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I'AAY3EBE MAIIIMHOBY A YBAHH?I

YIK 621.577:658 DOI https://doi.org/10.33082/td.2023.1-16.01

OIIIHKA TEPMOJUHAMIYHOI EGEKTUBHOCTI TEOTEPMAJIBHOT O
TEIIJIOBOT'O HACOCA JIA TEIIVIOIMMOCTAYAHHS IIANTIPUEMCTB
MOPCBKOI'O TPAHCIIOPTY

M.B. Bocnii!, O.A. Boca?, €.B. beabuenkos?, O.A. llleBuenko*
'BUKIIaay Kadeapu MaTepialo3HABCTBA Ta JIMBAPHOTO BUPOOHHLITBA,
Llenmpanvnoykpaincokuil HayioHATLHUL MEXHIYHULL YHIgepcUumen,
Kponuenuyvkuii, Yxpaina
ORCID ID:0000-0002-3090-0427
ZnabopanT KadeapHu MaTepialo3HABCTBA Ta JIMBAPHOTO BUPOOHUIITEA,
LlenmpansHoyKpaincoKuti HAYIOHANLHUN MEeXHIYHULL YHIgepcumem,
Kponusnuyvruii, Yxpaina
ORCID ID: 0000-0001-7621-6631
3cTymeHT Kadeapu MaTepiao3HaBCTBA Ta JIMBAPHOTO BUPOOHUIITBA,
Llenmpanvnoyxpaincokull HAYiOHATLHUL MEXHIYHULL YHIgepCUmen,
Kponuenuyvkuii, Yxpaina
ORCID ID: 0009-0009-3463-4179
‘cTyneHt kadeapy Marepiao3HaBCTBA Ta JIMBAPHOTO BUPOOHUIITBA,
Llenmpanvnoykpaincokuil HayioHATLHUL MEXHIYHULL YHIgepcumen,
Kponuenuywvkuii, Yxpaina
ORCID ID: 0009-0006-8929-7665

Anomauisn

Bemyn., V' cmammi pozensioaemvcs npobnema BUKOPUCTNAHHA 2e0MePMAlbHUX
mennogux nacocis (I'TH), wo npayrorome nHa arbmepHamusHux oxcepenax enepeii 0is
MenIONOCMAYants NiONPUEMCME MOPCbKO20 mpaHcnopmy. [[is menionocmaiaHus
niONpUEMCmMeE Mopcvko2o mpancnopmy suxkopucmogytoms I ' TH 3 HU3bKOROMeHYIUHO0
meniomoio 0dicepen, nosimpsi, 6000UM i Haop 3emni. Memoro pobomu € oyinka mepmo-
ounamiunoi eqpexmusnocmi I'TH npu suxopucmanui ix nHa niOnpuemcmeax MopcbKkozo
mpancnopmy ma mopcovkux nopmax. Pezynbmamu. Buxonano mepmoounamivHuii aua-
i3 egpexmusnocmi ma xapaxmepucmux I'TH, wo npayooms 3 pisHumu 0dxceperamu
HU3LKONOMeHYIliHOI meniomu. Busnayeno gpaxmopu, aKi 6naueaoms Ha eHepeemuymy
epexmusnicmo ['TH, oyineni ocobaugocmi pobomu 1pyHmosux, 6005IHUX ma NOGImpsi-
nux I'TH ona nisdennux xaimamuunux ymos Yxpainu. Ilpoananizosano eéniue mpu-
sanocmi memnepamyp nHOGIMps pizHUX eenudun Ha menionpodykmusnicmo I'TH. /[ns
niosuwer s eheKkmueHocmi pobomu menjioHACOCHOI CUCmeMu 3anpPONOHOBAHO CXeM)
BUTTYUEHHS HUSLKONOMEHYIUHOT meniomuy 3 BUKOPUCMAHHAM IpyHmogozo TH i nogimps-
Ho20 mennoobminnuxa. Ha niocmasi npogedenux 00caiodcenb 6CIMAaH081eH0, W0 nepe-
832010 NOBIMps AK MenioHociaA € me, wo nogimpani I'TH moaxcyms npayroeamu npax-
muuno noscroou. Hosimmuim cnocobom niosuwenns epexmusnocmi I TH € kombinosane

© Bocuii M.B., boca O.A., beapuenkos €.B., Hleuenko O.A., 2023
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BUKOPUCMAHHS HU3bKONOMEHYIIHOI Meniomy IpYHmy i No8imps ma 3a06e3neuye UcoKy
menaonpooykmusHicme I'TH npomazom 6cbo2o poKy i Mae Oinbui 8UCOKUL NOKAZHUK
eHepeemUu4HOi eheKmusHOCmi y NOPIGHAHHI 3 MPAOUYITIHUMU CUCIEMAaMU Menionoc-
mauanua. I'TH marome 3HauHy nepeeazy nepeo iHUUMU MENni0eHepemuyHuUMU Cuc-
memamy ma ycmanoskamu. Bonu cnooccusaroms enepzito nonosenosanux odxcepei npu
SHUDCEHHI 8UMPAM HA eeKMPOnoCcCmayants Oinbus, HidxC 6 nonosuny. Bucnoexu. Buxo-
pucanna I'TH ona ymunizayii HU3bKONOMEHYIIHUX MENI08UX NOMOKI8 eKOHOMIYHO
sueiono. Tepmoounamiunuil ananis ecpekmuenocmi I'TH 0ns cucmem menionocmauan-
HSL NOKA3YE, WO 8 CYUACHUX EKOHOMIUHUX YMOBAX MeHOeHYis cucmem menionocmayian-
HSL MOJ#Ce PO3BUBAMUCS 8 HACMYNHUX HANPAMKAX: 3ACMOCYB8AHHS NAPOKOMAPECIUHUX
TH, sukopucmanHs 8MOPUHHUX eHEP2OPECYPCI8 NPOMUCTOBUX NIONPUEMCING MOPCLKOZO
mpancnopmy. 3acmocy8anHs OaHUX 3ax00i8 Moxce CYmmeo NiOGUUUMU eKOHOMIUHI
i meniomexHiuHi Xapakxmepucmuxy menionocmadaibHo2o 001aoHanus oas 0yodisens
RIONPUEMCING MOPCHKO20 MPAHCHOPIY.

Kniouogi cnosa: cecomepmanvruti meniosuil HAcoc, MepmMoOUHAMIYHUL YUK, MeNI0-
8a eHepzis, HU3bKONOMEeHYIliHe 0xcepeno meniomu, CUCeMy MenionoCmayants, Koe-
Giyicum mpanchopmayii, mepmoOuUHaMiuHa egheKmusHicmb.

ASSESSMENT OF THE THERMODYNAMIC EFFICIENCY
OF THE GEOTHERMAL HEAT PUMP FOR HEAT SUPPLY
OF SEA TRANSPORT ENTERPRISES

M.V. Bosyi', O.A. Bosa?, E.V. Belchenkov?, O.A. Shevchenko*
'"Lecturer at the Department of Materials Science and Foundry
Central Ukrainian National Technical University, Kropyvnytskyi, Ukraine
ORCID ID: 0000-0002-3090-0427
Laboratory Assistant of the Department of Materials Science and Foundry
Central Ukrainian National Technical University, Kropyvnytskyi, Ukraine
ORCID ID: 0000-0001-7621-6631
3Student of the Department of Materials Science and Foundry
Central Ukrainian National Technical University, Kropyvnytskyi, Ukraine
ORCID ID: 0009-0009-3463-4179
“Student of the Department of Materials Science and Foundry
Central Ukrainian National Technical University, Kropyvnytskyi, Ukraine
ORCID ID: 0009-0006-8929-7665

Summary

Introduction. The article examines the problem of using geothermal heat pumps
(HTN) operating on alternative energy sources for heat supply of maritime transport
enterprises. For heat supply, sea transport enterprises use heat pumps with low-potential
heat from sources, air, reservoirs, and the subsoil of the earth. The purpose of the work
is to evaluate the thermodynamic efficiency of HTNs when using them at sea transport
enterprises and sea ports. The results. A thermodynamic analysis of the efficiency and
characteristics of heat pumps operating with various sources of low-potential heat was
performed. The factors affecting the energy efficiency of the HTN were determined,
the peculiarities of the operation of soil, water and air HTN for the southern climatic
conditions of Ukraine were evaluated. The influence of the duration of air temperatures of
different values on the thermal productivity of the HTN was analyzed. In order to increase

10
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the efficiency of the heat pump system, a scheme for extracting low-potential heat with the
use of soil TN and an air heat exchanger is proposed. Based on the conducted research, it
was established that the advantage of air as a heat carrier is that air heating systems can
work almost everywhere. The newest method of increasing the efficiency of the heating
system is the combined use of low-potential heat of the soil and air, which ensures high
thermal productivity of the heating system throughout the year and has a higher energy
efficiency index compared to traditional heat supply systems. HTNs have a significant
advantage over other thermal energy systems and installations. They consume energy from
renewable sources while reducing electricity supply costs by more than half. Conclusions.
The use of heat exchangers for the disposal of low-potential heat flows is economically
beneficial. Thermodynamic analysis of the efficiency of heat supply systems for heat supply
systems shows that in modern economic conditions, the trend of heat supply systems can
develop in the following directions: the use of steam compression heat pumps, the use of
secondary energy resources of industrial enterprises of sea transport. The application of
these measures can significantly improve the economic and heat-technical characteristics
of heat supply equipment for buildings of maritime transport enterprises.

Key words: geothermal heat pump, thermodynamic cycle, thermal energy, low-
potential heat source, heat supply systems, transformation coefficient, thermodynamic

efficiency.

Beryn. Huni ogHuM 13 epeKTUBHUX 1 eHepro3depiraroumx crocodiB, M0 J1a€ MOXK-
JIUBICTh EKOHOMHTH TMaJIHBHO-CHEPTETHYHI PECYpCH, 3HWKYBATU 3a0pyAHEHHs HABKO-
JIMIIHBOTO CEPEIOBUILIA, 3aJ0BOJLHATH TOTPEOU CIIOKHUBAYIB Y TEXHOJIOTIYHINA TEILIOTI
€ 3aCTOCYBaHHS TEIUIOHACOCHUX TEXHOJIOT1 BUPOOHMIITBA TEIUIOTH SK B YKpaiHi, Tak
1y cBiTi B iiloMy. HeoOXiZiHO Ha cy4acHOMY eTarli BUKOPHCTOBYBATH Ta BIPOBAKY-
BaTH Cy4acHI TEIUIOHACOCHI TEXHOJIOTI] 3 BUKOPUCTAHHSIM BiJHOBIIIOBAIBHUX aJbTep-
HATUBHUX MPUPOJHUX JPKEPEN EHEPTii, sKi Jal0Th MOXIIUBICTD JUIsl eHEPro30epeKeHHS
1 3MEHIIIEHHS BUKU/IIB TTAPHUKOBUX ra3iB B AoBKiLIA [ 1-10].

Harenep cy4acHUM eKOJIOTIYHUM Ta €EKTUBHHUM JIKEPEIIOM eHEpTii JUIs TeIIoHa-
COCHUX TE€XHOJIOTi/ CHCTEMH TEIJIONOCTAYaHHs € BUKOPUCTAHHS €HEepril 3eMIi, IO Mic-
TUTBCS Y TOBITPI, TPYHTI Ta Boxi. ToMy HEoOXiJTHO pO3BHBaTH €HEProe()EeKTHBHI €KO-
sorigro yucTi ['TH TexHosoril 1ist CUCTEM TEIUIONOCTAadYaHHs THUITY «IIOBITPSI—BOIA»,
«TPYHT—BOJIa» 1 «BOJIa—BOJ[a», IO MPAIIOIOThH 3 BACOKUMH MOKa3HUKAMH €()EeKTHBHOCTI
1 32 OMANMIOBAILHUN MEPioJ] 320MAKYIOTh 10 75% KOIITIB Y MOPIBHSIHHI 13 TpaJIUIiii-
HHMH CUcTeMaMH onayeHHs [10-16].

IMocTanoBka mpooeMu. 3aCTOCYBaHHS JJIsl TEIUIONOCTAYaHHS TPAIUIIHHIX JKE-
pe eHeprii noTpedye CyTTEBUX (PiHAHCOBUX 3aTpPar i3 CKOPOUCHHSM 3aI1aciB OpraHigHUX
BH/IIB [TaJIMBa Ta 3pOCTAHHSM I[iH Ha eHeproHocii. Harenep Ha nanoMy eTari HEOOXiaHO
BIIpoBaKyBaru cydacHi [ TH 3 BUKOpUCTaHHIM ITOHOBITIOBAHUX aJIbTEPHATUBHUX JKE-
pelt eHeprii, sSKi BIIKPUBAIOTh MOXKIIMBICTh JI0 €HEpro30epeKeHHsI 1 3MEHIIICHHSI BUKH-
JB MApHUKOBUX ra3iB B JOBKULIA. [IpoOieMa 3HMKEHHS 3aTpaT Ha TEeIIONOCTauyaHHs
aKTyaJbHa HUHI 1 IS IPUEMCTB MOPCBHKOTO TpaHcmopTy [13-16].

[igpumenns: eneproedextuBHocTi ['TH, siKi BUKOPHUCTOBYIOTH T'€OTEPMANBHY
TEIJIOTY, B HAall 4Yac € OJHUM i3 HaWBOKIMBINIMX IMMUTaHb U1 MOAAJIBIIOTO PO3-
BUTKY Ta BIPOBa/DKCHHS TEXHOJOTIH 3aCTOCYBaHHS BiJHOBIIOBAJIBHHUX JDKEpEI
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EHeprii B CUCTeMax TEIUIONOCTaYaHHsI 1 TaKoXK JUIsS IiIPUEMCTB MOPCHKOTO TpaH-
criopty [14-16].

AHani3 ocranmix mociaimkens i myOaikamiii. ['TH € omHuM 3 mepcrneKTHBHUX
HAINpPSIMKIB PO3BUTKY Cy4aCHOT CHEPreTHKH 1 3HAXOMUTHCS B IIEHTPI yBaru 3apyOi>KHUX
1 yKpailHCBKHX JOCHiAHUKIB. B kpainax €Bporu ta Amepuku [ TH BUKOpHCTOBYIOTBCS
Bke Ounpie Hik 30 poKiB JUIs TETUIONOCTaYaHHS KUTIOBUX 1 IHIIUX Oy/IiBeNb Ta MpU-
Mimienb. JlocBin takux kpait, sk CIUIA, Snonis, ®panmist, Himeuuuna, IlIserist, ®in-
JISTHJTISE T THIIKX TOBOAUTH JOIUIBbHICTS 3acTocyBanus [ TH [14—-16].

I'TH — Haiibinbm edeKTHBHE JKEPENo allbTePHATHBHOI €HEeprii, sKi MpaIioloTh
3a TIPUHIWINIOM 3BOPOTHBOTO IIMKIY XOJOMWJIBHOI MAIMHU, TEPElarodd Tervlo Bil
HU3BKOTEMIIEPATypHOTO JKEpelia A0 CEpeIoBHIIA 3 OLIBII BHCOKOIO TEMIIEPaTyporo,
HAIPUKIIAI, CHCTEMHU OMAJICHHS 1 raps90ro BOJONocTauanHs. TernIoBrUi HACOC Mpaloe
HACTYITHUM YUHOM. Y TeII00OMIHHUKY-BUTIAPHUKY BiIOMPAETHCS TEIUIOTa HU3BKOTO
MOTEHITIANy 1 MEePEeAaeThCsl TaK 3BaHOMY POOOUOMY TuTY (XOJNOmoarcHTy). Y TBOpEHi
y BUMAPHUKY MMapH XOJO0areHTa CTHCKAIOThCS B KOMIIPECOPi i OHOYACHO Mi/IBUIILY-
I0ThCS TX THCK 1 Temmeparypa. [1oTiM TerioTa CTUCHYTOI Hapy y KOHAEHCATOPi mepe-
JIAETHCSI TETJIOBOMY CIIOKHBAYY, & KOHJICHCAT IICJIsl IPOCEIIOBAHHS THCKY 3HOBY HaJl-
XOUTh y BUMapHuk. Huni kommpeciiini I'TH otpumany HaiiOinbliie BHKOPUCTAHHS JUTS
Teronocrayanus [14—17].

[TpoBeneHHs TEPMOAMHAMIYHOTO JOCIIPKEHHS €HEProe(eKTHBHOCTI BHKOPHCTAHHS
I'TH B cucTemax TEIIONOCTa4aHHs Ha MiANMPHEMCTBAX MOPCHKOTO TPAHCIIOPTY Ta MOP-
CBKHUX TIOpPTaX HaTerep € aKTyaJbHUM.

MeTomonoriero TepMOANHAMIYHOTO JOCTIKEHHSI eHeproe)eKTUBHOCTI 1 BIIpOBa-
mokeHHss TH B cuctemax TerionocrayaHHs Ha MANPHEMCTBAX MOPCHKOTO TPAHCIIOPTY
Ta MOPCHKUX TIOPTaX MPU BUKOPUCTAHHI HU3BKOTIOTEHIITHNX JPKEPeIT TeTUIOTH, HaTpH-
KJaJl, TPyHTY, TPYHTOBUX BOJI, TIOBITPSI € 3aCTOCYBaHHS €KCEPIeTUIHOTO METOY JIOCTi-
JUKEHHS 3 BU3HaueHH:IM koedinienra tpancdopmanii ['TH (COP) ta exceprernanoro
KK [15-21].

@opmyaoBaHHS 1ijdeii craTrTi. METOIO CTaTTi € OIiHKa TePMOAWHAMIYHOI edeK-
tuBHOCTi [ TH npu BUKOpUCTaHHI X HA TAIPUEMCTBAX MOPCHKOTO TPAHCIIOPTY Ta MOP-
CBKHUX TIOpTax.

Bukaan ocHoBHoro marepiamy. ['TH mnominstoore Ha: reoTepMaibHi TPYHTOBI
«TPYHT-BOZIa», BOMISIHI «BOJA-BOJa» Ta MOBITPSHI «MOBITps-Bogaa», a Takox ['TH sxi
BUKOPHUCTOBYIOTh BTOPHHHY TETIJIOTY.

B I'TH 3 ropu3oHTaJbHUM KOHTYPOM CHCTEMa «IPYHT-BOJIa» KOJIEKTOP PO3MIIILY-
€TBCSl KUTBISIMUA a00 CHIpaIsiMH B TOPU3OHTAJIbHUX TPAHIIESX HIDKYE TIIHOMHU IPO-
Mep3aHHsS TpyHTY (3a3BM4aidl Bix 1,5 M 1 Oinblie) 3 po3paxyHKy: OJHH METp Tpyou
exBiBasienTHH 20-30 Bt. Ileii crioci® € HalOUIBII CKOHOMIYHO €(DEKTUBHUM JUIS ITiJI-
NPUEMCTB MOPCHKOTO TPAHCIIOPTY 32 YMOBH BiJICYTHOCTI JAe(iUTy 3eMeIbHOT ILIOIII
iy koHTYyp [18, 19].

B I'TH 3 BepTHKanbHUM KOHTYPOM CHCTEMA «IPYHT-BOJIa» KOJIEKTOP PO3MIILY€EThCS
cripansMu abo KUTBISIME y BOJIOWMI (MOpi, 03€pi, CTaBKY, pivlli) HHX4Ye TTTHOUHH MPo-
Mep3aHHs. Lleii BapiaHT € ieanbHUM 3a BCiMa IMOKa3HUKaMHU: KOPOTKUI KOHTYD, Hali-
O1ITBIII BUCOKA TEMITEpaTypa HABKOJIHIITHBOTO CEPEIOBUINA, SIK HACTIJOK, BUCOKA e(eK-
TUBHICTH poboTu. OMH MeTp TpyOH MiZABOIHOTO KOHTYpY nopiBHIOE 30 BT TemnoBoi
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eHeprii. TpyOu 3amoBHIOIOTECS aHTU(PHU3OM (PO3YHMH MpomiieH-rikomo). Ile Haii-
OLITBII JICIIIEBUI BapiaHT, ajie € BAMOTH JI0 MiHIMaJIbHOT IJTMOWHU 1 00CATY BOJIU Y BOIO-
WM T KOHKPETHOTO PETiOHY MiAIPHEMCTB MOPCHKOTO TPaHCIIOPTY.

B I'TH 3 npuTOoruieHMM KOHTYPOM CHCTEMa «BOJa-BOJa» TPYHTOBI BOAM € Kpa-
MM JKEPEJIOM €HEpTii, 3aBISKH TOMY, III0 HaBiTh B 3MMOBHH Yac TeMIeparypa Iboro
pecypcy Mae monarHi 3HadeHHs Bijg +5 qo +15 °C. I'TH, siki oTpuMyHOTh €HEPIirO Bij
IPYHTOBHUX BOJ MaroTh HanOubin Bucokuit KK/ [21].

[ositpsui 'TH BUKOPUCTOBYIOTH K JPKEPENO HU3BKOIIOTEHIIIMHOT TETUIOBOT eHeprii
noBiTps. J[>KepenoM TeIIoTH € 30BHILTHE (aTMOC(EpHE) MOBITPS 1 BUTSHKHE BEHTHIIS-
HiliHEe MOBITPs (3arajbHOOOMIHHOI a00 MICIIEBOT) BEHTHJIALII Oy/iBeNb MiIIPHUEMCTR
MOPCBKOTO TPaHCIIOPTY.

[ogiTpsai 'TH He BUMararwTh MOHTaXY Mi3€MHOIO YH MiABOAHOTO KOHTYPY — iX
BUKOPHCTOBYIOTH B TOMY BUTIAJIKY, KOJIM 1HIII BApiaHTH BiI0OPY TETUIOTH HE MOXKYTh Oy TH
pearnizoBaHi. TerioBa eHeprisi MOBITPsI BUKOPUCTOBYETHCS 10 mo3Ha4kH -15 °C. Tlpu
CHJIPHHX MOpO3ax 3aCTOCOBYIOTH JONATKOBUH Terutoreneparop, ane TH Heloiterm
MaroTh poOOYHNH Aiana3oH Temreparyp Bin -25 go +45 °C i mogarkoBuii TeruioreHepa-
Top He nmoTpiOHMiA [22]. IcHyroTh Takox moBiTpsiHi TH, siki BigOMparoTh HU3BKOIIOTEH-
LifHY TEIUIOTY 3 MOBITPS 1 BAKOPUCTOBYIOTH HOTO JUIs 00IrpiBY MPUMIIICHD B OyIUHKY
3a JIOTIOMOTOFO MTOBITPSTHOT KaHAJTBHOT CUCTEMU «TIOBITPS-TIOBITPs» [23].

[MpuHnMIIOBa cXxeMa rpyHTOBOTO Te0TEPMaIbHOTO MAPOKOMITPECIHHHOTO TEIUIOBOTO
Hacoca HaBeJieHa Ha puc. 1.

TemneparypHi piBHI HU3BKOMOTEHIIHHUX JDKEPEN TEIUIOTH. 30BHIIIHE TOBITPSA
+5...+10 °C, BursxkHa BenTwisAlis +15...+25 °C, o3epna Boga 0...+10 °C, piukosa
Boaa 0...+10 °C, mopceka Boaa +3...+8 °C, rpynt 0...+10 °C, rpynToBi Boau >10 °C,
reorepmanbhaa Boma +20...+50 °C [18].

. —
3
Ir“.l.-nll
3
o /,.-5
-
foo 4 ja =1’
Boga 1
ccressi 6 &
onazennal g 1
I'w."__,..-_'."_m—- .I'",.”

2PVHm

1 — eunapnuxk; 2 — komnpecop, 3 — enekmpoosucyH,
4 — koHOeHcamop,; 5—oxonoodcysau; 6 — Opocens, 7 — nepezpisau
Puc. 1. Ilpunyunosa cxema 2eomepmanbHO20 NapOKOMNPECIiHHO20 MeNI08020 HACOCA
«2PYHM—600a» 0151 CUCIeMU MEeNIONOCMAYaAnHs
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TerutoBi HaBanTaxkeHHs B [ TH «rpyHT—BOa» pecTaBieHi Ha p—h miarpami (puc. 2),
Jic BOHM HaBEJICHI y BUINISJII BIAMOBIAHUX BiJPi3KiB MPSAMUX JIiHIN, 10 BiI0OpakaroTh
OCHOBHI TepMojuHaMivHi npouecu. Enepretruny edexrusnicts [ TH «rpyHT—BOma»
OIIHIOEMO 3a JIOTIOMOroi0 p—h miarpamu (puc. 2).

TepMmonuHamigHUi po3paxyHok ukiay ['TH «rpyHT—BOonma» HactymHuii [15-23].

Temneparypa HacCHYCHOT Napy NPOIIaHy Ha BUXOJI 3 BUIApHHUKA

T =T" —AT. (1)
Temrieparypa KOHIEHCAIIi1 MPOITaHy B KOHJIEHCATOP1
T=T" +AT. 2)
CtyniHae CTUCHEHHS poO0YOTo Tijla MpoTNaHy B KOMIIpecopi
e=P/P, 3)

ne P = 2,5 Mlla, P = 0,45 MIla — TMCcK KOHJIEHCallii i BUIAPOBYBAHHSA IIPOIAHy MPH
temneparypax ' =342 Ki T =275 K.
[Turoma poGoTa CTUCHEHHS B KOMIIPECOPi

lmzhz_hr 4
[IutoMe TemIOoBEe HABAHTAKEHHS BUITAPHUKA

q,= hlfh 5 ®))
IInutoma TerToBa MOTYXHICTh KOHIEHCATOpa

q.= h2 — h3. (6)
[IutoMe TerIoBE HaBaHTAXEHHA OXOJIOAKYyBaya

g3 =hy—hy. (7

HpaBI/IJILHiCTL PO3paxyHKy BU3HAYAECTHCA HepeBipKOIO TEIIJIOBOI'O 6anchy
ZCT +qB: qK+ qno' (8)

g,
P . K -
.l.m:A q, [

37 Ty 338K o 3
2.5 Y - -

7

i 45 o

Ly
—
=

: — —y
215 375 675 h, w/lweive

Puc. 2. uxn TH «tpynm—e00a» 6 p—h-diacpami
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IMutoma BuTpata nepBuHHOI eHeprii (enexrpoeneprii) ' TH Ha ogunuIto BupoOie-
HOI TEIUIOTH

Ery =lcr /g )

ITutoma CHepFi}I, sIKa CHIOXKUBAETHCA CIICKTPOABUTYHOM

W=l /n, "M, (10)
nen ., = 0,95 — enexrpomexaniunnit KKJ[ komnpecopa, 1, = 0,8 — KK]I enexrpo-
JIBHTyHa. ‘

Teopernunuii koedinienT Tpancdopmanii TemnoTu ineansHoro mukiry Kapno COP,

COP =T/J/T, ~T,, (11)
ne T, — abcomoTHa Temmeparypa BUNApoByBaHHs mnpomany y sunmapuuky TH, K

T — abcomoTHa Temneparypa KonjaeHcauii nponany B konaencaropi TH, K.
Koediuient tpancopmanii rermoru ['TH
COP=COP_-n_, (12)
ne M — Koe(ilieHT, SKUi BPaxoBy€e PeajibHi MPOLECH, IO 3MIHCHIOITLCA poOOInM
tinoM y TH, sikui#i 3rigHO 3 pSAAOM JKEpes TETUIOTH 3MIHIOEThCA B AiamasoHi 0,6...0,8
(mpuiimaemo n,, = 0,6) [15]; CO, — TeopeTnunuii koedinieHt Tpancpopmaii TH.
Exceprernunnii po3paxynok TH «rpyHT-BOJ2» BUKOHAHMIA HA OCHOBI BU3HAYCHHS
excepriit mpu podoti TH «rpyHT-BOIa» Ta €KCepreTHIHOro OaNaHCy IMiIBEACHOI 1 Bif-
BEJICHOI eKceprii B KooKHOMY eneMeHTi oomagHanas TH «rpyHT-Boma» [24-27].
Exceprernunnit KK TH «rpyHT—BOa» MOKa3ye CTYIiHb TEPMOAMHAMIYHOI JTOCKO-
Hanocti TH i po3paxoByeTbes sik BimHOMEHHs BinBeneHoi Big TH exceprii mo migseme-
HOI exceprii [24-27]
nex = eBiu./euiu.’ (13)
pe e, = et e — cyma sinseneHoi Big TH exceprii; e, =e + e — cyma HifBeACHO
no TH ekceprii; €, — muTomMa EKCepris, BiJIBeIcHa CEPEIOBHUIIIEM, SKE HArPiBAEThCS BiJl
konzencaropa TH; e  — muroma EKCepris, BiJiBeIcHa CEPEIOBHUIIEM, SKE HAIPIBAETHCS
BiJl OXOJIOJUKYBa4a; €, — MUTOMa €KCEpris, IIiJIBE/IeHa JI0 BUMAPHAKA HU3bKOTIOTEH-
HiHOTO JUKEpesa TEIJIOTH; €, — MUTOMA EKCEPTisl eJIEKTPUYHOT €HEpTii, MiABEAEHOT 10
KOMIIpecopa Ha HOro IpHUBIJIL.
Excepris orpuMaHa BUCOKOTIOTEHIIIHHIM JPKEPENIOM Y KOHAEHCATopi

€. =149, (14)
e ’CB — CKCCPreTUIHAa TEMIICpATypa BHCOKOHOTCHHiﬁHOI‘O TeHJ'IOHOCiH
K
_ TCp.MB - (tn.c. + 273)
T, = ot . (15)
Cp.MB.

Cepenns norapudmivyHa TemMIeparypa rapsiaoro TEIIoHO IS

” ’

t., 1t
K — MB MB . 16
TcpMB tlljm + 273 ( )
In2—
ty —273

Excepris orpuMaHa BUCOKOIIOTCHIIHHIM TETIJIOHOCIEM B OXOJIOIKYyBadi

eno = Tno qno’ (1 7)
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JIE T, — EKCEPreTHYHa TEMIIEPATYPa BUCOKOTIOTEHIIHOTO TEIIOHOCIST B OXOJIOMKYBadi
_ T —(t,. +273)

Too T
cp

(18)
Cepenns morapudMigHa TeMITeparypa BUCOKOITOTCHITIHOTO TEIIOHOCIS B OXOJIO-
JKyBadi

" ’

0 = t” +§073 ' (19)
t —273
Exceprisi, BiiJaHa HU3bKOTIOTEHIIIHHUM TETNIOHOCIEM Y BUIIAPHUKY
¢ =g, (20)

e ‘CH — CKCCPIreTUYHA TCMIICpAaTypa HPI3I>KOHOT€HLIifIHOFO TEIIOHOCIS

T°  —(t,. +273)
r = Cp.HT. -G , (21)

H B

Cp.HT.

Jie T, — TeMIepaTypa HaBKOJIMIITHBOTO CEPEIOBHIIA
Cepemns norapudmivyaa TeMrieparypa HI3bKOIIOTSHITITHOTO TEITIIOHOCIs

r "
B L — b

. e 273 (22)
t' =273
Exceprist enexTpoeHeprii, 0 BUTpa4aeThesl Ha MPUBIJ KoMIIpecopa
I,
e =W= (23)

Nes Me
Pesynbrati mpoBeneHOro BHIIE TEPMOAMHAMIYHOTO po3paxyHKy mukiay I'TH
«TPYHT—BOZ@» HaBeJeHi B Ta0. 1.
Hagenenwuii Buiie TepMoAMHAMIYHMN aHANi3 €HEPIEeTUYHUX 1 €KCEPreTUYHUX BTPaT
Jae TiAbKM 3arajbHE YABICHHS MPO TepMoAWHaMiyHy edekxTuBHicTh muxiy ['TH

Tabmums 1
Tepmonuunamiunuii po3paxynok nuukiay I'TH «rpyHT-Boga»
ITapameTtp Po3mipHicTh Po:lf:zg;l:’(lml
1 2 3
TeMnepaTypa BUIIapOBYBaHHS NpoNaHy, 7B K 275
EnTanenis mponany micis BUDapHUKa, /1, KJK/KT 580
Tuck nponany y BUNapHuxy, P MIla 0,45
Temneparypa koneHcauii nponany, 7 K 342
Enranemis mpomany micist KOHIEHCATOPa, /1, KJK/KT 225
Tuck xonzieHcanii nponany, P MIla 2,5
EnTanemis npomnary Ha BXOJi B KOMIIPECOD, /1, kJx/xT 575
Enranbmis mpomany Imicis KoMnpecopa, h, k/JIK/KT 675
ExTanbnis nponaHy nepes BUIAPHUKOM, /i kJIx/kr 215
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IIponowxenns tadm. 1

1 2 3
ITuToMe TEMIOBE HABAHTAXKEHHS BUIIAPHUKA, g kJxK/KT 360
ITuToMe TEMIOBE HABAHTAKEHHS KOHJIEHCATOPA, k/Ix/k 450
ITuToMeE TEMIOBE HABAHTAKEHHS OXOJIOJIKYBAYa, g k/Jx/kr 10
ITuroma po6oTa CTUCHEHHS B KOMIpecopi, / kJIK/KT 100
CT

[Turoma eHepris, sKa CIIOKUBAETHCS EICKTPOABUTYHOM, W k/Jx/kr 131
IlepeBipka Temiosoro 6anaHca, g, — 460
KoedoirienT ctucHenHs, € — 5,5
Koegimient nepersopenns rerotu TH, COPT _ 5,1
Cop 3,5
Cepenns TemMIieparypa HU3bKOIIOTEHIIHHOTO TEIIOHOCIS, K 279

6

Cp.HT.
TepmoanHaMiyHa TeMIIepaTypa HU3bKOIIOTEHIIHHOTO _ 0.062
TEIUIOHOCIS, ’
Exkcepris, BiilaHa HU3bKONIOTEHIIHUM TeTIOHOCIEM, e, kJK/KT 22,3

CepeHs TeMIeparypa BUCOKOIOTCHIIIHHOTO TeIUIOHOCIS
B KOHZAeHcaTopl, T°

Cp.MB.

K 338

TepmoarHaMiyHa TeMIIepaTypa BUCOKOMOTESHIIIHOTO 0.155
TEIIOHOCISI B KOHAEHCATOPI, T, ’
Excepris, ogepkaHa BHCOKOIIOTCHIIITHAM TETNIOHOCIEM

Prist, O71ep; T kJIx/kr 69,75
B KOHJIEHCATOPI, e,

CepeHst TemMIieparypa BUCOKOIOTCHIIIHHOTO TEIIOHOCIS K 303
B oxonopkysadi, T
TepmonnHaMiyHa TeMIIepaTypa BUCOKOIIOTECHIIHHOTO B 0.099
TEIUIOHOCISI B OXOJIOMXKYBadi, ¢ >
Excepris, ogep:kaHa BUCOKOMIOTEHIIIHHAM TEIUIOHOCIEM

pris, o4epa T KJIK/KT 0,99
B OXOJIOMXKYBadi, €
Excepris eeKTpOEHePrii, sIKa CIIOKUBAETHCS, €, KJDK/Kr 131
Ekcepretuunnii KKJ[ TH, n_. — 0,45

«TPYHT-BOZIa», Ha TIJICTaBi SIKOTO MOXKHA 3pOOUTH BHCHOBOK ITIPO BHECOK TOTO, YU
imoro enementa ['TH «rpyHT-Bozia» B €(peKTUBHICTh EPETBOPEHHS MOTOKIB €HEPTii.

Jiist npUAHSTTS IPaKTHYHKUX PIIEHB MO0 3MEHIIICHHST eKCEPTeTHIHUX BTPaT B eJie-
MeHTtax ['TH «rpyHT-BoAa» HEOOX1THO MaTH iH(OpPMAIIito PO BIACHI 1 TEXHIUHI BTpaTH
eKceprii B KOKHOMY 3 €JICMEHTIB.

Tomy, HEOOXiTHO TIPOJOBXKUTH JOCHTIPKEHHS B IIbOMY HANpPSIMKY, TPUHHSBIIN 32
OCHOBY po3mIsiHyTHH Bule npuknan g ['TH «rpyHT-Boga», sSikuii paloe Ha XO0JIo-
JTIIBHOMY areHTi MPOIaHy i B IOAANBIIOMY BUKOPHCTOBYBAaTH HaCYYacHIIII PUPOIHI
€KOJIOTTYHO YKMCTI po0OoUi Tijia I TSIUIOBOTO HACOCA 1 BIHOBIIIOBAJIBbHI JIXKEpea eHep-
rii Uit TpaHcopMallii TErmoBoi eHeprii.

BucnoBku. BrnposamxkenHs I'TH € nmepcrieKTUBHHM HANpsIMKOM BUKOPUCTAHHS
aNbTePHATHUBHUX JKEpeNl eHeprii Juiss 3abe3nedeHHs MOTped CHCTEM TeIruIonocTa-
YaHHS, BEHTHJISIIT Ta rapsvoro BOAOIOCTa4daHHs OyIiBeNb IMiJIPUEMCTB MOPCHKOTO
TPaHCIIOPTY, ajie JIAHWW TPOIEC CYTTEBO 3aJICKUTHh BiJl MiCIE3HAXOMKEHHS 00’ €KTa
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Ta HAasBHOCTI JIOCTYITY JIO TIEBHOTO ONTHUMAJIBHOTO JIJIsl HHOTO JDKEpeia HU3bKOIOTEHITi-
aNBHOT TETIOBOT eHeprii.

IIpoBeseHO TEepMOAMHAMIYHE JOCIIPKEHHS CHEProe)eKTUBHOCTI 3aCTOCYBaHHS
I'TH «rpyHT-BOJa» AJsl CHUCTEMH TEIIONOCTAaYaHHS MiAMPUEMCTB MOPCHKOTO TpaH-
CTIIOPTY IPY BUKOPUCTaHHI TPYHTY, SK JDKEPET HU3bKOMOTECHIIIHHOT TeTUIOBOT €Heprii.

3’sicoBaHo, 1m0 eHepretudHa edektuBHicTh [ TH «rpyHT-BOmay, poboynM Tiiom
SIKOTO € TIPOIIaH, ollineHa koeditienrom neperBopennss COP I'TH i ctaHoButs 3,5.

MetomoM ekcepreTudHoro aHamisy omineHo ekceprernuynuii KK/ I'TH B 3anex-
HOCTI BiJl CEPEIHBOTEPMOJMHAMIYHUX TEMIIEPATYP BUIIAPOBYBaHHS I, KOHIEHCALli
T, i oxonomxkenns T, mponady Ta MOKa3aHo, IO JOCKOHATICTh IIEPETBOPEHHS €HEPTii
B TH «rpyHT—BOma» CTaHOBUTH 45%.

JITEPATYPA

1. Manspenxo B.A., Jlucak JI.B. Enepretuka, 1oOBKijuis, eHepro3oepekeHHsl.
X: Py6ixon. 2004. 368 c.

2. bespoannii M.K., ITyxosuii L.I., Kyrpa /I.C. TeruoBi Hacocu Ta iX BUKOpHC-
tanHs. HaBuansauii nocionuk. Kuis: HTYY «KIIl». 2013. 312 c.

3. Ocramenko O.I1. XomoguiabHa TeXHIKA Ta TexHoJorig. TeluioBl HAcOCH.
Haguaneauii nocionuk. Binauns: BHTY. 2015.123 c.

4. ApcenbeB B.M., Meneituyk C.C. TersioBi Hacocu: OCHOBHU Teopii 1 po3-
paxyHnky. HaBuanbuuii mocionuk. Cymu. CIY. 2018. 364c.

5. ApcenbeB B.M. TemnonacocHas TexHONOTHsS eHepro3oepexeHHs. Cymu:
Bun-so CIIVY. 2009. 251 c.

6. Bocuit M.B., Kyzuk O.B. TemnoBi HacocH st OnajieHHs! Ta rapsidoro BOAOIIOC-
tadaHHs1. Findings of modemn engineering research and developments: Scientific
monograph. Riga, Latvia: «Balfijia Publishing», 2022, P. 24-40.
http://baltijapublishing.lv/omp/index.php/bp/catalog/book/217

7. Ilicaper B.€. TemioBi Hacocu Ta XONOAWJIBbHI yCTaHOBKM. HapuanmpHuit
nocioauk. K: KHYBA. 2002.124c.

8. Cuexxin 10.®., Yamaes JI.M., lllaBpin B.C., abixa H.O. Temioi Hacocu B
cucTeMax TerioxonononoctadyaHus. Monorpadis. Iin. pen. akang. HAH Ykpa-
inu A.A. Jlonincekoro; HAH Yipainw, IH-T TexH. Termodizuku. K: 2008. 104 c.

9. bBbespomuuit M.K., Ilpuryna H.O. Enepretnuna epexTHBHICTb TEIJIOHA-
cocHuX cxeM TtemonocradaHds. Monorpadia. K: HTYY «KIll». 2012.
208 c.

10. IIeBens B.M. PaboTa koMIipeccOpoB cepUHOTO HCIIOTHEHHS Ha CMECH ITPO-
naH-OyTaH B TEIUIOHACOCHOM pexkuMe pabotbl. KoMipeccopHas TexHuKa U
nHeBMmaruka B XXI Beke: XIII MexxayHaponHas HayqHO-TEXHHUYECKAs KOH-
¢epenuus no kommpeccopoctpoeHuo. Cymer: CymI'V. 2004. C. 239-244.

11. Xmenbatok M.I., Mapteiatok M.O. [loBwimenne 3ppekTHBHOCTH ycTa-
HOBKM HM3KOTEMIIEpaTypHOW KOHJEHcaluM IHpupoaHoro rasa. Opecca:
OAX. Texunueckue raznl. Ne 4. 2008. C. 30-35.

12. bocuit M.B., Ky3uk O.B. EdexTuBHIiCT LMKITYy TEIIOBOTO Hacoca Uis
TEIUIONOCTA4YaHHsA. [lenmpanbHoykpaincokuii HayKosuti 6icHuK. Texuiuni

18



PO3BUTOK TPAHCIIOPTY
Ne 1(16), 2023

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

nayku. 2020. Bumn. 3(34). C. 136-142. http://dspace.kntu.kr.ua/jspui/
handle/123456789/10447

bocuii M.B. TepmoanHamidHa eHEProe(eKTHBHICTh TEOTEPMAIBEHOTO
TEIJIOBOTO Hacoca Ha TpyHToBUX Bojax. Moderni aspekty védy: XX. Dil
mezinarodni kolektivni monografie. Mezinarodni Ekonomicky Institut
s.r.0. Ceska republika: Publishing Group ,, Védeckd perspektiva «, 2022. str.
556-568. http://perspectives.pp.ua/public/site/mono/monography-20.pdf
bocuii M.B. Teruioi Hacocu — eHeproe(heKTUBHE BiJHOBIIOBAIBLHE SKOJIO-
riuHe yucre mrepeno temiord. Moderni aspekty védy: XXI Dil mezinarodni
kolektivni monografie Mezinarodni Ekonomicky Institut s.r.o.Ceskéa
republika: Publishing Group “Védeckd perspektiva”, 2022, P. 357-380.
http://perspectives.pp.ua/public/site/mono/monography-21.pdf

Mopozok T.B. Teopus XoJIOIWIBHBIX MallMH M TEIUIOBBIX HACOCOB.
Onecca: Crymus «Herormmanm. 2006. 712 c.

Txauenxo C.J., Ocranenko O.I1. ITapokoMmmpeciiini TemmonacocHi ycra-
HOBKHM B CHCTEMax TeruionocradanHs. Monorpagis. Binauns: BHTY.
2009. 176 c.

ApcenpeB  B.M., Ipeuanenxko B.A. DOkceprerndeckass OICHKa
3G PEKTUBHOCTH TEINIOHACOCHOW TEXHOJIOTHHU dHEProcOepekeHuil. Bicnux
Cymcokoeo depoicasnozco yuisepcumemy. 2002, Ne9(42). C. 81-85.

Bbocuit M.B., Kpomisauit B.M., Ky3uk O.B., Kpomisaa A.B, MonokocT
JI.LA TepmomuHamiyHa eHEProeeKTUBHICTh MAPOKOMIIPECIHHOTO TETIOo-
BOTO HAcoCa Ha TPYHTOBHX BOMAX. [[eHMpPAanbHOVKPAIHCOKUL HAYKOBULL
sicnux. Texniyni nayxu. Kpormmsaumbkuii. 2022, But. 5(36), 4. 1. C. 47-54.
http://mapiea.kntu.kr.ua/archive/36 I.html

bocuit M.B., Kponieauii B.M., Ky3ux O.B. Tepmonunamiune mocii-
JOKEHHSI IIUKITy TEIJIOBOTO HACOCY «TPYHT-BO/Ia» JJISi CUCTEMH OTIaJICHHS
npumiieHas. Haykosuti xypHan Bicnux KpeMeHUyNbKOro HaIllioHalIb-
Horo yHiBepcurery iM. M. Octporpaacekoro. Kpemenuyk: Nel(132),
2022. C. 165-172. DOI: https://doi.org/10.32782/1995-0519.2022.1.22.
http://visnikkrnu.kdu.edu.ua/pravila.php

Cipxo 3.C., Kopenaa B.A., Bumnsikos [1O., ITporacoB O.C., OxpiMeHKO
C.M., Lipens H.JI. BukopucranHs TEIJIOBUX HACOCIB I ONAJICHHS Ta
raps9oro BOIOMOCTaYaHHs OymiBeb MIAIPHUEMCTB Ha MPHUKIIAZ1 YCTAaHOBOK
Helioterm. Hayxoei donoeioi HYBill Ykpainu. Texnixa i enepeemuxa AIIK.
Ne 5 (87). 2020.

Bbocwuii M.B. Eneprerudna e(peKTHBHICTD MOBITPSHOTO TEIJIOBOTO Hacoca
Ha EKOJIOTIYHO 4YucTOMy pobodomy Timi mponani // Hayxoguil XypHan
«Bueni 3anmcku TaBpilicbKOro HAIlOHAIBFHOTO YHIBEPCUTETY iMEHI
B.I. Bepuaacekoro». Cepisi: Texniuni Hayku». KuiB: Tom 33 (72), Ne 4,
2022. C. 144-148. DOI https://doi.org/10.32838/2663-5941/2022.4/22.
https://tech.vernadskyjournals.in.ua/33-72-4

bocuit M.B., Jlucenko A.Sl.,, Manyiinopuy B.B., Ilanimko O.B. Edex-
TUBHICTh IIMKJIYy T€0TEPMaIBbHOTO TEIUIOBOrO Hacocy. V MixHaponHa

19



PO3BUTOK TPAHCIIOPTY
Ne 1(16), 2023

20

23.

24.

25.

26.

27.

HayKOBO-TIPAKTUYHA KOH(EpEeHIis « AKTyallbHI IUTaHHsI CYy4acHOI HayKH,
cycrinbersa Ta ocBiTiy. The Sth International scientific and practical confer-
ence «Topical issues of modern science, society and education» (Novem-
ber 28-30, 2021) SPC «Sci-conf.com.ua», Kharkiv, Ukraine. 2021.
2101 p., c. 418-422. https://sci-conf.com.ua/wp-content/uploads/2021/12/
TOPICAL-ISSUES-OF-MODERN-SCIENCE-SOCIETY-AND-EDUCA-
TION-28-30.11.21.pdf

Bocuit M.B., Jlucenxo A.S., Manyinosud B.B., bapkap M.M. Tepmonu-
HaMivyHa eHeproeeKTUBHICTh Fe0TEPMATBHOTO TEIIOBOIO HACOCa «BOJIA-
Boza». The 3rd International scientific and practical conference “Modern
science: innovations and prospects” (December 5-7, 2021) SSPG Publish,
Stockholm, Sweden. 2021. 1036 p. ISBN 978-91-87224-02-7. https://sci-
conf.com.ua/wp-content/uploads/2021/12/MODERN-SCIENCE-INNO-
VATIONS-AND-PROSPECTS-5-7.12.21.pdf

Bocuit M.B., Jlucenko A.Sl., Manyiinosua A.B., Ilanimko O.B., bapkap
M.M. TeorepmaiibHmMit TETUIOBHIA Hacoc «rpyHT-Boaa». The 2nd International
scientific and practical conference — “Modern research in world science” (May
15-17,2022) SPC —“Sci-conf.com.ua”, Lviv, Ukraine. 2022. P.406-413. ISBN
978-966-8219-86-3.  https://sci-conf.com.ua/wp-content/uploads/2022/05/
MODERN-RESEARCH-IN-WORLD-SCIENCE-15-17.05.22.pdf

Bocuit M.B., boca O.A., Jlucenko A.fl., Manyitnosuu B.B., benpuen-
koB €.B., llleBuenko O.A., I'epacumenko 1.0. TepmoguHamiuHe IOCITI-
JOKEHHsI IMKJTY TEIJIOBOTO Hacoca «rpyHT-Bofa». The 11th International
scientific and practical conference “Eurasian scientific discussions”
(November 21-23, 2022) Barca Academy Publishing, Barcelona, Spain.
2022. p. 97-103. https://sci-conf.com.ua/wp-content/uploads/2022/11/
EURASIAN-SCIENTIFIC-DISCUSSIONS-21-23.11.22.pdf

Bocuit M.B., boca O.A., Jlucenko A.f., Manyiinosuu A.B., benpuen-
koB €.B., Illeuenko O.A., ['epacumenxo 1.0. EneproedexktuBHicTs IUKITY
TEIIOBOTO Hacoca «rpyHT-Boma». The Ist International scientific and
practical conference “Scientific research in the modern world” (November
9-11, 2022) Perfect Publishing, Toronto, Canada. 2022. p. 303-309.
https://sci-conf.com.ua/wp-content/uploads/2022/11/SCIENTIFIC-
RESEARCH-IN-THE-MODERN-WORLD-9-11.11.22.pdf

bocuit M.B., boca O.A., Jlucenko A.fl., ManyitnoBua A.B., bens-
yenkoB €.B., bormapenxo B.O., Aspamenko €.B. TemmoBuii Hacoc
«rpyHT-Bozian. The 3rd International scientific and practical conference
“Science and technology: problems, prospects and innovations”
(December 14-16, 2022) CPN Publishing Group, Osaka, Japan.
2022. C. 163-168. https://sci-conf.com.ua/wp-content/uploads/2022/12/
SCIENCE-AND-TECHNOLOGY-PROBLEMS-PROSPECTS-AND-
INNOVATIONS-14-16.12.22.pdf



PO3BUTOK TPAHCIIOPTY
Ne 1(16), 2023

10.

11.

12.

REFERENCIS

Malyarenko, V. A., & Lysak, L. V. (2004). Energy, environment, energy
saving [Enerhetyka, dovkillya, enerhozberezhennya]. X: Rubicon. 368 p.
[in Ukrainian].

Bezrodnyi, M.K., Pukhovii, LI, & Kutra, D.S. (2013). Heat pumps and
their use [Teplovi nasosy ta yikh vykorystannya]. Tutorial. Kyiv: NTUU
"KPI". 312 p. [in Ukrainian].

Ostapenko, O.P. (2015). Refrigeration equipment and technology. Heat
pumps [Kholodylna tekhnika ta tekhnolohiya. Teplovi nasosy]. Tutorial.
Vinnytsia: VNTU. 123 p. [in Ukrainian].

Arsenyev, V.M., & Meleychuk, S.S. (2018). Heat pumps: basics of theory
and calculation [Teplovi nasosy: osnovy teoriyi i rozrakhunku]. Tutorial.
Sumy. SSU 364 p. [in Ukrainian].

Arsenyev, V.M. (2009). Heat pump energy saving technology
[Teplonasosnaya tekhnolohyya enerhozberezhennya]. Sumy: Type of
SDU. 251 p. [in Ukrainian].

Bosyi, M. V., & Kuzyk, O.V. (2022) Heat pumps for heating and hot water
supply [Teplovi nasosy dlya opalennya ta haryachoho vodopostachannya].
Findings of modern engineering research and developments: Scientific
monograph. Riga, Latvia: "Baltija Publishing". P. 24-40. [in Ukrainian].
http://baltijapublishing.lv/omp/index.php/bp/catalog/book/217

Pisarev, V.E. (2002). Heat pumps and refrigeration units [ Teplovi nasosy ta
kholodylni ustanovky]. Tutorial. K: KNUBA. 124 p. [in Ukrainian].
Snezhkin, Y.F., Chalayev, D.M., Shavrin, V.S., & Dabyzha, N.O. (2008).
Heat pumps in heating and cooling systems [Teplovi nasosy v systemakh
teplokholodopostachannya]. Monograph. Sub. ed. Acad. NAS of Ukraine
A.A. Dolinskyi; National Academy of Sciences of Ukraine, Institute of
Technology thermophysics. K: 104p. [in Ukrainian].

Bezrodnyi, M.K., & Prytula, N.O. (2012). Energy efficiency of heat pump
heat supply schemes [Enerhetychna efektyvnist teplonasos-nykh skhem
tep-lopostachannya]. Monograph. K: NTUU "KPI". 208 p. [in Ukrainian].
Shevel, V. 1. (2004). Operation of series compressors for propane-butane
oil in the heat pump mode [Rabota kompressorov seryynoho yspolnenyya
na smecy propan—butan v teplonasosnom rezhyme raboty]. Compressor
technology and pneumatics in the 21st century: 13th International Scientific
and Technical Conference on Compressor Construction. Sumy: Sumy State
University. P. 239-244. [in Ukrainian].

Khmelnyuk, M.G., & Martynyuk, M.O. (2008). Increasing the efficiency
of a low-temperature natural gas condensation plant [Povyshenye
éffektyvnosty ustanovky nyzkotemperaturnoy kondensatsyy pryrodnoho
haza]. Odessa: ODAH. Technical gases. No. 4. P. 30-35. [in Ukrainian].
Bosyi, M. V., & Kuzyk, O.V. (2020). Efficiency of the heat pump cycle for
heat supply [Efektyvnist tsyklu teplovoho nasosa dlya teplopostachannya].
Central Ukrainian scientific bulletin. Technical sciences. Issue

21



PO3BUTOK TPAHCIIOPTY
Ne 1(16), 2023

22

13.

14.

15.

16.

17.

18.

19.

20.

3(34). P. 136-142. [in Ukrainian]. http://dspace.kntu.kr.ua/jspui/
handle/123456789/10447

Bosyi, M.V. (2022). Thermodynamic energy efficiency of a geothermal
heat pump on groundwater [Termodynamichna enerhoefektyvnist
heotermalnoho teplovoho nasosa na hruntovykh vodakh]. Modern aspects
of science: XX. Dil international kolektivni monografie. International
Economic Institute s.r.o. Ceska republika: Publishing Group "Védecka
perspektiva". str. 556-568. [in Ukrainian]. http://perspectives.pp.ua/
public/site/mono/monography-20.pdf

Bosyi, M.V. (2022). Heat pumps — an energy-efficient regenerative
ecologically clean source of heat [Teplovi nasosy — enerhoefektyvne
vid-novlyuvalne ekolohi-chne chyste dzherelo teploty]. Moderni
aspekty védy: XXI Dil international kolektivni monografie International
Ekonomicky Institut s.r.o. Ceska republika: Publishing Group “Védecka
perspektiva”. P. 357-380. [in Ukrainian]. http://perspectives.pp.ua/public/
site/mono/monography-21.pdf

Morozyuk, T.V. (2006). Theory of refrigeration machines and heat pumps
[Teoryya kholodylnykh mashyn y teplovykh nasosov]. Odessa: Studio
"Negotiant". 712 p. [in Ukrainian].

Tkachenko, S.Y., & Ostapenko, O.P. Steam compression heat pump
installations in heat supply systems [Parokompresiyni teplonasosni
ustanovky v systemakh teplopostachannya]. Monograph. Vinnytsia:
VNTU. 2009. 176 p. [in Ukrainian].

Arsen'ev, V.M., & Grechanenko, V.A. (2002). Exergetic evaluation of the
efficiency of heat pump technology energy-saving [Ekserhetycheskaya
otsenka éffektyvnosty teplonasosnoy tekhnolohyy énerhosberezhenyy].
Bulletin of Sumy State University. No. 9(42). P. 81-85. [in Ukrainian].
Bosiy, M.V., Kropivny, V.M., Kuzyk, O.V., Kropivna, A.V., & Molokost,
L.A. Thermodynamic energy efficiency of a vapor compression heat pump
on groundwater [ Termodynamichna enerhoefektyvnist parokompresiynoho
teplovoho nasosa na hruntovykh vodakh]. Central Ukrainian Scientific
Bulletin. Technical sciences. Kropyvnytskyi. 2022, issue 5(36),
part I. S. 47-54. [in Ukrainian]. http://mapiea.kntu.kr.ua/archive/36 I.html
Bosyi, M.V., Kropivny, VM., & Kuzyk, O.V. (2022). Thermodynamic
study of the soil-water heat pump cycle for the space heating system
[Termodynamichne doslidzhennya tsyklu teplovoho nasosu «hrunt-voday
dlya systemy opalennya prymishchennya]. Scientific journal Visnyk of
the Kremenchug National University named after M. Ostrogradskyi.
Kremenchuk: No. 1(132). P. 165xk172. [in Ukrainian]. DOI: https://doi.
org/10.32782/1995-0519.2022.1.22. http://visnikkrnu.kdu.edu.ua/pravila.php
Sirko, Z.S., Korenda, V.A., Vyshnyakov, L.Yu., Protasov, O.S.,,
Okhrimenko, S.M., & Tsieren, N.L. (2020).The use of heat pumps for
heating and hot water supply of enterprise buildings on the example of
Helioterm installations [Vykorystannya teplovykh nasosiv dlya opalennya
ta haryachoho vodopostachannya budivel pidpryyemstv na prykladi



PO3BUTOK TPAHCIIOPTY
Ne 1(16), 2023

21.

22.

23.

24.

25.

ustanovok Helioterm]. Scientific reports of NUBIP of Ukraine. Technology
and energy of agricultural industry. No. 5(87). [in Ukrainian].

Bosyi, M.V. (2022). The energy efficiency of an air heat pump based
on an ecologically clean working medium of propane [Enerhetychna
efektyvnist povitryanoho teplovoho nasosa na ekolohichno chystomu
robochomu tili propani]. Scientific journal "Scientific notes of V.I. Tavrii
National University". Vernadsky". Series: Technical sciences". Kyiv:
Volume 33(72), No. 4. P. 144-148. [in Ukrainian]. DOI https://doi.
org/10.32838/2663-5941/2022.4/22. https://tech.vernadskyjournals.
in.ua/33-72-4

Bosyi, M.V. Lysenko, A.Ya., Manuylovich, V.V., & Panishko, O.V.
(2021). Efficiency of the geothermal heat pump cycle [Efektyvnist tsyklu
heotermalnoho teplovohonasosu]. 5th International scientific and practical
conference "Actual issues of modern science, society and education".
The 5Sth International scientific and practical conference "Topical issues
of modern science, society and education" (November 28-30) SPC "Sci-
conf.com.ua", Kharkiv, Ukraine. 2101 p., p. 418-422. [in Ukrainian].
https://sci-conf.com.ua/wp-content/uploads/2021/12/
TOPICAL-ISSUES-OF-MODERN-SCIENCE-SOCIETY-AND-
EDUCATION-28-30.11.21.pdf

Bosyi, M.V. Lysenko, A.Ya., Manuylovich, V.V., & Barkar, M.M. (2021).
Thermodynamic energy efficiency of geothermal heat pump "water-water"
[Termodynamichna enerhoefektyvnist heotermalnoho teplovoho nasosa
«voda-voda»]. The 3rd International scientific and practical conference
"Modern science: innovations and prospects" (December 5-7, 2021)
SSPG Publish, Stockholm, Sweden. 1036 p. ISBN 978-91-87224-02-7
[in  Ukrainian].  https://sci-conf.com.ua/wp-content/uploads/2021/12/
MODERN-SCIENCE-INNOVATIONS-AND-PROSPECTS-5-7.12.21.
pdf

Bosyi, M.V., Lysenko, A.Ya., Manuylovich, A.V., Panishko, O.V,, &
Barkar, M.M (2022). Ground-water geothermal heat pump [Heotermalnyi
teplovyi nasos «hrunt-voday]. The 2nd International scientific and practical
conference “Modern research in world science” (May 15-17 2022). SPC
“Sci-conf.com.ua”, Lviv. Ukraine. P.406-413. ISBN 978-966-8219-86-3
[in  Ukrainian].  https://sci-conf.com.ua/wp-content/uploads/2022/05/
MODERN-RESEARCH-IN-WORLD-SCIENCE-15-17.05.22.pdf

Bosyi, M.V., Bosa, O.A., Lysenko, A.Ya., Manuylovich, V.V,
Belchenkov, E.V., Shevchenko, O.A., Gerasimenko, [.O. (2022).
Thermodynamic study of the soil-water heat pump cycle»
[Termodynamichne doslidzhennia tsyklu teplovoho nasosa «hrunt-
voda»]. The 11th International scientific and practical conference
“Eurasian scientific discussions” (November 21-23, 2022) Barca Academy
Publishing, Barcelona, Spain. p. 97-103. [in Ukrainian]. https://sci-
conf.com.ua/wp-content/uploads/2022/11/EURASIAN-SCIENTIFIC-
DISCUSSIONS-21-23.11.22.pdf

23



PO3BUTOK TPAHCIIOPTY
Ne 1(16), 2023

24

26.

27.

Bosiy, M.V., Bosa, O.A., Lysenko, A.Ya.,, Manuylovich, A.V.,
Belchenkov, E.V., Shevchenko, O.A., Gerasimenko, [.O. (2022).
Energyefficiency ofthe heat pump cycle "ground- water" [ Enerhoefektyvnist
tsyklu teplovoho nasosa «hrunt-voda»]. The 1st International scientific and
practical conference "Scientific research in the modern world" (November
9-11) Perfect Publishing, Toronto, Canada. p. 303—-309. [in Ukrainian].
https://sci-conf.com.ua/wp-content/uploads/2022/11/SCIENTIFIC-
RESEARCH-IN-THE-MODERN-WORLD-9-11.11.22.pdf

Bosyi, M.V.,, Bosa, O.A., Lysenko, A.Ya., Manuylovich, A.V.,
Belchenkov, E.V., Botnarenko, V.O., Avramenko, E.V. (2022). Heat pump
"soil-water" [ Teplovyi nasos «hrunt-voda»]. The 3rd International scientific
and practical conference “Science and technology: problems, prospects
and innovations” (December 14-16) CPN Publishing Group, Osaka,
Japan. P. 163—-168. [in Ukrainian]. https://sci-conf.com.ua/wp-content/
uploads/2022/12/SCIENCE-AND-TECHNOLOGY-PROBLEMS-
PROSPECTS-AND-INNOVATIONS-14-16.12.22.pdf



PO3BUTOK TPAHCIIOPTY
Ne 1(16), 2023

YAK 539.3 DOI https://doi.org/10.33082/td.2023.1-16.02

FEATURES OF DEFORMING OF COMPOSITE INDUCTORS DURING
ELECTROMAGNETIC PROCESSING OF MATERIALS

D.V. Lavinsky', G.O. Anischenko?, V.I. Konokhov?
'Dr. Ing. Sci., Associate Professor, Head of the Department
«Theoretical Mechanics and Strength of Materials»,
National Technical University
«Kharkiv Polytechnic Institute», Kharkiv, Ukraine
ORCID ID: 0000-0002-1380-3131
2PhD, Associate Professor, Associate Professor of the Department
«Theoretical Mechanics and Strength of Materialsy,
National Technical University
«Kharkiv Polytechnic Institute», Kharkiv, Ukraine
ORCID ID: 0000-0002-6818-4980
SPhD, Associate Professor, Associate Professor of the Department
«Theoretical Mechanics and Strength of Materialsy,
National Technical University
«Kharkiv Polytechnic Institute», Kharkiv, Ukraine
ORCID ID: 0000-0002-9938-2040

Summary

Introduction. The development of many branches of mechanical engineering
at the current stage requires the development and application of new technologies
that are characterized by high energy efficiency and a small amount of waste. Such
technologies include those that use electromagnetic field energy. The energy of the
electromagnetic field can be used to change the shape of workpieces, to connect
individual structural elements (for example, by welding), to control the physical
properties of the material (for example, by induction heating), etc. Carrying
out calculation studies at the stage of designing and proving the appropriate
technological equipment allows determining the rational values of key parameters,
which ensures the achievement of the goals of the technological operation and the
operability of the equipment. Purpose. When the energy of the electromagnetic field
is used to exert a force on the processed workpiece, the technological equipment is
equally subject to force. The purpose of the article is to create effective methods of
calculating the strength of technological equipment together with the workpiece, and
conducting the corresponding calculation analysis is an urgent task in the scientific
and practical sense. Results. The article proposes an effective method of analyzing
the elastic-plastic deformation of composite structures under the influence of an
electromagnetic field. The general mathematical formulation of the coupled problem
of the deformation of conductive bodies in the presence of an electromagnetic field is
considered. To construct a numerical solution method, the initial problem is reduced
to finding the minimum of the total energy of the system. The finite element method
is used as a numerical solution method. The proposed method is applied to the

© Lavinsky D.V., Anischenko G.O., Konokhov V.I., 2023
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analysis of the deformation of the "inductor-workpiece" system of the technological
operation of magnetic pulse processing of metals. Conclusions. Some results are
presented that allow making certain recommendations regarding the design and
application of technological operations of a similar class.

Key words: non-stationary deformation, electromagnetic field, the finite el-ement
method, magnetic-pulse processing.
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Anomauisn

Bemyn. Pozsumok 6azamvox eanyseti MauunoOy0y8anHs HA CYYACHOMY emani
nompeoye po3pobxu i 3acmocy8anus HOGUX MEXHON02IU, SIKI Xapakmepusyomscs
BUCOKOK eHepeoehekmUGHiCmI0 ma Maiow KiibKicmio 6i0x00ie. [lo makux mex-
HOMOZIU GIOHOCAMbCS Mi, WO BUKOPUCTHOBYIOMb €HEp2il eleKmpOMASHIMHO20
noas. Enepein enexmpomacuimuno2o nojsi Modice 8UKOPUCMO8Y8amucy 01 opmos-
MIHU 3020MOB0K, 08 3’ €OHYBAHMA OKPEMUX eleMeHmi8 KOHCMPYKYii (Hanpuxiao
WIAXOM 36API0BANHS), OJis1 Kepo8aHoi 3MiHU DI3UUHUX 61acmMU8OCmel Mamepiany
(Hanpuxnad, wasaxom iHOYKyitiHo2o Haepiey) mowo. Ilposedenns po3paxynkoux
00CNiOJCeHb HA emani NPoeKmy8aHHs ma 008e0eHHs 8i0N0GIOH020 MEXHON02TY-
HO20 OCHAUWeHHs 00360A€ GUHAYAMU PAYIOHAIbHI 3HAYEHHS KIIOYO8UX napame-
mpis, wo 3abe3neyye 00csacHeHHA yinell MexHOoL02iuHoi onepayii ma npayezdam-
Hicmb obnaonanusn. Mema. [Ipu suxopucmanus enepeii enexmpomacHimmo2o nois
0151 CUN0B020 6NAUBY HA 0OPOONIOBAHY 3A20MOBKY 8 PIGHILL MIpi CULOBOMY GNIUGY
nidoaemvcsi i mexuHonociune obnaonawus. Memorw cmammi € cmeopenus egex-
MUBHUX Memo0ié PO3PAXYHKI6 HA MIYHICMb MEXHOI02IUH020 OCHAUCHHS PA30OM i3
3A20MOBKOI0 Ma NPOBEOenHsl GiON0BGIOHO20 PO3PAXYHKOBO20 AHANIZY € AKMYALbHOIO
3a0ayer0 y HAyKOGOMY ma npakmuunomy ceuci. Pesynemamu. Y cmammi 3anpono-
HOBAHO eQexmusHUll Memoo AHANI3Y NPYACHO-NIACIMUUHO20 0ehOpMYBAHHI CKAA-
O0eHUx KOHCMpYKYiti nio 0i€io enekmpomMazHimuozo nois. Pozensinymo 3azanvHy
MamemMamuyHy noCmMaHo8Ky 36 °A3aHoi 3a0ayi Oepopmysanus eireKmponposioHux
Mil NPU HAABHOCTI eLeKMPOMACHIMHO20 NOAs. [l noby0oeu mMemody yucerbHo2o
PO38 A3KY 8UXIOHA 3a0aua 36e0eHa 00 NOWYKY MIHIMYMY NOGHOI enepeii cucmemu.
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B axkocmi uucenbno2o memooy po3e’a3aHHA GUKOPUCMOBYEMbCA MeMO0 CKIHYeHUX
enemMenmie. 3anponoHosanull Memoo 3acmoco8anull O0Nisl aHAlizy 0ehopmyeanHs.
cucmemu ,, iIHOYKMOpP—3a20moeKa’ MexHon02iuHol onepayii MacHimHuo-iMnYIbCHOT
00pobku memanie. Bucnosxu. Ilpeocmasneni desaxi pesyromamu, sKi 003607510Mb
pobumu nesni pekomernoayii w000 NPOEKMYBAHH MA 3ACMOCYBAHHA MEXHOLO2IU-
HUx onepayitl NodibHO20 KaAC).

Kntouosi cnosa: npyscrno-niacmuune O0eopmyeaHus, eiekmpomazhimue noie,
MemoO CKIHUeHUX eneMeHmi8, MaAcHIMHO-IMNYIbCHA 0OpoOKa.

Introduction. The development of many branches of mechanical engineer-ing
at the current stage requires the development and application of new technolo-gies
that are characterized by high energy efficiency and a small amount of waste. Such
technologies include those that use electromagnetic field (EM-field) energy. The energy
of the EM-field is used for a large number of technological operations. The energy
of the electromagnetic field can be used to change the shape of workpieces, to connect
individual structural elements (for example, by welding), to control the physical properties
of the material (for example, by induction heating), etc. The force effect of EM-field
on the processed workpiece is used during magnetic pulse processing of materials
(MPPM). Carrying out calculation studies at the stage of designing and proving
the appropriate technological equipment allows determining the rational values of key
parameters, which ensures the achievement of the goals of the technological operation
and the operability of the equipment.

Formulation of the problem. In the case of MPPM, not only the workpiece but
also the tool — the inductor — is exposed to electromagnetic forces. An increase in
the magnitude of electromagnetic forces leads to more intensive deformation of both
the workpiece and the inductor, which can lead to the loss of its efficiency. Therefore,
the creation of effective methods for the analysis of elastic-plastic deformation
of elements of technological systems of MPPM and subsequent calculation of strength
is an urgent scientific and practical problem.

Analysis of recent research and publications. A review of issues related to aspects
of'the creation and application of devices that use the energy of EM-field for technological
purposes is quite fully given in the works [1-4]. Modern directions of development
of MPPM for processing non-traditional objects are presented in the works [5, 6]. It
should be noted that the majority of scientific publications, for example [7] devoted
to the problems of calculation and design of technological operations of MPPM are
focused on studies of workpiece deformation. At the same time, the inductor, which also
experiences significant mechanical effects, is practically not studied anywhere.

Mathematical formulation of the problem. Let us give a brief mathematical
formulation of the problem, based on the general relationships shown in the article [8].

The distribution of the vector components of the EM-field in and electrically
conductive body is described by the system of Maxwell's fundamental equations, which

are supplemented by material dependencies and boundary conditions:
wg=gczﬁ+;;6xﬁ=_Mcz_”;vﬁ=oﬁ.é=o;j=ycé+yc[axé]; (1)
t t
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B:scE;B:uCI:I;Erxﬁ:O; Dr -n=0; Flr x7i =0; Er -n =0, (2)
where H,E,Hy,E; are the vectors of the intensity of the magnetic and elec-tric fields in

the volume of the body and at the boundary (I) of the body; D, B, Dy, By are the vectors
of electric and magnetic induction in the vol-ume of the body and on the boundary (I')
of the body; e;,1.,yare the electrical and magnetic permeability, and electrical

conductivity of the material; J is the current density vector; 7 is the vector of normal to
the boundary of the body.
The distribution of stress ¢ and strain € tensor components, as well as the displacement

vec-toru , is subjected to a system of equations that contains differen-tial equations
of equilibrium, geometric dependencies, material state dependencies, and boundary
conditions:

oH - - -

Ca—lf+];§xE:—uc—tﬁ~H:O;§~E:0;j:ch+yc[ﬁxE]; 3)

D

VxH=¢

where p is the material density; f is the intensity vector of volume forces (in the case
of taking into account electromagnetic forces f=jxB ); @S is the the 4th-rank

correspondence tensor, which in the case of elastic deformation has the form according

to Hooke's linear law; pis the surface load; Z.7 are the densities of surface charges
and currents. When considering elastic-plastic deformation, the behavior of the material
is considered in the incremental form (4) together with the condition of plasticity (5):

Uil =6, C iOxE =, G =0V E =0 =y By, [ixB]; ()
ot ot
3 —\2
—tr((’s- -0 =0, 5
Su((5B) ) -0 )

where o, is the stress intensity according to von Mises; / is the unit tensor; o,is
the spherical stress ten-sor; s is the stress deviator; €” is the plasticity strain tensor; &/
is the intensity of plastic deformations; £ is the modulus of elasticity; v is the Poisson's
ratio; oris the yield strength; E), is the modulus of hardening.

Analysis of elastic-plastic deformation of systems of electrically conductive bodies
of complex geometry requires the use of numerical methods. The most universal methods
include the finite element method (FEM). FEM allows considering the distribution
of vector components of the electromagnetic field (EM-field) and tensor components
of the deformation process within the framework of a single calculation scheme. In
this case, the specific implementation of the FEM is based on the variational principle
of stationarity of the total energy of the system of conductive bodies. First, to reduce
the number of equations that describe the EM-field distribution, we consider the vector
magnetic potential, which is related to the main vector components of the EM-field as
follows:

B=Vx4; (6)
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where 4 is the vector magnetic potential. Equations (6) are writ-ten for the case

of neglecting the non-linear "magnetic" behavior of the material (which is characteristic
of non-magnetic steels and alloys based on aluminum or copper) and without taking into
account the "electric" component of the EM-field, because its contribution is insignificant
for the analysis of the deformation of conductive bodies. The expression of total energy
has the following form:

E=U+W, (7

where U is the energy of quasi-elastic deformation; W is the EM-field energy (neglecting
the electric component).

U:lj'g..(“)c..ng_J'(jXZé).ﬁdV—I(ﬁ+lfxéj-ﬂdA; ®)
2y v 4, 2

w =3[9 -7 )ar. ©
Vv

where €is the strain tensor; “Cis the tensor of clasticity coefficients; u is
the displacement vector; p is the surface load; 7 is the surface current density.
The solution must satisfy the following variational equation:
SE = 8U +8W =0. (10)

Equality (5) ultimately leads to the solution of two independent systems of algebraic
equations with respect to nodal displacements and nodal values of the vector magnetic
potential. In the case of plastic deformation, an iterative process should be considered,
the features of which are discussed in the article [8].

Calculation example. We will apply this method to analyze the deformation
of the system of electrically conductive bodies under the conditions of the MPPM
technological operation. Let's consider a technological operation aimed at attraction
of thin non-magnetic metal blanks, the practical direction of this operation is
the correction of defects in body elements of transport equipment.

Works [5,6] show that an inductor with an auxiliary screen can be used to attract
workpieces made of non-ferromagnetic materials. Figure 1 shows a model version
of a single-turn inductor with an auxiliary screen.

Fig. 1. Single-turn inductor with an auxiliary screen. 1 — current conductor
of the inductor, 2 — in-sulation of the current conductor, 3 — auxiliary screen
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Let's analyze the elastic-plastic deformation of the inductor with the work-piece
within the framework of the axisymmetric calculation scheme shown in Fig. 2. The
calculation scheme contains, in addition to the elements of the technological system
and the workpiece, the surrounding environment (air). The gap considered between
the inductor and the workpiece should simulate the presence of a dent (defect) on
the workpiece. The geometric parameters of the system are as follows: R = 150 mm,
R, =167 mm, R, = 175 mm, R, = 200 mm, /#, = 10 mm, 4, = 15 mm, 4, = 1 mm,
d = 1 mm, insulation thickness of the current conductor — 1 mm. The dimensions
of the surrounding medium were varied in order to achieve the conditions for
the attenuation of the EM-field components in fields far from the source. In this case, it
turned out that to reduce the EM-field components by a factor of 5, it is enough to
choose the dimensions of the surrounding environment equal to twice the thickness
of the inductor %.. The source of EM-field was a current that was uniformly distributed
over the cross-section of the conductor, the current density changed according to the law
over time: j(t)=1,e > -sin(2nft), where the amplitude of the current 7, =40kA ,

frequency f =2 kHz, relative attenuation coefficient 6=0.3.

The finite-element model was created using a four-node finite element with a bilinear
approximation of displacements and a circular component of the vector magnetic
potential [9,10]. The using of a finite element of this type allows you to automatically
satisfy the conditions at the interfaces of media with different electro-physical properties.

The solution was carried out for zero initial conditions, the boundary conditions
reflected the attenuation of the EM-field at a distance from the source, as well as
the fixing of the ends of the inductor and the workpiece:

A|r] =0; u,|rz =0, uz|r2 =0. (11)

At the first stage of the solution, the spatio-temporal distributions of the vector
components of the EM-field and the components of the electromagnetic force along
the top of the workpiece were obtained. The maximum values of the normal component
of the electromagnetic force are observed in the vicinity of the inductor coil.

f R, | f I 1‘\\
IR, f ,r [ ]

[ & ! a

//////// il 7k

i
A
R, .

il

Fig. 2. Calculation scheme of the inductor together with the workpiece. 1 — current
con-ductor of the inductor, 2 — auxiliary screen, 3 — workpiece, 4 — insulation
of the current conduc-tor
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Table 1
Physic-mechanical parameters of system elements
current conductor, | auxiliary screen,| workpiece, insulation, air
copper steel steel kaprolon

u 1 1 1 1 1
v, (Qm)’! 7 x 107 0.2x 107 0.2x 107 0 0
E, GPa 180 215 200 2.5 —
v 0.33 0.27 0.29 0.3 —
6., MPa 200 270 220 - -
G, MPa - - - 70 -
o, MPa - — - 90 _

Next, we consider the combined deformation of the inductor and the workpiece,
the results are given for the time maximum. In fig. 3 shows the deformed state
of the system, it can be seen that the displacements of the workpiece significantly
exceed the displacements of the inductor. The maximum values of workpiece motions
are observed around its center. In fig. 4 shows the distribution of stress intensity in
the inductor and the workpiece. The maximum stress intensity values in the workpiece
are observed in the vicinity of the end zone, which is determined by the fixing

F . MPa

—
L4

100

75

50

25

- 0

Fig. 3. The deformed state of the inductor

and workpiece. The solid line is the initial
Fig. 4. Stress intensity in the inductor

state, the dashed line is the deformed
and the workpiece

State
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conditions specified there. The "second" maximum is observed in the center, which is
due to the maximum displacements in this zone. Note that the maximum values of stress
intensity in the workpiece do not reach the yield point, that is, irreversible deformation
under these conditions is not achieved. In the inductor, the maximum intensity is
observed in the vicinity of the turn, and its values almost reach the yield point of copper
and the tensile strength limit for kaprolon.

Thus, under the considered conditions, the goal of the technological operation is
not achieved. When the magnitude of the current strength increases, the magnitude
of the stresses will also increase, while the intensity of the stresses will reach vaporous
values first in the inductor. To achieve a complete technological operation, you can use
a multi-turn version of the inductor.

Conclusions: the article formulates anactual scientific and practical problem of elastic-
plastic deformation of structural elements under the action of an electromagnetic field,
presents a mathematical formulation of the problem, and gives an example of a solution.
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Anomauisn

Bemyn. Hadano oyinky 3acmocy8anus ananizy KpyMulbHUX KOAUSAHb OUHAMIY-
HUX MoOenell 08USYHI8 GHYMPIUHBO20 320PSHHS 51 PO3POOKU MA 800CKOHANEHHS Jia-
SHOCIMUYHUX KOMNIEKCI8. SHUNCEHHS eKCNYyamayiiHux eumpam cy4acHux cyOHOBUX
cepeonvoobepmosux osuzyrie (CO/I), wo nos’szami i3 eapmicmio podim 3 mexHiuHo20
00CN1y208Y8aHHA MA PEMOHMY, MONCIUBE 30 PAXYHOK OCHAWEHHS CYOHOBUX eHepeemuy-
HUX YCIMAHOBOK CUCMeMaMu Oe3nepepenoco MOHIMOPUHEY epeKmueHoCmi npomikau-
Hsl pobouux npoyecie 6 yuninopax osueyuis. CkiaoHicmb OUHAMIYHOL cucmemu ouse-
JIsL Ma CMOXACUYHA NPUpOOa 6UHUKHEHHS HeCHpasHOCmell nompedye 0emanbHO20
OQ0CHIOJHCEHHS 6NAUBY 3MIHU MEXHIYH020 CMAHY CUCEM Md MeXauizmie 08ucyHa Ha
NOKA3HUKY KPYMUTbHUX KOAuearb. OOHUM 13 eheKmusHux 3acobis maxozo 00ciodicen-
H € KoMmn tomepHe MOOeN08aHHs 13 GUKOPUCTHAHHAM CReyiani308aHux npocpamHux
Komnaexcie. Mema. [lana cmamms npucesyena 00CrioNCeHHI0 OUHAMIYHUX Npoyecie
MEXAHIYHUX CUCMEM OBUSYHIB8 BHYMPIUHbO20 320PAHHI, WO BUKOPUCMOBYIOMbCA OJIA
MOOENI0BANHSL KPYMUNbHUX KOAU8aHv 8 npocpamuomy komniexci GI-SUITE. Haoano
onuc xomn tomepnoi 1-D moodeni cyonosozo ouzenss MAN 8L48/60 ma ocobrueocmeii
HALAUMY8AHHS 20I06HUX WAONOHIE 01 MOOeN08aHHA OUHAMIYHUX NpoYecie cnpas-
HO20 08USYHA MA MAKO20, WO MAE NOPYULEHHSI NPOMIKAHHS pobou020 npoyecy 5-20
yuninopy. Pezynomamu. I[lopiguanns pe3yivsmamie MOOent08AHHs 6KA3VIOMb HA Me, WO
PI3HUYS KYMOSUX NPUCKopenb maxosuka ckradac 3033 pad/c?, a na sinonomy Kinyi —
20652 pad/c? 0ns1 HOMIHANLHO20 pexcuMy Hasanmaxcennss. Bemanoeneno enius 2apmo-
HIYHUX KOUBAHb eleMEeHMI8 HA 3HAYEHHS eIUYUN KYMOBUX NPUCKOPEHb KOMIHYACTO20

© Boiiko M.O., CaBuyk B.II., 3inuenxo /1.0., 2023
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eany. Bucnosku. 3’acoeano, wo ocHOBHUL 6NAUE 30IUCHIOIOMb cAPMOHIYHI KOTUBAHHSL
yemeepmo2co nopsaoKy, wo nepesuyyroms inwii 6 6 i Oinbute pasis.

Kniouosi cnoea: cyonosuii 08ucyH, KpUGOUUNHO-UWAMYHHULL MEXAHIZM, KPYIMUTbHI
KOMUBAHHS, OUHAMIYHI NPpOYeC, MOOENI0BAHH S, KYMOBI NPUCKOPEHHA MAXOBUKA, KOIH-
yacmutl 8aJ.
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Summary

Introduction. The application of torsional oscillation analysis of dynamic models of
internal combustion engines for the diagnostic complexes development and improvement
is evaluated. Reducing the operating costs of modern marine medium-speed engines
(MSE), associated with the cost of maintenance and repair, and is possible by equipping
ship power plants with systems for continuous monitoring of the workflow efficiency in
engine cylinders. The complexity of the diesel engine dynamic system and the stochastic
nature of malfunctions occurrence requires a detailed study of the impact of engine
systems and mechanisms technical condition changes on the indicators of torsional
oscillations. One of the effective means of such research is computer modeling using
specialized software packages. Purpose. A description of the objects of the dynamic
processes research module of internal combustion engines mechanical systems, used
to simulate torsional oscillations in the GT-SUITE software package, is presented.
A description of a computer 1-D model of the MAN 8L48/60 marine diesel engine and
the features of setting up the main templates for modeling the dynamic processes of a
serviceable engine and an engine with a disruption of the 5th cylinder workflow are
presented. Results. Comparison of the simulation results indicates that the difference
in flywheel angular accelerations is 3033 rad/s?, and at the free end is 20652 rad/s? for
the nominal load mode. The effect of elements harmonic oscillations on the value of the
crankshaft angular accelerations is established. Conclusions. It has been established
that the main influence is exerted by fourth-order harmonic oscillations, exceeding the
others by 6 or more times.

Key words: marine engine, crank mechanism, torsional oscillations, dynamic
processes, modeling, flywheel angular accelerations, crankshaft.
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Beryn Ta mocranoBka npoosaemu. J[BuryH BHyTpimHb0r0 3ropsiaas ([IB3) € mxe-
penioM BiOpalliid, 10 BUHHKAIOTh B PE3yJIbTari MEpioJUyYHOI JIil CHJ Ta3iB Ta iHepIii.
L1i cunu BUKJIMKAIOTh 3TMHANBHI, OChOBI Ta KPYyTHJIbHI KoiuBaHHs. [lepmri aBa Buan
KOJIMBaHb HE BIUIMBAIOTH HA TEPMiH CIY)KOH JieTanell KpUBOIIMITHO-IATYHHOTO MeXa-
Hizmy (KIIM), ogHak, HE3aleXHO Bifi TUHAMIKH POOOTH JIBUTYHA, KPYTHIIBHI KOJIU-
BaHHS HaWO1IbII HeOe3 e i JIJIsl HOTO KOJIiHYACTOro Bay. Sk ocoOnmuBHii BU BiOparii
KPYTHJIbHI KOJWBAHHS 3a3BHYail BUKOPHCTOBYIOTH JIJISI OMHUCY KPYTHJIBHO-JeopMa-
ifHUX pyXiB BaiiB, mo obeprarorbes [1]. [IpuumHM KPyTHIBHHX KOJHBAaHbB KOJiH-
yactoro Bary /B3 MoxHa po3IiUIMTH HA JIBI Kareropii: BHYTPINIHI Ta 30BHIlIHI. BHy-
TPIMIHI Ta 30BHINIHI MPUYUHHA KPYTHIBHAX KOJIHMBAaHb KOJIHYACTOTO Baly OOyMOBIIECHI
BIJIIIOBITHO MPY>KHUMH JIe(pOPMAIiSIMH TijIa KOJTIHYACTOTO BTy Ta MEPiOAHMYHOIO Hi€I0
KPYTHHUX MOMEHTIB, 110 Ait0Th Ha Hboro. Jlerami KIIIM Mo)kHa BBakaTH KPYTHJIb-
HOIO CHCTEMOIO, SIKY MO)KHA MOJICTIOBATH 32 JIOTIOMOTOI0 MOJIEN 3i 30CepeKEHOI0
Macoro. JlocimipkeHHsI 3aKOHOMIPHOCTEH PO3BUTKY KPYTHIIBHHX KOJMBAaHb Ta BIUIUB
Ha HHUX MPOTIKaHHs pobouux mporeciB JIB3 € nmepcneKTuBHUM HAPSMKOM, IO 3a0e3-
MEYUTh YMOBH JIJIsl PO3BUTKY CHCTEM Oe3rnepepBHOrO MoHiTOpHHTY. KoHTponbs po3ba-
JIAHCYBaHHsI TIOTY>KHOCTI 32 IMJIIHAPaMH, MOPYUICHHs MPOTiKaHHs poOoYoro mpoiecy
B OIHOMY YH JICKIIBKOX IMJIIHAPAx Ta BHUSBICHHS POOOTH JBUTYHA B KPUTHYHIN 30HI
YacTOTH 00EpTaHHS MOXKITUBO 3IICHUTH IIITXOM KOHTPOJIIO 32 ITapaMeTpaMH KOJTUBaHb
obepTanpHUX JeTaneid. BaXIMBUM NUTaHHSM, IO TOTPEOYE PETENEHOTO JOCITIIKEHHS,
€ BJIOCKOHAJICHHS METOJIIB Ta AJITOPUTMIB JIiarHOCTYBaHHS [Tl KOHKpeTHUX THIIiB JIB3.

