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EKOHOMIKA

YIK 519.865:338.518 DOI https://doi.org/10.33082/td.2021.3-10.01

KOHKYPEHIIS 3A KYPHO TA BEPTPAHOM B YMOBAX
IMPOCTOPOBOI JYOIOJIIi 3 ACHKMETPUUYHUMHU PUHKAMHU

C.B. Me1bHUKOB
K.€.H., JIOIIEHT, JOUEHT KadeIpy MiIPHUEMHUITBA 1 TYpU3MY,
Ooecwkutl HayionanbHull MopcvKull yHisepcumem, Odeca, Yrpaiua,
ORCID ID: 0000-0002-2627-9463

Anomauisn

Bemyn. [licia nossu swamenumux pooim Kypuo i bepmpana exonomicmu oco yoice
Oinbue cma pokie nopigHIoms Mide cobol nepesacu KinvkicHoi (3a Kypno) ma yino-
60’ (3a bepmpanom) Kowkypewyii. Y kaacuuniti moodeni Oyononii yiHO8a KOHKYpeH-
yia 3uHudcac yinu 00 pieHa epanuynux eumpam (napadokc bepmpana). Cnoocusaui
8I0 Yb02O BUSPAOMb, A Qipmu ompumyoms MiHivansrui npudymox. Tomy 6 pamkax
Kaacuunoi mooeni gipmu 6sadxcaroms 3a Kpauje KinbKicHy KoHKyperyiro. Ilooonamu
napadokc bepmpana modcnuo 3a ymosu 66e0ents 6 MoOenb THUUX XAPAKMEPUCTIUK
PeanvHux puHKie, a came: npooykmoegoi oughepenyiayii, OuHamiunoi 63aemoolii ¢hipm,
00MedNCeHHS BUPOOHUYUX NOTMYICHOCTENU, NPOCMOPOBO2O PO3SMAULYBANHS (IpM, MOUO.
Memorw pobomu € auaniz moodeni npocmopogoi  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]
8 YMOBAX 0OHOPIOHOT NPOOYKYiil, acumempii po3mipie puHKie ma mpaHcnopmHoi MOHONo-
Jii. 3 memoro maxcumizayii npubymxy gipmu cnouamxy euOUpams Micye po3mauty8a-
Hs, a nomim 8u0 KoHKypeHyii — 3a Kypno abo Bepmparom. ¥ pobomi nposedero nopis-
HANIbHULL AHAI3 MICYb PO3MAULY8AHHS, NPUOYIMKIB, CRONCUBUUX HAOTUWIKIB | CYCNITbHO20
000pobymy 6 sanedxcHocmi 6i0 acumempii puHKie i 6udie KouKypeHyii. Pezynomamu.
Ompumano, wo 6 cmani pienosazu (hipmu 3a62cou 6y0ymsv sUOUpamu pizHi pumKu, He3a-
JIEJHCHO 8i0 6UOY KOHKYpeHyii i pieHsa acumempii punkie. Ilpu 6iOHoCHO maniu acumempii
PpurKie ghipuu subepyme KoHKypenyito 3a Kypuo. 3 pocmom acumempii punkie migxc ¢ip-
Mamu eunukHe KoHKypenyia 3a bepmpanom-Kypro, konu oona gipma oconowye yiny, a
iHwa — obcsae nocmauans. Konkypenyis sa bepmpanom-Kypno npuseede 00 pe3ynomamy
KoHKypenyii 3a bepmpanom. Bucnoeku. Y podbomi nokazano, wjo cnoxcusyi HaoauuwiKu
i cycninvHutl 006poOym 3a6xcou suue npu KOHKypenyii 3a bepmpanom, ne3aneicHo 6io
acumempii punxis. Lle o3nauae, wjo inmepecu hipm i cnodxcusayie 30iearomucs y 6uOOpI
ONMUMANBHUX MicYyb posmautysants ¢ipm. [lpome 6ubip 6udy KoHKypeHyii npu 8iOHOCHO
HU3bKOMY PI6HI acumempii po3Mipie puHKie Modice GI0OPi3HAMUCS.

Knrouosi cnoea: npocmoposa oyonoiuis, acumempis puHKis, KilbKiCHA ma YiHo8a
KOHKYDeHYis, MPaHCROPMHA MOHONONIA.

© Meabuukos C.B., 2021
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COURNOT AND BERTRAND COMPETITION UNDER SPATIAL DUOPOLY
WITH ASYMMETRIC MARKETS

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

Summary

Introduction. 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 spatial duopoly model
[Liang, W.J., Hwang, H., & Mai, C.C. (20006). Spatial discrimination: Bertrand vs. Cournot
with asymmetric demands. Regional Science and Urban Economics, 36, 790-802] under
conditions of homogeneous product, asymmetric markets and transport monopoly. In order
to maximize profits, firms first select a location and then the type of competition — Cournot
or Bertrand. The paper provides a comparative analysis of locations, profits, consumer
surplus and social welfare depending on the markets asymmetry and types of competition.
Results. In a state of equilibrium, firms will always choose different markets, regardless
of the type of competition and the level of markets asymmetry. Under small market
asymmetry, firms will choose Cournot competition. With increasing market asymmetry,
there will be Bertrand-Cournot competition between firms, when one firm announces the
price and the other — the volume of supply. Bertrand-Cournot competition will lead to
the result of Bertrand competition. Conclusions. The paper shows that consumer surplus
and public welfare are always higher in Bertrand competition, regardless of the markets
asymmetry. This means that the interests of firms and consumers coincide when choosing
the optimal locations for firms. However, the choice of the competition type for a relatively
low level of markets size asymmetry may differ.

Key words: spatial duopoly, markets asymmetry, quantitative and price competition,
transport monopoly.

1. Beryn Ta noctaHoBKa npoodJeMu

VY knacu4HIA MoOJeNi ITyoronii miHOBa KOHKypeHUis (3a Beprpanom) mpu3BomuTh
JI0 3HIDKEHHS I[iH 0 PiBHsI TpaHMYHHUX BUTpaT (mapagokc beprtpana). CrioxkuBadi Big
ILOTO BUTPAIOTH, & PipMH OTPUMYIOTh MiHIMaIbHUH puOyTOK. TOMy B paMKaXx KilacHy-
HOi Mozeni GipMu BBaXKAIOTH 3a Kpallle KiTbKiCHY KOHKYpeHito (3a Kypno). Beenenns
B MOJZICTIb 1HIIMX XapaKTepUCTUK PeallbHUX PUHKIB J03BOJISIE oAoIaTh napaaoke bep-
TpaHa i po3mupuTH anani3. Hanpuknaz, B [1] nokaszaHo, oo npu npoayKToBoi aude-
peHuianii piBHOBaXkHi 32 bepTpaHoM LiHU NEPEeBULIYIOTh IPAHUYHI BUTPATU. Y IOMY
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BUNIAJKy (GipMU BUOMPAIOTh KOHKYpeHIio 3a KypHO TUIbKM NpH B3a€MO3aMiHHOCTI,
a TIpY B3a€MOJIOTIOBHIOBAHOCTI iM B)KE BUT1/IHA KOHKYpeHIlis 32 beptpanom. [Ipu ipomy
JUIsL CIOKMBAUiB KOHKYpEHIlis 32 bepTpaHom BUTiIHA He3aJIe)KHO BiJ] BUTY POAYKTOBOT
JudepeHIarii.

[le oHUM HaTPSIMKOM € JAOCII/PKEHHS BIUTUBY BUJy KOHKYPEHIIIT Ha IIPOIIECH ario-
Mepaiii 1 aucriepcii GpipM B MPoCTOpoBUX Mojeisix [2-6]. OTpuMaHO, 1O MPH I[IHO-
BOi KOHKypeHIii Gpipmu OyayTh MparHyTH 10 MAKCHMAIBHOI TUCTIEPCii /ISl IOI0IaHHS
napanokcy beprpana. [pu kinbkicHOT KOHKYpeHIii po3TamryBaHHs GipM iCTOTHO 3ae-
KHUTh BiJl TPAHCTIOPTHUX BUTpaT. HU3bKI TPaHCIIOPTHI BUTPATH CTHUMYJIIOIOTH (QipmMu
arlioMepyBaTHCh 1 TIPOJaBaTH Ha BCiX pUHKaX. [IpH BUCOKMX TPaHCHOPTHUX BHTpATax
(dipMaM BHTIJIHO MOHOTIOJI3YBAaTH HAHONMKYIM PUHOK 1 MIHIMI3yBaTH IOCTaBKH Ha
CYCI/IHI pUHKH.

[Momanpimi gociipKeHHS TIOB’s3aH1 3 ypaxyBaHHSIM B IIPOCTOPOBUX MOJIEINSX IPO-
nykToBoi nudepenmianii [7] Ta acumerpii po3mipiB puHkis [8]. B [7] moka3zano, 1o
B3a€MO3aMiHHICTh (B3a€MOJIONIOBHIOBAHICTh) MIPOIYKTIB TiICHITIOE TParHeHHs GipM 10
nucriepcii (armomepaitii). YpaxyBaHHS acuMeTpii po3MipiB pHUHKIB B [8] Tpu3Beno 1o
3BOpOTHUX Bif [1] pe3ynbrariB. OTprMaHO, 110 PU AOCUTH BUCOKIH aCHMETpii pUHKIB
¢dipmam Moxke OyTH BHTI/IHA IIHOBA, a CIIOKMBAYaM — KUIbKiCHAa KOHKYPEHIIisI.

BimzHauumo, 1110 B [8] mpocTopoBa Iyoroist aHali3yeThCs MPU HE3MIHHOMY TpPaH-
crioptHoMy Tapudosi. [IpoTe, B 3aranbHOMY BHNAAKY Tapu(pU MOXKYTb OyTH Pi3HUMH.
Hanpuxiaa, TpaHCcOpTHI Tapudu MOXKYTh BIJPI3HATHCS 3a HalpsMKaMH 4depe3 acH-
METPIit0 po3MipiB puHKIB [9] a00 IHOBY AMCKPHUMIHAIIIIO TPAHCTIOPTHOI KommaHii [10].
MeTor n1aHoi pod0TH € aHaJIi3 PIBHOBAr y IMPOCTOPOBIi Jayornoii [§] B yMoBax TpaH-
CTIIOPTHOT MOHOTIOJNIT.

2. Mopean

JlBa pUHKM pO3TaIIOBaHI HA KiHIIAX JIIHIT OMMHUYHOI JOBKHUHU. MK pHHKaMH iCHY€E
ACHMETpist — PO3MIp PUHKY 3 JIiBOTO OOKY (L) TIepeBHIIly€e po3Mip PUHKY 3 TIPaBOTO OOKY
(S). Ha ninii koHKYpYIOTH 1Bi ipMu 3 iHIeKcamu i Ta j, i,j=1,2, i # j . Ha 000x pun-
Kax (pipMu IpO/IAI0OTH OHOPIIHY MPOYKITiIO, apOiTpark MixK CIIOKUBaYaMy BUKITIOUCHHH.
Bizncrans i-i ¢pipmu 10 L-punka nopiBHioe X; . Koxna dipma Hece TpaHCIOPTHI BUTpaTH
Ha TOCTAYaHHs OJUHMII MPOMYKIIi HA OJUHHUIO BifacTaHi. JOCTaBKy HPOJYKTIB 3/iii-
CHIO€ TPaHCIIOPTHA MOHOMIOMIsSl. MeTa BCIX YUYaCHUKIB — MAaKCHUMi3allisi CBOrO PUOYTKY.

B poGorti [8] 1151 Mozenb aHali3yeThCs IPU OOMEKEHHI Ha B3a€EMHE PO3TaIllyBaHHS
hipm (Xi < xj), SK Ha puc. 1.

X: 1—Xx.
< : dipma i L,
- J
L " x| S

Puc. 1. Mooenv npocmoposoi dyonounii. [ocepeno: [8]

VY Bunanaky cuMeTpii pHHKIB Take 0OMEKEHHSI Ma€ CEHC, TOMY 1[0 CIIPOIIY€E aHai3
1 He TIOPYIIY€ 3arajJbHOCTI pe3ynsraTiB. [IpoTe B ymMoBax acuMeTpii puHKIB OJIH3bKICTD
70 OIJIBILIOTO PUHKY J1a€ KOHKYPEHTHY nepeBary. Tomy B Hainii Mozeni BicyTHI oOme-
JKCHHS Ha B3a€EMHE pO3TallyBaHHs QipM.
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Just moOyoBr QyHKIIIN TMOMHTY 1 CTIOKUBUUX HAJJTUIIKIB CKOPUCTAEMOCS KBaJpa-
TUYHOIO (DYHKIIIEO KOPUCHOCTI [1]:

, (qf)z +2-q--q" +(qu)2

UL = L +qg. — ,
q; +4q; s
S_ .S . .S (qf)2+2~qf~qf+(qf)2
U° = q; +4; — 2 >
ne gq', ¢’ — obcaru nponosumii i-i ¢ipmu Ha L wm S puHKax BiANOBiAHO,

v > 1 — KoedilieHT acUMeTpii pHHKIB.
LinpoBi (hyHKIIIT CTIOKMBaUiB HA pUHKAX:
UL—pi-q,-L—pj~qf—>g{16}1>L<, US—pi~qf—pj-qf—>ggle}1§, (1)
i 4 )
1€ p;, p; — UiHA HA IPOAYKIIiIO BipMm.
3 yMOB Mepmoro nopsiaky uist GpyHkuii (1), 3HaxoqumMo QpyHKIil monuTy:

pl=1-(¢' +q})fv. P’ =1-¢'-q]. )
[MigcraBnstoun ¢ynkuii nonuty (2) B winbosi ¢yHKuii (1), oTpumyemo dopmynu
HAUIMIIKIB CIIO)KUBAYIB:

L L)?
q; +4q;
CSt =U* — gt gt - pf gt =! 2.vj)’ ®
s Y%
q; +4q;
CSS:US_p;gqls_pqu:¥

[puiimemo, mo ¢ipMu MOKpHBaKOTH 0oOWaBa puHKM, To6TO ¢ >0, ¢’ >0.
[MpubyToK i-1 pipMu Ha 060X PUHKAX:
F=q-(pl-1-x)+q’ - (p -1-(1-x)) > max .

S
Xi»di > 4;

KoHkypeHTHa rpa CKJIaaeThes 3 1BOX eramiB. Ha nepimomy erari ipMu o1HOYaCHO
BUOMPAIOTh CBOE MICIle po3TailyBaHHs. Ha npyromy erari, 3 OIIsiAy Ha PIllICHHS PO
MicIle po3TalryBaHHs, GipMH OJJHOUYACHO BHOMPAIOTH CBOT OOCATH MPONO3HUIIT (IiHH)
npu koHKypeHIii 3a Kypao (beprpanom). PiBHOBara Mojiesni 3HaX0UTHCS 32 JIOTIOMO-
TOI0 METOJLy 3BOPOTHOT 1HAYKIIi1.

3. Konkypenuis 3a KypHo

3riiHO METOIY 3BOPOTHOT IHAYKIIii, MOYMHAEMO 3 APYTOTO €Tamy. 3 yMOB ONTUMAITb-
HOCTI TIEPILOTO MOPSAKY OTPUMYEMO KPUBI peakiii Gpipm:

LoY=g vty o l-gi -t (1-x)
q; :f, q; = 7 >

YMOBH JIPYTOTO MOPSIKY: 82EL/6(qiL )2 =-2/y<0, 62F,.S/6 (q,s )2 =-2<0.
Bupimyroun cucremu piBHAHB (4), 3HAXOIUMO ONTHMAIbHI 00CATH MPOTO3UIIiH:

1-2-t-x,+t-x,  1=-2.1-(1-x)+1-(1-x))
3 = 3 ‘

4)

L

q; =7
YMOBHU IOKPHTTSI PHHKIB:

)

1 1
Ls) o t<t=——— ¢°>0 < <™= (6
b 2-x, - x, 7 2~(1—x,‘)—(1—x}) ©

J

10
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OnTumanbHUH MprOyTOK:

FC=(qt) (e ()
Ha mepmomy erami ¢ipMu ONTHMI3YIOTH CBOE MICIle PO3TAaIIyBaHHS MPHU JTaHOMY
MICIII PO3TalTyBaHHS KOHKypeHTa. 3 YMOBH JIPyTroTo MOpAaKy (8) BUILIHBAE, IO (yHK-
i mpuOyTKy (7) CTpOTro OIMyKJIa BHH3 32 MICIIEM pO3TallyBaHHS:
2pRC 2
61:2i :8-‘[ ~(y+1)>0' )
0X; 9
TakuMm unHOM, B cTaHi piBHOBaru (ipMu OyayTh pO3TaLIOBYBATUCS TUIBKU Ha PUH-
Kax, HE3aJIe)KHO BiJ PIBHSI TPaHCHOPTHUX TapudiB. Bcboro MoXxIMBi 4oTHpH BapiaHTH
PIBHOBa)KHOTO po3TallyBaHHs (ipMm (xi,xj): arnomeparis (0, 0), (1,1), Ta aucnepcis
(0,1), (1,0).
3HaI0uM piBHOBa)XKHI po3TamryBaHHs (ipM, M MOXXEMO 3aBEpIUIUTH aHaji3 YMOB
MOKPUTTSL PUHKIB (6). Y BHUMaAKy ariioMepanii ¢pipMu 3MOKYThb IMOCTaBUTH TOBap Ha
CYCIJIHI} pUHOK 32 YMOBHU:

qf(l,l)zy-l%>0,qf(0,0)=1%>0 & t<r=1. (9
VY Bumaaky amucriepcii GpipMu 3MOXYyTh TIOCTaBHUTH TOBAap HA CYCITHINH PHUHOK 3a
YMOBH:

1-2-¢ 1-2-¢

L
q; (1’ 0) =Y 3
3 (9)-(10) BunmmBae, mo mnpu aucnepcii ¢pipMu OUIBII Yy TAMBI A0 3MIHU TPAHCIOPT-
HOrO Tapudy Yepe3 NPUCYTHICTh KOHKYPEHTa Ha PUHKY ITOCTABKH.
[IpubyTok TpaHCTIOPTHOT MOHOIIOJII:

>0, ¢’ (0,1)= >0 o <t =1/2. (10)

FT =t-(xl. gt +xqr +(1-x,)-q +(1—xj)~qf)—>mrax. (11)
Bupasu (5) € dbyskmismu nonuty (ipM Ha TpaHCIOPTHI mociyrH. IlincTaBmasiemo
BHpasu (5) B GyHkmiro mpuodyTKy (11), i 3 YMOBH ITEpIIOTO MOPSIAKY 3HAXOIAMO MOHO-
TTOJIBHAMA TPAHCTIOPTHUHN Tapu:
1 2+(xi+xj)-(y—1)

"= :
4 (X} -x-x,+x) (y+1)+1-x, - x,

YMOBA JIpyroro nopsiaKy:

2T
%:—?[(xf —X x4 X ) (y+ 1) +1-x, —xj] <0.

['padix MoOHOIOIBHOTO TpaHCIOPTHOTO Tapudy sK QyHKUil po3ramryBaHHs (ipm
[IpU aCUMETPii pUHKIB y = 2 IpeAcTaBlIeHUN Ha puc. 2.

3 puc. 2 0auyumo, IO TPAHCIOPTHA MOHOMONIS AWCKpUMiHye ¢ipMu 3a iX
B3a€MHHMM PO3TAIlyBaHHSIM. Y BHUIIAJKy HEBEJIHMKOI acMMeTpii Tapud npuiiMae Mak-
CHUMajbHE 3HAYCHHS NpPU LEHTpaibHIM armomepauii ¢ipm. 3i 30iIbLICHHSM PpiBHS
acuMeTpii MakcuMalbHe 3HayeHHs1 Tapudy Oyae 3pocTary i 3MillyBaTHCS Bifl LEHTPY
10 L-puHKY y310BX JIiHi1 armomepanii ¢pipM.

11
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Puc. 2. 3anescnicmos monononvHo2o mpancnopmuoz2o mapughy
610 posmauwysanus ipm npu vy = 2. [ocepeno: enacna po3pooxa

[Tpn KyTOBHX MICISIX po3TanryBaHHS (DipM TpaHCIOPTHUE Tapud iHBapiaHTHUH
1I0JI0 aCUMETpii pPUHKIB!
t"(0,1)=¢"(1,0)=1/4, " (0,0)=1"(1,1)=1/2. (12)
Ha mepmiomy etam KOHKYpEeHTHY B3aeMomif0 (pipM MOKHa ONMUCATH y BUIISAIL
OimarpuuHoi rpu (Tadm. 1).

Tabm. 1
Marpuus rpu Ha nepuomMy erai
i J L-puHoK S-punox
L-puHOK F£(0,0), Ff(0,0) FC(0,1), FF(0,1)
S-puHOK FE(1,0), F}C (1,0) FC(1,1), ch (L 1)

B cuny cumeTpuvHOCTI (hipM BUKOHYIOTHCS TaKi CITiBBiTHOIIEHHS:
FE(0,0)= FF (0,0), F(L1)= F (11)., F€(0.1)= FF (1,0), £ (1,0)= £ (0.1).

[Ipuiimemo, mo ¢ipmam Bigomi TpancnoptHi tapudu (12). B upomy Bumanky
MaTpHLs TPH Ha MEPUIOMY €Talli BUIVISIIA€ HACTYITHUM YHHOM (Tabi. 2):

Tabm. 2
IInatizkHa MaTpuOsi TP HA MEPLIOMY eTari
J
i L-punox S-punok

L-punox 16-y+4 16-y+4 25-y+4 4.y+25
144 ° 144 144 ° 144

S-purox 4.y+25 25-y+4 4.y+16 4.y+16
144 144 144 144

12
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JI7ist OIIYKY PiBHOBaYKHUX CTaHIB MOPIBHAEMO MPUOYTKH i-1 hipmu:

FE(0,1)> ES(1,0) = EC(0,0) > FC (1,1), 1<y<175

FC(0,1)> EC(0,0)> FS(1,0)> EC (1, 1), v>1,75.

Jruamika iprOyTKIB i-1 pipMu 3a pi3sHUX MICITh pO3TAITyBaHHS TPEACTAaBIICHA HA PHC. 3.

F£(0,1)

0,44 -

0,38 +

0,32 4

0,26 +

0,20 4

0,14

0,08 i . . : : Y
1,00 1,25 1,50 1,75 2,00 2,25 2,50

Puc. 3. Pisnosasicni npubymxku i-i (pipmu npu koukypenyii 3a Kypno
JDicepeno: enacna po3pooxa

3 puc. 3 BUIUIMBAE, 110 ONTHMAIBHUM UIs i-ii QipMH € BapiaHT, KOJIM BOHA PO3Ta-
IIOBY€ThCS HA L-pUHKY, a KOHKYpEeHT Ha S-puHKy. Lleit pesymnsrar oOyMoBiIeHHi Ji€to
e(ekTiB KOHKypeHIii Ta acumerpii. EQexT koHKypeHIIil BigmToBxye GipMu, a epexT
acUMeTpii mpuTATye 00uaBi GipMu Ha L-PUHOK.

PiBHOBarwu B Tpi 3ajeKaTh BiJl piBHS aCHMETPii PHHKIB.

IMpu y < 1,75 edext kOHKYpeHIIii ToMiHYy€ Haa eheKTOM acuMeTpii i i-i hipmi HaBITH
BUTIHIIIE OKPEMO pO3TAaIIyBaTHCS Ha S-pHHKY, HDK aroMepyBaTUCh Ha L-pUHKY.
VY wiit cutyarii B Tpi BUHUKAIOTh ABi piBHOBaru Hema B 4MCTUX cTparerisx, B SKUX
ofHa 3 ipM pO3TAIIOBYEThCA Ha L-pUHKY, a iHIIA Ha S-puHKY. [Ipy ibomMy piBHOBarm
HEpIBHOIIIHHI 1 L-pHHOK Ma€ MPiOpUTET.

[Ipu vy > 1,75 BB edekTy acumeTpii JOMiHye HaJ| BILTUBOM €(eKTy KOHKYPEHITi.
V 1iii cutyarii aroMepariist Ha L-prHKY € € IMHOIO piBHOBaroto Hemra B uncTux crpare-
TisiX, TOMy 10 GipMu BUOEPYTH L-pUHOK TIPH OY/Ib-SIKOMY PillIeHHI KOHKYPEHTA.

4. Konkypenuisi 3a beprpanom

3 (2) BuBomMMO (DYHKIII1 MOMUTY HAa KOXKHOMY PHHKY:

Q' =vy-(1-p"), 0% =1-p°, (13)
ne QF, Q° — arperoBanHuii pUHKOBHIA HOIINT.
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Yepes oIHOPITHOCTH MPOAYKITiT HA KOKHOMY PUHKY BCTAHOBHTHLCS €JMHA IIiHA. SIKIIO0
Ha PUHKY MPHUCYTHI 00u/B1 PipMHu, TO [IIHOBA KOHKYPEHIIIsI TPU3BEE A0 3HMKCHHS IiH
JI0 PIBHS IPaHUYHHUX BUTpPAT i GipMHU OTPUMAIOTh HYJILOBHI NpHOyTOK (napagokc bep-
TpaHa). Y il cuTyanii, ik mokaszaso B [8], pipmu OymyTh parHyTH 3aliHATH HAHOIHK-
4iif pUHOK 1 CTBOPUTH Oap’ep BXOMY JUIS KOHKYpEHTa. 3 i€l MeTOr0 (ipMU BCTAaHOB-
JSTH [IHY TPOXHM HW)KYE TPAHCTIOPTHHX BUTPAT KOHKYPEHTA HA OJMHUIIO TPOAYKIIII.
B pe3synbrari, hipMu OyayTh IpogaBaTH MPOAYKIIIIO TIIBKH Ha CBOEMY PHHKY, 1 TpaH-
CTIIOPTYBaHHsI MIPOJYKIIii NOBHICTIO MpUIMUHKUTECS. Lle € me omHuM HacmigkoMm (ropsin
3 HYJIbOBUM TIpUOyTKOM (hipMm) mapaiokcy beprpana B mpocTOopoBOi MOIEI IyOmOii.

IikaBo, 1110 MiCJIs 3aXOIICHHS MPHJICIIION0 PUHKY (ipMHU HE MOXKYTh JJO3BOJIUTH COO1
MOHOTIOJIbHE I[IHOYyTBOpeHHS. [TocTiitHO nepeOyBarouu i 3arpo30k0 BXOly KOHKYpPEHTa,
¢bipMu 3MyIIICHI BCTAHOBITIOBATH IiHY Ha PiBHI TPaHCIIOPTHUX BUTPAT KOHKYPEHTA.

[Mpu koHKypeHiii 3a KypHo 10CHTh BHCOKA aCUMETPIsl «IIPUTATYE» 00UIBI QipMu Ha
L-pHHOK, TOMY IO BHTO/IM Bijl pO3Mipy PUHKY TIEPEBHIIYIOTh BTPATH BiJl KOHKYPEHIIII.
[Tpu koHkypeHiii 3a beprpanom acumerpist pUHKIB He BILTMBA€E HAa PiBHOBaYKHE PO3Ta-
uryBanHs Gipm. 301bIICHHS aCUMETPIT HE «IIPUTATHE» KOHKYPEHTa Ha L-PHHOK, TaK SIK
e MpH3Be/e y MiJICYMKY JI0 HYJIbOBOTO PUOYTKY 000X (ipM.

TakuM YMHOM, IPU KOHKYpeHIlii 3a beprpanom MokinBi 1Ba cTanu piBHOBaru Herra
B YMCTHX cTparerisx (tadi. 3).

