY€E HaJl BIUIMBOM B3a€EMO3aMIiHHOCTI, B PE3YIIb-
TaTi 4oro aryioMeparlist Ha L-puHKy € eanHO0 piBHOBaroro Hemra B uuctux crparerisix
HE3aleXKHO Bil TpaHcmopTHOro Tapudy. IIpu y <1+ ¢ cuTyallis Bxke 3aleXKHUTh Bij
piBH: TpancnoptHOro Tapudy. [Ipu ¢ < ¢, arnomepauis Ha L-puHKY € piBHOBaroro Hema
B YHCTHX CTPATETisAX, OCKUIBKU QipMu BUOEPYTH L-PUHOK 32 Oy/Ib-sIKOTO PIlLIEHHS KOH-
kypenra. [Ipu ¢ > ¢, y rpi BUHMKaIOTH ABi piBHOBark Hemla B 4MCTUX cTpaTerisixX, B IKUX
ofHa 3 (ipM PO3TAIIOBYETHCS Ha L-pHHKY, a iHIma Ha S-puHKYy. [Ipu npomy piBHOBaru
HEPIBHOILIHHI 1 L-pUHOK Ma€ NpiopHUTET.

[opiBHspHMIA aHai3 MpUOYTKIB i-i QipMu pu BUOOPI po3TallyBaHHS B YMOBaX
63a€M000N08HI08AHOCMI TIPSICTABICHUH B Tab. 3, e

2(y-1)(2+l) | (r-D(2+4])

arlolly=1) " verlel-1

Tabmurs 3
F;(0,0)>F(0,1)>F,(1,0)> F;(1,1) 0<t<t,
F,(0,0)>F(0,1)>F,(1,1)> F(1,0) 1, <t<t,
F,(0,0)>F(1,1)> F,(0,1)> F,(1,0) 1, <t<l1

Touka ¢, icHye Tijbku ipu ¥ <1+ |¢| Jdlpu y 21+ |¢| TOYKA 7, 3HUKAE, TOMY 110 BUXO-
JNTBH 32 YMOBY HOKPUTTSL: 7, > 1.

Hpoimoctpyemo ananis i3 tabn. 3 Ha puc. 3, ne y=3/2, ¢=-3/4, 1, =22/51,
t,=11/13, 15, =1.

3 puc. 3 BUIUTHBAE, IO TPH B3a€MOIOIIOBHIOBAHOCTI ONTUMAJILHUM BapiaHTOM IS
i-1 ¢pipmu € arnomepauis Ha L-punky. baunmo, o 3poctaHHsa TpaHCIIOPTHOTO Tapudy
MOCHUJIIOE BUTOAM arjioMepanii i npu ¢ > t, i-it GipMi HaBiTH BUTIHIIIE arIOMEpyBaTHCS
Ha S-pUHKY, HXK PO3TalllyBaTHCS OKPEMO Ha L-pUHKY.

PiBHOBaru y rpi 3anexarp BiJ CHIBBIIHOIIEHHS Mi>K aCHMETPI€I0 PUHKIB Ta B3a€EMO-
JIOTIOBHIOBAHICTIO TIPOJYKTIB.
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Fi

0.2 04 0.6 08 1.0

Puc. 3. Ilpubymxu i-i’ pipmu y pisnosasi Kypro-Hewa
npu 63aEMOO00NOBHIOBAHUX NPOOYKMAX
Loicepeno: énacna po3pobka

Ipr y>1+ |<|)| armoMmepariisi Ha L-puHKY € €IMHOIO piBHOBaroro Hemra B umcThx
CTparerisix He3alexHo Bij TpaHcnoprHoro tapudy. [lpu v <1+ |¢| CHUTYyaLisl BXKe 3alie-
JKHUTB BiJ piBHS TpaHcnoptHoro Tapudy. [lpu ¢ <¢, armomepauis Ha L-pHHKY € piBHO-
Baroto Hemra B uncTux crparerisix, OCKijabKH ¢ipMu BUOEPYTh L-pUHOK 3a OyIb-sIKOTO
pimeHHs koHKypeHTa. Ilpu ¢ > ¢, y rpi BUHUKaIOTH ABi piBHOBaru Hema B unctux crpa-
TETisIX, B AKUX (ipMu armoMepyrotscs. [Ipu npomy ariomepais Ha L-puHKY Kpara JUist
000x ¢ipM i € onTuManbHOIO 3a [lapero.

4. Konkypenuiss beprpana
3 (1) BuBOOMMO QyHKILI{ MOMUTY KOKHOTO PHHKY:

L Y L L 1
b= I-¢—-p; +0op; S=——(1-¢-p’ H
ql 1_¢2( (I) pl (I)p/)’ql_l—d)Z(l d) pi +¢p1)

3riAHO 3 METOIOM 3BOPOTHOI 1HAYKIIi], MOYMHAEMO 3 APYIOro eTamy. 3 yMOB OINTH-
MaJIbHOCTI TIEPILIOTO MOPSAKY OTPUMYEMO KpUBI peakuii Gipm:

L:1—<|)+<|>pf+txi S=1—<|>+¢pf.+t(l—xi)

: . D ; 7
)z > p 5 (7
YMOBH JPYTOTO MOPSIKY:
O’F! 2 O’F 2
= ! 7 <V, Sl 2" 7 <0
oty ¢ a(pr) 1o
Po3B’s3ytoun cuctemu piBHSHB (7), 3HAXOAMMO PIBHOBAXKHI LIHU:
b 2-0— 0 +20x, +dtx, . 2-¢-¢” +2(1-x,) + ¢t (1-x,) ®

4_¢2 api 4_¢2
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Hiam (8) 36irmucst 3 minamu y [8] i, TaKMM YHHOM, € IHBapiaHTHUMH MO0 aCUMETPil
PHHKIB.
OO0csTH POTIO3MIIIN:

B O o L L R )

R 3 (1-#)(4-¢')

YMOBHU OKPUTTSI PHUHKIB:

- >0 < z<tﬁwzﬁ,
i (2_¢2)xi —(I).xj (9)
B 2_¢_¢2

>0 o <t =

(2—¢2)(1—x,)—¢(1—xj)'
[IpuOyToxk:

F, =(1—¢2)((qf)2/v+(qf)2)- (10)

Ha nmepmomy erari ¢ipMu ONTHMI3YIOTH CBOE PO3TAIIyBaHHS 3a JAHOTO PO3TAIIy-
BaHHS KOHKypeHTa. 3 yMOBHU apyroro mopsaky (11) BumnuBae, mo ¢yHKIiS mpuOyTKY
(10) crporo omykia BHU3 32 MIiCIIEM pO3TalTyBaHHS:

oF, :2t2(2—(|)2)2(y+1)
o (1-0)(4-0)

Takum umHOM, y cTaHi piBHOBard beprpana-Hema ¢hipMu Takox po3TalioByBaTH-
MYTbhCS JIUIIE Ha pHHKaX. 3 (9) OTpUMyeMO YMOBY MOKPHUTTS PUHKIB:

N A2
t2 < min I;M .
2-¢

(11)

Ha mepmomy erarii KOHKYpeHTHY B3a€MOIit0 GipM MOXHA OIUCATH Y BUIVIsIL OiMa-
Tpu4HOI TpH (Tadn. 1). [opiBHsuTbHHI aHaNi3 PUOYTKIB i-1 GipMu pu BHOOpPi po3Ta-
IIyBaHHSA B YMOBAX 63A€MO3aMIiHHOCMI TIPEACTABICHUN B Ta0II. 4, 1e:

C_2mDe-e-) o 2(r=1)(2-6-¢)
57 s Y6 T .
Y(4-0-20°)+0 (y-1)(2-¢*)+2¢

Tabmusa 4
F(0,1)>F(0,0)> F (1,1)> F(1,0) 0<r<t
F(0,1)>F,(0,0)> F(1,0)> F (1,1 t,<t<t
F(0,1)>F(1,0)>F(0,0)>F(L1) |t <t<(2-¢-¢")/(2-¢")
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Touka t, iCHy€ TUIbKM y BUIAJIKy HEBEIMKOI acHMeETpii pHHKIB, a came MpH
2 2
%. Ipu y> % TOYKA f, 3HUKAE, TOMY L0 BHXOJHTH 32 YMOBY
2-¢-¢
2-¢*
IIpoimoctpyemo anami3 i3 tabn. 4 Ha puc. 4, ne y=3/2, ¢=3/4, t,=11/63,
t,=22/71, 12 =11/23.

Y <

MOKPUTTS: f, =

0.1 02 03 04

Puc. 4. IIpubymxu i-i pipmu y pienoeasi bepmpana-Hewa
npu 83aEMO3AMIHHUX NPOOYKMAX
IDicepeno: enacna po3pobka

3 puc. 4 BUIUIMBAE, IO TIPH B3aEMO3aMIHHOCTI ONITUMAaNIbHUM A1 i-1 pipmu € Bapi-
aHT, KOJM BOHA PO3TAIIOBYETHCS Ha L-pUHKY, a KOHKYPEHT Ha S-pHHKY. 30iJbIIEHHS
TPAHCTIOPTHOTO Tapu]y MOCHIIOE BUTONW IUCTepcCii, 1 mpu ¢ > ¢, i-ii QipMi HaBITh
BUTiJHILIE OKPEMO PO3TAIyBaTHCS Ha S-PUHKY, HIJK arioMepyBaTUCs Ha L-pHHKY.

Takox Ha puc.4 0auMMo, 110 TPH CTPATETIAX AUCTEPCii 3pOCTaHHS TPAHCIIOPTHOTO
Tapu(y MOXKe MPU3BECTH 10 301NbIIeHHS NpuOyTKY i-1 ¢pipmu. Lle moB’s13aHO 3 MOHO-
noJrizariero GpipMor0 MPUIIETIIOTO PUHKY.

PiBHOBaru y rpi 3anexaTh Bijl CIIBBiIHOIIEHHS M’k aCHMETPIEI0 PUHKIB Ta B3a€MO-
3aMIHHICTIO TPOIYKTIB.
2+20—¢°

2_ 2

Ilpu vy = aroMeparisi Ha L-puHKy € €1nHOI0 piBHOBaroo Herma B gmc-

. . 24+20—¢ .
THUX CTPATCT1gX HE3aJICKHO Bl TPAHCIIOPTHOTO Tapmby. HpI/I Y <———m— CUTyalid

2
BKE 3aJIC)KUTH BiJl piBHA TpaHcmopTHOro tapudy. [Ipu ¢ <t, armomeparis Ha L-puHKY
€ piBHOBaroto Hemra B YMCTUX CTpaTerisix, OCKUIbKY (ipmMu BHOEpYTh L-pUHOK 3a Oyab-
SKOTO pillleHHS KOHKypeHTa. [Ipu ¢ > ¢, y rpi BUHHKa10Th ABi piBHOBaru Hema B unctux
CTpAaTerisix, B AKUX OfHa 3 (hipM pPO3TaIIOBY€EThCS HA L-pUHKY, a iHIIa Ha S-puHKY. [Ipn
[IOMY PIBHOBAard HEpiBHOIIIHHI 1 L-pUHOK Ma€ MPiOPUTET.
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VY [9] noBomuThCS, 110 MTpH KOHKYpeHIii 3a beprpanom ¢ipMu MakcumansHO aude-
PEHIIIIOIOTHCS 1 MOHOTIONI3YIOTh PUHKH, He3aJIEXKHO Bl acuMeTpii puHKiB. [Ipote, B [9]
aHaJ3y€eThCs JIMIIEC BUMAJ0K MMOBHOT B3a€EMO3aMiHHOCTI MPOAYKTIB, TOOTO mpu ¢p=1.
Mu oTpumany, mo B 3araipHOMYy Bunianky, 0 < ¢ <1, KOHKypeHIlisi 30epeKeThes 1 piB-
HOBaXHE po3TalryBaHHs (GipM Bxke OyJie 3a1ekarTy BiJj aCUMETpPil pUHKIB.

[opiBHspHMIA aHai3 MPUOYTKIB i-i GipMu npu BUOOpI po3TalryBaHHS B YMOBaX
83a€M000N06HI08AHOCMI TIPEJICTABIEHUH B Ta0II. 5, 1e

2(y=1)(2+[¢] - ¢*) 2(y-1)(2+]0]-¢7)

Cy(alo-20) o), (r-1)(2-07)+ 21|

7

Tabnuig 5
E(0,0)>E(0,1)>E(1,0)2E(1,1) 0<t<t,
E.(0,0)>E(0,1)2E(1,1)>E(1,0) L, <t<t
E.(0,0)>E(1,1)>E(0,1)>E(1,0) t,<t<l

Touka f;, icHye TiNBbKM y BHUINAJKY BIJTHOCHO HEBEIMKOI aCUMETpii pUHKIB, a came
2+ 2|0 - ¢’ 2+2|0| - ¢
—|¢|2 o . Ilpu y2—|¢|2 o
2—¢ 2-¢
YMOBY IIOKPUTTS: £, > 1.
[Ipointoctpyemo amami3 i3 tabm. 5 ma puc. 5, ne y=3/2, ¢=-3/4, t,=7/15,
t,=14/19, ¢ =1.

cov

IpH vy < TOUKa fy; 3HUKAE, TOMY IO BUXOJUTH 3a

Fi

0.2 04 0.6 0.8 1.0

Puc. 5. Ilpubymxu i-i pipmu y pisnosasi bepmpana-Hewa
npuU 834EMOO0ONOBHIOBAHUX NPOOYKMAX
IDicepeno: enacna pospobra
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3 puc. 5 BUIUIMBAE, 110 TPU B3aEMOIOTIOBHIOBAHOCTI ONITUMAJIbHUM BapiaHTOM IS
i-1 ¢pipMmu € aromeparis Ha L-puHKy. baunmo, 110 3pocTaHHs TPaHCIOPTHOTO Tapudy
MOCHITIOE BUTO/IM arfioMepaliii i pu ¢ > £; i-i (ipMi HaBiTh BUTIAHIIIE arlIoMepyBaTHCS
Ha S-pHHKY, HK PO3TaIlyBaTHCs OKPEMO Ha L-pPHHKY.

PiBHOBaru y rpi 3anexarh Bijl CIIIBBIIHOIICHHSI Mi>K aCHMETPIEI0 PUHKIB Ta B3a€MO-
JIOTIOBHIOBAHICTIO TIPOJIYKTIB.
2+2|¢|- ¢

2

IIpu vy > aromeparlisi Ha L-puHKY € €IMHOTO piBHOBaroro Hermra B urc-

2+2|¢|-¢°
2-¢°

B)XKE€ 3aJIeKUTh BiJ piBHA TpaHcmopTHOTro Tapudy. Ilpu ¢ < ¢, armomeparis Ha L-puHKY

TUX CTpaTeTisfX He3aJeKHO BiJ TpaHcopTHOTO Tapudy. [Ipu y < CHUTYaIlis

€ piBHOBarot Hemra B YUCTUX CTpaTerisix, OCKUTbKY QipmMu BHOEpYyTh L-pUHOK 3a Oyab-
SKOTO pillieHHs KOHKypeHTa. [Ipu ¢ > ¢, y Tpi BUHHKAIOTh JBi piBHOBaru Hema B unctux
CTparerisx, B skux Qipmu armomepytothes. [Ipu npoMy armomepaliist Ha L-pHHKY Kparia
Uit 000X ¢ipM 1 € onTuManbHo 3a [lapero.

5. OnTumanbHa cTpareris i-i gipmu

Ha ocHoBi mpoBeneHoro anamizy copMyiI0eMO ONTUMANIBHY CTpaTerito i-i GpipmMu
3a KpUTEPiEM MIPUOYTKY.

VY Xoxi KOHKypeHTHOI I'pu QipMa oOupae Miclie po3TallyBaHHS Ta BHJ KOHKYPEH-
uii. Mu oTpuMany, o He3alle)kKHO BiJl BUY KOHKYPEHLil, ONTUMAaIbHUM ISt i-1 pipmu
€ po3TamryBaHHsl Ha L-puHKY. BuOip onTuManbHOro BUAY KOHKYPEHII] 3aJIe)KUTh Bil
npoaykrToBoi audepenmiamnii. [Ipu g3acmodonosniosanocmi oounsi hipmMu, HE3aISHKHO
BiJl BUZy KOHKYpEHIii, po3TalrytoTbcsi Ha L-puHKy. [IpuOyTok i-i Gpipmu Oyne BUIMM
3a I[IHOBOI KOHKYPEHIIi:

21of (y+(1—t)2)
=>0
(1-lel)(4-4")

BucnoBok (12) 36iraeTscs 3 pe3ynsratoM [1].

Ilpu 63aemozaminnocmi i-a dipma Takox 3aBxau Budepe L-puHOK. DipMa-KOHKY-
PEHT, 3aJIeXKHO BiJl CUTYyallil, MO)ke BUOpaTH SIK L-pHHOK, Tak 1 S-puHOK. OnTumans-
HUW BUJ KOHKYPEHIT 171 i-1 pipMu 3aiIeKuTh Bifl CITIBBITHOIICHHS MK aCHMETPIEI0
PHUHKIB, IPOAYKTOBOIO Au(epeHIiamieio Ta TpaHCIOpTHUM Tapudom. Posrsaemo nBi

CHUTYaIIii.
1) Armomeparist Ha L-punky npu Kypao Ta beprpani. Taka curyalliss BHHUKaE,

F7(0,0)~ £ (0.0)= (12)

y=1+

HaIPHUKJIAI, TIPH aCHMETPii: 2-¢ Y mpoMy BUTIAIKY IPUOYTOK i-i (hipmu Oyjie

BUIIVMM 32 KiJIbKICHOT KOHKYPEHIIil:

20°(v+(1-1))

Z>0. (13)
@+¢x4—&)

F€(0.0)-F? (0.0)=
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3a3HaurMo, 110 BUCHOBOK (13) Takok 30iraeThbcest i3 pe3ynsraroM [1]. Takum 4uHOM,
npu aroMepatlii GipM MpiopuTeT BHJIB KOHKYPEHIIii y IPOCTOPOBIi Ta 06e3mpocTopo-
Biif Mozieni 30iraeTbes.

2) Arnomeparist Ha L-puHKY nipu KypHO Ta amcmepcis (0, 1) npu beprpani. Taka
CHUTyallisl BUHMKA€, HANPHUKIAJ, TIpH acuMmetpii y<l+¢ 1 tapudosi #, <t <t> <t,.
VY upoMy BUIaAKy BUOIp BUAY KOHKYpPEHII BU3HAYAETHCS CITiIBBIAHOILCHHSM:

sgn(F(0,0)~F” (0,1))=sgn(t, ~1),
e ty = (b4l ~4ac) (2a),
a=v +(2-¢*) —(1-¢*)(2-0)’,
b=2(1-9)(vd(2+9)-(2+)(2-97)+ (1+6)(2-9)’),
c=(r+1)((1-0) (2+0)" ~(1-¢°)(2-9)').

Jlunamika npuOyTKiB y Wil cuTyaii npeacrasiena Ha puc. 6, 1e Y=15, ¢$=0,8,
t,=0,25, % =0,41,1,=0,32,1,=0,46.

Fi

029} = F1(0, 1), Beprpan
Fi(0, 0), Kypro

0.30 0.3% 040

Puc. 6. Ilopienuanoruti ananiz 6uoie KOHKypenyii
IDicepeno: enacna po3pobka

VY 6esmpoctopoBiit moneni [1] mpuOytox KypHo mpu B3aeMo3aMiHHOCTI 3aBXIH
Buie. Lle mosicHIOEThCS THM, IO KiNbKiCHA KOHKYPEHIIi € 0111 MOHOMOICTUYHOIO,
OCKIJIBKY MPOJaXi HUXKYE, a I[iHU BUlle. [IpoTe y mpocTopoBiii MoJeIi MOXKIMBA 3BO-
potHa cutyanis. L{iHoBa KOHKypeHIlisl (HU3BKI IIIHM Ta BHUCOKI Mpopaxi) Moxe OyTu
BUTITHIIIO0, KO (GipMH pO3TANIyIOTHCSA Ha Pi3HUX PUHKAX. Y IIOMY BHUIIQJKY 3pOC-
TaHHS TPAHCIIOPTHOTO TapUQy IMOCUITIOE MOHOIIOJI3AIIiF0 PHHKIB Ta, BiIMOBIAHO, 301116~
urye npubyTok ¢ipM. Ha puc.6 6auumo, 1110 mpy TpaHCIIOPTHOMY TapUQoOBi ¢ < £, eeKT
MOHOTIONI3ali]l IpHU arioMepanii AoMiHye Haa eeKTOM MOHOIOMI3alil Ipy AUCHepcii.
3i 3pocTaHHAM Tapudy, ¢ > t,, CUTyallisl 3MIHIOETBCS.
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6. BucHoBKkH

B mpencrasneniit poOoTi aHami3yeThCs CTpaTeridyHa B3aeMoist GipM 3a YMOB TIpo-
CTOpPOBOi An(epeHIiioBaHO] Tyomoii 3 acHMETpUYHUMH PHHKaMH. PosmisimaroTbes
JIBa BUJM KOHKYPEHLii — KiJIbKICHA Ta [[iHOBA.

[TokazaHo, IO HE3aJeXHO BiJ BUAY KOHKYPEHIIl Ta MPOAYKTOBOI audepeHiamii
¢ipmi HEOOXiTHO po3TalryBaTvcs Ha OUThIIOMY PHHKY. IIpyn B3a€MOIOTIOBHIOBAHOCTI
MPOAYKTIB (hipMH 3aBXKIM MParHyTh arsiomepysarucs. [Ipu B3aeMo3aMiHHOCTI TTPOIYK-
TiB (ipMU MparHyTh arlioOMePyBaTHCS P BEJIMKiH aCUMETPIi Ta po3TallyBaTuCh Ha pi3-
HUX pUHKax MPH Masiid acuMeTpii pUHKIB.

OTtpumaHo, 10 TPAaHCTIIOPTHUH TapuQ iCTOTHO BIUIMBAE HA PIBHOBA)KHE PO3TAIIIy-
BaHHA (hipM. BrummB TpaHcmopTHOTO Tapudy 3ajeKUTh BiJ BHIY MPOXYKTOBOI aude-
penmiamii. [Tpu B3aEM03aMiHHOCTI 3pOCTaHHS TPAHCIIOPTHOTO Tapu(y MOCHIIIOE JHC-
NepciiiHi mpomecH, a 3a B3aeMOJONOBHIOBAHOCTI — aryioMepalliiiHi IpoLecH.

[MTokazaHo, 110 pe3ynbrat [9] mpo HeCYyTTEBUH BIUIMB aCUMETPii PUHKIB Ha PilllEHHS
¢bipM 3a IHOBOI KOHKYpEHIil 00yMOBJIEHUI MOBHOIO B3a€MO3aMIiHHICTIO MPOIYKTIB.
VY po0GoTi noBeaeHo, IO 3a JOCUTH BUCOKOTO PiBHSI acUMETpii, armoMepallisi Ha OiTb-
HIOMY PUHKY € piBHOBaroio Hema B 4MCTHX CTparerisx, He3aJexHO Bifl BUIY MPOLYK-
TOBOI AudepeHIiamii i BUy KOHKYPEHIIii.

Hanpukinni Big3Ha4nMo, Mo B JaHiid Moeni ¢pipMu IpoJaroTh 3a LiHaMu, SKi epe-
BUIIYIOTh TPAHUYHI BUTPATH, TOOTO MalOTh MOHOIIONILHY BIIaay. Y Cy4acHiil iitepaTypi
PHHKH 3 ¢ipMaMu, SKi MaroTb MOHOIIOJBHY BJaJy, MOJEIIOIOThCA, 3a3BUUal, i3 3aiy-
YEeHHSIM arapary Teopii MoHomomicTHYHO1 KOHKypeHuii [11-14]. OcHOBHUMH eJleMeH-
TaMH MoJeJieil MOHOTIOICTHYHOI KOHKYPEHLIT € MPHUITYIEHHS PO JII000B CIIOKUBAYiB
JI0 PI3HOMAHITHOCTIi, KOHTUHYYMi (ipM Ta cBoOOJi BXOAY Ha PUHOK. JlOCHimKyIOThCS
NUTAaHHS MIKHApOAHOI TOPTiBJi, €KOHOMIYHOTO 3POCTaHHSA, PO3MOALTY €KOHOMIYHOI
aKTHBHOCTI, Y TOMY YHCIIi 1 32 yMOB acumetpii [15, 16].

BBaskaemo, 110 B paMKax MOCTaBIEHO] y CTaTTi MeTH, Mozedi onirononii Kypao ta bep-
TpaHa Bce 11e 30epiraroTh CBii MOTEHIIial AJIs aHANI3y CTpaTeriaHol B3aeMoii GpipM.
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Aemopu ne cmasuau 3a memy 00CHIOHCEHHSA NOBHOYIHHE OYIHIOBAHHSA BNIIUBY 8CHOSO
KOMNILEKCY (DaKmopie Ha KOMUSAHHS YiHU HA HApMY 6 NOMOYHIN KPU3l, a XOMinu auue
cnpobysamu RPOSICHUMU POlb MPAOUYINHOL 2eONONIMuUKY (BIUCbKOBUX KOHDIIKMIE,
MepopUCMUYHOi aKMUBHOCMI) HA CYYACHOMY emani po3eumKy Hagmoso2o puuKy 3a
OCMAHHI N’AMb POKIB, WO T CIMANO MEmoio 0AH020 AHANI3).

Ananiz nimepamypu nokaszas, wjo Ha menepiuiiitl yac i0Cymui pobomu, wo 8paxo-
8YIOMb 6NJIUE BIICHKOBO 8MOP2HeH A POcii® 8 Ykpainy na yiny 6apens.

Cmamms tpynmyiomsca Ha AKICHUX MemMooax HayKo8020 Ni3HAHHA.

Aemopu 0aHoi cmammi 3acmoco8yioms 8 OCHOBHOMY ICHOPUYHULL Memoo, Nopis-
HANILHULL GHANE3, BKAIOYAIOYY APU YbOMY MIHIMANLHUL AHANI3 CIAMUCIMUYHUX OGHUX
07151 NIOMBEPOINCEHHS CBOIX APSYMEHMIB.

Omoxce, 8uUAGLEHHA OCHOBHUX NPUYUH 3MIHU YIH HA HApMY, a0eK8amHa OYiHKa iXHboi
3HAYyWocmi, a maKodc nobyoosa nPoeHo3y PO3GUMKY PUHKY WA MONXCIUBUX CYeHAapiig
NOBEOIHKU HA MINCHAPOOHIU apeHi € 0COOIUBO AKMYATbHUMU.

Pezynomamu docniosicenusn nokazanu, wjo mpaouyiina 2eonoiimuxa Maia pisHutl
CMYRiHb 8NAUBY 6 PI3HI poku 0ocaidxcenHs. Boua ennusace na yiny bapens, ane ii pons y
OesiKi nepioou € nepedinviiena.

Knrouosi cnoea: mpaouyitina eeononimuxa, yina nagmu, 6apens, GiliCbKOGI KOH-
nixmu, pusuxu, Ounamixa yin

SHanucanns 3 manenvkoi iimepu 6Ka3ye Ha 6EUKY HEROBAZY ABMOopie 00 0epicasu-azpecopa.
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Summary

1t is known that the price of 0il, in recent decades, is the main factor in the formation
of the budget of any country, a factor in the development of business activity of the state.

The authors of the article draw attention to the fact that the construction of a market
development forecast and possible scenarios of behavior on the international arena are
necessary for competent planning of state policy and the formation of a realistic budget
of any state.

The authors did not set as the goal of the study a full assessment of the impact of the
entire complex of factors on oil price fluctuations in the current crisis, but only wanted
to try to clarify the role of traditional geopolitics (military conflicts, terrorist activity)
at the current stage of the development of the oil market over the past five years, which
and became the goal of this analysis.

The analysis of the literature showed that there are currently no works that take into
account the impact of russia ’s* military invasion of Ukraine on the price of a barrel.

The article is based on qualitative methods of scientific knowledge.

The authors of this article mainly use a historical method, a comparative analysis,
including at the same time a minimal analysis of statistical data to support their arguments.

Therefore, the identification of the main reasons for changes in oil prices, an adequate
assessment of their significance, as well as the construction of a market development forecast
and possible scenarios of behavior in the international arena are particularly relevant.

The results of the study showed that traditional geopolitics had different degrees of
influence in different years of the study. It affects the barrel, but its role in some periods
is exaggerated.

Key words: traditional geopolitics, oil price, barrel, military conflicts, risks, price
dynamics

3Such writing indicates the authors’ great disrespect for the aggressor state.

Beryn. [Ipuknagamu reonogiTHaHUX GaKTOpiB BIUIMBY HA LiHY aMEPHKAaHCHKOTO HagTo-
BOro Oapers (naiti: 6apeln) € BIiChKOBI KOH(UTIKTH, MOTITUYHA HECTAOUTHHICTD B JIepiKaBax-
eKCIopTepax, TePOPUCTUYHA aKTUBHICTb, caHKii. [lounnaroun 3 1970-x pokiB JOCITIKEHHS
JOBOZIATH, 1110 TEOMONIITUYHI PU3UKHY BIUTMBAIOTH HA IOBEAIHKY HATOBOTO PUHKY.
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TeomoniTHYHI pU3KKHY 3MIHIOIOTh OUiKyBaHHS IHBECTOPIB MO BiTHOIICHHIO 10 PUHKO-
BOT KOH IOHKTYpH SIK KOPOTKOTPHBAJIOl, TaK 1 IOBrOTpUBaIol nepcnekTuBu. KpiM Toro,
TeOTOJIITHYHI PU3MKU BIUTMBAIOTh HAa CTAOUIBHICT KOHTPAKTHHUX BiJHOIUIEHbB, YIIPaB-
TiHHS 013HECOM Ta PETYIIOBAHHS PHHKOM.

Binomo, 1o niina HayTH, OCTaHHI IECATHIIITTS, € OCHOBHUM YHHHUKOM (pOopMyBaHHS
OromkeTy Oyab-KO0i KpaiHu, akTopoM pO3BUTKY JIIOBOi aKTHBHOCTI JIepKaBH, rapaH-
TOM COLIaJIbHO-EKOHOMIYHOI CTa0UILHOCTI.

ABTOpY CTaTTi BXE 3BepTalH yBary B poOoTi [1] Ha Te, o mo0ynoBa MporHo3y po3-
BUTKY PUHKY Ta MOXXJIHMBUX CIICHApiiB TIOBEIIHKA HAa MIDXHAPOJAHIN apeHi HeoOXimHi
JUISL TPAaMOTHOTO TUTAHYBaHHS JIEPXKABHOI TOJNITUKU Ta (OpMYyBaHHS peasliCTHIHOTO
OromxeTy OyIb-sIKO1 1epKaBy.

OTxe, BUSIBIICHHS] OCHOBHUX TPUYUH 3MiHU 1IiH Ha HaTy, a/leKBaTHA OIliHKa IXHBOT
3HAYYIIOCTI, a TaKoX MOOYJA0Ba MPOTHO3Y PO3BUTKY PHHKY Ta MOXJIMBUX CIICHApiiB
MOBEIIHKY Ha MDDKHAPOJIHIN apeHi € 0COOIUBO aKTyaJTbHUMH.

ABTOpPY MiJAKPECITIOITH, 10 CHOTO/IHI, BATOMHUI BIUIMB Ha I[iHYy O0apeis MaroTh Bili-
ChKOBI KOH(DITIKTH (TpajMIliiiHa reonosituka‘), moiiTHYHA HECTAOUTBHICTD B JICpiKaBax-
eKCcIiopTepax, TEPOPUCTUYHA aKTUBHICTh, CAHKIII B CBiTi. ABTOpH 3TOAHI 3 JTYMKOIO
Oaratbox MocigHMKIB, 1m0 MisibHICTh OINEK 3a3Buuail po3risgaeThes sk OCHOBHUIN
TeOroIiTHYHUI YHHHHUK, SSKUH ICTOTHO BILTMBA€E Ha (POPMYBAHHS IiHN Ha HaTYy.

Xo4eThCsl Harajlatu, M0 TPAAUIiiiHA reonoJiTHKa! € «reorpadiuHiIM PO3yMOM)»
JiepKaBHU; aKIEHTY€E yBary Ha BiIHCHKOBO-TIOJIITHYHY MOTYTHICTh JICPKABH 1 TOMiHYIOTY
poJib reorpadiyHUX YMHHUKIB Y 3aXOIICHHI YyKHX TEPUTOPIii [2].

Hinb gocaimkeHHsi. ABTOpY HE CTaBJIATH 32 METY JOCIIPKEHHS IMOBHOIIHHE OITi-
HIOBaHHSI BIUTMBY BCHOTO KOMIUIEKCY (DaKTOpPiB Ha KOJIMBaHHS IiHM Ha HaTy B MOTOY-
Hill Kpu3i, a X04yTh CIIPOOYBaTH MPOSICHUTH JIMIIEC POJIb TPAIAMIIAHOT TEOMOMITUKA
(BificbKOBHX KOH(IIIKTIB, TEPOPUCTUYHOI aKTUBHOCTI) HA CYy4acCHOMY €Tarli PO3BUTKY
Ha()TOBOTO PUHKY 3a OCTAHHI I’ sITh POKIB. L{e 1 € METOI0 AOCTIIHKeHHS.

AmnaJi3 giteparypu. [TounHaroun 3 70-X pOKiB MUHYJIOTO CTOJITTS AOCITi/PKEHHS T€0TIO-
TMTHYHUX (aKTopiB (POpMyBaHHS PUHKIB HA()TH Ta BCTAHOBIICHHS Ha HHOMY IIiH € OJHHM 13
BKIIMBUX HANPSIMIB Y MOJIITUYHIH, 8 TAKOK EKOHOMIYHIN Ta eKOHOMETPUYHIHN HayKaX.

Haituacrime mocmipkeHHS 3HAXOIATHCS HA CTHKY IIUX TPHOX HAYK 1 BUKOPHUCTOBY-
I0Th METOJIH SIK KiJIbKICHOTO, TaK 1 SKICHOTO aHaNi3y JUIsi MAKCUMAaJIbHO ITOBHOTO OOJIKY
BCIX MOKJIMBHX (DAKTOPIB, IO BILUTMBAIOTH HA PO3BUTOK HA()TOBOTO PUHKY.

VY crarri [3] po3misgaerses icTopis HAQTOBOT MPOMUCIOBOCTI 3 OCOOIMBUM aKIICH-
TOM Ha MOAi{, 0 MOB’s3aHi 31 3HAUHUMH 3MiHaMu LiHU Ha HadTy. Xoua HadTa BHKO-
PUCTOBYBaJIacs MO-IHIIOMY 1 OyJa 3HAYHO MEHIII BaYKIIMBOIO B €KOHOMIYHOMY BiJHO-
meHHi y XIX cToiTTI HiXK ChOTOAHI, ICHYIOTH ITiKaBi Imapajeii Midk OisIMH Ti€i eTIOXH
ta moxisiMu XXI cromitrs. Cepe; po3MIHYTHX KIIIOYOBUX HAPTOBHUX MOTPSICIHB MiCIs
Hpyroi cBiToBoi Biitnu: Cyenbka kpuza 1956 — 57, Ipanceka peBomonist 1978 — 1979,
Ipano-ipakceka BiiiHa (1980 p.), mepma BiiiHa B [lepcrkiit 3atowi B 1990 — 91 pokax.
VY 2002 — 2003 pp.— Bropruenns CHIA B Ipak. ABTop npuxXoauTs 4O BUCHOBKIB, L0
reOnOMITHYHI MOAIl B JepXkKaBax — eKcIlopTepax HaQTH 3HAYHO BIUIMBAIOTH HA JWHA-
MIKYy i1 iHu.

Y poborti [4] mocmiKeHO BIUTUB BifHH Ta TEPOPU3MY Ha KOBapiallito MK LiHAMHU
Ha HaQTy Ta iHIEKCaMU YOTUPHOX OCHOBHHX (OHJOBHX PUHKIB — aMEpPHUKaHCHKOTO
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S&P500, esporneticskoro DAX, CAC40 i FTSE100 — 3a 1o1moMoroo HeIiHIHHUX Mojie-
neit tuny BEKK-GARCH. Otpumani gaHi MoKa3yroTh, 110 Ha KOBapiallito Mk JOXO-
JaMH Bij akiidi i HadTh BruTuBae BifiHa. Opi€HTOBHE MOSCHEHHS MOJIATAE B TOMY, IO JB1
BilfHH, PO3TISHYTI TYT, CXWISIFOTh 1HBECTOPIB 1 pHHKOBHX areHTIiB 10 OUTBII TIIHOOKIX
1 TOBrOTPHUBAJINX BIUIMBIB HA IIOOANBHI PUHKH. 3 1HIIIOTO OOKY, TEPOPHUCTHYHI 1HITH-
JIEHTH, SIKI € OJHOPA30BHMHU HETepen0adeHnMHU MOTPACIHHAMHU Oe3NeKH, BIUINBAIOTh
nue Ha crninbHuHE pyx Mik CAC40, DAX ta HadToBUMHU JOXOAaMH, i HE CHOCTEpi-
raeThCsl ICTOTHOTO BIUIMBY Ha criBBigHOmeHHs Mixk S&P500, FTSE100 Ta HadToBUMH
noxoxamu. Lo pizHULIIO B peakiii MO)KHAa YMOBHO 1HTEPIPETYBATH sIK BKa3iBKy Ha Te,
110 OCTaHHI €()eKTHUBHIIIE ONIMHAIOTh HACTIIKA TEPOPUCTHUYHHX aTaK.

Y poborTi [5] — aBTOpH BUCYBAIOTh ¥ CBOEMY TOCIIPKEHHI TIOCTYJIAT MPO TE, IO I'e0-
MOJIITUYHA HECTAOUIBHICTh OyJia OHIEI0 3 HAHOUIBII IMOMITHUX MPUYMH IiIBUIICHHS
IiH Ha Ha)Ty 3a OCTaHHI TPUALSTH pOKiB. HallOuIbI BimaqeHUMH HACIIIKAMHU, HA
IOYMKY aBTOpiB, cTana MOJiTUYHA HecTalOinbHiCTh HAa bmwkaeomy Cxoni ta B Ipani
y 1973 ta 1978 pp., 110 pHUBENIO 10 NEepIIoi Ta APyroi KPU3M LiHU HA HAQTY.

VY poborti [6] aBTOpH NPUCBATWIN yBary aHajii3y BIUIMBY Takoro (hakropy sk Tepo-
pUCTHYHA aKTUBHICTh. lle AOCHimKEHHS 30CEpeKEHO Ha BIUIMBI TEPOpHU3MY Ha
Ha(TOBI PUHKHU Ta BHBYA€E HOBI (DaKTOpPH PHU3MKY, BKIIOYAIOUN BiJICTaHb MK MiCIIeM
Hamaay Ta HaHOMKYMMU HaQTOBMMH 00’€KTaMu, THI Hamaay 4¥ OpraHi3ailiio, sKa
BUMHUJIA TIOAII0, 1 po3Mip Hamagy. ABTOPH 30CEpeIUId yBary Ha TEpOPUCTUYHUX aTa-
kax Ha bamspkomy Cxomi, Ta BUsABMIHM, IO OOMOapyBaHHs, MOl 3 BETUKHUMU JKEPT-
BaMHU Ta Mofii mo6mm3y Ha(TOBHX 00’€KTIB MPHU3BOIATH IO BEIHKOTO aHOMAaJbHOTO
3pOCTaHHA IiH Ha cupy HadTy. L{i HOBI Ba)KIMB1 BUCHOBKH JIOTIOMAraoTh Kpaire 3po3y-
MITH BIUTHB TEPOPHU3MY Ha IIHU CHPOT Ha(TH.

Y po0ori [7] aBTOpH aHAI3yHOTh OEAHAHI IIUKJIA T€OMOJIITUMHOTO HACHIILCTBA Ha
Bbramspkomy Cxoni Ta miH Ha HadTy. ABTOPH 30CEPEIKYIOTHCSI HA OAHOMY KOHKPETHOMY
(bakTopi: SKiI TEOMONITHYHI TMOmii, IBHIIE 32 BCE, MPU3BEIAYThH J0 TPUBAIHX Iepe-
00iB y mocTadanHi? BUKOPHCTOBYIOUH AWCKPETHHUI BEHBIIET-aHAII3 BUIOOYTKY HAPTH
Ha piBHI KpaiHU, BOHU BHSBIIIH, 1[0 BICHKOBI KOH(IIIKTH, IO PYHHYIOTH BUPOOHHUY]
yCTaHOBKH 200 MOPYLIYIOTh MEPEKi TPAHCIIOPTYBaHHsI Ha(TH, € HAWOUTBII 3HATY IIUMH
nepeayMOBaMy TPHUBAJIMX, TOBIOCTPOKOBUX 3001B y moctayaHHi HadTH, TOMI K HEHa-
CHJIBHHLIBKA 3MiHa PeXHUMY, BHYTPIIIHBONOMITHYHA OOPOTEOa Ta HU3BKUN PiBEHB I'e€0-
MOJITUYHOT HAPYKEHOCTI MalOTh MEHII TPUBAJINH BILJIUB.

PoGora [8] — y 1i#f cTaTTi TOCHIKYETHCS B3a€EMO3B’ I30K MiXK 30pOHHIMH Ta IIHB1ITb-
HUMH KOH(IIKTaMH Ta [iHaMd Ha HaQTy. K10 KOHQIIKTH 3arpoXKyOTh HaIIHHOCTI
nmoctayaHHs Ha(TH, HaBiTh AKIIO MepeOOiB Hacmpapai He BiAOyBaeThCs, e Mae
BiTOOpakaTHCs B IiHAX, KO OYIKYBAaHHS BiIMOBIAAIOTEH BiIITOBITHUM YHHOM. 3 ITI€I0
METOI0, BUKOPHCTOBYIOUHM IOMicsiuHi AaHi 3 1859 poky, aBTop mpoaHasizyBaB 4acoBi
pSAIU THTEPBEHITIH, MO0 BUBYNTH BIUTHB 32 Pi3HUX T'COMONITHYHUX MOMIN Ha peanbHi
LiHK Ha HAQTY.

VY crarti [9] mocmimpkyeThCcsl TIOBeNiHKA I[iH Ha CHpy HadTy, AepkaBHI oOmirarii
Ta iHJeKCH (OHJOBOTO PHHKY B YMOBAX CHallaxiB cepHO3HUX MIKHAPOJHUX KPH3 1 BIHH.
BukopucToBytoun JOCHiIKEHHsI MOAINA MOCTiiHOI cepeqHboi NMpHUOYTKOBOCTI, aBTOPH
TTOKa3y¥OTh, ITIO ITi TTOTi1 TIOB’s13aH1 3 TO3UTHBHUMU Ta 3HAYHUMH HEHOPMAJTLHUMH IPHOYT-
KaMmu Bijl HaTu Ta obirartiii, o o3Havae, 1o I1i JBa KJIaCH aKTUBIB MOXYTh TIOTCHIIITHO
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3aXMCTUTHU aKIIOHEPIB BiJ PI3KOTO MaJiHHS BApPTOCTI aKIlil i Yac MKHAPOIHUX KpPHU3.
Odiuiiinnii anani3 Oe3nevHoi raBaHi MATBEPAXKYE 11e po3yMiHHs. Taki 3MiHH IiH MOXKYTb
BiToOpakaTH MePepOo3TOALT KOIITIB MIX KJTacaM{ aKTHBIB Y BiJIIIOBIIb HA MO, @ TAKOXK
3MiHH TIONUTY HA HAQTy Yepe3 3amoOiKHi, CIIEKYISTHBHI Ta BiHCHKOBI MOTHBH.

ITporHo3yBaHHS PO3BUTKY PHHKY HA()TH € I1€ OXHUM HarpsIMOM J0CIHiKEHb.

Tak B po6orti [10] aBTopH poOIATH EMIIpHYHI BUCHOBKH, SIKi BKa3yIOTh Ha 3B’ SI30K
BiliH Ta KoJMBaHHA LiH Ha HadTy. ¥ poboti [11] aBTOpH BKa3yroTh: «MH BHBYaEMO
JUHAMIYHUH B3a€MO3B’SI30K MIXK I[iIHAMH Ha HaAQTy 1 3aCHOBAaHNMH HAa HOBHHAX 1HIIEK-
camu mobanbHUX reononiTHyHuxX pu3ukiB (GPR), a Takox ckinanoBuM ix 3ax00M [uis
KpaiH 3 eKOHOMIKOIO, 110 PO3BUBAETHCS, SIKY MU PO3POOIISIEMO 32 JOIOMOIOK0 ycepen-
HeHHs1 AuHamivHoi Mozaeni (DMA). Hawi emmipuyHi JaHi MOKa3yroTh, MO TO0ANbHI
GPR, noB’s3aHi 3 BilifHaMH, € HaWOUIBII TOYHUMH B MPOTHO3YBaHHI MPHOYTKOBOCTI
Ha(TH B KOPOTKOCTPOKOBIH NIEpCIIEKTUBI, ToI sIK ckianosi GPR, orprMaHi Bij pHHKIB,
110 PO3BUBAIOTHCS, BITHOCHO Kpallle MPOTHO3YIOTh MPUOYTKOBICTh HATH B CEPEIHBO-
CTPOKOBIH 1 JOBTOCTPOKOBIH TIEPCIICKTHBI.

Takox ICHYIOTB JTOCII/PKEHHS, 1[0 BU3HAIOTH BAXKJIMBICTH ICOIONITUYHUX (PaKTOPIB
y IPOTHO3yBaHHI IiH Ha Ha(Ty, IPOTE€ HATrOJOUIYIOTh HA CKJIAJHOCTI IX IPaMOTHOIO
00Ky Ta CTaBJATH MiJ{ TUTAHHS PEATICTHYHICTh a0COJIIOTHO TOYHOTO TepeadaueHHs
TeONOJIITHYHUX MoAii. Y poboTi [12] aBTOpH 3a3Ha4aroTh, 1110, 3TiJHO 3 iICTOPUYHUMHU
JaHMMH, Ha MPAKTHUI 3pyIIEHHs y IOIHUTI Ha 3alacu, K IPaBWIO, BUHUKAIOTh JIMIIE
TOJ1, KOJTU T€OTOJITHYHA HECTa0TBbHICTh 30iraeThes 3 OUiKyBaHHSIMH BHCOKOTO TIOIUTY
Ha cUpy HaTy Ta 00MeKEeHUX MOCTaBOK HadTu. HaBmakw, TiIbKH T€ONOMITHYHA HATIPY-
JKEHICTh HE BIUIMBAaTHME Ha IIHY Ha()TH, IIOKH 3aracu HaQTU CYTTEBO MEPEBUIIYIOTh
OYiKyBaHHMI TIOIHT.

AHarti3 niTeparypH Moka3as, 10 Ha TENEPIlIHii Jac BiICYTHI poOOTH, III0 BPaXOBYIOTh
BIUIMB BiiCHKOBOTO BTOPTHEHHS B YKpaiHy Ha LiHy aMEPUKaHCHKOTO HahTOBOro Oapers.

Marepiaau Ta MeTOIH.

CrarTs IpyHTYIOTBCS Ha SIKICHHX METO/IaX HayKOBOTO IMi3HAHHS.

ABTOpHU aHOI CTaTTi 3aCTOCOBYIOTH B OCHOBHOMY iICTOPHUYHHUII METOI, MOPiBHSUIb-
HUI aHaii3, BKIIOYAIOUM NP [IbOMY MIiHIMaJIbHUU aHalli3 CTAaTUCTHYHUX JaHUX JUIS
MiATBEPIKEHHS CBOiX apTryMEHTIB.

3a manmmu [13], cbOTOMHI Ha MOMITHYHIA KapTi CBITY c(hOPMyBaIoCs BiCIM OCHOB-
HUX rapsYux TOYOK IO BIUIMBAIOTH Ha CBiTOBUH puHOK Hadtu: Cipilickka ApaOchka
pecnyomika, JliBis, Amxup, €men, Icnamceka Pecnyonika Ipan, Ipak, Benecyena, [1is-
HiuHa Kopesi. ABTOpU CTBEpIKYIOTb, 110 T'€OMOJIITHYHI PU3UKU 3HAYHO MMOCHJICHI IIe
OJIHI€I0 TOYKOIO — BOEHHUM BTOPTHEHHSIM B YKpainy. Po3BuTOK moaill y nux perioHax
MOKe KapAMHAIBHO 3MiHUTH MIOTOYHY TPAEKTOPiIO pyXy LiHU Ha Oapensb.

ABTOpH IpOBEITH aHaIi3 PaKTOPiB BIUIMBY TPAIMLIIHHOI TEOMOIITHKY Ha iHY Oapens 3a
ocTaHHi I1’ATh pokiB (oxpemo 3a 2018, 2019, 2020, 2021 ta 2022 (ciueHb-cepHeHb) POKH)
Ta BpaxyBaJl TEOMONITUYHI PU3UKH, LIO MOB’A3aHi 3 BOEHHUM BTOPTHEHHSM B YKpaiHy.
PesynbraTy 1b0TO aHaNi3y MPEACTABICHO HAa pUCYHKaX | — 4, siki Oyyiu mpoBeieHi Ha mif-
cTaBi jganux [14 — 19].

[TpoBenenuii aBTOpaMu aHalli3 BIUIMBY BIMCHKOBHX OIEpaliii, TEPakTiB, BOEHHUX
NepeBOPOTIB, BiliH 3a JaHUMH iHpopMaLiiiHoro Bed nopranry minfin.com.ua; BP Statis-
tical Review of Weird Energy ta Investing.com, 6ip»a ICE 103BonuB cKiacTH 3araibHy
JIMHAMIKY iX BILUTUBY Ha IliHy Oapess 3a ocTaHHi 5 pokiB B Lijomy (puc. 5, 6).
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Puc. 1. Jlunamixa yin 6apens y 2018 poyi
Pospobneno asmopamu na ocrosi danux [14]
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Puc. 2. Jlunamira yin 6apens y 2019 poyi
Pospobneno asmopamu na ocrosi danux [15]
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Tak, B yMoBax BiiiHu B YkpaiHi, y 6epesni 2022 poky, 11iHa Ha HaTy Brent gocsria
HaiBuIOro 3HaueHHs 3a 13 pokiB i carayna $139 3a 6apens i $130,5 3a West Texas
Intermediate (WTI) [18].

Y cBoeMy Bizeo 3BepHEeHHI 5 Oepe3ns 2022 poky, yKpaiHChbKUH npe3ueHT Bononu-
MUp 3eJICHChKUH 3aKIMKaB MIXKHAPOJHY CHUIBHOTY OOMKOTYBaTH POCiiChKi HadTompo-
nmyktu [20].

Puc. 3. Jqunamira yin 6apens y 2020 poyi

Pospobreno asmopamu na ocnosi danux [16]

i : ! ! i ! - !

Puc. 4. Jlunamixa yin 6apens y 2021 poyi
Pospobneno aemopamu na ocrosi oanux [17]
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€Bporneticbka Komicis po3misiHysia MUTSIXH 00OMEKEHHS 3aJIeKHOCTI BiJl pOCIHCHKOTO
BUKOITHOTO TAJIMBA, SIKi OyJIM CIIPSIMOBaHI Ha quBepcU(IKaIlilo EHEPronoCcTaBoK, iHBEC-
TUIIT Y BiJHOBIIOBaHI JpKepena eHeprii, mokpameHHs eneproedexTuBHocTi. A Crio-
nydeni LITati po3mIsiHY I MOKITUBICTS BIZIMOBH BiJl iIMITOPTY pociiichkoi HadTH [21].

3rigHo nanux Reuters, iy Ha HadTY cTadiMi3yBaIKCh y ceprHi 2022 p. micis Toro,
Ik Mi>XHapo/IHE CHEPreTUYHE areHTCTBO MiJBHIIMIO MPOTHO3 3pOCTaHHS MOIHTY Ha
Ha()Ty Ha IIeH PiK, OCKUIbKH CTPIMKE 3pOCTAHHS I[iH Ha I'a3 3MYIIY€E ICIKUX CIIOKUBAYIB
MEPEXOUTH Ha 1HII BUIU MaJnBa, 30KkpeMa Hadry. O’rouepcu Ha HadTy Mapku Brent
sumsumcs 10 $97,33 3a 6apens, Ha Hadhty WTI 10 $91,84 3a Gapens [22].

PesynbTatn i odroBopenHsi. Ha Tii 3ampoBajKeHHST aHTUPOCIMCHKUX CaHKINH
Yyepe3 BIICBKOBY arpecito B YKpaiHi BiiMiueHO cTpHOOK IiH Ha Hadty. Tak, B ymo-
Bax BiiiHM B YKpaiHi, y 6epe3ni 2022 poky miHa Ha HadTy Brent mocsria HaliBUIIOTO
3Ha4yeHHs 3a 13 pokiB i carayna $ 139 3a 6apens i $130,5 3a WTI, a BapTicTh KBIT-
HEeBOTO ()’roUepcy eTalOHHOTO MiBHIYHOMOPCHKOTro copTy Brent mignimanacs 10 $105
3a Gapenb, ameprkancskoro copty WTI — no $98 3a Gapeins, 3pocTaHHs CTAHOBHIIO
6mm3eKo 5 %. Y ceprHi, ¢’rouepcn Ha HadTy Mapku Brent suusumucs mo $97,33 3a
6apenn, Ha HahTy WTI mo $91,84 3a 6apens [21; 22].

HecnoniBaHo crianaxyro4u y pi3HUX perioHax IUIaHETH, OCEPEeIKH BOEHHOT Harpy-
KEHOCTi O€31IePEMOHHO TParoTh i3 OapeneM Ha(TH.

ABTOpH CTaTTI MiAKPECIIOIOTh, IO:

* JI0 HECTIOiBAaHUX T€OMOTITHYHHUX 3UI3aI1B HEMOXKIIUBO ITirOTyBaTUC;

* X HEMOXKJIMBO 3a3/1aJIET1/(b IPOPAXyBaTH UM CIUIaHYBATH;

*  BiJl HUX HEMOXXJIMBO MTOBHICTIO 3aCTPaxyBaTHUCS;

* MONPH KOHCEHCYC-NIPOTHO3H «TEOMONITHYHI CIOPIPHU3W» PAITOBO PO3BEPTAIOTH
Ha(TOBHMI PUHOK Y MPOTHIICIKHUI OiK.

BomHovac aBTOpy BUCIIOBIIOIOTH JYMKY, 1[0 y TPHUBATIIIIH MMEPCIEKTHBI YHHHUKH
PH3UKY [TEPEBAXYIOTh HUHIIIHIH ITi IBUIILyBaJIbHUH MOTEHIIIAN, 10 BHOCHUTB Jy>KE€ BUCO-
KWl piBeHb HEBU3HAYCHOCTI.

BucHoBku. Ha mificTaBi npoBeieHOTO aHai3y BIUIMBY (haKTOPIB TPaaUIiHOI reo-
MOJITUKY, aBTOPH 3pOOHIIN HACTYITHI BUCHOBKH:

1. Tpaauuiiina reonoiTHKa Majla Pi3HUI CTYIiHb BIUIUBY B Pi3HI MMEpiogu 10CTi-
okeHb. Ha mymky aBTopiB, y 2018 pori BIuiiB Ha 1iHy Oapenst OyB 3HaYHUM, (pakTHIHO
BH3HAYAJILHUM, TIOTIM HEYXHIIBHO CKOPOYYBaBCS, OCTYMAIOYHCh EKOHOMIYHUM JIETep-
MmiHaaTam; y 2019 — 2020 pp. — cTymiHb BIuMBy HezHaunuid; y 2021 — 2022 pp. — c1y-
MiHb BIUIMBY Ha LiHy Oapenst OyB 3HaYHUM, (PAKTUYHO BU3HAYAIILHHIM.

2. TlpoBeneHuit aBTOpaMy CTaTTi aHaJi3 BIUIMBY BIHCHKOBUX KOHQIIIKTIB, TEPOPHC-
TUYHOT aKTUBHOCTI, MiATBEP/UKYE, 110 TPATUIIIIIHA TEOMOIIITHKA BILUIMBAE HAa Oapelb,
ae ii poJib y JIesiKi Iepioiu € nepeOiibieHa.

3. Kito4oBoI0 OCOONUBICTIO BIUIMBY TEONONITUYHUX (PAKTOPIB HA CUTYyalil0 Ha
Ha()TOBOMY PHHKY € OIOCEPEIKOBAHICTh: OYIKYBaHHS MO0 MaWOyTHIX MOMiH, SIKi
TEOPETUYHO MOXYTh NMPHU3BECTH JIO 3MiHW PHUHKOBHUX YMOB, Hacamriepe] MpOTO3uIlii
Ha()TH, MalOTh OUTBIIIMN BIUTMB Ha I[IHH, HIXK caMi I1i TIOJii.
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Summary

Introduction. The use of digital transformation mechanisms in international
multimodal transportation plays an important role in ensuring the development of a
sustainable economy. The widespread use of digital processes in international transport
operations, which have become an integral part of our daily lives and economic
activities and are becoming increasingly important during the global pandemic, plays
an invaluable role in improving efficiency in this sphere and organizing transport
procedures that meet modern requirements. Given the important role of customs and
border crossing procedures in the international transport chain, the application of
digital mechanisms in the customs system is essential. Purpose. The purpose of the
study: to develop a mechanism for managing digitalization projects of the international
system of multimodal transportation based on the concept of sustainable development.
Results. The results of the study are as follows. During the study, it was found that the
full digitalization of efficient, safe and fast multimodal transportation requires, first of
all, the use of electronic technologies and electronic documents by all parties involved in
the transportation process. Problems that hinder the effective implementation of digital
transformation projects in international multimodal transportation were identified.
Such shortcomings include the fact that international transport documentation for some
modes of transport is partially electronic, transport documents required for customs
control in multimodal operations with various modes of transport are submitted in
paper format. Conclusions. Despite the fact that customs declarations are electronic,
the use of paper transport documents makes it impossible to fully use electronic
accompanying documents in customs clearance. Given the above information, it can
be concluded that it is important to introduce digitalization projects in the transport
industry by organizing the process of electronicization of waybills and exchanging
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them with electronic information systems of customs authorities to unite the competent
transport authorities and participants in the cargo delivery system into an integrated
digital system for providing multimodal transportation.

Key words: digitalization project, multimodal transportation, electronic customs
declaration.
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Anomauisn

Bcmyn. Bukopucmanms mexanizmie yugpogoi mpancgopmayii cmocoerno MidicHapoo-
HUX MYT6MUMOOWIbHUX NEPese3eHb MAE 0CobIUBe 3HAUeHHs O/ 3a0e3nedeHHss CIIUKol
exoHomixu. [llupoke suxopucmanHs yudposux npoyecie y MikCHapOOHUX MPAHCHOPMHUX
onepayisx, AKi CManu Hegio EMHOIO YACMUHOIO HAULO20 NOBCAKOEHHO20 HCUMMS Md eKo-
HOMIUHOI OislbHOCMI ma HAOYearms 6ce OIbUIO20 3HAYEHHS N0 4ac 2100anbHOI naHde-
Mii, idiepac HeoyineHHy poib V NIOBUUEHHI ehekmugHOCmi 8 Yitl 2any3i ma opeaHizayii
MPAHCIOPMHUX NPoYedyp, Wo 8ionosgioaroms CyuacHum sumozam. Bpaxosyrouu easciugy
POTb MUMHUX NPOYEOYp V MINCHAPOOHOMY JAHYIO3T NEPese3eHs, 3ACMOCYBAHHS YUDPO-
BUX MEXAHI3MIG Yy MUMHILL cucmemi mae saviciuee 3navenus. Mema. Po3pooka mexanizmy
VAPABIHHA NPOeKMamu Yu@posizayii MidCHAPOOHOT cucmemuy MyIbMUMOOAIbHUX nepe-
6€3€Hb 3 YPAXYBAHHAM KOHYenyii cmano2o possumxy. Pesynemamu docnioscenna. byno
BCMAHOBTIEHO, WO NOGHA YUPDPOBIZAYISL eheKMUBHUX, De3NEUHUX MA WUBUOKUX MYTbINUMO-
O0anbHUX Nepese3etb Nompedye HACamneped BUKOPUCTNAHHS eIeKMPOHHUX EXHONO02IH ma
€/IeKMPOHHUX OOKYMEHMIB YCiMa CMOpoHAmu, SIKi 6epymb Y4acms y NPoYyeci nepese3eHHsl.
byno susenerno npobnemu, sAxi 3a8axcaromo egheKmusHOMY 8NPOBAONHCEHHIO NPOEKMIE UUgh-
POoBoT mparcgopmayii y MidcHapOOHUX MYTbIMUMOOATIbHUX Nepese3entsX. [lo HedoniKie 8i0-
HOCUMbCSL MO (PaKm, wo MIdCHaAPOOHA MPAHCROPIMHA OOKYMEHmMAayist 01 OesiKux 6uoie
MPAHCIOPMY YACMKOBO eLeKMPOHHA, MPAHCHOPMHI OOKYMEHMU, HeOOXIOHI 01l MUMHO2O
KOHMPOTIO NPU MYTIbMUMOOATbHUX ONEPAYIsX 3 PI3HUMU BUOAMU MPAHCHOPNLY, NOOAIOMbCSL
y naneposomy opmami. Bucnoexu. Hezsadxcaiouu na me, wjo Mumui oexnapayii € enex-
MPOHHUMU, BUKOPUCHAHHSL NANEPOBUX MPAHCHOPIMHUX OOKYMEHMIB YHEMONCTUBTIOE NOBHE
3aCcmMoCyBanHs eleKMPOHHUX CYNPOGIOHUX OOKYMEHMIE npu Mumnomy ogopmaenti. [ose-
OeHa 8aX0CIUBICINb BNPOBANICEHHS NPOEKMIE YUPPOBI3aYil'y MpaHCHOPMHIN 2ay3i ULISAXOM
opeanizayii npoyecy enekmpoHizayii mpaHcnoOpmHUX HAKIAOHUX Ma 30IUCHeH s iX 0OMiHy
3 NeKMPOHHUMU THOHOPMAYITIHUMU CUCIEMAMU MUMHUX OP2aHi6 OJisl 00 €OHAHHSL KOMNe-
TNEHIMHUX MPAHCTIOPMHUX OP2aHi6 MaA YYACHUKIE cucmemy 00CMAasKU 6aHMAICIé 00 iHme-
2posaroi yughposoi cucmemu 3abe3neueHHs MyTbMUMOOAIbHUX NEPEBE3EHD.

Knrouoei cnoea: npoexm yughpogizayii, My1emumoOanibHi nepee3enis, eleKmpoHHe
MUumme 0eKAapy8aHHs.
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Introduction. The development of technological innovations has identified digital
transformation as the most important sector of the national economy. Digitalization
has become a necessary condition for effective cooperation between countries in
the formation of a transport and technological system for the delivery of goods. In
recent years, many countries in North and Central Asia have embarked on activities to
capitalize on the growing potential of digital transformation and have helped establish
strong research and development sectors as digital development hubs in the subregion.
Meanwhile, there are still certain gaps in areas such as infrastructure development,
digital literacy and technological competitiveness that limit the ability to realize their
digital potential [1].

Given the Republic of Azerbaijan’s location as an important connectivity crossroads,
it plays an essential role as a transport hub for improving regional inter-connectivity
and the movement of goods and services. Based on this factor, the Government
of Azerbaijan has continued the implementation of a number of improvements
concerning cross-border trade facilitation [2].

Formulation of the problem. The use of digitalization mechanisms in various
sectors of the economy can be traced within the framework of state policy, as well
as private business initiatives in the countries of North and Central Asia. However,
the introduction of new technologies has its drawbacks, which relate to the emerging
problems of digital literacy, the development of infrastructure projects and ensuring
the technological competitiveness of ongoing digitalization projects.

Analysis of recent research and publications. Digital technologies, including
artificial intelligence and big data, are general-purpose technologies that have a range
of characteristics and are particularly well suited to deliver longer-term productivity
gains and economic growth across a wide range of industries” [1; 3]. The combination
of technological advances, from advances in digital technologies to the creation
of new materials and biotechnologies, opens up new opportunities for socio-economic
growth and industrial development. Thanks to researchers and practitioners, the results
of the application of new technologies have received names such as Industrialization 4.0,
the Next Production Revolution, the Third Wave or Smart Manufacturing. Combined
with other global trends such as resource depletion and global warming, technological
advances will change the nature of industrial production, with a huge impact on
productivity, employment opportunities and the well-being of society. The next
production revolution opens up a variety of opportunities for economic development
through the optimization of processes and the use of resources, the mass individualization
of products and services, the automation of industrial production and human-machine
interaction [1; 4].

Unlike the linear model of innovation, when the costs of innovation are gradually
transformed into the results of innovation, in the digital economy, various types of innovation
develop in parallel to each other and are characterized by continuous improvements due to
feedback from consumers. While in traditional sectors of the economy, economic value is
created within the enterprise, in the digital economy, value is created outside the enterprise
at the time of interaction between partners, shippers and customers [1].

Advanced predictive models and machine learning technologies can predict a failure
before it occurs, thereby contributing to significant efficiency and value creation when
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failure is prevented. The proliferation of smart and connected devices, as well as
the improvement of algorithms, are making a significant difference in how the enterprise
operates. Manufacturing enterprises are increasingly engaged in the development
of additional digital services that would increase the functionality of their products
and create new revenue streams [ 1; 5; 6]. The mechanisms for implementing digitalization
projects for the control system for the delivery of goods in international transportation
are considered in [7; 8].

Formulation of the purpose of the article. The purpose of the article is to
develop a mechanism for managing digitalization projects of the international system
of multimodal transportation, taking into account the concept of sustainable development.

Main material of the research. By research the state of digital technologies, it
is possible to identify those industries that are more in need of a transition to digital
technologies. These industries include the following: the financial sector; e-commerce;
cargo delivery system; agro-industrial complex.

To implement digitalization projects, a clear concept for the development of the digital
economy should be developed at the state level, taking into account the introduction
of regulatory mechanisms for verifying the effectiveness of proposed solutions related
to digital technologies.

These actions involve an increase in spending on research at universities, research
institutes, as well as the redistribution of funds for the introduction of new technologies
and innovations. The proposed activities will improve communication within government
institutions and strengthen cooperation in the development of digital infrastructure.

These efforts to realize the digital potential in North and Central Asia will accelerate
the achievement of the Sustainable Development Goals for the adoption of measures
aimed at the optimal use of limited resources and the use of environmentally
friendly technologies, maintaining stability and ensuring the integrity of functioning
systems [9].

As you know, the application of digital transformation mechanisms in relation
to international multimodal transportation is of particular importance for ensuring
a sustainable economy. The widespread use of digital processes in international
transport operations, which have become an integral part of our daily lives and economic
activities and are becoming increasingly important during the global pandemic, plays
an invaluable role in improving efficiency in this sphere and organizing modern
transport procedures. Given the important role of customs and border crossing
procedures in the international transport chain, the application of digital mechanisms
in the customs system is essential.

It should be noted that the customs system of Azerbaijan uses electronic customs
operations and customs declaration, and customs clearance of documents is carried out
on the basis of paperless technologies. Since 2016, all customs declarations have been
submitted to the customs authorities only in electronic form. In addition, the expansion
of the use of electronic systems in customs procedures used in international transport
is a priority for the state. Thus, since 2019, a short import declaration has been used
to ensure the preliminary electronic declaration of goods imported into the country
(Figure 1).
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Fig. 1. Electronic declaration system

The electronic declaration system includes: filing a declaration in electronic form
with an enhanced electronic signature; use of Internet technologies for the provision
of electronic services; the ability to receive and automatically process information in
24/7 format; possibility of integration with other systems; reduction of paperwork.

The measures that contributed to the Republic of Azerbaijan’s scores in Paperless
Trade Facilitation category (Figure 2, Figure 3) include the Automated Customs System,
Electronic Single Window System, electronic submission of Customs declarations,
electronic application and issuance of Preferential Certificates of Origin, and e- payment
of customs duties and fees — all of which the Republic of Azerbaijan has now changed

to “fully implemented” status.
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Fig. 2. Azerbaijan implementation of paperless trade measures [10]
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Fig. 3. Azerbaijan implementation of cross-border paperless trade measures [10]

Transformation to a digital economy and the introduction of paperless solutions
aimed at facilitating the trade operations are among the priority issues for the Republic
of Azerbaijan. In recent years the Government has taken significant steps towards
developing the national digital policy that facilitates trade, simplifies non-tariff barriers.

Currently, State Customs Committee is assigned to perform necessary measures to
implement the cross-border paperless trade. In this context, it coordinates the Electronic
Customs Project (e-Customs), which is one of the components of the “Electronic
Azerbaijan” (e-Azerbaijan) initiative. The e-Customs project based on the legal
and regulatory documents created within the framework of “e-Azerbaijan”. Therefore,
the completion of the e-Customs project is closely related to the implementation
of “e-Azerbaijan”. SCC activities mainly comprise the following areas [2]:

— Development of Unified Automated Management System of the State Customs
Committee on the basis of modern technologies and ensuring security of the system;

— Enhancement of the corporate Web Portal by increasing the number of customs
e-services;

— The further development of the customs Single Window via a new e-Window
project by increasing the inter-linkages with other government agencies, permit issuing
agencies and the private sector;

— Developing Smart Customs solutions for providing customs services via a single
mobile platform;

— Further development and digitalization of the national transit system by further
development of the existing systems (TIR), and integration to the New Computerized
Transit System of EU and other initiatives.

The Republic of Azerbaijan due to its advantageous geographical position is a transit
country, without access to the sea. In this regard, the development of transit potential is
one of the main indicators of economic stability. Goods and vehicles transiting through
the territory of our country are placed under special customs procedures for internal or
international transit in accordance with the Customs Code of the Republic of Azerbaijan.

