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EKOHOMIKA

YIK 330.341.1:656.2(477) DOI https://doi.org/10.33082/td.2023.3-18.01

YIPABJIIHHS JIOTICTUKOIO BIAMOBIJIHO J0 NOMUTY
HA MMACAKUPCBKI TA BAHTAKHI HEPEBE3EHHSI 3 IIOSIBOIO
IITYYHOI'O IHTEJEKTY (JIOCBLJ JJISI YKPATHU)

B.®. I'appkasa
JI.€.H., IOLIEHT, PEKTOD,

Mixcnapoonuii kracuunuil yHisepcumem imeni IHununa Opnuka, Muxonais, Yxpaiua,
ORCID ID: 0000-0003-3033-8515

Anomauisn

Bemyn. Jlocniooicenns cnpsamogane HA GUSHAYEHHS NOMEHYIUHOL MOXNCAUBOCT
onmumizayii MmpaHcnopmHo-102icmuyHoi 2any3i Yikpainu 3a 00nomoz2ow uimyuHo-
2o inmenexmy. Peanizayis cucmemuux opeanizayilinux pilleHb HA OCHOGI WMYYHO20
iHmenexmy, 30Kpema OJis NPOSHO3Y8AHHS MA 3A0080JEHHS NONUMY HA NACAICUPO- MA
BAHMAICONEPEBE3CHHS, MOJCE CRPUSMU MEXHON020eKOHOMIYHIN onmumizayii eany3i.
Mema. Memoio cmammi € npogedents npocHO3HO-CMAMUCIUYHO20 OYIHIOBAHHS 6NIU-
8y CUCMEMHUX PIUeHb 3 IHme2payii wmyyHo20 iHmeneKkmy 6 mpaHcnopmuo-102icmuy-
Hy eanysb Ykpainu. Buxopucmanns cucmemnux mooeneti ma iHCmpyMeHmie wimy4Ho2o
iHMenexmy, wo IPYHMymuscs Ha 21UO0KOMY MAUWUHHOMY HAGUAHHT, 0AE MONCTUBICIND
NPOSHO3YBAMU MA ONMUMIZY8AMU PO3GUMOK 2aty3i. Pesynemamu. Pezynomamu docai-
OJHCEHHS BKAZYIOMb HA NOMEHYIUHY MONCIUBICIG BNPOBAONCEHHS CUCEMHUX DilleHDb
3 GUKOPUCMAHHAM WIMYYHO20 [HMeENeKmy 6 MmpaHCnopmHO-102iCmuyHitl 2any3i Yxpai-
Hu. i piwennss moxcyms npusgecmu 00 HO3UTMUGHUX 3PYUIEHb 8 MPAHCNOPMHIL cghepi,
BKIIOUAIOUY MONCIUGICb 3YNUHUMU MPUBAIUU nepioo peyecii. Pesynomamu 0ociui-
OJICEHHs. MAIOMb NPAKMUYHI HACTIOKU 071 (DOPMYBAHHS MEXAHIZMI6 ma op2aHizayii-
HO-MEXHON02IUHUX PIeHb 3 6NPOBAONCEHHIM HOBIMHIX MEXHONOIU Yem8epmoi Xeuui
iHOycmpianvHo2o po3eumky ma 2100anvhoi yugposizayii. Bucnoeku. Ha octosi npo-
8e0€eH020 aHai3y Ma MOOENI08AHHS NPOSHO3I68 MOJNCHA 3POOUMU BUCHOBOK, WO GNPO-
BAOMNCEHHS WMYYHO20 THMENEKMY 6 MPAHCHOPMHO-TOICIUYHY 2any3b YKpainu mae
nomenyian 0k NOKPAWeHHs eheKMUSHOCMI ma ONMUMI3ayii npoyecis nacaicupo- ma
sanmaoiconepesesetsb. 3anponoHo8ana Mooens i, 30Kkpema, IHCmpyMeHmapitl 3acmo-
Cy8amHs 3aco0i6 WMYUHO20 THMENeKMy HA OCHOGI 2TUOOKO20 MAUMUHHO2O HABYAHMS,
MOACYMb CIMAMU OCHOB0I0 0151 NOOANBULO20 PO3GUMKY MPAHCHOPMHOTL 2any3i Yipainu.
B maiibymuvomy easciueo npogecmu 000amxo6i 00CAiOHCeHH s, 0151 HOOATLULO20 PO3-
BUMKY MOOEi NPOSHO3YEAHHA MaA ONMUMI3AYTL, 30KpeMa 015l CMEOPeHHsL OLIbIUL MOYHUX
Mooenell nPpoSHO3YBAHHS NONUMY HA NACAICUPCHKE A 8AHMAICHT nepegesentst. Po3eu-
MOK MeXHONO02IU WMYYHO20 [HMeNeKmy ma 6UKOPUCIAHHS HOBUX AN20PUMMIE MAUIUH-
HO20 HABYAHMSA MONCYIL OONOMOSIU B00CKOHANUMU HPOSHO3HI MO0 Ma iX 3acmocy-
BAHHS 8 MPAHCNOPMHO-OICIMUYHIN 2aTY3I.

Knrouosi cnosa: wmyunuii inmenexkm, mpaHCnopmHo-102iCMUYHA 2a1y3b, NPOSHO-
3Y8AHHS NONUMY, ONMUMI3AYIS MEXHOL020-eKOHOMIYHUX NpoYecis, 2nuboke MauunHe
HAGUAHHSL.

© I'apbkasa B.®., 2023
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LOGISTICS MANAGEMENT IN ACCORDANCE WITH THE DEMAND
FOR PASSENGER AND FREIGHT TRANSPORTATION WITH THE ADVENT
OF ARTIFICIAL INTELLIGENCE (EXPERIENCE FOR UKRAINE)

V.F. Harkava
Doctor of Economic Sciences, Associate Professor, Rector,

Pylyp Orlyk International Classical University, Mykolaiv, Ukraine,
ORCID ID: 0000-0003-3033-8515

Summary

Introduction. The research aims to determine the potential for optimizing
the transportation and logistics industry in Ukraine using artificial intelligence.
The implementation of systematic organizational solutions based on artificial
intelligence, particularly for forecasting and meeting the demand for passenger and
freight transportation, can contribute to the technological and economic optimization
of the industry. Objective (Aim). The objective of this article is to conduct a forecast-
statistical assessment of the impact of integrating artificial intelligence into the
transportation and logistics sector in Ukraine. The use of systemic models and
artificial intelligence tools based on deep machine learning enables the prediction and
optimization of industry development. Results. The results of the study indicate the
potential for implementing systemic solutions using artificial intelligence in Ukraine's
transportation and logistics industry. These solutions can lead to positive developments
in the transportation sector, including the possibility of overcoming an extended period
of recession. The research findings have practical implications for the development
of mechanisms and organizationaltechnological solutions for the implementation
of advanced technologies in the fourth wave of industrial development and global
digitalization. Conclusions. In conclusion, the introduction of artificial intelligence in
Ukraine s transportation and logistics sector has the potential to enhance efficiency and
optimize passenger and freight transportation processes. The proposed model and tools
for implementing artificial intelligence, particularly based on deep machine learning,
can serve as a foundation for further development in the transportation industry.
Future research should focus on improving forecast-optimization models, including the
development of more accurate models for predicting demand for passenger and freight
transportation. Advancements in artificial intelligence technology and the use of new
machine learning algorithms can help refine forecast models and their application in
the transportation and logistics industry.

Key words: artificial intelligence, transportation and logistics industry, demand
forecasting, optimization of technological and economic processes, deep machine
learning.

Beryn. locnimkeHHs onTHMI3allii yIpaBIliHHS JOTICTHKOIO B KOHTEKCTI Haca)up-
CHKHUX 1 BAaHTQ)KHUX IIEPEBE3CHb € aKTYaIbHUMH 1 BKJIMBUMH IJ1s1 YKpaiHU 3 TOSBOIO
MOKITUBOCTEH MITYYHOTO IHTENEKTY 3 TAKUX MPUYHH:

1. IligBumenHss eQeKTUBHOCTI: YNpaBIiHHS JIOTICTHKOI BUKOPUCTOBYETHCS LIS
onTUMI3amii pyxy HacakupiB i BaHTaXIiB 3 OJHOTO MicCIs B iHIIE. 3aCTOCYBaHHS
MITYYHOTO IHTENEKTY B Wil cepi MOKe 3HAYHO MOKPAIIUTH €(EKTHBHICTH MPOIIECIB.

10



PO3BUTOK TPAHCIIOPTY
Ne 3(18), 2023

Hanpuknaa, mrydyHuid iHTEJICKT MOXKE aHalli3yBaTH JaHi MO TOMHT, TPOTHO3YBaTH
noTpedH y MepeBe3eHHsIX, BU3HAYAaTH HaWOUIbII e()eKTUBHUN MapIIpyT i PO3MOAUISATH
pecypcu BiamosimgHo [1-3].

2. 3HWKEHHS BUTpAT: ONTHMIi3allisl JIOTICTHYHUX TPOLECIB 32 JONOMOTOI0 IITYyY-
HOTO IHTENIEKTy MOYKe MTPUHECTH 3HaYHI eKOHOMiuHi BuTOnU. CKOPOYEHHS Jacy TpaH-
CTIIOPTYBaHHS, ONTHUMI3allisi BHKOPUCTAHHS TPAHCHIOPTHUX 3ac00iB 1 3HUKEHHS BUTpAT
Ha TaJIMBO MPHU3BOJIATH 10 €KOHOMIT KOIITIB JUIS MEPEBI3HUKIB 1 macakupis [4—6].

3. [TokparmeHas 6e3neKu: MTYIHUH IHTEIEKT MOXKE JOTTOMOTTH BIOCKOHAIMTH CHC-
TeMU OE3MeKH MacaXUPChKUX 1 BAHTAXHHUX IepeBe3eHb. BiH MoXe aHami3yBaTH JaHi
Ipo OE3IMEeKOBI PU3UKH, ITPOTHO3YBATH MOXIIMBI aBapiifHi CHTYaIlil Ta 3alpOTIOHYBaTH
3aXO/IM MO0 1X 3amo0iranHs. TakoXk MTYYHHUN IHTEIEKT MOXKE JIOTIOMOTTH KOHTPOJIO-
BaTH Oe3MeKOBi BUMOTH 1 CTAHJApTH Ha BCiX eTanax nepeBe3eHs [7-9].

4. AnanTariisi 10 3MiH: yIpPaBIiHHS JIOTICTUKOIO 3 BUKOPUCTAHHIM IITYYHOTO 1HTE-
JIKTy Ja€ MOMJIMBICTh HMIBUJKO pearyBaTH Ha MiHJIUBI YMOBH, Taki sK 3MiHa IMOIUTY,
CTaH JOPIr 1 KIMaTnIHi YUHHAKH. CHCTEMH IITYYHOTO 1HTEIEKTY MOXYTh aJanTyBa-
TUCS JIO HOBUX YMOB 1 BXKHMBAaTU HEOOXiJHI 3aX0mu is 3a0e3MeueHHsT e(PeKTHBHOCTI
Ta HaAiiHOCTI repeBe3eHs [ 10—-12].

5. KoHKypeHTOCIPOMOXKHICTh: YCHIIIHE BIPOBAKEHHS LITyYHOTO IHTEJIEKTY
B YIPaBJIiHH JIOTICTHKOIO MOKe 3a0e3MeUNTH KOHKYPEHTHY IepeBary IJisi HepeBi3Hu-
KiB Ta JIOTICTUYHUX KOMITaHii. BrcokoedhekTHBHI Ta IHHOBAIlIHI CUCTEMH JIOTICTUKH
MOXYTb IPUBEPHYTH HOBHX KITIEHTIB 1 3a0€3MeUnTH 3aJJ0BOJICHHS IXHiX moTpe0 [13—15].

3arajom, ynpaBJIiHHS JOTICTHKOIO 3 BUKOPHCTAHHSIM IITYYHOTO 1HTEJEKTY € aKTy-
QIBHUM JIOCIII/DKEHHSIM JIJIsl YKpaiHH, OCKIJIbKA BOHO MOYXE MOKPAIIUTH ¢()eKTUBHICTD
repeBe3eHb, 3HU3UTH BUTPATH, 3a0e3MeUnTH Oe3MeKy 1 MiIBUIUTA KOHKYPEHTOCIIPO-
MOXKHICTh Ha PUHKY. JIOCIIKEHHS € BOKIUBUMH IS BIIPOBADKCHHS 1HHOBAIIHHUX
pillIeHb Ta CTANOro PO3BUTKY JIOTICTHYHUX CHCTEM BiJIOBIAHO 1O MOTPed Cyd4acHOro
CYCITUTECTBA.

IHocTanoBka npodaemu. YkpaiHa, K KpaiHa 3 BEJTUKUM OOCSTOM IMacaXKHUPChKHUX
1 BAHTOKHUX TIEPEBE3€Hb, CTUKAETHCS 3 HU3KOIO MPOOIIeM, K1 BILTUBAIOTh HA €()EeKTHB-
HICTh, OE3MEKy Ta BapTiCTh MepeBe3eHb. TpajuiliiHi METOIU YIPABIIHHS JIOTICTUKOIO
MaroTh OOMEKEHHS 1 He MOXKYTh ONTHMAJIBHO BUPIIMUTH 1Ii ipobnemu [16—18].

OpnHa 3 OCHOBHHX TIPOOJIEM TIOJSATAaE B HECTAOLIHLHOCTI MOMUTY Ha TEPEBE3CHHS.
[Naca>kupcrKi Ta BAHTaXKHI MOTOKH MOXKYTh 3MiHIOBaTUCS 3aJIEKHO Bifl CE30HY, CBSATKO-
BHX IEPio/IiB, EKOHOMIYHOI CHUTYyaIllii Ta IHIIWX YHHHUKIB. TpamuIiitHi MeTonn miaHy-
BaHHS MOXYTh OyTH HEOCTaTHHO THYYKUMHU Uil €(PEeKTUBHOTO pearyBaHHs Ha 3MiHH
B IIOIUTI Ta MPOrHO3YBaHHA MailOyTHiX motped [19].

Hpyroro mpo0ieMoro € CKIaIHICTh ONTHUMI3aIlii MapIIPYTiB 1 PO3IMOIIITY PECYPCIB.
VYrpaBiiHHS BETUKUMH MEpeXaMu MacaXKMPCHKUX TPAHCIIOPTHUX 3aco0iB abo Joric-
TUYHHX JIAHITIOT1B BAHTaKOTIepEeBe3eHb BUMArae BpaxyBaHHs 0ararb0X YMHHUKIB, TAKIX
SIK BIJICTaHb, Tpadik, yac, 00CATH IepeBe3eHb Ta iHIi oOMexeHHs. PyuHe rianyBaHHs
MOJKe OyTH 9aco- Ta peCypCOMICTKUM, a TAKOXK CXHIBHUM 10 TOMUJIOK [20].

Tpetst mpobnema moB’s13aHa 3 OE3MEKOI0 TIepeBe3eHb. HecTaua po3yMiHHSI Ta aHAIIZY
MOTEHUIHHUX PU3UKIB MOXKE IPU3BECTH A0 aBapiid, BTpaTH TOBapiB, NOPYIIEHHS rpadi-
KiB Ta 3arpo3 i Oe3MmeKky macaxupis. Tpaauiiiai cucTeMu 6e3neKn MOXKYTh OyTH He
B 3MO3i mependaynT HaJI3BUYaiHI CUTYaIlii Ta BXKUTH BIAMOBIIHUX 3aX0IB OC3IEKH,
SIKI MOXKYTB OyTH HEIOCTaTHBO €(DeKTUBHUMH a00 peakTUBHUMMU [21].
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OTXe, MOCTaHOBKA MPOOJIEMH TIOJIATAE B HEOOX1THOCTI BUBUCHHS Ta BIIPOBAKEHHS
HITYYHOTO 1HTEJIEKTY B YIPABIIHHS JOTICTHKOIO MACAKUPCHKUX 1 BAHTAKHHX TEpeBe-
3eHb B YKpaiHi.

@opMyTOBaHHA Iijiell crarTi. MeTa 11i€ cTaTrTi — CTAaTUCTUYHO Ta aHAJITUYHO
OILIIHUTH MOITUBH BIUIMB BIIPOBA/KCHHS IITYYHOTO 1HTEJIEKTY, IO MPAIFO€ 3a IPUH-
IIUTIOM 32JI0BOJICHHSI TIONUTY Ha MACAKUPCHKI Ta BAHTAXKHI ICPEBE3CHHS, HA TTApaMeTpr
PO3BHTKY TPaHCIIOPTHO-JIOTICTUYHOTO CEKTOPY B YKpaiHi.

Buxkiaa ocHoBHOro Martepiaiay. MeTononoriuHa 0CHOBa I'PYHTY€EThCS Ha BiJIOBI-
HHUX Ha0Opax CTaTUCTHYHHX JaHuX JlepkcTary.

[MporHo3yBaHHs MOMUTY Ha TACAXXHPCHKI Ta BAHTAXHI IIEPEBE3CHHS MOXe OyTH pea-
Ji30BaHe 32 JIOTIOMOTOI0 MaTeMaTHYHOI MOJIENI, 10 BUKOPUCTOBYE INTYYHUH 1HTEIIEKT.
OnHa 3 MOXJIMBHUX MOJIENEH, SIKy MOYKHa BUKOPHCTAaTH, — MOJICJIb IPOTHO3YBAHHS Ha
OCHOBI METO/IiB MAIlTMHHOTO HABUaHHS, 30KpeMa, perpecii. Hukue HaBeeHo 3aranpHui
omuMc Takoi Mozeni [22-26]:

1. 30ip maHux: 3i0paT iICTOPUYHI JaHI MPO MOMUT Ha MACaKUPChKI Ta BaHTAXHI
nepeBe3eHHs. L{i naHi MalOTh BKIIIOYaTH HU3KY YMHHHUKIB, SKI MOXYTH BIUTMBATH Ha
MOMHUT, HANPUKJIAA, JTaTH, 4Yac, JIHI THXKHS, CBATA, CKOHOMIUHI IMOKA3HUKU Ta IOTOIY.
BaxmBo Takok BpaxoBYBaTW YKpaiHCHKHMI KOHTEKCT, HANpPHKIAJI, reorpadito, TpaH-
CHIOPTHY 1HQpaACTPYKTypy Ta iHII MiCIIeBi YNHHUKH.

2. TlonepenHsi 00poOKa MaHWX: TEpIl HiXK BUKOPUCTOBYBATH JaHi JJIsi HaBUYAHHS
MOJIEIII, TX MOTPIOHO mornepeIHL0 00poouTH. Lle BKITIoUae yCyHEHHS MPOorajinH, 00poOKy
JAHUX, STKUX OpaKye, HOpMaJi3alliio Ta CTaHAapTU3AIIIF0.

3. Bupinenns o3Hak ((yHKIiH): BUOpaTH BakiuBi o3HaKW (PyHKIIT), ki OymyTh
BUKOPHUCTOBYBATUCS JUIsl TIPOTHO3YBaHHS NoONUTy. Lle MokyTh OyTH Taki O3HaKH, SIK
Jiara, 4ac, JIeHb THXKHS, CBSATA, EKOHOMIYHI TTOKa3HUKH, TIOT0/Ia TOIIO.

4. Po3pineHHs naHUX: po30UTH IaHi Ha TpeHyBalbHUH HaOip i TecToBUi Habip. Tpe-
HyBaJIbHUI HaOip OyJe BUKOPHCTOBYBATHCS I HaBYAHHS MOJENI, a TSCTOBUN HaOip
— JUTSL IEPEBIPKH i1 TOYHOCTI.

5. Bubip moxeni: BUOpaTH MiAXOASILy MOJAETh MAIIMHHOTO HaBYaHHS, 30KpeMa,
perpeciiiHy MoJielib, sika MOXKe TepeadadaTy YMCI0B1 3HAYCHHS.

6. HaBuanHs Mojieni: HABYMTH MOJICTh HA TPEHYBAJILHOMY Ha0Op1 JaHUX.

Moiennb BUKOPUCTOBYE iCTOPHYHI JaHI PO TMOMUT Ta BiJNOBIAHI aTpUOYTH JUIS
BCTaHOBJICHHS B3a€MO3B’S13KiB Mi)K HUMH.

7. OuiHIOBaHHS MOJICTI: OI[IHUTH TOYHICTH MPOTHO3YBaHHS MOJEIi, BHKOPHCTOBY-
I04M TecTOBHH Halip naHuX. MeTpHKH, Taki sIK cepelHs KBaapaTiuyHa nmoMuika (Mean
Squared Error) a6o cepennst abcomorHa nomuika (Mean Absolute Error), MoxyTs OyTn
BUKOPHUCTAHI JUIsl OI[IHFOBAHHS PE3YJIbTaTIB.

8. [IporHo3yBaHHs: 3aCTOCYBaTH HAaBYCHY MOJEIb J0 HOBHX JAaHUX JUIsl POTHO3Y-
BaHHA MOMHUTY Ha MACAKUPCHKi Ta BAHTAXKHI IIepeBe3eHHs. BUKOPHCTOBYIOUYH OHOBJICHI
JlaHl TIPO 03HAKHU, MOJIEJIb Oy/ie TeHepyBaTH MPOTHO3M, 1110 Bi0OPaKalOTh OYIKyBaHUN
TIOITUT.

BaxnuBo 3a3HaYMTH, IO TOYHICTH NPOTHO3YBAaHHS MOXKE 3aJIekKaTH BiJl SIKOCTI
Ta 00CATY HAsBHHUX JaHWX, BUOPAaHOI MOJIEIi Ta MPpaBHIBLHOTO Minoopy o3Hak. Joaar-
KOBO MOXXYTh OyTH BUKOPHCTaHI iHIIII METOAHM MAallITMHHOTO HABYAHHS, TaKi sIK HEHPOHHI
Mepexi abo aHcamOIleBi METO/IH, JUTSA TIOMIMIIEHHS TOYHOCTI MPOTHO31B.
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3aranpHUll MaTeMaTHYHHHA OIMC AITOPUTMIB NPOTHO3YBAaHHS IONMUTY Ha Iaca-
KUPCHKI Ta BaHTAXHI MEPEBE3CHHS 3 BUKOPUCTAHHSAM INTYYHOTO 1HTEJIEKTY HAaBEICHO
Hxue [27-29]:

1. 36ip Ta nomnepeaHs oOpoOka TaHHX:

1.1. Hexaii MmaemMo HaBuanbHy BHOIpKy 3 72 cmocTepexens: {(X, Y)}, ne X' = (X',
X, .., X' )—BXiIHi 03HAKM ISl CHOCTEPEXKEHHs ', Y — BiANOBiAHE 3HAYEHHS MOIHUTY.

1.2. 3nilicHIOEThCS TIONIEpeIHs 00poOKa JaHMX, KA MOXKE BKJIFOUATH CTaHIapTH3a-
miro (IIEHTPYBaHHSA Ta MacmTaOyBaHHS) BXiTHUX O3HAK, a TaKOXK MOXIIHBY OOpOOKY
MIPOMYIIEHNX JaHUX.

2. Po3ninieHHs qaHux:

2.1. Po3ginuTu gaHi Ha TpeHYBalbHY BUOIPKY Ta TECTYBaJIbHY BUOIPKY.

2.2. TpenyBanbHa Bubipka: {(X traini, Y train’)}, ne i=1, 2, ..., n_train.

TecryBanbHa Bubipka: {(X test, Y test)}, nei=1,2, ..., n_test.

3. Bubip Ta HaBYaHHS MOJIEIII:

3.1. Bubparu Mofiensb, sika OMHCY€ 3aJeKHICTh MK BXiTHUMH O3HaKamu X Ta BiAIoO-
BiTHUM 3HadeHHsM moruty Y. Hexaif 111 Mozens 3anana sik Y~ = f(X; 0), ne 6 — mapa-
METpPH MOJIEIII.

3.2. BUKOPUCTOBYIOUM TpEHYBaJbHY BHOIpKY 3IIMCHIOETBCS NPOLEC HABUYAHHS
MOJIJI, IKAM TIOJISITa€e Y 3HAXO/PKEHHI ONTUMAJIbHUX 3HAUYeHb TapameTpis 0.

3.3. Minimizyetses ynkmis Brpat (loss function), sxa BimoOpajkae pi3HHIIO MiX
MIPOTHO30BAaHNMH 3Ha4eHHAMH Y " Ta ¢akTHaHMMHU 3HadeHHsMU Y. Lle moxe Oytw,
HanpUKIaa, cepenHs kBanparuuna nommika (Mean Squared Error) abo inma Bimgmo-
BigHa (DYHKIIS BTPAT.

4. OuiHIOBaHHS MOJIETI:

4.1. IMicnst HaBYaHHS MOJIEIIl OI[IHIOETHCS i1 TOUHICTH Ha TECTYyBaJIbHIH BUOIPIII.

4.2. BUKOpHCTOBYIOTHCS METPUKHU OIIHKH, TaKi K CepeaHs KBaJApaTUIHA TTOMIIIKA
(Mean Squared Error), cepenns abconrorra mommika (Mean Absolute Error) a6o inmmi
BiJTOBIHI METPUKH, 11100 MOPIBHATH MPOTHO30BaHi 3Ha4eHHS Y~ 3 (paKTHYHUMU 3Ha-
YEHHSMHU Y.

4.3. OLIHIOETHCS YHIBEPCANBHICT MOJICII, 11 3JaTHICTh aqanTyBaTUCS JO HOBUX
HaOOPiB TaHUX.

5. HamamryBaHHS Ta TTOKpaIIeHHsS MOIETT:

5.1. BUKOHy€EThCS HalAIITyBaHHS MOJEINi 32 JOIOMOTOK BHOOpPY ONTHMANbHUX
rimepnapaMeTpis, SIKi BILIMBAIOTh HA IPOLIEC HABYAHHS Ta YHIBEPCAIbHICTh MOAETII.

5.2. BUKOPUCTOBYIOTHCS METOJIU KPOC-BaJliIallii /st OLIHIOBAHHS MOJIEII 3 PI3HUMHU
Ha0opamH rineprnapaMeTpiB Ta BUOOPY HAMKpaIUX 3HAYCHb.

5.3. 3acrocoByrorhcs Metomu peryispmsartii  (L1-perymsapusamist (Lasso) abo
L2-perynsipuzanis (Ridge)) mist yHUKHEHHS NepeHaBYaHHS Ta TOMIMIIEHHS 3araibHOT
yHIBepCcaIbHOCTI MOJIEIT.

6. IIporHo3yBaHHsI [TOMUTY:

6.1. HaBueHi Ta ckopuroBaHi Moziei BUKOPUCTOBYIOThCS sl OLIHIOBAHHS TTOTHUTY
Ha HOBI JlaHi, sIKi He Oy BUKOPUCTAHI I1iJ 4aC HaBUYAHHS.

6.2. BximHi o3Haky X I HOBUX JaHHUX TEPEHAIOTHCS B MOMEIH, TaK OTPUMYETHCS
[IPOTHO30BaHE 3HAUYEHHA onuTy Y.

BapianTtu peanizanii [ux KpoKiB MOXYTb 3aJIe)KaTH BiJ BUKOPHUCTaHOI MOBH IIPO-
rpamMyBaHHA Ta 6i0Mi0TeK MAITMHHOTO HABYAHHS:
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— Python 3 Bukopucranusm 6ibmioreku scikit-learn: Bukopuctosyiite scikit-learn
JUTSL TIOTIepeIHbOT OOPOOKM JaHUX, PO3AUICHHS JaHUX, BUOOpPY Ta HABYaHHS MOICII
niHiiHOT perpecii. Mozenb Moke OyTH HaJAIITOBAaHA, a TAKOXK MOXYTh OyTH 3aCTOCO-
BaHI 1HIII MOJEJI Ta METOIM MAIIMHHOTO HaBuaHHs [30];

— R 3 Bukopucranusm 06i0iioTeku caret: BukopucroByiite 0i0mioTeky caret ajis
HABUAHHS MOJIEITI JIHINHOT perpecii, BKJIIOUHO 3 MONEPEeIHLOK 00pOOKOI0 JaHHX, PO3-
JIUICHHSIM JaHUX, OI[IHFOBAHHSM MOJIEJTi Ta HAJIAIITYBaHHAM Tineprapamerpis [31];

— TensorFlow a6o PyTorch mjis riimOuHHOTO HaBYaHHS: SKIIO Y Bac € 0arato JaHUX
Ta KOMIUIEKC 3QJIEKHOCTEH, MOXXHA PO3IVISHYTH BUKOPUCTAHHS HEHUPOHHUX MEpEex
3 BukopucTtaHHsIM QpeiimBopkie TensorFlow abo PyTorch. Li ¢peiiMBOpKH HamarOTh
PI3HOMaHITHI MOXKJIMBOCTI JJIsl TIOOYIOBH, HABUAHHS Ta HAJIAIITYBaHHS HEHPOHHUX
MEpPEX IS IPOTHO3YBaHHS monuty [32];

— Microsoft Azure a6o Amazon AWS: sKIIO y Bac € AOCTYII 10 XMapHHUX ILIaT-
dopm, Takux sik Microsoft Azure a6o Amazon AWS, B Mo)eTe BUKOPHCTOBYBATH 1XHI
IHCTPYMEHTH JJIsl MAIIMHHOTO HaBYaHHS, Taki ik Azure Machine Learning a6o Amazon
SageMaker. 1i miar¢popMu HamawTh IHTETPOBaHI CEPEIOBHINA JJI PO3POOJICHHS,
HaBYAHHS Ta BUKOPUCTAHHS MOJICJICH MallTuHHOTO HaBdaHHS [33].

HesanexHo Bij BUOpaHOTO BapiaHTy BaKJIMBO MaTd YiTKUH TUIaH KOKHOTO KPOKY,
NpaBUIIEHO 0OPOOIISITH JaHi, HANAIITOBYBATH Ta OLIHIOBATH MOJIEITb, & TAKOYK BUKOPUCTO-
BYBATH BaJIi/Ialli0 1 TECTYBaHH JUIs OLIHIOBAHHS TOYHOCTI Ta YHIBEPCAIBHOCTI MOJICIII.

Ha ocHoBI BiAmoBiiHuX HAOOPIB CTaTHCTUYHUX JAaHUX (IocTymHux y HamioHans-
HOMY CTaTHCTHYHOMY VIIPaBIiHHI) OIIHIOETbCS MOMJIMBHUH BIUIMB 3aIllPOINIOHOBA-
HOi MOJIel MPOTHO3YBaHHS MONKTY (Ha OCHOBI aNTOPUTMIB TIIMOOKOTO MAIIMHHOTO
HABYAHHS NITYYHOTO IHTENEKTY) Ha KIIIOYOBI TapaMeTpu TPAHCIOPTHOTO CEKTOPY
B YkpaiHi. MeTojonoriyaa 0CHOBa IPYHTYEThCS Ha JIOCTYIHUX CTATHCTUYHUX JaHUX
3a mekary 2010-2020 pp. (puc. 1 Ta 2).

Puc. 1. Cmpyxmypa 00cniodncysanozco cmamucmuiHo20 MAcugy OaHux
yHKYIOHY8AHHA MPAHCNOPMHOL 2any3i YKpainu 3a NOKA3HUKOM KiIbKOCH
nepeseseHUx Nacaicupie (8 MiIbUOHAX nacaicupie Ha pik)
IDicepeno: cmeopeno asmopom 3a danumu epoiccmamy
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Puc. 2. Cmpyxmypa 0ocnioocysanoeo cmamucmuiio2o Macugy 0aHux
DYHKYIOHY8AHHA MPAHCNOPMHOL 2ay3i YKpaiHu 3a NOKA3HUKOM KilbKOCHI
nepese3eHUx 8AHMadiCie (8 MiNbUOHAX MOH HA PIK)
IDicepeno: cmeopeno asmopom 3a oanumu Jlepoccmanty

=-147,77x + 3022,8
R?=0,8244

=-210,6x + 3408,8
R?=0,9319

MJ/IH Nacaxupis./pik

y =-273,44x + 3794,7
R?=0,9453

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

inbHi

ba3oBuit NporHo3

HeraTtugHuit nporHos

Mo3uTMBHUIA NporHo3

Puc. 3. I[Ipoenos timosiproco enaugy imniemeHmayii CUCeMHO20 pilleHHs 3 IHmezpayii
WMYHHO20 THMeNeKny 015 3a0060eHHSA NONUNMY 6 Op2ani3ayii nacaxrcuponepese3eHy

6 ABMOMOOITLHOMY CeKMOPI MPAHCTIOPMHO-02ICMUYHOL 2any3i Yxpainu
Horcepeno: cmeopeno asmopom 3a oanumu Jepaccmamy
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Puc. 4. [Ipoenos timosiproco 6naugy iMniemeHmayii CUCmeMHO20 piulents 3 inmezpayii
WMY4H020 iHmeneKmy 015 3a0060LeHHA NONUMY 8 OP2aHI3aYii 6AHMAdCONEPEBe3eHD
8 A8MOMOOIILHOMY CEKMOPI MPAHCNOPMHO-T0ZICIMUYHOL 2any3i Yipainu
Hoicepeno: cmeopeno asmopom 3a oanumu Jepaccmanty

MK cBimuWMTH aHami3 BIANOBIIHUX CTAaTHCTUYHUX pPAniB JepkaBHOi ciyxOu cra-
tucTUKU (puc. 1 Ta 2), TpaHCOPTHUII ceKTop B YKpaiHi MPOTATOM JOCIiIXKYyBaHOTO
nepiony nepeOyBaB y craHi peuecii. Llell YUHHUK € OOTPYHTYBaHHSAM ISl IPOBEACHHS
JOCTiKeHHS B 00paHOMY BEKTOP1 JOCTIKEHHsI, BKIIFOYHO 3 METOAOJIOTIEI0 ONTUMI3a-
111, BIUIMB SKO1 OI[IHIOETHCS B I[bOMY JIOCIIIKCHHI. TaK0oK BCTaHOBIIEHO, 10 MTPOBiTHUM
CEKTOPOM YKpPaiHCHKOI TPAaHCIIOPTHO-JIOTICTHYHOI Tajly3i € aBTOMOOIIBHUI TPaHCIIOPT.
3BakarouM Ha BCTAHOBJICHUH (DaKT, AOIIIBFHO OLIHWUTH BILIMB 3aIPOIIOHOBAHOI MOJIEINi
MPOTHO3YBaHHS MONHUTY HA MacaXUPCHKi Ta TPAHCIIOPTHI NEepeBe3eHHA y pa3i 3acTocy-
BaHHA Y SKOCTi CHCTEMHOI'O PILLIEHHs 3 OpraHizauii macaXupo- Ta BAaHTAXKOIOTOKIB 3a
JIOTIOMOTOIO IIITYYHOTO 1HTENeKTY (puc. 3 ta 4).

Pesynbraté cTaTHCTHYHOTO MPOTHO3Y HMOBIPHOTO BIIMBY iHCTPYMEHTIB IITYYHOTO
IHTEJIEKTY y SIKOCTi CHCTEMHOTO PillIeHHS 15 3310BOJICHHSI TOMUTY MacaXupo- Ta BaH-
Ta)KOTIepPEeBE3eHb B aBTOMOOUILHOMY CEKTOP1 TPaHCHOPTHOIOTICTHYHOI Taty3i YKpaiHH
JArOTh 3MOTY 3pOOUTH TaKi IPUITYILIECHHS:

3anpornoHoBaHe CHCTEMHE pilieHHs (Ha 6a31 HalaHOT MOJIelTi OpraHi3auiiHO-TEXHO-
JIOT1YHOTO MPOTHO3Y 3 IMIUIEMEHTALii IITYYHOTO IHTENEKTY ) HMOBIPHO MaTHME MOXKITHU-
BiCTh CTIIOBUILHUTH PELIECII0 B OCIiIKyBaHii chepi.

[Iporno3yBaHHsI BaHTa)KOIIEPEBE3CHD € OB TOUHUM (32 BiMOBIAHUM KoeilieH-
TOM JIOCTOBIpPHOCTI arlipOKCHMAIlii), TOPIBHSHO 3 aHAJIIOTIYHUMH JaHUMH JUIS MACAKH-
pornepeBe3eHb, M0 MOSICHIOEThCS 0araro()akTOPHICTIO SIBUIA OpraHi3alii TpaHCIIOpTY-
BaHHA NacaXHpiB 1 moTpedye OLIbII CKITaJHOT MaTEMAaTUYHOT MOJEITI.
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3acTocyBaHHsI OpraHi3amiiHOi cXeMH (YHKIIOHYBaHHS TPaHCHOPTHOJOTiCTHYHOI
cXeMH Ha 0a3i IITyYHOTO IHTENIEKTY MaTHMe TIPsIMi €KOHOMIYHI HACIIIKHU:

[NokpaleHHs TIaHyBaHHS PECypCiB: MOJIENb MTPOTHO3YBAHHS HA OCHOBI IITYYHOTO
IHTEJIEKTY Jla€ 3MOTy IepeadavyaTH MOMKUT Ha Maca)XHPChKi Ta BAHTAXHI MMEPEBE3CHHS
3 BHCOKOIO TOuHicTIO. Lle Jomomarae TpaHCIIOPTHUM KOMITaHIsIM Ta OpraHaM yIpaB-
JIHHA 3 TUIAHYBaHHSM PECypCiB, TAaKUX SK TPAHCIIOPTHI 3aco0u, podoya cHia, MajauBo
Ta IHII MaTepiajibHi pecypcu. BoOHM MOXYTh MiATOTYBaTUCS 10 3MiH MOMHUTY, OIITHMIi-
3yBaTd MapIIPYTH Ta PO3MOALT PECYPCIB, 110 MPU3BOIUTH 10 3HWKCHHS BUTPAT 1 Mij-
BUILICHHS €()eKTHBHOCTI.

Onrtumizanist TpaHCIIOPTHOT 1H(PACTPYKTYpHU: 3aCTOCYBAHHS IITYYHOTO 1HTEJIEKTY
JUISL TIPOTHO3YBAaHHS IOMUTY MOXE JIOMIOMOTTH B PO3POOJIEHHI CTparerii po3BHUTKY
Ta ONTHUMI3alil TPAaHCHOPTHOI iHPpacTpykTypH. Mozaens Moxe i1eHTH]IKyBaTH MOTEH-
LiHAHI 30HU 3pOCTaHHSI MMOMKUTY Ta BU3HAYUTH HEOOXIHICTh PO3IINPEHHS a00 MOJICpHi3a-
1T HAsIBHUX TPAHCTIOPTHUX BY3JIiB, MaricTpaleil Ta iHIuX iHQpacTpyKTypHHUX 00’ €KTIB.

[MoxkpareHnst 6e3neKy Ta 3SMEHIIIEHHSI PU3UKIB: IITYYHHI IHTEIIEKT MOYKE JIOTIOMOT TH
BUSIBIISITH MATTEPHU Ta MPOTHO3YBaTH PU3UKHU B TPAHCIIOPTHIN Taiy3i, Taki sIK aBapii,
NepeBaHTaXeHHS, 3aTOPH, HECTIPABHOCTI TPaHCTIOPTHHX 3aco0iB Tomo. Lle mae 3mory
OIEePaTHBHO PearyBaTH Ha MOTEHI[IHI Ipo0OIeMHU, BXUBATH 3aX0/IiB OC3MEKH Ta 3MEH-
[IyBaTH PU3UKH JUTS ACAKHUPIB, BAHTAXKY Ta MIEPCOHAITY.

[MokpameHnnst sikocti obciyropyBaHHs. [IporHO3yBaHHS IMOMUTY Ha TAaca)XKHPCHKI
Ta BaHTaHI IMEPEBE3CHHS JOMOMAarae MiJIBUIIUTH SKICTh 0OCIyroByBaHHsS. TpaH-
CTHIOPTHI KOMIIaHii MOXYTh aJanTyBaTH CBOI IOCIYTH JIO O4YiKyBaHb KIIEHTIB, 3a0e3-
MEYUTH CBOEYACHICTh Ta JIOCTYIHICTh MEpPEBE3€Hb, a TAKOXK BIOCKOHAIHTH CEpPBiC
Ta KOM(QOPT Y MaCAKUPCHKUX TPAHCIIOPTHUX 3acobax. 3.5. Exosoriuna cramicTts. Buko-
pHUCTaHHSI IITYYHOTO iHTENIEKTY JJIsi MPOTHO3YBAHHS MOMUTY MOXKE CIIPUSTH €KOJIOT14-
HIl CTAJIOCTI B TPAHCHOPTHIN raimy3i. OnTuMizaliis MapuipyTiB Ta peCypciB goroMarae
3HU3UTH BUKHJM IIKIJJIUBUX PEUOBHH, MOKPAIIUTHA €HEProe(eKTUBHICTh TPaHCIIOPT-
HUX 3aC00iB Ta BUKOPHCTAHHS TaJIMBa, a TAKOXK CHPHUSE BIPOBAHKEHHIO EKOJIOTIYHUX
TEXHOJIOTIH 1 1HIIIaTUB.

4. 3arajgom, po3poOjeHa MOJCNIb MPOrHO3yBaHHS Ha 0a3i IITYYHOTO IHTEJIEKTY
Ma€ TIOTEHI[iall 3MiHUTH TPAHCIIOPTHY Taly3b YKpaiHH, CIPUSIOUN MOKpAIIECHHIO TIia-
HYBaHHS, ONTHUMI3alil pecypciB, MiJBHIICHHIO €()EKTUBHOCTI, 3MEHIICHHIO PU3HKIiB
Ta TIOKPALICHHIO SKOCTI 00CIYroByBaHHs. [I[pOrHO3yBaHHS MMOMUTY MOXKE CTAaTH BaX-
JIUBUM 1HCTPYMEHTOM JUIS MPHUHATTS PIICHb 1 MiITPUMKH CTPATETiYHOTO PO3BHUTKY
TPaHCIOPTHOI Tay3i.

BucHoBku. 3a pe3ynbraraMy JOCITIKCHHS BCTAHOBJICHA TOTSHIIIMHA MOXIIUBICTh
JI0 TEXHOJIOTO-€KOHOMIYHOT OINTHMIi3alii Cy4acHOi TPaHCHOPTHOJNOTICTHYHOI Tamy3i
VYkpainu uepes iMIIEMEHTAIIF0 CHCTEMHHX OpraHi3aliifHuX pilleHb Ha 0a3i ITYYHOTO
THTEJIEKTY, 30KpeMa JIJisi IPOTHO3YBaHHsI Ta 33JI0BOJICHHS MTOITUTY IMacakKupo- Ta BaHTa-
JKOTIepeBe3eHb. 3alPOTIOHOBAaHa MOJIEJb Ta IHCTPYMEHTH BIPOBAKEHHS 3aCO01B MITYY-
HOTO IHTEJIEKTY, 0 0a3yIOTHCS HA TEXHOJIOTISX IMTHOOKOTO MAIlIMHHOTO HaBYaHHSA. Buko-
HaHE MPOTHO3HOCTATUCTHYHE OIIHIOBaHHS HMOBIPHOTO BIUIMBY CHCTEMHHX PIIlICHb
3 iHTerpamii MTY4YHOTO IHTEJNEKTY B JIOCIIKYBaHY Taly3b €KOHOMIYHOI IisUTBHOCTI
VYkpainu, pe3ynasraru sKoi BKa3yloTh Ha NIO3UTHBHI 3pYIICHHS B TPAaHCIOPTHIN cdepi,
30KpeMa Ha MMOBIpHY MOXJIMBICTh 3yNHHUTH TPUBAIUNA mepion peuecii. Pedynsratn
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JOCTIJKEHHSI MArOTh NMPAaKTUYHI HACTIJKU B YacTHUHI (hOpMyBaHHS MEXaHI3MIB Ta BiJ-
MOBITHAX OpraHi3aliifHO-TEXHOJIOTIYHUX PillleHb 3 BIIPOBAKEHHIM B €KOHOMIiKO-TEX-
HOJIOTIYHHX TPOCTip YKpaiHW HOBITHIX TEXHOJOTiH YeTBEPTOi XBWIII 1HIYCTpPiaIbHOTO
PO3BHTKY Ta I100anbHOI nudposizanii. [Toganbii KocnipKeHHs CIpsIMOBaHI Ha yIo-
CKOHAJICHHS ITPOrHO3HO-ONTUMI3AI[IHUX MOjeNiei, 30KpeMa JijIsi BCTAHOBJICHHS OLIbIIT
TOYHOT MOJIETIi MPOTHO3YBaHHSA MOMUTY HA MACaXKUPCHKi NEPEeBE3CHHS.
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Summary

Introduction. The relevance of the research is determined by high capital expenditures
for ships construction, complexity of ships as objects of assessment, the need to take into
account factors affecting the prices of ships construction, use of adequate assessment
methods, and the relationship between ship prices and the costs of insurance. Purpose.
The article is devoted to development of methodological and methodical bases for
evaluating the construction prices of cargo ships, in particular: systematization of
factors affecting construction prices, classification of methodical approaches to
determining ship prices, improvement of assessment methods from the point of view of
shipowners, and taking into account the influence of ship price on the costs of insurance.
Results. The factors affecting shipbuilding prices are systematized. The classification of
approaches to determining ships construction prices has been developed. The method
for calculating the discounted value of free cash flows to equity is proposed. The method
of correlation-regression analysis for estimating the construction prices of ships of a
certain type depending on deadweight is proposed. The stages of estimating the ship's
construction price on the example of the market method have been determined. It is
shown that the price of a ship directly affects the insurance premium and other terms of
the insurance contract. Conclusions. The shipbuilding costs are affected by the prices
of steel, equipment and materials, the cost of labor, demand from shipowners and supply
of shipbuilding capacity, currency fluctuations, regulatory requirements, government
regulation, etc. The classification of approaches to the estimation of ships construction
prices includes cost approach, intrinsic value and market approaches. The proposed
method of discounted free cash flow to equity is universal, and can be used for various
chartering schemes. The market approach includes the methods of correlationregression
analysis, the method of parametric series, the method of specific indicators, and the
engineering method. There is a close positive correlation between deadweight and
construction prices of cargo ships. Nonlinear regression models sufficiently describe
the dependence of the construction price of a certain type of ship on deadweight. The
ship price directly affects the insurance premium and other terms of ship s insurance.

Key words: cargo vessels, assets valuation, pricing, shipbuilding, price of ship
construction, insurance, maritime transport.
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Anomauisn

Bcemyn. Axkmyanenicms memu 00CRiONCEHHS 3YMOBIEHA GUCOKUMU KANIMATbHUMU
BUMPAMAMU CYOHOBIACHUKIG HA 0YOI6HUYMBO (DILOMY, CKIAOHICHIO MOPCHOKUX CYOEH K
00’ €xkmi6 oyiHKU, HEOOXIOHICMIO 8PAXYBAHHS (PaKMOPI8, W0 NAUSAIOMb HA (POPMYBAH-
Hs1 0Y0i6enbHOT YiHU, BUKOPUCMAHHSA A0EKBAMHUX MEMOOI8 OYIHKU, A MAKOIC 36 SI3KOM
Midic yinamu cyden ma sumpamamu Ha ix cmpaxysannsn. Mema. Cmamms npucesyena
PO36UMKY MEeMOOONI02IUHUX MA MEMOOUUHUX 3ACA0 OYIHKU OVOI8eNbHUX YIH MOPCOKUX
CYOeH, 30Kkpema. cucmemamusayii paxmopis, wo eniuearoms Ha OYOiGeNbHi YiHU, Kld-
cugixayii memoouuHux nioxo0ie 00 GUHAUEHHSL YIH 6AHMANCHUX CYOEH, YOOCKOHALEH-
HIO Memodi6 OYinKuU 3 No2NA0y CYOHOBNACHUKA, YPAXYBAHHIO 6NIUBY 0YOi6elbHOI YiHU
cyona na gumpamu Ha cmpaxysans. Pesynemamu. Cucmemamusosano paxmopu, wo
enusaioms Ha yinu Oyoisnuymea cyoer. Po3pobneno kracugpikayiro nioxodie 00 eu3na-
yenHs Yinu OyOiGHUYMEa CYOHA. 3anponoHOBAHO MeMOOUKY PO3PAXYHKY HPU8edeHOl
8apmocmi GIIbHUX 2POULOBUX NOMOKIE HA GIACHUL KANimanu, No8 s3aHux i3 CyOHOM.
3anpononosano memoouxy KopenayitiHopespecilino20 aHanizy Onf OYIHKU YiH CYOeH
NEeBHO20 MUNY 3ANEeHCHO 8I0 Oed8elint).

Busnaueno emanu oyinku 0y0igenbHOI yiHu cyOHa HA NPUKAAOL PUHKOBO20 NIOX00Y.
Tlokaszamno, wo yina éniueae Ha cmpaxogy npemiro ma iHwi YMO8U CMpaxo8020 KOHMp-
axmy. Bucnoexu. Ha yinu Oyoienuymea cyoen enauaioms yinu cmaii, oONa0OHAHHSA
ma mamepianie, apmicmes mpyoo8ux pecypcis, Honum 3 60Ky cyOHOBIACHUKIS | Npono-
3Uyist CYOHOOYOi8eNbHUX NOMYHCHOCIEL, KOTUBAHHS KYPCIG 8ATIOM, Pe2yIamMUEHT 8UMO-
eu, 3axo0u OepaicasHozo peeymosanns mowo. Knacugixayis nioxodie 0o oyinku yiun
Ha 6YOiIBHUYMBO MOPCHKUX CYOEH BKIIOUAE SUMPAMHUL, OOXIOHUU Ma PUHKOBUU NiO-
X00u. 3anpononosanuii Memoo OUCKOHMOBAHUX BITbHUX SPOULOBUX NOMOKIB HA 6l1ACHULL
Kanimain € YHIi8epcanrbHuM i Modice GUKOPUCIOBYBAMUCS O/l PI3HUX cXeM (ppaxmysan-
HA. Punkoguii nioxio 8xkaroyae KopenayiliHo-pecpeciiunull ananiz, Memoo napamempuy-
HUX pA0is, Memo0 RUMOMUX NOKA3HUKIE ma iHdceHepHull memoo. Mixc dedselimom i
OyOigenbHUMU YIHAMU BAHMANCHUX CYOeH ICHYE MICHA NO3UMUBHA KOPenayis, d MOOei
HeniHiliHOI pecpecii AKICHO ONUCYIOMb 3aNedCHICb 0Y0ielbHOI YiHU CYOHA NEBHO20
muny 6i0 deoseuny. L{ina cyOna Hanpsamy 6NIUBAE HA CIMPAX08Y NPEMi0 Ma THW YMOBU
CMpaxy8ants cyoHa.

Knrouosi cnoea: sanmadichi cyoua, oyinka axkmueis, YiHOymeopeHHs, CyOH00YOy-
8aHHs, YiHa OYOIBHUYMBA CYOHA, CMPAXYBAHHI, MOPCbKUL MPAHCHOPM.
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Introduction. Sea vessels are unique and expensive engineering objects that consist
of hundreds of different mechanisms and elements. The process of estimating the cost
of building a ship is a complex task that requires taking into account various factors
that influence its formation and applying reasonable estimation methods. The cost
of building ships is constantly increasing, which increases capital expenditures of ship-
ping companies. Insurance costs are a significant part of direct operating expenditures
of shipowners. All this makes it relevant to study the process of formation of prices for
the construction of cargo vessels and their impact on insurance costs.

Formulation of the problem. The further development of the methodological
and methodical bases for estimating prices for the construction of cargo ships requires
taking into account the factors that influence the formation of prices for the construc-
tion of sea ships, the systematization and improvement of methodical approaches to
determining construction prices, which have a significant impact on the financial results
of operations and the level of risk of shipping and insurance companies.

Analysis of recent research and publications. The issues of analysis and evalua-
tion of the cost of building sea vessels were studied mainly by foreign scientists. In the
study of José & Gordo (2017), the analysis of the cost structure in shipbuilding was per-
formed [1]. The methodology that allows the shipyard to determine the costs of building
the ship’s hull and directions for increasing productivity was proposed. In the article by
Azhar and Kristiyono (2022), a study of the cost structure for the construction of ferries
of various sizes and their components was carried out [2]. The use of linear regression
models was proposed for the analysis of statistical data on the cost of construction
of ferries and their components.

The analogy approach, parametric approach and engineering approach to the determi-
nation of ship prices are widely used in world practice (CostFact, 2022) [3]. In the study
of Shuker (2018), it is shown that shipbuilding prices are based on costs that depend on
the prices of material and labor resources, as well as supply and demand in the shipping
market [4]. In the article of Dai, Hu, Chen, and Zheng (2015) the relationship between
construction price fluctuations and the volatility of freight rates on the dry cargo trans-
portation market using methods of descriptive statistics is investigated [5]. It was shown
that freight rates have a significant influence on the construction prices of bulk carriers.
In the paper by Zhykharieva, Shyriaieva, and Vlasenko (2019), the measures of state
regulation of the shipbuilding industry, which affect construction prices and financial
results of shipyards and shipping companies, are studied [6]. They include subsidizing
shipbuilding, preferential lending, and the creation of reserve funds.

In the study of Knapp and Heij (2017), an empirical assessment of risk in sea ship-
ping, which is based on a monetary value, is given [7]. It includes data on the qual-
ity of ship safety and insurance premiums related to potential losses. The relationship
between a high level of risk and insurance premiums is illustrated.

The market price of a vessel is closely related to the CASCO insurance value, which
can affect the coverage, as well as the provision of the Protection and Indemnity Insur-
ance (P&I) (Gard News, 2005, February 1) [8].

Shipbuilding enterprises determine contract prices for the construction of sea ves-
sels on the basis of the cost approach. However, the methodical approaches for esti-
mating the construction value of sea vessels based on the intrinsic value approach
and market approach, which are the most acceptable from the point of view of shipping
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and insurance companies, are poorly developed. In addition to a shipyard and a shipping
company, a creditor bank may participate in the transaction, which will judge its collat-
eral value within the framework of mortgage lending, based on the economic attractive-
ness of the ship’s construction, as well as an insurance company. Adequate assessment
will allow establishing a fair relationship between the value of a vessel being mort-
gaged, the loan size and the amount of the insurance premium.

Formulation of the goals of the article. The goals of the paper are the systematiza-
tion of factors that influence the formation of prices for the construction of cargo ves-
sels, the classification of methodical approaches to determining the construction price
of vessels, the improvement of methodical bases of price assessment from the point
of view of a shipowner based on intrinsic value approach and market (analogy) approach,
and taking into account the influence of the construction price on insurance costs.

Presentation of the main research material. Figure 1 shows the dynamics
of the Producer Price Index by Industry: Shipbuilding and Repairing (U.S. Bureau
of Labor Statistics, 2023) [9], which indicates increase in shipbuilding prices in the USA
for the period from 1985 to 2023 by almost 2.5 times.
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Fig. 1. Dynamics of Producer Price Index by Industry:
Ship Building and Repairing (Index Dec 1985=100)

Table 1, based on data by Shuker (2018) [4], defines the typical structure of costs
for the construction of Ultramax bulk carriers in China. As can be seen from this data,
most of the costs for the construction of bulk carriers fall on the purchase of equipment
and materials — 42%, steel for the ship’s hull — 32%, and the labor cost — 16%. Other
costs include project work, the cost of a guarantee for advance payments, and insurance
for the construction period.

Table 1
Shipyard cost structure for building Ultramax bulk carriers in China

Expenditures %
Equipment and materials 42
Steel 32
Labor cost 16
Other expenditures 10
Total 100
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Consequently, shipbuilding costs depend on price fluctuations for various types
of steel, materials and equipment, the country of construction, and labor standards. In
addition, shipbuilding prices are affected by fluctuations in currency rates, regulatory
requirements and measures related to state credit and financial regulation, which include
subsidizing shipowners and shipbuilding enterprises, preferential lending, creation
of reserve funds, etc. The price of a ship is affected by the relationship between supply
and demand in shipbuilding. Fluctuations in demand are largely related to the length
of the production cycle. Since the delivery of the ship is usually not carried out earlier
than a year after the conclusion of the contract, shipowners order ships based not on
the current situation, but on the forecast of its development. The increase in orders for
the construction of ships, as a rule, exceeds the actual needs, as a result of which the vol-
ume of tonnage on the market increases and leads to the creation of a surplus fleet.

In figure 2 shows the main factors affecting fluctuations and changes in shipbuilding
prices.

Demand
from
shipowners
Steel and
s_h1p Cost of labor
equipment
prices Factors
affecting
fluctuations
and changes in
shipbuilding
Contract prices Regulatory
currency rate requirements
to the US and state
dollar regulation
Offer of
production
capacities of
shipyards

Fig. 2. The main factors affecting the prices for cargo vessels construction

The demand from shipowners is influenced by such factors as global demand for sea
transportation, freight rates and forecasts of the freight market condition, market senti-
ment and expectations, fleet renewal, measures of credit and financial regulation of ship-
ping companies, ship scrapping prices, the ratio of prices of new ships and second-hand
ships (fig. 3).

To estimate the value of ships, as well as other assets, the cost approach, the intrinsic
value approach and the market (analogy) approach are used. The cost approach involves
taking into account the total costs of the shipyard for ship construction and the profit
that the shipbuilding company expects to receive (Jos¢ & Gordo, 2017) [1]. This
method requires the calculation of the cost of all materials and components necessary
for the construction of a ship, the availability of data on the labor intensity of all works,
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wages, overheads and other costs, but it has a number of disadvantages and is rarely
used to estimate ship prices by shipping companies.

Fig. 3. Factors affecting the demand of shipowners for building ships

The intrinsic value approach (the discounted cash flow approach) is a set of methods
for estimating the value of a vessel, based on the determination of the expected total dis-
counted cash flows associated with the operation of the built vessel and its liquidation.
The following method is proposed for calculating the discounted value of cash flows
related to the vessel, based on the free cash flows to equity:

; (1

where

SV —intrinsic value of ship, defined as present value of free cash flows to equity:

FCFE, — free cash flows to equity in year t; r — discount rate; t — number of year;

S, —the projected cash flow from sale of vessel on the secondary market or scrapping
in year T;

T — period of implementation of the investment project, years.

Free cash flow to equity in year t (FCFEt) is used to determine the amount of free
cash flow that will remain in the company after paying off all of its liabilities. FCFE
are determined on the base of 3 financial statements model, taking into account type
of vessel chartering which affecting on revenue calculation. For our case, it is suggested
to use the indirect method of calculating cash flows from operating activities, and debt
financing for ships construction:

)
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where

NI, — net income in year t;

D, — depreciation of ship value taking into account the expenditures for dock repairs
in year t;

CWC, - changes in working capital in year t, defined on the base of changes in inven-
tories, receivables and payables;

Cash CAPEX — cash capital expenditures related to acquisition of a vessel and dock
repairs in year t;

CFO, — cash flow from operating activity in year t;

F — principal debt repayment in year t.

The procedure for calculating the revenue for defining the net income depends on
a type of chartering and can be determined on the basis of voyage, time or bareboat char-
ter schemes. The intrinsic value approach takes into account the forecast of changes in
external operating conditions, macroeconomic indicators and characteristics of the ves-
sel. The problems associated with forecasting future cash flows limit the applicability
of this approach. The level of income fluctuates significantly due to the cyclical nature
of the freight market, and the level of operating costs strongly depends on specific oper-
ating conditions, changes in prices for bunker fuel and other resources. The need to take
into account the time value of money introduces additional uncertainty into calculations.

The market approach (the analogy approach or the relative value approach) is a set
of methods for estimating ship value based on comparing its parameters with the param-
eters and prices of prototype ships for which there is sufficiently complete statistical
information (CostFact, 2022) [3]. Comparison according to the commercial conditions
of the agreements involves the introduction of technical, economic and commercial
corrections in the prices of selected analogues, i.e. bringing them to the conditions
of a specific order. The most important and common commercial corrections include
corrections for bidding, delivery time, serialization and payment terms. To simplify
the calculation of prices, the subgroups of structural elements listed above can be com-
bined into more consolidated positions, for example: hull, engine room, room equip-
ment, industrial equipment, etc.

If the price of a vessel or its structural element is calculated taking into account
the change in the parameters of the object under study, such method is called parametric.
The parametric methods include correlation-regression analysis, the method of specific
indicators, and the aggregate (engineering) method.

The method of correlation-regression analysis establishes an empirical formula for
the dependence of the price on the technical parameters or operational characteristics
ofavessel, its structural elements or components of construction costs (Shuker, 2018) [4].
A variant of this method is the method of parametric series of vessels of the same type or
their structural elements. The method of specific indicators assumes that the price is cal-
culated based on consolidated indicators, depending on the cost of a unit of useful effect
(for example, the weight of a structural element of a ship). The engineering method
consists in determining the price of a vessel or its structural element based on the unit
market prices of its constituent parts, followed by the summation of all the received
prices (CostFact, 2022) [3].

Figure 4 presents the classification of methods of valuation the prices for construc-
tion of cargo vessels.

30



PO3BUTOK TPAHCIIOPTY

Ne 3(18), 2023

Cost approach

/ The cost method “

takes into account
all items of total
costs for ship
construction and

. profit of shipyard |

Intrinsic value approach

Market approach

p

The methods based on
determination of the expected
total discounted cash flows:

A

|| based on the voyage
charter scheme

based on the time
charter scheme

based on the

# bareboat charter

scheme

J

Methods of comparison
according to the commercial
terms of the agreements
(corrections for bidding,
delivery time, serialization,
payment terms) and
characteristics of vessels

Parametric methods: ‘

| | correlation and regression
analysis

—‘ method of parametric series

—‘ method of specific indicators ‘

engineering method ‘

Fig. 4. Classification of methods of vessels construction prices valuation

Table 2 shows data on orders for bulk vessels in 2021-2023 (International Ship-
ping News, 2022 [10], International Shipping News, 2023 [11], Simpson Spence Young,
2023, July 20 [12], Made-in-China, 2023, July 21) [13]). Table 3 shows descriptive
statistics characterizing the sample.

Table 2
Data on orders for bulk carriers in 2021-2023
. Ship
Order date Quantity Deadweight | Customer Shipbuilder Ye:{rs of price,
and class delivery
USD min
6 dry cargo 2023—
21.09.2021 vessels 5400 Atobatc Chowgule 2024 13,6
8 Ultrama COSCO Bank
14.10.2021 x 63600 o of Communications | 2023 32
bulkers Shipping . - .
Financial Leasing
Lo Jiangsu Hantong
16.04.2021 | 10 Panamax 82000 Nisshin Ship Heavy 2022~ 28
bulkers Shipping I 2023
ndustry
12 Capesize Himalaya New Times 2023-
14.06.2021 bulkers 209800 | gpinping |  Shipbuilding 2024 67
Capesize . I
21092022 | Newcastlemax | 210000 | Bocimar | QuingdaoBeihai | ,q), 66
Shipbuilding
Bulkers
18.03.2022 | 4 Handy Bulkers| 40000 | Vogemann | UangsuDaum | ,q,, 29
Heavy Ind
02.11.2022 | 2 PostPanamax | o544, NYK Oshima 2025 65
Bulkers Line
10 Capesize Qingdao Beihai | 2025-
17.11.2022 | Newcastlemax 210000 Bocimar gdao be 64
Shipbuilding 2026
Bulkers
Taizhou Quihai
21.07.2023 Bulk Carrier 3000 Open offer | Shippinf Science 2023 6,818
and Technology
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Table 2 (continuance)
01.02.2023 Handymax 48000 n.d. Japan n.d. 38
01.02.2023 Panamax 65000 n.d. Japan n.d. 24
01.02.2023 Handysize 33000 n.d. Japan n.d. 32
01.02.2023 Capesize 98000 n.d. Japan n.d. 65
01.03.2023 Handymax 49000 n.d. Japan n.d. 38
01.03.2023 Panamax 79000 n.d. Japan n.d. 36
01.03.2023 Handysize 34000 n.d. Japan n.d. 32
01.03.2023 Capesize 99000 n.d. Japan n.d. 66
01.04.2023 Handymax 50000 n.d. Japan n.d. 40
01.04.2023 Panamax 80000 n.d. Japan n.d. 36,5
01.04.2023 Handysize 35000 n.d. Japan n.d. 33
01.04.2023 Capesize 199000 n.d. Japan n.d. 68
Table 3
Descriptive statistics
Indicators Deadweight Building price of ship, USD min
Average 81580,95238 41,90085714
Standard error 14915,54577 4,143663179
Median 63600 36,5
Mode 210000 32
Standard deviation 68351,61753 18,98865017
Sampling variance 4671943619 360,5688354
Kurtosis -0,041106811 -1,064345863
Asymmetry 1,056200724 0,133194644
Amplitude 207000 61,182
Minimum 3000 6,818
Maximum 210000 68

Based on these data, correlation-regression analysis of the dependence of construction
prices of bulk vessels of different classes on deadweight is performed. Figure 5 shows
linear and non-linear regression models that demonstrate the dependence of the construc-
tion price on the deadweight of bulk vessels.

The linear correlation coefficient is 0.85, which indicates a close positive correlation
between deadweight and construction prices in the bulk sector of the freight market
within the experiment. The coefficients of determination for the polynomial and step-
wise regression models exceed 0.8, which indicates that these models explain more than
80% of the dependence of the construction price on the deadweight of bulk vessels.
A comparison of the coefficients of determination shows that the maximum coefficient
is in the stepwise regression model (table 4). This means that of all the considered
models, it most qualitatively explains the dependence of the price on the deadweight.
Further, the calculation results should be adjusted taking into account commercial cor-
rections for the delivery period, serial construction, payment terms, etc.

The implementation of the procedure for determining the level of the price of ship
construction based on the market approach is presented in figure 6.

The customer often announces a closed tender for the construction of a vessel with
certain technical and economic characteristics. But the shipyard that won the tender can
take the position of a monopolist, and it will be very difficult to reach a compromise
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Fig. 5. Correlation-regression analysis of the dependence of ship construction prices

from deadweight using different models

Table 4

Dependence of the ship construction price on deadweight

Regression model Equation Coefficient of determination (R?)
Stepwise y =0,2757x%4509 0,8184
Polynomial y = -1E-09x* + 0,0006x + 11,681 0,8068
Logarithmic y =14,071In(x) — 110,89 0,7294
Linear y =0,0002x + 22,73 0,7155

Fig. 6. Stages of the procedure for determining the ship construction price based

on the market approach

33



PO3BUTOK TPAHCIIOPTY
Ne 3(18), 2023

with it when detailing the conditions of construction and delivery of the vessel. In order
to avoid such situation, it is better to conduct the tender in two stages. At the first stage,
two shipyards are determined, based on the price, delivery terms, financial and tech-
nological capabilities, as well as reputation. At the second stage, further coordination
of the ship’s construction conditions is simultaneously carried out with them.

Hull and machinery insurance (H&M) is a mandatory item of current expenses
of shipping companies. Depending on the degree of protection, various types of dam-
ages are subject to compensation (Aligned Insurance, 2023) [14]. For example, CASCO
insurance provides coverage for ships that are being operated and built, and the amount
of coverage includes the ship’s hull, engines and equipment. The market value of ships
is closely related to the cost of H&M insurance, and also can affect the cost of P&l
insurance (Gard News, 2005) [8]. The vessel value directly affects the premium, which
is calculated on the basis of the insured value, other insurance conditions, and the right
to claim compensation for total constructive loss and recovery of the share in the gen-
eral average. If the vessel value changes significantly due to market fluctuations, it is
advisable for both the insured and the insurer to request a change in the appraised value.
If the estimated insurance value is too high, the shipowner pays too high premium for
the risk of damage to the vessel, which increases operating expenditures and worsens
the financial performance of the shipping company.

Conclusions. An analysis of the dynamics of shipbuilding prices on the example
of the USA indicates their increase from 1985 to 2023 by almost 2.5 times. Construction
costs of ships depend on fluctuations in the prices of steel, materials and equipment,
the country of construction and labor cost standards. Shipbuilding prices are affected
by the relationship between supply and demand in shipbuilding, exchange rate fluctua-
tions, regulatory requirements and state credit and financial regulation of the shipbuild-
ing industry. Demand from shipowners is influenced by global demand for sea trans-
portation, current and forecast freight rates, market sentiment and expectations, pace
of fleet renewal, credit and financial regulation of shipping industry, scrapping prices
and the ratio of prices of new and second-hand ships.

The proposed classification of approaches to the estimation of prices for the con-
struction of marine vessels involves the allocation of cost approach, intrinsic approach
and market approaches. The cost approach takes into account the total costs of the ship-
yard for the ship construction and the projected profit. The intrinsic approach includes
methods based on the determination of intrinsic value. The method of discounted
free cash flows on equity, proposed within this approach, can be used for various
chartering schemes. The market approach includes the methods of correlation-re-
gression analysis, the method of parametric series, the method of specific indicators,
and the engineering method.

The performed correlation-regression analysis of the dependence of the prices for
the construction of bulk vessels of different classes on the deadweight indicates a close
positive correlation between the deadweight and the construction prices of ships.
Non-linear regression models sufficiently describe the dependence of the construction
price of a certain type of ship on deadweight and can be used by shipowners to estimate
the value of ships with further adjustment for commercial corrections.

In the case of tender pricing, it is advisable to conduct the competition in two stages.
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The market value of the vessel directly affects the insurance premium and the terms
of H&M insurance. In case of significant changes in the market price of the vessel after
the conclusion of the insurance contract, it is necessary to change the appraised value
of the vessel.

The practical value of the study is that the results can be useful for shipping and insur-
ance companies in estimating the cost of building marine vessels in order to increase
profitability and reduce financial risks. Methodical principles for calculating commer-
cial corrections to the price of ship construction need further research.
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AHAJII3 CTIMKOCTI B IYOIIOJIIi KYPHO — BEPTPAHA
3 IM®EPEHIINOBAHUMMU MTPOJYKTAMM

C.B. MeabHUKOB
K.€.H., JIOIICHT, TOLIEHT Kadeapu MiAMPUEMHHIITBA 1 TypU3MY,
Ooecvkutl HayionanbHul Mopcokull yHisepcumem, Odeca, Yrpaiua,
ORCID ID: 0000-0002-2627-9463

Anomauin

Bcemyn. Boice npomsazom bazamvox pokie mooeni Kypno ma bepmpana € easxcrueumu
iHcmpymenmamu 0Jis AHAIZY KOHKYPEHMHOT OUHAMIKU HA PUHKY Ma PO3YMIHHS 020, 5K
@ipmu npuiimaioms pienHs wooo YyiHoymeopeHHs ma supoonuymea. B mooeni Kypuo
@ipmu 6cmarosnome obcsae supobruymaea, 6 modeni bepmpana — yiny. Hessaorcaiouu
Ha c6010 i0eanizayito ma 0esKi CHpowjeHHs1, Yi MoOeni tl 00Ci MarmMb AKMYAIbHICMb Ma
8adcIUBicMy 071 00CHIONCEHb KOHKYPEeHmHUX npoyecie. Ha ocnosi nposedenux ekoHo-
micmamu 00Caiodiceb YIHOB0T ma KiNbKICHOI KOHKYDeHYIT Ha PUHKY Oi2ONO0JIT MOJICHA
cmaepodcysamu, Wo He iCHye maxoeo 6udy KOHKYpeHyil, akuil Mag 6u abconiomuy nepe-
6azy. B 3anesicnocmi 6i0 xapaxmepucmuxk punKie, OnmumManrbHum Oyoe mou yu iHuuil
8U0 KOHKYperyii. B motui dice uac Ha npakmuyi 3yCmpivaomovcst pukKku, oe 00Hi (ipmu
8CMAHO61I0I0Mb 00cs2 npono3uyii, a iHwi — yiny. Ha cb0200Hi MOOeni makux puxKie
He max 000pe 00cnioxceHi, sk Moodeni KoHKypeHyii minvku 3a Kypno abo minvku 3a
bepmpanom. Memorw Oanoi pobomu € 6U3HAYEHHS MA AHANI3 CMIUKOCMI PIGHOBACU
y moodeni npocmoposoi oyononii (Liang, W.J., Hwang, H., & Mai, C.C., (2006). Spatial
discrimination: Bertrand vs. Cournot with asymmetric demands. Regional Science and
Urban Economics, 36, 790-802) ¢ ymosax npodykmoeoi oupepenyiayii ma acumempii
PO3MiIpi6 puHKig. 3 Memor maxcumizayii npubymxy Gipmu cnouamxy eubuparoms micye
PO3MAULY8aHHs, a NOMim U0 KoHKyperyii — 3a Kypno abo bepmpanom. Pezynomamu.
B pobomi eusnaueno cman pisnosacu 3a Hewem y npocmopositi 0yononii, konu oona
3 ipm 6cmarnosnoe 0bcse npono3uyii, a iHwWa 6CManoBoe Yyiny. Jocrioxicena cmiti-
Kicmb pisHosaeu 3a Hewem. Buznauena sanexcuicms obnacmi cmitikocmi pigHosazu 6io
acumempii poamipie punKie ma npodykmosoi oupepenyiayii. Busenieno nempusiaivHuil
enaue acumempii i oughepenyiayii Ha KOHKYpeHmMHY OUHAMIKY (ipm ma cmillKicmo pun-
K060i pienosacu. Pezynbmamu ananizy npedcmasieHo Ha Kapmi OUHAMIYHUX PENCUMIB
ma 6igpyprayitinux diacpamax. Bucnoseku. B pobomi dosedeno, wo 3pocmanms pie-
HSl 83AEMO3AMIHHOCI (63AEMOOONOBHIOBAHOCIMI) 30iNbULYE (3MEHULYE) nAoWY 0baac-
mi cmitikocmi. Bucoxuil pieeHb 63a€MO3AMIHHOCIIE RIOCUNIOE PiGeHb KOHKYPEHYIT Midic
Gipmamu ma, ooHouacHo, 30inbuye niowy obracmi cmitikocmi. Bucoxutl pisens 63a-
EMOOONOBHIOBAHOCME MOMUBYE Pipmu 00 aznomepayii ma, 0OOHOUACHO, 3MEHULYE NAOWY
obnacmi cmitikocmi maxoi pisHogazu.

Knwuoei cnosa: oyononis Kypno — Bepmpana, acumempisi punkie, npooykmosa
Ooughepenyiayis, cmiikicmo, Oigyyprayis.

© Meabnaukos C.B., 2023
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Summary

Introduction. For many years, the Cournot and Bertrand models have been
important tools for analyzing competitive market dynamics and understanding how
firms make pricing and production decisions. In the Cournot model, firms set the volume
of production, in the Bertrand model — the price. Despite their idealization and some
simplifications, these models still have relevance and importance for the research of
competitive processes. On the basis of studies conducted by economists on price and
quantity competition in the oligopoly market, it can be argued that there is no such type
of competition that would have an absolute advantage. Depending on the characteristics
of the markets, one or another type of competition will be optimal. At the same time, in
practice there are markets where some firms set the volume of supply, while others set the
price. To date, the models of such markets are not as well researched as the Cournot-only
or Bertrand-only competition models. The purpose of this paper is to define and analyze
the stability of the equilibrium in the spatial duopoly model (Liang, W.J., Hwang, H.,
& Mai, C.C., (2006). Spatial discrimination: Bertrand vs. Cournot with asymmetric
demands. Regional Science and Urban Economics, 36, 790-802) under conditions of
product differentiation and asymmetry of market sizes. In order to maximize profits,
firms first select a location and then the type of competition — Cournot or Bertrand.
Results. The paper defines the state of Nash equilibrium in a spatial duopoly, when one
of the firms sets the volume of supply, and the other sets the price. The stability of the
Nash equilibrium was investigated. The dependence of the area of equilibrium stability
on the asymmetry of market sizes and product differentiation is determined. The non-
trivial impact of asymmetry and differentiation on the competitive dynamics of firms
and the stability of market equilibrium has been revealed. The results of the analysis
are presented on a map of dynamic modes and bifurcation diagrams. Conclusions.
The paper proves that the growth of the level of substitutability (complementarity)
increases (decreases) the area of the stability region. A high level of substitutability
strengthens the level of competition between firms and, at the same time, increases
the area of the stability region. A high level of complementarity motivates firms to
agglomerate and, at the same time, reduces the stability region of such an equilibrium.

Key words: Cournot— Bertrand duopoly, markets asymmetry, product differentiation,
stability, bifurcation.

Beryn Ta mocraHoBka mpodsgaemu. Bke mporsaroMm 6ararboX pOKiB €KOHOMICTH
0OTOBOPIOIOTH TIEpPEBarW IIHOBOI Ta KUTBKICHOT KOHKYPCHINI Ha PHHKY OJITOIIOMNII.
Ha croromgni MoJkHa CTBEpKYBATH, IO HE iCHY€E TAaKOTO BUAY KOHKYPEHIIii, TKH MaB
Om aOcomroTHy TiepeBary. 3aJIeKHO BiJl XapaKTEPUCTHK PHHKIB, IO MOIEIIOIOTHCS,
ONTUMAIBHUM OyJie TOW UM 1HIIHHA BT KOHKYPEHITIi.
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B onniit 3 nepmmx rpyHTOBHHX poOIT i3 miel TemMaruku [1] mokaszaHo, mo ¢ipMu
BUOMPAIOTH KOHKYpPEHIIito 3a KypHO TiNbKH MpH B3a€MO3aMIHHOCTI, a TPH B3a€MOJIO-
MMOBHIOBAHOCTI 1M BHTiZIHa KOHKypeHIlisi 3a beprpanoM. [lpu npoMy sl crioxuBadiB
KOHKypeHIis 3a beprpanoM BuTiiHA HE3aJIe)KHO Bijl BUAY MIPOILYKTOBOI TU(epeHIialii.

JocnipkeHHs] BIUIMBY BHIY KOHKYPEHINI Ha IMpOIECH arioMeparii i aucnepcii
¢GipM B MPOCTOPOBUX MOJENSIX MPOBEACHO y pobortax [2—7]. OTpuMaHo, IO MpH
iHOBOi KOHKYypeHmii ¢ipMu OyayTh NparHyTH A0 MaKCHUMallbHOI Iucmepcii s
nojojanHs napagokcy beprpana. [Ipu kinbkicHOT KOHKYpeHIIii po3ranryBaHHs QipM
ICTOTHO 3aJIE)KUTh BiJl TPAHCIIOPTHUX BUTpAT. HU3bKI TPaHCTIOPTHI BUTPATH CTUMY-
JIOI0Th (PipMU arjoMepyBaTUCh 1 IPOJaBaTH Ha BCiX pHHKax. [Ipy BHCOKUX TpaH-
CIIOPTHUX BUTparax (ipMaM BUTITHO MOHOIIONi3yBaTH HAHONMKUIIA PUHOK i MiHIMI-
3yBaTH MOCTABKHU HA CYCiJTHI pUHKH.

Momanpimi mocmikeHHS TOB’s3aH1 3 ypaxyBaHHSIM B IPOCTOPOBHX MOJENSAX IPO-
aykroBoi mudepentiiaii [8$ 9] Ta acumerpii posmipis purkis [10]. B [8; 9] noka3zasno,
10 B3a€MO3aMiHHICTh (B32€MOJIOTTIOBHIOBAHICTb) MPOAYKTIB IMiJICHIIIOE parHeHHs QipM
1o mucriepceii (armomepariii). YpaxyBaHHs acuMeTpii po3mipiB puHKiB B [10] npu3Berno
110 3BOPOTHHUX Bif [1] pe3ynbrariB. OTprMaHO, IO MPH JIOCUTh BUCOKiH acMeTpii pyuH-
KiB bipMaM Moke OyTH BUTIJIHA I[IHOBA, & CIIOKMBauYaM — KiJIbKiCHA KOHKYPEHIIiS.

3a3HauuMO, N0 Ha MPAKTHUII 3yCTPIYalOThCs PUHKH, J¢ OnHI (ipMH BCTaHOBIIO-
F0Th 00CST MPOIO3HUILil, a iHmI — 1iHy. Ha chorogHi Mojieni Takux pUHKIB HE Tak 100pe
JOCIHIJIKEHI, SIK MOJIeNi KOHKYpeHIIil Tiibku 3a KypHo abo tinbku 3a beprpanom. Cepen
pailb, IPUCBIYCHUX JaHii mpoOneMarTHili, Big3Hauumo podotu [11-15].

MeTto10 pod0TH € BU3HAYCHHSI Ta aHANI3 CTIHKOCTI PIBHOBAaru B MpOCTOPOBiii ayorno-
i [10] npu xoHkypeHitii 3a Kypuo-beprpanom.

Bukian ocHoBHOro MarepiaJy.

1. Mopensn

JIBa pUHKH PO3TAIIOBaHI HA KIHIAX JIiHII OAMHUYHOT TOBKUHH. MiXK pUHKaMH iCHY€
aCHMETpisi — PO3MIp PUHKY 3 JIiBOro 00Ky (L) mepeBHIlye po3Mip PUHKY 3 MPAaBOTO
00oky (S). Ha minii koHKYypyrOTh 1Bi (hipMu 3 iHIekcamu i 1a j, i, j = 1,2, i # j, dipma i
KOHKYpye 3a KypHo, a dipma j koHKypye 3a beprpanom. Ha 060x punkax ¢ipmu mpo-
JAr0Th TU(epeHIiioBany MPOAYKIIiI0, apOiTpaxk MixK CIIOKHBa4aMH BUKITFOUeHUH. Bin-
cranb (hipmu j 10 L-punKa 10piBHIOE X, OOMEKEHHs Ha B3a€MHE PO3TaIlyBaHHs (ipm
BizicyTHI. KoxkHa (ipma Hece TpaHCIIOPTHI BUTPaTH Ha MOCTAYaHHS OJWHUII IPOTYKIIiT
Ha OJIMHHUIIIO BijcTaHl. MeTa ¢ipM moysrae B MakCuMi3allis CBOro npuOytky. Jlis moOy-
JOBU (YHKIIIH MOMUTY CKOPUCTAEMOCS KBaIPaTHYHOIO (YHKIII€I0 KOpUCHOCTI 3 [1]:

e gF, qF — o6cstru mpomosuii Gipmu i Ha L i S pHHKAx BiAMOBIAHO; ¢ — KoepilieHT
nponykroBoi qudepenuianii, 0 < |¢| < 1; y > | — xoedinient acumerpii purkiB. LlinmboBi
(GyHKUIT CrI0KMBaviB HA PUHKAX:

(M

ne p; > 0, pj > 0 — 1iHK HA NPOAYKLIIO (ipm.
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3 yMOB Tepmioro nopsiaky st GpyHkuii (1), 3HaxoquMo QyHKIIT MomuTy:

TIpuiitmemo, 1m0 GipMi TOKPHUBAIOTH 0OHIBA PHHKH, TOGTO g > 0, g =
HinboBi Gpynkuii dipm:

KonkypeHnTHa rpa ckinagaeThes 3 1BoX eTariB. Ha nepromy etami ¢pipmu ogHOYacHO
BUOMPAIOTH CBOE Miclle po3TamryBaHHs. Ha npyromy erami, 3 omisigy Ha pillieHHS PO
Miciie po3TairyBaHHs, (hipMa i BCTAHOBIIIOE OOCSITH MPOMO3HLii, a hipMa j BCTAaHOBIIOE
1inu. PiBHOBara Mojiesni 3HaX0MUThCS 3a IOTIOMOTOK0 METOLY 3BOPOTHOT 1HYKIIii.

2. PiBHoBara

3riIHO 3 METOJOM 3BOPOTHOI 1HAYKI{ MOYMHAEMO 3 APYTOTO eTamy. 3 yMOB OINTH-
MaJIbHOCTI TIEPILIOTo MOPSAKY OTPUMYEMO KPUBI peakii Gipm:

2

Po3B’s3ytoun cucteMu piBHSHB (2), 3HAXOAUMO PIBHOBAXKHI OOCSATH IMPOTIO3HUIIIH
Ta LiHA:

YMOBH MOKPUTTS PUHKIB:

3)
[TpubyTKH:
“)
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Ha ocHoBi pe3synbrariB [9] mopiBHsEMO piBHOBaXkHI NMpUOYTKH QipM Yy Ayomnodii
Kypno-beprpana 3 npubyTtramu ¢ipm y nyononisix Kypro Ta beprpana:

Takum yuHOM, y ayomnodii Kypao-beprpana ¢ipmi i Burigao mo6 dipma j KOHKypy-
Bana 3a KypHo, a ¢ipmi j BurigHo mob dipma i koHKypyBasa 3a beprpaHom.

Ha mepmomy erami ¢ipMu ONTHMI3YIOTH CBOE MICIle PO3TAIlyBaHHS MPH JTaHOMY
MICIIi pO3TallyBaHHS KOHKYPEHTa. 3 YMOB APYIOro MopsaKy (5) BUILIUBAE, M0 QyHKIIT
puOyTKY (4) CTPOTO OMYKJIi BHU3 32 MICIIEM PO3TalllyBaHHS:

)

Taxum urHOM, B CTaHi piBHOBaru (ipmu OyayTh pO3TAIIOBYBAaTHCS TUIBKH HAa PUH-
Kax, HE3aJIeXKHO B/l PIBHSI TPAHCHIOPTHUX TapudiB. Bcboro MOXIIMBI HOTHPH BapiaHTH
PiBHOBA)XHOTO po3TaltyBaHHs (Qipm (x, x)): armomepauis (0, 0), (1, 1), Ta gucmepcis
(0, 1), (1, 0).

3HaI0uM PIBHOBaXKHI po3TamryBaHHs (ipM, ME MOXEMO 3aBEpIIUTH aHAJi3 YMOB
MTOKPUTTS pUHKIB (3).

VY Bunmanky anmoMeparlii ¢GipMud 3MOXKYTh MMOCTaBUTH TOBap Ha CYCiJIHIH PUHOK 3a

yMOBH: t299 < 1.V Bunanky aucrepeii GpipMu 3MOXKyTh OCTABUTH TOBAp Ha CyCiaHil

PUHOK 32 YMOBHU: . TakuM 4YMHOM, y BHIIQAKY AUCTEpCii GipMu
OLITBIN Yy TIHBI IO 3MiHU TPAHCIIOPTHOTO Tapudy NpH B3aEMO3aMiHHHUX TPOIYKTaX.

OpnmHieto 3 mineit nanoi podotu € anai3 crifikocti piBHOoBaru KypHo-beprpana. Pis-
HOBa)KHE PO3TallyBaHHS (DipM 3aJIeXKHUTh BiJ| CITiBBITHOIIEHHS MiXK PiBHSIMH acCUMETPIi,
mudepeHItialii Ta TpaHCIIOPTHOTO Tapudy. 3 MOXKIMBUX CUTYaIlild PO3TIITHEMO BUIAIOK
BHCOKOTO piBHS acumetpii. Y [9; 10] moBoaHuThCS, 110 32 TOCTaTHRO BUCOKOI acCHMETPil
(dbipMu parHyTUMYTH 10 aromeparii Ha L-puHKy. OTXe, MpoaHaIi3yeMO CTIHKICTh
piBHOBaru Ha L-pwHKY Tpu ariioMmepartii ¢pipm Ha L-pHHKY.

3. AHaJi3 cTifikocTi

[Ipuitmemo, 110 ipMu KOHKYPYIOTh B YMOBaxX HEMOBHOI iH(opMarlii Ta mpuiima-
I0Th DIllIEeHHS Ha OCHOBI JAMHAMIKH CBOTO OYiKyBaHOTO TPaHMYHOTO MPUOYTKY [16].
Toni xoHKypeHTHY B3aeMomito (GipM MOXHA MPEACTABUTH Y BHUIVISAL JTBOBHUMIPHOTO
BitoOpaskeHHS:

(6)

ne n—MoMeHT yacy, n =0, 1, 2, ... ; mapametpu a > 0 ta > 0 XapakTepu3yoTh BiJl-
HOCHUH MPHUPICT HA OOUHHUIIIO TPAHUYHOTO NMPUOYTKY (IIBUAKICTE aganTarii).
Bino6paxeHHs (6) Ma€ YOTHPH HEPYXOMi TOUKH NEPIOAY OAWH:

EI(OJ 0); s zE*(q;: p;)a
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ne E'(q;, pj)—rouka pissoBary 3a Hermewm, ,

Touxu E |, E, Ta E, He 33/I0BOJBHSAIOTE OOMEKEHHAM MOJIE 1 B TIOAILLUIOMY HE PO3-
msaaThes. Jlocmigumo cTilikicTh piBHOBaru 3a Hemewm.