AHaJgi3 ocTaHHIX AocaimKenb i mydaikauiii. {ociikeHHIO BIUIMBY KPYTHIBHUX
KOJIMBaHb Ha AuHaMiuHi nokazHukU KIIM nmpucssdeno 6e3uid mybumikaniit. B po6oTi [2]
JOCTIJKEHO BIUIMB Ha KyTOBI 3MIIIIEHHs] KPUBOILIUIIIB 3MIHHUX XapaKTEPHCTHK iHEpIIii
KIIM (o uwsoro edexru 3MinHOI iHepuii JIB3 BBaxkamniics HE3HAYHUMH Ta HE BPaxo-
BYBAJINCS y pO3paxyHKax). MeToquKy MpOrHO3yBaHHS TMOBEMIHKHA KPYTHIBHHUX KOJIH-
BaHb /IB3 B mepexiHOMY peXHMi METOIOM MOJAbHOTO HAaKJIaJaHHS MPEACTABICHO
B po0oTi [3] Ta B3aEMO3B’ 30K 3MiHH iHEPIIiT KyTOBOTO MOJOKEHHS KOJTIHYACTOTO Bay
3 OChOBMMHM 3TMHAJIBHUMHU KOJIMBAHHSMHU ONHUCaHO B poOorti [4]. B poborti [5] 3ampo-
MOHOBAHO TECOPETHYHY Ta T1OPHIHY MO IS OLIHKKA KOCQIIIEHTIB JeMI(yBaHHS;
30KpeMa BU3HA4YCHI a0CONIOTHI Koe(illieHTH IeMIQyBaHHS B 3alie)KHOCTI BiJl KyTa
MOBOPOTY KOJIIHYACTOro Basly B [6]. JlochmipkeHHsT B HANpsIMKy 3aCTOCYBaHHS JIMHA-
MIYHUX Mojeneit ans BusiBieHHs HecrpaBHocTed KIIIM Ta mopylneHHsS MpOTiKaHHS
pobouoro mporiecy HaBeneHo B poboTax [7, 8].

@opmyJaoBaHHs Hijield crarTi. BpaxoByloun BUCOKY BapTicTh eKCILDTyaTallitHUX
BUTpAT CYYacHHX CYIHOBHX cepeqHboobeproBux nBuryHiB (COJ), mo moB’s3aHi i3
BapTICTIO POOIT 3 TEXHIYHOIO OOCIYrOBYBaHHS Ta PEMOHTY, BRXKJIMBHM € 3aBJaHHS
OCHAIICHHS CYITHOBUX CHEPTETHMYHHX YCTAHOBOK CHUCTEMaMH Oe3lepepBHOTO MOHi-
TOPHUHTY e(EKTHBHOCTI MPOTIKaHHS POOOUYUX MPOIECIB B IMIIHAPax ABUTYHIB. Take
3aBJaHHs MOTpeOye MPOBEEHHS B TIEPITY YepPTy TEOPETUIHUX Ta EKCIIEPUMEHTAIBHUX
JOCTIJKeHb TMHAMIYHUX ITOKa3HHUKIB NIPH PI3HUX WMOBIPHUX OPYIICHHAX NPOTiKAHHS
poGoyoro nporecy. OaHUM i3 e)eKTUBHUX 3aCO0IB TAKOTO TOCITIHKEHHS € TPOBEIACHHS
KOMIT FOTEpPHOTO MOJICTIIOBAHHSI 13 BHKOPHUCTAaHHSIM CIICLIaNi30BaHUX MPOTPAMHUX
koMmruiekciB, Takux sk GT-SUITE, AVL Tta iH. 3 MeTOI0 BU3HAYCHHS 3aKOHOMIPHOCTEH
BIUIMBY TIapameTpiB poOOYOro Tpolecy Ha JUHAMivHI TTOKa3HUKH CYIHOBOTO JM3EII,
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Ha npukiani Asuryna MAN 8L.48/60, craBuThCs 3a/1a4a MOJCIIOBAHHS HOTO TUHAMIKH
B iporpamHomy komruiekci GT-SUITE.

Buknaaa ocHoBHOro MarepiaJy.

MeTtonoJ10risni YacTOTHOr0 aHadi3y mporpamuoro komiuiekcy GT-SUITE IIpo-
rpamuanii komruiekc GT-SUITE mae mexanigHui BUpilTyBad y 4aCTOTHII 00IacTi, sIKHiA
Hapa3i 00OMEKEHHI TOIMOJIOTIAMU Ta M1a0JIOHAMH OJTHOBUMIPHUX MEXaHIYHUX MOJICIICH.
Le mo3BoIIsIE BUKOHYBATH JIBA THUITH YaCTOTHOTO aHAJII3y:

— aHawi3 BUIbHUX BiOpariii 6e3 3racaHHsl.

— aHami3 geMnQoBaHOi MPUMYCOBOT BiOpaIlii.

Amnani3z vacroru moxHa 3anpocutu B GT-SUITE, migkmrouuBmIiM 10 00’ €KTY
«TorsFreqAnalysis» B KiHIlI cHCTeMH BHOpaHUX OIHOBHMIPHHUX MEXaHIYHUX TPUMi-
TUBIB 200 CIIEIiai30BaHUX KOMIIOHCHTIB, SIKi BUKOPHCTOBYIOTHCS JIJISI MOZCIIOBAHHS
(KonmiHUaCTHH BaJl, MAXOBHK, MIATyHH 1 T.n). Taki cUcTeMH, TOOTO KPYTHIBHI Kiac-
TEpU Ta 3aCTOCOBYBaHI O HUX MOMEHTH HAaBaHTAKCHHS, 11EHTU(DIKYIOTBCS 00’ €KTOM
«TorsFreq-Analysis», sikuii aBTOMaTHYHO 30Upae iX Marpuili MacH, >KOPCTKOCTI
Ta nemidyBanHs, 00po0iIsie MOMEHTH HaBaHTa)XEHHS Ta BUKOHY€E BUTLHHHN Ta/a0b0 TpH-
MYCOBHIA 4acTOTHUH aHani3 knactepa. 00’ ekt «TorsFreqAnalysisy Takox mocuinaeTbes
Ha 00’ekT «ForcedFreqAnalysisy, mapaMeTpu sSIKOTO BUKOPUCTOBYIOTHCS JIJIsl HAJIAIITY-
BaHHS Ta KEPYyBaHHS aHATI30M i BUOOPOM OaKaHWUX Pe3yJIbTaTiB.

106 BUKOHATH aHaNi3 MPUMYCOBOI peakiiii A Takoi CHCTEeMHU, KPYTHI MOMEHTH
MOXYTbh 3aCTOCOBYBATHCS:

1) migxnroueHHs 06’ exty «Torque» no 00’ exTy «Inertia» yepe3 mpsime 3’ € THAHHS;

2) migknroueHHst 00’ ekty «CrankSlider» o «Inertia» uepe3s «RigidConn» i 3actocy-
BaHHS TPAHUYHOT YMOBH TUCKY JI0 «IOpHIHeBoro» JiHKY «CrankSlider» 3a mormomororo
komrioHeHTa «EngCylPres» abo «Pressure» ta «PressureConny miKIIIO4eHHS. Y IbOMY
BUTIAJIKy KPYTHUI MOMEHT, IO 3MOJIeNIbOBaHO B ImadioHi «Inertia», Oyne oTpuMaHO
[UISIXOM pO3B’ 3Ky piBHSHB pyxy KILIM.

[Mix wac aHamizy MpuUMycoBOi peakiiii mepioAnyHi 3MiHU TPUKIAJEHOTO0 KPYTHOTO
MOMEHTY, 3MOJICJIbOBaHI Oylb-IKUM 13 HaBEICHUX BHUIIC MiIXOJiB, aBTOMAaTUYHO PO3-
KJIaIAI0ThCS Ta BUPAXKEHI B TEPMiHAX FAPMOHIK Y YaCTOTHIN 001aCTi ISl LiJIel aHami3y.

[IpykHY crcTeMy CTBOPIOIOTH 32 JIOTIOMOTOIO MIA0JIOHIB JieTaneH 1 3’€HaHb, TAKUX
sk: «Journaly, «ShaftSegment», «Crank Weby, «CrankPin, «Flywheel», «BalanceShafty,
«SplitPinTransPlate», «Gear», «Sprockety», «Pulley», «CamLobe» i «ShaftConny, mst
SIKMX TIPY’KHI Ta TUHAMIYHI BIaCTHBOCTI (TOOTO MOMEHT iHEpIIii, JKOPCTKICTh Ha Kpy-
YeHHSs1, Koe(ilieHT AeMIpyBaHHs HA KPy4YeHHs) MOXKYTh OyTH MpU3HaueHi abo po3pa-
XOBaHI Ha OCHOBI reOMeTpii Ta BiIacTUBOCTeH Marepiaiy. Byznu mabnony «CrankPiny
BPaxOBYIOTb iHEPIIiI0 3BOPOTHO-ITOCTYTAIBHOTO By3J1a 38 BUPA3OM:

7 R2 " (Mrecip + Mpiston ) Rz,

pin,effective

=1 pin +M rot
e Ipin — iHepIIis MOTHIIEBOT IINHKH;
M _—wmaca o0epTaHHA IIaTyHA;
rot
— TIOCTyTaabHa Maca IaTyHa;
iston —.Maca TTOPIITHS;
R — paniyc moBopoTy KpHUBOIITHIIA.

recip
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Jnisi BUKOHAHHS YaCTOTHOTO aHalli3y B CHCTEMI, IO CKIIAIAETHCS 3 3TaJlaHuX BHIIC
11abNoHIB JieTalield, mapaMeTp aHamizy B ronoBHii wactuHi CrankAnalysis BcTaHOB-
moetbes K «Torsion». s cremiami3oBaHMX CKIAJOBHX KOMIIOHEHTIB, Ha JOJAaTOK
JI0 BHKOPUCTAHHS MPUMITHBHOTO KoMmmoHeHTa «Torque», (QYHKIIS HpUMYyCy MOXE
OyTH 3MOJENbOBaHA 3a JOMOMOTOI0 MigKIIoYeHHs koMmroHeHTa «ConnectingRod»
(3 npuemHanuM KoMmmoHeHToM «Pistony») mo udactmHm «CrankPiny» yepe3 wacTHM
«RevoluteJoint» i 3acToCcyBaHHS TPaHUYHOI YMOBH THCKY Ha «Pistony 3a 0moMororo
komnoHeHTiB «EngCylPres» abo «Pressure» Ta 3’emHanns «PressureConn2D». Pe3ynb-
tatoM € kpyTHuit MomeHT KIIIM, npuknanenuii 1o «CrankPiny.

MogeaoBanHA TUHaAMiYHMX noka3HuKiB ABuryHa MAN 8L48/60 B nporpam-
Homy kommiekci GT-SUITE

BinnoBigHo 70 mapaMeTpiB MPOTOTUITY Ta 3a JOTIOMOTOK0 BUIIE ONMUCAHHUX MIa00-
HIB JeTajei nmporpamu Oyio po3pobneno 1D moaens apuryHa. (puc. 1). B mrabnonax
MOJIeTTi 3aJ]aH0 Maco-rabapuTHI MapaMeTpu JeTajeil Ta IX MOMEHTH iHepiii. 3a jormo-
Mororo 00’exTy nmociimkeHHs: kiHematnku «CrankAnalysis» 3amaHo koH(iryparito
KIIM: KinbKicTh, pO3TallyBaHHS IMIIHAPIB, MOPSIOK X POOOTH, HANPSIMOK 0Oep-
TaHHsI, TakTHICT. Ha BKiagkax 00’ekry «Analysis» Bka3aHO MapaMeTpu MPOBEICHHS
po3paxyHKy: THI aBUryHa — rponkoBuii (Type of Engine); omist Bu3Hauennss BMT 3a
nonoxxerasM kpusommuna (TDC Angle Convention), pe>KUM HaBaHTaKEHHsI KPYTHHM
momeHToM (Speed or Load Specification), BapiaHT MpOBEACHHS PO3PaxyHKy Bajia Ha
KpYYeHHS, KOJIM BCl BY3JIHM KOJIHUACTOTO Baja 3aMiHIOIOThCS Ha OOepTalbHI CTYIEHI
cBO0O/IH 3 MMapaMeTpaMH IHEPIIii, )KOPCTKOCTI Ta JeMII(PyBaHHS JIsI KOXKHOTO OKPEMOT0
komrnoHeHTy (Crankshaft Analysis Option). Kpim Toro BkaszaHo, siki 3 po3paxoBaHUX
3aJIeKHOCTEH OTPUMAIOTh IpadiuHe MpeCcTaBICHHS.

st aHami3y KoJuBaibHUX mporiecis B enemenTax KIIIM BHKOpUCTOBY€ETHCS MIA0I0H
«TorsFreq-Analysis». Pe3ynbraru, oTpuMani Biji HOT0, MOXYTh OyTH 3’€IHaHI 3 KJac-
TEPOM OIHOBHMIPHUX 00epTaTbHUX YaCTHH JJIs BAKOHAHHS BUTBHOTO Ta/ab0 MPUMYCO-
BOTO KPYTHJIBHOTO aHalli3y B YaCTOTHIH 00nacTi (rapMOHIYHOTO) KilacTepa OAHOBHMIp-
HHUX 00epTaJbHUX KOMIIOHCHTIB.

Puc. 1. 1-D mooenv dsueyna MAN 8L48/60
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J1st BU3HAuUEHHS [TapaMeTpiB aHaji3y Ta 0a)kaHOTo Pe3yabTary JJIs IPUMYCOBOTO Yac-
TOTHOTO aHaJTi3y KPYTHJILHUX CHCTEM BUKOPUCTOBY€EThCS 00 kT «ForcedFreqAnalysisy.
VY oMy OJIOIl BCTAHOBIIOETHCS MiHIMaIbHA Ta MaKCHMMajbHa IIBUJIKOCTI, 1[0 aHaJIi-
3y€THCS B PO3B’sI3aHHI BUMYIIICHOT YaCTOTH, BKA3y€EThCS KUTBKICTh PIBHUX KPOKIB Yac-
TOTH 00EpTaHH, IKi BUKOPUCTOBYIOThCS JIJIS TIOAUTY Aiana3oHy. [IpuMycoBuii 4acToT-
HUI aHaJli3 BUKOHYETHCS 3 KOOKHUM KPOKOM YaCTOTH OOEpTaHHS, BU3HAUCHHM y MEXKaX
nianazony. Y myHkTi «Maximum Order Range for Analysis» BU3Ha4aeThCs MOPOTOBa
YyacToTa JUIS BU3HAUCHHS Pe30HaHCy. SIKIIO jkopHa KoMOiHAIis 4acTOTH oOepTaHHS
JBUTYHA Ta TOPSIKY (SIK BU3HAYEHO MiHIMaJIBHOIO IIBUJIKICTIO, MAKCUMAIILHOIO HIBH/I-
KICTIO Ta MAKCUMaJIbHUM 3aMOBJICHHSIM JIJISl aHAJTI3Y ) HE BXOJUTh Y MEXIi, BU3HAUCHI 1151
BiZIOMOT pe30HAHCHOI YacTOTH; Oy/e /ToJlaHa HOBa TOYKA IIBUIKOCTI, 100 pe30HAHCHA
yacroTta Oyia TouHO 3amucana. Bxmagka «Forcing Function Order Plots» Hamae Mox-
JIUBOCTI OTpUMATH Tpadiku MPUMYyCOBHUX (YHKI[IH MOKa3HUKIB aMILTITYIH Ta MOPSIKY.
Hns rpadika Oyne HaManbOBaHO TPH KPHBI, OJJHA 3 MiHIMAJIbHOIO Ta MaKCUMAJILHOIO
IIBHUJIKICTIO, & OJIHA 3 TIPUPOCTOM IIBHJIKOCTI, HAHOMMKYNM JIO CEpEMHU Jialma3oHy.
Jiist BBEEHHS JAaHUX IIONIO0 XapaKTepy [lii THCKY ra3iB Ha MOPIIEHb BHKOPHCTOBYETHCS
00’ext «EngCylPresy» (puc. 2).

Leit 610k n03BOIISIE 3aCTOCYBATH OJWH MPO(iNb TUCKY Ta3iB U BCIX IMIIIHIPIB
OJIHOYACHO, TIPH LOMY MOPSAOK PoOOTH BifmoBigae BkazaHoMy y «CrankAnalysisy.
Oco6mnuBictio mabdnony «EngCylPres» € Te, 110 po3paxyHOK UKy poOOTH JBUTYHA
nounHaeThes 3 0 rpagyciB (BMT takty poGodoro xomy). iist KOHTpOITO Ta cradimizamii
4acTOTH 0OEPTaHHS KOJIHYACTOTO Bajia Iij yac MPOBEACHHS JOCIIKESHHS B porpami
BUKOPUCTOBYETHCS JMHAMOMETPHYHHI KOMIUIEKC HaBeleHWi Ha puc. 3. BiH ckiana-
€Tbcs 3 00’exty «Inertia», maruukiB yactotu obepranHs, PID-konTposepa, 00’ekty
HaBaHTa)XEHHs] KPyTHUM MoMeHTOM «Torque», SIKHii MOKHA BHUKOPHCTOBYBAaTH JUIS
3aCTOCYBaHHS KPYTHOI'O MOMEHTY JI0 OOEPTOBMX MEXaHIYHMX 4acTuH. J{aHuit 00’ ekt

H Template: ProRleAngleSel w0
Clspect Usage
D 1I_| Dt Commaent: #dd Long Cormment.
o Oibjects ey
B cyitevgras
B cyipres v ATES o Dpoons o Scalng
Angls ¥ Ot >
A o KE M case 41 Z
den ¥ ~
[T 17 R4STEINT
LB | 1753005
JLF;_._]:'\'.‘.'J:BL'J‘.‘_._._. 1500
W] 1780714599 .
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Camoel Apply

Puc. 2. [lpeocmasnenus inouxamopnoi diacpamu 6 wabnoni « EngCylPres»
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€ TIPOCTUM 1 Ma€ OJIMH 3MIHHUI mapaMeTp (KpyTHUII MOMEHT), Ta BiH JJO3BOIISIE 3a/1aTH
NPUKIaJIeHHd KPYTHUH MOMEHT PI3HHMH croco0amu, BKJIFOYAIOYH TOCTIHHHUN a0o
3MIHHHMI KPyTHUI MOMEHT, aKTHBAIIiI0 3 00JIaCTi KepyBaHHS a00 0OYHCIIEHHS B MOJIEII.

Po3paxyHOok mporpaMor0 TpPOBOAWTHCS BIJIMOBIAHO JO MapaMmeTpy 00 €KTy
«Automatic Shut-Off When Steady-State» 1o Bkasye, 4u ci1iji 3yTHHUTH MOJICITIOBAHHS
JI0 IOCSITHEHHSI MAKCUMAaITbHOT TPUBAJIOCT], BU3HAUEHOT B aTPUOYTaX i, 10 MOJICITFOBAHHS
Oyzie 3yIMHEHO, SKII0 OyJIM BHKOHAHI BCl KpUTEPii KOHBEPTEHINIi B YCTAIEHOMY CTaHi.
BiamoriaHo 10 KoH(}iryparii IBUryHa MOPSIOK poOOoTH HuiiHApiB 1-3-2-5-8-6-7-4
3 inTepBasioM 90° MOBOPOTY KoJiHYAcTOro Bajia. Po3paxyHOK rapMOHIYHHMX KOJIUBAaHb
NPOBOJMTHCS B Jiama3oHi yactotu odepranus Bix 60% (300 xB') o 100% (500 xB™)
3 iHTepBasiom 50 xB™'. 3HaueHHs MapaMeTpiB iHEpIli eJEMEHTIB KOJIHYACTOro Baya
KOJIIHYACTOTO Bajia po3paxoBaHi 3a jonomororo meronosiorii acomiarii B.I.C.E.R.A. [9].

Po3paxyHky BUKOHYBAJHCh JUTSI JIBOX BapiaHTIB: MEPUIMK — JJIsl CIPABHOTO JIBUT'YHA,
JPYTHIA — JJIsl ABUTYHA B SIKOMY ITOPYIIEHO MPOIEC 3rOpsHH y I’ siToMy mumiHapi. Ha
MiICTaBl OTPUMAHUX PE3YJBTATIB IIPOBENIEMO aHaJi3 XapaKTepy 3MiHH MMOKa3HUKIB MPU
3MiHI TEXHIYHOTO CTaHy JBUTYHA.

s TOBHICTIO CIPaBHOTO JABHWTYHA XapakTep MPOTIKaHHS KPYTHOTO MOMEHTY
Ta KyTOBUX NPUCKOPEHb MaxOBHKAa Ta BUILHOTO KIHI[S KOJIHYACTOTO Bajly BHIVISIIAE
HACTYITHUM 4uHOM (puc. 4, a, 0, B). [l HEClpaBHOTO IBUTYHA BIAOBIIHI TOKa3HUKU
HaBeJICHO Ha puC. 4, T, 1, €.

3 pe3yJbTariB po3paxyHKy Ta rpadiuHOro BijoOpakeHHs 4aCTOTHOTO aHaNi3y BUMY-
HICHUX KOJIMBaHb KOJITHYACTOTO Bay (pHc. 5) BUIHO, 10 OCHOBHUH BHECOK y CTBOPEHHS

Fregandlyss-01 =

Tordle-1 Coupler-02
U FLW
CouplerD-02

=
CouplerD=01

FIDControlle
r=1

FFT-terque-1

CrankConfig-01

Puc. 3. Jlunamomempuynuii xomniexc KOHMpomo 4acmomu 00epmanis
KONIHYACmozo 8ay
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Puc. 4. Xapaxmep npomikanus Kpymuoeo MOMeHNy ma Kymoeux NpuckopeHrs
MAxo8uKa ma GiIbHO2O KiHYsl KOMIHYACMO20 64Ty CHPABHO20 (a, 6, 6)
ma HecnpasHozo (2, 0, e) OsueyHa:
a, e — Kpymuuii Momenm, 6, 0 — Kymoge NPUCKOpeHHsi MAx08UKd;
6, € — KYmoge NpUCKopenHsi GLIbHO20 KiHYs

KyTOBOTO MPHCKOPEHHS SIK MaXOBWKa, TaK 1 BUTKHOTO KiHIIA KOJIHYACTOTO Bajly CTBO-
PIOIOTH TAPMOHIYHI KOMBAHHS YeTBEPTOTO TIOPSAKY. IX BemmunHa MiiMyM y 8,3 pasu
OinpIe 3a TAPMOHIKY IHIIMX MOPSAIKIB 711 MAXOBHKA Ta y 7,8 pa3u OimbIne Ay Bilb-
HOTO KiHIIA TTPH HOMiHAJBHIN 4acToTi 00epTaHHs CIIPaBHOTO ABUTYHA.
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6) 2)
Puc. 5. Pesynomamu po3paxyHky ma epaiunoeo 6i000padcenHs 4acmommuo2o aHaizy
BUMYUIEHUX KOTUBAHb KONIHUACIMO20 8ANY:
a, 6 — amnaimyoa Kymo8o2o NPUCKOPEHHS. MAX0BUKA A 8ITbHO20 KiHYsL CHPABHO20
08USYHA; 8, 2 — AMAIAIMYOA KYMOB020 NPUCKOPEHHS MAXOBUKA MA BLIbHO20 KiHYs
HecnpasHozo 08uU2yHa

AHaJti3 OTpEMaHKX PE3YNITATIB MOJICIIIOBAHHS HECTIPABHOTO JIBUTYHA BKa3ye Ha Te,
IO YacHHA aMIUTITYT! KyTOBOTO NMPHCKOPSHHS MaXOBHKA Bijl TAPMOHIYHMX KOJIUBAaHb
YETBEPTOro MOPAAKY Y 7,9 pa3u Oinbliia Ta Ui BUIBHOTO KiHI — Yy 6,1 pa3u BiAMOBITHO.

BpaxoByroun 1e, MOKHa 3pOOMTH BHCHOBOK, IO HAJIAIITYBAaHHS BUMIPIOBAHHS
KyTOBOTO MPHCKOPEHHS KOJIIHYACTOTO Bay B YMOBaX €KCILTyarallii JOIUILHO TPOBO-
JIUTH Ha Y4aCTOTaX, 110 BIAMOBIIAOTh il TAPMOHIII.

PesynbraTi BigXwiieHb KPYTHOTO MOMEHTY JJISl CIIPaBHOTO Ta HECIPaBHOTO JIBU-
T'YHIB TIPEACTaBICHO Ha puc. 6. 3 rpadiky BUIHO, 10 MOPYIICHHS MPOIECY 3rOPSHHS
y I’ ITOMY IHJTIH/Pi TPOBOKY€E BUHHUKHEHHS Pi3HUII KPYTHOTO MOMEHTY B 30H1 poO0Y0T0
XOJly JUTS CIIPAaBHOTO Ta HECHPABHOTO CTaHiB. J[Js1 HOMIHAJIBHOT YacTOTH OOEpTaHHS
MaKCHUMallbHa aMILTITy/Ia MOMEHTY ckianae 67124 H-m. Taki KonuBaHHS CTBOPIOIOTH
3HAYHI HABaHTAKEHHS HA KOJIHYACTHH BaJl IBUTYHA, III0 B CBOIO UEPTY MOXKE MPU3BECTH
JI0 foro MoIKopKkeHHs abo pyiiHyBaHHS. BpaxoBytouu Te, 110 BapitoBaHHS KPYTHOTO
MOMEHTY 00YMOBITIO€ BIATIOBIHI 3MiHHM KYTOBOT IIBUIKOCTI, BAHUKAE PI3HUII KYTOBUX
NPUCKOPEHb MaXxOBHKa Ta BUTLHOTO KiHIIA (puc. 7, 8). TakuM 4nHOM, TPpU HOMiHATBHIN
4acToTi 00epTaHHsI MakCUMajbHa PI3HUIS KYTOBUX IPUCKOPEHh MaXOBHKA CIIPABHOTO
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Puc. 7. Pi3nuys Kymosux npuckopeHv Maxo8uka CHpaeHo20 ma HecnpagHo2o 08USYHA

Ta HECTPABHOTO JIBUTYHA BUHUKAE HAa TAKTi poOO0OYOTr0 XOMY I SITOTO MMTIH/IpA Ta CKIIa1ae
3i croporn MaxoBuka 3033 rpa/c? Ta ays BinbHOTO KiHIs — 20652 pan/c?. 11i mokasHuKH
MOKHA BHKOPHCTOBYBATH B SKOCTI JIarHOCTHYHOTO HapaMeTpy MPOTiKaHHS poO0Y0oro
mpoliecy y ABuryHi. B komOiHalii 3 3acTocyBaHHIM (iIbTpallil CUTHAY 32 YaCTOTaMH,
110 BiJINOBIIAl0Th TAPMOHII[ Y€TBEPTOTO MOPSAAKY, MOKIIUBO ITiBUIIIUTH TOUHICTH Jia-
THOCTYBaHHSI.
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Puc. 8. Pisnuys Kymosux npuckopeHrsv 8ilbH020 KIHYsL CNPABHO20
ma HeCnpPasHo20 08USYHA

BucHoBku. BpaxoByroun npencrasieHi pe3yssTaTd, MOKHA CTBEPIXKYBATH, LI0 3a
MOKa3HUKAaMH KPYTWIBHUX KOJIMBaHb TUHAMIYHOI cuctemMu [IB3 MOXIIMBO 3ailiCHIOBAaTH
e(heKTHBHII MOHITOPHHT Ta JAiarHOCTYBAHHS MPOTIKaHHS POOOYHX MPOIECIB B KOXKHOMY
okpemomy mTiHapi. KoM’ totepHe MoaenroBanHs quHaMiganX nporieciB B KIIIM Hamae
MOXXJIMBOCTI BU3HAYUTH TOJIOBHI HapaMeTpH, 3a SIKUMHU MOXIIMBO BHSBUTHU MOPYIICHHS
crpaBHOTrO cTaHy ausens. OTpuMaHi pe3y/ibraTd KyTOBHX HPHUCKOPEHb KOJIHYACTOTO
Bay asuryHa COJ] MAN 8L48/60 Bka3ytoTh Ha Te, IO B pasi MOPYIIEHHS MPOIECY
3TOpPSIHHSA B OJHOMY 3 LWJIIHAPIB PI3HUI KYTOBHX NPHCKOPEHb HA MAXOBHUKY CKJIAJIAE
3033 pan/c?, Ha BimbHOMY KiHII — 20652 paj/c’ ais HOMIHAJIBHOTO PEKUMY HaBaHTa-
JKEHHs. BcraHOBNEHO, 10 TOJIOBHUM BIUIMB FAPMOHIYHHMX KOJIMBAaHb €JIEMEHTIB Ha 3Ha-
YEHHsI BEJIMYUH KYTOBHX IIPUCKOPEHB KOJTIHYACTOTO Bally 3AiHCHIOIOTH TaPMOHIUHI KOJIU-
BaHHS YETBEPTOTO MOPSAKY, 10 TIEPEBUIYIOTH 1HIII TTOPSIKH Ha 6 1 Olbime pasis. Takum
YHHOM, TiTBEpKeHa e(peKTUBHICTh TAHOTO METOMY JOCIHIIPKEHHS BKa3zye Ha HE0oOXia-
HICTb ITPOBEACHHS NOJAJBIINX JOCTIIKeHb BIUIMBY OCHOBHUX HecnpaBHocTeil CO/l, mo
HPU3BOASATH J10 IOPYILEHHS NPOTIKaHHS pOOOYOro Mpo1ecy B KOXKHOMY OKPEMOMY LIMITiH-
Iipi Ta po3poOKa BUMOT 0 TiarHOCTUYHOTO O0JIaTHAHHSI.
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Anomauin

Bemyn. 'Y cmammi posenadaromuvcs cyyachi npobnemu 00CHiONCeHHs eheKmug-
HOCMI cucmemu MexHiuH020 00CY208Y8aHHS 6aHMANCHUX cyOeH. KomnnexcHi cnoco-
Oou eapanmyeanHs HeoOXiOHOI ehekmugHOCmi cucmem MexHIYHO20 00CIY208Y8aAHHS
BAHMANCHUX CYOEH CKAAOAIOMbCA 3 CYKYIHOCMI 3aX00i8 w000 OYIHKU, NIOBUUEHHS |
KOHMpONO0 HAOIUHOCMI, MOYHOCMI, Npaye30amHocmi, AKOCmi (YHKYIOHYBAHHA ma
THWUX eKCHIyamayitiHux Xapakmepucmux 6aHmMaichux cyoeH ma HAasA6HUX CYOHO8UX
mexHiuHuX 3aco0is. KomnieKkchi cnocobu eapanmysants peanizylomscs K y cgepi pos-
POOKU | BUPOOHUYMBA 8AHMAIICHUX CYOeH, MaK i Oe3nocepedHbo 8 npoyeci ix ekcniy-
amayii cyOHONIa8Ho0 KomnaHier. Komniekcrhe UKOpUCmants memooie niosuuyeHHs
ehexmugHoOCmi cucmem MeEXHIYHO20 00CHY208YBAHHS BAHMANCHUX CYOeH 8i0Kpusae
WAXY Ol CYMmMEBO2O NIOBUWEHHSl HAOIUHOCMI [ AKocmi pobomu hyHKYIOHANIbHUX
cucmem 8anmanicHo2o cyona. OcHogy yux Memodié cKIaoae KilbKicHa oyinka eghex-
MUBHOCTI cUCTNeM MEXHIUHO20 00CY208Y8AHHS — IHCIPYMEHM, W0 00360A€ OYIHUMU
ehexmugHicmeb 8UKOHAHUX Oill w000 3abe3neueHHs HeoOXiOHOI HaOlUHOCMI | AKOCmI
pobomu 3acobie mopcwvko2o mparcnopmy. Ilposedenuii ananiz nonepedrix 0ocnioxiceHsb
i nybnixayii exazye Ha 8i0CYMHICMb €0UHO20 MEMOOON02IYHO20 NIOX0OY BUSHAYEHHS.
NOKA3HUKIB eheKMUBHOCMI cucmem MexHIYHO20 00CIY208Y8AHHSA BAHMANCHUX CYOEH,
AKUU OU HA0asas MONCIUBICTNL 8PAXOBYBAMU CIPYKIYDY | NePiOOUUHICMb MEXHIYHO20
00C1y208Y8aHHS, U0 eKCHIYAMAaYIliHO20 KOHMPOIIO, 2IUOUHY GIOHOBIEHHS | 306HIl-
Hill nposas 6iomos. Memorw cmammi € po3eisid HAUOIILUW XAPAKMEPHUX 3 ONYOIIKO-
BAHUX MAMEMAMUYHUX MOOelell MEXHIYHO20 00CTY208Y68aAHHS, GUABNIEHHS 3A2ANbHUX
DUC PO32TAHYMUX MoOerell | aHAi3 Hatlbilbul XapaKmepHux MamemMamudHux mooeineu
MEeXHIYHO20 00CIY208Y8AHHA 3 MEMOK HOULYKY €OUHO20 MEMOOON02IHHO20 NiOX0OY
BU3HAYUEHHS NOKA3HUKIG e(heKMUBHOCMI cucmem MeXHIUHO20 00CIY208Y8aHHS 34C00i8
Mopcwbkoeo mpaucnopmy. Pesynomamu. Posenanymo Haibinew xapaxmepHi 3 onyoiui-
KOBAHUX MAMEMAMUYHUX MoOeell MEeXHIYHO20 00CIY208Y8AHHS 3 NEPIOOUYHUM KOHMP-
oleM MeXHIYHO20 CMaHy. Y3aeanvHeno pucu npeocmasieHux y ybomy O0CTiONHCeHHI
MaAmeMamudHux Mooenel MmexHiuHo2o ob6ciyeosyeanus. Buchnoseku. Taxum uumnom,
KITbKICHA OYIHKA Di6HIE eheKmUBHOCMI cucmem MeXHIUHO20 00CIY208Y8AHHI € 8AIC-
JIUBUM CNeMEHMOM Y CXeMi PO3PAXYHKY eDeKmueHocmi SUKOPUCAHHA BAHMANCHUX
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cyoeH AK KOMepYIUHUX MpAHCHOPMHUX 3AC00I8 Memoio eKChayamayii aKux € ompu-
MAHHS MAKCUMATIHUX NPUOYMKIE NPU 3A0AHUX UCOKUX PIGHSX Oe3neKu i pe2yIapHoCcmi
suxopucmanHs. llpu oemanvuomy po3enadi cucmemu mexHiuHo20 00OCIY208Y8aHHA 8 iT
81ACMUBOCMAX BOAYAIOMBCA 6CI O3HAKU CKIAOHOI epeamuynoi cucmemu. Y menepiui-
Hill yac meopisn 00CAI0NHCEHHSL CKAAOHUX epeamUyHUX CUCTNEM MAE 0OCUMb PO3GUHYMULL
Mamemamuynul anapam. Tomy, 0113 po3poOKU MemoooI02iYHUX OCHO8 AHANIZY | OYIHKU
ehekmusHOCMI cUCmeM MexXHIYH020 00CIY208YEaAHNA BAHMANCHUX CYOeH Ma CYOHOBUX
MEXHIYHUX 3aC00168 OOYINILHO GUKOPUCOBYEAMU CAME MEOPII0 OOCTIONCEHHSA CKAAOHUX
epeamuyHux cucmem.

Kniwouosi cnosa: eghpexmugnicmov, mexuiyne, 00C1ye08y8anHs, OYIHIOBAHHS, CYOHO,
excnayamayis, CYB, MKYB, IMO.

THE MAIN PRINCIPLES OF ASSESSING THE EFFICIENCY
OF SHIP MAINTENANCE

A.L Golovan!, L.V. Gritsuk?
'PhD (Engineering), Associate Professor of Navigation and Maritime Safety Department,
Odesa National Maritime University, Odesa, Ukraine,
ORCID ID: 0000-0001-6589-4381
2DSc (Engineering), Professor of Ship Power Plants Operation Department,
Kherson State Maritime Academy, Kherson, Ukraine,
ORCID ID: 0000-0001-7065-6820

Summary

Introduction. The article considers modern problems of researching the efficiency
of the cargo ship maintenance system. Comprehensive methods of guaranteeing the
required efficiency of cargo ship maintenance systems consist of a set of measures to
assess, improve, and control the reliability, accuracy, efficiency, quality of operation
and other operational characteristics of cargo ships and available shipboard technical
means. Integrated assurance methods are implemented both in the development and
production of cargo ships and directly during their operation by the shipping company.
The integrated use of methods for improving the efficiency of cargo ship maintenance
systems opens ways to significantly improve the reliability and quality of operation
of the cargo ship's functional systems. The basis of these methods is a quantitative
assessment of the effectiveness of maintenance systems - a tool that allows to evaluate
the effectiveness of the actions taken to ensure the required reliability and quality of
maritime transport. The analysis of previous studies and publications indicates the
absence of a single methodological approach to determining the performance indicators
of cargo ship maintenance systems, which would allow considering the structure and
frequency of maintenance, type of operational control, depth of recovery and external
manifestation of failures. The purpose of the article is to consider the most typical of
the published mathematical models of maintenance, to identify the common features
of the models under consideration and to analyze the most typical mathematical
models of maintenance to find a single methodological approach to determining the
performance indicators of maintenance systems for maritime transport. Results. The
most characteristic of the published mathematical models of maintenance with periodic
monitoring of technical condition are considered. The features of the mathematical
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models of maintenance presented in this study are generalized. Conclusions. Thus,
quantitative assessment of the levels of efficiency of maintenance systems is an important
element in the scheme of calculating the efficiency of using cargo ships as commercial
vehicles whose purpose of operation is to maximize profits at given high levels of safety
and regularity of use. A detailed examination of the maintenance system reveals all the
features of a complex ergatic system. At present, the theory of complex ergatic systems
has a well-developed mathematical apparatus. Therefore, it is advisable to use the
theory of complex ergatic systems to develop methodological foundations for analyzing
and evaluating the efficiency of cargo ship maintenance systems and ship equipment.

Key words: efficiency, technical, maintenance, assessment, ship, operation, SMS,
ISM Code, IMO.

Beryn. KommiiekcHi criocoOu rapanTyBaHHsS HE0OXiHOT €(EKTHBHOCTI CUCTEM TeX-
HIYHOTO 00CITyrOBYBaHHS BAHTAKHHX CYJICH CKJIaJIAIOThCS 3 CYKYITHOCTI 3aXO/IiB MO0
OLIIHKH, TIIBUIIICHHS 1 KOHTPOJIIO HaIIHOCTI, TOYHOCTI, TIpaIe31aTHOCTI, SKOCTi QPyHK-
LIOHYBaHHS Ta HIIMX eKCIUTyaTaliiHIX XapaKTePUCTUK BAHTAXKHUX CYICH Ta HasIBHUX
CYIHOBUX TEXHIYHHX 3ac00iB. KoMIulekCHI criocoOu rapaHTyBaHHS peali3yeTbes SIK
y chepi po3poOKu 1 BUPOOHHUIITBA BAHTAXKHUX CYJICH, TaK 1 0€3110CepeHbO B MPOIEC] TX
eKCIUTyaTallii CyJIHOIUIaBHOIO KoMIlaHier. KoMIUIeKCHE BUKOPUCTaHHS METO/IIB ITi{BH-
HICHHS €()EKTHBHOCTI CUCTEM TEXHIYHOTO OOCITyTOBYBaHHS BaHTKHUX CYIIEH BIIKpH-
Ba€ LUIAXH I CYTTEBOTO IIJABHMILIEHHS HAXIMHOCTI 1 IKOCTI po0OTH (PyHKI[IOHATIBHUX
CHUCTEM BaHTaXXHOTo cynHa. OCHOBY IIMX METOIB CKJIa/Ja€ KUIbKiCHA OI[iHKAa ¢()eKTHB-
HOCTI CHCTEM TEXHIYHOTO 00CITyrOByBaHHS — IHCTPYMEHT, 1[0 JO3BOJISIE OLIHUTH e(eK-
TUBHICTh BUKOHAHUX JIi{ 110710 3a0e3Me4eHH s HeoOXiJHOT Ha{IHHOCTI 1 IKOCTI poOOTH
3ac00iB MOPCHKOTO TPAHCIIOPTY.

MocTtanoBka mpo6iaemu. [li eQeKTUBHICTIO CHCTEMH TEXHIYHOTO OOCIYTOBY-
BaHHsI MPUHHATO PO3YMITH CYKYIHICTh O3HAK CUCTEMHU TEXHIYHOTO OOCIYyroByBaHHS,
AKl XapaKTepHU3yIOTh CIIIBBIIHOIIEHHS MK MarepiallbHUMH, YaCOBUMH a00 TpPyHo-
BHMH BHUTpaTaMy Ha MIATPUMKY 1 BIHOBICHHS MpaIe3laTHOCTI 3aCO0IB MOPCHKOTO
TPAHCHIOPTY i eeKToM, 110 JocsracThes. EQekTHBHICTE CHCTEM TEXHIYHOTO 00CTyTo-
BYBaHHSI CYTTEBO 3aJICKUTh BiJl TAKUX CHCTEMHHUX BJIACTHBOCTEH 3ac00iB MOPCHKOTO
TPAHCIIOPTY SIK: OE€3BIIMOBHICTh, PEMOHTONPUIATHICT 1 JOBTOBIUHICTh, & TAKOXK BiJl
IMOBIPHOCTI pe3yJIbTaTIB 1 TPUBAJIOCTI EKCILTyaTalifHOr0 KOHTPOIO. AJie iCHY€E CyT-
TEBA PO3ODKHICTh MK MOKAa3HUKAMU €(PEKTHBHOCTI CHCTEM TEXHIYHOTO OOCIYTOBY-
BaHHsI 32C001B MOPCHKOTO TPAHCIIOPTY 1[0 BU3HAYEH] B HAYKOBIM JIiTEparypi i THMH, 110
BHUKOPHCTOBYIOTBCSI B CY/THOTUIABHUX KOMITaHISIX.

AHaJi3 ocTaHHIX TocaiKeHb i myGJikaniii. [Tonanuii KOpOTKUI aHai3 HAWOLIBII
XapaKTEPHUX MaTeMaTHYHUX Mojeliell TeXHiuHOro oociyroByBanHs [1-30] Bkasye Ha
BIJICYTHICTh €IMHOTO METOAOJIOTITYHOTO ITiIX0OAY BU3HAYCHHS [TOKa3HUKIB €(PEKTHUBHOCTI
CHCTEM TEXHIYHOTO 00CITyTOBYyBaHHSI 3aC001B MOPCHKOTO TPAHCIIOPTY, SIKUI OU HaJjaBaB
MOXIIUBICTh BPaxOBYBaTH CTPYKTYpY 1 MEPIOJUYHICTh TEXHIYHOTO OOCIYyroByBaHHS,
BHUJI €KCIUTyaTallifHOTO KOHTPOITIO, IMTMOUHY BiJIHOBJICHHS 1 30BHIIIHIH MTPOSIB BiIMOB.

®opmyawoBaHHs mijiei cTarti. MeToro cTaTTi € po3mis)] HalHOLIbII XapaKTepHUX
3 OMyONIKOBaHUX MaTeMaTHYHHX MOJIEJICH TEXHIYHOTrO OOCITyTOBYBaHHS, BUSBIICHHS
3arajbHUX PUC PO3IVITHYTUX MOJENIeH 1 aHalli3 HAHOUIbII XapaKTePHUX MaTeMaTUIHUX
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MojzieTiell TEXHIYHOTO OOCITyrOBYBaHHS 3 METOIO TMOINYKY €JMHOTO METOIOJIOTiYHOTO
MiIXOy BU3HAYCHHS TIOKA3HUKIB €(PEKTUBHOCTI CHCTEM TEXHIYHOTO OOCIYTOBYBaHHS
3ac001B MOPCHKOTO TPAHCIIOPTY.

Buxkiaa ocHoBHOro MmarepiaJy.

J1o noKa3HUKIB €()EKTUBHOCTI CHCTEM TEXHIYHOTO OOCIYrOBYBaHHs 3aC00iB MOp-
CHKOTO TPAaHCIIOPTY 1[0 BU3HAYEHI B HAYKOBIiil JiTepaTypi HAWOLIBII YaCTO BiTHOCATH
HACTYIHI NOKAa3HUKHU IMOBIPHOCTI i TPUBAJIOCTI €KCIUTyaTal[ifHOTO KOHTPOJIO, 0e3-
BiTMOBHOCTI, PEMOHTOTIPUIATHOCTI i JJOBTOBIYHOCTI 3aCO0IB MOPCHKOTO TPAHCIIOPTY,
a came:

F(t) — ynxkiis sika xapakTepu3ye HanpalroBaHHs 10 BiIMOBH;

¢ — TPUBAJIICTh BiIHOBIIOBAILHUX POOIT;

M — cepenHiii pecypc;

r(t) 1 L(t) — YMOBHI iIMOBIpHOCTI «TTOMUJIKOBOI Bi]MOBH» 1 «HEBHUSBICHOI BiTMOBH»
IpY KOHTPOJIi TEXHIYHOTO CTaHy B MOMEHT #;

t — TPUBAJIICTh KOHTPOJIKO TEXHIYHOIO CTaHy.

Krnacuuni Ta cy4acHi myOmikaiiiii B 00acTi MaTeMaTHYHOTO MOJEIIOBAaHHS IpOoIie-
CIB TEXHIYHOTO 0OCITyTrOBYBaHHS 3ac00iB MOPCHKOTO TPAHCIIOPTY MPUCBSYCHO 3a/1a4aM
THOIITYKY, 32 OOpaHUM KPHUTEPieEM, ONTUMAILHUX MPOMIDKKIB 4acy JUIs MPOBEICHHS TEX-
HiYHOTO 0OcmyroByBaHHA. Y 1959 i 1960 pokax bapmoy i XanTep omyOmikyBamu ABi
cTarTi Ha TeMy «MaremMaTndHi MoJeNmi JUIs HAAIHHOCTI cuctem» [1, 2], B SIKUX OINTH-
MaJibHI TIPOMIXKKH 4acy JUIS IPOBEICHHS TEXHIYHOTO OOCIYrOBYBaHHS BH3HAYalOThCS
3 YMOBH MiHIMIi3allii cepeHiX eKCIUTyaTalliiHiuX BUTpAT:

o Li+1

R= ) [ 16eteli+ 1)+ 2 - D1F@) + Gty 1)
i=0 t;
ne C_— cepejiHi BUTPATH B OJIMHUIIO Yacy Ha POOOTH 1O KOHTPOJIKO TEXHIYHOIO CTaHy;

C - CepeHi BUTPATH B OJUHMIIIO Yacy Ha BiTHOBIIOBaIbHI poOOTH;

{ — TPMBAJIICTh BiJHOBIIOBAJILHUX POOIT; { —TPUBAIICTh KOHTPOIK TEXHIYHOTO
CTaHy; Z — cepeIHiii 30MTOK B OAMHUITIO Yacy depe3 nepeOyBaHHsS 3ac00y MOPCHKOTO
TPAHCIIOPTY y CTaHi MPUXOBaHOI BiIMOBH; 6 — MOMEHT BiIIMOBH 3ac00y MOPCHKOTO
TPAHCIIOPTY; #, — MOMEHT IIPOBEICHHS TEXHIYHOro obciyrosysanns. B dopmyri (1)
nependadaeThCs, MO YMOBHI IMOBIPHOCTI «TIOMHUJIKOBOI BiIMOBIW» — #(f) 1 «HEBUsBIIE-
HOI BiIMOBH» — (¢) TIPH KOHTPOJIi TEXHIYHOTO CTaHy JOPIBHIOIOTH HYIIO Y(f) = () =0,
M — o i BiAMOBH 3ac00y MOPCHKOTO TPAHCIOPTY BUSBISIFOTHCS TIJIBKH i Yac TEXHIU-
HOT'O 00CIIyroByBaHHS.

Maiixe gepes 50 pokis, micia bapmoy 1 Xanrtepa y 2008 porri, Enmreiin Ta Baii-
CMaH TIPOAOBXKHUIN POOOTY 3a I[iEF0 TEMAaTWKOIO Ta OIMyONiKyBaju CTarTIO TaKOX Ha
Temy «MareMaTnaHi MOAeNi AN HAAIHHOCTI cuctem» [3], B sIKil IpuBeaeHa GopMyrna
JUTSL pO3PaxyHKY CepelHiX eKCIUTyaTaliiHUX BUTPAT MPH €KCIIOHEHIIaTbHOMY 3aKOHI
PO3MOALTY HAIPAIIOBaHHS JI0 BiJIMOBH 1 t =it

Ct.+7Zr Z
Rzl_—e_;u_—z'i'crtr, (2)
Je T — NepioJNYHICTh TEXHIYHOTO OOCITyrOBYBaHHS;, A — IHTCHCUBHICTh BiJIMOB 3acO-
0iB MOpchbKoro tpaHcmopty. 3 dopmynu (2) HeBaxko orpumaeMo (opmyny (3) mis
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PO3paxyHKy KoedillieHTa FTOTOBHOCTI MPH 1€abHINH CHCTEMI TEXHIYHOTO OOCIyroBY-
BaHHS:
1— e—lr
AR = — )
A+t (1 —e 4]

3)

@ity y crarti Ha TeMy «TexHOJIOTis TeXHIYHOro oOCIyroByBaHHs» [4] oTpuMaB

(YHKIII0 BU3HAYEHHS EKCIUTyaTalliiHUX BUTPAT 3 YPaxyBaHHSIM IOMMJIOK KOHTPOJIIO
y HACTYIIHOMY BUIISA[I:

r L
;/Z @™ (mc +5) + yo, xomut; < <t
m=1
n
Cop= A A Iic+ )+ o (nc+Z(M — 6)),komu t, < O< M, 4)
i=1
n
Z @1 (ic + 5) + nca, konu > M
i=1
ne ¢ = Ct; n — 4YACIO KOHTPOJLHUX omepaiiid Bcepemuui inrepsany (0, T);

2=A =) Xr i ™ (me + Z(ty, — 0) + u™(nc + Z(M — 6)); s — wrpad
3a BH3HAHHS 3ac00y MOPCHKOI'O TPaHCIOPTY HETPAIe3laTHUM TOAl, SK BIH € Tpare3-
narauM; M — cepenHiii pecype; @ = 1 —y. @opmyna (4) oTpumaHa 3 HACTYITHUAX TIPH-
MIYIIeHb — IMOBIPHOCTI "MIOMUIIKOBOI BiiMOBH" 1 "HEBUABICHOI BiIMOBH" HE 3aJICKATh
BiJI HaIpaIroBaHHs 3ac00y MOPCHKOTO TPAHCIIOPTY 1 PE3yNbTaTiB MOMEPEIHEOTO TEX-
HITHOTO 00CIyroByBaHHS. B crarti aBTopcTBa DiTua [5] mMOKa3aHo, IO MaHI JTOMY-
IICHHS CIIPABE/IINBI TITBKH B TOMY BHITQJIKY, KOJIH 3aKOH PO3IOJILTY HATPAIFOBAHHS JI0
BiJIMOBH € €KCITOHEHITIaTbHIM, MaTeMaTHIHI O9iKyBaHHS 1 TUCTIEPCis TOXUOKHA BUMIpPY
KOXKHOTO 3 KOHTPOJIbOBAHUX MapaMeTPiB HE 3aJIeXkKaTh BiJl HAMPAI[FOBAHHSI.

B po6oti I'apnanga ta Creitaepa [6] oTpumaHna dopMyma I KOeilli€eHTy TOTOB-
HOCTI 3aC00iB MOPCHKOTO TPAHCIIOPTY 3 MEPIOAMYHUM KOHTPOJEM TEXHIYHOTO CTaHy
MIPU €KCIIOHCHITIAIBHOMY 3aKOHI PO3MOIiTY HAIPAIIOBAHHS 0 BiJIMOBU:

1—e™*
4= 1 1 ’ )
(1—-e*) (e—“ + /ITZ—U) + At [1 +—-(1- e—if)] + At [1 — we=*7]

reo=1-Ao=1-p.
Sxmo no ananorii 3 popmy:noro (1) IPUIYCTUTH IO YMOBHI iIMOBIPHOCTI «TIOMHJI-
KOBOI BiIMOBI» — Y(¢) 1 «<HEBUSABIECHOI BiIMOBI — LI() IPY KOHTPOITi TEXHIYHOTO CTaHy
nopiBHIOIOTE HymO Y(¢) = W(f) = 0, To oTpuMaemo dopmyiry (6) st po3paxyHKy Koedi-
LI€HTY TOTOBHOCTI TPH 1I€aTbHOMY TEXHITHOMY 0OCITyTOBYBaHHI:
1—e™**
e (1l —e )+ At,+ A+ t.(1 —e )]’

Ag = (6)

B po6oti Mo6mi [7] mpuBeeHe HACTYITHE BUPAXKESHHS U PO3PaxXyHKY KOe(iIlieHTy
TOTOBHOCTI 3aC00iB MOPCHKOTO TPAHCIIOPTY HETOCTIHHOTO BUKOPHUCTAHHS, a00 TaKHX,
SIKI 3HAXOAUTHCS Ha 30epeKeHHI:
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1— e—lr

4, _ 1 1 _
Al (z+ t. + 1t,)qe /”+[(r+ tr)l_ﬂ+ tr]l_a(l—qe A7)

Jie 0L — IMOBIpHICTB TOTO IO BiTHOBJICHHS HE 3aBEpIIEHE; ¢ — IMOBIPHICTh 0€3BiIMOBHOT
po6oTH 3ac00iB MOPCHKOTO TPAHCIIOPTY A0 MOMEHTY iX TEXHITHOTO OOCITyTrOBYBaHHS.

B po6oti ®itua [§] BU3HaueHa cTpaTeris 00CIyroByBaHHS 3aC00iB MOPCHKOTO TpaH-
CIIopTy, o 30epiraerbest Ha iHTEpBali pecypcy (M, (). DyHKISA eKCILTyaTaIliiHux
BUTPAT MA€ BUJI:

(D

o(i+ Vc+ aZ(tip, — 0 + Ko t; < 0<t; 4
c(o) = nc+Z(M—6), komt,<6O<M , (8)
ne, KoJu 0> M

me x=A - It u™ ((m+ D+ Z(tmyr— ) + ™ i (nc+;w=1—p.

Dopmyny (9) ans po3paxyHKy KoeillieHTy TOTOBHOCTI 3aC00iB MOPCBHKOTO TpaH-
CIIOPTY 3 TEPIOINYHIUM KOHTPOJIEM TEXHIYHOTO CTaHy OTpUMaHo B poborax lipaxapa,
[leddepa, Bibe, TaiitHepa i Broka [9, 10, 11]:

61— (11— R()

A=
r4 £5(1 = Ps(D) + (7Pns (D) — itz (1 = P(D)) + 2t4t5(1 = R(D) + £

(9)

ne P (1) 1 P(t) — iMOBIPHOCTI TOro, 0 B 3aC001 MOPCBKOTO TPAaHCIOPTY 1 3ac00i
KOHTPOJIO HE BHHHKAE KOIHOTO Ne(EeKTy MPOTATOM HalpaloBaHHsS M BiIIIOBIIHO;
t,...t, — CEpeHi TPUBAIIOCTI O€3B1IMOBHOI pOOOTH 3aC00y MOPCHKOTO TPAHCIIOPTY, BiJl-
HOBJICHHS 3200y MOPCBHKOTO TPAHCIIOPTY, BiJHOBJIEHHS 3aC00y KOHTPOJIIO, CAMOKOH-
TPOJIIO, TEXHIYHOTO 00CIIYyTOBYBaHHS 3aC00y MOPCHKOTO TPAHCIOPTY BiAIOBITHO.
CepenHi eKkciuTyaTalliiiHi BUTpaTH MOB’SA3aHi 3 TEXHIYHUM 00CIyrOBYBaHHSM 3acO-
0iB MOPCBHKOTO TPaHCHOPTY i 3 BTpaTaMH BHACIIJOK MPHUXOBAHMX BiMOB BU3HAUYEHI

B poOorti Jlenaxena [12]:

-3

=0

tiy1—t

f (ic+Zy)dG(y) + dF(t),
0

tiva [

J

ClHeGH D)+ Z (i — DGty — 1)

(10)

e GA)=1-G)— (GYHKIIS pO3IOILTY Yacy MpOsABY BiIMOBHA. YMOBH 3a SIKUX OTPH-
mana popmyna (10) —y(£) = p(#) =01 M — .

[Toxa3HUK e(PEeKTUBHOCTI 3alpOINOHOBaHHNA B poOoTi Yiamorra i Makkapti [13]
OTPUMaHHUN Ha OCHOBI MPOTHO3YBaHHS TEXHIYHOTO CTaHy 3aco0iB MOPCHKOTO TpaH-
CTIOPTY:

w(2)
E(7) = [ACK (11)
e W(t)— KOpUCTb y cepeAHbOMY HalpalloBaHHI 3aC00iB MOPCHKOIO TPAaHCIOPTY 3a
paxyHOK nomnepeukeHns BiaMoB; C,(T) — cepenHi BUTPATH Ha NPOTHO3YBaHHs TEXHIY-
HOTO CTaHy, SIKe 3MIMCHIOETHCS 3 TIepionuvHicTIO T. Hemomik 1poro moka3Huka egex-
THUBHOCTI MOJISITAE B TOMY, IO BiH HE BPAXOBY€ XapaKTEPHUCTUK PEMOHTOMPHUAATHOCTI
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1 JIOBrOBIYHOCTI 3ac00iB MOPCBKOTO TPAHCIIOPTY, a TaKOX IMOBIPHOCTEH 3IiHCHEHHS
MMOMUJIOK Y TIPOIEC] TPOTHO3YBAaHHS TEXHIYHOTO CTaHY.

[Moka3Hrk e(heKTUBHOCTI CHCTEMH TEXHIYHOTO OOCITyrOByBaHHS 3 TECTOBUM KOHTP-
0JIEM 3alpOIIOHOBaHUH B poOoTi Maiiepa i Jle®pancya [14] y HacTynmHOMY BUTIISII:

(1— (te))P(D)
(1 — H£e))P(to) + u(to)(1 - P(ty))

ne P(t) — iMOBIpHICT 0€3B1IMOBHOI POOOTH NPOTArOM HANPALIOBAHHS f, [, — MOMEHT
MPOBEJICHHST TEXHIYHOro 00ciayroByBaHHs. [lokasHuK edekTHBHOCTI 12 He BpaxoBye
(akTy Oararopa3oBOro IPOBEACHHS TEXHIYHOIO OOCIYroBYBaHHS 3aC00iB MOPCHKOIO
TPAHCIIOPTY B MPOIIEC] eKCIITyaTarlii.

B po6oti Xonprarens [15] po3misHyTa TpupiBHEBa CTpaTerisi TEXHIYHOTO 00CIyTro-
ByBaHHA 3aC001B MOPCHKOTO TPAHCIIOPTY 1 BU3HAUEHI PEKYPEHTHI MOJEII 3HAXOPKEHHS
IMOBIpHOCTeH eKcITyaTamii cyaeH i3 BiaMoBamu. MaTeMaTHdHa MOJENb MOOyaoBaHa
P THX )K€ TPAaHUYHUX YMOBAX MPO XapakTep MOBOIKEHHS MOKAa3HUKIB IMOBIPHOCTI,
110 1 B po6oTi PiTya Ha TeMy « TeXHOJIOTisSI TEXHIYHOTO 00CIyrOByBaHHD» [4].

B crarti MinoBanosu4a i [lamiya [16] 3ampomoHoBaHO psi MAaTeMaTUIHUX MOJIC-
Jiell ynpaBiiHHS eKCIUTyaTalliifHOI0 HAAIMHICTIO 3ac00IB MOPCHKOTO TPAHCIOPTY, SIKI
JIO3BOJISIIOTH BUKOHYBATH aHAJI3 BIUTUBY 0araToeTammHoTO TEXHIYHOTO 00CITyTOBYBaHHS
Ha XapaKTePUCTUKH OE3BiIMOBHOCTI 3aC00iB MOPCHKOTO TPaHCIOPTY. B mpemcrasie-
HUX MOZEJISAX CUCTEM TEXHIYHOTO 00CITyTOBYBaHHS PEreHepallisi CTaHy KOHTPOJIbOBaHOT
YaCTHHU Cy[JHA BUKOHYETHCA HE3aJEeKHO BiJl pE3yJIbTaTiB KOHTPOJIO HOT0 TEXHIYHOTO
CTaHy, a XapaKTEPUCTUKHN IMOBIPHOCTI IILOTO KOHTPOJIIO B MPEACTABICHUX MOJICIISIX HE
BpPaXOBYIOTHCH.

Mogerni 3 BUKOPHCTaHHSAM HalliBMapKiBCHbKUX MPOLIECIB IJIS pO3paXyHKY MapaMeTpiB
MOTOKY BiZIMOB 1 KO€(illiEHTY TOTOBHOCTI TP Pi3HUX CTPATETISX KOHTPOIIO TEXHIYHOTO
cTaHy 3ac00iB MOPCHKOTO TPAHCIIOPTY HpeacTaBieHi B podoti ['paberkoro [17]. [pen-
CTaBJICHI 3aJICKHOCTI JIJIs1 pO3paxyHKy KOe(iIli€EHTY TOTOBHOCTI HE BPaxOBYIOTh XapaK-
TEPUCTUK IMOBIPHOCTI PE3y/IbTaTiB KOHTPOJIBHUX OTIEPAIliif.

MaremMaTruHi MOJIeITi I pO3paxyHKY Koe(illieHTy TOTOBHOCTI 3aC001B MOPCHKOTO
TPAHCHOPTY 3 NEPIOAMYIHUM KOHTPOJIEM TEXHIYHOTO CTaHy MPEACTaBICHI B poOoTax
Kictepa i Xokinca [18, 19, 20, 21]. ¥V Bka3zaHUX MOJENSIX 3aCTOCOBAHO MPHUITYIIEHHS
1IeaTbHOCTI 3ac00iB KOHTPOJIO 1 3a0pakoBaHy, Yepe3 BiAMOBY, CUCTEMY 3aMiHSIOThH
Ha HOBY.

dopmyna ans BU3HAYEHHS IMOBIPHICTH Mpale31aTHOCTI 3ac00iB MOPCHKOTO TpaH-
CHOPTY Yy OyIOb-SIKMH MOMEHT 4acy Af miciisl TEXHIYHOro 00CIyroByBaHHs # OTpUMaHa
B poboti Benacko-I'amtero ta Jlasakica [22] aist ogHOpPiAHOTO MapKiBCHKOTO HpOLIECY
KOHTPOJIIO 1 Bi/IHOBJICHHS TPaIe3aTHOCTI, 1 Ma€ BU/:

E(t) =

KoJIUut =ty (12)

N S
Pltn+ 40 = | [ Pit)Pis®) | | Po(@Pas(tn + 240 (13)

b=s+1

ne P( )~ IMOBIPHICTb NPAIE3IaTHOCTI 38 KOHTPOJILOBAHMM I1APAMETPOM i B MOMEHT £ ;
P (At ) — iMOBIpHICTb 0€3BiIMOBHOI POOOTH 32 KOHTPOJILOBAHUM MAPAMETPOM i 33 Yac
At nicns TexHigHOTO 06¢myroByBanHs; P,(0) — iIMOBIpHICTB II0YATKOBOT TPALE3/1aTHOCTI
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3a HEKOHTPOJIbOBAHUM T1apameTpom b; P, (¢ + At) — IMOBIpHICTb 0€3B1IMOBHOI poOOTH
32 HEKOHTPOJILOBAHMM MTaPaMeTpOM b 3a ac (¢, + Af); s — YMCII0 KOHTPOJILOBAHUX Mapa-
MeTpiB; S — 3arajbHe YUCIO MapameTpiB 3aco0y MOPCHKOTO TpaHCHOPTY. ¥ = =0 —
YMOBH IIpH SIKUX Oy10 3HaiaeHo Gopmymy (13).

CepenHi MUTOMI BUTPATH Ha TEXHIYHE 0OCITYTOBYBaHHS PO3PaXOBYIOTHCS Ha OCHOBI
MapkiBcbkoi Mopeni mo mnpexacraBieHa B pobori Candec-Epremaca, Mena-Hpero
ta Poapiro-Mynboca [23], 1 Mae BUJ:

E(Co) = PE;(Cp) + (1 — P)E,(Co), (14)

ne P — IMOBIPHICTb MPaBUJILHOTO BU3HAYEHHS CcTaHy cuctemu; £ (C)) — Maremaru4He
OUIKYBaHHS BUTPAT 32 OAWH KPOK I BHUMAAKY, KOJU 30iratoThes MIHCHUNA 1 BUMIpPS-
Huii cTanu cuctemu; E,(C,) — MareMaruvHe O4iKyBaHHs BUTPAT 4€pe3 MOXuOKH 3ac00iB
koHTpO0. Dopmyina (14) He BpaxoBye 0araropa3oBOTr0 TEXHIYHOTO OOCITYTOBYBaHHS
3ac00iB MOPCHKOTO TPAHCIIOPTY B IPOIIECi eKCIUTyaTarlii i He 9y T/INBa 10 BHECEHHS 3MiH
y IepiOANYHICTh TEXHIYHOTO 00CITyTOByBaHHS.

B po6orti Kaparyra [24] npuBeneHMi TEXHIKO-€KOHOMIYHUN TMOKA3HHUK €()EKTHB-
HOCTI CTparerii TEXHITHOTO 00CITyTOBYBaHHS 32 CTAHOM 3 KOHTPOJIEM ITapaMeTpiB:

Cym
[@Cc + YCem] + q[u(Ce + Cp) + @Cepy]

ne C 1 C — BIANOBIIHO CEPEHI BUTPATH HA TEXHIYHE OOCTyrOBYBaHHS | BU3HAYEHHS
TEXHIYHOTO CTaHy 3ac00y MOPCBKOTO TpaHcmopTy, C, — BTpaTH 4epe3 HEBUKOHAHHS
OTIepaTUBHOI 3a1adi; P — IMOBIpHICTH IIPANe3qaTHOTO CTaHY 3ac00y MOPCHKOTO TpaH-
cnopry,; g — 1 -P,o=1-y;w=1-p; C =C + C . llei nokasHUK Haae 3MOTY OILi-
HIOBAaTH €(DEKTUBHICTH OJJHOPA30BOTO BUKOHAHHS TEXHIYHOTO OOCITYTOBYBaHHS.

B crarti Jlazakica, Jlikica, Mixana ta ®@eorokaroca [25] mpuBeneHa HaIliBMapKiB-
ChbKa MOJENIb TEXHIYHOTO OOCITyTOBYBAaHHS, SIKa JO3BOJISIE€ BU3HAYUTH CEPEIHI IMUTOMI
BHTpaTH Ha TEXHIUYHE OOCITyTOBYBaHHSI, KOS(IIIIEHT TOTOBHOCTI 1 KOeiIlieHT TeXHiY-
HOTO BUKOpHUCTaHHS. B popmymax s po3paxyHKy IMOKa3HHUKIB €()eKTUBHOCTI TEXHIY-
HOTO OOCITyTOBYBaHHS BpaxoBaHi IMOBIPHOCTI Y — «ITOMIJTKOBOT BIIMOBH 1 |1 — «HEBH-
SIBJICHOT BiIMOBW». MaTeMaTn4Ha MOJIENb TIOOY/IOBaHA PH THX K€ TPAHUYHUX YMOBaX
PO XapakTep MOBOMKEHHS MMOKAa3HUKIB IMOBIPHOCTI, IO i B poboTi dDitua Ha TeMy
«TexHo0Tis TEXHITHOTO 00CITyTOBYBaHH [4].

B po6oti dyan, JIi, Jliy [26] po3miisHyTa MaTeMaTHIHA MOJIETH CHCTEMHU TEXHITHOTO
00CITyTOBYBaHHS 3 IIEPIOIUNIHIM 00CITyroBYyBaHHAM. [Ipencrasnena HacTymHa Gopmyna
JUISL pO3paxyHKy KoedimieHTa TOTOBHOCTI:

(15)

E(t) = P

0 n—1
A ZZP"H " — n (16)
R WL AU | RCESIES

1€ Y,, L, — YMOBHI IMOBIPHOCTI «ITOMHJIKOBOI BIIMOBH» i «HEBHABJICHOI BIIMOBI) NPH
TEXHIYHOMY OOCITyroByBaHHi 7; P — IMOBIpHICTb 0€3BIAMOBHOI poOOTH 3aC00iB MOp-
CBKOTO TPaHCIIOPTY MPOTATOM HapoOiTKy 7 - Af. Ane s popmyra He BpaxoBye XapaKTe-
PHUCTHK PEMOHTOIPUATHOCTI 1 JJOBFOBIYHOCTI 3aCO0IB MOPCHKOTO TPaHCIOPTY. B po3-
DISTHY T MaTeMaTH4Hild MOozIeNi BiACYTHS popMaizaiis IpaBuia 3aMiHU 3a0paKoBaHUX
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€JIEMEHTIB 3aC00iB MOPCHKOTO TPAHCIOPTY, 110 HaJaJI0 O 3MOr'Yy BU3HAUUTH KUIBKICHI
XapaKTEPHUCTHKH CYTHOBUX TEXHIYHHUX 3aC00iB, SIKi TTIOCTYNAIOTh HA 3aMiHy.

B po6oti Kangemipa i Lemnika [27] mocmikeHa cTparerisi IpOBEACHHS TEXHIYHOTO
00CITyrOByBaHHS 3ac00iB MOPCHKOTO TPAHCIOPTY, Y SIKiii BAHUKAIOTH SIBHI i IPUXOBaHI
BigmoBH. [lepenbayaeThest, 10 BiIMOBH 3ac00iB MOPCHKOTO TPAHCIIOPTY MOXKYTh OyTH
BUSBJICHI 3 iIMOBIpHiCcTIO 1 — W, [IpH eKCIIOHEHIIaIbHOMY 3aKOHI PO3IOJLTY Harparo-
BaHHS JI0 BIIMOBH OTpUMaHO GopMyiy s KoedillieHTa TOTOBHOCTI B SIKil MpUIHSTA
HyJIbOBA IMOBIPHICTb «IIOMHUIIKOBOI BiMOBH» Y, = 0.

B po6orti SImamripo, Carox i FOaca [28] mocnikeHa mapaieibHa CUCTeMa, sKa CKia-
JIAETHCS 3 IBOX OJIOKIB, BIIMOBH KOYKHOTO 3 OJIOKIB SIKOT MOXYTh OyTH BUSBJICHI TIIbKH
i1 9ac TeXHIYHOTO 00CIyroByBaHHs. BUHHUKHEHHS BiIMOB B KO)KHOMY 3 OJIOKIB pO3IIO-
JIJICHI 32 €KCIIOHCHIIIAIbHUM 3aKOHOM. DopMyiia /i po3paxyHKy KOeQillieHTa roTOB-
HOCTI OTpUMaHa 3 BUKOPUCTAHHSIM MaTeMaTHIHOro anapara MapkiBChbKHX MPOIIECiB.

B [29] na BimMiHy Big [27] nmepenbadaeThcss MUTTEBA IHIUKAIIS OJIOKY, IO BigMO-
BuB. A B [30] BHpilIeHa 3a71a4a BU3HAUCHHS ONTUMaNbHOI iepionuuHocti TO 3a Kpu-
TepieM MakcuMyMy Kr uist BimHOBITIOBaHOT pe3epBoBanoi cucremu. B [31] moOynoBana
MareMaTu4Ha MOJIeNTb 0OCITYTOBYBaHHS pE3€PBOBAHOI CUCTEMH 3 JIBOX OJIOKIB, BI/IMOBH
SIKOT BUSIBIISIIOTHCS TUTbKH i1 uac TO. BBakaeThcs, 1110 HApOOITOK CUCTEMH JI0 BiJIMOBH
PO3MOAIICHUI 32 €KCIIOHEHTHUM 3akoHOM. B pobGotax [28, 29, 30] nepenbauaerbes
HYJIbOBA iIMOBIPHICTH «IIOMIITKOBOI BIIMOBHY 1 «HEBHSBICHOT BiqMOBU» ¥ = L = 0.

BucHoBku. Po3misiHyTO HaOUIBII XapaKTepHi 3 OMyONiKOBAaHUX MaTeMaTHYHUX
MoJIeTiel TEXHIYHOTO OOCTYrOBYBaHHS 3 TEPIOMYHAM KOHTPOJIEM TEXHIYHOTO CTaHY.
3arajbpHa prca NPeACTaBICHUX Y I[bOMY JOCIIPKEHHI MaTeMAaTHYHUX MOJIENIeH TeXHIY-
HOTrO 00CITyrOBYBaHHS TOJISITA€ B TOMY 1[0 B HUX HE BPaXOBYEThCSI CTPYKTypa 3ac0o0iB
MOPCBHKOTO TPaHCIIOPTY.

CyuacHi METOIM OIIIHKK €(EKTUBHOCTI CUCTEM TEXHIUHOTO OOCIYrOBYBaHHS BaH-
TXHUX CYJCH MaloTh Psii CYTTEBUX HENOMIKIB 1 0OMEKEHb, SIKi 3HHKYIOTh e(DEeKTHB-
HICTh PO3pOOJICHUX 1 MPOBEACHUX 3axoiiB. BkazaHWii ()akT JEKUTh B OCHOBI TOTO,
IO pealibHi MOKa3HUKN €(EKTUBHOCTI 0araTboX CUCTEM TEXHIYHOTO OOCITYTOBYBaHHS
B TIPOIIECi eKCIUTyaTallii 4acTo HW)KUEe BiJI PO3PaxXyHKOBHUX 3HAUCHB 1 HE 32JI0BOJILHSIOTH
BAMOT'aM HOPMAaTHBHHX JOKyMeHTiB, CYD cyqHa i cyaHOMIaBHOT KOMITaHii Ta CyTTEBO
BIUTMBAIOTh HA KOHKYPEHTOCIPOMOXHICTh CY/JIHA 1 CyJHOIIaBHOIT KommaHii. Taka cury-
atrist 00yMoBJIeHa HACTYITHUMH OCHOBHUMH PUYHHAMU:

[Mo-nepie, s HOPMYBaHHS 1 OIIHKH €(EKTUBHOCTI CUCTEM TEXHIYHOTO 0OCITyTO-
BYBaHHsI BaHTKHHX CYJCH, SIK TPABIJIO, BUKOPUCTOBYIOTHCS TIOKA3HUKH, 3all03HYCHI
3 TeOpill HAIIMHOCTI 1 eKCIuTyaTallii mpocTux cucteM. Lli OKa3HUKU BPaxoBYIOTh JIHIIIE
¢daxT 3MiHH ePEeKTUBHOCTI €JIEMEHTIB CUCTEMH TEXHIYHOTO OOCIyrOBYBaHHS, ajic HE
BHCBITIIIOIOTH BIUTUB OKpeMHX (PakTOpiB Ha MiJICYMKOBUI pe3yabTar (yHKIIIOHYBaHHS
CHCTEM TEXHIYHOTO OOCIyroByBaHHS 1 PO3MIIAAAIOTh BAHTAXKHI Cy/lHA K CKJIAHI TEX-
HIYHI CUCTEMH, a HE K KOMEPIIiiiHI 3aCO0M TPAHCIIOPTY.

[Mo-apyre, 3apa3 NpakTHYHO BiZICYTHI HAYKOBO-OOIPYHTOBaHI METOJIH OILIIHKH e(eK-
TUBHOCTI CHCTEM TEXHIYHOTO OOCIYTrOBYBaHHS 1 OLIHKH ii BIUIMBY Ha €()CKTUBHICTbH
(yHKI[IOHYBaHHS BaHTKHHX CYyJICH.

[Mo-TpeTe, BaXKIMBOIO OCOOIMBICTIO CyYacHUX BaHTKHUX CYIIEH € QyHKIIOHAbHA
Ha/IJTUIIKOBICTh OUTBIIOCTI TXHIX (DYHKIIOHAILHIX CHCTEM, IO TO3BOJISIE BUPIIIYBATH,
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pi3HUMU crioco0aMHu, 3aj1a4i 3 TEXHIYHOTO OOCIYrOBYBaHHS IMOCTABJICHI TIEpE CYIHO-
TUTaBHOIO KOMITaHi€r0. B cBoro yepry, 1i cnocobu xapakTepu3yloThCsl BIACTUBUM PiB-
HeM e()eKTUBHOCTI CUCTEM TEXHIYHOTO 0OCITYTOBYBaHHS.

Buxozsiuu 13 3a3Ha4€HOTO, KiJIbKICHA OLlIHKA PiBHIB €()EKTHBHOCTI CHCTEM TEXHid-
HOTO OOCIIYTOBYBaHHSI € Ba)KJIMBUM €JIEMEHTOM Y CXEMi PO3PaxyHKY e(EeKTHBHOCTI
BUKOPHCTAHHSI BAHTAXXHHUX CYJCH SIK KOMEPLIHHIX TPAaHCIIOPTHHUX 3aCO0iB METOIO EKC-
TUTyaTaii SKHX € OTPUMaHHS MaKCHMaJIbHUX NPUOYTKIB MPH 33JJaHUX BUCOKHX PIBHSIX
0e3IeKH 1 peryIsipHOCTI BHKOPUCTAHHSI.

[Tpu neTanbHOMY PO3IVISAI CHCTEMH TEXHIYHOTO OOCIyroByBaHHS B 11 BIIaCTUBOC-
TSX BOAYArOThCS BCi O3HAKH CKIIAIHOT epraTHYHOI CUCTEMH. Y TETepillIHili 4ac Teopis
JOCITI/DKEHHS CKIIAJHUX ePraTHYHUX CHCTEM Ma€ JIOCUTh PO3BUHYTHI MaTeMaTHYHUHA
anapar. Tomy, 1 po3poOKH METO0JOTIYHUX OCHOB aHaJII3y 1 OIHKU €(DEKTUBHOCTI
CUCTEM TEXHIYHOTO OOCIIyTOBYBaHHS BAHTXKHUX CYJICH Ta CyAHOBUX TEXHIYHHX 3aCO-
0iB JOIIIFHO BUKOPHCTOBYBATH CaMe TEOPil0 JOCTIIKEHHS CKIAIHUX epraTHUYHUX
CHUCTEM.
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Anomauisn

Bemyn. YV cmammi posensoaromecs cyuacui npobnemu be3nexu cyoOHONIA6Ccmaed, d
makodic npobrema 0ompumManHs be3nexu Manespysants npu uwio308ami cyouna. /loceio
CYOHOBOOIHHS MA eKCIILyamayii 8enuxko2adapumuux cyoeH noKasye, o besnexa ix nia-
8aHHA Nepebdysac y MICHOMY 36'13KY 3 XapaKmepHUMU 0COONUBOCMAMY BHYMPIUHIX 800-
HUX WIIXIB, ceped AKUX Ci0 8UOLIUMU HASABHICMb 2I0POMEXHIYHUX CNOPYO, 0OMedIce-
Hicmb eabapumis, 8naue medii ma po36UHeHUx 8IMpoxeuIbosux ymos. OcHosHull 6ud
asapitiHocmi CmanosIAms y0apu ma HAealu CyOeH Ha NPUYAaiIbHi CIMIHKU, Ma CYOHd,
wo cmoams 6ina npuyanvioi cminku. OCHOBHUMU NPUYUHAMU BUCOKOI ABAPIUHOCTE
€ NOMUNKU CYOHOB00II8 Y eubOpi be3neunoi weuoKocmi pyxy ma HenpasuibHull oomix
BHIUBY 306HIWHIX (PAKMOPI6 HA CYOHO Ni0 4ac 8UKOHANH Manespis. B oanuil uac 6io-
CYmHI HAOIUHI 3an1eHCHOCMI OJisl PO3PAXYHKY 3YCUTb, WO SUHUKAIOMb NPU 2I0POOUHA-
MIYHIT 83a€MOO0IT CYOHA, WO PYXAEMBCS, | 2IOPOMEXHIYHOL CROPYOU, U0 He 00360/15€
supobumu pekomenoayii' 3 6ubopy de3neunux weuoKocmell pyxy i mpagep3unux eiocma-
Hell. Icnyroui ananimuyni 3a1eircHocmi wooo eU3HaAYeHHsA Oe3neuHoi WeUoKoCcmi 3axody
6 Kamepy ulnio3y i, Ik HACAI00K, GeIuyUHU 0CIOAHHS CYOHA He 8I000padicaioms NOGHOIO
Mipoio ocobaueocmi 0ano2o npoyecy i npu3so0sams yacom 00 cymmesux noxuoox. Ha
O0aHull Yac He iCHye 0OCMAMHbO HAOIUHO20 MeMOOY BUHAYEHHS eleMeHMi8 MaHespy
VXULeHHs1 cyOer npu Kypcosux Kymax menute 10 epadycie, aKki maioms micye y nioXioHux
KaHanax cyOHOnponyckKHux cnopyo. Icnyroua memoouxa payioHaibH020 KOMNOHYBAHHSA
elemMenmie niOXiOHUX KaHalie He NOBHOI0 MIPOIO 8PAX08YE 0CODIUBOCMI PYXY CYOeH 3d
VMO8 ICTOmMHO20 0bMedceH s 2abapumis cyOH08020 x00y. Memoto cmammi € numaH-
HA 0OTPYHMYBAHHS 2abapumis NiOXIOHUX KAHANIE 00 CYOHONPONYCKHUX CHOpPYO, W0
NOKIUKaui 3abe3neuysamu besneune MaHe8pYBaAnHs CYOeH i SHUNCYBAMU 00 MIHIMYMY
yac 3ax002cenHs 8 Kamepy ma euxody 3 Hei 0/ 30inbulenHs. NPONYCKHOL CNpoMOdiCc-
Hocmi cnopyou. Pesynemamu. 3anpononosani 3axo0u ma nadami pekomenoayii, uwooo
8UOOPY HAUOLIbUL ONMUMATBHUX, 3 NO2TA0Y Oe3neKu, Cnocodi8 BUKOHAHHS MAHEBDY8AH-
HA npu wino308ani cyoHa. Bucnoeku. Taxkum uunom, ananiz wooo numanHs OOIpyH-
myeanHs eabapumis niOXiOHUX KAHANIE8 00 CYOHONPONYCKHUX CHOPYO, WO NOKIUKAHI
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3abe3neyysamu Oe3neyHe MaHe8PYBaHHs CYOeH 1 3HUICY8amu 00 MIHIMYMY YacC 3aX0-
00ICeH s 8 Kamepy ma 6uxody 3 Hei 01 30i1bUuleHHs iX NPONYCKHOI CNPOMONCHOCII,
NOKA348, WO B0HU He NOBHOIO MIPOIO 8PAXO8YIOMb MAHEBPEHI IKOCI CYOeH.

Kniouosi cnoea: besnexa mamnespysanis, cyoHO, 2iOPOMEXHIUHI CNOpyou, ULnios,
CYOHONPONYCKHI CHOPYOU.
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Summary

Introduction.The article discusses the current issues of safety of navigation, as
well as the problem of compliance with the safety of maneuvering when locking ships.
The experience of navigation and operation of large-sized vessels shows that their
navigation safety is closely related to the characteristic features of inland waterways,
among which are the presence of hydraulic structures, limited dimensions, the influence
of currents and developed wind and wave conditions. The main type of accidents is
caused by vessel impacts and collisions with berth walls and vessels standing near
the berth wall. The main reasons for the high accident rate are mistakes made by
navigators in choosing a safe speed and incorrect consideration of the impact of
external factors on the vessel during maneuvers. At present, there are no reliable
dependencies for calculating the forces arising from the hydrodynamic interaction
of a moving vessel and a hydraulic structure, which does not allow developing
recommendations for choosing safe speeds and crossing distances. Existing analytical
dependencies for determining the safe speed of entry into the lock chamber and, as
a result, the amount of ship draft do not fully reflect the peculiarities of this process
and sometimes lead to significant errors. At present, there is no sufficiently reliable
method for determining the elements of ship evasive maneuvers at heading angles of
less than 10 degrees, which occur in the approach channels of ship passage facilities.
The existing methodology for the rational layout of approach channel elements does
not fully consider the peculiarities of ship traffic under conditions of significant
restrictions on the dimensions of the ship's course. The purpose of the article is to
substantiate the dimensions of approach channels to ship passage facilities designed
to ensure safe maneuvering of ships and minimize the time of entry into and exit from
the chamber to increase the throughput capacity of the facility. Results. Measures and
recommendations for choosing the most optimal, from the point of view of safety, ways
of maneuvering when locking ships are proposed. Conclusions. Thus, the analysis of
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the issue of justification of the dimensions of approach channels to ship locks, which
are designed to ensure safe maneuvering of ships and minimize the time of entering
and leaving the chamber to increase their throughput, showed that they do not fully
consider the maneuvering qualities of ships.

Key words: safety of maneuvering, vessel, hydraulic structures, lock, ship passage
facilities.

Beryn. JIocBia CyqHOBOMIHHS Ta €KCILTyaTallil BEIMKOrabapUTHUX CYIEH ITOKa3ye,
110 Ge3rneka ixX mIaBaHHs nepedyBae y TICHOMY 3B'SI3KY 3 XapaKTepHUMH 0COOIMBOCTAMU
BHYTPIILIHIX BOJHMX IIJISAXIB, CEpe SKUX CIIiJ BUIUIMTA HASBHICTh TiAPOTEXHIYHHX
CHIOpy/, OOMEKEHICTh TadapHTIB MyTeH, BIUIMB TeUil Ta PO3BHHEHHUX BITPOXBUIBOBUX
SIBUIII, BUCOKA IHTEHCUBHICTh PyXy. Y 3B'S3KY 3 IIUM OCHOBOIIOJIOKHUM HAIPSIMOM ITiJT
yac BHUBUYCHHS DPI3HMX ACIEKTIB CYIHOBOMIHHS BEJIUKOrabapUTHUX CYICH € mpodiiema
3a0e3rnedeHHs] Oe3leKH IIaBaHHs, 110 Iependadae JOCSITHEHHS ONTUMAILHOTO CITiB-
BiJTHOIICHHSI Mi>K Ta0apuTaMu IILISIXY, TOJIOBHUMH PO3MipaMu Cy/lHA Ta ¢EeKTUBHICTIO
3ac00iB 3a0e3IeueHHs KEPOBAHOCTI.