Tabmn. 3
Cranu piBHOBaru npu KoHkypeHuii 3a beprpanom
i J L-punox S-punox
L-puHOK F?(0,0)=F’(0,0)=0 F'(0,1)>F'(0,1)>0
S-pHHOK 0<F/”(1,0)<F(1,0) FP(1,1)= FF (1,1) =0

IMpuiimemo, 110 i-a Gipma 3aiiHsna L-puHoK, a j-a Gipma S-puHOK. Takok mpuitMeMo,
110 TPaHCIOPTHA KOMIIaHig He JTUCKPUMIHY€E (ipMH 3a BUAOM KOHKYPEHIii Ta BCTAHOB-
nroe Tapudu 3a popmynoro (12). YV nux ymoBax piBHOBaKHI TpUOYTKH GipM IpH KOH-
KypeHuii 3a beptpanom:

EP(0,1)=0" - (p" —t-x)=y-(1-1-x,)-(t-x,—1-x) =y-1-(1-1) = 3-7/16,

FP0,1)=0°(p* —t-(1-x,)) = (1-1-(1-x,))-(r-(1-x)=1-(1-x;)) = 1-(1-1) = 3/16
5. llopiBHsAIbHUI aHATi3 piBHOBAr
Y mpoMy po3ziTi TPOBOAUTHCS MOPIBHSUIBHUIN aHaji3 MPUOYTKiB, CIIOKUBUMX HaJI-
JIMIIKIB 1 CYCHIUIBHOTO J100po0yTY 3a pi3HHX BHIIB KOHKypeHIil. [Tpuiimemo, o i-a
(dhipMa 3HAXOIUTHCS 3 JIIBOTO OOKY Bif /-1 pipMm.
OnTumansHuil U1 QipM BUA KOHKYPEHIIIi 3aJe)KUTh BiJ| PIBHA acUMeETpii PUHKIB.
IIpu y < 1,75 obunsi ¢pipmu BubEpyTh KOHKYpeHIIito 3a KypHo:
-
72
Ilpu v > 1,75 i-a dipma BuOepe KoHKypeHLito 3a beprpanom, a j-a dipma BuOGepe
KOHKypeHuito 3a KypHo:

EC(O’I)_EB(O’I): Y>0’ F}C(ojl)_F}B(O,l)zz-’Y—l>0‘
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c 2 4-11-y c 3 16-y-23

B pesynerari BuHHKHE KOHKYpeHIlist 3a beprpanom-Kypso [11], komu i-a pipma oro-
JIOIITYE I[iHY, a j-a ipMa OroJIoNrye 00CAT MOCTaBOK.

3 (2) BumuBae, 1Mo npu KOHKypeHIlil 3a beprpanom-KypHo, sk 1 mpu KOHKYpeHTIil
3a beprpanoM, Ha KOKHOMY PHUHKY BCTAHOBUTHCS €1MHA LiHA. B Xomi KOHKypeHTHOI
60poThOH 3a pUHKH i-a (ipma Oyae 3HWKYBATH IiHH, a j-a (ipma Oyae HapoIIyBaTu
oOcsirr mocTaBoK. B pe3ynbrari 00uaBi ¢ipMu OTPUMAIOTh HYJIOBHN MPUOYTOK. Takum
YMHOM, KOHKYypeHLis 3a beprpanom-KypHo npusBene 1o pe3ynbraTiB KOHKypeHLIT 3a
beprpanom:

>0.

B-C _ 1B B-C _ 1B
E‘ - F; ) F/ - F; :
3anexHiCTh PIBHOBXKHUX NPUOYTKIB (ipM Bia piBHA acUMeTpii po3MipiB pHUHKIB

ToKa3aHa Ha puc. 4.

0,45 4
EP(0,1)
0,40 -
0,35 4
0% 1 F£(0,1) F£(0,0) = Ff(00) _ -
- -
-
-

-

0,25 4 S -
-
-
-

B

0,20 - : F"(0,1)
EF(0,1)
0,15 : r r r . .
1,00 1,25 1,50 175 2,00 2,25 2,50

Puc. 4. 3anexcricmo pisnogasichux npubymkie gipm 6i0 acumempii punkie
Joicepeno: enacna po3pobra

ITpu HeBemukiit acumerpii punki (y <1,75), j-i ¢ipmi BHTiTHO po3TanryBaTucs
OKpeMo Ha S-pHHKY i KoHKypyBaty 3a KypHro. 3 poctom acumerpii (y > 1,75) j-a dpipma
MOKe 30UTBIIATH CBil IPHOYTOK (MITPUXOBA JIiHIS) MIITXOM arjoMepariii Ha L-puHKy.
IIpote, B 115OMY BHITAIKY TIPHOYTOK i-if (hipMU 3HU3UTHCS 10 PiBHS IPHOYTKY j-i (hipMH.
{06 He TOMYCTUTH IBOTO, i-a (pipMa po3B’sI3ye IIHOBY BiiiHy i OJ0Ky€ BXix Ha L-prHOK.
B pesynrrari i-a GipMa oTprMae MOHOIIOJIBHUN HAANPHOYTOK, a MPUOYTOK j-i dipmu
CITyCTHTHCS HIKUE PiBHS NPUOYTKY, IKHH OTPUMYIOTEH (DipMHU 3a BiICYTHOCTI aCHIMETPii.

3a3HaunMoO, 10 B MOJENi 3 BIACYTHICTIO mpocTopy [1], y BHIMamky mOBHOI B3a-
€MO03aMIHHOCTI (OTHOPIAHOCTI) TPOAYKIii, GipMH 3aBKIN BHOMPAIOTH KOHKYPEHIIIIO
3a Kypro. HamMu oTpumano, 0 B MPOCTOPOBIH MOMIETi 3 aCHMETPUIHUMH PHHKAMH,
(hipmu, IpH JOCUTH BIUCOKiH acUMETpii, BHOEPYTh KOHKYPEHIIito 3a bepTpanom.
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Ha ocHOBi oTprMaHMX pe3yJbTaTiB 3HANIEMO CIIOXKHMBYI HAJUTMIIKK TP MOXKITHU-
BUX CTaHaX PiBHOBAary i micusx pozramyBaHHs ¢ipm (14). Bepxniil ingekc Bkazye Ha
PHUHOK, a HIDKHIN — Ha BHJI KOHKYPEHIIIT.

CSE(0,1)=49-7/288, CS2 (0,1) = 49/288, CSE(0,0)=2-v/9,  (14)
CS$(0,0)=1/18, CSE(0,1)=9-v/32, CS5(0,1) = 9/32.

JluHamika HaJUIMIIKIB CTIOYKMBAYIB MPEJICTABJICHA HA PUC. 5.

0,70 -
€S5(0,1)
0,60 -
&
- - )i
0,50 A 2
_ -~ C5E(0,0)
-
-
-
0,40 o
S csk(0,1)
€S3(0,1)
0,20 -
€S2(0,1)
R €SZ(0,0)
0,00 r ; . : , i P
1,00 1,25 1,50 1,75 2,00 2,25 2,50

Puc. 5. 3anesicricmv HaOnUWIKI6 cnodicueauis 6i0 acumempii puxKie
Licepeno: snacna pospodxa

3 puc. 5 6aanMo, 10 CIIOYKUBAYaM, 32 OJHOPITHOT IPOMYKITii, 3aBK/IM BUT1IHA IIHOBA
KOHKYPEHIIis, He3aJIC)KHO BiJ PIBHS aCUMETPii PHUHKIB.
Busznaunmo cycminbamic 100po0yT (15), SIK cyMy HaUIMINIKIB CIIOKHBAYIB 1 (ipM.
V naniit Moaem HaTUIIKA GipM TOPiBHIOIOTH iX IPHUOYTKY.
107 - (y+1) (15)
288
[opiBHsiEMO CycninbHUIA 10OpOOYT 3a Pi3HUX BUIIB KOHKYPEHLIT 1 CTaHaX PiBHOBAaru:

W2 (0,1)>WE(0,1)>We(0,0), 1<y<257

We(0,1)= L WE(0,0) =

,WB(O,l)zw.

4.y+1
9

W2(0,1)> W€ (0,0)>We(0,1), v >25/7.

B [8] orpumano, 1m0 KoHKYpeHItist 32 KypHO MOke TIPHU3BOANUTH 10 OLTBIIOTO CycC-
MIBHOTO J0OpOOYTY IPU BUCOKOMY PiBHI TPAHCIIOPTHOTO Tapu]y Ta aCUMETPii pUHKIB.
Mu oTpumaiy, 0 B yMOBAX TPAHCIIOPTHOT MOHOIIONIT CYCHITBHUNA 10OpOOyYT 3aBKIH
BUIIIWI MTPH KOHKYpEHIIii 32 bepTpanoM, He3aneHO BiJl aCHMETpil pUHKIB.
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6. BucHOBKM i mepcneKTHBH MOAAJBIINX T0CTiIKeHb

Y po6oTi 00TPYHTOBYIOTHCS OMTHMAIIBHI CTpaterii hipM 3 BHOOPY MICIIS pO3TaIry-
BaHHSI 1 BUIY KOHKYPEHITii B yMOBaX OTHOPITHOT MPOIYKITii, aCHMETPii po3MipiB pUHKIB
Ta TPAHCIIOPTHOI MOHOTIONII. 3 €0 METOIO BU3HAYAIOTHCS 1 TOPIBHIOIOTHCS BiMOBITHI
CTaHW PIBHOBATW MpH KOHKypeHIii 3a KypHao Ta beptpanom.

1. JloBeneHo, 110 Mpu KOHKypeHIrii 3a KypHo ¢ipMu mparayTh 10 JUCTIEpCii TPH Bil-
HOCHO MaJIiii acuMeTpii pHHKIB, 1 O artoMepallii Ipu 3pocTanHi acumeTpii. I1pu koH-
KypeHrlii 3a beprpanom QipMu 3aBXau MParHyTh J0 JAUCIIEPCii, HE3aJISKHO BiT PIBHS
acuMeTpii.

2. 3HaifIeHo piBeHb aCHMETPIi po3MipiB pUHKIB, TIPH TIEPEBUIICHHI STKOTO BUHUKHE
HOBUU BHUJ KOHKypeHIii — 3a beprpanoMm-Kypro. B po6oTi mokazano, 1mo BHACTIIOK
OITHOPITHOCTI MPOIYKITii, KOHKYpeHIIis 3a bepTpanom-KypHo npusBene 10 pe3yabrary
KOHKypeHIIii 3a beprpanom.

3. ITokazaHo, 0 TPaHCIIOPTHA MOHOTIONIS TUCKPUMIHY€E (BipMHU 3a X B3aEMHUM PO3-
TallyBaHHSAM. Y BUIAJKy HEBEJIUKOT acHMeTpii pHHKIB Tapud mpuitMae MakCHMallbHEe
3HAYCHHS TIPH IEHTPaTbHIN armomMepartii Gipm. 31 30UTBIIICHHSIM PiBHSI aCHMETPil MaKCcH-
MajbHE 3HaYCHHS Taprudy Oyzie 3pocTaTh i 3MIIITYBaTHCh Bifl IICHTPY 10 OUTBIIIOTO PUHKY
Y3I0BXK JiHi1 armomepartii pipm. JloBemeHo, Mo Mpu piBHOBAKHUX MICIITX PO3TAITYBaHHS
(hipM MOHOTIONTEHUM TPAHCIIOPTHUH Tapud iHBapiaHTHWH BiTHOCHO aCUMETPii pUHKIB.

4. Y craHi piBHOBaru GpipMu 3aBXId BUOCPYTh Pi3HI PUHKH, HE3AJICIKHO BiTl BHIY
KOHKYPEHIIIi 1 piBHSA acuMeTpii puHKiB. BubOip onTrMaasHOTO BUAY KOHKYPEHIIIT 3aie-
JKUTB B acuMeTpii puHKy. [Ipu BimHOCHO Matiit acuMmeTpii GpipMu BUOMPAIOTh KOHKY-
peHttiro 3a KypHo, 3 pocToMm acuMeTpii — KOHKypeHITito 3a beprpanom.

5. Y po6oti [8] moBOIUTKCS, MO CYCHUTHHIHN M0OpoOYyT BHIE MPHU KOHKYPEHITIT 3a
KypHo y BUTIagKy BHCOKOTO PiBHSI aCHMETpii PHHKIB 1 TpaHCTIOPTHOTO Tapudy. Hamu
OTPUMAaHO, IO B YMOBaX TPAHCIIOPTHOT MOHOTIONIT CyCIUTHHIHN JOOPOOYT 3aBKIH BUIIIC
TIpU KOHKYpPEHITii 3a bepTpanoMm, He3aneXHO Bill aCHMETPil pUHKIB.

[MomanmeImi mocCmiKEHHS 1TOB’s13aHi 3 ypaxyBaHHSM BIUTUBY iH(GOpMAIIiHHOI acuMe-
Tpii HA ONITUMAJIBEHI Ta PIBHOBAYKHI PIITICHHS QipM.
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Anomauisn

Bcemyn. Cmanuti po36umox € cyyachor KoHYenyiio po3sumky a00Cmed, ujo no3eo-
JIS1€ 00csemu 2apMOHiL 8 mpiadi — eKOHOMIKA, eKON02is, cycnitbemeo. Jlocsiemu yineu
CMano2o po3BUMKY MOXCIUBO JiUULe 3A805KU NPOHUKHEHHIO eKON02iuHOol napaduemu y
8ci cehepu srcumms NOOUHY, THUUMU CLOBAMU, 30 YMOBU 3d2ANbHOI eKolo2izayii eKo-
HOMIKU ma cycninbemea. Jlocicmuka sk obracme 20cnodapuoi OisiibHOCHI 6HOCUMb
C8ill HeeamueHUulli BHECOK Y CMAH HABKOIUWHBO20 cepedosuuia. Bpaxysanus exkonoziu-
HO20 acnekmy 8 102icmuyi npu3eeio 00 UHUKHEHHs MAKUX NOHAMMb, K. eKO102iCmu-
Ka, eKoI02iCMUYHA cucmemd, eKoi02iCmuyHa nociyea ma eKoio2iCmuyHUuLl npooyKm.
Mema cmammi nonseac 8 0OIPYHMYBAHHI OOYLIbHOCH BNPOBAOINCEHHS NOHAMMSL
«EeKONO2ICMUYHULL NPOOYKMY ma 00Cai0dNcenHl 1ioeo ocobnusocmeti. Pezynomamu.
Y emammi npoananizosano xapakxmepucmuxu 102icmudHoi ma eKoi02icmudHoi nocay-
2U; U3HAUEHO 81ACMUBOCHI Md CIPYKIMYPA eKOL02ICMUYHO20 NPOOYKMY, 00CHIOHCEHO
CYMHICb eKON02IUHOT YIHHOCMI eKoNocicmuyHo20 npoodykmy. Bucnoeku. 3mina ceimo-
2NSI0HOI napaouemu 1o0cmea ma ii 3miuyenns KOHyenyii cmano2o po3sumxy, sKka 6azy-
E€MbCS HA KOHBEP2EeHYLI eKOHOMIYHUX, COYIANbHUX MA eKOTO02IUHUX YIHHOCMEU, NPU38end
0o nompebu exonocizayii bacamvox 6udie 20cnodap4oi JisibHOCMi TIOOUHU, 8 MOMY
yycni nocicmuku. Exonocicmuka sx e8omoyiiHull po3sUmox 102iCMuKu, o Hanpas-
JIeHULl Ha 3MEeHUeHHs eKOOeCMPYKMUBHO20 BNIUBY HA OO06KLLIA, XaApaKmepusyemvCsl
CMBOPEHHAM eKONO2ICMUYHUX CUCTeM MA HAOAHHAM eKono2icmuyHux nociye. Exono-
2icmu4My nociyzy 0OUilbHO PO32NA0AMU K eleMeHm eKON02ICMUYH020 NPOOYKMY, 00
CKNIA0Y AKO20 MAKONC 6X00AMb MOBAP, 6aHMadx3C ma no2icmuyna nocayea. Exonocic-
MUYHUL NPOOYKM MA€E NesHy yiHHicmb 015 cnodcusaua. Ocobaugicmio exono2icmui-
HO20 NPOOYKMY € BUCOKULL PIBEHb eKONI02IUHOI CKIA0080I YiHHOCMI, AKA PopMyEmbCs
NPOMS2OM YCbO020 JOLICMUYHO20 NAHYI02A MA JAHYI02A CTNEOPEHHS YIHHOCMI.

Knrouosi cnosa: exonozicmuuna cucmema, eKoio2icmudta HOCiyed, eKon02iCmuyHul
NpOOYKmM, eKoL02IUHA YIHHICHD.

© Kostyn T.A., KoptyH /I.K., 2021
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Summary

Introduction. Sustainable development is a modern concept of human development
that allows to achieve harmony in the triad — economy, ecology, society. Reach the goal
of sustainable development is possible only through the penetration of the ecological
paradigm in all spheres of human life, in other words, provided the general ecologization
of the economy and society. Logistics as an area of economic activity makes a negative
contribution to the state of the environment. Taking into account the environmental
aspect in logistics has led to the emergence of such definitions as: eco-logistic, eco-
logistic system, eco-logistic service and eco-logistic product. The purpose of the article
is to substantiate the feasibility of introducing the definition “eco-logistic product” and
study its features. Results. The article analyzes the characteristics of logistic and eco-
logistic services; the properties and structure of the eco-logistic product are determined;
the essence of ecological value of eco-logistic product is investigated. Conclusions.
Changing the worldview paradigm of mankind and its offset to the sustainable
development concept, based on the convergence of economic, social and ecological
values, has led to the need for many types of human economic activity ecologization,
including logistic. Eco-logistic, as an evolutionary development of logistic, aimed at
reducing the eco-destructive impact on the environment, is characterized by the creation
of ecologistic systems and the provision of eco-logistic services. Eco-logistic service
should be considered as an element of eco-logistic product, which also includes goods,
cargo and logistic service. An eco-logistic product has a certain value for the consumer.
A feature of an eco-logistic product is a high level of ecological component of value,
which is formed throughout the supply chain and value chain.

Key words: eco-logistic system, eco-logistic service, eco-logistic product, ecological value.

IHocranoBka npodaemMu

CyuacHiCTh POAEMOHCTPYBaJIa MPIOPUTETHICTH, TOCTPOTY 1 CKIAHICTh €KOJIOT1Y-
HUX Tpo0ieM, sKi TepeBakHa OUTBIIICTh JIFOICTBA I JI0 KiHI He ycBimommia. Cpo-
rojHi 6iocdepa He B 3M031 OOPOTHUCS 3 HACHTIIKAMU JKUATTENISIILHOCTI JIFOACTBA, B HIl
MOYaJINCsl HE3BOPOTHI 3MiHU. JIF07ICTBO BHPOOIISIE BiIXO/IB OPTaHIYHOTO TTOXOKEHHS
3HaYHO OiNbINe, HDK ycsd Mpupoja. Bike crajio OueBHAHHMM, IO CYNEPEYHOCTI MiX
MOCTIHO 3pOCTAIOYMMU MTOTPEOaMU CYCITiILCTBA 1 OOMEKEHHUMU MOYKITHBOCTSIMH TIPH-
POMM CTaBJISITH IiJ] 3arpo3y MMOIajIbIle iICHYBaHHS JIFOJWHU SK O10JIOT1YHOTO BUTY.

JInist 3HWOKEHHsI HABAHTAXKCHHS BiJl JIFOICHKOT JisSIIBHOCTI HA HABKOJHUIIHE CEPesIo-
BUIIIE TIOTPiIOHA 3MiHA TEXHOTCHHOTO TUIY PO3BUTKY Ha iHIINY mapamurmy. [lounHaroun
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3 apyroi nojoBuHH XX CTONITTS, BiOYBa€ThCsl IHTEHCHBHUI MONIYK HOBOI cTpare-
ril BIDKUBAaHHS JIIOJICTBA B YMOBaX OOMEKEHOCTI NMPUPOAHUX PECYpCiB 1 MOTipIICHHS
MIPUPOTHUX YMOB icHyBaHHs. [IpoGiemMa MailOyTHBOTO PO3BHTKY IUBLII3AI] 3araioM
BUHIIUTA HA TIEpe/IHI Kpail HayKOBOTO MOIIYKY 1 CyCIUIBHOI CBIIOMOCTI 3aranom [1].

Buxonom i3 cutyarlii, o ckianacsi, BA3HAHO 3aCTOCYBaHHS MPUHIIMIIB KOHIICTI-
i CTaloro PO3BUTKY, SIKA € MPUPOIHBOI0 PEAKIIIEI0 CBITOBOI CIUILHOTH HA iCHYIOYI
3arpo3u Ta nependavae rapMoHiiiHe CIiBICHYBaHHS IPUPOJIH 1 CYCITIIBLCTBA. BakmnBumM
HaIpPsIMKOM BIIPOBAJIXKEHHS KOHIICTIIIT CTAaJOro pO3BUTKY Ta JIOCATHEHHS HOTo Iije
€ €KOJIOTI3allis BCiX cep KUTTEMISIIBHOCTI JIFOAMHHU, 30KpeMa JIOTICTUYHOT JTisIbHOCTI.

Jlorictrka sik 001aCTh MPAKTUYHOT JISUIBHOCTI HETaTUBHO BIUIMBAE HA CTaH HABKO-
JIMIIHBOTO cepepoBuiiia. OCTaHHIM 4YacoM B SIKOCTI CydacHOI KOHIICTINT JIOTiCTHKH
3aCTOCOBYETHCSI EKOJIOTIUHA JIOTICTHKA, sIKa B PAMKaX KOHIICTIIIIT CTaloro PO3BUTKY pO3-
IJISIa€ThCS 1K €(DEKTUBHUH MIJXI]] 10 YIIPABIiHHS MaTepiaJbHUMHK Ta CYITyTHIMH IIOTO-
KaMH 3 IUITI0 3HMKEHHS €KOJIOr0-eKOHOMIYHUX 30UTKIB, 1[0 HAHOCATLCS JOBKIJUIIO
[2, 3]. ExosoricTika cripusie 3armo0iraHHio Ta JIIKBiJaIlil HACTIAKIB HEraTUBHOTO €KO-
JECTPYKTUBHOTO BIUIMBY Ha JOBKULISA 3aBIsIKH TpaHchopMarlii JOTiCTHYHUX CUCTEM,
SIK1 BIATIOBIIAIOTh CydacHii JIHIAHIN MOJIei €eKOHOMIKH, B €KOJIOTICTHYHI cUCTEMU [4].

OCHOBHOIO METOIO CTBOPEHHSI EKOJIOTICTHYHOI CHUCTEMH SIK TaKOi, IO BPaxOBYE
EKOJIOTIYHUI aCIeKT B JIOTICTHYHIA JiSILHOCTI, € HaJaHHS EKOJOTIYHUX JIOTICTHY-
HUX TIOCHYT, [0 MAarOTh MiHIMaJbHUN HEraTUBHUN BIUTUB Ha TPUPOJHE CEPEIOBHIIE.
Exornorizarist JIOricTHYHUX TTOCITYT MPU3BENa IO EKOJIOTi3allil JIOTICTHYHOTO MPOAYKTY,
MOHSATTS SIKOTO CTA€ AaKTYIBHIIIUM OCTaHHIM Y4acOM.

AHaJIi3 OCTaHHIX J0CTiNXKeHb i myOrikamiii

[MuTannst exosnori3aiii eKOHOMIKM Ta CYyCIIBCTBA JOCTIKYIOTHCS Y UYUCICHHUX
naykoBux npaisix E.IT. Cementok, T.B. OnsHimena, B.M. CenbkiBcbkoro, O.B. Menb-
nukoBa, S1.B. Kotnspescrkoro, S1.B. Kynsuunbkoro, B.C. Kpasuisa, €.B. MirieHiHa,
L.I. Kobnstaepkoi, T.B. Yerik, 1LE. Spooi, JI.I. Mensauka, B.T. Auapymiko, H.M. [ynu,
0O.€. I'pumxyk, M.C. Kpasenp, I.I1. MarasuamukoBoi, .M. CunsikeBuua, A.M. Jleii-
Heku, A.A. Tonosko, 10.10. Tynui, JI. 1. 3arsoiicekoi, JI.I. Makcumisa, B.P. Kosanu-
muHa, A.M. [10Jb0BCHKOTO Ta IHIITUX HAYKOBIIIB.

[IpoGnemi exomorizaiii JOTiCTUYHOI iSUTBHOCTI NPHCBSYCHI Tpali 1HO3EMHHUX
i BiTYM3HSHUX HaykoBiiB, Takux sik: T. Jloyi, P. Jlanny, A. MakKinnon, P. Tloicr,
K.-I1. Pompiro, . Pomxkepc, P. Ti66y-JlemOxke, /. Yotepc, A.Y. AnsbexoBa, B.B. bopu-
cosa, JI.M. 3aperipka, A.A. Kuzum, H.IT. Koporoga, 1.I. Koonsiacbka, A.®. Kpsukosa,
B.I1. Memankin, E.B. Mimenin, [.M. Omensuenko, H.B. ITaxomosa, JI.A. CocyHoBa,
M.H. Hekpacora, T.H. Crxopobararora, [[.B. UepnoBona, A. TamboBues, T. Tam0O0B-
1eBa TOIIO.

He nuBnsanchk Ha 3HAa4HY KiIBKICTh HAYKOBHX Mpallb 3 €KOJIOTIYHO-OPIEHTOBAHOTO
YIpaBIiHHS B JIOTICTUII, IO 3 SBUJIMCS OCTaHHIM 4acoM, B CHIIy HOBU3HH HAIPSIMKY,
JOCUTHh 0araro MUTaHb € HEBUPINIGHUMH Ta IMOTPeOYyIOTh BHBYCHHS. AKTyalbHUM
€ JIOCTIDKEHHS CcHeru(iuHuX XapaKTePUCTHK EKOJIOr0-OpPiEHTOBAHUX JIOTICTUYHUX
MOCIYT Ta MPOIYKTIB.

Meto1o cTarTi € OOrpyHTYBaHHSI JIOIUIBHOCTI BIPOBA/PKECHHS TOHSTTS «EKOJIO-
FICTHYHUE TIPOAYKT» Ta JOCIIAUTH HOro ocoONMBOCTI. JIJis TOCSATHEHHS MMOCTaBICHOT
METH TOCTABJICHI Ta BUPIIICHI TaKi 3aBIaHHS:
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1. TlpoanasnizyBaTu XapaKTePUCTUKH €KOJIOTTUHOT JIOTICTUUHOT MTOCITYTH.

2. BU3HAYMUTH BIACTUBOCTI Ta CTPYKTYPY €KOJIOTICTUYHOTO MPOAYKTY.

3. JlocHimuTH CYTHICTh €KOJIOTTUYHOI IIIHHOCTI €KOJIOTICTHYHOTO MPOIYKTY.

Buxkiaa ocHoBHOTO MaTepiany

OyHKI[IOHYBaHHS E€KOJIOTICTUYHOI CHUCTEMH CIPSIMOBAHO Ha HAJIaHHS EKOJOTIiy-
HUX JIOTICTHYHUX TOCIYT, JUIS SIKUX XapaKTepHi criennivdHi Ta 3arajibHi pUCH MTOCIYT.
[Tociyra B 3arajgbHOMY pO3YMiHHI I[LOTO TEPMIHY € PE3YJIBTAT ACSIKOTO JIii, 110 3/11HCHIO-
€THCSI 32 B3aEMO/II1 OCTAaYalIbHIKA 1 KITIEHTA 1 IPUHOCUTH IIEBHY KOPUCTD. 33 BU3HAYCH-
Hsim @. Komnepa, mocnyra — e Oyap-sikui 3axin abo BUTOJa, SIKi OJJHA CTOPOHA MOXKE
3alpOIOHYBATH 1HIIIH CTOPOHI 1 SIKi B OCHOBHOMY HEBIIOBHMI [5].

Hanannst nocnyru Mmoxke OyTH OB’ si3aHO a00 HE MOB’S3aHO 3 TOBAPOM B HOTO Mare-
piansHOMY Burisi. [Tociyra sik pe3ynbraT npaiii Ma€e Crio)KMBUY BapTiCTh, 1[0 BU3HAUAE
il ToBapHMIA XapakTep, SIKUH BUPAKAETHCS B 3aTHOCTI OyTH pealli3oBaHOI0 CIIOKHBA-
yaM B SKOCTI crierudiuaoro Tosapy [5]. Lls puca pimHuTh MOCIyry 3 mMarepiajibHUM
ToBapoM. TakuM YHMHOM, Y Cy9aCHHX YMOBaX PO3BHUTKY PHHKY OCOOJIHMBOI poii HaOyBae
HE TUILKU caM TOBap, a i CyKyIHICTh MOCIIYT, OB’ SI3aHKUX 3 PO3MOJIIJIOM MarepiabHOTO
MOTOKY 1 IO/IaJIBIIIO0 HOTO €KCILTyaTaIli€xo.