XapakTep CTIMKOCTI HEpyXOMOi TOYKH BHM3HAYA€THCS BIACTUBOCTSAMH MAaTpHIIL
Sxo6i. Matpuis Sko0i BigoOpaxenHs (6)

(7

Marpuns Sxo6i BimoOpaxenns (7) y Hepyxomiii Touri E*:
@®)

Jlutst aHaizy CTiKOCTI HepyXxoMoi Toukd E~ BH3HauMMO iHBapiaHTh Marpuili (8):
T=Tr(J(E)) = 2 - 2(ag; + pr¢2),
D = Det(J(E")) = 1 - 2(apy + [y ¢s) + afyes, ©)
ae
Bignosigno xo kpurepito [ xypi, BigoOpaxkeHHs (6) y HepyxoMiii Touli E* € cTiii-
KHM 32 YMOB:
1-T+D >0 < aflygs = 0,

(10)

Hepienocri (10) Bu3Ha4aoTh 00J1aCTh, B sIKiH HepyxoMa Touka E* € criiikoro. 3 (10)
BUILIMBAE, MO TIepIla HEPIBHICTh 3aBXKIU BHKOHYETHCS, TOOTO JOTHYHA Oidypraris
BifcyTHs. [Ipu mopymenHi apyroi HepiBHOCTI, , BUHUKAIOTh CTIHKI
KOJIMBAaHHSI TIOKA3HUKIB, 10 CYNPOBOIKYIOThCA KackazoM 0iypkaliiii mogBoeHHs TIepi-

ony. [Ipu mopy1eHHi TpeTho1 HEPIBHOCTI, , BilOyBaeThCs Oidypkaris
Heiimapka-Caxkepa i AuHaMiKa MOKa3HUKIB IEPEXOIUTH y KBa3iMEPiOIUIHUA PEKIM.

TakuM 9UHOM, 00aCTh CTIHKOCTI BimoOpaxkeHHs (6) y HepyxoMiit Toulli £ Bu3Ha-
Ya€eThCS HACTYITHUMU CITiBBIHOIICHHSIMU:

0 < g < pftir 0 < a = min{a;, as),

, (11)
ze

O06nacTh CTIMKOCTI Ha TUIONIMHI TapaMeTpiB (o, f) npencrasieHo Ha puc. 1(a). Tem-
HIIIMM BiJITIHKOM ITO3Ha4€Ha OOJIaCTh, B AKiM MYJBTHUILIIKATOPU € KOMIIJIEKCHO-CIIPS-
xeHuMu. Lst obmacts oOMexena aBoma Jinismu (12), orpumanumu 3 ymosu D = T%4
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(12)

Haii po3rstHeMo Oidypkaliiro Kopo3MipHOCTi 2, a came pe3onanc 1:2. Iliit 6idyp-
Kallii BiIMOBIIAIOTh TOUKH MEPETHHY JIiHIH Oipypk amii monBoeHHs nepiony Ta 0idyp-
kamii Heitmapka-Cakepa. To6To BoHa Mae MicCIle TIpH OTHOYaCHOMY BHKOHAHHI YMOB:

l1+T+D=0rtaD=1. (13)

3 (13) BunnuBae, mo kpuBi /"7 Ta S neperunaioThes y Toukax (a,, £ (a,)) Ta (a,,
A% (@), sKi i € Toukamu pezoHaHcy 1:2.

3 (11) BurnumBae, 1o miIoma o0aacTi CTiIHKOCTi 0OepHEHO MPOMNOopLiiHa acUMeTpil
PHHKIB. 3pOoCcTaHHs aCUMETPii CTHCKae 00MacThb CTIMKOCTI 1O oci f, Ta HaBHaku. Takum
YHHOM, BIUIMB acUMETpii pMHKIB Mae OBOSKUN edekT. Bucokuil piBeHb acumerpii,
3 OIHOTO OOKY, 301JIbIIIy€ MOMUT Ha L-pUHKY, a 3 iHIIOro OOKY 3MEHIIy€e 00IacTh CTiii-
KOCTI pUHKOBOI PiBHOBArH.

BrmB nmpoaykroBoi audepeHuianii He Takuil oueBUAHUMA. s aHamily BIUIMBY
mudepeHuianii BU3HAYMMO IUIONLY 00JacTi CTIMKOCTI K QyHKII0 acuMeTpii Ta nude-
peHttiarii:

min{ay,a;} . max{ay,a,} max{a,.a;} .
S =f B MPda +f BN da —f B da.
0 minf{a, a;} Gt

3aJeKHICTh IO 00NacTi CTIHKOCTI BiJ qudepentialii 3a pikcoBaHOTO PiBHS acH-
MeTpii nmpencrasieHa Ha puc. 1(0).

(a) ' (6)

-05 a 0.5 1

phi

Puc. 1. (@) Obnacmo cmivikocmi nepyxomoi mouku E* na niowuni napamempie (a, p)
npuy =135 ¢ = 0,15. (6) 3anesxcnicmo niowi obnacmi cmitikocmi 6i0 ougpepenyiayii
npuy =3

Iicepeno: enacna pozpobka
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TakuM 4MHOM, 3pOCTAaHHS PiBHS B3a€MO3aMIHHOCTI (B3a€MOJIOTIOBHIOBAHOCT1) 301JTh-
nrye (3MeHIrye) miomry obnacti criiikocti. OTke, BIUIMB MPOAYKTOBOI audepeHiamii
TaKOX BUSBUBCS HETPUBIAIbHIM. BHCOKHMIA piBEHD B3a€MO3aMIHHOCTI IMiJICHITIOE PiBEHb
KOHKYpeHIii Mk QipMaMu Ta, 0lHOYaCcHO, 30LIBIIYE MJIONLY 00JacTi crilikocTi. Buco-
KU piBEHb B3a€MOJIOTIOBHIOBAHOCTI MOTHBYE (ipMHU 10 aryioMepailii Ta, OJHOYAaCHO,
3MEHIIY€ CTIHKICTh TAKOi piBHOBArH.

OTtpuMaHi pe3yibTaTd JTO3BOJISIOTH BCTAHOBUTH TPaHWYHI 3HAUCHHS WIBHUIKOCTI
amanranii ¢pipM. 3 puc. 1(a) 6aunmo, 1o piBHOBara BTpavyae CTidKicTs pH o > 2,1 abo
S > 1,4. Takum unHOM, QipMa, sika KOHKYpYe 3a bepTpaHoMm, € OiIbII YyTIUBOIO 10
3MIHM IIBUIKOCTI ajanTarii.

HactynHuii eran mociiykeHHsT IPOBEJEMO 32 JIOTIOMOTOI0 KOMIT FOTEPHOTO MOjie-
moBanHs B iporpami E&F Chaos. [Tpuiimemo HavansHi ymosu: g(0) = p(0) =0,1. Kapty
JIMHAMIYHUX PEKMMIB Ha IUIONIUHI mapaMeTpiB (a, ) mpeacTaBieHo Ha puc. 2.

beta
2050 4 . . . R . . .
1.750
1.540
1.280 -
2
I
o
=
1.030 o
=
o
2
=
0763 %
T
E
@]
0513
Cuewrapiit Delirenbayma
0256
0.000 . -
0.000 0406 0813 1.220 1.630 2030 2,440 2840 3.250

alpha

Puc. 2. Kapma ounamiunux pesxcumie Ha niowuni napamempis (o, p)
npuy =135, ¢ = 0,15. luppamu nosnaueni nepioou pexicumis, HopHa 0oaacmo
sionogidae xaocy, 6ina — po30incHocmi mpackmopii

IDicepeno: enacna po3pobka

Ha puc. 2 nepion 1 Bianmosinae piBHoBa3i 3a Hemem. 31 3pocTaHHsAM napameTpiB a
Ta f/ MOXIIMBA AWHAMiKa 3a ciieHapieM Peliren6ayma ado Helimapka-Cakepa. 3a cueHa-
piem Deiirenbayma BUHUKAIOTh CTIHKI KOMMBAHHS MOKAa3HUKIB, 10 CYMPOBOAXKYIOTHCS
KackazoM Oidypkariil monBoeHHs mepiony, crodaTky nepiogy 2, motim 4 ta 8. 3a cue-
Hapiem Hefimapka-Cakepa AnHaMika MOKa3HUKIB MEPEXOAUTH Y KBa3iNepioguyHHUN
pexxuM. bidypkauiiiai il Ha TOBEpPXHI MapaMeTpiB MPEIACTABIAIOTECS MEXaMH Bifl-
NOBiTHHUX oOnacTell. BOHM HAKONMYYIOTHCS 10 KPUTHYHOI JTiHii, SIKa € MEXKEI0 Xaocy.
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3a3HauuMo, 110 mepexin 1o cuenapiro delireHOayma MOXKIIMBUI HE JHIIE HAPSIMY
31 cTaHy piBHOBard, a i yepes obnacts xaocy. Hanpukian, 3a ¢ikcoBaHOTO 3HAUCHHS
napametpa £ = 1,4 Ta 3pocTaHHs MapaMeTpa o CTaH PIBHOBATH MEPEXOAUTH Y PEKUM
Xa0Cy, AKUI MOTIM 3MIHIOETHCS KackaaoM Oidypkalliii mogBOeHHS nepioy. BinnosiaHi
OidypkariifHi TiarpaMu Uil piBHOB2YKHOTO 00CsTY MPOMNo3uIii (GipMu i mpencTaBieHi
Ha puc. 3.

]

G

(a) (6)

Puc. 3. Bighyprayiiini diacpamu 0ns obcsizy nponozuyii i-i pipmu
npuy=15¢=015 (@pf=1mal7<0<32 (6)f=14mal7<a<3lI

3pocTaHHs piBHS qudepeHItialii MpU3BOAUTD 10 301IBIICHHS 00acTi pO301XKHOCTI
TPAEKTOPil MO oci f Ta MosBI oOmacTel KBa3iNepioAHMYHHX PEKUMIB 3a CIIEHApIEM
Hetimapka-Cakepa. Po3missHeMo 1ie Ha MPUKIIaJi B3a€MO3aMiHHOCTI.

Hanpuxnan, npu ¢ = 0,35 3’ IBISIOTHCS 001aCTI UKITIB TOBXHUHOKO 3, 6 Ta 7 (puc. 4).
Ipu ¢ = 0,5 3-uK Ta 6-0UKIT 3MINYIOTECS Y HANPSAMKY JiHii 0idypkamii Hefimapka-
Cakepa, y 7-1IMKJIa 3MEHIIYETHCS, & Y S-IIMKIIA 30LIbIIY€EThCS mIoma (puc. S5).

gi

Puc. 4. Kapma pesxcumie npuy = 1,5, ¢ = 0,35, 1,7<p <19,
2,35 <a < 3,2 ma bigpyprayiiina diacpama npu 'y = 1,5, ¢ = 0,35,
p=179 2<a<305
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qi

Puc. 5. Kapma pesicumie npuy = 1,5, ¢ = 0,5, 1,45 <p <2,01,
2,08 < a < 3,2 ma 6ighyprayiina diacpama npuy = 1,5, ¢ = 0,5,
p=17922<a<287

3pocTaHHs B3aEMO3aMIiHHOCTI 110 ¢ = 0,65 MPU3BOIUTH 10 BAHUKHEHHS 00J1acTi 3Ha-
YeHb MapaMeTpiB a 1 f, 3a SIKUX MOXe peallizyBaTHCS SIK CTiliKa cralioHapHa TOYKa,
TaK 1 CTIHKI UKW JTOBKUHOIO 3 Ta 6, TOOTO BUHHMKA€E MYIBTUCTAOLIBHICTE. [lepexin
JI0 CTiiiKoi piBHOBaru a0o 10 3-IMKIY, a TOTIM O-IIMKIy 3aJIe)KHTh BiJl MOYaTKOBUX
yMoB. JlochmianuMo — sIK BIUTMBAa€ MOYATKOBE 3HAUEHHS LIHU QIipMH j HA KapTH PEXU-
MiB Ta TUHAMIKYy PIBHOBaXHOTO 00CATY Mpono3uiii Gpipmu i. Pe3yasrarn MojentoBaHHs
MpecTaBIeHo Ha puc. 6 Ta puc. 7.

(a) (6)

(8) (r)

Puc. 6. Kapma pescumie npuy = 1,5, $ = 0,65, 1 < <22, 1,5 <a <45, q(0)=0,1.
(a) p(0) = 0,1. (6) p(0) = 0,2. (8) p(0) = 0,5. (2) p(0) = 0,6
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qi qi

(a) a (6) a

qgi qi

(8) a (r) a

Puc. 7. Bighyprayiuni diaecpamu npuy = 1,5, ¢ = 0,65, f = 1,79, 2,2 <a < 2,94,
q(0) =0,1. (a) p(0) = 0,1. (6) p(0) = 0,2. (8) p(0) = 0,5. (2) p(0) = 0,6

Ha puc. 7 6aunmo, mo B 3aJeKHOCTI BiJl MIOYaTKOBOTO PIiBHS IIHH PiBHOBAKHHUH
o0csr mpomno3utii no minii Hefimapka-Cakepa Moxe mepexonuTH: (a) Crovyarky 3-IHKI,
moTiM Kackaj Oidypkariit monBoeHHs; (0) HampsMy 10 Xaocy 3a crieHapiem Hefimapka-
Cakepa; (B) criouaTrky 6-ITUKJI, TOTIM Kackaz OidypKarliii monBoeHHs; (T) MUK BUIIAX
TIOPSIKIB Ta Kackaja OidypKarliil moaIBoEHHS.

ITomampImie MiaABAMIEHHS B3a€MO3aMIHHOCTI MPU3BOAUTH 1O 3HUKHEHHS KBa3irepio-
TUIHUX PEKHAMIB.

BucnoBku. Y poOoti BU3HaUEHO cTaH piBHOBaru 3a Hemrem y mpocTopoBiit gyoro-
J1i1, Kom ofHa 3 (pipM BCTaHOBIIOE OOCST MPOTIO3UILii, a iHIIIa BCTAaHOBIIOE IiHY. OTpH-
MaHo, 1110 Y piBHOBaXkHOMY cTaHi ayononii Kypro-beprpana ¢ipmi i BurinHO m0o6 dipma j
KOHKypyBana 3a KypHo, a gipmi j Burigno, mob ¢ipma i KoHKypyBaia 3a beprpanom.

BuzHaueHa 3aiie)xHICTh 00T1acTi CTIHKOCTI piBHOBArd BiJl aCUMETPii po3MIpiB pHH-
KiB. OTpuMaHoO, IO TIIoMA 00IacTi CTIHKOCTI 00epHEHO MPOMOpITiHHA aCHMETpPIi pUH-
KiB. 3poCTaHHsS acUMETpii CTHCKAae 00NacTh CTIMKOCTI MO OCi f, Ta HaBmakh. Takum
YUHOM, aCHMETPIsl pUHKIB Ma€e IBOSKHHA eekT. Bucoknii piBeHb acCUMETpii, 3 OMHOTO
00Ky, 301IBIIIy€E ITOMUT Ha L-pUHKY, a 3 iHIIOTO OOKY, 3MEHIITy€e 001acTh CTIMKOCTI pyH-
KOBOI piBHOBaru.

BcraHoBiieHa 3anexHicTh 0071acTi CTIHKOCTI piBHOBArd BiJ MPOIYKTOBOI Mu(epeH-
miamii. OTpuMaHo, IO 3POCTaHHS PIBHSA B3a€MO3aMiHHOCTI (B3a€EMOIOTIOBHIOBAHOCTI)
30imbIye (3MEHINy€) TUIONTy oONacTi cTiikocTi. Bucokuii piBeHb B3a€MO3aMiHHOCTI
IiJICHITIOE PiBEHb KOHKYPEHIIIi MiX (ipMaMu Ta, OMHOYACHO, 301JIBIIY€ TIIONTY 00IacTi
cTilikocTi. Brucokuii piBeHb B3a€MOIOTIOBHIOBAHOCTI MOTHBYE (DipMu IO ariiomepariii
Ta, OJTHOYACHO, 3MEHIITY€ CTIIKICTh TaKoi piBHOBAry.

[omampmi gocmipkeHHsT TOB’S3aHI 3 aHANI30M CTIMKOCTI pIBHOBaru B yMOBax
iHdopMaIiifHoi acuMeTpii.
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Anomauisn

Bemyn. [liosuwenns egpexmusrnocmi excniyamayii 3ani3HUYHOL 2ay3i 3yMOBIIOE
HeOOXIOHICMb 8NPOBAONCEHH KOMOIHOBaHUX cucmem mparcnopmy. Haitibinew npi-
OpUMemHUMU ceped MAaKux HA CbOSOOHIWHIN 0eHb € KOHMEUHEPHi nepege3eHis, o
00YMOBIEHO MOOINbHICMIO KOHMEUHEPie AK mpancnopmuux 3acodis. [na ympuman-
H5l KOHKYPEHMOCHPOMOICHOCTHI KOHMEHEPHUX Nepese3etb GadiCIUGUM € NIOGUUJCHHS
MEXHIKO-eKOHOMIYHUX A eKCHIyamayiiHux Xapakmepucmux Konmetinepie. He menwu
BANCTUBUM KPUTNEPIEM, CHPAMOBAHUM HA NIOBUWEHHS 3ampedy8aHOCI GUKOPUCTNAHHSL
KOHmelHepis € 3a0e3neuenns CXOpOHHOCMI 6AHMAICI8, WO Nepeso3amuvcs y Hux. Tomy
00CNI0CEHHS, NPUCBAUEHT CIBOPEHHIO CYYACHUX KOHCMPYKYIU KOHMeUHepie, € akmy-
ATLHUMU.

Mema. Bucsimnennsa pesynomamie MOOeNO8aHHS NONEPEYHOI HABAHMANICEHOCTI
KOHmeliHepa 3i CMiHamu i3 CeHO8iu-nauenel, po3mMieHo20 Ha 8a20HI-nAam@opmi npu
11020 OOKOBIL XUMABUYL.

Pezynomamu. 3 memoro 3meHuieHHs: OUHAMIYHOI Hasanmadicenocmi Koumetinepa
6 excniyamayii 3anpoOnoHOBAHO BU2OMOGNEHHS 1020 CMiH 13 ceHOgiu-naneneu. /s
00IPYHMYBAHHS 3ACMOCYBAHNSA CeHOGIU-naHeNell 8 OOKO8UX cminax Konmetinepa npose-
0eHo Mamemamuire MOOeNI0BAHH 1020 OUHAMIYHOI HABAHMAICEHOCMI 3d YMOBU PO3-
MiWyeHHs Ha 8A2OHI-NIAM@OpMi NPU KOTUEAHHAX O0K060I xumaeuyi. Bcmarnoeéneno, ujo
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MAKCUMANbHI NPUCKOPEHHS, AKI Oilomb HA KoHmetliHep 3i Cminamu i3 ceno8iy-nameinetl,
Matidice na 5% nuoicui 3a mi, wo Oitoms Ha KOHmMelHep Munoeoi koncmpykyii. Ilposedeno
KOMN tomepHe MOOeN08AHHs NONEPEYHOI HABAHMANCEHOCMI KOHmeliHepa 3i CMIHaMU i3
ceHogiy-naneneu. Po3oisxcuicms migc pesynvmamamu, OmpuManumMy MamemamuyHum
ma KoMn 1omepHUM MOOeNI08aHHAM, cKkaadae onuzvko 8%. Bepugikayiio chopmosanux
Moodenell nonepeuHoi HaBaHmMadiceHoCcmi Konmetinepa 30iticneno 3a F-kpumepiem.

Bucnoexu. Ilpogedeni 00CniodHceHHs CRPUSIMUMYMb CMBOPEHHIO DeKOMeHOayill
WO000 NPOEKMYBAHHA CYYACHUX KOHCMPYKYIU MPAHCHOPMHUX 3ac00i8 MOOVIbHOZO0
Muny ma niosUeHHI0 eekmueHoCmi QYHKYIOHY8AHH MPAHCHOPMHOT 2AY3I.

Knrouosi cnosa: xoumetinep I1SO, cendsiu-nanenv, nonepeuHa HABAHMANCEHICMb
KoHmelHepad, KOHmelHepHi nepese3eHHs.

MODELING OF THE TRANSVERSAL LOADING OF A CONTAINER
WITH SANDWICH PANELS WALLS PLACED ON A PLATFORM CAR
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Summary

Introduction. The efficiency improvement of the operation of the railway industry
necessitates the combined transport systems implementation. Today, container
transportation is the most prioritized which is caused by the mobility of containers
as vehicles. To maintain container transportation competitiveness, it is important
to improve the technical, economic, and operational characteristics of containers.
A valuable criterion aimed at the demand improvement for the use of containers is
ensuring the safety of freight transported in them. Therefore, research devoted to modern
container development is actual.

Purpose. Elucidation of the results of modeling the lateral load of a container with
walls made of sandwich panels, placed on a platform car during its lateral sway.

Results. In order to reduce the dynamic load of the container in operation, it is
proposed to make its walls from sandwich panels. To reason for the use of sandwich
panels in the side walls of the container, mathematical modeling of its dynamic load
was carried out under the condition of placement on a platform car with side rocker
oscillations. It was found that the maximum accelerations acting on a container with
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sandwich panel walls are almost 5% lower than those acting on a container of typical
construction. A computer simulation of the transverse load of a container with sandwich
panel walls was carried out. The difference between the results obtained by mathematical
and computer modeling is about 8%. Verification of the formed models of the lateral
load of the container was carried out according to the F-criterion.

Conclusions. The conducted research will contribute to the development of
recommendations for the design of modern designs of modular vehicles and increase
the transport industry efficiency.

Key words: ISO container, sandwich panel, transverse container loading, container
transportation.

IlocTaHoBKa mMpo0JieMH y 3arajJibHOMY BUDJISAI Ta ii 3B’A30K i3 BasKJIUBUMH
HAYKOBMMH 4Y¥ NMPAKTHYHUMHM 3aBAaHHAMM. EdextuBHiCTE poOOTH MammHOOYIiB-
HOT TajIy3i 3yMOBIIIOE HEOOX1IHICTh PO3POOKU Ta BBEICHHS B CKCILIyaTallll0 Cy4acHHUX
KOHCTPYKIIIH TpaHCIIOPTHHUX 3aco0iB. Jl0CBiJ pO3BUTKY BaroHHOTO MapKy B KpaiHax-
yaacHuUIIX UIC cBiAUnTh PO CTIHKY TeHASHIII0 PO3BUTKY KOHTEHHEPHUX TIEPEBE3EHb.
3HaYHUN CETMEHT TAaKHX IepPeBe3€Hb MPUIAJA€ Ha 3aMI3HUUHUIN TpaHCIOpT. BaximBo
CKazaTH, 110, OKPIM psiy MepeBar KOHTEHHEPHUX MepeBe3eHb BAHTAXKIB 3aJI3HUIICIO,
€ 1 CYyTTEBI HEHOJIKU Takoro cum0io3y. OHUM 3 OCHOBHHMX CEpel TaKUX HEIOJIKIB
€ IMKJIYHICTbD JIii eKCIUTyaTalliiHiX HaBaHTaKEHb HA HECYYy KOHCTPYKIIIIO KOHTeHHe-
piB. L{i HaBaHTa)keHHS BILIMBAIOTh HE TUILKM HAa KOHTCHHEpP, a ¥ Ha BaHTaX, PO3Mi-
HICHUH y HhOMY. 3aBJISIKH TOMY, III0 BAHTa)X MOXKE€ MaTH BJIACHUI CTYIiHb BUIBHOCTI,
KOHCTPYKIIisl KOHTeHHepa BUITPOOOBYE JJOAATKOBY HaBaHTaXeHICTh. Lle cripusie momiko-
JUKEHHIO KOHTeWHepa. ToMy BaXJIMBUMH € pO3poOKa Ta BIPOBAHKEHHS PillIeHb, CIIPS-
MOBAHHX Ha 3MEHIIICHHS HABAaHTAKEHOCTI KOHTEHHEPIB B YMOBAxX eKCILTyaTarlii.

AHaJi3 ocTaHHiX 10c/iIKeHb 1 myOaikauiii, B IKHX 3a1109aTKOBAHO PO3B’sI3aHHSI
ni€i mpoOaemu, i BUAlJIeHHS He BUPilIeHUX paHille YaCTHH 3arajbHoi NpoodJieMH.
JocimkeHHs, MPUCBIYEHI KOHCTPYKTHBHUAM BJIOCKOHAJICHHSIM KOHTEHHEPIB, € JOCUTh
aKTyaJbHHMH, 1110 i ATBEPKCHO BEJIMKOIO KUIbKICTIO myOmikartii. Hanpukian, B po6oTi
[1] aBTOpamu 3ampormoOHOBaHO Ta OOTPYHTOBAHO KOHCTPYKITIF0O KOHTEHHEpA IS TII00-
OBOYEBOI MPOAYKIi. YCi KOHCTPYKTHBHI PIllIEHHS MIONO BIOCKOHAJIICHHS KOHTEHHEpa
MIATBEPKEHI BIAMOBITHUMH PO3paxyHKaMH Ha MIIHICTh. Takok B poOOTI HABEIACHO
aHaJi3 OCHOBHHUX PO3PaxyHKOBHX CXeM KOHTeHHepiB. BaxkiBo cka3aru, 10 PH [bOMY
HE 3aMPOIIOHOBAHO JKOJHHUX PIIICHD 100 IMIABHIIECHHS MIIHOCTI CTIH KOHTEHHEpa SIK
OJTHI€T 13 HAUOUTBII BPa3IMBHUX CKIIAJOBUX KOHCTPYKIIIL.

Jis 3HYOKEHHS TUHAMIYHUX HAaBaHTaXEHb, K1 JI1F0Th Ha TPAHCIIOPTHI 3aCO0H, B €KC-
TuTyaTamii 3HAHIUIM BUKOPUCTAHHS CEHJABIYU-TIaHeNi B iX KOHCTpYyKHisx. Hampukman,
B po0oTi [2] mpoBeeHO OOIPYHTYBaHHS BUKOPUCTAHHS CEHJIBIY-TIAaHETIeH Y SKOCTI M-
JIOTH HamiBBaroHa. Take pillleHHS CIIPHsE 3MEHIICHHIO BEPTUKAILHUX HABAHTAKCHb,
K1 JIIFOTh Ha HBOTO MPH PYCl PEHKOBOIO KOJIIEHO.

3acTocyBaHHs CEHJBIY-TIaHENIeH Y KOHCTPYKIIi Ky30Ba BaroHa TakoX OOTPYHTO-
ByeThCs B nyOmikamisx [3; 4]. JlocmikeHHs IpOBOAWINCH Ha IPUKJIaJl HalliBBaroHa.
3a3HaueHo, IO JaHe YA0CKOHAIICHHS MOXKE MaTH MICIIe SIK TPH BUTOTOBJICHH], TaK 1 MpH
MOJZICpHI3alisX 3aTi3HUYHUX BaroHiB. OJIHAK CTOCOBHO KOHTEHHEPIB OOTPYHTYBaHHS
TaKOTO yIOCKOHAJICHHS HE TIPOBOAMIIOCS.
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B poGorti [5] HaBeneHO OOTpYHTYBaHHS BUKOPHCTAHHS CEHJBIY-TIAHENIEH y SIKOCTI
CKJIaJIOBUX Ky30Ba BaroHa-xomnepa. Pe3ynbrati po3paxyHKiB ImoKa3aiu, o e pillleHHs
CTIpUsi€ 3MEHIICHHIO Tapu Hecy4ol KOHCTPYKIIi Ha 16,36% MOPIBHSHO 3 POTOTHUIIOM.
OpHaK MUTaHHS BU3HAYCHHS TUHAMIYHOT HABAHTA)XKEHOCTI YI0CKOHAJICHOT KOHCTPYKIIIT
BaroHa B po0OTi HE PO3MIAAAIOCS.

B myGnikamii [6] oOrpyHTOBaHO BIPOBA/KCHHSI CEHJBIU-TIAHENEH B SIKOCTI TOpIIE-
BUX CTIH KOHTelHepa. BetaHOBIEHO, IO 3 ypaxyBaHHSM 3alPOIIOHOBAHOTO Y/0CKOHA-
JICHHSI CTa€ MOXITMBUM 3HU3UTH JIMHAMIYHI HABaHTA)KEHHS, SIKi CIIpUiMae KOHTEHHep
Ha 10% y NOpiBHSHHI 3 TUTIOBOIO KOHCTPYKIi€0. OTpUMaHi pe3yJIbTaTH MiTBEPIKEHO
KOMIT IOTEPHUM MOJICIIIOBAHHSAM JMHAMIYHOI HaBaHTa)KCHOCTI KOHTeiHepa. Pazom
3 IMM BHU3HAYCHHIO MOMEPEYHOI HABAaHTA)XKEHOCTI KOHTEWHEpa 31 CTiHAMU 13 CEHJBIY-
MaHeJel aBTOpaMH He JIOCI1KYBaJIOCS.

Ornsip mitepatypHuX mkepen [ 1-6] m03Bosie 3pOOUTH BUCHOBOK, IO ITUTAHHS Y/IO0-
CKOHAJICHb KOHTEHHEPIB 3 METOK 3MCHIICHHS 1X AMHAMIYHOI HaBAaHTAKEHOCTI B €KC-
IUIyartaiii € JOCUTh aKTyaJIbHUMH. Pa30M 3 [IUM JIOCITIIKSHHIO TIONIEPEYHOT HABaHTaXe-
HOCTI KOHTEWHEPIB 31 CTIHAMH 13 CeHJBIY-TIaHENIeH JOCI He MpUIUBLIOCS yBaru. Taka
00CTaBHHA BUKJIMKAE HEOOXiTHICTh TPOBENICHHS TOCII/IKCHD B 3a3HAYCHOMY HAIPSMKY.

®opmyTIOBAHHS METH CTATTi, MOCTAHOBKA 3aBlAaHHs. BUCBITICHHS pe3ysbTariB
MO/ICITFOBAHHS MONEPEYHOI HaBAaHTAXKEHOCTI KOHTEHHEepa 31 CTIHAMU 13 CeHJIBiU-TIaHEe-
JieH, PO3MIIIICHOTO Ha BaroHi-IuiaTGopmi rmpu Horo O0KOBil XuTaBuili. [Jis 10CATHEHHS
3a3Ha4eHOl METH BU3HAYEH] TaKi 3aBIaHHS:

1. TIpoBecT MaTeMaTHYHE MOJICTIOBAHHSI TIONIEPEYHOT HABAHTAKEHOCTI KOHTEITHEpa
31 CTIHAMH 13 CE€HIBIY-TIaHEEH.

2. [TpoBecTy KOMIT IOTepHE MOJICTIIOBAHHS [TONIEPEYHOT HABAHTAXKCHOCTI KOHTEIHepa
31 CTIHAMH 13 CE€HIBIY-TIaHENEH.

3. BepudikyBaru chopmoBaHi MOJEINi MOMEPEYHOI HABAHTAXKCHOCTI KOHTEiHepa
31 CTIHAMH 13 CE€HIBIY-TIaHEEH.

O0’€KTOM TOCTIIZKEHHS € KOHTEHHEp 31 CTIHAMH 13 CeHBIU-TIaHEeIIEeH.

I[penMer nocaifzkeHHs — JWMHAMiYHA HAaBaHTAKCHICTh KOHTCHHEpa 31 CTiHAMHU
13 CeH/IBIU-TIaHECH.

Bukaan marepiajy 1oc/ifkeHHs 3 NOBHMM OOIPYHTYBAHHSIM OTPUMAHMX Hay-
KOBHUX pe3yabTatiB. [IJis1 0OTpyHTYBaHHS 3aCTOCYBaHHS CEH/BIU-TTaHeNeil B OOKOBUX
CTiHaX KOHTeHHepa MPOBEACHO MaTeMaTHYHE MOJICITIOBAHHS HOTO TMHAMIYHOT HaBaHTa-
JKEHOCTI 32 YMOBHU PO3MIIICHHS Ha BaroHi-1uiaTgopMi Mpu KOJMBAaHHIX OOKOBOT XHTa-
BuIIli. Po3paxyHKOBY cxeMy KOHTEHHEpa, pO3MIlIEHOT0 Ha BaroHi-miargopmi, HaBeIeHO
Ha puc. 1.

JlJis BU3HAYCHHS TUHAMIYHOT HABAHTAXKCHOCTI KOHTEHHepa C(hOPMOBAHO CHUCTEMY
PiBHSHB, Ha sIKil 0a3yeThcs MareMaTHyHa MoJielb (1).

1y G +c,-b-(sign(b-q,))=F,
L-G,-gM,-2)-q,=F,,, +F,—c-b"-(¢,~¢,)-B-b-(¢,—4,), » (1)
I,-G,=F —c-b-(q,-¢,)-B-b"(4,~4,),

ne I, — MOMEHT iHeplii Barona-niarpopmu; c, — KOPCTKICTb IIPYKUH PECOPHOTO

HiIBIIyBaHHA Bi3Ka; b — HaMBIIMPMHA PaMK BaroHa-miarGopmu; F, — MOMEHT CHII,
[0 BUHMKAE MDK KOHTEHHEPOM Ta PamoOl0 BaroHa-miarGopmu; /, — MOMEHT iHepuii
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Puc. 1. Pospaxynkoea cxema konmetinepa, po3miuyeHo2o Ha 8a2oHi-naamaeopmi

KOHTEHHEPA BITHOCHO MOB3J0BXHBOI OCI; M, — Maca KOHTEHHEPA; Z — HAMBBUCOTA KOH-
Telnepa; F,,  — MOMEHT CHII, IO BUHMKAE MK BaroHOM-TIAT(OPMOIO Ta KOHTEHHE-
pom; F, — MOMEHT CHJI, IO BUHUKAE MK KOHTEHHEPOM Ta BAHTAXKEM; C — JKOPCTKICTh
EHEePTrOMOTTNHAIILHOTO MaTepially CeHIBidY-TlaHewdi; [/ — Koe]ilieHT B’S3KOT0 Omopy
€HEPIONONMHAILHOTO Marepiany CeHIBIY-TIanei; /, — MOMEHT iHEpIiil BaHTaxy; F, —
MOMEHT CHJI, 110 BUHUKA€ MK BAHTaXKEM Ta KOHTEHHEPOM.

Po3B’s30Kk cucremu piBHAHB (1) 3milicHeHo B mporpamHomy komruiekci MathCad
MIPH TIOYATKOBUX YMOBAaX, piBHUX HymO [7-9]. [Ipu oMy Mozens 3Boimiacs 10 HOp-
ManbHO1 popmu Komri 3 mocmimyrounm po3B’si3koM 3a metonoMm Pynre-Kyrra [10-12].
Ha mixcraBi mpoBeneHNX po3paxyHKiB BCTAHOBJICHO, IO MaKCHUMallbHI MPUCKOPEHHS,
SIKi JIIFOTh Ha KOHTEHEp cKkianaroth 1,7 mM/c? (puc. 2).

Puc. 2. Ilpuckopenns, axi ditomov Ha KoHmeuHep

OTpuMaHa BeJIMYMHA IPUCKOPEHHS Maibke Ha 5% HWKYa 3a Ty, IO /i€ HAa KOHTEH-
HEp THUIOBOI KOHCTPYKIIii. Po3paxyHOK peaizoBaHUM P 3HAYCHHI KOSPIIIEHTY KOp-
CTKOCTI €HEProMOTIMHAIBHOTO MaTepiany ceHasid-manenm 1,5 kH/M ta xoedimienTi
B’s13K0r0 omopy 2,0 kH - c/m. JlaHi mapameTpu BH3HAYEHI IIUIIXOM TIOCITIIOBHOTO TIepe-
0opy 32 yMOBH JIOTPUMAaHHS MPUCKOPEHD B MEXKaX JIOITyCTUMHUX 3HAYCHb.

Jns Bepudikamii chopMoBaHOT MaTeMaTHYHOI MOJENI 3IHCHEHO KOMII IOTEpHE
MOJICTIIOBAaHHS TIONIEPEYHOI HABAHTAXXEHOCTI KOHTEHHEpa, PO3MIIEHOT0 Ha BaroHi-
miardopmi. Po3paxyHok 3aificHEHO 3a METOOM CKIHUCHHX €JIEMEHTIB B IIPOTPAMHOMY
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kominiekci SolidWorks Simulation [13; 14]. [Ins 1mporo moOymaoBaHO MPOCTOPOBY
MoJIeTlb KOHTelHepa B mporpamMHomy komruiekci SolidWorks. Ilpu 11 cTBopeHHi Bpa-
XOBaHO EJIEMEHTH KOHCTPYKIIii, 10 JKOPCTKO B3aEMOIIIOTh MK co0oro. Po3paxyHok
3aiiicHeHo 3a [V Teopieto MintHOCTI (eHepreTHyHa Teopis). st ypaxyBaHHS TPYKHO-
B’SI3KOTO 3B’SI3KYy B CEHJIBIU-TIAHEIISIX, SIKI YTBOPIOIOTH OOKOBI CTiHH, 3a JIOTIOMOTOIO
OIIIi}i MPOTPaAaMHOTO KOMILIEKCY MiK METAJIEBUMH JIMCTAMH BCTAHOBIIOBABCS 3B’SI30K
«TIpyXuHa — nemrdepy.

Po3paxyHkoBa cxema KOHTelHepa BpaxoBy€ Taki HaBaHTaxeHHsS (puc. 3): BepTH-
KaJIbHEe CTaTW4He P, a Takok nomepedHe P, sKe IPUKIafanocs 10 OOKOBOi CTiHH.
[Nonepevne HaBaHTaKEHHS BPaXOBYBaJO THCK PO3MOPY BiJ BAHTAXY (3€pHO), a TAKOXK
JMHaMIYHE HaBaHTaXCHHs. J[MHaMiuHE HaBaHTaXXCHHS MPUKIAAAIOCS 3 OOKY HaXHITy
KOHTEWHepa.

Puc. 3. Pospaxynxoea cxema konmeiinepa

CKkiHUEHO-EJICMEHTHAa  MOJEIb  KOHTeWHepa yTBopeHa 373575  Bysnamu
ta 1119509 enemenTamu (TeTpaeapu i3onapaMeTprudHi). 3aKkpiruIeHHs Moeli Bi0yBa-
Jiocst 3a piTHHTH. Y SIKOCTI Marepialy KOHCTPYKIIii 3acrocoBano ctainb 0912C. Pe3yiib-
TaTH PO3paxyHKy HaBeJIeHO Ha puc. 4.

Puc. 4. Ilona posnodinenns npuckopens, axi 0iroms Ha KOHMeUHep

MaxcumainbHi IPUCKOPEHHS NP I[bOMY BHHHUKAIOTh y CEpeAHId 4acTHHI OOKOBOT
CTiHH 1 CKJIagawTh OimM3bko 1,56 m/c’. B TopiieBuX CTiHaX MPUCKOPEHHS JOPIBHIOE
omu3bko 0,8-0,9 M/c?. Po30XKHICT MiXK pe3y/ibTaTaMi, OTPUMAHUMU MaTeMaTHYHUM
Ta KOMIT FOTEpPHUM MOJICSITIOBAHHSM, CKIIagac Onm3pko 8%.
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3a MaTeMaTHYHOI MOJIEILIIO (1) Ta KOMIT FOTEPHOIO MOJIEIUII0 HAaBAaHTAXKEHOCTI KOH-
TeitHepa (puc. 3) mpoBeneHo BapialliiiHi po3paxyHKU. Y SKOCTI BapialliifHOTO mapame-
TPY PO3IISIHYTO Bary OpyTTo KOHTeiHepa. Ha mifcraBi mpoBeieHNX po3paxyHKiB OTpH-
MaHo JiBi BuOipku (Tadm. 1). 3a nanumu BOipkaMu poBeaieHO Bepudikallito Moaeaen
i3 BUKOpHUCTaHHsIM F-kpurtepiro.

Tabaums 1
IIpuckopeHHs, siKi 1il0Th HA KOHTeHHepP
. Ipuckopennsi, m/c’
Bara xoHnTeliHepa, T
MareMaTH4YHA MOJEJIb Komn’otepHa mojaenb

24 1,7 1,55
22 1,85 1,65
20 1,92 1,79
18 2,08 1,86
16 2,13 1,93
14 2,18 2,05
12 2,25 2,17

PesynpraTit mociimkeHp MOKa3al, M0 MPH PO3PaxXyHKOBOMY 3HAYEHHI KPHUTEPIr0
F=117 1 TabnmuaHoMy F=3,97 rimoresa npo afeKBaTHICTh HE 3aNE€PEUyEThCS.

BucHOBKM Ta mepcneKTHBHU NMOAAJBLIIOL Po00TH B HbOMY HanpsiMi. [IpoBeneHo
MaTeMaTHYHE MOJCITIOBAHHS ITONEPeYHOi HABAaHTAKECHOCTI KOHTEHHepa 31 CTiHAMH i3
CeHIIBiU-TIaHeNIel. BcTaHOBIIEHO, IO MaKCUMAaIbHI MPUCKOPEHHS, SIKi TIFOTh Ha KOHTEH-
HEep, JOPiBHIOIOTH On3bKo 1,7 M/c?. OTprMaHa BeTMYMHA PUCKOPEHHS Maike Ha 5%
HIDKYA 3a Ty, IO Jli€ Ha KOHTeHHEP TUMOBOT KOHCTPYKIIii.

[IpoBeneHO KOMIT FOTepHE MOIETIOBAHHS TOTIEPEYHOT HABAHTAKEHOCTI KOHTEeHHEpa
31 cTiHam¥ i3 ceHABiU-maHenel. MakcuManbHI IPUCKOPEHHS TPY IbOMY BHHHKAIOTh
y cepenHiit yacTuHi 60KOBOI CTIHM 1 CKIIamaroTh 6u3bKo 1,56 M/c?. B TopiieBuX CTiHAX
NPUCKOPEHHsI TopiBHIOE O1u3bKo 0,8—0,9 M/c?. Po301XkHICT MK pe3ysibTaTaMu, OTPH-
MaHUMH MaTeMaTHYHUM Ta KOMIT IOTEPHUM MOJIEITIOBAaHHSIM, CKIanae Onm3pko 8%.

BepudikoBano cdopmoBaHi Mopem IOMEpPedHOl HaBAaHTAXKECHOCTI KOHTEHHEpa
31 cTiHaMu i3 ceHaBid-maHenel 3a F-kputepiem. BcTaHoBIEeHO, MO0 MPU PO3paxyHKO-
BOMY 3HaueHHI KPUTEPir0 Fp= 1,17 1 rabnmmunomy F = 3,97 rinoresa npo aieKBaTHICTh
HE 3arepedyeThesl.

[IpoBeneHi gocmimKeHHs CIIPUSATUMYTh CTBOPEHHIO HAIIPAIFOBaHb MIOA0 MPOEKTY-
BaHHS CyYaCHMX KOHCTPYKIIiii KOHTEHHepiB, YTPUMaHHIO KOHKYpPEHTO3AaTHOCTI KOH-
TEHHEPHUX MepPEeBe3eHb Ta MiABUIIEHHIO peHTa0eIHHOCTI TPAHCIIOPTHOI Tay3i.
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Summary

The reliability of marine communications is crucial to ensuring the safety and suc-
cess of maritime activities. As the marine industry becomes more dependent on digital
technology and the internet, it must contend with formidable cybersecurity threats. This
article surveys the recent intellectual contributions to the burgeoning topic of maritime
communication cybersecurity.

This article’s major focus is the use of Al and cryptographic techniques to enhance
data security. Al will improve marine communication security using algorithms and
machine learning, while cryptographic methods guarantee data privacy and authenticity.

This article also highlights the need for risk assessment procedures and certifica-
tion programs for cybersecurity professionals. Providing established techniques for risk
management and improving overall cybersecurity posture, these components are espe-
cially important within the Internet of Things (IoT) ecosystem widespread in the marine
industry.

In order to improve cybersecurity education at the collegiate level, this paper pre-
sents a new conceptual framework. It highlights the need to prepare the next generation
of maritime workers to recognize and respond to cybersecurity risks by providing them
with the education they need to protect themselves from cybercrime.

New strategies forwarding against cyberattacks at sea are being investigated, inclu-
ding complexity-thinking techniques and open-source intelligence (OSINT). The debate
finishes by stressing the need for standardized cybersecurity measures and incorpora-
ting lessons from organizational science research in creating a safer marine communi-
cation network.

Key words: Marine communications, cybersecurity challenges, digital technologies,
connectivity, emerging cyber threats, artificial intelligence (Al), cryptographic
techniques, cybersecurity certification schemes, risk assessment processes, Internet
of Things (loT) ecosystem.
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Anomauin

Haoitinicms mopcoxux xomyHikayili € KpumuyHoro 0 3a0e3neyeHus be3neku ma
VCRIWHOCMI MOPCbKO20 CHONYYeHH:A. 3apa3, Koau MOPCbKA HPOMUCIOBICHb CIAE 8ce
Oinbute 3a1exdcHoI0 Gi0 YUPDPOBUX MeXHON02Il ma IHMepHemy, BUHUKAIOMb HOBI 3a2Po3U
6 cihepi kibepbesnexu. B cmammi ananizyromocs ocmanmi po3pobku 6 chepi Kibepoes-
neKu MOPCbKUX KOMYHIKAYilL.

OcHogHuti akyenm yici cmammi cCnpamMo8aHull Ha BUKOPUCTHAHHA WMYYHO20 iHme-
JleKmy ma Kpunmozspagiunux memooie 01 nioguuienHs Oesnexu oanux. Llmyunuil
iHmenekm nOKpawums 6e3nexy MOpCbKUX KOMYHIKAyill 3a 00NOMO2010 SHYUKUX d20-
pummie ma MAWUHHO20 HABYAHHA, 8 MO 4acC AK KPURMOpagiuni Mmemoou 2apanmy-
fomob KoHghiOeHYiliHicmb ma aéMeHMUYHICMb OAHUX.

B cmammi éxazyemucs na neobxionicms npoyedyp oyiHKU pusuKie ma npocpam cep-
mugixayii 011 Kibepsaxucnuxie. Haoanus ecmarnosnenux memoois ynpaeiinHs pusuxa-
MU A ROKPAWEHHSL 3a2aTbHO20 CIMAHY Kibepbe3neKku Mac 0codnuee 3Ha4eHHsL @ eKOCUC-
memi iHmepHemy peuetl, AKa WUPOKO BUKOPUCINOBYEMbCA Y MOPCHKIU NPOMUCTIOB0CHII.

s nokpawenns xibepoesnexu Ha piHi uwoi 0c8imu, ysa cmamms NPOROHYE HOBY
KOHYenmyaibHy pamxy. Bona niokpecitoe HeobxioOHicmb nid2omoeKu HacmynHo20 nOKo-
JIEHHSL MOPCbKUX POOIMHUKIE 00 BUSGNEHHS MA pedsy8anHs HA Kibepbe3neKkosi pusuxi,
Haoaiouu iM HeoOXIOHY oc8imy O0Jis 3aXUcmy Gi0 Kibep3loUuHHOCHII.

B oanuii uac eusuaromvcs nosi cmpameeii bopomvbdu 3 Kibepamaxamu Ha Mopi,
BKIIOYAIOYY MEXHIKU CKIAOHOCMI MUCTIEeHHS Md BUKOPUCTNAHHA 8IOKPUMO20 Ocepend
inghopmayii (OSINT). Pobumucs nazonoc na neobxioHocmi cmanoapmu308anux 3axo0ié
3 Kibepbesnexu ma 6KIIOYEHHAM YPOKiI6 3 OOCHIOINCEHHS OP2AHI3AYIIHUX HAYK VY CMBO-
penHsl 6e3neuHoi MOpCbKOi KOMYHIKAYIIHOL Mepedici.

Knrouosi crnosa: mopcoki komynixayii, euxiuxu Kibepbesnexku, yugposi mexnonozii,
36 ’5130K, HO8I Kibep3azpo3u, wmyynuti inmenexkm (Al), kpunmoepapiuni mexuixu, npo-
epamu cepmughixayii Kibep3axucHuxis, npoyedypu OYiHKu pusuxis, exocucmema Inmep-
nemy peuetl (loT).

1. Introduction

The marine sector has rapidly adopted Digital technology and connectivity, leading
to enhanced productivity and smoother operations. A downside to the industry’s digital
revolution is its increased vulnerability to cyberattacks. Cybersecurity solutions that
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have been successful in the past may not be up to the task of identifying and mitigat-
ing new forms of cyberattacks on maritime communications [1]. This article examines
recent developments in the study of cybersecurity for maritime communications and to
stress the need for innovative approaches to addressing these pressing new problems.

Cyberattacks can interrupt vital operations, damage sensitive information, and even
pose hazards to human safety as the marine sector becomes more networked. Criminals
and terrorists want to obtain access to, intercept, and disrupt maritime communication
systems for their ends. Phishing scams, malware infections, and sophisticated, targeted
APTs are all examples of today’s cyber dangers.

Researchers have been looking at novel cybersecurity strategies developed with mar-
itime communications in mind in order to counter these dangers. Artificial intelligence
(AI) methods are one focal point. Artificial intelligence (Al) may improve cybersecu-
rity systems’ ability to identify and respond to threats, leading to faster identification
of abnormalities and more preventative measures against cyberattacks. For instance,
machine learning algorithms can examine massive amounts of network traffic data to
spot telltale signs of cyberattacks, allowing for instantaneous responses and limiting
the damage that may otherwise be done.

Cryptographic methods are also an essential part of maritime communication
security. Sensitive information sent over the internet may maintain privacy, integrity,
and validity thanks to encryption techniques and digital signatures. Secure and unreada-
ble by outsiders even if intercepted, thanks to strong encryption methods. The evolution
of cryptographic algorithms and key management systems has resulted in robust secu-
rity in marine settings, even in the face of sophisticated threats.

Cybersecurity certification methods are just as important as technology improve-
ments for the safety of naval communication networks. These initiatives provide
a standardized approach to risk management and regulatory compliance by establishing
standards and recommendations for cybersecurity procedures. By verifying the integ-
rity of security measures, certification procedures provide stakeholders peace of mind
and allow for more well-informed choices. Organizations may measure their progress
toward a more secure cyber posture by adopting a culture of security fostered through
certification systems.

Risk assessment procedures are also crucial in the context of the IoT ecosystem
that predominates in the marine sphere. Managing risks has become more important
as the number of linked devices and systems aboard ships increases. In order to better
comprehend the danger picture, analyze possible repercussions, and prioritize mitiga-
tion measures, maritime businesses might benefit from conducting thorough risk assess-
ments. Organizations may increase their cybersecurity defenses and address gaps in
their communication infrastructure with frequent risk assessments.

Increasing cybersecurity education and awareness is also essential in the marine sec-
tor. To reduce the impact of the human element in cyber events, it is crucial to foster
a culture of cybersecurity among marine workers. Educating workers on potential dan-
gers, proper practices, and how to handle an event may be accomplished via intensive
training programs. Future workers will be better prepared to identify, avoid, and react
to cyber risks if cybersecurity education is required in the university curriculum, espe-
cially in disciplines connected to marine operations and technology.
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1.1. The aim of the work

The purpose of this article is to survey recent developments in cybersecurity for mar-
itime communications and provide an in-depth examination and evaluation of the state
of the art in this area. In this post, we will look at the cybersecurity issues plaguing
the marine sector and provide suggestions for coping with new cyberattacks. It also
emphasizes the possibilities of cutting-edge technology like Al and cryptography in
bolstering maritime communications’ cybersecurity. The paper also intends to discuss
the value of certification systems, risk assessment methods, and cybersecurity aware-
ness in the academic community. The article also delves into how the marine sector
might use open-source information and complexity-thinking techniques to combat
cybersecurity threats. In addition, the article stresses the significance of incorporat-
ing organizational science research into cybersecurity for maritime communications.
The ultimate objective is to provide a complete and instructive resource that aids in the
article and improvement of maritime communications’ cybersecurity procedures.

1.2. Research Objective

The main topics explored in the article include Cybersecurity issues in maritime
communications, the influence of connectivity and the Internet of Things, standard
cybersecurity policies, intrusion detection, and incident response, and more are all dis-
cussed in depth in this article.

Evaluate how well existing cybersecurity measures are protecting maritime commu-
nication networks and suggest ways to make them even more secure.

Analyze the current procedures and tools for detecting and stopping cyber-attacks
on marine networks.

Analyze how well-established incident response protocols safeguard maritime com-
munication networks against cyberattacks.

The goal of this study is to assess the effectiveness of current cybersecurity practices
in marine communications by analyzing the impact these practices have on mitigating
cyber threats and identifying areas for improvement based on measurable improvements
in the security posture of marine communication networks over the course of a year.

Fig. 1. A Flowchart Guide to Assessing and Enhancing Marine Communications’
Cybersecurity
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2. Literature Review

A cyber-physical security analysis was performed on port facilities, which included
using the Bow Tie Analysis (BTA) technique on a marine asset. [2] Found that BTA is
useful for assessing cyber-physical security threats in the marine industry, especially
in navigational communication systems.

Insisted that we figure out how well we are doing at spreading cybersecurity edu-
cation and training across the marine sector. The authors emphasized the growing
use of digital tools in the marine sector and the necessity to prioritize cybersecurity
measures. The Cyber-MAR Project was suggested to teach and create awareness about
cybersecurity in the maritime industry using hyper-realistic modeling and emulation
of maritime systems [3].

Through the prism of the maritime industry, [4] investigated the development
of norms in cyberspace. To conduct international diplomacy on cyberspace norms,
the authors proposed creating a Bureau of Cyberspace Security and Emerging Technol-
ogy under the United States Department of State. Setting standards in the marine sector
was cited as useful to learn [4].

Focused on cyber occurrences and risks in the maritime industry, emphasizing
ship safety and navigation. Multiple positioning, navigation, and timing (PNT) solu-
tions were recommended to improve marine cybersecurity [5] since the research high-
lighted the weaknesses of satellite navigation systems, notably the Global Positioning
System (GPS).

Model-based systems engineering ideas were used to construct a technique for
determining a system’s resilience against cyberattacks. The approach was developed
to assess the likelihood and severity of cyber assaults on complex systems like supply
chains and their enabling infrastructure. According to the authors, modeling and simula-
tion techniques mostly drive cybersecurity controls and operational choices [6].

Cyber security at sea was regarded as an important ocean policy issue. Security flaws
in the shipping industry were highlighted as a major threat to marine ecosystems. Given
the proliferation of autonomous ships and efforts by groups like the U.S. Coast Guard
and the International Maritime Organization [7], the study’s results emphasize the need
to strengthen maritime cybersecurity.

Developed a fuzzy evidential reasoning (ER) framework for maritime security
assessment based on expert opinion. The framework’s purpose was to offer a transpar-
ent mechanism for decision-makers to evaluate maritime security policy choices by
analyzing subjective risk assessment information from numerous experts. According
to the research of [8], a reliable and general technique is required to evaluate maritime
security in the face of high levels of uncertainty.

3. Methodology

This article summarizes the results of an academic study of the cybersecurity
threats to maritime communications and an assessment of current practices and meth-
ods used in this sector. This study’s approach included a thorough literature evaluation
and analysis of previously conducted and published work on cybersecurity for mari-
time communications. The approach used to handle the various parts of the research
are detailed below.
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Fig. 2. Methodology for Safeguarding Marine Communications

3.1. Cybersecurity Challenges in Marine Communications

3.1.1. Threat Landscape

The rising use of digital technology has contributed to a shifting danger pic-
ture within the maritime industry. An exhaustive literature survey allowed for
an in-depth examination of this setting. Using the foundation established by Zeadally
et al. (2020) [1] we conducted a study that uncovered the maritime industry’s most

Fig. 3. Cybersecurity Challenges in Marine Communications — A Pie Chart on 2023
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pressing cybersecurity issues. With today’s assaults being so complex and multi-fac-
eted, the ever-increasing sophistication of cyber threats has become an urgent matter
of worry. The fact that many organizations are still using outdated technology that
was not built to withstand today’s sophisticated cyberattacks was also a major cause
for worry. Furthermore, the possibility of state-sponsored assaults added a new layer
to the danger picture since they posed a distinct threat scale in terms of resources
and purpose. Constantly evaluating the state of this dynamic threat environment is
essential for making necessary adjustments to security.

3.1.2. Human Factors

Human factors largely shape the marine communications security paradigm. Our
examination of the literature looked at how human error may compromise the security
of marine networks, drawing on the work of researchers like [9] and [10] Maritime
employees may unintentionally compromise network security despite their expertise
due to a lack of cybersecurity training.

Because even accidental mistakes may leave systems susceptible, our article shows
that it is essential for employees to grasp cybersecurity problems. Another major idea that
surfaced concerned the efficiency of educational initiatives. The overall security of marine
communications benefits greatly from well-structured programs that educate personnel
on cyber dangers and safe procedures. Thus, human aspects are essential to a holistic
strategy for ensuring cyber safety in the marine industry, despite their frequent neglect.

3.1.3. Connectivity and IoT

New cybersecurity risks have emerged due to the widespread use of IoT devices in
the marine industry and the subsequent increase in connection. Our article on the dangers
of Internet of Things (IoT) enabled marine systems was heavily inspired by the work
of [11] and [12].

Cybersecurity risks have escalated dramatically since IoT devices were introduced
into the marine area. Because of their interconnectedness, these gadgets are susceptible
to attacks from bad actors. As a result, vital systems in the marine sector are vulnerable
to exploitation since the proliferation of IoT devices has overtaken the development
of solid security measures.

The article also sheds light on the distinct difficulties of ensuring marine connection
due to the isolation of activities and the vulnerability to varying climatic conditions.
Wireless and satellite networks are becoming more important, significantly complicat-
ing security since they may be intercepted or disrupted.

The literature review emphasized the need for the marine industry to address cyber-
security concerns related to connectivity and the Internet of Things. To reduce these
dangers and strengthen marine communication networks against attacks, it is essential
to implement stringent security standards, perform frequent risk assessments, and fund
cutting-edge threat detection and prevention technologies.

3.2. Current Cybersecurity Practices in Marine Communications

3.2.1. Regulatory Frameworks

The extensive study focused on regulatory frameworks to assess the state of cyberse-
curity in maritime communications. IMO and other organizations rules and suggestions
were carefully reviewed as part of an in-depth look at maritime cybersecurity legislation
and best practices [13].
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The International Maritime Organization (IMO) plays a crucial role in developing
cybersecurity norms for the maritime sector as the acknowledged worldwide stand-
ard-setting body for the environmental, safety, and security efficiency of global ship-
ping. The current cybersecurity procedures in maritime communications were fully
understood by examining the rules supplied by the IMO and other bodies [14].

The results of this article provide important insight into the condition of the existing
regulatory frameworks that control cybersecurity in the marine industry. It highlighted
the need for action to counteract the proliferation of cyber dangers. The International
Marine Organization (IMO) standards are the gold standard for protecting the integrity
of marine communication networks.

Organizations working in the marine industry may acquire insights into the required
cybersecurity measures and best practices by thoroughly examining these regulatory
frameworks. With this information, they can safeguard their communication networks
against cyberattacks.

Furthermore, by analyzing these legal frameworks, any holes or opportunities for
improvement in present cybersecurity processes may be found and addressed. It lays
the groundwork for continued dialogue and cooperation between industry players
and regulatory organizations, essential for improving maritime cybersecurity measures.

One of the most important aspects of comprehending the existing condition of cyber-
security practices in maritime communications is the evaluation of regulatory frame-
works within the marine industry. Organizations may improve their cybersecurity pos-
ture by proactively conforming to established norms and recommendations, bolstering
their communication systems’ security against new threats.

Fig. 4. Mapping the Impact of Frameworks on Cybersecurity
in Marine Communications

3.2.2. Authentication and Encryption

Protecting the confidentiality and security of marine communications relies heavily
on the efficacy of encryption and authentication methods. A thorough literature review
was performed to assess the state of the art in this field concerning the studies of [15]
and [16].
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Current techniques, protocols, and technologies used in marine communications
were analyzed to determine how well they assure safe and reliable data transfer. Protect-
ing private data from being intercepted or seen by the wrong people is a critical func-
tion of encryption technology. Cryptographic key management systems and encryption
algorithms used in the marine industry were evaluated as part of the evaluation.

The authentication procedures used to confirm the identities of those involved in
communication were also investigated. The investigation looked into the authentication
techniques used to verify the identities and reliability of marine communication partic-
ipants. This included methods like digital signatures and certifications that guarantee
the authenticity and integrity of data in transit.

We learned about the present status of authentication and encryption procedures
in maritime communications from our review of the relevant literature. They illumi-
nate the benefits and drawbacks of current approaches, revealing development oppor-
tunities and security holes. Having this information may help improve authentication
and encryption systems by filling up any holes they may have.

The evaluation highlighted the need for strong authentication and encryption tech-
niques to protect the confidentiality, authenticity, and integrity of marine communica-
tions. The maritime sector may improve its cybersecurity defenses and prevent illegal
access, manipulation, and data breaches by deploying strong, dependable encryption
algorithms and effective authentication methods.

3.2.3. Intrusion Detection and Incident Response

A thorough literature search was conducted to examine present-day approaches to
cybersecurity in maritime communications, focusing on intrusion detection and incident
response. We aimed to learn about the maritime industry’s current norms and practices
by reading research from [17] and [18].

The study uncovered the significance of intrusion detection systems (IDS) in marine
cybersecurity. These programs monitor everything going via a network and report any-
thing suspicious. Improved detection capabilities and quicker reaction times in the face
of an incursion have prompted the development of cutting-edge IDS technologies,
including behavior-based analysis and anomaly detection.

The review stressed the need for well-established processes and practices for han-
dling incidents. The effects of cyberattacks on marine communications may be greatly
mitigated if their identification and reaction are expedited. This includes documenting
the occurrence, taking steps to control it, conducting a forensic investigation, and restor-
ing the system.

Existing maritime industrial infrastructure was also taken into account in the inves-
tigation. It looked at incorporating the best cybersecurity protections into maritime
organizations’ preexisting networks, software, and hardware. This analysis provided
insight into the industry’s present level of cybersecurity preparedness and highlighted
growth opportunities.

This article adds to our knowledge of the topic through a thorough literature
review and analysis of current cybersecurity procedures in maritime communications.
It explains how cybersecurity in the marine sector is changing, where the industry is
strong and needs improvement, and how current advances might guide future policies
and activities. Ultimately, this article is a great reference for anyone involved in improv-
ing the security of marine communication networks.
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Fig. 5. Visualizing the Process of Establishing and Detecting Malicious Activity
in a Secure Communications Network

4. Results and Solutions and Research Trends

Several major discoveries and new tendencies have emerged from studying cyberse-
curity in maritime communications. The findings presented here emphasize the study’s
suggested solutions and trends in related research.

4.1. Cybersecurity Awareness and Training

The danger of human error may be reduced, and the maritime industry’s overall
cybersecurity posture can be strengthened by increasing the emphasis on cybersecu-
rity education and offering comprehensive training programs for marine personnel.
With the maritime industry becoming increasingly dependent on digital technology,
businesses must develop efficient strategies for promoting a culture of cybersecurity
among employees.

Increasing cybersecurity awareness and understanding among naval personnel is
crucial to decreasing human-related risks. Employees may be better prepared to deal
with cyber threats and incidents if they have access to in-depth training about the risks
they face and the best ways to protect themselves and the company. Employees may be
informed of the newest cybersecurity dangers, trends, and preventative measures via
regularly scheduled training sessions, seminars, and awareness initiatives.

A company’s defenses against cyber threats may be strengthened by investing in
the education and training of maritime staff. When companies invest in their workers’
education and training, they enable those individuals to recognize risks, make educated
choices, and take required precautions to keep sensitive information safe. Cybersecurity
policies and procedures, secure internet habits, email encryption, password manage-
ment, social engineering awareness, and incident response protocols are some examples
of what may be covered in a comprehensive training program.

In addition, IT and technical personnel are just some of the ones that need cyber-
security training. Everyone on staff, regardless of their position, must be educated on
cybersecurity’s significance and their part in preserving a safe network. Crew members,
operators, maintenance techs, and upper management all fall under this category. Build-
ing a solid defense against cyber-attacks requires establishing a cybersecurity culture
that incorporates all company members.

Organizations should encourage a preventative mindset on cybersecurity and pro-
vide knowledge and training. Methods must be set up so that any possible security
breaches may be reported and dealt with quickly. Identifying security flaws and imple-
menting corrective measures is easier when an atmosphere of open dialogue and con-
stant improvement is fostered.
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In addition to continuous education and training, it is essential to periodically evalu-
ate and adapt cybersecurity strategies to keep up with the ever-changing nature of online
threats. This requires keeping up with cybersecurity through reading relevant industry
publications, attending relevant conferences, and working with other cybersecurity pro-
fessionals. Organizations can keep their cybersecurity posture robust and successfully
defend their maritime communication systems by monitoring for and responding to
emerging threats.

Fig. 6. Incident Response Plan for Cybersecurity in Marine Communications

4.2. Threat Intelligence and Information Sharing

Collaboration and information exchange among marine stakeholders is vital for pro-
actively detecting and responding to cyber threats. The research highlights the need for
programs and platforms that allow enterprises in the marine industry to share threat
data, attack trends, and preventative actions in real time. Stakeholders can keep ahead
of cybercriminals by sharing information and gaining new perspectives.

Several organizations and entities are participating in different elements of marine
operations, creating a complex and interrelated ecosystem within which the maritime
sector runs. This level of connectivity opens new possibilities for communication
and collaboration but also leaves us more susceptible to cyberattacks. Stakeholders in
the marine industry must collaborate to counteract the growing sophistication of cyber-
attacks as digital technologies develop further (Fig. 7).

The need for real-time exchange of threat data and information was highlighted
as a crucial conclusion of the research. The rapid change, like cyber threats, makes it
imperative that information about these dangers be shared as soon as possible. Stake-
holders in the marine industry may improve their defenses by exchanging data on cyber
events, attack trends, and preventative measures. This cooperative method guarantees
that important information is shared throughout the industry, allowing businesses to
take preventative measures to safeguard their networks and systems.

Collaborations like this would only be possible with information-sharing platforms
and tools. Information may be safely shared and exchanged on these platforms, allow-
ing for timely dissemination to the appropriate parties. By participating in these pro-
jects, businesses may tap into the knowledge of the maritime community, learning about
new cybersecurity dangers and how to defend against them.

The article highlights the need to expand the scope of information exchange among
marine stakeholders beyond cyber threat intelligence. It includes disseminating attack
methodologies, such as those used by cybercriminals. By studying these assault pat-
terns, businesses might locate weak points in their information technology infrastruc-
ture. Stakeholders can take the necessary precautions and prepare for incidents if they
thoroughly grasp the dangerous environment.

The article also emphasizes the significance of cooperation amongst marine stake-
holders in creating mitigation strategies. Cyber resilience may be improved when
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Fig. 7. Collaborative Mitigation Strategies for Cybersecurity
in Marine Communications

companies share their best practices and lessons learned with one another. Stakehol-
ders may work together to address cybersecurity issues by participating in collaborative
exercises, seminars, and forums to share information and ideas.

4.3. Emerging Technologies

In this post, we look at how blockchain, Al, and ML may be used to strengthen
maritime communication systems against cyberattacks. Blockchain technology is a pos-
sible option for improving the authenticity and integrity of maritime communications
because of its decentralized and tamper-resistant nature, which allows for safe data stor-
age and transmission. Al and ML systems may play a pivotal role in detecting and mit-
igating cyber risks by analyzing massive volumes of data, seeing trends, and allowing
real-time reactions. The study presents case studies and examples to show how these
new technologies might be used in the marine industry (Fig. 8).

The findings emphasize the need for further work on cybersecurity, more coopera-
tion among researchers, and better technology developments for maritime communica-
tions. The research highlights the importance of cybersecurity in protecting the credibil-
ity and availability of maritime networks. The marine sector can successfully confront
the changing cyber threat scenario by deploying strong cybersecurity measures and tak-
ing a proactive and comprehensive strategy.
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In conclusion, the findings of this research highlight the value of cybersecurity
awareness and training programs in lessening vulnerabilities caused by humans. The
results highlight the need for maritime stakeholders to share data and work together to
detect and react to cyber threats proactively. The research also emphasizes the prom-
ise of cutting-edge technologies like blockchain, Al, and ML in shoring up maritime
communication networks against cyber-attacks. The results of this article add to our
knowledge of cybersecurity solutions and research directions in maritime communi-
cation, highlighting the need for continuous study, cooperation, and technical progress
in the face of a constantly shifting cyber threat scenario. The integrity, dependability,
and resilience of marine sector communication systems may be ensured by deploying
strong cybersecurity measures in the face of new threats.

5. Discussion

This article makes important contributions to the developing topic of marine com-
munications cybersecurity This article concurs with [1], in highlighting the growing
cybersecurity threats confronting the maritime industry due to the information technol-
ogy revolution. It adds to what has been discovered by investigating novel approaches,
such as Al and cryptography techniques, that may provide answers. The advantages
of Al in cybersecurity have been found in studies by [19] and [20] showing the effec-
tiveness of Al in detecting and responding to threats. Our findings show that Al has
the potential to improve the safety of marine communications significantly.

The results of who studied the use of sophisticated cryptographic methods in the mar-
itime sector [21], corroborate the significance of cryptographic approaches in guaran-
teeing data security in maritime communications, as discussed in this article. Their find-
ings further demonstrated the efficacy of encryption in protecting private information
from compromise.

In addition, the results of corroborate our study’s emphasis on the significance
of cybersecurity certification schemes [22], as they discovered that such certificates led
to increased stakeholder confidence and regulatory compliance. Their findings support
that such certifications contribute to a more secure business culture.

Other research has confirmed our hypothesis that risk assessment methods are impor-
tant in the [oT ecosystem. Looked at the cybersecurity practices of marine organiza-
tions. They found that those routinely conducting risk assessments had fewer breaches
and were better equipped to handle prospective attacks. This proves once again the sig-
nificance of our research and suggestions [23].

The argument stated by who emphasize the necessity for cybersecurity education
to prevent human-related cyber hazards, is consistent with our proposal for expanded
cybersecurity education in universities and among maritime workers. Since humans
are often the weakest link in cybersecurity, their research supports our demand for pre-
ventative measures to raise awareness of the issue.

However, this is the only research that has gone as far as ours in proposing open-source
intelligence (OSINT) and complexity-thinking methodologies to tackle cybersecurity
risks. A major research gap is revealed, opening the door for more studies in this area.

In line with and expanding upon the results of previous recent research, this article
provides a detailed review of the present status of cybersecurity in marine commu-
nications. It adds new perspectives to the subject using unconventional methods like
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OSINT and complexity-thinking methodologies. This article considerably sheds light
on the importance of organizational science studies in the context of cybersecurity,
and the ensuing debates highlight the necessity for more research in this area.

6. Conclusion

Cybersecurity in the maritime industry is complex, and this article has focused on
that topic, emphasizing the vital role that secure marine communications play. In light
of the growing reliance on digital technology and connectivity to ensure smooth marine
operations, this incident has highlighted the vulnerability of the maritime sector to cyber-
attacks. It is clear from this discussion that a more proactive, thorough, and nuanced
strategy is required to solve the cybersecurity concerns within the marine sector.

The potential of cutting-edge technology Al and cryptographic methods has been
extensively explored, particularly in improving marine communication security. Cryp-
tographic technologies guarantee data privacy, integrity, and authenticity, while arti-
ficial intelligence may significantly improve the identification and speedy reaction to
cyber threats. Data analysis shows that these technologies will protect maritime com-
munications from cyberattacks. This calls for their swift deployment.

The importance of cybersecurity certification programs and risk assessment pro-
cesses in bolstering the marine sector’s cybersecurity has also been highlighted. These
methods foster a security-conscious culture while establishing norms and standards for
cyber hygiene. By providing confidence in the effectiveness of security measures, cer-
tification systems help stakeholders make well-informed choices. On the other hand,
risk assessments help businesses understand risks, evaluate impacts, and select counter-
measures to strengthen their cybersecurity posture.

The article has highlighted the increasing significance of efficient risk management
in light of the IoT ecosystem in the marine sector. The sophistication and scope of cyber
threats grow with the number of linked devices and systems on board a ship. Therefore,
preventative and efficient management of these cybersecurity threats requires frequent
and thorough risk assessments.

The widespread agreement in the area supports an increased focus on cybersecurity
education for maritime personnel and in a university curriculum. Human-caused cyber-
security hazards can be drastically reduced if people are more aware of their dangers.
In order to improve cybersecurity in the marine industry, it is important to invest in
training programs that teach workers about the risks they face, the best ways to prevent
and deal with such threats, and the protocols in place to respond when they occur.

As an added weapon against cyber dangers, the article presents novel approaches,
including open-source intelligence (OSINT) and complexity-thinking methodologies.
These resources provide a novel and promising way forward in the quest to strengthen
marine cybersecurity, paving the way for new avenues of investigation.

A key contribution of this work is its emphasis on the need for a multidisciplinary
approach to maritime cybersecurity, which draws on organizational science studies’
findings. This all-encompassing method enables a deeper comprehension of the issue
at hand and encourages the creation of effective solutions that account for every part
of marine operations.

Because of the complexity and fluidity of the marine cybersecurity scene, ongoing
study, cooperation, and technical development are required to stay up with emerging
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threats. Using strong cybersecurity measures may ensure the integrity, dependability,
and resilience of marine communications, the adoption of new tactics, and cultivating
a culture of security and awareness. As a result, this article may be used as a reference by
academics and professionals in the field, ensuring a more secure and safe marine future.
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Anomauisn

Bcemyn. Oouum 3 nepcnekmu6nux HanpsaMKie y upiulenti npooremu niosulyeHHs
006208IyHOCMI Oemaneli CYOHOBUX MAWUH A MEXAHI3MIB, CXULLHUX 00 IHMEHCUBHO-
20 3HOULYBAHHS 8 NPOYECT eKCnayamayii, € 2a30mepmiune i, 30Kpema, 2a30N0ayM siHege
nanunenus (I'TIH) noxkpummie 6 npoyeci ioHo611068a1bHO20 pemoumy. Epexmuenicmo
npoyecy I'TIH ma énacmugocmi nokpummie 3HauHol0 Miporo 00yMO81eHi Xapakmepom
npoyecy pyxy ma HA2pi6aHHs 4ACMUHOK NOPOWIKY 6 2a3oeomy cmpymeni. Kepyiouu
WBUOKICIIO Ma MeMNepamypoio YACMUHOK WIAXOM 3MIHU POOOYO20 PetCumMy po3nu-
JIOBANLHUX NPUCMPOIB, MONCHA HAHOCUMYU NOKPUMINS 3 NOMPIOHUMU 81ACTUBOCIAMU.
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02iCeH s Ha emani hopmMy8anHs 2a30N0nYM SIHEB020 NOKPUMMISL O0360UNYU 6CAHOGUMU
OCHOBHI MEXHON0IYHI napamempu, wo Cymmeso 6NaAusaroms Ha AKICMb NPOMIKAHHSA
npoyecy ma docrioumu bazamogasny cucmemy Qizuxo-ximiunoi 63aemodii napame-
mpie opmMyeaHHsi NOKPUMMSIL.
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Summary

Introduction. One of the promising directions in solving the problem of increasing
the durability of parts of ship machines and mechanisms, prone to intensive wear and
tear during operation, is gas-thermal and, in particular, gas-flame spraying (GFS) of
coatings in the process of restorative repair. The effectiveness of the GF'S process and the
properties of coatings are largely determined by the nature of the process of movement
and heating of powder particles in the gas jet. By controlling the speed and temperature
of the particles by changing the operating mode of the spraying devices, it is possible to
apply coatings with the desired properties. The purpose of the article is to establish and
study the technological factors affecting the formation of gas-flame coating during the
restoration and strengthening of parts of ship machines and mechanisms. The results.
The conducted research at the stage of gas-flame coating formation made it possible to
establish the main technological parameters that significantly affect the quality of the
process and to investigate the multiphase system of physical and chemical interaction
of coating formation parameters.

Conclusions. The main technological parameters affecting the formation of the gas-
flame coating (the speed of the sprayed particles, the spraying distance, the speed of
gas movement, the spread of the flame front, etc.) are determined. The relationship
between the dynamic and thermophysical parameters of the formation process was
studied. From the analysis of experimental studies, a regression equation was obtained
for determining the maximum values of the flight speed of particles with a size of 40...63
microns. To determine the optimal spraying distance, the temperature distribution of
the section, the length of the flame torch and the temperature of the particles were
determined experimentally.

Keywords: details of ship machines and mechanisms, restorative repair, technological
parameters, durability, gas flame coating, adhesion strength, combustible mixture.

Beryn. BukopucTanHs ra30TepMiYHUX HOKPUTTIB JUTS BiJIHOBJICHHS Ta 3MiIHECHHS
poOOUYNX TTOBEPXOHB JleTaliell CYTHOBUX TEXHIYHHUX 3aCO0IB BHOCHUTD LIJTHHA P CKIIA-
HOIIIIB 1 Ma€ psiji HEBU3HAUEHUX (DaKTOPiB NPU MPOTHO3YBaHHI X BIaCTUBOCTEH.

Tepmin ciayxOu BiTHOBIEHWX JNeTanell Bu3HauaeThes skictio ['TIH — mokpurTis,
Ha SKi ICTOTHO BIUIMBAIOTh IUIMH PsJI MapaMmeTpiB TexHooriyHoro mpomecy ['TIH:
PEKHUM HaNWIICHHS (BEJIMYMHA CTPYMY, TUCK 1 BUTpaTa pO3MIIIOBAIBEHOTO Ta3y, ANCTaH-
Iisl HAITWJICHHS, BUAKICTh nepeMitnenss [ TIH — anmapary); miamerp, XiMidHHH CKiIa]
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1 IBUJAKICTH MOJavi MOPOIIKY; cHocid 0O0poOku moBepxoHb, BimHOBIeHuX [TIH [1].
BumieBkaszani TEXHOIOTIYHI TapaMeTPH BU3HAYAIOTh YMHHHKH, K1 BIUTMBAIOTH HA KiHEe-
TUKY 1 (OopMyBaHHS CTPYKTYpH BIIHOBIEHHWX TOBEPXOHB JI€TaNel CyOHOBUX TEXHIU-
HuX 3aco0iB [2; 3]. Jlo HUX BiTHOCSTHCA: TapaMeTPH Ta30TEPMITHOTO TIOTOKY (IiamMeTp,
HIBUIKICTB 1 TEMIIEpaTypa rasy i YaCTHHOK po3nmioBanoro Marepiany [ TIH-mokpuTTis,
CTYIIHb X OKUCIICHHS); CKJIa]] 1 BIACTUBOCTI HECYYOT CEPEAOBHILA i MaTepially MOKPHUT-
TiB; IOPCTKICTH 1 TEMIIeparypa BiJJHOBIIOBAHOT IIOBEPXHI.

IlocTaHoBKa mMpodjeMu. 3 METOIO MIABUIICHHS (i3HKO-MEXaHITHUX XapaKTepHC-
TUK BiJHOBJIIOBAaHMX IOBEPXOHb JeTallell CyAHOBHX TEXHIYHHX 3aC00iB, IO B HEpIIy
Yyepry 3aJexuTh Bil popmyBanHs cTpykTypu I'TIH — mokputTs, B X0ai AOCHTIIHKEHHS
NOTPiOHO BCTAHOBUTH BIUIMB JAWHAMIYHHMX Ta TEIUIO(I3UYHHUX MapaMeTpiB Ta3ormo-
POIIKOBHX IMOTOKIB 3 METOI BHU3HAYEHHS PaIliOHAJIBLHOI AMCTAHIIT HAMMICHHS Pi3HUX
MTOPOIIIKOBUX MaTepialiB. BpaxoByiouwn, 1110 OCHOBHHM BIUTHB Ha MIUTBHICTh TOKPHUTTIB
1 MIITHICTB 39YETUICHHS 3 BiTHOBIIOBAHOIO TIOBEPXHEIO HA/TA€ CTYITIHb TEPMIYHOI aKTHBA-
1ii MaTepiaiy, 0 HAMMITIOETHCS, TOMY Oa)kaHO, 00 KOHTAKT 3 TIOBEPXHEIO IeTa BiJl-
OyBaBcsl B TOYII MaKCUMAalbHOTO HarpiBaHHS YacTUHOK. [[s BU3HA4YEeHHS pauioHalb-
HOI ITUCTaHIil HalTWIEHHS HeoOXiHO 3HATH PO3IMOALT TEMIIEpaTyp mepepisy, JOBKUHN
(hakena momym’st i TeMIIepaTypy 4YaCTHHOK.

AHaJi3 ocTanHix gocaigkens i mydaikauiii. [Iposenenwnii anani3 indopmariitanx
Jokepen [4—6] mokazas, mo B ycix nmpouecax I'TIH apit abo mopomok mpucKoproeTbes,
HATpiBa€ThCA, TUIABUTHCSA 200 IMIAcTU(DIKYETHCS, BUITAPOBYETHCS, YTBOPIOKOYHN Kparii
a0 mracTH]iKOBaHi YACTUHKH, IKi BCTYNAIOTh Y XiMIUHY B3a€EMOJIIIO 3 HATPITHM Tra30M
1 HABKOJIMILTHIM CEepEeZOBUILEM 1 TPH yAapHil B3a€MOIii 3 TOBEPXHEIO, 110 00POOISEThCS,
HA/I3BHYAIHO MIBHJKO KPUCTAIIZYIOTHCS 1 OXOJOMKYIOTHCS, (POPMYIOUH MOKPUTTSI.

BwmicT ra3iB y MOKPUTTI 3aJISKUTH BiJl TEMIIEPATyPH MIPOIIECY, HASBHOCTI JIETYIOUHX
€JIEMEHTIB y MeTalli Ta TUCKY Ta3y. Ha Oy/ioBy Ta BIacTHBOCTI IOKPUTTIB BILTUBAIOTH
HIBUJKICTb MOJILOTY Ta TEMIepaTrypa YaCTUHOK, 4ac nepedyBaHHs iX y XiMIUHO aKTHB-
HOMY CcepeloBHINi Ta i1 ckiaf [7].

SIK1110 301MBIIATY MIBUIKICTh HAMTMIICHHS, TO IIBUIUTHCS 3a1ac KIHETHYHOT CHEprii
YaCTUHOK, 0 HAIMTIOIOTHCA, STKa BUTPAYAETHCS HA iX MeOpMyBaHHS 1 3aKpIMJICHHS.
UuM MeHIIui 4ac OKUCIICHHS YaCTUHOK, TUM MEHIIA TOBIIMHA OKCHAHOI IUIiBKU. Bee
1€ B pe3yJIbTaTi 3HWKYE TOPUCTICTh MOKPHUTTIB 1 3HAYHO MiABHINYE iX (hi3HKO-MeXaHIuH1
Ta eKCIUTyaTalliiiHi BIacTuBOCTi [8].

SIKiCTh MOKPUTTIB 3aJICXKUTH Bifl 6araTbox pi3HUX (aKTOpiB: KOHCTPYKTUBHUX OCO-
OnmuBocTel po3nmioBada (IUIa3MOTPOH, Ta30BUIl MaJBHUK TOINO.); TUIYy Ta 00CITY
BUTpAaTH 3aCTOCOBYBAHMX Ta3iB; MOTYKHOCTI JyKepera >KUBICHHS; (Hi3MKO-XIMIYHHX
Ta (i3UKO-MEXaHIYHUX BIACTHBOCTEH MOPOMIKIB Ta (DIFOCIB; BEIMYMHM TPaHYN HAITH-
JIFOBAHOTO Marepiajiy Ta 3Ha4eHb MIBUAKOCTI HOTO PyXy; BENUYMHHU AUCTAHLII BiJ po3-
MUIIOBaYa JI0 TOBEPXHI JIETaNi, IO BiHOBIIOETHCS; XIMIYHAN CKIIaJ Ta3iB 3aXMCHOI
00O0JIOHKHM; METOJIB 3a0e3NCUeHHS YUCTOTH IOBEPXHI, IO HAMMIIOETHCI; CHCTEMHU
oprai3arlii BiJBeICHHS TEIUIOTH i3 30HU HAITUJICHHS B TIEPi0]] CTBOPEHHS IOKPUTTS, 1110
HAaHOCHUTKCS, TOIIO. TOMY JOCIITHUKHA BBa)KAIOTh, 10 BUBUCHHS 0COOIMBOCTEH (hopMy-
BaHHA | TTH-TOKpUTTIB € OCHOBHMM HampsIMKOM ITiIBHINEHHS 1X (hi3MKO-MEXaHIIHUX
Ta eKCIUTyaTalliiHUX BIACTHBOCTEH.

Dopmy/TIOBaHHS Lijleli cTaTTi. MeTa cTarTi nojisrae B JOCiIKEHH] B3aEMO3B’ SI3KY
JUHAMIYHUX Ta Temo(i3WYHUX MapaMeTpiB, IO BIUIMBAIOTH Ha (opMyBaHHS
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I'TIH-noKpuTTS MpH BiAHOBJICHHI Ta 3MII[HEHHI JeTaliell CyTHOBUX MAIlIMH Ta MEXaHi3-
MiB B ITPOIIECI PEMOHTY.

Buxknan ocHoBHOro Matepiay. LIIBuakicTs pyxy rasis y dakei o0yMoBIIeHa ITBH/I-
KICTIO MOIIUpEeHHsT (POHTY MOIYyM sl Ta KUIBKICTIO BUJIUICHOI TETUIOBOI €HEprii a Xoi
peaxiii «roprouuil ra3 — OKMCIOBaY». BHACIIOK TOTO, M0 MIBUAKICTD HAJIXOKCHHS
roprov0i CyMillli B 30HY TOpPiHHS Ta IIBUAKICTh TMOMKPEHHS QPOHTY MOIyM’sl 3HAYHO
BIJIPI3HAETHCS 332 BEJIMYUHOIO, CIIOCTEPIra€ThCsl MyJIbCallisl ra30TOPOIIKOBOTO MOTOKY.

[TomyM’ st IONMIUPIOETHCS 31 MIBUAKICTIO, 10 MEPEBHUIIYE MBUAKICTh Ta3iB BEIUUUHY
MIBUJKOCTI TOpiHHA. Jlesikuii 00csT y 30Hi siipa 3ropsi€ MBULIE, HiXK BiH 3HOBY 3ario-
BHIOETHCS YEPTOBOIO MOPIIIEI0 CYMIlll, 1 TAKUM YHHOM, (haKell IToTyM’ sl TEPMIYHUX PO3-
MTIOBAYiB CKIIAJIAETHCS 3 OKPEMHUX CIIajaxiB, 0 YepryloThes. YacToTa UX myJibcalii
B sJIpi MOJIyM’s1 KOJTMBa€eThes B Mexax 0,8...1,4 x['11 ta dakeny 0,1...0,15 k' 1yis are-
TUJICH-KUCHEBOI cyMit Ta Bignosiauo 0,6...1,1; 0,095...0,1 k' s mponaH-OyTaHo-
KHCHEBOT CyMIIIIi.

Xapakrep TOpiHHS CyMillli Ta MIBHIKICTh PyXy Ta3iB y Qakemni Ta sapi momym’s
TEPMIYHOTO PO3MUIIOBAJILHOIO IICTOJIETa 3ajieXkKaTh Bijl CIIBBIIHOLICHHS 00 €MIB
okucoBay/roprouni a3 (B). Ipu B, = 1,1 cnocrepiraeTbest CTiliKe TOPiHHSA, A1PO
MOJIyM’ sl BUPAXKEHE HEUITKO, IMIBUIAKICTh B (pakesni Ha auctaHiii 1o 40 MM He TiepeBH-
mrye 40 m/c, yacrora mynbcantiid nonym’st y sapi 250...300 T, y dakeni — qo 80 I'ip
(puc. 1). INoganklie 301IBIICHHS C,H, no 2 npusBoauts 10 30UIBIIEHHS IIIBUIKOCTI
raziB y ¢akem mgo 80 m/c i B saapi go 180 M/c, ane mpu bOMY CIOCTEPITAETHCS 3pUB
noym’st. Hait6ineur ontumansnum € crigianomenns C H, = 1,9.