44



PO3BUTOK TPAHCIIOPTY

Ne 3(14), 2022

The volume of transit traffic through Azerbaijan is shown in Table 1.

Statistics of transit traffic for 2021 (tons) [11]

Table 1

Type of transport Transportation volume, tons
Automobile 1702212,18
Railway 3950 189,23
Maritime 253 879,68
Air 294 228,62
Stationary 3122 655,53

In general, road and rail transport play an important role in the transit of goods across
the country’s borders.

The development of transit potential is one of the main indicators of economic
stability (Figure 4).

RUSSIAM g
FEDERATION 7

Fig. 4. Transport corridors
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Considering the Republic of Azerbaijan’s location at the crossroads of the East-
West and North-South international transport corridors connecting Europe and Asia,
the development of international transport corridors passing through the country is
of particular importance. The sustainable development of the transit sector accelerated
the integration into the global and economic environment. Plus, the development
of transport links which are the main means of integrative processes, have become
one of the main priorities of the economic policy of the Republic of the Republic
of Azerbaijan.

The North-South Transport Corridor is designed to provide transport links between
the Baltic States and India through Iran. International transport corridor “East — West”,
passing through the Euro-Asian continent, the advantages of this transport corridor
are the stimulation of trade between the EU and Asia. The Baku-Tbilisi-Kars (BTK)
railway —implemented with special efforts by Azerbaijan, Turkey and Georgia, connected
the Trans-Europe-Asia railway networks. Transport Corridor Europe-Caucasus-
Asia (TRACEKA) ensured the development of a transport corridor from Europe to
the countries of Central Asia through the Black Sea, the Caucasus and the Caspian Sea.

The geographical location of the country on the TRACECA, North-South, CAREC,
Lapis Lazuli transport corridors creates favorable conditions for the development
of the country’s transit potential. By joining these corridors, the country has ensured
the flow of goods in different directions.

In 2019, the TIR Electronic Pre-Declaration System (TIR EPD) was introduced.
Electronic pre-declaration mechanisms enable faster border crossings in international
traffic through the use of risk-based customs control methods. It allows transport
operators to send advance information on goods transported under the TIR procedure to
customs authorities in every country along the TIR journey in one go.

Moreover, a pilot eTIR project on international transport under the TIR Convention
has been implemented, and the technical harmonization of the customs system with
the newly established eTIR international system, supported by the UN Economic
Commission is progressing well. In the future, as the number of countries willing to
implement the eTIR procedure increases, it will be possible to create a multimodal eTIR
corridor through the territory of Azerbaijan.

The use of alternative digital transit systems that promote the development
of international trade is one of the priority issues in the implementation of projects for
the digitalization of international multimodal transportation. Thus, within the framework
of the Central Asian Regional Economic Cooperation (CAREC) program, work was
done on the Advanced Transit System (CATS) project between Azerbaijan, Georgia
and Kazakhstan, and a draft agreement and software specifications were prepared.

In addition, the European Union-supported Twinning project to join the European
New Computerized Transit System (NCTS) provides for significant reforms in
legislation, electronicization and procedures in order to coordinate the country’s transit
system with this system.

The customs Single Window system is an integral part of the customs Unified
Automated Management System (UAMS), under which all data exchanges are carried
out nationally and with foreign partners. UAMS is a nationwide system that is operational
at all ports and for all methods of transportation and Single Window functions such as
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the national Single Window, which acts as the national single point of connectivity for
the private sector for any cross-border operations.

UAMS is the central point through which the required import-export and transit
declarations are processed electronically. Shipment data are processed immediately,
and errors are detected and corrected at the time of filing. SCC is also working on
the establishment of data exchange with Kazakhstan and several other countries was
designed to ensure compliance with legislation and enforcement activities, improve
trade statistics, eliminate duplicate actions in-border operations, improve customer
service etc [2].

Customs are working on further extension of the customs Single Window and will
launch a new Electronic Window (e-Window) project by increasing the inter-linkages
with other Government Agencies and Permit Issuing Agencies and the private sector;
the customs “e-Window” system will be a single electronic entry point between
entrepreneurs and government agencies and will allow all trade operations to be carried
out in an electronic environment that will minimize time and cost. The Electronic
Window (e-window) system will concentrate all trade chain operations and will ensure
fast track, customs clearance, pre-arrival data transmission, real-time issuance of permits
and other documents, online payment processing etc. The State Customs Committee
intends to create a single web application and bring together the responsibilities
and functions of each relevant state agency involved in foreign trade operations. This
will create opportunities to respond immediately to inquiries addressed by the system to
them, and effective coordination environment between state bodies.

Conclusions. During the study, it was found that the full digitalization of efficient, safe
and fast multimodal transportation requires, first of all, the use of electronic technologies
and electronic documents by all parties involved in the transportation process.

Problems that hinder the effective implementation of digital transformation projects
in international multimodal transportation were identified. Such shortcomings include
the fact that international transport documentation for some modes of transport is
partially electronic, transport documents required for customs control in multimodal
operations with various modes of transport are submitted in paper format. Despite the fact
that customs declarations are electronic, the use of paper transport documents makes it
impossible to fully use electronic accompanying documents in customs clearance. Given
the above information, it can be concluded that it is important to introduce digitalization
projects in the transport industry by organizing the process of electronicization of waybills
and exchanging them with electronic information systems of the customs authorities to
unite the competent transport authorities and participants in the cargo delivery system
into an integrated digital system for providing multimodal transportation.
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Summary

Introduction. Continuous growth in the number of passengers on international flights
increases customs authorities and other relevant agencies need to be prepared to handle
the number of passenger without harming the speed of the passengers flow through
the air border checkpoints. Responding to this increase, the use of modern technology
and greater domestic and international cooperation can enhance the effectiveness of
customs control and assist customs to more efficiently cope in preventing the cross-
border movement of terrorists, threats arising out of the terrorist activity, prevent
dangers to national security. Incorporating passenger selection/screening criteria
based on high-quality risk indicators and advanced passenger information has proven
to have a positive effect on enforcement activities. Purpose. The purpose of the research
is to develop risk-oriented Advance Passenger Information and Passenger Name
Record (API/PNR) programme model for effective passenger control. Results. It was
found that successful establishment and utilization of proposed risk-based conceptual
model of Advance Passenger Information (API) and/or Passenger Name Record (PNR)
in Azerbaijan offer the following benefits for the involved parties: simplification and
facilitation of existing procedures; reduction or elimination of unnecessary passenger
control measure, access to the risks, fulfil targeted controls and provide pre-clearance
of the flights, establishment of a risk-based model for Border Control Management;
improvement and determination of the ways to overcome the challenges faced in
matters related to identification and risk management systems, increase of awareness
of the interested government bodies with the further possibilities more effectively
address potential threats targeting national security. Conclusions. Advance Passenger
Information and Passenger Name Record data play an important role in identifying the
risks because it allows customs authorities to carry out targeted and risk-based control,
which helps to detect and prevent a number of serious transnational offenses while
maintaining data protection and privacy.

Key words: risk management, customs service, advance passenger information,
passenger name record.
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Anomauisn

Bcemyn. Tocmitine 3pocmants KinbKOCMi RACANMCUPI6 HA MIJDICHAPOOHUX pelicax
30LIbULYE HABAHMAICEHHS HA MUMHI Op2aHU Ma THUi 8ION0GIOHI OpeaHu, K NOBUHHI
6ymu 2omosi 06podIsAMU 8CIHO KIbKICMb NACANCUPIE Oe3 WKoOU 011 WEUOKOCmI naca-
AHCUPONOMOKY Uepe3 NOGIMPAHT NYHKMU NPONYCKY. ¥ 8i0n06idb HaA ye 3pOCManHs GUKO-
PUCTAHHS CYUACHUX MEXHON02TI | pO3UWUPEHHS GHYMPIUHbO20 MA MIJICHAPOOHO20 CIG-
pobimuuymea modxce niOGUWUMY ehEeKMUBHICTN MUMHO20 KOHMPOIIO Ma OONOMOSIU
MUMHUYAM epekmusHiuie 60pomucs i3 3ano0ieaHHAM MPAHCKOPOOHHOMY NepemiljeH-
HIO MepOopUCmiB, 3a2po3am, Wo GUHUKAIOMb GHACAIOOK MEpOPUCMUYHOL OISTbHOCH,
3ano0ieanHI0 KOHMPAabandi, MOP2i6i HAPKOMUKAMU MA THWUM 3A2PO3aM HAYIOHANbHII
be3neyi. [Josedeno, wo GKII0UEHHs Kpumepiia 6i000py/nepesipku nacaxicupie Ha 0CHOGI
BUCOKOSIKICHUX THOUKAMOPI6 pU3UKY Ma po3uwuperoi inghopmayii npo nacasxcupis nou-
MUBHO BNAUBAE HA OIATLHICMb NO eeKMUBHOMY KOHMPONIO 34 NepeMilyeHHAM ociO
yepes kopOoH. Mema. Po3pobka pusux-opienmoganoi mooeni npozpamu nonepeonsoi
inghopmayii ma 3anucy danux npo nacadxcupie (API/PNR) onsa eghexmugno2o xowm-
pomio. Pesynomamu docnioycenns. byno ecmanosneno, wo ycniwne 6npo8adiCceHHs
ma 6UKOPUCTHAHHSA 3aNPONOHOB8AHOI KOHYeNnmyaibHoi Mooeni nonepedHvoi ingopmayii
npo nacasicupie (API) ma/abo 3anucy oanux npo nacadicupie (PNR) 6 Azepbaiioica-
HI Ma€e HACMYnHi nepegazu 0Jis 3a1YYEHUX CMOPIH: CHPOWEHHS | NONe2UIeHH S ICHYIO-
Yux npoyeoyp KOHMpomo ma 0QoOpMIeHHs, 3MEHWEHH ab0 CKACYBAHHS HeNOMPIOHUX
3ax00i8 KOHMPOJIO NACANACUPIE, OOCHYN 00 PUSUKIB, 30IlICHEHHS YIIbOBO2O KOHMPOIIO
ma HAOAaHHsI NONEPEOHbO2O 00360y HA PeUcU; CMEOPEHHS MOOeNi YRPAGIIHHA NPUKOD-
OOHHUM KOHMPONEeM HA OCHOBI OYIHKU PUSUKIB, 600CKOHANEHHS ThA USHAYEHHS WISIXIE
NOOONAHHA BUKIUKIG, WO GUHUKATOMb Y NUMAHHAX, N08 A3AHUX I3 CUCMeMaMU i0eHmu-
Gixayii ma ynpasninnsa pusuxamu. Bucnoeku. Ilonepeouns ingpopmayis npo nacasxcupa
ma 3anuUc OaHUX NPo NACANCUPIB BIOiepaAlomyb 8AJICIUBY POJib ) GU3HAUEHHI PUSUKIE Ma
00360JIA10Mb MUMHUM OP2AHAM 30TUCHIOBAMU YINECNPAMOBAHUL KOHMPOTb, WO IPYVH-
MYEMbC HA OYIHYT PUSUKY, WO OONOMA2AE BUABUMYU MA 3aN00iemu HU3YI Cepuo3HUX
MPAHCHAYIOHATLHUX NPABONOPYUIEHD, 30epiearouu 3aXUcm OaHux i KOHGioeHyitinicmy.

Knwowuogi cnosa: ynpasninmsa pusuxamu, Mumie o0CIy208y8anHs, nonepeore inghop-
MYBAHHA NACAHCUPIB, 3aNUC OAHUX NPO NACAINCUDIB.

Introduction. Azerbaijan Customs Service (ACS) is developing dynamically
and moves ahead confidently as an organization aiming continuously implement
international standards to achieve world-class quality of services. Azerbaijan Customs
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Service pays special attention to the application of IT systems and technologies
which facilitates the movement of the goods, passengers and means of the transport
and simplifies the border crossing procedures.

According to statistics [1] number of passengers boarded by the global airline
industry has reached ported 4.7 billion passengers globally in 2020. It is estimated that
the global volume of air passengers grows at a rate between 5% and 7% every year
and could reach 7.2 billion by 2036.

The traditional Customs inspections based mostly on selective methods of Customs
control, behavioural analysis, questioning, baggage surveillance and etc. is no longer
sufficient to control increasing risks and threats. Simultaneously Customs authorities
around the globe, face major challenges in balancing a country’s need for controls with
the benefits of facilitating cross-border traffic of people and their goods. One of the most
challenging tasks for an Administration is the mitigation of the risks associated with
the movement of people across its borders. In most cases administration has only a short
time to make a decision whether the person is a high or low risk while managing high
volume of travellers. The task is further complicated by the large number of means
of transportation that are used, including commercial aviation, general aviation,
commercial vessels, cruise ships, trucks, automobiles, train, and on foot.

Problem setting. Investing in risk management solutions based on advance
information as the guiding principle for border management can provide assistance to
better manage the growing volume of travellers flows through the “air” borders. The
solution, which can provide customs with information about passengers in advance would
enable customs to perform risk-based targeted controls on passengers and the goods
carried by them while enabling the flights to be processed more effectively. The ability
of border control agencies to identify persons of concern in advance of their arrival
or departure is considered significant in supporting a government’s commitment to
ensuring the safety and security of its citizens.

The introduction of risk management techniques within Customs often comes as
aresult of the acknowledgment that due to an increasing cross-border flows and changing
government priorities, the administration is unable to continue to deliver its customs
control operations in the same manner as previously. Therefore, this generally means
that administrations recognize that they can no longer interact physically with 100%
of cross-border flows and need to move from traditional style controls towards a risk-
based operating model by a reassessment of its mission, roles, and methods of operation.
To address this challenge most administrations, implement risk-based selectivity
and targeting.

The use of Advance Passenger Information (API) and/or Passenger Name Record
(PNR) for risk assessment would greatly assist Azerbaijan Customs to meet the needs
of enforcement and facilitation of legitimate travel and would be the starting point for
the further development and exploitation of intelligence for controlling the travellers
[2; 3].

Analysis of literature data. Over time, ACS has aligned its passenger control
procedures with the best international practices in terms of duty-free baggage allowances
and simplified procedures supported by modern infrastructure and other facilities.
Aiming and adopting modernization, ACS has become more transparent in its activity in
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terms of simplification of Customs procedures, recent reformation of customs legislative
framework and continuous trade facilitation measures and the introduction of concepts
recognized as international standards in the field of customs. ACS has taken steps to
offer measures such as electronic data exchange, e-declaration, risk management, pre-
arrival data exchange on goods, Single Window principle, etc. Many of these measures
have been introduced to the public as e-services available through the customs and state
e-services web portals. A significant part of the measures undertaken was devoted to
enhance facilitation and simplification of Customs formalities in border crossing [4].

Currently, many border control agencies all over the world prefer more selective
approach for passenger control which is based on intelligence data analysis, behavioural
patterns, risk management, and other efficient methods of targeting, also combining
these approaches with the traditional random selection methods. It is widely recognized
that using such methods produces better results than routine systematic inspections [5].

Currently, ACS performs the border checks on passengers on the basis of the following
techniques and methods: behavioural analysis, documents control and past experience
when selecting passengers for further checks; the use of non-intrusive technical means
of customs control such as X-ray equipment for baggage examinations; dual-channel
system (Red and Green Channels) for speedy clearance of inbound baggage; basic pre-
arrival screening of the “air passengers” based on the paper lists of passengers provided
by some airlines in advance for certain flights (departure and arrival time of transport,
the total number of passengers with an indication of names carried on that transport
and initial point of embarkation); simplified e-declarations for passengers (declarations
can be submitted electronically in advance by filling the web-based declaration form
before arrival to Azerbaijan or by using the special electronic kiosks installed in
the airports) [6].

The purpose of the research. The main goal of this article based on the experience
of Azerbaijan customs service to provide guidance and support to the interested
Customs Authorities to successfully implement their national API/PNR Programme in
order to facilitate border control and clearance of passengers and their baggage using air
transport, prevent smuggling and entrance of potentially high-risk goods and individuals
into the country.

Materials and Methods of the Research. Continuous growth in the number
of passengers on international flights increases customs authorities and other relevant
agencies need to be prepared to handle the number of passenger without harming
the speed of the passengers flow through the “air” border checkpoints. Responding
to this increase, the use of modern technology and greater domestic and international
cooperation can enhance the effectiveness of customs control and assist customs to more
efficiently cope in preventing the cross-border movement of terrorists, threats arising out
of'the terrorist activity, prevent smuggling, drug trafficking and other dangers to national
security. Incorporating passenger selection/screening criteria based on high-quality risk
indicators and advanced passenger information has proven to have a positive effect on
enforcement activities.

While the decisions taken by customs officers are based on their experience, expertise,
and information at hand, it is difficult and mostly impossible to assess all the risks
without all the information that could have been obtained through the pre-arrival data
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on passengers. In addition, these procedures, particularly during the crowded touristic
seasons, are often judged by the travellers as measures affecting their dignity (for
example, while waiting for primary or secondary checks, while being held in holding
rooms or short-term holding facilities, upon the refusal of entry or during searches).
If the situation is not explained well to the passengers, routine checks based on
unreasonable impressions of the customs officers may lead to perceived discrimination
and other implications. In this regard, passenger targeting and risk management tools
with the use of the Advance Passenger Information (API) and Passenger Name Record
(PNR) datasets could be beneficial to Customs authorities to switch from the routine
checks to a passenger selection/screening criterias based on high-quality risk indicators
and analysis of pre-arrival information [7; 8].

The need for customs to enhance controls, related with the growth of air passenger
traffic has started to place strain on the resources of ACS, resulting in possible delays
in the processing of passengers arriving at airports. Taking this fact into account there
is a growing need to find a solution that would assist customs to handle increasing
workloads.

This demand of customs could be solved with investing in a solution that would tailor
customs processes while adhering to international standards. Providing the ACS with
passenger information in advance of a flight arriving in Azerbaijan will facilitate checks
against watchlists to identify persons of interest before passengers arrive at border
control. This will be to the benefit of both the State and genuine passengers by:

— Assisting in the prevention of crime;

— Facilitating the smooth passage of legitimate travelers;

— Allowing for improved and more effective management of the State’s borders.

In order to accurately balance between facilitating cross-border movements
and upholding border security, effective cooperation between government bodies,
the transport sector and relevant international actors is essential. At the moment API
and PNR are two technical solutions to streamline traveller identification management
and facilitate border management.

The importance of a legislative framework for API/PNR data transfer is stipulated in
Revised Kyoto Convention [9].

API involves the capture of a passenger’s biographic data and other flight details by
the transport operator before departure and the transmission of the details by electronic
means to the Border Control Agencies in the destination country and made available
on the primary line at the border crossing point. API enables national border agencies
and other government departments to pre-identify persons of interest prior to their
arrival (Table 1).

PNR data (Table 2) are unverified information provided by passengers and collected
by air carriers to enable the reservation and check-in processes. It includes information
on travel itinerary, ticket information, contact details, means of payment and others.
PNR differs from API comprising a greater number of data sets. The analysis of PNR
data can provide the authorities with important elements from a criminal intelligence
point of view, allowing them to detect suspicious travel patterns and identify forms
of serious crime, associated criminals and terrorists, in particular those previously
unknown to law enforcement [10].
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Table 1
Advance Passenger Information (API) Data Items
Ne Data Item Definition
1 | Travel Document Type Type of Travel Document being used.
2 | Travel Document Number |Identification Number of the Travel Document
3 Travel Document Expiry Expiry date of the Travel Document. Mandatory only if
Date the travel document has one.
4 Travel Document Issuing State/Organization that issued the Travel Document
State being used
5 |Surname Surname (family name) of the travelling person
6 | Given Names Given names of the travelling person.
7 | Gender Gender of the travelling person
8 | Date of Birth Date of birth of the travelling person
9 |Nationality Nationality of the travelling person
PNR locator code A code which uniquely identifies a particular PNR
record for a given voyage. This code is used to link
10 a passenger’s API data to a single PNR record.
The same PNR record locator code needs to be included
in both the API and PNR. It is anticipated that Carriers use
the booking reference or PNR to populate this data element.
Carrier Operator Unique Used to uniquely identify a passenger within a Carrier’s
11 |Passenger Reference Reservation and Departure Control System’s (DCS).
Identifier Therefore there is no repeat between flights.
12 |Initial Point of Embarkation | Port code of the initial place of embarkation
13 |Final Point of Debarkation | Port code of the final place of debarkation
14 | Transit Flag Indicates if the passenger or crew is in transit
15 | Total Luggage Weight Weight of total luggage carried by a passenger
16 |No of Bags Total number of bags carried by a passenger
17 |Bag Tags Tag information of bags carried by a passenger
18 Security Number Unique number allocated by the check-in desks and it
identifies a passenger.
19 |Baggage Details Details of the baggage including bag destination
20 |Seat number Passenger seat number
Table 2
Passenger Name Record (PNR) Data Items
Ne Data Item Definition
1 2 3
Passenger Name Record A code which uniquely identifies a particular PNR
1 (PNR) locator code record for a given voyage. This code is used to link
a passenger’s API data to a single PNR record.
2 Date of reservation / issue | Date reservation made.
of ticket
3 Date(s) of intended travel | Date Passenger intends to travel.
4 Name(s) on the PNR Passenger name.
Available frequent-flyer Card number and type of any frequent flyer or similar
5 information (free tickets, |scheme used.
upgrades, etc)
Other names on PNR, Including names of all other passengers on the booking
6 |including numbers and any contact person.

of travellers on the PNR
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types 1 to 18 above

Table 2 (ending)
1 2 3
All available contact Passenger’s address and any further contact address
information (including for the passenger/reservation.
7 | originator information) Can include telephone number for Passenger, Travel
Agency, Hotel etc.
Email address of person who made reservation.
All forms of payment Specifies payment means and details (e.g. Credit Card
8 information and billing Number).
information
Travel itinerary for specific | PNR flight itinerary segments/ports, itinerary history,
PNR origin city/board point,
destination city, active itinerary segments, canceled
segments, layover days, flown
9 segments, flight information, flight departure date,
board point, arrival port, open
segments, alternate routing unknown (ARNK)
segments, non-air segments, inbound
flight connection details, on-carriage information,
confirmation status
Travel agency and Travel | Travel agency details, name, address, contact details,
10
agent IATA code
11 Code share PNR PNR reference of code share booking.
information
Split / Divided PNR The fact that a reservation in respect of more than one
12 |information passenger has been divided due to a change in itinerary
for one or more but not all of the passengers.
Travel status of passenger |Travel status of passenger, including confirmations,
13 | (including confirmations | check-in status, no show or go show information
and check-in status)
Ticketing information Includes ticket number and ticket type.
including Ticket number,
14 |one-way tickets,
and Automated Ticket fare
quotes
All baggage information | Number of bags, total weight, tag numbers, destination
15 .
of bags and pooled bag details.
16 Seat information include | Class of travel, seat number and cabin number request
seat number where applicable.
General remarks including | Other supplementary information, e.g. Infant, Staff,
other supplementary VIP. Special Service Information or Special Service
17  |information (OSI) Requests.
and Special Service
Information
18 Any collected Advance Any API data elements collected at the time of booking.
Passenger Information (API) | Name and travel document number will be extracted.
All historical changes to All changes to the PNR record.
19 |the PNR listed in data

The scope of API and PNR data refers to data about travellers collected prior to
departure or at the time that flight bookings are made. The API/PNR data comprises
personal, financial information (travellers identifying details, method of payment
and bank details, contact details, routing and etc.) about travellers which requires
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adequate protection against misuse. Reviewing the work done so far in the described
area, in order to create efficiently working system the following approaches could be
implemented (Figure 1).

API/PNR data are key sources of information in order to carry out and rationalize
customs controls on passenger’s traffic in a more effective way. By using PNR data in
real time, pro-actively and re-actively customs authorities can assess risks and better
combat serious transnational crime and terrorism threats.

Formal letter to
government with
justification of the intent
on establishment of
APIfPNR Programme

Reform Werking Group -
with invovement of Draft and adopt the
inatarastad state Action Plan
authoritias

Draft the new specific
legislative acts for
API/PNR

Develop PNRGOV

Formation of PSDW
message format

Establishment of the
API/PNR massaging
bazed on secure IBM
Websphera MO or Web
service connectors

Motification sent to Continuous training and
girlines technical assistance

Fig. 1. Conceptual model of API/PNR system
(PSDW — Passenger Data Single Window)

In order to perform their tasks as efficient as possible, ACS, for example, is
recommended to use a combination of traditional techniques of customs control such
as behaviour analysis and questioning with the modern non-intrusive control technique
through the use of API/PNR data processing.

Pre-arrival risk assessment is applied at three levels: selection of flights for risk
assessment coverage; profiles and criteria searches that run over a selected flight
to identify passengers for further analysis; and analysis of passenger information
and intelligence which may highlight a passenger as a person of interest (including
national watchlists).

Flight and passenger selection decisions should be based on risk indicators
and profiles which are developed by using historical data. The procedure allows travellers
information to be processed against other information available in the national databases
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including intelligence information from the law-enforcement and other government
agencies. The end result is an improved process or system that assists border agencies in
identifying individuals who require additional inspection and making informed decision
on the admissibility of individuals seeking admission into the country. With respect to
the Azerbaijan Customs Service, the properly deployed API/PNR risk analysis system
will enhance the performance of Azerbaijan customs in combating the trafficking
of drugs, weapons, counterfeits and cultural goods (for example to be able to measure
the frequency of goods conveyed by passengers, by combining the data with the national
passenger declaration database). As the information on passengers will be available
prior to a flight, it will be possible to ensure large-scale and very rapid identification
of sensitive or illogical routes, inconsistencies of unduly short duration of stay with
weight/size of a passenger’s luggage, unusual forms of payment, past criminal patterns
etc., or a combination of these criteria.

API and PNR data play an important role in identifying the risks associated with
the baggage of passengers because it allows customs authorities to carry out targeted
and risk-based control, which helps to detect and prevent a number of serious
transnational offenses and organized crime while maintaining data protection and privacy.
Specifically, for Azerbaijan, targeted controls based on API/PNR analysis can support
customs in combatting with the illegal outbound movement of the currency, cultural
heritage and goods prohibited and restricted for importation. The use of API/PNR data,
which enables identification of passenger based on their risk profiles.

Conclusions. Pursuing a global approach with regard to the transfer and use
of API/PNR data, this article brings together approaches and recommendations how to
implement the national API/PNR Programme on the example of Azerbaijan.

Border control arrangements in Azerbaijan concerning travellers seek to maximise
the economic, societal and political benefits of travel while at the same time identifying
and mitigating risks and threats. To achieve these national objectives, Azerbaijan must
identify travellers and assess traveller risks.

The benefits of API and PNR transmission will enable border control authorities
of Azerbaijan to identify potentially high-risk individuals, prevent smuggling and process
passengers in a rapid and efficient manner.

The development of modern and effective passenger targeting and risk management
tools on the basis of API and PNR datasets is a clear example of effective use of human
resources in customs. The solution increases the effectiveness of the checks with
the usage of the same personnel.

Establishment of the system will also benefit the inter-agency cooperation, as
the technology requires collaboration and interconnection of the databases with the State
Border Service, Police, other governmental agencies, and airlines.
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Summary

Introduction. Recently, much attention in applications of stochastic models to real
production/transportation systems modeling and control have been paid. It is explained
by necessity to take into account the uncertainty and risks when projecting/operating
such kind of systems. Purpose. To formulate and solve the problem of optimal values of
products removal rates finding. Results. The mathematical model of a manufacturing
system with several kinds of final product and one kind of raw materials is under
consideration. This production system is interpreted as two-phase storage system
with random input flow of raw materials which is described by Levy process with
nondecreasing sample paths and zero drift. The first phase consists of one warehouse
for raw materials storage and second one consists of industrial equipment and several
parallel warehouses for final products storage. The production rates and rates of
products removal from warehouses are constant. Conclusions. The joint distribution of
storage levels of raw materials and any kind of final product at warehouses is found in
closed form (in the terms of Laplace-Stieltjes transform). The problem of optimal values
of products removal rates finding is formulated and solved.

Key words: Two-phase manufacturing system, random input, Levy process,
probabilistic distribution.
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Anomauisn

Bemyn. Ocmanni poku eenuxa ysaza npuoiiaemoscsa 3aCmoCy8aHHI0 CIMOXACMUYHUX
Molenell 01 MOOeN08AHHA BUPOOHUYO-MPAHCNOPMHUX CUCEM Ma ONMUMALLHOZO
yupaeninna numu. Lle suxauxarno HeoOXionicmio paxo8ysamu haxmopu HegU3HAYEHOC-
mi ma pusuKy 8 npoyeci npoOeKmy8anHs maxKux cucmem ma ynpasninna Humu. Mema.
Ilocmanoexa ma piwienns npobaremu 8UHAYEHHS ONMUMATbHUX 3HAYEHb IHIMEHCUBHOC-
meti ugezenHs 3i Cknady 2omogoi npodykyii. Pesynemamu. Po3pobnena mamemamuy-
HA MOOenb 8UPOOHUYOT cucmemu 3 0eKiIbKOMA UOAMU 20M080I NPOOYKYii ma 0OHUM
sudom cuposunu. Bupobnuua cucmema inmepnpemyemucs ax 080xgasosa cucmema
30epedicents 3anacieé 3 GUNAOKOBUM BXIOHUM NOMOKOM CUPOBUHU OOHO20 8UDY, AKUU
onucyemucs npoyecom Jlegi 3 Hechaouumy mpaekmopiamu ma Hy1b08UM 3HECEHHIM.
Tepwa paza exnrouae cknaod 0715 30epedcents CUposuHU, a Opyea Gasa KIOHAE 8UPoo-
HUYe 001A0HANHS Ma 0eKLIbKa NAPANelIbHUX CKIA0I8 075l 30epedcentsl 20moBoi NPooyK-
yii. Inmencusnocmi eupodbHUYMEa 20mMoeoi NPOOYKYii, a MAKONC BUBE3EHHSA 20MOBOT
npoOYKYii 3i CKNAdis, 88aNHCAIOMbCA 3A0aHUMU Ma nocmitinumu. Bucnoeku. 3natioeno
6 ananimuuHomy 8uensoi (y mepminax nepemeopenns Jlanaacy-Cmunvmoeca) cymicHutl
PO3N00ILN pisHie 3anacie cuposuru ma 20moeoi npodykyii. Cihopmynvosana ma supiuie-
HA NPOOIEMA 3HAXOOIHCEHHS ONMUMATLHUX 3HAYEHb THMEHCUBHOCTNEL BUBE3EHHS 20MO-
601 NpooyKYii 3i ck1aois.

Knrouosi cnosa: osogpasna supodbnuua cucmema, sunaoxosutl 6xio, npoyec Jlesi,
IMOBIpHICHUL PO3NOOIIL.

1. Introduction

It is well-known that application of the Markov processes for modeling of different
types of production/storage systems is motivated by necessity to take into account
the following main factors of internal and external uncertainty:

a) random moments of the orders’ giving from market to an enterprise for a product
manufacturing;

b) irregularity of raw materials delivery to enterprise by transport;

c) restricted reliability of industrial equipment.

During the last 2-3 decades the much researches devoted to development and analysis
of Markovian models of production/storage systems were fulfilled [1-6]. But it is almost
impossible very often to study the real large-scale systems or networks by the analytical
means because of dimension barrier. Therefore, it is expediently to develop the theoretical
approaches which allow us to find out the conditions of full or partial decomposition
of corresponding mathematical models. Typical example of such kind is the queueing
networks theory [1; 2].

In our works [7-10] an approach was proposed for modeling the large-scale
stochastic systems which is based on development of continuous variant of queueing
networks theory — so-called stochastic storage networks theory. Generally speaking, this
approach is a generalization of some classical stochastic storage models for the case
of set of interacting single storehouses.

In this paper, the application of this analytic approach is demonstrated for modeling
the two-phase production/storage system with several kinds of final product and random
input of raw materials.
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2. Description of mathematical model

Consider the following two-phase manufacturing system. The first phase consists
of one warchouse for raw material storage. From this warehouse, if it isn’t empty,
the raw materials come to M machines (industrial equipment), located in parallel, for
manufacturing corresponding final products. At the m-th machine the raw materials
come with the rate W and with the same rate the m-th machine manufactures the final
product of m-th kind. Correspondingly, the m-th final product comes to the warchouse
(of second phase) with the rate W and with the rate U < W it removes off (i.e. comes
to consumers) if this warehouse isn’t empty. The value U may be interpreted as the rate
of m-th final product delivery to consumers. Once the storage level of raw materials
at warchouse has been exhausted, then all machines have been stopped. It is assumed
also that all warehouses have the unlimited capacities. This assumption, of course,
is only simplification of reality but, from the mathematical point of view, analysis
of a storage model with finite warehouses’ capacities may be provided on the basis
of this more simple case [10].

The input flow of raw materials is Levy process X(¢) [3] with nonnegative trajectories
and zero drift, X(0) = 0. In our case X(¢) has the meaning of total input of raw materials
during the time interval (0, 7]. As it is known [3]

Ee XD _ ;70N Re s>0, 1)
where @(s) is the cumulant of X(¢). For example, for compound Poisson process
¢(s) =A(1—=B(s)),
g
where A is the rate of the Poisson stream; B(s)= [ e STAB(x), B(x) is the distribution
0

function (d.f.) of jump sizes which is concentrated on R, =[0,00). In this case process
X(#) may be interpreted in the following “logistical” way: through the exponentially
distributed with mean 1/A time intervals an enterprise receives an order from market
for manufacturing a random quantities of final products. These quantities demand
a batch of raw materials of random size with d.f. B(x).

We denote by & (#) the content of warehouse for raw materials storage at moment
tand by (¢) the amount of the m-th final product at warchouse at moment 7. Let

2m

&1 (0),§1m (0),m=1,2,..., M, are the non negative values.

According to the above assumptions the processes & (¢),&,,(¢),...,§ () satisfy

M

the following system of integral equations (with probability 1):

§ =5 O)+XO)-W(—-1,@), 2)

&y, (0=6y O+ (@~1,0)-U, (-1, ). m=LM, @)
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where
t 5 .
B (0= O, (0= [u(E (uy,, (Ndrm =11

M
u(z)=0,ifz>0,u(0)=LW= 3% Wm.
m=1

Note that Il (),1 m (t),m=1,M, are duration of time when the warehouses have

remained the empty in the time interval (0, ¢].
The Egs. (2), (3) are usual, for storage theory, balance relations describing input
and output processes of material flows [3]. The conditions

Wy >Uppm=T,M, )

are necessary to avoid the trivial situations, So, for example, if for any warehouse
of second phase inequality (4) isn’t valid, then this warehouse will become empty with
probability 1 in a finite time and will remain empty after that.

3. Analysis of mathematical model

The main results concerning analysis of the model (2), (3) we formulate as
the following theorems.

Theorem 1. The system of integral equations (2), (3) has the unique non negative
solution

& (0 =&,0)+ X(0) Wi+ WI, (1), 5)

&y =8y (O+V 1=W [(O)+U 1, (), (©)

where

W1, (#) = max{0,~§, (0) ~in [X () -Wtl},

fOSrSt
U L, ()=max{0,-&, (0)-a & (0)-
—1nf0$rgt[ocmX(t)—Umt]},m=1,M; Vm =Wm —Um;
o =W _|W.

m o m

The proof of Theorem 1 is based on reduction of Egs. (2), (3) to classical storage
model [3]. To prove it we multiply both sides of Eq. (2) by ., , take the sum of Egs.(2)
and (3), and take into account the identity

u(il (t))u(§2m (1) = u(amal )+ azm ().

After these manipulations we arrive at the following equation for the process
S =5,(0+Ey ():
Sm(D=5m0) + oy, X(O)~Uy, (1 =1, (1)) ()
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The Egs. (2) and (7) are the classical storage models with the Levy input processes
X(?), o, X () and the release rates W, U m correspondingly. Applying the known

results for classical storage model [3] we get the formulas (5) and (6).
The further results are related to determination of joint distribution of stochastic

processes ?;1 (t),ézm (t),l1 (t),]zm (7). Let us denote
* ’ © , —mt
‘Pm(s,E,x;(o): j‘Pm(s,E,x;co)e Ol gt Rew >0,
0
where ‘Pm(S,E,X;f) =E{exp[-(s,&(1)) - (E,Im ())|€(0)=x},

= S = = >
s (SI’SZ)’E ((ol,(oz),x (xl,xz)_O.
Theorem 2. The Laplace transform of conditional joint distribution of random
vectors &(t) and Im(t) is given by

%k 4 . _ _(S,X) _ _ % /4 . _
‘{’m(s,E,x,w)—[e (le s Wm+(ol)H2m(s2,E,x,(o)

2

~(s,U,, + 0, )H;km (E,x,0)][o+ SoV i =51V (s )]_1, (8)

Rew>0, Re 8; >O,Re(ol. >0,i=12,

H;k £ x.0)= exp— (x1 +Xy / ocm)nlm — o, / Wm
m b

® +Um(0)1 +n1mW)/Wm

2
H* E . _
om S EX0)=
% ,
= [exp(—s2x2 — nle) — (S2Um + 0, )Hlm (E,x; )] x
x(anm - Wms2 +o, )_1,

N =", (0)1, m),nzm =N, (SZ’ ®) are the unique continuous solutions to
the functional equations
03+c01Vm /Wm —Umnlm /am +¢(n1m) =0, 9)
(o+s2Vm —anm +¢(n2m):0 (10)
with the following properties:

-1
0 in 0.0) _ ocm(Um—ocmy) ,amy<Um
do 1m 0=0+ o, y=U |,
m m

-1
_) W=y) y<W
8con2m(0’m)‘co:0+ {

00, y=W,
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where v =9'(0) = EX (1) <o0; ¢(s) is the cumulant of X(t) (see (1));

0 0

I’ 1’ the la rgest positive

b) as ®— 0+, ~1m(0,03) — N, ,wheren

; 0 _ 0 0 .
root of the equation Umnlm = ocm(b(nlm) and Yom >0,iff
oa y>U .

m m

The proof of Theorem 2 may be given by analogy with the corresponding theorem in

theory of classical storage model (2) or (7) [3]. Particularly, the formula (8) is derived by
* ,

direct calculation of expression ‘Pm (s,E,x; ) taking into account the relations (5), (6).

Using the results of Theorems 1 and 2 we can immediately determine the conditions

under which there exists a limit distribution of the random vector (E_>1 (t)’E"2m (1)), as

well as examine its asymptotic distribution. Setting in (8) 8§ =55 = 0,0)1 =0 we obtain

(j) PR =] exp(—(ozlzm ®)) &l 0)= x1’§2 0)= xz}dt =
(5 +x, lo M (0,0) U (h
=l[1—mze R T /(®2+a7mnlm(0’w))]’

(Q)
m

where LU (0,®) is the root of functional Eq.(9) with @ = 0. By definition, 7 m ()
is a monotone non decreasing function of ¢, therefore /. m t)—>1 m <oo with
probability one. Applying the Tauberian theorem, from (11) we get

e—(x1 +X, /ocm)nlm (0, )

E{exp(-® I )}=1-®,lim
2 2m 220+ U N, (0O,®)/a
2 m 'lm m

The last expression equals to 0 if y<U,, / a,,, and equals to

0
1—m2/(m2+Umn1m /am) (12)

if y>U,, /0y,
Theorem 3. a) Let ®; =0, =0,x1 >0,x, 20. Then as t >0 if Y>W, then
ﬁl ) — OO,cizm (1) —> oo in distribution. If &,y <U,, , then process (cil (t)’a2m @)}

converges weakly to random vector (ﬁl,izm) with distribution given by the Laplace-
Stieltjes transform
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=861 =5282m s W
Efe ! V=(U_ —vo ) 2
¢ m " m s\ =3, V (I)(S )

X

(13)
51 Mo (5> 0P

Wms2 - anm (S2’ 0+)

X

Re ; >0,i=1,2,

where Mo (s2,0+) = limco—>0+ M (sz,oa).

2

b) If m<y<Wc5 < oo,
m
thenlimt_)oop{é ()Of " ~Yom)" <x}=N(x),

where N(x) is standard normal distribution with zero mean and unit variance;
2 = _¢"(0) = Varx (1).
o If y<U,, /am,62 <00,

- (U - )t
. 2 _
then lim, __ P{ U’ 2m ocmcsf m__ <x}=N(x).

The proof of point a) of Theorem 3 is based on the formula (8) and application
of the Tauberian theorem. To prove the point b) note that from (7), it follows

i (t) (YOL _U )t am§1(0)+§2 (0) X(t) Yyt

OLmO'\[ OLmG\f G\/Z
50 U, 0,0
Gf OCmG\/;

It is obvious that the first addend in right-hand side of the last relation tends to 0 as
t —oo. If o,y >U,,, then from (12) follows the existence of finite limit of / m ),
therefore / m )/ Jt = 0indistribution. Since y < W, there exists the limit distribution
of process ﬁl (¢) , hence &1 (t)/\t = 0. Therefore
H—(a y-U )t
i Pﬁzm() (@, v=U, ) <

t—> o0 o G\ﬁ

X(@)—vt
o

zhmt_)ooP{

}-
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But for the Levy process X(7) the last limit equals to N(x) [3]. The point ¢) of Theorem
3 may be proved similarly.

Note that ¢, (#)=0 if &1 (1) = §2m (1)=0. As it follows from theory of classical
storage model and Eq. (7) if o,y <U,,, then

hmt e P{gm 1)=0}= hmt oo P{&l(t) = O’E*‘Zm ()=0}=
=l-a_y/U_.
m m
Setting in (13) 51 = 0, Sy =5 we have
5 -sizm _ Um . oY anm (s,0+) 4
f(s)=E{e } ( ) (14)
V U "Wn, (s,0+)—sW.
m 2m
Using this formula we can calculate the stationary mean and variance:
S i
=—1'(0)= 15)
m - - ) (
2W-nu,, —o )
n ! 2 OLI’}’ZVI;};’Z
varg, = /"(0)-(/'(0)* = x

6W-nU, —a 1)
x* W +U =20 7)+20"O)F -1)U, —o 7)}-

~(EE, )%

For example, if ¢(s)=A(1-P(s)), then d)(k) 0)=(- l)k + IKB(k) , Where
B(k),k =1,2,3, are the first three initial moments of d.f. B(x).

These results may be used for approximate determination of warehouses’ capacities
and formulation of some optimization problems.

For example, let us it is required to find out the values U,,,,m = 1, M, that minimize
mean current cost for storage of final products and costs for their transportation (E ).
The objective function is given by

- M
E= Zl(emUm +cmE§2m), (16)
m=

where e is transportation cost for delivery of 1 ¢ of m-th final product to consumers;
c, 1s storage expenses per unit of time for 1 ¢ of m-th final product. Taking into
account the formula (15) we can re- write the expression (16)

_ M 2 Mco W -U))
E=Y epUpy+ - mom>m__m’ (17)
=l XV =1 ey U, -0y
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We assume that the following condition hold true:

2 _
M o M ocm(Wm U’”)s

> EE, = )
mel M 200-v),,21 U —o y

C, (18)

where C is the given total capacity of warehouses for final products storage. The
additional constraints are just the stability conditions

Um<amy,m=l,M. (19)

The stochastic optimization problem (17)-(19) may easily be solved by the Lagrange
multipliers method. Its solution is given by

where 1 is Lagrange multiplier which may be found as the unique root of the equation

M
mZZIOLm\/eme/(cm+u):G\/W/2[1+2C(W—y)/62]/(W—y).

4. Conclusions

The results obtained show that it is possible to investigate by analytical means
the stochastic models of storage networks on the basis of classical models for single
storehouse. The further development of our approach may concern the following
directions:

a) Consideration of several kinds of raw materials; but here we must take into
account the following circumstance: once a warehouse for storage of any kind of raw
materials has been empty, then corresponding technological lines (machines) which
process these raw materials must be stopped.

b) Taking into account the irregularity of raw materials delivery at enterprise
and random fluctuation of demand for final product. Here, it is possible to use
the mathematical technique given in the book [3] (Markov-compound Poisson input
and Markov-modulated demand).

c) Investigation of models of manufacturing systems by representation their as
stochastic storage networks with more complex topology.
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TEIIJIOBI HACOCH JJIs TEIIJIOITIOCTAYAHHA
TA TAPAYOI'O BOAOIIOCTAYAHHS IIIANTPUEMCTB
MAINIUMHOBYAYBAHHA
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ORCID ID: 0000-0002-3090-0427

Anomauin

Bcemyn. YV cmammi posensioacmuvces npoonema 8uKOPUCMANHS Meniosux HAcocie
(TH), wo npayroioms Ha aTbMepHAMUGHUX 0dicepenax enepeii 0 menionoCmayaH-
HSL MA 2apsii020 6000NOCMaiants Oyoigenb RIONPUEMCmMe Mauunooyoysanus. Y ceoii
pobomi TH suxopucmosyioms HU3bKONOMEHYIUHY Meniomy nosimps, 6000UM i HA0p
semni. Memoto pobomu € 00TpyHmMy8anHs ma 00CAIONCEHHSL OOYLIbHOCIE BUKOPUCTILAH-
wst TH na nionpuemcmeax mawunodyoyeanns. Pesynomamu. Buxonano ananiz xapak-
mepucmux TH, wo npayoroms 3 pisHuMU 0xcepenamu Hu3bKONOMeHYItHOI meniomu.
Busnaueno axmopu, saxi eniueaiomev Ha enepeemuuny egexmusnicmos TH, oyineni
ocobnusocmi pobomu IpyHmMosux, 800AHUX ma nogimpanux TH ona kaimamuunux ymos
Yxpainu. Ilpoananizosano énaueé mpueanocmi memnepamyp nogimps pisHux 6eautuH
Ha menaonpodykmugnicmv TH. [{ns niosuwenns egpexmuernocmi pooomu menionacoc-
HOI cucmemu 3anpoONOHOBAHO CXeM) SUNYYeHHs HU3bKONOMEHYIIHOI Meniomu 3 UKo-
pucmanuam ipyumosoeo TH i nogimpsanozo mennooominnuka. Ha niocmaegi nposedernux
00Ci0MHCeHb 8CMAHOBIEHO, WO Nepesazoio NOGIMps AK MeNJIOHOCIA, € me, Wo Nosim-
pani TH mooicymsv npayrogamu npakmuyno noecroou i He umazaioms 001aUmMySanHs
HU3bKOmemMnepamypHozo koumypy. Ilepcnexmusnum cnocobom nioguujenus egpexmus-
nocmi TH npu piunomy yukii tio2o pobomu € KOMOTHOBAHe GUKOPUCTNAHHS HU3bKONO-
menyitiHoi meniomu Ipyuny ma nogimps. Tennonacocna cucmema 3 0goma odxcepena-
Mu enepeii 3abe3neuye 8ucoxy menionpooykmuenicms TH npomsazom 6cb020 poky i mae
OLNbLUW BUCOKUTI NOKAZHUK eHEP2eMUYHOL eqheKMUSHOCMI Y NOPISHAHHI 3 MPAOUYTUHUMU
piwennamu. TH maroms 3Hauny nepesazy nepeo iHuuMy menioenepemuyHumy ycma-
Hoskamu. Bonu cnooicusaroms enepeito NOHOBIIOBAHUX OXCePeN, 3HUNCYIOMb SUMPAMU
Ha eleKmpOnOCMAadanHts Oinbul, HidC 8 NOIOGUHY — Ye NOBGHICMIO AGMOMAMU306AHUL
npucmpiil. Bucnoexu. Buxopucauns TH ons ymunizayii HU3bKONOMEHYIUHUX Menio-
8UX NOMOKI6 eKOHOMIUHO 8U2IOHO. AHANI3 eghekmUuBHOCMI cucmem MenionoCmMadanHs
NOKA3Y€, WO 8 CYYACHUX eKOHOMIYHUX YMOBAX MeHOeHYis cucmem Mmenionocmaiam-
HSL MOJKCe PO3BUBATNUCS 68 HACTYNHUX HANPAMKAX. 3ACMOCY8AHHS NAPOKOMAPECIUHUX
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TH, suxopucmaHHs 6MOPUHHUX eHep2opecypPCi8 NPOMUCLOBUX RIONPUEMCING MAUUHO-
0y0ysanHs, nioGUUjeHHsT MENIOMexXHIYHUX Xapaxkmepucmux 0yoisensb. Mooeprizayis
i3 3aCMOCYBAHHAM OAHUX 3aX00I8 MOHCEe CYMMEBO NIOSUWUMU eKOHOMIYHI I mexXHiu-
HI Xapakxmepucmuxu menionocmayaibio2o oO1aoHanus 0 Oydisens nionpucmcmes
MAUWUHOOYOYBAHHSI.

Knrouoei cnosa: mennosuii Hacoc, mepmMoOUHAMIYHUL YUK, MEN108a eHep2is, HU3b-
KOnomenyitine 0dxicepeno meniomu, Cucmemu menionoCMasanHs, KoeQiyicum mpauc-

gopmayii.

HEAT PUMPS FOR HEAT SUPPLY AND HOT WATER SUPPLY
OF MARITIME TRANSPORT COMPANIES

M.V. Bosyi
Senior Lecturer at the Department of Materials Science and Foundry
Central Ukrainian National Technical University, Kropyvnytskyi, Ukraine
ORCID ID: 0000-0002-3090-0427

Summary

Introduction. The article examines the problem of using heat pumps (TN) operating
on alternative energy sources for heat supply and hot water supply of buildings
of machine-building enterprises. The purpose of the work is to substantiate and
investigate the expediency of using TN at machine-building enterprises. The results.
An analysis of the characteristics of TNs operating with various sources of low-
potential heat was performed. The factors affecting the energy efficiency of TN are
determined, the peculiarities of the operation of soil, water and air TN for the climatic
conditions of Ukraine are evaluated. The influence of the duration of air temperatures
of different values on the thermal productivity of TN was analyzed. In order to increase
the efficiency of the heat pump system, a scheme for extracting low-potential heat with
the use of soil TN and an air heat exchanger is proposed. On the basis of the conducted
research, it was established that the advantage of air as a heat carrier is that air heaters
can work almost everywhere and do not require the arrangement of a low-temperature
circuit. A promising way to increase the efficiency of the TN during the annual cycle
of its operation is the combined use of low-potential heat of the soil and air. A heat
pump system with two sources of energy ensures high thermal productivity of the
heating system throughout the year and has a higher energy efficiency index compared
to traditional solutions. TNs have a significant advantage over other thermal power
plants. They consume energy from renewable sources, reduce electricity costs by more
than half. It is a fully automated device. Conclusions. The use of TN for the disposal
of low-potential heat flows is economically beneficial. The analysis of the efficiency of
heat supply systems shows that in modern economic conditions, the trend of heat supply
systems can develop in the following directions: the use of steam-compression heating
systems, the use of secondary energy resources of industrial engineering enterprises,
and the improvement of the thermal characteristics of buildings. Modernization with
the application of these measures can significantly improve the economic and technical
characteristics of heat supply equipment for buildings of machine-building enterprises.

Key words: heat pump, thermodynamic cycle, thermal energy, low-potential heat
source, heat supply systems, transformation coefficient.
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Beryn. Harenep 31 ckopoueHHSIM 3amaciB TBEPAMX, PIIKHX 1 ra30MoaiOHUX BUIIB
OpTaHIYHOTO TaJiBa Ta 3POCTAHHSM IIiH Ha €HEProHOCIl, K B YKpaiHi, Tak 1 y CBiTi
B IIlJIOMY, HEOOXiZJTHO HA CyYaCHOMY eTalli BUKOPHCTOBYBATH Ta BIIPOBAKyBaTH Haii-
HOBIIII TEXHOJOTIi 3 BUKOPUCTAHHSIM BiJIHOBIIOBAIGHUX allbTEPHATUBHUX MPUPOIHUX
JOKEpeJl eHepril, sIKi BIIKPUBAIOTh JJIsl CbOTOJICHHS MOXKIIUBICTh JI0 €HEPro30eperkeHH
1 3MEHIIICHHS BUKU/IIB MTAPHUKOBUX ra3iB B JOBKIULISA — 11€ TEIUIOBI Hacocu [1-9].

Ha tenepinapoMy eTamni po3BUTKY eHeproeeKTHBHIX CKOJIOTIYHO YHCTUX TEIIOHA-
COCHHX TEXHOJIOT1H JJIsl CHCTEM TEIIONOCTa4aHHs CY9aCHUM EKOJIOTIYHUM Ta Haie(ek-
TUBHIIIUM JDKEPEIIOM €HEpril JJisi CUCTEMH OMNAaJICHHS € BUKOPHCTAHHS CHEpril 3emi,
10 MICTUTBCS Y TOBITPi, TpyHTI Ta Bofi. Tomy TH Trmy «noBiTpsSi—Boiay, «rpyHT—BO/Ia»
1 «BOZIa—BOJIa» MPAIIOIOTH 3 BUCOKUMH TIOKa3HUKaMHU e()eKTUBHOCTI 1 32 OMaJFOBaIbHUH
nepios 3a0MampKyoTh 10 70% KOIITIB y MOPIBHSHHI 13 TPAJAWIIHHOI CHCTEMOIO Olla-
JICHHSI Ta30BUM KOTJIOM, III0 € BUTITHOKO IHBECTHIIIEIO HA MalOyTHE [9—15].

IocTanoBka mpodaemu. BukoprcTaHHs IS TETUIONOCTaYaHHsI TPAIHIIHHIX JKe-
pen eHeprii noTpedye BiaNOBIMHUX (hIHAHCOBUX 3aTpaT 31 CKOPOUCHHSM 3araciB TBEp-
JIUX, PIAKUX 1 Ta30MOAIOHNX BUIB OPraHIYHOIO MajiBa Ta 3pOCTAHHSIM IIiH Ha €Hep-
roHocii. ToMy, HEOOXiTHO BIIPOBA/KYBATH TEIJIOHACOCHI TEXHOJIOTIT 3 BUKOPUCTAHHIM
MTOHOBITIOBAaHUX aJIFTEPHATUBHUX JKEPENl CHEeprii, SKi BiIKPHBAIOTh MOMIIUBICTH JI0
eHepro30epeskeHHs 1 3MEHIIICHHST BUKU/IIB ITAPHUKOBHX Ta3iB B armocdepy. [Ipobnema
3HWKEHHS 3aTpaT Ha OMAaJICHHs Ta rapsue BOIOMOCTA4YaHHs aKkTyalbHa HaTernep 1 Juis
MiANPUEMCTB MaIIMHOOyyBaHHs [12—15].

[Migpumenns: eHeproedekruBHocTi TH, sKi BHKOPUCTOBYIOTH T'€OTEPMANBHY
TEIUIOTY, B Halll YaC € OMHUM i3 HAHBaXUIMBIMIMX MUTAHb JJIS1 TIONANBIIOTO PO3BUTKY
Ta BIPOBA/KCHHS TEXHOJIOT1H 3aCTOCYBAaHHS BiJTHOBIIOBAIBHUX JKEpEIl €Heprii B CUC-
TeMax TEIUIONOCTaYaHHsI 1 TAKOXK JUTA MAPUEMCTB MamHOOyryBaHHs [ 13—15].

AHani3 ocTaHHix gociaigxenn i myoaikauiii. TH cnpusioTsh 3MEHIICHHIO BHKO-
pHUCTaHHs OPraHivyHOTO IajiBa [UITXOM 3aMillIeHHs IEPBHHHOI €HEeprii BTOpPUHHUMHU
SHEPTeTHYHHMH PECYPCaMHU, € OJJHUM 3 TMIEPCIIEKTHBHUX HAINPSIMKIB PO3BUTKY CY4YacHOT
SHEePTreTHKH 1 3HAXOIUTHCS B LIEHTPI yBarw 3apyOiKHHMX 1 YKpaiHCBKHX JIOCIITHHKIB.
B kpainax €Bpomnu, Amepuku ta A3ii TH BHUKOpUCTOBYIOTBCS Oinblie 35 pokiB Juis
TEIUIONOCTAYaHHS KUTIOBHX 1 0icHUX OyIiBellb, a TAaKOXK Pi3HUX MpuMilieHb. Haii-
OLTBINI €HepreTHYHI KoMIaHil 3aliMaloThCsl POCKTYBAaHHSIM, BUTOTOBJICHHSIM 1 BIPO-
BapkeHHsM TH. Mixnaponne Eneprernane Arenrcto (MEA), B Ky acomnilioBaHUMH
YJIeHAMH BXOJIATH 28 €HepreTHYHO PO3BUHEHUX KPaiH i METOIO AisUTBHOCTI SIKOTO € 320€e3-
MEUCHHS CHEPreTUYHOI OE3MEeKH 1 MOIIYK IUISIXIB MONIMIISHHS eKOJNOTIYHOI CHUTYyalil
€ TOJIOBHHM KOOPWHATOPOM MOMiTHKH BripoBapkeHHs: TH. JlocBin 3apyOixkHUX KpaiH,
takux sk lIBeris, @innstaais, HiMeuunHa i iHIIUX JOBOJUTH JOIIBHICTH 3aCTOCY-
BanHsa TH. [Ipu npoekTyBaHHI Ta pEKOHCTPYKIIii CydaCHUX CHCTEM TeIIONOCTauyaHHs
HEOoOXiTHO BPaXxoByBaTH MOXKIIMBICTh BUKOpHcTaHHs TexHouorii TH. 3actocyBanns TH
B KOMIIICKCI 3 TPAAUIIITHOIO CTEMOIO TETUIONOCTaYaHHs JIIsi CACTEM OTaJICHHsI, KOH U~
LIOHYBaHHS 1 BeHTUIIAILIT BETMKHUX 00’ €KTIiB 3a0e31euye MOBHY aBTOHOMHICTD 30H pery-
JIIOBaHHS T4 ICTOTHY €KOHOMIIO TTAJTMBHO-CHEPIETHYHUX PECYPCiB HABITh IIPH BUKOPHC-
TaHHI TPaJULIAHUX JHKepen eHeprii [13—15].

TepMmoavHAMIYHHUN UK TEIJIOBOI'O HACOCY aHAJOTIUHUN XOJOAMJIBHIN MalluHi,
ajyie HaBMaKH. Y TEIUIOBOMY HAcOCi KOHJICHCATOP € TEIrIOOOMiHHHMM arnaparoMm, IIo
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BUJIUJISIE TETJIOTY JUISA CIIOKMBa4a, & BUAPHHUK — TETNIOOOMIHHHUM arapaTtoM, 10 yTH-
Ji3y€ HU3BKOMOTEHIIHY TEIUIoTy (BTOPHHHI €HEPTeTHYHI pecypcd 1 HeTpaauIliiiHi
TIOHOBJIIOBAHI JKepesa eHeprii). 3anexHo Bix npuHimmy podoru TH moxinstoTsest Ha
KOMITpECiiiHi 1 abcopOuirini. KommpeciliHi TEIIOBI HACOCH 3aBXKI1 MPUBOIATHCS B JIF0
3a JOTIOMOTOI0 MEXaHIuHOi eHeprii (eneKTpoeHeprii), y Toi uac, sk adcopOmiiini TH
MOXYTh TaKO)K BUKOPHCTOBYBATH TEIUIOTY B SIKOCTI JpKEpena eHeprii (3a I0MoMOror
enekTpoeneprii abo nanuea). HaiiOinblie po3noBCIOMKEHHS OTPUMAIH KOMIIPECIHHI
TH [13-16]. [IpunaIumnosa cxema TEIIOBOrO Hacoca HaBeICHA Ha puc. 1.

Tennosuii KoauiiroBaHHA
Hacoc
Komnapecop Tapsae
Hacoc - — B — BOJOIOCTaYaHHA

OmnaneHHA

0

I'pyar  Bogma Ilopitpsa

3om1
Puc. 1. llpunyunosa cxema TH [7; 13—15]

®opmy/oBaHHA wiseii cTarti. MeToro cTarTi € o0IpyHTYBaHHS Ta JOCHiHKEHHS
nouinbHocTi BuKopucTtanHs TH Ha miampuemcTBax MammHoOy1yBaHHSI.

Buxnax ocHOBHOro MartepiaJty. 3anexHo Bif JKepena Bif0opy HU3bKOIOTEHIIHHOT
teroty TH moninstoTs Ha: reoTepMaibHi IPyHTOBI (TPYHT-BOAA), BOASHI (BO#a-BOIA)
Ta MOBITPsHI (MOBITPA-BoAa), a TakoX TH, siki BUKOPUCTOBYIOTH BTOPUHHY TEIUIOTY.
lopuzonTansHU KOJIEKTOp y reorepMaibHux TH, siKi BAKOPHCTOBYIOTH TEIJIOTY 3€MJIi,
Ha3eMHHUX a00 MiA3eMHHUX I'PYHTOBUX BOI, TPYHTY PO3MIIIY€ETHCS KUIBISIMU a0o cripa-
JSIMU HIDKYE TTMOMHM ITPOMEp3aHHs IPYHTY (3a3Bu4aid Bif 1,5 M 1 Oijb1ie) 3 po3paxyHKy:
OIMH MeTp TpyOH ekBiBaneHTHUH 2535 BT. TpyOu 3an0BHIOIOTHCS aHTH)PHU30M (PO3UHH
NpOMNiIeH-TIIKOMI0). BincTane mMixk Tpybamu noBunHa 0yt He MeHIue 0,5-0,6 M. [licns
HECKJIQJIHUX MaTeMaTHYHMX MiIpaxyHKiB BU3HAYa€MO, 10 AJ1s oTpuManHs 15 kBT eHep-
rii, Oyae moTpiOHO KoHTYp AOBXKHHOIO 350-550 metpiB. KoHTyp ykiamaeTbcs OOCHUTDH
KOMITaKTHO, 3aiiMarouu mpubam3Ho 1o 650 xBagpaTHuUX MeTpiB Iwtomli. Takuil crmocid
€ HaOUIBII €eKOHOMIYHO €(PEeKTUBHHUM JUIs 00’ €KTIB MiANPUEMCTB MALTMHOOYAYBaHHS 32
YMOBH BiICyTHOCTI Ae(iuuTy 3eMenbHOI o mix koutyp [17; 18].

Konekrop reorepmansHoro TH Moxke po3MiliyBaTHCh i BEpTHKaJbHO B CBEPI-
JIOBUHI, KO)KeH MeTp Tpybu Oyne mopiBHIoBaTH 55—65 Bt eneprii. is HopManbHOI
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PpOOOTH TeoTepMalILHOTO Hacoca MOTYXHicTio 15 kBT, Oyae moTpiOGHO CTBOPUTH KOHTYD
3araipHOI0 TMOnHOK 180-250 M. TpyOu 3amoBHIOIOTHCS, SIK TPABHIIO, aHTH(PU3OM
(po3umH npomninaeH—TIiKomo). CBEpUIOBHHA 3aIOBHIOETHCS TPYHTOBUMH BOJIAMH TIPH-
POIHHUM IUISAXOM 1 BOJA MEpeae TeIIoTy A0 TemoHocis. [Ipu HepocTaTHIM TOBKHHI
CBEp/JIOBUHH a00 crpo0i OTPUMATH BiJ IPYHTY HAUTHIIKOBY TOTYKHICTb, ISl BOJA 1,
HaBiTh, aHTH()PHU3 MOXKYTh 3aMEP3HYTH, 10 i 0OMEKYE MAKCHMAIIbHY TETIIOBY MOTYX-
HICTh Takux cucteM. Llel crocib 3acTOCOBY€ETHCS Y BUMAIKaX, KOJIU TUIOMIA 3eMEIbHOT
JUISTHKY HE JI03BOJISIE PO3MICTUTH KOHTYp Topu3oHTaNbHO [14; 15; 19; 20].

I'eorepmansuuit TH 3 BepTHKaNbHUM KOHTYPOM (CHCTEMa «IPYHT-BOJA»), B IKOMY
KOJICKTOp PO3MIMIYEThCS CIipaisiMu abo KUTBISIMH Y BOAOIMI (MOpi, 03epi, CTaBKY,
pivili) HYKYe TTUOWHYM TpoMep3aHHs. Takwii BapiaHT € iJiealbHUM 3a BCiMa TOKa3-
HUKaMH: KOPOTKHI KOHTYpP, HaWOLIbII BHCOKA TEMIIEpaTypa HaBKOJMIIIHBOIO Cepe-
JIOBUIIIA, SIK HACIIZOK BHCOKa eekTUBHICTH poboTH. OnuH MeTp TpyOH IiJIBOJHOTO
KOHTYpY JopiBHIOE 35 BT TermioBoi eneprii. s orpumanns 15 kBT Termoru, moTpioHO
350 meTpa koHTYpHOT TpyOHU. Ile HalOIbII elIeBUll BapiaHT, ale € BUMOTH IO MiHi-
MaJIbHIM TIMOMHI 1 00CATY BOIU y BOJAOWMMI JUISI KOHKPETHOTO PETiOHY MiANIPHEMCTB
MarmHoOynyBaHHs. [eorepmansanit TH 3 mpuTorieHMM KOHTYpoM (CHCTeMa «BOja-
BOJ@») — BOJHI (IpyHTOBI BoM). [ pyHTOBI BO/IM € KPAIIUM JKEPEITIOM E€HEPTl, 3aBIAKH
TOMY, IO HaBiTh B 3MMOBHH Yac TEMIIEpaTypa bOTO PECypcy He OMYCKAEThCS HUKYEC
HEraTUBHOI MO3HAYKU Ta 3HAXOMUTHCS B Jiana3oHi Bix +5 go +15 °C. TH, ski orpumy-
I0Th €HEPTII0 BiJI IPYHTOBHUX BOJI, MaroTh HaiOinbm Bucokuid KKJI. ITpoxonsun uepes
HBOTO, BOJIa Biijae cBoto Terioty [20].

[ositpsiai TH BUKOPHCTOBYIOTH SIK JPKEPEIO HU3BKOIIOTEHIIIHOT TETUIOBOI eHeprii
noBitps. [Ipudomy JKepesioM TEerIoTH MoXKe OyTH He TUTBKHU 30BHIIIHE (aTMOC(epHE)
MOBITPSI, & ¥ BUTSHKHE BEHTWISLIHHIE MOBITPs (3araibHOOOMIHHOT a00 MicieBoi) BeH-
TSI Oy/IiBeNs miqnpueMcTB MammHoOyayBanHs. Jauuii TH He BuMarae MoHTaxy
MiA3€MHOTO YH MiJIBOAHOTO KOHTYPY. SIK MpaBUIIO, YCTAHOBKH JAHOTO THUITY BUKOPHC-
TOBYIOTBCSI B TOMY BHIAJIKY, KOJU 1HII BapiaHTH BiOOPY TEIJIOTH HE MOXYThb OyTH
pearizoBaHi. TeroBa eHepris MOBITPS BUKOPUCTOBYETHCS 110 To3Hauku —15 °C. Tlpu
BEJIMKMX MOpPO3aX 1 TeMIeparypi HUKYE IIbOTO TIOKA3HUKA, BUKOPUCTOBYETHCS TOAAT-
koBuit Teroreneparop. s TH Heloiterm, siki MaroTh po0OoYHMii Jiama3oH TeMIeparyp
Big —25 no +45 °C nomaTkoBuil Terioreneparop He norpionuid [21]. IcHYHOTh Takox
noitpsiHi TH, siki BinOWparoTh HU3BKOMOTEHIIIHHY TEIUIOTY 3 TIOBITPS 1 BAKOPUCTOBY-
I0Th WOTO ISl 00IrpiBy NpUMIllleHb B OyAIWHKY 3a JIOTIOMOTOO MOBITPSIHOT KaHAIBHOT
cHCTeMH (CHUCTEMa «IOBITPS-MOBITPs»). OcoOMUBICTh NaHoro tumy nositpsiHoro TH
B TOMY, 1110 BOHH TPAIIOI0Th 200 B PEKUMI HAarpiBy, abo B pexxuMi oxonokeHHs. [1oBi-
TPSIHE OTAJICHHSI BUKOPUCTOBYETHCS B O(iCHUX OYIIBIAX, TOPTOBUX IIEHTPaX, IPOMHC-
JIOBHX 1 CKJIQJICBKUX MPUMIIIIEHHIX [22].

TH, siki BUKOPHUCTOBYIOTH BTOPHHHY TEIUIOTY (HANpHUKIAJ, TEIUIOTY TpPyOOIpo-
BOJly LIEHTPAJILHOIO OMNMAJICHHS, BEHTHIAIINHI BUKUIM TOIIO) € HAHOUIBII JOUIIBHUM
BapiaHTOM JUISl TIPOMMCIIOBHX 00 €KTIB MalIMHOOYMYyBaHHS, JI€ € JKepena CKUIHOT
TETUIOTH, SIKi BUMAraroTh yTuiizamnii. OHuM 3 HallepeKTUBHIIIUX JHKepel JaHOTO THITY
€ BUKOPUCTAHHS BiANPaIbOBaHOI TETUIOTH MOBITPSHUX Ta XOJOIMIBHUX KOMIIPECOPIB,
OCKIJIbKM BOHA Ma€ BHCOKY TEMIIeparypy. 3a OCTaHHI POKH B Pi3HHX 3ac00ax Maco-
Boi iH(popMaIii, BKItouaroun [HTepHET BUIAHHS, 3 BUIIMCS YUCICHHI MyOiiKaiii, mo
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CTOCYIOThCSI BUKOpHCTaHHA TexHouorii TH B cucremMax onaneHHs i Tapsdoro BOIOIMOC-
TauaHHs 00 €KTiB Pi3HOI cepu — Bij OKpeMUX OYIUHKIB IO KUTIOBUX MIiKpOPaiOHiB
[3; 7; 10—15; 19-22]. BHacnigok 3HWKEHHS TUTOMUX TETUIOBTPAT OY/iBIIi aKTyaJbHOIO
cTajia TeMaTuKa HU3bKOMOTEHI[IHHIX CHUCTEM OMajeHHs. AKTyai3allis crajacs depe3
Te, IO 3HU3WIHNCS PO3PaXyHKOBI TeMIIEpaTypHi PEKUMH CHCTEM, a 1€ CHPUYUHHUIIO
3MEHIICHHSI Ta0apUTHUX PO3MIPIB OMANIOBAIBHUX MpHIaNiB (y OUIBIIOCTI BUIAJKIB
pamiatopi). OcHOBHOIO nepeBaroo TH € MOXKIIUBICTh MEPEMHUKAHHS 3 PEKUMY OIa-
JICHHS B3UMKY Ha PEKUM KOHJMIIIOHYBAaHHS BIIITKY: TPOCTO 3aMiCTh PajiaTropiB 10
30BHIITHBOTO KOJIEKTOPY ITiIKIFOYAI0THCS (paHKOMIN abo (CHCTeMa «XOJIOMIHI CTEMI»).