Ha nymky yuacHUKIB i (paxiBIIiB pUHKY, OCHOBHA YaCTHHA TIOCITYT, [0 HAJIAl0ThCS CTIO-
JKMBAUYEBI, TPUIAAE Ha cepy JOTICTUKH, a caMe: MepeBe3eHHsI, MiIT0TOBKA TOBapHO-
MarepiaqbHUX IIHHOCTEH 10 CIOKUBAHHS, BaHTaXOIlepepoOKa, CKiIaayBaHHs, 30epi-
ranHg. CbOTO/HI B IiHI MPOAYKIIT BUTPATH Ha JIOTICTHYHI ONepallii CKIaaaloTh 3HaYHY
yacTUHy. TakuM YUHOM, MPUPOJA JIOTICTHYHOI MisUIBHOCTI Iepeadadae MOXKIUBICTh
HaJIaHHS CTIOKUBAYy MaTepiabHOTO MOTOKY PiI3HOMaHITHHUX JIOTICTUYHUX TOCIYT [6].

Ha BITYM3HSHOTO PUHKY TIOHSTTS «JIOTiCTUYHA TIOCIIYTay BUHUKIO HE TaK JaBHO,
TOMY Ma€ pi3HOMaHITHI TPaKTyBaHHs. barato XTo cipuiMae JIOTiCTUYHI MOCITYTH TITbKH
SIK KOMIUIEKC TPaHCIIOPTHUX Ta CKJIAJCHKUX MOCTYr. Take po3yMiHHS € TIOMHIKOBUM
i Bkpaii oOMexxeHnM. CydacHHH PHHOK JIOTICTUYHUX MOCIYT MOXKE 3arporOHYBaTH
HIMPOKUE CIEKTp MOCHyT. JIOTiCTHYHI MOCHYTH CIiJi CpUAMATH SIK [UIHH KOMILIEKC
MIOCTIYT, 1[0 CIPUSIOTH e(PeKTUBHIN OpraHizallii MaTepialbHUX TOTOKIB [7].

OTxe, 102icmuuno NOCIY2010 TIPOTIOHYETHCSI HA3UBATH KOMILIEKC MOCIYT 3 BUKO-
HaHHS 3aMOBIICHHSI CIIO)KHMBa4ya Ha MPOBEJICHHS POOOTH 3 OpraHi3aiii Ta yrmpaBiiHHS
MMOTOKOBUMH IPOIIECAMHU 3 METOIO TX onTHMI3arlii [6].

®axiBIli 3 JOTICTUKK MalOTh CIUIBHY JYMKY CTOCOBHO KiacH(iKallii JOTICTUYHUX
nocinyr [8, 9]. Knacudikariist JOricTUYHHX MOCITYT HEOOX1/IHA JJIsi BU3HAUCHHS ITiJIXO1B
JI0 1X peasizailii, onTUMi3allii Ta OLIHKH, [0 JIO3BOJISE MiJABUIIUTH 1X e()EKTUBHICTH
i sKicTh. JIoricTHYHI MOCITYTH KIacu(iKylOTh 3a YacoM 3/iHCHEHHS, 3a 3MICTOM pOOiT,
CTOCOBHO crioxuBava (Tadm. 1).

B naBeneHiit Buiie kinacugikailii JOriCTUYHUX TOCIYT BUAUISIOTHCS MOCIYTH, 110
MalOTh BIJHOIICHHS JIO MICISIMPOJaXKHOTO OOCIYrOBYBaHHS KJIIEHTIB Ta OpraHizarfii
3BOPOTHUX IMMOTOKIB. BHOKpEMIICHHSI IIUX MOCTYT B JIOTICTUYHIHN JisUTBHOCTI Ta MPH/Ii-
JICHHS1 1M yBaru Mpu3Besio 10 (hOpMyBaHHS HOBHUX €KOJOT0-OpPIEHTOBAHMX HAIPSIMKIB
B JIOTICTHIII: €KOJIOTiCTHKH, JIOTICTUKH PeCypco30epeKeHHs, PEBEPCUBHOI JIOTiCTHKH,
JIOTICTHUKH BifgxomiB Tomro [10].

JloricTiYHa TMOCIyTa € IIEHTPAJbHUM EJIEMEHTOM JIOTICTUYHOTO IMPOIYKTY, KU YTBO-
PIOIOTBCSL B pE3yNbTaTi HaJaBaHHS JIOTICTHYHUX TIOCTYr B PE3yJbTari (yHKIIOHYBaHHS
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sorictuunol cuctemu. B [11] min rocicmuunum npodykmom nponoryemocs posymimu Komn-
JIEKC aKYenmoBaHux UMO2 KIIEHMIB, SKI MOJCYmMb Oymu peani3o6aHi HaA NeGHOM) DIGHI
¥ aocicmuuniti cucmemi. JIOTICTHIHMI TIPOTYKT XapaKTepPU3YeEThCs CKIIAQJHOIO BHYTPILTHBOIO
CTPYKTYPOIO, B SIKifi BUPI3HAIOTHCS TPH PiHi: mosap, eanmaoic, nocicmuynuil npodykm [12].

Tepwuii pisens — mosap cTOoCyeThCsl mepeayciM QizudHoi GopMH MPOAYKTY, sKa,
B CBOIO Yepry, BijioOpaxkae CyTh MPOIYKTY MIONO MOTPEO, 3asBICHUX HA PUHKY.

o 3aranpHux (Qi3HYHUX BIJTHOCSATHCS PO3MIPHO-MACOBI Ta TEIUIO(I3UUHI XapakTe-
PHUCTHKH (BIACTHBOCTI) OMMHUYHUX CK3EMILISIPIB 1 CYKYITHUX TOBapHUX Mac (TIaKyBallb-
HUX OJIMHHUIIb 1 TOBapHUX HapTii) [13].

Taomms 1
Kaacudikanisa sorictuaHux nocayr
Kuacudikauiiina o3naka Buau nocayr
3a gacom 37iiicCHeHHS 1) mocayru mepeAnpoaaKHOTO XapaKkTepy — e poOoTH

it onepauii 3 popMyBaHHS MOIUTY Ha JOTICTHYHE
00CITyrOByBaHHS, /10 SIKHX YHAJIC)KHIOIOTB!

— KOHCYJIBTAIIii;

— aeMoHcTpauii (y JeIKUX BUMAKax — IPOOHE BUKOPUCTAHHS).
2) IOTiCTUYHI MOCIYTH, 10 HAJAI0ThCs Y TIPOIleci peaizamii
TOBAPIB Ta 320€3MeUYIOTH €(HEKTHBHE NIPOCYBAHHS
MarepiaibHUX OTOKIB i JOCTABKY IPOMYKLUIi 10 MicLs
MpU3HAYEHHS, IOTPUMYIOUHCH 3aMOBIICHb CIIOKHBAUiB, a CaMe:
— HasBHICTh TOBAapPHHUX 3aIlaciB Ha CKIIAI;

— mig0ip Ta KOMIUICKTAIIiI0 MapTiii MOCTaYaHb;

— MaKyBaHHS;

— MapKyBaHHS;

— (hopMyBaHHS BAaHTAKHUX OJIUHHUIIb;

— HaJaHHs iH(pOpMaIii PO MPOXOKEHHS BAaHTAXKIB;

— poboTy i3 3abe3nedeHHs HaIifHOCTI TOCTaYaHb.

3) JIOTiCTHYHI MOCIYTH MICISAIPOAAXXHOTO XapaKTepy, 10 SKUX
HaJIeXKaTh:

— nocayau i3 2apanHmiiiHo2o 00C1Y208y8aHHs;

— nocnyau i3 3a6e3neuents 3anacHUMU YacmuHamu;

— 30008 S13aHHA U000 PO32150Y NPEemeH3ill NOKYNYiI8,

— 3a0e3neueHHs 360pOMHUX NOTNOKIG,

— 3abe3neuents 0oMminy npodyKyii TOIIO.

3a 3MicToM poOiT 1) >KOPCTKHIA cepBic — BKITIOYAE TTOCITYTH, ITOB’ I3aHi

3 3a0€3MCUCHHSIM TPaIe31aTHOCTI, 0€3BIIMOBHOCTI

{ MOTO/KEHNX MTapaMeTpiB eKCILTyaTallii ToBapy;

2) M’SIKUH CePBIC — nocyeu, nog s3ami 3 Oinbiu epekmusHo0
EKCIIyamayicio mosapy 8 KOHKpemHux ymMosax pooomu
CNOACUBAYA, A MAKOHC POSUUPEHHAM Chepul 11020 BUKOPUCINAHHS.

CTOCOBHO CTIOKMBa4a 1) mpsMuii cepBic — BKIIIOYA€ TTOCITYTH, CIPSIMOBaH1
Ha 0e31ocepeJHbOro CrIoKUBaYa;

2) HeTIpsSIMUH CepBic — MOCIYTH, sIKi Oe3M0cepeHbO
HE CTOCYIOTHCSI TAKOTO CIIOKHBAYA.

IDicepeno: 8, 9.

Crnerucivyni (izu4Hi BIACTHBOCTI OIXWHHUYHHX eK3eM1'[JI$Ip1B TOBapiB BCTaHOBIIIO-
10ThCS TUTBKH JUIS TOBAPIB, 0 XapaKTePU3YIOThCA LiTICHICTIO. IX MOYKHA MOIINTH Ha
Taki TPYNH: CTPYKTYPHO-MEXaHi4Hi, TerI0(Qi3ndHi, eNeKTPUYHI, ONTHYHI, aKyCTHYHI,
(hizuKo-ximiuHi Ta 6iomoriuHi BracTuBocTi. Jlo crienupigyaux Qi3sudHUX XapaKTePUCTHK
TOBapHUX NapTii BITHOCATHCS 00’ €MHA (HACUITHA) Maca i CKBAXKUCTICTb.
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Jpyeuil pieenv — mosap sk aHmad;c, MO XapaKTEPU3y€EThCS IEBHUMHU TPAHCIIOPT-
HUMH XapaKTepUCTHKaMU. TpaHCIOpPTHA XapaKTepUCTUKA BaHTAXIB — Ie PeKUM 30e-
piranss, cnoci6 ynakoBkH (ii XapaKTEpUCTHKH 1 BIACTHBOCTI, rabapuTHI pO3MipH),
MEepEeBaHTAKCHHS 1 IepeBEe3CHHs, (I3MKO-XIMIUHI BIACTUBOCTI BaHTAXY, CIIPUIHSTIN-
BICTb JI0 aTMOC(EPHHX SIBUIILI, BIUIMB Ha HABKOJIMIIHE CEPEIOBHIIE, CTYITIHb HEOS3IEeKH,
o0csr, Maca 1 hopma mpe’ ABJICHHS 10 IiepeBe3eHHs [ 14].

Tpemiil pieenv — nocicmuynuil npodykm K KOMILICKC 1100a)KaHb 1 OYiKyBaHb CIIO-
JKMBA4iB, 110 MPAKTUYHO O3HAYAE MEPEMIIIeHHs 1 CKJIa/[yBaHHs BaHTa)Ky B JIOTICTHY-
Hill cucTeMi Mmopsi/t 3 TOAATKOBUMH (DYHKIIISIMH, TAKAUMH SIK TIAKYBaHHSI, CTPaxyBaHHS,
KpPEIUTYBaHHSl TOCTABOK, PEMOHT 1 30epiraHHs, TpPaHCIIOPTYBAaHHS, CKJIaJlyBaHHS,
rapaHriiiHe 00CIIyroByBaHH:, KOKHA 3 SIKUX BIZIOCOOJICHO MOXKE TPAKTyBaTHCA SIK 3aci0
HaJIaHHs BIJOBIIHOT JOTICTHYHOT ocayru [15].

TakuM 4YMHOM, TOBap, SKHH € MPEAMETOM I[ILOBOTO MEPEMIIICHHS, € BAHTAXKEM.
BanTtax, sKHH CBOEIO YEProl0 € MPEeIMETOM JIOTICTUYHOIO OOCITyroByBaHHS,
€ JIOTICTUYHUM TPOoayKToM. OTKe, JTOTICTUUHUH MPOAYKT € IIMPIIUM MOHATTSIM, HIX
ToBap abo BaHTax. Asie (izuuHa (Hopma BaHTaXy CTAE JIOTICTHYHHM IPOIYKTOM,
HEHTPAJIbHUM ITYHKTOM JIOTICTUYHOI CHCTEMH TiJIbKH TOJI, KOJIM HOTO EKOHOMiYHA
dbopma Hagae MOXKIMBICTh JOCSTHCHHS yciMa JaHKaMH JIOTICTHMYHOIO JIAHIFOra
3aruTaHoOBaHMUX MpUOYyTKiB [15].

EBomroniist y cdepi nepexomy BiJl BaHTaXy JI0 JOTICTHYHOTO TPOAYKTY B IpoIieci
NEepeMIllICHHsT MK BUPOOHUKOM 1 CIIOKMBadeM BinOyiach Ha MOYaTKy XX CTONITTS.
PesynbTarom JOTiCTUYHOTO MPOIIECY CTAB MPOAYKT, SIKUM XapaKTepU3y€eThCs TIEBHUMU
pucamMu, 10 IPENCTABISIOTh KOHKPETHY BapTIiCTh JJIsl KIIIEHTA.

3 eKOHOMIYHOTO MOIISTY 10 HAWBAKJIMBIIIMX PUC JIOTICTUYHOTO MPOAYKTY Halie-
JKaTh: BapTICTh TOBAPY SIK OCHOBA BU3HAYCHHSI CKOHOMIYHOT ITPUIATHOCTI JIO TPAHCIIOP-
TYBaHHSI 1 CKJIa{yBaHHS;, YXHUTTEBHU IUKJI JIOTICTHYHOTO MPOIYKTY; CYOCTUTYIIHHICTD
(3aMIHHICTB) JIOTICTHYHOTO MPOIYKTY; IIHA JIOTICTHYHOTO MPOAYKTY [15].

3MiHa CBITOMIISMY Ta IIHHOCTEH JIFOCTBA HA OUTBII T'yMaHHI 1O JOBKIUIS MPU3BEIIa
JI0 BUHUKHEHHSI €KOJIOTTYHOT CIIPSIMOBAHOCTI JIOTICTUYHUX TTOCITYT Ta YTBOPEHHS €KOJIO-
TICTHYHUX TOCIYT. EKONO2ICIMUYHOI0 NOCIY2010 NPONOHYEMbCA HA3UBAMU JNO2ICMUYHY
ROCY2Y, WO 8PAXOBYE eKONOIYHUU YUHHUK Ma NpacHe MIHIMIZy8amu ekooecmpyKmus-
HULL 81U HA OOBKILIA 810 JI02ICIMUYHOI OIfIbHOCIII.

OTxe, EKOJNOTICTHYHIN MOCITy31, SIK 1 JIOTICTHYHIH, BIaCTHBI TaKi XapaKTepPUCTUKH:

1. Hemoorcnugicmo 6iouymu exono2icmuunoi nociyey «Ha oomuxy. BUSBISETHCS
y CKJIaJIHOCTI crieruQikaliii eKoJoriyHoi CKJIaj0Bol, a TAKOXK Yy CKJIaJHOCTI 1 OLIHKU
CIIOKMBAYEM JIOTICTHYHHX TTOCITYT.

2. Hesiooinbricms 6i0 Ooicepena. EKOIOTICTHYHI MOCIYTM HEBIIJLIbHI BiJl CBOrO
JUKepena — TMPOAYICHTa, Ha BIMIHY BiJl MaTepiaibHOrO TOBapy, SIKUH MOXKE 1CHYBaTH
HE3aJICXKHO.

3. Minausicmo sikocmi. SIKicTh €KOJOTICTHYHHUX IOCIYI BUSIBIISIE TCHACHIIIO [0
KOJIMBAHb 3JICXKHO BiJl CTYIICHS JOCKOHAJIOCTI €KOJIOTICTUYHOT CHCTEMH, BUMOT KJTI€H-
TiB, BIUTMBY 0araTthb0X BHITaJIKOBUX (PAKTOPIB.

4. Aopecnicmv nocnye. EKONOTICTHYHI MOCIYTH HAAIOThCS 3aMOBHHUKY Oe3roce-
pennbo. Lle Bigpi3Hse iX BiJ TOBapy B MarepiallbHOMY BUIIISL, SIKHH BUITYCKA€ThCS,
OpIEHTYIOUHCH Ha 3arajibHUH MOMHUT [iJTbOBOTO PUHKY.
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5. Vuikanvnicmo 011 o0epoicysaua. KoxkHa eKOJIOTICTUYHA TTOCITYTa BiPi3HAETHCS
BiJ] TTOTIEPEIHBOT 32 CBOTMHU TTapaMeTpaMu, TepMiHAMH, YMOBAMH CIIO’KUBAHHSI.

6. Hemoorcnusicmo naxonuuenns nocaye. EKOIOTICTHYHI TOCITYTH HE MOXKITUBO 3PO-
OWTH PO 3arac, iX He MOXKHA CKJIaJlyBaTH, TOOTO HEMOYKJIMBO HAKOTIMYYBATH.

7. Enacmuunicmov nonumy. [lepeBaroto eKoJOTiCTUYHUX MTOCITYT MOPIBHIHO 13 TOBa-
POM y MaTepiaJibHOMY BUTIISIZIL € TXHS BEJIMKA eJIACTUYHICTh Ha pUHKY 30HTY. Y 3B’SI3KY
31 3MIHOKO KOHIICHI[IT PO3BUTKY JIFOACTBA HA CTAJHMH PO3BUTOK IIBHJKO 3POCTAE MOMUT
Ha EKOJIOTICTUYHI TIOCIYTH 31 3HIKCHHSIM Ha HUX I[iH 1 30UIBIICHHSIM JIOXOJIIB ITiIIPH-
€MCTB-CITOKHBAYIB.

8. Omnepamuenicms. EXONOTICTHYHI MOCIYTH JAIOTh THM OUIBIIMN €KOHOMIYHHN
edexT, UM MBHJIIC BiIOyBaeThes iX peamizamis. Jly)ke yacto came ONepaTuBHICTDH
MOCJIYT 3aJIy4ya€e MOTCHIIHHUX 3aMOBHHKIB.

TakuM dYWMHOM, JIOTICTHYHA TMOCIyra IE€PETBOPIOETHCS HA  EKOJOTICTUYHY,
a JiocicmuyHull npoOyKm — Ha eKOI02IiCMUYHULL NPOOYKM, KUl HADYBAE eKONO2IUHOT
yinnocmi (puc. 1).

/ EroaoricTHYHAH OPOAYKT \

Exonoziemuani nocayzu

/ JloricTHYHEI OPOAYKT \

Jdozicmuani nocayzu

BanTax
Tpancnopmui xapaxmepucmuru

% 2/

Puc. 1. Cmpykmypa exonocicmuurno2o npooykmy
IDicepeno: enacna pospobra asmopa

ExosorictuyHuii MpojyKT Ma€e NEBHY LIHHICTH JIJIsl CHOXUBaviB. [[OHSATTS MIHHOCTI
HE € HOBUM Ta aKTUBHO PO3IIISIA€THCS B YIIPABIIiHHI, EKOHOMII[l, MAPKETHHTY Ta 1HIINX
rany3sx. LIiHHICTb TPaKTY€eTbCs SIK 0COOMCTE IIIICHE CIPUUHSATTS 3aliKaBJICHOIO CTO-
POHOIO 3410HOCTI TOBaPY/IIOCITYTH/POOOTH CTBOPIOBATH JIJIsl HET BUTOJIU B COI[IaJIBHOMY
Ta (a00) EKOHOMIUYHOMY, Ta (200) MONIITHYHOMY, Ta (a00) TyXOBHOMY acrleKTax ii KuT-
TeAisIbHOCTI [16].

AJie B HaBEJICHOMY O3HAYCHHI HE BPaXOBaHO €KOJIOTIYHY CKJIQJIOBY, 110 HE BiJIOBI-
JIa€ CYyTHOCTI KOHIICTILIT CTAJIOr0 PO3BUTKY, sKa 0a3yeThCsl HA KOHBEPICHIlIT €KOHOMIY-
HOTO, COLIIaJIbHOT0 Ta EKOJIOTIYHOro achekTis [17].

ExoHOMiuHa ckiaioBa 03Ha4a€e ONTHMATbHE BUKOPUCTAHHS Y CTBOPEHHI MPOAYKTIB
00MEKEHUX PECYpCiB Ta 3aCTOCYBaHHS €KOJIOTIYHUX MPHUPOAO-, CHEPro- i MaTepianos-
Oepirarouynx TEXHOJOTiH, CTBOPEHHS €KOJOTIYHO MPUHHATHOI MPOAYKLIi Ta HaJaHHS
MOCIYT, TOOTO BUPAKAETHCS Y EKOJIOTi4HIN €EeKTUBHOCTI €EKOHOMIYHOT JIiSUTBHOCTI.

25



PO3BUTOK TPAHCIIOPTY
Ne 3(10), 2021

CorrianbHa CKJIa/I0oBa CTAIOTO PO3BUTKY OpI€HTOBaHA Ha JIOJUHY W CIpsSMOBaHa
Ha 30epeXeHHs CTabUTBHOCTI COMiadIbHUX CUCTEM. BaXKJIMBUM acmeKTOM I[HOTO IIif-
XOIly € CIpaBeAJUBUI PO3MOALT E€KOJIOTIYHUX IepeBar Ta Taraps, TOOTO eKoJIoTidyHa
CIIPaBEIJINBICTD.

3 eKOJIOTIYHOI TOYKH 30Dy, CTAIMil PO3BUTOK IMOBHHEH 3a0e3MedyBaTy eKOJIOTIuHY
LUTICHICTD 010JI0TTYHUX 1 (PI3MYHUX MPUPOAHUX CHCTEM, BKIIOYAIOUH CTBOPEHE B HUX
JIOIMHOK cepeoBuline — aHTpornochepy. OcobiuBe 3HAUEHHS MA€ KUTTE3IATHICThH
EKOCHCTEM, BiJI IKHX 3aJICKUTH ITI00aIbHA CTa0IBHICTE Bei€el 6iochepu.

B pesynbrari KOHBEpreHIil BUIE3a3HAUCHHUX ACIEKTiB YTBOPIOETHCS E€KOM02IUHA
YiHHICMb — arpeTOBaHUH MOKA3HUK, IO BiJOOpaskae CTYyIiHb BiAMMOBIMHOCTI JIOTiCTHY-
HOI JISUTPHOCTI IUISAM CTAJIOTO PO3BUTKY, Ta 32 JOIOMOTOI SKOTO MOXKJIMBO OIIHUTH
PiBEHB €KOJIOT13allil JIOTICTUYHOTO IPOAYKTY (puc. 2).

Exonoriuna miHHICTH €KONOTICTUYHOTO MPOAYKTY Ma€ TMEeBHI BIACTUBOCTI:

— TO-TIepIIle, eKOJIOTiYHA IIHHICTh € HEBiJl' €EMHOK CKIIAQJ0BOIO 3arajbHOi I[iIHHOCTI
MPOJIYKTY Ta BILUIMBAE Ha 11 3HAYEHHS;

Exogoriuna
niTicHicTh

Exoaoriuna
eexTHBHiCTD

Exomoriuna
cnpaBelIHBICTD

Puc. 2. Exonoeiuna yinnicmo exonozicmuino2o npooykmy

Lrcepeno: enacna po3pobka asmopa

— TO-/IpyTe, €KOJIOTiYHa IIHHICTh CTBOPIOETHCS HA TPOTSA31 BCHOTO JIOTICTHYHOTO
JIQHITFOTY, 1[0 BPaXOBYE MPsiMi Ta 3BOPOTHI MaTepiaibHi MOTOKH, T Ma€ MaKCUMAaJIbHE
3HAYCHHSI Y 3aMKHYTOMY JIOTiCTUYHOMY JIAHITIOTY;

— TIO-TPETE, EKOJIOTIYHA HIHHICTh OPMYETHCS Ha TIPOTSI31 JIAHIIOTY CTBOPEHHSI ITiH-
HOCTI BiJl TOBapy, 4epe3 BaHTaXK Ta JIOTICTHYHHUI MPOIYKT, a)K IO €KOJIOTiCTUYHOTO MPO-
IIYKTY, Ta TOCATA€ MAKCUMYMY Ha PiBHI €KOJIOTICTUIHOTO TIPOAYKTY (pHC. 3).
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Eromorivaa

Puc. 3. Cmpyxmypa yinnocmi exono2icmuyHo2o npooyKny
IDicepeno: enacna pospodra asmopa

BpaxyBaHHS BIacTUBOCTEH EKOJIOTIYHOI I[IHHOCTI EKOJIOTICTUYHOTO TMPOIYKTY
B IpolLieCi HOro IJIaHyBaHHS Ta MPOCKTYBaHHS BiJIMOBIJIHOT €KOJIOTICTUYHOI CHCTEMHU
HaJ1a€ MOXJIMBICTh M1IBUITUTH €(DEKTUBHICTh JIOTICTUYHOI JIISUTBHOCTI Ta MiHIMI3yBaTH
€KOJICCTPYKTUBHUM BIUIMB HA JIOBKULISL.

BucHoBkH

1. 3MiHa CBITONISIHOT TTApaJUTrMU JIFOICTBA Ta 11 3MIIlEHHS KOHIISTIIiT CTaJIoro po3-
BHTKY, sika 0a3y€ThCsl HA KOHBEPIeHINT eKOHOMIYHUX, COIIAJIbHUX Ta €KOJIOTTYHUX IIiH-
HOCTEH, Mpu3Bea 10 MOoTpedu eKoJorizailii 0aratboX BHUJIIB TOCIIONAPYOl TisIbHOCTI
JIFOJIMHY, 30KpeMa JIOTiCTHKH. ExooricTrka sk eBOIIOIIHII PO3BUTOK JIOTICTHKH, 10
HaNpaBJICHUN Ha 3MEHIICHHS €KOJECTPYKTUBHOIO BILTUBY HA JOBKULIS, XapaKTepHU3y-
€ThCSI CTBOPEHHSM €KOJIOTICTUYHUX CUCTEM Ta HaJIaHHSIM SKOJIOTICTUYHHUX MTOCIIYT.

2. ExonorictuyHy mociyry IONUIBHO PO3IVISIATH SK €JIEMEHT EKOJOTICTHYHOIO
MIPOAYKTY, JIO CKJIAJTy SIKOTO TaKOXK BXOJISATh TOBAp, BAHTAXK Ta JIOTICTHYHA MOCIYTa.

3. ExonorictTiuHMi NPOAYKT Ma€ TeBHY LiHHICTH I criokrBava. OcoOIUBICTIO €KO-
JIOTiCTHYHOTO MPOIYKTY € BUCOKHMI PiBEHb €KOJIOTIYHOI CKJIaI0BOT IIIHHOCTI, sIka popMy-
€TBCS POTSITOM YChOTO JIOTICTHYHOTO JIAHITIOTa Ta JIAHIFOTa CTBOPEHHS I[IHHOCTI.
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Summary

Modern requirements for the environmental friendliness of ships require an
increasing involvement of rotor sails. Rotor sails are an effective tool to save fuel
and reduce carbon emissions. In article researched the possibility of rotor sails
depending on the wind direction and wind speed in the region. For the experiment were
taken 2 ships and wind force moments.

The world's leading supplier of auxiliary wind power plants Norsepower Oy Ltd.
successfully inserts rotwk sails on vessels of various types.

Thanks to this technology, the vessel can significantly save fuel and reduce emissions.
According to the analysis carried out by Norsepower and Sea-Cargo, new installation
on board the ship “SC Connector” can provide a reduction in fuel consumption and its
cost, as well as carbon dioxide emissions to 25%. the appropriate wind, the vessel will
maintain a constant speed only by sail.

In the process of decarbonizing the world fleet and achieving the IMO goals for 2030
and 2050, the marine industry is actively looking for solutions to reduce emissions,
so the developments of the past are useful. Rotor sail Norsepower — it is an upgraded
version of flatner rotor or "turbosail”, which rotates based on the Magnus effect, using
wind energy to move the vessel

Modern development is fully automated, the system itself determines when the
direction and speed of the wind is sufficient to provide fuel savings and the necessary
thrust, after which the rotor sails start automatically.

The article discusses sea passages across the oceans, wind phenomena and features
of rotor sails work during these passage. Rotor sails are original and very effective in
terms of fuel economy by ship power plant. Proposed the best variation of localization
rotor sails depending on the ship construction features. This article is a theorical base
for the installation of rotor sails on large vessels.

Key words: theoretical effectiveness, rotor sails, ship power plant, relative
wind speed.