IMocTranoBka npo6aemu. [Ipobnema 3abe3rnedeHHs Oe3NeKy IIaBaHHs Cy/ACH MpH
MPOXOIKEHHI TiJPOBY3JIiB B TENEPIlIHIA Yac Ma€ akTyalbHEe 3HA4CeHHS. 3 OISy
3a0e3redeHHs Oe3MeKH IIaBaHHs CYACH 30HU CYJHONPOITYCKHUX TiIPOTEXHIYHHUX CIIO-
PYIl € OTHUMU 3 HAWCKIIAMHIIINX JUITHOK BOMHUX IUIAXiB. HanpyxkeHicTh poOoTH CyII-
HOBOZIS 1 CKJIAJHICTh KEPYBaHHS CyJAHOM Ha I[UX IUISHKAaX 3yMOBJIEHA HEOOXIIHICTIO
BUKOHAHHS 3HAYHOI KUJILKOCT] PI3HOMaHITHUX MaHEBPIB B YMOBaX 0OMEKEHOTO LIISXY
i Yyac pyxy Ha MalluX MIBHAKOCTSIX Xoay. CTaTHCTHYHI JaHi PO CTaH aBapiiHOCTI
MOKAa3yI0Th, IO KUIBKICTh TPAHCIIOPTHUX TMOJiH 3 CyJHAMHU B 30HAX CYAHOIPOITYCKHUX
FIAPOTEXHIYHUX CIIOPY/ 3AUIIAETHCS JOCUTh BUCOKOIO 1 CTAaHOBUTH OJn3bko 19% Bij
ix 3arampHOi KinbkocTi. IIpy 1IbOMy OCHOBHa YacTHWHA aBapii B pallOHAX TiAPOBY3JIIB
B1IOYBA€THCS B MIAXIAHUX KaHAIaX, a TAKOXK MPH 3axo/i B w103 (0t 59%) 1 mpumna-
Jla€ Ha YaCTKy BETMKOTa0APUTHUX CyACH. BUTbIIICTh TPAHCHIOPTHUX MOJiH € HACIIIIKOM
[TOMUJIOK CYIHOBOZIIB y BHOOpI O€3MeKH IIBHIKOCTI PyXy, HEBpaXyBaHHS 0COOIMBOC-
TeH TiapoauHaMIYHOT B3aEMOIIT CY/IeH, a TAKOX BILIUB 30BHIIIHIX (PaKTOPIB.

AHaJti3 oCTaHHIX J0CTiAKeHb i myQrikamiii.

[Ipu BUBYEHHI TEOPETUYHHUX Ta MPAKTUYHUX OCHOB METOJIB IiBHIICHHS OE3MEKH
MaHEBPYBaHH:I IIPH IILTI030BaHi Cy€H BCTAHOBJIEHO, 1110 PAJ] AKTyaJIbHUX ITMTaHb 3 Opra-
Hizamii X poOOTH, aHANI3 CTaHy Ta Cy4yacHUX MpoOJieM, 3aIHIIAI0ThC a00 HEI0CTaT-
HBOIO MiPOIO JOCIIKEHUMH, 200 BUMAararoTh yTOYHEHHS, y3araJlbHEHHS Ta BpaxXyBaHHS
CY4YaCHHMX BHMOT IIIOJI0 OpraHi3alfii 0e3rmeky MaHeBpYBaHHS 111 Yac MPOXOPKEHHS Ti/1-
poBy3iiB. [lutaHHsa npo parioHalbHE KOMIOHYBaHHS IMiJXOMIB IO CYTHOIPOITYCKHHX
CHOPYI ACTaJILHO PO3MIIsHYTE B poborax [1, 4, 5, 6, 7, 8, 9] Ta in. Pekomenaariii nepe-
JITYCHUX BUILIC aBTOPIB, MAIOUU CXOXKICTh IIJAXOIY /10 PO3B'sI3aHHS 3a1a4i 3arajaoM, po3-
XOJISITHCS JTUIIIE B ISIKMX MPUBATHUX MUTAHHAX. OCTAaHHIM 9aCOM CITOCTEPITa€ThCS IMiI-
KpeclieHe TparHeHHs MPUBECTH BC1 BOAHI IUISIXH JI0 €JMHAX YMOB, IO 3a0€3I1e4yI0Th
IJTaBaHHSA OJHOTUITHHUX CYJCH.

®opmyawBaHHS 1ijei craTTi. MeToo cTarTi € aHasi3 BUOOPY palioHAIbHOT CXeMH
KOMIIOHYBaHHSI T1/IpoBy3ia. [IuTaHHs 0OTpyHTYBaHHS ra0apyTiB MiIXiIHUX KaHATIB JI0
CYTHONPOITYyCKHHX CIIOpY/, IO MOKIHMKaHI 3a0be3nedyBaru Oe3le4He MaHEBpYBaHHS
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CYJIEH 1 3HIXKYBATH JI0 MiHIMyMY Yac 3aXOPKEHHS B KAMEpy Ta BUXOIY 3 Hel JUis 301Tb-
HICHHS TPOMYCKHOI CIIPOMOKHOCTI CIIOPY/IH.

Buknaaa ocuoBHoro marepiany. [linxigHi kaHamu SIBISIFOTH COOOIO IMEPEBAXKHO
OPSMOJIIHINHI TUITHKY 3 JIEIKAMHU PO3UIMPEHHSIMH, PO3TalIOBaHi M0 00uIBa OOKH BiJ
1UTI03Y. Y HUX NepeOyBaloTh Cy/IHa i CKJIaJIH, 110 PSMYIOTh Y BUIBHY KaMepy T3y a00
OYIKYIOTh IIUTIO3yBaHHS Ol Mpu4aibHOT cTiHKU. KaHamy 3a3Buuaiil 3axuieHi BijJ XBU-
JIIOBaHb Ha BOJAOCXOBHIIII Ta BOJHUX TE€Uiil y Pidlli pO3AUIOBUMH CTIHKAMH, SIKi 3a0e311e-
YYIOTh CIIOKilHI YMOBH BiJICTOO CY/ICH Iepe/ UTI03yBaHHAM. OCHOBHUMU €JIEMEHTAMU
MiAXITHUX KaHAJIB €: KaHal 13 TpareleinaJbHUM MepepizoM, NpruvaibHa i CIPSIMOBY-
BaJIbHA CTiHKY JUTA TIOMIMIIEHHS YMOB 3aXO/KCHHS CYIeH Y Kamepy Iutro3y. Hanpsimaa
CTiHKa 3a0e3Ieuye IUTaBHUI MepexiJl BiJ IIMPOKOi YaCTHHU KaHaTy JI0 KaMEpH IILTI03Y.
Hanpsimua ctinka Moxe OyTH IMPOIOBKEHHSIM CTIHA KaMEPH IIUTI03Y a00 MPUMUKATH JI0
Hel ITiJ] HEBeJTMKUM KyTOM. BoHa fjae 3Mory cyiHaMm i oTsram MmiATPUMYBATH BiTHOCHO
BHCOKY HIBHJIKICTh PyXY TiJl 4ac 3axX0[y B KaMmepy LUI03y 3a CHIbHHUX OIYHUX BITpiB
1 HasBHOCTI Tedii. [Ipu oMy 3HaYHO CKOPOUYETHCS TPUBAITICTH MAaHEBPYBaHHS.

I'aGapuTu OCHOBHMX €JIEMEHTIB MiIX1THOTO KaHAIY PO3PaXOBYIOTh, BUXOIMYH 3 I€0-
METPUYHUX CIIBBIJIHOLICHD iX 13 rabapuTaMy PO3paxyHKOBOTO Cy/AHA, IO MpHU3HAya-
€THCSI 3-TIOMDXK THX, 1110 MAIOTh HAWOUIBIII PO3MIpH 33 JOBKUHOIO Ta IIMPUHOIO, 3 ypa-
XyBaHHSIM 00paHOTO Croco0y Po30iKHOCTI Cy/IeH y MiAXITHOMY KaHai (TUIy KaHaJy)
1 YKCciIa KaMep IUTI03Y.

3a nanumu JlepxaBHOT CIyOHM MOPCHKOTO 1 BHYTPIIIHHOTO BOJHOTO TPAHCIOPTY
Ta Cy[IHOILIaBCTBa YKpaiHu [2] cTaH Oe3MeKH CyIHOIUIABCTBA Ta aBapiiHOCTI HA BOJ-
HOMY TpaHCIOpTi YKpainu (Y TOMY 9uclIi 1 3a 11 MexkaMHu, ajie i3 yKpaiHChbKUMH CY/THAMH ),
BKITIOUAIOYH MaJOMipHi (MaJi) cyJHa, 3a ciueHb — 4yepBeHb 2022 pOoKy 3 HapOCTAIOYHM
nigcymkoMm [3]. Ciaix 3a3HauuTH, 10 HA 3HAYHE 3HUKCHHS aBapiliHOCTI HA MOPCHKOMY
Ta BHYTPIIIHAOMY BOJHOMY TPAaHCIOPTI TOB’SI3aHE TAaKOXK 13 TUMYACOBUM IIPHITHU-
HEHHSIM CYJIHOILIABCTBA Y TEPUTOPIAIbHOMY MOpPI Ta Ha BHYTPIIIHIX BOAHUX HIISXaX
VYkpainu depe3 BifiCEKOBY arpecito pociiichkoi (eneparii nporu Ykpainu. [lounHaroun
3 24 nrororo 2022 poky, (hakKTUIHO po3Iodaiach OJI0Ka a MOPCHKHX TOPTIB Ha MiBICH-
HOMY y30epexoki Ykpainu.

B Hariramin

B Texuivni

il Oypraisanii
HI

& [Tzuxodnnon

OriMmi

Puc. 1. Kinvxicmo sunaokie asapitinux nooiii 3a npuduHaMu UHUKHEHHS NPOMA2OM
ciuna —yepgna y 2022 poyi [3]
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JocmipkeHHs, TPOBEIeH] paHille, TAal0Th 3MOTY CyAUTH TPO Te, 10 HasBHA METO-
JIMKa pO3paxyHKy Ta0apuTiB MiIXi1THMUX KaHAIIB 3arajoM 3ade3redye Oe3neyHi yMOBH
IUTaBaHHS cyleH i coctaBiB. OfHAK Ha THX NUII03aX, JI¢ 32 YMOBaMH pO3TallyBaHHS
T1IPOBY3TIB CIIOCTEPITalOThCA HECTTPUATINBI T1JPOMETEOYMOBH HEOOX1THO JIEsIKe KOPH-
T'YBaHHS PO3PAaXyHKOBHUX (POPMYIL.

Tak, mij Yac BU3HAYEHHS OCHOBHHUX CJIEMCHTIB ITiJIX1IHOTO KaHAJTy BEJIUYMHY BiJl-
craHi Xy o HEOOXITHOT CYIHY, 110 BUXOAUTH 13 KAMEPH IILII03Y, JJIsi OS3MEUHOTO BHKO-
HaHHS MaHEBPY YXWJICHHS JOIIbHINIE BU3HA4YaTH 3a Bupazamu (1) — (2), mo BpaxoBy-
I0Th pealibHi YMOBU MaHEBPYBaHHSL:

Xy}cJI = XyK J[/L;

nyn = YyKn/B

(1

~ V — 140195 ™ . B
Xy](n = (m) + 1,518 (ﬁ) m — Z,SE)( - 07704XYyKJI +
2

+4,637(m)" = 0,03(¥,y,)”

Ipu npomy BenudiHa mapameTpa X, 10 BXOAUTS 10 PO3PaxyHKOBHX popmy (1) —
(2), BU3HAUA€THCS 3aJICKHO BiJl MIBUAKOCTI PyXy i IMTMOMHM B KaHaJi IpW YTBOPEHHI
0e3nedHoi TpaekTopii BiicTaHi MiX OOPTaMU Cy/IeH, 10 PO3XOAATHCS.

Busnauene B Takuii criocio 3HaYCHHS O€31IEYHOT TPaBEeP3HOI BiJICTaHI BIUTMBAE B TTijI-
CYMKY 1 Ha BUOip HEOOXiHOI IMPHUHHU MiAXiIHOTO KaHay Ui 3a0e3MedeHHs Oe3MeKn
pyXy cyzeH. Ha BiaMiHy BiJi METOIUKH Iij Yac BU3HAYECHHS LIMPHUHU XOIOBOI CMYTH,
SKy 3aiiMa€e CyaHO, HEOOXiTHO BpaxOBYBaTH HE TUIBKM ILIUPUHY, a H JOBKHHY CyAHA.
VY pasi nopyIieHHsT YMOB 0€3MeKH MIMPUHY ITiIX1THOTO KaHAITy HEOOXiTHO 30UTBIINTH
Ha HEOOXiHY BEIUYHHY.

3a HasgBHOCTI B paiioHi MigXiJHOTO KaHATy TUISHOK 13 HECIPUATIMBUM XapaKTEepOM
Tedii HeoOXiJHO MPOBECTH JOAATKOBY MEPEBIPKY KEPOBAHOCTI Cy[eH i MexXi Oe3nmeyHnx
LIBUAKOCTEH PYXY.

[Ticast mpOro BU3HAYAETHCA BEIMYMHA BiJICTaHi, HEOOX1MHOI CYIHY IS TIOTallIeHHS
iHepIii XOMy MiJ] Yac MPOXOKESHHS MEX JUISHKH [T Tedil.

l' = ’Imir: b L Sr

Puc. 1. Cxema nepegipounoco po3paxyHky 008icutu nioxXiono2o Kauauiy
3a OOHOCMOPOHHBLO2O PYXY
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Puc. 2. Cxema nepegipournoco po3paxyHky 008i#CUHU NIOXIOH020 KAHATY
3a 080CMOPOHHLO2O PYXY

VY miacyMKy BU3HA4a€eThCs BiACTaHb BiJl HOCOBOI YaCTMHM Cy[HA, IO 3yMHUHHIOCS
Ol mpu9ankHOI CTIHKH, 0 JTUIHLOBOI IpaHi rojoBy nutro3y (puc. 2). HeoOxigHo 3a3Ha-
YHTH, IO JUIS NPOEKTHUX PO3PAXyHKIB CIIiJl BUOMPATH MaKCUMAJIbHE 3HAUYCHHS IUIXY
rajJbMyBaHHS Cy/ICH, IO TIEPEBIPSIOTHCS, AU 33/IaHUX XapaKTepi Ta IBUIKOCTEH Tedil.

VY pa3i omHOCTOPOHHBOIO pPyXy Oe3leKy yMOB BiACTOIO CyAeH Oifisl mpUYaIbHOI
CTIHKHM CJIiJl OLIHIOBATH HIIAXOM TIOPIBHAHHS OTPMMaHOi BificTani I 3 Benmuunomo 1 . .

VY pasi ABOCTOPOHHBOIO PyXy OLIHKY O€3MeKd BiACTOI0 CyaeH Ois mpUYaibHOI
CTIHKH CIIi/I 30IMCHIOBATH IUISIXOM IOPIBHAHHS OTPHMAHOT BETMYMHH | 3 po3paxyHKo-
BOIO BiJICTAaHHIO, HEOOXi/THOIO CY/HY, SIKE€ BUXOJUTH i3 KaMEpH IILTI03Y, IS YCITIITHOTO
BUKOHAHHs MaHeBpy yxuienns X (puc. 3).

VY pasi nopyuieHHs1 yMOB Oe3MeKH TOBXHHY MPUYaJIbHOT CTIHKM HEOOXimAHO 3011b-
[IUTH 10 HEOOXIIHOT BEITUYNHU.

BucHoBku. TakuM 4MHOM, TiJl Yac MPOBEICHHS aHAIi3y aBapiliHOCTI CyJeH BCTa-
HOBJICHO, 110 O5n3bK0 20% TPaHCHOPTHHUX MIPUTOJ] CTAJIOCS Y 30H1 TIPOTEXHIYHUX CIIO-
pya. [IppuomMy ocHOBHa YacTHHA Majia MICIle y MiAXiTHUX KaHallaX CyIHOIPOITYCKHUX
CHOpPYA Ta IPH 3aX0i B Kamepy LUIro3y (55%). AHaui3 I1010 MUTaHHA OOTPYHTYBaHHS
rabapuTiB MiIXiTHUX KaHATIB 10 CyAHONPOIYCKHUX CIIOpYJ, IO TOKIUKaHi 3a0e3re-
qyBaTH O€3MEeYHE MAHEBPYBAaHHS CYyICH 1 3HWKYBaTH 10 MiHIMyMy 4Yac 3aXOJUKEHHS
B KaMepy Ta BUXOAY 3 Hel st 301IbIIeHHS iX IPOITyCKHOT CIPOMOXKHOCTI, TIOKa3aB, 110
BOHH HE MOBHOIO MipOIO BPaxOBYIOTh MAHEBPEHI SKOCTI CY/ICH.
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Anomauisn

Bcmyn. YV cmammi pozensdatomscs cyuachi npobiemu be3nexu cyOHONIa8cmad,
a maxoodic npodIemMa OOMpUMaHts be3neKu MaHespy8aHHs NPU 6UKOHAHHI WEAPMo-
sux onepayii. Ha cyyacnomy emani cmanoginenus Yxpainu ocobausoco 3Havens
Habysac axkmop ymeepodicenns ii AK MOPCbKOI depaicasu, uxooayu 3 ii npocmo-
posux i ceo@izuunux ocobausocmeil, Micys ma poii y 2100anbHil ma pe2ionaibHil
cucmemi MidcHaApoOHux @ioHocun. IIpobrema dompumanns besnexu Manespy8anHs;
npu GUKOHAHHI UEAPTNOBUX ONePAYill BUSHAYAECMbCS KITbKICMIO WO 3pOCMAE uweap-
mogux onepayitl 6 ymosax 8iokpumozo mops. Llleapmysanus oo 6opmy cyoua, uwo
cmoimbp KOpI, € Oydce NOUWUPEHUM BUOOM CYOHOBUX KIIOHO8UX onepayii. Buxonan-
HSL MAK020 CKAAOH020 8UY MAHEBPYBAHMNS, K WEAPMYBAHHS HA AKOPI, K NPAGUILO,
OUKMYEMbCSL BUPOOHUYOTI0 He0OXIOHICcmI0. 38axcaloul HA CKIAOHICMb NPOBEOeHH s
weapmosHux onepayiii 00 6opmy cyoHa, wo cmoimv Ha sAKOpi, 00 Hei 80aAOMbCsl
He MakK uacmo, siK, HanpuKka1ao, 00 Weapmyeants Ha X0y, aie 8 pasi HeobXionocmi
i 3 ypaxyeanuam paody 00CmMasun 6uo WeAPMy8aHHsI, W0 PO32IA0AEMbCS, GUKOPUC-
mogyemvcsi 8 MOpcvkitl npaxmuyi. Tax, 00HIEI0 3 OCHOBHUX NPUUUH BUOOPY 0AHO20
Memooy Weapmy8anHs € HeoOXiOHICMb GUKOHAHHS HeBIOKIAOHUX 8AHMANCHUX ONe-
payiil 8 ymoeax 8iOKpumux petidie abo 8i0Kpumo2o Mops, KOIU HEMONCIUBO 3AXi0
cyona 6 nopm. Hacamnepeo, ye cmocyemovcsi RpOMUCIOBUX CYOeH, AKi 30ilUCHIOI0Mb
npomucen y 6i00aieHux patoHax c8imogoco OKeauy, a maxodic CyOeH noCmayanHs,
Wo GUKOHYIOMb 0OCMABKY BAHMANCIE 00 PAUOHIE 8€0eHHS NOUWYKOGUX A THUIUX
pobim, nos'sa3anux i3 0COECHHAM NPUPOOHUX pecypcie MopcbKko2o wenvb@y. Memoio
cmammi € aHaniz MONCAUBOCMI OE3NEYHO20 GUKOHAMHS WEAPMOBHOI onepayii 3
Memor 6ubopy HaAUbIIbUW ONMUMALBHUX CNOCO0I8 IX BUKOHAHHS, 3 NO2A0y besne-
xu. Pesynomamu. 3anpononosani 3axoou ma Haoaui pekomenoayii, wjooo eubo-
Py HQUOIIbW ONMUMATLHUX, 3 NO2AA0Y De3neKu, cnocodié UKOHANHS UEAPTNOBHUX
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onepayiti 0o bopmy cyona. Bucnosxku. Taxum uunom, Oesnexa na mopi ezaeani i
besnexa weapmosux onepayii, 30kpema, 3aexcou 6yoe aKmyaibHo0 npoodaemoro,
BUPIUeHHS SIKOT 6UMa2amume 8elUKol KiIbKOCMI HAYK080-00CIIOHUX podim 6 oOaac-
mi cyOHOBOOTHHAL.

Kniouoei cnosa: beznexa manespysanns, cyono, ymosu 8iOKpUmMo20 Mopsi.
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Summary

Introduction. The article deals with the current problems of safety of navigation,
as well as the problem of maneuvering safety during mooring operations. At the
present stage of Ukraine's formation, the factor of its establishment as a maritime
state, based on its spatial and geophysical features, place and role in the global and
regional system of international relations, is of particular importance. The problem
of maneuvering safety during mooring operations is determined by the growing
number of mooring operations in the open sea. Mooring to an anchored vessel is
a very common type of ship's key operations. Performing such a complex type of
maneuvering as anchoring is usually dictated by operational necessity. Taking into
account the complexity of mooring operations on board an anchored vessel, it is not
used as often as, for example, mooring on the move, but if necessary and taking
into account a number of circumstances, the type of mooring under consideration is
used in maritime practice. Thus, one of the main reasons for choosing this method
of mooring is the need to perform urgent cargo operations in the conditions of open
roads or the open sea, when it is impossible to enter the port. First of all, this applies
to industrial vessels engaged in fishing in remote areas of the world ocean, as well as
supply vessels delivering cargoes to areas of prospecting and other works related to
the development of natural resources of the sea shelf. The purpose of the article is to
analyze the possibility of safe performance of mooring operations in order to choose
the most optimal ways of their implementation in terms of safety. Results. Measures
are proposed and recommendations are given on the choice of the most optimal, from
the point of view of safety, ways of performing mooring operations to the vessel.
Conclusions. Thus, safety at sea in general and safety of mooring operations, in
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particular, will always be an urgent problem, the solution of which will require a large
number of research works in the field of navigation.
Key words: safety of maneuvering, vessel, open sea conditions.

Beryn. Ha cyyacHomy etari ctaHoBIIeHHS YKpaiHH 0coONIMBOTO 3HAYeHHsT HabyBae
(daxTop 3aTBEep/HKEHHSI ii SIK MOPCHKOT JIEpyKaBH, BUXOISYH 3 Ti MPOCTOPOBHX 1 reodi-
3UYHHUX OCOOIMBOCTEH, MicIs Ta poiii y TIo0albHIl Ta perioHalbHIi crucTeMi MiXHa-
pOIHHX BiIHOCHH. YKpaiHa 37100yna cTaTyCc MOPCHKOI Jep)KaBH, 3pOOMBIIN BaroMHA
BHECOK y PO3BUTOK MOpEIUIaBCTBA Ta BHBUEHHS CBITOBOTO OKEaHY, @ TAKOX 3aBISKH
CIPUSTIMBOMY TeorpadivHOMY IOJIIOKEHHIO, 30KpeMa, TOBKHUHI MOPCHKOTO y30eperaKs
Ta IUIOIII BOJHOTO MPOCTOpY. YKpaiHa Mae HailOutblry cepen AepxaB A3oBo-YopHo-
MOPCBKOT0 OaceiiHy IOBXHHY MOpPCBKOro y30epexoks (2759,2 kinmomerpa) 1 moHan
72 THC. KB. KIJIOMETPiB BUKIIIOYHOT MOPCHKOI €KOHOMIYHOT 30HHU.

IlocTanoBka mpoOiaemu. [IpoGnema goTpuMaHHS Oe3meKM MaHEBPYBaHHS IPU
BHUKOHAHHI [IBAPTOBUX OINepaliii BU3HAYAETHCS POCTOM KUIBKOCTI IIBAPTOBHX OIlepa-
il B yMOBax BiIKpUTOro Mopsi. Lle 1oB’s3aHO 3 BUBYCHHSM IPUPOJHUX PECYPCIB Ha
menbdi YopHoro i A30BCHKOTO MOpIB, X04a 4epe3 BiiiHy Iel Ipolec Mpu3yNnuHEHO.
Besneka Ha Mopi B3araii i 6e3reka MBapTOBUX OMepalliid, 30KpeMa, 3aBKau Oy/ie aKTy-
aJIbHOIO MPOOJIEMOI0, BUPIIICHHS SIKOT BUMaraTuMe BEeJIHKOT KIJIbKOCTI HayKOBO-10CJIi/I-
HUX po0IT B 00NacTi CynHOBOMIHHS. SIKIIO MIBApTOBHI omnepalii OyayTh BUKOHYBATHCS
3 METOI0 TIepeBaHTaXKyBaHHS HadTH ab0 HaQTOMPOMYKTIB, IO WMOBIPHO MPH CHOTOI-
HIIIHEOMY PO3BHUTKY TOJiH y cdepi 0cBoeHHS HAQTOBUX Ta ra30BUX POAOBHIL MOp-
ChKOIO MIeNib(y, aKTyaJbHICTh TeMHU OCE3IEKU IBAPTOBHOI Omeparlii 30LIbIIUTHCS Ha
nopsiiok. [Ipu 1iboMy He MOkHa 3a0yBaTH, 11O, SIK 1 paHille, 3HAYMMa aKTyaJbHICTb
BHpIIIEHHS MUTaHHS O€3MeKH IMIBAPTOBHUX OIEpaliil B yMOBax BiIKPHUTOTO MOPS AJIS
IIPOMUCIIOBHUX CYJIEH.

AHaJti3 ocTaHHIX J0CTiAKeHb i myQpikamiii.

B manmii yac nociikKeHHIO MUTaHb IOTPUMaHHS Oe3MeKH MaHEBPYBaHHS IIPH BUKO-
HaHHI IBAPTOBUX OMEpalliii MPUCBSIUCHO LMK psia nyonikanii [1, 2, 3,4, 5, 6, 7]. [Ipu
BHBYCHHI TEOPETHYHHUX Ta NMPAKTHYHUX OCHOB JOTPUMAaHHs OE3MEKU MaHEBpPYBaHHS
[IpY BUKOHAHHI IIBAPTOBUX OMEpalliif BCTAHOBIIEHO, IO P/ aKTYaJIbHUX ITUTAaHb 3 Opra-
Hi3alii iX poOoTH, aHaJi3 CTaHy Ta Cy4acHUX MPOOJIEM y Tajy3i, a TaKoXK Ipo0iIeM po3-
BUTKY MOPCHKOTO Ta PIYKOBOTO TPAHCIOPTY 3AJIUINAIOTHCA a00 HEJOCTAaTHBOI MipOIo
JOCHIDKEHUMH, 200 BUMaraloTh YTOYHEHHS, y3arajlbHEHHS Ta BpaXyBaHHs Cy4acHHX
BHMOT II10/I0 OpraHi3allii HepeBe3eHb BaHTaXIB.

®opmyawBaHHS 1ijeil cTarTi. MeToro cTarTi € aHaii3 6e3neYHuX croco0iB BUKO-
HaHHS [IBapPTOBUX OIEpalliil 10 OOPTY CyJHA, SIKE CTOITh Ha SKOPI.

Bukaax ocHoBHOro marepiaJjy. SIkipHa CTOSHKA € OJHIEIO 3 KIIOUOBHX CYJHOBHUX
orepaliii, BAKOHaHHsI SIKO1, 0COOJIIMBO B YMOBaX BIIKPHUTOTO MOpSI, MOB'SI3aHE 3 HU3-
KOI0 PH3UKIB, OOyMOBIICHHX SIK CKJIAJHICTIO CaMOi orepallii MOCTaHOBKH CylHa Ha
SIKIp Ta 3HATTS 3 HHOTO, TaK 1 BILTMBOM TiJIPOMETEOPOJIOTIYHAX YMOB y PaioHi Micus
sIKipHOT cTosiHKU. CTOSIHKA Ha SIKOPI B CKJIQJHUX T1[POMETEOPONIOTIHYHUX YMOBaX BUMa-
ra€ Biji CyIHOBOMIIB MOCTIHHOIO KOHTPOJIIO 32 IOBEIAIHKOI CyIHA, AWHAMIKOI HOro
nepeMilleHb Ta iX 0COOTMBOCTSIMHU B YMOBaxX (HAIPSIMOK 1 IIBUJAKICTH BITPY, HAIIPSIM
i IIBUJIKICTh Tedii, HAsSBHICTh XBUIJIIOBAaHHS, XapakTep IPYHTY Ta ioro penbed) [4, 5].

71



PO3BUTOK TPAHCIIOPTY
Ne 1(16), 2023

VY Bumajky SIKIIO MOBEAIHKA CyJHA BUKIMKAE CYMHIBH B 30€peKeHHI HOro Oe3nekw,
CY/IHOBOJII¥ TTOBMHEH HETAlHO BYKUTH 3aXOJiB OO0 3a0e3IeueHHs Oe3MeKu SIKipHOT
CTOSIHKH a00 3HATHCS 3 SIKOpSI, 3 TIEPEXOJIOM Yy IHIINH, Oe3MeuHuid PeKUM IIaBaHHS.
IocTiiiHa TOTOBHICTD JI0 3HATTS Cy[HA 3 SKOPS € HEOOX1IHOK BUMOTOKO OE3IEKH MPHU
BUKOHAHHI SIKIPHOT CTOSIHKU. Taka rOTOBHICTh BCTAHOBJIIOETHCSI KAIITAHOM CYJ/IHA 3 ypa-
XyBaHHSM MICIIEBUX YMOB CTOSTHKH, METEOPOJIOTIYHUI 00CTaBUH, CPOPMOBAHOTO TEX-
HOJIOTIYHOTO TPOLIECY, YIaCTh y SIKOMY Oepe CYIHO SK TPaHCIIOPTHHUH 3aci0, 110 BUKO-
HY€ TIEBHY BUPOOHWYY (QYHKIiIO. Y IaHOMY BHMAJIKy YAMAIIO BAXIJIUBUM (aKTOPOM
€ HasBHICTH Y OOPTY Cy/IHa, IO CTOITh Ha SKOPI, 1HIIIOTO Cy/IHA, 33]IisTHOTO Y BUKOHAHHI
BaHTa)XHUX a00 IHIIMX OMEepalliil CIiIbHO 3 CYJIHOM, IO CTOITh Ha SKOpi. binbiire Toro,
NpUAMAaOYX PIllIeHHS MPO CIIJIbHE BUKOHAHHS BAHTAKHUX OIEpalliil MpH CTOSHII Ha
SIKOpi, KaIliTaH Cy/IHa, M0 CTOITh Ha SKOPi, TOBUHEH MIPOTHO3YBaTH PO3BUTOK TOJIN Ha
MEBHY NEPCIEKTUBY, 100 HE OMMHUTHCS B YMOBaX, 10 BUMAaraloTh BUKOHAHHS CKJIa]I-
HUX, YaCOM HECTaHJAPTHUX i 13 3a0e31eueHHst Oe3MeKH Cy/ICH.

CynHo, sike CTOITh Ha SKOpi, IPY BILUTUBI HA HBOTO BITPY, T€ii Ta XBIIIOBAHHS MOPS
nepeOyBa€e B CTaHI MOCTIHHOTO pyXy 1 Oe3MepepBHO 3MIHIOE CBOE MOJIOKECHHS BITHOCHO
niHii BijyraHoTO SIKOps (JIiHIT BiTPY, YMOBHO JJIsl BEJICHOI Yepe3 Miclie po3TamryBaHHs
sxopsi Ha TpyHTi). OcoOIMBOCTI PyXy CymHA, IO CTOITh HA SKOPi, IHIIMMHU CIIOBaMH,
XapakTep HOTro HUIINMOPEHHS 3aJISKUTh B psiiay (akTopiB, HAMOUIBII 3HAYYIIUMH
3 SIKUX €: OCHOBHI PO3MIpH KOPIYCY Cy[HA, BOJOTOHHAKHICTh; apXiTEKTypHi 0COOIH-
BOCTI HA/IBOJTHOI YaCTHHH KOPIIYCY Cy[IHA, HAJOYIOB Ta pyOOK, 30KpeMa, Miclle po3-
TalIyBaHHS OLIBIIOI HAMOYIOBH MO0 IUIOMIMHKU MiJIeNb-IIITaHTOYyTy; IOTOYHUI CTaH
3aBaHTaXXCHHS CYJIHA, 1[0 BU3HAUAE Mocaaky (ocamry, nudepeHT) Kopmycy y Bofi; Koop-
JIMHATH TOYKH KPIIJICHHS SKIPHOTO JIAHIIIOTa; KUTBbKICTh BIJIAHOTO SKIPHOTO JIAHIIIOTA,;
rIMOWHA MICIS AKIPHOT CTOSTHKH Ta 11 CHIBBITHOIICHHS 3 KUIBKICTIO BIJJIAaHOTO SIKIPHOTO
JIAHITIOTa; XapaKTep IPyHTY B MICIIi SIKipHOT CTOSIHKY; 10 TPUMAE CHJIA SIKIPHOT CHCTEMH
(sIKip 1 AKIpHUIA JAHIIOT); TiAPOMETEOPOJIOTIUHI YMOBH Y paloHi Micus SKipHOi CTO-
SIHKY; CITiBBIJIHOILICHHS M)XK OCHOBHHMH IMapamMeTpaMu (HaNpsIMOK, HIBUIKICTB) BITpY,
Tedil Ta XBHJIIOBAHHS.

HeoOxigHO BiA3HAYMTH, 110 JUHAMIKA HUIITIOPEHHS CY[HA, 110 CTOITh Ha SKOPi, 10
IILOTO Yacy MPaKTUYHO HE JOCII/KEHA, 1110 BUKJIMKAE MIEBHI CKJIAJHOCTI MPU PO3poOIIi
0e3rmevHux Croco0iB MaHEBPYBaHHS CYJEH, 1[0 BUKOHYIOTH HIBAPTOBHI Omeparii 10
0opTy cymHa, O CTOITh sikopi. [Ipu yxBaseHHI pillleHHs PO BUKOHAHHS 200 HEBUKO-
HaHHS [IBAPTOBHOI OTepallii CyHOBOIT KEPYIOThCSl BUKIFOUHO BJIACHUM MPAaKTHUYHUM
JIOCBIIOM, a 3a MOr0 BiJICYTHICTIO BIJIMOBJISIFOTHCS BiJl BUKOHAHHS IIBAPTOBHOI OIepa-
il 10 6OpTy cyaHa, IO CTOITh Ha sKopi. HaciimkoM 1boro 3a3Bu4aii € HEBUIIpaBIaHa
BTpaTa 4acy Ta iHII eKCIUTyaTaliiiHi BTpaTH.

AHaITI3yr04H 3aralIbHUH XapakTep AWHAMIKH PYXy Cy/IHA, [0 CTOITh Ha SKOPi, MO>KHA
JIITH HEBTIITHOTO BUCHOBKY y TOMY, IO BiH 3/IiHCHIOE CKJIaJHI He3aTyXalodi arepio-
JIMYHI KOJIUBAHHS, IO CYMTPOBOKYIOTHCS 3MiHAMH HOTO TIOJIOKEHHS y MTPOCTOPI MO0
MiCIISI TIOCTaHOBKH SIKOps1. [Ipu 1[bOMY cHIOCTEpIraeThes Jesika CUMETPisl y 3a3HaYeHUX
MOJIOXKEHHSIX IIOJI0 JIESIKOT CepeIHbOT JIiHiT (JTiHis CHMETPiT) ITOI0KEHHS, 110 TPOXOUTh
Yyepes3 HATAT JIIHI0 AKIPHOTO JIaHITora [6].

SIK BCTaHOBJICHO B Pe3yJIbTaTi YMCEIbHUX CIIOCTEPEKEHb 3a MOBEAIHKOIO CYy/HA, IO
CTOITh Ha SIKOPi, 3a3HAa4YEHI BCTAHOBJICHI anepioAnyHi KOJUBAHHS MPU3BOIAATH J0 3MIH
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Kypcy cynHa B Mmexax (£10-30)°. Jliana3oH KoJUBaHb Kypcy Cy/JHA Ta BEeJIMUYMHA Bij-
XHUJICHHS HOTO BiJI JIiHIT CUMETPIi 3a/ie)aTh BiJl BEJIMUWHH CIIBBITHOIICHHS MK OCHO-
BHUMH MTapaMeTpaMH BiTpy Ta Teuil (IIBUAKICTh Ta HAPSIMOK). 30KpeMa, 3a BiZICyTHOCTI
BIZTHOCHO BEJIMKOI IIBHJKOCTI Te4ii B MicIli IKIpHOT CTOSHKH KOJMBAaHHS Kypcy OymyTb
3HAUHUMH, SIK, BTIM, Ta aMIUTITyJa MepeMillieHb CyJHa MI00 YMOBHOI JiHii cUMeTpil
ICTOTHO BiJJPi3HSETHCS Bijl HAMPSIMKY TEYii.

[IpakTuka mokasye, M0 NpU MEBHOMY MO€EIHAHHI BIUIMBIB 3 OOKY BITpY Ta Teuii,
a came mpu ciabkoMy BITpi Ta CHIBHIH Tedil, KOJIMBAJILHUHA TpOLIeC PyXy CynHa Oyae
CTIMKIIINM, 1 TpaeKkTopis pyXy CylHAa 3MIHIOBATUMETHCS JIMIIE 32 3MIHU IIBUAKOCTI
Ta HanpsMmy Tedii. Hanpukian, mpu cTOSHII CyqHAa B YMOBaxX NMPHILUIMBIB 1 BiJJUBIB,
10 YePTYIOTHCS, BOHO TUIABHO 3MIHIOBaTUME TTOJIOKEHHSI CTIHKOT PiBHOBArH IPH 3MiHI
HaNpsMKY Tedii. Y 1[bOMY BUTAJIKy CJIiJ] 3BEpHYTH yBary Ha IMiJIBHIICHY HEOE3IeKy i
Yac MpOBEJICHHS IIBAPTOBHUX OTepalliil y mepiol 3MiHu cripsMyBaHHs Teuii. [Tpu nes-
Hill CTaNOCTi BITPOBOTO HABAHTAXXEHHSI, TOOTO MPHU CIa0KOMY MOCTIHHOMY BiTpi HHIII-
MOPEHHS CyJJHAa HE3HAYHO 1 Ma€ MePioINYHICTh KOJMBAJIBHUX PYXiB, 110 BCTAHOBHUJIACS,
[IPU TIOCTIHHOMY TIepediry HUIITNOPEHHS Ta aMILTITy/1a MepeMillleHb CyIHa o0 JiHil
cuMeTpii Oyzie MiHIMaabHUM. Y 3B'S3KYy 3 UM HEOOXiTHO OUIBII JAETaIbHO JTOCIIIHKY-
BaTH MPOIEC PYyXY CyAHA, IO CTOITh HA SKOPi, B YMOBaX BEJIMKHX BITPOBHUX HaBaHTa-
XKeHb. Po3rsiHeMo XapakTepHi 0COOMMBOCTI B MEpPEMIlIeHHS CY/THA TIPH BILUIHBI CHJIb-
HOTO BITpY, IO TIepeBaKac 3a BEIMYMHOIO CHIIOBOTO BIUTUBY Haj Tewiero. Hamami e
BUTIAJIOK, 3 OISy Oe3leKH MPOBEJCHHS IIBAPTOBHOI orepallii, OyJeMo po3misiaTv
SIK OCHOBHH, BU3HA4al0un Oe3MeyHnid CriociO MaHeBpYBaHHS Cy/IHA, IO MIBAPTYETHCS,
B TIpolleCi BUKOHAHHS HUM IIBAPTYBaHHS 10 OOPTY Cy[Ha, 110 CTOITh HA SIKOPI.

B ymoBax cHIBHOTO BIiTPOBOTO BIUIMBY B MOMEHT BHXOIY Ha SIKIDHHH JIaHITIOT
CYIHO TIiJIl BIUTMBOM aepOJMHAMIYHOT CHJIH Ta 11 MOMEHTY 3MILIY€EThCs Y OiK JiHIT BITPY
(puc. 1), mpu IbOMY HaIpsIM 3CYBY 3aJIC)KUTh BiJl TIOJOKEHHS LIEHTPY MapyCHOCTI CyaHa
IIO/I0 TUIOIUHH Mi/Ieb-IITAHTOYTY.

Xapakrep pyxy Cy/Ha, IO CTOITh Ha SIKOPi, MOX€e 3MIHUTHCS MiJ] BILTMBOM OY/Ib-
SIKOTO JIOZIATKOBOTO 30BHIIIHBOIO BIUIMBY a00 BHACHIJOK 3MIiHM MapaMeTpiB, IO
BHU3HAYalOTh BITPOBE HABAaHTAXKEHHS. Y I[bOMY BUIQJKY CYIHOBOMIIO CygHA, IO

Puc. 1. Tpaekmopis pyxy cyona npu cmoanyi Ha AKopi 8 YMOBAX GiMpoeo2o 6NAUGY
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HIBAPTYETHCS, HEOOXiHO OyTH TPaHMYHO YBa)XKHUM INPU BHU3HAYCHHI SK MMapameTpiB
BITpY, TaK 1 IPH CIOCTEPEIKEHHI 32 OCOOJMBOCTSAMH B MOBEAIHII CyqHA, 10 SKOTO
HEOOXiTHO MIBapPTyBATHUCS.

KoHTpomntoroun noBeiHKy Cy/Ha, 110 CTOITh Ha SKOPi, HEOOX1IHO MaTH Ha yBa3i, 110
MOMUITKA Y BU3HAYCHHI KUTBKOCTI BUTPAYE€HOTO SIKIPHOTO JIAHIIIOTa MOXKE

NPUBECTH HE TIJBKH JIO0 NIEBHUX OCOONMBOCTEH y XapakTepi HUINMOPESHHS CyIHA,
aje i 1o BiZIpUBY SIKOPS B/l TPYHTY B MOMEHT 3HaXOJDKCHHS CyJHA B KpalHIX TOYKax
TpaeKTOPii HOTO MepeMillieHHs. BipuB sIKOpsl BiJl IPYHTY Ta 3MiHA HOTO MOJIOKEHHS
MOKITBI B TOMY BUTIAJIKY, KOJIM 3yCHUIUIS B SIKIDHOMY JIQHIIIO31 JOCTATHBO IS T IHOMY
Ti€l HOTO YaCTHUHHU, KA JIGKHUTh Ha IPYHTI. Y 3B'S3Ky 3 I[UM CJIiJl YHUKATH MiAX0Ly 10
0OpTY CylHa, IO CTOITh Ha SIKOPi, B MOMEHTH BHXOJly HOTO B KpaiHi TOUKH TPAEKTOPIi
HUILITIOPEHHS, TOMY IO B Ili MOMEHTH MOKJIMBUH BIIPHUB SIKOPSI BiJ IPYHTY 1, IK HACIIi-
JIOK, HerlepeadadyBaHa MOBEIiHKa CY/IHA, IO IIBAPTYE.

AHaN3yI0YM 3arallbHHH XapakTep MUHAMIKA PyXy CyAHA, MIO CTOiTh Ha SIKOPI,
MU JIHIUIM BUCHOBKY Y TOMY, IO BOHO 3JIHCHIOE CKJIQJHI HE3aTyXaroui arepiofnyHi
KOJIMBAHHS, IO CYNPOBOKYIOTHCS 3MiHAMH HOTO TIOJIOKEHHS y TPOCTOPi BiTHOCHO
MiCIISI TIOCTaHOBKH SIKOps1. [Ipu 1[bOMY cHIOCTEpIraeThes Jesika CUMETPIisl y 3a3HaYeHUX
MOJIOKEHHSIX IIOJIO JIESIKOT CepeIHbOT JIiHiT (JTiHis CHMETPiT) ITOJI0KEHHS, 110 TPOXOIUTh
Yepe3 JIHII0 HATATY SIKipHOTO JIAHITFOTA.

IBapryBaHHs 10 OOPTY CyIHA, IO CTOITH SKOPI, € JAy>KE MOMHPEHUM BUIOM CY/-
HOBHX KJIFOYOBHUX oOTepalliii. BUKOHaHHS Takoro CKJIaJHOTO BHAY MaHEBPYBaHHS, 5K
HIBapTYBaHHS Ha SKOPI, SK MPABHUIIO, TUKTYETHCS BUPOOHUYOI HEOOXiTHICTIO. 3Ba-
JKaKOYM Ha CKJIAJHICTh MPOBEICHHS IBAPTOBHUX OMeEparliii 10 0OpTy CyaHa, IO CTO-
iTh Ha gKOpi, 0 Hel BAAIOTHCSA HE TaK 4YacTo, SIK, HANPHUKIIAJ, O HIBAPTYBAaHHS Ha
XOILy, aJie B pa3i HEOOXiJHOCTI 1 3 ypaxyBaHHIM Psly OOCTaBUH BU/I IIBAPTYBAHHS, 110
PO3TIISIAETHCSI, BUKOPUCTOBYETHCS B MOPCBHKIM MpakTHii. Tak, OJHIEI0 3 OCHOBHUX
OPUYUH BUOOPY IaHOTO METOJy IBAPTYBAaHHS € HEOOXiTHICTh BUKOHAHHS HEBIIKIIAI-
HUX BAaHTXKHUX OIepaliil B yMOBaX BiJKPUTHX peiijliB a00 BiTKPUTOTO MOPsI, KOJIH
HEMOXKIIMBO 3axiJ] cyaHa B MopT. Hacammepen, 1me cToCyeThesi IPOMHUCIOBHX CY/ICH,
K1 3A1CHIOIOTH IPOMUCEN Y BiJIaJICHUX pallOHaX CBITOBOTO OKEaHy, a TAKOX CYJCH
MOCTa4YaHHs, M0 BUKOHYIOTH JIOCTaBKY BaHTaXIB /IO PAiOHIB BEJICHHS MOITYKOBHX
Ta IHIIUX POOIT, MOB'I3aHUX 13 OCBOEHHSM MPUPOIHHUX PECYPCIB MOPCHKOTO HICTb}Y.
Kpim Toro, He0OXiIHICTh BUKOHAHHS IIBAPTOBHOI omepallii 10 O0pTy CyaHa, 1o CTO-
iTh Ha SIKOPi, MOXXEe BUHUKHYTH B TOMY BHUIIaJIKy, KOJH MOTPiOHO 3pO0UTH po3BaHTa-
JKEHHS B palioHaX, 1[0 HE JO03BOJAIOTH BEJIIMKHUM CyAaM MiAiiTH 0e3mocepeaHbo 10
OeperoBux npuvalis, a00 JTOCTAaBUTH Ha CyJHA IIPH CTOSHIII Ha peiiax eKimax, pi3He
MmocTaYaHHs Ta iHuI BaHTaxi [7].

XapakTep BUKOHAHHS CKJIaJTHOTO MaHEBPYBaHHS i/l 4ac MPOBEIEHHS MIBAPTOBHOI
orepariii 10 0OpTy Cy/Ha, 1[0 CTOITh AKOPI, JIMIIIE 33 BIACYTHOCTI YU HE3HAUHOMY BILIHB
30BHIIIHIX YHHHHUKIB MOXE TICBHOIO MipOI0 HAOIMIKATHCS JI0 XapaKTepy MaHEBPYBaHHS
i1 Yac mBapTyBaHHs J0 OOPTY Cy/AHA, IO CTOITh OIS pUYaly B MOPTY. YMOBH IPO-
BEJ/ICHHSI ITBAPTOBHOT OMepariii 1o pyxoMoro 00'ekra Habararo CKJIajHille Ta iX CKiIaj-
HICTB CYTT€BO 3POCTAE, SKIIO TiIPOMETEOPOIIOTIYHI YMOBH B PaliOHI SIKIPHOT CTOSTHKU
Cy/IHa, IO IIBAPTYE, BAXKKO MIJJAIOTHCS MapaMETPUUHIN OLIHIN. Y IUX yMOBaxX He
MO’KHa He 3Ba)KaTH Ha PyXJIMBICTH CY/JIHA, IO CTOITh Ha SIKOPI, SIK 00'€KTa NIBAPTyBaHHS,
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MIPU TIXOA1 70 HWoro OopTy abo MpH TiAponWHAMIYHIA B3a€EMOJIT Cy/leH, IO MIBAPTY-
I0TBCSL. SIKIIO CYJTHO SIKe MBAPTY€E MEHIIIE CY/IHA, IO HIBAPTYETHCS, ITij] 4ac MPOBEIICHHS
[IBAPTOBHOT omeparii HEOOXiIHO TaKoK BPaxOBYBAaTH TiJIPOAWHAMIYHHN BIUIMB Ha
CYIHO IO IIBAPTY€E, BUKIMKAHE POOOTOI0 PYXOMO-KEPMOBOTO KOMIUIEKCY CYIHA, IO
mBapTyeThest. Konmu B palioHI MPOBEICHHS MIBAPTOBHOI omeparii sK MpeBaTrOrUHi
30BHIIHIN BIUIMB HA CYIHO, IO IIBAPTYE, PO3IVISIAETHCS BITPOBHUH BIUIMB, HOTO HHIII-
MOpEHHS MOXxe OyTH Herepen0dadyBaHuM 1 1ie Tpeba MaTH Ha yBasi CyJHOBOIIO CY/IHA,
1[0 HIBAPTYE MPH BUOOPI MICIIS SIKIPHOT CTOSIHKH.

B yMoBax, konu CyaHO, IIO IIBAPTYETHCS, PYXAE€ThCS MaiuM abo HaWMEHIIUM
XOJIOM, MOTO KEPOBaHICTh ICTOTHO 3aJIEKUTH BiJl BIUIMBY BIiTPOBOTO BILIMBY, & TaKOX
BIUIMBY XBHJIb 1 Teuil. BUKOHyBaTu ckiiajHe MaHEeBpYBaHHS B yMOBaxX 3HUKEHOT KEpO-
BAHOCTI 1 3A1MCHIOBATH BUXI1J 10 PyXOMOTO 00'€KTa — AyKe CKJIaJHE 3aBIaHHs, 1104ar-
KOM BHMKOHAHHS SIKOTO € BHOIp B3a€MHOI BHUXIJHOT MO3MIIT CYJCH, IO MIBAPTYIOTHCH,
1 BU3HAYCHHSI MOMEHTY TIOYaTKy PyXy CY/HA, IO NIBAPTYETHCS, B HANIPSIMKY CY/IHA, IO
mBaptye [ 8, 9]. BuxigHa mo3utlist i MOMEHT MOYATKy PyXy J1o OOpTY Cy/Ha, IO MIBAPTYE,
BU3HAYAIOTHCS HE TIIBKH BHXOJSYM 3 MAaHEBPEHHX XapaKTEPUCTUK Cy/IHA, IO HIBap-
TYETBCS, 3 YpaxyBaHHSIM BIUIMBY 30BHIIIHIX YMHHHUKIB, a U BiJI XapakTepy MOBEIAIHKH
Cy[Ha, 1110 IBAPTYE TIiJl 9aC BUKOHAHHS IBAPTOBHOI omepartii.

Bubip cioco0y mMaHeBpyBaHHSI CylIHa, IO LIBAPTYETHCS, JO OOPTY CyIHA, IO
CTOITh Ha SIKOPi, Oararo B 4OMy 3aJICXKHUTh BiJ CIIBBIJHOIICHHS PO3MIpPIB CYIEH, 110
IBapTYIOTHCS, T1[POMETEOPOJIOTIYHIX YMOB B PaiiOHi BUKOHAHHS IIBAPTOBHOI OTIe-
pauii i XxapakTepy MOBEJiHKH CyJHa, IO MIBapTye B CHOPMOBAHUX YMOBax 30BHIII-
HIX BIUIHBIB. Y JIaHOMY BHUIIAJKy ONTHMAaJIbHUM BBAXKAETHCS BapiaHT, KOJIU CYIHO,
IO IBAapTYETHCS, MEHINE 3a po3MipamMu mBapryrodoro cyaHa [10]. besmeka mBap-
TOBHOI ormepallii ABOX OJHAKOBUX 3a pO3MipaMH CyleH Moxke OyTu 3abe3meucHa
JIUIIE 32 COPHUSTIUBUX T1POMETEOPOIOTIYHUX YMOB, TOOTO IIPH CTIHKHX 3HAUYEHHSX
napameTpiB Tedii Ta HEBEJIMKOMY 32 CHJIOIO BITPy B paiiOHI BUKOHAHHS HIBAPTOBHOI
ormepariii.

Jlyis BUpIlICHHS 3aBaHb, MOB'A3aHUX 3 aHATI30M CIOCO0IB BUKOHAHHS IIBAPTOB-
Hoi onepariii 1o OOpPTy Cy/AHa, 10 CTOITh HA SKOPi, HA HAII MOTIIS, CIIiJl, HacaMIIepe],
3BEPHYTH yBary Ha METOJH Ta CIIOCOOH 3aCTOCYBaHHs CyYacHUX KOMITHOTEPHUX TEX-
HOJIOTIH 3 ypaXyBaHHSIM iCHYIOUMX TE€XHIYHHX 3acO0iB, SIKi ICHYIOTb y CYJTHOBOJIHHI.
B manoMy BUMaKy MarOThCS Ha YBa3i CYJAHOBI TEXHIYHI 3aCO0H, 11O JTO3BOJISIOTH 31iM-
CHIOBATH Oe3IepepBHUIN KOHTPOJb 32 KIHEMAaTHYHUMU Ta JUHAMIYHHUMH MapaMeTpamu
PYXy Cy[Ha Ta KepyBaTH CYJAHOM BiJIMOBITHO JI0 3aJJaHUX CUT'HAJIIB YIIPABJIiHHS, IO PO3-
PaxOBYIOThCS 32 BCTAHOBJIICHUM allTOPUTMOM, BUXOJISTYH 3 OOCTABUH, IO CKJIAAAI0ThCS
B IIPOIICCI MaHEBPYBaHHSI.

OCHOBHUMHM TEXHIYHUMHU 3ac00aMH, 110 BHKOPHCTOBYIOTHCS B JaHOMY CIOCOO0i
YIpaBIiHHA €:

— TpuiiMadi CyImyTHHKOBOI HaBiralifHOT CHCTEMH, BCTAHOBIICHI y JIBOX, pO3HECe-
HUX TIO JIOBKHHI Cy/THA TOYKaX;

— OoproBUil KOMITHOTEp, MmO 3ade3medye oOpoOKy iHdopmarii, M0 HAIXOAUTH
3 MpUiMadiB, Ta BU3HAYA€E ApaMETPH CUTHAITY YIIPaBIiHHS,

— CYIHOBI 3ac00U yNIpaBIiHHS PYXOM CY/IHA, IO IIBAPTYETHCS, 3A1HCHIOIOTh YIIPaB-
JIHHA HUM y 33J]JAHOMY PEXUMI PYXYy.
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CyTb 00paHoro crioco0y ynpasIiHHS CyITHOM IPY BUKOHAHHI HUM IIIBAPTOBHOI OTle-
patiii 10 60pTy CyzHa, IO CTOITh Ha SIKOPI, MOJIATAE B HACTyMHOMY. CUrHaJ yIpaBIiHHS
PYXOM CyJHA, IO IIBapPTYETHCS, POPMYETHCS BUXOJSYN 3 BEJIMYUH MONEPEUHHUX 3Mi-
IICHb PO3TAIIIOBAHUX HA HOTO JiaMeTpasibHIN TUIOIIMHI HOCOBOT A 1 KOpMOBOi B Touku
BiJl MIOTOYHOTO TIOJIOXKEHHS TPAEKTOPiT 30IMKeHHS, sIKi TOKa3aHi Ha PucyHKy 2.

B npotieci 1ocimipKeHHS ClIOCO0iB JOTpUMaHHs 03K MaHEBPYBaHHS IIPU BUKO-
HaHHI MIBapTOBUX OINepamild po3MISTHYTI CocoOM Oynau MOPIBHSAHHI 32 HACTYITHHUMHU
KPUTEPiSIMU ONTHMAIBHOCTI:

NepUIMH — 3MEHIIICHHS MBUIKOCTI PyXy MPH 3MiHI Kypcy;

JPYTHI — KOMIUIEKCHHH, J0 CKJIaJy SKOTO BXOJHUTH BIIXWJICHHS KypCy CymHa Bij
CEpEeIHLOTO 3HAUCHHS Ta BIAXWJICHHS KEpPMa BiJl HYJILOBOTO ITOJIOKEHHS, IO OIMHUCY-
€TBCSI PIBHSHHSIM:

0= | (K~ Kp)? + p- 67] ()

k

B nmanomy Bumaaky KpuTepidi NmpeACTaBICHUH Bifpa3y y BUDISI CyMH, MUHAIOUU
iHTerpasibHy Qgopmy. Lo cymy JoriyHO HOpMYBaTH, BiIHOCSYM TMEPIIUI JOIAHOK JI0
KBajpara 3ananoro kypcy KO, a npyruii — 10 KBagpara MOyJIsi TPAHUYHOTO TTOJIOKEHHS
kepma. OCKUIBKH JTOJJAHKU MAlOTh KBaJPAaTHYHUH XapakTep, TO 3 PE3YNBTYHOU0i CyMU
BUJI00YBAETHCS KBAIPATHUH KOPiHb. 3BUYAIHO, 5K 1y pa3i BUKOPUCTAHHS MEPILIOTO KPH-
TEpiro, BITHECTH PE3ybTaT J0 ONHIET TOYKH, TOAUTUBIIM HOT0 HA KUTBKICTh JTOJIaHKIB.
Y 1poMy KpuTepii BUKOPHCTOBYIOTHCS Bifipa3y JIBi XapaKTEPUCTUKU — 3apUCKYBaHHS
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Puc. 2. Pyx cyona, wo weapmyemucs npu weapmyeanti 3 CyOHOM,
wo cmoims Ha AKopi. BusnauenHs Koopounam mo4ok cyoHd, wo weapmyemocs (a)
ma cyoHa-napmuepa (6). Pyx cyoua, wo weapmyemscs, no mpacKkmopisix 301uicenHs
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1 KyT TepeKIajKd Kepma, TOOTO KpPHUTEpii HOCHUTh KOMIUIEKCHHH XapakTep, TOMY
Bupa3 (1) BXOOUTH BaroBwii MHOXXKHUK P, IO JO3BOJISIE BPIBHOBAXKUTHU IIi JBA MOKa3-
HUKU. Buxomsuu 3 Bumor a0 3apuckyBaHHs (=17°) i 3Haro4M MOPSJOK TPaHUYHOL
KJaKku kepMma (=35°), MoxHa IPUHHATH 11eld MHOXKHUK piBHUM (35/17)2 = (0,25. Came
TaKUM y HAIIOMY BUTIAJIKy BiH i BUOpaHUH 3a MiipaxyHKaMu sIKOCTi yripaBiiaHs. [licus
3aMpoBaHKEHHSI IUX KPUTEPIiB MOKHA IPOBOIUTH BIIACHE MOJICIIOBAHHS Pi3HUX Bapi-
AHTIB MIIXOy 10 METH, BUKOPUCTOBYIOUH Pi3HI yIpaBIiHHS.

BucHoBku. TakuM YuHOM, 111 YaC MPOBEICHHS aHAJTi3y OMUCY MOBEIIHKU CY/IHA, 110
CTOITh Ha SKOPI, a TAKOXK CIIOCOOIB BUKOHAHHS IIIBAPTOBHOI omepallii 10 0opTy CyiHa,
IO CTOITh Ha SKOPI, 32 3a3HAYCHUMH KPUTEPIsIMH OOMpaHO HAWOUIBII ONTHMAaIbHUH,
3 monisAy Oe3IeKkH, Croci0 BUKOHAHHS IIBAPTOBHUX OIeparlii 10 OOpTy CyaHa, a came
TaKWil IIpH SKOMY BCl €Tany IBapTyBaHHA Nepen0avyaioTh pyX y3IOBXK MPSIMHX JiHIH
abo Onm3pkHX 10 HUX TpaekTopii. Llei crmocid Bu3HaYeHO, K crocid Mo HalOiIbII
BIJIMIOBi/Ta€ HOPMaM OE3MEKH.
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Anomauisn

Bcemyn. 3abe3neyenns 6esneku ma HaOiHOCMI A8MOHOMHUX CYOI8 € AKMYATbHUM
Ma 8ANCIUBUM 3A60AHHAM, SIKe NOMPEOYE KOMNIEKCHO20 nioxody. Busnaueno, wo pos-
poOKa HOBUX MEXHON02IT Ma Memo0di8, A MAKONC YOOCKOHAIEHHS CIMAHOApmie ma pezy-
JIAMOPHOL NOAIMUKU MOJICYMb CYMMEBO NIOBUWUMU DI6eHb De3neKu ma HAOTUHOCHI
ABMOHOMHUX CYOI8.

B npoyeci docrioscennsi 6yno 3’1c06aH0, WO KOHYENMYyanibHi 3acaou ni08uULeHHs
be3nexu ma HAOIHOCMI ABMOHOMHUX CYOeH NOAA2AIOMb 8 CUCMEMI Ni0X00i8 KOMCeH
3 AKUX PO3KPUBAE YINy HUZKY NPOONeM, SIKI NOmpedyioms OOCKOHAN020 BUSUEHHS ma
supiuients. 3a680aKu 0emanbHOMy aHarizy nioxoo0ie Oy10 GU3HAUEHO HANPAMKU NiOGU-
wieHHs be3neky ma HaodiHOCMI CYOeH 3a PAXYHOK MemoOdis, an2opummis, iHCImpyKyit
ma pe2ynsyii, AKi uye NOGUHHI Oymu po3pobieHi ma 3 4acoM YOOCKOHANEHHI.

Memoro 0an020 00CiONHCEHHA € BU3HAUECHHS KOHYENMYATIbHUX 3ACa0 00 NIOGULeH-
Hsl Oe3nexu ma HAOItHOCHE A8MOHOMHUX MEXHIYHUX CUCEM HA NPUKILAOT CYOeH.

Pesynomamu. B ocnogy KonyenmyauvbHux 3acad niosuuyeHHs besneku ma HAaoil-
HOCMI A8MOHOMHUX CYOeH OYU NOKAAOeH] mpu NioxXoou ye: po3pooKa areopummis ma
Memooi8 UMOBIPHICHO20 aHANIZY MA MAWMUHHO20 HABUAHHS, PO3POOKA CIMAHOApMie ma
pezyIamopHUX RONIMUK MA YAPAGIIHHA PUSUKAMU.

THepwuii nioxio 3acHo8aHull HA CUCMEMHOMY AHANI3Y PU3UKIB, AKUL 00360AE GUsl-
8UMU NOMEHYIUHI Hebe3neKu ma OYiHumu UMOBIPHICMb IX GUHUKHEHHS. 3anponoHo-
8aHI 3aX00uU 0/l YAPAGLIHHA PUSUKAMU, SKI MOJNCYMb GKIOYAMU 3MIHY KOHCMPYKYIL
CYOHQ, NOMINUWIEHHS CUCMEMU YRPAGIIHHS, HAGYAHHA Ma cepmuixkayiio exinaxicy ma
inwi. [pyeuii 3anpononoganuii nioxio nog’si3aHo 3 po3pooKow cmandapmie ma pezy-
JISIMOPHUX NONIMUK MA 8KAIOUAE 8 cebe N simb OCHOGHUX HANPIMKIG, ye: 6CMAaHO8eH-
HsL 8UMO2 00 ABMOHOMHUX CY0i8; BCMAHOBLEHHS BUMO2 00 NEPCOHANY, GCMAHOBLCHHS
8UMO2 00 Memodi8 sunpodysanb ma cepmugikayii;, 6CMAHOBIEHHA 6UMO2 00 CUCMEM
MOHIMOPUHZY WA YAPAGLIHHA PUSUKAMU, BCIAHOBLEHHS BUMO2 00 83AEMOOTT A8MOHOM-
Hux cydis. Tpemiu nioxio nonseae 6 po3pooyi areopummis ma memoois UMOGIPHICHO20
AHAnizy ma MawuHHO20 HAGUAHHSL.

Bucnoexu. Kooicen iz nioxodie 0o niosuujenns beznexu ma HadilHocmi agmoHOMHUX
cyoen OYNo po3eisiHymo ma Ha0aHi npono3uyii w000 nodaIbUL020 ix YOOCKOHANEHHS.

Knrouosi crosa: niosuwenus b6esnexu, HadiuHIiCMb, ABMOHOMHICHb, CYOHO, MEXHIY-
Ha cucmema.

© Ynumump B.I., 2023
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Summary

Introduction. Ensuring the safety and reliability of autonomous ships is an urgent
and important task that requires a comprehensive approach. It has been determined
that the development of new technologies and methods, as well as the improvement
of standards and regulatory policies, can significantly increase the level of safety and
reliability of autonomous ships.

In the course of the research, it was found that the conceptual principles of improving
the safety and reliability of autonomous vessels lie in a system of approaches, each of
which reveals a whole range of problems that require thorough study and resolution.
Thanks to a detailed analysis of these approaches, directions for improving the safety
and reliability of ships through the use of methods, algorithms, instructions, and
regulations that still need to be developed and improved over time have been identified.

Purpose. Defining the conceptual foundations for improving the safety and reliability
of autonomous technical systems using the example of ships.

Results. The conceptual principles of improving the safety and reliability of
autonomous ships are based on three approaches: the development of algorithms and
methods for probabilistic analysis and machine learning, the development of standards
and regulatory policies, and risk management.

The first approach is based on a systemic risk analysis, which allows identifying
potential hazards and assessing the probability of their occurrence. Proposed risk
management measures may include changes to the ship's design, improvements to
the management system, crew training and certification, and others. The second
proposed approach is related to the development of standards and regulatory policies
and includes five main directions: establishing requirements for autonomous vessels,
establishing requirements for personnel, establishing requirements for testing and
certification methods, establishing requirements for risk monitoring and management
systems, and establishing requirements for autonomous vessel interactions. The third
approach involves developing algorithms and methods for probabilistic analysis and
machine learning.

Conclusions. Each of these approaches to improving the safety and reliability of
autonomous ships has been considered, and proposals for their further improvement
have been made.

Key words: safety improvement, reliability, autonomy, ship, technical system.

Beryn. ABTOHOMHI TEXHIUHI CUCTEMH CTalOTh BCE OB MOMMPEHNMH 1 BiAITPaoTh
BaXIIUBY POJIb y Pi3HUX c(epax JFOICHKOT AISUTLHOCTI, TOYHMHAIOYH BiJl IPOMHUCIOBOCTI
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Ta 3aKiHYYIOUM aBialliiHOI Ta CyaHOOyHiBenbHOW. OMHAK, 3 PO3BUTKOM TEXHOJOTIH
Ta 301IBLICHOI0 CKIIAJIHICTIO CUCTEM, 3'SBIISIIOTHCS HOBI 3arpo3u Oe3rielli Ta HalitHOCT,
SIKI MOXYTB TIPU3BECTH JIO KaTacTPO(QiYHUX HACTI/IKIB.

Jis migBuIeHHs Oe3MeKH Ta Ha(IHHOCTI aBTOHOMHHMX CUCTEM HEO00X1IHO abo po3-
poOuTH OUTBII ePeKTHBHI, 200 YITOCKOHAIUTH ICHYFOUYH IiJIXOAH, METOAU Ta MOJIECII.
Ha choromHimHil neHb icHye 0e3714 MiIXO/IB, TAKUX SIK BUKOPHCTAHHS (OpPMaIbHUX
METOJIiB BepH]iKalii Ta aHaIi3y, TECTYBaHHS Ta HAJIATO/PKEHHS Ha PaHHIX CTaJisX po3-
poOKH, 3a0e3MeueHHs 3aXUCTY Bijl 30BHIIIHIX 3arpo3 TOIIIO.

OHHUM 13 KJIIFOYOBHX ITIAXOAIB 10 MMiABUILEHHS O€3IIEKHU Ta HAAIHHOCTI aBTOHOMHUX
CHCTEM € yNpaBIiHHS pU3nKaMu. BoHO BKITIOYaE ieHTU(IKAIIIO, aHAI3 Ta yIIPABIiHHS
pHU3UKaMH, TIOB'I3aHUMH 3 aBTOHOMHUMH CHCTEMaMH, & TaKOXK BIIPOBAIXKEHHS 3aXOIB
JUTS. MIHIMI3aIliT IUX PU3HKIB.

BaxMBUM MigX00M TakoX € po3poOKa CTaHIApPTIB Ta PETYIATOPHUX IOJITHK.
CTBOpeHHS yHI(QIKOBaHMX CTaHIAPTIB Ta MPaBHJ, SKi TOBUHHI JOTPUMYBATUCS IPH
pO3po0IIi Ta eKCIUTyaTallil aBTOHOMHHMX CHCTEM, MOXKE 3HAUHO MOKPALIUTH TXHIO 0e3-
MeKy Ta Ha/IiHHICTB.

3a aHai30M BEJIUKOI KIJIBKOCTI JOCHIIKEHb Hall aKTyaJbHIIIUM € MiAXiJ 3aCHO-
BaHUU Ha PO3POOII AJITOPUTMIB Ta METOJIB WMOBIPHICHOTO aHai3y Ta MallUHHOTO
HaBYaHHSI.

AKTyaJbHicTh HociaimkenHs. KoHientyajibHi 3acaayd 10 HiABHINEHHS O€3MeKH
Ta HAJAIHHOCTI aBTOHOMHUX TEXHIYHUX CUCTEM MTOBHHHI OyTH 0araropiBHEBUMH, BKJIIFO-
YaTH IUPOKHHA CIIEKTP 3aXOJIB 1 BpaxoByBaTH 0e31iy (akTopiB, MOB'SI3aHUX 3 iX BHUKO-
PUCTaHHSM Yy Pi3HUX rany3sx. KoHIemniis aBTOHOMHUX CYICH - 11 HOBHH 1 MEpCIeK-
TUBHHI HAIIPSAMOK Y PO3BHUTKY CYTHOOYAYBaHHs, OTHAK BHCOKHI PiBeHb aBTOMATH3aIlil
MOXe MPHU3BECTH J0 HOBUX PU3UKIB 1 BUSBUTH HOBI IpoOiieMu y 3abe3redeHHi ix 0e3-
IIEKU Ta HAJIHHOCTI.

[IpencTtaBuMO HU3KY akTyajdbHHX JOCIIIKCHb, SKI CTOCYIOTHCS MPOOJEM ITiJIBH-
IICHHS OC3IEKU Ta HAJIMHOCTI aBTOHOMHHX CYJIEH.

VY crarti Barrera C. Ta iioro ciBaBTOpiB [ 1 | onucyeThest mpobiaema 6e3neku Ta Halii-
HOCTI B CHCTeMaXxX OE3MiJIOTHUX CYlIeH. ABTOPH PO3IVISLIAIOTH KIIFOYOBI acriekTH y cdepi
0e3MeKH, BKIIIOYAIOUN YIPABIIHHS PYXOM, TETEKTYBAHHS MEPEIIKO/, UCTIETYePH3AIIii0
Ta BUSIBJIICHHSI BUTOKIB NaJIMBa, a TAKOXX PO3IVISANAIOTH METOAM IiJBHUIICHHS Oe3MeKH
Ta HaIHHOCTI OE3MIIOTHUX CY/ICH.

ABTOpU JOCHTIKEeHHS [2], po3MIsAaloTh 3arpo3u KibepOesIeky, Taki sK aTakd Ha
0OpPTOBI CHCTEMHU, KIOEPIIIUTYHCTBO 1 KiOepTepOPH3M, a TAKOXK MPEICTABIISIOTH METOIAH
3aXUCTy Ta 3a0e3MeueHHs 0e3MeKr OOPTOBUX CUCTEM.

Hocmimkennst Montewka J. Ta criBaBTOpiB [3] nmpucBsiueHo mpobieMi aBTOHOMHOTO
CYIHOIUIABCTBA, TAKUM SIK HaBirallisi, yIpaBJIiHHS PyXOM, BUSBICHHS MEPEIIKO]] Ta B3a-
€MOJIisl 3 HABKOJIMIIHIM cepeloBulieM. JOCUTh OpHUriHANIBHO MPEACTABICHO PIllICHHS
JUIsL TIOKpaIeHHs O€3MeKH Ta Ha{iIfHOCTI aBTOHOMHHUX CYJICH.

Y nocnixeHHi [4] ONMUCYIOThCS OCHOBHI TEXHOJIOT 1T, 0 BUKOPUCTOBYIOTHCS B aBTO-
HOMHHUX CYJJHAX, TaKi SIK CHCTEMH IMO3UIIIOHYBaHHS, YIIPABIIHHS PyXOM, JETEKTYBaHHS
MEPENIKO Ta B3AEMOJIIS 3 TOBKULISIM. ABTOPH TaKOXK 0OTOBOPIOIOTH MPOOIeMH Oe3eKku
Ta HAJIHOCTI aBTOHOMHHUX Cy/IeH Ta HaJlAl0Th MOpaay MO0 BUKOPUCTAHHS METOJIB
MIBUIICHHS OC3MEKH MJIaBaHHS y CKJIAJHUX HaBIiralifiHUX yMOBaX.
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HacTynHuM I1ikaBUM JTOCIIIHKEHHSAM Ha 110 TeMy € pobota aBtopis [5]: T.-e. Kim,
J.-U. Schroder-Hinrichs. V wiit crarti 00roBOpIOIOTECS MEPCIIEKTHBU Ta MOXJIUBOCTI
ABTOHOMHUX CYJIEH, JOCIIKYIOThCS TEXHIYHI, CKOHOMIYHI Ta comiaabHi (hakTopH, 1110
BIUIMBAIOTh HA PO3BUTOK aBTOHOMHUX CY/CH, Ta MPOMOHYIOTHCS IUISAXH IMiJBHICHHS
Oe3meKy Ta HaJIHOCTI B aBTOHOMHHUX Cy/IaX.

I{ikaBUM MPUKIIAI0M MPAKTHYHOTO 3aCTOCYBAHHS ABTOHOMHUX CYJICH € JIOCITIIKESHHS [6].
VY wiit poOOTi OIMKICYEThCS TPOSKT aBTOHOMHOTO Cy/IHA JUIs TIEPEBE3CHHsT KOHTEHHEPIB 13
[TiBHiuHO1 HiMeuunHu 1o kpaiH BanTilickkoro perioHy, Ta MPOBOAUTHCS aHANI3 PH3HKIB,
TOB'SI3aHUX 13 BUKOPUCTAHHSIM aBTOHOMHUX CyJICH Y 1[Il MapIIpyTHIH MepexKi.

Ille onHa BaxkiKBa poOOTa Ha 110 TeMy [7]. Y il cTaTTi pO3MIAAAIOTHCS BUKIHMKH
kiOepOe3meky, MoB'sI3aHi 3 aBTOHOMHUMH CY/JHaMH, Ta HaJalOThCS PEKOMEHAIl JjIs
3abe3reueHHs Oe3MeKH Ta HalifHOCTI aBTOHOMHUX CYJICH B yMOBAaX 3pOCTAr0401 3arpo3n
Kibeparak.

Hapermri, me oqHa BakiauBa poOoTa [8], 110 Ha HAIl MOIISA € METOIO0JIOTIUHOO.
VY wiii cTarTi ONMUCYIOTHCS Pi3HI METOAU OILIHKHK O€3MeKH Ta HAJIMHOCTI aBTOHOMHHX
CyZICH, BKJIOYarouu (hopMalibHi METOIH, METOIM WMOBIPHICHOTO aHai3y Ta METOIU
MAIIUHHOTO HaB4YaHHS. Takok 0OTOBOPIOIOTHCS (DAKTOPH, IO BILUTUBAIOTH Ha OE3MEKy
Ta HATIHHICTh aBTOHOMHUX CYJICH, Ta PO3NIISIIAI0THCS MUTAHHS TECTYBaHHS Ta CepTUdi-
Kallii aBTOHOMHHUX CYJICH.

Ha minTBepkeHHsT BUCOKOT aKTyaIbHOCTI JIOCIIKSHHS [ 8] MOXKHA BIA3HAYUTH, 1110
JOCTIJDKEHHSI B Taly3i METOJIB MAIlIMHHOTO HAaBYaHHS MPH MPOCKTYBaHHI aBTOHOM-
HUX CYJCH MPOJOBXKYIOTh PO3BUBATHUCS, i B OCTaHHI pOKH OyJM MpeACTaBlICHI 3HAYHI
nocsirHeHHs. OMHUM 13 OCHOBHHUX HANpPsIMKIB JOCTIKEHb € 3aCTOCYBaHHS TIIHOOKOTO
HaBYAHHS, SIKE JO3BOJISIE MOJICTIOBATH Ta ONITUMI3YBaTH CKJIa/IHI CUCTEMH aBTOHOMHOTO
YIPaBIiHHS CYTHOM.

VY crarti [9] BinoOpaxkeHa 111 TEHICHIIIS, TPEACTABICHUNA MIAXi, 110 IPYHTYEThCS
Ha BUKOPUCTaHHI TNTUOOKMX HEMPOHHUX MEPEX JJIsl YIIPABIiHHS MaHEBPEHUMH Omepa-
[iSIMA aBTOHOMHHX Cy/lIeH. ABTOPH PEIPEe3CHTYIOTh PE3yNIbTaTH YUCEIbHUX EKCIepH-
MEHTIB, SIKi IOKa3yI0Th e()eKTUBHICTh 3aIIPONIOHOBAHOTO METONLY B PeabHUX yMOBAX.

Bukopucranus mMeTomy TIHOOKOTO HaBYaHHS HEMPOHHOI MEpexki 3 MOXIUBICTIO
HABYAHHS CHCTEMH KepyBaHHSI JUIsl pO3POOKH, MOHITOPUHTY Ta iHCHEKIIi] aBTOHOMHOTO
Cy[IHa po3nIsIHYTO B JociikeHHi [10]. ABTopH 1eMOHCTPYIOTh €(DEeKTHBHICTh 3aIpo-
MOHOBAaHOTO METOJY B peaJbHUX YMOBax MpPU BUKOHAHHI Oe31iui 3aBlaHb, TAKUX SIK
BUSIBJICHHS HEOE3MEUHUX 00'€KTIB Ta MOHITOPHHT BOJHOTO CEPEIOBHIIA.

MeTo10 1aHOTO AOCTIIKEHHS] € BU3HAUYCHHs KOHIENTYaJbHHUX 3acaj] JIO ITiJ[BU-
HIeHHS Oe3TeKH Ta HaAIHHOCTI aBTOHOMHUX TEXHIYHHX CUCTEM Ha MPUKIIAJI Cy/ICH.

Bukiaa ocHoBHOro MarepiaJy.

ITig koHIIENITYyaTbHUMHM 3aCaaMH ITiIBUIICHHS OC3MEKH Ta HaIHHOCTI aBTOHOMHUX
TEXHIYHUX CHUCTEM OyJeMO PO3YMITH CHCTEMY MiJXOJiB, METOJIB AITOPUTMIB 3aCTO-
CYBaHHS SIKMX JIO3BOJISIE MIIBUIIUTH iX O€3IeKy Ta HAJIMHOCTI B peajJbHUX YMOBaX iX
eKCIUTyararfii.

PosmigHeMo OCHOBHI MIAXOAM IO IiJABUIIEHHSA Oe3IeKH Ta HaAIMHOCTI aBTOHOMHHX
TEXHIYHUX crcTeM (puc. 1), 10 HUX MOXKHA BITHECTH.

Sk Oys0 3a3HaUEHO BUIIE, OAHHMM i3 KIIOUOBHX MIJAXOJMIB JO MiJABHUIICHHS OC3MeKn
Ta HaJ[IHHOCTI aBTOHOMHHX CHCTEM € YIPaBIiHHS pU3UKaMH. J{aHui MiaX i1 IPyHTY€EThCS

82



PO3BUTOK TPAHCIIOPTY
Ne 1(16), 2023

OCHOBHI IiAX0IH 10
MM ABUIIEHHS O€3IEKN Ta
HaJIHOCTI aBTOHOMHHUX

TEXHIYHUX CUCTEM

e .

Po3po0ka aropuTMiB Ta METOIIB

ﬁMOBlleCHOFO aHamn3y Ta YHpaBJ‘IiHHH pU3UKaMU
MAIIMHHOI'O HAaBYaHHS

Po3po0Oxa cranmapTis Ta
PEryJSITOPHUX HOJIITHK

Puc. 1. ITioxoou 0o niosuuenns be3nexu ma HAOIUHOCMI A8MOHOMHUX MEXHIYHUX
cucmem

Ha YIpaBIiHHI PHU3MKAMH, CIPSIMOBAaHWN Ha TMiIBUIUEHHsS OE3MEKH Ta HaIiMHOCTI
ABTOHOMHHUX CyHiB Ta Iependadae BHU3HAYCHHsS MOTEHLIMHUX HEOE3NeK Ta PU3HKIB,
MOB'SI3aHUX 3 EKCIUTyaTaliel0 aBTOHOMHHUX CY[iB, Ta PO3pOOKY CTpaTerii AJsl 3SHUKEHHS
LUX PU3UKIB A0 MPUHHATHOTO PiBHA.

OCHOBHHMM KOMITOHEHTOM IIbOTO MiAXOy € CHCTEMHHHI aHaNi3 PU3HKIB, SIKUI J03BO-
Jsi€ BUSIBUTH INOTCHIIHHI HEOE3MeKHu Ta OIIHUTH HMOBIPHICTh X BUHWUKHEHHs. [licis
LBOTO PO3POOISIFOTHCS 3aX0H AJIsl YIIPABIiHHS PU3UKAMU, SIKI MOKYTh BKITIOUATH 3MiHY
KOHCTPYKUIi CyAHa, TOMIMIIEHHs CHCTEMHU YIPaBIliHHs, HABYAHHS Ta cepTUdIKaLilo eKi-
naxy Ta iHmi. B pamMkax poro mizxoqy MOXKHa 3alpONIOHYBaTH TaKi 3MiHH Y KOHCTPYK-
1ii aBTOHOMHHX cyaiB (puc. 2):

— JOAaBaHHS PE3EPBHUX CUCTEM Ta KOMIIOHEHTIB: BCTAaHOBIICHHS PE3EPBHUX
CHCTEM Ta KOMIIOHEHTIB, SIKIi MOXXYTb 3aMiHUTH OCHOBHI y pa3i iX BiIIMOBH, MOXe

JI0/IaBaHHs
pe3epBHAX
CHCTEM Ta
KOMITOHCHTIB BUKOPUCTAHHS CHCTEM
POSBHTOK CHCTCMH JiarHOCTYBaHHS Ta
aBapiHOTO YKHMBJICHHS MPOTHO3YBAHHs
3MiHHN y KOHCTPYKIii
ABTOHOMHHUX CY/IiB
MOCHIJIEHHS] OOPTOBOTO po3podka
o0naJHaHHS 115t ABTOMATHYHHX
BUSIBJICHHSI TTEPEIIKO/T CHCTEM KepyBaHHS

BUKOPHCTAHHS
CHCTEM IITYYHOTO
IHTEJIEKTY

Puc. 2. 3minu y xoncmpyxyii agmonomnux cyois
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MIJBUIIUTH HAIIWHICTH ABTOHOMHOTO CyJHAa Ta 3HU3UTH WMOBIPHICTh BUHUKHCHHS
aBapiffHUX CHUTYaIlil;

— BHKOPUCTAHHS CHUCTEM JIarHOCTYBaHHS Ta MPOTHO3YBAaHHS: CUCTEMH JiarHOC-
THUKUA Ta MPOTHO3YBAHHS JIO3BOJISIIOTh BUSBIISITH HECIIPABHOCTI Ta mepefdadaTH MOX-
JIUBI BIJIMOBH CHUCTEM Ta KOMIIOHEHTIB aBTOHOMHOTO CyaHa. lle 103Bosse onepaTUBHO
pearyBary Ha MpoOJIeMH Ta 3armo0iraTi MOXIJIMBUM aBapisiM;

— po3po0OKa aBTOMATUYHHMX CHCTEM KEPyBaHHS: aBTOMATH4YHI CHCTEMHU KEpYBaHHS
JIO3BOJISIIOTh MiHIMI3yBaTH JIIOJICHKHI (pakTOp B KepyBaHHI aBTOHOMHHM CYIHOM, IIIO
MOK€ 3HU3UTH HMOBIPHICTH MOMUJIOK Ta aBapiii;

— BUKOPUCTAHHS CHUCTEM IITYYHOI'O IHTEJIEKTY: CHUCTEMH IITYYHOTO IHTEICKTY
MOXYTbh OyTH BUKOPUCTaHI JIJIS aHAJIi3y BEJUKUX OOCATIB JaHUX Ta MPUAHSITTA PilllcHb
y PeKUMI peanbHOro 4acy. Lle Moxe J0noMOrTH aBTOHOMHOMY CY/IHY IIBHJKO peary-
BaTW HA 3MiHM JIOBKIJUIS Ta MiHIMi3yBaTy pU3UKU BUHUKHEHHS aBapiiiHUX CUTYaIlili;

— TOCHWJICHHS OOPTOBOTrO OOJIaTHAHHS ISl BUSBJICHHS TICPEIIKOJ: MOCHIICHHS 00p-
TOBOTO 00JIaTHAHHSI JJIs1 BUSIBIICHHS MTEPEIIKOJ, TAKKUX K pajlapy Ta KaMEPH, MOXKE 3HH-
3UTH MOXJIMBICTh 3ITKHCHHS aBTOHOMHOI'O Cy[HA 3 IHIIMMHU CyIHaMu a0o 00'ekTamMu
B MODI;

— PO3BUTOK CHUCTEMHU aBapidHOTO JKMUBJICHHS: CUCTEMHU aBapidHOTO >KUBJICHHS, SKi
MOXYTbh 30epiraru rnpamnesaTHicTb HEOOX1IHUX CHCTEM Ta KOMITIOHEHTIB y pa3i BiJIKIIIO-
YEHHSI OCHOBHOTO JIXKEpeJia JKUBJICHHS, MOXKYTh OyTH KOPUCHUMH B €KCTPEHHUX CUTYa-
IisIX, KON Oe3reKa aBTOHOMHOTO Cy/Ha 3aJIe)KUTh BiJl Oe3mepepBHOT poOOTH JIESKUX
CHUCTEM Ta IPUCTPOIB.