TH napniiinu#i, ioro poOOTOIO Kepye aBTOMAaTHKa. B mporeci ekcruryaranii cuc-
TeMa He moTpedye creniaabHOro obciayroByBanHs. TH kommaktHuil (fforo Momynb
3a po3MipaMu HE TMEpEeBUINY€E 3BUYAHHUN XOJIOMWIBHUK) 1 IPAKTUYHO OE3NIyMHUIA.
IMepion oxynHocti TH cranoButh 4-6 pokiB, mpu TepMiHi ciayx0u 15-20 pokiB 10
KaliTalbHOTO peMOHTY. PeanbHi 3HaueHHs e(eKTUBHOCTI cydyacHux TH cTaHOBIATH
onuszpko COP = 2,5 npu temneparypi mkepena temioru —20 °C i nopsaky COP =
5,5 mpu Temmneparypi jkepena temwioru +15 °C. Bcei, HaBiTh, HaltedexkruBHimi TH
HarpiBalOTh BOAY B CHCTEMI ONaieHHs He Outbiie +62...+65 °C, npuyomy, 4uM BUIIIE
TeMIleparypa BOIH, III0 HArpiBA€ThCSA, TUM MEHIIE e(PEeKTUBHICTh 1 HafifiHicTs TH.
SIKIIO TETUIOTH 13 30BHIIIHBOTO KOHTYPY BCE 3K HEJIOCTATHBO JIJISl ONaJICHHS B CHIIbHI
MOpPO3H, PAKTUKY€EThCS ekcIutyaraiiss TH B mapi 3 101aTKOBUM T'€HEpaTOpOM TETUIOTH
(B TakMX BUNQJIKaxX I1¢ BUKOPUCTAaHHA OiBaJICeHTHOI cxeMH omnajeHHs). Koy BynmnuHa
TeMIepaTypa OIyCKAEThCS HIDKYE PO3PaxXyHKOBOTO PiBHS (TeMmepaTypu OiBalleHT-
HOCTI), B pOOOTY BKJIFOUAETHCS APYTU TEHEPATOP TCILUIOTH — HAWMYACTIIIE HEBEIIMKUT
eJIEKTPOHArpiBaY, pijlle ra30Buii a0 TBepAONAIMBHUN KoTIH. ONTHMAaIbHA TOTYX-
HICTh TEIIOHACOCHOI YCTaHOBKM CTaHOBUTH 60—70 % Big HEOOXiIHOT BCTAHOBJICHOT
MOTYXKHOCTI, 1[0 TAaKOX BIUIMBAE HA 3aKyITiBEJIbHY BAPTIiCTh YCTAaHOBKH onaneHHs TH.
B npomy Bunagky TH 3abesmnedye He MeHIIe 95 % moTpeOu crokuBada B TETIOBIH
eHeprii 3a Bech onamroBaIbHUE mepioa. [Ipu Takiil cxemi cepeqHbOCE30HHUN Koe-
GiieHT MepeTBOPEHHs eHeprii IUisl KIIIMaTHYHUX YMOB YKpaiHU JOPIiBHIOE TIOPSIKY
COP=3119; 20, 22; 23].

HasBHi pecypcu TemnoBoi eHeprii JOBKULISA 6araropa3zoBo MEPEBUILYIOTh MPOTHO-
30BaHUH PIBEHb CIIOKMBAHHS BCIMa CEKTOpaMH MPOMHUCIOBOCTI Ykpainu. Ha croron-
HIIIHIN JIeHb 1715 BUpilleHHs npobieM eHepro3zoepekenHss TH € HailOinbIn nepcnek-
TUBHHM Cepejl JUKepes HeTPaJuiiiHOI eHepreTHKH. BUKOpHCTaHHS BiTHOBIIIOBAaJIbHUX
JOKEpeIl SHepril 1a€ MOXKIIUBICTh OOMEKUTH BUKOPUCTAHHSI TPAJAUIIIHHUX BUIB TAJIUB,
3MEHIIUTH 3a0pyIHEHHS MOBKULIA. TemmeparypHi piBHI OCHOBHUX JDKEpel TEIUIOTH:
30BHIMHE moBiTps +5...+10 °C, BuTsHkHA BeHTWwsALis +15...+25 °C, ozepHa Boza
0...+10 °C, piukoBa Boma 0...+10 °C, mopceka Boga +3...+8 °C, rpynt 0...+10 °C,
rpyHToBi Boau >10 °C, reotepmainibha Boga +20...+50 °C [6; 9; 10; 17].

TH xommanii Helioterm 3apexomenmyBamu cebe sIK BUCOKOSKICHI, e(eKTHBHI
Ta HaJliHI JpKepela TeIUIOTH, BOHU BKJIFOYAIOTh B ceOe MOBITPsIHI, IPYHTOBI Ta BOJSIHI
TH. Ix nepeparu: exonoriunicTs (a6COMOTHO Ge3MedHi I HABKOJHUIIHLOIO CEpejio-
BHUIIA); BUCOKHIA KoedinieHT nepetBopenHs (COP = 5—7 B 3anexxnocri Big Buny TH);
CHUCTEMa TPU B OIHOMY (OTAJICHHS, Tapsue BOAOMOCTAYaHHS 1 OXOJIOMKCHHS OyIiBIIi);
MOXIIMBICT JHCTaHLIHHOTO KepyBaHHs ((yHkmis Web-control) moBropiuHicTh
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KOHCTPYKIIii; HU3bKHUH piBeHb MyMy (10 55 1B); MOXKIUBICTE MOBHOT €HEPrOHE3aIexk-
HocTi (moeaHanus TH 3 COHSYHOIO €IEKTPOCTAHINIERD).

TH Helioterm matoTh HacTymHi Moaudikarii [21]:

1. TH «moBitps-Boma» Comfort Compact (TemnoBa mNOTyXHicTh 8—18 kBT,
COP=4,0—-5,0) BUKOPUCTOBYIOTHCS JJISI OTIAJICHHSI Ta TapSI0TO BOAOIIOCTAYaHHS ITPH-
BaTHUX OYIUHKIB.

2. TH «nositpsBoma» Basic Comfort y moemHaHHI 3 COHSYHUMH Oarapesmu
(terutoBa motyxHicte 818 kBt, COP=4,0—5,0) BUKOPHCTOBYIOTECS ISl ONaJICHHS
Ta rapsY0ro BOJONOCTauYaHHS MPUBATHUX OyIUHKIB.

3. TH «moBiTps—Boaa» Solid Split 3 MOKJTUBICTIO BCTAHOBJICHHS COHIYHUX Oarapeit
(terutoBa notyxHicTh 30-55 kBT, COP =4,0—5,0) BUKOPHCTOBYIOTLCS ISl ONAJICHHS
Ta rapsI0ro BOJONOCTauYaHHS MPUBATHUX Ta 0araTOKBapTUPHUX OyIWHKIB.

4. Tpynrosi TH «po3cin—Boaa» Solid 3 MOKIIMBICTIO BCTAHOBJIEHHSI COHSYHMX Oara-
peii (termoBa notyxHicts 30—120 kBT, COP=6,0 —7,0) BUKOPHCTOBYIOTBCS IS OTia-
JICHHS T Tapsiy0ro BOAONOCTAaYaHHs IPUBATHUX, 0araTOKBapTUPHUX Ta THIIUX OyaHH-
KiB.

5. Bomsni TH «Boma—Boaa» Solid 3 MOXXITMBICTIO BCTAHOBJICHHS COHSYHUX Oarapeit
(terutoBa notyxHicTh 30—120 kBT, COP = 6,0 — 7,0) BUKOPUCTOBYIOTBCS JJIs1 ONIAJICHHS
Ta rapsYoro BOJAONOCTAYaHHS IPUBATHHUX, 0araTOKBAPTUPHUX Ta IHIIKX OynuHKIB [21].

PosrnsiHemo BcraHoBieHHs BoxsiHoro TH Ha mpuknani miampueMcTBa MamimHOOY-
nyBaHHs. Ha migmpueMcTBI 3HAXOMATHCS JBI OMaaOBaHi OyIiBNII aJIMiHICTPaTHBHO-
noOyToBoro (onantoBanuii 00’em 6473 M?) Ta TOCOAAPCHKOTO KOPITYCiB (ONalroBaHMi
00’em 8287 M?), KpiM LILOTO B aJIMiHICTPATHBHO-TIOOYTOBOMY KOPITYCi TAKOXK € CHCTEMa
rapsiaoro BOJIONIOCTa4aHHs (B pO3paxyHKaX Opi€EHTYEMOCH Ha 25 YOJIOBIK IMEPCOHATY).
Heo0xinna Temmosa notyxuicte TH Ha 1 M* omamoBarnoro 06’emy cranoButh 80 B1/m?,
JUISL TapsiI0ro BOJIONIOCTA4aHHs IpH BUTpari Ha 1 monudy 50 JiTpiB BOAM MPH TEMIIe-
parypi 45 °C — 800 Br/monuny. Tennose HaBaHTa)XXKEHHS aIMIHICTPATUBHO-TIO0YTOBOTO
kopmycy craHoBuTuMe 354 kBT (3 HUX Ha rapsiue Bogonocradanus 18 kBt), rocronap-
cpKoro Kopmnycy — 745 xkBt. Tomy mis JaHOrO MiANPHEMCTBA HAHOIIBII aKTyaJbHHUM
Oyzne BcTaHoBIeHHS rpyHTOoBOro TH.

Hactynuii npukianm — 1ie agMmiHicTpaTuBHA OyiBIISA HiANPHEMCTBA MAITUHOOYIY-
BanHsa. OnamoBanuii 06’eM OymiBai cranoButuMe 2635 M. TermoBe HaBaHTaKCHHS
cucremu onayneHHs craHoputume 50,0 kBT, cuctemu rapsuoro BoONOCTaduaHHS —
5 kBt, cymapue 55 kBt. BpaxoByroun reorpadiuHe po3ramryBaHHs OymiBii, 0coONH-
BOCTI JJaHAIIA(TY, IpaBUiIa MOKEKHOT OC3MEKH Ta iH. JJIsl IOKPUTTS TEIJIOBOTO HAaBaH-
Ta)XXCHHs 1aHoi Oymieii HanOubine miaxoauts TH Helioterm Solid Split (moBitpsi-Bona)
noTykHicTio 55 kBT [21].

VY mporeci pobotu TH xomMIipecop criokuBae enektpoeneprito (puc. 1). CriBBigHO-
IICHHS TETUIOBOT €HEePrii, 0 BUPOOISETHCS 1 €JIEKTPUYHOI, SIKa CTIOKUBAETHCS HA3HUBa-
€Tbes KoedimieHToM TpaHcdopmariii (a60 koedinieaTom npoaykTuBHOCTI (anr. COP —
ckop. Bix coefficient of performance) 1 € mokazuukom edexrunocti TH [17-19]. s
po3paxyHky koedirienra Tpanchopmariii COP BUKOPHUCTOBY€ETHCS HACTYIHUN BUpPa3

COP=Q/E, (1)
ne (— Temiora, oTpuMaHa 3 cuctemu, J[x; E — oTpuMaHa enekTpoeHepris, Jx;
C, —nuToMa MacoBa TEIUIOEMHICTh PIAMHU B LuKIi omnaneHHs, JDx/kr-K; m — maca
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TEIUIOHOCISI, KI; Af —pI3HHIS TeMIIeparyp TEIUIOHOCISA JO 1 Mmicis Bijjgadi TEmIoBol
eneprii, K.

O=m-C, -At, 2)
ae C, —uToMa MacoBa TEIUIOEMHICTb PIUHU B LMK onaneHHs, Jx/kr-K; m — maca
TETUIOHOCISI, KI; Af —PpI3HHI TeMIieparyp TEIUIOHOCIS J0 1 Mmicis Biagadi TeraoBoi
eneprii, K.

E=U-I-t, 3)
ne U — Hampyra, B; [ —ctpym™m, A; ¢ — gac, ro.
3 piBusHHSA (2) 1 (3) po3paxoByemo O 1 E:

0=1000-4,19-40 =167600x1x = 46,55 kBt rox; 4)
£=0,380-122-0,27=12,51 xBt-ron. (5)

Koedimient Tpanchopmariii COP TH pospaxoByemo 3a piBHIHHSM (1)
COP =46,55/12,51=3,72. (6)

ToOto, mpu Temmeparypi Boau 8 °C Ha KOXKHUH KIUJIOBAaT EJIEKTPUYHOI CHEprii
MU oTpuMyeMoO 3,72 kBT TeroBoi eHeprii.

Hamu Oyno nocnimkeHo edextuBHicTh TH mpu pi3HUX 3HAYEHHSIX TEMIEparypH
30BHIIIHBOTO JKEpeIia TeIUIOTH — BoaH (puc. 2).

(& |

1 1 1 Il L L -

3 40 3 &0 70 s 10

Puc. 2. 3anexcnicmo COP TH 6i0 memnepamypu cucmemu OnaieHHs.
npu memnepamypi ddicepena oou.:l —npu 8 °C; 2 —npu 14 °C [7; 13—15]

3 puc. 2 BugHO, mo koedimienT edhekruBHocTi COP TH 3aneXuTh BiJ 30BHINIHBOI
TEeMIEepaTypH JDKepena TeIUIOTH BOAM 1 BiJ XapakTepy cucteMu omnajieHHs. [Ipu 30imb-
meHHi remreparypu Boau 3 8 10 14 °C xoedimient epexkruBHocti COP TH 36imbmry-
€ThCS ¥ JBa pa3u. Bubip cucTteMu omasyieHHs HaBiTh OlIbIINE BIUTHMBAE HA €()eKTUBHICTH
TH, =ix Temmeparypa Boau. llpu 3aMiHi TpaguIiifHUX cCHCTEM OMaJeHHS HAa HU3BKO-
temneparypai epextuBHicTh TH 3pocrae. Tomy, mpu mpoekTyBaHHI CUCTEM OMAIECHHS
3 BukopuctanusMm TH HeoOximHo BpaxoByBaTH mei dgaxrtop [20; 23].

TH xapakTepu3yoThCsl BHIOIO €(PEKTUBHICTIO, HIK yCi TPaauIliiiHi TeXHOOTIi Ha
PUHKY TerutornocTadaHHs. s MOpiBHSHHS: Ta30BHH KOTEN NMpH crokuBaHHI 1 kBT
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eJIEKTPOCHEPTii 3Morke BuMTH O1u3bKo 0,9 kBT Ternoru, Toni sik TH Bimmae 4-5 kBT
TeroTH. Takuii pe3ynpTary Mojsrae B TomMy, o oonaananas TH He BUpoOIIsie TemoTy,
a TIepeHoCcuTs ii [24; 25].

BucHoBku

Buxopucranus TH mns temmonocradanHs nepemdadae JTUIIE OIIIATY 3a €IEKTPO-
EHeprito Ha poOOTY Ta TEXHIUYHE 0OCITyTOByBaHHS YCTaHOBKH ITPH MOPIBHSHHI 3 BUTpa-
TaMH Ha ICHTpaJibHE OMaJeHHS Ta POOOTY Ta3oBHX a00 €JIEKTPHYHHX KOTIIB aHAJO-
riYHOI MOTYXHOCTI, sIKa B JIeKiIbKa pa3 MeHma. BriipoBamkenns TH e nepcriekruBHIM
HaIpPsIMKOM BUKOPUCTAHHS aJbTepPHATUBHUX JKEPEN eHeprii Iuis 3a0e3reueHHs noTped
CHCTEM OIAJICHHSI, BEHTHJIAIIIT Ta Taps4oro BoAONOCTavaHHs OyaiBesb. He3paxaroun Ha
cBoto edpekTuBHicTE TH (0COOMMBO MOBITpPSIHI) 1aIEKO HE 3aBKAH MOBHOIIHHO MOKPH-
BAaIOTH TEIIOBE HABaHTAKEHHs Oy/liBelb B CHIIbHI MOPO3H, TOMY HEOOXiJHO MOEIHY-
BaTH iX EKCIUTyaTallifo 3 JOJATKOBHM JDKEPETIOM TEIUIOTH: EIeKTPHYHHM, T'a30BUM a0o
TBEPAONATUBHUM KOTJIOM, sIKi OYIyTh BMUKATHUCS TIPU JOCSATHEHHI MIEBHOTO KPUTHY-
HOTO 3Ha4Y€HHS 30BHIIIHBOI TEMIIEPATypH MOBITPs (TOYKH O1BaJICHTHOCTI).

HaiteexTrBHIIMM KepenoM HHU3BKOIIOTEHIIANBHOI TETJIOBOI eHeprii € reorep-
MaJIbHI BOJTH, OCKIUTBKY 3HAUEHHS X TeMIIepaTypH 3HaXoAuThes B Mexax +20...+50 °C,
koedimient meperBopenHst TH npu nboMy HaiiBuiumii. Takox BHCOKOS(DEKTHBHUMH JKe-
penlaMy HU3bKOIIOTEHI[IalIbHOT TEIUIOTH € CKUIHA TETIOTa BiJl BOMOOOOPOTHUX MPOIECIB
B CHEPIETHIII Ta MPOMUCIIOBOCTI, BEHTHIIALIMHI CKU/IM Ta BiANpalbOBaHa TEIJIOTA MOBi-
TPSHUX 1 XOJOMUIBHAX KOMITPECOPIB Ta IHIINX MiANPUEMCTB MallMHOOYAyBaHHs. Haii-
OLUTBIINM ITOTEHIIIATIOM 3 IPUPOJHUX HU3BKOTEMIIEpaTypPHUX JHKEPEN TETUIOTH € TeTIoTa
TPYHTY i TPYHTOBHX BOJI, TIOBITPS, & TAKOXK PIYKOBHX, 03EPHUX 1 MOPCHKHX BOJI.
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Anomauisn

Bemyn. [lnigpysanns nogepxonv € eghekmusHum memooom QiniwHoi 00pobru
IHCmMpyMenmoMm, uwjo mae nepepuguacmy pooouy nosepxuio. Ilpoyec winighysanms cynpo-
60021CYEMBCSL NOOPIOHEHHAM CMPYICKU NPU HEPayioHANbHIll ceomempii abpa3u8Hux
sepen. Lle pobums npoyec enepeemuuno sumpamuum. Tennogi asuwja, wo cynpoeo-
0JiCYIOMb NpoYyec, BUHAYAIOMb eKCNIYaAMAaYitiHi 61ACMUBOCmi N0BEPXOHb demdaJell.
Teopemuunum ma eKcnepuUMeHmMANbHUM OOCHIONCEHHAM Npoyecy Wiighy8anHs npu-
cesiueni npayi psaoy eyeHux. Inmencusnicms 3MiHU memnepamypu WiiQyeanHs 4acmo
NOACHIOIOMb MENA08UMU NOMOKamu. Pisni memoou excnepumenmansHux 00CaioiceHb
CUSHATNIG 3MIHU MeMNnepamypu 3d 4acom memooie winighysanns, ma ix NOPIGHAHH,
00600mb IMNYIbCHULL Xapaxkmep 0ii ddicepen meniomu. Bouesuow, dicio nocmitinozo
Menio8020 NOMOKY ye NOSICHUMU He MOXCIUuso. Teopemuuno eusHauerutl pso napame-
mpig npoyecy winihysanHs, ceped AKUX: po3Mipy KOHMAKMY,; 3a2aibHUll 4ac 00pooKu,
iHmepsanu yacy mioc Oi€r CyCiOHIX KPOMOK, WEUOKICIb Ni0GEOEHHs NPUNYCKY K OJis
nONymuoi max i 3yCmpiuHol cxemu wiiighy8anHs, 6i0COMOK pPi3aibHUX KPDOMOK ceped
3a2anvbHol Kinbkocmi. Biomiveni xapaxmepmi MomeHmu yacy, ujo 8ionoeioaroms nouam-
KV, 3aKIHYeHHIO npoyecy ma 00CAeHeHHI0 meniogozo banancy. Mema — nepesipka aoex-
8AMHOCMI HABEOEHUX MEOPEeMUYHUX BUKIAOOK 8 NPAYSX A8MOPIs, IX y3a2albHeHHs, ma
NOPIBHAHHS 3 BI0OMUMU eKCNEPUMEHMATILHUMU OOCTIONCEHHAMU CUSHALIE BUMIDIOBAH-
HsL meMnepamypu ma HOMys*CHOCI npoyecy Kpyeno2o n0300824CHbO20 Ma IHUUX Memo-
0i8 wWiighyeanHs. npogedeHUxX iHO3EMHUMU 8UeHUMU 011 MemOoOdi6 K Npu NONYMHIU, MaK
i 3ycmpiunit Kinemamuyi.

Pesynomamu. [Iposedenuil ananiz ma po3spaxyHku 003801uUlU 008eCmU 8iON08io-
HiCMb 3anPONOHOBAHOI MEOPEeMUYHOL MOOeni Mma eKCRePUMEHMAIbHUX OAHUX MeNnjlo-
BUX CUSHAIG OJ11 MemOOi8 NPoYecy Uiighy8anHs.

Bucnosku. 3natioeni nomysicHicms, wo npunadae Ha pisaibhy KPOMKY, PO3HOOLIEH-
HA eHepeil, wo 8i0800UMBCSL 31 CIMPYIHCKOIO MA HA0X00ums 6 demans. Oyineni pakmopu
3MIHU NOMYHCHOCMI 3d 4AC NPOXOONCEHHS 001ACMI KOHMAKM).

Kntrouoei cnosa: winigyysanus, meopemuuna mooeisb, eKCnepumenm, memnepamypa,
NOMYIHCHICMB, IMAYIbCHA OIS, IHMEHCUBHICTb.

© Pynuk A.B., Yynpuna B.M., 2022
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CORRESPONDENCE OF THE THEORETICAL MODEL
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OF THE GRINDING PROCESS
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Summary

Introduction. Surface grinding is an effective method of finishing with a tool that has
a discontinuous working surface. The grinding process is accompanied by the grinding
of chips with an irrational geometry of abrasive grains. This makes the process energy
consuming. The thermal phenomena accompanying the process determine the operational
properties of the parts’ surfaces. The works of a number of scientists are devoted to
theoretical and experimental studies of the grinding process. The intensity of the change in
temperature and power of the grinding process is often explained by heat flows. Different
methods of experimental studies of signals of temperature change over time for main
grinding methods, and their comparison, prove the pulsed nature of the action of heat
sources. Obviously, this cannot be explained by the action of a constant heat flow. A number
of parameters of the grinding process are theoretically determined, including: contact
dimensions, total processing time, time intervals between the action of adjacent edges;
the speed of adding the allowance for both parallel and opposing grinding schemes, the
percentage of cutting edges among the total number. Characteristic moments and time
intervals corresponding to the beginning, end of the process and achievement of thermal
balance are noted. Purpose. The article is devoted to the verification of the correspondence
of the theoretical explanations given in the works of the authors, their generalization,
and known experimental studies of the temperature and power measurement signals of
the circular longitudinal process and other methods of grinding, carried out by foreign
scientists for various methods, both with accompanying and opposite kinematics. Results.
The conducted analysis and calculations made it possible to prove the correspondence
of the proposed theoretical model and experimental data of thermal signals for methods
of the grinding process. Conclusions. The power falling on the cutting edge, the energy
distribution, which is removed with the chip and enters the part, are found. Estimated
power change factors during the passage of the contact area.

Key words: grinding, theoretical model, experiment, temperature, power, impulse
action, intensity.

Beryn. lnidyBaHHs MOBEpXOHb € epeKTUBHIM MeTOAoM (ininrHO 00pooku. 1Lmi-
(dyBaIbHUI IHCTPYMEHT Ma€ mepepuBdacTy podouy nosepxHto. [lix gac mpouecy Bin-
OyBaeTbcsl MONPIOHEHHS CTPYKKHM TIPY HepalioHaNbHil reoMeTpii 3epeH. Lle poduth
HPOLIEC EHEPTreTUIHO BUTPATHUM.
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AKTyaJbHicTh po00TH. TEIIORBI SBHINA, IO CYTPOBOIKYIOTH MPOIEC BU3HAYAIOTh
eKCITTyaTaIliifHi BIaCTHBOCTI IIOBEPXOHB JleTajcii. ToMy TECOPETUIHHIM Ta eKCITePUMEH-
TaTBHAM JOCITIKECHHAM TIpoIiecy MITi(hyBaHHS MPUCBSIUCHI Mparli psIy BUCHUX.

AHaJi3 ocTaHHIX TocaigxeHb Ta myoJikamiid. KpiM TeopeTnaHNX HampamioBaHb
aBTOpiB poOOTH, iCHy€ 3Ha4HA KUIBKICTh EKCIICPUMEHTAIBHUX MOCITIDKEHb PI3HUX
METOIIB TUTipyBaHHS MPOBEACHUX SK BITYM3HSIHAMHU, TaK 1 3aKOPIOHHUMH BUYCHHUMH
[1-4]. B po6oti C.M.Kopuaka temrieparypy Broepiie [1] po3mismaroTh sSK pe3yiasTar
CyMapHOi Ail TETUTOBHUX IMITYJIECIB, IHTEHCUBHICTB 1 KIJTBKICTb SIKAX 3aJICXKUTH BiJl XapaK-
TEPHUCTUK KPyTa, 3aTOTOBKH, PEXXUMY pi3aHH:. BpaxoBaHO BIUIMB TEMITEpaTypH OBEPX-
HEBUX IIIapiB Ha 3MIHY OIMOPY INIACTHIHOMY Ne(hOpPMYBaHHIO, a TOMY, Ha IHTCHCHUBHICTh
TerIoBuAUTIeHb. PoboTH [2; 3] mpucBAYeHI TEPMOMEXaHITHOMY ITiIXOMy JO MPOIeCiB
00po0ku. Kinemarnanuii e(heKT MBUAKICHOTO MUTiIDYBaHHS TOCITIKEHUH B poOOTi [4].
IIpod. Kpusopyuxo /1. B. [5] BUHUKHEHHS TETUTOTH HOSCHIOE HACITITKOM a/1ia0aTHIHOTO
ctucHeHHs. [loOynoBani ckiagHi MaTeMaTuyHi Moxaeni [5; 6], mo oOMexye iX Tpak-
THYHE BUKOoprcTaHHsA. B po6oti CMipHOBa B.A. [7] BpaxoBaHHl IMITYJTbCHUN XapaKTep
Iii TETUTOTH. ABTOP MPOIIOHYE TEIIOTY BBAYKATH TAKOIO, IO CKJIAIAETHCS 3 PIBHOMIPHO
PO3IONiNICHO] Ta IMITYJIbCHOT YaCTHH.

B nomepennix po6otax aBTopiB [8; 9] B AKOCTI BXIAHUX TSI pO3PaXyHKIB TCITIOBUX
SIBUII TIPUAHSATI: BUTpavYeHa TTOTYKHICTh, CTaH pododoi moBepxHi kpyra (PIIK), Benu-
YMHA NPHUITYCKY t, KIHEMATHKa, M0 KPIM MIBUAKOCTI ILTiQyBaHHsA V,, ONHMCy€e MPOEKIII0
Ha HOpPMaJIb BIIHOCHOTO pyXy V, KpyroBoi nojadi aerani o, (abo mocTynanbHOi cTona
Vs paniycu R=D/2, r kpyra Ta netani. Bpaxopanuii BITHOCHHI HalPsM HIBUIKOCTEH
TI0/1avi Ta pi3aHHs: 3yCTPIYHA UM TOITyTHA 00poOKa. TeopeTnuHO BU3HAYEHI KYTOBI pO3-
MipH 0, Kpyra Ta TOBKHUHY KOHTaKTY:

L =R-0,. (1)

3BiJIcH, 3aTaTBHUMN Yac 00pOOKH BU3HAYAIOTH PI3HUIICIO MK KIHIIEBHM Ta ITOYATKO-
BUMH MOMEHTaMU 4acy 7,= T,—T,, 200 BiJTHOIICHHSM JIOBXKHHH KOHTAKTY JI0 IIBUAKOCTI
pyXy Tomadi

T =LV, )
[poekuiss mMBUAKOCTI MiABENCHHS NPUIYCKYy Ha HampsM HOpMali 10 MOBEpXHI
kpyra V, .. =V.(0,), ax roxarbruil NOKa3HUK IHTEHCHMBHOCTI IPOIIECY 3a PaxyHOK

CYMH IOCTYHaJbHOTO Ta 0OEpTalbHOTO PyXiB mofadi y (yHKuii neHTpanbHOro KyTa
0, <06<0, iHCTpyMeHTa B ME¥aX KOHTAKTY:

Vi =0, -(R+1)(0,-6,)+n,-S, -0, 3)

n.nos
ae V, =, - r — IIBUIKICTb KPYroOBOI [10Aaui JeTal.

Jlokanvbruii TOKA3HUK MPOEKITii Ha HOpMajlh BIITHOCHOTO pyXy Iomadi Vn kparie Hix
yCepeMHeHUH MUATOMOI MPOJAYKTHBHOCTI, SIKMHA IMUPOKO BUKOPHCTOBYIOTH JUIS OIMHUCY
IHTEHCUBHOCTI TIportecy. [IpoeKkitis MBUIKOCTI BITHOCHOTO PyXy IToaqi Ha HopMaihb V),
JI0 TIOBEPXHi iHCTpyMeHTa 3HaxoauThes B Mexax 0<V (0,)< V, ... - MakcumanbHe 3Ha-
yeHHs V), .= V,(0,) BU3HadatoTh kpaiiHiM (2060 OLIBIIUM KyTOBUM PO3MIPOM) JITSI yMOB

SIK 3yCTPIYHOTO, TaK 1 MOMYTHOTO NUTi(hyBaHHS.
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s mpontecy nwtiyBanus (dhpesepyBaHHSI) PO3PISHSIIOTE HONYMHY M 3YCMPIYHY
00p06KY — TEIIOBA HATIPYKEHICTh Ta CTIHKICTb SIKMX BiJPI3HSIOTHCS, TA € KPAIMH JUIS
MOITYTHOI CXEMH, KOJIM MiJBEJCHHS MPHUITYCKY 3MEHIIYETHCS JI0 HYJIS 32 KYTOM IOBO-
poty incTpymenTa [8; 9]. [MnbuHy NpOHUKHEHHSI KPOMKH 3a 9ac dt IOBOPOTY JeTali Ha
KyT KOHTaKTy. dt=d¢/ ®, Ans 3ycmpiunoi CXeMH pi3aHHS BU3HAYAIOTh!

o

2
2, = der—j[ (R+7): (- ¢)} Y (Rer)L 4’7 (43)
Jns nonymuoi 06poOku 3MiHIO€TLC;{ HanpsM 06epTaHH5{ JIeTalli, TOMy TpaHUIli iHTe-

rpyBass: 2"($,) = f Vdo=(Rr)-—— 124, = 4/'] (4m)
(9, —41)

ToBmuHY 3pi3y 3HAXOIATEH Yepe3 HMOBIPHICTh KOHTAKTY [8] KPOMKH 3 TIPHITYCKOM.
3rimHo 3akony IlyaccoHa, kv BipHHHA I OQUHAPHHX (1110 BiIOYBAIOTHCS IO OMHITI)
MIPOIIECiB TIOSIBY TTOMiH, KIMOBIPHICTh BU3HAYAIOTE!

Vi f N(x(1))-dt

R(=e " (5)

ne Py(t) — iMOBIpHICTH BiJICYTHOCTI KOHTaKTy KPOMKH 3 METAJIOM Ha MPOTA3i 4acy T,

oF, (1)
ot

nesikoi Bucotu z PIIK Bucotoro mpodimo H, [4; 8], x(r) =V, -m, / H, z— BigHOCHE

———~dt — enemMeHT iMOBipHOCTI, N (z)— muTOMa KUTBKICTh KpoMok PIIK B mexkax

3armuOnenns Brm6 PIIK . IntepBany yacy m, Mik KOHTaKTaMH KPOMOK 3 IIPUITYCKOM
3HAXOATh YePe3 CIEMEHT IMOBIPHOCTI SIK MAaTeMaTUYHE CIIO{IBaHHSI.

o(T)

my,(t,) = I 6)

Bincotok pi3anbHHUX KPOMOK cCepeil 3arajbHOi KiIBKOCTI 3a 9ac MPOXOKCHHS
00JacTi KOHTAKTY TIPE/ICTaBIICHNUIT Ha puc. 1:

%, (1)=100%(1— L2 ) “op _op (1), %

pbeta (v,)
Je MOMEHTH dYacy: ODLKy4Mid T, Hepexomy A0 Mpolecy pi3aHHs T, Ta KiHIEBUH T,
pbeta(t) — iHTEerpanbHa GyHKIiS OeTa PO3MOIIICHHS 3MIHH IHTEPBALY Yacy BIPOIOBK
BiJl TOYAaTKOBOTO T, 10 O1)Ky4Oro MOMEHTY T.

3MiHy 3a 4YacoM T, IPOXOKEHHS 00JIaCTi KOHTAKTy iHTerpanbHoi QyHKILIT BicOTKa
pizanbHUX KpoMoK F,, 1070 ix 3araipHOT KiJIBKOCTI MOKa3aHui Ha pucyHKy 1. lanuit
NpUKJIa] PO3paxoBaHUi AJsl peXUMHUX mapamertpiB [4; 8]: kpyr mapku 25CM1 micns
IPaBKH, MIBUAKOCTI pi3aHHs Ta nofadi Bianosiguo V,,= 50 m/c ;V,= V,,/60 ; rmubuna
t=0,05 mmM.

BimMiTUMO BIUIMB MPOEKIIiT MIBUAKOCTI V, Ha yCi pO3MISIHYTI TapaMeTpH.

MeTa — 11¢ IepeBipKa BiAMOBITHOCTI TECOPETUYHHX 3AJICHKHOCTEH, HABEICHUX B TIpa-
X aBTOPIB [§; 9], Ta eKCIEpUMEHTAIILHUX JIOCIIKSHb TETIOBOI Hal py>KEHOCTI METO-
IiB mpoluecy uutidyBaHHS MPOBEIESHUX 1HO3eMHUMH BYeHuMH [7; 10; 11].

Mety MOXHa JOCSTHYTH LUIIXOM BUKOHAHHS 3A60aHb O0OCHIONCEHHSL.
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0.5 T T T 0.5 T hf_,-/-'”_J_d

0.4f ////: 0.4F -
.03 - 03F ~
Foolma) e | F%["‘llm_ y & i
o1l / { . 01 7/ -
0 1 | 0 1 - — 1 d

110”1 5x10” “2x10” 2 sx107 % 1x10” * 1.5%10

"y cTpitHa mogada” - "momyTHa mogaua'

Puc. 1. 3mina 3a yacom t; giocomxa pizanbHux KPoMoK 015 3yCMPIiuHO20
ma nonymHoz20 wiiigyyeanms

Hocnigutu nocniazi rpadiky 3MiHU TeMIIEpaTypH NPOLECiB UUTi(hyBaHHS, BUIUINTH
Ha HUX XapaKTepHi TOUKH, K TO T, [I0YATKY, T, 3aKIHUEHHS Ta Ty JOCATHEHHS TETJIOBOTO
OanaHcy Ta XapakTEPHHX BiANOBIIHUX IHTEPBAJIiB.

HocniguTy BIJIMB MpOEKUii MBUAKOCTI BiTHOCHOI mofayi V, Ha TeMmneparypy mpo-
TiKaHHA Ipolecy HUTi(hyBaHHS.

Pesyabraru. ['padixu BUMiproBaHHs TeMIeparypu npouecy nurigysanss [7; 10; 11]
(puc. 3) 1oBOIATH IMITYJABCHUI XapakTep Ail TEIOBUX HKEPEN Ta T03BOJAIOTH MOPIB-
HIOBaTH METOAM BUMIipIOBaHHA. JlOCHiaN AO3BOJSIOTH BUHAYUTH XapaKTepHI MOMEHTH
i iHTEepBaIM 4acy MK KOHTakTaMu. Mo)kHA 3HAWTH CHIBBIAHOIICHHS MK KiJBKICTIO
KPOMOK $IK Ha IT0YaTKy pi3aHHs, TaK i IPH BUXOM1 3 KOHTAKTY.

Po3srisiHeMo nekinbKka mpuKiIaiiB.

1. B poboti CmipnoBa B.A. [7] nna kpymioro no3aoBKHBOrO HutiyBaHHS JOCTI-
JDKYBaBCSl XapaKTep TEIJIOBUX BHIUIEHB 3a JOMOMOTOI0 TEPMOIIApU OTPUMAaHHMK €KC-
MEPUMEHTOM TeTutoBui curHain [7]. OmHak He HaBeneHi yci morpiOHi manHi. Tak, He
BKa3aHi 3HaYE€HHsI pafiyciB netani Ta kpyra, crad PIIK. 3a BuUMipsHUM 4yacoM KOHTaKTy
JaHHI BU3HAYEHI po3paxyHKoM [8]. YMoBHU focniny (pUCYHOK 2,a), BKa3aHi y ApyroMy
CTOBITYMKY TaOnuIli. BiAMIiTUMO IMIYIIbCHY iFO TETUIOBUX JIXKEPEI Ta 33J0BUILHU 30ir
TEOPETUYHUX Ta JOCTIIHUX JAaHUX.

2. YpizHe nutipyBaHHsS MOXKHA PO3MIAATH K €(PEKTUBHUM Pi3HOBHUL (3) KPYyIJIOro
[2—-4], ne ypi3aHHs BinOyBaeThbes MO cHipami ApxiMena i3 mapameTpoM, IO JAOPiBHIOE
t =—%  E}eKTUBHICTh METOLY MOSCHIOETHCS JOAATKOBOIO CIPSIMOBAHOIO pajiaibHO

n,
CKJIaJIOBOKO HOPMAJIbHOT IIBUAKOCTI S, Ta 3HAYHUM 301/IbIIEHHSAM PO3MipiB KOHTAKTY.

3. B poborti anrmomMoBHuX BueHuX Xy Xinenra ta CriBa Mankina [10] (puc. 2,0)
ta (puc. 3—5) Oynu €KCIIEPUMEHTaIbHO OTPUMAaHI Ta MOPIBHAHI MiXK COOOI0 TEIUIOBI
CUTHAIIM BiJl IPUPOJHOI, IITYYHOI TepMonap Ta iH(ppauepBOHOTO NaTYMKa JUIsl YMOB
JOCIIJIIB IPH TIOCKOMY MIOIMYTHOMY LLTi(hyBaHHI MPHU3MAaTHYHOTO OpycKa 6e3 BUKOpHC-
tanas MOP.

JHeranbHi YMOBH JOCHIly HaBeIeH! y TPEThOMY CTOBIUMKY TaOmuimi. OCHOBHI Teo-
PETHUHI 3aJIEXKHOCTI 3aJIMIIAIOTHCS TOAIOHUMU, BBaXKarOuu pajiyc aeraii r—oo, Cran
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PIIK a5t OIiHKY apaMeTpiB 3pi3y NPUHHATO MOAIOHUM JI0 BUKOPHCTAHOTO [4] enb0o-
POBOTO KpyTa i3 ypaxyBaHHsM JaHux podot [10].

Sk U1 BOyoBaHUX TepMOIapy Tak i i (JOTOeIEMEHTa, peayibHy INIMOMHY 3HAXO-
JOKEHHS JIATYMKIB, 110 BIUTMBAJIA HA 3HAYCHHS TEMIIEpaTypH, y KOKHOMY €KCIIEPHMEHTI
PO3paxoByBajM YMCIOM TPOXOMAIB A0 3aKiHueHHs mutidyBanHs. CUrHAIM MOJABAIIA
B KOMIT I0Tep uepe3 QUIBTP HU3bKHUX YacTOT 1 aHANOTO-IIu(pOBUI TepeTBOpIOBaY.

a 0 v "
) 38 T 3se 36 t/ 361 362 3,63
B
L J

0
3 Falworkpicce thermocouple
¥ a0 b v IS s
3 002 mm
P 100 !| | Power=650 W
= \
2 200
¢ T
H

LA X i ]
-~

2

Vollage VimV)

TO VYb—.I.)

Puc. 2. Pesynomamu umiproganHs memnepamypu memooie uLnighyeanus.:
a) Kpyanozo no3008xcHvo2o [7]; 6) nonymrozo niockoeo [10] ;8) niockoeo [11]
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MeTtoa 00po0KH, TOCTITHUKHI
. IMo3xoB:xkHE Ilinocke
Pe:xxumui mapamerpu CMiplE;)]B BA. C)T(in)l(\}[r;&H]{iH Kn;ﬁlg;;ﬂcl
[10] [11]
. . a KHB, 9¥406x12.5
BJXJIIl{(byBanBHHH KpyT 0550 égp(ljel\l-/ll"liOBHO), SGP%ISE/‘ 91. KHB, 040010
0
BYT. Ba CTajlb | BYT Ba cTaib | HikeneBwii criiaB
eiggacton | i awn | T s
Po3wmipu 3arotoBku: TTOBEPXHS 00ep- HxWxL= HxWxL=
Bucora *I11*]] TanHa Y180 =25x19x44 = 60x5x50
[Ipunyck, t, MM 0,01 0,02 0,5
KyToBi po3mipu kouTakTy: 0, =L,/ R
po3paxoBaHa JOBXKHHA L, 1,65 | 2,85 | 14,15 mm
[IBuaKiCTH
pizanHs V,,M/c 35 58 40 (130+30)
3aroTOBKM V, MM/C 50" 18 360/60
Hopmabita Vy 1000%Vavax 417 253 0243
3Haii/ieHi 3 pUCYHKY 3 MOMEHTH Ta IHTEpBaJIU Yacy, C
ITOYAaTKOBUH MOMEHT T, 3,583 0,3 3,55
Yac 1 AOCATHEHHS TEIJIOBOIO
6ma}§cﬂy 3,607 0,5 43
MOMEHT 3aKiHUCHHSI Pi3aHHS T, 3,612 0,6 6,05
InTepBanu uacy, ¢
Bumipsiauii yac 0.026 0.15 25
L =1%—T ’ ’ ’
Po3zpaxoBanuii yac
P TN =L/ V, 0,025 0,158 2,36
Mix TEIIOBUMH IMIYJIbCAMHU 1,9*10+ 1,67*10* 2,42%10+
[otyxHicTh npouecy, Bt - 650 1050

VYci TemnoBi CHUTHANIM, OTPUMAaHI PIi3HUMH EKCIICPUMEHTAIBHUMH METOIAMH
(puc. 2,0), MalOTh MOPiBHAHHI PE3YJBTaTH Ta IMIYJIBCHUN XapakTep Iii Jxeped.

[pu ineHTHuHMX yMmoBax LUTi(yBaHHS MOBepxHi Oe3 BukopuctanHsi MOP, kpyrom i3
KyOI4HOTO HITpHay OOpy Oy/M 3icTaBieHi TpH Ha3BaHi METOAU BUMIPIOBAHHS TEMIIEPATYPH.

Ha puc. 3 nmoka3zani cxema ycTaHOBKHM BHMIPIOBaHHS TEMIIEPATYPU Ta MOTYKHOCTI;
pe3ysbTaTH BUMIPIOBaHHS TemIiiepatypu (puc.4) BOyaoBaHoio TepMonaporo (a), iHdpa-
YepBOHUM AaT4uKoM (0) i TepMonaporo i3 ¢ponbru y 3arotosui (B). Pesynsraru BuMipro-
BaHHsI TEMIEpaTypy MO)KHA HOPIBHATH i3 aHANITHYHUMH PO3paXyHKaMH 110 iHTEHCHB-
HOCTI IpoLecy HITi(yBaHHS.

VYci metoau, npy MI0CKOMY HITiQyBaHHi, TOKa3aid MOPiBHAHHI PE3yJbTaTH.

Tepmonapa i3 ¢Gonbru y 3aroToBli TAKOX peecTpyBalia MEpiofnuyHi MK MUTTEBOT
TeMIepaTypu pu obepraHHi uutidyBanbHOro Kpyra. IHdpadepBoHi BUMipIOBaHHA
MOKa3yBaJi MKW OUTBII HU3bKOT IHTEHCUBHOCTI, HIXK Ti 1110 BAHUKAIOTH Ha Till Jke 4ac-
TOTi. SIK Oysi0 3ampoONOHOBaHO paHille, MUTTEBA TEMIIEpaTypa Moxe OyTH MOB’s3aHa
i3 pi3aHHSAM OKPEMHUMH 3epHaMH HUTiQyBanbHOro Kpyra [2]. Otxe, ¢izuuna npupoaa
MIKiB, SKi CHOCTEPIraroTh, HE BiJIOMA 1 BUMarae MOAAJBIINX JOCIiKeHb. JlaHuii exciie-
PUMEHT HE MOSICHIOE YUM BUKJIMKAHI SIK CTPIMKI KK TEeMIIEpaTypH, TakK 1 11 3SHUKEHHS.
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90

Ha puc.4,a ta 4,0 BiAMiu€HO KOJILOPOM 3MEHIICHHS TEMIIEPATypHU MPOIECY IO MPO-
xonax (mpu 3MEHIIeHH] IMOMHM), a00 BiJ iHTeHCUBHOCTI V,. OTKe, TOCIIIN JOBOAATh
3HAYHUH BIUIMB MPOEKIIii V), IMBUIKOCTI BITHOCHOTO PyXy MOJIadui Ha TEMIIEpaTypy.

|.'I\J"-‘- er transducer

A
output

AD board

RC Filter |

I
/ | ]"J\-\DICIHJH'\ 7- 'sl_ll| J'Ulu:] fier |-l".r||[:-]|fn:|1

_—Micu

_-"_d

=l Warkpiece

Dptical| | Infrared
fiber detector

F;
Themmocouple

Puc. 3. Cxema ycmanogxu eumiproeants memnepamypu
ma nomysicnocmi winigpyeanns [10]

a)

_ 300 Embedded thermocouple
(%) v =18 mm's
T [P st 2+0.02 mm
E 200 | Pass 46— ~'- Power= 650 W
< Pass 3 —»/{ o
% 100 | Pass 24777/ L
o~ I%/ Pass 10
' J
0 o — | - ] A CEari—
|
300 6) { Infrased detctor (InSb)

- | Pass 53__‘;'(:‘ v = 1% mm's
Y : p A% a<0.02 mm
= Pass 48 _Tt‘)'l\ \\ Power<650 W
5 Pass 40 ¢ \
- .
S
E 100
-

o

00 1 B)

~ Foil/workpiece thermocouple
Y o v - 18 s
2 a~0.02 mm
o 30 { Power=650 W
- \
% 200 -
= 100 K

ol i 1 1

00 0s 10 1.5 10

Time (s)

Puc. 4 — sumiprosanmnsi memnepamypu mpooma memooamu [10]
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OnHOYACHO 3 TEMIIEPATyPOI0 BUMIPIOBAIH NOTYKHICTh NUTiI(DYBaHHS.

CepenHe 3Ha4eHHs CTallOl MOTYKHOCTI Tpotiecy nutidysanus, piae 650 Bt, Oyno
OTPHMAaHO i3 ypaxyBaHHSIM BTpPaT XoJocToro xomy (puc. 5). Lle 3HaueHHs mepeBipeHO
YHCEIbHUMH TapaleIbHUMHU JOCTIIAaMA TP OJHAKOBUX YMOBaX PEXHMIB ULTi(y-
BaHHS. 3Ha4YCHHsI OTY)KHOCTI, IO MPHIIAJAE HA OJHY KPOMKY JJIsl yMOB HLTi(yBaHHS
nepudepi€ero Kpyra, BA3HAYAIOTh 110 11011 KoHTakTy S(t) =W -0(1)- R.

v IR mmvs
1600 - 9+0.02 mm
Average power during steady state

120 { ”
. 4

00 & | Net power

Idling power

Power (W)

Puc. 5. 3mina nomyosicnocmi [11] ma cxema 3naxo0icenHs KinbKOCHi Menioeux
iMnYIbCI8 015 MOMEHMIB 8PI3AHHS, CIANLO20 NPOYeCy Ma 8UX00Y i3 KOHIMAKMY

g inTepBaiiB T yacy BpizaHHS (BUAUICHHH )KOBTUM KOJBOPOM), CTAJIOTO MPOIIECY
Ta BUXOJY i3 KOHTaKTy (BUAIIIEHUI CHHIM), OTPUMYIOTH (pHC. 5,a):

IK%
erl
©, -/

ne W — mumpuHa 3aroToBKH, 0(T) — KyTOBUH pO3Mip KOHTAKTY IJIS JESKOTO MOMEHTY
T 4acy, BpaXxOBYIOUM Bpi3aHHsI, CTANIWN MPOIEC pi3aHHS Ta BHUXIA Kpyra 3 KOHTAKTY i3
3aroTOBKOIO.

S(t)=W-R-0(t)=W -R- (8)
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I3 ypaxyBaHHsIM YMOB J0CIHiTy (PHCYHOK 5,a. Ta BioMoi Bucot Hn mpogdimo PIIK)
3HAXOAATh KUTBKICTh KPOMOK, 1[0 KOHTAKTYIOTh Ha MPOTsi3i | ¢ y AesKuii MOMEHT 4acy T:
max "m

(D = (v, 107 -S0)-| N, (" = |, ©)

n

Va__ -m L . .
e N (—™—) nmuroma KUIBKICTh KPOMOK Ha MM? Ta BITHOCHOMY 3anNIMOJICHHI, 1110
n
BUKJIMKaHE HOPMaJIbHOIO MIBUIKICTIO V), [4; 10].

Juist cTanux yMOB Tpoliecy HUTipyBaHHS KyTOBHI pPoO3Mip, SIKWH OOMEXeHU rpa-
HHUISIMA KOHTAaKTy, Ma€ MOCTiliHe 3Ha4deHHS O(T)=const. Tomy mjoma KOHTaKTy
S (r) = const , KUTBKICTh KPOMOK, IIIO NMPOHHKAIOTH BIVIMO MPHUITYCKY Ta MPUHMAIOThH
y4dactb y Aedopmatii MeTany i pizaHHi, TAKOXK HE 3MiHHI.

[Tim gac Bpi3zaHHSA Ta BHOITY Maibke JHIHHO 3MIHIOETBCS KyT 0(T), IO BUKIIHKAE
BiJITIOBIJIHY 3MIiHY JOCIITHOT 3aJIS)KHOCTI BUMIPSHOI MMOTY>KHOCT1 Ha PUCYHKY 5,a. Sk
BUJHO 3 Tpadiky 3MiHH IMOTYKHOCTI 32 9acoM 00poOku Ny(T), Ta MpoOBeIeHUX Y PoOOTI
YUCENbHUX JOCIiAax I JaHHI 100pe KOPETIO0Th.

PucyHok 103BoJIsI€ Uepe3 MUTTEBY MOTYX HICTh Ny Aii YCiX KPOMOK 3HANTH KITBKICTb
TEIIOBUX IMITYJIBCIB, IO 3HAXOAATHCS Y 30HI KOHTAKTY, Ta OI[IHUTH 3HAYCHHS TEIIO-
BOTO iMITyJIbCy OfHi€T KpoMKH. OTKE, OTPUMYIOTS!

N
nI(UHm (T)

Hnst ymoB nocniny Ny / H=650/12,5=52Bm, 0, =<2t/ R ~0.0141 1yt N,/ H —
MUTOMA MIOTY>KHICTB MPOIIeCy HUTiyBaHHS, IO pHUmagae Ha 1 MM BucoTH kpyra. [Tutomy
KiJIBKICTh KPOMOK, III0 ITPUTIaIa€ Ha OJMHUINO IDIOIII KOHTAKTy (MM?2), Ta MPUIAMAE yIacTh
y TpoIieci BU3HAYAIOTh TI0 IIIMOMHI PO3TallyBaHHS, MEHIIIH BiJ] piBHSI MPOHUKHEHHS.

Jnst momi6uoi PIIK [10], ommcanoi 3 AOCTimiB METOMOM IPSITAHHS IMOXHMIIOl TUTO-
mmHKY iHCTpyMeHToM y ctaHi PIIK kpyra JIZ20K micns mpaBneHHS MATOMY KUTBKICTh
KPOMOK Ha OIMHUIIO IO ISl MMOWHU MPOHUKHEHHS, BU3HAYEHY Yepe3 HOPMaJIbHY
IIBUJKICTh TPH MaT€MaTWYHOMY CIIOJiBaHHI IMOBIPHOTO IHTEpBaJly MK KOHTaKTaMH
m,.= 1.2*10* ¢ 3naxomsate VN, / H, =1000-V.-6, /H, =1000-18-0.0141/178 ~1.43.

YMOBYy TeIIOBOTO OajlaHCy CIIOCTEPIraloTb B MOMEHT Yacy Ty , KOJMH KiJTBKIiCThH
TETIOTH, 10 HAJAXOIUThL B 30HY pi3aHHs Bif nedopmariiii KpoMKaMu TOPiBHIOE Ti, 10
BiIOMpAETHCA Pi3aTbHIMU KPOMKaMHU.

n, D =0, Pin (11)

piz cmp.yms Konm

Ny(1) = ; (10)

1€ D,y oy T2 O3y — KUIBKICTB TEIUIOTH, 1O BUIUIAETHCS KPOMKOIO, IO KOHTAKTYE, Y ILIO-
HIMHI CTPY>KKO YTBOPEHHS Ta Ha 3aJHiil moBepxHi (puc.4).

OnHak, CIiBBIIHOMIEHHS MK KIIBKOCTSIMHM TEIIOTH HE HaBEIEHI.

Bpaxosytoun, wo n,, /n,,,, =%, , OTPUMYIOTb

KOHmM piz 2

d)lﬂ z(%)piz @ (12)

cmp.yme

yTBOpeHHs Teruiotu [4; 10] HaBKoo pi3aiabHOI KPOMKH IHCTPYMEHTA.

4. B po0orti kuTaiicbkux BueHUX [11] HaBeneHI OTpUMaHi TUIOBI rpadiku TeMiepa-
TYpH TIPOILIECY, MMTOMOT €HEPrii, pO3MOAITICHHS TEIIOBOTO 0ajaHCcy Y QYHKIIIT HIBHIIKO-
CcTi iy yac mmouHHOTO nutidyBaHHs cruaBy Inconel 718.
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Inidysanus 3aiiicHioBanu kpyramu i3 CBN npu HassBHOCTI OXOJIOKESHHS Ha OCHOBI
BOJHOTO pOo3uuHy. PexxuMHI mapamerpu: mBuAKICTh pizaHHs 40-130 m/c, rmubuHa
pizanns 0,5 MM, momada 360 MM/XB. BHECEHI JI0 5 CTOBITUUKY TAOJHIN Ta HA PUCYHOK 6,
SIKMH CBITYHTH TPO YiTKO BUPAKEHHUN IMITYJIbCHUI XapakTep il CUTHAITY Ta MMOCTYIIOBE

3HWYKEHHSI TEMIIEPAaTypPH Y MOMEHT TTiCIIS TEIIOBOTO HACHYCHHSI.

BumMiproBaHHs TeMnepaTypy IpOBOIWIN HAIIBIPUPOTHOO TEPMOTIAPOIO.

Table 1 Conditions for grinding tests

Wheel speed v, Workpeece speed v, Depth of cut a, Wheel diameter ds Wheel wadth b
30-130my's 360mny'nun 0.5mm 400mm 10mm
Grnding mode Dressing tool Dyressing parameter Coolant type Coolant pressure
Down-gnnding  Diamond Plate wheel a1 water-based coolant 13~15bar

Voltage VimV)
>

s . H o ’ N
Tine ds)
TO

Fig.1 Typical temperature signal during creep feed gnnding,

Puc. 6. Cuenan memnepamypu ma pexcumui napamempu ni0CcKo20 wiig)yeanns 3i

weuoxicmio 40 m/c [11]

Otpumani rpadiku (puc. 7) 3MiHM TUTOMOI €HEPTii Ta TEIIOBOTO OaaHcy.

AN
od - o
9 . —— . = 2 03;
N ’ " ;
.. . : %
. ’
o9 . . g / » —\; e'e' 06
vy . . . <
: g © i §
Eu e : s
z H | 4 0.44
K “g 2
- \'yy=36)mn min t B
- w w & Foa
1 np-O.Smn H
| &
( e 0 et
20 ) 0 50 w120 19 0.0
a) Wheel poed Vimi) n w0 @

10 120 14

6 ) Whee speed Ve(m's)
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[Tix wac 30iNbIICHHS MBUAKOCTI NITIQYBaHHS HIKEIEBOTO CIUIaBy 3HAauHA YacTHHA
eHeprii BiIBOAUTBCS 31 CTPYKKOIO R, Ta OXONOMKYBanbHOW pinuHoro MOP R, Inma
YaCTHHA TEIUIa MOTPAILISIE Y 3ar0TOBKY R, 1 KpyT R — ckopouyeThbes. Lle 3MeHmye tem-
neparypy sK 3aroTOBKH, TaK i 3epeH kpyra 3 Marepiairy CBN, sikuii Mae 3Ha4Hy BapTicTh
MOPIBHSHO 3 IHIIMM a0pa3uBHUM MaTepiajioM.

Jocnizamu BU3HAUY€HA IIMTOMA €HEPrilo e, 3pi3aHHS OJUHULI 00’€My CIUIaBy IS
mBUaAKocTi V. =40 m/c. 3BificH MOYKHA BU3HAYMTH MOTYXHICTb, SIKYy MOTpeOye MpoIiec
nnripysanns (0e3 ypaxysanus KKJ npusomy):

Nzec-Vw-aP-W:7O‘@-0,5-5z1.050 kBm. (13)
60

ABTOpaMU IPOBEJIEHI JOCII TN OTHOYACHOTO BUMIPIOBAaHHSI TEMIIEPATYPH Ta TOTYX-
HOCTI ITpOIIeCy TOPIIEBOTO HITi(yBaHHS TBOX TOPIIB Ha BepcTari Mogeni 3342 AJIO [9].
Jocniau cBimyarh npo iMIyJIbCHUI XapakTep [ii JoKepes Terljla Ha TOPIEBY MOBEPXHIO
JeTani. BuMipioBaHHS TIOTYKHOCTI J03BOJII€ BU3HAYUTH €HEPTeTUYHY HalpyXeHiCTh
3a KyToM 3 moBopoty OapabaHy monadi BepcTary. st JOCATHEHHS Kpamoi TOYHOCTI
00poOKHM KyTH OpieHTallii y Ta v nutidyBanisHuX 0a00K BepcTary OyiM MOB’sI3aHi CITiB-
BiHOIIEHHIM V=7y/1,57.

Pe3yabTaTi 10cIiTKenb. J{0CTiKeHHS 3aIpONOHOBAHMX TEOPETHYHHX 3aJIeKHOCTEH
CBITYaTh MPO IMITYJIbCHUH XapaKTep Ta MOXKJIUBICTh BUKOPHCTOBYBATH 3aJIEKHOCTI TS Pi3-
HHUX METO/IB NUTi(yBaHHS, BKITIOYHO 3 00pPOOKOIO TOPIIEBOI MMOBEPXHI JeTalli [HTeHCHBHICTh
nporiecy NDTihyBaHHI BIUIMBAE HE JIUIIE HA TEMIIEPATYpY, & i Ha TOYHICTH 00pOOKH [9)].

Hagpeneni B Tabmuili mapaMeTpH 3aJ0BIILHO 30Irar0ThCS 3a PE3yiIbTaToM po3pa-
XYHKY Ta TUMH, 1[0 BUMIpSHI JOCTITHHM NUIIXOM. [IesIKiM BUKITIOYEHHSIM 3 MpaBHiIa
€ Pi3HI iHTEPBAIN MK IMITyJIbCaMH, IO CIOCTEPIratoTh. [I0SCHUTH 11e MOXKHA MaJuM
BiJICOTKOM pi3aJIbHUX KPOMOK. Perita KpoMOK BUKOHY€E pOoOOTY BHIaBIIOBaHHS MeTaa.
[MuTomMuii TMOKa3HWK IHTEHCUBHOCTI TPOIECY, HOpMajbHa IIBUJIKICTh, BHKOPHCTA-
HUH I ONMMCAHHS TEIUIOBOT HANPYXKEHOCTI JAOCHTITHUX CHUTHANIB. [HIIOW MPUYHHOIO
JISSIKAX PO301KHOCTEH pe3yJIbTaTiB € BUKOPUCTaHa B POOOTI MOJIENIb poO0YOro Mpodiito
Kpyra, OTpUMaHa iHImM aBropom [10].

3anponoHOBaHi BBECTH MOMEHTH 4acy, 10 BiJOBIIAIOTh 3a MOYATOK Ta 3aKiHUCHHS
KOHTAKTY, JIOCSITHEHHS TEMIIEpaTypHOTO 0aJaHCy Ta BiJICOTOK Pi3alibHUX KPOMOK cepell
3araJbHOTO YHCIa.

BucnoBku. [IpoBezieHi po3paxyHKH J03BOIWIN JOBECTH aJIeKBAaTHICTh 3allPOITOHOBA-
HOT TEOPETHYHOT MOJIENIi Ta OTPUMAHHX SKCTIEPUMEHTAIBHIX CUTHATIIB, TPOBEICHUX BUe-
oMU [7; 10; 11] amst pisHEX METO/IB NUTIYBaHHS Ta OIIHUTH TETUIOBY Ta €HEPTEeTUIHY
HaIpy>XeHicTh Tpolecy nutidyBaHHs. 3HAMICHI TOTYKHICTh, 0 TPHUIAIAE HA Pi3albHY
KPOMKY, PO3TIOJIJICHHS €HEpril, IO BiZIBOMUTHLCS 31 CTPYKKOIO Ta TMOTPATUISE B JCTAIlb.
OriHeHi (akTopy 3MiHHU TTOTYKHOCTI 32 9ac MPOXO/PKEHHS 00NacTi KOHTaKkTy. BoueBup,
€10 TIOCTIHHOTO TETIOBOTO IIOTOKY KOJIMBAHHS TEMIIEPaTypH MOSICHUTH He MOXJIHBO. Ha
Hally JyMKy — TEIUIOTa 3 MIOBEPXHI JIeTalli BIABOAUTHCS Pi3albHUMU KPOMKAMH, a JI0/1a-
€THCSI THMHU, 110 Jinine aedopMyroTs Metai. CHiBBIIHONIEHHS MK IUMHU TETIOBUMU
TIOTOKAMU 3aJIeKHTh BiJl BIJICOTKA Pi3albHIX KPOMOK Ccepesl X 3arajibHOi KiTbKOCTI.

CTBOpeHa MaTeMaTUYHa MOJIENb 3/1aTHA TIPOBOJIUTH PO3PaXyHKH JJISl PI3HOMaHITHOT
KiHEMAaTHKH MO3I0BXKHBOTO Ta TOPIEBOro NutiyBaHHs. BoHa BpaxoBye BIUIMB Ha TEM-
neparypy, TOBIIUHY 3pi3y, 4acy MiK KOHTaKTaMH, 3epeH.
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Jocniay 10BOAATh 3HAYHUN BIUIMB HA 3MEHIIICHHS TEMIIEPATyPH MPOIIECY IO MPo-
X0/1aX (3MEHIICHHS DIMOMHM. POEKITii VN MIBUIKOCTI BiTHOCHOTO PYXY.

10.

11.
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Anomauin

Bemyn. Cyuacnuii cman po36umky CyOHOBUX OBUSYHIB BHYMPIUHBO2O 320DSIHHSL
8UMA2AE OOMPUMAHHIL HCOPCMKUX BUMO2 30 YINUM PAOOM AK eKOHOMIYHUX MAK | eKo/0-
2IUHUX NOKA3HUKIB, OOMPUMAHHS AKUX MONCIUBO MINbKU 3a YMO8 NepeOy8ants 08uUsy-
HI8 Yy cnpasHoMy cmani. Busnauennst i niompumanus pobo4oeo cmamny 08UcyHA € MIEI0
OCHOBHOIO 300a4el0 Ky SUPIULYIOmb CYOHO8I MeXaHiku nio uac excnayamayii. Egex-
MuGHe GUIHAYEHHSl CIANY IPYHIMYEMbCS HA NOPIGHSIHI TNEKYYUX napamempie cmamy abo
Xapakmepy npoyecis, ujo 6u000y8aromscsy poboyomy npocmopi 08uUcyHa, 3 emailoHHU-
MU 3HAYEHHAMU AO0 KPUBUMU, WO XapaKmepuyoms nepebdic npoyecis.

Line pobomu. Bpaxoeyrouu 3Haumi 3MiHU Y JOICIMUYHIL CUCIEMU CYYACHO20 CYOHO-
NIA6CMEA Ma 3POCMAHHAM eKOMOSTUHUX BUMO2, HA2ATLHOIO € NOMPeba y 6U3HAYEHT ema-
JIOHHUX Napamempis pobo1o2o npoyecy Ha pexicumax Yacmrko8UX HABAHMANCEHb OBUSYHA,
0711 nposedeHHs: OlacHOCMUYHUX Npoyedyp NI Yac eKCayamayii cyoOHa Ha U3HAYEHOMY
x00080omy pexcumi. Came BUPILIEHHIO YUX NUMAHb NPUCBIUEHEe Ye O0CTIONCEHHS.

Ocnoena uwacmuna. 3a 00nomMocorw mMemooono2ii CmeopeHHs yughposozo npoinio
Pob0Y020 npoyecy CYOHOB8020 MAO0DEPIOBO20 O8USYHA, OCHOBAHO20 HA ANPOKCUMAYIT
b6azosux diazpam OMpPUMAHUX Ni0 4ac 1020 CMEHO08UX SUNPODYEAHb, GUHAYAENbCSL
HAOIp YUCT0BUX MACUBIB, WO 8I0N0BI0AIOMb ITHOUKAMOPHUM Oiaepamam 08USYHA Y BCbO-
My Odiana3onig pexcumie pobomu, 3 Kpoxkom 6 1 % no nHaganmasiceno.

Po3spobnenuii agmopamu po3paxynrogit Komniekc 00360J5€ eKCHOpMysamu 00 Hbo-
20 MAcusu OaHUx OJisl HeCNIYIPIKAYITIHUX PeNCUMIe K Y Uil emaloHHUX Olazpam,
Max i OAHUX OMPUMAHUX Y pe3Vabmami iHOUYIt08anHs 08ULYHA NIO YAC 11020 eKCNya-
mayii. 3a pezyrvmamamiut 00poOKU MACUBIE PO3PAXYHKOBULL KOMIIEKC (opmye HAOIp
diazpam pobouozo npoyecy y pp ma pV-koopounamax, a maxodxc oiazpam sKu Xapax-
mepusyioms OUHAMIYHICIL POOOY020 npoyecy ma npoyecy meniogudirenns. Obpooxa
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oanux diazpam 00380JA€ GUHAYUMU POUMUPEHUL, ) NOPIBHAHHI 3 IHUUMU AHANO02TYHU-
MU KOMALEKCaMu, Habip napamempis, wo xapakmepusyloms nepebdiec poo6ouo2o npoyecy.

Bucnoeku. Pospobnena memooonozis 003601s€ 3abe3neyumu npoyec 0iaeHocmy-
BAHHS 08USYHA 30 NAPpAMemMpamu pooo4wo2o npoyecy 6a3or 015 NOPIGHSHHI hakmuy-
HUX NOKA3HUKIB 3 PO3PAXYHKOBUMU eMALOHHUMU, Y 6CbOMY OIlANAa3oHi poOoUUX pexcumis
08U2YHA.

Knrouosi cnosa: cyonosuii manoobepmosuti 06ucyH, iHOUYiiosants, iHOUKAmopHa
diaecpama, 3D-nosepxusn pobouux pexcumis.

USAGE OF NUMERICAL PROFILES OF THE WORK PROCESS
TO ANALYZE THE EFFICIENCY OF THE LOW-SPEED MARINE ENGINE
AT PARTIAL LOADS

M.Y. Rybalchenko', L.V. Bilousov?
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Kherson State Maritime Academy, Kherson, Ukraine
ORCID ID: 0000-0003-3533-3967
2PhD (Engineering), Professor,
Professor at the Department Operation of Ship Power Plants,
Kherson State Maritime Academy, Kherson, Ukraine
ORCID ID: 0000-0001-8185-8209

Summary

Introduction. The current state of development of marine internal combustion
engines demands compliance with strict requirements for a number of economic and
environmental characteristics, compliance with which is possible only if the engines are
in good condition. The main task that vessels engineers solve during routine operation is
examination and support of the engine condition in good order. Effective determination
is based on a comparison of the current parameters of the processes in the engine’s
working space with reference values or curves which are characterizing the course of
the processes.

Purpose. Taking into account the significant changes in the logistics systems of
modern shipping and the growth of environmental requirements, the main thing is the
necessity for defined reference parameters of the work process at partial engine load
modes, for carrying out diagnostic procedures during the vessel’s operation at the
specified operating mode. This research is devoted to the solution of these questions.

