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METOJA BUBHAYEHHS CTPECOBOI'O HABAHTAKEHHS YJIEHIB
EKITAXKY CYAHA IIJISIXOM KOHTPOJIIO 3A PIBHEM KOPTU30JY

FO.B. buukoBcbkuii', O.M. Menbuuk?, M.II. Byarakos?
Yetaprmii BuKIaa4 Kageapy HaBiraiii i KepyBaHHS CYITHOM,
OoecbKuii HAYIOHATLHUL MOPCHKULL YHIBEpCUment,

KaItiTaH Janekoro mraBanHs, Oneca, Ykpaina,

ORCID ID: 0000-0003-1459-9029
2K.T.H., IOIIEHT, JOICHT Kadeapu CyTHOBOIIHHS i MOPCHKOT OE3IeKH,
Ooecvrutl HayionanbHull Mmopcokutl yHisepcumem, Odeca, Yxpaina,
KaIliTaH JaJeKOro TUIaBaHHs,

ORCID ID: 0000-0001-9228-8459
SK.T.H., JIOLEHT, JOLEHT KadepH CyTHOBOIIHHS i MOPCHKOT Oe3IeKH,
Ooecvkuil HayionanbHul Mopcokull yHisepcumem, Odeca, Yrpaiua,
ORCID ID: 0000-0002-7172-8678

Anomauisn

Bcemyn. Busnauenns pigHs cmpecogoeo Ha8AHMANCeHHs! € OOHIEIO 3 HAUBANCTUBIUUUX
npobnem cyyacHozo meneddcmenmy. [ana poboma npucesuena npoonemi 6UKOpUCman-
HA QHANI3Yy CMPeco8o2o HABAHMANCEHHS WIIAXOM HOCMIUHO20 KOHMPONIO 3d pieHeM
KOpmMuU30ny y npayi6HuKis, sAKi Maroms 8UCOKUL PiBEHb CIMPeco8020 HABAHMANICEHHS 8
npoyeci 8UKOHaHHs npogecilinux 0606 ’a3kis. [lepenix maxux npogeciti dysice wupo-
KUil, momy asmopu 30Cepeiunics Ha NpayiGHUKax MpaHCnoOpmHoOi 2aiysi, 30Kpemda
npayigHuxax 600Ho2o mpancnopmy. Mema. /lana cmammsl gugyae 6naue cmpecogozo
HABAHMADICEHHS HA Pi6eHb Oe3neKu CYOHONAA8CMEd. Aemopu cmammi cmeepodicyioms,
WO NOCMIUNULL KOHMPOTb 34 CIMPECOBUM HABAHMANCEHHAM Y CYOHOB0OII8 MOdICe OONO-
Moemu 3meHwumu Kinokicmo asapiu 3 cyonamu. Came maxka kameeopis npayieHUKis,
K NPABUNIO, YACTO GUKOHYE BILACHI CIYHCO08I 0008 A3KU Y CMani nidGUueHo2o cmpe-
CO8020 HABAHMAMNCEHHS, WO € NPULUHOTO 6A2ambOX asapiil 3 CYOHAMU V PI3HUX pauio-
nax Cgimogozo okeany. Pezynomamu. Buseneno, wo nomiuHuku xanimawie marome
sUWULL piBeHb KOpMU30LY, Hidic kanimanu. Lle mooice 6ymu nos ’a3amo 3 MeHuum 00cai-
oom pobomu NOMIYHUKIE Kanimarie. 3MiHU Y NO2OOHUX YMOBAX BUKIUKAIU 3POCHIAHHSL
pisHs kopmuszony y cyonoeodiis. Lle ceiouums npo eajciugicmv 6paxy8anHs no20OHUX
VMO8 Y po3podyi pobouux epaghikie ma ymo8 KOHMpAaxKmis 01 MOpAKI6. JlociodceH-
HSL MAKodiC NIOMEEPOUTLO B3AEMO38 30K MIJC XAPUYBAHHAM, BIONOUUHKOM MA PiGHEM
cmpecy. Pexomenoayii w000 Hanejicnozo Xxapuy8awus ma pecyisipHo20 GIONOYUHKY
MOJHCYMb CNPUATIU 3MEHUEHHIO cmpeco8o2o Hasanmadicens. Came momy HeoOXioHuil
NOCMIUHULL KOHMPOLb 3a CIPECOBUM HABAHMANCEHHAM NPAYIBHUKIG, WO 0ACTb MOiC-
JUBICMb 3MEHWUMU KITbKICMb A8Apil i3 CYOHAMU MaA 3aN00iemu YUCIeHHUM HACTIOKAM,

© buuxoscbkuii }0.B., Measnuk O.M., Byarakos M.II., 2024
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AKI BUHUKAIOMb Y pe3yibmami asapiu. [JocniodiceHnss npucesiuene oyinyi cmpecogozo
HABaAHmMadxiceHHs y CyOH0800ii8 HA OCHOBI aHANi3y PIGHA KOpMuU3oay. /s Yyb02o 8UKO-
PUCMOBYBANAC MemOOuUKa 300py cedi ma 1abopamopHux 00CIIONHCEHb 3 YPAXYBAHHAM
¢axmopie, makux AKk 6iK, 00C8i0 pobomu ma YMO8U HABKOIUUHLO2O Cepedosulyd.
Pezynomamu noxazanu 3pocmanns pigHs KOpmu3oiny ¥ ROMIYHUKIE KANiMAawis, ocoonu-
60 34 HECNPUAMIUBUX NO20OHUX YMOS. 3ACMOCY8AHHA Yb020 MEMOOY BUABULO MONMCIU-
8iCmb ONepamu8HO20 KOHMPOIIO 34 PiBHeM CIMpecy ma pe2yno8aHHs HA8AHMANCEHHS
Ha cyOH0800ii8. JlociodicenHs makoic NIOKpecauio 6NIue Xapiy8anus ma 8i0NO4UHKY
Ha pigeHb cmpecy. 3anponoHO8aHO peKoMeHOayii cmoco8HO 3MiH pobOYUX YMO8, AKI
Oynu nputiHami Ha npakmuyi cyOHOBIACHUKOM, GKIIOYAIOHU NOPAOOK 3MIHU CYOHOBO-
0ii6 ma CKOpoueHHsT MepMIiHi8 KOHMPAKMIE 3aNeNCHO IO ce30H). 3azanvHi UCHOBKU
003601510Mb PO32NAOAMU Yell MemoO 5K eheKMuUeHUll ILcmpymenm OJisk GUMIDIOGAHHS
cmpecogoeo cmauy MOpAKie ma 3abe3neuenns Oezneku cyononnascmea. Bucnoexu.
Bumiprosanns piens kopmuzony 6 ceui € eqheKmugHuM MEemoOOM OYIHKU CIPEcO8020
Hasanmanicents y cyonoeodiis. Hozo euxopucmanns 003601U10 onepamueHo KoOHmp-
onosamu ma aoanmyeéamu poboui ymosu, uwob zabdesneuumu 6e3nexy cyoHoNnIaecmad.
Heobxiono npuoinsmu ysazy ncuxono2ivHomy cmamny CyoHo800iis, 0CoOONUBO NOMIYHU-
Kie xanimanie. HeoOxiono epaxoyseamu nocooui ymosu y pospooyi pobouux epagixie
ma ymMo8 KOHMpAaKmis 01 MopsKis. Pexomenoayii ujo0o HanexcHo2o xapuysauwHs ma
Pe2VIAPHO20 BIONOYUHKY MONCYIMb CAPULIMU 3MEHUEHHIO CIMPECO8020 HABAHMANCEHHS
y mopskie. Heobxiono po3pobnamu mexnonoeiyni 3acoou 0isi onepamusHoco KOHmp-
0J110 34 pi6HeM KOPMU3OILY, WO Modce 3a0e3nedumu pe2yito8aHts Cmpeco8o20 HABAH-
masicenHs ma nioguuUmy o6e3nexy cyOHonIaecmad.

Knrouoei cnosa: noocokutl enemenm, KOpmu3soi, MOHIMOPUHE CIMpecy, eIIOKOKOPMU-
KOIOHULL 20pMOH, DIOCEHCOPUKA, HAOHUPKOBI 3AI03U.

THE METHOD OF DETERMINING THE STESS BURDEN OF SHIP CREW
MEMBERS BY MONITORING THE LEVEL OF CORTISOL

Yu.V. Bychkovsky', O.M. Melnyk?, M.P. Bulgakov?
Senior Lecturer, Department of Navigation and Ship Handling,
Odesa National Maritime University, Odesa, Ukraine,
Master mariner
2PhD, Associate Professor, Department of Seamanship and Maritime Security,
Odesa National Maritime University, Odesa, Ukraine
Master mariner
3PhD, Associate Professor, Associate Professor at the Department of Navigation
and Maritime Safety,
Odesa National Maritime University, Odesa, Ukraine,
ORCID ID: 0000-0002-7172-8678

Summary

Introduction. Determining the level of stress load is one of the most important
problems of modern management. This paper is devoted to the problem of using stress
load analysis by continuously monitoring the level of cortisol in employees who have a
high level of stress in the course of performing their professional duties. The list of such
professions is very wide, therefore, the authors focused on employees of the transport
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industry, specifically, water transport workers. Purpose. This article examines the impact
of stress on the level of shipping safety. The authors of the article argue that constant
monitoring of the stress load of navigators can help reduce the number of ship accidents.
1t is this category of employees who, as a rule, often perform their duties under high
stress, which is the cause of many ship accidents in different parts of the world ocean.
Results. It was found that assistant captains have higher cortisol levels than captains.
This may be due to the lesser experience of assistant captains. Changes in weather
conditions caused an increase in cortisol levels in shipmasters. This demonstrates the
importance of taking weather conditions into account when developing work schedules
and contractual terms for seafarers. The study also confirmed the relationship between
nutrition, rest and stress levels. Recommendations for proper nutrition and regular rest
can help reduce stress. That is why it is necessary to constantly monitor the stress load of
employees, which will help reduce the number of ship accidents and prevent numerous
consequences that arise as a result of accidents. The study is dedicated to assessing the
stress load of shipmasters based on the analysis of cortisol levels. This was done using
urine collection and laboratory tests, taking into account factors such as age, work
experience and environmental conditions. The results showed an increase in cortisol
levels in assistant captains, especially in adverse weather conditions. The application
of this method has revealed the possibility of promptly monitoring stress levels and
regulating the workload of ship’s officers. The study also highlighted the impact of
nutrition and rest on stress levels. Recommendations for changes in working conditions
were proposed and adopted in practice by the shipowner, including the procedure for
changing seafarers and reducing the duration of contracts depending on the season. The
general conclusions allow us to consider this method as an effective tool for measuring
seafarers’ stress and ensuring safety of navigation. Conclusions. Measuring urinary
cortisol levels is an effective method for assessing the stress load of seafarers. Its use
has made it possible to promptly monitor and adapt working conditions to ensure safe
navigation. Attention should be paid to the psychological state of seafarers, especially
assistant masters. Weather conditions should be taken into account in the development
of work schedules and contractual terms for seafarers. Recommendations on proper
nutrition and regular rest can help reduce seafarers’ stress. Technological means for
operational monitoring of cortisol levels should be developed, which can help regulate
stress and improve shipping safety.

Key words: human element, cortisol, stress monitoring, glucocorticoid hormone,
biosensing, adrenal glands.

IMocTanoBka mpo6aemMu. AHaji3 aBapiifiHOCTI CyJIeH 3a OCTaHHI JIECSATh POKIB
MOKa3aB 3MEHIICHHs BUIMAKIB 3arubeni cyfeH. OnHaK mpoTsAroM OCTaHHIX POKIB IIs
nudpa 3ynuHUIAcsS Ha MO3HAYIl OJM3bKO 55 cyleH Ha piK 1 MH He 0a4uMO TEHJICH-
1ii 10 3MeHuIeHHs i€l Kijabkocti. Lle cBimumuTh mpo Te, 1o cymapsi 3ycumis IMO,
JICpKaB Iparopy CyAeH, KilacHU(piKaliiHMX TOBAPUCTB, CYJAHOBJIACHUKIB Ta IMOPTOBHX
aJIMIHICTpallii Jajid MeBHUN PE3yJIbTaT JUIsl 3MEHIICHHS KIJIbKOCTI BHUITJIKIB 3aruoei
cyneH. KonuBaHHs BUIAAKIB OJU3bKO 55 BUMAJKIB/PIK CBIAYATH MPO TE, 110 HASIBHICTH
JCSIKUX TPUYMH HE J03BOJISE JIOCSITHYTH MOAAJBIIOT0 3MEHIICHHS KIJIBKOCTI BUIIAJ-
kiB 3aru6eni. Cepen UX MPUYUH TOJIOBHOK, HAa AYMKY aBTOPIB, € JHOACHKUH (hakTop,
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30Kkpema (akTop crpecy. bararo pa3iB aBropu 3BepTalid yBary Ha iie nutaHHs. OIHuM
i3 HaWBKJIMBINIMX THTaHb IIOJ0 CTPECY € MUTAHHS BU3HAYCHHS (DaKTHUHOTO DiBHS
ctpecy y aonunu. Ha nanwmii yac ve icaye 100% iHCTpYyMEHTY BIIEBHEHOTO BU3HAUCHHS
cTpecy. Y 6arathox BUIAKaX s OI[IHKA BUKOHYEThCS Ha ITiJICTaBl BAKOHAHHS TUCHMO-
BOTO TECTYBAaHHS JIFOJMHU Ta aHAJ3y PEe3yJIbTaTiB TECTYBaHHSI JIJIsl IPUHHSTTS PIlICHHS.
B iHmMX BUNIaIkaX BUKOHY€ETHCSI aHaJi3 CTaHy JIFOIWHH 3 ypaxyBaHHSIM HU3KH (haKkTOpiB
(moBeliHKa, CINIKYBaHHS, PyX Tija, odel Tomo). Ha skanb, Takuii miaxij HE Ja€e diT-
KOTO BH3HAYCHHSI PIBHSI CTpECy JIIOJMHU Ta HE MOXKe OyTH BUKOPUCTAHHH ISl HaJJaHHS
Oy/Ib-SIKUX OOIPYHTOBAaHUX PEKOMEHJAIIIH 111010 HEOOXITHUX 3aXO0/IiB, IKUX HEOOX1THO
BKMBATH JIJIsl 3SMEHIIICHHS CTPECOBOTO HABAHTAKEHHSI.

s . BEpXHI 3
[ HAQHHPKOR

aprepil

F el
HagHmpk

b

S/ riowi
agHMEN

npaRa uupKa fina iwpa

4

HHIKHE NOPOMHMETS 32K e

Puc. 1. Cxema pozmautyantis HAOHUPKOSUX 3a103 [8]

Cepen mpariBHUKIB MEIUIHOI TaTy3i JaBHO BIIOMHI B3a€MO3B’SI30K MK piBHEM
CTpeCy Ta KUIBKICTIO KOPTHU30IY y JIOAWHN. BUKOHAHHS KOHTPOJIO 32 PiBHEM KOPTH-
30JIy Ja€ MOXIIMBICTh BU3HAYMTH 3POCTAHHS PIBHSI CTPECY Ta CBOEYACHO NMPHUHSATH
KOMIUIEKC JIiH JIJIsi 3MEHIIIEHHS] CTPECOBOTO HABAHTAKEHHSI.

Koptuzon — 1ie TopMoH, IO YTBOPIOETHCS Y HAJHUPKOBHX 3ai03ax. BiH 3axuinae
OpraHi3M BiJI CTpECy, PETYIIO€ PiBEHb apTepiaJbHOTO THCKY, Oepe yJacTh B 0OMiHi OifI-
KiB, )KHPIB Ta BYTJICBO/IB.

OnHak y nbOMY IHTaHHI HE BCe Tak Mpocto. [IpudnHa 1bOr0 KPUETHCS B TOMY, 1110
ICHye HU3Ka IHIUX (HAKTOPIB, SKI TAKOXK BIUIMBAIOTH HA PIBEHH KOPTHU3OIY Y JIFOIUHH.
Ile Taki ¢pakTopu: HASIBHICTH 3aXBOPIOBAHb Y JIFOAMHH, BiK Ta CTaH, AKICTh 1K1 TOIIO. Yce
1€ HE JI03BOJISIE OTPUMATH YITKY KapTHUHY JUIsi BAKOHAHHSI aHAaJIi3y CTPECOBOTO HABaHTa-
JKEeHHS JIFOMUHH 3 HE0OX1THOIO TOYHICTIO.

AHaxi3 ocTaHHiX mociailkeHb i my6sikamii. [lix vac pobotn Hax HaHOIO CTaT-
TEI0 aBTOPH 3BEPHYJIN yBary Ha PillICHHS IHOTO TUTAHHS Ha IMMiICTaBi aHaIi3y 0araThox
poOiT ¢axiBIliB MOPCHKOT Ta METUIHOI Tamy3i. Tak, TpUBaIUi BIUIUB CTPECY 1 BUBLIb-
HEHHSI KOPTH30JIy 3 KOpH HAJHHPKOBHUX 3aj03 Oys0 po3mistHyTo y poboTax “Cortisol
detection methods for stress monitoring in connected health” [1], “Study on Serum
Cortisol and Perceived Stress Scale in the Police Constables” [4], “Cortisol detection
methods for stress monitoring in connected health” [5], “Wearable and Implantable
Cortisol-Sensing Electronics for Stress Monitoring” [6], “Cortisol Monitoring Devices
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toward Implementation for Clinically Relevant Biosensing In Vivo” [7] Ta B iHImmxX
nyomikamisx. CTpec BIUIMBae Ha Oarato iHIIKUX OioMapKepiB, ajie KOPTHU30JI BBAXKAETHCS
HAWBaYKJIMBIIINAM 1 MOTEHIIHHO KIIHIYHO KOPUCHUM Oi0MapKepoM JIJIsl OIIHKH Ta MOHi-
TOPHHTY CTpECY.

Meta cTaTTi — IPOJCMOHCTPYBATH €(PEKTUBHICTh BUKOPUCTAHHS PIiBHSI KOPTHU30ITY
B CeYl SIK METOMy OIIIHKA CTPECOBOI0 HABAHTAXKCHHS Yy CYJAHOBOIIB. JlomaTKoBI Iiji
CTaTTi BKJIIOYAIOTH ACTICKTH BHCBITICHHS BIUIMBY JIOCBIly Ta pOOOYMX YMOB Ha PiBEHb
CTpeCy y CyIHOBOJIIiB, aKIICHTYIOTh yBary Ha HEOOXiTHOCTI BpaxyBaHHS INCUX0Qizio-
JIOT1YHUX aCMEKTiB MOPCHKOI Mpalli Ta HaJIAl0Th MiJICTaBH JIJIsl BIPOBAHKEHHS CHCTEM
MOHITOPHHTY TICHX0(]i310JIOTIYHOTO CTaHy MOPSIKIB.

Buknaa ocHoBHOro marepiaay. ABTOpH JIaHOT MyOJiKamii MPOTATOM JEKiUTBKOX
MICSIIIB CIIOCTEPIrajid 3a PIBHEM KOPTHU30Jy Y CYAHOBOJIIB JIHOMOIIUOIIOBAIHLHOIO
KapaBaHy B akBatopii nopty YopHomopchkka. Bubip 00’ exTy uIst criocTepekeHHs 6a3y-
BaBCs Ha TIJICTaBl YiTKOTO PO3YyMiHHS TOTO, IO CaMe CYHOBOIII 1€l IpyNu OTPUMYIOTh
JIy’K€ BUCOKE CTPECOBE HABAHTAXKECHHSI Yepe3 BUKOHAHHS BEIMKOT KiJIBKOCTI CaMOCTiii-
HUX IIBapTyBaHb B PI3HHUX ITOTOJHUX YMOBaxX 3a 700y. 3a yMOBaMH Ipaili cepe]] BOChbMH
YJICHIB KIMaXy IIaJaH1 TIJIbKU KaIiTaH 1 HOro MOMIYHUK 3HAXOASTHCS I1iJ] BILTHBOM
MOCTIHHUX BHCOKHX CTPECOBUX HABaHTaKEHb. Tak, MPOTATOM Yacy CIOCTEPEKCHHS
OyJ10 BifiMiu€HE BUKOHAHHS 70 25 MiJXOMIB 1 BIXO/IB MIATIAH/T 10 3eMCHAPSLy B MEKaxX
Jy’Ke 00MEKEHOT akBaTOPii JUIsl MiIX0My Yepe3 HassBHICTh OaraTbox KaHaTiB SIKOPIiB, HA
SIKMX CTOITh 3eMcHaps/. Lle BUKOHYBanocs y pi3Huii yac 100H, B Pi3HUX YMOBaxX BUJIU-
Mocti. HYacTo mij yac MaHEBpYBaHHS CYJHOBOJII Oy 3MyIIeHI KOMIICHCYBaTH Hera-
TUBHHI BIUIMB BITPY Ta Teuil, 110 BUKJIMKAIO JOJIATKOBE HABAHTAXEHHsI Ha HUX. L{iKoM
3pO3yMiJIO, 1[0 POOOTa B TAKUX YMOBAaX BHKIIMKaJa TIOCTIHE 3POCTaHHS CTPECOBOTO
HaBaHTaXeHHs. Hanpukiiaza, cepes KariTaHiB TOProBeJIbHOTO (IIOTy € 6araro TUx, XTo
i 9ac cBoel poOOTH Ha TIOCa/Il KariTaHa He BUKOHAB JKOIHOTO CAMOCTIHHOTO IIBAPTY-
BaHHS 0€3 TOTIOMOTH JIOIIMaHa Ta OYKCHPIB.

Koprtuzon B 6ararbox HayKOBUX MyONIKAaIlisSiX TAKOX HA3UBAIOTH TOPMOHOM CTpECY.
Konu Bamie Tiso BiuyBae 3arpo3y — (pi3HuHy YH ICHXOJIOTIYHY, MO30K MOCHIIA€ CUTHAI
y HaJIHUPKOBI 3aJI031, a BOHHU Y BI/INIOBi/Ib BUPOOIISIOTH KOPTU3OII.

Leit ropMOH Bijirpae KJIHOYOBY POJIb Y TMOKpPAILCHHI yBard, CTUMYJIIOE€ KPOBOOOIr
Ta CIPUSIE CHHTE3Y [JIFOKO3U. L1 mpoliecy CripusiFoTh BUIICHHIO JI0JIaTKOBOT €HEpril, 11100
opraHi3sm e(eKTUBHillIe BIIopaBcs i3 crpecoM. Came 1eH mixij| 10 BU3HAYCHHS CTPECO-
BOTO HaBaHTaKeHH:I OyJI0 BUKOPHCTAHO ITiJ] Yac MPOBEACHHS JIOCIIIKSHHSL. 3a M ITPUMKH
KEpIBHHUIITBA KoMIIaHii-cyHOBIacHUKa “White Forms Contractors Ltd” mis otpumanHs
MaKCUMaJBHO TOYHUX PE3YJIBTaTIB CIIOCTEPEIKEHDb aBTOPH BKUITH TAKHX 3aXOJIiB:

— Tepe/1 MoYaTKoM poOOTH 32 KOHTPAKTOM YCi CYITHOBOIIT 3/1aBaJI aHAi3 JOOOBOTO
piBHS KopTH30y. Cepesl HassBHUX CIIOCOOIB BUKOHAHHS aHamizy Oyino oOpaHO BH3Ha-
YeHHS! PIBHS KOPTH30JIy Yepe3 aHali3 civi. ABTOPH KepyBaJIMCS y BIACHOMY BHOODI
METOIy JOCHI/DKEHHSI TUM, 10 To-repiie, 6au3bko 10% BUTBHOTO KOPTH30JIYy 3HAXO-
JUTHCS Y CEdi, TIO-JIPyTe, TUM, III0 B3SITTS IbOTO aHaJi3y € 30BCIM IPOCTUM 1 HE BHKITHU-
Ka€ HEOOX1THOCTI MPUCYTHOCTI MEIUYHOTO TPAIliBHUAKA;

— MiCJIs BIIGBHEHOCTI Yy TOMY, [0 HA TIEPBUHHUI piBEHb KOPTH30JY HE BILUTUBAE Oy/Ib-
sika XBOpoOa, mpodiiema, Tolalblie CIOCTEPEKEHHsI 32 PIBHEM CTPECOBOTO HABaHTa-
JKCHHSI BUKOHYBAJIOCS BiJl BiJIIIPAaBHOTO, TIPBUHHOTO 3HAYCHHS;
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— JIOJIATKOBO 3T1/IHO 3 IOMOBJICHOCTSIMH CYTHOBO/II1 ITEPIIIOT IaiaHau 30008’ 13amcst
JIOTPUMYBATHCS HALTUX PEKOMEH/IAIlIN 1010 SIKOCTI 1K1 Ta HATOIB, a Ha IPYT1H IIaaaH i
Takux 0OMEKeHb He OyI0;

— aHami3u 30upaimcs HIOTHXKHS CTAaHOM Ha paHOK, o0ix Ta Bewip. JlaGopartopHi
pe3yNbTaTH 3 CEPEAHbOT KUILKOCTI KOPTH30IY KOKHOTO 3 CYAHOBOJIIB OTPHUMYBAIUCS
yepes JIeKibKa Jio.

Jliist po3yMiHHSI X0y BUKOHAHHSI JTOCII/PKEHHST HEOOX1IHO HaJIaTh JCKiNIbKa MOsIC-
HEHb, K1 JJO3BOJISITH 3pO3YMITH X1J1 BAKOHAHHSI [[bOTO CIIOCTEPEIKCHHSI. MU 3ayBa)KHIIH,
IO piBEHb KOPTU30JTY HE € MOCTIMHUM JJIsl PI3HUX BIKOBUX IPYI MPAIiIBHUKIB y PI3HAN
yac n1o6u. Tak, U1 9onoBikiB cTapinoi BikoBoi rpynu (moHay 51 pik) paHKOBI MoKa3-
HUKHU OynyTh B Mexax 1,49—7,39 ur/mn, ominui — 0,95-6,8 ur/mi, yseuepi — 0,22-2,54
Hr/™MI1. JInst osoBikiB BikoM Bif 31 poky a0 51 poky Ii MOKa3HUKH OyIyTh TaKHUMH:
panok — 0,94—15,1 ur/mi, onieani — 0,4-6,4 Hr/mi, a yBedepi — < 1,81 ur/mi. Takox
1 cepe/Hiii 3a 100y piBEHb KOPTH30JY y IIMX BIKOBUX TPyH Oy/ie pi3HUM: JUIS CTapIIoi
BikoBOT rpynu — 0,51-4,2 Hr/mi, a Juig cepenboi BikoBoi rpynu — 0,18-4,3 Hr/mi.

VY Tabnuii 1 po3milieHi pe3ysibTaTy IEPBUHHOTO CEPEIHHLOTO aHali3y KOPTU30IIY 3a
J100y JUJIsl CY/THOBOJIITB IIaJIaH I,

Tabmnms 1
PiBeHb KOPTH30J1y Y CYTHOBO/IIB /10 IOYATKY po0OTH
IMananna «I3MailIbcbKa» Mananna «KysinpbHULIIbKAY
KariTa | NOMIYHHK KarliTaHa KariTaH | HNOMIYHMK KaIliTaHa

OJIMHHUIII BUMIPIOBAaHHS HI/MII
2,7 | 1,4 | 2.3 | 18
[3a pezynomamom docniodcenus]

Tax, 0Ou/Ba KartiTaH! CyeH Oy/ii IPaKTUYHO OJHOTO BiKy — O1m3bK0o 60 pokiB, ixHi
MTOMIYHUKHU BXOJWIIN J0 BikOBOi rpynu Bif 31 10 51 poky. Yci wieHu exinaxy He Maliu
XPOHIYHHX 3aXBOPIOBaHb, MEMYHUX IIPOOIEM UM HEBUPIIICHUX UTaHb y ciM’i. OTxe,
nepes MoYaTKoOM JOCII/DKeHHS He Iependadanocs >KOAHUX MOXIIMBHX BIUIMBIB, SIKi
Mo O crioTBopuTH pe3yibTati. CynHoBoxil Ha mananai «I3mMainbchka» 3a iXHBOIO
3roJ1010 OyJIM B3SITI ITi/I KOHTPOJIb Y iXHPOMY Xap4yBaHHI. BoHM TOoTpUMyBasHcs Halex-
HOT'O pallioHy, yTPIMYBAJINCh BiJl B/KHBaHHS KaBH, COJIOJOLIIIB TOIIO, 1[0 MOIJIO O BILUIH-
BaTH Ha PiBeHb KOPTU30ITY. A JUIS CYJHOBOITB Ha mananai « KysulbHHIIbKa» He iCHyBao
KOJHUX OOMEKEHb y XapuyyBaHHI YM BKMBaHHI HaroiB. Ilicis 3aBepIeHHS IepIIoro
THXKHSI pOOOTH CYTHOBOIIT 3/1a)I aHAITi3H, PE3YJIbTAaTH SKUX HAJAaHO Yy Tabmwili 2.

Tabmurs 2
PiBeHb KOpPTH30J1y Yy CYAHOBO/IIB 32 NepIINii TUKIEHb Po0OTH
MMananaa «I3MaliibcbKa» MMananna «KysinbHULIbKAY
KalliTaH | [IOMIYHUK KalliTaHa KalliTaH | [IOMIYHUK KalliTaHa
OJIMHMII BUMIPIOBAHHS HI'/MJI
2,9 | 1,9 | 2,7 | 2,5
[3a pezynomamom docniodcenus]
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AHaI3yI0YH OTpUMaHi pe3yJabTaTH, MH TIOMITHIIH JeSKl HIOAHCH, a came:

— MiJBUIICHHS PiBHSA KOPTWU30Jdy OyJO 3HAYHINIMM y TIOMIYHUKIB KamiTaHiB. Lle
IIJIKOM 3pO3YyMIJIO, OCKUIBKH JIOCBiJl pOOOTH KalliTaHiB HE BUKIIMKAB OCOOMCTHX 3aHe-
MTOKOEHB II0/I0 JTOTPUMaHHS Oe3Meku cyzeH. Lle mijakoM MmiaTBeppKye, 1110 TPeHOBaHa
JIIOIMHA TOTOBA JI0 Oy/Jb-SKUX 3MiH y PO3BUTKY CHTYAaIil 1iJl YaC BUKOHAHHS MaHEBPY-
BaHHsI, HABITh HETATHBHOTO XapaKTepy, 110 He BUKJIMKAE 3HAYHOTO 301IbIICHHS CTpe-
COBOTO HAaBaHTaKCHHS. A HecTadya JOCBiy 1 TPEHYBaHb BHKIIUKAE 3HAYHE 3POCTAHHS
CTPECOBOTO HaBAHTAKCHHS;

— CTaH MOTro/y MiJ] yac poOoTH OyB 3BHUYAMHMM JUIsi 3MMOBOTO 4Yacy (CTaH BITpY —
3—4 Ganu, cran mops — 2-3 Gann).

Pesynbraru anami3iB piBHS KOPTH30Jy 3a JIPYTUH THXKIAECHH POOOTH CYTHOBOJIIB
Ha/iaHo y Tabmuii 3.

Tabumi 3
PiBeHb KOPTHU30JIY Y CYAIHOBO/IIIB 32 IPYruii THKIEHb POOOTH
[Mananga «I3MaiabcbKa» Mananga «KysaabHuIbKa
KariTaH | MIOMIYHHK KaliTaHa KaliTaH | MOMIYHHK KaliTaHa
OJTMHHUIII BUMIPIOBaHHS HI/MIT
35 | 3.4 | 3,8 | 3,7
[3a pezynomamom docniocents]

[IpoTtsrom 1poro THKHS OyJI0 BiMiu€HE TOTIpPIIECHHS MOTOJHUX YMOB (3pOCTaHHS
BITpY 210 4—5 OaiB 1 cTany Mops j10 3—4 6ani). OTxe, 3pic piBeHb KOPTH30IY Y CYII-
HOBOJIIB.

VY tabnuii 4 HaJaHO Pe3yabTaTH PiBHS KOPTH30IY Y CYJTHOBOMIIB 32 TPETil THK/ICHb
poboru.

Tabnuus 4
PiBenb KOpTH30/1y Y CYTHOBO/IIB 32 TpeTiil THKIEHb POOOTH
[Mananga «I3MaiabcbKa» Mananga «KyssabHuIbKaY
KalliTaH | nomiunmk kanitana KariTaH | nomiunuk kanirana
OJTMHHUIII BUMIPIOBaHHS HI/MII
42 | 4,5 4,7 | 4,9
[3a pezynomamom docnidcenns]

[TorojHi yMOBH IIPOTSITOM I[OTO THIKHS HE 3MIHUIUCSL.
Jlani 3a yeTBepTHH THXKJIEHb POOOTH CYJTHOBOJITB HalaH1 y Ta0Omwili 5.

Tabuuu 5
PiBeHb KOpTH30.1y Yy CYTHOBO/IIB 32 YeTBePTHI THAKIEHb POOOTH
[Mananga «I3MaiabcbKa» MMananga «KysabHuIbKa
KariTaH | momiunmk Kamitana KamiTaH | nmomiunmk Kamitana

OJIMHUIII BUMIPIOBAHHSI HI/MJI
3.9 | 4.5 4.5 | 4.8
[3a pezynomamom docniocenns]
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[MpoTsirom 1bOTO THXKHS Yepe3 MITOPMOBI ITOTOTHI YMOBH IIaJIaH/Iu OiIbIIE Yacy Mmpo-
BeNu Oinist mpuvaiiB. 3pOCTaHHs PiBHS KOPTU30JIY HE BIIMIUCHO, a y JESIKUX CYJHOBO-
JITB piBeHb HaBiTh 3MeHIIUBCS. Lleit akr € ayxe 1ikapuM. [lo-mepiiie, 11e miaATBEPIIKYE
B32€MO3B 130K MiXK BTOMOIO 1 CTPECOM, TO-Ipyre, ek (akT Jae miITBePIKCSHHS MOYKIIU-
BOCTI 3MCHIIICHHS CTPECOBOI0 HABAHTAXKECHHS Yepe3 HaJaHHsI HEOOXIHOTO BIIMTOYHHKY.

JaHni 3a I’ ATHI THXIEHb pOOOTH HaJaHi y TabIuIi 6.

Tabmuis 6
PiBeHb KOpTH30.1y Yy CYIHOBO/IIB 32 5 THKAEHb Po0OTH

[MMananma «I3Mainbcbka [Tananga «KysuibHULIBKa»
KariTa | nomiunuk Kamitana KariTaH | nowmiunuk Kamitana
OJIMHMIII BUMIPIOBAaHHS HT/MIT
4.4 | 5,1 | 5,0 | 5,6
[3a pezynomamom docniodicens]

[Ticnsa oTpuMaHHs pe3ynbTaTiB piBHSA KOPTHU30IY 32 I SITHH THXKIEHb POOOTH aBTOPH
3BEpPHYJIH YBary CyJHOBJIACHHKA HAa HEOOX1IHICTb MPUTOTYBAHHS CBOE€YACHOI 3MiHH CY/I-
HOBOJI1B /7151 BIAMIOYMHKY Yepe3 BUCOKHI PiBeHb CTPECOBOTO HaBaHTaxkeHHs. [is cyn-
HOBJIaCHHUKA OyJ10 HaBeIEHO MOMKIIMBI HACIIKY JUISI 3arajibHOT Oe3MEeKH CYIHOIUIABCTBA
yepe3 BUCOKUI PIBEHb CTPECOBOTO HABAHTAKEHHSI.

[To 3akiHYEHHIO IOCTOrO THXKHS POOOTH CYIHOBOIIIB OTPUMAaHi Pe3yNbTaTH PiBHS
KOPTU30iTy Oyiin mpenacTasieHi y Tabnumi 7.

Tabmuus 7
PiBeHb KOpTH30.1y Y CYAHOBO/IIB 32 6 TH/KAEHb po0OTH

[Mananna «I3malibebka» Hananga «KysaapHHUIBKaAY

KariTaH | TIOMIYHHK KaliTaHa KariTaH | TTOMIYHHK KaliTaHa
OJIMHHMII BUMIPIOBAHHS HI/MJT
4.8 | 59 | 6,6 | 6,9
[3a pe3ynomamom docniddcenns]

OTpuMaBIIM IIi pPE3yNbTaTH, ABTOPU IEPEKOHAIM CYJHOBIIACHHKA B TOMY, IO
TTOJTAJIBIIIEC TPOMOBKEHHS POOOTH ITMX CYTHOBOMIIB MOKE OyTH HEOE3MEUHUM 3 TOUKH
30py Oe3IMekn uepe3 BIUCOKE cTpecoBe HaBaHTaxeHHs. CyHOBIACHHUK MPUNHSIB TOUKY
30py aBTOPIB i BUKOHAB 3aMiHy CyTHOBOJIIB Ha CyIHaxX-majdanmaax. JlomaTkoBo 3a peKko-
MEHIAITI€I0 aBTOPIB CTATTi OyJI0 3MEHIIIEHO TEPMiH Jil KOHTPAKTHOTO JOTOBOPY B3UMKY
1o 1,5 Micstis, BITKY — 10 2 MICSIIIB.

Jiarpama piBHS KOPTH30JTY Y CYTHOBOZIIB 3a ITICTh THKHIB HalaHa Ha PUCYHKaX 2,3.

JlocmimkeHHsT piBHS KOPTHU30IY y CYIHOBOIIIB BKa3ye Ha BaKIUBICTh BpaxyBaHHS
cux0(hi310JIOTITHUX ACTIEKTIB MOPCHKOI ITpartli. BUKOHaHHS KOHTPOITIO 3a PiBHEM KOPTH-
30JTy CYIIPOBOKYBAJIOCS PETEIEHUM KOHTPOJIEM 32 TICUX0(i310JI0TITHIM CTaHOM CYII-
HOBOIiB. Harmsim BUKOHYBABCS 3a MOBEIIHKOIO CyTHOBOIIB (PyX TiJIa, O4YeH, BEACHHS
CIIITKyBaHHS) iXHIM apTepiaIbHUM THCKOM, ITYJIbCOM TOINO. BHSABIEHO, IO JOCBIf
Ta poOOUi YMOBH CYTTEBO BIUIMBAIOTH HA PiBEHB CTpecy y MopskiB. OcoOnuBy yBary
CIi TPUIITATH TUTAaHHSIM O€3IeKH Ta 370pPOB’ Sl CYIHOBOIIIB, BPAXOBYIOUH HE JIUIIIE
Gbi3YHANA, a i ICUXIYHUN acTeKTH IXHBOTO Onaromoiydust. IIpoBeneHe mociimKeHHs
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PicT piBHA KOPTU3OHY Y CYAHOBOZIIB
wanaHgu "Ismainbcbka”

THHAaeHsb 0 TMRAEeHb 1 THHOEHD 2 THHAEHb 3 THHAEHDb 4 TMMAEHb 5 TMMEHb 6

KanitaH NOMIYHHK

Puc. 2. 3pocmanns pieus kopmu3zony y cyOH0800Ii8 waiaHou
«[3Bmainvcoxay [3a pezynemamamu cnocmepedicens]

PicTt piBHA KOpTU3ONY y cyAHOBOAIIB
wanaHau "KyanbHuybka"

THMAaeHs 0 THHAeHs 1 TUHEHD 2 TMHAEHb 3 TMHAEHD 4 THMXAEHD 5 TUHAHTE B

KanitaH NOMIUHKMK

Puc. 3. 3pocmanns pieus kopmuszony y cyoHo800iie uiaranou
«Kysunohuyvkay [3a pezytomamamu cnocmepedsicensi]

HaJa€ MiACTaBH I BIPOBAHKCHHS CHCTEM MOHITOPHHTY TICHXO(]i310I0TITHOTO CTaHy
MODSIKiB, 30KpeMa 3aCTOCYBaHHS CYYacCHHX TEXHOJOTIH JJIT KOHTPOJIO PIiBHS KOPTH-
30JIy Ta BIOCKOHAJICHHS OpTaHi3allii mpari B MOPCHKOMY CEPEIOBHIII.

BucnoBku. JlocmimKkeHHS IPOAEMOHCTPYBAJIO, 110 BUMIPIOBAHHS PIBHS KOPTHU30IY
B cedi € epeKTHBHIM METOIOM OILHKH CTPECOBOTO HABAHTAKEHHS y CyIHOBO/IIB. Floro
BUKOPHCTAHHS JIO3BOJIMIIO ONEPATHBHO KOHTPOJIOBATH Ta aJanTyBaTu poOodi yMOBH,
o0 3a0e3meunTH Oe3MeKy CYTHOIIABCTBA. BUSABIEHO, MO MOMIYHHUKH KaITiTaHIB
MarOTh BHUIIUH PiBEHh KOPTHU30ITY, IO MOJKE OyTH OB’ I3aHO 3 IXHIM MEHIITUM JIOCBiIOM
pobotu. Lle miakpeciroe HEOOXITHICTh YBArK 0 TICHXOJIOTIYHOTO CTaHy MEHIII TOCBi -
YEHUX TIPAIiBHUKIB. 3MIHA Y TIOTOJHUX YMOBaX BUKJIUKAJIW 3POCTAHHS PIBHSI KOPTH-
30Ty, 0COOJIMBO ITiJT 9ac IPYroro Ta TPEThOTO THXKHS poOOTH. Lle CBITIUTH PO BaXKIIH-
BICTh BpaxyBaHHS MOTOAHUX YMOB Yy po3po0ili podounx rpadikiB Ta yMOB KOHTPAKTIB
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JUTSE MOPSIKIB. JI0CTiIXKEHHS TATBEP/IUIIO0 B3aEMO3B’ SI30K MIXK XapuyBaHHSIM, BiIIIOYHH-
KOM Ta piBHEM cTpecy. PekoMeHalii mogo HajJe:KHOTO XapuyBaHHS Ta PEryIspHOTO
BIJIIIOYMHKY MOXXYTh CIPHUSITH 3MEHIICHHIO CTPECOBOTO HABaHTAXKCHHS. Y pPe3yJbTari
MIPOBEICHOTO JIOCIII/KEHHS Oyl BHECCHI MO3UTUBHI 3MIHU y po0OOYl YMOBH, TaKi sIK
3aMiHa CYIHOBOJIIB Ta CKOPOUCHHS TepMiHIB KOHTpakTiB. Lli 3axonu mpusHaueHi Juis
3a0e3neveHHs Oe3rneKkn Ta MCUXo(i3uuHOro 3710pOB’ st MOPSIKiB. BuokpemiieHo HeoO-
XIZHICTh PO3POOKH TEXHOJOTIYHUX 3aC00IB JIJIsi ONEPATHMBHOIO KOHTPOJIIO 33 PIBHEM
KOPTH30ITY, [0 MOKE 3a0€3MeUNTH PETYIIOBAHHS CTPECOBOTO HABAHTAKEHHSI Ta ITi/[BU-
ITUTH 0€3MEeKy CyAHOIJIaBCTBA.
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Summary

Introduction. The modern business environment poses new challenges to enterprises,
which requires, in particular, the application of a logistics approach and consideration of
enterprise management processes as a micro-logistics system. This allows not only to take
into account the peculiarities of the development of a company throughout its life cycle,
but also provides an opportunity to effectively manage the duration of individual stages of
their life cycle. Lifecycle analysis is a widely used tool for substantiating strategic choices
aimed at the regular emergence of new products and the development of promising types
of business. An important and relevant task is to study different views on the main stages
of the life cycle of an enterprise as a micro-logistics system. Special attention should be
paid to the study of the processes of managing the decline stage in the life cycle, which
remains insufficiently studied, namely the use of the reengineering mechanism at this stage.
Purpose. The purpose is to determine the peculiarities of the development of the decline
phase in the life cycle of an enterprise as a period of time during which it is advisable to use
reengineering to simplify and modernise the business processes of an enterprise as a micro-
logistics system. Results. The results of the study are to substantiate the potential to consider
the enterprise as a micro-logistics system and to determine its inherent nature of both the
logistics and design systems. The processes of managing the stage of decline in the life cycle
have been studied, and it does not necessarily have to end with the ‘death’ or liquidation
of the enterprise. It is substantiated that reengineering can be considered an option for its
‘revival’ or ‘transformation’, as well as the possibility of phased introduction of not only new
business processes, but also the production of many different products. Conclusions. Based
on the analysis, the study proves that reengineering should be considered not only as a tool
that can significantly extend the life cycle of an enterprise s products, optimise and improve
processes at each stage of its life cycle, and adapt them to new realities and opportunities,
but also as a life cycle stage that replaces the stage of enterprise decline. Such an approach,
combined with a project-based approach to managing an enterprise as a micro-logistics
system, will significantly increase the efficiency of its operations and have a positive impact
on competitiveness in a turbulent market.