Jns peamizanii 1{pbOro MiAX0omy HEOOXiTHO BCTAHOBUTH CHCTEMY MOHITOPHHIY
Ta KOHTPOJIIO 32 CTAHOM aBTOHOMHOTO CyJIHA Ta HOro otoucHHs. lle m03Boiise CBOE-
YaCHO BUSBIIATU BiJIXWJICHHSI BiJl HOPMH Ta BKUBATH 3aXOJiB JUIS 3ar00iraHHs MOXKIIH-
BUM aBapiilHUM CUTYaIlisiM.

BaxTMBUM acnieKTOM yIpaBIIiHHS PU3MKAMH € TAKOK PO3pO0Ka Ta peanizaris 1a-
HIB eBakyallil Ta MOPSATYHKY, SKi MarOTh rapaHTyBaTH 0E3MeKy eKiMaxy Ta MacaKUpiB
y pa3i BAHUKHEHHS aBapiifHUX CUTYyaIlii.

et miaxin € epeKTUBHUM IHCTPYMEHTOM JJIS HIABUIIICHHS O€3MEKH Ta HAIIHHOCTI
ABTOHOMHUX CYJICH, OCKIJIBKH BiH JJO3BOJIS€ BUSBJISATH MOTCHIIIMHI PU3UKH Ta PO3PO-
OsATH 3axoaM Ui iXHBOI MiHIMIi3allii O TOro, sSIK BOHU MPHU3BEIYTh 0 aBapiiHOT
cuTyarii.

HacTymHuM migxooM A0 HiABHIEHHS Oe3MeKn Ta HaliHHOCTI aBTOHOMHUX CUCTEM
€ po3po0Ka CTaHIAPTIB Ta PETYISTOPHUX IMOJITHK. Y paMKax JaHOTO IiJIXOJy, 3aCHO-
BaHOTO Ha YIPABJIHHI PU3UKaMH, MOXXKHA 3a3HAUMTH TaKi MPOIMO3HUIIi 00 PO3POOKHU
CTaHJAPTIB Ta PETYISATOPHOT MOMITHKH (puc. 3):

— BCTAHOBJICHHS BHUMOT JI0 aBTOHOMHMX CY/IB: IIOJA0 IXHBOI KOHCTPYKIIi,
BUPOOHUYOTO TMPOIIeCy, METOAIB BUIIPOOYBaHb, TEXHIYHOI JoKyMeHTamii Tomo. Lli
CTaHJIapTH Ta HOPMATUBHI JOKYMEHTH MOXYTh TaKOK BU3HAYATH BUMOTH 11010 0e3-
MEeKU Ta HAJIHHOCTI CyIHA, METOAIB OI[IHKU PU3UKIB Ta MPUUHATTS PilICHb y pasi
aBapiif;

— BCTaHOBJICHHS BUMOT JIO TICPCOHANY: Il CTaHIapTH MOXKYTh BU3HA4YaTH BUMOTHU
JI0 OCBiTH, KBai(ikarlii, 10CBixy poOoTH, MPodeciifHOT MiArOTOBKHU Ta iHIITKX aCIEKTIB,
sIK1 HEOOX11H1 1J1s1 3a0e31eUeHHs Oe3eKy Ta HaIHOCTI Cy/IHa;
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BCTaHOBJIEHHS BUMOT JI0
ABTOHOMHUX CY[IiB

BCTaHOBH.?HHﬂ BUMOT 10 I BCTAaHOBJICHHA BUMOT 10
B3a€MO/1ii aBTOHOMHHX TepCoHay
cyniB
Po3pobka cranaapris Ta
PEryIsSTOPHOI MO THKA
BCTAaHOBJICHHA BUMOT 10 BCTAaHOBJICHHA BUMOT 10
CHCTEM MOHITOPHHTY Ta METO[IiB BUIIPOOYBaHb Ta
YOPaBIiHHS PU3UKAMU ceprudikarii

Puc. 3. [Iponosuyii wo0o po3podku cmanoapmie ma pe2yisimopHoi NoaimuKy

— BCTaHOBIIEHHS BUMOT [0 METOAIB BHMPOOYyBaHb Ta cepTh(ikamii: i cCTaHIapTH
MOXYTh BU3HA4aTH METOAW BHUIIPOOYBaHHS, SIKIi TMOBHHHI BHKOPHUCTOBYBATHICS ISt
OIIiHKY O€3ITeKY Ta HAIIHHOCTI Cy/IHA, a TAKOX BUMOTH JI0 TIPOLIeIyp cepTudikartii;

— BCTaHOBIIEHHS BHMOT JI0 CHCT€M MOHITOPHHTY Ta YIIPABIiHHSA PU3WKaMU: Ili
CTaHIapTH MOXKYTh BU3HAYaTH BUMOTH J0 CUCTEM MOHITOPHHTY CTaHy CyAHA, METO/IB
OIIIHKY PU3WKIB Ta IPUHHATTS pillIeHb y pa3i aBapiil.

— BCTAHOBJICHHS BHMOT JI0 B3a€MOJIii aBTOHOMHHX CYIIB: IIi CTaHIAPTH MOXYTh
BH3HAYaTH CHCTEMY KOMYHIKaIlii aBTOHOMHHUX CyAHIB, TPOTHO3YBaHHS MaHEBPIB, y3ro-
JOKEHHS PyXY.

Jeski DOCTHIMHUKHA TaKoX PEKOMEHIYIOTh BUKOPHCTOBYBAaTH MYJIBTHAr€HTHY CHC-
TeMy I 3a0e3medeHHs Oe3leKW Ta HamiMHOCTI aBTOHOMHHUX cymeH. Lls cucrema
JIO3BOJISIE KOOPAWHYBATH il Pi3HUX KOMIIOHCHTIB aBTOHOMHOI CHCTEMH Ta MPUHAMATH
pIIIEHHS HA OCHOBI JIOKAJTHHUX 3HAHb Ta NaHuX. lle Moxke miaBHIIUTH €()EKTHBHICTH
CHCTEMH B yMOBaX CKJIQIHOTO Ta IWHAMIYHOTO HAaBKOJIHUIIIHBOTO CEPEIOBHIIA.

Hactymauit miaxin mo migBUIICHHS OE3MEKH Ta HAMIMHOCTI aBTOHOMHHUX CHCTEM
TPYHTYETHCSI Ha MIACTaBl BEITMKOI KiTBKOCTI MOCIHIIPKEHb BITUM3HAHUX Ta 3aKOPIOH-
HUX HAYKOBI[IB Ta MOJISTAE B PO3POOII aNTOPUTMIB Ta METOJIB HMOBIpPHICHOTO aHAMNi3y
Ta MaIlIMHHOTO HABYaHHS.

IcHye kinbka HampsAMKIB y po3poOIli HOBHX alrOpPUTMIB Ta METO[IB ITTHOOKOTO
MAaIIVMHHOTO HAaBYaHHS [UIA 3a0e3ledeHHs OE3leKH Ta HagIHHOCTI aBTOHOMHUX
cyniB (puc. 4):

— po3poOKa aIToOpuTMiB BU3HAUEHHS CTaHy Cy[HA Ta HOTO HaBKOJIHWIIHBOTO CEepes-
OBHIIA HA OCHOBI 0OPOOKY JaHUX JATYUKIB Ta Bi3yaIbHHX 3ac00iB. L{e Moxe BKITFOUaTH
aHaJTi3 BiZle0300pakeHb 1 JaHWX COHApIB, JiAAapiB 1 pagapiB, a TaKOXK BHUKOPHUCTAHHSI
JOAATKOBHUX IATYHKIB JUISI OTPUMAaHHS JOAATKOBHX JAAHWX PO CTaH HABKOJIHMITHHOTO
CEepEOBHIIA;

— po3poOKa aNTOPUTMIB YIIPABIIHHS PyXOM CyJHA Ha OCHOBI JaHUX IIPO WOTO CTaH
Ta CTaH HaBKOJHIIHBOTO cepenoBuiia. Lle Moxe BKIIIOYATH ONTHUMAaNbHE TUTAHYBaHHS
MapuIpyTy 1 YOpaBIiHHS IIBHUIKICTIO, PETYNIOBAHHS BiJICTaHI 70 iHIIMX CYyAiB 1 pH-
WHATTS pillIeHb B aBapifHUX CUTYAIIisX;
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PO3po0OKa aNropuUTMiB
BH3HAYCHHS CTaHy Cy/IHa Ta
HOro HaBKOJIMIIIHBOTO
cepeIoBHIIa

pO3po0Ka aNrOpUTMIB
YIIPaBIIiHHS PYXOM CyIHa

po3poOka anropuTMiB

HABYAHHS AJ'IFOpI/ITMI/I Ta METOAU

TITMOOKOT0 MAlIHHHOIO
HaBYaHHS IS
3a0e3MeueHHs Oe3eKn Ta
HaJiMHOCTI aBTOHOMHHX
CyniB

po3po0Ka aNropuT™MiB po3po0OKa METO/IIB 3aXKCTY BiJ
MOHITOPUHTY Ta JiarHOCTHKH kibeparak Ta 3a0e3neueHHs
CTaHy aBTOHOMHHX CY/IiB 6e3rmeku iHpopmarrii

Puc. 4. Ancopummu ma memoou enuboKo20 MAUUHHO20 HAGYAHHS
0ns 3abe3nevents be3nexu ma HAOIUHOCMI ABMOHOMHUX CYOi8

— po3poOKa ajnrOpUTMIB HABYAHHS 3 MIAKPIIUICHHSM IS HAaBYaHHS aBTOHOMHHUX
CyHiB MpHMaTUMe ONTHUMAaNbHI PilieHHS B Pi3HUX cHUTyamisx. lle Moxke BKito9aTu
CTBOPEHHS CUMYJISIIIHHUX CEePEOBHUII JIJIsi HABYAHHS CyIHA HA TICBHUX MapIIpyTax,
a TaKO)XK BUKOPHCTaHHS JaHWX MPO iCTOPII0 MapHIpyTiB i CUTyaIliil AJs MOJIMIIeHHS
aJTOPHUTMIB;

— po3poOKa anroOpuUTMIB MOHITOPUHTY Ta AIarHOCTHKH CTaHy aBTOHOMHHX CYIIB.
Ile Moe BKIIFOUATH aHaTI3 JaHHWX MATYHMKIB Ta IHIOTUX MPHUCTPOIB, a TAKOXK CTBOPCHHS
CHCTEMH HIarHOCTUKH ISl PAHHBOTO BUSABJICHHS MOTCHIIIMHUX TIPOOJIEM 1 BIiTMOB;

— po3pobka METOMIB 3aXUCTY Bif Kibeparak Ta 3abe3mnedeHHs Oe3nexy iHpopmartii,
110 30epiraeTscsi Ha OOPTY ABTOHOMHHX CY/ICH.

i HanpssMu MOXXYTh OyTH OCHOBOIO JUISI CTBOPEHHS HOBUX allTOPUTMIB Ta METOIB
TIHOOKOTO MAaIIMHHOTO HaBUAHHS /IS 3a0e3neueHHs Oe3MeKH Ta HaiifHOCTI aBTOHOM-
HUX CYIIB.

BucnoBku. Takum unHOM, 320€311e4eHHs O€3IeKH Ta HaIIHHOCTI aBTOHOMHHUX CyZiB
€ aKTyalbHHM Ta BXXJIMBUM 3aBJaHHIM, sKe MOTpedye KOMIUIEKCHOTO migxomy. Po3-
poOKa HOBUX TEXHOJIOTIH Ta METOMIB, @ TAKOX YIOCKOHAJEHHS CTaHIApPTIB Ta PETryIs-
TOPHOI OJITHKH MOXYTbh CYTTEBO IiIBUIINTH PiBEHB O€3IIEKH Ta HATIMHOCTI aBTOHOM-
HUX CYIIB.

IIpoBeaeHi mocmikeHHS JOTIOMAraroTh TIHOIIEe 3pO3YMITH BHKIHMKH, IO CTOSTh
nepes MPOSKTYBAaHHSM, CKCIUTYaTallier0, TEXHIYHUM OOCITYrOBYBaHHSIM aBTOHOMHUX
CYZIeH, a TaKOX 3pO3yMITH, SK ITiIBUIIATH iXHIO O€3IeKy 1 HaJiiHICTb.

B mporeci mocmimxerHas Oyi0 3’sCOBaHO, IO KOHIENTYalbHI 3aCaJd IiABUIIEHHS
Oe3nexy Ta HATIHHOCTI aBTOHOMHHX CyAEH TOJSTalOTh B CHCTEMI ITiIXOMIB KOXKEH
3 AKX PO3KPUBAE Wiy HHU3KY IMPOOJeM, AKi MOTpeOyrTh JOCKOHAIOTO BHUBYEHHS
Ta BUpIMIeHHs. 3aBISKH AeTaJIbHOMY aHANi3y MiIX0/iB OylI0 BU3HAUYEHO HAMPSMKH TijI-
BUIICHHS O€3MeKH Ta HaAIHHOCTI Cy/IeH 3a paxyHOK METO/IIB, aJlTOPUTMIB, IHCTPYKITii
Ta PeryNALil, sKi IIe TOBHHHI OyTH PO3po0IIeHi Ta 3 4aCOM YIOCKOHAJICHHI.

B ocHOBY KOHIleNTyanbHUX 3acaj MiIBUIICHHA O€3MeKH Ta HaIiiHOCTI aBTO-
HOMHUX Cyl€H OyJu TOKJIaJleHI TpW MiAXOmW Iie: po3poOKa ajIrOpUTMIB Ta METOHIB

86



PO3BUTOK TPAHCIIOPTY
Ne 1(16), 2023

HWMOBIPHICHOTO aHaJIi3y Ta MallIMHHOTO HABYaHHs, pO3POOKa CTaHAAPTIB Ta PETYJISITOP-
HUX TIOJIITUK Ta YIPABIIHHS PU3HKAMH.

KoxkeH 13 MiXoiB 10 MiBUIICHHS OC3MEKH Ta HaIIHHOCTI aBTOHOMHUX CYJIeH OyIi0o
PO3IISIHYTO Ta HaJaHi MPOMO3MIIIT MO0 MOAAJIBIIOrO IX YIOCKOHAICHHS.

B 1isiomy, MOXKHA 3a3HAUWTH, 10 JTOCHIHKCHHS B HANPSIMKY ITiIBHIICHHS OC3MEKH
Ta HAAIHHOCTI aBTOHOMHHX CYJCH MPOJOBXKYIOTh MPOCYBATHCS, 1 BXKE Ha IIbOMY €Tari
MpeJICTaBNICHI 3HayHi qocsarHeHHs. OpHak, sk Oyno 3a3HAueHO, OCKUIbKH aBTOHOMHI
CYy/IHA € CKJIAJHUMH TEXHIYHUMHU CUCTEMaMH, 1X MPOCKTYBaHHs Ta HaBYaHHS 3 METOIO
3a0e3mnedeHHs X Oe3MeKu Ta HaJiHOCT, TOTpedye TOJaTKOBUX J0CIiKEHb.
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Anomauin

Bcemyn. Mopcvia npogecis nos’sizana iz cneyuivnumu ymosamu npayi momy, ujo
npogecitina OisibHicMb eKinaicy cyoHa, 8i00y8acmvpcsi 6 0OMENCEHUX YMOBAX CYOHA,
W0 3HAYHOI0 MIPOI0 BNIUBAE HA NCUXiUHe 300p08 51 Mopskie. Mopsaku eidieparoms 6i0-
HOCHO YHIKAIbHY POTb Y MOMY, WO OHU Nepedysaromy Ha pobouomy Micyi siK y pobouul,
max i 6 HepoboOUUL Yac pazom i3 Iue Cc8oiMuU Koreeamu, wo pobums ix HA036UYALIHO
i3071b08aHOI0 POOOUOIO 2PYHOIO.

Cneyugixa opeanizayii oxoponu npayi uienié exinaxicy nio 4ac peucy noisiede y
MOMY, WO PU3UK CIBOPIOEMbCS He MITbKU GUPOOHUYMUMYU hakmopamu, a it NPUpPOOHO-
KAIMAMUYHUMU YMOBAMU, MONCTUBICINIO THQIKYBAHHS Y NOPIMAX, 3A2PO30I0 NOMPANJISH-
Hs Y nipamcokuil nonou moujo. Ocobrugicms npagogozo pe2ynoeants (noHaoHOPMOGuUxX
poOIm Ha 600HOMY MPAHCHOPMI Y NEPIOO 3ACMOCYB8ANHS CYOHA 30 NPUSHAYEHHSIM NOJIS-
2a€ 6 MoMy, WO GUKOHAHHS YUX pooim He obmedcene epanudnumu Hopmamvu. Omoice,
€ HeoOXIOHICMb GUBHAUEHHS KOLA OCIO, Wo MOJCymb Oymu 3a1y4eHi 00 000amKO8UX,
«ABPATLHUXY POOIM, A MAKOIC UIHAYEHHS Mpuearocmi maxoi pobomu na 000y. Kpim
mo2o, NOCMIUHO 3pOCMAE MPUBANICMb PeliCiB, Wo 3YMOBIIOE CHeyiaibHe HOPMYB8aH-
HSL mepMini6 pelicig | besnepepsHoco nepedysants cyoOHosux exinaicie y mopi. Tepmi-
HU 6e3nepeperHoz0 nepedysants 6 MOPI MONCHA OUpepeHyiloeamuy 3a1eiHCHo 6i0 muny
cyOeH i patioHie niasamHs.

Tpu yvomy ne mooicna e sudLIUmMU MaKi Gaxmopu, K OCHAUeHICMb CYOHA, Cydac-
HICTb YCMAmMKY8anus, ce30H nepedysanus ¢ mopi. Ilcuxiune 300po8’s npsamo 3aie-
JHcUMb 80 MEHMANLHO2O 300P08 5. 32i0HO 3 BU3HAUEHHAM, sIKe NPONOHYE Bceceimmus
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Oopeanizayisi OXOpPOHU 300P08 51, Ni0 MEHMATLHUM 300P08 M PO3yMIIOMb CMAH Wac-
msl, 006pobymy, 8 AKOMY JOOUHA Peanizye c80i meopyi 30i6HOCMI, MOdiCe NPOMUCTOS-
MU HCUMMEBUM CIPECAM, NPOOYKMUBHO NPAY08amu ma pooumu HecoK y CyCnijibHe
HCUMMSL, MOMY 8ANHCIUBO 30epieamu MeHmMAaabHe 300P08 ' KOXCHO20 NPAYI8HUKA, 0CO-
O1UB0 HA MOPCHLKOMY MPAHCHOPMI.

Mema. Memoro darnoi nyonikayii € 00Cai0NCenHs OXOPOHU NPAYi HA 80OHOMY MPAH-
Cnopmi, a makodic, Wo came nPu3800Ums 00 NOPYWEHHS Y NCUXIUHIU OisLIbHOCI, NPO-
gheciiinoeo sucopannsi, wepes uwjo 6i00YEACMbCsl 3HUNCCHHS NPAYe30amHocmi y axieyis
800H020 mparcnopmy. Bce ye, moodice necmu 3a2po3y 6es3neyi eKinaxcy 6cb020 Cyoua.

Kntouosi cnoea: 600Huu mpancnopm, npayieHuK 600H020 MPAHCNOPMY, CMAH
300p08 51, eKINaAHC MOPCLKO20 CYOHA, HeWACHUIl BUNAOOK, MEHMANbHE 300P08 51 MOPSIKA.

FEATURES OF THE LEGAL REGULATION OF LABOR PROTECTION,
TAKING INTO ACCOUNT THE FACTORS THAT AFFECT THE SHIP'S
CREW IN THE SYSTEM OF SECURITY AND SAFETY IN SHIPPING
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Summary

Introduction. The maritime profession is associated with specific working conditions
because the professional activity of the ship's crew takes place in the limited conditions
of the ship, which significantly affects the mental health of seafarers. Seafarers play a
relatively unique role in that they are on the job both during and after hours with only
their colleagues, making them an extremely isolated work group.

The specificity of the organization of labor protection of crew members during the
voyage is that the risk is created not only by production factors, but also by natural and
climatic conditions, the possibility of infection in ports, the threat of being captured by
pirates, etc. The peculiarity of the legal regulation of overtime work on water transport
during the period of use of the vessel for its intended purpose is that the performance
of these works is not limited by the limit norms. Therefore, there is a need to determine
the circle of persons who can be involved in additional, "emergency" work, as well as
to determine the duration of such work per day. In addition, the duration of voyages is
constantly increasing, which leads to a special regulation of the terms of voyages and
the continuous stay of ship crews at sea. The terms of continuous stay at sea can be
differentiated depending on the type of vessels and sailing areas.
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At the same time, it is impossible not to highlight such factors as the equipment of
the vessel, the modernity of the equipment, the season of stay at sea. Mental health is
directly related to mental health. According to the definition proposed by the World
Health Organization, mental health is understood as a state of happiness, well-being in
which a person realizes his creative abilities, can resist life's stresses, work productively
and contribute to social life, therefore it is important to maintain mental the health of
every worker, especially in maritime transport.

Goal. The purpose of this publication is the study of labor protection in water
transport, as well as what exactly leads to a violation of mental activity, professional
burnout, due to which there is a decrease in the working capacity of water transport
specialists. All this can pose a threat to the safety of the entire ship's crew.

Key words: water transport, water transport worker, state of health, sea vessel crew,
accident, seafarer's mental health.

Buksax ocHoBHOro marepiaJy. [1ix MeHTanbHAM 30pOB’ IM MOpPSAKa MOJKHA BU3HA-
YUTH K BUCOKUH PIBEHb CTPECOCTIMKOCTI Ta COLIaJbHO-IICMXOIOrTUHOI ajanTaiii 10
cnenupiYHUX, EKCTPEMAIbHUX YMOB CYy/IHA, 1[0 BHUSIBISETHCS B TAPMOHIHHOMY iCHY-
BaHHI B 0araToHalioHaJbHOMY €Kilaxi, Cy0’€KTUBHOMY BiIYYTTi eMOILIHHOTO i ICHXO-
JIOTIYHOTO KOM(OPTY, MCUXOJIOTIYHOro Onarononyy4s. L{e Touka GanaHCy MiX MOBCSK-
JEHHUMH TIpoOJieMaMU, 3 SIKUMHU CTHKa€ThCsl (paxiBellb, Ta pecypcaMu i HaBUYKaMH,
SIKMMH BiH BOJIOJI€E JUIsI ICUXOJIOTIYHI BUCHAKEHOCTI a 1HIIUX (akTopiB BILIUBY [1].

B nepuiit nonosuni 2021 poky nangemis COVID-19 nocraBuia nepes MopsikaMu
oco0nuBi pobieMu, 30KkpeMa, sik 0opoTHCs 3 BHIaAKaMu iHdekiii Ha OopTy, Sk 3MeH-
[IMTH TIONIMPEHHS XBOPOOW Ha CY/IHI, IK OOpOOIISTH KapaHTUH 1 TECTyBaHHS MOPSIKIB,
B33a€EMOJIiI0 3 OEPETOBUM IEPCOHATIOM y MOPTax, 3MiHY €KilaKy Ta 3MEHIICHHS MOX-
JTUBOCTEH BiamycTku Ha Oeper. Y rpynni 2020 poky Komirter ekcrieptiB MixxkHapoaHo1
opranizaii mpami (MOIT) nocTaHOBUB, IO YPSIU HE BUKOHAIH CBili 000B’ 30K MIKITY-
BaTHCs PO MOPSKIB I Yac MaHAeMii, He JTOTPUMYIOYHCh MIHIMAJbHUX CTaHIApTIB
OCHOBHHX IPaB, TAKUX K OXOPOHA 37I0pOB’s, penarpiailisi, opivyHa BiAMycTKa Ta Bij-
MyCTKa Ha Oeper, BUKJIAJCHI B MDXXHAPOIHOMY IpaBi. TakoK MOBIIOMIISIOCS, IO ITiJ
Yac MmiKy MaHjeMii Ha JiHii qormoMord MopskaM [ISWAN KilbKicTh BHITJKIB 3pocia
BTpuyi. ToMy 3apa3 0coOIMBO BaXIIMBO 3p03yMiTH (HAKTOPU PU3HKY TOTIpIICHHS IICHU-
XIYHOTO 3JI0pOB’S CIIIBPOOITHUKIB MOPCHKUX OpraHi3aliil i Te, ik HalKpaiie MmiaTpu-
MaTH MOPCBHKHI mepcona [2].

[Ipu aHai3i AaHUX JUCTKIB HEMPaIe3AaTHOCTI, IICHXOIOIUHI JiarHO3H BILITMHYJIN
MePEBaXHO Ha HaiiMooAmy BikoBy Tpymy (30 pokiB i MooIIe) 1 3SMEHIIIMIINCS 3 KOXK-
HOIO BIKOBOIO Kareropi€ro. AHaJOTri4yHO, OUTBIIICTh 3asB MPO MCUXIYHI 3aXBOPIOBAHHS
Oyu monaHi nepconaaoM BikoM 70 40 pokiB. Byiao Tako BHSIBICHO, 110 MOJIOMIIUI
MIepCOHAJI 3HAYHO YaCTillle 3a3HA€ CaMOHACHILI (HAPUKIIAA, CAMOYLIKOMKEHHS, CYi-
HUAAJIbHI JTyMKH), JEHpecii, cTpecy, COHJIMBOCTI, IUCTPeCy, IOB’s3aHe 3 poOOTOIO
BUTOpPAHHS 1 pO3yMOBa BTOMa, HiX CTapIINi MEPCOHAN, TOMI SK MCUXOJIOTIYHUI KarTi-
Taj (BU3HAYCHMIA SIK HAOIp pecypcCiB, BKIIIOUYA0YH caMOe()EeKTUBHICTh, ONITUMI3M, HAJ1t0
Ta CTIHKICTh) 3HAYHO 3pOCTa€E 3 BikoM. [Ipu AOCHIIKeHHI CTYICHTIB MOPChKUX aKaje-
Mill BUSIBHJIOCH, IO JICTIPECisi Ta TpUBOTra Oy/IM 3HAYHO BHIMMU Y CTYACHTIB cTaplie
22 poxkis [3].
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Jyxe Hebararo MOCIiKEHb PO3MIISIANH CTATh K MPEAUKTOP T0OPOOYTY, OCKIIBKH
OUIBIIICTH TOCIIIKYBaHUX MOMYJIALIN CKIaaIi ePEeBaXkKHO Y0JIOBIKU. Byiio BUSABIICHO,
IO CTaTh HE TOB’s3aHa 13 COHIIUBICTIO 200 CaMOIIOYYTTSM, X04a B OJTHOMY JIOCITiPKEHH1
cepest BIiCbKOBOCITYKOOBIIIB, TPU3HAUYEHUX Ha BIHICHKOBY CITyx0y, OyJI0 BCTaHOBJICHO,
1110 JKIHKH OyJIM TIOB’s13aHi 3 OUIBIIO0 BipOTIAHICTIO CKPUHIHTY Ha PU3MK JIETPECii.

PesynpraTy mo710 €THIYHOI MPUHAJICKHOCTI UM HAIlOHAIBHOCTI SIK MPOTHOCTHY-
HUX (PaKTOPIB MCHXIYHOTO 30POB’Sl OyiM HEOJHO3HAYHMMH. bijbie 3asB mpo rcu-
X14H1 3aXBOpIOBaHHs 0yIi0 3po0iieHO mepcoHanoM 3 €sponu un Diminmid / Tuxooke-
AHCBKOTO PETIOHY, HDK 3 1HIIMX 4acTuH A3ii. JlochmipkeHHsT BUSBUIM BUIIUN PIBEHBb
cTpecy y xwureniB CxigHoi A3ii, HixX y xwureiniB [TiBneHHOT A3ii Ta €BporeoinHoi pacw,
a Takok y xkwureniB [liBgeHHoT A3ii, Hi) Yy KaBKa3bKOTO, 3MIIIIAHOTO, CePEeIHbO-CXi/I-
HOT'O Ta JIATHHOAMEPUKAHCHKOTO/ ICIAHOMOBHOTO TIEPCOHAITY, & TAKOXK OLIBITY Qi3HuHY
BTOMY Y (piTinmiHIlB, HIK Y HOpBeXKI[iB. OHE JOCIIPKEHHS [T0Ka3aJIo, 1110 EBPONCHCHKI
MOPSIKM MalOTh 3HAYHO BHUINWHN ICUXOJIOTIYHMM KamiTayi, HK (UTINMIHIN, IHIIHA BUs-
BUB, 1110 HEEBPOIIEHCHKI MOPSIKM MalOTh JICHIO BUIILY €MOIiIHY BTOMY, Hi>K €BpPOIICHII],
ajyie He3HaYHO; TAKOXK HE BiJPi3HSIINCS COHITUBICTIO.

OnHe MOCTiKCHHS TToKa3aio, M0 PU3MK Jienpecii OyB 3HAYHO BHIIUM Yy THX, XTO
MaB JIATHHOAMEPUKAHCHKY €THIUHY NMPHHAICKHICTh Oylb-sIKOI cTaTi, 1 BUIIMK y 0Ci0
YOPHOIIKIPOT €THIYHOI MPUHAJIEKHOCTI, SIKIIO0 BOHM TAaKOXK OyiM KiHkamu. HaykoBiri
BUSIBUJIM, 1[0 CUMITOMH TCHXIYHOTO 37J0pPOB’sI OyJIM OUTBIN MOIIMPEHi cepen iTaiii-
CBKUX MOPSIKIB, HIXK 1HIIMX HaliOHATbHOCTEH. MOpSKH 3 KUTaChKUX KOMITAHIH MOBi-
JIOMHJTU TIPO O1BII BUCOKY BTOMY, HIJK Ti, XTO TIPAIIO€ B €BPOIIEHCHKUX KpaiHax, He3a-
JISKHO BiJI 3BaHHS M BiJ1ITY.

Mopsik1 TOBiJIOMUIIH, IO MOPYUICHHS CHY (CHPUYMHEHE MOCTIHHUMHU TepepBaMU
VBi CHi, poOOTOI0 BHOUI Ta PaHHIM MPOKUAAHHIM) OYJI0 OJTHI€I0 3 TOJIOBHUX TPYIHOIIIB,
3 SIKUMH BOHH CTUKAaJIHCS Ha O0pTy. Byno BHsBIEHO, 1110 MOTaHWH COH TMOB’S3aHUM 13
MOTIPUICHHSM TICUXIYHOTO 3/I0POB’SI, IETPECi€lo, eMOIIHIM BUCHAXXEHHSM 1 Jienep-
COHAJTI3aIlI€I0 1 BTOMOIO. MOPSIKY 3 BUCOKOIO COHJIMBICTIO, HIXK CEpPEIHS, YacTille BiJi-
qyBaJIK MpodeciiiHe BUTOpaHHs. B iHIIOMY JOCIi/PKeHHI MoraHa sIKiCTh CHY Ta TOpY-
HICHHS CHY OyJIM TOB’s3aHiI 3 BTOMOIO Yy TPAIliBHUKIB KUTAHCHKHX CYITHOIUTABHUX
KOMIIaHiH, aje He €BPOTEeUChKHUX.

VY nocmimkenni Schmied Ta iH. cTpec OyB HANMOIIMPEHIIIOK MEPENIKOAO0 JUIS
OTPHMAaHHS JIOCTAaTHBOI KUJIBKOCTI CHY, 3 SIKUM CJiJTyBajH 3MiHHI rpadikud. Y 1mpomy
JIOCITI/DKEHHI 0arato XTo HaJlaBaB IepeBary iHIIMM BUaM JAiSUTbHOCTI HaJl CHOM Y BiJib-
HUIA 9ac, 9acTo )KEPTBYIOUM CHOM 3apajii BIpaB a00 HABUAHHS JUIsl OTPUMAaHHS KBaJidi-
Kallii. bispIiie MoJIOBUHY CKa3aju, 10 CTPEC BIUIMHYB Ha iXHIM COH, 4acTo depe3 mpo-
OJIeMH Ta TUCK, ITOB’si3aHi 3 poOOTOI0, 1 0araTto XTO OMUCAB CTaH ITiBUIICHOT MUIBHOCTI
iy yac nepeOyBaHHs Ha KOpaoOi, 0 03HAYAJIO0, IO BOHH JIETKO MPOKUIAIIHICS.

CorrianbHa 3rypTOBaHICTh BBaXKanacs YK€ BAXKJIUBOI — JTOCIIPKEHb BU3HAYHMIIU
KiJIbKa CIOCOOIB CTBOPEHHSI COIalIbHOT 3TypTOBAHOCTI, HANPUKJIA]] BHUICHHS Yacy
JUTSE B3a€MOJIIT Ha poOOTI Ta IiJ| 4ac BIAMOYMHKY; MIABEACHHS MiCYMKIB MIiCIS BaK-
KWX 3MiH; CIUJIbHA ISUTBHICTh Y HEPOOOUHMH Yac; CITIIbHI 30HH 3yCTpideH, a TakoXK 4yac
1 IPOCTIp JUIS CHIIBHUX 3aX0/iB; 1 30HH BIAMOYHHKY, TaKi SIK TPEHAXKEPHi 371 00 30HA
BigmounHky. ComiajgbHa MiATPUMKA 3 OOKY TOBApHIIIIB 110 KOMaH/Ii CIPHUsIIA TICUXOJIO-
riYHOMY KariTaiy, a MiATpUMKa Ha pobodoMy Micii Oyia €eIHHUM poOOYHM PecypcoMm,
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HEraTUBHO IMOB’sI3aHUM 13 TOCTpor0. OCTaHHI JTOCHTIKCHHS MOKa3aJy, 110 KOJIU THUCK
yacy OyB HH3BbKHM, MiATPUMKA HE Maja 3Ha4YCHHS, aJie IIPH CePETHHOMY Ta BUCOKOMY
PIBHSX THCKY Yacy MpaIliBHUKH, SIKi MaJli OUIbIIE TiATPUMKH, BiTUyBai 3HAYHO HIK-
Yuii piBeHb XPOHIYHOT BTOMH, a TAKOXK MEHINy MOTpeOy y BIHOBICHHI MiXK 3MiHAMHU.
Kpim toro, migTpuMKa He BILUTUHYJIA HA BUCOKHUI piBEHb BUMOT JI0 MMUJILHOCTI, ajie pH
HU3BKOMY Ta CEPEHLOMY PiBHSIX BUMOT JIO MMJIBHOCTI NMPAIliBHUKH 3 HU3BKOIO COIlialb-
HOIO MATPUMKOIO TOBIJOMIISIITH TIPO OliibIiie mpoOiieM 3i cHoM [4].

Jlume MEHIICTh YYACHUKIB 3TrajyBalia PO MiXKOCOOHCTICHI CTOCYHKH SIK TIPO JiKe-
pelio He3aJ0BOJICHOCTI pOoOOTOI0, a PiBEHb 3HYIIAHD 1 arpECUBHHX Jid Ha poOOvYOMY
MICIIi B I[iJIOMY OyB HU3BKHM, aJie PO 1€ YaCTIIIe OB IOMJISIIH HPAIliBHUKA 3 HKUUM
PIBHEM OCBITU. YYaCHHMKH SIKICHOTO JOCII/PKEHHS MMOBIJOMUIIU, 10 MOCTIHHO 3MIiHIO-
BaHi CTOCYHKH B eKimaxi Oyli cTpecOBUMH. 30KpeMa, HETaTHBHUMHU CTOPOHAMHM TXHIX
KOMaH/| OyJIH CITIJIKYBaHHS 3 JIIOIBMH 3 PI3HUX KYJIBTYp Ta MOBHi Oap’epu. HasBHICTB
JONEH PI3HOTO BiKY, PIBHS OCBITH Ta HAI[IOHAJILHOCTI HA OOPTY 1HOMAI MPU3BOAMIA JIO
PI3HUX MOMISAAIB HAa Te, SIK MOTPIOHO KepyBaTd poOOTOI0 Ta SIK MPUUMATH PillICHHS
Ta MOBIIOMJISITH PO HUX.

Bararo y4acHUKIB pI3HMX IOCHIPKCHb BBaXKaJld, IO IXHS CEPEAHS TPHUBAIICTh
nepeOyBaHHs Ha 60pTy Oyia HaIMIPHOIO, 1 110 YMOBU pOOOTH Ta YKHUTTS MOXHA 0Yyi10 O
MOKPAIIUTH, CKOPOTUBIIN TiepeOyBaHHS Ha OopTy. O/iHE TOBrOTpUBANIE JOCHTIIKEHHS
MOKAa3aJIo0, IO MCUXIYHE 3/J0POB’ sl 3HAYHO MOTIPIIMIOCS MiCJIsl TPHUBAIIOT MTOJJOPOXKI, TOI
SIK COMATH3allisl, TPHBOXKHICTB 1 TapaHost 3pOCIIH, TOI SIK TPUBAII IIepioun nepedyBaHHs
B MOpi nepeadavyaroTh BTOMY (aie He sKicTh cHy). KopoTtmia TpuBaiicTs nepeOyBaHHS
Ha 60pTy (HanpuKa, ABa Micsili) Oyia 3HAYHOIO MipOIO ITOB’sI3aHa 3 BUIIOIO 33]I0BOJIC-
HICTIO POOOTOXO Ta )KUTTSM 1 KpAIIUM IICUXIYHUM 370p0oB’siM. OTHAK 1HIII TOCITIHKEHHS
HE BHUSBWJIM 3B 53Ky MiX TPHBAJICTIO NepeOyBaHHS B MOPi Ta BITYYTTAM cTpecy abo
eMoIliliHe BUCHAXKEHHS [5].

BpaxoBytouu Te, 110 NpaI[iBHUKH BOJHOTO TPAHCIIOPTY MOCTIHHO 1MepeOyBaroTh i
BIUIMBOM TaKHX (aKTOpiB, sIK COIiaTbHO-TICUXONOTI4HI (hakTopH (MOCTiiHA TOTOBHICTD
10 BHKOHaHHs TpodeciiHMX 000B’A3KiB, MOHOTOHHICTh MPOQECiiiHOT HisTBHOCTI,
nedinuT iHGopMalrii, rpynoBa 1305115 Ta CAMOTHICTh, 3HUKCHHS PyXOBOT aKTHBHOCTI,
JIO/IaTKOBI 3aIPO3H 3JI0POB’I0 Ta HABITH JKUTTIO B OKPEMHX PETrioHax CBITY), PUPOIHI
YMOBH (3MiHa TIOTOJJHUX Ta KJIIMATUYHUX YMOB, 3MiHa YaCOBHX TOSICIB, DOPTOBA Ta KiJb-
KOBa XHUTAaBHIIS), BAPOOHUY1 yMOBH (IIyM Ta BiOpallisi, eIEKTPOMAarHiTHE BUIPOMIHIO-
BaHHS, XiMi4HEe 3a0pyJHEHHS TOBITPs), IIIJIKOM OYEBUIHO, IO CTBOPEHHSI OE3MeYHUX
1 37I0pOBHUX YMOB IIpalli, MiHIMi3allisl HETAaTUBHOTO BILIMBY BUPOOHUIITBA HA 370POB’S
Ta )KUTTS TPAIiBHUKIB BOJHOTO TPAHCIIOPTY 331151 OE3MEKHU CYJTHOIIIIABCTBA € aKTyallb-
HUM TIUTAaHHSM Y Hair 9ac [6].

3a nanuMu YrpasniHHs O€3MEKH Ha TPAHCIIOPTi Ta TEXHIYHOTO peryitoBaHHS MiHic-
TepcTBa IHPPACTPYKTYpH YKpaiHu OUIBLIICTh HEIIACHUX BUIAJKIB Ha BOJHOMY TPaH-
cnopti, a e omu3bko 80%, cTaeThCcs depe3 OpraHizalliiiHi HEJOMIKA OXOPOHH MpaIli.
OiHi€I0 3 TOMUPEHUX MPUYUH HEIIACHUX BUIAJKIB Ha BOJIHOMY TPAHCIIOPTI € HEMO-
CTaTHs KUTBKICTh WIEHIB eKimaxy mix ac peiicy. [locTyrnoBe ckopoueHHs YHCENBHOCTI
eKiNaxiB CyJeH NMPU3BOJHTH /IO 3pOCTaHHs BiNOBIIabHOCTI Ta YCKIaJHEHHS (QyHK-
i, BAKOHYBaHUX CYTHOBHMH (DaxXiBISIMH, 1[0 Y CBOIO YEPry MPU3BOIUTH JI0 HAKOITH-
YCHHSI BTOMH TIPaIliBHUKIB [7].
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Cryp0OoBaHIiCTh TUTaHHSIM BTOMJICHOCTI MOPSIKIB BUKIIMKAJa IPUHHATTS CIIEIialib-
Hoi Pe3omronii MixkHapoHOT Mopcebkoi opraHizanii A.772(18) «®Dakropu BToMIIeHOCTI
NPY KOMIUIEKTYBaHHI Cy/IeH eKilaxaMu Ta 3a0e3reueHHs 0e31eKm», 3riTHO SKOi, BTOM-
JICHICTh XapaKTePU3YEThCS K 3HMKCHHS MPOJYKTUBHOCTI TIpalll JIIOMUHH, 3HUKECHHS
(bi3U4HUX Ta PO3yMOBHUX 3710HOCTEH Ta MOTIPIICHHSM 3]aTHOCTI pOOUTH OOTPYHTOBAaHI
BUCHOBKU. OTHUM 3 €()eKTUBHUX 3ac00iB BUPIIICHHS POOJIEMH HAKOITMYCHHS BTOMU
NpaliBHUKIB BOJAHOTO TPAHCIOPTY MAa€ CTaTH BH3HAYCHHS Ta IMEPeBipKa HAasBHOCTI
MIHIMAJIBHOTO CKJIAY €KiMaxky 3aJIe:KHO BiJl IPU3HAYCHHS Ta PO3MIPIB CY/IHA.

BaxnuBicTh KOMIUICKTAIIIT CYACH EKIMaXxy IMiaTBepKeHa MoNokeHHsIMY KoHBeHIii
[Tpo miHIMaNBEHI HOPMHU Ha TOPTOBENBHUX cynHax Nel47, B sKiii 3a3HaUEHO, 110 KOXKHA
JiepkaBa IOBUHHA MaTW 3aKOHOJABCTBO Ta TPaBHUIIA, sIKI BCTAHOBIIOIOTH HOPMH 0€3-
MIEKH JIJIs 3apEECTPOBAHUX Ha HOTO TEpUTOPIT Cy/ieH, BKIFOYAr0Yl HOPMH BiTHOCHO KBa-
midikallii, TPHBaJIOCTI pOOOYOro Yacy i KOMIUICKTAIIT €Killaxy 3 METOI0 3a0e3MeUeHHS
Oe3nexu a7 )KUTTS Ha 60pTy cynHa [8].

Bynp-sixe cynHo Mae OyTH odoJieHe KamiTaHoM 1 odilepamMu BiIOBiAHOT KBasTi(ika-
il y cdepi CyTHOBOMIHHS, HABIrallii, 3B’ 43Ky, Cy/IHOBIX MalllMH 1 YCTaTKyBaHHS, a eKi-
Nax 3a KBaJi(iKaliel Ta YUCENBHICTIO MAa€ BIAMOBIATH THITY, PO3MipaM i yCTaTKy-
BaHHIO cymHa [9].

HasBricTs Ha 60pTYy cynHa HEOOXiTHOT KITBKOCTI YJICHIB €KilaXXy BILUTUBAE HA BUKO-
HaHHS BUMOT CTOCOBHO JIOTPUMaHHS poOOYOT0 Yacy, HEMOMYyIEHHS IIePeBaHTaKEHHS
YJICHIB eKINaXky CyJHa pOOOTOI0, HaJTaHHS HAJICKHOTO BiANOYHMHKY. PaltioHansHe moe-
HaHHS POOOYOro Yacy 3 YacoM BiAMOYHMHKY JIa€ 3MOTY €()EKTUBHO BUKOPHCTOBYBATH
37IaTHICTh JIFOAMHU JI0 TPOAYKTHBHOI TIpalli, BiATBOPIOBaTH (Di3MYHI Ta MCHXOJIOTIYHI
XapaKTePUCTHKH TMPalliBHUKA, 8 TAKOXK KOMITJIEKCHO 3aCTOCOBYBATH BHPOOHUYI MOTYX-
HOCTI.

JudepeHmialisi MpaBoBOro PETyIIOBaHHS poOOYOTo Yacy i 4acy BiJIIOYMHKY Mpa-
I[IBHUKIB BOJTHOTO TPAHCIIOPTY 31MCHIOETHCS 3a TphOMa IijicTaBaMu: 1) pesxum poOoTH
cynmHa; 2) 0COONMBOCTI KOHCTPYKIII cymHa; 3) Xapakrep TPYyAOBUX (QYHKIIH TUiaB-
ckmany [10].

Bignoeiguo no ct. 50 Kogekcy TOproBeibHOro MOpEIIaBCTBA YKpaiHu MiHIMalib-
HUI CKJIaJ] eKilaxy, 3a SIKOTO JIO3BOJISIETHCS BUX1JI Cy[THA B MOPE, 3aJIC)KUTh BiJl palloHy
TUTaBaHHS, IPU3HAYCHHS Ta THITY Cy/JHA BiAMOBIJIHO JI0 YAHHOTO 3aKOHOJABCTBAa YKpa-
inn. Versbes He PO 3MEHIICHUH «EKCTPeMAJIbHUI CKJIaJ, a Ipo eKinax, po3paxoBa-
HUH JUIss HOpMaJIbHOT eKCIUTyaTallii CyJHa 3 TOBHUM JOTPUMAaHHIM yCiX BUMOT 3 0e3-
MEKH CYAHOIUIABCTBA, TPYJOBOTO 3aKOHOJABCTBA, & TaKOXK 3 ypaxyBaHHSM PH3HKIB,
OB’ SI3aHUX 3 JTFOICHKUM (haKTOPOM.

3rigHo 3 [TopsiikoM BU3HAYEHHS MIHIMAIBHOTO CKIIQy CKIlaXxy CyIHa, 3aTBEpIDKe-
HuM Hakazom MinictepctBa iHQpacTpykTypu Yipainu NeS75, MiHIMabHEM CKIIaJI0OM
€ MiHIMaJibHa KIIBKICTh OCI0 KOMaHJHOTO CKJIaay Ta CYJHOBOI KOMaHIH, SIKi MOXYTh
y OyIb-SIKUH Yac eKCIuTyaTallii rapanTyBaru Oe3reuHe yrnpapiiHHs cyqHoMm [11;12].

VYpaxoByrouw, 1110 BUKOHAHHS JIOJJATKOBOI poOOTH Yy BUILHHIA BiJi OCHOBHOT pOOOTH
Yyac BUMarae BiJ TIpalliBHUKa BOJHOTO TPAHCHOPTY OULTBIIOTO HaBaHTa)keHHS ((izmu-
HOTO0, MOPaJIbHOTO, TICUXIYHOT'0), 0OMEKECHHS CYMICHHIITBA ITOTPEOYE YiTKOrO BPETYJIIO-
BaHHS [UISIXOM BKJIFOYECHHS JIOJATKOBUX TMOJIOXKEHbD JI0 3MICTY KOJIEKTHBHUX JIOTOBOPIB,
sK 11¢ nepeadadeHo y 4. 2 ct. 21 Koxekcy 3akoHiB mpo mpaito Ykpainu. [jis Toro, mo0
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TPHUBATICTh POOOTH EKilaxy He IepeBHIIyBana Oe3MeYHO JOMYCTHMOTO PiBHS, BIACHUK
Cy[IHa Ma€ BU3HAYMTH Tepellik HeoOXiJHHUX 1 JOCTaTHiX (QYHKIIIH, SKi MOBHHHI BUKOHY-
BaTUCS Ha Cy[IHI Mijg 4ac MailOyTHBOTO pelicy, PYHKIIIT, sSIKi MOXKHA CYMII[aTH 32 YMOB
HOpMaJIbHOT eKCIUTyaTallil CyJHa Ta 3a mependavyeHuX aBapidiHUX CHUTyaliil Ha CyIHi,
a TaKoXX MIHIMaJbHUHN CKIIaJ] eKilaxy, HeoOXiTHHI Il OE3MEYHOTO BUKOHAHHS (PYHK-
il 332 CYMICHHIITBOM.

3a BUMOTaMH, 110 TIpeJ1 IBISTIOTHCS IO CTaHy 30POB’S 1 ICHUX0(i310JI0T1YHOTO CTaHy
MPaIiBHUKIB, 3aJ€KHO BiJl BaXJIMBOCTI (DYHKIIIH, IO BUKOHYIOTBCS HUMH Ha CYIIHI,
0co0u, SIKi POXOASTh MEANYHUHN OTIIsL, 00’ €MHYIOThCA Y MPpOodeciiiHi rpymu: 1o mep-
101 TPy BiJHECEHO 0Ci0, mpodeciifHa TisUTbHICTD SKUX HE MOB’S3aHA 3 MUTAHHIMH
Oe3rmeku (ciocapi, Tokapi, IM3ENiCTH CaMOXIIHUX KpaHiB, KOYerapH TOIIO), 10 IPyroi
IpyI 0ci0, sIKi BUKOHYIOTh PIillIeHHS, OB’ s13aHi 3 0€3MeKO0 MijI yac riaBaHHs (eJeK-
TPUKH, MAIIUHICTH, MasTYHI CITYKHUKHU TOIIO), 10 TPETHOI TPyIH — 0Ci0, SIKi MPUIMAIOTh
PIIICHHS, TIOB’sA3aHi 3 OE3MEKOIO Mij] Yac IyiaBaHHs (KariTaHW, MOMIYHUKHU KalliTaHIB,
MEXaHIKH, TOMIYHMKH MEXaHiKa Ta iH.). B 0CHOBI Takoro po3mnoainy (haxiBI[iB BOJHOTO
TPaHCIOPTY 3a MPOoQECIHUME IpylaMu — CTYIIiHb COIialIbHOT HeOe3MeKH IXHbOI Mpo-
¢eciiinoi misutbHOCTI (cT. 31 «O00B’s13k0B1 MeAMuHI orsin» OCHOB 3aKOHOJIABCTBA
VYkpainu rmpo oxopoHy 310poB’s) [13].

Sk 3a3zHawae H. OpnoBa y cBoeMy ITOCIiji, HEAOJNIKOM NPABOBOTO PETYITIOBAHHS
y cepi oxopoHHU Tpalll Ha PiYKOBOMY Ta MOPCBKOMY TPAHCIOPTi € BiJICYTHICTh CHC-
TEMHOTO MEJIMYHOTO CIOCTEPEKEHHS 3a MpalliBHUKAMH, SIKi MOBEPTAIOThCS 3 PEiCiB:
HE 3MIIHCHIOETHCS OIIHKA CTaHy 3/0pOB’sl MPAI[iBHUKIB-MOPSKIB, HEMA€E TUHAMIYHOTO
CIIOCTEPEIKSHHS 3a 3MIHOIO TXHBOTO 3/10pOB’st [14].

KonpeHiiero IIpo 3000B’s3aHHS CYJHOBJIACHUKIB y pa3i XBOpoOW, TpaBMU abo
cMepti MopsikiB Ne 55 nmepenbadeHo, 0 CyHOBIACHUK Hece 3000B’A3aHHS Y pasi XBO-
po0 i TpaBM, SIKi BHHUKJIHM B MEPiOJl MiXK JATOIO TIOYaTKy POOOTH 1 aTOX0 3aKiHYEeHHS
CTPOKY HaiiMy, Ta CMEpTi, fiKa cTajacs 4epe3 Taky XBOpoOy abo TpaBMy, OHAK IpH
[[bOMY HalliOHaJbHUM 3aKOHOJIABCTBOM MOXKE Iepe10auaTrch, 0 CyAHOBIACHUKU HE
€ BIJINOBIaIbHUMHM 33 XBOPOOy a00 cMepTh, Oe3MOCePeHbO CIIPHUMHEHY XBOPOOOIO,
SKIO 0C00a, KA BIAIITOBYETHCS HA POOOTY, BiIMOBHIIACS TPOWTH MEIMYHHUNA OIS
Ha MOMEHT 3apaxyBaHHS Ha ciyk0y. Take MoyokeHHs cynepeunTs HopmaMm KoHBeHIlil
PO MEAMYHUIN Ooriisg MOPSKIB Ne 73, 3TiJHO 3 KOO HIXTO HE MOXKE OyTH NpPUHHATHI
Ha POOOTY Ha CYJHO, SIKIIO HE HaJaJd MOCBIJIKH, IO MiATBEPIKYE MPHUIATHICTH JI0
poGotu [15].

Kpim Toro, monoxenns ct. 46 Kojekcy 3akoHIB Hpo mpairo YKpaiHu TakoX BUa-
IOTBCSI CYTEePEWINBIMU: POOOTOaBellhb MOXKE BiJICTOPOHUTH BiJi pOOOTH TpalliBHUKA,
SIKHH YXHUJISIETBCS BiJl TIPOXOPKEHHSI 000B’SI3KOBOTO METUYHOTO OINISIIY Y BCTaHOBIIE-
HOMY IMOPSAIKY; IPU IIbOMY BiICTOPOHEHHSI HE € 000B’A3KOM POOOTOAABIIS — JIUILIE TIpa-
BOM, IO TIPEJICTABISIETHCS HENMPABUIBHUM, 0COOIMBO Y Taily3i BOIHOTO TPAHCIIOPTY.

Oco0aHMBOCTI TPYAOBOI MiSUTBHOCTI 0Ci0 y Tiepioa peiciB HacamIiepea 3yMOBICHI
HEOOXIHICTIO TPHUBAJIOro TepeOyBaHHS Ha OOPTY BOJHOTO TPAHCIOPTHOTO 3aco0y.
dakTopu, 1110 JTiF0Th Ha OPraHi3M MpaIiBHUKIB IPOTITOM BChOTO MEPIOIY PEHCY B yMO-
Bax 00MexkeHOro 00’ eKTa (CyHa), MOXKYTh BUKIIMKATH 3MIHH B CTaHi IXHBOTO 37I0POB’sL.
OnxuM i3 HalOiIbm cnenuivHUX (aKTOPIB BILIMBY € 3MiHA TPUPOJHO-KIIMATHIHUX
YMOB IIiJ] Yac PEeWciB y pi3Hi TOUKH CBiTy [16].
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OcTaHHIMH pOKaMu HEOE3MEYHOTO MOIIUPEHHS HaOyJIlo MiKHAPOIHE MipaTcTBO,
PE3yBETAaTOM SIKOTO € 3arpo3a MOTPAIUISHHS Y Miparchkuid moyioH. ChOrofHi mipaTcTBO
SBJISIE peanbHy HeOe3neKy JUIsi MOpeIIaBaHHs i HacamIiepe]] mocsrae Ha paBa KOyKHOT
JIFOJIMHU Ha )KUTTS, CBOOOMY  0COOMCTY HEOTOPKAHICTb.

Bignoeigao mo cr. 101 Kousenriii Opranizamii O6’eqHanux Hamiii 3 MopchKkoro
npasa MipaTCcTBOM € Oy/Ib-siKa 3 IepepaxoBaHuX HWKYE Jiii: a) Oyb-IKHi HETpaBoMip-
HUI aKT HACHITLCTBA, 3aTPUMaHHA a00 Oy/ib- SIKUil rpadik, SKUi BUMHSETHCS B 0COOMC-
THX IUIAX €KIMaKeM YM MacaXupaMu CyjHa a0o JIiTaabHOTO arapary, o 3HaXOAAThCs
y TPUBaTHIl BIACHOCTI, 1 CIPSIMOBaHUI Y BiIKPHTOMY MOpI MPOTH iHIIOTO cyaHa abo
MPOTH 0OCI0 UM MaiiHa, siKi epeOyBalTh Ha HOTro OOPTY; MPOTH OYAb-IKOTO CYIHA, OCI0
a00 MaliHa B MICIIi 1103a IOPUCIUKIIIEIO OyIb-SKOI JepkaBu; 0) Oylib- AKUH akT 100po-
BIJIBHOT y4acTi y BUKOPUCTaHHI Oylb-SKOTO CyJHA 3a O0CTaBWH, B CHIY SIKMX CYIHO
€ MIPaTChKUM CYITHOM.

MixHapoaHO-IIPaBOBa MO3UIlisA YKpaiHu y cdhepi 00poThOM 3 MipaTcTBOM BHpa-
JKeHa y i akTHBHIH y4acTi B paTudikalii YNHHUX MIXKHAPOJAHO-TIPABOBHX aKTiB, B iMII-
JIEMEHTAIlii B yKpalHChKE 3aKOHOJIaBCTBO TOJIOXKEHB BIJMOBIIHUX MIXHApOIHO-TIpa-
BOBHX akTiB. Tak, YkpaiHoto Oyna patudikoBaHa Mi>xkHapoHa KOHBEHIIiSI 3 OXOPOHU
moncekoro XuTTa Ha Mopi (COJIAC-74), sixa €, MaOyTb, HAMBaXJIUBIIIIOIO 3 YCIX MiXK-
HApOJHUX Yrof 3 0e3leKH TOProBesibHOrO MopemiaBcTea, KonseHiist [Ipo 60poTs0y
3 HE3aKOHHUMH aKTaMH, CIIPSIMOBaHUMH IPOTH O€3MEKH MOPCHKOTO CYIHOILIABCTBA,
IIporokon npo GOpoTHOY 3 HE3aKOHHUMHU aKTaMU, CHPSIMOBAHHMH MPOTH OE3MEKU
CTaI[lOHApHHUX TUIATGOPM, IO PO3TANIOBYIOTHCS HAa KOHTHHEHTAJIHHOMY IIENb(i.
VY rpynni 2002 poxy OyB npuiiHsATHII MXKHapOAHHUN KOJEKC 3 OXOPOHU CYJCH Ta MOop-
toBuX 3ac00iB (Komekc OCII3) Tomo. Komeke TOProBeibHOr0O MOPEIUIaBCTBA YKpaiHU
TaKOX MICTUTh NOJIOXKEHHSI, 3T1IHO 3 IKUMU KaIliTaH y pasi HeOe3neku 30008’ I13aHui
3aCTOCOBYBATH BCi HEOOXiTHI 1 MOXKJIMBI 3aX0NIU JUIS MOPATYHKY JONIEH, 1110 Tiepely-
BAaIOTh Ha CY/IHI, 1 HE IOMYCTHTHU 3aXOIUICHHS CY/IHA, JOKyMEHTIB, BAHTaXYy ¥ 1HIIOTO
MaiiHa, 110 Ha HbOMY 3HaXomaThes (CT. 62). Crarrero 258 KpumiHaIbHOTO KOAEKCY
VYkpainu nependaueHo BiMOBIAANBHICTD 32 3AIHCHEHHS TEPOPUCTHIHOTO aKkTy. Kpim
Toro, 6 BepecHs 2017 poxy B YkpaiHi yrBopeHo MopchbKy aamMinicTparito (JepxaBHa
ciry’)k0a MOPCBHKOTO 1 BHYTPIIIHEOTO BOJHOTO TPAHCIIOPTY Ta CYJHOIUIABCTBAa YKpa-
iHM) — HEHTpalbHUI OpraH BUKOHABYOI BIIaJM YKpaiHW, SKAH peaiidye IepkaBHY
MOJITHKY y cepax MOPCHKOTO Ta PiYKOBOTO TPAaHCIIOPTY, TOPrOBEIBHOTO MOPEILIaB-
CTBa, CY/IHOTJIABCTBA HAa BHYTPINIHIX BOJHHX MUISIXaX, HaBiramiiHo-rigporpadigaoro
3a0e3IeueHHs] MOPEIUIABCTBA, a TAKOXK y cdepi Oe3MeKH Ha MOPCHKOMY Ta PIYKOBOMY
TPAHCHOPTI.

BucnoBku. TakuM YMHOM, MOXKHA 3pOOWTH BHCHOBKH, 110 cnenugika pobotu Ha
PIYKOBOMY Ta MOPCHKOMY TPAHCTIOPTi XapaKTepH3YEThCs HE TITbKH HEOOX1THICTIO TIpa-
BOBOTO PETYIIIOBaHHSI BaXKKHMX Ta CHeNU(iYHAX YMOB Tpalli, a i JOTPUMaHHS HaJIeKHOT
0e3reKHu TiJl Yac BUKOHAHHS CBOIX TPYIOBHX OOOB’S3KIB SK WICHA €KiMaKy Ha CY/IHI.
OCHOBHOIO ITPOOIEMOI0 Ha BOJHOMY TPAHCIIOPTi € HEJJOCTATHE MPABOBE PETYIIOBAHHS
OXOPOHH TPYIOBOI JisNILHOCTI MOPSIKIB, SIK ITiJ] YaC BUKOHAHHS TPYIOBHUX 00OB’SI3KIB,
TakK i 3a Mexamu pobotu. Hemonikom mpaBoBoro peryinoBaHHs y cdepi 0XOpOHH Tpaili
Ha PIYKOBOMY Ta MOPCHKOMY TPAHCIOPTi € BiJICYTHICTH CHCTEMHOTO MEJIUYHOTO CIIO-
CTEpPEXKEHHS 3a TMpalliBHUKaMH, SIKi TIOBEPTAIOTHCS 3 PEUCIB: HE 3IMCHIOETHCS OIlIHKA
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CTaHy 37I0pOB’sl MPaIliBHUKIB-MOPSKIB, HEMA€ JTUHAMIYHOTO CIIOCTEPESIKEHHS 3a 3Mi-
HOW TXHBOTO 3/I0pOB’sl. YKpaiHa BUKOPHCTOBYE CBITOBHI JIOCBiJ] OpraHizamii po0oTH
3 TIOKpAICHHS! YMOB Ta O€3MEeKHU Npalli Ha BOAHOMY TPAHCIOPTi, BAOCKOHAIIIOE HaIlio-
HaJIbHY HOPMaTUBHO-TIPABOBY 0a3y 3 MUTaHb OXOPOHU Tpalli, OHAK OKPEMi MOJOKEHHS
3aKOHOJIABCTBA MOTPEOYIOTh B3a€EMOY3TOIXKEHHS Ta JIOOTPAIFOBAHHSI.

HagiTh HamioHanbHa mpaBoBa 0a3a OOPOTHOM 3 MOPCHKHMM MipaTCTBOM MOTPeOye
yAoCKoHalleHHA. Ha mpaktuii, sk mpaBuio, 0OpoTbda 3 MiparcTBOM OOMEKYEThCS
3BUTBHEHHSM 3apYYHHUKIB [IISIXOM BHKYITY, IO CIIPHYMHSE HOBI 3JI0YMHU.
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Anomauisn

Bemyn. Ooua i3 npobnem 6esnexu CyOHONIABCMEA NOAA2AE 8 HENPABUNbHIL OYiHYI
YleHamu exinaxcy weuoKoCcmi ma cuiu Qi3uyHux A6uwy, Wo CHPUHUHIOIOMb A8APIUH)
cumyayiro. He menw 3nauywumu ona 6es3nexu cyona € npobremu Haoditinoi excniyamayii
CyOHo8UX mpybOonpoeoodis. AepecusHuil 6nius pizHo8udie cCyOH08020 NAIUBA, MA PEXHCU-
My meyii piOuHY NPU3800amsb 00 PYUHYBAHHS NOBEPXOHbL MPYD, 3HOUEHHSA ma 8iopayii
mpybonpogodie ma apmamypu, wo 0OIPYHMOBYE AKMYAlbHICIb O0CHIONCEHb (DI3UUHUX
npoyecis 8 001acmi MOAeKYIAPHOL Qi3UKU Ma MeXariKu cyyinbHux cepedoguuy. Memoro
pobomu € po3UMOK (haxo8ux KOMNEMeHmHOCHel MOPCLKUX [HICEHePI8 ULTAXOM MoOe-
JIHOBAHHS OUHAMIKU 3MIHU pedcumy medii piOouHu 8 CyOHOB80MY mpPyOOnposodi i3 3acmo-
CYBAHHAM CUCMEMHO-CIMPYKIMYPHO20 Ni0OX00Y ma iHpopMayiiHux mexHonio2iil.

Pesynomamu. Po3pobneni cmpykmypui ma QyHKUIOHANbHI cXxeMu cucmemu cyo-
Hosux mpybonpogoodis. Pospobnena noxkporxosa memoouxa 00CriONHCEHH PYXY PIOUHU
V npamux 21aokux yuniHopuyHux mpyoax. Ha nabopamopnomy cmenoi HTI]-11.38
«'IIPABJIIKA, I'T/IPOMALLIIHH I I'T/JPOITPUBO/IH» 3006y8auamu oceimu npose-
O0EeHO eKCnepuMeHm, 8UKOHAHO pO3paxyHKu ma eizyanisayiro pesyrsmamis. Ompuma-
HO epagpiune 8i00OpadicenHss OUHAMIKU 3MIHU wWeuoKocmi meuii piounu. Becmanoeneni
3HAYeHHs, 3a AKUX MYypOYIeHMHI 8UXOPU PIOUHU MOJCYMb NPU3BECMU 00 GUHUKHEHHS
Asuwa ciopoounamiunoi kasimayii ma xasimayiinoi xoposii. Bucnosexku. B pobomi
3acmocosanull iHmezposanuti nioxio 00 8UBUEHHs 0CBIMHbO20 KoMnoneHmy « Dizukay,
AKUU NOEOHYE 3HAHHA MA HABUYKU 8 00nacmi Qizuku, Memooonozii 00ciiodceHHs, ma
iH(hopmayilinux mexuHono2iu. 3anyuenHs Kypcammise 00 HAYKO80—OOCHIOHOI pobomu
0a0 MOJNCIUBICID PO3GUHYMU HACYNHI KOMIEMEeHMHOCNI: NPAKMUYHI HABUYKU KJla-
cugpixayii cymnocmeti, Ha8UYKU pobomu 3 1400pAMOPHUM OONAOHAHHAM, 30AMHICMb
3acmoco8yeamu AHAIIMUYHI Ma eKCRepUMeHmMalbHi Memoou OJis BUPIUEeHHS CKIAOHUX
3a0au, ma iHGopmayitiHi mexHonozii 011 00uUCTIeHb, 30aMHICIb AHATI3YEAMU Pe3)ilb-
mamu ma 00TpPYHMOBY8AMU BUCHOBKU OOCIIONCEHHS.

Knrouoei cnosa: cucmemHo-cmpykmypHuii nioxio, monexkyiapHua ¢izuxa, inghopma-
yilini mexHonoeii, cyonosi mpyoonpoeoou, mypOoyieHmMHUL PeXiCuM.

© Apemuyk C.O., Macios 1.3., 2023
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Summary

Introduction. One of the many safety problems of maritime shipping is the incorrect
assessment by crew members of the vessel of the speed and strength of physical phenomena
that cause an emergency. No less significant are the problems of reliable operation of
numerous ship pipelines. Aggressive influence of marine fuel varieties and turbulent
fuid flow mode lead to destruction of pipe surfaces, wear and vibration of pipelines
and valves. These factors justify the relevance of studies of physical processes in the
field of molecular physics and mechanics of continuous environments. The purpose of
the work is the development of the professional competencies of marine engineers by
the modeling the dynamics of changes in the fluid flow regime in the ship pipeline using
a system-structural approach and information technologies. Results. Structural and
functional diagrams of the ship pipeline system have been developed. A step-by-step
method for studying the movement of liquid in straight smooth cylindrical pipes has been
developed. At the laboratory stand "HYDRAULICS, HYDRAULIC MACHINES AND
HYDRAULIC DRIVES" cadets conducted an experiment, calculated and visualized the
results. The graphic display of fluid flow mode change dynamics is obtained. Calculated
values at which turbulent liquid flows can lead to the occurrence of the phenomenon of
the hydrodynamic cavitation and the cavitation corrosion. Conclusions. The work uses
an integrated approach to the study of the educational component "Physics,"” which
combines the knowledge and skills in the field of physics, the research methodology,
and information technologies. The involvement of cadets in scientific and research
work made it possible to develop the following competencies: practical skills in the
classification of entities, skills in working with laboratory equipment, the ability to
use analytical and experimental methods to solve complex problems, and information
technologies for data processing, the ability to analyze information, formulate and
substantiate the conclusions of the study.

Key words: system-structural approach, molecular physics, information technology,
ship pipelines, turbulent mode.

Beryn. [l 3000yBauiB BUIIOT OCBITH 3a cnenianbHicTio 271 Mopcbkuil Ta BHY-
TPIIIHINA BOXHUI TPaHCHIOPT BAXKJIMBUM aceKTOM (axoBOi MiATOTOBKU € OTPUMAaHHSA
3HaHb Ta PO3YMiHb (i3MYHHUX MOHATH, 3aKOHIB, TEOPiH, ABUI Ta IPOLECIB, 110 3aCTO-
COBYIOTBCS Y cdepi MOPCHKOI iHXKEHepii, Ta JiexaTh B OCHOBI CYIHOBUX CHCTEM.
HeBin’eMHOIO CKIIaJ0BOIO MiATOTOBKM € HAOYyTTA YMiHb KOPHUCTYBaHHS 1HCTPYMEH-
TaMH, NMPUJIAJaMH, JTa0OpaTOPHUMH YCTAaHOBKAMU Ta CTEHAAMH IJI BUMipIOBaHHA
($i3MYHUX BENWYMH, Ta HAOyTTS MPaKTMYHUX HAaBUYOK 3aCTOCYBaHHA CYy4acHOTO
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MPOrpaMHOIo 3a0e3MeUeHHs, K JUIsl pO3paxyHKiB, Tak 1 JJIs Bidyasizallii OTpUMaHUuX
pe3yibTaTiB.

IMocranoBka npo6aemu. HenocrarHi 3HaHHS 3aKOHIB (i3UKH MOPCHKUMH (axiB-
ISIMH € TIEPEAYMOBOIO MIOPYIICHB MTPABUII OE3MEKH Ta OCHOBHOKO PUYHNHOIO YHCIICHHUX
MOPCBHKHUX KatacTpo( Ta aBapiii. Pe3ynbraru aHai3y TpUALSTA HAHOUIBIIMX KaTacTPOd
MOPCBKHX CyleH y XX CTONITTI, omucaHux B poborti [1], 300pakeHi Ha diaepama 1,
1 BitoOpakaroTh HaUMOMIMpPEHINy NpUYHHYy KaracTpod — mmoncekuit dakrop (72%),
a0o MoeTHAHHS JIIOJICHKOTO (akTopy 3 iHIMME npudrHamMu (21%). 3 omucy Ta aHamizy
aBapifiHUX CHUTYyallii BiJIOMO, III0 HaiuacTillle Ii¢ HenpaBUbHA OIliHKA YICHAMH CKi-
Naxy CylHA JWHAMIKH Ta TOTYKHOCTI ()i3WYHUX SIBUII, SIKi CHPUYMHIOIOTH aBapiiHy
CHUTYaIIil0, [0 B pE3YJIbTaTI MPU3BOAUTH JI0 YUCIICHHUX JFOJCHKHUX KEPTB, EKOJOTTUHUX
KaracTpod Ta BETUKUX (PIHAHCOBUX BTPAT.

Sk npuknan, 3a iHdGopMaIli€r 3 BIIKPUTHX PKEPEN [2], MOKHA OMCATH 3iTKHEHHS
nacaxupchkoro cyana «Aamipan HaximoB» Ta Oankepa «Ilerpo BaceB» 31 cepmHs
1986 poxy B Llemechkiii OyxTi Mopcbkoro nopty HoBopociticek. Ilicnst daranbHOTO
30JIMKECHHS CY/IcH Ha HeOe3IeUHO KOPOTKY BiJICTaHb, Ta KOMAH/IM BiJl KamiTaHa Oankepa
«TOBHUH Ha3aJ», HE3BAKAIOUM HA T€, 10 TPeOHUIN T'BHUHT BXKE IMPAIOBAB Ha 33 HIN
xij, Gaskep 3a iHepIli€lo MPOJOBKYBaB PyXaTHCh BIIEPE, 1 Bpi3aBcs B CEpeAMHY Tpa-
BOTO OOPTY MacakupChKOTO CYy/IHA, SIKE TEX 3a THEPIII€I0 POJOBKYBAJIO PyXaTHUCS BIle-
pen, po3BepTaroun Oayikep, 1 30UIbIIyI0YH po3Mip npoOoinu. Uepe3 8 XBUIMH CYTHO
MOBHICTIO minuio mix Boxy. Karactpoda marna Tpariudi Hacmiaku, i 3a0paia >KUTTS
359 nacaxupiB Ta 64 4IeHIB eKiMmaxy.

HaBeaenuii npukiag JeMOHCTPYE OAHY 13 mpoOiieM Oe3IeKy CyJIHOIUIABCTBA, SKa
MOJISiTa€ B HEMPABWIBHIN OIIHI[ YWICHAMH €KIiMaxy CyJHa IIBHIKOCTI Ta cuid (i3ud-
HUX SIBUII, 110 CIIPUYHMHIOIOTH aBapiiiHy cuTyamito. He MeHII BaXXITMBUMU € POOIeMHU
HaJIHHOT eKcIuTyaTtamii Ha Cy[IHI YHCICHHUX TpyOOomnpoBoniB. TypOyJeHTHI MOTOKU
PIAMHY IPU3BOIATH IO pyHHYBaHHS BHYTPIIIHIX MIOBEPXOHB TPYO, 3HOLICHHS Ta BiOpa-
il TpyOONpoBOiB Ta apMaTypu. BUKopHCTaHHS pi3HOBHIIB CYIHOBOTO TIalliBa CTBO-
PIO€ HOBI PH3HKH JUTS HAJIHHOT Ta Oe3MeYHOol eKCIuTyarallii CyTHOBUX TPYOOIPOBO/IIB,
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W lioacbkuii paktop M Komnnekc npuymH MopcbKa cTuxin

Hiaepama. 1. [Hiaepama, wo 8ioobpadicae 8i0comxu npuyun mpuoysmu Hauoiibuux
Kamacmpog mopcokux cyoen y XX cmonimmi
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TOMY IOCIKSHHS (DI3MIHUX TPOLIECiB B 00JIaCTi MONIEKYISIPHOT (i3UKH, TiPOCTATHKH
Ta TiAPOAUHAMIKH € aKTyaJbHUMH.

AHaJji3 ocTaHHiX gocaiqxkedsb i myosikanii. TpyOonpoBia — 11e CyKyIHICTb TPyO
i pi3HOMaHITHOT apmarypu (3’€lHyBaJbHA, PO3TaNTyXyBajlbHa, 3allipHa TOIIO), TMPH-
3HaueHa JJIsl TPaHCIIOPTYBaHHs pisHUX pedoBuH [3]. [Tix cyaHOBOIO TPyOONPOBITHOO
CHCTEMOIO PO3YMIIOTh CYKYITHICTh YUCICHHUX TPYOOTIPOBO/IIB, MEXaHI3MiB, IPUCTPOIB,
YCTaHOBOK, arapaTiB Ta MPHJIaJiB yIPaBIiHHA 1 KOHTPONIIO, MPU3HAYCHHUX JIJISI BUKO-
HaHHS KOHKPETHUX (QYHKIIIH.

Hatinommupenima npoGiieMa CyIHOBHX TPYOOIPOBOMIB — pPO3repMeTH3allis, sKa
BiJJOYBa€ThCS 32 HU3KH MPHYMH: PYHHYBaHHS MOBEPXOHb TPyO, 3HOIICHHS Ta BiOpa-
1ist TpyOONPOBOIB Ta TPYOOIPOBITHOT apMaTypH, IOHATHOPMOBE 30UIBIICHHS THCKY,
3aMep3aHHs PiAMHYU MPY HU3BKHUX TEMIIEpaTypax, Kopo3is TpyO Ta apMaTypy BHACIIOK
BIUTMBY arpECHBHUX CEPEIOBHILL.

[Ipobnemu excruryatarii CyIHOBHUX TPyOOIpPOBOJiIB, IIO0 BHHUKAIOTH Yepe3 iX
MOIIKO/PKEHHSI BHACIIZIOK BIUIMBY arpeCHBHUX CEpEIOBUIN, CTBOPIOBAHUX pPi3HO-
BHJIaMU CYIHOBOTO TajKBa, OyJu pO3MIsSHYTI y poborax [4-6]. B pobGori [4] Oyino
BUKOHAHO aHANITHYHHWHA OTJISI TEXHOJOTIYHUX MPOOIeM, OB’ S3aHUX 3 BUKOPUCTaH-
HSIM 600HIO B SIKOCT1 CYIHOBOTO MajiBa. TpaHCIIOPTYBaHHS BEIUKUX 00'€MIB BOIHIO
MOB'sI3aHe 3 TEXHOJIOTIYHUMH TPYJHOIIAMH Y 3B'SI3KY 3 TU(Y3i€l0 BOJHIO KPi3b TBEPIi
Marepiaid Ta MOAATBIINM IX CKpUXYCHHSM. BojieHb cipHunHIOE pyHHYBaHHS CTali,
1e MiIBHUIIY€ eKCIUTyaTalliifHi BUTpaTu Ta 00'eMr BUTOKIB. ByHKepyBaHHS Cy/nHa BOJ-
HEM Hapasi ayke MpoOJeMaTHYHO Yepe3 BEJIMKY BapTicTh iH(pacTpykTypu. Brmpo-
BaJKEHHS BOJHEBHUX MAJMBHUX CHCTEM Ha CyJHaX MoTpeOyBaTUMe B MaliOyTHHOMY
BEJIMUE3HUX IHBECTUIIH B IHGPACTPYKTYypy Ui TPaHCIOPTYBaHHS, 30epiraHHs
Ta PO3MOJIIICHHS BOJHIO.

B poGoti [S] Oynu mpoanamizoBaHi (i3udHI Ta XIMiYHI BJIaCTHBOCTI CYIHOBOIO
najuBa METaHONIY, Ta HOro BIUTUB Ha CYIHOBI TpyOompoBoau. MeTaHON — Iie KOHKY-
PEHTOCTIPOMOKHE 32 BAPTICTIO Ta JOCTYITHE 32 iIHYPACTPYKTYPOIO MOPCHKE MaINBO, BiH
He ToTpeldye 30epiraHHs B KPIOTeHHOMY CTaHi, He TIOTpedye TPpyOOIPOBOIiB BUCOKOTO
TUCKY, sIK JJis1 BoAHiO. L{e crporye #oro OyHkepyBaHHs B ICHYIOYil iHQpPaCTPyKTYpi.
Taki XiMi4HI BIACTHBOCTI METAHOJY, SIK HEBUCOKA KOPO3ifiHa arpecHBHICTb, 3amooira-
I0Th NIepeIYacHOMY 3HOIICHHIO yCTAaTKyBaHHsS Ta TpyOornpoBoiB. OnHaK BUCOKA TOK-
CHYHICTh METAHOJY CTBOPIOE CEpHO3HY HeOe3MeKy JUIsl JIOMUHU B pa3i HOro BUTOKY.
MeTaHOJIOBI CYJHOBI ABHT'YHH BHKHJIAIOTH B arMocdepy Ha 90% MeHIIe IIKiTUBUX
pedoBrH. B naHuii yac BHUKOPHCTaHHS METaHOIY B SIKOCTi €KOJIOT1YHO YHCTOTO CYII-
HOBOT'O IaJIMBa aKTHUBI3Y€THCS 3aBISKH HACTYITHUM (PAKTOpaM: 3JaTHOCTI BIAMOBIAATH
crangapty Tier [l 6e3 nogaTKkoBOi 0OPOOKH BUXJIOIMHUX T'a3iB; €)EKTHBHIM MOKIIHBOC-
TSIM JIBONAJIMBHUX JIBUTYHIB; HU3bKill BapTOCTi iHQPACTPYKTypH; 301IBIICHHST BUPOO-
HUIITBA Ta POJAKy METAHOY Ha CBITOBOMY PHHKY.

B po6orti [6] Oynu po3misHyTI MpoOieMu, MOB’s3aHi 3 TPAHCIIOPTYBAHHSIM IO CYJI-
HOBOMY TPYOOITPOBO/Y III¢ OAHOIO PI3HOBUAY CYIHOBOrO nayimsa — Oiogusento (BJI).
B/l Mae BHCOKY TirpOCKOIIYHICTh i aKTHBHO a0COpOY€E BOJIOTY, TOMY € CHPUSTINBHM
CEepEIOBHIIEM IS POZMHOKEHHSI MiKpOOPTaHi3MiB, SIKIi MOXKYTh TPHU3BECTH JIO 3aKy-
MOPKHU QUIBTPIB 1 TPYOOIPOBOIIB, KOPO3ii MAIMBHOI anaparypy i BAHHKHEHHsI BiJIKJia-
JICHb O10JIOTIYHOTO TIOXO/DKCHHS B MaNMBHIKM cucTemi. [Ipy HHM3BKHX TeMIiepaTrypax
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0lonasMBO BTpava€e pyXJIHBiCTh, CTAE TeJIecO00pasHUM, KPUCTATI3YETHCS, IO TPU3BOIUTH
110 3a0uBaHHs (HiIBTPIB, TPYOOIIPOBOIB, YTPYAHEHHS IepeKkadyBaHHs Hacocamu. [1epe-
JIK yCiX HecrpaBHOCTEW CyJHOBOI eHepreTnyHol ycranoBk (CEY) npu Bukopucransi
BJ1, Ta pexoMeHaallii 111010 YHUKHEHHsI HeratTuBHOTO BIUMBY BJl Ta edexTuBHOI ekc-
ryaraunii CEY nmorpeOyroTh aHalizy B OKpeMOMY JTOCITiIKCHHI.

st eeKTUBHOI eKcIITyaranii K JiI0UrX CyAHOBHX TPYOOIPOBOIIB, TAK i IPH KOH-
CTPYIOBaHHI HOBHX, (haXiBISIM MOPCHKOI iH)KeHepii HeoOXiIHI MIl[HI 3HAHHS KJIacHy-
HUX 3aKOHIB MOJIEKYJISIPHOT ()i3WKH, MEXaHIKH CYHIJIbHUX CEpPEOBHII, TiAPOCTATUKU
ta rigpoauHamiku. lle 3akonu I[lackans Ta Apximena, piBHsHHsA BepHymii, TpyOku
ITito, hopmyn Hetotona, [lya3seiins Ta CTokca, onucaHi y IpyHTOBHOMY HaBYaJIbHOMY
nociouuky [7]. ®opmynu Herorona, [Tyaseitns ta CTokca xapakrepi s JaMIHAPHO20
pexxumy Tedii pinuHu. [Ipu 3pocTaHHi MBUAKOCTI TeUil piIMHU XapakTep Tedii iCTOTHO
3MIHIOETHCSI — y TIOTOI PIIMHH YTBOPIOIOTHCS BHXOPI, IIAPH PiTUHU TTEPEMIilIYIOThCS
Mk c0o00I0 1 CHIIH OTIOpY Pi3KO 3pOcTaroTh [7, ¢. 58]. BinOyBaeThcs mepexin Bif iami-
HApHO20 PeXUMY Tedii 10 mypoOynenmruozo. Di3udHi sBUILA, OB’ SI3aHI 3 PEKUMOM
Tedii piIMHU Ta HOTo 3MiHAMU, 3MIMCHIOIOTh 3HAYHUN BIUIMB SIK HA PyX Cy/IHA, Tak i Ha
EKCIUTyaTallilo CyTHOBUX TPyOOmpoBomiB [8].

CynHOBI TpyOOMPOBIIHI CHCTEMH TOISIOTLCS HA JIBI OCHOBHI rpymu: 1) 3arajibHo
CYZIHOBI TpyOOIIPOBiJIHI CHCTEMU; 2) TPYOOIPOBITHI CHCTEMH CYyAHOBUX E€HEpreTH-
HUX YCTaHOBOK. CUCTEMH IIUX JIBOX TPYIl MOKHA KjacupikyBaTu: 1) 3a poJoM TpaH-
CIIOPTOBAHOI PEYOBHMHU; 2) 3a XapaKTepoMm BHKOHyBaHuX (yHKIHil [3, 8]. Ockinbku
CY/IHOBI CHCTEMH CKJIJIAIOThCS 3 0araTOuuCIIEHHUX TPYOOTPOBO/IIB, MOMIISIOTHCS HA
TpYNH, Ta PI3HATHCS 32 O3HAKAMM, JIJISl OTPUMAaHHS TOBHOI IUTICHOT KapTHHU BCi€i
CUCTEMH € JOUUTBHUM BUKOPUCTAHHS CHCTEMHO-CTPYKTYPHOTO MiJIXOLy — HampsiMy
METOJI0JIOTIT JJOCIIIIXKEHb, 110 MOJIATAE Y BUBUCHHI 00'€KTA SIK I[1JIICHOT MHOYXUHHU €Jie-
MEHTIB Yy CyKYITHOCTi BiJHOLICHH i 3B’SI3KIB MK HUMH, TOOTO pO3INIsi]l 00'€KTa SIK
cucrtemu [9].

B Toii e yac HayKOBO — JIOCITITHHUIIbKA poOoTa B 00acTi (izuku nependayae HeoO-
X1THICTh PO3paxyHKiB 3HaueHb ()i3UIHUX BEITHMYHH Ta iX TOXUOOK i3 32/IaHOI0 TOYHICTIO,
Ta TpadivyHOro BiZIOOpPaKEHHS OTPUMAHHUX PE3YNbTATIB, M0 BAMAara€ BHKOPHCTAHHS
cydJacHUX iH(opMamiiHUX TEXHOJOTIH, SIKI 3HAaYHO CIPOUIYIOTh Ta MPHIIBHIIIYIOTH
MPOIECH O0YHUCIICHHs Ta Bi3yanizaiii. Tomy mociimkeHHs (Qi3UUHUX SBUII B 00JIACTI
MOJIEKYJSIpHOI (PI3MKM Ta MEXaHIKM CYLIIBHUX CEpEJOBHUI 13 3aCTOCYBAaHHSM CHC-
TEMHO-CTPYKTYPHOT'O TIIX0AY Ta iHGOpMAaIliHIX TEXHOJOTIH € aKTyalIbHOI HayKOBO-
TEXHIYHOIO Ta MEIaroriyHo0 33/1aucto, 1 00YMOBIIIOE METY POOOTH.

Mera Ta 3aaa4i po6oTu. Memorw pobomu € Po3BUTOK (HaXOBUX KOMIICTCHTHOCTEH
MOPCBKHX TH)XXEHEPIB HIISXOM MOJCTIOBAHHS JWHAMIKM 3MIHM PEKUMY Tedil piJuHA
B CyIHOBOMY TpYyOONpPOBOAI 13 3aCTOCYBaHHSM CHCTEMHO-CTPYKTYPHOTO MiJIXOLY
Ta iHpOpMaIIHHUX TEXHOIOTIH.