Hons cymimi O, + C,H, + C H, 3011bIIeHHs IBUIKOCTI PyXy rasiB y mosym’i 3i 3poc-
TaHHAM 3HA4€Hb P, . BiIOYBa€TbCA 3 MEHIIOK IHTEHCUBHICTIO. MakCHMasbHA MBU]I-
KicTh y ¢axkeni 3adikcoBana Ha aucranmii 30...40 MM mpu B, = 4,2 1 CTAaHOBUTH
70 m/c, y saapi — 140 m/c.

[IBuaKicTh Ta3iB y (akesi 3MIiHIOETHCS BIIMOBIAHO 10 3aKOHY 3aTOIJICHOTO CTpPY-
MeHs [9] 1 Ha BigcTani 250...300 MM BiJT coria TEPMIYHOTO PO3MHIIOBAILHOIO TICTONIETA
ckinana 40 M/c B alleTUIIEH-KHCHEBOMY TIOJTyM T Ta 36 M/c y nponaH-0yTaH-KHCHEBOMY
mosiym’ (puc. 2), 0 MOPIBHSIHO 31 3HAYCHHSIMHM IIBUIKOCTEH IJIA3MOBOTO CTPYMEHS Ha
THUX K€ TUCTAHIISX JJIS I1a3MOTPOHIB MaJIOi IIOTY>KHOCT.

JJist OXONOIKEHHSI COIIIOBOTO HAKOHEYHUKA PO3MMIIOBaYa, 3MEHIICHHS TETUIOBI -
Ja4i B atMocdepy Ta MiJBUIICHHS IIBUIKOCTI OIYM’ sl 3aCTOCOBYEThCS 00yB CTHUCHE-
HUM TOBITPSIM.

Bcranosneno, mo o61yB (y JOCHIDKYBaHUX [iarna3oHax) iCTOTHO HE BIUIMBAE
Ha MIBHJKICTH Ta3iB B si/pi moimym’st. [Ipu 301bIIEHH] BUTpATH MOBITPS, IO 00IyBae,
10 3x10** m*/c mBuaKicTs y dakeri 3poctace Ha 20 ... 25% 1 TOCITIHKYBAHUX Ta30BUX
CYMIIIICH, TTOTIM IPAKTUYHO HE 3MIHIOEThCS (pHC. 3).

AHai3 pe3ynbsraTiB eKCIepUMEHTAIBHUX AOCHTIHKEHb MBUAKOCTEH pPyXy YaCTHHOK
B MOJyM’i MMoKa3aB, M0 31 3POCTAHHSM IIBUAKOCTEH T'a30BOrO MOTOKY 301TbIIYETHCS
1 IMBUKICTh YACTHHOK, IPUYOMY Ii¢ 301IBIICHHS B MPONaH-0yTaH-KUCHEBOMY MOIYyM 1
BiZIOYBa€THCS JCNIO IHTEHCUBHIIIE, HIK B alleTHICH-KUCHEBOMY (puc. 4), 110 00yMOB-
JIEHO OLTBIIONO IUTBHICTIO MIEPIIOTO.

JIJis mOCHiIKEHHS 3aJIKHOCTI IIBUIKOCTI YACTHHOK BijJl TUTOMOI Macu MaTepialy,
0 HaITWIIIOEThCS, Oy o0paHi TMOPOIIKK cruiaBy, mo camoduitocyetbes [1-12H-01,

C3H8
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Puc. 1. Bnaue cniggionowens Puc. 2. 3uina weuoxocmi pyxy
oxucarsay /pobouutt eaz () 2a316 3a 00BIHCUHOI haKena ayemuieH-
Ha wWeuoKicms pyxy 2azie y gakeni Kucregoeo (1) ma nponan-oyman-
NOAYM 51 MePMIUHO20 PO3NUTIBAYA KUCHeB020 (2) nonym’s
Puc. 3. Bnius eumpamu 060ysHo20 2azy Puc. 4. 3anexcnicmo wieuokocmi
(nosimps) Ha weuoKicms 2asig y A0pi nonvomy yacmunox cnaagy I11-12H-01
(1, 3) ma ¢axeni (2, 4) norym’s 810 wWeUOKOCMI pyXy 2asis y (haxeni
ayemunen-kucens (1, 2) ma nponan- nponan-oymat-kucregozo (1)
oyman-kucens (3, 4) ma ayemuieH-KUcHegoeo (2) noiym’s

oponszu bpOD10-1,3 po3mipom uactirok 50...63 MkM. Burparu rasis, m*/rom: mpo-
naH-OytaH — 0,9; xucens — 3,5; crucuene mositps — 0,5. IIpoAyKTHBHICTS HATUIICHHS
nio nopouky [1I'-12H-01 cranoBmia 10 kr/rox.

31 30iIbIIEHHSAM MUTOMOI MacH Marepiajy MOPOLIKY 3MEHIIYEThCS MPHUCKOPEHHS
Ta MBUAKICTH MOJBOTY YACTHHOK, IIJABHINYETHCS BiJCTaHb BiJ COIUIOBOTO HAKOHEY-
HUKA JI0 TOYKH, B SIKill YaCTUHKHA MAalOTh MaKCUMaJIbHY IIBUIKICTH (pHC. 5). AHamoTiuH1
pe3ynbTaTh OTPHMaHI Ha aleTHJICH-KUCHEBIH CyMillli, TPUYOMY IIBHIKICTH TOJBOTY
gacTUHOK Ha 15 ... 20% Buine, HX y IponaH-0yTaH-KUCHEBOMY TTOITyM ‘1.

[IpunuHeHHs 001yBaHHS CTPYMEHS CTHCHEHUM ITOBITPSIM 3HUXKY€ BEJTHUHMHY MaKCH-
MaJIbHOT IBUAKOCTI YacTUHOK ciutaBy [1I-12H-01 — no 30 m/c.

YacTKu MOPOIIKY, IO HAMMIIOIOTHCSA, B TMOTOLI ra3y HaOyBalOTh MPUCKOPEHHS Mij
JII€I0 CIJIM B HANPSAMKY BEKTOPY BiTHOCHOI HIBMAKOCTI ra3-yacTka. Jlam 3a paxyHOK
3HIKCHHS MBUAKOCTI Tra3iB MO JOBXKHHI MOIYM sl 3HIKYETHCS BiTHOCHA IMIBUAKICTD,
i Ha BigcTani 75 ... 2000 MM s mOCHiAKYBaHWX MarepialliB MPUCKOPEHHS JTOPiB-
HIOE HYJIIO.
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OmiHKy criw, 10 Ji€ Ha chepuyHy YaCTHHKY, MOJKHA 3pOOHMTH, BUKOPHCTOBYIOUH
BHpa3, 3alporoHoBaHuil B podori [10]:
C,prVid’
Fll — dp§ u "0 , (1)
e do — JiaMeTp YaCTUHKH, MM;

p,— TCTHHa rasy, Kr/m’;

V, — IIBUIKICTH 4aCTKH, M/C;

C, — KOe]ilIEHT aepPOMHAMIYHOIO OTIOPY, 10 BU3HA4aeThes y pasi 0,15 <R < 500
3 PiBHSHHS:

2
C,= 23’707[1+0,165Rj -0,05Rf‘1} )
3 (1)1 (2) orpumaeMo BUpa3 BU3HAYECHHS IPUCKOPEHHS YaCTKH:
3pV’ 2 01
a,=—F<1_x23707%| 1+0,165R3 -0,05R" |, 3)
4p‘ld0Re ’

zie p, — WiNbHICTh MaTepiaTy YacTKH, KI/M’.

BukopucroByroun Bupas (3) i npuiimaroun R, = 50...100, Oy;10 OTpUMaHO 3HAYECHHS
npuckopenns a, = (3,9...6,5)x10° m/c, mo BiANOBia€ 3HAYEHHAM @, OTPUMAHUM
i1 9ac eKkcrepuMeHTy (puc. 5) i piBHuM ~ 5x10° m/c?.

O1iHKa BIUIMBY TPaHYJIOMETPHYHOTO CKJIaqy Ha HIBHIKICTH MOJIBOTY YACTHHOK
y (hakeni 3aidicHIOBaNacs 3 BUKOPUCTAHHAM MopouikiB crutaBy [1I-12H-01 Ta 6pon3u
BpO®10-1, posmineHux mo (pakmisx 3a JOMOMOTOI IMpPHJIaLy CHUTOBOTO aHAi3y.
BcranogiieHo, 1110 301IbIIEHHS PO3MIpY 4acTHHOK OpoH3u Big 50 g0 160 MM 3HH-
Ky€ MaKcUMallbHe 3Ha4eHHS MIBUIKOCTI IMONBOTY 3 32 10 24 M/C, YaCTUHOK CIUIaBY
MI'-12H-01 — 3 40 o 27 M/c (puc. 6).

Puc. 5. 3mina weuoxocmi nonvomy Puc. 6. 3anexcnicmo maxcumanoroi
YACMUHOK O 00BHCUHI (haKena nponam- WBUOKOCTT NOJIbOMY YACMUHOK
byman-xuctegozo 1,2 ma ayemunen- NOPOWIKI8 8i0 ix po3mipy:
KucHnesozo 3 nonym’a: 1 — cniag 1 —cnnas III-12H-01; 2 — 6ponsa
HIT-12H-01; 2, 3 — 6ponza bpO®10-1 bpO®10-1

[Ipy 1pOMy MakKCMMyM IIBHIKOCTI 3MIIIYETbCcS y OIK BENMKHX IUCTaHIIH
(puc. 7). 3 aHanizy ekcrepuMEHTAIbHUX AOCIIIKEHb OTPIMAHO Perpeciiine piBHAHHS
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BU3HAQYCHHA MaKCHUMAJIbHHUX 3HA4YCHb HIBI/I,Z[KOCTi IMOJIBOTY YaCTHUHOK pOSMipOM

40...63 MKM:
4,=V.-Axp],
e V, — MakcuMasbHa MIBUJKICTh rasiB y paxesi moixym’s, mxc™;
A=2206%x102 m"*Bgr0316c-t;
a=10,316.

Puc. 7. Bnaue poamipy wacmuHnox Hanumo8ano20 Mamepiany Ha OUCMAanyio,
wWo i0N0GIOAE MAKCUMATbHIL WUBUOKOCMI NOTbOMY YACMUHOK
cnnagy III-12H-01 (1) ma 6ponzu bpOD@10-1 (2)

Taxum 9MHOM, MAaKCUMAaITbHI IBUKOCTI PyXy MarOTh JAPiOHIIII YaCTHHKH ITOPOIIKIB
(40...63 MxM), 1 1X Kpalie BUKOPHUCTOBYBATH IPHU HANWJICHHI HA BHYTPIIIHI MMOBEPXHI
HOPOXXHUCTHUX JIeTajel, OCKIJIbKH B JAHOMY BHIIQJIKy IMUCTAHIIisl HAITMICHHS OOMEKeHa
po3mipamu BHpOOy.

BucnoBku. OTprMaHi 3a1€KHOCTI i pe3yabTaTH eKCIIEpUMEHTAIBHUX JO0CIiKEHb
EJIH Oynu cripsiMoBaHiI Ha BHPIIICHHS 3aBIAHHS YNPABIiHHS MapaMeTpaMH Ia3orno-
POIIKOBOTO MOTOKY: HIBHAKICTIO Ta3y i HAMMIIOBAaHUX YaCTHHOK, TPAHYIOMETPUIHIM
CKJIA/IOM YaCTHHOK, BITACTHBOCTSIMU YaCTHHOK 1 HECYYOTO CEPEIOBHIIIA 3 METOIO OTPH-
MaHHS BHCOKHX (hi3WKO-MEXaHIYHHX 1 eKCIUTyaTallifHUX BIIACTHBOCTEH BiHOBIIOBA-
HUX MTOBEPXOHB 1 301IBIIEHHS TEPMiHY CITy)KOH JeTasiell CyTHOBUX TEXHIYHUX 3aC00iB.
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Anomauisn

Bemyn. YV cmammi pozenanymo nioxio 00 oyiHKu egpekmusHoCmi Memooie ynpag-
JIHHSA PUSUKAMU BUHUKHEHHS | 3an00icants agapitiHumM MOPCoKUM nodiam. Y cmammi
Ha OCHOBI NPOZHO3HOI MOOEI, WO Peai3ye 3anponoH08aHi Memoou ma Mooeib, ONMuUMi-
308AHO KOMIILEKC 13 3aX00I8 U000 3HUICEHHS PUSUKIG ABAPIUHUX MOPCbKUX nodiu (AMII)
nio uac excniyamayii MOpcbKo20 MpaHcnopmy.

Mema. Memoro cmammi € po3pobKa IHCMPYMEHMAPI0 w000 KOMNIEKCHOI OYiHKU
ehexmugHoCmi YOOCKOHANEHUX MemO0i8 YNPAGIIHHSA PUSUKAMU SUHUKHEHHS [ 3ano0i-
eanna AMII.

Pesynomamu. Y pesynomami eusnauenns ons kodcnoi AMII cymapuux eumpam
BCTHAHOBNEHO, WO epeKMUBHICINb CKOPOYEHHS. HECIPUSIMIUGO20 PUBUKY peaniza-
yii AMII 6i0 enpogadaicennsn 3anobidscHux 3axodie cmanosums 6i0 18%. Ompumana
iHhopmayis 3a pezyrbmamamu GUKOPUCIAHHS MEMOOI8 OYIHKU Ma YNPAGIIHHA PU3U-
Kamu eunuknenHs i 3anobicanns AMII ¢ ocnosow 0ra gopmysanns nepeniKy 3axo-
018, wo 3Hudcyroms pusux AMII, excumms akux 3abe3neuye MiHIMANIbHI Y3a2aibHeHi
sumpamu ma Haoinbule cKOpOUeHHs PUUKIG, A MAKOJIC € HEOOXIOHOI YMO80I0 O/A
NPUUHAMMS PIUEHHS 3 YIPAGIIHHA YUHHUKAMUY PUSUKIE HA NIOCMAsi Kpumepio MiHi-
MYMY Y3a2a1bHEeHUX 6UMpam.

Bucnoeku. Busnaueno, wo nepcnekmuGHUM HANPAMOM HOOATLULO20 DPO3GUMKY
A8MoOMamu306aHoi niocucmemu YNpaeiiHHis HEeNPUUHAMHUMU DUSUKAMU HA OCHOGI
Memo0i6 OYiHKU Ma YNPAGIIHHI PUUKAMU 6UHUKHeHHs [ 3anobicanus AMII € epaxyean-
Hsl 83aem036 ’si3kie mioic AMII, wunnuxamu AMII, imogipnocmi nepexody 0OHUX asapiti-
HUX MOPCbKUX NOOI 8 IHWLL, 8NJIUBY OOHO20 3AX00Y 3I 3HUNCEHHS] HECNPUSMIUBUX PUSUKIG
AMII na xinvka yuHHUKIS.

Knwwuogi cnosa: oyinka, epexmusnicms, mMemoo, asapitina Mopcoka noois, mMop-
CoKUll Ma piuKoGUI MPAHCNOpm, DPU3UK, 30UMOK, UMOGIDHICMb, YUHHUK, cUcmemd
YIpasninHa Oe3nexoio cyOHONIascmaa.

© Bboiiko A./l., 2023
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Summary

Introduction. The article considers an approach to assessing the effectiveness of
risk management methods for the occurrence and prevention of marine accidents. In the
article, based on a forecast model that implements the proposed methods and model,
a set of measures to reduce the risks of maritime accidents during the operation of
maritime transport is optimized.

Purpose. The purpose of the article is to develop a toolkit for a comprehensive
assessment of the effectiveness of improved methods of managing the risks of occurrence
and prevention of AMPs.

Results. As a result of determining the total costs for each maritime accident, it was
found that the effectiveness of reducing the adverse risk of maritime accidents from the
implementation of preventive measures is from 18%. The information obtained from
the results of the use of methods for assessing and managing the risks of occurrence
and prevention of maritime accidents is the basis for the formation of a list of measures
to reduce the risk of maritime accidents, the implementation of which provides the
minimum generalized costs and the greatest reduction of risks and is also a prerequisite
for deciding on risk management based on the criterion of minimum generalized costs.

Conclusions. It is determined that a promising direction for the further development
of an automated subsystem for managing unacceptable risks based on methods for
assessing and managing the risks of occurrence and prevention of maritime accidents is
to consider the relationships between maritime accidents, maritime accidents factors,
the probability of transition of one maritime accident to another, the impact of one
measure to reduce the adverse risks of maritime accidents on several factors.

Key words: assessment, efficiency, method, maritime accident, maritime and river
transport, risk, damage, probability, factor, navigation safety management system.

Bertyn i nocranoBka npo6siemu. [po0nema ynpaBimiHHS pU3UKaMH Y CHCTEMI YIIpaB-
miaHs O6e3nekoro cynHorriaBcTBa (CYBC) Harenep € HEBHpIIICHOIO B TIOBHOMY 00CsI31
Ta 3aJIMIIAETHCSA HA BICTpi Jociimkenb [1—4]. AHami3 pe3yasrariB, OTpUMaHMX i 9ac
BHBUYEHHSI MIPOIIECIB yIIPaBIIiHHS PU3UKaMH y cUCTeMi ynpaBiiHHs 6e3nekoro (CYD) cyn-
HOIIJIaBCTBA, T03BOJISIE 3pOOUTH BICHOBOK Tpo Take. [lo-mepiie, y paMkax mpoBeIeHUX
JIOCTI/KEHb HE BPAaXOBYIOTHCS PE3YJBTATH OIIHKHM y3araJlbHEHOTO PU3UKY BUHHUKHEHHS
aBapifHNX Mopchbkux monii (AMII) y cuctemi ynpapiiHHS Oe3MEKOI0 CYAHOTIUIABCTBA.
ITo-gpyre, i KpuTEpiil MiHIMATBPHUX CYMapHHUX BUTPAT Y pa3i pO3pOOKH 3aX0IiB 3arajiom,
10 3HIDKY€E PU3HUKH aBapifHUX MOPCHKUX TMOMIN, TaKOX Mae oOMekeHe BHKOPHCTAHHS
y MPaKTUYHHX 3aCTOCYBaHHAX [5-9; 12].

AHani3 ocTaHHix gocaixkenb i myouikamiii. Y po6ori [10] aBropoM ymockoHa-
JIEHO METOJI OIIHKH y3arajlbHeHOTO PU3WKY BUHHUKHEHHS aBapiiHUX MOPCHKUX TOMIN
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y CHCTEMI YIIpaBJIiHHS O0€3MEeKOK0 CYIHOIUIABCTBA, SIKUI BpaXOBYE HAWCKIIaIHIII KIIacH
AMII (yxe cepito3Hi aBapii, cepio3Hi aBapii), TUIIH YNHHUKIB, 110 BILTUBAIOTH Ha 0e3-
MEKy CYJHOIJIABCTBA, Ta BU3HAYAIOTH MPUIHATHI Ta HEIPUUHATHI PUIUKHU JJIST KOOKHOT
aBapiiiHOT MOpPCHKOi TMOMIl 3 BUKOPHCTAHHAM KPHBOJNIHIAHOI Tpamnemii MpuiHATHOTO
PH3UKY, 1110 I03BOJISIE MTiABUIUTH TOYHICTH OI[IHKH Y3araJbHEHOTO PU3HKY BUHHKHCHHSI
AMII 3 BUKOPHUCTAHHSM MOPCHKOTO Ta PIYKOBOTO TPAHCIIOPTY.

VY pobori [11] 3anponoHOBaHO METOJ YIPaBIiHHS HEIPUHHATHUMH PU3UKAMU JIJIS
BU3HAYCHHS BUTpAT Ha 3amo0iraHHs BUHUKHEHHIO AMII (myxe cepiio3Hux abo cep-
HO3HMX aBapiii) 1 3HMKCHHS TIOTCHI[IHHUX 30UTKIB BiJl HUX Y CUCTEMI yNpaBIiHHS 0e3-
MEKOI0 CY[HOIUIABCTBA. Y I[bOMY METOJI BPaXOBYIOTHCS BCi 3aXOIH IIOAO 3HUKCHHS
HECTIPUATIMBUX pU3UKiB BUHHKHEHHS AMII abo 3anoGiraHHs iM 3 MOPCHKUM abo0 pid-
KOBHM TPaHCIIOPTOM, III0 JO3BOJISIE 3a0€3MEYMTH MiHIMaJIbHI BUTPATH HA 3aro0iraHHs
pusvkaM BUHUKHEHHS AMII 1 3HMKEHHS MOTSHIIIMHOTO 30MTKY BiJl HHUX.

TaxuM YMHOM, HasBHA HEBIMMOBIAHICTE MK OOMEKEHHUMH MOKIMBOCTIMHU BiIO-
MUX TIIXO/IB /10 OI[IHKK Ta YIPAaBIiHHS PU3UKAMH y CHCTEMI YNPaBIiHHS 0E3MeKO0
CYIHOIUIABCTBA, 3 OJJHOTO OOKY, Ta moTpedaMu i BUMOTaMU NPAKTHKH IOA0 3HIKEHHS
pusukiB AMII — 3 iHIIOTO, IEpEepocTae y HEOOXiJHICTh MPOBEIEHHS KiIbKICHOT Ta sIKic-
HOT OI[IHKU e()eKTHBHOCTI METO/IB YIPABIiHHS PU3UKAMH BHHUKHEHHS 1 3a1I00iraHHs
aBapitHUM MOPCHKUM TIOJTisIM.

e Bu3HAua€, IO ITiJ] Yac BUPILICHHS aKTyaIbHOTO HAYKOBOTO 3aBJIaHHSI, IOB’I3aHOTO
3 YIOCKOHAJICHHSIM METO[IB 1 MOJIeIIei OLIHKM Ta yNpaBliHHS PU3UKAMH BHHUKHEHHS
i 3anobiranus AMII y cuctemi ynpariiHHS O€3MEKO0 CYAHOIUIABCTBA JUIS 3HIKCHHSI
HECTIPUATIMBOTO PU3UKY pealrizallii aBapifHOi MOPCHKOI TIOJii, TApaHTOBAaHO BHHUKAE
HarajibHa rnpooJieMa B OIiHII €()eKTUBHOCTI 3alPOIIOHOBAHUX YIOCKOHAJICHUX METOIIB
yIpaBIiHAS PU3UKaMU BUHUKHEHHS 1 3ar100iraHHs aBapiiHUM MOPCHKUM TIOMISIM.

@opMyTOBaHHS IijIel cTaTTi. MeTOI0 CTaTTi € po3podKa IHCTPYMEHTAPIO 111010
KOMIUIEKCHOT OIIIHKH €()€KTHBHOCTI yJIOCKOHAJICHUX METOJIB YIPaBIiHHS PU3UKaAMH
BUHUKHEHHS 1 3ano0irands AMIL.

Bukiaan ocHoBHOTO MatepiaJjy. 3a pe3ynbTataMy aHaNi3y 3BiTiB IIOJI0 CTaHy Oe3-
MEKU CYITHOIUTABCTBA Ta aBapifHOCTI HA BOJHOMY TpaHCHOpTi B YkpaiHi [5—9] Bu3Ha-
YEHO MPHKIIA]] y3arajJbHEHOTO KOMILIEKCY 3aX0diB (Ta0muit 1) mo0 3HHKSHHS PU3H-
kiB AMII mix wac ekcruryaraiii MOPCHKHX (PIYKOBUX) Cy/leH (KOPHTYIOUHX Jii MO0
YCYHEHHsI IPUYMH BUHUKHEHHS aBapiiHUX MOJIN 3 METOIO MiJABUILECHHS PIBHS O3IICKH
CYIHOIUIABCTBA Ta 3HWKCHHS PiBHS aBapiiHOCTI Ha BOAHOMY TPAHCIIOPTI).

Tabmuns 1
3axo/au 3i 3HMKEHHS HEMPUITHATHOrO0 PU3MKY Ta iX BapTicTh
No 3micT 3axoaiB BapricTn

Busuenns sumor CYB cynHa Ta CyqHOBIaCHHUKA MIOI0 BPaXyBaHHSA
1 PiBHs OUIHKM PU3UKY Y Pa3i CIIi/lyBaHHs Cy[AHA B OOMEKEHUX YMO- E 100

Bax IUIABaHHS I10 KaHaJaX, PIYKOBUX BHYTPIIIHIX BOJHUX LIIAXAX !
TOIIO, 30KpeMa 3 JIOLIMaHOM Ha O0pTy

[IpoBeneHHsT TpeHYBaJbHUX 3aXOJIB IOJ0 BUKOHAHHS HIEHAMH
2 eKiNaxXy MpaBWI TEXHIYHOTO OOCIYrOBYBaHHs i eKCILTyarawii E 1000
TOJIOBHUX ABUT'YHIB Ta JOIIOMDKHUX MEXaH13MI1B CydHaA (Bl}IHpaHIO- 2
BaHHJ JIif HA TpeHaXKepax)
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Iponowxenus Tabnuiii 1

IIpoBeneHHsT TPEHYBAJIbHUX 3aXO/iB IIOM0 BHKOHAHHS BaHTaX-
HUX Omepamnid, TOTPUMAaHHs IUIaHy MIOJ0 pO3MiIIIeHH$I BaHTaXYy
3 |Ta Oamacty y TaHKax 3 ypaxyBaHHsSM HaBiralifHuX OOMexeHb| £ 1000
Ta Oe3reyHoro 3amnacy IMOMHM i KiJieM cyaHa (BiIIpamtoBaHHs
Jiil Ha TpeHaKepax)

BuBueHHs pexoMeHaalliii 3BUYaifHOI MOPCHKOI MPAKTHKH 3 TPaK-
4 |THUHEX HRI/II‘/‘I.(\)'MiB. Ta Croco0is ynpapriH;{va CYIIHOM, HAJIeKHO] E 100
oprasizanii 7l ekinmaxxiB Cy[eH B aBapiiiHili cuTyalii Ta 3aBuac- 4
HOTO BU3HAYEHHsI | BpaXyBaHHs PiBHS OLIHKU PH3HUKY

BuBueHHs BUMOr Mi>kKHapOIHOT KOHBEHIIIT PO MiATOTOBKY 1 TUTLITO-
MYBaHHS MODSIKIB, 30KpeMa LI0J0 3a0e3NeUeHHs HUMH HaJIeKHOT
5 OpraHisaii HeCEHHs BAXTOBOT CIIyKOH Ha X0/J0BOMY MICTKy, & came E 100
CIOCTEPEXEHHS 32 PyXOM, MO3MIIEI0 Ta MicLeM CyAHa JUis 3a0e3- 5
ne4eHHs1 Oe3aBapiifHOTO IUIABaHHS Cy[HA, Y TOMY YHCII 3 JIOIMa-
HOM Ha 60pTy

[TpoBeneHHs TpEeHYBAJIBHUX 3aXO/iB MIOJ0 MPAKTHYHUX IPHHOMIB
Ta CrOoco0iB YIPaBIiHHS CYIHOM, 30KpeMa II0J0 B3aeMOIi 3 MOp-
CBKUM JIOIIMAHOM Ta KalliTaHaMd OYKCHUPIB IijJ yac BHKOHAHHS
6 |mBapTOBMX OIeEpalliif, a TAKOK BXKUTTS BUYACHUX Ta pPilIyuux mid| FE 1000
Ut 3a0e3medeHHst Oe3eku CyIHa Ta 3armobiraHas HaBaly Ha IpH-
YaJi, iHII1 CyJHa Ta 00’ €KTH, 1110 CTOATH OLIs mpuyairy abo Ha peiai
(BinpamroBaHHs il Ha TPEHAXKEPaAX)

[TpoBeneHHs TPEeHYBaJIbHUX 3aXO/IiB LIO/I0 32BYACHOTO BU3HAUCHHS
1 BpaXyBaHHsI piBHSI OLIHKH PU3HKY, 3a0€3MeYeHHs HAJIS)KHOI Opra-
7 Hi3alii Jiif exinaxiB CyleH B aBapiiiHiil cutyallii, 30kpeMa y pasi E 1000
3aXOJy Cy/ICH y TIOPT, & TAKOK Ii/I 4aC MAHEBPYBAHHs Td BAKOHAHHS 7
LIBAPTOBHX OIEpaIliii 3 BUKOPHCTAHHAM OyKCHPHOTO 3a0€3MeUCHHs
Ha aKBaropii mopTy Tomo (BiANpanioBaHHs il HA TPEHAXKEpax)

MOXITUBUMH 3aX01aMH PO3TVISIAI0OTHCS TaKi, 1110 IPOBOAATHCS KA TAHOM Ta KOMaH/I-
HUM ckiagoM. [Ipu 1boMy BapTiCTh 3aXOMiB 31 3HWKEHHS HENPUIHATHOTO PH3HUKY PO3-
msiaerbes B Aianaszoni 100-1000 y.o. 3alie)KHO BiJ TOTO, YM TO € 3aXOJ¥ 3 BHUBYCHHS
HOPMAaTHBHHX JIOKYMEHTIB, UM 3 BiJIPAIfOBaHHS Jiii Ha TPEHAKEPaXx.

[t miAroTOBKY BXIMHUX JAHHUX Uil PO3PaxyHKY OLIHKH €(EeKTUBHOCTI Oynu mpo-
aHaJIi30BaHi Marepiany mozo posciixyBands AMII, siki BinOymucs, y ToMy 4uCii yepe3
JONCHKU (hakTop (Tabnuis 2). BaxmBo 3a3Ha4MTH, 110 BUKOPUCTAHHS METOIIB OLIHKA
Ta YIpaBJIiHHS pU3UKaMKu BUHHKHEHHS Ta 3arnobiranns AMII y CYBC po3misgaerscs Ha
MiICTaBi IPOTHO3HOI CTpaTerii ynpasaiHHs (paKTOpaMH PU3HKY.

BiamnosigHo 10 METOY OIIHKY y3arajibHEHOTO PU3UKY BUHHKHCHHS aBapiiHUX MOP-
cekux nonii y CYb cynnomnagcrea [10], iHTEeHCUBHOCTI MOTOKIB ogHOpigHnX AMII,
10 PO3MIAAAIOTECS Y il poOoTi, oTpuMaHi 3rigHo 3 BupasoM (1) 3a 16 pokiB Ta 3aHe-

ceHi y Tabm. 3:
N
)“EME = Ty’ (1
ne N — kinpkicts AMIL, 110 BinmOyaucs 3a 4yac CrioCTepeKeHHS;
T, — yac cniocTepexeHHs aBapiiHUX MOPCHKUX TIOJIIM.
Ha ocHoBi 3HaueHp yacy (QyHKLIOHYBaHHS BOIXHOTO TPAHCIOPTY (TEPMiHY €KCILTya-
Tanii (auB. Taba. 2)) Ta 3HAUYCHb IHTEHCUBHOCTEW MOTOKIB ogHOpimHNX AMII po3paxo-

ByeTbcs emmipuuHuid Koedinient [lyaccona a BianosinHo o Bupasy [10]:
a(EME)= }‘EME P (2
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nie Ay, — IHTEHCHBHICTB MOTOKY ofHopigHux AMII (pik ™' abo micsub);

T,—4ac pyHKIiOHYBaHHS BOJHOTO TPAHCIIOPTY (Pik abo MicsIb) y pasi 6e3nocepen-
HBOTO BUKOHAHHSI TIEPEX0Ty (OIHOTO PECy).

[puknanu po3paxoBaHUX 3HAYCHB HaBeJIeHI B TaOI. 4 y BifnmoBiqHOMY cToBIIi. [TpH
LOMY 3Ha4YCHHS Yacy (pyHKI[IOHYBaHHs BOIHOTO TPAHCHIOPTY (MicsIlb) y pa3i 6e3moce-
PEeHBOTO BUKOHAHHS TIepexoy (OHOTO PEicy), 3a CTAaTHCTUYHUMU JJAHUMH, Y Cepell-
HBOMY JIOPIBHIOE | Micsib ISl CyleH 3 TEpMIHOM eKcrutyatamii 70 18 pokiB. A s
CYIEH 3 TepMiHOM eKcrutyatamii Oinbire 18 pokiB 3Ha4eHHS yacy (QyHKIIOHYBaHHS
BOJTHOTO TPAHCIIOPTY Y pasi 6e3rmocepeH0ro BUKOHAHHS TIEPEX0/y MPOIOpIliiiHe 3Ha-
YCHHIO TEPMIHY €KCIUTyaTallii BiAMOBIAHO 0 Tabm. 2 (110 BpaxoBye€ 301IbIICHHS Yacy
Ha 00CJIyrOByBaHHSI OLIBII 3aCTapiIOro CyaHa).

Hust koskHOro AMII 3 Tabm. 4 GopMyeThCsi MHOKHHA YUHHUKIB (Tabm. 5) [10].

Tabuuug 5
Pesyabratu (popmyBaHHA MaTpUlb YMHHHUKIB 11 AMII

Ne AMII MHuo:xkuHa YUHHUKIB (mpuunn) AMII

1 EMEM™ {F3,F3, F3} U {F3}

2 EME;" {F3, Fg} U {F}

3 EMEI {F1,F}

4 EME;" {F3,F3, Fs} U {F3}

5 EMEX {F3,F3} U {F}}

6 EMEZ" {Fs}u {F}

7 EME}" (F1,F3}

[Ipukian BU3HAUYESHHS YMOBHHUX HMOBIPHOCTEH 3a pe3ylIbTaraMi eKCIICPTHOTO OTTUTY-
. 1 .
BaHHS Ta TaON. 5 U1 koxkHOi AMIT EME{™, EME", EMES®, EME" Yy BUIJISA/II MaTpUIlh
y BUpasi 3:

P(F}|EME™)  P(F}EME™) P(FYEMEI™] 02 03 o5

P(F;|EME;™) P(F5|EME™) P(FSIEME;™| | 0 04 06 |.
P(F}IEMEX) P(F:EMEY) P(FYEMEM[| 0 03 07
P(F}|EME}™) P(FAEMEY™) P(FEEME}™] *0-25 0.2 0.65

P(F}IEMEI™Y] o [P(FHEME™]
P@RIEMER)| 1| [PCEMES™ | [of o)
P(FI|[EME™)| |0 |[P(FfIEMES™)]| |0
P(EAEME] O |p(riEMEI™] 1

Marputi GopMyIOThcs A1 KOKHOT IPYIH YAHHUKIB OKPEMO, a caMe 3 YNHHUKAMH,
IO BIUTMBAIOTh HA OE3MEeKy CaMoro Cy[Ha, 3 YHHHHUKaMH, 1[0 BIUIMBAIOTH Ha Oe3MeKy
JFOAVHY; IO BIUIMBAIOTh Ha O€3MeKy HaBKOJIMIIHBOTO CEPEelOBHUINA; IO BIUIMBAIOTH
Ha Oe3neky BaHTaxy. [Ipu npoMy (hopMyeThbcsi IOBHA rpylia MaTpHIb 3 ypaxyBaHHIM
Bcix AMII BignomigHoro knacy. Hanpukman, AMII EME]™, BignoBigHo 10 Tabm. 5
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{F1,F3,F2}U{F3}, dikcyeThes y BOX MaTpuIsX MEPIIOi i 4ETBEPTOT IPYU YMHHUKIB
3 BiINOBiHMMH 3HauYeHHAMHU. A ockinbku € AMII nepmioro kiacy, a came EMEZ®, unn-
HUK SIKOT BXOJIMTh JI0 TPEThOi rpynu unHHUKiB, AMIT EME] dikcyerhes i y BiamosinHii
Marpulli, aje 3i 3HaueHHsM 0.

[Mpuknaa BU3HA4YEHHS BEMYMHU OUYiKYBAaHOTO 30WMTKY 32 CTAaTUCTUYHHMH JIAHUMHU
JUISl KOOKHOTO YMHHUKA 1 (hopMalibHE MPEACTABIICHHS PO3PaXOBaHUX BENUYMH Y BHIVISIIIL
MAaTpHIl HAaBEJCHO y BUpa3i 4 (3HAUEHHS BEIMYUHU 04iKyBaHOTO 30uTKY (10° y.0.)):

Y(F}|EMEL™) Y(F3|[EME{™) Y(F§|EMEL™) 10 38
Y(F;|[EME;™) Y(F3|EME;™) Y(FSIEME;™| |0 900 981],
Y(FLHEMEX) Y(FEMEM™) Y(FHEMEM™| o 10 25/
Y(FHEMEM™) Y(FEMEM™) Y(F;|EME;”)J 40 30 72

[YEREMEY) o o [VSEMER)) gy
|Y(FPIEMEZ™) | |1300], |Y (FSIEMEZ™)| | 0
lyEEmem [ 0 [ |veeemem [ 0
y(F2EMEM™] - 0 1 ly(rgEMEI™)] 130

4)

3 ommy Ha nadi, npukiag (2) Ta (4), BU3HAYAIOTHCS PU3HKH BUHUKHEHHS AMII
32 OMHMM YMHHUKOM SIK MaT€MaTUYHOTO CIIO[iBAaHHS BEIIMYMHU 30WUTKY BiJ] HeOaKaHOT
moxii (tadm. 6) [10].

Tabmuis 6
Pe3yabTaTn BU3HAUeHHS PU3HMKIB BHHUKHEHHS aBapiiiHoi MopchKoi moail
3a OAHMM YUHHUKOM
Ne AMII 3uavyeHHs pu3ukiB BUuHUKHeHHss AMII 3a oqnHuM YnHHUKOM (Y.0.)

R,(F}|[EMEI™)=217.6
R,(FY|[EMEI™)=408

1 EMEI"
1 R;(F2|EME{™)=2584

R,(F4|EMEI™)=1632
Rs(FL|EME}™)=67320

2 EME}™ Ro(FY|[EME}™)=110068.2

R,(F3|[EME}™)=243100
Rg(FY|[EMEY™)=519

3 EMEM™
EME!™)=3027,5

R1o(F}HEME}™)=2700

Ry, (F2|EMEF™)=1620

1
4 EME," 1 1ny_
Ry, (FLEMEI™)=12636

Ri3(F§|EME}™)=112636
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[IponosxeHHs Tabnuili 6
Ry, (FLIEME?™)=16320

5 EME?" Ry (FE|[EME?™)=63648
R, (F*|[EME2™)=40800
R,,(F}|[EME2")=617355

6 EMEZ"
: Ryg(F3|[EME2Z™)=650250

R,o(F2|EME2T)=199800
Ry (FL|EME?")=11919180

7 EME?"

BynyeTbcst KpuBOIMiHiiiHA Tparienis MPUHHATHOTO PU3UKY (3 BUKOPUCTAHHSM TOJNiHO-
MiaJIbHOI perpecii) Ta BU3HAYA€ThCS NPUHHATHICTD PU3UKY JUist KoskHOT AMIT (mpuknan
HaBeCHO Ha puc. 1).

Puc. 1. Kpueoninitina mpaneyis nputiHamH1o2o pusuky ma U3HAYeHHs
nputinsmnocmi pusuxy ons AMII EME

Jlnst xoxroi AMIT dopmyemo MHOKHHY HenpuitHsTHUX pusukiB {R)(F!|EME])},
SIKi He0OXiJTHO 00poOsaTH. J{i1si BU3HAYEHHS NPUHHIATHOCTI PU3UKY JUTsl KOxHOT AMII
OTPUMaHy OLIHKY PU3WKY TepeBipseMO Ha MPUHAIEKHICTh IO KPUBOJIHIIHOI Tpare-
uii npuiiHATHOTO PU3KKY. KINO 3HaYeHHs R;(F{'|EME]) 3a10BOJBHSIOTE CUCTEMI PiB-
HsHb [10], mpu 1IbOMY 3HAYEHHS PHU3HMKY BI3yaJIbHO 3HAXOAWTHCS HIDKYE abo Ha JiHil
perpecii, To pH3HK BBAKAETHCS IPUAHATHUAM, 1 CTA€ YACTHHOI MHOXHHH MTPUHHATHUX
pusukis {R;(F]'|EME])}. Beaxaemo, 1m0 Takuii pusuk oOpoOku He noTpedye.

Slkuo 3nadenns R;(Ff'|EME]) He 3a10BOJLHSIOTH CUCTEMI PiBHSHb, TIPH LLOMY 3Ha-
YeHHsI PU3HKY Bi3yaJbHO 3HAXOAUTHCS BHIIE JIiHIT perpecii, TO PU3UK € HENpUIlHAT-
HUM i CTa€ YaCTHHOK MHOKHHH HENMPUHHATHUX puskKiB {R(Ff'|EMES)}, ki HeoOXimHO
00poOIIsITH.

ITicist 40ro po3paxoByETHCSI MATEMATHYHE CHOIIBAHHS HEMPHUHITHOTO PU3UKY IS
kokHOi AMII 3 muosknnn {R)(F'|EMES)} 3a BciMa unHHMKaMH i 04iKyBaHUM CEpeHIM
30MTKOM BiATIOBITHO 70 BUPA3y:
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R} = ¥, ATeY(F! |EME])P(F{ |EME]) + Y&, A TeY (F7 [EME])P(Ff |EME]) +
i-1 NTeY (F7 |[EME])P(F} |[EME) + Xi, A TY(F{|[EME])P(F}|EMES) =
NT(Zi, Y(F{|EMES)P(F|EME)) + ¥&, Y(FZ|EMES)P(FZ|EMES) +
i1 Y(F? |[EME])P(F}? |[EME]) + X, Y(F{|EME])P(F|EMEY)). )

Pesynbratn po3paxyHKiB HaBeneH1 y TaOI. 7.

YV npoMy mpuKIani OymeMo BBaXKaTH, IO BCI CyAHA HAJIEKaTh PI3HUM BIIACHUKAM
(xoMrTaHisIM). Y 3B’s3Ky 3 UM y3arajdbHeHUH pu3uK BUHUKHEHHS AMII (ki BXe € pi3-
HOPITHUMH CTOCOBHO OJTHA OJTHO1) y IIbOMY TIPUKJIAJi HE BU3HAYAETHCS.

Tabmurs 7
Pe3ynbTaTi BU3HAYEHHS HEMPUITHATHUX PU3NKIB BUHHKHeHHs AMII
3a BciMa YHHHUKAMH

3HayeHHA PU3UKIB
BuHuKHeHHst AMII 3a Bcima
YUMHHUKAMH (Y.0.)

3HayeHHA HENMPUHHATHUX PU3UKIB BUHUKHEHHSA
AMII 32 ofHUM YMHHHKOM (Y.0.)

Rs(F|EMEI™)=2584
! — RIn =4216
R, (FX EMEI™)=1632

Rs (F}|[EME}™)=67320

2 Re(FX|[EME}™)=110068.2 RI" =420488,2

R,(FE|EME}™)=243100

3 Ro(F¢|EME3™)=3027,5 R3™ =3027.5

Ry, (FZ|EME;™)=12636
4 — Ri™ =125272
Ry3(F$|EME}™)=112636

Ris(F|EME?™)=63648
5 — R2™ =104448
R (F|EMEZ?)=40800

R,,(F}|EMEZ?")=617355
6 — R32™ =1267605
R.g(FZ|EMEZ2™)=650250

7 Ryo(F3 |[EMEZ")=11919180 R2" =11919180

BinnoBigHo 10 MeToxy ympaBiiHHSA HEIPUUHATHUMH PU3MKAMHU Ul BHU3HAUYCHHS
BuTpar Ha 3anobiranns AMII i 3HKeHHS MOXIUBHUX 30uTKiB Bin HUX Y CYb cyaHo-
TUTABCTBA BUKOHYIOThCS Taki il [11].

Cdopmyemo matpuni imMoBipHOcTel 3anmobiranas ans AMII, mo cramacs ugepes
NPUYNHY YMHHHMKA Fi', JUIi MOPCBKOTO TPAHCIOPTY 3 YpaxyBaHHAM CTaTUCTHYHMX
nanux [11]:
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PORIE) PGUED] o PEHED]

P(F3|E3) P(F3|E3) 055 0.9 P(F3|E;) 0.65
P(F§|E4) P(F§|E4) 0.6 08 | P(Ff|E4) 0.45
P(F3|Es) P(Fi|Es) | |05 0.9 [IP(F|Es)| | 0-5
PFIIE) PCFRLIE | [ 54 055 | Ip(rIED)| | ot |
[P(FIE,) P(FYEHN] 7 [PEIEH] T
'P(F%lEl) P(FEIEJ 06 05
P(FSIE2) P(FIIED) | | s o
P(F3IEs) P(FiIEs) | [ 055 065
P(F|E,) P(FE,) H 0.6 045 | (6)
P(F4|Es) P(F#|Es) | [045 0.55
P(F3IEe) P(FLIEG) | | &= 9€
[P(FAIE,) P(F{IEp] ~° 7

3a pesynbraTamMu MepeBipky rpaHHYHUX YMOB [11] BUKOHYIOTBCS pO3paxyHKH y3a-
raJbHEHUX BUTpar Vgen, 0 BiAIMOBINAIOTH ONTHMAJIbHIM IMOBIPHOCTI 3armoOiraHHs
AMII (tabnuus 8). Ilpu npomy koedimient V. [11] posmisnaerses sk moCTiHA MPO-
LieCy, SIKa BU3HAYa€ PO3MIip BKJIAJCHHUX KOIUTIB y 3a0e3meueHHs Oe3MeKu IUIaBaHHs, 3a
MiCyMKaMHi 4O0ro Mpolec MiJBUINEHHS PiBHS O€3MEeKH IUIaBaHHS, 10 BU3HAYAETHCS
EKCIIOHEHTO!0, Jocsrae 95% piBHSA acCUMITOTH WMOBIPHOCTI 3aroOiraHHs BKJIaJICH-
HSM Y 3aXOfH, IO 3HWXKYIOTh pu3uk AMII. Pesynsratn cKOpodeHHS! HECTIPUATINBOTO
pusuky peanizarii AMII Bix BipoBakeHHS 3aT00DKHIX 3aX0/IiB Y POIICHTHOMY Bif-
HOIIICHHI IPECTaBICHI Ha pHC. 2.

Tabmug 8

Pe3ynbTaTn BU3HAYEHHS y3arajJbHeHUX BUTPAT, IO BiANOBIIaI0TH ONTUMAJIBHII
iMoBipHOCTI 3ano0iraHHs aBapiliHUM MOPCBLKUM MOTisiM

SHayeHHS HOMPHIHATHAX PUINKIR Y3aranbHeHe 3HaUeHHS HECTIPUSATIUBOIO
Ne BuHUKHeHHs1 AMII 3a Bcima PHU3HKY y Pasl BIPOBA/LKCHHSL 32X0/1B,
- CHHHKAMI CNPSIMOBAHMX HA HOr0 3anm00iranHs

(BHUKEHHS)

1 Ri™ =4216 R,=3469,63

2 RI™ =420488,2 R,=384754,74

3 RI™ =30275 R3=2973

4 RI™ =125272 R,=120157,01

5 R2™ =104448 R:=85932,96

6 R2™ =1267605 R=1083041,1

Otpumana iH(OpMaIisSi € OCHOBOIO aisi (OpPMyBaHHS NEPEIiKy 3axOfdiB, IO
3HIKyI0Th pusuk AMIIL. Ix BxurTs 3a6e3meuye MiHiManbHI y3arajabHEHI BUTpaTH
Ta HaHOIIBIIIE CKOPOUEHHS PU3UKIB, a TAKOXK € HEOOXITHOIO YMOBOIO JUISI IPUHAHSTTS
pileHHs 3 YOpaBlliHHS YHHHUKAMHU PU3HKIB Ha MIJICTaBl KPUTEPil0 MIHIMyMy y3a-
raJIbHEHUX BUTPAT.
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Puc. 2. Egpexmusnicmo ckopoueHHs HeCHpusmaugo2o pusuky peanizayii AMII
8I0 8NMPOBAVIICEHHS 3aN0DINCHUX 3AX0018

BucHoBku. TakuMm 4MHOM, Y CTaTTi HAa OCHOBI HPOTHO3HOI MOJEINI, IO peai3ye
3alpPONOHOBAHI METOJU Ta MOJIC/b, ONTUMI30BAaHO KOMIUICKC 13 7 3aXOJiB LIOAO 3HU-
sxeHHs1 pusukiB AMII (myxe ceplHo3HHMX Ta Cepilo3HUX aBapiil) mix 4ac eKcIutyararii
MOPCBKOTO TPAHCIIOPTY. Y pe3ynbTari Bu3HaueHHs Al kokHoi AMII cymapHux BUTpar
BCTAHOBIICHO, L0 E€(QEKTUBHICTb CKOPOYEHHS HECIPHATIMBOIO PHU3UKY peamizamii
AMII Bix BpoBaKEHHS 3alI001KHUX 3aX0IB CTaHOBUTH Bill 82% 10 98%. OTpumMana
iHpopMaIis 3a pe3ybTaTaMil BUKOPUCTAHHS METOAIB OLIHKU Ta YIPaBIiHHS PU3UKAMU
BUHUKHEHHS 1 3anobiranns AMII e ocHoBOIO 171 (hOpMyBaHHS MEPEITIKy 3aXO/iB, 1110
3HWKYIOT pu3uK AMII, BXUTTS skux 3abe3neuye MiHIMaJbHI y3arajJbHEHi BUTpaTH
Ta HalOIbIIE CKOPOYCHHS PU3HUKIB, & TAKOXK € HEOOXiHOK YMOBOIO ISl IPUHHATTS
pilleHHs 3 YNpaBiiHHS YMHHUKAMH PH3HMKIB Ha MiJCTaBI KPUTEPII0 MiIHIMyMy Yy3a-
raJbHeHUX BUTpar. Bu3HaueHO, M0 MEPCHEeKTHBHUM HAMpsIMOM MONANBLIOTO0 PO3BU-
TKY aBTOMAaTH30BaHOI MiJCUCTEMH YIPABIiHHS HEIPUHHATHUMH PH3HKAMH Ha OCHOBI
METO/IB OLIIHKH Ta YNPAaBIiHHS PU3MKaMU BUHUKHEHHs 1 3anobiranns AMII € Bpaxy-
BaHHA B3a€MO3B’s3KiB Mik AMII, unaakamMu AMII, HMOBIpHOCTI Tepexomy OIHUX
aBapiiHUX MOPCHKHX IO/ B iHIII, BIUIMBY OJHOTO 3aXOAy 31 3HW)KEHHSI HECIIPUSTIIU-
BuX pu3ukiB AMII Ha Kiflbka YAHHHUKIB.
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Summary

Introduction. Maritime safety is an important aspect of the shipping industry.
Ensuring that the vessel s seaworthy parameters are within acceptable limits throughout
the voyage, including during cargo operations, is a key element of this safety. The
International Convention for the Safety of Life at Sea (SOLAS) requires vessel personnel
to plan and carry out cargo operations in such a way that the ship always meets the
seaworthiness criteria. Bulk carriers are subject to more stringent seaworthiness and
safety requirements, particularly with regard to stability and hull strength. The correct
loading of bulk carriers is essential for their maritime safety. Inadequate loading
can lead to various risks, including compromised hull strength, reduced stability and
violation of the vessel’s seaworthiness. Existing shipboard instruments do not allow
for timely planning and real-time control of loading operations, which can lead to
potential risks. Creating a cargo operations plan takes considerable time and efforts
of the responsible bulk carrier personnel, and these plans will not always be the best
in terms of ensuring the vessel's current seaworthiness. The high intensity of loading
operations at dry bulk terminals exacerbates the problem, as there is often insufficient
time to adequately prepare and verify loading plans, increasing the risk of overloading
cargo holds.

Purpose. The article proposes the development of new methods for bulk carriers
cargo operations planning. These methods would optimise the distribution of bulk
cargo, taking into account factors such as port facilities, ship design and nautical
restrictions of the planned voyage. The aim is to formalise the parameters that affect
the ship s seaworthiness in the form of a mathematical model and to establish functional
relationships between them. By analysing the relationships between different parameters,
the researchers aim to determine the best strategy for cargo operations that will ensure
the continuous seaworthiness of the bulk carriers. This approach would help to improve
bulk carrier’s safety and reduce the risks associated with incorrect loading.

Results. The article proposes a new approach to planning bulk carrier cargo
operations. This approach allows for the optimisation of the distribution of bulk cargoes
during cargo operations, taking into account factors such as port capabilities, vessel
design and navigational constraints of the planned voyage. The parameters affecting a
vessel s seaworthiness have been formalised and functional relationships between them
established. By analysing these relationships, the researchers sought to identify a method

© Bolgov O.S., 2023
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for finding the best cargo operations strategy to ensure the continued seaworthiness of
bulk carriers. Such a method would help to improve bulk carrier s safety and reduce the
risks associated with improper loading.

Conclusions. The article proposes a method, based on the theories of systems analysis
and operations research, as well as mathematical modelling, for optimising the cargo
operations and maintaining the seaworthiness of bulk carriers. The main objective
is to ensure that the vessels seaworthiness parameters, including stability, overall
longitudinal strength and local strength, remain within acceptable limits throughout the
voyage, including the period of cargo operations in port. Careful management of the
bulk vessels cargo and ballast operations will ensure that these critical parameters are
maintained within acceptable limits at all times, which is essential to prevent accidents
and protect life and property at sea.

Key words: bulk carrier, maritime safety, cargo operations, optimisation, permissible
loading, ship stability, the vessel strength.

MNOILIYK ONITUMAJIBHOI CTPATET'Ti BAHTAYKHUX OINEPAIIIM
HABAJIIOBAJIBHOT'O CYJIHA 3A YMOBHY MMOCTIMHOTO 3BEPEKEHHSI
HOIro MOPEXIJTHUX SIKOCTEM

0.C. Boaros
IITypMaH JaJIeKOTo IJIaBaHHS, aCIHipaHT Kadeapy CyJHOBOIIHHS,
Jlepoicasnuii ynisepcumem inghppacmpykmypu ma mexuonoeziu, Kuis, Yxkpaina,
ORCID ID: 0000-0002-0339-5533

Anomauisn

Bcemyn. besnexa mopennascmea € 8ajxdciuum AcneKmom MOpPCvbKoi iHOycmpii.
3abesneuenns napamempie MoOpexiOHoi 0Oe3neku CyOHA 6 OONYCMUMUX MedxHCcax
npoOmA2OM 8Cb020 Peucy, ¥ MOMY YUcii i ni0 4ac aHMANCHUX onepayil, € OOHUM i3
Kouosux enemenmie yiei b6esnexu. Mixcnapoona Koneenyis 3 6esneku nodel Ha
mopi (COJIAC) sumazae, wob cyoHosuil nepcoHan NAaHyeas i NPo8ooU8 BaAHMANCHI
onepayii maKum YuHom, wob CyOHO 3a8cOU 8iON0GIOAN0 KpUMEPIAM MOPeniascmed.
na nasanosaneHux cyoewn (bankepis) icHyromv nioguueHi GUMOSU UWLOOO MOPEXIOHOT
be3neku i Hacamnepeo 80HU CMOCYIOMbCA IX OCMIUHOCME MA NOB300AHbOT MIYHOCI.

Icnytoui na Hasano8anbHUX CYOHAX OOKYMENmMayis ma iHCmpyMeHmu He 0OXONaI010ms
8Ci MOMCIUGI CUumMyayii 3a8AHMANCEHHS CYOHA, PI3HOMAHIMHICMb HOMEHKIAmypu
BaHMAdICI8, cneyupiKy mMatbymuvbo20 peiicy ma He 003801A10Mb CEOCUACHO NIIAHYEAMU
i KOHMPONIO8AMU BAHMAJICHI ONEPAYIi 8 PENHCUMI PEATLHO20 HACY, W0 MOJICE NPU3BECU
00 nomenyinux pusuxkie. CmeopeHHs NIaHy 8AHMANCHUX ONepayii 3alMae 3HAYHUL
yac i 3ycunisn 8ionogidarbH020 NepCcoHany Oankepa, i yi niaHu He 3a8xcou 6y0ymo
HauKpawumu 3 MouKu 30py 3a0e3nedeHHsi NOMOUYHUX MOPEeXiOHuX sAKocmell CyOHa.
Bucoxa inmencusnicmo 6anmadicHux onepayiii Ha CYXO8AHMANCHUX MEPMIHALAX
3a20cmproe npobnemy, OCKINbKY YACMO He BUCMAYAE YACY HA HANEHCHY NiO20MOBKY
i nepegipKy niamie HABAHMANCEHHS, WO NIOBUULYE PUSUK NEePEBAHMANCEHHS MPIOMIE.

Hnsa eghexmugnoeo eusHauenHs ONMUMANLHUX BAPIAHMIE 30A6AHMANCEHHS CYOeH
NOBUHHI GUKOPUCTOBYEAMUCL MEMOOU, WO 00380NAMb AGMOMAMUYHO MOOEN08amu
8anmadicHi onepayii ma oyinoeamu napamempu mopexionocmi cyoua. L{i memoou
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NOBUHHI BPAXOBYBAMU PIZHOMAHIMHI DaKMOpuU, Maxi K MexHiuHi 0COOTUBOCMI camMo2o
CYOHa, XapaxKmepucmuKy 6aHmMadicie ma ymosu pelicy.

Mema. Memorwo cmammi € aHANI3 MONCIUBOCHEU BUSHAYEHHS OONYCIMUMUX
8apianmis 3a6aHMANCEHHs HABANIOBAILHOZ0 CYOHA, AKI 3A00801bHAIOMb 0OMENCEHHAM,
WO HAKIA0AMbC NAPAMEMPAaMU Mopexionoi 6esnexu, a maxodc gopmanizayis
napamempie, w0 6NAUBAIOMb HA MOPEXiOHICmb CYOHA, mMa 6CMAHOBLEHHS
DyHKYioOHanbHUX 36 'SA3KI6  MIdIC HUMU OISl NOOAnbulol  nobdyoosu  egexmusHol
mamemamudnoi mooeni cyoHa.

Pesynomamu. Y cmammi 3anponoHo8aro Ho8uii nioxXio 00 NIAHYE8AHHS BAHMANCHUX
onepayiti banxepis. Lleti nioxio 0036oaums ONMUMIZY8amu Po3n00il HABANIOEATLHUX
BAHMAICIE NIO UAC BAHMANCHUX ONEPAYTl 3 YPAXYSAHHIM MAKUX (PAKMOPI6, AK NOPMOSI
MOJANCIUBOCIE, KOHCIPYKYISL CYOHA MA HAGI2AYIUHI 0OMENCEHHSL 3ANTAHOBAHO20 DEliC).
Ilposedena @opmanizayis napamempis, wo 6NAUBAIOMb HA MOPEXiOHiCmb CYOHA,
ma 6CmMano6ieHi (YHKYIOHANbHI 36 S3KU MIdC HUMU. AHANI3yiouu yi 63a€M036 S3KU,
OOCNIOHUKU NPASHYIU  GUIHAYUMU Memod O NOWYKY Haukpawjoi cmpameeii
NPOBEOeHHsT AHMAICHUX onepayill, AKull 3abe3newums de3nepepeny MopeniasHicb
bankepie. Taxuii memoo Odonomodce nidsuwumu 6e3nexy Oanrkepie ma 3MeHWUmMu
PUBUKU, N0 A3AHI 3 HENPABUNLbHUM 3A8AHMANCEHHIM.

Bucnoeku. Y cmammi 3anpononosano memoo, w0 0a3Y€EMbCA HA Meopiax
CUCTNEeMHO20 aHANI3y ma OO0CHIONCeHHs Onepayilu, a mMaKodc MamemamuyHozo
MOOent08anHs, 0151 ONMUMI3AYIT 6AHMANCHUX Onepayil ma NIOMPUMAHHSL MOPEXIOHUX
sKocmell HaBamoeaIbHo20 cyoua. Knovosa mema — 3abesneyumu, wob napamempu
MopexiOHocmi CyOHa, 30Kpema OCMIUHICMb, 3a2anbHA NO3008ICHS | TOKATLHA MIYHICND,
3AMUMANTUCA 8 NPUUHAMHUX MEXCAX NPOMA2OM YCbO20 peUcy 6KIOUHO 3 NepioooM
BAHMANCHUX Onepayitl 8 nopmy. 3a80AKU DemeNbHOMY YHPAGIIHHIO BAHMANCHUMU
i baracmuumu onepayismu cyOHa MONCHA 00CA2MU NOCMIUHO20 OOMPUMAHHS YUX
KPUMUYHUX naApamempis 6 0ONnyCMUMUX MeHCax, Wo € KPUMUYHUM Ol 3ano0icaHHs.
asapisam ma 30epexCcenHs HCumms ma MauHa Ha Mopi.

Knrouosi cnosa: nasaniosanvhe cyono, mMopexiona Oe3neka, GaHMAXNCHUll NJaH,
onmumizayis, OCMiUHiCMb, MiyHICMb CYOHA.

Introduction. Maritime safety includes maintaining the acceptable limits
of a ship’s seaworthiness parameters. These parameters are maintained by proper
loading of the vessel during cargo operations. The stability and strength criteria apply to
all categories of vessels and are defined in the conventions of the International Maritime
Organisation (IMO). Cargo handling in ports has a significant impact on the safety
of shipping, especially for bulk carriers.

Statement of the problem and analysis of recent research. The seaworthiness
is an abstract concept used in maritime law that indicates how safe and ready a vessel
is to sail. In the broadest sense, seaworthiness means the fitness of the vessel to meet
the ordinary hazards contemplated for the voyage. The concept of seaworthiness also
extends to the fitness of the vessel to receive, carry and care for its intended cargo.
Regular inspections must be carried out to ensure that the highest standards are
maintained on board the vessel at all times. If shipowners are found to be negligent,
they will face severe action.
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Presenting main material. In accordance with the International Convention for
the Safety of Life at Sea (SOLAYS), it is mandatory for a vessel’s crew to carefully plan
and execute loading operations to ensure that the vessel remains seaworthy throughout
the process and ready to sail at any stage of port operations.

To ensure the seaworthiness of dry bulk carriers, each ship is designed by
the shipbuilder with specific guidelines for loading options. These guidelines are set
out in the loading manual or in specialised computer loading programs, which enable
the ship’s seaworthiness parameters to be assessed on the basis of the loading option
selected. It is the responsibility of the ship’s cargo officer to determine the most suitable
loading option within the ship’s allowable stability and strength parameters.

However, existing documentation for typical ship cargoes covers only a limited
range of loading scenarios and may not cover all possible loading situations or
the specific requirements of a particular voyage. As a result, finding the optimal cargo
plan can require considerable effort on the part of the ship’s personnel. In the fast-
paced environment of modern dry bulk terminals, where time constraints often prevent
thorough preparation and verification of new cargo plans, there is an inherent risk
of overloading individual cargo holds. This can compromise the local and longitudinal
strength of the hull and ultimately the seaworthiness of the ship.The use of modern
computer technology makes it possible to calculate the permissible ship loading, taking
into account the restrictions of the seaworthiness criteria, provided that the ship loading
process is formalised and loading algorithms and programs are developed.

A method (strategy) should be developed for the optimal distribution of a given
amount of dry bulk cargo, taking into account the available port cargo facilities
and the design characteristics of the vessel itself, while maintaining the parameters of its
draft, trim, stability and overall longitudinal strength.

The development of such a method should be based on theories of systems analysis
and operations research as well as mathematical modelling tools.

To solve this problem, it is necessary to formalise the cargo operations in terms
of a mathematical model of the ship and to identify the functional relationship between
the parameters that affect the seaworthiness of the vessel.

Clearly, the development of this method is a relevant and promising area of scientific
research aimed at ensuring the safety of bulk carriers.

The subject of maritime safety in relation to bulk carriers is examined in the next
sources [1; 2; 3].

The International Maritime Organisation (IMO) has established conventions that
provide guidelines for the planning and execution of bulk carrier cargo operations [4-7].

An important resource for understanding the safe operation of bulk carriers is
the knowledge and experience of seafarers actively involved in this field [8—11].

Gaichenya O.V. and Klimenko E.N. proposed the application of systems
analysis and operations research principles to the cargo operations of bulk carriers
and multipurpose vessels [12; 13].

The authors Tsymbal M.M. and Vaskov Y.Y. [14; 15] introduce mathematical models
aimed at optimising the loading processes of bulk carriers and solve this problem by
applying linear programming techniques.
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The study presented in [16] focuses on the selection of a specific selection of bulk
carrier cargo holds for efficient loading of bulk cargoes. It outlines a method for
structuring the stages of bulk carrier loading operations when dealing with non-
standard loads.

The aim of this article is to examine the potential methods for determining acceptable
variations in ship loading that comply with the constraints imposed by maritime safety
parameters. While complying with the general requirements for maritime safety,
different types of ships have additional specifications based on their design or cargo
carrying technology.

Consequently, specific requirements are imposed on general cargo vessels when
loading general cargo. These requirements mainly include ensuring compatibility
of cargoes within a single cargo space, accommodating a large number of cargoes
for transportation, adhering to a specific sequence of ports for discharge and limiting
the number of cargo levels based on the strength of the cargo packaging.

Bulk carriers have more stringent loading requirements due to their considerable
length. These requirements are imposed by the overall longitudinal and local strength
of the ship’s hull, which affects various aspects of cargo operations. In particular, bulk
carriers typically carry out cargo and ballast operations simultaneously. These operations
are carried out in several stages (up to twenty), depending on the number of holds to be
handled simultaneously and the specific cargo volume.

Shipbuilders usually provide specific loading manuals for bulk carriers, tailored
to the cargo volume and number of holds involved. These manuals focus exclusively
on a single type of cargo to be loaded. Each manual outlines a sequence of loading
stages, specifying which holds are to be loaded, the corresponding cargo increments
and the combination of tanks used for ballast operations. At the end of each stage,
the ship must be in an acceptable seaworthy condition.

Difficulties arise when dealing with non-standard loading situations not covered by
the shipbuilder’s instructions. The planning and execution of cargo operations in such
cases becomes challenging, as it is necessary to ensure the seaworthiness of the vessel
and optimise the utilisation of cargo space and deadweight capacity. Shipowners
are forced to develop a series of steps that address the problem of maximising cargo
placement in the holds while taking into account the simultaneous handling of the required
group of ballast tanks. Compliance with numerous seaworthiness restrictions becomes
a critical aspect in these scenarios.

In order to build a mathematical model for optimising the loading process of a bulk
carrier, it is necessary to formalise it, which systematises complex various processes
associated with cargo and ballast operations.

To describe the loading process of a vessel, it is necessary to define a set or space

of its states U, and each specific loading state of a vessel U belonging to this set u
should be defined as a set of parameters of the vessel’s seaworthy parameters, which
depend on the distribution of cargo in holds and ballast and reserves in tanks and vessel’s
compartments. Thus, each specific loading state of a vessel u can be accepted as
a certain variant of the distribution of cargo, ballast and supplies to the respective holds,
tanks and spaces.

Each vessel’s condition u can be analytically expressed as follows.
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u:{ ci’wbi’wzi}’ (1)

where is w , the weight of cargo in the i-th cargo space;

w, — is the weight of ballast in the i-th ballast tank;

w_— weight of stores in the i-th tank or storage space;

i=1,2,...,n—number of cargo spaces, ballast tanks and storage spaces, respectively.

Thus, the state of the vessel u can be represented as an n-dimensional vector,
the number of elements of which is equal to the total number of cargo holds, ballast
tanks and storage spaces involved in the cargo operations. The weight loads w_, w,,

w_ in the vessel’s state vector are defined by upper limits w,;, w,, w, determined by
the cargo holds and ballast tanks capacity, as well as the local strength of the cargo
spaces, and act as limiters for technological parameters.

The vessel loading process is thus a vector trajectory u(¢) in the space of possible
states U. Moreover, the space of states U is n-dimensional with a finite value (constraints
on technological parameters) along each dimension.

On the other hand, the loading of a vessel is characterized by its seaworthiness, which
can be described by the vector S, whose components are the parameters of vessel’s
draught, trim, stability and strength.

Mean draught 7 , trim 7 and heel angle 0 are important parameters of a vessel’s
seaworthiness.

The mean draught 7 is a function of the vessel’s displacement W of the vessel
and the density of the supporting water p, i.e:

T, =1 p), 2

This dependence is presented in a tabular or graphical form in the ‘Information on
the stability and strength of the ship’ (Loading manual).

The displacement of the vessel I is the sum of the weight of the empty vessel w,,
the weight of the vessel’s stores (fuel, oil, water) w, including the weight of equipment,
provisions and crew, the weight of cargo w_and the weight of ballast w,, and is expressed
by the following equation:

W=w,+w, +w, +w,, 3)
The vessel’s trim ¢ is determined by the following anal ytical expression:
t=w, 4)
M

where is:

W — the displacement of the vessel;

X X, —abscissas of the centre of gravity and the centre of buoyancy, respectively;

M — is the moment triming the vessel by 1 cm.

The difference x —x, represents the shoulder of the pair of forces (i.e. the equal-action
forces of weight and support forces) and expresses the distance measured horizontally
between the centre of gravity and the centre of buoyancy.

The value of the centre of gravity X, abscissa is calculated using the formula:

| 5= ®)
where is:
M_ — is the vessel’s static moment of mass relative to the centre of gravity
of the waterline plane;
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W — the displacement of the vessel.

The static moment of mass of a vessel relative to the centre of gravity of the waterline
plane is calculated using a formula hich takes into account the components of the moment
from an empty vessel, the ship’s constant, the ship’s reserves, cargo and ballast:

M, =wyx, + Zn: WX + Zﬂ: WXy + Zn: WiiXpi 5 (6)
where is: - - -
w, — the weight of the empty vessel;
w_ — the amount of ship’s stores in the i-th storage space;
w . — the amount of cargo in the i-th hold,;
w, — the amount of ballast in the i-th tank;
x, — the abscissa of the centre of gravity of an empty vessel,
x —the abscissa of the centre of gravity of the vessel’s supplies in the i-th compartment;
x_, — the abscissa of the centre of gravity of the cargo in the i-th hold;
x, — the abscissa of the centre of gravity of the ballast in the i-th tank;
i=1,2,...,n—number of cargo spaces, ballast tanks and storage spaces respectively.
The abscissa of the centre of buoyancy x, is a function of the mean draft, i.e.

displacement W and density of the water in which the vessel is situated M:

x, =f(W, p), (7)
This dependency is usually presented in tabular form in the Loading manual, which
is usually prepared by the shipbuilder for each particular vessel.
The value of the moment that trimming the vessel by 1 cm M also depends on
the mean draft and is a function of displacement /¥ and density of the water p:

M =7 p), (8)

Ship stability is the ability of a vessel to withstand external forces that disturb its
equilibrium and to return to its original equilibrium position when these forces cease to
act. It is one of the most important seaworthiness characteristics of a vessel.

The vessel’s stability is characterised by the following parameters: initial metacentric
height 4, the capsizing moment of the ship M, maximum righting lever of the static
stability curve [, the angle of the static stability curve maximum 6_ , the angle
of stability curve vanishing 6 _ .

The initial metacentric height 4 is determined by the following expression:

h =szzg+Ah, )
where, z and z, are the applicate of the transverse metacentre and the centre
of gravity, respectively;

Ah — correction to the initial metacentric height in the presence of free surfaces
of liquid stores and ballast.

The metacentre applicate z, depends on the mean draft of the vessel. This dependence
is expressed in a tabular form in the vessel’s documents.

The centre of gravity applicate z, depends on the static moment of mass M relative
to the vessel’s main plane and displacement and is calculated using the formula:

M

2, =27, (10)
The value of the static moment M_ is determined by the following expression:
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M, =wz, +zlwsizsi +Z1WCIZ(?[ +2Wbizbi , (11)
i=1 i=1 i=1

where,

w, — the weight of the empty vessel;

w,_, — the amount of ship’s stores in the i-th storage space;

w_— the amount of cargo in the i-th hold;

w,, — the amount of ballast in the i-th tank;

z, — the applicate of empty ship’s centre of gravity;

z_,— the applicate of ship’s stores in the i-th storage space;

z . — the applicate of cargo in the i-th hold;

z,.— the applicate of ballast in the i-th tank;

i=1,2,..., n—number of cargo spaces, ballast tanks and storage spaces respectively.

The parameters characterising stability can be obtained from static and dynamic
stability diagrams. The static and dynamic stability curves are plotted along the static
stability levers corresponding to certain heel angles of the ship. The static stability levers
can be obtained either by means of a universal stability curve or by using Cross Curves
of Stability (KN curves) provided in the ship’s documentation.

The levers of the static stability curve, as well as the curve itself, depend on
the displacement W, the density of the water supporting the vessel p and the static
moment M. The values of the capsizing moment M, the angle of the static curve
vanishing 6 ., the maximum righting lever / and the corresponding heel angle 6
which can be obtained from the static stability curves, are also functions of displacement,
water density and static moment.

The constant heel angle of the ship 6 depends mainly on the static moment
of the masses relative to the diametrical plane of the vessel M, which is given by
the following expression.

My :WoJ/o+Zszyzi +zwciyci+zwbiybi’ (12)
i=1 i=1

i=1

where,

w, — the weight of the empty vessel;

w,, — the amount of ship’s stores in the i-th storage space;

w . — the amount of cargo in the i-th hold;

w,, — the amount of ballast in the i-th tank;

, — the ordinate of the centre of gravity of an empty vessel;

v, — the ordinate of the centre of gravity of ship’s stocks in the i-th storage space;

., — the ordinate of the centre of gravity of cargo in the i-th hold;

,, — the ordinate of the centre of gravity of ballast in the i-th tank;

i=1,2,...,n—number of cargo spaces, ballast tanks and storage spaces respectively.

The following functional dependence of the heel of the vessel can be written down:

0=rf(W.p.M..M,), (13)

The strength parameters include the shear forces SF, and bending moments BM,
in the i-th section of the hull resulting from the vessel’s loading, and the local strength
P of the i-th cargo hold.

When calculating the strength of a vessel’s hull, the vessel own weight and water
support forces acting on the vessel are taken into account. The vessel’s weight forces
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acting on the hull are represented in the form of two components — the weight forces
of the hollow vessel and the weight forces from the loads that constitute the deadweight.

In this case, the bending moments BM, and shear forces SF, for each section
of the vessel are expressed as the sum of three components:

BM, =BM,+BM,, +BM, (14)
SF, = SF, + SF,, + SF , (15)
where,

BM,, SF, - bending moments and shear forces in the i-th section of the vessel;

BM,, SF, — components of bending moment and shearing force from the weight
of the empty vessel;

BM,, SF',,— components of the bending moment and shear force, respectively, from
the loads included in the deadweight;

BM, SF,— components of the bending moment and shear force, respectively, due to
the action of support forces.

The components of the bending moment and shear force due to the weight
of the empty vessel for each monitored section are constant and are given in the ship’s
documentation. The components of the bending moment and shear force from the loads
included in the deadweight are determined by the arrangement of cargo in holds, ballast
in tanks and stores in the relevant vessel spaces and tanks, and are calculated in tabular
form using elementary relations.

To calculate the components of the shear force and bending moment due to support
forces, the vessel’s Loading manual contains information in the form of tables or graphs.

The local strength P, is characterised by the ratio of the amount of cargo received
to the area of the cargo space in which the cargo is stored. The ship’s documentation
specifies the permissible loads per square metre of cargo hold and upper deck.

Thus, the maritime safety vector S can be formally expressed as follows:

S, =(T,.t.0.0.M,,,.1,.,..0,,..0,,.SF,.BM,.P). (16)

m? cap® “max > “'max >~ min >

The vector is characterised by a range of permissible values determined by IMO or
classification society requirements for the values of the landing, stability and strength
parameters.

Ship cargo operations can be considered as an optimisation task. It is necessary to
consider the restrictions that may be imposed when setting an optimisation task.

There are two categories of restrictions that apply to the loading of a vessel
and the determination of permissible loads. The first category consists of general
restrictions that are applicable to all types of vessels and are intended to ensure
the seaworthiness of the vessel. The second category consists of specific restrictions
that are unique to each type of vessel.

Let’s focus on the first category of restrictions, which are designed to ensure
the seaworthiness of the vessel. These restrictions mainly concern the draft of the vessel,
which includes the mean permissible draft 7’ and the permissible limits of its trim .
In most cases, restrictions on the heel & of the vessel are also included in this category.
However, it is common practice for the ship’s crew to minimise the heel of the vessel
during cargo operations, so separate restrictions for heel may not be necessary.
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Limits on the mean permissible draft 7 arise from a number of factors, including
the International Load Line Convention, shipbuilders’ specifications, current voyage
draft limits and the need to maintain minimum necessary forward and aft draughts to
avoid slamming or propeller exposure. These considerations impose restrictions on 7,
resulting in limitations on its value.

T

min

<T,<T, (17)

max %

where T taT —respective, the lower and upper limits of the mean vessel draft 7' .

The lower limit for a vessel’s trim ¢ . can be set to zero to avoid having a bow
trim which would complicate ballast operations and cargo calculations. On the other
hand, the upper limit ¢ . is determined by various factors such as ballast and liquid
measurement tables, operational limitations of the ship’s equipment and the seaworthiness
of the vessel. The limitation on the vessel’s trim can be defined as follows:

te[()’tmax]ﬂ (18)

The limitations that ensure the necessary stability of the vessel are primarily defined
by the limitation of the initial metacentric height 4, as expressed in equation:

h, <h<h_ , (19)

In this equation 2 . and h__ represent the lower and upper limits of the initial
metacentric height, respectively. In addition, the minimum value of #__ is determined
by the International Maritime Organisation (IMO) requirements for the initial stability
of ships.

Several parameters related to vessel stability, such as the capsizing moment
of the vessel M, the maximum arm of the static stability curve [, the angle of heel
of the vessel at which the maximum arm occurs 6 and the angle of vanishing stability
0 .., are derived from the static stability curve. The values of these parameters are also
subject to restrictions imposed by the IMO regulations for the initial stability of vessels,
denoted as MZ’;;”, I, g and g respectively.

The third set of parameters relates to the overall longitudinal strength of the vessel
and is represented by the maximum allowable values of bending moments BM,
and transverse shear forces SF, for each control section of the vessel.

All the restricted parameters that define the seaworthiness of the vessel 7, ¢, A,
Mcap, [ 0,0  depend on the displacement, the longitudinal static moment M
and the vertical static moment M_ of the vessel. Consequently, the longitudinal moment
M _ is related to the vessel’s trim 7, bending moments BM, and shear forces SF', while
the moment M_ is related to the initial metacentric height / and the characteristics

of the static stability curve M, [ 0

cap’ "max’ ~max’ ~ min®

Taking into account the prescribed values for¢_ , h_ . h_ , M j;”: , 1o, g, oy,
BM , SF, which express the requirements for the seaworthiness of the vessel, it is possible
to determine the limiting values for the displacement of the vessel W, the minimum
M ™" and maximum M ™ longitudinal moments and the upper M ™" and lower M ™*
limits of the vertical moment.

Let’s consider, W', M, M, as the displacement and static moments that occur in
aselected loading configuration of the vessel. It is clear that certain loading configurations
satisfy the following conditions:
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WsW,, M.e[M™M™] M. e[M M, (20)

max

These loading configurations must fall within the range of permissible loads set U
based on maritime safety requirements. However, it is important to note that there may
be specific restrictions that are unique to a particular type of ship. These restrictions may
limit the loading possibilities within the allowable set of options U.

From a maritime safety perspective, it is crucial to consider not only the seaworthiness
of a vessel at the final stage of the loading process ¢, , but also the current state of the ship
ateach stage ¢, from the start of loading to its completion. This requires strict adherence
to a number of limitations within the system.

w (trur) W s MY (tmr) c [M;nin’M:mx ] ,

M () [ MM ] 1, €[00, ], @1)

where is 7, the moment at which the ship’s cargo operations are finished.

When formulating the optimisation problem for cargo operations, it is important to
consider additional specific limitations that take into account the unique characteristics
of different types of vessels. For example, when dealing with bulk carriers, the following
constraints should be considered:

1. The number of port cargo facilities involved in handling the vessel.

2. The number of stages involved in loading and unloading the vessel.

3. The number of holds and ballast tanks used for cargo and ballast operations
at each stage.

4. The amount of cargo to be handled for each hold and the amount of ballast
required for each tank.

5. Cargo and ballast operations speed variations at each stage.

These limitations, together with the requirements to ensure the seaworthiness
of the ship, are essential factors in formulating the optimisation problem.

Conclusions. The article presents a methodology for determining an acceptable range
of vessel loads. This approach allows the selection of an optimum strategy for carrying
out cargo operations, with the emphasis on maintaining the seaworthiness of the ship
at all times. The key objective is to ensure that the ship’s seaworthiness parameters, in
particular stability, overall longitudinal and local strength, remain within acceptable
limits throughout the period of cargo operations. By carefully managing the variations
in cargo and ballast, it is possible to achieve continuous compliance with these critical
parameters.
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METOJIY KIJIBKICHOI OIITHKU EGEKTUBHOCTI CUCTEM
TEXHIYHOTI'O OBCJIYI'OBYBAHHSA BAHTA’KHUX CYAEH
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Anomauin

CyuacHi 3acobu 800H020 MPAHCNOPNY, HE3ANENHCHO 6I0 IX NPUSHAUEHMS, XapaKme-
PU3YIOMbCSL CKAAOHICMIO MA HAOMIPHICIIO CYOHOBUX MEXHIUHUX 3ac00i8, W0 YCKIao-
HIOE cucmemu MexXHiyHo20 00Cry208y8ants cyoeH. Tomy cmae cymmesum GuKopuc-
MAHHA HAOIUHUX MemOoOi8 OYIHKU eheKMUBHOCI CUCTEM MEXHIYHO20 00CY208)8aHH A
Y emammi pozenauymo nepcnexmugHi memoou KibKICHOT OYIHKU eqheKmUeHOCmI Cuc-
mem MexXHIYHO20 00CIY208Y8AHHS BAHMAIICHUX CYOeH 3 Memoio po3pobnents egex-
MUBHUX aN2OpUMMI6 ma npospam Oisi OYIHKU | Ni0GUUEeHHS eqheKMUBHOCMI cucmem
MEXHIYH020 00CIY208Y8aNHS 8anmadcHux cyoer. [lpogedenull ananis 6Kazye Ha HeOo-
CMAmMHICMb  YHIGEPCAIbHOCMI HASGHUX MemoO0i6 KiIbKiCHOI OYIHKU eheKmueHocmi
cucmem MexXHIiYHO20 00CIY208Y8AHHS BAHMANCHUX cyOeH. Memoto cmammi € cunmes
021110y Memo0i6 KLIbKICHOT OYIHKU eqheKmUSHOCME CUCmeM MEXHIYH020 00Cy208Y8aAH-
HSL BAHMAJICHUX CYOeH Md BUKILAO OCHOBHUX NIOX00i6, WO CMAHOBISIMb OCHOBY O0Ci-
OJICEHHsL CUCTEM MEXHIYHO20 00CIY208Y8aAHHs O YUX CYOeH I CYOHOBUX MEXHIYHUX
3acobis. Pesynemamu. [lpoananizoeano cyuacui memoou oyinku eghekmusHocmi mex-
HIYHO20 0DCIY208Y8ANHS BAHMANICHUX CYOEH, PO32TIAHYMO nepesasu i HedONiKU HaASEHUX
Memodis, 8paAXyB8anHs AKUX 00360IUMb PO3POOIAMU eheKMUBHI an2opUmmu ma npo-
epamu 01 OYiHKU i NiOGUUEHHS eheKMUBHOCTI CUCMEM MEXHIUHO20 00CTY208Y8aHH S
BAHMAIICHUX CYOEH, 30KPeMAa BUKOPUCIMOBYIOUU THMENEeKMYATbHI KOHCYIbINAMUBHI CUC-
memu. Bucnoexu. /{5 ycniwunoi KinbKicHoi oyinKu epekmusHoCmi cucmem mexHiuHo2o
00C1Y208Y8AHHS 6AHMAINCHUX CYOEH NOMPIOHO 8PAXYEAMYU MAKT ACNEeKMU: OOCHYRHICID
ma siKicmb OaHUX, 8UOIP 8ION0GIOH020 MEMOOY OYIHKU, PO3YMIHHS CUCEMU MEXHIYHO-
20 00CY208Y8aAHHS, BUKOPUCTAHHSL BIONOBIOHUX IHCMPYMEHMIE Ma MeXHON02I, aHali3
ma iHmepnpemayis pezyivbmamis. Ycniuna KilbKiCHA OYIHKA eexmusHoCmi cucmem
MEXHIYHO020 0OCTY208Y8AHHS BAHMANCHUX CYOEH MOdiCe CRPUSIMU OOCACHEHHIO CINAN020
PO36UMKY chepu 600HO20 MPAHCIOPNTY MA 3MIYHEHHIO NO3UYIL YKPATHCLKO20 CYOHO-
NIA8CMBA HA CBIMOBOMY PUHKY Nepese3etb MaKumMu CRocobamu, sK: nioguueHHs egex-
MUBHOCII, 3MEHUEHHS BNIUEY HA HABKONUUWHE cepedosuiye, NOKPAujeHHs penymayii,
3HUDICEHHs gumpam, 3a0e3neuenis besnexu. Haoiiini cucmemu mexniunoeo oociy2o8y-
BAHHST MONCYMb 3a0e3neuumu 6e3nexy CyoeH ma exinaicy, o € 6aiCiusum Gaxmopom
0J1s1 CMaAno2o po3eUMKYy cghepu 600HO20 MPAHCNOPNLY.

Knrouosi cnosa: xinvricna oyinka, eghekmuenicms, mexuiune 00CIy208Y68aHHs, 6AH-
MAadiCHI CyOHa, 600HULL MpaHcnopm, Oe3nexka CyOHONLA6CMEA, THMeNeKmyaIbHO-KOH-
CYTbMAMUEHT CUCTHEMU.

© losioBanb A.l., 2023
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Summary

Modern means of water transport, regardless of their purpose, are characterized
by the complexity and redundancy of shipboard machinery, which in turn complicates
ship maintenance systems. Therefore, it becomes essential to use reliable methods for
assessing the effectiveness of maintenance systems The article considers promising
methods for quantifying the effectiveness of cargo ship maintenance systems to develop
effective algorithms and programs for assessing and improving the effectiveness of
cargo ship maintenance systems. The analysis shows a lack of universality of existing
methods for quantifying the efficiency of cargo ship maintenance systems. The purpose
of the article is to synthesize a review of existing methods for quantifying the efficiency
of cargo ship maintenance systems and to present the main approaches that form
the basis for the study of maintenance systems for these ships and ship equipment.
Results. Modern methods for assessing the efficiency of cargo ship maintenance are
analyzed, the advantages and disadvantages of existing methods are considered, the
consideration of which will allow the development of effective algorithms and programs
for assessing and improving the efficiency of cargo ship maintenance systems, using
intelligent advisory systems. Conclusions. For a successful quantitative assessment
of the efficiency of cargo ship maintenance systems, the following aspects should be
considered: data availability and quality, selection of an appropriate assessment method,
understanding of the maintenance system, use of appropriate tools and technologies,
analysis and interpretation of the results. A successful quantitative assessment of
the efficiency of cargo ship maintenance systems can contribute to the sustainable
development of the water transport sector and strengthen the position of Ukrainian
shipping in the global transportation market in the following ways: increased efficiency,
reduced environmental impact, improved reputation, reduced costs, and safety. Reliable
maintenance systems can ensure the safety of vessels and crew, which is an important
factor for the sustainable development of the water transport sector.

Key words: quantitative assessment, efficiency, maintenance, cargo ships, water
transport, navigation safety, intelligent advisory systems.