Key words: project, reengineering, business processes, life cycle, micro-logistics
system, models of enterprise life cycles.
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Anomauin

Bemyn. Cyuachi ymosu 2ocnooaproganiisi cmagiams neped nionpucmMcmedmi Hogi
3a60aHHs, WO NOMPedYIoMb, 30Kpemda, 3ACMOoCy8antsl J102iICMUYHO20 NiOX00Y Ma po3-
2na0y npoyecié YNpaeuiHHs NIONPUEMCMBOM K MIKporo2icmuyHow cucmemorn. lle
003607151€ He MINLKU BPAXy8amu 0cOOIUBOCII PO3GUMKY NIONPUEMCIMEA NPOMSALOM 11020
AHCUMMEBO2O YUKTTY, d U HAOAE MOJICTUBICIb eheKmUEHO20 YIPAGIIHHI MPUSATICTNIO
OKpeMux emanie 1020 HCUmmeso20 YUKy, AHaiz Hcummeeoeo Yukiy € WupoKo8ICUsa-
HUM THCIMPYMEHMOM OOIPYHIY8AHHS CIMPAMESIUHO20 UOODY, CHPAMOBAHO20 HA PeVisp-
HY NOs8Y HOBUX NPOOYKMIG i PO3GUIMOK NEPCneKmusHux eudie oisnecy. Baowcnueum ma
AKMYATbHUM NOCTHAE 3A60AHHS BUBYCHHS PISHUX NO2TAJI6 HA OCHOBHI emanu JHCUmme-
6020 YUKy nionpuemcmea K mikponocicmuunoi cucmemu. Ocodonugo nompioHo npudi-
JUMU YBA2Y OOCTIONCCHHIO NPOYECI8 YIPABTIHHS emanom 3aHenaoy 8 HCUMmmesomy Yukii,
AKULL 3aTUUAEMBCST HEOOCAMHBLO BUBUEHUM, A CAMe 3ACHOCYBAHHIO HA YbOMY emani
Mexanizmy peindcunipuney. Mema. Memoio 00cniodicenHs: € 8U3HAUeHHs: 0CoOIUBoCcmell
PO36UMKY ¢hazu 3anHenady 6 HCUMMEBOMY YUK NIONPUEMCMEA K Nepiody yacy, npo-
MA2OM K020 OOYINLHO BUKOPUCMOBYEAMU PEIHICUHIPUHS 3A015 CNPOWEHHS Ma MoOep-
Hizayii 6iznec-npoyecie nionpuemcmea Ak Mikponocicmuunoi cucmemu. Pesynsmamu.
Pesynomamamu docniodicennss € oOTpynmyeants nOMeHYiliHoi MOXCIUBOCMI 68adicamu
NIONPUEMCINBO MIKPONOZICIUYHON CUCTNEMOIO, GUSHAYEHHS NPUMAMAHHOCIE TIOMY K
Jozicmuynoi, max i npoekmuoi cucmemu. JJocniodiceHo npoyecu YNpaeuinHa emanom
3aHenady 8 HCUMMEBOMY YUK, NPUUOMY GiH 306CiM He 0008 3K080 MACE 3A6EPULY8ATNUCS
«cmepmioy, niksioayiero nionpuememea. OOIPYHMOBAHO me, WO PEiHICUHIDUHE MOdice
B6AANCATNUCS BAPIAHMOM 11020 «BIOPOOIHCEHHAY ADO «NEPEMBOPEHHS», A MAKONC MONCIU-
8ICTIO NOEMANHO20 BNPOBAOIICEHHS He MITbKU HOBUX DIZHeC-npoyecis, a i 6upoOHUYmMed
Oesniui pisHomanimuux npooykmie. Bucnoeku. Ha ocnogi npogedernoco 00cniodcenHs
006€0€HO, WO PEIMIHCUHIPUHE 8APMO PO32NAOAMU He MITLKU AK THCIMPYMEHM, W0 Modice
SHAYHO NPOOOGHCUMU HCUMIEGUTE YUK NPOOYKIMIG NIONpUEMCINGa, onmumizyeamu ma
B00CKOHANUMU NPOYECU HA KOHCHOMY emani to2o HCUMme8020 YUKy, adanmyeamu ix 0o
HOBUX peaniil ma MOJNCIUBOCMeEl, ae U K eman HCUMme8020 YUKLY, Wo 3aMIiHIOE eman
sanenady nionpuemcmea. Taxuil nioxio y NOEOHAHHI 3 NPOEKMHUM NIOX000M OO0 YNpas-
JIHHA RIONPUEMCTINBOM K MIKPOIOZICTIUYHOIO CUCEMOI0 00360IUMb 3HAYHO NIOGULYUMU
eghexmusHicmy 11020 OISILHOCMI MA NOZUMUBHO GNIUHE HA KOHKYDEHMOCHPOMONCHICIND
8 YMOBAX MYpPOYIEHMHO20 PUHKY.

Knwuogi cnosa: npoekm, peindicunipune, Oiznec-npoyecu, HICummesutl YUK, Mikpo-
JO2ICMUYHA CUCmeMa, MOOei ICUMMEBUX YUKIIIG NIONPUEMCTNS.
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Introduction. In modern market conditions, characterized by a high degree
of turbulence, a successful enterprise must possess appropriate adaptive properties,
since even a technological competitive advantage becomes a short-term one. In
the management of enterprises, the emphasis is shifted from managing individual
resources to managing dynamic business processes, including logistic ones, because in
general any enterprise is a micro-logistic system [1].

An effective management requires an integrated use of various methods and models
of management. A large-scale application of the project management methodology tools led
to formation of a project approach to the enterprise management, i.e. its activity is viewed
through the prism of ongoing projects. Considering an enterprise as a micro-logistic system,
one can say that it has features of both a logistic and a project system [2]. The general idea that
is reflected in both concepts is the “lifecycle”, which is commonly understood as the activities
of all supporting systems leading the target system from its concept to decommissioning [3].

The lifecycle model is one of the well-known tools used to describe the development
process of any system: technical, biological, economic, social. Based on the lifecycle
model, individual factors affecting organizational effectiveness can be analyzed
at various stages of existence.

Analysis of recent studies and publications. We should take note of foreign
scientists, in the writings of which the fundamentals of the lifecycle models were
laid: 1. Adizes, L. Greiner, B. Scott and R. Bruce, M. Davis [4; 5; 6; 7]. The study
of the lifecycle involved such ukrainian scientists, as O.I. Gudz, S.V. Koryagina,
Zh.V. Poplavska, O.V. Arefieva [8; 9; 10; 11], etc.

To date, 8 lifecycle models are widely known, namely: A. Downs’ model, G. Lippitt
and W. Schmidt’s model, L. Greiner’s model, W. Tornbert’s model, D. Katz and R. Kahn’s
model, J. Kimberly’s model, I. Adizes’ model, E. Schein’s model.

In their models, the scientists proposed the main stages of an organization
development:

— A.Downs proposed three main stages of growth and development of organizations.
The first stage - a struggle for autonomy — occurs before the formal birth or immediately
after it. The second stage — a rapid growth - includes rapid expansion, which emphasizes
innovation and creativity. The last stage —a deceleration - is characterized by clarification
and formalization of rules and procedures.

— G. Lippitt and W. Schmidt developed one of the first lifecycle models
of the organization operating in the private sector. They offered to consider a corporation
that goes through three stages in development: birth - a creation of management systems
and an attainment of viability; youth — a development of stability and reputation;
and maturity — an attainment of uniqueness and ability to adapt in changing areas
of work (the model describes six basic management tasks that vary from stage to stage).

— L. Greiner argues that the life of an organization consists in moving through
the stages where each evolutionary period creates its own revolution. The revolution is
seen as a turbulent period in the organization development, requiring a serious review
of management methods. The path of the organization from one stage of'its development
to the next one lies in overcoming the corresponding crisis of this transition period.

—  W. Tornbert considers the model where an organizational development is closely related
to the development of a sense of community of personnel. The development comes from
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the individuality and diffuseness of the groups to the sense of belonging to and involvement in
the team. At the same time, the development mechanisms are not specified.

— D.Katzand R. Kahn are building their own model of organizations development on
the careful development of an organizational structure. Accordingly, they propose three
main stages of development: a stage of simple systems, a stable stage of organization,
and a stage of structures development. After release of this paper, social organizations
began to be considered as “open” systems characterized by interaction with an external
environment;

— J. Kimberly argues that the first recognizable stage occurs even before the actual
creation of an organization. At this stage, alignment of resources and formation
of a future ideology take place. All this leads to the transition to the second stage
of development, including the choice of “main schemes of movement”, recruitment. The
third stage involves formation of an organizational identity. At the fourth stage, the rules
become more rigid, the structure becomes formalized, the organization becomes more
conservative and predictable in response to the pressure of the external environment;

— 1. Adizes presents the model as a natural, phased and programmed number
of mandatory phases (stages), providing for an inevitable and phased movement
of the organization in the course of development. His theory focuses on two most
important parameters of the organization life activity: flexibility and controllability
(manageability).

Formulation of the article’s objectives. The purpose is to determine the peculiarities
of the development of the decline phase in the life cycle of an enterprise as a period
of time during which it is advisable to use reengineering to simplify and modernise
the business processes of an enterprise as a micro-logistics system.

Presentation of the main material. At the moment, the most popular and most
frequently used lifecycle model is the model of 1. Adizes [4], in which the author
proposes to consider development of an organization as ten stages of evolution, divided
into short periods of organizational changes (Fig. 1).
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Fig. 1. Stages of development of an organization of 1. Adizes
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At each stage, an organization will have to face the need to solve various sets of tasks.
In this case, the organization managers shall use the appropriate management methods. The
most acceptable approach in solving the tasks set is the use of project management tools.

Project stages are usually consistent in nature, but may have parallel links.
Together they form the lifecycle of project management. Further, the approved project
management lifecycle is often a standard of the organization project management. In
fact, the project manager may have no opinion on the approved approach to the lifecycle,
but an understanding of different approaches and methodologies can help the project
manager to adapt better to the changes [12].

reengineering

Productivity / efficiency of the logistic
r

N

growth

aecnne

growtn

stabilization
stabilizatio

Engineering

introduction
introduction

Fig. 2. Stages of the logistic system lifecycle

Among the scientific papers of local scientists studying the lifecycle of an enterprise
as a logistic system, one can mark out the researches of Krikavsky E. and Chernopiskaya
N.V. They propose to consider the stage of recession in the lifecycle of the logistic
system as a period of time during which it is advisable to use reengineering, the purpose
of which is to simplify and modernize business processes. (Fig.2). But, unfortunately,
in the subsequent study, the authors do not consider the impact of reengineering on
the development of the logistics system and changes in the characteristics of its life cycle.

The decline phase is accompanied by the following changes in the activities
of the enterprise as a logistics system:

— increase in costs (if the costs of logistics activities begin to exceed the expected
profit, this may be a sign of the beginning of the decline phase);

— decrease in efficiency (a decrease in the productivity and effectiveness of logistics
processes, for example, an increase in order fulfilment time, an increase in the likelihood
of errors and delivery delays, may also indicate the beginning of a downturn)

— decline in service quality (if there is an increase in the number of customer
complaints about service quality, delivery delays or other problems, this may indicate
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a deterioration in the quality of the logistics system); decline in demand (if demand
for an organisation’s goods or services is declining due to problems with the logistics
system, this may also be a sign of the beginning of a recession);

— increase in inventory and debt (an increase in inventory and debt to suppliers may
indicate problems with the company’s inventory management and financial position,
which may be related to the decline of its logistics system);

— loss of competitiveness (if competitors offer more efficient and better logistics
solutions and the company loses market share as a result, this may indicate a decline in
the logistics system).

To survive, companies at this stage often make adjustments aimed at improving
certain elements of the logistics system. If such adjustments do not achieve the goal,
reengineering is used, which is aimed at achieving significant changes [13].

In their opinion, at this stage the adjustments are often resorted that are aimed
at improving some elements of the logistic system. When such adjustments do not
achieve the intended goals, reengineering is used, which is aimed at achieving significant
changes [13]. But, unfortunately, in the further research, the authors do not consider
the influence of reengineering on the development of the logistic system and the change
of its lifecycle characteristics.

At the stage of reengineering, a phased introduction of new business processes takes
place (parallel implementation of old and new business processes is allowed), a quality
control and an adjustment of implementation of new business process model are carried
out, and the developed business process models and relevant documentation are being
adjusted [14].

For each product of an enterprise as a micro-logistic system, its own logistic flows
are formed - these can be material, financial, information flows and services. They can
intersect and form the logistic network that includes many elements - links of the logistic
system, interconnected by material and related flows in the field of a single logistic
system of the enterprise (Fig. 3).

elements of the product logrstics network

Product 1 \\:,.

Product 2
Product 3
products logpste network
=P ndividual material flows —— comEnon material flows

Fig. 3. Material flows of products of an enterprise
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Each product has a certain set of consumer qualities, technology of promotion,
sales and servicing typical for it, its lifecycle. Total products available to the enterprise,
summing up, form the lifecycle of the individual enterprise (Fig. 4).

In addition, products can undergo significant changes (modifications), allowing quick
respond to emerging market opportunities. So, when reengineering at the operational
phase of each product’s lifecycle, the lifecycle of the micro-logistic system can also be
significantly extended, which will ensure a strong competitive position in the present,
as well as good prospects for the future.

Life cycle of an
enterprise

—>

Sales volumes

Lite cycle of a
product 1
7 ™,
4 Lite cycle of a \

nroduct 3

Life cycle ofa
oroduct 2

Fig. 4. Total lifecycles of products of an enterprise

Conclusions. Thus, the theory of the organization lifecycle is quite new and promising
direction of researches in the field of management. Knowledge of the sequence
of the organization development allows seeing the general patterns and features of each
stage of the lifecycle, anticipating future changes needed and preparing a company
for them. This contributes to its long-term and successful operation, and the inclusion
of reengineering, as a stage of radical redesign of business processes to achieve
significant improvements in the key performance indicators of a modern enterprise,
in the lifecycle of an enterprise allows increasing the duration of the logistic system,
which, in turn, leads to an increase in the lifecycle of the product of an enterprise.
At the same time, the duration of the product lifecycle stages changes significantly -
the duration of the development and implementation phases of the updated product
is reduced while ensuring compliance with the required performance specifications
and the product technological effectiveness, which in turn leads to an increase in
the efficiency of the enterprise as a whole.

BIBLIOGRAPHY

1. Pynenxo C.B., KoBryn T.A. [IpoekTHU MiaXix J0 yHpaBIiHHS JIOTiCTHY-
HUMH CHUCTEMaMU. Ynpaeninus npoekmamu y po3eUumky CyCnilbcmea :
te3u pgonosineit XIII MixnaponHoi konpepenii, M. Kuis, 13—14 TtpaBHs
2016 p. C. 217-219.

24



PO3BUTOK TPAHCIIOPTY
Ne 1(20), 2024

10.

11.

12.

13.

14.

Hmutpiesa JI.B. OOrpyHTyBaHHSI JOIUIBHOCTI 3aCTOCYBAaHHSI KOHIICTIIIIT
JKUTTEBOTO [IUKITY B YIIPABIIHHI OPraHi3ali€eio Ik MiKpOJIOTiCTHYHOIO CHC-
TEMOIO. Ynpaegninms npoexmamu y po3gumiy CyCnilbCmed : Te31 JIOTIOB1IeH
XV Mixnaponnoi koadepenii, M. Kuis, 18—19 tpasnst 2018 p. C. 79-80.
Gray B., Ariss S.S. Politics and strategic change across organizational life
cycle. Academy of Management Review. 1985. Vol. 10. Ne 4. P. 707-723.
Adizes 1. Managing corporate lifecycles : how to get to and stay at the top.
Santa Barbara : Adizes Institute Publications, 2004. 484 p.

Greiner L.E. Evolution and Revolution as Organizations Grow. Harvard
Business Review. 1972. Vol. 50. July—August. Ne 4, P. 37-46.

Scott B.R., Bruce R. Five Stages of Growth in Small Business. Long Range
Planning.1987. Vol. 20. Ne 3. P. 45-52.

Davis R.C. The Fundamentals of Top Management. New York : Harper,
Row & Brotkers, 1951.

I'ym3p O.1. AHamizyBaHHSI CydyacHHX MIIXOJIB JIO CYTHOCTI 1 CTPYKTypH
KUTTEBOTO IMKIY MiANpUEMCTBA. Bicnux Hayionanvnoeo yHieepcu-
memy «Jlvgigcorka nonimexnixay. Cepisa «Menedscmenm ma nionpuem-
HUYmMeo 6 Yxpaiui: emanu cmanoeienns i npoonemu pozsumkyy. 2011,
Ne 714. C. 52-57.

Kopsirina C.B. ExoHoMivHa OIliHKa Ta TUIAHYBaHHS >KUTTEBOTO IHKITY
PO3BUTKY MiANpHeMcTBa : aBToped. auc. ... kaH. ekoH. Hayk : 08.06.01.
JIsBiB, 2004. 21 c.

[omnascbka XK.B. CyTHICTB JKUTTEBOTO IHUKITY MIANPHEMCTB Ta (HaKTOPH,
IO BIUTMBAIOTH Ha Horo ¢opmyBanHs. Hayxosuil sicnux Hayionanvhoeo
nicomexuiunoco ynisepcumemy. 2008. Ne 18.8. C. 169-175.

Aped’eBa O.B. Crpareriude 3a0e3neueHHS KUTTEBOTO [UKITY MiAIPUEM-
ctBa. Axmyanvni npobnemu exonomixu. 2008. Ne 3. C. 43-49.

A Guide to the Project Management Body of Knowledge (PMBOK®
Guide)-Sixth Edition, Project Management. ISBN 978-1628251999,
978-1628251845. Project Management Institute, 2017. P. 756.
Kpuxkascbkuii €.B., YopHonuceka H.B. JlorictnyHi cucteMu : HaB4anbHUR
nociouuk. JIpBiB : BumaBHunrso HamionansHoro yHiBepcutery «JIbBiB-
cbKa mojtitexaikay, 2009. 264 c.

HOmutpieBa JI.B. OOrpyHTyBaHHSI 3aCTOCYBaHHS JIOTiICTUYHOTO PEiHKH-
HIpUHTY Oi3HEC-TIPONECIB. Ynpasuinns npoekmamu y po3eumky cyc-
ninbemea : Te3u ponowined XVIII mixknaponuoi koHdepenmii, M. Kuis,
15 tpaBus 2021 p. Kuis, 2021. C. 143-147.

REFERENCES

Rudenko S.V., Kovtun T.A. (2016). Project approach to the management
of logistic systems [Proektnyi pidkhid do upravlinnia lohistychnymy
systemamy|/ Theses of the reports of the XIII International Conference
“Project Management in the Social Development”, city of Kyiv, May
13-14 p. 217-219. [in Ukrainian].

25



PO3BUTOK TPAHCIIOPTY
Ne 1(20), 2024

26

10.

11.

12.

13.

14.

Dmytrieva L.V. (2018). Justification of feasibility of using the concept of the
lifecycle in the management of an organization as a micro-logistic system /
[Obhruntuvannia dotsilnosti zastosuvannia kontseptsii zhyttievoho tsyklu
v upravlinni orhanizatsiieiu yak mikrolohistychnoiu systemoiu]. Theses of
the reports of the XV International Conference “Project Management in the
Social Development”, city of Kyiv, May 18—19 p. 79—80. [in Ukrainian].
Gray B., Ariss S.S. (1985). Politics and strategic change across organizational
life cycle // Academy of Management Review, vol. 10, No. 4, pp. 707-723.
Adizes 1. (2004). Managing corporate lifecycles : how to get to and stay at the
top / Ichak Adizes Ph. D. — Santa Barbara : Adizes Institute Publications, 484 p.
Greiner L.E. (1972). Evolution and Revolution as Organizations Grow //
Harvard Business Re- view. Vol. 50. July—August. N 4. P. 37-46.

Scott B.R., Bruce R. (1987). Five Stages of Growth in Small Business //
Long Range Planning.Vol. 20. N 3. P. 45-52.

Davis R. C. The Fundamentals of Top Management. N. Y.: Harper, Row &
Brotkers, 1951

GudzO.1. (2015). Analysing modern approaches to the essence and structure
of the life cycle of an enterprise [Analizuvannia suchasnykh pidkhodiv
do sutnosti i struktury zhyttievoho tsyklu pidpryiemstva] // Bulletin of
Lviv Polytechnic National University. Management and entrepreneurship
in Ukraine: stages of formation and problems of development. No.
714. P. 52-57. [in Ukrainian].

Koryagina S.V. (2008). Economic assessment and planning of the life
cycle of enterprise development:[ Ekonomichna otsinka ta planuvannia
zhyttievoho tsyklu rozvytku pidpryiemstva] PhD thesis / S.V. Koryagina.
Lviv, 21 p. [in Ukrainian].

Poplavska O.V, Donenko. (2008). The essence of the life cycle of
enterprises and factors influencing its formation [Sutnist zhyttievoho tsyklu
pidpryiemstv ta faktory, shcho vplyvaiut na yoho formuvannia]/// Scientific
Bulletin of the National Forestry University. No. 18.8. - P. 169-175. [in
Ukrainian].

Arefieva O. V. (2008). Strategic support of the enterprise life cycle
[Stratehichne zabezpechennia zhyttievoho tsyklu pidpryiemstva] //Current
economic issues. Ne 3. C. 43—49. [in Ukrainian].

A Guide to the Project Management Body of Knowledge (PMBOK®
Guide)-Sixth Edition6, Project Management. ISBN 978-1628251999,
978-1628251845.Project Management Institute — 2017.- p. 756
Krykavskyi Ye.V., Chornopyska N.V. (2009). Logistic systems:
[Lohistychni systemy]. Textbook. Lviv: Publishing House of the National
University “Lviv Polytechnic”, p. 264. [in Ukrainian].

Dmytrieva L.V. (2021). Justification for the application of logistics
reengineering of business processes. [Obhruntuvannia zastosuvannia
lohistychnoho reinzhynirynhu biznes-protsesiv]/ Theses of the reports
of the XVIII International Conference “Project Management in the
Development of Society”, Kyiv, 15 May 2021. P. 143—147. [in Ukrainian].



PO3BUTOK TPAHCIIOPTY
Ne 1(20), 2024

YIK 658:377 DOI https://doi.org/10.33082/td.2024.1-20.03

MAPKETHUHI'-OPIEHTOBAHE YIIPABJIIHHA HAJAHHAM
GAXOBUX OCBITHIX TOCJIYT

T.A. KoBtyH', O.B. MepkTt?, 1.0. ®iHoreHona’
n.1.H., npodecop, mpodecop kadeapu «YpaBIiHHs JOTICTHYHUME CUCTEMAMH 1 TIPOEKTAME,
Ooecvkuil HayionanbHuil Mopcokull yHisepcumem, Odeca, Yrpaiua,
ORCID ID: 0000-0002-5410-4783
2K.e.H., JIOUEHT, TOLUEeHT Kadeapy «YIPaBIiHHS JIOTiCTUYHUMU CHCTEMAMU 1 IIPOEKTAMMY,
Odecovrutl nayionanbruti mopcokull ynieepcumem, Odeca, Ykpaiua,
ORCID ID: 0009-0006-1903-590X
*MaricTp 3 MpOEKTHOTO MCHEDKMEHTY,
acmipaHT Kadeapu « YIpaBIiHHS JIOTICTHYHAMHA CHCTEMaMH 1 TIPOEKTAMI»
Ooecwkuil HayionanbHuli mopcokul yHisepcumem, Odeca, Yxpaiua,
ORCID ID: 0000-0001-9409-6135

Anomauisn

Bemyn. Cb0200Hi KOHKYPEHMOCHPOMOICHICIG eKOHOMIKU KPAiHU GUSHAYACMbCS
He nuue 00¢cs2oM NPUPOOHUX | BUPODHUYUX PecypCis, a Ul IHMENeKmyalbHUM NOMeH-
yianom ii epomaodan. Ha scane, cyvacna oceima ne 3a621cou 8ionogioae umMo2am cbo-
2o0enns. Y 36 A3Ky 3 yum @uHuKac nompeba mpancgopmayii nioxooie 00 ynpaeiinms.
0C8IMOI0, WO NOBUHHA CNPIMOBYBATNIUCH HA BOOCKOHATIEHHS 63AEMOOI YUACHUKIE PUHKY
ocsimuix nociaye. Cyuacna oceima noguUHHA CMamu SHy4Kol, a0anmugHo 00 nomped
cnooicusauis. Mema cmammi nonsieae y usHauenHi cneyudiunux ocobausocmeil map-
KemuHe-0pICHMOBAH020 YAPAGIIHHA HAOAHHAM (haxosux oceimuix nociye. Pezynoma-
mu. Y cmammi @usHayeno ocoonugocmi ma cmpykmypy @axogoi oceimu, po3eisuy-
Mo Xapaxmepucmuxu 3akiady Gaxogoi oceimu K Y4acHuKa puHKy Qaxoeux oceimmuix
nocaye, 00CHONCEHO THCMPYMEHMU MAPKEeMUH2-OPIEHMOBAH020 YNPAGIIHHS 3AKIA00M
gaxosoi ocsimu. Bucnoeku. I1i0 mapxemuneom (axo8ux oc8imuix nocuye ciio posy-
MImu YynpasiiHHa npono3uyieio 3axaady (haxoeoi oceimu, wo OpieHmMyemovcs Ha 8UMO-
2U PUHKY Npayi, 3 aKmusHUM (HOPMYSAHHAM NONUMY HA CYUACHI 0C8IMHI NOCIYeU mda
3a0e3neyeHHIM NPayegIaumyeanis GUNYCKHUKIG 3aKnady. [ns yeniuno2o GyHKyiony-
8aHHsL 3aKAA0Y (haxo6oi oceimu HeoOXIOHUL ROCMIUHUL PO36UMOK NPONO3UYLL OCEIMHIX
nocnye, YOOCKOHAIeH S IX 3MICTY mMa 0C80EHHS HOBUX MEeMO018 HABYAHHS. 3A80AKU YbO-
MY peanizyemubcsi OCHOGHA, COYIANbHO 3HAUYWA Mema OisibHOCH 6Y0b-51K020 3aK1d-
0y axosoi oceimu — doHecmu 00 CNONCUBAUIE OCEIMHIX NOCIYS CYUACHI 3HAHHA Md
nepeoosuti 00csio, sKi 6 Cnpusiiu IHMeNeKmMyaibHOMY PO3GUMKY, 3A2albHill ma (haxosiil
oceimi 3000yeauis. [Ipakmuxa noxasye, Oinvwicms 3ax1adie ¢axosoi oceimu He 6i0-
cmedIcye KOH TOHKmypy nonumy Ha npogheciiini kaopu punxy npayi, momy eiobysacmo-
¢ Oeghopmayiss cmpykmypu mpyoosux pecypcié Ha CHOJCUBYOMY PUHKY. Bunpasumu
cumyayiio, wo CKIAnACcs, MONCIUBO 3ABOSIKU BUKOPUCTIAHHIO MAPKEMUH2Z08020 NIOXOOY
00 YNPABIIHHA OCBIMHBOK OIILHICIIO 3aK1a0I8 (haxosoi ocsimu.

Knrouoei cnosa: oceimus nociyea, paxosa oceima, puHox paxosux 0ceimuix nociye,
MapKemuHeo8uil nioxio.

© Koetyn T.A., Mepkr O.B., ®inorenosa 1.0., 2024

27



PO3BUTOK TPAHCIIOPTY
Ne 1(20), 2024

MARKETING-ORIENTED MANAGEMENT
OF PROFESSIONAL EDUCATIONAL SERVICES

T.A. Kovtun!, O.V. Merkt?, 1.0. Finohenova®
Doctor of Technical Sciences, Professor,
Professor at the Department “Logistic Systems and Projects Management”,
Odessa National Maritime University, Odessa, Ukraine,
ORCID ID: 0000-0002-5410-4783
2Doctor of philosophy, Associate Professor,
Associate Professor at the Department “Logistic Systems and Projects Management”,
Odessa National Maritime University, Odessa, Ukraine,
ORCID ID: 0009-0006-1903-590X
$Master of Logistics Management,
Postgraduate Student at the Department “Logistic Systems and Projects Management”,
Odessa National Maritime University, Odessa, Ukraine,
ORCID ID: 0000-0001-9409-6135

Summary

Introduction. Today, the competitiveness of the country’s economy is determined
not only by the amount of natural and productive resources, but also by the intellectual
potential of its citizens. Unfortunately, modern education does not always meet today s
requirements. In this regard, there is a need to transform approaches to education
management, which should be aimed at improving the interaction of participants in the
educational services market. Modern education should become flexible, adaptable to the
needs of consumers. The purpose of the article is to determine the specific features of
marketing-oriented management of the provision of professional educational services.
The results. The article defines the features and structure of professional education;
the characteristics of the vocational education institution as a participant in the market
of vocational education services are considered; the tools of marketing-oriented
management of a vocational education institution were investigated. Conclusions. The
marketing of professional educational services should be understood as the management
of the offer of a professional education institution, oriented to the requirements of the
labor market, with the active formation of demand for modern educational services
and ensuring employment of graduates. For the successful functioning of a vocational
education institution, it is necessary to constantly develop the offer of educational
services, improve their content and master new teaching methods. Thanks to this, the
main, socially significant goal of the activity of any vocational education institution is
realized — to convey to the consumers of educational services modern knowledge and
advanced experience that would contribute to the intellectual development, general and
professional education of students. Practice shows that most institutions of professional
education do not monitor the demand situation for professional personnel in the labor
market, due to which the structure of labor resources in the market is deformed. It is
possible to correct the existing situation thanks to the use of a marketing approach to
the management of educational activities of vocational education institutions.

Key words: educational service, professional education, market of professional
educational services, marketing approach.
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Berym. Y cyyacHOMY CBITI OCBITa € OJIHUM 3 HAHBaKJIUBIIIMX YAHHUKIB €KOHOMIY-
HOTO Ta COMIalIbHOTO PO3BUTKY. CBITOTIISAHI MIPUHIAIIA 0COOUCTOCTI, COPMOBAHI TTiJT
BIUIMBOM OTPHUMAHHUX 3HaHb Ta JOCBI/Y, € TOJIOBHOI PYIIIHHOI CHJIOK €BOJIOLII CycC-
nigbcTBa. CBITOBUE JOCBIJ MTOKA3yeE, 110 YAM OLIBIIE YBAard MPUAUIAETHCS OCBITI, THM
OintbIoro 100po0yTy HaOyBalOTh Cy4YacHi Ta B MEPCICKTHBI MallOyTHI TOKOJIIHHSI.

Y pUHKOBUX YMOBaX, IIO CKJIAJIKCS, 3aKJIaJl OCBITH 3HAXO/SIThCS B IOCTIHIN KOH-
KypeHIIii 3a COKMBAYiB HA PUHKY OCBITHIX MOCIIYT, IO iCHY€ B yMOBaX IIMPOKOTO KOJIa
MIPOTIO3UIIiH OCBITHIX MOCIYT Ta BUCOKOTO PiBHSI KOHKYPEHIIIT 32 CTIOKMBavYa MK 3aKJia-
namu ocBiTH. 11100 BMXKHUTH B TaKUX yMOBaX, iM MOCTIHHO HEOOXIJHO MiJBHIIYBAaTH
SIKICTh HaJ[aBaHUX IOCIYT Ta YJOCKOHAIIOBATH OCBITHIH IpoIlec, 3aCTOCOBYBAaTH HOBI
MAXOMAH JO OCBITHBOT MISITIBHOCTI.

IMocTanoBka nmpo6aeMu. MeTor OCBITH € BCEOIUHUI PO3BHTOK JIFOMUHU SIK OCO-
OMCTOCTI Ta HAMBUIIOT IIHHOCTI CYCIUIBCTBA, il TAaHTIB, IHTEIEKTYaIbHUX, TBOPUUX
1 pizuuHMX 3110HOCTEH, HOpMyBaHHS IIIHHOCTEH 1 HEOOXITHHX JUIsl YCHIIITHOT caMmopea-
Jti3anii KOMIETEHTHOCTEH, BUXOBAHHS BIIMOBIIAIbHUX IPOMAJISH, K1 3/1aTHI JI0 CB1JI0-
MOTO CYCHIJILHOTO BUOOPY Ta CIIPSIMYBaHHS CBO€T JTisUTbHOCTI HA KOPUCTD 1HIITMM JTFOISIM
1 CYCIIbCTBY, 30arayeHHs Ha I[iif OCHOBI 1HTEJICKTYaJIbHOTO, EKOHOMIYHOTO, TBOPYOTO,
KYJBTYPHOTO TIOTEHI[ially YKpaiHCHKOTO HAapOoly, IiIBUILIEHHS OCBITHBOTO PiBHSI rpoMa-
JISTH 3317151 3a0€3MEUCHHSI CTAJIOTO PO3BUTKY YKpaiHu Ta ii €Bporeicbkoro Buoopy [1].

3HauHa KiJIBbKICTh OCBITHIX MOCIYT Mae (paxoBy CIPSIMOBAHICTh, TOOTO BOHH Halie-
JKaTh JI0 CerMeHTY (haXOBOi OCBITH SIK 37100y TTs KBaJTi(hiKallii 3a BIAMOBITHUM HAITPSIMOM
IJITOTOBKHK 200 CIHEIIaJIbHICTIO, 10 SABJISIE COOOI0 LIJIECIPIMOBAHUN TPOIICC HABYAHHS
HasBHHUX (MIPAIIOIOUUX) 1 MOTEHIIWHUX (31100yBaviB) MpaliBHUKIB npodeciiiHuM 3Ha-
HHSM Ta BMIHHSM 3 METOIO HaOyTTs HABUYOK, HEOOXIIHHUX JUIsi BUKOHAHHS TIEBHUX
BUJIIB 3aBJIaHb Y KOHKPETHIH crelianbHocTi [2].

Ha »xainb, cydacHa (paxoBa OCBITa HE 3aBXK/IM BIJIOBiJa€ BUMOraM ChOT'OJICHHSI.
V 3B’3Ky 3 IMM BUHUKAE TOTpeda y Tpanchopmallii miIxodiB 10 yHIpaBIiHHSI OCBITOIO,
sIKe IOBUHHO OyTH CITPSIMOBAHUM Ha BJIOCKOHAJICHHSI B3a€EMO/Ii1 yYaCHUKIB PHHKY OCBIT-
Hix nocayr. CydacHa (paxoBa ocBiTa TOBUHHA CTATH THYYKOIO, aIalITUBHOIO JI0 TIOTPed
CTHIOKMBa4iB. MapKeTHHT-OpIEHTOBaHE YIPAaBIiHHS Tependadae 3acTOCYBaHHS MapKe-
THHTOBOI'O TIIX0y /10 YIIPABIIHHS MTPOIECOM HaaHHs ()aXOBUX OCBITHIX TOCIYT.

AHaJ3 0CTaHHIX M0CTiIKeHb i myoumikaniii. BusHanHs HEOOX1THOCTI 3aCTOCYBaHHS
MapKETHHT-OPIEHTOBAHOTO YIPABJIiHHS SIK KOHIIETIIIi B CY4aCHUX YMOBaX OOTPYHTOBYEThCS
B po0OTax 3aKOPJOHHHUX Ta BITUM3HSIHUX JOCITIAHUKIB. B OCHOBY JOCIIKEHD MTOKJIAICHO
MAapKETUHTOBHH MiJIX1/T, 0 Ma€ MPAKTUYHE 3aCTOCYBAHHS, IPECTABICHUH B pOOOTax ame-
pukaHcbkux BueHUX b. SIBopckki, E. Komi, k. Hapeepa, C. Crnelitepa oo [3—6].

3acTocyBaHHsI MapKETHHIOBOTO ITiIXOAy B YIPABIiHHI 3aKJIaaMH OCBITH OOTpYH-
TOBaHO B po0OOTaxX TaKMX yKpaiHChKUX AociigHuKiB, sik O.M. Ilepexeiina, A.B. Mazyp,
T.€. Obonenceka, JI. Kaninina, M.O. Jlrommn, O.I. Koznosa tomo [7—12]. Mapke-
THUHT-OPI€EHTOBAHE YINPABIiHHS HAJaHHSM OCBITHIX TOCIYT CTAaHOBUTH YIPaBIiHCHKY
JISUTBHICTB 3aKJTaJly OCBITH, CKOHIICHTPOBaHY Ha BU3HAYCHHI MTOTPEeO Ta MPOIO3UIIiii Ha
PHHKY OCBITHIX IOCIIYT, IO BiPi3HAIOTHCS B/l MOCIYT — aHAJIOTiB KOHKYPEHTIB — a00
MAarOTh BUHSTKOBI MepeBaru Haj KOHKYPYIOUHMH MTOCITyTaMH.

Oco0HBy poJib MAPKETHHT-OPI€EHTOBAHE YIIPABJIIHHS BiJirpa€e B yIpaBJiHHI 3aKia-
namu paxoBoi ocBiTH. OCHOBHHMH (pOopMamu 3100y TTs paxoBOi OCBITH € TaKi: HABUAHHS
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y BUIIMX 1 CIIENialli30BaHUX HABYAJBbHUX 3aKJIa/laX OCBITH, CTaXKyBaHHS Ha Kypcax ITiJl-
BUIIIEHHS KBatidikailii, yiockoHaIeHHS podeciiHoi MaliCTEepHOCTI HA BUPOOHUIITBI.
Kpim Toro, icHye 6araro iHIIUX MiJX0/iB 10 TpodeciiHOTO PO3BUTKY, BKIFOUAIOUH KOH-
CyNbTallil, TPEHIHTH, CIUIBHI MPAKTUKH, HACTABHHUIITBO (MEHTOPCTBO), TEXHIYHY JIOTIO-
mory tomio. [Torpu Take pisHOMaHITTS HOopM HalaHHS (PaXOBUX ITOCIIYT, YCi BOHH CIIPS-
MOBaHI Ha JIOCSITHEHHSI OCHOBHOT METH — HaJIaHHsI IKICHOT (paxoBoi OCBITH 3/100yBauam,
10 HEMOXKITBO 3p00UTH 0€3 ypaxyBaHHsI Cy4aCHUX BUMOT PHUHKY.

MeTo10 cTaTTi € BU3HAYCHHS Criel(ivHIX O0COOMMBOCTEH MapKeTHHT-OPIEHTOBA-
HOTO YIIPaBJIiHHS HaJlaHHsIM (PaxoBHX OCBITHIX mocnyr. it qocsrHeHHs MeTH Oynn
MOCTaBJICHI Ta BUPIIICH] TaKi 3aBIaHHS:

1) BU3HAUUTH OCOOJIMBOCTI Ta CTPYKTYpPY (haxoBoi OCBITH;

2) pO3MISTHYTH XapaKTEePUCTHKH 3aKiajy (paxoBoi OCBITH SIK y4aCHHKA PUHKY (axo-
BUX OCBITHIX MOCTIYT;

3) IOCHiANTH IHCTPYMEHTH MapKETHHT-OPI€EHTOBAHOTO YIIPABIIHHS 3aKJIaIoM (haxo-
BOT OCBITH.

Buxkiaa ocHoBHOro marepiajiy. YyacHUKaMH PHHKY (DaxOBHX OCBITHIX ITOCIYT,
10 BCTYMAIOTh B €KOHOMIUHI BIJIHOCUHH, €: BUPOOHUKH a00 MMOCTaYaIbHUKUA OCBITHIX
MOCIYT, CIOKMBAY1 OCBITHIX MOCIIYT, TIOCEPETHUKH, ICPKABHI Ta TPOMaIChKi IHCTUTYTH
Ta CTPYKTYpPH, IPHUYETHI JIO IPOCYBaHHsI OCBITHIX MMOCIYT HA PUHKY.

Y pesynbrari 3100yTTs1 (haxoBOi OCBITH 3100yBa4 ONIAHOBYE IIEBHUI PiBEHb 3HAHb, YMiHb
1 HABMYOK 3 KOHKpeTHUX npodeciii. [Tpodeciero BBaxkaeThCsl IEBHUI BUIT TPYIOBOT isiTb-
HOCTI, JUTsl 3IHCHEHHsI SIKOT HEOOX1THO BOJIOMITH KOMILICKCOM CIIeIia/IbHUX 3HAHb, ITPAK-
TUYHUX HaBUYOK, OZICPKaHHUX IIITXOM OTpUMaHHs (paxoBoi ocBiTH. OTpuMaHHs npodecii
Jla€ MOMKIIUBICTD 3IHCHIOBATH MpodeciiiHy MisUTbHICTh Y TIEBHIN chepl BAPOOHHIITBA.

3 mo3ulliii pUHKY Tpalli iHTepec CTAaHOBJATH (aXOBi OCBITHI MOCIYTH 3 TMEPIIOTO
JI0 TPETHOTO PIBHSI OCBITH, 1[0 HAJAIOTHCS 3aKiagamu npodeciitHoi Ta BUIIOi (B TOMY
qHci ¥ micnsauiuioMHol) ocBiT. [Ipu ipomy ¢axoBa ocBiTa MOXKe HaJaBaTuch Gop-
MaJibHO Ta HeopMasbHO (puc. 1).

Pdaxosa ocBiTa

r—-r—=-="=-"=-"=-"=-==== - ————_————————
I ! I !
| (IJopmam,Ha OCBITA ' Hpuq)eci]‘i]{ﬂ OCBiTA |
I I !
! 1 ! B i |
N 1 HIIA 0CBiTA

: HedopMmaabHa ocBiTa | 1
| | | |
1 : 1 HicasgnnioMHA :
1 | | ocBiTa I
| 1

I ! I !

Pigens oceimn

Puc. 1. Cmpykmypa ¢haxoeoi ocsimu Ykpainu
rcepeno: enactna pospodoka agmopa

OCHOBHMMU 3aBIaHHSIMU MAPKETHHTY 3aKiaay (axoBol OCBITH €:

— BHABIICHHS yNOA00aHb NMOTEHIIIHHUX CIIOKWBadiB ()aXxoBOi OCBITH, IX BUMOT JIO
XapaKTePUCTHK OCBITHBOT MOCTYTH, 1[0 HAJABATUMEThCS, TA OUIKYBaHb BiJl pe3yJbTaTiB
OCBITH;
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— TIPOIIO3MIIis Ta HaJIlaHHS (PaxXOBUX OCBITHIX IMOCIYT BIIMOBITHO JI0 IOTPEO PUHKY
Ipaili Ta BUMOT CIIO)KHBaYiB.,

Bimomo, 1m0 MapkeTHHr-MiKe Oynb-sIKO1 oprasizanii y cdepi mocimyr BKIOYAE CiM
OCHOBHHX 1HCTpyMeHTIB (cuctema 7 «P») [14]. MapKeTHHTOBI IHCTPYMEHTH 3aKiIajy
(haxoBoi OCBITH BKIIFOYAIOTh CIM TPYIT KOHTPOJIBbOBaHUX (akTopiB (Tadm. 1).

Tabmuus 1

IHCTPYyMEHTH MAPKETHHI-OPi€HTOBAHOTO YIPABJiHHS 3aKjaa10M (paxoBoi ocBiTH

Ha3ssa inctpymenTy

XapaKTepHCcTHKA iIHCTPYMEHTY

1. Product (mpomykr)

@daxoBa OCBITHS ITOCITyTa CTAHOBUTH KOMILIEKC [iif cy0’ekTa
(haxoBOT OCBITHBOI HisUTFHOCTI, BU3HAYCHUX 3aKOHOJIABCTBOM,
OCBITHBOIO IPOTPaMOI0 Ta/abo JOTOBOPOM, IO MAKOTh
BH3HAYEHY BapTiCTh Ta CIIPSIMOBAaHI Ha JOCSATHEHHS 3700yBadeM
(haxoBOi OCBITH OYIKyBaHUX PE3yJIbTATiB HABYAHHSI.

2. Price (11iHa)

Lina Ha axoBy OCBITHIO MTOCITYTY (DOPMYETHCS 3aI€KHO Bi
3MICTY OCBITHBOT IOCIYTH Ta CKJIQJIHOCTI OCBITHBOTO MPOIIECY
1 3HAXOJMTHCS i/ BIUIMBOM PUHKY, TOOTO KOHKYPEHTIB

Ta BEJIMYMHH UIATOCIIPOMOXKHOTO TIOTIUTY.

3. Promotion (mpocyBaHHs)

Jo dbopm mpocyBaHHs (paxoBUX OCBITHIX IOCIYT HA PHHOK
HaJIeXaTh yci GOpMH peKIIaMu, Ta0ITiK PiTeHITH3, TIPSIMUA
MapKEeTHHT TOIIIO.

4. Place (po3nonuii, 30yT)

HapmanHus axoBUX OCBITHIX MOCIYT 3MIHCHIOETHCS 3aKIalaMi
(haxoBO1 OCBITH — IOPUIMIHIMH 0COOAMH TyOIITHOTO YN
[IPUBATHOI'O NpaBa, OCHOBHUM BHJIOM [ISUTLHOCTI SIKUX € (haxoBa
OCBITHS JisUTbHICTD. DOpMa HagaHHs MOCIYT MOXKe OyTH sk off-
line, Tax i on-line. Ha puHKY (haXxoBHX OCBITHIX TIOCTYT iCHYIOTh
MIOCEPEAHUKH, 110 3aBAaHb SKUX HAJISKUTD IPOCYBAHHS
(haxoBHX OCBITHIX MOCIYT.

5. People (mpariiBHUKH)

Buxnagagamu y 3akmmani ¢paxoBoi oCBiTH MOBHHHI OyTH
BHCOKOKBaJTi(DIKOBaHI TIEIarorivHi Ta HAyKOBO-TICIarOTivHi
MIPaIiBHUKY, IiSUTBHICTH SIKUX CIIPSMOBaHA Ha (POPMYBaHHS
KOMIIETEHIIi# 3100yBadiB (haxoBOi OCBITH.

6. Process (mporiec HagaHHS
TTOCITYTH)

®daxoBa OCBITHS JTIsUTBHICT CIIPSIMOBaHA HAa OpPraHi3allito,
3a0e3IeueHHs Ta peatizallifo OCBITHHOTO TIPOIIECY — CHCTEMH
HAyKOBO-MCETOMYHHMX 1 MEAAroriuHuX 3aX0/iB, CIIPSIMOBAHIX Ha
PO3BUTOK OCOOMCTOCTI IIIIXOM (POPMYBAHHS Ta 3aCTOCYBaHHS

i komriereHTHOCTEH. DaxoBa OCBITHA MISUTBHICTH TTOBUHHA
BIZIMOBIIATH CTAHIAPTaM SIKOCTI sIK 32 JOPMOIO, TaK 1 33 3MICTOM.