Jlns nocsrHeHHsI MeTH poOOTH HEOOXIHO BUKOHATU HACMYNHI 3a0ayi:

1. 3 BUKOPUCTaHHSM CHCTEMHO-CTPYKTYpHOTO IJIXOAY PO3POOUTH CTPYKTYpHY
Ta QYHKIIOHAIEHY CXEeMH CHCTEMHU CYJHOBUX TPYOOIPOBO/IIB;

2 Po3poOuTH MOKPOKOBY METOAMKY JOCIHIPKECHHS PyXy PIIUHH y MPSIMUX TIAIKAX
MUTTHAPUYHAUX TPyOax 3 ypaxyBaHHSIM OCOOJIMBOCTEHN J1a00OpPaTOPHOTO CTEHY, Ta MPo-
BECTH BUMIpPIOBaHHs (DI3UYHUX BEIUYHH;
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3. 3 BUKOpHUCTaHHSM iH(POPMAIIfHUX TEXHOJOTIH BHKOHATH PO3PaxyHKH, Bi3ya-
J3aIliio Ta aHaji3 OTPUMAHUX PE3yJbTariB, CPOPMYIIOBATH BUCHOBKH, T4 BU3HAYUTH
HAMPSMKH TOJANBIINX J0CHTiHKEHb.

BukJiax ocHOBHOro Marepiany nocaifzkeHHs. Pozpooka cmpykmyproi ma gpynxyi-
OHANLHOT cXemu cucmemu CyOHosux mpyoonposoodie. CymHOBI TPyOOIPOBIAHI CUCTEMH
TpyOOIPOBIIHI MOAISIOTECS HA JB1 OCHOBHI IPyIIH:

1) 3aranpHO CyIHOBI TpyOONpOBiNHI crcTeMu; 2) TpyOONPOBIHI CUCTEMH CYIHO-
BUX €HEPreTUYHUX YCTaHOBOK. Bci cucTeMu mux ABOX TpyI MOXKHA KiacH(iKyBaTH:
1) 32 potoM peuOBHHH, SIKa MEPEMIIYETHCSI IO TPYOOIIPOBOLY; 2) 3a XapaKTEPOM BHKO-
HyBaHUX (DYHKIIH, IPUHIMAIIOM Jii 1 XapakTepoM poOOTH. 3a POJIOM PEUOBHHU TPYOO-
MPOBOIX MOXKYTh TPAHCIOPTYBaTH BOAY, MOBITPS, Map, ra3, HAaQTOMPOAYKTH, XiMidHI
PEYOBHHH TOIO.

OCKIJIbKY CYIHOBI TPYOONPOBIIHI CHCTEMH CKJIAJAI0ThCSA 3 0araTouruCiICHHUX TPY-
OOTPOBOIIB, OAIISIOTECS HA TPYIIH, Ta PI3HATHCS 32 O3HAKAMH, JJIsl OTPUMAHHSI TIOBHOT
LTICHOT KapTHHU BCi€l CUCTEMH JOIIITBHO BUKOPUCTATH CUCTEMHO-CTPYKTYPHHHU MTifI-
Xil Ta moOyayBaru OaraTtopiBHEBI Kiacu]ikalliiiHI CTPYKTypHi Ta (yHKIIOHAJbHI
CXEMHU CHCTEMH CYTHOBHX TpyOompoBomiB. Lle MOXIMBO 3pOOUTH HAa OCHOBI OTIISATY
Ta aHasizy poOiT [3, 8], cucTemaru3ariii 3HaHb, Ta BUKOPUCTAHHS MijcucTeMu SmartArt
y TekcToBoMy mnporiecopi MS Word. Ha puc. 1, 2, 3 noka3ani knacudikariiiai 6araro-
PIBHEBI CTPYKTYpHI Ta CTPYKTYpHO — (YHKI[IOHAJIbHA CXEMH CHCTEMH CYAHOBHX TPY-
0OIPOBOIIB, PO3pO0IICHI 3a y4acTi 3100yBaviB BUIIOI OCBITH — KypcaHTiB JlyHaHCHKOTO
iHcTuTYT HarmionansHoro yniBepcutery «Onechbka MOpPCBbKa akalieMis» Ha TpaKTHY-
HOMY 3aHSTTi 3 OCBITHROTO KOMITOHEHTY «Di3uKay.

Ha puc. 1 Ta 2 HaniBXupHAM MIPUPTOM Ta TOIyOHM KOJIBOPOM TO3HAYEHA IiJICHC-
TeMa TPyOOITPOBOTY, TOCIII)KYBaHOTO KypCcaHTaMH Ha JTab0opaTOpHOMY 3aHSITTI. 3ampo-
MOHOBAHI CXEMH MIJISTalOTh YTOYHEHHIO Ta JOTIOBHEHHIO KYpCaHTaMHU TPH BUBUCHHI
TEXHIYHUX JUCLUIUTIH 3 eKCIUTyaTallii cylHa Ha HACTYIMHUX Kypcax HaBYaHHS, OJHAK
JIO3BOJISIIOTh KypCaHTaM B)K€ Ha IMEpIIOMY Kypci HaBuaHHSA: 1) oTpUMaryd 3HAHHS
IIONI0 CTPYKTYPH, CKIIaay Ta (QYHKIIHA CHCTEMH CYTHOBUX TPYOONPOBOIIB; 2) pO3BH-
BaTW KOMIIETEHTHOCTI MO0 3aCTOCYBaHHSI CHCTEMHO-CTPYKTYPHOTO MiIXOMY, SK Hay-
KOBO-JIOCJITHUIIBKOT METOJIONOTI, Ky BOHH 3MOXXYTh B MaiOyTHHOMY BHKOPHCTaTH
B HaBYAIBHUX, TPOPECIHHNX Ta HAYKOBUX JIOCIIIPKCHHSIX.

Po3po6ka noKpoKkoBoi METOAMKH EKCTIEPUMEHTAILHOTO JJOCIIKEHHS pYXy PIANHH
y IpSAMUX TIAJKHX TIHAPAYHUX TpyDOax 3 ypaxyBaHHSIM ocoOnuBocTed maboparop-
HOTO CTeHTY. O0’€Kmom eKCTIEpUMEHTANIBHOI YaCTHHU JOCTIJDKEHHS € TPyOOIpoBija
naboparopnoro crenay HTL-11.38 «'I[JIPABJIIKA, TTAPOMAILIMHU I T'TAPOITPU-
BO/11», BUKOpUCTAHUI SIK TPOTOTHUIT CYTHOBOTO TPyOOIIPOBOTY.

Ilpeomemom € 3MiHAa TUHAMIKH PyXy PIAMHU y NPAMUX TIAJAKUX MUTIHAPHYIHUX
Tpy6ax. Obnaonanmusi cmendy MICTUTh: JIBa CJICKTPOJABUTYHHU, TPU IICCTCPSHHI HACOCH,
aKClaJbHO-TIOPIITHEBHH TAPOMOTOD, JBa TiAPOLMIIHAPH, IIICTh TiAPO PO3MOMIILHHKIB,
Ta 1HIY HANPABJSIFOYY Ta PErYIIOUy anaparypy.

[HpopMmamiiiHO-BUMIpIOBaIbHA CHCTEMa JIO3BOJISIE BUMIPIOBAaTH: BUTpatu (TpH
BUTPATOMIpH IHTETPYIOYOTO THITY); THCK (YOTUPHAAISATH MAHOMETPIB 1 OIMH BaKyyM-
METp); TeMIlepaTypy poOo4oi piTuHH (IBa TEPMOMETPH); Yac (JBa €JIEKTPOHHI CEKYyH-
JIOMIpH); IIBUJIKOCTI BUXIAHUX JIAHOK TPHU IOCTYNaJbHOMY Ta OOepTaibHOMY pYCi,
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Cuctema cyaHoBUX TpybonpoBoais

; MNiacuctemun Tpybonpososis i TEMM 3ara/ibHOCYAHOBUX
2 piBeHb .
CEY TpybonpoBogais

| 1Naposi 1 TpromHi niacucTemu
niacuctemm
2 banacTHi nigcncremm
2 KoHgeHcaTHo-

— KUBUNbHI —

nigcucTemn 3 MPpOTUNOKENKHI niacucTemu

BOAO Ta NapO raciHHA

|| 3 ManusHi 4 TIpoTUNOKEXKHI NigcMcTemm

nigcmcremm niHO,ra3o Ta BYINIEKMCAOTHOIO

raciHHA
4 Macnsani 5 Miacuctemn nobyToBOrO
| nigcuctemu BOAOMOCTa4YaHHS
(5 Migcucremm 6 CTouHO daHoBI niacMcTemm
— BOAAHOro
| OXONOAKEHHA 7 NMiacuctemn onaneHHa, |
_ rocrnofapcbKoro

6 MosiTpAHo- naponocTadyaHHs, obirpisaHHs
—|  rasosl Ta NPONapIOBaHHSA

nigcMcremm

8 MNigcncremm BeHTUNALIT i
KOHAMLiOBAHHA NOBITPA
9 XonoannbHi niacuctemm ‘

10 Nigcmuctemn CTUCHEHOTO ‘
nosiTpsA

11 Niacuctemun pATYBaNbHUX ’
cygeH
12 Migcmctemum HaNMBHUX
cygeH
13 Migcmuctemun NPOMMCNOBUX
cyaeH

14 Nipcmuctemun cyaeH pisHoro
NPU3HaYeHHA

Puc. 1. cmpykmypua cxema cucmemu cyoHogux mpyoonposooie

4acToTy 0OepTaHHS OCHOBHOTO HACOCA; MOTYXKHICTB, IO MiTBOMATHCS JO TiAPOTPHU-
BOJy; KOPUCHY TTOTYKHICTh Ha BUXIIHUX JIAHKAX.

Konempyxyiss cmendy. KOHCTPYKTHBHO CTEHJI BUKOHAHWH Yy BHUIISL €IUHOTO
MOIYJIA 3 TBOCTOPOHHIM 0a3zncoM. Ha 000x 6asmcax CTeHAY HaBEACHO CXEMU TiapaB-
JYHI TPUHITAIIOB] BiAMOBIIHKX MigcucTeM: «I igpasiikay i «['impomMama i rigporpu-
Boam». Ha OiuHil mOBepXHi CTEHIy pO3TalIoBaHi 3arajibHa TiApaBlliyHa IPUHIHIIOBA

106



Ne 1(16), 2023

PO3BUTOK TPAHCIIOPTY

AHD 910090duogldiu nwowonopiu pwaxo vudluniddw?) 7 -ong

qHa4ld {7
[ —
aIfoxown? ALBUnLo|w
oug9 -l9oU €T
[ E——
Lg Juan B = —_—
edlaou oioros
alopoaily oioHLdogee ?_.u..“:._!.__u__q
_oouTe | “Troxo JU 'S e
ey - -
HHHIdOJ
pdusou | ou ou ALpamaHoH
metou T BHBUIBN T’y eHauue(| '€ IWTE
[ S— [ -

JLl 190gel

-oHBdLI80|] 9

m::wi_qoxo
0JoHETo8 )|

oUl Haumank |
-OHLEIOHITHOY

A3D g1FogoduogAdL nwaLomnd||

ndeu digris
1 8IMMHAL.D
*HOHAUIMA £'T

ANIML
OJOHEMH
‘modu 3091

AnamL
CIOHOIHA
modu 21 5T

AIULaH
wraArodu
Wt

ey 1oH
enoaned utra
JUET

udeu
IOHH WO
Juet

wdeu
1GHEDWCS
wItT

[

au
18ode|] T

107



Ne 1(16), 2023

PO3BUTOK TPAHCIIOPTY

AT 910090duoglAdus xn9oHEAd nwauidnd nwauond01u 1090dvu pwaxd PHArPHOMMHAD-ondluniddut) -9 -ong

H0g9odoN XMHAreaoiHarImA ndeu
dowex xiHMIHEOE €1 IMIWAD JoHBTog0deu digrig ‘ndArewde digrria | aMmMHared
| alWEIHEXSW XMgodeu glodiondu XxmaoHmHared o ndeu enewol | BHHOHAUIMA £'T

sam:._.ozmmOn_,_._ma:_n__mEmbsum___u.om_oacom\»a:m_s_m_zmxms_ >xu_\;o_0xn_ms_._
A¥IU1L 010H9EMH HUHXKOodOoU €1 IMIWAD JoHBTog0deu | ALteoHaPHON TiaT nxgArodu H11 91T

ndeu JOH¥IWOUOT | [OHEOL01 WaL1dMd glFogoduogAdL | aiWEIHEXDaW L A¥ounL oloxooMg

AxOML 01010018 HUHXKOdOU € IMIWAD JoHBT’'Og0deu | ALeoHITHOH TIaT nxaArodu H|y §°T
gIrLOM

NT0g 1LO0ONE BHHIK9JDQE OI0L3W € gI/LON € UTOE9 UHULIBK m::m:m_qsﬂ
: : nxiaAvodu H| v'T

ndeu
IoHegogqanedutrig

UET

glhegankoud o7 ndeu enerou ‘NdOLBIHITHOH 8 GIWEIHEXSW
XUHXKIWOUOT | HIgdAL XMHEow0l 718 ndeu JjoHegsodanedutrig 7iatig

mndeu
IOH¥XIwouoTr H|y ¢

BHHEHTergo olohnMHgodug | aiLedeue XMHHIWQOOLLISL
‘aIWEIHBX3W XUHXKIWOLOT o ndeu |oHahndeH oge joLidiadau enerol]

HIQdAL xMaodeu XxMHaoL 0l O HOGOHELIA ndeu

XnhnHgodua odeu g ndeu JoHahndeH OQge |oLidiadau enerol

IOH8OUOI D T'T

_L
=
Q
O
o
.
=
O

108



PO3BUTOK TPAHCIIOPTY
Ne 1(16), 2023

cXeMa CTeH/Ty, BAMHKadi eJICKTPOXKHUBICHHS CTEHAY 3 IHIUKaTopaMu BKIFOYEHHS (a3,
Ta 3a001KHUKH.

Texniuni xapaxmepucmuxu cmendy. Po3moain po6o4oi piJuHu BiJl OCHOBHOTO Hacoca
3a 0a3aMu CTEH]y 3A1HCHIOETHCS 3a JOMOMOTOI0 PO3MOIUILHIKA 3 PyYHHM KepyBaHHIM
P1. Hanpyra >xusnennas 380 B, gacrora 50 I'u, Hampyra >KWBJIEHHS €1€KTPOMArHiTiB
ripo po3moninbHuKiB — 24 B (mocrtiitHnii crpym). Hanpyra Ha KiHIIEBUX BUMHKadax
KB1 i KB2 — 12 B. HomiHanbsHa nOTYKHICTh cTeHAy — 4,4 KBT.

B excriepumenTi Oyio J0ciiKeHO TPYOONPOBi a6¢ 3 BCTAHOBJICHUM Y HBOMY JIPO-
ceneMm JIP1. KoHCTpyKTHBHI apamMeTpu TpyOONpOBOLY: BHYTPIIHIN JiamMeTp — 8§ MM,
niametp otBopy apocens AP1 — 3mwm, nopxkunu: ad = 450 MM, 6¢ = 100 mm. Ha puc. 4
37iBa 300pa)keHO (POHTANIBLHUNA BHUIVISAA J1a0OpaTOpHOTO CTEHY, CIipaBa 300paKeHi
Kypcantu JlyHaiicbkoro iHcTutyT HarionansHoro yHiBepcurety «OJechka MOpChKa
aKazieMis» B IPOIIEC] JOCIIPKEHHS.

MeToanka aociikeHHs1, po3po0iieHa aBTOpaMH, MICTUTh HACTYIIHI KPOKH.

Kpox 1. TIpoBectH 3i 3100yBauaMu OCBITH TIEPBUHHHUN 1HCTPYKTaX 3 TEXHIKH 0e3-
MIEKH TpH poOOTi 3 00NaHAHHAM 3 HaNpyroto xuBieHHs 380 B;

Kpox 2. BBIMKHYTH pyKOATKY posmnofinsHuka P1 1o nmonoxenus I (BepxHe);

Kpox 3. YBIMKHYTH BKIIIOUHTH €JICKTPUYHE KUBICHHS CTCH/IY;

Kpox 4. YBimkayTH enekrponsuryd M1 (knomka «ITyck»);

Kpox 5. YBiMKHYTH po3niofinsHUK P2 TymOnepom 10 nonoxeHHs: « Bkim»;

Kpox 6. latii MOXKITUBICTD NIOMPAIIOBATH CTEH/TY MPOTATOM 5 — 6 XBUIIUH;

Puc. 4. 3oeniwmnii uensio 1a60pamoprozo cmeHoy, ma Kypcammu 6 npoyeci
00Ci0dICeH s
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Kpox 7. 3a 101IOMOT0I0 €NEeKTPOHHOTO CEKYHIOMIpa BHMIPSITH 4acC TIPOXOKECHHS
MIEBHOTO 00CATY POOOUOT piTUHK Yepe3 TPYOOIpoBia adc. 3a J0MOMOIr0K0 BUTPATOMIPY
BUMIPSTH 00¢sie poO0UO0l piAvHU. 3a JOIOMOTOI0 TEPMOMETPA BUMIPSTH mMeMnepamypy
poGouoi pianuu. OTpuMaHi JaHi 3aHECTH B TAOIMIIO 1.

Kpox 8. BumiproBaHHs moBTOpUTH He MeHmie 10 pa3iB npu pi3HHX oOcsrax BUTpa-
tax piguHu. OOcsArH BUTpAT 3MIHIOIOTHCS 3a JOMOMOroi0 perynsropa Butpar PPI.
[ToBopoT MaxoBHKa 32 TOJMHHUKOBOIO CTPLIKOIO CYNPOBODKYETHCS 30UIBIICHHIM
BUTpPATH PIAMHHA. Y KOXKHOMY BUMIPIOBaHHI HEOOXiAHO (iKCyBaTH memnepamypy pobo-
yoi piounu. JlaHi BUMIpIOBaHb 3aHECTH B TAOJUIO 1.

Kpok 9. Ilicnsi mpoBeneHHsT BUMIPIOBaHb BiJKIIOYMTH JKUBICHHS CEKYHIOMIpY,
BUMKHYTH €JIEKTPOJIBUTYH 1 )KUBJICHHS CTCHIY.

Kpoxk 10. O6uuciuty Butpary piguau 3a 1 cek o gpopmyii: Q=V/t (i/cex).

Kpoxk 11. ITepesectu BuTpary pimunu Q 3 1/cex B Q| w6 B M3/cek.

Kpok 12. Bu3HaunTH MBUAKICTH PyXy PIIMHH B M/CEK BIJIHOMICHHSM 00'€MHOI
BUTpaTH PiHu Q 16 110 IO Tepepizy MoToKy S: w = Q 6 /'S, ne S=nd*/4, d — Buy-
TpilHiii giamerp Tpy6u. w=4Q, ./ md® (m/cex).

Kpoxk 13. O6uucauT koedilieHT KiIHEeMaTHYHOI B'SI3KOCTI L 3a (hopMyIIo L = u/p.

Kpok 14. O6uucnutu uncino Petinonb/ca: Re = wdp/p. 3 ypaxyBaHHsIM KoeillieHTY
KiHEMaTHYHOI B'SI3KOCTi L = Wp uucio PeitHonpaca obunciroeTses Re = wd/v.

Kpok 15. BusHauutu JuHAMIKy 3MIHH pedcumy Haniproi meuii piounu y nps-
MUX enaoxux yurinopuunux mpyoax. TeopeTHUHO IS PyXy BOIAM Y MPSMUX TIAJAKUX
HWTHAPUYHUX TPyOax HamipHHUX MOTOKIB BCTAHOBJICHO HACTYIHI MEXi ducia Pei-
Honbaca: 1) Re <= 2320 — criiikuii maminapauii pexum; 2) Re >= 10000 — crilikuii
TypOynenTHul pexum; 3) 2320 <= Re <=10000 — nepexiTHUil peKUM, HECTIHKHI
JaMiHApHUI PEXUM.

Tabmanmg 1
ExcnepuMeHTaJIbHI 1aHi Ta po3paxyHKoOBi 3HAYEHHS

Buyrpimniii niamerp Tpyon d= 8 mm IlouarkoBa Temneparypa t =28 °C
Ne | Temme- Burpara | Burpara | lsua-
n/m | parypa I(Icz;fc)t ET;; a:gc\i QE a [Qs ]\B 3al lcicn)ﬂw R, =wd/v
t°C 3a 1 cek ceK (M/ceK)
1 28 128 3062 0,016 1,56E-05 0,311 2787,463
2 29 122 3064 0,016 1,64E-05 0,326 2924551
3 30 69 3066 0,029 2,90E-05 0,577 5170,946
4 30 52 3068 0,038 3,85E-05 0,766 6 861,447
5 31 28 3070 0,071 7,14E-05 1,422 | 12 742,687
6 31 20 3072 0,100 1,00E-04 1,990 | 17 839,762
7 31 16 3074 0,125 1,25E-04 2,488 | 22299,703
8 31 14 3076 0,143 1,43E-04 2,843 | 25 485,375
9 31 13 3078 0,154 1,54E-04 3,062 | 27 445,788
10 31 10 3080 0,200 2,00E-04 3,981 35 679,525
Jl0BiIKOBI BETMUMHHN, BUKOPHUCTAHI B PO3paxyHKax
Juramivanii koedimient B's3kocti Bogu 1 = 8,90-10—4 Ila-c mpmt=25 °C
inpHicTs Boau npu t=25 °C p=997,1 kr/m3
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Po3paxynku, Bidyamizamis Ta aHa i3 oTpUMAaHUX pe3yabTaTiB. Po3poOiieHa meTo-
JMKa Oyiia BUKOpUCTaHa ITiJ] 9ac MPOBE/ICHHS EKCIIEPUMEHTY KypcaHTaMu JlyHaicbKoro
iHcTuTyT HanionansHoro yHiBepcurery «Omecbka MOpCchbKa akajgeMis». B Tabmumi 1
MOKa3aHi OTpUMaHi eKCIIEpUMEHTAIbHI JaHi, Ta 3HaYeHHs (i3WYHUX BEIUYHH, pO3pa-
XOBaHi 3a ormoMororo TabimmyHoro nponecopa MS Excel.

Po3paxoBaHi 3Ha4eHHs BUIIEHI KypcUBHHM HIpudToM. EkcriepuMenTanpHa 3aex-
HicTh uncna PeitHonpca Big mBUAKOCTI Tedii pinuHu (puc. 5) rpadiyHo BimoOpaxkae
JTUHAMIKY 3MiHU PEXUMY Tedil piTUHHA B CYTHOBOMY TPYOOIIPOBO/II.

Ha puc. 5 mo3HadeHoO TOYKY 3MiHHM PeXUMY Tedil PiIMHU 31 CTIHKOTO JaMiHapHO20
PEeXUMY Ha CTIHKUH mypoOyrenmuuil. Y 3aralbHOMY BUIVIAII KPUBA 3aJI€KHOCTI HAWO1IBII
HaOmwkeHa 1o JiHiiiHoi. OxHak Ha rpadiKy YiTKO BUAHO MO KPUBOi HAa TPU IUISTHKH
13 3pocTaroYuM KyTOoM Haxwiy 10 oci abcuuc. [licnst 3nadeHHs mBuakocti w > 3,06 m/
cek uncio PeliHonbaca crpimMko 3poctae. TypOyiaeHTHI BUXOPH PIAWHU MPU3BOIATE 110
BUHUKHEHHS SIBUINA 2i0pOOUHAMINHOT Kagimayii — yTBOPEHHS BCEPEIVHI PiJIMHU KaBiTa-
LiHUX OyMBE0AIIOK — MOPOKHWH, 3aIIOBHEHUX Ia30M, Maporo ado ix cymirmrto. [1ix Brom-
BOM Di3HHMIII THCKY B YaCTHHAX PIMHU KaBiTaIliifHI Oynb0aIIku pyHHYIOThCS, 1 CTBOPIO-
I0Th yIapHYy XBWIIIO Ha CTIHKH TpyOomnpoomy. Li mpormecn mpru3BoasaTh 10 KaBiTaliitHOT
KOpO3ii, sika BUKIIUKAE PYHHYBaHHS TIOBEPXOHb TPYO, 3HOIICHHS Ta BiOpaIlliro Tpyoomnpo-
BOJIiB Ta TpyOompoBigHOT apmarypw, 3meHtrenHs KK/ ta edhexruBHOCTI pob0TH HAcOCIB,
TypOiH Tomio. [lJi1 yCyHEHHS HETaTHUBHOTO BIUIMBY KaBiTallii MOTpiOHO yHUKAaTH TypOy-
JICHTHUX TIOTOKIB, T4 3aCTOCOBYBATH CTilKi /IO KOpO3ii MaTepiaiu.

BucnoBku. B poboti onmcani mpobnemMu HafiifHOI eKCIuTyaTallii CyJHOBUX TPY-
OOIPOBO/IIB BHACTIIOK arpeCHBHOTO BIUIMBY PI3HOBHIIB CYJHOBOTO TaJMBa, Ta TYyp-
OyJICHTHOTO PEXUMY Tedil piIfHH, M0 NPU3BOAATH 10 PYHHYBaHHS IOBEPXOHb TPYO,
3HOWICHHS Ta BiOpauii TpyOompoBoxiB Ta apmarypu. OOIpyHTOBaHO aKTyaJIbHICTb

40000
Re
35000
30000
25000
20000
15000

10000

5000

0 W,m/cek
0,31 0,33 0,58 0,77 1,42 1,99 2,49 2,84 3,06 3,98

Puc. 5. 3anexcricmo wucna PetinonvOca 6i0 weuokocmi meyii piounu
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JOCTIKEeHb (I3UYHUX MPOLIECIB B 001aCTi MOJIEKYISIPHOT (Pi3UKH Ta MEXaHIKH CYIILThb-
HHUX CepellOBHII 300yBaYaMu BHIIOT OCBITH ¥ cpepi MOPCHKOT iHKEHEDii.

Bcranosnena HalinomupeHima npodiiemMa CyJHOBUX TPyOOITPOBO/IIiB — PO3TepMETH-
3al1is, sIKa BiIOyBa€ThCS 38 HU3KH MPHYMH: PYHHYBaHHS BHYTPIIIHIX TOBEPXOHB TPYO,
3HOIIICHHS Ta BiOpallito TpyOOIPOBO/IIB Ta TPYOOIPOBITHOT apMaTypH, IOHaJHOPMOBE
30UIBIIIEHHS THCKY, 3aMep3aHHsI PiJUHA B TPYOOIIPOBO/I MPH HU3BKUX TEMIIEPaTypax,
KOpO3ist TPyO Ta apMaTypu BHACHIJOK BIUIMBY arpeCHBHUX CEPENOBHII ITPH BUKOPHUC-
TaHHI PI3HOBUIIB CYJHOBOTO MMAJIMBa, TAKKX K METAHOJI, BOJICHb, Oiomu3esb. OnucaHi
npoOIeMH TPaHCIIOPTYBaHHS Ta 30epiraHHs UX BHIIB AJIUBA, T iX HETATHBHUHN BILUIUB
Ha CYIHOBI TPyOOIIPOBOAH.

3 BUKOPUCTaHHIM CHUCTEMHO-CTPYKTYPHOTO ITiIX0/1y pO3po0IieHi 6aratopiBHEBI Kila-
cudikaniiiHi CTPyKTypHa Ta PyHKIIIOHATIbHA CXEMH CHCTEMH CYJTHOBHX TPyOOIIPOBOJIB.

Po3pobrnena mokpokoBa METOIMKA TOCIIPKEHHST PyXy PIIMHA. 32 Li€I0 METOAMKOIO
Ha maboparopuomy crenai HTII-11.38 «['TAPABJIKA, TTIPOMAIIWHU I I'I/1-
POITPUBO/IN» kypcantamu JlyHalchbkoro iHCTUTYT HalliOHaJbHOTO YHIBEPCHUTETY
«Onecbka MOpPChKa aKajieMish» TPOBEACHO JTOCIIKEHHS Ta OTPUMaHi EKCIIepHMEH-
TanbHi JaHi. Po3paxyHKu Ta Bi3yamizallis pe3yJbTaTiB BUKOHaHI y TaOIHMYHOMY IpO-
recopi MS Excel.

JocnimpkeHo nuHAMIKY 3MIiHM INBHIKOCTI Tedii piMHM Ta uuciia PeliHosbiaca.
Bu3HaueHO TOUKY 3MIHM PEXHMMY Tedii PIAMHM 31 CTIHKOTO JIAMIHAPHOTO PEKUMY Ha
CTilikuil TypOyneHTHHH. BeTaHOBIIEHO, 10 TIPW 3Ha4eHHI MBHIAKOCTI W > 3,06 mM/cek
yncino PeiiHonmbiaca cTpiMko 3pocrae. TypOyiaeHTHI BUXOPH PiAMHHM TPHU3BOAATH IO
BUHUKHCHHS SIBUINA T1POAMHAMIYHOT KaBiTaIlil Ta KaBiTalliiHOT KOPO3ii, Ika BUKIINKAE
pYHHYBaHHSI BHYTPIIIHIX OBEPXOHb TPYO, BUKJIMKAE 3HOIICHHS Ta BiOpaliio Tpyoo-
NpOBOJIIB Ta TpyOompoBigHOi apmarypu, 3meHineHHss KKl Ta epexkruBHOCTI poboTn
HACOCIB, TypOiH ToI10. /[ yCYHEHHS HEraTUBHOTO BIUIMBY T1IPOAMHAMIYHOI KaBiTaIlil
MOTPIOHO YHHMKATH TYpOYJICHTHUX TMOTOKIB Ta 3aCTOCOBYBATH B TPYOOIPOBOIAX CTIMKI
JI0 KOpO3il MaTepiau.

B po6oTi 3acTocoBaHMIt IHTErPOBAHUH MIAXIJ IO BUBYCHHS OCBITHHOI'O KOMIIOHEHTY
«®Dizukay, KU TOETHYE TEOPSTUYHI 3HAHHS Ta MPAKTUYHI HABHYKH B 00J1acTi Qi3uKH,
METOJOJIOTIi JOCIIKEeHHSI, Ta iHpOpMaIiitHUX TexHoJorii. Hapasi nei miaxiza e akry-
aNBHUM, 1 IIUPOKO BIIPOBA/KYETHCSI B OCBITHIX Mpollecax 0aratbox KpaiH CBITY.

3anydeHHs! KypCcaHTIB 10 HAYKOBO—IOCIIIHOT poOOTH Jaji0 MOXKJIMBICTh PO3BUHYTH
HACTYITHI KOMIIETEHTHOCTI: PO3yMIiHHS METH POOOTH Ta BU3HAYECHHS KPUTEPIiB il 1oCAT-
HEHHsI, TIONIYK HeoOXigHoi iH(opMarii Ta HaiOinbm epeKTUBHOrO Croco0y IOCAT-
HEHHSI METH, MPaKTUYHI HABUYKU Kiacudikaimii cyTHOCTel, HaBHUKK poOoTH 3 ado-
paropHuUM 00JIaJIHAHHAM, 3IaTHICTh 3aCTOCOBYBaTH aHATITHYHI Ta €KCICPUMEHTAIIbHI
METOM ISl BUPILICHHS CKJIAIHUX 3a/ad, Ta iHGOpMaIliifHI TEXHOJIOTIi 11 00poOKHU
JIAHWX, YIIPABIIHHS MPOIIECOM BUKOHAHHS POOOTH, 3/1aTHICTh aHAi3yBaTH pe3yibTaTH,
(bopMyITIOBAaTH Ta OOTPYHTOBYBATH BHCHOBKH.

IMomanpini KoCHiKeHHs OyAyTh CIPSMOBaHI Ha MONTUOICHHS 1HTETPOBAHOTO ITiJI-
X0y /10 BUBYCHHS OCBITHHOI'O KOMIOHEHTY «®Di3rKa» NMUIIXOM MOJACTIOBaHHS (i3ud-
HUX TIPOIIECIB Ta 3aCTOCYBaHHS CyYaCHUX MOB IPOTpaMyBaHHs JJisi 0OOpOOKH eKcIepu-
MEHTaJIbHUX JaHUX.
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Anomauisn

Bemyn. Y cmammi 3anponoH08ano ulisxu 600CKOHANEHHS NOWLYKI@ CKYNUYeHb puou
y PIYKOBOMY MaA MOPCLKOMY HPOMUCTIO80MY puboroecmsi. Lle 60ockonanenHs TpyH-
myemvbcsi Ha onmumizayii nepemiujenb puboIoseybKux cyoer npu 30IUCHEHHI HUMU
nowyKy cKynueno pubu. Onmumizayis NOULYKOSUX nepemiujerb puboioseybKux cyoeH
NOEOHYEMBCSL 13 B0OCKOHALECHHAM GU3HAUEHHS KOOPOUHAM CKYNUYeHb pubu 3acobamu
KiHemamuyHno2o npoekmyeannsi. Cneyughika KineMamuuHo2o RPoeKmy8ants mym npo-
SABISAEMBCA 8 Y3200HCEHOCMI WBUOKOCHEl NPOCHMOPOSUX NEPEMILYEHb YCIX CKAAO0BUX
npoexmysauHs. s 00cseHenHs Yb020 NPONOHYIOMbCS PO3POONEH] MamemMamuyti
3a1e2CHOCTI, AKI HA0arMb MONCIUBICING PO3PAXOBYEAMU KOOPOUHAMU NepeMijets y
MOBWI MOPCLKUX 2TUOUH PO3ULYKYBAHUX CKYNUeHb PUOU.

Biominnicmro 3anpononoeanoi Memoouxu nOULyKie CKynueHb pubu € 6UKOpUCHaH-
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PYXaemscsi napanenvHo abo HABKON0 pudoIo8eybKo2o CYOHA HA 8i00ai 8i0 HbO2O, KA
0b6yMo61eHa padiycom epekmusHoi nowykosoi Oii ix ciopoaxycmuunoi anapamypu.
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KOBUX nepemiujerb puboI08eybKo2o0 ma OONOMINCHO20 CYOeH 05 3a0e3NeyeHHsT MAaK-
CUMANBHOI e(heKMUBHOCMI NOULYKY CKYNYeHb pubu npu MiHIMATbHUX UMPAMAX HUMU
nanuea.
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—  3MeHUIeHHA He2AMUBHO20 BNIUBY HA MOYHICMb GUSHAUEHHSA KOOPOUHAM CKYN-
yeHb pubu XubHux I0OUMUX 610 OHA 8000UMU exONOKaYiiHUX cuehanis. Le 3abe3neuy-
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—  NOHUMNCEHHs CYMAaPHUX 8UMpam Naiueéd Ha NOUWLYKO8I nepemilyeHHs CyOeH 8
akeamopiax noutyxosux Oinanok. Lle 3abesneuyemvcs onmumizayicio mpaekmopitl i
1320001CeHiCMIO nepemiujeHb puboioseybKo2o ma 0ONOMINCHO20 CYOeH.
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Summary

Introduction. The article proposes ways to improve the search for fish aggregations
in river and sea industrial fishing. This improvement is based on the optimization of
movements of fishing vessels when searching for fish aggregations. Optimizing the
search movements of fishing vessels is combined with improving the determination of the
coordinates of fish clusters by means of kinematic design. The specificity of kinematic
design here is manifested in the consistency of the speeds of spatial movements of all
design components. To achieve this, developed mathematical dependencies are proposed,
which make it possible to calculate the coordinates of movements in the stratum of the
sea depths of the wanted fish clusters.

The difference between the proposed method of searching for fish clusters is the use
of an auxiliary search vessel, for example, a motor boat or a boat equipped with search
hydroacoustic equipment. The auxiliary search vessel moves parallel to or around the
fishing vessel at a distance from it, which is determined by the effective search radius of
their hydroacoustic equipment.

Purpose.The main goal of the study was to develop the optimal trajectory of search
movements of fishing and auxiliary vessels to ensure maximum efficiency in searching
for fish aggregations with minimal fuel consumption.
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Conclusions.The main advantages of this method of optimization of search
movements of vessels are:

—  reducing the negative impact on the accuracy of determining the coordinates of
fish clusters of false echolocation signals reflected from the bottom of the reservoir. This
is ensured by the use of kinematic design tools;

—  reduction of total fuel consumption for search movements of vessels in the
water areas of search areas. This is ensured by the optimization of trajectories and
coordination of movements of fishing and auxiliary vessels.

Key words: search for fish, sea fishing, echolocation, kinematic design, sketch
geometry, coordinates, trajectory of movements, fishing vessel.

OueBWIHUM Ta HE3alepeyHHM € TOH BU3HAHMH (aKT, M0 YCIiX MPOMHUCIOBOTO
BUJIOBY pUOH, ¥ TIEPIIY Yepry, perIaMeHTY€EThCS BAAINM IOIIYKOM Micllb ii CKYITYEHb.
B Mopcekomy prOOIIOBEILKOMY MPOMHUCIHI TaKi CKYIMYECHHST PUOHM 4acTo HA3WBAIOTh
«KOCSIKAMUY. 3BUUAIHO HEMAIOBKHY POJIb BiIIrPAOTh TaKi YNHHUKH K JIOCKOHAIICTD
Ta HaJilHICTh PUOOJIOBELLKOTO CIIOPSIKEHHS, €()eKTUBHICTh MONITYKOBOI anaparypH,
METEOPOJIOTIuHI YMOBH, BKJIFOYHO i3 CTAHOM BOJHOTO Iieca, Tomo. OHaK, [0 y MUHY-
JIOMY, IO Y ChOTOJICHHI UM B Maii0yTHHOMY HalBiAMOBINATBHIIINM 32JIMIIAETHCS CIIPO-
MOXHICTh i3 HAWMEHIIMMH YaCOBHUMHU T4 BUPOOHWYMMU 3aTparaMd PO3UIYKaTH MpPO-
MUCIIOBI CKyIT4eHHS prOu. Taki CKym4eHHsl, SIKi BiIMOBIJATUMYTh HE TUIBKH PI3HOBHILY
pubdw, a i ii KUTbKICHOMY HAITOBHEHHIO.

YCBiIOMIICHHSI ILOTO ITOCTAE KHAPIKHUM KaMEHEM» SIK B ITPOIIECcax BJOCKOHAICHHS
MOLITYKOBOI anaparypH, Tax 1 y BIOCKOHAJIEHHSIX METOJMK MOMYKiB. | TyT 3aKOHOMIpHO
MOKJIaIal0ThCS TOBOJII BEJIMKI HAJIT Ta CIIOAIBaHHS HA €PEKTHBHE 3aIyUYCHHS JI0 TOIIY-
KOBHX POOIT Ta 00poOKM iX JaHWX MIBUIKOAIIOYMX 3aCO0IB PO3paxyHKIB Ta 00pOOKH
iHpOopMaii.

BrponoBxk OCTaHHBLOTO CTOJITTS PUOOJIOBEIBKI CyldHAa 30PIEHTOBAaHI y IIOIIY-
Kax puOM Ha BHKOPHCTaHHsS exojokailii. Kimacuunuii MeTon momyky TyT nepeadoavae
MOTIEPE/IHE Y3TO/KEHHST MICIb BUJIOBY pUOH, 3aXiJl pOOJIOBHOTO CyJHa Ha aKBaTOPilO
JUISHKY BHJIOBY, 3M1HCHEHHS IMTONIYKOBOIO T1IPOAaKyCTHYHOIO arapaTyporo 30HIyBaHHS
TOBILI BOAY y MOIIIyKaxX CKyM4YeHb PHOU 1, K 3aBepIIAIbHUH eTall, ii BUIOB. Y BUIIAAKY
BiJICYTHOCTI puOH Ha 00CTEXXYBaHIH JUISHIN MONIyKy abo IpH ii HeAOCTaTHIHN KilbKOCTI
pHOOTIOBHE CYJIHO MEPEXOAMThH HA IHIIY JTUISHKY MOIIYKY 1 MPOIOBXKYE PO3IIYKYBaTH
ckymueHHs puou [1]. Po3mipu 0XOrmieHOT HMOIIYKOBOIO anaparyporo JiIISHKHA BOIHOIO
Ieca PeriaMeHTYIOThCSA CIIPOMOKHICTIO CIPUHAHSATTS 1 OIPAIIOBaHHS anapaTyporo Bij-
OUTUX €XOCUTHAIIB.

[Tpu npoMy BUMYIIICHHH 32 BiICYTHOCT] pUOY Ha TIOYATKOBIH TUISHII IOUIYKiB Iepe-
X1Jl Ha THIIY MOIIYKOBY AUISIHKY CYHPOBOIIKYETHCS BUTPATOO TAJIMBa HA POOOTY Map-
IIIOBOT'O JIBUTYHA Ta Ha 3a0€3MEUCHHS KUTTEIIBHOCTI 00IaIHAHHSI 1 EKIlTaxy Cy/IHa.
VYce e BiYYTHO MiJIBHINYE SHEPro3arpard Ha IMOIIYKOBI Mepexoju prUOOIOBEIHLKOTO
Cy/JHa, a BiJIIIOBIZHO 1 301IbIIYyE COOIBAPTICTH BUIIOBICHOT PHOH.

I3 BpaxyBaHHAM HENOMIKIB KIIACHYHUX METOJIIB MOUIYKIB CKYITYeHb PUOU BIOCKOHA-
JICHHS TIOIIYKOBHUX €TaliB OyJ0 CIIPSIMOBAHO y TPHOX, XOY 1 B3aEMO3AJIE)KHUX Ta BCE XK
piBHONPaBHUX, HanpsiMax. [lepmwii i3 HUX OyJI0 30pi€HTOBAaHO HA BIOCKOHAJICHHI IO~
KOBOI arnaparypu Ta ii TeXHOJIOTTYHHX MOXKIIMBOCTE!. JIpyruil HanpsiM 3aKOHOMIpHO OyI10
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CTPSIMOBAaHO Ha ONTHMI3aIlil0 TPAEKTPii MepeMillleHb PUOOIIOBHUX CYICH B IpoIlecax
MONIYKIB CKyIT4eHb puOH. [IpH 1IbOMy ONTHMI3yBaNMCh HE JIMIIE TIepeMilleHHs Oe3mo-
cepeTHbO PUOOJIOBHOTO Cy/IHA, a 1 TIepeMIIlIeHHS CYIPOBOKYIOUHX I1i CY/THA JIOAATKOBUX
MONIYKOBUX 3ac00iB, HATIPHKIIA[, JOMOMDKHAX MOTOPHHX ITOITYKOBHX KaTepiB, JIETKUX
JTaNbHUX arapariB, TeJKonTepiB Tomo. Tperiii HanpsiM Oyiao CrIpsIMOBaHO Ha BIO-
CKOHaJIeHHI 3ac00iB 00pOoOKHM MOIIYKOBOT iHQOpMALIil 3 METOI0, HAIIPUKIIA, YTOUHEHHS
JIAHUX [IOJI0 MAacOBOTO BMICTY pHOM Yy BUSIBJICHUX ii CKyMTUeHHsX. be3cyMHIBHO, 110 yci
11l HAIPSMH MIEBHUM YMHOM TTOB’s13aH1 MiXK COOOFO Ta B3a€MOIOIIOBHIOOUI, BOJIOIIFOTH SIK
CBOIMH TepeBaramM, Tak 1 NpuTaMaHHUMHU iM HEIOJIIKaMK Y 3acTocyBaHHi. Hampukian,
3aBIISIKM KOHCTPYKTHBHHMM BJIOCKOHAJICHHSIM CY4YacHi MOIIYKOBI T'iIPOJIOKATOPH JI03BOJIS-
I0Th PO3MI3HABATH ITiJIBOIHI 00’ €KTH Ha BIIAJIEHOCTI Bij 3 KM J10 4 KM, a 30pi€HTOBaHI Ha
TMOIIYK prOU exoyIoTH — Ha Biamaii Big 2,0 kM 10 2,5 kM. CydacHi TipoioKaTopy Hajia-
F0Th MOXIIUBICTD 3/1IHCHIOBATH TIOYEPTrOBUI CEKTOPHUI Ta KPYTOBHI OIS ITiJBOIHOTO
npoctopy. Lle Bi4yTHO BJOCKOHAJIOE MONITYKOBHIA IPOIiec 00’ €KTIB IPOMUCITY.

BongHouac 3aBasuyroud BIOCKOHAJICHHIO XapaKTEPUCTHK IOIIYKOBOI amaparypw,
3MEHIIEHHIO 11 Ta0apuTiB Ta MacH, 3aCTOCYBAHHIO Cy4YacHHUX MaTepialliB Ta KOHCTPYK-
TUBHHUX DillIeHb, TIOSIBIJIACH pealibHa MOMIIMBICTh OCHAIICHHS MTOITYKOBOKO arapaTryporo
HE JIMIIE BEJIMKOTOHHAKHUX PUOOJIOBEI[LKUX CEHHEPIB, a 1 OCHAIICHHS HEI PUOOJIOB-
HUX IIXYH Ta MOTOPHUX KarepiB. L{e crpusio BiAYyTHOMY pO3IIMPEHHIO TUIOI] aKBaTO-
piii momyKy cKynmueHb puOu i Ha MOPCHKUX MPOMUCIIAX, 1 Ha MPICHOBOTHUX BOAOMMaX
13 3HAYHUMH TITMOWHAMH Ta PO3MipamMHu.

Benuki pagiycu eeKTHBHOT MOITYKOBOI i Cy4acHOI TiJpOaKyCTUYHOI anaparypu
JIO3BOJISIIOTH Y CHOTOJICHHI YCIIIIHO 3aCTOCOBYBATH JOMOMIXKHI MONIYKOBI CyIHA, sIKi
3MIHCHIOIOTH TOIIYK CKYIMYeHb PUOM CaMOCTIHHO Ha MEBHIM BIJJAICHOCTI BiJl OCHO-
BHOTO pPUOOJIOBHOTO CyJHA. BUSBHBIIM MPOMUCIOBE CKYIMUEHHS PHOHM JIOTIOMiXKHE
CYIHO HaJa€ OCHOBHOMY pHOOJOBHOMY CYAHY iH(opMamito Nmpo KOOpAWHATH IBOTO
ckymueHHs. OnpalroBaBIIH 110 iHGOPMAITIIO 1 IPUHHABIIM PILICHHS 1100 AOILIBHOCTI
BWJIOBY pMOH Ha HOBill po3BifiaHiil TUISHIII pUOOJIOBHE CYTHO MEPEXOAUTH Ha 1[I0 HOBY
JIUITHKY 1 3J1MCHIOE BUJIOB PHOHM. A JOTIOMIDKHE TIOIIYKOBE CYIHO 3IIHCHIOE TOIIYK
HOBOI MEPCIIEKTUBHOI JUTSTHKY BUJIOBY PHUOH.

IMpote Taki cnapeHi Aii puOOIOBHOTO Ta JAOMOMIKHOTO Cy/lIeH HE T030aBIieHi TeB-
HUX HEIOMIKIB. AJPKe JOMOMIKHI MOIIYKOBI Cy/IHA 3MIHCHIOIOTH TOIIYKOBY €XOJIOKa-
[[if0 XaoTH4YHO. | IMOBIPHICTH TOTO, IO YCHIITHUMHU OYyIyTh came KOXHi i3 4eproBUX
MOUTYKOBUX TIEPEXOJIB JOBONI He3HauHa. [[OIIyKH JOMOMIXXKHHM CYIHOM CKYITYCHb
prbU MOXXYTh OyTH BEIBMH TPUBAIMMHE B Yaci. TOMy 1 IIf0 MOIITYKOBY CXEMY JIOLIIBHO
B/IOCKOHAITIOBATH.

00’ekTOM J0CTITKEHHS € CIOCOOU TMOIIYKY CKYITYeHb pUOH Y MOPCHKOMY pHOO-
JIOBHOMY MTPOMHCITI.

Ipeamer pocaixKeHHs1 — METOJVKM BU3HAYCHHS 1 PO3PAaXyHKIB KOOPAMHAT BUSB-
JICHUX y TOBIII BOJHM 00’€KTIB Ta BU3HAUCHHS OOCSTIB pUOH Y BUSBICHUX CKYITUCHHSX.

MeTtoro pociaimkeHHst Oynaa ONTHMI3allisl TPAEKTOPIH TOITYKOBHX TMEpPEMIllICHb
prOOJIOBHOTO Ta JIOTIOMIXKHOTO CyZeH JUIst 3a0e3MeYeHHs] MaKCUMAIIbHOI e()eKTHBHOCTI
MOUIYKIB CKyNuUeHb PUOM TPH MiHIMaIbHUX BHUTparax IajiBa Ha TMEPEXOJH CYIACH
Ta CTBOPCHHS METOJUKHU BIOCKOHAJICHHS IOIIYKIB KOOPAMHAT CKyITUeHb pUOM 3aco-
0aMu KiIHEeMaTHYHOTO MTPOEKTYBaHHSI.
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i mocsiHreHHsT 03HA4YeHOI MeTH OYyJI0 OKPECJCHO TaKi OCHOBHI 3a80anHs 00CTi-
OICEHH S

— CTBOPEHHSI METOIMKU PO3paxyHKy KOOpJIWHAT IEepeMilleHb CKyImueHb PHOH i3
3aCTOCYBaHHIM MaTeMaTHYHOTO anapary KiHeMaTHYHOTO MPOEKTYBaHHS;

— po3po0Ka MPHUHIMIIOBUX CXEM IEPEXO/IiB PUOOJOBHOIO Ta JOIMOMIKHOTO CYIEH
JUIs1 30UTBIIEHHS TUTOIII TIISTHOK €)eKTUBHOTO MOMIYKY CKYyITYeHb PUOH;

— JIOCIIJPKEHHS 3alpONOHOBAaHOI CXEMH PO3pPaxyHKIiB KIHEMAaTHYHUM MPOCKTYBaH-
HSIM 00CsTiB prOU Y BUSBICHUX ii CKYITYCHHSIX;

— CTBOpPEHHS allTOPUTMY Ta OJIOK-CXEMH IPOrpaMHOTro 3a0e3NeYeHHsT PO3PaxyHKiB
KOOPAHMHAT Ta OOCATIB CKYITYeHbh pUOH 3ac00aMM KIHEMAaTHIHOTO MPOCSKTYBAHHS.

HaykoBa HoBHU3HA pe3yJIbTATIB J0CHiIKEeHHs BOAYAETHCS Y PO3POOII OHOBJIEHOT
TEOPETUYHO apTyMEHTOBAHOT METOIMKH BH3HAYEHHsI KOOPAWHAT Ta O0CATIB CKYITYCHb
pubu 1pu 11 TPOMKCIOBOMY BHJIOBI 13 ITHOMH MOpS Ta MPICHOBOJHHMX BOIOHM, siKa
IPYHTY€EThCS HA BUKOPUCTAHHI OCHOB KIHEMaTUYHOTO TIPOCKTYBaHHSI.

IIpakTHYHa 3HAYMMICTH Ppe3yJbTATiB JOCTIKEHHS OYIKYye€ThCS y HACTYII-
HUX MEBHHX IepeBarax ix 3aCTOCyBaHHs Ta BHKOpucTaHHs. [lepmioueproso, onucasi
METOJIU Ta METOJMKH BH3HAUCHHS KOOPAMHAT CKYITYeHb pUOH, a TAKOXK 3aIllpOIIOHOBAHI
MaTeMaTH4Hi 3aJIe)KHOCTI X PO3paxyHKIB HaJaayTh MOMJIMBICTH OUIBIN, HIX BIBIUi
301IBIIMTH TUIOILY aKBaTOPil MOIIYKY CKYITYeHb pHOU. 3p03yMiJIo, IO 1€ MPONOPIiHHO
MOHU3UTH TPYA03aTPaTd Ha MPOBAJKEHHS MOIIYKOBUX POOIT, a BIAMOBIIHO 1 BUTpaTH
MajvBa Ha 3IHCHEHHS 31HCHEHH prOOJIOBHUM CYITHOM IEPEXO/IB MK ITOITYKOBUMHU
ninsakaMu. OgHOYACHO 3aCO0M KIHEMAaTHYHOTO MPOCKTYBAaHHS JO3BOJISTH OTIEPAaTHBHO
1 00’ €KTUBHO OLIIHUTH T€OMETPUYHI PO3MIpH BHSBIEHOTO CKYITYEHHS pUOH Ta POPaxy-
BarH ii BMICT y IIbOMY CKym4eHHi. O4iKyBaHO, IO 1€ MOJIETIINTh KOMaH/Ii puOOIIOBHOTO
Cy[lHA IPUHHSATH 3BaKEHI PIIIICHHS CTOCOBHO JIOLJILHOCTI BUJIIOBY pUOM caMme i3 JaHOTO
1 CKYIYEHHSI.

Marepiaau Ta Meroau aociaimkeHHsl. [IpukianoM yCHiIHOTO BHKOPUCTAHHS
KiHEMaTUYHOTO MPOEKTYBAHHS JIsi BU3HAYCHHS KOOPJMHAT Ta TPAEKTOPIi MPOCTOpO-
BUX TIEPEMILICHh PYXOMHUX 00’€KTIB MOXKHA BBKATH YCIINIHI JOCTI/KCHHS yKpaiH-
CHKUX T€OMETpPIB B raily3l BU3HAYCHHS KOOPIHMHAT OE3MIOTHUX JIITAIRHUX anapariB
(BILJIA) [2, 3]. HuMu mocmimKEeHHSIMHA CTBOPEHA TEOpETHYHA 0a3za MaTeMaTHYHOTO
amapary i po3paxyHKy 3aco0amMu KIHEMaTHIHOTO MTPOEKTYBaHHS TPAEKTOPIN Ta KOOp-
JUHAT TPOCTOPOBHUX HEPEMIIIEHb BOPOXKUX YIAPHHUX Ta IWBEPCIHHO-PO3BIAYBaIbHHIX
BITJTA. Bucoky eeKTHBHICTh Ta TOYHICTh BU3HAYCHHS TPAEKTOPIH Ta MPOCTOPOBUX
KOOPIUHAT PyXOMHUX 00’ €KTIB METOJaMH KIHEMAaTHYHOTO MPOEKTYBAaHHS MiATBEPIKEHO
EKCIIepUMEHTAIIBHO.

YCBIIOMIIEHHST aKTyaJbHOCTI Ta JOLIBHOCTI 3aJlydeHHS CydyacHOro MaTeMaTH4-
HOTO arapary Ta OCTaHHIX JOCATHEHb HAPHCHOI TEOMETPIi /IO MOIIYKIB CKYITYCHb pUOH
y MOPCBHKHX TPOCTOpax OyJi0o OCHOBOIO IaHOTO JTOCII/IKCHHSI.

Mertoau Ta METOIMKH MaTEeMATUYHOTO 1 I3UNYHOTO MOJICITIOBAHHS [IBUKOTUTHHHUX
MPOLIECIB Ta MAaTEeMaTHYHOI CTATUCTUKHU Kiacu(ikaiii 1 aHami3y iX pe3yJbTariB 3acTo-
COBYBAJIHCSl y TMPOLECi TPOBEACHHS TEOPETHUKO-EKCIIEPUMEHTAIIBHUX JIOCIIiPKEHb.
[NonoxxeHHs Teopii BiOOpaXKCHHSI TPAEKTOPIH Ta KOOPIAMHAT MPOCTOPOBUX MeEpeMi-
IIEHb PYXOMHUX 00’€KTiB 3ac00aMM HAapHCHOI reoMeTpii MpH MOEJHAHHI KIACHYHOTO
OPTOTOHAILHOTO TPOCKTYBAaHHS 13 JUHAMIYHUMH OCOOJIMBOCTSIMH KIHEMATHUYHOTO
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NPOEKTYyBaHHSI OyJIM OCHOBOIO EKCIIEPUMEHTAJIBHOTO IOCHTIKEHHs. Teopis maHy-
BaHHA JIOCTI/DKCHb i3 MaTeMaTUYHUM arapaToM OMNpAIIOBaHHS iX pEe3yNbTaTiB 3acTo-
COBYBaJIach I OO0 €KTHUBHOI OI[IHKH PE3YJIbTATiB TEOPETHUKO-CKCIIEPUMEHTAIBHOTO
JOCTIJKEHHSI THHAMIKH PYXOMHUX Yy MPOCTOpi 00’€KTiB. I3 3acTOCYBaHHSM OOUYHCIIIO-
BaJIbHOI TEXHIKM Ta MPOTrPaMHOTO MPOAYKTY rpadiunoro penakropa AutoCAD Bimo-
OpakeHo rpadiuni Mozeni Qikcallii KOOpJUHAT CKYITYCHb PUOH.

AHani3 octaHHiX AoCaigxkeHb Ta myOuaikamii. [IpakTHyHO KOXHHI 13 BHIIE
OKpeCIICHUX HaNpsMIB MMOKpalleHHs e()eKTUBHOCTI METO/IiB MOIIYKY CKYITYeHb pHOU
BIOCKOHAITIOETHCSI T PO3BUBAETHCS K HE3aJIE)KHO OJIMH BiJ| iHIIOTO, TaK 1y iX CIIiJb-
HOMY B3a€MO3B’A3Ky. Tak TOCSATHEHHS B TaKil raiy3i HaAyKH i TEXHIKH SIK TeJIeMeTpist
JIO3BOJIMIIM 3aBIISIKH KOHTPOJIIO 3alIOBHEHHS pUOOIO KOIIEIEBHX TPAIiB IiABUIIUTH
He Jiniie eeKTHBHICTD MOIIYKY, a 1 BIUYTHO 30iJbIINTH OOCSITH BHIOBY pubH [4,
5]. He meHm epeKTUBHUM BHUSBHIIOCS i BIOCKOHAJICHHS KOHCTPYKIIH MOITYKOBHX
BUIIPOMIHIOIOUWX aHTEH [6, 7], sike CHPHSIIO HAPOI[YBaHHIO OOCSTIB BHIJIOBY JaHOi
pubu. Onuparovrch y CBOIX MONIyKax Ie Ha METOIUKHA MUHYJIOTO CTOJITTS, SIKi OIS~
rajy y ONTUMi3allii MOIIYKOBHX rajiciB puOOIOBENBKUX CyleH [1], TpoaoBKyOThCS
HEBMUHHI TOIIYKH ONTHMANBHUAX TPAEKTOPIH MepeMillieHb CrapeHuX AyeTiB pubdo-
JIOBHOTO Ta JIOTIOMIXHOTO IMOIIYKOBUX cy/eH [8, 9].

[TeBHOIO MipOIO HEBNUHHI BIOCKOHAJICHHS MOUIYKOBUX MPOIECIB Y MTPOMHCIOBOMY
BWJIOBI pUOM OOYMOBIJIO i BiIYyTHE 3MEHIICHHSAM Ii KUIBKOCTI Ta Pi3HOBUJIB y MOp-
ChKUX TTUOWHaX. Pi3Ki 3MiHM MOTOMHUX YMOB, IO OOYMOBJICHI «ITAPHUKOBUMH €(eK-
TaMu» B atMocdepi 3emMiti, 3yMOBJICHI IIUM 3MiHH TeUili Ta HEPECTOBUX YMOB, a 4acT-
KOBO 1 BJOCKOHAJIEH] 3ac00H MOIIyKy Ta 0e3MocepeIHb0 BIJIOBY PUOH, HEMUHYYE MaJIN
CIPOBOKYBAaTH CTPiMKe 3MEHIIICHHS KUTBKOCTI puOH y MOpsIX. BiamosinHo mponopuiiiHO
HapOCTAIOTh TPYA03aTpaTH Ha i ONTyKH Ta BUIOBMIOBaHHSA. CaMe TOMy HE BTPav4aroTh
CBOET aKTyaJIbHOCT1 HayKOBI JTOCII/PKEHHS B Tajy3sx K BIOCKOHAJICHHS HAasBHUX, TaK
1 B CTBOPEHHI HOBITHIX JJOCKOHAIIIIMX METOJIMK MOIYKiB CKYITYEHb TPOMHUCIIOBOT PHOH.
MeToauK Ta METOIIB, SIKi HE JIUIIE TPYHTYIOThCS Ha MOMIIMBOCTSIX CY4acHOT MONTYKOBOT
armaparypH, a TaKOXX i Ha BUKOPHUCTaHHI JOCSTHEHb MATEMATUKU T¢ HEBHUCPITHUX MOXK-
JUBOCTEH 0OYMCIIOBAILHOT TEXHIKH.

Heabu-sKi nepcnekTuBy B IbOMY PyCii CIIOCTEPIraloThCs B HaMipax 3alyddTH JI0
METOJHK MOITYKiB KOOPIUHAT, HIBUJKOCTEH Ta TPAEKTOPii MPOCTOPOBUX TEPEMIllICHb
PYXOMHUX 00’€KTiB, 3arajioM, i OKpEMUX CKYITYEeHb PHOH, Y TOMY YHCIIi, MOKITUBOCTEH
extyBanHs [10, 11]. Tyt mig TepMiHOM «KiHEMaTHYHE POCKTYBaHHS (BiJOOpasKEeHHS)»
CIIiJ| PO3YMITH MPOEKTYBaHHS, YCi CKJIQJOBI SKOTO, a caMme (hoKaimbHI Qirypu mpoek-
TYIOUHX KOMIUIEKCIB Ta KOHTPYEHIIIH, EHTPH 1 00’ €KTH MPOEKTyBaHHS (MpooOpasn),
a TaKoXK HOCIi MPOeKIil («KapTHHHA TUIOIIUHAY») MOXYTh 3/1HCHIOBAaTH B3a€MOHE3a-
JIKHI TIepeMillleHHsI y TPOCTOPi Ta Yaci.

CBill eBHUII BHECOK y CTAaHOBIICHHSI Ta PO3BHUTOK 1 3aCTOCYBaHHS KiHEMAaTH4-
HOTO IIPOCKTYBaHHS SIK HAYKH MPO PyXOoMi TUHAMIYHI 00’ €KTH OyJ0 3[iHCHEHO 1 Hay-
KOBISIMU YKpainw, 30KpemMa npoBigaumu BueHuMH HY «JIbBiBChbKa MONITEXHIKA»
[10, 11]. e y KiHIli MUHYJIOTO CTOJIITTSI HUMH BIIEpIlIe OYJIO 3alIpOIOHOBAHO 3aCTO-
CyBaHHS pO3pOOJICHHX IHIHHHUX OIepaTropiB Aisi crhiHorpadivyHUX, poTorpadid-
HUX Ta rpaMorpadivHux BinoOpaxeHb PyXOMHX Yy mpocTopi 06’ ekTiB. BogHouac i3
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PO3pOOKOIO aIrOPUTMIB PIIICHHS TaK 3BaHOI MPSIMOI 33/1a4i KIHEMaTUYHOTO MPOCK-
TYBaHHS, SKa MOJSITa€ Y TMOMIYKY MPOCKIil TPAEKTOPiil MPOCTOPOBUX MEPEMillleHb
00’€xTiB, TUMH gociijkeHasMu [10] Oyno po3poOieHo i alTOPUTMH PillIeHb Tak
3BaHOI «oOepHeHol 3amaui». Lls «obepHeHa 3amava» Halae CIIPOMOXKHICTH IOIIY-
KiB 32 BiJIOMOIO TPAEKTOPI€I0 PyXy KOOPJAUHATH MPOCTOPOBOTO PO3MIIIEHHS PyXO-
Moro 00’exta. [Ipogomxkeni y 20-x pokax HamIOro CToJiTTs gociimkeHus HY «JII»
Teopii KIHEMaTHYHOTO POEKTYBAaHHS, a TAKOX BOEHHI MOJii Ha TepuTopii Ykpainu
CIIOHYKAJIW CIPSAMYBAaTH IIi JOCIHIJKEHHS B PYCIIO MOKpalleHHS 000pOHO3aTHOCTI
nepxaBu. Tak 30kpema y po0oTi [2] Oyiio po3mISHYTO CIIPOMOXKHICTh 3aCTOCYBaHHS
KIHEMaTHYHOTO NMPOCKTYBaHHSI JIJIsi BU3HAUYCHHS KOOPJIWHAT Ta TPAEKTOPii MPOCTO-
POBHUX MEPEMIllleHb BOPOXKHMX YAAPHHUX Ta JUBEPCIHHO-pO3BIAyBadbHUX OE3MiIOT-
HUX JITaJbHHUX araparTiB.

Y 1pomoBKeHHsI IUX TOCIIPKEHb B po0OoTi [12] aBropamMu MpoaHa i30BaHO CIIPO-
MOXHICTh 3aCTOCYBaHHSI METOJOJOTIi KiHEMaTHYHOTO TPOCKTYBAaHHS JUIsS TOUIYKiB
Ta 3HENIKO/DKEHHS IUIaBarounx MiH. TyT Brepiie MpoJeMOHCTPOBAaHA IOCIHIJOBHICTD
BU3HAYCHHSI KOOPJIUHAT MiH 3a JaHUMH PO3BIJKU MOBEPXHI MOPS UM IPiCHOBOIHOI
BOJIOMMH O€3MIIOTHUMH JITaJbHUMH arapaTami, 3alpOIIOHOBAHUN aJITOPUTM po3pa-
XyHKIB KOOpJIMHAT BHUSBJICHUX MIH Yy 3alpOBa/DKEHI Ha KaTepi-TPasliBHUKY CHCTEMI
KOOp/MHAT.

Jlo MOXKJIMBOCTEH MOIIYKIiB PyXOMHX 00’€KTIB Y MOPCHKMX TIIMOWHAX Teopis KiHe-
MaTHYHOTO MPOCKTYBaHHS IlIe HE JOCIIKyBajach. To K MEBHOI MIpOI0 JaHy Hay-
KOBY POOOTY MOXHa BBa)KaTH «IIOHEPCHKOIO». CIOAIBAEMOCS, 110 OKpPIM CBOTO BHE-
CKY Y TEOpil0 KIHEMaTU4HOTO MPOEKTYBaHHS JIaHE JOCIHIIPKCHHSI MaTHME 1 TIPaKTHYHE
3aCTOCYBaHHsI y pHOOJIOBHOMY TIPOMUCITI.

OcHoBHi pe3yabraTH gociaigxenHs. CrenudiuyHi 0COOTMBOCTI 3aCTOCYBaHHS
3ac00iB KIHEMAaTHYHOTO TPOEKTYBaHHS ISl MiABUINEHHS €(PEKTUBHOCTI IOIIYKiB
CKyMYeHb pUOH Y MOPCHKHX DIIHOWHAX Ta MPUHIMIIOBY MOIIYKOBY CXEMY, IO BiJO-
Opakae CyTh 3aCTOCYBaHHS 3ac00iB KIHEMAaTHYHOTO MPOEKTYBaHHs, BiT0OOpakeHO Ha
puc. 1-4.

Ha puc. 1 Ta puc. 2 cxeMaTH4HO BiJJOOpaKEHO IMOIIYK CKYITYeHb pHOU i3 3aCTOCY-
BaHHSAM METOJIUK Ta 3aCO0IB KIHEMaTUYHOTO MPOoeKTyBaHHs. [l peamizalii 1iei cxemu
MOIITYKY BUKOPHCTOBYIOTH JIBa HE3aJICKHI TUIaBydi 3aCO0H, HANIPUKIIA]], O3I0CePeHBO
puOONOBHE CYNHO Ta JAONMOMIKHHUHA TulaByunii karep. KokeH i3 IUX IJIaByduX 3aco-
0iB OCHAIEHHH TOUIYKOBOIO TiIPOJIOKAIIMHOIO anaparypoio Ta MEpPEeKero HaJiitHOTO
B3a€MO03B’s13Ky. OKpIM TpaUIiiHOTO CIOPSHKEHHSI IJIsl IONIYKY CKYITUeHb puoH pubdo-
JIOBHE CY/IHO TIOBUHHO OYTH OCHAIIIEHO CYYacCHOIO IIBHIKOAIIOYOI0 OOYHCIIIOBATBHOO
TEXHIKOIO Ta HAJICKHUM ii MpOrpaMHUM 3a0€3TMEUSHHSM JJIs1 OTIPAIIOBaHHS PE3yJIbTaTiB
MIOIIYKY pHOH.

VY sKOCTi MOUTYKOBOTO JOMTOMIXKHOTO IIJIaBy4Or0 3acO0y TYT MOXKE BUKOPHCTOBYBa-
THUCS, HAIIPUKJIIAJ, OTY>KHUM KaTep Y1 MOTOPHU30BAHMM YOBEH, IO CIIPOMOXHMM IIPO-
TUCTOSITH BITPOBOMY HaBaHTKEHHIO Ta OOYMOBIIEHOMY HHM XBHIILOBOMY 30ypEHHIO
MOpCHKOi moBepxHi. CIpHUHATHM € 1 BapiaHT, y SKOMY B SIKOCTi JJOIOMDKHOTO BHKO-
PHUCTOBYBAaTHMYTh IlI¢ OJIHE PHUOOJOBHE CymaHO. ToMy OpraHi3oBYIOYM pO3BiAyBalbHI
PpOOOTH i3 MOIIYKIB CKYITYEHb PUOH y TIEBHUX aKBATOPIsIX MOPS JJOPEYHO TAKUM YHHOM
OpTaHi30BYBaTH X, 00 MAKCUMAaJIbHO HIMPOKO OXOMHTH ILIOLII IMOITYKOBHX JJISTHOK.
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[Mopsix i3 TOTYXHICTIO TOLIYKOBOI anaparypH, TyT Ba)KJIMBE 3HAYCHHSI MAIOTh 1 TPAEKTO-
pii MOIIYKOBUX TIEpEMill[eHb BUKOPUCTOBYBAHUX ISl MTOIITYKIB TEXHIUYHKX 3ac00iB. [Ipu
BOMY YacTO 301IBIIYIOTH KUIBKICTh OJJHOYACHO BUKOPHCTOBYBAHHX IMOITYKOBUX TPH-
CTpoiB Ta 3ac00iB, Y3ro/KYOUYH TIOMIXK HUIMH TPAEKTOPIii IX MPOCTOPOBUX TEPEMIIIICHb
Ta PeXUMH MOIIyKoBoi podotu [6, 7, 10].

[Momryk mMpoMUCIOBO MPUAATHUX CKYIMYCHb PUOU 13 BUKOPHCTAHHAM JIOTIOMIXKHOTO
TUIaBY4Oro CylHa Ta i3 3aCTOCYBaHHSIM KIHEMaTW4YHOTO MPOEKTyBaHHs (puc. 1) 3mili-
CHIOIOTh Y HACTYIIHIH ITOCITIIOBHOCTI.

PubonoBHe cynHO 1 i3 BCTAHOBICHUMH Ha HHOMY TIOIIYKOBOIO arapaTyporo Ta 3aco-
0aMu pajio3B’sI3Ky 1 OOUMCIIOBAILHOIO anaparyporo 3aX0UTh B IIEHTPAIbHY YaCTUHY
BUJILJICHOT oMY JUIsl TOLIYKiB pHUOM AUISTHKY 3 akBaTopiit Mopsi. TyT BiAIIBapTOBYIOTh
OCHAIIICHUI TTOIIYKOBOIO anaparyporo JIONMOMDKHUH IUiaByduil 3aci® 2, Hampukiaj,
MOTOPHHUH YOBEH, SKHI BIIXOIUTH BiJl puOOJIOBHOTO Cy/IHA Ha BiJJIaNb

m=R+r,
ne R —panaiyc miBcepr eeKTUBHOI MOIIYKOBOI J1ii MApOaKyCTHYHOI amapatypu puodo-
JIOBHOTO Cy/HA;

7 — pagiyc miBcdepH epeKTUBHOTO MOIIYKY TiIPOaKyCTHYHOI anapaTrypH JOTOMiXk-
HOT'O MOIITYKOBOTO CyJHA.

BunamryBanum y onHy JiHil0 puOOIOBHOMY | Ta JOMOMIXKHOMY 2 TJIaBy4OMY CYII-
HaM B MpoIIeci MOIIyKy pHOM Halal0Th IIepEeMILleHHS 1o cripaii Apximena 3 ta 4, Kpok
SIKOT piBHUH

n=D+dn
ne D ta d — BinmoBigHO giametpu miBcdep eheKTHBHOTO MOITYKY TiApoIoKaIiiHoi arma-
parypu puOOJIOBHOTO Ta IOTIOMIKHOTO cyaeH (puc. 1).

HenTtp cripani Apximena, 1Mo sKiii mepeMimarThCs MONIYKOBI CyIHa, YMOBHO O0Jia-
IITOBAHO B IIEHTP1 MOMIYKOBOI MIJITHKK aKBaTOPii MOpSI.

TpaexTopiro pyxy 000X MOIIYKOBHX CYZIEH IO cripaiii Apximena oOpaHo i3 HaCTyTI-
HUX MipKyBaHb:

— JlaHa TPAEKTOPis He TOMyCKae HasIBHOCTI HEOOCTE)KEHUX JIIISTHOK aKBaTOPii MOPSI;

— I TUIaBHA TPAEKTOPis, Ha BiIMiHY BiJl IHITNX MOXKITUBUX, HE TIepen0dadac 3B0poT-
HUX PYXiB Ta CTPIMKHX TIOBOPOTIB, IO HE € OayKaHUM JIJIsl TIPOIIECY TOITYKY CKyITdeHb
puowH.

SIKIo NpUHHATH 33 CEPeAHI0 AOIMYCTHMY LIBHIKICTh INOLIYKOBHX IE€PEMIIIEHb
pHUOOIIOBHOTO Ta TOTIOMDKHOTO IIABYYOTO CYy[eH MBUAKICTh Bix 9,5 By3miB 10 11 By3-
niB, T00T0 18-20 KM/TOI., TO 32 TOAMHY Yacy POOOTH MMHU IOITYKOBUMH CyTHAMH 32
YMOBH IPOCTOPOBHUX iX TMEPEMIIIEHHAX 1O cHipai ApxiMmena Oyae 0OCTEKESHO IMOHAT
ITICTh KBaJPaTHUX KIJIOMETPIiB aKBaToOpii MOpSI.

[Tnoma, 1m0 Npo30HA0BY€ETHCS MOUIYKOBOIO aaparyporo KOXKHOTO i3 MOIIYKOBUX
CyZIeH, TIPOTIOPIIiiiHa MPOHAEHOMY HUMH IIIJISAXY, TOOTO AOBXKHUHI iX HepeMilleHb 10
MMOBEPXHi BOAOWMH, IO BigoOpakae€ThCs KUTBKICTIO MPOWICHINX HUMH BHUTKIB TIO CITi-
pani Apximena, Ta IUPUHI CMYTH 30HAYBaHHSA. [ puOOMOBHOTO CyqHA IS IIJIOMIA
piBHa

St - z €i(t) ' D’
ne ) L, —cymapHa JOBKIHA IPOHICHIX PUOOIOBHIM CYJHOM BUTKIB CIlipaii Apximesa.
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Puc. 1. Tpaexmopisi npocmoposux nepemiuienv no cnipani Apximeoa puboniosHoz2o
ma OONOMINCHO20 NIABYYO20 CYOeH 8 NOULYKAX CKYNYEeHb pudu

J1st 1OTOMIXKHOTO MOLTYKOBOTO Karepa s IUIOIIa piBHa
S;= 2ty d,
ne ). ¢, — cymMapHa TOBKHHA NPOMICHUX TOMOMDKHAM MOLIYKOBUM KaTePOM BUTKIB
cripani Apximena.

OcCKinbKM CyMapHa JOBKHHA MPOMIEHUX IMOIIYKOBUMH CyTHAaMH BUTKIB CIHipaii
MPAKTUIHO OJHAKOBA, TO CITIBBIAHOIIEHHS & OOCTE)KCHUX HUMH ILIOINI BOIONMH BigO-
OpakaeThes CIIBBITHONICHHIM JiaMeTpiB miBcdep ePeKTUBHOI MONIYKOBOI Jii Tipo-
aKyCTUYHOI armaparypy IUX Cy[eH, TOOTO
S, D _D_R
S k >l i(k) " d d r

Ockinbku pagiyc » miBcepu edeKTHUBHOI MOLIYKOBOI Iii TiApoakycTH4HOi anapa-
TYypH JONOMDXHOTO TIOLTYKOBOTO KaTepa Mpu3HadaroTh B fiama3oni 0,5R < 7 < R, 10
MOJKHA CTBEPIXKYBATH, III0 BUKOPUCTAHHS JOMOMIXXHOTO ITOITYKOBOTO KaTepa J03BOJISIE
y 1,52 pa3u 301IbIIUTH IOy OOCTEKESHOI B OAUHUIIIO YaCy IUIOIII BOJHOI TOBEPXHI.

MacuBHe prOOIIOBHE CYHO MIPU HOTO MONTYKOBUX TIEPEMILIICHHSX 110 00CTEXYBaHIi
BOJIHIM MOBEpPXHI BUTpPada€e Ha MOPSIOK OliblIe MannuBa MOPIBHSHO i3 JETKUM Majo-
rabapuTHUM MOUITYKOBUM KarepoM. BiamosigHo mpu 3meHmienHi y 1,5-2 pasu npoiiae-
HOTO HUM IUISIXY IPOHOPIIIIHO 3MEHIINUTHCS 1 KUIBKICTh BUTPAYEHOTO HA IIe MajiBa.

Harpukaz, npu mBHAKOCTI pyXy pHOOIOBHOTO CyAHa L, = 5,5 By3IIiB BIPOIOBK
OIHOT TOAMHU HUM Oyne mpoiineHo Oinsg 10 kM Ta oOcTexkeHa cMyra BOZHOTO ILIeca
noBxuHoK0 £, = 10 kM i mupunoro D = 0,4 kM, TOOTO IIOIIOKO

S=1-D=10-0,4=4xw

Ha e 6yne Butpaueno npu6ianzao 100 s1iTpiB nanusa i3 po3paxyHKy BUTpaTy HaauBa
M cymaoM 10 miTpiB Ha 1 KM TpoiaeHoro Muisxy. SIKImo 1Mo x miomy %S = 4 kM?
OTHOYACHO OOCTEXYIOTh OOMJBA TIONTYKOBI CyIHA 1 IIMPHUHA MOIIYKOBOi CMYTH JOIIO-

MDKHOTO KaTepa BIBidi MEHIIA BiJ] IMMMPHUHHU MONTYKOBOi CMYTH pHOOJIOBHOTO CyIHA, TO
000M TIONITYKOBHM CYIHaM ITOBEACTHCS MPOUTH 10 6,5 kimomeTpu. Tosi puOOIOBHIM
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CyIHOM Oyjie BHKOPHCTaHO 65 ITpiB MajuBa, a JOMOMIXKHUAM MOUTYKOBUM KaTepoM,
3 pO3paxyHKy, IO BiH BUTpadae 2,5 JiTpa najvuBa Ha 1 KM IPOHAEHOrO IUIAXY, HpPH-
omm3Ho 16 mitpi nanuBa. CymMapHo 1e ckiaje 81 miTpy BUTpadyeHOro 06oMa MONIIyKo-
BUMHU cyaHamu nanusa. [le maibke Ha 20% MEHIIe, TOPIBHAHO 13 BUTPAaTaMH MajiBa Ha
MOIIYKOBI TIEPEMIIICHHS BUKJIFOYHO JIMIIIE pUOOJIOBHOTO cyaHa. Jlo peui, e BiICOTOK
eKOHOMIT mayimBa 3poctae 10 37,5%, gKio paaiycu epeKTHBHOI MOIIYKOBOI dil Ti1po-
aKyCTHYHOI armapaTtypy MOUIYKOBUX CYJCH OyITyTh OJHAKOBI.

VY BUMajKy BUSBICHHS OyIb-KUM i3 TIONIYKOBUX CYJACH CKYIMUYECHHS puOH 00Xin
HUMH TEpUTOpii Mo crmipam ApxiMena mpu3ynuHsoTh. [1o BiINOBigHIA KOMaHIi 13
KOMaH/IHOTO TYHKTY pHUOOJIOBHE Ta JOMOMDKHE CYIHA PO3TAIIOBYIOThCS PIBHOBIIA-
JICHO IO JBa OOKM Bijl BUSBJICHOTO CKymueHHst puOH. I[Ticyis 1bOoro BMUKAIOTh OJHO-
YacHO Ha 000X Cy/HAX CIIOCTEPEKHY anaparypy JJs ieHTU]IKalii BUSIBICHOTO Y MOpi
ckymyeHHs. Came crocTepexeHHs Ta 00pO3MIPIOBaHHS BUSIBIIEHOTO CKYITYCHHS puoH
3 ABOX 3MinieHux Ha 180° oxHa Big OJHOT TOYOK (Cy[eH) HalalOTh MOXKJIUBICTh TOOY-
JIOBH Ha €KpaHi MOHITOpa KOMIT'IOTepa KOMaHJHOTO MYHKTY TBEPAOTUILHOT Mojeni
JTAHOTO BUSIBIICHOTO PYyXOMOI'0 00’ €KTa.

SIk110 BUSIBIICHE CKYyITUEHHS PUOU BUSBUTHCS 3@ CBOIM BMICTOM 1 00CSTaMu JOILTb-
HUM JJIsi OOJIOBJIOBAaHHS, MPUCTYNAIOTh JI0 BU3HAYCHHS KOOPAWHAT Ta IIBUIKOCTI
nepeMillieHb JAaHOTO CKyImYeHHs pruOu. 1Jist iboTo, Iepil 3a Bce, BAKOPUCTOBYIOUH Bifl-
MOBITHY MPOTPaMy, YTOUHIOIOTH KOOPJMHATH PO3TallyBaHHsS JaHOro cKymueHHs. Crie-
IaJIbHOI0 OOYHCITIOBAJIbHOI0 MPOTPaMOI0 BMUKAIOTh aJITOPUTM TOCIHIJOBHOCTI yTOY-
HEHHsI KOOPIMHAT CKYITUeHHS pUOH 3aco0aMH KiHEMAaTHYHOTO MTPOEKTYBaHHSI.

[Tpu nomrykax ckynm4eHb puOH i3 BUKOPUCTAHHAM KiHEMAaTHYHOTO MPOCKTYBAHHS
PO3paxyHKOBOIO MPOTpaMolo TepeadadyeHo BUKOHAHHsS HACTyMHHX eramiB. Ha mep-
IOMY eTami y ToYlli A, 0 CHMBOII3YyE 3aKiHYEHHS TiJpOaKyCTUYHOT MOITYKOBOI
BUIIPOMIHIOIOUOT aHTeHH 3 pHOOIOBHOTO cyaHa |, YMOBHO OOJAIITOBYIOTH TPHBH-
MipHY OPTOTOHAIIBHY CUCTEMY KOoOpAHHAT (pHc. 2). Bick x mi€i cucTeMu KOOpJHAT Ma€e
MOYATOK y TOYIII A 1 CIpsIMOBaHa B HANIPSIMKY TOYKH B, 110 CHMBOITI3Y€ MicIle Ta KOop-
JUHATH 00JIaIITyBaHHS JPYToi T1IpoaKyCTUYHOT BUIIPOMiHIOIOYOT aHTEHH 4 JTOTIOMIXK-
HorO cynHa 2. Bick «z» O6epe modaTok B ToUlli 4, NEPIEHANKYIISIPHA OCi X 1 CIIpSIMOBaHa
BHHU3 Y MOPCHKI TTHOMHH. Bick «y» Texk 3am04aTKOBY€ETHCS B TOUIll 4 i IEpIEHIUKY-
JSIpHA OCSIM «X» Ta «z». CIpsMOBaHi TI0 IOBEPXHI BOJOWMH OCi «X» Ta «y», SIK JIBi
B3a€EMHO TIEPIIEHAUKYIISPHI TPSIMi, YTBOPIOIOTH TaK 3BaHy «0a30By» IUIOMUHY a. Ha
Biaii a BiJ TOUOK A Ta B y muomiuHi o(x,y) 3a1al0Th JOMOMIXHY TOUYKY 13 KOODP/IH-
natamu C(a/2;0,87a,0). 3anapimu rmubuny H, mo nepesuiiye B 1,2—1,5 pa3u opieH-
TOBHY ITMOWHY pO3TalllyBaHHS CKYITYCHHsS pUOM, Ha MEPIEHINKYIApax 10 0a30Boi
TUTOIIMHU ¢ B TOUKaX A, B Ta C B HaNpsIMKy MOPCHKHX TIIMOWH BCTAHOBIIOIOTH TOUKH
M, N ta P. i Tpu Touku M, N ta P 3a1af0Th y MOPCBKHX TIIMOMHAX X MPOCTOPi JHA
«KapTUHHY» TUiomHy fS(N;M;P), sxa napaneiabHa 0a30Bii miouuHi o4, B;C) 1 Bia-
najeHa Bijx Hel Ha Bignanb H, tooto H=AM=CN=BP; a(ABC)//f(MNP) (puc. 2). Po3-
TallyBaHHS «KaPTUHHOI» IUIONIMHH £ € YSIBHUM 1 HEOOX1THUM JIUIIIE JJIs1 pO3PaxyHKiB
KoopauHaT. ToMy 15l «kKapTHHHAY MJIONIMHA MOXKe Oy TH 3aJJaHOO SIK Y TOBIIi BOJIH, TAK
1 HaBITh B INIMOMHAX MOPCHKOTO JHA YU JHA OOJOBIIOBAHOI MPICHOBOAHOI BOIONMHU.
Lle ycyBae HeOe3MeKy BIUIMBY Ha TOYHICTh PO3PaxXyHKIB KOOPAMHAT MPH KiHEMaTHY-
HOMY IIPOEKTYBaHHI BiJOMTHX BiJl JHA BOJAOHMHU XMOHUX CUTHAJIB €X0J0KAaTOPIB. | 11e
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Puc. 2. [Ipunyunosa cxema 8UKOPUCTNAHHSA KIHEMAMUYHO20 HPOEKINY8AHHS
07151 NOWLYKY Ma 8U3HAYEHHS KOOPOUHAM CKYNYeHb puou

€ CYTTEBOIO TIEPEBArol0 3aCTOCYBaHHS ISl IOUTYKY CKyIM4eHb puOM 3aco0iB KiHeMa-
TUYHOTO NMPOCKTYBAaHHS.

Ha npyromy erarmi, yBIMKHYBIIN OZHOYACHO TiAPOAaKyCTHYHI TMOUIYKOBI CHCTEMH
pubosioBHOrO 1 Ta JOMOMIXKHOTO CyIHA 2, COPSIMOBYIOTh B OYiKyBaHOMY HampsSIMKY
po3TalryBaHHS BUSBJICHOTO CKYITYEHHS prOH MOLTYKOBI XBUIi (puc. 2). Ha MoniTOpax
MOITYKOBUX CHCTEM (iKCYIOTh HAIpsM (a3UMYT) TPOEKTYIOUHX MMPOMEHIB, IO MPO-
XOJISITh BiJl KOKHOT T1IpOaKyCTHYHOT MOIIYKOBOi CUCTEMH Yepe3 TOYKY MPOCTOPOBOTO
pO3TallyBaHHs 3HAWIEHOTO CKYITYCHHS, Ta KYTH IX HaXuiy J0 0a30BOi ILIOIIUHU d,
T00TO 01 = p Jama Vo™ P, a. Kpim Toro it OBHOLIHHOI KOOPIMHATHOT TIPHB’A3KHU
MPOEKTYIOYHX MPOMEHIB JI0 3alIPOBaPKEHOT CUCTEMH KOOPAMHAT JJIsI KOKHOTO 13 TIPo-
EKTYIOYHX TPOMEHIB p, Ta p, BU3HAYAIOTH 1 KyT HOro Haxuily 10 JiHii @, o 3’eaHye
Mik co0oro pubonoBHe 1 Ta jomomixkHe 2 cynHa, T00T0 o = p,AB ma y = p,’AB

(puc. 2).