Results. Using the methodology of creating a digital profile of the working process of
a low-speed marine engine, based on the approximation of the basic diagrams obtained
during its bench tests, a set of numerical arrays corresponding to the indicator diagrams
of the engine is determined on the whole range of operating modes with a step of 1%
depending on the load. The calculation complex developed by the authors allows you
to export to it data’s arrays for non-specification modes both: in the form of reference
diagrams and in the form of data obtained as a result of engine indication during its
operation. Based on the results of array processing, the calculation complex forms a
set of diagrams of the work process in pp- and pV-coordinates, as well as diagrams
characterizing the dynamics of the work process and the process of heat generation. The
processing of these diagrams allows you to define a set of parameters that characterize
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the course of the work process, which is expanded in comparison with other similar
complexes.

Conclusions. The developed methodology makes it possible to provide the process
of engine diagnostics according to the parameters of the work process, by a basis
for comparing actual indicators with calculated reference ones in all areas of engine
operating modes.

Key words: low-speed marine engine, indication, indicator diagram, 3D surface of
operating modes.

Beryn

Besneka ekcrmyaraiiii CyJileH 3Ha4HOIO MipOI0 BU3HAYAETHCS MPABUIIBHICTIO BUKO-
pHUCTaHHs Ta JIarHOCTUKU X €HEpreTUYHUX YCTAaHOBOK. [OJOBHWI ABHTYH Ta HOro
JIOTIOMDKHI CHCTEMH Ha OOpTy CyleH MpPAaIIOIOTh Y BaXKKUX YMOBAaX, MIO 1CTOTHO 3Mi-
HIOE 1X XapaKTEPUCTHKH Ta MOXKE BUKJIMKATH IiJIBUIEHUH 3HOC, BIIMOBHU B pOOOTI Ta,
B JICSIKUX BHIIQ/IKaX, HAaBITh CIPUYMHHUTH aBapito. Monitopusr crany JIB3 € ogauMm i3
HUIAXIB HNOKpAIIeHHs €()EKTUBHOCTI TEXHIYHOIO OOCIyrOByBaHHS, PEMOHTY Ta 301J1b-
IICHHS EKCIUTyaTalliiHOl HAMIMHOCTI CYJIHOBHUX JU3EJIIB, JOMOMAara€ MepeadoaunTu
Ta YHUKHYTH 0araTbox MOJIOMOK HOTO €JIeMEHTIB.

Kpurepiem cripaBHOi poOOTH JABHT'YHA € BiATIOBIIHICTH OT0 TOKA3HUKIB €HEPTreTHY-
HUM, CKOJIOTIYHMM Ta eKCIUTyaTallifHuM MapamMeTpaM BCTaHOBICHUM 3aBOJIOM-BHPOO-
HUKOM, 1110 3a0e3I1eUy€eThCs IPaBUIIbHUM IIepebiroM podoyoro mporecy. ToMy 1HaMII-
IOBaHHIO, SIK OJIHOMY 3 OCHOBHHUX BH/IIB JIarHOCTHKH CYJIHOBHX JIBHT'YHIB PUALISIOTH
MPUCKITUIMBY yBary IIiJ| 4yac ix eKCIuTyaTarii.

AKTyaJIbHICTH TeMHU

32007 poky CyIHOIUIABHI KOMITaHIT sIKi 3aiiMajIiCs KOHTCHHEPHUMHM TIEPEBE3CHHAMU
MOYaJIK BIPOBAKYBaTH PEKUMH MTOBUTFHOTO PyXY (slow steaming) cyneH, 3MeHIINBIIH
X KoMepuiiHy MBHAKICTB 3 22...25 By3mniB g0 18 By3niB abo HaBiTh MeHII (Super slow
steaming — 15 By3:iB) [1; 2]. [IepiioueproBUM MOIITOBXOM JIJIs 3alPOBAKCHHS PEIKH-
MiB slow steaming craia HeOOXiIHICTh CKOHOMII MajiBa B NIEpiof, KOJH IiHa Ha OyH-
KepyBaHHs mBUAKO 3poctana 3 $150...200 xo $600...750 3a Trony. Hampukian, B ciuni
2007 poky Bapricth nanusa 3a ToHHy [FO380 y Porrepaami 3pocina 3 $220 no miky
monax $700 B cepenuni mumas 2008 poxy [3]. V mogansiioMy IiiHM CYTTEBO KOJIHMBa-
nmcs 3anuiiardnch Ha piai $700...800 mo TenepiriHiit yac.

3apa3 KOHIIEIIIisl TOBUIBHOTO PYXY, IONEPETHHO BIPOBAHKEHA Ha KOHTCHHEPOBO-
3ax, 3aI03U4eHa THITUMH KOMITAHIsIMH — OTIEPaTOPAMH IHIINX THITIB Cy/ICH, BKIFOYAIOYH
TaHKEPH Ta CYXOBaHTaXHi CyaHa, poOOUI IIBUIKOCTI SKHMX 1 TaK TPAJAULIHHO HU3BKI.

Binbin Toro, cydacHi CymHOIIaBHI KOMITaHIi BUMAraloTh MiITPUMYBAaTH MBUIKICTh
HE3MIHHOIO Ha MPOT#31 BCHOTO PEUCY, OCKIIBKH PyX 3 MOCTIHHOIO MIBUAKICTIO IPHU3BO-
JIMTH JI0 3HAYHO MEHIIOT BUTpaTH nanusa (mpubimsno Ha 15...25 %), Hixk aHANOT1YHIH
PYX 3 PI3HHUMH IIBHIKICHUMH PEXKMMaMH Ha OKPEMHUX IUISHKAaX peicy, HaBiTh KOJIH
cepeJiHs IBUIKICTh CYZIeH MOXKe OyTH OJJHAKOBOIO.

[le omHuM (akTopoMm SIKMi OCTAaHHIM YacoM BIUIMBAE HA TCHJCHIIIIO 3MEHILICHHS
MIBUIKOCTI CYJICH € 3pOCTaHHS BUMOT IIIO/I0 3MEHIICHHS IITK1IJTUBUX BUKHIIB 3 BiAMpa-
LIbOBAHMMH ra3aMu ABUryHiB. Tak 3rifH0 MiKHapO{HOT KOHBEHIIIT 11010 3aro0iraHHs
3a0pynHeHHio armochepu 3 cynen [4] okcumamu azoty (NO, ), 3aranbHi IUTOMI BUKHM
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OCTaHHIX, Cy4YacHHMH MallooO0EpTOBUMH JBUTYHAMH, HE ITOBHHHI TIEpEBHIYBaTH
3,4 r/(xBt*rogn.).

Tak, uepe3 npuuuHu onucaxi suiie, komnadiss MAERSK (mtabd kaptupa m. Koren-
rareH, JlaHis), 0 € MPOBITHUM ONEPaTOPOM 3 KOHTEHHEPHUX IepeBE3eHb, 3HU3MIIA
Cepe/IHE HaBAaHTAXXCHHS TOJOBHHUX JIBUTYHIB Cyl€H 3aiIHUX Ha TPaHCOKECaHIYHUX
JiHisX mpuoIr3HO 3 57% 10 35% BiJ HOMIHANIBHOT TOTYXKHOCTI, [S]. AHAJOTIYHI BUCHO-
BKH MOJKHA 3pOOHTH 1 3 BIIACHOTO JIOCBiIy aBTOpa. AHAIII3 IMBUAKICHUX PEKHUMIB CYICH
Ha SIKUX HOMY JTOBEJIOCs MpaliioBary y nepiox 3 2016 mo 2020 poku Ha roca/ii CTapIioro
MeXaHiKa, TOKa3y€e HACTYITHE: YaCTHHA XOJJOBOTO Yacy 3 HaBaHTaXeHHSM Ounbine 50%
BiJl HOMIHAJIbHOT MTOTY>KHOCTI TOJIOBHOTO JIBUTYHA 3aiimMaia He Oinbiie 13% 3araabHoro
gacy poOoTH.

Buire3asHaueHi TeHACHIIIT B OpraHizallii nepeBe3ecHb YHEMOKIIUBIIIOIOTE 33/I0BUIbHY
OIIIHKY TEXHIYHOTO CTaHy MaJo00EPTOBHMX TOJIOBHUX JIBUTYHIB ILISAXOM 3HATTS 1HJIHU-
KaTOpHUX JiarpaMm ix poOoYoro mporecy, OCKiIbKH I TTOTpeOye BUBEJCHHS HOTO Ha
PEKUM poOOTH MaKCHMAIbHO HAOIMKEHHUH /O HOMiHAIBHOTO HA JIOCUTh TPUBAIUIL Yac.

DopMyJTIOBAHHS METH JOCTiTKEeHHS

Buxonsuu B HaBEICHOTO aHai3y CIIAye, [0 HA TEMEPINIHIA Jyac € HarajabHa Mpo-
OneMa OLIIHKK TapameTpiB poOOYOro IMpoIecy ABUTYH Ha PEKHMax BIIMIHHHUX BiX
HOMIHAJIbHHUX, SKa MOXE OyTH BUpIIICHA IUIAXOM CTBOPCHHS IUGPOBUX TPOdiiTiB
y BUuDIsili 3D-MOBEPXHOHB, 10 OB’ A3yIOTh MIXK COO0I0 KyT 00€PTY KOJIHYATOrO Bay,
TUCK Y poO0oYOMy IIMJTIH/pI 1 HaBaHTaXKeHHs ABUTYHA. L1 mpodini, MOXyTh OyTH BUKO-
pucTaHi 115l OIiHKK e(peKTUBHOCTI poOOTH JBUTYHA HA OyAb-TKOMY PEKHMHU HaBaHTa-
JKCHHS, & TAKOXK JUISI BA3HAYCHHS OTO TEXHIYHOTO CTaHy.

Bukiaa ocHOBHOTO MaTepiany

st BUpillieHHS 3a3Ha4eHOT TpoOieMH aBTopaMu OyJIo 3apornoOHOBaHO METOJ OTPHU-
MaHHSI PO3PAaXyHKOBHUX €TAJOHHHUX IHIWKATOPHHUX Jiarpam JUiss OyIb-SIKOTO PEXUMY
po0OTH JBUTYHa, OCHOBaHWH Ha ToOyHoBi 3D-moBepxHi pobounx pexumis B3,
3 BUKOPUCTAaHHIM B SIKOCTi 0a30BUX KPUBHUX, IHIAMKATOPHHUX Jliarpam, B3sTUX 3 MpPO-
TOKOJy CTEH/IOBHX BHINPOOYBaHb JIBUTYHa 3aBONy-BUpoOHHKa [6]. Bisyamizamis 3a
Joriomororo 3D-rpadiki 103BOJIsSIE€ HAIATH YABJICHHS O XapaKTepi MPOTiKaHHSA poO0YOoro
npoliecy Ha pi3HUX peKMMax HaBaHTaXeHHs ABHTryHa. [Ipukiaan 3D-moBepXxoHb podo-
YUX PeXHMiB OTpuMaHi apropamu it nBuryHa 8K9OMC-C BupoOHHMIITBA KOMTaHIi
HSD-MAN B&W nasezneno Ha puc. 1.

Ixepenom iHdopMaltii st OLMIHKA apaMeTpiB poOOYOTro Mpolecy BHCTYNAOTh
SJICKTPOHI MPUCTPOT JUIsI 3HATTS IHAUKATOPHUX JliarpaM HOMEHKJIIATypa SKHX € JIyKe
mMpokoro. Jlo Yncia Takux MPHUCTPOIB BIHOCATHCSA BHPOOI 3aKOPIAOHHUX QipM,
takux sk Friedrich Leutert GmbH & Co. KG (Himeuuuna) [7]; ICON Research
(BenukoOpuranist) [8]; IMES GmbH (Himewumna) [9]; Prézisions-Messtechnik
Baewert GmbH. (Himeuunna) [10], MAN Diesel ([danis) [11]; WIKA Alexander
Wiegand SE & Co. KG. (Himeuuuna) [12]. Kyma A.S., (Hopseris) [13] Ta in. Cepen
BITYM3HSHUX MPUCTPOIB 0co0y yBary 3acinyroByioTh cucreMu DEPAS, po3po6neni
B OJlecbKOMY HalliOHATBHOMY MOPCHKOMY YHIBEPCHUTETI, MiJ] KEPIBHUITBOM Tpode-
copa Bap6anns P.A. [14]. Lli npucTpoi 103BOJSAIOTE OTPUMATH HaOip mapaMmerpiB
poboyoro mporecy, Ta HOTo MPECTABICHHS y BUIVISAI rpadiqHUX 3aJICKHOCTEH B p@
Ta pV -KoopAHHATax.
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"R RE2
Xow o
b oden

Puc. 1. Ilpuxnaou 3D-nosepxui pobouux pexcumis ons osucyna SK9OMC-C
supobruymea komnawii HSD-MAN B&W

Crig Bim3HaYWTH, MO OUTBIIICTE IarHOCTUYHUX CHCTEM, SKi 3apa3 BUKOPHCTOBY-
IOTbCSL Ha (JIOTi, JAIOTh JOCHTh OOMEXEHY HOMEHKIIATypy HaHUX 3a pe3yJbTaTaMu
00pOOKHM OTPUMAaHUX IHIWKATOPHUX AiarpaM. B skocTi nmpukiamy, Ha puc. 2, HaBeICHO
inTepdelic BUBOy pO3paxyHKOBUX JaHWUX OTPUMAaHUX 3a pe3yJabTaTaMH 1HIIiFOBaHHS
JIBUT'YHA 32 JJOIIOMOTOIO IepeHocHoro npuctporo Kyma Diesel Analyzer .

File Measure View Administration Help

o8 @ EmAl KA

& Print Measured values
2 Holp Indicated power- | 23037 kw Shaft power. 14460 e
* Shaft speed: [ 609 rpm
(] Export Engine speed: 60.9 rpm
Cyl Power | Rpm Pmi | Pcomp | Pmax | Pmax pos | Pexp | Pmax-c|Ign pos| Scav
(kw) | (rpm) | (bar) | (bar) | (bar) | (deg) | (bar) | (bar) | (deg) | (bar)
1 2841 60.9 13.8 839 1326 107 313 487 04 12
2 4045 60.9 19.6 65.0 1271 174 434 62.1 2.5 1.2
3 4088 61.0 19.8 639 1281 174 431 64.1 32 12
4 3888 61.0 18.9 655 129.2 164 415 63.8 2.8 1.2
5 3956 61.0 19.2 63.9 1305 157 414 66.6 28 12
6 4219 60.8 205 651 129.9 7.7 443 64.8 2.8 1.2
Mean 3339| 50.9| 1s.s| 5?.9| 129.5| 15.9| 4o.s| 51.?| -1.3| 1.z|

Puc. 2. Inmepgetic 6u800y po3paxyHKo8UX OAHUX OMPUMAHUX 3a Pe3YTbIMamamu
IHIYII068aKHS O8USYHA 3 OONOMO20I0 NepeHocho2o npucmpoto Kyma Diesel Analyzer

OxkpiM BUBOIY Tpad)iqHOTO BiIOOpaKEHHS IHIUKATOPHUX JiarpaM y p¢ Ta pV —Koop-
IUHATaX, KOPUCTYBady HAIa€ThCs OOMEXeHa HOMEHKIIaTypa IapaMeTpiB poOodoro
TIpoIIECy, a caMe: IMTHAPOBa MOTYXHicTh (Power); wactota obeprarns (Rpm); cepen-
Hil iHAIKATOpHUH THCK (Pmi); THCk HanpuKiHIli cTrckaHHSA (Pcomp); MakcuManpHII
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TUCK KTy (Pmax); KyT nqocsraeHHs MakcuMansHoro Tacky micist BMT (Pmax pos);
TUCK Ha JiHil po3mmpenHs npu kytu 40° micns BMT (Pexp); miaBuiieHHS THCKY
y pobouoMy IHITIHIPI B HACHIZOK 3ropsiHHs (Pmax-c); KyT mo4aTKy 3ropsiHHS BiJIHOCHO
BMT (Ign pos) 1 THCK HaiTyBOYHOTO TIOBITpS (Scav).

AJle BUKOPUCTaHHS I[bOTO HA0OPY JaHWX B NIaTHOCTHYHUX LUIAX TYXKE YCKIaIHEHO.
B 0CHOBI OiITBIIOCTI METO/IIB A1arHOCTYBaHHS JICKHUTh MOPIBHSIHHS TAHUX OTPHUMAaHUX
i1 9ac 00CTEXKEHHS IBUTYHA y MPOIleci eKCInTyaTallii 3 3HAYSHHSIMH sIKi PUHMaIOThCs
B SIKOCTi €TaJOHHMX. | caMe y IbOMY TOJSATalOTh CKJIAJHOCTI. BilbIIicTh HacTaHOB-
HUX JOKYMEHTIB PEKOMEHYIOTH B SIKOCTI €TAJIOHHUX BUKOPHUCTOBYBATH MapaMeTpH sKi
3HATO 31 CIIPaBHOTO JBHUTYHA (IWJIIHpPA) HA HOMIHAJILHOMY PEKHMI, OHAK SIK BH3HA-
YUTH CTYMiHb BiJMIOBIHOCTI JABHTI'YHA CIIPABHOMY CTaHy Ha PEXHMi BiIIMIHHOMY BiJ
HOMiHaIpHOTO? J111s1 IbOTO Tpeba MaTH KPHUTEpii U TAKOTO BU3HAYCHHS. TakuM YHHOM
BUHHKAE 3aMKHYTE KOJIO, IIOOW BU3HAYHMTH CIPABHICTH JBUTYHA HEOOXiMHI 00’ €KTHBHI
KpHTEpii, a 00N MaTH 11i KpUTepii He0OX1THO SIKKMOCh YNHOM BH3HAYUTHUCH 31 CTYIICHIO
CTPaBHOCTI JBUTYHA. B NEsSKUX BHUIMAAKax MEXaHIKaM, PpEKOMEH/IY€EThCS MOPIBHIOBATH
OTpHUMaHi MTapaMeTpH 3 CepeJHIMU 3HAUCHHSAMH (came JJisl HOTO 11l 3HAYSHHST OKPEMO
PO3pPaxoBYHOTHCS TIPOTrPaMOI0 0OPOOKHU JaHUX, PUC. 2), OHAK 3 PUC. 2 BUIHO, K BIIXH-
JICHHSI OJTHOTO ITWJIIHAPY BILIMBAIOThH B 3arajioM Ha BeCh Ha0Ip CEpeHIX 3HaucHb. ToMy
e(eKTUBHICTh TaKOTO MiIXOJY TEXK JYKE CyMHIBHA. Tex caMe CTOCYeThCs 1 rpadivHuX
BiZIOOpaXKeHb 1HAMKATOPHUX JiarpaM y p Ta p V-koopauHarax 3a popMOI0 SIKKX ITPOTIO-
HY€ThCSI BU3HAYUTH BIIXUJICHHS BiJl HOPMAJILHOTO Mepediry po0o4oro mporecy.

SIKIIo A71st pEKUMIB HOMIHAJIBHUX HABAHTAXKCHB Y SIKOCTI €TAIOHHUX 1HUKATOPHUX
JiarpaM MOXyTh OyTH BUKOPHCTaHI JiarpaMu OTPUMaHI ITiJ] 9ac CTEHIOBUX BUIPOOY-
BaHb JIBUTYHA HOrO BUPOOHHMKOM, IIIO BXKE 3raJlyBajioCh BUILE, TO JUIS IHIINX PEKUMIB,
aBTOPHU TIPOIIOHYIOTH OTPUMYBAaTH €TAJIOHHI JiarpamMH aHaJITHYHO, SIK IIe TIOKa3aHO
y pobori [6].

Criuparounch Ha pe3yabTaTd aHami3y, JJsl JeMOHCTpAIlil METONLY, B SIKOCTi pO3paxyH-
KOBOT'O PEXKHUMY PO3IIITHEMO poOOTYy JIBUI'YHA HA HaBaHTaKeHHI 47% BiJ HOMiHAIBHOT
MOTYXHOCTi. Bu0ip came Takoro HaBaHTa)KEHHsI BiJIOBiJa€ HAMOUIBII MOIIUPEHOMY
pexxuMy ekcruryaraiii romopaoro apuryHa cepii SKOOMC-C cynna ZIM LUANDA
(IMO 9403229). Came Take HaBaHTaKEHHS J1I03BOJISIE TAPAHTOBAHO €KCILTyaTyBaTH JIBU-
T'YH Ha PEXHMMI BHIIE MEKI BKIIFOUCHHS/BUKITIOUCHHS JOMOMIKHUX MOBITPSHUX MPOAY-
BOYHHX HACOCIB.

s oTpuMaHHS PO3PaxXyHKOBOI IHIMKATOPHOI JiarpaMH y B p@-KOOpIWHATax
3D-noBepxoHIO pOOOYHX PEKHUMIB HEOOXiIHO MEPEeTHYTH IUIOUIMHOK TEPIEeHINKY-
JIIPHOIO BiCl HaBaHTaXeHb. J[J1s1 YncI0BOro mpoghiiar, CTBOPEHOrO 3a JOMOMOTOO MPO-
rpamuoro cepenosuiia MATLAB & Simulink, 11100 BUKOHATH 110 IPOIEIYPY I0CTAT-
HBO 3aJIaTH KOOPUHATH OJHI€T TOUKH SIKa HAJICKUTh NaHIl KPHUBIii.

B Hacniziok Takoro nepeTuHy, OTPEMYEMO TEOPETUYHY €TAIOHHY 1HJHKATOPHY Jlia-
rpamy B p(-KOOpIuHaTaxX Ha BiIOBIAHOMY pexxumi (puc. 3).

3a pesynbpraramMu 00poOKH 0a30BHUX Jliarpam 3a JJOIOMOTO0 alPOKCHUMAIIii 3 BAKOPHUC-
TaHHSIM NIOBepX0oHb KyHca [15] MOkMBO oTprMaTH Habip YHCIOBHX MACHUBIB, 3 IIATOM
B 1% 1O HaBaHTaKEHHIO, B YChOMY Jiala3oHi poOOYMX PEXHMMIB JBHUTYHA, SKHN
BiZloOpaskae BiNMOBIIHI 1HJUKATOPHI JiarpaMu y pp-koopanHarax. L[i MacuBu MOXyTh
OyTH 30epexeHi y To0oMy GopMari, BKITFOUA0UH 1 HAHOUIBII MOMUPEHUH (opMart s
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30epeeHHs YnuciIoBuX aanux — Microsoft Excel. Cii Big3HauUTH, 1110 CaMe B IIbOMY
(dopMari CyTHOBUMHU MEXaHIKaMH BEIEThCS OLIBIIICTh EIEKTPOHHUX MPOTOKOJIB JOCITi-
JDKEHHS TEXHIYHOTO CTaHy CYJIHOBOTO OONaJHAaHHS M caMe B Iiel (opMmar eKcropry-
IOThCSI JITaHHI OUTBIIICTIO POTPaMHKUX TPOAYKTIB, MO WAYTh Y KOMILIEKTi 3 BHMIpPIO-
BaJIbHUMH KOMILJICKCAMHM JUTsl IHIUIIIOBaHHS poOouoro mporecy (puc. 2). Came Tomy
poboTa 3 3a3HaYeHNMHU MacCHBaMH He MOBHHHA BUKJIMKATH TPYIHOIIIB Y MEPCOHAIY, IO
00CITyTOBY€ EHEPreTUUHY YCTAHOBKY.

Puc. 3. Ilpuxnadu ompumaHnus po3paxyHkoeoi inoukamoproi oiazpamu
8 PY-KOOPOUHAMAX 05l HABAHMAdICeH A 47% 8i0 HOMIHANLHOT NOMYICHOCTI, WLTAXOM
nepemuny 3D-nosepxui pobouux pescumis osucyna SK9OMC-C

CTBOpEHHS YMCIOBOTO Mpodinto Mo 6a30BUM jAiarpamMaM OTPUMaHHMM Yy XOIi MpH-
HMalbHO-31aBaIbHUX BUIpOOyBaHb OBUTyHa (puc. 1), BigOyBaeThcs 3a creLialbHO
PO3pOOICHOI0 METOJMKOIO 3 BUKOPUCTAHHSAM PI3HOMAHITHOTO MpPOrpaMHOro 3abdesme-
YeHHS [6] i BUKOHY€TBCSI OKPEMO AJIs1 KOKHOTO JBUTyHa. Lle osICHIOEThCS THM, 1110 CYA-
HOB1 Manio00EpTOBI IBUTYHHU € TyXe criequ(iuHIM BHPOOOM, TOMY HaBITh OAHOTHUIIHI
JIBUTYHH, IOOYAOBaHi Pi3HUMH BUPOOHHKAMH B 3aJIE)KHOCTI BiJl TEXHOJIOTIH 3a SIKUMH
BOHH BUPOOIISIINCS, HABIIIAHOTO YCTATKYBaHHs, SIKE MOXKE MaTH BiIMiHHI XapaKTepuc-
THUKH, HACTPOIOBaHHS OKPEMHUX arperariB i CUCTeM, MOXKYTh CYTTEBO BiApi3HATHCSA 3a
XapakTepoM NpoTikaHHs podoyoro mporecy [6]. Came TOMY KOKEH ABHTYH Mae€ CBii,
JOCUTH yHIKaJbHUN HU(GPOBUH MPOQib SIKHH MOke OyTH CTBOPEHO 3a 3aMOBJICHHSIM
CYIHOBJIaCHMKa Ha TEpIIOMY eTami BUPILICHHS 3a/adi AiarHOCTYBaHHS ABHWIYHA Ha
pEeXMMax 4acTKOBMX HaBAaHTAXKECHb. Pe3ynbTaToM Mepuioro eramy, came i € CTBOPEHHS
3D-noBepxHi poOOYNX PEKUMIB Y BUIVISII YHCIOBUX MAacHBIB Ta HaJaHHS Y CYyHPOBOII
3 HMHU CIIeNiaJIbHO PO3POOICHOT0 pO3paxyHKOBOTO KOMIUIEKCY, SIKUH J03BOJISIE POOUTH
noruONIeHnH aHami3 poOOYHMX MPOLECiB 3 BUKOPUCTAHHAM iHAMKATOPHUX Jiarpam, K
EKCTIOPTOBaHMX 3 YMCIOBOTO MPOQiII0, TaK 1 OTPUMaHMX MiJ Yac eKCIUTyaTamiiHuX
BUNPOOYBaHb JBUTYHA HA PI3HUX PEKUMAaX HABAHTAKECHHS.
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Y po3paxyHKOBOMY KOMIUIEKCI peali30BaHO MPHHIIMI TMONEPEAHbOI 00pOOKHU
IMIIOPTOBAaHUX YUCJIOBUX MACHBIB 1 MOOYIOBH 32 HUMH IHIMUKATOPHUX Jiarpam y po@
Ta pV-xoopauHarax (puc. 4) [16].

OF'em, m
- m M m B B - - . =
= = o= ] o o L) b B k-4 = = ™ E = b w =
o = LS o o o = = = = o = - - P — - )

Teew, Sop

m *'-—\

(=% - T - - S o T -~ T~ T~ V.~ T~ T .~ TN N - NN, - S .
% s 8 8 g 8 3 8 8 8 8 2 &8 8 8% 8 % &

Kym ofepmy, spad

Puc. 4. Inouxamopni diazpamu y pp ma pV-koopounamax nodyoosani
3a pe3yIbmamamu anpoxcumayii 6a308ux Kpusux 0is pexicumy Haganmaoicenus 47%
810 HOMIHAILHOI NOMYIHCHOCTNI

ITonanpia 00poOka giarpam y p V-koopanHaTax BUKOPUCTOBY€ETHCS JIsl BU3HAUCHHS
SHEPreTHYHHX TMOKa3HUKIB pOOOYOTO IMpPOIIeCy, & Y pO-KOOPAMHATAX IS BU3HAYCHHS
JTUHAMIYHUX [MOKA3HHUKIB.

Ha puc. 5, npescraBieHo fuHaMIYHI XapaKTEPUCTHKH pOOOYOro IPOIIECy Ta MPoLecy
TEIUIOBUICHHS B HACJIZIOK 3rOPsHHS IMMajlBa, OTPUMaHI 3a pe3yjbraraMu 00poOKH
PO3paxyHKOBUM KOMILJICKCOM €TaJOHHOI 1HAMKATOPHOI JiarpaMu BiIIIICHOT 3 MaCHBY
JIAHUX YHCIOBOTO MPodiIro podOYOro npomecy sk HaBaHTakeHHs 47% Bi HOMiHAb-
HO{ ITOTY>KHOCTI.

Y pesynbrari 0OpOOKM OTpUMaHHX JliarpaM pO3paxyHKOBHM KOMILJIEKCOM BiJl-
3HAYAETHCS PsJ] MOKA3HUKIB, SKI HAWOLIBII CYyTTEBO XapaKTEPU3yHOTh poOOUnil HpoO-
nec ta Horo mepeOir. 3a pesyabraTaMu UX PO3paxyHKIB iHTepdeiicom GopMmyeTbes
TaOJUIIS MapaMeTpiB sKi BUBOJSTHCS Ha €KpaH MOHITOPY, a00 PO3IPYKOBYIOThCS Ha
TPHHTEDI.

[pu mogankIOMy aHami3i TEXHIYHOTO CTaHy ABHTYHa 200 BiITOBIIHOCTI HOTO pery-
JIIOBAaHb ITOYaTKOBUM, BUKOHAHUM 3aBOJIOM-BHPOOHHKOM, caMe IIi MapaMeTpy MOXKYTb
OyTH BUKOpHUCTaHi sk 0a3a Jyis nopiBHAHHS (Tadi. 1).
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Puc. 5. Pospaxynxogi diaepamu ounamiunocmi pobouoeo npoyecy
ma npoyecy menio8UOLIeHHs OMPUMAHI 3a pe3yibmamamu 00poOKU po3paxyHKo8oi
emanioHHOT IHOUKamMOPHOI diazpamu OISt pedcuMy Hasanmasjicents ogueyna 47%

8i0 HOMIHAILHOL NOMYIHCHOC

Tabmung 1

Po3paxynkoBi mapamerpu podouoro npounecy aAsuryna SK9O0MC-C

JJIS1 HABaHTaxeHHs 47% BiJl HOMiHAJIbHOI OTYKHOCTI

IHapametp 3Hau. ITapameTtp 3Hau.
1 2 3 4
Buxigni nanni .

_ IIBuAKiCTH HAPOCTAHHS TUCKY Max 0.140
MakcuManbHUM TUCK LIUKITY, 97 dp/dgp, MIla/° >
D2 08D
O6eptH nBHTYHA, XB™ 81 MaxkcuMaibHa TeMIEpaTypa UKy 1836.4
Pesynbraru po3paxyHKiB T, ,°C ’
ITacnoptHa nuTOMa BUTpara 172.0 Kyt nocsirnenns T, °miciit BMT 26
nauBa, r/(kBrxron.) " | KyT 3aKiHYeHHS 3TOPAHHS, °Tics 27

['a3000MiH BMT
[linbHICTE MOBITPS HA BXOI 7929 TermnoTa 3a mukn TeopernyHa, kJx | 3102,5
710 IWTiHIpa, KT/M> ’ Po3mupenns
Maca 3apsay nwiiHapa, KT 2,500 |PobGora po3mupenns, k/x 2631,6
ITuroma BuTpara nositps Kr/ 8,487 |BamancL__ =L _ °micas BMT 40
(KBTX]“()Z[_) CTHC. Ppo3IIHp.
KoeoirienT Ha/uMIIKy noBiTps 3,403 | KyT BiAKpHTTS BUILyCKHOTO 485
KyT 3akpurTsa BikoH, °micis HMT 31 |xuamany, °no HMT ’
KyT 3akpuTTS BUITyCKHOTO Temneparypa Ha Mo4YaTKy BHITYCKY

o 57,5 . I 822,77
kyanany, ° miciust HMT BiJMNpalboBaHUX rasis, °C
oBgﬁ?;aI\E? Gosoro 06’emy 1a raso- 0,424 | Tuck Ha mouarky BuIycky, Mlla 0,510
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3akiHuyeHHs Tadumni 1

1 2 3 4
Bt .
H; crglézggﬁ?:eﬁoro xony 0,290 | KyT BifiKpUTTS MPOLYBOYHUX 31

BixoH, °mo HMT

CruckanHs
THCK HAIPUKIHI[ CTHCKAHHS, 6.581 [MokazHnkn po6oYOro Mpouecy
MlIla (BMT) ’ Cepenniii inukaropHiii tTuck, MIa | 1,116
Temneparypa 3apa1y HanpHUKiHII [HMKaTOpHA MOTYXKHICTH IMITIHAPY,
cruckanus, T, ° 960,3 kBT 22048
Pobora cruckanHs, kJbk 998,46 | InaukaTopHa MOTYKHIiCTh JIBUTYHA, 17638.1
3ropsHHs kBT ’
I{uxiioBa mogava, Kr 0,073 | EdexrtuBHa MOTYXHICTH, KBT 16579,8
Kyt nouarky 3ropsiuus, °no BMT 1,0 |Pobora 3a nukin, kJx 1633,16
EAaKCI\P/I[hﬁa;IBHHH THCK ItHkITy 9,44 | Inpukaropuuit KK/ muxry 0,526
Kyt nocsaruenns p_, °miciast BMT 17,5 |Edexrusnuii KKJI nuryna 0,494

B takuii xe croci0, 3a 10moMororo po3po0IeHOro aBTOpaMH pO3paxyHKOBOTO KOMII-
JIeKCy MOXKYTh OyTH 00poOJIeH] iHIUKATOPHI iarpaMy OTPUMaHi MiJ] 9ac eKcIuTyararii
JIBUTYHA Ha aHAJIOTTYHOMY PEKUMI.

KiHneBuM pesyasTaToM po3paxyHKiB € JIBa OIOKH MapaMeTpiB: eTATOHHUX Ta OTPH-
MaHHX IIiJi 4ac TUIaHOBOTO OOCTeKeHHs ABUryHa. [1InsxoM MOpIBHSAHHS IUX mHapa-
METpIiB, 32 ICHYIOUMMH METOJIUKAMH, 3IIMCHIOEThCS OIlIHKA HOTO TEXHIYHOTO CTaHy
Ta MPaBWILHOCTI PETYITIOBaHHS.

VY mopanbioMy ISl TEXHOJOTIS MOXKe OyTH BHKOpPHCTaHa SK CKJIaJ0Ba 4YacTHHA
Cy4YaCHHX JIIarHOCTUYHUX KOMIUICKCIB, SIKW 3HAXOAATh BCE OUIBIIE 3aCTOCYBaHHS Ha
Cy[IHax, y TOMY YHCIi 00JIaIHAHUX IBUTYHAMH 3 €JICKTPOHHIM KEpyBaHHSIM.

BucHoBkn

Po3pobneHo MeTomomnorito OTpUMAaHHS €TATOHHUX PO3PAXYHKOBHX 1HIUKATOPHUX
JiarpaM st BChOTO Jlialma3oHy poOOYHMX PEKUMIB JBUTYHA 3 3aCTOCYBaHHSAM HUPO-
BOTO Tipodiso pobovoro mporecy. 3a JOMOMOTOI0 PO3PaXyHKOBOTO KOMILIEKCY, 3aIpo-
MOHOBAHOI'O aBTOPaMH, MOXKE OyTH BUKOHAHO PO3LIMPEHUI aHalli3 poOOUOro Mporecy
JBUTYHA 3 OTPUMAaHHIM MapaMeTpiB, IO XapaKTepHu3yroTh iioro nepeodir. Lli mapamerpu
MOXYTh OyTH BUKOPHCTaHI SIK 0a30Bi JAJIsl MOPIBHSHHS 3 pe3yJbTaTaMy iHANIIIOBaHHS
JIBUTYHA IT1]1 4ac HOro eKcIuTyaTarfii.

[MopiBHstHHS 060X OJOKIB TTapaMeTpiB € 06a3010 JJIsi BU3HAUYCHHS TEXHIYHOTO CTaHY
JBUTYHA Ta MPaBUIBHOCTI 1OTO PETYIIIOBaHb.

YucnoBi mpodini pobodoro mporecy, METOAOJIOTIsI OTPUMaHHS SKUX po3poliieHa
aBTOpaMH, MOXKe OyTH BUKOPHCTaHa SIK CKJIaJJ0Ba YaCTHHA JUIS CYYaCHHUX JiarHOCTHY-
HUX KOMIIJICKCIB, 110 3HAXOSTh MOAAJIbIIE MOMUPEHHS Ha CyIHAX 00JIaIHAHUX JIBUTY-
HAMH 3 eJIEKTPOHHUMH CUCTEMaMHU KepyBaHHS.
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Summary

The purpose of the work is to develop a mathematical model and a method
for calculating the maneuvering modes of propulsion electrical power plants with
thrusters. Methodology. During maneuvering, both the propulsion electric power
plant, the thrusters, and the ship’s hull operate in transient modes. The durations
of transient processes in them are commensurate, so the analysis of the behavior of
any constituent part of the propulsion complex should be carried out in unity with
all other parts. The results. A mathematical model and a method for calculating
transient modes of propulsion complexes of electric ships with thrusters have been
developed. The operation of thruster propellers is considered taking into account
the hydrodynamic processes of their interaction with the ship’s hull, viscous losses
and viscous interaction. The criteria of dynamic similarity and the generalized
dimensionless parameters of the complex affecting the maneuverability indicators
were revealed. The workability of the model and the calculation method is confirmed
by the results of numerical simulations, which illustrate the effect of the operation of
the thrusters on the electric ships’ maneuverability. Scientific novelty. The model and
the calculation method allow calculating the main mode indicators and indicators
of the quality of maneuvering of modern electric ships equipped with thrusters. At
the same time, control of operating parameters of all components of the propulsion
electric power plant is carried out. There is an opportunity to design propulsion plants
according to the final result — according to the quality of the vessel s maneuverability.
Practical value. The calculation method will make it possible to conduct a study of
the behavior of propulsive complexes during maneuvering, to optimize the control
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process, and to find ways to increase the electric ships’ maneuverability. Bible. 15,
tab. 2, Fig. 7.

Key words: electric ship's propulsive complex, thrusters, mathematical model of
transient modes.
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Anomauisn

Memoro pobomu € po3podxa mamemamuiHoi MoOeni ma Memooy po3paxyHKy nepe-
XIOHUX PedCcUMi6 2peOHUX eNeKmpOoeHepeemudHUx YCMAaHo80K 3 NiOpYIoIouUMY npu-
cmpoamu. Memoouka. Ilpu manespysanni i epebna enexmpoenepeemuyna yCmanosxa,
i niopynouu npucmpoi, i Kopnyc cyona npayiooms Ha nepexionux pexcumax. Tpuea-
J0Cmi nepexioHux npoyecie y HUX CHiMIpHI, momy aHaniz nogedinku OyOb-aKoi cKia-
00801 Yacmuny NPONYIbCUBHO20 KOMNILEKCY NOGUHEH NPOBOOUMUCS 8 EOHOCHI 3 YCiMa
iHwumu yacmunamu. Pezynemamu. Po3poOneno mamemamuuny mooens ma memoo
PO3DAXYHKY NEPEXiOHUX PeNCUMIE NPONYIbCUBHUX KOMNIEKCI eleKmpox0dis 3 RiOpyito-
1ouumuy npucmposmu. Poboma epednux 26unmie niopyniouux npucmpois poseisiHyma
3 YPaxy8aHHAM 2iOpOOUHAMIUHUX NPOYeECi8 iX 83aEMO0ii 3 KOpNYycom CYOHA, 8 A3KICHUX
empam i 8 s3KicHol 63aemo0ii. Bussneno kpumepii ounamiunoi nodibnocmi ma y3a-
2anvbHeHi 6e3po3MIpHI napamempu KOMNIEKCY, Wo GNIUGar0mMy HA MAHEEPEHI NOKA3HU-
ku. Ilpayesoamuicmes moodeni ma memooy po3paxyHKy HiOMEepO*CeHi pe3yibmamamu
YUCENbHO20 MOOENIOBAHHSA, WO IIOCMPYIOMb 6HAUE POOOMU NIOPYIIOIOUUX HPUCHPO-
i6 Ha manespenicmv enexkmpoxooie. Haykoea noeusna. Mooenv i memoo pospaxyn-
Ky 00380I810Mb PO3PAX08Y8AMU OCHOGHI PEHCUMHI NOKAZHUKU MA NOKAZHUKU SAKOCI
MAaHesPYBAaHHs CYYACHUX eleKmpoxo0is, 00NAOHAHUX NIOPYIIOIOUUMY HPUCHPOIMU.
OoHouacHo 30iUCHIOEMbCA KOHMPONL PENCUMHUX NOKA3HUKIE 6CIX CKAAO0BUX YACTHUH
2pebHoi enexmpoenepeemuunoi YCmanosxKu. 3 a6IAEmbcst MONCIUBICINb NPOEKNTY8AH-
HSl 2peOHUX YCMAHOBOK 3a KIiHYeGUM pe3yNbmamom — 3a SKICIIO MAHes8py6ants cyo-
na. IIpakmuune 3nauennn. Memoo po3paxyHKy 003601ums NpPoOOUMU OOCTIONHCEHHS
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NOBEOTHKU NPONYIbCUBHUX KOMNIEKCI8 NpU MAHeEPY8AHHI, ONMUMIZY6amu npoyec
VIPABAIHHS, GIOULYKYBAMU WLIAXU NIOBUWEHHS MaHespeHoCcmi elekmpoxodis. bion. 15,
maobn. 2, puc. 7.

Kniouosi cnosa: nponynvbcugnuii Komniekc eiekmpoxood, niopyaroryi npucmpoi,
MaAMeMamuyHa MOOeTb NePexionux peicumis.

Relevance. The controllability of the vessel, that is, its ability to follow a given
trajectory or change the direction of movement at the command of the shipmaster,
is one of the important seafaring qualities that determine the operational capabilities
of the ship and, to a large extent, the safety of navigation. Traditionally, the main means
of controlling the ship is the stern rudder. However, the action of the rudder is effective
only if there is a significant speed of the ship. In certain operating conditions (on a limited
fairway, on moorings, when maneuvering in limited conditions, etc.), it is impossible
to develop a speed sufficient for effective control of the vessel. Poor controllability
of ships in similar conditions was the cause of most accidents: collisions; groundings
and groundings on rocks; impacts against the walls of piers, etc. To ensure controllability
at low speed and without speed, thrusters (7%) are installed on ships, which create
additional steering thrust. They can create lateral force at any, however small, speed
of the vessel. After 1965, when Kawasaki launched 7%s production, they began to be used
as the most important elements of the propulsion system and began to be widely used for
almost any type of vessel, from dry cargo, passenger, container carriers to offshore. The
power of the thruster electric motors varies from several dozen to 5000 kW. It should
be enough to ensure the required thrust value of the thruster propellers. The magnitude
of this power depends on many factors, and first of all on the required maneuverability
properties, and even for vessels with a moderate degree of maneuverability. The share
of power (K, _coefficient) of Th electric motors relative to the power of the propulsion
electrical power plant (PEPP) reaches K, = 0,24 (see table 1).

Table 1
Proportion of engine power of propulsion devices in PEPP
Europa 2 . Sy .
Name . Vasily Mikhail Carnival
of the vessel Arctikaborg (Hapaqg- Dinkov Ulyanov Miracle
Lloyd)
. Arctic . .
Type Icebreaker | Cruise vessel tanker Arctic tanker | Cruise vessel
Vessel length, m 65,1 2254 2573 257,7 2925
Th total power, 4000 5730
kW 150 1750 2000 (2x2000) | (3x1910)
PEPP total 3240 14500 20000 17000 35200
power, kW (2x1620) (2x7250) (2x10000) (2x8500) (2x17600)
Power share Ky, 0,05 0.12 0.1 0.24 0.16
of Th motors

Thus, the thruster is one of the most powerful electricity consumers on the ship.
Its work has a very significant effect on the operation of the ship’s power plant, on
the electrical power quality of the ship network. Therefore, a number of tasks arise in
the process of designing and operating electric motors, the most important of which is to
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achieve the necessary maneuverability of the vessel, while ensuring the proper operation
of both the ship’s electrical power sources and the ship’s general consumers. Their
solution can be sought by modeling the maneuvering modes of operation of electric
ships with thrusters.

State of the issue. The operation of thrusters during ship maneuvering has been
considered in numerous studies. But for the most part, they are aimed at solving specific
applied tasks that relate specifically to thrusters. In particular:

Works [1-4] present the results of experimental and numerical research
of hydrodynamic characteristics and the effect on the efficiency of bow thrusters (T4B):
different chamfer depths and tunnel opening angles [1]; different angles of water inflow
and fillet radii [2]; interaction of several bow thrusters at “zero” ship speed [3], pressure
fluctuations in the tunnel [4].

Work [5] is devoted to the modeling of the load on the 7AB in operating conditions.
The analysis of the operation of the 7hB motor in conditions of voltage imbalance
that occurs on the ship was carried out in [6]. Issues of operational control to increase
the energy efficiency of ship micro nets (including 74B) are considered in work [7].

Article [8] proposes a method of building the trajectory of a ship’s turn using a control
device. The expert system that ensures the design of the ship’s power subsystems, in
particular the 7/ subsystem, is presented in work [9]. The simplest mathematical models
are used here for the approximate selection of structural elements of the thrusters. The
proposed expert system is intended to check at the initial stages of design the compliance
of the analyzed structure with the requirements of classification societies.

A number of works [10; 11] consider the issues of transition from the most common
independent control bodies for thrusters, propellers and ship rudders to an integrated,
power-optimized, generalized control system using a joystick with three degrees
of freedom. In particular, [10] investigates the problems of thrust distribution in
the propulsion electrical power plant, consisting of propulsion motors (PM), tunnel
or azimuth thrusters during their interaction. The purpose of the study is to increase
the efficiency (reduction of energy consumption while maintaining maneuverability)
of movement and the accuracy of thrust generation from the motion controller. In [11],
the results of studies of potential energy savings in the operation of a RoPax twin-
screw ferry with a bow thruster are presented. The research was carried out on the basis
of a simulator and is aimed at improving maneuvering in sea ferry ports, that is in
marine areas sensitive to harmful emissions into the environment.

Analysis of the published results of earlier studies allows coming to the following
conclusions.

The main task that researchers set themselves is to assess the maneuverability
of vessels equipped with thrusters. At the same time, only the tasks of controlling
the movement of the vessel are solved. The authors try not to touch the propulsion
plant, to avoid issues of interaction between the propellers and the ship’s hull. Most
often, the works deal with the issues of improving the structural parameters of the 7%,
creating the software of the simulators, which should be used to practice the techniques
of controlling the vessel movement.

Ship electrical power equipment is not considered. It is assumed that propulsion
motors and propellers work in stable mode, at low speed. Thus, from the single ship
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propulsion complex (ship hull, propellers, propulsion electrical power plant) are, in fact,
separated and only the ship hull is considered.

At the same time, a number of questions arise. And is the propulsive complex with
thrusters capable of performing the planned maneuver? Is the ship’s electrical power
plant able to ensure the operation of this complex? What will be the load on the electric
power system? Will the protection system not work in this case and will the maneuvering
process face a dangerous situation of failure to maneuver in a limited water area?

To answer these questions, a systematic approach is necessary: the electric ship’s
propulsion electrical power plant with thrusters must be considered together with all
the components of a single ship propulsion complex. A suitable mathematical apparatus
is necessary in order to solve the problems of controllability of vessels with thrusters
during maneuvering operations, for the correct layout and design of the electrical
power system capable of providing the vessel with high maneuverability qualities, for
the possibility of finding the best options for controlling such a complex propulsive
system in various modes of operation. The purpose of this work is to build a mathematical
model of transient modes of electric ships’ propulsive complexes with thrusters.

Problem solving method. As a basis for the analysis of the maneuverability
characteristics of the electric ships’ propulsion complexes with T# it is proposed to lay
a mathematical model of the transient modes of the propulsion complex with a single
shipboard electric power plant, which is presented in works [12; 13]. The version
of the propulsion plant given by them corresponds to the classic layout of the electric
propulsion system based on frequency-controlled propulsion motors. The electrical
power plant includes heat engines, synchronous generators, ship-wide power consumers
and several (usually two or three) “power” propulsive circuits. Each circuit includes
a frequency converter, an asynchronous propulsion motor and a propeller. In addition
to the propulsion electric power plant, the propulsive complex includes the rudder
and the ship’s hull.

The model and the calculation method developed on its basis allow calculating
the current values of the main mode indicators of all constituent parts of the propulsive
complex during maneuvers:

— foreach power circuit: angular speed of rotation, torque and the heat engine power;
generator voltage and current; voltage, current, torque and angular speed of rotation
of the propulsion motor;

— according to the parameters of the ship’s movement: the speed of movement in
the coordinate system connected and not connected to the ship; angular speed of rotation
around the vertical axis; drift angle and vessel course angle.

If necessary, any other regime indicators obtained in the process of calculations can
be registered.

The presented model has shown its efficiency. By analogy with it, and in accordance
with the goal set in this work, it is proposed to develop and introduce into the propulsive
complex a mathematical description of the processes that take place in the thrusters
during ship maneuvering. This will make it possible to analyze the maneuverability
characteristics of modern electric ships, evaluate the operating modes of their electric
power plants, and open up opportunities for optimal design and optimal control of ship
propulsion complexes.
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The thruster propeller, like any ship’s propeller, interacts with the environment,
with the walls of the channel, with parts of the T# itself. Despite the fact that the main
mode of the thruster operation is to control the vessel in the absence of its motion,
at low speed it, nevertheless, significantly affects the vessel movement and is used
during maneuvering. The operation of a real thruster is affected by viscous losses
and viscous interaction, channel configuration, and much more [14]. Based on this,
taking into account the difficulties in describing the working processes of propellers
of propulsion and steering systems, the inaccuracy in determining the main coefficients
of interaction between the propellers and the ship’s hull, researchers try to avoid
considering the hydrodynamic processes of the interaction of the thruster propellers
with the ship’s hull. They try to use some generalized coefficients, the accuracy
of which is small, and the physical value is not completely defined. Such a simplified
approach is acceptable to a certain extent if it is only about an approximate assessment
of the maneuvering characteristics of the vessel. If, in the course of research, questions
are asked from the perspective that was determined in the form of the goal of this work,
if it is about the ability of the electric vessel and its electric power plant to perform
the task while maintaining the operability of all ship systems, it is mandatory to take into
account the hydrodynamic processes of the interaction of the thruster propellers with
the ship’s hull. It is also obligatory to take into account the interaction of the remaining
components of the ship’s electrical power plant.

It is proposed to lay the well-known Hoffmann method [14] as the basis for
the hydrodynamic calculation of the thruster propellers. The method is based on serial
test diagrams of propellers in a thin cylindrical pipe. K4-55 type propellers were used
(B4-55 Wageningen basin propellers with a blade contour in the form of a Kaplan
turbine blade).

The following should be noted immediately. Naturally, for the propellers with other
profiles and parameters, the diagrams will differ. But firstly, it does not affect the method
of calculating hydrodynamic characteristics. Secondly, the system of dimensionless
parameters, which is embedded in the mathematical model developed in this work,
and the adopted approach to the analysis of transient modes of operation (in which
the generalized dimensionless parameters of the electric ship’s propulsive complex
are used as varying parameters) completely eliminate the difference between these
parameters.

The calculation is based on the following provisions.

1. During the operation of the propeller in a thin cylindrical pipe in the mooring
mode (vessel speed v = 0, propeller advance A = v/Dn, where D and n are the diameter
of the propeller and its rotation frequency), the relative advance of the propeller
according to the speed of water flow A, = v/Dn in the pipe depends only on the pitch
ratio of the propeller P/D (Fig. 1).

The propeller thrust in this mode (neglecting the small resistance of the thin pipe
& =~ 0) corresponds to

Pp= pAo(0? / 2) = pAy(v,* / 2), (1)
where p — water specific gravity; 4,_area of the propeller disk; o — axial component
of speed caused by the propeller; v, — speed of water flow through the propeller.
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hs 1 T T The load factor of the propeller according to
IEEEEEEE / B the speed of the water inflow
i"?" A op = 2T/ pv4,=1,0. 2
T Vs The thrust coefficient 6,, = 27/ pv,24, = 1,0.

The propeller thrust in this mode (neglecting
the small resistance of the thin pipe & = 0)
corresponds to

w1 ;--3-—-5—~|- | Ppy=pAf@? /1 2) = pAsv2/2), (1)

L1 [ ; where p — water specific gravity; 4, — area
of the propeller disk; ® — axial component
Fig. 1. Dependence of the relative of speed caused by the propeller; v, — speed

g o8 10 1,2 14 o/p

advance of the propeller of water flow through the propeller.
on the step ratio The load factor of the propeller according to
the speed of the water inflow
Op,=2T/ pv4,=1,0. )

The thrust coefficient 6,, =27/ pv24,=1,0.
2. In running mode, the thrust, the propeller load factor and the thrust factor are
determined by ratios

O VO _pdy o oy,
Pt s )82 () ©
2T 1 2.
Gp, = pV?AO _130_(‘:) 5 (4)

k, =(gj(x§ -22). (5)

3. During the operation of the propeller in a cylindrical pipe, which has resistance
& # 0 in the mooring mode, the additional thrust required to overcome this resistance
and the additional part of the thrust coefficient are equal to

AP, =Gipd, [VE] ; ©)
Ak, = (gjgkxf . (7)

The thrust coefficient
b=[ £ 0+2) ®)

Thus, it follows from ratios (5) and (8) that the operation of the propeller in
a cylindrical pipe with a resistance coefficient & # 0 is equivalent to the operation
of the propeller-cylindrical pipe system with a negative relative advance of the propeller

A=-A\JC, <0. ©9)

Paper [14] presents diagrams of serial tests of propellers in a cylindrical pipe,
extrapolated to the region of small negative values of the negative stroke. These are
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graphical dependences of the thrust coefficient k, and the coefficient of the moment
of resistance k, of the propeller as a function of the relative advance and the step
ratio P/D (Fig. 2). The diagrams can be successfully used to calculate in the first
approximation the main characteristics of the thruster propellers during the design
and calculation of their main operating parameters at stable modes.

Figure 2 — Dependencies:
a — of the thrust coefficient kp, b — the resistance moment coefficient k,
as a function of the relative advance and step ratio

However, the graphical method presented in [14] does not allow calculating
the operation of the 7% in maneuvering modes, since both the step ratio and the advance
of the propellers are continuously changing. It is necessary to build a method for
calculating the current values of the main operating parameters of the propellers
(thrust and moment of resistance on the shaft) with time-varying step ratio (which is
a control parameter) and propeller advance, and to integrate the obtained algorithm into
the mathematical model of a single ship propulsion complex.

Analytical dependencies play an important role in the method of calculating the main
regime indicators:

a) the relative advance of the propeller according to the water flow rate A, from P/D
(Fig. 1). This dependence can be represented by a linear equation

A, =0,3015 P/D; (10)

b) dependences of the thrust coefficient k, and the coefficient of the resistance
moment k, of the propeller on the advance of the propeller A and the step ratio P/D

k, = 0,0314(P/D)’ + 0,3417P/D — 0,0706 + 0,05, (11)
k, = 0,0434(P/D)Y + 0,025P/D — 0,0179 + 0,005A. (12)

When calculating the maneuvering modes, the thrust P, and the resistance moment
My, of the thruster propeller are found by the method of successive approximations
at each step of the integration of the system of equations, which describes the transient
processes in the electric ship’s propulsive complex.
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The operation of the propeller begins after the output of the drive electric motor to
the steady operation mode.

At the initial instant of time, the propeller advance A, the pitch ratio P/D,
and the resistance moment coefficient &, are zero. The moment of resistance on the electric
motor shaft is determined by the moment of resistance of frictional forces. As the step
ratio (control signal) increases, the coefficient k, begins to increase, correspondingly,
the resistance moment of the thruster propeller increases, which can be determined with
a sufficient degree of accuracy from the ratio

9550 (ky2nD°n’ )
M, = : (13)

n

The torque M,,;, on the motor shaft M, increases. The electric motor, maintaining
(in accordance with the statics of the working section of the mechanical characteristics)
revolutions, “takes” the load. With an increase in the step ratio, the advance of the thruster
propeller A, appears, which will initially be negative. This is the “viscous” component
of advance. It is determined from the obtained analytical dependence (10) A, on
P/D. After that, the specified value of the advance of the propeller is found

A=-A/C, . (14)

For the refined value of A, new values of the coefficient k, and the moment M, are
calculated (12).

According to the obtained dependences (11) of the thrust coefficient &, on the advance
A and the step ratio P/D, the thrust coefficient, the propeller thrust P, and the thruster
thrust 77, are calculated

P,= kpDn?, (15)
Typ= P, (1 +1), (16)
where ¢ — the absorption coefficient.

During the operation of the T/ in the running mode of the vessel, the jet of water
flowing out of the channel at the speed vs interacts with the water flow flowing
into the jet at the speed of the vessel v at an angle of 90°. As a result of the mixing
of flows, complex turbulence processes arise, which lead to the distortion of the jet. The
degree of development of these processes depends on the ratio between v and v, — on
the parameter m = v/v,.

The interaction of the jet with the water flow carried by this jet leads to the formation
of a discharge zone between the ship’s hull and the jet. As a result, the suction force AT,
appears, which is directed to the side, opposite to the action of the propeller thrust 77,
and is applied in the area between the 7/ and the center of the ship.

As a result, the total force acting on the ship and its moment relative to the gravity
center decrease. According to the results of the test in the experimental basin,

the dependencies [14] for the relative value of the resulting transverse force T, and

the relative resulting moment M, (Fig.3) were obtained.

TTh _ATTh
T

Th

_0_
TTh -

; (17)

118



PO3BUTOK TPAHCIIOPTY
Ne 3(14), 2022

Thhh —ATyh, — Tohy — ATy h,

M° —
T.h, T, h,

HTh —

(18)

h,
where /1, — coordinate of application of propeller thrust 77, and its relative value h =—
h— is the coordinate of application of the suction force AT, and its relative Vane

woh
L
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Fig. 3. The relative value of the:
a — resulting transverse force; b — moment acting on the ship during the operation
of the ThB with the simultaneous translational movement of the ship

T - AT,
Th =2 7)
TTh
Mo TThhh _ATThhc _ TThhh — ATThhc (18)
HTh — - 7 4
1,h, T,.h,

. . . . — h
where 4, — coordinate of application of propeller thrust 77, and its relative value 4, = —-;
h— is the coordinate of application L
of thehsuction force ATy, and its relative value ;
no="le b

<=7 g % r

The dependence of the position o5 1S
of the application point of the suction force . L
on the parameter m is shown in Fig. 4. r \

As can be seen from Fig. 3, the negative oz N
effect of the suction force is manifested at low \
speeds of movement — from 3 to 5 knots. o1 N
At the same time, the thrust of the thruster j l \
propellers is at the level of 30% — 40%, o gz fy 46 afF W m

and the moment from this force does not
exceed 50% of the corresponding values
when the vessel is not moving. This is a very

Fig. 4. The position of the suction
force application point ATy, depending
on the parameter m
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dangerous situation, since it is precisely at such speeds that thrusters are used. Therefore,
taking into account the suction force during the operation of the thrusters at low speed
is mandatory.

To obtain analytical dependences T_T(Z and M), on the parameter m, we will use
the MATLAB function of data approximation by polynomials.
According to its results, the following dependencies were obtained:

Ty =—1,7191m* + 1.6259m* + 2.3692m> — 2,8864m + 1,0373;  (19)

M3, =—4,1084m* + 6,0548m* — 0,3785m> — 1,699m + 1,0403. (20)
The dependence on the parameter m is linear

h,=0,461 — 0,408m. (21)

The developed model of the hydrodynamic calculation of the main mode parameters

of the thruster propellers is integrated into the generalized mathematical model

of the transient modes of the electric ship’s propulsion complex. [15]. Taking into

account the thruster, the structural scheme of the complex will undergo significant
changes. In this case, it has the form shown in Fig. 5.
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Fig. 5. Structural diagram of the electric ship s propulsive complex with thrusters
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The propulsive complex includes the following main components:

— electric generation system from several generator units with active and reactive
power distribution systems: D1, D2, ..., D,—heat engines; G1, G2, ..., G,—synchronous
generators (SG);

— two “power” circuits, in each of which: SE1, SE2 — frequency converters; M1,
M2 — asynchronous propelling electric motors; P1, P2 — propellers;

— bow and stern thrusters, which include: SEB and SEA — voltage converters (for
starting) bow and stern thrusters; MThB, MThA — drive electric motors; 7hB and ThA —
bow and stern thruster propellers;

— rudder — R;

— ship’s hull.

Elements of the automatic regulation system and the main parameters connecting
the power units and control signals: primary speed regulator — DR; automatic generator
voltage regulator— GR; M, and ,—torque and angular speed of rotation of the heat engine;
M,; — electromagnetic moment of the generator; U, and U, — voltages of the generator
along the longitudinal and transverse axes (internal coordinates); /, and I, — generator
currents along the longitudinal and transverse axes (internal coordinates); U, — generator
output voltage; wg,, — setting of the angular speed of rotation of the speed controller;
&, — stroke of the fuel pump rail; 1/7p — servo motor link; K, and K, — amplification
coefficients of rigid and flexible (isodromic) feedback links; U, and I, are voltage
and excitation current of the synchronous generator; /;, I,, — SG and PM currents;
og, and v, — relative frequency and voltage of the converter (control signals);
o and y — relative frequency and voltage at the output of the converter (taking into
account feedback); F'C — a functional converter that forms the law of frequency control
v =fla); M, and P, — moment and thrust of propellers; M,, and ®,, — torque and angular
speed of rotation of the electric motor; Uy, and I;;,_voltage and current of thruster electric
motors; My, and ®,, — moment and angular speed of rotation of electric motors 7h, Py,
and M, _thrust and moment of resistance of thruster propellers; y,, — voltage control
signals of the thruster electric motor; P/D is the pitch ratio of thruster propellers.

The main ratios of the energy transmission channel to propulsion electric motors
(abbreviated version of the generalized mathematical model of transient modes) are
presented below. The system of equations describing the transient modes of operation
of the propulsive complex is presented in relative units. Relative values of mode
indicators are indicated by symbols with a dash on top. (The index “0” corresponds to
the values of these indicators, when the electric motor is operating in a stable mode with
the nominal power of the PEPP).

Equations of motion of generator units of a ship’s power plant with regulators of their
rotation speed

don — —
dT _ND(MD_MG)5 (22)
M,,L . D L
where N, = ¥ Do — criterion of dynamic similarity; J, — the moment of inertia
DO‘)DOVO

of the engine and generator reduced to the shaft of the heat engine; 7 — relative

. . . v .
(dimensionless) time 7 = TOI ; v, — vessel speed; L — vessel length; ¢ — the time.
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The torque of the heat engine is represented as the relative movement of the fuel
pump rail

M, =¢,. (23)
Electromagnetic resistance moment of the generator

M_G = —KGIEsin\uG cosy -‘rKGz]_fI_GCOS\VG,

where vy the angle of phase shift between vectors E.and I.; K;, K —
dimensionless parameters of the propulsive complex.

The mathematical model of transient modes of synchronous generators is obtained
taking into account the Park-Horev equations. At the same time, a simplified version
was used, which provides accuracy comparable to the accuracy of the description
of transient processes of other constituent parts of the complex. The voltage at the output
of the generator is determined by the ratio

U =03 +07). (24)

where le and KTq are generator voltages according to internal d—g coordinates.

Frequency converters (for frequency control of propelling electric motors)
and voltage converters (for smooth starting of thruster electric motors) are represented
by inertialess electricity converters. The output voltage of converters U,, (voltage
at the input of electric motors U,,, U,,, Uz, Up,,) depends on the input voltage (voltage
of the generator U,;) according to the ratio

Uy =1Us (25)
where y — a control parameter.
Equations of motion of frequency-controlled PEMs

doy . (— —
=N (M - M,), (26)
where
M, L
Ny = — (27)
JMO*)MOVO

criterion of dynamic similarity;

Jp, — is the moment of inertia of the motor, the propeller and the mass of water
attached to it, applied to the shaft of the propulsion electric motor.

A full description of the transient processes in the propulsion electric power plant,
with justification of the assumptions made, as well as the method of calculating
the dimensionless parameters and similarity criteria of the propulsive complex, obtained
in the process of building the model, is given in [12].

The propulsion electric power plant is controlled from the control panel (CP) on
the bridge. The output signals of the CP are:

— control signals on the SE1 and SE2 frequency converters of propulsive electric
motors PEMs (in terms of frequency a,,;, 0, and, with the help of functional converters
FC1, FC2, in terms of voltage —v,, v,);

— voltage control signals Y,z Yrm On SEB, SEA voltage converters for soft start
of thruster electric motors;
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— control signals according to the step ratio P/D of the thruster propellers ThB
and ThA,

— steering angle — B;.

The equations of the control system link the signals applied to the inputs of the control
system with the voltage at the output of the corresponding control channel.

In the general case, this connection has the following form:

4, (U ), =KEXKS (U -Ue,)s (28)
where K — a control object; » — controlled parameter; 4., — a functional dependence
of control devices on time, including the derivative; (U, a control signal at the input
of the K-th object according to the r-th parameter; K,,“S — amplification factor for the r-th
control parameter of the K-th object; U,; — signals of control and corrective connections;
U,,— comparison (cut-off) voltage; K5 — the amplification factor for the i-th control signal.

In each specific case, the automatic control system has its own “set” of control
signals for each control channel.

Electric ship’s hull.

With the appearance in the mathematical model of the propulsive complex
of thrusters, the equations of the ship motion undergo significant changes. Additional
forces and moments from thrusters appear in the right-hand sides of these equations.

The components of the electric ship’s speed of movement along the X, Y axes
and the speed of rotation around the Z axis, with a modern approach to describing
the movement of the vessel on the free surface of the water in the GXYZ coordinate
system associated with it, will take the following form:

da:}; :sz\/_ygTz+NX {ZKP]'E,‘_CRXE’RP\?_E}; (29)
J
dv_ ] —— N — — —_— —
dTY :_C_VXQZ+C_X{ZKP]OL_/‘Z[2[+CRYBRPV2iZkhF)Thh_RY}; 30)
A2 a2 L h
aQ, N, , ——
=——=Ciy VyVy +
dT N,

+N, {ZKPthjPej + CRY)TRBRPV2 iZthThhhh +(MPZ -M,, )}, (1)
J h

where

3
R, = {c“ cosl,5p, —C,,sin*L,5B, +C,, (Zidr j }\7 (32)
longitudinal component of the water resistance of the ship’s movement;
R, ={C,,5in2p,, cosp,, +Cyysin’ B, +Cyysin* 2B, 1V (33)
transverse component of the water resistance of the ship’s motion;
M,, ~M,, =[C,sin2P,, +Cysinp,, +Cysin’ 28, +Cy,sin* 2, |V —CQ, v (34)

positional and dynamic components of the turning resistance moment of the vessel;
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Zkh IThh — total propeller thrust of the thrusters;
h

Zk hﬁh,ﬁ — total torque from the thruster propellers, relative to the ship’s center
h

of gravity;
3
Y= LZLP’B’Q, N, = L’J"Pejoz — dynamic similarity criteria;
(m+X,,)v, 2(J, + AV,

X — distance from the center of the coordinate system to the steering wheel; P,,
and K, — useful thrust of the propeller and its share in the total thrust, respectively; L —
vessel length; m — mass of the vessel; p — water specific density;

A,; and A,, _attached masses of water along the X and Y axes; J, — ship’s moment
of inertia during rotation around the Z axis; A, — attached moment of inertia of water; 3, -

drift angle; % , E and k, — the relative thrust, its shoulder, and the share of the thrust
of the corresponding thruster propeller, at the maximum step ratio in the total thrust
of the propulsive propellers.

Rudder attack angle

Q,
BRP = KRBR —Xc (arCthdr - STZJ > (35)

where y. — the coefficient of influence of the electric ship’s hull and its propellers on
the rudder; € —the value determined by the /,/L ratio (I, is the distance between the rudder
and the middle frame).

In the process of building the model, dimensionless parameters of the propulsive
complex G, Gy, G, Crys Crys Ciiy Cipy Cisy Cyyy Cyy Gy, Cy, Cyy Gy Cgy Cos Were
obtained (they are calculated according to the ratio given in work [7]). It is these
parameters that determine the main indicators of the electric ships’ maneuverability,
affect the performance of the propulsion electric power plant, the quality of the electric
power of the ship’s network (and, accordingly, the work of the ship’s general consumers).

The transition to generalized dimensionless parameters allows approaching
the solution of another important problem. Unfortunately, the processes of interaction
of the propulsion and steering complex with the ship’s hull have not yet been sufficiently
studied, even with regard to stable operation modes. Numerical values of coefficients
of forces and moments are obtained mainly from the results of expensive experimental
studies in experimental basins regarding propellers of a characteristic type and shape,
under certain conditions of water flow around them. For other propellers, under other
operating conditions, the values of these coefficients will differ. All this, in addition
to the well-known problems of the interaction of the propulsive electric power plants,
the propellers and the ship’s hull, affects the accuracy of the calculation results.

The transition to a mathematical model in dimensionless units and the detection
of generalized dimensionless parameters of the propulsive complex makes it possible
to level out this shortcoming to some extent. All research is conducted precisely
according to these — generalized parameters. If, in the process of research, the influence
of changing the numerical values of these parameters on the behavior of the propulsive
complex is analyzed, then in fact it is possible to obtain a set of ready-made solutions
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for any variant of their combinations. And if information about a more precise value
of some coeflicient appears in the future, it is enough to choose a ready-made solution
from this totality.

Calculation results. The developed mathematical model of transient modes
of operation allows analyzing the behavior of propulsive electric ships during maneuvers.
An algorithm and a method for calculating the current values of mode indicators during
the execution of various maneuvers by electric ships have been developed. The Runge-
Kutta-Merson method is used to solve differential equations of transient processes.
Based on the results of the calculation, the main quality indicators of all component
parts of the complex are evaluated.