7. Physical evidence (mate-
pianbHi T0Ka3Mn)

®daxoBa OCBITHS ITOCITyTa 3IHCHIOETHCS HA OCHOBI OCBITHBOL
MIPOTpaMH — €IMHOTO KOMITIEKCY OCBITHIX KOMIIOHEHTIB (TIpes-
METIB BUBYCHHS, TUCIUILIIH, IHAUBIyalbHUX 3aBJaHb, KOHTP-
OJIFHHX 3aXOJIiB TOIIO), CIUIAHOBAHUX 1 OpPraHi30BaHUX JIJIs
JIOCSITHEHHST BU3HAUCHUX PE3yNbTaTiB HAaBYaHHS.

VY pesynbrari HaBuaHHS POPMYETHCS (paxiBelb, SIKUH BOJOIIE
3HAHHSMH, YMIHHSIMH, HABUYKAMH, CIIOCOOAMH MUCIICHHSI,
MONISIAAMH, IIIHHOCTSIMU Ta 1HITUMH OCOOMCTICHUMH SIKOCTSIMH,
HAOyTHUMU y TPOLIECi HABYAHHS, BUXOBAHHS Ta PO3BUTKY, sIKi
MOYKHA iIeHTU(IKYyBaTH, CIUIAHYBATH, OLIHUTH 1 BUMIPSATH

Ta Ki 0c00a 37aTHA TPOIEMOHCTPYBATH ITICTS 3aBEPIICHHS
OCBITHBOT Mporpamu 200 OKPEMHX OCBITHIX KOMIIOHCHTIB.
MarepialbHUMU JJOKa3aMU OTPUMaHHsI (haXOBOi OCBITH

€ muruoM (GaxiBiis, cepTu(dikar, o OTPUMYIOTh 3100yBadi
OCBITH 3aJIe)HO BiJ BUAY ((opmanbHa, HedopmaibHa) haxoBoi
OCBITH.

Jicepeno: enacna po3pobka asmopa
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TonoBHOIO METOH MapKeTHHIY (haXOBOi OCBITH € 3a0€3ICUCHICTh 3aI0BOJICHOCTI
CTIIOKMBa4Ya OCBITHBOI IMMOCITYTH, SIKa MOYKITMBA JIUIIIE 3aBISIKH OLIIHII PE3yJIBTaTy OCBITH,
10 MOXKe OyTH BHYTPIIIHBOIO T2 30BHINIHBOIO. BHYTpIIIHS OIiHKa SIKOCTI OTpHMa-
HOT OCBITH 3JIIHCHIOETBCS 3a MICIIEM OTPHMMAaHHs OCBITH IEAAaroriYHAMH TpaIliBHHU-
KaMH Ta TOKa3y€e CTYIiHb OBOJOJMIHHS TICBHUMH KOMIICTEHIIISIMU 3700yBaueM y XOji
OCBITHBOTO TIporiecy. [linTBepPKEHHSIM 3aCBOEHHS KOMIIOHEHTIB OCBITHBOI ITPOrpamMu
Ta OTPUMaHHsS HEOOXIJHWX pe3ylbTaTiB HaBUaHHS € OTpHMaHa 37100yBaueM OI[iHKa
BIJIIIOBITHO /10 HAsIBHUX IIIKAJ OLIHIOBAHHS 3HaHb. KpiM MpsiMoi1 BHYTPINIHBOT OIIHKA
OCBITH, € III¢ HeIIPsiMa 30BHIIITHS OIIHKA, KA BUPAKAETHCS BIIMOBIIHO JI0 KOMIICTCHT-
HOCTI BUITYCKHUKA 3aKj1a/ly (haxOoBOi OCBITH 11010 BUMOT PUHKY TpaIii 10 OCBITH ITOTCH-
[IHHUX IPETEH/ICHTIB Ha BaKaHCIi meBHUX (haxiBIiB.

BucHoBku

TakuM 4MHOM, MiJl MAPKETUHIOM ()aXOBHX OCBITHIX MOCIIYT CJIiJ{ PO3YMITH yIpaB-
JIHHS TPOTIO3HUIEI0 3aKiiany (axoBoi OCBITH, IO OPIEHTYEThCS HA BUMOTU PHHKY
nparti, 3 akTHBHUM (POPMYBaHHSM TTOTIUTY Ha Cy4YacHi OCBITHI MOCIIYTH Ta 3a0e31eueH-
HSIM TTpalleBIANITYBaHHS BUITYCKHUKIB 3aKIaTy.

s ycniniHoTro (yHKIIOHYBaHHS 3akiianay (paxoBoi OCBITH HEOOXiTHUI MOCTIHHUI
PO3BHTOK TPOIO3HIIii OCBITHIX MMOCIYT, YOCKOHAICHHS iX 3MICTy Ta OCBOEHHS HOBUX
METO/IiB HaBYaHHsI. 3aBISKH [[bOMY PEali3yeThCsl OCHOBHA, COLIIANBHO 3HAUYYIIa MeTa
Oy/1b-SIKOTO 3aKI1aly (paxoBOT OCBITH — JIOHECTH JI0 CIIOKHUBAYIB OCBITHIX ITOCIIYT CydacHi
3HAHHS Ta TEePEJOBUH JOCBI, sIKi O CIPHSUTH 1HTEJICKTya IbHOMY PO3BUTKY, 3arajbHil
Ta (axoBiil OCBITI 3M00yBayiB.

IlpakTka mMoOKa3ye, IO OUIBLIICTh 3aKjaaiB (axoBOi OCBITH HE BIJICTEXKYE
KOH FOHKTYpY TIONUTY Ha MpoQeciiHi KaJipu pUHKY Tpalli, TOMY 1 BinOyBaeTbcs nedop-
Mallisi CTPYKTYPH TPYIOBHX peCypciB Ha pUHKY. BHIIpaBUTH CHUTYyaIlito0, IO CKJIayiacs,
MOKITUBO 3aB/ISIKH BUKOPUCTAHHIO MAPKETHHTOBOTO TT1IXO/TY JIO YIIPaBIiHHSI OCBITHBOIO
JUSUTBHICTIO 3aKJIAJIB (paXOBOT OCBITH.
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Anomauisn

Bcemyn. Tlepcnexmueu excniayamayii' 3a1i3HUNHO20 MPAHCROPMY OUKIYIOMb HE0O-
XIOHICMb YeeOeH s IHHO8ayill O/ NIOSUWEHHS eheKMUBHOCME U020 SUKOPUCTIAHHSL.
Pigenv nonoguenns 6a2onHo2o napky 3a OCMAHHI pOKU € He3HAYHUM. Y 36 43KV 3 yum
onsl 3abe3neuents 6Oe3nepedilino20 nepesiznoco npoyecy OOYLIbHOW € cumyayiina
aoanmayis HAsA8HO20 NAPKY 8A20HIE 00 Nepese3eHb 3a80aHOI HOMEHKIAmYpU 6aHma-
icie. OCKIbKU 0OHUM 13 HAUDLIbIU 3amMpedyBAHUX MUNIE BA2OHIE Y MIJICHAPOOHOM) CHO-
Hecyuux KOHCMpPYKYitl 00 MAKUX nepege3eHb.

Mema. Memorw 00CniOdiceHHs € GUCIMIICHHS Pe3YIbMAmi6 MOOENBAHHS 8ePMi-
KAMbHOI OUHAMIKU B8ALOHA-NIAMPOPMU, 3ABAHMANCEHO20 3 EMHUMU MOOVIAMU, U0
PYXAembCs CIMUKOBOH HEPIBHICIO.

Pesynomamu. [{na poswupents HOMEHKAAMYPU 8AHMANCIE, AKI Nepesossimuvcs Ha
008200A3HUX 8A2OHAX-NAAMPOPMAX, NPONOHYEMBCI GUKOPUCTNAHHI 3 EMHO20 MOOYIIAL.
Banmaoicnuti manoanuux 3’ €MHO20 MOOYJIsL YMEOPEHUL CEHOGIU-NAHENAMU, WO CKAA-
0aromuvesi 3 080X MeManesux AUCmis, Midc AKUMU 3HAXOOUMbCS eHePeONnOIUHAIOULL
mamepian. OOHAK HAABHICMb eHePSONOTUHAION020 Mamepiany 6 ceHOsiu-naneni 6yoe
BNAUBAMU HA HABAHMANICEHICMb HECYHOi KOHCMPYKYIl eacona-niamgopmu. Y 36 13Ky
3 YuM MpPoGedeHo O0CHIONCeHHs OUHAMIKU 6A2OHA-NAAMPOPMU, 3ABAHMANCEHO2O
3 EMHUMU MOOYIIAMY, Y 8EPMUKANbHIL NIOWUHI. Bcmanosneno, wo maxkcumaibHe ep-
MuKaibHe NPUCKOPeHHsl, siKe 0i€ Ha 8a2oH-naameopmy 8 yeHmpi macu, ckaraoac 2,72 m/
¢’. [lana senuuuna npuckopers matidice Ha 5% Hudicua 3a my, wo Oi€ Ha 8A2OH-NLAM-
@opmy 3 Ypaxysanusam munoeoi cxemu CRPUUHAIMM HAGAHMANCEHb 6I0 gaHmaicy. Pyx
8a20HA-NAAMPOPMU Y 3A6AHMAINCECHOMY CIAHT OYIHIOEMBCA K «BIOMIHHULLY.

© JloBcbka A.O., Mypan’sin A.O., lemuaioxos O.B., 2024
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Bucnoexu. I[lposedeni 00CniodiceHus CRPUsMUMYMb CMBOPEHHIO DPeKOMEeHOaYill
w000 NIOBUUEHHS e(heKMUBHOCMI eKCIILyamayii 8a2oHI8-N1amgopm WLIAXOM iX cumy-
ayiiinoi aoanmayii 00 nepegezensb PisHOi HOMEHKAAMYPU 6AHMAICIE.

Knrwouosi cnosa: 3anisHuuHULl mpasncnopm, Cumyayitina adanmayis 6a20Ha, 3’ EMHUL
MOOY/Ib, OUHAMIKA 8A20HA-NIAMDOPMIUL.
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LOADED BY REMOVABLE MODULES WHEN RUNNING OVER A RAIL JOINT
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Summary

Introduction. The prospects for railway transport operation dictate the need to
create new solutions to improve the efficiency of its use. The level of replenishment
of the railway vehicles fleet has been insignificant in recent years, and therefore, to
ensure an uninterrupted transportation process, it is advisable to adapt the existing
fleet of railway vehicles to transportation of the specified range of goods. Since platform
wagons are one of the most popular types of wagons in international transport, it is
important to adapt their load-bearing structures to such transportation.

Purpose. The paper presents the results of modelling the vertical dynamics of a
platform wagon loaded by removable modules when running through a rail joint.

Results. To expand the range of transported goods on a long-base platform wagon,
it is proposed to use a removable module. The cargo area of the detachable module is
Jformed by sandwich panels consisting two metal sheets with energy-absorbing material
between them. However, the presence of energy-absorbing material in the sandwich
panel will have an impact on the load on the load-bearing structure of the platform
wagon. In this regard, the dynamics of a platform wagon loaded by removable modules
in the vertical plane was studied. It is established that the maximum acceleration acting
on the platform wagon in the centre of gravity is of 2.72 m/s’. This acceleration value
is almost 5% lower than the acceleration acting on the platform wagon, taking into
account the typical pattern of the load perception from the goods. The movement of the
platform wagon when it is running in a loaded state is assessed as “excellent”.

Conclusions. The conducted research will contribute to the development of
recommendations for improving the efficiency of platform wagons through their
situational adaptation to the transport of various types of goods.

Key words: railway transport, situational adaptation of a wagon, removable module,
dynamics of a platform wagon.
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IMocTaHoBKA NMPoOIEeMH Y 3arajibHOMY BUIJISIAL Ta ii 3B’ S130K i3 BaXKJIUBUMU HAY-
KOBHMHM YM NMPAKTHYHUMH 3aBJaHHAMU. Bi1oMo, 1110 TPOBITHOO CKIIaJOBOKO YaCTH-
HOIO TPAHCIIOPTHOT T'ally3i BKe JaBHO € 3aTI3HUYHUN TPAHCTIOPT. Ba)nBo ckaszarw, 1o
BiH 3a0e3Ieuye moTpeOn He TUTHKH BHYTPINTHBOT EKOHOMIKH KpaiHW, ajie i 30BHIMTHI,
TOOTO B MDKHApPOAHOMY CITOJNIyYeHHI. [Ipw 1IboMy OTHUMH 13 HAWOIIBIN MOMIMPEHUX
THUITIB BaroHiB, SIKi BUKOPHUCTOBYIOTHCS Y MIKHAPOTHOMY CIIOJYUYEHHI, € BarOHU-TIIAT-
dhopmu. BomgHowac ekcruryararisi BaroHiB-1iaropM y MIKHAPOTHOMY CITOJYYICHHI
CTPUMYETBCS X HecTadero. [I0MmoBHEHHSI BATOHHOTO MAapKy BaroHiB-miiatpopM BHMa-
rae JOJATKOBUX KaIliTAIbHUX BKJIQICHB. bibII parioHaTsHIM BapiaHTOM € CHTYaIliitHa
ajlanTaris HasBHOTO IMapKy BaroHIB J0 ITepeBe3¢Hh KOHKPETHUX THITIB BAHTAXIB, B TOMY
quCTl W cTpareridyHux. Take pilIeHHs MO3BOJUTH MiTBUIIUTH ¢(PEKTUBHICTH MEPEBi-
3HOTO MPOIIECY, & TAKOXK CIIPUATUME CKOHOMIT KaIiTaIbHUX BUTPAT Ha 3aKYITiBII0 HOBUX
BaroHiB, TOMY MIUTaHHS CUTYAIlIHHOI afanTarii HasBHOTO MapKy BaroHiB-TUIaTGOPM 10
nepeBe3eHb 3aBJaH0T HOMEHKIIATYPH BAHTAXKIB € TOCUTh aKTYaTbHUM.

AHaJIi3 0OCTAaHHIX T0CTiMKeHb i my0mikaiii, B IKAX 3a1109aTKOBAHO PO3B’sI3aHHSI
i€l mpodsemMu, i BUILIeHHsI He BUPiNIeHUX PaHillle YACTHH 3arajbHol MpoodieMu.
JlocmiJpkeHHsI, TPUCBSYCHI MUTAHHSIM CTBOPCHHS Ta YJIOCKOHAJICHHS HECYYHX KOH-
CTPYKIIi# BaroHiB-1IaTGopM TS TMiABUIICHHS €(DEKTHBHOCTI iX eKCITIyaTallii, BUCBIT-
JTIOIOTHCS B OaraThox IyOJTiKaIisX.

Jlst cuTyaniifHol amanTailii BaroHa-miaT¢opMH 10 IepeBE3eHb JOBIOMIPHUX BaHTa-
KIB y po0oTi [1] 3amporToHOBaHO BHKOPUCTAHHS CIEIiaIbHOTO 3’ eMHOTO Momyist. Kpi-
TJICHHST MOAYJIS Ha BaroHi-maTdopMi IependadacTbCcsl 3 BUKOPUCTAHHAM (PiTHHTOBUX
ymopiB. HaBeneHo BimmoBigHe HayKOBE OOTPYHTYBAHHS KOHCTPYKIIIHHOTO BHUKOHAHHS
3’€MHOTO MOAYJIA. AJie JaHa KOHCTPYKITiS 3’ €MHOTO MOMIYJIS Tiepeaoadac BUKOPUCTAHHS
TIPYXKHO-(PPUKITIHHUX 3B’ SI3KIB Y pami. Take pillleHHsT YCKITaIHIOE TTPOIeC TEXHITHOTO
00CITyTOBYBaHHS Ta PEMOHTY BaroHa.

IToniOGHe pimmeHHs 3ampornoHoBaHo i B myoOmikarii [2]. [Ipu ieoMy Ut cHTyaItiiiHOl
ajanTariii BaroHa-IuiaTpopMu 10 TIEPEBE3CHHS PI3HOTHUITHUX BAaHTAXKIB IPOITOHYETHCS
BHUKOpHcTaHHs 3’ eMHOTO MOyl THITy FLAT RACK. Oco0muBicTio MOIyIsl € HassBHICTh
TIPY’KHO-B’SI3KUX 3B’SI3KIB y (PITHHTAX, IO CIIPHSIE 3MEHIIICHHIO TTOB3OBKHIX HaBaHTa-
JKeHb, SIKi JIFOTh Ha HHOTO B EKCIUTyaTarlii. ABTOpaMHU HaBEIECHO BIAITOBiIHE TEOPETHUHE
0OTpyHTYBaHHSI 3aITPOTIOHOBAHOT KOHCTPYKIIIT 3°€MHOTO MOyIIsT. OfHAK HUHI BUKOPHUCTO-
BYIOTBCSI JOBI0Oa3HI KOHCTPYKITii BATOHIB-TUIAT(GOPM 3i CTICIiaTbHIMH HaI0yI0BaMH IS
po3MminIeHHs GITHHTOBUX yTopiB. L{i HamOya0BH BUKOPHCTOBYIOTHCS Y 3B’ SI3KY 3 THM, 1110
pama BaroHa-1IaropmMu Mae popMy Opyca, piBHOTO OTIOPY 3THHY. Y 3B’s3KY 3 IIUM paMa
Mae 3MIHHY BHUCOTY TPO(iTiB 1i BUKOHAHHS 3a ITOBKHWHOI. BiNIOBITHO, BUKOPHUCTAHHSI
TaKOTO 3’ €MHOTO MOTYJISI Ha TIOMIOHUX BaroHax-1iaropMax € HEMOXKITHBHM.

Oco0aMBOCTI PO3paxyHKy Ha MIITHICTh YAOCKOHAJICHOI paMH BaroHa-TiaThopMu
BHCBITIIIOIOTECS B po0OoTi [3]. [Ipy mpoMy 3acTOCOBAaHO METONA CKIHUCHHHUX €JIEMCH-
TiB. ABTOpaMH BH3HAUEHO MOJISI PO3MOJIIEHh MAKCUMAILHUX €KBIBaJCHTHHX HAIIpy-
JKEHBb B HECYUill KOHCTPYKITii BaroHa-Turathopmu. OTpuMaHi HapyKEHHS 3HAXOISITHCS
B MEXaX JOITyCTUMHUX 3HAYCHB, IO MiATBEPHKYE MOIUTBHICTh KOHCTPYKIIHHAX PIIIICHB
o0 iX BUKOHAHHSA. OIHAK aBTOpaMH HE 3aIpOIIOHOBAHO 3aXOiB IOAO0 CUTYaIliifHOT
ajlanTarii JaHOTO BaroHa M0 TEpeBe3eHb PIZHOTHITHUX BaHTAXIB, IO MIIBUIIWIO O
e(heKTHBHICTE HOTO eKCITTyaTaItii.
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JlocipkeHHsT MIITHOCTI HECY4oi KOHCTPYKIIii JOBro0a3HOro BaroHa-rarhopmMu
MPOBOAMIIOCH Y B po00Ti [4]. OcoOnuBicTh 1aHOT KOHCTPYKIIii BaroHa-TarGOopMH MoJis-
rae y BIJICYTHOCTI XpeOTOBOT Oaliku 3a JOBKWHOI pamu. J{j1st oOrpyHTYBaHHS Takoro
PIIICHHS aBTOpaMH MTPOBEACHO HE TIJIbKK TEOPETHUYHI JIOCIKCHHS 11 HABAHTaXKEHOCTI,
a i exciepuMeHTaNbHI. OTpUMaHi pe3yJIbTaTh CBiTYaTh PO MOMKIIMBICTH €KCILTyaTaii
BaroHa Ha MaricTpayibHUX KoJisix. OJJHAK KOHCTPYKIIiS TAaKOTO BaroHa-IuiaTopMu He
3a0e3reuye MOKIMBOCTI 1 3aCTOCYBaHHS JUIS IEPEBE3EHb NIMPOKOi HOMEHKIIATYPHY BaH-
TaXIB, 110 3BY)KY€ CIIEKTp i1 BAKOPUCTAHHSI.

Y po6oTi [S] IpOBOAMTHCS PO3PaxXyHOK MIIIHOCTI IOBr0Oa3HOTO BaroHa-1iarhopmMu
JUISL TIepeBe3eHb KOHTeiHepiB. [Ipy 1[bOMy aBTOpaMH BUKOPHCTAHO KJIACHYHI METOIH
OTIOpY MarepiaiB JJisl BU3HAUCHHS 3THHATBHUX MOMEHTIB, SKI BUHUKAIOTh Y Iepepizax
Hecy4ol KOHCTpYKIii BaroHa-margopmu. Ha HacTymmHOMY eTarii poBOAMIIOCS BU3HA-
YEHHSI MIIIHOCTI 3 BUKOPUCTAHHSAM METOY CKIHUCHHMX €JIeMEHTIB. Bak/IMBO ckasarw,
10 KOHCTPYKIIisl JAHOTO TUITY BaroHa 30pi€HTOBaHA Ha MEPEBE3EHHS KOHKPETHOTO TUITY
BaHTaxy. L{e oOMexye ii 3aTpeOyBaHICTh B €KCILTyaTallii.

JociipkeHHsT MIITHOCTI Hecydoi KOHCTPYKIIT BaroHa-tiar)OpMH 3aJIe)KHO Bij
BEJIMUWHH 1i nedopMariiii mpoBoaMIIOCs y cTarTi [6]. BaxkuBO miKpecnuTy, 1Mo aaHi
JIOCITI/DKEHHS TPOBOIUIINCS 13 3aCTOCYBAaHHSM €KCIIEPUMEHTAIbHUX METOJIIB, 30KpeMa
CJIIEKTPUYHOTO TEH30METpyBaHHs. Pe3ynmbraru NaHWX JOCHTIHKEHb JO03BOIHMIN BU3HA-
YUTU HAWOUIBII HABaHTAXKCHI CKIIAJIOBI YaCTHMHU KOHCTPYKIii BaroHa-ruargopmu.
OpHak aBTOpH HE 3alPOIOHYBAJIM PIIICHB 100 MOKPAIIEHHS MIIIHOCTI HECYy4oi KOH-
CTPYKIIii BaroHa-miaarGopMHy IIISIXOM i yIIOCKOHAJICHHSI.

[IpoBeaeHuii anasi3 HayKOBUX MyOJTiKallii [ 1-6] CBIAYUTH PO T€, IO MUTAHHS Y10~
CKOHAJICHHS HECYYHMX KOHCTPYKIIIH BaroHiB-ruiarGopm € NocuTh akTyanbHuM. OpHaK
JUISL TIBUIIEHHS ¢(EeKTUBHOCTI iX eKcIuTyaramii moTpeOyroTh BHPIIICHHS MHTAHHS
CUTYaIliiHOT ajanTanii 0 rnepeBe3eHb Pi3HOT HOMEHKIATypH BaHTaXiB, TOMY JIOCIi-
JOKCHHSI, IPUCBSIUCH] CUTYAIlifHIM ajanTallii BaroHiB-miatGopM 0 MepeBe3eHb PO3-
HIMPEHOT HOMEHKJIATYPH BaHTaXiB, € JOCUTh aKTyaJbHHMH.

®opmyJIOBaHHST METH CTaTTi, MOCTAHOBKA 3aBAaHHs. Mera cTaTTi — BHUCBIT-
JICHHS Pe3yJIbTaTiB MOJICIIIOBAHHS BEPTHKAIBHOT AMHAMIKH BaroHa-muiar(opmu, 3aBaH-
Ta)XEHOTO 3’€MHHMHU MOJYJSIMH, TIPH pYyCi CTHKOBOIO HepiBHiCTIO. [t HOCSTHEHHS
3a3HAuCHOT METH ITOCTABJICHI TaKi 3aBJaHHs:

1) chopmyBaTi pO3paxyHKOBY CXEeMy JUIsl BU3HAYCHHS BEPTHKAIBHOTO IPHUCKO-
PCHHSI, sIKE JIi€ HA HECYYy KOHCTPYKIIIIO BaroHa-1iaropMH, 3aBaHTaKEHOTO 3’ €MHUMHU
MOYJISIMH;

2) MpoBeCTH MaTeMaTWYHE MOJICIIOBAHHS BEPTHUKAIBHOI JHHAMIKM BaroHa-Ioiar-
(dbopmMu, 3aBaHTKEHOTO 3’ €EMHUMH MOJYIISIMH.

00’ekTOM T0CTIKEHHS € TOBrodasHuil BaroH-miargopma moneni 13-7024.

IpeaMeT pocaizkeHHsI — TUHAMIYHA HABAHTAXXCHICTh HECY4Y0i KOHCTPYKIIIT BArOHa-
1aThopmu.

Bukaan marepiajy 10cailkeHHs 3 HOBHMM OOIPYHTYBAHHSIM OTPUMAHHMX Hay-
KOBHX pe3yabTariB. {7151 po3IIMpeHHs HOMEHKIIATYpH BaHTaXKIB, 110 TIEPEBO3SITHCS HA
JIOBro0a3Hiil KOHCTPYKIIiT BaroHa-1iaThopMu, IPOMOHY€ETHCSI BAKOPUCTAHHS 3’ €MHOTO
Monys (puc. 1).
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Puc. 1. 3’emnuii mooyns:a) 3acanvruil 6ueisio, 6) po3miuienHs Ha 8a2oHI-NAAmM@opmi

OcoONMMBICTIO TAKOTO 3’€MHOTO MOAYJIS € T€, IO BiH SBJSE COOOI0 paMHY KOHCTPYK-
1if0, TIEPEKPUTY 3BEPXy METAJIEBUM JIHCTOM. Y KyTOBHX YaCTHHAX 3’ €MHOTO MOMIYJIS
BCTaHOBJIEHO (iTHHTOBI ymopu. Ilpu mpomy BHcoTa yropiB 3 O0OKy KOHCOJIbHOI dac-
THHA BaroHa-1u1aT(OpMH € BUIIOKO, HIX 3 TIPOTUJIEKHOTO O0KY. Take pillieHHs JO3BOJISE
YTBOPHUTH NPSIMOIIHIHHY TOPU30HTAIBHY IUIONIUHY JJIs1 PO3MIIIIEHHS BAaHTAXKY.

st 3a0e3medeHHsT CXOPOHHOCTI BaHTAXY, SIKHHA MEPEBO3UTHCS, BAHTAKHUN Maii-
JAHIUK 3’ €MHOTO MOIYJISI yTBOpEHUH cerapiu-naneasmu [7] (puc. 2). KokHa 3 Takux
TMaHeJeH CKIATAEThCs 3 METANICBUX JIUCTIB, MK STKUMH 3HAXOIUTHCS Marepiai 3 eHep-
TOMOTIIMHAIOYMMH BJIACTHBOCTSIMH.

Puc. 2. [lonepeunuii nepepiz cenogiu-naueni

Tpeba ckaszary, 110 HasIBHICTb €HEProMONIMHAIOYOI0 Marepially B CEeHIBIU-TaHENsIX
BIUIMBA€ HAa HABAHTAXEHICTh HECY40l KOHCTPYKLI BaroHa-mar(opmu. Y 3B’S13Ky 3 LUM
HEOOXiTHO TOCIIINTH JNWHAMIKY BaroHa-IuiaTOpMH, 3aBAHTAKEHOTO 3’ €MHUMH MOIY-
JISIMU Y BEpTHKANIBHIH rutonmHi. /1151 boro Oyiio npoBeieHe MaTeMaTuiHe MOAETIOBAHHSI.

BpaxoBano, 110 Ba 3’€MHHX MOJIYJl PO3MIIIYIOTHCS Ha BaroHi-miaropmi, sKUi
PYXa€eThCsl CTUKOBOKO HepiBHICTIO. [Ipy mbomy 3’€MHI MOAyIi 3aBaHTa)XE€HI YMOBHUM
BaHTaKEM 3 BUKOPUCTAHHSIM iX MOBHOI BaHTaxomigiHoMHOCTI. /luHamiuHa cucrema
yTBOpEHa YOTHUPMA TiJIJaMH — HECYUOI0 KOHCTPYKLI€IO BaroHa-ruaTgopMu, Ha SKOMY
PO3MILIYIOTBCS [Ba 3’€MHHMX MOAYJI 3 BaHTaKeM, a TAaKOX JBa Bi3ku. Po3paxyHKOBY
CXeMy HaBe/ICHO Ha pHuc. 3.

[IpuiinsTo npUNyIIeHHs, M0 BaroH-miargopMa NepeMillyeTbCs CTUKOBOIO HepiB-
HICTIO KOJTii, sIka Ma€ NPy KHO-IMCUTIATHBHI BIIACTUBOCTI. Peakiiii komii mpormopiiiHi sik
i medopmartisiv, Tak i MBUAKOCTSIM ux nedopmariii. [Ipu mpoBeneHHI po3paxyHKiB
BPaxoBaHo, 110 Hecyda KOHCTPYKIIisl BaroHa-Iu1aThOPMHU CIIMPAETHCS HA Bi3KM MOJENI
18-100. BpaxoBaHo, 110 €HEPTOMONIMHAIOYAN MaTepial CeHJIBIY-TIaHeNl Ma€ MPYKHO-
(hpuKIiiiHI BIAaCTHBOCTI.
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Puc. 3. Pospaxynxosa cxema 6acona-niamgpopmu 3i 3’ €eMHUMU MOOYAAMU

OTtxe, cuctemMa AudepeHIiabHUX PIBHSAHb PyXy BaroHa-uiaToOpMH Mae TaKUi
BUTIISI:

G +C g, +Ch g, +Cy gy = (szgn( )+ sign(f‘)z)) -F,

< X

2 G, +Chq+Coy- gy + By gy = Fyy Slg”(61)+k(n1+nz)+ﬁ(ﬁ1+ﬁ2)a
g +C3,1'41 + C3‘3 Gy + Byy gy = Fpp szgn(éz) +k Tla + T]4) +B(fl3 +fl4)’
Gy =F, - M, -g - F;-(sign(q,)+ sign(q,)),

F =-k (yl - J’4)s (2)

ne M, — maca Hecy4oi KOHCTpyKuii Barona-mmardopmu; M, M, — mMaca, BiANOBIAHO,
. . b .

MEPIIOTO Ta PYroro Biska; M, — maca 3 EMHOTO MOJIYIs; C, - XapaKTePHCTHKH IPYK-
HOCTI €JIEMEHTIB KOJIHMBAJILHOI CHCTEMH, SIKI BU3HAYAIOTHCS 3HAYCHHSIMHU KOeQillieHTiB
JKOPCTKOCTI NPyKHH k,; B,y_ (hyHKIis po3citoBaHHS; k — JKOPCTKICTb KOJIL; S — xoe-
(1)1u1_€HT neMnQyBaHHS; F.TP ~ CHa TEPTs y PECOPHOMY KOMIUIEKT Bi3Ka; 0, — /.:Lecpop—
Malii NpyKHUX €JEMEHTIB PECOPHOIO IiJBilYBaHHs; #,(2) — HEPIBHICTh KOJii; k,
KOPCTKICTh €HEPrOMONIMHAIOUOTO MaTepiany ceHisiu-naneni; F ' — cuna Teprs, sxa
BUHHKA€ B CEHABIY-TIaHEII.

e

X K

BximanMu mapaMerpaMy MojeNi € TeXHIYHI XapaKTEPUCTHKH HECy4ol KOHCTPYKIIl
BaroHa-TIaTOpMH, PECOPHOTO i IBILITYyBaHHS, 3’ €MHOTO MOTYJIA, & TAKOXK 30ypIOIOUOi JIii.

Po3B’s130K crctemu nudepeHmiadbHuX piBHAHB pyXy (1) 31iHCHEHO B MPOTrpaMHOMY
xomruiekci MathCad [8; 9]. Bekrop mo4aTkoBUX YMOB Ma€ TaKWil BHIJISA: ITOYATKOBE
nepeMillieHHs Hecy4oi KOHCTPYKLii 3 BaHTaxkeM cTaHOoBUTh 0,004 M, IBUIIKICTH CTaHO-
BHUTH 0; 115 Bi3KiB, BiamoBigHo, 0,003 M ta 0 [10].

OTtpumani pe3yibTaTu po3paxyHKy HaBelIeHi Ha puc. 4.

OTxe, MakCUMaJIbHE BEPTHUKAJIbHE IMPUCKOPEHHS, sIKe i€ Ha BaroH-muardopmy
B LEHTPI Mac, ckiano 2,72 m/c?. OTprMaHa BeIMYMHA MMPUCKOPEHHS Maibke Ha 5%
HIDKYA 32 Ty, 110 Jli€ Ha BaroH-Iar(opMy 3 ypaxyBaHHSM THUIIOBOT CXEMH CIIPUUHSATTS
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Puc. 4. Bepmukanvui npuckopenus Hecy4uoi KOHCMpPYKYii
6azona-naamgopmu

HaBaHTa)XEHb BiJ BaHTaxy. [Ipy mboMy pyX BaroHa-miarGopMu y 3aBaHTaKCHOMY
CTaHI OI[IHIOETHCS K «BiqMiHHMI» [11].

BucHOBKH 1 epcriekTHBa MOAaIbIIOT POOOTH B IbOMY HAIpPsIMI.

1. ChopMOBaHO PO3PaXyHKOBY CXEeMy JUIS BU3HAUCHHS BEPTUKAJIBLHOTO MPHUCKO-
PEHHSI, SIKE Jli€ Ha HECY4Yy KOHCTPYKIIiFO0 BarOHa-IUIaT()OPMH, 3aBaHTAKEHOTO 3’ EMHUMHU
Moyisimu. [Tpu 1boMy BpaxoBaHO, IO J[Ba 3’ €MHUX MOJIYJIl PO3MIIIYFOThCS HA BaroHi-
arhopMi, SIKHI PyXa€eThCsl CTHKOBOI HEPIBHICTIO. 3’ €MHI MOJIYJIi 3aBaHTAXKEHI YMOB-
HUM BaHTa)XEM 3 BHKOPUCTAHHSIM IX MOBHOT BAHTAXKOMIJHOMHOCTI. /lnHamivuHa cucremMa
yTBOpeHa yoTupMa Tinamiu. Lle Hecyya KOHCTpYKIisi BaroHa-1aropMHu, Ha IKOMY pO3-
MIIIYIOTBCS J[Ba 3’€MHHUX MOJIYJII 3 BAHTaXKEM, a TAKOXK J[Ba Bi3KkH. J[0 yBaru npuitHsITO
BUMAJIOK PyXy BaroHa-miar)opMy CTHKOBOIO HEPIBHICTIO KOJIii, sSika Ma€e Mpy>KHO-IUC-
WTaTUBHI BIACTUBOCTI.

2. [IpoBeneHo MaTeMaTHYHE MOJACTIOBAHHS BEPTHKAJILHOI IMHAMIKHM BaroHa-Tuiar-
(dbopMH, 3aBaHTaKEHOTO 3’€MHUMH MOAYJISIMH. MakcuUMalbHEe TPUCKOPEHHS, SIKE i€
Ha BaroH-miarpopMy B IEHTPi Mac, ckiaano 2,72 m/c? JlaHa BeauduHa MPUCKOPEHHS
Maibke Ha 5% HWKYa 3a TY, 1110 JIi€ Ha BaroH-IIaT(opMy 3 ypaxyBaHHSIM THIIOBOT CXEMH
CIIPUIHATTS HaBaHTaXEHb BiJ| BaHTaXy. Lle MOSICHIOEThCS BUKOPUCTAHHSIM CEHJIBIY-
MaHeJel 3 eHePronoNIMHAIOYMM MaTepiaioM K MPOMIKHOTO aJlanTepa MiXK BaHTaKeM
Ta paMoro BaroHa-raTgopmu. Pyx BaroHa-rmiatrgopmMu y 3aBaHTa)KEHOMY CTaHi OI[iHIO-
€THCS K «BIIMIHHHUIY.

[epcnekTHBOIO AOCHTIKEHHS € KOMIT IOTepHE MOJICITIOBAaHHS BEPTUKAIbHOI HaBaH-
Ta)KEHOCTI HECy4oi KOHCTPYKIiI BaroHa-miaaropMHu IiJ 4ac pyXy CTHKOBOIO HEpiB-
HicTio. Ile J03BOJINTH BU3HAYUTH TOJS PO3MOJAUICHHSI MPUCKOPEHb BIJIHOCHO HOro
HECYYO0l KOHCTPYKIIii, 8 TAKOX Bepu(iKyBaTH 3alIPOTIOHOBAHY MaTeMaTUYHY MOJIEIb.

[IpoBejieHi AOCIKCHHST CIPUATUMYTh CTBOPCHHIO PEKOMEHJAIIN MO0 ITiJIBU-
HIeHHS e(DeKTUBHOCTI eKCIlTyaralii BaroHiB-miaropM HIISIXOM iX CHTYaliiHoI ajan-
Tallii JI0 IepeBe3eHb BAHTAXKIB PI3HOT HOMEHKJIATYPH.
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OIJIAJI CYYACHUX TEHJAEHIINA PO3BUTKY CUCTEM
JIATHOCTUKHU CYJHOBUX JU3EJIBHUX JIBUT'YHIB
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Anomauisn

Bcemyn. Y pobomi posensoaromvcs CyyacHi 6UKIUKU Ma PO3GUMOK cucmem 0iaeHOC-
MUKU CYOHOBUX OUZETbHUX OBUSYHIG 3d NApamempamu poboiozo npoyecy 6 MOpPCHbKill
inoyempii. 'V xoumexcmi spocmanisi 6umoe 00 eghekmusHocmi, HadiliHocmi ma 6e3ne-
KU CYOHOBUX OU3ETbHUX OBUSYHIB AKYEHMYEMbCS Y8aed HA HeOOXIOHOCII 6NPOBAOIICEHH S
nepedosux mexHoN02ii OlaeHOCUKU OU3ENI8 3a Rapamempamu pooouo2o npoyecy, moo-
mo cucmem, AKi Npayoioms 6 pedxcumi peanvHo2o yacy. Taki cucmemu 3abes3neyuyioms
onepamugne BUAGIEHHsL 3MIH Y POOOUUX NAPAMEMPAx OU3ETbHUX 08USYHIB, 00360MSI0UU
onepamopam weuoKo i0eHmu@iKyeamu nOMeHYiliHi HeCNPAeHOCMI Ma peazysamu Ha
Hux. Memoio podomu ¢ 02150 HAAGHUX cucmem O0iaeHOCMUKU OU3elie 3a napamempa-
MU pob0o1020 npoyecy 8 MOpCuKill inHdycmpii, ananis ix nepesae ma HeooniKie, a MaKol’c
BU3HAYEHHSI OCHOBHUX HANPAMIE YOOCKOHAIEHHA 6 Yill eany3i, addce OiacHOCMuUKa ma
nooanvute 600CKOHALEHHS XaAPaKMePUCHUK poboyoco npoyecy 08UcyHa € 0OHUM i3 8api-
anmis supiutenns eqheKmueHOCMI CUILOBOL YCMAHOBKU, W0 BUCIYNAE OCHOBOIO 015 3a0e3-
neueHHs HAditiIHoCmi ma 0068208iuHOCMI 001a0HaHHA. Ha 0cHO6I ananizy iHOUKAMOPHUX
diazpam mMucky 2asig y pooouux yuiiHOpax 30iUCHIOEMbCA 8UOIP ONMUMATLHO2O HABAH-
MAACYBANLHO20 PeNCUM) eKChIyamayii ma diacnocmuxa osueyHa. Lleii nioxio dozeonse
MOYHO BUBHAYUMU NAPAMEMPU POOOUO20 npoyecy ma GUAGUMU OYOb-sKI AHOMANIL, WO
Modicymb npusgecmu 00 Henoniaodok. Lle cnpuse niosuwennio epekmusHocmi suKopuc-
MAHHA NATUBA, ZHUICCHHIO WIKIONUBUX GUKUOIE Y HABKOMUWHE cepedosuiye ma npooo-
BICEHHIO MEPMIHY CLyHCOU CYOHOBUX 08ULYHIE. AHAIZYIONU SIK ICMOPUYHT, MAK T CYHACHI
cucmemu 0iaeHOCMUKU CYOHOBUX OU3ENI8 3a napamempamu poboioco npoyecy, asmop
OXONTIIOE WUPOKULL CHeKmp Ni0X00i8 00 NapamempuiHol OiaeHOCMUKY ma ONmMuMizayii
Ppobouoeo npoyecy ouzenis. 3a60aKu GUCOKINL MOYHOCE A AKIMYATbHOCTI OMPUMAHOT
IHGhopmayii cucmemu peanvbHo2o Hacy Cnpusiioms eekmusHiu diacHocmuyi pobouoeo
npoyecy ma ynpagiiHHio cmaHom 08ucyHa nio yac excniyamayii. Taxoow posensioaomscs
ma NopisHIOIOMbCs1 0esIKi CMAYioHApHI cucmemu OlaeHOCIUKY OU3eIi6 3a NApaMempami
Ppobouoeo npoyecy, aKi € epekmusHuMU, ane Maoms c8oi oomedxcenus. Takum uunom,
He36a2caiovil Ha WUpoKe 3aCmMoCy8aHHs CMAYIOHAPHUX CUCMEM 0iaeHOCIUKU PedibHO20

© 3anox B.1., 2024
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4acy, HAa2anbHOW 3aMUUAEMbCA NOmMpeda y CMBOPeHHI MODLIbHUX cucmem, 30amHux
onepamueno Qyukyionysamu. Biocymuicms makux iHHOBAYIUHUX piulenb NIOKpectoe
nomenyian OJist MAUOYMHIX HAYKOBUX OOCAIOICEHD ) YbOM)Y HANPSML.

Knrouosi cnosa: cyonosuii ousenvruil 08ueyH, napamempuyna 0iazcHoCmuKd, MOHi-
mopuHe pobouoeo npoyecy, 8epXHi Mepmed MmouKd, IHOUKAMOPHA NOMYHCHICTb, CUC-
memu QlacHOCMUKU PeanibHO20 4acy, NOPMAMUueHi NPUCmpoi.

OVERVIEW OF MODERN TRENDS IN THE DEVELOPMENT OF MARINE
DIESEL ENGINE PERFORMANCE DIAGNOSTIC SYSTEMS

V.1. Zalozh
PhD, associated prof. of the Department “Engineering Sciences”
Danube Institute of National University “Odessa Maritime Academy”, Izmail, Ukraine,
ORCID ID: 0000-0002-5213-6896

Summary

Introduction. This paper explores the contemporary challenges and advancements
in the performance diagnostic systems based on working process parameters of marine
diesel internal combustion engines. Amid increasing demands for efficiency, reliability,
and safety in maritime diesel engines, the necessity of implementing advanced
performance diagnostic technologies, especially those functioning in real-time, is
emphasized. These systems enable the rapid identification of operational parameter
changes in diesel engines, allowing operators to quickly detect and address potential
malfunctions. The aim of this study is to examine the existing performance diagnostic
systems based on working process parameters for marine diesel internal combustion
engines, to analyze their advancements and limitations, and to identify key directions for
their improvement. Indeed, diagnosing and refining the working process characteristics
of an engine represents a strategy to enhance the efficiency of diesel engines, laying
the groundwork for the equipments reliability and longevity. Through the analysis of
indicator diagrams of gas pressure in the working cylinders, optimal operating load
modes and engine diagnostics are determined. This approach provides a precise
evaluation of the working process parameters and the identification of any anomalies
that could lead to malfunctions. As a result, it contributes to improved fuel efficiency,
reduced emissions harmful to the environment, and prolonged service life of marine
engines. The article reviews both historical and contemporary performance diagnostic
systems, presenting various approaches to the parametric diagnostics and optimization
of diesel engines’ working processes. Owing to the high accuracy and timeliness of
the data obtained, real-time systems ensure effective monitoring and management of
the engine’s condition during operation. The paper also examines and contrasts some
stationary performance diagnostic systems which, despite their effectiveness, exhibit
certain limitations. In conclusion, despite the prevalent use of stationary real-time
performance monitoring systems, there exists an urgent need for the development
of mobile systems capable of operating efficiently and swiftly. The absence of such
innovative solutions highlights the potential for future scientific research in this area.

Key words: marine diesel, parametric diagnostics, monitoring working process,
top dead center, indicated power, real-time performance diagnostic systems, portable
devices.
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Beryn. CywyacHa MopchKa iHAYCTpis CTOITh Tepel TMOCTIHHUMH BUKIHKaMHU,
OB’ SI3aHUMU 3 T IBUIICHHIM €(PSKTUBHOCTI, HAIIMHOCTI Ta OE3MEKH CYTHOBUX JIU3€IIb-
HUX JIBUTYHIB. B yMOBaxX CTpPIMKOTO TEXHOJOTIYHOTO PO3BHUTKY CTae 00OB’SI3KOBHM
BIIPOBA/KEHHsI HOBITHIX 3ac00iB MOHITOPWHTY, aHaji3y Ta IiarHOCTUKH JU3EIbHUX
JBUTYHIB 32 MapameTpam poOo4oro mporecy sl 3a0e3MeUeHHs] HAaHBHUIOTO PIBHS
(YHKIIIOHAJIBHOCTI Ta MOMEPEKCHHS MOKJIMBUX Heroyaaok. [linBuiieHHs eeKTUB-
HOCTI KOHTPOJIIO TEXHIYHOTO CTaHy CYIHOBHX JIM3EIIB € KIIIOYOBUM 3aBIaHHIM y cdepi
TXHBOT eKCILTyarallii.

