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I'AAY3EBE MAIIIMHOBY A YBAHHZI

YIK 629.463.65 DOI https://doi.org/10.33082/td.2023.2-17.01

JOCJUIIZKEHHS MIIIHOCTI KY30BA HAIIIBBAT'OHA
3 YAOCKOHAJIEHOIO OBIINBKOIO TOPIHEBUX CTIH

A.O. JloBcbKa
II.T.H., IOIEHT, Ipodecop Kadeapu iHKeHepii BaroHIB Ta SKOCTI MPOAYKIIl,
Vrpaincokuii deparcasnuii ynigepcumem 3anizsHuynozo mpancnopmy, Xapkis, Yxpaiua,
ORCID ID: 0000-0002-8604-1764

Anomauisn

Bemyn. 3aniznuynuii mpancnopm € Hegio '€MHOI0 CKIA008010 YCHIUHO020 QyHKYIO-
HY8AHHA eKOHOMIKU €8poneucyKux Kpain. /na 3abe3neuenns 1o2o nooansulo2o po3eu-
MKY 8ANCIUBUM € BNPOBAOIICEHHS 6 eKCNIYAMAYil0 CYHACHUX KOHCMPYKYILl pYXOMO20
CKAA0Y 3 NOKPAWEHUMU MEXHIUHUMU A eKCNIYAMayitiHUMU NOKAZHUKAMU.

Mema. Hayxose o6rpynmyseanusi 3acmocy8anus 20pposanux aucmie 6 oouueyi
mopyesux cmin Ky3068a Hani68a2oHd.

Pe3ynomamu. /{1 nokpauwiens MiyHocmi mopyesux CmiH Hanie8acomie nponomy-
€MbCSL NOCUTIOBATNU IX HUICHIO YACIMUHY, 3a 6UcOmMOI0 1/3 8i0 HUNCHLO2O 008 'A3V6aHMS,
20pU3OHMANLHUMY 20)pamu. Busnauenns 2eomempuyHux napamempis 20Qp 30iicHeHo
3a MomeHmom onopy aucma. s yvozo y npoepamumomy komnaexci SolidWorks oyno
no6y008aHo NPoCcmMopogy MoOeib MUN08020 TUCMA Md 3a 0ONOMO20K 80Y008AHUX
onyiii gusHayaecs momenm 1020 inepyii. Ilicia ybo2o po3paxoeyeascs Momenm onopy
aucma. 3 ypaxyeanusam GU3HAUEH020 MOMEHNTY ONOpY MUN0B020 NUCMA 30IUCHEHO Nio-
0ip 8i0n06i0H020 diamempy 20Qhp YOOCKOHALEHO20 TUCHA OOUWUBKU NPU AKUX MOMEHM
ONOpY MA€ 3HAYEHHS, WO NEPEBUUYE me, Ke MAE MUNOBULL TUCHI.

Mna eusnauenns miynocmi Ky306a HANIGEASOHA 3 YPAXYBAHHAM 3ANPONOHOBA-
HUX pilienb NPoeedeHo 1020 po3paxyHoK. Y axocmi npomomuny obpano yHieepcaib-
Huti Hanigeazon moodeni 12-295. Pospaxynox na miynicms peanizoearo y SolidWorks
Simulation 3a memooom cKinueHux eremenmis. Bcmanosneno, ujo Makcumanvbti Hanpy-
JiCEHHA 8 MOpYesil CMIHI UHUKAIOMb 8 30HAX 63AEMOOII 20PUBOHMANbHUX NOACIE
3 Kymogumu cmiukamu i ckaadaoms onuzoko 180 Mlla. B nudicuit yacmuni aucma
00wueKu Hanpyscenns 3uuzunuca 0o 132 Mlla, wo menwe i 6 munositl na 5,3%.
Maxcumanvhi nepemivgeHus 8 MOpyesill CMIiHI BUHUKAIOMb Y 6EPXHbOMY 008 "A3V8AHHI |
cKkaAadaioms O1u3bKo 3 MM.

Bucnoeku. Pezynomamu npogedenux 00cniodicenb CRpUSMUMY My CIMEOPEHHIO PEKO-
MeHOayill w000 NPOEKNMYBAHHS CYUACHUX KOHCMPYKYIL HANIB8A2OHIE MA NIOSUUYEHHIO
ehexmusHocmi ix excniyamayii.

Knwwuogi cnosa: ynisepcanvuuii Hanieeazom, Ky308 HANi@8AcoHA, OOWUGKA CMIH
HANI66A20NHA, HABAHMAJICEHICNb HANIGEA2ONA, MIYHICMb KY3064.

© JloBcbka A.O., 2023
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RESEARCH OF THE STRENGTH OF AN OPEN WAGON BODY
WITH IMPROVED END WALL CLADDING

A.O. Lovska
Doctor of Technical Sciences, Associate Professor,
Professor of Department of Wagon Engineering and Product Quality,
Ukrainian State University of Railway Transport, Kharkiv, Ukraine,
ORCID ID: 0000-0002-8604-1764

Summary

Introduction. Rail transport is an integral part of the successful functioning of
the European economy. To ensure its further development, it is important to introduce
modern rolling stock designs with improved technical and operational performance.

Purpose. Scientific substantiation of the use of corrugated sheets in the cladding of
the end walls of the open wagon body.

Results. To improve the strength of the end walls of an open wagons, it is proposed
to reinforce their lower part, 1/3 of the height of the lower strapping, with horizontal
corrugations. The geometric parameters of the corrugations were determined by the
moment of resistance of the sheet. To do this, a spatial model of a typical sheet was
built in SolidWorks and its moment of inertia was determined using built-in options.
The moment of resistance of the sheet was then calculated. Taking into account the
determined moment of resistance of the standard sheet, the appropriate corrugation
diameter of the improved skin sheet was selected, at which the moment of resistance has
a value that exceeds that of the standard sheet.

To determine the strength of the open wagon, taking into account the proposed
solutions, its calculation was carried out. A universal open wagon model 12-295
was chosen as a prototype. The strength calculation was carried out in SolidWorks
Simulation using the finite element method. It was found that the maximum stresses
in the end wall occur in the areas of interaction between the horizontal belts and the
corner posts and amount to about 180 MPa. In the lower part of the cladding sheet, the
stresses decreased to 132 MPa, which is 5.3% less than in a typical one. The maximum
displacements in the end wall occur in the upper strapping and amount to about 3 mm.

Conclusions. The results of the research will contribute to the creation of
recommendations for the design of modern open wagon structures and increase the
efficiency of their operation.

Key words: universal open wagon, open wagon body, open wagon wall cladding,
open wagon load, open wagon strength.

ITocTanoBKka npodJjeMHn y 3arajJJbHOMY BHIVISAAI Ta ii 3B’fI30K i3 BaKJIMBHUMH
HAYKOBMMH YW NMPaKTHYHUMH 3aBJIAHHAMHU. PO3BUTOK pyXOMOTo CKIJIQJy € OJHUM
3 HaWBaKJIMBIIIMX HAMpPAMKIB HAI[lOHAJILHOI TPAaHCHOPTHOI cTparerii Ykpainu. J{ns
3a0e3MeYeHHs] KOHKYPEHTOCTIPOMO)KHOCTI 3alli3HUYHOI Taimy3i BaXKJIMBHM € BIIPOBa-
JDKEHHS B EKCIUTyaTalil0 Cy4acHHUX KOHCTPYKLIH PyXOMOTO CKIIaay 3 TOKPalleHUMH
TEXHIYHUMH Ta SKCIUTyaTalliiHUMU NTOKa3HuKamu [ 1, 2].

Ha nanmii yac npuBaibOBaHUM BiJICOTOK BaHTa)XHOTO MapKy BaroHiB chopmo-
BaHO MEPEBAXHO HamiBBaroHamu. J{OCHi/KEHHS! CTaTHCTHYHHUX JAHHUX ITOIIKOIKCHb
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HaIIBBaroHiB 32 OCTaHHI POKH JI03BOJIMJIM 3pPOOUTH BUCHOBOK, 110 OJHUM 3 HAWOUIbII
Bpa3JIMBHX €JIEMEHTIB KOHCTPYKIII € Ky30BU. Jl0 HAWOUIbII YacTUX iX IMOLIKOKCHb
MOXKHa BijiHeCTH jaedopmallii CKIQJ0BUX KOHCTPYKIIiI, TPIIIMHK, OOPUBHU EIEMEHTIB
Tom1O0. 37e0IIbIIOrO I1i MOIIKOIKCHHS 00YMOBJICHI BaHTaXHO-PO3BaHTaXKyBaJIbHUMHU
poboTaMH, a TaKoK EKCIUTyaTalllHHUMH PeXHMaMH, HANPHKIAI, TTePeMillleHHs] BaH-
Ta)XKy B Ky30Bi IIpH JIii iHEPIIHHUX HaBaHTaKeHb. Taka 0OCTaBHMHA BUKJIMKAE TMOIIKO-
JOKEHHS TOPILIEBUX CTiH a00 JBepeil HaIliBBAaroHiB.

VY 3B’s13Ky 3 IIMM JJIsl 3MEHIIICHHS] BUTPAT HA YTPUMaHHS HAIliBBarOHiB B KCILTyara-
1ii JOIITBHUM € BIPOBAJKCHHS 3aXO0/1IB II0/I0 MOKPAIECHHS 1X MII[HOCTI.

AHaJTi3 0OCTAaHHIX 10C/iKeHb i my0ikaiii, B IKUX 3a1109aTKOBAHO PO3B’sI3aHHS
ni€i mpo0yemu, i BUIiJIeHHS He BUPillleHUX paHillle YACTHH 3arajabHoi Npoo/aeMH.
Jiist moKparieHHsI MIITHOCT] Ky30BiB HaIliBBaroHiB B po0oOTi [3] 3anmporoHOBaHO BUTO-
TOBJICHHS 1X 00MIMBKH i3 craneld Mmapok 16I2A® ta 18[2Admnc. Bukoprcranus Takoro
Marepiajy JJisi BATOTOBJICHHS! OOIIMBKY CHPUSITHME 3MEHIIICHHIO BIIACHOI Barv Ky30Ba
Ta MiJBUIICHHIO BAHTAXOIIAHOMHOCTI. HaBeieHO pe3ysibTaTi YMCeIbHUX €KCIICPUMEH-
TiB 32 ONTUMI3AI[I€I0 TOBIIMH CKJIAJI0BUX KY30Ba, a TAKOXK BUIIPOOYBaHHS ONTHMI30Ba-
HOT KOHCTPYKIIii Ha MIIHICTb.

[ToniOHe pilieHHs 3ampPONOHOBAHO B POOOTI [4], 1e OOrpyHTOBAHO JIOIUIBHICTh
BUKOPHCTAHHSI MarHi€BUX CIUIABIB B HECYYHX KOHCTPYKIIISIX TPAHCIIOPTHUX 3acCOOIB.
Jlane pillieHHS CIPUATUME 3MEHIICHHIO TapW BAaroHIB y TOPIBHSHHI 3 KOHCTPYKIISIMH
MPOTOTHUIIIB MpH 3a0€3MeUeHH] JOCTAaTHBOI eKCITyaTaliifHoT MilHOCTI.

Pazom 3 mumM, 3anpornoHoBaHi B poOotax [3, 4] pillieHHS BUMAararTh JOJAaTKOBUX
KalliTalbHUX BKJIJICHb HA CTaJIil BUTOTOBJCHHS a00 MOJICpHi3allili BarOHiB.

JJis moKpaleHHs: MIlIHOCT]1 OOIIMBKH OOKOBHMX CTiH BaHTa)XKHOTO BaroHa aBTOpaMH
pobotu [5] 3ampornoOHOBaHO BIPOBA/PKECHHS JaMIHOBAaHUX KOMIIO3MTHHUX MarepialiB
Juist 1i BUrotopiicHHs. HaBeieHO pe3ysibTaTd BU3HAYCHHS ONTHMAJIbHOT TOBIIWHU CTiH
Ky30Ba BaroHa 3a yMOBH 3a0e31eueHHs Horo MintHOCTI. OJTHaK TaKuii MaTepiaj € JOCUTh
BHCOKOBApPTICTHUM, IO CTPUMYE HOTO NIMPOKE 3aCTOCYBAHHS Y BATOHOOY/TyBaHHi.

OOrpyHTYBaHHS BUKOPHCTAHHS TOJIIMEPHUX KOMITO3UTHUX MarepialiiB y KOHCTPYK-
LiSIX BarOHIB MPOBOAMTHCS B cTaTTi [6]. JloCImiKeHHS 311iICHEHO Ha MPUKIIa Il HACTUITY
IiJUTOTY BaroHa. BUCBITIIEH] pe3y/ibTaTi eKCIIEPUMEHTAIBHUX JOCIIPKEHb 38 METOJI0M
MpecyBaHHs KOMITO3UTY Yy (opmi. BaxkmiBo ckazaru, Mo MOXIUBICTb BUKOPHCTAHHS
JTAHOTO Marepiay IMpH BUTOTOBJICHH] OOIIMBKY CTiH Ky30BiB aBTOpaMH HE pO3IIISTHYTA.

OOrpyHTYBaHHS 3aCTOCYBaHHS KOMITIO3UTHHUX MMaHEICH B KOHCTPYKIIISIX BaHTAKHUX
BaroHiB MpoBeieHO B myoOmikaiii [7]. Take pilieHHs CIPUSITAME 3MEHIIEHHIO MOIIKO-
JOKEeHb CKJIAJIOBUX Ky30BIB B eKcIuTyarallii. HaBeieHi pe3yasraTi po3paxyHKy Ha Mill-
HICTh HECY40l KOHCTPYKIIi{ BaroHa. 3armpornoHOBaHO CIIOCIO PO3MINICHHST KOMITO3UTHUX
naHeJel y BHyTPIIIHLOMY IIPOCTOpi Ky30Ba. Tpeba ckazaTw, 1110 Taka peai3ailis JOCUTh
YCKIIQJIHUTh NIPOIIeC TEXHIYHOTO 0OCITyTOBYBaHHS Ta PEMOHTIB BaroHIB B €KCILTyaralfii.

Jiist 3MEHIIIeHHS! MOIIKOJKEHb OOIIMBKM OOKOBHX Ta TOPIICBHUX CTiH HaITiBBarOHIB
aBTOpamMu poOOTH [ 8] 3aIPOITOHOBAHO TX BUTOTOBJICHHS 3 34JICHOBAaHUX 00OJIOHOK, 3aI10-
BHEHHX CHEPrOMOIIMHAIBHUM MarepianoM. Pes3ynbrati po3paxyHKiB BCTAHOBHIIH, 11O
3 YpaxyBaHHSM 3alIPOTIOHOBAHOTO YJIOCKOHAICHHS € MOKJIIMBUM MOKPAIUTH MillHICTh
Hecy4ol KOHCTPYKIIiT HariBBaroHa Ha 8%. OyHak jaHa peaizallisi € JOCUTh CKIIaTHOIO
3 TEXHIYHOI TOUKHU 30pY, & TAKOXK 3 TOYKH 30py BapTOCTI.
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[MpoBenennii anami3z JiTeparypHUX JDKEpPEN JO3BOJSIE 3POOMTH BHCHOBOK, IO
MUTaHHS YIOCKOHAJICHb Ky30BiB HAIlIBBATOHIB € JJOCUTH aKTyaJbHUMH Ta BaKIUBUMH.
Pa3om 3 M BoHM MOTPeOYIOTh MOAATBIIOT0 PO3BUTKY 3 METOIO ITiJIBUIIICHHS e(DeKTHB-
HOCTI (DYHKI[IOHYBaHHSI HaITiBBarOHiB.

DopmyJTIOBAHHS METH CTATTi, IOCTAHOBKA 3aBIaHHS.

MeTo10 HocizKeHHsI € HayKOBe OOIPYHTYBaHHSI 3aCTOCYBaHHs TOPOBAHUX JINC-
TiB B OOIIMBIII TOPIICBHUX CTiH Ky30Ba HarmiBBaroHa. J{Jisi JOCSTHEHHS 3a3HaY€HOI METH
BU3HAYEHI TaKi 3aBIaHHA:

1. OOrpyHTyBaTH KOHCTPYKIIHHI OCOOJIMBOCTI OOIIMBKH TOPIICBUX CTIH Ky30Ba
HaITiBBaroHa,

2. Bu3HauuTH MIIHICTH Ky30Ba HaIliBBaroHa TPHU TOB3JOBXKHINA HaBaHTa)KCHOCTI
HOro KOHCTPYKIIII.

00’eKTOM 0CTiIKEeHHs € Hecyya KOHCTPYKIIisl HalliBBaroHa.

Ipeamer pocinKeHHs1 — HABAHTAKEHICTh HECYYOT KOHCTPYKIIIT HaIliBBaroHa.

Bukaan wmarepiany JgocailskeHHAI 3 TOBHUM OOIPYHTYBaHHAIM OTpUMa-
HHUX HAYKOBHX pe3yJbTariB. J[Js1 OKpameHHsT MIITHOCTI TOPIEBHUX CTiH HalliBBaro-
HIB MIPOTIOHYETHCS TMOCHITIOBATH iX HIDKHIO YaCTHHY, 32 BUCOTOIO 1/3 BiJl HMKHBOTO
00B’s13yBaHHs, TOPU30HTAIILHUMU rodpamu (puc. 1).

"

Puc. 1. Ilpocmoposa modenv Ky306a Haniesazoua

Jy1s BU3HAUEHHS TEOMETPUYHUX MTApaMETPiB TO)p HIKHIO YaCTHUHY JIUCTA OOIIMBKU
PO3IIISIHYTO SIK TOHKOCTIHHY IUIHTY. [IpH 11bOMY y SKOCTI BH3HAYaJILHOTO MapameTpy
BUKOPHUCTaHO MOMEHT Omopy Jucra. s nuporo y nporpamMHomy komiuiekci SolidWorks
Oy10 TOOYI0BaHO MPOCTOPOBY MOJIEIh TUIIOBOTO JIUCTA (PHC. 2) Ta 3a JOMOMOTO BOY-
JIOBaHUX OIIIil BU3HAYABCS MOMEHT HOTO 1HepItii. [1icis boTo 3a BiJOMOFO 3aJICKHICTIO
[30, 31] Bu3HaYaBCs MOMEHT OMOpy JucTa [9]

w=1, )
. . Z . . . .
JIe z — BIZICTaHb BiJl TEOMETPUYHOTO IIEHTPY Baru NepeTuHy A0 BiJMOBITHOI OCi.

Puc. 2. [Ipocmoposa modens munogozo iucma
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BcranosieHo, 110 MOMEHT iHEPIIii Tepepi3y THIIOBOTO JTucTa JopiBHIoE 19148,5 cm?,
a MOMeHT onopy — 76593,92 cm®. 3 ypaxyBaHHSIM BU3HAYEHOIO MOMEHTY OIIOPY 3.Iiii-
CHEHO Tin0ip BiMOBIAHOTO AiaMeTpy rodp JIMCTa NMPH SKUX BiH Mae 3HAYEHHSI, 110
NEPEBUIIye€ BU3HAYCHE BHUIlle. TOBIIMHA JIMCTA MPUIHATA PiBHOWO 4 MM. Ha mifgcrasi
MPOBE/ICHUX PO3pPaxyHKiB MOMEHT iHepiii jicta ckias 20521,4 cm*, a MoMeHT onopy —
81987,8 cm®. Maca nucra Ha 6,6% HIKYa 3a Macy THIIOBOTO JiucTta. [IpoCcTOpoBy MOJIEITh
YAOCKOHAIICHOTO JIUCTAa HAaBE/ICHO Ha puc. 3.

B

\_

—
(@] 4

Puc. 3. Ilpocmoposa modenv yoockonaienozo aucma

Jlis BU3HAueHHS MIIHOCTI Ky30Ba HAIliBBaroHa 3 ypaxyBaHHSM 3alpOIIOHOBA-
HUX pillleHb MPOBEACHO HOTO pO3paxyHOK. Y SIKOCTI MPOTOTHUITY OOpaHO HariBBaroH
mozeni 12-295. [1oOynoBy mpocTopoBoi Mol 3AiHCHEHO B IPOIrPaMHOMY KOMILIEKCI
SolidWorks [10, 11]. PozpaxyHok Ha MinHicTh peanizoBaHo y SolidWorks Simulation
3a METO/IOM CKiHYEeHHX enleMeHTiB. [Ipy ckilaganHi po3paxyHKOBOT CXeMH Ky30Ba HaIliB-
BaroHa BPAaxoBaHO, 10 Ha HLOTO Ji€ BEPTHKAJIbHE HABAHTAKEHHs P, THCK PO3MNOpPY
HACUITHOTO BaHTAXKY Pp, a TAaKOX MOB3/I0BKHE HABAHTAKEHHs P (puc. 4).

Puc. 4. Pospaxynkoea cxema Ky308a HAnieeazoHa

AKTHBHHMI THCK pPO3IOpPY HACHUIIHOTO BaHTaXy (KaM’siHE BYriLIs) BH3HAYCHO
3a ¢opmyaoro [12, 13]

4 2
A€ ¥ — IMUIBHICTh HACHITHOTO BaHTaxy, T/M3; H — BucoTa G0KOBOI CTiHHU, M; () — KyT
MIPUPOTHBOTO BIAKOCY BaHTAXY, paj; g — MPUCKOPEHHS BIILHOTO Ma {iHHS, M/C2.

szy.g.H.tgz(ﬂ-_go} (2)

[Ipu BH3HAYEHHI THUCKY PO3IIOpPY BaHTAXXy Ha TOPIICBI CTIHHM JO yBaru TaKOX IIPH-
HWMaBCs TACUBHUH THCK. BeMMIrHY TaCHBHOTO THCKY BU3HAYEHO 32 (hOpMYIIoro (2), B SKii
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KBaJIpaT TaHIeHCAa PI3HOCTI JIBOX KYTiB 3aMIHEHO KBaIpaToM TaHI'€HCA X CyMH Ta 3 ypaxy-
BaHHSM KOe(II[IEHTY BEPTUKAIBHOI JJMHAMIKH, @ TAKOXK KyTa IPUPOHOTO BIAKOCY.

3akpiruieHHS MOJieNi BiOyBanocs 3a I’ aTHUKK. [Ipu ckiialaHHi CKiHYE€HO-eJIeMEHT-
HOT MOJIENII 3aCTOCOBaHO i30MapaMeTpuyHi TeTpacapu. YHCENbHICTh BY3JIiB MO
ckinana 104307, enementiB — 312116. MakcumanbHUR po3Mip enemenTty — 80 MM, MiHi-
MabHUN — 16 MM. Y SIKOCTI MaTepiajly KOHCTPYKIIiT 3acTOCOBaHO cTajib Mapku 0912C,
sKa € THIIOBOIO JJIsSi BUTOTOBJICHHSI Ky30BiB. Pe3ynbraté po3paxyHKiB HaBelEHO Ha
puc. 5 ta 6. Ha mijcraBi mpoBeieHUX PO3paxyHKiB MOYKHA 3pOOUTH BUCHOBOK, 1110 MaK-
CHMaJIbHI HaIPy>KCHHsSI B TOPLEBiil CTiHI BHHUKAIOTh B 30HAX B3a€MOJIii TOPH30HTAIb-
HUX TIOSICIB 3 KyTOBHMH CTIHKaMH 1 CKiaaarTh Onmsbko 180 MITa.

von Mises [MN/m"2)
2.475%e+008

l 2.260e+008
L 2.063e+008

- 1657e+008
- 1.650e+008
. 1.44de+008
1.238e+008
L 1.032e+008
- B.25de+007
. 6.191e+007
4.129e+007
2.067e+007

4.175e+ 004

— Mpeden TeEyHeTH! 3.450e+ 008

Puc. 5. Hanpyoicenuii cman Ky306a Haniggazona

URES [mm)
3.0402+000
2.7862+000
| 253324000
. 2.280e+000
. 2.026e+000
L 1.773e+000
| 1.520e+000
| 1.287e+000
L 101324000
. 7.599-001
5.066e-001
2.533e-001

L000e-030

Puc. 6. [lepemiwenns 6 ysnax Ky3o6a Hanigeazona

B HIKHIl YacTHHI JKCTa OONMIMBKY HANIPYKeHHS 3HU3UIKCs 10 132 MITa, o Huxue
HiX B TUNOBIHM Ha 5,3%. MakcuMainbHI MepeMillleHHs] B TOPIEBIH CTiHI BUHUKAIOTh

12



PO3BUTOK TPAHCIIOPTY
Ne 2(17), 2023

y BEpXHLOMY OOB’si3yBaHHi 1 CKJIafatoTh 01M3bK0 3 MM. OTXe MIlTHICTh Ky30Ba 3a0e3-
neayethes [13].

BucHoBKH i mepcrneKTHBA NOAAIbIIOI POOOTH B IILOMY HANPAMI.

1. OOrpyHTOBaHO KOHCTPYKIIIHHI OCOOJMBOCTI OOLIMBKUA TOPILEBUX CTIiH Ky30Ba
HarmiBBarona. [Ipu boMy MPOTMOHYETHCS MOCHITIOBATH 1X HIIKHIO YaCTHHY, 38 BUCOTOIO
1/3 B HWKHBOTO OOB’I3yBaHHs1, TOPH30HTAIBLHUMU Topamu. Ha migcraBi npoBeeHUX
pO3paxyHKiB MOMEHT iHepiiii ucra ckias 20521,4 cm?, a MomenT omopy — 81987,8 cm®.
Maca nucta Ha 6,6% HIDKYA 32 Macy THIIOBOTO JIHCTA.

2. Bu3HaueHO MilHICTH Ky30Ba HaIliBBaroHa MpU TOB3JIOBXKHIH HaBaHTaKEHOCTI
HOro KOHCTPYKIli. BecTaHOBIIEHO, M0 3 ypaxyBaHHSIM 3allpPOIIOHOBAHOIO YJAOCKOHA-
JICHHSI MAKCUMaIIbH1 HaNpY)KEHHS B HIDKHIH YaCTHHI JIMCTa OOIIMBKU TOPIEBOI CTIHU
3MEHINYIOTHCS Ha 5,3% y MOPiBHIHHI 3 TUIIOBOIO KOHCTPYKIII€HO 1 ckianatoTs 132 MITa.
[Tpu oMy MakcUMalbHI IEpEMINIeHHs] BAHUKAIOTh Y BEPXHHOMY 00B’sI3yBaHHI TOpIIe-
BOI CTIHHM 1 CKJIaZAIOTh OJIM3BKO 3 MM.

[Moganbmum HaPSIMKOM JIAHKX JIOCITIPKEHb € BU3HAYEHHSI BTOMHOT MiITHOCT1 Ky30Ba
HariBBaroHa 3 ypaxyBaHHSM 3alPONOHOBAHOTO YIOCKOHAICHHS.

Pesynbrati mpoBeseHUX JOCHTIKEHb CIPHATUMYTh CTBOPEHHIO PEKOMEHJAIii
IO/I0 TIPOEKTYBAHHS CyYaCHMX KOHCTPYKIII HaIliBBAaroHiB Ta MiJIBUIICHHIO e(DEKTHB-
HOCTI 1X eKcIuTyararii.
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HEPCHHEKTUBU 3ACTOCYBAHHSA MOPCBKUX AMIAYHUX
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A.A. Auapees!, B.I. Ceupunon?, /1.0. Illananko?

'K.T.H., ipodecop, 3aBigyBad KaGeapH CyTHOBOTO MAIIMHOOYyBaHHS Ta CHEPreTHKY,
XepcoHncokutl HAGUANLHO-HAYKOGULL THCIUMYM
Hayionanvnoeo ynisepcumemy kopabnebyoysanns, Xepcon, Ykpaina,
ORCID ID: 0000-0002-1095-0398
2K.T.H., IOUEHT KaheapH CyTHOBOTO MAIIMHOOYIyBaHHS Ta CHEPTCTHK,
XepcoHcbKull HA8YAILHO-HAYKOBULL IHCIMUMYM
Hayionanoenoeo ynieepcumemy xopabnebyodysanns, Xepcon, Yrpaina,
ORCID ID: 0000-0002-4841-7935
%K. T.H., IOUEHT Kadepu CyHOBOrO MAIIMHOOYIyBaHHs Ta EHEPreTUKH,
XepcoHcvrutl HABUANLHO-HAYKOGULL THCIUMYM
Hayionanvnozo ynisepcumemy xopabnedoyoysanus, Xepcon, Ykpaina,
ORCID ID: 0000-0002-4311-3908

Anomauisn

Bcmyn. O0num i3 0CHOBHUX WiIAXTI8 YMULi3ayii 6MOPUHHUX HU3bKONOMEHYIIHUX
Menio8ux pecypcié cyOHO8UX OU3ETbHUX YCAHOBOK € 3ACTNOCYBANHS YMUAi3ayitl-
HUX CUOBUX YCIMAHOBOK HA HUZLKOKUNIAYUX pobouux minax. Ileenowo npodiemoro €
6UOID pAYIOHATLHO20 HUZLKOKUNIAYO20 POOOHU020 MIiNd, OCKIIbKU HASIGHI CYMMES]
He2amueHi MOMEHMU Y GUKOPUCMAHHT mMPpaouyitinux pooouux pevosun. Hanpuxaao,
0J151 XIAOOHI8 XapaKmepui HU3bKA MepMiuHa CmIllKicmy, 6UCOKA MeKYUiCmb, 3Ha-
yHa eapmicmv mowjo, a 0Jisl 8y2n1e8o0nie — copiouicms. Mema. IIpoeecmu ananis
cxem i Xapaxkmepucmuk pi3sHux amMiauHux CUlO8UX YCMAaHOB0K 01 00TPYHMYGAHHS
obnacmeil ix payioHanbHO20 3ACMOCYSAHHA 8 eHepeemuyi, Yy momy 4ucii i cyoHo-
6ii. Pesynomamu. Poszenamnymo pizHoManimui acnekmu 3aCmoCy8anHs aMiaxy sK
pobouoeo mina. Amiaxk i 00 Yyb020 OHs € OCHOBHUM POOOYUM MINOM, WO PO32NA0a-
€MbCA 6 NPOEKMOBAHUX | 3ACMOCOEYEMbCS Y CMEOPIOBAHUX OKEAHCbKUX MeNna106Ux
eeKMPOCManyisax s paonié AK mponixie, max i Apxmuxu. Pezyromamu po3ens-
0y 6 Hayionanonomy ynisepcumemi kopadne6yoyeanus (m. Mukonais) cxem ymuni-
3ayii HU3LKONOMEHYiuHOi Mmeniomu CYOHOBUX OUZCTLHUX YCMAHOBOK NOKA3YIOMb,
Wo amiak 3Haxo0umscs @ 2pyni pobouux mii, wo 3abe3neuyioms Haueuwyi mepmo-
OUHAMIYHI NOKAZHUKU YMUNIZAYIUHUX CUNO8UX YCmaHo8oK. Ll]e oowuieto obnacmio
MPAHCNOPMHO20 GUKOHAHHSA AMIQUHUX YMUNI3AYIUHUX CUNOBUX YCIMAHOBOK € KOC-
MIYHI COHAYHI enepeemuynl yCmano6Ku, NPUSHAYeHl 1K eleKmponoCmadaits 6eu-
KUX KOCMIUHUX cmanyi, max i y Mandymubomy nepedasanus elekmpuinoi enep-
2ii Ha 3emnio. [HwumM nepcnekmusHUM HANPAMKOM YMUNI3AYIi HU3bKONOMEHYIUHUX

© Angpees A.A., Ceupunos B.1., llananko /1.0., 2023

16



PO3BUTOK TPAHCIIOPTY
Ne 2(17), 2023

B8MOPUHHUX MENJIOBUX PeCYPCIi8 € YMUAIZAYINHI CUNO8] YCIMAHOBKU HA 6000AMIAYHO-
My posuuni. [Iposedeno nopieHaibHUL AHAI3 PI3HUX CXeM AMIAUHUX eHepeoyCmaHo-
80K, IX MepMOOUHAMIUHUX | MEXHIKO-eKOHOMIYHUX XAPAKMepUCcmuK. 3a80aKu c8oim
besnepeunum nepegacam amiaxk € 0OHUM 3 OCHOGHUX NePCHEeKMUBHUX POOOYUX M
YMUR3ayiuHux cuio08ux ycmanHook. Bucnoexku. Pesyrbmamu Hayko80-00CHIOHUX
pobIim, 00CAIOHO-KOHCMPYKMOPCOKUX PO3POOOK I NPOMUCLOB0T eKchyamayii nio-
MBEPOACYIOMb GUCOKY epeKMUSHICMb AMIAUHUX VIMULIZAYIUHUX CUTOBUX YCMAHO-
80K 01 WUPOKO20 CNEKMpY 3dcmocy8anns 6 enepeemuyi: 8i0 Ceimogoeo oxeawny
00 KOCMOCY.