As an example, which confirms the efficiency of the developed model and calculation
method, the simulation results of one of the maneuvers characteristic of electric ships
are given below. The electric ship “Arcticaborg” was considered, the main technical
data of which are presented in Table 2.

Table 2
Basic technical data of “Arcticaborg”
Length of the vessel according to k.v.l., m 65,1
Vessel speed, high school 13
Nominal parameters of heat engines
Power, kW 2x1950
Rotation frequency, rpm 1000
Nominal parameters of propulsion electric motors
Power, kW [2x1620 (Azipod)
Thruster
Power, kW [150

The following maneuver was considered: acceleration of the electric ship on
a straight course (with synchronous control of the propulsion electric motors) to a low
speed v = 0,3v,,,, (at such speeds, the work of the thrusters is effective) and the output
of the electric ship to circulation due to the inclusion (at the time 7 = 15) of the bow
thrusters. The maneuver ends when time 7= 40 is reached.

Asaresult of the calculation, the current values of the regime indicators of the complex
were obtained. In particular, it is:

— components of vessel speed vy, v, and angular velocity of its rotation Q;

— torque of heat engines M), moment of resistance M and current /; of generators;

— current /,,, torque M,, and angular speed of rotation ®,, of propulsion electric
motors;

— moment My, and angular speed of rotation w;, of 7% electric motors.

According to the results of the calculations Fig. 6 shows the trajectories of the ship’s
movement on the coordinate plane of unrelated to the ship coordinate system X,0Y, (the
size of the grid is equal to the length of the ship L), at different values of the coefficient
K. The trajectories are built using the equations given in [12].

The Fig. 6 shows that with an increase in K, there is a decrease in the tactical
diameter of circulation, extension and direct displacement of the vessel. In particular,
the circulation diameter with D, = 4L, with K, = 0,15, decreases to D.= 3,5L, with
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Kz =0,20. This indicates that the electric ship will be able to perform the maneuver in
a smaller water area, that is, the maneuverability of the vessel improves.

X a X1 b
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b
.
i
=

Figure 6 — Trajectory of the vessel movement at:
a—Kpr=015b—-Kp =020

Fig. 7 shows the main operating parameters of the electrical power plant when
performing the considered maneuver. The presented results correspond to the variant
with K, = 0,15. For ease of understanding, they are grouped into separate drawings for:
generator units (M, M, 1;); propulsion electric motors (/,,, M,,, ®,,); thruster electric
motors (M, ®5,); vessel (vy, vy, Q). All indicators are given in relative units (the line
above the symbols —a sign of relative value — is omitted for the visual relief of the figure).
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Fig. 7. Current values of mode indicators of the propulsive complex
when entering circulation for the K, = 0,15 option.
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It can be seen from Fig. 7 that all the main mode indicators of generator units, electric
propulsion motors, and thruster electric motors are within the permissible limits, which
ensures the guarantee and safety of the maneuver.

Conclusions

A generalized mathematical model of transient modes of electric ships’ propulsion
complexes with thrusters on maneuvers has been developed. The model allows
calculating the current values of the main mode indicators of the component parts
of the complex during maneuvers and to evaluate the main indicators of the quality
of maneuvering.

The system of dimensionless units, which is the basis of the construction of the model,
allows leveling out the uncertainty in the assessment of external factors and the inaccuracy
in determining the structural parameters of the complex. The obtained results will be
acceptable for a wide class of vessels.

The performance of the developed mathematical apparatus is illustrated by the results
of computer simulation of maneuvering modes. The model and the developed calculation
method can be used both in the design of modern vessels with electric propulsion, and in
the process of their operation to find the best ways to control electric propulsion.
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Anomauisn

Bemyn YV cyuacnux ymosax ponb MiCbK020 NAca3cupcbko2o asmomooilbHO20 MpPaH-
cnopmy y 3a2anvHit mpancnopmuii cucmemi m. Odeca HeyxunivHo 3pocmae. Aemomo-
OinbHUll mpancnopm 3a0e3neyye eKOHOMIIO 4acy NAcaxncupis, po3eusdac npoOYyKmMuGHi
CUNU CYCRITbCMEA, NOKPAWYE KYTbMYPHO-HOOYMOB020 00CIY208Y8ANHSA HACETEHHUS.
Tomy niosuujenns egheKmugHOCHI SUKOPUCMAHHS PYXOMO20 CKAAOY Ma NIOGULEHHS
AKOCMI 00CIY208Y8AHHI NACAIICUPIB 3 PAXYHOK PAYIOHATbHOL opeaHizayii kKomOiHo8a-
HUX (hOpM Ma pexrcumie CnoryyeHHs Ha MICbKUX A8MOOYCHUX MAPUPYmMax mpascnopm-
Hoi mepeoici m. Odeca € akmyanoHum. Mema. Memoiwo cmammi € 8U3HAYEHHs emAanise
Gopmysanns cucmemu OYIHKU SAKOCI NEPEBE3CHHs NACANCUPIE Y MICMAX Memooom
PO3PAXYHKY THMEeZPO8aAH020 NOKAZHUKA AKOCMI NePEeGe3eHHs NACAdCUpie Ha Mapuipy-
Mi MICbKO20 NACAICUPCLKO20 MPAHCNOPMY 3 YPAXYBAHHAM NApamempie mexHonoiy-
HO20 npoyecy ma npogecmu HOCMAHOBKY 3d80AHHA USHAUEHHS MAKO20 PIBHA AKOCHI
nepesesenHs, AKil Ou 8i0nN08ioas QIHAHCOBUM MONCIUBOCMAM MYHIYUNALLHOI 81AO0U.
Pezynomamu. Ilpoexmysanns napamempie mpaHCnOpmMHO20 HpoOYecy Nepese3eHHs
MewKanyie micm mMae 6ymu CupsMo8ane Ha GopmMy8ants KOMGBOPMHO20 cepedosunya
ma po3eumox mepumopii. Bionosiono wob ocobu, axi yxeanoioms piuieHHs y cepi
Opeauizayii nacadCupcoKux nepeeeseHb, paxosyean 6NIUE Napamempie nepeseseHd
Ha 3MIHY AKOCMI NOCIY2 RACaxcupcbko2o mpauncnopmy. llposedeni docniodicenHs 3Ha-
YYUoCmi XapaKmepucmuxk AKOCmi mpaHcnopmuo20 npoyecy nepese3enHs nacadcupie
MICOKUM 2POMAOCOKUM MPAHCROPMOM O0380NUNU B6CHIAHOSUMU HAUOIIbW 3HAYUYUWL
Xapaxkmepucmuku, sKi OOYLIbHO 8UKOPUCTNOBY8amMU Nid 4ac gopmanizayii noxasHuka
AKOCHI Nepese3eHHs NACANCUPie Ha MApUupPymi MiCbKo20 Nacadcupcbko2o mpaHcnopmy.
s nnanyeanus pieHsa AKOCMI Ha MAPUWPYMax MiCbKO20 NACANCUPCLKO20 MPAHCHOPINY
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O00YiNbHO 8pAX08Y8AMU NOKASHUKU MPAHCHOPMHO20 NPOYECY Nepede3eHHs HACe/leHHs.
3a MONCIUBOCMI MPAHCHOPIMHUX NIONPUEMCIE KOHMPOTIO8AMU OO0CASHYMULL PiGeHb.
3anpononoganuii inmezpoeanuli NOKAZHUK SIKOCMI NEpeBe3eH sl NaAcCAN’CUpie Ha Mapui-
PYMI MICbKO20 NACANCUPCHKOZ0 MPAHCROPMY GKIIIOYAE (DAKMUYHI MA PAYIOHATbHI 3HA-
YeHHsl D0BIICUHU NEePESOHY, THMEPBALy PYXy, MEeXHIYHA WEUOKICMb ma KilbKiCmb naca-
JHCUPIB Y CATIOHT MPAHCNOPMHO20 3aco0y. [l 3a0e3neyuents HeoOXiOH020 Pi6Hs AKOCMI,
K020 MYHIYUNATbHA 61a0a 0adicae 0ocsiemu, Mae nposooumu 8ionosione inarcoge
3abe3neuenns. Bucnoeku. Y yeii cmammi mu noxkasyemo, wjo npoeKmysanHs napame-
Mpi8 MPAHCNOPMHO20 NPOYECy Nepese3eHHs MEeUKAHYI8 Micm Mae Oymu Cnpsamosa-
He Ha opmysanHs KompopmHoeo cepedosuwya ma po3sumox mepumopiil. Ilokazaro,
WO NIAHYEAHHS AKOCMI NPOYecy Nepese3eHHs Naca)cupie mae 6azyeamucs Ha napa-
Mempax KOHKpemHoz2o npoyecy. Lle 0o3601ums MYyHIYunanvHit 61a0i npu npo8eodeHHi
8UOOPY NEPeBi3HUKIB OISl KOXCHO20 MAPUIPYMY 8DAX08YE8AMU KOHKPEMHI NOKA3HUKLU,
SAKI 8OHU 3MOJCYMb 3a6e3nedumu c8oim pyxomum ckiadom. Ilposedeni docriodcenns
3HAYYWOCTI XapaKmepUucmux SiIKocmi mpancnopmHuo20 npoyecy nepeee3eH s nacadicu-
P8 MiCbKUM 2pOMAOCHKUM MPAHCROPMOM. 3anponoHo8anuti inmezposanull NOKA3HUK
AKOCMI Nepeee3eH s Nacadicupie Ha Mapupymi MiCbKo20 RACANCUPCLKO2O0 MPAHCHOP-
my 6KII0YAE PAKMUYHT MA PAYIOHATbHI 3HAYEHHSL O0BICUHU NEPE2OHY, ITHMEPBATY PYXY,
MexHiuHa WeUOKICb Ma KLIbKICMb RACAJCUPI8 Y CANOHI MPAHCNOPMHO20 3aco0). [l
3abe3neyents HeoOXiOH020 PIGHSA AKOCMI, AKO20 MYHIYUNATIbHA 811a0a DAXCAE 00CAMU,
MA€e npogooumu 8ionosione Qinancose 3a6e3neuenHs.

Knwuogi cnosa: sxicmv mpancnopmuozo 00Ciy208Y8aHs, Nepee3eHHs, mpuea-
Jicmb NOI30KU, MApWpym.
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Summary

Introduction In modern conditions, the role of urban passenger road transport in the
general transport system of Odesa s steadily growing. Automobile transport saves passengers’
time, develops the productive forces of society, and improves the cultural and household
services of the population. Therefore, increasing the efficiency of the use of rolling stock
and improving the quality of passenger service due to the rational organization of combined
forms and modes of communication on city bus routes of the transport network of the city of
Odessa is relevant. Purpose. The purpose of the article is the determination of the stages of
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the formation of a system for assessing the quality of passenger transportation in cities by the
method of calculating the integrated indicator of the quality of passenger transportation on

the urban passenger transport route, taking into account the parameters of the technological
process, and setting the task of determining such a level of transportation quality that would
correspond to the financial capabilities of the municipal authorities. Results. Designing the
parameters of the transport process of transporting city residents should be aimed at creating
a comfortable environment and developing territories. Accordingly, decision-makers in the
field of the organization of passenger-fat transportation should take into account the influence
of transportation parameters on changes in the quality of passenger transport services. The
conducted studies of the significance of the characteristics of the quality of the transport
process of transporting fat passengers by city public transport allowed us to establish the
most significant characteristics that should be used during the formalization of the indicator
of the quality of passenger transportation on the route of urban passenger transport. 1o plan

the level of quality on urban passenger transport routes, it is advisable to take into account
the indicators of the transport process of transporting the population, with the ability of
transport enterprises to control the achieved level. The proposed integrated indicator of the
quality of passenger transportation on the urban passenger transport route includes actual
and rational values of the length of the run, the movement interval, the technical speed and
the number of passengers in the vehicle cabin. To ensure the necessary level of quality, which

the municipal government wants to achieve, it must provide appropriate financial support.

Conclusions. In this article we show, that the design of the parameters of the transport
process of transporting city residents should be aimed at the formation of a comfortable
environment and the development of territories. It is shown that planning the quality of the
passenger transportation process should be based on the parameters of the specific process.

This will allow the municipal authorities to take into account specific indicators that they
will be able to provide with their rolling stock when selecting carriers for each route. Studies
of the significance of the quality characteristics of the transport process of transporting
passengers by city public transport have been conducted. The proposed integrated indicator
of the quality of passenger transportation on the urban passenger transport route includes
actual and rational values of the length of the journey, the movement interval, technical
speed and the number of passengers in the vehicle cabin. In order to ensure the necessary
level of quality, which the municipal government wishes to achieve, appropriate financial
support must be provided.

Key words: quality of transport service, transportation, trip duration, route.

Beryn

VY cydacHHUX yMOBax poJib MICBKOTO MACaKHMPCHKOTO aBTOMOOUIBHOTO TPAaHCIIOPTY
y 3arajibHiii TpaHCHOPTHIN cuctemi M. Ojeca HeYXWibHO 3pocTae. [TinBUIlIeHUI TOMUT
Ha aBTOMOOUIBHI IIepeBE3eHHS TACAKHUPIB 1 BC1 OLIBII 3pOCTA0Y1 BUMOTH JIO ITOJIITIICHHS
SIKOCTI TPAHCIIOPTHOIO OOCITYTOBYBaHHS HACEJICHHS BUKIMKAIOTh HEOOXIIHICTh MOAAIb-
0O BIIOCKOHAJICHHS CHICTEMH OpraHi3allii MiChbKUX aBTOOyCHUX IepeBe3eHb [ 1].

ABTOMOOIIEHHI TPAHCIIOPT 3a0e3Ieuy€e CKOHOMIIO Yacy MacaKUpiB, PO3BUBAE MPO-
JYKTUBHI CHJIM CYCIIJIbCTBA, MOKPAILICHHS KYJIBTYPHO — OOYTOBOTO 0OCITyTrOBYBaHHS
HacesieHHs. HuHi B HaceIeHHS 3MIHIOEThCS XapaKTep MOMUTY BC1 BUAM HOCIYT, 30KpeMa
1 TpaHCIIOPTHE OOCITYTOBYBaHHSI.
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BiamoBigHO 10 1IbOTO HEOOXIJIHUN PO3BUTOK ICHYHOYHX (OPM TPAHCIOPTHOIO
00CITyrOoByBaHHS HaceleHHs. SIKicHe OOCIyroByBaHHS HACENICHHS HEMOXIHBE 0e3
Ha/IaHHs oMY Pi3HOMaHITHHX TPaHCIIOPTHUX IOCIYT, siKi MO)KHa Oyio O MOpiBHATH
3 fioro nmorpedaMu, ToOTO. TPAHCIIOPTHE 0OCITYTOBYBaHHSI Iiepea0auae HasIBHICTh IIIUPO-
KOTO CIIEKTpa MePEeBI3HUX TEXHOJOTIH.

Tomy migBuIeHHS e€pEeKTUBHOCTI BUKOPUCTAHHS PYXOMOTO CKJIQJy Ta MOKpAICHHS
SIKOCTI 0OCITyrOBYBaHHS MacaKUpiB Ha 0a3i parfioHajabHOI OpraHizailii KOMOIHOBaHMX
¢dbopM Ta peXHMMIB CHONYYEHHs Ha MICBKMX aBTOOYCHHX MaplIpyTax TPaHCHOPTHOI
Mepexki M.OJieca € akTyaabHUM.

MocTranoBka mpodaemu. MoOUTBHICTh CYCIIJILCTBA — OJIWH 13 TOJNIOBHUX KpHTE-
piiB edekTHBHOCTI cydacHoro micta. He icHye Takoro micra, sike B HAlll 4yac MOIJIO
0 HOpMaJIbHO (QYHKIIIOHYBaTu O3 CUCTEMH TPOMAJICBKOTO TPAHCIOPTY. 3 ypaxyBaH-
HSIM peajibHOT I[IHK MOOUTBHOCTI CYCIUTBCTBY TPOMAJICHKHIA TPaHCIIOPT, O€3CYMHIBHO,
€ HaWOLIBII peHTA0EIbHUM 3aCO00M JIOCSTHEHHS MIChKOI MOOIIBHOCTI, JTOCTYITHHM
y CBOIil BCiM BepcTB HaceneHHs. binbiie Toro, HasiBHICTE 0COOMCTOTO aBTOMOOLIISI BXKe
HE TapaHTy€e MOOUIBHICTD, 1 MIepeBakHa OUIBIIICTh TPOMAJISH, SIKi IPOKUBAIOTH Y Mic-
Tax, IO TOCTIHO POCTYyTh, 3 iX ByTMUYHMUMHU MPoOKaMu OyIyTh BCe YacTilie BUOUpATH
MOT3/IKK Ha TPOMAJCHKOMY TpaHCHopTi. [ToHATTS mOTpeOH y MOi3aKax Ha MiCHKOMY
MACaKUPCHKOMY TPAHCIIOPTI BH3HAYAETHCS TPAHCIIOPTHOIO PYXIIUBICTIO, TOOTO. KiJib-
KICTIO TIOI3[I0K, IO MPUNAJAl0Th HA OAHOTO MemKaHIst. OIHOYaCHO 3 TiJIBUINECHHIM
PYXJIMBOCTI HaceJeHHS MPOJOBXKYETHCS 1 MPOLEeC Mepepo3NoIiTy 3arajJbHOr0 00csTy
POOOTH MACaKMPCHKOTO TPAHCIIOPTY MiXK OKPEMHUMH HOTO BUIAMH 3 BEITMUE3HUM Iepe-
BaXKaHHSIM (Ha JJAHOMY €Talli PO3BUTKY) aBTOMOOIIBHOTO. Bricokuil mokasHUK 00cAaTy
nepeBe3eHb Ha aBTOMOOITBHOMY TPaHCIIOPTI CTBOPIOETHCS TOJIOBHUM YHHOM 32 Paxy-
HOK aBTOOYCHUX IepEeBE3CHb, Ha YACTKY SKHX MPHIaAae OiIbIIe OJTOBUHH MTACaXHPIB,
IO TIePEBO3SATHCS BCiMa BUAAMHU TPaHCIIOPTY [2].

3rigHo 31 craTHCTHYHUMU JaHuMU [2] y iepion 20192021 pokiB MOPIYHO MiCHKUM
aBTOMOOLTBHUM TpaHcropToM B Opneci nepeBo3minocs Onmu3bko 100 MITH. macakupis.
[Ipu oMy macaxuponpodir MiCbKOTO aBTOMOOITBHOTO TPAHCIIOPTY IIOTO TPUPIYYS
CTaHOBUB OJM3BKO 4 MIIPJ ac. KM.

[ligBuiieHni MOMUT HAa aBTOMOOLIBHI TEPEBE3CHHS MAaCaXHPIB 1 BCi OUIBIN 3poc-
Talo4ui BUMOTH JI0 TIOJIMIICHHS SKOCTI TPAHCIOPTHOTO OOCIYTOBYBaHHS HACEJICHHS
BUKJIUKAIOTh HEOOX1IHICTh TOAAJIBIIOTO BIOCKOHAICHHS CHCTEMHU OpraHi3allii MiChbKUX
aBTOOYCHHX IEepPEBE3EHb.

VY cy4acHHX PUHKOBHX YMOBax MpOIIOHYETHCS 3alpOBAIKYBATH CIIOKUBUY OIHKY
sikocTi cepu mocyT. Cro>KUBadiB MOCITYT MICEKOTO IMACaKMPCHKOTO TPAHCIIOPTY — Maca-
JKHPIB 3aTy4Yal0Th: MiHIMaJIbHHUH Yac JOCTaBKH; MaKCUMaJlbHa Oe3reKa; HaliiHICTb repe-
BE3€Hb; PETYJIAPHICTh PyXy aBTOOYCIB; TapaHTOBaHUH Yac poOOTH aBTOOYCIB Ha MapIIPYTi;
HasIBHICTh JOJIATKOBHX IIOCIYT; HAsIBHICTh Pi3HUX DIBHIB TPAaHCIIOPTHOTO OOCITYTOBY-
BaHHS; MPHUCTOCOBHICTH IO BUMOT KIIEHTIB (THYYKICTh OOCITYyTrOBYBaHHS); 3py4YHICTb,
KOM{QOPT; HaJaroJpKeHa cucteMa iHdopmariii; npuiiHsITHa BapTicTh epeBe3eHHs. [Lnany-
BaHHS SKOCTi TEXHOJIOTIYHOTO MPOIIECY MEePEBE3CHHS MacaKUPIiB MOBUHHO Oa3yBaTUCs Ha
JIAHUX IOJI0 3HAYYIIIOCTI XapaKTEPUCTHK SIKOCTI, 1110 TaCTh MOXJIUBICTh MYHIIUITAIbHIN
BJI3/Ii TIPH MIPOBEJICHHI BUOOPY TIEPEBI3HUKIB JIsl KOXKHOTO MapIIPYTy BPaXOBYBaTH KOH-
KPETHI TIOKa3HUKH, SIKI BOHH 3MOXYTh 3a0€3II€YUTH CBOTM PyXOMHM CKJIAZ0M [3].
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AHaji3 ocraHHix gocaimkeHb Ta my6Jdikanii. CTymiHb 3aJ10BOJICHHS MOTPeO
HACEJICHHS Y MEePeCyBaHHI BIUIUBAE K Ha €KOHOMIKY, TaK 1 Ha COIiaJibHI BITHOCHHH,
TOMY BeJIMKE 3HaYCHHS Ma€ SKICTh MacaXHUPCHKUX TepeBe3eHb. [Ipy po3misili MUTaHHS
OIIIHKH SIKOCTI TIOCIIYT MiChKOTO Nacaxupchbkoro Tpancropty (MIIT) HeoOxigHo Bpaxy-
BaTH TaKi MOJIOKEHHS: TOTPEOU CIIOKMUBAYiB TPAHCIIOPTHHUX TIOCIIYT MOBUHHI OyTH BCTa-
HOBJICHI Ta BU3HAYEHO 3a JOMOMOTOK MapKETUHTOBUX JOCIIKEHb; HEOOXIIHO mepio-
JIMYHE MTPOBENICHHS MapKEeTUHTOBHUX JTOCIIKEHb Ta MEeperisy BUMOT JI0 MOCIYT, IO
HAJIAI0ThCS; TOTPEOH 3a3BHUAll BUPAKAIOTHCS Y BIACTHBOCTSX Ta KUIbKICHUX XapaKTe-
pPHUCTUKAX IIUX BIACTHBOCTEH; CYKYIHICTh OYIKYBAaHHUX CITOYKHBAuEM MapaMeTPiB SIKOCTI
HEOOX1THOI MOMYy MOCTYTH Ta IX 3HAa4eHHS, 10 33/JI0BOJIGHSIOTH 3allUTH CIOXKHBaua,
CTaHOBJIATH IHHICTh MOCIYTH, 1110 HATA€ThCs [4].

AHaJIi3 A0CHIKeHb, OB’ I3aHUX 3 OIIHKOIO SIKOCTI MICHKOTO MaCaKUPCHKOTO TPaH-
crnopry [5] mokazas, o GpopMyBaHHsI TapaMeTpiB ePEeKTUBHOCTI PYHKI[IOHYBaHHS MiCh-
KOTO TIACaXMPCHKOTO TPAHCHOPTY MPOBOJUTHCS 3a3BHYall y 3aJ€KHO BiJ] KOHKPETHO
MOCTABJICHOI METH Ta PO3B’s3yBaHUX 3aBaaHb. L[i 3aBAaHHS pi3Hi, HANPHUKIA]: — OI[IHKA
SIKOCTI po0OOTH TianpueMcTB Ta opranizaiiii MIIT; ominka poOOTH BOAIiB Ta Opura;
OIIiHKA SIKOCTI MapHIpyTHOT Mepexi Ta iHmi. BubpaHi mpu 1bOMy MOKa3HUKH OIIHKA
SIKOCTI, SIK TIPABHJIO, XapaKTEPU3YIOTh (hEeKTHUBHICTH CTaHy Ta PO3BUTKY EJIEMEHTIB CHC-
temu MIIT i He BioOpaXkarOTh BAMOTH ITACAXHPIB JI0 PIBHSA TPAHCIIOPTHOTO 00CITYTo-
BYBaHHS, TOI SIK OCHOBHe 3aBaaHHs poOotu MIIT monsirae y 3a0e3nederHi SKiCHOTO
00cIyroByBaHHS HaceneHHs [6].

Jnist BpaxyBaHHS iHTEpECiB YYACHUKIB PUHKY IMACAKUPCHKUX TPAHCIIOPTHHUX MOCTYT
Ta BJIOCKOHAJICHHSI €KOHOMIYHUX BIJTHOCHH y cepi NepeBe3eHb MacakupiB JOLIITBHO
BUPILIYBaTH TaKi 3aBJaHHS: JOCSATHEHHsI OanaHCy IHTEpeciB MacaXHpiB Ta MepeBi-
3HHWKA, 110 3a0e3neyuye JTOCTYMHICTh MacaKUPCHKUX TOCIYT JIJIsl KOPUCTYBadiB; edek-
TUBHE (YHKI[IOHYBaHHS IEPEBI3HWKA; MOBHE BiAIIKOMYBaHHS BHUTpPAT MiANPHEMCTB
MICBKOTO TaCa)KHPCHKOTO TPAHCIIOPTY, TIOB’SI3aHUX 13 31MCHEHHSM IepeBe3eHb Iaca-
JKUPIB; CTBOPEHHS YMOB, HEOOXIJTHUX JUIsl 3QUTyYeHHS NPUBATHUX IHBECTHUINH y IIISAX
MIBUIICHHS CKOHOMIYHOT €()eKTUBHOCTI MPOIIECY NIEPEBE3CHHS Macakupis [7].

JloCTiTHUKY BU3HAYAIOTh, IO MPU BIPOBAKEHHI CHCTEMH SIKOCTI BEJHMKOIO IPO-
OneMoro TS TIepeBi3HUKIB, OPraHiB KOHTPOIIO 1 MEUIKAHIIIB MICT € BiJICYTHICTh PO3-
poOJieHOT €MHOT METOMOJIOTIT OILIHKKM SKOCTI MEePeBE3CHHS MacaKUpiB. 3OUIBIICHHS
KOHKYpeHIii y cdepi HaJlaHHA NacaXHUPCHbKUX TPAHCIIOPTHUX MOCIYT MPHU3BOIUTH JIO
00pOTHEOM 32 0OCSTH TIEpEBE3CHb, BUMArae BIUCYBaHHS HOBUX BUMOT JIO HAIaHHS TIOCITYT
y cdepi TpaHCIOPTHOTO 00CIyroByBaHHs. BHACTIIOK 1[bOT0O, OOTPYHTYBaHHS (aKTOPIiB
OIIHKH SIKOCTI TIOCIYT MEPEBI3HUKIB € OJHUM 3 KPOKIB JI0 MiJABHINECHHSI KOHKYPEHTO-
CIIPOMOXHOCTI TiepeBe3eHb nacaxupiB [8]. [Ipu npomy, Ha mpobiemy 3abe3neueHHs
SKOCTI MACAKUPCHKUX MEPEBE3CHb BILIMBAE PsIJ] HETATUBHUX (PaKTOPiB: HU3bKE (piHAH-
CYBaHHS JICPKaBHHX MPOTpPaM PO3BHTKY TPAHCIOPTY 1 JIOPOXKHBOTO TOCIOAAPCTBa,
HIBEJIFOBAaHHS BUMOT Ta MIJAXOJIB JI0 YTPUMAaHHS JIOPIr; HEIOCKOHAIICTh Ta HE3aBep-
IICHICTh CTPYKTYPHHUX pehOopM B rajty3i MacakKMpPChKUX MEPEBE3CHb; 30MTKOBICTD ITiJI-
MPUEMCTB MiCHKOTO TTACaKHUPCHKOTO TPAHCIIOPTY BHACHIIOK HEJJOCTATHLOT KOMITEHCAIlii
BUTpAT KOUITIB Ha MEPEBE3CHHS MUIBIOBUX KaTETOPii Maca)KUpiB, 3acTapiIid PyXOMHN
CKJIQJ; MEPEBAHTAXKEHICTh MICBKUX JIOPIT, HE3aJ0BUIbHA CHCTEMa MiCTOOYIiBHUIITBA
Ta yTPUMaHHs TPAHCIIOPTHOI iHPPACTPYKTYpH; HENOCTATHIN 0OCAT 3aITy4eHHS KOIITIB
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Ha PO3BHUTOK TPAHCIIOPTY; 3acTapijia HOPMaTHBHO-NIPaBOBa 0a3a, HU3bKUH TEMIT TapMO-
Hi3allii BITYM3HSIHOTO TPAHCIIOPTHOTO 3aKOHOJABCTBA JI0 MI>KHAPOJIHUX BUMOT; Cl1a0Ka
KOHKYPEHIIisST MK TepeBi3HUKaMH M0N0 3abe3reueHHs came KoM(OpTHOCTI mepene-
3¢HHs macaxupis [3,4]. Opranizaifiiiti pileHHs 3 MiIBUIICHHS ¢QEKTUBHOCTI poOOTH
MICBKOTO MacaKUPChKOTO TPAHCIIOPTY, AKi € e(EKTUBHUMH 3 EKOHOMIYHOT TOYKH 30DY,
JIAJICKO HE 3aBXKIHM € HalKpalluMH B COLiabHOMY IUTaHi. Brcoka ekoHOMivHa edek-
TUBHICTH pOOOTH MACAKUPCHKOTO TPAHCIIOPTY B JISSIKUX BUITAJKaX MOXKE MTPU3BECTH IO
TaKUX HETaTUBHUX COIIAJIbHUX PE3YNIBTATIB, SIK 3MEHIIICHHS BUIBHOTO Yacy HaceJlIeHHS,
3HIDKCHHSI IKOCT1 TTePEeBEe3€eHb, MOTIPIICHHS SKOJIOTIYHOI cuTyarliiitouo [4]. Jocmin-
HUKHU BUIUISIOTH (DaKTOPH, SKi 13 COMiadbHOT TOUYKH 30pY MAalOTh 0COONMBE 3HAUCHHS:
MOBHE 1 CBO€YACHE 3aJI0BOJICHHS MOTPeO HACENCHHS B NEPEBE3CHHSX, PUCKOPEHHS
MepeCyBaHHs IMaCca)KUpiB, CTBOPCHHS HEOOXITHOrO KOMGOPTY TMOI3AKU, 3MIHCHEHHS
3aXO0JIiB, 110 3a0€3MeUyI0Th OE3MEeKy PyXy 1 3MEHIIICHHS PiBHS 3a0pyIHEHHS HABKOJIUIII-
HBOTO CEPEZIOBUINA, MTiIBUIIICHHS PETYIISIPHOCTI i YaCTOTH PyXy TPaHCIIOPTHHUX 3ac00iB
[6]. B TenepinmHiii 4Yac MPOMOHYIOThCS PI3HOMaHITHI METOAM BU3HAYCHHS MOKa3HUKA
SIKOCTI MiCBKOTO TaCaXMPCHKOTO TpaHcnopty [9]. TakuM 4rHOM, 3aIpOTIOHOBaHI O/IU-
HUYHI Ta KOMIUICKCHI TOKa3HUKH SIKOCTi BPAaXOBYIOTh MTapaMETPH TIEPEBE3CHHS MACaKH-
piB. OHaK, /ISl MIaHyBaHHS SKOCTI TEXHOJIOTTYHOTO MPOIlecy NepeBE3CHHS MMACAKUPIB
JIOLIIJIBHO K MOKa3HUKK BUKOPUCTOBYBATH NapaMeTpu AaHoro npouecy [10]. Le nacts
MOXITUBICTh MyHIIIUTIANIbHIH BIIaJli IPY POBEICHHS BUOOPY MEPEBI3HUKIB [T KOXKHOTO
MapIIpyTy BpaXxoByBaTH KOHKPETHI MOKa3HUKH, AKI TIEPEBI3HUKH 3MOXKYTh 3a0€3I1EUUTH
CBOIM pPyXOMHUM cKJajioM. KpiM Toro, TOIiTbHO BpaxoBYBaTH MOXIIUBICTH JOATKOBOTO
(iHaHCYBaHHS TPAHCIOPTHUX MIANPUEMCTB JUISI KOMIICHCAIliT BUTPAT HA JOCSTHEHHS
PIBHS SIKOCTI, IKOTO BUMArae Bjiaja MicTa.

Merta crarTi € BU3HaueHHs eTamiB (opMyBaHHS CHCTEMH OIIHKH SIKOCTI IepeBe-
3€HHS MAacaXHUpiB y MicTaX METOJOM pO3paxyHKy IHTETPOBAHOTO MOKa3HUKA SIKOCTI
MePEeBE3EHHS MAacaKUPiB Ha MapIIPYTI MICHKOTO MACaKUPCHKOTO TPAHCIIOPTY 3 Ypaxy-
BaHHSM T1apaMeTPiB TEXHOJOTIYHOTO MPOIIECY.

Jis 11 mocsirHEeHHST HEOOXIITHO BUPILIUTH TaKi 3aBAaHHS: (HOpPMyBaHHS XapaKTEePHC-
THUK SKOCTI; BU3HAYUTH TApaMETPH TEXHOJIOTTYHOTO MPOIIECy, 0 BIUTUBAIOTH HA PIBEHb
SIKOCTI TPAHCIIOPTHOTO OOCITYTOBYBaHHS; C()OPMYBATH 3aralbHUI BHJ| IHTEIPOBAHOTO
MOKA3HUKA SIKOCTi; IPOBECTH MMOCTAHOBKY 3aBIaHHS BU3HAYCHHS TAKOTO PiBHS SIKOCTI
MEPEBE3CHHS, Kii OM BiAMOBIAaB (PiHAHCOBUM MOXKIMBOCTSAM MYHIIIUIAIBHOT BJIAJIH.

Buknan ocnoBHoro marepiaay. s BU3HA4YeHHS 3HAYYMIOCTI XapaKTEPUCTHK
SIKOCTI MICBKOTO TTaCa)KHPCHKOTO TPAHCIOPTY NPOBOIWIOCH HATypHE OOCTEXEHHS,
JUIS 9OTO BUKOPUCTOBYBABCS aHKETHHH METOJ Ha MiANPHEMCTBAX MICHKOTO Taca)Hp-
chKoro TpaHcropty M. Oxeca. Byno npoBezieHe onUTyBaHHS cepe]] KOPUCTYBaviB MiCh-
KOTO MacakupChKOTO TPAHCIIOPTY, SIKi MOKa3HHUKH, 32 1X [yMKOIO, BILUIMBAIOTh Ha SIKICTH
oOciyroByBanHs. Crioctepiradi OIiHIOBAIN MapaMeTPH 3a IIKAJIOK BiJ| HAWOIIBII 3Ha-
YyHIOro JI0 HaMEHII 3Ha4yoro.

Ha nepiromy etami Oys1o mpoBeieHO BU3HaYeHHS (aKTOPIB, sIKi, 33 TyMKOO Macaku-
PpiB, BIUIMBAOTh Ha SKICTh OOCIYrOBYBaHHS.

Ha nactymHomy erami Oyno po3poOlieHO aHKeTy, 3a JIOTIOMOTOI0 SIKO1 MOKJIHBO
MIPOBEJICHHST EKCIIEPTHOT OLIHKY 3HAYYIIOCTI MOKa3HUKIB TPAHCIIOPTHOTO TIPOILIECY, SIK
MOKA3HUKIB SKOCTI.
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Ha tpethoMy erami Oyio nmpoBeieHO 00pOOKY pe3ysIbTaTiB 00CTEKEHHS.
O1iHKY CTaTUCTHYHUX JAHUX ONMUTYBaHHS OYyJI0 IMIPOBENIECHO 3a JIOTIOMOTO0 Koedilli-
eHTa koHKOpAaii Kenzena:

W=—"——— 1)
2 3 ’ (
m -(n —n)
ne W — xoedinient koukopaanii Kennena; m — KUTbKICTb €KCIIEPTIB; # — KIIBKICTh (ak-
TOpiB; S — cyMa KBaJIpaTiB BiAXUJICHHS, IO BU3HAYAETHCS TAKUM YHHOM:

S=2(Xj—ch)2, @

ne X ; — Cyma paHriB 10 j — My (akropy; X cp — CCPEIHS CyMa PaHTiB, IO BH3HAYA-

€TbCA TaAKUM YUHOM:
n
2%,
X, =—

cp

3)

n

IlepeBipka cTaTHUCTUYHOI Baru KoedillieHTa KOHKOpZAIii MPOBOAMIACH IUISXOM
BU3HAYECHHS €MITIPHYHOTO 3HAaUeHHs KpuTepito [lipcoHa 3a Takoko 3aJIeXKHICTIO:

12-8
C=r. “)
m-n-(n+l)

OTpuMaHi pe3yabTaTH HaBeJeHo y Tabd. 1.

Tabmums 1
3HavYeHHS PAHTIB XapaKTePUCTHK SAKOCTI

qgfxggy HaiimenyBanus gakropy ?I);Mq?aiiz;;; Cep;z;:;;li;yMa
1 TpuBasnicTs moi3aku 540
2 KinmpkicTh macaxupiB B cajJoHi aBTOOyCY 1787
3 BBiwniBiCTh BOJiS Ta KOHAYKTOPA 2248
4 Besnexa nepese3eHb 1146
5 TpuBasicTh MMOXiTHOI CKJIAIOBOI MTepeCcyBaHHS 1782
6 IepecaouHICTh MPH MEpPECyBaHHI 1612
7 TpuBasicTh 04iKyBaHHS aBTOOYCY 924 2176,9
8 CrtaH Tpacu MapupyTy 2742
9 UYucroTa aBTOOyCY 2832
10 OO0narryBaHHs IyHKTIB IIOCAJIKU NACAXKHUPIB 2965
11 Cucrema iHpOpMyBaHHS MTAaCAKUPIB 2926
12 Bun nnaru 3a noizaxy 3415
13 KoncTpyxis aBrobycy 3381

3 aHani3zy OTpUMaHuX pe3ynsraTis (Tadm. 1), MoKHa 3poOUTH BUCHOBOK, L0 HABaX-
JIMBILLIOIO0 XapaKTEPUCTHKOIO SKOCTI € TPUBANICTh MO3AKH. Llel dakTop BasKIMBUHN IS
NacaKUpiB, OCKIIBKH BU3HAYA€E CBOEYACHE MPUOYTTS JO MicLs.
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HactymHor0 3Ha4HOI0 XapaKTEPUCTHKOIO SIKOCTI MEpeBe3eHb BU3HAYECHO TPUBAIICTD
O4iKyBaHHS aBTOOyca. TpeTboio Ba)KIIMBOIO XapaKTEPUCTHKOIO, SK IMOKA3ajo JOCITi-
IDKeHHS, € Oe3rneka nepeBe3eHb. ToMy L0 TiCTaTHCS A0 MyHKTY NPU3HAYEeHHS 3 MiHi-
MaJbHUM PU3UKOM JJIS KHUTTS Ta 370POB’ S € OAHUM 13 KPUTEPIiB TKOCTI 00CTYTOBYBaHHS
nacaxupis. [lepecamouHicTh Ipu MMepecyBaHHi € HACTYITHUM 32 3HAYUMICTIO (haKTOpOM,
OB’ 13aHUM 3 EKOHOMIEIO Yacy, 0 AY>KEe BaXKJIIMBO MPH MOT3ALI 0 MiCII.

IT’siTM BaxkITUBUM (paKTOpPOM, IO BIUIMBAE HA SIKICTh OOCIYTOBYBaHHS IMaCaXUPiB
Ha MICBKOMY ITacaXMPCHKOMY TPAHCIIOPTi, € TPUBAIICTH IMIIOXiTHOI CKIIAJ0BOI TIepe-
CYBaHHJ, sIKa MOB’s13aHa 13 BUTPATOIO Yacy Ha IepeCcyBaHHI.

HacTymHoro BaKJIMBOIO XapaKTEPHCTUKOIO € KUTBKICTh MACaKUPIiB Y CaJlOHI aBTO-
Oyca. Bennka KibKicTh MacaXupiB MOXKE IPU3BECTH JI0 BiIMOBHU Y TIOCA/IIT, 1110, B CBOKO
4epry, BIUIMBAE Ha 301IbIICHHS TPUBAJIOCTI O4iKyBaHHS aBToOycCa Ta MOT3/KH.

ChOMOI0 32 3HAYMMICTIO XapaKTEPUCTHKH SIKOCTI TIEPEBE3CHHS MTACAKUPIB € BBIWIN-
BiCTh BOJIiS Ta KOHAYKTOpA. AJDKE Bifl TOT0, HACKIIEKH BBIYJINBO, KOPEKTHO 1 TO3UTHBHO
MOBOJTUTHCSI OOCITYTOBYIOUHI MEPCOHAN, HAAAMl 3aJIeKUTh MOPAIbHO-TICHXOJIOTTUHIH
CTaH JIIOANHU.

CraH Tpacu MapuIpyTy € HACTYITHOIO XapaKTEPUCTHKOIO OLIHKHU SIKOCTI IIepeBe3eHb.
AJDKe Bl CTaHy JIOPIT 3aJIEXKHTh IIBHJKICTh PYXY aBTO0OYCa, SKa, CBOEIO YEProt0, BILIH-
Bae Ha Oe3MeKy MepeBe3eHb.

3a pesyabpTaTaMd PO3PaxyHKiB, TAKOIO BAaXJIMBOIO XapaKTEPUCTHUKOIO € YHCTOTa
aBToOyca, OCKUIbKM BOHA BIIMBAE HA KOM(OPTHICTH MOT3/IKH.

HaiimeHmn 3HagymmMu XapakTepUCTHKaMU SIKOCTI TMOI3M0K € cucTemMa iHpopMmy-
BaHHsI TACaKUPiB, KOHCTPYKIisl aBToOyca Ta BUJ TUIATH 32 MPOi3.

[IpoBeacHe AOCTIIKEHHS JO3BOJISUIO 3pOOUTH BHCHOBOK, IO (haKTOPH, 5K Oyau
BKa3aHi B OMUTYBaHHI, MOYXHa BUKOPHUCTOBYBATH TIPH OIIIHII SIKOCTi OOCITyTOBYBaHHS.

Jnst moganelioro BUBYCHHS OLIHKH SIKOCTI MEpEBE3EHHsI MacaKUpiB HEOOXiTHO
BHPOOHTH 1HTETPOBAHU IMOKA3HHUK SKOCTI TIEPEBE3EHHS MACAKHUPIB MAPIIPYTOM MiCh-
KOTO Tlacakupchbkoro tpancmopry (MIIT).

[HTerpoBanmii MOKa3HWK Ma€ BPAaxOBYyBaTH NapamMeTpH TPAHCIOPTHOTO MpOIECY,
[0 BIUTMBAIOTH HA YMOBH IIEPEBE3CHHS IMACAKUPIB. 3arajaoM, BiAMOBIIHO IO paHTIB
XapaKTepUCTHK SKOCTi (Tabm. 1), Oyimo oOpaHO Taki XapaKTEPUCTUKHU: Yac MIIOXiTHOTO
MiAXOMy Bij IBepe MyHKTY BiAMpPaBIeHHS A0 3yMHHHOTO MYHKTY MICBKOTO Taca)KHp-
CBHKOTO TPAHCIIOPTY, 4ac O4iKyBaHHs TPAHCIIOPTY HA 3yIMHOYHOMY ITyHKTI, 4ac pyXy Ha
TPAHCHOPTI Ta Yac MIIIOX1THOTO MiAXOAY BiJ 3yMMHHOTO MYHKTY MICBKOTO Haca)XHp-
CBKOTO TPaHCIIOPTY JI0 JBEpEil MyHKTY MPU3HAYCHHSI.

3 00paHUX YMHHHKIB, SKi BIUTMBAIOTH PiBEHB SKOCTI 0OCITYTOBYBaHHS ITaCaKHPIB,
TPAaHCIOPTHE MiATNPHUEMCTBO 3 OpraHi3ali€lo Mpolecy MepeBe3eHHs] MOXe MPOBOAUTH
JOBXUHY TIEpETOHY MapUIpyTy, IHTEpBaJl pyXy Ha MapIIpyTi i IBUAKICTH COOOIIEHHS.

Kpim toro, Ha piBeHb SKOCTI OOCIYTOBYBaHHS MAacaKHpiB BIUIMBAIOTH YMOBH II€pe-
BE3€HHS, 10 BU3HAYAIOTHCSI 3HAYCHHAM Koe(illieHTa BAKOPUCTAHHS €EMHOCT] TPAaHCHIOPT-
HOTO 3ac00y, 1110 BiAMOBinae XxapakrepucTuill «KibKicTh acaxupiB y cajioHi aBTOOyCy»,
sIKa CTaJIa IIOCTOO 3a 3HAYMMICTIO (Tab1.1). 3HaueHHs TaHOTO KoediIlieHTa 3aIeKUTh Bifl
KUTBKOCTI Ta MiCTKOCTi TPaHCIIOPTHHX 3aC00iB, 10 MPAIFOITh Ha MapIIPyTi.

Takum 4MHOM, IHTETPOBAHUH MMOKA3HHK SKOCTI IIEPEBE3CHHS MMAacaKUPiB Ha MapIUIPYTi
MICBKOTO HAaCaXUPCHKOTO TPAHCIIOPTY MAE€ BPAXOBYBATH IapaMETPHU TEXHOJIOTIYHOTO
[IpoLIECy MEePEeBEe3CHHs MacaXUpiB Ta MoXKe OyTH (HOpMalli30BaHUI HACTYITHUM YHHOM:
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x1 x2 x3 x4

[ I . VTD q

[0, =| 2o | | Zmin | | 9o
ID I, Vr 5)

max

©)

ne x1, x2, x3, x4 — MOKa3HUKH, 10 XapaKTePU3YIOTh BarOMICTh BiAMOBIHOTO IMOKa3-
HUKA AKOCTi; [ — MiHIMaJbHA JOBKHUHA IEPETOHY, KM; [ o (hakTHYHA TOBXKHHA MTEepe-
TOHy, KM; [ . — MiHIMaJbHUH iHTEpBaN PyXY, XB; o (dakTHUHHI 1HTEpBAJ PYXy, XB;
VTD — T€XHIYHA IMIBUIKICTE KM/TOJ; VTmax — MakKCHUMaJbHa TEXHIYHA IBUIKICTE KM/TO/;
q. — KUIBKICTh MiCUb JJIsl CHAIHHA IACaXHPIB B CaJOHI TPAHCIIOPTHOTO 3aco0y, 1ac;
qp — cepenns (paKTUYHA KUIBKICT MTACaXKMPIB B CAJIOHI TPAHCIIOPTHOTO 3ac00y, nac.

Jlst mpakTHYIHOI peaizarii 3aIe:KHOCTi (5) moTpiOHE BCTAHOBJICHHS 3HAYCHB ITOKA3-
HUKIB, 0 XapaKTepU3yIOTh 3HAYYIIICTh BIAMOBIIHOTO MOKa3HUKA sKOCTi. e MokHA
3pOOUTH TUISXOM OITIHKM 3HAYYIIOCTI KOKHOTO YMHHHKA MMAcaKUPIB MICHKOTO TpaH-
CIIOPTY.

3a BUKOPHCTaHHS 3aJSKHOCTI (5) MOXIHMBE MPOBEACHHS (DOPMYBAaHHS CHCTEMHU
OITIHKH SIKOCTI TICPEBE3CHHS MTacCaKUPIB y MicTax.

[limBHIEHHST SKOCTI TIEPEBE3CHHS MACAKUPIB MOXKIIMBE 33 paxXyHOK BH3HAYCHHS
parioHaAIPHUX 3HAYCHH MOBKHHH MapIIpyTy, IHTEPBAIy PyXy, TEXHIYHOI MIBUIKOCTI
Ta MICTKOCTI TPAHCIIOPTHHUX 3ac00iB, IO MPAITOI0Th Ha MapmpyTi. [Ipu mboMy MichKi
TPAHCIIOPTHI IMMPHEMCTBA OPTaHI3yIOTh MEPEBE3CHHSI MEIIKAHIIB 13 METOI0 OTPH-
MaHHS TIPUOYTKY. Y pe3yibTari MiIBHINECHHS SKOCTI IILOTO MPOIECY MaE 3MEHITYBAaTH
JIOXOAM TPAHCIIOPTHUX MAIPUEMCTB. Lle MokHa GopmaiizyBary Tak [1]:

I[I=)1-B —max, 6)
ne JI — moxoau TpaHCIOPTHUX IiIPUEMCTB BiJl NIepeBe3eHb MacaXXHUpiB y MICTi, IpH.;
B — BuTparu TpaHCIOPTHUX MHIiANPHUEMCTB Ha OPTaHI3allil0 MEPEeBE3CHHs MacaKUpiB
Y MICTi, TpH.

Jloxou mianmpueMCTB MOKHA BU3HAYATH TAKUM YHUHOM [8]:

A=0"T, (7)
ne O — obcsar nmepeBe3eHb Ha MapuIpyTi, nac.; T — BenuuuHa Tapudy Ha nepeBe3eHHs,
rpH/mac.

Benununna tapu¢iB Ha mepeBe3eHHS NacaXUpiB YCTAHOBIIIOETHCS Ha MiJCTaBi coOi-
BapTOCTi 3a Takor (Gopmymnoro [9]:
T=S-(1+R), ®)
ne S — co0iBapTiCTh MepeBe3eHb, IPH/TAC; R — KOe]iIlieHT peHTa0eIEHOCTI TIEPEeBE3EHb.
Butpary TpaHCTIOPTHUX MHiAMPHUEMCTB HAa OPTaHi3allifo IepeBe3eHb BU3HAYAIOTHCS
TaKuM 9HHOM [9]:

B=0-S, )
[Tpu nboMy 00CST TIepeBe3eHb € (PYHKIIIEIO BiJ TapUy:
Q=7(D). (10)

Opnak niaBuIIeHHs Tapudy MpU3BOAUTH 10 3MEHILIEHHS 00CSTIB NepeBe3eHb maca-
JKUPIB Ta, SIK HACTIJIOK, 3MEHIIEHHS JIOXOJIB BiJl MepeBe3eHb. Y I[hbOMY 3alleXKHiCTh
SKOCTI TIepeBEe3eHHs MacaXHpiB BiJ BUTPAT 32 WOTO0 BUKOHAHHS HOCUTH HENIHIMHHUN
xapaxkrep (puc. 1).
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ARicTE NEPeBCICHHA
MacaxHpiB
TICPERCICHHR

ExoHoMIUH] MOKAIHHER

[Mapamerpu rexsonoriaaoro npouweey (fug. fy., 'I-’.,’. iy )

Puc. 1. 3anexcuicmo axocmi ma eKOHOMIUHUX NOKAZHUKIB Nepese3eH sl NACAICUPIE
810 napamempis mexnonociyHoeo npoyecy: 1 — inmezposanuii NOKA3HUK IKOCMI;
2 — 00X00U MPAHCNOPMHUX NIONPUEMCING, 3 — BUMPAMU MPAHCHOPIMHUX
nionpuemcms; 4 — npuOymox mpancnopmHux niOnpuUEMCma;

A — 30Ha 3MeHUeHHs NPUOYMKY MPAHCROPMHUX RIONPUEMCING.

Opranizarisi TPaHCIIOPTHOTO OOCIYTOBYBaHHS ITaCa)KUPiB MOBUHHA OyTH Opi€HTO-
BaHa Ha 33/I0BOJICHHS MMOTPeO MENIKAHIIB MICT y MOTpedax TPaHCIIOPTY BiATIOBIAHO 10
HeoOXiTHIX HOPM dacy, KoM(OpPTHOCTI, BapToCTi Ta Oesmekn. Tomy HEoOXimHO, MO0
ocoOu, SKi MPUHAMAIOTh PIMIEHHS MO0 BU3HAYCHHS IMapaMeTPiB TEXHOJIOTIIHOTO TIPO-
[ecy NepeBe3CHHs MMacaXUpiB, YCBIIOMITIOBAIM BILTUB JAaHUX MapaMeTpiB Ha IOKa3-
HUKH SKOCTi TPAHCIIOPTHOTO OOCITyTOBYBaHHS MEIIKAHIIIB MiCT.

Tak, HanpuKIa, A0S KOOKHOTO MapIIpyTy 3 TEBHHUMH MapaMeTpaMH € palioHalbHa
KUTBKICTh aBTOTPAHCHOPTHHUX 3aco0iB, Mo 3abe3redye MaKCUMalbHY e(eKTHBHICTH
pobotu I'TIT. Ane nocATHEHHS palliOHATFHUX 3HAYSHB ITapaMeTPiB TEXHOJIOTIIHOTO IPO-
[IECY € MOXKITUBHM 32 PaXyHOK JOJATKOBOTO (hiHAHCYBaHHS TPAHCIIOPTHUX i IIPHEMCTB.
JonartkoBe ¢iHaHCYBaHHS MOMKIIHBE 33 paXyHOK JAEPKaBHUX JOTAIlii a00 NUIIXOM BH3HA-
YeHHS BIATOBITHOTO Tapudy, IKUI KOMIIEHCYE TOAaTKOBI BUTPATH Ha i IBUIIEHHS SKOCTI.

IcHyrOUMIi cTaH €KOHOMIYHOTO PO3BHTKY KpaiHW HE JO3BOJISE MEPEBI3HUKAM PO3-
paxoByBaTH Ha JIONATKOBI JIepKaBHI IoTamii. Y pe3yasraTi peallbHO TPaHCIOPTHI Mif-
MIPHEMCTBA MOXKYTh OTPUMYBATH JToJaTkoBe (DiHAHCYBaHHS ITiBUIICHHS SKOCTI TPaH-
CIIOPTHOTO 00OCITYyTOBYBaHHS JIUIIIE 3 JOTTOMOTOIO ITiIBUIICHHS TapuQy Ha TIepEeBE3CHHS.

Sk BugHO i3 3anexHocTel (7) Ta (9) BemW4MHA HOXOIMIB Ta BUTPAT BU3HAYAETHCS
BHUXOJISTYH 13 3HAYEHb 00CATY TIepPEeBE3eHb MMACAKHPIB.

OpHak miIBUIIEHHS Tapu(y TPU3BOAUTE A0 3MEHIIEHHS 00CATIB IIepeBe3eHb aca-
JKUPIB Ta, SIK HACTIIOK, 3MEHIIIEHHS JOXO/IB BiJ IIepeBe3¢Hb.

Tomy npuOyTKH TPAHCHOPTHHUX MiIPUEMCTB MAIOTh KOMITEHCYBATUCS MYHIITUTIAIb-
HOIO BIIAIIOIO M1 3a0e3IMeUeHHs BiMMOBIAHOI SKOCTI MepeBe3eHHS. BHACTIIOK IIHOTO
CHCTEMa OIIHKH SAKOCTI IepeBe3eHHs MMaCAKUPIB Y MiCTax TIOBUHHA BPaXOBYBaTH MOXK-
JMBOCTI MYHIIUITAJIHHOI BIaau (iHAHCOBO 3a0e3reuyBaTu PiBeHb SIKOCTI, SIKOTO BOHA
Oakae TOCATTH.
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Lle Mae OyTu BpaxoBaHO MpPH PO3pOOII CHCTEMH OLIHKHU SKOCTI NepeBE3eHHS Mmaca-
JKHUPIB Y MICTaX, sIKa KPiM BUMOT JI0 PiBHS SKOCTI IIOBUHHA BKJIIOYATH BEJTMUMHY (piHAH-
COBHX BUTPAT Ha JOCATHCHHS BiJIIOBIIHOTO PIBHS SIKOCTI.

HaBeneHa KoOHIIEMIlisST BHU3HAYEHHS PO3MIPY JOAATKOBOTO (iHAHCOBOTO 3abe3rie-
YECHHS MEPEBI3HUKIB MYHIIIUIAILHOK BJIAJIOI0 JTO3BOJISE PO3POOUTH CUCTEMY OIIHKHU
SKOCTI TepeBE3eHHs MacaXXUPiB y MICTax, JIe pa3oM i3 BAMOTaMH SKOCTI MepeBE3CHHS
nacaXupiB OyJIo HaBEJICHO PO3MIp JOAATKOBOTO (piHAHCYBaHHS MEPEBI3HUKIB JIJIs HOTO
3a0e3nedyeHHs.

BucnoBxku. [IpoekTyBaHHs napamMeTpiB TPAHCIOPTHOTO MPOLECY TIEPEBE3CHHS MEIII-
KaHI[IB MICT Ma€ OyTu cripsiMoBaHe Ha popMyBaHHS KOM(OPTHOTO CEpeAOBHUIIA Ta PO3-
BUTOK TepuTOpiii. BignoBimHoO 10 1i€i mepenyMoBr He0OXiIHO, 1100 0co0u, sKi yXBa-
JIIOIOTH PillleHHs Y cdepi opraHizaliil HacaKupChbKUX MEPEBE3CHb, BPAXOBYBAIH BILIUB
napameTpiB MepeBe3eHb Ha 3MiHY SIKOCTI MOCITYT MacaKUPCHKOTO TpaHCHOpTy. [cHyroui
METOJIM OI[IHKHU SKOCTI MEPEBE3CHHS MTACAKUPIB SIK MapaMETPH BUKOPUCTOBYIOTH CKJia-
JIOB1 BUTpAT Yacy MacakupiB Ha NepeCyBaHHS Ta MOKa3HUKH YMOB IIbOTO ITEPECyBaHHSI.
OnHak TIaHyBaHHS SIKOCTI MPoIlecy MepeBe3eHHs acaKupiB Mae OazyBaTHCh Ha mapa-
MeTpax KOHKpETHOTo mporiecy. Lle 103BonuTh MyHIIMNANBHIN BIai MpH MPOBEICHHI
BHOOPY MEPEBI3ZHUKIB JUIsI KOKHOTO MapIIPyTy BPaxOBYBaTH KOHKPETHI TIOKA3HUKH, SIKi
BOHHU 3MOXXYTb 3a0€3MEUUTH CBOIM PyXOMHM CKJIJIOM.

[MpoBeneni AOCTiHKEHHS 3HAUYIIOCTI XapaKTEPUCTUK SIKOCTI TPAHCIIOPTHOTO IMPO-
[eCy MepeBe3eHHs MACaAKUPIB MICBKHM TPOMAJICBKHM TPaHCIIOPTOM J03BOJIHIIN BCTa-
HOBUTH HAWOUIBII 3HAYYII XapaKTEePUCTUKH, SIKi JOIUIFHO BUKOPHCTOBYBATH IIiJI Yac
(dopmaizamii moKa3HUKa SKOCTI IEPEBE3CHHS TACAXKHUPIB HA MAPIIPYTi MICBKOTO Taca-
JKHUPCHKOTO TPAHCIIOPTY.

Jist rutaHyBaHHSI PiBHS SIKOCTI HA MapIIPyTax MiCHKOTO MaCaKUPCHKOTO TPAHCIIOPTY
JIOIITBHO BPaxOBYBaTH IMOKa3HUKH TPAHCIIOPTHOTO MPOIECY MEePEeBE3CHHS HACEICHHS
32 MOXKJIMBOCT] TPAHCTIOPTHHUX ITiIIPUEMCTB KOHTPOJIIOBATH AOCSTHYTHH PiBEHb.

3anpornoHOBaHWK 1HTETPOBAaHWI IMOKA3HUK SIKOCTI TIEPEBE3CHHS MacaXWpiB Ha
MapHIpyTi MICBKOTO MAacaXMPCHKOTO TPAHCHOPTY BKIFOYAE (PAaKTUUHI Ta PalliOHATBHI
3HAUCHHS JIOBKHHU IEPETOHY, IHTepBaIy PyXY, TEXHIYHA MIBUKICTh Ta KUTBKICTh Maca-
JKHUPIB y CalOHI TpaHCMOPTHOTO 3aco0y. st 3abe3neueHHs HeoOXiTHOTO PiBHS SIKOCTI,
SIKOTO MYHIIIMIIAJbHA BiIajia Oakae JOCATTH, Ma€e MPOBOAUTH BiANOBIAHE (iHAHCOBE
3a0e3nedyeHHs.
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AHoTaNis

Pozensinymo axmyanvre 01 €8ponu Ha nepio0 akmugHO20 PO32OPMAHHS HA ii mepu-
MOpii OCHHUX NPOMUCMOAHL NUMAHHA PO3MIHYBAHHA MOPCLKUX pelidie ma nopmis.
3anpononosano nOEOHamu NOULYKOBE MONCIUBOCT OE3NIIOMHUX TIMATbHUX Anapamis
i3 CNPOMOJICHICMIO 00 POIMIHYBAHHS NAABYYUX MIH KAmMepie-mpaniieHUKiG. 3anponono-
B8aHA ONMUMATLHA MPAEKMOPISA NOUWYKOBUX NepemMilyeHb AIMAalbHUX anapamie no cni-
pani Apximeda. Busnaueno O0oyinbHy KinbKicmbv NiMAnbHUX anapamis, wo 0OHOYACHO
30TUCHIOIOMb NOULYKU NIAABYHUUX MIH.

Tepemiwenns nowtyKosux 1imanpHux anapamie no cnipaii Apxiveoa pekomenooeano iz
MIPKYBAHb 8IOCYMHOCMIE 8 MAKIL MPAEKMOPIL NOTbOMI6 CMPIMKUX NOBOPOMIE MA 360POM-
HO-NOCMYRATLHUX PYXi6, SKi He badicani 015 iimanbHux anapamis. Ilpu ybomy ycysacmuocsi i
Hebe3neKa Has8HOCMI He 0OMeHCeHUX OPOHAMU OLIAHOK NOBEPXHI 6000UMU YU MOPSL.

Ax 00un i3 Hatidiegiumux 8apianmis 3HeUKOONCeHHL MiH 3aNpONOHO8AHO iX niopu-
8anHs boe3apadamu, CKUHYMUMU I3 TIMATbH020 Oe3NLI0MHUKA-TIKEIoamopa.

Jna ymounenns koopouHam po3mauiy8anHs MiH Ha 800HOMY Nieci NPONOHYEMbCA
3aCMOCY8AHHI MEMOOUKU KIHEMAMUYHO20 npoekmysauus. Lls memoouxa nepeddbauae
Gopmysanna mpvoma OpoHamu 6a3080i NIOWUHY MA NPUSHAYEHHS ) MOBU MOPCHLKUX
2NUOUH «KAPTRUHHOLY NAOWUHU NPOEKYIU, HA AKY NPOEKMYBAMUMEMbCS PYXOMULL 00 'ekm
npoexmyeauus. Y 0anomy eunaoxy 8 AKOcmi 00 €Kmy NpoeKmy8aHus Cy2ye po3uLy-
Kysana nuasyya opeugyoua mMina. 3acmocysanis MemooOuKu KiHeMamuyHo2o npoex-
MYy6anHs ma OUCMAHYIUHO20 Kepy8anHs OPOHI8 0 NOWLYKY NIA8arouux MiH 003601¢
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He MinbKu 30IUCHI08AMU NOULYKO8I pobomu 6e3nocepednboi yuacmi @ noulykax iooetl,
a 1 nidsuwuUmMu NPOOYKMUGHICMb Ma WEUOKICIb HOULYKOBUX podim.

s xepy6anHs NOWYKOBUMU NepeMilyeHHAMU TIMAIbHUX anapamis, 0ns onpayio-
BaHMA HAOAHUX HUM OQHUX NPO BUABILEHY MIHY, Olsl VMOUYHEHHS KOOPOUHAM Naagyyoi

MIHU 3aNPONOHOBANA BIONOBIOHA ONIOK-CXeMA KOMN 10MepHoi npozpamu.

BCI’I’ICIHOG/Z@HO, wo npu WBUOKOCTSX npocmoposux nepeMiu;eHb nouwtykosux aimanv-

HUX anapamis 5+35,5 m/c, GUKOPUCTNOBYIOUU 3ANPONOHOBAHY CXEeMY NOULYKY, MOJICHA

w0200uHHO obcmedcysamu 00 6 KeadpamHux Kiiomempie akgamopii mops. Ilpu ybomy

ModicHa 3exonomumu 00 20 nimpie 8apmicHo20 NAIUBA 3A608KU 3MEHUEHHIO nepemi-
WieHb Kamepa-mpanieHUKdA.

Knrouoei cnosa: nnagyua mina, poaminy8ants, Kamep-mpaiieHuK, 1imaibHull ana-
pam, 6e3niiomuuK, OpOH, KOOPOUHAMU, NOULYK.

SEARCH OF FLOATING MINES BY UNMANNED AERIAL VEHICLES
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Summary
The issue of demining sea raids and ports, which is relevant for Europe during the
period of active deployment of military confrontations on its territory, is considered. It is
proposed to combine the search capabilities of unmanned aerial vehicles with the ability

to clear floating mines of trawler boats. The optimal trajectory of search movements of

aircraft along the Archimedean spiral is proposed. An appropriate number of aircraft
that search for floating mines at the same time has been determined.

The movement of search aircraft along the Archimedean spiral is recommended due
to the absence of sharp turns and back-and-forth movements in such a flight path, which
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are undesirable for aircraft. At the same time, the danger of the presence of areas of the
surface of the water body or sea that are not limited by drones is also eliminated.

As one of the most effective options for the disposal of mines, their detonation with
warheads dropped from an aerial liquidator drone has been proposed.

In order to clarify the coordinates of the location of mines on the water pool, it is
proposed to use the kinematic design method. This technique involves the formation
of a base plane by three drones and the designation of a “picture” projection plane in
the depth of the sea, on which the moving projecting object will be projected. In this
case, the wanted floating drifting mine serves as the design object. The use of kinematic
design and remote control of drones to search for floating mines allows not only to
carry out search operations with direct participation in the search for people, but also
to increase the productivity and speed of search operations.

1o control the search movements of aircraft, to process the data provided by them
about the detected mine, to specify the coordinates of the floating mine, a corresponding
block diagram of the computer program is proposed.

It was established that at speeds of spatial movements of search aircraft
of 5+5.5 m/s, using the proposed search scheme, it is possible to survey up to 6 square
kilometers of sea water area every hour. At the same time, it is possible to save up to
20 liters of valuable fuel due to the reduction of movements of the trawler boat.

Key words: floating mine, mine clearance, trawler boat, aircraft, drone, drone,
coordinates, search.

Cuin BiI3HAYUTH, UIO BIPOJOBXK OCTAHHIX JACCATUIIITh, 3aBISKA BUKOPHCTAHHIO Ha
eTarnax MpOeKTHO-PO3PaXyHKOBUX POOIT YHIKQILHUX MOXIMBOCTEH CydacHOi o0Oumc-
JIIOBAJILHOI KOMIT IOTEPHOT TEXHIKH, 3MIHCHEHO BEJIMKHI 1 BIIMYTHHI KPOK y BIOCKO-
HaJICHHI BIHICHKOBOT TeXHIKH. | OCHOBHA TEHJICHIIis, O MPOCHTIIKOBYETHCS TPAKTUIHO
y BCiX HampsiMax Ta cepax BiliCBKOBOT TEXHIKH Ta 030pOEHHS, MOJISTaE Y 3BEICHHI JI0
MIHIMYMY Y4acTi JIOAUHH B MPOIECaxX HAJAIITyBaHHS Ta BUKOPUCTAHHS 030pOEHHS.

He oOMunyna 1t 0coONMBICTh HOBITHIX 030pPOEHD 1 BIICHEKOBO-MOPCHKiI CHJIH PO3-
BUHYTHX KpaiH CBITY. 30KpeMa 1 B raily3i MiHyBaHHS Ta PO3MIHOBYBAaHHS MOPCHKHX
NUISIXIB Ta akBaropiil mopti. HoBiTHI Marepianu Ta BUOYXOBI pEYOBUHH, Cy4acHI MOX-
JUBOCTI CHIPUHHSITTS, ONMPAILIOBAHHS Ta pearyBaHHS Ha €JIEKTPOMATHITHI, aKyCTHYHI
Ta IIYMOBI 30ypeHHSI MOPCHKOI IMOBEpXHi KOPaOISIMHU YU MiABIIHUMHA YOBHAMHU, TIepe-
TBOPIOIOTH MiIHYBaHHS Ha TPi3HY 30pOI0 aKTUBHOTO pearyBaHHs. Tak cydacHi JOHHI
MiHH MOXYTh Yy MOTPiOHI MOMEHTH Yacy 3a AMCTAHIIHHOIO KOMaHJIOK CILIMBATH Ha
noBepxHO (Momens MN103-moHHa HEKOHTaKTHAa MiHA) YW TOpHEmyBaTH (MOIETh
Mark 60 Captor) kopabi IpOTUBHHKA.

3BUYAKHO 13 BIOCKOHAJICHHSAM MIHHOTO O30pPO€HHS BIOCKOHAIIOIOTHCS 1 TEXHIUHI
3ac00M PO3MIHYBAaHHS SIK OKPEMHX MiH, Tak 1 MiHHHX moiiB. Tyt Oe3mei jroaei, 1o
3HEUIKO/DKYIOTh MiHH, NPUAUICHO 0coOnuBY yBary. | sik Halile()eKTHBHILIMNA METOJ
3aXUCTy OCOOOBOTO CKJIaJy BHU3HAETHCA AMCTAHIIHE KEPyBaHHS POOOTH30BAHUMHU
TEXHIYHMUMH 3ac00aMu po3MiHyBaHHs. ToMy OyJI0 po3p0o0JIeHO i BIPOBAKEHO Y MpaK-
TUYHE 3aCTOCYBaHHS JMCTAHIIMHO KepoBaHI OE3MUIOTHI MiJBOAHI PO3MiHYBaJbHI
npuctpoi (mpoekt anst BMC CIIIA Proteus). Illupoko BUKOPHCTOBYIOTh i Tak 3BaHi
TOPIIEA0-POOOTH «KEMiKaI3e», 10 BUSBUBINN INIMOMHHY YW JIOHY MiHY 30JIMKYIOThCS
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3 Hero 1 BUOyxatoTh. BuOyx Topriean-po0oTa «kemikaa3e» 3aBasKy ACTOHAIlIT a00 Mexa-
HIYHOMY YIIKOPKEHHIO ITPOBOKYE BUOYX ITMOMHHOT MiHH. TUM caMUM HEUTpami3y€eThes
HeOesIeKa MipUBY i€l MiHOO KOpaOIliB YM 1HIIUX TUIABY4HX 3aCO0iB.