© Shumylo O.M., Kupraty O.G., 2021
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'K.T.H., mpodecop, IPOPEKTOP 13 HABYAIBLHOI Ta OpraHi3aliiHOi poOOTH,
JIOLICHT Kaeapu CyHOBUX CHEPIeTHUHUX YCTAHOBOK Ta TEXHIUHOI EKCIUTyaTallii,
HasyanvHo-naykosuil iHcmumym mMopcoko2o Gaomy
O0ecvrozo HayionanbHo2o Mopcbkozo yrisepcumeny, Odeca, Yxpaina,
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2acmipaHT, CTapIINi BUKIJIAAa4 KadeIpu cyTHOBOJIHHS 1 MOPCHKOI Oe3rekn,
Hasuanvro-naykosuil iIHCmumym mMopcoko2o giomy
00ecbk020 HAYiIOHATLHO20 MOPCbKO20 YHisepcumemy, Odeca, Ykpaina,
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Anomauisn

CyuacHi aumoau w000 eKono2ivHOCMi CyOeH 8UMa2aroms 6ce DIIbULO020 3AYUeHHs
pomopuux eimpun. Pomopui eimpuna € egpexmuenum incmpymeHmom O/ eKOHOMIl
nanuea ma 3HUNCeHHs BUKUOIG gyaieyio. Y cmammi 00CAiOHCYIOMbCA MONCIUBOCHI
POMOPHUX BIMPUTL 8 3ANEHCHOCHI 810 HANPAMY | WUBUOKOCMI 6IMpPY Y OAHOMY DeiOHI.
na excnepumenmy bepymoca 2 cyOHa ma MOMEHmU CUTL 8iMpY.

1Ipogionuil cimosuii nNOcmMadaibHUK OONOMINCHUX BIMPOEHePeMUUHUX YCTNAHOBOK
Norsepower Oy Ltd. ycniwno écmanogioe pomopri 6impuia Ha CyOHA PisHUX MUNIE.

3asoaxu yiti mexHonozii cyOHO Modice 3HAYHO 3eKOHOMUMU NAIUBO I CKOPOMUMU
suxuou. Tax, 32i0Ho ananizy, npogedenozo Norsepower i Sea-Cargo, H08a YCMAHO8KA
Ha 6opmy cyona «SC Connectory modice 3a0e3neuumu 3HUNCEHH GUMPAM NAIued i
020 eapmocmi, a maxoxc ukudig gyeneyro 00 25%. Ilpu ionogionomy eimpi cyouo
0yOe niompumyeamu ROCMIUHY WEUOKICIb PYXY MITbKU 8IMPUTOM.

Y npoyeci dexapbonizayii ceimogozo gromy i docsaenenns yinet IMO na 2030 i
2050 poxu, mopcvka 2any3b AKMUBHO WYKAE PIULeHHS OJisl CKOPOUEHHSA 8UKUOI8, MOMY
PO3POOKU MUHYI020 cmatomb Yy npu2odi. Pomopue eimpuno Norsepower — ye mooepHi-
308ana eepcis pomopa Premmuepa abo «mypoosimpuay, wo 00epmacmscsi Ha OCHOGI
epexmy Maenyca, suxopucmosyrouu eHepeiro 6impy 0iisi pyxy CyoHd.

CyuacHna po3pobKka NOSHICMIO ABMOMAMU308AHA, CUCTNEMd CAMA GU3HAYAE, KOIU
Hanpam eimpy nioxoosuwuil, da tio2o WeUOKicms 00CMAamus, wob 3ade3neyumu eKkoHo-
Mit0 nanuga i HeoOXiOHy M2y, NiCasA Y020 POMOPHI IMPUNA 3aNYCKAIOMbC A8MOMA-
MUYHO.

Y ecmammi poszensioaromscs MopcwbKi nepexoou uepes oKeau, 8imposi Aguua ma
ocobausocmi pobomu pomopHux Simpun nio yac yux nepexodis. Pomopni eimpuna €
OPUIHAILHOIO T OYJice eqheKMUBHOI 3 MOUKU 30pY eKOHOMII Naauea cyOHO80I0 eHepae-
MUYHOK YCMAHOBKOH. 3aNnponoHo8aHO HAUKPAWULl 8apianm po3MilyeHHs POMOPHUX
BIMPUIL 8 3A1EAHCHOCTIE 810 KOHCMPYKMUBHUX ocobaugocmeti cyona. Cmamms € meope-
MUYHOI 6A3010 0151 BCINAHOBIEHHS POMOPHUX 8IMPUIL HA 8eUKE CYOHA.

Kntrouosi cnosa: meopemuuna echekmusricmns, pomopui 6impuia, cyoHo8d enepee-
MUYHA YCMAHOBKA, 8IOHOCHA WBUOKICMb 8IMpY.
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1. Introduction

To stop climate change need to reduce emissions of CO-, that is the main engine
of climate change. According to the analysis carried out by Norsepower and Sea-
Cargo, new installation on board the ship “SC Connector” can provide a reduction in
fuel consumption and its cost, as well as carbon dioxide emissions to 25%. The basis
of the work included research [1-3]. The calculation of the vessel’s courses is carried
out according to the algorithm from the article [3]. Constructively, the authors focused
on the DNV GL requirements [4].

DNV GL contains requirements, principles and permissible criteria for objects,
personnel, organizations and/or operations [4]. The document contains certain design
requirements, without which certification of rotor sails is impossible. 2018, the IMO
approved a strategy to reduce emissions of harmful gases. According to the adopted
strategy, emissions should be reduced by 40 percent by 2030, by 2050 on 70% [5]. Finnish
company NORSEPOWER offers alternative ship power plants [6-8], significantly
reduce emissions of harmful gases into the atmosphere.

Rotor sails are a great solution to this problem under three ship conditions:

— has necessary places on deck;

— effective speed meets the requirements of the charter;

— weather conditions favorable.

The development of rotor sails is gaining new relevance due to environmental trends
and overall technological progress.

2. LITERATURE ANALYSIS AND FORMULATING THE PROBLEM

At work [1] described the need to reduce the amount of harmful emissions not only
by optimizing ship power plants, also due to the optimization of route planning, port
logistics, weather analytics and design of ship hulls in general.

For example, medium-tonnage tankers are taken and the economic component
of the economy is described. Also, attention is paid to the placement of rotor sails
and their effectiveness depending on the layout scheme.

In the article [3] the algorithm for calculating the course (bearing) on the rhumb
line is proposed. The algorithm contains 6 real variations of calculation, which are
effectively used in calculating rates in this work.

DNVGLSTO511 [4] — this is a set of standards, without which certification of rotor
sails is impossible.

“The objective of this standard is twofold.

It may serve as an independent technical standard for the design and construction
of a wind assisted propulsion unit.

It also serves as procedural and technical basis for wind assisted propulsion systems
to be installed on board ships, and more specifically for ships applying for the additional
class notation WAPS.” [4]

Paper [5] is the initial IMO strategy, which forms a general vision of the development
of the world merchant fleet in the context of environmental.

Brochures [6-7] describe the technical features of rotor sails NORSEPOWER, their
dimensions and tonnage, maximum power.

Presentation [8] — it is a presentation containing not only the technical specifics
of rotor sails NORSEPOWER, but also specific vessels where they were installed,
and features of their installation. well as a description of the design of the rotor sail.
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In the context of all read, you can determine several advantages and disadvantages
of rotor sails. Advantages: high energy efficiency, easy to use. Disadvantages: for
large vessels, for example, container ships, the dimensions of rotor sails will increase
significantly, with improper location can make it difficult to load the vessel.

There is a great prospect of developing rotor sails for large vessels, but it is necessary
to calculate all the details of the work of rotor sails for such vessels, to show an analytical
and graphic justification for their use.

3. METHODS AND MATERIALS

In the study of the effectiveness of rotor sails and their possible use on large
container ships, it is profitable to use the method of numerical experiment
and the method of selection. Optimization of any technical device requires numerical
digital approximation, so mathematical modeling is the tool that can suggest the right
solution to the problem in the absence of a live experiment.

The material for the study is the technical documentation [5-7] of finnish company
NORSEPOWER, which describes the dimensions and technical characteristics of their
rotor sails. Pilot charts with wind directions and speeds were also used. Ship routes
are laid on electronic charts OpenCPN 5.2.4. Technical documentation of vessels
“UMM QARN” and “MSC EMMA” was processed to determine suitable places for
installation.

To ensure the charter speed of these vessels, the propeller thrust is usually sufficient
1700000 N. The calculation of the efficiency of rotor sails is carried out taking into
account fuel savings by the main engine, that is, the thrust of the rotor sail compensates
for the thrust of the propeller. Taking into account the required thrust of the propeller, it
was determined the need to install 6 rotor sails with a diameter of 5 meters and a height
of 30 meters.

Calculating the thrust of roto sails, we use the formula that characterizes the Magnus
Effect: P=0,57(d-H)v- ®-pair;

pair =1,2041-10-*ton/m* (air density);

v — course wind speed (Vy), m/s;

® — cylinder speed, s-!

d = 2R — diameter of cylinder, m;

H — cylinder height, m.

Accepted, that ®=2.5-v, then

P=1.25xn(d-H)-v?-pair (D

From technical documentation of NORSEPOWER Co. [5,6] is known, that maximum
working thrust of one cylinder with height 30 metres and 5 metres in diameter under
favourable conditions 300000N, therefore, the mathematical modeling of the cylinders
is adjusted taking into account these fuses.

The maximum number of revolutions per minute is 180 rpm, foundation height
3 meters, foundation weight 17 tons, rotor sail weight without foundation 38 tons.
Nominal power of the electric motor 115 kW.

4. AIM AND TASKS

The aim: to explore the design capabilities of rotor sails and their effectiveness
depending on the route of transition for large vessels.
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Tasks:

— calculate thrust and relative efficiency of rotor sails on all segments of the passage
on four routes;

— calculate fuel economy depending on the time of year of the ship’s route;

— options for the location of rotor sails on selected vessels.

5. RESEARCH RESULTS

To study the effectiveness of rotor sails for large vessels, 4 passages were worked out
on the routes Barcelona-Karachi, Nantes-Gibraltar, Murmansk-Puerto Cabello, Karwar-
Nishtun. The passage from the port of Barcelona to the port of arachi (Fig.1) consists
of four parts: the Mediterranean Sea, the Suez Canal, the Indian Ocean.

~

o1 |
.

Fig. 1. Passage from port of Barcelona to port of Karachi

Passage from the port of Barcelona to the port of Karachi (Fig.1) has many turning
points, which causes changes in the efficiency of rotor sails on this route. Tables 1, 2,
3 show the corresponding passage taking into account the wind direction, the course
of the vessel and the wind speed.

Charter speed of the vessel 17 knots, the time spent on the passage is calculated
at this speed. The direction from which the wind blows is indicated in the tables as WD,
the course angle of the wind is indicated as WCA. The course of the vessel between
turning points is calculated on the basis of the algorithm from the article [3]. Course
angle is calculated on the basis of the calculated courses of the vessel and the wind
direction. The course angle of the wind is calculated by the formula in MS Excel:

=ABS(ABS(SC i-WD i) + IF(ABS(SC_i-WD 1)>180;-360;0)), (2)
where SC_i — course of the vessel on this segment,
WD _i — direction from which the wind blows for this segment.
To calculate the thrust of the rotor sail is not taken absolute wind speed V (WS), but
taken relative wind speed, namely Vy, that calculated by the formula:
Vy=Vesin(WCA-n/180) 3)
WCA - this is the angle between the wind direction and the diametrical plane

of the vessel. The horizontal coordinate system of the vessel coincides in directions
with the coordinate systems of the cylinders.
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Table 1
Basic table of passage “Barcelona — Karachi”
No Latitude Longitude Dist. Course d H n p P (req.) :];:Zill Time
1 41°20.0'N  002°14.0’E - [m] [m] item [kg/m’] [N] [knots] [hours]
2 38°17.0'N 009°29.5°E 381.8° 118.7° 5 30 6 1.204 1700000 17.00 22.46
3 35°35.9°N  014°15.8’E 280.3” 125.2° 5 30 6 1.204 1700000 17.00 16.49
4 31°41.0'N  032°17.0’E 930.4° 104.6° 5 30 6 1.204 1700000 17.00 54.73
5 31925.0°N 032°20.0°E 16.2° 170.9° 5 30 6 1.204 1700000 17.00 0.95
6  31°194°N 032°224°E 6.0’ 159.9° 5 30 6 1.204 1700000 17.00 0.35
7 31°06.0°N  032°18.5’E 13.8° 194.0° 5 30 6 1.204 1700000 17.00 0.81
8  30°48.5’N  032°19.I'E 17.5 178.3° 5 30 6 1.204 1700000 17.00 1.03
9  30°42.9°N 032°20.6’E 5.8 167.0° 5 30 6 1.204 1700000 17.00 0.34
10 30°42.0°N 032°20.7’E 0.9’ 174.5° 5 30 6 1.204 1700000 17.00 0.05
11 30°37.0'N  032°194’E 5.1° 192.6° 5 30 6 1.204 1700000 17.00 0.30
12 30°35.4’'N 032°18.5°E 1.8° 205.8° 5 30 6 1.204 1700000 17.00 0.10
13 30°34.3’'N 032°18.2°E .17 193.2° 5 30 6 1.204 1700000 17.00 0.07
14 30°33.3’N  032°184°E 1.0 170.2° 5 30 6 1.204 1700000 17.00 0.06
15 30°32.5°N 032°18.9’E 0.9’ 151.7° 5 30 6 1.204 1700000 17.00 0.05
16 30°31.0’N 032°20.2°E 1.9° 143.3° 5 30 6 1.204 1700000 17.00 0.11
17 30°28.5°’N  032°20.7’E 2.5 170.2° 5 30 6 1.204 1700000 17.00 0.15
18  30°26.3’N  032°21.2°E 2.2 168.9° 5 30 6 1.204 1700000 17.00 0.13
19 30°21.5’N 032°22.2°E 4.9 169.8° 5 30 6 1.204 1700000 17.00 0.29
20 30°16.8’N 03226 4’E 5.9 142.4° 5 30 6 1.204 1700000 17.00 0.35
21 30°15.3’N 032°31.5’E 4.7 108.8° 5 30 6 1.204 1700000 17.00 0.27
22 30°14.5°N 032°32.4’E 1.1 135.8° 5 30 6 1.204 1700000 17.00 0.07
23 30°12.5°N 032°33.7°E 2.3 150.7° 5 30 6 1.204 1700000 17.00 0.14
24 30°11.6’N  032°34.1’E 1.0° 159.0° 5 30 6 1.204 1700000 17.00 0.06
25 30°03.7’N  032°34.3’E 79 178.7° 5 30 6 1.204 1700000 17.00 0.47
26 29°58.4’N 032°35.2°E 5.4 171.6° 5 30 6 1.204 1700000 17.00 0.32
27 29°57.2°N  032°35.0°E 1.2’ 188.2° 5 30 6 1.204 1700000 17.00 0.07
28  29°56.I’N  032°34.1’E 1.4 215.3° 5 30 6 1.204 1700000 17.00 0.08
29 29°552°N 032°32.9°E 1.4 229.1° 5 30 6 1.204 1700000 17.00 0.08
30 29°54.0’N 032°32.8’E 1.2’ 184.1° 5 30 6 1.204 1700000 17.00 0.07
31 29°51.2°N 032°33.2°E 2.8 172.9° 5 30 6 1.204 1700000 17.00 0.17
32 29°46.6°N  032°31.0’E 5.0° 202.5° 5 30 6 1.204 1700000 17.00 0.29
33 29°35.0’N 032°30.5°E 11.6° 182.1° 5 30 6 1.204 1700000 17.00 0.68
34 29°10.0°N  032%43.6’E 27.5° 155.5° 5 30 6 1.204 1700000 17.00 1.62
35 28°45.0'N 032°54.0’E 26.7 160.0° 5 30 6 1.204 1700000 17.00 1.57
36 28°15.0°’N 033°13.6’E 347 150.1° 5 30 6 1.204 1700000 17.00 2.04
37 28°06.9°’N 033°21.4°E 10.6° 139.7° 5 30 6 1.204 1700000 17.00 0.63
38 27°474°N  033%45.0’E 28.6° 133.1° 5 30 6 1.204 1700000 17.00 1.68
39 27°289'N 034°04.2°E 25.2° 137.4° 5 30 6 1.204 1700000 17.00 1.48
40  25°00.0°N 036°00.0’E 181.9° 145.1° 5 30 6 1.204 1700000 17.00 10.70
41 19°00.0°N  039°00.0’E 397.5° 155.1° 5 30 6 1.204 1700000 17.00 23.38
42 15°30.0'N  041°41.8’E 261.2° 143.7° 5 30 6 1.204 1700000 17.00 15.36
43 14°02.0°N 042°49.0’E 109.6° 143.6° 5 30 6 1.204 1700000 17.00 6.45
44 13°13.0°’N 043°01.7’E 50.6° 165.9° 5 30 6 1.204 1700000 17.00 2.98
45 12°36.0'N  043°19.3’E 40.9° 155.1° 5 30 6 1.204 1700000 17.00 2.40
46 12°03.9°'N  044°13.8’E 62.3 121.1° 5 30 6 1.204 1700000 17.00 3.66
47 15°00.0°N 052°09.0’E 495.2° 69.1° 5 30 6 1.204 1700000 17.00 29.13
48  17°38.0°N  057°57.3’E 370.4° 64.7° 5 30 6 1.204 1700000 17.00 21.79
49 24°233’'N  066°34.6’E 631.2° 50.0° 5 30 6 1.204 1700000 17.00 37.13
50 24°44.9°'N 066°57.2°E 29.9 43.6° 5 30 6 1.204 1700000 17.00 1.76
Distance 4511.0° Cons = 1105.63mt
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Table 2

Estimates of the efficiency of rotor sails in January and April for the passage
from the port of Barcelona to the port of Karachi

WD

315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
0.0°
135.0°
135.0°
90.0°
90.0°
90.0°
90.0°
90.0°
90.0°
90.0°

WCA

163.7°
170.2°
149.6°
144.1°
155.1°
121.0°
136.7°
148.0°
140.5°
122.4°
109.2°
121.8°
144.8°
163.3°
171.7°
144.8°
146.1°
145.2°
172.6°
153.8°
179.2°
164.3°
156.0°
136.3°
143.4°
126.8°
99.7°

85.9¢

130.9°
142.1°
112.5°
132.9°
159.5°
155.0°
164.9°
175.3°
178.1°
177.6°
169.9°
155.1°

8.7°
8.6°

75.9°

65.1°

31.1°

20.9°

25.3°

40.0°

46.4°

W3

[m/s]
12.9
12.9
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
7.7
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3

JANUARY
{Vy} P
[m/s] [N]
3.61 554481
220 205571
520 1149498
6.03 1547940
433 797312
8.81 1800000
7.05 1800000
545 1265585
6.54 1800000
8.68 1800000
9.71 1800000
8.74 1800000
593 1496460
296 371741
148 92776
593 1495967
574 1400140
5.87 1465791
132 73675
454 876289
0.15 918
2.78 328490
418 743266
7.11 1800000
6.13 1601381
8.23 1800000
10.13 1800000
10.25 1800000
7.77 1800000
632 1699979
9.50 1800000
7.54 1800000
3.59 549374
434 803193
268 306676
0.84 29879
034 5005
043 7910
135 77877
432 794772
1.55 101930
153 99594
9.97 1800000
9.33 1800000
531 1198936
3.66 570626
439 821419
6.61 1800000
7.45 1800000

Effect.
%
32.62
12.09
67.62
91.06
46.90
105.88
105.88
74.45
105.88
105.88
105.88
105.88
88.03
21.87
5.46
88.00
82.36
86.22
4.33
51.55
0.05
19.32
43.72
105.88
94.20
105.88
105.88
105.88
105.88
100.00
105.88
105.88
3232
47.25
18.04
1.76
0.29
0.47
4.58
46.75
6.00
5.86
105.88
105.88
70.53
33.57
48.32
105.88
105.88
Econ
%

Cons.
[mi]
30.52
8.31
154.20
3.62
0.69
3.59
4.55
1.05
0.24
1.33
0.46
0.29
0.22
0.05
0.03
0.55
0.45
1.03
0.06
0.59
0.00
0.11
0.10
2.05
1.24
0.32
0.35
0.36
0.31
0.69
1.29
3.02
2.18
3.09
1.53
0.05
0.02
0.03
2.04
45.54
3.84
1.57
13.14
10.60
10.77
40.74
43.86
163.81
7.75
572.25
51.76%

WD

0

315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
0.0°
0.0°
0.0°
135.0°
45.0°
45.0°
45.0°
45.0°
45.0°
45.0°
45.0°

WCA

o

163.7°
170.2°
149.6°
144.1°
155.1°
121.0°
136.7°
148.0°
140.5°
122.4°
109.2°
121.8°
144.8°
163.3°
171.7°
144.8°
146.1°
145.2°
172.6°
153.8°
179.2°
164.3°
156.0°
136.3°
143.4°
126.8°
99.7°
85.9°
130.9°
142.1°
112.5°
132.9°
159.5°
155.0°
164.9°
175.3°
178.1°
177.6°
145.1°
155.1°
143.7°
8.6°
120.9°
110.1°
76.1°
24.1°
19.7°
5.0°
1.4°

W3

[m/s]
12.9
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
7.7

APRIL

Wy}
[m/s]
3.61
1.76
5.20
6.03
4.33
8.81
7.05
5.45
6.54
8.68
9.71
8.74
5.93
2.96
1.48
5.93
5.74
5.87
1.32
4.54
0.15
2.78
4.18
7.11
6.13
8.23
10.13
10.25
7.77
6.32
9.50
7.54
3.59
4.34
2.68
0.84
0.34
0.43
5.88
4.32
6.09
1.53
8.82
9.65
9.98
4.20
3.47
0.89
0.19

[
IN]
554481
131566
1149498
1547940
797312
1800000
1800000
1265585
1800000
1800000
1800000
1800000
1496460
371741
92776
1495967
1400140
1465791
73675
876289
918
328490
743266
1800000
1601381
1800000
1800000
1800000
1800000
1699979
1800000
1800000
549374
803193
306676
29879
5005
7910
1471810
794772
1579304
99594
1800000
1800000
1800000
751764
510995
33785
1557

Effect.

32.62
7.74
67.62
91.06
46.90
105.88
105.88
74.45
105.88
105.88
105.88
105.88
88.03
21.87
5.46
88.00
82.36
86.22
433
51.55
0.05
19.32
43.72
105.88
94.20
105.88
105.88
105.88
105.88
100.00
105.88
105.88
32.32
47.25
18.04
1.76
0.29
0.47
86.58
46.75
92.90
5.86
105.88
105.88
105.88
44.22
30.06
1.99
0.09
Econ
%

Cons.
[mi]
30.52
532
154.20
3.62
0.69
3.59
4.55
1.05
0.24
1.33
0.46
0.29
0.22
0.05
0.03
0.55
0.45
1.03
0.06
0.59
0.00
0.11
0.10
2.05
1.24
0.32
0.35
0.36
0.31
0.69
1.29
3.02
2.18
3.09
1.53
0.05
0.02
0.03
38.59
45.54
59.47
1.57
13.14
10.60
16.16
53.68
27.28
3.07
0.01
494.71
44.74%
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Table 3

Estimation of the efficiency of rotor sails in July and October for the passage

from the port of Barcelona to the port of Karachi

WD

315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
225.0°
225.0°
225.0°
225.0°
225.0°

WCA

163.7°
170.2°
149.6°
144.1°
155.1°
121.0°
136.7°
148.0°
140.5°
122.4°
109.2°
121.8°
144.8°
163.3°
171.7°
144.8°
146.1°
145.2°
172.6°
153.8°
179.2°
164.3°
156.0°
136.3°
143.4°
126.8°
99.7°

85.9°

130.9°
142.1°
112.5°
132.9°
159.5°
155.0°
164.9°
175.3°
178.1°
177.6°
169.9°
159.9°
171.3°
171.4°
149.1°
159.9°
103.9°
155.9°
160.3°
175.0°
178.6°

WS
Vi
[m/s]
10.3
7.1
7.7
7.7
7.7
7.7
7.7
7.7
7.1
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
7.7
7.7
7.7
7.1
7.7
7.7
7.7
15.4
15.4
15.4
15.4
12.9

JULY

{Vy} P
[m/s] [N]
2.89 354868
1.32 74006
390 646592
452 870716
325 448488
6.61 1800000
529 1190547
4.09 711891
491 1025380
6.51 1800000
7.28 1800000
6.55 1800000
445 841759
222 209105
1.11 52186
445 841482
430 787579
440 824507
0.99 41442
3.40 492913
0.11 516
2.08 184775
3.13 418087
533 1209498
6.13 1601381
8.23 1800000
10.13 1800000
10.25 1800000
7.77 1800000
6.32 1699979
9.50 1800000
7.54 1800000
3.59 549374
434 803193
2.68 306676
0.84 29879
0.34 5005
0.32 4449
1.35 77877
2.65 299941
1.16 57336
1.15 56022
396 665674
2.65 299481
14.97 1800000
6.30 1691469
520 1149738
1.34 76017
0.32 4325

Effect.

%
20.87
4.35
38.03
51.22
26.38
105.88
70.03
41.88
60.32
105.88
105.88
105.88
49.52
12.30
3.07
49.50
46.33
48.50
2.44
28.99
0.03
10.87
24.59
71.15
94.20
105.88
105.88
105.88
105.88
100.00
105.88
105.88
32.32
47.25
18.04
1.76
0.29
0.26
4.58
17.64
3.37
3.30
39.16
17.62
105.88
99.50
67.63
4.47
0.25
Econ
%

Cons.

[m]
19.54
2.99
86.74
2.04
0.39
3.59
3.01
0.59
0.13
1.33
0.46
0.29
0.12
0.03
0.01
0.31
0.26
0.58
0.04
0.33
0.00
0.06
0.06
1.38
1.24
0.32
0.35
0.36
0.31
0.69
1.29
3.02
2.18
3.09
1.53
0.05
0.02
0.02
2.04
17.19
2.16
0.89
4.86
1.76
16.16
120.77
61.39
6.92
0.02
372.90
33.73%

WD
o

315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
0.0°
0.0°
0.0°
135.0°
135.0°
180.0°
90.0°
225.0°
0.0°
0.0°
0.0°
0.0°

WCA
o

163.7°
170.2°
149.6°
144.1°
155.1°
121.0°
136.7°
148.0°
140.5°
122.4°
109.2°
121.8°
144.8°
163.3°
171.7°
144.8°
146.1°
145.2°
172.6°
153.8°
179.2°
164.3°
156.0°
136.3°
143.4°
126.8°
99.7°
85.9°
130.9°
142.1°
112.5°
132.9°
159.5°
155.0°
164.9°
175.3°
178.1°
137.4°
145.1°
155.1°
8.7°
8.6°
14.1°
65.1°
103.9°
69.1°
64.7°
50.0°
43.6°

WS
V3
[m/s]
10.3
10.3
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7

OCTOBER

%% P

[m/s] [N]
2.9 354868
1.8 131566
39 646592
4.5 870716
32 448488
6.6 1800000
53 1190547
4.1 711891
49 1025380
6.5 1800000
7.3 1800000
6.6 1800000
44 841759
22 209105
1.1 52186
4.4 841482
43 787579
44 824507
1.0 41442
3.4 492913
0.1 516
2.1 184775
3.1 418087
7.1 1800000
6.1 1601381
8.2 1800000
10.1 1800000
10.3 1800000
7.8 1800000
63 1699979
9.5 1800000
7.5 1800000
3.6 549374
43 803193
2.7 306676
0.8 29879
0.3 5005
52 1158867
44 827893
32 447059
1.2 57336
1.1 56022
1.9 150928
7.0 1800000
7.5 1800000
7.2 1800000
7.0 1800000
5.9 1483300
53 1202123

Effect.

%
20.87
7.74
38.03
51.22
26.38
105.88
70.03
41.88
60.32
105.88
105.88
105.88
49.52
12.30
3.07
49.50
46.33
48.50
2.44
28.99
0.03
10.87
24.59
105.88
94.20
105.88
105.88
105.88
105.88
100.00
105.88
105.88
32.32
47.25
18.04
1.76
0.29
68.17
48.70
26.30
3.37
3.30
8.88
105.88
105.88
105.88
105.88
87.25
70.71
Econ
%

Cons.