Beryn. KinbkicHa omiHKa e(peKTUBHOCTI CUCTEM TEXHIYHOTO OOCITYTOBYBaHHS BaH-
TXHUX CYJICH Nepen0adac BU3HAYEHHS iX yMOBHUX MOKa3HUKIB €PEKTUBHOCTI P (7), 1110
BiZIOOpakaloTh €()EKTHBHICTH CUCTEMH B KOKHOMY i cTaHi (7). s 3niliCHEHHS KiJb-
KiCHOI OILIIHKHU PiBHIB €()€KTUBHOCTI TaKOi CHCTEMH MOKHA BUKOPHUCTOBYBATH JIEKiTbKa
METOJIiB Pi3HOTO CTYIEHS CKJIATHOCTI 1 BiporigHocTi. Cepel HUX 3a3HaYaroThCs aHaJTi-
THUYHA OLlIHKA, CTATHUCTHYHA OI[iHKa, EKCIIEPTHE ONMUTYBaHHS Ta alpOKCHUMAllis PiBHS
e(eKTHUBHOCTI TEXHIYHOTO 0OCITYrOByBaHHSI.
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Bubip KOHKpEeTHOTO METOMY 3alIe)KUTh BiJi OCOOMUBOCTEH 3aCTOCYBAHHS CUCTEMH
TEXHIYHOTO OOCIYroBYBaHHS BaHTaKHUX CYJCH, MOXJIUBOCTI OACPIKAHHS BXITHHX
JAaHUX 1 HEOOX1IHOT BIPOTiAHOCTI OmiHOK. Hanpukiaa, aHaaiTHYHa OIlIHKa MOXe OyTH
3aCTOCOBaHa, SKIINO BIAETHCS CHOPMYIIIOBATA aHATITUYHI MOJENI, 110 OMUCYIOTh B3a-
€MOJIII0 KOMIIOHEHTIB CHCTEMH TEXHIYHOTO OOCIyTrOBYBaHHS Ta iX BIUIMB Ha edek-
TUBHICTh. CTaTUCTHYHA OIlIHKA MOXE OyTH BHKOPHCTaHA, SIKIIO JOCTYIHI JOCTAaTHBO
00’eMHI 1 IOCTOBIpHI CTATUCTUYHI IaHi PO (PYHKI[IOHYBaHHS CUCTEMH.

ExcrieprHe onuTyBaHHS MOXe OyTH KOPUCHHM, KOJH 300yTH 1HQOPMAIIF0 Ba)XKO
a00 HEMOXJIMBO uepe3 OOMEXKEHHS 300py JaHUuX, i MOXYTh 3aIy4UTHCS EKCIEPTH
3 BEJIMKUM JIOCBIIOM. ATIpOKCHUMallisi piBHsI €pEeKTUBHOCTI TEXHIYHOTO 0OCITYTOBYBaHHS
BUKOPHCTOBYETHCS Y BHIIQIKAX, KOJIW TOYHE OI[IHIOBAHHS HEIOIIBHE, 1 MOXKHA BHKO-
PHUCTOBYBATH CIIPOIICHI MOJIENI a00 HAOMMKEH] 3HAYCHHSI.

AHaJni3 ocTaHHixX qociaigkens i myoaikanii. CTaTTs IpYHTYETbCS Ha JOCIIIKEH-
HSIX CyYaCHHX METOJIB KiJIbKICHOI OIIIHKH €()EKTHBHOCTI CHCTEM TEXHIYHOTo 00CIIy-
TOBYBaHHSI BAHTKHUX CYJICH, a TAKOX aHaJIi31 CTaHy MUTAHHS 3 OI[IHKH 1 yNpaBIiHHS
e(EKTHBHICTIO CHCTEM TEeXHIYHOTO 00ciyroByBaHHs [ 1—12]. [IpoaHanizoBaHO OCHOBHI
METOIM KIJIbKICHOT OI[IHKH €()eKTUBHOCTI CUCTEM TEXHIYHOTO 00CTyrOBYBaHHS BaHTaX-
HUX CYJICH, IO 3aCTOCOBYIOThCS Ha Cy4aCHOMY €Talli, a TAaKOX PO3IIISTHYTO MiIXOIH JI0
Y3TO/PKEHHS KUIbKICHUX MOKAa3HUKIB €)eKTUBHOCTI Ta BUOOPY palliOHAIBLHOI IOBHOTH
KOHTPOJTIO TEXHIYHOTO CTaHy TEXHIYHUX 3aC00iB BaHTaXXHUX cyieH. [IpoBeeHmii aHa-
Ji3 BKa3y€ Ha HEJAOCTATHICTh YHIBEPCAIBHOCTI HASBHUX METOJIB KUIBKICHOI OI[IHKH
e(EKTHBHOCTI CCTEM TEXHIYHOTO 0OCITYTOBYBaHHS BAHTAXKHUX CY/ICH.

I[ocTanoBka npodjeMu. Y cydyacHOMY CYJHOIUIABCTBI €)EKTUBHICTh CUCTEM TeX-
HIYHOTO OOCIYrOBYBaHHSI BAHTQXKHUX CYJCH BIIIpac KPUTUYHY POJIb Yy 3a0e3reueHHi
Oe3nepeliitHol poboTH Ta HamidHOCTI cymeH. OmHAaK BIJICYTHICTH YiTKOTO MiIXOTY
JI0 KUTBKICHOI OLIIHKM Takoi e€(EeKTUBHOCTI YCKJIQJHIOE MPOIECH NMPUHHATTS PIllleHb
Ta YIpaBIiHHA CUCTEMaMH 00CIyroByBaHHs. Xo4a iCHY€E JCKiIbKa METOIB JIJIS OI[IHKH
e(eKTHBHOCTI, BUOIP ONTHMAIBEHOTO METOY, SIKHH BPaxoBy€ 0COOIMBOCTI KOHKPETHOT
cHCTEeMH 00CITyTOBYBaHHSI, CTa€ BUKIMKOM. ToMy HEOOXiZIHO TOCIIIUTH CyYacHi METO-
JIUKH OIIHKY, aHAJII3yBaTH 1X TIepeBaru Ta 0OMEKCHHS, a TAKOXK PO3POOUTH y3araiabHe-
HUH MiIXiJ1 10 KUTbKICHOT OIIHKY €(DEKTUBHOCTI CUCTEM TEXHIYHOTO OOCIYrOBYBaHHS
BaHTaXXHUX CYJICH.

@opmyOBaHHS IiJIel cTarTi. MeTOI CTAaTTi € CMHTE3 OISy HasBHUX METOJIIB
KUTBKICHOT OIIIHKM €()EeKTHBHOCTI CHUCTEM TEXHIYHOTO OOCIYTOBYBaHHS BaHTaKHUX
CY[eH Ta BHKJIAJ OCHOBHHUX IiJIXO/iB, IO CTAHOBIISITH OCHOBY JOCIHI/DKEHHS CHCTEM
TEXHIYHOTO OOCIyroByBaHHS IS I[UX CYJCH 1 CYIHOBHX TeXHIYHUX 3aco0iB. CyTTeBa
yBara MPHIUBIETBCSA TepeBaraM 1 HEIOoJiKaM HasBHUX METOJIB, BpaxXyBaHHS SKHX
JIO3BOJIUTH PO3pOONIATH e()eKTUBHI AJITOPUTMH Ta MPOTPAMU JJIs OLIHKH 1 MiJBUIICHHS
e(EKTHBHOCTI CHCTEM TEXHIYHOTO OOCIYTOBYBaHHS BaHTaKHUX CYJCH, 30KpeMa BHKO-
PHUCTOBYIOUH 1HTEJICKTyaIbHI KOHCYJIBTATUBHI CHCTEMHU.

Buknan ocHoBHOro Matepiany. Memoo ananimuunoi oyinKu € BAXINBUM ITiJXO0-
JIOM JUTsl BU3HAYCHHS e(DEKTUBHOCTI CUCTEM TEXHIYHOTO OOCIYTOBYBaHHS BaHTaKHUX
cynes. [Iporec GpyHKIIIOHYBaHHS Takoi CHCTEMH, CIIPSIMOBAaHOI Ha TOCATHEHHS BU3HA-
YECHUX IIJIeH, XapaKTepH3yeThCsl 3HAYCHHIMH NapaMeTpiB y KokHOMY ii crani (7). Li
napamMeTpy MaloTh CBOIO HOMEHKIIATYPY 1 KIIBKICTh, 3aJIeXKHI BiJl ctoco0y BHpIIICHHS
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3aja4i, TOOTO BiJi KOHKPETHOTO CTaHy CHUCTeMH. [IJisi KO)KHOTO MapaMeTpa CHCTEMHU
TEXHIYHOTO 00CITyrOBYBaHHSI BAHTAXKHOTO Cy[Ha BCTaHOBJIIOIOThH MTPHUITYCTHUMI 00JIacTi.
3HaXOKCHHS ITapaMETPIB B ITUX 00JIACTAX CBITYUTH IIPO MPaIie3aaTHICTh CUCTEMH, a 11e
03HaYae, 110 cucTeMa PYHKIIOHYE 3 HEOOXiTHOK e(PEKTHBHICTIO.

Ie#t miaxig m0 OIiHKKA e€()EKTUBHOCTI CHCTEM TEXHIYHOTO OOCIyroByBaHHS BaH-
T@XHHUX CYJCH € OCHOBOIIOJIOXHHUM, OCKIIBKH BiH J03BOJISIE aHAJIITUYHO BPaXOBYBaTH
BIUIMB OIBIIOCTI eKCIUTyaTaniiHuX (akTopiB. 3aCTOCYBaHHA METOMY aHaJIiTHYHOI
OIIIHKU J]a€ 3MOTY PETEJbHO PO3IIISIATH B3a€EMO3B’SI3KM MiXK MMapaMeTpaMH CHCTEMHU
1 BUBUATH iX BILIMB Ha (D)YHKIIOHYBaHHS CUCTEMH TEXHIYHOTO 00CIyroByBaHHs. Bijrmo-
BiJIHICTh TIApaMEeTPIB MPUITYCTUMHUM 00JacTsIM 3a0e3euye HaIilHICTh 1 eeKTUBHICTh
CHCTEMH B TIPOIIECi TEXHIYHOTO 00CITyTOBYBaHHS BAHTAKHHUX CY/ICH.

Memoo cmamucmuunoi oyinku ¢PEKTUBHOCTI CUCTEM TEXHIYHOTO OOCIyTOBY-
BaHHS BaHTAXXHHX Cy/IeH 0a3yeThCsl Ha CIOCTEPEKEHHSIX a00 eKCIUTyaTaliiHiX BHITPO-
OyBaHHsIX MX cucteM. [1if 4ac cocTepeKeHHs] OTPUMYIOTh YMCIIOBI 3HAYCHHS f(m),
SK1 XapaKTepU3YIOTh PE3yJIbTaT BU3HAYCHOT omlepallii CHCTEeMH TEXHIYHOTO O0CITYTOBY-
BaHHS BaHTa)XHOTO CyJHA:

pom = |

ne m =1, M — HoMep Tepiofy eKCIuTyarallii, IKHi pO3TIISTHYTO.
Ilo pesynsratam cniocrepekeHb GhopmyeThes psan 3Ha4eHb f(1),..., f(m) 3a popmy-
no1o0 (1). CepenHe 3HaYEHHS IMX BEIWYHH OOUHCITIOETHCA 32 (hopmyioro (2).

1,3a yMOBM BUKOHaHHA 3ajadyi
0,3a yMOBUY HEBUKOHAHHS 33/ayi ° (1

M
= _n
F=m- ) pom =1 e

Ominka e(heKTUBHOCTI CHCTEMH TEXHIYHOTO OOCIYTOBYBaHHS BaHTA)XHOTO CyJHA
3BOJUTHCS IO BU3HAYCHHS WMOBIPHOCTI BUKOHAHHS 3amaqi P 3a JOTIOMOTOIO CTaTHC-
THYHOT OIIHKK P, sika 00uUCIIoeThes 3a Gopmyioro (2), e n — KiIbKICTh BHITAIKIB
YCHIIIHOTO BUKOHAHHS 33/1a4i.

ITpu 361IbIICHHI YMCIIa CIIOCTEPEIKEHB (1 — 00) OIliHKa P 30iraeThes 3 MifCHUM 3Ha-
geHHAM iMOBipHOCTI P. ITpu Mamiii KiTbKOCTI pO3DISIHYTHX TiepiofniB dhopmyna (2) mae
JIUTIIE TESKi MPUAATHI OI[IHKA YMOBHOI €()eKTUBHOCTI, JUIS IKMX TTOBHHHI BH3HAYATHCS
JoBip4i iHTEepBaiu [2].

Kpim TOr0, 32 Momomororo (¢hopMynn MaTeMaTHYHOI CTaTHCTUKH MOKe OyTH BH3HA-
yeHo HeoOXximHe ducio mepioniB (M), sike HEOOXITHO PO3TISHYTH IS 3a0e3MeUCHHS
HEOOX1THOT TOYHOCTI OIMIHOK €(PEKTUBHOCTI CHCTEMH TEXHIYHOTO 0OCITyTOBYBaHHS BaH-
TQXHUX CyJIEH.

Pe3ynbTaToM Takux CIIOCTEPEKEHD € PSJT 3HAYEHD (X, ) BUXITHOTO (y3araibHIOKYOTO0)
mapamMeTpa CUCTEMHU TEXHIYHOTO OOCIYToByBaHHS (X) BAaHTAXKHOTO Cy[IHA. 3a TOTIOMO-
TOI0 IIMX CIIOCTEPEXKEHb BH3HAYAIOTHCS CTATUCTUYHI XapaKTEPHUCTHUKH €(PEeKTHBHOCTI
cuctemu (popmynu 3, 4) [2]:

M
mi=M71-> x, 3
mZ 3)
M
oy = |((M—1)"1- x5 — (m;)? 4
mz 4)
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Li craTucTHYHI XapaKTePUCTHUKH JJO3BOJISIOTH OIHUTH €()EKTHBHICTH CUCTEMH TEX-
HIYHOTO 0OCITyTOBYBaHHS BAaHTAXKHOTO Cy/IHA Ta 3pOOUTH BUCHOBKH IIPO ii MPOTYKTHB-
HICTh Ta HAJIMHICTh. 3/IIHCHIOIOYM aHaJi3 Pe3yJbTaTiB CIIOCTEPEIKEHb Ta 00UNCIICHHS
CTaTUCTUYHUX TapaMeTPiB, MOXKHA 3MIHCHUTH OI[IHKY Ba)KITMBHX XapaKTEPHCTHK CHC-
TEMH TEXHIYHOTO 00CITyTOBYBaHHS, 1110 € 3HAUYIIMM Yy peaiizamii epeKTUBHOI cTparerii
00CITyTOBYBaHHS BAaHTAXXHUX CYJICH.

VY BumajKy, Konu BizioMa QyHKIiS €(PEeKTUBHOCTI CHCTEMH TEXHIYHOTO OOCIYTOBY-
BaHHS BaHTAXXHOTO cynHa E(x), TOKa3HUK e()EeKTUBHOCTI CHCTEMH TEXHIYHOTO 00CTYTO-
BYBaHHS BaHT)KHOTO CYJHA 3HAXOJHUTHCS K CEPEHE 3HAYCHHS BUXITHOTO TTapaMerpa
CUCTEMH (X, ) 38 PE3YIBTATAMH CIIOCTEPEIKEHD:

M
pr=M1- Z E (%) (%)
m=1

JI€ X — 3HAYEHHS BUXIJHOTO MapaMeTpa CUCTEMH B CIIOCTEPEKEHHI (/).

Memoo excnepmHo20 ORUMYSAHHA € OTHUM 13 MITXOMIB, SKHI BUKOPHCTOBYETHCS
JUISL OIIHKH €(EKTUBHOCTI CUCTEMH TEXHIYHOTO OOCIYTrOBYBaHHS BAHTXKHUX CY/ICH.
Leit MmeTon BKItouae B cebe JEKIbKa KPOKIB, SIKI MOXKYTh OyTH BHKOHAaHI JJIsl OTPH-
MaHHS eKCIIEPTHHX OI[iHOK.

[Mo-nepure, HEOOXIMHO BU3HAYUTH TPYIY EKCIEPTIB, SIKi MAIOTh JOCTATHI 3HAHHS
1 TOCBIJ B TaJIy31 TEXHIYHOTO OOCITyTOBYBaHHS BaHTAXKHHX CyaeH. Llg rpyma ekcrep-
TiB IOBUHHA OyTH MpeNCTaBIeHa 0co0aMH, SKi MarOTh (paxoBi 3HAHHS PO QYHKIIOHY-
BaHHS CYTHOBHX TEXHIYHUX CHUCTEM 1 KoMIutekciB. [Ipu iboMy HE0OXinHO 3a0e3meunT
He3aJIe)KHICTh BUCHOBKIB €KCIIEPTIB.

[lo-mpyre, ekcriepram ciig HaAaTH JOKJIAAHY 1H(POPMAIIIIO PO CUCTEMY TEXHIYHOTO
00CITyroByBaHHSI BaHTa)XHOTO CyAHA, BKIIIOYAlOYM IOro mapaMeTpd, (pyHKIiOHAIbHI
BHMOTH Ta YMOBH eKcIuryararlii. lle momoMoke excrepraMm Kpaie po3yMIiTH Xapak-
TEPUCTUKN CUCTEMHU 1 3po0OHTH OOTrpyHTOBaHI OIIHKK edekTuBHOCTI. CKiagaeTsecs
TaOIUIIS eKCIIEPTHOTO ONMTYBAHHS, Ky IIOBUHHI 3aIIOBHUTH eKcIiepTH. [laroThes mosc-
HEHHS JI0 Hel, 0 BKa3yloTh, K Tpeba 3aloBHIOBATH TAOMHMIIIO 1 SKi IPU [[LOMY BPaxo-
ByBaTH (aKTOpH.

[lo-Tpete, exciepTn MOBHHHI BU3HAYUTH KPUTEPii OLIHKH €(hEeKTHBHOCTI CHCTEMHU
TEXHIYHOTO 00CIYTOBYBaHHS BAaHTAXXHOTO cyiHa. L[i kpuTepii MOXyTh BKIFOYaTH Pi3HI
acmekTh (PyHKIIOHYBaHHS CHCTEMH, TakKi SK HAIIWHICTh, MOCTYITHICTH, MIBUIKICTH
peakiii Ha 3001 To1II0.

[To-ueTBepTe, excriepTH MalOTh HAZATH CBOI OLIHKHM KO)KHOTO 3 BU3HAYEHUX KPHUTE-
piiB AJIS CHCTEMH TEXHIYHOTO OOCIyTOBYBaHHS BaHTaXXHOTO cyaHa. Lle Moxe OyTH 3po-
OJICHO 3a JIOIIOMOTOIO IIKAJIM OIIHIOBaHHS a00 YKMCIIOBUX 3HA4Y€Hb, 110 BiATOBIIAIOTH
piBHIO e(DeKTHBHOCTI. EXCIIEpTH 3aIl0BHIOIOTH TAOJIMII0 OMMHUTYBAHHS, MIPOCTABIITIOUN
KOKHOMY croco0y (s) pinrenns 3amadi (s = 1, S) ouminku (G,) B Ganax (Hanpukiaj, 3a
cTo0anpHO0 MKaN00). OnuH 3 (S) MOKIMBUX CIIOCOOIB PIMICHHS 3a7a4i TPUIMAETHCSI
3a 0a3oBui. bazoBoMy TOKa3HHMKY NPU3HAYAETHCS NEsKe 3HA4YeHHs (P, < 1) 1 naerscs
HalBHILA OllIHKa B Oanax (P,).

[To-r’siTe, 310paHi ekcrepTHI OIIHKY IMiJAal0ThCS aHaNi3y Ta 00podii. MoxyTs OyTH
BHKOPHUCTaHI METOAH CTATHUCTHYHOTO aHAJI3y JJIs BU3HAYCHHS CEPEAHIX 3HAYCHB OIli-
HOK, CTYTEHS Y3TO[KEHOCTI MK eKCIIepTaMy Ta 1HIIUX XapaKTEePHUCTHK OLiHOK. Buko-
HY€EThCS CTATUCTUYHA 00pOOKa pe3yNbTaTiB OIIUTYBAHHS:
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1) 3a nanumu onuryBarHs KoxkHOTO (g) excniepra (g = (1,G) 3HAXOAATHCS MOKA3HUKH
e()eKTHBHOCTI CUCTEMH TEXHIYHOTO OOCIYTOBYBaHHSI BAHTAKHOTO CyIHA ISl KOYKHOTO
(s) criocoOy pillieHHs 3a1aui:
= PegRsg . (6)

Rpy ’

2) po3paxoBYIOThCS CEPEIHI CTATUCTUYUHI 3HAYCHHS MOKa3HUKIB €()eKTUBHOCTI, PO3-

paxoBaHuXx 3a hopmyioro (6):

sg

G
FszG_lzPsg; (7
g=1

3) OLIHIOETHCS CTYIIHb HAAIHHOCTI OTPUMAHUX pe3yabraris (7) Bapiali€ro:

G
B=BT|G-D ) (R - B ®)
g=1

3a ¢opmynoro (8) po3paxoByEThCS Bapiallisi, IKa € MIpOIO PO3KHUIY €KCIIEPTHUX OITi-
HOK 1 BKa3y€e Ha CTYIiHb 301>KHOCTI TYMOK €KCIIEpTIiB MO0 OIiHIOBAHOI CHCTEMH TEX-
HIYHOTO 00CITyTOBYBaHHS BaHTa)KHOTO CyfaHA. BBa)kaeThes, IO Bapiarlis, mo oOIHCITIO-
€TBCA 3a 1I€I0 (hOPMYIION0, € 33/I0BUILHOIO, AKIIO BoHA MeHIe 0.3 (y, < 0.3), i mobporo,
saxmo Bona Mene 0.2 (y <0.2) [2].

V pasi HasIBHOCTI AOCBiAy eKCILTyaTallii aHaJIOTIYHUX CHCTEM TEXHIYHOTO 00CITyTO-
BYyBaHHS BaHTKHUX CYJICH, TO K BaroBi Koe(iIlieHTH (ng, RBg) y hopmymi (6) MokHA
ITIJICTABJIATH BIIOMi «Barm» XapaKTEPUCTUK €(DEKTHBHOCTI CHCTEM TEXHITHOTO 0OCITy-
TOBYBaHHS BAaHTaXXHUX CYJICH, SIKi BXKE 3HAXOSThCS B CKCILTyaTaIlii.

3a ymOBH, 110 siKa-HEOY b 3 Bapiamiii y > 0.3, To pe3ynbTar OiHKH (7) € He3a0B1Ib-
HAM. B TakoMmy pasi JONUTEHO BUSBUTH IPUYUHA HEHAMIMHOCTI OMIHOK. JIJ1s1 BUSBICHHS
eKCIIePTHHUX OITIHOK, SKi 3HIKYIOTh HAMiHHICTh, HEOOXITHO BUKIIOUUTH KOXKHOTO (g)
3 (G) eKcIepTiB 10 4ep3i i OOUMCIUTH IJIs EKCIIePTIB, 10 3aTUIIIIIACA, 32 (OPMYIIOI0
(8) HOBI 3Ha4eHHs Bapiawii (p,"). SIKIIO NpK BUKIIIOYEHHI OLIHOK, HAJAHUX E€KCIIEPTOM
3 HOMEPOM (g), 3Ha4CHHS (),") BUSBUTBCS CYTTEBO MEHIIE 3HAYEHHS (Y,), TO 1e Oyze 3Ha-
YUTH, IO OIHKH €KCIIepTa 3a HOMEPOM (g) BUKIMKAIOTH ITOTAHE Y3TOKCHHS OIIHOK.
Taxka mporieypa MoXe IIOBTOPIOBATHCS KiIbKa pas3iB.

BaxxnmuBo BpaxoByBaTH, IO HABITH MPH Maike MOBHIA y3rOMKEHOCTI €KCIIEPTHHUX
OwiHOK (y, — 0), pe3ysnbTaTn ONMUTYBaHHSA HE MOKHA BBAXKATH aOCOJIOTHO JOCTOBIP-
HUAMU. [le TTOSICHIOETHCS TUM, III0 HABITh SKIIO OLIBITICTh EKCIIEPTIB 30ITaf0ThCs ¥ CBOIX
OITiHKAX, 11 HE 3aBKIU 03HAUYAE, IO iXHE PIMICHHS € MIPaBMILHIMHI. MOXIIHBO, BCI €KC-
MEPTH MOXKYTh TOMIJIATHCS a00 HaIaBaTH HEBIPHI OIIHKY 3 OAHIET 1 Ti€l K IPHYNH.

ToMy BHKOpPHCTaHHS EKCHEPTHHUX OI[IHOK CIiJi PO3DNISAJATH SIK JONATKOBHU JDKe-
peno indopmalrii i BAKOPUCTOBYBATH iX JIUIIIE B TOMY pa3i, KO HEMOXJIHBO OTPUMATH
pimeHds OUThIT 00’ €KTHBHUMH MeToAaMH. Hampukiian, SKIo iHIIN METOAHM OIIHKH
e(PEeKTUBHOCTI CUCTEMH TEXHIYHOTO OOCIyrOBYBaHHS BaHTAXHUX CYIACH HE € JOCTYII-
HAMH 200 HE MOXKYTh OyTH 3aCTOCOBaHI uepe3 OOMEKECHHS BXiTHUX JaHUX UM CKIIaf-
HICTh MOJICITIOBaHHS.

IIpu BUKOpHCTaHHI €KCIIEPTHUX OIIHOK CITiJT OyTH OOCPEKHUM 1 BpaxOByBaTH MOXK-
JIUBI PU3HMKHU aCOIliiioBaHi 31 Cy0’ €KTUBHICTIO €KCIIEPTHUX AYMOK. [[imsi 3a0e3rmedcHHs
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OUTBII 00’ €KTUBHHUX Ta JOCTOBIPHUX PE3YNIBTATIB PEKOMEHIYEThCS KOMOIHYBaTH €KC-
MIEPTHI OI[IHKY 3 IHITUMH METOJIaMH Ta JKepenaMu qaHux. KpiMm Toro, BapTo 3BepTaTucs
JI0 €KCIIEPTiB 3 BIAMOBIIHOI €KCIIEPTHOIO KBaJIi(hiKaIli€I0 1 JOCBIOM y BiINOBIIHIN
rajysi, o0 3HU3UTH BIUIMB MOXKJIMBUX MTOMHUJIOK Ta 3a0€3Me4YUTH OUIbII 00’ €KTUBHUHN
aHaJIi3 Ta pillleHHS.

Memoo anpoxcumauii pieHsa eekmusnocmi cucmemu MmeXHIYHO20 00Cay20-
6Y6AHHA 6AHMAICHO20 CYOHA 3ACHOBAHWI Ha OLIHII MHOXMHHU TMOKa3HUKIB (P), mo
XapaKTepU3yOTh CPEKTUBHICTh cucTeMH. [[i MOKa3HUKM MOXYTh OyTH paHXyBaHHI
TaKUM YHMHOM, 100 BOHH 3aJie)KaJld BiJl HOMEpa CIOCOOy pIllIeHHs MUJILOBOI 3aadi.
HaBiTh SKIO Ha MPAKTHUII BifjloMa JIMIIE YAaCTHHA 3 TMOKAa3HHUKIB €(EKTHBHOCTI CHC-
TEMHU TEXHIYHOTO OOCIYrOBYBaHHS BaHTaXHOTO CyJHA, MOXXHA IMOOYIyBaTH aHali-
TUYHY 3JIEXKHICTB P = (P), ska BiJloOpaxae BIUIMB Pi3HUX CTIOCOOIB pilleHHs 3a1a4i (7)
HAa MOKa3HUK €(hEeKTUBHOCTI CUCTEMH.

3anexuicts P(i) Moxe OyTH 1oOyJ0BaHa, HAMPUKIIAT, 38 JOTIOMOTOI0 METOMy Hai-
MeHImx kBazapariB [3]. Llefi Meroa M03BOJISIE 3HAHTH ONTHMAJbHY alpOKCHMAIIi0
3anexHocTi P(7) Ha OCHOBI ITOCTYIHHMX JaHMX Npo e(eKTUBHICTH cucteMu. Llnsxom
BHUKOPUCTAHHS METOJly HaWMEHIIMX KBaJpaTiB MOYKHA OTPUMATH aHAJITUYHUN BHUpa3
st P(i), skuii T03BOJINThH 3MIMCHUTH OI[IHKY HEBIJIOMUX IMMOKA3HUKIB €(PEKTHMBHOCTI
CHUCTEMHU 3a JOIMOMOTOK JOCTYNHHUX JaHuX. Hampukman, 3a OMOMOTOK aHaIiTHY-
HOI 3aJIEXKHOCTI P = (P ) MOXHa 3HaliTH 3Ha4YCHHA P , K1 BIAIOBINAIOTE CIIoco0am
pillieHHS 3a1a4i 3 HoMepoM (©).

Le#i MeTon n03BOJISE 3pOOUTH ANPOKCUMAIiF0 S(hEKTUBHOCTI CHCTEMH Ha OCHOBI
JIOCTYIIHUX JAHWX 1 3HAXOJWTH HEBIJOMI MOKa3HUKUA €(PEKTHBHOCTI PIIICHHS 3ajaui.
OnHak ciijl 3a3HAYUTH, 1[0 TOYHICTH alPOKCUMAIIIT 3aJIeKUTh BiJ KUIBKOCTI JTOCTYII-
HUX JaHUX Ta TOYHOCTI OIliHIoBaHHs. ToMy HpH 3aCTOCYBaHHI ILOTO METOLY HEOOX1THO
YB@)XHO aHaTi3yBaTH HOTO PE3yJbTaTH Ta BPaXxOBYBaTH MOXIIMBY MOXHOKY, MOB’SI3aHy
3 00MeXeHUM 00CATOM JaHHX.

OxpiM OCHOBHUX MPHHIUINB JOCTIDKCHHS €(PEKTHMBHOCTI CHCTEM TEXHIYHOIO
00CITyTOBYBaHHS BAaHTaXXHUX CYIICH 1 CYTHOBUX TEXHIYHHX CUCTEM 1 KOMIUIEKCiB, HEO0-
X1JIHO BPaxOBYBaTH CKJIAJHHI XapaKTep 3MIHH IHTCHCUBHOCTEH BiJIMOB 1 MOIIKO/PKEHb
IXHIX KOMIUICKTYIOUHX 32 HAIPAI[IOBAHHSM.

BpaxyBaHHS THHAMIK{ iIHTEHCUBHOCTI BiJIMOB Ta IMOIIKO/PKEHB iIXHIX KOMITJICKTYIOUHX
€ CyTTEBOIO CKJIAZIOBOIO ITPH JOCHIKEHHI €(peKTUBHOCTI CHCTEM TEXHIYHOTO 00CTyTo-
BYBaHHS BAaHT)KHUX CY/ICH Ta CYJHOBUX TEXHIYHUX CHCTEM 1 KOMIUIEKCIB. 3MiHa IHTEH-
CHUBHOCTI MOXKE BiIOyBaTHCS Ha Pi3HHMX eTanax eKcIulyarallii, o noTpedye JOKIaaHOTO
aHamizy i 3a0e3MeueHHs] HAAIMHOTO 1 ONTUMAJILHOTO TEXHIYHOTO OOCIyroBYBaHHS.

BaxxmuBo po3risiaTv icTOTHI (pakTopH, sIKi BIUIMBAIOTH Ha 3MiHY IHTEHCUBHOCTI BiJI-
MOB 1 TIOIIKOJI’KCHb KOMIUICKTYIOUHX 3aJICXKHO BiJ] IXHROTO HampaIlfoBaHHs. Takui mija-
X1Jl TO3BOJIUTH 3IIMCHIOBATH OULTBII TOYHY 1 aAaNTHBHY OLIHKY €(EeKTUBHOCTI CHCTEM
TEXHIYHOTO 00CITyroByBaHHS, 301ILIIYIOUH iXHIO HA (iiHICTh Ta €(EeKTUBHICTh B JIOBIO-
CTPOKOBIH NIEPCTIEKTUBI.

Jlyis aHaizy CKJIaIHOCTI 3MIHU IHTEHCHBHOCTI BiIMOB 1 MOIIKO/PKEHb KOMILICKTY-
04X MOXYTh BHKOPHCTOBYBATHCS Pi3HI METOJHM Ta MaTeMAaTH4YHI MOJEII, sIKi JJ03BO-
JISIIOTH TIPOTHO3YBaTH TEHJICHIIIT 3MiH y MallOyTHhOMY. BaskinBo Bi3HA4YMTH, 110 TaKi
JIOCITI/DKEHHS] BUMAratoTh HaJAIMHUX TEXHIYHUX JaHUX Ta aHAJI3y CTATUCTUYHUX JaHUX
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3 JIOBTOCTPOKOBOTO TIEPiOy, IO JO3BOJIUTH 3pOOUTH OOIPYHTOBaHI BUCHOBKH 1 pEKO-
MEH/IaIii 1010 ONTUMI3aIlil TeXHIYHOTro 00CITyrOBYBaHHS.

OTXe, ypaxoBYIOUM CKJIQJHUN XapakTep 3MIiHM IHTEHCHBHOCTI BiIMOB 1 IOIIKO-
JOKeHb KOMIUICKTYIOUHX 3aJICXKHO BIiJ| HalpalfOBaHHS, IOCIIIKEHHS €(PEKTHUBHOCTI
CHUCTEM TEXHIYHOTO OOCIIyrOByBaHHS BaHTAKHUX CYJCH Ta CYIHOBHX TCXHIYHUX CHUC-
TEM 1 KOMILIEKCIB Mae OyTH BUKOHAHO 3 ypaxXyBaHHSIM KOMILIEKCHOTO TiJIXO/y Ta Mare-
MaTUYHOT'O MOJICITIOBAHHS JIJIsl 3a0e3MeUeHHs HaIHOCTI Ta ONTUMAJIBLHOCTI TPOLIECIB
00CITyroBYBaHHS.

VY cy4acHOMY KOHTEKCTI eKCIITyarallil BAHTA)KHUX CYJIeH BUSBISIETHCS TPOicTa Kila-
cudikamis TpaHIYHNX CTaHIB CYTHOBUX TEXHIYHHX 3aCc00iB, 5K 116 BU3HAYCHO B JKepe-
nax [4; 5]:

1. I'pannuHuii cTaH, 0OyMOBJICHHIA JOITyCTUMUM HalpalfoBaHHIM (PeCypcoMm).

2. I'paHu4HMY CTaH, 110 KOPEJIOE 3 HEBUKOHAHHSM CBOIX ()YHKIIIH (BiIMOBOIO).

3. I'pannuHuii cTaH, 110 BIAMOBIAAE CTaHy HEPE BiIMOBOIO.

L1i kateropii rpaHUYHKUX CTaHIB CTAHOBJIATH OCHOBY JUISl TPHOX BiJIIOBITHUX METO/IIB
TEXHIYHOI eKCILTyaTaIlii:

1. TEP — ekcrutyaraiiis Ha OCHOBI pecypcy — 3 BIJTHOBJICHHSIM a00 CIIICAHHSM ITiCIIst
BUPOOJICHHS pecypcy.

2. TEB — ekcrutyarailis 0 BiIMOBU — 3 BIAHOBJICHHSM a00 CIUCAHHIM IICIIsI BiJl-
MOBH;

3. TEII — ekcrutyarariisi 10 CTaHy Hepea BiIMOBOIO — 3 BiTHOBJICHHSM IIPU JOCSAT-
HEHHI CTaHy Mepe/] BiIMOBOIO.

MeTtonu TeXHIYHOT eKCIUTyaTallii 10 MOMEHTY BIJIMOBH 1 JI0 CTaHy Nepe] BIAMOBOIO
BITHOCSITBCS JIO KaTeropii METOIB TEXHIUHOI eKcIuTyaTaii 3a ctraHoM. Ha cyyacHux
BaHTXHUX CyIHaX, mounHarouu 3 2020 poky 3aKiIagku, 3a [UMH METOAAME CKCILTY-
aryeTrbes Onmu3bko 90% CyqHOBUX TEXHIUYHHX 3ac00iB [6]. Lle 3yMOBIEHO CyTTEBUM
301IBIIEHHSAM YaCTKH PaJiOCICKTPOHHOTO 1 MOOyTOBOTrO OOJIaJHAHHS B 3arajbHId
HOMEHKJIATypl TEXHIYHHUX 3aCO0IB I[UX BAHTAXKHUX CYJICH, sIKe I00pe MPUCTOCOBAHO JI0
eKcIuTyarailii 3a craHoM. [Ipu OibII IeTaIbHOMY aHANi31 METOIB eKCILTyaTallii TeXHid-
HUX 3aC00IB I[UX BAaHTXKHUX CYJICH IXHI CHCTEMH TEXHIYHOTO OOCIIyroByBaHHS Tpeba
BiJJTHECTH 710 KOMOIHOBaHMX (KOMIUICKCHHX). B pamMkax Takoi cHCTEeMH TEXHIYHOTO
00CJTyroByBaHHSI METOJl TEXHIYHOT SKCIUTyaTallil 3MIHIOETHCSI 3aJIeXKHO BiJ crerudiy-
HUX YMOB €KCIUTyaTallil KOHKPETHOTO €K3eMILIsIPa BAaHTAXKHOTO CYJIHA.

[llupoke BIpPOBaKCHHS METOJIB CKCILIyaTallii 32 CTAHOM JIO3BOJIMJIO MPOBITHUM
CY/IHOTUITABHUM KOMIIaHiSIM CBIiTy YHHUKHYTH 3POCTaHHS YaCTKM BUTPAT Ha TEXHIUHE
00CJIyroByBaHHS B 3araJibLHUX BUTPATaX Ha €KCIUTyaTallil0 BAHTAKHUX CY/ICH 1 3HU3UTH
ii o mpubimzno 15% y 2020 poui y mopiBHsHHI 3 2000 pokom [6].

BucnoBku. BpaxoByroun BHKIIaJieHEe, MOXKHA 3pOOUTH TaKi BUCHOBKH:

1) KinbKicHa OIiHKA €()EKTUBHOCTI CHCTEM TEXHIYHOTO OOCIYrOBYBaHHS BaHTaX-
HUX CYJICH BUMara€ BU3HAUCHHS YMOBHHUX MOKa3HMKIB €()EKTHUBHOCTI, IKi BimoOpaa-
I0Th €(DEKTUBHICTH CUCTEMH B KOXKHOMY 11 CTaHi;

2) BUOip KOHKPETHOTO METOY OI[IHKH 3aJIeKHUTh BiJI 0COOIMBOCTEH 3aCTOCYBaHHS
CUCTEMH, MOXKIIMBOCTI OTPUMaHHS BXITHUX JaHUX 1 HEOOXITHOI BIPOTITHOCTI OI[iHOK;

3) MeTOnM OILIHKH BKJIIOYAIOTh aHATIITHYHY OIIIHKY, CTATUCTHYHY OIIiHKY, €KCIIEpTHE
OTIMTYBAHHS Ta alPOKCHUMAIIi0 PiBHS €(EKTHBHOCTI;
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4) mij yac AOCIIKSHHS METOIB KiJIbKICHOT OI[IHKK €()eKTUBHOCTI CHCTEM TEXHIiu-
HOTO 00CJIYrOBYBaHHS BAHTXHUX CYJICH BaKJIMBO BPaxOBYBaTH HEOOXiTHY TOYHICTb,
00CHT 1 JOCTYIHICTh AaHUX, & TAKOXK CHelu(piuHi 0COOTUBOCTI CUCTEMH;

5) Meromooris, onrMcaHa B CTAaTTi, MOk OyTH 3aCTOCOBaHA HE TUIBKH JIJISi CUCTEM
TEXHIYHOTO 00CIYTrOBYBaHHS BAHTAXKHUX CY/ICH, aJie ¥ JJIs IHIIUX BUIIB CyACH a00 TeX-
HIYHUX CHCTEM, Jic TOTPiOHA OliHKa eEeKTUBHOCTI;

6) omrcaHi METOIM MOXYTh OyTH BHUKOPHCTaHI JUIS PO3POOKH IHTEIEKTyalbHUX
KOHCYJIbTaTUBHHMX CHCTEM, SIKI JIOTIOMOXYTh B OIUHI[ Ta MiABHIIEHHI €()EKTHBHOCTI
CUCTEM TEXHIYHOTO 00CIyTrOBYBaHHS;

7) 3 PO3BUTKOM TEXHOJIOT1i Ta 301JbIIEHHSIM AOCTYITHOCTI JaHUX METO/IH, OITUCaHI
B CTaTTi, MOKYTh HaIaTH OUJIBII TOUHI Ta HA IIHHI OI[IHKH €()EKTUBHOCTI CUCTEM TEXHiU-
HOTO 00CITYTOBYBaHHS;

8) ommcaHi MeTOM MOXKYTh OyTH IHTETPOBAHI 3 IHITMMHU METOJIAMH aHANI3y JaHUX
Ta MPOTHO3YBaHHS JJIsl CTBOPEHHS O1IbII €PEeKTUBHUX CUCTEM OLIIHKY;

9) Merozonorisi, omucaHa B CTarTi, MOXe OyTH BHKOPHCTaHAa B aKaJeMiYHHX
Ta HABYAJIBHUX IIISAX JUIS BUKIAJAHHS CTYJACHTaM MPHUHIIMIIB OLIHKA €(PEKTHBHOCTI
CUCTEM TEXHIYHOTO 00CIyroByBaHHSI.
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BUKOHAHHSI ABTOMATH30BAHUX IIIBAPTOBHUX OIIEPAIIIA
MIK CYJTHAMMU: JOCIIAXEHHSA KIBEPBE3IIEKHA
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Ooecvkutl HayionanbHull Mopcokull yHisepcumem, Odeca, Yrpaiua,
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Anomauin

La nayxoea cmamms 30cepeddicena Ha eUBYeHHI Kibepbe3neKku 6 KOHmMeKCmi agmo-
MaAmMu308aHUX WEAPMOBHUX ONepayitl Midic cyoHamu, sKi gioomi sk ‘ship to ship docking’
(STS). 3 pozeumrxom mexHono2ii ma asmomamu3ayii 8 MOPCoKill eanysi yi onepayii
cmaioms 6ce OibUL ROWUPEHUMU | 6PATUBUMU NePed KibepamaKkamu ma 3108MUCHUMU
Oismu. Kibepbesneka € akmyanbHum NUMAHHAM ) CYYACHOMY MOPCbKOMY MPAHCNOPMII,
30Kpema npu 30itiCHeHH A8MOMAMuU308aHUX WUBAPMOBHUX onepayitl mixc cyonamu. L]i
onepayii NOBUHHI BUKOHYBAMUCS 34 OONOMO2010 CHEeYIANbHUX A8MOMAMU308AHUX CUC-
mem, sKi 3a6e3neuyroms mouHicms ma be3nexy mauneepysanns cyoet. llpome, pazom 3
nepeeazamu, yi CUCmemMu MaKoxC CMaioms 8paziusuUMuy nepeo Kibepamaxamu ma 310-
emucrumu oisimu. Onepayii STS eumazaroms enuxux o6cs2ie 06MIHy OaHUMU MA KOMY-
HIKayiuHux npomoxonie midic cyonamu. I1io wac yux onepayiti ModiCyms GUHUKHYMU
noOmeHYitHI puzuky Kibepamax, makux sk HeCaHKYiOHO8AHUU OOCMYN, NepexonieHHs
OaHUX, GNIUE HA KEPYBAHHS MA HABIMb MONCIUGICIb SUHUKHEHHS A8APIHUX cumya-
yit. Omoice, 0CHOBHA Mema Yiei HAYK08OI cmammi noasieae 8 00Cai0HCeHH Kibepbesne-
KU NpU GUKOHAHHI A8MOMAMU308AHUX WEAPMOGHUX onepayiti misc cyonamu. 11i0 uac
00CsACHEeHHSI NOCMABIeHOl Memu 0)10 NPOAHANI308AHO 3A2PO3U MA PUSUKU, NO8 A3aHI
3 YuMU onepayiimu, a maxKoxc po3pobieHo ma BNPOBAONCEHO 3axo0u 3abe3nedents
Kibepbesnexu 0151 3MeHUleHHs. pUsUKie Kibepamak, 3a06e3neyents Ha0iHOCmi cucmem
Kepysanms ma beznexu nio yac euxkonanus onepayiu STS. /locnioocenns, wo suxiade-
Hi 6 OaHill cmammi, MarOMeb HA Memi NOKPAWUmMU pO3yMiHHs npobiemu Kibepbesnexu
8 KOHMEeKCMi a8moMamu308anux WeapmosHUx onepayin Mixc CyOHaMU ma cnpusmu
PO3pobyi ehexmusHux cmpameiti ma NOAMUK 3a0e3neuents oe3neku 6 yil eany3i.
Pesynomamu. Y yiii cmammi agmopu npedcmasuiui mexHoL02il0 0eyenmpanizoeano-
20 YNpaeinHs K IHempymenm OJis 30epieanHsi 3HaUH020 0bcsey ingopmayii wa 6opmy
CyOeH 05t HayKoGux yinell i 3axo0ig i3 3anobicanus asapii ma iHYuoeHmie npu GUKo-
HaHui weapmoenux onepayii. Bucnoexu. Ob6rpynmy8anHiM GUKOPUCANHHS THEXHOLO2TT
0eyeHmpanizo8aH020 YNpAaeaiHHs € GUPIUEHH MAOYMHIX MPYOHOWI8, NO8 A3aHUX i3
BNPOBAOICEHHAM ADO NPUUHAMMAM HOBIMHIX MEXHON02I] CYOHONIABHUMU KOMRAHIAMU.
Kurouosum euxauxom y yiil eany3i € 3a0X04eHH CYOHONIAGHUX KOMNAHIU 00 6Npo6a-
0JiceHHsL ONOKUelHy (MexXHON02Is pO3N00iIeH020 peecmpy).

Knrouoei cnosa: xibepbesnexka, 3aeposu, pusuku, 8paziueocmi, WEApmMosHi onepa-
yii, Ship to ship.
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Summary

This research article focuses on the study of cybersecurity in the context of
automated mooring operations between ships, known as ship to ship docking (STS).
With the development of technology and automation in the maritime industry, these
operations are becoming increasingly common and vulnerable to cyberattacks and
malicious acts. Cybersecurity is an urgent issue in modern maritime transport, when
performing automated ship to ship docking. These operations must be performed using
special automated systems that ensure the accuracy and safety of ship maneuvering.
However, along with their advantages, these systems also become vulnerable to
cyberattacks and malicious acts. STS operations require large amounts of data exchange
and communication protocols between ships. During these operations, potential risks
of cyberattacks may arise, such as unauthorized access, data interception, impact
on control, and even the possibility of accidents. Therefore, the main purpose of this
scientific paper is to study cybersecurity in automated mooring operations between
ships. To achieve this goal, the threats and risks associated with these operations have
been analyzed, and cybersecurity measures have been developed and implemented to
reduce the risk of cyberattacks, ensure the reliability of control systems, and ensure
safety during STS operations. The research presented in this article aims to improve
the understanding of cybersecurity in the context of automated ship-to-shore mooring
operations and to contribute to the development of effective security strategies and
policies in this area. Results. In this article, the authors presented distributed control
technology as a tool to store a significant amount of information on board ships for
scientific purposes and to prevent accidents and incidents during mooring operations.
Conclusions. The rationale for the use of decentralized management technology
is to address future difficulties associated with the introduction or adoption of new
technologies by shipping companies. The key challenge in this area is to encourage
shipping companies to adopt blockchain (distributed ledger technology).

Key words: cybersecurity, threats, risks, vulnerabilities, mooring operations, Ship
to ship.

Betyn. EdextuBHe Ta cTane CyaHOIUIaBCTBO € BAYKIMBUM JUIsl Oe31IepepBHOTO 3pOC-
TaHHS CBITOBOi EKOHOMIKH, aJie piIBHOIO MipOr0 Mae OyTH CIIPSIMOBaHE Ha 3aXUCT HABKO-
JUIITHBOTO CEPEIOBUINA, EKOHOMIUHY e(EeKTHBHICTh Ta 3a0e3MeveHHs] eHeproedeKkTrB-
HOTo Ta 0e3MeYyHOro TPaHCIIOPTYBAaHHS TOBapiB MO BChoMy cBiTy [1]. HesBaxkaroun Ha
3HaYHHUU MPOTpec B iIHHOBAI[IHHUX PIlICHHSAX IS JiDKUTAII3AIIl CyJeH, BCe e iICHYE
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3aJIeKHICTB BiJl JIFOJICKKUAX PECYPCIB 3 TOUKHU 30pY YIPaBIiHHS CYHOM, KOHTPOIIO poOo-
YHUX MPOIIECIB Ta BiJMOBIIAJIBHOCTI 3a MEPEeBipKy poOOTH Ha OopTy cymHa. Kpim Toro,
BKJIMBO 3a3HAYMTH, 110 CYJAHOILIABCTBO 1 MOPCHKUH TPAHCIIOPT MOXKYTh CIPUYHHUTH
BEJIMKY KiUJIbKICTh aBapill i iHIWJICHTIB i/l Yac BUKOHAHHS IIBAPTOBHUX oIepaiii [2].

IMocTranoBka npo6saemu. CyaHa, TOPTH Ta MOPCHKI 00 €KTH Bce OiIbIIE 3aJIeXkKAaTh
Bijl cydacHHX iH(popMaiiHUX Ta onepaliifHuX TexHoorii. KibepiHIuaeHTH Ha cyiHax
MOXYTh CIPUYHHUTH 3001 B POOOTI KPUTUYHO BAXKIIMBHX CUCTEM, LIIO0 CTBOPIOIOTH MPO-
Onemu Jutst Oe3MedHol eKcITyaTaiii cyaHa. ToMy CyJqHOBIaCHUKH MOBHUHHI OyTH rOTOBI
MIPOTUCTOSITU 3pOCTAIOUNM Kibep3arpo3am. st Toro, mob 3anodirta KibepiHIuaeHTaM
Ha Cy[(HaX 1 B KOMIIaHisX, HEOOX1THO BXKHUTH 3aXO0JliB HA PiBHI KEPIBHUIITBA.

VY aBTOMaTH30BaHHMX MIBapTOBHUX oreparisx STS icHyrOTh pi3HOMaHITHI PHU3UKH
Ta 3arpo3u KidepOe3meKkH, AKi MOXKYTh MaTH CEPHO3HI HACIIIKHU i Oe3neKu Ta eek-
TUBHOCTI WX onepailiii. Och AesKi 3 HUX:

1. Kibeparaku: 3TTOBMUCHHKH MOXYTh CIPOOYBaTH 3JlaMaTH CHUCTEMH aBTOMATH-
3allii, M0 KePYIOTh IIIBAPTOBHUMHM OIEPAIliIMHU, 3 METOI0 HE3aKOHHOTO JIOCTYILY, PO3-
KpHUTTs KOH(DieHiIHHOT iHpopMartii abo HaBiTh 3MiHHU ITaApaMeTPiB Oneparriil.

2. BipycH Ta mIKiJUTHBi TPOTpaMu: NIBAPTOB1 CUCTEMH MOXKYTh CTaTH XKEPTBaMH Bipy-
CiB, IIKIJJTUBUX TpOrpam abo MporpaM-BuMaradis, o0 MOXKYTh CTPUIMHUTH BUTOK JAHUX,
MEPENIKOANTH HOpMaJIbHOMY (DYHKIIIOHYBaHHIO CUCTEMH a00 HaBiTh 3yTMHUTH OTIepallii.

3. HecnpaBHocTi 00naiHaHHS: aBTOMaTH30BaHi CUCTEMHU MOXKYTh CTUKATHCS 3 TEX-
HIYHUMH TIpoOiieMaMH, MOMWJIKAMH B MPOTpaMHOMY 3a0e3ledeHHi abo anapaTHUMH
HECTIPAaBHOCTSIMH, [0 MOXXYTh TIPU3BECTH JI0 HEBIpHHX il IMiJ] 4ac NIBAPTOBHUX OTe-
partiii.

4. Btparu 3B’s3Ky: BHIIQJIKH BTPaTH 3B 3Ky MIXK CyJHaMHu abo Mixk cynHOM i Oepe-
TOBUM OIIEPATOPOM MOXYTh CTBOPHTH PHU3WUK HEKOHTPOJILOBAHOI a0 HEMpaBUIIBHOL
POOOTH CUCTEM KEepYyBaHHS IIBAPTYBAHHSIM.

Jinst eheKTHBHOTO YHpaBIIHHS Ta TOM SKIICHHS HACHIJKIB I[MX PH3HKIB 1 3arpo3
KibepOe3nekn peKOMEHYEThCSI BYKUBATH TaKi 3aXO0JIH:

1. 3axucT Mepexi Ta CUCTEM.

AyTeHTU}IKaIliS Ta aBTOPU3ALLis.

3axucT BiJ BipyCiB Ta MIKiJJTUBUX IIPOTPaM.

PesepBHE KomitOBaHHS TaHUX.

TexHiuHa MiATPUMKA Ta HABUYAHHS IEPCOHAITY.

Ayt Ge3rekH.

. BcTaHOBIIEHHS IPOTOKOMIB pearyBaHHs Ha IHIIUACHTH.

Kle TOTO, BEJICHHS JOKyMEHTAIIi1 BIAMOBIIHO JO MXKHAPOIHHUX CTaHAAPTIB, CaHK-
il 1 3MIHHUX TPOTOKOJIIB ICTOPUYHO MOKIAAAN0 3HAYHUH TsATap Ha ekimaxi. Kpim
TOrO, 0araTo JOCBITYEHUX CIIBPOOITHHUKIB HE MPOMIILIM aJeKBATHOTO 1 MOCITIIOBHOTO
HABYaHHS 00 HAaWCY4YacHINIUX 1 HAHHOBINIMX METOIB 1 HECIOMIBAHUX BIJIXUJICHb.
Bararo npo0iieM BHHHKIIO Yepe3 0OMiH iH(OpMAIli€r0, KOOPAUHAIIIO I KOMYHIKAILIIO,
MPUAHATTS PIICHB 1 YIIPaBIiHHS YacoM, 0 301TBIIMIIO HABAaHTa)KEHHSI Ha BC1 CTOPOHH,
MIPU3BEJIO JIO JIFOJCHKHX MIOMIJIOK 1 CTBOPHIIO 3aralibHy IUTyTaHHHY, TIOB’sI3aHy 13 3a1y-
YEeHUMH CTOPOHAMH Ta TXHIMHU 000B’I3KaMHU.

TpaHcnopTHa ray3s MoTpedye i HKUTANTI3allli CBOTX Olepalliii, 30KpemMa, OB’ I3aHUX
3 00MiHOM iH(pOpMatieto. OJJHUM 3 pillleHb € BUKOPUCTAHHS HOBUX TEXHOJIOTIH, B TOMY

it
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YHCIT TEXHOJIOTIi PO3MOJIIEHOTO PEECTpPY, YaCTO 3BaHOI TEXHOJIOTIEI ONOKYCHH, sKa
JI03BOJIsSIE OOMIHIOBATHCS JAaHUMHU JUIS 3AIMCHEHHS TPaH3aKIil, CHOPHUSIOUU MepeMi-
IICHHIO MOTOKIB JJaHUX 0€3M0CEPEIHbO MK CTOPOHAMHU Y BHCOKO3aXHINECHUHN CIOCiO
[3]. Bukopucranus OnokueitHy MOXKe IMiJBHUIIUTH ITPO30PIiCTh, e(HEeKTUBHICTH TA MOHI-
TOPHHT JJAaHWX, 10 BILUTHBAIOThH HA OE3MEKy aBTOMaTH30BaHUX IIBAPTOBHUX OIEpaIliil.

DopMyJTIOBAHHS Iijlel cTaTTi. Y il CTATTI aBTOPH CTABJIATH HA METI JJOCIIPKEHHS
KiOepOe3rekn Npy BUKOHAHHI aBTOMATH30BAHUX LIBAPTOBHHX OMeEpalliil Mk CyJHaAMH,
3 BUKOPHUCTAHHSM TEXHOJIOTII OJIOKYEHH, 3 METOIO IiJIBUIIEHHS OE3MEeKH aBTOMAaTH30-
BaHMX IIBAPTOBHUX OIEpalliil, sIK MPUKIAJ 3B’ 3Ky 3 peecTpalicto nanux [mobansHoi
cucremu no3unionysanHs (GPS), a oTxe, Oyab-Ki CyMHIBH, III0JI0 30H BIUIUBY OyIyTh
BUKJIIOUeHI. OHAK BaXXJIMBO 3a3HAYMTH, IO I TEXHOJIOTISA MOXKe OyTH 3aCTOCOBaHa
B OaraTbox iHIMX chepax CyTHOIUIaBCTBA. BoHa Moe MONMIMIINTH YIIPaBIiHHS IPOIIe-
COM 13a0€e3MeYHTH MOTIK TAaHUX B PEKUMI PEATBHOTO Yacy, a OTKE, MiIBUIIUTH Oe3TeKy
BiJl MaHIMYJIAIIH 13 3aIMCaMU.

AHaJii3 ocTaHHIX JociaimkeHs i myosikamnii. TexXHOIOTIS PO3MOIIIEHOTO PEECTPY,
TaKOX BiJIOMa SIK TEXHOJIOTis OJIOKYEHH [4], criouaTky HaOyJia MOMyJISIPHOCTI SIK IJIaT-
(dhopmMa 1 yripaBIiHHSA MU(QPOBOIO KpUNTOBATOTO [5; 6]. Y 2008 pori Carorri Haka-
MOTO TPECTABUB MEPIIY IUIATIXHY CUCTEMY — OiTKOTH, 3aCHOBaHY Ha TEXHOJIOTIT OJIOK-
yeitH [7; 8; 9]. VY 1i#t poOOTi aBTOPH BUKOPHCTOBYBAJIA TEXHOJIOTIIO JCIICHTPAI30BAaHOTO
ynpasninas (TY) sk abpeiatypy [uis TexHosorii 6mokdeiH. TAY BU3HAYa€eThCs SIK
CHiJIbHA TeXHOJNOTs po3noinenoro peectpy (TPP), sika noneriye mporec 3amucy [10].
TAY — ue nporec, KU po3aiIsSe NaHi B pexKUMI peaabHOro 4acy Ha By3JIH, SIKi 3aXH-
HICHI 32 JOTOMOTOI0 YHIKIBHUX KPHUITOrpaQiuHUX aNrOpUTMIB JIs 3a0e3MeueHHs
koH(igeHIifiHOCTI Ta O6e3meku [11]. Sk 3a3Hadyeno B [12], TY € HAWMOTYKHIIIOK pO3-
NO/IJIEHOI0 023010 JaHUX, SKa CKIAJA€Thes 3 TPYN JaHUX Ta iH(OpMalliiHUX OJIOKIB,
1110 pOOUTH KOHMIACHIIIHHI JaHI BUCOKO 3aXUIIICHUMH Ta JOCTYITHUMHU JIsl aBTOPHU30Ba-
HUX KOPHCTYBaUiB 3a JIOTIOMOTOI0 BUKOPHCTAHHS «KITFOUiBY. BIOKUEHH — Il TEXHOJIOT i,
sIKa TATPUMY€E PO3TOII 3aMCAHUX 1 HEe3MIHCHUX JaHUX y KHU31 MK cropoHamu. L{i
peectpu 3 iHhOpMaIIi€r0 epeaarThCs Yepe3 CITKOBY TOIOJIOTIIO 10 OLIBIIOT CIUIBHOTH
(TakoX BiZIOMOT SIK OZIHOpaHroBa Mepexa abo texnonoris) [13; 14]. THY — ue TexHo-
JIOTIsl ZICTIEHTPaJi30BaHOro ynpariminHs [14; 15]. 3anexHo Bij TEXHOJOTIT, OIOKYCHH
MO’Ke BUKOPHCTOBYBATH IIPUBATHI a00 myOmnivHi peectpu Ta mepexi [13; 16]. Y myOmiu-
HOMY (Bimkputomy abo Oe3nosBimbHOMY) TIY peectpu moctymHi, i OyIb-XTO MOXKE
3aIMcaTy TPaH3aKI[iIo 1 BIICTE)KUTH ICTOPHYHY TPAH3aKIIiI0 B peecTpi (TOOTO MOBHICTIO
PO3MOIIEH] MiXK BEJTMKOIO KUTBKICTIO MyOniuHuX KopucTyBadiB). [TyOmiyni TY Buma-
rarTh BUCOKOTO PiBHS O€3MEKU Ta HaAIMHOCTI Yepe3 iICHyBaHHS aHOHIMHHUX KOPHCTYBa-
YiB Ta BiICyTHICTH ToBipH. [IprBaTHi Mepexi (3axpuTi abo mo3BoieHi) TIY o3Ha4aoTh,
10 CTOPOHU a00 BY3JIM 3HAIOTH OJIUH OJHOT0 a00 HeMae HEOOXiTHOCTI B aHOHIMHOCTI,
IO € MPOTWICKHICTIO myOmivyauM abo Bigkputum THAY, ne oOMiH qaHuMU Ta iHPOpMa-
Ii€F0 BUMarae aHOHIMHHX KOpUCTYBadiB (Kpunrorpadiuauii Mmeron). Y npuBaraux TIY
ab0 J03BOJIEHUX JOCTYIN OOMEXKEHHH MEeBHUMH CIyxk0aMu abo cTOpoHamH. Y LOMY
BUTIAJIKY 3’ SIBIISIETHCS] HOBA CTIeM(ivHa POk (PEKOMEHI0BaHa HAI[IOHAIBHOO 200 MiXK-
HApOJHOKD OpraHi3alli€o), ska 3a0e3rneuye CepTU(IKAI0 MEpPeKi Ta MIATPUMYE IIFO
npuBatHy Mepexy [13]. Crpykrypa T/IY Bumisgae TakuM 9YMHOM: BU3HAUSHHS TTOCITYT/
CTOpiH; areHT CTBOPIOE TPaH3aKIIilO JUIS TIEPEBIPKHU; BY3JIM B JIAHIFOXKKY CXBaJIOIOTh
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KOYKHY TPaH3aKIIil0; TpaH3aKIlis JOAA€ThCS B HOBUH OJIOK; 3aIKC IIi€l TpaH3aKiii 30epi-
raeThes B ICKUIBKOX PO3MOMIICHUX By3Jax JUIsl 3a0e31eueHHsI Oe3eKH.

Buxaan ocHoBHOTro Mmarepiay. OJHIME 3 0CHOBHUX 0COOTMBOCTEH PEICTaBICHOL
TEXHOJIOTIi € BAKOPUCTAHHS CMapT-KOHTPAKTIB Ta TOKeHi3amis akTuBiB [11]. OcHOBHOIO
MIEPEBAaroko IbOT0 € T, 110 BCs iH(popMallis, sika 30epiraeThbes B 0710111, € HE3MIHHOKO 1 HE
Moxe OyTH BuaaneHa abo 3MineHa Oe3 3ronu Mepexi. JloBipa, He3MiHHICTb 1 TPO30PICTh,
JIe3IHTEpMeE/Iiallisi Ta CyTTEBI MOKPAIEHHS — I1€ YHIKaJIbHI LIHHOCTI Ojokueitn [17].

3amMicTh TOro, 100 MOKJIAaJaTHCS Ha IEHTPaIbHUN cepBep JIsA IHTerpaiii, nepe-
BipKH, 30epiraHHsi JaHUX BPYYHY, a MOTIM (i3UYHOrO 0OMiHY, KO)KEH B30I a00 ydac-
HUKU B3aEMOIIOB’SI3aHOT MEPEKi TyOIIIOI0Th BCIO iH(OpMAILif0, IKy MOXHA KOHTPOJIO-
BaTW 1 BUKOPUCTOBYBATH JUIS PI3HUX pPO3CIiAyBaHb (MOPCHKi aBapii) abo HayKOBHX
mined. TpaH3akiis CKIaJaeThCsl 3 JaHUX, XeIly 1 MOTepeHbOTO XNy, SKi TpeICTaB-
JieH1 B okpemoMmy OJtonii (puc. 1). Koxen Onok Moxke ckiiajgatucs 3 ofHiel abo IeKiib-
KOX TpaH3akmiid. KoxkeH xel € yHiKaJdbHUM MU(PPOBUM BiIOUTKOM TpaH3aKIlii B OO,
1 HOBUH XEIII HAZA€THCS BCIM HOBUM OJIOKaM, sIKi OyJIM CTBOPEHI B JIAHITFOXKKY.

Puc. 1. Cxema aneopummy UKOHAHHA MPAH3AKYIU NO TMEXHON02TT ONOKYeliH
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Habip iHcTpyMeHTiB, 10 3a0e3MeuyroTh pi3Hi pearizalii miei TeXHooril, ckiana-
€THCS 3 HACTYITHOTO: OJIHOPAHTOBAa Mepeka, 0a3a JaHWX Ui 3alicy TpaH3aKiii, Haoip
¢byHK1il 6e3nexu, nokas poootr (PoW) abo nokas yactku (PoS), MexaHi3M KOHCEHCYCY,
touio [18].3anpornonoBano myoOmiyHu 200 0e3/103BITbHUH JTAHITIOXKOK OJIOKIB SIK IHCTPY-
MEHT JJIs PO3TIOJILTY BaXKJIMBUX JaHUX MK KiJIbKOMa CTOPOHAMH, SIKi HE JIOBIpSIIOTH OJJHA
oJIHii. B¢l CTOpOHU B 3aIponOHOBAaHOMY OJIOKYEHHI He MAIOTh ITyOJIiYHOT 1IEHTHYHOCTI.
bnoku BaxKo 3MIHUTH, MaHIITy/IFOBATH HUMH a00 3mamaty. Jls ycminmsol danbcudika-
uii inpopmarnii HeoOxinHO nepedopmaryBaru Bech OnokyeiiH [19]. Koxna Tpanzakiis
B HAaIIOMYy BUTAJIKy, HaPUKJIAJ, JaHi PO MICIe3HaXOKEHHsI Cy[Ha, 4Yac, BiJICTaHb
JI0 1HIIIOTO TPAHCIIOPTHOTO 3ac00y, 3aMTUCYETHCS B IU(POBY KHUTY, a KiJIbKa TPaH3aKIIii
YTBOPIOIOTH 010K [20]. OtHaK IEBHI CTOPOHN MOXKYTh OOMEKUTH ITyOIIiYHUH JTOCTY JI0
[UX JAHWUX, 100 YHUKHYTH OyAb-SKUX MyOTIYHMX MaHImysiii 3 HuMu. i opranizamii
MOYYTb BUSIBJISITH OCOOIMBHI IHTEPEC JI0 AiSILHOCTI, 1110 BiIOyBa€ThCs Ha OOPTY Cy/IHA.

brokueitn OyB NpHiHATHI y OararboX Taiy3sX, BKIIOYAIOYH OCBITY, OXOPOHY
37I0pOB’s, aIMiHICTPYBaHHs, TPAHCIIOPTYBaHHs TOBapiB, KibepOe3mneky Ta (iHaHCOBI
nociyr [8; 21]. B ocBiTi BiH BUKOPUCTOBYETHCS IS 3aMiHH MANlepOBUX CepTUQIKATIB
Ha IUQPOBI cepThdikaTh y4Hs Ha OJIoKax abo B MyOIIIYHOMY PEeeCTpi 1 Mae TOBipy Mix
yciMa CTOpOHaMU (HaBYAJILHUM 3aKJIQJIOM, YYHEM i TPETHOIO CTOPOHOIO). YHIBEpCHTET
Hikocii OyB momnepeqHUKOM I1i€l iHHOBAIIIT 1 3alpoBaJMB Mpoiec cepTudikaiiii yepes
onokueiiH [ 11]. BupoBamkeHHs OIOKUYEH B OCBITY IPHHECIIO HU3KY IEPEBar, Cepe/ IKUX:
OOMIH iJiessMU Ta HaBYaHHSIM, MOYJIMBOCTI B3a€EMHOTO HaBYaHHS, IHTETPOBaHA CHCTEMA
BiZICTE)KEHHsI IOKYMEHTIB, MYJIBTH-CIIBIpAIlsl 3 TPaH3aKIisIMA UPPOBUX cepThdika-
TiB Ta 3B’530K MiX yciMa CTOpoHamMH Bauifanii, Bepudikaliii Ta Bugadi cepTrdikaris.

BripoBaikeHHS TEXHOIIOTIT OJIOKYEHH Y CyIHOIIIABHY Taly3b Ta il 3aCTOCYBaHHS JUIS
onn(pyBaHHS TOBAPOCYIPOBITHUX JOKYMEHTIB JETaJbHO PO3TISHYTO B poOOTI [22].
ABTOpH ITOCHIWIA TPOIEC BIPOBAKCHHS TEXHOJOTIT ONOK4YeHH y cdepy CymHO-
ITaBCTBAa. BOHM BUSABMIIM, 11O CYIHOIUTABCTBO — I iH(OpMaIliiiHa iHppacTpyKTypa
3 COIIaJIbHO-TEXHIYHUM SPOM, III0 PO3BHBAETHCSA 3 YaCOM 3aBISKHU JISUIBHOCTI BCIX
3alliKaBIICHUX CTOPiH. ABTOPH HaBeJH NMPUKIAIN 3aCTOCYBAaHHS TEXHOJIOTIT OJIOKYEHH
y MpOeKTi miaTBepmkeHHs koHuemnii Maersk Line Ta International Business Machines
(IBM), a Takox y pimenni Marine Transport International mig HazBoro Safety of Lives
at Sea — Verified Gross Mass (SOLAS VGM), ske cTocyeTbes Iepenadi JaHUX PO
Bary KOHTelHepa B cucTeMi elekrpoHHoro oominy nanumu (EDI) Ha Bumory IMO.
Iay3b TecTye MopchKi OnokueitH-nonarku 3 2017 poky. [lesiki 3 HaBaXIIUBIIINX CY/I-
HOIJIABHUX KOMIIaHii, Taki sk Maersk, Hyundai Merchant Marine i Maritime Silk Road
Platform, 06’ etHamMCs 3 TEXHONOTIYHUMH TiraHTAMHU JJIsi CTBOPEHHSI OJIOKYEHH-CY/THO-
TUTABHUX CHCTEM JIJISl ONITUMI3allil MOPCHKOT JIOTiCTHKY [23].

Piwennsa ma apximexmypa mexHonozii poznooinenozo peccmpy y cehepi mop-
cbKko20 3axucmy. HaBeneHna Hibkde Mojienb (pUc. 2) Ma€e Ha METi HAJaTH CIPOIICHY
BEpCIto MepeBipeHol myoiuHoi MepesKi OJTOKIeHH-MepekKi MixK CTEHKXOJIepaMH B paM-
Kax HaCKpIi3HOI Mojeli oOMiHy iH(opMaIli€ro mpo MOPChKi mepeBe3eHHs. [lepemymo-
BOIO € Te, 10 Oarato cTopiH (TOOTO CyJHOIUTABHA KOMIIaHis, TOPTOBI aaMiHiCTpaIlii,
KariTaH nopty abo Geperoa oxopoHa, IMO, HallioHaTbHUN 3aKOHOZABEIIb) MATUMYTh
JIOCTYT 10 1H(OpPMAIIii, 1110 MICTUTHCSA B Hil, 1 3MOXKYTh MIATBEPIUTH i1 TOCTOBIPHICTD,
B TOW 4ac SK KOHTEHT 30epiraTuMeThcs i Oyle 3axHINeHUH B apXiTeKTypi MyOiaiuHOi
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xmapu. Lle 1o3BonHTE MicleBUM ciiyxk0aM pyXy CyJICH, KalliTaHaM, BiJiijlaM MOHITO-
PHHTY TOJIOBHOTO Oicy i IepKaBHUM OpraHaM MaTH KOJIEKTHBHUH OTJISI MapIipyTiB
CY/ICH, 3aIUCIB PO BaHTaX 1 Maca)XupiB (3a yMOBH JOTPUMAHHS CTAaHAPTHOTO 3araib-
HOTO PEIIAMEHTY MPO 3aXMCT JAaHUX Ta IHIIUX MI00aJbHUX BUMOT HIOJ0 KOH(IIACH-
uifiHocTi). MexaHi3M MoBepHEHHs 1ii€l iHQopMalii Tako BUKOPUCTOBYE IEPEIOBY
TEXHOJIOTiI0 ONTHYHOTO pO3Mi3HaBaHHs yapTepiB. LleHTpanbHuil 6a30BUil KOMIT 10TED,
SIKMH BXe icHye Ha OopTy cyaHa, Oyne 30Mparu AaHi, a BCi JIii, OB sI3aHi 3 EKCILTY-
araiiero cyqaHa, OyIyTh 3aBaHTaKYBAaTUCS Ha IUIATGOPMY B PEKUMI PeasibHOTO Yacy.
Bci 1i 3anucu 1aHUX B TOMY YHCII 1 [0JI0 BUKOHAHHS aBTOMATH30BaHUX IIBAPTOBHUX
oreparlii Mo>kHa Oyzie BifICTIiIKOBYBaTH B OJIOKUEiHI Yepe3 miardopmy.

Puc. 2. Cmpyxmypa nnamepopmu 0bminy mpancnopmmoro inghopmayicio
Ha 0CHOBI OIOKYelHY

Jani HaaXOASTh 1 OJHOYACHO MEPEBIPSAIOTHCS BCiMa 3aIiKaBIEHUMH CTOPOHAMH IS
JOCSITHEHHSI KOHCEHCYCY. [licis po3MOBCIOMKEHHS B CHCTEMI 3alMCH 30epiratoThbes
Ta 3aXHINAIOTHCS B EHTPaTi30BaHii KHU31 OMOKUYeiiHy. 3ro/loM BOHH CTarOTh HE3MiH-
HUMH, a IOCEPETHUKH/BHY TPIITHI BiILITH, SKi B MUHYJIOMY MaJIH CTIPaBY 3 allepOBUMHU
3amMcaMy, 1o nependayano pydHi oneparlii, Termep yCyBaroThCs, IO MPU3BOIAMUTH 10
CTBOPEHHSI 3aIKCiB, 3aXUIICHUX BiJ] HECAaHKI[IOHOBAaHOTO BTpy4daHHs. [Iporec mirparii
MOXke OyTH e(heKTHBHO KepOBaHMM O3 BTpy4YaHHS y BCTAHOBJICHHH MPOTOKOI; MPOTE
JUTS BIATIOBITHUX CIIELIaiCTIB-MOPSAKIB PEKOMEHIYEThCS 1 MiATPUMYETHCS YYaCTh
y CIeliaTi30BaHuX OCBITHIX Kypcax. 3aBIsSKd iHAyCTpiaii3amii f1aHuX IJis CHUTEHOTH
3aIliKaBI€HUX CTOPIH 1 MMiIBUIIIEHHIO PiBHS Oe3MEKH Ta CIiBIPaIli pe3yJabTaTH CIIPHUSITH-
MYTh IPUCKOPEHHIO aBTOMATHU3allii MePEeBipOK, a B pa3i BHHUKHEHHS KOHMIIKTIB — CTBO-
PEHHIO €IMHOTO JDKEpeIa TaHUX JJIsl BUPIIICHHS 3aIUTiB.

[Toni6HO 1o aBiamiitHOI rary3i BUMoOra IIo/0 3HIKEHHS BUTPAT Ha Nepeaady JaHuX
B MOPCBKiH raity3i po3BuBajiacs noBuibHime. OxHaK CTBOPEHHS (QYHKIIOHAIBHUX MOXK-
JTUBOCTEH Yy eIeKTpOHHOMY (popMarTi, sIKi 3a0€e31MedyIoTh iHTepoIepadeTbHICTh Ta Kpoc-
m1aT(hOPMEHICTb, 2 TAKOXK IHTETPALIiI0 ONepallifHIX CTaHJAPTiB Ta 3araIbHOEKOHOMIYHY
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e()eKTHBHICTh, 0COOIMBO B KOHTEKCTI JIAHIIIOTA MTOCTABOK, € MMOTYXHUM 1HCTPYMEHTOM.
Haii0inpiM BUKIIMKOM € 32JTy4eHHS IHBECTHIIIH Ta BU3HAUCHHS [TIOHEPIB, SKi 3pO0JISATH
11l TEXHOJIOT1] CTaHAapTOM B rany3i. JlaHi € oueBUAHUM MTOOIYHUM MTPOITYKTOM IIi€i TeX-
HOJIOTII, SIKWH caM 1Mo co0l MOXe MPHU3BECTH JIO I[1JI0T HU3KW IHCAHUTIB i, BIAMOBIAHO,
JI0 TIOKpaieHHs cepBicy. ONUTYBaHHS B PEKUMI peasibHOTO 4Yacy cepii TOYOK JaHuX
MOKke OyTH BHKOPHCTAHO /s 3a0e3MeUeHHs IPETUKTHBHOT aHAIITHKH Ta 00CIYTOBY-
BaHHS OTOBIIICHB, SIKi, IMOBIpHO, Oy/TyTh pO3MIillleH] Y BigKpuTiii xMapi. Lle Takox mif-
BUIIUTH €)EKTUBHICTb POOOTH KalliTaHa i CTApIIOTO MEXaHiKa, YCYHYBIIN 3aJIeKHICTh
BiJl pyYHHX CTPUMYBaHb 1 IPOTHBAr 3 OOKY EKiNaxiB 3 eKCIUTyaTallii Ta TeXHIYHOTO
oOcyroByBanHs [23]. [IpopuBHI TeXHOJOTIT B KOHTEKCTI YIPaBIiHHS OS3MEKOI0 TaKOXK
MaroTh BENMKUH TOTeHIian. Hacammnepen, mpocTi METOIM KOMYHIKaIlii MiXK diIeHaMH
eKinaxy 3abe3nedars iHpOpMyBaHHs BCIX WICHIB €KiMaxy Mpo KIFOYOBI MOBIIOMIICHHS
y HEMOMITHHH c1oci0, 6e3 HeoOX1IHOCTI OroJonieHb 1o paaio. Lle mos’s3aHo 3 auc-
KPETHICTIO, BAPTICTIO 1 IJTLOBOKO MOJCILII0. Ha BiMIiHY Bijl OZIHOYACHOTO OMOBIIIEHHS
BCBOTO EKiNaXy, BAXJIMBY iH(opMaIllilo MOXKHA TIepeZaBaTH KOHKPETHUM ocobaM, He
BIJIBOJTIKAIOYM BECh CKillaXK 1 BUKOPUCTOBYIOUM OCOOMCTI MPHUCTPOi HA OCHOBI MpPHH-
[UITY «IIPUHECH CBill BIACHUH MPHUCTPil», SIKMH MOMIMPEHUH B iHIKMX ramy3sax. L{ud-
POBI POJIi B CY/IHOIIJIABHUX 1 MOPCHKUX OpraHi3allisix MOBUHHI OyTH pO3IINpPEHi, B KiH-
IIECBOMY PaxyHKY, IiJl KEPiBHUIITBOM JUPEKTOpa 3 IU(PPOBUX TeXHOJOTIH 1 manux. L1i
0Cco0H MOBHHHI MPAIIOBATH SIK 31 CBOIMH OpraHi3allisiMi, TaK i B KOHCOPIiyMaX, O4OJIto-
BaHMX Tay3¢BUMH OpPTaHI3allisIMHU, JUTS BU3HAYCHHS IPIOPUTETHUX HANPSMKIB 1 CITUTh-
HOI PO3pOOKH Ta CTPYKTYpPH IHCTPYMEHTIB, SIKi MOXKYTh OyTH BUKOPHCTaH1 HAHKpaIuM
yrHOM. [HHOBaiHI Xa0u Ta akcenepaiiifHi 1adboparopii MOXKYTh OTPUMATH HaWKpaly
MiATPUMKY BiJI 3aKJIa/iB BUIOI OCBITH, 3@ YMOBH, 1110 BOHU 3HAHOMI 3 TIOTOYHUMH PO3-
poOKamMu, JUIs MATPUMKA BUPOOHHYMX, TEXHOJIOTIYHHUX Ta ONEPAIlifHAX MPOTTO3UIIIH.
TexHomOTis OJIOKYEHH MOXKE JOMOMOITH y BHpIIIEHHI 000X MHUTaHb, CKOPOUYOUH
aJMIHICTpaTUBHI BUTPATH 1 3a0e3meuyoun 0e3MeKy CyJHOIUIaBCTBA, OJIHOYACHO 3aXH-
HIal0YM Tay3b BiJ KiOEp3MOYMHHOCTI Ta MipaTcTBa, a TAaKOXK 3a0e3Meuyroud OibII
CTpaBeIUIMBI YMOBH JIJIsl BCIX 3aly4E€HHX CTOpiH. BripoBapkyroun OJIOKYEHH 1 3aX0au
0e3rekru B KPUTHYHUX TOYKaxX (TOOTO KPOK 3a KPOKOM Yy Haci), MiJBUILCHHS O0e3IeKn
Mij] Yac aBTOMAaTH30BaHMX IIBAPTOBHUX Omepalliii MoxHa Oyiio O 3amo0irTu 3a3sale-
riib. Y nboMy BUNAJKY OJOKYEHH MOYKHA BUKOPHUCTOBYBATH SIK IHCTPYMEHT JJISI Kpa-
HIOTO MPUHHATTS PillieHb, 110 Ma€ OyTH CHUILHUM iHTEPECOM ISl BCiX CTOPIH Y JIaH-
mokKy. HarioHanesHi perynsitopu (3akoHonaBIi) y cmismpaiii 3 IMO perymoBaTuMyTh
Mopchki oneparii. [lonpaBku 10 HOPMAaTUBHHUX aKTiB, IO CTOCYIOTHCS 3aCTOCYBaHHS
Mopcekoro TPP, OynyTh cBO€4acHO 1 HaJe)KHUM YHMHOM IHTETPOBaHI B CHUCTEMY, IO
JIO3BOJINTH 1H ajanTyBaTUCS 1 3alUIIATUCS aKTyalbHOK. Hampukmaza, cyaHOIUIaBHI
KOMIaHii, 3riHo 3 npaBmwiaMu IMO Ta npubepexHUX JepiKaB, MAOTh TIEBHI BUMOTH
HIOJI0 OTIPYUTIOMHEHHS Pi3HUX JaHUX, TIOB’SI3aHUX 3 OE3MEKOI0 CY/ICH, a TAaKOXK HOBUX
EKOJIOTIYHUX JIaHWX Yy BIIKPUTOMY JAOCTymi. HarioHambHI peryiasiTopu y CIHiBIpaii
3 IMO BupimyBaTUMyTh, XTO OyZie CTOPOHAMH 1 SIKUMHU KIFOYaMH BOHU BOJIOITUMYTh,
o6 Oparu y4acTh B OOMiHI JJaHUMH, a TaKOXK SIKi JJaHI BOHH OTpUMYBaTuMyTh. IMO
JIJIeTy€ CIeliaibHy arcHIlilo, sKa BiIMOBIIaTUME 3a CTBOPCHHS amapaTHOTrO Ta Mpo-
rpamMHOTO 3a0e3MedeHHs, TOOTO MOpPChKHX nojarkiB. [IporpamHe 3abe3neyeHHs Oye
MOBHICTIO HAJIAIITOBAaHE BiIMOBIAHO 10 BUMor i ipaBui IMO. [Hmumu crioBamu, Oyse
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CTBOPEHO MpOorpaMHe 3a0e3MeueHHs, AKe MOKIaJaTUMEThCsl Ha OJIOKYSHHY JJIsl ITi(BH-
IICHHS Oe3IeKHU, 3aXKUCTy Ta IIMHHOCTI AaHuX. OCKUIbKY OJIOKUYEIH — 1e apXiTeKTypa,
sIKa JTIO3BOJISIE PO3PI3HEHUM KOPHCTYBauaM 3/11HCHIOBATH TPaH3aKIlii, a TIOTIM CTBOPIOE
HE3MIHHHH, O€3MeuHMid 3amuc IUX TpaH3akKIii, BiH CHpOIIY€e YNPaBIiHHA TaHHMH,
CTBOPIOIOYH HaJ[IHY U(POBY KHUTY, 3 SIKOIO ITOTO/XKYIOTHCS BC1 CTOPOHHU.

TpamumiiiHi THCEMOBI 3amMCcH MPO CYIHOIUIABHI omepamii (cremianbai Gopmu)
MOBHHHI OyTH TiANMCaHi i 3aBipeHl MeYaTKor KamiTaHa. BHUKOpHCTaHHS JaTYWKiB
JaHUX Ta iHpOpMaiitHUX TexHOOTiH pa3om 3 TIIY Morto 6 3MeHIUTH poOove HaBaH-
Ta)KEHHSI, KUTbKICTh MOPYIICHB, YITYIIEHb 1 TOMHJIOK €Kilaxy, TOKPAIIUTH MOHITOPHHT
1 TIBUIIMTH PiBEHb 3aXUCTy HABKOJHIITHBOTO CEPEJOBHUINA. 3aBISKA BUKOPUCTAHHIO
TIY kanitan Moxe OyTH OIHPOPMOBAHUH TIPO MOTOYHHI CTaH KOHKPETHUX TIPUCTPOIB
Ha CY/IHI 32 JIOTIOMOT OO ITOB1IOMJICHb, 1110 HAJAI0THCS B PEXKUMI PeaibHOTO Yacy. Takum
YUHOM, BUKJIIOUAETHCS HEOOXIMHICTh 3alOBHCHHS MHCHMOBOI (hOPMH, OOMEKYEThHCS
Oe3mocepenHs BiAMOBINANBHICTD KaIliTaHiB, a BC1 IPYIH, SKi OTPUMYIOTH iH(pOpMaIIifo,
MOXYTh CBOEYACHO pearyBaTd Ha Hei B pa3i motpeOu. [TomMuiiku B KOMyHIKallii 3Bo-
JSTBCS IO MIHIMYMY, TiIBUIYETHCS. PIBEHb 3HaHb Ta 0013HAHOCTI, 8 TAKOX MMOKpAILy-
FOThCs Oe3MeKa IBApTOBHUX OIepalliii.

Oomexennst TexHojiorii TPP MokyTh BUHUKATH B JUCKOBOMY TpocTopi. Bemuka
KUTBKICTh TpaH3aKIlii JaHUX MOXE CIOBIIBHUTU MPOILEC 1 3HU3UTU C(PEKTHBHICTS.
ABTOpH 3aIIpONIOHYBAIM OTPUMYBATH JIaHi B PEXKUMI PEaIbHOTO Yacy 3 MEBHOI BiICTaHi
Bijl y30epesxoks, o0 3MEHIIUTH BEJIMKi 00csTH TaHux Ta iHpopmarrii. KinbkicTh Kopuc-
TyBauiB y OJIOKYEHHI MOXKE 3pOOUTH CHCTEMY CTIHKIIIO J0 Oy/Ib-SIKMX BUITAJIKIB aTaK
(sIx KiIOEpHETHYHHX, TaK 1 MOPYIIEHb IUIIXOM 3MiHM JaHuX) abo 300iB. BripoBapkeHHs
TEXHOJIOTIi OJIOKYEHH B CYHOIUIABHY T'ally3b, OCOOIMBO CYTHOIUIABHI KOMITaHii, TIOBU-
HHI BU3HATH IO TEXHOJIOT110. BHUCOKOsIKICHE amapaTHe 1 mporpaMHe 3a0e3neueHHs s
e(eKTHBHOI POOOTH CHCTEMH € OCHOBHOIO MPOOJIEMOI0, SIKa 3aBaYKA€ BEIUKAM YCTaHO-
BaM BIIPOBa/KyBatu OnokueiiH. [linTpumka iHQopMamiiHIX CHCTEM TaKOX € Ba)KITH-
BUM (DaKTOPOM 1 BUKITHKOM.