Knrwouoei cnosa: ymunizayivina cunoea ycmaHoeka, meniosa eiekmpocmanyis,
HU3bKOKUNIAYE poboue mino, amiak, 6000AMIiAUHA CYMIUL.
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Summary

Introduction. One of the main ways of utilization of secondary low-energy thermal
resources of marine diesel installations is the use of utilization power plants on low-
boiling working fluids. A certain problem is the choice of a rational low-boiling
working fluid since there are significant negative points in the use of traditional
working fluids. For example, halon is characterized by low thermal resistance, high
Sfuidity, significant cost, etc., while hydrocarbons are characterized by flammability.
Purpose. To analyze schemes and characteristics of various ammonia power plants
in order to substantiate the areas of their rational application in the energy industry,
including shipbuilding. Results. Various aspects of the use of ammonia as a working
fluid are considered. To this day ammonia is the main working fluid considered in the
designing and constructing of ocean thermal power plants for both tropical and arctic
regions. The results of the research on the schemes for the utilization of low-potential
heat of ship diesel plants at the National Shipbuilding University (Mykolaiv) show that
ammonia belongs to the group of working fluids that provide the highest thermodynamic
indicators of utilization power plants. Another field of transport implementation of
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ammonia utilization power plants is space solar energy plants, designed both for
the power supply of large space stations and for the transfer of electrical energy to
Earth in the future. One more promising direction of utilization of low-potential heat
waste is water-ammonia mixture utilization power plants. A comparative analysis
of various schemes of ammonia power plants, their thermodynamic, technical and
economic characteristics was carried out. Ammonia is one of the most promising
working fluids of utilization power plants due to its indisputable advantages.
Conclusions. The results of scientific researches, design developments and industrial
operations confirm the high efficiency of ammonia utilization power plants for a wide
range of applications in the energy sector: from the ocean to space.

Key words: utilization power plant, thermal power plant, low-boiling working fluid,
ammonia, water-ammonia mixture.

Beryn. Bucoki miEM Ha CylHOBE MajMBO BHCYBAIOTh HA MEPIIHMH IUTAH 3aaady
MiJBUIICHHS MaJWBHOI S€KOHOMIYHOCTI CyJHOBHUX Au3esibHUX ycTtaHoBok (CHY)
HUISIXOM yTHITi3anii 1 BTOpUHHUX TEIUIOBUX pecypciB [1], 30kpema, 3 METOI0 BHPO-
OJleHHsI eNeKTPUYHOT a00 MeXaHiuHOT (JJIs mepeaBaHHs HA TPEOHUN TBUHT 9H JJIs
OPHUBOJY IHIIUX MeXaHi3MiB) eHepriii. OJHaK, SKIIO TEXHOJIOTil BUKOPUCTAHHS
B yTWiIi3aliiHux cuwioBux yctaHoBkax (YCVY) BiAXiJIHUX Ta3iB TOJOBHUX 1 JIOMO-
MDKHHMX JIBUT'YHIB YK€ JOCTaTHbO BIANpalibOBaHi, TO HU3bKOMOTEHIIIf{HA TerioTa
CHUCTEMH OXOJIOJPKCHHS CYIHOBHUX JH3ENIB MPICHOIO BOAOI 3acTtocyBaHHi B YCVY
HE 3HAXOJUTh.

MocranoBka nmpo6aemu. CxiaaHicTh yruiizanii B cynHoBux YCVY HU3BKOIO-
TEHIIAHOT TEIUIOTH BUKJIMKAaHA THM, [0 Ha Takui piBeHb Temmeparyp (1o 100°C)
TpaJULIiHI YyCTAHOBKH, IO peali3yloTh KOHACHCALIMHUN LUK PeHkiHa 3 BOs-
HOIO IapoI0 K POOOYMM TiJIOM, MAlOTh HHU3KY ICTOTHUX HemomikiB [2]. HasBHiCTh
BaKyyMy B CHCTEMI NMPU3BOJUTH, MIO-TIEPIIE, IO BEIUKHX MUTOMUX 00’ €MIB BOJASIHOT
napw, i, OTXe, JI0 TPOMI3IKUX CTYNEHIB HU3bKOTO TUCKY TYypOiHW Ta MiJBUIICHUX
JiaMeTpiB TpyOONpPOBO/iB, a, MO-ApPYyTe, 10 HEOOXITHOCTI JIOJaTKOBUX €KEKTOPHOI
Ta JleaepaliiHol yCTaHOBOK. 3HaYHa BOJIOTICTh BOJSHOI ITapy B KiHII IPOLECY PO3-
mmmpenHs 3amkye KK cunoBoi TypOiHM Ta CIPUYMHIOE epo3iliHi pyHHYBaHHS ii
JIOTIATOK.

Lli Hemoyiku MOXKYTh OyTH TOJ0JIaHI TPU 3aMiHiI BOJASHOI Mapu Ha HU3BKOKH-
wistae podoue Tio (HPT) [2, 3]. Kpim BincytHOcTi Bakyymy B Y CVY, MeHIIuX rada-
putiB Ta 6ubm Bucokux 3HaueHb KK/l TypOomamun, nepeBaramu HPT e: mosxiu-
BICTh BUKOPHUCTAaHHS MPsSMOTOYHOro kKotia-ytuiizaropa (KY), mo cupourye YCVY;
BiJICYyTHICTH Kopo3ii enemenTiB YCVY Ta eposii ionarok TypOiHM; HA3bKa 4acTOTa
obepranHs TypOiHU. SIKIIO JUIsl BOJISHOT Mapu 4epe3 BaKyyM TeMmIieparypa KOHJCH-
camii nigrpumyethes He Hkue 30°C, To st HPT mMoxnuBe 3HMKSHHS 1i€l TemIe-
parypu (y XOJIOJIHY TOpPY POKY; IIPH TUIABAHHI Y BHCOKHX IIUPOTaXx), M0 301IbIIYy€E
KOPUCHY pPOOOTY IHKITY.

IleBHoro mpoGnemoro € Bubip pamioHambHOoro HPT, OCKiNbKM HasBHI CYTTEBI
HEraTHBHI MOMEHTH Y BUKOPHCTaHHI TpaguliiHuX podounx pedoun Y CY. Hampu-
KJIaJI, JUIS XJIaJIOHIB XapaKTepHi HU3bKa TePMidHa CTIHKICTh, BUCOKA TEKYUiCTh, 3HA-
YHa BapTiCTh TOIIO, & JIJIsi ByTJICBOAHIB — TOPIOYICTb.
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AHaJi3 ocTaHHiX aocjimkens i myoaikamii. EdQekTuBHUM anbrepHaTHBHUM
po6ounm areHTOM MOKe BBaxkaTucs amiak (NH,), skuii ekonoriuno (030HOBHH 1map,
NapHUKOBHN e(eKT) Oe3MeuHuid, IemeBruid, Mae rapHi sSIK TepMOJUHAMIYHI MTOKa3-
HUKH, TaK 1 XapaKTepUCTUKH TeIIonepeaadyi. 3acToCyBaHHs Ha Cy[QHI amiaky sK
pobouoro Tina YCVY crae QOUINBHININM, SKIO TaM BCTaHOBIIEHA aMiauHa pedpu-
KepaTopHa ycTaHoBKa. [Ipu boMy MOXKITMBE 3aJy4CHHS 1€ OJHOTO JKepelia HU3b-
KOTIOTEHI[IHHUX TEIJIOBUX PECYPCIB, a caMe TEIJIOTH MePerpiBy MapiB amiaky Mmiciis
CTUCHEHHS B KOMIIpecopi (TemrepaTrypa KiHIsl IPOIeCy CTHCHEHHSI MOXKE JTOCSATaTH
160°C [4]). Kpim Toro, 3apa3 akTUBHO PO3IVIAIAI0Th aMiaK sIK IEPCIEKTUBHE MaJTHBO
CY/IHOBHX T'OJIOBHUX JIBUTYHIB, SIKE JACTh MOXIJIMBICTB TOCATTH JIeKapOoHi3alii cya-
HOTLTABCTBA, MIHIMI3yBaTH HOTO HIKIJIMBUH BIJIUB HA JTOBKILIA [S].

®opmyaoBanHs wijeii crarti. Ha choronHimHid 1eHb Y HAyKOBO-TEXHIUHIN
JIITepaTypi € JIKIIE PO3PI3HEHI JIaHi PO KOHKPETHI po3poOku amiagnux Y CY, cxemu
iX poOOTH, KOHCTPYKIIIT MAIIIMH 1 anaparis, TEPMOAMHAMIYHI Ta TEXHIKO-EKOHOMIYHI
noka3sHuku. lle ¥ BHU3HAUMIIO METy LBOrO JIOCIHIJDKECHHS: MPOBECTH aHaJi3 CXeM
1 XapaKTepucTuK pizHUX amiaunux YCVY mis oOTpyHTYBaHHS oOyiacTell X Kpamoro
3aCTOCYBaHHS B €HEPTETHUIli, y TOMY YHCII i CYITHOBIH.

Buxsan ocHoBHoro marepiany. [luranns 3actocyBanns amiaky ssk HPT YCV
MOPCBHKOTO BUKOHaHHS Mae napHio ictopito. Ille y 1881 p. Bugarumii dizuk XKak-
ApceH 1’ ApCOHBaJIb, TEOPETUYHO OOTPYHTOBYIOUM MOMIJIMBICTh BUKOPHUCTaHHS
B TerioBux enekrpocrannisx (TEC) Benuue3nux 3anaciB TermioBoi eneprii Ceito-
BOTO OKE€aHy, 3alpOIOHYBaB 3aCTOCYBATH aMiak sik pobouy piguHy okeaHcbkux TEC
(OTEC). Amiak i 70 1[bOTO JIHS € OCHOBHHUM POOOYUM TLJIOM, IO PO3IJISAIAETHCS
B IIPOCKTOBAHHUX 1 3acTOCOBY€EThCA y cTBOproBaHuX OTEC juist pailoHiB SIK TPOITiKiB
[6], Tak 1 Apktuku [7, 8]. ¥ tpomiuaux OTEC BUKOPUCTOBYETHCS Pi3HHIISI TEMIIE-
paTyp MOBEpXHEBUX MIAPIB OKeaHy, [0 MAIOTh Y pailoHax Mix 5 °ma.m. i 15 °mH.m.
cTiiiky Temneparypy 27...28°C, i mubounHux (Ha rrnouni 300 M Temneparypa Boau
3HUXKyeThCs 10 12°C, a Ha tmubuni 700 M — 10 4...6°C). TexHik0-eKOHOMIYHI XapakK-
TEPUCTUKHU JEAKUX TAaKUX CTaHIlIH, 110 MPaIlOTh HAa aMmiaky, HaBeAeHI B Ta0i. 1
1 Tabm. 2.

Hpuanun npii apkruunoi OTEC 3acHoBaHWE Ha TEpeTBOPEHHI B OCIHHBO-
3umoBHi niepion B YCY pi3HHII TeMrepaTyp Il {HOT BOJU apKTHYHUX MOpiB
(+2...-2°C) ta HaBkOMMUIHBOTO TOBITPs (-25...-50°C). Ynepmie BiH OyB HayKOBO
oOrpynToBanuii akagemikom O.®@. lopde B 1932 p. I3 1980 p. 1ieli HaNPSIMOK aKTUBHO
OTpalboBYBaBCs B THXOOKEaHCHKOMY OKEaHOJOTIYHOMY 1HCTHTYTI JlanexocxigHoro
HaykoBoro nearpy AH CPCP cminbao 3 IHctuTyTOM Temnodizuku Cubipchbkoro
Bigginenuss AH CPCP i Hu3koto HaykoBuX JlabopaTopiii EHEpreTH4HOro iHCTUTYTY
(EHIH), Mockoscwkoro eHepretruunoro incruryty (MEI), Onecbkoro TexHomoriu-
HOTO IHCTUTYTY X0onoauibHOT mpoMucioBocti (OTIXIT), [HCTUTYTY BUCOKHX TeMIIe-
paryp AH CPCP (IBTAH). Humu 3xilicHioBanucs, 30KpeMa, i ToCiiKkeHHs edek-
TUBHOCTI 3acTocyBanHs pisHux HPT (Tabum. 3), ski nokasanu 0€3CyMHIBHY IepeBary
amiaky sik pobodoro Tina nanux YCV [7].
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XapakTepUCTUKHU AesIKUX Aocaignux amiaunux Tponivnux OTEC
HaiimenyBaHHsI cTaHLil, pO3pOOHNK

Tabmnms 1

pipma

XapakrepucTuka
cTaHmii

miHi-OTEC

OTEC-1

«Mitsubishi», yni-
Bepeuter M. Cara
(SInownist), enepro-
komnanisa «Kyushu
Electric Power Co.»

Pix I;/?izp (;6”1’ ceprens 1979 p.; cepexnuHa 1980 p.; Bege,FgELHlogc%fdf =
. Taaiii (CILIA) Taaiii (CILIA) © OKYHC
pO3TallyBaHHS (SAmonis)
3aranpHa
reHepyema 0,049 / 0,050* 1 0,05
MOTYXHICTh, MBT
Koprcna 0,012/0,0175%* HEMae JaHuX HEMae JaHuX
NOTykHicTh, MBT
MonynpHICTE 1 1 1
YCTaHOBKH
.. KOXKYXOTpyO4acTui; 2 OII0Ka; MIacTHH-
TUTACTUHYACTHH; ' . Iy
6304 TpyOoK; MaTepial Tpy- 4acTi;
. TUIOIIA TETI000- ) . . .
Koren-ytumizarop . 2. 0ok: TuTaH; giamMetp 20 MM; | IUIOIIA TEIUIOOOMIHY
MiHy 38 M?; . 2.
S JnoBxuHA 18 M; o 102,6 m?;
Marepiai: TuTaH P
Maca 3armoBHeHa 195 T Marepiai: TUTaH
.. KOXKYXOTPYyO4aCTHIA; .
TUTACTUHYACTHH; ' . IO TETIO00OMIHY
6304 TpyOoK; Marepiai Tpy- 2.
IUIOIIA TEIIO00- . . . 383 Mm%
Konnencarop - 2. 0ok: TuTaH; giamMetp 20 MMm; - .
MiHy 38 M?; : Marepian TpyooK:
) = JIOBXKHHA 18 M;
Marepial: TuTaH THTaH
Maca 3armoBHeHa 105 T
MOJICITFOBABCS 32 IOTIOMOTOF0
Typ6oreneparop HEMae JaHuX JIPOCEIBHO-PETYIIIOBATTFHOTO HEMae JTaHuX
KJIarmaHa

MOJIETHIICH; TTy4OK i3 3 mapa-

TBEPIUil MMOJICTHIICH;

Tpy6onpogiz
XOJIOJHOT BOJU

MOJTieTUJICH;
58 cextiif; BHY-
TPILIHIN JAiamMeTp
0,5/0,6% Mm;

nosxnHa 700 M

JeTbHUX TPYO JJIs1 KOXKHOT
cekiii mo 18 / 27* m;
noxknHa 640 / 900* m;
miamerp 1/1,219% m

nosxnHa 2350 M
(tmubuna 370 m);
nmiametp 0,5 Mm

Butparu mopcbkoi
BonH, M°/c:
XOJIOAHOT; 4,30; 0,126;
Temmnol 5,25 0,143
riepeoOraTHeHNH TaHKeP
Kopriyc npoekty T-2 «Chepachet» Geperosa
3 MapOTypOOCICKTPUIHUM
TIPUBOJIOM
B Ono- HeMae JaHux 5370 -
TOHHAXKHICTB , T
3a JIOTIOMOTO0

Croci6
3aKPITUICHHS

y Mopi

TpyOOIIPOBOITY
XOJIOJTHOT BOJIH;

UL Bif'eqHaHHSA
TpyOH BiJ cynHa

HCMa€ JaHuXx

CITy’)KUTb CITCTIi-
aJIbHUI 3aTBOP
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Tabmuus 2
XapakTepUCTHKHU JAesIKUX MPoeKTiB amiaunux Tponiunux OTEC
Xapakre- Po3podnux
PHCTHKA ) ] ) ) ]
cranuii | PipMa «Lockheed» | dipma «TPB» Snonis ®panuisa ®panuis
1 2 3 4 5 6
3araipHa
reHepyema 240 125 3 15 3,5
MOTYXXHICTb,
MBT
Kopucna HeMae
TIOTYKHICTb, 160 100 2,1 HEMae JaHuX AHIX
MBTt s
Monynb-
HICTB ycTa- 4 4 HEeMae JIaHnuX 2 1
HOBKH
2 610ka
10 4 KoTIa 2 KOTIIa,
4 Grioka: 4 Goka; B KO)KHOMY; 22860 Tpy-
S KOKYXOTpYO- | IJIacTHHYACTHH; | Jiamerp Kop- | OOK; mare-
KOXKYXOTpPyO4acTi; 0 ] ) )
. 4acTi; JiaMeTp | mioma Termioo0- | mycy 4,64 M; | pian TpyOoK:
JiaMeTp KopIrycy . . 5. . e
22,2 wi; 120000 Tpy- xoprycy 15,2 m; | MiHy 584.17 M% | 91440 pr601<, TUTaH; Jia-
Koten-ytu- T . 65400 tpy- Marepiai: Marepian MeTp 25 MM;
. 00K; Marepia . L.
ni3arop T 601(‘ AN 0ox; Marepian | TuTaH; koediui- | TpyOOK: THTaH; | TOBIIWHA
DYOOX: THTAL, TpyOOK: THTaH; | €HT TemIonepe- | AiameTp 25 mm; CTIHKH
30BHILIHI AiameTp A . / 0.7 an:
51 Mt 30BHIIIHIH nmaui 5724 Bt TOBIIMHA ,7 MM;
OBKIHA i 6 M niamerp 35 MM; (M*K) crinku 0,7 MM; |  JOBXKUHA
A nosxkuHa 13,1 M JIOBXXHHA TPY- TpyOOK
ook 12,75 m; 12,75 m
Mmaca 145t
2 610Ka 1o 2 KOHHef.Ica_
3 KOHJeHCa- TopH;
4 6rnoka; Topi 14875 tpy-
4 6noka; KOKyXo- KOXYXOTpyO- TUTACTUHYACTI; s KOX(ﬁOM . 00K; Mare-
TpyOuacTi; giameTp 4acTi; IUIOIIA TETI000- 59500 Tp;,-’ pian TpyOoK:
22,2 m; 120000 Tpy- | miamerp 15,2 m; | miny 6167 m?%; oK. . THTAH; Jlia-
] . L 0K; Marepiai .
Konnenca- 00K; Marepia 75900 tpy- Matepian: Tov6ok: Turan: | METP 25 mm;
TOp TpyOOK: TUTaH; 00K; MaTepiall | TUTaH; Koedii- fa }1leeT : 25 MM’. TOBIIMHA
30BHIIIHIH AiaMeTp | TpyOOK: TUTaH; | €HT TeIuIonepe- A TOBp ana ’ CTIHKH
51 Mm; 30BHILIHIT naui 4737 Bt/ TOBIL 0,7 mmMm;
. . ) ctinku 0,7 My;
noBxuHA 16 M niametp 38 MM; (M*K) OBKHHA JTOBXKHHA
nosxuHa 13,1 M A . TpyOOK
Tpy6ok 17,5 m; 175 u:
Mmaca 135 1 vaca 102 T
8 0J10KiB; 11?;4(:;2;
Juametp 3.5 6,4 M; Bich
BICh BEpTHKAJIbHA,; . .
TypOorene- BEPTUKAIIBHA; 2 6roxa; rabapuTu
Jrby30pH TOMIAPHO HEeMae JaHuX
parop . mudysopu rabaputu 4r 2,51
BCTaHOBJICHI Ha .
.| ycraHoBneHi Ha
KOHJICHCATOPax; A——
0, s
KRIT90 % KKJ190 %
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1 2 3 4 5 6
MOTIEPETHBO ¢bidpockio,
.| Ham HUIl OETOH; | apMOBaHE IIac- BXKHHA
TpyOompoBin pyxKe .6e OF; pMOBAHE ¢ 710 JIOBKUHA JIOBKUHA
.. 5 TeJIECKOMYHUX THKOM; BHY- 1500 m; o o
XOJIOJTHOT . RV : 2920 m; mia- 2920 m; nia-
Bo CeKIIii; aiamerp TpilHii giamerp | aiamerp MoTD 5.4 M verD 3.0
A Bix 31,1 10 38,4 M; | 15,2 M; noBxkKrHA 25M P> P>
nosxuHa 305 m 1200 m
Burparu
MOPCBKOT
BOIM, M°/C:
XOJIOJTHOT; 1800; 370; 6,60; 3 o
Termnol 1370 440 8,54
HaIiB3aHypIOBaJIbHA
iatdopma uiH-
MYHOTO THIT .
Ap oro Y, CYAHO IMJIIH-
po3TamioBaHa Bep- .. .
. npuyHoi hopmu;
THKAJIbHO; liaMeTp .
) . Ha MMOBEPXHi
75 m; Bucota 100 m; .
o niametp 104 m;
TOJIOBHHUH KOPITyC .
BHCOTa 52 M;
Kopmyc CKJIaJIA€ThCS 3 4 PO3- Geperosa Oeperosa Oeperosa
. ocazka 32 wm;
IIUTBHUX CHEPreTHY- L
. Marepiai: apMo-
HUX MOJYJIB, pO3Ta- o
BaHMH i momnepe-
moBaHux Ha 30,5 M
. .| nmHBO Hampyxe-
HIDKYE PIBHS MOPS; N
. HUil 6eToH
Marepiai: apMoBa-
HUH Ta MONePEIHbO
HaIpyXeHHi OeToH
Bonoton-
¢ 300000 213000 - - -
HaXHICTB , T
SIKIpHA CUCTEMa, IO
Crioci6 CKJIQIa€ThCS 3 Tpa- | JAWHAMiYHA CHC-
. nerii po3nMproBaya, | TeMa yTpruMaHHs
3aKpITUICHHS . . . - -- --
MODI Opimesi, BEpTrora, | B TOUI (DYHKITIO-
y Mop SIKIDHOTO TpoOCa HYBaHHS
i sikopst
Tepmin Hemae
ciyx0oH, 38...100 40 HEMa€ TaHUX | HEeMae JaHuX
POKiB AaHHX

Tabmums 3
HopiBuaabHi xapakTepucTuku apkTuaHoi OTEC notyxkuicTio 1 MBT npu po6oti
Ha pizuux HPT (MiniMajbHa Ta MakcuMaabHa TeMnepaTtypu nukiay -24 i -6°C)

Macosa surpara, Hory:xknicTh, kBT
Kr/c i KKJI
Po0oue Tijto podo- saBopr HACOCIiB KopHcHa cTaHIil
D OPTT .. | HeTTO, %
"[l‘;),]:;]) HO1 BOAU po?_(i);;)ro 3360pTHO'l' BoIM | CTaHIII °
Xmamon R12 124 2711 13 203 784 3,61
Xmagon R13 179 2633 119 197 684 3,25
Xmamon R22 93 2673 17 200 783 3,66
[Iponan 52 2754 20 206 774 3,51
Amiak 16 2653 5 199 796 3,75
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Cepen mikaBUX po3po0OK Y IIbOMY HAMPSMKY CIiJ BiI3HAYUTH MPOEKT IUIABYyUOl
amiauHoi apktuanoi OTEC (puc. 1) ans paitony octposa Jlikcon (€Hicelichka 3aToKa,
73°30" mu.m1.), mo mependadae po3TallyBaHHS CTaHIlI Ha OOPTy mMepeoOIaTHaAHOTO
kpeiicepa «Muxaun Kyty3oB» mpoekty 68-6uc (momxuna 210 M, mmpuna 21,6 M,
ocajka 7,5 M, BomotoHHaxHicTh 19200 T, moOynoBanuii Ha YopHOMOPCHKOMY CYITHOOY-
JiBHOMY 3aBofi y M. Mukomnais) [8].

N I a A, /
™ Y

J zt ‘»:xs—:\ra
i8] /<
=/

Puc. 1. Posmawyeanns apxmuunoi oxeancwvroi TEC na cyoni
1 — enepeemuuni moOyni; 2 — dcumnosi ma OONOMINCHI 8i0CIKU,
3 — mawunne 8i00inenHs i3 CYOHOB0IO CUNOBOI0 YCIAHOBKOIN),
4 — nogimpsiHi KOHOEHCAMOPU-2PAOUPHI; 5 — mpyoonpPo8ooU 3aOUPanH Ma CKUOAHHS
3ab0pmuoi 600u; 6 — HOCO6a naxyoOHa HA00Y08a, 7 — OUMOBA MPyOaA MAUUHHO2O
8i00inenus; 8 — kopmosa Hadby0o8a

]
-

-

ITepeBaramu cymaoBoro BukoHaHHSI OTEC €: MoHTak oOmamHaHHS Ha MAaTepPUKO-
BOMY CyIHOOYIiBHOMY a00 CyAHOPEMOHTHOMY 3aBOJIi i, THM CaMHM, CKOPOUYCHHS Tep-
MiHIB BBEJCHHS B €KCILTyaTallil0; MOKJIMBICTh MEPEMIIllEHHs CTaHILii B JITHIH mepion
poky Ha miBHiY TaliMupcbkoro miBoctpoBa a0o HoBoi 3emuti i, 0TiKe, MPOJOBKECHHS
CE30HHOTO Yacy BUKOpHCcTaHHs. Ha cynHi nmepeabayanocst po3MIiCTUTH TPU €HEProMO-
IyJli OJIMHUYHOIO TOTYXHICTIO 10 40 KBT. V pe3ynbrari po3paxyHKOBHX JIOCIiIKEHb
OynM OTpUMaHi HACTYIHI ONTHMAaJbHI apaMeTpu 0a30BOr0 MOAYJSA i OCHOBHOTO TeX-
HOJIOTIYHOTO 00 THAHHS: MOTY>KHICTh MOAYJSA HeTTo 35,5 KBT; TeMmeparypu KOH/IeH-
carii Ta KuniHHs amiaky -14,0 Ta -2,6°C BiAnoBijHO; MacoBa BUTpara amiaky 1,4 kr/c;
Terutonepenas Ha Typoini 58,3 k Jx/kr; miomna moBepxHi rermiooominy KY 364 m? (kinb-
KIiCTh XOJIIB y CeKIIii 4, KUIBbKICTh TPYOOK B OJJHOMY XOJ1i 88, BHYTpIIlIHIH Ta 30BHILITHIH
niametpu TpyOok 12 ta 14 MM, ToBKUHA TPYOOK 2,5 M); BUTpaTa MOPCHKOi BOJIU Uepe3
KV 225,2 xr/c; mioma noBepxHi TErIooOMiHy MOBITPSIHOTO KOHJCHCATOpa-IPaupHi
4677 m? (BHYTpILIHIA Ta 30BHIIIHIN HiameTpu TpyOok 16 1 20 MM, BucoTa Bexi 12,5 M;
niametp Bexi 7,1 m); camotsira B rpanupsi 0,22 Ia; cepeaHs MIBUAKICTH MOBITPS B rpa-
mupHi 1,33 m/c; BuTpata nosiTps yepes rpaauphio 708,2 kr/c [8].
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CynnoBuit HanpssMok peaizaitii YCVY 3HaHII0B Bi10OpaXKeHHS Y JIOCITIKSHHSIX, 1110
NpOBOASATECS HUHI B HallionanbHOMY yHiBepcuTeTi kopabneOymyBanHs (M. MuKomnais)
Pesynbratu po3nisay cxem yTiizalii HU3bKonoTeHIiiHoi Temtotu C/Y moka3syroors,
mo amiak 3HaxomuThest B rpymni HPT, mo 3a0esnedyroTh HaWBHI TEPMOAMHAMIYHI
nokazauku Y CY. Hampuknaz, Oyna po3paxoBaHa ycTaHOBKa, 1m0 yTmiaizye 1630 kBt
TETUIOTH BHCOKOTEMIIEPATYPHOTO KOHTYPY CHCTEMH OXOJOJKCHHS TPICHOIO BOJOIO
CY/IOBOTO TOJIOBHOTO CepeHbooOepTOBOro au3ens mapku 6L.46-B dipmu «Wartsilay
(Dinnsuaist) notyxHicTI0 5850 kBT, Ipu HACTYIHHMX BHXIJIHUX JaHUX: TEMIIEPATypH
MPICHOT BOJIM CUCTEMHM OXOJIO/PKEHHS Ha Buxoji Ta Bxoi B KY BiamosigHo 74 1 91°C;
Temreparypu kKuninas Ta neperpiBy napie HPT y KV Bianmosizao 70 i 80°C; Temre-
parypu 3abopTHOT Boau Ta koHjaeHcaiii HPT Bignosizno 30 1 35°C. Bynau orpumani
TakKl XapakTepUCTHKU poOoTu amiadnol YCVY: THUCK KOHJCHCAIlii Ta KUIIHHS aMiaky
1358 13371 klla; macoBa Butpara amiaky 1,37 Kr/c; MOTY>KHOCTI CITIO)KHBaHAa HACOCOM,
KOpPHUCHA ITUKJTY 1 BUpOoOJIeHa TypOiHoto BiAmoBinHo 8, 143 ta 151 xBt; Teruiore HaBaH-
TakeHHsI Ha KoHJeHcaTop 1487 kBt; Tepmiunmii KK/ ycranosku 9,2 %.