3BHYAIHO 1 HaJIaJIi MIUPOKO 3aCTOCOBYIOTH ISl PO3MIHOBYBAHHS 1 TPOTPABIIOBAHHS
MOBEPXHI MOPS CIIeialIbHI KaTepU-TPaNTiBHUKHU. [CTOPisi BAKOPUCTAHHS KaTepiB-TpaliB-
HUKIB JUIsl 3HCIIKO/DKEHHS TUIABAIOYMX Ta SIKIPHUX MIH CSra€ Maike CTOJITTS. 3aro-
YaTKyBaHHS iX BUKOPHUCTAHHS MPAKTHYHO CITIBIAJAAE 13 MEPIOJIOM MOYATKY aKTHBHOTO
MiHyBaHHS MOPCHKUX BOJOWM. OJJHAK Ha TETepilIHii yac HaBiTh TAaKUi JaBHIH METOJ
PO3MiHYBaHHS 3a3HA€ MOJICPHi3allii Ta BIOCKOHaNEeHHs. [1i BIOCKOHANCHHS MOJATal0Th
y OCHAIlICHHI TPaNiBHUKIB OC3MIJIOTHUMU IJIaByYHUMH Ta JITaTbHUMH arapaTaMu JUIst
TIOLIYKIB MiH Ta 3apsAaaMU 13 TUCTAHI[ITHAM KepyBaHHSM JJIsI X ITipUBaHHSI.

Iopsin 3 THM BIOCKOHATIOKOTHCS 1 1HINI METOJM MOIIYKIB. SICKpaBUM NPUKIIAIOM
YCIIITHOTO BUKOPUCTAHHS 0e3MUTIOTHHX JiTanbHuX amapatiB (BI1JIA) amns momrykiB MiH
€ po3poOiyieHa yKpaiHCHKHM Jlep:kaBHUM HayKOBO-JIOCIIJHUM 1HCTHUTYTOM BHUIIPOOY-
BaHb i cepTudikaii 030pO€HHs 1 BIHCHKOBOT TEXHIKH METOIUKA MTOIIYKY ITi{BIIIIEHUMHU
JI0 IIMX arapariB MarHiTOMETPUYHUMH JaBadam. JliTanpHui anapar i3 MiABIICHUMH
Ha TPOCaxX MarHITOMETPUYHUMH JaBa4aMu Ha BHcOTi 10-15 MeTpiB BiJ MOBEpXHI 3eMii
3IIMCHIOE TTONBOTH MO 3a/aHiii TpaekTopii. CUrHAN Bij JaBaya Mpo BHSBJICHY MiHY
NepeacThesl HA KOMaHIHUM MYHKT, J€ OMPalbOBYETHCS 3 METOI0 BH3HAYCHHS TOYHUX
KOOp/IMHAT BUSIBIICHUX MiH. 3a0e3nedyBaHa TOUHICTh BU3HAYCHHS KOOPIMHAT MiH KaJli-
opy 82 ta 120 MiTiMETpiB TyT csAra€ po30KHOCTI JIUIIIE Y JeKibka caHTuMeTpiB [1].
JlaHuii METOX MOIIYKYy MiH MarHITOMETPUYHUMH JaBadyam, 110 miasimieHi 10 BITJTA,
Mir OH 3 yCITiXOM BUKOPUCTOBYBATHCS 1 JIJIsI TIONIYKY IUTABYYHX Ha BOAHIN MOBEPXHI MiH.
OpHak Taki JOCIIHKEHHS 111¢ HEe MPOBOINIIKCh.

Crij BiJ3HAYUTH, 10 HA BiMIHY BiJ SKIPHUX Ta JOHHUX MiH, BCTAHOBJICHHS SKUX
HEOJIMIHHO CYIPOBODKYEThCS (DIKCAIIEI0 MICIh 3aKPIIJICHHS Ha BIANOBIIHUX KapTax
MiHYBaHHS TO1 UM 1HIIOT MOPCHKOT aKBaTOPii, pO3MIIIEHHS TIABYYHX MiH He (QIKCYEThCS
1 MOCTIHHO BUI03MIHIOETHCS BITPAMHM Ta TEUISIMH, & TAKOXK XBUJIBOBUM 30ypEHHIM MOp-
ChKOI MOBEpXHi. bijbllle TOro, HaBITH BUSABJICHA aJic BYACHO HE 3HEIIKOPKEHA TUIaByda
MiHa 30epirae HeOe3NeKy, OCKIIKH He (PiKCyeThcs Ha MICI[i BUSBICHHS 1 TPOJOBKYE
MepeMIIIaTucs y BOIi.

[leBHy HeOe3MeKy MIaBy4i MiHU CTAHOBJISATH HE TIIBKH JIsl KOPAOIIB a 1 JJIs1 [IUBLUIb-
HOTO HaceJeHHS Ha MOPCBHKHX MoOepexoksax. [IpuOuTi XBUISIME IO MIIMH OeperoBoi
JiHi{ i MiHK MOXXYTh BUOYXaTH HaBITh BiJI yIapHOTO KOHTAKTY i3 MOPCHKUM JHOM Oepe-
roBoi MutuHH. | 1X BUOyXH Ha OEpPEeroBHX MUIMHAX 3arpOXKYIOTh JKUTTIO Ta 3I0POB’IO
MPALIOKYMX YU BIIMOYMBAIOUMX HA TIOOEepexoKi joned. CaMe Taka mpuKpa IMois, 1110
3a0payia XHUTTS OJHOI JIIOMUHM 1 BaXXKO TpaBMyBaJla iHIY Tparmmiacs Ha MOPCHKOMY
Oepesi mobnuzy micta Oxeca (Ykpaina) B uepBHi 2022 poky. 3ipBaHy 3 SKOps MiHY, IO
Oysa BCTAHOBJICHA POCIHCHKMMHU BIMCHKOBHUMHM Jisi OJIOKyBaHHs moptiB OmecH, Bifi-
pBaJIO BT SIKOPsI 1 MPUOMIIO XBUIISIME 0 Oepera MOPCHKOTO TUISIKY. | came ii BUOyX cTaBs
NPUYMHOI0 CMEPTI Ta TSHKKUX TpaBM Jitozied. Cxoxka cUTyallisi, o CyNnpoBOKyBajach
CMEPTIO JIFOJIMHH, TYT IIOBTOPHIIACH 1y JIMITHI MiCSAIIi IIBOTO K POKY.

To * mjaBy4i MIHH HE JIMIIE CTBOPIOIOTH MEPEIIKOIU Ta HEOE3MEKy s CyIHO-
TUIaBCTBA, a 1 3arPOXKYIOTh JKUTTIO 1 3/0POB’I0 JIIONEH. A 3riJIHO JaHUX MPECCITyKOU
BiiicbkOBO-MOPCHKHX CHII YKpaiHU JIMIIE 332 YOTHPH TepIni Micslli pociichKol arpecii
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Bilicbkamu Pociticekoi @enepartii y Bogu HopHoro Mopsi Oyiio BctaHoBieHo 01iist 400 Min
PI3HOMaHITHUX THUIIIB.

BaxuBicTb cipoMOXHOCTI 320e31eUeHHs CTa0lIbHOCTI POOOTH MOPCHKHX Ta PIUKO-
BUX MOPTIB HANJISATHO MIPOLTIOCTPYBau BoeHHI moii 2022 poky Ha TepuTopii YkpaiHu.
3aMiHOBaHi BilichKaMH POCIHCBKOTO arpecopa mopTu YKpaiHu B akBaropii YopHoro
MoOpsi 3a0JIOKyBaJIi MOXKJIMBICTh TIOCTABOK YKpAiHOIO BPOXKAIO 3€PHOBUX KYJBTYp Ha
cBiTOBI puHKH. Uepe3 Te, mo YkpaiHa Oyna i 3alMIIA€ThCs cepeli OCHOBHHUX TOCTa-
YalbHHUKIB 3¢pHa HA PUHKH a()pUKaHCHKUX KpaiH, TpuBaje OJOKYBaHHS YKpaiHCHKUX
MOPCBHKHMX TIOPTiB MPUBEJIO JI0 CTPIMKOTO HAPOIIYBaHHS BapTOCTI 3€pHA Ha CBITOBUX
puHKax. Bijbile TOro, MiJKOM peanbHO MOCTAE HeOe3IeKa rojoay B eKOHOMIYHO Bij-
cTanux aQ)pUKaHCHKUX KpaiHax, s SKUX came YKpaiHa € OCHOBHUM IOCTaYalIbHUKOM.
3aKkOHOMIpPHO, IO IIe TPOBOKYBAaTHME COLIaIbHI 3aBOPYIICHHS Yepe3 HeOe3neKy MoX-
JIUBOTO TOJIOJTyBaHHS HACEJICHHSI.

st cuTyaris 3aiiBUi pa3 MiIKPECIIOE BAroMicTh 3a0e3nedeHHs cTabiIbHOCTI pOOOTH
MOPCBKHX TIOPTiB, & BIAIOBIIHO, 1 TIOB’SI3aHOT 3 UM NMPOOJIEMH HIBHJKOTO Ta TapaH-
TOBaHOTO €()EeKTUBHOTO PO3MIHOBYBAaHHS MOPCHKUX KOpaOelbHUX peijliB Ta aKBaTOPii
MOPTiB.

ToMmy akTyabHOO 3aTUIIAETHCS TIPoOIieMa BIOCKOHATICHHS METOIIB ITOIIYKY Ta 3He-
IIKOJPKEHHS MOPCHKHX MiH YCiX THITiB Ta PI3HOBUJIIB, Y TOMY YHCIII 1 MJIAByYUX MiH.

Omisaa nonepenHix 10caiTKeHb

He 3Baskaroun Ha 1MosBy JOBOJII OpUTIHAIEHUX METOIB Ta 00JIaJHAHHS JUTS IOIIYKY
Ta PO3MiHYBaHHS MiH BCE IIl¢ HAHOLIBII BXKWBAHOIO 3aJIMIIAETHCS METOJUKA PO3MIHY-
BaHHS MIHHUX TOJIIB CAMOXIJIHUMH TpajiamMu. [lepeBakHO Iie crieliaibHO 00NaIHaHI
KaTepu Ha 3pa3okK miBeacbkoro SAM-3 un amepukancbkoro SAM-05, koTpi aganToBaHi
JIO CTIIPUMHSATTA 1 MPOTUCTOSTHHS BUOyxaMm MiH [1]. JloBoai 4acTo TemepiliHi Karepu-
TPaJiBHUKH OCHAIIYIOTh PI3HOMaHITHUMH iMiTaTopamu BiOparliii, rymiB Ta 30yproBa-
YaMHM MarHiTHMX TMOJIB JUIS IMITallii HUIMUA PyXOMHX Ha pelii kopaOiiB Ta MpPOBOKa-
il MiHHUX JaBadiB Ha BHOyX. TermepimHi KaTepu-TPpaiBHUKH 1€ TIePEBaKHO po30ipHi
MOHTOHHI KaTepH 3 MIBHJIKICTIO PyXy 6—8 BY3IiB, SIKi JIETKO MEPETPAHCIIOPTOBYIOTHCS
JIiTAKaMU Ha HEOOXIHI TUISTHKH Ta YYaCTKU MOPSL.

[leBHOIO anBTEPHATHBOIO CAMOXIJIHUX TPaJliB MOXKYTh BBa)KaTHCS TaK 3BaHI BEPTO-
niTHi Tpanm [2]. Li Tpanm Tex 00namToByOTh TeHepaTropaMy MarHiTHUX TIOJIB Ta ITiJI-
PI3HUM YCTAaTKyBaHHSIM ISl 3HEHIKO/PKEHHS SIKIpHUX MiH. TUITOBHH MPEICTaBHUK TAKHX
TpatiB — I1e Tpast Ha migBoaHuX Kpmiax Harris MK-105.

Sxmo HaeTkes mpo noTpedy y po3MiHOBYBaHHI 3HAYHUX TUIOI MOPCHKOT aKBaTopii TO
nepeBary, 3BUUaiiHO, BiIIal0Th BEIMKOTOHAKHUM CIICIialli30BaHUM KOpaOIsiM-TpastiB-
nukam. [1o cyTi e Benmka yHiBepcaibHa miardopma Juis 6a3yBaHHs, TPAHCTIOPTYBaHHS
HAJBOJHUX, MOBITPSIHUX Ta OC3MIJIOTHUX MEXaHI3MIB Ui BUSABJICHHS yCiX 0€3 BUHATKY
TUIIB MiH 1 TX 3HENIKOKeHHS. BOTOBUTICHEHHS TaKOTO KOPaOJIsi-TpaiBHUKA CSTa€ 10
3500 TonH, mBHUAKicTh 15-20 By3xniB. B mporieci po3MiHyBaHHS Takuii kopabenb po3-
Bifye Ta ounmae 10-20 kBagpaTHUX KiJTOMETpPiB 3a roauny i 10 500 kM2 momodu [1].

[HKOMM JUTA iMiTAIi] ITyMiB Ta MOMIB KOpalis 3aCTOCOBYIOTh CUCTEMY 13 3’ €THAHUX
MK COOOI0 TIOHTOHIB, Ha SIKHX BCTAHOBICHI T€HEPAaTOpU MAarHiTHOTO, aKyCTHYHOTO
Ta eJEKTPOMArHIiTHOTO TMOMiB. JliTanbHHUN amapar, HapHUKIAA TeJliKONTep Y MOTYX-
HUH JPOH TPAHCIOPTYIOTH IIi TOHTOHW Ha TOBEPXHI MOps, IMITyIOuM Kopabenb
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Ta MPOBOKYIOUW BUOYX MiHH [ 1]. Taki IOHTOHHI crcTeMH BUTOTOBIIsE€ BUpoOHUK Thales
Australia.

Jist monryKy IuiaBydux MiH y HaOIkeHHX /10 Oepera JUITHOK MOPiB JOBOJI 4acTo
3aCTOCOBYIOTh 1 TENIKONTEPH Y TOBITPSHI OE3MUIOTHUKY 13 JIa3ePHUMHU CUCTEMaMU
CKaHyBaHHs NpUTIOBepXHEBUX BOJ [ 1]. [Ipuxiramom BUKOpHUCTAHHS TAKOT CXEMH TOITYKY
MiH € 3acrocyBana BMC CIIA 06a3a mis ja3epHoro ckanyBanHs moneni Northrop
Grumman MQ-8 Fire Scout.

BiHOCHO HOBHUM KPOKOM Y JOCII/PKEHHI METOIMK TOIIYKY ITUIaByUYHX MiH € 3aCTO-
CYBaHHS JIO MOITYKOBUX poOIT Oe3minoTHHX JiTanbHux anapariB (BI1JTA). 3aranom s
po3BiAyBaibHO-TIONIYKOBHX Po0iT BITJIA BnacHe kakyuu i Oyau cTBopeHi. OqHak ajis
MOIIYKY MOPCHKHMX MiH aBTOPH MPOTIOHYIOTH iX 3aCTOCYBaHHS BIIEpIIIE.

CBoto e(heKTHBHICTh SIK JUBEpCiiHO-po3BimyBanbHe 030poeHHsT BITJIA ocobnuBo
MEPEKOHJIUBO MPOJICMOHCTPYBAJIM HA TIOJISIX BOEHHHX JIH POCIHCHhKO-YKPaTHCHKOT BIHHU
y 2022 poui. [IpakTrnyno Oe3mIyMHI Ta HEBUAWUMI JJISl BOPOXKUX pajiapiB Ii JITaIbHI
amapaTd CTajd HE3aMiHHUMH JJIs 300py KOPHCHOI pO3BinyBasibHOI iH(OpMaIli npo
JIUCIIOKAIlII0 TEXHIKM Ta 0CO0O0BOro ckjamy npoTuBHHMKA [3]. OCHaIIeHI Cy4acHOIO
BiJleoanapaTyporo i3 BEJIMKOI0 PO3IIUIBHOI0 3/IATHICTIO I JIITAIOUi PO3BITHHKH CTAJN
HEBIJI’€MHOIO CKJIaIOBOIO MPAKTUYHO KOXKHOT'O HaBITh HE3HAYHOTO 3a YHCEIbHICTIO Bili-
CBKOBOTO MiIpO3iny [4].

A OCHAIIIEHHS TaK 3BAaHUX IOBITPSIHUX OC3MUIOTHHKIBY OUIBII MOTYXHUMH JIBU-
TYHaMU Ta MPUCTPOSIMHU JIJISI TPAHCHIOPTYBaHHS, YTPUMYBAHHS Ta JUCTAHIIIHHO KEpo-
BaHOTO CKHJAHHS BUOYXOBHMX 00€3aps/IiB B3araji MEpeTBOPUIIO IX Ha IPi3HY Cy4YacHY
30poro [5]. BiacHe kaxyuu, came CIIPOMOXKHICTh HE JIMIIC BHSIBISITH MaJIoTa0apuTHI
Npe/IMETH Ha 3eMHIil Ta BOJHIH MOBEPXHi, a i 0oMOapIyBaTH i IUCTAHIIIAHO TiIPUBATH
ix 0oe3apsaMu 1 CTaj0 MEPIIONPUYMHOI0 HAIIOT PEeKOMEH ANl 1010 3aCTOCYBaHHS
BITJIA 1o moiyKy Ta 3HEIIKOHKCHHS TUIaByYHX MiH.

Crij BiI3HAYKUTH, 1110 AaBTOPHU CTATTi MArOTh MIEBHUI MO3UTUBHUMN JOCBIJl Y 3aCTOCY-
BaHHi BITJTA mist nomyky pyXoMux 00’ €KTiB 3ac00aMi KIHEMAaTUYHOTO TIPOEKTYBaHHS.
30kpeMa, y HalllMX HAYKOBHMX JOCIIDKCHHSIX OMHMCaHI cxeMu BukopuctanHs BITJIA
y CLIBCHKOMY Ta JIICOBOMY rocrozapctsax [6; 7], B kinematorpadii [8] Ta aepodoTo-
reojie3ii [9], y BIMCbKOBIM cIpaBi IS BHUSIBICHHS KOOPJMHAT BOPOXKUX IUBEPCIiHO-
PO3BiAyBaJIbHUX OE3MUIOTHUX JiTaNbHUX anapatis [10; 11; 12]. [TepeBarkHa OUIBIIICT
[UX JIOCHIJKEHb 0a3y€ThCs Ha OPTraHiYHOMY MO€THAHHI PO3BiTyBaIbHUX MOKITHBOCTEH
Cy4yacHOi MajorabapuTHOi Bijeoariaparypu, SKOK OCHAIICHI JIiTal4ui Oe3MiIOTHUKU
Ta JPOHHU, 13 CIPOMOXKHICTIO BHCOKOTOYHHX PO3PaxXyHKiB KOOPJHHAT MPOCTOPOBUX
MEPEeMIICHb 00’ €KTIB OOYMCITIOBAILHOIO TEXHIKOIO Ha MiJCTaBl JaHUX KIHEMAaTUYHOTO
MPOEKTYBaHHSI.

Onwupanuch i JOCTiKEHHs Ha JOCBIJ NpalliBHUKIB HalioHansHOTO YHIBEpCUTETY
«JIpBiBCBKA MOMiTeXHIKa» (YKpaiHa) B ramy3i aepodororeonesii y 3actocysanni bITITA
JUTSl BU3HAYCHHST KOOPMHAT MICIIEBOCTI MPH CKJIaaHH1 Tonorpagiuaux kapt [13; 14].

CTOCOBHO BHKOPHCTOBYBAaHOTO HAMH METOAY KIHEMAaTWYHOTO TPOCKTYBaHHS BiJ-
3HAUUMO, IO Ield METOJ] MPOEKTYBaHHS J03BOJSIE BU3HAYaTH MUTTEBI KOOPIHHATH
Ta TPAEKTOPIi MPOCTOPOBUX MEPEMillleHb pyXOMUX 00’ €KTiB. [Ipy IbOMY TIpH HasIBHOCTI
pPyXy Bcix 0e3 BHHATKY 3ac00iB 1 CKJIaJOBUX MPOCKTYBaHHS, a caMe 00’ €KTiB MpOeK-
TYBaHHsI, «CIIOCTEPIrauiBy Ta KOOPJAMHATHOI IUIONIMHY i3 MPOEKTYIOUUMH POMEHSIMH.
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[Ipu upoMy yci i 00’€KTH MPOEKTYBaHHS a00 YaCTHHA 3 HUX MOXYTh 3HAXOAUTHCS
y TIPUCKOPEHOMY a00 PIBHOMIPHOMY PYCi, @ pyX KOXHOTO i3 CKJIaJIOBHX MPOEKTYBaHHS
HE 3aJIe)KHUH BiJ pyXy iHIIMX Horo ckinagoBux [8; 10; 15].

[IpakTudHe 3acTOCYBaHHS TCOPETHYHUX OCHOB KIHEMATHYHOTO MPOEKTYBAHHS BiJl-
KpHBAa€ HOBI MOMJIMBOCTI y BiIOOpayKeHHI PyXOMHX 00’€KTiB MPOCTOPY, B MUTAHHSX
MOITYKY MUTTEBUX KOOPJMHAT X PO3TAIIyBaHHs, a 3a MOTpeOr — 1 y BU3HAYCHHI Xapak-
TEPUCTHUK Ta ckianoBux pyxy [10; 11; 15].

OCHOBHOIO Memor0 0aH020 00caidcents Oyna po3poOKa METOTy TIOIIYKY IUIaBYqHX
MiH JUTS pO3MiHYBaHHSI MOPCHKHX Ta PIYKOBHX BOJIHHUX aKBATOPIM.

Jiig BupiieHHs 1aHoT MeTH OYyJo COPMYILOBAHO HACHYNHI 3A60AHHSL:

— PO3pOOUTH METOJHMKY BH3HAUCHHS MPOCTOPOBUX KOOPJMHAT PO3TAIIOBAHOTO Ha
BOJIHIH MOBEPXHI TBEPIOTO Tija 3ac00aMU KIHEMAaTHYHOTO TPOCKTYBaHHS;

— BH3HAYMUTU ONTHUMAJIbHY KUIBKICTh OC3MIIOTHHUX JITAJBHUX anapaTiB AJis BU3HA-
YEeHHS KOOPMHAT [UTaBy40i MiHH;

— JIOCHIJDKEHHS 1 po3poOKa ONTHMANBHOI TPAaEKTOPii MPOCTOPOBUX IEpEMIilllCHb
BITJIA nipu momyKy HUMU IJIaByYUX MiH;

— CTBOPEHHS JITOPUTMY MPOTPAMHOTO 3a0e3Me4eHHsS JJIsi PO3POOKH TpOrpamu
y3rompkerHst nanux BITJTA npu BU3HaYeHHI HUMH MiCIisl PO3TaIllyBaHHS IUIaBy40i MiHU.

Bukiag ocHOBHOTO Marepiany

[IpoBenennii aHaxi3 3aCTOCOBYBaHHSI Pi3HOMAHITHUX 3acO0iB JUIS TOUIYKY Ta 3He-
IIKOJPKEHHS TJIAByYUX MiH MEPEKOHJIMBO IiBOAMUTH 10 TYMKH Ta TEPEKOHAHHS, IO
HallONTHMaNBHIIIUM OyJe OpraHiduHe MOEJHAHHS IepeBar 3aCTOCYBaHHS MOPCHKHX
IJIaBY4HX 3aCO0IB Ta JiTarouoi TexHikW [2; S5]. Y BUMaaKy IUTaByduX MiH 1€ TOBUHHO
0 OyTH MoeHAHHS OJIHOYACHOTO 3aCTOCYBaHHS KaTrepiB-TPajiBHHUKIB i3 O€3MUIOTHUMH
nmitaneHuMu amapatamu (BITJIA). Ha karepi-tpaniBHuky, Hanpukian, mMozaem ARCIS
Atlas Electronik, moBuHH1 OyTH 007aIITOBaH KOMaHJHHN ITYHKT 13 32C00aMU KepyBaHHS
MOITYKOBUMH TEPEMIlllEHHSIMH JITAIBPHUX anapariB Ta NpOrpaMHUM 3a0e3MeueHHSIM
PO3paxyHKIiB KOOPAWHAT BUSABJICHUX MiH, pasionokaiiiina craumis (PJIC) mns Biacmia-
koByBaHHs BITJTA, miommazaka ais 3amycKy Ta MOCa Ky JITaJbHHUX anapariB 1 3BUYaiiHO
CHOPSKEHHS JIsl TUCTAHIIMHOTO 3HEIIKOKSHHS BUSBIICHUX MiH [1; 3; 16].

VY sKOCTI MONIYKOBHX JITaJIbHUX anapaTiB JOPEYHO CKOPUCTATHCS JIPOHAMHU UM
KBaJIPOKOINITEpaMH CEpEeNIHIX THIIOPO3MIpiB, IO CHPOMOXHI TPaHCIIOPTYBAaTH Ha coOi
MEePEeHOCHE pajioNioKalliiiHe oOmagHaHHsS Macoo 10 40Kkr i3 epEeKTHBHUM pajiiycoM
aii 200-250 M Ta o0amHAHHSAM Bi3yasizallii i CIIOCTEPEKEHHS 3a MOBEPXHEIO MOPS 13
BHCOKOIO PO3JIUTBHOIO 37IaTHICTIO Ta paaiycom il He MeHe 100 m [9; 13]. Ha Bumamox
MOTPeOHU MiIPUBY BUSBICHUX MiH I1i JIITANbHI allapaTy MOBUHHI OyTH OCHAIIEH] TUCTAH-
LIHHO KEPOBAaHUMH TpUMauaMu 00€BUX 3apsiB. TaKUM BUMOTaM BiIMOBIAAOTH JOBOJII
Oararo pi3HOBH/IIB O€3MUIOTHHKIB, HaNIpuKia, Moaenei “Predator-B” (dipma “General
Atomic Aeronautical Systems Inc”, CIIA), “Grand Duck” (“Dasso”, ®@panitist) Tom1o.
Ta HaifepekTUBHIIINM, Ha HAITY AYMKY, OyJ10 O BUKOPUCTaHHS JJIs JTiKBiaIil BUsIBIIC-
HUX MiH MajorabapuTHOTO ApoHa-TiKkBigartopa moneni Switchblade 600. fioro mepe-
Barolo, OKpiM HE3HAuYHMX MacH Ta po3MipiB, € HasBHiCTH GPS-HaBiramii i 3maTHICTD
MOIIYKY Ta po3Mi3HaBaHHs Hamepes 3aJlaHuXx 00’ekTiB. Baromoro € i 31aTHICTh 1OTO
npoHa-keMikazaze 10 30 XBIIUH 0e3MepepBHOTO MOIBOTY 13 KPeHCEePChKOIO MBUAKICTIO
112 xm/ron.
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SKuIo momyK TIIaBarOvHMX MiH 3/IHCHIOIOTH Y TIpUOeperoBiil akBaTopii Mopsi, Bi-
JaJIeHii Bij Oepera Ha JEKiJIbKa KiJIOMETPIiB, TO KOMaHHHUH ITYHKT KepyBaHHSI MOMIY-
KOBOIO POOOTOIO JIPOHIB OONAIITOBYIOTh, MEPEBAXKHO HA Oepesi. SKINO X MOUTYKOBI
MaHEBpPHU 3IIHCHIOITH Y BIIKPUTOMY MOpI Ha TUISHKAX, IO BiAganeHi Bijg OeperoBoi
CMYTH Ha JIECATKH KIIOMETpPIB, TO i Oa3yBaHHs, 3alyCKy, KepiBHUIITBA pOOOTOIO
Ta TPAEKTOPISIMHU PYXiB JAPOHIB JOIIILHO BUKOPHCTOBYBAaTH HAJICKHUM YHHOM OOJa-
HITOBaHUH KaTep-TpaJiBHUK. BpaxoByrouM, MO IUIaBy4i MiHHW MiJ] €0 BiTpiB, 30Y-
PEHHSI MOPCBKOT TMOBEPXHi, T€Hill Ta BOAOBOPOTIB MOXKYTh MEPEMIIIATUCS TI0 TIOBEPXHI
MOpsI, BUSIBJICHI JPOHAMH KOOPJMHATAMH MICIS pO3TAlIyBaHHS [[UX MiH HE € CTaMHU
1 MOXYTh TIOCTIfHO 3MiHIOBaTHCS. TOMY BHSBJICHI JPOHAMU TUIABYYi MiHU JOIIIEHO
MOCTIMHO BiJICTE)KYBATH, a I Kpaille, 3a0e3MeUuBIIM O0€3MeKy UIi MOPCHKUX ILIaB-
3aco0iB Ta JOfeH, 3HUILYBaTH. ISl IIbOT0 MOXYTh OYyTH BUKOPUCTAHUMH Ti K TaKU
MOUTYKOBI JIPOHH, IO 3aMiCTh IMOIITYKOBOT anaparypy OCHAIIleH] MmiiBicHUME Ooe3apsi-
namu [4; 10].

3BUYANHO IS MOINYKIB MIABYYHUX MIiH 13 3aCTOCYBaHHSAM OE3MIIIOTHUX JIITATBHUX
armapariB HeoOXiJJHi, OKpiM HaJISKHHUX TOTOAHUX YMOB, 30KpeMa, CHJIM BITpY, 1 TIEBHI
PO3paxyHKOBI TPAEKTOPIT X MPOCTOPOBUX MEPEMIIIICHb. Bijibllie TOTO BUSBJICHI y MOTIE-
PelHI MONIYKOBI JHI TJIaBy4l MIHH i JI€0 BITPIB 1 Teuili HEOAMIHHO 3MIHATH CBOE
MicIle po3TalllyBaHHS 1 1X JIOBEJETbCS PO3UIYKYBaTW 3aHOBO. TOMy, OpraHi3oBYIOYH
MOIIYKOBI pOOOTH 13 PO3MIHYBaHHSI IEBHUX aKBaTOPid MOpS JOPEYHO TaKUM YHHOM
OpraHi30BYBaTH IMOIIYKOBI POOOTH, II00 MaKCUMAJIBHO MTUPOKO OXOMUTH TUIONII IOy~
KOBUX JIUTSTHOK, & TAKOX 3a0€311eUNTH 3HEITKO/DKEHHSI BUSIBICHUX O00€3apsiaiB. ToMmy TyT
Ba)KJIMBE 3HAYCHHS MAIOTh, TIOPA]] i3 MOTYXKHICTIO MOITYKOBOI anaparypu, i TpaekTopii
MOITYKOBUX TEPEMIllICHh BUKOPHCTOBYBaHUX LIS TIONIYKIB TeXHIYHUX 3aco0iB. Yacto
NP [IbOMY 301IBIITYIOTH KUTBKICTh OTHOYACHO BUKOPHUCTOBYBAHUX TEXHIYHUX TIOMIYKO-
BUX 3ac00iB, y3TO/KYIOUH ITOMIXX HUMH PEXHMH MONTYKOBOI poOOTH Ta TpaekTopiit ix
MIPOCTOPOBUX MEPEMIILIEHb.

[TeBHMM YHHOM MOITYKH IUIABYYMX» MIH 3HAYHOIO MipOIO CXOXI1 Ha MepeMilleHHs
pHOOJIOBEIBKIX CYJICH TP MOIIyKaX HUMH KOCSIKIiB pHOH, IPUIATHUX JUISI MOPCHKOTO
MPOMHUCITY.

Po3MinyBaHHsSI MOPCHKOi aKBaTOPii B/l MIaByYMX MiH 13 BUKOPUCTAHHSAM 0€3ITIOT-
HUX anapariB 3/1iiCHIOIOTh Y HACTYIHIN mociinoBHocTi. Karep-TpaniBHuk 1 i3 3aBaHTa-
JKeHUMH Ha HbOro YotupMa BIIJIA 2 Tuny «IapoH», 10 OCHAIIEHI BHINE BiI3HAYCHUM
MOUTYKOBUM OOJIa{THAHHSM, 8 TaKOK BUOYXOBHMH 3apsaMH JJIsl TiIPUBY BUSBICHUX
MiH, 3aXO/IUTh B IICHTPaJbHY YaCTHHY BUIIJICHOT HOMY JJIs TOIITYKIB MiH JAUISTHKH aKBa-
Topiit Mopsi. TyT BiH cTae Ha sIKip, SKIIO 1€ J03BOJSIE MIMOMHA MOPSL, 200 TIOBIIBHO
npelidye, yac BiJ yacy BIIIKOPETOBYIOUM CBOE MICIE PO3TallyBaHHS MOOIH3Y IIEHTPY
MOIIYKOBOi NUISIHKA. B HE0O MoveproBo 3amyCcKaroTh TPH JIPOHH 2 i3 pajiosioKalliii-
HOIO TONIYKOBOIO araparyporio Ta CIIOCTEPEKyBATBHIMHE Bifeokamepamu. KomaugHmit
MYHKT KEPYyBaHHS MMOITYKOBHMH pOOOTaMH 32 JIOTTIOMOTOIO Bi/IMOBITHAX KOMIT FOTEPHUX
nporpaM KepyBaHHS TOITYKOBHMH TIEPEMILICHHSMH Ha TEpIIOMY €Tari BHJIAIITO-
BY€ TPIHKY JIPOHIB B OJHY JIHIFO Ha BiAJai, HAMPUKIAJ «a» OIHMH BiJl OJHOTO Ta BiJ
KOMaHJJHOTO MYHKTY Ha KaTtepi-TpaibHUKy 1. Binmans «a» Mix ApoHamMu MpU3HAYAIOTh
piBHOIO niametpy d miBcdepu edeKTHBHOI il TX MOIIYKOBOT paaioNoKaliiiHol anapa-
TypH, T00TO a =d=2r, ne r — panuiyc e(eKTUBHOTO MOIIyKy apoHa (puc. 1).
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Puc. 1. Tpaexmopis npocmopogux nepemiujeb NOULYKosux OpoHie
no cnipani Apximeda

BunamryBaHuM y ofHy JIiHII0 TIOITYKOBUM JPOHaM 2 MOJAI0Th KOMaHAy Ha MPOCTO-
POBI mepeMmimeHHs miei TPIHKM IpoHiB 1o cripaii ApxiMena, KpoK SKOi piBHHMA

b=3a=3d=6r,

e b=3a — mmpuHa OUITHKA OIXHOYACHOTO OXOIUICHHS APOHAMHM TOLIYKOBOi 30HH,
d Ta r — BIINOBIAHO iaMeTp Ta paaiyc miBcepu Aii momrykoBoi paxioiokamiiiHoi ana-
parypu.

Hentp cmipani Apximena, mo sikii mepeMilIatoThCs B MOBITPi MOIIYKOBI APOHU 2,
YMOBHO OOJaIITOBAaHWN Ha KaTepi-TpalTiBHUKY 1, a BHCOTa MONbOTY HE MEPEBHUIILYE
paniyca » edexkTtuBHOI nii momrykoBoi anmaparypu. [Ipu Bulle BKa3zaHHX HapameTpax
MOLITYKOBO]I amapaTypyu SK ONTHMabHI MOXKHa Oyiio O peKoMeHAyBaTH HAacTyITHI mapa-
METPH TPAEKTOPII JIEeTy MOUTYKOBUX JPOHIB:

— BHcoTa jJety — 50 M;

— Bimgayb Mix apoHamu — a — 100 Mm;

— t=6r=6-50=300 M — kpok cripani ApxXiMesa MPOCTOPOBOTO MEepeMillleHHS APO-
HIB;

— r=50m — paniyc niBcdepH eeKTHBHOTO MOUTYKY PaIioNoKaliiHOl anaparypH;

— b=3a=3-100=300 M — mUpUHA CMYTH AUISHKH MOLIYKY, OXOIUIEHOI TphOMa
JpOHaMHU.

TpaekTopist pyxXy NOLIYKOBUX JIPOHIB MO ciipaii ApxiMeaa oOpaHo i3 IBOX MipKy-
BaHb:

— JlaHa TPAEKTOPis HE OMyCKae HasIBHOCTI HEOOCTEKEHUX JUISTHOK aKBaTOPii MOpSI;

— 14 TUTaBHA TPAEKTOPisl, HAa BIAMIHY BiJ iHIINX MOXIIMBUX, HE Tiepe1oavae 3BOpoT-
HUX PYyXiB Ta CTPIMKHX TIOBOPOTIB, IO HE € Oa’KaHUM JJIs1 JTTaJbHUX anaparis.

SKmo mpUHHATH 32 CEepelHI0 AOMYCTHMY IMIBHIKICTH JIETY MOLIYKOBHX JIPOHIB
MIBUJKICTE v=5—15,5 M/c=18—20 kxM/To1., TO 3a TOAMHY Yacy I[UMH TPhOMa IOIIYKO-
BUMH JPOHAaMU IIPH MPOCTOPOBHX iX MepeMilleHHsX 1o cripaii Apximena Oyne obcre-
YKEHO MPUOJM3HO IIICTh KBaApaTHUX KiJIOMETPiB aKBaTOpii MOPA.
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VY BuUmNaaKy BUSBICHHS Oy[b-SKHM i3 TOIIYKOBHUX JPOHIB IUIaBAIOu0i MiHH 3 OOMIT
HUMH TEpUTOpIi Mo crmipam ApxiMena mpu3ynuHsOTh. [0 BiIMOBigHIA KOMaHIi 13
KOMaHJHOTO TYHKTY KaTepa-TpaliBHHKa | JpOHHM 2 «3aBHCAIOTH» HaJ BUSBICHOIO
MIiHOIO, PO3TallyBaBIINCh HaJ[ HEIO PIBHOCTOPOHHIM TPUKYTHHUKOM, T€OMETPHYHHN
LEHTP SKOTO CITIBIA/IAE 13 TOYKOK PO3MIillleHHsI MiHU [6; 14].

[Micnst MbOro BMHKAIOTh OJHOYACHO HA TPHOX JIPOHAX 2 CIOCTEPEkKHY iIeHTU]I-
KalliiHy amaparypy Juls ieHTh(IKalii BUSBICHOTO JIPOHAMH Ha MOPCBHKIH MOBEPXHI
npeamMety. Came criocTepesxeHHs Ta poTorpadii miaBarodoro NpeaMeTy 3 TphoX 3Mille-
Hux Ha 120° ofHa BiJl OHOT TOYOK (JPOHIB) HAAAOTh MOXKIIMBICTh MTOOYJ0OBU Ha €KpaHi
MOHITOpa KOMII I0TE€pa KOMaHJIHOTO MYHKTY TBEPIOTIIBHOT MOJAEII JaHOTO JIOCIIKY-
BaHOro 00’€kTa. ToMy B JJaHii cXeMi MOIIYKY MiH 1 BAKOPUCTOBYIOTh OJJHOYACHO Came
TPH TIOITYKOBUX JAPOHHU.

SIK1Io BHSIBICHUI Ha MOBEPXHI MOPs TUIABAIOYHMI MPEIMET BCE K TaKU BHSBHTHCS
TTaBaI0YOI0 MIHOIO 3, MPUCTYNAIOTh J0 11 3HSUIKOMKSHHS. J{JIs IbOT0 BUKOPUCTOBYIOTh
JPOH-JIKBiaTOp 4 i3 AMCTaHIIHO KepoBaHUM Ooe3apsiioM 5 (puc. 1).

Jnst mporo, mepir 3a BCe, BUKOPHCTOBYIOYH BIAIMOBITHY IMpOTpaMy, YTOUHIOIOTH
KOOp/IMHATY PO3TalllyBaHHs AaHoi MiHH 3. JlaHa mporpama nependadae 3anpoBajKeHHS
YSIBHOT CICTEMH OPTOTOHAIIBHHUX MPOCTOPOBHX JleKapTOBHX KOOPAMHAT i3 PO3TAIyBaH-
HSIM TI0YaTKy BiJUTIKy KOOpAMHAT Ha MicCIi Katepa-TpaniBHuka 1 (puc. 2). Hymepauis
MO3HIIiH Ha IbOMY T4 HACTYITHUX PHCYHKaX CITIBIIaJIa€ 13 HOMEpaMH MO3MIIii Ha puc. 1.

Puc. 2 Cxema po3paxynky koopounam euseieHoi RouyKosumu OpoHamu
naasy4oi MiHu
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Bich x ysIBHO CIIpSIMOBYIOTH B HAIIPSIMKY OJHI€T 13 T€0JI€3MYHKUX CTOPIH CBITY JOCITi-
JDKYBaHOI TUISHKY TIONIYKY MiH, HAalpUKJIaJ, Ha MiBaeHb. [leprneHnuKkynsapHy i Bich
Y — B HalpAMKY 1HIIIOT CTOPOHHM CBITY, HAPUKJIAA, Ha cXil. Bick z cCipAMOBYIOTH BBEPX
NEPIECHIUKYIISIPHO ABOM HIIUM OCSIM. Y TBOpPEHA JIBOMa B3aEMHO TIEPIICHIUKYISIPHUMH
OCSIMU X Ta y TOPU30HTAJIbHA TUIOLIMHA MPOEKIiH i€l cCHCTEMH KOOPJUHAT CITiBIIajIae
13 MoBepxHEI0 Mops. HampsiMku ocel mpu3HavaroTh TAKUM YUHOM, OO BUSBJICHA MiHA
3 Ta MONIYKOBi JPOHH 2 PO3TAIIYBAIUCH B MEXKaxX MEPIIOro OKTAaHTY OKPECIEHOTO ILIO-
LIMHAMHY MIPOEKIIii mpoctopy (puc. 2) [10].

BcranosieHoro Ha karepi-TpaniBHUKY | pamionokamiiiHoro craniiero (PJIC) Bu3Ha-
YaroTh KOOPAMHATH KOKHOT'O 13 PO3MIIEHUX HAJ MIHOK APOHIB 2 Yy 3alpoBapKEHIN
cucteMi. JIo 1MX KOOpAUHAT HaJIeXKUTh Bindais [ Big PJIC 10 KOXXHOTO i3 TPHOX IOIIIy-
KOBHX JIPOHIB, 10 HA IAHHI TIepio1 4acy po3MillleHI HaJ| BUSBICHOIO MIHOIO 3, a TaKOX
KyTH HaXWIy ySIBHUX MPOEKTYIOUMX MPOMEHIB, 110 npoxoasTh Bij PJIC g0 koxHOro i3
npoHiB. Ha puc. 2 11i moOy10BH 1M03HAYCHO HACTYITHUM YHHOM:

— TourykoBi apoHu Ne [-A4, Ne 2-B Ta Ne 3-C, a X poeKIii Ha MJIOMIMHY OBEPXHI
Mops BianoBigHo '4, 'B, 'C;

— Bingans Bix PJIC no nomyxoBux apoHis / =04; [, =0B; [, =0C.;

— TPOEKTYIOYi pOMeHi, 1110 poxosTh Bix PJIC uepes mourykoBi ApoHU — p,, p,, P3-
Ix mpoex1ii Ha mIONMHY TIOBEpXHi MOPA BiANOBiAHO 'p,,'p,, 'ps;

— KYyTH MIX MPOEKTYIOUYMMHU MPOMEHIMH Ta IX MPOCKIISIMU Ha IUIOMIWHY MOBEPXHI
MODSI BiATIOB1THO:

0°=p"'p,=04"0'A4 (puc. 2),

v°=p,"'p,=O0B"O'B (puc. 3);

3°=p,"p,=0C"0O'C (puc. 4).

[Momanpii po3paxyHKH KOOPAWHAT PO3TAIIYBAHHS BUSBICHOI MiHU 3JIHCHIOIOTH
BUKOPHUCTOBYIOUH BiJIIOBIIHE MpOTpaMHE 3a0e3MedeHHs 32 HACTYIHUM aJIrOPUTMOM
[6; 10].

Crepriry i3 BigmoBiguaux TpukyTHUKIB AAO'A, ABO'B, ta ACO'C BH3HayYaioTh
BHCOTY PO3TAlllyBaHHS APOHIB 2 HaJl TIOBEPXHEIO MOPS A=/, sin ¢, Ta BUPIBHIOIOTH Il
JUISL BCIX TPhOX JIpoHiB. [To3HaYaroTh yTBOpEHY TPhOMa JPOHAMH IUIONIUHY SK 0a30BY
wionmHy (4, B,C). 1ls 6a3oBa MmiolIMHA o MapajiejbHa MOBEPXHI MOpPs 1 BiaganeHa
BiJl HROTO Ha BHCOTY /1 = |a ' | .

VY nmopaneiioMy HMpoOrpaMor0 po3paxyHKy nepeadadeHo, IIo i3 NepeHOCHHX pali-
OJIOKAIIMHUX CTaHIIi KOXXHOTO i3 IPOHIB 2 ySBHO MPOBEACHO MPOEKTYIOYi MPOMEHI,
10 IPOXOIATh OE3MOCepeHbO Yepe3 caM JPOH Ta BHSBIEHY MiHY 3, ToOTO p,=AM,
ps=BM, ta p,=CM. QiKCyIOTh KyTH HaXHITy IIUX MTPOEKTYIOYHX IIPOMEHIB /IO BiAMOBi-
HUX HEPHEHIUKYIIPIB 3 TOUOK A4, B Ta C Ha NOBEPXHIO IUIOIIMHA MOPSL, TOOTO

v =p, A 'A=AM"A'4,;
&°=ps"B 'B=BM"B'B;
e°=p,/C'C=CM"C'C.
Hwmxue nmoBepxHi Mopsi Ha TUOUHI =g YSIBHO OOJAIITOBYIOTh TIPOTPaMOIO PO3-

paxyHKIB Ille OZIHY TIapajieibHy oBepXHi Mops 'I1(x, y) Ta 6a3oBiit wiomuHi a(4, B, C)
TaK 3BaHy «KapTUHHY» IUIOIMHY f. IIpomoBXyroTh YSBHI NMPOEKTYIOUi MPOMEHI p,,
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Ps Ta g, O TIPOXOASTH BiJ MOLITYKOBHUX JIPOHIB 2 uepe3 BUABICHY MiHY M, 10 IEPETUHY
13 «KapTUHHOIOY TUIOLIMHOIO £ 1 pO3paxoBYIOTh KOOPJMHATH IX TOYOK IIEPETHHY, 4 cCaMe

W(xWayW,ZW)=p4 Np// I,
F(xF,yFWZF)sz Np//'IT,
D(xDﬂyD,ZD):p() NB/ /L.

IIpu oMy TSI TIPOCTOPOBOI MIPUB’A3KH MPOESKTYIOUUX MTPOMEHIB 10 0OpaHOi CHC-
TeMH KOOPIWHAT JOJATKOBO i3 BU3HAUYCHUX paapaMH JAPOHIB 2 a3UMYTIB MPOSKTYIOUNX
MIPOMEHIB BU3HAYAIOTh KyT iX HAXWITY 0 OyIb-SIKO1 i3 BEpTUKAILHUX ILTOIIHH IIPOCSKITiit
obpanoi cucremu kKoopauHar. Hanpukitan, npodinsaoi *71(y, z), yTBOPEHOI EPETHHOM
oceit y Ta z. Tomi

“o :p4/\ 317’. }\’o:ps/\ 3]7,' Xo :p()/\ 317

JIBi yTBOpEHI MPOEKTYIOUNMH IPOMEHSIMHU P, Ps TA P Ta MapalieIbLHUMU MixK 00010
ocHoBamu mipamian MABC ta MWFD noziOHi Mixk co0oto. Ix rurormHM ocHOB

a(4, B, C) ta B(W, E D) mapanensHi Mixk co6oro. Lli mipamiam MaroTh CriibHY Bep-
HIMHY B Touli M, Ae po3TamioBaHa BUsBIeHa MiHa. KyTH iX BiAMOBiAHWX TpaHel mpu
BepurHi M piBHI MiXk co0oto, a O0KOBI pedpa 0JHOT € MPOIOBKEHHSIM pebep iHIIO].
Bonogiroun koopanHaramu To40K A, B Ta C ipu 0cHOBI BepxHbOi nipaminu ABCM, sik
nanuMu BuMiproBanus PJ/IC xarepa-TpaniBHUKa 1, Ta KoopauHatamu Todok W, F ta D
IpU OCHOBI HIDKHBOT MipaMiau, sIK JaHUMH BHMIPIOBaHHS pafapiB APOHIB 2, MOXHA
pO3paxyBary MIyKaHi KOOPAWHATH CIIJILHOI BEPIIMHU WX Mipamif, To0To Touku M sik
TOYKH, Y SIKi Ha JaHU MOMEHT PO3MillleHa BUSBIICHA TUIaBy4a MiHa 3.

VaBHo cnpsimoBanwmii i3 PJIC karepa-TpaniBHuka Ha qpoH Ne 1 (Touka A Ha puc. 2)
HPOCKTYIOYHI MPOMiHb p; Ta HOTO MPOEKIs 'p, Ha TOPHU30HTAIBHY IUIOIIUHY MPOCK-
iid '77, a TakoX JiHis 3B’ 13Ky MiX ToukaMu A Ta '4 HOpMYIOTH 3a/laHy TPHUKYTHUKOM
AAO'A numoutuny m (AAO'A), sxa neprienaukynspua ‘I1, tobto m (AAO'A) L 'T(x, y).
3a azumyTtoM PJIC mo mpoexTyrodoMy TPOMEHIO p; BCTAHOBIIOIOTH KYT MOTO HaXUITy

A A
1o 'IT, 10610 ¢’ =04 O'A=p, 'p, i yTouHIOWOTH BUCOTY pO3MillleHHs apoHa Ne 1
(Touka A) Haj TOBEPXHEIO MOPS
z,=h=A4'A=04-sin$p=1 -sin¢,
ne [,= OA — Buznauena PJIC Bignans Bi kaTepa-TpaniBHHKA 70 ApoHa Ne 1.

JloBKMHA NPOEKLiil 'p; MPOEKTYIOUOro NPOMEHsl p; Ha TOPU3OHTAbHIN TUIOLIMHI
NPOEKIii CTAHOBUTH

'p,=0"4=04-cosd=1 -cosd
Toni KooparHATH TOYOK A Ta 'A BU3HAYAIOTH i3 MPSIMOKYTHUX TPHUKYTHUKIB A'4OA,
Ta A'404,

COST .
1gd

x,=04,=0"4-cost=1, -cosd-cost=h

y,=A4,'A4=04,="p;sint=0"4-sint=, 'cosd)-sint:hstm(])r.
54

Tyt t °—kyT Mix ‘p,=0’A Ta Biccio x.
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TakuM 4MHOM BH3HAYEHO YCi KOOpAWHATH po3TamryBaHHs apoHa Ne 1 (Touka A),
npoHa Ne 2 (touka B) ta mpona Ne 3 (touka C) y 3anpoBapKeHil CUCTEMI KOOPIMHAT,
a came

x,=1[-cos¢p-cost;xz=1,-cosycosk; xo=1I-cosd-cosn;
y,=1l-cosd-sint;y,=1-cosycosk; yo=1-cosd-cosm;
z =1 -sind;zz=1-siny; zo=1-sind; Q8

TyT k° — KyT MiX IPOEKIIIEIO MPOCKTYIOUOT0 MPOMeHs 'ps Ta Biccto x (puc. 3), a KyT
1 — 1€ KyT MiK TPOEKIIi€I0 MPOEKTYIOUOro TpOoMeHst \p, Ta Biccio x (puc.4).

I3 posramoBanoro B Toulli 4 apoHa Ne 1 #oro mepeHOCHHM pafapoM YSBHO CIIps-
MOBYIOTh MPOEKTYIOUHMH MPOMiHb p, Ha BUSBIECHY MiHY 3 B TOulli M, 11O JEXHUTH Ha
MOBEPXHI MOpA. Y HAIOMY BHUIMAAKY B IPUHHATIH CHCTEMi KOOpAMHAT Touka M, TOOTO
BUSBJIEHA MiHA, PO3MIiIlleHa Ha TOPU3OHTANIBHIHN MmomuHi nmpoekmiit '71(x, y). Anano-
FYHO TMOTEepPeTHHOMY BHIAJAKY PO3MISHYTO MPOEKTYIOUHMH MpoMiHb p,=AM (puc. 2).
Horo npoekuis Ha 'I7, 10610 'p, = M'A < 'IT , Ta ninis 38’ 13Ky A'A HOPMYIOTH IpAMO-
KyTHHI TPUKYTHUK AAM 'A, rutoniuna sikoro n(AAM'A) nepneHauKyIspHa TUIOIIUHI
mpoekii 7. JIo MIOMUHI POEKITii 3H(y,z) IJIONIMHA I[LOTO TPUKYTHUKA HAXUJIEHA
M KyToM W°. 3a JTOMOMOTor0 azuMyTa pamapa ApoHa Ne 1 BH3HAYAIOTh KyT HaXHITy

A
{10ro yAIBHOTO MPOEKTYIOHOTO MPOMEHS P, JI0 JiHil 38°s13Ky A'A4, a came v’ =p, A'A.
I3 IpsAMOKYTHOTO TPpUKYTHHKA AAM 'A BU3HAYAIOTH NOBXKUHY Bifpisky AM
1
AA h
L,=AM =——=—-, )

sinv  sinv
a i3 MPSIMOKYTHOTO TPUKYTHHKA ‘A MK BU3HAYAIOTH PI3HUINIO KOOPIUHAT TOUOK 'ATa M,
TOOTO

Ax,, = MK ="AM -siny = h-tgv-siny; 3)

Ay, ='AK ="AM -cosy =h-tgv - cos.
TakuM YMHOM KOOpAMHATH BUSBICHOI MiHU (Touka M) y IpUIHATIH crcTeMi KOoop-
JMHAT MaTUMYTh HACTYIHI PO3PaxXyHKOBI 3HAUECHHS

X, =x,%tAx, =[ -cos¢p-costth-tgv-siny=~h %itgv-sinw ;

Yy =V,tAy, =1l -cos¢-sintth-tgv-cosy=h %itgv-cosw ,
g

2y, =0 “
3HaK «+» y BHIIE NPUBEACHUX 3aIEKHOCTIX 3aCTOCOBYIOTH SIKILIO KYT W ° TOCTPUH,
1 3HaK «—» SKIIO BiH Tynuid. TakuM YMHOM, BUKOPHCTOBYIOUHM HECKJIAZHY PO3paxyH-
KOBY TIIpOTpaMy, Ha ITiJICTaBi JaHWX, MOJaHUX i3 BCTAHOBJICHOI Ha KaTepi-TpaiBHUKY
panio-joKamiiHoi CUCTEMH Ta JAaHUX MEPEHOCHUX pajapiB Ha APOHAX, BHU3HAYAIOThH
KOOpAMHATHU BUSIBJICHOT IPOHAMU IIJIaBy40i MiHH.
Jnst yTOYHEHHS] KOOpAMHAT MiHHM BHILE HaBEICHI PO3PaxyHKH NPOLYOIbOBYIOTH
1 A7 ABOX 1HIMX ApOHIB. BUXigHi maHi A7 MUX pO3paxyHKIiB Ta pO3PaxXyHKOBY CXeMy
HaBeJIEHO Ha puc. 3 Ta puc. 4.
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Puc. 4. Cxema ymounenns koopounam 3uaiioenoi minu opornom Ne 3 (mouxa C)
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st mepeBipKy MPaBHIBHOCTI 3IMCHEHHX PO3PaxyHKIB 32 aHAJIOTIYHOK CXEMOIO
BU3HAYAIOTh KooparHaTH To4oK W, F Ta D Ha mpoekTyrounx npoMeHsX p,, ps, Pe, fAKi
pO3TaIoBaHi Ha TMapanelbHii 0a30Bid «KapTHHHIN» IUTONTHHI B(W,F ,D). Bomogi-
FOYH KOOpIWHATAaMH TOYOK Ha KIHIAX BiJIpi3Ka MPOEKTYIOUOTO IPOMEHS 3aIlMCYIOTh
PIBHSHHS IPSMOIi JIiHii, 10 IPOXOIUTE Yepe3 MBI TOUKH i3 BIJOMUMH KOOPIHMHATAMH.
Tooro Aep,; A(x,y,.2,): Wepy; W(x,.5,.2,); pscl,.

Toni piBHAHHS NPSAMOT /, MAaTUME BHIISII

X=Xy zy_yA =Z_ZA (5)
xw_xA yw_yA ZW_ZA
AHAJIOTIYHO JIJ1s1 TPOSKTYIOUOTO MPOMEHS ps , 1110 ITPOBEACHUI Yepe3 1poH Ne 2 (Touka B)
Ta BUSBIICHY MiHY (Touka M) i TOouky F 3 BiIOMUMH KoOpAuHaramu F' (x sV Zp ) ,
PIBHSHHS HPSAMO] /5, 10 TPOBE/ICHA Yepe3 MPOESKTYIOUNil MPOMIHb p; MaTUMe BUIVIST

X —Xp :y_yB :Z_ZB (6)
Xp=Xp Vr—JVp ZrTZp
VYei i moOy10BY Ta PO3paxyHKH 3AIHCHIOIOTH 1 JIJIsl TPETHOTO MPOEKTYIOUOTO MPOo-
MeHSI, 10 TPOXOANTh yepe3 ApoH Ne 3, miHy M Ta TouKy D Ha «KapTHUHHII» TUTOIIKHI.
PiBustHHA TiHIT /5, IO IPOXOAXUTH Yepe3 IIi TOUKH, MaTUME BHUIJIS.

Xp =Xc Yp~Vc Zp~TZc

@OpMYIOTh CHCTEMH PIBHSAHB 13 OyAb-IKHX JBOX PIBHSIHB MPOEKTYIOUMX IIPOMEHIB
1 CUTBHUM iX PIIIEHHSM IIYKalOTh KOOPAMHATH TOUOK M, y SIKii po3MillleHa BHSIBIIEHA
MiHa. SIKIIO BUSBIIEHI KOOPAWHATH TOYKH TEPETHHY MiX COOOI0 TPHOX MPOEKTYIO-
YUX MPOMEHIB CITIBIAJAI0Th y BCiX BHIIE BiI3BHAYEHUX KPOKaxX MEPEBIpOK, TO POOIATH
BHCHOBOK TIPO BIiATOBITHICTh PO3PaxOBaHUX KOOPAWHAT PO3MIMIECHHS MIHH iX peab-
HOMY 3HA4YE€HHIO.

VY mopaneiomMy Ui 3HEIIKOMKEHHS BHUSBIEHO! MiHM KOMaHAa KaTepa-TpajiBHUKA
MpUiiMae pilieHHs MPo BUOIP TOCTYMHOTO Ui HUX METOAY 0e3M0CepeTHbOT0 3HEIIKO-
JoKeHHS. TyT MOXKITMBI IeKiJbKa BapiaHTiB, Y TOMY YMCII 1 IAPUB MiHU 3 i3 BUKOPHC-
tanHaM BIUJIA. ¥V npoMy BUTaaKy BUKOPHUCTOBYIOTh YETBEPTHH 13 HAIBHUX Ha KaTepi-
TpaniBHUKY | mponiB Ne 4. B aBTOMarn4HOMY TpHMadi IIbOTO APOHA 4 BCTAHOBIIOIOTH
BiAMOBIMHUN 00€3apsia 5, BUOYXOBOT pEUYOBHHH SKOTO IOCTATHRO VIS MiJPUBY BUSIBIIC-
HOl1 MiHU. JlpoH-IikBigatop 4 i3 6o€3apsaoM 5, 3aaBIIH HOMY pO3paxoBaHi KOOPIU-
HAaTH BUSABJICHOI MiHM , CIIPSMOBYIOTh Ha JIIKBiaIliro Miau 3 (puc. 5).

[omryxoBi gporn Ne 1, Ne 2 ta Ne 3 migHiMaroThcs Ha Oe3medHy AJI HUX BHUCOTY,
JPOH-JTIKB1IAaTOP 4 PO3TAIIOBYETHCS HAJl MiHOIO 3, BiZICOKaMepOIO BiH, IO MOXKITUBOCTI,
YeproBUil pa3 yTOUHIOE THUI MIHM Ta O4UiKy€ KOMaHIW Ha mojanbini aii. Komanmauit
IYHKT KiHIIEBO IPOAHAII30Bye Oe3rmeky BHOyXy MiHU 3 UIsl JOBKIJUIS, JUIS JIFOACH
Ta BUKOPUCTOBYBAHOI ITOITYKOBOI TEXHIKH 1 1a€ KOMaHIy Ha miapuBaHHs MiHH. [lyc-
KOBUH MeXaHi3M ApoHa-JikBigaropa 4 po3dikcoBye TpuMad 60€3apsay S 1 BUOyXOBHi
3apsy manae 6e3mocepeHb0 Ha MiHY M TOPSIL 3 HEIO Y Boay. Bix ymapHOTO KOHTakTY
Ooezapsmy 3 MiHOIO 3 4M BOMOIO Ooe3apsin 5 BuOyxae, MPOBOKYIOYH CBOIM BHOYXOM
1 BUOyX BHSABIIEHOI MIHHM 3aBISIKH 11 MEXaHIYHOMY YIIKOPKEHHIO UM JeTOHAIii BUOyXo-
BOI PEYOBUHU.

X —Xc — Y=YVc _ 27 2¢ ) (7)
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lpox N° 2
B

03 2
Apor N, %N
A

Nﬂ
ﬁ]pm-r 4

Puc. 5 Jlixsioayis sussnenoi niagyuoi minu

Ha puc. 6 BigoOpaxena OIOK-cxeMa TMOCIIOBHOCTI PO3paxyHKIB Ta MoOymIOBH
KOMIT FOTepHOI TpoTrpaMu IS BU3HAUYCHHS KoopawHar BusBiieHOT BILUJIA mimaBydoi
Mian. Po3paxyHkoBa 6710K-cxema mnepeadadac BBEICHHS TA0OIMYHUX BXiTHAX TaHUX, 10
SAKUX HaJIe)KaTh MOJEINb Ta KUIBKICTh MOITYKOBUX JIPOHIB, XapaKTEPUCTHKA iX MPOCTO-
POBOTO PO3TAITyBaHHS Ta MEPEMIIIICHD, BHCOTA JICTY ITi/T YaC MONTYKiB IIaBYYUX MiH.

Tabnuyni BXifHI JaH] OIOK-CXeMH PO3paxyHKy KOOPAMHAT IJIaBYYHX MiH.

Tabmnms 1
No H ITo3HauyeHHs i YHCI0Be 3HAYEHHS
a3Ba 3aJaHOro nmapaMeTpa
3/n 3a]aHOTO MapaMeTpa
1. KimpkicTs momrykosux BITJTA Mopnens BITJIA —
Kimekicts BIUIA — 3 mtykn
2 TpaekTopist MONIYKOBUX MEpPEMIllICHb Cnipans Apximena
BITJIA MixBHUTKOBa BiIaib a00 KPOK CITipati
t=3a=3-100=300 m,
a =100 M — Bij1ab MiX IpOHAMH
3 InprHa CMyTH ONTYKOBOI TiITHKA b=3a=3-100=300 m
4 PozramryBanus BITJIA npu BusiBieHHi TpukytHuk ABC i3 TOBXHHOIO KOXKHOT
MIHU ctoponu a =100 M Ta kyrom 120°mpu
BEpILIMHAX
5 Bucora posramryBanns BIIJIA nag BusiB-  |h=25-50m
JICHOIO MIHOIO

Besnocepennbo po3paxyHOK mependadae OeKiUIbKa eTamiB. 30KpeMa, BH3HAUCHHS
Bifzam Bix 0a30BOTO KaTepa-TpaliBHUKA 0 KOKHOTO i3 pO3MILIICHUX HaJ| BUSBICHOIO
MiHOIO JIpOHIB, PO3PaxyHOK KOOPAMHAT MPOEKLIH MOIIYKOBHX APOHIB Ha MOBEPXHIO

158



PO3BUTOK TPAHCIIOPTY
Ne 3(14), 2022

MOpsi, BU3HAUCHHS JJOBXKUHU I'eHEPOBAHMX JIPOHAMH MPOCKTYIOUHX IMPOMEHIB Ha BUSIB-
JIeHy MiHy Tomno. Ha mijgcTaBi qux 1aHUX po3paxoBYIOTh KOOPIMHATH MiHHM 1 TIepeBipsi-
I0Th 1X TOYHICTB. Y BHUIAAKY pO301KHOCTEW POPAXOBAHUX O KOYKHOMY 13 MOLTYKOBUX
JPOHIB IaHMX YTOYHIOIOTH KYTH HaXHMITy Ta JOBKUHH IPOCKTYIOUUX IIPOMEHIB PajIiono-
KalliiHOT CTaHIlT KaTepa-TpalliBHUKA Ta aHAJIOTIYHI JaHi MOIYKOBUX JAPOHIB (pHC. 5).

[MapaMeTpu MPOEKTYIOUMX MPOMEHIB Ta iX MPOEKIlii B 00paHiii CUCTEMI KOOPAMHAT
(puc. 2 , puc. 3, puc. 4)

Tabmuus 2

IIpoexryroui npomeni PJIC karepa-TtpaniBuuka (puc. 2, puc. 3, puc. 4)

EnemenTn mpocropoBoro po3ra-

IIyBaHHS IPOEKTYIOUYMX IIPOMEHIB Hpon Ne 1 JHpon 2 Jpon Ne 3

Ta iX POEKITin

1 | JoBxwuHA [, IPOCKTYIOUUX TIPO-

MEHIB

2 gp?:)ﬁHHa TPOCKILIH p; TPOCKTYIO- =04 1p,=0'B 1p=0'C
pOMEHIB

3 | Kyt Haxumiy IpoeKTyIOUHX Mpo-

MEHIB Ta iX IPOEKIIiil 10 TOBEPXHi o=p" p, Yy=p,p, d=p;"p;

Mopst (TOPU30HTANIBHOT IIIOIUHA

npoekii I1);

KyTu Haxui1y mpoeKIii mpoeKTy- t='p,=0'4 k ='p,=0'B n='p;=0'C

IOYMX MTPOMEHIB p,; A0 OCi X

[TpoekTytodi MpoMeHi Ta IX MpoeKIlil, F’eHepOBaHi MOITYKOBUMH JPOHAMH (pHC. 2, PHUC.

3, puc. 4)

EnemeHTH IpOCTOPOBOTO pO3Ta-
IIyBaHHS MPOEKTYIOUMX IIPOMEHIB Hpon Ne 1 Hpon Ne 2 Hpon Ne 3
Ta X IPOEKIIii

4 | lomxuHA [, IPOCKTYIOUHX IIPOME-
HIB JIPOHIB

5 | MoBxuHa POEKLiH p; MPOEKTYIO-
YHUX MPOMEHIB JIPOHIB

6 | Kytu Haxuily npoeKTyro4Hux Ipo-
MEHIB Ta iX IPOEKIIil 10 BEPTH- v=p, A'A &=ps"B'B e=p, C'C
KaJIbHOT JIiHIT 3B’ SI3Ky

7 | KyTu Haxuily IJIOLIKUH, 1O MPO-
XOASATH Yepe3 MPOEKTYIoUl Mpo-
MEHI IEePIEeHANKYIISIPHO TIOBEPXHI
MODsI, 0 TUTOTIIWHH TIpoeKitiit *T1
8 | KyTu Haxwmily NpoeKTyro4HX Mpo-
MEHIB 710 PO LILHOT ITOMIHHKA w=p,Il A =psI ¥ =psSIT
npoexiii 1

pi=1,=04 p,=L,=0B ps=L=0C

Pa=l, =AM ps=Is=BM ps=ls=MC

1]74:]\41"“1 IPSZMIB lp():MlC

y=nSI1 p =nsSI1 ® =ng Il

TakuM 4YMHOM TIpY BUKOPHUCTaHHI JaHOTO METOAY IOIIYKY Ta JIKBiJalii MiH Ipax-
TUYHO HEMae TOTpeOu y Oe3mocepe/IHhOMY KOHTAKTI JHOJCH KOMAaHIHOTO IMYHKTY
KaTepa-TpaJiBHUKA i3 HEOE3MEeYHOIO IS iX )KATTS MIiHOK. X04, 3BUYaifHO, CUTYyaIlii Ha
PO3MIHOBYBaHHI MOXYTh CKIIQIATHCS TO-pi3HOMY. Hanpukiias, moTyKHOCTI CKHHYTOTO
3 ApOHa-TiKBifaTopa 60€3apsay MOXKe BUSBUTHUCH HEAOCTATHRO JUIA MiApUBY MiHU. Tomi
KaTepOBI-TPAITBHUKY JIOBEACTHCS MPOTPATUTH 30HY MOps, JIe PO3MillleHa MiHa 1 3He-
IIKOWTH ii. AGO K BUKOPUCTATH iHII OUTBIN TOTYXHI Cy4acHi 3aco0M JIiKBimaIii MiH.
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Hanpuknaz, miaBydi Oe3miJOTHI arapary, OCHAIIeHI KEPOBAHUMHU TOPIEAaMHU-JIIKBI1a-
TOpaMHy 4H, TaK 3BaHi poOOTH-KaMmikajaze. IX camomijpre Ha BUSBICHIN MiHI pyHHYE
il 00osI0HKY 1 MiHa a00 BHOyxae, a00 PyHHYEThCs, TepecTaoun OyTH 3arpo30r0 s

JIFOZIEN Ta I11aB3aco0iB.