IMO Bu3Hana noteHuiiiHy npobnemy i Mopcbkuii Kibeppu3uk. IT Ta omepariiiui
TEXHOJIOTIi aBTOMaTH30BaHi, 1 Ha OOpTY CyleH Ta Ha Oepesi HeoOXiHa BUCOKa KOMIIe-
TEHTHICTh. TEXHOJIOTIT MOXYTh OIIMHUTHUCS ITiJ] 3aTPO30I0 Yepe3 MOTEHITiHI 00CTaBUHH
a0o moxii, sIKi MOXKYTh MPHU3BECTH J0 OB’ SI3aHHUX 3 CYTHOIUIABCTBOM 3001B B EKCILTya-
Tarii, 6e3meri abo 3aXUIIeHOCTI BHACTIIOK MOIIKO/KECHHS, BTpaTH a00 KOMIIpOMeTaIlii
iHpopMarii abo cucteM. KepiBHUIITBY CyIHOIIIABCTBA MPOIIOHYETHCS KIIbKA KEPIBHUX
npuniunie IMO. Bei cTopoHy MOBUHHI TPONTH HABUAHHS 3 ONEPAIifHAX TEXHOJOT1H
(OT) ta indopmanirinux TexHonorii (IT), HaBiTh HE3BaXKarOUu Ha Te, 110 OJIOKYEHH —
Ie TEXHOJIOTISl 3 BUCOKUM CTYIEHEM Kibep3axucty. Bei ctopoHw, 1mo OepyTh ydacTb
y TIY, noBunHI OyTH 100pe migrorosieHi. Buposamkenns T/1Y min yac aBTomMaTH30Ba-
HUX IIBAPTOBHHX OTEPAIliil JO3BOIUTH 3BECTH JIO MiHIMyMY CITUTKYBaHHS MK YICHAMH
eKinaxxy Ha OOpTy CyJHa 3 IIbOTO MUTAHHS, TAKUM YHHOM MiHIMIi3yFOUH TIOMIJIKH Yepe3
Hernopo3yMiHHA. Kpim Toro, ozHi€ro 3 mepeBar Bukopuctanus T/Y B mpoMy BUaIKy
€ MiHIMi3aIlisl 30BHIITHBOI KOMYHIKaIlii.

EdexruBHe ynpapimiHHS KiOepOE3MEeKO B MPOIECi BUKOHAHHS aBTOMATH30BAHUX
[IBAPTOBHUX OTEpalliii BUMarae KOMIUIEKCHOTO ITiTX0/Y, BKIIOYAr0YH TEXHIYHI, OpraHi-
3alliiiHi Ta OCBITHI 3ax011. CHCTeMaTHYHE OHOBJICHHS 3aX0 1B Ki0epOe3eky Ta HoCTiHe
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B/IOCKOHAJICHHS MTPAKTUK MOXKYTh JOTIOMOTTH 1T030aBUTH LIBAPTOBI omneparii Bix 6ara-
THOX TIOTCHIIMHUX PHU3HKIB i 30€perTu 0e3neKy MOPCHKOTO Ta PIYKOBOTO TPAHCIIOPTY.

SWOT - anani3 (cuipHI Ta cllabKi CTOPOHH, MOXKIIMBOCTI, 3arpo3u) € KOPUCHUM
IHCTPYMEHTOM, SIKHH JIOTIOMAara€e BU3HAYUTH Ta KJIaCH(iKyBaTH aclieKTH BHYTPIlIHEOTO
Ta 30BHIIIHLOIO CEPEIOBHINA. Y I[bOMY JOCTIKCHHI CepeloBHUIIe Oyae CKIaIaTucs
3 aBTOMATH30BaHUX IIBAPTOBHUX onepailisx Ship to ship, a madmon SWOT-anamizy,
NOKa3aHWil Ha PUCYHKY 3, Oy/ie 3aloBHEHMI il BHYTPIIIHIMU CHJIBHHMH 1 CIaOKHUMHU
CTOpPOHAMH, & TAKOX 30BHIITHIMA MOXKITUBOCTSIMH Ta 3arpO3aMH.

Puc. 3. lllabnon SWOT-ananizy

Omnisig HassBHOT JIiTepaTypH CBiTYUTH PO Te, IO TyXKe MaIo BiIOMO Ipo Kibepoes-
neKy Ta ii cimalki Micld B Taiy3i aBroMaTu3allil mBapToBHuX oreparii Ship to ship,
30KpeMa Ha PUCYHKY 4 MoKa3aHi pe3yJabTaTH JOCHIKCHHS 3TPYIIOBaHI 32 KaTeropisMu
BHYTPILIHIX CHJILHUX Ta CIa0KUX CTOPiH, 8 TAKOXK MOXJIMBOCTEH Ta 3arpos.

Puc. 4. SWOT-ananiz npoyecy asmomamusayii wieapmosrux onepayiti Ship to ship
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Jinst eheKTUBHOTO yIpaBIiHHS Ta IMOM SKIIEHHS HACTIAKIB KIOEppU3UKIB Yy HIBap-
TOBHHX orepamnisx Ship to ship B Mopchkiii ramy3i HeoOXiTHO BpaxoByBaTu CHIIbHI
CTOPOHH, 3JI0JIaTH CJIa0Ki CTOPOHHU, BUKOPHCTOBYBAaTH MOXIIMBOCTI Ta MPOTHAIATH
3arposaM. Lle Moke OyTH TOCSATHYTO IIJISIXOM BIIPOBAJKEHHS €()EKTUBHUX CTPATETiH
KiOepOe3eKky, HOPMAaTUBHOTO PEryIFOBaHHs, TOCUJICHHS CBIIOMOCTI Ta OCBITH 11010
KibepOesnekH, CIiBIIpali Mk CTEHKXOIepaMH Ta TTOCTIHHOTO MOHITOPUHTY Ta aHa-
Ji3y Kibep3arpos.

BucHoBku. Y 1iii cTarTi aBTOpHU MPENCTABHIM TEXHOJOTIIO JICIIEHTPaIi30BaHOTO
YIpaBIiHHA SK 1HCTPYMEHT JuIsi 30epiraHHs 3HaYHOTO 0OCsTy iHopMalii Ha OopTy
CYJICH JIJIsl HAYKOBHMX IiJIEH 13aX0/IiB 13 3ao0iraHHs aBapiii Ta IHI[MICHTIB IPY BUKOHAHHI
[IBaPTOBHUX onepalliif. O0rpyHTyBaHHSM BUKopucTanHs TV € BupileHHss MaiOyTHIX
TPYAHOILIB, IMOB’SI3aHUX 13 BIPOBAHKCHHIM a00 MPUHHATTAM TEXHOJIOTI] CyIHOTLIAB-
HUMH KoMTaHisMHU. KITtO4oBHM BUKJIMKOM Y IIili Tay3i € 320XOYEHHsI CyITHOIIIABHUX
KOMTIaHil 10 BIPOBaKEHHs OJIOKUCHHY, sIKi TIOBUHHI OyTH TIEpIIMMH, XTO Tiepeiine Ha
II0 TEXHOJIOTII0, BPAaXOBYIOUH, 110 CYJAHOIUIABHI KOMIIaHii € ornepaTopaMu abo BIacHU-
KaMU cyneH. Buxoasun 3 npodeciiHOro JOCBiy aBTOPIB Ta pO3CIiyBaHbh MOPCHKUX
IHIIMJEHTIB 3 0a3 JaHMX, 3p03yMiJlo, IO Ha OOPTY CyleH BiIOyBaeThcd Oararo iHIHU-
JICHTIB, MOB’SI3aHUX 31 IIBAPTOBHUMHM OIepallisMu. SIKI0 BCi CYAHOBI TEXHIYHI 3ac00H
OymyTb onn(poBaHi, 4epe3 JI0AATKOBI 3aCTOCYBaHHs JIaTUUKiB, iHpopMmaris Oyie nepe-
JIaBaTHCS MiXK BIJITIOBIIHUME CTOPOHAMH, 1 YIIPaBIIiHHS OllbIIe He Oy/e 31iHCHIOBATHCS
Bpy4Hy. 3a3HaueHa BaXKJIMBICTh TEXHOJIOTIi OJIOKYEHH 1 Te, IK BOHA MOXE BijirpaBaTu
KHUTTEBO BAXKIIUBY POJIb Y MOPCHKIH 1HIYCTpIi, a TAKOXK MPOAaHATI30BaHi HIISIXH MOX-
JIUBOTO 3aCTOCYBaHHS TEXHOJIOTIT PO3IO/IIEHOTO PEECTPY K 3aC00y KOHTPOIIO aBTO-
MaTH30BaHUX IIBAPTOBHUX omepalii. 3acrocyBanHs T/Y Moxe 3BeCTH A0 MiHIMyMY
Oararo npo0OIieM, BKITIOUAOUH MOJIMNIIEHHsT 00MiHY 1H()OpMAIli€ro, MOCHIICHHS KOOP/IH-
Hallii Ta KOMYHiKallii, OJETIeHHs] IPUUHATTS PIllieHb, EKOHOMIIO Yacy, 3MEHIIICHHS
po0OYOro HaBaHTaKEHHS JJIsl BCIX CTOPiH, YCYHEHHS ITOMHWJIOK i HENOJIKIB, a TaKoXK
3HIDKCHHSI BIAMOBIJAILHOCTI Ta IMiIBUIICHHS PiBHS 3HaHb. Bylno peKOMeHI0BaHO, 00
ycCi IaHi, OTpUMaHi 3 CYJIEH y PEeXHMI peajabHOro 4acy, OyJin 3axuileHi Kidep3aXxucTom
1 IOCTIHHO 30epiraiucst B peecTpi, 10 MOTIIO O JJOMOMOI'TH 0ararboM CTOPOHAM 3MEH-
IIATH po0OYe HABAHTAXKEHHS, KIJIbKICTh MEpeBipOK 1 BTpary yacy. CTBEpIKYEThCS, 10
Ui MaiiOyTHBOTO PO3BUTKY MOPCHKOI iHAYCTpIii iICHY€ HMIMPOKUI CIIEKTP MOXKIHBOC-
teit ans TAY. Tpaauiiiiai narnepoBi JOKYMEHTH MOXKYTh OyTH oni()poBaHi i MpodnTaHi
3a JIOTIOMOTOI0 aBTOMAaTH3allii, o 3abe3neyye HOBY XBHJIIO CITIBIpaIli MiXk 0€3MeKoto
CYIHOIUIABCTBA B YCiif Cy/THOTUTaBHiH ramysi. Takum yuHOM, onepaniiina e)eKTHBHICTD
MOKe OyTH pO3MOJiJieHa 3a JOMOMOTOK HOBHX TEXHOJIOTIH 1 0e3MeuHO BIPOBaHKEHA
JUIsS. CTUMYJTFOBaHHS iHHOBamiid. Taki HUQPOBI MepeTBOPEHHSI B CYIHOIUIABHIN Tay3i
[IOBUHHI 3[1HCHIOBATUCA B KUJIbKA €TaliB. 3rofoM MOETAHUM MiAXiJ X0 ONTHUMIi3arii
0oOMiHy JaHuMHU Oyjie HalKpaiuM s MOoAaIbIInX HU(POBUX 3MiH.
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AHAUJII3 ITPOLIECY HABITAIIII TA INIAHYBAHHSA HJIAXY
ABTOHOMHOT' O HAJIBOJHOT O CYJHA
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Anomauisn

Bcemyn. Asmonomni HaoeooHi cyona (AHC) ma ix 3acmocysants y 00CHIONCEHHIX
PI3HOT CKIAOHOCTI € AKMYANbHOK 2ALY3310 00CNI0NCEHb, ABMOHOMHI HAOBOOHI CYOHA —
ye npucmpoi, 30ammui camoOCmitiHo PyXamucs 600HUM CepedosunyeM i GUKOHYBAMU pi3-
Hi 3a80auHs ma nposodumu 30ip oanux. Cehepu 3acmocysants yux 3acobis nos sa3amui
3 800HuUMuU pecypcamu. 3anyuenna AHC y pisnux 0ocrionuybkux Micisax oemoHcmpye
iHmepec HayKko8oi cnitbHomuU 00 NOJiOHUX naamgopm. B oxeanozpagii Ha0800HI OpoHU
MOJICYymMb donomo2mu 30upamu 0aHi npo memnepamypy 600U, COIOHICMb, Pi6eHb KUC-
HIO, X6UbOBY AKMUGHICIMb ma ihwi napamempu. Lle Hadae eueHum 6inbu NOGHY Kapmu-
HY PO OKEAHCHbKI A8UWA MA OUHAMIKY 3MIH, WO CNPUAE NOKPAWEHHIO PO3YMIHHS KIli-
Mamuunux npoyecie ma exocucmem oxeany. Ilooanvua po3podka ma 800CKoHANEHHS
CYyOeH 8aviciuge NUMAHH Ma MAc 8eluKe NPAKmuyne 3Ha4eHHs 015 2any3ell H08 A3aHuUX
3 800HUMU pecypcamu. Memoro cmammi € npoeedents 00CIONCEeHHS Memodie Hasiea-
yii ma ocodonusocmeti pyxy AHC, npobnem ma uiisixie niosuyeHHs eqheKkmusHoCmi pyxy
no 3adanomy mapuipymy. Cpoxycysamu ygsazy na npoyeci nianyéanus wiiaxy AHC sax
BAICTUBO20 emany, Ha AKOMY 6a3VEMbCA PYX A8MOHOMHO20 CYOHA, Ma NPOGECU 0271510
AneOpUMMI6 ONMUMIZ308AHO20 PYXY AK ACHEKMY NIAHYSAHHS ULIAXY OJis 3HAXOONCEHHS
NOMEHYIUHUX WISXI8 NOKpaueHHs eghekmusHocmi pobomu. Pesynemamu. B cmammi
nposedeHo 02150 Memodie nasicayii ma ocodausocmeti pyxy AHC, ocnosnux cmpyx-
MYPHUX eeMeHMI8 Ma CUCIEMAMU308AHO OCHOBHI NPOOIeMU Ma BUKIUKU, SIKI HAPA3i
icnytoms. Taxooic nposedenuii ananiz npoyecy nianysanns wasxy AHC ax easicaueo-
20 emany, axuil nexcums ¢ ocrogi pyxy AHC no 3adanomy mapwpymi. /locriosicerno
BANCTUBUL ACHEKM NIAHYEAHHA WIISAXY, A CAMe AN2OPUMU ONMUMI308AHO20 DYXY 5K
HOMEHYIUHUX wisix niosuwjenns epexkmuenocmi pyxy. Ha ocnoegi docnioscenus 6yno
cghopmosano Kpumepii OnmuManrbHOCMi, Ypaxy8anus aKux y pooomi anzopummy 0acmy
3MO2y ROKpawjumu 6y0V8aHHs WISIXY ma NOMNUUMb 3A2AbHY eeKmUsHicms nio uac
nepemiwennuss AHC. Bucnoeku. Jlocniodcenuss ma po3pobka ABMOHOMHUX HAOB0O-
HUX CYOeH Npo008ICYEMbCS T HAOANL. 3ayikasienicmy ¥ HOOIOHUX CYOHAX 00YMO61eHA
WUPOKUMU MOICTUBOCMAMU, SIKI 00380NAI0OMb 3ACMOCYB8AMU IX Y Pi3HUX 00CTIOHUYb-
KUXx Micisix. Bpaxosyiouu euxnadene, MojiCHA 3p0OUMU BUCHOBOK, WO epeKmUBHULL PYXy
AHC nio uac euxonamHs 3a60ams — ye KOMIIEKCHUL npoyec, 8 OCHOBI AKO20 JeAHCUMb
3na2002icena poboma Hagicayiunoi cucmemu, NPAsUILHO CHIAHOBAHUL MaApuwipym ma
8PAXYBAHHA 306HIWHIX ¢haxmopie eniugy. Pozeumok aneopummis onmumizo8aro2o
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PYXY 003601s10Mb 3a0€3neyumu SHyuKicms ma adanmueHicmy 00 3MIHHUX YMO8, W0
30amui 3abe3neuumu Haukpawi pivienus 8 pearviomy uaci. Ilooanvuie docniodncenns
ma enposadicerns areopummie onmumizayii pyxy AHC eiokpusae no6i nepcnexmueu
0J1s1 CMBOPEHHSL NOBHICIIO A8MOHOMHUX 3AC00I8 HOB020 NOKONIHHA.

Kniouosi cnosa: agmonomui Ha08oOHi cyOHa, Hasieayis, OUCmManyiline Kepy8aHisl,
eleKmpo08U2yH, CYOHO, ABMONIIOM, NIAHYBAHHA WINAXY, AN2OPUMM ORMUMI308AHO20

pPyxy.

ANALYSIS OF THE NAVIGATION AND PATH PLANNING PROCESS
OF AN AUTONOMOUS SURFACE VESSEL

B.O. Yermolenko
Postgraduate Student at the Department of Programmable Electronics,
Electrical Engineering and Telecommunications,
Admiral Makarov National University of Shipbuilding, Mykolaiv, Ukraine,
ORCID ID: 0000-0002-0353-891X

Summary

Introduction. Autonomous surface vessels (UAVs) and their use in research of
various complexity is an actual field of research. Autonomous surface vessels are
devices capable of independently moving through the water environment and performing
various tasks and collecting data. The spheres of application of these means are related
to water resources. The involvement of ANS in various research missions demonstrates
the interest of the scientific community in such platforms. In oceanography, surface
drones can help collect data on water temperature, salinity, oxygen levels, wave activity,
and other parameters. This provides scientists with a more complete picture of ocean
phenomena and dynamics of change, contributing to a better understanding of climate
processes and ocean ecosystems. Further development and improvement of vessels is
an important issue and has great practical significance for industries related to water
resources. The purpose of the article is to conduct a study of navigation methods and
features of ANS movement, problems and ways to increase the efficiency of movement
along a given route. Focus attention on the ANS path planning process as an important
stage on which autonomous vessel movement is based, and conduct a review of optimized
motion algorithms as an aspect of path planning, in order to find potential ways to
improve operational efficiency. Results. The article provides an overview of navigation
methods and features of ANS movement, main structural elements, and systematizes the
main problems and challenges that currently exist. An analysis of the ANS route planning
process was also carried out, as an important stage that underlies the movement of the
ANS along the given route. An important aspect of path planning, namely algorithms
of optimized movement, as a potential way to improve movement efficiency, has been
studied. On the basis of the research, optimality criteria were formed, taking into
account of which in the algorithm's work will allow to improve the construction of the
path, and improve the overall efficiency during the movement of the ANS. Conclusions.
Research and development of Autonomous Surface Vessels continues. Interest in such
vessels is due to the wide possibilities that allow them to be used in various research
missions. Taking into account the above, it can be concluded that the effective movement
of the ANS during the execution of tasks is a complex process based on the coordinated
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operation of the navigation system, a correctly planned route, and consideration of
external influencing factors. The development of algorithms for optimized movement
allows for flexibility and adaptability to changing conditions, which can provide the best
solutions in real time. Further research and implementation of ANS traffic optimization
algorithms opens up new perspectives for the creation of fully autonomous vehicles of
a new generation.

Key words: autonomous surface vessels, navigation, remote control, electric motor,
vessel, autopilot, path planning, optimized motion algorithm.

Beryn. Bukopucranus aBroHoMHUX HajnBoaHux cyneH (AHC), 30kpema HaiBOTHHUX
JIPOHIB, SIKI PyXalOThCS MO 3ajaHiil TPAEKTOPIi, € aKTyaJbHOI TaJTy33k0 JIOCIIKCHHS
JUTSL Cy4acHOI HayKH, TOMY LIO 3HAXOAMTH MPaKTHYHE 3aCTOCYBaHHS B pi3HUX cdepax,
BKJIIOYAIOYH HAYKOBI TOCIIIXKEHHS PI3HOTO XapakTepy, Oe3neKy, eKoJorito Ta iH. ABTO-
HOMHI HAJIBOJIHI CYyJIHA SIBJISFOTH COOOI0 MPHUCTPOI, 31aTHI CAMOCTIIHO pyXaTHCh BOJI-
HUM CEpEeIOBHILEM 1 BUKOHYBAaTH pi3Hi 3aBIaHHS Ta MpoBoAWUTH 30ip ganux. Lle rpae
Ba)KJIMBY POJIb JJISl TPOBEICHHS HAYKOBHX JTOCIIIKEHD PI3HOTO XapaKTepy.

Tpaaunitino 30ip naHUX BiI0OYBAETHCS 3a JOTIOMOTOO JTFOJICHKUX SKCIICUITIH Ha Cy/I-
HaxX a00 BUKOPUCTAHHIM CTaI[lOHApHUX mpriaaiB. OHaK e miaxin Moxe OyTH ooMe-
JKCHUH 3 TOUKHU 30pYy 3aTpart, JOCTYIY J0 BifJIaleHUX PaOHIB i MOXKIIMBOCTEH CIIOCTE-
peXeHHs. ABTOHOMHI HaJIBOJIHI Cy/JIHA JO3BOJISFOTh BUPILITUTH I1i 0OMEXKEHHS, OCKUIbKU
BOHH MOXYTh MpalOBaTH BiIHOCHO JOBTUi Yac, aBTOMAaTHYHO NPHCTOCOBYIOTHCS
JIO 3MiHA YMOB Ta MOXYTbh MPAIIOBATH Y Pi3HUX MICIIEBOCTSAX. 33 JOMOMOTOK OijIbIIl
e(heKTUBHOTO, KOMITAKTHOTO, KOMEPIITHO-I0CTYITHOTO Ta HABITaliiHOTO 00JIaIHAHHS,
BKJIIOYAIOYH TTI00aJbHI CHCTEMH TIO3UIIIOHYBaHHSI, 8 TAKOXK OB MOTYKHI Ta HaiHHI
cucTeMH 0e3IPOTOBOTO 3B’sI3KY, po3mHpriio MoxIuBocTi AHC sk iHCTpyMeHTY JTocTTi-
JUKEHb. [X MO’KHA IporpaMyBaTH JIsl pyXy MO 3a/iaHiii TpaekTopii 200 KOHTPOIIOBATH 34
JIOTIOMOTOI0 CYITyTHUKOBOI HaBiraiii, aHasi3zy JaHUX CEHCOPIB i IITYYHOTO 1HTEIICKTY.
Hanpuknaa, B okeaHorpadii HaJBOAHI APOHU MOXKYTh AOTIOMOITH 30HpaTH IaHi mpo
TEMIIepaTypy BOAM, COJOHICTh, PIBEHb KHCHIO, XBUJIbOBY aKTHBHICTh Ta iHIII Mapame-
Tpu. Lle Hanae BueHNM OiNbII TOBHY KapTHHY IIPO OKEAHCHKI SBUIA TA JUHAMIKY 3MiH,
0 CIPUSE MOKPAIEHHIO PO3YMIHHS KJIIMAaTHYHUX MPOIIECIB Ta CKOCUCTEM OKEaHy.

IMocranoBka npodaemu. [lupokuii criekTp cep BUKOPUCTAHHS Ta aKTUBHUN PO3-
BUTOK 3araibHoi koHIemnii 3poous AHC BaXJIMBUM iHCTPYMEHTOM JOCTIIKEHb Pi3HOT
ckinagHocTi. CTBopeHHs moBHicTI0 aBToHOMHNX AHC muTaHHs, sSiKe MHUPOKO J0CITiHKY-
€Tbes OararbMa po3pobHukamu. OnHak edextrBHe QyHkuionyBanHs AHC Hepo3puBHO
MOB’s13aHE 13 HABITaIli€I0 Ta 3aBAaHHAM IUIaHyBaHHS pyXy. [1oCTiliHI 3MiHU JHHAMIYHUX
YMOB CEpeJIOBHIIA, TOTpeda B CHepro30epekeHHi, 3a0e3meueHHs 0e3neKku Ta eheKTruB-
HOT'O BUKOHAHHS 3aB/IaHb CTABJITH MEpE MPOLECOM PYXy Ta IJIaHyBaHHS IUISIXY 3Ha-
YHI BUKJIMKHU. BIUIMB nux npoOieM He J103BOJISE €(PEKTUBHO BUKOHYBATH PyX IO 3a]1a-
HOMY MapuIpyTy, i TOMY 3arajibHa MpoxyKTUBHICTh pobotn AHC cunbHo nanae.

DopMyJTHOBAHHS I[iJIel cTaTTi. MEeTOI0 CTAaTTI € MPOBEACHHS JIOCIIIHKSHHS METOIIB
Hagiraiii Ta ocoonuBoctelt pyxy AHC, npo6Giiem Ta NuIsxiB migBUIeHHs e(eKTUBHOCTI
pyxy mo 3amaHomy MapmpyTy. CpokycyBaTH yBary Ha IMpoleci IUIaHyBaHHS IIUISAXY
AHC sx BaXXTMBOTO eTarry, Ha SKOMY 0a3y€eThbCsl pyX aBTOHOMHOIO CYJIHa, Ta IPOBECTH
OTVISIT ATOPUTMIB ONTHUMI30BaHOTO PYXY SIK acleKTy IJIaHyBaHHS IUISIXY, 33Ul 3Ha-
XOJIPKCHHSI TOTCHIIHUX IIISXIB MOKPAIeHHs e(peKTUBHOCTI poOOTH.
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Buxiaan ocHOBHOTo Matepiajy. BB kIiMaTHUHAX 3MiH Ha BOIHE CEPEIOBHIIE,
mpoOIeMu OXOPOHHM HABKOJIMIIHBOTO CEPEIOBUIIA Ta BUMOTH JIO JIOJCHKHX PECYpPCiB
TIPU3BEIN IO TIOTIMTY 31 CTOPOHM BICHKOBUX, HAYKOBUX Ta IUBUILHUX CHIJIHHOT 1HHO-
BaIliHUX TPHUCTPOIB HOBOTO KJIacy — aBTOHOMHUX HAIBOIHUX CYACH (IPOHIB), TAKOXK
BiIoMUX SK be3miIoTHI HaABOAHI CyIHA.

3a ocTaHHI IECATIIITTS BEJIMKA KUTBKICTh HAYKOBIIIB, PO3POOHHKIB, TOCTITHUX IICH-
TpiB po3poosmn AHC utst BAKOPUCTaHHS Y PI3HUX MICIAX Ta TOCTimKeHHAX [1].

AHC akTHBHO BUKOPHUCTOBYIOTHCS Y PI3HHX cdepax, OB’ sI3aHUX 3 BOTHUMH Pecyp-
camu. Cepern TOJIOBHUX Taly3ei MOJKHA BiIOKPEMUTH: HAYKOBI JOCITIKCHHS — OaTUMe-
TPUYHA 3HOMKA, JIOCII/PKEHHS JSUTHHOCTI OKeaHy, MPOBEICHHSI TECTYBaHb MOJANTBIINX
po3pobok AHC; ekomoriuHi Micii — BUMIpIOBaHHS CTaHy 3a0pyIHEHHS, aHaJi3 CTaHy
BOJH, CKOJOTIYHUI MOHITOPWHT HaBKOJMIIHBOTO CEPEIOBHINA, aHAI3 IS TOTEpe-
JKEHHS KaracTpod, TOMOMIKHE TIPOTHO3YBAHHS; PO3BiIKa peCcypciB OkeaHy — pO3Biaka
pomoBuI Ta3y Ta HadTH, OYTIBHUIITBO Ta 0OCITyTOBYBaHHS MOPCHKHUX IUTaThOpM; Bili-
ChKOBE BHKOPUCTAHHS — OXOpPOHA Ta CIOCTEPENEHHS TMOPTOBOI Ta OeperoBoi 30HH,
TIONTYKOBI Ta PSITYBajdbHI POOOTH, PO3MIHYBAHHS, Ta IPOHU JUIS IHIIAX BiHCHKOBHUX
moTpeo [2-5].

[upoxuii cnekTp cdep 3acToCyBaHHSA NMPHU3BIB IO CTBOPEHHS BEJIMKOI KUTHKOCTI
3pa3KiB pi3HOI (hOPMHU Ta PO3MIpIB 1 PI3HUX KOPUCHUX HaBAHTAKCHH 3aJIC)KHO BiJ KOH-
KPETHOTO 3aBHaHHS. J[JI1 9iTKOTO PO3yMIiHHS TpOOJIeM, SKi pO3ITISAAIOTECS Y CTaTTI,
BaYXJINBO BHU3HAYATH OCHOBHI €JIEMEHTH, SKi MOBHHHI OyTH BKIIOYEHI JO KOXHOTO
AHC: xopIryc Ta iHIII CTPYKTYpPHI €JIEMEHTH — KJIACUIHHUHA KOPCTKHHA KOPITyC, KaTaMa-
paHu, TpUMapaHH, Kasiku [6; 7]; cuiioBa yCcTaHOBKA 1 KEPMOBA CUCTEMA — 3 YIIPaBIiHHS
ta pyx y AHC BimmoBizae pyiapoBa Ta TBUHTOBAa a00 BOAOMETHA yCTaHOBKA. | BHHTOBa
YCTaHOBKA Ha OCHOBI JIBUTYHY BHYTPIITHBOTO 3TOPSIHHS 200 ENEKTPOJBHUTYHA; CHC-
TeMa HaBeICHHs, HaBiraiii Ta koHTpoto (GNC) — cuctema, 3aBISKH SKiii BiOyBa€THCS
KOHTPOJIb 32 PyXOM Y TPOCTOPI I 9ac poOOTH Ta 0OMIHOM iH(OpMAITIEI0 B cepel-
WHI caMoro cynmHa. BuxopuctoByrothes cuctemu GPS, iHepilitiHi BUMiproBaiIbHI MpH-
ctpoi (IMU) i koMIT t0TepHI CUCTEMH 71T pOOOTH aBTOIILIOTY, KOMYHIKAIIi1 3 ITyHKTaMH
VIIPaBITIHHS 381715 CTEKCHHS HE TUTHKH 32 PYXOM, a TaKOX 32 IHITAM OOJIaTHAHHSM, STKE
BcranoBieHe Ha AHC [8]; obmamaanss mist 300py JaHUX — 0 CKIIaay 3a3BHUail BXOISITH
HaBiramiiHi MOy Ta iepudepiitae o0IaHaHHS: KaMepH, TiApoIOKaTopH, coHapH [9].

Memoou nasizauii ma nasedenna AHC. besneune Ta edekruBHe kepyBanus AHC
3HAYHOIO MIpOIO 3aJICXKUTH Bij BIAMOBIMHOT HABITAMIMHOI CHCTEM, OIIHKHM CTaHY, aHa-
JIi3y HaBKOJIUIITHROTO CEPEIOBHINA Ta MOXIMBOCTEH peakilii Ha curyarlito. MaHeBpy-
BaHHJ 110 3aJIaHil TPAEKTOPii MOTpeOye BUCOKOT TOUHOCTI KepyBaHHS, BHHHKAE TTOTpeda
JIOCTaTHHOTO 3aracy Mpare3IaTHOCTi, IMpobdaeMa 0OMEKEHUX CHEPTropeCypeiB MOTpedye
BUKOPHCTAHHS SIKICHAX €JICKTPOHHUX T4 MEXaHIYHMX KOMIIOHEHTIB, & TAKOX €Heproe-
(heKTHBHUX aJTOPUTMIB KEPyBaHHA. 3a PyX I 4ac poOOTH BiAIOBIIa€ cHCTEMa HaBi-
ramii Ta HaBeneHHs. PoboTa HaBiramiitanx cucreM AHC ckiranaeTbes 3 TaKUX YaCTHH:

1) cripuitHATTS cepeqoBHINa — I KOMIICKCHUI aHali3, SIKAH CKIIATaeThes 3 00cTe-
JKEHHS MOPCBHKOi TTOBEPXHI, BIACTE)KEHHS Ta 3HAXOKCHHS 00 €KTIB Ta YHUKHCHHS
TIepeIKoa. AKTUBHE CIIPHHHSITTS CEPEIOBUINA BUKOPUCTOBYE Bi3yalibHI 3aCO0M OTpH-
MaHHS iH(OpMarii, Taki sIK KaMepH, TPIIaan iHGpadyepBOHOTO OavdeHHS. AKTHBHHM
METOJT BUKOPHUCTOBYE TaKi TEXHOJIOTI1, Ik coHapwH, pamapH, Lidar [10];
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2) aHaJli3 CTaHy — MPOIIEC, KUK Jae OBHY iH(GOpPMAIIiIO PO 3arajbHe MOJI0KEHHS
AHC, nae 3Mory kepyBaTH MIBUJIKICTIO Ta IPUCKOPEHHSAM. [HCTpyMeHTOM (pyHKIIIOHY-
BanHs € cuctemu GPS ta IMU a6o0 iHmmi garuuku. Ajie B IPOIECi eKCIUTyaTallil BAHUKAE
npoOiieMa BIUIMBY 30BHIIIHIX YHHHUKIB, a TAKOK TTOXUOKH B poOOTi narumka. Bee e
BILIMBae Ha TouHicTh GPS Ta IMU cucTem mij yac OIiHIOBAHHS MOJIOXKECHHS Ta OPi€H-
taii [11];

3) mpoBeneHHs 30HJYBaHHS — caMe OTPHMaHHS 4iTKOl iH(popMalii BiJ JaT4MKIB,
JI03BOJIsIE €(DEKTUBHO 0OPOONATH 1i;

4) curyariiiHa 0013HaHICTh — BOXJIMBUHK erar Tix yac po3pooku AHC 3 minBuiie-
HUM piBHEM aBTOHOMHOCTI. 3araJlbHUi IPUHIUIT POOOTH OB’ SI3aHUH 3 BiJICTEKEHHIM
Ta BHUSIBJICHHIM 3MiH Ha PiBHI 00’ €KTa JJIs [TOJABIIOTO 3HAXOMKCHHS IIUJICH, MMiITBEp-
JOKEHHS 1X MiCIIe3HaXO/KEHHS Ta PO3ITi3HABAHHS 3MiH Y HABKOJMITHHOMY CEpEIOBHUIII
iy gac pyxy [9]. YacTkoBHM pillIEHHSIM JUIs TIOIIOHOTO CIIEHAPII0 € 3aCTOCYBAaHHS TeX-
HoJjorii Cumysiiii, Tokaizaiii Ta kaprorpadysanus (SLAM).

Po3po0ka cTpareriiit KOHTPOIIO OPIEHTYETHCS HA Pi3HI 11, SIKI MOXKHA 3araJioM Kiia-
CU(IKYBaTH y YOTUPHU KaTeropii:

1. BixcTesxeHHsI TpaeKTOPii: aBTOHOMHE CYJHO KEPYETHCS TAaKUM YHHOM, 100 Bif-
CTEeXKYBaTH O0a)kaHy YacoBY IPHB’3KY, OHOUYACHO JOTPUMYIOUHCH NIOTIEPEHBO BU3HA-
YEHHUX TPOCTOPOBUX 0OMexeHb. J{ist moBHicTIO quaaMivanx AHC us npoGiema 3apa3
JIOCTAaTHLO BUBUYCHA.

2. PerymioBaHHS 33/1aHOi TOYKW: 0a30BHH KOHTPOJILHUM €JIEMEHT, SKHI J1a€ 3MOTY
y3roJuTH opieHTanito Ta nonoxkeHHss AHC mig gac pyxy.

3. Pyx 3a 3agaamm mapmipytom: AHC pyxaeThcs 3a 3allJIJaHOBAHUM IIISTXOM, TIPH
IIOMY TPUMATHUCS 3a7aHO0T IBUIKOCTI Ta CIIAKYBaTH 32 TPAEKTOPIEIO.

4. MaHeBpyBaHHSI Ha MapUIPYTi: BITHOCHUTBCS JIO PYXy 3a 3aJlaHUM MapIIpyTOM.
CraButhCsi JBI TOJNIOBHI 3amaui. Ilepiia — reomerpuuna, sika 3abesmneuye pyx AHC
B yMOBax 00OMEXEeHb MaHEBPEHOCTI. [Ipyra — Iie AMHAMIYHE 3aBaHHS, 1[0 BUMArae Bij
AHC BUKOHYBaTH IIiJ] 4ac pyXy MO TPAEKTOPIT IesiKi IMHAMIYHI XapaKTEPUCTHKH.

Ha ocHoBi mpoBeneHoro anamni3y texHik Hapiraniii AHC BusiBieHi akTyaibHi mpo-
Onemu. BayknmMBUME MUTaHHSME BBa)XKalOTh MPOOJIEMH B YHHKaHHI MMEPENIKO], [IBH/I-
KiCTh TIPOXOJPKEHHST MapHIPYTY, pobiemMu aBToHOoMii. [TpoGiemu B HagiitHOCTI QyHKIIN
HaBEJICHHSI, HaBiraiii Ta KOHTPOJIIO JUIsi BUKOPHCTAHHS Y Pi3HUX YMOBaX eKCIUTyaTarii
Ta CKJIQJIHUX CepeIOBHIIAX.

BaxnmuBoro nmpobiaeMoro TakoK BapToO BBAKATH TiJIBUINECHHS €(PEKTHBHOCTI IUIaHY-
BaHHA IUIAXy. EQekTuBHO moOymoBaHU MapIIpyT JacTh 3MOTY C€KOHOMHUTH EHepre-
TUYHI PECypcH IJIsl PyXy, 3MIHUTB MiJXiJ] 1O BUKOHAHHS MiCill Ta PO3UIMPHUTH MOXKITHU-
BOCTi y PoOOTi.

Ilnanysanns wnaxy AHC. TexHika HaBEJICHHSI € BAKJIMBOIO CKIIAJ0BOIO OY/Ib-SIKOTO
aBTOHOMHOTO cyfHa. [[ns poOoTH y OULIBII CKIaJHUX YMOBax 3 JUHAMIYHO 3MIHHUM
CEPEIOBHIIIEM MOTPIOHI OLIBII PO3UTUPEHI MOXKIIUBOCT] HABEACHHS.

[InanyBaHHS MUIAXY € BAXIUBOIO ckiianoBoro HaBeneHHss AHC. ['onoBHa 1ine mmia-
HYBaHHsI IIJISIXY — 3HAXO/PKEHHS MOMKIJIMBOTO IUIAXY y TIEBHOMY cepenoBuii. [Tpormec
TUTaHYBaHHS. YMOBHO MOXKHA PO3JUIATH Ha TPH €TalM: IUIAaHyBaHHS MapuUIpyTy, IUia-
HYBaHHsI TPA€EKTOpii Ta IUIAaHyBaHHS pyXy. Tpa€eKkTopis MOBHHHA OyTH ONTHMi30BaHa
3 ypaxyBaHHSM BiJICTaHi, yacy, CIIO)KMBaHHIM €HEpTrii, BAPTICTIO PU3HMKY Ta IHIINMHU
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acriektamu. KpiM TOoro, He MOJKHa ITHOPYBaTH TUIaBHICTh TPAEKTOPIl Ta Te, Y BiAIO-
Bifgae BoHA KiHeTHYHUM oOMexxeHHsM AHC.

OnHUMH i3 TOJOBHHX METOJIB, SIKi BHKOPHCTOBYIOTh MiJl Yac TUIaHYBaHHS IUISXY,
€ BUKOPUCTaHHS aJTOPUTMIB ONTUMI30BaHOTO pyxy. Lleil miaxin akTHBHO 3aCTOCOBY-
€TbCsl Y BCiil poboToTexHini. s Haiikpamioi ontuMizalii nusixy HeoOXinHO 3i0paTh
iH(pOpPMAIIiIO PO MEPENIKOAN: PO3MIp, TOUHE MOJIOKEHHS, IIBUJIKICTh Ta HAIPSIM PYXY.
SIKiCTh 3aCTOCYBaHHS METOJY HaIlpsSIMYy 3aJIe)KUTh BiJl PyHKIIOHYBaHHS JIaTUUKIB.

OnTumizallis pyxy O€3MIOTHUX arapariB BUMarae po3B’si3aHHs CKJIaJHOI 3ajadi,
sIKa TIoJsrae B MiHiMi3amii GyHKIIT Bil MUJTLOBUX MapameTpiB pyxy (MIBHIKOCTI, PH-
CKOPEHHsI, KyTOBOI IIBHIKOCTI TOIIO) MpPU 33JaHUX OOMEKCHHSX. 3a CepeloBHIICM
(YHKI[IOHYBaHHS aJITOPUTMH ONITHUMI3allii yMOBHO KJIacu(iKyrOTh Ha CTATHYHE Ta JIUHA-
MivHe. 3a Ii€I0 XapaKTepPUCTHUKOI0 MOXKHA BIJIOKPEMUTH JBI BeNUKi kareropii — [Io-
OanbHi Ta JIokaNbHiI aNTOPUTMU TUIAHYBAHHS.

[moGanbHi anropuT™Mu ONTHMI3allii MApUIPYTIB CIIPSIMOBAHI HA MOIIYK ONTHMAIIb-
HOTO MapIIpyTy 3aJJIsl TOCSITHEHHS iJIbOBOI METH. BOHM MpaIlioloTh HAa OCHOBI MO
MapIIpyTiB Ta 3arajbHoi iHGOpPMAIIii PO HABKOJHIIHE cepenoBuiie. Cepea 0CHOBHUX
METOIB LBOTO KJIACy CJIiJ| BUIUIMTA AJITOPUTM INTYYHUX MOTCHIIHHUX MoJiB [12],
Merton nopoxunoi kaptu [13], Anroputm eitkctpu [14].

OJHUM i3 IPUK/IAIIB ATOPUTMIB PO3IIAHYTO anroput™ JlelikcTpu. Moro ines crana
OCHOBOIO JIJIsl YTBOPECHHST 0araThoX MOXiJHHX alTOPUTMIB, sIKi 0a3yrOThCSl Ha KIIITKO-
BOMY po30uTTi. [Ipaiitoe uepe3 3HaXOMIKCHHS MAaKCUMAJILHOTO 3HAYCHHS (UB. puc. 1),
Bara KOXHOi CTOPOHH rpada, Ta BiJicTaHb MOBUHHI MaTH MIO3UTHUBHI 3HaueHHs [15].

f
< S %)

Puc. 1. Mapwpym, nobyoosarnuii 3a 0onomozoio epaghie

Iamum npuknagom anroputMmiB € amroputMm Rapidly-exploring Random trees
(RRTs) — e iMOBipHICHUI aNTOPUTM, KW BUKOPHUCTOBYETHCS ISl IIBUAKOTO JOCITi-
JOKEHHS TIPOCTOpiB Ta TuraHyBaHHS HULXiB [16]. RRTs edexruBHO mpamroe mis 3amaq
3 BEJTUKOIO PO3MIPHICTIO, HEMIHIHHUMH, TUHAMIYHUME a00 AudepeHITiaIbHIME 00Me-
eHHAMH. Moro cyTHICTh y CTBOpeHi jiepeBa (IMB. puC. 2), IKe BUPOILYEThCS MUIAXOM
3’€HaHHS BUTIAIKOBUX BUOIPOK Y BITbHOMY ITPOCTOPI.

JlokanpHI anTOpUTMH IIAHYBaHHS TMPAIIOIOTh Y CEPEIOBHIII, SKe YacTille HeBi-
JIOMe Ta AWHaAMidHe, i TOMy Tporec MoOyIOBH MapiipyTy BiIOyBa€eThCsl caMe IIiJ Jac
pyxy. Moro rooBHa 0COGIHBICTS HOMATAE y TOMY, IIO MAPLIPYT TEHEPYETHCS MUIAXOM
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Puc. 2. Mapwpym, nobyoosanuii i3 oepesa

oTpuMaHHA iHpopMalii BiJ pi3HOMaHITHUX AaTYUKIB Y MOMEHT pyXy poOoTa. JIokanbHi
METOIM TUIaHYBaHHs HUISXY BHKOPUCTOBYIOTHCS, KOJIM MOOUTBHHI poOOT mepedyBae
y HE3HallOMOMY CEpENIOBHIII, IKa MOYKE MiCTUTH KiHIIEBE YHUCIIO OOMEXEHHUX MEPEIIKO],
1y pe3ynbTari poOOT Mae pyXaTUCh Ha HiNbOBY mo3uwito. Llel miaxia € TeXHiuHO O1bII
CKJIaJHHUM, aJleé Ma€ MIMPOKe 3acTocyBaHHs. J{o Li€l Tpynu aaropuTMiB BiJHOCSTHCS:
AJTOPUTM JIOKAJIBHOTO TIOTEHITiiHOTO ToMs [17], MeTos rictorpaMu BEKTOPHOTO OIS
(VFH) [18], anropurmu cimeiictea Bug [19].

Merton norenuiinux nomiB (PFM) Takox € BiIOMHUM NPEICTaBHHKOM JIOKAJIBHUX
aNropuTMiB. Y LbOMY METOAi 00’€KT pyXy pO3IISAAETHCS Y POJIi YACTHHKH, SIKA pyXa-
€THCSI TiJ] €0 MTYYHOTO MOTEHIlIATy, CTBOPEHOTO KOH(ITypali€ero i Ta Mepeurko-
namu (auB. puc. 3).

Puc. 3. Mapwpym, nobyoosanuii i3 nomeHyitiHux nouie

lNopuaHe nnaHyBaHHS IUISIXY 3’ SBUJIOCH SIK PE3YNIBTAT CIIPo0 MiABUIINTH e(pEeKTHB-
HICTB pyXy MiXK 3MiHHUMH TOYKaMH y HeOe3MeYHOMY CepelOBHII Ta TOETHAHHS ITiJ-
XOJiB TOOANTBHOTO Ta JIOKAJbHOTO IJIaHyBaHHS NULIXy. Lled miaxix MoxkHa BBa)kaTH
pimennasam ans ctBopenas AHC, sikuii Oyae nmpalfoBary SIK B CTATHYHHX, TaK 1 B AWHA-
Miyaux cepenoBuinax [20]. 3 mporo 3’sBUIACh ifes MOEIHAHHS PI3HUX aJITOPUTMIB
Mix co00t0. Hapasi akTHBHO JOCIIIKYIOTHCS aITOPUTMU HA OCHOBI HEMPOHHUX MEPEK
Ta MallMHHOMY HaBYaHHi.

EdextuBHicTh 3acTocyBaHHs MeToniB ontuMizanii pyxy AHC BumMarae BpaxyBaHHS
BEJIMKOI KIJIBKOCTI apaMeTpiB, sIKi BIUTMBAIOTh Ha IpoLIeC caMoi onTuMizalii. 30Kpema,
JI0 TAKHX NIapaMeTpiB MOKHA BiHeCTH WBHUIKICTh pyXy AHC, 30Hy mokpuTTs, 001acTh
pyXy Ta iHm (akTopH, IO MOB’sA3aHi 3 XapakTepucTukaMu KoHkpeTHoro AHC.
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Ha nymky aBropa, OJJHMM 13 TOTEHIIIHHUX IIIJISXIB ITiIBUIICHHS ¢(EKTHBHOCTI IIa-
HYBaHHS NUIAXY € C(OPMYBAaHHS YiTKUX KPUTEPId OomTWMi3alii, sKi MOBHHHI BHKO-
HYBaTHCh. Ba)XJIMBO 3a3HAYMTH, IIO IIi TapaMeTpH TOBUHHI BUXOAUTH i3 IIILOBOTO
npuzHaueHHs AHC Tta camoro anroputmy. SIk pe3ynsraT MpOBEICHOTO JOCIHIKEHHS
c(hOpMOBaHO TaKi KpHUTEpii:

— TOBXHHA IIUIAXY — KPUTEPiil BXKIIMBOCTI pyXy 32 HAMKOPOTIIUM HUISIXOM;

— BIJICTaHb JI0 TIEPEIIKOMIH IIiJ] 9ac pyXy — KPHUTEpii, SKUH BIUIMBAE Ha Oe3MeqHUi
pPyX poboTa Ha BiJICTaHi Bi/l IEPEIIKO/I;

— PIBHOMIPHICTh HIISXY — BRXKIJIMBO 100 IMijl 9ac pyxy 3a MapLIpyToM He OYII0 pi3KHX
3MiH Y TpaekTopii;

— (oKyc Ha CTapTOBiH TOUIlI — KpUTEepill HEOOXIHOCTI 3HAXOAUTHCH Y 30HI BUJIU-
MoOCTi To4aTKoBOi abo ¢ininmHol Touku. Llei kpuTepiii MOXKHA BUKOPUCTOBYBATH IS
moOyI0BH MapIIpyTy 3 ypaxyBaHHAM HiATPUMKH 3B’5I3Ky 3 TyHKTOM YIIpaBIiHHS;

— MacITaboBaHICTh — KPUTEPi MOXKITMBOCTI MPAIIOBATH HA PI3HUX TEPUTOPISX;

— TMPIOPUTETHICTh — KPUTEPi BUKOHAHHS TiJl Yac pyxy MEBHUX 3a7a4 abo Jocsr-
HEHHS TIEBHOT TOUKH. 3aJISKUTH Bif 1iJieH, siki ctosaTh nepen AHC.

JocnimpkeHHs Ta Mmoaajblie BIOCKOHAJICHHS aJITOPUTMIB ONTHMI3AIlil i Yac Iia-
HYBaHHS NUISXY JUIsi aBTOHOMHUX HAJBOJHUX CYICH Ma€ BEJHMKHU ITOTEHINaN Jyis
MOKpaleHHs e()eKTUBHOCTI PyXy, TOYHOCTI Ta Oe3neku iX (yHKIiOHyBaHHs. AJro-
PUTMH ONITUMI3AIIIT TO3BOJISIOTH 3a0€3ICUUTH THYUKICTh Ta aJJalITUBHICTh JI0 3MIHHHUX
YMOB, HIO 3/1aTHi 3a0e3MeunTy HalKpamli pillleHHs B peaJibHOMY 4Yaci. Bukopucranas
KpHUTEPIiB ONTUMI3aIIii 151 pOOOTH aNrOPUTMY MOXKE 3HAUHO ITiIBUIIUTH €)CKTUBHICTD
TUTAHYBaHHS [IISIXY.

BucnoBku. JJocnimkeHHs Ta po3poOdka ABTOHOMHHX HaJBOIHUX CYJCH MPOIOBXKY-
€ThCS 1 Hajauli. 3aliKaBICHICTh Y TIOAIOHUX CyIHAX 3yMOBJICHA IIHPOKUMHU MOMKJIUBOC-
TSIMH, K1 JIO3BOJISIFOTH 3aCTOCYBATH 1X Y PI3HHX JOCHITHUIBKAX MicisiX. ABTOHOMHHH
PYX — BOXIJIMBA OCOONMBICTB, Ka po3mmproe pyHkmionan tra poouts AHC cepitozHum
THCTPYMEHTOM JIJIsl pOOOTH Yy pi3HUX yMOBax. BpaxoByrouun BUKiIaeHe, MOXKHA 3pOOUTH
BHCHOBOK, 110 eektuBHUM pyXx AHC mix yac BUKOHAHHS 3aBIaHb — 11¢ KOMIUICKCHUH
MIPOIIEC, B OCHOBI SIKOTO JISKUTB 3JIaroJXKeHa po00Ta HaBiraI(iiHoi CHCTEMH, TIPABUIIBHO
CIUTAHOBaHMUH MapIIPyT Ta BpaxyBaHHs 30BHILIHIX (AaKTOPIB BILIHUBY.

VY crarTi mpoBeASHO OIS METOIB HaBiramii Ta ocodnuBocteii pyxy AHC, ocHo-
BHUX CTPYKTYpHHUX €JIEMEHTIB Ta CUCTEMAaTH30BaHO OCHOBHI MpPOOIEMH Ta BHUKIUKH,
sIKi Hapasi iCHyI0Thb. TakoX MpoBEJCHUH aHami3 mpoiecy mianyBanss nusixy AHC sk
Ba)XXJIMBOTO €TaIy, sSIKui JIexkuTh B ocHOBI pyxy AHC 3a 3amanum maprupyrtom. Jocii-
JDKEHO BXKITMBHI aCTIEKT TUIAaHYBAHHS [IUISXY, & CAME aITOPUTMH ONTHMi30BaHOTO PYXY
SIK IIUISIX ITiABHUINECHHS epeKTUBHOCTI pyxy. Ha ocHOBI nociimkeHHs Oyno chopMOBaHO
KpHUTEpil ONTHUMAIBHOCTI, YpaxyBaHHs SKUX Y pOOOTI alropuTMy JIacTh 3MOTY MOKpa-
Uty OyIyBaHHS NUISXY Ta MOKPAIIUTh 3aralibHy €()EeKTHBHICTD ITiJ] Yac MepeMillleHHS
AHC. Po3BHTOK aJTOPUTMIB OINTHMI30BAaHOTO PYyXy H03BOJSIE 3a0€3MEUUTH THYY-
KICTh Ta aJIalTUBHICTH J0 3MIHHUX YMOB, IO 3/1aTHI 3a0€3MEUUTH HAMKpaIl pillleHHs
B peajbHOMY uaci. [TofasnbIie 10CTiIKSHHS Ta BIPOBAKSHHS aJITOPUTMIB ONTHMI3allil
pyxy AHC BinkpuBae HOBI EPCHEKTUBHU JJIsi CTBOPEHHSI IIOBHICTIO aBTOHOMHHX 3aCO0-
01B HOBOTO MOKOJIIHHSI.
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Anomauisn

Bemyn. Oonum i3 ochogHux 0dicepen IHmeHCUBH020 3a0pyOHeHHS NOGIMPSL € OU3eilb-
HI 08USYHU BHYMPIUHBO20 320PAHHA. 3 8IONPAYbLOBAHUMU 2A3aMU Y HABKOIUUHE Cepeo-
o8uLje BOHU BUKUOAIOMb BENUK) KLIbKICMb WKIOIUBUX peuosuH. Lle He modice He mamu
He2amueHO20 6NAUGY HA eKONO2IUHY 0OCMAHOBKY 6 PAUOHAX AKEAMOPIll, PEMOHMHUX
6a3, nopmis, Ha MEAPUHHULL I POCTUHHUL CEIM 8000UM I HA 300P08 s 1I00¢el. 3MeHULeH-
HSL MOKCUYHOCMI MA KIMbKOCMI WKIOAUBUX 8UKUOIB € CKIAOHOIO0 HAYKOBO-MEXHIYHOIO
npobnemoro. Hopmamuesni eumoeamu, ski cmaromo 0e0ai H#CopCmriuumu, OUKmyoms
HeobXioHicmy supiutenHs yux npoorem. Hatiuacmiwe ix eupiuienHs cynpogooicyemo-
€A 3HUIICEHHAM eHepeemUYHUX Ma eKOHOMIYHUX NOKA3HUKIE 08UZYHIB. 3aCmOoCy8aHHA
cucmemu peyupKynAyii 6ionpaybo8aHux 2a3ie npuzeoounms 00 No2ipuienHs NAIUSHOL
eghexmusHOCmI 08USYHA HACAMNEPe) Yepe3 SHUNCEHHS MeMNEPAmypu poboYo20 YUKILY
ma ynosinbHenHs npoyecy 32opaHuA. Hasagnicme 6 cucmemi peyupryaayii ckpybepa
npu3800ums 00 6mpam eHepeii, OCKLIbKU GiH GI0800UMb MENa0my PeyupKYIAYILHUX
easie 3a 6opm. Mema. Memoro 00cniodicents € NOKPAWEeHHsL eHepPeeMUYHUX | eKOL02iu-
HUX NOKA3HUKIE eHepeemuyHoi ycmanoexku cyona. Pesynomamu. 3a oonomozoro npoge-
0eH020 ananizy 3anponoHo8aHo nioxio 00 nidGUWeHHs eHepeemUYHOl ma eKoNo2iuHOT
epexmusnocmi cyono6oi enepeemuunol yemanosxu. Lle docseaemubcs 3a paxyHox oxo-
JIO0JCEHHST NOGIMPs HA 6X00i 8 08U2YH 3 0ONOMO20I0 YUKIIYHUX NOGIMPAHUX OXOJ0-
0oicysayis. Bunpasdano suxopucmanus meniomu peyupKyIAYIuHUX i BUXTONHUX 2A318.
L]e do3sonse Komnencysamu empamu enepeii, AKi GUKIUKAHI CUCMEMOIO PeyUpKYIayii
8IONPAYbLOBAHUX 2A318, A MAKONC 0AE 3MO2Y 3abe3neuumu nooabule 3HUNCEHHS GUMPA-
mu naauea. Y pobomi npusedeno pe3yrbmamiu aHAIi3y eQexmy, KUl Mu Ompumye-
MO UWLISIXOM OXONLOOJNCEHHSL NOGIMPSL HA 8X00I 8 MYPOOKOMNPECcop OU3ETbHO20 08USYHA
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Men108UKOPUCIOBYIOUUMY  XOTOOUTLHUMU MAUUHAMY, SKI YMULI3YI0Mb Meniomy
peyupkyrayiunux i euxaonuux 2azie. Bucnoeku. [loxazano, wo numomy eumpamy
NAIUBA OU3ETLHO2O 0BUSYHA MONCHA 3HUSUMU WLTIAXOM OXON00NACEHHS HAOOYBHO20 NOBI-
mpsi 8 abCOPOYIHUX T eHCEKMOPHUX XOLOOUILHUX MAUUHAX.

Kniouogi cnosa: osucyn 6HympiuiHb020 320psaHHs, abCopoOYilina Xon00UlbHa Mauiu-
HA, eJCeKMOPHA X0N0OUTbHA MAWUHA, BUMPAMA NATUBA, PEYUPKYIAYIA GiOnpayboea-
HUX 2a318, eKON02is, eHepeemudta eqheKmusHicmb.
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Summary

Introduction. One of the main sources of intense air pollution is diesel internal
combustion engines. With exhaust gases, they emit a large amount of harmful substances
into the environment. Which cannot but have a negative impact on the ecological situation
in the areas of water areas, repair depots, ports, on the flora and fauna of reservoirs and
on human health. Reducing toxicity and the amount of harmful emissions is a complex
scientific and technical problem. Regulatory requirements, which are tightening, dictate
the need to address these problems. More often, their solution is accompanied by a
decrease in the energy and economic performance of engines. The use of an exhaust
gas recirculation system leads to a deterioration in the fuel efficiency of the engine,
primarily due to a decrease in the operating cycle temperature and a slowdown in the
combustion process. The presence of a scrubber in the recirculation system leads to
energy losses, since it removes heat from the recirculation gases overboard. Purpose.
The aim of the study is to improve the energy and environmental performance of the
ship’s power plant. Results. Through the analysis, an approach is proposed to improve
the energy and environmental efficiency of a ship power plant. This is achieved by
cooling the engine inlet air with cyclic air coolers. The use of heat from recirculation
and exhaust gases is justified. This makes it possible to compensate for the energy losses
caused by the exhaust gas recirculation system, and also provides a further reduction
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in fuel consumption. The paper presents the results of an analysis of the effect that we
obtain by cooling the air at the inlet to the turbocharger of a diesel engine with heat-
using refrigeration machines that utilize the heat of recirculation and exhaust gases.
Conclusions. It is shown that the fuel consumption of a diesel engine can be reduced by
cooling the charge air in absorption and ejector chillers.

Key words: internal combustion engine, absorption refrigeration machine, ejector
refrigeration machine, fuel consumption, exhaust gas recirculation, ecology, energy

efficiency.

Beryn. Y Ham yac npoOieMa 3a0pyaHeHHs atMochepH CTOiTh aysxke roctpo. Lkia-
JIMBI PEYOBHHH, IO MICTIATHCS B aTMOC(EpHOMY MOBITPi, HEraTHBHO BIMBAIOTH Ha
HAaBKOJIMIITHE CEPEIOBUINEG 1 HA KUTTEMSUILHICTE JTIOMUHU. Cepell OCHOBHUX JDKEPET
3a0py/IHEHHS HABKOJHIIHBOTO CEPEJOBHINA 3 CYIEH BUAUISIOTHCS TOJIOBHI Ta JIOMO-
MIDXKHI €eHepreTHYH1 yCTaHOBKH.

MixHapoaHI KOHBEHIII BCTAHOBIIOIOTH >KOPCTKI BHMOTH JI0 TEXHIYHOTO CTaHY
CyIEH 1 mporecy iX ekcruryarailii. HegorpumaHHs 1IUX HOPM I 9ac eKCILTyararlii
CyZlHa MOYKE TIPU3BECTH JI0 OOMEKEHHS iX palioHy IuTaBaHHS a00 3a00pOHEHHS X eKc-
Iutyaranii B anMinicrpatuBHoMy nopsiaky [1; 2]. 13 2016 poky Oynu BBeieHi HOBI cTaH-
naptu IMO TIER III. Bignosigao mo HuX, y perynboBanux 3oHax (ECA) KinbKicTbh
IIKIJJIMBUX BUKHUJIIB Ma€e OyTH 3MeHIIICHa OlIbI HIXK y 3 pasu.

[ocTtanoBka mpo6iemu. Bubip crocoOy mominieHHs eKOJOriYyHOCTI CYTHO-
BOTO JIBUTYHA 3aBXKJIU CYNPOBOKYETHCS TONTYKOM KOMIIPOMICY MK AMMHICTIO, TOK-
CHYHICTIO, BUTpaTaMHu Ha peaizallito croco0y Ta MajiuBHOI ekoHoMiuHicTio. Cepen
MOMYJIAPHUX METOJIB MOMIIMIICHHS €KOJOTIYHOCTI CyIHOBOIO JAM3EIIs € TaKi, IK BUKO-
pHUCTaHHs BOJOINAIMBHUX €MYJbCiH, KaTaTiTUYHE OYMINEHHS BiJIpalbOBaHUX ras3iB,
3BOJIOXKEHHS HaJTyBHOTO TIOBITPsI, OpraHi3allis poOOYHX MPOIIECiB, 3aCTOCYBaHHS IPH-
POIIHOTO Ta3y, PEIUPKYIIAIS BiPalbOBAHUX T'a3iB TOIIO.

OnHUM 13 MEepCreKTUBHUX HANPSMIB €KOJIOTi3allii Cy[THOBUX JIBUTYHIB € TIPOTHIS
HIKIIJTABUM PEYOBHHAM HIISXOM IX PEHUPKYJISIMii. Y IIbOMY BHUITAJKY BiJpaiboBaHi
rasu OYMIIAIOTHCS B CKpyOepax, a iX TEIUIOTa BiJBOAUTHCS MOPCHKOIO BOmMOO. [licis
LbOTO OYMIIICHI BUXJIOIHI Ia3u pa3oM i3 HaJIlyBHUM IMOBITPSIM IICJIs TypOOKOMIIpecopa
MOJIAI0ThCS Ha3al y uTiHapy ABuryHa (texnosoris EGR) [3].

Cuin 3a3HauUTH, 0 BUKOPUCTAHHS TAKUX TEXHOJOTIH CYMPOBOMKYETHCS JJOAATKO-
BHMH BUTpPATaMH €Heprii Ha HUPKYIAIIIO Ta3iB 1 TEMIOBTpAaTaMH 3 MOPCHKOIO BOOIO,
IO MPU3BOIUTH JIO 30UIBIICHHS BUTPATH MAaJHMBA 1 3HIDKEHHS MMOTYXHOCTI JABHTYHA.
BoaHouac OXOJOMKEHHS HAIIyBHOIO IOBITPS IBUTYHIB 3a0€3MCUMIIO O 3HMIKCHHS
BUTpAaTH MajnBa. MOXIJIMBICTh BUKOPUCTAHHS TEIUIOTH PEIHMPKYISIIHHUX (EeKOIoTiv-
HUX) ra3iB, sIKa CKUJAETHCA 32 OOPT, TAKOXK JIA€ MOXJIMBICTh 3MEHILTUTH BUTPATH €HEpril
Ha iX peUPKYIIAIIIO Ta OYUIIICHHS 3 OTHOYACHAM 3MCHIIICHHSM K1 JTHBUX BUKHUIIB [4].

AHaJIi3 ocTaHHIX A0CTiMKeHb i myorikamiii. Ha choro/iHi € nepcreKTUBHI METOIU
Ta TEXHOJIOTI, IO JO03BOJSIOTH IMiJBUIIUTH €HEPreTHYHY Ta MaluBHY ¢(EKTUBHICTDH
JBUTYHIB BHYTPIITHBOTO 3ropsiHHs 13 cucteMamul EGR [5]. Bonn MoxyTh nIo€iHyBaTH
BHCOKY €KOJIOITUHY €()EKTUBHICTh 3 MAJMBHOIO SKOHOMIYHICTIO JBUIYHA, SIKa JOCsTa-
€ThCS 3@ PaXyHOK ITMOOKOT yTHIII3allil BiAX1AHOT TeIUIOTH [6] Ta HUKIIYHOIO HOBITPS-
HOTO OXOJIOJPKEHHS JIU3€eJIsl 3 BUKOPUCTAHHSM XOJIOAWIBHOT MaIllUHK, TPUTeHEepallii abo
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KOMIUIEKCHUX €HEPreTUYHHMX CUCTEM 1 CTPYMEHEBUX TeXHOJOrIH [7; 8], crarucTu4HOl
00poOKH TaHWX Ta aHalli3y BIUIMBY KIIMAaTHYHUX MapaMeTpiB HABKOIHUIIHBOTO Cepe/l-
OBMIIIA HA EKCILIyaTalliiiHi XapaKTePUCTUKUA CHCTEM OXOJIOKECHHS. [[Js OlliHKH edek-
TUBHOCTI TEXHOJIOTi{ 3HIKCHHS IKiJTMBIX BUKHUIB Y aTMOC(epy Ta eKOHOMIT maiuBa
BUKOPHUCTOBYIOTbCS METOIM Ta MOJICTIOBAHHS BIUIMBY IMapaMeTpiB HaBKOJIHUIIHHOTO
Cepe/IoBHIA Ha MPAIE3aTHICTh CHCTEM OXOJIOKEHHS 3 YTHIII3AIIEI0 BiAIPalbOBaHOT
TETUIOTH, TIPOBOJSTHCS CIIOCTEPEKEHHS Ta EKCIIEpUMEHTH. [IpeNncTaBieHi TEXHONIOTl
Ta METOJIU JIO3BOJISIFOTH OXOJIOJPKYBATH TOBITPS, 110 HAJIXOANUTH y IBUTYH, 38 PaXyHOK
TETUIOTH, SIKa BiIXOJIUTh, 32 PAXyYHOK BUKOPUCTAHHS XOJOIMILHIX MAIIHH.

@opMyTOBaHHA Uijieil cTaTTi. METOI0 HAYKOBOIO JIOCHIKCHHS € MiABHINECHHS
EKOJIOTIYHOT Ta eHepreTHYHO1 e()eKTHBHOCTI CYJJHOBOI €HEPreTUYHOI YCTAHOBKH ILIS-
XOM OXOJIOJDKCHHS MUPKYJISIIHHOTO TIOBITPS B EKEKTOPHIM XOJOAMJIBHIN MaIluHi
(EXM) 1 BUXJIOITHUX Ta31B y abcopOIiiiHii xonoquibHii MamuiHi (ABXM).

Buknan ocHoBHoro martepiaiy. s po3paxyHKy eheKTy TOBITPSIHOTO OXOJO-
JOKEHHS Ha BXoJli Oyllo 00paHO CyXOBaHTa)KHE CYIHO, IO CKJIaay SIKOTO BXOIUTBH CY/I-
HOBHUH JIBUT'YH TPOBiTHOI JBUTYHOOYAiBHOT komnaHii « MAN Energy» [9; 10]. IBuryn
6GS50ME-C9.6-TIII: nu3ensHMiA, MaIIOOOSPTOBHH 1 MA€ TaKi XapaKTEPUCTUKHU: TOTYXK-
Hicte N, =9288 kBT (NMCR =90%), nuToma BuTpara nanmsa g, = 165,8 r/(kBr-ronuny).
BcraHoBiieHa cucTeMa pelUpKyIIALii BiNpanboBaHUX Ta3iB, sKa BiJNOBiIae HOpMam
Tier I1I 1 3MeHIITye BUKUIM.

XapakTepUCTHKH XOJIOY, HEOOXIHOTO Il OXOJIOKCHHS TOBITPS Ha BXOJII B JIBH-
T'VH, 3aJIS)KUTh BiJI KIIIMaTUYHUX YMOB Ha JiHiT peiicy [11]. s po3paxyHKy NOKa3HU-
KiB JIBUTYHa OyB oOpanuii Mapmpyt Bijg nopty Oxeca (Ykpaina) no mopry Illanxaii
(Kurait). TpuBanicte Mapupyty 24 nui (3 01.07.2018 p. mo 24.07.2018 p.), npoTsx-
HicTh L=15023 kM. Ha puc. 1 HaBeseHO MapaMeTpH KIIIMaTHYHUX YMOB (TeMIieparypa
MOPCBKOT BOJU £, , BITHOCHA BOJIOTICTh ¢ 1 TEMIIEpaTypa 30BHIIIHBOTO MOBITPS £ ) TIiJT
yac miaBannsg [12; 13].

Puc. 1. 3mina ionocnoi 6ono2ocmi ¢ i memnepamypu 306HiuHb020 NOGIMpa t ,
a maKodic memnepanypu MOpCbKoi 600u t, nio uac peticy

Temmora BigmpambOBaHUWX Ta3iB, HEOOXiAHA JJIT HArpiBY KOHACHCATY 1 YTBOPEHHS
napu, PO3pPaxOBYEThCS 3 ypaxyBaHHAM MacoOBOI BUTpPaTH BiANPAlbOBaHUX Tra3iB
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.GB - IXHI)O'I TEIUIOEMHOCT! ¢, 1 TEMIIepaTypy BIAIPALBOBAaHUX Ia3lB Ha BXOIl tm
1 Ha BUXO/I1 tBFZ:

Qr,m" = GBI‘ ’ CBI‘ ’ Atﬂr = GBI‘ ’ CBI‘ ’ (teg] N tBrZ)' (1)

Terutora peqUpKyIALIHHUX (E€KOJIOTIYHMX) Ta3iB PO3PAaxOBYETHCS 3 ypaxyBaHHIM

MACOBOI BUTPATH PELMPKY/IAUIHIX ra3iB G, iXHTOT TEIUIOEMHOCTI ¢, 1 TeMIIepaTypH
PELMPKY/IALIAHAX ra3iB Ha BXOI /| 1 HA BUXOAI { , 3 TeHEpaTOpa:

anr = Gpr ' cpl‘ ' Atpr = Gpr ’ cpr ' (tprl o tprz)' ()

3MiHa KITIMaTHIHUX YMOB TIi/I 9ac pelicy MPUBOIAMTH JI0 3MiHHM TEIJIOBOTO HaBaHTa-

JKEHHS CHCTEMH OXOJIOJDKEHHS JBUI'YHA, XOJIOAONPOAYKTHBHOCTI (), HEOOX1IHOI 1st

OXOIIO/KEHHS TIOBITPS Ha BXO1 B IBUT'YH (BiJ TEMIEpaTypH B MAIIMHHOMY BiJIiJICHHI

¢, 1o Temnieparypu, Hanpukian ¢, = 15°C) na Az, Ta HEOOXIZAHOTO Ul pEKynepaii
TEIUIOTH XOJOAUIBHO MAIIMHYU CIIOKHUBAHHS TEIUIOTH:

0,= 9,/ 3
Crinbhe BukopuctanHsi EXM i ABXM moxe OyTu palioOHaIbHUM BHPIIICHHSIM
00rOBOpIOBaHMX NMHTaHb. J[OIUTFHO BHKOPUCTOBYBATH IEPEBard KOXKHOI 3 TEIUIOBH-
KOPUCTOBYIOUHMX XOJOAWIbHUX MalinH. Bukopucranus EXM BurigHe, OCKUIbKA BOHU
KOHCTPYKTUBHO TIPOCTIllli, CKJIaAI0ThCsl IEPEBAXKHO 3 TEIUIOOOMiHHUKIB. BoHM nerko
BCTaHOBIIIOIOTBHCSI HA OOPTax 1 Meperopojkax, B pepprkepaTropHUX 1 MaIMHHUX BiAIi-
JeHHsIX. TakoX JIOUiIbHO BUKOPUCTOBYBATH BHCOKOePeKTHBHI ABXM, OCKUTbKU BOHU
MaloTh BUCOKHI TepMiynmii koedimient ¢ = 0,6...0,7.
PesyabraTn. Ha puc. 2 mpezacrasieHa po3po0OiicHa cxemMa OXOJIOJDKCHHS IMOBITPSI
Ha BXoJli cygHoBoro nBuryHa B ABXM i penupkynsiiiaux razis y EXM. Lle moxiuBo
3a paxyHOK YTHJIi3alil TeIIOTH BUXJIOHUX 1 PEIUPKYISIIHHUX (€KOJIOTIYHUX) ra3iB.
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Puc. 2. Pospobnena cxema oxXono0dicenHs nogimpsi Ha 6xo0i CYOHO8020 08USYHA
6 ABXM i peyupxynayitinux easie y EXM
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3HMKEHHS TeMIIepaTypy MOBITPS Ha BXOJI B JBUTYH IUISIXOM yTHIi3allii TETJIOTH
pennpkynsiiaux ra3ie y EXM (3 TemmoBumu koedimientamu {=0,2; 0,3) 1 BUXJIOMHUX
raziB B ABXM (3 teroBuM koeirientom {=0,6) 103BOIISIE 3HU3UTHU IIUTOMY BUTpATy
nanusa (puc. 3).

3acTocyBaHHsI TaKOi CXeMH 3MEHIIYE TUTOMY BUTpary nanua. KinmbkicHul edekt
3aJICKUTH BiJl 3HAYCHB TEIUIOBUX KoedirientiB EXM i ABXM.

Puc. 3. Illomouni 3nauennss numomoi sumpamu namea 6a306020 08USYHA
3 PEYUPKYIAYIEIO 2a3i6 g, ., NUMOMOL sumpamu nauea 08ULYHOM NPU OXONOONHCEHH
nosimps Ha 6x00i 8 08USYH 30 PAXYHOK peKynepayii meniomu 6UXI0NHUX 2d3i8
vy ABXM ({=0,6) i peyupryrnayitinux eazie y EXM ({=0,2; 0,3) nio uac peiicy

[Iutomi BUTpaTH MmaavBa MPH 3HIKCHHI TEMIIEpaTypH IOBITPS Ha BXOMI B CyTHO-
BHI JBWUTYH 3a PaxXyHOK YTHJII3amil TEIIOTH BiANpanbOBaHUX (EKOJOTIYHHMX) Ta3iB
y EXM (3 temmoBumu koedimiearamu (= 0,2; 0,3) i BuxiomHmx TraziB y ABXM
(3 TerutoBumu koedittieatamu (= 0,7) craHoButh (puc. 4): g =1643...

€.pr(0,2)+ABXM(0,7)
168,2 r/(xkBt-ronuny) ({=0,2); 8. (03P ABXMOT) 164,0...168,1 r/(xBt roquny) ({ = 0,3).

Puc. 4. [lomouni 3navenns numomoi eumpamu naiuea 6a308020 08U2yHA
3 PEYUPKYIAYIEIO 2a3i6 g, ., NUMOMOT 6UMpamu naea 08UZYHOM Npu OXOLOOXHCEHHI
nogimps Ha 6x00i 8 08USYH 30 PAXYHOK peKynepayii menia euxionuux 2asie y ABXM
(C=0,7) i peyupxynayitunux eazie y EXM ({=0,2; 0,3) nio uac peticy

3HMKEHHS TeMIIEpaTypy MOBITPs HA BXOJI B ABUT'YH 32 PaxXyHOK YTHJIi3aLii TEJIOTH
penmpKyAiiHNX (ekonoriuaux) razis y EXM (3 reruioBumu koeditienramu {=0,2; 0,3)
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i BuxyionHux raziB y ABXM (3 temnoBumu koedimientamu (= 0,6; 0,7) mo3sossie
3017BIINTH 3arajbHy €KOHOMIIO TManuBa 3a perc (puc. 5): 2B, 02-ABxM0.6) — 11,0 T
(8 EXM (=0,2, B ABXM (=0,6); ZB ;.. xsxmoe — 11,9 T (8 EXM (=03, 8 ABXM
C=0,6); 2B, asxmon— 12,5 T(BEXM(=0,2, 8 ABXM (=0,7); 2B =135t
(B EXM £=0,3, B ABXM (=0,7).

11(0,3)+ABXM(0,7)

Puc. 5. 3aeanvna exonomis nanusa 3a petic an (0.2)+ABXU0,6)° ZBn 0.3 B0
2B, asvin, Ma 2B, 0.3 +a5x000.7) 34 PAXYHOK NOGIMPAHO020 QxOﬂoaomeHHﬂ Ha 8x00i
6 08U2YH WIsXOM ymunizayii meniomu gionpayvosanux easzie y ABXM ({=0,6, 0,7)

i peyupxynayitinux easie y EXM ((=0,2; 0,3)

I3 puc. 5 BugHO, M0 cCUCTEMAa TOBITPSIHOTO OXOJIOKEHHS Ha BXOJi B CyTHOBHH JIBH-
TYH MIpU yTHITI3aIlii BianpasoBanux razis y AbXM ({=0,7) 1 permupKyIsIIiitHuX rasis
y EXM ({=0,3) € 6ibm e(heKTHBHOTO.

Huni miam Ha BHCOKOB’sI3Ke («BaXKKe») MAJUBO 3pOCTarOTh. Bapricts mamuBa IFO
380 mns cymHoBUX MBHUTYHIB cTaHOBHTH 505 momapis CHIA/T [14]. IIpoTrsarom poky
CYITHO MOXe 3iiicHuTH 10 12 peticiB Mixk mopramu Oneca ta [llanxaii.

IIpu oxomomKeHHI TOBITPSI Ha BXOA1 B IBUTYH 33 paXyHOK yTHIII3aIlil TEIJIOTH Bij-
nparoBaHuX ra3iB y ABXM ({=0,6) i penupkymnsamiiaux razie y EXM ({=0,2; 0,3)
piuHa eKOHOMIs manuBa cTaHoBUTh: AB1(0,2+0,6) = 126,1 1, ABn(0,3+0,6) = 137,7 1.

(@) ()

Puc. 6. 3acanvna senuuuna 3nusicennsa eumpamu nanusa na 1...12 peticie
Ooeca-Ilanxaii (12 peiicie Ha pik) 3a paxyHOK ROGIMPSAHO20 OXOIOOHNCEHHS
Ha 6X001 8 OBUSYH WIIAXOM YIMULI3AYIT Meniomu ionpaybo8aHUx 2azie
v ABXM (C=0,7) i peyupxynsayitinux eazie y EXM: a—{=0,2; 6 —{=10,3
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[Tpu oxonoKeHHI MOBITPS Ha BXOJAI B JIBUTYH 32 PaxyHOK YTHIII3allil TEIJIOTH
BigmpanpoBanux raszie y ABXM ({ = 0,7) i peumpkynsamiiinux razis 'y EXM
(€=0,2; 0,3) piuna exoHoMist manuBa (puc. 6, a i 6) cranoButh: ABm(0,2+0,7) = 1433 T,
AB1(0,3+0,7) = 154,8 T. Haiibinpmia piyHa eKOHOMisl IPU CIIJIBHOMY OXOJIOIKEHHI
MOBITPsI HAa BXOJI B JIBUTYH 32 PaXyHOK yTHIIi3allii TETUIOTH PEIUPKYISIIHHUX (€KOIO0-
rivamx) raziB y EXM i puxuonnux raziB y ABXM cranoButh 78,2 tuc. gonapis CIIIA
(EXM {=0,31 ABXM £=0,7).

BukopucTaHHS CHCTEMH pPEHUPKYIANil BiANpalnbOBaHUX Tra3iB 31 CTylmeHeM
pemupkynsanii K = 30% 3MeHIIye KUTbKICTh IIKIIVIMBUX BHKHIIB. Y TEpIIy Yepry
e crocyerbest NO, 1 SO, i cranoButs (puc. 7): Ag,, = 10,2...10,6 r/(xkBt ronuny);
Agy, =2,2..2,4 T/(xkBr Tonumy).

(a) (6)
Puc. 7. Abconromni (a) ma npoyernmui (6) 3HAUEHH CKOPOUEHHSL BUKUOLG
NO, i SO, npu oxono0icenni nogimps 6 menio8UKOPUCIOBYIOUUX XOTOOUTLHUX
Mawunax nio vac peticy cyona npu koeghiyienmi peyupxyrayii K = 30%

Pozpobrene cxeMHe pillieHHs] CHCTEMU MUKIIYHOTO IMTOBITPSHOTO OXOJIOIKESHHS IBH-
TyHa J03BOJISIE€ Peai3yBaTh METOIN Y3TO/KEHOI OpraHi3allii nmporecis Tpanchopmarii
TEIUIOTH Ta OXOJIO/PKEHHS 3 ypaxXyBaHHSAM 3MIHHHX MiJ 4ac peiicy 30BHINIHIX Mmapame-
TpiB.

BucnoBkn. Kom0iHOBaHe BHUKOpPUCTaHHS aOCOpPOIIMHHX 1 €KEKTOPHHX XOJIO-
MUTFHUX MAIIFH Ja€ MOXJIMBICTD parlioHaTi3yBaTH MPOIECH OXOJIO/KCHHS Ha BXOI
B IBUTYH 3 Pi3HOIO €(PEeKTUBHICTIO IEPETBOPEHHS TEILTOTH B X0Jo. [Ipu oMy BHKO-
PHUCTOBYIOTH I€pEBArk Pi3HUX THUIIIB TETUIOBUKOPHUCTOBYIOUMX XOJOJMUIHHIX MAIIWH:
MPOCTY KOHCTPYKIIIO 1 MOXJIMBICTh MOEIEMEHTHOTO po3mimeHHs EXM B marmms-
HOMY BiIIICHHI (TeTJI000MIHHUKY IO 00pTax i Ha TaTQopMax) 3 HU3bKHUMH TEIUIO-
BuMH Koedirientamu 6mauspko 0,3, it y Toi camuii gyac Bucokuit KK/ termmoneper-
BopeHHs (TemnoBi koedinientu 0,6...0,7) B MoHoOnouHNX ABXM, 1Mo norpebyroTsh
OKpEeMUX MPUMIIIECHb.

binpm edekTHBHOIO € yTHII3allisl BiANPabOBAHUX Ta3iB CHCTEMOIO MOBITPSHOTO
OXOJIOJKEHHS TIOBITPS, IO HAAXOAWTh y NBUTYH, B ABXM (£=0,7) 1 peuupKymsiii-
Hux ra3iB y EXM (£=0,3). Y npoMy BUMaAKy TUTOMa BUTpaTa MajlnBa & o0 3 ABKMOT)
164.0...168,1 r/(kBr roguny). Piuna ekoHOMis TaJTUBa CTAHOBUTH: AB 5007 = 8T
Haii6inpmia pivHa eKOHOMISI TIPY CITITFPHOMY OXOJIOZPKEHHI MOBITPS HA BXOA1 B IBUTYH
3a paXyHOK yTHJIi3amii TeTJIOTH PenUpKyISAIiHHNX (exonoriyanx) ra3is y EXM ({=0,3)
i BuxuytonHuX raszie y ABXM (= 0,7).
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Takox 11€ J03BOJISIE MIBUIIUTH SKOJIOTIYHY eHeproe()eKTUBHICTh CYJHOBOT €HEpre-
TUYHOI ycTaHOBKH: 3MeHIIUTH BUKkuIu NOX Ha 60%, SOX — Ha 21%.
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Anomauisn

Bcemyn. Ha cb0200mi po36umok 06ucyHie GHYmpiunbo2o 32opsnusa ([[B3) oocse
maxux 3uavenv KKJ], wo xoowcen nacmynnui 6i0comox 30LnbuieHHs epeKmusHocmi
nompebye 3HaYHUX 3yCUIbL Ma HAYKOSUX pezynomamis. /s cyonosux /[B3 cmae dedani
akmyanvHiule UKOPUCMANHA YIMULI3AYii 6MOPUHHUX eHep2opecypCi8, albmepHamus-
HUX NAUE Ma NATUBHUX KAMANi3amopis.

Mema. IIposecmu mooentosanHs MOOepHizayii narUGHOI cucmemu 20106H020 08U~
Ha 9L48/60DB cyona mankepa 3 GUKOPUCHAHHAM B0OHEEUX KAMAIIMUYHUX 000ABOK 00
OCHOBHO20 NAUBA OJisL NOKPAWEHHS eKCHLyamayiliHux NOKA3HUKIE 08USYHA.

Pesynomamu. J{na ompumannsa nO3UMUGHUX pe3VlbIMamie 3anponoHO8aHO BUKOPUC-
MauHs cucmemu nooadi 600Hesux 000asok, wo He nepesuuyroms 0,1% 6i0 yukiogoi
nopyii nanusea (3a macoio). Booenwv na cyowni mooicnuso 3bepicamu y guensoi memano-
2I0pUOHO20 aKyMyasamopa, abo 8 3piddiceHomy cmami. BUKOHAHO MOOeN08aH S GUKO-
pucmanusn 0anoi mexnonozii va osueyni MAN 9L48/60B. B pesynomami nposedenns
PO3PAXYHKIE OMPUMAHO 3MEHULEHHSI NUMOMOT e(heKmUBHOT BUMpaAmu naiuea 08USYHOM
na 1,5...3,5% 3anexcno 6io0 pesxcumy pobomu 08ucyHa, npuyomMy HAUOLIbUL 3HAYEHHS
3MEHUeHHs eumMpamu NaIu8a 00CA2AEMbCA HA YACMKOBUX pexcumax pobomu. Takoow
8apmo iomMimumu 30inbuleHHs nomyxcHocmi 0sucyna 0o 3% 6ionogiono 0o excniya-
mayiino2o pexcumy pobomu ycmanoexu. Ilpu yvomy eghexm docsieaemvpcst 3a paxyHox
NOKPAWeHHs CYMIUOYMEopeHHs 6 08UcyHi. Bukopucmogyiouu 0any mexHonoziio, moxc-
Ha 3anobiemu 3HAYHOMY NepeobNaOHAHHI0 08USYHA MA NANUBHOI CUCHEMU 8 YIIOM).
Ipu yvomy ompumanms 600HIO MONCUGE K NPU OYHKEPYBAHHI CYOHA, MAK T HA PediCU-
MaAx Mano2o HABAHMANCEHHS OU3ENb-2eHEPAMOPIB WLIAXOM eleKmponi3y 600u. Bucno-
6KU. Bnposadoicenns 0agnozo Hayko8o-mexHiuno2o pileHHsa 003601UMb NOKPAWUNU
EKCIIYAmayitii ma eKOHOMIYHI NOKA3HUKY eHepeemudnol YCmano8Ku CyoHa maukepa

© IHananko 1.0., Augpees A.A., [Inpucynnko M.A., 2023
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3 eonosHum osucynom MAN 9L48/60B, 30inbuuswiu nomydxcrhicmos ma 3MeHUUSUIU
sumpamy naiusea ycmanogxor. IIposedenus pos3paxynkie no ymMoeHitl peucogii JiHii
npomswichicmio 5000 mopcoKux Muib 00380A€ 20860PUMU NPO eKOHOMIYHULL egheKm 8
po3mipi 0o 15...16 muc. y.o. 3a petic 3 ypaxy8anHim eumpam Ha 600€eHb.

Kntouosi cnosa: excnnyamayia CEY, 06ugyH 6HYmMpIiuHb020 320PAHHS, 600€Hb, AJlb-
mepHamusHe NAIUB0, Memaio2iOpUOHUL aKyMYIImop.

INFLUENCE OF HYDROGEN ADDITIVES TO THE PRINCIPAL FUEL
ON THE PERFORMANCE OF THE MAIN ENGINE OF THE 9L48/60B TANKER
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Summary

Introduction. To date, the development of internal combustion engines (ICE) has
reached such values of efficiency that each subsequent percentage increase in efficiency
requires significant efforts and scientific results. The utilization of secondary energy
resources, alternative fuels and fuel catalysts is becoming more and more relevant for
marine ICE.

Goal. To carry out modeling of the modernization of the fuel system of the main
engine 9L48/60DB of the tanker vessel using hydrogen catalytic additives to the main
fuel to improve the performance of the engine.

The results. In order to obtain positive results, it is proposed to use a system for
supplying hydrogen additives, which do not exceed 0.1% of the cyclic portion of fuel
(by mass). Hydrogen can be stored on board in the form of a metal hydride battery or
in a liquid state. Simulation of the use of this technology on the MAN 9L48/60B engine
was carried out. As a result of the calculations, a decrease in the specific effective
fuel consumption of the engine by 1.5...3.5% was obtained, depending on the mode of
operation of the engine, with the largest values of the reduction of fuel consumption
being achieved in partial modes of operation. It is also worth noting the increase in
engine power up to 3%, according to the operating mode of the installation. At the same
time, the effect is achieved due to the improvement of mixture formation in the engine.
Using this technology, it is possible to prevent a significant conversion of the engine and
the fuel system as a whole. At the same time, obtaining hydrogen is possible both during
ship bunkering and during low load modes of diesel generators by electrolysis of water.
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Conclusions. The implementation of an ancient scientific and technical solution
will improve the operational and economic indicators of the energy installation of a
tanker with a MAN 9L48/60B main engine, increasing the power and reducing the fuel
consumption of the installation. Carrying out calculations along a conventional route
with a length of 5,000 nautical miles allows us to talk about an economic effect in the
amount of up to 15...16 thousand USD per trip including hydrogen costs.