Ille omHiero obnacTio TpaHcnopTHOro BukoHaHHS YCVY € kocmiuni consiuni TEC,
NPU3HAYCHI SIK EJIEKTPOINOCTaYaHHsI BEMKUX KOCMIUYHUX CTaHIiM, Tak ¥ y MaiOyT-
HBOMY Tepe/IlaBaHHs eJIeKTPHYHOI eHeprii Ha 3emuto. Posmismaroun pizHi BapiaHTH
TaKHUX YCTaHOBOK 3 TypOOTCHEPaTOPHUMH MIEPETBOPIOBAYaMH CHEPTil, BACHI HAHOLIBII
JICTAJILHO TIPOTIPAIFOBAIM CHCTEMY, sIKa BUKOPUCTOBYE sIK poOoye TiJ1o amiak [9]. 3rijgHo
NPOEKTY A0 CKJIaJly OJIMHUYHOTO €HEproMOyYJisi BUXiHOO moTyxkHicTio 100 kBT (BiH
MOYKe OyTH BUKOPUCTAHHI K KOMIIOHOBOYHA O{UHHMIIST KocMiuHOT coHstuHol TEC Oyib-
SIKOT IOTY>KHOCT1) BXOJISITh: CKJIaJICHUI TTapaOoIOMIiHIPUIHUN KOHIIEHTPATOp COHSY-
HOTO BUIIPOMIHIOBAHHS 3 XOJOAMIBHUKOM-BHITPOMIHIOBAUEM, PO3TAIIOBAHUM 3 THIIb-
HOTrOo OOKy; MpHiiMay BUIIPOMIHIOBaHHS 3 JONATKOBHMH KOHIICHTPAaTOpPaMH; HarpiBad
Ta reperpiBay napiB amiaky 3 TEIJIOBUM aKyMYJISTOPOM; NapoTypOiHHHI TTepeTBOPIO-
Bay 3 PEreHEepaTopoM; eJICKTPOreHEepaTop; CUCTeMa PO3KPHUTTS; CUCTEMa aBTOMAaTHY-
Horo perymtoBanHs. Taka YCVY npu HUKHIN 1 BEpXHIH TeMIieparypax MUKy BiMOBITHO
100 1 600°C marume epexruBauit KKJI 6mmzpko 30 %.

[HIIMM TIEpCTIEKTUBHUM HANpPSIMKOM YTHIII3allil HU3BKOMOTEHIIIHHUX BTOPUHHUX
terioBux pecypciB € YCY Ha BojoamiauHoMy po3uuHi. J[o mepeBar BomoamiaqHol
cymiii sik podouoro tina YCVY BigHocsaThes [10, 11]: MOXKIUBICTD HIISXOM 3MiHU KOH-
nenrpanii kKoMmoHeHTiB y HPT cTBOpUTH €aMHYy €HepreTHYHY YCTaHOBKY JUISL YTHIIi-
3ai1ii HU3bKOITOTEHIIHHOT TeIUIOTH B IIKMpOKoMy iHTepBa Temmeparyp (100...200°C);
JIOCTYIHICTB; €KOJIOTiuHa Oe3meka; TepMocTiikicTh A0 200°C; BHCOKI KOedillieHTH
TEIIonepeadi TeII000MIHHUX arlapariB; OCBOEHICTh IPOMKCIIOBICTIO. YIIEpIiie 3ampo-
MOHYBaB BUKOPHCTATHU 1Ie poOoYe TIIO y UK TeroBoro aeuryna JI.M. Posendensn
y 1955 p. [12]; mapauni O.1. Kanuna Mmoan¢ikyBaB UK IUISIXOM BBEJICHHSI CUCTEMH PO3-
BUHEHOT pereHeparii Ta 3amareHrtyBasn i3 cepnas 1982 p. monan 20 po3poOieHnx HUM
TEIUIOBUX cXxeM (y MmyOmikamisix Juis MOAIOHUX YCTAaHOBOK MPHUHHSITO TEPMIH «IIMKIIA
Kanuuuny»). Hum sxe Oyna 3acHoBaHa kommaHis «Exergy», ska 3aliMaeThCs 10CITIHKEH-
HSIM, IPOCKTYBAaHHSM 1 BOIPOBA/PKEHHSIM YTHITI3alliHHUX TEXHOJIOTIH, [0 MPAIfOI0Th Ha
JIAHOMY TIPUHIUII. [3 1i€f0 KOMIaHi€ YKIIAIK JIIEH31HHI YroJu Taki BiJIOMi eHepre-
tuaHi Gipmu sik «General Electric» (CIIA), «Ausaldo Energia» (Itamist), «Asea Brown
Boveri (ABB)» (Illseiinapisi), «Ebara Corporation» (SAmownist), «X-Orka» (Icmanmis).
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3ronom smoHckkui ¢izuk X. Yexapa y 1994 p. po3poOUB OUTbIl JOCKOHAIHUN UK
(«ukin Yexapuy). I3 mosiBoro Takoi neperoBoi TEXHOIOTIT MKy MOKIMBOCTI KOMEp-
niHoro BukopuctanHs YCVY Ha BOJI0aMiauHUX PO3YMHAX CTAJId OUIBIIMMHU.

[pomucnori TEC na 11iit po6o4oi cyMii, 110 peanizyrots ukiIu Kanuan ta Y exapu,
eKkcrryaryroth 3 1999 p. B fAAnownii Ha 3aBoji ¢ipmu «Kashima Steel Worksy (yruoizamis
TEIUIOTH BiAMpalboBaHoi Bojau Temmeparyporo 98°C) ta 3 2000 p. B Icmanmii (reotep-
MaJibHI JpKepesa 3 Temmeparyporo 121°C); enekTpryHa MOTYKHICTb, 110 TEHEPYEThCS,
cranoBuTh 3,1 Ta 2,0 MBT BigmosigHo.

Haiinpocrimia cxema Takoi €HEProyCTaHOBKH (pHC. 2) MICTHUTh MiJirpiBad pos-
4yrHy (eKOHOMai3ep) /, B IKOMY BoJl0aMiaqHa CyMilll HArpiBa€ThCs IO TOYKH KHITiHHS,
i mecopbep 2, Jie moTiM BiIOyBa€ThCs KUMIIHHA (CIIOYaTKy NpH OLTBI HU3bKIH TeMIepa-
Typl KHIIUTh aMiak, a B Mipy 3HHJKCHHSI KOHIIEHTpaIlii aMiaky B pPO34HHI TeMIeparypa
KHITIHHS miaBuityeTbest). [licss cenaparopa 3 napa, 1o yTBopuiIacs, MoJaeTbCs Ha Typ-
OiHy 4, 110 € IPUBOJIOM eJieKTporeneparopa . CinaOkuii po34MH 13 cemaparopa yepes
JPOCENbHHUN KJanaH 6 HaJXOANUTh Ha 3MIIIaHHS 3 BIIIPAlbOBAHOIO TTAPOI0 HA BHXJIOMI
3 TypOinm. Jauni micist koHaeHcaii B abcopOepi 7 MilTHUN PO3YHMH KUBUIILHUM Haco-
COM & 3HOBY TIOJIA€THCS Y TiirpiBad /.

YCYVY 3 Bomoamiaunnvu HPT minTBepaunm cBoi mpanes3aaTHicTh Ta e(eKTUBHICTD SIK
y paMKax HayKOBO-JOCIIJHUX POOIT, Tak i MpU MPOMHUCIIOBIH ekciTyararii (Tadm. 4), ix
PO3IISITY B 1IHO3EMHIH TEXHIYHIHN JIiTepaTypi OCTAaHHIM YacOM NPUILISETHCS Oararo yBaru.

2

VTumizyem
CEPEIOBHII

:6
] < Oxonomxyioge
CepeIOBHIIE
b
- 7
8

Puc. 2. Tennosa cxema ymunizayiiinoi cunogoi ycmamnosxu
3 8000AMIAYHUM HUZLKOKUNIAYUM POOOUUM MIOM
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Tabmums 4
Xapakrepuctuku YCY Ha BoroamiaunomMy po0odomy Timi
Micue Kauo.ra HaI.)K’ dykyoka . . Xycasik .
3HAXO/UKeHHSA Kanigopnis (Sinonis) Tokio (SInowis) (Icnannis) Pocisn
YCTAHOBKHU (CHIA)
ITpusHaueHHs JIEMOHCTpaIliifHe Aemoterpa- KOMepliiiine KOMeplIiitHe TIpOCKT,
P P uiitne P it 1996 1.
Oprauisaris, 1[0 KOHeC;EYl;T;eP Cr]:)lfmI «Kashima Steel MYHILHIIA-
R, LU, T LeHTp .up Worksy, BXonuTh yHIL
3alMaEThCS €KC- | TEXHOIIOTIH Tpu HEMAE JJaHUX . JIiTeT --
. L . y «Sumitomo .
IUTyaTali€ero MiwnicrepcTsi enep- M. XycaBika
Metals Group»
retuxu CIIA
«Exergy», Minic- «Ebara Corpo- | «Ebara Corpora- | «Exergy», EHI H, BO
[IpoeKTyBaNBHUK | TEPCTBO €HEpre- . . «KipoBch-
rationy tiony» VGK o
Tuku CILIA KW 3aBO»
Brenenna B eke- | g7/ g 1999 1999 2000 -
UTyaTallio
IpicHa BOJa,
Tpitoue S TEMIIoTa Bisl IO OXOMOIKYE reotep- reotep-
BiAXizHi Tasu CcMiTTeCTao- BiAXizHi Tasu . MaJbHi
CepeIoBHIIEC . . . . | MmambHi BogH
BQJIBHOI €Yl | BiJl KOHBEPTOPIB BOIHU
craii
Temmeparypa
TPilOY0TO Ccepe- 540/ 516%* HEeMae JaHuX 98 121 100...200
oBuia, °C
Enexrpuuna *
HOTyXHiCTS, 3/ 6+ 2,6 310733051y 6/00% | 401...5,10
3,45
MBTt
Ha 20 %
TemoBa edek- . Hemae
. o HEMa€ JaHUX HEMa€ JaHUX 10,4 GinpIue Tpa-
THBHICTB, % o JAHUX
JUIIAHIX

* — nio pucoro 0aui i3 pisHUX Odceper;
** — nicns mooepuizayii.

BucunoBku. [IpoBefennii aHaii3 cxem, a TAaKOK TEPMOJMHAMIYHUX 1 TEXHIKO-EKOHO-
MIYHHX XapaKTePUCTUK TPAHCIIOPTHUX, Y ToMY 4Hcii i cynHoBux YCVY mokasye, 1o
3aBJSIKM CBOIM Oe3IepeyHHM IepeBaraM aMiak € OJHMM 3 OCHOBHMX IIE€PCIICKTHBHUX
POOOYHX TiJT JAHUX €HEPTOyCTaHOBOK.

Pesynpratu  HayKOBO-AOCHIMHUX POOIT, TOCHITHO-KOHCTPYKTOPCHKUX PO3POOOK
1 TIPOMHCIIOBOT eKcInTyaTamii MiATBep/KYIOTh BUCOKY €(eKTHUBHICTh aMiauHux YCVY
JUISl LIMPOKOT'O CIIEKTPY 3aCTOCYBAHHS B eHepreTulli: Big CBITOBOr0 OKeaHy 1O KOCMOCY.
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Anomauisn

Bcemyn. Konempykmueno nailbine npocmoio i HaAOIiHOIO 6 eKCHayamayii € menio-
suxopucmosyioua cucmema oxonoodicerts (TCO) Hao0y8Ho2o NOGIMPs eNceKMOpHO-
2o muny (ETCO), 6 sxiil ¢hyHKyito xomnpecopa 8UKOHYE elceKmop i inmecpayis sKoi 6
wmammuy cucmemy mypoonaooyey cyoHosux manoodvepmosux osucynis (MO/]) ne npu-
3800UmMb 00 NOMIMHO20 YCKIAOHeHHs. ocmannboi. [Ipome mepmoounamiuna epexmug-
nicmo ETCO (mennosi koegiyicnmu () menuwe, Hidic y OLbUl CKAAOHUX | 2DOMIZOKUX,
Hanpukaao, abcopoyiinux meniosuxkopucmogyiouux cucmem oxonoodcerusi (ATCO).
Tomy, axwo uepes HeobXiOHicmb 8i08e0eHH s 8i0 HAOOYBHO20 NOGIMPS BEIUKOIL KITbKOCTI
menniomu, UKIUKanoi Hedocmamuwo sucoxumu { ETCO, nosepxni mennooominy meno-
BUKOPUCTNOBYIOUUX CHTYNEHIB 0X0/100iCy8auie HaddysHozo nosimps (OHII), i, 8ionogioHo,
AepoOUHAMIYHI IX ONopU BUABTAMBCA 3HAYHUMU, 008E0EMbCA 3ACHOCO8YEAMU MEPMO-
Ounamiuno oinowt epexmusni TCO, nanpuxiad, ATCO abo npomixcnuii cmyninb 0Xo-
JI00HCEHHSL HA00YE8HO20 NOGIMPs 3a00PMHOI0 800010. Modiciuse maKoic GUKOPUCIAHHS
000amMKOBUX 0dicepel MEenomuU, 30KpemMa UNYCKHUX 2a316 aO0 0X0N00XCYEANIbHOL O8USYH
600U, BI06COCHHS MENIOMU GI0 AKUX He NO8'S3aHe 3 POIMIUCHHAM MeNnI00OMIHHUX azpe-
eamax (TOA) 6 nogimpsnomy abo 2a308unycKHOMY mpaxmax i, omoice, He PU3800UMb 00
000amKo8020 3pOCMANHs AepOOUHAMIYHO20 ONopy. Buxodauu 3 nagedenux suuye nocu-
n0x, pospobasnuca ma ananizyeanucs TCO naoodysnozo nogimps cyonosux MO/].

Mema cmammi nonseae y 3acmocysanni y TCO nuzvkoxunisauux pooouux min (HPT)
00380J151€ 0X010024CYBAMU B00Y NPOMINHCHO20 BOOSTHO20 KOHMYPY OXON00NCEHHS HAOOY6-
HO20 nosimpst 00 Hu3bKux memnepamyp, onuzokux 0°C, npuuomy 6e3 neobxionocmi nio-
mpumants axyymy y eunapruxy HPT-oxonodacysaui 6oou.

Pe3ynemamu: 3anponoHosana mpucmyniHuacma mMpuKOHMYpHA Ccucmema OXxoio-
0dicents HA00Y8HO20 NOBIMPS, 6 SKill HASGHICMb NPOMINCHO20 CHMYNEHSI OXON0O0NCEHHS.

© Anapees A.A., lInpucynsko M.A., Ceupuaos B.1., 2023
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Ha00y8Ho20 noGimps 3a60pmuoto 60000 (wmamuozo OHII) 0ozeonsec komnencysamu
oeghiyum eucoxonomenyitinoi menromu nogimps 0 ETCO i, 8i0nosiono, xo1000npooyk-
mueHocmi, a ,omaice, NPUBOOUMsb 00 ckopoyerts nogepxui OHII, nacamneped tioco exono-
MatizepHoi (X860CMOB01, no X00y NOGIMps) cexyii, 6i0N0BIOHO I AepOOUHAMIUHO20 ONOPY, WO
cmanosums P <3000 Ila, moomo menwe 1 % 6i0 mucky naodyenozo nosimps P .

Bucnosku: nasenicmos npomisicHo20 CIMyneHs. 0X0100MCeH s HA00Y8HO20 NOGIMps
3a060pmMHOI0 800010 POOUMb MPUCTHYNIHYACTY MPUKOHMYPHY CUCTEMY OXOLOONCEHHS
NPAKMUYHO He3aNeNCHOI0 610 memnepamypu t, 3a00pmioi 600U, a no eghekmusHocmi
(2nubUMi) 0X01002CeHHs NOGIMPSL NEPesUyE 080CMYNIHYACTLY MPUKOHIYDHY CUCTIEMY
OXON00HCEHHS.

Kniwouoei cnosa: cucmema oxonoodicenms, HAdOysHe NOGIMPs, €HCeKMOPHA XOL0-
OUNLHA MAWUHA, MENTOBUKOPUCTIOBYIOU] CUCIEMU OXOLOONCEHHS.
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Summary

Introduction. Structurally, the most simple and reliable in operation is the heat-
using cooling system (HUCS) of the ejector-type for supercharged air (EHUCS), in
which the function of the compressor is performed by the ejector, and the integration
of which into the regular turbocharging system of ship low-speed engines (LSE) does
not lead to a noticeable complication of the latter. However, the thermodynamic
efficiency of EHUCS (thermal coefficients () is less than that of more complex and
bulky, for example, absorption cooling systems (AHUCS). Therefore, if, due to the need
to remove a large amount of heat from the supercharged air, caused by insufficiently
high { EHUCS, the heat exchange surface of the heat-using stages of the air-cooler,
and, accordingly, their aerodynamic resistances turn out to be significant, it will be
necessary to use thermodynamically more efficient HUCS, for example, AHUCS or an
intermediate stage of cooling air with seawater. It is also possible to use additional
sources of heat, in particular exhaust gases or engine cooling water, the removal of
heat from which is not related to the placement of heat exchange units in the air or gas
exhaust tracts and, therefore, does not lead to an additional increase in aerodynamic
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resistance. On the basis of the above premises, the HUCS of supercharged air of ship
LSEs was developed and analyzed.

Purpose: the use of low-boiling working bodies (LBB) in HUCS allows to cool the
water of the intermediate water circuit of supercharged air cooling to low temperatures,
close to 0°C, and without the need to maintain a vacuum in the evaporator of LBB-water
coolers.

Results: a three-stage, three-circuit supercharged air cooling system is proposed,
in which the presence of an intermediate stage of supercharged air cooling with water
(regular air-cooler) allows to compensate for the deficit of high potential heat of air
for EHUCS and, accordingly, cooling capacity, and therefore leads to a reduction of
the surface of the air-cooler, primarily its economizer (tail, in the direction of the air)
section, respectively, and the aerodynamic resistance, which is P <3000 Pa, that is, less
than 1 % of the supercharged air pressure P .

Conclusions: the presence of an intermediate degree of cooling of supercharged air
with seawater makes the three-stage three-circuit cooling system practically independent
of the temperature of the seawater, and in terms of the efficiency (depth) of air cooling
it exceeds the two-stage three-circuit cooling system.

Key words: cooling system, supercharged air, ejector refrigerating machine, heat-
using cooling systems.

Beryn. Sk BioMo, Juist OUIBIIOCTI THITIB TPAHCTIOPTHHUX CYJICH KUIBKICTh TEIJIOBOT
eHeprii, mo BupooisieThest B yruinizamiinomy ko (YK) Ha xomy cynHa, BKe 3a TeM-
neparypy 30BHIIHBOTO MoBiTps t, = 0°C nepesuiye 3aralbHOCYAHOBI HOTPEOH B Hil,
amput =25°C-y2,0...2,5 pasu [l, 2].

3ansxu Bucoknm KK/ cysacnnx typ6okommnpecopis (TK)n =0,80...0,85, motysx-
HICTh iX TypOiH MepeBUIIy€E MOTYKHICTh, HEOOXITHY JJIsl HAYBY Au3eniB. Hammum-
KOBa EHepris razis peanizyerbes TypookomnayHaumMu cucremamu (TKC), mo nepenba-
YaroTh 3aCTOCYBaHHs JIOAaTKOBOT I'a30B01 TypOiHH, sika BCTAHOBJIIOEThCS Ha OairacHii
JHIT Ta3iB, 1m0 #ayTh B 00xin HagaysHoro TK [3, 4, 5]. OnHak e(eKTUBHICTH 3aCTO-
cysanns TKC 3HmwKyeThCs 3 migBumenHsam temneparyp t it . Kpim Toro, mpuiinst-
HUI TEpMiH OKYITHOCTI Takux cucteM (5...10 pokiB) MOMKIMBUI 32 BEIUKUX MOTYKHOC-
teit MO/: 20...60 MBr i Bumie [3-7].

Cxemu cucteMm Ha 6a3i ETCO, mo yTuii3ye TemioTy HaJUIMIIKOBOI KUTBKOCTI Bij-
XIJIHUX Ta3iB JUIsd OXOJIOKEHHsI HaJUTyBHOTO MOBITps, npezcTasicHi Ha puc. 1. [Ipu
oMy rereparop ETCO BcTaHOBIIOIOTH Ha OaiinacHii JIiHIT rasiB, 10 WIYTh B 00X
TK, BuTpara rasis uepe3 Ky MpsiMo MPONOPIiiHA NEPEBUIIEHHIO TOTYKHOCTI TYpOiHH
TK Haj MOTYKHICTIO HA/ITyBHOTO KoMIipecopa i Moxke cranoButy 20...30 % 3aranbHoi
KUJIBKOCTI ra3iB Mmicisl HMTIHAPIB ABUTYHA [3, 4].

Tak sx Temneparypa razis Ha Bxozi B reHeparop TCO (micnst muninapis JIB3) cra-
HOBUTH Onn3bko 400°C, TO TEIUIOBMIA MOTEHIIIAN, 10 crpanboByeThbest B TCO, Moxe
BUSIBUTHCS IOCUTh 3HAYHHM, HaBITh 3 ypaxyBaHHIM TOTO, IO Yyepe3 OairnacHy JiHiio Ha
rereparop TCO nHamxomuth O0au3bko 20...30 % Bia 3arajibHOI KiJIbKOCTI ra3iB. Bumuni
TEeMIIepaTypHUI PiBeHb BUIIYCKHHX ra3iB, OaiinacoBanux yepes TK, 3a0e3neuye miaBu-
IICHI TemMIeparypHi Hanopu B ytuiizaniiianx TOA 1, BiIOBIZHO, MEHIII 1X rabapuTh
Ta aepOJUHAMIUHUH OIIip.
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Puc. 1. Cxemu cucmem oxono0cenuss Ha00yenoeo nogimps /B3 na b6aszi escexkmopnoi
MenI0YMUuni3ayitiHol yCmano8Ku 0Xon00ceHts: HaodyeHoeo nosimps (TYOHII),
WO BUKOPUCMOBYE HAOMIDHY MENI0mMY 2a3ie, Npu memnepamypi 2azié Ha 6uxooi

3 eenepamopa TYOHII t ,: a—t ,=250°C (2enepamop neped VK),; 6 —t ,=250°C
(eunapna cexyis eenepamopa neped YK, exonomaiizepna cexyis no VK);

6 —1,=180°C (cenepamop nepeo VK), I'— cenepamop; I’ ma I’ — exonomaiizepna
ma sunapua cexyii eenepamopa; /[BC — 06ueyn HYmpiuinb020 320psHHI,

Jlx — Opocenvuuil knanawu, 3B — 3abopmua 600a,; M — 6unapHuk-nogimpooxonio0icyeay;
K — naooysnuii komnpecop, Kn — konoencamop; H — nacoc;, OHB — oxono0cysay
HaooysHozo nosimps 600sHuu; T — mypoina TK; VK — ymunizayitinuii komer,
L[X — yenmpanoruti Xon00unbHUK, D — edceKmop
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[epmri nBi cxemu (puc. 1, a 1 6) npencrasnsoTh 1o cyti aHaor TKC, B skiii rene-
parop TCO (BunapHa cekilis reHeparopa Ha puc. 1, 6) BCTaHOBJICHUI Ha OadmnacHii
JIHIT 3aMICTh JI0JIaTKOBOI Ta30Boi TypOiHM (CHioBOI TypOiHH abo TypOoreHeparopa)
a0o MiJKITIOYeHU napajienbHo TypOiHi (Ha pUCYHKY He 1moka3aHo). [Ipu mpomy Teruio-
nepernaj, mo crpamnboByeThesi B redeparopi TCO, HeBeIMKHUE, OCKUIbKA 00MEXKESHUH
PI3HHUIICIO TEMIIEPATyp T'a3iB Ha BXOJI Ta BUXOJI t -t,= 350-250=100°C, no Toro x
BiJTHECEHOT JI0 JTy)Ke Majol BUTparu rasiB uepe3 Oaitmac: 6mm3bko 20 %. OveBujHO,
10 01BN e(eKT MOJKHA OTPUMATH IIPU CIPAIIOBAaHHI BCHOTO HAJIMIIIKOBOTO TETIJIO-
BOTO TIOTEHITIay, TTOHAl HeoOXimHoi mis mpuBoxy HaamyBHoro TK kimpkocTi rasis:
t -t,=350-150=200°C (cxema Ha puc. 1, 6), i€ HIKHS TEMIIEpaTypa ra3is oOMexeHa
HEOOXITHICTIO HEJOIMYIIEeHHs CIPYMCTOT KOpO3il Marepiady eKOHOMaW3epHHUX IOBEp-
xoHb Teneparopa TCO [4, 6].

OckinbKH, 3 OAHOro 00Ky, Bif XojojonpoayktuBHocTi ETCO 3anexuTh ruOuHa
OXOJIO/KCHHST HaJUTyBHOTO TIOBITPS, @, 3 1HIIOTO, OXOJIO/PKEHHSI HAJTyBHOTO TIOBITpPS
Ha BXOJll B IWJIIHJPH JABHTYHA MPUBOJUTH JIO 3HW)KEHHsI TeMIlepaTypu trl rasiB Ha ix
BUXOJ1 (Ha BXOJi B razoBy TypOiHy TypOokoMmpecopa i OallacHy JIiHIIO HaTHIIKY
rasiB — MoHaj HEOOXiJHYy MOTO KiIbKICTh JUIst puBoay HammyBHoro TK) i BigmoBinHe
CKOpPOUEHHS TEIUIoNepenaay, Mo CIpamboByeThesl B TeHeparopi TCO Ha OaifmacHiid
JiHii, 1, B KIHIEBOMY paxyHKy, xonononpoaykruBHocTi TCO, To mpu po3paxyHKy 3HH-
KEHHs Temneparypu At, HajtyBHOTO noBITps y Bunapuuky TCO HeoOXinHO BpaxoBy-
BaTH B3a€MHY 3aJISKHICTh TEMIIEPATYpH r'a3iB Ha BUXOJIi 3 IMIIHJPIB JBUTYHA — BXOJI
reneparopa TCO na GalinacHiii JIiHii ra3is ¢ BiJl TeMIepaTypu HaJTyBHOTO IOBITPS,
0 OXONOKY€eThest y Bunapuuky TCO mepen Bxomom y nwiinapu jasuryna, At. Ha
OCHOBI JIaHMX PI3HUX JDKEpeJ 1 BIacHUX po3paxyHkiB [8—11] orpumano mis MOJ]
dipmu »MAN-B&W» crissinnomenns At | = 0,95 At. ILle o3nagae, mo npu miasu-
LICHHI TeMIeparypH ts HaJTyBHOTO MOBITPsI HA BXOJ(i B WIIHAPH JBUTYHA, HAPUKIIA]T
Ha 20°C, Temneparypa rasiB micis HuIHAPIB 30U1bmuThCs Ha 19°C, TOOTO NPaKTUIHO
Ha Ty caMmy BEJINYHHY.

Tak, sKkmo npuiHATH 3a crienudikaniiauii pexxum podory MO/ npu Temrneparypi
t =25°C, t =25°C rat =180°C (micna YK) [1, 2], To npu ekcrutyaranii aBuryHa
NPy NigBHMILEHIH Temneparypi nositps Ha Bxoni TK, manpuxnan t =45°C (nositps
Y MAIIMHHOMY BIIUIUIEHHI) Ta 0XOJI0/KY040i 3a00pTHOI Bomu t =35°C, 3 ypaxyBaH-
HSIM 3a3Ha4€HO]I BHINE MpOnopiii Temmneparypa ra3is Ha Buxoai MOJ| micna YK crano-
BUTHUME ty_r:200°C.

V pa3si 3acrocyBans TCO 3 0XOJOMKEHHSAM y BUMAPHUKY HAJTyBHOTO TOBITPS Ha
BXOJIi B LWJIIHJIPY JIBUTYHA HA BENWYMHY At 3HAYCHHS TEMIIEpaTypy ra3iB Ha BUXOJI
3 muwIiHApiB — BXxomi reaepatopa TCO Ha GainacHii iHIT tr]l Takok cTae HIDKYE BUXIJI-
HOI BEJIMYMHMU, HANPHUKIA] t, = 350°C, 1 3HAXOQUTHCS METOJIOM ITOCIIJOBHMX HaAOJIH-
KEHb 3 ypaxyBaHHsM 3a3Ha4eHOl Buuie nponopuii At | = 0,95 At i xonogonponykrus-
nocti TCO qg, 10 3a1€KUTh Bijl TEIUIOBOIO HABAHTAKEHHs reHeparopa qr (TEmoTy,
BiJIBE/ICHOT BiJl Ta3iB y OalacHii JIiHii, sKa 3aJIC)KUTh Bijl t ) Ta TeroBoro koedirienTa
C: q,= €. Teruosuii koeilienT { 3a1€kKNTh Bijl TEMIIEPATYP KHUITIHHS B reHeparopi t,
KHIiHHS Y BUTIAPHUKY-TIOBITPOOXOJIOLKYBadi t) i KOHJeHcarii tK .