[mi]
19.54
5.32
86.74
2.04
0.39
3.59
3.01
0.59
0.13
1.33
0.46
0.29
0.12
0.03
0.01
0.31
0.26
0.58
0.04
0.33
0.00
0.06
0.06
2.05
1.24
0.32
0.35
0.36
0.31
0.69
1.29
3.02
2.18
3.09
1.53
0.05
0.02
4.21
21.71
25.62
2.16
0.89
1.10
10.60
16.16
128.52
96.11
134.99
5.18
588.97
53.27%
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In the Mediterranean Sea and the Suez Canal in January, the northwest wind prevails,
and after leaving the Suez Canal, the wind changes to the north and later to the southeast,
on the final segments of the route, the wind changes to the east. Figure 1 illustrates
a graphic plan for the passage from the port of Barcelona to the port of Karachi.

In April, on segments of the route, lying in the Indian Ocean, the wind direction
changes to the northeast, which reduces the efficiency of rotor sails. In July, wind speed
decreases on Mediterranean segments, and the direction in the Indian part of the route
changes to the southwest, that reduces the theoretical total efficiency of rotor sails
to 33.73% in July. In October, the wind speed in the Indian Ocean decreases, but
the direction on the corresponding segments changes to the north, which positively
affects the efficiency of rotor sails. The theoretical efficiency of rotor sails in October
reaches 53.27%. All changes in the efficiency of rotor sails are shown graphically in
the figure 2.

Rotor Sails Effectiveness BARCELONA
KARACHI

60,00%
50,00%
40,00%
30,00%
20,00%
10,00%

0,00%
0 1 2 3 4 5 6 7 8 9 10 11 12

=@-=Rotor Sails Effectiveness BARCELONA KARACHI

Fig. 2. Efficiency of rotor sails on the route “Barcelona — Karachi”

Analyzing tables 2, 3 and the graph of Figure 2, we can conclude that the least
efficiency of rotor sails on the route “Barcelona — Karachi” on summer, and the largest
in autumn. Each ribbon of tables 2 and 3 responses a specific segment, therefore,
if necessary, you can change the turning points and calculate possible changes in
the efficiency of rotor sails.

The passage “NANTES — GIBRALTAR” characterized by frequent changes of wind
direction. Table 4 shows the underlying data for this passage.

From table 4 take fuel consumption engine without using rotor sails. In tables 5,
6 shown fuel economy, achieved through rotor sails in January and April and July
and October respectively.
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As you can see, the winds on this route are very changeable: in January, southwest,
northeast and westerly winds prevail, in April — western. This causes the lowest efficiency
of rotor sails in April and the highest — in January. In July and October, efficiency is
quite high due to the northerly winds.

ROTOR SAILS EFFECTIVENESS FOR
"NANTES-GIBRALTAR"

70,00%
60,00%
50,00%
40,00%
30,00%
20,00%

10,00%

0,00%
0 1 2 3 4 5 6 7 8 9 10 11 12

—#—ROTOR SAILS EFFECTIVENESS FOR "NANTES-GIBRALTAR"
Fig. 3. Efficiency of rotor sails on the route “NANTES — GIBRALTAR”
Figure 3 understands that the efficiency of rotor sails as a ship power plant on

the route “NANTES — GIBRALTAR” is generally stable except in spring. Figure 4 shows
the graphical plan of the passage from the port of NANTES to the port of GIBRALTAR.

-~

Fig. 4. Passage NANTES-GIBRALTAR
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Passage from the port of Nantes to the port of Gibraltar (Fig. 4.) explains changes in
wind direction if you impose it on meteorological wind maps.

To assess the capabilities of rotor sails in northern latitudes, the effectiveness of their
work was calculated for the passage “Murmansk — Puerto Cabello”. The initial data is
written in a table 7.

Table 7
Base table of the passage “MURRMANSK — PUERTO CABELLO”
No Latitude Longitude Dist. Course d H n p P (req.) :,;:Zfll Time
1  68°59.5°’N  033°%03.2°E 0 [m] [m] item [kg/m’] [N] knots [hours]
2 68°59.6°N  033°02.8’E 0.2’ 3049° 5 30 6 1.204 1700000  17.0 0.01
3 69°02.0'N  033°03.3’E 2.4 4.3° 5 30 6 1.204 1700000  17.0 0.14
4 69°03.1’'N  033°04.0’E 1.1 128° 5 30 6 1.204 1700000  17.0 0.07
5 69°03.8°'N  033°09.0’E 1.9 68.6° 5 30 6 1.204 1700000  17.0 0.11
6  69°04.8°'N  033°19.2°E 3.8 747° 5 30 6 1.204 1700000  17.0 0.22
7 69°07.5°N  033°28.6’E 43 512° 5 30 6 1.204 1700000  17.0 0.25
8  69°10.2’N  033°32.8’E 3. 29.0° 5 30 6 1.204 1700000  17.0 0.18
9  69°11.9°N  033°32.6’E 1.7 357.6° 5 30 6 1.204 1700000  17.0 0.10
10 69°17.9°'N  033°32.1’E 6.0° 3583° 5 30 6 1.204 1700000  17.0 0.35
11 69°19.7°N  033°35.5°E 2.2 337° 5 30 6 1.204 1700000  17.0 0.13
12 70°05.0'N  033°35.5’E 45.4° 0.0° 5 30 6 1.204 1700000  17.0 2.67
13 70°47.0°'N  032°00.0’E 529 3227° 5 30 6 1.204 1700000  17.0 3.11
14 71289°'N  029°05.0'E 705" 306.5° 5 30 6 1.204 1700000  17.0 4.15
15 71°45.0°'N  025°50.0’E 637" 2847° 5 30 6 1.204 1700000  17.0 3.75
16  71°32.0°N 022°18.0’E 68.1°  259.0° 5 30 6 1.204 1700000  17.0 4.01
17 71°01.9°N  018°49.0’E 73.6> 2458° 5 30 6 1.204 1700000  17.0 433
18 68°12.0°N  010°00.0’E  250.77 227.3° 5 30 6 1.204 1700000  17.0 14.74
19  67°28.0°'N  008°58.5’E 498  207.8° 5 30 6 1.204 1700000  17.0 2.93
20 60°55.0°'N  002°04.4’W  487.0° 216.1° 5 30 6 1.204 1700000  17.0 28.64
21 60°34.5°N  002°25.0'W 22.9°  2062° 5 30 6 1.204 1700000  17.0 1.35
22 58°58.0'N  004°58.0'W  123.7°  218.6° 5 30 6 1.204 1700000  17.0 7.28
23 57°58.2’N  006°16.4°W 72,6  2144° 5 30 6 1.204 1700000  17.0 4.27
24 57°54.0°'N  006°30.1’W 8.4 240.0° 5 30 6 1.204 1700000  17.0 0.49
25 57°43.6'N  006%46.3°W 135> 2197° 5 30 6 1.204 1700000  17.0 0.80
26 56°21.1'N  007°30.4°W 86.1° 196.2° 5 30 6 1.204 1700000  17.0 5.06
27  56°11.0°'N  007°30.4°W 10.1° 180.0° 5 30 6 1.204 1700000  17.0 0.60
28 55°23.8°'N  00627.4°W 59.1”  143.1° 5 30 6 1.204 1700000  17.0 3.48
29  55°20.9°'N  006°08.1"W 114 104.8° 5 30 6 1.204 1700000  17.0 0.67
30 54°41.5°N 005°13.7°W 50.3’ 141.6° 5 30 6 1.204 1700000  17.0 2.96
31 53924.0°N  005°19.0°'W 7777 1823° 5 30 6 1.204 1700000  17.0 4.57
32 52°10.0°N  006°07.0°'W 79.6>  2014° 5 30 6 1.204 1700000  17.0 4.68
33 51°03.5°N 008°23.0'W  107.7° 231.8° 5 30 6 1.204 1700000  17.0 6.33
34 50°55.0'N 008°48.8°W 184> 2424° 5 30 6 1.204 1700000  17.0 1.08
35 39°17.3°’N 031°02.7’W  1166.3° 233.3° 5 30 6 1.204 1700000  17.0 68.61
36 18°39.0'N  063°36.0°'W  2095.1° 233.8° 5 30 6 1.204 1700000  17.0 123.24
37 10°30.0'N  068°01.0°'W  553.0° 207.7° 5 30 6 1.204 1700000  17.0 32.53
38 10°29.1’'N  068°00.8°W 0.9’ 167.7° 5 30 6 1.204 1700000  17.0 0.05
39 10°29.0’N  068°00.5°W 0.3 108.7° 5 30 6 1.204 1700000  17.0 0.02
Distance 5745.6° Cons.= 1408.2 mt
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From the calculations of Table 7 it turns out that without the use of rotor sails, fuel
consumption on the route “Murmansk — Puerto Cabello” will reach 1408.2 mt. Further
performance calculations will be based on this figure. Tables 8, 9 calculated efficiency
for this route at different times of the year.

Table 8
Estimation of the efficiency of roto sails in January and April for the passage
from the port of Murmansk to the port of Puerto Cabello

JANUARY APRIL
WS Cons. WS Cons.
WD  WCA v {Vy} P Effect. Econ. WD  WCA Vi {Vy} P Effect. Econ.
0 o [m/s]  [m/s] [N] % [mt] o o [m/s]  [m/s] [N] % [mt]

225°  79.9° 12.9 12.65 1800000  105.88 0.0 | 180° 1249° 7.7 632 1702003 100.12 0.0
225°  139.3° 12.9 8.39 1800000  105.88 0.6 |180° 175.7° 7.7  0.57 14006 0.82 0.0
225°  147.8° 12.9 6.84 1800000  105.88 03 | 180° 167.2° 7.7 1.71 124602 7.33 0.0
225°  156.4° 12.9 5.15 1127232 66.31 03 | 180° 111.4° 7.7 7.18 1800000  105.88 0.5
225°  150.3° 12.9 6.36 1719944 101.17 0.9 |180° 1053° 7.7  7.44 1800000  105.88 1.0
225°  173.8° 12.9 1.38 80831 4.75 0.1 180° 128.8° 7.7  6.01 1534615  90.27 1.0
225°  164.0° 12.9 3.55 535562 31.50 02 | 180° 151.0° 7.7 373 593622 34.92 0.3
225°  132.6° 12.9 9.46 1800000  105.88 0.4 |180° 177.6° 7.7  0.32 4414 0.26 0.0
225°  133.3° 12.9 9.35 1800000  105.88 1.6 | 180° 178.3° 7.7 023 2204 0.13 0.0
225°  168.7° 12.9 2.51 269155 15.83 0.1 180°  146.3° 7.7 428 779342 45.84 0.2

225°  135.0° 12.9 9.09 1800000  105.88 11.8 | 180° 180.0° 7.7  0.00 0 0.00 0.0
225° 97.7° 129 1273 1800000  105.88  13.7 | 135° 172.3° 103 1.38 81016 4.71 0.6
225° 81.5° 129  12.71 1800000  105.88 183 | 135° 171.5° 103 1.52 97819 5.75 1.0

225° 59.7° 129 11.09 1800000  105.88 16.5 | 135° 149.7° 103 5.19 1146808  67.46 10.5
225° 34.0° 12.9 7.18 1800000  105.88 17.7 | 135° 124.0° 103 8.52 1800000 105.88 17.7
225° 20.8° 154 5.48 1279344 75.26 13.6 | 135° 110.8° 103 9.61 1800000 105.88 19.1
225° 2.3° 15.4 0.61 15965 0.94 0.6 |135° 92.3° 103 10.27 1800000  105.88 65.0
180°  27.8° 15.4 7.19 1800000  105.88 12.9 0° 152.2° 129 599 1528848  89.93 11.0
180° 36.1° 154 9.10 1800000  105.88  126.4 | 225° 8.9° 103 1.58 106476 6.26 7.5
225° 18.8° 129 415 733242 43.13 24 |225° 18.8° 103 332 469275 27.60 1.5
225° 6.4° 129 143 87540 5.15 1.6 | 225° 6.4° 103 1.15 56026 3.30 1.0
225° 10.6° 129 236 236290 13.90 2.5 | 225°  10.6° 103 1.89 151225 8.90 1.6
225° 15.0° 129 332 470398 27.67 0.6 |225° 15.0° 103 2.66 301055 17.71 0.4
225° 5.3° 129  1.19 60315 3.55 0.1 225° 5.3° 103 0.95 38602 2.27 0.1
225° 28.8° 129  6.19 1629451 95.85 20.2 | 225° 28.8° 10.3 495 1042849  61.34 12.9
225° 45.0° 129  9.09 1800000  105.88 2.6 | 225° 45.0° 103 7.27 1800000  105.88 2.6
225° 81.9° 129 12.72 1800000  105.88 153 |225°  81.9° 10.3  10.18 1800000  105.88 153
225° 120.2° 129  11.11 1800000  105.88 2.9 |225° 120.2° 10.3 889 1800000  105.88 2.9
225° 83.4° 129 12.76 1800000  105.88 13.1 |225° 834° 10.3  10.21 1800000  105.88 13.1
225° 42.7° 129 871 1800000  105.88  20.2 | 225° 42.7° 103 6.97 1800000 105.88 20.2
225° 23.6° 129 514 1124530 66.15 12.9 |225° 23.6° 103 4.11 719699 42.34 8.3
225° 6.8° 129 1.52 97954 5.76 1.5 | 225° 6.8° 103 1.21 62691 3.69 1.0
225° 17.4° 129 384 626553 36.86 1.7 | 225° 17.4° 103 3.07 400994 23.59 1.1
225° 8.3° 154 223 211740 12.46 35.6 | 270° 36.7° 103 6.14 1604932  94.41 269.9
90° 143.8° 103 6.07 1566346 92.14  473.1 | 90° 143.8° 103 6.07 1566346  92.14 473.1
90° 117.7° 103 9.11 1800000  105.88 1435 | 90° 117.7° 103  9.11 1800000 105.88  143.5
90° 77.7° 103 10.04 1800000  105.88 0.2 90° 77.7° 103 10.04 1800000  105.88 0.2
90° 18.7° 103 3.30 463543 27.27 0.0 90° 18.7° 103 330 463543 27.27 0.0
Econ. 986.2 Econ. 1104.2
% 70% % 78%
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from the port of Murmansk to the port of Puerto Cabello

Table 9
Estimation of the efficiency of rotor sails in July and October for the passage

WD

135°
135°
135°
135°
135°
135°
135°
135°
135°
135°
135°
135°
135°
90°
90°
90°
225°
225°
225°
225°
225°
225°
225°
225°
225°
225°
225°
225°
270°
270°
270°
270°
270°
225°
90°
90°
90°
90°

WCA

169.9°
130.7°
122.2°
66.4°
60.3°
83.8°
106.0°
137.4°
136.7°
101.3°
135.0°
172.3°
171.5°
165.3°
169.0°
155.8°
2.3°
17.2°
8.9°
18.8°
6.4°
10.6°
15.0°
5.3°
28.8°
45.0°
81.9°
120.2°
128.4°
87.7°
68.6°
38.2°
27.6°
8.3°
143.8°
117.7°
77.7°
18.7°

WS
1\
[m/s]
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
10.3
10.3
10.3
10.3
10.3
7.7
7.7
7.7
7.7
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
9.0
9.0
10.3
10.3
10.3

JULY
{Vy} P
[m/s] [N]
135 77939
5.84 1452573
6.53 1800000
7.06 1800000
6.70 1800000
7.67 1800000
741 1800000
522 1159286
529 1190235
7.56 1800000
545 1264864
1.03 45571
114 55023
260 288452
196 164252
421 754041
0.41 7095
3.04 393102
1.19 59893
249 263967
086 31514
141 85064
2.66 301055
095 38602
495 1042849
727 1800000
10.18 1800000
8.89 1800000
8.06 1800000
10.27 1800000
9.57 1800000
6.36 1721381
477 967011
130 72050
531 1199233
9.11 1800000
10.04 1800000
330 463543

Effect.

%
4.58
85.45
105.88
105.88
105.88
105.88
105.88
68.19
70.01
105.88
74.40
2.68
3.24
16.97
9.66
44.36
0.42
23.12
3.52
15.53
1.85
5.00
17.71
227
61.34
105.88
105.88
105.88
105.88
105.88
105.88
101.26
56.88
4.24
70.54
105.88
105.88
27.27
Econ.
%

Cons.
Econ.

[mi]
0.0
0.5
0.3
0.5
1.0
1.1
0.8
0.3
1.0
0.6
8.3
0.3
0.6
2.6
1.6
8.0
0.3
2.8
42
0.9
0.6
0.9
0.4
0.1
12.9
2.6
153
29
13.1

20.2

20.7

26.7
2.6
12.1

362.2

143.5
0.2
0.0

672.8

48%

WD  WCA WS {V}

0

225°
225°
225°
225°
225°
225°
225°
225°
225°
225°
225°
225°
225°
225°
225°
225°
225°
225°
180°
180°
225°
225°
225°
225°
225°
225°
225°
225°
225°
225°
225°
225°
225°
270°
90°
90°
90°
90°

o

79.9°
40.7°
32.2°
156.4°
150.3°
173.8°
16.0°
132.6°
133.3°
11.3°
45.0°
97.7°
81.5°
59.7°
34.0°
20.8°
2.3°
17.2°
36.1°
26.2°
6.4°
10.6°
15.0°
5.3°
28.8°
45.0°
81.9°
120.2°
83.4°
42.7°
23.6°
6.8°
17.4°
36.7°
143.8°
117.7°
77.7°
18.7°

[m/s]
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
12.9
12.9
7.7
7.7
12.9
12.9
12.9
12.9
12.9
12.9
12.9
12.9
12.9
12.9
12.9
12.9
12.9
10.3
10.3
10.3
10.3
10.3

OCTOBER
{Vy} P
[m/s] [/N]
10.12 1800000
6.71 1800000
547 1275430
412 721429
5.09 1100764
1.10 51732
2.84 342760
7.57 1800000
7.48 1800000
2.01 172259
7.27 1800000
10.19 1800000
10.17 1800000
8.87 1800000
575 1405018
3.66 568597
0.51 11087
3.80 614222
4.55 880253
3.40 491503
1.43 87540
236 236290
332 470398
1.19 60315
6.19 1629451
9.09 1800000
12.72 1800000
11.11 1800000
12.76 1800000
8.71 1800000
5.14 1124530
1.52 97954
3.84 626553
6.14 1604932
6.07 1566346
9.11 1800000
10.04 1800000
330 463543

Effect.

%
105.88
105.88
75.03
42.44
64.75
3.04
20.16
105.88
105.88
10.13
105.88
105.88
105.88
105.88
82.65
33.45
0.65
36.13
51.78
2891
5.15
13.90
27.67
3.55
95.85
105.88
105.88
105.88
105.88
105.88
66.15
5.76
36.86
94.41
92.14
105.88
105.88
27.27
Econ.
%

Cons.
Econ.

[mi]
0.0
0.6
0.2
0.2
0.6
0.0
0.2
0.4
1.6
0.1
11.8
13.7
18.3
16.5
13.8
6.0
0.4
4.4
61.8
1.6
1.6
2.5
0.6
0.1
20.2
2.6
153
2.9
13.1
20.2
12.9
1.5
1.7
269.9
473.1
143.5
0.2
0.0
11343
81%

The direction of the wind varies according to the navigation region and the time
of year. In January, southwest and east wind prevails, in April — southeast, east wind.
April and October for this passage are the most effective periods of rotor sails. Figure 5
shows a graph of efficiency.
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Rotor Sails Effectiveness for route MURMANSK
PUERTO CABELLO
90%
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0 1 2 3 4 5 6 7 8 9 10 11 12

==@-=Rotor Sails Effectiveness for route MURMANSK PUERTO CABELLO
Fig. 5. Efficiency of rotor sails on the route MURMANSK — Puerto Cabello

As can be seen from Figure 5, the most unfavorable winds for this route blow in
July, and the most favorable in April and October. In July, the theoretical effectiveness is
the lowest — 48%. And the largest theoretical effectiveness in April — 78% and October —
81%. The most difficult for calculations is the segment between the points 34 i 35, since
the prevailing wind is very volatile here, you have to focus on the general wind trends
in the North Atlantic Ocean.

Figure 6 shows graphically the route of the passage from the port of Murmansk to
the port of Puerto Cabello, which allows you to match it with pilot charts and check
the correctness of the wind recorded for calculations.

D A wu‘_—)“‘“"‘
oLy A |

Fig. 6. Passage “MURMANSK — PUERTO CABELLO”
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Figure 6 clearly shows that the vessel must pass the most inconvenient place for
calculating the wind.
On figure 7 shows changes in the efficiency of rotor sails depending on the time
of year. The most difficult for calculations is the segment between 40° and 30° N, how

much the wind is there is the rotational nature of movement.

Now let’s calculate the theoretical efficiency of rotorsails for the Indian Ocean, for
this we will take the passage from the port of Karwar to the port of Nishtun. Table 10
describes the basic data for the passage from the port of Karwar to the port of Nishtun.
Tables 11, 12 show the effectiveness of rotor sails depending on the time of year for
the passage “KARWAR — NISHTUN”.

No

0 N N kA WN

Base table of the passage plan “KARWAR — NISHTUN”

Latitude

14°48.1°’N
14°48.6’N
14°48.7°’N
14°48.8°’N
15°05.0°N
15°20.0’N
15°35.0’N
14°49.1°’N

Longitude Dist. Course d
074°06.9’E m
074°07.1’E 0.5° 21.1° 5
074°06.4’E 0.7’ 278.4° 5
074°03.3’E 3.0° 271.9° 5
068°15.0'E  337.5° 272.8° 5
062°23.0’'E  340.6° 272.5° 5
056°30.0’E  341.2> 2725 5
052°12.3’E 253.3° 2595 5

Distance 1276.8°

30
30
30
30
30
30

n

item  [kg/m’]

[ 3K i) Nie e e NN

p

1.204
1.204
1.204
1.204
1.204
1.204
1.204

Table 10
P (req.) Zg:izl Time
[/N] [knots]  [hours]
1700000 17.0 0.0
1700000 17.0 0.0
1700000 17.0 0.2
1700000 17.0 19.9
1700000 17.0 20.0
1700000 17.0 20.1
1700000 17.0 14.9
[ Cons= 312.9mt |

From table 10 follows, that without the help of rotor sails, fuel consumption will be
312.9 mt. Total Passage Duration 75.11 hours. With a standard calculation for 6 rotor
sails, it becomes clear that the capacity of this ship’s power plant is more than enough
for the Indian Ocean. And this can be clearly seen in tables 11 and 12.

Table 11
Calculations of the efficiency of rotor sails in January and April for the passage
from the port of Karwar to the port of Nishtun

WD

o
0
0°
0°

45°

45°
45°

WCA

21.1°
81.6°
88.1°
87.2°
132.5°
132.5°
145.5°

WS
1\
[m/s]
7.7
7.7
7.7
10.3
10.3
10.3
10.3

JANUARY
{Vy} P

[m/s] [N]
28 329106
7.6 1800000
7.7 1800000
103 1800000
7.6 1800000
7.6 1800000
58 1445913

Effect.

%
19.36
105.88
105.88
105.88
105.88
105.88
85.05
Econom
%

Cons.
Econ.

mt
0.03
0.18
0.78
87.59
88.39
88.54
52.81
318.31
101.71%

WD

315°
315°
315°
315°
315°
315°
225°

APRIL
WCA ?\//S} {Vy} P
° [m/s]  [m/s] [N]

66.1° 7.7 7.1 1800000
36.6° 1.7 4.6 899042
43.1° 7.7 5.3 1180548
422° 7.7 52 1143362
42.5° 7.7 52 1153368
42.5° 7.7 52 1153550
3450 17 4.4 813326

Effect.

%
105.88
52.88
69.44
67.26
67.85
67.86
47.84
Econom
%

Cons.
Econ.

mt
0.14
0.09
0.51
55.63
56.64
56.74
29.71
199.46
63.74%
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Table 12
Calculations of the efficiency of rotor sails in July and October for the passage
from the port of Karwar to the port of Nishtun

JULY OCTOBER
WD WCA X,S} (Vi P Effect E?SE WD WCA ;"\’,S} VP Effect. gsgs
0 0 [m/s]  [m/s] [/N] % mt 0 0 [m/s]  [m/s] [/N] % mt
270° 111.1° 129 12.0 1800000 105.88 0.14 0° 21.1° 7.7 2.8 329106 19.36 0.03
270°  8.4° 12.9 1.9 150156 8.83 0.01 0° 81.6° 7.7 7.6 1800000 105.88 0.18
270°  1.9° 15.4 0.5 11253 0.66 0.00 0° 88.1° 7.7 7.7 1800000 105.88 0.78
270°  2.8° 12.9 0.6 16248 0.96 0.79 315 87.2° 1.7 7.7 1800000 105.88 87.59
225°  47.5° 15.4 11.4 1800000 105.88 88.39 315°  87.5° 7.7 7.7 1800000 105.88 88.39
225°  47.5° 154 11.4 1800000 105.88 88.54 315°  47.5° 7.7 5.7 1376178 80.95 67.69
225°  34.5° 12.9 7.3 1800000 105.88 65.74 225°  34.5° 7.7 4.4 813326 47.84 29.71
Econom 243.62 Econom 274.36
% 77.85% % 87.67%

The highest efficiency of rotor sails at the Karwar-Nishtun crossing in January,
the smallest in April. Figure 7 shows a graph of changes in the efficiency of rotor sails
depending on the time of year.

ROTOR SAILS EFFECTIVENESS FOR
"KARWAR-NISHTUN"

120,00%
100,00%
80,00%
60,00%
40,00%
20,00%

0,00%
0 1 2 3 4 5 6 7 8 9 10 11 12

=0-=ROTOR SAILS EFFECTIVENESS FOR "KARWAR-NISHTUN"

Fig. 7. Effectiveness of rotor sails on the route “KARWAR — NISHTUN .

According to the figure 7 the highest effectiveness is in January, and the lowest in April.
Figure 8 shows a graphical plan for the passage from the port of Karwar to the port

of Nishtun.

T
s t
o——o— o

il

Fig. 8. Passage “KARWAR — NISHTUN”
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Fig. 8 reveals the graphical features of the passage from the port of Karwar to
the port of Nishtun. On Fig. 9 and 10 depicted prevailing winds on the planet depending
on the time of year. The route of the vessel can be changed taking into account the time
of year, if it is economically profitable.

e B AN |
0 A= NNy >

Teet a0 00 40° 500 400 .30 200 D0 O

Fig. 9. Perennial prevailing winds in January (left) and April (right)

AP A
— it

80" 80" 70" H0° -S5O

Fig. 10. Perennial prevailing winds in July (left) and October (right)

When viewing the wind directions, you can check that the selected wind directions
are correct, and you can also use the PILOT CHARTS and check the wind speed.

To install rotor sails, it is proposed to select the company’s equipment NORSEPOWER
[6-8] and container ships “UMM QARN” and “MSC EMMA”.
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Main characteristics m/v “MSC EMMA” LOA: 366.32m, LPP: 350.00m, Breadth: 48.2 m.
Main characteristics m/v “UMM QARN” LOA: 368.52m, LPP:352.00m,

Breadth:51.00m

From article [2] was selected the variate of cylinder locations “6.1”, since it is

the most effective in terms of thrust and safe in terms of the requirements of the SOLAS
convention apparently for container carrier ship visibility (Fig.11.).

Fig. 11. Cylinder localization scheme from source [2]

This location option is suitable as for a container carrier “MSC EMMA” as same as

for a container carrier ship “UMM QARN™.

6. CONCLUSIONS
Based on the selected vessels, this option of positioning six rotor cylinders with

adiameter of 5 meters will make it possible to significantly save fuel by reducing the load
on the engine. The mathematical experiment allowed to calculate the possibilities
of an alternative ship power plant on different routes. Such a ship power plant will
be able to reduce carbon emissions into the atmosphere by 50% even before the IMO
deadlines [5].