3a KyTamu o, ., 7, ,,V,, HAXAILY IPOCKTYIOMHX NPOMEHIB 10 6a30B0Oi TUIOIIMHU
o Ta JiHii o, Mo 3’€AHye 0OWABI MOIIYKOBI CUCTEMH, Ta KOOPAHHATAMH TOUOK PO3-
TallyBaHHS TONIYKOBUX aHTCH HA KOMII'IOTEpi KOMaHJHOTO IYHKTY BiZoOpaskaroTb
00u/1Ba POEKTYIOUi MPOMEHI p, Ta p,. BilmoBiAHUM MporpaMHuM 3a0€3MEUEHHSM 3B0-

ISTH 00WBA MPOESKTYIOUl IPOMEHI 10 B3aEMHOTO iX MEPETHHY B IIEHTPaIbHINA YacTHHI
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BUSIBIICHOTO CKyIT4eHHs pubH ( Touka K Ha puc. 2). [lepeTrHHI Mixk CO00I0 MPOEKTYIOUi
IIPOMEHi p, Ta p, pa3oM (GOpMYIOTh IIOIMHY ¥ (p,; p,), AKa NepeTHHae 6a30By 0. Ta Kap-
TUHHY [3 MJIOIIMHH IO JIBOX MapasieIbHUX MixK COOO0I0 JiHIsX a Ta b.

Ha nacTynmHOMY TpeThOMYy eTarli KOMIT I0T€pHa IporpaMa IpopaxoBy€e KOOPJHHATH
TOYOK F =p, N3 TaT = p, N [ TIEPETUHY NPOECKTYIOYUX IIPOMEHIB p, 1 p, 13 KAPTHHHOKO
wiouHO f3. [Ipu 1bOMY TaKOXK BH3HAYAIOTh BiIalb b MK TOUKAMHU TIEPETHHY MPO-
SKTYIOUMX POMEHIB i3 KapTHHHOIO ILIOLIMHOO 3, TOOTO b =|FT].

Touku MepeTUHy MPOSKTYHOUHUX MPOMEHIB i3 KApPTUHHOIO TUIOMIMHOK [3 HIyKaKOTh
aHAITHYHUM MeTooM. [IpH aHAIITHYHOMY METO[I TOIIYKY TOYKH NEPETHHY 33Jaf0Th
aHaJITHYHE PIBHSHHS MPOEKTYIOUOTO MPOMEHS SIK PIBHSHHS MPSAMOT JIiHi1, 10 MpoXo-
IUThH Yepe3 BiloMy TOUKy (4 abo B) i3 3agaHUMH KOOpAWHATAMH i/l BIIOMUM KyTOM
HaxXwWIy 710 6a30BOT IJIOMIMHY 0. TakoX 3aJJaf0Th aHAJITUYHE PIBHSHHS KapTHHHOI ILTO-
HIMHY f, IO TPOXOIUTH Yepe3 Tpu Touku M, N Ta P i3 BitOMUMH KOOpAHHATaMu. Tou-
KOIO TIePETUHY MPSMO] 13 TUIOIIMHOIO Y [[bOMY BHUIAIKY Oyae NIyKaHa TO4YKa, KOOpIu-
HATH SIKOT OTHOYACHO 32/I0BOJILHSIOTH 1 PIBHSHHSI IPSAMOT, 1 pIBHSHHS TUTOIHH.

Ha gerBepromy erami, BOJOIiIOUYM KOOpAWHATaMH TOUOK A Ta B, a Takok TOuok
F=p,0f ta T=p N nepeTuHy MPOEKTYIOYUX MPOMEHIB p, 1 p, i3 KAPTUHHOIO TLJIO-
IIHHOK 3, TOOTO KOOpAMHATAMH TOYOK Ha KiHIIAX BiIpi3Ka MPOEKTYHOYOro MPOMEHS,
3aMUCYyIOTh PIBHSAHHS MPSAMO] JIiHi1, 10 MPOXOIUTH Yepe3 JBi TOUKH i3 BIIOMHMHU KOOP-
nunaramu. To6ro A(x,,v,.z,)e py; T(x;,vr.2,)€ pys p, <1,

Toni piBHAHHS POEKTYIOYOTO POMEHS p,; SK PIBHAHHS IPSAMOi, MATHME BUIIIS]L

X—Xy Y=Y zZ—2z,

R — (M

Xp =Xy Ve = V4 Zr—Z,

AHAJIOri4HO JUIS MPOEKTYIOYOro MPOMEHS P,, IO IPOBEIAEHUH Yepe3 JONOMIKHE
nomykose CygaHo (Touka B) i Touky F 3 Bimomumu xoopamnatamu F(x,,¥,,z,), pis-
HSHHS IIPAMOI /,, MaTMM€ BUIIIS]

xxB:yyB:ZZB‘ )
Xp=Xp Yp~Vp Zp~Zp

I3 1BOX PiBHSAHB IIPOEKTYIOUMX IPOMEHIB p, 1p, GOPMYIOTH CUCTEMY PIBHSHB 1 CITiJIb-
HUM iX pIlIEHHAM INYKarTh KOOPAMHATH TOYKM K(Xx, V., z ) iX NEPETHHY K TOYKH,
y SKifl Ha JaHWi Yac po3TalloBaHe CKyMm4YeHHs pubu. Bonmoairoun koopauHaramu pos-
TaIIyBaHHS 3HAWJEHOTO CKYMYEeHHS pUOU 3 MaTeMaTH4YHOI 3aJIE)KHOCTI, 110 BU3HAUYAE
JOBXHHY BiZIpi3Ka OpsSMOi 38 KOOpAUHATAMHU JBOX HOTO KiHIIEBUX TOYOK, PO3PAXOBYIOThH
BiJIJIEHICTh BOTO CKYTYEHHS pUOH BiJl puOOJIOBHOIO CyAHA

st mepeBipKH MpaBUIIBHOCTI 31IHCHEHUX PO3PaxyHKIB i3 JBOX MOMIOHUX TPUKYT-
HUKIB AABK T1a AFTK, yTBOPEHUX NEPECIYHUMH MPOMEHSIMH, BUPAXOBYIOTh KOOPIH-
HaTH iX crinbHOi Bepmuuyu Touku K. Ile Touka K(x ; y, z ), y AKiil Ha JaHHH MOMEHT
Yacy po3MillieHe pO3LIyKyBaHe CKymueHHs puOu (puc. 2). I3 po3B’si3KkiB BKa3aHUX TPU-
KyTHUKIB BU3HA4YalOTh J[Ba BaroMi JJisl YCHILIHOTO MOUIYKY CKYM4eHHS puOHu mapame-
TpH, a came TNIMOUHY /1 3aHypEeHHs LbOT0 CKYMYEHHsI Ta HOro BiAalieHicTh k Bix pubo-
JIOBHOTO cyAHa. /|1 1IbOro BUKOPUCTOBYIOTh MAaTEMaTH4Hi 3aJI€KHOCTI

k=hy1+(Crgar, h=H(1— b ) 3)
e a+b
ne k — Bigmanp BiJi puOOJIOBHOTO CYy/IHA JI0 BUSBJICHOTO CKyITUEHHS pUOH;
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h — TMOVHa po3TallyBaHHs CKYITYEHHS pUOU BIJJHOCHO TIOBEPXHI BOJHOTO Ijieca
BOZOMMU YU MOPS;

H — 3amana Bijianb BiJl HOBEPXHI MOPS 10 KAPTUHHOI IUIONINHHU;

a — Bij1ajb MK pUOOJIOBHUM Ta JIOTIOMIKHUM CYHAMH;

b — Bimjgame MK TOYKAMHU TEPETUHY MPOCKTYIOUMX MPOMEHIB TiJPOaKyCTUYHUX
MPUCTPOIB 13 KAPTUHHOIO TLIONIHHOO;

0. — KyT HaXWJIly TIPOEKTY0YOro IPOMEHS TiPOaKyCTHYHOIO MPHUCTPOIO 0 JiHii a.

SIK11o BHSBJICHI KOOPAWHATH TOYKH MEPETHHY MK COO0I0 000X MPOEKTYIOUYHX MPO-
MEHIB CIIBIAJAl0Th Y BHIIIE BiJI3HAYEHUX KPOKAX MEPEBIPOK, TO POOISATH BUCHOBOK IIPO
BiJITIOBIZIHICTh PO3PAaXOBAHUX KOOPJMHAT PO3MIIICHHS CKYITYEHHSI PHOU iX peatbHOMY
3HAYEHHIO.

Ha puc. 3 BimoOpaxkeHa cxema 3aCTOCYBaHHS KiHEMAaTHYHOTO MPOCKTYBAHHS IS
HAOJIKEHOT OIIHKK KUIBKOCTI pHOW Y BUSIBICHUX ii CKymueHHsX. BusBuBIIM CKyTI-
YeHHs puOH 1 30cepelkyIoTh MPOCKTYI0Ui MPOMeHi 2 Ta 3 KIHeMaTHYHOTO MPOCKTY-
BaHHS IOYEProBo Ha Toukax S 1 V (Benuka Bich emincoina) Ta Toukax W iJ (Mana Bich
eJNINcoina) i BU3HAYAIOTh YMCENIbHI KOOPAMHATH IUX TOYOK. 3a KOOpJUHATAMH XapaK-
TEPHUX TOYOK eJirncoiga 4 po3paxoBYIOTh WOTO BEJIMKY Ta Maly OCi i BU3HaYarOTh
00’eM ySIBHOTO €Jlircoiga oOepTaHHs, SIKUM HEMOB OH OXOILIIOE CBOEIO IMOBEPXHEIO
BUSIBIICHE CKym4eHHs! puOu. [IpuiHABIIN MpUTaMaHHY Ui JaHOTO PI3HOBHUIY pUOH
il TyCTHHY y CKyIUYEHHI Ta BOJIOAIIOYM PO3PaxOBaHUM 3HAUEHHSIM 00’€My OXOILIIO-
I0Y0T0 CKYITYCHHS pUOU eirncoina oObepTaHHs, HAONMKEHO BUPAXOBYIOTh KUJIbKICTh
puOH y CKyI4eHHi.

—_ -'_."IT“‘-"‘—-——'—///

Puc. 3. Cxema nabnuoicenoco eusnavenms Kinokocmi pubu y ii ckynuenni sacobamu
KIHeMamu4H020 NPOEeKmy6aHH s
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Jy1s moJIeTIeHHS. PO3PaxyHKIB y Ta0MuUIX 1 Ta 2 MpUBEIEHO OCHOBHI MaTeMaTH4Hi
3aJIGKHOCTI, 0 MOXKYTh 3aCTOCOBYBATHCS ISl PO3PaXyHKIB KOOPJHMHAT BHUSBICHUX
CKyIUeHb pUOH.

AHayiTHYHI PIBHSAHHS IPOEKTYIOYMX MPOMEHIB P, Ta p, | MAaTEMaTH4Hi 3aJI€KHOCTI
JUTS BU3HAYCHHS! OCHOBHUX TapaMeTpiB MPUBEACHO y Tabmui 2.

[MocninoBHICTE PO3paxyHKIB KOOPJMHAT BHSBICHOTO CKYIMUYCHHS puOH 3acobamu
KiHEMaTHYHOTO NMPOEKTYBaHHS POUTIOCTPOBAHO Ha HIKYE IPUBEICHOMY TIPHKIIAI.

3a1ar0Th KOOPAWHATH TOYOK, 1110 GOpMYIOTh 0a30By a(A,; B;C) moBepxHIo, siKa CITiB-
nasiae i3 MOPCHKOIO MIOBEPXHEI0, Ta «KapTUHHY» S(K, N, P) IIOMIKHY Y TOBIII MOPCHKUX
DIMOWH YM THA BOJOUMHE. Takox 3a/1al0Th BiJIab MK [IMMU IUTOMIMHAMH, HATIPUKITA],
H=|ap|=2500m. Hexaii KiIt0O40BI TOUKH, 1110 33/1al0Th 0A30BY Ta KAPTUHY ILIONIUHH,
MAarOTh HaCTYITHI KOOPAHHATH:

— Touka A, IO PO3TalloBaHa HA KiHIII BUIIPOMIHIOIOYOT TipOJIOKAIIHOT aHTeHU
pubosioBHoro cyaHa 1 — A(0,0,0);

— Touka B, 1m0 posramioBaHa Ha KIHI[I BHIIPOMIHIOIOUOT TiIPONIOKAI[iHHOT
AaHTCHH JIOIIOMIXKHOTO MOIIYKOBOIo cynHa 2 — B(a,0,0) = B(150,0,0);

— touka C Ha Mopchkiii moBepxHi — C(a/2,;0,87a,;0) = C(75,130,5;0);

— TodKa M, 110 po3TanioBaHa Ha epIeHAUKYIIPI Yepe3 TOUKY A JI0 IIOBEpXHI MOps
(6azoBa mommHa a(A4,; B, C)) y TOBIII MOPCHKOTO JIHA Y KapTHHHIHK rutomuHi S(M, N, P),
npuaomy AM=H=500m — M(0,0,500);

— TouKa P, 110 po3ramoBaHa Ha MepIeHANKYISAPI Yepe3 TOUKy B 1o moBepxHi Mopst
(6azoBa rutomuHa a (A4, B;C)) y TOBIII MOPCHKOTO JHA Y KapTHHHIN TuionuHi S(M,N,P),
npuuomy BP=H=500m — N (150,0,500);

Ta6muusg 1
Ilo3HavyeHHs1 KYTiB /151 IPOEKTYIOYHX IPOMEHIB:
IMpoexTyrouunii npoMiHb IMpoexTyrouunii npoMiHbL
Onuc ¢popmyrouux P y L P, p y L P,
3/ KYTH JiHiii 3HayeHHsA 3HayeHHsA
Ta IJIOMHH ITo3na- y po3ras- Io3na- y po3ras-
YeHHS HYTOMY YeHHS HYTOMY
NpUKIagi npUKIagi
KyT mix mpoekty-
1 |rounM mpoMeHeM o, 80° Y, 75°
1 BicCIO X
KyT mix npoekry-
FOYHUM TIPOMEHEM
1 1OTO TIPOEKITiET0
2 |Ha TOPU3OHTAJIBHY - 80° Yy 75°
TUTOIIMHY TOBEPXHi
BonioiimMu (6a30BOO
TIJIONTUHOIO)
KyT Mix mpoekmi€ero
MIPOCKTYIOYOTO
3 p y B Oo g Oo
NIpOMeHs Ha 0a30By
TUTOIIMHY Ta BiCCIO X
Kyt naxumy mio-
IIWHU TPOCKTYHOYHX
4  |mpomeHiB o(p N p, % 90° % 90°
110 0a30BOT ITOIIHUHI
a(x;y)
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Tabmuus 2
No Ha3ga IIpoekTyrodi mpomeni:
3/m napamerTpy IIpoekTyI0uMii IPOMiHB p, | IIpoexTylounii npomiHsb p,
PiBHSIHHS IPOEKTYIOYHX ITPOMEHIB
X, =cosa, X, =COSY,
1 Hanpavnuit ¥y =4/c0s’a,, —cos’ a, Yy =4/c0s’ ¥, —cos’ x
BEKTOP » ’ “
zy =sina,, zy=siny,,
X, =t-cosa, Xy =k-cosy,
HapaMeTquHl Vo=t [cos? o —cos’a, vy =k- [cos? Vo —cos’y,
2 PIBHSHHSI ITPOEK- o ’ '
TYIOUMX TIPOMEHIB | |z, =1-sina,, zy=k-siny,,
t>0 (1) k>0 (2)
K e X=X _ Y=)r _ X—=Xp _ Y=Dr
aHOHIYHI piB- = = =
P cosa, \/cosz a, —cos’a cosy, \/cosz 7., —cos’ 7,
HSIHHS TIPOEKTYIO- w ¥ :
YHX ITPOMEHIB _zZ-z nl= z-z, 5
sina,, @ siny,, @)
ITapameTpu IPOEKTYIOUHX MIPOMEHIB
H H
AT =1=— BF =k =—
3 JloBxuHa sina, siny,,
T(xT;yT;ZT) F(XI.JJ’F;ZF)
K . _Hcosa, v —a Hcosy,
OOpAUHATH T sina,, F siny,
4 TOYOK MEPETHHY » i
13 KAPTUHHOIO H-\Jcos’ a,, —cos’ a, H-\Jcos’y, —cos’y,
[LIOLIMHOIO Yr = . > Yr= . ;
B sina,, siny,,
z;=H z,=H

Binnans Mix TOY-
i KaM‘H TepeTHHy b= ‘TF‘ = \/(xr —Xg )2 + (yr - J’F)z + (ZT —Zr )2
b=|TF
I'mu6una 3any- b
6 PEHHS CKyIYeHHs | 7= H(l - bj
pudH at

Binnans Big
PpHOOIIOBHOTO _ 2
7 CYJIHA 710 CKyTI- k=hyl+ctga,

YeHHS pUOHN

Koopaunatu
CKyITYeHHS PHOU Klxpiviz,) et ) .
8 y 3anpoBaKeHIl X3 Y3 Zk) < {i3 cucTeMu piBHAHB MPOEKTYIOYHUX MPOMEHIB (Mart.
cuctemi koopau- | 3AIEKHOCT (Dra (2))
Har

— TodYKa N, 110 po3TaIioBaHa Ha MEPIeHIUKYApi uepe3 Touky C 10 MoBepXHi MOps
(6a3zoBa mmomuHa a(A,B;C)) y TOBIII MOPCHKOTO JHA Y KapTHUHHIN ruiomwHi S(M,N,P),
npuaomy CN=H=500m — N (75, 130,5,500).

Hexait qyis cipolieHHs: IeMOHCTpaIllii MPUKIany Ta MOJErHICHHS PO3YMiHHS CyTi
KiHEMATUYHOTO NMPOCKTYBaHHS BBAKATUMEMO, 1110 PUOOTOBHE Ta JOMOMIKHE MOIITYKOBI
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Cy[lHa PO3TalllOBaHi CTPOTO HaJl BUSBICHUM CKYIMUEHHSIM puOH, TOOTO CylaHa 1 CKyN-
YeHHs1 pUOH 3HAXOSTHCS Y OJHIN TUIOIIHHI, IO TMEPIIEHANKYIIPHA JI0 TOBEPXHI MOpSI.
VY mnopmanbmioMy CHpSIMOBYIOTh Yy HAaNpsSMKy BHSBICHOTO CKYNMUEHHsS PHOM YsIBHI
MPOEKTYIOYi IPOMEHI, SIKi 0epyTh CBil TOYATOK Ha KIHIISX MOITYKOBHX TiAPOIOKAIIHHUX
aHTeH puboNoBHOrO cyaHa 1 (p, = [,) Ta JOMOMIKHOIO MourykoBoro cynna?2 (p,= 1)
1 MPOXOAATH Yepe3 BHUSABJICHE CKYITUCHHs PUOW JI0 MEPETHUHY 13 KapTUHHOIO TUIOIIU-
HOM f(M,N,P). Dikcyl0Th KYTH HaXMly IUX MPOEKTYIOUMX MPOMEHIB /10 JiHil AB, mo
3’€JIHy€ TIOIIYKOBI Cy/IHA Ta CIIBIAJIAE i3 Biccro X, T00TO 0 °= p N x Tay °= p " x. Hexai
KyT a °= 80 °, axyt y °=75°. Toxi KyT HaXui1y IIPOEKTYOUOTO IIPOMEHS p, 110 OCi Z CTa-
HoBuTHME p =90°— 0 °=90° -~ 80°=10°, a IPOEKTYHOUOTO IIPOMEH p, IO BEPTUKAJILHOT
ninii BP £=90°—y °=90° - 75°=15°.

Bu3HauaroTh KOOpIWMHATH TOYOK TEPETUHY MPOCKTYIOUHX MPOMEHIB p; Ta p, i3
KapTUHHOK IionuHow S(M,N,P). 1le moxHa 3podutn abo i3 rpadiuHux molymos,
PO3B’sI3yI0UH MPSIMOKYTHI TPUKYTHUKUA AAMT ta ABPF, a00 aHaJIITHYHUM METOJIOM.

I3 TRHKYTHHKa AAMT xoopauHata X, TOYKH TEPETHHY MPOEKTYIOYOTO MPOMEHS
p, = AT i3 xapTuHHOK MIomuHow B(M,N,P)

X, =MT=AM tgp =H-+tgp =500+1g10° = 88,15 m

IToBHi KoopnuHaTH Li€l Touky 7'y IPUHHATINA cUCTEMI KOOpAUHAT

T(x,y,z,)=T(8815:0;500),
a JIOBKHHA TIPOEKTYI0YOTO MpoMeHst p, = AT
p, =AT=507,7 m
I3 TpukytHuka ABPF nosxuHa karera PF
FP=BPstg&=Hetg&=500+tgl5° =134 m.
Toni xoopauHara x,, TOYKM NMEPETUHY IPOEKTYIOUOTO NPOMEHs p, = BF 13 KapThH-
HO¥O IomuHoto S(M,N,P)
x,=MT=AB—~PF =a—-PF=150-134=16u
IToBHI KOOpAWHATH Ii€T TOYKU F' B IPUHHATINA CHCTEMI KOOPIMHAT
F(x,y.z)=F(16;0;500),
a JIOBKUHA IIPOEKTYIOUOT0 NpoMeHs p, = B F
p,=BF=517,6m

Bignane Mix Toukamu F' Ta T IIEpETUHY NPOEKTYIOYMMH NPOMEHSMH p, Ta p, Kap-
THHHOI TUToTNHY (M, N, P)

b=x,—x,=88,15m—16=72,15m

I3 MaremarnuHuX 3asekHOCTEH (3) BU3HAYAIOTH JIBA BATOMi JUIsl YCIIITHOTO TIOUIYKY
CKYITYCHHSI pHOM TapaMeTpH, a caMme TIIMOWHY PO3MILICHHS CKYITYCHHS /i Ta Bimjane-
HICTh K IILOTO CKyITUEHHS pUOM BiJl pruOOJIOBHOTO CyaHal.

[muOuny 4 po3TamyBaHHs JaHOI JOHHOTO CKYITYEHHs] pUOM BU3HAYAIOTH 13 BUpa3y

n=tl1-—2 |=soo[1-—">15 |_3375.,
a+b 150+ 72,15

a Bijgmans & Bix puO0noBHOTO cymHal 10 BUSIBIIEHOTO CKYITYCHHS PUOH 3 PO3PaXOBYIOTh
13 MaTeMaTHYHOI 3aJIe)KHOCTI
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h 3375
sina,  sin80°

k= =342,6m

Y 3ampoBaKeHIN OpTOTOHABHIN CUCTEMI KOOPAMHAT 13 i MoYaTkoM B TOUIll A Ha
KiHIII BUTTPOMIHIOIOYO0T aHTEHH pUOOIOBHOTO cy/iHA| KOOpIMHATA CKYTUYeHHS pyuou 3 1o
0Cl X CTAaHOBUTHME

X, = h-ctg a®=3375-ctg80°=59,4m
a 3araJbHi KOOpJAWHATH CKyITdeHHs pubu (Touka K) y 1miit cuctemi koopauHat
K(x, vy 2,) = K(59,4:0; 337,5)

Ha puc. 4 BimoOpaxeHa OJIOK-cxeMa MOCTIIOBHOCTI PO3paxyHKIiB Ta MOOynoBH
KOMII FOTEPHOI TpOrpamMu JJisi BU3HAYEHHsI KOOPAWHAT BHUSIBICHOTO MOLIYKOBUMH CY/-
HaMU CKyIT4eHHs puOu. Po3paxyHkoBa Osiok-cxema nependauae BBEICHHS TaOIMYHUX
BXIIHUX JTaHHX, 0 SKUX HaJieKaTh MOJEINb Ta KUTBKICTh MOUIYKOBUX CYy/AEH, XapaKTe-
pHUCTHKA iX MPOCTOPOBOTO PO3TAIyBaHHS Ta MEPEMIllCHb, IIMPHUHA TOUIYKOBOI CMYTH
i 9ac MOUIyKiB CKyMueHb PHOH TOLIO.

BesnocepenHbo po3paxyHOK mnepemdavyae JCKiibKka eramiB. 30KpeMa, BU3HAUCHHS
Bigaiti Bijg 0a30BOro puOOJOBHOTO CyAHA J0 JAOMOMIXXHOTO TONIYKOBOTO CyIHA, PO3-
pPaxyHOK KOOpAMHAT MPOEKIii MPOEKTYIOUMX MPOMEHIB TIONIYKOBOI amapaTypy Cy/aeH,
BU3HAUYCHHS JIOBKUHH T€HEPOBAaHUX MPOCKTYIOUMX MPOMEHIB, CIIPSMOBAaHUX Ha BUSB-
JIeHE CKyIUeHHs puOH Tomo (Tabiuus 2).

Ha mincraBi nux JaHWX po3paxoBYIOTh KOOPAWMHATH CKyNMUEHHs puOM i1 mepesipsi-
I0Th 1X TOYHICTB. Y BHUNAAKY pO301KHOCTEH MPOPAXOBaHUX MO0 KOYKHOMY 13 MOLTYKOBUX
CY[EH JaHWX YTOUHIOIOTh KyTH HAXWIIy Ta JOBKHWHH MPOEKTYIOUNX MIPOMEHIB pajiono-
KaliiHOi cTaHIil pruOOJIOBHOrO Cy/IHA Ta aHAJOTIYHI JaHi JOIMOMIXKHOTO MOITYKOBOT'O
cynHa (puc. 4).

OOroBopeHHs1 pe3yJbTaTIB J0CTIIKEHHS | MOXKJIMBOCTEH iOro MpPOMHUCJIOBOIO
BHUKOpPHUCTaHHA. BrpoBakeHHsT METONUK Ta 3ac00iB KIHEMaTH4YHOTO MPOCKTYBaHHS
y TPaKTHUKY MPOMKCIOBOTO BHJIOBY puMOM He3arepedHo Oyne IMOB’s3aHO i3 MEeBHUMH
JOoaTKOBUMHU (hiHAaHCOBMMH 3aTpaTaMu. llepin 3a Bce, AoBeneThCs MpUAOATH TOAAT-
KOBHH JIOMOMDKHHIA TUTaBYy4YHi 3acid, HallpuUKiaa, MOTOPU30BaHUH MOIITYKOBUH Karep
Ta OCHACTHTH HOTO TiIPOaKyCTHYHOIO PO3BiyBaJbHOIO amaparyporo. JlogarkoBo 3Ha-
JOOJIATHCS 1€ 1 CyYacHa IIBUAKOJiI0Ya OOYMCITIOBAJIbHA TEXHIKA 13 BIANOBIIHUM Il
mporpaMHuM 3abe3neueHHsaM. HeoOxigHi OyayTh TakoX HaAiiHi 3aco0U pamio3B’sI3Ky
Ta nepenavi nudpooi iHGopmarii Mi>k OCHOBHUM Ta JOIOMIXKHUM CYTHAMH.

[Ipore maiibke BIBiYl 30LIbINEHI IO MOIIYKOBUX MEPEMIllCHb, a BiAMOBIIHO
i 00CTeEHUX IUISHOK aKBaTOpii MOPCHKOI MOBEPXHi, 0 TOTO X MPU 3MEHIICHHI
CyMapHHX BHUTparT NaliBa, BiJKPUBAIOTh OOHAMIMINMBI MEPCHEKTHBU Ha IIHUPOKE MpPO-
MHCIIOBE 3aCTOCYBaHHS 3ac00iB KIHEMAaTHMYHOTO TPOEKTYBaHHs AJsl iHTeHCH(iKalii
MOLTYKY CKYITYeHb pHOH. Y 3araibHOMY 1€ TPONOPLiHHO MOBUHHO 3MEHIIUTH TPYH03a-
TpaTH Ha MOIIYKOBI POOOTH.

[Mopsin 3 THM, BUKOPUCTAaHHSI KIHEMaTHYHOTO MPOEKTYBAHHA JAJIsl yTOYHEHHS KOOp-
IMHAT CKyIueHb puOH, a TaKoX JAJs HaJaHHs iHGopMalii mpo o0caru pudu y BUsIBIe-
HUX ii CKyMYEHHSX MOJETIINTh KOMaH/AiI PHOOJIOBHOTO Cy[AHA y MPHUHATTI 3BaXKCHUX
pillIeHb CTOCOBHO JOLIBHOCTI MPOMHUCIOBOTO BHJIOBY PUOH caMe i3 IIbOTO BUSBICHOTO
00CTEXEHOTO 11 CKyIMYeHHSI.
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TakuM YUHOM, BUXOJISIYU 3 TOTO, IO BUKOPUCTAHHS IS TIOIIYKiB CKYITYCHb pUOH
3ac00iB KIHEMAaTUYHOTO MPOEKTYBAaHHS CIPOMOXKHE MaiKe Ha TPETHHY 3MCHIIUTH
BUTPATH MAJIMBA Ha MOUIYKOBI MEPEMIllIeHHS CyJIeH, TOOTO MPOMOPIIHHO HA CTUILKH
K 301JIBIIUTH TUIOIII OOCTSKEHHUX MOIIYKOBUX IJISHOK, € I[IIKOM BUIIPaBIaHUM CIIO-
JiBaHHS 1 Ha OUTBII-MEHII MPOTOPIiliHE HAPOUIyBaHHS OOCATIB BHIJIOBIIEHOI pHOU.
ToMy mpaBOMIpHO CIIONIBaTHCh, IO TPOIIOBI 3aTPaTH Ha BIPOBA/KEHHS y MPOMUC-
J0Be pUOOJIOBCTBO 3ac00IB KIHEMAaTHYHOTO MPOCKTYBAHHS MOBHHHI JTOBOJI IIBUIKO
OKYITUTHCH.

Tak 3a HaOMMKEHUMHM MiPaxyHKaMH JIJIsl BIJTIOBITHOTO OCHAIIECHHS PUOOIOBEIlh-
KOTO CyllHa 3ac00aMy KiHEMaTHYHOTO MPOEKTYBaHHS, BKIIOUHO 13 MPUIOAHHSIM JIOTIO-
MI)KHOTO TIOIIYKOBOTO KaTepa, TiIp0oaKyCTUYHOI anaparypH J0 HbOTO Ta O0YHCIIOBAIb-
HOT TEXHIKH 13 HAJISKHUM ii IPOrpaMHUM 3a0€3MCUSHHSIM 3HaI00UTHCS TPUOJIU3HO 10
2,5-3 man. epn. Y n1aHOMY BUNAJKY JUIsl HAOMMKEHUX MiJPaxyHKiB TOPEYHO JOIMYCTHTH,
10 Ha / kM MOUTYKOBUX TEPEMIIIeHb BEJTMKOTOHHAKHE PUOOJIOBHE CY/THO BUTpaYaTUMe
npubu3Ho /00 impis NU3EIBLHOTO MaJTKBa BaPTICTIO 01151 S0 2pr/n 'y 1iHAX ChOTOICHHS.
Takox TIpaBOMIpHO TIepeI0aYNTH, IO 3aCTOCYBAHHS JIOJATKOBOTO MOITYKOBOTO MOTO-
PH30BaHOTO Karepa JO3BOJIUTH MPUOMU3HO Ha /() kv 3MEHIIUTH IMPOUIECHY OCHOBHUM
PpUOOTIOBHUM CY/ITHOM BiJICTaHb y KOYKHOMY 13 HOTO BHXOJIiB Ha IPOMHCEIL.

OTxe Ha KO)KHOMY 13 BHXOJiB pHOOJIOBHOTO Cy/THA Y MOpE Ha MMPOMHCENT €KOHOMIs
najiuBa y cepeinboMy csratume 0inst 1000 nimpie. Y TpoIIoBOMY €KBiBaJICHTI IIe CTAHO-

BUTHME 10007-50 2" =5.10* 2pn. Tomi 3aTpaTh Ha OONAITYBAHHS HA JAHOMY Cy/IHI 3acO-
. . & . 2. 106
0iB KIHEMaTHYHOTO MPOCKTYBAaHHS MOKYTh OYTH BiIIKOJOBAaHUMH 33 = .7 = 40 pasis,

3
TOOTO OpieHTOBHO Ha 40 MPOMHUCIIOBUX BUXOJIB y MOPE Ha IIPOMHCEI. Asule(:) OpiEHTOBHO
JIMILE OAMH PIK eKcIuTyaralii pubonoBHOrO cynHa. [[o Toro  TyT HE BpaxOBaHO MOX-
JUBI PUOYTKH BiJl HAPOIITYBaHHS OOCSTIB BHJIOBY PHOMW 3aBASIKU 30UTBIICHHIO TUIOIII
IUISTHOK i1 TIONTYKIB.

Oxpim iHTeHcu(ikawii BUIOBY pubu YkpaiHoio y akBaTtopisix HopHoro ta A30B-
CBKOTO MODPIB, 3aCTOCYBaHHA KIHEMAaTHYHOTO MPOCKTYBAHHS IO3BOJUTH 301IbIIMTH
BHJIOB PHOM 13 MOPIBHSAHO HENTMOOKKX MPICHOBOIHUX BooWM JIHimpoBckKkoro Ta JlHic-
TEPCHKOTO BOOHMX OaceiiHiB YkpaiHu. 3a0e3MeunThCs Lie 3aBASKMA 3MEHILICHHIO Hera-
TUBHOTO BIUIMBY XHOHUX BiJOMTHX BiJ JHA BOIOWMH IOIIYKOBUX CHTHAIIIB TiApOJIOKa-
TOPIB, SIKi HIBENIOIOTHCS KIHEMATHYHUM MPOCKTYBAHHSIM.

Heszanepeuno, BuknaneHuid mMarepiajl HAalIOro TEOPETUUHOIO TOCIiIKEHHS HE0O-
XiIHO TiAgaTv TPYHTOBIH eKCIepuMeHTallbHIA mepeBipii. | OaxkaHo mepeipii He
y 1a00paToOpHUX YMOBAax, & B YMOBaX IMOBHOLIHHUX MPUCKIIUIMBUX HAaTYPHUX BUIIPO-
OyBaHb. ABTOpaM LIbOTO TEOPETHYHOTO IOCIiIKEHHS MIPOBECTH CaMOTYXXKH HATypHI
BHIIPOOYBaHHS HE BIACTHhCS. TOMY 3alpomlIyeMO YCiX 3alliKaBIEHHX OCi0, yCTaHOB
Ta OpraHizaumid A0 CHUJIBHUX BHUIPOOYBaHb Ta IMOAAJBILOTO IMPOMHUCIOBOTO BIIPOBa-
JDKEHHS 1X Pe3ysbTariB.

BucHoBkm.

1. JlocBim mpoOMHUCIIOBOTO BHJIOBY pHOM y MOPCHKHX IMIMOMHAX Ta BEIMKHX IIpic-
HOBOJIHMX BOAOMMAaX MEPEKOHINBO 3aCBiUYeE, 110 13 3aralbHUX TPYAO3aTpar Ha BUJIOB
pudu 1o 60—70% ix o0csary npuiagae Ha MOIIyK CKYITYeHb PUOH Y MeXaxX BUIUICHUX Ha
i1 BUJIOB JUJITHOK BOIHOTO IIeca. AHaIi3 3aCTOCOBYBaHO1 AJIsl TIOLIYKiB puOH anaparypu
Ta Cy4aCHMX METOAMK MOLIYKiB CKyM4YeHb PUOM 3acBiguye HOTpedy B TEOPETUUHOMY
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0OIpyHTYBaHHI METOJIUK TOUIYKY i3 METOIO ONTHMI3allil TPy1o3arpaT Ha IepeMillleHHS
pUOOJIOBHUX CYACH Y MONIyKaX MPOMHUCIOBO MIPUIATHUX CKYTUEHb PHOH.

2. MeTonmuka KiHEMaTHYHOTO MPOEKTYBaHHS Y 3aCTOCYBaHHI JJISl MOUIYKIB CKYII-
YeHb PHOM JIO3BOJIAIOTH Mai)Ke Ha TPETUHY CKOPOTHTH ITOIIYKOBI TIepeMillleHHs] puoo-
JIOBHUX CYJCH Ta MPOTOPIiiiHI I[bOMY BUTPATH MaJKWBa HA POOOTY MPHUBIIHUX JBUTY-
HiB. BomHOUAac 3acToCcyBaHHS KiHEMaTHYHOTO POCKTYBaHHS yCyBAa€ BILIMB Ha TOUHICTh
BU3HAYCHHS KOOPJIUHAT CKYITYeHb PO XHOHHUX BIIOMTUX Bij JJHA BOAOHMH 3BOPOTHIX
CUTHAJIIB.

3. OCHOBHUM JIXKEpPEJIOM JOJaTKOBMX BUTPAT Ha 3alpPOBAKCHHS KIHEMAaTHYHOTO
MPOEKTYBaHHS JIJISl TIONIYKIB CKYITYeHb PHOM € moTpeda y AOMOMIXKHOMY IIIaBydOMY
MOIIYKOBOMY CY/HI, IO OCHAIEHE TiJpOaKyCTUYHOK TONIYKOBOIO arapaTyporo,
a TaKoXK OOJIAIITYBaHHS Ha pUOOJIOBHOMY CY/IHI OOUHCITFOBAJILHOT aniapaTypH i3 HaJIeK-
HUM 11 mporpaMHuM 3a0e3neueHHsM. OUiKyeThCs, 10 IIi J0JaTKOBI BHTPATH OyIyTh
MOKpUTI 32 /—1,5 poxie akTUBHOI €KCIUTyaTallii I[bOr0 YCTaTKyBaHHS.

4. 3acTtocyBaHHS JOJATKOBUX Majora0apuUTHUX MOIIYKOBHUX CyaeH y I,5—2 pasu
301IbIIy€E TUIONIY MOIIYKOBUX JUISHOK, TPOTNOPIIHHO 3MeHInmyroud Ha 25-30%
CyMapHi BUTpaTy MaJMBa HA TOUIYKOBI MepeMillleHHs] pHOOJIOBHOTO Ta JOITOMI>KHOTO
cyzeH. SIk onTUMallbHA TPAEKTOPIs MOIIYKOBUX TIEPEMIIIEHb CyIeH PEKOMEHIY€EThCS
TPaEKTOpid 1O cripali ApXiMesa i3 MIDKBUTKOBHM KPOKOM, IO MPOMOPIIiHHMIA pai-
ycy e(eKTUBHOI i TONTYKOBOI anaparypu puOOJIOBHOTO Ta JOMOMI>KHOTO CYJIEH.
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Summary

Introduction. Recent decades have been characterized by high rates of motorization.
At the same time, Ukraine has one of the highest rates of deaths and injuries as a result
of road accidents among European countries, and the level of road safety organization
remains extremely low. An analysis of international practice has shown that the
infrastructure of streets and highways in Ukrainian cities does not fully meet modern
requirements. During their construction and reconstruction, ground and underground
pedestrian crossings and special bicycle lanes are not always arranged, which could
significantly reduce the level of road traffic injuries and deaths.

Therefore, analyzing the main reasons for the insufficient level of road safety is one
of the steps towards making effective decisions to reduce the risk of road accidents.

Purpose. The main purpose of this article is to study the experience of implementing
low-risk road infrastructure in the cities of the European Union and compare it with the
conditions of traffic management in Ukrainian cities.

Results. The analysis of the factors influencing the level of mortality and injuries
due to road accidents contributed to the formation of a road safety profile, which is
a triad of interaction between three systems in the environment. The study made it
possible to assess the level of safety in the organization of traffic on identical sections
of urban infrastructure in Rzeszow (Poland) and Kyiv (Ukraine). The paper presents
the comparison criteria and parametric indicators of the sections of the road transport
network of the cities.

Conclusions. Based on the calculations, the most critical points are identified and the
conditions for safe traffic management are outlined. Taking into account the directions
of strategic and territorial development of Kyiv, the main measures for the development
of the city's street and road network are determined, taking into account the experience
of the European analog.

Key words: street and road network, traffic safety profile, traffic safety profile triad,
accident rate, traffic flow, critical points, traffic organization.
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Anomauisn

Bcemyn. Ocmanni decamunimms Xapaxmepusyiomscsi 6UCOKUMU MeMNAMu aémo-
mobinizayii. Boonouac Yxpaina mae ooun 3 Hausuwux nOKA3HUKI@ cMepmHocmi ma
MpABMAMUIMY BHACHIOOK OOPOANCHLO-MPAHCNOPIMHUX NPUL0O Ceped €6PONEUCHKUX
KpaiH, a pisens opeanizayii 6e3nexu 00PONCHLO20 PYXY 3ATUUUAEMbCI 6KPALl HUSLKUM.
AHaniz MidDCHAPOOHOT NPAKMUKU NOKA3A8, Wo iHppacmpykmypa 8yiuys i mazicmpainetl
8 YKPAIHCObKUX Micmax He NOBHOW MIpoio 8ionogioae cyyachum sumozam. 11io uac ix
0yOisHUYMBA Ma peKOHCMPYKYIL He 3a82cOU 0OIAUMOBYIOMbC HA3EMHI Ma NIO3eMHI
RIWOXIOHI nepexoou, CReyianbHi 8e10CUNEOHT OOPIJNCKU, AKI MO2TU O CYmMmMEBO 3HUUMU
pigens 00pOodCHbO-MPAHCHOPMHO20 MPAGMATMUIMY WA CMEPIMHOCHI.

Tomy ananiz OCHOBHUX NPUHUH HEOOCMAMHBO20 DiHs be3neKu 00POAHCHbO2O PYXY €
OO0HUM 13 KPOKI@ 00 NPUUHAMMS eeKMUSHUX DieHb W00 3HUINCCHHS PUSUKY GUHUK-
HEHHS OOPOANCHLO-MPAHCHOPMHUX HPULOO.

Mema. Ocnosnoro memoro yici cmammi € 00CniONCeHHs 00C8IOY 8NPOBAIICEHHS
00pOodACHBOI IHGpacmpyKkmypu HU3bK020 pusuxy 6 micmax €gponeticvkoco Coro3y ma
NOPIGHAHHSA U020 3 YMOBAMU OP2aHi3ayii O0OPOICHLO20 PYXY 6 Micmax Ykpainu.

Pesynomamu. Ananiz paxmopis, wjo eniugar0ms Ha pidens CMepmMHOCII Ma mpag-
mamusmy enacrioox JTII, cnpusie ghopmysantro npo@inio 6e3nexu 00polCHbO20 pPyxy,
AKUll A618€ co0010 Mpiady 63aemMoOii MPbOX cucmem y HABKOIUUHLOMY CePedosUyi.
Jocnioocenns 003601Un0 OYiHUMU PigeHb DE3neKU npu OpeaHizayii 00PONCHLO2O PYXy
Ha i0eHmMuyHux OiiAHKax micvkoi iHgpacmpykmypu 6 Xewysi (llonvwa) ma Kue-
6i (Vkpaina). Hagedeno xpumepii nopieHanus ma napamempuini noKazHuky OLIAHOK
00POIACHBO-MPAHCNOPMHOL MEPEHCT Micm.

Bucnosku. Ha ocnosi npogedeHux po3paxyHKi6é 6U3HAYEHO HAUOINbUL KPUMUYHI
MOUKY Ma OKPECIeHO YMO8U 05 be3neunoi opeanizayii 00podicuboeo pyxy. 3 ypaxy-
BAHHAM HANPAMIE CIMpAmMe2iuHo20 ma mepumopiaibHozo po3sumky Kueea susnaueno
OCHOBHI 3aX00U WO000 PO3BUMKY 8VIUUHO-OOPONICHLOI MePedCi Micma 3 Ypaxy8aHHaM
00C8I0Y EBPONELUCHKO20 AHANLO2Y.

Knwowuogi cnosa: 6ynuuno-oopodicHs mepexca, mpaHcnopmHuil nNomix, nepexpecms,
Op2aHizayis pyxy.

Introduction. Problem statement. The increase in the number of vehicles in
cities and the growth of traffic intensity have led to a decrease in traffic speed,
delays at transport hubs, deterioration of traffic conditions, increased pollution
and noise levels in cities, and an increase in accidents on the street and road network.
This has necessitated the search for effective measures to eliminate these negative
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consequences on the example of the organization of the street and road network
of European cities.

The increase in the number of cars in the largest cities of Western Europe, which
began in the 50s of the last century, followed almost the same pattern for all countries:
a linear increase in the number of cars to the level of 300-350 cars/1000 inhabitants,
then a slowdown in the growth trend and stabilization at the level of 550 £ 50 cars/1000
inhabitants [1]. A limit of saturation with individual cars was adopted, after which
the level of motorization stabilizes, and only the rotation of the fleet takes place [2].

In order to find ways to ensure the effective functioning of the city's SRN, it is
necessary to analyze the basic principles of improving the transport and operational
qualities of city streets and roads, ensuring road safety, and increasing their capacity. To
improve the efficiency of vehicles in the urban environment, the speed of cargo delivery
and passenger transportation.

Research statement. Road safety is one of the main criteria for evaluating trans-
portation systems. As a result, one of the primary tasks of optimizing transport sys-
tems is to improve road safety. A road is a complex dynamic system that includes a set
of human-vehicle-road elements that operate in a certain environment. These elements
are interconnected with each other and form an integrated transportation system. From
the point of view of road safety, both the risk factors themselves and their various com-
binations are of interest for systematic study.

Literature review. It is known that about 75% of road accidents occur in cities,
and more than half of them are concentrated in the areas of intersections of transport
highways [3]. Therefore, the problem of traffic organization and safety is the most
important urban planning task, the correct solution of which determines the reliability
and quality of the entire urban transport system and the possibility of implementing
the necessary engineering and technical solutions, including those to reduce the level
of road accidents [4]. In different countries, scientists use far from identical methods
of organizing traffic flows, as there is no general, universal solution to this problem. To
ensure the safe passage of vehicles at any time of the year, it is important to constantly
monitor the condition of roads, timely identify structural elements and areas requiring
urgent repair, and a detailed assessment of traffic conditions of different densities. To
perform these works, comprehensive road condition survey plans are required, which
are used to develop measures to improve traffic conditions.

Main part. Traffic flow is a complex system that includes vehicles, roadways
and the environment, which includes all street and road arrangements and pedestrian
traffic. The basic principle of the traffic flow system is the integrity of the traffic pro-
cess, where the integrity of the flow is primary and the position and speed of vehicles in
the flow is secondary [5].

The analysis of a priori information and technical and legal documentation allowed
us to conduct a systematic analysis of the interaction of the components of the TFC
and the factors influencing the safe organization of traffic (Fig. 1). This served as the basis
for the formation of the conceptual principles of the safety profile to identify the causes
of road accidents and reduce the occurrence of dangerous situations on the roads.

Research has shown that such scientists as Guk V.I. and Stepanchuk O.V. [6, 7]
suggest that the main reasons that reduce traffic safety are a few characteristic features
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Fig. 1. Conceptual scheme of street and road network functioning

of the road and traffic flow, such as insufficient width of the roadway; insufficient
visibility; sharp unexpected change of road direction; intersection with unregulated
traffic flow; lack of acceleration and braking lanes; bus stops without smooth adjacencies
to the roadway; steep ascents and descents, etc. Statistical information on road accidents
provides a fundamental opportunity for a comparative assessment of the degree of traffic
safety under different parameters of the road elements and traffic intensity on the road.

Thus, the parameters that significantly affect the situation during traffic and ensure
safety can be represented as a triad of individual street and road network systems and road
users (Fig. 2). This analysis was the basis for the formation of the traffic safety profile.

An analysis of the number of accidents on Western European roads showed that
their number is lower than in Ukraine. Therefore, we will compare similar sections
of the urban road network and their operating conditions.
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Fig. 2. Triad of the traffic safety profile
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As the main criteria for the comparative analysis of traffic organization at the junctions
of the urban road network in Kyiv (Ukraine) and Rzeszow (Poland), several parameters
of the street and road network and the road transport system were considered, which are
given in Table 1 [8, 9].

In accordance with the methods [9, 10], based on the data in Table 1, we calculated
and analyzed the quantitative indicators of traffic flow in Kyiv (Ukraine) and Rzeszow
(Poland). The initial data and their corresponding calculation coefficients, traffic
conditions at each of the intersections and adjacent streets, and the ranges of calculations
under different traffic conditions were considered. In addition to the geometric parameters
of the street and road network, a number of other parameters were considered [11].

The quantitative indicators of the triad are presented in Table 2, which makes it
possible to evaluate and compare their values.

The essential elements of influence on the situation on the road by road users are pri-
marily the composition of the traffic flow. The analysis of traffic flow on the city streets
of the studied cities of Ukraine and Poland showed that there are differences in the types
of vehicles and their technical and operational characteristics, which differ significantly
from each other. Therefore, its composition plays an important role in shaping traffic
conditions. The share of mass passenger transport on main city streets is 3—25%; trucks
2—15%; cars 60-95% [12, 13]. Such a range of changes in indicators depends on a number
of factors, namely: time of day, day of the week, city district and its main function. The
real traffic flow has a stochastic nature of movement, which depends on random changes
in the traffic situation and individual characteristics of vehicle drivers, so the capacity
of the street and road network is subject to statistical patterns of traffic flow.

Table 1
Criteria comparing the elements of the SRN
Rzeszow (Poland) Kyiv (Ukraine)
A. Asnyk J. Pilsudski | Aviakonstruktora | Chokolovsky
str. Ave. Antonova str. Boulevard
Lane width, m 3,5 3,75 3,75 3,5
Width
of the roadside, m 3 3,75 3,37 3
Presence of side Yes Yes Yes Yes
obstacles
Visibility distance. | 550350 250-350 >350 250-350
Curve radius in <100 100-250 100-250 <100
plan, m
Speed limit, km/h 50 60 60 50
Share of cars
turning left, % 20 20 20 20
Condition
of the pedestrian Solid coating | Solid coating Solid coating Solid coating
sidewalk
. Cement Cement
Coating type concrete concrete Asphalt concrete | Asphalt concrete
Marking type Axial and edge | Axial and edge Axial and edge Axial and edge
Bandwidth 700 2000 2000 700
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Table 2
Quantitative indicators of traffic flow
Rzeszow (Poland) Kyiv (Ukraine)
A. Asnyk | J. Pilsudski | Aviakonstruktora | Chokolovsky
str. Ave. Antonova str. Boulevard
T — driver reaction time, s; 1 1 1 1
gcp — brake actuator response 03 035 0.4 027
ime, s
K, - br_ak11.1g efficiency 1 15 135 12
coefficient;
¢ — the coefficient of tire
adhesion to the road surface; 0,7 0,65 0,7 0,62
I — road slope; 0 0,2 0,2 0
L - overall length
of the vehicle, m; 4 4 4
S — the value of the reserve, m; 4 5 5 4
V_ — minimum speed, km/h.; 50 60 60 50
o — speed reduction
factor, which depends on 0,008 0,005 0,0045 0,0085
the composition of the TF.

To analyze and calculate, we selected statistical data on changes in the dynamics
of the traffic situation over time on identical sections of the SRN in Kyiv and Rzeszow
(Fig. 3). Monitoring of quantitative indicators of traffic flow made it possible to obtain
average statistical data and, using mathematical dependencies, to model their change
within 24 hours for both options.

When determining the quantitative indicators of traffic flow, the presence or absence
of traffic control devices, pedestrian crossings, safety islands, adjacent buildings,
parking spaces and the degree of infrastructure development, location in relation to
the city center, and population density in the area were taken into account.

The structural elements and parameters of the street and road network of the study
sites and the condition of the roadway made it possible to evaluate and verify the results
of the calculations and their adequacy in practice.

It is impossible to completely prevent accidents, as the causes of accidents are not
only unfavorable road conditions, but also the influence of many factors that relate to
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a) Intersection of Y. Pilsudskoho Avenue  b) Intersection of Chokolovsky Boulevard
and A. Aznuka Street and Aviakonstruktora Antonova Street

Fig. 3. Schematic representation of urban road network nodes
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both traffic conditions on the road and the impact of the traffic flow itself, an individual
car, the human factor (drivers and pedestrians), weather conditions, etc. [14].

Based on the results of the calculations, a comparative analysis of the experimental
sections of the SRN was carried out and the hazardous areas were identified. The risk
assessment of road accidents considers the analysis of critical points on the road sections
and decision-making to increase their level of danger. The identified critical points take
into account the peculiarities of vehicle movement. The study of the SRN section in
Rzeszow (Fig. 4a) showed that the most dangerous places are the intersections of traffic
flows 1, 2, 5 and 1, 6, 7. These locations are shown in Figure 4a.

As for the Kyiv SRN section, which corresponds to the indicators of the Rzeszow
SRN section (Fig. 4b), the critical points are the intersection of the 2nd, 3rd, 4th
and the distribution point of the 1st traffic flow. The calculated indicators were confirmed
by practical observations [15].

At each of the SRN nodes, the safety profile triad was evaluated and the dynamics
of changes in the level of traffic safety at speeds from 10 to 80 km/h was calculated. This
range was chosen based on speed limits, terrain and design features of the SRN in these
areas. The calculations did not take into account static indicators, such as the design
parameters of the SRN, but only dynamic and psychophysiological (for the driver).
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Fig. 4. Schematic representation of critical points and hazard environments
at the nodes of the urban road network
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Based on the data in Tables 1 and 2, we mathematically processed the criteria presented
in Table 3, which are the components of both vehicle trajectory safety and traffic flow.

The analysis of the research results and calculations showed that the numerical
values correspond to the permitted speed limits on the studied sections. For example,
calculations are presented at a speed of 50—-60 km/h in accordance with the regulated
speed limits on the sections during the day. The results of the calculations for the main
and secondary roads in both cases and their difference are within the normal range,
and the calculated value of the braking distance (S,)) corresponds to the designed
values.

The values of the actual throughput (N,) and the calculated throughput taking into
account unfavorable situations and emergency braking (N, N ) do not exceed

Table 3

Results of calculating road capacity and density of vehicles
Rzeszow (Poland) Kyiv (Ukraine)
Aviakonst- Choko-

50-60 km/h. A. ?tsrnyk J. PliizlédSki ruktora lovsky
: : Antonova str. | Boulevard

S, — s the vehicle path during 13,89 16,67 13,89 16,67
the driver's reaction time, m
S,, — is the vehicle distance during
the brake actuation, m 417 3,83 3,75 6,67
S, —1is the size of the braking distance, m 14,06 32,71 19,05 27,33
S, — braking distance, m 32,12 55,21 36,69 50,67
L — safety distance, m 40,12 64,21 44,69 59,67
wa —1is decyeas'ed Value of the vehi- 24,06 36,60 26,34 3433
cle's dynamic dimension, m
t —is the time after which cars 2,89 3,85 3,22 3,58

will pass one after the other through
the road intersection, observing

the safety distance, s

t / taking into account the reduced
value of the vehicle's dynamic
dimension, s

1,73 2,20 1,90 2,06

N _ —is the capacity of the road sec- 1246,40 934,50 1000,88 1005,60

max

tion, car/hour,

N_..«— is the capacity of a road section,
taﬂmg into account the reduced value | 2078,34 1639,22 1897,98 1747,60
of the dynamic size of the vehicle, car/
hour,

ch — average flow speed, km/h. 40,03 55,33 40,49 55,47

V_ . —average flow speed, taking
into account the reduced value

of the vehicle's dynamic dimension
km/h.

33,37 51,80 33,87 52,14

q — traffic flow density, cars/km, 24,93 15,58 22,38 16,76

q’ — traffic flow density, taking

into account the reduced value

of the vehicle's dynamic dimension,
cars/km,

41,57 27,32 37,96 29,13

N, - actual throughput of the sections, 601,30 1844.92 530,60 1661,23
car/hour
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the permissible values, and therefore no structural changes are required at the existing
SRN nodes, only organizational measures are needed to regulate traffic flows at the junc-
tions (for regulated intersections) and within a block distance from the intersection
(for unregulated intersections) and the use of GPS beacons to respond quickly in case
of emergencies or to inform road users about the situation on this section of the road,
which is quite relevant during peak hours.

The speed limits are justified for this range of vehicle movement (50-60 km/h).
However, calculations and observations have shown that increasing the speed to 70—80
km/h leads to accidents on both sections, which in 65% of cases are caused by the human
factor and psycho-physiological characteristics of drivers.

According to Table 3, other calculations were carried out in the range of 10—-80 km/h.
The mathematical dependencies of changes in traffic flow indicators — throughput
and average speed — allowed us to graphically assess their dynamism (1):

Ny = (V)

N =SV,

V=10 M)
V,=fW,)

The graphical interpretation of the calculation results showed that on the studied
sections of the SRN (Fig. 5, Fig. 6) there is a clear decrease in traffic capacity when
leaving the junctions and intersections. The maximum throughput values are achieved
at traffic speeds of 35—45 km/h.

The analysis of the graphs showed that there is a direct proportional relationship
between the average speed and traffic capacity at road junctions and intersections. In
this case, the presence of traffic lights and other means of traffic management can be
ignored.

In the calculations, 80 km/h was proposed as the maximum value of the speed range,
because, despite the design and parametric features of the studied sections, the time
intervals when the car can move with a higher value on the speedometer are minimal in
relation to the total time used for the calculations.

Conclusion. The result of mathematical processing allowed us to confirm compliance
with the designed requirements for the qualitative and quantitative indicators of these
transport nodes of the city's street and road network.

2500,00 50.00 2500,00 £0.00
Nmax, V‘l?’ X;“P Nm'x Vep, Viep
cars/h. 40,(;3 ) cars./l: SO,IO{B‘I/h
2000,00 + 2000,00
40,00
30,00
1500,00 1 1500,00 30,00
20,00
20,00
1000,00 -+ 10,00 1000,00 1000
500,00 + 0,00 500,00 + 0,00
10 20 40 50 60 70 80 Va, km/h 10 20 40 50 60 70 80 Va, km/h
C——— Vep === Vcp' e==== e Nmax, cars,/h e e Nmax ', cars./h C— Vcp =) Vep' === e Nmax, cars/h e e Nmax ', cars/h
a) A. Asnyk str. 0) J. Pilsudski ave.
Fig. 5. Graphical dependencies of capacity and average speed at a controlled
intersection
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Fig. 6. Graphical dependencies of capacity and average speed at an unregulated
intersection

As an indicator of the effective organization of traffic flows is the minimum value of peak
conditions and accidents. Therefore, the traffic safety profile took into account the experience
of Western European countries to improve the level of vehicle safety. The analysis of statistical
information [2, 7] on the causes of traffic accidents showed the awareness of all categories
of users of the SRN due to technical means of traffic organization and modernization
of existing elements of the traffic management system. This helps to reduce accidents, but
cannot completely eliminate the peculiarities of the psychophysical state of the population,
both on the part of drivers and pedestrians in real time.

Conclusions. As the practice shows, the modernization and reconstruction
of road traffic facilities is not always feasible and economically justified. Therefore,
the formation and analysis of a traffic safety profile will help identify the most effective
solutions to reduce road accidents and hazards in urban areas. One of the most effective
means is to develop not the entire city network, but only its information component
and communication between its elements.

Thus, the rational use of the existing transport network to improve the safety of the SRN
includes such measures as the distribution of transport by lanes and adjacent streets
and highways to optimize road congestion, prevent and avoid congestion, and prompt
notification of emergencies and emergencies on the transport and road network.
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Anomauisn

Bemyn. 3 nouamky sivinu 6 VYkpaini y cy6’ekmie pumky mpaHCnopmHux nociye
BUHUKIIA 20CMPa NOmpeda y NOULYKY albMePHAMUBHUX PILUEeHb U000 O0CMABKU MO8a-
py y migicnapoonomy cnoayyenni. Ocobausoi ysaeu nompebye po3podra mapuipymis
nepeseseHHs BaHMAaxCie, Wo 00 GIiHU MPAHCNOPMYBAIUC 00 NOPMIE MAa aepoOnopmis
Yrpainu. Mema. Ocnoéna 3adaua, wo cb0200Hi cmoime nepeo J02iCMUYHUMU Noce-
PEOHUKAMU, Ye DOPMYBAHHA NPOEKMIE JIOLICINUYHUX TAHYIO2I8 3 YDAXYBAHHAM MOMNC-
JUBUX 306HIUHLOMOP20BEIbHUX PUBUKIE Ma 3a0e3neuenHsam MIHIMIzayii eapmocmi ma
mpusanocmi oocmasku. Ilpu ypomy, axisyamu nionpuemcme noguHHi Oymu 6paxosa-
HI MeXHIYHI, MEeXHON02TYHI MA OPeaHI3aYiiHI OOMENCeHHS, U0 MOAICYMb BUHUKAMU HA
06’ exkmax iHghpacmpykmypu, a maxoxc aK ye GNiusamume Ha ix nponyCckHy cnpomodic-
nicmo. Pesynomamu. Po3pobneno npoekmu nocmauanus mosapie 3 Kumaro 0o Yrpainu
3 3QIYYEHHAM NOCTYe MOPCbKUX ROpmis, wo 3naxooamucs y Honvwi, Jlamsii ma Pymy-
Hil. 3a KoocHUM 3 MAPUWPYMi6 GU3HAYEHO BAPMICINbL MA MPUBATICIb OOCMABKU, PO32Tsl-
HYmMO npoyec nepese3eHHs 8AHMANCY 8i0 8KA3AHUX NOPMIB 00 3AMOBHUKA A8MOMODINb-
num mpancnopmom. Cehopmynvosano pexomenoayii w000 3acmocys8anHs cmpameii
NPUUHAMMA YAPABIIHCOKUX PIUUEHb 8 3A1eHCHOCMI 8i0 nomped 3amMo8HUKA. Bucnosxu.
Pospobka anemepramuerux npoexmie nocmauanHs mosapis y MidCHApOOHOMY CNOLY-
yenHi Hapazi 00CUMb AKmyaabHa 0. pUHKy Yxpainu ma iHO3eMHUX KOHMPA2eHmis.
Ilepuwouepeosoro € 3a0aua niany8aHHs 102ICMUYHO20 JIAHYIO2A Md 8CIX emania opaa-
Hizayii mpancnopmuoeo npoyecy. 3 memor 00CAcHeHHS CKOPOYeHHS MPAHCHOPMHOL
CK1A0080I gumpam y 8apmocmi peanizayii moeapy KiHyegomy CHOICUsay)y 30ilCHIO-
EMbCA HUZKA 3aX0018, W0 3abe3neuums OnmumMizayito 6Cix MexHiYHUX ma eKOHOMIYHUX
NOKA3HUKIB 00OCMABKUL.

Kniouoegi cnosa: nozicmuunuii nocepeOHuK, 102iCMUYHUL 1AHYI02, 3068HIUHbOMOD-
206elbHA onepayis, cmpameziune YNPAGNiHHA, OOCMABKA MO8Apy, MpaHCHOPMHUL
npoyec.

© Jle6ins €.M., JlyxancbkaH.O., Jeodins LI, 2023
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Summary

Introduction. Since the beginning of the war in Ukraine, entities in the transport
service market have had an urgent need to find alternative international shipment
solutions. Special attention needs to be paid to the development of transportation
routes for cargo that used to be transported to the ports and airports of Ukraine
before the war. Purpose. Nowadays the main task for logistics intermediaries
is the formation of logistics chain projects taking into account possible foreign
trade risks and ensuring the minimization of cost and delivery time. At the same
time, enterprise specialists must take into account technical, technological and
organizational limitations that infrastructure facilities might be subject to as well
as how this will affect their capacity. Results. The authors develop projects for the
supply of goods from China to Ukraine involving the services of seaports located
in Poland, Latvia and Romania. For each of the routes, we determine the cost and
time of delivery and consider the process of cargo transportation from the specified
ports to the customer by road. The research also makes recommendations for the
application of managerial decision-making strategies depending on the customer's
needs. Conclusions. The development of alternative international shipment
solutions currently presents quite a topical issue for both the Ukrainian market
and foreign contractors. The priority lies in the planning of the logistics chain and
all stages of transport process organization. In order to reduce the transportation
expenditure account in the cost of selling goods to the final consumer, some
measures are in place ensuring the optimization of all technical and economic
indicators of delivery.

Key words: logistics intermediary, logistics chain, foreign trade operation, strategic
management, delivery of goods, transport process.

Beryn. 3 mouarkom BifiHM B YKpaiHi IiAIPUEMCTBA, IO 3iHCHIOIOTH 30BHIII-

HBOTOPIOBEJIbHI Omepallii a00 HaJalTh CYMyTHI MOCIYTH, 3a3HajiM 3HAYHUX 30MTKIB
Ta OyJH 3MYIIEH] BiIHOBIIOBATH TOCIIONAPCHKY JiSUTBHICTH B YMOBaX BOEHHOTO CTaHY.
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OOMesxeHHS, 110 BUHUKIIH, CTOCYIOTBCS SIK BiZICYyTHOCTI JOCTYIY J0 OKPEMHUX 00’ €KTiB
THPPACTPYKTYpH Ta IX pecypciB, Tak i O€3MeKH NepCOHANTY MiAMPUEMCTB 1 X TisSUTBHOCTI
i yac moBHoMaciTabHoro BTopraeHHs. [Ipote, 3pocTaroda morpeda sk B €KCIOPTI
TOBapiB, Tak 1 IMIOPTi B YKpaiHy CcTajia MOIITOBXOM JI0 PO3POOKH Ta BIPOBAKECHHS
MIPOEKTIB aJIbTEPHATUBHUX NUISAXIB IOCTaBKU. AKTYallbHICTh JAaHUX BIPOBAKCHb 1 HA
CHOTOJHIIIHIM JIEHb € BaroMOIO JUIi BUPOOHUKIB TOBApiB, TOPTOBEIbHUX, TPAHCIIOPT-
HUX, JOTICTHYHUX T4 MUTHO-OpOKEePCHKHX MiAnpueMcTB. OCKIIBKH, Pe3yabTaT iX Mmij-
MIPUEMHUIIBKOT TiSTIBHOCTI, K TUIATHUKIB MOJATKIB, 3a0€31€YMTh HAITOBHCHHS OIOIKETY
VYkpainu. Tomy, Ais BiJHOBJCHHS 30BHIIIHHOTOPTOBEJIBHUX OIMEpalliii HeOOXiTHUM
€ CTpareriuyHe TUIaHyBaHHs, IO MICTHTh OararopiBHEBY, CKJIJIHY MisTIbHICTD 1 BEIHKY
KUTBKICTh yTIPaBIiHCHKHUX PillICHb.

IMocTranoBka npodsemMu. 30BHINTHLOCKOHOMIUHA JisuibHICTS (3E/]) € cdeporo exo-
HOMIYHOI TOJIITHKH JIep)KaBHU, OCHOBOKO SKOI € BHPOOHHIITBO TMPOMYKIIii Ta TOCIYT,
MPU3HAYCHHUX JJIsi 1HO3eMHUX PUHKIB. ChOTOHI BaKJIMBUM € MUTAHHS PO3IIMPEHHS
30BHIITHLOEKOHOMIYHUX 3B’SI3KiB JiepKaBH. Take pO3MIMPEHHS 3aJIC)KUTh BiJl CTAIOTO
possutky 3E]J] okpemux cy0’eKTiB TOCHIoJaplOBaHHs JepkaBu. ToOTO, pYyHIIHHOO
CHJIOIO € MiIPUEMCTBA, 110 31ilicHIoTs 3EJ] Ta HapOoIyI0Th KOHKYPEHTOCIPOMOXK-
HICTbB JIepXaBH. A 1ie, Y CBOIO Yepry, CIIpHsIE TIOCTYIIOBOMY Ta Oe3NepepBHOMY €KOHO-
MIYHOMY 3pOCTaHHIO JICPKaBH.

Po3rnsiHeMo 00cCsITH 30BHINIHBOT TOPTiBII TOBapamMH YKpaiHM 3a OCTaHHI 5 pOKiB

(puc. 1).
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Puc. 1. Obcseu 306uiunb0i mopeieni mosapamu Ykpainu y Hanpsamky eKcnopmy
3a 2017-2021 pp.

OCHOBHOIO TIPUYMHOIO 30UTBIIEHHS TOBapooOIry YKpaiHu mpoTaroM 9 wicsmis
2021 poxy Ha 35,3% mpotu aHanorigyHoro nepiogy 2020 poky € 3pOCTaHHS CBITOBHX
IIiH Ha MPOBITHI TOBAPHI MO3HUIIIi YKpaiHCEKOTO ekcropTy. [Ipu 1soMy 3pocTaHHs 110
excropty (Ha 38,2%) Oyiio OibLINM 3a 3pOCTaHHs 1Mo iMmopTy (Ha 32,6%).

OCHOBHHMU TapTHEpPaMH YKpaiHH, B sKi 3aiicHIOBaBCsA ekcrioptT y 2021 pori, cramu
Kwurait (8003,56 mma. mon. CIA), Ilonpma (5227,41 momr gon. CHIA), Typeuunna
(4142,63 ma mon. CIIIA) ta Itanis (3469,27 muma mon. CLIA) (puc. 2).

OCHOBHHMHU KaTeropisMu TOBapiB, 1o Oyiau ekcrioproBani y 2021 pomi, cramu Hemo-
pororinHi MeTanu Ta Bupobu 3 HUX (Bchoro 15991 muma mon. CHIA), mpomykTu poc-
nuHHOTO ToXOomKkeHHs (Bchoro 15538,03 muH mon. CIIIA) Ta MiHepanbHI MPOAYKTH
(8414,37 mmn mon. CIIA).
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Puc. 2. Ton-xpainu, y sxi 6yno ekcnopmosano npooykyio y 2021 p.

PosmsiHeMo ToBapHY CTPYKTYpY ekcropty 3a 2021 pik (puc. 3).
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Puc. 3. Toeapua cmpyxkmypa excnopmy Yxpainu 3a 2021 pix [10]

ITonpu 30inbIIeHHS MIHOBHX IMOKA3HUKIB IS €KCIIOPTY TOBapy, MPOCTEKYETHCS
TEHCHIIIA 1 10 301IbIMIEHHS [IIHOBUX MOKAa3HHUKIB Ha iMIOPT ToBapy. OOcsATH iMIopTo-
BaHO{ MPOAYKIIii HaBeIeHO Ha puc. 4.
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Puc. 4. Obcsieu imnopmy moeapie 6 Yrpainy 3a 2017-2021 pp. [10]

PosrnsiHeMo Takok TOm-KpaiHW, 3BiIKHM Oylo HaWOUIBII iMIOPTOBAaHO MpPO-
nykiii 'y 2021 poui. Humu cramm: Kuraii (10981,71 man gon. CIHA), Himeu-

yuHa (6284,37 muu pon. CHIA), Pocis (6083,49 mmu pon. CHIA) rta Ilonbma
(4962,5 mutn non. CILHA) (puc. 5).
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Puc. 5. OcnosHi kpainu-excnopmepu npooykyii' ¢ Yxpainy y 2021 poyi [10]

OCHOBHHMH KaTeropisiMU TOBapiB, 10 Oynu iMroproBani y 2021 poui cranu MiHe-
panbHi npoayktu (Bcboro 14968,77 mun non. CLIA), mamuam, o0laHaHHS Ta Mexa-
Hi3Mu (Bcboro 14205,99 mua gon. CIIA) ta 3acobu Ha3eMHOTO TPaHCIOPTY, JiTalbHi
amaparu, iaBydi 3acobu (7572,38 mun gon. CILHA) (puc. 6).
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Puc. 6. Tosapnua cmpyxmypa imnopmy Yxpainu 3a 2021 pix

PosmisiHeMo 00cCsTH TIepeBe3eHb PI3HUMHE BUAAMH TPAHCIIOPTY 32 OCTAHHI YOTHPH
poku (puc. 7).

VY tabnumi 1 HaBemeHO AETANbHI 00CATH TIEPEBE3CHHS JUIsl KOYKHOTO BHIY TpaH-
CIIOPTY.
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Puc. 7. Obcsieu nepesesenns pisnumu eudamu mparcnopmy 3a 2018—-2021 pp.
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Tabmaums 1
O0csiru nepeBe3eHHsl BAHTAXKIB Pi3HUMU BUIAMU TPAHCIIOPTY
Pik

B 1-1y 2018 2019 2020 2021
3ami3HUYHUI 322,3 312,9 305,5 314,3
ABTOMOOITEHIHA 187,2 2442 191,4 224
Bopnuii 5,6 6,1 5,6 5,3
Tpybonposimamit 1094 112,7 97,5 77,6
ABiariiami 0,1 0,1 0,1 0,1

Sk MoxHa mobGaunTH 3 TabIMIN, OCHOBHY YaCTKYy IEPEBE3CHb BAaHTAXKIB 3aiiMalOTh
MIEPEeBE3CHHS 3aII3HUYHUM TpaHCIOpToM. HacTymHUM 3a KUIBKICTIO MepeBE3CHUX BaH-
TaxiB € aBTOMOOUTbHUN TpaHCIOPT. PO3MIIsTHEMO CTPYKTYpy BaHTaXiB, O OylK mepe-
BE3CHI IMMU BUaMu TpaHcnopty 3a 2021 pik (puc. 8-9).
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Puc. 8. Cmpykmypa nepesesenux 6anmasicié 3ani3HuHUM MPaHCnopmom

v 2021 poyi [10]
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Puc. 9. Cmpykmypa nepese3eHux BAHMAACIE ABMOMOOINLHUM mpancnopmom
y 2021 poyi
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TakuM YMHOM HaNOIBITY YACTKY CTAHOBISTH HACTYITHI Kareropii BaHTaXiB: pyaa
3aiyi3Ha 1 Mapranuesa (77,6 MiaH T), OyaiBenbHiI Marepianu (65,7 MJIH T) Ta Kam’sHE
Byriuis (50,1 mutH T1).

[pu mepeBe3eHHI aBTOMOOUTEHIM TPAHCIIOPTOM, HAHO1IbIITY YACTKY 3aliMarOTh TaKi
TPy BaHTAXIB: PYAH MeETaleBi, MPOMYKIisl CUTBCHKOTO TOCMOAAPCTBA, pHOATbCTBA
Ta MUCJIMBCTBA, Xap4OBi MPOTYKTH.

Sk cBigUaTh CTaTHCTHYHI JaHi PO TOPTiBI0 YKpaiHW 3 iHO3EMHUMH TapTHEPaMU
y IOBOEHHHH TMEPiof, TO BIJACYTHICTh MOCTAYaHHS TaKOTO 3HAYHOIO OOCSATY TOBapiB
MOX€ CIIPUYMHHUTHU 3HAYHUHN JeinuT B KpaiHax cBity. ToMy, MONIYKH albTepHATHBHUX
HUIAXIB MOCTAYaHHS € OCUTh aKTyaJbHUMH 1 MOTPEOYIOTh PO3POOKHU MPOEKTIB 3 YCY-
HEHHS KPU30BOTO CTaHy YKpalHCHKHX E€KCIIOPTEPIB Ta IMIOPTEpiB, & TAKOX IiJIpH-
€MCTB TPaHCIIOPTHO-JIOTICTUYHOTO KOMILIEKCY 3 METOIO BiJTHOBJIICHHS 30BHIIIHBOTOP-
TOBENEHUX OTeparriii.

@opmynoBaHHs nijieil crarTi. [JisyIbHICTD JOTICTUYHHUX TOCEPESIHUKIB 30CEpe/I-
KeHa Ha (JOpMYBaHHI B3a€EMOJII1 MiXK yCiMa y4acCHHKaMH JIOTiCTHYHOTO JiaHIora. OcHO-
BHA KOHIICTIIisI JOCTaBKH TOBAPY MOJATAE y MiHIMI3allii TOKa3HHUKIB BAPTOCTI Ta TPHUBa-
JIOCTI BUKOHAHHS K OCHOBHHUX, TaK 1 JOMOMIXXHHUX HPOIIECIB.

MeTor CTATTi € BUBUCHHS IOCIIOBHOCTI il JIOTICTUYHHMX MOCEPEIHUKIB MPHU
PO3pOOIIl MPOEKTIB TOCTABKH TOBAPIB Y MIXKHAPOJHOMY CIIOJNyYeHHI B YMOBax BiifHH.
3anponoHoBaHi pillicHHs TOBUHHI MICTUTH PEKOMEHAIIT /Uil cy0’€KTiB pUHKY TpaH-
CTIOPTHHX MOCIYT MPH TIaHYBaHHI X AisUTBHOCTI B yMOBax pU3HKy. B pesynbrari qocii-
JDKEHHS C(OPMYIIBOBAHO MMOKa3HUKH €(EKTUBHOCTI JIOCTABKH TOBapy, 10 3a0e3redy-
I0Th ONTUMAJIbHI YMOBH CITIBITpaIli MiXK yCiMa JJaHKaMH JIOTiCTHYHOTO JIAHIIIOTA.

Buxian ocHoBHoro marepiaay. Ha choronHimHiil 1eHb, OCHOBHUMHY MOPTaMH,
B siKi mpuOyBaroTh BaHTaxXi 3 A3ii, AMEpUKHN Ta IHIIUX KpaiH, pO3JiJeHNX OKea-
HOM, € MOPTH CYCiTHIX KpaiH, Taki sk: M. [nancek (I[Tonpma), M. Byprac (bonra-
pis), M. Koncranna (PymyHist) Ta M. Pura (JlatBist). Ha mouarky BiliHH, KOHTEHHEPH,
o WM a0 mopTiB Ykpainu, Oyl mepeajpecoBaHi J0 MOPTIB BHIIE3a3HAYCHUX
cycimgHix kpaid. L{e mpu3Beno 10 KpU3U y TPAHCIOPTHIN CUCTEMI, aJ’Ke Ha TOH Yac
OLMBIIICTh TOPTIB HE TOTOBI OyJIM MPUHHATH TOIaTKOBY 3HAUHY KiIBKICTh BAHTAXIB.
[IpocninkoByBanack TCHACHIIISI IO 3pOCTY CTaBOK Ha MEPEBAJIKy Ta JOCTaBKY BaH-
Taxky, a BCl IPHUIIOPTOBI CKJIaau OyJiu BIIESHT 3a0uUTi BaHTaxxaMu. [IpM BUHUKHEHHI
HOBHX PU3UKIB, aKTyaJIbHOIO cTajia mpobiemMa BUOOPY CrOCO0y TOCTABKH BaHTaXY
Ta, 0COOJIMBO, HAIMHOTO JOTICTUYHOTO MOCEPEIHUKA, SIKUIH 3MOXKE HaJaTH BiAIoO-
BiJIHI MOCTYTH y HAWBUILIH SKOCTI.

JloricTHYHMMHU TOCEPETHUKAMH 3IIMCHIOETHCS OpraHi3ailisl Ta IUIAaHYBaHHS IPO-
LIECiB, MOB’I3aHMUX 3 JOCTAaBKOI TOBapiB. B 3aJiexHOCTI BiJi BUMOT 3aMOBHHMKA MOXKE
OyTH 3acTOCOBaHA pi3zHA MPOIEAYypa PO3POOKH MPOEKTY MOCTABKU ToBapy. OCHOBHUMHU
3aJa4aMu y JisUTBHOCTI TIOCEPEIHUIPKIX OpTaHi3alliid €: BUOip BHIY TPaHCIIOPTY, pO3-
poOka MapHIpyTy pyXy, BHOIp PyXOMOTO CKJIaJy, MiATOTOBKA TOBapy O IEepPEeBE3CHHS,
JIOKyMEHTaJIbHE 3a0e3IeueHHS Ha BCIX eTanax JOCTaBKH, KOHTPOJIb 3a SKICTIO CEPBICY
Ta JIOTPUMaHHIM PeriiaMeHTy BUKOHAHHS POOIT.

Cnia BpaxyBary, 10, SIKIIO NEPEBE3eHHS Oyne 3/1MCHIOBATUCS PI3HUMU BHUIAMH
TPaHCIOPTY, TO OPTaHi3aTOpPOM TPAHCIOPTHOTO TMPOIECY MOXKE BUCTYMATH SK OJIWH,
TaK 1 JEKUIbKa JIOTICTUYHHMX TMOCepenHuKiB. lle 3amexuTh BiJg HAasSBHOCTI B IITATi
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mignpueMcTBa (axiBiiB BiAmoBiAHOT kBamigikamii. Po3risHemMo eranu oprasizarii
NepeBe3eHHsS aBTOMOOUTEHUM TPaHCIIOPTOM Ta [ii, 10 BUKOHYIOTHCS JIOTiCTHYHHUMHU
nocepeJHUKaMHU Ha KO)KHOMY 3 KPOKiB.

Etan 1. [InanyBaHHs poOiT mpu opraHizaimii nepeBe3eHHs aBTOMOOUILHUM TpaH-
CIIOPTOM:

1.1. TIpuiAHATTS Ta PO3IIISL]] 3BEPHEHHS 3aMOBHHUKA (€JIEKTPOHHA IOIITA, (haKc, MOBi-
JIOMJICHHSI, TeJieOHHMH 3BIHOK). OTprUMaHHS Ta 00po0Ka iHpOpMAIIiT TPO: PEKBIZUTH
3aMOBHHUKA; MiCII€ 3aBaHTKEHHS Ta PO3BAHTAXKCHHS (MapIIPyT); HAliMEHYBaHHS TOBa-
piB; TPaHCIOPTHI Ta KiJIbKICHI XapaKTepUCTUKU ToBapy (radapuTH, Aata TOTOBHOCTI
BaHTaXy, HEOOXI/IHI JI03BOJIM JJIsl OpraHizallii epeBe3CHHs); CIeIliaibHi YMOBH Tiepe-
BE3CHHS.

1.2. MnanyBanHs MapuipyTy: (GOpPMYBaHHS TUTaHY MEPEBE3CHHS HA OCHOBI BHMOT
3aMOBHHUKA Ta MPOTO3HUIIiI TPAHCTIOPTHHUX MiAMPUEMCTB; OTPUMAaHHS KOMEPIIHHOT Ipo-
MO3HIIiT MiHIMYM Bifl 3 IepeBi3HUKIB (BapTiCTh, JaTH, YMOBH).

1.3. TIpoBeacHHS OIIHKK MEPEBI3HUKIB 32 BCTAHOBJICHUMH KPUTEPIsIMU: MiA0ip
MepeBi3HMKA, MO0 BIATNOBIJa€ BUMOTaM 3aMOBHHMKA CTOCOBHO HANpSIMKY IEpeBe-
3eHHsI, (I3UKO-XIMIYHUX BIIACTHBOCTEH TOBApy, MapTii TOBapy, TEPMiHIB JOCTaBKH,
HAsSBHOCTI BITLHOTO PYXOMOTO CKJIaNy; CKIaJaHHs KallbKYJAIii BapTOCTi mepese-
3CHHS.

1.4. ®opMyBaHHSI KOMEPIIIHOT MPOIO3MIIii 3aMOBHHKY: TPOBEJCHHS y3TOKEHHS
BapTOCTi Ta YMOB MEPEBE3EHHS 3 AUPEKTOPOM 3 MPOIAXKIB, a MOTIM 13 3aMOBHUKOM.

Eran 2. [IpuiiHsATTS 3asBKH BiJl 3aMOBHUKA.

2.1. OrpumanHs OQimiHHOTO 3aMOBJICHHS Ha BHKOHAHHS MOCIYT NIEPEBE3CHHS UM
TPaHCIOPTHO-EKCIIEAUTOPCHKOTO 00CITYrOByBaHHSI.

2.2. YkJaJaHHs JOTOBOPY Ha IEPEBE3CHHsI YU TPAHCIIOPTHO-EKCIIEIUTOPCHKE 00CITy-
TOBYBaHHS 3 3aMOBHHKOM.

Eran 3. Po3mimeHHs 3asBKH Ha TICPEBE3CHHS:

3.1. YkmamaHHS JOTOBOPY Ha MIEPEBE3CHHS.

3.2. Po3millleHHS 3asBKH Ha TIEPEBE3CHHS Y NEpEBi3HUKA.

Etan 4. KoHTpOb 32 BUKOHAHHAM YMOB TI€pEBE3EHHS.

4.1. OpopmieHHS TPaHCTIOPTHHUX JOKYMEHTIB. Y pa3i MiXXHAPOJHUX MEPEeBE3CHb —
iH(hOPMYBaHHS BiMOBIJAIEHOI 0COOU Ta OpraHizallisi OTpUMaHHs JOKYMEHTIB IPH:

— mocTaBIli B YKpaiHy: MONEpPEIHE MOBIAOMIICHHS / MOTMEPENHs JeKIapalis, npu
HeoOxigHocTi — BigkpuTts TIR Carnet;

— BiampaBii 3 YKpaiHH: JIOKYMEHTH, 0 nependaveHi TapuHuM Ta HeTapupHUM
PETYIIOBaHHSIM.

4.2. TIpoBe/icHHS KOHTPOJIIO 3aBaHTAKEHHS: 3a0€3MEUCHHS BiITIOBITHOCTI TEPMIHIB,
KUTBKOCTI MaKyBaJIbHUX MICI[b, 32 HEOOXITHOCTI — OpraHi3allisi mpoBeneHHs GoTorpa-
(byBaHHS.

4.3. KoHTpooBaHHs MiClIe3HaXOKEHHSI aBTOTPAHCIIOPTY 3 BaHTAXKEM 10 Maplil-
PYTY TIepeBe3CHHSI.

4.4. TlpoBelneHHS KOHTPOIIO TPOXOKEHHS MHUTHOTO O(OpPMIICHHS BaHTaXiB:
OTPUMaHHS HOMEpa IONEPEIHBOTO TOBIIOMIICHHS / IMOMEPEeNHbOI AeKiapaii s
MEPETUHY KOPAOHY; OpraHi3allisi CBOEYACHOTO 3ai3y Ha MUTHHE TepMiHai, 0OMIiH
nokymentamu (CMR, paxyHok-(hakTypa, TOBapOCYIIPOBIiIHI JOKYMEHTH) Mi>K BOJIEM
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Ta areHTOM 3 MUTHOT'O O(hOPMIICHHST; TPH HEOOX1THOCTI — 3a0e3MeUCHHS OISy BaH-
TaXy; OTPUMaHHS MiATBEP/PKEHHS 3aBEPUICHHS MUTHOTO OGOpMIICHHS (HOMEp MUT-
HOI JeKJapariii).

4.5. TIpoBeieHHs KOHTPOJIIO BUBAHTAKEHHSI TOBAPIB: iHPOPMYBaHHS 3aMOBHHUKA PO
3aBEpIIEHHS] MUTHOTO O(OPMIICHHS, JIaH1 PO BOJIiS Ta TEPMiHH MPUOYTTS HA BUBAaHTA-
JKEHHS; KOHTPOJIb OTPUMAaHHS BiJIMITKH y TPaHCIOPTHHX (CYIPOBIAHUX) JOKYMEHTAX
PO MPUUHSATTS BAHTAXKY 3aMOBHHKOM.