BpaxoByloTh TakoX, IO PI3HHIS TEMIIEPATyp HATyBHOTO MOBITPS HA BUXOI
3 unapuuka TCO (Ha BXxOzl B UMIIHAPH JBUTYHA) At Ta KMIUISYOTO y BUIAPHHUKY
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HPT t, oOMeKXyeTbCs IHTEHCHBHICTIO TEIUIONEpENadi Ta JUIsl TEerIOoOOMiHHMKIB,
B SKHMX OJHHMM 13 TEIUIOHOCIIB € ra3omnojiOHe cepemoBuile (IOBITPs) 3 HHU3BKOKO
IHTEHCHBHICTIO TEIUIOBi/Ia4i, HE MOXE OyTH MEHIIe At =1, -t =10...15°C
(mpuiimaemo 20°C).

3HaueHHS MUTOMOT TEIJIOTH, IO NPUIIaJla€ Ha OJJMHUYHY BUTpATy rasiB uepe3 Oaki-
TnacHy JIiHiO, 1 BiaBeneHoi Bix rasis (B reneparopi ETCO i Bin HajtyBHOTO MOBITPs
y Bunapuuky ETCO micas OHIT qO0 , 3nmskenns TeMieparypu At HaUlyBHOTO HOBITpS,
IO MPHIIAJAE TAKOXK HA OJUHUYHY BHTPATY BIAXIIHUX Ta3iB, TEIUIOBOTO KoedimieHTa
ETCO ( B 3anexnocti Bijx Temneparypu kuninas HPT B reneparopi t npu temnepa-
Typax rasis Ha Bxoi reneparopa t | = 350 1 400°C i na foro Buxoxmi t , = 160°C npen-
CTaBJICHI Ha puc. 2.

Temneparypa rasis micis reneparopa t, = 160°C mnpuiiHaTa, BUXOISYM 3 yMOBH
3ano0iraHHs CipuMcTid KOpo3ii Marepiany eKOHOMai3epHHX MOBEPXOHb IeHepaTopa
TCO. sIx HPT 3acrocosanmii xnagon R142b, temneparypu xongencamii t = 35°C
Ta kunineg t = 0°C.

A, °C
¢-10 A, °C
q, - 10", kBr/(kr/c) ¢-10
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At — ]
7 9 1 //
o} ] At
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Puc. 2. [lumomi 3nauenns, wo npunadaionms Ha 0OUHUYHY 8UMPAMY 243i6 yepe3
batinacny ninilo, Mmeniogo20 HABAHMANICEHHA Ha unapHux excexmopuoi TCO q,
(numoma xonooonpodykmusnicmos TYOHII) i 2enepamop q,, a maKo#c 3HUNCCHHS
memnepamypu At Haddyero20 nosimps, wo PUNAOae Ha OOUHUYHY BUMPAMY 2asis,
6 3anedcHocmi 610 memnepamypu Kuninns xiaoory R142b y eenepamopi t,

npu memnepamypax 2asie, ujo 6i0X00amb, Ha 6x00i 2enepamopat,:
a—t,=350°C; 6—1t,=400°C
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Sk BHJHO, NIPU HE3MIHHOMY TTHTOMOMY TEIUIOBOMY HaBaHTa)KCHHI Ha TEHEparop
TCO, g, = const, yIOBiILHEHHS 3pOCTaHHs TEIMIOBOTO KoediliieHTa { Py IMiABUIIEHH]
t Biz 80 1m0 120°C 00yMOBIIIOE aHAJIOTIYHHUI XapaKTep 30UIbIICHHS TUTOMOI X0JI0/10-
npoxykrueHOCTI TCO i npsmMo nponopuiiiHoMy i 3HMKEHHIO At — 3 TOCATHEHHAM MaK-
CUMYMY 33 MaKCUMAaJIbHO jorycTumMoi Temrieparypu t = 120°C. Ipu nboMy 3HIKEHHS
TEMIIepaTypy HaJIyBHOTO TIOBITPS y BHUIIAPHUKY, BiJTHECEHE JIO BUTpATH Ta3iB uepes
OaiimacHy Jinito, ctanoBuTh At = 37...48°C Bignosiano mpu t = 350 i 400°C. Ilpu
BOMY JIifiCHa BETMUMHA 3HWKEHHS TEMIIEpaTypH Ha/ITyBHOTO TIOBITPS y BUITAPHUKY —
BiJIHECEHOTO 110 HOro BUTpaTH — BelbMH He3Hadna: At = 7...8°C npu 20 % BuTpari
rasiB depes OaifracHy JiHi0 (HaIuInok notyxHocti TK noHaa HeoOXiaHy Ui Hajl-
myBy) i At =12...16°C npu 30 % BuTpari.

100 BUSBUTH pe3epBH MOJANBIIONO IMiIBUIICHHS ¢()EKTUBHOCTI yTHUIi3allii HaJ-
JIMIITKOBOT TETUIOTH Ta3iB cyqHoBUX JIB3, mpoaHamnizyeMo MUTOMY TEIIOTY, HeOOXiaHy
nns Harpisy piakoro HPT jo Temneparypu KuminHs t i HOro BUNIapoByBaHHS IIPH TEM-
neparypi t B reneparopi TCO. CriiBBi/IHOIIEHHS TMTOMUX TETUIOBUX HABAHTAKEHb €KO-
HOMaii3epHO1 Ta BUMAPHOI CEKI[iif reHeparopa, TOOTO TEIIOTH, HeOOXiAHOT /ISl HArpiBY
piavHY Ta 11 BUTapOBYBaHHSI, BU3HAYAETHCS CITIBBITHONICHHSIM ITUTOMHX TETIOTH (a3o-
Boro nepexony HPT npu Temneparypi kumninus t Ta Temnoru HarpiBy konaencary HPT,
T96To HapaMeTpanM p96oqqro nukiy exexkropnoi TYOHII (t rat ). [lnsa HarpiBanHs
PiAMHY B €KOHOMA#3epi IONiTbHO BUKOPUCTOBYBATH TEIIOTY JDKEpeIa 3 HUKIOI0 TeM-
Neparyporo, Hik il BUMApOBYBaHHsS. Pe3yibTard Takoro aHamily i BUIIEBKa3aHUX
napametpiB TCO npescraBieHi Ha puc. 3.

SIK BUJTHO, TPH MaKCUMAJIBHUX ITUTOMIH XOJIOMOTPOJYKTHBHOCTI Ta 3HUKECHHI TEM-
neparypu At HaJutyBHOTO NOBITpsl y BHIIAPHHKY IMTOMI TCILUIOBI HABAHTA)XCHHs HA
o0uBi cexuii ¢,' Ta ¢, « MPaKTUYHO OJHaKOBi. Lle 03Havae, Mo mpu pi3HHUII TeMIe-
paryp rasis Ha BXoJi Ta Buxo/i 3 reHeparopat —t =350 — 150 = 200°C ii nonosuna
CHPalbOBYEThCS B HU3BKOTEMIIEPATYPHIM eKOHOMaii3epHil cexiii, Tooto Big 250°C
Ha Bxoi g0 150°C Ha Buxoxui 3 Hel. JlominbHO Oyiio O BeCh TeMIlepaTypHHUI Jiana3oH
t, —t,=350-150=200°C cnpanboByBaTH y BUCOKOTEMIIEPATYPHil BUTIAPHIiH CEK-
1ii, a B HU3bKOTEMIIEPaTYPHil €KOHOMaW3epHiH CEeKIlii — TeIIOTY HUKIOTO TeMIiepa-
TypHOTO piBHs. Takuil epepo3noiija MOKIMBUI NUISIXOM 30UIbIICHHS. BUTPATH r'a3iB
4yepe3 eKOHOMaN3epHY CEKIlit0, HAPUKIad, B 4 pa3u, CKOPOTHBIIH B CTUIBKH K pa3iB
Jiarma3oH TeMIepaTyp rasiB, IO CIPalbOBYEThCS B Hild. A B €eKOHOMAH3epHY CEKIIit0
CJIiJI TIOJIABATH CyMapHy BUTPATy ra3iB, 110 NEPEBUIIYE BUTPATY Yepe3 BUIIAPHY CEK-
1ito Ha OaifmacHiil JiHii sikpa3 B 4—5 pasiB (pu 1[bOMY YacTKa 0aiillacOBaHUX ra3iB
BiOBIHO 25...20 %).

[Mpu vacTmi GainacoBanux razie (20%) i n'sITUKpaTHOMY 301JIBIICHH] BUTPATH Ta3iB
Yyepes3 eKOHOMai3epHY CEKIIF0 POTH BUITAPHOT CEKIIi1 32 JOITOMOT OO TEIIOBOT'O ITOTEHITi-
army rasismicis YK, to6to pisauui remneparyprasismicas YKt | —t  =180-150=30°C,
piBHO3HAUHOI pizHuIi Temmneparyp 30-5 = 150°C, BinHeceHOT 10 BUTpATH Ta3iB uepes
OaifriacHy JIiHIIO, JIOCTAaTHBO JUJIS IIOKPUTTS HEOOXITHOTO HABAHTAXXCHHS CKOHOMal3ep-
Hoi Ha 75 % mpu t = 120°C i Bciei morpebu mpu t = 110°C, ko ¢, ' MeHme g, »
(muB. puc. 3). Bingnosingue cxemue pimennas TCO HaBeneHo Ha puc. 4.
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Puc. 3. llumomi 3nauenns, wo npunadaionms Ha OOUHUYHY 8UMPAMY 2a3i6 Yepe3
batinacuy niniio, meni06020 HACAHMANCEHHA Ha eunapHux excexmoproi TCO g,
(numoma xonooonpooykmusuicme TCO) i 2enepamop q,, a MaKo#C 3HUICCHHSL
memnepamypu At, Haddyerno20 nosimpsa, mennio6o2o Koepiyicnma ¢, wo npunadae
Ha OOUHUYHY GUMPAMY 2a316, 8 3ANEHCHOCTI 810 MeMNepamypu KUNiHHsA X1a0oHy
R142b 6 cenepamopi te npu meMnepamypax 2azie, wo 6i0xo0samo,
Ha 6x00i L =350°C; 6 —t,, = 400°C;
— — 34 paxyHoK 6166606%}1 men/zomu eenepamopom 6 yinomy, q, ma q,;
- - - - BUNAPHOIO CeKyicto, q, « Ma g, «; — eKoHOMati3epHoIo cekyicio, q, ' ma q,

Bunecenns exonomaiizepHoi cekuii reneparopa ETCO 3 ra3oBHITyCKHOTO TpakTy
MO/ na mHagnysse noBiTps micist TK 1ouinabHO 1mie i ToMy, o came B eKOHOMai3epHii
ceKuii BiiOyBa€eThCs 3HIKEHHS TEMIIEpaTypH ra3iB 10 piBHsI, BKpail HeOakaHOTO yepes
HeOe3MeKy CipuucToi Kopo3ii, o CyTTEBO 00Mexye eeKTHBHICTh 3acTocyBaHHs TCO.

TakuM YMHOM, KOMIUIEKCHA yTWIi3awis TeruoTy ra3iB micas TK i rasis OaiimacHoi
minii B 00xix TK ans oxonomkenns HamayBHoro nositpss MO/ exexkropuumu TCO
3a0e3medye MPaKTUYHO MOJBIHHE 3HMKEHHS TeMIepaTypH HaIyBHOTO HOBiTp}I B3
Ha BENIMYUHY At = 30...35°C nopiBHAHO 3 BUKOPHCTaHHAM TEIIOTH Ia3iB OainacHoi
ninii B 06xig TK (At =15...20°C). Le mosicHIOETHCS THM, 1110 BUTpaTa rasis yepe3 Oaii-
nacHy JiHit0 cTaHOBUTH 15...20 % 3aranbHoi iX BUTpaTH.

Xomnox, mo BupobnseTbes B exekropuiii TCO, Moxke OyTH BUKOPUCTAHUM [T 3HU-
JKEHHS TEMIIepaTypH NpicHOT BOAU Micisl HEHTPAIBLHOTO OXOJIOAXKYBada Ha BXOJIi B 0XO-
JIO/IKYBa4 HaJTlyBHOTO HOBITPA, SIK IIOKa3aHO Ha puc. 6.
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Puc. 4. Cxemu cucmem oxonoooicenisi Ha00yerozo nosimps /[B3 na 6asi exicekmoprhoi
TYOHII 3 sunapHoro cexyicto cenepamopa Ha 6aunacHivl Tinii 2azie npu memnepamypi 2a3ie
Ha 6x00i exonomatizeproi cexyii teel - a—t , = 180°C (exonomatizepna cexyis nics VK),
01, =250°C (exonomaiizepna cexyis nicas mypoinu TK)

(nosnauenns enemenmis maki Jic, sk i Ha puc. 1)
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Puc. 5. Cxema cucmemu 0xonoodxicennsn naodysnozo nosimps MOJ[ na 6asi
ETCO, wo suxopucmosye naomiphy meniomy 2azie, wo udyms ¢ 0oxio TK
i eazie nicns TK (nosnauenns enemenmie maxi oic, K i Ha puc. 1)
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OueBnJIHO, 1110 HAHOUTBINE 3HIKEHHSI TEMITEpaTypH HaUTyBHOTO MOBITPSI MOYKHA OTPH-
MaTH B pe3yJIbTaTi KOMIUIEKCHOT yTHITi3allii TeIUIOTH Ta3iB 1 HaJUTyBHOTO MOBITPS (pUC. 5).

S O=5—O

Puc. 6. Cxema cucmemu oxonoodoicennsn naooysnozo nogimps MO/ na 6azi ETCO,
WO BUKOPUCTOBYE HAOMIPHY meniomy 2azie, wo tudymoe 6 00xio TK i eazie nicia TK
(no3HauenHs enemenmis maxi Jc, sik i Ha puc. 1)

BucnoBku. BcTaHoBneHO, 110 BHACHIZOK OJHAKOBHX TEIIOBHX HaBaHTaKEHb Ha
BUIIapHY Ta eKOHOMali3epHy cekii reneparopa napis HPT, mo nactuso ETCO, sik mokas-
HHUK peaji3alii TemIoBOro MOTEHIialdy HaATyBHOIO MOBITPS TEIIOBUKOPHCTOBYIOUHM
koHTypoM ETCO Moske ciryKUTH HOTO TeMIieparypa micias BUCOKOTEMITEpaTypHOi CeKIIii
OXOJIO[DKYBaua HaJTyBHOTO MOBITps. Tak, BUCOKI TeMIepaTypd HaIIyBHOIO IOBITpS
TICIIsl BIZIBEJICHHS BiJl HHOTO TEIUIOTH B BUCOKOTEMIIEPATypHIM CEKIlii OXOJIOIKyBaua
HajrysHoro nositpst (OHIIBT), t ,=90...100°C, mo cBigyars npo HepeatizoBaHUi Horo
TEIUIOBMI TIOTEHIIIAN B 00J1aCTi HU3bKUX Temneparyp t (Ha[IMIIOK HU3bKOIOTEHIIHHOT
TEIJIOTH ), BKa3yIOTh Ha HEJOCTATHHO BUCOKHUH TEIIOBUI MOTEHI1a HaJTyBHOTO ITOBITPSI
TEMIIEPATYp — HEIOCTaTHLO BUCOKY TEMIIEpaTypy HajryBHoro mositps t = 180°C na
Bxoxi OHIIBr (micist TK). Toai sik HU3BKI TeMmepaTypH HaJUTyBHOTO TOBITPS IMiCIs
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OHIler, t , =40...50°C 1 HIDKYE, CBiYaTh, HABIAKH, PO ACQIIUT HU3BKOMOTECHIIMHOT
TETUIOTH Ta BUKOPHCTAaHHA y BUIAPHIA CeKIii reHeparopa BCi€i BHCOKOMOTEHIIIHOT
TEIUIOTH Ha/UTyBHOTO TIOBITPSL 3 TeMIleparyporo Buile Temreparypu kuminas HPT
B BUIApHil cekuii reneparopa: t >t +(10...20)°C, ne 10...20°C — pisHuus TemMneparyp
MOBITPSL, IO OXOJIOIKY€ETHCSI, 1 OXOJIOAHOT MPiCHOT BOM.

ToMy K M0AaTKOBE JKEPENO TEIJIOTH Yy TEPIIOMY BHUMAAKY JOUUIBHO 3aJisITH
BunyckHi razu MOJI, a y apyromy — BOJy BHCOKOTEMIIEPATYPHOTO KOHTYPY OXOJIO-
JOKEHHS IBUTYHA.
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NEPCHEKTUBHI HAITPSIMKHA TA THHOBAIIHHI X0
YIIPABJIIHHSA CUCTEMOIO TEXHIYHOT'O OBCJIYI'OBYBAHHA
BAHTAKHHUX CYAEH

A.L. T'osi0Banb
K.T.H., JIOIICHT Ka(epu CyTHOBOJIIHHS 1 MOPCHKOT OC3IICKH,
Ooecwruil HayioHanbHUl Mopcokuil yHisepcumem, Odeca, Yxpaiua,
ORCID ID: 0000-0001-6589-4381

Anomauisn

CyoHONn1Ia8cmeo € Kuo4o8um CeKmopom eKoOHoMIKU Yxpainu, sidieparouu eaxiciugy
POb Y PO3GUMKY MINCHAPOOHOI mopeieni ma 3a0e3nedenii epekmueHozo pyxy mosa-
pis. O0Hax, 2anyss CyOHONIABCMEA 3IUNOBXYEMbCS 3 PAOOM BUKIUKIG, MAKUX K 3011b-
WeHHsT KOHKYDEHYIL, pecyisamopHux 0oMedcetb ma 6UCOKUX 8UMO2 00 Oe3neKu ma exo-
noeiunoi cmanocmi. OOun 3 OCHOBHUX ACNEKMIB, AKUL 6NAUBAE HA NPOOYKIMUGHICTD
BAHMAIICHUX CYOEH, NOJIA2AE 8 eheKMUBHOCT CUCTEM THEXHIUH020 00CTY208Y8AHHI MA
excnayamayii. ¥ cmammi po3eisiHymo nepcneKmuti HanpsmKu 600CKOHAIEHHS YNpas-
JUHHA CUCMEMOTO MEXHIYHO20 00CIY208Y8AHHS BAHMANICHUX CYOEH 3 MEMOI0 NIOGULYeH-
Hsl eghexmusHocmi excnayamayii gromy, 3abe3neuenns Oesnexu CyOHONIABCEA MA
00CSCHEHHSI CMA020 PO3GUMKY CYOHONIAGHUX Komnaniu. [Ipogedenutl ananiz éxasye na
me w0 OOHIEI 3 KIHOUOBUX I 00CI HeBUPTUEHUX NPoOTieM € YNPAGTIHHA CUCTIEMAMU eX-
HIUHO20 00CIY208VEAHHS CYOEH, 30KpeMd 8anmaicHux cyoer. Memoro cmammi € 02150
00C8Idy ma nepcnekmue y po3pooyi ma 6npoBaONCeHHI eheKmusHUx cmpamezitl ynpas-
JUHHA CUCTEMAMU MEXHIYHO20 00CTY208Y8AHHS 6AHMAICHUX CYOEH, 8PAX08YIOUU 0COD-
JUBOCMI 2aNy31 MA CYUACHI HAYKOBO-MeEXHIUHI docsieHenHs. Pesynemamu. /[ocnioscero
3aeanbHi MemoOuKY Ynpaginusa npoyecamu mexHiuHo2o 00CIy208Y8ants ma po3isHy-
Mo HMeIeKMyaIbHO KOHCYIbMAMUGHT cucmemu, aKi 0036015mMb CYOHONIAGHUM KOM-
NaHism onmumizyeamu c8oi pecypcu ma 00csemu KOHKYPEHMHUX nepesae Ha Ceimo-
60my punKy nepegezerv. Bucnosku. /[[na ycniwno2o po3eumxy cyOHONIA8HOT 2aysi 6
Yxpaini nompiono 3abe3neuumu eapmMoHitiHe CHIGICHYS8AHH MEXHON02Il, HAYKU, OCBi-
mu ma depocasnoi niompumxu. Lle cnpusamume 00caeHenHo cmanozo po3eumky cgepu
6001020 MPAHCROPMY MA 3MIYHEHHIO NO3UYIL YKPATHCLKO20 CYOHONIABCTEA HA CEIMO-
60MY PUHKY Nepege3eHb. 3acmocy8anHs HayKo8O-00IPYHIMOBAHUX Ni0X00i8 00 aHANIZY
cucmem mexHiuHo20 00CIY208Y8aHNS MA MEXHIYHOT eKCIYamayii 6aHMadCHux cyoeH
Modice OONOMOSIU BUABUTNIY NPUYUHU SHUICEHHS eeKMUEHOCIT (POMY, a MAKOIC PO3-
pobumu echexmueni cmpameeii 0as ix nooonrannsi. Taxum uuHom, iHmezpayis HAYKOBUX
MemoOig y NpaKmuxy YNPAasuinHa CUCTEMAMU MEXHIYHO20 0OCTY208Y8ANHHS GAHMAIC-
HUX CYOeH MOodice CRpUsimu NiOGUWEHHIO SIK PIGHS Oe3neKu CyOHONIA8CEd MaxK i eghex-
MUBHOCTT MOPCLKO20 MPAHCNOPTY A CIATIOMY PO3GUMKY CYOHONIAGHUX KOMNAMILL.

Knwwuogi cnosa: mexuiune o0OC1y208y8anHs, SAHMANCHI CYOHA, MOPCHbKULL MPAH-
cnopm, 6e3nexa cyOHONIABCEA, THMEIeKMYAIbHO KOHCYIbIMAMUEHT CUCTEMU.

© l'osoBans A.lL, 2023
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PROSPECTIVE DIRECTIONS AND INNOVATIVE APPROACHES
TO MANAGING THE CARGO VESSEL MAINTENANCE SYSTEM

A.L Golovan
Ph.D (Engineering), Associate Professor of Navigation and Maritime Safety Department,
Odesa National Maritime University, Odesa, Ukraine,
ORCID ID: 0000-0001-6589-4381

Summary

Shipping is a key sector of Ukraine's economy, playing an important role in the
development of international trade and ensuring the efficient movement of goods. However,
the shipping industry is facing a number of challenges, such as increased competition,
regulatory restrictions, and high demands on safety and environmental sustainability.
One of the main aspects that affects the performance of cargo ships is the efficiency of
maintenance and operation systems. The article discusses promising areas for improving
the management of the cargo ship maintenance system to increase the efficiency of fleet
operation, ensure safety of navigation and achieve sustainable development of shipping
companies. The analysis shows that one of the major and still unresolved issues is the
management of ship maintenance systems, in particular, cargo ships. The purpose of the
article is to review the experience and prospects in developing and implementing effective
strategies for managing cargo ship maintenance systems, considering the specifics of the
industry and modern scientific and technological achievements. Results. The general
methods of managing maintenance processes are investigated and intelligent advisory
systems are considered that will allow shipping companies to optimize their resources
and achieve competitive advantages in the global transportation market. Conclusions.
10 ensure the successful development of the shipping industry in Ukraine, it is necessary
to ensure the harmonious coexistence of technology, science, education, and government
support. This will contribute to the sustainable development of water transport and
strengthen the position of Ukrainian shipping in the global transportation market. The
application of science-based approaches to the analysis of cargo ship maintenance and
technical operation systems can help identify the causes of the decline in fleet efficiency
and develop effective strategies to overcome them. Thus, the integration of scientific
methods into the practice of managing cargo ship maintenance systems can contribute to
the improvement of both the level of shipping safety and maritime transport efficiency and
the sustainable development of shipping companies.

Key words: maintenance, cargo ships, maritime transport, navigation safety,
intelligent advisory systems.

Beryn. CynHOIMIIaBCTBO € KITIOYOBUM CEKTOPOM E€KOHOMIKHM YKpaiHM, BiJirparodu
Ba)KJIMBY POJIb Y PO3BUTKY MiXKHAPOAHOI TOPTiBJIi Ta 3a0e3nedeHHi e(h)eKTHBHOTO PYyXy
toBapiB. O/HaK, rajly3b CYIHOIUIABCTBA 3IIITOBXYETHCS 3 PSAJAOM BUKIIMKIB, TAKUX SIK
301IBbLICHHS] KOHKYPEHIIi{, PeryJsTopHUX OOMEXKEHb Ta BHCOKHUX BHMOT /IO OC3IEKH
Ta eKOJIOTriuHOi cTanocti. OJUH 3 OCHOBHUX aCIEKTIB, SIKMH BIUIMBAE HA MPOJIYKTHB-
HICTh BAHT)KHUX CYZCH, MOJSIrac B €(EKTUBHOCTI CUCTEM TEXHIYHOTO 0OCITyTOBYBaHHS
Ta eKciutyaramii. Y naHiii cTarTi pO3MISHYTO MEPCIEKTHBHI HANpSIMKH BIOCKOHA-
JICHHS YIIPaBIiHHS CHCTEMOIO TEXHIYHOTO OOCITYTOBYBaHHSI BAHTAXKHUX CYJCH 3 METOIO
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MiJBUILECHHS e(DEKTUBHOCTI eKCcIutyararlii ¢uory, 3a0e3rneueHHs OC3MeKH CYIHOIIIAB-
CTBa Ta JJOCATHEHHS CTAJIOTO PO3BUTKY CYJHOTUIABHUX KOMITAHIMH.

IMocranoBka mpodaemu. J[ocniKeHHsT cTaHy TEXHIYHOTO OOCITYrOByBaHHSI BaH-
TQXHUX CYICH TOPTIBEIBHOTO (IOTY, OIlIHKA 3arajbHHUX MOKA3HUKIB €(PEKTHUBHOCTI
CHCTEM TEXHIYHOTO OOCITyrOBYBaHHS TaKMX CY/ICH, a TAKOXK aHANi3 Cy4aCHHX METOJIIB
YIpaBIiHHS [IMMHA CUCTEMaMH BUSIBHJIM, 110 Y OaraTboX BHIIQJIKaX YIPaBIiHHS CHC-
TEMaMH TEXHIYHOTO OOCIyTOBYBaHHS, SIK JUIS (UIOTY OJHOTHMITHHX CYACH, TaK 1 JUIs
OKPEMO B3SITUX CYJICH, 3IMCHIOETHCSI BUKIIIOYHO Ha OCHOBI €KOHOMIYHHX MipKyBaHb
y KOHTEKCTI TEXHIYHOT eKCIUTyarallii MOPChKUX TPAHCIIOPTHUX 3aco0iB. Takuit minxin
HE JIO3BOJISIE B IOCTATHIH Mipi BU3HAYUTH NPUYUHH 3HWKEHHS €(PEKTHBHOCTI BUKOPHC-
TaHHs (QIOTY BaHTAKHUX Cy/ICH, & TAKOXK ITOTEHIial JITsl MTiABHUIICHHS TIPOAYKTHBHOCTI
B CYJIHOIUIaBHI# KOMTIaHii.

AHaJIi3 0CTaHHIX Hoc/iKeHb i my6ikamiii. CTaTTs BKIIIOYAE JOCIIPKEHHS Cydac-
HUX TEHJICHIIII, METOJIIB Ta TEXHOJIOT1H, SIKi 3aCTOCOBYIOThCS B T'aJTy31 TEXHIYHOTO 00CTy-
TOBYBaHHS BaHT@)XHUX CYJICH, a TaKO)K aHaJ3 CTaHy MUTaHHS 3 OI[IHKU 1 yNPaBIiHHSI
e(hEKTHBHICTIO CUCTEM TEXHIYHOTO 00CyroByBaHHs [ 1-12]. Y3arajbHeHO OCHOBHI eTaIu
PO3BUTKY CHCTEM TEXHIYHOTO 0OCITyrOBYBaHHSI Ta KiacH(DiKallilo MOKa3HUKIB e(eKTHB-
HOCTI, III0 3aCTOCOBYIOThCSI HA CyYacHOMY €Talll, a TaKOX PO3IISIHYTO MiIXOAX JI0 y3TO-
JUKEHHSI OCHOBHHX TTOKa3HUKIB €)eKTHBHOCTI Ta BUOOPY pallioHaIbHOI MOBHOTH KOHTP-
OJIFO TEXHIYHOTO CTaHy (PYHKI[IOHAJIbHUX CUCTEM BaHTa)XHUX cyjeH. [IpoBeneHuii aHai3
BKa3ye Ha Te 1110 OJIHI€I0 3 KIIFOYOBUX 1 10C1 HEBUPIIICHHUX MPOOJIEM € YIPaBIIiHHS CUCTe-
MaMH TEXHIYHOTO 0OCITyTOBYBaHHS Cy/IeH, 30KpeMa BaHTKHUX CYJICH.

@opmyTI0BaHHA 1ijeii cTaTTi. MeToro CTaTTi € OIIIsT IOCBiTY Ta MEPCIEKTHB Y PO3-
poO1ii Ta BIPOBaKEHHI €(EKTHBHUX CTpPATErii yNpaBIiHHS CHCTEMaMHU TEXHIYHOTO
00CITyrOByBaHHSI BAaHTQKHHX CY/ICH, BPaXOBYIOUM OCOOJIMBOCTI Tajly3i Ta cy4acHi Hay-
KOBO-TeXHIUHI jocsarHeHHs1. OcoOMBa yBara npuIisieThes ONTYKY 3arajlbHOi METOJMKA
YIPABITiHHS MPOIECAMH TEXHIYHOTO OOCITYTrOBYBaHHSI Ta CTBOPEHHIO IHTENEKTYaJbHO
KOHCYJIBTaTUBHHUX CHUCTEM, SIKi JIO3BOJISITH CYJHOIZIABHUM KOMITaHISIM ONITHMi3yBaTH CBOi
pecypcH Ta I0CATTH KOHKYPEHTHHUX IepeBar Ha CBITOBOMY PUHKY IEPEBE3CHb.