Key words: ship power plant operation, internal combustion engine, hydrogen,
alternative fuel, metal hydride battery.

Beryn. HagToBi manvBa € HEBiTHOBIIOBAHHUM PECYPCOM, i, OTKE, € OOMEKCHUMH.
[IporaozoBana BUUEPIHICTH HA(QTOBHX 3aI1aciB 3aJICKHUThH Bif pi3HUX (HAKTOPiB, TAKUX
SK TEXHOJIOTIYHI 3MiHM, BUTPAaTH HA PO3BIIKY Ta BUIOOYTOK, a TaKOXK CIOKHBAaHHS
HaTOBHX MAaJMB y CBITi.

3rigHo 3 omiHkamu MixHapoaHoi eHepreTuyHoi areHTctBa (MEA), cBiTOBI 3amacu
HadTu Ha mouarok 2021 poky craHOBWIM Onu3bko 1,7 TpuibiioniB Oapenis. [Ipote
MIBUIKICTh BUIOOYTKY Ha(TH y CBITI IPOMOBXKYE 3pOCTaTH, a I MOKE IMPUBECTH IO
TOTO, 1110 3aracy OyAyTh BUUEPIIaHi y HAHOMMKYI IECATHITITTS.

3 omisAy Ha 3pOCTaHHs CBITOBOTO HACEJICHHS Ta €KOHOMIKM MONMUT Ha HadToBi
najuBa IMpOIOBXKYe 3pocTaTH. ToMmy ypsau OaraTbOoX KpaiH PO3BHUBAIOTH CTparerii
eHepreTHYHO1 Oe3neku, oo 3abe3neynT craje Ta OesneuHe 3a0e3MeUCHHS CHEPTIET.
L1i cTparerii BKIFOYaIOTh PO3BUTOK aJIBTEPHATUBHUX JKEPEN CHEPTil, TAKUX K COHSIYHA
Ta BITpOBa €HEPris, a TaKOXX BUKOPHUCTAHHS eHeproe(eKTHBHUX TEXHOJOTIH Ta eHep-
ro30epirarounx 3axoiB.

AHaJni3 ocTaHHiX Aocaimkenb i myOuaikauii. Tomy BudepnHicTs HAPTOBUX 3ara-
CiB € cepi03HOI0 MPOOIEMOI0, KA OTPedye TOIIYKY aJIbTEPHATHBHUX JKEPEN eHeprii
Ta PO3poOKH HOBHX TEXHOJOTIH JuIst 3a0e3neueHHs1 cTanoro Ta Oe3neyHoro 3abesre-
yeHHs eHepriero [1].

IlepenyMOBU BHUKOPHUCTAHHS albTEPHATUBHUX NaluB y cygHoBuX B3P MoxyTs
OyTu pi3HUMH 1 3anexarb BiJ Oaratbox ¢axropiB [2]. OCHOBHI mepeayMOBU MOXYThb
BKJTIOUaTH:

Exonoriuni BUMOTH: y 3B’S3Ky 3 POCTOM CBITOBOTO HACEJICHHS Ta 301IbIICHHSIM
YHUCJla TPAHCIIOPTHUX 3aC00iB, B TOMY YHCJI 1 CylIeH, 3pOCTae 00CAT BUKHIIB 3a0pyj-
HIOIOUMX PEYOBUH B aTMoc(epy, 110 HETaTUBHO BIUIMBA€E HAa JOBKILIA. Bukopucranus
ANBTEPHATUBHUX ITaJIMB MOXKE 3MEHIINTH BUKUAU MIKIIJIMBUX PEUOBHH i cpusiTh 30e-
PEXKEHHIO TOBKLILISL.

ExoHOMiuHi (hakTOpH: 3aJIeKHO BiJl pUHKOBOT KOH FOHKTYPH BapTiCTh PI3HUX BUIB
naJiiBa MOXKe 3MiHIOBAaTUCh. BHKOpHCTaHHS ajlbTepHATUBHUX ITaJMB MOXE OyTH BUTi[-
HIIIMM 3 €KOHOMIYHOI TOYKH 30py B JIeSKUX 00CTaBMHAX, 30KpeMa IpH 3pOCTaHHI I[iH
Ha HaATY.

[Monitnuni QaxkTopu: AEsSKi AEpKaBH MOXYTb CIIPUATH BUKOPHUCTAHHIO ajibTEpHA-
TUBHHX TaJUB, HAAAIOUM MUTBCH YW 3HIDKYIOUM MOJATKW Ha Taki BUIW HainuBa. Taki
3aX0J1 MOKYTh CTUMYJIFOBATH PO3BUTOK BUPOOHHIITBA T4 BUKOPUCTAHHS albTepHATHB-
HUX TIaJIVB.

TexHOMOTIYHI MOMJIMBOCTI: PO3BUTOK TEXHOJOTIH JO3BOJSE BUPOOIATH OLIBII
e(eKTHBHI 1 eKOJIOTIYHO YHCTI BUAM AIBTEPHATUBHUX MAJIHB, IO MOXKE CTUMYIIIOBATH
1X BUKOPHCTAHHSI.
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CorriayibHI (haKTOPH: 3pOCTar0da yBara J0 €KoJIOTii Ta mpo0eM 3a0pyIHEHHS HaBKO-
JIUIITHBOTO CEPEIOBUIIIA MOXKE CIPUITH 3POCTAHHIO MOMUTY Ha €KOJOTIYHO YHCTI BHIH
MajuBa, B TOMY YHCHI 1 IS CyJICH.

IcHye Gararo anbTepHATHBHUX MAHB JUIS IBUT'YHIB, sIKi MOKYTh 3aMiHHTH HaTOBI
MajuBa Ta 3MEHIIUTH 3aJICXKHICTh BiJl HUX. OCh KiJIbKa PUKJIAIIB:

Bioau3ens: BUTOTOBISAETHCS 3 POCIUHHOI OJTii, TaKOi SIK COs, paric, MaJibMOBa OJIis,
a00 BiJIXO/IB MEpepOOKH KHUPIB Ta ONIHHUX KYIBTYp. bioan3ens Moxke BUKOPHUCTOBYBa-
TUCS Y AM3CIIbHUX JBUTYHaX 0€3 Oy/b-SKuX MOaU(IKaIlii.

ETanon: BUTOTOBISETHCS 3 PI3HUX JKEPENT, TAKHUX SIK IIyKPOBUI TPOCTHHK, KYKYpY-
J13a Ta 1HIII 3ePHOBI KYJIBTYpH. ETaHOI MOYKHA 0/1aBaTH 10 OCH3MHY Y PI3HUX CITIBBiJI-
HOIIICHHSIX.

Bonenb: Moke BHKOPHUCTOBYBATHCS SIK TMAJIMBO Ui TPAHCIIOPTY, OCOOIWBO JIJIs
BEJIMKUX TPAHCHOPTHUX 3ac0o0iB. [Ipu 3ropsiHHI BOJIEHB YTBOPIOETHCS TUILKH BOJIA, IO
pOOUTH HOTOo TyKe YNCTHM HaauBoM [3].

Enexrpuka: enekrpomMoOisi cTaoTh BCe MOMYISPHIIINMHU, OCOOIHBO 3 PO3BUTKOM
TEXHOJIOTiH Oarapell Ta 3apsJHHUX CTaHIi. BoHM He MOTpeOyIOTh CIIOKUBAHHS HAPTH
a00 THIIUX MaIKB, a IXHi eMicii € 3HAUHO MEHITUMH ITOPIBHSHO 3 IBUTYHAMH 3 BHY TPilll-
HBOTO 3TOPSHHSL.

la3: mpuponmHuii ra3, ckparieHuid HAQTOBHH ra3 Ta CTUCHYTUH TPUPOTHHN Ta3
MOXYTh BUKOPHCTOBYBATHCS SIK TTAJIMBO JUIS IBUT'YHIB.

Biora3: oTpuMyeThcs 3 pI3HMX BIJIXOMIB, TaKMX SIK OpraHiuHI BIiJXOAM, THOIBKA
Ta 1HIII BiJIXO/H, SIKi IEPepOOTIOIOTHCS B MAHBO.

OTxe, icHye 0arato aJbTepHATHBHUX MAJUB JJIsI IBUTYHIB, SIKIi MOXXYTh 3aMiHUTH
Ha(TOBI MajMBa Ta 3MEHIIUTH 3AJICKHICTh BiJl HUX.

OnHuM 31 CrIOCOOIB MOKpAIEHHS eKCIUTyaTal[ifHUX TIOKA3HUKIB CyJTHOBHX JIBUTYHIB
BUCTYIAIOTh MMaJHBHI JTOOaBKH.

[ManuBHi MO00aBKH Al CYyMHOBHUX JABHTYHIB MOXYThH IMOKPAIIUTH SIKICTh TalliBa
Ta 3a0e3neunTH OLIbIl e)eKTUBHY poOoTy nBuryHa [4]. Och KiJibka MPUKIIAJIB HaJINB-
HUX J100aBOK ISl CYJTHOBUX JIBUTYHIB.

JonaBanHs aHTUQPHUKIIHHUX JT00ABOK: I[¢ MOYKE MOKPALIUTH MACTHJIbHI BIaCTH-
BOCTI NAJIMBA Ta 3aXUCTHUTH JIBUTYH BiJl 3HOMEHHs. Taki J00aBKH 3MEHIITYIOTh TEPTS MK
JeTaJsIMU JIBUTYHA Ta 3a0e3IeuyroTh OUTBII TPUBAIMI TEPMiH eKCILTyaTallii ABUTYHA.

JHonaBanHs cTabUTi3aToOpiB: 1I€ MOXKE JIOTIOMOTTH 30eperTH SKICTh MalliBa Ta 3aro-
OirTi oro po3kiaay MpOTAroM TpHBajioro 30epiranHs. Taki go0aBKU 3a0e3MEUyIOTH
CTaOlIbHY SIKICTh MAJKBA ITiJ] Yac HOro 30epiraHHs Ha CyJHi.

JlonaBaHHST aHTHOKCUIAHTIB: II€ MOXE JTOTIOMOI'TH 3ar00ITrTH PO3KIIaay MajuBa Bij
TEIUIa Ta CBITJIAa. AHTHOKCHIAHTH JOIIOMAararTh 30epiratu sKicTh majiviBa Ta 3ade3re-
YYIOTh OUIBII TPUBAIWHN TEPMiH HOTO 30epiraHHs.

JonaBaHHsI JETIO3UT-KOHTPOIIOIOUUX JO0AaBOK: 1€ MOXKE JONOMOITH 3amo0irTH
YTBOPEHHIO HAKUIy Ta iHIIUX BiAKJIaaeHb y ABUTYHI. Taki 100aBKH 3a0e3IeqyroTh
OUTBII e)eKTUBHY POOOTY JABUTYHA Ta 3aII00Irar0Th 3MEHIIEHHIO HOTO TOTYKHOCTI [5].

JonaBanHs1 aHTUPPUKIIIHHUX JOOABOK: 11€ MOXKE TTOKPAITUTH KOEQIIIEHT TEPTS MiXK
JeTajsIMA JIBUTYHA Ta 3a0C3MEYUTH OUTBIN TPHBAJIMK TEPMIH EKCILIyaralil ABHTYHA.
AHTHQPUKIINHI T0OABKU JONIOMAraroTh 3a0e3nednTr Oibil eekTHBHY poOOTY JIBU-
ryHa Ta 3MEHIIUTH 3HOLIEHHS MOro JeTale.
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Li manuBHI 100aBKM MOXYTh OyTH BHKOPHCTaHI OKpeMO ab0 B KOMOiHAIil ojHa
3 OJIHOIO, 3aJIEXKHO BiJ HeoOXigHOCTI [6].

IMocTranoBka npo6iaemMu. SIKIIO CyMICTUTH BHIICBKa3aHi MyHKTH, CEpell allbTepHa-
TUBHUX TaJJMB BapTO BiJI3HAYUTH BOJICHb.

BukopucTaHHs BOAHIO B CyJIHOBHX JIBUTYHAX € OJTHIM 3 MOJKJIMBHUX BapiaHTIB 3MEH-
HICHHS BHKHJIB IIKI[UINBUX PEUOBHMH B arMoc(epy Ta 3MEHIICHHS 3aJeXHOCTI BiX
Ha()TOBUX TAJIHB.

OCHOBHI nepeBaru BUKOPUCTAHHS BOIHIO B CYJTHOBHX JIBUTYHAX:

1) He BHKHJA€E IIKIJUIMBUX PEUOBHH B aTMOcdepy: BOJIEHb NIPH 3TOPSIHHI YTBOPIOE
BOJISIHY TIapy, TOMy WOTO BUKOPDHCTaHHS HE BUKHUJIAE B arMocdepy IIKiJUIMBUX Ta3iB,
TaKWX SIK BYIJIICKUCIINHI Ta3 Ta OKCUIN a30TYy;

2) eKOJIOTIYHO YMCTHI: BOJACHb BITHOCUTBHCS JO BIIHOBIIOBAHMUX JDKEPES E€HEpril,
TOMY HOTO BUKOPHCTAHHS € €KOJIOTIYHO YUCTUM;

3) BHCOKa e()EeKTHBHICTh: BOJICHb MAa€ BHCOKY €HEPTeTHYHY IIiIJIBHICTH Ta MOXKE
OyTH CIIAJICHUH 3 BHCOKOIO e€()EeKTHBHICTIO, IO J03BOJISIE OTPUMYBATH OijIbIlle eHEepTii
3 MEHIIOI KiIBKOCTI TTaJIiBa.

OnHak BUKOPUCTaHHS BOMHIO B CynHOBUX /B3 Takox Mae cBoi BUKJIMKHU Ta 0OMe-
JKCHHSI:

— BUCOKa BapTiCTh: BAPOOHUIITBO Ta 30epiraHHs BOJHIO MOTPEOYIOTh 3HAYHUX 1HBEC-
TUIIIH Ta BapTIiCTh BOJHIO € BUIIOIO B TIOPIBHSAHHI 3 HAYTOBUMH TaJTUBAMHU;

— CKJIaJTHICTP 30epiraHHs: BOJIEHb Ma€ JIy)Ke HU3bKY I'YCTHHY Ta BUMAarae oCOOMMBHX
YMOB 30€piranHs Ta TPaHCIIOPTYBaHHS, 1[0 MOXKe OyTH CKIIQJIHUM Ta BUTPATHHM;

— oOmexeHa iH(pacTpykTypa: iHGpacTpyKTypa JUisi BUPOOHHIITBA, 30€piraHHs
Ta TPAHCIIOPTYBAHHS BOJIHIO € OOMEKEHOI0, 110 YCKIIAHIOE HOTO BUKOPUCTAHHS B CY/I-
HOBHUX JIBUTYHAaX.

Buxknaan ocaoBHoro marepiady. [Ipore BojHeBi 100aBKHM MOXKHA BUKOPHCTOBYBATH
B SIKOCTI MAJMBHOI JOMIIIIKH JJIsl TOKPAIIEHHS 3rOPsIHHS OCHOBHOTO IMAJKBA, 110 TPU-
3BOJTUTB JI0 3MCHIIICHHS BUTPATH MAJIMBA Ta TIOKPAICHHS EKCIUTyaTallifHIX TOKa3HUKIB
CYTHOBOTO JIBUTYHA, OCOOJIMBO HA YACTKOBHX Ta MEPEXiTHUX peKnMax.

[MpoBeneHo noCHiIKEeHHS] BHKOPUCTAHHS BOJHEBUX JOMIIIOK JI0 OCHOBHOTO TIaJIHBa
cynHa Tankepa IMO: 9384447 (puc. 1) 3 nBurynom MAN 9L.48/60 [8].

a) 0)

Puc. 1. 3aeanvnuii 6uenso (a) cyona ma tio2o mawiunue 8iooinenns (6)
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JaHe cyqHO TpU3HAYCHO IS KOPOTKUX mepexoiB (3...5 THUC. KM) 3 TPaHCIIOPTY-
BaHHA HaTOMpOAyKTiB. Po3paxoBaHO eKcIUTyaTalliiHUN pEeXUM pOOOTH JBUTYHA
3 BUKOPHUCTAHHSIM JI00aBKH BOJHIO IO OCHOBHOTO mayimBa B po3Mipi 0,1% 3a macoro,
TUCKOM Ttofaui BonHio 7 MIla.

Criuparouuch Ha YTOYHEHI pO3paxyHKH XapaKTEPUCTHK 3TOPSIHHS NalliBa Ta BPaxo-
BYIOYHM TIOKA3HUKH TETUTOBHIUICHHS JIBUTYHA 32 YTOYHEHOIO MaTeMaTUYHOIO MOJIEILTIO,
OTPHMaHO 3aJIEKHOCTI BUTPATH MANMBA JAHOTO JIBUTYHA MpPU BUKOPUCTAHHI MalX
JIOMIIIIOK BOJHIO. 32 PaxyHOK MOPiOHEHHS Kpareib PO3IMHIICHOTO MajluBa, PY BUBLIb-
HEHHI MOJIEKYJSIPHOTO BOJTHIO BiJIOYyBa€ThCs TIOKPAIICHHSI CyMIllIOYTBOPEHHS, & OTIXKE,
301IBIIYETBCS TIOBHOTA 3TOPSHHS nanuBa. lle mpu3BOaUTH 0 3MEHIIEHHS MHUTOMOL
edeKTHBHOI BUTpaTy majuBa Ha 3...5% 3aJe)KHO BiJ PeKUMY POOOTH Ta KiIBKOCTI
JI0/ITaBaHOTO BOJHIO.

BonHouac, sik mokazaHo Ha puc. 3, BinOyBaeThcs 30UIbIICHHS] €EKTUBHOI TTOTYX-
HocTi nBuryHa. J{ist neuryna 9L.48/60 (puc. 2) oTpuMaHo 3Ha4eHHS €)eKTUBHOI TOTYX-
HocTi 10950 kB, 110 Oinbine Ha 1,5% Big 6a30BOro BapiaHTy.

Puc. 2. 3acanvuuil suensno osucyna 9L48/60

HaBanraxcyBajibHa XapaKTepUCTHKA BurparHa xapakTepucTHKa ABUryHA
JIBHTYHA 0,2
11 000 0,195
10 500 0,19
0,185
10 000
0,18
9300 0,175
9000 0,17
3500 0,165
0,16
8000 0.155
7500 0,15
300 400 500 600 200 250 300 350 400 450 500 550
——3 BogHeM ——be3 BogHIO ——3 BomHeM ——be3 BogHIO
a) 0)

Puc. 3. Epexmusni nokasnuxu pobomu osucyna 6120
npu 3MiHI KiTbKOCMI OOMIUKU B0OHIO
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3HaueHHS MUTOMOI e()eKTHBHOT BUTPATH NAJIMBA HA HOMIHAIBHIN 4aCTOTi 00epTaHHS
514 x8! ckmamarors 0,177 xr/(kBT - rom), 110 Ha 3 T MEHIIE Hi’K HOMIHAIbHA BHTpaTa
naJivBa Ha JAHOMY PEKUMIi. 3MEHIICHHSI TTUTOMOI €()eKTHBHOI BUTpATH TMajHBa CKJIa-
naroTh 1,5...4% 3anexHo BiJ peKUMY POOOTH JBUTYHA, 3 TCHICHIIIEIO /10 30UIBIICHHS
Ha YaCTKOBUX Ta MEPEXiTHUX PeKUMaX PoOOTH IBUTYHA (pHC. 3).

JaHi 3HaueHHs aKTyaJlbHI NPH KOPUTYBAaHHI KyTa BUIEPEHKEHHS BIIOPCKYBaHHS
B OiK 3MEHIIICHHS Ta CTAIMX 3HAUCHHSX IHIIMX HANAMITYBaHb POOOTH JBHUTYHA.

BucunoBku. ['onoenwuii neuryn 91.48/60B cynna npoekrty 214 cynaoBepdi «Factorias
Vulcano» npartoe Ha qu3ensHOMY nanuBi 3a ctangapTom [SO 8217, kareropist ISO-F-
DMB, i BukopuctoBye 1,74 T/ronuny abo 41,7 T manuBa Ha 100y nipu 0,85 Ne. Ilpu
BapToCTi Iboro majguBa ctaHoM Ha 07.03.23 900 monapis CIIA 3a TOHHY IIOAEHHA
BapTicTh nanuBa cranoButuMe 37 350 gomapis CIIA.

[Mpu BuKopucTaHHI BogHEBOI n00aBku B 00cs3i 0,1% 3a Macoro, 3a METOIUKOIO
po3pobiienoro B Xepcoucbkomy HHI HYK, noGoBa BuTpara BOAHIO CKajaTUMe HE
OinpIme 42 KT.

Po3paxyHku, npoBe/ieHI Ha OCHOBI MaTeMaTUYHOTO MOJICIIOBAHHS 3 ypaxyBaHHIM
EKCIIEPUMEHTAIILHUX JJAHUX 32 METOJHMKOI €KOHOMIYHOTO PO3paxyHKY, po3poOiIeHO0
B XHHI HYK, nokazyrots, 1m0 y pa3i no6asku 0,1% BoIHIO HOTO BUTpaTa CTAHOBUTHME
42 xr Ha 1o0y. SIK1Io BapTiCTh BOAHIO, OTPUMAHOTO T'a30BUM PEPOPMiHIOM, CTAHOBUTH
2,4 monapiB 3a KT, I[OJICHHA BapTICTh BOAHIO craHoBUTHME ~ 100 monapis CIIA.

TakuM 4rHOM, JT0OOBA EKOHOMIs [TAJIMBA, BPAXOBYIOUH BapTICTh BOAHIO 1 3HW)KEHHS
BUTpaTH manuBa Ha ~ 3%, cxiagarume 1,25 T, mo xomrryBatume 1000 qom. CILIA.

VY pasi TpaHcnopTyBaHHs HadTH 3 MOPTIB OIMKHBOTO CXOMY 10 YKpaiHW i3 cepen-
HBOIO JIOBKHHOIO peticoBoi iHil 5000 MUIIb 1 cepelHbOr0 MIBHKICTIO 14 By3I1iB €KOHO-
Misl 32 BUKOPUCTAHHS BOJHEBOI JOOABKHU CKjaze ~ 16 TUC. y.0. 3a mepexiz,.
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TEXHOJIOI'TYHI PIMEHHA AJIA NIABUIIEHHSA
NPOAYKTUBHOCTI BAHTAXKHO-PO3BAHTAXYBAJIBHUX POBIT
HA LNG-TEPMIHAJIAX Y MOPCBKHUX ITOPTAX
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ma mexnonoeiu, Kuis, Yxpaina,
ORCID ID: 0000-0002-5676-4566

Anomauisn

Y cmammi npeocmasneno Oocniodicenns, sxe 6KAOUAE AHANIZ MEXHONO2IUHUX
piulensv, nepesazu ma 0OMeNCeHHs! iX BNPOBAOICEHHS. HA MEPMIHANAX, A MAKOIC PO3-
POOKY aneopummy NiOSUWeHHS NPOOYKMUBHOCMI 8AHMANCHUX Onepayiil 31 3piooice-
HUM 2a3om. Agmopom 6y10 nposedeHo O0CiONHCeHHs PIZHOMAHIMHUX MEXHON02iH, o
Moorcymv 6ymu énposadiceni Ha LNG-mepminanax 0as onmumizayii 6aHmasicHux one-
payiil, 30Kpema CyuacHux agmoMamu308anux Cucmem, pooomomexHiku, iHHOBAYIUHUX
Memooig pO36aAHMAICEHHs Ma opeaHizayiinux nioxodis. Takooc 6yn0 npoanaiizo8ano
Gaxmopu, Axi eniusaome Ha ycniwHicmy ix imniemenmayii. Aemopom Oyno eudine-
HO nepedbaueni mexHiuni ma QiHaAHCO8I CKIAOHOWI, U0 MOICYMb GUHUKHYMU N0 YAC
BNPOBAOINCEHHST HOBUX mexHonozill Ha LNG-mepminanax. 3 memor 0ocsieHenus: 6cma-
HOBNIeHOi Memu agmopom OY0 po3pOONEHO ANeopumM GNPOBAONCEHHS MEXHONOTYHUX
piuens 015t RIOSUUEHHS NPOOYKMUBHOCE 8AHMANCHUX ONEPAYill 3 3PIONCEHUM 2A30M
Ha MOPCOKOMY NOPMY. Aeopumm 6KII0YAE NOCAIO06HT KPOKU WA emanu, sIKi 00noMo-
arcymo 3a0e3neyumu epekmusHy peanizayiro HO8UX mexHonocil Ha mepminani. Ilpo-
8edene QOCNIONCEeHHsT 0AN0 3M02Y GUOLIUMU KIOYO8I NOKAZHUKU, WO GNIUBAIOMb HA
NPOOYKMUGHICMb GaHMadCHux onepayii na LNG-mepminanax y MOpcvKux nopmax.
Aemop ananizye eniue mexHoL02IYHUX PilleHb HA PI3HI acnekmu pobomu mepminay,
Maxi K WeUOKiCms pO3GaHMAdiCents, be3nexa, sgumpamu mowo. /s niomeepooicen-
HSL 6CIMAHOGIEHOI 2inomesu wooo e@ekmueHOCmi 6NPOBAONCEHHS MEXHONOTYHUX
piwleHv 0na niosuwjenHs NpoOYKMUGHOCI BAHMAICHO-PO36AHINAICYBATILHUX ONe-
payiti na LNG-mepminani Mmopcokoco nopmy 0yi0 npoeedeHo NOPIGHAHHL mpaouyii-
HO20 ma IHHOBAYIUHO20 CYEHAPIi8 PO36AHMAICEHHS KOHMEUHEPIE 3 BUKOPUCTHAHHAM
asmomamuszosanux cucmem. Ha ocrnosi pesynomamis oocniodcents 6yi0 6cmanosieHo
ehexmusHicmb 8NPOBAOIHCEHHA MEXHONO2TUHUX THHOBAYIL, W0 00380UL0 3HAYHO NiO-
BUWUMU NPOOYKIMUBHICTNG BAHMANCHO-PO3BAHMAICYBATLHUX ONEpayill KOHMelHepie i3
3PIOdNCEHUM 2a30M. Y3aeanbHiouU, 0ane 00CTIONCEHHS HAOAE 8ANCIUBY THopmayio
PO MeXHONO2IYHI pileHHs 0 NIOBUWEHHS NPOOYKMUBHOCI 8AHMANCHUX Onepayiil
na LNG-mepminanax y Mopcovkux nopmax. Bnposaoaicenna asmomamusosanux cucmem
ma iHHOBAYIUIHUX MemOoOi8 PO36AHMANCEHHS 0036075€ 00CAMU eheKmMUGH020 ma Oe3-
NeuHo20 NepPesanmadiCents 3pioAHceH020 2azy, Wo € KpUmMudHuUM y 3abesneuenti egex-
MUBHOI pobomu MopcoKuUX nopmis ma 3abe3neuenui cmabinvrozo nocmavaunis LNG.

© lIkypko €.J1., 2023
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Kniouogi cnosa: mexnonociyni piutenns, nioguuyeHHs npooyKmueHOCmI, 8aHmaoic-
HO-po3eanmaicysanvii pooomu, LNG-mepminanu, MopcyKi nopmu, agmomamu3o8ami
cucmemu, 3piodceHUll 2as, IHHOBAYIUHI Memoou, ONMUMI3ayis npoyecis, KOHmMeluHepu
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TECHNOLOGICAL SOLUTIONS FOR ENHANCING PRODUCTIVITY
OF CARGO HANDLING OPERATIONS AT LNG TERMINALS
IN MARITIME PORTS

Ye.L. Shkurko
Senior Lecturer at the Department of Business Logistics and Transport Technologies,
Institute of Management, Technologies and Law of State University of Infrastructure
and Technologies, Kyiv, Ukraine,
ORCID ID: 0000-0002-5676-4566

Summary

The article presents a study that includes an analysis of technological solutions,
their advantages, and limitations in their implementation at terminals, as well as the
development of an algorithm to enhance the productivity of cargo operations involving
liquefied natural gas (LNG). The author conducted research on various technologies
that can be implemented at LNG terminals to optimize cargo operations, including
modern automated systems, robotics, innovative unloading methods, and organizational
approaches. Factors influencing the success of their implementation were also analyzed.
The author identified anticipated technical and financial challenges that may arise
during the adoption of new technologies at LNG terminals. With the aim of achieving
the set goal, the author devised an algorithm for implementing technological solutions
to increase productivity in cargo operations involving liquefied gas at a maritime port.
The algorithm comprises sequential steps and stages that will help ensure the efficient
implementation of new technologies at the terminal. The conducted research identified
key indicators affecting the productivity of cargo operations at LNG terminals in
maritime ports. The author examines the impact of technological solutions on various
aspects of terminal operations, such as unloading speed, safety, and costs, among others.
To confirm the hypothesis regarding the effectiveness of implementing technological
solutions to enhance the productivity of cargo handling operations at an LNG terminal in
a maritime port, a comparison was made between traditional and innovative scenarios
for unloading containers using automated systems. Based on the research results,
the efficiency of implementing technological innovations was established, leading to
a significant increase in the productivity of container unloading operations involving
liquefied gas. In summary, this study provides crucial information about technological
solutions to enhance the productivity of cargo operations at LNG terminals in maritime
ports. The implementation of automated systems and innovative unloading methods
enables efficient and safe handling of liquefied gas, which is critical to ensuring
the effective operation of maritime ports and maintaining a stable supply of LNG.

Key words: technological solutions, productivity enhancement, cargo handling
operations, LNG terminals, maritime ports, automated systems, liquefied gas, innovative
methods, process optimization, containers with liquefied gas.

170



PO3BUTOK TPAHCIIOPTY
Ne 3(18), 2023

IMocTanoBka nmpodaemu. 3i 3pocTaHHIM MOMYISPHOCTI MPUPOITHOTO ra3y sK OiIbII
€KOJIOTIYHOTO JDKepelia eHeprii 301IbIIYEThCSA MOMHUT HA 3PIMHKCHUN MPUPOTHUHN Tra3
(LNG) 1, BigmoBigHO, 30imbInyeThcst KibKicTh LNG-TepMiHaANIB MO yChOMY CBITY.
[Ipy pOMY BaHTaXHO-PO3BaHTaKYBaJbHI POOOTH Ha TAKUX TEpMiHalaX CTHKAIOTHCS
3 mpoOsemMoio 3a0e3MeYeHHsT BUCOKOI MPOAYKTUBHOCTI Ta €()EeKTUBHOCTI oOmepariil.
3pocrarounii 06csr TpancnoproBaHoro LNG craBuTh iepe TepMiHagaMu He0OXiTHICTh
YAOCKOHAJICHHS pOOOYHX MTPOIECIB Ta BUKOPUCTAHHS HOBITHIX TEXHOJIOITYHUX PIllIEHb
JUTSL ONTUMI3aMii AisTbHOCTI. BimMiHHICTD (DI3MYHHUX BIIACTUBOCTEH PiKOTO Ta3y MOpPiB-
HSIHO 3 1HIIMMH BaHTa)KaMM CTBOPIOE JOAATKOBI BUKJIMKH AJIS 3a0€3IeUeHHs Oe3IeKH
Ta HaJ[IHHOCTI MPOIECiB PO3BAaHTAXKEHHS Ta 3aBaHTAKEHHS. TakuM YWHOM, HEOOXiIHI
HOBITHI HAyKOBi TOCTIIXKEHHS 1 po3p00KH TEXHOJIOTTYHUX IHHOBALIH, SIKi COPUSTUMYTh
MiABHIICHHIO €()EKTUBHOCTI Ta MPOAYKTHBHOCTI BaHTa)KHO-PO3BAHTAXKYBAIBHHUX POOIT
Ha LNG-Tepminanax.

AHaJi3 ocTaHHiX mociaimkeHb i myoJikamiid. B ocranHi pokn crocrepiraerscs
30iTbIIEHUH iIHTEpEC 10 JOCITIKEHb 1 po3po00K y cepi TEXHOIOTIYHUX PIIlIeHb IS
migBuIIieHHs mponyktuBHOCTi Ha LNG-tepminanax. Jocnigauku i imkenepu [1-10]
MOCTIMHO IIYKAIOTh HOBI ITi/IXO/IY Ta IHHOBAIIIMHI TEXHOJIOTI JIJIsl ONTUMI3allii IpOoIIeCiB
BaHTA)KHO-PO3BAHTAXKYBAIBHHUX POOIT 3 METOIO 3a0e3MeUeHHs] e()EeKTHBHOCTI, Oe3MeKH
Ta 3HIKCHHS BHUTPAT, 30KpeMa aBTOMAaTH3alIlil0 TPOLECiB, BUKOPHCTAHHS JaHUX JUIS
[IPOTHO3YBAaHHS, 3aCTOCYBaHHS POOOTOTEXHIKM Ta BUKOPUCTAHHS €KOJIOTIYHO YUCTUX
IDKEpEIT eHeprii ToIo.

JocmimkeHHs 3 1i€i TeMU OXOIUTIOIOTh PI3HOMAHITHI aCTIEKTH, BKIIOYAa0YH BUKOPHC-
TaHHS aBTOMaTH30BaHUX CHCTEM, pOOOTOTEXHIKH, BIIOCKOHAJICHHS! CUCTEM YIPAaBIiHHS,
aHaJi3 aHWX Ta MITYYHUH IHTENEKT, BIPOBAPKCHHS HOBUX MarepialliB y KOHCTPYKII
oOnasHaHHA Ta 0araro iHIIOTO.

He3Bakaroun Ha 3Ha4HMIA Tporpec y Mid o0nacTi, me iCHye HW3Ka HEBHPIIICHUX
MUTaHb, IO HOTPeOYIOTh 10JaTKOBOTO TOCIiIKEeHHS Ta 00roBopeHHs. OnHIEIO 3 TAKUX
HEBUPIIIEHNX YaCTHH € BIUTUB TEXHOJOTTUYHHUX PillIeHb iHHOBAaLiHOTO Ta OpraHizariii-
HOTO XapakTepy Ha MPOAYKTHBHICTh BaHTaKHUX onepamiii Ha LNG-tepMinanax y mop-
ChbKOMY MOpPTY. J10 IIbOr0 MOMEHTY OOMEKEHHUH Yac Ta HasBHI PECYpPCH YHEMOXKITHBIIIO-
FOTh TTIOBHUH OTJIS Ta peTeIBHUI aHalli3 I[HOTO MUTAaHH. ToMy y IaHii HayKOBiif cTaTTi
MU IparHeMo MpoaHalli3yBaTy OCTaHHI TOCIIHKEHHS Ta MyOiKallii 3 i ABUIIEHHS MIPO-
OYKTUBHOCTI BaHTa)KHO-PO3BAaHTaXyBalIbHUX poOiT Ha LNG-TepMmiHamax 3 akLEHTOM
Ha BaXJIMBICTh MPOLECY MiJBUIIEHHS MPOTYKTUBHOCTI BAaHTAXXHUX OMeEpalii y Mop-
CHKHUX TOPTaX Ta MOXKIIMBUX IUISIXaX MOJAIBIINX JOCTIIKEHb.

Mera cTarTi — mpoaHaNi3yBaTH TEXHOJOTIYHI PIIIEHHS, CIPSMOBaHI Ha IIi/IBH-
IIeHHS TPOMYKTHUBHOCTI BaHTAKHO-PO3BaHTaXyBaJdbHUX poOiT Ha LNG-Tepminanax,
BU3HAYUTH TE€peBaru i 0OMEKEHHS BHUKOPUCTAHHS aBTOMaTH30BaHMX CHCTEM YIpaB-
niHHA Ta pobororexHikn Ha LNG-Tepminanax i iX BIJIMB Ha €(EeKTHBHICTH pOOOUHX
MPOIIECiB, BUABJICHHS MOXJIMBOCTE BUKOPUCTAHHS IITYYHOTO 1HTEJIEKTY JJISl aHaJli3y
JIAHUX Ta MPOTHO3yBaHHS HABAHTAXKEHHS, 110 JIOTIOMOXKE TUIAaHYBaTH pOOOTY TepMiHATY
OLTBII €(heKTUBHO, PO3IVITHYTH HOBITHI pO3pOOKH MaTepialliB Ta TEXHOJOTIH IS 30171h-
LIEHHS! POAYKTUBHOCTI BaHTa)KHO-PO3BAHTAXXYBAJIBHUX MEXaHI3MiB, IO J03BOJIHUTH
3HM3UTH 9ac POOOYHX IHKIIIB 1 301TBITUTH 3aBaHTaXKESHHSI.

Buknan ocHoBHOro marepiaJy. Y cy4acHOMY CBITi, e pO3BUTOK TEXHOJIOTIH cTae
BHU3HAYAJIBHUM (DaKTOPOM EKOHOMIYHOTO 3pPOCTaHHS Ta KOHKYPEHTOCIPOMOXKHOCTI,
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BaHTa)XHO-PO3BaHTAXYBaJIbHI poOoTH Ha LNG-TepMiHamax CTaloTh OIHIEI 3 KIIHOYO-
BHX CKJIQJIOBHX €(DEKTHBHOTO Ta Oe3epebiifHOro 3a0e3meueHHsT EHEPTETHIHNX TTOTped
CYCITiTIbCTBA.

3pocratoua mobanbHa 3aJeXHICTh BiA 3pimkeHoro mpupoxHoro razy (LNG) sk
OJTHOTO 3 HaHOUIBII YUCTHX BUIIB MaJIMBa MPU3BOAMUTE JO 301IbIICHHS OOCATIB HOTO
TPaAHCIIOPTYBaHHs Ta 30epiraHHs. 3aBIsSKu CBOIM XapakTtepuctukam LNG 3Haxomuth
BCce OUIbIIIe 3aCTOCYBaHb, 1 TEPMIHAIH JIJIsl HOTO PO3BaHTAKEHHS CTAIOTh CTPATET1vyHO
BaxmuBUMH 00’ektamu [8]. [Ipote 3pocTraHHS 0OCATIB POOIT HAa TAaKUX TEpMiHAJIAX
CTaBUTH Tepe BUPOOHWKAMU TeXHIKM Ta (DaxiBIIMH 3aBIAaHHS MMOCTIHOTO BIOCKOHA-
JICHHSI 1 ONTUMI3aIlil MPOLECiB, IO JO3BOIUTH AOCATTH MAKCUMAIILHOI POy KTUBHOCTI
Ta 6e31eKu poOoTH.

[MixBuienns npoayktuBHOCcTi Ha LNG-TepMiHanax Mae npsiMuii MO3UTUBHUIA BIUTHB
Ha €KOHOMIKY KpaiHu, 3a0e3Meuyroun HajiiiHe 3a0e3edeHHs eHepreTHUYHuX MOoTpeo,
PO3BHUTOK TajTy3eH, OB’ sI3aHUX 13 3PiKEHNM Ta30M, a TAKOXK 3MEHITICHHS 3aJICKHOCTI
BiJl IHIIUX JpKepeln eHeprii [3].

AHaJi3 TEXHOJOTIYHUX pillleHb, CIPSIMOBAHUX Ha IMiJBUINEHHS NPOAYKTHBHOCTI
BaHTAXXHO-PO3BaHTAXKYBaJIbHUX poOiT Ha LNG-TepMiHanax, BKItoyae B cebe BUKOPHUC-
TaHHS PI3HOMaHITHUX 1HHOBAIliH, aBTOMATH3AIlil IPOIIECIB Ta BIPOBAPKEHHS MIEPEI0-
BHX TEXHOJIOTii (Taodm. 1).

3acrtocyBaHHS TeXHONOTIYHUX pimeHs Ha LNG-TepMiHanax mae sk mepeBaru, Tak
1 0OMeKeHHSI, SIKi MOKYTh BILTUBATH Ha €()EKTHBHICTH POOOYHX MPOIIECIB.

[lepeBaru 3actocyBanHs TexHONMOTIYHUX pimieHs Ha LNG-Tepminanax [5]:

1. [ligBuIIeHHS NPOXYKTHUBHOCTI. ABTOMATH3aIlisl Ta ONTHMi3allis poOOYuX Mpo-
IIECIB 3a JOTIOMOT'OI0 INTYYHOTO IHTEJIEKTY Ta POOOTOTEXHIKU JTO3BOJISIOThH 301bIINTH
MIBUIKICTH Ta €(PEKTUBHICTh HABAaHTAXCHHS Ta po3BaHTakeHHs LNG, 110 3MeHITye 9ac
POOOYHX ITHKITIB.

2. 3HWKEHHs pU3WKiB. BUKOPUCTaHHS aBTOMaTH30BaHUX CHCTEM 1 JAPOHIB JAOMOMa-
ra€ 3HU3UTU PU3UKH I pOOITHUKIB MMif] YaC BAHTAXKHO-PO3BAHTAXKYBAIBHUX OIEpariif
Ta MOHITOPUTH CTaH OOJIaJHAHHS JJIs TIONIEPE/HKEHHS MOXKIIUBUX aBapii.

3. OuruMmi3alis JOTiCTUKY. AHAIITAKA TaHWX, BKIIOYA0OUN JaHi BiJ APOHIB Ta CEH-
COpiB, TOTIOMAra€e ONTHMI3yBaTH JIOTICTHYHI JAHITIOTH, IIaHyBaTH MapIIpyTH Ta 3a0e3-
TIeYyBaTH CBOEYACHY JIOCTABKY Tas3y.

4. TlinBuIIeHHS TOYHOCTI IPOTHO31B. BUKOPUCTaHHS MITYYHOTO i1HTEIEKTY JIJIs aHa-
Ji3y BEIUKOTO OOCSTY JaHUX JI03BOJISE MOKPAIIUTH MPOTHO3YBaHHS MOMHUTY Ha ra3
Ta HaBaHTAXXCHHS, 110 JOIIOMarae IjiaHyBaTH poOodi MPOIECH 3 YpaxXyBaHHSIM pealib-
HUX 1OTpeO.

OOMeXeHHsI 3aCTOCYBaHHS TEXHONOTiuHUX pimeHs Ha LNG-Tepminanax [2]:

1. Bucoka BapTicTh BIpOBa/KeHHSI. BIpoBaKeHHST TEXHOJIOTIYHHAX PillleHb, TAKUX
SK aBTOMAaTHu3allis Ta poOOTOTEXHiKa, MOXE 3HAJOOWTHCS 3HAYHUX IHBECTHIIIN, IO
Moxe OyTH oOMexeHHsM Jyis Aesikux LNG-TrepMiHais.

2. CknaaHicTh iHTerpaitii. [HTerpailis HOBUX TEXHOJIOTIH 3 BXKe ICHYIOUMMHU CHCTE-
MaMH{ MO)kKe OyTH CKJIaTHOIO 1 BUMAraTy JOJATKOBUX 3YCHIIb JJIs 3a0€3MeUeHHs CyMic-
HOCTI Ta €()eKTUBHOCTI.

3. Ilotpeba y miarotoBIii mnepcoHany. BrmpoBajkeHHS aBTOMAaTH30BAHHX CHUCTEM
MOYKE BUMArary IiJIrOTOBKU TIEPCOHANY JUIsi KOPEKTHOTO BUKOPUCTAHHS Ta 00CIyTrOBY-
BaHHS HOBUX TEXHOJIOTIH.
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Tabmuns 1
TexHon0riYHi pilIeHHs 11010 MiABUIIEHHS PiBHA NPOAYKTHBHOCTI
BAaHTAKHO-PO3BaHTaKyBaJbLHMX PoliT Ha LNG-Tepminaaax

Ne TexHoJioriuni piteHns IlepeBarn 3acrocyBaHHS

ABTOMAaTH30BaHI
CHCTEMH YIPaB-
JIHHS

KepyBaHHS TeXHIYHUMH
MPOIIECaMU BaHTAXKHUX
onepari

SHHUKEHHS 3aJI€KHOCTI
BIJI JIFOZICBKOT'O YHHHHUKA

Bucoxka mBuaKicTh

. - ABTOMAaTH30BaH BaHTa-
PoGoToTexHiKa | Ta TOYHICTH BUKOHAHHS OMaTi3oBaHa posBatTa

i . JKyBaJIbHa TEXHIKa
ABromaru3artis poGiT y
. BaHTa)xH1 MaHIIyIATOpH
ABTOHOMHI 3HMKEHHS PU3HKY JIFOII- :
. PUSHKY JHOL- | 1y TPaHCHOPTHI 3aCO0U st
TPaHCIIOPTHI CBKHX MTOMIJIOK. - MR
3acobu Onrnmizauis norictugy | "EPEMIIICHHA KOHTCHHCPIE
Ta BaHTAXY
. MOHITOPUHT CTaHy CucreMu MOHITOPUHTY
CencopHi 6 .
cHCTeMI O0MNaHAHHS Ta yMOB PIBHS, TUCKY, TEMIIEPATypH
mparfi TOLIO
OTUMI3aIisa iB .
Kountpons O 3aiii pecype 306ip Ta 06pobOKa 1aHUX

[HTEepHeT peueil | Ta 3HMKEHHS eKcIuTyara-

1 aHaJ13 JaHuXxX HifHIX BHTpAT

po poOoui nmporecu

AmnamiThka
JTAHUX Ta TPO-

OnTuMizalis po3Kiary

[Iporno3yBaHHs1 HaBaHTa- p
POTHO3Y poOiT Ta pecypcHOTO

JKEHHS Ta 3araciB majanBa

THO3yBaHHSA IUIAHYBaHHS
IIpornosyBauns | Edexrusne muanysanss | IIporHo3yBaHHs HaBaHTa-
HOIMTY pecypcis JKEHHS 1 IONUTY

Ha ra3 Jjist OnTHMi3arii
3armaciB Ta CKIAJCHKHX IPO-
CTOpIB
Po3po0Oka crpareriii po3Bu-
3HWKEHHS PU3UKY HaJ- | TKY Ta JIOTICTUYHUX PillleHb

JIMIIKY/HEI0CTadl Ha OCHOBI aHaJTi3y TPOTHO-
30BaHUX JaHUX

ABTOMaTH30BaHE PO3BAH-

IIBUIKICTE Ta €PEKTHB- | TaXKEHHS 1 3aBaHTAXKEHHS
Buxopucranus . HICTb omneparii LNG-cynen ta KOHTpOJIb
[ITY9HOTO ABTOMAaTH3Ilist 3a IporecamMn
; IPOLECIB PO3-
inrenexry (L) ]faHTa)KeI-II)HSI BUKOPHCTaHHS aBTOHOMHHX
SHUKEHHS PU3UKY pOOOTIB [T 6E3MEeYHOTO
JUTSt pOOITHHKIB Ta IBUAKOTO PO3BaHTa-
JKEHHS
AHai3 qaHuX 3 JPOHIB IS
OOrpyHTOBaHE ONITHMI3allii JTOTICTUYHUX
. NPUIHATTS pillICHb JIAHIIOTIB Ta TPAHCIIOPTY-
Amnanituka BAHHS rasy
JIAHUX Ta IUIaHy- -
BAHHS Mositopuar poboTtr o6naz-
BusiBieHHs TeHACHIIN HaHHS Ta aHAJIITUKA JaHUX
CIIO)KMBaHHS JUTSL 3HWOKEHHS PH3HKIB
aBapii
TIEPIIBHUIK
Eg;;a;%ameﬁlii 3MEHUICHHS Yacy EdekTrBHE pO3BaHTaKCHHS
. 03BaHTAXKECHHS LNG 3 TankepiB
(Top Loading) p P
IiHoBauif HaBanraxenns . sl
B HABaHTAXY- SAMKHOHIM 3HWKSHHS BUKUJIIB MiHimi3allisi BUIIApOBYBAHHS
BaJIBHHX CHCTE- LHKITOM Ta BTPATU MalnuBa i1 9ac PO3BaHTAKEHHS

Max

Onrtumizaris npouecis
HaBaHTAXXEHHS Ta PO3BaH-
Ta)KCHHS

ABtomarn3oBani | 3a0e3meycHHs Oe3MeKH
CUCTEMHU pobouux mporieciB

Iicepeno: pospooneno agmopom Ha ocrosi [1; 7; 10]
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4. BpaznusicTh 10 KibepaTak. BukopucTanHs MTYYHOTO iHTENEKTY Ta iHIIUX aBTO-
MaTH30BaHUX CHCTEM MOXE 3pOOUTH TEpMIiHANIHM OUTBII Bpa3IUBHMH J0 Kibeparak
Ta HECAHKI[IOHOBAHOTO MJOCTYITy, IO TOTpeOye MONATKOBUX 3axOiB 3a0e3redeHHs
KibepOe3meky.

[Tpu BpoBamkeHHI TEXHONMOTiYHUX pimieHb Ha LNG-TepMiHanax ciijJ ypaxoByBaTH
11 IepeBard Ta OOMEXKEHHS, a TAKOXK 3a0e3MeuyBaTH HaJIe)KHY MiJrOTOBKY Ta 1HTErpa-
I[I}0 CUCTEM, 11100 JOCSIITH ONTHUMaIbHOI e(DeKTUBHOCTI poOOYMX MPOIIECIB Ta Ii[BHU-
AT OE3TEeKy ONepPaIrii.

VY cydacHoMy To0ansHOMY eHepreTmyHoMYy JaHmmadti LNG-TepmiHamm y Mop-
CBKMX TOpTax 3aiiMaloTh KIIOYOBY pojb y 3a0e3nedeHHi Oe3neyHoro, e(eKTUBHOIO
Ta MBUAKOTO 00cIyroByBaHHs pizHoMaHITHUX LNG-cyneH i HaBaHTa)XeHHsI/pO3BaHTa-
JKESHHS 3pifpKeHoro npupoaHoro razy (LNG). 3 migBUIIEHHSM CBITOBOTO TIONHUTY Ha a3
THCK Ha TEPMIHAIH 30UTBIITY€ETHCS, M0 BUMArae po3poOKH IHHOBALIHHUX TEXHOJOTI-
HUX PINICHb I MiABUINCHHS MPOAYKTHBHOCTI Ta 3abe3meueHHs ¢()eKTUBHOCTI BaH-
TaXHO-PO3BaHTAXXYBAITBHHUX POOIT.

[TponykTuBHicTh BaHTaXHUX onepauii Ha LNG-TepmiHazax y MOPCBKHX HOpTax
MOKE IJBHUILYBAaTHCh 32 PaxyHOK BIPOBAKCHHS PI3HOMAHITHUX TEXHOJIOTIYHUX
Ta oprasizaniiHux pinreHsb. Och neKinbKa 3 Hux [9]:

1. ABTOMaTH30BaHI CUCTEMH PO3BAaHTAXECHHS Ta MigiioMy. BripoBampkeHHsST aBTOMa-
THU30BaHHUX CHCTEM PO3BaHTAXKEHHS (HAIPUKJIAA, KpaHOBI CHCTEMHU abo pyXoMi KOHBE-
€pH) 03BOJISIE 3HU3UTHU Yac BAaHTAXXHUX ONepauiid, YHUKHYTH 3aTPUMOK 1 3a0e3neunTn
OinTbII €PEKTUBHUI PyX BaHTaXY.

2. EnextpuuHi puBoay. 3aCTOCYBaHHS eJIEKTPUYHUX PUBOJIIB HA KpaHaX Ta IHILIOMY
o0naiHaHHI JoTIoMarae 3HU3UTH IIyM, 3a0pyIHEHHS Ta BUKUJIU, 8 TAKOXK MOKPAIUTH
TOYHICTB Ta PEAKITiI0 0O HAHHS.

3. PoGororexnika. BukopuctanHs poOOTiB /Ui BaHTRXKHUX OMNeEpaIlii MOXe JOTI0-
MOTTH MiIBUIIATH TPOYKTHBHICTh, 0COOIMBO B YMOBaX, KOJIH ITOTPiOHA TOBTOPIOBaHA
Ta TOYHa poOOoTa, HANPUKIIA], yIIaKyBaHHS a00 MaHIMy/IIOBaHHs KOHTEHHEpaMHU.

4. Ananituka ganux ta LI. 36ip Ta aHani3 AaHUX PO MPOAYKTUBHICTh, YaC BUKO-
HaHHJ Ollepaliii, HaBaHTAXKEHHS Ta 1HIIII MapaMeTpy JT03BOJISE 1IeHTH(DIKYBaTH TOTEH-
IiHI 3aTPUMKH, ONITEMI3yBaTH PO3KIIATH POOIT, MIaHYBAaTH 3aTPUMKH Ta 3HH3UTH dac
POOOYHX ITHKITIB.

5. 3acTrocyBaHHS HOBITHIX MarepianiB. BukopucTaHHs HOBITHIX MaTepialiB, TaKUX
SK KOMIO3UTH a00 aJIOMiHI€BI CIUTaBH, MOXKE 3HMU3UTH Bary oOJagHaHHsI, IO CHpUSE
MiIBUIIEHHIO MPOAYKTHBHOCTI PyXy BaHTAXIB Ta 3HIKEHHIO BUTPAT I1aJIMBa.

6. IligBumenns kpamidikarii mepcoHany. HaBuanns Ta minBuimeHHs KBamidikarii
MIEPCOHAITY JOTIOMAraroTh 3a0e3MeUnTH OUTBIN ePEeKTUBHE Ta Oe3IIeUHEe BUKOHAHHS BaH-
TaXXHUX OIEpaIliid, a TAKOXK OLIbII e(heKTHBHE BUKOPUCTAHHS O0NIaHAHHSI.

7. OnTuMizawis JOTICTHYHUX TpoueciB. ONTUMi3alis JOTICTUYHUX MPOLECIB
Ta KOOPJMHALSA MiX PI3HUMHU €TallaMd BaHTXHUX OIEpalliil JO3BOJSIOTh YHUKATH
3aliBUX 3aTPUMOK Ta ONTUMI3yBaTH pOOOTY TepMiHAIY.

Li pimreHHS MOXXYTh CITUTEHO 200 OKpEMO CIIPHATH IiABUIICHHIO MPOTyKTUBHOCTI
BaHTa)XHUX omepanid Ha LNG-tepMiHanax y MOPCHKUX MOpTax, 3a0e31meqyodn Oirbn
e(eKkTUBHUH Ta Oe3neuHuil pyX BaHTaXIB Ta 3HIDKEHHS 4acy poOOYNX IUKIIIB.

[Tpouec BIpoBaKEHHS TEXHOJOTIYHHMX PilIeHb AJIsl MiABUILEHHS HPOIYKTHB-
HOCTi BaHTaxHHX onepaniii Ha LNG-TepMmiHami y MOpPCBKOMY MOPTY MOXke OyTH
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Bi3yasIi30BaHUId Yepe3 alropuTM, siKuii HaBeneHo Ha puc. 1. Llel anroputm no3Bosse
CHCTEMAaTHYHO 1 MOETAITHO BIIPOBA/IXKYBaTH HOBI TEXHOJIOTI HAa TepMiHali, 3a0e3mey-
toun epekTuBHe Ta Oe3nepebiiine ¢yHkuionyBaHHs LNG-TepMmiHany Ta 30UIbITYIOYH
HOro MpoAyKTHUBHICTh. KOJKEeH KpOK alrOpUTMy IOKIAJa€ThCs Ha HAyKOBHI aHAIi3
Ta TMPAKTHYHUK JOCBIA Ui JIOCSATHEHHS MaKCHMAIIbHHX TIepeBar Ta ONTHMAaJIbHOTO
pe3yNIbTaTy Ha KOPUCTHh EHEPTeTHYHOTO PHUHKY Ta 3arajbHOI €KOHOMIKH.

KPOK 1: AHAJII3 TIOTOYHOT'O CTAHY TEPMIHAJTY
1. 36ip Ta aHami3 JaHWUX TPO MPOAYKTHBHICTH, YaC POOOUMX IUKIIB, BUKOPUCTAHHS
pecypciB Ta 6e3nexy poOoTH.
2. BusiBIeHHS OCHOBHUX BY3bKHX MICI[h Ta TPOOJIEMHHX 30H y pOOOYHX MPOIIECaX.

'

KPOK 2: BUBHAYEHHSI TEXHOJIOI'TYHUX PIIIEHb
1. BuBYEHHSsI CyJacHHUX TEXHOJIOTIH, 110 3aCTOCOBYIOThCA Y cepi LNG-TepMminaris,
TaKMX K aBTOMATH3aIlisg, pOOOTOTEXHiKa, INTYYHNH IHTENEKT, aHATITHKA JAHUX TOIIIO.
2. Bubip TexHomori#, IKi HalKpale BiAMOBITal0Th MOoTpedaM Ta cnenudini
TepMiHaIy.

KPOK 3: PO3POBKA IIVIAHY BITPOBA/I’KEHHSI
1. BusHageHHs OCIITOBHOCTI Ta TEPMiHIB BIIPOBAKEHHS TEXHOJIOTIYHUX PIllICHb.
2. Oninka HeoOX1THUX THBECTHIIIH Ta pecypciB JIIs pealizallii iaHy.

KPOK 4: BTIPOBAI’KEHHA TEXHOJIOTTYHHUX PIIIEHDb
1. IMmieMeHTalis aBTOMaTU30BaHUX CUCTEM YIPaBIiHHSA, pOOOTOTEXHIKH, CEHCOPIB,
IITYYHOTO IHTENEKTY TOLIO.
2. IligroToBKa NepcoHANy It pOOOTH 3 HOBUMHU TE€XHOJOTiIMH Ta CHCTEMaMH.

|

KPOK 5: MOHITOPUHI TA AHAJII3 PE3YJIbTATIB
1. TlocTiiHUE MOHITOPHHT POOOTH HOBUX TEXHOJIOTIH Ta 30ip maHUX Mpo iX
MIPOTYKTHUBHICTH Ta BIUTUB HA po00di IIPOIIecH.
2. AHami3 pe3ynbTaTiB Ta BHECEHHS KOPEKTHUB Yy TUIaH BIPOBAKEHHS.

Puc. 1. Anecopumm enpoeadoicenns mexnono2iuuux piuieHv 0 Ni0GULYeHHs.
npoOyKmueHocmi eanmasichux onepayiti Ha LNG-mepminani y Mopcokomy nopmy
IDicepeno: pospobnero agmopom Ha ocrosi [6; 10]

BrpoBakeHHsT TEXHOIOTIYHHX pimeHs y pobdoui mporecu LNG-TepMinainy B Mop-
CHKOMY TIOPTY CHPHUSTUME ITiIBHIICHHIO IPOAYKTUBHOCTI y TaKHUX acrekTax [4]:

1. 3HmKeHHs Yacy poOOYMX IMKIIIB 3aBISKH aBTOMATH3allii Ta pOOOTOTEXHilli, 110
JIOTIOMO>KE 30UTBIIMTH KUTBKICTh HABAHTAXKYBAJILHUX/PO3BAHTAIKYBAILHUX OIEparlii 3a
OJIVH TIEPiOI.

2. OnruMmizamisi BUKOPUCTAHHS PeCypciB, HANPUKIAA, €(EKTHBHE BHUKOPHCTAHHS
HaJMBa Ta eNeKTPOSHEPT i, 110 3HIKYE BUTPATH Ta MOKPALLy€e eHEProepeKTHBHICTb.
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3. BnockonanenHst 6e3mekn poOOTH 3aBISKH BUKOPUCTAHHIO CEHCOPIB, IITYYHOTO
IHTEJIEKTY Ta aHaji3y JaHWX JUIs BHUSBICHHS TOTCHIIIMHUX HEOE3leK Ta aBapiiHUX
CUTYaIliH,

4. Onrumisaiis JIOTICTHYHHX TPOIIECIB Ta MJIaHyBaHHS POOOYUX Omepalliid 3 BUKO-
PUCTaHHSIM aHAIITHKH JAHWX, 10 CIPUATHME TOYHINIOMY HPOTHO3YBaHHIO TMOMHUTY
Ta MiIBUIIUTH e()EKTHBHICTH pOOOTH TEPMiHAITY.

VY Tabnuili 2 npuBeneHI KIIOUOBI MOKA3HUKH, SKi BIUTMBAIOTh HA MPOAYKTUBHICThH
BaHTaXHHUX omepaniii Ha LNG-tepMiHanax y Mopchkux moprax. KokeH MOKa3HHK
CYIIPOBO/IKYETHCSI OMTUCOM, SIKUM BUCBITIIOE HOTO 3HAUEHHS Ta B3a€MO3B’SI30K 3 IMPO-
JTYKTUBHICTIO POOOUYHX MPOLECIB.

Tabmaur 2
Ioka3HuKkM MiABUIIEHHS MPOIYKTUBHOCTI BAHTAKHUX onepauiii
Ha LNG-TepMiHaiax y MOPCBKHUX MOPTax

Tloxa3nuk
MiABHILEHHS Onuc noKasHuKa BnuiuB Ha NPOAYKTHBHICTH
NPOTYKTUBHOCTI
3HIKEHHS Yacy po3- CKOpOYCHHS Yacy BUBAaHTaXCHHS | 30UIBIICHAS OOCSTY BHBaHTa-
BaHTAKECHHS 3 cylHa JKCHHS 32 OIMHUITIO Yacy

301MbIICHHS BUAKOCTI MepeMi-
IIeHHs KOHTeHHepiB a00 po3BaHTa-
JKYBaJBHOTO 00JIaIHAHHS

3HIDKEHHS Yacy Ha 3aBep-

ITigBUILIEHHS [IBUIKO-
i IIICHHS BAaHTAXHHUX OTCpaIlii

CcTi poboTn

3061abIIEHHS KITBKOCTI
onepaiii 3a OIUHUIIO
gacy

301IbIICHHS 00CSTY OIeparlii, 1o TTigBHUIIIEHHS 3araIbHOTO
BHKOHYIOTBCSI OJJHOYACHO BaHTAXKHOTO 00iry

OnrtumanbHe MIaHyBaHHSA MapuIpy-

L 3MEeHIICHHS BUTPAT Ha TPaH-
TiB 1 HAaBaHTAKEHHS TPAHCIIOPTHUX

OnTuMizamis TpaHCIOp-

TYBaHHs . CIIOPTYBAHHs Ta 4aC JOCTaBKU
y 3aco0iB pTy .
Onrtumisariss BAKOPHUCTaHHS 3HMKEHHS BUTPAT 1 Mak-
EdexTrBHE BUKOpHUC- "
: pobodoi criw, oOa HAHHS CHUMaJIbHE BUKOPHCTAHHS
TaHHS pecypciB - :
Ta MarepiajiB pecypciB

IDicepeno: pospobneno asmopom Ha ocHogi [5]

Ha ocHOBi mpoBeneHHX AOCHTIKEHb, PO3MISHEMO MPUKIA] LI0A0 BIPOBAHKEHHS
ABTOMATH30BaHUX CHCTEM PO3BAHTAXEHHS Ta ONTHUMIi3allil TPaHCIOPTYBAHHA 1 SKUM
YMHOM IIeli IPOLIeC BIJIMBAE HA MMiJBUILCHHS TPOAYKTUBHOCTI BaHTaKHHUX OTlepaiiii Ha
Tepminani. [Ipumyctumo, 1o y Hac € TepMiHal, SKUi 3A1HCHIOE PO3BaHTAKEHHS CYJICH
i mepeBanky koHTeliHepiB 3 LNG. [1opiBHAE€MO IPOILYKTUBHICTH IBOX CIIEHAPiiB: TpaIu-
[iiiHUH{ Ta iIHHOBALlIHHKI 3 BIPOBAIXKCHHSM aBTOMaTH30BaHUX CUCTEM PO3BaHTaKCHHS
Ta ONTUMI3aIlI€0 TPaHCIOPTYBaHHs (Tab. 3).

PesynbraTi nopiBHSUTBHOTO aHali3y NPOAYKTHBHOCTI TPaJULiHOTO Ta IHHOBALIil-
HOTO CLIEHapiiB po3BaHTaKeHHs KOHTeHHepiB Ha LNG-TepMiHanax B MOPCBKUX TOPTax
CBiYaTh MPO 3HAYHHUH MPOTPEC Y BUKOPUCTAHHI aBTOMAaTH30BaHUX CHUCTEM Ta TEXHO-
noriid. BipoBaykeHHs! iHHOBaIIHOTO CIEHAPI0, SIKMH BKJIIOYA€E aBTOMATU30BaHi CHC-
TEMH YTIPaBIiHHSA Ta 30UIbIICHHS aBTOMAaTH3allii, MPU3BEIIO A0 3HKEHHS Yacy pO3BaH-
TaXeHHsI OTHOTO cyaHa Ha 50%, MiABUIIEHHS KiJIbKOCTI pO3BaHTAXEHNX KOHTEHHEPIB
Ha oftHe cynHO Ha 50%, a TaKoK CKOpOUYEHHS yacy TPaHCIOPTYBaHH: OTHOTO KOHTEHHEpa
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Tabuug 3
IMopiBHAHHA MPOAYKTUBHOCTI TPaguliiHoro i inHoBauiiiHOro crieHapiiB
PO3BaHTaKeHHs KOHTeliHepiB

U ... | IHHOBamiiinmii cuenapii
Tpanuuiiinuii cuenapii
IMoka3Huk . Y (3 aBTOMATH30BAHUMH
(0e3 inHOBaniii)
CHCTEMAaMM)

Yac po3BaHTaKCHHS OIJHOTO 48 24
CyZHa, TOfI.
KinbkicTh pO3BaHTaKEHUX KOHTEH-

; p 200 300
HEDIB, OF.
Yac TpaHCTIOPTYBaHHS OJTHOTO | 0.5
KOHTEITHepa 10 CKJIay, TO. >
KinbkicTh pOOITHHUKIB TSI BUKO- 20 10
HAHHSI PO3BAHTAXKCHHS

Licepeno: pospobaerno asmopom

JIO0 CKJIamy BABIYi. 3MEHIIEHHS KUTHKOCTI TIPAIIBHUKIB JJIT BUKOHAHHS PO3BAaHTAKCHHS
TaKOXX € 3HAYYIINM, OCKIIBKHA KUTBKICTH TMPAIliBHUKIB 3HIKYETHCS Ha TOJOBHHY. Lli
pe3yIbTaTH MiATBEPIKYIOTh MEPCICKTUBHICTh TEXHOJOTIYHUX PINIeHh Ta aBTOMATH-
3arii AJIg onmTUMI3aIii Ta HiABUINCHHS ¢(eKTUBHOCTI BaHTAXXHUX omepallid Ha LNG-
TepMiHaNIaX ¥ MOPCHKHX MOPTAX, 1[0 MOXKE BIUTMHYTH HA CTIHKUIA PO3BUTOK SHEPTeTHY-
HOTO CEKTOPY Ta IMiIBHIMATH KOHKYPEHTOCIIPOMOKHICTh B MiKHAPOJTHOMY KOHTEKCTI.
OTxe, BOPOBAKCHHS TEXHOJOTIUHUX pimeHbh Ha LNG-TepMiHaax y MOPCHKHX
TTOPTax BHSIBHIIOCS €(DEKTHBHUM 3aX00M VIS TTiIBUIIIEHHS MTPOTyKTUBHOCTI Ta ONITUMI-
3ar1ii poboUnx MporeciB. ABTOMaTH3aIlisl Ta BUKOPUCTAHHS iHHOBAITIHHUX TEXHOJIOT1H
CIIPUSIOTH 3MEHIIIEHHIO Yacy pPO3BaHTAXCHHS, TTIABUIICHHIO OOCATIB ITepeBaHTAKCHHSI,
3HIDKCHHIO BUTPAT Ta MiABUIICHHIO 3aTaIbHOI €(DEKTUBHOCTI AisUTBHOCTI TEPMIiHAITIB.
BucnoBkmu. JlocaimkeHHS 3 TEXHOJOTIYHUX PIMICHB IS TiABUIICHHS TMPOTYKTHB-
HOCTI BaHT@XKHO-PO3BAHTAXKYBAILHUX poOiT Ha LNG-TepMiHAIaX ¥ MOPCHKUX TTOPTax
3aCBIUIIIN 3HAYHUHA HAYKOBHUH 1 MPaKTUYHUH iHTEepec y mik obmacTi. BripoBamkeHHs
ABTOMAaTHU30BaHUX CHCTEM, POOOTOTEXHIKM Ta IITYYHOTO IHTEICKTY Ha TepMiHajlaX
pobuth pobodi mporecu OB €PEKTUBHUMH, TPOTPECUBHUMU Ta CYJaCHUMHU.
3acTocyBaHHS aBTOMATH30BaHHX CHUCTEM YIPABIIHHS JIO3BOJISE BIPOBAJIUTH KOOP-
JTUHAITII0 Ta CHHXPOHI3AIIIf0 TiSUTBHOCTI pi3HUX poOOUHX €JIEMEHTIB TepMiHaa, 1o 3HU-
KY€ Jac po3BAHTAXKCHHS Ta IiABUIIYE HOTO MPOAYKTHBHICTh. 3MEHIIIEHHS 3aJICKHOCTI
BiJI py9HOTO KEpyBaHHS Ta ONITHMI3aIlisl pecypciB 3a0€3MeuyI0Th Kpanuii KOHTPOJIb Hal
poboUYMMHE TIpOIIECaMU Ta CIIPUSIOTH 3HIKCHHIO BUTpaT. POOOTOTEXHIKAa BIPOBAIKYE
aBTOMAaTH30BaHi po00OYi MEXaHI3MH, 110 JTOIIOMAaraloTh YHUKHYTH PYTHHHOT Ta TSKKOL
TIparti, 3a0e3Meuy0Ir OMHOTACHO TiABUIICHHS O0€3TeKH Ta TOYHOCTI OTIEpPAITii.
3acToCcyBaHHS IITYYHOTO 1HTEIEKTY TO3BOJISIE aHANII3yBaTH Ta MPOTHO3YBATH NaHI
3 BENMKUX 00CATIB iH(OpMAIlii, IO JOmOMarae yrpaBiIsaTH TEPMiHAJIOM 3 OUTBIIOI0
e(eKTUBHICTIO. BUKOpHUCTAaHHS INTYYHOTO IHTENEKTY JMJII TPOTHO3YBAaHHS HaBaH-
T@XKEHHS Ta TUTAHYBaHHS POOOYMX oOIeparlii JT03BoisSe 3a0e3MeUnuTH OiIbIT THYJIKE
Ta ONTHMAJIbHE BUKOPUCTAHHSI PECYPCiB.
OpnHak BIIPOBaKCHHS TEXHOJIOTIYHHX pimeHb Ha LNG-TepMiHamax Takox 3ycTpi-
Yae TIeBHI BUKITUKA. [[pHHHATTS HOBUX TEXHOJIOTIH BUMarae 3HaYHUX iHBECTHIIIH, TIepe-
ITiITOTOBKH MIEPCOHAITY Ta iHTETpaIlii HOBUX CHCTEM 3 iCHyIOUUMH. 10 TOTO K, HasIBHICTh
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ABTOMATH30BAHUX CHCTEM MOXE 3aJIe)KaTH BiJ] TEXHIYHUX OOMEXKEHb Ta CKIAJHOCTI
BIIPOBAKCHHsI HA CTApUX TepMiHAJax.

3arasioM, BIPOBaP)KEHHSI TEXHOJIOTIYHHX pinteHs Ha LNG-TepMiHamax y MOpPChKUX
MOPTax € MEePCIIEKTUBHAM HAINPSIMKOM IS ITiIBUIIEHHS MTPOYKTUBHOCTI Ta ONTUMI3a-
il pobounx nporecis. BupimenHs mpodieM BIPOBAKEHHS Ta MOJAIBIIHNA PO3BUTOK
X TEXHOJOTiIH CTaHe BaXKIMBUM 3aBIaHHIM JJIS 3a0e3Me4eHHs CTIMKOrO PO3BUTKY
EHEPTeTHYHOTO0 CEKTOPY Ta IiJIBUINEHHS KOHKYPEHTOCIIPOMOXKHOCTI MOPCHKUX MOp-
TIB Ha CBITOBOMY PHHKY. JIOCATHEHHs LUX IiiJiel moTpedye MOJaNbIIUX JIOCHIHKEHb
Ta CIiBOpaIi MiXkK HAyKOBISIMH, TH)KEHEPaMH Ta MIPOMHCIOBUMH T'PaBISIMH ISl 320€3-
NeYeHHs1 e)EeKTUBHOTO Ta CTilikoro po3BuTKy LNG-TepmiHaiiB.
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Anomauisn

Bemyn. B pobomi 06rpynmosana neoOXioHicme no2iubienHs 3HaHb KYPCAHmie-cyo-
HOMEXAHIKI8 U000 A8ULY MA 3aKOHIE MENI08020 BUNPOMIHIOBAHHS WLIAXOM NPOBEOeHHS
@i3uuH020 excnepumenmy ma 3ACMOCY8AHHA CUcmeMu wmyuHo2o iHmenekmy. Onu-
cauma npobrema HeOOCMAMHbO20 38 SA3KY MIdNC MeopemUdHUMU 3HAHHAMU KYPCAHMI8
@Di3uYHUX 3aKOHI8 MA IX NPAKMUYHUM 3ACTNOCY8AHHAM 8 0OIAOHAHHI CYOHOBUX CUCTHEM.
Memoto pobomu € po3sumox Gaxosux KOMNemeHmHOCHeU KypcaHmie-cyoHomexa-
HIKIB WAXOM OOCHIONHCEHHS ABUULA TMENI08020 SUNPOMIHIOBAHHS, MdA BUKOPUCTHAHHSA
ChatGPT onsa nowyky inghopmayii ujo0o 3acmocysants nipomempis y cyOHOBUX CUC-
memax. Pezynemamu. Pospobiena ma anpobosana nokpokoga memoouxd, aka onucye
nabopamopre O0CHIONCeHHs ABUUA MENTI08020 SUNPOMIHIOBAHHS, BUKOHAHHI pO3pa-
XyHKi6 ¢hizuunux eenuuun; nowyk sa oonomozoro ChatGPT ingpopmayii wooo eudis,
nepesae, HedoONiKi6 ma obnacmetl 3ACMOCYB8AHHA NIPOMempi8 y CYOHOBUX CUCeMAX,
auanis iHgopmayii ma po3podxy bazamoacnekmuoi kiacugikayii nipomempis cyoHo-
sux cucmem. Bucnoexu. B pobomi 3acmocosanuti Kpoc-oucyuniinapuuii nioxio, saxuti
NOEOHYE MeopemuyHi 3HAHHA Ma NPAKMUYHI HABUYKU 6 obnacmi Qizuxu, iHpopmayii-
HUX MEXHONO2IU MA CUCMEMHO20 aHALi3y. 3anponoHo8ani MemoouKorw aKmMu8HOCHI
oanu 3mo2y ni0sUWUMU PiBeHb PO3BUMKY (axosux KomMnemeHmHocmel Kypcamis-cyo-
HoMmexaHiKie [ 3abe3neuunu nioguwents abconomuoi ycniwnocmi Ha 16%, akocmi Ha
11% 3a pezynomamamu icnumy. Busnaueni nepesacu 3acmocysanna ChatGPT, giomiue-
HAa HeMOXNCIUBICTND BUKOPUCIIAHHS WIMYYHO20 THMENeKmMY 8 CKIAOHUX CUCIEMAX YAPAde-
JIHHA Oe3 yuacmi TI0OUHU Yepe3 HEMOJCIUBICMb nepedOayeHHs ma HABYAHHS CUCTeMU
01 YCIX MONCAUBUX KOMOIHAYIN cumyayili ma nooii.

Kntouosi cnoea: menioge eunpominiosauHs, Qi3uunuil ekcnepumerm, WimyyHul
inmenexm, nipomempu CyOHOB8UX CUCHIEM.

© SApemuyk C.O., Macuos 1.3, 2023
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Summary

Introduction. The work substantiates the need to deepen the knowledge of cadet-ship
mechanics in the field of the phenomena and laws of thermal radiation by conducting
a physical experiment and using an artificial intelligence system. The problem of
insufficient connection between the theoretical knowledge of cadets and the practical
application of that knowledge in ship system equipment is described. The purpose of
this work is to develop the professional competencies of cadet-ship mechanics through
the study of the thermal radiation phenomenon and the use of ChatGPT to search for
information about the use of pyrometers in ship systems. Results. The technique has
been developed and tested. The technique describes a laboratory study of the thermal
radiation phenomenon. Using ChatGPT, we searched for information about the types,
advantages, disadvantages, and applications of ship pyrometers. We then analyzed this
information and developed a multi-aspect classification scheme for ship pyrometers.
Conclusions. The work utilizes a cross-disciplinary approach that combines theoretical
knowledge and practical skills in the fields of physics, information technology, and
systems analysis. The activity-based methodology proposed in this work has enabled
the development of professional competencies among cadet-ship mechanics and led
to a 16% increase in overall success rates and an 11% improvement in exam scores.
The advantages of the ChatGPT Al system have been identified, but the inability of
Al to operate in complex management systems without human involvement due to the
impossibility of predicting and teaching the system for all possible situations and events
has been noted.

Key words: thermal radiation, physical experiment, artificial intelligence, ship
system pyrometers.

Beryn. BaxxnmuBoro CKI1aIoBOIO OCBITHBOI HIATOTOBKH 3a crieniaibHicTio 271 «Mop-
ChKHUW Ta BHYTpIIIHIA BOOHHMN TpaHCHopT» cremianizamii 271.02 «YmpaBiiHHS Cy.I-
HOBHUMH TEXHIYHUMH CHUCTEMaMHM 1 KOMILIEKCaMU» € HaOyTTs KypcaHTaMu (axoBUX
KOMITETEHTHOCTEW 3 (Pi3WKH, SKi JAIOTh MOXIUBICTh MAaOyTHIM CYJHOBHM MeXaHi-
KaM KPUTUYHO OCMMCIIIOBATH OCHOBHI HOHSTTS, IPUHIMIIM T4 METOAU Cy4acHOI MOp-
CBKOI iHXeHepil; 00MpaTH Ta 3aCTOCOBYBATH 1HHOBAIIIIHI MiIX0I1 Ta IHCTPYMEHTAIbHI
3aco0u 17151 pO3B’sI3aHHA CKJIAAHUX NpodeciiiHnX 3a1a4d; 00IPyHTOBYBATH BIACHY TOUKY
30py Ta BUCHOBKH, BUKOPHCTOBYIOUM HOBITHI Teopii Ta KOHIemNii y chepi MOpPChKOi
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imkeHepii. @axoBi KOMIIETEHTHOCTI 3 (Di3HKH IPYHTYIOThCSI HA TEOPETUYHOMY BUBUCHHI
Ta EKCIIEPUMEHTAIBHOMY JOCIIDKESHHI (hi3UYHMX SBHUII Ta 3aKOHIB, K1 JISXKaTh B OCHOBI
pOOOTH CYTHOBUX MPHUIIAJIIB, YCTAHOBOK Ta CHCTEM.

Cepen OararoyrcenbHUX CYTHOBUX BUMIPIOBAIBHUX MTPUJIAJIIB BAXKIIUBE MiCIIE MTOCI-
JIAF0Th TPOMETPH, SIKi JO3BOJISIOTH BUMIPIOBATH HE JIMIIIE TEMIIEPATypy, a TAKOXK BOJIO-
ricTh Ha MEBHIH BiJCTaHi BiJl 00’€KTY, pO3paxOByBaTH TOYKY POCH, IOTEPEHKATH TIPO
HeOEe3MeKy YTBOPEHHS KOHCHCATY TOII0. B 0CHOBI po0OTH MipOMETPIB Jie)KaTh 3aKOHU
TEIJIOBOTO BHIIPOMIHIOBAaHHS, TOMY IX BHBYCHHS, Ta aHANi3 3aCTOCYBaHHS Cy4acHHX
MiPOMETPIB B CYJHOBHX CHCTEMaX € BAXKIMBOIO Ta HEBiJl'EMHOIO CKJIAJIOBOIO (haxoBoi
MiATOTOBKH KYPCaHTIB-CyJTHOMEXaHIKiB.

IocTranoBka nmpodjeMu. 3HAHHS SIBUII, MOJIEJICH Ta 3aKOHIB TEIUIOBOTO BUIIPOMi-
HIOBaHHS € JIy>K€ BaXKJIMBOIO CKJIAZIOBOIO (PaxoBOl MiJArOTOBKU KypcaHTiB. OqHaK Mpo-
OJeMa ToIsrae B TOMY, IO JIMIIEe TEOPETUYHA ITi/IT0TOBKA HE HaJla€ KypCaHTaM ITOBHOI
Ta IUIICHOT KapTUHHU IhOTO siBUINA. s TMOIIOro po3yMiHHS MPOIECIB TEILIOBOIO
BUIIPOMIHIOBaHHS HEOOXiJTHE €KCIIEPUMEHTAIbHE JIOCIIIPKEHHS Ta KUIBbKICHO OI[iHKa
(i3MYHUX BEJIHYHH, 110 XapaKTepU3YIOTh TEINIOBE BUNIPpOMiHIOBaHHs. Haounwuii dizny-
HUI eKCIIEPUMEHT, BIACHOPYY MPOBEICHUN KypCaHTaMH B JIAOOPAaTOPHUX YMOBAX, JIA€
MOXITUBICTD 3aJIiSITH iX acOLIaTHBHY IaM ATk, sIKa Pealli3ye 3B’S30K MiX peaJbHUMH
JisiMH Ta 00CTaBHHAMM, 1 TMTIMOMHHUMU 3HaHHSIMU. CIioraji MpOBEeIEHOTO eKCIIEPUMEHTY
3[aTeH BUKJIMKATH B TIaM’SITI KypCaHTIB IOB’s3aHi 3HAHHS, JIO3BOJISIOUH TyMKaM IO
JIAHITFOXKKY MHCJICHHMX acoIlialliii pyXxaTHcs BiJl OJXHUX 3HaHb a0 iHmux. Came acoiria-
TUBHI 3B’13KM BUTATYIOTh 3 NIMOMH HAKOMTUYEHUX B IIaM’STi 3HaHb, IOCBITY, 00CTaBUH,
Ta ySBJIEHb CaMe Ty iHpopMaIlifo, sika HeoOXiTHa [T BUPillIeHHs IpodeciiHUX 3aB/IaHb.

e ognra mpobnema momsirae y ciadkiid MpuB’ 3111 3HAHb KYPCaHTIB MIOJI0 TEOPETHY-
HUX 3aKOHIB ()i3MKH 70 TX 3aCTOCYBaHb B IpUJIaiaX y CKJIaJli CyJHOBOTO OO HAHHS.
OxpeMy KaTeropito Takux NpuiIajiiB CKIAal0Th TIPOMETPH — MPHJIaan OE3KOHTaKTHOTO
BUMIPIOBAaHHS TEMIIEPaTypH HATPITHX TiJl 32 IHTEHCHBHICTIO X TETJIOBOTO BUIIPOMIHIO-
BaHHA. J[71s1 TOMONaHHS PO3PHUBY MiXK 3HAHHSMHU TEOPETHYHHX 3aKOHIB, Ta iX MpakTHY-
HUM 3aCTOCYBaHHSIM B CYIHOBHX NpWJIaJiax, KypcaHTaM HeoOXilHa akTyaibHa iHpOp-
Mallist 00 MOXKIIMBOCTEH Ta 00IacTeld 3aCTOCYBaHHS CyYaCHHUX IIPOMETPIB y CKIIa/i
CYTHOBHUX CHCTEM, iX XapaKTEPUCTHK, 0COOIMBOCTEH poOOTH, TiepeBar Ta HeJIOIKIB.

BupimenHs onrcaHux mpoodieM 3yMOBITIOE HEOOX1THICTh OIISITY 3aKOHIB TEIUIOBOTO
BUIIPOMIHIOBaHHSI, TIPOBEACHHS (I3UYHOTO EKCIIEPUMEHTY, HEOOXiTHHX pO3paxyHKiB
JUISL KUTBKICHOT OLIIHKY (Di3MYHHX BEMYHH, MOIIYKY Ta aHANI3y aKTyaJlbHOI iHpopMarii
[IOJI0 MPAaKTUYHOTO 3aCTOCYBAHHS MIPOMETPIB Ha CY/IHI.

AHaJji3 ocTaHHIX AocaimKkeHb i myGiikaniii. Bei Tija BUNPOMIHIOIOTH €JIEKTPO-
MarfiTHi XBuji. TerIoBUM BUIIPOMIHIOBAHHSIM HA3UBAETHCS CJIEKTPOMArHiTHE BHIIPO-
MIiHIOBaHHS, 3yMOBJICHEe 30Yy/UKEHHSIM aTOMIB i MOJIEKYN Tijla 3a paxyHOK eHeprii ixX
TermnoBoro pyxy [1, ¢. 307-313]. IHTEeHCUBHICTh TEIIOBOTO BHIIPOMIHIOBAaHHS 1 HOr0
CTHEKTPabHUN CKIIAJI 3AJIEKATh BiJl TEMIIEpaTypH i XiMiuHOT pupoau Tina. Cepen Kijib-
KiCHUX XapaKTePUCTHK TEIJIOBOTO BUIIPOMIHIOBAHHS BiIOMI TaKi:

— BunpomintoBansHa 3natHicTiO Tina (B3) — 11e KiTbKICTh €Heprii, o BUIPOMIHIO-
€THCS 32 OJIUHUIIIO Yacy 3 OJJMHMIII TUIOIII Tijla B OMUHUYHOMY 1HTEPBAJIl YaCTOT:

dWeun ﬂf)fc
T (1)
dt-dS-dv|c-m -Ty

r(v,T)=
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— InTerpanbHa BumpomintoBanbHa 3natHicTh (IB3) — 1e kinbkicTh eHeprii, Mo
BUITPOMIHIOETHCS 3a OJJMHMIIIO YacCy 3 OJMHMIII IJIOMI TijIa Y BChbOMY iHTEpBaji 4acToT
BiJl HYJIS 10 HECKIHYEHHOCTI:

__dW | Mx _ Br
RB(T)_df'dS|:A/~C_A/il. 2)
Mix IB3 R (7) Ta B3 r (v, T) icHy€ 3B’5130K:

R(D=[rv,D)-dv . 3)

IlornmunaneHa 3natHicTh Tina (I13) — e BimHOIIEHHS MOTIIMHEHOI TLJIOM €Heprii 10
BCi€l Ma1arovo0i Ha TIIO €Heprii B iHTepBalli 4acToT Big v 10 v + dv:
AW
a(v, ) W (4)
ITpu gocnimkeHH] 3aKOHIB TEIIOBOTO BUIPOMIHIOBAHHS 3aCTOCOBYIOTHCSI HACTYIIHI
¢iznuni abcrpakuii. AbcomoTHo yopHe Tino (AUT) — ne disuuna abcrpakuis, Hix
SKOIO CIIiJ pO3yMiTH TiJ10, I13 sikoro A7t BCix 4acToT i TeMmeparyp JOPIBHIOE OAMHULIL:
a (v, T)=1. Monemmio AUT moxe OyTu nopoxHs HeTpo3opa chepa 3 HEBEIUKUM OTBO-
poMm (puc. 1). Ilpominb, npoxoasuu Kpizb oTBip A y nopoxxkuuny C, 6aratopa3oBo Bif-
OMBaETHCS Ta MPAKTUYHO LJIKOM MTOTJIMHAETHCS.