Cucmema koopduHam
Mixy)  Mix;z) ly:z)
flpoHu Had mivorw:
NeT-mA Ne2-m.B,;Ne3-m.C
AB=AC=B(C=a
LA = LB =LC=120°
llpoekuyii’ dpoHi6 Ha " [1
ad'n;e8L'n ccln
AA=BB=(C=h
|

~
[Ipoekmyro4i npomeri P/IC ma ix
npub’sska do cucmemu koopduHam|

Ham (madauys Ne2)

8id nobepxHi Mops:
Q480 h=la'nl

Koopdunamu dpoHiB:
X, X, dpor Ne1 -m.A(X,.Y,.Z,)
X X apor N2 -m.B(Xs, % ,Zs)
Xof Xn dpor N¢3-m.C (Xe,Ye ,Zc)
1 3 =
Mamemamu4Hud Bupas {
le

v

[lpodobxenHs

KoopduHamu mo4oKk nepemuHy
NPOeKMywYUX NpoMeHib
P p, map,
i3 "KapmuHHOK “NA0W UHOK
W, W, LW

F XY .Z)
0 (X,,Y ,2Z,)

AHanimu4Hi piBHAHHA NPoeKMyrw Y
npomeni6 p, , p, ma p

pibHsHH (5 ), 16 L1 7)

Xn,d Xn,
Xnsf Xn,

Xins# Xo Koopdurhamu MiHU 5K moYkU

llpoekmyrdi npomeri dpoHiB i i'x
npub’aska do cucmemu koopduHam
(madauus 2)

Wamemamuanui Bupas (2)]

Yo, f Yu,
Yo, f Y
Y, Yoy

PizHuys koopduHam 20pu3oHMabHUX
npoekuil npoekmyrwyux npomerib dpoHif
Xa ; Xc ; A Xs
AYi; AYc; DAY

Wamemamuanui Bupas (3)]

Koopduwamu MiHu 3a daHumMu GpoHiB:
dpor Ne1 -m.M (X, Y, Zur)
dpor Ne2 -mM (X, )E,ZM,)
dpor N 3-m.M(Xes, Y5, Zei)
WMamemamuanui Bupas (4]

Tepebip>
ka moyHocmi BusH

/,,
< KOOPOUHAM MiHU: >
Xor =X mo=Xns
Yir=Yuz=Yus

[lpodobxenHs

Puc. 6. bnok-cxema po3paxyHkie Koopounam usIeHUX Niagyuux Min
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NepemuHy NPOeKMYKYUX NPOMEHIB

PibHsHH (5 )
{Pi&/—/ﬂwﬂ (6 )l (%, Y. 200

PibHanHs (7 )
PiBHsHHA (6 )

{P/bHﬂHHﬂ (7)

| M, (X, Y, 2:)

PibHsHHA [ 5 )I M,(X,, Y, 2

YM,/ Y,
Yod Yo

YM;/ Yors

“[lepeip>
a moy4Hocmi Bu3HR

YeHHs1  KoopauHam MiHU: >
Xt =Xno= Xz

You1=Ynz=Yn3
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OO0roBopeHHsi pe3yJbTaTiB JOCTiTKeHHS

3BUYalHO, SIK 1 OUTBNIICTh IH)KEHEPHUX pPIillleHb, JAaHWH METOJ PO3MIHYBaHHS
aKBaropii MOBEepXHI MOpPS Ta PiYOK Ma€ sIK CBOI MepeBary, Tak i CBOI Baromi Heo-
nmiku. HezamepedHno HaifBaroMiniuM i3 HEAOJIKIB € Te, IO BiH MPUIATHUHN JTUIIIE IS
IUTAaBYYHUX MiH, IO IpeidyIoTh Ha MOBEpXHI BomoWMu. Hi s po3MiHyBaHHS Tak
3BaHUX SKIPHUX MiH, Hi JIJIS 3HENIKOKCHHS MOHHUX MiH BiH, 3BHYAiiHO, HE TIPHU-
natHui. HempuaaTHuii TOMY, IO TIEPEHOCHI pajapy, SKHMHU CTIOPSIIKEHI MTONTYKOB1
IPOHU, HE CIIPOMOXKHI €(PEKTUBHO BiJICKAaHOBYBATH TOBIILY BOIH, Y SAKiH 111 MiHH 3Ha-
XOJISTHCS.

[HIMM BITYYTHHM HEIOJIIKOM OIHMCAHOTO METONY PO3MiHYBaHHS € HOro KpUTHYHA
3JIKHICTD BiJ TOTOTHUX YMOB. BiTep 13 mBuakicTio moHan 7-8 m/c, 30ypeHHs XBUIb
BHICOTOIO TIOHAN 1,5 MeTpH, HagMipHa 3aJUMIICHICTD TTOBITPS, IHTEHCUBHI JOMIOBI I
CHITOBI OTIaJM — yC€ I1e YHEMOYKITHBITIOE BUKOPUCTAHHS JAPOHIB SK JITATLHUX allaparis,
a BIMOBITHO 1 YHEMOIIMBITIOE 3aCTOCYBAaHHS 3aC00IB KIHEMAaTHYHOTO MPOCKTYBAHHS
JUTS TIOTITYKY MiH Ha TTIOBEPXHI MOPS.

IleBHUM HEIOIKOM € 1 T€, 110 BUIBJICHI JAaHKUM METOIOM MIHHM HE MOXKJIMBO 11030a-
BUTH IIABYYOCTi M 3adiKCyBaTH Ha MicCIli iX BHUABICHHS. ToMy I1i BUSBIIEHI TUIaBYi
MiHH HEOOXiTHO Bifpa3y K IO BHUSABJICHHIO JIKBiXyBaTH. [HaKIIe BOHM MOXYTh OyTH
BiIHECEHI BITpaMH UM TEUiSIMHU B 1HIIN AUISHKY 1 1X IMOIITYKH JOBEIETHCS PO3MOUYNHATH
3aHOBO.

Ta € 1B He3amepeyHi mepeBary, SKi BIACTHBI METOMUIII 3aCTOCYBaHHS KiHEMaTH4-
HOTO MPOEKTYBAaHHS JUIs MOMYKY TuiaByuux MiH. [lepmn 3a Bce, 1l TIOBHE YCYHEHHS
JIIOICH K BiJ MONIYKOBUX TMIEPEMIIICHb, TaK 1 BiJl 3HEIIKOMKEHHS MiH. Lle ayxe Bax-
JINBO, 00 TIpoIieC po3MiHyBaHHS HE TITLKH JOBTOTPHUBAJIHNH, a 1 BKpait HeOe3nmeuHuit nys
KOMaHJIA KaTepiB-TPaTbHUKIB Ta BOJOJIA3IB.

[HII0F0 BaroMoro mepeBaroko TJAHOTO METOY PO3MiHYBaHHS € BiJIHOCHO BUCOKA MPO-
IYKTUBHICTH Ta IIBHIKICTH HOTo MOMIyKOBUX poOiT [14]. Illupoka cMyra OXOIUICHHS
TPHOMA JICTIOUNMH APOHAMH IOITYKOBOT TEPUTOPIi, IX y3rOmKeHi IepeMIilIeHHs 110 CITi-
pani ApxiMena — yce 11e cripusie ¢(peKTHBHAM ITONTYKOBHUM poboTam. J[o Toro x me ycy-
Ba€ HAaABHICTH HE 00CTEKEHUX MIJITHOK, IO TOBOJII YaCTO TPAIUIIETHCS TIPU 3BOPOTHO-
MOCTYMAaTbHUX MEPEMIIICHHSX MOIMTYKOBUX CYJICH.

Hy i1 ax mo3WTHBHMI acmekT MOXKHA BiI3HAYUTH 3BEICHI 10 MIHIMYMY IOIITYKOBI
TIepeMIllieHHs KaTepa-TpaldiBHUKa. BiH abo cToiTh Ha skopi abo x apelidye i3 MiHi-
MaJlbHUMH BHTpPAaTaMH BapTICHOTO IMainBa sl poOOTH MPUBiIMHWX ABUTYHIB. He3za-
MEPEYHO I KOMIICHCYE BUTPATH Ha MPHI0AHHS Ta OCHAIICHHS MOIIYKOBOIO anapary-
pOIO IPOHIB, HA CTBOPECHHS HEOOXiTHOTO IMPOTPaMHOTO 3a0e3MeUeHHs ISl KepyBaHHS
TTOITYKOBUMH TICPEMIIICHHSIMU JPOHIB. AJDKE IS TMaTPYITIOBAaHHS aHAJIOTIYHOI 3a
IUIOIIE0 B 6 KM? JUISHKM MOPS KaTepoBi JOBeJIOCSA O 3a TOAMHY MpOILTucTH Oimst 20
KiJIOMeTpiB, BUTPATHBIIHN Ha ¢ TpuOIu3HOo 20 JITPiB MayMBa BapTICTIO MPHOIN3HO
1000 rpuBeHb. A TakuX AUISHOK BIPOJOBK OAHOTO pobodoro aus Oyme He MeHIe 5-6,
TOOTO TIe TIIOACHHA EKOHOMIS 5-6 THCSY TPUBEHB.

Ha >xans, BpaxoByr09H BOEHHI TOAIT HA TEPUTOPil YKpaiHH, aBTOpaM CTaTTi HE Baa-
JIOCS 3MIMCHUTH HATypHI BHIPOOYBaHHS 3alpOIOHOBAHOI CXEMH PO3MIHOBYBaHHSI.
ABTOpH CIIOMIBAIOTEHCS 3MINCHATH 1€ Y MalOyTHEOMY B MUPHHIA Yac i 3alpOIIyIOTh 10
CIIBIIpAIli YCixX 3aIliKaBICHUX y PE3yabTaTax MaHOTO JOCHIHKEHHS 0ci0 Ta opraHizamii.

161



PO3BUTOK TPAHCIIOPTY
Ne 3(14), 2022

BucHoBkn

1. CrpimKuil po3BUTOK HAayKd Ta TEXHIKM Ha MEXI THCAYONITh CyTTEBO BJOCKOHA-
JIMB BIHCHKOBE 030POEHHS 3arajoM i 3acoOM MiHYBaHHS SK Ha CyIIi, Tak i Ha BOOHUX
nmpocropax, 30kpeMa. HOBITHI MOMJIMBOCTI Ta TEXHOJOTIl BUTOTOBJICHHS BHOYXOBHUX
pPEUYOBWH, 3aCTOCOBYBaHi JJIsi BUTOTOBJICHHS MiH CydYacHi Marepiald, BUCOKOSKiCHA
eJIEKTPOHIKa KepyBaHHSI MOMEHTOM BHOYXY Ta 1HIII JOCATHEHHS NEPETBOPWIIH CydacHi
MIHH 13 «ITACHBHOTO O4YiKyBa4da) B IMOTYKHUX T1EPaKTUBHIX aBTOHOMHUX PYWHIBHHUKIB
BOJTHUX TUTaByYHX 3aCO0iB.

2. Cepen pi3HOBHIIB MIHHOTO 030pOEHHS, SIKE BUKOPHCTOBYIOTH Ha aKBaTOpisiX
pidoK Ta MOpIB, MJIaBy4i MiHM HaiiMeHII MOTYXHi. [IpoTe BOHM HalIiACTYIHIIII Yepe3
BIJICYTHICTh KEPOBAHOCTI 1X MepeMillleHb BITpaMH, TEUISIMH Ta MOPCHKUMH XBHIISIMH.
Tomy, mopsia i3 HeOE3MEKOIO I BIHCHKOBUX INIABYYMX 3acO0iB, Il MiHH Ie OUTBIT
HeOe3MeyHi I [MUBUTFHOTO HACENEHHS, IO MPOXHUBAE, TPAIIO€ Y BiJMIOYMBAE HA
Oeperax BOOOHM. AJKe NPUIUIMBIIY O Oepera 4y MOTPAINUBILIN Ha MIJTIMHY 41 Oeperose
KaMiHHA 111 MiHa HecIoiBaHO BUOyXa€ HaBITh BiJ yIApHUX KOHTAKTiB i3 TPYHTOM YH
KaMIHHSM JHA BOJONWMMU.

3. CyTb 3alpoIOHOBAaHOTO METO/Y TMOJISITAE y 3aCTOCYBAaHHI JIIsI MOMIYKY TJIaByqUX
MiH TPyIH O€3MTOTHUX JIITAIBHUX allapariB THITY «IPOHY», PE3yIALTATH ITOIIYKIB SIKUX
3BOASATHCS 0 PO3PaxyHKiB KOOPIMHAT BUSBICHOI IIaBy401 MiHHM 3ac00aMM KiHeMaTHY-
HOT'O MPOEKTYBaHHA. BUKOpUCTaHHS MaJorabapuTHUX EKOHOMHHX MOIITYKOBHX JIITalb-
HUX afapariB ycyBae MoTpe0y B MOLIYKOBUX MEPEMIlICHHIX KaTepiB-TPajbHHKIB.
Ile BiM4yTHO 3MCIICBIIIOE MOIIYKOBI pOOOTH, MiABHILYE IX O€3IeKy Jisi KOMaHIHOTO
CKJIa/Ty KaTepiB-TPaNbHUKIB.

4. Cepen KOTOPTH MOXJIMBUX TPAEKTOPIH IEpEeMIIeHh JTAIBHUX arapariB
Ta Karepa-TpaJiBHHKA MPU MOLIYKaX IMJIaByYHUX MiH PEKOMEHIIOBAHO SIK ONTHMAJbHY
TPAEKTOPIIO MOJIBOTIB MOUTYKOBUX anapariB rPyIoro i3 TPhOX BUIAIITYBaHUX B P IPO-
HiB 10 cmipaiii ApxiMesa i3 M>KBUTKOBUM KPOKOM, IIPOIIOPIIMHNAM KiIBKOCTI TIOIIYKO-
BUX JPOHIB Ta pajiycy eeKTHBHOI il TX MOIIyKOBOT arapaTypH.

5. He 3Baxxaroun Ha HEOJIKM METOTy TONIYKY IiaBydux MiH BILJIA i3 3acTocyBaH-
HSIM 32C001B KIHEMaTHIHOTO TIPOEKTYBaHHSI, IO TOJIATAIOTH Y HOTO TiABHINEH N Ty TIIN-
BOCTI /IO METEPOJIOTIYHUX TIOTO/IHIX YMOB, a OCOOIHMBO, /IO BITPOBOTO HAaBaHTAKEHHS Ha
MOLTYKOBI IPOHH, BCE K JaHUH METOA Ma€ NEPCIEKTUBY LIMPOKOTO MPAKTHYHOTO 3aCTO-
cyBaHHA. [10sICHIOETBCS 1I€ THM, IIO TIEPI 3a BCE, IPH HOTO BUKOPUCTAHHI yCYyBa€ThCS
HeOesIeKa KOHTAKTY JIIoeH 13 BUOyXOHeOe31eYHOI0 MIiHOK0, a MO-JpyTe, 3aCTOCYBaHHS
JTAHOTO METOAY yCyBa€e MOTpedy B IONIYKOBUX IEpPEXomax KaTepa-TpasliBHUKA, 3a0e3-
NEeYYyI04d THM CAMUM BiI4yTHY €KOHOMIIO IaJINBA.
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Summary

Introduction. The development of society and scientific and technological progress
strengthens the role of the human factor in ensuring the stability and reliability of
transport and logistics systems. Moreover, the number of determinants that negatively
affect the state of the human factor and the level of acceptable risk in the transport
sector is currently growing in the martial law in Ukraine. Purpose. The purpose of the
article is to identify the nature and components of the human factor and the peculiarities
of its action in the transport and logistics system in peacetime and wartime. Methods.
The following set of scientific methods was used in the study of human factor: analysis
of scientific and technical literature and regulatory framework, dialectical method,
structural analysis, systemic and synergetic approaches, general logical methods
and scenario approach. Results. The article determines the human factor that can
negatively affect the functioning of the transport and logistics system or increase the
risk of adverse conditions. The components of the human factor were identified, and
a set of practical tasks to be solved by the transport and logistics company for human
factor management was analyzed. It has been proven that in peacetime the minimization
of human impact on the transport and logistics system can be achieved through the
creation and implementation of a safety management system, including anthropometric
driver training, and process automation such as modern Transport Management System
(TMS) to help the driver and monitor the environment in order to identify hazards in
advance and prevent them. Scientific novelty. Risk factors associated with the action
of the human factor on transport, which increase the occurrence of adverse events
during the war in Ukraine, have been determined. Practical significance. Measures to
establish a human factor risk management system for a transport and logistics company
in wartime were proposed.

Key words: human factor, transport and logistics system, transport, human factor
risk management system, transport management system.
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Anomauisn

Bemyn. Pozsumox cycninbcmea ma HayKo8O-MeEXHIYHULL Npo2pec NOCUNIOI0Mb POilb
JM00CbK020 (hakmopa 8 3abesneyenui cmabinbHocmi ma HAOUHOCMI MPAHCHOPMHO-
nocicmuunux cucmem. BoOHOuac, 6 ymoeax 0€HHO20 cmany 6 YKpaiuni 3pocmae
KITbKICb OemepMIiHaHm, AKI He2amuHo NaUuBaoms HA CMAH JHI00CbKO20 (Bakmopy
ma pieeHb NPUUHAMHO20 PU3UKY 6 mpancnopmuii cgepi. Mema. Memorw cmammi
€ BUABNIEHHA CYMHOCMI MA CKAAO08UX TH0OCbKO20 (hakmopa ma ocobaugocmetl tio2o
0ii' 6 MPanCNOPMHO-O2ICMUYHIN cucmemi 6 MupHuti ma eoennuil yac. Memoou. Ilpu
00CONHCEHHT TH0OCHKO20 (DAKMOpy GUKOPUCTIOBYBABCA HACHYNHULL KOMIIEKC HAYKOBUX
Memooig: aHani3 HaAyKoBO-MeXHIUHOIL Nimepamypu ma HopmMamueroi 6a3u, oiaiekmuy-
HULI Memoo, CMpYKMYPHULL AHANI3, CUCHEMHULL MA CUHep2emUYHULL NiOX00U, 3A2dIbHO-
JI02IYHI Memoou ma cyeHapuuti nioxio. Peaynemamu. Y cmammi 0ocniodceHo cym-
HiCMb TH00CbK020 (DaKmopy, AKULL MOXdce He2amueHo SNIUBAMU HA (YHKYIOHYBAHHSA
MPAHCNOPMHO-T02ICMUYHOL cucmemu abo Nio8UWLy8amu PU3UKU HACMAHHSA HeCHpu-
amausux nodii. Taxkodxc GU3HAUeHO CKAAO08I 00CbKO20 (akmopy, NpoaHani308aHO
KOMIJLEKC NPAKMUYHUX 3A80AHb, SKi MAE BUPIULYBAMU MPAHCNOPMHO-T02ICIUYHA KOM-
Nawis Wooo ynpasninHa 100CoKum paxkmopom. /losedero, wo y MupHuil yac MiHimiza-
yis 8NIUBY HOOCHKO20 (hAKMOPY HA MPAHCROPMHO-TO2ICMUYHY CUCeMy Modice Oymu
docsaeHyma 3a6805KU CIBOPEHHIO MA BNPOBAONCEHHIO CUCIEMU YNPABIiHHA De3NeKo,
30Kpema 0oOnaumy8anHs pooou02o Micys 800is i3 6PAXYBAHHAM GUMOS AHMPONOMEMPIL,
ma asmomamu3sayii npoyecy, Hanpukaiao suxopucmanusa cywachux TMS ona donomo-
2U 800it0 I MOHIMOPUH2Y HABKOTUUUHBO2O CEPEeO0BUULA 3 MEMOI0 3A84ACHO20 BUSB/IEH-
Hs Hebesnexku ma ii nonepedocenus. Haykoea nosusna. Busnaueno pakmopu pusuxy,
nos’si3ami 3 0i€0 M00CbKO20 (hakmopa Ha MpaHCnOpm, AKi 30L1bUYOMb SUHUKHEHHS
Hecnpuamaueux nooit nio uac siinu 6 Yxpaini. Ilpaxmuune 3navennsn. 3anpononosa-
HO 3aX00U U000 CMEOPEHHS CUCTNeMU YNPABTIHHA PUSUKAMU, NO8 A3AHUX I3 OI€l0 NH00-
CbK020 (hakmopy, 071 MPAHCNOPMHO-T02ICMUYHOI KOMNAHIL 8 YMOBAX BOEHHO20 HACY.

Kntouosi cnosa: niodcokuil paxmop, mpaHcnopmHo-102iCmuyHa cucmema, mpaH-
cnopm, cucmema YAPAGIiHHA PUSUKAMU THOOCbKO20 (hakmopa, cucmema YHpasiiHHA
MPAHCNOPMOM.
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Introduction. The development of society and scientific and technological progress
strengthens the role of the human factor in ensuring the stability and reliability
of transport and logistics systems. With the transition to a post-industrial society,
the complexity and automation of the transport and logistics system, increased traffic in
the 70s of the twentieth century, the role of the human factor began to grow significantly
in the man-made sphere and accounted for 80% of rail transport events. So far,
3/4 of all man-made emergencies have been due to technical reasons. Somewhat different
statistics in the aviation industry: if in the twentieth century 50 % of accidents were due
to the human factor, and the rest of the reasons were related to the technical condition
of the aircraft, at the beginning of the XXI century this ratio is 90:10 [1]. Regarding
maritime transport, according to maritime statistics, 60 % of accidents worldwide are
associated with the human factor [2]. According to studies [3; 4], the largest number
of'accidents occurs due to erroneous human actions, the complexity of technology and its
growth, the emergence of unexplored technical failures and violations. At the same time,
in order to prevent accidents, human capabilities increase due to improved education,
advanced training, exchange of experience, increased stress resistance and the level
of industrial culture, etc.

Statemant of the problem. The complexity of the issue lies in the fact that it is in
the sphere of interest of several scientific aspects (psychology, medicine, economics,
technical sciences and legal sciences, etc.) and concerns the study of relationships
in the system ‘“human-machine-environment” and its safety. Currently, the issue
of the impact of martial law on this system is being raised, especially in areas close to
war zones.

Analysis of recent research and publications. Issues of human relationships
and ensuring the stability and reliability of transport and logistics systems, the causes
of occupational risks, the role of the human factor in the emergence of man-made hazards,
the degree of influence of this factor on the mechanism of the accident, and the methods
of their quantification were studied [1; 2; 5; 6].

The scientific works consider the research issue in the sectoral aspect and in
the context of risk management development. Thus, in [2] the set of factors determining
the performance of certain actions by members of maritime transport crews, and their
impact on the erroneous actions of staff are identified.

Analytical review of the human factor as a basis for safety of railway transport is
studied in [7]. In particular, the authors note that the achievement of reliability and safety
of railway transport should be ensured by a system of strict control over the human
factor, development of psychosocial assessment of workers and the need for periodic
psychophysiological studies of train safety.

In [8] it is determined that the issue of the impact of the “human factor” on
the occurrence of railway accidents is diverse and structurally complex. In addition, it
is noted that nowadays the most common causes of railway accidents are psychological
characteristics and physiological capabilities of human.

The influence of human factors on the safety of motor vehicles in the transport
process is studied in [9]. The author emphasizes that this factor is the least studied
and most difficult in the safety of the motor vehicle process. Moreover, publications on
the human factor often address technical issues of vehicle safety.
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The study of the importance of the human factor in the context of ensuring the stability
and reliability of transport and logistics systems covers a wide range of relevant scientific
aspects. At the same time, despite the in-depth analysis of the research question,
the number of factors that negatively affect the state of the human factor and the level
of acceptable risk in the transport sector is currently growing in the martial law in
Ukraine.

Formulation of the purpose of the article. The purpose of the article is to identify
the nature and components of the human factor and the peculiarities of its action in
the transport and logistics system in peacetime and wartime.

Research methodology. The following set of scientific methods was used in
the study: analysis of scientific and technical literature and regulatory framework for
the organization of drivers’ work; dialectical method — to reveal the nature of the human
factor and the peculiarities of its action in the transport and logistics system; structural
analysis — to determine the components of the human factor, the structure and causes
of accidents and hazards in the transport sector in military conditions; systemic
and synergetic approaches — to determine a number of priority tasks for the development
of the human factor in order to ensure the stability and reliability of transport and logistics
systems; general logical methods and scenario approach — to improve the conceptual
basis of risk management related to the human factor in transport and logistics systems
in peacetime and during the Russian-Ukrainian war.

The main material of the article. The term “human factor” began to be used
in the late nineteenth century to analyze the causes of accidents and disasters in rail
transport and aviation. German psychologist Hugo Miinsterberg introduced a concept
of “personal factor” in his scientific works in the early twentieth century. “Personal
factor” meant the erroneous actions of man while flying. Nowadays, the “personal factor”
is understood as the individual influence of a person (personality) on failure (event),
and the concept of “human factor” is defined as the impact of all possible participants
involved in a particular process (technical systems with which man interacts) on this
event. There is no single definition of the term “human factor” in state regulations
and standards, but it is used in various interpretations in the field of safety, technology,
management, military affairs, etc. [5].

Nowadays, the term “human factor” is mainly used in two senses: 1) to characterize
the interaction of a complex system “Human — Technology” as the cause (determinant,
factor) of a phenomenon, often negative (traffic accident, plane crash, etc.);
2) as an integrated set and an indicator of the qualitative characteristics of the human
component of the combat potential of military formations [6].

Let’s analyze the approaches to the definition of the concept of “human factor”
existing in the scientific literature (Table 1).

The above definitions reveal the content of the human factor as a whole. In this
paper, we analyze the human factor as a holistic system of activities aimed at changing,
developing and improving the functioning of the transport and logistics system, as a set
of basic qualities and competencies of the employee (professional, physiological, moral
and psychological, etc.), his/her conscious or unconscious actions/inaction that can
affect/affected the normal functioning of the transport and logistics system, and that
appear to increase the risk of accidents or catastrophes.
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Table 1
Overview of definitions of the “human factor” in the scientific literature
Ne Author Definitions
1 |Zagumenna, N. a set of basic social qualities of human that have historically

developed in society (values, moral principles, norms of behavior,
life plans, level of knowledge and awareness, the nature of work
and social skills, attitudes and ideas about personally important
elements of social life: social justice, human rights and freedom,
civic duty [10].

2 |Bochkovsky, A. |- certain human characteristics that may cause (or have caused)

a violation of the normal process of interaction between

the elements of the ergatic system [5];

— conscious or unconscious actions or inaction of a person (group
of people) that involve a risk of occurrence (led to the occurrence)
of a dangerous event [11].

3 |Sobkova, N. manifestation of the whole set of personal qualities of human,
which affect his work activity. This concept indicates the crucial
role of man in the process of organization, production and control

[12].
4 | Meister, D. a term that describes a person’s ability to make erroneous or
illogical decisions in specific situations [13].
5 |Panasyuk, I, factor associated with various human roles in solving management
Mykytenko, L., problems and should be taken into account by scientists in
Danilevich, N. developing tools for solving such problems (models, methods,

mathematical apparatus, methodologies, computer tools, etc.) [14].
Source: developed by the authors based on the analysis [5; 10; 11; 12; 13, 14]

In the field of transport there is a direct interaction of human (drivers and service
personnel) and machines (vehicles), which is influenced by both internal and external
determinants. In particular, the human factor depends on: social and legal working
conditions (current ILO legal norms, national employment policy and ensuring safe
working conditions, the policy of an individual transport and logistics company,
the terms of the contract with each individual employee); working conditions in
the workplace, type of work, relationships with other employees; the state of health
and well-being of the employee, the living conditions and the organization of rest;
professional knowledge and skills, level of education and training of the employee; state
of the transport system and infrastructure, technological development of the transport
industry; environmental influences, which include in particular the culture and behavior
of traffic participants.

Transport and logistics systems are socio-technical systems such as “Human —
Vehicle — Environment” (see Fig. 1).

The human factor has the following components: professional skills and competencies,
moral and psychological characteristics, values, cognitive skills of the employee.
Human factors is concerned with cognitive processes, such as attention, memory load,
distraction, workload, management of interruption, problem solving, computation,
judgment, and decision-making.

In order to ensure the development of the human factor, the stability and reliability
of transport and logistics systems, it is necessary to solve a set of practical tasks. In
particular, first of all it is necessary to pay special attention to: 1) selection of personnel,
constant monitoring by the company of the state of employee’s health, efficiency
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and reliability of drivers in terms of well-being, attentiveness, stability of mental
state and confidence, ability to react quickly in extreme conditions; 2) development
of employees’ abilities; their certification and promotion, systematic training; 3) use
of employees in positions that correspond to their level of qualification; 4) stimulation
and encouragement of employees; 5) availability and accessibility for the driver
of the necessary information coming from the road, the environment and the vehicle, as
well as the ability to perceive and understand the information by the driver; 6) ability to
anticipate changes in the road situation to prevent danger; 7) functional state of a person,
which is characterized by the efficiency of its activities, the ability to perform certain
work, working capacity and professional longevity of human; 8) infallibility of human
actions, willingness to work at any time, the ability to perform actions in a timely
manner.

* education

* qualification

* health status

* stress resistance

* reaction rate

* production culture

« safety

« stability

« reliability

* ergonomics

* environmental
friendliness

Transport and Logistics
System

road infrastructure

» road surface
 meteorological conditions
* labor legislation

* culture and behavior of
traffic participants

Fig. 1. Components of the transport and logistics system
Source: author s development

Minimizing the impact of the human factor on the transport and logistics system can
be achieved through the creation and implementation of a safety management system
and mitigation of risks on transport. For example, in peacetime, one of the ways to
improve transport safety is the impact on physical ergonomics and anthropometric
factors that affect employee productivity and workflow. The human factor is related to
the location of the driver’s workspace, including the location, size and characteristics
of tools such as lighting, vehicle control panel, monitors and other equipment.
Anthropometry is especially concerned with understanding human physical change
and its impact on productivity. Vehicles and equipment in them must meet the road
environment, the needs of road users and the task of safe and comfortable transportation.
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Another way to increase transport safety by reducing or eliminating human error is
the introduction of automation. These are both vehicle management automation systems
and transportation software, so-called “Transport management system (TMS)”.

Automated driver assistance systems for driving are represented by adaptive cruise
control and lane-keeping assistance. Such systems are designed to increase the safety
of the driver and passengers, the safety of goods during transportation. Full automation
also includes environmental monitoring and detection of special driving conditions (eg
traffic jams).

Modern TMS meet the following requirements: create realistic routes that can be
performed by drivers, and allow drivers to change routes in real time according to
changes in traffic; reflect the time of arrival of the vehicle at each destination; allow
company to automatically monitor drivers on the routes (location of the truck, engine
performance, truck mileage, etc.); calculate the efficiency of the truck fleet that will be
involved in the transportation process (when ordering, it is necessary to specify the size
of the order, volume and weight characteristics of the cargo, load capacity and body
volume of the truck to be submitted for loading).

TMS allows company to save fuel and lubricants by 30 %, to reduce truck mileage
by 35%, to reduce time for planning of routes in 2.5 times, to increase loading
of vehicles by 20 %. At the same time, the introduction of navigation systems allows for
an objective assessment of the working result of drivers and dispatchers. This eliminates
the grounds for potential conflicts in labour collectives, related to the evaluation of work
performed, unreasonable provision of more “favorable” conditions and transport tasks,
etc. After the implementation of the system, each participant in the transportation
process at any time can receive information about the results of his/her work. This
completely eliminates the possibility of influencing this process of subjective factors.
It is dangerous to over-trust the automated systems in situations that tend to be strange,
unpredictable, and hazardous.

Among the risk factors that increase the occurrence of adverse events, accidents, road
accidents, damage to cargo can be identified: poor employee training (in particular, non-
compliance with the level of employee training to modern technologies and automated
systems); increasing workload; employee fatigue; unsatisfactory technical condition
of the vehicle; external force majeure factors.

One of such challenges is the full-scale Russian invasion of Ukraine, which
complicates the impact of environmental factors, changes the tasks facing the driver. The
factor of danger, threat to human life as a result of direct military action in the occupied
territories, artillery shelling of vehicles on the line of contact, missile strikes throughout
Ukraine come to the fore.

In military conditions, it should be noted the increase in risks associated with:
injuries and deaths of participants in the transport and logistics system (drivers,
passengers); partial or complete damage to the vehicle during artillery shelling or missile
strikes; damage to the transported goods; lack of communication between the driver
and the control center due to the destruction of telecommunications infrastructure,
lack of mobile communications; the destruction of transport infrastructure (as of April
11, 2022, the total infrastructure damage caused to Ukraine by the russian invasion
is estimated at $ 119 billion, and the total amount of direct documented infrastructure
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damage reached $ 80.4 billion. Almost 8,000 km of roads, dozens of railway stations,
airports were damaged, seaports were blocked, supply chain failures were observed).

During the war, some cities and territories where hostilities are taking place were
blocked, which significantly complicates the work of transport and logistics companies.
Massive rocket attacks and artillery shelling destroyed a significant number of oil depots
and fuel depots, leading to fuel shortages in May 2022. Some transport and logistics
companies have stopped working altogether.

Due to constant stress, employees’ fatigue increases, their ability to act in extreme
situations decreases sharply, which increases the risk of accidents. In particular,
on May 3, 2022, 26 people died in an accident involving three vehicles (bus, fuel truck
and car) in the village Sitne, Dubna district, Rivne region. The accident was caused by
the driver of a car, who was overtaking and drove into the oncoming lane, where he
collided with a fuel truck [15]. After this terrible tragedy, the Government of Ukraine
decided to resume the operation of video surveillance cameras on the roads of Ukraine.

In conditions when the airspace over Ukraine is closed, seaports are blocked, railway tracks
and power lines are destroyed, the main cargo flows are transported by road. Road transport
is involved in the transportation of weapons and equipment for the Armed Forces of Ukraine,
humanitarian goods and medicines for the population. Evacuation of the population from
the combat zones of the russian-occupied territories of Ukraine is also carried out by road.
At the beginning of the active hostilities on February 24, 2022, “green” corridors for
the delivery of food and priority humanitarian aid to Ukraine were literally formed manually,
which significantly increased the burden on both the transport and logistics companies
and drivers. It should be noted that during the war, some drivers were mobilized to the Armed
Forces of Ukraine or Territorial Defense, some went with their families to safe western regions
of the country, some simply refused to go to work if their routes were in places of direct
hostilities. This has greatly increased the workload of those workers who remained to work.

Asaresult, more and more EU countries are easing the work and rest regime for drivers
transporting humanitarian goods to Ukraine. This is a deviation from the provisions
of EU Regulation 561/2006 on the hours of work and rest of trucks’ drivers (Table 2).
The first countries to introduce easing were Poland, Belgium and Germany [16]. They
were followed by Austria, Denmark, France and Hungary. For example, Austria has
allowed the movement of humanitarian goods on its territory on weekends and holidays.

Table 2
Changes in the time of work and rest of trucks’ drivers in the EU
during the transportation of humanitarian goods in wartime

. Changes in legislations
Indicator 11\}3%%1?}21886(]?1(;7)] due to the Russian-
Ukrainian war [16]

The daily driving time shall not exceed 9 hours 11 hours
The weekly driving time shall not exceed 56 hours 60 hours
The total accumulated driving time during any 90 hours 96 hours
two consecutive weeks shall not exceed
A driver shall take an uninterrupted break of not| four and a half five and a half hours
less than 45 minutes after a driving period of hours

Source: developed by the authors based on [16, 17]
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At the same time, it should be noted that such changes increase the burden on
drivers, which increases the risk of accidents. Improper understanding of the situation,
making wrong decisions, dangerous actions are the main causes of accidents. Functional
reliability of the driver is a decisive factor in ensuring the stability and reliability
of the transport and logistics system. Military action reduces the time needed to get
out of an emergency. There is a psychophysiological barrier (fear or lack thereof) when
the driver is unable to ensure quality performance of professional duties. Errors can be
caused by lack of information and physical and psychological condition of the driver.
Limited resources and lack of time to make decisions is complicated by the experience
of high responsibility for his actions (saving someone’s life, delivery of essential goods).

During the war, the main burden of making decisions on the carriage of goods
and passengers fell directly on the driver, but the responsibility — on the transport
and logistics company. Therefore, it is important for the company to develop
and implement an effective system of risk management related to the human factor,
and the implementation of a scenario-based measures to prevent and neutralize the risks
associated with the human factor (see Fig. 2).

Development
of risk identification
techniques
Development and Identification
implementation of of potential risks
measures to prevent and recording
and neutralize risks of identified risks

Insurance.
. . Assessment
Formation of special .
of possible damage
funds to cover :
at risk

military risks

Fig. 2. Risk management system, related to the action of the human factor in transport
and logistics systems
Source: developed by the authors based on [18]

Conclusions. In the conditions of military economy and uncertainty the role
ofthe human factor in ensuring stable and reliable functioning of the transport and logistics
system is growing. Based on the analysis of scientific approaches and concepts to
the definition of the concept of “human factor”, we have identified it as a holistic
system of activities aimed at changing, developing and improving the functioning
of the transport and logistics system, as a set of basic qualities and competencies
of the employee (professional, physiological, moral and psychological, etc.), his/her
conscious or unconscious actions/inaction that can affect/affected the normal functioning
of the transport and logistics system, and that appear to increase the risk of accidents or
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catastrophes. Due to its complexity and versatility, the human factor depends on socio-
legal conditions, working and leisure conditions of the employee, his/her professional
knowledge and skills, level of preparedness, state of transport system and infrastructure,
environment, culture and behavior. The work of the transport and logistics system
is interpreted from the standpoint of three components: human, vehicle (machine)
and the environment. The human factor has the following components: professional
skills and competencies, moral and psychological characteristics, values, cognitive
skills of the employee. We have identified a number of important tasks that need to
be addressed as a matter of priority for the development of the human factor, ensuring
the stability and reliability of transport and logistics systems, in particular: selection
of personnel, constant monitoring by the company of the state of employee’s health,
efficiency and reliability of drivers; development of employees’ abilities; availability
and accessibility for the driver of the necessary information coming from the road,
the environment and the vehicle, as well as the ability to perceive and understand
the information by the driver etc.

In the process of research, we came to the conclusion that minimizing the impact
of the human factor on the transport and logistics system can be achieved through
the creation and implementation of a safety management system and mitigation of risks
on transport. For example, in peacetime, one of the ways to improve transport safety
is the impact on physical ergonomics and anthropometric factors that affect employee
productivity and workflow. The another way is the introduction of automation (vehicle
management automation systems and transportation software). During the war, priorities
change due to the increased risks associated with injury and death of participants in
the transport and logistics system; partial or complete damage to cargo due to missile
strikes and shelling, destruction of transport infrastructure. The safety factor comes to
the fore, including saving the lives of workers and passengers, saving cargo and finding
new logistical safe routes, through the closure of traditional sea and air routes. The
main cargo flows are transported by road. Transport and logistics companies face new
challenges during the war, in particular due to staff reductions as a result of hostilities.
The workload of the remaining staff is growing significantly. This leads to their
exhaustion, fatigue and an increase in the number of road accidents and accidents,
injuries and deaths of transport participants. Realizing the need to organize transport
corridors to help Ukraine, most EU countries have weakened the work and rest regime
for drivers transporting humanitarian goods to Ukraine. The paper proposes a scheme
for the development and implementation of an effective system for managing the risks
associated with the human factor, and the implementation of a scenario-based measures
to prevent and neutralize the risks associated with the human factor.
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Anomauisn

Ocmannim yacom eenuxi Hadii NOKAAOAIOMbCA HA PO3BUMOK A8IMOMAMUZ0BAHUX MA
ABMOHOMHUX CYOeH, AK Ha CROCIiO supiulenHs npobiem asapitinocmi ¢hiomy, cnpuiuHe-
HUX JH0O0COKUM hakmopom, ma npodiem, nos8 s3aHux 3 Opaxkom Kaopis abo necmauero
Keanighioeanux cneyianicmis. [lImyynuti inmenexm maxooic epac He OCMAHHIO POIlb,
aooice 011 peanizayii MexHoa02it A8MOHOMHO20 CYOHOBOOIHHA 8 MAtiOymubomy, 6yoe
nompioHo po3pobieHHs i YOOCKOHANEHHS NPOYeci8, CNPAMOBAHUX HA PO3POOKY cucmem
aABMOMAMUYHO20 MAHEBPYBAHHA, AKI He OY0ymb 00MedNcysamucs Habopom GyuKyil, wo
Jdonomazaroms y npoyeci MaHespysanHs, a 6yO0ymes MIiCMUmuy KOHKpemHi aneopummu
nputinammas piviernsb ma nopsioox Oiti 0Jis 3ano0ieanHs Hebe3neuHoMy 30TUNCEHHIO CYOeH.
Memoro danoi pobomu € ananiz nepedymos GUHUKHEHHS KOHYENYii aeMoHOMHO20 CYO-
HOBOOIHHS, 0271510 emanis 8Npo8aONCeHHs Ma NePCReKmus OUCMAHYIUHO20 Kepy8aHHSA
CYOHAMU HA OCHOBI DE3eKINANCHUX MEXHONO02IU, AHANI3 MEXHIUHUX MA THMeLeKMYATbHUX
piueHnb 0151 MOPCLKUX ABMOHOMHUX HAOBOOHUX cyoeH. Pezyriemamu. B npedcmasnenii
pobomi po3Kkpumi meopemudni AcneKmu npoyecy 8NPOBAaAO’CEHH A8IMOHOMHO20 CYOHO-
600iHHS1, BU3HAYEHI OCHOBHI MeHOeHYil NOOATLUUX OOCTIOICEHD, CHOPMYTLOBAHO KOLO
cneyughiuHux MmexHoL02IUHUX 3a0a4, wo nompedyoms po3s sa3anua. Bucnosku. B x00i
00CNI0MNCEHHS BCMAHOBIEHO, W0 MEXHONLO2I] ABMOHOMHO20 CYOHOBOOIHHS NOMPedYIOMb
nooanvuiol po3pobKu ma 800CKOHANEHH, 0COONUBO 8 YACTNUHI B0OCKOHANEHHS NPOMO-
Koni6 nepedayi Oanux, 0amuuKie Hagieayitinol ingopmayii i asmMomMamuyrHux cucmem

© Meabauk O.M., Onunenko O.A., Bonoumn A.O., Bacanariii H.B., Jlorinos O.B., Kopsikin K.C., 2022
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VIPABAIHHS PYXOM, WO 00380JA€ 301UCHIOBAMU MOHIMOPUHE O00NAOHAHHA 3 MEmOoto
RONINWEHHS, (DYHKYIU KOHMPOTIO 3a PYXOM A8MOHOMHO20 CYOHA.

Kniouosi cnosa: asmonomue cyono, oucmanyitini mexmonocii kepysanus, Oe3zexi-
nasicHe CyOHOBOOIHHS, KOHMPOIb PYXY CYOHA.
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Summary

Introduction. Nowadays great hopes are laid on development of automated and
autonomous ships as a way to solve problems of ship accidents, which are caused
by human factor, and to solve the issue of manpower shortage or unavailability of
qualified seafarers. There is an opinion, that in order to implement technologies
of autonomous ship navigation, in the future it will be necessary to improve the
processes, aimed at the development of automatic maneuvering systems, which are
not limited to a set of functions that help in the maneuvering process but contain
specific algorithms for decision making and actions to prevent unsafe convergence
of ships. The purpose of this work is to analyze the background of the origin of
the autonomous ship navigation concept, review the stages of implementation and
the prospects of remote ship control on the basis of crewless technology, the basic
tendencies of research, analysis of technical and intellectual solutions for maritime
autonomous surface ships. Results. This paper covers theoretical aspects of the
process of implementation of autonomous ships, identifies the main trends of further
research, and formulates a number of specific technological problems that require
solutions. Conclusions. The research revealed that the technology of autonomous
ship navigation requires further development and improvement, especially in the
data transmission protocols, sensors and automatic control systems, which allows
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the monitoring of the equipment with the aim of improving the control function of
the autonomous ship.

Key words: autonomous ship, remote control technologies, crewless navigation, ship
control.

MocTranoBka mpodaemu. [Iponec aganrailii mporpamMHOro 3a0e3MEUCHHS, eleK-
TPOHHUX CHCTEM KEpyBaHHS], ONTHYHHX 1 NU(PPOBUX 3ac00IB MOHITOPUHTY, 8 TaKOX
3ac00iB CYIyTHUKOBOTO 3B’SI3KY JIJIsl aBTOHOMHUX CYJICH — CepeJl 3aBliaHb, SIKi OTpe-
OyIOTh MOIIYKY MEPCICKTUB BIOCKOHAJICHHS Ta PO3POOKH TEXHIUYHHUX pillleHb. 3a0e3-
MeUeHHsT HaIHHOTO Ta 0e3neyHoro (pyHKIIOHYBaHHS TaKUX CYyIE€H B aBTOHOMHOMY
peKKMMI, BUMarae po3poOKu Mojesei 1 MeToiB 3a0e3neueHHs ix Oe3aBapiiiHOl HaBi-
ramii sK JUIS MPOLECIB PO3XO/KCHHSI Ta MaHEBPYBAaHHS CYJEH, TaK i BIOCKOHAJICHHS
CHCTEM aBTOMAaTHYHOTO YIPABIIiHH iX PyXOM Ta KypCOBOIO CTIHKICTIO.

AHaji3 ocTaHHix pociimxens i mydaikaniil. [IuTanasIM BIPOBAaKCHHS TEXHO-
JIOT1 aBTOHOMHOTO CYAHOBOJIHHS 1 IPUHIMIIAM (YHKI[IOHYBaHHS OOPTOBHX CHCTEM
KepyBaHHS aBTOHOMHUM CYIHOM IPHUCBSYEHI Mpalli YHCICHHUX BYCHUX. ABTOHOMHE
CYIHOIUIABCTBO Ta HOTO BIUIMB Ha MpaBWIIa i CTaHAapTH Oe3leku y ranysi, crenudika
eKCIUTyaTallii aBTOHOMHHUX CYJIeH BUBYCHO y [ 1—4]. MeTomam yrpasiiHHS 0€3MEKOFO i
yac eKcIUIyarallii JUCTaHILIHHO KePOBAHUX CYACH MpHcBsueHo [5; 6]. Y [7-9] moci-
JDKEHO BUKOPHCTaHHS 1H()Pa4epBOHOTO BUIIPOMIHIOBAHHSI, SIK CUCTEMH JIOTIOMOTH IIPH
[IBApPTyBaHHI, BUBYEHO METONIU KepyBaHHS aBTOHOMHHM CYIHOM Ta MPOOJIEeMH, IO
BHHHKAIOTh TIPH iX eKkcruryaramii. Po60TH, 1m0 mpucBsYeHi BIIPOBAHKECHHIO KOHIICTIIIIT
ABTOHOMHOTO CY/THOBO/IIHHS, TUTAHHSIM aBTOHOMHOI MOPCBHKOT HaBiTaIlii, B Mexax BHpi-
IICHHS 33]1a4 110 3HAXO/KEHHIO ONITHMAJIBHOTO Ta O€3MeYHOr0 MapuIpyTy aBTOHOMHOTO
CyIHa Ta pyXy aBTOHOMHOIO Cy[JHa 32 MOOYJIOBaHMM MapUIPyTOM 3i 30epekeHHSIM
MOPEXIHUX SIKOCTEW Ta KOHTPOJIEM BiixuieHHs Bix Mapmpyty [10—15]. [ami nmurannas
[15-20], mo mpucBsUeHi NOCIIIKEHHSIM OCHOB 3a0e3leueHHsl 0e3meuHol eKcIlIyaTa-
1ii Cy/ieH Ta aHaJli3y CUCTEMHO-TEOPETUYHOI CTPYKTYPH YIIPABJIiHHS OC3MEKOI0 CYIHO-
rraBcTBa. TakuM YMHOM BU3HAYCHHS MUISIXIB peaizalii KOHIemnIii Oe3MiJIOTHUX CyJeH
B KOHTEKCTI 3 €JIEKTPOHHOIO T2 aBTOHOMHOIO HAaBIrali€ro cepell akTyajlbHUX 3aBJIaHb,
SIK1 TOTPEOYIOTh MOAABIINX JOCIIIKEHb.

Buknan ocHoBHOro Matepiasty. MopchbKi repeBe3eHHsl € TIOXiJJHOIO BiJI MONUTY Ha
TOBapH, OCHOBHOIO METOIO SIKOT € MiITpUMKA TOPTiBIi, Oi3HECY Ta KOMEPIIHHUX BiJHO-
CHH y Pi3HHX MaciuTabax, sk IMo0albHUX TaK 1 BHYTPILIHIX. 32 OCTAHHIMHU OIiHKAMH,
89,5 % CBITOBOI TOPTiBIi 31 ICHIOETHCS 3aBISTKH BUKOPHCTAHHIO MOPCHKOTO TPAHCIIOPTY.
3rigHo 3 nanumu FOHKTA/L, y 2020 potiti Y4MCIeHHICTh CBITOBOTO TOPTOBEILHOTO (IOTY
3pociia Ha 3 % 1 HamuyBana 99800 cyaeH 3arajibHOI0 CKJIaIHICTIO, BAJIOBOIO MICTKICTIO
oinbiie 100 6pyrro peectp. ToH. [IpoTsrom HactynHoro 2021 poky It TSHISHIS 3pocC-
TaHHs MPojoBXKyBadack. CtaHoM Ha ciueHb 2021 poKy HpPOBI3HA CIIPOMOKHICTh CTAHO-
Buia 2,13 Mipz ToH AeaBeNTy. Ajie BapTO J0JaTH, 0 OOCATH MOCTaYaHHA CyJIEH JIEII0
CKOPOTHMIIHCS, YACTKOBO Yepe3 PEXHUM 130JIA1liT MOKIUKAHUH NAHJIEMI€I0 Ta 3 IPUYUHH
Opaxy po0040T crIIH, sIKi BHOCHII KOPEKTHBHU B pOOOTY MOPCHKOI rany3i. Cepen cyneH,
3[JaHMX B €KCILTyaTallifo OCHOBHA YacTKa NMpuMajana Ha Oankepu, 3a HUMHU NPSMYBaJH
Ha(TOBI TAaHKEPH Ta KOHTEHHEPOBO3U. B yMoBax oOMexeHOi pOoro3ullii CyJieH Biiac-
HUKH Ta OIIEPaTOPH TAKOXK KyITyBaJIK OLIbIIE CTAPUX CY/CH, 110 BUKIIMKAIO 3POCTaHHS
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id. Y 2021 poui 3pociu i TeMnH yTWIIi3alii CyAeH, Xoua MOPIBHSIHO 3 MOMepe HIMU
POKaMU BOHM 3aJIMINAIOTHCS HU3BKUMH. TakoX TPOTSATOM POKY 3aMOBJICHHS Ha HOBI
Cy/Ha CKOpOoTWIKCS Ha 16 %, JeMOHCTPYIOYH NPOIOBKEHHSI 3HUKYBAIBHOT TCHICHIIII,
sKa criocTepiranacs y nonepenHi poku. Bognouac Ha mouarky 2021 poky cyaHOIUIaBHI
KOMIIaHIT BigpearyBajd Ha Opak MPOBI3HOI 3IaTHOCTI PI3KMM 30UIBIICHHSIM HOBHX
3aMOBJICHb, OCOOJIMBO Ha Cy/lHA KOHTEHHEpPOBO3M, 3aMOBJICHHS Ha SIKi JOCSATIIN Hali-
BHUIIIOTO 32 OCTaHHI JBa ACCITHIITTA PiBHs. TakoX aHAIOTiuHI MOKA3HUKH 3aMOBJICHb
1 Ha OyIIBHHUIITBO ra30BO3iB. BiAmoBigHO 30iIbIIEHHS YHCEIBHOCTI CBITOBOrO (IOTY
HEMHHYYE JI0 3pOCTaHHS MONUTY Ha KBaJTi(hikoBaHI MOPCHKI KaJpu, mpobiieMu 3 TIocTa-
YaHHSM SIKMX BKpad akTyajbHi. 32 OCTAaHHIMH CTATUCTHYHUMH JaHuMH, Y 2021 poi
JeinuT odiepiB Ha Cyaax TOProBesIbHOTO (GIIOTY Bxke ckianas 26 240 ocid, Toxi sk 3a
TIOTIEpPE/THI 11’ ATh POKIB BiH POTHO3yBaBcs Juiie Ha piBHI 16 500 ocid.

Tauxepu - XiMOBO3M

Cyaxa - rasoeo3u 2.29% I Tinm 1.18%
3.63% . Baknepu

Cyara ana = Mapomu 0.38%  42.77%
FEHEPANbHIX BaHTaXis o )
3.60% W
) \_—

OdwopHi cyaxa
Konrefineposoin Q
13.2%

TWNW CYAEH
TA BENMHUYUHA

3oBHilHe KoNo - neaBeT
BHyTpilwHe - BemmuHa
nenseiry

Hadrosi Tankeph
29%

Puc. 1. Ceimosuti mopcoxuii mopeosenvruil ¢hnom 3a munamu cyoed 2022 p.

3 KIHIS MUHYJIOTO CTOJNITTS CHOCTEpIraeTbcs EKCIOHEHLIMHMNA PO3BUTOK MOp-
CBKMX TEXHOJIOTiH, IKi TaK YW iHAKIIEe B MEPCIEKTHBI 3MiHATH KJIACHYHE PO3YMiHHS
CHCTEMH CYIHOIIABCTBA, 1 Pa3oM 3 IIMM OpraHi3alilo Mpolecy KepyBaHHS CyIHAMH.
Ha nanwii MOMEHT, CJIiJi BUAUIMTH TPU HANTIOMITHIIII TEHAEHII, SKi BU3HAYaTUMYTh
NOAAJBIINKM Kypc Ha IM(POBI3aLilo CYyTHOIUIABHOI raiy3i, a caMe cMapT TEXHOJIOrii,
AKi OyIyTh 34aTHI KOHTPOJIIOBATH BCi CUCTEMH CY/IHA, 3€JIEHI TEXHOJIOT1] B CyqHOIIaB-
CTBI, 5Kl TiIBUIATh SKOJIOTIYHI CTAaHAAPTH, Ta MOsiBa OE3MUIOTHUX a00 Oe3eKimakHUX
CyleH. 3 IpUBOAY LBOr0, OCTAHHIM YacoM y pi3HUX KpaiHaX CBITY BEAyTbCS aKTHBHI
JOCTIKEHHSI Ta PO3pPOOKH, BKJIIOYAIOUM JEMOHCTPALiiHI EKCIEPHUMEHTH, 3 METOIO
NPaKTHYHOTO 3aCTOCYBAaHHS CyAEH-TIPOTOTHUINIB, AKi OUNBII BiZOMI SIK MOPCBHKI aBTO-
HoMHI HaiBoAHI cynHa (MAHC), To0TO Oe3misioTHi aBTOHOMHI cyqHa. He3Bakaroun Ha
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JICSIKI BIIMIHHOCTI B PiBHI 3aIlIKaBJICHOCTI KOXHOT 3 KpaiH, LiJIi TOCIIIHKEeHb 1 po3p0o00K
y chepi MAHC moxHa kiacudikyBaTi came sk po3po0OKa 3aX0/iB MIOA0 IMiBUIICHHS
0e3IeKn eKcIuTyarallii cy/IeH, a TaKoXK 3HIKEHHS] HaBaHTa)XEHHS I0/I0 KePYBaHHS CY/I-
HOM Ha eKinax. [lapanensHo MM 3a1a9aM MPOCITIJHKYETHCS 171es1 BAKOPUCTAHHS TaKUX
CYJIEH, SIK BIJINOBIb HA HecTady MOpsiKiB. Cepe iHIINX TPEHIIB: 11e 3HUKEHHS BILTUBY
Ha JIOBKULIS, 3HIKEHHS BapTOCTI ekcrutyatanii cyaeH. [lepeniuene MokHa 00’ €HATH
B YOTHPH KJIFOYOBI TCHICHIIIT, a caMe:

a) TOBCIOJIHE BIPOBAPKEHHS HOBUX JIOCATHEHb HAYKOBO-TEXHIYHOTO MTPOTPECY;

0) mporHo3oBaHa HecTada KBaTipiKOBaHUX Ka/IPiB IS MOPCHKOT raiy3i;

B) MpParHeHHsS MaKCHMaJbHO 3HU3MTHU BILIUB JIFOJCHKOTO (haKTOPy 3 METOH edek-
THUBHOTO 3a0e3MeUeHHs O3MEeKH Ha MOpI;

I') TpUpoJHe Oa’kaHHS CYTHOBIACHHKIB 3a01IaJUTH HA ONHIH 13 CyTTEBUX BUTpAT —
YTPUMaHHS EKilmaxy.

Bce 1e 3yMOBHIIO TIOSIBY Ta CTPIMKHIA PO3BUTOK a0COJIOTHO HOBOTO, 3 MOIVISITYy Ha
MPUHIMIN KePYBaHHS, THITY CYJICH — MOPCHKHX aBTOHOMHHX HaJIBOJHUX CY/ICH.

finowin MieAewa Kopes  Kanapa Dininisi
>% 2%
9% 23%

Ingis Inaonesis

Kutait

Typeuuusa

pocia

Puc. 2. 3ampebysanicmev mopcokux ogiyepis 8i0nogiono 00 0CHO8HUX KpaiH
NOCMAa4anbHUKI@ Kaopie Ha caimogomy punxy npayi 2021 p.

Odinitine Bu3HaueHHs moz0 Tepminoiorii MAHC Tta fioro 3Ha4eHHS, 1[0 BUKOPHC-
TOBY€ETBCSI HA CYYacCHOMY €Talli, MOXXYTb BiApI3HATHCSA, OCKinbku Bu3HaueHH MAHC
BCe IIIe 3HaXoAuThcs Ha crafii BuBueHHs ISO/AWI 23860 y MixkHapoaHiii opraHizamii
31 crangapTu3auii. OgHaK ciig po3ioparucs B MOHATTAX Ta AaTH BU3HAYEHHS JeQiHi-
LisIM aBTOMaTH30BaHE CYIHO, aBTOHOMHE CYIHO Ta O€3MJIOTHE CYIHO.

ABTOMaTH30BaHE CYJHO O3Haya€ KOHBEHLIHHE CYIHO, y IpoLeci BUPOOHUYOT Jisib-
HOCTI SIKOTO BHUKOPUCTOBYETHCSI OyOb-SIKMH THII aBTOMAaTH4YHOI (YHKLII KepyBaHHS,
yepes 110 BOHO 3aTHE 3/11HCHIOBATH HaBirauiiHi nepexoan 6e3 6e3mocepeaHboro Kepy-
BaHHSI JIIOIMHOIO, a 32 JONOMOIOI0 IPUCTPOIB, OB’ A3aHUX 3 HABIrali€lo, KepyBaHHIM
PYXOM CyIHa Ta HOTO CHIOBOIO YCTAHOBKOIO.
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ABTOMATHW3IOBAHE ABTOHOMHE BEZERINAMHE
CYAHO CYOQHO CYOQHO

Puc. 3. Ocrosni munu 6e3ninomuux cyoeu

HacTymHuM eTarmom € aBTOHOMHE CyIHO, i SSKAM CIIiI pO3yMiTH aBTOMAaTH30BaHE
CYIIHO, sIKe OONIAIITOBAHO CUCTEMOIO PO3Ii3HABaHHS 00’ €KTiB HABKOJIO CY[IHA 3a JIOTIO-
MOTOI0 Pi3HUX THITIB ATYUKIB, BU3HAUEHHS CTyIeHs HeOe3rnekn 00’ €KTiB BiAMOBITHO
JI0 HAsBHOCTI PHU3WKY 3ITKHEHHS. A TaKOX aNTOPUTMIB 3MIHCHEHHS 3aXOiB y BUTIIAII
MaHeBpYy IOJO0 YHWKHEHHS 3IiTKHEHHS 3 00’€KTamH, KO0 Taka HeOesleka iCHYE,
Ta NOBEPHEHHS HA 3aJaHUI KypC MICJIS 3aBEPIICHHS il 100 YXHUICHHS, MOXKYTb OyTH
BUKOHAHI aBTOMaTHYHO 0€3 BTpy4YaHH: JIIOIUHU. SIK BiloMa cuctemMa KepyBaHHS KypcoM
CyZHa Ta YTPUMaHHS HOT0 3a/laHOMy Kypci HE MaroTh KOTHITHBHOI (DYHKIIIi po3mi3Ha-
BaHHS 00 €KTIB Ta YHUKHEHHS TEPEIIKO, TOMY aBTOMaTHYHa CUCTEMa KepyBaHHS, 110
BKITIOYA€ I[F0 KOTHITUBHY (DYHKIIFO, CTaNa BRXKIMBOIO XaPaKTEPUCTHKOIO TAKUX CYIEH
1 TIOAANBIIOTO PO3BUTKY TEXHOJOTI y IbOMY HampsIMKy. BTiM Taki TexHomOTil cToCy-
IOTBCS JIMIIE CyAEH, AKi MPOEKTYIThCS 3 (DYHKIIISIMH, 10 3a0e3MeuyroTh BUKOHAHHS
orepariii, ki OB’ A3aHi 3 MPOIIECOM KepYBaHHSIM CydHa 0e3 BTPYYaHHS JIFOAWHU, 1 HE
MoB’a3aHi 3 (hakTOM HAsSBHOCTI eKimaxky Ha OOpTy, KWl MO)Ke€ BUKOHYBAaTH Omepariii
3 MaHEBpPYBaHHSI.

bezekinaxxne (0e3MiIOTHE) CYTHO — i€ CYIHO, HA IKOMY HeMae (i3udHOI MPHUCYT-
HOCTI YJICHIB €KilaXKy, i BOHO y CBOIO UepTy € Pi3HOBUIOM aBTOMaTH30BaHOTO CY/IHA.
Taxuii Tum cynHa a00 ocHaIeHWH (YHKIIISIMH BHUIIE3ralaHOT0 aBTOHOMHOTO Cy/Ha,
Ha SIKOMY 371 CHIOIOTBCS IPOIEC CYTHOBOIIHHS HAa OCHOBI KOMaH[I JJIs1 MAaHEBPYBaHHS
Ha CYIIHO, SIKi IEpPelatoThCs BiJI JTIONWHU-OTIEpaTopa, MO 3HAXOAUTHCS y BiAIaIeHOMY
MiCIIi 32 JIOTIOMOTOI0 CYNMyTHUKOBHUX 3ac00iB 3B’s3Ky. Ciif MigKpechuTH, Mo Xo4a
BH3HAYEHHS TAKOTO THITy CyqHa O3Hadae Oe3ekimakHe (Xoda Bif Ii€i TepMiHOMOTIT
MOCTYIIOBO BiXOISTh), BOHO MOXeE TEPEBO3UTH MACaXUPiB. BpaxoByrounm MOXITH-
BiCTh BTparu abo mepepuBaHHs 3B 53Ky 3 BiJAAJICHUM IIEHTPOM YIIPABIIiHHS, MOXKHA
NPUIYCTHTH, IO TaKUi THN Oyze OcHaIeHUH (QYHKIIIMH aBTOHOMHOTO cynHa. Box-
HOYaC Cy/HO, sIKe HE OCHAIIeHe (YHKIISIMH aBTOHOMHOTO IIIaBaHHS, ajle KepyeThCs
MUACTAHIIIHHO NIISXOM Iepeaadi HaBiralliiHNX KOMaH/, ITOB’sI3aHUX 3 POOOTOIO CHC-
TeM KepyBaHHS HOTO PyXOM, TAaKOXK MOke OyTH Kitacu(ikoBaHO sk Oe3MiIOTHE HaBira-
niifHe CynHO, 32 YMOBH, III0 HA HHOMY HEMA€ eKiNaxy, SKHi MOXKe BUKOHYBaTH MaHEB-
peHi oreparrii.

beperoBa cTaHIisi CynmpoBOAy — IEHTP AMCTAHLIIHOTO KEpyBaHHS CYIHOM, OIUH
3 BOXIMBUX KOMIIOHEHTIB, KM TaKOX Ma€ CyTTEBI OCOOIMBOCTI y TPOIECI BHIIPO-
OyBaHb TaHUX TeXHOJOTiH. byayun anamorom nucneTdepchbKoi Bexi el iCTOTHUH ere-
MEHT Biflirpae mepiopsIHy poib y mporeci TpaHchopmailii TEXHOIOTi aBTOHOMHOTO
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CYIIHOBOJIIHHS B KOMEPIIifiHY peasbHICTh, 30MPat0Yr METCOPOJIOTIUHI Ta HaBirarfiiti
JlaHi, a TakoX iHOIy iH(opMarito 3 6e3MeKr MOpEIUIaBaHHS, KOHTPOJIIOIOUH POOOUMiA
CTaH Cy/lHa, WOTO CHUCTEM Ta CTaH MAIIMHHOTO BiJJIIICHHS, JO3BOJISIOUM KEpyBaTH
CYIHOM SIK JHMCTAHIIHHO 3 BUKOPUCTAHHSIM CYITyTHUKOBUX TEXHOJOTIH, BKIFOYAIOUYH
BUTIAJIKW HA/I3BUYAHHUX CUTYaIlild, TaK i CYMPOBOMKYIOUi CYTHO 1 KOHTPOIIOKOYH HOTO
i1 9ac MOPTOBUX OTEepallii i3 HOBHOLIHHIM BUKOPUCTAHHSM KaHAIIIB 3B’ SI3KY «3eMJIs-
MOpe», 3 HAIaHHIM MIATPUMKH y Oylb-sSKUil MOMEHT Yacy.

CY¥TIYTHHUHOBI CUCTEMI
NEFEDAYI OAHMX

— o~

BAFATOOMEPLIMHMAN LIEHTP
YMPABNIHHA ABTOHOMHE CYOHO

ABTOHOMHE CY¥OHO B
NPOLUECI EKCNOYATALT

NOPT-BAHTAMHI ONEPALYI -
MAHEEBPYBAHHA- CUCTEMMK
3ABE3NEYEHHA BE3NEKM

Puc. 4. Cxema ynpaeninns npoyecamu MAHC

Cucremu kepyBanHss MAHC ta yTpuMaHHS OT0 Ha 3aJaHOMY KypCi, SIKi BXKe BCTa-
HOBJICHI Ha 06araTrb0X iICHYIOUHX Cy[aX, € MpUKIaJgaMi (QYyHKIi aBTOMAaTHYHOTO Kepy-
BaHHS, 1 Cy/IHO, AK€ 3JIIICHIOE€ HABITaIlif0 3 BAKOPUCTAHHAM UX (PYHKIIIH, TAKOXK € CyJI-
HOM 3 aBTOMAaTHYHOIO HaBirami€ero. SIK onucaHo BUILE, aBTOHOMHE CYIHO Ta 0€3MiJIOTHE
CYIHO TaKOXX BHKOPUCTOBYIOTH (DYHKLIi aBTOMAaTHYHOIO KEPyBaHHS 1 TaKMM YMHOM
€ THITaM{ aBTOMAaTHU30BaHOTO Cy[HA Y SKOMY peaji30BaHi HaCTYIHI (DyHKIIIi: TIIaBaHHS
3a 33/laHUM KYPCOM 3 TIEBHOIO MIBUJKICTIO, YHUKAHHS NEPEIIKOJ, MAHEBPHU 110 PO3XO-
JDKEHHIO, IPUCKOPEHHS Ta YIOBUILHEHHS IIBUAKOCTI XOAY, IEPeXif i3 CTaHy IIaBaHHS
B CTaH SIKIPHOI CTOSIHKH, IIEPEXi i3 CTaHy Ha SKOpi B CTaH IUIaBaHHS IUIIXOM Ta LIBap-
TyBaJIbHI OTlepailii B OPTY.

HaneBHo Haiiroy0BHIIIOW0 NPOOIEMOIO B Cy4aCHUX YMOBaX IIIJIBHOTO CYJHOIIOTOKY
3aJIMIIAETHCS BAOCKOHAJICHHS TEXHOJIOTIH YHUKHEHHS MEPEeIIKo] ab0 MaHEBpHU 3 pO3-
XO[DKEHHS IiJ Yac IUIaBaHHSA, JI€ MEPLIOI0 BUMOTOIO € (DYHKLisl BUSBICHHS MEPEILKOA
Ha mapmpyti MAHC. Ls ¢yHKIiS BUSBICHHS HE OOMEXYETHCS JIHUIIE BUSBICHHSIM
IHIIUX CyZeH, ajie TaKOX BKIIOYA€E Cy[JHA L0 HE MAlOTh XOAY BiTHOCHO BOIM (HEKe-
pOBaHi CymHa), CyaHa 3 00MEKEHOO 3/IaTHICTIO MaHEBPYBATH TOIIO, & TAKOXK PHOah-
ChKi Mepexi Ta Oyi, raBydi o0’ektr Ta Oyi kaHamy. Y HaHOMY BWITAIKy 3aBIaHHS
10 TMOCTA€E, 1€ HeOOXiMHICTh OIIHKH BIAMIHHOCTEH B MOPSAIKY MPIOPUTETY 3aJICKHO
BiJl CUTYaIlil 3ycTpidi Ta yMOB HaBiraiii, i Bi{lIOBiIHO BHU3HAYECHHS alTOPUTMIB yHH-
KaHHs HeOe3Me4yHoro 30KeHHsl a00 3iTKHEeHHs. ToMy II00 TE€XHOJIOTiH BUSBICHHS
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nepemkosa y 6ararbox KpaiHax BeIeThcs po3po0OKa CUCTEM, IO BUKOPHCTOBYIOTH IITYY-
uuit intenekr (LI). B nanwii yac BeneThes poOOTa HaJl CHCTEMOIO OIIHKH TEPEIIKO/I,
SKHX CIIiJI YHUKATH, 1 TIEPEUIKOl, SIKMX He MOTPiOHO YHWKATH, HANPUKJIa] BOJOILIAB-
HUX TTaxiB TOIIO, ajle B MallOyTHROMY OYiKY€ThCS, 110 aBTOMaTHuHe BusiieHHs L1
CTaHe MOXKJIMBUM TOMY MiHIMaJIbHOIO (DYHKIII€I0 YHUKHEHHSI IEPEIIKO/IN CITiJI BBAKATH
IZICHTU(IKALIII0 TIEPENIKOM 1 3yIIMHKY Cy/IHA 3a3/1aJIeTiIb IO TOTO, SIK BOHO 3iTKHETHCS
3 nepenikooto. 1o cTocyeThesi aBTOMAaTH30BaHOTO [IBAPTYBAHHS 10 MPUYAy Ta Bif-
HIBapTyBaHHs CyJHA, MpoIlec KepyBaHHS abo Mpolec MaHEBPYBaHHs CyAHa MOXHA
CIIPOCTHUTH, 3a0€3MEUMBIIY BIJIOBIIHI TPUYAIX JUII aBTOMATH30BaHUX cyzeH. L{imkom
3p0O3yMIiJIO, IO KOHTPOJIb MAPIIPYTy TEPEXOY CyAHA BEAETHCS 3a JJOMIOMOTOI0 BCTAHOB-
JICHUX KaMep BiZICOCIIOCTEPEKEHHS, SIKi 3a0e3MeuyroTh (QYHKIIIT, HEOOXiMHI sl yIpas-
ninasg pyxom MAHC.