Buxkiaa ocHoBHOro MartepiaJy.

CkJiajiHa eKOHOMIYHA CUTYAIlis, sIKa CKJlajacs B YKpaiHi, a TAKOXK BiJICYTHICTh BIJIO-
BiJTHMX METOJIOJIOTiH Ta IHCTPYMEHTIB JUIsSI PO3PaxXyHKY Ta aHaJli3y MOKa3HUKIB e(DeKTHB-
HOCTI CUCTEM TEXHIYHOTO OOCIYrOBYyBaHHS, YaCTO MPU3BOIUTD IO IPUHHATTS PilllcHb
PO MOJIIIICHHS CUTYyAIlil B CY/JIHOTUIABHIN KOMIIaHii Ha OCHOBI HEBMOTHBOBAHOI 3MiHU
napameTpiB CHCTEM TEXHIYHOTO 00CIIyroByBaHHs cyjeH. Llei minxin moxe OyTu mosic-
HEHUH, SIKIIO PO3IISTHYTH 3arajlbHy CXeMy B3a€MO3B'S3KIB 3aBJIaHb, IKi PO3B'S3YIOThCS
B CYJIHOIUIaBHIH KommaHii (puc. 1).

3aIe)KHICTh PIIICHHS ICAKHUX 3aBJlaHb BiJl JaHUX, OTPUMAHHUX [TPHU BUPILICHHI 1HIIIUX
3aB/IaHb, SIKi 3/1al0ThCS HEJOCTATHHO TIOB'SI3aHUMU MK cO000, MPU3BOIUTH JI0 TOTO,
10 Ha MPAKTHIII OIIHIOETHCS Ta aHANII3YEThCS CaMe TeXHIUHA SKCIUTyaTallisi MOPChKUX
TPAaHCIOPTHHX 3ac00iB, 1 BIIIOBIAHO JI0 IIbOTO (POPMYIOTHCS IIOKa3HUKH €()EKTHBHOCTI
came TexHiuHoI ekcrutyaraiii [1, 2]. OxHak, aHasi3 Takoi BaXKJIUBOI CKJIAJ0BOI, SIK CHC-
TEMH TEXHIYHOTO OOCITYrOBYBaHHS MOPCHKHX TPaHCIIOPTHHX 3ac00iB, 4acTO 3aluIla-
€TBCSI 1032 YBaro.
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Puc. 1. Cxema 83aem036'513Ki6 Midic BUPOOHUHUMU 3a0a4amil,
NO8'SI3AHUMU 3 eKCRIYAMAYIEIO0 BAHMANCHUX CYOeH

Jns omTuMizarii MiAX0MiB A0 yHPaBIiHHS CHCTEMaMH TEXHITHOTO OOCIYTOBY-
BaHHS BaHTAXHUX CYICH, HEOOXiTHO PO3POOUTH BINIMOBIMHI METOAUKHU Ta 1HCTPY-
MCHTH, SIKi TO3BOJISTH TPOBOAUTH KOMIUICKCHUH aHaIi3 pi3HUX aCMEKTiB CYTHOTLIaB-
HOi MiSTBHOCTI, 30KpeMa CHCTEM TEeXHITHOTO 00CIyroByBaHHs. Lle Moke crpusaTu
BUSBJICHHIO TOTCHIIIWHUX MPOOJIEM Ta Pe3epBiB IS MiABUIICHHS ¢()EKTHBHOCTI
BHKOPHCTAaHHS (JIOTY BaHTQXXHUX CyJeH Ta 3a0e3IeUeHHs] CTAJOr0 PO3BUTKY CYI-
HOIUTAaBHUX KOMTITaHi# [3].

BiamoBimHO 10 CBITOBOTO TOCBITY, YCHIITHA EKCIUTyaTallisl BAHTRKHHUX CYICH BIMa-
rae peTelqpbHOro aHajuizy iHdopMarlii Mpo CTaH CHCTEM TEXHIYHOTO OOCITYTOBYBAHHSI
Ta iX CKIamoBUX. Ha OCHOBI Takoro aHami3y MOXHA PO3POOIATH OOTPYHTOBAHI BHCHO-
BKH JIJIS1 BITPOBAKCHHS BiAIMMOBITHUX 3aXO0IIB Ta KOHTPOJIIO 32 IX BUKOHAHHSAM Y BUPOO-
HUALTBI. BupimmTy mro mpobiaemy 6e3 BUKOPHUCTAHHS CydacHUX 1HPOPMAITiIHHIX TEXHO-
JIOT1i HEMOXKITUBO [4].

Crpobu aBToMaTu3aiii 300py, 0OpOOKH Ta aHAJI3y CTATUCTUIHHUX JAHHUX, HAKOIH-
YEHUX B MPOIIeCi eKCIuTyaTartii, modammes me y 1960-x pokax XX ctomitrs. O0unciio-
BaJlbHA TEXHIKa, METOANKHU Ta aITOPUTMHU 00pOoOKH iH(pOpMAIlii TOCTYITOBO BIOCKOHA-
JIIOBAJIMCH Ta CTABAJIM BCE OUTBI JOCTYITHUMHU [5].

Ha mouarkoBoMy eTari BHKOPHCTOBYBaIACh IIEHTPATi30BaHa MOMIETb OOPOOKH TaHUX
Ha OCHOBI MeHH(PENMIB, sIKi epeBakanu 10 cepenuau 1980-x pokiB XX cromitts. [Ipo-
TATOM KUTBKOX POKIB ITsT MOZIEI T TTOCTYTIFJIACS MTO3HUITISIMH Ha KOPHUCTH PO3IIONIIICHOT apXi-
TEKTypH OITHOPAHTOBUX Mepex mepcoHanbHuX koMiTtotepiB (I1K). Omnak, 3romoM cro-
cTepiranacsl TSHACHIIIS 10 3HOBY IICHTpaTi3alii pecypciB CUCTEMH, 1 ChOTOMHI ¥ EHTPI
yBaru repeOyBae TeXHOJIOT1sI KITiEHT/cepBep Ha 6a3i IHTepHeT-TeXHOIIOTIH, sSKi ePeKTUBHO
TTOETHYTOTh TIepeBaru CBOIX morepenHukiB. [Iporiec eBomorii mux iHPOpMaiHHUX CHC-
teM (IC) MoXHA PO3TITHYTH Y BUIIISI TIOCTITIOBHOCTI YOTHPHOX €TarliB [6].
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B pesynbrari nux eramniB esoutonii IC, cydacHi miaxonu 10 oOpoOKH Ta aHaJi3y
iHpOpMaIIil BKITIOUAIOTh 1HTETPaIlilo BEIHUKUX OOCSTIB JIaHUX 3 PI3HUX JKEpEl, 3aCTO-
CYBaHHS IITYYHOTO 1HTEJEKTY Ta MAIIMHHOTO HAaBYAHHS JUIsSi ONTHMI3allii MpoIecis,
3acTOCyBaHHs MU(POBHUX JBIMHUKIB JIJISI ONTHMI3AIlil CHCTEM TEXHIYHOTO 00CIyroBY-
BaHHS, a TAKOXK PO3BUTOK CIICIIaTi30BaHUX 1HPOPMAIIHHUX CHCTEM JIJIsl PI3HUX Taly-
3ei, BKIIIOUAIOUU TEXHIYHY €KCIUTyaTallito (IoTy Cy/CH.

JlocTymHicTh CydacHOT KOMITTOTEPHOT TEXHIKH, i1 TOPiBHSHO HU3bKa BAPTiCTh, BAHUK-
HEHHsI €)EKTUBHUX CHCTEM IPOTpaMyBaHHSL, SIKi JI0O3BOJISIOTH OOMEKEHUM KOJICKTHBAM
PO3POOHHUKIB Y KOPOTKHI Yyac po3poOsIsITH CKIa/IHI IPUKIIAIHI IPOrPaMu, IPU3BEIH 0
MOSIBY 3HAYHOT KiJTBKOCTI TIPOAYKTIB, SIKi 371€01IBIIOTO peaizoBani y GopMi TaKk 3BaHUX
ABTOMAaTH30BaHUX POOOUYMX MiCIlb, CIIPSIMOBAHHX HA MIJITPUMKY Pi3HOMaHITHUX TPOIIe-
CiB eKcIuyartailii 3aco0iB BOAHOTO TpaHcropTy [7]. OaHak BIPOBAPKEHHSIM MOTIOHUX
CUCTEM HE BJIAJIOCS BUPILIUTH KIFOUOBI MPOOIEMHU TEXHOIOT1T 00MiHY iH()OPMAILIEO SIK
MIX MIZAPO3AUIaMH CYITHOIUIABHUX KOMITaHil, TaK 1 MK CyJAHOIUIABHUMHU KOMITaHIsSIMH,
aJIMIHICTpAIl€0 CYIHOIUIABCTBA Ta MIANPUEMCTBAMU MOPCHKOI MPOMHCIIOBOCTI [8].
Jlo HuX, B mepiry 4epry, CJiJi BIJHECTH: BIJICYTHICTh CTaHJApPTHU3allii; HEIOCTATHIN
piBeHb iHTErpariii; HeoOXiHICTh MOCTIHHOTO OHOBJICHHS JAHHMX; BIJICYTHICTH €IMHOT
METOJI0JIOTIT; OOMEXECHHS JIOCTYIY JIO BIIMOBIAHUX JKepen 1H(OpMallii; BiICYTHICTh
YITKOI CUCTEMHM OI[IHKM PHU3HUKIB; HEJOCTATHIM piBeHb KOOPIWHAIIIT Jili; HeaJeKBaTHE
3a0e3reueHHs KOH(DIICHIINHOCTI JaHUX; HU3bKa ONIEPAaTUBHICTD; BICYTHICTh KOMILJICK-
CHHX JIaHMX; BIJICYTHICTB JIOCTYITy 110 iHpopMaIlii; Hemepe0auyBaHiCTh ONEpaTHBHOTO
KOHTPOITI0; BUKOPUCTAHHSI TEKCTOBOTO (hopMaTy TpeJicTaBIeHHs 1H(opMarrii.

VY 3B'SI3Ky 3 BHUIIE HABEJACHUMH MPOOJIEMaMH, € BKJIMBUM TPOBEACHHS HAYKOBUX
JOCIIJKEHB, CIIPSIMOBAaHHUX Ha PO3p0OKY HOBUX METOJIB Ta TEXHOJIOTiH 00poOKH, nepe-
Jladi Ta aHai3y iHdopmallii y cdepi BOIHOTO TPaHCIIOPTY, po3po0Ka CTaHIapTIB Ta MPO-
TOKOJIiB OOMIHY JJaHUMH, & TAKOK BIIOCKOHAJICHHSI CUCTEMH OI[IHKU PU3UKIB Ta KOOPIH-
Harii 7 MK pi3HHUMH cy0'eKTaMu CcyIHOIIIaBcTBa [9].

Cran po3BUTKY c(epr BOJHOTO TPAHCIIOPTY B YKpaiHi XapakTepH3yEThCsl CKIa[-
HUMH ITpoOieMamu Ta BUKIMKaMU. OJHIEIO 3 MEPEeIIKo]| € aKTUBHE BBEJCHHS B CKC-
TUTyaTalliio Cy/leH iHO36MHOTO BUPOOHUIITBA, IO MPU3BOAMTE JI0 3HWKEHHS 1HTEpeCy
HaIllOHAJTIbHUX CYJHOIUIABHUX KOMITaHil 70 BIPOBAKEHHS HAYKOBHUX PO3pOOOK yKpa-
THCHKHMX HAyKOBO-IOCIITHUX HEeHTPiB. CyHOIJIaBHI KOMIAHIT CIIOAIBAKOTHCS, IO MPO-
rpaMHi KOMIUIEKCH, SKi € CKJIaJOBUMH YaCTUHAMHU CyYacHUX CYJCH, JI03BOJISITH KOMII-
JIEKCHO BUPIIIMTH MaiOyTHI 3aBJIaHHSI.

Kpim Toro, KepiBHUIITBO CYTHOTUIABHUX KOMIIaHil He PO3yMi€ HEOOXiTHOCTI MOCTIH-
HOTO (hiHAHCYBAHHS BJJOCKOHAICHHS pO3pOOJICHUX POTrPaMHHX KOMITIEKCiB. {7t 1iboro
noTpibHo Oyno 6 00'eHAaHHS 3yCHIIb YCIX YKpailHChKUX CYTHOIUIABHMX KOMIlaHii. Ha
CYy4acHOMY eTall PO3BUTKY YKPaiHCHKHX CYIHOIUIABHUX KOMIIaHIM HEOOXiJHO BIIPO-
BQ/DKCHHSI KOPIIOPAaTHBHUX 1H(OpMamiiHUX CUCTEM, SIKi BKJIIOYaiH O JIeKiinbKa iHTe-
JeKTyabHUX KOHCYNbTaTuBHUX cucteM (IKC) st pi3HUX acrekTiB AisTbHOCTI, TaKUX
SK CyJHOTUIaBHA EKCIUTyaTallis, TeXHIiYHEe O0OCIyroByBaHHSI, MApPKETHHI, MEHEKMEHT
Ta 1HIIe.

[Mepexin Bij Ha3BH «aBTOMATH30BaHI CHCTEMH YIPABIIHHS» 10 «IHTEJEKTyalbHi
KOHCYJIBTaTHBHI CHCTEMI» HE € JIMIIe 3MIHOI0 abpeBiaTypu, aiie BijjoOpaxkae J0CBif,
HAKOMUYCHUN MPOTIroM IMornepenHix pokiB. lle Takox BigoOpaxae 0cCOOIMBOCTI
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BUPOOHUYHUX TPOIIECIB y CYJTHOIIABHUX KOMIIaHIsIX, METOIB Ta IiIXO/IiB 10 CTBOPEHHSI
iHpOpMAIITHUX Mepek, 0a3 JaHUX Ta CIeliali30BaHOTro MPOrPaMHOTO 3a0e3MeueHHS.

CrpuifHATTS BIPOBaHKEHHS KOpHopaTuBHUX iHpopMamiifHux cuctem ta IKC y cyaHo-
IUTABHUX KOMIIAHISX SIK THTErPaJIbHOI YACTHUHM TX JIsTIBHOCTI MOYKE IPUBECTH JIO TIOKPa-
HIeHHS e(DEeKTUBHOCTI, SIKOCTI YNpPaBIiHHA Ta KOOPAMHALIT i MK PI3HUMH MiJIPO3/Ii-
JIaMH 1 CTOPOHHIMH oprasizaiisiMu. OKpiM TOTO, II¢ JOTIOMOKE BUSIBUTH Ta BHPILIHTH
po0JIeMu, TIOB's13aH1 3 HU3bKOO ONIEPATUBHICTIO CUCTEMH, a TAKOXK 3a0€3MeUNTH OLIbII
HaJliiiHy Ta cucTeMaTHYHy 00poOKy 1H(OpMAITT JUTsT HACTYITHOTO CTATHCTHYHOTO aHAaIi3Y.

CyTTEBHM acleKTOM KOPIOPATHBHUX iH(QOpMAIiiHUX CHCTEM JUIsi CYIHOIIABHUX
KOMITaHIl € HeoOXiHICTh iHTerparliii 3 [7100aabHOI Mepexero aHalizy Ta iHpopma-
uii (GAIN - Global Analysis and Information Network). Benuki ta npoBigHi cyaHO-
TUTaBHI KOMITaHii, siKi BKe BUKOPHUCTOBYIOTH GAIN y cBOIil JisUIbHOCTI, BKIIOYAIOThH
[10]: Maersk Line, MSC, China COSCO Shipping, CMA CGM, Hapag-Lloyd, ONE,
Evergreen, HMM, Yang Ming, ZIM.

Li xoMmaHii po3yMitOTh BaXJIMBICTh B3a€EMOJII Ta OOMiHY iH(pOpPMAIIIEI B MEKaX
100aIbHOT Mepexki JuIst 3a0e3MedeHHs] e)eKTUBHOCTI Ta KOHKYPEHTOCIIPOMOKHOCTI
CBOIX OIeparii.

KoprioparuHi iH(popMalliliHi CHCTEMH HE MOYKHA PO3IVISIATH SIK TIPOCTE 00'€THAHHS
ABTOMATH30BAHUX CHCTEM YIPABJIiHHSI BUPOOHUIITBOM BiJIOKPEMIICHHX CYTHOTUIABHUX
koMItaHid. [H(opMaIiliHI CHCTEMH TaKOro POy XapaKTePU3YHOThCS 3HAUHOK CKJIaJI-
HICTIO B OpraHizamiiHOMy, TEXHIYHOMY Ta TpOrpaMHOMY 3abe3redeHHi. BHacminok
[OTO, MPOIEC PO3POOKH Ta BIPOBAKEHHS 3a3HAYCHUX CHUCTEM BHMArae CIiIbHUX
3yCHJIb HayKOBIIIB, 1110 TPAIIOIOTH HaJl PO3POOKOO BIAMOBIAHUX METOJOJIOTIH Ta METO-
JIB, & TAKOK aKTHBHOI CIIBOpAIll MPOBIIHUX CIEHIANICTIB Y Talmy3sX iHPOpMaIiifHuX
TEXHOJIOTiH, EKOHOMIKH Ta, BKpall BaJKJIMBO, IPABOBUX aCIICKTIB.

AHai3 iCHYIOYMX aBTOMAaTH30BaHMX CHUCTEM YIPABIiHHS BUPOOHHIITBOM CYIHO-
IUTABHUX KOMTMaHii YKpainu, Ha 0a3i SKuX MaroTh OyTH c(hOpMOBaHI KOPIOPATHUBHI
iHQopMaIliifHI CUCTEMH, BUSBHB, 110 OJHIE€I0 3 KIIOYOBHMX 1 JIOCI HEpeaai30BaHUX
3a/lau € yNpaBIiHHA CHCTEMaMH TEXHIYHOTO OOCIYrOBYBaHHS CYyICH, 30KpeMa BaH-
TaXHHUX CYJICH.

VYrpaBiniHHS CHCTEeMaMH TEXHIYHOTO OOCITyroByBaHHSI BaHTKHUX CyICH Mae OyTH
pearnizoBane y dopmari IKC 1s TeXHIYHOTO 0OCITyTrOBYBaHHS CY/ICH SIK IHTETPOBAHOT
CKJIaJIOBO KOPMOPATUBHHUX 1HQOPMAIIMHUX CHUCTEM CYIHOIUIABHUX KoMmadiid. Taka
CUCTEeMa IIOBMHHA BUKOPUCTOBYBATH HAOyTHI JA0CBIJ B 1iit oOnacti [13, 14, 15, 16, 17,
18, 19, 20] s 3abe3nedeHHs] ONTUMAIBLHOTO Ta €(PEeKTUBHOTO YIPABIiHHS MPOIECaMH
TEXHIYHOTO 00CIIyTOBYBaHHS 3aC001B MOPCHKOTO TPAHCIIOPTY.

OnHiero 3 BiaMiHHUX xapakTepucTHK IKC B CyHOIIIABCTBI € iepapXiuHa CTPYKTypa,
Jie IeHTpalizoBaHa 00poOKa Ta elMHe KepyBaHHs pecypcamMy Ha BEPXHbOMY PiBHI KOM-
OIHYIOTBCSl 3 PO3MOALICHOI0 00pOOKOI0 Ha HWKHBOMY piBHI. Lleit minxin € cuaTe30M
MEepeBipeHUX PIillIeHb Y CHCTEMaX IMOTEPEAHIX MOKOIiHb.

Taka opranizanist IKC B cyaHOMmIaBcTBI MpecTaBise OO0 KOMIPOMIC MiX Ipar-
HEHHSIM BHKOPHCTOBYBAaTH IepeBaru rpagiqHoro intepdeiicy nmporpamHoro 3abesre-
YEHHS| T2 BUMOTaMH I1[0JI0 MAKCHMAJIBHOI JOCTYITHOCTI JaHUX JUIS BCIX KOPUCTYBadiB
cucreMu. BomHoyac, Takuid MijXiJ CHpUsE MiABUINECHHIO IIBUIKOCTI 00pOOKH, CIIpO-
IICHHIO aJIMIHICTPYBaHHS Ta 3HM)KECHHIO SKCIUTyaTal[liHUX BUTPAT.
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Lle#t HayKOBO-00IpyHTOBaHU# MiIXia 10 po3podOku Ta peamizariii IKC B cynHomias-
HUX KOMIIaHIsIX JTO3BOJISIE JIOCSTTH ONTHMAIBHOTO OajaHCy MiX ¢(EeKTUBHICTIO yIpaB-
JHHS pecypcaMu, JOCTYIHICTIO iH(OopMaIlil Ta 3pyYHICTIO BAKOPUCTAHHS CHCTEMH JUTSI
BCIX 3allIKaBJICHUX CTOPIH.

IKC 3 TeXHIYHOTO 00CITYTOBYBaHHSI BAHTXKHUX CY/ICH, SIKa MPOTIOHYETHCS 1 BIIPOBa-
JUKYETBCSI, MAE HACTYITHI KITFOUOBI XapaKTEPUCTUKU: TIOBHE BUKOPUCTAHHS TIOTCHITIATY
[TK; MoxynbHa oOy0Ba CUCTEMH; EKOHOMISI PeCypCiB CUCTEMH; HasIBHICTh e(DeKTHB-
HUX [EHTPATI30BaHUX 3aC001B; 00’ € JHAHHS KOPIIOPATUBHUX 1HOOPMAIITHIX CHCTEM.

Bukopucranns IKC y cdepi TexHIYHOrO 00CITyroByBaHHS BAaHTKHHX CyleH 0azy-
€THCs HA PO3B'sI3aHHI EKCIUTyaTalliHKUX 3a/1a4, SIKi ONITUMaJIbHO BUPIIIYIOTHCS HA OCHOBI
TUTaHYBaHHS CKOHOMIYHOTO EKCIIEPUMEHTY Ta CTaTHCTHYHOI OOpOOKH OOMEXKEeHUX
o0csriB nanux. lle cripusie oepKaHHIO OLIHOK, X04a i HEMOBHHUX, aJi¢ 13 YITKO BU3HA-
YeHUMH MeXaMu MoXuOoK. BinnosinHo, HaykoBui miaxin o peamnizanii IKC 3abesre-
qye OiIbII e()eKTHBHE YIPABIIHHS TEXHIYHUM 00CITYrOByBaHHSIM BaHTaKHHUX CYJICH.

[Mpu po3poduii metoaruHOTo 3a0e3neuenns At IKC 3 TexHIYHOTO 00CITyroByBaHHS
BaHTAXXHHX CYyJ/ICH, BAXKITMBO BPAXOBYBATH 1X BiJIMIHHICTB BiJl iHIIIMX TEXHIYHUX 00'€KTIB.
OjHi€r0 3 OCHOBHHX 0COOIMBOCTEH CYTHOTIIABHUX TPAHCIIOPTHUX 3ac00iB € Te, 10 3Ha-
YHa KiJIbKICTh Bi]MOB BUSIBIISIETHCS, alic HE YCYBA€ThCS B MPOIIECi eKCIUTyaTallii Cy/ieH.
L5 XxapakTepruCTHKa MOPCHKUX TPAHCIIOPTHHUX 3aC00IB CYTTEBO 3MIHIOE YMOBH PIllICHHS
3aj1a4 TEXHIYHOTO OOCITyTOBYBaHHS BAHTKHUX CY/ICH, Pi3KO BIJIPI3HSIOUH iX BiJl YMOB
pillIeHHS aHAJIOTTYHUX 3a/1a4 JIJIsl TEXHIYHUX BUPOOIB, 10 MPAIOIOTh 0e3repediifHo.

KiacnuHuM mpuKiIagoM Takux BUPOOIB € Ha3eMHI SHEPreTHYHI KOMIUICKCH, Y SKHUX
BIJIIpaIlbOBaHI pillicHHs 0araTboX eKCIUTyaTalliiHUX 3ajad, 10 BUPILIIYIOThCS Y paMKax
3arajibHO1 Teopii HAAIMHOCTI CKJIaIHUX CHcTeM. Binrak, npu ¢hopMy/roBaHHI 3a71a4 eKc-
TuTyaTanii BAHTQKHHUX CyACH BapTO TAKOXK PO3IVISIIATH EproHOMIUHI acrieKTH. 3 oriisiy Ha
YKCJICHHICTh BUKOHABIIIB POOIT Ta KOJICKTUBIB JIFOJICH, IKi 3aiMAaIOThCSI M1/ ITOTOBKOIO BaH-
TaXHUX CY/ICH JI0 TUIABaHHSI 1 TEXHIYHUM 00CITyTOBYBaHHSIM B TIPOIICCi IIaBaHHS, OpraHi-
3a1ii iIXHbOT POOOTH CITLJT MPUILISTH 0COONUBY yBary. TaKMM YHHOM, HAYKOBHH MiAX1JT 10
CTBOpEHHS METOMYHOTO 3a0e3neueHHs yisi [KC 3 TeXHIYHOro 00CITyroByBaHHS BAHTaXK-
HUX CYJICH JIO3BOJISIE JIOCSITTH OUTBIIT ONTUMAaIbHUX PE3YIBTATIB Y Ialy3i CyIHOIUIABCTRA.

OjHi€r0 3 KITIOUOBHX NIEPEyMOB JIJIs PILLICHHS 3aBaHb TEXHIYHOTO 00CITyrOBYBaHHS
BaHTXXHUX CYJICH € NPUITYIICHHS PO HEeJIOCTAaTHICTh MOYATKOBOI 1H(opMallii, ska He
nuie oOMeXye MOXKIIMBICTh BHUPIIICHHS 3aJa4il B JICTEPMiHOBAHIM MOCTaHOBII, aje
i ycknanaioe GopmyntoBaHHs iMOBipHicCHOT 3a1adi. B IKC, moB'si3aHuX 3 TEXHIYHUM
00CITyrOBYBaHHSIM CY/ICH, CJIiJl BAKOPUCTOBYBATH CTAaTUCTUYHI OI[IHKH MTapaMeTPiB CHC-
TEM Ha OCHOBI OOMEKEHOTO 00CATY BXiJIHUX JIaHHX, & TAKOXK 3aCTOCOBYBATH IIU(PPOBI
JIBIHHUKH JJIs1 JIETaJIbHOTO MOJICIFOBAHHS Ta aHAJIi3y CYTHOBHX cucTeM [14].

CrarucTHYHI OI[IHKHM TIapaMeTpiB Mojiesiel, mo BuKopHrcToByloThCS B IKC, moBu-
HHI OTPUMYBATHUCS 3 JIAHHUX TPO TONEPENHI0 eKcIuTyaTaiito cyneH. [Iporsrom ycboro
nepiofy eKCIuTyarailii mapaMmeTps MOJIENI MaloTh 3a3HABATH YTOYHEHb, OCKIJIbKH CYIHO-
TUTaBHI 00'€KTH PETYISIPHO MOJICPHI3YIOTHCSI, a TIEPCOHA, IO eKCILTyaTye X, MOCTIHHO
B/IOCKOHAITIOE CBOT HABMUYKW. Y TOUHEHHS NIapameTpiB MOJICIIeH 1Jisi pillieHHs 3aBJaHb
TEXHIYHOTO OOCIYrOBYBaHHsI Mae 0a3yBaTHCs Ha HeENepepBHOMY 300pi BiIIOBIIHUX
JIAHUX Ta TXHBOMY CHUCTEMAaTHUYHOMY aHalli3i, a TAaKOXX Ha BHKOPHUCTaHHI IH(PPOBUX
JIBIHHUKIB JUIs JICTAJIbHOTO MOJICJIIOBAHHS Ta ONTHMI3allii cyaHOBUX cuctem [20].
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Taxuii HayKOBHH Ti/IXi 10 po3poOku Ta BrpoBapkeHHs IKC st TexHiuHOTO 00CTyTo-
BYBaHHSI BAHTKHHUX CYJICH 3a0e31evye aJeKBaTHE OI[IHIOBAHHSI Ta KOHTPOJIb CTaHy TEXHIU-
HUX CHCTEM CYJICH, a TaKOX ITi/IBUIYE ePEKTUBHICTh EKCIUTyararlii Ta Oe3reKy riaBaHHsI.

Anroputmu, peanizoBani B IKC [19], moB'si3ani 3 TEXHIYHUM OOCIYrOBYBaHHSIM
CY/IeH, TTOBHHHI HaJlaBaTH PEKOMEH/IAIlIi 010 Yacy HACTYITHOTO TEXHIYHOTO 00CIyTo-
BYBaHHS, HOTO TPOrpaMK, HasIBHUX PECYPCiB Cy[HA B MIJIOMY Ta OKpEMHX HOTO arpe-
rariB i By3JiB, JaHi Juisi 3a0e3MeUYeHHs Cy/IeH 3allaCHUMH YaCTHHAMH, THCTPYMEHTaMH
Ta HIIUM OOJIAJIHAHHSM, a TAKOX PEKOMEHJAIlT (y BUIISAII, HAPUKIIAI, TEXHOJIOT Y-
HUX TpadikiB) 3 opraHizalii poOOTH TEXHIYHOTO MIEPCOHATY Ha CY/IHI.

CyKyYITHICTh XapaKTEPUCTHUK, SIKi BIJIOOpaKar0Th €()eKTUBHICTH CUCTEMH TEXHIYHOTO
00CITyroByBaHHS CYJICH, sIK OyJI0 MOKa3aHO, € iEpapXidHOI CHCTEMOK. BoHa BKIIHOUAE
OCHOBHI XapaKTEPUCTHKH, 10 3aiiMalOTh BUIIMN 1€papXiYHUN PiBEHb, OCKUILKH BOHH
BU3HAYAIOTh KiHIIEBI PE3yJbTaTH 3aCTOCYBAaHHS CY[[HA 3a MPU3HAYCHHSM, Ta XapakKTe-
PHUCTHKH ITiIIOPSIKOBAaHUX PIBHIB, IO 320€3MEYyI0Th OCHOBHI XapaKTePUCTHKH.