EdexTnBHMIT MOHITOPHUHT pOOOYOTO MPOIECY BUCTYIIAE OCHOBOO JIJIsl 320€3MeUeHHS
HAJIMHOCTI Ta JIOBrOBIYHOCTI 00jajHaHHS. BuOip ONTUMalbHOTO HaBaHTAXKYBallb-
HOTO PEXHMMY eKCIUIyarTallii Ta JiarHOCTHKA JABUTYHA 3a IMapameTpamMu poOovoro mpo-
1eCy 31HCHIOITHCS HA OCHOBI aHalli3y 1HAMKATOPHUX JiarpaM THCKY ra3iB y poOouux
mutigapax. Le 103Bosisie TOUHO BU3HAYHMTH TapaMeTpu poO0Yoro mporecy Ta BUSIBUTH
Oy/Ib-sIKi aHOMAJTIi, 1110 MOXYTh IPU3BECTH JI0 HEnoaM0K. OJTHUM 13 KJIHOUOBUX ETarliB
JIarHOCTUKHU POOOYOro MPOIIECY € PO3paxyHOK 1HIUKATOPHOT OTYKHOCTI, SIKa BU3HA-
Yae HaBaHTAKYBAJIbHUN PEKUM Ta CIIY)KUTh OCHOBOIO JUISI OIIIHKH €HEProe(heKTUBHOCTI
[1]. Leit po3paxyHOK TakoX IPYHTYEThCS Ha aHANi31 IHAMKATOPHUX Jliarpam, 1o J103BO-
JIsi€ 3/IIHCHIOBATH TOYHI BUMIPH Ta KOHTPOJILOBAaHY OI[IHKY POOOTH TU3EILHOTO JIBUT'YHA
B peanbHOMY uaci. Takuii miaxia cupusie ontuMizaiii pododoro nporecy, 3MEHIICHHIO
PHU3HUKIB [TOJIOMOK Ta IMiIBUIIICHHIO 3arajbHOT IMPOYKTUBHOCTI MOPCHKOTO TPAHCIIOPTY.
3aB/sikM €(PEeKTUBHOMY YIMPABIIHHIO TEXHIYHUM CTAHOM CYAHOBHX JM3EIIB JIOCSTa-
€ThCsl Oananc Mk e(DeKTUBHICTIO Ta HAIHHICTIO TXHBOT EKCIUTyaTallii.

AKTYyaJbHicTb. PO3BUTOK CHCTEM JIIarHOCTUKHU CYJHOBHX JTU3EIIIB 32 MapaMeTpaMu
po6oUoro mporiecy TiCHO TIOB’sI3aHMH 13 3arallbHUMHU TEHACHIISIME y rainy3i [HTepHeTy
peueii (loT) Ta Benukux nanux (Big Data). BukopucTtanHs cydyacHUX JaTYHKiB, MiKpO-
MIPOIIECOPIB Ta aJTOPUTMIB OOPOOKHU JaHUX JO3BOJISIE OTPUMYBATH BEJIUYE3HI 00CITH
iHpopMaIii mpo poOOTy JBUTYHA B pealbHOMY 4aci Ta 3ilicHIoBaTH i1 rHOOKMii aHa-
ni3. e cnpusie migBuiieHHIO e()EKTUBHOCTI BUKOPUCTAHHS MAJIMBa, 3HUKCHHIO IIIKIJI-
JIMBUX BHKH/IIB Y HABKOJIHMIITHE CEPEIIOBHIIIC Ta IMPOIOBKCHHIO TEPMIiHY CITY>KOU CYIHO-
BUX JIBUTYHiB.

Meta gocaizkeHb — OIVIST HassBHUX CHCTEM JIarHOCTHKH CYTHOBHX JIM3EJIB 32
nmapameTpaMu poOodOoro MPOIIeCy, BKIIFOUAIOYH aHaJi3 X IepeBar Ta HeJOMIKiB, a TAKOXK
BU3HAYCHHSI OCHOBHUX HAIPSIMIB YJIOCKOHAJICHHS B Iil Tay3i.

Pesyabratn nocaimkens. OnHa 3 nepumx, MUpoko momupenux B 1990-x pp. Ha
¢roTi cucTeM JIIarHOCTUKK MOPCHKHUX JIU3EIIiB, a Hapa3i Bke icropuyHa — mne NK-5
i momanbin NK-100, NK-200 HopBesbkoi dipmu Autronica A/S. CydacHi eBpONeHChKi
cucremu — ue CMT Premet® X, IMES EPM-XPrs DEPAS D4.0H, Leutert DPI 50,
MAN B&W PMI, Kistler (CLCC, Offline), Maridis MarPrime Ultra, Lemag ECI.

A TakoX iCHye 0araro iHIIMX cUCTeM, po3pobieHux mie 1o nodarky 2000-x pokis,
a came: Premet XL, Dimar-Tec PTE, ABB Cyldet, Kyma KDA, Drew Marine, Tx Marine,
Digitec Diesel Tune III, Depas 2.0, Malin, Unitest 205 (nuB. Tabmn. 1) [2—14; 19].

Ha cyyacHomy erari po3BUTKY MOPCBKOTO TPAHCTIOPTY 3’ SIBJISIETHCSI BCE OLIbIIE CHC-
TEM JIIarHOCTUKU pOOOYOTO MPOIIECy CYJHOBHX JIU3EINIB, SIKi MOYKHA KITacu(iKyBaTH Ha
CTaIl[lOHAPHI Ta MMOPTATUBHI (NepeHOCH1) cuctemu. CTamioHapHi CUCTEMHU JIarHOCTHKHU
CTaHOBIISITh €TUHUN MPOTPAMHO-AIapaTHUN KOMIUIEKC. BOHU TpaIfoloTh y pexuMi
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peanbHOro 4Yacy, 3a0e3leuyrour 3amuc apamMeTpiB poOOTH JIBUI'YHIB Ta iX aHais3.
Taka mBH/Ka Peakifisi Ha 3MIHU JTO3BOJISIE ONlEpaTOpaM HEraiiHO BHSIBIISATH MOTEHITIIHI
HECIIPaBHOCTI Ta BYKUBATU BIJMOBITHUX 3aXOJliB, 3HUKYIOUH PU3UK BUHUKHEHHS aBa-
PIHHUX CUTYaIliH.

CramioHapHi CHCTEMH JTIarHOCTUKH POO0YOTro mporecy € eheKTUBHHMHU ajie BOHH
MaroTh HM3KY 0OMeKeHb. BOHM MOTpeOyI0Th BCTAaHOBJICHHS JIOBI'MX KaOeIbHUX JIiHIH, 1110
MOYKE 3HIKYBATH 3arajibHy HaJilHICTh CHCTEMU 4epe3 IMOTCHIIINHI MOJIOMKH J0IaTKO-
BOro oOmamHanHs. Kpim Toro, BUCOKa BapTiCTh IUX CHCTEM 3yMOBIIEHAa HEOOXIJHICTIO
BUKOPHCTAHHS HE TUTBKH JATYHKIB i IEPBUHHUX TIEPETBOPIOBAYIB, ajle i YChOTO IPOMiXK-
HOTO 00NaTHaHHs. Ba)XTMBUM acrieKTOM y PO3BHTKY CTAIliOHAPHUX CUCTEM JiarHOCTHKH
poGoUOoro Mporiecy € iX cremianizalis Ha KOHKPETHHX MapKax TU3eJIbHUX IBUTYHIB. Bijb-
IIiCTh BUPOOHUKIB JIN3EIHbHUX JIBUTYHIB (POKYCY€EThCS Ha IIarHOCTHII MTapaMeTpiB podo-
YOTo TIPOIeCy JIMIIE BIACHUX MO, TOMY YHiBEpCallbHI CHCTEMH, SIKi O ITiIXOHIH
JUISL IBUTYHIB PI3HUX BUPOOHUKIB, Hapasi mepeOyBaroTh Ha CTaJlil PO3BUTKY.

3 iHII0T0 OOKY, MOPTATUBHI CUCTEMH JIarHOCTHKH poOOYOro MpoIiecy, 110 XapaKTe-
PHU3YIOTHCS CBOEID MOOUIBHICTIO, IPOTIOHYIOTH OUTBII THYYKI MOMKJIHMBOCTI JUisi 300py
Ta aHaNi3y AaHUX. BOHM BUKOPUCTOBYIOTHCS JUTS BIJKIIAJICHOI IIalrHOCTUKUA POOOYOTO
poI1iecy, KOJIM JlaHi 30MparoThesi B pealibHOMY Yaci, a aHalli3 IpoBOIUThHCs mi3Hime. e
JIO3BOJISIE TIPOBOAMTHU OLJIbIN ITMOOKUH aHai3 Ta pOOUTH BUBEACHHS 31 30ipKH JTaHUX,
310paHoi MPOTSATOM TIEBHOTO NIEPiOYy.

Tabmuus 1
Knacudikaiisi HassBHUX CHCTEM JiarHOCTUKU PO00YOro mpoiecy
CYTHOBMX JU3€eJIbHUX IBUTYHIB

CucTeMu IiarHOCTHKH POO0YOro MpoIecy CyTHOBUX JANU3EIbHUX JIBUTYHIB

Icon Research DK-200
(Doctor Analysis)

Autronica A/S NK-5,
NK-100, NK-200

Kistler CLCC
(Closed-Loop
Combustion Control)

PREMET Online

ABB Cylmate

Cmauionapni Ilopmamueni
P BinknaneHoi niarsoc- | PeaabHoro : _
€aJIbHOT0 Yacy BinxianeHoi giarHoCTHKH
(oHJ1aiiH) T aacy (o¢maitn)
(odmaiin) (oH1a¥iH)

MAN B&W PMI MAN B&W CMT IMES EPM-XP plus-vibro
(Au}otuning, Adaptive | PMI Offline Premet® X [ CMT Premet® M

Cylinder Control) DEPAS D4.0H

Icon Research DK-20

MAN PMI VIT

Maridis MarPrime Ultra

Lemag ECI, Premet XL, C

Kistler Offline Type 2516B12

Leutert DPI 50

DocPad 1/2 e-600 e-line

Kyma KDA

ABB Cyldet

Digitec Diesel Tune III

Dimar-Tec PTE

Tx Marine PMI mkII

Unitest 205

Drew marine DPA-EZ
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Huni mopraTMBHHX CHUCTEM, SIKi O MPAIIOBAJIM B PEKUMI peajbHOIro 4acy Ta Haja-
BajIM O HeraiiHi peKOMEH/IaIlii I1i]] 4ac iHUIIF0BaHHS, HE Tak Oararo. [Ipore 1ieit Harpsim
BBA)KAETHCS JIyXKE IIEPCIIEKTHBHUM, OCOOJIMBO 3 YpaxyBaHHSM IIBUKOTO PO3BHUTKY TEX-
HOJIOTi{ IITYYHOTO 1HTENEKTY, HU(PPOBUX ABIMHUKIB Ta OTY)KHUX METO/IiB MaTeMaTHY-
HOTO MojieNIfoBaHHs [15].

ITpo nepii cipobu B 11bOMY HampsiMi 3asiBiisie kommnanist CMT'y ¢BOil OPTaTUBHIN
ounaiiH-cuctemi Premet® X tunty DPA-CT-12020 (nus. puc. 1) [19].

. 6) oghratin-cucmema 8) onyionanvHuil
@) onnaiin-cucmena Premet® M muny 8ibpodamuux mineKu
® - -
Premet” X muny DPA-CT-12020 DPA-CT-12021 ons cucmemu Premet® X

Puc. 1. Hopmamueni cucmemu diaeHoCmuxu pobouo2o npoyecy
xomnanii CM Technologies GmbH:
a) peanvroco uacy; 6) 6iokiadenoi diacnocmuKu; 8) onyioHaibHuil siopodamuux [19]

Cucrema, BUroTOBIIeHa y HiMeudwHi, BUKOPUCTOBYE HAMHOBIIIUI JATYMK THUCKY
Piezosmart Bin Kistler y 6a30Biii Bepcii Ta omniioHaJbHO BiOpomgaryuk. BiOpomaruuk
SBJISIE COOOIO I’ €30€NIEKTPUYHUE MPUCTPIiA, OCHAIIICHUH IHTETPOBAHNUM T ICHITIOBAYEM
Ta O10KOM (hOpMYBaHHSI CHTHay. BiH BUsIBIIsI€ akyCTHYHI XBUJl y miarmazosi Big 300
1o 700 k[, 1m0 reHepyoThes TAKUMH TPOLIECAMHU, SK BIOPCKYBAaHHS MallMBa Yepes
(OpCYHKY, 3aKpUTTSl BUXJIOMHOTO KIIAlaHy, yIap TOJKU (OPCYHKH, a TaKoX MPOIecH
BIJICIYKH Y TIAJIMBHOMY HACcOCI.

CucreMa amanToBaHa 0 poOOTH 3 JBUTYHaMH Pi3HOT MOTYKHOCTI — BiJl HU3BKO-
00epTOBUX JI0 BUCOKOOOEPTOBUX, CIPHSIFOYH ONTUMI3alll BIOPCKYBaHHS TaliBa IS
3HW)KEHHSI TAJIMBHOI BUTPATH Ta MiHIMi3allii pU3MKiB MOMIKO/PKEHb 1 PEMOHTHHX POOIT.

[MopraTBHUE €JIEMEHT CHCTEMH SIBJISIE COOOI BHCOKOIPOMYKTUBHUHN CEHCOPHUIMA
KOMIT'FOTEp, SIKMI y KOMIUIEKTI 3 TIPOrpaMHUM 3abe3neueHusM Premet® Viewer 3a6e3-
neyye epeKTHBHY JIIarHOCTHKY POOOYOro MPOIECy Ta BHCOKY TOYHICTh BHMIipPIOBAaHb
i1 9yac poOOTH B PI3HOMaHITHHX YMOBaX eKCILTyarallii.

[MopraTtuBHi (MIEpeHOCHI) CUCTEMH JIIarHOCTUKU POOOYOTO TIPOIIECY TPEICTABISIOTH
c000I0 KOMITaKTHI Ta JIETKi MPUCTPOI, CIIPOEKTOBaHI s BUMIPIOBaHHs, 300py JaHUX
1 KOHTPOJIO MapaMeTpiB y pEeKWMI BIJIKIaJeHOT JiarHOCTUKU. Binkiaaena miarHoc-
THKa POOOYOro MpPOIECY 03HAYAE CUCTEMY 300py Ta aHali3y JaHHX, 110 3IHCHIOETHCS
3 3aTpuMKOr0 B 4aci. ToOTO iH(opmallis 30UpaeThCsl B peaibHOMY Yaci, aje aHai3
Ta BUCHOBKH MOXYTh OyTH MIPOBE/ICHI Mi3HIIIIE.
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CucremH JIIarHOCTUKH PeabHOTO Yacy HaaloTh HerallHy peakiito Ha Oy/ib-s1Ki 3MiHH
B IapameTpax poOOTH CyITHOBOIO JU3EIBLHOTO JIBUTYHA, JIO3BOJISIFOYH MEXaHIKaM HIBUIKO
BUSIBIIATH MOXKJIMBI mipoOnemu. JlaHi, OTpUMaHi y peaJbHOMY 4aci, BiA3HAYAIOTHCS BUCO-
KOIO TOUHICTIO 1 aKTyaJbHICTIO, IO CIpuse ehEeKTUBHOMY KOHTPOJIO Ta YIIPABIIHHIO
CTaHOM [JIBUT'YHA B peaJbHUX YMOBax ekciuryarauii. Oneparopu MOXXyTb MUTTEBO B3a-
€MOJIISITH 3 CHCTEMaMH JIIarHOCTUKH POOOUYOTO TMPOIECY, BHOCIYH KOPEKTUBH y POOOTY
JBUI'YHA YU BXKMBAIOYM HEBIAKIAJHNX 3aX0IiB Y Pa3i BUSBJICHHS IPOOIEM.

[HauKaTOpHI AiarpaMy 3alHCYIOTHCS Ha MPALIOI0YOMY ITiJl HaBAaHTAKCHHSIM JBU-
T'YHI 32 JIOTIOMOTOIO CHeIialbHUX JAaTYMKiB THUCKY. Li maTunkm maroTh 3a0e3rnedyBaru
CTaOlIbHICTh XapaKTEPUCTHUK HABITH 32 BUCOKOI TeMIepaTypH BUMIPIOBAHOTO CEpesio-
BHUIIA, [0 KPUTUYHO BaXKJIMBO Il TOYHOCTI BUMiptoBanb. Hanpuxiaz, natunku /MES,
Kistler, ABB mMpoKo BUKOPHCTOBYIOTHCSI B LIl Taily3i 3aBISKH iX BUCOKIH TOYHOCTI
Ta HaJIMHOCTI y BUMIPIOBaHHSIX 32 BUCOKHX Temmeparyp [2; 11].

VY cramioHapHUX CHCTEMax IiarHOCTUKH pOOOYOro Mpolecy, SIKi € HEeBiJ €MHOIO
YaCTUHOIO CYYaCHUX CYTHOBUX JIHM3EIbHHUX JBHIYHIB, IATYMKH THUCKY ra3iB BCTaHOB-
JIFOIOTHCSL Ha BCix muutinapax. Lle 3a0e3nedye NOBHOLIHHMIN 1 HETIEPEPBHUI KOHTPOJIb
3a CTAaHOM KO)KHOTO IWJIIHApA ABUTYHA. 3aBOJ-BHPOOHHUK 32 3aMOBUYBAHHSM IHTETpye
i JaTYNKH B ABUTYHH, IO TapaHTy€ BUCOKY TOYHICTH BUMIPIOBaHb Ta ONTHMI3aIliio
pobotu cuctemu. CrarioHapHI CHCTEMH MiaTHOCTHKHA POOOUOTO TPOIleCy 3ade3medy-
FOTh TIOCTiMHUI 30ip MaHWX, IO € KJIIFOYOBUM JUIsI TOYHOTO MOHITOPHHTY Ta aHaji3y
poOOUNX XapaKTEPUCTHK ABUTYHA. 3aCTOCYBAaHHS TAKUX JNATUHKIB JO3BOJIIE OTPUMY-
BaTH JIeTaJIbHY iH(OpMAIlit0 PO BHYTPIIIHI TMPOIECH B JBUTYHI, BKIFOYAIOUH poOoUi
napamMeTpH Ta MOJOKeHHs nopuHs. s iHdopmarist € HeBia €MHOI YacTHHOIO UIS
31 ICHEHHS TOYHOT A1arHOCTHKH CTaHy JIBUTYHA, a TAKOX JUIs TUIaHyBaHHs Ipodiiak-
TUYHOTO 0OCTYTOBYBaHHS Ta PEMOHTY.

Y KOHTpACTi 31 CTalliOHAPHUMH CUCTEMaMH OPTATHBHI CUCTEMH J11arHOCTHKH PO0O-
YOro MpoLecy 3a3BHYail KOMIUIEKTYIOTHCS OIHHM JaTYMKOM THCKY, SIKHH MOXe OyTH
[IOYEProBO BCTAHOBJICHUI Ha 1HJMKATOPHMI KpaH BiJIMOBIJIHOTO IWIIHJpPA 3a JIOIO-
Mororw Thomson adapter. 3a1eXHO BiJI TUIy CUCTEMa JOJAaTKOBO MOXe OyTH 00Jaj-
HaHa MarHiTHUM BiOpoaaTunkom (cuctema IMES EPM-XP Pvite . DEPAS D4.0H, CMT
Premet® X) nist KOHTpOIIO POOOTH MANUBHOI amapaTrypd BUCOKOTO THCKY, BITYCKHHX/
BUITYCKHUX KJIAIlaHiB Ta AaBaTH LiHHY iH(OPMaLiIo PO TEXHIYHUN CTaH OCHOBHUX BY3-
JiB, TAMIHT AJIMBOINONAY] Ta TAMIHT Ta30pO3MOALTY ABUTYHIB [2; 3].

Takwuii miaxia 103BoJIsE 3IHCHIOBATYA THYYKI BUMIPIOBaHHS TUCKY B PI3HUX IIHJIiH-
npax 0e3 moTpedu B MOCTIiHIN iHTerpalii JaT4unKiB y ABUrYH. Lle 0coOnmBo BaJIMBO
JUIsl 1IarHOCTUKKA POOO0YOro Mmpolecy Ta 0OCIyroBYBaHHs JABUTYHIB, SIKi HE OCHAIICHI
CTalliOHApHUMU cUcTeMaMHu. [lopTaTUBHI CHCTEMH HAJlAlOTh OINlepaTopaM MOXKIUBICTb
MPOBOAUTH TOYHI Ta MIJIECNPSIMOBAaHI TEPEBIPKUA CTaHy JIBUTYHA B OyIb-SKWH dYac
Ta B Oyab-sikoMy Mictii. Kpim Toro, BOy/10BaHI B CTalliOHAPHUX CUCTEMaX JIATYHKH TUCKY
HEOOX1IHO epiIOAMYHO KalliOpyBaTH MOPTATUBHOK CHCTEMOIO.

VY cydJacHHX CHCTEMax JIiarHOCTHKH pOOOYOTO MPOTIECY CYTHOBUX JU3CIIB 3HAUCHHS
THUCKY (DIKCYIOTBCS Y BUIIISIII YACOBUX PSANiB P(t), ne maHi 3alACyIOTHCS 3 TIOCTIHHIME
MIPOMDKKaMH Jacy. 3a3BU4ail KPOK AUCKPETH3aIlil 00UpaeThes Tak, o0 3a OUH Tpaayc
MTOBOPOTY KOJIIHYACTOTO BaJly MOJKHA OyJI0 OTPUMATH TMPUHANMHI BI TOYKH BHMipIO-
BaHb. Lle 3a0e3mnedye JOCTAaTHIO TOUHICTD AJIsl aHAIII3y POOOUOTroO LUKILY ABUIYHA.

[lepeTBOpeHHsT 4acoBUX psAiB P(?) Ha IHAWKATOPHI JiarpaMu IOJATae y mepeKiai
JaHuX 13 QyHKOiH yacy 10 (QyHKIIH KyTa MOBOPOTY KOJIIHYACTOrO Basly. TyT 0COONMHMBY
yBary NpuIUISIOTE TOYHOCTI BU3HAUCHHS BEPXHBOT1 MepTBOi ToUKH (a1 — BMT) nmoprums,
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OCKIJIbKM BOHA Ma€ KIIFOYOBE 3HAYCHHS JUISl aHANI3y POOOYMX XapaKTePHCTHK JIBHT'YHA
[16]. IcHye 1Ba OCHOBHUX pillIEHHS — ariapaTHe Ta aHAITHYHE. AapaTHAN METOJI BKITIO-
Yae BUKOPUCTAHHS JIATYMKIB, PO3MIIICHUX HA MaXOBUKY JIBUTYHA, SIKi JIO3BOJISTIOTH TOYHO
BHU3HAYATH TIOJIOKEHHS KOJTIHUACTOTO BaTy. AHATITHIHUN METO[ Tiependadae aHasi3 mia-
TpaMH{ TUCKY Ta3iB Yy IMIIHAPI Ta 11 MOXITHMX, IO J03BOJIE€ BU3HaYNTH BMT 3 BHCOKOIO
TOYHICTIO, HaBITh Oe3 Oe3MocepeTHFOT0 BUKOPUCTAHHS JONATKOBUX JaTIHKIB.

Po3rnsiHeMo nekinbKa NPUKIAAIB CHCTEM A1arHOCTHKH POOOYOTro MPOLECy CYIHOBUX
JU3ENIbHUX JIBUTYHIB.

Cepen pi3HUX aHATITHYHUX METOJIIB Ha OCOOJIMBY yBary 3acilyroBy€ CHCTEMa MOHi-
TopHuHTY pobouoro npouecy The Electronic Indicator Lemag “Premet XL, C” [17], sixa
Oyia OfiHI€IO 3 MEepIINX Y BUKOPUCTAHHI aHAIITUYHUX MeToAiB ajst kopekuii BMT na
npaktuii. Lg cuctema BUKOPUCTOBY€E KOMITIEKCHUH MiAXiA 10 aHami3y poOoYHX Xapak-
TEPUCTHK JBUTYHA, 3a0€3MEUyI0UN BUCOKY TOUHICTh Ta HAIHHICTh 11arHOCTHKH.

VY cucremi mependaueHO HamiBaBTOMaTH4HY (32 Y4acTIO oleparopa) MmoOynoBy
JIOTUYHOT JI0 KPUBOT IIBUKOCTI 3MiHU THCKY B muiIiHapi Ha jaiisaii 10 BMT. Koop-
JIMHATA TIEPETUHY i€ TOTUYHOT HYJIS (32 MIKAJIOK dp/d() MPUTYCKAETHCSI yTOYHEHUM
3HayeHHsM BMT. [IponoHyeTbes 3MICTUTH BCIO IHAMKATOPHY AiarpaMmy (CKOperyBaru
nonokeHHss BMT) Tak, mo6 11 motuana nepetnyna «0» B mosutii BMT. MaeTtscs Ha
yBa3i Toi (paxT, MO 3a BIACYTHOCTI ITOIadi MaymBa (MPOIEC CTUCHEHHSI-PO3ITHPCHHS
B MWIIHAPI 0e3 3ropsHHS) IMBUAKICTH 3MiHH THCKY B BMT moBuHHA mOpiBHIOBATH
Hymo. Lleit Bupa3 He 30BCiM KOpEKTHUI, TOMY IO iCHYy€ TepMOJMHAMIYHUH 3CyB Jlia-
rpaMH THCKY 3a paxyHOK Iepeadi TeIUIOTH B CTIHKM LWITIHApA. 3a PaXyHOK TEPMOIH-
HaMiYHOTO 3CyBY BCS Jiarpama THCKY TPOXH 3MIIIy€ThCS BIIiBO, MAKCUMYM CTHCHEHHS
3HaxoauThes 1o BMT i, BinnoBinHo, kpuBa dp/d¢p Tex nepetnHae «0» Tpoxu JjiBiiie
peanbHoro 3HaueHHss BMT. Lleit dakT MokHa BpaXyBaTu 3a paXxyHOK IOCTIHHOI KOpeK-
uii BMT, ToMy 1110 TepMOIMHAMIYHUHN 3CYB € BEJIbMU MAJIMM 1 JUIsI OUTBIIOCTI MOPCHKHUX
JIBUTYHIB Horo BennunHa He nepesuinye 1 [TKB [18].

HeBpaxyBaHHSI TepMOJMHAMIYHOTO 3CYBY pPEajbHHUX 1HIMKATOPHUX Jiarpam THCKY
B pOOOYOMY HMJIIH/PI OLIBINICTIO CYYaCHUX CUCTEM MOHITOPUHTY poOOYOro mporecy
CYIHOBUX JM3EJiB MOJKHA MOSICHATH TAKUMU Cy0’ €KTUBHUMH MPHYUHAMU:

— TepMmoauHamiuHui 3cyB Manmid (MeHmre 1° [1IKB), fioro po3paxyHok Moxke OyTH
NPOBEJCHUH TiNBKHM NPU EMIIPUYHOMY 3aBIaHHI KoeQilieHTiB Temnoodminy. Pospa-
XYHOK LIMX KOC(ILi€HTIB 32 PI3HUMHU METOJUKAMU Ja€ Pe3yJIbTaTH, L0 BiAPi3HAIOTHCS
Mmaibke Ha 100% [15; 16];

— HeBpaxyBaHHS TEPMOIUHAMIYHOTO 3CyBY jiarpamu BiiBo 10 BMT nae edexr
HITYYHOTO 301TBIIEHHSI CEPETHHOTO 1HANKATOPHOTO THCKY U 1HAWKATOPHOI MOTYKHOCTI,
110, 0e3yMOBHO, 1MOJ00A€THCSI MEXaHiKaM, SIKi eKCIUTyaTyIOTh JABHTYH, SIKi PO3pPaxOBY-
I0Th TUTOMI MTOKa3HUKHU JIBUTYHIB JUIsl PETYISPHUX 3BITIB.

IIpore maiike BCi cydacHI CHCTEMH JIarHOCTHKH POOOYOTO MPOIECY CYTHOBHUX
QIN3EIIiB MAlOTh MOXKJIMBICTh BBOAWTH TOCTiHHI KoedimieHTH s kopekiii BMT, mo
Jla€ MOXKJINBICTh BPAXOBYBATH K TEPMOIUHAMITHHH 3CYB, TaK 1 CHCTEMaTHIHI TIOXHOKH
PO3paxyHKy.

Komnanist Icon Research npencrasisie ogpa3y 1Ba BapiaHTH — CTalliOHAPHY CUCTEMY
peanbHOTO yacy DK-200 i nopratuBHy DK-20 [13]. [y11 060X CUCTEM 3aCTOCOBYETHCS
nporpamHe 3abesneueHns Doctor Analysis Bepcii 6.4. HeoOxinHo BuginuTy inTepdeiic
NpOrpaMu, IKUH BUPI3HAETHCS SICKPABUM, 1HTYITHBHO 3PO3yMIJIMM AU3aHHOM 3 JIETKOIO
HaBITaIli€l0 Ta IMHAMIYHOIO Bi3yalti3alli€r, BUCOKOK po3auibHO 3aarHicTio 0,1° [TKB,
10 J03BOJISIE KOPUCTYBavaM JIETKO aHalli3yBaTh ckianHi Habopu aaHux. OkpeMy Bary
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CIIJT IPUAUTATH (PYHKI[IOHATY TIPOTPaMHOr0 3a0e3MEeUCHHS, IKUH MOXXE aBTOMATHYHO
BCTAaHOBUTH TIOTIEPEHIM J1arHO3, TIOPIBHATH OCHOBHI TapaMeTpu poOOTH JBHUTYHA
3 pe3ybTaTaMy, OTPUMAHUMH TTi]] 9ac 3aBOJICHKUX 400 MOPCHKUX BUIIPOOyBaHb. Jlomgar-
KOBO IPOTpaMa HaJa€ TBUHTOBY XapaKTEPUCTHKY, HA SKil PEICTABICHO BiJICOTOK MaK-
CUMaJIbHOI eKCIuTyaTamiitHol moTyHocTi (MCR) y BimHOIICHHI 10 00epTiB, 1 BimoOpa-
JKae poOOIHA peKIM IBUTYHA.

a) DK-200 6) DK-20 8) Doctor Analysis

Puc. 2. 3oeniwniti éuensio cmayionaproi (a), nopmamugnoi (6) cucmemu
MoHimopunzy pobouozo npoyecy 6io Icon Research ma inmepdeiicy
npoepamu Doctor Analysis (8)

BusHaueHHS MOJIOKEHHSI BEPXHBOI MEPTBOI TOYKH 3IIMCHIOETHCS 3a JOITOMOTOIO
CIeIliali30BaHNX JIaTUYMKIB, PO3TAIIOBAHUX HA MAaXOBHKY, 1 B TIO/IaJIBIIIOMY KOPET'YEThCS
3a HeOOXiJHOCTI B TPOTpaMHOMY 3a0€3MeUCHHi.

3 MPaKTUYHOI TOYKU 30py 3YMHUHKA MOCTIHHO MPAIIOI0YHUX CYJTHOBUX JIBUTYHIB IS
MOHTaXy JIaTYMKIB, BKIFOYAIOUW IHAYKTUBHI CEHCOPU Ha MaXOBHKY Ta THCK IaJIVBa,
€ CKJIQJIHAM 3aBJIaHHSM. 3MiHa PeKUMY pOOOTH JBUT'YHA TaKOK CTAHOBUTH TPYIHOIIIL
yepe3 BUMOTH Oe3reKkn MoperiaBcTBa. KpiM Toro, MOpchki yMOBH, 10 Hemependady-
BaHO 3MIiHIOIOThCS, Ta TIOCTiIHA 3MiHA HAaBaHTA)KCHHS, YaCTOTH OOepTaHHS JBUTYHIB
BHMAararTh 3aCTOCYBaHHS KBa3iCTalliOHAPHOTO PEXKUMY ISl TOYHOT TIarHOCTHKH PO0O-
YOro MpoIecy Ta BU3HAYCHHS MOTYXXHOCTI, IO YCKIIAJHEHO 3MiHHUMHU XBUJIHOBUMHU
Ta BiTpOBUMHU yMoBaMu. OTe, BUMIPIOBaHHS Ha JIBUTYHAX MAalOTh OyTH BUKOHAHI MaK-
CUMAJILHO IIBUJKO i OTIEPATHBHO.
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a) DK-200 6) DK-20
Puc. 3. Cxema 306HiwHix 3’ €OHanb cmayionapuoi (a) ma nopmamueroi (0) cucmemu
diaenocmuku pobouozo npoyecy 6io Icon Research [13]
Texniuni crenmikamii cUCTEMH MiIKPECTIOOTh, O TOYHE HanamTyBaHHI BMT
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Mae BUpillalibHEe 3HaueHHs. HemnpaBuinbHe Bu3HaueHHss BMT Moxe cnpuunHUTH
MOMUIIKM Y BUMIPIOBaHHI MOTYKHOCTI. BapTo 3BepHyTH yBary Ha Te, 1m0 /con Research
nporonye HanamrtyBanHs BMT. s orpumanHs i€l nocayru HEOOXiTHO HaJiciaTu
nor-(haiii MOHITOPHHIOBUX TECTIB Ha €JIEKTPOHHY IOIITY KOMIIaHii.

BceciTHbo Biioma komnanist MAN B& W Hajae roTOBI PillICHHSI ISl CBOIX JIBUTY-
HiB cepii ME 3 eleKTpoHHNM yNpaBIIiHHSIM Y BUIVISIII CTAIliOHAPHUX CHCTEM JIiarHOC-
tuku podouoro npouecy PMI (VIT, Autotuning, Adaptive Cylinder Control, Offline) [5].
CucrteMu (QyHKIIOHYIOTh 32 €IMHUM TIPHHIIUIIOM: MOJYJIb JIarHOCTHUKH Yepe3 CEHCOp,
BCTAHOBJICHHMI HA KOXKHOMY IIMJIIHJIPI, BUMIPIOE THCK y HUJIIHIpax, a 3i0paHa iHop-
Mallis PO TUCK BUKOPHCTOBYETHCS JUISI aBTOMATU30BAHOTO OANIAHCYBaHHS Ta PEryJIo-
BaHHA poOoTH aBUTYHA. [CHYE /IBi Bepcii cucTeM — odJaiiH 1 OHJIaiH.

Puc. 4. llopmamusni npucmpoi PMI Controller

Omnnaita-Bepcist cucreMu (puc. 5 a), BAKOPUCTOBY€E HA0Ip JaTYMKIB THCKY, SIKi CTa-
[[IOHAPHO BMOHTOBaHI Ha KOXHOMY IMJIIHJIIPi JIBUTYHA. YCi BUMIPH BiJ0OpakaroThCs
B peanbHoMy yaci Ha [1K B nmpuminiensni LITY. eit komm’totep HaszuBaerbes PMI PC.

[Engine Contral Enging Room Portabie (3
r i o | ! PMI Controlies

L % Junction Box ,_\‘
it Engine Gontrol {
e i e ngine {
] | Room
s

Prazsure Transducar

L Power Supply —pj
L e Tacre Sysmeem | {kmla-ler_ao- ;
Wk 1 (]
.y
BEHE o T il
ware B S
- s rrrzZ )
‘ L sz, (3
Crnrdc.aha.h._lngio_Emodu ’
orPostion Pk~ g - = Two-Stroke
Diessl Engine
a) PMI Online 6) PMI Offline
Puc. 5. Cmpyxkmypa ounaiin- (a) ma oghnaiin- (6) éepciii cucmem oiacnocmuxu PMI
6i0 MAN B&W [5]

VY odmaiin-Bepcii (puc. 5 6) BUKOPUCTOBYETHCS 1T €30€NEKTPUYHUN NEPETBOPIOBAY,
SKUH TPUETHYETHCS IO MOPTAaTUBHOTO TMPHUCTPOIO mif Ha3Boto PMI Controller (nus.
puc. 4). Lleit mpucTpiit miaKIIO9aeThCs 10 PO3MOAITHLHOI KOPOOKH OiJisi IBUTYHA.

52



PO3BUTOK TPAHCIIOPTY
Ne 1(20), 2024

LleHTpansHuii €1eMEHT CUCTEMHU JIiarHOCTHKH JBUryHa (EMS MOP) npencrasieHuit
TOJIOBHOIO OTIEpAIliiiHO MaHEeJUTIo, sika ocHamieHa nporpamamu PMI ta CoCoS-EDS.
Li mporpamHi pilieHHs] po3poOIeHi sl JeTali30BaHOTO PEECTPYBaHHSI, BiJICTEKECHHS
Ta aHAJTITUYHOTO OI[IHIOBAHHS MPOIIECIB 3ropsiHHs. BUKOpUCTaHHS qaHOTO iHTEpdEeicy
JI03BOJISIE OTIEPATOPaM HE JIUIIE CIIOCTEPIraTH 3a aKTyallbHUM CTaHOM pOOOTH JBHUTYHA,
a 1l MPOBOJIUTH TITUOOKHUH aHali3 poOOYMX IUKIIIB 3TOPSHHS Ta 3MiH OCHOBHHUX Tapa-
METpiB poOOYOTO TIpollecy ABUTYHA. Takuil MiAXiJ CIpHsi€e TOUHIN iarHOCTHUI Pobo-
4Oro npoiecy Ta ieHTudikailii noreHuinaux npoodiaem. Cucrema PMI nokasye aBTo-
MaTHYHUA PO3PAaXyHOK €()EKTUBHOI MOTYXKHOCTI, CEPETHBOTO 1HIUKATOPHOTO TUCKY P,
THCKY CTHCHCHHs P . MaKCHMAJbHOTO THCKY 3rOpsiHHs P Ta BiJHOWICHHS THCKY
CTHCHEHHS J0 THCKY HaJTyBYy Pwmp/ P, Takok HagaeTbes TpadivHe NpeIcTaBICHHS
niarpam PT, PV Ta GanaHCyBaHHs, PO3PaxOBYIOTHCSI MPOIO3UIIIT 100 KOPHUI'YBaHHS
IHJIEKCY MAJTMBHOIO Hacoca (JIuB. puc. 6).

Jlarunku THCKY TiepenaroTh aaHi 10 cucremu PMI, nani 1o CoCoS-EDS, 1o n03Bo-
JIsie eKiMmax<y MpoaHa i3yBaTd OTPUMaHi JIaHi Ta BU3HAYUTH, UM TOTPIOHI KOPEKIIiT st
MOKpaIleHHs poOOYNX TTapaMeTpiB JBUTYHa Ha iHTepdetici MOP.

BusHaueHHS MOJIOKEHHsI KOJIiHYacToro Baiay Ta BMT 311iCHIOETBCS 32 JOTTOMOTORO
CHeliai3oBaHMX KyTOBUX JAaTYHKIB — eHKo/iepiB. Di3UYHO BOHHU SIBIISIOTH COOOIO rep-
METH30BaHMH OJIOK, SIKMIT BCTAHOBIICHO JI0 BUTBHOTO KIiHIIS KOJIIHYACTOTO BTy 3a JIOTIO-
MOTOIO CITeIiaibHOT THYUYKOl My(TH.

Lleti OMOK MICTHTB JAMCK 3 ONITUYHUM KOJYBaHHSM, SIKHI IPUBOIUTLCS B JIi0 330BHI,
BCTaHOBJICHUH MDK BHYTPIIIHIM JDKEPEIOM CBITJIAa Ta AETEKTOpoM. BiH BHpoOmse
MOCIIIOBHICTh €JIEKTPHYHHUX IMIYIBCIB 32 00€pT, SKI BUKOPUCTOBYIOTHCS JUIS BHSIB-
JIeHHs1 a0COJTFOTHOTO TTOJIOKEHHSI KOJIIHYACTOTO BaITy.

Puc. 6. Inmeppeiicu npoepamu cucmemu diacnocmuxu pobovoeo npoyecy PMI

BukopucTaHHs cTallioHapHUX Ta MOPTATHBHUX THITIB CUCTEM BiJOOpaKa€e THYUKICTh
Cy4acHHX METOJIB JiarHOCTHKH po0OoYoro mpoiecy cynHoBuX auseniB. CramioHapHi
cUCcTeMH 3a0e3MeuyIoTh HelepepBHy iarHOCTUKY POOOYOro Mmpouecy, ToAl SIK mopTa-
THUBHI CHCTEMH TIPOIIOHYIOTh NlepeBard MOOIIBHOCTI Ta 3py4HOCTI AJISl TOUKOBUX Tepe-
Bipok. O0M/I1Ba IMiJIX0/I1 MAOTh CBOT [IEPEBAry Ta HEAONIKH, aJie pa30M BOHH 3a0e31euy-
I0Th KOMIUIEKCHE pillleHHs ISl €peKTUBHOI A1arHOCTHUKH POOOYOTro MPOLECy CYTHOBUX
JIU3eIiB, 301IbIIYIOUN €(PEKTUBHICTD iX pOOOTH Ta HAIHHICTB.

BucnoBku. TakuM 4MHOM, icHye moTpeba y CTBOPEHHI MOPTaTUBHUX CHCTEM
JNiarHOCTHKHU CYAHOBHX IW3€IIiB 3a MapaMeTpaMu poOoUYOoro mporecy HOBOTO MOKO-
nminag. i cucremMu MaroTh 3a0e3MeYUTH HHU3KY NEpeBar MOPiBHSHO 3 HASBHUMH
CUCTEMaMH, cepe]] SIKUX CJiJ BUIIJTUTH MOXIHUBICTH pOOOTH B PEKUMI peasbHOTO

53



PO3BUTOK TPAHCIIOPTY
Ne 1(20), 2024

yacy, TOOTO 3MOT'y OTPUMYBATH 1HPOPMAIIi0 11010 MPOTIKAHHSI POOOYOTro Mpolecy
y HUIIHApPaX ABUTYHA ¥ OIIHIOBATH MapaMETPH IUX MPOIECIB 0e3MOCEPEIHBO il
yac poOOTH ABUTYHA. Takuil miaXia J03BOJISE K 3A1HCHIOBATH PETyJIIOBaHHS JBU-
r'yHa Tij 4yac Horo poOOTH, TaKk 1 BU3HAUaTH crienndivuHi HeCpaBHOCTI, OB’ sI3aH1
3 HEpIBHOMIPHICTIO pOOOYUX IUKIIIB ABUTYHA. J[JIs CTBOPEHHS TAKUX CHCTEM HE00-
XiJTHO BUPIIIMTH Ba)KIMBI HAyKOBI Ta MPaKTUYHI MPOOIEMU Ta 3a/adi, cepel] SKuX
OCHOBHHUMHM € TaKi:

— po3poOuTH crienudiuHi METO/IH 1iarHOCTYBaHHS ABUTYHA 3a MapaMeTpamMu pooo-
YOro MpoIiecy B PEXKUMI pEaIbHOTO Yacy, sIKi I03BOJIATh OTPUMATH J0IATKOBY BAXKITHBY
iH(pOpMAITiIO TIOPIBHSHO 3 HASBHUMH CUCTEMaMH;

— BH3HAYUTH CHOCOOM OI[IHKH ITMKJIOBOT HEPIBHOMIPHOCTI MpH poOOTI JBUTYHA
Ta BUSIBUTH JIIarHOCTUYHI O3HAKW HECIIPABHOCTEH, SIKi i1 CIIPHUYUHSIOTH;

— pPO3pOOUTH KOHLEMIIIO CHCTEMH JIarHOCTYBaHHS 3 3aCTOCYBaHHSIM Cy4YacHHX
Ta MEePCIEeKTUBHUX TEXHOIOTiH, MpUTaMaHHuX iHaycTpii 4.0;

— po3poOuTH epEeKTHBHI alrOpUTMHU Ui 00poOKH, (inmbrparii Ta CHHXpOHI3a-
il 1aHUX, 30KpeMa BJIOCKOHAJIMTH METOJI BU3HAYCHHS TIOJIOKCHHSI BEPXHBOI MEPTBOI
TOYKH 0e3 3aCTOCYBaHHS anapaTHUX JaTuUKiB;

— pPO3poOUTH BiMOBIAHE TIpOrpaMHe 3a0e3IeueHHs, peali30oBaHe y BUIIIAII KiHIle-
BOTO TIPOTPAaMHOTO MTPOJYKTY;

— TpOBECTH BUITPOOYBaHHS JUIsl TIEPEBIPKU HATIHHOCTI Ta e(EeKTUBHOCTI CUCTEMHU.

CTBOpCHHS TAKHX CHUCTEM, SIKI MalOTh ITOTEHIIIal 1HTETpallii 3 Cy4acHUMH iHpopMa-
MITHUMU CHCTEMaMHU, € BayKIIMBUM HAINPSIMOM YIOCKOHAJICHHSI €(peKTUBHOCTI €KCILTya-
TaIil Cy/IHOBHX EHEPreTUUYHNX YCTAaHOBOK.

JITEPATYPA

1. Cysopos I1.C., Tapacenko T.B., 3anox B.I. Jlesiki muTanHs OLiHKK €HEP-
roe()eKTHBHOCTI CyJICH B YMOBaxX CHEPreTHYHOIO MEPEXoay y BHYTpIIl-
HBOMY CYAHOIUIABCTBI. J6ueynu enympiunboeo 3eopanns. 2023. Bum. Ne 2
(2023). C. 37-45. DOL: https://doi.org/10.20998/0419-8719.2023.2.05.

2. IMES cylinder pressure sensors : BeOcaidT. URL: https://www.imes.de
(mara 3BepHeHHs: 16.01.2024).

3. DEPAS Laboratory : BeOcaiit. URL: http://depas.od.ua/ (nara 3BepHeHHS:
11.01.2024).

4. Digital Pressure Indicator DPI Leutert DPI-Type 50 : BeOcaiit. URL:
https://www.leutert.com/ (nara 3Bepuennsi: 09.01.2024).