Thrust can also be increased if you strengthen the design of rotor sail. Modern

technologies and old tested ideas can change world marine industry in amazing way.
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CUHEPTETHYHMI MIIXIJA JO IHOOPMALIITHOIO
3ABE3NEUYEHHS 3ABAHTAKEHOCTI CYJIEH
HA TIPUIIOPTOBHUX 3AJIBHUISIX
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Anomauisn

Bemyn. Iliosuwenns egpexmusnocmi excniyamayii npunopmosux 3aii3Huyb 3ajie-
ACUMB 810 3ACOCYBAHHS ITHPHOPMAYTIUHO20 NPOCOPY, AKUL 00 €OHYE OISLIbHICMb Che-
Yianizo8aHux KOMyHiKayiu 01s ix obciyeogysanms. Mema podomu nonsieac y npakmuy-
HOMY 3ACMOCYSAHHI CUHEP2EMUYH020 NIOX00Y 00 po3podyi HOB020 HHOPMAYIUHO20
3a0e3nevents 3a48aHMANCeHOCMI CYOeH HA OCHOBE NPUHYUNIE CUHXPOHI3aYil OisIbHOCHI
saniznuyi i nopmy. Memooonoeis 00cioxiceHb IPYHMYEMbCSL HA HAYKOBGUX NOTONCEHHSX
CUCTNEeMHO20 AHANI3Y, 06 EKMHO-0PIEHMOBAHO20 NPOSPAMYBAHHA MA NONEPEOHIX O0CIi-
OJICEHHAX A8MOpPI6 U000 MPAHCHOPMHO-MEXHOLO2IYHUX CUCEM HPUNOPMOSUX 3ali3-
HUYb | NPOEKMYBAHHSL CNeYIANI308aHUX IHPOpMAYIHUX cucmem 071 IX 00C1Y208Y8aHHS.
Ipoananizoéano npodieMHi NUMAHHS 6AHMAICO00IZY HA NPUNOPMOBUX 3ANIZHUYSAX,
30KpeMa nog sa3aHux 3 HeOOMIKAMU THHOPMAYIIHUX CUCEM,; GUSHAYEHO WLTISXU iX GUDI-
wients. Bzaemooilo 3aniznuuno2o i 600H020 MPAancnopmy Ha8eoeHo y epapiuniil inmep-
npemayii' y 6u2isoi MOOeli CUHep2emu4Ho20 nioxody 00 €OUH020 IHGOpMayiHo2o npo-
cmopy. Moodenv nadae yseieHus npo NPUHYUNY CUHXPOHI3aYiT 0151 KOOPOUHAYIL Cyoich
saniznuyi i nopmy. Ckiadeno npoepamy 3axo0ié w000 RIOSUWEHHS eQheKmUEHOCHI
BUKOHAHHS 8AHMANCHUX ONepayiil 3a PAxyHOK 6NpO8AONCEHH HOBUX OP2AHIZAYIUHUX
piutens 3 inghopmayitino2o 3a6e3neuens, GUKOHAHO ix cumyayiunuti ananiz. Pospoone-
HO IPOEKM IHPOpMayitiHoi cucmemu, SKUll Mamume MOOYIbHY CIPYKMYPY, Wo nepeo-
bauamume pobomy y pexicumax aominicmpamopa i Kopucmyeaua. /[na nanucanns o6asu
OQHUX 3ACMOCOBAHO MOBY npocpamyeanisi Java. Pezynvmamu pobomu anpobosani na
8IpMYanbHill MOOEi i MONCYMb OYMU 3ACMOCO8AHI Y CYUACHIU NPAKMUYi CIMusioop-
HUX ma J102iCMUYHUX KOMNauili. BUCHOGKU: 3a 00NoM02010 CuHepeemuunozo nioxooy
00CTIOMHCEHO B3AEMO38 30K OP2SAHIZAYIHUX, eKOHOMIUHUX MA eKCNIYAMAaYitiHUX CKIa-
008UX 3A8AHMAIICEHHSL CYOEH HA NPUNOPIMOBUX 3ATIZHUYSX 3 PO3POOKOIO HOB020 IHDOP-
Mayiinoeo 3abe3nevents s NiOGUUIEHHS eheKMUBHOCMI OP2AHI3AYIIHUX NPOYeCs.

© Kasumupenko 10.0., /Ipo3n O.B., 2021
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Ipaxmuune 3nauenns pobomu noseamume y pospooyi npocpamu 3axo0ie ma cumy-
AyitiHOMY QHATIZE OP2AHI3AYIIHO-MEXHIYHUX PileHb 3 THHOPMAayitino2o 3abe3neueHms
015 3a8AHMANCEHH CYOeH HA NPUNOPMOBUX 3ANIZHUYSX.

Knrouosi cnosa: ingopmayiiinuii npocmip, eanmanxicoobie, KOOPOUHAYIs CIYHCO
3ani3HUYL | NOPMY, CUMyayitiHull aHani3.

SYNERGY APPROACH TO INFORMATION SUPPORT OF VESSEL LOADING
AT PORT-PORT RAILWAY STATIONS

Yu.0. Kazymyrenko', O.V. Drozd*
Doctor of Technical Sciences, Associate Professor,
Professor at the Department of Information Control Systems and Technologies,
Admiral Makarov National University of Shipbuilding,
Mykolaiv, Ukraine,
ORCID ID: 0000-0002-7120-8226
2PhD, Associate Professor, Dean of Power Engineering Faculty,
Kherson Branch of the Admiral Makarov National University of Shipbuilding,
Kherson, Ukraine,
ORCID ID: 0000-0002-0135-8659

Summary

Introduction. Improving the efficiency of port railways depends on the use of
information space, which combines the activities of specialized communications for
their maintenance. The purpose of the paper is the practical application of a synergistic
approach to the development of new information support for ship load based on the
principles of railway and port activities synchronization. The research methodology is
based on the scientific provisions of systems analysis, object-oriented programming and
previous studies of the authors on the transport and technological systems of port railways
and specialized information systems design for their maintenance. The problematic issues
of cargo turnover on port railways, in particular, related to the shortcomings of information
systems, are analyzed as well as the ways to solve them are determined. The rail and
water transport interaction is presented in the form of a graphical model of a synergetic
approach to common information space. The model provides an idea of the synchronization
principles for the coordination of railway and port services. The program of measures for
increase of cargo operations efficiency by introducing the new organizational decisions
on information support is made, their situational analysis is executed. The project of
the modular structure information system working in administrator and user modes is
developed. To create the database Java programming language was used. The results
of the study are tested on a virtual model and can be applied in the modern practice
of stevedoring and logistics companies. Conclusions: using a synergetic approach, the
interrelation of organizational, economic and operational components of ship loading
at port railways with the new information support development for improving the
organizational processes efficiency. The developed program of measures and situational
analysis of organizational and technical solutions of information support for loading
ships on port railways is of considerable practical significance.

Key words: information space, cargo turnover, coordination of railway and port
services, situational analysis.
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Beryn. [Ipunoprosa 3ami3Hulls siBjisse COO0 BaKJIUBUI CTpaTeridyHuii 00’ €XT 1H)-
pacTpyKTypH, Ha SIKOMY 30Cepe/DKEHI TPAHCIIOPTHI TepMiHaIH, 3aCO0H, TIMPUEMCTBA,
CKJIQJICBKI TIPUMIIIICHHS, TPUYaAIA, aBTOMOOLIBHI Ta 3aJi3HUYHI 111 13H1 MUISIXU TOIIO.
Ix yCHiIlIHA eKCIUTyaTallis BUMaraTuMe KOOPAUHAILIT CITy»KO 3aTi3HULI 1 TOPTY 3 € TUHUM
iH(pOpPMaIIITHAM POCTOPOM, 10 OOYMOBIIIOE aKTYaJIbHICTh TEMATUKH JIOCITiPKEHHSI.

IocranoBka mpodsemu. OcoONMBOCTI YIPAaBIIHHS 3aBAHTAKCHICTIO CyJICH Ha
NPUTIOPTOBHUX 3ANI3HUISIX BUMAraTuMyTh CHHXPOHHOI JisUTBHOCTI KOMyHikaii. ITin-
BUIICHHS €(PEKTHBHOCTI iX eKCIuTyartalii 3a paxyHOK pO3pOOKH CIEIiali30BaHOrO
iHpOpMaNiitHOTO 3a0e3MeYeHHs] 3 BUKOPHCTAHHSM CHUCTEMHO-aHATITUYHOTO MiJIXOLY
€ Ba)XJTUBOIO HAYKOBO-TEXHIYHOIO MPOOIEMOIO.

AHaJi3 ocTaHHIX JociaimkeHb i myGmikamiid. Po3BUTKY mepcreKTHBHHX HaNpSIMKIB
Ta YIOCKOHAJICHHIO TIPOIIECIB B3a€MO/Iii 3aTi3HIYHOTO Ta BOJJHOTO TPAHCIIOPTY Ha MPUTIOpP-
TOBUX 3aJII3HUILIX TPHUCBSIUeHO podotu [1-4]. [IpoBeaeHuii O JTITEPaTypHUX JHKEPEI
JIO3BOJISIE BUJIUTUTH BaXKJIMBI HEOMIKK Ta HEBUPIIICHI MTUTAHHSI, CEPel SIKUX: BiJICYTHICTH
CHCTEMHHUX MapKETHHIOBHX JIOCII/KEHb TIEPCIIEKTUB YTBOPEHHS BAHTA)KOTIOTOKIB; HEBH-
3HAYEHICTh [ SKCIEIUTOPCHKUX 1 CTUBIIOPHUX KOMIIAHIN;, HEOCTATHE PO3raly:KeHHS
OpraHizalliiHiuX CTPYKTYp IOA0 3a0e3reyeHHs] e()eKTUBHOI B3aEMOJIii YYaCHHKIB TpaH-
CIIOPTYBaHHS 1 TIEpepOOKM BAHTaXKIB Y TIOpTaxX; BIICYTHICTh €MHOTO iH(opMaiitHoro
CepeIoBHINA JUTS TUTAHYBAHHS B3a€EMOJIIT PI3HUX BHUIIIB TPAHCIOPTY Y TPHIIOPTOBUX 3aJTi3-
HUYHUX By3/1axX. AHai3 poOiT MoKa3as, M0 caMe OCTaHHE MUTaHHS CIPHATHME KOOP/INHA-
il Ciry»k0 3aJTi3HMII 1 TIOPTY 33 YISl MiJBUIICHHS ¢()EKTUBHOCTI BAHTAXXHUX OIleparliii Ha
NPHUIIOPTOBHX 3aITi3HUIIX. OpraHizaliii Ta ynpasliHHIO BAHTOKHUMH OTICpPAIlisIMU ITPUCBS-
YEHO po0oTH [5, 6], PO3LIIA SIKMX TI0Ka3aB BiJICYTHICTh €JMHOTO 1H(OPMAIIIHOTO cepe-
OBHIIIA JUISI UIAHYBAHHS B3a€MOJIIT PI3HUX BUJIIB TPAHCIIOPTY, 30KpeMa 3aJli3HHIHOTO 1 BOJI-
HOTO. BuzHaueHo, 1110 miBUIIUTH €(DEeKTUBHICT YIPABIIHCHKIX POOIT MOYKHA B PE3YJIBTATI
3aCTOCYBaHHSI CHHEPIeTHYHOTO MiAXOMY [ 7], TOJIOBHUMHU 03HAKAMH SIKOTO BBXKAFOTHCSI BiJI-
CYTHICTh 3aMKHYTOCTi CHCTEMH, il HEPIBHOIIIHHICTh, IOCTATHIN PiBEHb CKIIAJJHOCTI Ta aJiarl-
TUBHOCTI, NPUHIMIM BUIAJKOBUX BIJXWJICHb, JUHAMIYHA i€papxis. Po3poOka HOBOTO
iH(OpMaIIiiTHOrO 3a0e3MeUeHHs TIOBMHHA KOMITJICKCHO BHPIILIYBaTH €KCILTyaTalliiiHi, opra-
Hi3alliiiHi Ta EKOHOMIYHI 3aB/J[aHHsI Ha TICBHUX TPAHCIIOPTHHUX JUISTHKAX.

MeTa po0oTH moJsIrae y NpakTHYHOMY 3aCTOCYBaHHI CHHEPIEeTHYHOTO MiAXOIY JI0
PO3pOOKH HOBOTO 1H(OPMAIIHHOTO 3a0e3eUeHHs] 3aBAaHTAKECHOCTI CYJIcH Ha OCHOBI
MPUHIMIIB CUHXPOHI3aIT AISUTHOCTI 3aJIi3HHUIII 1 TIOPTY.

Buxkiaa ocHoBHOro marepiaay. MeTonosoriudy 0a3y Jjsl TOCHiPKEHHSI CTaHOB-
JISITh OCHOBHI TOJIOXKEHHS TEOpii CKJIAHUX CUCTEM 1 CHCTEMHOI0 aHajisa [7, 8], mpu-
HHATTS piieHb [9], 00’eKTHO-OpieHTOBaHOTO MporpamyBanHs [10], a Takox 10poOOK
aBTOPIB B 00J1aCTI CHCTEMHO-aHATI THYHOTO JIOCITIPKEHHS TPAHCTIOPTHO-TEXHOJIOTTYHUX
CHCTEM MPHUITOPTOBUX 3ali3HUIB [11] Ta mpoeKkTyBaHHS crielianizoBaHuX iH(popMaIiii-
HUX CUCTeM JijIsl X 00ciyroByBanHs [12]. B ocHOBY po3po0Kku HOBOTO CHHEPT€TUYHOT'O
X0y 70 iH(GOPMAIIHHOTO 3a0e3MeUCHHS 3aBaHTAXKEHOCTI CYJICH Ha MPUIIOPTOBUX
3aJTI3HUIAX MTOKJIAICHO TIPUHIIMIHN CKJIaJJaHHsI Kapro-TulaHy i3 3acToCyBaHHSM iH(Op-
Mariitaux cuctem [5, 13]. [Ipoiec BaHTaK000Iry MixK 3aJ1I3HHUIICIO Ta CYTHOM PO3IIIs-
JA€ThCsl SIK (YHKIIOHYBAaHHS PI3HUX CHCTEM (3aJII3HHUII Ta BOJHOTO TPAHCIIOPTY) 3i
CTUTBHUMH 3aKOHOMIPHOCTSIMH, JJISI BUSIBJICHHSI SIKUX aBTOPaMH CKJIaJICHO TPYHTOBHHI
aHaJi3 NpoOIIEeMHUX MUTaHb (Ta0i. 1) 3 BU3HAYCHHSIM NUISXIB JJIS IX BUPIIICHHS.
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Tabmuus 1
AHaJi3 mJIAgXiB BUPilIeHHS MPOo0JeMHUX MUTAaHb BAHTAK000iry
HA MPUNOPTOBHUX 3AJI3HUIAX | MOPOMHUX CTAHIISAX

IIpoGsemHi nuTaHHSA Ilnaxu BUpilIeHHS
@DopMyBaHHS aBTOMATH30BaHO1 3acToCyBaHHS CUCTEMHOTO MiIXOY 1O KOMIUIEKCHOTO
TEXHOJIOTI] yIpaBJIiHHS MporiecoM | (QyHKIIOHYBaHHS BCIX YUaCHHUKIB IIEPEBI3HOTO MPOIIECY
MIPOCYBaHHS BAaHTaXIB (BaHTaXOBIANPABHUKIB, 3aJII3HUYHUX 1 MOPCHKHX
y HanpsIMy TTOPTY TIePEBi3HNKIB, MOPCHKUX ITOPTIB)

CKOpOYCHHS Yacy IMpOCTOIB
3aJII3HAYHMX BaroHiB, ITOB’ SI3aHUX
3 BIACYTHICTIO iH(pOpMALIii 11010
BUTBHHX NPUYATIB

CTBOpCHHS €IMHOI CUCTEMH ONICPATUBHOTO TIAHYBAHHS,
KOHTPOJTIO Ta aHaJi3y B3a€MOIi Pi3HUX BHUIIB TPAHCTIOPTY
B YMOBAX MPHUIIOPTOBHX 3JII3HUIIb 1 MIOPOMHUX CTAHIIIN

[TopiBHSAHHS Ta BHOIp B IEBHUX YMOBaX KOHKPETHOTO
®dopmyBaHHS Pe3epBY BaroHiB BapiaHTy TEXHOJIOTIYHOTO MPOIIECY 3aBAHTAXKCHHS, JUISI
YOro JOIIHHO 3aCTOCOBYBATH METOJ] aHAITI3Y iepapXiit

Po3mupenHs ekcrutyaraiiiHiux
MOXITUBOCTEH TPAHCIIOPTHO-
TEXHOJOTTYHUX CHCTEM

BripoBa pkeHHST HOBHX 3aXOJIIB II0JI0 TEXHIYHOTO
00CITyTOBYBaHHS Ta HOBHX TEXHOJIOTif 0OpOOKH BaHTaXKIB

ByniBHUIITBO HOBHX NEPEBAJIOYHUX ITYHKTIB, TPOBECHHS

MognepHizarist iHQpacTpyKTypH JTHOTIOTTHOIOBAIFHUX POOIT Y aKBaTOPIl MOPTY,
MIPOTIOHYBAHHSI HOBUX TTOCIIYT
[TigBUIIECHHS TOTYHOCTCH CTBOpCHHS JIONATKOBUX CKJIAJICBKHX TSPUTOPIH

TTepeBaHTAKHUX KOMIIIEKCIB Ta MIPUMIIIEHb, 3aCTOCYBaHH: HOBOI TEXHIKH Ta 00NaTHAHHSA

Ha mincraBi BUK/IageHOro BHIE B POOOTI MPOMOHYETHCS MOJEIb CHHEPIETHYHOTO
niaxony a0 iHpopManiitHol B3aeMoaii 3a1i3HIYHOTO 1 BOJHOTO TPAHCIIOPTY Ha MPUIIOP-
TOBHX 3aJli3HUIISIX, rpadiuHy iHTEpIpETAaLilo IKOro HaBeeHO Ha puc. 1.

|
Jasanramenmnn
porRaNTATCHRY ]
cyaen
axTopit ‘

Oprasinasifi i Foscwie| | Bxcasysranitol

Puc. 1. Mooenv cunepeemuynoco nioxooy 00 €0uH020 iHGoOpMayiinoco npocmopy
3ANI3HUYHO20 | BOOHO20 MPAHCHOPMY HA NPUNOPIOGUX 3ATIZHUYSIX

Busuenns iHdopMaIiiitHiX MOTOKIB Ta iX B3a€EMOJIS A€ 3MOTY TPOaHAIi3yBaTH BaH-

Ta)K000IT Ha MPUIIOPTOBUX 3ANI3HUIAX SK Y CIUTLHOMY «OpraHi3Mi». [0JOBHE TOHSTTS
CHHEPTETHKH (TPEIL. GLV-, EPYOV — «IIISITH Pa30M» ) TIOSICHIOE YTBOPSHHS Ta CAMOOPT-aHI3aIlifo
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MOJIEJICH 1 CTPYKTYP Y BIIKPUTHX CHCTeMax [7], TOOTO pO3IIAAAEThCs HEMiHIMHICTh BHY-
TPIIIHIX MPOIECiB, MPHUILTHBY ITOTOKIB 30BHIIIHBOT €HEPTii Ta 3aroCTPEHHsI OJTHOTO i3 CTaHIB,
110 TIOKJIaZICHO B OCHOBY PO3POOKH (pi3UdHOT MOJIeNi Y POEKTYBaHHI HOBOT iH(OpMaIiiHOT
cucteMu. HenmiHiliHUI XapakTep CUCTEMH IOSICHIOETHCS THUM, 1[0 OpraHi3ailis BaHTKHHX
oriepailiii Ha MPUIIOPTOBUX 3ATI3HUILIX Ma€ TICBHI 1HIUBIyalibHI OCOOIMBOCTI, OB’ sI3aH1
3 IHTEPMOIAJIbHICTIO TPAHCIIOPTHO-TEXHOJIOTIYHUX CHCTEM, SIK I1¢ TIOKa3aHo B poOoTi [11].
JisuTbHICTh MIPUITOPTOBOT 3aJTi3HUII OE3MOCEPEAHBO 3AICKUTD BiJl OpraHizamiiHuXx,
E€KOHOMIUHUX 1 eKcIuTyaTaliitaux (hakropis (Tabi. 2), ajie He BiJl cyMapHOro (hyHKIIiO-
HYBaHHSI 3aJTI3HIYHOTO Ta BOJHOTO TPAHCIIOPTY
o (D D D NtD +D | (1)
ne @, — daxropyu (yHKIIOHYBaHHS IPUNOPTOBOI 3anisHulll; @~ — hakropu QyHKIIIO-
HYBaHHs 3QJII3HAYHOTO TpaHcnopty; @~ — pakropu QyHKIIOHYBaHHS BOIHOTO TpPaH-
criopry; @ — Tpyna opraHizauniinux ¢pakropis; @ — rpyna eKOHOMIYHHX (aKTOpiB;

op.
— rpymna exciutyaTaifHux (GakTopis.

op’

eKkcni

Tabmurs 2
Opranizaniiini, ekoHOMiYHI Ta excruryaTaniifHi pakTopn GyHKIiOHyBaHHSA
MPHUIIOPTOBOI 3AJIi3HMUIT

Dakropu Xapakrepucruka Hlasxu mixBUIEHHS
Opramisawiiii BripoBajpkeHHs 3axX0/1iB Po3poOka HOBUX MPOrpaMHUX
P 3 iH(OpPMAaiHHOT TATPHMKH MTPOEKTIB MIPOITYKTiB
CKOpOUYeHHS TepMiHY ITPOCTOIB
E o P PMIHY TIp PO3BUTOK rHYUKHX (OpM
KOHOMIYHI BaroHiB Ta CyjieH, 3pOCTaHHs 00csry S .
. oprasizaiii BAHTa)XOIOTOKIB
BaHTaXKO000ITy
Excruryaraiiii KoperyBaHHs1 aCOPTUMEHTY BaHTaXIB 3a | BupilieHHs 3a1a4 ynpaBiiHHS
Y YMOBaMH MIITHOCTi BaHTOKHUMH OTICPAIlisIMU

AHauti3 cuTyalii moka3aB MOXJIMBICTh CKOPOUCHHS Yacy Ha BaHTaXKHI oIeparii Ik
Ba)KJIMBOTO €KOHOMIYHOTO KPHUTEPIIO 32 paXyHOK PO3BUTKY THYYKUX (JOpM opranizamii
BaHTAXXOTOTOKiB. Bu3HaveHi 3a qonomMororo mozeni (puc. 1) MpuHIMIK CUHXPOHI3amii
3aJTi3HULI Ta MOPTY MOKJIAIeH! B OCHOBY MPOEKTYBaHHS HOBOI iH(OpPMaLIiiHOT CUCTEMU,
JUISL 90TO B POOOTI CKJIaJIeHO Tporpamy 3axofiB (Tabm. 3) moo miaBuIIeHHs eeKTHB-
HOCTI BUKOHAHHS BaHTKHUX OTepaliii 3a paXyHOK BIPOBaPKEHHsI HOBUX OpraHi3alliii-
HUX pilleHs 3 iHpopManiiHOTro 3a0e3neYeHHSI.

Tabmug 3
IIporpama 3axonis
3axoau Peaizauisi 3axoaiB Ta MeTOIM BUPilIeHHS
Bu3HaueHHS CUIBHUX Ta CITAOKUX SWOT-anaini3 opratizaniiiHO-TeXHIYHUX PillICHb
CTOPIH NPOEKTY yAOCKOHAIECHHS 3 iH(popManiiHOTO 3a0e3MeYeHHs Ha TIPUITOPTOBIN
BaHTAKHUX OIepamii 3auTi3HUI (Tadi. 4)
Opranizaliist BAHT@)KOIIOTOKIB [TocranoBka 3anadi 11010 €(hEKTUBHOTO PO3MILLICHHS
31 CKJIaIaHHSIM ONITUMAIIEHOTO BaHTaXIB Ha CYIIHI 3 arpo0aIli€lo pileHHs Ha
Kaproriany MIEBHOMY MPUKIIaII
Po3poOka HOBOTO iH(pOPMAILIIHHOTO Peanizariist MaTeMaTnaHOT MOJIENI 3a JOIIOMOTOIO
3a0e3MeueH s U1 YIIPaBIiHAS UML-MozentoBaHHs y BATVISII HOBOT
MIPOLIECAMHU 3aBaHTAXKEHOCTI CYIAECH iHpopMaNiifHOT cucremMu
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Tabmnus 4
Curyanilinnii anaJi3 icHyl04nxX opraizaniiiHo-TeXHiYHHMX pillleHb
3 indopmauiiinoro 3ade3neyeHHs

Kpurepii SWOT-ananizy XapakTepucTHKA
Strengths JloxymeHTartist 3 6a3010 JaHUX

(cnibHI CTOPOHH ICHYIOUHX OmnepaTBHE yNPaBIiHHS JaHUMH JOKYMEHTAILHOTO THITY
MIPOEKTIB) MOKITHBICTB TUTAHYBAaHHS BAHTA)KHUX OTIepaIliid
Weakness He BupiiieHo muTaHHs MaKCHMaJIbHOT BAHTa)KOMICTKOCTI

(cmaOki CTOPOHU ICHYFOUYHX | Ta BAHTAXKOIITHOMHOCTI Cy[HA, CKOPOYCHHS TCPMiHY IPOCTOO
TIPOEKTIB) 3ac00iB TPAHCTIOPTY B OYiKyBaHHI 3aBaHTAKEHHS

Minimisaiiist 1yOarOBaHHS JaHUX, CIPOIICHHS MPOIICIYP

Opportunities . . X
00pOOKH MOYKITUBOCTI BUKOHAHHSI PO3PaXYHKIB 3 Tpa(idHOI0

(MOXXITHBOCTI PO3BHUTKY)

IHTEPIPETAIIEI0
Threats JloTprMaHHSI YMOB MIITHOCTI Cy/ICH 32 YMOBaMH €(heKTHBHOTO
(3arposn) PO3MIIIICHHS BEIMKOBATOBUX BAHTAXIB

Po3pobneno npoexT inpopMaLiiiHOT CUCTEMHU 3 MOIYJIBHOIO CTPYKTYpolo (puc. 2),
JUIsl HalTMcaHHs 0a3u TaHUX 3aCTOCOBAHO MOBY IPOrpaMyBaHHs Java.

Baza gaHux

el ™~

Joctyn g0 Gasn ‘ OTpHMaHHA Satir

JaHHX pesyIbTaTie

‘ Moayns «Stevedore» ‘ ‘Mon;ym «Forwarder»

O

‘ Momyxs «Initial data» | ‘ Monyas «Cargo plany |

Puc. 2. Cxema 83aemo0ii mooynie cucmemu

CTHCIO 0XapaKTepH3yeEMO MOJIYNi CUCTeMU: «Mainy» Hajae KOpPUCTyBadaM MOXK-
JIUBOCTI 3 TICBHUMHU O3HAKaMHU JIOCTYITHOCTI Ta 3a0e3redye 3B’s30K 3 0a3010 JaHUX;
«Stevedore» — eperNIIHYTH HasBHI BAHTKHI IUTaHU, IEpENIa€ Pe3yabTaTh po3paxyHKiB
JI0 TOJIOBHOTO MOJYJisl, 3a0e3reuye 38’5130k MoayiiB «/nitial data» ta «Cargo plany.
Monynb «Initial data» n03BoJsIE BUKOHATH MEPEBIPKY HASBHOCTI JaHUX MPO BaHTAXK,
CYJIHO, YMOBH peiicy Ta oTpuMaru 1octyn 1o indopmaiii; «Cargo plan» — nae 3Mory Ha
0a3i nepeniyeHoi Bulle iH(GopMaIlii BAKOHATH PO3PaxXyHOK BAHTAXKHOTO IJIaHY CYIHA,
3abe3nedye Horo rpadidHe 300pakeHHS Ta JIO3BOJISIE BUKOHATH PYy4YHE KOpPETYBaHHSI.
Monynb «Forwardery» no3BoIIsi€ To/laBaTH iHPOPMAIIIFO PO BaHTAXK Ta TepelaBaTUME
11 10 TOJIOBHOTO MOJLYJISL.

Pesynbrarin pobotu anpoOoBaHi Ha BipTyasibHI MOJEI aBTOMAaTU30BaHOI POOOTH
MMOPOMHHUX TiepernpaB. [HdopMaliiiHy cucTeMy NPOTECTOBAHO Ui 3ajad OOMIiHY
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iHpOpMAIli€0 TIPU PO3BAHTAKCHHI 3alli3HUYHUX BAaroHiB Ta 3aBaHTaXCHHI CYJICH.
3anpornoHOBaHUK MiJIXiJ] TAaKO)K MOXKe OyTH 3aCTOCOBAaHHMN Yy CydYacHiM NpaKTHIl
CTUBIJIOPHUX Ta JIOTICTUYHHUX KOMIIaHIMH.