Etan 5. OOMiH HOKyMEHTAIII€I0 3 3aMOBHUKOM Ta TIEPEBI3HUKOM 32 pe3yJabTaTaMH
pooiT:

5.1. OOMiH TOKyMEHTaMH 3 TICPEBI3HUKOM: OTPUMAaHHS TPAHCIIOPTHHX JOKYMEHTIB
3 yciMa BiMITKaMU IpO 3aBEPILICHHS IEPEBE3CHHS 1 3aBEPUICHHS MUTHOTO 0(opM-
JICHHST; OTPUMaHH PaXyHKIB Ha CIUIATy MOCIYT 3 IEPEBE3EHHS; BiAMIPaBICHHS PaXxyHKIB
B OyXxranrepito Ha OILIarTy.

5.2. Opranizauis GopMyBaHHS paxyHKY 3aMOBHHUKY: HaJlaHHs B Oyxranrepito (inaH-
COBOTO 3BITY TI0 TIEPEBE3CHHIO.

5.3. OOMiH TOKYMEHTaMH 3 3aMOBHHKOM: O(OPMJICHHS PaxyHKIB Ta aKTiB BUKOHa-
HUX pOOIT Ta nepenaya ix 3aMOBHHKY; KOHTPOIIb OTPUMAaHHS OIUIATH.

Etan 6. AHai3 BUKOHAHHSI IIPOLIECY:

6.1. 3akpUTTS 3asIBKH.

6.2. ®opmyBaHHs (hiHATBHOTO MAKETY JOKYMEHTIB.

6.3. BperymoBaHHs PETCH31MHUX BUMOT 3aMOBHHUKA (32 HassBHOCT1).

3a noTpeOu BUKOHAHHS 3MIIIIAHOTO TIEPEBE3CHHS JI0 IOPTY TOBApP TPAHCIIOPTYETHCS
aBTOMOOITBHUM TPAaHCIOPTOM, a JOCTaBKa MOPCHKHM TPaHCIIOPTOM 3JIHCHIOEThCS 32
OKPEMOIO TIPOLIEAYPOIO, 3 ypaxyBaHHAM YCiX BHMOT, IO BHCYBAIOThCSI IO IEPEBE3CHHS
UM BHJIOM TPaHCIOPTY. BiAMOBiZHO, JOTICTUYHHUIA MMOCEPENIHUK PO3POOISE CTPYK-
TYpy pOOIT Ipu opraHizaii nepeBe3eHHsI MOPCHKUM TPAHCIIOPTOM Ta €KCIIeUPYBaHHS
B TIOPTY.

Eran 1. [TnanyBanHus poOiT:

1.1. TpuitmanHs Ta po3nIsi 3BepHEHHS 3aMoBHUKA. OTpuMaHHs iH(opMallii mpo:
PEKBI3UTH 3aMOBHHKA; MICIe 3aBaHTaXXCHHS Ta PO3BAHTAXKCHHS (MapUIpyT); HaiimMe-
HYBaHHS TOBapiB; TPAaHCIIOPTYBAJBHI Ta KUTBKICHI XapaKTepUCTUKU ToBapy (rabaputy,
JlaTa TOTOBHOCTI BaHTaxy, HEOOXiHI JIO3BOJM JUIsL OpraHizallii IepeBe3eHHs); CIIelli-
aJbHI YMOBH ITepEBE3CHHSI.

1.2. IlnanyBaHHs MapiipyTy: (GOpMyBaHHS IUIaHY MEPEBE3CHHS Ha OCHOBI BUMOT
3aMOBHHMKA Ta MPOMO3HUIIH TPAHCIIOPTHUX CYTHOXITHHUX JiHINA; OTPUMAHHS KOMEpITiii-
HO1 MPOTO3UIIii MiHIMYM BiX 3 JiHi# (BapTiCTh, pO3KIA PYXY, YMOBH).

1.3. TIpoBeneHHs OLIHKK Ta BUOOpPY MEPEBI3HUKIB: MPOBENCHHS OMIHKU MPOTIO3H-
1ii MepeBi3HMKIB 32 HACTYITHUMH KPHUTEPisSMHU (HAassBHICTbH JIiHIA KypCyBaHHsI CyJeH Ha
HEOOXITHOMY MapHIPyTi JOCTAaBKH BaHTaXy; HEOOXIJHA KUIBKICTh MICI[b Ha CyJIHAaX;
HEOOXITHI TEPMIiHM TOCTaBKH; MOXIIMBICTh TIEPEBE3CHHS HEOC3MEUHUX UM CHCIU(iu-
HUX BaHTaXiB); BU3HAYCHHS 3 MEPEBI3HUKOM ITiJi BAKOHAHHS 3BEPHEHHS 3aMOBHUKA,
CKJIaJIaHHS KaJIbKYJIALT BAPTOCTI MEPEBE3CHHS.

1.4. ®opmyBaHHSI KOMEPIIITHOT MPOIO3UIIT 3aMOBHUKY: MPOBEJICHHS Y3TO/KEHHS
BapTOCTi Ta YMOB NIEPEBE3CHHS 3 JINPEKTOPOM 3 MPOJIAXKIB, a MOTIM 13 3aMOBHUKOM;

Eran 2. [IpuiAHATTS 3as5BOK BiJl 3aMOBHHKIB:
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2.1. OrpumanHs OQimiHHOTO 3aMOBJICHHS Ha BHKOHAHHSI MOCIYT NIEPEBE3CHHS UM
TPaHCIOPTHO-EKCIIEAUTOPCHKOTO OOCITYTOBYBAHHS: PEECTpAllisl 3asBKU 32 BCTaHOBIIE-
HOI0 (OPMOIO.

2.2. YkJaaHHs JOTOBOPY Ha IEPEeBE3CHHsI YU TPAHCIIOPTHO-EKCIIEIUTOPCHKE 00CITy-
TOBYBAHHS 3 3aMOBHHKOM.

Etan 3. Po3mimeHHs 3asBKH Ha TICPEBE3CHHS:

3.1. YknamaHHS JOTOBOPY Ha MIEPEBE3CHHS.

3.2. Po3wmimeHHs 3asBkU (OyKiHTY) y CYTHOIUIABHOI JIiHii.

Etan 4. KoHTpOs1b BUKOHAHHSA YMOB TIEpPEBE3EHHS:

4.1. OdopmiieHHST TPAHCIIOPTHHUX JOKYMEHTIB: BHITYCK KOHOCAMEHTa, OpraHi3arfis
CTpaxyBaHHsI, TOIIO.

4.2. TIpoBe/icHHS KOHTPOJIIO 3aBaHTAKCHHS: 3a0€3MEUCHHS BiITIOBITHOCTI TEPMIHIB,
KUTBKOCTI MaKyBaJIbHUX MICI[h, 30€PEIKEHICTh BAHTAXKY.

4.3. KoHTpoirOBaHHS MICIIE3HAXO/DKEHHS Cy[HAa 3 KOHTCHHEPOM 32 MapUIpyTOM
MepEBE3CHHSI.

4.4. OdopmiicHHs MOMEPEIHIX PaxXyHKIB 3aMOBHUKAM 3a MEPEBE3CHHS: Mepenada
B Oyxrayitepiro iHaHCOBOTO PO3PaxXyHKY 3a IEPEBE3CHHS.

4.5. TndopMyBaHHSI MHTHOTO TIOCTa PO TEPMiHU MPHUOYTTS BaHTaXYy: BiAMpaB-
JICHHS €JIEKTPOHHUX JTOKYMEHTIB IO TIEPEBE3CHHIO: KOHOCAMEHT, 30BHIITHHOEKOHO-
MIiYHHHA JTOTOBIp (KOHTPAKT), paxyHOK-(pakTypa, cepTH]ikard Ta iHIII CyNpoBiaHI
JIOKYMEHTH.

4.6. TIpoBeieHHS] KOHTPOJIIO MPOXOPKEHHSI MUTHOTO O(OPMIICHHS BAaHTaXIB: OTpU-
MaHHsI TIOTIepEeIHBOI JAeKIapallii, JOKyMEHTIB [yl BHYTPIITHBOIIOPTOBOTO EKCIIEAUPY-
BaHHS, TOBAPOTPAHCIIOPTHUX HAKJIATHHUX, YTO/H, 3BITY MOPTY.

4.7. TlpoBeseHHSI KOHTPOJIO TPOXOKEHHST MUTHOI OYMCTKH: (pikcyBaHHS (akTy
npuOyTTS BaHTXKY Ha TEpMiHAI.

4.8. Oprani3ailist IepeBe3eHHsT HACTYITHIM BHJIOM TPaHCIIOPTY (32 HEOOX1THOCTI).

4.9. TIpoBeieHHS KOHTPOJIIO BUBAHTAXKEHHS TOBAPiB: iHPOPMYBaHHS 3aMOBHHUKA TIPO
3aBepLICHHS MUTHOTO O(OpMIICHHS, JjaHi MPo TEepPEeBi3HUKA Ta TCPMiIHM NPUOYTTS Ha
BUBAHTa)KEHHS; KOHTPOJIb OTPUMAHHS BIJIMITKU Y TPAHCIIOPTHHUX (CYIPOBIIHUX) TOKY-
MEHTaX PO MPUUHATTS BAHTAXKY 3aMOBHHKOM.

Etan 5. OOMiH JOKYMEHTAIII€I0 3 3aMOBHUKOM Ta TICPEBIZHIUKOM 3a pe3yJbTaTaMu
poOiT:

5.1. OOMiH JOKyMEHTaMH 3 TIEPEBI3HUKOM: OTPUMaHHS TPAHCIIOPTHUX JOKYMEHTIB
3 yciMa BiJIMITKaMU PO 3aBEPIICHHS TEPEBE3CHHS 1 3aBEPLICHHS MUTHOTO odopm-
JICHHSI; OTPUMAaHHS PaXxyHKIB IPO CIUIaTy MOCIYT 3 IIEPEBE3CHHS Ta Nepeiaya ix B Oyx-
raJTepilo Ha OIJary.

5.2. Opranizanis popMyBaHHs paXyHKY 3aMOBHUKY: HaJlaHHS B OyXxranTepito (iHaH-
COBOTO 3BiTy IO TICPEBE3CHHIO.

5.3. OOMiH TOKYMEHTaMH 3 3aMOBHHUKOM: O(OPMIICHHS PaXxyHKIB Ta aKTiB BUKOHa-
HUX poOiT; mepeaada iX 3aMOBHUKY; KOHTPOJIb OTPHUMAHHS OTIJIATH.

Etan 6. AHai3 BUKOHAHHS IPOLIECY:

6.1. 3akputTs 3asBKkH: (HOpMYBaHHS (IHATBHOTO MAKETy JOKYMEHTIB.

6.2. BperymoBaHHS HEBIANOBiAHOCTEH B Tpoleci HamaHHi mnochyru. [Ipose-
JICHHS JIIf TI0 Y3TO/DKEHHIO 3 3aMOBHHMKOM: BIJIXMJICHb TEPMIHIB JOCTABKH MO rpadiky
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MapHIpyTy; BUNIPABJICHHIO JIOKYMEHTIB, IO CYMTPOBOKYIOTh TIEPEBE3CHHST; BUPIIICHHIO
THIINX HE3HAYHUX CIIPHUX CHTYAIIi B TIpolIeCi HaJaHHS TIOCITYTH.

6.3. BperymoBaHHs PETCH31MHUX BUMOT 3aMOBHHUKA (32 HasiBHOCT1).

Sx 6auumo, 3a/a4a JOTiICTUYHUX MOCEPEIHUKIB IOJISTaE y MOKPOKOBIH peanizarii
MIPOEKTY MOCTaYaHHs TOBApY 3 ypaxyBaHHsM crienii()iku BUMOT 3aMOBHHUKA, O€311EKOBOT
CHUTYyaIlil Ta JOTPUMAHHS TEPMiHIB JIOCTAaBKH.

Jnst mpuKnaxy TpoaHali3yeMO MOXJIMBI BapiaHTH JOCTABKM BaHTAXIB 3 MOPTY
M. [Hlanxaii (KuTaif) 10 OCHOBHHX aJIbTEPHATHBHUX TOPTIB, 3 IKUX B IOAAJIBIIOMY 3/1iHi-
CHHUTBCS iX MEePEBE3CHHS aBTOMOOUILHUM TpaHcmopToM a0 M. Kuis (puc. 10).

Po3rnsitHeMo BapTicTh Ta TPUBAIICTh JIOCTABKH BAaHTAXY Y TaOMUII 2.

TakuM YWHOM, 3a JOCHIPKYBaHNMH TIOKa3HUKAMHU, ONTHMAILHHM BapiaHTOM
€ JJ0CTaBKa JI0 MOpTy [IaHCBK, MpOTe 3aCTOCYBAHHS MOCIYT 1HIIUX MOPTIB PO3MIsia-
€THCS JIOTICTHYHUMHU TTOCEPETHUKAMU SIK aJlbTEPHATHBA.

3 METOI0 JOCIIPKEHHS MTPOIIECY TOCTABKH TOBAPY aBTOMOOIJIEHIUM TPAHCIIOPTOM BiJ
BHUIIIEBKa3aHUX TIOPTiB, PO3IISTHEMO XapaKTEPUCTHKH IIX MapIIPYTiB.

Puc. 10. Anomeprnamugni mopcoxi mapupymu 00CMAaKU 8AHMAICY:
a) m. Ulanxaii, Kumaii — m. I'0ancoxk, Honvwa, 6) m. lllanxau, Kumaii — m. Puea,
Jlamsis; 6) m. llanxaii, Kumaii — m. Koncmanya, Pymynis

Tabmmis 2
XapakTepuCTHKA NepeBe3eHHs KOHTeiliHepiB 3 mopty Lllanxaii no
aJIbTepPHATUBHUX MOPTIB

Mapupyt BapricTtb nocTaBKH, TpI/IBaJliCTL.)IOCTaBKI/l,
€BPO JHIB
[Tanxai, Kutait — I'nancek, [Toabina 1342 34
Ilanxait, Kuraii — Pura, JlaTBis 1560 47
[lanxait, Kuraii — Koncranna, PymyHis 2420 41

159



PO3BUTOK TPAHCIIOPTY
Ne 1(16), 2023

HaBegemo kapTy pyxy aBTOTPaHCIOPTHOTO 3aco0y y cHoiiydeHHI M. [JmaHChK
(ITonpmia) — M. Kuis (Ykpaina) (puc. 11).

{ Riggelirecig {
p= Lietuva =Y F R
— MM n ' ki [ L
- WMHUHIpag o
i, Vilnius 3
Gdi)hsk Y - Maringy
fpagha Benapych
Bydgos:i:z ]
i Biatystok
PD‘Z_”B"I ~ BpSsyKan
Pol Warszawa, o f_:
Wrockaw
i Krakow ! HATOMWS Knig
4 : :
¢ ¥ Nuaia BlHMMALA
4 -‘-731
s S Slovensko
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Puc. 11. Kapma pyxy aemompancnopmmnoeo 3acoby 3a mapuipymom m. I 0ancox
(llonvwa) — m. Kuie (Yrpaina)

MapuipyT MpoKJIaIeHo, Ha/IalouH IPIOPUTET JoporaM Kiacy E, 3araibHOO MPOTSIK-
HicTiO 1206 KM.

AHaJIOTIYHUM YMHOM IIAaHY€EMO MapIIpyT y croiydeHHi M. Pura (Jlatsis) — m. Kuis
(Vkpaina) (puc. 12).

Marinéy "~
benapyce i '

HKuTomump

Knis

Puc. 12. Kapma pyxy mpancnopmuozo 3acody 3a mapupymom m. Puea (Jlameis) —
m. Kuie (Vrpaina)
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3aranpHa IPOTSHKHICTH MAapUIpyTy — 1374 kM.

MapuipyT nepeBe3eHHsl BaHTaXy M. Koncranna (Pymynis) — m. KuiB (Ykpaina)
MIPEICTABICHUN HACTYITHUM YHHOM (puc. 13):

3aranpHa IPOTSHKHICTH MapIpyTy — 910 kM.

fmre

Caladeas

Constanta

Kpinem

Bwxonain -,

ERCaTonEn

Ciéma

Puc. 13. Kapma pyxy mpancnopmuozo 3acoby 3a mapupymom m. Koncmanya
(Pymynis) — m. Kuise (Yxpaina)

3a pesynpraTaMu JOCHIJPKEHHS TPhOX OCHOBHHX MapIIPYTiB JOCTABKUA TOBapy
3 Kutato 10 YkpaiHn MOXeMO MpPEACTAaBUTH HACTYIHI MiJICYMKOBI pO3paxyHKH 3a
MMOKa3HUKaMHU €(EKTHBHOCTI JJOCTABKH, 1110 HABEJCHO Y Ta0uIIi 3.

TakuM YMHOM, B SIKOCT1 2JILTEPHATHBHOTO CITOCO0Y IOCTaBKH BAHTAXY, ONTUMAIIEHO
obuparu BapiaHT nocraBku uepe3 mopt [nancek (ITompma). [Ipote, MOXIMBICTH BUKO-
HaHHA JIOCTaBKU TOBapy Yepes3 iHIII JOCHIKyBaHi MOPTHU HE BUKITIOYAETHCS B 3B’ SI3KY
3 00MEKEHOI0 MPOIMYCKHOIO 3[aTHICTIO TOpTy [ IaHChK.

Tabmuug 3
IHoxa3HnkH e)eKTUBHOCTI 10CTABKH TOBapy
Mapumpyr | Ilanxaii — lanxaii — KI(E[Z;}TI;?{“ a_— BinnoBinansna

MMocayra I'mancok—Kuis| Pura — Kuis Kn'l'Bu opranizauis
®DpaxT, €BpO 1342 1560 2420 MopchKa JTiHis
300pu y HOpTY NpHU3HA- 300 300 300 ITopTroBwii exc-
YEHHs1, €BPO MIEJTATOP
Kommneke nociayr  Cop—
3 06POOKH KOHTElHEpY, 610 650 930 S,
€BpO A
g"i)poeBe‘”'eHH" BaHTAKY, 2384,76 2693,44 2086,37 IepeBi3HuK
3aranbHuUi yac TpaH-
———— 38 52 45
Bceroro, eBpo 4636,76 5203,44 5736,37
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BucHoBkH. B yMOBax BOEHHOTO CTaHy Ha JOCTaBKY TOBapiB Y Mi>KHApOJAHOMY CIIO-

JMy4YeHHI 3HAYHO BIUIMBAa€E OOMEKEHHS IIOJI0 BUKOHAHHS TICPEBE3CHb 13 3ay4CHHIM
MOPCBKOTO TpaHcmopTy. [lepen JOTICTHYHUMH MiANPUEMCTBAMU MOCTAIOTH MUATAHHS
oprasizaiii TPaHCIIOPTHOTO MPOIIECY i3 3aCTOCYBAaHHAM aJBTEPHATHBHUX MapIIPYTiB.
3HaYHO TiABUIIIIIACH CKIAAHICTh (DOPMYBaHHS JIOTICTHYHUX JIAHITIOTIB, 3pocia Bap-
TiCTh Ta TPUBAIICTH TOCTABKH, a TAKOXK 3MIMCHIOETHCS JIeTadbHa OIliHKA 30BHIIITHHOTOP-
TOBEITLHUX PU3HKIB 3 O0KY KOHTPareHTIB.
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Summary

Introduction. Maritime transportation has always been an important component
of global trade and commerce. The emergence and development of new technologies,
as well as growing demands for efficiency and sustainability, have led to a period
of transformation in the industry. The introduction of new technologies is no longer
a choice, but a necessity for maritime transport enterprises to remain competitive
and meet the requirements of a rapidly changing market. The advantages of using
innovative technologies in maritime transport are numerous, allowing for better
control of the ship and her propulsion system, which in turn reduces the risks of
harmful impact on the ecosystem. The latest technologies can significantly improve
the efficiency of maritime operations, which includes optimizing shipping routes and
reducing fuel consumption. Shipping companies are able to use improvements in both
hardware and software to optimize their fleet monitoring and management operations
through satellite data and shipboard sensors that connect equipment, which increases
safety of navigation, helps to address environmental issues in shipping and improves
the operational efficiency of transport operations. Purpose. This article offers
an overview of the background of technological innovation, the current state of
the maritime transportation industry, and the challenges it faces in adopting new
technologies. It also looks at some of the recent technological advances and their
potential impact on the industry and the prescriptive opportunities that maritime
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transport has to offer. Results. The process of introducing the latest technologies is
a way to overcome regulatory barriers and high investment costs, modern ways for
transport companies to navigate the complex landscape in order to realize the full
potential benefits of such technologies and a constant search for a balance between
improving operational efficiency and solving environmental problems. Conclusion.
In assessing the future of such technologies, it should be noted with confidence that
the introduction of new technologies has the potential to fundamentally change
maritime transport, so adopting these changes and utilizing them contributes to a
more sustainable, efficient and competitive industry.

Key words: Maritime transportation, freight and passenger carriage, innovative
technologies, shipping technology, autonomous ships, sustainable development, safety
of shipping, ship navigation.
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Anomauisn

Bcmyn. Mopcokuti mpancnopm 3a82cou 0y8 8adiCaugoi0 CKIAO08010 CBIMOBOT
mopeieni ma xomepyii. Ilosasa i po36umox HOBUX MEXHON02TU, A MAKONC 3POCMAIOUi
8UMO2U 00 eheKMUBHOCMI Ma CMan020 PO3GUMKY CHAPUYUHUIU Nepiod mpaHcgop-
mayii eanysi. Bnposadocenus nosux mexuonozii 6invuie He € 6ubOpom, a HeobXio-
HicmIO 0151 NIONPUEMCIE MOPCHLKO20 MPAHCROPMY, Wob 3aNIUUAMUCA KOHKYPEHMO-
CNPOMONCHUMU § 8I0N08IOAMU BUMO2AM PUHKY, WO WEUOKo 3mintoembca. [lepesazu
BUKOPUCMAHHSL THHOBAYIUHUX MEXHO02Il HA MOPCbKOMY MPAHCROPMI YUCTEHHI, BOHU
0036071A10Mb AKICHIUE KOHMPONIOBAMU CYOHO I CUN08I YCIMAHOBKU, WO 8 CB0I0 Yepey
BHUDIICYE PUBUKU WKIOIUB020 6NAUBY HA eKocucmemy. Hogimui mexnonoeaii 30amui 3na-
YHO nioGUWUMU eqheKMUBHICMb MOPCbKUX Onepayill, wo nepedbavac onmumizayirno
CYOHONNLABHUX MAPUIPYMI6 i CKOpOUeHHA chodcueanta naiuea. CyOHoniagHi komna-
Hii 8 3M03i BUKOpUCMO8Y8AMU 800CKOHAIEHHA AK ANApAmMHO20, MAK i NPOSPAMHO20
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3abe3neuents 01 ONMUMIzayii ceoix onepayil 3 MOHIMOPUHSY MA YNPAGIIHHI POOO-
MOI0 8IACHO20 (PAOMY 3A60SAKU OAHUM 3 CYRYMHUKIE | 0amMYUKamM 6CMAHO6IEHUM HA
CyYOHi, AKi 3'€OHyI0Omb 001A0HAHHSA, WO NIOSUWYE Oe3NeKy MOPENIABCMEA WO CHPUSIE
BUPIUEHHIO eKONO2THHUX NPOOLeM CYOHONIABCMBA | NIOGUUYE ONEPayiliny ehexmus-
Hicmb mpaHcnopmuux onepayin. Mema. L[a cmammsa nponouye oensio nepedymos
MEXHON02IUHUX THHOBAYIU, AHANI3 NOMOYHO20 CIAHY 2aly3i MOPCbKO20 MPAHCHOP-
my ma BUKAUKIB, 3 AKUMU B0HA CIMUKAEMbCA HPU BNPOBAONCEHHI HOBUX MEXHONO0-
eiti. Taxoorc po3zensdaromuvcs 0esKi 3 OCMAHHIX MeXHON02IUHUX 00CACHeHb md IXHill
nOMeHYTUHUY 6NIUB HA PO3BUMOK 2A1Y3I, 30KDeMd, HA MOICIUBOCHI, 8IOKpumi nepeo
Mopcokum mparcnopmom. Pezynomamu. Ilpoyec 6nposadsiceHts HOBIMHIX MexXHON0-
2itl Ye WX no0oNanHs pecyiamopHux oap'epie ma eucokoi eapmocmi ingecmuyit,
cyuacHi cnocobu opienmayii mpaHcnopmuux KOMNAHIU 6 CKAAOHOMY AAHOuagdmi,
3 Memolo peanizayii noeHo0 MIpol NOMEHYIUHUX nepesas makux mexHoao2ii ma
ROCIUHUI NOUWLYK OANAHCY MIdIC NIOSUWEHHAM ONepayiunol epexmuenocmi ma eupi-
weHHAM exono2iuHux npoonem. Bucnoexu. Oyinioroyu matilOymue maxkux mexmonozit,
HeoOXIOHO 3 YNEeBHeHICMIO 3A3HAYUMU, WO 8NPOBAONCEHH HOBIMHIX PO3POOOK Mac
NOMeEHYIAN OOKOPIHHO 3MIHUMU chepy MOPCLKUX NePeBe3eHb, MOXC NPULHAMMS YUX
3MIH mMa iX GUKOPUCIAHHSA CRpUSMUMe CMBOPeHHI0 Oiib cmilikoi, epexmusHoi ma
KOHKYDEHMOCNPOMONCHOL MOPCbKOT IHOYCmPIi.

Knwuosi cnosa: mopcokuii mpancnopm, 8aHmadxcHi ma nacaxicupcvKi nepeseseH-
H3, IHHOBAYIIHI MEXHON02IL, MeXHOL02Ii MPAHCNIOPIYBANHSL, ABIMOHOMHI CYOHA, CIMAULL
PO38UMOK, be3nexa CyOHONIA8CmaEa, npoyec CyOHOBOOIHHS.

Introduction. New technologies in the maritime industry include autonomous ships,
marine robotics, new materials, blockchain, IoT, advanced communications, artificial
intelligence, virtual reality and augmented reality. These technologies are being used to
improve navigation, fuel efficiency and safety. The maritime industry has seen the intro-
duction of new ship classes, including autonomous ships and digital twins. These tech-
nologies are expected to revolutionize the industry in the coming years.

The introduction of innovations and their development in the marine transport industry
is the subject of the works of many scientists. Thus an overview of the main technological
trends transforming the maritime industry is devoted to the work [1]. In [2] researched
exploring technology in maritime sector and its role in coping with the COVID-19 pan-
demic. Smart ship technologies for the maritime industry studied in [3]. Wértsild ency-
clopedia of ship technology aimed at strengthening the growth and ensuring the future
of commercial shipping and adapting the industry to the new realities in [4]. The rapid
development of information technology, which the shipping industry is experiencing
as an important period of change in the development of the transition to intelligence
and wisdom, is explored in [5]. The importance of emerging technologies to the increas-
ing of corporate sustainability in shipping companies reserched in [6]. Innovation through
collaboration: application in the maritime industry, future in maritime education and train-
ing and priority areas of innovations in maritime industry examined in [7-9]. Studies in
national governance and emerging technologies given in [10]. Rights of salvage and inno-
vation in the united states admiralty courts explored in [11]. Navigational safety assess-
ment and autonomous ship concept researched in [12, 13].
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Thus, a review of the literature on the topic of research indicates that the subject is
very relevant, and its impact on the development of the shipping industry is difficult to
overestimate.

Materials and methods. The maritime transport industry is constantly evolving,
and new technologies are being developed to improve efficiency, safety, and sustain-
ability. Prerequisites for the introduction of new technologies in the maritime transport
industry are primarily in the development of infrastructure. New technologies often
require changes in the infrastructure of ports and terminals. For example, the instal-
lation of shore power systems to support electrification of vessels, or the deployment
of autonomous mooring systems to accommodate autonomous ships. Maritime trans-
port is a highly regulated industry, and new technologies must comply with international
and national standards and regulations. Standards for cybersecurity, safety, and environ-
mental protection are particularly important for new technologies in the maritime sector.
New technologies often require high-speed and reliable connectivity to transmit data
between ships, ports, and other stakeholders in the maritime transport supply chain. The
availability of satellite communications and 5G networks can enable new technologies
such as remote vessel monitoring and control. The successful implementation of new
technologies requires a skilled workforce that can operate and maintain these technol-
ogies. Training programs and certification schemes are needed to ensure that seafarers,
port workers, and other stakeholders have the necessary skills and knowledge to work
with new technologies.

The adoption of new technologies requires significant investment from the maritime
transport industry, including ship owners, ports, and logistics companies. Funding for
research and development, pilot projects, and large-scale deployment is needed to
accelerate the adoption of new technologies. The successful implementation of new
technologies requires collaboration between different stakeholders in the maritime
transport industry, including ship owners, ports, logistics companies, technology
providers, and regulators. Collaboration can help to overcome barriers to adoption
and accelerate the development of new technologies.

Infrastructure
Investments and Standards and
collaboration regultions
Skilled workforce Connectivity

Fig. 1. Prerequisites for new technologies on the maritime transport
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The maritime industry faces a number of challenges, including a shortage
of workers, new environmental regulations, safety risks, and rising costs. In addition,
the industry faces a constant imbalance of supply and demand, environmental
imperatives, and employment issues related to an aging workforce. In 2023
and beyond, people will remain the focus of the industry while introducing technology
and solving environmental problems. Thus, the maritime industry is undergoing
a technological revolution that is transforming the way shipping companies operate.
Technology is setting up trends and challenges in maritime management, with smart
fleet operation and autonomous vessels being some of the most promising areas
of development. The International Council on Clean Transportation has identified
several technologies and operational strategies aimed at increasing ship efficiency,
including wind-assisted propulsion, air lubrication systems, and hull coatings.
These technologies can help reduce CO, emissions from ships and make the marine
sector safer for the environment.

Several factors contributed to the emergence of innovation in the maritime industry,
including the following:

1. Advancements in technology. The maritime industry has been greatly impacted
by technological advancements, which have led to the development of new and inno-
vative tools, equipment, and software that have made shipping safer, more efficient,
and more environmentally friendly. Examples of such technologies include automated
cargo handling systems, satellite communication systems, and computerized navigation
and tracking systems.

2. Environmental concerns. Growing concerns about the impact of shipping on
the environment, such as pollution, greenhouse gas emissions, and oil spills, have led to
the development of new technologies and practices that aim to reduce the environmental
impact of the maritime industry. These innovations include hybrid and electric ships,
ballast water treatment systems, and waste management technologies.

3. Economic pressures. Economic pressures have also played a role in driving inno-
vation in the maritime industry. Shipping companies are constantly looking for ways to
increase efficiency, reduce costs, and improve profitability, which has led to the develop-
ment of new technologies and practices that can help them achieve these goals. Exam-
ples of such innovations include containerization, just-in-time inventory management,
and the use of big data and analytics to optimize shipping routes and improve supply
chain management.

4. Globalization. The increasing globalization of trade has created new opportunities
and challenges for the maritime industry, which has led to the development of new tech-
nologies and practices that can help shipping companies had better manage the com-
plexities of global trade. These innovations include blockchain technology for secure
and transparent supply chain management, digitalization of documentation and customs
procedures, and the use of autonomous ships and drones for shipping and port opera-
tions. These and other factors have contributed to the birth of innovation in the maritime
industry, helping to make shipping safer, more efficient, and more sustainable.

In recent years, there have been several innovations in the maritime transportation,
aimed at making the process more efficient, cost-effective, and environmentally
sustainable.
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With the increasing use of digital technologies, the maritime industry has embraced
digitalization in areas such as documentation, cargo tracking, and communication. This
has led to greater transparency, improved efficiency, and reduced paperwork. Automation
has been implemented in some ports and terminals, leading to faster turnaround times
and reduced waiting times for vessels. Automated systems also enable real-time tracking
of cargo and provide accurate data on container movements. The use of liquefied natural
gas (LNG) as a fuel source for ships is gaining popularity due to its lower emissions
of pollutants and reduced fuel costs. LNG-powered vessels are currently being used
for both container and bulk cargo transport. Advanced analytics tools are being used
to analyze data from shipping operations, which can help to optimize route planning,
reduce fuel consumption, and improve overall efficiency. Blockchain technology is
being used to improve the security, transparency, and efficiency of maritime supply
chains. By creating a tamper-proof digital ledger, blockchain can help to reduce fraud,
increase trust between parties, and improve supply chain visibility. The industry is
exploring ways to reduce its environmental impact by using renewable energy sources,
such as wind and solar power. Some vessels are also being retrofitted with scrubbers,
which remove sulfur and other harmful emissions from exhaust gases. With all these
innovations, the maritime shipping industry is transforming itself, making it more
sustainable, more efficient and more cost-effective.

The COVID-19 pandemic has created unprecedented challenges for professionals
across the maritime sector. However, technology can greatly improve the efficiency
of maritime operations by creating a more sustainable and resilient shipping industry.
Several international companies
and port authorities from different
parts of the world haverecently signed
a Memorandum of Understanding
to ensure the interoperability
of  various global  maritime
technology platforms, which
will require developing common
data standards and Application
Programming Interfaces (APIs).

The maritime industry is now
looking to deploy more and more
new generation vessels that could
become a major component
of the global freight transportation
of the future. Since the 1960s, vessel
tonnage has steadily increased due
to economies of scale and fuel
efficiency, with some container ships
now boasting a capacity of 24,000
TEU. In port, these giant vessels are
systematically connected to the shore ~—

power grid, reducing emissions Fig. 2. 3D-printed screw of the new
generation
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while in port. This vision of the future will be achieved by modernizing the existing
tonnage and building new vessels. The modernization and refitting of ships in service
can be accomplished with lower material costs and fewer emissions thanks to additive
manufacturing technology. This production method, which is already in use in various
industries, can be used to manufacture anything from small machine parts to giant ship
propellers.

More recently, a new generation 3D printed propeller, manufactured by the Naval
Group in Paris in 2021, has been tested and certified. Naval Group produced this next-
generation propeller with a 2.5-meter span, supported by five 200-kilogram blades,
using a metal 3D printing process. Installed on the tripartite-class mine hunter, this
propeller will now accompany the vessel on all of its operational missions. This screw
is a technological achievement, as it is the largest metal 3D printed screw ever produced
and the first screw to be made using additive manufacturing technology to equip
a warship in service.

As part of its contribution to the maritime industry, the EU is funding projects to
take advantage of new lightweight and high-performance materials that will be used
in shipbuilding, for example to develop the first hollow propeller blade demonstrator.
This innovative result was achieved using additive manufacturing (AM), a process in
which 3D objects are created by adding layer after layer of material. Although additive
manufacturing is increasingly present in industry, programming and designing complex
parts such as propeller blades for a ship presents a significant challenge. The goal
of the project is to produce propeller blades that increase the operational capabilities
of the vessel.

Achieving high quality requires careful design, so modern technology has been
involved in every step of the manufacturing and testing process. Drawing on technical
expertise and innovative capabilities in 3D printing technology for the maritime industry,
worked closely with Naval Europe Group's Inventor's Office throughout the process to
define a production test and inspection plan for 3D printed parts, overseeing production
steps and testing.

The AM process that researchers are using to improve ship propulsion is called wire
arc additive manufacturing (WAAM). The process involves melting metal wire using
an electric arc as a heat source. Once melted, the wire is extruded into beads that stick
together to create a layer of metal. This is then repeated layer by layer to create a 3D
metal part. WAAM is used to design large components — in this case, propellers up to
6 meters in diameter - those traditional manufacturing techniques are not capable of.
This development will make it possible to produce propellers that are more complex in
the future.

By improving ship design, from propellers to engines, the level of underwater
noise emissions generated by ships will be significantly reduced, with less impact on
wildlife mating, hunting and navigation. Excessive underwater noise levels can be
particularly dangerous for marine life such as whales and dolphins, as it interferes with
their communication, hunting, migration and echolocation. In addition to protecting
the marine ecosystem, managing shipboard noise and vibration sources can improve
crew well-being. An additional step to protect animal welfare will be a systematic
approach by the human population to clean up the oceans from plastic waste. In
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the future, the waters are planned to be patrolled and cleaned by small, safe electric
vessels that will collect plastic and other waste to be sorted and recycled or disposed
of responsibly. Through rig-to-shore programs, remnants of human presence, such as
idle oil and gas platforms, will remain homes to corals and fish that can repopulate
them. Under these programs, all hazardous materials are removed and the structure is
left to nature.

There are several innovative technologies that are being developed or already in
use in maritime passenger transportation. Here are some examples such as electric
and hybrid ferries, which are becoming more common as a way to reduce emissions
and noise pollution. For example, the Ampere, the world's first all-electric ferry, operates
in Norway, and there are plans to build more electric ferries in other parts of the world.
Autonomous ships are being developed to improve safety and reduce the cost of crewing.
Several companies, including Rolls-Royce and Kongsberg, are working on autonomous
ship projects. Virtual reality (VR) technology is being used to enhance the passenger
experience on cruise ships. For example, Royal Caribbean has installed VR bungee
trampolines and virtual reality headsets on its ships. Advanced propulsion systems,
such as fuel cells, are being developed to reduce emissions and improve efficiency. For
example, the MS “Color Hybrid”, which operates in Norway, is the world's largest plug-in
hybrid ship and uses both batteries and liquid natural gas as fuel. Air lubrication systems
use a layer of air bubbles to reduce friction between the hull of a ship and the water,
which can reduce fuel consumption and emissions. These systems are being tested on
several ships, including the Viking Grace ferry.

Energy storage systems: Energy storage systems, such as batteries and flywheels, are
being developed to improve the efficiency of ships and reduce emissions. For example,
the Edda Ferd offshore vessel, which operates in Norway, is equipped with a hybrid
battery system.

Overall, these innovative technologies have the potential to make maritime passenger
transportation more sustainable, efficient, and enjoyable for passengers.

Smart ship technologies are also transforming the shipping industry. Autonomous
technology for ships, IoT (internet of things), and data analytics represent some
of the modern features that companies are adopting to improve shipping efficiency. By
incorporating these features into their operations, shipping companies can improve time
management and increase output from this domain. For example, implementing smart
technology that accurately routes, deploys, and controls supply vessels would allow
logistics divisions to be used in a more efficient manner.

Wirtsild is one company leading innovation in ship technology. They believe that
the marine industry must adapt to new technologies to remain competitive in today's market.
Wairtsild's recent acquisition of L-3 MSI brings a broad range of competencies within their
portfolio. With 180 years of experience behind them as a technology leader in the marine
industry's global transition to greater efficiency, lower operating costs, and enhanced
environmental performance they are uniquely positioned to influence its future.

Some of the most promising maritime technologies include artificial intelligence, big
data analytics, IoT on ships, and digital route optimization. Sensor technologies are also
a popular choice for maritime-related industries. According to the experts, the top 10
trends in the maritime industry for 2023 include autonomous shipping, green shipping

171



PO3BUTOK TPAHCIIOPTY
Ne 1(16), 2023

and smart ports. ABB is one of the most innovative corporations in the maritime industry,
offering a full range of digital solutions. Revolutionary technologies that are set to
transform the maritime industry include blockchain, augmented reality and unmanned
surface vehicles.

The future of maritime technology is bright: transforming technologies will lead to
advances in ship design, propulsion and energy. Digitalization will facilitate automation
and lead to smart ships, positively affecting safety and environmental performance.
Communications will play a key role in the future of maritime technology, providing
smart shipping, loT, advanced communications, and artificial intelligence. New
technologies that will revolutionize the maritime industry include blockchain, augmented
reality, and unmanned land vehicles. The industry must adapt to these changes to remain
competitive.

Results and discussion. The maritime industry is expected to see a wide range
of trends in the coming years, including Al, clean energy sources, and autonomous
ships. Other trends include digital sensoring, port automation, and blockchain. Industry
experts predict that collaboration, green transition, security, and energy cost trends will
be important in 2023. Green technology, electric ships, big data and predictive analytics
are among the forthcoming innovations in the shipping industry.

Innovation in maritime transport can be achieved through the development
and implementation of algorithm. Here are some steps that can be taken to implement
an algorithm for innovation in maritime transport:

START
L)

Identify the problem

L

Collect and analyze
the data

Develop hypothesis

T'est the hypathesis

!

centable? Refine the
Acceptabled algorithm
Yes
+ . L
Monitor and Implement
E — &
evaluate algorithm
[
L]
END

Fig. 3. Innovation technologies implementation algorithm
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Starting with identifying the specific problem that needs to be solved in maritime
transport, it could be anything from reducing fuel consumption to optimizing shipping
routes. Gather data related to the problem identified which could include information
on ship performance, weather patterns, shipping routes, and cargo volumes. Analyze
the data using statistical analysis and data visualization techniques to explore the data
and identify patterns and correlations. Based on the data analysis, develop a hypothesis
about how to solve the problem. For example, the hypothesis that adjusting vessel
speed to weather conditions can significantly reduce fuel consumption. Develop
an algorithm or formula based on your hypothesis and test it using real-world data. This
could involve running simulations or conducting experiments on actual ships. Based
on the results of your tests, refine your algorithm or formula to improve its accuracy
and effectiveness. Once you have a robust algorithm or formula, implement it on a wider
scale in the maritime industry. This could involve collaborating with shipping companies
or working with government agencies to promote the adoption of the new technology.
Finally, monitor the performance of your algorithm over time and evaluate its impact
on the industry. Use this feedback to continue refining the algorithm and improving its
effectiveness. By following these steps, innovative algorithms can be created to help
solve maritime transportation problems and move the industry forward.

Conclusion. Several strategies can be used to promote technological innovation
in the maritime transport sector, primarily by encouraging and investing in research
and development activities to develop new technologies and improve existing ones.
This can include partnerships with universities, research institutes and other companies.
Governments can provide financial incentives and funding for companies that invest in
new technologies and innovations. This can include tax breaks, grants and subsidies.
Collaboration between industry players should be encouraged to share knowledge
and resources, and to work together to develop new technologies. Governments can
also create regulations and standards that promote innovation and new technologies.
These can include emissions standards, safety standards, and performance standards.
Companies can use open innovation strategies to collaborate with external partners to
develop new technologies. This can include partnerships with startups, universities,
and other companies in the industry. The use of digital technologies such as big data,
IoT and blockchain can help improve efficiency, reduce costs and increase transparency
in the maritime transportation industry. The development and adoption of sustainable
technologies that promote environmental sustainability, such as low-emission fuels,
renewable energy and green ports, are just a few of the basic areas that can be used to
promote technological innovation in maritime transport.
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Anomauin

Bcmyn. TonosHum 3a60auHAM (DYHKYIOHYBAHHA A8MOMODIIbHO20 MPAHCNOPNLY
€ 3a0080J/leHH nOmMpedU 2POMAOSIH Ma 20CNO0APCme 8 nepese3eHHsax i3 3abesne-
YeHHAM 00CMAMHbO20 PI6Hs ehekmugHocmi ybo2o npoyecy. Pasom 3 mum, naii-
Oinbwi puzuku 05 300P08°1 MA HCUMMSL THOOUHU, A MAKON’C AKMYALbHI eKOL02IYHI
npobnemu nos’a3ami 3 00PONCHIM pyxom. B maiibinvwin mipi ysa 0gosxicms npo-
A6AAEMbCA NPU 8UOOPI WBUOKICHO20 pedcumy pyxy. [Ipacnenns 0o exoHomii yacy
noi30Ku yacmo npu3eo0UmMs 00 NepPesuUeH sl 6CMAHOBLEH020 0OMENCEHH WBUO-
KOCMi, W0 He2amueHo NIUBAE HA Oe3neKy 00podicHbo2o pyxy. Tomy axmyanrbHum
€ 00CNIOIHCEH s NAUBY WBUOKICHO20 PENHCUMY HA epeKmUBHICMb MPAHCNOPIMHO20
npoyecy. Mema. Memow 0ano2o 00CNiOIHCEHHA CIMABULOCS NPOAHALIZY8AMU BNIIUS
WBUOKICHO20 PedCUMy HA NOKAZHUKU epeKmMUBHOCII OOPOACHLOSO PYXY HA MUNO-
8UX OinAHKAX Oopie 3a mexcamu micma. Pesynomamu. /[ns peanizayii nocmasnenoi
Memu OY10 NPOBeOeHO aHAi3 pyXy 1e2K08020 A8MOMODINL HA 080X MAPWUPYMAX, WO
npoxoouau no OiNAHKAX Oopie 3 pisHUMU 00podicHIMuU ymosamu. I1o koocnomy mapui-
pymy asmomo0binb pyxascs y mpbox pelcumax 0OMexCcenHs weuoKkocmi, o cmano-
sunu 90, 110 ma 130 km/200. B pesynomami oopobxu GPS mpexia pyxy agmomobina
0yIU NPOAHANI308AHI PO3NOOIIU MUMMEBUX WEUOKOCMel ma NoOYy008aHri 2zicmozpa-
MU PYXY 8 KOOPOUHAMAX «HUAC PYXY — IOCMAHbY MA «8I0CMAHb — WEUOKicmby. [na
KOJICHO20 3 PEAHCUMIB 0OMENCEHHS WBUOKOCIE OYIU PO3PAX0BAHT 3HAUEHHS cePeOHbOT
MexXHIYHOT WeUOKOCMI Ma YAcy CNONYYEHHS HA MApuipymi, d maxodc NOKA3ZHUKU
SAKOCMI YMO8 PYXY, 30Kpema wym npuckoperts ma epadienm enepeii. Bucnoeku. B
pe3ynibmami NpoBedeHHs eKCNePUMEHMAIbHUX O0CHI0JCeHb OY10 8CMAHOBIEHO,
Wo nidGUUEeHH WBUOKICHO2O PedcUMy Ha OiNAHYI 080CMY2080i 00pO2U 304 MediC-
amu micma npu GakxmuyHo iCHYIOUOMY Pi6HI 3A8AHMAICEHOCMI PYXOM He NPU3BO-
oums 00 NOKpAUjeHHs NOKASHUKIE eheKmUueHoCmi mpaucnopmuozo npoyecy. /ns
OIIAHOK 00pie i3 pO30iNI0BATLHON CMY2010 NPU NIOBUWEHHI WEBUOKICHO20 PedtCUM)
cnocmepieaemvbcs nPonopyitiHe 30i1bUieHH cepeOHbOi MEeXHIUHOIL WeUOKOCII, WO
0038075€ OYIKYy8amMu NiOBUWUMY MEXHIKO-eKCNIYAMAYIHI NOKA3HUKU MPAHCHOPM -
Ho20 npoyecy. /[na 000x munie 0opie nidsuweHHs WEUOKICHO20 PeNHCUM) NPU3BO-
oums 00 3MeHUleHHs CMAabiIbHOCMI PYXY, WO BUPANCAEMBCA Y 3POCMAHHI WYMY
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npuckopenus ma epadieum euepeii. Lletl paxmop modice necamueno eniusamu Ha
Oe3nexy 00poICHLO20 PYXY Ma npudecmu 00 no2ipuients ymos npayi 00is.

Kniouosi cnosea: dopooichiil pyx, cepeons mexHiyHa weUOKIiCMb, WEUOKICIb PYXY,
00MedHCEeH S, WBUOKOCHT, OOPOICHT YMOBU, NOKAZHUKU eqheKmUBHOCHII.
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0.V. Ryabushenko!, I.S. Nahliuk?
'PhD, Associate Professor, Associate Professor
of the Department of “Traffic Management and Road Safety”,
Kharkiv National Automobile and Highway University, Kharkiv, Ukraine,
ORCID ID: 0000-0002-8415-5733
2Doctor of Technical Sciences, Professor, Professor
of the Department of “Traffic Management and Road Safety”,
Kharkiv National Automobile and Highway University, Kharkiv, Ukraine,
ORCID ID: 0000-0001-9411-4479

Summary

Introduction. The main task of the operation of road transport is to meet the
needs of citizens and businesses in transportation while ensuring a sufficient level
of process efficiency. At the same time, the greatest risks to human health and life, as
well as current environmental problems, are related to road traffic. To the greatest
extent, this duality is manifested when choosing a high-speed mode of movement. The
desire to save travel time often leads to exceeding the established speed limit, which
negatively affects road safety. Therefore, the study of the influence of the speed regime
on the efficiency of the transport process is relevant. Goal. The purpose of this study
was to analyze the influence of the speed regime on traffic efficiency indicators on
typical road sections outside the city. The results. In order to realize the set goal, an
analysis of the movement of a passenger car was carried out on two routes passing
through sections of roads with different road conditions. On each route, the car moved
in three speed limit modes, which were 90, 110 and 130 km/h. As a result of the GPS
processing of car movement tracks, instantaneous speed distributions were analyzed
and movement histograms were constructed in the "movement time — distance" and
"distance — speed” coordinates. For each of the speed limit modes, the values of
the average technical speed and connection time on the route were calculated, as
well as indicators of the quality of traffic conditions, in particular, acceleration noise
and energy gradient. Conclusions. As a result of conducting experimental studies,
it was established that increasing the speed regime on a section of a two-lane road
outside the city limits at the actual existing level of traffic congestion does not lead
to an improvement in the efficiency of the transport process. For sections of roads
with a dividing strip, when the speed regime is increased, a proportional increase
in the average technical speed is observed, which allows us to expect an increase in
the technical and operational indicators of the transport process. For both types of
roads, increasing the speed regime leads to a decrease in traffic stability, which is
expressed in an increase in acceleration noise and an energy gradient. This factor can
negatively affect road traffic safety and lead to deterioration of the driver's working
conditions.
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Beryn. [onoBauM ehekTOM BijJl BUKOPHCTAHHS aBTOMOOUIEHOTO TPAHCIIOPTY MOXKHA
BBA)KaTH €KOHOMIIO Yacy MpH JOCTaBIll BAaHTAXIB Ta MaCaKUPIB, 110 3a0e3MeUyeThCs
y TepIly 4epry JOCTaTHhO BUCOKUMU 3HAYCHHSMH MIBHJKOCTI CIIOJNyYSHHS Ha MapIi-
pyrax. Lle oOymoBiIO€ 3aranbHe MPAarHEHHS YYaCHHKIB TPAaHCIIOPTHOTO TPOIECY JIO
3a0e3MeUCHHS] BUCOKHX CEPEHIX MIBHIKOCTEH PyXy TPaHCIOPTHUX 3acO0iB Ha BCiX
JIUISTHKaxX MapmpyTy. Tak camo sK 1 Ipu 3AiMCHEHHI 0COOMCTOI MOI3AKH, MparHeHHs
JI0 €KOHOMIi Yacy 3MYIIy€ BOJISl pyXaTHCsl 3 HAHOUIBIIIO MIBHIKICTIO, SIKY JOIyCKa-
I0Th JIOPOXKHI 200 TPAaHCHOPTHI YMOBH Ta 3 ypaxyBaHHSM BCTaHOBICHHX OOMEKEHb
HIBUJIKICHOTO pexxumy. Lleid ¢akTop HeraTMBHO BILTMBAE Ha OE3MEKY JOPOKHBOTO PYXY,
OCKIJIbKU T€, 110 30UIBIICHHS IBUAKOCTI MPU3BOIUTH 10 3POCTAaHHS SK HMOBIpPHOCTI
ATII, Tak 1 THKKOCTI HACIIIAKIB MOIT € 3arabHOBIIOMUM (PaKTOM.

Henoorinka HeOe3MeKky MiIBUIICHOTO IIBHAKICHOTO PEXHUMY IIiJ| 4ac 3MiHCHEHHS
MOT3/IKK Pa30M 13 IEPEOIIHKOI0 e(DeKTy SKOHOMII Yacy 3aBajkae K BOIISAM Tak 1 mepe-
Bi3HWKaM OOHMpaTd ONTUMAIBHI PEKUMH PYXy 3 ypaxyBaHHsM ycix pakropiB. Tomy
JOCIIJKEHHSI BIUTMBY IIBUAKICHOTO PEXXUMY Ha MOKa3HUKH e(PEeKTUBHOCTI pyXy Ha pi3-
HUX JIUISTHKaX aBTOMOOUILHHUX JOPIT € aKTyaJbHUM 3aBIaHHSM.

MocTranoBka npodaemu. OnHIEO 3 TPUYUH MIEPEBUIICHHS O€3MEUHOI MIBHIKOCTI
BOJISIMH TPAHCIIOPTHUX 3ac00iB € MPUPONHE MPArHeHHs BCIX YYACHHKIB TPaHCIIOPT-
HOTO MPOIECY M0 MiJBHUINCHHS HOro €()eKTUBHOCTI, 10 BHPAKAETHCS y 301IbIICHHI
IIBUJIKOCTI CIIONYYECHHS Ta 3MEHIIIEHHS Yacy MOi3aKu. PyX 3 MiJIBUIEHOIO MBUAKICTIO
Ha OKPEeMHUX JIIISHKaX MapuIpyTy AIMCHO MOKe HaTh e(eKT, 110 HOJIsIrae y 301abIIeHH]
CePeaHbOI TEXHIYHOI MIBUAKOCTI Ta MIBUAKOCTI CIIOJYYEHHS, aj€¢ Ha BIIHOCHY HOIO
BEJIMYMHY 3HAYHO BIUIMBAIOTH JIOPOXKHI Ta TPAHCIIOPTHI YMOBHU PyXy Ha KOHKPETHOMY
MapuipyTi. Lle 00yMOBIIIO€ T0IATKOBI PU3UKHU I OS3MIEKH TOPOKHBOTO PyXy Ha MiX-
MICBKHUX JTIOPOTaXx.

HexrtyBanHs pusukamu ajsi 0€31EKH JJOPOKHBOTO PYXy IPU BHOOPI MIBHJIKICHOTO
peXHUMY B 3HauHid Mipi 00yMOBIEHO Cy0’€KTHMBHUM CHPHUHSATTSIM BOJISIMH MUTTE-
BOT MIBUJIKOCTI PyXy Ta BIUTHBY I[bOTO (PaKTOpPy Ha OCTATOUHI PE3yJIbTATH MOI3KHU 32
neBHUM MapmpyToMm. Tomy npobnema 3abe3nedeHHs Oe3MeKn pyXy CTae COIiabHO-
MICUXOJIOTIYHOIO — MIEPEKOHATH BOJIIIB pyXaTHCs B paMKax JIO3BOJICHHUX IIBUKICHUX
00OMeXeHb.

SKIO 3HAYCHHS CepPelHbOI TEXHIYHOI MIBMIKOCTI Ta Yacy CIIOJNYyYEHHS € ycepel-
HEHHMH ITOKa3HUKaMH TOI3JKH, TO PiBeHb KOM(OPTY Ta Oe3MeKH XapaKTepU3yeThCs
MOKAa3HUKAaMH CTabLIBHOCTI PEXHUMY PYXY, sIKi HE MOXKYTh OyTH OIliHEeHi Oe3nocepen-
HBO, aJIe B IIEBHIH Mipi BITMBAIOTh Ha YMOBH Tpaii Bofiro. KinbkicHo el ¢pakrop Moxe
OyTH OLIIHCHHUH TaK 3BaHHUMHU EHEPreTHYHUMU KPUTEPISIMU JOPOKHBOTO PYXY, TAKUMH,
SIK IIIyM MPUCKOPEHHSI, TPaJIi€HT MIBUAKOCTI, TPaIiEHT CHEPTil.

HasiBHICTH TOCTOBIpHMX JA@HWX MPO BIUIMB IIBUIKICHOTO PEXHUMY Ha TOKA3HUKH
e(EKTHBHOCTI Ta SKOCTI IOPOXKHHOTO PYXy Ha JUISHKAX JOPIT Pi3HUX THUIIB TaKOX
CIPUATUME YIOCKOHAJICHHIO CHUCTEMH YINPABIIHHS IIBUIKICTIO PYXYy TPaHCHOPTHHUX
3aco0iB MUITXOM OLTBII PAaIliOHANIBHOTO Ta OOTPYHTOIBAHOTO MiJIXOAY /IO BCTaHOB-
JICHHSI OOMEXEHb HMIBUAKOCTI. Y 3B’SI3KY 13 3a3HAYCHUM, METOIO JITAHOTO JIOCIIIIKCHHS
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CTaBHJIOCS TIPOAHAITI3YBATH BIUIUB MIBUAKICHOTO PEXKUMY Ha MOKa3HUKH €(EKTUBHOCTI
JIOPOKHBOTO PYXy Ha JIOPOTax 3a MeKaMH MICTa.

AHaJji3 myonikanii 3a Temoro gociaimkeHHs. KiiacCHUHUMU J0CHTIKSHHIMH, 110
MOKAa3yk0Th 3B 30K MiXK IIBUAKOCTI pyXy 1 puszukoMm JITII MoxxHa BBaxkaTn poGoTH |1,
2]. Takok BiJOMO, IO TIEPEBHIICHHS IIBUIKICTh € OOTSIKYIOUO (DAKTOPOM BUHHK-
HEHHS TpaBM 1 cMepTteit y Beix Bugax JITII [3]. B po6oti [4] BKa3yeThes, IO Y KpaiHax,
10 PO3BHBAIOTHCS, TIEPEBUIIICHHS JA0MYCTUMOI MBUAKOCTI € mpuunHow 30% JTII 3i
CMEpTETHbHUMH HACITIJIKAMH.

Binomo, 1110 Ha pakTHYHUH TIBUAKICHUN PEKUM BILUTHBAIOTH (DaKTOP BOJIisS, XapaKTe-
PHUCTHUKH TPAHCIIOPTHOTO 3ac00y, JOPOXKHI Ta TpaHcopTi yMoBU. OCHOBHUMU NOKA3HU-
KaMH BIUTHBY XapaKTEePUCTUK TPAHCIIOPTHOTO 3aCO0y Ha MEPEBUIICHHSI IIBUIKOCTI PyXY
€ EHEepProo30POEHICTh 1 Mipa KOHCTPYKTHBHOI JOCKOHAJIOCTI aBTOMOOUTIB [5]. 3 Goky
BOJIiS HA TICPEBHUIICHHS IIBUAKOCTI BIUIMBaIOTh (HAaKTOPH I[iJICH MOI3IKH, HASBHICTh
MacakupiB a Takok rexaepHuid Gakrop [6]. B podorax [7, 8] y sSKOCTI NPUUKHU TIepe-
BUIICHHS IIBUIKICHOTO PEXHMMY BiJ3HAYAETHCS MCUXOJIOTIUHA HEIOTOKCHICTh BOIIS
3 BCTAHOBJICHUMH OOMEKEHHSIMH IIBUAKOCTI. 3 OOKY TPAHCIIOPTHUX YMOB, BiZIOMO, IO
301IbIIEHHS PIBHS 3aBAHTAXXCHOCTI JOPOTH MPHU3BOIUTH J0 3HIKECHHS IIBHAKICHOTO
pexumy [9].

BimoMi po0oTH, B SIKHX aHAJI3y€ThCS BILUTUB OOMEKEHHS IIBUAKOCTI HA MOKa3HUKU
e(eKTHBHOCTI JOPOXKHBOTO pyxy [10, 11]. SKmo mMBHAKICHUN peXHM PyXy Ha MiCh-
KX MapUIpyTax B OCHOBHOMY 3aJIC)KHTh BiJl piBHS 3aBaHTaKEHHS JIOPIT Ta MapaMeTpiB
pETYIIOBaHHS JOPOKHBOTO PYXY, B YMOBAaX MIXXMICBKOTO PYXy 3MEHIIEHHS Yacy CIIO-
Jy4eHHS Moxe OyTH JOCSTHEHE B OUTBININ Mipi caMme 3a paXyHOK IiIBUIIICHHS [IBH/I-
KiCHOTO pexuMy pyxy. B po6oTi [12] Bif3HaYa€eThCsI, M0 ONTHMANBHUN pEeXUM 0OMe-
JKCHHS! IBUJIKOCTI HE MPUBOJUTH JIO 3pOCTAaHHS Yacy CIOJTYYeHHS, a Ha IIBUAKICHUX
MaricTpaisx e(eKTHBHICTh TPAHCIIOPTHOTO IMpoIlecy Moxe OyTH IiJBHINECHA 32 Paxy-
HOK 301IbIIIEHHST OOMEXEHHS MBUIAKOCTI. JI0CTIIPKEHHSI BIUITMBY MEPEBUIICHHS IIIBH/I-
KOCTI Ha MIOKa3HUKH €()EKTHBHOCTI PyXy B YMOBAX BEIHMKOTO YKPaiHCHKOTO MicTa MOKa-
3aJM HE3HAUHWH BIUIMB IIHOTO (PaKTOPYy Ha IIBWAKICTH CHONYYEHHS TPH TOTipIICHHI
EHEePreTHYHUX KPUTEPIiB SKOCTI TPaHCHOPTHOTO Mporiecy [13].

Onucanus MeTOIMKH TocaiTeHHs . OliHKa IIBUIKICHOTO PEXUMY PYXY Ha JIiJIsTH-
KaX aBTOMOOITBHUX JIOPIT € TOCTaTHBO PO3MOBCIOPKEHUM 3aBIaHHSIM IIPH MIPOBECHHI
eKCIIepUMEHTAIILHHX JIOCIII/KEHb B cepi opraHizallii JopoKHBOT0 pyXy. B Oyib-sikomy
pasi Taki JOCIIKSHHS 3BOAATHCS 710 BUMIPIOBAHHS IIIBUIAKOCTI OKPEMOTO aBTOMOOLIS.

[y mpoBe/ieHHSI eKCIEPUMEHTAILHUX JIOCHTIKCHb 3 METOI0 BU3HAUCHHS TeX-
HIYHOT IIBUJKOCTI pyXy Ha JAUISHKaX JOpIr Mmo3a MeXaMu MicTa Oyllo BUPIIIEHO
BUKOPUCTOBYBaTH MeTon aHanmizy GPS TpekiB aBTOMOOUNS mpu 1oro pyci B SIKOCTI
i310BHii J1abopaTopii B TPAaHCHOPTHOMY MOTOII. JlOCHIIXKEHHS IPOBOIMIINCS Ha JIeT-
KOBOMY aBTOMOOLUII THITY CeJlaH 3 JBUTYHOM poOodum o0'emom 1,8 cm?. [liist 3amucy
GPS TpekiB BUKopHcTOBYBaBcs HaBirarop mapku Pioneer PI-5730 Ta nporpama GPS-
no3uiionyBanHsa Navitel.

B sKocTI ekcrieprMeHTaJbHUX MapuipyTiB Oynu oOpaHi ABI AUISHKH Ha JTOPO3i
MixkHapoaHoro 3HaueHHss M-03 Kuis-Xapkis-JlomkaHchbkuil mo0au3y Micta XapKkoBa
(puc. 1). MapuipyT Nel: nminsHKa OKpY>KHOI JOPOTH Bill pO3B’S3KH 3 BYJ. XapKiBCbKe
mroce 10 A3C «OKKO». loxunaa MapuipyTy — 22,96 km. MapmpyT Ne2: minsHKa Bix
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MapmpyT Ne? __

ks MapmpyT Nel

Puc. 1. Posmawysanns oOpanux ekcnepumMeHmanbHux Mapupymis

MoCTa MOJIIiT Ha BUi3/i 3 MicTa XapkoBa 1o crenu 3 jtitakoM MIIT-21 Ha B’13711 B MicTO
M. ['yryiB. lopxuna mapuipyty — 18,77 k.

Hinsaka mapupyTy Nel mMana 1BocMyroBy npoi3Hy YyacTUHY (IO OAHIN cMY31 y KOX-
HOMY HaNpsMKY) i3 JOIaBaHHSM JI0JaTKOBOI CMyTH Ha OKpeMHUX AisiHKax. Ha mapmpyTi
Ne2 nmopora mana po3diOBaNbHY CMYTY, TOMY Maike Ha BCbOMY IPOTSI3i pyX BimOy-
BaBCs 110 IBOCMYTOBIi MPOI3HI YaCTHHHU B YMOBaxX 0AHOOIYHOTO pyXy. OOpaHi AisHKH
MapHIpyTiB MOKHA BB)KAaTH TUIIOBUMH IS JOPIT 38 MEKaMH HACEJIEHUX MYHKTIB, 10
JIO3BOJISIE OLIIHUTH BIUIMB THITY JOPOTU HA PEXKHUM PYXY.

[To kKoXXxHOMY 3 MapUIPYTiB €KCIIEPUMEHTANbHI MOTI3KH BiJI0OYBaIKCsS B OIHAKOBUX
yMOBax, B poboui jaHi TrokHs 3 10 1o 12 roguuu. B mporieci pyXy He BUHHKAIO JOAATKO-
BHX 3aTPUMOK 3 MPUYMH, HE TIOB’I3aHHUX 3 OPraHi3alli€lo JOPOXKHBOTO PYXY.

Pyx 3a Ko’kHUM 3 MapIIpyTiB Bi0OYBaBCs MOMEPEMIHHO Y TPHOX IPUIHHATUX PEKUMAX
O0OMEKEHHSI IIBUAKOCTI PYXY, IKHX 32 YMOB €KCIIEPUMEHTY MaB JOTPUMYBATHCS BOMIM:
90 km/rox, 110 xm/rom, 130 km/roa. Ockinbku MapiipyT Ne 2 mpoxoaus yepes 2 Hace-
JeHuX MyHKTH (c.M.T. Bennka Porans Ta c.m.T. Kam’siHa Spyra) Ha nux AisTHKax BOIiH
JIOTPUMYBABCSl 0OMEXEHHS IBHAKOCTI 70 KM/TOM, K i NEepeBaXKkHa OLIbINICTh BOJIIIB,
IO KOPUCTYIOTHCS TOJICPAHTHICTIO 10 BCTAHOBJIEHOTO B HACENICHHMX ITyHKTax oOme-
KEHHS MBUAKOCTL. OKpiM IIBUAKICHOTO PEXUMY B MpOIECi pyXy BHKOHYBalUCS BCi
BuMordu [IpaBun 10poKHBOTO pyXy.

[Tin yac koxHOT noi3nku 3anucyBaBcst GPS Tpek pyxy aBromo0ins. [aii 3a 1omomo-
roto nporpamu GPS Track Editor Tpek po3mm¢poByBaBcst Ta MpeACcTaBIsABCs Y BUMISAL
CYKYITHOCTI CTPOK JaHWX, ofaibla 00poOKa SKuX BUKOHyBanacs B mporpami Excel.

Pesynwratu nocnimxenns. B pesynsrari 00pooku GPS TpekiB pyxy aBToMo01s 3a
eKCTIepUMEHTAIbHUMU MaplIpyTaMHd OTPUMYBAIUCS 3HAYCHHS MUTTEBOI IIBUAKOCTI
pyXy 3 iHTepBasnom 1 c. Taka TOUHICTB 3aMUCy MBUAKOCTI T03BOJISE BiICTEKYBAaTH Hali-
MEHII1 KOJIMBaHHS PEXUMY PyXy Ta (iKCyBaTH 3aTPUMKHU Ta MPOCTOi, 0 BUHUKAIOTH
i 4ac MOI3AKH.
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Pesynbratu craructudHOi OOpOOKM MAacWBiB JTaHHX MHTTEBOI HIBHJIKICTH PYXy
y KOXKHOMY 3 PEKUMIB pyXy HaBeJleHO B Ta0iuisxX 1 ta 2.

Tabmung 1
PesyabraTn 00po0kH MacHBIB JaHMX MUTTEBOI IIBHAKICTH HA MapmpyTi Nel
CTaTHCTHYHA XapAKTePUCTHKA Pesxum 00MeKkeHHS IIBUAKOCTI
posnoaixy 90 xm/rox 110 xm/ron 130 xkm/rox
CepeaHe 3HaYCHHS 72,36 79,38 72,91
Meniana 78,85 83,10 71,40
Mona 85,70 85,50 55,10
Hucnepcis 260,49 245,66 383,57
MinimanbHe 3HaYeHHS 18,30 5,60 0,00
MaxkcumanbHe 3HaYEHHS 93,70 102,90 115,90
Ta0muig 2

Pesyabratn 00po0ku MacHBIiB JaHNX MUTTEBOI IIBUAKICTH HA MapmIpyTi Ne2

CTaTHCTHYHA XapaKTePUCTHKA Pesxum o6MekeHHS LIBHAKOCTI
po3noaiay 90 xkm/Tox 110 km/rox 130 xm/ron
CepenHe 3HaYCHHS 82,48 94,03 107,88
Meniana 85,50 102,80 117,40
Mona 86,40 106,70 127,40
Hucnepcis 79,88 290,63 560,56
MinimManbHe 3HAYEHHS 16,40 29,20 14,90
MaxkcumanabHe 3HaYEHHS 97,40 115,80 132,10

MoskHa mo6adnTH, o Ha MapripyTi Nel HEepiBHOMIPHICTE PO3MOIIICHHS 3HAYCHD
MHUTTEBOT MIBUIKOCTI € 0TI HEPIBHOMIPHUM TOPIBHSAHO 3 MapripyToM Ne2. [Ipnuu-
HOIO TaKOTO PO3MOIICHHS € TE, IO B yMOBAaX ITOPIBHAHO OLTBIIIOTO PiBHI 3aBAHTAXKCHHS
nmoporu Ha MapiipyTi Nel, Bomiii OyB 3MyIIIeHUH 3MEHIITYBaTH MIBUIKICTD PyXy Ha OKpe-
MUX IiTstHKax. Tomi STk yMOBH pyXy Ha MapmipyTi No2 MO3BOJISUTH MakiKe B TIOBHIH Mipi
peai3oByBaTH BCTAHOBICHWH YMOBAMH €KCTIEPUMEHTY IIBUIKICHUIN PEXHM.

BigminHOCTI (DakTHYHUX PEKUMIB pyXy Ha 000X MapIIpyTaX MOKHA HAOYHO IIPOi-
JIOCTPOBATH 32 JIOTIOMOTOIO JliarpaMaMy B KOOpIMHATAX «4ac PyXy — BIZICTaHbY» Ta «BiJI-
CTaHb — MBHIKICTEY (pHC. 2, 3).

MorkHa TT06a4YnTH, IO ITiJT 9ac pyXy Mo AUITHIN Nel criocTepiraloThesl 3HAYHI KOJIH-
BaHHS IMBUIKOCTI. Lle MOB'sI3aHO 3 HAABHICTIO TEPENTKO] 3 OOKY IHIIOTO TPAHCIIOPTY
B YMOBax IMOPIBHSAHO OUTBIIIOTO PiBHS 3aBaHTAKECHOCTI TOPOTH Ta HEOOXiTHOCTI BHKO-
HyBaru oOriH inmux T3. [Ipu oMy Ha 3HAYHIA YaCTHHI OKPYKHOI JOpOTH OOTiH OyB
3a00pOHEHUH Ta BOAIH OyB 3MYIIICHUI PyXaTHCS 31 IBUAKICTIO TPAHCIIOPTHOTO TIOTOKY.
B wmicrix po3rantyBaHHs IepeXxpecTh BimOyBaucs AOAATKOBI BTPATH Yacy, IOB’s3aHi
3 PETYIIOBAHHAM IOPOKHBOTO PYXY.

Ha minstatti No2 mIBUIKICHHHA pEeKUAM € OUTHIN CTa0lIbHIM Ta Maike BiICYTHI 3My-
IeH1 3HWKCHHS MMBUIKOCTI M 9ac pyxy. Taki pe3yiasTati 00yMOBJICHI YMOBaMH Iiepe-
Ba)KHO OTHOOIYHOTO PYXY ABOCMYTOBOIO ITPOi3HOIO YACTHHOIO, IO 3MEHIITYBAJIO PiBEHB
3aBaHTAXCHOCTI JOPOTH PYXOM Ta JO3BOJISIIO BOIO B TTOBHIN Mipi peatizoByBaTH MpH-
WHATAN TIBUAKICHANA PEKHAM.
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MoxHa KOHCTaTyBaTd IO PyX B yMOBax IMiJBHINEHOTO OOMEXKEHHS MIBUIKOCTI
MaifKe He BIUIMBAB Ha Pe3yJbTaTH MOT3/1KH aBToM0oO1Is 32 MapuipyTom Nel. Ha Biaminy
Bij MapipyTy Ne 2, ie oueBHIHA PI3HMLIS Y PEKUMAaX PyXY B 3aJIeKHOCTI BiJl 00paHOTo
0OMEKEHHS IIBUIKOCTI.

besnepepBHa dikcamis pexxuMy pyxy aBTOMOOIIS M 4Yac JOCHIKEHb J03BOJISE
BU3HAYHUTHU PsIJi BAXKJIMBUX MOKA3HMKIB SKOCTI OpraHi3ailii JOPOXXHBOTO PyXy Ha €KC-
NEPUMEHTAIBHUX MapUIpyTax 3a YMOBU Pi3HHX OOMEXEHb IMIBUAKOCTI pyxy. Takumu
NOKa3HWKamMu Oyny oOpaHi cepelHsl TeXHIYHa MIBHIKICTh, TEMI PyXy, MUTOMUH Yac
B pYyCi, IIyM NPUCKOPEHHS, TpajieHT eHeprii. Pe3ynbraté po3paxyHKiB 3a3Ha4eHUX
MOKa3HUKIB Ta BUKOPHCTaHI PO3PaxyHKOBI 3aJIe)KHOCTI HaBeIeHi B TaOmuiIi 3.

B HaBenenux B Tabauii 3 po3paxyHKOBUX 3aJI€KHOCTSIX BUKOPHCTaHI HACTYIIHI
YMOBHI MO3Ha4YeHHsA: V  — MUTTE€BA WIBUJKICTH JUIA i-TO CEKyHJHOTO iHTep-
BaJly, KM./TO/L.; 71 — KiIbKIiCTh iHTEPBANiB; L — MOBXKMHA MapuIpyTy, KM; V — cepenns
HIBUJIKICTh y pyci, KM/Toj] (OOupanucs iHTepBal 31 MBUIKICTIO HE MEHIIE 5 KM/
ron); j, ~MUTTEBE MPUCKOPEHHd, M/c* T — uwac pyxy, ¢; j, - V' — TBip mpHCKOpeHHs
Ta MBHIKICTh Ha iHTEpBai, M%/c>.

AHai3yr09l OTpHMaHi pe3yJbTaTd MOXKHA 3a3HAYMTH, 10 Juid Mapupyty Nel
HiIBUIIEHHS OOMEKEHHS IIBUAKOCTI Maike HE MPUBOAMTH JI0 3MIHM TaKUX IMOKa3-
HUKIB €()EeKTHBHOCTI TPAHCIOPTHOTO MPOIECY, AK CEepelaHs TeXHIYHAa IIBHJIKICTB,
TEMII pyXy, 4ac crionydeHHs (puc. 4). [Ipu npomMy croctepiraeTbes 3pOCTaHHs MIyMy

Tabmmus 3
IopiBHANBHI pe3yJbTaTH OLIHKH XapaKTePHCTHK SAKOCTi PyXy Ha MapLIpyTax
JJISl Pi3HUX 3HAaYeHb 00MeKeHHS IBHAKOCTI

Po3paxyHkoBi 3HAYEHHS MOKA3HUKH PEKUMY
PYXyY
MokasHuK Po3paxyHkoBa Jas mapmpyty Nel npu | Ins mapupyTty Ne2 npu
3aJIeKHICTD 00MEKeHHI IMBHAKOCTI | 00MesKeHHI IBUAKOCTI
90 km/ | 110 130 |90 km/ | 110 130
rog | km/rox | Km/roa| rom | KM/Toja | KM/TOx
Cepenmst n ,
TEXHIMHA - Z 7235 | 794 | 72,9 | 825 | 941 | 1079
LIBUJIKICTb, V.=
KM/TOJ
60-L,
Hac cnony- fe=—p)—" 19,05 | 17,35 | 18,90 | 13,65 | 11,97 | 10,43
YEHHSI, XB. T
1
Temn pyxy, Ir=— 0,829 | 0,756 | 0,823 | 0,727 | 0,638 | 0,556
XB./KM V.
ITuromuii 1
4ac B pyci, T,=7 0,831 | 0,756 | 0,820 | 0,728 | 0,637 | 0,557
XB./KM r
[Tym npu- 1L _
CKOpEHHS, |0, Fj-(j,—],)dt 0,5005 | 0,6177 | 0,6344 | 0,4375 | 0,5634 | 0,5879
Mm/c? 0
I'panient 1 & 2
eHeprii, G, \/ (ji'V:—], V.) 0,5024 | 0,6177 | 0,6359 | 0,4405 | 0,5633 | 0,5879
Mm/c? nia
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Puc. 4. 3mina noxasHukie pyxy Ha Mapupymax @ 3a1edCHOCmi
8I0 0OPAHO20 OOMEIICEHHS WBUOKOCE

MPUCKOPEHHS Ta TPaji€HTy EHEprii, M0 XapaKTepu3ye B TOMY YHCII yCKJIaTHEHHS
YMOB Tpalli BOIisl.

CTOCOBHO pe3ynbTaTiB AOCHTIHKEHb JUIs MapmpyTy Ne2 Mo)KHA 3a3HAYMTH, 1O Mif-
BUIICHHS IIBUAKICHOTO PEXUMY IMPU3BOIUTH 0 JAESKOTO MOKPALICHHS MOKAa3HUKIB
e(eKTHBHOCTI TPAaHCIOPTHOTO IMPOIECY, IO BHPAKAETHCSA Y MPOMOPLiHOMY 3011b-
LICHH] CepeIHbOI TEXHIYHOT IBUAKOCTI Ta 3MEHIICHHI TEMITY PYXy Ta 4acy CHOIyUeHHS
(puc. 4). Takox cOCTepIraeThes 3pOCTaHHS IIYMY HPUCKOPEHHS Ta IPaJi€HTy €Heprii,
X04a a0COIIOTHI 3HAYEHHS I[UX IMOKA3HMKIB BUSABISIOTHCS 3HAYHO MEHIIUMM, HIXK JUIS
MapupyTy Nel.

BucnoBkn. B pe3ynbrari nociijpkeHHs Oyja0 BCTAaHOBJICHO, IO ITiJBUIICHHS
IIBUJIKICHOTO PEXXUMY Ha JISHII JBOCMYTOBOIO JIOPOTH 32 MEXKAMH MicTa IIpH (ak-
TUYHO ICHYIOUOMY PiBHI 3aBaHTaKEHOCTI PyXOM HE€ MPHU3BOJUTH A0 MOKPALICHHS
MOKa3HUKIB €()EeKTUBHOCTI TPaHCIOPTHOTO Ipolecy. MoxHa cka3aru, mo (aKkTH4Hi
3HAYEHHSI CepeAHbOT TEXHIUYHOI MIBUAKOCTI Ta Yacy CIONYYEHHS AJS TaKUX JTiISHOK
JOpIr MalOTh BHUIIAJKOBUH XapaKTep Ta 3ajJeKaTh BiJl JTOPOKHIX Ta TPAHCIOPTHUX
YMOB Ha MOMEHT 31l iCHEHHS MTOI3AKH, TOMY IEepEBUIIECHHS BcTaHOBIeHO [IpaBunamu
LIBUJKOCTI pyXy He Moxe OyTH BHUIPABAAHO MPAarHEHHSIM A0 MiJBUIICHHS €(QEKTHB-
HOCTI TPaHCIIOPTHOTO MPOLIECY.

Jiist TUISIHOK JOPIT 13 pO3iTIOBATBHOI0 CMYTOI0 MOYKHA KOHCTATyBaTH, IO MPH il
BHUIIEHHI IIBUJIKICHOTO PEKUMY CIIOCTEPIraeThCsl MPOMOpLiiiHe 301IbIICHHS CepEeAHbOT
TEXHIYHOI IIBUKOCTI, 10 MOTEHIIHO I03BOJIUTH OKPAIIMTH TEXHIKO-SKCIUTyaTalliiHi
MOKAa3HUKU TPAHCIIOPTHOTO TPOLIECY.

Jis 000X THUIIB AOPIT MiJBUINCHHS IBUAKICHOTO PEKUMY PU3BOJIUTH 110 3MEH-
LIEHHS CTaOUIBHOCTI PEXUMY PYXY, IO BUPAXKAEThCA Y 3pOCTaHHI HIYMY MPHUCKO-
peHHs Ta rpanieHT eHeprii. Lleil dakTop Moke HEraTUBHO BILIMBaTH Ha Oe3MeKy
JOPOKHBOTO PYXYy.
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[Jani mpo 3MiHy IIyMy MPUCKOPEHHS Ta TPAIIEHT CHEPTii B 3aJICKHOCTI BiJ| IIBHU/I-
KiCHOTO PEXHMY B peaIbHUX YMOBa PyXy Ha Pi3HHX IUISHKaX JOPIr MOIIH O JIATTH
B OCHOBY PO3pOOKH KOHIICTIIIT YIPaBIiHHS MIBUIKICTIO PyXy TPaHCIIOPTHHX IOTOKIB.
KnrouoBuM eneMeHTOM Takoi KOHIIETIIiT Oyau 6 pekoMeH Iallii o BCTaHOBJIEHHIO 0OMe-
JKeHb IMIBUIKOCTI PyXy Ha JIITHKAX aBTOMOOUIBHUX JIOPIT, K1 O JO3BOJISIIH 30UIBIIMTH
MOKa3HUKN e(DEKTUBHOCTI TPAaHCIIOPTHOTO MPOIIECy Ta BOAHOYAC 3a0e3IeuyBajy pu-
HHATHUIA piBEeHb OS3IMEKU JOPOKHBOTO PYXY.
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Anomauisn

Bcemyn. Cyononnaeni komnanii Modcyms Hadagamu c60i nociyeu uepes paxmosuii
puHoK. Jlo cb0200HIWHb020 OHA CKIABCS GIOHOCHO BIOKpUMIL (Dpaxmosuti puHok, oe
nepesasicac 8inbHa KOHKypeHyis. Ilpu ypomy ceimosuii (hpaxmosuti puHox € 3aKpumoro
cucmemoo, mobmo y neeHull NPOMINCOK Yacy nesHa Npono3uyis 3ycmpivac negHull
nonum, CniggiOHOWIeHHS AKUX (Popmye yiny mopcvkozo nepesesenus. llpu ypomy maxy
3AKPUMICMb MOJICHA HA36aMU GiIOHOCHOW. Y C8IM0O8OMY paxmosomy punKy € 61acHi
DYHKYIOHANbHI CEKMOPU, KOJHCEH 3 AKUX MAKOIIC MAE NeGHUL CIYNIHb CAMOCMIUHOCII.
Y yinomy nuni cman ghpaxmoeoco punxy xapakmepuzyemscs 1020 Kot ronxmypoio. 11io
4ac GUEUEHHs KOH'TOHKMYPU SUSHAYACMbCA PYX PUHKY, MOOMO MeHOeHYia 3MIHU ca-
80K 00 NiOBUWEHHS, 3HUJICEHHS Yl 3acmoro. [l ananizy cmamy (hpaxmosozo puuKy
nompiouuti docmyn 00 iHgopmayii 3 ounamiku cmasox. Ilumauna paxmosux cma-
80K Y MOPCbKOMY OI3HECT 3a821C0U € AKMYANbHUM, CKIAOHUM Yepe3 me, ujo iHgopmayis
wWooo opmysanHs po3mipy Cmagoxk 3axpuma Ois 8i1bHO20 KOpucmyeanus. Biocym-
Hicmb makoi inghopmayii He 00380151€ Onepamopy CyOHA BUKOPUCOBYBAMU IHCIPYMEH-
mu 015l 8APItOBAHHA Y NUMAHHI YMOP208y8aHus yeoou. Mema. [[a cmamms 0o3eonse
Gopmysamu npubnuzHe 3HAYEHH GPAXMOB0I CMABKU, BUKOPUCIOBYIOUU 3ANPONOHO-
8aHY MemoOUKy 08onapamempHoi anpokcumayii. L{s memoouxa dacms 3m02y euguamu
DPYX PUHKY, MEeHOEeHYII 3MIHU CMABOK Ma 00380IUMb ONepamopam cyoeH 30iticHI08amu
sueioni yeoou. Pesynomamu. 3a pesyismamamu pospaxyuxie 0ye o04ucieHuti posmip
Ginanvroi Gpaxmogoi cmasku AK cepedHbOI MidC Ppaxmosumu cmaskamu, wo oy
PO3PAXOBAHI 30 NAPAMEMPAMU HAOTUNCEHOCIME KITbKOCMI 8AHMANCY MA NPOMANCHOCI
pelicy, aKa OKpyenaemsvcs 00 0ecAmunHo2o yucaa. Bucnosku. Ompumanuti pesynomam
00380J1A€ 3ACMOCY8amu 3a3Ha4eny Memoouxy na npakmuyi. Ha ocnogi pospaxosanozo
PO3MIpY paxmosux cmagox 3a 3anponoOHOSAHOI0 MEMOOUKOIO CTNAE MONCTUBUM 3DO-
bumu eu2ioHi nponosuyii Kiienmam ma 3abe3neyumu 00Xio onepamopa cyoHd 3 nepe-
BE3CHHS BAHMANCIE YMOBHUM PElcOM, SIKULL € HeGIO'EMHUM MA BANCTUBUM eTLeMEeHNOM
NnOCMasneno2o 3a60anHsI.

Knrouosi cnoea: peiic, ymosnuii peiic, cyoHo, ¢paxmysanus, hpaxmosa cmasxa,
MemoouKa 080RApPAMEmMpPHOIL anpoKcumMayii, onepamop CyoHa.

© Cynnuk H.B., Binsmaniox M.C., 2023
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Summary

Introduction. Shipping companies can provide their services through the freight
market. Until today, a relatively open freight market, dominated by free competition,
has developed. At the same time, the world freight market is a closed system, that is,
in a certain period of time, a certain offer meets a certain demand, the ratio of which
forms the price of sea transportation. At the same time, such closure can be called
relative. The global freight market has its own functional sectors, each of which
also has a certain degree of independence. In general, the current state of the freight
market is characterized by its conjuncture. During the study of the conjuncture,
the movement of the market is determined, that is, the tendency of the rates to
increase, decrease or stagnate. To analyze the state of the freight market, access
to information on rate dynamics is required. The issue of freight rates in maritime
business is always relevant, complicated due to the fact that information on the
formation of rates is closed for free use. The absence of such information does not
allow the vessel operator to use tools for variation in the matter of negotiating the
deal. Purpose. This article allows you to form an approximate value of the freight
rate using the proposed method of two-parameter approximation. This technique
will make it possible to study market movements, trends in rate changes and allow
court operators to make profitable deals. Results. Based on the results of the
calculations, the size of the final freight rate was calculated as the average between
the freight rates that were calculated based on the parameters of the approximation
of the amount of cargo and the length of the voyage, which is rounded to a decimal
number. Conclusions. The obtained result makes it possible to apply the specified
method in practice. Based on the calculated amount of freight rates according to
the proposed method, it becomes possible to make favorable offers to customers
and ensure the income of the ship operator from the transportation of cargo on a
conditional voyage, which is an integral and important element of the task.