5. MAN Energy Solutions PMI : BeGcaiit. URL: https://www.man-es.com/
docs/default-source/document-sync-archive/performance-measurement-
indicator-eng.pdf?sfvrsn=8ce6c8eb_4 (nara 3Bepuenns: 20.01.2024).

6. Pressure and TDC sensors from Kistler : BeGcaiiT. URL: https://www.
kistler.com (mara 3Bepuenssi: 04.11.2023).

7. MARIDIS Maritime Diagnosis & Service : Be6caiit. URL: https://www.
maridis.de/en/contact-us.html (zara 3Bepuenns: 24.01.2024).

8. Lemag ECI Electronic Cylinder Pressure Indicator : BeOcaiit. URL:
https://chris-marine.com/products/monitoring-of-diesel-and-gas-engines/
electronic-cylinder-pressure-indicator-eci/ (zata 3sepuenns: 24.01.2024).

54



PO3BUTOK TPAHCIIOPTY
Ne 1(20), 2024

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Dimar-Tec PTE Electronic Cylinder Pressure Indicator : BeOcaiit. URL:
http://dimar-tec.com/product.php?pid=CBM&pcode=CBM003 (mara
3BepHeHH:: 20.01.2024).

Kyma Diesel Analyzer : BeOcaiit. URL: www.kyma.no (z1ata 3BepHEHHS:
10.01.2024).

ABB Cylmate : BeOcaiit. URL: https://search.abb.com/library/Download.
aspx?DocumentID=3BSE035687R0101&LanguageCode=en&Document
Partld=001&Action=Launch (nara 3Bepaenns: 15.01.2024).

DocGate 732 e-line : BeOcaiit. URL: https://vicusdt.com/en/propulsion-
equipment/engine-performance/ (nara 3sepuenss: 16.01.2024).

Diesel Engine Analysis, Doctor Analysis : Bebcaiit. URL: https://
iconresearch.co.uk/diesel-engine-analysis/ (nata 3Bepuenns: 17.01.2024).
Tx Marine Messsysteme GmbH PMImk2 : BeGcaiit. URL: https://
txmarine.com/en/products/cylinderpressure/#toggle-id-1 ~ (mara  3Bep-
Henns: 18.01.2024).

Digital twin test-bench performance for marine diesel engine applications /
D. Minchev, R. Varbanets, O. Shumylo, V. Zalozh, N. Aleksandrovska,
P. Bratchenko, Thanh Hai Truong. Polish Maritime Research. 2023. Vol. 30.
Ne 4 (120). P. 81-91. DOI: https://www.doi.org/10.2478/pomr-2023-0061.
Varbanets R. Determination of top dead centre location based on the
marine diesel engine indicator diagram analysis. Diagnostyka. 2020. Ne 21
(1). P. 51-60. DOI: https://doi.org/10.29354/diag/116585.

Lemag PreMet XL, C Cylinder Pressure Indi-cator : Be6caiit. URL: http://
www.lemag.de/ (nara 3Bepuenns: 17.01.2024).

Oco0aMBOCTI aHANITHYHOI CHHXPOHI3alii JAHUX MOHITOPHHTY POOOYOro
npoliecy TPaHCIIOPTHUX JIU3EITiB B yMOBax ekcruryaraiii / P.A. BapGanels,
B.I. 3anox, T.B. Tapacenko, FO.M. Kyuepenxko, B.I. Knmumenko. /{sucynu
sHympiuHbo2o 3eopsnns. 2020, Bum. Ne 1 (2020). C. 14-21. DOI: https://
doi.org/10.20998/0419-8719.2020.1.02.

CM Technologies Monitoring Innovations : BeGcait. URL: https://
www.cmtechnologies.de/en/products-en/performance-and-efficiency-
monitoring/premet-x-en.html (nara 3sepuenns: 20.01.2024).

REFERENCES

Suvorov, P. & Tarasenko, Tetyana & Zalozh, Vitalii. (2023). Some issues
of vessels energy efficiency assessment in the inland shipping energy
transition conditions. Internal Combustion Engines, Ne2 (2023), 37-45.
DOI: https://doi.org/10.20998/0419-8719.2023.2.05

IMES cylinder pressure sensors: web site. URL: https://www.imes.de
(Retrieved: 16.01.2024).

DEPAS Laboratory: web site. URL: http://depas.od.ua/ (Retrieved:
11.01.2024).

Digital Pressure Indicator DPI Leutert DPI-Type 50: web site. URL: https://
www.leutert.com/ (Retrieved: 09.01.2024).

55



PO3BUTOK TPAHCIIOPTY
Ne 1(20), 2024

56

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

MAN Energy Solutions PMI: web site. URL: https://www.man-es.com/
docs/default-source/document-sync-archive/performance-measurement-
indicator-eng.pdf?sfvrsn=8ce6c8eb 4 (Retrieved: 20.01.2024).

Pressure and TDC sensors from Kistler: web site. URL: https:/www.
kistler.com (Retrieved: 04.11.2023).

MARIDIS Maritime Diagnosis & Service: web site. URL: https://www.
maridis.de/en/contact-us.html (Retrieved: 24.01.2024).

Lemag ECI Electronic Cylinder Pressure Indicator: web site. URL:
https://chris-marine.com/products/monitoring-of-diesel-and-gas-engines/
electronic-cylinder-pressure-indicator-eci/ (Retrieved: 24.01.2024).
Dimar-Tec PTE Electronic Cylinder Pressure Indicator: web site.
URL: http://dimar-tec.com/product.php?pid=CBM&pcode=CBM003
(Retrieved: 20.01.2024).

Kyma Diesel Analyzer: web site. URL: www.kymano (Retrieved:
10.01.2024).

ABB Cylmate: web site. URL: https://search.abb.com/library/Download.
aspx?DocumentID=3BSE035687R0101&LanguageCode=en&Document
Partld=001&Action=Launch (Retrieved: 15.01.2024).

DocGate 732 e-line: web site. URL: https://vicusdt.com/en/propulsion-
equipment/engine-performance/ (Retrieved: 16.01.2024).

Diesel Engine Analysis, Doctor Analysis: web site. URL: https://
iconresearch.co.uk/diesel-engine-analysis/ (Retrieved: 17.01.2024).

Tx Marine Messsysteme GmbH PMImk2: web site. URL: https://txmarine.
com/en/products/cylinderpressure/#toggle-id-1 (Retrieved: 18.01.2024).
Minchev, D., Varbanets, R., Shumylo, O., Zalozh, V., Aleksandrovska, N.,
Bratchenko, P. & Truong, T. (2023). Digital Twin Test-Bench Performance
for Marine Diesel Engine Applications. Polish Maritime Research, 30(4)
81-91. DOL: https://doi.org/10.2478/pomr-2023-0061.

Varbanets, R. A., Zalozh, V. 1., Shakhov, A. V., Savelieva, 1. V., Piterska,
V.M. (2020). Determination of top dead centre location based on the marine
diesel engine indicator diagram analysis. Diagnostyka, 21(1), 51-60. DOL:
https://doi.org/10.29354/diag/116585.

Lemag PreMet XL, C Cylinder Pressure Indi-cator: web site. URL: http://
www.lemag.de/ (Retrieved: 17.01.2024).

Varbanets, R.A., Zalozh, V.., Tarasenko, T.V., Kucherenko, Yu.M.,.
Klimenko,V.G. (2020). Features of analytical synchronization of data of
working process monitoring in transport diesel engines under operation.
Internal Combustion Engines, Nel, 14-21. DOI: https://doi.org/10.20998/
0419-8719.2020.1.02.

CM Technologies Monitoring Innovations: web site. URL: https://
www.cmtechnologies.de/en/products-en/performance-and-efficiency-
monitoring/premet-x-en.html (Retrieved: 20.01.2024).



PO3BUTOK TPAHCIIOPTY
Ne 1(20), 2024

UDC 621.43.056:632.15 DOI https://doi.org/10.33082/td.2024.1-20.06

THE IMPACT OF HEAT-EXCHANGERS SURFACE FOULING
AND THE POSSIBILITIES OF THEIR CLEANING

V.I. Kholdenko
Senior Lecturer,
Odessa National Maritime University, Odesa, Ukraine,
ORCID ID: 0000-0003-0071-7055

Summary

Introduction: This study investigates the real-world effects of pollutants on ship
heat exchangers in the marine sector, focusing on the complex issues influencing
maintenance expenses, environmental sustainability, and operational effectiveness.
The core of the issue is figuring out a long-term, practical way to lessen the damage
that heat-exchangers surface heat-exchangers surface fouling causes to ship heat
exchangers. Purpose. The article aims to investigate and evaluate how pollutants
affect ship heat exchangers in the marine sector from a practical standpoint. It seeks
to shed light on how pollutants, such as chemicals, debris, and oil residues, impact a
vessel s environmental sustainability, maintenance costs, and operational effectiveness.
The essay analyzes the complex issues caused by surface fouling-induced damage,
highlighting the dangers of decreased thermal conductivity, greater overheating, higher
maintenance costs, longer downtime, and possible environmental effects. Result. One
practical consequence of pollutant-induced damage is that it calls for substantial and
frequent cleaning, repairs, and maybe replacements of the heat exchanger components,
which raises maintenance costs. Traditional cleaning procedures involve prolonged
downtime for manual intervention, which worsens the economic effects on shipping
businesses and trade routes. Furthermore, the study highlights the negative effects
uncontrolled pollutants have on the environment, highlighting how crucial regulatory
compliance is to avoiding legal ramifications and preserving the good name of the
sector. Conclusion. In conclusion, preserving marine operational effectiveness and
environmental sustainability requires reducing the impact of pollutants on ship heat
exchangers. The selection of particular heat exchanger types requires customized
cleaning techniques. Advanced solutions are provided by ecologically safe chemical
agents, high-pressure water jets, and automated robotic systems. To avoid losing
efficiency, regular cleaning must be done under the direction of real-time monitoring.
Maintaining heat exchanger performance and guaranteeing the lifespan of ship power
plants in the face of changing surface fouling concerns requires striking a compromise
between operational needs, environmental responsibility, and proactive maintenance.

Key words: Ship Heat Exchangers, Heat-exchangers surface heat-exchangers
surface fouling Impact, Operational Efficiency, Maintenance Costs, Environmental
Sustainability.
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Anomauisn

Bcemyn. Le oocriosicennsn npucssuene 6UGUEeHHI0 peaibH020 6NIUEY 3a0PYOHIOIYUX
PEUOBUH HA CYOHOBI MENT00OMIHHUKU 8 MOPCLKOMY CeKmopi. Aemop 30cepedarcycmop-
€A HA CKIAOHUX NUMAHHAX, WO 6NIUBAIOMb HA GUMPATU HA MeXHIUHe 00CTy208)68aH-
H5l, eKON02IUHY cmilikicmb | ekcniyamayitny egpexmusnicmo. Cymb npobiemu noiseac
6 MOoMY, Woob 3HAUMU 00820CMPOKOSULL T NPAKMUYHUL CNOCIO 3MEHWUMU WKOOY, AKY
3a6pyOHeHHst 3a60a€ CYOHOBUM MmenioooMminHukam. Mema. 3abpyouiooui pewosuru
SHUIICYIOMb MENTONPOGIOHICMb I eKCILYamAayitiHy eexmueHiCmb WIsiXOM YMEOpPeH-
HSL [30MAYIUHUX Wapi6 HA NOBEPXHIX MeNnI00OMIHHUKIE 3 OpYOy, XIMIKamie i 3aiuKie
Hagpmu. Omoice, iCHYE NpsaMaA 3a2po3a HAOIIHOCE CYOHA Yepe3 NIOBUUEHY UMOBIPHICb
nepeepigy 08u2yHd, Wo NiOKPecuoe KPUMuyHy HeoOXiOHICMb 3ACMOCYS8AHHL Memooie
3MeHuer s 3a0pyonenns. Pesynemam. OOHuM 3 NPAKMUYHUX HACTIOKIE NOUWKOONCEHD,
CNPpUYUHEHUX 3A0PYOHIOIOUUMU PEHOBUHAMIU, € HeOOXIOHICTNb 3HAUHO20 T 4aACTNO20 O4U-
WEHHsl, PEMOHMY 1, MOMNCIUBO, 3AMIHU KOMNOHEHMIE Menio0OMIHHUKA, WO NIOGULLYE
sumpamu Ha mexuiune oocayeosyeanns. Tpaduyiini npoyedypu ouuujents nepedda-
yaoms Mpueai nPocmoi OJist PYYHO20 MPYUAHHS, WO NOSIPULYE eKOHOMIUHT HACTIOKU
0J1s1 CYOHONIABHUX KOMNAHIU | mopeosenvHux uiisxie. Kpiv moeo, y docniodcenni nio-
KPecumoemvp sl He2amueHull NaUE HeKOHMPOIbOSAHUX 3a0PYOHIO8AYI8 HA HABKOTUUHE
cepedosuuge, mMomy GaANCIUGUM € OOMPUMAHHSI HOPMAMUGHUX BUMOS 01 YHUKHEHHS
IOPUOUYHUX HACTIOKIG T 30epedcertst 000po2o imeni eanysi. Bucnoeok. /list nooonanms
YUX PeanrbHUX HACIIOKI8 HeOOXIOHA KOMNIEKCHA CIMPAamezisi, Wo 6KII0UAE nepedosi mex-
HO02IT 04U eHHS, NPOAKMUGHT NPOYeOYPU EXHIUHO020 00CIY208YBAHNS MA OOMPUMAH-
HSl eKO02IYH020 3aKOH00ascmed. Takum YuHoMm, MOPCbKULL CEKMOP MOXHCe 3MEHUUMU
Hebe3neKy 0si eKOHOMIKU, Oe3neKku ma 008K, N0G A3aHY 3 GNAUGOM 3A0PYOHIOIOHUUX
PeuoBUH HA CYOHOBT MEeNL00OMIHHUKY, 30epiearoyu npu Ybomy HAOJIUHICMb | ehexmus-
HICMb eKCnayamayii cyoeH Hagimv neped 0ONUYYsIM MIHAUBUX 3A2PO3.

Knrouosi crosa: cyonosi meniooOMinHUKY, 6NaU6 3a0PYOHEHHS, eKCNLYamayitia
ehexmusHicms, gumpamu Ha MexHiuHe 00CY208Y8aAHHS, eKOI02IUHA CMIUKICTb.

Introduction. The maritime sector is essential to international trade because it
makes it easier to move products across large oceans. The heat-exchangers surface
fouling as well as its far-reaching effects provide a serious issue for this vital industry.
Heat-exchangers surface fouling’s impact on ship heat exchange systems has become
one of the most important environmental challenges impacting marine operations.
For maritime operations, the surface fouling of ship heat exchanger surfaces presents
an important threat to the environment. In addition to reducing internal power plant
efficiency, it raises fuel consumption and emissions, which degrades the quality of the air
and water. If pollutants and debris are spilled during cleaning, marine ecosystems may
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suffer. Financial penalties for breaking environmental standards highlight the industry’s
accountability. Reducing heat exchanger surface fouling is in line with more general
environmental sustainability objectives, which acknowledge the marine industry’s
contribution to reducing its ecological impact worldwide. Ship heat exchangers are
crucial parts of a vessel’s cooling and propulsion systems, and the entire performance
of marine engines depends on their operating efficiency [7].

The persistent growth in maritime heat-exchangers surface fouling, resulting from
diverse human activities, has presented a range of difficulties for ship operators.
Reasons for Growth: (1) Human Activities: Higher surface fouling discharges are
aresult of increased shipping, industrial activity, and maritime traffic. Inadequate Waste
Management: Surface fouling builds up as a result of improper disposal techniques
and insufficient waste treatment. (2) Inadequate Cleaning Procedures: Over time,
contaminants can build up in heat exchangers due to infrequent or ineffective cleaning.
The effective working of heat exchangers can be jeopardized by pollutants including oil,
debris, and chemicals, which can result in decreased efficiency and higher operational
expenses. The decreased efficiency of these essential components is a connection
between increased operating costs and heat exchanger surface fouling.

The accumulation of pollutants on the surfaces of heat exchangers creates insulating
layers that impede the movement of heat and lower cooling system performance.

Fuel consumption rises when efficiency declines because more energy is needed to
produce the same amount of heat exchange. Increased fuel consumption results in higher
operational costs, which affect the overall economic feasibility of ship operations. These
costs include gasoline [3].

Thermal conductivity degradation is one of the main effects of pollutants on ship heat
exchange systems. Pollutants reduce the efficiency of heat transmission among the fluid
being used and the environment by building up a layer that serves as a thermal barrier.
This reduced thermal conductivity raises the possibility of overheating and reduces heat
exchange efficiency, both of which can seriously harm engine components.

The marine sector has been aggressively researching cutting-edge methods for
maintaining and cleaning ship heat exchangers as a solution to these difficulties. To
lessen the negative impacts of heat-exchangers surface heat-exchangers surface fouling
and maintain the long-term effectiveness of heat exchange systems, efficient cleaning
techniques must be developed [4].

There is now a number of cleaning methods being considered, from sophisticated
chemical solutions to conventional mechanical approaches. In mechanical techniques,
accumulated impurities are removed from heat exchanger surfaces using brushes,
scrapers, or high-pressure water jets. These techniques can be useful, but they can
also have drawbacks, such the requirement for a lot of downtime and the possibility
of damaging sensitive components.

Conversely, chemical cleaning techniques use specifically designed chemicals
to dissolve and extract contaminants without requiring mechanical assistance. These
techniques provide a less intrusive and more effective way to maintain heat exchangers.
To prevent any negative effects both the environment or any of the heat exchanger’s
components, nevertheless, considerable consideration must be given to the selection
of the right cleaning chemicals [3].
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Formulation of Problem. The smooth movement of products across seas is
contingent upon the efficiency and dependability of ship power plant, which in turn affects
the functioning of ship heat exchangers. The issue at stake involves the harmful effects
of heat-exchangers surface heat-exchangers surface fouling on ship heat exchangers’
capacity to operate at their best, which raises questions regarding the durability
and sustainability of these vital components.

The main issue is that impurities build up on heat exchanger surfaces, interfering with
the vital function of heat transmission. The collection of this material creates insulating
layers that impede the effective transfer of heat between the surrounding environment
and the working fluid. Thus, the reduced thermal conductivity directly jeopardizes
the integrity of marine engines by reducing heat exchange efficiency and increasing
the possibility of overheating [9].

Moreover, there are difficulties with the techniques used to maintain and clean ship
heat exchangers. Even while traditional mechanical techniques are good at eliminating
pollutants, they have disadvantaged such long downtime and the possibility of damaging
sensitive components. Chemical cleaning techniques provide a less intrusive and more
effective alternative, but their effects on the environment and material compatibility
must be carefully considered [6].

The core of the issue is figuring out a long-term, practical way to lessen the damage
that heat-exchangers surface heat-exchangers surface fouling causes to ship heat
exchangers. Ensuring the continuous dependability and functionality of these vital
components in the marine sector requires striking a balance between the requirement
for effective cleaning techniques and environmental responsibility.

Analysis of recent research and publications: The numerous difficulties that the marine
sector faces have been made clear by recent studies and publications on ship heat exchangers
and their susceptibility to heat-exchangers surface heat-exchangers surface fouling. The
impact of heat-exchangers surface heat-exchangers surface fouling on these essential
components’ functionality is becoming increasingly apparent as heat-exchangers surface
heat-exchangers surface fouling levels rise worldwide, and researchers and professionals
are working hard to find creative ways to deal with this pressing problem [7].

The kinds and sources of contaminants impacting ship heat exchangers have been
the subject of several research. These consist of chemical pollutants, oil residues,
and waste products from different human activities. For the purpose of creating
efficient cleaning techniques suited to particular environmental circumstances
and vessel operations, it is essential to comprehend the makeup and properties of these
contaminants. The necessity for a thorough strategy to heat-exchangers surface heat-
exchangers surface fouling control that considers the variety of pollutants encountered
during marine activities is emphasized in recent publications [2; 5].

Recent studies have highlighted the link between pollutant buildup and thermal
conductivity degradation in terms of the negative impacts of pollutants on heat
exchanger performance. Experiments and computational models have been used to
measure the effects of various pollutants’ kinds and concentrations on the effectiveness
of heat transfer. These evaluations contribute to the creation of focused solutions by
offering insightful information about the ways by which heat-exchangers surface fouling
impedes heat exchange activities [1; 5].
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A prominent pattern observed in recent literature is the investigation of cutting-edge
cleaning systems for ship heat exchange systems. Scholars are examining the efficacy
of robotics cleaning equipment that can maneuver intricate heat exchanger arrangements
to eliminate contaminants without requiring human assistance. These developments
overcome some of the drawbacks of conventional mechanical approaches by reducing
downtime while also improving cleaning precision and thoroughness [10]. Recent
research has also focused on chemical cleaning agents, with the goal of creating solutions
that are both ecologically benign and compatible with various materials. Publications
stress how crucial it is to use cleaning products that reduce the environmental impact
of maritime activities while simultaneously efficiently dissolving contaminants.
Exploring bio-based cleaning agents along with additional environmentally friendly
formulations has resulted from the search for sustainable alternatives and is in line
with a growing focus on environmentally friendly procedures in the marine sector
[11]. Additionally, the financial effects of pollutants on ship heat exchangers have
been discussed in recent papers. Ship operators are becoming increasingly concerned
about the financial impact of higher repair, maintenance, and replacement expenses as
a result of damage caused by pollutants. Scholars are conducting cost-benefit analyses
of various cleaning techniques, taking into account variables including fuel economy,
operational downtime, and long-term maintenance needs [6].

To sum up, current studies and publications emphasize how urgent it is to address
how heat-exchangers surface fouling affects ship heat exchangers. The wide range
of subjects covered, from heat-exchangers surface fouling analysis to the development
of cutting-edge cleaning methods, clearly demonstrates the multidisciplinary nature
of this challenge. The collection of research results from these studies adds to
the expanding volume of information that may guide business choices and legislative
actions, eventually guiding the marine sector toward more resilient and sustainable
solutions to the ever-increasing heat-exchangers surface fouling problems.

Formulation of goal of the article. This article’s main objective is to present
a thorough explanation of the complex impact of surface fouling on heat exchangers
system. It also explores workable methods to reduce the negative impacts and maintain
the long-term efficiency of ship power plant. The essay seeks to clarify the problems
caused by heat-exchangers surface fouling, assess the existing level of knowledge,
and provide strategic objectives for the marine sector and research community by
combining insights from recent studies and publications.

The article’s primary goal is to highlight the seriousness of the issue by outlining
the many pollutants that have an effect on ship heat exchangers. The objective is to
highlight the vital significance of recognizing the many different types of pollutants,
including oil residue to chemical pollutants and debris, through an analysis of current
research. The article seeks to build the groundwork for focused interventions in heat-
exchangers surface fouling control by providing a comprehensive knowledge of various
kinds and sources of pollutants.

The article aims to clarify the ways in which pollutants impair thermal conductivity
and, in turn, the overall effectiveness of heat exchange processes by utilizing the results
of recent research. This study emphasizes the need for creative and long-lasting solutions
while laying the groundwork for a more in-depth investigation of cleaning techniques.
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The goal’s formulation includes an investigation of current developments in
chemical agents and cleaning technology. In order to assess these methods’ viability
and efficacy in practical marine applications, the paper will look at robotic cleaning
systems, sustainable formulations, and other innovative techniques. The objective also
includes addressing economic factors, providing information on the financial effects
of pollutants on ship heat exchange equipment and suggesting financially sensible
solutions for ship operators.

Presentation of the main research material. Pollutant kinds and sources impacting
ship heat exchangers vary and can have a major effect on these vital marine sector
components’ performance and efficiency. For the purpose of creating focused mitigation
measures, it is vital to comprehend these contaminants. Below is an overview of the main
categories and sources:

Types of Pollutants:

Oil Residues:

— Usually the result of spills, leaks, or incorrect disposal techniques;

— May accumulate as a thin layer on heat exchanger the surfaces, preventing heat
transfer.

Chemical Contaminants:

— Result from runoff, cargo residues, and industrial wastes; Contain corrosive
elements that hasten the deterioration of heat exchanger components.

— Could accumulate and reduce heat conductivity.

Debris:

— May cause friction and abrasion of heat exchanger surfaces.

— Contains solid particles including materials for plastics, debris, and organic debris.

— Gets into heat exchangers through the saltwater intake, possibly causing fouling
and lowering efficiency.

Sources of Pollutants:

Ship exhaust:

— Particles and chemical compounds are released into the air and water by engine
exhaust.

— Pollutant collection on heat exchanger surface can be facilitated by atmospheric
deposition.

Industrial Operations:

— Chemical emissions from manufacturing operations can enter heat exchangers;

—emissions from industrial facilities add a variety of contaminants to open and coastal
waterways.

Runoff and Urban Releases:

— Pollutants from highways, farms, and urban areas are carried into water bodies by
rainfall runoff.

— Urban discharges contaminate coastal habitats with untreated wastewater and storm
water.

Accidental leaks:

— Heat exchangers are directly at risk from oil leaks resulting from offshore drilling
or shipping mishaps.
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— Chemical spills can pollute seawater and have an impact on heat exchanger
performance. Examples of these spills include cargo leaks.

Natural Sources:

— Particulates and gases can be released into the atmosphere by natural occurrences
such as volcanic eruptions and wildfires.

— These organic sources add to the total amount of heat-exchangers surface fouling
in marine habitats.

Creating efficient cleaning and maintenance plans requires an understanding
of the makeup and source of these contaminants. Ship heat exchanger lifetime
and efficiency may be increased while reducing environmental effect by the maritime
sector by addressing the unique features of pollutants, whether via mechanical or
chemical techniques.

The relationship between the buildup of pollutants and the decrease in thermal
conductivity; Understanding the relationship between the buildup of pollutants
and the decrease in thermal conductivity in ship heat exchangers is crucial to
comprehending how heat-exchangers surface fouling affects these vital parts. Pollutant
buildup on heat exchanger surface can reduce thermal conductivity by impeding
the effective transmission of heat among the working fluid and the environment.
Understanding this relationship is essential to creating focused remedies that preserve
heat exchanger performance at its best. Here are some salient points about this
relationship [9]:

1. Formation of Insulating Layers: pollutants, including chemicals, dirt, and oil
residues, accumulate on the surfaces of heat exchangers. By acting as insulating barriers,
these layers prevent heat from being transferred from the fluid moving in the exchanger
to the surrounding area.

2. Risk of Overheating: The heat exchanger system is more susceptible to
overheating when thermal conductivity drops. Overheating can have detrimental effects
that jeopardize the vessel’s safety and dependability, such as increased wear and even
damage to engine components.

3. The correlation highlights the importance of routine cleaning and maintenance
of shipboard heat exchangers to prevent and mitigate the negative effects of pollutant
buildup. The goals of maintenance procedures are to eliminate pollutants, restore
thermal efficiency, and extend the lifespan of the heat exchanger elements.

4. Quantitative Analysis: To study the association numerically, recent research has
used both computer models and experimental experiments. Experimental studies involve
testing in the real world, measuring thermal conductivity in controlled circumstances to
validate theoretical predictions. Computer models simulate the impact of various kinds
and amounts of pollutants on thermal conductivity, offering insights into the processes
required.

Assessing the viability and efficiency of new cleansing techniques for ship heat
exchangers is essential to finding workable solutions that not only deal with heat-
exchangers surface fouling problems but also take the environment and economy into
account (Table 1). This is a summary of the main elements of the assessment procedure
[9; 10; 11].
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Table 1
Marine Heat Exchanger Cleansing Techniques: A Comprehensive Viability
and Efficiency Assessment for Environmental and Economic Sustainability

Pros Cons

Compared to The cost of the initial

traditional human investment might be

techniques, substantial; servicing

) ) . automation and programming

Effectiveness Robotic Cleaning reduces downtime requirements should
Assessment System and improves be taken into account.

cleaning effectiveness

and efficiency by

accessing complicated

configurations

and tough regions.
It also enables
accurate cleaning
without requiring
substantial removal
of heat exchanger

elements.
Chemical Cleaning  * Suitable for a variety ¢ Choosing the right

agent of heat exchanger cleaning products
types; * Highly is essential; certain
efficient in dissolving | formulations may
and eliminating have an impact on
different impurities the environment.
without the need » Waste management
for mechanical and chemical disposal
intervention; ¢ need to be carefully
Formulated to be considered.

material-compatible
and ecologically

safety
Robotic Cleaning Chemical Cleaning
Systems: Agents
Sustainability Environmental Impact e« In general, * The transition to
Considerations robotic systems more environmentally
are less harmful to friendly formulations
the environment than | reduce harmful
certain chemical impacts on marine
cleaning products. environments.
* Reducing » Formulations
the use of hazardous  that are non-toxic
chemicals helps and biodegradable
maintain a sustainable conform to
ecosystem. sustainable principles.
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Resource Efficiency By focusing on * Appropriate
particular areas formulation
and eliminating and application

needless cleaning, it is | guarantee effective
possible to maximize | elimination

resource efficiency. of pollutants,
Additionally, reducing the amount
automated methods of chemicals needed.
lessen the need « It is crucial to
for physical work, take resource usage
which helps conserve ' into account while
resources. producing chemical
agents.

Economic Viability * Long-term benefits ¢ It’s important to
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Improving the cleaning techniques for ship heat exchangers is essential to preserving
maximum efficiency and reducing the environmental effect. Here are a few ideas for
cleaning methods:

Automation and Robotics:

— Install robotic cleaning devices with sophisticated sensors and software.
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— Give robots the freedom to move through complex heat exchanger systems for
accurate and effective cleaning.

— Cut down on the amount of physical labor required and downtime.

Water Jets at High Pressure:

For mechanical cleaning, use water jets with high pressure.

— Eliminate contaminants efficiently while protecting the surfaces of the heat
exchanger.

— Boost productivity and cut back on the usage of toxic cleaning supplies.

— Cleaning using ultrasonic:

Use ultrasonic cleaning techniques to get rid of impurities.

— Create tiny bubbles with high-frequency sound waves to disturb and loosen toxins.

— ideal for confined spaces and complex heat exchanger systems.

Cleaning brushes without abrasives:

— Create cleaning brushes that aren’t harsh using cutting-edge materials.

— Scrub efficiently while avoiding damaging the heat exchanger plates or tubes.

— Incorporate with robotic systems to achieve accurate control.

Chemical Agents That Are Kind to the Environment:

— Investigate and create green cleaning products.

— Create substances that efficiently dissolve contaminants while having no negative
effects on the environment.

— Think of non-toxic and biodegradable compositions.

Creative Designs for Heat Exchangers:

— Examine heat exchanger designs that are naturally impervious to the accumulation
of pollutants.

— Improve the surface materials to prevent fouling and stickiness.

— Encourage the heat exchanger’s internal self-cleaning systems.

Systems for Real-Time Monitoring:

— Install equipment for monitoring heat exchanger performance in real time.

— To measure surface fouling levels and efficiency, use sensors.

— Allow for proactive cleaning that isn’t based on rigid timetables but rather on real
circumstances.

Chemical cleaning chemicals that are employed on ship heat exchangers have
the potential to pollute water, cause ecotoxicity, accumulate in the environment, modify
the chemistry of the water, and be permanent. To mitigate this, the industry is moving
toward ecologically friendly formulations, with a strong emphasis on closed-loop
systems for responsible usage and regulatory compliance as well as biodegradability,
non-toxicity, and green chemistry.

The effects of pollutants on ship heat exchangers and their practical significance

Pollutant influence on ship heat exchangers has a variety of practical implications,
from maintenance costs and operational efficiency to environmental effects. It is
imperative that the marine sector comprehends and tackles these ramifications
to guarantee the dependable and enduring operation of ships. Here, we examine
the application and consequences of the way contaminants impact ship heat exchangers
[8; 12]:
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1. Diminished Efficiency of Operations:

— Main Problem: Pollutants including chemicals, trash, and oil residues build
insulating layers on heat exchanger surfaces, which prevents heat from being transferred
efficiently.

— Practical Implication: to accomplish the needed heat exchange, more energy must
be used since reduced thermal conductivity lowers operating efficiency. Ship operators
suffer from increased fuel consumption and operating expenses as a result.

2. Elevated Risk of Overheating:

— Main Problem: The weakened heat transfer efficiency makes ship engines more
susceptible to overheating.

— Practical Implication: Engine component integrity is directly jeopardized by
overheating, which increases the risk of premature wear, malfunctions, and unscheduled
downtime. Reducing this risk is essential to preserving the dependability and safety of ships.

3. Increased Maintenance Expenses:

—Main Problem: Damage caused by pollutants requires more regular and thorough repair.

— Practical Implication: Increased corrosion and damage on the heat exchanger
components results in greater maintenance expenses for ship operators. These costs
contribute to the total operating expenditure and include cleaning, repairs, and possible
replacements.

4. Prolonged Rest Period for Cleaning:

— Main Problem: Manual involvement during traditional cleaning procedures may
necessitate a large amount of downtime.

— Practical Implication: Schedules for vessels and operational effectiveness are
adversely affected by prolonged downtime. the amount of time the ship is grounded for
cleaning, the more of an economic hit it takes on trade routes and maritime businesses.

5. Environmental Impact:

* Main problem: Improper management of pollutants may have negative
consequences for the marine ecosystem.

— Practical Implication: Heat-exchangers surface fouling of the environment might
result from unintentional spills or poor cleaning techniques. Adherence to environmental
standards is vital in order to avert legal results and preserve a favorable industry
reputation.

6. Safety and Operational Reliability Issues:

— Key Issue: The dependability and security of ship operations are jeopardized by
unchecked heat-exchangers surface fouling buildup.

— Practical Implication: Keeping timetables and fulfilling transportation obligations
depend heavily on the dependability of boats. When crucial components are impacted
by heat-exchangers surface fouling, safety concerns arise since this might result in
maritime mishaps or disasters.

7. Effect on Equipment Lifespan Over Time:

— Main Problem: Heat exchanger components may have a shortened lifespan as
a result of ongoing heat-exchangers surface fouling exposure.

— Practical Implication: Early corrosion and wear may necessitate more frequent
replacements, raising the upfront costs for vessel owners. Heat exchanger lifespan must
be taken into account for fleet management to be both economical and sustainable.
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8. Regulatory Compliance:

—Main Concern: The marine industry’s cleaning and heat-exchangers surface fouling
discharge procedures are subject to strict environmental rules.

— Practical Implication: In order to comply with these laws, ship operators must
implement eco-friendly cleaning techniques and technology. There may be penalties,
fines, and negative publicity for noncompliance.

An advanced device called the Automated Robotic Cleaning Module is intended
to clean ship heat exchangers effectively and independently. It consists of many
fundamental components:

Cameras and Sensors:

— advanced sensors for real-time environmental sensing, such as cameras
and proximity sensors.

— gives the robot the ability to go through intricate heat exchanger layouts and locate
spots that need maintenance.

Modular attachments:

— Adaptable cleaning attachments to accommodate a range of heat exchanger
configurations.

— modules designed to specialize in different kinds of pollutants, guaranteeing
thorough cleaning.

Navigation that can be programmed:

— Accurate programming skills for self-navigating systems.

— pathways for cleaning that may be altered, enabling the robot to adjust to different
heat exchanger shapes.

Superior Efficiency Motors:

— Strong and effective motors for accurate attachment operation and movement.

— guarantees the best possible cleaning power and flexibility to various surface
materials.

Wireless Interaction:

— Wireless connectivity that is integrated for data transfer and remote control.

— allows for real-time monitoring and modification, increasing operational
effectiveness.

System for Avoiding Collisions:

—makes use of sophisticated algorithms to prevent collisions.

— guarantees the robot’s safe navigation in confined areas and complex heat exchanger
designs.

Energy-Saving Architecture:

— integrates systems and parts that use less energy for extended operation.

— Effective power control to increase cleaning duration and coverage.

Interface User:

— Simple user interface for monitoring and operating remotely.

— gives operators the ability to monitor cleaning progress, make changes in real time,
and get updates on the state of the system.

Pollutant development on heat exchanger walls is impacted by a number of variables,
including vessel activity, operational circumstances, and water quality. Growth rates
vary, but in marine environments, constant contact to contaminants and saltwater can
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cause them to occur rather quickly. When a visible coating of impurities reduces heat
exchanger performance, routine cleaning is recommended. The frequency is determined
by variables such as water quality, vessel utilization, and the efficiency of surface fouling
control methods.

It is essential to develop real-time monitoring systems in order to regulate pollutants
during operation. Regularly assess surface fouling levels and efficiency with sensors.
Take preventative action by using robotic cleaning that is automated to stop excessive
accumulation. Remainders may be collected by setting up closed-loop filtering systems,
and using green chemical techniques reduces environmental effect. To guarantee effective
heat exchanger performance, optimal management necessitates striking a balance
between environmental responsibility, operational needs, and proactive maintenance.

Given the variety of ship power plants and the range of pollutants connected with
each kind, choosing certain heat exchanger types is undoubtedly an intelligent decision.
For example:

Heat exchangers with shell and tubes:

— They are frequently used in maritime applications, however they can become
fouled by biological growth and detritus.

— Think of automated robotic cleaning systems equipped with brushes for effectively
targeting the exterior and inner surfaces of tubes.

Heat exchangers on plates:

— prone to scale from saltwater salts and clogging from particles

— Use high-pressure water jet systems to clean mechanically, paying special attention
to keeping plates apart for best results.

Heat exchangers that run on air:

— susceptible to dust buildup and flying debris, which reduces cooling effectiveness.

— For accurate cleaning that doesn’t harm finned surfaces, use automated robotic
cleaning with air-assisted nozzles.

Heat exchangers with fins:

— prone to corrosion and fouling, particularly in settings high in salt.

— Use high-pressure water jet systems in conjunction with chemical cleaning
solutions designed to prevent corrosion.

Selecting certain heat exchanger types enables a focused and customized approach
to cleaning techniques, guaranteeing the most effective and effective elimination
of contaminants while reducing the risk of equipment damage.

Conclusion

In conclusion, the marine sector has to give the effect of heat-exchangers surface
fouling on the functioning of ship heat exchangers immediate attention that not much
found on the literature. The development of efficient cleaning techniques becomes
critical as long as contaminants continue to jeopardize the effectiveness of these vital
components. In the heat-exchangers surface fouling issues, maintaining the lifetime
and optimum operation of ship heat exchangers requires striking an equilibrium among
the environment and operational efficiency.

In short, the connection between the buildup of pollutants and the loss of thermal
conductivity highlights the need of taking proactive actions to tackle heat-exchangers
surface fouling-related issues in ship heat exchangers. A thorough comprehension of this
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relationship guides the creation of efficient cleaning techniques and maintenance plans,
guaranteeing the continued dependability and efficiency of ship engines in the context
of growing heat-exchangers surface fouling issues.

Recent cleansing methods for ship heat exchangers are evaluated by doing a thorough
examination of their long-term maintenance implications, economic viability,
sustainability, and efficacy. In the overall scheme of heat-exchangers surface fouling
control, making well-informed decisions that support the objectives of the marine
sector requires an integrated strategy that considers both the effects on the environment
and operational effectiveness.

Beyond technical concerns, the practical complications of pollutant effect on ship
heat exchangers include financial, ecological, and safety factors. In order to minimize
these effects and guarantee the ongoing effectiveness and dependability of marine
operations, it is imperative that proactive maintenance procedures, cutting-edge cleaning
technologies, and regulatory compliance be followed.

Using sensor technology, flexibility, and intuitive user interfaces, the Automated
Robotic Cleaning Module is a state-of-the-art system that maximizes ship heat exchanger
cleaning effectiveness and efficiency while reducing human involvement and downtime.
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KOMILJIEKCHA OIIHKA BIIJIMBY PO3MIPHOI MOJAEPHI3AILIIL
HA XOJOBICTb I IPONYJIbCUBHI XAPAKTEPUCTHUKH
KPYI3HUX CYIEH
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Anomauin

Bemyn. Baosicnueum Hanpsimom 0isi RIOSUWEHHS KOHKYPEHMHOI CHPOMOICHOCT
CYOHONIABHUX KOMIAHTU, 5IKI 301UCHIOIOMb MOPCHKULL KPYi3HUL Oi3Hec, € MOOEpHIZayis
cyoen. Jlns nacancupcokux cyO0eH Xapakmepuo, wo npomseom ix JCUmme8o2o yYukiy
MOOepHI3ayis KOpnycy npoxooums y OeKiibka emanie. Jlo moeo s MOOepHi3yemves
apximexmypa npumiwjensv i 0onaonanus. 3 02130y HA 3HAYHY APMICHb MAKUX CYOeH
ye cymmego nodoeucye poku il epexmusHicms ix excniayamayii. Mooepuizayis € eghex-
TUBHUM CUCMEMHUM PIUEHHAM U000 3MEHUEHHs QI3UUH020 | MOPATbHO2O CMAPIHHS
cyoHoeoi mexwixu. Ilepedosum cnocobom 30inbuleHHs NACAACUPOMICMKOCIE KPYI3HO-
20 CyOHa € 30inbieHHs 1020 posmipie. Haubinvua nacaxcupomicmxicms 00cseacmy-
cs Y pazi 30i1buenHs 008AHCUHU CYOHA, 30KpeMa 000A8AHHAM YUTTHOPUYHOL 6CIABKU 8
PAUOHI MiOeNb-UNAH2OYI).

3binvuenns 008xCUHU CYOHA 3 Q0OABAHHAM YUNIHOPUYHOL 6CMABKU Npu3zsede 00
SMIHU PENCUMIB HABAHMAICEHHS [ pOOOMU He MINbKU KOPNYCY, dle | 28UHMO-PYIbOBO2O
KOMNIEKCY, 201086H020 0BUSYHA | CYOHOBOT eIeKMPOEHePeemudnol cucmemu 8 Yiiomy.

Oyinka x00060cmi i RPONYILCUBHUX AKOCMEU CYOHA € BAANCIUBOIO 3a0ayero nio yac
NPOBEOEeHHSI MAMEMAMUYHO20 MOOETOBAHHS WO00 ONMUMI3AYii po3mipie 000amKo-
601 yuninopuuroi ecmasku. Mema — npogecmu KOMIIEKCHY OYIHKY 6NJUBY POIMIDHOL
MOOepHI3ayii Ha X0008ICMb | NPONYILCUBHI XAPAKMEPUCHUKU KPYIZHUX CYOeH.

Pesynomamu. [Iposedeno docniodicenmsi OYKCUpPYy8aibHO20 ONOPY CYOHA 3ATNEHCHO
8I0 00BIAHCUHU YUNTHOPUUHOT 6CMABKU 3 BUKOPUCTIAHHAM MEeMOOI8 3AIUUKO8020 D0 X6U-
1606020 ONOPY HA NpuKaadi enexkmpoxodis “‘Pride of America” i “Seabourn Odyssey”,
30 pe3yILmamamil AK020 GUHAYEHO 3AEeHCHICIb MidiC 30ITbUEHHIM 008HCUHU CYOHA |
OYKCUPYBALHUM ONOPOM Y BIOHOCHUX KOOPOUHAMAX.

Topso 3 6yKcupysarbHumM onopom Ha NPONYIbCUSHT XAPAKMEPUCTIUKU CYOHA 6NIU-
8A0Mb NPONYILCUBHUL Koeiyicum 1 Koepiyienmu 2i0poOuHamiunoi 3aemolii, y
36 513Ky 3 UUM NPOBEOCHO KIIbKICHY I AKICHY OYIHKY YUX KOepiyicHmis, siKa nog sa3and 3
O00BAHCUHOI0 MOOEPHIZ308AHO20 CYOHA.

Bucnosku. 3anpononosano Hogy (hopmy pieHsiHHS X00080CMI, WO BI00OPANCAEMbCS
VY BIOHOCHUX OOUHUYSAX, WO O03605E BCIAHOBTIOBAMIU 3ANEHCHICIb MIJC NPONYIbCUB-
HOIO NOMYICHICIO T 8ETUUUHOTIO NOOOBICEHHSL CYOHA.

Knwuogi cnosa: nacasxcupcoke cyono, po3mipHa mooepuiszayis, OYKCUpYSaTbHULL
onip, Xx0008icmb, NPONYIbCUBHT XAPAKMEPUCIUKU, YUTTHOPUYHA 6CIABKA.
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Summary

1t is directly important to improve the competitiveness of shipping companies that
operate maritime cruise business and the modernization of vessels. It is typical for
passenger ships that, throughout their life cycle, several stages are carried out with the
modernization of the hull, the architecture of the premises and the equipment, the safety
and quality of such ships — which ultimately leads to a longer lifespan activity of their
operation. Modernization involves effective system solutions to change the physical and
moral obsolescence of ship equipment. An advanced way to increase the passenger
capacity of a cruise ship is to increase its size. The greatest passenger capacity is
achieved by increasing the vessel's weight, and by adding a cylindrical insert in the
area of the mid-frame.

Increasing the length of the ship with the addition of a cylindrical insert will lead to
a change in the load and operation modes of not only the hull, but also the propeller-
rudder complex, the main engine and the ship s electrical power system as a whole.

Assessment of the ship s maneuverability and propulsive qualities is an important task
when conducting mathematical modeling to optimize the dimensions of the additional
cylindrical insert.

A study of the towing resistance of the vessel depending on the length of the cylindrical
insert was carried out using the methods of residual or wave resistance on the example
of the electric ships “Pride of America” and “‘Seabourn Odyssey”, according to the
results of which the dependence between the increase in the length of the vessel and the
towing resistance was determined in relative coordinates.