BucHoBkH. 3a JIOMIOMOTrOK CHHEPIreTHYHOIO MiJXOAY JOCIIPKEHO B3aEMO3B’SI30K

OpraHizarifHuX, eKOHOMIYHUX Ta €KCIUIyaTalliiHUX CKJIAJOBUX 3aBaHTa)KCHHS CYIICH
Ha MTPUITOPTOBHX 3aITI3HUIISIX 3 PO3POOKOI0 HOBOTO iH(OpMAIiHOTO 3a0e3eeHHs IS
MiBUIIECHHS €(PSKTUBHOCTI OpPraHi3alliifiHuX MPOIECIB.

[MpakTiuHe 3HAYCHHS POOOTH MOJNATATUME Y PO3pOOII MPOrpaMu 3aXO/IiB Ta CUTY-

aliifHOMY aHai3i opraHizamiiHO-TEeXHIYHHUX PillleHb 3 iH(opMalliiiHOTO 3a0e3MeUeHHS
JUTSL 3aBaHTaKCHHSI Cy/IeH Ha MPUITIOPTOBUX 3aJTI3HHIISIX.
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Summary

Introduction. Freight customs complexes’ operation expedience in Ukraine as a
whole as well as in a separate region depends on the demand for customs and logistic
services generated by entities engaged in foreign economic activities. Purpose. The
purpose of the article is to analyze the use of freight customs complexes’ services in
international road transportation. Results. The paper analyzes behavioral strategies
pursued by subjects in the market for transportation services. Based on the research
findings, it is found that the domestic market is characterized by a rapid transition
from strategies focused on the cost of services, to understanding the need for quality
service with a high degree of reliability. The authors conduct an expert assessment
of stakeholders’ feedback on the experience of cooperation with freight customs
complexes from the standpoint of customers’ needs. 676 specialists participated in
the survey, including 160 consignees, 320 shippers, 74 customs brokers, 67 carriers,
and 55 freight forwarders. We carried out the analysis of the stakeholders’ feedback
on the experience of cooperation with freight customs complexes using mathematical
statistics methods, the methods of primary data analysis and the variance analysis
in the Statistica program. Conclusions. It is established that the enterprises that
have experience of cooperation with freight customs complexes express a fairly high
degree of satisfaction with the level of customs and logistics services. The data that
the authors obtain in the analysis will make for the development of recommendations
for Ukrainian customs authorities on interaction with infrastructure facilities and
stakeholders of customs and logistics services.

Key words: freight customs complex, expert assessments, data analysis.
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Anomauisn

Bcemyn. [lumanna OooyineHocmi QhyHKUIOHY8AHHA BAHMANCHUX MUMHUX KOMNJIEK-
cie 6 YKpaini 6 yinomy, a maxodic 8 OKpemo G3mom) pecioHi 3a1exCums 8i0 NOnumy Ha
MUMHI Ma 102iCMUYHI NOCIyeu y cy0 €Kmis 308HiHb0eKoOHOMIuHOT disibHocmi. Mema.
Memoio cmammi € ananiz UKOPUCIAHHS NOCTIY2 BAHMANCHUX MUMHUX KOMNILEKCI8 Nio
YAC BUKOHAHHSL MIJICHAPOOHUX NEPeesetb agmomModimbuum mpancnopmom. Pesynvma-
mu. [Ipoananizosano noeedinkosi cmpamezii cyd '€kmie punKy mpaHcnopmuux nociye.
3a pezynomamamu 0ocnioxcenb CMAHOBIEHO, WO O BIMYUZHAHO20 PUHKY XApAKmep-
HUM € CmpiMKull nepexio 6i0 cmpamezitl, OPIEHMOBAHUX HA 8APMICNb NOCTY2, 00 PO3Y-
MiHHSL nomped 8 AKICHOMY 00CTY208Y8AHHI 3 GUCOKUM cmyneHem Haodinocmi. 3anedic-
HO 8i0 nompeb 3aMOBHUKIB NPoGedena eKCnepmua OYinKa 8i02yKi@ CmetKkxonoepie npo
0¢8I0 cnignpayi 3 aAHMANCHUMU MUMHUMU KOMAUAEKcamMy. B onumysanni npuimanu
yuacms 676 paxieyis, 3 nux: eanmanxicoodepoicysaui — 160 ocib, 6anmanico8ionpasHuKy —
320 ocib, mummni 6poxepu — 74 ocobu, nepesiznuxu — 67 ocio, excneoumopu — 55 ocio. Ana-
JIi3 8I02YKi6 cmelkxondepie npo 00Csi0 Cnienpayi 3 6AHMANCHUMU MUMHUMU KOMIIEKCA-
MU BPOBOOUBCSL 3d OONOMO20I0 MEMOOi8 MAmemMamuyHoi cmamucmuky. /st 00CHioxNceHHs
BUKOPUCMOBYBANUCS MEMOOU NEPEUHHO20 AHANIZY OAHUX | OUCNEPCIUHUL AHANI3 8 NPOSPAMI
Statistica. Bucnoeku. Bcmarnoganeno, wo nionpuemcmea, ski Maau 00ceio cnienpayi 3 6aH-
MANCHUMU MUMHUMU KOMALEKCAMU, NIOMBEPOACYIOMb OOCUMb BUCOKULL CIMYNIHb 300080~
JIEHOCMI pi6HeM MUMHO-T02ICIMUYH020 00CTy208y8antsa. Ompumani @ pe3yibmami aHaizy
0aHi 00360751Mb PO3POOIAMU PeKOMeHOayil Ol MUMHUX OpeaHie Ykpainu 3 006 ekmamu
iH@pacmpyKmypu ma cmeurxoi0epamu MUMHO-102ICIMUYHUX NOCTYe.

Knrouosi cnoea: sanmasicruii MumHutl KOMNIexc, eKkcnepmti OYiHKU, ananiz OaHux.

Introduction. A significant drawback of the modern market for transportation services
is most private enterprises’ inability to provide the appropriate quality and reliability
of services at the level of European standards for organizing foreign trade organizations
due to limited resources. Basically, the reason for such results is a significant number
of participants in the transportation process with complex organizational ties among them.
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Along with this, the situation in the market indicates the need for the provision
of integrated customs and logistics services at freight customs complexes in the context
of Ukraine’s trade potential development and in order to meet stakeholders’ needs.

Important components of the formation of the management strategy for freight
customs complexes’ operation in different regions of Ukraine are the development
of'an assessment system of their foreign economic potential level; forecasting the export
and import transportation volume; the degree of infrastructure support and the availability
of production facilities. The expedience of building new freight customs complexes
and improving technical, technological and organizational support in a particular region
depends on the availability of demand for their services and the prospects for further
development of production and the economy.

Problem statement. The main purpose of the country’s customs and logistics
infrastructure operation is to provide high-quality services to entities engaged in foreign
economic activities when delivering goods internationally. This aspect is quite important
both for enterprises that are registered as residents of the country and for non-residents
developing foreign trade relations with foreign business partners. Providing a wide range
of logistics services supplied as soon as possible at a mutually beneficial cost, and with
a high level of reliability will contribute to the development of trade between states [1].
In turn, the optimization of customs formalities should be aimed at reducing the time
of crossing borders at checkpoints as well as the most efficient completion of customs
clearance and customs control processes. Thus, the task of assessing the expedience
of integrated customs and logistics service provision at the freight customs complex
in the context of Ukraine’s trade potential development in order to meet stakeholders’
needs is urgent.

The analysis of recent research and publications. Formulating scientific
principles and methodology for determining the effectiveness of transport and customs
infrastructure is discussed in the works by many scientists [1-14].

The paper [ 5] proposes a model that allows Customs to optimize its inspection process
to target high-risk containers without hindering the flow of safe containers with extra
delays at ports. The model characterizes optimal informational and physical inspection
rates as a function of the risk factors attributed to containers. This model is used to
analyze how an effective public—private partnership for risk and security management
can be established between Customs and private firms.

The usage of e-Customs platforms ensures a more cost-efficient application
of resources while preserving a smooth flow of goods across international borders [7].
However, the lack of stability forces the users of the European e-Customs to continuously
modify and investment in IT participate in the infrastructure [8].

The paper of Raus, M., Flugge, B., Boutellier, R. [9] investigates the diffusion
of an e-Government innovation, a common e-Customs standardized solution. To achieve
trade facilitation as well as to secure import and export the European Government aims
to have a common e-Customs standardized solution.

To simplify customs clearance of vessels and cargoes the Mednet project was launched
[10]. As part of the project a common evaluation framework for the performance of ports
in the form of a set of Key Performance Indicators (KPIs) together with a list of the best
practices in terms of operations and customs procedures was developed.
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Articulation of the research objectives. To assess the expedience of using freight
customs complexes’ services in international road transportation based on the expert
assessment of feedback from stakeholders on the experience of cooperation with
the given customs infrastructure facility.

Statement of basic materials. In order to confirm or refute the expedience
of using freight customs complexes’ services depending on customs and logistics service
consumers’ needs, we conducted an expert assessment of stakeholders’ feedback on
the experience of cooperation with this customs infrastructure facility. The survey involved
enterprises with the corresponding experience. They were asked to rate their satisfaction
with the service on a 10-point scale. In total, 676 professionals took part in the survey
(Figure 1) representing the interests of enterprises engaged in the following areas:
160 consignees, 320 shippers, 74 customs brokers, 67 carriers, 55 freight forwarders.

Consignees
350

Freight forwarders Consignors

Carriers Customs brokers

Fig. 1. Survey findings on the assessment of the experts’satisfaction
with cooperation with freight customs complexes

The consignees that used freight customs complexes’ services in foreign trade
operations gave a quite high rating to the customs infrastructure facility they cooperated
with. It should be noted that the survey among the experts did not specify what customs
and logistics services provided by a freight customs complex were used by the business
entities. According to the obtained results, 51 experts assessed the degree of satisfaction
with eight points, 27 experts estimated it at nine points, and 41 professionals gave
the highest score on the proposed scale (Figure 2).
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Fig. 2. Consignees’ assessment of cooperation with freight customs complexes
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The quality of customs and logistics services is a no less important aspect of shippers *
activity organization. After all, for the most part, under sales contracts, they are obliged to
organize all work to ensure international transportation and related operations (Figure 3).
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Fig. 3. Shippers’ assessment of cooperation with freight customs complexes

Ahigh degree of trust to freight customs complexes was reflected in the corresponding
assessments given by the customs brokers that directly interact with the units of customs
authorities in the completion of customs formalities (Figure 4).
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Fig. 4. Customs brokers’ assessment of cooperation with freight customs complexes

Today’s realities of international delivery of goods indicate a significant role
of carriers in this process (Figure 5). Because, in addition to driving a vehicle, they are
responsible for the control of shipping documents and interaction with all the necessary
services and institutions that may be involved in the transportation process.
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Fig. 5. Carriers’ assessment of cooperation with freight customs complexes
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Freight forwarders’ professional responsibilities include the effective organization
and planning of shipping concentrating on the efficiency criteria established by
the customer. Modern practice shows that freight forwarders often cooperate with freight
customs complexes when the customer demands integrated customs and logistics services.

Thus, a freight forwarder is also interested in this servicing format, as it minimizes
the number of intermediary organizations that would need to be involved in
the organization of shipping eliminating the need to monitor their activities and make
financial payments with each individual transport market participant. Cooperating with
the freight customs complex, it is possible to mitigate commercial and transportation
risks associated with the activities of third parties (Figure 6).
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Fig. 6. Freight forwarders’ assessment of cooperation with freight customs complexes

Numerical characteristics of the expert opinions calculated in Statistica [15],
a software package of statistical analysis, are given in table 1.

Table 1
Numerical characteristics of the expert opinions
Summary . . Customs . Freight
Statistics Consignees Shippers brokers Carriers forwarders
Count n=160 n=320 n="74 n=~67 n=>55
Average yeAav. = 8’15 yeAav. = 8’95 ye,avA = 8’93 ye.avA = 8’9 yeAav. = 7’98
Median M =38 M =9 M =9 M =9 M =8
Mode M, =8 M, =9 M =9 M, =9 M, =8
Variance D =268 | D =095 | D =168 | D =14 | D_ =317
Standard devi- |\ o _ 64 | 5 —098 | 6 =13 | 6 =18 | o =178
ation av. av. av. av. av.
Coefl. of varia- | v —20,00% | V=1091% |V =1451% | V=1329% | V=2229%
Minimum 3 3 4 4 2
Maximum 10 10 10 10 10

The indicators for each group of experts are homogeneous. The average scores in
different groups, in general, are 8 (the consignees and freight forwarders) and 9 (the
shippers, customs brokers, and carriers). When analyzing the consistency of expert
estimates, the coefficient of variation V is also used, which characterizes the measure
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of the spread. The value of the coefficient of variation by the groups of experts ranges
from 10.9% to 20.1%, which does not exceed 33%. Thus, the assessments of expert
opinions are consistent.

To identify differences in the assessments of the effectiveness of stakeholders’
cooperation with freight customs complexes by different groups of experts (freight
forwarders, carriers, customs brokers, shippers, and consignees), we used the analysis-
of-variance method in Statistica, a statistical analysis software package. Figure 7 presents
a box-and-whisker plot illustrating the assessment of the effectiveness of the different
groups of experts’ cooperation with the freight customs complex.
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Fig. 7. Categorical box-and-whisker plot illustrating the effectiveness of the
stakeholders’ cooperation with freight customs complexes

From the categorical box-and-whisker diagram shown in Figure 7, it can be seen that
according to the criteria “Kruskal-Wallis test” and “F test, p (ANOVA)” the assessment
of the effectiveness of cooperation with freight customs complexes significantly
depends on the group of experts, since p < 0.05. The pairwise comparison does not
reveal significant differences in the assessments given by the shippers, customs brokers
and carriers (Figure 8), as well as the shippers and freight forwarders, as p> 0.05.
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Fig. 8. Categorical box-and-whisker plot illustrating the effectiveness of the shippers,
customs brokers and carriers’ cooperation with freight customs complexes
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Conclusions. The paper evaluates the expedience of freight customs complexes’
service usage in international road transportation on the basis of an expert estimation
of the stakeholders’ feedback on their experience of cooperation with the given customs
infrastructure facility.

In general, based on the research findings, we can conclude that companies that have
experience of cooperation with freight customs complexes express a fairly high degree
of satisfaction with the level of customs and logistics services.

Formation of a clear list of parameters for assessing the efficiency of customs
and logistics infrastructure facilities will make for the development of practical
recommendations for entities engaged in foreign economic activity, and will contribute
to rational planning in international road transportation, taking into account the values
of indicators and the methods of their determination
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Anomauisn

Bcemyn. 3uina exonomiynoi nonimuxu Ykpainu e cghepi punkogux i0HOCUH 3a YMOGU
npoyecy €spoinmezpayii, a MaxkoxiC WeUOKa npusamusayis niONPUEMCmMeE iCMomHUM
YUHOM 3MIHUIU CUCTEMY NePeBI3HO20 NPoYecy, 30Kpemd ehekmusHicms pobomu agmo-
MobinbHO20 mpancnopmy. Ha cb0200Hi asmompancnopmui nionpueMcmea npayronb
8 YMOBAX BIOCYMHOCMI YEHMPANI308AHUX 3AMOGIEHb, U0 BUKIUKAE NeGH) HeCmAabilb-
HiCcmb popmyaHHs 00CA2I8 IX NOCIYe NPOMA2OM 3aNIAHO8AH020 nepiody. Pezynbmamom
maxoi pobomu € He@NeBHeHICMb NIONPUEMCTING 8 OOCACHEHHI NOZUMUBHUX Pe3)Vlbmamis
iXHb0i 6UPOOHUYO-20Ccn00apchKOi Oistbnocmi. Cnocmepicacmvcs 6i0N06iOHe 3pOCcman-
HSL A PUBUK iX CIMIUKO20 QYHKYIOHYBAHHS HA KOHKYPEHMHOMY punky. Heszeaoicarouu na
Haoawny c60600y 6ubOpy 3 Oe3niui AlbMePHAMUBHUX CIMpameziti po36umKy, HeoOXiOHO
3acmocosyeamu maxi cmpameziuti piienHs, aKi 0 3abesneuunu RIONPUEMCIMEAM CIa-
OinbHI yMosu ix disibHOCI. B pobomi nponoHyemuscs 3acmocy8amu wicms cmpameziti
YIpaeninHa 04 NIOBUWEHHs e(heKMUBHOCMI poOOmu asmompaHcnoOpmHo20 nionpu-
emcmea. Memoro pobomu € 00CHiodceHHs cmpameiil piuleHHs JI0KAIbHO20 3460aH-
HSL a8MOMPAHCNOPMHO20 NIONPUEMCINGA, A caMe: 3a0e3NeUeHHs eeKmusHOCmi ma
AKOCMI pobim 3 MexXHIYHO20 00CIY208Y8AHHSA PYXOMO2O CKIAOY ULIAXOM (DOPMYBAHHSL
Op2aHI3ayiHUX | YNPABIIHCOKUX pilleHb ) 6I0nosionux npoekmax. Pesynomamu. Ilpo-
8e0eHi Q0CNIONCEHHS O MONCIUBICIb 3ANPONOHYS8AMU WiCMb cmpamezitl ynpaeiit-
HS a8MOMPAHCROPMHUM NIONPUEMCIMBOM O NOKPAWEHHS 1l020 20CN00apCbKol Oisib-
Hocmi. Bucnoexku. Po3pobneni cmpameeii, wo nponoHyomscs ¢ pooomi, 0arms 3mMo2y
ompumamu Habip Kepo8arux Oitl 3a1eHCHO 8I0 PEalbHO20 CIAHY CUCEMU MEXHIYHO20
obcnyeosysans. Takum wunom, obuparodu ionosioHi cmpamezii Ha niocmasi NPULiH-
mMo2o Kpumepiro ONMUMAIbHOCHI, € MONCIUBICMb KEPYSaAmu UPOOHUUUMU NPOYeCAMU
MEeXHIUHO20 00CTY208Y8AHHS Y BIONOGIOHUX NPOEKMAX 3ANEHCHO 8i0 ParkmuuHo2o npooi-
2y PyXomozco cKaaody, HeoOXiOHOCmI 3a0e3neuerH s MeXHOL02IYHO20 NPoYyecy NepeseseHs
ma 3a0e3nevenss MaKCUMAanbHO20 3a6aHMANCEHHS 30HU MEXHIYH020 00CY208YEAHMSL.

Knrouosi cnosa: cmpamezis ynpasiuintsa agmompaHCnopmuumMu niOnpueMcmeami,
mexHiuHe 00CY208Y8AHHI, MEXHIUHUL CKILAO PYXOMO20 CKIAOY.

© lakonuak LA., Jlyk’sinyenxo O.10., 2021
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Summary

Introduction. Changes in Ukraine s economic policy in the field of market relations
in the context of the European integration process, as well as the rapid privatization
of enterprises have significantly changed the system of the transportation process,
in particular the efficiency of road transport. Today, trucking companies operate
in the absence of centralized orders, which causes a certain instability in the
formation of the volume of their services during the planned period of time. The
result of such work is the uncertainty of enterprises in achieving positive results
from their production and economic activities. There is a corresponding growth and
risk of their sustainable operation in a competitive market. Despite the freedom to
choose from a variety of alternative development strategies, it is necessary to apply
such strategic decisions that would provide companies with stable conditions for
their activities. The paper proposes to apply six management strategies to improve
the efficiency of the transport company. The purpose of this work is to study the
strategies for solving the local problem of the transport company, namely: ensuring
the efficiency and quality of maintenance of rolling stock by forming organizational
and management decisions in relevant projects. Results. The conducted research
made it possible to propose six strategies for managing a motor transport enterprise
to improve its economic activity. Conclusions. The developed strategies offered in
the work allow to obtain a set of controlled actions depending on the real state of
the maintenance system. Thus, choosing the appropriate strategies based on the
accepted criterion of optimality, it is possible to manage the production processes
of maintenance in the respective projects depending on the actual mileage of rolling
stock, the need to ensure the technological process of transportation and ensure
maximum load of the maintenance area.

Key words: management strategy of transport enterprises, maintenance, technical
composition of transport.

Beryn. EdexkruBHiCTE pOOOTH aBTOMOOUIEHOTO TPAHCIIOPTY 3HAYHOKO MIipOIO 3aiie-
JKUTH BiJl PiBHS TEXHIYHOI TOTOBHOCTI PyXOMOT'O CKIIaAy Ta 3a0e3leueHHst Horo Heoo-
X1THOT mparne3aaTHoCTi. 3 ypaxyBaHHSAM 3a3Ha4€HOIO 3aBJaHHS JOKOPIHHOTO Ii/IBH-
IIeHHS e(DeKTUBHOCTI 1 IKOCTI TEXHIYHOTO OOCITyTOBYBaHHS aBTOMOOLTIB, i ABUILIEHHS
eKCIUTyaTaliifHOl HaIIIfHOCTI PyXOMOTO CKJIaJy BHMAararoTh BIPOBAJUKEHHS IPOTpe-
CUBHUX (OpPM OpraHizamii i ynpaBiiHHSI BUPOOHHMYUMH MpPOIECaMU, TIOB’I3aHUMH i3
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3a0e3MEeYCHHSIM HAJICKHOTO PIBHS TOTOBHOCTI PYXOMOTO CKJIaJly 0 BHKOPUCTaHHS 3a
MPU3HAYEHHSM B CEPEJIOBUII I[LIIbOBOTO BUKOPHCTAHHSI.

IMocTanoBka mpod/aeMu. 3TiJHO 3 YHHHOIO IJIAHOBO-TIONEPE/HKYBAILHOIO CUCTE-
MO0 TEXHIYHOTO OOCIIyrOBYBaHHSI Ta PEMOHTY aBTOTPAaHCIOPTHHX 3aco0iB 3abe3re-
YCHHSI HAJIGKHOTO TEXHIYHOT'O CKJIA 1y aBTOMOO1IIB Ha eTarli eKCIUTyaTallii MOKJIadaeThCs
Ha TEXHIYHI CITy»KOW aBTOTPAHCTIOPTHHUX MiAMPUEMCTB. YTIPaBIiHHSI BUPOOHHUYMMH MTPO-
necaMu TexHigyHoro oociayrosyBanHs (TO) aBTOMOOITIB € OTHUM 3 OCHOBHHUX 3aBJIaHb
MiABHIICHHS €()EKTHBHOCTI poOOTH aBToTpaHcnoptHoro mianpuemctsa (ATII). Takum
YHHOM, MeTOI0 POOOTH € JOCIIJHDKEHHSI CTpaTeriil pillleHHsI JIOKAILHOTO 3aBIaHHs aBTO-
TPAHCIIOPTHOIO MIANPUEMCTBA, a came: 3a0e3reueHHsT e()EKTUBHOCTI Ta SKOCTI poOiT
3 TEXHIYHOTO OOCITyTOBYBAaHHS PYXOMOTO CKJIQay IUISXoM (opMyBaHHS opraHizarriii-
HUX 1 yNIPaBIiHCHKHUX PIIICHb Y BIMOBITHUX MPOEKTAX, 10 € AKTYAJIHLHOIO MPOOIEMOIO,
siKa MOTpedy€e IPYHTOBHOTO aHaJTi3y Ta BUSHAYCHHS ILISXIB 11 BUPIIICHHS.

Jiist TOCSITHEHHST MTOCTABIICHOT METH HEOOXiTHO BUPIIIUTH TaKi 3aBJJaHHS: TIPOBECTH
aHali3 aJbTePHATHBHUX CTPATETid YIPAaBIiHHS TEXHIYHUM OOCIYrOBYBaHHSIM PYyXO-
MOTO CKJIaJy aBTOMOOITBHOTO TPAaHCIIOPTY; COPMYITIOBATH MOXKIIUBI CTparerii yrnpas-
JIHHSA MPOIECaMH TEXHIYHOTO 00CITyTOByBaHHS aBTOMOOLIIIB 32 KPUTEPiEM MiHIMaIbHOT
CYMHU BUTpAT BiJl MPOCTOIB aBTOMOOLIIB, BUTPAT Bijl HEIIOBHOTO BHUKOPUCTAHHS 30HH
TEXHIYHOTO OOCITYTOBYBaHHS Ta BUTPAT BiJl HEBYACHOTO 0OCIYTOBYBaHHSI aBTOMOO1ITIB;
OTpUMaTH Halip KEepOBaHUX Jii 3aJI€KHO BiJl PEaNbHOTO CTaHy CHCTEMH TEXHIYHOT'O
00CITyroByBaHHSI.

AHaJii3 ocTaHHIX qocaizKeHb i mydurikamiit. J[ocmiKeHHIO 3aB/IaHb MOJIIIICHHS
e(eKTHBHOCTI BUPOOHUYOI JisUTBHOCTI Ta YIPaBIiHHS aBTOTPAHCTIOPTHUM MiIPHEM-
CTBOM TPHUCBSIYEHO HU3KY JUcepTalliii, MoHorpadiii, HAyKOBHX CTareH, y SIKHX pO3-
KpUTO pi3Hi acrniektu 11iel Temaruku [1-3]. O poOiT 3a3HaYCHUX aBTOPIB MOKA3ye,
0 OUIBIIICTh MPONOHOBAHUX IMiJIXOIB Ha ChOTOAHINIHIN JIEHb 3aJIUIIAKOTHCS AKTY-
QIBHUMH 1 JIAI0Th 3MOTY 3a0e3leuyBaTH JIOCTaTHbO BHCOKHI piBeHb 3a0e3leucHHS
edpexTuBHOCTI Ta skocTi (yHkuionysanHs ATII. Kpim nporo, Hanpukian, y podoTax
[4, 5] npencraBieHi TEOPETUYHI Ta METOANYHI OCHOBH ()OPMYBaHHS CTpaTerii po3Bu-
TKY aBTOTPaHCIIOPTHOTO MiIPUEMCTBA, OIHAK HE 3a3HAYCHI aIalITUBHI aCTICKTH PO3BH-
TKy TianpueMcTsa 10 koHkpetHoro ATITI. ABropamu po0Oit [6, 7] po3IIISIHYTO MOHSTTS
CTpaTErivHOr0 TOCMOAAPCHKOTO IEHTPY Ul aBTOTPAHCIIOPTHOTO MiJANPHEMCTBA, IO
301JIbIIIY€E HOTO KOHKYPEHTHHI Ta BUPOOHUYHNH MOTEHIIan. Y pociipkeHHsx [8, 10, 11]
3alpOIIOHOBAaHO BUKOPUCTAHHSI KOoe(illieHTa OpraHi30BaHOCTI Ui BU3HAYCHHSI HEBU-
KOPHCTAHOTO TIOTEHITiaTy TiINPUEMCTBA 32 PI3HUMH CTpaTerisiMu po3BUTKY. HaykoBetb
pobotu [9] 3a3Havae, M0 3aBAaHHIM OpraHizaii TexHIYHOro o0cmyroByBaHHs Ha ATII
€ 30epeXKeHHS IPOTATOM yChOTO TMEPioy eKCIUTyaTallii HaJIeKHOTO PiBHS MPUIATHOCTI
pyxomoro ckiiaay. ABTop po0otu [ 12] po3risigae muTaHHS 3MiH TEXHIYHOIO CTaHY aBTO-
MOOUTIB B mporieci iX ekcruryararlii, a TakoX NPUYWHHE Ta 3aKOHOMIPHOCTI ITUX 3MiH.
Onnak ocoOnuBYy yBary B mpoteci po3BuTky ATII aBTop mpuiNise TEXHIYHOMY CTaHY
TPaHCIIOPTHHX 3ac00iB.

[Ipote ciin 3a3HAUUTH, 110, BPAXOBYIOUH IMO3UIIi TPUBIAILHUX NPEICTaBICHb, 3a
SIKMX BHUPOOHHYI MPOIECH NMEPEeBE3CHHsI BaHTAXKIB 1 MacaXUpiB HaJekarb JIO OCHO-
BHoro BupoOHunTBa ATII, a BUpoOHHMUI TporecH, siki 3a0e3MeuyroTh MiATPUMaHHS
PYXOMOI0o CKJIajy y THpale3IaTHOMy CTaHi, JI0 JOMOMIKHOIO BHpOOHHUITBAa [1],
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BUHUKAE HEOOXIHICTh JEKOMITO3UIliT BUpoOHUYOi misuibHOCTI ATII 3a piBHEeM mpH-
WHSTTS pillIeHHsI 3 ypaxyBaHHSM JIOKaJi3alliil UX IpoIIeciB.