O1iHKy XapaKTEepUCTHUK MiAMOPSIKOBAHUX PIBHIB y CHCTEMi TEXHIYHOTO OOCITyTOBY-
BAHHs CyJeH TaKoXX IPOBOIATH 33 YMCIOBMMM MOKA3HUKAMH. IXHS HOMEHKIATypa 3Ha-
YHO MHpIIa. 3a3Ha4yeHl MMOKAa3HUKH OIIHKH OCHOBHHX XapaKTEPHCTHK PO3PaXOBYIOTh
3a TIOKa3HUKaMHU XapaKTepHCTHK MiANOPSIKOBaHOTO PiBHs. BUOIp 1 oIiHKa MOKa3HHUKIB
yCiX XapaKTEepUCTHK, SIKI BH3HAYAIOTh S(PEKTHUBHICTH CHUCTEM TEXHIYHOTO OOCITyroBY-
BaHHS CyJIeH, IIOBHHHA 0a3yBaTHCh HA aHAITi31i ONTUMAJIBHOI MOJIEIi CHCTEMHU TEXHIYHOTO
obcnyroByBanHs [ 11, 12]. Tomy B HayKOBOMY JTOCIIKeHHI [ 17] pO3IisqaroThCst 3aBIaHHsI
BU3HAYCHHSI ONTHMAIBLHOI MHOXHHH TapaMeTpiB e(eKTHBHOCTI CHUCTEM TEXHIYHOTO
00CITyroBYBaHHS Cy/IeH Ta iX KOMIUIEKTYIOUMX, IXHBOTO aHai3y 1 MPOTHO3YBaHHS 3 METOIO
noOynoBr iH(OpPMaIiifHO-KOHCYJIBTAaTUBHOT CUCTEMH IiTPHMKH TIPOIECY YIPaBIiHHS
THIIUBITyaJIbHUMH CUCTEMAMH TEXHIYHOTO 00CITYTOBYBaHHS BAHTXKHUX CYJICH.

BripoBakeHHS B €KCILTyaTallito CYJIEH 13 PO3raly’KeHOK CUCTEMOI0 OOPTOBOTO KOHT-
OJIFO, SIK1 JIO3BOJISIFOTH 3 BUCOKOIO BIPOT'iTHICTIO BUSIBJISATH BIJIMOBH Ta MOIIKO/PKEHHS 1 THM
CaMUM JIal0Th 3MOTY B peallbHOMY MaciiTadl yacy 3/1iHCHIOBaTH (OpMYBaHHS 00CSTY
YEeproBoro BUIy TEXHIYHOTO 0OCITyTOBYBaHHS, BAMATalOTh PO3POOKH METOIIB OIEpaTHUB-
HOTO YIPAaBJIiHHS XOJOM TEXHOJIOTIYHOTO rpadiky TEXHIYHOTO OOCIYrOBYBaHHS CY/IHA,
OLIIHKH TIOKa3HUKIB aHalli3y e()eKTUBHOCTI X TEXHOJOTIYHUX TpadiKiB SK CKIaJOBUX
YacTHH e(DEKTUBHOCTI BCi€T CUCTEMH TEXHIYHOTO 0OCTYTOBYBaHHS CyJTHA.

3 METOI0 KOHTPOJIIO 32 JISUTbHICTIO CYIHOIUTABHUX KOMIIaHIH B Taly3i TEXHIYHOTO
o0CITyroByBaHHs CyneH, ceprudikailii 3aco0iB MOPCHKOIO TPAHCIIOPTY, BUSBICHHSI
BIUTMBY Pi3HHUX EKCIUTyaTalliiHUX (akTopiB Ha €)EeKTUBHICTD IXHIX CUCTEM TEXHIYHOTO
00CITyroByBaHHSI, HEOOXi/IHE TIOCTiiiHEe HAKOTTMYEHHsI iH(opMarlii po TeXHIYHUHN CTaH
CYTHOBOI TEXHIKHM Ta XapaKTEPUCTHKH BUKOHAHUX POOIT Ha HiH, 3 MeTOI0 (hOpMyBaHHS
pillieHb, CIIPSIMOBAHMX Ha MIATPUMKY 32JIaHOTO PiBHS TEXHIYHOT MPUIATHOCTI CY/CH JIO
TEXHIYHOTO BUkopuctanus [20].

VYce 1ie BUMarae mocTiiHoi po3poOKH 1 BIPOBAHKEHHSI B CYJJHOTUIABHIX KOMITaHisX
BIJIMOBITHUX 3aXOIB 3 YJIOCKOHAJICHHS SIK CaMOT CY/THOBOT TEXHIKH, TaK 1 IXHIX CHCTEM
TEXHIYHOTO 00CITyrOByBaHHS. 3 METOIO OIIHKY BIUIMBY BIPOBAKCHUX 3aXOJiB TOTPi-
OCH MOCTIMHUI KOHTPOINb 1 aHaji3 IXHhOI CKOHOMIYHOT e(DEeKTUBHOCTI Ta EKOHOMiY-
HOT e)eKTUBHOCTI CUCTEM TEXHIYHOTO 0OCITyroByBaHHS CYJICH, sIKHii Ou Oa3yBaBcs Ha
CYYacHHX METO/IaX MPUHHSATTS pillieHb Y cepi CyIHOIITaBCTRA.
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B pesynmbrari BUKOHAHUX JOCTIIKEHb PO3pO0OJICHA CTPYKTYpPHO-(PYHKIIOHATbHA
mozenb IKC 3 TexHiYHOTO 00CITyroBYBaHHSI BAHTQXKHUX CYJ/ICH, SIKa JISITIa B OCHOBY PO3-
pOOJICHOTO 1 BIPOBAHKEHOTO KOMIUIEKCY MporpaM i iHpopManiitaux cucrem [13, 14,
15, 16, 17, 18, 19, 20]. Llei koMIuiekc 103BoJsie peatizyBatu: [Ipuniun Oe3nepeps-
HOTO BIJICTeXKCHHSI JMHAMIKM 3MIHU TMOKA3HUKIB €(DEKTUBHOCTI CUCTEMH TEXHIYHOTO
00CITyroByBaHHSI KOHKPETHOTO CylHAa; MeTo/ii BUSIBJICHHSI PaHHIX CTaJii IMOTipIICHHS
npoIiecy TEXHIYHOTO 0OCITyroByBaHHSI BAHTKHUX cyleH; [IporHo3yBaHHs PIBHS TeX-
HIYHOT MPUIATHOCTI CY/IHA /IO BAKOPUCTAHHS 32 npu3HaueHHsIM; O1iHIOBaHHS ¢()EeKTHB-
HOCTI 3aX0/1iB, HAITPaBJICHUX Ha MIATPUMKY 1 MiJBHIICHHS PiBHS €(EKTUBHOCTI CUCTEM
TEXHIYHOTO OOCITyrOBYBaHHsI BAHTKHUX CY/ICH, 30KpeMa TEXHIYHOI MPUJATHOCTI JI0
BUKOPHCTAHHS 32 Mpu3Ha4eHHsIM; KOHTponb piBHS e(DEeKTHBHOCTI CHCTEMH TEXHIYHOTO
00CJIyroByBaHHsI KOHKPETHOTO CY/IHA 3 METOI MiHIMi3allii BUTpaT Ha WOro TEXHIUuHE
00CITyroBYBaHHS.

Po3pobneno maremarrune 3a6e3nedenns IKC st cynnonmaBcTBa, sike 6a3yeThes Ha
MoaH(iKOBaHUX METO/aX 3 METOIO 3HUKEHHS TPYIOMICTKOCTI OOUHCITIOBATIBHUAX TPOLIe-
Iyp 00poOku indopmartii. [IpoBeaeHi TOCHTIHKSHHS 03BOJIMIN OOIPYHTYBATH 1 PO3PO-
OMTH METOJ] PO3PAaXyHKY MOKA3HUKIB SKOCTI CUCTEM TEXHIYHOTO 0OCIyrOBYyBaHHS BaH-
TXHUX CYICH Ta iXHIX KOMIUICKTYIOUUX, IPU3HAYCHI JUTS OLIHKY 1 aHAITi3y JUHAMIKH
3MiHH ITPOIIECY TEXHIYHOTO OOCITYTOBYBaHHS B KOHKPETHIN CY/THOTUIABHIM KOMTIaHii.

3anpornoHoBaHa METOAMKa OIIHKH ¢(QEeKTUBHOCTI 3aXO[iB, SIKI BIPOBAKYIOTHCS
3 METOI0 MiATPUMaHHs a00 MiJABHIICHHS PIBHS OE3MEKH 1 PEeryIspHOCTI TUIaBaHHS
B Tajy3i TEXHIYHOTO OOCIyroByBaHHS BaHTKHHX CYICH, JIO3BOJISE 3a0e3MEUnTH
HaJIC)KHUH PIBEHB SKOCTI 00CITyroByBaHHs Ta OE3IEKH MacakUpiB 1 eKiMaxKy.

BucnoBku. BpaxoByroun BHKIaJieHe, MOKHA 3pOOMTH BUCHOBOK, IO JUUIsl YCITIII-
HOTO PO3BHUTKY CYIHOILIABHOI rajiy3i B YKpaiHi moTpiOHO 3a0e3neyuTy rapMOHilHE
CHIBICHYBaHHSI TEXHOJIOT1H, HAyKH, OCBITH Ta Jep:KaBHOI miarpuMku. Lle crpustime
JIOCSITHEHHIO CTaJIOr0 PO3BUTKY C(EpU BOJHOTO TPAHCIIOPTY Ta 3MII[HCHHIO MO3MIIIN
YKpaiHCHKOTO CYJJHOIUIABCTBA Ha CBITOBOMY PHHKY IEPEBE3CHb.

B cTarTi BUCBIT/ICHO OCHOBHI €Tari PO3BUTKY CUCTEM TEXHIYHOTO 00CITyTrOBYBaHHS
BaHTa)XHUX CYJICH 1 HajJlaHa KiiacuQikallis MOKa3HUKIB IXHbOI €()eKTUBHOCTI, K1 3apa3
3aCTOCOBYIOThH B MPAKTHIII YIPaBIiHHSI BUPOOHHYUM TPOIIECOM B CYJHOTUIABHHX KOM-
MaHIsAX.

PosrnsHyTa MeTomMka Y3roJKeHHSI OCHOBHUX ITOKa3HHKIB €()EKTHBHOCTI CHC-
TEM TEXHIYHOTO OOCITyrOBYBaHHS Ta BJIOCKOHAJIeHa METOJMKA BHOOpPY pallioHaTbHOI
MOBHOTH KOHTPOJIIO TEXHIYHOTO CTaHy (PYHKI[IOHAILHIX CUCTEM BAaHTAKHUX CYJICH.

[MpoBenennii aHai3 craHy MUTAHHS 3 OLIHKY 1 YIPaBIiHHS €(PEKTUBHICTIO CHCTEM
TEXHIYHOTO 00CITyTOBYBaHHS BAHTXKHUX CYJIEH 11X TEXHIYHUX 3aC00iB IMOKa3aB JIOIITb-
HICTB JIOCII/PKEHb B HANPSMKY IMOIIYKY PO3POOKH 3arajbHOT METOJUKH YIPaBIiHHS
UMM T[POIIECAMH 3 METOI0 MOOYIOBH MIATPYHTS JUIsi OUBII JETATbHOTO BUBYCHHS
NPOIIECiB, SIKi BiOYBAIOTHCS il Yac TEXHIYHOTO OOCIYTrOBYBaHHS BaHTAKHHUX CYICH
Ta CTBOPEHHSI METO/I0JIOTi] JOpMyBaHHS B CYJIHOIIABHUX KOMITaHIsIX 1HTEIEKTYaIbHO
KOHCYJIBTaTHBHUX CHCTEM 3 TEXHIYHOTO 00CITYrOByBaHHSI.

3acToCyBaHHSI HayKOBO-OOIPYHTOBAHUX ITiJXOIB JO aHAi3y CHUCTEM TEXHIYHOTO
00CITyrOBYBaHHS Ta TEXHIYHOI eKCIUTyaTalii BaHTXHUX CYJACH MOXE JOMOMOITH
BUSIBUTH TIPUYHMHU 3HIKCHHS ¢()EKTUBHOCTI (IIOTY, a TaKOXK pO3pOOUTH e(PEKTHBHI
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cTparerii Juis iX mogonanHs. TaKuM YHHOM, 1HTErpalis HayKOBUX METOJIB Y IPAKTHKY
yIpaBIiHHS CHCTEMaMH TEXHIYHOTO 00CITyTOBYBaHHSI BAHTAKHUX CYJICH MOXKE CIIPUSITH
IIJIBUIIEHHIO SIK PiBHs O€3MEKH CYHOILJIABCTBA TaK i €()eKTUBHOCTI MOPCHKOIO TPaH-
CIIOPTY Ta CTAJIOMY PO3BUTKY CYIHOIUIABHUX KOMIIaHiH.
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Anomauisn

Y emammi posenadaromucs agmomamu3soeani weapmosHi cucmemu, Ho8immui mexHo-
N102ii Ol nidguwyenns besnexu nepconany ma cyoer. Ocmannimu pokamu npoepecueHuil
PO3BUMOK A8MOMAMUZ0BAHUX UBAPMOGHUX CUCTEM 8Ce Dinbule 3a0e3neyye NOKpauyeHusl
beznexu Ha mopi, sike 6yno eusHarno Ha 102-ii cecii Komimemy 3 6e3nexu na mopi Midc-
Hapoonoi mopcvkoi opeanizayii (IMO). L{i cucmemu po3pooneni 015 3MeHuen s pUsUKis,
NOB'A3AHUX 3 MPAOUYIUHUMU MEeMOoOaMU WEAPMYBAHHS, Md CHPUSIOMb 3a0e3NeUeHHIO
be3nexu nepcoHany ma cyoeHn nio uac weapmosHux onepayii. Aemomamu3o8ami weap-
MOGHI cuUCmemMy GUKOPUCMOBYIOMb CYUACHI MexXHON02il, MaKi K cencopu, Hagieayiline
00N1AOHAHHS, IHMENEKMYATbHULL AHAI3 OAHUX MA ABMOMAMUYHE KePYBAHHs, oo onmu-
Mizysamu npoyec weapmyeants ma 3adesneqyumu 6UcoxKy cmynino oesnexu. Qowuicio 3
nepesaz a8MoOMAmMu308aHUX CUCTNEM € 3MEHUUEHHS PUSUKY MPAasm ma cmepmeti cepeo
NEePCOHATY, OCKIIbKU 8OHU O0380NANMb 3MEHWUMU nompeby 6 pyuHiti npayi nio uac
weapmogHux onepayit. Kpiv moeo, asmomamu3o8aui cucmemu Cnpusitoms nonepeo-
JHCEHHIO NOWIKOONCEHb CYOeH Md NOPMOBUX CNOPYO 3a60aKU NOKPAUWEHOM) KOHMPOJIO
Hao npoyecom weapmysantsi. Lle mooice sxnowamu 6 cebe 3a0e3nederusi ONMUMAIbHO2O
Po3miujents cyoeH, KOHmMpolb 34 CUNAMU HAMSZY KAHAMI6 ma WEUOKe GUABTIEHHSL MOIC-
JIUGUX NPOOIEM, WO MONCYMb BUHUKHYMU NIO 4aAC WEApMosHUX onepayiu. Basxcausum
acnexmom peanizayii agmomamus06aHux WeAPMOGHUX CUCTNEM € PO3POOKA egheKmusHuUxX
cmanoapmie besneku ma nPOMoKoNie, w0 8PAx08YIOMb CReYUDIKy PISHUX MUnie cyoeH
ma nopmosux cnopyo. Ocobnuguii akyenm modxce Oymu 3poonenun Ha iHmezpayiro yux
cucmem y 3a2anvHy IHQpacmpyKmypy cyOHONIA8CmMEd ma nopmie 3 Memoro CmeopeH-
Hsl €OUHOI cucmemu KepyeanHs ma HaoiuHoi besnexku. Mema cmammi noisieae 8 ananisi
Ul OYIHYI CYNACHUX ABMOMAMUZ0BAHUX CUCTEM WBAPMYBAHHS MA iX 6NIUBY HA Oe3NeKy
nepcoHany, cyoen ma nopmogux cnopyo. Pesynemamu. Busnauuno modciugi Hanpamu
ROOANILULO20 PO3BUMK) MA YOOCKOHAIEHHS YUX cucmem 075 3a0e3neduents Oiibul 8Uco-
K020 pigHsi be3neku nio yac weapmosuux onepayit. Bucnoexu. Taxum yunom, cyuacui
ABMOMAMU308AHT WBAPMOBHI CUCIEMU CHPUSIONb 3a0e3neyuenHIo Oe3nexu nio 4ac weap-
MOBHUX ONepayit ma RIOMpUMYi CIMAI020 PO3GUMK) MOPCLKO20 MPAHCNOPNIY. Ix yeniwt-
Ha peanizayis Modce 3MEHWUMU PU3UKU, NO8'a3aHi 3 MpaouyitiHuMu Memooamu wmeap-
MY6aHHs, Ma NOKpauumu 6e3nexy nepcoHay, CyoeH ma HasKoIUUHb020 cepedo8UuLyd.

© I'onuapyk LII., I'onoBans A.L, 2023
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Summary

The article discusses automated mooring systems, the latest technologies to improve the
safety of personnel and vessels. In recent years, the progressive development of automated
mooring systems has increasingly provided improvements in maritime safety, which
was recognized at the 102nd session of the International Maritime Organization (IMO)
Maritime Safety Committee. These systems are designed to reduce the risks associated with
traditional mooring methods and help ensure the safety of personnel and vessels during
mooring operations. Automated mooring systems use modern technologies such as sensors,
navigation equipment, intelligent data analysis and automatic control to optimize the
mooring process and ensure a high degree of safety. One of the benefits of automated systems
is a reduction in the risk of injury and death among personnel, as they reduce the need for
manual labor during mooring operations. In addition, automated systems help to prevent
damage to ships and port facilities through improved control over the mooring process. This
may include ensuring optimal vessel positioning, monitoring rope tension forces, and quickly
identifying potential problems that may arise during mooring operations. An important
aspect of the implementation of automated mooring systems is the development of effective
safety standards and protocols that take into account the specifics of different types of vessels
and port facilities. Particular emphasis may be placed on integrating these systems into the
overall shipping and port infrastructure to create a unified management system and reliable
security. The purpose of the article is to analyze and evaluate modern automated mooring
systems and their impact on the safety of personnel, vessels and port facilities. Results.
Identify possible areas for further development and improvement of these systems to ensure
a higher level of safety during mooring operations. Conclusions. Thus, modern automated
mooring systems contribute to ensuring safety during mooring operations and supporting
the sustainable development of maritime transport. Their successful implementation can
reduce the risks associated with traditional mooring methods and improve the safety of
personnel, vessels and the environment.

Key words: automated mooring systems, maritime safety, modern approaches,
mooring operations, port facilities, technologies, sensors, navigation equipment, data
mining, automatic control, safety standards, integration, risks, sustainable development
of maritime transport.
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Beryn. Mopcbkuii TpaHCIIOPT € OTHUM 3 KITIOUOBUX CEKTOPIB CBITOBOT €KOHOMIKH,
KM 3a0e31edye OUTBIIICTh MIXXHAPOJHUX NIEPEBE3CHb TOBAPIB. 3 PO3BUTKOM IJI00aIIi-
3al1ii Ta 3pOCTaHHSAM 00CSITiB MOPCHKOTO TPAHCIIOPTYBAaHHS aKTYaIbHICTh 320€3MeUeHHS
0e3rekn Ha MOPi CTae Bce BAXKIMBINIOK. O/IHIEI0 3 HAWOUIBII PU3UKOBUX Ta TPaBMOHE-
Oe3rneyHuX Orepallii y moprax € mBapTyBaHHS CYJICH, SIKE TPAJIUIIHHO 3/IIHCHIOETHCS
BPY4YHY Ta MOYKE ITPU3BECTH JI0 YHCIICHHUX HEIIACHUX BHUIAJKIB Ta aBapiil.

IHocTanoBka npodJemMu. Y 3B'A3Ky 3 IMM, HAYKOBUH Ta TEXHIYHUN MIPOTpecC CIpUsE
PO3pOO0IIi CYyYaCHUX ITiJIXO/IB JI0 aBTOMATH3allil IBAPTOBUX OIEpalliii, SKi MarOTh Ha METI
3MEHILICHHSI PU3MKIB Ta MiABUIICHHS OS3IICKH IIEPCOHAITY, CY/ICH Ta MOPTOBKUX CIIOPY/I.

Lls HaykoBa cTarTs INpPUCBSYCHA JOCTIJDKEHHIO CYYacHHX IiAXOIB JI0 3abe3re-
YeHHs OE3MEKH ITiJT Yac aBTOMATU30BaHMX IIBAPTOBHX Orepaliiif. MeToro cTarTi € aHasi3
Ta OIliHKa CYYaCHUX TEXHOJIOTIH Ta METOIIB, 1110 BUKOPHCTOBYIOTHCS B aBTOMATH30BAHHX
HIBAPTOBHUX CHCTEMAX, a TAKOK BU3HAUCHHSI IIEPCIIEKTHB TTOJAJIbIIION0 PO3BHUTKY Ta YIO-
CKOHAJIGHHSI ITUX CHCTEM /sl MMOKpAICHHs Oe3MeKH TiJi Yac MIBAPTOBHHUX OMepariil.
VY xof1i TocTiKeHHs OyIyTh PO3MIISTHYT1 Pi3Hi ACIIEKTH aBTOMATHU3aIlil IIBAPTOBHUX OTepa-
11, BKJIFOYAI0UH aHai3 CydyacHUX TEXHOJIOTIH, pO3IVIs iX TepeBar Ta HeAOMIKIB, a TAKOK
BUSIBJICHHSI MOXKJTUBUX BUKJIMKIB Ta HAMPSIMIB MOAAJIBIINX JOCIIIKeHD Y AaHiil chepi.

AHaJi3 ocTaHHIX HoCaimKeHb i myomikanii. [Ipu aHami3i OCTaHHIX JOCHIHKEHb
1 myOuikariii 3a Temarukoro "CydacHi miJxoau J0 3a0e3neYeHHs Oe3MeKH I1ij] 4ac aBToOMa-
THU30BaHUX [IBAPTOBUX OTEpaIliii" IEMOHCTPYETHCS aKTUBHE 3pOCTaHHS iHTEpECY JI0 BKa-
3aHo1 npoOnemaruki. OcTaHHI JOCIIKEHHS Ta Iy OTiKallii BifoOpaxaroTh pi3Hi aClieKTH
PO3BUTKY aBTOMAaTH30BAHMUX CHUCTEM IMIBAPTYBAaHHs, BKIIOYAIOYM TEXHIYHI pillICHHS,
NPaKTUYHI 3aCTOCYBaHHS Ta aHami3 iX epekTuBHOCTI. OJHUM 3 KIIOYOBHX HAIPSIMiB
JIOCTIKEHD y 1M1l cepi € po3podKka Ta BIPOBAIPKCHHS HOBHX TEXHOJIOTIH Ta KOMIIO-
HEHTIB, 110 MOXKYTh NOKPAIIUTH TPOIIEC IIBAPTYBaHHS, 3a0€3MeUyour OB BUCOKHI
piBeHb Oe3neku Ta eekTHBHOCTI [ 1]. 30Kpema, TOCTiKYIOThCS 3aCTOCYBaHHS CEHCOPIB
Ta CUCTEM MOHITOPHHTY JIJIsI BIICTEXKECHHS PyXy Cy/IeH, aBTOMAaTH9YHI CUCTEMH KepyBaHHS
JUISl BAKOHAHHSI [IIBAPTOBUX OIEpalliii, IHTENEKTyaIbHI alTOPUTMHU JUISl aHATI3y JaHHUX
Ta BUSIBJICHHS aHOMAJTi, 8 TAKOXK PO3pO0OKa HOBUX MaTepiaiB JUIsl BATOTOBIICHHS KaHATIB
Ta TpociB [2, 3]. JIoCTiIHUKN TaKOX aKTUBHO BUBUYAIOTH ITPAKTUYHE 3aCTOCYBAHHS aBTO-
MAaTH30BaHUX IIBAPTOBHHX CHCTEM B PI3HHMX TOPTax Ta MOPCHKHX TepMiHanax. Bin3Ha-
Ya€eThCs, IO BIPOBAKCHHSI TAKMX CUCTEM Ma€ TIO3UTUBHUHN BIUIMB Ha 3MEHIIICHHS KilTb-
KOCTI TPaBM Ta aBapiif, a TakoXX Ha MOKPAIICHHsI eKCIUTyaTallliHNX TTOKa3HUKIB TTOPTiB
Ta TepMiHaiiB. OKpEMHM HAMPSIMKOM JOCII/DKEHb € aHai3 Po0JieM, MOB'sI3aHUX 3 1HTE-
rpalli€ro aBTOMAaTH30BaHUX IIBAPTOBHHUX CUCTEM Y iICHYIOUY iHPPACTPYKTypy TOPTIB.

DopMmyaTOBaHHS 1ijeli cTaTTi. MeTa cTaTTi MmoJyisirae B aHaji3i i OLIHI Cy4acHUX
ABTOMATH30BAHUX CHUCTEM MIBapTYBaHHs Ta iX BIUIMBY Ha O€3IeKy IepCcoHaly, CyIACH
Ta MOPTOBUX CIIOPYII.

Buxkian ocHoBHoro marepiany. IlIBapTyBaHHs Cy/ieH 3a JIOTIOMOTOI0 KaHATiB abo
TPOCIB € OJIHI€I0 3 HeOararboX Orepallii, mo 3AICHIOITHCS Ha CylHAX Ta B MOPTY,
sIKa HE 3a3Hajia CyTTEBUX 3MIH MPOTATOM CTONITh. He3Bakarounm Ha HE3HAuHI MOKpa-
HICHHS, OIepallisi 3AIMIIAEThCS y’Ke HeOE3MeUHO0, 0 MPU3BOIUTH JI0 HEIIPHITYCTH-
MOT KiJIbKOCTI TpaBM 1 cMepTel mopoky [4]. Kpim Toro, 1ie Takox NnpecTaBisie 3HauHU N
PH3UK JIUIsI CaMUX CY/CH, OCKIJIbKHM, HE3BAKAIOUW HA Te, 10 HWOT0 BUBYAIIM Ta KOHTP-
OJIIOBAJIM, 3BUYAIHE [IIBAPTYBAHHS HE MAa€ CUTYaAI[IitHOT 00i13HAHOCTI, 11100 3a0e3MmeunTH
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MOTIEPE/PKEHHsT Y pa3l BUHUKHEHHS HeOe3NeuHoi cuTyallii. ABTOMaTH30BaHi HIBap-
TOBHI CUCTEMH YCYBalOTb YCl PU3UKH Ul IIEPCOHAIY Ta 3HIDKYIOTb PU3UK UL Cy[IHA
MaiiKe JI0 HyJIsl, yCyBarOuH IMepCOHAN BiJl pU3NKOBAHUX 3aBJaHb i 3a0€3MeUyI09H TOBHY
cUTyaliliHy 00i3HaHICTh MPO IMIBApPTYBAaHHS Ta CTaH HABKOJHUIIHBOTO CEpeAOBHIIA. 32
OCTaHHI POKHU 0araro acreKTiB poOOTH MOpTy OyiIH BIOCKOHAJICHI 3aB/IIKA aBTOMATH3a-
uii. [{i BIOCKOHANCHHS MIABHUIIWINA TPOMYCKHY 3[IaTHICTh MOPTY Ta HAOYHICTh OIepa-
1iii. OHaK y OUIBIIOCTI MOPTIB MIBAPTYBAHHS MPOJOBKYE 3aIUILIATUCS TPYIOMICTKHM
1 HeOe3meuyHnM 3aBmaHHsIM. J[iiiCHO, ITBApPTOBHI omepariii Ta HEOOXiTHE TTOBOKCHHS
3 KaHaTaMH € OJHUM 3 He0araTbOX 3aBIaHb, IO 3ATHMLIMIIKMCA B Cy4acHIH MPOMHUCIIO-
BOCTI, LII0 PETYJISIPHO Hapaskae MepcoHal Ha HeOe3MeKy ISl KUTTS Ta 310poB’s. Kpim
TOTO, 3BHYAIHE IIBAapTYBaHHS He 3a0e3Medye 3BOPOTHOTO 3B’SI3Ky 3 MOpPTOM abo cyn-
HOM, III0JI0 POOOTH a00 IUIICHOCTI IIBapTyBaHHs. ABTOMAaTH30BaHA CHCTEMaA LIBApPTY-
BaHHsI, SIKa HE BUKOPHCTOBY€E KaHATH, 3/1aTHA BUKOPIHUTH PU3HKH, MOB’s13aH1 3 00po0-
KOO KaHAaTiB JIsl BCHOTO ITePCOHANTY Ha O0pTy Ta Ha CyIIi. BiACyTHICTh TpaBM i pU3HKIB,
110 pOOUTH MIBAPTYBAHHSI 3HAYHO O€3IEUHIIINM U1 IEPCOHATY Ta CKOPOUYE Yac.

Kpim Toro, 1i cucteMu 371aTHI 3 BUCOKOK TOUHICTIO BiJICTEKYyBaTH yMOBU HaBKO-
JIUIITHBOTO CEPEeIOBUINA Ta MPOIIECy IBApTYBaHHS, a TAKOXK HaJaBaTH JETaIbHHUIA 3BO-
POTHHI 3B’SI30K Y pealibHOMY 4aci, 010 MPOYKTUBHOCTI Ta I[LIICHOCTI ITBAPTYBAHHSI.
Jani, 30epexeni MpoTsIroM TPHUBAJIOTO Yacy, MO)KHAa BUKOPUCTOBYBATH I TTOPIBHSHHS
3 MOTOYHUMH YMOBaMH, 100 Mepe0aYnTy MOTeHIIiiHI MaiOyTHI moxii Ta 3a0e3meunTn
3aBYaCHE MOIEPEIKECHHS TOPTY Ta CYIHY.

[Tixg yac anami3zy Ta OLIHKH Cy4aCHUX aBTOMaTH30BaHUX CHCTEM LIBAPTYBAaHHS Ta iX
BIUIMBY Ha Oe3IeKy IepcoHally, CyAeH Ta MOPTOBHX CIOpy Oylu BHSBJICHI PsJ Baxk-
JTUBHX acrekTiB. LI cucTeMn BKITIOUArOTh B ce0e CEHCOPH, aBTOMAaTUYHE KEpyBaHHS,
pOOOTOTEXHIUHI PUCTPOI Ta ANTOPUTMH 1HTEIIEKTYIBHOTO aHAJI3Y JaHUX, SIKi CITUTEHO
3a0e311euyI0Th ITiIBUIIICHHS Oe3MeKH Ta e()eKTUBHOCTI MIBAPTOBHUX OTEPAIlii.