Along with the towing resistance, the propulsive characteristics of the ship are
affected by the propulsive coefficient and coefficients of hydrodynamic interaction, in
connection with which a quantitative and qualitative assessment of these coefficients,
which is related to the length of the modernized vessel, was carried out.

A new form of the maneuverability equation is proposed, displayed in relative units,
which allows establishing the relationship between the propulsive power and the length
of the vessel.

The estimated propulsive power and power of the main engines were evaluated to
ensure the operational speed of the vessel with the determination of the limit length of
the cylindrical insert.

Key words: passenger ship, dimensional modernization, towing resistance,
maneuverability, propulsive characteristics, cylindrical insert.
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IMocTanoBka npo6iaemu i orisia Jiteparypu. B iHIycTpii TypucTHYHHX miepeBe-
3€Hb 332 OCTaHHI YeTBEPTh CTONITTSI CYOPMYBABCS CTIMKHI TPEH,T IOJI0 3pOCTAHHS MOP-
ChKHX KpYi3iB, 110 CIIOHYKAJIO BiJIIIOBIIHI KOMIIaHii 3aMOBJISITH BUPOOHHUIITBO HOBUX
CY/ICH 1 IPOBOJIUTH MOJICpHi3allit0 HasBHOTO oty [1-3].

MozepHizalliss Kpyi3HUX CYJCH MPOXOJUThH JCKIIbKOMA HampsMaMmu [4]: peHoBallis
KOpITyCy, KOHBEpCis, nepeoOnaHaHHsl CYTHOBUX IHXKCHEPHUX CHCTEM 1 KOMILICKCIB
1 TiepeoOIaJHaHHsl BHYTPIIIHBOCYAHOBOI apXiTeKTypu. [IpOTSIroM >KUTTEBOTO MUKITY
OUIBIIICTh CyJICH ITPOXOAUTh MOJICPHI3aIlito 3a UMK Hanpsimamu. Ha ocoOmnuBy yBary
cepe/l HUX 3aclyroBY€ KOHBEpCisi, sika BKIIIOYAE: 3aMiHy TPU3HAYCHHS CylIHA, 301J1b-
LICHHS PO3MIpiB Cy/IHa, Oy/IiBHUIITBO HOBUX 1 PEMOHT HasIBHHUX CY/ICH 13 3aCTOCYBaHHSIM
YaCTHH CTApPHUX CYJCH. 3 OIVIsIIy Ha HEOOXITHICTh 301IBIINTH NAaCaKUPOMICTKICTh CY/IEH
3aCTOCOBY€EThCS KOHBEPCIs 3 TOJIOBKCHHSIM PO3MIPIB CyjieH. Sk 3a3Ha4anock B poOoTi [ 5],
HaHOIBIIIOK EKOHOMIUHOK €(PEKTHUBHICTIO BOJIO/IE caMe 30UIBIICHHS JIOBKUHH KOP-
Mycy 3a paxyHOK JI0JlaBaHHsI IIMITIHAPUYHOT BCTABKH.

Ciii TaKO)K HATOJIOCHTU HA CYYaCHHMX BUMOTAX MO0 3a0e3MeUeHHs eKOJIOTTYHOCTI
MOPCBHKHX Cy/ICH, SIKi PErIaMEHTYIOThCSI HOPMATHBHUMH JIOKyMeHTamMu MixxHapo-
HOT MOpPChKOT opraHizaiii — KOHBEHIII€I MO0 OXOPOHI HABKOJHUIIHBOTO CEPEIOBHINA
SOLAS-74 3 nonpaBkaMu, Pe30JIIOLIIE€I0 KOMITETY 3 OXOPOHHM HABKOJUIIHBOTO CEpe/l-
oBumia. L{i BUMOTH CTarOTh BCe )KOPCTKIMUMH. 30KpeMa, OyJi BBEJICHI 0OMEKEHHS Ha
JIOMTYCTHMI HOPMHU BUKHJIIB B arMocdepy peuoBuH-3a0pyAHUKIB. BogHOUac nonaroThes
0OMEKEeHHSI 11010 BUKHIIB TapHUKOBHX ra3iB (Green House Gas), siki BHOPMOBYIOThCS
BIJINIOBIIHUMH pe3oittoiiisiMu koMiTeTy IMO 3 0XOpOHHM HABKOJHUIIIHBOTO CEPE/IOBHIIIA.

EXOHOMIUHICTE 1 EKOJIOTIYHICTh POOOTH CYIHOBHUX CHEPreTHYHHX YCTaHOBOK
€ TIOB’SI3aHUMH KaTEropisiMH, OCKUIBKH pallioHaJIbHE CHOKMBAHHS NaJliBa 3MEHIIYE
KiTbKICTB SIK IIKiNIMBUX peqoBHH (OKcHiB cipku — SO, azoty — NO,, caxi), Tak i map-
HUKOBHUX ra3iB (Hiokcun Bymieo — CO,). Maiike moIoBUHA 3TeHEPOBAHOT Ha MACaKUP-
CHKOMY CY/IHI €Heprii BUTPauaeThCs Ha MPOIYIIbCUBHY MOTYKHICTb, sika 3a0e31euye pyx
Cy[Ha 3 3aJ]aHO0 MIBHUJIKICTIO. EQEeKTUBHICTh BUKOPUCTAHHS I1i€1 OTY)KHOCTI XapakKTe-
PHU3YETHCS BIJINIOBIIHOI0 MOPEXiJTHOIO XapaKTEePUCTUKOIO — XOOBICTIO. [1i]1 X0J0BICTIO
B MOPCBHKIi MPaKTHIll TPAJHUIIHHO PO3YMIETHCS MOXKIIUBICTD Cy/IHA PO3BUBATH 1 3a0€3-
MevyBaTH BCTAHOBJICHY IIBUJIKICTH XOJIy 38 HAWMEHIIIOTO 3HAYCHHS MOTYKHOCTI TOJIO-
BHUX JIBUTYHIB. 3a0€3M€UCHHS PalliOHAIbHUX MTOKa3HUKIB XOJIOBOCTI MPU MOJICPHi3allil
CYJICH JI03BOJIUTh JOCSTTH XapaKTePUCTUK CKOHOMIYHOCTI 1 €KOJIOTTYHOCTI, K1 BIATO-
BiZIafOTh HAWKPAILMM T'aly3eBUM OI[IHKaM.

Cran pocaimxyBaHoro nutanus. HaBexena 3ajmaua mono 3abe3medyeHHs XO0-
BOCTI MOPCBHKHX CY/ICH Ha €Tarli MPOEKTyBaHHS 3HAXOAWIACh TIEPMAHEHTHO B IIEHTPI
yBard JIOCHIJIHUKIB, TIOYMHAIOYM 3 TOTO Yacy, KOJIU CYIHOBI €HEPreTHYHI yCTaHOBKH
OyJ1M 3arpoBaHKEHI Ha MOPCHKOMY Ta PiuKOBOMY TpaHcropTi. CydacHi METOIM OIIHKH
XOJIOBOCTI 0a3yroThcs Ha (DyHAaMEHTAIbHUX JOCIIPKCHHSX IMHPOKOTO KOJIa HayKOB-
uis — JLM. Horina, B.B. Amrika, A.B. Bponnikosa, /[. Xonrpona, KO.M. Kyni6anosa
ta iHmmx [4; 6-16; 18—19]. Yci 3anpornoHoBaHi METOM Malk Pi3HOMAHITHY TOYHICTb
1 BUCOKE PO3CIIOBaHHS PE3yJbTaTiB, SIKi HE BiIPI3HSJIMCH BIAMOBIJHOIO YHiBEpCalb-
HicTro. Taki pe3ynbraTi He MOXKYTh B PIBHIH Mipi 3aCTOCOBYBATHCH JUJISl PI3HUX THITIB
CYJIeH, X KOHCTPYKTHBHUX OCOOIMBOCTEH 1 eKCIUTyaTaiiHux peskumis. CltijJi 3BepHYTH
yBary Ha Te, IO BIIEPIIE XOJOBICTh MPU PO3MIPHINA MoOJepHi3alii Oyna JociipKkeHa
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B poboti A.A. I'yunoGina 1 ['H. ®inkens [18], ski 3acTOCOBYBajid METOIU IOBHOT
noryxHocTi (popmysnu JlaBunosa, Horiga). Taki MeToau mokasajiu HU3bKY TOUHICTh
BU3HAYCHHS MPOMYJILCUBHOT MOTYXHOCTI. SIK TIOKa3aB JIOCBiJ npoekTyBanHs [14-18],
3a3HaueHi METOJIM MOXKYTh 32aCTOCOBYBATHUCH JIMIIIC HA MOMEPEHIX eTarax.

®opmyBaHHS LiJIel cTaTTi. METOIO JOCHTIHKEHHSI € OIlIHKa MPOITYJILCHBHUX XapaK-
TEPUCTHK MACAKUPCHKUX CYNIEH ITiJ] Yac MPOBEICHHS PO3MIPHOT MOJIepHi3alii 31 301Tb-
HICHHSIM JIOBKHHH Cy/IHA 3 YpaxyBaHHIM (YHKI[IOHYBAaHHS CHCTEMH «PYIIii — KOPITyC —
CY/THOBA CHEPreTUYHA YCTAHOBKAY.

Buxkiaan ocHoBHOro marepiamy. J{ist peanmizailii TeXHIKO-eKCIUTyaTallilHUX 1 Tex-
HIKO-C€KOHOMIYHHX XapaKTEPUCTHK MOPCHKUX KpPYI3HHMX Cy/IEH IiJ 4ac iX po3MmipHOi
MOJICpHI3allii BKpail HEOOXIiHO MPOBECTU JOCHIHKCHHS 00 BU3HAYCHHS BILIMBY
30UIBIICHHS JOBKUHHU Cy[AHAa Ha XapaKTEPUCTHKH TPOIYITbCUBHOTO KOMILIEKCY, IO
BU3HAYAIOTh TaKy BOKJIMBY BIIACTHUBICTH CY/IHA, SIK XOJIOBICTh. XO/IOBICTh Cy/IHA K (yH-
JAMEHTAJIbHA XapaKTePUCTHKA MOPEXIIHUX SIKOCTEH CyJHa, 10 3ade3redye Horo pyx
3 HEOOXiIHOIO HIBHJIKICTIO 32 MiHIMAJIILHOTO 3HAYECHHS TOTY)KHOCTI, SIKY PO3BUBAIOThH
TOJIOBHI JIBUTYHH, OITUCYETHCSI OTHOWMEHHUM PIBHSIHHSM (PIBHSHHSM XOJIOBOCTI):

- Ry g sia Ben

N prop Mo Nred N prop Mo Nred
ae P,,, — NPOIyJIbCHBHA PO3PaxXyHKOBA IOTYXKHICTh JUIS 3a0€3MEUCHHs PyXy CyaHa 31
BCTAHOBJICHOIO IIBUJIKICTIO, KBT;
v — IIBUAKICTH CyIHA, M/C;
v, — HIBUJKICTb CyJHA, BY3JIH;
n, — Koe]illieHT KOPUCHOI JIil, 1110 BPaXOBY€E BTPATH SHEPTIi B I IIIUITHAKAX BAIIOIIPOBOLY:;
Mg — KOCQIIEHT KOPUCHOT i1, III0 BPaXOBY€ BTPATH €HEPTril B pEAyKTOPi.
R, — omip pyXy cy/iHa B eKcruTyarariii, kH;
P, — HOMiHaNBHA (MTACTIOPTHA) ITOTYXKHICTh TOJIOBHUX (TATOBUX) JBUTYHIB (y MOp-
CHKUX KPYI3HHX JIaifHepax MepeBakHO 3aCTOCOBYIOTHCS €IEKTPUYHI IBUTYHH), KBT;
Z — KUIBKICTh TOJIOBHUX JBUTYHIB;
Ny — HPOITYIILCUBHUI KOC(DILIEHT CynHAa.

PiBasHHs (1) BH3HAYa€ BIUIMB Ti[pOMEXaHIYHOTO KOMIUIEKCY Cy/lHA Ha €(EeKTHB-
HICTh BUTpAT MOTY>KHOCTI Yepe3 OIip pyXy Cy/IHA B eKCIUTyaTamii R, i IpOMyIbCUBHUI
KOe(ILienT 0, .

BusHaueHHST XOIOBOCTI IPYHTYETbCS Ha TOCIIIKEHH] ONOPY Cy[Ha B €KCIUTyaTamii
R, 11i0T0 CKIIQI0BOI — OTOpY Cy[HA — 31 CBIXkO (hapOOBaHUM KOPITYCOM 332 YMOBH ITPH-
HManbHO-31aTHUX BUIIPOOyBaHb R. Omip R po3paxoByeThCs K cyMa CKIaIHUKIB [18]:

R=R.+R,+R,+R,+R,+R,,, 2)

< 2Py, (M

prop

ne R, — omip tepts, kH;
R,, — omip ¢opmu, kH;
R,, — XBUIHOBHIA otTip, KH;
R,, — OIIip BUCTYITHUX YaCTHH Koprmycy, KH;
R, — omip mopcTrocTeit, kKH;
R,, — TOBiTpstHUIA omip, KH.
[ pyHTYI0OUKCH HA TEOPil TiAPOANHAMIYHOT MTOAIOHOCTI i MOIENIOBAHHS PYXy CYIHA,
PO3paxyemMo OITip 3a KIIACHIHNAM PiBHSIHHAM [18]:
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2
v
R=-C2 q, 2
N . 2
ne C — 6e3po3MipHuil KoedilieHT OyKcHpyBaHOTO ornopy, KH;
p — FYCTHHA MOPCHKOI BOIH, KI/M;
v — IIBUAKICTH CyIHA, M/C;
Q — IIOIIA 3MOY€EHOI TIOBEPXHi, M2,
Besposmipuuii koediuient C 3anexuts BiJ po3mipiB i popmu kopirycy, uncen Opyna
(Fr) i Peitronbaca (Re) Ta MiCTHTB B OO CKITa I0BI, aHanorivni g0 piusaas (1) [18].
C=C,+C,+C,+C,+C,+C,,, 3)
ne C, — KoeQillieHT oTopy TepTs;
C,, — KoedilieHT onopy Gopmu;
C,, — Koe(illieHT XBUIbOBOTO OTIOPY;
C,, — Koe(illieHT OTOpY BUCTYITHUX YaCTHH KOPITYCY;
C, — xoe(illi€HT OMopY MIOPCTKOCTEH;
C,, — Koe(IiIlieHT MOBITPSIHOTO OTIOPY.
VY cyyacHiif po3paxyHKOBIH MpPaKTHIll KOE(IIIEHT TEpTS BU3HAYAETHCS 32 TAKUM
Bupasom [18]:
Cr =Cpy + Ce (4)
ne Cp, — KoeQillieHT OMOPY €KBIBaJCHTHOT IVIaJIKOT IJIACTHHU;
Cyo — nob6aBka 10 C,,, siKa JI03BOJISIE BPAXOBYBATH MPOCTOPOBHI XapakTep OOTiKaHHS
KOPIIyCy Cy[Ha, TOOTO MEpeBOJUTH TEPTS IVIaJIKOI IUIACTHHU JIO TEePTsi MPOCTOPOBOTO
Tina (koprycy). 3a3Buyaii 151 1o0aBKka cTaHOBUTH Cp. < 0,05C,, [18].
Sxmo B piBHsHHSX (3) 1 (4) BUOKpemuTH koeditieHt C,, , KoedimieHT onopy Gopmu
C,, 1 100aBKy Cj., TO OTPUMAEMO KOC]IIIEHT 3aIMIIKOBOTO OIOPY:

Cr=C, +Cy +Cpp. ®))
Le nae moxuBicTh popmyiy (3) nepeTBOPUTH O BUIIISAY:
C=Cry+Cr+Cp+C,+C,,. (6)

IcHye moctaTHsi KUTBKICT METOJIB, IO JO3BOJISIIOTh BU3HAYHMTH TUIOILY B MEXKaX
2...4%, po3paxoBaHUX 32 TEOPETUIHUMH KPECIEHHSAMH CyIHA, CEpel SIKUX IS MOp-
CHKHX TPAHCIIOPTHHUX 1 TACAKUPCHKUX CYIICH 3aCIyTOBY€ Ha yBary ¢hopmyna B. Cemekn,
sIKa TICHO KOPEIIOETHCS 3 IPAKTHIHUMH PO3paxyHKaMH IUIOMNII Q 1 ITOIAETHCS Y TAKOMY
Burzi [18]:

Q=1,03LT(2+1,37(Cb 70,274)%, (7)

ne L, B — moexwuHa 1 mupuHa cyaHa, M;
C, — koediIlieHT TOBHOTH KOPITYCY.

VYHiBepcaIbHOTO METOY PO3pPaxyHKy OYKCHPYBAJIBHOTO OMOPY MOKU IIO HE CTBO-
peHo, a/pke BCi Il METOIH MAlOTh PI3HOMAHITHE PO3CiFOBaHHS MOXHOOK. HuHi mmpoke
PO3MOBCIOIPKEHHST OTPUMAIM METOJM HAOIMKEHOTO PO3PaxyHKy OyKCHPYBAIBHOTO
OTIOPY, SKI TPYHTYIOTHCS Ha Pe3yabTarax BHIPOOYyBaHb BEITHUKOI KITBKOCTI MOIEICH
1 peaJIbHUX CYICH KOHKpETHOTO TUITY [18].

Y HOBITHIH TPAKTHIN TPOEKTYBAHHS CyACH BUKOPHUCTOBYIOTHCS TPU OCHOBHI TPYITH
METOIIB PO3PAXYHKY OYKCHPYBaIBLHOTO omopy [18]:

— TIOBHOTO OTIOPY a00 MOTYKHOCTI;
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—  3aJIMIIKOBOTO ONIOPY 200 XBUIIBOBOTO OTIOPY;

— TepepaxyHKy 3aJHIIKOBOTO OMOPY 3 MPOTOTHUITY.

Metoau, mo ytBopiotoTh nepmry rpymy ([lammens, Eitpa, agmipanteiicbkux Koe-
¢imienTis, JlaficoHa Ta iHIIi), BOJIOAIIOTH HAMEHIIOK TOYHICTIO 1 3a3BUYall 3aCTOCO-
BYIOTBCSI Ha TIOYATKy MPOEKTYBaHHsA. J[o qpyroi Tpynu BiTHOCATH CEPir0 JTOCIiIKSHb
SInoHckkoi cymHOOyMiBHOT acomialii, [HcTutyTy cynnoOymyBanus (Tokio), Tefinopa
Ta iHII, SKI MAlOTh BHCOKY TOYHICTBH IOJO PE3YJbTaTiB HATYPHHUX EKCICPUMEHTIB.
Tpers rpyna (Iipca, [lyOpoBiHa) moenHye MeTou BUIIPOOYBaHb Cy/lEH 3 OJM3bKHUMHU
3HAUEHHSIMHU OOBOJIIB MI>K IIPOTOTHIIOM 1 CYZTHOM, 110 IPOEKTYEThes [18].

Jns BuzHadeHHs KoedilieHTa OyKCHUPYBaJbHOTO OIIOPY BHKOPHCTAEMO JIOCIi-
JUKEHHSI, 110 TPYHTYIOTBCSI HAa METOJAX JAPYroi IpyIu, JJisl SIKUX XapaKTepHE 3acTo-
CYBaHHS PO3JIIJICHHS OMOPY KOPITYCY Ha OIIp TEPTS 1 3aJIUIIKOBE TEPTS, 10 KIJIbKICHO
BiJI0OOPaKAETHCS KOCPII[IEHTOM:

Cr =Gy (Cb) kL/BkT/B > (8)
ne C,(C,) — 3HaueHHs KoedillieHTa 3aJMIIKOBOIO ONOpPY CyAHA-TNIPOTOTUILY CTaHJApT-
HOI cepii [ 18], sikuil BU3HAYA€THCS 32 KOHKPETHUMH 3HAYCHHIMH Koe(illieHTa MOBHOTH
C, 1uucna Opyna;

k,,; — Koe(ilieHT BILIMBY HEBIANOBIIHOCTI BiHOMIEHHA L/B 11 CyJHA, AK€ MOJEPHI-
3y€ThCSI, 1 CylHA CTAaHAAPTHOI cepii MacaXKMPChKHUX CYy/ICH;
ky,; — KOe(ILIE€HT BIUIMBY HEBIANOBIAHOCTI BilHOIIEHHs 1/B ISl CyaHa, AK€ MOJEPHi-
3y€ThCsI, 1 CyIHA CTaHAAPTHOI cepii MacaXKUPCbKUX Cy/ICH.

3 oy Ha TypOyNEHTHHH XapakTep (PeXHM) pyXy PiIMHH HaBKOJIO €KBiBaJeHT-
HOI MO BiJJHOILIEHHIO JIO 3MOYEHOI MOBEPXHI MPOEKTHOTO CyaHa OOIPYHTOBAaHO 3aCTO-
cyBanus ¢popmynu [panansa-InixTunra [18]:

0,455
Crp=——>=, 9
Fo (lgRe)z’Sg ©)

ne Re —uuncio PeitHonbaca, Re = vL ;

v — HIBUJIKICTh CYJIHA, M/C; v

v — KiHeMaTH4yHa B’A3KiCTh MOPCHKOT BoaH, v =1,61-10° m?/c;
L — noBxxuHa cyqHa, M.

s BU3HAUCHHS BEJIMYMHU Han0aBoK C,, IO BPaxOBYIOTh OIMip HIOPCTKOCTEH,
i koedilieHTIB ONOpy BUCTYMHUX 4YacTWH C,, BUKOPUCTaHO PEKOMEHJalii, MojaHi
y Tabm. 1,4. i radn. 1,5 [18]. KoediuieHT BIIMBY OMOPY MOBITPSi BUOMPAETHCS 3TiIHO
3 pekomeHpaiisivu [18].

OniHka BIUIMBY 301/IbIICHHS JOBXKUHU Cy/IHA!

L=1L +AL,
ne L, —odaTkoBa JOBKUHA CY[HA, M;
» [ — po3Mip MMITIHAPUIHOT BCTABKH, HA SKY 30UTBIIATHCS CYTHO, M.

Taky oLiHKY IPOBEAEMO, CIUPAIOYNCh HAa BUKJIAICHUH ITOIEPEIHBO METO, AJIs KPY-
i3HMX CyJeH, 110 € NePCHEKTUBHUMH 1 Oi3HEC-IpHBAaOIMBUMH KaHAWAATAMU AT IIPO-
BEJICHHS POOIT 3 pO3MipHOI MOJIEpHI3aIIii:

“PrideofAmerica” (2005p.,IMOHuoMep9209221), noxxkuna L=287,49 M, moBxuHa
MIX TIePIeHIUKYISIpaMU pr=259,1 M, mmpuHa B=32.2 M, ocanka T=8,0 M, rpocTon-
Haxx GT=80439 gt, BomoToHHAXHICTHE V=454000 T.
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“Seabourn Odyssey” (IMO nomep 9417086), nopxuna L=198,15 M, noBKxuHa
MIXK MEPICHIUKYIISIpaMU pr=169,1 M, mmpuHa B=26,0 M, ocanka T=6,6 M, TpOCTOH-
Haxk GT=31650 gt, BomoronHaxuicTh V=10000 T.
JocmipkeHnst O0yKCHPYBaIBHOTO OMOPY R i3 3aCTOCYBAHHSAM PO3IIISIHYTOTO METOY
3MICHIOBAIOCK JIUIS TAaHUX CY/ICH, Ha TPUKIAJ SIKUX MPOTIOHYETHCS MTPOBECTH MOJEP-
HI3allio.

R, KH

1100,00 1+DR/Ro

800,00

500,00

200,00 € 1
10 13 16 19 Vs, By3n 1 1,1 1,2 1+AL/Lo

——Ll=0m ——L=10m ——1L=20m —*—L=30m —=—10 By3nis —i— 14 By3nis

—o—|=40m ——L=50m ——L1=60m —e—L=70m —— 18 By3nis —x—22 By3nis

a) 6)

Puc. 1. Pezynomamu 00cnioxnceHHs:
a) bykcupyesanvrozo onopy R natinepa “Pride of America” npu 11020 no0osicenHi

0) 8ioHOCHO20 OyKcupysaivbHoeo onopy R =1+ AR/ R, natinepa “Pride of America”
3AN1eAHCHO 8I0 3POCMAHHSA 11020 8IOHOCHOT Oosdcunu L =1+ AL/ L.

R, kH
1200 1+AR/RO

1000
800
600

400

200 € 1
10 13 16 Vs, By3nu 2 1 1,1 1,2 1+AL/LO
—a—10 By3nis —s—14 By3nis

—=—=10m ——L=0m ——L=20m
——1=30m ——L[=40m ——L=50m —=—18 By3nis —%—22 By3nis
——L=60Mm —e—L=70m

a) 6)

Puc. 2. Pezyremamu docnioicenns.
a) oykcupysanrvroco onopy R aaiinepa “Seabourn Odyssey”
npU 11020 ROOOBICEHHT HA GENUUUNY 6CINABKU,
0) 6ionocHO20 OyKCupyeanvbio2o onopy R =1+ AR/ R, natnepa “Seabourn Odyssey”

3AN1eAHCHO 8I0 3POCMAHHA 11020 8IOHOCHOT Oosdcunu L =1+ AL/ L.
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3 HaBe/leHUX rpadikiB BUILIMBAE, 110 HA MBUAKOCTIX cyaHa 10...14 By3iiB ToBKUHA
3 KOHKPETHOI BCTABKOKO HE MA€ ICTOTHOIO BIUIMBY Ha 3arajbHHUU OMip CyaHa. 3 Imij-
BUIICHHSM IIBUAKOCTI Bij 16 10 22 By3JiB BIUIUB 301IBIICHHS JTOBKUHHU CyJIHA CTa€E
nmoMiTHUM: omip 30unbinyeThest Ha 150 kH 1 100 kH Binnosiguo (puc. 1 4 i puc. 2 b), 1o
3YMOBJIHO€TBCS 30UTBLUIEHHAM ONOPY TEPTA R i XBUIILOBOTO OTOPY R,

[Mopsin 3 mpeacTaBIeHHSIM PE3yNbTaTiB PO3PaxyHKIB ONOPY R B 3BUUaitHOMY (opmarTi
B a0COJIFOTHUX 3HA4YCHHsIX puc. 1 K 1 puc. 2 5 J0UIIBHO JTOJATKOBO JOCHIIUTH BILIHB
301IbIICHHS IOBKHUHM cynHa L =1+ AL / I, Ha 306inbIIeHHs OYKCUPYBAJILHOIO OIOPY
R=1+AR/ R, y BIIHOCHUX KOOPJMHATAX, JI€ AR — NPHUPICT CUIK OTIOpy, R, — movar-
KOBE 3HAUCHHSI OTIOPY, 10 BIJMIOBIA€ JOBKUHI CyJHA JI0 NMOJAOBXKeHHs [, . [padikamu
puc. 1 51 puc. 2 5 npouItocTpOBaHO, 110 TPHU IMIBUAKOCTI X0y 22 BY3JIH TOAOBKCHHS
cynHa (B yUCeNbHUKY “Pride of America”, B 3HaMeHHUKY “Seabourn Odyssey”’) Ha:

— 5% npusBese 10 30ibIIeH s onopy Ha R =1+ AR / R, Ha 2,5% / 3,9%;

— 10% — 3pocranns onopy Ha R=1+AR / R, Ha 5,5% / 6,9%;

— 15% — 3pocranns onopy Ha R=1+AR/ R, na 8% / 10%;

— 20% — 3pocTanns onopy Ha R=1+AR/ R, Ha 11% /14%;

— 25% — 3pocTanns onopy Ha R=1+AR/ R, na 13,5% /16,5%;

— 27% — 3pocTanns onopy Ha R=1+AR / R, na 15,0% / 18%.

3i 30UIBIICHHSIM MBHIKOCTI Cy/IHA Y CTPYKTYPi IIOBHOTO OTOPY 3TiTHO 3 PIBHIHHIM

(2) 3pocTae yacTka XBHIBOBOTO ONOPY MPY CHHXPOHHOMY 3MEHIIICHHI B si3KicHOTO [21].

laponuHamMiuHa €QEKTUBHICTD MPOIYIbCHBHOTO KOMITJIEKCY BiJIIIOBIHO JIO PiB-
HAHHA (1) BU3HAYAEThCSA IPOMYILCUBHUM KOE(DIIIEHTOM 1, , TOMY BasKJIMBO IIPOBECTH
JIOCITIJDKEHHSI, SIK1 14 TyTh MOXKJIMBICTh OLIIHUTH 3MIHH I[bOTO KOC(]IIiEHTa 3aJI€KHO BiJl
301JIbIICHHS JIOBKHUHU CyJHA L=1+AL/ L .

IIpormynbcuBHUE KOeiLi€EHT 1, , TOOTO KoedillieHT KOPUCHOT il MPOIYILCUBHOTO
KOMIIJICKCY, 1[0 BKa3ye Ha e()eKTHBHICTh BUTPATH €HEPTii B HHOMY, PO3PaXOBYEThCS 32
BiJIOMOIO 3aJIeXKHICTIO:

Morop = Me N 5 (10)

Ie 1, — Koe(iLieHT BIUTUBY KOPIIYCY;
n,, — KK/l rpe6HOro rBunTa y BiTbHIH BOI.

Ha nonarkoBy yBary 3aciyroBytoTb cknaanuks piBHsHHSA (10) — KK/I rpeOHoro reunTa
y BUJIbHIHM BOAI 1 KOe(iLiEHT BIUIMBY KOPIIYCY, OCKLIBKHA BOHM 3a3HAIOTh BIUIUBY 3017b-
LICHHS IOBXKHUHH CyIHA, X04a 1 HeormocepeakoBaHo. Lle 3yMOBITIOe MpoBeACHHS aHAITI3Y.

KoediuienT BIumMBy Koprycy m, 3 BiANOBIZHUM CTYIEHEM TOYHOCTI MOIEIIOE
CKJIaJHUI XapaKTep riApoANHAMIYHOI B3a€MOJIi KOPIYCY, TBUHTA Ta JBUTYHA 1 BU3HA-
94aeThes piBHSIHHM [16; 18]:

1 1-1
_ 11
W (an

ne iy — KOC(QIIIEHT BIUIMBY HEOJHOPIIHOCTI MMOIMYTHOIO TOTOKY, 10 IPUHAMAETHCS SIK
ip =1 [18];
t — KOeQIIIEHT 3aCMOKTYBaHHS;
W, — xoe(ilieHT po3paxyHKOBOTO TIOIMYTHOTO MTOTOKY.

SIK CBITYUTH KOHCTPYKTOPCHKA 1 JOCIIIAHHUIIbKA PAKTHUKA IPOEKTYBAHHS TPAHCIIOPT-
HUX 1 MACAKUPCHKKUX CYJICH IIPU BU3HAYCHHI KOCQIIEHTIB T1pOANHAMIYHOT B3aEMO/IIT
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Ne, t, W, 1 iy, X OTpUMYIOTb 33 JaHUMH BUIIPOOYBaHb, 10 311HCHIOIOTLCS B JOCII/I-
Hux OaceliHax [18]. Ha crazii mpoexryBanHsi a00 MozepHi3alii MOXKHA 3aCTOCOBYBATH
3aJIe)KHOCTI, OTPUMaHi 3a pe3yJabTaTaMd CTaTUCTHYHOT OOpPOOKHM BEIHKOI KiJIBKOCTI
JOCHITHUX JaHUX cepii Mojesel pi3HUX TUMIB cyneH. [ TpaHCopTHUX 1 macaxup-
CHKUX CyleH 3 BOMa FBUHTaMHU BUpa3 Ul BU3HAueHHA KoediuieHTa W, Mae Takui
Burian [18]:

W, =0,09 +0,14(C, - 0,50), (12)
ne C, — KoedillieHT TOBHOTH KOPITyCY CYTHA.
VY poboti [4] mpoBeneHi TPYHTOBHI TOCIHIHKEHHS IIO/I0 BIUIUBY 3MiHU JTOBKHHHU

Cy/lHa Ha TEOMETPHUYHI KoeillieHTH KopITycy. BukoprucToBytoun qany METOANKY, BU3HA-
YMMO 3aKOHOMIPHICTh 3MiHM Koe(iuienTis C, Ha NPUKIal 3rafaHux CyaeH (puc. 3).

Cb
0,8
0,7 /"’,‘

0,6

0,5

[EnY

1,1 1,2 1,3 1+AL/LO

Puc. 3. 3anescnicmo xoegiyicuma nognomu kopnycy C, 8i0 3MiHu 8iOHOCHOT 008IHCUHU
cyona (0na cyona “Pride of America” — eepxuiii epaghix, 0nsa cyona “‘Seabourn
Odyssey” — nucniii epagix)

3 oIy Ha JOCHTIHKEHHS, BioOpakeHe Ha puc. 3, po3paxoBaHO 3a (HOPMYIIOIO
(12) 3nayenns koediuientiB W, i W, (koe(illieHT BiIHOCHOrO 3pOCTaHHs) IPH MOI0-
BXKEHHI cyzeH (s naiinepa “Pride of America” W, 3poctae B 1,08 pasa, 1iis naiinepa
“Seabourn Odyssey” — B 1,2 paza).

I[J'IFI BU3HAYCHHSA KOC(i)iL[i€HTa 34aCMOKTYBaHHA BUKOPHUCTOBYETHCA TaKa (bOpMyJ'IaZ
£=0,15+0,53(C, - 0,50) + 0,55(K , - 2), (13)

ne K,, — koediieHT HaBaHTa)KCHHS TPeOHOTO TBHHTA 3a TATOIO, IO PO3PAXOBYETHCS

3a MAPOKOBIIOMOIO PiBHICTIO:
p
KDE = VDe« T o
\ 7,

ne D, — niameTp rBUHTA, M;

p — FYCTHHA MOPCHKOI BOIH, KI/M?;

T, —rtararsunta, kH; 7, =k, R/ z,,,

k, — eKcITyaraniiina Hag0aBKa, sKa JJisl MacaKUPChKUX CyleH ckianae 1,15.

R — OyKcupyBaJbHHH OIIp, 110 BU3HAYAETHCS 3a AiarpaMaMu, 300pakeHMMH Ha puc. |
i puc. 2.
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3HAYCHHS TATU TBUHTA 7, , 10 3MIHIOETHCS MPH TOJOBKEHHI elekTpoxona “Pride
of America”, 3naxomuthes B iHTepBaii Bijg 551 kH g0 632 kH 1 BinnosigHO KoediiieHT
iru K, —Bix 2,730 1o 2,549; nnst enexrpoxona “Seabourn Odyssey” 1€ BUITIAAAE TAKUM

guaoM: T, — Big 282,5 kH no 334,1 xH i koedittient tiru K, — Bix 2,929 1o 2,693.

WT
2
013 M7 L

1,16

0,12
1,12

0,11
1,08
01 1,04
0,09 1

1 1,1 1,2 1+AL/Lo 1 11 1,2 1+AL/Lo

—a— Seabourne odissey —e—Pride of America
~e— Seaborne Odissey —o— Pride of America

a 0
Puc. 4. Baue noodosoicenns cyoen na Koeiyicum po3paxynkogo2o HONYmMHO20 HOMOKY:
abconiomue snavenns — A); eionocne 3nauenms — b).

AHai3 po3paxyHKiB KOeilli€HTy 3aCMOKTYBaHHS ¢ (PHC. 5) TO3BOJIUB 3pOOUTH TaKi
BHCHOBKH: ()YHKIIisI, TIIO0 BU3HAYAE IeH Koe]iIieHT, 3pocTae 31 3pOCTaHHIM JTOBKHUHHU
cynHa (30UTBIIEHHS IMITIHAPAYHOI BCTaBKH AL ), IO 3YMOBJIEHO OUTBII CTPIMKHUM
3pPOCTaHHAM KOE(DIMIEHTy TTOBHOTH KOPITyCY TOPIBHSIHO 31 3pOCTaHHAM Koe(DimmieHTy
Tsaru rBUHTA (piBHAHHSA (13)). [Ipn po3mipumii monepHizarii “Pride of America” xoe-
¢imient ¢ mpwitmae 3HadeHHs Bix 0,279 mo 0,305, BigHOCHUIT KoedimieHT ¢+ — Bix 1,0
1o 1,1; po3paxynku mist “Seabourn Odyssey” BUTISIAIOTH TaK: KOSPIIIEHT ¢ MpUHMaE
3naueHHs Bix 0,220 o 0,279, BimHocHuit koedirient ¢+ — Bix 1,0 mo 1,264.

Xapakrtep 3MiH KoeQilli€eHTy BIDTUBY KOPIYCY 1, , 0 BU3HAYAETHLCS piBHSIHHSAM (11),
TP MOTO TIOJOBKEHHI TTOKa3aHo Ha puc. 6. KoedimieHT n, pu MakCHMaIBHOMY ITO/I0-
BXKCHHI 3MIHIOETHCS B TaKWUX MeXax: I JaitHepa “Pride of America” Bim 0,860 mo
0,815; ms maitaepa “Seabourn Odyssey” Bin 0,814 mo 0,801. 3 MeTo10 AKICHOT OIIHKH
CTyneHs 3MiHM Koe(ilieHTiB n, OyJI0 3aCTOCOBAaHO BiIHOCHWH Koe(illieHT n, , 3Ha-
YeHHS SKOTO TIOKa3yIoTh, MO s “Pride of America” BiH 3MeHIUBCA Ha 2,7%, a it

“Seabourn Odyssey” —na 5,5%.

t
0,320 1,300

0,300

1,200
0,280
0,260

1,100

0,240

0,220 1,000
1,000 1,100 1,200 1+AL/Lo 1,000 1,100 1,200  1+Al/lo

—o—Seaborne Odissey ~—e—Pride of America —a—Seaborne Odissey —e— Pride of America

a o
Puc. 5. Brus nodosoicenns cyoen na koe@iyicHm 3acCMOKMYBAHHI: AOCONIOMHE
3HAYeHHs — a); BIOHOCHe 3HaAYeHHS — 0)
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Nk Mk

0,870 1,000

0,850
0,980

0,830

0,960
0,810 \\
0,790 0,940
1,000 1,100 1,200 14AL/LO 1,000 1,100

1,200 1+AL/Lo

—o—Pride of America  —e—Seaborne odissey —8—Pride of America —e—Seaborne Odissey

a o
Puc. 6. Pezynomamu po3paxyHky xoeqhiyieHma 6niugy KOpnycy 3a1eiCHo 6i0 GIOHOCHOT
0082ICUHU CYOCH. aDCONIOMHE 3HAYEHHS — @), 6IOHOCHEe 3HAUeHHS. — 0)

Kot
2,600

2,400

2,200

2,000
1,000 1,100 1,200 1+AL/Lo

—a—Pride of America  —e—Seaborne Odissey

Puc. 7. 3nauenns xoeghiyienma nasanmaosicenms 26uHma no ynopy
3A1€IHCHO 8I0 00BIHCUHU CYOHA

Koedirient kopucHoi il TBUHTA y BUIBHIN BOJII BU3HAYAETHCS 32 JIOCIIIKCHHSIMH,
SIKI TIPOBOJISATHCS Y CIIEI[iali30BaHUX JOCTIIHUIBKAX OaceiHax, 3a pe3ylbTaTHUMU
SIKMX OYIYIOThCS JliarpaMH PO3paxyHKy I'peOHUX TBUHTIB. 3BUYail BOHH pO3poOs-
I0TBCs B KoopauHarax J-K, — BigHOCHa Xoza, koediuient ynmopy. B niarpamax J-K,
SIK TIPOMIKHHUH apryMEHT 3aCTOCOBY€EThCSI KOe(iI[iEHT HaBaHTaKEHHsI TPeOHOTO TBHHTA
1o ynopy K,, 3a KJIaCHYHUM PiBHSIHHSM:

KDT :VADe“ T/pz 5

ae V, —nocTynajibHa MBUJAKICTE TBUHTA, M/c, V, = 0,515V, (1-W,);
D, — niaMeTp TBUHTA, M;

T — ynop rpedHoro reunTa (cymapuuii), 7 =R, / (1-1);

Z,, — KUIBKICTb TPEOHHUX TBUHTIB.
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I'padivna 3ajeKHICTD, IO BiJJI3EPKAIIIOE BIUIMB MTOJOBKEHHS CYJICH Ha 3MiHYy 3Ha-
YeHb KoeilieHTy K, MOKa3aHa Ha pHc. 7, 3TiHO 3 II€I0 3AJICKHICTIO 32 MAKCUMAITh-
HOTO TIOJIOBXKEHHS IIei KOe(iIlieHT 3MEHITYEThCs Ha 8,4%.

Sl 3a3Ha4anock panime, koeinienT K, Ha miarpamiJ-K BHCTyNae apryMeHTOM,
o BuzHadae KK/ rBuHTa Y BUTBHIN Boai n,, . Ha naitnepi “Pride of America” BcTaHOB-
nieHi reuHTH BUpoOHUITBa Kamewa/Alstom (cepii B-4). ['BunTH 1i€i cepii Oysiu Bumpo-
Oysani B [omtanacekomy nociigHomy Oacetini [19]. Jlaiinep “Seabourn Odyssey”
obnasHaHo rBUHTaMu cepii Tpocta BupoOHUITBa Wartsila.

3a miarpamamu BKa3aHoi cepii 3 ypaxyBaHHSM JaHUX HA PUC. 7 BU3HAYAIOTHCS KOe-
(hilieHTH KOPUCHOT JIii TBUHTIB y BUIBbHIN BOJII, HA SKi BIUIMBAE 30UIBIICHHS JTOBKUHU
cynHa (puc. 8 A). Bignocumit KK/ 7,,, 04eBHHO, 3MEHIITY€THCS TIPU 3pOCTaHHI Bifl-
HOCHOI 1oBkMHU L =1+ AL / I, Ha25%: na 19% nns “Pride of America” i na 23% nns
“Seabourn Odyssey”.

[MpoBeneHunit momnepeHbO aHAI3 BiJIKPUB MOXKIIUBICTB JIOCHIIATH XapaKkTep BIUIUBY
30UIBIICHHS IOBXHHHU CyJJHA Ha 3HAYEHHsI TPOMYJILCUBHOTO KOC(illiEHTY, 1110 BU3HAUa-
€Tbest 3a piBHAHHAM (10). OyHKIIS, 10 OMUCYETHCS MM PIBHSIHHSIM, € CIIaJJHOIO HElli-
HIHOI (DYHKI€I0 Y BCbOMY Jiana30Hi 3HaYeHb 3MiHu aprymenty L=1+AL/ L.

MNrs e

0,70 1,000
0,60 0,900

0,50 0,800

0,40 0,700
1,000 1,100 1,200 1+AL/Lo’ 1,000 1,100 1,200 1+AL/Lo

—a—Pride of America —e—Seaborne odissey —e—Pride of America  —e—Seaborne Odissey

a 0
Puc. 8. Pezynemamu eusnavenns koeghiyicuma Kopuchoi 0ii epebnoeo 2eunma
3a71eXHCHO 610 30iMbLUenHs 8I0HOCHOT 006xcuny cyona L =1+ AL/ L, : abcontomne
3HAYeHHs — a); 8IOHOCHEe 3HaYeHHs — 0)

B inrepBami 1,0 < L=1+AL/ L, <1,1 BiZTHOCHHI TPOIYILCHBHUI KOEIlli€HT st
“Pride of America” 3MeHnyetbcst Ha 5%, s “Seabourn Odyssey” —Ha 7%. Y HacTyn-
HoMY iHTepBaii 1,1 < L =1+AL / L, <1,25 BiAHOCHHI MPOIYJIbCUBHUI KOeDIillieHT 1ist
“Pride of America” 3menuyetbes Ha 22%, nis “Seabourn Odyssey” —ua 27%. 3 nanux
pe3ynbTaTiB BUILUIHBAE, 110 301IbIIEHHS JOBKUHA Ha MoHaM 15% Bif mO4aTKOBOI MpH-
3BOAMTH JI0 CTPIMKOTO TIa/IiHHS MIPOMYJIbCUBHOTO KoeditieHTy (puc. 9 4, b).