Puc. 1. Mooeno AYT

Ab6comrotHo cipe Tino (ACT) — e ¢iznyna aOCTPaKITis, i KOO CIIiJT PO3YMITH TiJIO,
13 sikoro MeHIIe OMMHUIT, OHAK TOCTIMHA IS BCIX YACTOT 1 TeMIeparyp. Y KOJIbOPO-
Boro Tina (KT) I13 € dyHKITi€I0 9acTOTH 1 TEeMIiepaTypH (puc. 2).

alv, Tyt
1 A4T

L, CT
// \@;v

Puc. 2. I'paghiune 300pascenns A4T, ACT ma KT

[IpuBeneMo OCHOBHI 3aKOHOMIPHOCTI TEIUIOBOTO BUITPOMIHIOBAHHS:

— 3akon Kipxroda Bcranormoe 38’130k Mik B3 i [13 Tina: BimHomenns B3 Tina
1o ioro I13 He 3anexxuTh Bia npupoau Tina i gopiBHioe B3 AUT (mpu Tiii ke 4acToTi
1 TeMmeparypi):

rn(v,T) nrWwT)
a(T)  avT)

r"w,T), (5)
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ae r* (v, T) — B3 AUT. lle BiJHOILICHHS € YHIBEPCAIbHOIO (IS BCIX TiJI) (PYyHKIIIERO
yacToTH 1 Temneparypu. OcHOBHaA IpoOiema BumpoMiHioBanHs AUT — BU3HauEHHS
Buay Qyskuii 7* (v, T). EKkCiepuMeHTH T03BOJIIIN 3HAUTH 110 3aJICKHICTb 1 CPOPMYITIO-
BaTH JIesIKi YacTUHHI 3akoHW BunpoMiHioBanHs AUT. ExcriepuMeHTanbHI 3aJ1e)KHOCTI
r* (v, T) mist ABOX 3HAYCHb TEMIIEpATypH IOKa3aHi Ha pHC. 3.

v T)
T >h

[ 2N P

Mim Vem v

Puc. 3. Excnepumenmanwi 3anescnocmi B3 ons AYT ons pisnux 3Hauens
yacmom i memnepamyp

Amnaris rpadiky cBiguuth, mo B3 mis AUT nagae npu Manux i BETUKUX 4acTOTaX
1 locsirae MakCUMyMy IIPH IESKOMY 3HadeHH1 v_. 3 poctoM Temmneparypu B3 3pocrae,
a 11 MaKcUMaJbHEe 3HaYEHHsI 3MIIIYETHCS B 00NACTh BEIUKHUX YacTOT.

— 3akoH Credana-bonbumana: IB3 qnst AUT npormopiiiiiHa 4eTBepTiid cTerneHi Horo
abcomroTHOI TemmepaTrypu, TOOTO

R'=0cT, (6)

,
ne o — crana Credana-bonpimana.
— 3akoH Bina: gacrora, Ha sKy npuxoauthcst MakcumyM B3 mast AUT, nponopuiiina
1oro a0CONIOTHIN TeMIieparypi:
vm=>bT, @)
ne b — crana Bina.
— dpyruii 3axon Bina: makcumansHa B3 st AUT npomopitifina TpeTiii cteneHi iforo
abCcoImoTHOT TeMIeparypi:
r¥(v )=CI r* (v, I). ®)
OpnHak omMcaHi 3aKOHH HE JAlOTh MOXIIMBOCTI BIITBOPUTH BUTVISI 3QJICKHOCTI
r* (v, T). lns fioro 3uaxomkenns [. Peneit i [, JxuHC BUKOPUCTATH KITACHIHUN 3aKOH
pO3MOAiTy eHeprii 3a cTyneHsiMu cBoO0IH, 1 3arpornonyBamn hopmyrry B3 mmst AUT:

r'(v,D= 7 kT, )

JIe ¢ — MIBUJKICTH CBiTNa, k — crana bonpumMana. L{s dpopmyna nepenbauae kBagpa-
TUYHE 3pocTaHHs B3 31 30UIBIIEHHSM YacTOTH V, 1 CIIBIAJAE 3 EKCIIEPUMEHTAIBHUMHU
JaHUMH B o0Onacti Manux 4actoT. [Ipu 30inbiienHi yacroru B3 mana Ou HeCKiHUEHHO
3poctaru. OIHaK Teopisd pi3KO pO3XOAUTHCA 3 eKcriepuMeHToM. Lleid mapamoke Kiacud-
HO1 (i3UKH — HEBIINOBIAHICTE TEOPii EKCIEPUMEHTY — OTPUMAaB Ha3By «yJabTpadione-
TOBOI KaracTpodm».

Lo npobnemy po3s’s3aB Makc [1naHK, KO BUCIIOBUB TiMIOTE3Y, 1110 MTPOIEC BUIIPO-
MiHIOBaHHS 1 TOTJIMHAHHS CBIT/Ia BiI0yBa€eThCs HE Oe3MepepBHO, a AUCKPETHUMH MOPLIi-
SIMU (KBaHTaMHM), EHEPTis SKUX BU3HAYAETHCS HOPMYIIOIO:

2
2wV
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e=h-v, (10)

Ie h — yHiBepcaibHa KOHCTaHTa, Ky Ha3WBarOTh cTanoro Ilmanka [2, c. 185-189].

3a 0MOMOT0I0 HOBUX YSIBICHB MPO MPUPOJY BUITPOMiHIOBaHHs [InaHK BiIKpUB QyHK-
ito po3noniny eneprii BunpomintoBanst AUT 3a yacroramu:

2
2rv hv , an
2 ehv/kT_l

P (v,T)=
C

AKa JTy’Ke TOYHO BiITBOPIOE EKCIIEPUMEHTANbHY KpUBY #* (v, T), 1 103BOMIsIE i ATBED-
JIUTH eKCIIEpUMEHTalbHI AaHi BunpomintoBanHs AUT.

Ha onmcannx 3akOHOMIpHOCTSIX TEIJIOBOTO BUIPOMiIHIOBAHHS IPYHTYETHCS TTipoMe-
Tpist — 00OJACTh TEXHIYHUX 3aCTOCYBaHb IJIs1 OE3KOHTAKTHOTO BHMIipPIOBAaHHS TeMIIEpa-
TypH Til. CyKyIHICTh ONTHYHUX METOJIB BU3HAYEHHS TEMIIEparyp, sIKi TPYHTYIOTHCS
Ha 3aKOHaX PIBHOBXHOTO BUIPOMIHIOBaHHS, HA3UBAETHCS ONTHYHOIO TEPMOMETPIEIO,
a METOAM BUMIpPIOBaHHS BUCOKHX TEMIIEpaTyp Ha3MBAIOTHCS ONTHYHOIO MiPOMETPI€I0
[3, c. 269-271]. 3anexHo Bix TOrO, SKHi 13 3aKOHIB BUIIPOMIHIOBAHHS IOKJIAJICHO
B OCHOBY METOJly BHUMIipIOBaHHS, PO3PI3HIIOTH TPHU YMOBHI TEMIIEPATYPHU: padiayiiiny,
SCKpABICHY ma KoaipHy, Ta BIATIOBIIHO, TPU BUIU TIPOMETPIB.

Iin padiayiiinoro posymirots Temmeparypy AYT, npu sikiit fioro B3 omnakosa 3 B3
Tija, TEeMIIepaTypy SKOro BU3Ha4aoTh. Panianiiiny TemnepaTypy BUMIpIOIOTh padiaLiii-
HUM MPOMETPOM, 00 €KTHB SIKOTO JIa€ 3MOTY OAEpKaTh YiTKe 300paskeHHs JpKepena
cBiTia Ha npuiimadi. [TlipoMeTpu monepenHbo TpanyrTh 3a gonomoro AYT, Temre-
parypa sIKoro Bijoma.

Ilix scxpasicroro posymitots Temmeparypy AUT, mpu skiii oro B3 mopisatoe B3
JIOCITIIPKYBAHOTO Tila JUIs Ti€i caMoi TOBKHUHU XBHIIL. SICKpaBiCHY TeMIlepaTypy BHMi-
PIOIOTH MIPOMETPOM 13 3HHMKAIOUOI0 HUTKOWO. [IpuHImn Horo aii mojsirae B ToMy, IO
300pakeHHsI IOBEPXHI HATrpiTOTrO Tijia, TEMIIEPATypPy SKOTO BU3HAYAIOTh, CyMIIIAIOTh 13
TUTOIIIMHOIO HUTKH JIAMITH POKAPEHHS, sIKa BMHUKA€EThCS B elIeKTpryYHe Kouto. [ToBepxHs
Tijla 1 HUTKA CIIOCTEPIraloThCs depe3 OKyIsIp. SKIIo TeMreparypa HUTKH HIKIE TeMITe-
parypu JOCIiKyBaHOTO Tijla, TO HUTKA Ma€ BUTIIS TEMHOI CMYKKH Ha TJIi 300pakeHHs
Tija, a KIO TEMIIepaTypa HUTKH BUIIIE TEMITEPaTypH Tijla, TO HUTKA Oy/ie O1IbII CBITIIOH0,
HK TOBEPXHS Tija. 3MIHIOIOYH CHITY CTPYMY, MOKHA 3MiHIOBATH sICKpaBicTh HUTKHU. Konn
SCKPaBOCTI HUTKH 1 JOCTIIKYBaHOTO TiJia 3piBHIIOTHCS, HUTKA «3HUKAEY, a IXHI TeMIle-
parypu OyayTh onHaKoBi. MiniaMnepMeTp MorepeHbo rpaayoloTh Y Tpaycax 3a J0mo-
Moroto unpomiatoBaras AUT. Komm Beamanaa 13 BUITPOMIHIOBAIBHOTO TiJIa BijoMa,
TO 32 ACKPaBICHOIO TEMIIEPaTypOI0 MOXKHA BU3HAYMTHU CIIPABKHIO TEMIEparypy Tina.

[lin xoripnorwo posymitoTh Temmeparypy AUT, mpu sKkiii crekTpalbHUR CKIIaj
HOTro BUIPOMIHIOBaHHS OIHAKOBHH i3 CHEKTPAJILHUM CKJIaJ0M JAOCIHiIKYyBaHOTO Tija.
[ToHATTSA KOMIPHOT TeMIepaTrypH 3aCTOCOBYETHCS N0 CipuX TuL. JJIsl Tii, y SKUX Mpo-
SIBJSIETHCSI CETICKTUBHICTh BHITPOMIHIOBAHHSI, TTOHATTS KOJIIPHOI TeMIeparypy He Mae
3MicTy. Psaa peambHUX BUIIPOMIHIOBadYiB (OKCHAM METaliB, Kepamika, rpadit Ta iH.)
MPAaKTHYHO SABJISAIOTH cO00I0 Cipi Tina. [y He cipuX Tij KoipHa TeMIlepaTypa BHIIa 3a
crnpaBxHIo Temneparypy. Konipaa remneparypa 0iab10CTi TBEPAUX TiM 1 piAUH 3HAYHO
MEHIIE BiPi3HAETHCA BiJ COPaBKHBOI TEMIIEPaTypH, HiX pajiamiiiHa 4y ScKpaBicHa.

3a J0MOMOTrOr0 ONTHYHUX MIPOMETPIB BUMIPIOIOTH HE CIIPaBXHi, a YMOBHI TeMIle-
parypu: pafiamiifHy, ICKpaBiCHY 1 KOJIIpHY, 3a SKHMH MOXHA PO3paxyBaTH CIIPABKHIO
TeMITepaTypH TiJia, IKIO BiAoMi HOTO ONTHYHI XapaKTEPUCTHUKH.
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J111si 3SMEHIIIEHHS BUTPAT Yacy Ha JIOCIKEHHS pO3paxyHKH (i3UIHUX BEIMYUH HE0O-
XiJHO aBTOMaTn3yBaTH. Ha Ham momsiyt, po3paxyHKd (i3UYHUX BEUYWH, TA B TOAAIb-
IOMY HaBUYQJIbHI Ta iH)KEHEPHI PO3paxyHKH MOPCHKUM iH)KEHEepam JOLIJIBHO Mpo-
rpamyBatu B Google Sheets. [onoBHa mepeBara 1bOro OE3KOIITOBHOIO TaOIMYHOIO
OHJIaWH-pENIaKTOpa 3 MOTY)KHUMH OOYHCITIOBATBHUMH MOMJIMBOCTSIMH TIOJISITAE B TOMY,
0 TabMuIli 30epiraroTbesi B XMapi, CHHXPOHI3YIOTHCS aBTOMaTHYHO, 1 10 HUX MOXKHA
OTPUMATH JIOCTYII 3 Oy/Ib-SKOTO MICIIS 3 OY/Ib-SKOrO IMPUCTPOIO 1 B Oyb-sikuii vac [4].

Jiist moiomanHs pO3pHUBY MiXK 3HAHHSIMH TEOPETUYHUX 3aKOHIB TEILIOBOTO BUTIPOMi-
HIOBaHHS, Ta 1X MPaKTUYHUM 3aCTOCYBaHHSIM, IOTPiOHO BHSCHUTH, SIKi CaMe MipOMETpH
3aCTOCOBYIOTBCS Ha CYJIHAX, Ta B IKUX CaMe CyJTHOBUX cucTeMax. [1onryk BiimoBii Ha 11l
3aMUTaHHS IPOTIOHYETHCS KypcaHTaM 3aiicHUTH 3a gonoMoroo ChatGPT. ChatGPT —
e cuctema mry4dHoro inTenexty (LI) mns renepaiii TekcTiB, sika 0a3yeThesl Ha ajro-
puTMax IHOOKOro HaBuaHHS. Po3poOHuMKM MOBHOI Momenmi, kommanis OpenAl [5],
MOCTIMHO JOKJIaal0Th 3yCUJIb sl po3BUTKY Ta oHoBIIeHHs ChatGPT. Ha nam norsi,
BukopuctanHs ChatGPT — ne Hapasi HallKkpaIluii crocio mouryKy HOBOI, e He Omy0JTi-
KOBaHOI y MiIpyYHHKaX Ta HaBYAJILHUX MOCIOHMKAX, iH(opMarii.

Hnst epexruBHoro BukopuctanHs ChatGPT po3poOneHi KOHKpETHI peKoMeH/a-
uii [6]:

1) mo6 orpumaru Gaxanuii pesynbrar, motpioHo Hagatn ChatGPT makcumanbHO
KOHKPETHI TEKCTOB1 BKa3iBKH;

2) ChatGPT HaBuaBcs Ha JaHUX 3 0araThb0X MOB, aJjie KUIBKICTh aHIIIHCHKOTO TEK-
CTY B HaBYQJILHOMY Marepiaii 3HauHO OiJIbIIa, TOMY JIJIs TOKPAIIEHHs Pe3yJAbTaTy CIiJl
BUKOHYBAaTH 3allATH aHTTIHCHKOIO;

3) ChatGPT o6po0isie 1o 4096 TOKeHIB y BXIJIHUX JaHHUX, OyAb-SKHA CUMBOJI, IO
MIEPEBHUIIYE K0 KUIBbKICTh, ITHOPYETHCS 0€3 MoBigoMIIeHHS. TOKeH MPUOIU3HO SKBiBa-
JICHTHUH CJIOBY, B 3aJIGKHOCTI BiJl BUMAJKY BUKOPUCTAHHS;

4) T'eHeparlito BiIMOBiJed MOXXHA 3YIMUHUTH 3a JOMOMOroK KHOMkH «CTOm»
HaJI TI0JIEM BBeZICHHS, KO 3po3ymino, mo ChatGPT pyxaeTbcst B HEMpaBUIEHOMY
HaIpsMKY;

5) sIKmIo mij vac yary OyJlo BBEJCHO HAATO Oarato NaHHWX, MOke OyTH KOPHCHO
[oYaTH HOBMI 4Yar, 1100 HACTYIHI BiAMOBIAl HE Oy/H 31IICOBaHi;

6) BBiwIMBI (hpa3u Ha KIITANT «OY/Ib JIACKAY 1 «ISIKYIO» € 3aliBUMHU.

3a gomomororo ChatGPT BukoHano morryk iHpopmarii moJ0 CBITOBHX HayKO-
BHX JOCJIJKEHb B 00J1aCTi TEIJIOBOTO BUIPOMIHIOBAHHS MPOTITOM OCTAHHIX I’ SATH
pokiB. Ile mocmimkeHHs epEeKTUBHOCTI KOHIIEMIIIT rapsuoi CTIHA HA OCHOBI BUKOPHC-
TaHHS HAHOYACTHHOK JUIsl 3MCHIIICHHS BUTIPOMIHIOBaHHS TETJIa B TAJIMBHUX Kamepax
ra3oTypOiHHHMX JIBUTYHIB; MOJICJIIOBAHHS TCIUIOBOTO BUIIPOMIHIOBAHHS T4 CTBOPEHHS
MaTeMaTHYHOI MOJIeNi MPOTHO3YyBaHHS TETUIOBOTO BHUIIPOMIHIOBAHHSI BiJi 00’ €KTiB
3 BHCOKOIO TEMIIEPaTypOlo; aHaji3 BILUTMBY (haKTOpiB Ha TEIUIOBE BUIPOMIHIOBAHHS
BiJl Ta30BUX IUISAM; JOCJIPKCHHsSI CYTTEBOrO BILUIMBY (opMU mOBepxHi Tina (cde-
pUYHA, TIHAPUYHA, KOHIYHA Ta IPSIMOKYTHA) Ha BUIIPOMIHIOBAHHS TeIlia 3 MOBEp-
XOHb 3 PI3HUMHU MOKPUTTAMU; JOCIIHKCHHS B3aEMOJIIT CBITIIa 3 METaMaTepiajiaMu JJIst
3MEHILICHHS TEIJIOBOTO BUIIPOMiHIOBaHHS [5]. Meramarepiaiv — e MITy4HI Mare-
pianu 3 He3BHYAHHUMH BJIIACTUBOCTAMHU. BOHUM CKIaNaloThCS 3 MIKPOCTPYKTYp, SIKi
pO3MillleHI Ha BiJCTaHi MOPIBHSAHHIN 3 JOBXKHHOK €JIEKTPOMArHiTHOi xBwji. Taki
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CTPYKTYPH MOXYTb 3[[IHCHIOBATH KOHTPOJIbOBAHY MaHIMYJAIIIO CBITIOM, 3/1aTHI OJI0-
KyBaTd, 3MiHIOBAaTH HaNpsMOK, pO3CiloBaTH a00 MOMIMHATH €EKTPOMArHiTHI XBHIII
PI3HUX JOBXKHH, BKIIOUAIOUHU CBITIIO, iHppauepBOHE BUIIPOMIHIOBAHHS Ta PaIiOXBHII.
MeTamarepiaiii MalOTh MOTEHIIAN /ISl PO3BUTKY PI3HOMAaHITHUX TEXHOJOTIH, TaKUX
SK HAAIIBUAKI OOYHMCICHHS, TMOKpAIICHHs ¢(QEKTHUBHOCTI €JNEKTPOHIKH, MEIUYHUX
NpUJIaIiB, CEHCOPIB, aHTEH, COHSYHHX Oarapeil Ta iHmMUX NpucTpois. [Ipore, cmin
3a3HAYMTH, 1[0 3aCTOCYBAHHS METaMaTepialliB Hapa3i He € ITUPOKO MOUIUPEHUM Yepe3
TEXHIYHI TPYAHOINII B IX BUTOTOBJIECHHI, CKJIQJHICTh YIPaBIiHHs IX BIACTHBOCTSIMH,
Ta BUCOKI BUTPATH Ha JAOCIIKCHHS Ta BUPOOHUIITBO [5].

ChatGPT He Tinbku reHepye yHiKalbHI TekcTH 3a 3anuToM. Llst cucrema I 31aTHa
CTaTH Ji€BUM, IIBUIKAM Ta MPOJAYKTHUBHUM aCHCTEHTOM CTYJCHTA Ta BUKJajaada, CHUC-
TeMa 3/[aTHA TeHePYBaTH IUIaHH, 1/1ei, MUTaHHs, TeCTH, pe3eHTallii Toio. [Ipu npoMy
icHye 3acrepexeHHst — ukopucraHHs ChatGPT sk egunoro mxepena indopmarii
B aKaJeMiYHHX YMOBAaX HE PEKOMEHIYEThCS, OCKUILKMA CHCTEMa HE 3lIaTHAa BiJlOKpe-
MUTH MPaBJy BiJl BUTAJKH [7], TOMY OTprMaHy iHQOpMAIIit0 CIIi/I TepeBipsATH Ha OCHOBI
OLIBII TOCTOBIPHMX JIXKEPEIL.

J11st po3BUTKY KOMIIETEHTHOCTEH 3 (Pi3UKH, Ta HAONMKEHHS TEOPETUIHUX 3HAHB 3710~
OyBadiB JI0 MPAKTHYHOTO 1X 3aCTOCYBaHHS y BUPIIIEHHI ()axOBUX 3a]1a4, MU PEKOMEHTY-
BaJM KypcanTam BukopuctoByBatu ChatGPT st mouryky HOBOT iH(popMallii 111010 cy/i-
HOBHUX MIPOMETPIB IicJIsi OTPUMAHHS 3HaHb 3 IPYHTOBHOTO HaBYAIBHOTO MociOHuKa [3].
TakuM YMHOM, eKCIEPUMEHTAIBHE JTIOCIIKSHHS SIBUILA TETUIOBOTO BUIIPOMIHIOBAaHHS,
nomryk 3a gonomororo ChatGPT akrtyansHOI iHpOpMAaIii 110710 BUKOPUCTAHHS TTipoMe-
TPIB B CYIHOBHX CHUCTEMax, Ta ii aHaJli3 € aKTyaJbHOK KPOC-TUCIMILIIHAPHOK 3a/1a-
4ero, Ta 00yMOBITIOE METy poOOTH.

MeTta Ta 3aBaaHHs po0doTH. Memoro pobomu € MiBUIICHHA DPIBHSA PO3BUTKY
(haxoBUX KOMITETEHTHOCTEH KypCaHTiB-CYTHOMEXaHIKIB IIUIIXOM PO3POOKH Ta anpoba-
1ii METOAUKH JIOCII/DKEHHS, sIKa TOEAHYE (DI3UUHUN SKCIICPUMEHT SIBHIIA TEIJIOBOT'O
BurpomiHtoBauHs, Bukopuctanus ChatGPT ans nomyky indopmMartii, Ta ananis iHpop-
Marlii 1o/10 3aCTOCYBaHHS MIPOMETPIB B CYJTHOBUX CHCTEMaX.

Jnst mocsirHeHHsT MeTH poOOTH HEOOXIJHO PO3POOHMTH Ta BUKOHATH HOKPOKOBY
MemOoOuUKy 00Caiddicen s, iKa ETaTbHO ONMUCY€E BUKOHAHHS TaKUX 3d80AHb:

1) mpoBecTH (Qi3UUHUIA EKCIIEPUMEHT 3 JOCIiPKEHHS SBUINA TEIUIOBOIO BHIIPOMi-
HIOBaHHSI, pO3paxyBaTH 3HAUYCHHsI MOTJIMHATIBLHOT 3/IaTHOCTI Ta IHTETPaIbHOI SIKPABOCTI
st ACT B TabnuuHOMy oHJaiH-penakTopi Google Sheets;

2) 3a ponomororw ChatGPT orpumaru akTyasibHy iH()OPMAILIO 11010 XapaKTepuUC-
THK, 0COOJMBOCTEH, MepeBar, HeJIOMIKIB Ta 00JacTeil 3acToOCyBaHHS MIPOMETPIB Y CY/I-
HOBHUX CHUCTEMaXx;

3) npoaHnaiizyBaTH iHpOpMAIliI0 Ta TOOYTyBaTH KiacH(]iKaIlito mMpoMeTpiB.

Bukiaa ocHOBHOTO MaTepiajy nociaigkenHs. Po3pooka ma 6ukoHanns noKpoKo-
601 MemoOuKu 00CIOHCEHHA.

Kpox 1. @isuunuii excnepumernm 3 00CHIONCEHHs A8UUA MENTL0B020 BUNDPOMIHIO-
sanus. Iy eKCIIEpUMEHTY HEeOoOX1THO BUKOPUCTATH J1abOpaTopHY YCTaHOBKY, €JIeK-
TpHYHA CXeMa KOl MMoKa3aHa Ha puc. 4.

B ycranosii B sikocti ACT BUKOPHUCTOBY€ETBCS BOJIb(pamMoBa HATKA JTaAMITH PO3Ka-
proBanHs 3 mwiorero S = 1,110 (m?). BunpomiHiOBaHHSI HUTKHU B IHTE€PBaJli TeMIIeparyp
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Puc. 4. Cxema nabopamopnoi ycmanoexu

800-2000°C necyTTeBO BiapizHseThes Bia BunpominioBanHs ACT. [lpu 3amannx 3Ha-
YeHHSIX CHJIM CTpyMy / BU3HAUAIOTh 3Ha4eHHS Hanpyru U, 1 BUMIPIOIOTh TEMIIEPaTypy
POIKApPEHHA JaMIK TIpOMeTpa 31 «3HHUKAIOYOI0 HUTKOIO». 3HAYEHHS TeMIIeparypu
BH3HAYAETHCS 32 TPaTypyBaIbHOIO KPHUBOIO, Tpadik sIKOi HAHECEHUH Ha MUTIMETPOBUH
TIartip, Ta BXOAWUTH JI0 CKIIaay yCTaHOBKHU. Ha puc. 5 300pakeHi kypcantu JlyHaliChKOTO
iHcTuTyTy Harionanpaoro yHiBepcurery «Omechbka MOPChKa akazemisn B gaboparopii
(hi3WKH B Mporieci BUKOHAHHS €KCTIEPUMEHTY.

Buwmipu 3nadens Ui T ipu KOOKHOMY 3Ha4€HHI CHIIH CTPYMY KYPCAHTH BHKOHYIOTh
TpH pasu. Pe3ynbraty BUMipiB 3aHOCATH B 2, 3, 4 xonoHku Tabmuii 1. Komonku 5, 617
po3paxoBaHi 3a JOIMOMOTO0 TabMMIHOTO OHIaiH-pegakTopa Google Sheets.

Puc. 5. Kypcanmu 6 npoyeci 6UKOHAHHS eKCHepUMeHmY

B 5 konoHIIi po3paxoBaHa eJICKTPUYHA TIOTYXKHICTh JlaMIii. B 6 1 7 KoloHKax po3-
paxoBaHi BiIXUJICHHS JUI O0UHCICHHS TOXHOOK.
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Tabmaums 1
OTpumaHi ekciepuMeHTaNbHI 1aHi
Ne I(uA) | U(B) T (K) P=1IU(Bm) | AT (K) AT (K)?
1 23 1,4 1160 32,2 76,6667 5877,7778
2 40 1,6 1230 64 6,6667 44,4444
3 60 1,8 1320 108 -83,3333 6944,4444
Sizggﬂ‘;; 41 1,6 1236,6667 68,0667 4288,8889

Kpok 2. Bugedenns pospaxynxosux ¢popmyn. Ockinbku 113 mns ACT mocriitHa
1 He 3aJIe)KUTh BiJ 4acToTH, 3ak0H Kipxroda MokHa 3amucary Tak:

rv, I)y=ar" (v, T) (12)
[HTerpyroun e Bupa3s 1o 4acToTi B MeXax BiJ HYJIS 10 HECKIHYCHHOCTI, OTpUMa-
€MO HACTyIIHUH BUpa3:

o = = (13)

ne R iR’ —interpanbni B3 nns ACT ta AYT. Ilpu cranomy nporeci BUIPOMiHIO-
BaHHS MOTYXHICTh €JIeKTPUIHOTO CTPYMY, IO MiJBOJUTHCS 10 JIAMIIH, LIJIKOM Iepe-
TBOPIOETHCS B €HEPTII0 BUMPOMIHIOBAaHHS, 1 BU3HAYAETHCS (OPMYIIOIO:

R =— (14)

ne P = [U — enekTpuyHa TOTYKHICTh JIaMITH, a S — IIJIOMA BOJIB(PPAMOBOI HUTKH
namnu posxkaptopanns. [lincrapnstoun R 3 popmynu (14) i R "3 dopmynu (6) y dop-
Mmymy (13), orpumaemo hopmyiry pospaxyaky I13 mrs CT:
U

__1v 15
’ oT'S’ (15)

B yMoBax gaHOr0 €KCIEpUMEHTY BUIIPOMiHIOBAJIbHA 3aTHICTH MPONOpLiKHA SICKpa-
BoCTi Tina. 3a 3akoHoM Credana-bonpimana inrerpansia sickpasicts (L) ans AUT:

1
By =—0oT", (16)
n

ne crana Credana-bonbimana 6 = 5,71 - 108 Br/m? - K4,

Tomi IS g ACT:

BACT:laGT4, (17)
V4

ne a — 113 ma ACT.

Kpox 3. Buxonauna pospaxyuxie. Ha puc.6 300pakeHi Kypcantu JlyHalCBKOTO
iHcTuTyTy HarionansHoro yHiBepcurery «Omechbka MOpPChKa akajieMis» B jJabopato-
pii Gi3WKH M Yac BUKOHAHHS PO3PaxyHKIB B TaOIMYHOMY OHJaiH-penaktopi Google
Sheets.

3a dpopmynoro (15) kypcanTu pospaxysanu 3HadeHHs [13 qist ACT a = 0,4465.

3a dopmyioro (17) pospaxosano 3nauenns IS uia ACT B, = 18992,4725.

Otpumani 3uaderss [13 Ta IS mst ACT minkoM miaTBEpIKYIOTh TEOPETHUIHI TI0JI0-
JKCHHS KBAaHTOBOT (Di3MKH, Ta HAOYHO JEMOHCTPYIOTh TIPUHIIUI JIiT ITIPOMETPIB.
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Puc. 6. Kypcanmu nio yac 8UuKoHaHHs po3paxyHKise

Kpox 4. @opmysanns numans 015 nouwlyky ingpopmayii wjooo 3acmocysanis nipo-
Mempig y cyonosux cucmemax 3za oonomozoro ChatGPT. Ha 3amut Buknanada ChatGPT
3aIpONOHYBaB TaKi MUTAHHS JUIS IONIYKY iH(pOopMaIIii:

1. SIki OCHOBHI IPUHIMIHN POOOTH CYJHOBHX MIPOMETPIB Ta K BOHH MOXYTh OyTH
BHKOPHCTaHI1 Ha MOPCHKUX CyIHAX?

2. SIki mapaMeTpu MOXYTh OyTH BHUMIpPSIHI 3a JOTIOMOTOIO0 CyAHOBUX IIpOMETPIB,
Ta 5K Il 1aHl MOXYTh OyTH BUKOPHCTaHI JJI1 MOHITOPHUHTY TEXHIYHOTO CTaHy CyaHa?

3. Ski Buam TMipoMeTpiB HaldacTille BUKOPUCTOBYIOTHCS Ha MOPCHKHX CyHHAaX,
Ta sIKi TIepeBaru Ta HeMOJIKH MArOTh ITi IPUCTPOi?

4. Slxi YMHHUKYA MOXXYTh BIUTMBAaTH HA TOYHICTH BUMIPIOBAHHS TEMIIEpaTypH 3a
JIOTIOMOTOI0 CYTHOBHX HIPOMETPIB, Ta sIK I (akTopu MOXXyTh OyTH BpaxoBaHi MpH iX
BHUKOPUCTaHHI?

5. SIxi iHIII TeXHIYHI 32CO0M MOXYTh BUKOPHCTOBYBATHUCS TSI BUMIPIOBAHHS TEM-
reparypu Ha MOPCHKHX CyJTHAX Ta sIKi TIepeBard Ta HEAOIIKA MaIOTh ITi TPUCTPOI MOPiB-
HSHO 3 CyAHOBHUMHU TIipOMETpamu?

6. SIki Bimomi Kiacu MipOMETPIB 3a BUKOHYBAHWMH (YHKIISIMH, 3aCTOCYBaHHIM
B CHCTEMaXx, Ta BapTICTIO.

7. Ha3BiTh BilOMi KOMMaHii-BUPOOHMKH IIPOMETPIB, SIKi BHUKOPHCTOBYIOTHCS
Ha MOPCBHKHUX CyJHaX, Ta JalTe MOCUIaHHS Ha CAlTH KOMIaHiH.

OtpumaHi nuTaHHs OyJIH 3alPOIIOHOBAHI KypcaHTaM JUIs OLIYKY iH(popMariii.

Kpox 5. 3a oonomozoro ChatGPT nowyx ingpopmayii wjo0o 3acmocysanus nipome-
mpig y cyonosux cucmemax. Jlnsa nomyky iHpopmarnii ChatGPT kypcanTtu 3apeectpy-
Banucs Ha pecypci [5]. Ilpomec peectparrii gy»e MpOCTHI Ta 3aiiMae KiTbKa XBHIIWH.
Koxunii xypcaHnTt B mporeci criiakyBaHHS 3 ChatGPT oTpuMaB AOKJIagHy BiIIOBIIH
Ha OfIHE 3alTUTaHHS.

Kpok 6. Ilepesipka ingpopmayii wpo0o 3acmocysanis nipomempis y CyOHO8UX CUC-
memax.

— Indopmaris, nagana ChatGPT, Oyna nepeBipeHa 3 BUKOPUCTAHHSM HaBYAIBLHOTO
nocionuka [8], 1 BU3HaHA JOCTOBIpHOO, 32 BUHATKOM Haganux ChatGPT mocuianb
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Ha caiitu. [lepeBipka MocuiIaHp mokasaia, 110 i3 JeB’ATH IMOCUIIaHb IIICTh MOCHJIAHb
(66%) BuUsBWIHCS HeNpalOYuMHi. Ha Ham momis, Bi TPETUHHU MMOCUIIaHb BCTHIIIU
3aCTapiTH 3a Yac HaBYaHHS Ta BUMpoOyBaHHs cuctemu 1111

Kpoxk 7. Ananiz inghopmayii wyooo 3acmocysants nipomempis y cyOHO8UX cucme-
max. [lipoMeTpy BHKOPUCTOBYIOTBCS Ha CyHHAX ISl KOHTPOJIO TeMIIepaTypH Pi3HOTO
oOnagHaHHsS Ta CHCTEM Jyid 3a0e3rnedyeHHs Oe3nedHoi Ta edektuBHOli podotu. Buxo-
Js19u 3 QYHKIIOHATBHOCTI Ta CHCTEM 3aCTOCYBaHHS, Cy/THOBI MIPOMETPH MOXKHA KI1acH-
¢bikyBaTH HACTYITHUM YHHOM:

— Ilipomempu b6e3xonmaxmui IpU3HAYEHI JUII BUMIPIOBAaHHS TEMITEPATyPH MOBEP-
XOHB 0€3 KOHTAKTy 3 HUMH. BOHU BUKOPHCTOBYIOTHCS IIJIsl BAMIPIOBaHHS TEMIIEpaTypu
KOMIIOHEHTIB, JI0 SIKUX BaXKKO JiCTAaTHCS, TAKUX SIK CHCTEMHU BUXJIOIIHUX T'a3iB Ta KOTJIH.
Le indpayepBoHi mipoMeTpH Ta BOIOKOHHO-ONTUYHI TIPOMETPH.

— Ilipomempu xonmaxmui TPU3HAYCHI [T BUMIPIOBaHHS TEMIIEPATYPU ITOBEPXOHB
npu 6e3nocepeIHbOMY KOHTAKTi. BOHH BUKOPUCTOBYIOTHCS JIJIsi BUMIPIOBaHHS TeMITe-
paTypu KOMITOHEHTIB IBUTYHA, TAKUX SIK TIOPIITHI, ITiIITAITHAKA Ta BaJIA, 1 MICTITH Y CBO-
€MY CKJIaJli TEpMOIIapH Ta PE3UCTHBHI JAaTYMKH TeMIleparypH (resistance temperature
detectors RTDs).

— Ilipomempu euxnonnux 2azié 3aCTOCOBYIOTbCS AJISI KOHTPOMIIO MPOLYKTUBHOCTI
1 TeMIepaTypH BUXJIOITHUX Ta3iB CyTHOBOTO JIBUTYHA.

— Ilipomempu Kom.ig BUKOPUCTOBYIOTHCS Il 3a0e3MEUeHHS WOTO Oe3medHol
Ta ePeKTUBHOT pOOOTH.

— Ilipomempu cyonosux mypoin BAKOPUCTOBYIOTHCS JIIsI KOHTPOJFO TIPOTYKTHBHOCTI
Ta 3abe3neueHHs Oe3reYHol poOoTH.

— Ilipomempu cyoHoeux neueii BUKOPUCTOBYIOThCS I 3a0e3MeueHHsT 0e3MeyHOi
Ta e)eKTUBHOI pOOOTH.

IlipomeTpam BIIacTHBI Taki nepegaeu:

1) mounicms eumiprosanHs — MPOMETPH TOYHO BUMIPIOIOTh BHCOKI TeMITEpaTypH,
10 BOXKIIUBO I MOHITOPUHTY O0JIa/ITHAHHS MOPCHKUX 1 PIYKOBHX CY/ICH;

2) 6e3KOHMAaKmMHICMb BUMIPIO6aHHA — TIIPOMETPU HE MOTPiIOHO (Pi3MYHO BCTABISATH
y BUMipioBaHe oOnagHanHs. [le HeoOXiHO /I 00saHAHHS, /IO SIKOTO BaXKKO OTPUMATH
JOCTYII, a00 TaM, Jie BBEJICHHSI TEMIIEpaTypHOT0 30HIy MOXe OyTH HeOe3IeUHNM;

3) sucoka weuoKicmov euUMiplo8anHs — TPOMETPH 3a0€3MEUyIOTh IMBUAKI TOKa3d
TEMIEPATYpH, 10 MOKe OYTH JyKe KOPHCHUM JUIA BUSBIICHHS 3MiH TEMIIEPaTypH, SKi
MOXXYTb BKa3yBaTH Ha MpooOeMy 3 00naqHaHHsIM;

4) nopmamueHnicms ma npocmoma 'y BAKOPUCTaHHI, 110 POOUTH iX 3pydIHUM iHCTPY-
MEHTOM JIJIsl KOHTPOITIO TeMIIepaTypH.

IlipomeTpam BIacTUBI TaKi HEOOMIKU:

1) obmesicenuii dianazon BAMIPIOBaHb — ITIPOMETPH OOMEXKEHI HE 31aTHI TOYHO BUMI-
PIOBaTH 3aHAJTO HU3bKI 00 3aHA/ITO BUCOKI TEMIIEpaTypH 11032 Jiama3oHoM;

2) yymaugicms 00 yMO6 HaBKOIMIIHBOTO CEPEIOBHUINA — ITHJI, BOJOTICTH 1 BiOpamii
MOXYTh BIUIMBAaTH Ha TOYHICTh BUMipIOBaHHS;

3) Heobxionicmb KanibpyeanHs — MIPOMETPU MOTPIOHO TEPIOTUYHO KaliOpyBaTH,
00 3a0e3MEeYNTH iX TOYHICTb, IO MOXKE 3alHATH 0araro 4acy i MOXKe BUMarary CIelli-
aJIi30BaHOro 00JIaHAHHS;

4) sucoxa éapmicms — MPOMETPH MOXYTh OyTH BIJTHOCHO JOPOTHMH, OCOOIHBO
MOJIETI 3 OUTBIIT BUCOKOKO TOUHICTIO 1 OLTBII IIMPOKHUMHY TEMITEPaTyPHUMH Jlialla30HaAMHU.
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BapricTh pi3HEX MoJelneil mipoMeTpiB 3MIHIOETHCS 3aJIEKHO BiJl Pi3HUX (aKTOpiB,
TaKuX K TOYHICTH TPUCTPOIO, Jiana30H BUMIPIOBAHb Ta JIOAATKOBI (QYHKIIII, Taki sK
MOXITUBOCTI peecTpaii faHux. hazoea moodenv MipoOMETpa 3 OJAHUM TeMIIepaTypHUM
30H/IOM 1 POCTUM JucIIeeM Moke komryBatH Bix $100 g0 $200. Mooens cepednvozo
K1acy 3 AeKITbKOMa TeMIIEpaTypHUMH 30HIaMH Ta MA(POBUM JUCIUICEM MOXKE KOIITY-
Baru Bix $300 10 $500. Bucokosikicna mooens 3 NeKiibKoMa TeMIIEpaTypHUMH 30HIaMH,
MOXITUBOCTSIMH PEECTpaIlii JaHUX Ta PO3IMMUPEHUMH (QYHKIIISIMUA, TAKAMH SIK TT1JIKITFO-
yenns Bluetooth, moxxe xorrrysatu Big $700 n0 $1000 abo Ginbie. Modens npogheciii-
HO20 KAACy 3 BUCOKOIO TOYHICTIO, JICKIIbKOMa TeMIIepaTypHUMH 30HJIaMH Ta JIOAATKO-
BUMH (QYHKIISIMH, TAKHIMH SIK aHANI3 JAaHUX B PEXKHMI peaNbHOTO Yacy Ta HaJallToBaHi
CHT'HAJIM TPUBOTH MOXKYTh KomityBaru monan $1000. HaBenena BapticTh € mpubim3-
HOIO, | MOXKE 3MIHFOBATHCS B 3aJICKHOCTI BiJl MapKH, MOJICII Ta JTOJATKOBUX (DYHKIIIH.
Takok MatoTh OyTH BpaXxoBaHi BUTPATH Ha BCTAHOBJICHHS Ta KaTiOpyBaHHS MipOMETPIB.

Haituacrinie Ha cyJJHaX 3aCTOCOBYIOTHCS MIPOMETPU BHXJIOITHUX Ta3iB Ta MPOMETPH
KOTJIIB, Yepe3 iX BaXXIIUBICTh Y MOHITOPUHTY TeMIIepaTypH JBUTYHA Ta KOTJIa Jis Oe3-
nevHoi Ta edekTrBHOI pobotu. HaliBigomimni y cBiTi BAPOOHUKHU MIpOMETPIB JJISI CY/I-
HOBHUX CHUCTEM — I1¢ amepukaHchbki kommnaHil «FLIR Systems», «Raytek», « Williamson
Corporation», bputanceka «Land Instruments International», HiMerbka «Optrisy.

Kpox 8. Pospobka kracugpixayii nipomempie cyonosux cucmem. IIpoBeneHnii aHami3
JI03BOJIUB KypcaHTaM c(opMyBaTH 0aratoacrekTHy kiacudikaiiiiny cxemy mpoMeTpiB
(puc. 7) y TekctoBOMY OHJaiH-mipotiecopi Google Docs [9].

Kpox 9. 3a oonomocoro ChatGPT cmeopenns mecmie 051 nepesipku 3HAHbL KVp-
canmisé wooo 3acmocysants nipomempis y cyonosux cucmemax. Ha 3anut Bukiagada
ChatGPT chopMyBaB TECTH 3 TPhOMa BapiaHTaMH BiIMOBICH CTOCOBHO 3aCTOCYBaHHS
MipOMETPIB B CyTHOBUX CHCTEMAX:

1. SAxuit npuHIMI poOOTH MAIOTh CYJHOBI MipoMeTpu? a) BUMIpIOIOTh TeMIiepaTypy
3a JIOIIOMOTOI0 KOHTAKTHUX €JIEeMEHTIB b) BUMIpIOIOTh TemrepaTypy 3a JIOTIOMOTO0
iH(ppauePBOHOTO BUIIPOMIHIOBaHHS ¢) BUMIpIOIOTE TEMIeparypy 3a JOIOMOTOK MIiKpO-
XBUJILOBOTO BUIIPOMiHIOBaHHS (puc. 7).

2. SIki mapamMeTpH TeMIIepaTypyu MOXKYThb OyTH BHMIpPSIHI 3a JIOTIOMOTOIO CYTHOBHX
mipomerpiB? a) Tinmeku Temmeparypa moBitpst b) Tinbku Temrieparypa MeTaleBUX
MoBepXoHb ¢) TeMIiepaTypa MoBiTps, METAJIEBUX TIOBEPXOHb Ta 1HIIIMX MaTepiais.

3. SIk MOXyTb OyTH BHKOpPHUCTaHi JaHi 3 CYJHOBHX IMipPOMETPIB JJIsi MOHITOPUHTY
TEXHIYHOTO CTaHy cynHa? a) [l BUMIipIOBaHHS TeMmIieparypu nanusa b) [{ns Bumipro-
BaHHSI TEMITEPATYPH BOJH y CUCTEMi OXOJIOMKeHHS ¢) Jiis BUMipIoBaHHSI TeMIIepaTypH
TpyOOINPOBOIIB Ta 1HIINX KOMIIOHEHTIB Cy/IHA.

4. SIkwuii (hakTOp MOXKE BIUTMBATH HA TOYHICTH BUMIPIOBAHHS TEMIIEPATYpH 3a JOTO-
MOTOI0 CYITHOBHX mipoMeTpiB? a) Bimcranb Mi CyaHOM Ta 00’€KTOM BHMipIOBaHHS
b) Kyt Haxuiy cynHa BiTHOCHO 00’€KTy BUMIpIOBaHHA C) Bincranb Mix mipoMeTpom
Ta 00’€KTOM BUMIpPIOBaHHS.

5. Slku iHIMN TeXHIYHUN 3aci0 MOXke OyTH BUKOPHCTAHHHN JIJIsl BUMipIOBaHHS TEM-
nepaTypy Ha MOPCHKHX CYJJHAX MOPIBHSHO 3 CyITHOBUMHU mipoMeTpamu? a) TepMoMeTp
3 IJIaBarO4or0 cTpiukoro b) Tepmomnapa ¢) [pagycHuK 3 pTYTTIO.

Ha 3anut Buknanaua ChatGPT chopMmyBaB IpaBUIIbHI BiIOBi/II HAa TeCTH: 1-1 TecT
0) BumipioroTh TeMmriepaTypy 3a JOIOMOIOK iH(QPaYepBOHOTO BUIIPOMIHIOBAHHS;
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ITipometpu cynHOBHX
CHCTEM

Krnacudikawis - .
iau KonTakTHi BeskoHTaKTHI
32 MPUHIAIIOM Jii
[ ]
Krnacudikamis . . .
ixau Panianiiini SlckpaBicHi Kouipni
3a TEMIIepPaTyporo
[ ] ]
Knacudixamiss (| Tlipomerpu ipomeTpu ITipomerpu
3a obactio BUXJIOITHHX Iipometpn CYJHOBHX CYIHOBHX
3aCTOCYBaHHs rasiB KOTJI1B TypOiH KOTJIiB
JIBUTYHA
I I [ |
. . Basosi Moeni Bucoko Monens
Knacuodikaris ) . -
. Mozeni CcepeIHbOro SKiCHa npogeciitio
3a QyHKLISIMU ) .
MMPOMETPIB KJacy MozeJb ro xjiacy
[ | I I I
Knacuodikaris
3a “FLIR “Williamson “Raviek’ “Land “Optris”
. ’ ris
BUpOOHUKaMH || Systems” Corporation” ayte Instruments p
International”

Puc. 7. bBacamoacnexmna kiacugikayiiina cxema nipomempie CyOHO8UX CUcCmem

Puc. 8. Pezynomamu mecmysanns 3nansv Kypcanmis 3a mecmamu 6io ChatGPT
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2-ii Tect ¢) Temmeparypa MOBITps, METAJIEBUX MOBEPXOHb Ta IHIIMX Marepialis;
3-it Tect ¢) Jlns BHMIipIOBaHHS TEMIIEparypy TPyOOIPOBOJIB Ta IHIIUX KOMITOHEH-
TiB cynHa; 4-ii TecT a) BincTanp Mixk cymHOM Ta 00’€KTOM BHMIipIOBaHHS; 5-H TecT
b) Tepmormapa.

Kpox 10. Konmpons 3nanv kypcanmia 3 suxopucmanuam mecmis 6io ChatGPT. Tec-
TYBaHHS MPOBOJMIIOCH 3a JIOTIOMOTOIO MPOTPaMHOTO 3a0e3MeUeHHs aJIMiHICTpYBaHHS
ornutyBanHs Google Forms [10]. OTpuMaHni pe3y/ibTaTi TeCTYBaHHS [MOKa3aHi Ha puc. 8.

Pesynbrari TecTyBaHHS IOKA3yIOTh, IO OUIBIIICT KYPCAHTIB BIJIIOBLIN TPABUIBHO
Ha BCl II’SITh 3alMTaHb, CEpeNHii 0an cTaHOBUTH 4,65 3a M’ ATHOAIBHOO IIKAJIOD, 110
3acBiJIUy€ BUCOKHUI PIBEHb 3HAHb KypCAHTIB 3 JIaHOI TEMHU.

TakuM YUHOM, BIACHOPYY MPOBEACHUH KypCcaHTaMH HAOYHUH (Hi3WYHUN eKcrepH-
MEHT, aBTOMaTH3ailisi po3paxyHkiB B Google Sheets, 3amyuenHs moBHoi momem LI
ChatGPT no nomyky iHndopmarii, anamni3 inpopmanii, moOymosa knacudikamii mipo-
MeTpiB cyaHOBHX cucteM B Google Docs, Ta Bukopuctanns tectiB Bin ChatGPT nns
KOHTPOJIIO 3HaHb KypcaHTiB B Google Forms — Bci 11i aKTUBHOCTI 3arajioM ITiIBUIIHIIN
PiBEHb PO3BUTKY (Pax0OBHX KOMIETEHTHOCTEH MallOyTHIX MOPCHKUX THXKEHEPIB, 1 3a0e3-
MEYMIIM MiABUIICHHS: 1) abconroTHOI ycmimHOCTI (BiIHOMIEHHST KUIBKOCTI KypcaH-
TiB, O CKJIANHK icTUT 3 (Pi3WKH, 10 3arajibHOI KUTBKOCTI KYpCcaHTIB y rpymi) Ha 16%);
2) AKocTi HaBYaHHS (BIJHOIICHHS KUTBKOCTI KYPCAaHTIB 3 OIIIHKOIO «I00pe» Ta «Bil-
MIHHOY JIO 3arajibHOi KiJIbKOCTI KypcaHTiB Ha icruti) Ha 11%.

BucHoBku. B po0oti 00rpyHTOBaHa HEOOXIHICTH TOTJIMOJICHHS 3HAHb Ta PO3YMiHb
3aKOHIB, SIBUII Ta TMPOIECIB TEIJIOBOTO BUIIPOMIHIOBAHHS IUISXOM TPOBEACHHS Kyp-
canTamu (pizudHOrO ekcriepuMenty. Onucana mpoodjieMa HeJOCTaTHBOIO 3B A3KY MiXk
TEOPETUYHUMH 3HAHHSIMH KYPCaHTiB-CYTHOMEXaHIKiB 3aKOHIB TEIUIOBOTO BUIIPOMIHIO-
BaHHS Ta iX MPAKTUYHUM 3aCTOCYBaHHIM B ITIPOMETPaX CYTHOBUX CHCTEM.

[IpoBeaeHumii aHai3 TiTEpATypHUX JKEPEI JT03BOJIMB BU3HAYMTH (Di3UUHI BEJTUUHMHH,
MOJIeTIi, OCHOBHI 3aKOHM Ta METOJM BU3HAYCHHS TEMIlepaTryp HarpiTHX Til, sSKi BHUKO-
PHUCTOBYIOTHCS B TIIPOMETPaX Ui KOHTPOIIO TEMITEPATYPH PIZHOMaHITHOTO CYJHOBOTO
o0JaIHaHHA 3 METOFO 3a0e3MeYeHHs HOro O6e3redHoi Ta eeKTHBHOT pOOOTH.

Po3pobineHa mokpokoBa METOMKA, sIKa OMKCYE: JTA0OpaTOpHE MOCIIPKEHHS SBHIIA
TEIJIOBOTO BHUIPOMIHIOBAHHS; BHUKOHAHHS pPO3PaxXyHKIB TODIWHAIBHOI 3IaTHOCTI
Ta iHTerpanbHoi skpaBocTi it ACT B TabnuuHomy oHnaliH-penakropi Google Sheets;
nomyk 3a gonomoror cucremu LI ChatGPT indopmariii om0 xapakTepucTHK, 0CO-
OJMBOCTEH, IEpeBar, HeIOJIKIB Ta 00IacTell 3acToCyBaHHS TIPOMETPIB Y CYTHOBUX CHUC-
TeMax; aHaji3 iHhopmallii Ta po3poOKy OararoacnekTHOI KiacudikamiifHoi cXeMu Mmipo-
MeTpiB cynmHOBUX cucTeM. [1ix yac obroBopenHs Kypcantamu MoxmBocteit ChatGPT
BU3HAYCHI [TEpEBaru CUCTEMH: TPOCTOTa BUKOPUCTAHHSI, IIBU/IKICTh HaJaHHS 3alTUTAHO1
iHpOpMaIii, JormoMora y BUKOHaHHI Pi3HOMaHITHHX 3aBJaHb. BogHoUac KypcaHTamu
BiMIU€HA HEMOXKJIMBICTh BUukopucTanHs I111 6e3 y4acTi JTIOMUHU B CKJIAJHUX CUCTEMAX
yIpaBIiHAS Yepe3 HEMOXKIIUBICTh Mepe0aueHHs Ta HaBYaHHS CHUCTEMH ISl YCiX MOXK-
JIUBUX KOMOIHAII CUTYyAIliil Ta oI,

3anporoHoBaHa METOIMKA arnpoOoBaHa Ha Ja00OPATOPHUX 3aHATTSX 3 PI3UKH Y TPyIIi
KypCaHTiB-CYJTHOMEXaHIKiB 3 JOCATHEHHSIM MO3UTHBHOTO pe3ynbTary. [IpoBeneHHS
(i3MYHOTO eKCTIEPUMEHTY, aBTOMAaTH3allis PO3PaxyHKIB Ta 3alydeHHs MOBHOI MOJEi
I ChatGPT 10 po3BUTKY (haXOBHX KOMIIETEHTHOCTEH MaiiOyTHiX MOPCHKUX 1HXKEHEPIiB
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JIaJIi 3MOTY MiJBUIUTH a0CONIOTHY YCIINIHICTh Ha 16% Ta skicTh HaBuaHHA Ha 11%,
1110 OyJI0 BCTAHOBJICHO 3a pe3y/IbTaTaMH ICITUTIB.

B po6oTi 3acTocoBaHuil KpOC-AUCIUILTIHAPHUN TIAXiM, IKUN MOEIHYE TCOPSTUYHI

3HAHHS Ta MPAKTUYHI HABUYKK B 00JacTi Qi3uKH, iHGOpMALIIHHUX TEXHOJIOTIH Ta cuc-
TeMHoro aHaizy. [Tonanbia podoTa Oyze cipsMOBaHa Ha JOCHIKSHHS Ta anpo0ariio
MeTO/iB e(peKTUBHOTO BUukopucTanHs cucteM 1111 B HaBuanpHOMY Mporieci 3100yBauaMu
OCBITH Ta BUKJIaJ|a4aMH, 3 BU3HAYCHHSM CTYICHIO JIOIIIbHOCTI BUKOPUCTAHHS METOIIB.
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JOTICTUYHUN NIAXII 10 ONTUMIBALII MIZKHAPOJHUX
ABTOMOBLILHUX MEPEBE3EHD

H.T. Kynna', 1.1. HaymoBens’
'K.T.H., IOLEHT, Ipodecop Kadeapu Mi>KHAPOIHHUX MEPEBE3CHb Ta MUTHOTO KOHTPOITIO,
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2marictp (akyapTeTy TPAHCIIOPTHHUX Ta iH)OPMAIIHHAX TEXHOJIOTH,
Hayionanvuuit mpancnopmuuil ynieepcumem, Kuis, Yxpaina

Anomauis

Bemyn. Bukopucmannsa npunyunie ao2icmuku 015 YOOCKOHAIEHH 00CMABKU 8aH-
MadiCie NPeo0CmMasIAEMbCA BaANCIUBUM 3AB0AHHAM 018 NIONPUEMCING, WO 3ALLMAIOMbCSL
MidcHapooHumu nepeseseHuaAMuU. CKAaOHICMb npoyecy mpancnopmy8aHHs 6AHMANCIE
BUKIIUKANIA NOS8Y OKPEMO20 HANPAMKY OisbHOCMI — MPAHCNOPMHOI no2icmuku. Ak
HAyKa 80HA 6NIUBAE HA e(heKMUBHICMb npoyecy 00CMaAsKU ma 3abe3neuesHs 3a0080-
JleHHs1 nompeb Kkaienmie. Mema: npoananizyeamu ma cUCmMemMamu3y8amu 102iCmuy-
HI nioxXoo0u 00 onmumizayii MIJCHAPOOHUX ABMOMOOILIbHUX Nepese3eHb BAHMAIICIS.
Pesynomamu. Epexmusne HAOAHHA N02ICMUYHUX NOCTAY2 HA ABMOMPAHCHNOPMHUX
nionpuemcmeax 30IUCHIOEMbCs Yepe3 OOMPUManHs npasuil «7 richtigyr: nompionuil
mosap HeobXiOHOI KitbKocmi ma yCmaHo81eHol AKocmi mMae Oymu nocmasieHul 3
MIHIMATbHUMU 3AMPAmMamu y 6Kazane Micye ma y3200ceHull yac came momy Kii€H-
my, sKuil 1020 3amoeus. AHaniz npoyecy 00CMAGKU 8AHMAICI6 cAme aBMOMOOITbHUM
MPAHCNOPMOoM 8UABUE NeBHI npobiemu ma Hedonixu. Lle sucoxi eumpamu, 3ampum-
Ku ma HecmabilbHicmb 00CMABKU, HEOOCMAMH epeKmMUSHICMbL Mapupymusayii,
MpYoOHOWi 3i CKIAOYBAHHAM MA PO3BAHMANCEHHAM, Hedocmamus iHgopmayitina nio-
mpumka. Cucmemamuzo8ano Kilbka 8apianmis 102iCmMuyHUX nioxooie 01 GUPIULeHHS]
npoodnem: SUKOPUCNAHHS CYYACHUX MEXHON02I THHOPMAYIliHOL cucmemu YRPAGiHHSL
JLO2ICIMUKOI0, B00CKOHALEHHA MAPWPYMU3ayii ma niaHyeanHs 00CMAaeKU, 3aCMOoCY8aH-
HS IHMepMOOaIbHO20 MPAHCHOPIY, B00CKOHANIEHHS IH(pACMPYKMYpU ma mepmMiHais,
YCMAHOBNeHHs NAPMHEPCHKUX 8iOHOCUH MaA CNIBNpays 3 IHUUMU JTO2ICMUYHUMU One-
pamopamu. Bucnoexu. Jlocicmuuni inghopmayitini cucmemu 3a6e3neuyroms CmedliceHHs
3a 8anmasicem ma NOKPAWYIOmMy NIAHYB8AHHA Ma KOopOouHayiro docmasku. Hasicayitini
CYNYMHUKOBI CUCMeMU 8UABTIAIOMb ONMUMALbHI Mapuipymu ma pecypcu. Kombinayis
PIBHUX 8UOIB MPAHCNOPMY O03605€ IMEHWMUMU SUMPAMU, 8 MOMY YUCTE 102ICMUYHI,
SHUBUMU eKOL02TYHULL 8NIUS HA 008KiIA. MoOdepHizayis mepminanis 3abe3neuye dinvi
weuodke ma epexmusne 0bpobaenns sanmaoicie. Ilapmuepcoki 8i0HOCUHU MIdIC 102IC-
MUYHUMU ONEPpamopamy CHPUsIONb WUPUIOMY OXONJEHHIO PUHKY Ma NOKPAUJEHHIO

© Kynpa H.T., Haymoseus J1.1., 2023
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AKOCMI MPAHcnopmHuo20 o06cay208yeanns. CucmemHe 6NPOBAONCEHHS T02ICMUYHUX
nioxo0ie Mae GeruUKUll NOMEHYIAN Ons NIOGUUEHHS eheKMUBHOCMI MA KOHKYDEHMO-
CNPOMONCHOCIE MPAHCHOPMHUX NIONPUEMCIE.

Knrouoei cnoea: misicnapoori asmomobinbhi nepege3ents, mpancnopmua 102icmu-
Ka, 00CMABKa 8AHMANCIB, T02ICMUYHI NIOX00U, ONMUMI3AYISL.

LOGISTICS APPROACH TO OPTIMIZATION OF INTERNATIONAL
ROAD TRANSPORTATION

N.T. Kunda!, D.D. Naumovets>
'PhD, Associate Professor, Professor at the Department of International Transportation
and Customs Control,
National Transport University, Kyiv, Ukraine,
ORCID ID: 0000-0001-7290-7267
“Master at the Faculty of Transport and Information Technologies,
National Transport University, Kyiv, Ukraine

Summary

Introduction. The use of logistics principles to improve the delivery of goods
seems to be an important task for enterprises engaged in international transportation.
The complexity of the process of cargo transportation has led to the emergence of a
separate area of activity—transportlogistics. As a science, it influences the efficiency of the
delivery process and ensures customer satisfaction. Purpose. to analyze and systematize
logistics approaches to optimizing international road transportation of goods. Results.
The efficient provision of logistics services at road transport enterprises is carried out
through compliance with the ‘7 richtig’rules: the right product of the required quantity
and quality must be delivered at minimum cost to the specified place and at the agreed
time to the client who ordered it. An analysis of the process of delivering goods by
road has revealed certain problems and shortcomings that need to be addressed. These
include high costs, delays and instability of delivery, insufficient routing efficiency,
difficulties with storage and unloading, and insufficient information support. Several
variants of logistics approaches to solving the problems are systematized.: the use of
modern technologies of the logistics management information system, improvement
of routing and delivery planning, use of intermodal transport, improvement of
infrastructure and terminals, the establishment of partnerships and cooperation with
other logistics operators. Conclusions. Logistics information systems provide cargo
tracking and improve delivery planning and coordination. Navigation satellite systems
identify optimal routes and resources. The combination of different modes of transport
helps to reduce costs, including logistics costs. Modernization of terminals ensures
faster and more efficient cargo handling. Partnerships between logistics operators
contribute to wider market coverage and improved quality of transportation services.
The systematic implementation of logistics approaches has great potential to increase
the efficiency and competitiveness of transport companies.

Key words: international road transportation, transport logistics, cargo delivery,
logistics approaches, optimization.

197



PO3BUTOK TPAHCIIOPTY
Ne 3(18), 2023

IMocTranoBka mpodiemMu. Y cydyacHOMY CBiTi MibKHapOJHA TOPTiBJs HaOyia BEI-
KOTO 3HAa4€HHS U PO3BUTKY €KOHOMIKH Ta 3a/I0BOJICHHS 1MoTped cycmiabeTBa. Baxk-
JIMBHM aCMEKTOM MIKHAPOJHOI TOPTiBIli € e()eKTHBHA Ta IIBUJKA TOCTABKA BAHTAXKIB.
VYockoHaNIeHHS TOCTaBKM BaHTAXiB aBTOMOOITBHUM TPAHCIOPTOM 3 BUKOPUCTAHHIM
NPUHIIMITIB JIOTICTHKH CTAa€ HA/I3BUYAHO BAKIIMBUM 3aBJaHHIM JJIS T IIPUEMCTB, 110
3aifMarOThCSl MDXXKHAPOJHUMH TIEPEBE3CHHSIMHU BaHTAXIB.

HesBakatoun Ha Te, 110 1 TIOHKHI Y CIIEIialIbHIN JTiTepaTypi HEMa€e YiTKOro BU3HA-
YCHHSI TIOHATTS «JIOTICTHKa» Ta ICHYE JCKiIbKa IeCATKIB 03HAYCHb, Y 3arajibHOMY 11 PO3-
DISJAI0Th K HAayKy TpO IJIaHyBaHHS, OpraHizamito Ta iHhopMallilo Mpo NepeMileHHs
TOBApiB BiJl MOCTaYaJIbHUKA JI0 CIOkKBaua [1]. 3a OHUM i3 03HAYEHB, JIOTICTHKA — 1€
MUCTEITBO JIOCTABJIATH TOBApH Y HEOOXIJHIN KIJTBKOCTI Y BKa3aHE MICIIe 32 BHU3HAue-
HUI TepMiH 3 HaMeHIIMMH 3aTparaMu. OHAK ICHYIOTh MPOOJIEeMH YiTKOi opraHizamii
TUTAaHYBaHHS 1 yNPaBIiHHS BUPOOHUIITBOM, MiITOTOBKH TOBAapy O TPAHCIOPTYBaHHS,
K1 TOTpeOyIOTh CHiIbHOTO pimieHHs [2; 3]. Hapasi yoricTka € OCHOBHHM HampsiM-
KOM YIIOCKOHAJICHHSI TPaHCIIOPTHOTO 0OCTYTrOBYyBaHHS y cepax BUpOOHHIITBA, pO3IIO-
Ity 1 criokuBaHHS ToBapiB. JloricTuka sIK HayKa Ta MPaKTHKa KEPyBaHHS MOTOKAMH
TOBapiB, iH(GOpMAIlii Ta OCIYT BILTUBAE Ha €()EKTUBHICTH MPOIECY TOCTABKY BAHTAXKIB
Ta 3a0e3MeueHHs 3aJ0BOJICHHS MOTPed KIIEHTIB, TOMY OLiHKA ii CTaHy, JA0CHiKEHHS
HAIpPSIMKIB PO3BHUTKY € aKTyaJbHUM 3aBJIAHHSIM.

AHani3 ocraHHix my6Jikamiii. 3aranbHi 3acamy pO3BUTKY JIOTICTUKHU SIK HayKH,
(GYHKIIOHYBaHHSI TPAHCHMOPTHUX JIOTICTUYHUX CHCTEM 3aKliajieHi y Oararhbox mpa-
1AX 3apyOiKHUX 1 BITYM3HAHUX BUeHUX, Takux sk J[. JIx. Bayepoxc, . Jx. Knocc,
Ix.P. Crok, E. Bapmi, Ix. [Tap, M. Kpictodep, .M. Jlambept, A. IamxuHCHKUH,
€. Kpukaecokuii, O. I'opoenko, IO. [TonomaproBa Ta iHIIi. BIUIMB JIOTICTHKH SIK
IHCTPYMEHTY MECHE/DKMEHTY Ha KOHKYPEHTOCIPOMOXHICTh MiANPHEMCTB JA0CHTIKYIOTh
M. Jlanubko, C. ITanuyenko, A. HoeikoBa, T. Macenko Ta iH. He3Baxkarouu Ha BEJUKY
KIJIBKICTh TyOTiKaiii, mpo6ieMu epeKTUBHOTO HaIaHHs JIOTICTUYHUX TIOCIYT Ha aBTO-
TPAHCHOPTHHX ITiIIPUEMCTBAX MOTPEOYIOTH MOJANBIINX A0CHTIHKEHb.

MeTo10 cTarTi € BUSBICHHS POOJIEM Ta HEJOJMIKIB y IOTOYHOMY CTaHi JIOCTaBKH
BaHTaXIB caMe¢ aBTOMOOUIbHUM TPAHCIIOPTOM Yy MIKHAPOJHOMY CIOIYYEHHI Ta pO3-
poOKa MPOIO3UILiH 00 iX YAOCKOHAJICHHS 3 BUKOPUCTAHHSAM MPHUHIIMITIB JIOTICTHKH.
Ile mo3BOaUTH 3a0e3neunTH OLTBIN e()EeKTUBHUMN, MIBUAKUN Ta HAIIHHWIA TpoIleC
JIOCTABKH BaHTaXIB, IO CIIPUSITHME TiIBUIICHHIO KOHKYPEHTOCIIPOMOXHOCTI ITiIIpH-
€MCTB Ta 3aJI0BOJICHHIO TTOTpeO KIieHTiB. MeTa JoCiKeHHS: poaHaizyBaru, chop-
MYJIFOBaTA Ta CHUCTEMAaTH3yBaTH JIOTICTHYHI MIiJXOAM IO ONTHUMI3alii MIKHAPOIHUX
aBTOMOOIIBHUX TIEpEeBE3eHb BAHTAXKIB.

Buxkian ocnoBHOTo martepiany. Po3pi3HSIOTE OKpeMi BUH JIOTICTHKH, SIK TO JIOTiC-
THKa 3araciB, BUPOOHWYA, 3aKyIliBesbHa, iH(OpMaIliiiHa, MATHA, CKJIaJIChKa, a TaKOX
TPaHCIOPTHA JIOTICTHKA — CHCTEMa OpraHi3ailii mepeMilieHHs] BAaHTaXIB 32 ONTUMAITb-
HUM MapuIpyTOM, sIKa Ma€ CBOI crielu(iuHi 3aBIaHHA Ta MpoOiaeMu [4] i Ky MOXKHA
peaizyBaTH 3a TICBHUMH TNPUHIWNIAMHU, HANPHUKIIAJA, TaK 3BaHUMH IPABHJIAMH JIOTic-
tuku “7R — 7 richtig” (puc. 1).

IIpaBwio 1 BKasye, 110 KIIE€HTY MOTPIOEH TUIBKM TOW TOBap, 3a SKHHM BiH IOTO-
BUH CIUIaTUTH; 32 YMOBH BHKOHAHHS TpaBHJIa YHCJIO CIIOKUBAYIB TOBApYy HIKOJIH HE
3MEHIIUTHCS, & MOXKIIMBO, 1 30UIbIHTECS. [IpaBriio 2 periaMeHTye MoCTaBKy TOBapy
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[oTpiOHmit
TOBap
MiniManpHI HeoOxingna
BUTpATH KUTBKICTB
Y3romxeHui VcraHoieHa
1ac AKICTh
Bkazane
Mmicie

Puc. 1. I[Ipasuna nocicmuxu “7R — 7 richtig”

HeoOXiIHOI KIIBKOCTI, BKa3aHoi kiieHToM. IIpaBuno 3 Bumarae, o6 KIi€HTYy AOCTaB-
JISUTH TOBAp YCTaHOBJICHOT SIKOCTI MpH 30epekeHHI BCiX BIACTUBOCTEH 1 XapaKTEPUCTHK.
[IpaBuno 4 Bumarae, mo6 ToBap OyB MOCTaBICHUH TIJIBKH B MicLle, BKa3aHe KIIEHTOM.
[IpaBuno 5 Bumarae, 1106 ToBap OyB ZOCTAaBICHUHN TITBKU B 4ac, Y3TOKCHUH 3 KITi€H-
ToM. [IpaBuiio 6 TOBOpUTH PO Te, IO JOAATKOBI BUTPATH Ha IOCTaBKY TOBAapy MaroTh
OyTu MiHiMizoBaHi. [IpaBuio 7 BuMarae BiJ nmocrayajibHUKa, 1100 TOBap OyB AOCTaBie-
HUIA CAME TOMY KIIIEHTY, SIKUi HOrO 3aMOBHB.

CTBepaxKyeThCs, IO TIABKK 32 YMOBM BUKOHAHHS YCIX CEMHM MpaBHJI JIOTICTHKA SIK
HayKa JocAra€ CBOi MPAaKTHYHOI MeTH. ToMy € KHUTTE31AaTHOIO po0oya TiloTe3a: 3acTo-
CYBaHHS MPUHLMUIIB JOTiCTUKH B YIOCKOHAIECHHI JOCTAaBKH BAaHTAXiB aBTOMOOUILHUM
TPAHCIOPTOM Y MIKHAPOAHOMY CIOJyYEHHI CHPUATHME 3MEHIICHHIO Yacy IOCTaBKH,
3HWKEHHIO BUTPAT Ta 30€pPEKEHHS SIKOCTi TOBapYy, IO MO3UTUBHO BILIMBATHME ITiBH-
LICHHIO KOHKYPEHTOCHPOMOXHOCTI MIANPUEMCTB Ta 3aI0BOJICHHIO MOTPEO KITIEHTIB.

3riHo 3 LU0 CTATTi MPOAHAi30BaHO IIOTOYHHI CTaH MPOLECY JOCTaBKU BAaHTaXKIB
aBTOMOOITBHUM TPAHCIIOPTOM y MIKHAPOAHOMY CIIOJYYEHHI Ta BHSABJICHO MpOOIeMHU
Ta HEJIOJIKH, 10 € HAMOIIBII TOITUPEHUMH.

Bucoxi sumpamu. JlocTaBka BaHTaXiB aBTOMOOUIEHUM TPAHCIIOPTOM Y Mi>KHApOA-
HOMY CIIOJlyYeHHI 4YacTO CYHPOBOIKYETHCS 3HAUHUMH BHUTpaTaMH, SIKi BKIIIOYAIOThH
BUTpaTH Ha manuBo Ta [IMM, omnary po6oTu BoziiB, MUTHI Ta iHIII 300pH, BUTpaTH,
MOB’s13aHi 3 MEPETHHOM KOPAOHY, CTpaxyBaHH;IM, O(OPMIICHHSM CYNPOBITHOI JOKY-
MeHTalii. Ik HaciiIoK, BUCOKI BUTPAaTH MOXXYTbh HETaTMBHO BIUIMBAaTH Ha MPHOYTKO-
BiCTh MiJNPUEMCTB Ta 301IbIIYBaTH BapTiCTh TOBAPiB AJS KIHLIIEBUX CIIOKUBAYiB.

3ampumxu ma uecmabirbnicms Odocmasku. OIHIEID 3 OCHOBHHX HpoOieM
B JOCTaBLi BaHTaXiB aBTOMOOIIBHUM TPAaHCIHOPTOM Y MiKHAPOAHOMY CIOJyYEHHI
€ yacTi 3aTpuMKH. Lle Moxe OyTy OB’ s13aHO 31 CKJIQJIHOIAMHU TP IIEPETHHI KOPIOHIB,
HEIOCTaTHIM IUIaHYBaHHSIM MapLIPYTiB, HEMPaBUILHUM BHOOPOM IIYHKTIB 3aBaHTa-
KECHHS Ta PO3BAHTAXEHHSI, 8 TAKOXK HECHPUSTIMBUMHU IIOTOJHUMHU YMOBaMH. Sk HacIi-
JIOK, HeCTabIbHICTh JJOCTAaBKM MOXE MPU3BOAMTH [0 MOPYLICHHS JIAHLIOTa OCTaBOK
Ta HEAOBIpHU 3 OOKY KITi€HTIB.
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Heoocmamus egpexmuenicmoe mapuwpymusayii. B nporeci JTOCTaBKH BaHTaXIB
aBTOMOOIJIBHUM TPAHCIIOPTOM HE 3aBXKJIHM BJAETHCSI BUKOPHUCTATH ONTHUMAallbHI Mapil-
pyTH. BifgcyTHicCTh e(heKTHBHOT MapIIpyTH3aIlii MoXe OyTH OB’ s13aHa 3 0OMEKCHHSIMU
Ha JIOporax Ta BiJICYTHICTIO TOYHOT iH(OpMaIllii PO JTOPOXKHI YMOBH, 30KpeMa, yepes
0OMOBI Ail, Ta HEJOCTaTHIM MOHITOPHHIOM TPAHCIIOPTHHUX 3ac00iB. SIk HACIINOK, Iie
MOXKE TMPHU3BOAUTH A0 IMOJOBXKEHHS MapIIpyTy, YaCOBUX 3aTPHUMOK Ta 301IbIICHHS
BUTpAT Ha MaJHBO.

Tpyonowi 3i CKIAOYBAHHAM MA PO36AHMANCeHHSAM. Y MDKHAPOIHIN TOCTABII BaHTa-
JKIB MOXKYTh BUHHKATH MPOOJIEMH 31 CKJIAIYBAaHHSIM Ta PO3BAHTAXKCHHSIM Ha TepMiHaIaxX
Ta IMyHKTaX MPU3HAYeHHs. SIK HACNIZIOK, HEAOCTATHI pecypcH JUIsl IIBUIKOTO PO3BaHTA-
JKeHHSI, Hee(DEeKTHBHE YIPAaBIiHHS CKJIaJCHKUM IMPOCTOPOM Ta HEIOCTATHS IMiArOTOBKA
MaiJJaHYUKIB MOXKYTh TIPU3BOJMTH JIO 3aTPUMOK Ta MOPYIICHHS rpadiky JOCTABKH.

Heoocmamus ingopmayitina niompumxa. Y NesKux BUNaKax iHGopMaIis Ipo cTaH
JIOCTaBKHU Ta MICIIE3HAXOMKEHHS BaHTaKiB MOYKe OyTH HEJIOCTaTHbOIO ab0 HEmpaBiu-
Bor0. Lle yckiagHioe BiICTE)KCHHSI BAHTAXIB Ta BUACHE pearyBaHHS Ha MOXIIUBI MPo-
Onemu. Sk HacCHiJOK, BIICYTHICTh TOYHOI Ta HaAiIWHOI iH(pOPMAIT MOXKE MPU3BOTUTH
JI0 HEJIOBipH 3 OOKY KIIIEHTIB Ta YCKJIQJIHIOBATH YIIPABIIIHHS JIOTICTHYHAMH MTPOIIECAMHU.

i mpoGsieMu Ta HEOIIKK y MIOTOYHOMY CTaHIi JIOCTABKH BaHTa)KiB aBTOMOO1IbLHUM
TPAHCTIOPTOM y MDKHApOAHOMY CIIOJY4YEHHI MOTPEOYIOTh YCYHEHHS Ta BHPIIICHHS.
BukoprcTaHHs IPUHIUITIB JOTiCTHKH MOYKE JJOTIOMOTTH ONITUMIi3yBaTu BUTPATH, 3MEH-
UIMTH 3aTPUMKH, TOKPAIUTH MapUIPYTH3AIII0, 3a0e3MEYUTH e(PEKTUBHE CKJIayBaHHS
Ta PO3BaHTAXKEHHS, a TAKOXK 3a0€3MMEUNTH HANIHHY 1HPOPMAIIHHY MIATPHUMKY.

OpieHTyr0urch HA OCHOBHI 3aBJIaHHs TPAHCIOPTHOI JIOTiCTUKH [4] 1 BpaxoByrouH,
IO CHEKTP JIOTICTUYHUX IMiXOMIB € JJOCUTh ITUPOKHIA, 30CEPEAUMOCS JIUIIE HA THUX, IO
BUJIAIOTHCS TS OpraHizallii aBToOMOOIBHOTO NIEPEBE3CHHS BAHTAXKIB Y MIXKHAPOITHOMY
CTIOJyYeHHI HAWOUTBII pe3ybTaTHBHUMHE. [ BHOOPY e(eKTHBHUX PIlIeHb 3alpoIio-
HY€EMO JIJIsl PO3IVISILy HACTYITHI BapiaHTH JIOTICTUYHUX MIIXO/IB:

1. BukopucranHs CydacHHX TEXHOJOTIH iH(opMamiiHOi CHUCTEMH YIpaBIiHHS
JIOTiCTHKOIO.

2. YnockoHaJleHHsI MapIIpyTH3allii Ta TUIaHYBaHHSI JIOCTaBKH.

3. 3acrocyBaHHS IHTEPMOAAIBLHOTO TPAHCIIOPTY.

4. ViockoHalleHHS iHPPACTPYKTYpH Ta TEPMiHAIIB.

5. BcraHOBJIEHHS TAPTHEPCHKUX BIJIHOCHH Ta CITIBIIPALS 3 IHITMMH JIOTiCTHYHHUMHU
oreparopamu.

1. Bukopucmanhnsa HOGIMHIX MexHONO02IN iHopmauiiinoi cucmemu ynpaeiinus
aozicmukoro (iHakie — jgorictuuHoi iHopmarttifiHoi cuctemu JIIC) € ogHUM 3 KITFHOYO-
BUX BapiaHTIB yI0CKOHAJICHHS JOCTaBKH BaHTaXKiB aBTOMOOLILHUM TPAHCIIOPTOM Y MiK-
HapoOAHOMY CIoydeHHi. [HhopMallis € KIIFOYOBUM €JIEMEHTOM JIOTICTUYHUX OIeparlii,
a JIIC siBnsie coO0r0 aBTOMATH30BaHy CHCTEMY YIIPABJIIHHS JIOTICTHYHUMH TPOIIECaAMH.
ParjionanbHe BIpPOBa/KEHHSI Ta €(EKTUBHE BHKOPUCTAHHS TAaKUX CHUCTEM J03BOJISIE
MOKPALTUTHA KOHTPOJIb 32 JIOTICTHYHUMH MPOIIECaMHt, 3a0€3MEYNTH TOUHY Ta aKTyaIbHY
iH(pOopMaIIiio PO PyX BaHTAXKIB, CIIPOCTUTH KOMYHIKAI[IIO 3 YYaCHUKAMH JIOTiICTUYHOTO
JIAHITIOTA Ta MiJIBUIIATH 3arajibHy e(peKTUBHICTh AocTaBKu. Cepell cydacHuX iHpopMma-
LIHHUX TEXHOJIOTIH BHIIISIFOTh aBTOMATH30BaHI cucteMu ynpariinHi ACY, iHTerpo-
BaHi cucremu ynpasiuinas [CY, kopnoparusHi iHopmaniiiai cucremu KIC, knacuuny
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sorictuuny kouueniiro MRP (Material Requirements Planning), rHy4Ky cuctemy B3ae-
mogii 3 kimientamu CRM (Customer Relationship Management), iepcrieKTHBHY KOHIICTI-
uito IBP (Integrated Business Planning), o oxoruiroe 3aBgaHHs aBTOMATH3AIIil yIIpaB-
JIHHSA T JIPUEMCTBOM Ha 0a3i CHCTEMH yIIpaBIiHHsI 3HAHHSMH | HEUPOHHUX Mepex [5—7].

la) OnHolo 3 TONOBHHX 3aja4y iHGOPMAIIHHOT CHCTEMU YIPaBIiHHS JIOTICTUKOIO
€ MOHIMOPUHE BAHMANCIE MA KOHMPONb iX pyXy, MO JOCATAETHCS MUITXOM BHKOPHUC-
taHHg TexHoiorii GPS (Global Positioning System), CyImyTHUKOBOTO BiJICTEKEHHS
Ta IHIIMX CYyYaCHUX 3acO0IB MOHITOPUHTY. [H(popMarlis mpo MiCle3HAXOMKCHHS BaH-
TaXy Ta HOTO CTAaTyC MEpPEelacThcsi B pealbHOMY 4aci J0 HEeHTpalbHOI cuctemu. Lle
JIO3BOJISIE OTIEpaTopaM JIOTICTHYHOI KOMIIaHII Ta KJII€EHTaM OTPUMYBATH aKTyaJbHY
iH(pOpPMAIIiIo PO Xif JOCTaBKH.

16) Baromoro mepeBaror0 BUKOPUCTaHHs iHPOPMAIIHHUX CHCTEM € MONCAUBICID
asmomamuszayii npoyecie, NMOB’A3aHUX 3 YIPABIIHHIM JIOTICTHYHHMH OTIEPaIisMH.
[HdopMmaniiiHi cucTeMH YIpaBIiHHS JIOTICTHKOIO JO3BOJSIOTH aBTOMATHYHO TEHEPY-
BaTH JIOKYMEHTH, TaKi sSIK 3aMOBJICHHSI HAa BAHTAXKOIIEPEBE3CHHSI, HAKIIAIHI Ta PaxXyHKH-
¢axrypu. Le criporrye nporecu oopMIICHHS Ta 3MEHIITY€ HMOBIPHICTh TOMHIIOK.

1B) IHopMaITifiHi CUCTEMH HATAIOTh MONCIUBICIb KOOPOUHAYLL poOOMU PI3HUX yUac-
HUKIB JIOTICTUYHOTO JIAHIIOTa. 3aB/ISKH IIMM CHCTEMaM OTIepaTOPH JIOTICTHYHOT KOMITa-
Hii MOXYTB JIETKO CITUIKYBATHUCS 3 BOMISIMH, CKJIAJaMU, MUTHUMH CITyKOaMu Ta THITUMH
CTEHKXOJIepaMH, OOMIHIOIOUHCh HEOOXIHO 1H(OPMAIIIE Ta OHOBJICHHSIMHU IIIOJIO
CTaHy JocTaBkH. Lle cripusie MBHUAKOMY pearyBaHHIO Ha MOXIIMBI 3aTPUMKH abo Mpo-
0JeMH Ta JT03BOJISIE 3a0€3EUUTH BIACHE KOPUTYBAHHS MApIIPYTiB Ta IJIaHIB JIOCTABKH.

Ir) BaxknBoro QyHKIII€I0 TAKHX CUCTEM € 30uUpanis, 00pooKa ma aHaniz GenuKux
00csi2ié Oanux, TIOB’SI3aHUX 3 JIOTICTUYHUMH OIepallisiMi. AHAJIITHKA JaHUX Ta MPO-
THO3YBaHHS MOXKE JOTIOMOT'TH BIIPOBA>KYBaTH CTPATETii ONTHMAILHOTO BUKOPHCTAHHS
pecypciB, 3MEHIIIEHHST 3aTpaT Ta MOKpaIleHHs sIKoCcTi oOciayropyBanHs. Lle no3Boisie
BUSIBJIATHU TEHJICHIIIT Ta MpUAMAaTH OOTPYHTOBaHI PillIeHHS JJIsl OMIMIIEHHS SKOCTI MPo-
LECY JIOCTaBKH.

2. YoockoHnanenusa mapuipymu3sayii ma naiaHyéaHHs 00CMAGKU € OTHUM 3 KITIO-
YOBHX ACIEKTIB JOCTABKH BaHTaXIB aBTOMOOLIBHUM TPAHCIIOPTOM y MIXKHAPOIHOMY
CTIOJyYeHHI 3 BUKOPHCTAHHSM TNPHHIUIMIB JoTicTHKH. Llelf mporec BKiIro4Yae aHaiis,
OIITHUMI3aIlil0 Ta BUOIp ONTUMAFHIX MapUIPYTiB JOCTABKH, a TAKOXK PO3IIOJILT pECYpCiB
JUIsL TOCSITHEHHS MaKCHMAbHOI e(DeKTHBHOCTI Ta 3aJ0BOJICHHS BUMOT KIIi€HTIB. s
BIOCKOHAJICHHS MapUIpyTH3alii Ta IUTaHyBaHHS JOCTABKM MOXXHA BHKOPHCTOBYBaTH
HACTYITHI TiIX0Iu:

2a) 36ip ma ananiz Oanux. J1ys eheKTHBHOT MapIIpyTH3AIlii Ta IJIaHyBaHHS IOCTaBKH
HEOOXITHO MaTH JOCTYI J0 Pi3HOMaHITHOI iH(OpMaIlii, Takol AK aJpecH BaHTAXHHUX
TOYOK, Bara Ta oOCST BaHTaXiB, OOMEXEHHsI IUISAXIB PyXy Ta MUTHI mpoueaypu. 30ip
JAaHUX MOXKE OyTH 3IIHCHEHMIA 32 JONMOMOrow miardopmu inTepHeTy pedeid (Internet
of Things — [oT), a Takox iHTerpamnii 3 6a3aMu JaHUX KITI€HTIB Ta 1HITUX yYacHHUKIB
JIQHITFOTA MOCTayaHHsI. BUKOpPUCTaHHS II00ANbHUX CHUCTEM HaBirailii € Heo(iliiHuM
CTaHJAPTOM YIIPABJIHHS TPAHCIIOPTHUMH MTOTOKAMH BCIX aBTOPUTETHUX TPAHCIIOPTHO-
JIOTICTHUHUX KommaHii, sik MixkHapoauux (UPS, FedEx — CIIIA; TNT — Hinepnannu;
DHL, Militzer & Munch — Himeuunna; Kuehne & Nagel — lIseiinapis; FM-Logistic —
@pannis), Tak i Bituym3asauX (LITC «Jlickuy, Panin, Ykpiarepasrocepsic). Hai0inb1

201



PO3BUTOK TPAHCIIOPTY
Ne 3(18), 2023

NPUAATHOIO JUIs MOTped JIOTICTUKH, 30KpeMa, Jjisi 0OCIYTrOBYBaHHS MiKHAPOIHOTO
aBTOMOOIIIBHOTO TPAHCIOPTY, € Io0allbHAa HaBiraiiifHa cymyTHUKoBa cucreMa GPS,
sIKa BUKOPUCTOBYETHCS HE JIUILE Ui KOHTPOJIIO MICIIE3HAXOKEHHS TPaHCIIOPTHOTO
3aco0y, ale W JI03BOJISIE TOYHO TUIAHYBAaTH JOCTABKY, 32 HEOOXiJHOCTI BTPyYaro4uuch
y Ipoliec IepeBe3eHHs, 1 HaBITh POJaBaTH ToBap «3 Kouicy. GPS Moxe iHTeTpyBaTUCs
3 IHIIUMH TeoiH(GOPMAIIHHUMH CHCTEMaMH. AHai3 JaHUX J03BOJISE€ BUSBUTHU OITH-
MaJlbHI MapUIPyTH Ta pECYPCH, BPaXOBYIOUH Pi3HI PaKTOPH, TakKi sIK Tpadik, BUTpATH HA
MaJMBO, TEPMIHM JOCTABKH Ta 1HIIN 0OMEXEHHSI.