Key words: voyage, conditional voyage, ship, chartering, freight rate, two-parameter
approximation method, ship operator.

IlocranoBka mpo6iemu. B mpakTuyHiil AisUTBHOCTI po3Mipu (ppaxToBHX cTa-
BOK € 3aKPHUTOI0 BiJ BUTRHOTO JOCTYITy iH(OpMAIli€ro, IS NESKUX BHUJIB BaHTAXIB
Ta HAIPSAMKIB — HaBITh KOMEPIIIHOIO TaEMHHUIIEIO. AJle TpUHIUIH (GpopMyBaHHS (ppax-
TOBHUX CTaBOK ITiJIAIOTHCSI ONTUCY EKOHOMIYHUMH 3aKOHAMH.
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3aranom po3Mmip QpaxToBOi CTaBKU 3alIe)KUTh BiJI CEpelHbOI BapTOCTi CYIHOBOTO
MajnBa, cepeHbOT BapTOCTI BaHTaXy (0 8% BiA KiHIIEBOI BAPTOCTiI BaHTaXy CKIia-
JIAf0Th BUTPATU Ha MEPEeBE3CHHS), KIJTbKOCTI BaHTaXKy JIO MEPEeBE3CHHS, MPOTSHKHOCTI
peiicy, MOpTiB 3aX01y, OPSHIHUX CTABOK CY/ICH, 3arajibHil CBITOBI €KOHOMIYHIN CHUTY-
arii Ta 3a 3aKOHAMH TIOTIUTY Ta MPOIO3MIIii — OaTaHCy KUTBKOCTI BAHTaXY Ta BITBHOTO
TOHHAXKY Ha BIIMOBITHOMY PHHKY. [Ipy YoMy, SIKIIO HE pO3MIAAATH MaKpOEKOHOMIYHI
(dakTopy Ta BapTICTh HA ITAJIMBO, KA € MPUOJIN3HO OJJHAKOBOIO JIJIs BCIX Cy/IEH Ha Mpo-
MIXKKY 4Yacy, po3mip (GpaxToBoi CTaBKH MiJIBUILYETHCS MPH 301LTBIICHHI POTSHKHOCTI
peiicy Ta 3MEHIIYEThCS NPU 30UIBIICHHI KUTBKOCTI BAaHTAXY JI0 TIEPEBE3CHHSA. 3a UM
MIPUHIMIIOM MOYKHA YCEPEIHUTH Ta MPoaHaIi3yBaTh 3aJIe)KHICTh PPaxToBOT CTaBKU BijI
KOKHOTO 3 TIOKQ3HUKIB JIJIsl OKPEMOT'O BHJTy BAaHTaXy Ta THIIOPO3MIpy Cy/IHA.

AHaJi3 ocTaHHIX gocaigxkeHb i myO ikauii. [IuTaHHS BIUIMBY (paxTOBUX CTaBOK
BUKOPHCTAHHS CYJIEH NP TPAHCIIOPTHOMY OOCITyTOBYBaHHI BaHTaXy OyJ0 PO3IISIHYTO
Ha poborax [1-3]. DopMyBaHHIO CTABOK Ha CBITOBOMY (hpaxToBOMY PHHKY OYIJIO0 TIpH-
cBsiueHo pobotu [4-7].

HocnimxenHs (GopMyBaHHsS (PpaxTOBHX CTAaBOK B YMOBax OOMEXEHOCTI JaHUX
€ cepel akTyaJIbHUX 3aBJIaHb, IO MOTPEOYIOTh MOAAIBIIOTO BUBYCHHSI.

Meta naHoi CTATTI MOIISITAaE y 3aPOIIOHOBAHOMY METO/1 OTPUMAHHS MTPHOIU3IHOTO
3HaueHHA (PaxToBOi CTaBKM 3a YMOBH HEJIOCTATHHOI NMOBHOTH HAsSBHUX BHXIJIHUX
JIAaHMX 3a KIUTBKICTIO CYJHOBOIT MapTii Ta 1aabHOCTI IepEeBE3CHHs oOkpeMo. JlaHui MeTox
MPOTIOHYETHCSI HA3BAaTH METONIOM JIBOMAPAMETPHOI alpoKCUMallii po3Mipy (GpaxToBoi
CTaBKH.

Bukaaa ocHoBHOro MarepiaJy.

JJist TOCSITHEHHST TIOCTABICHOT METH MTPOBEICHO aHai3:

— CYYacHOTO CTaHy MIDKHApPOJHOTO Ta YKPaiHCHKOTO PHHKY 3€PHOBHX KYIBTYD,
y TOMY YHCJTi TEXHOJIOTTYHO-TPAHCIIOPTHOTO ACTIEKTY IIOTO PHHKY Ta HAsIBHOI IIOPTOBOT
1HPPACTPYKTYpH;

— aHaJi3 MOKJIMBHX KpaiH-IMIOPTEPIB 3ePHOBUX KYNBTYp 3 Ykpainu B €C, y ToMH
YHCIl OISl HaHOIIbIl BUKOPHCTOBYEMHX THUIIOPO3MIPIB CYXOBAaHTAXHHUX CYICH, IO
CKCIIOPTYIOTh 3€PHOBI BaHTaXI 3 MOPTIB YKpaiHH.

Uepe3 HEMOXKIIMBICTH 3HAWTH KOHKPETHI (PpaxToBi CTABKHU y BITBHOMY JOCTYIIi MPO-
MOHYEThCSI METOMKA JBOMAPAMETPHOI ampoKcuMallii po3mipy (paxToBoi cTaBKH Ha
OCHOBI 0OMEKEHUX 00CATIB BUXITHUX JAaHUX.

[MpuiimaeThest, O cepenl BUXITHUX JTAaHUX Ha KOHKPETHUH TEpioJ 4acy € TeBHUH
MacuB k = 1, q, SIKMiA CKJIaaeThcs 3 HACTYIMHUX JaHUX — JAIBHOCTI peicy, KilIbKOCTi
MEPEBE3CHOI0 BaHTAXy Ta PO3Mipy (paxToBOi cTaBKH. [1Jis KOKHOTO 3 1-TUX BaHTaXIB
JI0 MacHBY, IO PO3MIAIAETHCS, BXOIATH JIMIIE JIaHi 110 aHAJIOTiYHOMY ab0 CXOKOMY 3a
TPAHCTIOPTHUMH XapaKTEPUCTHKAMHU BaHTaxy. [Ipu pi3Hil BapTOCTi BaHTaXYy, IO PO3-
IJISITAETHCS, Ta BAHTAXy 3 MacUBY JaHUX PO3Mip (hpaxToBOI CTaBKH KOPETYETHCS 3a
IPUHLUIIOM, 110 (ppaxToBa cTaBKa BKIIOUYAE 10 cede 5-8% Bix BapTocTi | T. BaHTaXYy.

TakuMm unHOM POpMyETHCS MacHB BUXIHUX MOACTBHUX JaHuX (Tadm. 1).

JJist moanbIuX po3paxyHKiB BBOAATHCS HACTYITHI TO3HAUCHHS

LM, — MojenbHa POTsKHICTh K-To peficy 3 i-M BaHTakeM, MUIIb;

QY. — MofenbHa KiTbKICTh i-ro BaHTaxy, 110 MEPEBO3UTHCA Y K-My peiici, T.;

¥ —MonenbHa ppaxToBa cTaBKa 3a k-M peiicoM U1 i-ro BaHTaxy, 10JL./T.
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Tabmaums 1

Macus BuXiAHUX 1aHuX 11 po3paxyHKy f . 3a [7] Ta [8]
k LY, Muib Qv T ™, nom./. i=1 - -
1 1100 10000 23 Grains Odessa Alexandria
2 1100 25000 15 Grains Odessa Alexandria
3 1300 10000 26 Grains Odessa Lybia
4 1300 25000 18 Grains Odessa Lybia
5 2000 10000 29 Grains Odessa Almeria
6 2000 25000 19 Grains Odessa Almeria
7 6390 50000 35,5 Grains Yuzhny Cigading
8 5800 40000 31,5 Grains Recalada Bejaia
9 1100 60000 12,25 Grains Odessa Alexandria
10 8640 60000 34 Grains Odessa Qindao
q _ _ _ _ _ _

Jaii 3a MM MOAEITFHUM MAacHUBOM 3HAXOAAThCS KOS(DIIiEHTH 3alIe)KHOCTI PpaxTo-
BOi CTaBKHM BiJl IPOTSHKHOCTI peiicy (o) Ta KinbKocTi BaHTaxy (0%) BiANOBIAHO, 1011/
MUJIIO Ta JON./T.:

ok =XM /ZIM (1)
ad =ZM /ZQY, ; )

o, =23+ 15+16+18+29+19+35,5+ 31,5+ 12,25 +34) /(1100 + 1100 +
+1300 + 1300 + 2000 + 2000 + 6390 + 5800 + 1100 + 8640) = 0,00791572;

o =(23+15+16+18+29+ 19+ 355+ 31,5+ 12,25+ 34) / (10000 + 25000 +
+10000 + 25000 + 10000 + 25000 + 50000 + 40000 + 60000 + 60000) = 0,00077222.

Ilicna mporo cepen mMacuBy naHuX (TaOn.l) BmOmparoThes Ti peiicu k, KidbKiCTb
MEPEBE3CHOTO BaHTaXy B SKUX MPHOIU3HO JOPIBHIOE KiIBKOCTI BaHTaXy, HaBe-
JIEHOTO I TIePEeBE3eHHs IS j-TO cyaHa. Y maHoMy BUMaaky mis cyaHa Vully, j=1,
Q,, = 34973,16 1. = 35000 t. Ile monenbHi peiicu k=2, k=4, k=6 ta k=8, y mexax
20000-40000 1. Taka BHOOpKA pOOUTHCS TSI 301TBIICHHS TOYHOCTI pO3paxyHKIiB.

3a 00paHIMH MOJIETHHUMH peiicaMt pO3pax0OBYIOTHCS MOKa3HUKH MOJEIBHOI (hpax-
TOBOI CTaBKH 3a HAONIKEHOIO KUTBKICTIO BaHTaXy (fMQij), JTOJI./T., MOZACITbHA TTPOTSIXK-
HICTB peiicy 3a HAaOMMKEHOIO KiJTbKICTIO BAHTAXKY (LMQU), MHJTb, TA MOZICJIbHA KUTBKICTh
BaHTaXYy 3a HaOIMKEHOIO KiTbKICTIO BAHTAKY (QMQij), T.:

fMQij =M /n, ana QY = Qs 3)
YO =3IM /n, s QY = Q, 4

M0 = (15+ 18+ 19 +31,5)/ 4 =20,875;
LM = (1100 + 1300 + 2000 + 5800) / 4 = 2550;
QY2 = (25000 + 25000 + 25000 + 40000) / 4 = 28750,

Jie N — KUTBKICTh 00paHUX MOJENBHUX PEHCiB 3 MacuBy JaHUX 32 HAOIMKCHOIO KiJb-
KiCTIO BaHTaxy. Y nanomy Bumaay k =2, 4, 6,8 —n=4.
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[Ticyst bOTO 3HAXOAMTHCS PI3HHUIIA 3HAYCHD MTOKA3HHUKIB MIXK PEHCOM 1-TO BaHTaXy

J-M CYIHOM, JUIS SIKOTO IYKAeThCs ()paxToBa CTaBKa, Ta MOJCIBHUM PEHCOM, 3a MPOo-
. o M : : M .
TSDKHICTIO peiicy (AL Qij), MUITb, Ta KUTBKICTIO BaHTaxy (AQ Qij), T..

ALMO =L —LMO; (6)
AQUe, =Q, - QU )
ALMO, = 1865 — 2550 = -685;
AQY®, =35000 — 28750 = 6250.

3rigHo 10 mpaBuil, 3a SIKUMU (HOpMYIOThCs (PaxToBi CTaBKU, IPH 301IbIIEHH] PO-
TSHKHOCTI peficy po3Mip (paXxToBOi CTaBKU 301IBIIYETHCS, TP 30UIBIICHH] KiTBKOCTI
BaHTAXy PO3Mip (paxToBOi CTaBKU 3MEHIIYEThCS. TaKMM YHHOM, TPH IOMHOXEHHI
3HAYEHb PI3HUI MPOTHKHOCTI peiicy Mik AIMCHUM pelicoM Ta MOAEThHHM Ha Koedi-
LIE€HT 3aJIS)KHOCTI (PPaxTOBOI CTABKH Bif MPOTSKHOCTI Peiicy OTpUMAaEMO, Ha CKiJTbKH
MoJleNbHA (hpaxToBa CTaBKa 30UTBIIUTHCSA, a MPU TIOMHOXKEHHI 3HA4YeHb Pi3HUII Killb-
KOCTi BaHTXXy MiXK JIHCHHM peiicoM Ta MOAETHHUM Ha KOe(illieHT 3aexHOCTI Ppax-
TOBOI CTaBKH BiJ KiJBKOCTI BaHTaXy OTPUMAEMO, Ha CKUTBKH MofelibHa (hpaxToBa
CTaBKa 3MEHIINTHCS. 3a UM NPUHIUIIOM (opMyeThbes paxToBa cTaBKa AJS i-rO BaH-
TaXxy Ta j-TO Cy[Ha 3a IMapaMeTPOM CXOKOCTI KiITBKOCTI BAHTaXKy (foij), JIOT./T.:

0, = 40+ (o * ALMO, — 02, * AQY?,) / 2; (8)
f2 =20,875 + (0,0079157 * (-685) — 0,0007722 * 6250) / 2 = 15,75.

TakuM 4MHOM pO3pPaxoBY€ThCS 3HaUCHHS (PPAXTOBOI CTABKH 32 OJJHUM 3 ABOX Iapa-
METpiB — HAOMMKEHICTIO KiBKOCTI BaHTaxy. [Ipoliec po3paxyHKy 3HaueHHS (PpaxToBOi
CTaBKH 32 HaOJIMKEHICTIO MPOTSHKHOCTI PEeHCy € aHATOTIYHUM.

VY upoMy BHNAAKY 3 MacuBy AaHuX (Tabmn. 1) oOuparotecs Ti pelicu k, y sSIKux mpo-
TSDKHICTB pelicy IpUOIH3HO TOPIBHIOE MPOTSHKHOCTI PEHCY, TSI IKOTO PO3PaXOBYETHCS
po3mip ¢paxToBoi ctaBku. dns ymoBHoro peiicy IliBnennmii-Tapparona, i = 1, e
L,, = 1865 munb. Takum urHOM 0OMparoThes pelicn k =3,k =4,k =5 tak = 6, y Mexax
1300-2000 mums.

3a 0OpaHMMHU MOJENBFHUMH peicaMi PO3PaxoBYIOThCS TOKA3HUKH MOAETIBHOT (hpax-
TOBOI CTaBKH 3a HAOJIMKEHOIO MPOTSHKHICTIO percy (fMLU_), JIOJ./T., MOZIENbHA MPOTSIK-
HICTb pelicy 3a HaOMIKEHOIO MIPOTSHKHICTIO pecy (LMLU.), MUIIb, TA MOJETIbHA KiTbKICTh
BaHTAXKY 3a NPOTSKHICTIO peiicy (QY?,), T.:

fMLij =M /n, g LV, = L )
LMLij =ZIM /n, gna LM = L (10)
QMLij =ZQY /n, qa LM = L (11)

ML= (26+ 18 +29+19) /4 =23;
LM = (1300 + 1300 + 2000 + 2000) / 4 = 1650;
QY™ = (10000 + 25000 + 10000 + 25000) / 4 = 17500,

JIe N — KiTBKICTh OOpaHUX MOJENFHUX PEHCiB 3 MACUBY JaHUX 332 HAOMMKEHOK Killb-
KicTro BaHTaxy. Y nanomy Bunany k=3,4,5,6 —n=4.
[Ticist pOTO 3HAXOAMTHCS Pi3HHUII 3HAYCHD TTOKA3HHUKIB MIXK PEHCOM i-TO BaHTaxXy
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J-M CYIHOM, ISl SIKOTO IIYKA€ThCs (PpaxToBa CTaBKa, Ta MOJCIHHUM peiicoM, 3a Mmpo-

TSOKHICTIO peiicy (ALMLU.), MUIIb, Ta KUTBKICTIO BAHTAXKY (AQMLU), T..
ALY =L, - LM (12)
AQMLU‘ = Qij - QMLij; (13)

ALM" = 1865 — 1650 = 215;
AQM"  =35000 — 17500 = 17500.
®paxrToBa cTaBKa I i-TO BaHTaXy Ta j-TO CY[HA 32 MapaMeTPOM CXOKOCTI MPOTSIK-
HOCTI peiicy (fQij), JIOT./T., BU3HAYAETHCA 32 (DOPMYIIOHO:
fr, =M + (o * ALMY, - o * AQ™) /2; (14)
f+ =23 +(0,0079157 * 215 - 0,0007722 * 17500) / 2 = 17,09.

3a pesynbratamu Gopmyn (9) ta (14) 3HaxoauThes po3mip iHanbHOI PpaxToBOi
CTaBKH SIK CepeJHbOT MK (ppaxTOBUMH CTaBKaMH, 10 OyJM po3paxoBaHi 3a mapame-
TpaMu HaOMMKEHOCTI KUIBKOCTI BAaHTAXKy Ta MPOTSHKHOCTI PEHCY, sIKa OKPYIIISIETHCS 10

JECSITUHHOTO YHcia, TOJ./T.:
f,= (fQij +1) /2 (15)
f,=(15,75+17,09)/2=16,42=16,4.
MacuB naHux 11t 3HAXOIDKEHHS PaXxTOBUX CTABOK KYKYpya3u (YMOBHHUI BaHTaxX)
Iutst peiicy 1 = | ke OyB HaBeneHuid y Tabn. 1. Hukde BkazaHi pe3ynsraTH po3paxyH-
KiB ()paxTOBHX CTaBOK JJIsl iHINUX CyneH (Tabi. 2) ta ans ¢pocdary HaBaIoOM i Byriuist

(Tabm. 3 i Tabi. 4 BiAMOBIAHO).

Tabmnurs 2
Pe3yabTart po3paxyHky (ppaxToOBHX CTABOK JJIfl KyKypya3u i =1
m Ha6am:xenicts Ha6umxenicts
OKa3HMK . . Mokazuuk -
KIJIbKOCTi BAHTAXKY NPOTSIKHOCTI peiicy
Buoip Buoip
moaeabHux | (2,4,6,8) | (7,9,10) (6) mojaeasHux | (3,4,5,6) | (3,4,5,6) | (3,4,5,6)
peiiciB, k peiiciB, k
. Lucky |Nasssa-| ._ Lucky | Nasssa-
i=(1,2,3) Vully Sunday | uborg 1=(1,2,3) Vully Sunday uborg
L, 1865 1865 1865 L. 1865 1865 1865
Q, 35000 69000 19000 Q, 35000 69000 19000
at 0,00792 | 0,00792 |0,00792 at 0,00792 | 0,00792 | 0,00792
a?, 0,00077 | 0,00077 |{0,00077 a?, 0,00077 | 0,00077 | 0,00077
Mo 21 27 19 M 23 23 23
LMe . 2550 5377 2000 LM 1650 1650 1650
QY. 28750 56667 | 25000 QM. 17500 17500 17500
ALMQU. -685 -3512 -135 ALMLlj 215 215 215
AQMC . 6250 12333 -6000 AQM 17500 51500 1500
f‘?]i 15,75 8,59 20,78 f‘u 17,09 3,97 23,27
¢ Vully Lucky Sunday Nasssauborg
I 16,4 6,5 22
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Tabmuuug 3

MacusB BUXiIHUX AaHUX A4 i=2 (pochaT HaBa0OM) Ta po3paxyHOK GpaxTOBHX
CTaBOK BiAmoBiaHO 3a [7]

| B .
k - ,]'11‘1’, QM , T ™., non./1.! i=1 - -
1 4680 75000 10,12 Iron ore Mormugao Qingdao
2 2800 70000 14,37 Iron ore Port cartier Rotterdam
3 4680 50000 14,02 Iron ore Mormugao Qingdao
4 4000 50000 10,77 Iron ore Paradip Qingdao
5 3500 170000 3,17 Iron ore H;;gf:m d Qingdao
6 8600 160000 14,32 Iron ore Yuzhny Qingdao
7 5500 170000 4,57 Iron ore Tubarao Rotterdam
8 | 11200 170000 13,62 Iron ore Tubarao Qingdao
9 8000 170000 8,82 Iron ore | Saldanha bay Qingdao
10| 3200 30000 20 Phosptate Casablanca New York
) O — . Haﬁnm.lceﬂicn, ) O — Haﬁnnmeqicn:
KIJILKOCTi BAHTAXKY NMPOTSKHOCTI peiicy
Busip Morei
Mﬁg;g:ﬂﬁx (10) @) (10) HHX peiicie, 10) 10) 10)
.y | vany | Su TN Ty | vy | ek (e
L. 4076 4076 4076 L. 4076 4076 4076
Q.. 34500 | 60000 18500 Q. 34500 60000 | 18500
ok 0,00203 | 0,00203 0,00203 o 0,00203 | 0,00203 | 0,00203
a? 0,00010 | 0,00010 0,00010 o 0,00010 | 0,00010 | 0,00010
™Mo 20,0 11 20,0 M 20 20 20
LMo 3200 | 4000 3200 v 3200 3200 | 3200
QMe 30000 | 50000 30000 QML 30000 30000 | 30000
ALMQ 0 76 0 ALME 876 876 876
AQVQ 4500 10000 -11500 AQM- 4500 30000 | -11500
Q- 20,66 | 10,34 21,47 fro 19,54 16,94 | 21,17
’ Vully Lucky Sunday Nasssauborg
2 21 15 21,5

! — ¢paxToBi cTaBku ckoperosaHi: wiHa 1 T. pocdary — 88 moin./t., mina 1 T. 3amizHOI pyau —
124 non./T., enacTu4HICTH (paxToBOI cTaBKH — 8%, (hppaxToBa cTaBKa Wi hocdary = cTaBKa I
3aii3Hol pyau + (88 — 124) * 8%.

Tabmumg 4

MacuB BUXiIHUX JaHUX 1J4 i = 3 (ByriJuisi) Ta po3paxyHoK (ppaxToOBUX CTABOK
BiamoBiaHo 3a [7]

k | LM ,mMuib Qv , T ™ , moa./t. i=1 - -

1 2 3 4 5 6 7

1 3800 75000 14,1 Coal Richards Bay Mudra

2 3800 75000 8,8 Coal Kalimantan Mudra

3 4100 75000 14,45 Coal Richards Bay | Krishnapatnam
4 4000 75000 12,45 Coal Hay Point Qingdao

5 5100 75000 15,25 Coal Vancouver Qingdao

6 8700 75000 20,5 Coal Vancouver Visakhapatnam
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[Iponopxenus Tabdmn. 4
1 2 3 4 5 6 7
7 3500 70000 15 Coal Hampton Roads Rotterdam
8 9700 70000 35,25 Coal Hampton Roads Paradip
9 5400 70000 17 Coal Hampton Roads Isdemir
10 3800 55000 17,1 Coal Richards Bay Kandla
11 3800 55000 16 Coal Richards Bay Navlakhi
12 4500 55000 16,5 Coal Richards Bay Paradip
13 3800 55000 15,8 Coal Richards Bay Port Qasim
Ioxa3- Haoau:keHicTh KiJibKOCTI IMoka3- Hao0au:keHicTh NPOTSKHOCTI
HHUK BAHTAKY HHUK peiicy
Bubip Bubip
MoJ1eIb- MoJeb-
T [ (10-13) | (1-9) | (10-13) . (5,9) 59 | 69
peiicis, k peiicis, k
0.23) | vally |GG | Sborg | 7029 | Vaily | G | Sborg.
L., 5650 5514 5650 L, 5650 5514 5650
Q;. 35000 | 72000 19000 Q.. 35000 72000 19000
at, 0,00341 | 0,00341 | 0,00341 at, 0,00341 | 0,00341 | 0,00341
a® 0,00025 | 0,00025 | 0,00025 a®, 0,00025 | 0,00025 | 0,00025
™M 16,4 17 16,4 ™M 16 16 16
LMQ 3975 5344 3975 LM 5250 5250 5250
QMe, 55000 | 73333 55000 QM= 72500 72500 | 72500
ALMQJzi 1675 170 1675 ALME 400 264 400
AQM -20000 | -1333 -36000 AQME -37500 -500 -53500
o 21,68 17,43 23,67 fr. 21,46 16,64 23,44
¢ Vully Lucky Sunday Nasssauborg
3 21,5 17 23,5

Takum ynHOM (HPaxTOBI CTABKU Ta JOXiJ MO KOXKHOMY OKPEMOMY peHCy Ta BCimMa
peiicamu B IIJIOMY 332 KOXKHHM CYJIHOM HaBeICHUH y TaOI. 5.

Tabmumsa 5
DpaxToBi CTABKM Ta J0XiJ KOKHOIO CyIHA

i Iokaznuku Vully Lucky Sunday Nasssauborg
| f,., JOIL/T. 16,4 6,5 22

F ., mom. 567837,94 448308,82 418276,71
) f ., 1om./T. 21,5 17 23,5

F.., mom. 736889,86 1019727,14 433216,17
3 f,, TOI./T. 21 15 21,5

F., mom. 736143,37 1082307,69 40861823
- F., mom. 2040871,18 2550343,65 1260111,10

BucHoBkmu. Sk Oyno cka3aHo paHilie B JaHOI CTarTi Oyia mocrasieHa 3anada Gop-
MyBaHHS ()paxToOBOI CTAaBKH 3a JOIIOMOTOI BHKOPHCTAHHS METOIVKH JIBOIApAMET-
pHOi anmpokcumarii. MeTonnuKa BHKOPHCTOBYBAIACh 3a JOIMOMOTOK YMOBHOTO PEHCY,
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Ta YMOBHHUX BaHTaXiB. TaKUM YHHOM MOXKEMO 3pOOUTH HACTYIHI BUCHOBKH, BPaXOBY-
1041 JIaHy METONIUKY 3’ SBUJIACh MOMKIIMBICTH OPMYBaHHS (paxTOBUX CTABOK Ta OTPH-
MYBaTH 1X PO3MIpH SKIIO 15 iHOpMAITisl € 3aKPUTOIO BiJl BUTLHOTO JIOCTYITY, JUIS Jesi-
KHMX BUJIIB BAHTaXIB Ta HANPSIMKIB — HaBITh KOMEPIIITHOIO TAEMHHMIICIO.

3a pesynpTaraMi BUKOHAHOT poOOTH Y TAaHOT CTaTTi

- IPOaHaJIi30BaHO OKPEMi YMOBH MIO/I0 KOH FOHKTYPH (PaxTOBOTO PUHKY;

- Ha OCHOBI PO3Pax0BaHOTO PO3Mipy (PPaXTOBUX CTABOK 32 JJAHOK METOAUKOIO, PO3-
paxoBaHO JOXiJ OmepaTopa Cy[Ha 3 MEPEBE3CHHS BAHTAXIB YMOBHHUM pEHCOM, SKHI
€ HEBIJI’€MHHUM 1 BXKJIUBUM €JIEMEHTOM.

10.

11.

12.

JITEPATYPA

Kockina 10.0. Po3BUTOK T€OpETHMYHHMX OCHOB OpraHizamii 1 ympaBiiHHS
3MILIaHUMH [IEPEBE3EHHSIMA MacOBHX BaHTAXIB 3a y4yacTiOo (JIOTY. aBTO-
ped. muc. ... 1oKT. TexH. Hayk: 05.22.01. Oxeca, 2021. 43 c.

Jlankin O.I., Onumenxo C.I1., Kockina }0.0. Teopis i npakrtuka ¢paxro-
Bux omepauiil. Oneca, 2017. 151 c.

Onnmenko C.I1., Kockina 10.0. [lochimxeHnHs BBy yMOB oepTH Ha
YCHILIHICTh YKIagaHHs (ppaxroBoi yrogu. Bocrouno-EBponelickuii xyp-
HaJ nepenoBbIx TexHomorut, 2015. Ne 6/3 (78). C. 25-32.

Cotnuuenko JI.JI. BctaHoBneHHs HAPSAMKIB pO3BUTKY ()PaxTOBOTO PHHKY
OankepHoro ¢ioty. Bichuk Ilpuazocrkoro [lep:kaBHoro TexHiuHOTO YHI-
Bepcurety. 2017. Ne 33. C. 203-2009.

Onyschenko S.P., Koskina Yu.O. Ensuring the given level of the voyage
efficiency considering the risks factors associated with the charter party
terms. Bicnux TIATY. Cepis: Texuiuni nayku. 2018, Bum. 37. C. 192-201
Onyschenko S.P., Koskina Yu.O. Factors determining a freightrate level. The
Current Stage Of Scientific And Technological Progress'2018. Conference
proceedings. March 27-28, 2018. Karlsruhe, Germany. p. 43—45.

S&P Global Platts Dry Freight Wire Issue 25 February 5, 2021 URL:
https://f.hubspotusercontent30.net/hubfs/9030380/Platts
DryFreightWire 2021.pdf

Glogos greight report week 5 2021 URL: http://glogos.net/wp-content/
uploads/2021/02/Glogos-Freight-Report-Week-5.pdf

Cahier des Tarifs de I'ANP URL: https://www.anp.org.ma/fr/espace-
professionnel/cahierdestarifs

Seaport Manatee authority port tarrifs URL: https://www.seaportmanatee.
com/business/finance/

Turkish straits calculator URL: https://lethagencies.com/turkish-straits/
calculator-turkish-straits

Freight rates weekly report 2021 URL: https://globalmaritimehub.com/
wp-content/uploads/2021/02/Weekly-Report-Week-6-2021.pdf

REFERENCES

Koskina Yu.O. (2021). Development of the theoretical foundations of
the organization and management of mixed transportation of bulk cargo

195



PO3BUTOK TPAHCIIOPTY
Ne 1(16), 2023

196

10.

I1.

12.

with the participation of the fleet. abstract dissertation. ... Dr. technical
of science [Rozvytok teoretychnyh osnov organizacii I upravlinnya per-
evezennyamy masovyh vantaghiv za uchastyu flotu. avtoref. dis. ... doct.
tehn.nauk: 05.22.01], 43.

Lapkin O.I., Onyschenko S.P., Koskina Yu.O. (2017). Theory and practice
of freight operations [Teoriya I praktyka frahtovyh operaciy], 151.
Onyschenko S.P., Koskina Yu.O. (2015). Study of the influence of the
terms of the offer on the success of concluding a freight agreement. [Dos-
lidghennya vplyvu umov oferty na uspishnist ukladannya frahtovoi ugodu]
Eastern European journal of advanced technologies, 6/3 (78), 25-32.
Sotnichenko L.L. (2017). Establishing directions for the development of
the freight market of the bulk fleet[ Vstanovlennya napryamkiv rozvytku
frahtovogo runku balkernogo flotu]. Bulletin of the Azov State Technical
University, 33, 203-209.

Onyschenko S.P., Koskina Yu.O. (2018). Ensuring the given level of the
voyage efficiency considering the risks factors associated with the charter
party terms. Bulletin ASTU. Series: Technical sciences, 37, 192-201.
Onyschenko S.P., Koskina Yu.O. (2018). Factors determining a freight
rate level. The Current Stage Of Scientific And Technological Progress'.
Conference proceedings. March 27-28, 2018. Karlsruhe, Germany, 43—45.
S&P Global Platts Dry Freight Wire Issue 25 February 5 2021. (2021,
05 February). https://f.hubspotusercontent30.net/hubfs/9030380/Platts_
DryFreightWire 2021.pdf

Glogos greight report week 5 2021. (2021). http://glogos.net/wp-content/
uploads/2021/02/Glogos-Freight-Report-Week-5.pdf

Cahier des Tarifs de 'ANP. (dateless). https://www.anp.org.ma/fr/espace-
professionnel/cahierdestarifs

Seaport Manatee authority port tarrifs. (dateless). https://www.seaportmanatee.
com/business/finance/

Turkish straits calculator. (dateless). https://lethagencies.com/turkish-
straits/calculator-turkish-straits

Freight rates weekly report 2021. (dateless). https://globalmaritimehub.
com/wp-content/uploads/2021/02/Weekly-Report-Week-6-2021.pdf



PO3BUTOK TPAHCIIOPTY
Ne 1(16), 2023

MEHEAKMEHT

YIK 008.5 DOI https://doi.org/10.33082/td.2023.1-16.16

OCHOBHI IOJIOKEHHSA ITPOEKTHO-OPIEHTOBAHOTI'O
YIIPABJIIHHS B CYJHOIIJIABCTBI IK OCHOBH
JJIA BABE3IIEYEHHS BE3IIEKA
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Anomauisn

Bemyn. Pusuxu € nocmitiHum cynymuim eiemeHmom y cyoHoniaecmsi Ilpoexmuutii
nioxio nepedbauae 6ce pozmaimms pu3uKie po3enaoamu iHMeZparbHo, uo Gopmye
YINICHULL NO2NIA0 HA MOXCIUGT He2AMUBHI cumyayii 8 npoyeci 8UKOHAHHS pelicy, Wo €
wie OOHUM PaKmopom 6 oOIPYHNYBAHHT OOYINTbHOCII BUKOPUCHAHHS NPOEKMHO-OPICH-
Mo6ano20 ynpaeuinus 6 cyononiascmei. Taxka inmezpayis 0ae 3mMoz2y 6paxyeamu 6nIuUG
0Y0b-51K020 U0V PUSUKY | CUMYayill pusuKy, AKi 6UHUKAIOMb N0 Yac 6UKOHAHMS NPO-
exmy, Ha niOCyMKosull pe3ynvmam npoexmy. Pesynemamu. ¥ 0anomy 0ocnioscenni npo-
NOHYIOMbCA OCHOGHI NOA0JICEHHA OP2aHizayii npoeKmHO-0PIEHMOBAHO20 YNPAGIIHHA 6
cyononnaecmei. OOIPYHMOBAHO NPAGOUUHHICINL 3ACMOCY8AHHS NPOEKMHO-OPIEHMO-
8aH020 NiOX00Y, BIONOBIOHO 00 MEMOOONOI] NPOEKMHO20 MEHEOHCMEHMY BUSHAYEHO
CYMHICMb ma 6uou NPOeKmis y pamkax onepayitinoi OisibHOCMI CYyOHONIABHUX KOM-
naniu. Ilooano 06a éapianmu po3enady medxc npoexkmy ma oOIPYHMOBAHO PO32iA0 NPo-
exmie sIK po3yMinHA pelcy (abo KOHmMpAaxkmy) @ WupoKomy po3yMiHHI Ybo2o C106d — 3
02140y Ha npoyec op2amizayii ma YnpaeninHa GUKOHAHHAM QPaxmoeo2o KOHMAaKmy 3
nepemiwjenns eanmagicy 3 nopmy A 6 nopm b (6 pamxax sxozo i 30ilicHiocmuvcs nepe-
Miwenns eanmagicy 3 nopmy A 6 nopm b). YV yvomy eunaoky meoici npoexmy wupuii i
OXONI0IOMb NPoYec NiO20MOBKU PPAXmMo8o2o 002060py Ma AHANI3 Pe3YIbIMAmis 1Uo2o
suxkoHauHs. Taxuil nioxio € yHigepcanvbHUM 08 NPOEKMHO-OPIEHMOBAHO20 NiOX00Y 8
CYOHONNABCMEI A MOJICE CIY2Y8amu OCHOB0I0 O0Jisl (POPMYBAHHS NPOEKMHO20 NIOXO0-
0y 0711 0YOb-AKUX 8apianmie pobomu cyoeH y pamkax 6yO0b-aKux eapianmie @paxmo-
BUX KOHMPAKMIE | MOPKAMUCA OyOb-AKUX ACHEeKMi8, nO8'A3aHUX I3 CYOHONIABCNBOM:
MEeXHIYHUX, eKOLO2IYHUX, KOMepYitiHux 1 m.0. BusHayeHo cymuicmb OCHOBHUX emanis
AHCUMMEBO2O YUKy OAHOT KAme2opii nNpoeKmis, a makoxc CKAA008i YCnixy npoexmis.
Ob6rpynmosano, wjo «be3nexay € OOHUM 3 NOKA3HUKIE YCHIXY NPOEKmis.

Bucnoeku. [lpoexmno-opienmosarnuti nioxio 00 ynpasiiHHsa 6 CYOHONIA6CMEl 0ae
3M02y 30IUCHUMU CUHME3 PIZHOMAHIMHUX Memo0dis, nioxodie 00 OYiHI08aKHHs ma 3abe3-
neyenHs be3nexku mpaouyitHo NPUUHAMUX a0 8NPOBAONCYBAHUX HA OA3I peKomeHOa-
yiti IMB y cyononiagcmsi i Memooie ynpasninHa pusukamu 8 YRpaeiiHHi npoeKmamiu.
Tax inmeepayia HaUKpawux npaxmux MiHiMizayii pusuKie y cyOHONI1a6cmei 8 KOHMeK-
cmi be3nexu ma MiHIMI3ayii pU3UKie y pamkax npoeKmHoi Memooono2ii popmye nosuii
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epexmugHUll 3 NO2IA0Y Pe3yIbMmamueHoCmi nioxio 00 3abes3neyenus be3nexu CyoHO-
niascmea. Hasedeni pesynomamu ckiadaroms 6asy 045 NOOAIbUIO20 OOCAIONCEHHS
numans 3a6e3neuents besnexu 8 pamKax nPoOeKmMHoO-0PiERMOB8AH020 Ni0xXody 00 ynpas-
JIIHHSL 8 CYOHONNABCNGI.

Knwouoei cnosa: npoexm, 6esnexa, ynpasiinHs, H#CUMMEBUL YUK, CYOHONIABCMBO,
YCHIX NPOEKMmY.

PROJECT-ORIENTED MANAGEMENT
IN SHIPPING AS A BASIS FOR ENSURING SAFETY

Y.V. Bychkovsky
Senior lecturer of the department «Navigation & ship handlingy
Odesa National Maritime University
ORCID ID: 0000-0003-1459-9029

Summary

Introduction. Risks are a constant accompanying element in the shipping. The project
approach involves considering all the variety of risks in an integral manner, that forms a
holistic view of possible negative situations during the voyage, which is another factor in
Justifying the feasibility of using project-oriented management in shipping. Such integration
makes it possible to take into account the impact of any type of risk and risk situations arising
during the project on the final result of the project. Results. In this study, the main provisions
of the project-oriented management in shipping are proposed. The legality of the application
of the project-oriented approach is substantiated, in accordance with the methodology of
project management, the essence and types of projects within the operational activities of
shipping companies are determined. Two options for consideration of the boundaries of the
project are presented and the consideration of projects as an understanding of the voyage (or
contract) in the broad sense is justified — in view of the process of organizing and managing
the execution of the freight contact for the movement of cargo from port A to port B. In this
case, the boundaries of the project are wider and include the process of preparing the freight
contract and the analysis of the results of its realization. This approach is universal for a
project-oriented management in shipping and forms a basis for the a project approach for
any options for the ships operation under any freight contracts and considers all aspects
related to the shipping: technical, environmental, commercial, etc. The essence of the main
stages of the life cycle for this category of projects, as well as the components of the project
success, have been determined. It is substantiated that "safety" is one of the indicators of the
success of projects.

Conclusions. A project-oriented approach to management in shipping makes it
possible to synthesize various methods and approaches to assessment and safety
assurance traditionally adopted or implemented on the basis of IMO recommendations
in shipping and risk management methods in project management. Thus, the integration
of the best practices of risk minimization in shipping in the context of safety and risk
minimization within the project methodology forms a new effective approach to ensuring
the safety of shipping. The presented results form the basis for further research on safety
issues within the project-oriented approach to management in shipping.

Key words: project, safety, management, life cycle, shipping, project success.
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Beryn. [IpoekTHO-0OpieHTOBaHE YIPaBIiHHS € YCIINIHOK YIPAaBIiHCHKOI KOHIICTI-
Li€r0, SIKa PO3MISAAE MisUTbHICTD, IO TPAIUIIMHO HE € MPOEKTHOIO, K TaKy, IPHUOMY
B pizHux cepax. [IpuknagamMu TeopeTHIHUX pO3pOOOK MIONO MPOEKTHO-OPIEHTOBA-
HOTO YIPaBJIiHHS B TPaHCIIOPTHIH cdepi, BIPOBAKEHUX 1 apoOOBaHUX, MOXKYTh OyTH
pobotu [1-5].

Posrnsaroun onepamiiHy JisUTbHICTD MiITPUEMCTB/OpraHi3alii K MOCIiI0BHICTh
MIPOEKTIB, aKIICHTYEThCS yBara Ha YCITiXy KOYKHOTO KOHKPETHOTO €JIEMEHTA TisTIbHOCTI —
npoekTy. [Ipy oMy ONTHUMI3YEThCS PO3IONT PECYPCiB, NEIEHTPATI3YEThCS yIIpaB-
JIHHSA, BCi Gi3HEC-TIPOIIECH Y3TO/KYIOTHCS B ITPUB'S3IIL 0 KOHKPETHOTO MPoeKTy. Takuii
miaxig 3abe3neuye eeKTHBHICTh KOKHOTO CTPYKTYPHOTO €lIeMEHTa JIiSUTbHOCTI — MpPO-
€KTY, @ He e(peKTHBHICTh JISUTLHOCTI "B CepeIHBOMY", 1110 MPU3BOIUTH JO IiABHIICHHS
e(heKTUBHOCTI JiSIBHOCTI MiAIPUEMCTB/Opranizaiiiit [2].

IMocranoBka mpodiaemu. CyqHOIUIABCTBO € ceporo, Je TPATULIIIHO pealli3oByBa-
JIUCS TIPOEKTH 1 TIporpamu [6], TOMy B OCTaHHI JECATHIITTS METOIOJIOTIs, 0 Halyna
3HAYHOTO PO3BUTKY, Ta BiJINOBIHI METOIN YIPABIiHHS MPOEKTAMH i MMPOrpamMaMHu, 10
3HAWIUIM CBOE BiJOOpaKEHHs 1 B po0OTax, MOB'S3aHUX i3 YIPABIIHHSAM TMPOEKTaAMH
i mporpamMamu OyJIIBHUIITBA CyJeH Ta MOMOBHEHHs ¢uioty [7, 8], peMoHTy cyneH [9],
a TAaKOXX 1HBECTHUIIHHUMH TPOEKTaMH NPUAOAHHS CYACH, 1 JII3WHTOBUMH IMPOEKTaMU
B CyIHOIUIaBCTBI. [IpoTe 00'€KTH, 1110 PO3MISLAAIOTHCS B 3a3HAYCHUX POOOTAX, € KJIacHd-
HUMU MPOCSKTAMH 1 TPAJTUIIIIHO PO3MIISIAINCS K POEKTH abo mporpamu. Onepaiiiina
X JISUTBHICTh CYJTHOIIJIABHUX KOMIIaHiid, poOOTa Cy[eH Ta iHII acleKTH, MOB'sA3aHi i3
CYIHOIUIABCTBOM, He OyJM 00'€KTOM IOCIHiPKEHb y paMKax MPOEKTHO-OPi€HTOBAHOTO
MiXOTy, X04a TOCIYTH 3 TPAHCTIOPTYBAHHS 1 JOCTABKU BaHTaXIB PO3TIISAAIH SIK MPO-
eKTH B poboTax [2, 3]. TakuM 4NHOM, PO3BUTKOM 1 PO3IIMPEHHSIM c(pepr 3aCTOCYBaHHS
MIPOEKTHO-OPIEHTOBAHOTO MiIX0AY € GOpMYBaHHS OCHOBHHX ITOJIOXKEHb POCKTHO-OPi-
€HTOBAHOTO YIPABIIIHHS B CYTHOTUIABCTBI.

3a3HauuMO, [0 PU3HKHU € MOCTIHHUM CYMYTHIM €JIeMEHTOM Yy CYTHOIUIABCTBI Ta i
TEMAaTHUIll PUCBSYCHA TOCTATHS KiIbKICTh myOmikarii. 111 pusuku piznomanitHi [10]
1 KOKEH BHJ PU3UKY PO3DIIAIOTH Y MEKaX OKPEMHX aclieKTiB YIpaBIiHHS B TPaJu-
iIHHOMY IMiIX0A1 J0 ynpaBmiHHS. Tak, KOMEpIiiHi pU3HUKH TOB'SI3aHI 3 MOTEHIIHHOO
3arpo3010 3MEHIICHHsI €(PEKTHBHOCTI pOOOTH CYJIeH, BAPOOHUY1 PU3HKH [2] BHHUKAIOTD
IiJ] BILTABOM PI3HOMAHITHUX HETAaTHBHUX YMHHHUKIB TEXHIYHOT'O XapakTepy, a TaKOokK
BIUIMBY TIOTOJHMX YMOB y TIPOLECi BUKOHAHHS peiicy, 110 MPU3BOAMTH JI0 BiJIXHUIICHD
y KJIIOYOBUX TMOKAa3HUKIB (EJIEMEHTIB 4acy peicy, HalpHKIaa), a IIe TAKOK BH3HAuae
MOTEHIIIHHO MOMJIMBE 3MEHIIEeHHsT epekTUBHOCTI. TexHiuHI pU3HMKH TMOB'sI3aHi 3 Bij-
MOBOIO CY/IHOBHX CHUCTEM 1 MOKJIMBHMH aBapisiMu. Pu3uku, noB's3aHi 3 THOJCHKAM elie-
MEHTOM, BHHHUKAIOTh YHACIHIJIOK BIUIMBY IHIUBIIyallbHUX YMHHUKIB YJICHIB CKINaXy
(SIK JIFOZICHKOTO €JIEMEHTA B CYJHOIUIABCTBI) Ha TEXHIYHMIA CTaH CyAHa (Tpare3aaTHICTh
yCiX CHCTEM), BUKOHAHHS OTepalliil Ta yXBaJeHHs pillieHb y pi3HUX cuTyarisx [11].

[poexTHui miaxia mependavae Bce po3MaiTTd pU3UKIB PO3IIISIATH IHTETPAITBHO, 110
(dhopMye iTiCHHIA TTOTIIS HA MOKITMBI HETATHBHI CUTYAIlii B IPOIECi BUKOHAHHS peiicy,
IO € 1Ie OHUM (paKTOPOM B OOTPYHTYBAHHI TONITBHOCTI BAKOPUCTAHHS POCSKTHO-OPi-
€HTOBAHOTO YIPABIiHHS B CyAHOIUIABCTBI. TAKUM YHHOM, PU3HKH "TIPUB'S3YIOTHCS" JI0
KOHKPETHOTO MPOEKTY, 1 BKe "BCepeInHI MPOEKTY" PO3NOAISIIOTECS Ha Pi3HI BUIH, aje
KOHTPOJIb 32 HUMHM 3JIIHCHIOETHCS B paMKax €uHO1 cuctemu [12]. Taka iHTerpariis gae
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3MOTY BpaxyBaTH BIUIUB Oy[b-SKOTO BHJY PU3UKY 1 CUTyallil pU3HKY, SIKi BHHUKAIOTh
i1 Yac BUKOHAHHS MPOEKTY, HA IMiJICYMKOBHH PE3yJIbTaT MPOEKTY.

Hjineb crarti. ToMy METOrO TaHOTO TOCHTIIKCHHS € (HOpMyBaHHS 0a30BHX MOJIOKEHB
MPOEKTHO-OPIEHTOBAHOTO YIPAaBIiHHS B CYJHOIUIABCTBI, IO € OCHOBOIO IS MOJAIThb-
KX PO3POOOK METOMIB Ta 3ac00iB 3a0e3MeueHHs OC3MeKH.,

Pe3ynbTaTn. 3a3HauuMO, IO TPOEKTHO-OPIEHTOBAHU MIIX1JT 10 YIIPABIiHHS B CY/I-
HOIIJIABCTBI J1a€ 3MOTY 3[IIHCHUTH CUHTE3 PI3HOMAHITHUX METOJIIB, IIAXO/IB JI0 OI[iHIO-
BaHHA Ta 3a0e3rneucHHs Oe3neku (TpajuliiiHO MPUAHATHX ab0 BIPOBAKYBaHUX HA
0a3i pexomenaaiii IMB y cynnomnagctsi [11]) 1 METOIIB yIIpaBIiHHS PU3UKAMH, TKUX
TeopeTHuUHa 0a3a ynpaBIiHHS MPOCKTaAMHM HAKONWYMJIA JOCTATHIO KUIBKICTh, Ta IXHIN
PO3BHUTOK MPOMOBKYEThCA W NOHWHI. TakMM YHHOM, IHTErpailis HaAKpaIuX MpaKkTHK
MiHIMi3allii PU3UKIB y CYIHOIUIABCTBI B KOHTEKCTI O€3MeKH Ta MiHiMi3alii pU3UKiB
y paMKax MpoeKTHOT MeToNoNorii (hopMye HOBHUI €QEKTUBHUIN 3 TIONIISIY Pe3yIbTaTHB-
HOCTI MiJXiJ] 10 3a0e3meueHHs Oe3IeKu CyqHoIIaBcTBa (puc. 1).

CyuacHu#l CBIT MOB'I3aHUI i3 TMpollecaMu KOHBEPTEHIT B HayIll — 30IHKYIOThCS
Ta IHTETPYIOTHCS Pi3HI METOMONOTIi, M0 MOPOMKYE HOBI €PEKTHBHI METONOJOTiI
Ta iHCTpyMeHTH [13]. YnpaBmiHHS MpOEKTaMHu SIKpa3 € METONOJIOTIEI0, sika OUTbIIe 3a
BCI 1HIIII METOOJIOTT CXHIIbHA JIO IPOIIECIB KOHBEPIEHIII1, 1 HABEJICHI BUIIE MIPKYBaHHS
MiATBEPKYIOTH 11eH (PaKT i € 11e OAHUM MPUKIIAZOM KOHBEPIeHIIIT,

Omxe, 3a0e3mneueHHs] OC3MEKH CYTHOIUIABCTBA € HEBIA'€MHUM EIIEMEHTOM Jislib-
HOCTI SIK CYJHOTUIAaBHHX KOMIIaHiH, TaK i CylIHOIUIaBHOI chepH 3arajoM Ha PiBHI MiXk-
HApOJIHUX OpraHizaiii, Hanmpukian, Takux sk IMO. IlixBuieHHS Pe3yIbTaTUBHOCTI
BIJITIOBITHUX 3aXO0/IiB MOKE 3a0€311€UyBaTUCS TAKOXK 3aB/IKU MPOCKTHO-OPIEHTOBAHOMY
MiIXOy Ha Pi3HUX PiBHAX. Y IbOMY JOCIIJPKEHHI YBary 30Cepe/KeHo Ha JisIbHOCTI 13

VYrpasiniHas poOOTOO CyJeH MeTtomoorist MPOEKTHO-
B CyIHOIIJIABCTBI OPIEHTOBAHOTO YIPABIiHHA

A A
Towwupenns cghepu 3acmocysanms

NPOEKMHO-OPICHMOBAN020 YNPAGTIHH

\4 Y

Ynpaeninna pusuxamu na VYnpaeninna pusuxamu 6
6a3i ®opmaizoBaHol PAMKax memooono2ii ma
Ouinkn Be3nexu (Formal cmanoapmis Ynpaeninus
Safety Assesment) (FSA) — Konsepeenyisn npoexkmamu (PMBOK-Guide)

pexomennatii IMO — cranapr -. Project Management Principles -
B YNpaBIiHHi pusHKami (8 Optimize Risk Responses

KOHTEKCTE 663H§KH) y Project Performance Domains —
cynHomnascTsi [ | Uncertainty [ ]

Pu3uku 6 npoeKmmno-opieHmoeanomy ynpaeiinni

CyOHONIa6cmeom (OUuiHKa, 8i0n0eiob, minimizayis)

Puc. 1. Konsepeenyis incmpymenmie ynpagniHHsa pusuKamu 8 NpoeKmHomy
MEHeQAHCMEHMI ma Memooi8 OYIHKU PUSUKIE Y KOHMeKCMI Oe3neKu 8 CYOHONIA6CMEL
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3a0e3medeHHs 0e3MeKky Ha PiBHI KOHKPETHOT KOMIIaHii Ta cynHa. [lepBHHHOO TeopeTHY-
HO 0a30t0 17 popMyBaHHS Ta BIPOBAKEHHS IIPOCKTHO-OPIEHTOBAHOTO yIIPABIIHHS
€ BU3HAYCHHsI 0a30BHX IMOJOKEHb MPOEKTHO-OPIEHTOBAHOTO IMiJIXOMY — BCTAHOBIICHHS

3riIHO 3 KJIACHYHUM BH3HAYEHHSIM, TIPOCKT — THMYACOBE IiAMPUEMCTBO, CIIPSIMOBaHE
Ha CTBOPEHHS YHIKaJIBHOTO TPOIYKTY, TOCIYTH a00 pe3yibTary. THMUacoBicTh — Oy/Ib-
SIKMH TIPOEKT Ma€ YiTKi YacOBi paMKH (1Ie He CTOCYEThCS HOTO pe3ynbTariB). YHIKaIbHI
MPOIYKTH, TIOCITYTH, PE3yIBTaTH — MPOEKT Ma€ MOPOKYBaTH YHIKaJIbHI pe3yibTary,
NOCSATHEHHSI, MPoayKTu. [lociitoBHe po3poOIeHHS — Oyb-SIKHI MTPOSKT PO3BHUBAETHCS
B 4Yaci, MPOXOJISTYM Yepe3 BU3HAUCHI paHille eTarny ado KPOKH.

CynHOIUTaBCTBO — IIUPOKHH TEPMiH, IO OXOILUIIOE TEPEeBE3CHHS BaHTaXiB/maca-
KHUPIB BOAHUM TPAHCIIOPTOM, IIO € CYTHICTIO POOOTH CyneH. 3a3Ha4uMo, IO B paM-
Kax IIbOTO JIOCIIPKEHHSI MACaKUPCHKI MEpeBe3eHHs He pPO3MIAAAI0THCS, Xodua Mpo-
MOHOBAHI Pe3yJbTaTH MOXKYTh OyTH po3mHpeHi i Ha 1o cdepy. [Iponykrom podoTh
CYJICH € MepeMillleHHs BAHTaXIB. Y paMKax Cy/JIHOIJIABCTBA MOYKHA TAKOK BHOKPEMHUTH
1 pi3Hi 3axoau, Hanpukiiaa, IMO, 111010 BIPOBa/PKEHHS PI3HUX KOHBEHIIIH, 1[0 TAKOXK
YTBOPIOE BiAMOBITHUH MPOEKT, SIKUH € IPOCKTOM Y KJIACHYHOMY PO3yMiHHI Ta TSTHE 3a
co0010 HEOOXIHICTh peaizamii BiAMOBITHIX MPOEKTIB HAa PiBHI Mparopa Ta OKPEeMHUX
CYIHOBJAaCHHKIB. TaKUM YMHOM, MTPOEKTaMH JUIsl CYTHOTUTABCTBA B KOHTEKCTI 3a0e3re-
YeHHs 0e3MeKH B paMKax IMPOEKTHO-OPI€EHTOBAHOTO MMiJIXO/Y € caMe MPOEKTH, MOB'sI3aHi
3 poOOTOIO Cy/IeH.

Besneka cyqHOIIABCTBA € CTAHOM 30€pEIKEHHS (3aXHUILEHOCTI) JIFOJCHKOTO 3I0POB's
Ta JKUTTS, JOBKIJUIS Ta MalfHa Ha MOp1 Ta Ha BHYTPIIIHIX BOJHUX HIISAXaX; BiJICYTHICTIO
HETPUITYCTUMOTO PU3HUKY, TTOB'SI3aHOTO 13 3aru0eruno abo TpaBMyBaHHSM JIFOJICH, 3ar1o-
JUSHHSM [IKOAW HABKOJIMITHBOMY CEPEIOBHIIy a00 MaTepiaabHuX 30uTKiB [11]. 3rigHo
3 [10] 3amopykoto Oe3reqHoi eKcIuTyaTailii CyiHa € po3yMiHHS i BUKOHAHHS CIIBPOOIT-
HUKaMH KOMIIaHi# (sk 0eperoBoro, Tak i CyJHOBOTO MEPCOHAITY) OCHOB O€3MeKH MOpe-
TUTABCTBA 1 3aXHCTY HABKOJHMIITHHOTO CEPEFOBUINA, TOOTO KOMIUIEKCY KOHCTPYKTUBHHUX,
TEXHIYHHMX, OpraHi3alifiH1uX 3aXO0/iB 1 BIAMOBIAHOT MMiITOTOBKU CYTHOBOTO 1 OEPErOBOro
nepconainy. Came MOpsJIOK BUKOHAHHS [[bOTO KOMILIEKCY i mepeabadennit MixkHapon-
HUM KOJIEKCOM 3 YIpaBIiHHS OE3MEYHOI0 EKCIUTyaTalli€lo CyAeH i MoTepeKEHHIM
3abpymaenns 1993 poxy.

TakuMm YuHOM, 3aX0/IH OO 3a0e3IeueHHs Oe3MeKH CY/THOIUIaBCTBA € OararopiBHe-
BUMH — MKHAPOJHUMH, HAI[IOHAJIHHUMH, a TAKOXK PEalli30BYIOTHCS Ha PiBHI KOHKpET-
HUX KoMIaHii (puc. 2).

3abe3neueHHs Oe3MeKH CYJHOIIABCTBA HA PiBHI KOHKPETHOT KOMIIaHii MOXKHA Mpe/I-
CTaBUTH y BUIJIAI Takol cxeMu (puc. 3).

PoGota cyneH — ToOTO BHKOHAHHSA TpPaHCHOPTHOI poOoTH (TIepeBe3eHHS BaHTa-
KiB) — Mae 3a0e3reuyBaTy eKOHOMIYHY e€()EeKTHBHICTh SIK 3arajoM 1o (UIoTy CyIHO-
IJIABHOT KOMIaHIi, TakK 1 JUIsi KOXKHOTO KOHKPETHOTO Cy[Ha, TPUYOMY €(DeKTUBHICTh Ma€e
3a0e3redyBarTucs 1 Ha piBHI KOHKPETHOTO peiicy, i 3arajioM 3a MPOMIKOK 4acy, sIKHH
MU PO3DNIAIAEMO (3a3BHYAil, pik a00 TEpMiH KOHTPAKTY, SKIIO [IEH TepMiH MEHIINH,
HIXK piK: HaNpUKIAA, CYJHO MOXKe OyTH OpEHIOBaHE B TaiiM-4apTep Ha ITiB POKY, 1 TOJI
BIJINIOBIIAJIBHICT 3a JOTPUMAaHHS 3aXO[iB Oe3leKku HecyTh 00MABI cTopoHu). ITopsa
3 EKOHOMIYHOI €(EKTUBHICTIO, CyHa 1 (IIOT 3arajioM MaroTh 3a0e3medyBaT Oe3MeKy
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MixxHapoaHuii piBeHb (pe3osronii, kouseHuii IMO)

HamionansHuii piBeHb (HaKas3u Aep>KaBHOTO PiBHS) 7

AnMiHiCTpamis mpanopy [oproBi anminicTparii

T em

Puc. 2. Pisni 3ax00i6 no 3abesneuennio be3nexku CyOHONIa6cmed

CY/IHOTLJIABCTBA SIK Ha PIBHI KOHKPETHOTO PECy, TaK i 3arajioM 3a Mepioj eKCIuTyarartii.
MoskHa cTBEpAKYBaTH, 1110 BiIOBIAHO IO Cy4aCHUX CTaHAApTiB 1 HOpM, poOOTa CyleH
Mae OyTH epeKTUBHOIO 1 Oe3MeYHOI0 (Y KOHTEKCTaX, 3a3HAYCHUX BHUIIIE).

TakuM YMHOM, NMPOEKTHO-OPIEHTOBAHWHU PO3MIA] 3a0e3MEUCHHS! OC3MEKH CYIHO-
TUTaBCTBA Ha PiBHI KOHKPETHOT KOMIIaHii KOPEIIO€E 3 MPOEKTHO-OPi€EHTOBAHUM ITiX0I0M
JI0 YIIPaBJIiHHS pOOOTOIO CY/CH.

[IpoekTom 3a MPOEKTHO-OPIEHTOBAHUM ITiJXOJ0M JI0 pOOOTH CY[eH MaroTh OyTH ii
BiJIMIOBiAHI YTBOPIOBAJIBbHI "OOMHUII" PI3HOTO CTYNEHS arperoBaHOCTi, SKHMHU € peic
a00 JIOBroCTPOKOBUH KOHTPAKT (SKIIO HAEThCA MPO JAOBrOCTPOKOBI (PpaxToBi KOHTp-
aktH — contract of affreightment, COA) y TpaMioBoMy CyIHOIIIIaBCTBI, a00 peiic y Mexkax
TiHIHOTO CepBicy B JiHIHHOMY cyaHOIIaBCcTBI (puc. 4). KpiM Toro, cynHa mpamiooTh,
00CITyroBY104M IPOEKTHI BaHTaxi [ 1], mo Takox ¢popmye cnennidHnil MPOEKT y pam-
Kax MpPOeKTy (HalpuKiaa, po3poOiieHHS MOPCHKOro ponosuina rasy). Lllomo ocran-
HBOTO, TO HE3aJIeKHO BiJl TOTO, YA BHKOHYE TPAHCHOPTHI poOOTH CyOMiApSAHUK, YU
Oe3mocepelHbO0 KOMaHa MPOEKTY, PO3MIISA]] TPAHCIIOPTHOTO OOCIYTOBYBaHHS Y BUIVISII
MPOEKTY € KOPEKTHUM 1 MOKE BiTHOCHUTHCS JI0 PI3HUX PiBHIB MEHEIKMEHTY.

’ VYnparniHHs poOOTOI0 CyACH

)

3abe3neueHHs €PEKTUBHOCTI . 3abe3neueHHs Oe3nexu
pobotu daoty CyJIHOIUIaBCTBA
; ]
3abe3neueHHs eeKTUBHOCTI 3ale3neueHHs O€3IEKH IiJ] 4ac
pobotu cyaHa poboTu cymHa
¥ ¥
Peiic Pik (Tepmin Petic |5 Pik (Tepmin
KOHTPAKTY) KOHTPAKTy)

Puc. 3. 3abesneuenns besnexu cyoHon1ascmea Ha PiHi KORKPemHoi KOMRAHii
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MPOEKTHU 3I'I/THO ITPOEKTHO-OPIEHTOBAHOI'O
HIAXO4Y A0 YIIPABJIIHHA POBOTOIO CYAEH

‘ v

TPAMIIOBE JIIHIAHE TPAHCIIOPTHE
CYIHOIIJIABCTBO CYJIHOIIVTABCTBO OBCJIVTOBYBAHHA
I[TPOEKTIB
Peiic JloBrocrpokoBuit Pelic B pamkax Peiic PobGora cynen

- X (paxToBuit niHiiHOTO CepBicy ¥ MIPOTATOM

! KOHTPAKT " : TepMiHy 3a

! 7y X : HPOEKTOM

: ! : '. 5

' | 1 1

A4

TpuBanicTh Tpusanictb TpuBanicTh TpuBanicTh TpuBaiicTs
peiicy KOHTPaKTy cepBicy pelicy TPaHCIOPTHOL
CKJIaI0BO] 3a
MIPOEKTOM

TumuacoBicTh

MOPTOBA CKJIAJJOBA: TEXHIYHA CKJIAJOBA: BAHTA: HaBiTb npu
KOMOIHAI[isl MOPTIiB Ta YMOBU KOMOiHaITist mpobieM Ta HEPEBE3EHH] MACOBOTO BAHTAXY
00CIIyroByBaHHS CyAHA Ta BiZIMOB 00JIaIHAHHS HaBaHTAKEHHS Ha CymIHi
BaHTaXy y OpTax HOPMYIOTh ($hopMye yHIKaIbHICTH (po3mimenns) Gpopmye
MOPTOBY YHIKAIBHICTH peiicy YHIKaJIBHICTH

HABITAIIMHA CKJIAJIOBA: JIIOJACBKA CKJIAJOBA:
IOrO/HI yMOBH YHIKaJIbHI [l i i peakuii exinaxy Ha TeXHiuHi
KOYKHOTO peicy MpOOJIEMH Ta MIOTOJHI YMOBH
YHIKaJIbHI

Puc. 4. Ilpoexmu 6 pamkax npoexmHo-opicHMo8ano20 ynpasiinHs pooomoio cyoeH

3 ypaxyBaHHSIM TOTO, 1[0 "MPOEKT" Ma€ BiAMOBIiJaTH OCHOBHUM YMOBaM — THMYACO-
BOCTI, YHIKaJILHOCTI Ta 0OMEXEHOCTI PecypciB, TO Wi MO3ULIl MOTPeOyIOTh OOIPYHTY-
BaHHSI I KOYKHOTO MIPEACTABICHOTO Ha PUC. 4 BUAY MPOEKTY B CYIHOIUIABCTBI B pam-
Kax MPOEKTHO-OPiIEHTOBAHOTO YIPaBIIiHHS.

Pecypcamu anst npx mpoekTiB €: ekinmaxi (CKiax oOMEKEeHHH XapaKTepUCTHKAMH
CyIHa), MAIMBO (0OMEKEeHE MOXKIIMBOCTSIMU MTOCTAYaIbHUKIB 1 (PiHAHCOBUMH pecypcaMu)
Too. OOMEXEHICTh Y Yaci BU3HAYAETHCSI TPUBANICTIO PEHCIiB, CEpBiCiB a00 KOHTPAKTIB
JUTSL TPaMIIOBOTO 1 JIIHIHHOTO CYTHOIUTABCTRBA, 1110 BU3HAYAETHCS BiAMIOBITHUMH KOHTPAK-
TaMH Ha MIOCTAYaHH: TOBAPiB. YHIKaJIbHICTD (POPMYETHCS AJIsI BCiX BCTAHOBJICHUX IPOEK-
TiB Ha 0a3i CyKyMHOCTI YHIKaJIbHOCTI HaBiralitHIX YMOB (IIPUPOAHO-KITIMaTHYHHUX ); TIOP-
TOBOTO OOCIYTOBYBaHHs (BKJIFOUHO 3 IMOTOAHUMHE (haKTOPaMH, BiHiCHKOBO-TIOTITUYHUMH,
TEXHOJIOTTYHUMH Ta JIIOICHKUMH); YHIKAIBHOCTI CUTYyalil, MOB'A3aHUX i3 003 HAHHAM
cyaHa (IOMMJIKH, BiJMOBH, TTOJIOMKH, aBapii TOIIO); YHIKaJIbHOCTI BaHTaXKy — HaBiTh MU
NepeBe3eHHI MACOBHUX BaHTAXIB (3€pHa, HAIIPUKIIAT) YMOBH 3aBaHTAXKCHHS, YMOBH 3aBaH-
Ta)KEHHSI, SIKICTh BAHTa)Ky TOIIO MOXKYTh OyTH TiIbKA YMOBHO MPUAHATI SIK "'cTaHgapTHI".

I, mpupoaHO, MIONCHKUN €NEMEHT — OJMH 1 TOM cCaMUil eKilmax, Ha KOHKPETHOMY
CyaHi, B "oqHaKOBHX", 3 MOIVISLY MOPTIB HEpeXomly, percax MOXe yXBaJlOBaTH Pi3Hi
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pimeHHs B moAiOHMX cutyamisx. KpiM Toro, eMoliiiHa ckiiazoBa, CTaH 30POB'S KOXK-
HOTO 4JICHA EKIMaXxy € Pi3HUMHU, [0 B KOKHOMY KOHKPETHOMY pelici popmye "yHiKalb-
HICTB" OJTHOTO ¥ TOTO CaMOTI0 3a CKJIaJIOM EKIIaxy.

Hageneni Buie MipKyBaHHsI TalOTh 3MOTY CTBEP/KYBATH, IO PO3IIISIYBAaHHM eJie-
MeHTaM poOOTH CyJIeH IPUTaMaHHI BC1 03HAKU MIPOEKTY, 1 1I€ JIa€ 3MOT'Y 1[0 JAISUTbHICTh
PO3IVISIIATH B paMKaX MPOEKTHO-OPIEHTOBAHOTO MiX0/AY. 3 ypaxyBaHHSIM HEBIJI'€MHOCTI
BiJl poOOTH CyZICH, 3a0e3MeUeHHs Oe3MeKH CYIHOIIABCTBA TAKOX MPaBOMipHA PO3IIIs-
JIaTH 3 MOTIISTY POEKTHO-OPi€EHTOBAHOTO TT1IXOTY.

TpuBajicTh BCTAHOBJICHUX BHIIE IIPOCKTIB BAPIFOETHCS BiJl JOCUTH KOPOTKOTO PEHCy
(1o 10 gHIB) 10 TpUBAIUX PeiciB (10 Maike 3 MICSIIB, HANPUKIIAI, IS ASIKUX JIIHIH-
HUX CepBiciB A3is-€Bporna), i 10 piYHOTO (HPAXTOBOTO KOHTPAKTY.

Baxxmeum aTpuOyTOM MPOEKTY € WOTO YKUTTEBUH LUK, SIKUH JIJIsI TPOEKTHO-Opi-
€HTOBAHOTO IIJXOMy JO YIPaBIiHHA AiSJIbHICTIO KOMIAHId Mae TMEeBHY crenugiky.
Tox 0XapaKTepu3yeMO CYTHICTh €TalliB )KUTTEBOTO MUKIY MPOEKTIB Y paMKax MpOeK-
THO-OPIEHTOBAHOTO TMiJIXOAY N0 YIPaBIIHHS B CYIHOIUIABCTBi. TyT CIill HArOJOCHTH
Ha OJIHOMY aCIIeKTi, Bifl SIKOTO MPHHIIUTIOBO 3AJIEKHUTh CTPYKTYypa KHTTEBOTO IIHKITY
Ta CKJIaJ KOMaHJ1 MPOEKTY, — [0 KOHKPETHO BBaXKaTH PeicoM 4u poOOTOIO 3a (pax-
TOBHUM KOHTPAKTOM, TOOTO 3 SIKOTO PiBHS TUBUTHCS Ha POOOTY CyJ/IEH SIK Ha CYKYITHICTb
NPOEKTIB (pHC. 5), MPUYOMY I XapaKTepHO Il MPAKTHYHUX BUJIB JISUIHOCTI, SIKY
TUIaHYIOTh PO3IVISIIATH B MEXKax MPOCKTHO-OPIEHTOBAHOTO MiJXO/AY, a HE JIMIIE B CY/-
HOIUTaBCTBI.

TyT MOXKIIHMBI 1B BapiaHTH:

1) po3msin sk peiicy BiacHe pelcy MOPCHKOTO Cy[HA — MEepeMIllIeHHs] BAHTaXy Ha
cynHi 3 mopty A B nopt b. TakiuM YWHOM, TIOYATOK KUTTEBOTO IUKITY CyJHA — MOCTa-
HOBKa CyJIHA JIO IPHYAITY ITi]] HABAHTXKSHHS B ITOPTY A, 3aKIHUCHHST )KUTTEBOTO IIUKITY —
3aKiHYCHHS! BUBAHTKCHHS BaHTaXy B MOPTY Npu3HaueHHs b. YV Takomy pasi piBeHb

e

MenepamenT cy/IoIaBnol EOMIanil

.................................. L
Komanpeii crimy| cEinay Cy/IHa KoM
—= Freaacaning, opeanauin ma yrpostins mmmﬁpmmmdaemmf._'
CER 7 BE
( fer +| |
1 ] A
\\ Ruxonanunn chpazmaosaro dasosopy /

A e
AN\ " AN
(kB b v S :\-.Li};
N LN

Bapicwm mexc npoexmy
Puc. 5. /lea noensaou na npoexmuo-opicHmoganuii po3ensd poobomu cyoeH
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po3niIsy poOOTH CylHa — caMe CYJIHO, 1 B IbOMY pa3i KOMaHja MPOeKTy — 1ie odiuep-
CBKHI CKJIaJl eKinaxy (KamiTaH, CTaplioM, CTapIluil MeXaHiK TOWIO), SIKUH 1 Kepye UM
MIPOEKTOM. AHAJIOTIYHA IHTEPIIPETALIisI MOKIIMBA 1 JJIsl PIYHOTO ()PAXTOBOTO KOHTPAKTY;

2) po3yMiHHs peiicy (a0 KOHTPakTy) B HIMPOKOMY PO3YMiHHI IIOTO CJIOBA —
3 OISy Ha MPOLIeC OpraHizamii Ta yrnpaBiiHHS BUKOHAHHSIM (HPaxTOBOTO KOHTAKTY
3 MmepeMillleHHs BaHTaxy 3 TopTty A B mopt b (B pamkax sIKoro i 3iHCHIOETBCS TTepe-
MIIICHHS BaHTaXy 3 MOpTy A B mopT b). YV mpomy BHMaaxKy Mexi MPOEKTy HIMPIIi
I OXOTUTIOIOTH MPOIIEC MirOTOBKU (PaxTOBOTO JOTOBOPY Ta aHaJi3 pe3yNbTariB Horo
BHKOHaHHs. KoMaH/a MpoeKkTy B 1bOMY BHUMAJKY — IIe MEHEPKMEHT CYIHOILIaBHOI
(omepaTtopchbkoi) koMmaHii — (axiBii KOMEPIIHHOTO BiIIIIY, TEXHIYHOTO MEHEIXK-
MEHTY TOIIO 1 KOMaHAHHMU CKJIall eKinaxy cyiaHa. [Ipu mpomy "peic" y By3bKOMY
PO3YMiHHI IIBOTO CIIOBA € aHAJIOTOM EKCILTyaTaIiiiHoi ()a3u MPOEKTy B KIACHYHOMY
PO3YMiHHI HOTO KUTTEBOTO IIHKITY.

TakuM 4MHOM — piBeHb "MOIVIMY" HA MPOEKT i OomepauiiHy AisUIBHICTh Y paMKax
MIPOEKTHO-OPIEHTOBAHOTO IMiJIXOy BU3HAYAE MEXKI MPOEKTIB, CYTHICTH €TaliB iXHBOTO
KHUTTEBOTO ITUKITY, & TAKOXK CKJIa]] KOMaH/IU TPOCKTY.

3a3HauuMo, M0 KOXKEH 13 PO3IISIHYTHX BHIIE BapiaHTIB € OOTPYHTOBAaHUM 1 Mae
MPaBo Ha iCHYBaHHA. Y bOMY JIOCIIJDKEHHI 32 PO3YMIiHHS MEX MPOEKTY MPUHMAEThCS
JPYTHiA BapiaHT, OCKIJIBKH BiH € YHIBEpCAILHUM JIJISl IPOEKTHO-OPIEHTOBAHOTO MiAXOIY
B CYJIHOIUTABCTBI Ta MOXKE CIIYI'YBaTH OCHOBOO JUIsl (JOPMYBaHHS IIPOCKTHOTO MiAXOAY
Uit Oynb-sIKMX BapiaHTiB poOOTH CyleH y pamKkax Oylb-sKHX BapiaHTiB (paxTOBUX
KOHTPAKTIB 1 TOPKATHCS OyAb-SKUX acIeKTiB, MOB'SI3aHMX 13 CYJHOILUIABCTBOM: TEXHiY-
HUX, EKOJIOTTYHUX, KOMEPLIHHUX 1 T.]I.

Jpyroro Npu4YrHOIO € Te, 110 e TOCIIHKSHHS 30Cepe/KeHE Ha MUTaHHIX Oe3MeKn
CY/JIHOIUIABCTBA, BiJIMOBIJAIBHICTh 3a SIKY HECE 1 MEHE/PKMEHT, 1 KOMaHIHUHN CKJIa]
Cy/IHa, a OpraHizallifiHi 3aX0Jy MarOTh 3iHIIIIOBATUCS 1 YIPABIATUCS HA PiBHI KOM-
naHii. TakuM YMHOM, MEXKi IPOEKTIB y paMKaX MPOEKTHO-OPIEHTOBAHOTO IMiXOY JI0
CYIHOTIJIaBCTBa (POPMYIOTHCS BiJl IOYATKY YKIJIAJCHHS KOHTPAKTY JIO YTOAU PO HOTO
BHUKOHAHHSI.

3 ypaxyBaHHIM NMPHUHATHX MEX MPOCKTY OCHOBHI €Taly XUTTEBOTO IUKIY MpPO-
eKTYy Ta IXHIO CYTHICTh ITOJIaHO Ha pHC. 6.

ITlopmosi . Topmosi
Iepexio misxc nopmamu
onepayii onepayli

o ——
\

Ilouamox yac
npoexmy

Tpusanicmo 8UKOHAHHS KOHMPAKNY
Puc. 6. Cymuicms ocnoeHux emanis J#cummego20 yuxiy npoeKmie y pamrkax
NPOEKMHO-OPIEHMOBAHO20 YNPABNIHHA 8 CYOHONIAABCME]
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[IpomykToM MPOEKTY € Te, 0 BUHUKAE B pe3ylbTaTi ioro peamizarii. PeynsraTom
peasizariii miei kaTeropii MPOeKTiB € (i3MyHEe MEePEMIllEHHS BAHTAXIB BIJMOBITHO 10
3aJaHuX YMOB. [ CyHOTIIIaBHOT KOMITaHii IIHHICTh HBOTO "MPOAYKTY" — €KOHOMiY-
HUI pe3ysbTar, OCKUIBKH PO3MISIHYTI KaTeropii MpoeKTiB € KoMepliiHuMu. Sk mokas-
HUK, [II0 XapaKTEePHU3Y€ IIHHICTh MPOTIOHYETHCSI BUKOPUCTOBYBATH IPUIHSATHH Y CYHO-
IUTaBCTBI TaliM-uaprepuuii ekBiBasieHT TCE (momn./mo0y).

OpHi€r0 3 KIIIOYOBUX XapaKTEPUCTUK MPOEKTiB € "ycmix". 3rifHO 3 NPUHHATUM ITi]I-
xomoM [2-5, 13], mpoeKT YCHIIIHMIA, SKIIO HOro peaii3oBaHO Yy BCTAHOBJICHI TEPMIiHH,
y MeXax 3aIJIaHOBaHOTO OIO/DKETY Ta 13 3alaHMMU pe3yJbTaraMu. Y JaHOMY BHIIQJIKY,
SK Pe3yJbTaTH BUCTYMAlOTh €KOHOMIYHI MOKa3HUKU — JIJISl Cy/IHA IIe TalM-4apTepHUi
EKBIBAJICHT 1 3a0e3reueHHs Oe3MeKn 3 ypaxyBaHHSIM JIBOX OCHOBHHX acIeKTiB poOoTH
cyneH (puc. 7). EkoHOMiYHA e(eKTHUBHICTh — Il MeTa, a Oe3reka B ycix ii acmekrax —
000B'sI3K0Ba YMOBA.

3a3Ha4MMO, 1110 MOPYIICHHS Oe3MeKH B Oy/Ib-SIKUX MacIITabax MmpU3BOAUTH J0 HEI0-
CATHEHHS YCIiXy MPOEKTY B CyAHOIUIaBCTBi. [IpupoaHo, 1110 mia yac peasizallii mpo-
eKTiB (poOOTH Cy/ieH) BUHHKAIOTh CUTYallii pU3HKY, 32 SIKHUX, 30KpEMa, BHHUKAE 3arpo3a
oesmenti. [Ipote mMpoekT BBaXKATUMETHCS YCIIIIHUAM, SKIIO BiJCYTHI HACHIiJAKH TOPY-
HICHHS OE3TECKH.

HeBuzHaveHICTh CYNPOBOKYE CYAHOILIABCTBO 1 MOTCHIIIHHO BIUTUBAE Ha KOXKHY
CKJIa/IoBy ycrixy. OCHOBHMMHU CKJIaJIOBUMH HEBH3HAYCHOCTI € J[BI TPYIU YMHHHUKIB —
30BHIIIHI Ta BHYTPIIIHI.

B nganoMy BumManky a0 30BHIIIHIX HajieKaTh €KOHOMiYHi, TPUPOJHO-KIIIMATHYHI,
a TaKOX BILTUB Cy0'€KTiB, MOB'SI3aHUX 3 00CITYTOBYBaHHSM CYy/IHA, 4 TAKOX 1HIII CY0'€KTH,

Yenix npoekTy B paMKax MpOEKTHO-
OpIEHTOBAHOTO YIIPABJIHHS B CyTHOILIABCTBI

Tepmin (uac BromkeT (BUTpatu EdexTuBHicTh Be3neka
peiicy) Ha OyHKep, IOPTOBi (TYUE) (BiCyTHICTB
300pH Ta T.1.) HACITI/IKiB)

: HPHPO:HHBO- BruuB iHImx
L. KIiMaTH4Hi (hakTopu .
ExoHoMi4Hi Cy0’€eKTiB B
(bakTopu CYAHOILIABCTBI
HEBU3HAYEHICTH S
YMOB POBOTU
CYJEH

TexnivHi pakTopu .
OpranizaniiHi

taxTopu

Puc. 7. Bnaue nesusnauenocmi Ha ycnix npoekmy 8 pamKax npoeKmHo-0pieHmo8aHo20
VNPAGNIHHA 68 CYOHONIABCNEI
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10 MOKYTh BILTMBATH Ha MPOEKT. Hampukiaz, exinax iHIIoro cyJHa B IPOLeci MaHeB-
piB cyiHa B OpTY, 200 B TPOIIECi MPOXOKEHHS Cy/IHA 3 TIOPTY B MOPT MOXKe OyTH MpH-
YUHAMHU aBapii cyneH a0 aBapiifHUX CUTYaIliid, [0 3arpoKyIOTh Oe31elli, a00 TATHYTh
3a 0000 3aTPUMKY CY/IHA B TMOPTY 1, IK HACIIZ0K, 301IBIICHHS TPUBAJIOCTI EKCILTyaTa-
LiHHOT a3y MPOEKTY.

Jlo BHYTPIIIHIX YUHHHKIB, SKi € MPUUMHAMH HEBU3HAYCHOCTI, HAJIEXkKaTh TEXHIUHI,
OpraHizailiifHi Ta JroaCchKi. TeXHIYHI YHMHHHUKH MOB'I3aHi 31 CTAHOM CYJIHA 1 BCiX HOTO
cucTeM. Y KOXKHOMY PEici — y KOKHOMY MPOEKTI — MOTEHIITHO MOXKJTMBA BiZIMOBA CHUC-
TeM a00 TIOJIOMKH Cy/IHA, SIKi 3arpoXKytoTh Oe3reri abo (opMyIOTh TOIAaTKOBI BUTPATH,
BKJIFOYHO 31 301IBLICHHSM Yacy peticy. OpraHizamiiHui pakTop NposBISETHCS Ha PiBHI
MEHE/PKMEHTY CYIHOIUIABHOT KOMIaHii (HampuKiIaj, MOMWIKH IIiJ] Yac TUIaHyBaHHS
peiicy Ta opranizailii 00CIyroByBaHHs Cy[Ha B moprax). JIFJACHKUI eIeMEHT MPOsBIIs-
€THCS HA PiBHI €KiMaxy cy/iHa (HAPHKIIAJI, HEPaBUIIbHE YXBAJICHHS PIIICHHS 3a Iora-
HUX TIOTOJJHUX YMOB, 200 TIOMHJIKH I1iJ] Yac BAHTAXXHUX OIepalliii CyJHa B MOPTY).

BucHoBku. TakuMm YHMHOM y JAHOMY JIOCIiPKEHHI HMPOTIOHYIOTHCS OCHOBHI IMOJIO-
JKEHHSI OpraHi3allii IpOeKTHO-OPIEHTOBAHOTO YIPaBIiHHS B CyAHOIUIaBCcTBi. OOTpyH-
TOBaHO MPAaBOYMHHICTh 3aCTOCYBAaHHS MPOEKTHO-OPIEHTOBAHOTO MIIXOJY, BiAMOBIIHO
JI0 METOJOJIOTIi MPOEKTHOr0 MEHEIXKMEHTY BHU3HAYCHO CYTHICTh Ta BHIHU HPOCKTIB
y paMKax omepaIiiiHoi JisUIbHOCTI CyJHOIUTABHMX KoMmaHii. [logaHo 1Ba BapiaHTH
PO3IISLY MEXK MPOEKTY Ta OOTPYHTOBAHO PO3TIIS MPOCKTIB SIK pO3YMiHHS peiicy (abo
KOHTpPAaKTy) B HIMPOKOMY PO3yMiHHI I[bOTO CJIOBa — 3 OIVISIy Ha TMPOIEC opraHizaimii
Ta YIPaBIiHHS BUKOHAHHSM ()PAXTOBOTO KOHTAKTY 3 MEPEMIlllEHHsI BAaHTaXy 3 MOPTY
A B 1opt b (B paMKax sIKoro 1 3/1iHCHIOETHCS TEPEMIIIeHHS BAHTAXY 3 MOPTY A B MOPT
B). V upoMy BUMagKy Mexi MPOEKTY MIMPIII i OXOIUTIOIOTH MpOIIecC MiATOTOBKU (hpax-
TOBOTO JIOTOBOPY Ta aHalli3 pe3yJbTaTiB HOro BUKOHaHHs. Takuil miaxij € yHiBepcalb-
HUM JIJIS1 TPOEKTHO-OPIEHTOBAHOTO MiIXOY B CYTHOTUIABCTBI Ta MOXKE CIYT'yBaTH OCHO-
BOIO JiIsl (POPMYBAHHSI MIPOEKTHOTO MMiAXOMy JUIsl Oy/lb-SIKMX BapiaHTiB poOOTH CYICH
y paMKax OyIb-SKUX BapiaHTiB GpaxTOBUX KOHTPAKTIB 1 TOPKATHCS Oy/ib-SIKHX acIIeKTiB,
MOB'SI3aHUX 13 CYJHOIUIABCTBOM: TEXHIYHHX, €KOJIOTIYHUX, KOMEPIIIHHUX 1 T.1.

Bu3HaueHO CyTHICTh OCHOBHHX €TaIliB JKUTTEBOTO IIUKITY IAHOT KaTeropii MpoeKTiB,
a TaKOX CKJIAJIOBI yCIixy MpoekTiB. OOTPYHTOBAHO, IO «0E3IEKa € OTHUM 3 MTOKa3HH-
KiB YCITiXy IPOEKTIB, a CIIEeIU(IKOIO MPOEKTIB Y MPOEKTHO-OPIEHTOBAHOMY CYIHOTLIAB-
CTBI € Te, 1110 Oe3IeKa, a TOYHiIIe, BiICYTHICTh HACIIAKIB 11 TOPYIIEHHS € 000B’ I3KOBOIO
CKJIQJIOBOIO YCITIXY.

Bce e cknamaro 6a3y Aisl MONANBIIOTO JTOCIIKEHHSI TUTaHb 3a0e3redeHHst 0e3-
MEKU B PaMKax MPOEKTHO-OPIEHTOBAHOTO IMiIXO/Y /IO YIIPABIIHHS B CYAHOILIABCTBI.
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