CyyacHi aBTOMaTu30BaHi CUCTEMH IIBAapTYBaHHS CY[ACH MAarOTh 3HAYHUN BIUIUB Ha
Oe3neKy MepcoHady. IX BIIPOBaKEHHs JONOMAra€ 3MEHIIMTH PM3MK TPAaBMyBaHHS
Ta TMOKpally€e 3arajibHy 0e3rneky po0oTu B mopTy. OCh JiesKi iCHYHOYI aBTOMATH30BaHI
CHCTEMH NIBapPTYBaHHI Ta IX BILUTUB Ha O€3IeKy NepCoHAITY:

Baxyymni mBapToBHi cuctemu (puc. 1): Ili cucteMn BUKOPHUCTOBYIOTh BaKyyMHHH
MPUHLMII U1l yTPUMaHHs cyaHa 01t nmpuyany. Bonu 3a0e3neuyioTh MBUAKE Ta edek-
TUBHE 3'€THAHHS Cy/IHA 3 IPUYAIOM, 3MEHILYIOUH Yac Ta PU3HKH, OB'A3aHi 3 TPaAnLIiii-
HUMH METOJaMH IIBapTyBaHHs. SIk mpuknan [5] cucrema MoorMaster™ 3nayno mif-
BHUIIIy€E Oe3MeKy Ta onepaiiiiHy e(eKTHBHICTb, ONTHMI3y€ B3a€MOIiI0 Cy/iHa 3 Oeperom
1 B 0aratbOX BHUIMAJKax J03BOJISE TOPTAM 3a0IIa/KYBaTH Ha 1HPPACTPYKTypi. 3aBAIKH
LOMY TIEPCOHAI Ma€ MEHIIIE MOKIIMBOCTEH TPAaBMYBATHUCSI I1iJ] Yac OTeparriil.

Puc. 1. MoorMaster™ cucmema asmomamu3zoganoco weapmysanus [6]
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PoGoTtuzoBani mpucTpoi JIst KpiruIeHHs KaHatiB (puc. 2): 3acTocyBaHHs poOoTiB [7]
JUTSL KPITJICHHST KaHATIB JIO3BOJISIE BINIATH BiJ] MOTPeOU BpYUYHY MPAIIOBATH 3 KAHATAMH
Ta IHIIMMU HIBAPTOBHUMH TIPUCTPOSIME. POOOTH MOXKYTbh IIBUIKO Ta TOYHO BUKOHYBATH
oriepallii, 3HIKYIOUH PU3UK TPaBM JJIs IPAIiBHUKIB TIOPTY.

Puc. 2. Asmomamuzosana cucmema weapmyesanns [8]

ABTOMAaTH30BaHI CUCTEMHU MOHITOPUHTY Ta KepyBaHHs (puc. 3): Lli cuctemu [9] Buko-
PHUCTOBYIOTH PO3YMHUI aHai3 AaHUX JUIS BUSBJICHHS Ta MOTMEPEKSHHS MOTSHIIHHIX
PH3UKIB, 1110 MOXKYTh BUHUKHYTH 1]l Yac MIBAPTOBHUX orepaliid. Bonu 3abe3neuyorh
oreparopam MopTy iH(GOpPMAaIilo PO PyX CYACH, IBHJIKICTh, TPAEKTOPIIO Ta MOMKIJINBI
HeOe3MeuH1 CUTyallil, J03BOJISIFOYH iM MPUIMATH CBOEYACH] PIIICHHS JIsl 3a0€3IeUeHHS
0e3IeKn mepcoHalry.

Puc. 3. Cavotec aemomamuzosani weapmosui onepayii ma cyouosi zapaoku [10]

ABTOMATHYHI CHCTEMU 3MiHU KaHaTiB: Lli cucTeMu 103BOJISIOTH AaBTOMATUYHO 3aMi-
HIOBaTH Ta HAMOTYBATH KaHATH 0e3 y4acTi MepCOHAITy, 3SMEHIITYIOUH PU3UKH, TIOB'sI3aH1
3 PYYHHM KepyBaHHSM KaHaTaMd. ABTOMATHYHI CHCTEMH 3MiHW KaHATIB ITiIBUIIYIOTh
Oe3mnexy Ta e(peKTHUBHICTH MTPOIECY ITBAPTYBAHHS.

besninotHi cyaHa 11 mBapTyBaHHS: J{esKi HopTH BIPOBAKYIOTh OE3MUIOTHI CyTHA
(mpoHM), MO0 BUKOPUCTOBYIOTHCS JJISi BCTAHOBJICHHS IIBAPTOBHUX KaHATIB MK CYI-
HOM Ta mpuyasioM [11]. Bukopucranus apoHiB [uts 1i€l oneparii 3a0e3neuye Oe3rnexy
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MEPCOHANTY, OCKUTbKM BOHH HE TOTPAIISIOTh Y HeOe3MeuHi cuTyallii, moB'si3ani 3 py4d-
HUM KepyBaHHIM KaHATaMH.

Enexrponni cucremu 3abe3nedycHHs Oe3neku (puc. 4): CydacHi €JIEKTPOHHI CHC-
TeMH OE3TeKH, TaKi SIK CHCTEMH BiJICOCTIOCTEPEKEHHS Ta JIaTYUKHU PYXY, JOMOMAraroTh
BIJICTEXKYBaTH CHUTYaIlil0 Ha MUYl Ta CYIHI i 4ac MBAPTOBHHUX omepalii. Boxu
JIO3BOJISIFOTH OTIepaTopaM MOPTY IIBHJKO pearyBaTH Ha MOXKJIMBI HeOe3MeuHi cuTyarlil
Ta 3a0e3mneuyBaTy Oe3neKy npariBHukiB [12].

Puc. 4. Komn tomepna sizyanizayis ¢promy pobomuzosarux cyoen «Apmaoar
xkomnanii Ocean Infinity [13]

Kiro4oBi acriexTH, 10 BIUIMBAIOTH HA YCHIIMIHICTh aBTOMAaTH30BAaHHMX IIBAPTOBHX
CHCTEM:

1. TexHonOriYHUN piBeHb: YCHIIIHICTh ABTOMAaTH30BaHUX LIBAPTOBUX CHCTEM 3ajie-
KHTb BiJl TEXHOJIOTIYHOTO PiBHS CUCTEMH, BKJIIOYAIOUH SKICTh CEHCOPIB, TOYHICTH aJIr0-
PHUTMIB KEpyBaHHS Ta HasBHICTh MEPEIOBUX POOOTH30BAHUX MPUCTPOIB [ 14].

2. Inrerpartis 3 icHyr04O0 iHpPaCTPyKTyporo: EdeKTHBHICTh aBTOMATH30BaHUX IIIBap-
TOBUX CHCTEM 3aJISKHUTh Bifl TOTO, HACKIIBKM BOHH 1HTETPOBaHi 3 iCHYIOYOIO TOPTOBOIO
1HPPACTPYKTYPOIO, BKITFOYAIOUN CUCTEMH 3B'SI3KY, HAaBITaIlil0 Ta KOHTPOJIb TPpadiky.

3. OcBiTa Ta miArOTOBKA EPCOHAIY: YCIIIIHICTh aBTOMAaTH30BAaHUX CHCTEM 3a0e31e-
9y€EThCS 32 YMOBHU HAJISKHOT MiATOTOBKU IEPCOHAITY, IO BKIIFOYAE OCBITY LIO0 pOOOTH
3 HOBUMH TEXHOJIOTISIMU Ta O€3MEYHUMH TPAKTUKAMHU POOOTH.

4. HapiitHicTh Ta Tpane3qaTHICTh CHCTEMHU: ABTOMAaTH30BaHI IIBAPTOBI CHCTEMHU
MOBUHHI OyTH HaJIHHUMHU Ta CTIMKHUMH IO PI3HHX YMOB POOOTH, TaKUX SK TOTOIHI
YMOBH, 3MiHU B pycCi Cy/IEH Ta iHIII Herlepeq0aqyBaHi CUTYaIlii.

5. MognynpHicTh Ta MacIITaOOBAaHICTb: YCIIIIHI CHUCTEMHU MOBHHHI OyTH MOZYJIb-
HUMHU Ta MacIITaOOBaHMUMH, IIO JO3BOJISE JIETKO QJANTyBaTH iX 10 PI3HUX PO3MIpiB
CyZ€H, THITiB IIPUYAJIB Ta MOPTOBUX YMOB.

6. ExoHomiuHa edekTHBHICTh: BrpoBa/ykeHHS aBTOMAaTH30BaHUX HIBAPTOBUX CHC-
TEM TOBHHHO OyTH €KOHOMIYHO BUIIPABIaHUM, ITPOIIOHYIOYN ONTHUMAJIbHE CITiBBiTHO-
IIEHHS BUTPAT Ta KOPUCTI BiJI MiBUIIEHHS Oe31eKku Ta e()eKTUBHOCTI OTepartiil.
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7. PerynaruBHA MiATpUMKA: YCHIIIHICTh aBTOMAaTU30BaHUX IIBAPTOBHX CHUCTEM
3aJICKUTh BiJl pETYIATUBHOI MIATPUMKH Ta CTaHJAPTIB, BCTAHOBICHUX HAa MIKHAPO[I-
HOMY Ta HalliOHaJIbHOMY piBHI. [IpaBHIBHO BCTAHOBJICHI PETYISTHBHI PAMKH CHpHS-
I0Th IIUPOKOMY BIPOBAPKEHHIO aBTOMAaTH30BaHMX CUCTEM Ta 3a0e31euyroTh iX Oe3reKy
Ta e()EKTUBHICTb.

8. be3neka Ta 3aXuCT JaHUX: ABTOMAaTH30BaHI IIBAPTOBI CUCTEMHU 30MParOTh, 00PO-
OJISIOTH Ta MEePealTh BEIUKI 00CITH JaHUX. YCHINIHICTh I[UX CHCTEM BHMarae BHCO-
KOTO PIBHS 3aXUCTy JaHMX Ta iH(POpPMAIiHOT Oe3rekn Juisl 3armo0iraHHs MOKIMBUM
Kibeparakam Ta HIIHM 3arpO3aM.

9. MOHITOPHHT Ta aHai3 pe3yNbTariB: 3a0e3MeueHHs yCHiHoI poOOTH aBTOMAaTH-
30BaHUX IIBAPTOBHUX CHCTEM Tepedadac HeoOXiHICTh CHCTEMaTHYHOTO MOHITOPHHTY
Ta aHaJi3y X pe3yasratiB. le 103BosIsie BUABISITH CITa0Ki MICI[sl, BHOCUTH IOJIIIIICHHS
Ta 3a0e31euyBaTH NOCTiHE BJIOCKOHAJICHHSI CHCTEMH.

10. ChiBnparisd MK CTEHKXoJjiepamMu: YCHINIHICTh aBTOMATU30BaHUX IIBAPTOBUX
CHCTEM 3aJIC)KHTh BiJl €()EKTUBHOI CIIBOpAIll MK yciMa 3alliKaBICHHMH CTOPOHaMH,
BKITIOUAIOYH CYJHOBJIACHHKIB, OIIEpaTopiB MOPTiB, PO3POOHUKIB TEXHOJIOTIH Ta 1mepco-
Haury. Taka criBITpallst Cpusie BIPOBAPKEHHIO HAWKPAIMX MTPAKTUK Ta CTBOPSHHIO Oe3-
MEYHOTo Ta e()eKTHBHOTO CEPEIOBHINA JUTS TPOBE/ICHHS aBTOMATH30BaHHUX IIBAPTOBUX
orepartii.

ABTOMAaTH30BaHI CHCTEMH IBApTYBaHHS 3HAYHO 3MEHIIYIOTh PH3HMKH JIJIsI TIEpCO-
HaJly TIOPTY, OCKUTBKA BOHM MIHIMI3yIOTh TIOTpeOy B pyYyHOMY KepyBaHHI KaHaTaMmH,
3a0e3Meuy0Th OUIBIINY CUTYyaIliiiHy 0013HAHICTh Ta JIO3BOJISIOTH C)EKTUBHO BIJICTEKY-
BaTW Ta KOHTPOJIIOBATH IIBAPTOBHI orepallii. 3aB/IsiKi IIUM CHCTeMaM Oe3TieKa Iepco-
HaJTy IIiJ] 9ac IIBapTOBHUX OIEpaIiii 3HAYHO MOKPAIIYETHCS, IO CHPUSE CTBOPCHHIO
OUIBII OE3MEYHOTO Ta MPOYKTHBHOTO poO0YOro CEpeI0BHUIIA B OPTaX.

BucnoBku. TakuM YHHOM, aBTOMAaTH30BaHI CHCTEMH ILIBAPTYBAHHS BIIrPAIOTh
BXJIMBY POJIb Y IMiJABHINCHHI Oe3mekn Ha Mopi. CydacHi TEXHOIOTT, TaKi sIKk CEHCOPH,
HaBiraliiiHe oOnaHaHHs, IHTEJIEKTYILHII aHaJli3 JaHUX Ta aBTOMaTHYHE KepyBaHHS,
JIO3BOJISIIOTH ONITHMI3YyBaTH MpOIIeC MBAPTYBaHHS Ta 3MEHIIYBATH PU3HUKU JUIS TIEPCO-
HaJTy, CYJICH Ta IMOPTOBHX CIIOPY/I.

JocnipKeHHsT BUSBUIIO KJIFOUOBI aCTEKTH, IO BIUTUBAIOTH HA YCIIIIHICTh aBTOMATH-
30BaHMX IIBAPTOBHX CUCTEM, BKITIOUAFOUN CTaHAAPTH OE3MEKH, IPOTOKOIH Ta IHTETPaIIiio
3 icHyro4OoI0 iH(ppacTpykTyporo. Ha 0CHOBI OTpUMaHUX pe3yNbTaTiB peKOMEHIYEThCS PO3-
pOOIATH Ta BIPOBAKYBATH HOBI alTOPUTMHU KEPyBaHHS, IIPOBOUTH CKCIIEPUMEHTAIIBHI
BUMPOOYBaHHS Ta BU3HAYATH HANPSIMH TTOJIAITBIIIOTO PO3BUTKY TEXHOJIOTIH.

3arasioM, cy4acHi aBTOMaTH30BaHi IIBAPTOBHI CUCTEMH CHPUSIOTH 3a0€3MeUeHHIO
Oe3reku Mijl Yyac MIBAPTOBHUX OIEpalliid Ta MITPUMII CTAIOTO0 PO3BUTKY MOPCBHKOTO
TpaHCIOpTY. IX ycmimmHa peanisamis Moxe 3MEHIINTH PU3UKH, MOB'S3aHi 3 TPaUILiii-
HUMH METOJaMH NIBApPTYBaHHS, Ta MOKPALIMTH OE3IEKy MEepCOHANY, CYIeH Ta HaBKO-
JIMIITHBOTO CEPEIOBHIIIA.
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Summary

Introduction. The shipping industry is a critical component of the global economy,
with around 90% of the world's trade being transported by ships. However, the industry
also has a significant environmental impact, contributing to around 2.5% of global
greenhouse gas emissions. As such, there is a growing need to improve the energy
efficiency of ships to reduce their environmental impact and comply with increasingly
stringent regulations. Purpose. This article will explore the various technologies and
strategies available to improve energy efficiency on ships and provide a scientific
analysis of their effectiveness. Results. Wind propulsion technologies, such as rotor
sails or kite sails, can be used to reduce fuel consumption and emissions in the shipping
industry. These technologies harness the power of wind to propel the ship, reducing the
need for fossil fuels. While wind propulsion technologies are still relatively new, they
have shown promising results in terms of reducing fuel consumption and emissions.
Energy management systems can also be used to optimize the operation of a ship's
engines and equipment and improve energy efficiency. Energy management systems can
also help reduce maintenance costs and extend the lifespan of the ship's equipment.
Hybrid propulsion systems, which combine two or more power sources, can also help
improve the energy efficiency of ships. This can reduce fuel consumption and emissions,
especially during low-load conditions. Hybrid propulsion systems can also help improve
the overall performance and reliability of the ship's power system. Conclusions.
improving the energy efficiency of ships is an important step in reducing the shipping
industry's impact on the environment. There are various strategies and technologies
that can be employed to achieve this goal, including hull coatings, waste heat recovery,
energy management systems, hybrid propulsion systems, and wind propulsion. While
each strategy has its advantages and limitations, their combined use can help improve
the overall energy efficiency of ships and reduce their impact on the environment.

Key words: energy efficiency of ships, vessels fuel consumption, wind propulsion
technologies.
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Anomauin

Bemyn. [noycmpis cyononnascmea € KpUmMudHoO 8AnNCIUBOI0 CKAAO0B0IO C8IMOGoi
eKOHOMIKU, OCKinbKku Onuzvko 90% ceimosoi mopeieni mpancnopmyemuvcs cyOHaAMi.
OO0Hax 2any3b MAKoOHC MA€ 3HAYHUL GNIAUG HA HABKONUUIHE cepedosunye, CRPUYUHSIO-
yy npubauzno 2,5% enobanvhux eukudie napuukosux easie. Taxum uuHom, 3pocmae
nompeda NOKpawumu eHepeoeheKmugHicms cyoeH, wob 3MeHwumu ixuit 6nue Ha
HABKOMUWHE cepedosuwye ma 6ionogioamu oedani cygopiwum nopmam. Ilpuznavenns.
Y yiti cmammi posensioamumymucs pisHomanimui mexnonoeii ma cmpamezii, 00CmynHi
0/11 NiOBUUEHHS eHepeoeheKMUBHOCII Ha CYOHAX, | Oy0e Npo8edeHO HAYKOGUL aHa-
i3 ixuvoi egpexmuenocmi. Pezynemamu. Texnonozii 6impoeoi mseu, maxi 1K pomopHi
simpuna abo nOGIMPAHI 3Mii, MOJNCHA BUKOPUCMOBYEAMU OJIsl SMEHULEHHS COACUBAH-
HA NAnuea ma UKudie y cyOHONIAGHI eanysi. L{i mexnonozii suKopucmogyoms cuuy
8impy 05l pyxy cyOHA, 3MEHULYIOUU NOmpeoy Yy GUKONHOMY NAausl. Xoua gimpsHi pyulii-
HI MexHOoN02ll 6ce we € BIOHOCHO HOBUMU, BOHU NPOOEMOHCMPYSAIU 6a2amoodiysaoui
pe3yiomamu w000 3MEHWEHHs CRONCUBAHHA nanusa ma euxuoie. Cucmemu eHepeome-
HeOHCMEHIY MAKONC MOJICHA GUKOPUCTNOBYSAMU OJisl ONMUMI3ayii pobomu cyOHO8UX
08U2YHIG | 00a0HaHHsi ma niosuwents enepeoeghexmugnocmi. Cucmemu KepyeamHs
EHep2IEI0 MAKOIHC MONHCYMb OONOMOSMU 3MEHUUMU GUMPATNUY HA MEeXHIYHe 00CTY208)-
BAHHS MA NOOOBICUMU MEPMIH CLyHcOU CYOH0B8020 001a0HanH:. 1 iOpudHi cunoesi ycma-
HOBKU, AKI NOEOHYIOMb 084 aO0 Oiibute 0dicepell eHepeii, MAKONHC MOACYIb OONOMOSIU
niosuwumu enepeoeexmugnicms cyoeH. Lle mooice smeHuumu cnoMCUGAHHs NAIUEA
ma GuUKUOU, 0COOMUBO 6 YMOBAX HU3LKO2O Haganmadjicenus. 1iopuoni cunosi ycma-
HOBKU MAKONC MONHCYMb OONOMOSIMU NIOGUYUMU 302ANbHY NPOOYKMUBHICMb | HAOT-
Hicmb enepeemuunoi cucmemu cyona. Bucnoseku. niosuwenns enepzoedexmusrocmi
CYOeH € BaNCIUBUM KPOKOM Y 3MEHUIEHH] 6NAUEY CYOHONNAGHOI 2any3i HA HABKOTUWHE
cepedosunye. Ichytoms pizui cmpamezii ma mexHono2ii, AKi MOJNCHA 3aCmocy8amu O
00CsICHEeHHS Yici Memu, 6KII0YAIOYU ROKPUMMSL KOPNYCY, peKynepayiio ionpayboeaHo-
20 menaa, cucmemu YApasnintsa enepaicio, ciopuoni cucmemu Cui080i YyCmaHo8Ku ma
simposy msey. Xoua KodcHa cmpamezisi Mac c60i nepesacu ma oOMedicents, ix cniioHe
BUKOPUCIAHHS MOJACE OONOMOSIU NIOBUWUMU 302ATbHY eHepeoeheKMUBHICIb CYOeH |
3Menwumuy ixHitl 6116 HA HABKOTUWHE Cepedosulye.

Knwuogi cnosa: enepeoeexmusHicms cyoen, CHOMCUBAHHS NATUSA CYOHAMU,
8IMpPOGI pyWitiHi MexHoN02ii.
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Introduction. The shipping industry is a critical component of the global
economy, with around 90% of the world's trade being transported by ships.
However, the industry also has a significant environmental impact, contributing
to around 2.5% of global greenhouse gas emissions. As such, there is a growing
need to improve the energy efficiency of ships to reduce their environmental impact
and comply with increasingly stringent regulations.

Improving energy efficiency on ships can also have significant economic benefits
by reducing fuel consumption and operating costs. For example, a 2018 report by
the International Maritime Organization (IMO) found that implementing energy
efficiency measures could result in fuel savings of up to 75%, with corresponding
reductions in emissions and operating costs.

Statement of the problem. Given the growing interest in improving energy
efficiency on ships, there have been significant developments in technologies
and strategies to achieve this goal. These range from advanced propulsion systems
to hull coatings, waste heat recovery, and energy management systems. However,
there is a need for further scientific analysis to assess the effectiveness of these
technologies and strategies in different ship types and operating conditions, as well
as to identify new solutions for improving energy efficiency in the shipping industry.

Therefore, this article will explore the various technologies and strategies
available to improve energy efficiency on ships, and provide a scientific analysis
of their effectiveness.

Background (Analysis of recent research and publications). The shipping
industry is a significant contributor to global greenhouse gas emissions, accounting
for around 2% of global emissions (around 4% in EU) in 2019. The primary source
of emissions from ships is the burning of fossil fuels, which power the large diesel
engines that propel the vessel through water (the shipping emission output varies on
ships’ types and their routes).

However, not all of the energy produced by the engine is used to move
the ship. A significant amount of energy is lost through inefficiencies in the engine
and transmission systems, as well as through drag caused by the ship's hull
and propellers. Therefore, improving energy efficiency on ships can lead to
significant reductions in fuel consumption and emissions.

The need to improve energy efficiency on ships is becoming increasingly
urgent due to global efforts to address climate change. The International Maritime
Organization (IMO), a United Nations agency responsible for regulating shipping,
has set targets to reduce greenhouse gas emissions from the shipping industry.
These include a target to reduce the carbon intensity of international shipping by
at least 40% by 2030, compared to 2008 levels, and to reduce total greenhouse gas
emissions from international shipping by at least 50% by 2050, compared to 2008
levels.

Improving energy efficiency on ships can also have significant economic benefits.
Fuel costs can account for up to 60% of a ship's operating costs, and reducing fuel
consumption can result in substantial savings, plus as per post-pandemic and war/
post-war circumstances fossil fuel price will continue to grow (despite fuel spread
and availability).
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Fig. 1. Greenhouse gas emissions in EU, 2019 (info by EU Parliament) [1]

20

30 B b e

-30 f

Qr " Greenhouse gas emissions from shipping

(tCO, per km? per year)
-80 + <i 3.2 10 32 >100
e | [ ]
-180 =150 -120 -90 -60 =30 0 30 60 90 120

Fig. 2. Global distribution of gas emissions from shipping
(as per routes/traffic density, AIS) [2]



PO3BUTOK TPAHCIIOPTY
Ne 2(17), 2023
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Fig. 3. HSFO/VLSFO prices worldwide, 2019-2022 (chart by “American Shipper”
based on data from Ship & Bunker) [3]

In addition, improving energy efficiency can help shipping companies to comply with
regulations and enhance their reputation as environmentally responsible organizations.

Purpose. Therefore, there is a growing need to identify and implement technologies
and strategies to improve energy efficiency on ships. These can range from simple
measures such as optimizing vessel speed and route planning to more advanced solutions
such as hybrid or electric propulsion, hull coatings, waste heat recovery, and energy
management systems. However, the effectiveness of these technologies and strategies
can vary depending on a range of factors, including the ship's size and design, operating
conditions, and maintenance practices. Therefore, it is important to carefully evaluate
the potential benefits and costs of each technology or strategy on a case-by-case basis.

Technologies and strategies. There are several technologies and strategies that can
be used to improve energy efficiency on ships, including but not limited to:

1. Hull coatings [4]:

Hull coatings can be used to reduce drag and improve the flow of water around
the ship's hull, thereby reducing fuel consumption. For example, a silicone-based coating
can reduce frictional resistance by up to 20%, while a super-hydrophobic coating can
reduce drag by up to 30% [10].

Efficiency Calculation: A study conducted by the IMO estimated that a silicone-
based hull coating could result in fuel savings of up to 5%, depending on the ship's size
and operating conditions.

2. Waste heat recovery [5]:

Waste heat recovery systems can capture and reuse heat generated by the ship's
engine, reducing the amount of fuel needed to generate the same amount of power.
For example, a waste heat recovery system can recover up to 40% of the energy from
the engine's exhaust gas [11].

Efficiency Calculation: A study conducted by the European Commission estimated
that a waste heat recovery system could result in fuel savings of up to 10%, depending
on the ship's size and operating conditions.

3. Energy management systems [6]:

Energy management systems can be used to optimize the operation of the ship's
engines and equipment, reducing energy waste and improving efficiency. These systems
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can monitor and control fuel consumption, adjust engine speed and power, and optimize
equipment performance.

Efficiency Calculation: A study conducted by the IMO estimated that an energy
management system could result in fuel savings of up to 15%, depending on the ship's
size and operating conditions.

ISO 50001 is a voluntary international standard. It applies to organisations of any
size, and provides requirements for establishing, managing and improving their energy
consumption and efficiency.

ISO 50001 is designed to be compatible and harmonised with other system standards,
such as ISO 14001 for environmental management systems and ISO 9001 for quality
management systems. It is therefore ideal for integrating into existing management
systems and processes such as environmental, and health and safety.

Continual
improvement
Energy policy
Energy planning
Management
review I

Implementation
and operation

} \ Monitoring,
\ measurementand
analysis

Checking

A

Internal audit of Nqnco 19 rmit_tes,
correction, corrective and
the EnMS : ;
preventiveaction

Fig. 4. ISO 50001 standard s principles for energy management systems on ships, IMO [6]

ISO 50001 assists facilities in evaluating and prioritizing the implementation of new
energy-efficienttechnologies and inimproving energy efficiency, energy use and consumption.
It also creates transparency and facilitates communication on the management of energy
resources. It promotes energy management best practices and behaviors, and provides
a framework for promoting energy efficiency throughout the supply chain and facilitates
energy management improvements for greenhouse gas emission reduction projects.

Certification to the standard can contribute to:

— Improvement of energy performance, including energy efficiency, use and energy
consumption.
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— Reducing environmental impact, including greenhouse gas emissions without
affecting operations and simultaneously increasing profitability.

— Continual improvement of the energy management systems.

— Ensuring measurement, documentation, reporting and benchmarking of energy
consumption.

— Credible market communication about energy performance efforts.

Therefore, abovementioned principles can be applied in developing various strategies
for energy efficiency on ships directly, as these are something that navigators can control
and maintain on the operational level.

4. Hybrid propulsion:

Hybrid propulsion systems use a combination of conventional and electric power
to reduce fuel consumption and emissions. For example, a ship equipped with a hybrid
propulsion system can switch between diesel and electric power depending on
the operating conditions, such as when entering and leaving ports.

Efficiency Calculation: A study conducted by the European Commission estimated
that a hybrid propulsion system could result in fuel savings of up to 30%, depending on
the ship's size and operating conditions [7].

5. Wind propulsion [8]:

Wind propulsion systems can be used to harness the power of wind to reduce fuel
consumption. These systems can range from simple sails to more advanced solutions
such as rotor sails or kites [9].

Efficiency Calculation: A study conducted by the University of Delaware estimated
that a rotor sail system could result in fuel savings of up to 10%, depending on the ship's
size and operating conditions.

Scientific analysis. Several studies have been conducted to assess the effectiveness
of these technologies and strategies in improving energy efficiency on ships. For
example, a study published in the Journal of Marine Science and Engineering found that
using advanced propulsion systems and hull coatings could reduce fuel consumption by
up to 35% and 12%, respectively. Similarly, a study published in the Journal of Cleaner
Production found that waste heat recovery systems could improve energy efficiency by
up to 20%.

Hull coatings can help reduce the drag on a ship's hull, thereby reducing fuel
consumption and emissions. The use of silicone-based fouling release coatings has been
found to be particularly effective in reducing drag and improving energy efficiency.
However, the effectiveness of hull coatings depends on the specific design and operating
conditions of the ship, and some hull coatings may not be effective in all situations.

Waste heat recovery is another strategy that can improve the energy efficiency
of ships. Heat recovery systems can be used to recover waste heat from the ship's engine
and other equipment, and convert it into useful energy. This energy can then be used to
power the ship's systems, thereby reducing the need for fossil fuels. There are various
waste heat recovery technologies available, including steam turbines, organic Rankine
cycles, and thermoelectric generators.

Energy management systems can also be used to optimize the operation of a ship's
engines and equipment, and improve energy efficiency. These systems can monitor
and control the ship's energy consumption, and provide real-time data to the crew to help
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them make more informed decisions about energy use. Energy management systems
can also help reduce maintenance costs and extend the lifespan of the ship's equipment.

Hybrid propulsion systems, which combine two or more power sources, can also help
improve the energy efficiency of ships. For example, a hybrid propulsion system may
combine a diesel engine with an electric motor, allowing the ship to operate on either
power source as needed. This can reduce fuel consumption and emissions, especially
during low-load conditions. Hybrid propulsion systems can also help improve the overall
performance and reliability of the ship's power system.