[MuTaHHs 3HWKEHHS BUTPAT MPOTITOM XOI0BOTO Yacy 3a PaXyHOK PO3pOOKH Ta BITPO-
BQ/DKCHHSI OUTBII TOYHUX CHCTEM YTPABIIHHA PyXOM Cy[IHAa Ta YTPUMAaHHS HOro Ha
3aJ]aHOMY KypCl, @ TaKOX 3MEHIICHHSI TaIbMiBHOI JIiT KOPITyCy Ta KepMa 3alUIIAl0ThCs
cepeJl aKTyalbHUX 3aBJaHb. barato TeXHIUYHMX i JOCTITHUIBKUX IIEHTPIB 3aiMarOThCs
PO3pPOOKOIO CHCTEM aBTOMATUYHOTO PYJIbOBOTO KEPyBaHHS JIJIsl BUKOPUCTAHHS HA JINC-
TaHIIHO KePOBaHWX aBTOHOMHHX CYIHaXx, siki OylyTh BUKOPHCTOBYBATHCS B HaBira-
IIHHUX CUCTEMaX 1 CUCTEMax YIPaBIIiHHSA PyXOM Ta cTabimi3allil Kypcy CyleH y Mexkax
koM toTepu3aliii mporecy kepyBanHs MAHC. Taki cucteMu BUKOPUCTOBYIOTH aBTO-
MaTU4HYy CHCTEMY JJIsi KEpyBaHHS CYTHOM Ha X0y, BKJIIOYAlO4X ajJrOPUTMH MaHEBPY-
BaHHA BiJINOBIHO 710 MiXXHAPOAHUX MpPaBWII 3aro0iraHHs 3ITKHEHHSM CYACH y MOpi
(COLREG). CucreMa mMa€e TpH PeKHUMH: PEKUM CTEKEHHS, PEKUM KypCy Ta MOBIJIbHE
KEpyBaHHS JDKOWCTHKOM. Y «PEXHMMi CTeKEHHS» CHCTeMa Belle CYIHO 3a 3a3/iajeriib
y3romkeHuM MapmpytoMm. Skmo MAHC BusiBiisfe iHIIE CYIHO, JJIS PO3XOKCHHS
3 SIKUM CJiJI BUKOPHCTOBYBAaTH MaHEBPYBaHHsS, CUCTEMa IEPEMHKAETBHCS B «PEKHM
MaHEBPY», KU JJO3BOJIsSiE BAKOHYBAaTH HEOOXiTHI MaHEBPH JJIsl YXUIICHHS BiJl iHIIOTO
Cy[Ha, 3MIHIOIOUHM Kypc cyaHa. Jlaii cucreMa MmoBepTaeThCsl B «PEXKUM KypCy» MicCIs
TOTO, SIK HeOe3neka 3HuKae. Komu QyHKIis HKOWCTHKA aKTHBOBaHA, CJIEMEHTH Kepy-
BaHHA Ta CHJIOBE 00JIaJIHAHHSI HAJAIITOBAaHI HA MaHEBPYBAaHHS Ha HU3bKil IBHJKOCTI,
IO JIO3BOJISIE KEPYBaTH CHCTEMaMH 3a JIOIOMOTOI0 JKOMCTHKA, HAPUKJIIA]], MaHEBPY-
BaTW CyJHOM OiJisi IpUUaly. ABTOIJIOT 3aporpaMoOBaHUi TaKUM YWHOM, IOO CYITHO
3aBK/IM 3aJIMIIATIOCS Ha 3aJJaHill Bi/ICTaHI BiJl 3aIUIAaHOBAHOTO MapIIpyTy. SKIIO 11l Mexi
MEPEBUILICHO, aBTOIJIOT BUAAE MTOTIEPEPKEHHS, 1 B TAKOMY BHIIQJIKy PEKHM JUCTAHIIIH-
HOTO KePYBaHHS CKACOBYETHCSI.

Jns HarypHuxX BuUnpoOyBaHb 00’€KTaMH MOJAETIOBAaHHS OOMpArOThCS Cy/lHA HEBE-
JIUKOT BOJIOTOHHAXKHOCTI, Y PYJIbOBI CUCTEMI SIKUX BCTAHOBIIKOETHCS MaJIOiHEPIIIHHUN
€JIEKTPOKEPOBaHUI TTOBOPOTHHU MPHUCTPi. Y MBOMY NPUCTPOi MPAKTHYHO BiJICYTHE
0OMEKEeHHSI TI0 YacTOTI TTOBOPOTY KepMa, [0 J03BOJISIE CTBOPIOBATH BUCOKOE(EKTHBHI
CHCTEMH aBTOMaTHYHOTO YTPUMAaHHS CyJHa Ha 3aJJaHOMY KypCi, B IKHX MaKCUMallbHAN
KyT IOBOPOTY KepMa CTaHOBHUTH 35 IpaayciB.

CTpyKTypa aHOT CUCTEMH XapaKTePH3YETHCS MEPENaTOuHO0 QYHKINEI0, sIKa OIHU-
cye 1i BnactuBocti. [IpoBenena nonepeans ineHTUdIKALS TapaMeTpiB 00’ €KTy JO3BO-
Jsi€ IPUAHATH JUTS MOJEJFOBAHHS TaKi MapaMeTpH NepeiaBabHUX QYHKIH CHCTEMH
crabimizanii.
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a) Pynvosuii npuctpiit MAHC;

20
W, (C)=———. 1
() 0,25 +1 )
KoHcTpyKTHBHA MOJIEIb PYIIBOBOTO NPUBOY BPaxoBye OOMEKEHHSI BUXIJIHOTO CHUT-
Haiy + 35°.

b) Cynao (MAHC);
ITpu HOMiIHATBHUX YMOBAX €KCIUTyaTallii CyIHa:

1,4s +1
Wiaow (€)= —— . )
41s” +14s +[1+ H(s)]

Koediuientn K, v, v,, 0 BXOAATH 10 BHpa3y [(s), MPAKTUIHO HE 3MiHIOIOTHCS
B 3QJIEKHOCTI BiJl CTaHy 3aBaHTAKEHHS Cy[JHa. TOMy BOHHM BBa)KalOTHCS MOCTIMHUMHU
st Oy/ib-sIKMX yMOB eKcrutyaranii cyana (K = 0,93, v, =-0,016, v, = 0,0014).

¢) HeraruBHuii BiATyK;
1,0

W, (C)= .
i (C) 0,1s +1

3)

d) BiTpoBi Ta XBUJIbOBi 30y/IKESHHS;
30ypeHHs, SKi BIAXWISIOTh KypC CyJAHA BiJ 3aJlaHOTO 3HAUCHHS, MOXXHA OIHCATH
CYMOIO TPhOX-UYOTUPHOX CHHYCOIANbHUX CUTHAIB Pi3HOI aMILTITYIH, YaCTOTH Ta (a3Hu.

e) TIN] — perynsarop ([IpomopuiiiHO-1HTETpaTbHANK PETYIISATOP);

J7ist OLiHKY BIaCTUBOCTEW cucTeMH cTadinmizanii kypey cyana napamerpu 111 npu-
AMarOTBCS MOCTIHHUMU I IOCTATHBO BENMKHMX 3MiH mepenarHoi dynkuii W, (C).
Bukonano cuHTe3 HacTporoBanbHuUX NapamerpiB I1I/I-perymstopa 3 oOMeKeHHIM
BUXITHOTO cUTHaiy Ha piBHI 10 rpaa. Ans 3a3Ha4eHUX BUILE MepedaTHUX (QyHK-
Uil cymHa, pyJbOBOI MAIIMHM Ta JaT4WKa 3BOPOTHOrO 3B’s3Ky. Jlo HamamTyBaHHS
[IJI-perynsropa BHUCYBAlOTbCS HACTYIHI BHMOTH: TEPEpEryNIOBaHHS He Oiiblie
1,5 3 minimanbHuM wacom mepexinHoro mpouecy W, (C), nepenaBanbHa GyHKIisA
[I/I-perynstopa Mae HACTYIHI 3HAYECHHS MapaMeTPiB HaJAIITyBaHHS.

Wy (C)=P+1/C+D 4)

1+N/C’

Iponopuiiina ckiaagosa: P = 0,013, iurerpansua ckiaamosa I = 0,0016 ¢!, audepen-
mianeHa ckiagosa: D = 0,08 ¢, koedimient dimprparmii: N = 0,9.

TakxuM 9HOM, B pe3yJIbTaTi 3aCTOCYyBaHHS MaHoi Momedi B mpototuriax MAHC Gyio
MIPOJIEMOHCTPOBAHO TTiABUITICHHS TOYHOCTI KypCcOBOI cTad1Ti3alrii, sika 301IbITyeThes Ha
10-17 % nipu 3HIKEHHI YaCTOTH TepeKiIafaHas] kepma Ha 8—12 % 1 3MeHIIeHHI BUTpaT
rmanuBa (3a CepeNHbOCTATUCTUIHHNMN peiic 1 CepemHi CTaTUCTHYHI 30ypEeHHS BITPOBOTO
1 XBHJTLOBOTO BIUTMBY IS KOHKPETHOTO paiioHy miiaBaHHs) Ha 3—7 %.

187



PO3BUTOK TPAHCIIOPTY
Ne 3(14), 2022

BucHoBku. Cii BU3HaTH TOH (DaKT, 1110 MPOIEC BUPOOICHHS 3aKOHOAaBCTRA Ta CTBO-
PCHHsI HOPMAaTHBIB CTpaxyBaHHs JJIsi aBTOHOMHHUX Cy/IEH 3aiiMae OLIbII iCTOTHY 4acTKy
Jacy Hi’K pO3pOOJICHHSI Ta BIPOBAKCHHS CAMUX TEXHOJIOTIH JUCTAHIIIHHOTO KepyBaHHSI.
TuM He MeHIII, B TIepIITy Yepry MOXKYTh OyTH 3MiHEHI BUMOTH MO0 MiHIMaJIbHO HEOOXi -
HOI KUTEKOCTI 0¢i0 Ha OOPTY, HE3aJIEKHO BiJI TOTO, UM € I1i CY/THA TIOBHICTIO aBTOHOMHHMHM,
YHCENBHICTD eKilaKy Oy/e CKOpOYyBaTHCs Yepe3 BIPOBAKEHHS HABIralifHUX CHUCTEM,
OCHAIIICHUX aBTOMAaTHU30BaHUMHM 3acOo0aMM 3alo0iraHHs 3ITKHEHHIO CyJCeH. AJie mapa-
JICJILHO 3 I[UM iCHYE€ TI0Tpeda B po3poOili IporpaMHOro 3a0e3neyeHHs sl 00OpOOKH 3Ha-
YHUX 00CATIB iH(pOpMAITii, aHATITHKA Ta TEIEMETPisi MOKIIMBUX TIPOOIIEM 3 TPOTOTHIIAMH,
iX marynkamu, ABUTYHAMH, KEPMOBUM IMPUCTPOSM Ta iHIIE, [0 MOXKJIUBICTH HA OCHOBI
aHali3y IUX JAaHUX TependavyBaTH rmepiony HeoOXiAHOI 3aMiHU BY3JiB T4 MEXaHI3MIB,
TUIAHYBaTH TEXOOCITYTOBYBaHHS Ta SIK PE3yNbTaT, 3alo0iraTi aBapiiHOCTI oOnaJHaHHS.
3 iHI1I0r0 OOKY, HEOOXiJHO AKTMBHO PO3BUBATH JIISUILHICTD 13 PO3POOKH CTaHIAPTIB 1 Mpa-
BHJI, TIOYMHAIOYH 3 €TAIy PO3BHUTKY TexXHOJOTiH. Takoxk 3a HeoOXiHE € BKUTTS 3aXOJIiB,
CIPSMOBaHHX Ha MDKHAPOAHY CTaHAAPTH3AIII0, BKIFOYAOUH y3aralbHEeHHS! BUMOT IIO/I0
Oesrmeku [T peatizallii IpOeKTiB OE3MUIOTHUX CYIEeH, PO3POOKY TOIOKEHB MO0 CTPaxy-
BaHHS Ta MPaBOBUX 3acaj y BiAMOBIAHOCTI IO BCIX MIKHAPOIHUX KOHBEHLIIH.
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Anomauisn

Bcemyn. Topmu npedcmasinsaroms coboto 8axcaugi 102iCmuyHi yeHmpu, wo eniuea-
HOMb K HA MOPCbKULL cekmop, mak i na micma. /ii wo0o ix dexapbowizayii Modcyms
Mamu 8UPIUATIbHE 3HAYEeHHS O CIUMYIIOBAHHSA 3MIH 8 THUUUX Ce2MEeHmMax MOPCbKO20
cexmopa ma, y 800 uepzy, MIHIMI3yeamu 6naus ix OisIbHOCMI HA HABKOTUWHE Cepedo-
suwe y micmax ma ix oxonuysx. J{ocniodicenns ma npoekmu, wo nPUCBIYeHi USUEHHIO
npobnem O0ekapOOHIZayii CNPAMOBAHI HA CKOPOUEHHs BUKUOI8 GYeleyrd, GUKOPUCIAH-
Hsl NOHOGNIOBAHUX OJicepell eHepeii, ONMUMI3ayio sumpam i npoOyKMuUeHOCHI, npo-
BA0CEHHS MEXHON02IN IHMENIeKMYANIbHO20 YRPAGIIHHSA, CMEBOPEHHs 8I0N0BIOHOI HOD-
MAmueHO-Npasosoi 6asu. 3Hanus ma 3acmocy8anis nepedosozo c8imoso2o 00Csioy y
2any3i NOPMOBO20 CEKMOopy Cnpusmume 1020 CMiuKkomy po3sumky 6 Ykpaiui. Memoio
cmammi € 02110 NPOEKMI8 ma iHiyiamue 3 0exapOoHi3ayii MOPCLKUX NOPMIB, GU3HA-
YeHHs OCHOGHUX HANPAMKIE 3a3Haueno20 npoyecy. Pezynomamu. ¥ cmammi npoanani-
308AHO OCHOBHI NPOEKMU 3 0eKApOOHIZaYil MOPCLKUX NOpMie ma nepedosy NpaKmuxy
8 2any3i coyianbHoi ma eKono02iuHoi cmilukocmi 8 nopmoeomy cekmopi. B pesynomami
AHANIZY, 8USHAUEHO OCHOBHI HANPSAMU, SIKI NPU38e0YMb 00 3He8Y2leYi08anHs NOPMIE |
HABKONUWIHIX MePUMOpIti ma CAPUAMUMYMb NPoYecy nepemeopeHHs NOpmie y yenmpu
3Hegyeneyiosanus. Bcmanosneno kmouesi pakmopu, Busnaverno moscnugocmi 0ist nop-
mie Ykpainu 6Haciiook ixuvoi dexapbonizayii. Bucnosxu. ¥ yit cmammi eusnauero, wo
KIF0U08UMU (hakmopamu, ujo CRpusiioms 0ekapOOoHIZayii MOPCbKUX NOPMIB, €: GUKOPUC-
MAHHS BIOHOBIIOBAHUX PeCYpCie, ONMUMI3AYis eumMpam, 6NPoOBAONCEHHs [HMeleKny-
ANbHUX MEXHONO02I, 6CIMAHOBNEHHSA NPAGUI A NOJIONHCEHb W00 eKoN02i3ayii MOPCOKUX
nopmis. Bemanoeaneno, wo 6npoeadicenuss KepigHUX NpUHYUnNie NPaKmuKi «3ei1eHux
MOPCHKUX HOPMIBY, BUKOPUCMAHHA NEPed08o2o 00C8i0y 8 yill 2any3i 003601Uums nop-
mam Yxpainu weuowe nepetimu y ceoill npakxmuyi Ha HAUKpawyi c8imogi cmanoapmu.

Knrouosi cnosa: oexapbonizayis, eKoi02i4HO YUCMA eHep2is, eKOHOMIKA 3AMKHYMO-
20 YUKILY, 3e/leHUll NOpM, PO3YMHULL HOPMI.

© PemetkoB /I.M., [TaBnosa H.JI., 2022
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Summary

Introduction. Ports are important logistics centers that affect both the maritime
sector and cities. Actions to decarbonize them can be critical to drive change in other
segments of the maritime sector and, in turn, minimize the environmental impact of
their activities in and around cities. Research and projects dedicated to the study of
decarbonization problems are aimed at reducing carbon emissions, using renewable
energy sources, optimizing costs and productivity, implementing intelligent management
technologies, and creating an appropriate regulatory and legal framework. Knowledge
and application of world-leading experience in the field of the port sector will contribute
to its sustainable development in Ukraine. Purpose of the article is to review projects
and initiatives for the decarbonization of seaports, to determine the main directions
of the mentioned process. Results. The article analyzes the main projects for the
decarbonization of seaports and best practices in the field of social and environmental
sustainability in the port sector. As a result of the analysis, the main directions that will
lead to the decarbonization of ports and surrounding territories and will contribute to
the process of transforming ports into decarbonization centers have been determined.
The key factors were established, the opportunities for the ports of Ukraine as a result
of their decarbonization were determined. Conclusions. In this article, it is determined
that the key factors contributing to the decarbonization of seaports are: the use of
renewable resources, cost optimization, the implementation of intelligent technologies,
and the establishment of rules and regulations for the greening of seaports. It has been
established that the implementation of the guiding principles of the practice of “green
seaports”, the use of best practices in this field will allow the ports of Ukraine to quickly
move to the best international standards in their practice.

Key words: decarbonization, ecologically clean energy, closed cycle economy, green
port, smart port.

Beryn. [o6anbHe MOTeIuTiHAS BU3HAHO OJTHIEIO 13 0CHOBHUX IpoOieM mrozictsa [1].
Bopotr0a i3 3MiHOIO KIIiMaTy Ha TUIAHETI JABHO CTala OCHOBHUM HAIPSIMKOM y Oilb-
IIOCTi po3BUHEHUX KpaiH. [IpobiremMa r1o6anbHOTO HOTEIUTIHHS, IO CIPHYUHEHO BUKH-
namu giokcuny Bynierro (CO2), 3naiinnia cBoe Bimodpaxenus y 2015 pori, xonu 196
KpaiH npueIHamucs 10 JokyMmeHTa «Ilapusbka yrogay, Mo BIPOBAIKYE Pi3HI 3aX0H 13
smeHnienns Bukuaie CO2 3 2020 poky. exapOoHi3ailist 3a4inae pi3Hi raiay3i IpoMmuc-
JIOBOCTI Ta TPAHCIIOPTY, MPH IbOMY MOPTOBHI CEKTOP HE € BUHATKOM.
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IMocranoBka npo6aemu. [lopToBa ramy3p JUHAMIYHO PO3BHBAETHCS B YKpaiHi.
Pa3zoM 3 M MOPTH CTUKAIOTHCS 31 3pPOCTAIOYMM THCKOM 3MEHIICHHS CBOTO ByIJIElle-
BOTO CJIiJIy TIPHU OJHOYACHOMY IiJIBUIICHHI €HEProe(PEKTUBHOCTI 1 II100aIbHOT KOHKY-
PEHTOCIIPOMOXKHOCTI. Taka CHTyallisi CIIOHyKae J0 pO3pOOKH TPOEKTIB Ta iHIIiaTHB
010 JeKapOOHi3allii IX CHePreTUUHUX CHUCTEM. 3HAHHS Ta 3aCTOCYBaHHS IEPEI0BOTO
CBITOBOTO JIOCBiNy Yy IIifi Taiy3i CHPUSATUME CTIHKOMY PO3BHUTKY MOPTOBOTO CEKTOPY
B YKpaiHi.

AHaJji3 ocTaHHIX J0CHiKeHb Ta Myoaikanii. [CHyro4l TOCTIKEHHS Ta MIPOEKTH,
IO peasi3yloThCs B JaHUH Yac, CIpSIMOBaHI Ha CKOPOYCHHS! BHKH/IIB BYIJICIIO, BUKO-
pUCTaHHS TOHOBIIOBAHHUX JDKEPET EHEprii, ONTHMi3alil0 BUTPAT 1 MPOJYKTHBHOCTI,
BIIPOBA/KCHHSI TEXHOJIOTIH I1HTENEKTYaJIbHOTO YIPaBIiHHSA, CTBOPSHHS BiIMOBIIHOI
HOpMaTUBHO-TIpaBoBoi 0a3u. Tak, Ateyah Alzahrani, Ioan Petri, Yacine Rezgui [2]
B CBOI# poOOTI AOCTIAMIM HUIIXH, 32 JOIIOMOIOI SKUX MOPT PoTTepmam 3moxe 30e-
PErTH CBOIO CHJIbHY TO3MIIiI0, 3Ha4HO CKopoTuBiuu BUkuau CO, Ta MoB’s3aHi 3 UM
pusuku 10 2050 poky. B [3] MICTUTBCS OIVISiA HIMPOKOTO CIIEKTPY AOCIIIKEHD MO0
JekapOoHizalii y OpTOBiH ramy3i, BKIFOYAIOYH MHUHYJI Ta MOTOYHI iHiniatuBu. Kpim
TOTO, CITi/I 3a3HAYMTH, IO MUTAHHS, TIOB’sI3aHi 3 JeKkapOoHizaliero NopTiB € y chepi
IHTEepeCiB psay MDKHAPOJAHUX OpraHizallii Ta yCTaHOB, HUMHU CHAIHCHEHO PO3POOKY
psny mpoektiB [4—11].

®dopmyitoBaHHs 1iJicH cTarTi. METOIO CTATTI € OIS TPOEKTIB Ta 1HILIATHB 3 JeKap-
OoHi3alii MOPCHKUX TIOPTiB, & TAKO)K BU3HAYCHHS OCHOBHUX HAINPSIMKIB 3a3HAYCHOTO
nporiecy.

Buxkiaa ocHoBHOro marepiaJy.

1. OcHOBHI HanpsIMKH Tpoliecy AekapOoHi3allii MOpchKuX mopTiB. [lopTu € ekocuc-
TEMaMH, B SIKUX B3a€EMOJII€ BEJIHMKa KiIBKICTh MOPCHKUX, CHEPTETUYHUX, JIOTICTUIHUX
Ta TPAHCIIOPTHUX CEKTOPIB.

B nanuii yac KOXKeH 3 I[UX CEKTOPiB Ma€ BJIACHI I[iJIi Ta CTPATETIi AekapOoHi3allii s
CKOPOYEHHS BUKHIiB Byriekucioro rasy (CO,) Ta iHIMX napHUKoBUX rasis. Jlns nexap-
OoHi3allii MOPTIB BAXKJINBO, MO0 yCi B3aEMOJIII0Ui CEKTOPH Y3TO/IXKYBAJIU CBOT CTpaTerii.

MoskHa BHIUIMTH BiciM OCHOBHHUX HAIPSMIB, SKi IPU3BEIYTh 10 3HEBYIJICIIOBAHHS
MOPTIB 1 HABKOJIUIIIHIX TepUTOpil (puc. 1).

Opmxe, OPTH € BAKIMBUMH JIOTICTHYHUMHE [EHTPAMH, [0 BILIMBAIOThH K HA MOp-
ChKHH CEKTOp, Tak 1 Ha Micta. JIii 1mo/10 iX AekapOoHi3allii MOXKYTh MaTy BHUPIIIAIbLHE
3HAUECHHS JIJISl CTUMYJIIOBAHHS 3MiH B iHIINX CETMEHTaX MOPCHKOTO CEKTOpa Ta, Y CBOIO
4yepry, MiHIMI3yBaTy BIUIMB iX JISUTBHOCTI HA HABKOJIMIITHE CEPEJOBUINE y MiCTax Ta iX
OKOJIHIISIX.

2. KoHIeniiist iHTEICKTYaIbHOTO MOPTY — «po3yMHuii mopt. 3 2000 poky 10 Tere-
pIIIHBOTO Yacy MOPCHKI MOPTH TOYAIH BIOCKOHATIOBATH CBOI OTeEpaliiiHi CUCTEMH,
MAaro4YM Ha METi CTaTH «PO3yMHHMH MopTamMmu». HoBe GaueHHs IHTENEeKTyalIbHOTO TIOPTY
0a3yeThCs Ha THTEJCKTYaJIbHUX Ta IHHOBAILIMHUX TEXHOJIOTISX 3 HU3bKUM BILIMBOM Ha
EKCILTYaTallil0 Ta HAaBKOJIMIIIHE CEPEIOBUIIIE.

[Mixxix «po3yMHUI MOPT» MOXKE BIUIMHYTH HA 3arajlbHy €KOCHCTEMY MOPCBHKOTO
MOPTY 32 PaxyHOK Oe3rmepepBHOro 30mMpanHs iH(GOpMAaLii PO AISUTBHICTE MOPCHKOTO
MOPTY 3 BUKOPHUCTaHHSAM [HTepHETY pedeld Ta MPUHHSTTS PillleHb 3 BUKOPUCTAHHSM TeX-
HOJIOTi{ IITYYHOTO 1HTEJIEKTY Ta BEJIHKHX JaHUX.
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Hanpauu

3micT

1. Enexrpudiramia
TEPMIHATIE | MOPTOROTO
TpaHCTIOPTY

BHKOPHCTAHHA B JIATBHOCT] MOPTIE eleKTPOEHEPTIT 3 Bl THORTIEAHNX
CEEpen 74 MOCTAYaHHA CYAeH, TPAHCTIOPTHHX 3acodis, TEXHIKH Ta
IHINEX eTeMeHTIE DOPTY, IO CTOATE ¥ HOPTY

2. BopoeamxeHHT
HOBHX BHTIE
OVHEEpHOTO MATHEL
CYIOeH

BHEOPHCTAHHA 3PIIAKEHOTO MPHPOIHEOTD razy (3111 8K mepexigHoro
MalHEA 0 DalHEA 3 HYIEOEHM PIEHEM BHEHTE (aMiak, BOJEHE T4 IH.)
¥ IOPTOEOMY CEKTOpI TA MOPCREOMY TPAHCIIOPTI

3. Enextpmbixaniz
MopcEEof ramysi

CTiiiKe BHpPODHHNTED ENeKTPOEHEPTIT 3aBI4KH IHHOBAMAM ¥ TAIV3
EITPOEOL T2 COHSYHOI cHeprii, HAKONMHYCHER ¢HEPIli, EHpoDHHOTED
HH3EKOBYVTIENEEOT0 BOJHKO, 4 TAKOXE 30UIBIIEHHEA JOCTYIHOCTI Ta
SHECKEHHT INH HA EITPOEY T4 COHATHY eNeKTPOSHEPIIRD

4. TImrerpamsa
EHEpTeTHIHOI CHCTEMH

O0'eIHAHHEA BCIX CHEPreTHYHHX Mepe® (eleKTPHYHl Ta BOJHEE]
nMepesl, coHddHa afo EITpoBa eHeprid) OiIf EHKODHCTAHHE IX
OOTEHIANy E OIIOMY T2 OTPHMAHHA eHEePreTHYHOT He3aleXHOCT
MOpTIE

5. DBekopinesnz
ENEETPOCTAHINE, IO
TPaTOTE Ha
EHEOIHOMY IAJIHEL

IMocTymoEa EBiIMOEaZ EiT PpO3ITAMIOBAHHX Y EBelHEHX NOPTax
CNCKTPOCTAHINH, MO DNpAIFKTh HA BHEONHOMY IATHEL Ta
EHEOPHCTaHHA IUTOMN, IMO 3EiNTBEHHETHCH, AI1 HAKOMHIeHHA 3aMmacie
3eIeHOrO EOQHIC 00 A4 YIOBTIOBAHHEE Ta 3DepiraHaa

6. VYIoemoEaHHA Ta
30epiraHH" BYTIRIIO B
TOpTax

BHEOPHCTAHHA OTOPOXE MOPTIE ANH YIOBIIEAHHA, 30epiraHHa Ta
OOJATBIIOr0 EHKODHCTAHHA EVLIEII KOHTPONBEOEAHHM 9HHOM 32
EHEODHCTAHHAM HOTO #K CHPOEHHH IIf pi?HHX IPOMHCIOEHX

mpomecie 260 N4 eECHOpTY E iHmT Kpains

HasericTs ajganToea®oi Ao BEMor €C T1a IMO HOpMAaTHEHO-
Opaeoeoi 0azH Ta OONITHEH, COPAMOBAHHX HA COpPHAHHEA
3HEVTIEPOXEHHID MOPCEKOTO CEKTOpA T4 MOPTIE

TocaTHEHHT eKOHOMIKH 2aMEHYTOTO IHETY (IPOJOEXEHHES TepMIiHY
cayEDH NPOAVETIE TAa 330X04YeHHA iX PpEeMOHTY, MNOETODHE
EHEODHCTAaHHA T4 NepepodEa T3 iH.) 9K KiHMEEOI MeTH HOPTIE, IO
OPareEyTE CTIHKOCTI

Puc. 1. OcnosHni Hanpsamku npoyecy nepemseopeHHs NOpmis
V YeHmpu 3He8y21eyi08aAHHs

7. Pospodka HOBHX
MOPCEKHX OPaBHT

8. IIpocyeammz
EKOHOMIKH 3aMEHYTOTO

THETY

et migxiog Moxe 3a0€3MEUUTH CTIHKYy CHUCTeMy 30epiraHHs JaHUX Ta JO3BOIUTH
PI3HHAM Oprasi3alfisiM OTPAMYBATH JOCTYI /IO BiIOBITHUX JaHMUX HA OCHOBI Y3TO/Ke-
HOT MOJIeNTi YIIpaBIIiHHS, SKa TOTIOMOYKE ONTHUMI3yBaTH OIEpalliifHi CHCTEMH Ta ITiIBH-
ITUTH ¢()EKTUBHICTD.

VY mpoekri mig HazBoro «Ilman miit mono koHmenmii «po3ymHoro nopty» y Cepen-
36MHOMOPCHKOMY PETi0HI» BU3HAYEHH KOHIIETIIIii «PO3yMHOTO ITOPTY» 30CEPEIKEHO Ha
TPhOX OCHOBHHX cepax: eKCIUTyaTallisi, BAKOPHCTAaHHS €Heprii Ta HaBKOJHIIHE cepe-
noBwuie [6].

BaxJTUBICTh CIIOXXHBaHHSI €HEPTil B MOPCHKHX TIOPTaX MMOB’s3aHA 3 BUCOKHMH MIOTpe-
0amu B €Hepril JUId IOPTOBHX omeparii. EQexTuBHe BUKOPUCTaHHS eHEeprii € mpooie-
MOIO JUISI TIOPTOBOI BJIaIN, OCKUTBEKH OLTBIIC CIIOKMBAHHS €HEPrii 03Havae 301IbIICHHS
BHKH/IIB BYTJIEITIO Ta 301IbIIIEHHS eKCIUTyaTalliifHUX BUTpPAT.

OTxe, OUTBIIICTD MMOPTOBHUX OPTaHi3alild 3aKJIIMKAlOTh MOPTOBY BJIaay BCTAHOBUTH
MIOPTOBI TpaBWJia AJIsi CKOPOUEHHSI CIIOKMBAHHS €HEPTii Ta 301IbIIEHHS PECYPCiB KO-
JIOT1YHO YHCTOl eHeprii. [le Takok J0ImOMOXKe CKOPOTUTH BUKUH BYIJICIIO Ta BUTPATH
Ha eJIEKTPOCHEPTiI0 IS CUCTEM YTIPABIiHHS IOPTOM.
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JpyruM eneMeHTOM BU3HAYEHHsS IHTEJEKTYyaJbHOTO MOPTY € EKOJOTIYHUHN acIeKT.
Pi3ni iniiaruew, Taki sk ECOPORT, PRISM ta GREEN Efforts, cripsimoBaHi Ha BU3Ha-
YEHHSI T4 BCTAHOBJICHHS IMOKA3HUKIB €KOJIOTIYHOT €PEeKTHUBHOCTI JIJIsl MOPTOBOT BJIAJIH,
1100 JOMOMOT'TH M 3MEHIIIUTH Ta YCYHYTH BIUIMB HAa HABKOJUIITHE CEPEIOBHIIE.

Brana eBponeiicbkix MOPCHKUX TOPTIB BBAXKAE SIKICTH TOBITPS HAWOLTBII BaXKITUBOIO
3 JIECSTH €KOJIOTIYHUX MPIOPHUTETIB JUTsI MOPCHKHX MOPTIB, OCKIUIBKH SIKICTB TTIOBITPSI BILTHBAE
Ha po0OTY TIOPTIB Ta CYJJHOIUIABCTBO. B pe3ysbrari eieMeHT NOBKULIS € BaKITMBOKO 00J1acTIO,
SIKY HEOOX1JTHO BPaXxOByBaTH JUIsl IEPETBOPEHHSI TIOPTIiB Ha iHTENEKTYaIIbHI TOPTH.

Tperiit HanPSMOK KOHIIETIIIIT PO3yMHOI'0 MOPCHKOTO TOpTY — onepartii. OCHOBHUMH Or1e-
palisiMi B TIOPTY € HABAHTKCHHS T BUBAHTAXKCHHSI BAHTAXKIB Ta KOHTCHHEPIB 13 CylIeH Ha
CKJIaJH. Y JaHIIOXKKY MTOCTABOK ONEPAIlifHIX CHCTEM Y MOPCHKHX TIOPTaX MOYKHA ONTHMi-
3yBaTH KiJIbka 00JNacTel IMiIBUILICHHS ¢EKTUBHOCTI 1 pe3y/IbTaTUBHOCTI MOPTOBHX OIEpa-
1M, 10 JIOTIOMOYKE CKOPOTUTH BUTPATH, 4acC, TPYAOBUTPATH 1 TEPMIH CITY>KOW MAIlIUHH.

3. Ilpuxnaou nepedosoi innosauiitnoi npaxmuku y mMopcoKux nopmax. Mopcbki
MIOPTH € iIeaTbHUMH [IEHTPAMH JUTS CTINKUX MOPCHKHX 1HHOBAIIIH Ta CTAIN KIIIOYOBOIO
YaCTUHOIO CTPAaTETiil pO3BHUTKY, sIKi BUKOPUCTOBYIOThCsI OararbMa kpainamu (Rodrigue
and Notteboom 2020) [7; 8].

Ha puc. 2 HaBeneHO MpHKIaaW TepenoBOl IHHOBALIHHOT MPAKTHKH Y MOPCHKUX
MOPTax CBITY, SKi € MPUBAOIUBUMH JUIsl MOTEHIIMHUX iHBECTOPiB. BoHH MOXYTH OyTH
TaKOX I[IKAaBUMH Ta KOPHCHUMH JIJISI CTAJIOTO PO3BUTKY TIOPTOBOTO CEKTOPY B YKpaiHi.

4. Oznsa0 npoexmie ma iniyiamue 3 oexapoouizauii mopcokux nopmis. Mopchbki
NOpTH po3noyasiv nudpoBy TpaHchopMallito B paMmKax mporpamMu 60poTsou 3 rodaib-
HUM TOTEIUTIHHSIM 3 KITFOUOBOIO METOIO CKOPOYCHHSI BUKH/IIB BYIJICIIO 110 BCHOMY JIaH-
IIO’KKY CTBOPEHHS BapPTOCTI.

Hanpaan Janct |
1. 3emeii TMopTi ato KOMTTIANIT, AK IDSITETIOTE EROTOTIHND HHCTE
TPaNCIOpT CIIOTY HEHIA MU# DOPTAMHE T BIY TN paflouans, 1K

MPONOHYIOTE  ATHATEPHATHEN, Taki AKX POTRHTOR
sprrmissoro Tepanaty (Tlopr Porrepaasa)

2. 3eneHi TopTH, AKXl MAKTE HABHUKH T3 CHCTCMM, ZOCTVIIHL TN
TEXHOTOTTT MTTPHMER TEXHOTOTI «3emeHr MopPTIBY, HATPIKINT, T8
dinancypanig  poIPOGKH  eISMENENG  TEXMOTOTIH

(Vopasmigas CIHMAMYPCLKOTO MOPCREOND TA NMOPTOBOTO
LHEHTPY JeKapOoHITamii)

3. [lpocrapore [TopTH 3 MOMTHECK TA MPAKTHKOM, IK1 IXHIAKTH JEAK]
YOpanTiHHA BHIN TRBAPWH, MICHA MPORHRANHA T4 MAPIIPYTH Mirpamii
(Hanpssciag, yagoss  yabepescen Kamdopunn cyvaau
MPpONOHVIOTECA  MOPITHI  CTHMYTH  A18  IHIDKEHHA
MBMIKGCTI B OOPTAX | MADKOIG MOPTID, MOd VICHKINYTH
datadLiER NTEHEHL 3 KHTAME T8 IMSHIDHTH WYMOBE
IADPYIHEHHA) |
4. JIaHIHGRKH [optit  abo MOR'AIAHI 3 HEMH  KOMIAMN, @0

NOCTABOK BHEOPHCTORYIOTE SKOJOIMYNO YHCT] JANLIOHEN NOCTABOK

AR BLIHOBIOGAHKK DKEPCl cHEprl Ta ynpasainnx (Tlopr

Potrepaaa)

5, Cruseymosainm | [Topry, SK npononyioTs UM S00PH 00 LHIIL CTHANYIHN

RHENTIR ANE EATYMEHHA CYISH i1 XOpomHM peliTHHIOM BHEHTIR

(a3eTena  exema Tewpmw - nOpoekT VOpaBTiHHES

nonaoHcRxoro nopTy (PLA), poipobaennil v criRnpami 3

onepaTopaMi cyaeH (w«lenennii mopt Z020x)

Puc. 2. OcrosHi nanpsimku ma 3micm nepedosoi npakmuKy 6 2ay3i CoOyianbHol
ma eKkon02iuHoi Cmitlkocmi 8 HOPMOBOMY CEKMOpi
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BpaxoBytoun BayKJIMBICTh 3HAHHS Ta 3aCTOCYBaHHS MIEPEAOBOTO JIOCBi Ty, HEOOXiTHO
MpoaHati3yBaTH MOTOYHI 1HIIIATHBY MO0 AeKapOOHi3allii MOPCHKUX MOPTIB.

OctanHiM yacoM Oyio po3poOIIeHO Ta BIPOBAPKEHO HU3KY MTPOEKTIB IHTEIEKTYalb-
HUX CHEPreTHYHHUX TEXHOJIOTiH 3 METOI0 MaKCHMi3yBaTH BUKOPHCTAHHS BiJHOBIIOBA-
HUX JKEpEIl CHeprii Ta CKOPOTUTH BUKUAH BYTJICITIO.

Jexinbka MpoeKTIB OyJIM CIPSMOBaHI Ha PO3POOKY Ta peaizalliro MpaBmI IS BIIPO-
BQ/KCHHS CTIHKUX CTpareriii mopToBoi JisUIbHOCTI.

OnHuM i3 HaHOUIBIIUX MPOEKTIB i3 MUGPOBOI TpaHcPopMalii MOPCHKUX MOPTIB
e npoekt CTOoKromsMcbkoro KopomiBchkoro Mopchkoro mopry. Moro meroro € Bipo-
Ba/DKCHHSI Ta PO3BUTOK OE3MAJIMBHOTO MOPCHKOTO IOPTOBOTO paiioHYy 3 OIOHKETOM
Omu3bko 2,2 Mupn €Bpo. Llg iHiliaTHBa TaKOXK BKIIIOYA€E PO3BUTOK HAWOLIBIIOT MiCHKOT
teputopii y lIBemnii, OyniBHUITBO oHA] 12 THC. HOBHX OYJTUHKIB Ta CTBOPEHHSI TOHA/T
35 THC. pOOOUUX MiCIIb.

Green EFFORTS «3eseni Ta eekTuBHI omepallii Ha TepMiHalaX Ta B IMOPTax» —
e JAOCHTITHUIBKAN MPOEKT, SKUH (iHAHCYETHCS CIUIBHO 3 €BPONEHCHKOI0 KOMICI€0
Ta CHpPSMOBAaHWI Ha 3HKCHHS CIIOKMBAHHS CHEPrii Ta BHUKOPHUCTAHHS EKOJOTIYHO
4yrcToi eHeprii B moprax. Llei mpoexT Hajgae iHCTPYMEHTH CTPATEriuHOTO TUIaHYBaHHS
JUTSL TIOPTIB Ta TEPMIHAJIIB 111010 CKOPOUCHHS BUKHUJIIB BYIJICIIO Ta 3a0€3eueHHS O1IbII
THTEJIEKTYaJIbHOTO YIIPABJIIHHS €HEProCIOKUBAaHHIM Y MOPCHKHX TOpTax [9].

[poext APICE ¢inancyeThCst €eBpOIeiicbKO0 MPOrpamMoro Ta CIPSMOBaHHIA Ha CTBO-
PEHHS IMiIXO0Y JI0 TTOM’ SIKIICHHSI HACTI/IKIB 3a0pYTHEHHS TTOBITPS Ta CTAJIOTO PO3BUTKY
MOPTOBOT AiSUILHOCTI, 3aCHOBAHOI Ha MOJIITHII MPOCTOPOBOTO IJIAaHYBaHHS Ha Miciie-
BOMY pIiBHI, II[0 BKJIFOYAE TEPUTOPIIO HABKOJO MOPCHKUX MOPTiB. Llel mpoekT crps-
MOBaHUI Ha Te, 00 JOTOMOITH IHTETrpyBaTH T€HEpAILHUN TIaH TIOPTY Ta IOB’sI3aHi
3 HUM IHBECTHIIIT Y MOpchKi optu [10].

Benmka rpyma npoekTiB BUpilIyBalla pi3Hi 3aBJaHHS CTaJOr0 PO3BUTKY OO KHT-
TEBOTO IUKITy MOPCHKUX MOPTiB. B¢l BOHM BKITFOYAH Pi3HI HAOOPHW 3MIHHUX Ta 3aBJIaHb
IIOJI0 3HWKEHHS CHEPrOCIIOKUBAHHSI, CKOPOUCHHS BUKHIIB BYTJICIIO Ta BUKOPHCTAHHS
BIJIHOBJIIFOBAaHUX JDKEPEJ CHEPTI .

[opt PoTrTepnama 3aBasiku cBOEMY MaclITady, MiCle3HAXOKCHHSM, TyI0BiH iH(-
pPacTpyKTypi, IPOTPECUBHUM TEXHOJIOTISIM CTa€ JiEpOM y Tpolieci AekapOoHi3allii.
Bymnepranbcbkuii iHCTUTYT KITIMary, HaBKOJHIITHBOTO CEpENOBHINA Ta EHEPTECTHKH
(HimeuunHa) chopmyntoBaB Tpu MOXKIIUBI IUISAXH JeKapOoHizalii s nopry Porrep-
nam [2].

[Insxu OXOTUTIOIOTH Pi3HI PiBHI MOCTABICHUX 3aBJaHb Ta pi3Hi TexHouorii. XKoaen
HUISIX HE € €MUHUM MOXIUBUM. KiHIIEBUIA pe3ynbrat, IMOBIpHO, (hOpMYBaTUMETHCS iX
KOMOIHAII€I0.

Crparerist noproBoro ynpasiinas Banencii (PAV) mono IOCSTHEHHS HYJIbOBUX
BukuiB 710 2030 poky oOyMoBiIeHa YITKHM 3000B’SI3aHHAM IOPTY NMPHEIHATHUCS IO
€BporenchKoi 3eJIeHOT YrofM MO0 HEOOXITHOCTI CKOPOYEHHS BHKHJIIB MapHUKOBUX
rasiB BiJl CEKTOPY MOPCHKOTO TPaHCIIOPTY.

Jlo ocHoBHuUX 1inei Ctparerii BiTHOCAThCS [7]:

— CHpUSHHS 00€3yINepOKEHHIO ICHAHCHKOI MOPTOBOI CHCTEMH, y TOMY YHCIHI
3aBJISIKM BKJTFOYCHHIO EKOHOMIKH 3aMKHYTOTO ITUKITY J0 MPOEKTiB Oy/IiBHUIITBA MOPTiB
Ta MOPTOBUX OIEpalliii;
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— CHpusHHA TUQPOBI TpaHCPopMaIllii icIaHCHKOi TOPTOBOT CUCTEMHU.

VY cBoro yepry, AekapOoHizalis Ta Hudposa Tpancopmais NOpPTy BIUIMHE HA!

— 3afHATICTh, 3HAHHS Ta JOCIIJDKEHHs, 10 CTUMYJIIOIOTh 3POCTAI0OYMN IOMUT Ha
poOoUi MicIs B CEKTOpI JIOTICTHKH Ta JUCTPHOYIIIT;

— TEepHUTOpiajbHY 3TypTOBaHICTh 3a AOMOMOTOI MPOEKTIB, AKi CIPUATUMYTH iHTE-
rpauii mopTy 3 TPaHCTIOPTHUMH MEPEKaMH, BKITIOYAIOUH 3ATI3HIYHY MEPEXKY;

— COIiaJIbHY IHTETpallilo y BUNIAI Aii, BKIAJCHUX Yy IiJBUIICHHS MPOMHCIOBOI
0e3meKy Ta OXOPOHY Ipalli MopTy;

— perioHayibHE yNpaBiHHA Ta €PEKTUBHICTh aAMiHICTpamii, IO T03BOJISIOTH OOMi-
HIOBAaTHCS 1HPOPMAITIEI0 ¥ PEKHUMI PEaTbHOTO Yacy 3 yciMa yJacHHKaMH ITOPTOBOL
IISUTBHOCTI.

5. Hexnapauia npo dexapoonizayiro ma cmiiiKicms piuKoeux ma MopcbKux nop-
mis y /lynaiicokomy pezioni. Cexperapiar J{yHnaricekoi komicii y 6epesni 2022 poky
3aIlpoNOHYBaB NPOeKT «Jleknaparii npo aekapOoHi3aiito Ta CTIHKICTh PIYKOBHX Ta MOP-
CBKHX TIOPTiB y JlyHaliCBKOMY PETiOHi», B sIKii Oyme TOKyMeHTaIbHO 0pOPMIICHO TIpar-
HEHHSI JYHAChKUX TOPTIB pO3pOOIATH CcTparerii, IIaHU JIil Ta MPOEKTH IIOAO CKO-
POYCHHS BUKH[IIB TAPHUKOBHX Ta3iB Ha 55 % mo 20 Ta HOCATHEHHIO HETTO-HYJIHOBHX
BUKH/IIB TapHUKOBHX ra3iB 10 2050 poky [13].

OOrpyHTyBaHHS Li€l iHILIATHBU 0a3y€eThCS HA TAKUX MOJIOKEHHAX:

— PpIYKOBI Ta MOPCHKI MOpTH J{yHAHCHKOTO PETiOHY € Ba)KITHMBUMH JIOTICTHIHHUMH
Ta TPAaHCHOPTHUMH BY3JIaMH B JIAHIFOXKKaX IOCTABOK i pOOJISATH iCTOTHUH BHECOK
y perioHaNbHAN €eKOHOMIYHHH PO3BUTOK SIK IIPOMICIIOBI BY3IIH;

— TIOPTH MAalOTh 3HAYHUH HEBUKOPUCTAHWH MOTEHLIaN, 00 CTaTH ICHTPaMu
BUPOOHMIITBA Ta PO3MOJLTY €KOJIOTIYHO YHCTOI €Heprii, a TAKOXK PO3BUTKY €KOHOMIKH
3aMKHYTOTO IHKITY;

— y «3eneniit yrogi» €C ta Crparerii ctanoi Ta iHTeIEKTyaJlbHOI MOOITBHOCTI
HaTOJIONTY€EThCS Ha HEOOX1MHOCTI 301BITICHHS YaCTKH BHYTPBHIIIHHOTO BOTHOTO TpaH-
cniopty (BBT) Ha 25 % 10 2030 p. Ta Ha 50 % 10 2050 p. i BUu3HaeThes, o BBT pazom
13 3aII3HAYHUM TPAHCIIOPTOM BiJliTpa€e IEHTPaIbHY pOJb y JMeKapOoHizalii eBporei-
CBKOTO TPaHCIIOPTY;

— TIOPTOBa BNaJa, aAMIHICTpallisl IOPTIiB, ONEPAaTOPH MOPTIB Ta iHII NOPTOBI Mix-
IPUEMCTBA TIOBUHHI BXXUTU KOHKPETHHUX 3aXOiB L0I0 CKOPOUYEHHS BUKHU/IIB APHUKO-
BUX Ta3iB Ta 3a0€3MEYNTH CTIHKICTh PO3BUTKY Ta pOOOTH MOPTIB;

— 1icHye rocTpa morpeda B iHTEHCHBHIN CIIBITPaIli Ta KOOPAWHAIT MiXK TOPTOBUMHU
Cy0’€KTaMu B IbOMY IOPTY, MK IOPTaMH OJHI€T KpaiHU Ta Pi3HUX KpaiH, a TAKOXK Mix
E€KOHOMIYHUMH CEKTOpaMH Ta Ha TPAHCHAL[IOHAIEHOMY DiBHI.

ITpu po3poOrii i€l iHimIaTHBY OyJI0 BpaXOBaHO TaKi paMKOBI yMOBH:

— moptu JyHaliCbKOro perioHy mMaroTh pi3Hi oprasizauiiiHi, (iHaHCOBI Ta ympas-
JHCHKI YMOBH;

— TMOpPTOBA BJIa/ia/aaMIiHICTpaIlisi Ma€ OOMEKEHI MOKIIUBOCTI MPUHHSTTS €KOJIOTIY-
HUX pillleHb BUKOPUCTAHHA IMOPTY (OIepaTopiB TepMiHANiB, TPAHCIIOPTHUX KOMITAHIH
TOIIIO);

— TIOPTHU TaKOX MOXYTb OyTH BasKIMBUM MapTHEPOM JIOBKIILISI Ta PETiOHIB 3 O1IbII
BHCOKHM PiBHEM CTIHKOCTI;

— BJaja/agMiHiCTpalis NOPTy MOBHHHA BiAirpaBaTd akTHBHY POJb B O3€JICHEHHI
BCi€l TEpUTOPIi TOPTY.
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OcHoBHi 1iii Jleknaparii mpo gekapOoHi3allito Ta CTIHKICTh PIYKOBUX Ta MOPCHKUX
noptiB y JlyHalicbkOMY perioHi BiqoOpakeHo Ha puc. 3.

Ocnosni yini Hexnapayii npo dexapoowizaiyiro ma cmifikicme piuxosux
ma mopewbxux nopmis y Jvraiicoxomy pecioni

3abe3neunTH KOMIUIEKCHY MiITPHMKY MeTH €BPONH 31 CKOPOYEHHA
BUKH[iB MapHHKOBHX Ta3iB He MeHIe Hix Ha 55% mo 2030 p. Ta
JocArHCHHA HymnsoBHX BHKHAIE CO: mo 2050 p., a takox crammii
PO3BHTOK PIUKOBHX TA MOPCHKHX IOPTIB JyHAaNCBKOro periony

TMoroguTs OpPHHIHDH Ta 3aXO[H, HeOOXimHI A 3HEYIIEpOXKYBaHHA
PIMKOBHX T4 MOPCEKHX IIOPTiB JlyHalchbKOTro PEerioHy Ta 3abe3neueHHA X
CTIHKOI poOOTH Ta POSBHTKY

Puc. 3. L]ini leknapayii npo dexapbonizayito ma cmiikicms
PIUKOBUX Ma MOPCLKUX nopmis y J[yHaticbkomy pecioni

3axomu moxo 3aiicHeHHs Jlexapaiii BKIIOYaroTh TaKi Mii:

— BWSBJICHHS, OIIHKY Ta MOHITOPHHT BIUIMBY AisNTBHOCTI MOPTY HA TOBKULIA (TIOBi-
TPS, IKICTb BOJIM, BIJIXOMH, IITyM, TIHUI, BiIKJIATICHH);

— po3poOKy Ta BIIPOBAKEHHS CHCTEMH EKOJOTIYHOTO Ta CTaJOTO YIIPaBIIHHS
(ESMS);

— ydYacTh y po3poOri cTpareriii, maHiB Aiil Ta MPOEKTIB peajizallii, CIpIMOBaHIX
Ha CKOPOYEHHS BUKUIB ITAPHUKOBUX ra3iB Ta TOCATHEHHS I[JIEH CTalIOTO PO3BHUTKY;

— CIIPHUSIHHA BIPOBA/KEHHIO iH(QPACTPYKTYpH aJbTEPHATUBHUX Ta BiTHOBIIOBAHUX
BU/IIB I1AJINBA;

— MIATPUMKY MICBKOTO Ta BHYTPIIIHBOTO BOJHOTO TPAHCTIOPTY Ha KOPOTKI BiACTaHi
(BomHI aBTOOYCH, TOPOMH, MiChKa JIOTICTHKA TOIIIO), JIC II€ MOXKIIHBO;

— BUKOPUCTAHHS MOXJIMBOCTEH, 1[0 BHHUKAIOTH B PE3ybTaTi MudpoBizaiii ympas-
JIIHHA Ta OTIepalliid MOPTiB, IS MiABUIIECHHS ¢(EKTHBHOCTI Ta MiATPUMKH iXHBOTO CTa-
JIOTO PO3BUTKY.

6. Hogi modxcnueocmi ona nopmie YKpainu e6HACiOOK ixXHboi OexapOouizauii.
CyuacHi JOCTIKEHHS TIOKa3yloTh, IO KpIiM IDIaHyBaHHS AekapOoHizarlii omepartiit
Y MeXax CBOiX KOPOHIB, TOPTH MOXXYTh PO3IMIMPIOBATH CBOI IMTPOTIO3HUIIIT MOCTYT Y HOBHX
rary3six, BpaxoByIOUH 3MiHM Ha CHCTEMHOMY DiBHI, SIKi IpHHECE JIeKapOOHi3alis.

Y HaOmmK4i AECATHIITTS IPOMHUCIIOBICTD, TPAHCIIOPT Ta OMAIECHHS NEpeHayTh BiJ
MPSIMOTO BUKOPHCTAHHS BHKOITHOTO IMAajMBa J0 BOAHIO Ta enekrpudikarii. [loptu —
3 00’extamu s imnopty 311I, 3B A3kamMul 3 OQIIOPHUMHU BITPOBHUMH €JIEKTPOCTAHIII-
MU Ta BIACHUM ITOIMTOM HAa HU3BKOBYIJIEIIEBE MAJIMBO — MOXYTh CTaTH MPUPOTHUM
MicCIleM 17151 BAPOOHHUIITBA, IMITOPTY/EKCIIOPTY Ta 30epiraHHs BOAHIO.

Y Mipy pO3BUTKY TEXHOJIOTii YIIOBIIOBaHHS Ta 30€piraHHs BYTJICITIO TAKOXK MOXYTh
3’SIBUTUCSI MOMKIIMBOCTI JJI1 HOBHX a00 aalTOBAaHUX MOPTOBHX CIOPYI, III0 00poOIs-
I0Th 3piKEHUH Bymienb. Y Mipy 3MiHM THIIIB TOBapiB, IO MPOJAIOTHCS — 30KpeMa,
BiIMOBH BiJ] IMIIOPTY PIAKMX Ta CHIIKMX MaTepialiB — MOXXHA BUBYUTH MOXIIMBOCTI
nepenpodiToBaHHS ICHYI04O01 IHPPACTPYKTYPH Ta 3eMIEKOPHUCTYBaHHSI.
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3a HasgBHOCTI TPAaBWILHUX CTUMYIIB KaOOTakKHE CYJHOIJIABCTBO MOXKE TaKOX
BUCTYIIATH SIK aJI-TEPHATHBA BEJTMKOBAHTXKHIUM aBTOMOOLISM 3 HU3bKUM PiBHEM BUKU-
JIiB BYIJICIIIO.

L1i 3MiHM BIJKPHIOTH MEpe] MOPTaMy HOBI MOXKJIMBOCTI JIJIsl CIIBIIPALli 3 MiCIIEBOIO
MPOMUCIIOBICTIO, i JIPUEMCTBAMH Ta TPOMAJICBKUMH TPYTIaMH.

Hampuknan, mopt Ocno 3B’s3aBCsl 3 MICIIEBUM 3aBOJIOM 3 TEPEpOOKH BiJIXOJiB
B SHEPrilo, 00 BUKOPUCTOBYBATH iX BifIXonu 0iora3y Ta HaJUTHIIKOBE TETLIO.

Konenrarencbkuii mopt MajbpMe TpaIfoe 3 MiCIICBUM MYHIIHIIATITETOM Ta KOMY-
HAJILHOIO KOMITaHI€r0 Ha/l CTBOPEHHSIM HAKOTIMYyBada SHepPrii, SKHi TAKOXK MOXKE BUKO-
PHUCTOBYBaTHCh MiCTOM.

MexaHi3MHu 3a0e3MeueHHs 3€JICHOTO MEPEXOay Ie pOo3poOsaoThCs. Bakmuumu
€ TTUTaHHS 3HWKEHHS BUTPAT Ta 3a0e3MeUeHHsI CIIpaBeUIMBUX COIIaIbHIX PE3YJIBTaTIB.
[Tpu 3a0e3meueHHi THYYKOCTI IJIaHyBaHHS 1HPPACTPYKTYpHU Ta MOUTYKY HOBUX MOXKITHU-
BOCTEH y CHUCTEMax 3 HYIbOBHUMHU BUKHIAMHU TOPTH MOXYTh OTPHMATH KOHKYPEHTHY
nepesary Ta MiJroTyBaTy CBO1 Oprasizailii 10 MailOyTHBOTO.

B nanwmii yac y Jeskux moprax po3poOJeHO Tak 3BaHI «IOPOXKHI KapTH HYJIHOBOTO
HETTO — TPAHCIOPTY». BOHW MOBHHHI JIOTIOMOTTH peaii3yBaTh MepeBard, ki Moxe
NPUHECTH JIeKapOOoHi3allisi Ha CHCTEMHOMY PiBHI, @ TAKOXK CHPUSITH CKOPOYCHHIO BUKU-
JIiB 0€3M0CepeIHbO B ITOPTAX Ta 30HAX 1X BILIUBY (puC. 4).

| Eramm | 3IMicT pospoboK

BrexmmTa * Ha AKl EMEMIH EILTHEAE HOPT
KapTYEAHEHA EILTHEY | * AKA EeINYHHA ¥ KOXEHH obaacT

Oroas moaiTHER Ta | * ARSI IIOJIITHYHEE TaHgmadr
pospodEa cueHaplis | » A8 pistl DITAXH J0 YHCTOrO HYIE

3n0HA CHCTEMEOTO | * AKl DIFMPIN SMIHHE MO®Fe OPHHECTH het-zero
PIEHA T JHHAMIEA |1 4K II€ MO#e EILTHEYTHHA IOpT
PHHEY

* 3Kl SMIHH MOZYTE CEOPOTHTH EHENIH, HaCFLTREH
Brpyuansa JETEO [X BN 0B JETH TH EILTHHYTH Ha HEX
* HA CELTBEH BOHH 2feKTHEH

pedibcdihd b d i

Jamyuenns * 7K1 Jli DOPT, 2 TAKO® IHOI Jifowl oco0n Ta
T3 poSCTAHOEEA SAUEAETEH CTOP OHH EEAHATE [PlopHTETHIME
NplopHTETIE

* AK BHIIA7 A€ [IEpIIA JopoEHI KapTa
BrcHOBOK * AE BOHA MOJEE pearyBaTH Ha SMIHE
* 78l mepnn gii

Puc. 4. Ocnosni emanu «00podcuboi Kapmu 0151 NOPMIG 13 HYIbOBUMU GUKUOAMUY
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Bararo 3 nmesaux ESPO mpiopuTeTiB € akTyalbHUMH i JUI YKPaiHCHKOI MOPTOBOT
ranysi. YactuHy 3 HUX yke nmponucaHo y nporpami “Ukrainian Ports are Going Green”
po3pobinieHol QaxiBisgMH AAMIHICTpaIii MOPCHKUX TMOPTIB YKpaiHW, 3aBISKU SKil
BIJJOMCTBO TIiJIBHIIUTh TEXHOJOTIYHI MOKIHUBOCTI OEPEroBOr0 EIEKTPONOCTaYaHHS
cyneH. [nmi 3Haiinuy BimoOpaxenns y biniit kauzi (White Paper) npiopuretis y mop-
CBKiH raiy3i, sIKy MiroTyBaB KOMITET 3 JIOTiCTHKH €Bporieiicbkoi Oi3Hec-acoriarii.

Bu3HaueHHsS TakMX TPIOPUTETIB Ta poOOTa M0N0 iX peamizaiii came 3apa3 JIyke
BaXKJIMBA, OCKUTBKM YKpaiHa, K 1 €C, IpOXOJHTh eTall 3HAaYHUX 3MiH, ajie PIOPUTETH
JIOBIOCTPOKOBHX MPOEKTIB MaOTh CIIPUSATH PO3BUTKY MOPCHKHX MOPTIB.

B Crparerii po3BuTKy MOPCBHKHX MOPTiB YKpainu Ha niepiox go 2038 poky [14] Bka-
3aHO, 1110 32 OI[IHKOI BCECBITHROTO €KOHOMIYHOTO (hOPYMY IIIOJI0 SKOCTI MTOCIIYT Y MOP-
cpkux noprax y 2018 poui Ykpaina orpumana 3,8 Oana i3 7 moxxnuBux (77 micte i3
140 kpain).

OpHUM 13 OCHOBHUX HAMPSMKIB 3MiHH I[LOTO TIOJI0KeHHs CTpaTeris 6a4uTh y HE0O-
XIJIHOCTI «TOBUILHOIO OHOBJICHHSI OCHOBHHUX (DOHJIIB Ha JCPKABHHUX ITiIPUEMCTBAX
MOPTOBOI Taiy3i, HEBIAMOBIMHICT IX TEXHIYHOTO PIBHS CyYaCHMM BHMOTaMm MIOJO
Ha/IaHHI TOCIYT 13 3IMCHEHHS OTepalliid 3 00CIyroByBaHHS BaHTaXiB, CyACH, PyXO-
MOTO CKJIJly TOILO».

Jy1is po3B’si3aHHs TPOo0OIeM He0OXiTHO BUKOHATH TaKi 3aBIaHHS:

— CTBOpPEHHS THPPACTPYKTYPH JJIsI MOXKIIMBOCTI MPUHAMAaHHS Ta 0OCIyroByBaHHS
CYJIeH, SIKi BAKOPUCTOBYIOTB 3p1JKEHUI r'a3 K CYITHOBE MAJIMBO;

— BIPOBA/DKEHHS CMapT-iHPPaCTPyKTypH (HOBITHIX TEXHOJOTIH, IO CHPHUSIOTH
aBTOMAaru3allii Ta pobOTH3aIi] MepeBaHTAKYBAIBHUX MPOIIECIB MOPCHKUX TEPMIHAIIB),
€KOJIOTTUHO Oe3MEeYHUX TEXHOJIOTIH, CIIPAMOBAHUX HA 3MEHIIICHHS IIKIJIMBUX BUKHUJIIB
BiJl BUPOOHHYHMX MPOIIECIB y MOPTAX Ta OTPUMAHHS €HEPrii 3 albTepPHATHBHUX JHKEPEI.

VY pesynbrari 3a0e3neueHAs 30alaHCOBAHOTO PO3BUTKY Ta €(DEKTHBHOTO BUKOPHC-
TaHHS TIOPTOBHX MOTY)XKHOCTEH Ha IHHOBAILlIWHIM OCHOBI OUIKY€ThCS CTilike (YHK-
LIOHYBaHHS MOPCBHKHX MOPTIB YKpaiHW BIJIOBIAHO A0 KOHIEMIINA «CMapT-TIOPT»
(3acTocyBaHHSI HOBITHIX TEXHOJIOTIH), «eHeproeeKTUBHIM MOPT» (3IIHICHEHHS 3aX0-
IiB 3 pecypco30epekeHHsI, BiTHOBICHHS Ta palliOHAIBLHOTO CIIOKHBAHHS PECypCiB)
Ta «3eJICHUH MOPT» (3MEHIIICHHSI HETATHBHOTO BILTUBY HA HABKOJIMIIIHE IPUPOTHE Cepe-
JIOBUIIIC).

BucHoBkn. Mopcbki TOPTH BBa)KalOThCS OJHUM 3 OCHOBHHUX JBHUIYHIB CBITO-
BOi EKOHOMIKHM Ta KIFOYOBUM €JIEMEHTOM TPaHCIOPTHOI, CyJIHOIJIABHOI, TYPHCTHYHOI
Ta pubaIbCHKOI ramy3eH.

OpHak aKTUBI3aIlis TiSTIbHOCTI B MOPCHKUX MTOPTaX BIUTMHYJIA HA HABKOJIUIITHE Cepe-
JIOBUIIIE, BKIIFOUAIOUN BHCOKI BUKUM BYIVICIIO, IIYM Y PE3YJbTaTi AisUTBHOCTI B MOp-
CHKUX TOPTaxX, BUCOKE CIIOKMBAHHSI €HEPTii Ta Cepilo3HUIl BILIMB Ha 37I0pPOB’sI Hace-
JICHHSI TPUOEPEKHUX MICT MOOIU3Y MOPCHKUX MOPTIB.

Benmka KibKicTh OITyONiKOBaHHUX JOCIHTIPKEHb 3p00rIa 3HAYHN I BHECOK Y MEPETBO-
PEHHSI Ta MPOCYBAHHSI KOHIICTIIIT «3eJICHUX» Ta «PO3YMHUX» MOPCHKHX MIOPTIiB Y PI3HUX
KpaiHax.

KitouoBumu pakropamu, mo CpusiioTh AeKapOoHi3alii MOPCHKUX TIOPTIB, €:

— BUKOPHCTAHHS BiIHOBIIOBAaHHUX PECYPCIB,

— OINTHUMI3allis BUTPAT,
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— BIIPOBAHKCHHS IHTENEKTYAIbHIX TEXHOJOTMH,

— BCTaHOBJICHHS MPABUJI Ta MOJIOKEHB IO/I0 €KOJIOTI3aIlil MOPCHKUX MOPTIB.

Ha noBkimns, Ha ayMKy (axiBIiB, MPSMO YH OMOCEPEAKOBAHO BIUIMBAIOTH TPH
OCHOBHI YHHHUKHU:

— CHOXMBaHHS BUKOITHOTO MMAJINBA,

— BHCOKE CHEProCNOKUBAHHS EHEPTOCHCTEM,

— BIJICYTHICTb MPOQECIHHOTO YIPaBIiHHS pECYpcaMu B MOPCHKUX TTOPTax.

BaxnmuBy pons BifirpaloTh 1HBECTHIII B Cy4YacHi TEXHOJIOTIi, II0 CKOPOYYIOThH
BUKW/IM BYTJIEIIO, TaKi SIK CHCTEMH BIIHOBJIIOBAHOI €HEPTii, IHTENEKTyalbHI PUCTPOT
o0JTiKy Ta 1HIII Cy4acHi TEXHOJOTI.

[Ifo6 mepekoHaTH IHBECTOPIB y JOUIJHHOCTI 1HBECTYBaHHS B Cy4YacHi MOpPCBHKi
MOPTH, MalOTh OyTH Mepea0adYeHi BiAMOBIIHI CTUMYNHU Ta iHimiatuBh. Lle Moxe OyTu
(diHaHCOBHH 3WCK, YHHUKHEHHS MTpadiB 3a €KOJOTIYHUM 3aKOHOJABCTBOM, CTIHKICTh
MOPTY Ta II00ATBHOTO KIIIMATY.

VY pamMkax miaHy 3a0e3rnedeHHs CTiIHKOCTI MOPCHKHX MOPTiB HEOOXiHO 3a0€3MeUnTH
MOBHE 3HEYTICPOXKYBAHHS )KUTTEBOTO NUKITY. Lle BIjIMHE Ha BCIO CUCTEMY 1 CIIPUSATHME
KOMIIJICKCHIN €()eKTUBHOCTI MOPCHKMX TIOPTIB 1 MiIBUIIICHHIO PiBHS €KoJIOTi3allii, cTili-
KOCTi Ta KOHKYPEHTOCIIPOMOXKHOCTI Mi’)K MOPCHKUMH MTOPTAMHU.

BripoBaikeHHS KepiBHUX MPHHIHITIB IPAKTHKH «3€JIEHUX MOPCHKHUX MOPTiBY», BUKO-
PHUCTaHHS EPEIOBOrO JOCBIAY B IIiii rajgy3i J03BOJUTh MOPTaM YKpaiHU MIBUJIIIE TEPe-
WTH y CBOi/l IpaKTHIlI Ha HAWKpAIIli CBITOBI CTaH/IAPTH.
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