PiBrstHHS X0moBOCTi (1) B poboTax [1; 4] po3nIsamacTbes Tk OOMEKESHHS ITPH BUPITIICHH1
ONITUMI3aIiHHOI 3a1a4i BU3HAYEHHS PO3MIpy HMITIHAPUIHOI BCTABKU AL . Y 3B’SI3KY 3 UM
piBHsHHS (1) AOIUTHFHO 3aIMcaTH Y BUTIISAI, B SIKOMY BPaXOBY€EThCSI CITiBBiTHOIIIEHHS TIPO-
MYJIECUBHOI IMOTYXXHOCTI P, 1 TOTYXHOCTI TOJIOBHUX JABHUTYHIB ZP,; :

P, 1

LI (13)
Zl)ME npmp ne nred
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prop U}

0600 (1 1,000 gt

0,500 0,900

0,400 0,800

0,300 0,700

1,000 1,100 1,200 1+AL/L0 1,000 1,100 1,200 1+AL/LO
—o—Pride of America —e—Seaborne Odissey —a—Pride of America  —e—Seaborune Odissey
a o

Puc. 9. Pezynbmamu eusnauenHs nponyibcugHo2o Koeqiyicumy
3A1eHCHO 8i0 30iNbUeH s BIOHOCHOT 008dcUHU CYOHa L=1+AL/ L :
abconiomue 3Ha4eHHs — @), BIOHOCHe 3HaAYeHHS — 0)

Take mofaHHs PIBHSHHS XOJOBOCTI BIIKPUBAE MPOCTIp ISl aHATI3y BIUIMBY BEIH-
YMHU 30UTBIICHHS JOBXHHU Cy[IHAa Ha NPOIYJbCHBHY IOTYXHICTh 1, HaBIAKH, MPH
3aJlaHiil MOTY)KHOCTI zP,, MOXXHa 3a0€3MeUYNTH MPUHHATHUN PO3Mip BCTABKH 1 Cy[IHA
B LIIIIOMY NpH 3a0e31e4YeHi MPOEKTHOI eKCIITyaTaliifiHo1 motyHocTi. 3 rpadika (puc. 10)
BHITIMBAE, IO JJIs eNeKTpoxoaa “Pride of America” Touka nepeTuHy KpUBOi BiTHOCHOT
MIPOIYICUBHOT TTOTYXKHOCTI 1 BIJIHOCHOI ITOTY>KHOCTi TOJIOBHUX JIBUTYHIB Ma€ TaKWH
BUIIIIL: y = P, = 1. s Touka nmepetuny (puc. 10) BU3HAYAE rpaHUYHY JOBKUHY CY/IHA:
L=1+AL/ L, =1,09, 3a KOl BCTAHOBJIEHA MIOTYKHICTH TOJIOBHUX JIBUT'YHIB 3a0€311euye
MaKCHMaJIbHY eKCIUTyaTaliiHy IBUAKICTE CyaHa V, = 22 By3nu. MipKyBaHHS B aHAJO-
riuHui cnocibd mozno enexkrpoxona “Seabourn Odyssey” N03BOIISE 38 TOUKOIO IEPETUHY
BiJIHOCHOI TPOMYJILCUBHOI MOTY>KHOCTI 1 BITHOCHOI MOTYKHOCTI JBUTYHIB BiJHAWTH
IrpaHUYHE 3HAYCHHS BiJIHOCHOI JAOBKMHM CyAHA MijJ yac MPOBEACHHs HOro KoHBepcii
(po3mipnoi MozepHizartii): L =1++AL / L, =1,15. Jlani Oy/ae BU3HAYEHO PO3MIp LHITiH-
JPUYHOI BCTaBKH.

Pe/(zPwe)

1,400

1,200

1,000 /

0,800
1,000 1,050 1,100 1,150 1,200 1,250 1+AL/Lo

=—t— Pride of America em—mm= [1ACMOPTHA MOTYXKHICTb ABUTYHIB
—o— Seaborne Odissey

Puc. 10. 3anesxcnicmo nponynocuenoi nomysicnocmi (y 6i0HOCHUX 8EIUYUHAX) CYOeH
810 00diCUHU CYOHA (Y GIOHOCHUX BETUYUNHAX)
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[TpoBeseHi TOCTIKSHHS T03BOJIATh 3IHCHUTH TICBHI y3arajabHeHHs. [1o1oBKeHHS
Cy[lHa TIPU3BOAMTH JI0 301IBIICHHS MTPOMYJIBCHBHOT TIOTYKHOCTI. 3a TIEBHUX YMOB PiB-
HSIHHS XOJIOBOCTI HE CTa€ CIPABEIJIUBUM, CIIPUUMHIOE JJIs TPOEKTYBAJIBHHUKIB TaKi Jil:
3aJIMIIATH HAsBHY MPOMYJBCHBHY YCTaHOBKY, ajie 31 3MEHIIEHHSM IIBUKOCTI Cy/IHa,
a0o0 MPOBECTH 3aMiHy MPOIYJILCUBHOI YCTAHOBKH (JIBHUTI'YHIB, IpeOHUX T'BHHTIB, BaJoO-
MPOBOJIIB, MIMITHUKIB 1 MydT). BoueBH/Ib, 3 ypaxyBaHHSIM JIy’KE BEIMKOI BapTOCTI
00J1aTHaHHS Ta MOHTa)KHUX POOIT MEPIIUil BapiaHT € MPIOpUTETHUM. TaKuM YMHOM, 32
MIEPIIUM BapiaHTOM BHJIUISIETHCS JBA TUIH 3a1a4 (puc. 11):

1) 3a po3paxoBaHOK MPOMYJIbCUBHOIO MOTYKHICTIO BU3HAYAETHCS T'PAHUYHE 3HA-
YeHHS BiJHOCHOI JOBXKHHU CymHa: X, =1, =1+AL /L,, 32 AKOro 3a0€3IedyeThCs
NpoeKTHA (MAcopTHA) MBHUIKICTH cyiHa V, =22 Byznu (puc. 1,11). fAkmo Benmunna
x, = L, =1+ AL / L, GyJie HENOCTATHBOKO, HE B TIOBHIM Mipi y3ToIKyBaTHMETBCS 3 METOKO
MojiepHizaiii [1], TO CyIHOBIACHUK MOXXE MPUHHITH 3BaXKCHE PIILICHHSI, KEPYIOUUCh
EKCIIEPTHUMH OIIHKaMHU, III0JI0 3MEHIIIeHHs mBUAKocTi V,. [Ipu npomy rpaHuyHi 3Ha-
YCHHsI BIJIHOCHOI JIOBXKHHHU CYy/IHA OyayTh 301IbIITYBATHCh: KpUBI 2, 3, 4 1 BIIMOBIIHI iM
sHa4eHHs x, =L, =1+AL /L, x,=L =1+AL /L, x, =L, =1+ AL, / L, npu Biamno-
BiJJTHOMY 3MeHIIeHHi V, (puc. 11);

2) 3aMPOMNO3HIIIEI0 CYTHOBIIACHUKA BCTAHOBIIOETHCSI KOHKPETHE 3HAUCHHST JJOBKUHH
cymHa x = L =1+ AL/ L, 3a IKUM BU3HAYAKOTHLCS BIMOBIIHI BETMYUHHI — OIIIp, HOTYX-
HICTh 1 IBUAKICTH cyaHa (puc. 11).

Pe/(z Pwe)
1 5
2
1,2 s 3
= 4
1,0 — :
I
I
08 X1 ¢ X4
X X2 X3
1,0 11 12 1+AL/Lo

Puc. 11. Buznauenus epanuunoi 0082icunu cyona 3a Kpumepiem Xo0080Cmi.
I — gionocna nponynbcusra nomydxicricmo cyona 3a wieuokocmi V=22 eysuu;
2 — 6I0HOCHA NPONYILCUBHA NOMYIICHICMb CYOHA 3a weudkocmi V =216yson,
3 — 6I0HOCHA NPONYILCUBHA NOMYIICHICIb CYOHA 3a weuokocmi V =20 eyznis;
4 — 6i0HOCHA NPONYTLCUBHA NOMYICHICMb CYOHA 3a weuokocmi V =19 eyznis;
5 — gionocHa nomyscHicmb 20106HUX 0BUSYHIB,
6 — 6I0HOCHA NPONYILCUBHA NOMYIICHICIb CYOHA, WO 3a0e3neuye weuoKicns V
(3a 3a0aH010 00BAHCUHOTO)

BucnoBku. Y pganiii poOOTi NPOBEACHO OIIHKY MPOIYITbCUBHHUX XapaKTEePUCTUK
MACaXUPChKUX CyJeH y pa3i iX po3mipHOi MojepHizallii, Mo 3AIHCHIOETHCS MUIIXOM
JIOaBaHHS LMTIHAPUYHOI BCTABKH JI0 1X KOPITyCy, sSIKa POBOIUIIACH HA TIPUKJIaIi JIaki-
HepiB “Pride of America” i “Seabourn Odyssey ™
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1) mocmiKeHo 3aleKHICTh OYKCHPYBAILHOTO OTOPY Bij HIBHJKOCTI Ta BiIHOCHOT
JOBXUHU Koprycy. [TokazaHo, 1o npu Woro moaoBxkeHHi Ha 27% omip cyleH 3pic Ha
15% 1 18%;

2) BU3HAYEHO SIKICHI 1 KUTBKICHI 3MiHU 3Ha4€Hb KOS(ILIEHTIB TiAPOIMHAMIUHOI B3a€EMO-
Jlii — 32CMOKTYBaHHS 1 ITOITYTHOTO TIOTOKY, iX Bary B CTPYKTYpi KOC(illiEHTY BIUIMBY KOPITYCY,
SIKI 30UTBIIHIINCE Ha 2,7% 1 5,5% BIAMOBIIHO 10 MAKCHMAIILHUX 3HAYCHD TTOIOBKEHHS,

3) BCTaHOBJIEHO, IO 3HAYCHHS KOSQIIIEHTIB KOPUCHOT JIii IpeOHUX I'BUHTIB y BiJlb-
HIil BOJII BKa3aHUX CYJIEH (IS TaHUX Cepiii 1 BUPOOHUKIB) 3MEHIYIOThCs Ha 22% 127%
BIZIMOBITHO NIPY MaKCHUMaJbHOMY TMOJOBKEHHI KOPITyCy MOPIBHSIHO 3 MOYaTKOBHUMH X
3HAUCHHSMMU;

4) moCIiDKEHO MPOMYIILCUBHI KOe(DilliEHTH JIAHEPIB Y CUCTEMI «TBHHT — JIBUTYH — KOP-
IyC», 10 PO3PAXOBYIOTHCS 3aJICKHO BiJI BEJIMYMHK BIIHOCHOTO TTOJIOBKEHHS KOpITyCy. 3a
MaKCHMAJTbHOTO MTOJIOBKCHHSI 3HAYCHHS 1TMX KOe(DIIliEHTIB 3MeHIITy oThes Ha 21% 126% (st
KOKHOTO CY/IHA) TIOPIBHSIHO 3 KOPITyCaMU TTOYaTKOBOI IOBKHHIL.

5) 3ampornoOHOBaHO HOBY (OPMY pPIBHSHHS XOJOBOCTI, sIKe TPEACTABISETHCS
y BIIHOCHUX OJMHUIIAX, 1110 BIJIKPUBAE MOXKJIUBICT /I 0€3M0CEPEIHLOTO BU3HAUCHHS
JOBKUHU KOPITYCY 1 IAJIIHIPUYIHOT BCTABKHU 32 BIHOIICHHSM MPOMYILCUBHOT MOTYX-
HOCTI Ta MOTYKHOCTI TOJIOBHUX JIBUT'YHIB;

6) pEKOMEHJIOBAaHO BUPINIYBaTH Ha 0a3i KPUBHUX BIHOCHOT NPOIYJIbCUBHOI MTOTYX-
HOCTI JiBa THUIMH 3a1a4 (IPSMHUX 1 3BOPOTHIX): MEpIIUi (TIPSMHIA) MTPONIOHYE MOKPO-
KOBO BU3HAUaTH JOBKHHY BCTABKH BiJIOBIJHO JIO CIIPOMOXKHOCTI 3a0€3MeUnUTH HE0O-
X1JIHy IIBUJKICTB CYy/IHA, IPpyTUil (3BOPOTHIN) nependavae 1yisi KOHKPETHOTO 3HAUCHHS
JOBXKUHU BCTAaBKH (JIOBXHMHHU Cy/IHA) MOXJIMBICTh BU3HAYCHHS BiJINOBITHOTO 1i 3Ha-
YeHHs1 OyKCHUPYBaJbHOTO OIOpY, Yepe3 sKke Oy/le 3HaiIeHO MOXKIHMBY HIBHJIKICTH 3a
BCTAHOBJICHOIO TTOTY>KHICTIO TOJIOBHUX JBHTYHIB.
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Anomauisn

Bemyn. Mopcokuii mpancnopm icmopudno € OCHOGHUM GUOOM MPAHCNOPMY Nio
uac nepeseseHHs MAcoBUX GaHMACie. Y cmammi po3ensioaiomsvcs 3MiHU Y AAHYI02AX
NOCMAYanHs eKCNOPMHUX 8AHMAICIE 3 YKpaitu, wo 6i00ynucsa uepe3 MOpCoKy O10Kady
nopmie, 30kpema y KOHmeKcmi (ppaxmosoeo puHKy cyOeH npu nepee3eHHi 3epHO8UX
sanmaoicie. Mema — npoananizysamu 3miHu y ppaxmosomy pumky, wo 8i00yaucs 3d
nepioo 2022—-2023 pp., eukopucmos8yiouu Memoo auaiizy cmamucmudHux 0aHux uwooo
pisHs ppaxmosux cmagox ma KilbKICHUX NOKA3HUKIE eKcnopmy 3epHosux 3 Yipainu.
Pesynomamu. Ilicia cyyinono2o nepepusanus 1anyio2i6 NOCMAai4anb 6AHMAIICIE MOD-
CbKUM MPAHCNOPMOM, WO 8CHAHOBIIOANUC decamupiuuamu, y nepui micayi 2022
POKY 5K eKcnopmepu, mak i CYOHOBIACHUKU OOCUMb WUBUOKO A0anmysaiucs 00 HOGUX
peaniti Mopcoroi 610Kkaou. €OUHUMU YKPATHCOKUMU NOPMAMU, U0 eKCIILYaAmY8aIucs y
nepuiomy nigpiuui 2023 poky, oyau nopmu Ismain ma Peni. Cnabkumu Oyau sik nomyasc-
Hocmi 00poOKU cyOen Ha npuyanax, max i nponyckua 30amuicme kanany Cynina, a 320-
oom i I'upna Bucmpe. 3Haune 30i1bUWEHHS NONUNMY HA MOHHAIC PA30OM 3 HAONDOCHOAMU
8 OUIKYBAHHI NOCMAHOBKU Ni0 NPUYAT NPU3BELO 00 CIPIMKO20 Md 8IOUYMHO20 Ni0GU-
wieHHs pieHs (hpaxmosux cmasox 3 nopmis J{ynaro. Ha oanuii momenm cnouamky uepes
pObOMY «3epPHOB020 KOPUOOPY», d 3apa3 MUMUACO8020 MOPCHbKO20 KOPUOOPY Di6eHb
@paxmosux cmasox 3 nopmie J{ynaio nosepuyscs 00 piens 2021 poxy, a ¢ppaxmosuti
punok peciony Benuxoi Odecu nogepnyscsi 00 3a2aibHOPeCiOHAIbHOO Pi6Hs, Xoud i €
SHAYUHO SUYUM 30 PIBEHb (DPAXTNOBUX CIABOK CYCIOHIX NOPMIE yepe3 000AMKO8I pU3UKU
CYOHOBIACHUKIB, AKI NEPEeHOCAMbCA HA paxmysanrvHukis. Bucnosku. Hezsascarouu Ha
NO3UMUBHY MEeHOEHYTI0 WO0O0 8I0HOBNEHHS KINbKICHUX NOKAZHUKIE eKCNOPIY 3ePHOBUX
3 Vkpainu ax mopcokum mpancnopmom max i 6 yiiomy, eKOHOMIUHA epeKmusHicmby
eKcnopmy 3epHosux cuibHo sHusunacsa. Ilokpawenns cumyayii mosxciuse yepes niogu-
Wenns 6e3neK08020 PiGHsl, SIKULL CHPULLMAEIBCS CYOHOBLACHUKAMU, NPOOOBIHCEHHS PO3-
POOKU MeXaHizmMi8 0epicasHo20 CMpPAXy8aHHS CYOeH ma CMEOPEHHS (DILOMY MOPCHKUX
CYO€H, W0 ONepyeEMbCs YKPAIHCOKUMU OEPHCABHUMU CYOHONIABHUMU KOMNAHIAMU K
O0UH 3 BAPIAHMIB 3HUICEHHS GUMPAM eKCnopmepie.

Knwouogi cnosa: 02na0 (paxmosoco punKy, NOPIGHALLHUL AHATI3, eKCHOPI 3ePHO-
BUX, TAHYIO2U NOCMAYAHb, eKCNIYAmayis ¢iomy.
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Summary

Introduction. Historically, maritime transport is the main mode of transport for the
transportation of bulk cargo. The article examines the changes in the supply chains
of export goods from Ukraine, which occurred due to the sea blockade of ports, in
particular in the context of the freight market of ships transporting grain cargoes.
Purpose: to analyze the changes in the freight market that occurred during the period
2022-2023, using the method of analyzing statistical data regarding the level of freight
rates and quantitative indicators of grain exports from Ukraine. Results. After the
complete disruption of the decades-long sea transport supply chains, in the first months
of 2022, both exporters and shipowners quickly adapted to the new realities of the
maritime blockade. The only Ukrainian ports operating in the first half of 2023 were
the ports of Izmail and Reni, and the bottlenecks were both the vessel handling capacity
at the berths and the capacity of the Sulina canal, and later the Girla Bystre canal.
A significant increase in demand for tonnage, together with excessive downtime in
anticipation of berthing, led to a sharp and significant increase in the level of freight rates
from the Danube ports. At the moment, first due to the work of the “Grain Corridor”,
and now — the temporary sea corridor - the level of freight rates from the Danube ports
has returned to the level of 2021, and the freight market of the Great Odesa region has
returned to the overall regional market, although it is significantly higher than the level
freight rates of neighboring ports, due to additional risks of shipowners, which are
transferred to charterers. Conclusion. Despite the positive trend regarding the recovery
of the quantitative indicators of grain exports from Ukraine, both by sea transport and
in general, the economic efficiency of grain exports has greatly decreased. Improvement
of the situation is possible through increasing the safety level perceived by ship owners,
continuing the development of state ship insurance mechanisms, and creating a fleet of
sea vessels operated by Ukrainian state shipping companies — as one of the options for
reducing exporters’' costs.

Key words: freight market overview, comparative analysis, grain export, supply
chains, fleet operation.

IMocranoBka npodiaemu. MopchKi 010Kaau mij Yac BiIHHU SIK IHCTPYMEHT €KOHOMIY-
HOT'O BHCH@)KCHHS IIPOTUBHMKA y CYy4acHOMY PO3YMiHHI 3aCTOCOBYBAJIMCS IIE 3 4aciB
[lepmroi cBiTOBO BiffHM 1 ManK HA METi MEepEPUBAHH JIAHLIOTIB MOCTAYaHHs PeCypciB
SK Ha IMIOPT, TaK i Ha ekcnopT. [IpuknagaMu Takux MOPCHKUX OJI0KaJ MOJKHA BBaXKATH
6nokany Himeuunnu nin wac [lepiuoi cBiToBoi BiitHu, 1110 Oya oqHUM 3 (pakTOpiB BUCHA-
JKEHHS! BICHKOBOI MPOMUCIOBOCTI, Ta Onokany Ipany min yac Ipano-Ipakcekoi BiliHwM,
110 3HU3MJIA KIJIBKICTh eKcropToBaHol HadTv BTpuyi [1]. OcTaHHS TaKOX 3a/IMIIAETHCS
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B icTopii MopchKoro TipaBa 3aBsiku npeneneHty The Kanchenjunga [1990] 1 Lloyd's
Rep 391 110710 BiZIMOBH OJIHI€T 31 CTOPIH Bijl BUKOHAHHS JIOTOBOPY MEPEBE3CHHSI, a CaMe
CYIHO3aXO/y B HEOE3MEeUHHUI TTOPT.

VY xoHTEKCTI YKpaiHu MOpChKa OlTOKaj1a Ma€e Ha METi 3MEHIIICHHSI TPUOYTKIB JIepKaBH
BiJl €KCIIOPTY 3€PHOBHX BAaHTAXIB, PyIH Ta METAJOMPOKATY, III0 CTAHOBHJIM OiJIBIIICTD
EKCIIOPTOBAaHHUX BAHTAXIB, SK UYepe3 3MEHIICHHS TMPUOYTKY uepe3 BHCOKI (paxToBi
CTaBKH 1 OUIBII CKIIQ/IHI aJbTEPHATUBHI NIISXU MEPEBE3CHHS, TaK 1 4epe3 3MEHIIICHHS
(hi3UYHOTO 00CSTY EKCIIOPTY Uepe3 pyHHAIliI0 MTOPTOBOT iHPPACTPYKTYpH.

3a BiJICYTHOCTI JIEP’KaBHOTO MOPCHKOTO (IIOTY YKPaiHCBKi EKCIIOPTEPH IOBHICTIO
3ajekarh BiJl 1HO3EMHHUX CYTHOBJIACHHKIB, $SIKI KOMICHCYIOTh PHU3UKH IIPOCTOIO
Ta TOIIKOKCHHS CYJICH uepe3 00MOoRBI JIii miABUIIEHUMH (JPAXTOBUMHU CTaBKaMu. Y ITik
CHUTYyallil BOKJIMBUM € aHalli3 CUTyallii Ha (paxToBOMY PUHKY PErioHY 3aiiisi BUHOOPY
ONITUMAJILHOTO MAapUIPYTy IMOCTa4aHHs BaHTaXKiB HA CBITOBI pUHKH.

Amnauni3 ocrannix my6Jikaiiii. [IpoGiema HeoOTpUMaHUX PUOYTKIB YKPaTHCHKUX
eKcIopTepiB Yepe3 O0HOBI 1ii Ta MOPChKY ONokany orsnaerbest y crarti H.T. [puniB
ta A.A PasnikoBcekoi [2], O.A. IlleBuyk Ta H.B. 'aiiBanoBu4 [3], a cepelt iHO3eMHHX
aBropiB — Gabriel Fernandes, Pedro Teixeira, Tiago A. Santos (2023) 11010 miJBUILICHHS
BapTOCTI EKCIIOPTYBAaHHS 3¢PHOBHX BaHTaXKiB. OKpiM (haXxoBUX 3BiTiB iIHO3eMHHX (hpax-
TOBUX OpOKEpIiB Ta cTaTell y BUIAHHSX, MyXKe Majo yBard NPUAUISETHCS caMe OISy
(hpaxTOBOrO PUHKY OCTAHHIX POKIB 3 HABEJCHHIM CTABOK 1 MOPIBHSHHSAM SIK 3 JIOBOEH-
HUM PHHKOM, TaK 1 3 pUHKOM HalOIMKIMX 0 YKpaiHH MOPCHKHX MOPTIB.

Mertoro cTarTi € orsi GPaxTOBUX CTABOK B PETiOHI, BUTPAT EKCIIOPTEPIiB HA MOP-
CBhKi TIepeBe3eHHS 3 TOPTIB YKpaiHU Ta albTepPHATHBHUX NUISXIB 1 BILIMBY MOPCHKOI
0J0Ka/IM Ha KIiHIEBY iHY 36PHOBHX BaHTAXIB 3 YKpaiHH.

Buxaan ocHoBHOTo Martepianay. 3 motoro 2022 poKy JIaHIIOTH MTOCTA4YaHHS 3€p-
HOBHX BaHTaXiB 3 YKpaiHHM Ha CBITOBI PWHKH, II0 BUKOPHUCTOBYBAIUCH 3 1991 poky,
a came Mopchki moptu Benukoi Onecu (ITiBaennnii, Oneca, YopHoMOpebK) Ta MuKo-
naeBa, OyJM repepBaHi uepes MOpcbKy Onokay 3 60ky pd. [IpoTsirom miB poxy 10 BiJi-
KPHUTTS 3€pHOBOrO Kopuaopy noptu Benukoi Onecu Oyiu 3aKpuTi, TOJI K HAWOLIb-
muid 3a 00cATaMu TepeBaloBaHHs 3epHOBUX BaHTaxXIB y 2021 pori mopr Mukonais,
BKJIFOYHO 3 PEUIOBUM JOBAaHTa)KCHHSIM Ha OaHill TpyTaeBa, € 3akpuUTHM J0Ci. 3a 1ei
Yyac yKpaiHCbKi arpapii Ha HEOKYIOBaHHUX TEPUTOPISX BIAIUCH JIO AIbTEPHATHBHUX
IUISIXIB [TOCTauaHb, SIKi 200 HE BUKOPUCTOBYBAIIMCH JIO IILOTO B3araii, a00 BUKOPUCTO-
BYBaJIMCh Y HE3HAUHMX o0csirax. [nerbes nmpo nmoptu JlyHaro B Ykpaini (I3main ta Peni),
a takox optu Koncranna (Pymynis) i [nancek (ITonbia).

Binmogiguo 1o [3] Ykpaina Brpauae 6iausbko 170 MIIH J10J1. B JIeHb uepe3 OJioKamy
cyaHoruiaBcTBa y YopHoMy Ta A30BCHKOMY MOpSIX Uepe3 HEJIOOTPUMAaHHS MOJaTKy Ha
puOYTOK €KCIIOPTEPIiB Ta EKCIOPTHOTO MUTA. 3rijiHo 3 [5] mopiBHsiHO 3 2021 poxom
o0csir 00poOKHM EKCIOPTHUX BaHTaXKIB B YKPaiHCHKUX JyHAHCHKHAX TOpTax BHUpic
y 2022 poui y 40 pa3iB — 3 Onm3bko 175 THC. T 10 Maixke 7 MITH T. 3a yac poOOTH «3ep-
HOBOT'O KOPUIOPY», 3 cepriHst 2022 poky 1o suriHs 2023 poky 3rijiHo 3 [6] Oyi10 ekcrop-
TOoBaHO 3 opTiB Benukoi Onecu 32,8 MIIH T MPOAYKIIIi arpONPOMHUCIOBOTO KOMILICKCY.
Uepes nopt Koncranma 3rigno 3 [7] Oyi0 BimBaHTakeHO 8,6 MITH T YKPaTHCHKOTO 3epHA
3a 2022 pik, a 3a nepui miB poky 2023 p. 8,1 MIH T, 1110 TpH 30€peKeHH] TeHIESHIIIT TTPH-
3BeJIe JI0 TIOJIBOEHHSI 00CsTiB 00pOOKH TIOHA/ Y/IBIYi.
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Exmopt 2epHOBHX 3 24.02.2022 mo 31.12.2023. MIH. T.

u [NopTu -3 YopHoro mopa

= [opTu [lyHaw

B 3ani3HWUHKWIA TpaHCNopT
AsTOoTpaHcnopT

Puc. 1. Excnopm seprosux 3 Yxpainu, 20222023 pp. [8]

Tabmums 1
IopiBHsAHHSA BPOKaI0 Ta eKCHOPTY 3epHOBUX 32 2021-2023 poknu
B a0COTIOTHHX MOKA3HUKAX, MJIH T [8] Ta %

IMoka3Huk 2021 pik 2022 pix 2023 pik
Bporkaii 3epHOBHX, MJIH T 83,2 53,8 77,4
ExertopToBaio, M 50,8 38,9 61,7
— 3 HUX 4Yepe3 NOPTH YKpaiHu 50,8 26 47,2
Excriopt nopiBHSIHO 3 BpoxxaeM, %:
— 3arajiom; 61 72 80
— 3 HUX Yepe3 NopTH YKpaiHu 100 67 76

TakyM YMHOM, SIKILO PO3IITHYTH CTATUCTHKY, 110 HaBeAeHa y Tabmuui 1, MOykHa HiiTH
BHCHOBKY, 1110 €KCIIOPT 3epHOBHX Y 2023 p. y aOCOMIOTHUX MOKa3HUKAX HABITH NEPEBHUINB
pienb 2021 poky. Asne y (hiHaHCOBUX ITOKA3HUKAX YUCTUI NPHOYTOK eKcriopTepis OyB Haba-
raTo MEHIINM uYepe3 MiABMILEHHS BUTPAT HA MEPEBE3CHHS BaHTaxXy 110 nopty KoHcrania
Ta BUCOKUX (PPaXxTOBUX CTaBOK NPH (PpaxTyBaHHI CyAEH, 110 3aXOATh B IOPTH YKPAiHU.

Tak, 3ringHo 3 [4] Ta [9] BUTparu Ha TpaHCHOPTYBAHHS 3epHA HA CBITOBI pUHKH MiJ-
BuIminck Bif 79% no 131% nopiBusiHO 3 2021 pokoM, a 3aKymiBeJbHI LIHM Ha TIIIe-
HUIITIO 3HU3WITUCH 3 273 1ou1./T 1o 188 moi./T 3a11s 3a0e311eueHHs] KOHKYPEHTOCTIPOMOK-
HOCTI YKpaiHCHKUX 36pHOBUX Ha CBITOBOMY PHHKY. 32 BUJOM TPAHCIIOPTY Ha MapILIpyTi
3 KponuBHuLbKOTO 10 AJleKkcaHapii BUTpaTu Ha NEPEBE3CHHS aBTOTPAHCIOPTOM Mif-
BHIIMIUCH Ha 24% (3 7 moin./T mo 8,8 moi./t), 3amizHuneto — Ha 82% (3 12 gon./T mo
21,6 nomn./t), MmopcbkuM (hpaxtom — Ha 108% (3 25,9 mon./T o 54 non./t).

VY nepumomy mniBpiuui 2022 poky ¢paxroBi craBku 3 noptiB JyHato Oynu Haa3BU-
YaifHO BHCOKMMH 4Yepe3 BENMKI 4eprd Ha mpoxia xanaiaoMm CyniHa (OCKUIBKH THPIIO
Buctpe Oyino nepexpure yepe3 BiiCHKOBI PU3HKHM), HU3bKY HNPOIYCKHY 37aTHICTh MOp-
TOBO1 iIHPPACTPYKTYPH Ta HU3bKY NIPOMO3HULIII0 TOHHAXKY 32 BUCOKOTO ITONUTY HA HBOTO.

3a crarucTukor0, o HaBeneHa y [10], y uepBHi — ceprHi 2022 poKy cepeaHiil yac
ouikyBaHHA cynHa Ha peiini Cyninu OyB 12—15 ni6. Lleit nmokasHuk 3HU3UBCS 10 3—5
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ni6 micns neokymnanii o. 3MiiHuWIA 1 BimkpurTs rupna bucrpe. IIpomyckHa 3maTrHICTD
000X KaHaJIB IMiJIBUIIyBaacs MOCTYIOBO 3a PaxyHOK SIK JHOMOIIMOICHHS, TaK 1 IijI-
BUILIEHHS KIJILKOCTI JIOIIMAaHIB 1 Koorepanii MK BiAMOBIIHUMH ciIyxO0amu PymyHii
ta Ykpaiuu. Ha npakTuill BUTpaTH 3a HaJJIMIIKOBUI MPOCTIH Cy/IeH Ha peijIi mepeKa-
Janucst Ha (ppaxTyBaIbHUKIB, YACTIIIE 32 BCe YKPATHCHKUX EKCIIOPTEPIB 32 PAXyHOK TaK
3BaHoi CyniHcbkoi ctarTi (Sulina clause) y waprep maprisix. @paxryBajibHUK Ma€ 7 JIHIB
3 MOMEHTY MPHUOYTTS Cy/JHA HA 30BHILIHIN Peiijl, MCIs Y0TO 0 MOMEHTY TOCTaHOBKH
Cy[Ha IIiJ] 3aBaHTa)XCHHSI 32 KOXKEH JIeHb a00 4acTUHY JHS (PpaxTyBaJbHHK OIUIAuye
JIEMEPEK Y PO3MIpi, BCTAHOBJICHOMY CY/JHOBJIIACHUKOM.

VY ceprni 2022 poky Tepiini Cy[iHa 3a «3¢PHOBOO YTOZ00» M0YaIH 3aX0AUTH B IIOPTH
Benmkoi Ozecu, 10 BiAKPUIIO [T €KCIIOPTEPiB MOXKIIUBICTD (ppaxTyBaTH CyaHA THIIO-
po3mipy Ilanamakc 10 75 THC. T YUCTOTO AeABEeWTY (Y MOPIBHSIHHI 3 CyIHAMH THIIO-
po3mipy Koctep — Xengicait3 1o 20 TUC. T YUCTOTO JIEABEUTY, SKI CIIPOMOXHI 3aiTh
B noptu JlyHaro HaBiTh Micisi AHOTOTNIMONEHH:). Uepes 1ie sIK (paxToBi CTaBKH, TaK
1 IONHT Ha TOHHAX 3 MOPTiB [lyHaro 3HU3MIMCh MalKe YIIBIUi.

3 mouarky 2023 poky Binaga p¢ ae-hakro caboTyBajia poOOTY «3€pHOBOT YrOam»,
y 3B’513Ky 3 UMM 3TiJ1HO 3 [11] cepenniii 4ac ouikyBaHHS CyJIeH Ha IIPOXOPKCHHSI 1HCTICK-
il y ciuni 2023 poky craHoBuB 21 100y, a y IeSKUX BUTIAJIKAX YacC MPOCTOIO CYIHA SIK
Ha BXiJ B UopHe Mope, Tak i Ha BUXIJl 3 HBOTO CATaB JI0 3 MICAILIB y KOXKHY CTOPOHY
(3 mpakTuku aBropa ta koner — H. C., 4. C.). SIk i y Bunanky 3 CyJiHCBKOIO CTaTTCHO
HQ/IJIMIIKOBI BUTPaTH 32 OYIKYBaHHS CYJIHOBIIACHWUKHM IEPEHOCWIN Ha (paxTyBaiib-
HUKa, a EKCIIOPTEepH OyJIM BUMYIIICHI pOOUTH 3HIKKHM Ha KIHIEBY I[iHY 3epHa Ha YMOBaX
noctaganHs CIF.

Tak, Ha ocHOBI [11] HaBOATBCS AaHI MIOAO PO3Mipy (PpaxTOBHX CTABOK 3 MOPTIB
Yopuomopcbk Ta Koncranna go nopris Icnawnii y CepenzeMHOMY MOpi TS CyIeH THIIO-
po3mipy Xennicaitz y 2021-2023 pokax (pUCYHOK 2), a TAKOXK IIIOJI0 IO ppaxTy y IiHi
3epHOBUX IpH QpaxTyBaHHI Ha peiic 3 opTy [3Main 1o mopty Anekcanapist y €runri
(pucyHoxk 4).

®paxTosi cTaBkM 3a 2021-2023 pik YopHOMOpPCbK Ta KoHcTaHua
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Wheat / corn, 5-6,000t, Reni / Izmail -
Alexandria (1250x/1250x), $/t
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Ukrainian wheat: weight of freight in
CFR Adriatic price
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Puc. 4. Jlona ¢ppaxmy y yini yxpaincokoi nuuenuyi,
arcoemens 2022 — scoemens 2023 pp.

BinnoBigHo 10 BUIEBKa3aHUX JaHUX HAUBUILIUHI PiBeHb (PPAXTOBHX CTABOK 3 MOPTY
I3main OyB BiiTky 2022 poky — o 130 noun./T, abo Ha 333% Oisnblie, HixK 3a aHAJIOTTYHIN
nepiox 2021 poky. Ha kinernp 2023 piBeHb cTaBOK 3 mopTy [3main crabinizyBaBcs Ha
nokasHuky 37 noin./tT, abo Ha 30% mMeHIe, Hix B ananoriunuii nepion 2021 poky. [Ipn
1IbOMY piBeHb (ppaxToBUX cTaBOK 3 mopty Omeca y 2021 poui OyB Malike aHanoriu-
HUM 3 piBHEM (paxTOBUX CTaBOK 3 mopTy KoHcraHmua, a mix yac poOOTH «3epHOBOTO
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KOPHJIOPY» KOJIMBaHHS HA PUHKY (paxTy Oyu CyMiKHI U 3arajilbHOMY PiBHI CTaBOK
Ha 20-25 nom./T Buiie, Hix 3 mopty KoHcTaHIa.

[Ticas mpunmHeHHS POOOTH «3epHOBOI yroam» noptu Bennkoi Onecn 3HOBY cranu
HEJOCTYITHUMHU JJIs CYJHO3aXO0/iB, ajie y xoBTHI 2023 poKy Miclis 3aTBEPKCHHS MPO-
LEAYyPH CTPaxyBaHHs CyJAHOBIACHUKIB BiJl BINCLKOBUX PU3HKIB BiJI JCpKaBHUX 1HCTAH-
it y po3mipi 10 50 MIIH JI0JI. TepIIi CyAHa 3MOIIK OE3MEPENIKOIHO 3aBAHTAXKUTHCh
Ta BUiTH 3 TIopTiB Benmukoi Oxecu. SIKIIo mnepimne CyqHO 3a TaKO MPOLEAYPOr0 OyIio
3apaxToBaHo 3a 74 1071./T, TO BXKE 32 3 TUXKHI piBEHb ()PAXTOBUX CTABOK CKJIAB 53 JIOJL/T,
10 HaBiTh HIDKYE, HIX 3a aHanoriyauid nepiox 2022 poky. Y rpynsi 2023 poky piBeHb
(paxTOBUX CTAaBOK TaKOX CTaOiTi3yBaBCs BiTHOCHO cyciiHboro mnoprty Koncranma
i cranoBuB 40 10i1./T, 0 Ha 25 101./T (y BiZICOTKOBOMY 3Ha4deHHI Ha 165%) Oibiie,
HiXk 3 opty KoHcTaHIa.

3aranom MO)KHa 3pOOHMTH BUCHOBOK, 1110 (ppaxToBi puku Oxecu ta KoHcTaHiy, 1110
Oy/M aHAJOTIYHUMH y JOBOEHHI pOoKH, y mepion 2022-2023 pp. 30epiraiu CBOK CXO-
XKICTh, HA HUX BIUIMBAJIM TaKi caMi 30BHINIHI (akTopy (BpOXKAMHICTh B PETiOHI, 3MIHH
OanaHcy MOMUTY Ta NMPOMO3HUIIIT BAHTAXKY Ta TOHHAXKY), 32 TUM BHHSITKOM, IO 33 Paxy-
HOK MiJIBUIIIEHOTO PU3HMKY 1 TPYIHOILIB NPH CTPaxyBaHHI CYJeH Ta BaHTaxy (puc. 2)
piBeHb (paxToBUX cTaBOK 3 TopTy Oneca OyB cTabUTLHO BHUIIMM 32 piBeHb opTy KoH-
CTaHIa Ha 25 J0J./T.

Ha puc. 4 nokasaHo, 1110 y BiJICOTKOBOMY BiJIHOIIICHHI JIOJISI BATPAT Ha MEPEeBE3CHHS
MOPCBHKHM TPAHCIOPTOM 3 TOpTY [3Mmain ckiamae B cepenabomy 15-25% Bin kiHIe-
BOi IiHK 3epHOBUX Ha Cepen3eMHOMOPCHKOMY PUHKY. [liIBUIEHHS J0JII TPaHCIIOPT-
HUX BUTPAT 32 OCTAaHHI 2 MICSAIll MOSICHIOETHCS MOIIKO/PKEHHIM 1H(QPACTPYKTYpH MOP-
TiB JlyHaro, MiJIBUIIEHHSAM PU3UKIB JUIsS CYJHOBJIACHUKIB Ta MiABUINECHHSIM IMOMHUTY Ha
TOHHAK Yepe3 MPUITUHEHHS «3epHOBOI yroiwm». KokeH 3 BuIIe3a3HaueHUX (akTopiB
OKpEeMO 1 yC1 BOHHM B KOMITJICKCI BIUTMHYJIU HA ITiIBUIIECHHS PiBHS (PAXTOBUX CTABOK.

Ha xanb, Oyb-s1Ki IPOTHO3M I0JI0 PIBHA (PPAXTOBUX CTABOK B PETiOHI HEMOXKIIHBI
Yyepe3 pU3UKH pyHHAIIl MPUITOPTOBOT iHQPACTPYKTYPH Ta CyJIEH, 110 TPUBAIOTh, TOMY
aBTOp YTPUMYETHCS Bifl IPOTHO3YBAHHS HAa HAHOIMKIE MallOyTHE.

BucHoBku. 3 Marepiany cTarTi MOXKHA BIJOKPEMUTH TaKi OCHOBHI TE3H.

1. KingbKicHI TOKa3HUKHU SKCIIOPTY 3epHOBHX 3 YKpainu y 2023 porli HOKpaIiuInucs
nopiBHIHO 3 2022 poKOM uepe3 pO3MUPEHHS MPOITYCKHOT CITPOMOYKHOCTI aTbTepHATHB-
HUX HUIAXIB MOCTauaHb Ta BiTHOCHY CcTa0imi3allito BIHCHKOBUX pu3UKiB. YacTka MOp-
CHKUX TIOPTIB y JIONI €KCIIOPTY 3EPHOBUX 3HAYHO IMiJBUIIMIIACS, aje HA3eMHI MUIIXH
EKCIIOPTY 3€PHOBUX BCE II€ BHKOPHCTOBYIOTHCSL.

2. BuTparu Ha TpaHCIIOPTYBaHHS 3epHa Ha CBITOBI pUHKH ITiIBUIIMIINCEH Bif 79% 110
131% mnopiBHsiHO 3 2021 pokoM, Yepes IO CYTTEBO 3HU3ZUIINCS IPUOYTKHU SIK BUPOOHU-
KiB 3€pHOBHX, TaK 1 EKCIIOPTEPIB.

3. PiBeHb (paxTOBUX CTABOK IIiJl Yac POOOTH «3€PHOBOI yronu» OyB BUIINM, HIK
3 mopty KoHcTaHIia, ajie BiH Bi/INOBIZIaB CUTYAaIlil Ha pUHKY B I1iioMy. BomHo4Uac cyTTeBi
3aTPUMKH B MPOXO/DKEHHI CyJAHAMHU IHCIEKIIA HIBEIIOBAIM BUTOJY BiJI MEPEBE3CHHS
OUTBININX CYTHOBUX MapTiil ekcrioprepamu. [HO3eMHI CYITHOBIACHUKH OTPUMYBAIIHU SIK
MIJBUIICHUH (paxT, Tak 1 IeMEPe/DK 3a 3aTPUMKY CY/ICH.

4. Biakputts noptiB Benukoi Onecu micist NpUNMHEHHS «3€PHOBOI YTOAW» 1 Jep-
JKaBHE CTPaxyBaHHS CyJIHOBJIACHUKIB BiJl BIICHEKOBHX PHU3HKIB J03BOJISIE EKCIIOPTEPAM
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MOCTABJISATH 3€PHO Ha CBITOBI PUHKH BYACHO Ta 0€3 MPOCTOI0 CYJACH Ha IHCIEKIIifX,
a piBeHb ()PAXTOBHUX CTABOK 3HU3WBCS JI0 PiBHS aHAJIOT14HOTO rnepiony 2022 poky.
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OCOBJHUBOCTI BUBOPY I3OTEPMIYHHUX PE3EPBYAPIB
JJIA BBEPITAHHA CKPAIIVIEHUX ITPUPOJHUX I'A3IB

O.T. YepHoBa
K.T.H., 1o1leHT Kadenpu «TpancnopryBaHHs Ta 30epiraHHsi eHEpProHoCiiBy,
leano-@pankiscovruil HAYIOHATLHUL MEXHIYHULL YHIGepcumem Hagmu i 2azy,
lsano-@panxiecvk, Yrpaina,
ORCID ID: 0000-0002-6424-7569

Anomauisn

Bemyn. Y naw wac npupoonuii ckpanienuil ea3 KOpUCMyEmMsbCsi 6eAUYE3HOI0 NONY-
JIAIPHICMIO 'V 6CIX cghepax icumms — ONALeHHsl, NPUSOMYSAHHA i, mpancnopm ma
bazamvox inwux. I npuuun 015 Yb020 HEMALO — eKON02IUHA YUCTNOMA, 3PYUHICINb GUKO-
pucmanis, HU3bKa sapmicmv mowjo. Podosuwa npupoonozo 2aszy € He y 6Cix KymouKkax
3emni, momy eunuxia npobiema 1ioco mpaucnopmy. Ak ¢idomo, a3z npu HOPMATLHUX
yMoeax nepebysae y eazonodionitl ¢asi i 3atmae sHauni 00 ’emu. Cxpanierutl npupoo-
Hutl 2as, abo cxopouerno CIII, sx npuiiHamo Hasueamu 1020 6 eHepeemuyHil 2anysi
(anen. Liquefied Natural Gas, cxop. LNG) serse co6oto 36uuatinuil npupooHuil 2as,
oxon00xcerull 00 memnepamypu -162° C (mak 36ana memnepamypa cKpanieuts) Ojis
30epieanHs i mpancnopmysauts 6 piokomy eueisioi. Mema. /lana cmamms po3uuproe
auaniz ocodrueocmeii 6uOOPy pezepgyapie 05 30epicanus ckpanienux 2asis. OCKinbKu
30epieacmvcs CKpanjienutl 2a3 8 i30mepmMiuHUX pe3epeyapax 3a memnepamypu Kunim-
Hs1, KA niompumyemscsi éHacaiook eunapogyeanns CIII, eubip emrocmetl 0as 36epi-
eanns CIII" idiepac sadicnuse 3HauenHs y 1aHy02y «Mpancnopmyants — 00CmMaeKd
eazyy. Omoice, anxnciuso besneuno ma eexmusHno subpamu memoo 36epicanns CIII
Pesynomamu. Y npayi Hase0eHO 00CHIONCEHH HAYKOBYI8 3 NPoOIeM NPOEKMYEAHHS
tt excnayamayii cxosuwy ona CIII, cmamucmuuni napamempu 00CHiOdNCeHb, OUHAMIKY
PO3BUMKY 2A308020 PUHKY Ma CIMPYKMYPY 3MIH C8ImMosuUx nomyscnocmeti 0Jis eKkcnop-
my LNG. Oxapaxmepu3osano numants 6ubopy cnocody 36epicants 3HayHux 00cs2ie
CKPANJIeHUX NPUPOOHUX 2A3I8 Ma NPAKMuUKU OVOIGHUYMEA KOMNIEKCI8, KAACUGikayir
emnocmel. Ananiz pesepgyapie, sSKi Ha OaHUU 4AC BUKOPUCMOBYIOMbCSL Y Peali308aHUX
MIDICHAPOOHUX NPOEKMAX, NOKA3A8, WO ceped GeluKoeabapumHux pe3epeyapie Hail-
Oinbw nowUperi KOHCMpPYKYii nosHoI 2epmemusayii, npome i30mepmiuHi pezepeyapu
00uHapmnoi eepmemusayii ¢ HU3Yi GUNAOKIE € He MEeHUL KOHKYPEHMOCHPOMONCHUMU, WO
3abesneuye HeoOXIOHULL pigeHb Oesneku 30epicants 3a mMeHwoi sapmocmi. Bucnosku.
Y 0aniii cmammi noxazano, wo eubip muny pesepgyapy HeoOXioHo 3aK1adamu Ha cma-
Oil NPOEKMYBAHHS, BPAXOBYIOUU NUMAHHS OXOPOHU npayi ma i0eHmuikayii nebe3nex.
Boownouac ioenmudpivayin nebesnex izomepmiunozo 36epiecanus CII sumaeae ananizy
00¢8idy eKxcnyamayii ma KOHCMPYKMUBHUX 0COOTUBOCMEII.