Buxkaaa ocnoBHoro marepiany. Bupoounui nporecn TO aBTOMOOIIB, 3 TO3UITIH
CHCTEMHOTO MTPOEKTYBAHHS, MOXKYTh OyTH PO3IIISTHYTI SIK KEpOBaHi MPOLIECH 31 3BOPOT-
HUM 3B’513KOM; 3 TOYKH 30py OpraHi3aniiHoi — OararopiBHeBi (iepapXidHi MPOIECH TPH-
HHSTTS PIllICHB), 3 TOYKHU 30pY MPOIEypHOT — 0araToruiaHoBi POLIECH aKTHBHOT JisTh-
HocTi yirozei [9]. [lpu boMy peastizyeTbest IPUHITUIT KOMOITHOBAHOTO YIPABIIHHS, SIKUH
BPaxoBY€ YIIPABJIIHHS 110 BiIXWJICHHIO, 30ypIOBaHHIO i cTany. Takui miaxix 3ade3neuye
HAMOUTBII pallioHaTbHE BUKOPUCTAHHS BUPOOHUYO-TEXHIUHOT 0a3M, a TaKoXK 3aJlaHHul
pIBEHb TEXHIYHOT TOTOBHOCTI aBTOMOOLITIB.

VY cyyacHUX yMOBax aBTOTPAHCIIOPTHI MiIMIPUEMCTBA, & TUM OibIIe HEBEIUKI 32
PO3MipOM aBTOTPAHCIOPTHI (ipMH BUMYIICHI CAMOCTIHHO MIYKAaTH CTpaTeTii ynpas-
JiHHS BUpoOHU4YuMH niporiecamu ATII B yMOBax 1O0CHTh TUHAMIYHOTO 30BHIITHBOTO
cepe/IoBHINa, pearyBaTd Ha HOTro 3MIHM JUIsl TOTO, 00 OyTH KOHKYPEHTOCIHPO-
MOXXHUMH Ta CaMOJOCTaTHIMH B CBOEMY PO3BUTKY i crani. Taki crparerii crocy-
I0ThCS TIPUUHATTS YNPABIIHCHKUX pillleHb PI3HUX PIiBHIB, 10 CTOCYIOThCs 3a0e3-
NEeYCeHHS e(EeKTUBHOCTI BHPOOHMUYUX IMPOIECIB aBTOTPAHCIIOPTHHUX MiJIPHEMCTB.
Sk 3acBigdye AOCBiJ Ta MPOBEACHI JOCIIHKCHHS, 3aCTOCYBAaHHS PI3HHX ajbTep-
HATHUBHUX CTPATEridl B yNpaBliHHI JIOKAJbHUMHU BUPOOHHUUMU MPOIIECAMH, OJIHUM
3 SIKUX € TEXHOJIOTTYHHUH MPOIEC TEXHIYHOTO OOCIYrOoByBaHHS PyXOMOTO CKIIaTy,
JAI0Th MOXJIMBICTH BUPOOUTH KOMOIHOBAaHY CTPATETil0 YNPaBIiHHS BUPOOHUUMMHU
npolecamMy aBTOTPAHCIOPTHOTO IIANPUEMCTBA, SIK OCHOBHOTO, TaK i JOMOMIiX-
HOTO BUPOOHHUIITBA, HA 3aCajlaX KOMILIEKCHOCTI (cucTeMHoCTi). CHCTEMHME TiaXi]
nependadae MPUUHATTS YIPABIiHCHKUX PIllICHh 3 MAKCUMAITbHIUM OXOTUICHHSIM BCiX
B3a€MO3B’s13KiB BUPOOHHMUHUX mporieciB ATII Ta KOMIUIEKCHE OCIIKSHHS HACTII-
KiB Ti€1 YM 1HIIOT aJbTepHATHBH.

TakuM 4YrHOM, Ha TijicTaBi (POPMYBaHHS CTpATETii YIPaBIiHHS JOKATbHUMH BHPOO-
HUYUMH TIPOLIECAMH, BUKPUCTATI30BYIOTHCS Pi3HI BapiaHTH CTPATETiYHOTO PO3BUTKY
HiITPUEMCTBA.

L1i BapiaHTH Ha3WBAIOTh CTPATECTTUHIUMH alIbTEPHATHBAMH, 3 SIKUX 1 00UpaEThCsl Mai-
OyTHs crparerisi. CTpaTerivyHi albTepHATHBU — KOMIUIEKC OOTPYHTOBaHUX CAMOCTIHHUX
CTpaTerii, CIPSMOBAHUX HA JOCITHEHHS CTPATErTUyHUX IIJICH MiANMPUEMCTBA Ha OCHOBI
BUKOPHCTAaHHS HasiBHUX pecypciB. Sk mpaBuito, i cTparerii MaroTh OJIHAKOBE CIIPSIMY-
BaHHSI, aJI¢ MPOMOHYIOTh Pi3HI IIJISXU 1 MOXIIUBOCTI JOCATHEHHS CTPATETiYHO BaXKIIU-
BUX pyOexiB [8].

TakuM YUHOM, aHaJi3 OCHOBHUX CTPATETiH yIpaBIiHHS JOKATEHUMHA BUPOOHUUUMHE
npoliecaMu, 30KpemMa porecaMy TeEXHIYHOTO 00CITyroByBaHHsI aBTOMOOLTIB, 1a€ 3MOTY
BUPIILINTH 3aBAaHHS CHHTE3y CTPATETii 3arajlbHOTO YIPAaBIiHHSI BUPOOHUYUMH TIPOIIe-
CaMH aBTOTPAHCIIOPTHOTO ITiIITPUEMCTBA.

CBo€10 4eproro HeoOXiJTHO PO3IVISTHYTH OCHOBHI CTparerii yrpaBIiHHS MPOLECaMK
TEXHIYHOTO 00CIYroBYBaHHs aBTOMOOLTIB. bepyun 10 yBaru ocobnuBocTi QyHKIIOHY-
BaHHs nporeciB TO aBromo0iniB B AT, a Takox Jiesiki HEeBU3HAYECHOCT] Y TUIaHyBaHHI
TPAHCIOPTHHUX TTOCIYT, IO B CBOIO YEPry HE JIA€ 3MOTY YITKO CIPOTHO3YBaTH MpPOOir
aBTOMOOLJISI HA KOHKPETHHI MOMEHT, MOKHA BUJIIJTUTH IIICTh aJbTEPHATUBHHUX CTpare-
riif ynpasninas (tadm. 1).
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VY tabnuiii mokaszaHi BCi MOXKIIMBI cTparerii yrpasiiHHs. 3HaKoM (+) TTOKa3aHO HasB-
HICTh JIOCTPOKOBOT Moj1a4i aBToM0O1TiB Ha TO, HaIHOPMATHUBHOTO MPOOITy aBTOMOOLITIB
1o TO, BUTpar 10 HEMOBHOTO BUKOPUCTAHHS TIOTY>KHOCTI 30HA 00CITyTOBYBaHHS, MPO-
CTOIB aBTOMOOIJIIB B OYiKyBaHHI OOCIYTOBYBaHHSI i HECBOEYACHOTO OOCIYTOBYBaHHS
aBTOMOOLITIB. 3HAKOM MiHYC TIO3HAUEHO BiJICYTHICTh JOCTPOKOBOTO CTaBIICHHS aBTOMO-
OLTiB Ha 0OCITYTOBYBaHHS 1 BIIMOBITHIX BHTPAT.

Sk BuHO 3 Tab. 1, pi3Hi cTpaterii ynpasiiHHs BiJJPi3HSIOTHCS OJHA BiJI OIHOT YHC-
JIOBUMU 3HAYCHHSMH BHTPAT Ta MOJICIIOIOUAMH CHTYAIISIMHA (MOJICIISIMHU), SIKI BUHHUKA-
I0Th B PEalIbHUX YMOBaxX (YHKIIIOHYBaHHSI.

Tabmuus 1
Mo:xauBi cTparerii ynpasJ/iiHHA npouecamMu
TeXHIYHOro 00CJIyrOByBaHHA AaBTOMOOLIIB
Jlo3BoJIeHO MOHAT
HOPMATHBHHUH NMpPoOGir Burtparn
Hosso- aBToMoGiis 10 TO
Haiimeny- JICHO Bl Hemo Bi/l mpo
10¢Tpo- A VLIPO= | gin necBo-
BaHHS CTPa- BHOTO cToiB
L KOBe Ha/l- . | egacHoro
Teriiil ynpas- BHKOPHC- | aBTOMOGi-
: XOM:KeHHs | §e3 oOMe- | B MesKkax . . HA/IX0-
JIiHHSA 6i TaHHsl | JiB B 0Yi-
aBTOMO0I- JKeHb noon TOTVIK- KVBAHHI JIZKeHHS
aiB Ha TO Ty M aBTOMO0i-
HOCTI 30HH | 0Ocayro- | °.
JaiB Ha TO
TO BYBaHHS
I crpareris - - - + + -
11 crparerist — - + + + +
111 crpareris — + + + - +
IV crpareris + + + — _ +
V crpareris + - + - + +
VI crpareris + - - - + +

Ilepwa cmpameeisi ynpapliHHA Tependadac cyBOpe MOTPUMAHHS TIEPIOTMIHOCTI
TEXHIYHOTO OOCITYyTOBYBaHHS IJIsi KO)KHOTO aBTOMOO1II okpemo. lle HaibimbI sxop-
CTKW BapiaHT CTpaTerii yrpasiaiHHA. ABTOMOOLIb, SIKAI Ha TIEBHUI MOMEHT Ma€ HOP-
MAaTUBHUU MPOOIT IO 9eproBOTO TEXHIYHOTO OOCIYTOBYBaHHS, 3 CKCIUTyaTarlil BUIyda-
€THCS 10 3aKiHYCHHS pOOOTH 3 00CTYyTrOBYBaHHS.

3a Takoi cTparerii yInpaBIIiHHSI MOXKJIUBO, ITI0 B OAHI HI TOTpeda B TEXHIYHOMY
00cTyroByBaHHI aBTOMOO1TIB Oy/Ie TIepeBUIITYBAaTH BUPOOHUTY TIOTYKHICTh 30HU 00CITY-
TOBYBaHHS, SIKy Ma€ aBTOTPAHCHOPTHE IMAMPHUEMCTBO. Tomi AesKi aBTOMOOLTI MTOBHU-
HHI OYiKYBaTH TEXHIYHOTO OOCITIYTOBYBaHHS OUTBII-MEHII TPUBAIUH dac. B inmIi i,
HaBIIaKH, MOTpeOa B TEXHITHOMY OOCIYTOBYBaHHI MOXE CTaTH HIDKUOIO 33 MOYITHBICTh
Hioro mpoBeneHHs. OTke, 30Ha TEXHITHOTO OOCITYTOBYBaHHS Oyle BUKOPUCTOBYBATHCS
HEJOCTaTHHO BiTHOCHO CBOET TOTY>KHOCTI.

Taxum 9rHOM, 32 YMOBH 3aCTOCYBAaHHS BKa3aHOI CTpATETii YIIPaBIiHHSI Ma€ MicIle
KJIaCUIHA CHUTYaIlisl, sSKa PO3TIAAETHCA B Teopii MacoBoro obcmyroByBaHHs. O1ri-
HIOIOYHM €(eKTHBHICTH INi€l CTpaTerii yrmpaBaiHHI, HEOOX1THO BpaxOByBaTH BUTPATH,
BUKJIMKAHI MPOCTOSIMU €JIEMEHTIB, 1[0 00CIYTOBYIOTHCS (y HAIIOMY BHITAIKY — aBTO-
MOOIJTIB) 1 MPOCTOSIMH OOCITYTOBYIOUMX arapatiB (JIiHIA 1 MOCTIB 30HH TEXHIYHOTO
00CIIyTOBYBaHHS).
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3 iHIIOro OOKY, IS CTpaTeris YIpaBJiHHS Ma€e cepiiozHy nepeBary. ABTOMOO1TI HaJI-
XOJISITh HAa TEXHIUYHE 00CIyTOBYBaHHS B CyBOPO BCTAHOBIICHHI TEPMiH, ITiCJIsl HAMPAIIO-
BaHHS HOpPMaTWBHOTO mpoobiry. [Ipu 11bOMy NMpHITYCKA€ThCS, MO0 HOPMATUBHHIA TPOOIT
MK YepProBUMH 00CITYTOBYBaHHSIMHU HAyKOBO OOIPYHTOBaHU 1 € ONITUMAIIbHUM. TakuM
YMHOM BUTPATH B CUCTEMI, sIK1 ITOB’s13aH1 3 BIIXUJICHHSIMHU BiJl ONITUMAJIbHOT ITepiouy-
HOCTI TEXHIYHOT'O 00CJIyrOByBaHHS aBTOMOOLTIB, OY/IyTh BiJICYTHI.

SIkOu MOBa HIIIa HE MPO TEXHIYHE O0OCIYrOBYBaHHS, a PO MOTOYHUH PEMOHT, TO
CTparerisi, IKy MU pO3IVIsLIaEMO, Moryia O OyTH €IMHOI0, TOMY IO Y s/l BUTIAJIKIB €KC-
TUTyaTyBaTH aBTOMOOLUIb, SIKUH MiJISTae MOTOYHOMY PEMOHTY, HeMoxkJiuBo. Ll{ono Tex-
HIYHOTO 00CIYrOBYBaHHS aBTOMOO1JIIB € Oijibllia ¢cBOOOIA /i, 00 BOHO BUKOHYETHCS HE
3a MoTpedoro, a B IJIAHOBO-TIONEPeHKYBAILHOMY TOpsAKy. Lle nae nmpaBo posrisuaru
Ie 1Tk CTpaTeriil yIpaBliHHSL.

3a Opyeoi cmpameeii ynpaBIliHHS JOMYCKAEThCS HATHOPMATUBHUI TIPOOIr aBTOMOOI-
JIB 11010 BCTAHOBJICHOT MEPIOIMYHOCTI TEXHIYHOTO 00CIIyTOBYBaHHS B MEXaX OHOTO
JHsI pOOOTH aBTOMOOLIS, TOOTO 32 YMOBHU JIOCSITHEHHS aBTOMOOLIEM HOPMAaTHBHOTO
npoOiry mij yac 3MiHH, OCTaHHIH 3 eKCIUTyaTallii BUITYy9a€eThCs TITBKH TOJII, KOJIM BUYEp-
MaeThCs 3aIllaHOBaHWUK 4ac y Hapsyti. L{st cTpaterist yrpaBiiHHS BiIIOBIHO A0 iHTEp-
€CIB Kpallloro BUKOPUCTaHHs aBTOMOOUTIB, SIK1 BUIXaJIM Ha JIHIIO 3 TIPO0iroM OIU3bKUM
JI0 HOpMaTtuBHOTO. B omiHmi 1i eeKTHBHOCTI HEOOX1IHO BPaxOBYBaTH BUTPATH, SIKi
BUKJIMKAIOTHCSI HEITOBHUM BHKOPHCTAHHSIM MOTOKOBUX JIHIN 1 TIOCTIB 30HU TEXHIYHOTO
00CITyroByBaHHSI, MPOCTOSIMA aBTOMOOUITIB B OYIKYBaHHI OOCIYTOBYBaHHS 1 3017bIIICH-
HSIM (aKTHYHOT MEePIOMYHOCTI TEXHIYHOTO OOCIYTOBYBaHHS JISSIKUX aBTOMOOLIIB 3a
MEX1 OITUMYMY, BCTaHOBJICHOTO [1010’KEHHSIM PO TEXHIYHE 00CITyTOBYBAHHS i PEMOHT
JOPOXKHIX TPAHCTIOPTHHUX 3ac00iB aBTOMOOIIEHOTO TPAHCIIOPTY.

3a mpemvoi cmpameeii’ ynpaBiiHHS B Tl JiHI, KO TIOTpeda B TEXHIYHOMY OOCITyTO-
BYBaHHI TIEPEBHIIY€E BIJIIOBIHI MOXIIMBOCTI, JIOMYCKAEThCSl CKCILTyaTallisi aBTOMOOLIIB
3 MOHAJHOPMAaTHBHUM MPOOIrOM BCTAaHOBJIEHOI MEPIONMYHOCTI TEXHIYHOTO OOCIYTOBY-
BaHHS aBTOMOOUTIB. L5 cTpareris ynpaBIiHHS BIIIOBIAE iHTEpEecaM Kpaloro BUKOPHC-
TaHHsI aBTOMOOLIIB 1 TOBHICTIO BUKITIOYAE TIPOCTOI B O4iKyBaHHI OOCITYToByBaHHs. B oriHIi
eeKTUBHOCTI Ii€1 cTparerii HeoOXiTHO BpaXOBYBaTH BUTPATH, BUKJIMKaHI HETIOBHUM BHKO-
PHCTaHHSIM ITIOTOKOBHUX JIHIH 1 TIOCTIB 30HH TEXHIYHOTO OOCITYTOBYBaHHS 1 BUTPATH, BUKIIU-
KaHi TUM, 1110 TIEPIOIMYHICTh 00CITyTOBYBaHHSI aBTOMOOLTIB IIEPEBHIIYE HOPMATHBHY.

3a uemeepmoi cmpameeii yIpaBliHHSA Yy JIHI, KOJIM BUPOOHMYA MOTYKHICTh 30HU
TEXHIYHOTO OOCIIyTOBYBaHHS TEPEBHINYE pealibHi MOTPeOH, TOMYCKAETHCS HAIXO-
JUKEHHSI aBTOMOOLTIB Ha 00CITyrOByBaHHS JIOCTPOKOBO, 3 HEJJOCTATHIM TIPOOITOM MIOJO
HOPMAaTHBHOI MEepioAMYHOCTI. Y Ti JIHI, KOJH NOTpeda y TEXHIYHOMY 0OCIYrOBYBaHHI
MICPEBHUIIY€E BIAMOBIIHI MOXKJIMBOCTI, TOMYCKAEThCS EKCILTyaTallis aBTOMOO1IIB MTOHAT
HOpMaTHBHOI nepioguyHOCTI. Lls cTparerist ynpasiniHHS BiANOBiIa€e iHTEpecam OUTbII
e(eKTHBHOTO BUKOPUCTAHHS SIK PyXOMOTO CKJIaay, TaK i MOCTIB (JiHII) 30HU TEXHiY-
HOTO 0OCITYyTOBYBaHHSI, BUKITIOUAIOUN MOKJIMBICTH X pOOOTH 3 HEITOBHUM 3aBaHTAKEH-
HsIM. B omliHIi epeKTUBHOCTI i€l cTparerii ynpaBimiHHSI HEOOXiTHO BPaXOBYBaTH TUIbKA
BUTPATH, BUKJIMKAHI BIIXHJICHHSIMH BiJI ONTUMAIILHOI MEPIOMYHOCTI 00CITYTOBYBaHHS
aBTOMOOLTIB SIK B OJIMH, TaK 1 B IHIINH OiK.

3a yMOBU BHKOPHCTAHHS 1’ simoi cmpameeii yIpapIiHHSA Yy JIHI, KOJIM BUPOOHHYA
MOTY)KHICTh 30HM TEXHIYHOTO OOCITyrOBYBaHHS HE03aBaHTAKEHHS, JOITyCKAETHCS
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CTaBHTH aBTOMOOLII Ha 0OCIyroByBaHHS JOCTpPOKOBO. Ekcruryararis aBToMOOLIIB
3 NMOHAJHOPMATUBHUM MPOOIrOM JOMYCKAETHCS TUIBKH B MEXax OIHOTO JIHS poOOTH,
TOOTO 32 YMOBH JIOCSITHEHHSI aBTOMOO1JIEeM HOPMAaTHBHOTO TPOOITy IiJ1 4ac HOro podoTH
Ha jtiHii. OcTaHHi# 3 eKCIUTyaTallii BUITy4a€eThCs TUTBKU TO, KOJIM BHUESPIIAETHCS 3arlia-
HOBaHWI 4ac (MpoOir) B Hapsi/ii. ABTOMOOLIb, POOIT SKOTO JOCATHYB HOPMATHBHOTO
3HAYCHHs, HAJIXOIUTh Ha JIIHIIO TIJIBKH MICJIs BUKOHAHHS TEXHIYHOTO 00CIyroByBaHHSI.
L5t cTparerist BiAmoBiae iHTEpecaM Kpaioro BUKOPUCTAHHS MOCTIB 1 JIHIM 30HU TeX-
HIYHOTO 0OCITyTOBYBaHHSI, KPalloro BUKOPUCTAHHS aBTOMOOLTIB, SIKi BUMIIUIM HA JiHIO
3 mpoOIroM, OJU3BKHM JI0 HOPMATUBHOTO, 1 MOBHICTIO BUKJIFOUAE HEIIOBHE BUKOPHC-
TaHHS BUPOOHUYOT MOTYKHOCTI 30HH 00CITYTOBYBaHHSI.

3a BUKOPUCTAHHS wocmoi cmpameeii yIpaBIiHHS Y JIHI, KOJH BUPOOHHYA MTOTYXK-
HICTh 30HW TEXHIYHOTO OOCITyrOBYBaHHsSI HEJOCTATHHO 3aBAHTAKEHA, JIOMYCKAETHCS
CTaBUTH Ha 00CIIyrOByBaHHS aBTOMOOLII 3 HEOCTATHIM MPOOIroM 1070 HOPMATUBHOT
MEePIOIMYHOCTI, KA BHUKIIOUAE EKCIUTyaTallilo aBTOMOOITIB 3 HaJIHOPMATHBHUM IPO-
Oirom. Ll cTpareris BigmoBifae iHTepecaM Kpamjoro BHKOPUCTAHHS IOCTIB 1 JiHIH
30HH TEXHIYHOTO 0OCIYTOBYBaHHsI, TIOBHICTIO BUKIIIOUA€E iX HEJOCTATHE BUKOPHCTAHHS
32 BUPOOHMYOIO TOTYKHICTIO. B OMiHII eeKTHBHOCTI MIOCTOT cTparerii yrnpapiIiHHS
HEOOX1IHO BpaxOBYBaTH MPOCTOT aBTOMOOLTIB B OYiKYBaHHI 00CITyroByBaHHSI, a TAKOX
BUTPATH, BUKJIMKAHI JOCTPOKOBUM HAJXO/DKEHHSM IMEBHOI KIJBKOCTI aBTOMOOLTIB Ha
TEeXHIYHE 00CITyTOBYBaHHS.

TakuM YMHOM, PO3MIISIHYTO BCI MOKJIMBI ajbTEPHATUBHI CTpaTerii ynpaBiIiHHS TeX-
HIYHUM 00CITyTOBYBaHHIM aBTOMOO1IIB. 3aBIaHHs MOJIATa€E B TOMY, 11100 13 mepepaxoBa-
HUX CTpareriil yrpaBIiHHS BUOPATH ONTUMAJIbHY.

BimnosinHo, edekTUBHICT TPaKTHYHOI peatizaiii 3anporoOHOBAaHUX CTpaTerii
yIpaBIiHHS BUPOOHUYMMHE MTPOIIECAMU TEXHIYHOTO 0OCITYTOBYBAaHHS PyXOMOT'O CKIIay
3aJIeKUTh BiJl MPAaBUIBHOTO BHOOPY KpHUTEpil0 onTtuManbHOCTI. CyKyNHICTh BHMOT,
IIPU BUKOHAHHI SIKMX JOTYCTHME PillieHHS HalpalliOHAIBHIIIE Bi/IMOBIIa€ TIOCTABICHIH
MeTi (PaKTHYHO 1 sIBIIsiE COO00 KPUTEPill ONTHUMAIBHOCTI pimeHHs [9].

OnHak, B CUCTEMi TEXHIYHOTO OOCIYroByBaHHS aBTOMOOIIB, sIKa PO3IISIAETHCS,
OTpPHMaHHS KUIbKICHMX 3HaueHb (MTOKAa3HWKIB) MapameTpiB TOTO a0 IHIIOTO CTaHy
CHCTEMH HE € KiHIEBOIO METOK. BOHH CIIyrylOTh JIHIIE OCHOBOIO JUISI €KOHOMIYHOI
OLIIHKHU pillleHb, 1110 MPUIMatoThcs. ToMy ISl OIIIHKH MOXXJIMBHX BapiaHTIB CTpaTerii
YIpaBIiHHS TEXHIYHUM OOCITyrOBYBaHHSIM MOXeE OyTH OOpaHWil KpUTEpii ONTHMAalb-
HOCTI, 10 3a0e31edye NOPIBHAHHS 1 BUOIp BapiaHTy YIPaBIiHHSI CUCTEMOIO TEXHIYHOTO
00CITyrOByBaHHS aBTOMOOLIIB, SIKOMY HaJJa€ThCsI IIepeBara.

BignoBigHo 10 KOMOHOK 5, 6, 7 TabGn. 1, qjis MOpIBHSHHS PI3HUX BapiaHTIB
CTpaTeriii yrnpaBJiHHS MPOIECAaMU TEXHIYHOTO 00CIIyTOBYBaHHS PyXOMOTO CKJIany,
KpUTEPiEM ONTHUMAJILHOCTI MPU BUPIMIEHHI MMOCTABIEHOTO 3aBJIaHHs TIOBUHEH OyTH
MIHIMYM CyMapHHX BHUTpAaT, BUKIWKAHHX IMPOCTOSIMU aBTOMOOLIIB B OYiKyBaHHI
TEXHIYHOTO 00CIyTOBYBaHHS, HEIOBHUM BHKOPHCTAHHIM BUPOOHUYOI MOTYKHOCTI
30HU TEXHIYHOTO OOCIYrOBYBaHHS 1 BUTpAT, OB’ 3aHUX 3 BiAXHUICHHSAMHU (QaKTH-
HOT MEPIOJUYHOCTI TEXHIYHOTO OOCIYroByBaHHS aBTOMOOUIIB BiJl BCTAHOBICHUX
HOpMaTHuBiB. ToOTO, cymMa BUTpAT BiJl MPOCTOIB aBTOMOOIIIIB B OUiKyBaHHI TeXHIU-
HOTO OOCIIYyroByBaHHS, BUTPAT BiJl HEMNOBHOTO BUKOPUCTAHHS BUPOOHUYOI MOTYXK-
HOCTI 30HU TEXHIYHOT'O 00CIyTOBYBaHHS Ta BUTPAT BiJl HEBYACHOTO 00CITyrOBYBaHHS
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aBTOMOO1JIIB 11107[0 HOPMATHBHOT (ONTHUMAaIbHOT) MEPIOJUYHOCTI TEXHIYHOTO 00CITY-
TOBYBaHHS TparHe J0 MiHIMyMYy.

BucnoBku. ®opMyBaHHs Ta aHalli3 albTEPHATHBHUX CTpATeTiid yIpaBIliHHS TeX-
HIYHUM OOCITyTOBYBaHHSIM PYXOMOTO CKJIaJly aBTOMOOIJTBHOTO TPAHCIIOPTY JIA€ 3MOTY
oTpuMary Habip KepOBaHMX JIil 3aJIeXKHO BiJI pealbHOrO CTaHy CHUCTEMH TEXHIYHOTO
o0ciryroByBaHHs. TakiMM YHHOM, 0OMPalOYH BiIIIOBIIHI CTpATeTil Ha MiICTaBl KPUTEPItO
ONITUMAJILHOCTI, € MOKJIMBICTh KEPyBaTH BUPOOHUYNMU niporiecaMu TO y BiAMOBITHUX
MPOEKTAX 3aJISKHO Bl (HAKTUIHOTO MPOOIry PyXOMOTO CKJiaay, HeoOXiTHOCTI 3a0e3rie-
YEeHHSI TEXHOJIOTIYHOTO MPOIECy MepeBe3eHb Ta 3a0e3MeUeHHs] MAKCHMAIBHOTO 3aBaH-
TaXEHHsSI 30HM TEXHIYHOro 00ciayroByBaHHs. OTpuUMaHi pe3yNlbTaTH B TEPCIICKTHBI
MOXYTh OyTH 3aCTOCOBaHI P yIPaBIiHHI Cy9aCHUX aBTOTPAHCIIOPTHUX IiJIPHUEMCTB.
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