20) Buxopucmanmns eeoepaghivnux ingopmayivinux cucmem. T'lC € moTyKHUM
IHCTpYMEHTOM JIJIsl Bidyawizamii Ta aHaji3y reorpadiyHuX JaHUX, IO BKIIOYAIOTh
Mary, IUISIXH PyXy, TOPOKHI MEpexki Ta I1HII BaXKITUBI €JIEMEHTH JIOPOXKHBOT iH]pa-
cTpykrypu. 3actocyBanus ['IC mo3BoIsie onTUMI3yBaTu MapuIpyTH, BPaXOBYIOUH pi3HI
(axropu, Taki K BiICTaHb, Yac, BAPTICTh MPOi3Ay Ta OOMEKEHHS Ha NUIIXax. Bpaxy-
BaHHA IMX (DaKTOPIiB O3BOJISE 3HU3UTH BUTPATH HA MAIMBO, CKOPOTUTH Yac JIOCTABKU
1 THM caMuM TiABUIUTH e(peKTUBHICTh gocTaBku. ['IC npalltoroTh 1 B CKIIa (i TEXHOIO-
riYHOTO KOMIUIEKCY «AVL-norictuka-tenemarukay. [1ig TeeMaTHKO pO3yMitOTh TeX-
HIYHI pIIICHHs, OB’ sI3aH1 3 AUCIIETYCPHU3AIlIE€I0 TepeBe3eHb, a TepMid AVL (Automatic
Vehicles Location) o3Hauae TenemMaTH4HI JAMCIETYEPCHKI CHUCTEMH, SIKi BUKOHYIOThH
JIOTiCTUYHI omeparii mo o0cIyroByBaHHs IepeBe3eHb [ §].

2B) Bnposaoowcenns aneopummis onmumizayii. BUKOPUCTaHHSA aJITOPUTMIB OITH-
Mi3alii JJO3BOJIsiE 3HAUTH ONTHMANBHI PIICHHS MION0 MapIIpyTH3aLlii Ta TUIAaHYBaHHS
nocraBku. L{i anropuTMu BpaxoBYIOTh pPi3HI IapaMeTpH, TaKi sSK Bara BaHTaXiB, Bap-
TICTh JIOCTaBKH, 0OMEKEHHS IUBIXIB Ta iHII1 (hakTopu. BukoprucTanHs onTuMizaniitHux
ANTOPUTMIB JIO3BOJISIE 3HU3UTH BUTPATH HA JIOCTABKY, MIHIMI3yBaTH KiJIbKICTh Mpoiie-
HUX KUTOMETPIB Ta 3a0e3MeunTd ePeKTUBHE BUKOPUCTAHHS PECYPCIB.

[Mpuknagom npakTHYHOI peanizaiii € CucTeMa yrpaBiliHHS TPAaHCIIOPTHUM MapPKOM
B peasibHOMY 4Yaci TrustTrack, po3po0ieHa Mi>KHAPOIHOO TEICKOMYHIKAI[IHHOK KOM-
naniero Ruptela [9]. Lle 6ararodyHknioHanbHa muargopMa yIpaBIiHHS aBTONApKOM
i GPS-cresxeHHs1, 0 3MIHCHIOE JIOTICTHYHY QYHKIIIIO QiiT-MeHepKMeHTy. TrustTrack
3a0e3neuye BiIJalICHUI JOCTYII 10 JaHUX Taxorpadis i KAPTOK BOJIIB; I03BOJISIE 3UH-
TyBaTd JaHi OopT-komi'torepa depe3 CAN-mHMHY 1 BU3Ha4aTH TOYHE MiCIIE3HAXO-
JOKCHHSI aBTOMOOIJIs1, KiJIOMETpask, 3amac najabHoro i foro ButparH, piseb AdBlue,
00epTu NBUTYHA; 3a0e31euye 3B’ 130K MK BOAIEM Y JIOPO3i Ta JUCTIETYEPOM, JI0TIOMa-
rae ONepaTuBHO pearyBaTH Ha HEOOX1IHICTh 3MiHM MapUIpyTy, BUOMpPATH HANIIBUIII
MapuIpyTH; KOHTPOJIIOE PEKUM TIpalli Ta BiIMOYHHKY BOJis, YUM 3armodirae mrpadam
3a nopyuieHHs npasuwin €YTP; 3a nonomororo Monyis Eco Drive 3ailicHIOE OIliHKY
e(eKTUBHOCTI poOOTH BOJIS 32 KPUTEPISMU €KOHOMIi IMaJbHOTO Ta CTHIIIO BOMIHHS
3 oMY Ha Oe3reKy.

2r) Bpaxysanus sminnux ymoe. IIpu mmaHyBaHHI JJOCTaBKH B MXKHApOIHOMY CIIO-
Jy4eHHI HeoOXiJTHO BPaxOByBaTH 3MiHHI YMOBH, TaKi sSIK MUTHI IPOLIEAYPH, TTOJIITHYHA
HECTaOUIBHICTD, MOTOAHI YMOBU Ta iHII (DakTOpH, SKi MOXYTh BIUIMHYTH Ha dYac
Ta e(DeKTUBHICTH JOCTaBKH. PO3po0Ka THYyYKHX IUIaHIB, SIKi MOXKYTh aIallTyBaTHCh JIO
3MIHHUX YMOB, JI03BOJISI€ 3a0€3MEYUTH CTAOUIBHICTh T4 TOYHICTh JIOCTABKH.

2n) Bpaxysanwns npiopumemis xaicumis. KIIieHTH MOXyTh MaTd pi3HiI Mpiopu-
TETH WIOAO JOCTaBKH, TaKi sK TEPMIHOBICTh, Oe3leka abo IiHA. YIOCKOHAJICHHS
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MapHIpyTH3alii Ta TUIaHYBaHHS JOCTaBKM MOBHHHO BPaxOBYBAaTH IIi TMPIOPHTETH
Ta 3a0e3MeuyBaTy 3aI0BOJICHHS BUMOT KJIi€HTIB. e Moxke OyTH 3p00JIeHO 32 I0TOMO-
rOI0 BUKOPUCTaHHS MPIOPUTETHUX JITOPUTMIB Ta CHCTEM KepyBaHHS, sIKi 3a0e3redy-
I0Th HaJIaHHS TepeBar BKJIMBUM BaHTa)XaM Ta KIIIEHTaM.

3. 3acmocysanns iHmMepMOOAIbHO20 MPAHCHOPMY € OIHHUM i3 CIIOCOOIB YyI0-
CKOHAJICHHSI JIOCTaBKM BaHTaXIB Y MIDKHAPOIHOMY CIIONYYEHHI 3 BUKOPHCTAHHSIM
MPHUHIUIIB JOTiCTHKH. [HTepMOAaNIbHUI TPAHCTIOPT BUKOPUCTOBYE sl €()eKTUBHOL
JOCTAaBKH BiJ| BiJIIpaBHUKA JI0 OJEpKyBada KOMOIHAIil0 PiI3HUX BUJIB TPaHCIOPTY,
TaKUX SK aBTOMOOUTbHUH, 3aJi3HUYHUH, MOPCHKHUH, piUKOBUII abo0 MOBITpSHHIHA
[4; 10]. [aTepMOIaIbHU TPAHCIIOPT MA€E CBOT 0COOIUBOCTI, SIKi MOXHA BUKOPUCTOBY-
BaTH B SIKOCTI JIOTICTUYHUX PIllICHb.

3a) E¢pexmusne suxopucmanisi pisnux 6uoig¢ mparcnopmy. IHTepMOaIbHUN TpaH-
CTIOPT JI03BOJISIE BUKOPUCTOBYBATH HAWOUIBIII ONTUMATIBbHAN BUJT TPAHCTIOPTY JIJIsI KOXK-
HOT IUITHKY MapuipyTy gocTaBky. Hampukian, D0Bri BiICTaHI MOXYTh OyTH IOI0JIaH]
MOPCHKHM a00 3aJli3HUYHUM TPAHCIIOPTOM, a JOCTaBKY Bijl TEPMiHAIY JI0 KIHIICBOT'O
MYHKTY — aBTOMOO1TBHUM. Le mormoMarae 3HU3UTH BUTPATH HA MaJIHBO, CKOPOTUTH Yac
JIOCTaBKH Ta MiHIMI3yBaTH BIUIUB HA HABKOJIUIITHE CEPEIOBHIIIE.

30) [Tiosuwenns naoitinocmi ma de3nexu docmasku. BUKOpUCTaHHS 1HTEPMOIAIIb-
HOTO TPAHCIIOPTY JIO3BOJISIE YHUKHYTH 3aJI€)KHOCTI BiJl OTHOTO BUAY TPAHCIOPTY. K10
BUHUKAIOTh IPO0OJIeMH a00 MEPEIIKOIN Ha OfHIN TIISHIN MapIIPyTy, JOCTaBKY MOYKHA
MEPEKITFOYNTH Ha IHIIMK BUJI TPAHCTIOPTY O€3 3HauHUX 3aTpUMOK abo Brpar. Lle 3a0e3-
neuye OLIBII HAIHHY Ta Oe3MeYHy JIOCTaBKy BaHTaXY JO0 IyHKTY MPU3HAUYCHHS.

3B) Onmumizayis sumpam [ nioguwyenHs epekmueHocmi nepegeszenp. lHTepMonain-
HUI TPaHCHOPT J03BOJISIE ONTUMI3yBaTH BUTPATH HA JOCTaBKY BAaHTaXYy. 3a JIOIOMO-
rOI0 MPHUHIIMITIB JIOTICTUKYA BHOWPAIOTHCS ONTHUMAJIbHI KOMOIHAIT BUAIB TPAHCIOPTY
Ta MapIIpyTH, IO CIPHsIE 3HIKCHHIO BUTPAT Ha MAIWBO, B TOMY YHCII JIOTICTUYHUX
BUTPAT, Ta 3MEHIIICHHIO KUJILKOCTI MOPOXKHIX mpooiris [11].

3r) 3meHuenns HecamueHo20 GNIUBY HA HABKOTUWMHE cepedosuuye. 3acCTOCyBaHHS
IHTEPMOIANIEHOTO TPAHCIIOPTY CHPUsIE 3MEHIIEHHIO BUKHAiB CO, Ta iHIIMX MIKiUTMBHX
PEUYOBHH, OCKIJIBKH JIO3BOJISIE BUKOPUCTOBYBATH OiIBII €KOJIOTIUHI BUAW TPAHCIIOPTY,
TaKi sIK 3aJTI3HUIIS Y1 MOPCHKUIA TpaHcropT. KpiM Toro, eekTHBHE IIIaHyBaHHS MapIil-
PYTIB Ta BHKOPHCTaHHS PECYpCiB JONIOMArae 3MEHIIUTH 3aTOPY Ha JIOPOTax Ta 3HU3UTH
CKOJIOTTUYHHUH BIUIMB aBTOMOOLIBHOTO TPAHCIIOPTY Ha TOBKIJIISA.

3n) okpawenusi obcryzosyganns kiicumie. lHTEpMOIANBEHII TpaHCTIOPT 3a0e3re-
Yy€ IMUPOKUHA CIIEKTP MOCIYT Ta OLIBII THYYKWH Tpadik JOCTaBKH, 33]JOBOJILHSIOUH
pi3HI BUMOTH Ta mpiopuTeTd KiieHTIB. Lle crpuisic BCTAHOBICHHIO JIOBIOCTPOKOBHX
Ta CTaOIILHMX BITHOCHH 3 KIIEHTaMH, 3a0€3MEUECHHIO 1X 3aJ0BOJEHOCTI Ta IIiJIBH-
HICHHIO KOHKYPEHTOCIPOMOXHOCTI MiANPHEMCTBA.

4. Yoockonanenns mepminanie ma ingppacmpykmypu € BOXIUBUM €ICMEHTOM
poliecy MOKpaIIeHHs! JOCTaBKK BaHTAXIB aBTOMOOIIBHUM TPAHCIIOPTOM Y MiKHApPO/I-
HOMY crnionydeHHi. OnTumizalist TepMiHaliB Ta iHQPACTPYKTYpH JTO3BOJIUTH 3abe3re-
yuTH e(DEeKTHBHE Ta IMBUAKE OOCIYrOByBaHHS BAaHTaXIB, 3HU3UTH Yac MPOCTOI TpaH-
CTIOPTHHX 3acO0IB Ta BUTpATH Ha MepeBe3eHHs. Po3nisiHeMOo JesKki KOHKPETHI aclieKTH
BIOCKOHAJICHHS TEPMiHAIIIB Ta IHYPACTPYKTYPH. IO CHPUATHMYTH CIIPOIIECHHIO BHUKO-
HaHHS JIOTICTUYHUX OTIepaIlliii.
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4a) Poswupenns ma MoOepHizayis mepminali — OIUH 3 KIIFOYOBUX KPOKIB Y BIOCKO-
HaJIeHH] 1HQPAaCTPYKTypH, IO BKIOYaE 301IbIICHHS] POCTOPIB AJs 30epiraHHs BaH-
TaXXiB, BCTAHOBJICHHS Cy4acHOTO OOJagHAHHS AJIS 3aBaHTAXEHHS Ta PO3BAHTAKEHHS
BaHTaXIB, OKPAIIICHHS CHCTEMU OpraHi3ailii poooTu Ha TepMiHai. MojepHizaiis Tep-
MiHaJIiB JO3BOJHUTH 3a0€3MeUnTH OB IBUAKE Ta €PEeKTUBHE 0OPOOICHHS BAaHTaXIB,
3MEHIIIUTH Yac OYiKyBaHHS Ta ITiABUIIHUTH SKICTh OOCITyTrOByBaHHS.

40) Bnposadoicennsi cneyianizo8anux aemoMamu308aHux cucmem B TepMiHaIax
JO3BOJISIE 3HAYHO MiJBUILUTH €(DEKTUBHICTH Ta TOYHICTH NPOLIECiB 00POOKH BaHTAXKiB.
Hanpuknan, BUKOPUCTaHHS CHCTEM COPTYBAaHHS 3 BUKOPUCTAHHSAM IUTPUXKOAIB, Oap-
koziB Ta RFID-TexHoMOri# 103BOJIsSIE aBTOMAaTHYHO BU3HAYATH MICIIe PO3MIIIICHHS BaH-
TaXXy 1 IPUCKOPIOE POLIEC HOro MOIIyKy Ta BianpasieHHs. KpiM Toro, aBToMaTn30BaHi
CHCTEMH JTO3BOJISIIOTH 3MEHIMATH WMOBIPHICTh TTOMHJIOK Ta TOKPAIIUATH 3B’S30K MiX
TepMiHaJaMH Ta iHIIMMH Y9aCHHUKAMH JIOTICTUYHOTO JIAHITFOXKKA.

48) Po3pobka inmezposanux ingopmayitinux cucmem, o 00’ €THYIOTH Pi3HI JTaHKU
JIOTICTUYHOTO JIAHITIOXKKA, BT TEPMiHATIB IO KIIEHTIB, JO3BOJISIOTH 3203 TCUNTH IIIBH/I-
KUK Ta epeKTUBHUI 0O0MiH iH(popManiero. JJo HUX BIIHOCATH CUCTEMH BiJICTEKEHHS
BaHTaXIB, EJEKTPOHHHI TOKYMEHTOOOIT, €IeKTPOHHI CHCTEMH CITBIpAIl 3 MapTHe-
pammu, CUCTEMH 3BITHOCTI. 3a JOMOMOTOO TAKHX CHCTEM MO)KHA OTPHMATH OTIEPAaTHBHY
iH(pOpMaIiIo PO CTaH BaHTAXYy, MiCIIE3HAXOHKEHHSI, Yac JJOCTaBKU Ta 0arato iHIIOro,
110 TOTIOMArae MOKPAIIUTH IUTaHYBaHHS Ta KOOPAUHALIIO TOCTAaBKH.

4r) Buxopucmanns nogux mexnonoeziti, Takux sk larepuer pedeit (Internet of Things,
[0T), wmyynuii inmenexm (Artificial Intelligence, Al), aBToMaTn30BaHi CUCTEMH yIIpaB-
JHHS Ta aHATITHKA JAHUX, MOXKE 3HAYHO IMOKPAITUTH €(PEeKTUBHICTH Ta IPOYKTHBHICTh
tepminaiiB. Hanpuknan, 3a monmomoro IoT MOXKHA CTEKUTH 3a PyXOM Ta YMOBaMHU
30epiraHHs BaHTaXiB B peaJbHOMY 4aci, a Al MoXe IOTOMOITH y BHSBJICHHI ONTH-
MaJbHUX MapIIPYTiB Ta IJIaHYBaHHI JOCTAaBKU. AHAJITHKA JaHUX TO3BOJISIE aHAII3Y-
BaTH BEJIMKI 00csary iHpopMallii Ta 3HAXOAUTH ONTUMAJIbHI PIIICHHS IS IOKPAIEHHS
po0OTH TepMiHAMTIB.

4n) 3abes3neuenns exonoeiyHocmi — HOBITHIM aclieKT BIOCKOHAJICHHS iH(pacTpyk-
TYpH Ta TEpMiHaJiB, SKOTO MOXKHA AOCSTTH LUISIXOM BIPOBAKEHHSI CKOJIOT1UYHO YHMC-
TUX TEXHOIIOTIH Ta MaTepiajiB, BCTAHOBIICHHS CHCTEM BTOPHHHOI epepoOKH BiIXOIB,
e(PeKTUBHOTO BHUKOPUCTAHHS €HEprii Ta BOXHUX pecypciB. Takuil miaxin TO3BOIUTH
3HU3WUTH HETATHBHUI BIUIMB HA HABKOJHIIHE CEPENIOBHILE Ta CIPHITUME CTBOPEHHIO
€KOJIOT1YHO CTa01IbHOI TOTICTHYHOI CUCTEMH.

5. Yemanoenennsa napmuepcokux ¢ionocun ma cnignpaysa 3 inuiumu a10zicmuy-
HUMU Onepamopamu € BKIVMBOIO JIAHKOIO YAOCKOHAJICHHSI JOCTABKU BaHTaXiB aBTO-
MOOITHHIM TPAaHCIOPTOM Yy MIDKHAPOIHOMY CIIOJMYYEHHI, IO JTO3BOJSE 3a0e3MeUnTH
HIUPIIE OXOTUICHHSI PUHKY, IIOKPAIIUTH HAJIHICTh JIOCTABKH,  TAKOXK 3HU3UTH BUTPATH
Ta ONTHUMI3yBaTH JIOTiICTHYHI TpouecH. [IpoaHamizyeMo Aeski MOXKIMBOCTI BCTaHOB-
JIEHHSI TAPTHEPCHKUX BITHOCHH Ta CITIBIIPAIli 3 IHITUMH JIOTICTHYHUMHE OTIepaToOpaMu:

5a) Bubip napmuepis. BaxxnuBuM KpOKOM € BUOIp HaaiHHUX Ta IpOoQeciiiHuX mapT-
HepiB y jorictuuHii chepi. HeobxigHo BpaxoByBaTH Taki (akTopH, K JOCBiJ poOOTH,
JITOBA perryTallisi, TEXHIYHI MOKITUBOCTI KOMMaHii Ta reorpadivyae mokpurTs. Baxxinmuso
3a0e3IeUNTH B3aEMHY BUTO/IY Ta BIAMOBIAHICTD IIJISIM Ta I[IHHOCTSM 000X CTOPIiH.
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50) Vkaaoanmsi 0oeosopie ma y3zeolvicenns ymos chnienpayi. [Ipy BCTaHOBJICHHI
MapTHEPCHKHUX BITHOCHH HEOOXIHO YKIIACTH JIOTOBOPH, SIKI BU3HAYAIOTh YMOBH CITiBII-
patli, BKIFOYaro4Y# 00CSATH NepeBe3eHb, BIAMOBIIaIbHICTh 32 BAHTAXI, PO3MOJLT BUTPAT
Ta NpUOYTKY. BaXkJIMBO Y3romuTH TaKi acleKTH sIK TEPMiHU JTOCTAaBKH, 3a0e3MeueHHS
SIKOCTI Ta OE3MEeKU MepeBe3eHb, BIIMOBINANBHICTE CTOPIH Y (GOPC-MaKOPHUX 0OCTaBH-
HaX, BapiaHTH BUPIILICHHS CIIOPIB.

5B) Cucmema 0bminy ingpopmayiero. JIns yCHilIHOI CHiBIpalli 3 iHIIAMH JIOT1CTHY-
HUMHU OTIEpaTOpaMu BaXKJIMBO MaTH CUCTEMY OOMiHY iH(OpMAIII€TO, SiKa JJO03BOJISIE IIBUKO
Ta e()eKTUBHO TepeIaBaT JIaHi Mpo BaHTaXi, MApIIPYTH3AIII0, YaC JOCTABKH Ta THIIY
HeoOXigHy iH(opmarlito. [le Moxe OyTu peaji3oBaHO 3a IOMOMOIOI €JICKTPOHHHMX
mwiaropM, CIUIBHUX 0a3 JaHuUX a0o CIEIiali30BaHUX CUCTEM OOMiHY iH(OpPMAILIIELO.

5r) Cninvhe naanysanms ma xkoopounayis. [lapTHepChbKi BITHOCHHH MEpPe10a4aroTh
JUTst 3a0e3MedeHHs €PeKTUBHOT JOCTABKHM BaHTAXKIB CIIIJIbHE IJIAHYBaHHS Ta KOOPMHA-
IO JIii, 10 BKJIOYAE BUPIIIEHHS MUTaHb [IOI0 MapIIPYyTH3AIIil, PO3MOALTY BAaHTAXIB,
B3a€MHOTO BpaxyBaHHSI i KOpUTYBaHHs rpadikiB JOCTABKH Ta MOMEPEKESHHS ITPO MOXK-
JIMBI 3MiHU 200 3aTPUMKH.

5n) Bzaemna niompumxa ma cninorui po3eumox. L{ei actieKT MoKe BKITI0o9aT 0OMiH
JIOCBIJIOM, BIIPOBA PKEHHSI HOBHX TEXHOJIOT1H Ta IHHOBAIiH, CITIJIbHY y4acTh y IPOEKTaX
Ta PO3BUTOK HOBUX PHHKIB. B3aeMHa miATprMKa CIiprsie MOKPAIEHHIO SIKOCTi 00CTyTo-
BYBaHHS Ta CTBOPCHHIO KOHKYPEHTHHX II€peBar Ha PHHKY.

BucHoBku. Y Mexax JOCITIKEHHS POBEJCHO aHaji3 MOTOYHOTO CTaHy JOCTaBKH
BaHTaXIB aBTOMOOIUILHUM TPAHCIOPTOM Y MDKHAPOJHOMY CIIOJYYeHHI; BHUSBICHO
iCHYIOUl TIpOOJIeMH 1 HEIOTIKH, 30KpeMa, HeIOCTaTHE BUKOPUCTAHHS iH(popMamiiHux
TEXHOJIOTiH, Hee()eKTHBHY MapIUIPYTH3aIlif0 Ta IUIAHYBaHHS JOCTaBKH, BUCOKY Bap-
TICTh Ta TPUBAIICTH JOCTABKH, HEJJOCTATHIO KOOPIMHAIIIIO MiXK PI3HUMH JIOTiCTHIHUMH
orepaTopamMu, HEIOCKOHANY iH(PPaCTPYKTYpy TEpMIHATIB; a TAKOK CHCTEMAaTH30BaHO
JIOTICTHYHI XM, 110 BIUIMBAIOTh HA €()EKTUBHICTh JOCTABKU. AHAJII3 PO3IISIHYTHX
BapiaHTIB JI03BOJIMB 3pOOUTH HACTYIIHI BUCHOBKH IIIO/I0 MOXKJIMBUX PE3YNBTATIB BIIPO-
BaKCHHS JIOTICTHYHUX PIllICHb.

BukopucraHHsa cy4acHUX TEXHOJIOTiH iHGOpPMAaliHHOT CHCTEMH YIIPaBIiHHS JIOTiC-
TUKOIO € KJIFOYOBHM (PaKTOPOM JIJIsl MOJINIIEHHS e(EKTUBHOCTI JIOTICTUYHUX TPOIe-
ciB. BukoHyroun 3a7a4i MOHITOPHHTY BaHTXIB Ta KOHTPOIIO IX PyXy, aBTOMaTH3allii
MPOIIECIB YIPaBIiHHIM JIOTICTAYHAMH OTEPaIlisiIMUA, KOOPHHAIIT pOOOTH JIAHOK JIOTiC-
TUYHOTO JIAHIIOTA, aHAI3y BEIUKHUX OOCSTIB JIaHUX, TaKi CHCTEMH JO3BOJISIOTH aBTO-
MaTu3yBaTH OOpOOKy iH(opmallii, 3a0e3neuyBaTH CTEKEHHS 32 BaHTKEM B PEKUMI
pealbHOTO Yacy Ta MOKPallyBaTH IJIaHyBaHHS Ta KOOPIWHAILIIIO JOCTABKH.

BrockonaneHHss MapmipyTu3aiii Ta IDIaHyBaHHS JIOCTaBKH BaHTaXIB BHMarae
BUKOPHCTaHHS KOMIUIEKCHOTO TIJIXOJy 1 BKIJIIOYAE aHaJi3 Pi3HOMAaHITHOI iHpopMalii,
BUKOPHCTaHHS reorpadiqHuX iHGOpMaliiHUX cucTeM Ta cucteM AVL, BIpoBaKeHHS
OINTUMI3aliiHUX aJTOPUTMIB, BPaxXyBaHHs 3MiHHUX YMOB Ta IPIOPUTETIB KIIEHTIB, THM
CaMHUM BHSIBIISIIOYM ONITHUMaJIbHI MapIIPyTH Ta 30epirarouu pecypcu.

3acTocyBaHHsI IHTEPMOJAIBLHOTO TPAHCIIOPTY BHUSIBIISIE CBOT IIEPEBAry IIISIXOM e(eK-
THUBHOTO BUKOPUCTAHHS PI3HUX BUIB TPAHCIIOPTY Ta iX KOMOIHAIIH, ITiIBUIIICHHS HaIili-
HOCTI Ta Oe3IeKH JOCTaBKH, ONTUMI3allil BUTPAT, 3MCHIIICHHS! HETAaTUBHOTO BILTUBY Ha
HABKOJIMIIIHE CEPEOBHIIE, IOKPAIICHHS OOCIyroByBaHHS KIIEHTIB, 3a0e3Ieuyroun
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TaKUM YUHOM THYYKICTH BHOOPY TPAHCIOPTHUX MapIIPyTiB, ONTHMAalbHE BUKOPHC-
TaHHS PI3HUX BHJIB TPAHCIOPTY Ta 3MEHIICHHS BHTPAT Ha JIOCTABKY, BUCOKY KOHKY-
PEHTOCIIPOMOXKHICTh MIAMPUEMCTBA Ta 33/I0BOJICHICTh KIIIEHTIB.

BrockoHaneHHs TepMiHaIiB Ta iHQPACTPYKTYpH TOJISTae B PO3MIMPEHHI Ta MOJIEP-
Hi3alii TepMiHaiB, TOKPAIICHHI iHhOpMaIIHHOTO 3a0e3MeueHHs, BIPOBAIKECHHI SKO-
JIOTIYHO YMCTUX TEXHOJIOTIH JJisi 3a0e3reucHHs €(PESKTUBHOTO Ta IIBUIKOTO 00CIyro-
BYBaHHS BaHTaXiB, 3MEHILICHHS 4Yacy IMPOCTOI0 TPAHCIOPTHUX 3aco0iB Ta BUTpPAT Ha
MIXXHApO/IHI MePeBEe3eHHS, TOOTO 3aJ0OBOJICHOCTI IOTPEO KITIEHTIB.

BcraHoBIeHHS TApTHEPCHKUX BIAHOCHH Ta CIIBIPAIS 3 IHITUMH JIOTICTUYHUMH OT1e-
paropamu niepenoavae BUOip HaAIMHUX MAPTHEPIB Y JOTiCTHYHIH cdepi, periaMeHTAaIliio
NPaBOBHX BiJTHOCHH, HAsIBHICTh CUCTEMH OOMiHY iH(pOpMAIIi€to, CIiJIbHE TUIAaHYBaHHS
1 KOOPIUHAIIIFO JIiF Ta B3a€MHY MiATPUMKY, 1110 JJO3BOJISIFOTh CTBOPUTH MEPEKY €(hEKTUB-
HUX JIOTICTUYHUX MOCIYT y cdepi nmepeBe3eHb BAHTAXIB Y MIKHAPOJAHOMY CIIOTYYEHHI.

OTxe, yIOCKOHAJICHHS JOCTABKU BaHTaXKiB aBTOMOOIIBHUM TPAHCIIOPTOM Y MiXKHa-
POAHOMY CIIOJIyYEHHI 3 BUKOPUCTAHHSIM MPUHITUIIIB JIOTICTHKH M€ BEJIMKHUH OTEHITIa
JUTSL TIBUIICHHS €()EeKTUBHOCTI Ta KOHKYPEHTOCIPOMOXHOCTI JIOTiCTUYHHUX TTOCIHYT.
Peanizaliis cucTeMaTu30BaHUX Y 1Kt pOOOTI JIOTICTUYHUX MIAXO/IB CIPUATUME TTOJIII-
HICHHIO CUCTEMH JOCTaBKH BaHTaXIB, 3HIDKCHHIO BUTPAT Ta 3a0€3MEUCHHIO 3a]I0BO-
JICHOCTI BUMOT KJII€HTIB, @ CKOOPIMHOBaHE BIPOBAKEHHS CIPHATUME JOCSTHEHHIO
CHUHEPriYHOro e(eKTy. 3HaXO/DKEHHS NUISXiB BUPINICHHS NpOOJeM TPaHCHOPTHOI
JIOTICTUKY 1 TIPAKTHYHOI peatizalii JOriCTHYHUX MPHUHIUIIB Mae OyTH MPiOPUTETHUM
HAIPsIMKOM JIOCITI/PKEHB Y cdepi opraHizanii Mi>kHapOJHHX aBTOMOOITIbHUX MePEBE3EHb.
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Anomauisn

Bcemyn. YV cyuacnux ymoeax po3gumox MyIbmMuMOoOaiIbHUX nepee3eHb 8aHmaxicie
€ HeoOXiOHOI YMOB0I0 011 ONMmuMizayii pobomu MpaHcnopmHoi eanysi, opeauizayii
HA CYYacHOMY MEXHON02IYHOMY DIGHI nepemiujenHs MamepiaitbHux nomoxis. A 0ocii-
OJfCEHHs MemOoOoIo2li opeanizayii cucmemu MyIbMUMOOANIbHUX Nepede3eHb 003601A€
30iticHUmMU HAyKo8e RNIi3HAHHA NpobieM y cucmemi MYTbMUMOOAIbHUX Nepege3ens i
onmumizyeamu ix. Mema. Cmamms cnpAmMO8aHa HA BU3HAYEHHS YUHHUKIG, WO GNJIU-
8AI0Mb HA eheKMUEHICIb OILILHOCHE MPAHCNOPMHUX NIONPUEMCING NIO YAC 30IUCHEH-
HA MYTbMUMOOAIbHUX NEPeBe3eHb 8AHMANCI8 HA OCHOBI O0CTIONCEHHS iX MemoOoN0zii.
Pezynomamu. [Ipoananizosano anapam memooonocii 00CTIOHNCeHH CUCTeMU M)ib-
mumooanbHux nepeseserv. OOpaHo pieHi MemMOOON02IMHO20 AHANIZY CUCTEMU MYTb-
MUMOOANIbHUX Nepege3ensb. Aemopamu npoeedeHo NOPIGHANbHUL AHANI3 8USHAYEHMS
NOHAMMA MYIbIMUMOOAIbHI Nepese3eHHs y pisnHux odcepenax. Jlocnioxceno OCHOBHI
nepesazu MynomMuMoOaIbHUX nepegesens. 1Iposedeno ananiz OCHOBHUX cxeM MYIbmu-
MOOanbHUX nepegezens. J{ocnioxHceHo CnpuiHAmMma YKpaiHCbKUMU KOMNAHIAMU-NIepesi-
sHukamu 3axony Yrpainu «Ilpo mynemumooanvhi nepesezennsy. Bucnoexu. Pozsumox
MYTbMUMOOATLHUX NEPeBe3eHb € KAIOYOBUM YUHHUKOM NIOGUIYEHHST epeKmusHOoCmi
mpancnopmuoi 2any3i, YOOCKOHANEHHA YNPAGNIHHA NAHYIOSAMU HOCMAYAHHA NOCHYe
nepemiujenHs MamepianoHux nomoKie HAcelleHHIO, ale NOMPeOYE 3HAUHUX O0CAI0NHCEHb
Memooono2ii 30TUCHEHHST MYTbMUMOOAIbHUX Nepede3eHb U000 ONMUMANLHO2O BUKO-
pucmannsa 1o2icmuyHoi ingpacmpykmypu pisnux eudie mpancnopmy. Egexmueny
83AEMO0iI0 8U0I8 MPAHCNOPMY NOOYOOBAHO HA OCHOBI BUKOPUCHIAHHA caMe 3aNi3HUY-
HO20 MPAHCNOpmMy fAK eKOJIO02IYHO020 Ma MAco8020 nepesisHuka. Poszsumox myremu-
MOOANbHUX NEepede3eHb € KIIOYOBUM YUHHUKOM RIOGUUEHHS epeKmueHocmi po36u-
MKy MPAHCnOPpMHOI 2any3i 8 YKpaini y cyuacHux ymoeax, YOOCKOHALEeHHS YAPAGIHHS
JIAHYI02aMU ROCIMAYAHHS NOCTYE NEPEeGe3eHb GAHMANCIE, ale Nompedye 00CHIONCEHHS
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Memo0onoeii 3 Memo onmumizayii npoyecy Gpopmysants MyTbmuMoOaTbHUX MAPULD)-
mie ma y32009iCeHHsA Oill YCiX Y4ACHUKI8 MYTbMUMOOAIbHO20 Nepede3eHHs ) YACi.

Knwuosi cnosa: mynomumooanvhi nepegeseHHs, MemoOon02iUHULl AHAi3, nepesazu
MYTbIMUMOOAIbHUX NEpese3eHb, 102ICMUKA.
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Summary

Introduction. In modern conditions, the development of multimodal cargo
transportation is a necessary condition for optimizing the work of the transport
industry, organizing the movement of material flows at a modern technological level.
And the study of the methodology of the organization of the system of multimodal
transportation allows to carry out scientific knowledge of the problems in the system
of multimodal transportation and to optimize them. Purpose. The article is aimed at
determining the factors affecting the efficiency of the activities of transport enterprises
during the implementation of multimodal transportation of goods based on the study
of their methodology. Results. The apparatus of the multimodal transportation system
research methodology was analyzed. The levels of methodological analysis of the system
of multimodal transportation have been chosen. The authors conducted a comparative
analysis of the definition of the concept of multimodal transportation in various sources.
The main advantages of multimodal transportation have been studied. An analysis of the
main schemes of multimodal transportation was carried out. The perception of Ukrainian
carrier companies of the Law of Ukraine «About Multimodal Transportation» was
studied. Conclusions. The development of multimodal transportation is a key factor in
increasing the efficiency of the transport industry, improving the management of supply
chains for the movement of material flows to the population, but it requires significant
research into the methodology of multimodal transportation regarding the optimal use of
the logistics infrastructure of various types of transport. Effective interaction of modes
of transport is built on the basis of the use of railway transport as an ecological and
mass carrier. The development of multimodal transport is a key factor in increasing the
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efficiency of the development of the transport industry in Ukraine in modern conditions,
improving the management of supply chains of cargo transport services, but it requires
a study of methodology in order to optimize the process of forming multimodal routes
and coordinate the actions of all participants in multimodal transport in time.

Key words: multimodal transportation, methodological analysis, advantages of
multimodal transportation, logistics.

Beryn. Metosionorisi HayKOBOTO JTOCIIIKEHHS! CHCTEMH MYJIBTHMOJIANILHIX TTepeBe-
3€Hb — 1€ CYKYIHICTh PUHIIMITIB, 32ac001B, METO/IB 1 (JOpPM OpraHizaiii Ta MpoBeICHHS
HAyKOBOT'O TTI3HAHHS TOCTABJICHOI MPOOIEMHU y CUCTEMI MYJIBTHMOJIAIEHUX [TEPEBE3CHb.

Merononoris (Bix rpen. methodos — crioci0, metos i logos — Hayka, 3HAHHS) — BACHHSI
PO MpaBWJia MUCIICHHS B TIPOIIECi CTBOPEHHS TEOPii HAyKH, KOHIETITYJIbHUH BUKIIA]
METH, 3MICTy, METOMIB IOCII/DKEHHS, sKi 3a0e3MeuyoTh OTPUMAaHHS MaKCHMabHO
00’ €KTUBHOT, TOYHOT, CHCTEMAaTH30BaHOI iH(pOopMAaIIii po MeBHi nporecy Ta sisuma [ 1-3].

Mertozoorisi HAyKOBOTO JTOCIIDKCHHSI CHCTEMH MYJIBTHMOJIAIBHUX TEpEeBE3eHb
BHUKOHYE€ TaKi QyHKIIIi:

— JIa€ MOXJIMBICTh YCTAHOBHUTH CIIOCOOM OJIEp)KaHHS HAYKOBHX 3HaHb, 1110 BiJloOpa-
KArOTh TEXHOJIOTIUHI MPOIECH Y CUCTeMaX MYJIBTUMOIATIbHUX MEPEBE3CHb;

— BU3HAYA€ IUISIXU JIOCSATHEHHS MEBHOT HAYKOBO-JOCTIIHOI METH — ONTHMI3yBaTH
poliec MyJITUMOJIANIbHHAX MTEPEBE3EHB 32 YaCOM Ta BapTiCTIO;

— 3a0e3mneuye BCeOIYHICTh OTPUMAHHS iHPOPMAIIiT PO CUCTEMY MYJIBTUMOJAIIBHUX
[IepPEeBE3CHb;

— J1a€ MOXKJIMBICTh BBEJCHHS HOBOI iH(OpMAIii 10 QOHAY Teopii HAyKH MPO TPaH-
CIIOPT;

— 3a0e3reuye yTOUHEeHHs1, 30aradeHHs, CHCTeMAaTH3allil0 TEPMiHIB 1 MOHATH Y HayIll
Ha OCHOBI BCEOIYHOTO PO3IIISIY CUCTEMH MYJIBTHMOJIAILHUX IepeBe3eHb (y JiTeparypi
Ta 3aKOHOJIaBUIN 6a3i KpaiH, 10 MPOJATaloTh Ha MyJABTUMOJAIIBHOMY MapIIPYTi);

— JIO3BOJISIE CTBOPUTH CHUCTEMYy HayKoBOI iH(oOpMaIii, sika TIPYHTYEThCS Ha
00’eKTUBHHX (PaKTax, 1 JIOTIKO-aHAIITHYHUHA I1HCTPYMEHTapiii HayKOBOTO Mi3HAHHS
MYJIBTHMOJAJIEHUX TIEPEBE3CHb.

TakuM YMHOM, Ha CHOTOJIHI TEMATUKA JJAHOTO JOCIHIHPKEHHS € aKTyaIbHOO.

IMocTanoBka npodyieMu. BaxxMBUM eJIeMEHTOM BaHT)KHUX TIEPEBE3CHb, 30KpeMa,
MYJIBTHMOJANIFHIX, € ¢(EeKTUBHA B3a€MOIS BUIIB TPAHCIOPTY, ONTHMAIBHUN dYac
JOCTaBKW BaHTAXIB JI0 IYHKTIB MPH3HAYEHHS Ta 3TyUYCHHS MYJIBTUMOJABHUX MapIil-
PYTIB 4epe3 YKpalHChKy TEpPHTOPIiI0, pealtizalis-iHHOBAIHHINX TEXHOJIOTIYHUX PIllICHb
y cepi 10CcTaBKM BaHTaXIB 3 METOIO 3HI)KEHHS BUTPAT SK MYJIBTHMOJIAILHOTO OIepa-
TOpA, TaK 1 IHIINX YYACHUKIB IEPEBI3ZHOTO MPOIIECY.

OnHUMH 3 BaXIUBIIIMX YMHHUKIB PO3BUTKY Taiy3i abo HampsMKy TroCHoaapyoi
JISUTBHOCTI € JOCIHIJPKEHHS METOJIONOTIi TIEBHOTO HAIPSMKY JiSUIbHOCTI, MYJIBTHMO-
JIaJIbHI TIEPEBE3CHHS HE € BUKIIOYCHHIM. OTXKe, pO3BUTOK Ta MOJCpPHI3allisl B3aeMOJIil
BUJIIB TPAHCIIOPTY, HAPOIIYBaHHS TPAHCIIOPTHHUX MOTYKHOCTEH € HEOOXIHOIO YMOBOIO
nociJlaHHsg YKpaiHOI MPOBIJIHOTO MicIlsl HA PUHKY CBITOBHX JIOTICTHYHHMX TOCIYT Ha
OCHOBI JOCIIKEHH 1X METOMOJION].

AHaJji3 ocTraHHiIX XociaimkeHb i myOaikamiii. HaykoBili mpoOnemarui om0
JOCHIJKEHHSI METOJIONOTIi MyJIbTUMOJIABHUX TIEPEBE3CHb MPHUCBATIIIN CBOI HAYKOBI
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npaii Taki BueHi, sk Pompir XK.-I1. [4]; biemni M., Bynemakyn A. ta Mynicid X. [5];
Hesitt VY., Kninrep JIx. [6]; Cokonosa O.€. [7] Ta iH.

Buennmu y mpari [5] Oyso JOCHIIPKEHO MOEAHAHHS YCiX YYaCHHUKIB MEPEBE3CHb
Ta BHJIB TPAHCIIOPTHUX CHCTEM, IO EKCIUTYaTYIOThCS 3a JIOTIOMOTOIO Pi3HUX CHCTEM,
SIK MYJBTHMOJIAIEHOT TPAHCTIOPTHOI cucTeMu. Y [7] mpoaHaai3oBaHO MYJIBTUMOAAIBHI
CHCTEMH TIePEBE3CHHS BAaHTaXIB, 1[0 3aCHOBaH1 Ha BHYTPIIIHIN iIHTEeTpalii pi3sHUX BHIIIB
TPAHCHOPTY Ta IHIINX YYACHHUKIB IIEPEBI3HOTO MPOIIECY, 10 B3AEMOIIOTH MiXk c000¥0,
a TaKOX BUKOHYIOTh CBOIO YaCTHHY POOOTH B MEXKax JIOTOBIPHUX BiJHOCHH Ta 3a HasB-
HOCTI €IMHOTO OpTraHy KepPyBaHHS — «TOJOBHOI JJaHKW». [IpoTe HeJOCTaTHRO BUCBIT-
JICHUMH 3aJIUIIAIOTECS OKPEeMi MUTAHHS METOIOJIOTI] B3aEMOJIl BHIIB TPaHCIOPTY
1 BU3HAYCHB €JIEMEHTIB MYJIBTHMO/IAJILHOTO TTEPEBE3CHHS.

@opmyawBaHHa mwineii crarri. L{ine crarri monsrae y ¢GopMyBaHHI METO0IO-
rii HAyKOBOTO JIOCIIPKEHHSI CHCTEMH MYJIBTHUMOJAIIbHUX MEePEeBE3eHb, Y JOCIiIKeHH]
BIUIMBY Ha €(EKTHBHICTH JISUTBHOCTI PI3HUX BUJIB TPAHCIIOPTY, y TOMY YMCII H 3ai3-
HUYHOTO, HAayKOBOTO TMi3HaHHS, Y (opMyBaHHI NMPONO3HIIN IMOJO YIOCKOHAJICHHS
JUSUTLHOCTI Pi3HUX BHJIB TPAHCIIOPTY Ta €()eKTHBHOTO BUKOPHCTAHHS 1HQPACTPYKTYp-
HUX TOTY>KHOCTEH Ha MYJIBTUMOJAILHUX MapIIpyTaXx.

Buxkiaa ocHoBHOro marepiany. MeTonomnorist TOCHiKEHHS! CUCTEMH MYJIBTHMO-
JALHUX TIepEeBe3CHb HaJliIeHa TakuM anaparoM [8] (auB. puc. 1):

1) mpuHIIMTIH OopraHi3allii Ta MPOBEACHHS HAYKOBOTO TOCII/KCHHS:

— MPHUHIMIT €JHOCTI TEOPii 1 MPaKTHKH, IO € B3aEMOOOYMOBJICHUMHU: 3TiTHO Teopil
NPOBEJICHO aHali3 JIiTepaTypHHUX JKEpell, HAyKOBUX JOCIHIPKEHb, 3aKOHOJaBY01 0a3n
1 IOPIBHSHO 13 MIPAKTHYHUM JIOCBIZIOM KOMITaHIH;

— MIPHUHIAIT CUCTEMHOCTI, Ha IMiJICTaBi SIKOT0 BCTAHOBIIOETHCS, IO KOXKEH JIOCIIIKY-
BaHHUU 00’€KT CHCTEMHU MYJIBTUMOAAIBHUX MEPEBE3CHb PO3IISIAETHCS SIK €IUHE IIiIe
1 KO)KHE SIBUINE Y CUCTEMI MYJIbTUMOJIAIbHUX NTEPEBE3CHB OI[IHIOETHCS Y B3aEMO3B’ SI3KY
3 IHIIUMHU;

— MPHUHIUI PO3BUTKY, LIO TOJsTae y (opMyBaHHI HAYKOBOTO 3HAHHS PO MYIIBTHU-
MOJIaJIbHI MIEPEBE3EHHS 13 BIIOOPaKECHHSIM CyIePEUHOCTEH, KUTbKICHUX Ta IKICHUX 3MIH
JTAHOTO 00’ €KTY JTOCIIKECHHS;

— MPHUHIUI 00’ €KTHBHOCTI, IO MOTpedye BpaxyBaHHs BCiX (akTopiB, sIKi Xxapakre-
PU3YIOTh CHCTEMY MYJIBTUMOAAIBLHUX TIEPEBE3CHB 1 YCiX MPOIECiB, 10 Y Hill BinOyBa-
I0ThCS;

— MIPHUHIUIT IEKOMTIO3HUIII1, SKAH IPYHTY€ETHCS Ha IO CUCTEMHU MYJIBTHMOATbHIX
nepeBe3eHb Ha YaCTUHH (32 BUIaMU TPAHCIIOPTY, 32 KpaiHaMH ITepEMillleHHsI, 32 BUJaMU
MarepialbHUX TOTOKIB TOIIO), BUAUJICHHS OKPEMUX KOMITICKCIB pOOIT /Uil CTBOPEHHS
YMOB €()EKTHBHOT'0 aHAJTi3y Ta MPOEKTYBAHHS MPOIIECIB, IO TOCIIPKYIOTHCS Y CUCTEMI;

— TPUHIMI a0CTparyBaHHS, SIKMH TIONISATae y BUALICHHI ICTOTHUX Ta YIyIIEHHI
HECYTTEBUX IMPOSBIB BIACTHUBOCTEH JOCIIKYBAHHUX SIBHIIL i MPOIIECIB ITi]] Yac Mepene-
3€HHS MarepiajibHUX MOTOKIB PI3HUMH BHAMH TPAHCIIOPTY;

2) METOIIU HAYKOBOTO JIOCII/IKCHHS CHCTEMH MYJIBTUMO/IAIBHUX TTEPEBE3EHbB Ta CII0-
coOu #oro mpoBeIeHHS;

3) moHATIHO-KaTeropiagbHa OCHOBA HAYKOBOTO JIOCIHI/KEHHS (aKTYaJIbHICTD, MPO-
Onemaruka, 00’ €KT, IpeIMET, METa, 3aBJaHHs, HayKOBa HOBH3HA, MPAKTU4YHA 3HATY-
HIIiCTB).
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MIPUHIUITA OpraHi3aiii Ta MpoBeleHHs HayKOBOT'O JOCiKEHHS

Mertopoitorist

HOCTKCHHSA METOJIU HAYKOBOTO JTOCIIPKSHHS CUCTEMU MYJIBTUMOATBHUX
CHCTEMHU nepeBe3eHb Ta CI0CoOU HOoro mpoBeeHHs
MYJIETHMO/1a-
JIBHAX
nepeBe3eHb
HazijgeHa
TaKUM
armaparom:

MOHATIHHO-KaTeropiajikHa 0CHOBA HAYKOBOTO JOCIiPKCHHS

Puc. 1. Anapam memoodonozii 0ocniodicents cucmemu MyIbmumMoOaIbHUX NePee3eHb
IDicepeno: cknadeno agmopamu Ha ocHosi [8]

VY mocnimpkeHi IpUMHATO HACTYINHI PiBHI METOAOJIOTIYHOTO aHAJi3y CUCTEMH MYJIb-
TUMOJAIEHUX TIepeBe3eHb [8] (nuB. puc. 2):

1) nuHaMiyHMIA piBeHb (IHTEpIpeTallis pe3ynbTaTiB HasSBHUX HAyKOBHX BITUM3HS-
HUX 1 3aKOPIOHHHX JOCHTI/KeHb, aHATI3 3arallbHUX (OpPM 1 METOIiB HAYKOBOTO MHC-
JIEHHS I0JI0 MYJITETUMOAAIIFHOCTI MPOIIECIB IEPEMIIIIeHHST MaTepialbHUX MOTOKIB);

2) cTaTWYHWA piBeHb (MPUHIMIM, MiAXonu, (OPMH IOCHTIHKEHHS, SKi MAaloTh
3araJbHOHAYKOBUIl XapaKTep Ta OXOIUTIOIOTH OKA3HUKH IIePeBEe3eHb BAHTAXKIB PI3HUMHA
BHJIaMH TPAHCIIOPTY);

3) aHaNMITUYHUN piBeHH (CKIAAETHCS 3 KOHKPETHOI CyKYITHOCTI METOIB 1 IPUHITH-
ITiB JOCIiPKEHHS, III0 3aCTOCOBYIOTHCS Y TPAHCIIOPTHIN rairy3i Ha CHOTOHI);

4) mpenqMeTHHH piBeHb (AWCIUILUTIHAPHA METOJOJIOTIS SK CYKYIHICTh METOIIB
1 TIPUHIMITIB JOCII/UKEHHS TPAHCHOPTHHUX CHCTEM, IO BUKOPHUCTOBYIOTHCS Y TpaH-
CIIOPTHIH Taiy3i);

5) MbKIUCHUIUTIHAPHUHN piBEeHB (METOMOOTIS MKAMCIUTUTIHAPHOTO KOMITJIEKCHOTO
JOCIIKEHHS, 1110 BiIOBITHO /IO JIOTiKH HAyKOBOTO IONIYKY € CEeporo B3aeMOIii pi3-
HHUX HayK: JIOTICTUKH, MaTe€MaTHKH, NPOTPaMyBaHHS TOIIO, KOJH MOXKHA OTPUMATH
pe3yJbTaT JINIIE Y pa3i BpaxyBaHHs KOMIUICKCHOTO 3HAHHS ITPO TPEIMET TOCIIHKSHHS).

JUHAMIYHHUN PiBESHb CTaTHYHHHN PIBEHb aHAITHYHUHN PIBEHBb

MIXTACIUILTI HAPHU I
piBEHb

IPeIMETHUH PiBCHb

Puc. 2. Obpani pisni memoodonoziunoeo ananizy cucmemu MynomumoOanrbHUx
nepegesems
Iicepeno: cknadeno asmopamu Ha ocHo6i [8]
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ABTOpaMU MPOBENICHO aHaJi3 BU3HAYCHHsI MOHSATTS MYJIGTHMOJANbHI MEepeBE3CHHS
B Pi3HUX JpKepenax (auB. Tabm. 1).

Tabmums 1
Bu3zHaueHHs1 NOHATTS «MYJILTUMOAAJIbHI NepeBe3eHHsI»
Ne .
3/ Buznauenns dxepesio Hpumirku
MyasTuMOnaTbHE TIepeBe3eHHsI — TPAHCIOPTYBAHHS
BaHTa)XXiB 32 OTHMM JIOTOBOPOM, aJi¢ BUKOHAHE IPHUHAM- BusnaueHHs
1 |MHI JBOMa BHIAMU TPAHCIIOPTY; MEPEBI3HUK HECE BiAIO- [9] c(hopMyIIEOBaHO
BiJIAJIbHICTH 3@ BCE MCPEBE3CHHSI, HABITH SKIIO 1€ TPaH- MIEPEBiI3HUKOM
CHOPTYBaHHS BUKOHYETHCS Pi3HIMH BHIAMH TPAHCIIOPTY.
MynsTUMOANTbHE IEPEBE3CHHS — [IEPEBE3CHHS BAHTAXKIB .
‘ . - BuznauenHs 3riiHo
JIBOMa a00 OLITBIIIEC BUIAMU TPAHCTIOPTY Ha ITiICTaBi JOTO-
2 oy [10] 3aKOHO/IaBUOTO
BOpPY MYJIBTHMOIAIFHOTO TEpeBE3eHHS, IO 3IiHCHIO- -
€ThCSI 32 IOKYMEHTOM MYJIETHMO/IAJIBHOTO IEPEBE3CHHS. Y
MynsTUMOIanbHI TepeBe3eHHS — IIe BUI TPAHCIIOP-
Y A . T1epeBe 1 A TP P Busznauenns
TyBaHHS BaHTaXiB, SKUH mependadae BHUKOPUCTAHHS
3 P . ! [11] c(hopMyIIbOBaHO
SIK MIHIMYM JIBOX Pi3HHMX BHJIIB TPAHCIIOPTY 3a OIJHHUM !
. MIEPEBI3HUKOM
HACKPi3HIM JJOTOBOPOM.
MynsTUMOABHI TIEPEBE3CHHS — 1€ BaHTaXXOIEPEBe-
3CHHS, SKI 3IHCHIOIOTHCSA 3a JIOMOMOTOK JIEKiTBKOX Busnauenns cdop-
BHIIB TPAHCIIOPTY B MEKaxX OIHOTO IOTOBOPY, KOIH MyJIbOBaHO TIEpEBi-
4 | AOCTaBUTH BaHTaX 0 MiCLs IPU3HAYEHHS 32 JONIOMO- [12] 3HHUKOM Ha OCHOBI
TOI0 OTHOTO BHY TPAHCIOPTY HEMOXIIUBO, KOJH Tepe- MIPAKTUIHOTO
BE3CHHS OIHMUM BHIOM TPAHCIIOPTY KOINTYE 3aHAITO JOCBiIy
Joporo abo 3aiiMae Gararo 4acy.
MynsTUMOIANTBHI TIEPEBE3SHHS — MPOIIeC JOCTABKH BaH- BusnaueHHs
5 | Taxy meKiTbKOMa BUJAMH TPAHCIIOPTY, 3 BAKOPHCTaHHAM [13] c(hopMyIIEOBaHO
MEPEBAHTAKYBATLHIX TEPMIHAIIIB M0 OJTHOMY KOHTPAKTY. MIEPEBI3HUKOM
MynbTHMOaNTEHI IepeBE3EHHS TOTIOMATaloTh TPaMOTHO BU3HAYCHHS
6 OpraHi3yBaTH JIOTICTHKY, OCKIIbKU 3a0€311e4y0Th TpaH-
S . [14] c(hopMyITbOBaHO
CIIOPTYBAaHHS BaHTaXXy Ha JAJICKi BiJICTaHi 3 BUKOPHC- !
: . MIEPEBiI3HUKOM
TaHHAM JIEKUTHKOX BHIIIB TPAHCIIOPTY.

MynbsTuMoOzasbHI IepeBe3eHHs] MalOTh psA mHepesar (AuB. Tabm. 2) y MOpiBHSHHI
13 3BUYallHUMH NIEPEBE3CHHAMH BaHTAXKIB PI3SHUMHU BHJAMH TPAHCIIOPTY.

Tabmnurs 2
[lepeBaru MyIbTHMOIATbHUX NMEPEBE3€HD

3/m ITepesarn Jl:xepeio

— CKOpOYCHHSI BHTpaT 3aMOBHHKA, aJUKE CIIBIpALs 3 OIHIEH KOMIIAHIEHO

B OyIb-sIKOMY BHITIAIKy 00iHIeThCS NEmIeBIe, HiX podoTa 3 pisHUMHE / OKpe-

MHUMHU TEePEBi3HUKAMHU;

— OIITUMI3aIlisi TEPMiHIB TOCTaBKH;

— rapaHTis Oe3MeKy BaHTaXy, 00 KoMITaHis-TIepeBi3HUK Oepe Ha cebe MOBHY

| BI/IOBIZANbHICTD 3a 30€PEXKCHHSL BAHTAKY, TAK K OOMPAIOUH Pi3HHX nepe- [11]
BI3HHKIB, HE MOXKHA FapaHTyBaTH TOTO, IO IiJI Yac epenavi BAHTaxy HoMy

He Oyzie 3aBIaHO IIIKOIM;

— poboTa 3 OAHUM IOCTAYaJBLHUKOM IOCIYTH MepeBe3eHHs (HMOBIpHO

3 OJHUM 3aKpIIUICHUM 3a KII€EHTOM MEHEIKEPOM, SIKHH KOHTPOJIOE BECh

MIPOIIEC TIEPEBE3EHHS ), IO 3HAYHO CIIPOIILY€E TOKYMEHTOOOIT 1 JO3BOJISIE OTIe-

paTHBHO OTPUMYBATH iH(OPMAIIIO PO CTaH i MiCIIe3HAXO/KEHHsI BAHTAXKY.
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[Iponowxenus Tadnuii 2

— 3py4HUH cIoCi0 JOCTaBUTH BENUKY MAPTII0 BAHTAXKY;

— MOXJIMBICTb 3/[IICHUTH JOCTABKY 0 TEXHOJIOTIT «BiJI IBEpeii 10 ABEpen»;
— eKOHOMIsl 4acy Ha CKJIaJaHHi JIOTOBOPIB 3 NEPEBi3HMKAMH Ta KOHTPOJII 32
o |TepeBeseHHsML;

— mepejaya BiJINOBIIAIBHOCTI 32 30epEeKeHHS] BAHTAXY HAa BCHOMY LIISIXY
JOCTaBKH OJJHOMY OIIEparopy;

— JIOTIOMOT'a JIOTiCTHYHOTO TIapTHEPA y MPOXOIHKEHHI MUTHOTO KOHTPOJTIO;
— MiHIMi3aIlis BUJATKIB.

— ONTHMaJbHA OpraHi3alis JIOTICTHYHOrO JIAHIIOTa 3 METOK YHUKAaHHS
3aTPUMOK 1 3HIDKEHHS BUTpAT HA [IEPEBAJIKy BAHTAXKY;

3 |- ;moricTMuHa KOMITaHisl Hece MOBHY IOPUANYHY Ta (PIHAHCOBY BiAIOBINaIb- [13]
HICTB 32 BECh OpraHi30BaHHN MyJbTHMONAIBHUI MapIIpyT, 60 IepeBe3eHHS
3MIHCHIOIOTHCS OTHUM TIEPEBI3HUKOM 3a JOTOBOPOM.

— MOXJIMBICTb CKJIACTH ONTHMAJIBHUHA MapLIpyT 3 ypaxyBaHHSIM YacOBUX
MIPOMIXKKiB;

4 |- MOXJIMBICTbH CyHPOBOIY TOBapY; [14]
— JIOTIOMOT'a BAHTa)KOBJIACHUKY B 300pi Ta OTPUMaHHI JOKYMEHTIB;
— JIOTIOMOTa Y MUTHOMY O()OpMIICHHI.

[12]

VYkpaiHChKi KOMMaHi{ NepeBi3HUKN BUKOPUCTOBYIOTHh Pi3HI CXEMH MYJIBTHMOJAJIb-
HUX MaplIpyTiB (OuB. Tabi. 3), BIAOBIIHO HAa CHOTOAHI B YMOBaX BiICHKOBOTO CTaHy
B YKpaiHi peastizalisi IEBHUX CXEM € He MOKJIMBOIO Ha TEPUTOPIi KpaiHH, aje He BUKIIIO-
Yae MONIOHMX CXeM y MDXKHAPOIHOMY CIIOJIyYECHHI.

Ta0muuig 3
OcHOBHI cxeMH MYJIBTUMOAAJIBLHUX NepeBe3eHb
Ne CxeMH MYyJIbTHMOAAJILHHUX NlepeBe3eHb Hdxepesio
n/n
1 |1) Mopchki iepeBe3eHHs + aBTOMOOUITEHI TIEPEBE3CHHS,
2) MOPCBHKI TIEPEBE3CHHS + 3aTI3HIYHI TIEPEBE3CHHS;
3) MOpPCBKi TepeBe3eHHs + 3aIi3HU4YHI NepeBe3eHHs + aBTOMOOLIBHI nepe- [11]

BE3CHHSI,
4) 3aJ1i3HUYHI TIepeBe3eHHS + aBTOMOOIIbHI IIEpEBE3CHHS;
5) aBianepeBe3¢HHs + aBTOMOOLIBHI IEPEBE3CHHS

2 |aBiamepeBe3eHHs, MOPCHKiI MEpeBE3CHHS, AaBTONECPEBE3CHHS, 3ai3HHYHI [12]
TIePEBE3CHHS Y OY/Ib-SIKUX KOMOIHAITISIX

3 | BaHTaxIi TOCTaBIAIOTH: 3aJi3HUIICIO; MOPEM; aBTOMOOIIIME; JIITAKAMH.

3 OUIBIIOCTI KpaiH MepeBe3eHHS 3MIMCHIOEThCS MOPCHKUM, aBialliiHuM a0
3aJII3HUYHUAM TPAHCIIOPTOM JI0 YKpaiHH, a MOTIM BaHTaxX AOCTABIISIIOTH Ha
CKJIaJ| 3aMOBHHKA 32 JIONIOMOTOF0 aBTOMOOLIIB. OHAK MOXIMBI H iHII KOM- [13]
Ginarii. Ix po3po61<a 3MIMCHIOETLCS 3 ypaxyBaHHsIM reorpadiuyHoro posra-
LIYBaHHs! KpaiH, PIBHS PO3BHUTKY TPAHCIOPTHOI iHPPACTPYKTYpH, OakaHUX
TEPMiHIB TOIIIO.

ChpuiHATTS YKpaiHCBKUMH KOMIIAHIsIMH-TIEpeBi3HUKaMu 3akoHy Ykpainu «lIpo
MYJIBTHMOJAIIBHI TIepeBe3eHH s Oy10 He OAHO3HaYHUM. Hanpukiiaa, BAHUKIIO MUTAaHHS,
o0 MYJIBTHUMOAANbHI TEPEeBE3CHHS! CTOCYIOTbCS KOHTEHHEPHHUX Ta KOHTPEHIEpPHUX
nepeBe3eHb, ane Ie Oya0 HelmpaBUIbHE CyIKeHHs, 00 BOHH MOXYTb BUKOPHUCTOBYBa-
THUCS 10 OyIb-SIKMX BaHTaXIB y OyAb-sSKUX TPAHCTIOPTHUX OOMHHUILIX [15].

3aKOHOM BBEACHO MOHATTS MYJAbTUMOIATBHOTO Ta KOMOIHOBAaHOTO ITepeBe3eHHsI BaH-
TaXiB, SIK PI3HOBHIAY MYJIBTHUMOAAIBHOTO, MYJBTUMOAAIBHOTO TEPMiHATY, JOKyMEHTa
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MYJIBTHMOJIANIFHOTO TIePEeBE3eHHSI, OTlepaTopa Ta 3aMOBHUKA MYJIBTUMOIAIBHOTO TIepe-
BE3CHHSI, HA/IaHO BU3HAYCHHS JIOTOBOPY MYJIBTUMOIANEHOTO TIEPEBE3CHHS, OTO 1CTOT-
HUX YMOB, IIpaB Ta 000B’sI3KiB HOro cTOpiH [16]. 3aKkpilIeHO MPaBO YYaCHUKIB MYJIBTH-
MOJIaTIbHUX TIePEBE3CHb 3IHCHIOBATH MEPEBE3CHHs BAHTAXKy Ha IMiJCTaBi YKJIaJCHHS
€JIMHOTO JIOTOBOPY (IOTOBip MYJIBTUMOIAILHOTO TMEPEBE3CHHS) IIOA0 BCIX €TariB
NepeBe3eHHS HE3aJeKHO BiJl 3MiHM BWJIIB TPAHCIOPTY Ta 3/IMCHIOBATH TEPEBE3CHHS
BaHTaXYy 32 OJHUM IEPEBI3HUM JIOKYMEHTOM (IOKYMEHT MYJIBTHMOJAIBHOTO TepeBe-
3€HHs), MO0 SKOTO CTOPOHHU JOCAIJIM 3TOJH, a PaHillle KO)KHA KOMIIaHIsl TpaKTyBaja
BU3HAYCHHSI €JIMHOTO JIOKyMEHTY MO Pi3HOMY 1 BUHHMKAJIH FOPWIMYHI HE3PYYHOCTI.
3akoHOM TependadeHo, MO M Yac HaJaHHS TOCIYTH 3 MYJIBTHMONANBHOTO Tepe-
BE3CHHsI BaHTaXIB BiMOBINANBHICT ONEparopa MYJIBTUMOAAIBHOTO IEPEBE3CHHS 32
BaHTaX IEPe] 3aMOBHUKOM TTOCITYTH OXOILTIOE MEPioJl 3 MOMEHTY TIPUIHSATTS. HUM BaH-
TaXy JI0 MYJTBTHMOJJAIHOTO MTEPEeBE3CHHS Ta JI0 MOMEHTY BHJIa4l BAHTAXKY, IO OJ[pasy
pPOOHTH MPO30PUM TPOLICAYPY HAJAHHS MOCIYTH, a JJs OTPUMAaHHS BiJIIKOTYBaHHS
3a BTpadeHH (MOIIKO/PKEHH) BaHTaXX 3aMOBHUKY MOCITYTH HE MOTPIOHO BCTAHOBIIIO-
BaTH, Ha SIKOMY €TaIll TIepeBEe3CHHsT CTAIIMCS TOIIKO/KEHHSI UM BTpaTa BaHTaXy, ado
XTO 13 NEPEBI3HUKIB HE BUKOHAB 3000B’sI3aHHS 100 BYaCHOI TOCTaBKU BaHTaxy [15].
BceraHoBiieHO TpaHWYHHN pO3MIp BiIIOBITANBHOCTI Omeparopa MYJIBTHMOAAIBLHOTO
MEPEBE3CHHS y CIEI[ialIbHUX MIPaBax 3aM03u4YCeHHS BiJMOBITHO 0 YUHHOI MI>KHAPOIHOT
NPaKTHKH, 00 OUIBIICTh MYIBTUMOAATBHUX TEPEBE3CHb CIIAYIOTh Y MIXXKHAPOIHOMY
crnionmydeHHi. Takox mnependadeHo 3BUTFHEHHS BiJl TUIATH 3a MPOT3/1 MJIATHUMHU aBTOMO-
OUTPHUMH JIOPOTaMH 3arallbHOTO KOPUCTYBAaHHSI aBTOMOOUILHUX TPAaHCIIOPTHHX 3aCO-
0iB 13 3HIMHMMH Ky30BaMmH, IPU3HAYCHUX JUIs NIEPEBE3CHHS BaHTAXKIB, MaKCUMaJIbHA
JIOMTyCTUMa Bara SKMX IEPeBUIIYE JABAHAALSATH TOHH, IIO 3JIHCHIOIOTH KOMOIHOBaHi
nepeBe3eHHs, TOOTO YiTKO BKa3zaHi 0OMEXKEHHS 1 yperylboBaHi.

J11s TpaHCOPTHO-EKCIIEANTOPCHKUX KOMITaH1 i BUPIIIIEHO T TaHHS 1010 POy PH
odopMIIeHHS JOKYMEHTIB. 3aKOHOM Iepe10aueHo YKIIaIeHHS € IMHOTO JJIOTOBOPY MYJIBTH-
MOZaTIbHOTO IEpEBE3CHHA TA 3 ICHEHHATICPEBE3CHb 33 € JMHUM TPAHCIIOPTHUM JIOKYMEH-
TOM, 1[0 3BICHO CTIPOILY € 0 OPMIICHHS TIEPEBE3EHB, 00 0 IPUHHATT 3aKOHY ITEPEBE3CHHS
o opMITIOBaIH OKPEMHUM TPAHCIIOPTHUM JIOKYMEHTOM JJISl KOKHOTO BHJIY TPAHCIIOPTY.

Jlis ydacHUKIB PUHKY 3a0€3IeUeHO 3aXKCT IpaB Ta iHTEPECiB Cy0 €KTIB TOCHOaa-
PIOBaHHS: KOMITaHif-IIepeBi3HUKIB, BUPOOHUKIB MPOYKIIii, BIACHHKIB Ta OIEPaTOpPiB
TPAHCHOPTHOI iHPPACTPYKTYPH i T. 1. AKTHBHUHU PO3BUTOK MYJIBTUMOJAIBHUX Tepe-
BE3€Hb J]a€ 3MOTY 3MEHIITUTH 00CATH BUKOPUCTAHHS aBTOMOOIJILHOTO TPAHCIIOPTY LIS~
XOM TIepeopi€eHTaIlil 3HAYHOT YaCTHHU MEePEBE3CHb, SKI 3MIHCHIOIOTHCS aBTOMOOLITBHUM
TPaHCIOPTOM (JIOBTi BiZIpi3KH MapuIpyTy IepeBe3CHHs), HA BUKOPUCTAHHS O1IbII €KO-
JIOT1YHO YMCTUX BUIB TPAHCIIOPTY, IO CTBOPHUTH MEPETYMOBH JIJIsl 3MIIIHEHHS Ta 30e-
PEKEHHS 3/I0POB’Sl HACEJICHHS, 3HIKEHHS PiBHS 3a0pYyIHEHHSI aTMOC(HEPHOTO MOBITPS
1 3aXMCTUTh CKOJIOTII0 KpaiH, HANPUKJIAI, Ha 3aJIi3HUYHU. [1J1s orepaTtopiB MyJIbTHMO-
JALHUX TIepeBe3eHb KOMITaHI-MIepeBi3HUKIB OUIKY€EThCS MMO3UTHBHUI CepelHbOCTPO-
KOBUH BIUIMB IIPH MPAKTHUI OUIbIIE POKY, IO JAO3BOJHUTH ONTHUMI3yBaTH BUTPATH Ha
HaJIaHHS TIOCIIYT 3 MEPEeBE3EHHS BAHTAXIB (3TiHO JYMKH €KCIIEPTiB 3MEHIICHHS 4acy
Ta BapTOCTi 710 25%), 301IBIINTH IEPEBE3CHHS B MYJIBTUMOAAIBHUX OAUHUILIX 10 20%,
BPETYJIIOBaTH IHUTAHHS BIAMOBITAJIBHOCTI Ta 30€pEeKEHHS BaHTaXiB (€XWHUHN JOTO-
Bip MYJIBTUMOJAIBHOTO TEpEeBE3eHHs). BacHUKHM Ta omeparopu MyJIbTHMOIATBHUX
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TEpMIHAJIIB MarOTh MOJMJIMBICTh OTPUMATH TO3UTHBHHH CEPEAHBbOCTPOKOBHUH BIUIHB
MpU TPaKTHI HaJaHHS MYJITUMOAAJBHUAX MOCIYT OUIbIIEe POKY TaKHi, SIK PO3IIH-
PEHHS MEPEXi MYIBTUMOAAIBLHUX TEPMiHANIB, CTBOPEHHsI OLNBIIOI KIIBKOCTI HOBHX
TepMiHaiiB. PO3BUTOK MyIBTUMO/AIBHUX TEPEBE3CHb JIA€ 3MOTY 3HAYHO 30UIBIIUTH
00CsTH TepeBe3eHb BAaHTAXKIB TEPUTOPIE€I0 YKpaiHM 32 ydyacTIO HalliOHAJbHUX TpaH-
CTIIOPTHHUX KOMTIaHii, HANPUKIa, AKIIIOHEPHOTO TOBAPUCTBA « YKpaiHChKa 3aTi3HHLISD),
CTIPUSIOYH TIBUIIEHHIO KOHKYPEHTOCTIPOMOKHOCTI KpaiHU Ha CBITOBOMY PHUHKY TpaH-
CIOPTHHX IOCIYT, PO3BUTKY MEpEki HasBHUX TPAHCIOPTHUX KOPWAOPIB, 1HTETpaiii
TPaHCIOPTHOI iHPpacTpyKTypH YKpaiHH y CBITOBY TPaHCIIOPTHY CHCTEMY.

3akon Ykpaiuu «[Ipo MynbTuMonanbHi nepeBe3eHHs» Nel887 HaOpaB YMHHOCTI
319.12.2021 p. i 103BOJISIE MAKCUMAIILHO 3pyYHO Ta BUT1IHO BUKOPHCTOBYBATH Pi3HI
BUJM TPAHCIIOPTY JUISL HAJAHHSA TMOCIYT 3 NepeBe3eHb B MeXaX OJHOTO JIOTOBOPY
[17], TakuM YMHOM OJMH MEPEeBi3HHUK (20O JIOTICTUYHA KOMITaHisl) MOXKE OPTaHi3y-
BaTH MEPEBE3CHHS BAHTAXKY 3 BUKOPUCTAHHSAM JIBOX a00 Oinbllie BUIIB TPaHCIOPTY
3a TEXHOJIOTIEI0 «BiJ JABEepel 10 MBepei», 3a OJHUM JOTOBOPOM Ta €JIMHUM TpaH-
CIIOPTHHM JIOKYMEHTOM SIK Ha MIKJEP)KaBHOMY, TaK 1 Ha PEerioHAJIbHOMY pPiBHSX,
mo 3po0seHo s iMIuieMeHTanii nojoxenb Jupextusu Pamu €C Bing 07 rpynHs
1992 poky npo BCTaHOBJIEHHS CHIIBHUX MPABUII JJII OKPEMHUX BUJIB KOMOIHOBAaHUX
MepeBe3eHb BaHTAXIB MK JepkaBaMu-wieHamu. Opranizamis MyJIbTHMOAAIbHUX
nepeBe3eHb, BIIHOCHHU MK YHYaCHUKaMH MYJIBTUMOJIAIBHOTO MTEPEBE3CHHS, a TAKOXK
ix mpaBa, 000B’SI3KH Ta BiJIOBIIabHICTh BU3HAYAIOTHCS IOTOBOPOM MYJIBTHMO/IAIb-
HOT'O TICPEBE3CHHS Ta IHIIMMH JIOTOBOPaMHU, YKJIaJICHUMH BiJOBIIHO /10 3aKOHOaB-
ctBa Ykpainu [17]. Jorosip 3 HajaHHS MOCIYTH MYJIbTHMOAAIBHOTO TEPEBE3CHHS
€ JIBOCTOPOHHIM, YKIIAJa€ThCS Mi’K 3aMOBHHUKOM TIEPEBE3CHHS Ta ONEPAaTOPOM Iepe-
Be3eHHA. [Ipu 1IbOMY MepeBe3CHHS IMependadyaTuMe 3aCTOCYBaHHS JIBOX M Oibliie
BUJIIB TPAHCIOPTY ISl TIEPEBE3CHHS 3aMOBIICHOTO BaHTaXy, a OPTraHi3aIlil0 TaKoro
MepeBe3eHHs Ta MOIYK NMepeBi3HUKIB (Y T.4. YKJIaJaHHs 3 HIMH JJOTOBOPiB) Oepe Ha
cebe omeparop. BeezeHo HOBI TepMiHU JIsl 3aKOHOJIABCTBA YKpaiHU TaKi, K OIe-
paTop MyJIbTHMOJAIFHOTO MEPEBE3CHHS, OCIyTa MyIbTUMOIATLHOTO TIEPEeBE3CHHSI.
[Hm y9acHUKHM MYJNBTUMOJAIBHOTO IMEPEBE3CHHs, 30KpeMa, iHIi (aKkTH4HI mepe-
BI3HUKHU (aBTOMOOITHHHI TPaHCIOPT, 3aJli3HUIIS, MOPCHKI MepeBe3eHHs Tomo) abo
MYJIBTUMOJIATbHI TEPMiHATN YKIaIaTUMYTh OKpEMIi IOTOBOPH BIKE 3 ONIEPATOPOM, 11O
OLIBII 3pydYHO AJIsl BIIaCHUKA BaHTaxy [18]. MynsTuMOganbHi TEpMiHATH MOXYTh
3HAXOJMTHUCS Ha TEPUTOPIl 3aTI3HUYHHUX CTaHIIIH, aePOMOPTiB, MOPCHKUX Ta PIUKO-
BUX ITOPTIB i HE BXOJMUTH JIO MEXK ITYHKTIB MPOMYCKY (IIYHKTiB KOHTPOJIIO) Yepe3 Jiep-
JKaBHUIN KOpAOH YKpAaiHU, Y HUX MOXYTb CTBOPIOBATHUCS 30HU MHUTHOTO KOHTPOJIIO
JUTSL TPOBEICHHSI MUTHOTO KOHTPOJIIO Ta MUTHOTO 0(OPMJICHHS, a ITiJ] Yac 3M1HCHEHHS
MDKHApOJIHUX MYJIBTUMOJIATBHHUX TTEPEBE3CHb — MUTHI CKJIAJH, CKIAX THAMYAaCOBOTO
30epiraHHsi Ta BaHTaXHI MUTHI KoMruiekcH. OpraHizyBaTH MYJIBTUMOJAIIBHE Iepe-
BE3CHHS MOYXKHA 1 SIK TPaH3UTHE NepeBe3eHHs (3 BpaxyBaHHSIM BUMOT 3akoHy «IIpo
TPaH3UT BaHTAXIB»), 1 K NEpeBe3cHHS HeOe3NMeUYHUX BaHTAXIB (3 ypaxyBaHHAM
MOJIOKEHb MIXKHAPOJIHUX JOTOBOPIB, 3akoHy «IIpo mepeBe3eHHs HeOe3MEeYHNX BaH-
TaXIB» TOIIO), 1 IK MMEPEBE3CHHS 00’ €KTIB TBAPUHHOIO Ta POCIMHHOTO CBITY (3 Bpa-
XyBaHHSIM 3aKoHiB «[Ipo 3axHCT TBapHH BiJ] )KOPCTOKOT'O TMOBOKECHH», «IIpo poc-
JIMHHUU CBiTY, «IIpo TBapuHHUM cBIT») 1 T. 4. [17].
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JloroBip MynbTHMOJANBHOTO TEPEBE3CHHS Ma€ MICTHUTH TaKi iCTOTHI yMOBH,
30KpeMa: IpeaMeT JIOTOBOPY: OINeparop MYJIBTHMOJAAIbHOTO  TIepEeBE3CHHS
3000B’513y€ThCSl 32 IUIATy i KOIITOM 3aMOBHHUKA HAJaTH IMOCIYTY MYJIBTHMOJalb-
HOTO MEPEBE3CHHS, Y T. Y. 13 3aJyUYCHHAM IHIIUX YYaCHHUKIB MEPEBE3CHHS BaHTaXIB
JI0 HaJIaHHS TOCIYTH MYJIBTUMOAAILHOTO TEPEBE3CHHS; I[iHa JOTOBOPY — MYJETH-
MOJJAJIbHI TIEPEeBE3CHHS BAHTAXKIB MOXKYTh 3/I1HCHIOBATUCS 32 €MUHUM (HACKPI3HUM)
tapudom abo 3a JOTOBIpHUMH LIHAMH; CTPOK JIii JOTOBOPY Ta OKPEMO — CTPOK (Tep-
MiH) BUKOHAHHSI JIOTOBOPY; BUJ Ta HaMEHYBaHHS BaHTaXy; BHJIU TPAHCIIOPTY, SKi
OyIyTh BUKOPUCTOBYBATHCS, Ta MapIIPYT MYJIETHUMOAAIBHOTO MTEPEeBE3CHHSI 31 3a3Ha-
YCHHSM MYJIBTUMOAAIBHUX TEPMIiHATIB, JIe 3A1MCHIOETHCS 3MiHA BHUJIIB TPAHCIIOPTY;
NYHKTH BIATIPaBJICHHS Ta MPU3HAYCHHS BAaHTAXY; BiJNOBINaJbHICTh CTOPiH 32 HEHa-
JIe)KHE BUKOHAHHS CTOPOHAMH YMOB J1oroBopy [17].

KombiHoBaHe TiepeBe3eHHsI BaHTaXKIB — II¢ MYJBTUMOJIAIbHE MEPEeBE3CHHS BaHTa-
1B OJTHIEFO 1 TIEFO CAMOIO TPAHCTIOPTHOIO OJMHUIICIO O€3 MepeBaHTAKCHHS BAHTAXKY MPH
3MiHI BUJLy TPAHCIIOPTY, Jie OibIlIa YaCTHHA MaPIIPYTy IPUXOAUTHCS HA MOPCHKHIA, pid-
KOBHUH 200 3aTI3HUYHUHN TPAHCIIOPT, & BiJPi30K MapIIPyTy aBTOMOOITBHAM TPAHCIIOPTOM
€ MaKCUMAaJIbHO KOPOTKHUM, TPAHCIIOPTHA OJMHUIIS 1 BUJ] TPAHCTIOPTY — B IIbOMY BUITAIKY
11e pi3Hi pedi. JJoroBip Ha yMoBax KOMOIHOBaHOTO NIEPEBE3CHHS BAHTAXKIB YKIIAIa€ThCS,
KOJIM WIeTbesl Mpo: 1) mepeBe3eHHs] BAaHTAXKIB BaHTAKHUM aBTOMOOINIEM, TPHUYEIIOM,
HaIIBIOPUYEIIOM, 3 TsAraueM abo Oe3 Tsraua, 3HIMHMM Ky30BOM a00 KOHTEHHEPOM, 1110
Ma€ BIAMOBIIHE MapKyBaHHS 3TiHO 3 MIDKHAPOJAHUMU CTaHIaPTaMHt, aBTOMOOUILHUMHU
HUISIXaMH Ha TOYAaTKOBOMY Ta KIiHIIEBOMY BiJpi3Kax MaplIpyTy MYJIBTHMOAATBHOTO
NepeBe3eHHS Ta 3aJi3HUIICIO, BHYTPIIIHIMI BOJHHMH, MOPCHKHMH IIUISIXaMU 32 YMOBH,
10 MOpChKa BifcTanb moHay 100 KioMeTpiB npsMoi JiHii, Ha iHIIOMY BiJpi3Ky Mapii-
PYTY MYJIIETHMOJIANTBHOTO TIEPEBE3CHHS, @ TAKOXK SKIIO: 2) ITij] 4ac KOMOIHOBaHOTO Tepe-
BE3CHHSI BAHTaXKiB TIOYATKOBHM Ta/a00 KiHIEBUM BiJJpi3KOM MapIIpyTy € IePEBE3CHHS:
MIX TOYKOIO 3aBAHTA)KCHHS TOBAPIB Ta HAHOIMKIOIO BIAMOBITHOO 3aBaHTAKYBAJILHOKO
CTaHIIIEI0 3aJI3HUII ISl TOYAaTKOBOTO Bif[pi3Ka MapuIpyTy i MiXk HalOIMKIOK BiJIIO-
BiJTHOI0 PO3BAaHTAKYBAJILHOK CTAHI[IEID 3aJII3HUII Ta IMyHKTOM, Ji¢ TOBApU PO3BaHTa-
JKYIOTBCS JIIsl KIHIIEBOTO Bif[pi3Ka Mapuipyty, abo y paaiyci MakcuMyM 150 ximomeTpiB
BiJ piYKOBOTO 200 MOPCHKOTO MOPTY (TepMiHala) 3aBaHTAKEHHs 200 pO3BAHTAKEHHS.

[Tpu yknaneHHi JOTOBOPiB MIXKHAPOJHUX MYJIBTUMONATIBHUX MIEPEBE3EHb IIIaTHHUKH
MO/IaTKiB MAIOTh NIPABO CKOPUCTATHCH HYJIHOBOIO CTABKOIO ITOJ]ATKY Ha TOJaHy BapTiCTh,
00 BiOBIIHO /10 [ 17] 32 HYJIOBOIO CTABKOIO OITOJATKOBYIOTHCS OTIepallii 3 TOCTa4YaHHs
TaKUX MOCIYT SIK, 30KpeMa, Mi>KHApOJIHI IIepeBe3eHHS MacaKUPIB 1 Oaraky Ta BAaHTaXiB
3aJI3HUYHUM, aBTOMOOUTEHIM, MOPCHKUM 1 PIYKOBUM Ta aBiallifHUM TPaHCIIOPTOM.

BucnoBku. P0o3BUTOK MyINBTHMOAAIBHUAX TEPEBE3CHb 32 YYACTIO 3aTi3HHYHOTO
TPAHCHOPTY € KIIFOUOBUM YAHHHUKOM TT1JIBUIICHHS €(DEKTUBHOCTI PO3BUTKY TPaHCIIOPT-
HOI Tany3i B YkpaiHi y Cy4acHHX yMOBAaX, YAOCKOHAJICHHS YIPaBIiHHS JIQHIIOTaMU
MOCTauaHHs MOCIYT IepeBe3eHb BAHTAXKIB, aje MoTpedye JTOCIIIKEHHS 3 METOIO OTITH-
Mizamii npouecy GpopMyBaHHS MyJbTUMONATBHUX MapUIPYTiB Ta Y3TOMKEHHS i yciX
YYaCHHKIB MYJIBETHMOJAIILHOTO MTEPEBE3CHHS Y Yaci.

Y poGoTi HaBeJCHO anapaT METOIOJIOTIT JOCIIPKEHHS CUCTEMH MYJIBTUMOIATBHUX
MEPEeBE3CHbh Y CyYacHHUX YMOBax, 0OpaHO PiBHI METOJOJIOTIYHOTO aHaJi3y CHCTEMHU
MYJIBTUMOJIANIbHHUX [IEPEBE3CHb.
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JlocripKeHo TOHATTS MYJIBTUMOJIANIbHI TIEPEBE3CHHS Y PI3HHUX JKEpeiax sK TPaH-
CTIIOPTHHX KOMITaHIH, TaK 1 y 3aKOHOaBYil Oa3i.

Hageneno pi3Hi cxeMu MyJIBTUMOJIHUX MapIIPYyTiB i BpaXOBaHO, IO Ha ChOTOIHI
B YMOBaXx BIHCHKOBOTO CTaHy B YKpaiHi peaiizailis IEBHUX CXEM € HE MOXJIMBOIO Ha
TEPUTOPIT KpalHH, ajie He BUKITFOYAE MOJIOHUX CXeM Yy MIXKHAPOIHOMY CITOJyUYEHHI.

[IpoanamnizoBaHO 3aKOHONABUO BBEJCHE MOHATTS MYJIBTHUMOAAIBHOTO Ta KOMOIHO-
BaHOTO TEPEBE3CHHS BAHTAXIB SIK PI3HOBUIY MYJIBTUMOAAIBHOTO, MYJIETUMOIATIBHOTO
TepMiHaly, JOKyMEHTa MYJIbTHMOJAIBHOTO TEPEBE3EHHsI, oleparopa Ta 3aMOBHHKA
MYJIBTHMOJAIEHOTO TePEeBE3CHHS, HAaJaHO BH3HAUYEHHS JIOTOBOPY MYJIBTHMOAAIBHOTO
NepeBe3eHH s, HOro ICTOTHUX YMOB, MpaB Ta 000B’SI3KiB HOTO CTOPiH, IO 3HAYHO CIIPO-
HIy€ IOPUINYHY CKIIAI0BY JOKYMEHTOOOITY CHCTEMH MYJIBTUMOJIATBHOTO TTEPEBE3CHHS.
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