Knrwowuogi cnosa: cxpannenns, isomepmiunull pesepgyap, URAposy8anHsl, 2az, 3oepi-
2aHHSL, MPAHCHOPIYBAHHSL.

© Yepnosa O.T., 2024
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FEATURES OF CHOOSING ISOTHERMAL TANKS
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Summary

Introduction. Nowadays, natural liquefied gas is very popular in all spheres of life —
heating, cooking, transport and many others. And there are many reasons for this —
environmental cleanliness, ease of use, low cost, and others. Natural gas deposits are
not found in all corners of the Earth, so the problem of its transportation has arisen. As
you know, gas under normal conditions is in the gaseous phase and occupies significant
volumes. Liquefied natural gas or abbreviated LNG, as it is commonly called in the
energy industry (Liquefied Natural Gas, abbreviated LNG) is ordinary natural gas
cooled to a temperature of -162 ° C (the so-called liquefaction temperature) for storage
and transportation in liquid form in the form. Goal. This article expands the analysis of
the features of the selection of tanks for the storage of liquefied gases. Since liquefied
gas is stored in isothermal tanks at the boiling temperature, which is maintained due to
the evaporation of LNG, the choice of containers for LNG storage plays an important
role in the transportation chain — gas delivery. Therefore, it is important to choose a
safe and efficient LNG storage method. The results. The work presents the research
of scientists on the problems of designing and operating storage facilities for LNG,
statistical parameters of research, the dynamics of gas market development and the
structure of changes in global capacity for LNG export, the issue of choosing a method
of storing significant volumes of liquefied natural gases and the practice of building
complexes, the classification of containers is characterized. The analysis of the tanks
that are currently used in the implemented international projects showed that among the
large-sized tanks, the most common designs are full sealing, but isothermal tanks with
single sealing are in some cases no less competitive, providing the necessary level of
storage security at a lower cost. Conclusions. This article shows that the choice of tank
type must be made at the design stage, taking into account the issues of occupational
safety and hazard identification. At the same time, identifying the dangers of isothermal
storage of LNG requires an analysis of operating experience and design features.

Key words: liquefaction, isothermal tank, evaporation, gas, storage, transportation.

Beryn. CkparuioBaTi pUpOIHUIHA T'a3 IO HABUWIIKCS HA TOYATKY 1B’ SITHA/ALISTOTO
cTomiTTsA, Konmu Maiikn ®Dapanedl (BioMuil BUSHHMH y Taly3i €IeKTPOMarHETHU3MY
Ta eJIEKTPOXiMii, YH€ iM’sl YBIYHEHO B TaKUX MOHATTAX, SIK KiiTuHa Dapanest Ta onu-
Hulst BumiptoBanusa emHocti Cl, @apan) ekcriepiMeHTYBaB i3 Pi3HUMH THIIAMU Ta3iB.
VY 1820 poui dapazero Brajgocs MepeBECTH NPUPOJAHUN ra3 i3 ra30Moai0OHOr0 CTaHy
y pinkuii, oxonoausmy Horo 1o temneparypu 113 Kenbsinis (-160°C).

[ocranoBka mpo6aemu. Huni ckparutennii npupoanmii ra3 (CIII) Bimirpae Bce
01T MTOMITHY POJIb HA CBITOBOMY PHHKY BYIVIEBOAHIB. 3poctanHs cnokuBanHs CIIT
3yMOBJIEHE HE TUILKM BIJICYTHICTIO a00 Ae(diMTOM BIaCHHX EHEPreTUYHHX PEecypciB
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B OKpEMHX KpaiHax 1 perioHax, a i 3Haunumu nepesaramu CIII" Haj iHIIMMU eHEPro-
Hocisimu. [lo-niepiie, st 3/11iCHEHHSI TOCTaBKH CKPATICHOTO MPUPOHOTO Ta3zy HeMae
HeoOXiTHOCTI Oy/myBaTy i 00CITyTOBYBAaTH CHCTEMY ra30IPOBOJIIB, B TOMY YHCII Y BaKKO-
noctynHux paidoHax. OcHoBHoro niepeBaroto CIIIT € MOXKIIMBICTD TpaHCIIOPTYBATH HOTO
Ha BEJIMKI BIJICTaHI MOpEM, 3/IHCHIOBATH TPAHCOKEAHCHKI MMOCTaBKH 1 peali3oByBaTH Ha
PHHKAX 3 HAWOUIBII TpUBa0IMBUMU IliHaMu. [le 0cO0IMBO akTyaabHO sl YKpaiHH, siKa
nparHe 3MilHUTH CHEpreTHYHy Oe3reKy Ta AuBepcr(iKyBaTh iMIIOPT POCIHCHKOTO rasy.
[To-apyre, CKparuicHU MPUPOIHHIA ra3 XapaKTePU3Y€EThCs OLITBIIT BUCOKOKO SIKICTHO TTOPIB-
HSHO 3 TpyOorpoBigHUM. L{e 3yMOBIICHO THM, 1110 B MPOIECI CKPAILICHHS BiJ0yBaETHCS
OYHIICHHS a3y BiJl MIKiJUIUBHUX JOMIIIOK 1 CIPYHCTHX CIIOIYK, TOMY y Pe3yJbTari BUXO-
JIATH MPAKTHYHO YUCTHH Ta3 13 BUCOKMM BMicToM MeTany. [To-tpere, CIII" € HaitOinb
EKOJIOTTYHO YHCTHM 3 BYTJICBOIHEBUX JIXKEPEIT ENIEKTPOCHEPT .

AHaJii3 ocTaHHiX gocaiaxkedb i myomikanid. Cboro/iHi CBITOBUH PHHOK CKparuie-
HOTO TIPUPOJHOTO Ta3y PO3BHBAETHCS TYXKE MIBHIKO. 3’ SBISIOTHCS HOBI €KCIIOPTEPH
Ta IMIOPTEPH, YIOCKOHAJIIOIOThCSI TEXHOJIOTIi CKpAIJICHHS Ta3y, 3aCTOCOBYIOThCS Hali-
CydJacHilli i1HHOBAIilHI pilIeHHs Ta pO3pOOKU B Tay3i TPAHCIIOPTYBaHHS 1 30epiraHHs
CIII, HapomyroTbcss BUpOOHWUI Ta perasuikaiiiiHi MOTYKHOCTI, MOJEpPHI3YEThCS
(10T TaHKEPiB-ra30BO3iB.

HayxoBuMu 10 CmiDKEHHSIMY 3 TPo0OIIeM NpOEKTYBaHHsI i ekcrutyaraitii cxosui CITT
3aiiManucs Taki BueHi, sk b.C. Pauercwkuii, B.C. Cadonos, O.M. IBanios, A.Jl. JIBo-
wipic, €.1. Sxornes, [.E. Onimapis, b.B. [Tonosekkuii, A.3. Maiinep, 0.1, [lemieBux,
A. Tepmernec, 1. Minep, J. Xicrenn, [ix. Lu, K. bexyc, /1. Mopiccon, C. belitc Ta iH..
Ane GutbnricTs podiT Oyino BukoHaHo B 70—80-Ti pOKH MUHYJIOTO CTOJITTS, Y HUX BiJ-
CYTHIH KOMIUICKCHUH aHai3 TepMOJANHAMIYHIX peXuMiB pesepByapis st CIIT.

VY 70-Ti poku XX-ro CTONITTS paisTHChKI BYCHI BEJIM pOOOTY 31 CTBOPEHHSI HAyKOBO-
TEXHIYHOI Ta HOPMAaTHBHOI 0a3u jyiss 00’exTiB 30epiranus i Tpancrnopty CIII, aie
B MOJIAJIBIIIOMY 3 00’ €KTUBHHUX MPUYHH I1i pOOOTH MPUIUHUIHCA.

®opmyawoBaHHs wineii crarri. 3mina ckinany ta temneparypu CIIT y koxxHOMY
nrapi npu 30epiraHHi MO)KHA OIIHUTH 3aBJISKH 3aCTOCYBaHHIO MaTepialibHOTO Ta eHep-
TeTUYHOro OajaHCy JI0 OKpeMHUX IapiB [6]. Mojesnb 1ae THYUKICTh Y BUOOPI Oy/Ib-sIKOT
KIJIbKOCT1 BUIIB J1I0 MakcumyM 10. Tlependadaerbesi, 0 B mIapi TUTBKH HE HAKOIHU-
gyeThcst Maca, a CIII' B AUISHIN TUTIBKH 3HAXOIUTHCS B TEPMOJIMHAMIUHINA PiBHOBA31
3 EBOJIOLIHHUMH TTAPaMH.

MarepianbHuii GanaHc:

Hwxniit map —

d . M,
a 90O = e m, - M

Bepxwiit map —

d 1 M,
ar LCuduxa (D] = e e

VY Bumesraganomy piBHsSHHI (1) UIS HUKHBOTO MIApy HIBHIKICTH 3MIHU CKIIaIy
BUJIY OLIHIOETHCS HIISIXOM PO3TIISAY MOJSIPHOT HIBUKOCTI TIOTOKY BaHTa)Ky B HHKHIN
map pesepByapa. MarepianbHuii 6agaHc A1 BEPXHBOTO MIAapy 3alUCy€eThCs aHATIOTId-
HUM YHHOM JUISI HIDKHBOTO 1Iapy (2) 3 €JMHUM JOAATKOBUM TEPMIHOM JJIsl MOJISIPHOT

2)
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IIBUJIKOCTI BUITAPOBYBAHHS BiJl BEPXHBOTO IIapy JI0 MapoBoro mpoctopy. Koedirient
MOJISIPHOTO BHITAPOBYBAHHS 3 BEPXHBOI TOBEPXHI MOJISTAE B TOMY, 110

M @-E) D
T Em | ®)

M

e f, — 4acTKa 3arajbHOTO TEILIOBOIO MOTOKY, IIO MEPEAAEThCS B HAPOBHH IPOCTID,
SIKMI TIOBEPTA€ThCs y piauny. [IpumyckaeThbes, o BiH cTaHoBUTE 95% [1; 5].

Q = q; + gymD&ys, 4)

EnTanbmis piguan Ta mapoBoi (a3u KOpermoe 3 TOYKH 30py TeMIIeparypH, 3 SKOi
MOKHA OLIHUTH MHATOMY TerioTy. Kopemnsiii anst eHTanbIii piinHu Ta mapoBoi ¢a3u
OTpHUMaHi 3 MigpyYHuKa 3 Ipupoanoro razy Medici [2].

3a cBoero teroTBipHOIO 3aatHIcTIO 1 11 CIII™ exkBiBamenTHmit 0,67 1 OeH3uHY ab0
1,13 m gu3enpHOTO TanmBa. Y manuit gac gactka CIII' B GamaHci eHEeproHociiB HeBe-
JINKA, aJie TeMITH 3pDOCTaHHS WOTO CIIOKWBAaHHS AOCUTH BUCOKI (6:1m3bK0 7% B piK, IO
yABIYi BHIIE, HIX JIJIsl IPUPOTHOTO Tazy, i BTpUYi, HiX A Hadtn) [3].

Buxiaax ocHoBHoro marepiagy. [1ix yac nmpoexTyBaHHS KOMIUIEKCIB 3 TiATOTOBKH
Ta BUKOPUCTAHHS CKPAIUICHOTO MPUPOIHOTO Ta3y HEMUHYYE TOCTAE MUTAHHS PO BUOIp
cnoco0y 30epiranns 3HagHnX o0csriB CIII. IIpakTika OymiBHHIITBA KOMIUIEKCIB ITOKa-
3ye, 10 Ha YacTKy pesepByapiB mis 30epiranas CIII mpumagae mo 50% 3arampHEX
KaIliTaJTOBKIAACHb [4], TOMY aHaIi3 Ta XapaKTepPUCTHKA JTaHOTO MTUTAHHS Ma€e BAXKIINBE
HAyKOBE Ta CKOHOMIYHE 3HAYCHHSI.

PesepByapu, siki mpu3HaueHi 111 30€piraHHs CKpaluIeHuX IPUPOJAHUX Ta3iB, (haxiBii
KJIACU(IKYIOTh 3a JeKiTbKOMa O3HAKaAMHU:

— 3a KOHCTPYKTMBHUM BUKOHAHHSM CTiHOK pe3epByapy — OIHOCTiHHI, JBOCTiHHI,
3 BHYTPIITHBOIO MEMOPaHOI0;

— 32 KOHCTPYKTHBHHMM BHKOHAHHIM BHYTPIITHBO1 TIOKPIBITi — CAMOHECYHi Ta Ti/BiCHI;

— 3a THIIOM i30JISIIi1 — eKpaHHi, TOPUCTI, 3aCHITHI, KOPCTKI;

— 3a BKMBAaHHM MaTepiaJioM — MeTaJieBi, 311300 TOHHI, KOMOIHOBaHi.

3aJte)HO Bi po3TalTyBaHHS pe3epByapiB BiTHOCHO IMOBEPXHI MATEPUKOBOTO IPYHTY
cxopumia CIII" MmoxyTs OyTH mi3emMHi Ta Ha3eMHi [8].

AHaui3 mokasye, 10 B MDKHAPOIHIN MPAKTHIll HAWOLIBIIOTO MOIMIMUPEHHST HA0YIN
HaJ3eMHI BepTUKaJbHI i30TepmiuHi pesepByapu (IP). Kmacudikamis [P mst ckparure-
HOTO TMPHUPOHOTO Ta3y 32 KOHCTPYKTUBHUM BUKOHAHHSM HaBeJIcHA HA PUCYHKY 1.

[3oTepmiuHi pe3epByapy OAMHAPHOI TepMeTH3allil CKIaJaloThCS 3 BHYTPIITHBOL
METaJIeBOI €MHOCTI, HETIPOHUKHOI JIJI PITUHU, 1 30BHINTHBOI €MHOCTI, HEPOHUKHOT
JUTS TIapH, IO 3aXHIA€E TEIJIOBY 130110 BiJl arMocdepHuX BILTUBIB [7]. [30Tepmiuni
pe3epByapy TOABIIHOI TepMeTh3allii TaKoK CKJIaNaloThCS 3 BHYTPIIIHBOI METaleBoi
€MHOCTI, HEITPOHUKHOI JIJIS1 PiMHH, 1 30BHIIIHBOT EMHOCTI. 30BHIIIIHS €MHICTh BIIKPHTA
3BepXy i, BIATOBITHO, HE MOXKE MEPENIKOKATH BUTOKY MapiB MPOAYKTY. MiXKCTIHHAN
MIPOCTIp MOYKE HAKPUBATHCS «IOMIOBUM IIIUTOMY IS 3aXUCTY BiJx omagiB. Y MeMOpaH-
HUX pe3epByapax BHYTPIIIHS €MHICTH SIBIII€ COO0I0 BUTOTOBIIEHY 3 ayCTEHITHOI CTall
000JIOHKY TOBIIMHOIO He MeHIie 1,2 MM, ToQpoBaHy B JIBOX B3aEMHO MEPIICHIUKYIISP-
HUX Hanpsmkax. CucteMa roppyBaHHsI JOMYyCKae PO3MIUPEHHS 1 CTHCHEHHS ITPH TEIUIO-
BUX HAaBAHTAXKEHHsIX. BHYTPIIIHS OBEPXHS HE € MOBHICTIO HECYUOI0, & CIIUPAETHCS HA
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Puc. 1. Knacughixayis izomepmiunux pesepsyapis ons CIII
30 KOHCIMPYKMUBHUM BUKOHAHHSIM

TBEPJLy TCILIOBY 130JIAI1110, IIJIBHO MPHJISATAE JIO 30BHIIIHBOT CTIHKU. 30BHIIIHS EMHICTh
CKJIaJaeThesl 13 3a1i300€TOHHOT (YHJIaMEHTHOI IUIMTH, CTIHKH 3 IMONEPEAHbO Harpy-
JKEHOTo OETOHY 1 3ali300€TOHHOTO Jaxy Kymnosomnonaionoi ¢popmu. Hecyua 3matHicTb
€MHOCTI 3a0€311eUy€ThCsI CIIJILHOI0 POOOTOIO TPHOX TAKUX LIAPiB: BHYTPIIIHBOT CTIHKH,
TEIUIOI30Ai] Ta 30BHIIIHBOI CTIHKHU.

PesepByapu 3akpuroro tuiy (a00 MOBHOI repMeTH3allil) CKIAIaI0ThCs 3 HEIIPOHUK-
HOI 17151 PiIUHKA BHYTPINIHBOT EMHOCTI 1 30BHIIIHBOT EMHOCT], HEMPOHUKHOT JUTSI PiIUHA
i mapu. BHyTpiniHs noBepxHst MOXKe OyTH BiJIKPHTOIO 3BepXy ab0 MaTH IiJBiCHE mepe-
KPUTTS. 30BHIIIHS €MHICTh sIBJIsiE COOOK CTajieBHii ab0 3aii300€TOHHUI pe3epByap,
OCHAIICHUH KYIOJBHOIO TMOKPIBJICIO, IO PO3paxoBaHa HAa KOMOIHOBaHE BHUKOHAHHS
Takux QyHKIiH [8]:

— B PEXKHMMI IITATHOI EKCIUTyaTallii CIy>)KUTH SK TIEPBHHHA MApoBa IepMeTH3AIlis
pe3epByapa (y BHIIQJIKy BHYTPIIIHBOI €MHOCTI 3 BIJIKPUTOIO IMOKPIBJCH) 1 MICTHTH
B CO01 TETI0I30JIAIIi10 BHYTPIIIIHEOT EMHOCTI;

— B a3l po3repMeTH3allii BHyTPIIIHLOT €MHOCTI JIokasizyBaTu po3nuttst CIII 1 30e-
piraTi mapoHEeNnpOHUKHICTh KOHCTPYKIi. JlomyckaeTbest BUKUT TapiB B atMocepy 3a
YMOBH HOTO KOHTPOJIIO CUCTEMOIO 3aXHCTY BiJl HJJIMIIKOBOTO TUCKY. J{JIst CIpUIHATTS
TUCKY PIIMHU TIPU pO3repMeTH3alii BHYTPINIHbOT €MHOCTI 30BHILIHS 3a11300€TOHHA
CTIHa BUKOHYETBCS 3 TOTIEPETHIM HANPY KEHHSIM.

HanpysxeHHst 3a11300€TOHHOT CTIHKU 3[IHCHIOETHCS 3a JIOIIOMOTO0 ITYYKiB BHCOKO-
MIIHUX CTaJICBUX KaHATIB, MPOKJIAJCHUX Y CIICI[iaIbHUX BHYTPIIIHIX jk0700aX 1 3aMO-
HOJIYCHHX PO3YMHOM ITiCIIsl HATATY. 30BHIIIHS €MHICTh, BUTOTOBJICHA 3 TIONEPEIHBO
HAIPYKEHOT0 3aJli300€TOHY, MOBMHHA MaTH CTajeBe OOJIMIFOBAHHS HA BHYTPILIHIN
MOBEPXHI 15 3a0€3MeUeHHS Ta30HETPOHIUKHOCTI.

Jist 3aXHCTy BiJl 30BHIIIHBOTO TEIUIONPHUTOKY, 10 crpuse BunaposysanHio CIIT,
3aCTOCOBYIOTh TEIJIOI30MSAIII0. Y KOHCTPYKIISIX TOBHOI IepMeTH3aiii MiKCTiHHHN
IPOCTIp 3alOBHIOETHCS TEIJIOBOKO 130JISIIIIE€I0 31 CIIy4EHOIo MepiiToBoro micky. s
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4acTKOBOI KOMIICHCAIIIT TeMItepaTypHuX Aedopmariiidi BHYTPIllTHbOT EMHOCTI JI0JIATKOBO
BJIAIITOBYETHCS AP TEIUIOI30JIALIT 3 eJACTUYHOr0 MiHEPaJIbHOTO BOMIOKY B OOKIa-
JIaHHI 3 METaJIeBOI CITKM Ha BCiii 30BHILIIHIN MOBEPXHI EMHOCTI. Y KOHCTpYKisiX [P omu-
HapHOI TepMeTH3allii 3aCTOCOBYIOTh TEILIOI30JIALIII0 eKPaHHOTO 200 MOPUCTOTO THITY.
Junst 3axucTy Bifi aTMOC(EpHHX BIUIMBIB 130JISI[iF0 OOIIMBAIOTH TOHKOCTIHHUMH
AJFOMIHIEBUMU JTUCTaMU [9].
Burieonucani KOHCTPYKIIiT pe3epByapiB HaBeJCHI Ha PUCYHKY 2.

OduHopHn ModBiuHa MoBha
2EpMeMU3NLYIA 2epMemu30LIA SepMemUE
nopo nopn
ATy
ﬂilp‘[] T]iu * * nopc *
I e

,,,,,,, | e e e |

e —al
CKpanneHuu zas [/ CkpanneHud as

Puc. 2. Koncmpyxmugne suxonanns i3omepmiunux pesepeyapis
a) oounapna eepmemuzayis,; 0) NOOGIHA cepmemu3ayis,; 8) MeMoOpanHuil pezepayap;
2) nosHa cepmemusayis,; 0) cxema cepmemusayii IP npu eumikanui npooykmy;
1 — nepsunHuil Konmetinep (cmanegutl); 2 — 8MOPUHHULL KOHMEUHeD, PO3PAX0B8AHULL
Ha YMPUMAHHS 8I0 po3numms npodykmy, 3 — i301ayisi OHa;

4 — ¢hynoamenm; 5 — cucmema odiepigy gpynoamenmy; 6 — enyuxe izonayitine
yuinoHenns, 7 — niogicne nepexpummsi (i301v068awne); 8§ — cmayioHapHe HaKPUmmsi;
9 — necyya mennoizonayis, 10— membpana; 11 — 3acunna menioea izonayis,

12 — 306HiwHA cmanesa 060710HKA, He 30amHa ympumyeamu piouty; 13 — nokpumms
«oowgosuil wyumy, 14 — zaxucna damba; 15 — 3aniz300emonne noKpummsi

CKPONABHUL 203
3axucHa damda

Hezanexwno Big Ty repmeTr3anii pesepByapa mMOKpUTTSI CKIIQIA€ThCs 3 30BHIIIHBOT
KyTOJILHOI MOKPIBIIi, IO CIIUPAETHCS HA KOPIYC 30BHIIIHBOT EMHOCTI, 1 BHYTPIiLITHBOTO
MiABICHOTO MEPEKPHUTTS, SIKE CTAHOBUTH IUIOCKY KOHCTPYKIiIO, MiIBIIIEHY 0 30BHIlI-
HBOI MOKPIiBNI HaJ BHYTPIIIHBOIO EMHICTIO 1 HECyd4olo Terioizomsmieto. [linBicHa
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MOKPIBIISL KPIMTUTHLCS JI0 KPOKB CTAIiIOHAPHOT 30BHINIHBOT TIOKPIBIIi 32 JIOTIOMOTOFO ITi/I-
Bicok. B IP moBHOT repmeTun3altii 3 miIBiCHO MOKPIBJICIO apy MPOIYKTY BIILHO MPO-
HUKAIOTh B MDKCTIHHUE MPOCTIip, BHACIIIOK YOT0 HAJUIMIIKOBHHA THUCK Tazy Mpuiimae
TaKOX 1 30BHIIIHS EMHICTb.

KoHcTpykKitist 30BHIIIHBOI TIOKPIBII 3aJIe)KUTh BiJl Marepialy 30BHIIIHBOIO KOp-
nycy [10]. IIpu mMeTaneBoMy KOpITyCi B CHCTEMax OJUHAPHOI 1 MOBHOI repMeTH3allii
KYTIOJIbHA MTOKPIBJISI BUKOHYETHCS 3 BYIJIEIIEBOT CTaN 3 PO3PaXyHKOBOIO TEMIIEPaTyPOIO
eKCILTyaTallii, o JTOPiBHIOE MiHIMAaIBbHIN CEpeIHIN TeMITepaTypi HAHXOJIOMHIIIOTO JTHSI.

SIKIO 30BHIIIHS €MHICTh BUTOTOBJICHA 3 MEPEHAIPYKEHOro 3aj1i300€TOHY, TO
KyTIOJIbHA TIOKPIBISI TAKO)K BHKOHYETBHCS 13 3a1i300€TOHY, MOHOJITHO CIIONYYEHOTO
3 KOpIycoM. BHYTpillIHSI OBEpXHS BCi€l KYMOJIBHOT IOKPIBIIi TTOBUHHA OyTH OOIHUIIBO-
BaHa BYIJVICIICBOIO CTAJLIIO JJISl 3a0e3MeUeHHs] TePMETHYHOCTI 1 3armo0iraHHsl BUTOKIB
napu CIII. Kapkac craneBoro oOnuIlfoBaHHS MOBUHEH MaTd JOCTaTHIO HECydy 37ar-
HICTb, OO yTPUMYBATH HABAHTA)KEHHS Bijl Baru M’sIKOTO OETOHY B IpoIieci Horo ykia-
JIAaHHSI Ta TBEPIHHS.

OyHIaMEHTH 130TePMIYHHX pPe3epByapiB MalOTh JiBa KOHCTPYKTHBHUX PIlICHHS:
(GYHIaMEHT Ha CBasiX, 10 CKJIAJA€THCS 31 CBAMOBOTO IMOJISl TA MOHOJIITHOTO (PyH/IaMEHTY,
SKHI Ma€ HIDKHIO Ta BEPXHIO 3alli300€TOHHI TUTUTH, 3’ €JHaHI MK COOOI0 KOJIOHAMH.
OyHiaMeHTH Tiepe0ayaoTh HasBHICTh IMPOBITPIOBAHOTO MPOCTOPY MiXK IUIMTaMHU
i TpyHTOM. Y pa3i BUKOPUCTAHHS 3aJ1i300€TOHHOT 30BHINIHBOI €MHOCTI (pyHIaMEHTHA
TUTATA € IHTETPOBAHOI0 YaCTHHOIO €EMHOCTI 1 JKOPCTKO OB’ s13aHA i3 30BHIIIHBOIO CTiH-
koro [11].

it 3amo0iraHHs mijaiioMy KpaiB JHa BHYTPIIIHBOI €MHOCTI MiJ JIEF0 HaJJTHIIKO-
BOTO THCKY I10 TEPUMETPY HIKHBOTO IMOsiCa BHYTPIITHBOT EMHOCTI BCTAHOBIIOIOTHCS
AHKEpHI KPITUICHHSI.

Juist 31ificHeHHS BCiX HEOOXiHMX TEXHOJIOTIYHUX orepaiiid mpu excruryaraiii [P
00NIaIHy€THCSI BIAMOBIIHUMHE NaTpyOKamMu. Y CydacHHX 3aKOPJIOHHUX KOHCTPYKIisx [P
BPI3KH 1 MaTpyOKH B JIHI 1 CTIHII pe3epByapa (SK 30BHILITHIX EMHOCTEH, TaK i BHYTpIIlI-
HBOI EMHOCTI) HE JIO3BOJISIFOTHCSI.

ITiy yac mpoOBECHHS TEXHOJOTIYHHUX OIEpalliil 3JIUBY, HAJIMBY IPOIYKTY, a TAKOK
y nporieci 36epirannst CIIT HaUIMIIKOBHI TUCK Ta3y MOXKE BIIXUIISITUCS BiJl TPOEKTHOT
BEJINYHMHU B OiK BaKyyMy a0o K, HABIAKH, B OiK IMiJIBUIICHHS. 3 [I€10 METOI KOHCTPYK-
uist [P mepenbauae 3amo0ikHI KIamaHu THCKY 1 BaKyyMy. 3aroOKHI KJlarnaHu MTOBUHHI
pO3TalIOBYBaTUCS Ha BiJJaJICHIN BijcTaHl Bij MalIaH4YMKIB OOCIyrOBYBaHHS OCHO-
BHOTO O0JIa/IHAHHS Ta HACOCIB JJIsi OC3ICKU B pa3i BUHUKHCHHS IMOXKEXKI HA KIamaHi
B MOMEHT HOT0 crparmroBanHs [9].

KpiM KOHCTPYKTHBHOTO BHKOHAHHS 130TEpPMIUYHUX PE3epBYapiB, BAXKIMBUM aCICK-
ToM Oe3neunoro 30epiranns CIII € Bubip pesepByapHux crajieid. HeoOxigHicTs 30epi-
ranus CIII" npu Bij’€MHHX TeMIiepaTypax BUCYBA€ ITiBHICHI BUMOTH JI0 MEXaHIYHUX
XapaKTEPUCTUK PE3ePBYaApPHUX CTaeh. J{yist 3SMEHIIIeHHS! HIMOBIPHOCTI KPUXKOTO PyHHY-
BaHHS MPH BiJI’ €MHUX TeMIIepaTypax CTajb IOBHHHA MaTH JIOCTATHIO yAapHY B’ SI3KiCTh,
3a SIKOKO CYJISITh PO 11 MOPO30CTIHKICTb.

Jlyist BUTOTOBIICHHSI pe3epByapiB 3 TEMIIEpaTyporo 30epiraHHs MPOAYKTIB 10 MiHYC
104°C 3acTOCOBY€ThCS CTallb, 110 MICTUTH 6% Hikento, Hmwkue -104 °C — crajb, 1o
Mmictuth 9% Hikento (Hanpukian, cranb ASTM AS53 tun I abo ananoriyna pociiicbka
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cranb 0H9), a Takok ayCcTeHITHAa HEp)KaBito4a CTaib. [IJis BUTOTOBJICHHS 30BHIIIHBOT
METaJIeBOi EMHOCTI 200 METaJIEBOTO TEPMETU3YIOYOT0 3BAPHOTO OOJIHIIIOBAHHS 3aJ1i30-
OETOHHOT CTIHKH 3aCTOCOBY€ETHCS ByIVIelieBa cTajlb. MiHIMalbHA PO3paXxyHKOBA TEMIIe-
parypa MeTaily 30BHIIIHBOT EMHOCTI 1 OOJIMIIFOBAHHS IPUAMAETHCS 3aJISKHO BiJT KiTiMa-
TnaHUX yMoB [10].

Tunu cranei, mo 3acTOCOBYIOThCS JIJIsl KOHCTPYKIIIH 130TePMIYHHUX pe3epByapiB JUIs
CKpaIUICHUX MPHPOIHUX 1 BYITICBOIHEBHX ra3iB 3aJIe)KHO BiJl TEMIIEPaTypH MPOIYKTY,
HaseaeHl B Tadnumi 1.

Tabmuus 1
Tunu crasnei, 10 32cTOCOBYIOTHCS VI KOHCTPYKIUii i30TepMidyHMX pe3epByapiB
T i i .
Hponykr eMHegg:gng:;’elgg 1Horo Tun craJji
[Iporan -42,1 Pizni rpynu ByrmBoHeBoi
[Ipominen -47,7 cTaii
AneruneH -84 0/ NI:
Eran 884 3% N
Erunen -103,8 5% Ni
Meran (CIII) -163 9% Ni

Hwokue B TaOnuiti 2 HaBeAGHO CIIMCOK HAHOLTBII 3HAYY X MiXKHAPOITHUX IPOEKTIB 130Tep-
MiuHuX pe3epByapiB pis 30epiranns CIII, peanizoBannx kommnanissmu TGE Gas Engineering
(Himeuunna), CB&I (CLHA) u KOGAS (IliBnenna Kopest) B iepion 3 2004 o 2014 p.

Tabmuis 2
PeasizoBani MikHapoaHi npoekTH i3oTepmiunnx pesepsyapis CIIT
Tumn, kiabKicTh i MicTKiCT Pix BBOTY Po3ramyBanus B
5 . . ) JIACHMK
(m*) pe3epByapiB B eKCILIyaTauilo 00’ €KTy
[ToBHa repmeTH3aris, 2014 Camuok, ITiBgenna Korea Gas Corp.,
9x200000 Kopes, Korea
[ToBHa repmeTH3ais, 2013 Jbxyponr-Aiinenn, | Singapore LNG Pte.
2x180000 Cinramyp Ltd.
[ToBHa repmeTH3artis, 2012 Hin6o, Yxerssy, CNOOC Ningbo
3x160000 Kuraii LNG Co., Ltd
Tosna {g}())l\(/)lg"(l")l/l?;aulﬂ, 2012 Ciniw, [opryramis REN Atlgntico
OnuHapHa repMeTu3alis Xinjiang Ji Munai
P 30 0%0 ’ 2012 MyHait, KuTait Guanghui LNG
’ Development Ltd. Co.
HOBHaZiegadoeng 3am, 2012 fopr ggz;nyra, Sibur Portenegro
OnnHapHa repMeTH3alis, 2011 Iy, Wxern3sH, Xinjiang Guanghui
30000 Kuraii New Energy Co. Ltd.
[ToBHa TepmeTH3aris, 2014 Camuok, ITiBnenna Korea Gas Corp.,
9x200000 Kopes, Korea
HOBH% Felrél\(/)l(e)”{)%Sauiﬂ, 2013 I[xcy%qﬁr—Af/'meHz[, Singapoie ({JNG Pte.
X IHTaIyp td.
[ToBHa repmeTu3aris, 2012 Hiu6o, YWkerssy, CNOOC Ningbo
3x160000 Kurai LNG Co., Ltd
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[MponorxenHs TadmwI 2
Tun, kiabKicTh i MicTKiCT Pik BBOOY Po3ramyBanHsA T p—
(M%) pesepByapis B eKCILIyaTaIlio 00’€eKTy
TosHa repuerusaui, 2012 Cinim, Topryranis |  REN Atlentico
150000
OnuHapHa repmMeTH3aris Xinjiang Ji Munai
AHHAp 30 0%0 e 2012 Mynaii, Kuraii Guanghui LNG
’ Development Ltd. Co.
[loBHa repmeTH3aLis, HOPT yCTh-JIYTa, .
2%20000 2012 pocis Sibur Portenegro
OnuHapHa repmMeTH3arlis, 2011 Iy, WxenssH, Xinjiang Guanghui
30000 Kurait New Energy Co. Ltd.
IToBHa repmeTu3aris, . CNOOC Gas &
2x160000 2008 Pyusins, Kurali Power Group’s
OnuHapHa repMeTu3aitis, 2008 Kanana Terasen Ggs (mikoBwmii
70500 TepMiHaN)
. Mypranoc,
[ToBHa repmerun3anis,
2x150,000 2007 JIa—Kopy.HLs[, Reganosa
Icnanis
OnuHapHa repmMeTHu3aris,
2%130 000 2007 Iepy Peru LNG
[ToBHa TepMeTH3ariisi, Xammepdoecr, .
2%125000 CIIT 2006 Hopseris Statoil ASA, Norway
[ToBHa repmeTH3ais, [Topt JlaBaxka,
2%160000 2006 Texac, CILIA Calhoun LNG, LP
[ToBHa repmeTn3aris, . Kitimat LNG Inc.,
3%160000 2005 Kirimar, Kanaga Canada
[Moxgiiina . AES Corporation
repmernsanis, 1x160000 2004 HomiHiKaa (immopr CITT)
Tum, KimbKicTh 1 MicTKicTh | Pik BBOIY B ekc- Po3ranryBanns
3 . . , BnacHuk
(M°) pesepByapis IUTyaTamio 00’ekTa
OnuHapHa repMeTH3aris, Trunklie (immopt
2x140000 2004 CHIA CIID)
[ToBHa repmeTH3artis, YorepOepi, Kon- | Yankee Gas Service
2004
1x60000 HEKTUKYT Company

BucHoBkH. AHaii3 JaHUX pealli3oBaHUX MDKHAPOJHUX IPOEKTIB IMOKa3aB, IO
cepejl BeMKOTadapuTHUX pe3epByapiB HAHOLIbII MOMIMPEHI KOHCTPYKIIT MOBHOI rep-
MeTu3ailii, npore [P oguHapHOT repmerun3altii, 110 3a0€3MeYy0Th HEOOXiHUI PiBEHb
Oe3mekn 30epiraHHs 3a HIKYOI BApPTOCTi, Y ACSIKUX BHIAAKAX € HE MCHII KOHKYPEHTO-
CIPOMOYXHHUMH.

KoHCTpyKTHBHI pillIeHHS Ha CTaJil IPOEKTYBAaHHS MPUIMAIOTHCS 3 OISy Ha JiKe-
pena HeOe3MeKH i30TepMiYHOro 30epiranHs i cieHapiiB peasizalii aBapiiHUX CUTYallil,
TOOTO Ha MmiJIcTaBi i1eHTU(iKallii HeOe3IeK.

Inentudikaiis Hedesnek i3orepmiunoro 30epiranns CIIIT Bumarae anamisy 10CBiLy
eKCIUTyaTalii, OCHOBHHX 1 JOMOMIKHUX TEXHOJIOTTYHHX MTPOIIECIB Ha 00’ €KTi, KOMIIOHY-
BaJIbHUX PILICHb 1 KOHCTPYKTUBHUX 0COONMBOCTEH 001a JHAHHSI.

108



PO3BUTOK TPAHCIIOPTY
Ne 1(20), 2024

10.

11.

JITEPATYPA

Heestand J., Shipman C.W., Meader J.W. A predictive model for rollover
in stratified LNG tanks. AIChEJ. 29 March 1983. P. 199-207. doi.
org/10.1002/aic.690290205.

Klosek J., McKinley C. Densities of liquefied natural gas and of low
molecular weight hydrocarbons. First International Conference on LNG.
Institute of Gas Technology. Chicago, 1977. 15 p.

J3p00a O.I. OcHOBHI TeHHEHIIT GOpMyBaHHS CBITOBOIO PUHKY CKpa-
IJICHOTO TPHUPOAHOTO Tazy. Hayxosuii eichux Isano-Dpankiecvkozo
HAYIOHAIbHO20 MeXHIuH020 YHigepcumemy nagmu i eazy. 2009. Ne 3
(21). C. 117-125.

Janisch J., Raabe G., Kohler J. Vapor-liquid equilibria and saturated liquid
densities in binary mixtures of nitrogen, methane, and ethane and their
correlation using the VTPR and PSRK GCEOS. 2007. P. 1897-1903. doi.
org/10.1021/je700210n.

Maua ripanya eHiukioneais : y 3 T. /3a pea. B.C. binenpkoro. JloHensk :
Honbac, T. 1 : A—K. 2004. 640 c. ISBN 966-7804-14-3.

Ximis 1 ¢isuka roprounx komaimH / B.l. Capanuyk, M.O. Inpsmos,
B.B. Omoscekuii, B.C. binenpkuii. Jlonenpk : CXigHHH BUIaBHUUHAN TiM.
2008. 600 c. ISBN 978-966-317-024-4.

VYkpainchka HadTOrazoBa eHuuKIoONe s / 3a 3ar. pea. B.C. IBanumuHa.
JIbBiB : Crionom. 2016. 603 c. ISBN 978-9669-191-403.

ACTY 4312:2012 Iporunoxexna TexHika. CHCTEMH ra30BOTO TTOKEKO-
racinasg. Moayni i3otepmiuni. 3araneHi TexHidni ymoBu. URL: https://
online.budstandart.com/ua/catalog/doc-page.html?id_doc=54571.
Yepuosa O.T., Kpuenko ['M. Amnaiiz HeOesmnek Immij udac 30epiraHHs
CKpaluIeHUX BYIJICBOAHEBUX Ta3iB. Exonoeiuni wnayxu. 2023. Ne 2
(47). C. 112—116. doi.org/10.32846/2306-9716/2023.eco.2-47.18.
Yepnosa O.T., Kpusenko ["M. AHaii3 HeOe3NeK i Yyac pO3PHUBY aBTO-
uuctepan. Possumox mpancnopmy. 2021. Ne 4 (11). 2021. C. 112-116.
doi.org/10.33082/td.2021.4-11.12. C1. 129-136

R. Lentner, M. Richter, R. Kleinrahm, R. Span. Density measurements
of liquefied natural gas (LNG) over the temperature range from (105 to
135) K at pressures up to 8.9 MPa. 2017. P. 68-76. doi.org/10.1016/j.
jct.2017.04.002.

REFERENCES

J. Heestand, C.W. Shipman, J.W. Meader. (March 1983). A predictive
model for rollover in stratified LNG tanks, AIChEJ 29. P. 199-207. doi.
org/10.1002/aic.690290205.

J. Klosek, C. McKinley. (1977). Densities of liquefied natural gas and of
low molecular weight hydrocarbons. In: First International Conference on
LNG. Institute of Gas Technology. Chicago. 15 p.

Dzhoba O.G. (2009). The main trends in the formation of the world
market of liquefied natural gas [Osnovni tendentsii formuvannia svitovoho

109



PO3BUTOK TPAHCIIOPTY
Ne 1(20), 2024

110

10.

I1.

rynku skraplenoho pryrodnoho hazu]. IFNTUNG scientific bulletin. No.
3(21). P. 117-125. [in Ukrainian].

J. Janisch, G. Raabe, J. Kohler. (2007). Vapor-liquid equilibria and saturated
liquid densities in binary mixtures of nitrogen, methane, and ethane and
their correlation using the VTPR and PSRK GCEOS. P. 1897-1903. doi.
org/10.1021/3¢700210n.

Small mining encyclopedia: in 3 volumes [Mala hirnycha entsyklopediia:
u3t.]/ed. V. S. Biletskyi.(2004). D.: Donbas, Volume 1: A—K. 640 p. ISBN
966-7804-14-3. [in Ukrainian].

V.I. Saranchuk, M.O. Ilyashov, V.V. Oshovskyi, V.S. Biletskyi. (2008).
Chemistry and Physics of Combustible Fossils [Khimiia i fizyka
horiuchykh kopalyn]. Donetsk: Eastern Publishing House. 600 p. ISBN
978-966-317-024-4. [in Ukrainian].

Ukrainian oil and gas encyclopedia [Ukrainska naftohazova
entsyklopediia]/ edited by V. S. Ivanyshin (2016). Lviv: Spolom. 603 p.
ISBN 978-9669-191-403. [in Ukrainian]

DSTU 4312:2012 (2012). Fire-fighting equipment. Gas fire extinguishing
systems. The modules are isothermal. General technical conditions
[Protypozhezhna tekhnika. Systemy hazovoho pozhezhohasinnia. Moduli
izotermichni. Zahalni tekhnichni umovy|. URL: https://online.budstandart.
com/ua/catalog/doc-page.html?id doc=54571. (effective date 1.03.2012).
[in Ukrainian].

Chernova O.T., Kryvenko H.M. (2023). Analysis of hazards during
storage of liquefied hydrocarbon gases [Analiz nebezpek pid chas
rozryvu avtotsysterny]. Scientific and practical magazine “Ecological
Sciences”. Ne2 (47). 2023. P. 112—-116. doi.org/10.32846/2306-9716/2023.
ec0.2-47.18. [in Ukrainian].

Chernova O.T., Kryvenko H.M. (2021). Analysis of hazards during the
rupture of a tank truck [Analysis of hazards during the rupture of a tank
truck]. Transport development. No. 4(11). P. 112—116. [in Ukrainian].doi.
org/10.33082/td.2021.4-11.12 .C1.129-136.[in Ukrainian].

R. Lentner, M. Richter, R. Kleinrahm, R. Span. (2017). Density
measurements of liquefied natural gas (LNG) over the temperature range
from (105 to 135) K at pressures up to 8.9 MPa. P. 68—76. doi.org/10.1016/j.
jct.2017.04.002.



Hayxose BumanHs

PO3BUTOK TPAHCIIOPTY

HayxoBwui1 )XypHast

Bunyck 1(20), 2024

3acHoBHUK — OnechKuil HalllOHAJILHUH MOPCHKUN YHIBEPCUTET

Vxpaincoxoro
ma aHeAiilcbkoio MoBamu

Bumaerscd 3 xxoBTHA 2016 p.

®opmar 70x108/16. I'apritypa Times New Roman.
[Tamip odcet. LHudposuii apyk. YM. npyk. apk. 9,24.
3amoB. Ne 0524/327. Haxnan 200 mpum.

BunaBaunTBO 1 qpykapHs — Bumapamuanii gim «I enpBeTHKAY
65101, Ykpaina, M. Oneca, Byin. [ammesi, 6/1
Tenedonn: +38 (095) 934 48 28, +38 (097) 723 06 08
E-mail: mailbox@helvetica.ua
CBimonrBo cy0’€KTa BUIABHUYOI CIIPABH
JK Ne 7623 Bim 22.06.2022 p.



Scientific publication

TRANSPORT DEVELOPMENT

Scientific journal

Issue 1(20), 2024

Founded by Odessa National Maritime University

In Ukrainian and English

Since October 2016

Format 70x108/16. Times New Roman Font.

Offset. Digital printing. Conventional printed sheet 9,24.
Order No 0524/327. Edition of 200 copies.

Publishing House “Helvetica”

65101, Ukraine, Odessa, 6/1 Inglizi St.
Phone: +38 (095) 934 48 28, +38 (097) 723 06 08
E-mail: mailbox@helvetica.ua
Certificate of publishing entity
JK Ne 7623 as of 22.06.2022