Finally, wind propulsion technologies, such as rotor sails or kite sails, can be used
to reduce fuel consumption and emissions in the shipping industry. These technologies
harness the power of wind to propel the ship, reducing the need for fossil fuels. While
wind propulsion technologies are still relatively new, they have shown promising results
in terms of reducing fuel consumption and emissions.

Conclusion. In conclusion, improving the energy efficiency of ships is an important
step in reducing the shipping industry's impact on the environment. There are various
strategies and technologies that can be employed to achieve this goal, including hull
coatings, waste heat recovery, energy management systems, hybrid propulsion systems,
and wind propulsion. While each strategy has its advantages and limitations, their
combined use can help improve the overall energy efficiency of ships and reduce their
impact on the environment.
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JOCJIP)KEHHS BILJIMBY PO3MIPHOI MOJEPHI3 AL
HA TEOMETPUYHI XAPAKTEPUCTHUKH MMACAKHUPCHLKOTO CYIHA
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Anomauin

Mooeprizayisi € 00HUM 3 HANPAMIE NIOBUWEHHS KOHKYPEHMOCHPOMONICHOCHI CYOHO-
NAAGHUX KOMNAHILL, 30KpemMa mux, sIKi npo6adsims MOPCoKUll KpyizHutl Oisnec. /s MopcoKux
KPYI3HUX CYOeH, HCUMMEBULL YUK SIKUX CKAAOAE NOHAO MPUOYSMb POKIG, XAPAKIMEPHO NPO-
8e0eHHs1 poOIm 3 MOOEPHIZayii, 0OHUM 3 OCOONUBUX HANPSIMKIG SIKOT € 30LIbUIEHHSL O0BICUHU
CYOHA 3 PAXYHOK 8U20MOGIeHHs 000amKoeoi ecmasku kopnycy. [lpu peanizayii yvoeo npo-
EKIMY OMPUMYEMO CYOHO 3 GIACHUMU OHOBIEHUMU (GIOMIHUMU 810 CYOHA-NPOMOMUNY) mex-
HIYHUMU, eKCITYamMAyiiHUMU, eKOHOMIYHUMU XAPAKMEPUCIUKAMU, W0 Nompebye 000am-
KOBUX 00CTIONCEHb MOPEXIOHUX SIKOCMET | eHepe03aDe3NneyeHHsl.

Kummeesuil yuxn nacasxcupcokoeo gaomy, na GiOMIHY 6i0 romy mop2oeenbHO2o,
xapakmepuzyemvbcsi bazamo OLIbuWo 6apmicmio i Mpusaiicmo, momy i cmpamezis
MOOepHI3ayii 1i020 NOBUHHA Mamu 0COOIUBE NIOXOOU I HANPSAMKLU.

Y 36’s13xy 3 uum pobomi 3anponoHo6ano YOOCKOHALEeHY CIMPYKIYPY HANPIMKIE npo-
8e0enHs MOOEPHI3ayii NaAcaicupcbKux cyoeH, SKi 30Cepedicyiomvcs Ha peHogayii Kop-
nycy, KoHeepcii, nepeobiaoHanHi CYOHOBUX THHCEHEPHUX CUCMEM [ KOMNIEKCI8 Md 6HY-
MPIUHbLOCYOHOBOT APXIMEKMYpPU.

Oyinka mopexionux saxocmetl, 30Kpema X00080CMi, MOOEPHIZ08aHO20 CYOHA BUMA-
2a€e nonepeoHbLO20 NPoBedeHHs. aHANi3y (QaKmopis, sAKi 6IUBAIOMb HA PO3PAXYHKOSE
BUZHAYUEHHS 6000MOHHANCHOCT, OCAOKU, KOehiyicHmie nogHomu cyoeH 3 000A8AHHAM
YUNTHOPUYHOI 6CMABKU. YOOCKOHANIEHO MemoO SU3HAUEHHS Oe3PO3MIPHUX KoeiyicH-
mie nosHomu, KUl NoasA2Ae 8 3a0e3nedeHni MiHiManbHOI GUCOMU HAOBOOHO20 DOPMY
V 8i0n06ioHocmi 00 sumoe MixcHapooroi KoHeeHyil npo eanmanicHy mapxy. Bukornano
KLTbKICHY OYIHKY 6NIUBY NOOOBNHCEHHS CYOCH HA IX 2eOMEMPUUHT XapaKmepucmuKu Ha
npUKAAoi cyOeH-KaHOUOAmis Ha NPOBeOeHHsl PO3MIPHOL MOOePHI3ayil, wo 0acms Modic-
JUBICND NPOBOOUMU YIMOUHEHHT PO3PAXYHKU X0O080CHII.

Knrouosi cnosa: nacasxcupcoke cyoHo, po3smipHa MOOEpHI3ayis, YUITHOPUYHA BCTAG-
Kd, 20MEMPUYHi XapaKxmepucmuKku Kopnycy.

© Ilymuio O.M., 2023
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IMPACT OF DIMENSIONAL MODERNIZATION ON THE GEOMETRIC
CHARACTERISTICS OF A PASSENGER SHIP

O.M. Shumylo
PhD in Engineering, Professor at the Department of Ship Power Plants
and Technical Operation,
Odessa National Maritime University, Odessa, Ukraine,
ORCID ID: 0000-0003-0574-1954

Summary

Modernization is one of the ways to increase the competitiveness of shipping companies,
in particular those that conduct sea cruise business. For marine cruise ships, the life cycle
of which is more than thirty years, it is typical to carry out modernization works, one of
the special directions of which is to increase the length of the ship due to the addition of an
additional hull insert. When implementing this project, we get a ship with its own updated
(different from the prototype ship) technical, operational, and economic characteristics,
which requires additional research into seaworthiness and energy supply.

The life cycle of the passenger fleet, unlike the commercial fleet, is characterized
by a much higher cost and duration, therefore the strategy of its modernization should
have special approaches and directions. The work proposes an improved structure of
directions for carrying out the modernization of passenger ships, which focus on hull
renovation, conversion, conversion of ship engineering systems and complexes, and
in-ship architecture. An analysis of the factors influencing the calculation of the tonnage,
draft, and fullness coefficients of ships with the addition of a cylindrical insert was carried
out. The method of determining dimensionless coefficients of completeness has been
improved, which consists in ensuring the minimum height of the freeboard in accordance
with the requirements of the International Convention on Cargo Marking. A quantitative
assessment of the impact of lengthening ships on their geometric characteristics was
performed using the example of candidate ships for dimensional modernization.

Key words: passenger ship, dimensional modernization, cylindrical insert, geometric
characteristics of the hull.

IocranoBka npodsemu i omisig giteparypu. CydacHui etan po3BUTKY Traiy3i
MOPCBKHX KpYi3HHX MepeBe3eHb JEMOHCTPYE CTaUi PO3BUTOK. BoHa BIeBHEHO 1o71a€e
HaCIIiIKH, 3anoAisHi emigeMiero Bipycy SARS-CoV-2, i mocTynoBo gocsrae Ha moxas-
HUKIB TepeBe3eHHs macaxupiB 10 2019 poky, quHaMika 3pOCTaHHA SIKMX JOCAIIA
OinpIne HiXk 22,2 MITH. TacaXHUpiB Ha pik. Jlannii TpeH 3pocTaHHs MOMUTY 3TiAHO MPO-
THO3aM EKCIIEPTHOTO CEpeZOBHUINa Oye 3aluIIaTHCs 1 B HAaHONMMk4oMy MailOyTHHOMY.
OueBuHE PILICHHS! CYTHOBIACHUKIB, SIKE BUIUIMBAE 3 IIbOTO, — CIIOPYIKEHHS HOBUX
JaifHepiB, M0 MPU3BOAMTH /10 3aBAHTAKEHHsI CyAHOOYIiBHUX (GipM, HaHOUIBIII 3 IKUX
STX Europe, Mitsubishi Heavy Industries, Mayer Werft i Fincantiery — 3aBanTakeHi,
1 MaroTh 3aMOBJICHHSI Ha pOKH Breped. Kpim Toro, mBHUAKOMY 3a/I0BOJICHHIO TOMHUTY
MEepEIIKOIKaE BUCOKA BapTiCTh CHOPYIKEHHS WX CYACH 1 JIOCHTh 3Ha4Ha, B MOPIB-
HSIHHI 3 TPAHCTIOPTHUMH CYJJHAMH, TPUBAICTh BUPOOHHUIITBA — B CEPeAHBOMY 1,5 POKH.

AJBTEepHATUBHI CTpaTETiYHi pillIeHHS 00 3aI0BOJICHHS MOMUTY — NpuAOaHHs OyB-
HIOTO Y BUKOPUCTaHHI CyHa abo opeHja CyJieH y iHIINX KoMMaHii (ppaxr), o Moxe
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BUKJIMKATH yCKIIQJIHEHHS, 0OYMOBIICHHI 3pOCTaHHSM [[OTO PUHKY — 3MEHIIICHHSIM BiJl-
MOBIAHUX MPOTIO3HUIIIH.

Cepell cucTEMHUX pillleHb MIONI0 PO3BUTKY KPYI3HMX KOMIAHId € MojepHi3aiis
CBOTO (JIOTY, SIKa 3MEHIIY€ PiBEHb MOPAIBHOTO 1 (hI3UYHOTO CTAPIHHS CY/CH, € MOTYX-
HUM THCTPYMEHTOM 301IbIICHHS 1i KOHKYpEHTOCIIPOMOXKHOCTI. Tak BOHA Ma€ MpeBaru
CTIOPY/IPKEHHSI HOBHX CYJICH — TIOKPAICHHS TEXHIKO-eKOHOMIYHHX 1 TEXHIKO-eKCILTyaTa-
HIHHUX XapaKTePUCTHK, 1 BIAMOBITHIUM YMHOM 3MEHIIYE HEONIKH — BUCOKY BapTiCTh
1 TpUBaJicTh BUPOOHUITBA. BapTicTh MO/IEpHI3allii MACAKUPCHKUX CYACH MOXKE JIOCS-
raru Big 10% mo 30% Bijx mo4aTKoBOI BAPTOCTI BUTOTOBJICHHS CyJHA JIAHOTO TPOCKTY
[1, 2], mpu IbOMY MACAKUPOMICTKICTh 301bIyeThCs Ha 15%...20%.

Meta pociimkennsi. MeToro JOCTIKEHHS € YAOCKOHAJICHHS METOJy BH3HAYCHHSI
TEOMETPUYHUX XapPAKTEPUCTHK MACAKUPCHKUX CYJICH NP IX pO3MIipHIi MoepHi3allii.

JocsirHeHHsI MeTH 0a3y€eThCsl Ha TTOCITIJIOBHOMY PO3IIIS/Ii HACTYITHUX 3a/1a4:

1) BHU3HaYEHHS OCHOBHHUX HAIpsIMiB MOJICPHI3allii MACAKUPCHKUX CY/CH 1 11 CTPYKTYpH;

2) moCHi/PKEHHS BIUTUBY PO3MIPY IFJTiHAPUYHOT BCTAaBKH HA TEOMETPHYHI XapaKTepuc-
THUKH Cy/IHA a0COJTFOTHI 1 BIZTHOCHI;

3) KUIbKICHA OIliHKA 3MiHU BOJIOTOHHAYKHOCTI, 0CaJIKU, KOS(IIIEHTIB TOBHOTHU B 3aJICHK-
HOCTI Bijl HOBOT JIOBKUHHU CYJIHa, 110 3aJICKHUTh BiJ] JJOJATKOBOT BCTABKU KOPITYCY.

Hocainxennst oco0auBocTeil BIJIMBY po3MipHoi MonepHizamii i mepeo6Jaa-
HAHHS HA BU3HAYEHHS eJeMEeHTIB i XapaKTepHUCTHK Maca)KUpchbKoro cyiHa. Ha
CHOTOJHINIHIA Yac iCHy€ HU3Ka BH3HAYCHb 1 TIIyMaueHb TEPMIHY MOJCpHi3allis, sKi
JIAf0Th CYTHICHY 1 Pa30M 3 THM y3arallbHeHYy XapaKTEepUCTHKY LILOTO mporecy. Ha Hamry
JYMKY, BOHU HE BIIJI3¢pPKaIIOIOTh YHIKAJILHOCTI 1 0COOIMBOCTI CYJHOTUIABHOT 1HAYCTPii,
1 IPOTIOHYEMO TaKy TPaKTOBKY — MOJICpHi3allisi CUCTEMHUI TPOIeC BIOCKOHAICHHS,
MOKpAIeHHS KOHKYPEHTOCITPOMOXKHOCTI MAaCaKUPChKUX CYJICH 3 3a0€3MeUeHHSIM €KO-
JIOT1YHUX, OE3MEKOBMX HOPM 1 MpaBwJI, PErIaMEHTOBAHHX MIXKHAPOJAHUM MOPCHKUM
1 HaIlOHAJILHUM 3aKOHOJABCTBOM IIISIXOM 3aCTOCYBaHHS HayKOBO-IOCIHITHHX, KOH-
CTPYKTOPCHKHX, TEXHOJOTTYHUX, (PiIHAHCOBO-EKOHOMIYHUX 3aXO[IB 1 POIIEAYD.

MopnepHizaltisi CyJeH IUISTXOM 301UTBIICHHS IX pO3MIPIiB Majia IaBHIO MPAKTHKY 3aCTO-
CYBaHHS B TOPrOBOMY CYIAHOILIABCTBI, OCKIJIbKM BPaxOBYIOUM Baromy BapTiCTh Oy/IiB-
HUIITBA CY/JICH, BOHA BUCTYIIAE SIK €(PEKTUBHUM IHCTPYMEHT KOHKYPEHTOCIIPOMOKHOCTI
CYIHOIUIaBHOI KomTaHii. He 3Bakaroun Ha 301bIIEHHSI KITBKOCTI HOBUX CYJICH, TEpMi-
HIiB 1X OKYITHOCTI, B CBiTOBOMY MacmTali 30epiraeThcs CTauuii MOMHUT Ha X MOJEpHi-
3arito. Jlo pedi citig BIMITUTH, 1110 MPOBIIHI YKpaTHCHKI CYTHOOY/IIBHI 1 Cy/THOPEMOHTI
MIIPUEMCTBA MAFOTh BIAOBITHUH JTOCBIJ] Y BUKOHAHHI TAKKX POOIT, TIIBKHU 32 OCTaHHI
TPH POKHU OyJI0 MOJEPHI30BaHO: Ha CyaHOOyaiBHOMY 3aBoii «Oxean» (M. MuKoJaiB)
CyXOBaHTaXHE CymIHO mpoekty 17620 tumy «Byry»; Ha cygHOOymiBHOMY 1 cymHOpe-
MOHTHOMY MiAnpueMcTBi «JlyHalcymHopeMoHT» (M. [3Mainm) Oamkepu «Stavry, «St.
Constantine», 6ararominboBi cymHa npoekry RSD041 i «Dremora 3» 3a npoekramu
Mopcbkoro imxkeHepHoro 0wopo (M. Oneca).

OnHO3HAYHOT TPAKTOBKH LIO0 CTPYKTYPH 00’ €MY MOHSATTS «MOJICPHI3aIlisl CYICH
MOKHU [0 HEe cPopMyITbOBaHO. Pi3HI AOCIITHUKKA BKJIaJald B HOIO OKPEMHI 3MiCT
1 BU3HAYaJIM MOJICPHI3AII0 CY/IHA SK: PO3MIPHY MOJEpHI3alliio i mepeobda HaHHs
(mpod. I'ynno6in A., npod. OPinkens I.), KoHBEpcCilo, MO TPOBOAUTHCS TPHOMaA
HanpsiMkamu (ipod. €ropor I.0.), mepeobianHaHHs, PEHOBAIIIO 1 MOACpHI3aIil0

77



PO3BUTOK TPAHCIIOPTY
Ne 2(17), 2023

CEY (mpod. Jlazaper O.M.). Pa3oM 3 TUM ISl )KUTTEBOTO IUKJIY MAaCaKUPCHKUX
CyJICH, BPaXOBYIOUH iX BUCOKY BapTiCTh, XapaKTEPHO MepioJuHe MPOBEACHHS MOJIEP-
Hi3alill pi3HOro 00’ €My 1 CKJIaTHOCTI, IO TOTPEOy€E TOJATKOBOTO aHAaIli3y CTPYKTYpH
MojiepHizaniiHux poOiT [3—13]. CTpykTypHO eTamu MojepHizallii macakupcbKUX
CYJICH TIPOTIOHYETHCS MOJATH Y BUTJISAI BiNOBiNHOI cxeMu (puc. 1), sika 3MiCTOBHO
OXOTUTIOE HAMOIIBINI TPYNH POOIT.

MozepHi3zalis macakupcbKoro cyaHa

MNepeobnagHaHHA MNepeobnagHaHHsA
PeHoBaujis Kopnycy KoHBepcis CYAHOBUX IHXEHepHUX BHYTPILWHbOCY/AHOBOI
CUCTEeM | KOMMNeKciB apxITexkTypu
3MiHa
— rONI0BHUX | KkawoTu

piBeHb 1SS npuU3HaYeHHA
cyaHa

36inblIeHHA

po3mipis .

cyaHa AONOMPKHUX — PO3Bar, 3aHATTA
cnopTtom

piBeHb 2SS 30HM BIANOUMHKY,

piBeHb 3SS ByaisHMLTBO

(pemoHT)
HOBUX CY/ZlEH 3

L 3acTocyBaHHAM 30HK Xap“IYEa.HHﬂ

enemeHTiB nobyTy, cepsicy

BXKMBAHUX

cyaeH

Puc. 1. Cmpyxmypa ocnHo8HUX HanpsamKie npu npogedenti MooepHizayii
nacaxicupcbLKo2o CyoHa

Po3srnsiHeMo KOKHMI HampsIMOK MoAepHi3auii 3rizHo puc.l. PenoBauis (Bix nar.
renovation — OHOBJICHHSI) B MOPCBKIiH 1HAYCTPIi 3aCTOCOBY€ETHCSI SIK POLIEC PEKOHCTPYK-
1i1, MOKpaIlleHHs, OHOBJIEHHS KOpIycy 0e3 BHECEHHS 3MiH B HOTO CTPYKTYpY. 3AilCHIO-
BaTW JaHMH Mpoliec OyJIo 3amporoHOBaHO HA MovYaTtky 90-x pOKiB MUHYJIOTO CTOPivYs
kBajidikauiiauM ToBapucTBoM Hopsexcbkum bropoBepitac (Det Norske Veritas)
i anrmiicekuM Perictpom Jlnoiina (Lloyd's Register). [lincymkoBuMu pesynsratamu
peHoBalii € OTpUMaHHS BiAMOBiAHOTO cepTHdIKaTy Kiacu(ikaliifHOro TOBApUCTBA —
hull renovation, mo 3acBiguye piBHi peHoBanii 1SS, 2SS i1 3SS. Lli piBHi Bka3yloTh Ha
BiJIMIOBIAHICTH CTaHy KOPILYCY IICJIS 1T SITH, IECATH Ta I’ ATHAALSTH POKiB eKCIUTyaTamii
BiZIMOBiAHO. BpaxoByroun He3HAUHY CTYMiHb MOIIKOJKEHHSI METaJOKOHCTPYKLIH KOp-
MyCiB MAaCaKUPCHKUX CyAEH B pe3ylbTaTi eKcIuTyaTallii, peHOBAalis Ajsl HUX IPOBO-
JUTHCSE OOMEKEHO Ha BiIMiHY BiJl KOPITyCiB BAaHT@XKHUX CYJIEH.

Konsepcis (Bix nat. conversion — nepeTBOPEHHs, 3aMiHa) B MPAKTHUL CyIHOOYIY-
BaHHA 1 CYTHOPEMOHTY Mependadae MoanQikalio KOHCTPYKLil Kopiycy, Horo ejaeMeH-
TiB 1 CTPYKTYpH, sIKa 31IHCHIOETHCS 3 METOIO 3MiHU MPHU3HAYEHHS CyIHA, 301IbIICHHS
PO3MipiB cynHa, OyAIBHULITBA HOBHX CyACH 3 3aTy4EHHSIM YaCTUHH CTapuX OAHOCEpiii-
HUX. B pe3ynbrari KoHBepcii OTpUMaEMO CYTHO 3 HOBUMHU TEXHIKO-€KCIUTyaTaliiHUMU
1 TEXHIKO-€KOHOMIYHUMH XapaKTEPUCTHKAMHU.
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[lepeobnasHaHHs CYyTHOBUX 1H)KCHEPHUX CHCTEM 1 KOMIUICKCIB, MOJISTae B 3aMiHi
MOPaJIbHOTO 1 (PI3UUHO 3aCTapijoro oONaHAHHS, SIKS HE BIIMOBIAA€ CydaCHUM CKOHO-
MIYHUM, €KOJIOTIIHUM TEXHIYHUM KPUTEPIsIM.

[lepeobnamHanHs BHYTPINTHBO-CYIOBOI apXiTEKTypH — MPHUMIMIEHb, 30H BiIIO-
YUHKY, PO3Bar, CEPBICY, XapuyBaHHsI, KAIOT, 3/IHCHIOEThCS JOCTATHBO PETYISPHO MPO-
TSITOM JKUTTEBOTO LUKITY aCaXKUPCHKOTO CyIHA, SIKHiA 25 1 OiNbIIe poKiB.

OcCHOBHY yBaru cepej IMepexoBaHuX €TaliB 3aclyroOBY€e KOHBEpCis, 0 3ade3rneuye
30UIBIICHHST PO3MIpIB CY/IHA, B JIITEparypi JJisi TAKOTO BUJI KOHBEPCii pO3MOBCIO/KEHA
Ha3Ba po3MipHA MOIEpHi3allis. 30IIBIICHHS PO3MIPIB CyAeH 3MIACHIOETHCS OTHOMIp-
HUM JIBOMIpHUM, TPUMIPHAM 3POCTaHHSIM PO3MipiB KOPITYCY.

OpnHomipHe 30UIBLICHHS KOPIIYCIB 3AIMCHIOIOTBHCS 38 HACTYMHHMHU TEXHIYHUMH
PpilICHHSIMU:

— JIOJJaBaHHSM  IMWIIHAPUYHOI  BCTaBKM B  paliOHI  MiJEJb-IIIAHIOYyTa,
(manpukian kpyizHi naiiHepu: «MSC Armoniay (58625 GT, 2001 poky OyniBHUITBA),
«MSC Sinfonia» i «MSC Lyrica» (59058 GT, 2003 poky OymiBauirrea), «MSC Operay
(59058 GT, 2004 poky OymiBHUIITBA);

— 3aMiHa KOPMOBOI YaCTHHH 1HIIIOFO 31 301IBIIEHIM PO3MipOM (TTACKUPCHKE CYTHO
«Astoria»-«Stockholm» 12165 GT, 1948 poky OyaiBHULITBA);

— 3aMiHa HOCOBOI YaCTHHH;

— 30UIBIICHHS] BUCOTH CYJ/IHA, 1[0 JIOCSTAETHCS JOJATKOBUM HApPOIyBaHHSIM BEpX-
HiX Taxyo.

[Ipu nBOMipHOMY 301NTBIIIEHHI KOPITYCIB TEXHOIIOTisI KOHBEPCil mependadae CyKyTi-
HICTh Omeparliii 31 30UIbIICHHS JOBXHHU 1 BHCOTH CY/IHA, IO JOCATAETHCS ILISIXOM
JO/IaBaHHS: MJITHAPUYHOT BCTAaBKU B paiioH1 MiZeb-1IITaHT0yTa, 3aMiHOI0 HOCOBOI Ta/
a00 KOPMOBOT YaCTHHH, MaTyOH (JIEKUTLKOX ) Maay0 Haa0yI0BH KOPIYCY (Kpyi3HE CYITHO
«Costa neoRomantica 53049 GT, 1993 poky OyniBHuITBa). [IBOMipHE 301IbIICHHS
3MIHCHATH TEOPETUIHO TAKOK MOXKIMBO, SIKIIIO, KPIM JTOBXKUHHU 30UTBIINATH 1 IMHPUHY
KOpITyCy, alle, BPaXOBYIOUM CKJIQJHICTh KOHCTPYKIII MacakKUPCHKUX JIAWHEPiB, TaKi
MIPOEKTH MPAKTUYHO HE Peai3yloTbcs. AHAJIOTYHOTO BUCHOBKY MOXKHA IPHUTH, PO3-
DJISIIAI0YM POOOTH IO TPUMIPHOMY 301/IBIICHHIO Cy/IHA — TOBKHHH, ITUPHUHHU, BUCOTH.

He3Bakaroun Ha BEIMYE3HUH JIOCBIJ] HAYKOBO-JOCIIHUX 1 JIOCHIHO-KOHCTPYKTOP-
CBKUX POOIT, SIKU HAKOIIMYIECHO B CBITOBIl 1 BITYM3HSAHINA MPAKTUII TPOSKTYBAHHS CYyIIEH,
TIpH TIPOBEIEHI PO3MIPHOI MOIEpHI3alii CymaHa 31 3MiHAMH, IO BHOCATHCS B KOHCTPYKITIFO
KOPITYCY, Bi/IOYBa€ThCS BIAMOBITHMIA BIUTMB HA HOr0 T€OMETPUYHI TAPAMETPH 1 CITiBBIHO-
IIeHHSI, 1 TOMy BUHHUKA€ HEOOXiHICTb MPOBECTH iX JOAATKOBI IOCII/HKEHHS 1 pO3PaxyHKH.

HuniHdpuyHa scmaska

(AR

™y,

Puc. 2. Bcmaska 000amxo6oi cekyii 8 pationi Mioenb-unaneoynty
nacadcupcvLko2o cyoua
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PosrnsHemo HalmommpeHimMi BUI PO3MIPHOI MOJAEpHi3allii, 10 XapakTepHsy-
€ThCsI HAMHMKYOI COOIBAPTICTIO POOIT — JI0JJaBaHHS [IUJIIHAPUYHOT BCTABKH B 00JIACTI
MIJICJTb-IIIIIAHTOyTa PHUC. 1, | BU3HAYMMO HOBY JIOBXKHHY CyJTHA

L=1I,+AL 1)
Jie [, — moJaTKoBa JIOBKUHA Cy/IHA,
AL — MOBXWHA JOAATKOBOT CEKIiT (IIMIIHAPUIHOT BCTaBKH.

Mixxknapoana Konenuis 3 BaHTakHOi Mapku 1966 p. (International Convention
on Load line 1966) [14], sixa y BHOpPMOBY€ 3Hau€HHsS MiHIMalbHOI BHCOTH OoOpTa
B 3aJICKHOCTI BiJl JOBXKHHU CcyqHA. L{i 3HAaUEHHS MOIal0THCS B KOHBEHIII] B TAOTUYHOMY

Bunsiai — Free board table, Ha miacrtaBi sxoi oTpuMyemo rpadiyHe HpencTaBIeHHS
Gynkuii F = F (L)

F, mm

5000

4000

3000

2000

1000

o L] T T T T 1
100 150 200 250 300 350 L, m

Puc. 3. I'paghix 3anesxncnocmi sucomu F Hadsoono2o 6bopmy 6id 0oedicunu cyona L

Xoua 11e# Tpadik sBIISLE COO0I0 HENMHINAY (DYHKITIF0, OKpEeMi IUITHKH SKOI B MEXax
(¢i3U9IHO OOTPYHTOBAHOI BETWYMHHU 30UTBIICHHS KOpIycy L =L - L, MOXYyTh OyTH
anpOKCHMOBaHI JiHIHHOIO (yHKITIE€r0. KopreTyrounch piBHSHHIM TPSIMOi, IO MTPOX0-
IUTH Yepe3 OJHy TOUKY BUILY y — ¥, = k (x — X, ) , 3aIUIIEMO

F—F=kp(L-L)=keL, (2)
ne F, —BUCOTa HAJIBOJHOTO OOPTY /10 MOJOBKEHHS Cy/Ha,
F — BHCOTa HAJIBOJHOTO OOPTY IiCIIs TIOJOBKEHHS Cy/IHA.
k; — KyTOBHUH KOe(iiEHT MPSIMOT, SIKUI Ma€e Takuil Hi3MIHNN 3MICT: XapaKTepU3ye BiJl-
HOCHE 301JIbIICHHS BUCOTH BEIMYMHU F TIpH 301IbIICHH] JOBKUHHM cynHa Ha 1 M, TOOTO
e =1 )
L-1,

VY 3B’A3Ky 3 JiHIHHOIO anpoOKCHUMALi€l0 KpuBOi (puc. 3) Ha IUISHII MOJOBKEHHS
cynHa L - I, 3 ypaxyBaHHiIM (opmynau (3), OTpUMAEMO 3aJICKHICTh IO JIO3BOJISE
BU3HAYATH 3HAYCHHS KOC(IIIEHTA k, B 3aJIGKHOCTI BiJ] IOBKHUHU CyJTHA
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ke

0,020 °%0.0 o

2y

o0,
0,015 ®00.
a""""-“-g 2

0,010 ®0.9.0

ke = 1E-07L2 - 0,0001L + 0,0355

Z=
— R?=0,9792
0,000
100 150 200 250 300 350 Lm

Puc. 4. I'paghix 3anescnocmi koepiyiecuma k, 8i0 0osxicunu cyouna L

OueBuaHO, 110 31 301IBILICHHSM BUCOTH HaJBOAHOTO OOPTY F 0OCa/Ka 3MEHILY€EThCS,
Ha BeIM4YUHYy 7 , TOOTO HOBa OCa/Ka 301JIbIIEHOTO CyIHa

T=T,-AT =T, - kL, @)
ne T, —ocajka cyaHa JI0 TIOJOBKEHHSI.

BpaxoBytouu ciioBa icTe cyqHa 3Ha4eHHS KOEQIIiEHTY &, , OTPUMAHOTO 3a puC. 4,
pexomennayetbes 30impmuTH B 1, 003 pasu [3].

UAIHOPUYHA 8CMasKa
~

=

L

TF\ sk s 1)
t AL

T To

Puc. 5. 3nenwenns ocaoxu cyona npu nodoegaicenni cyona
3a 00NOMO20I0 YUTIHOPUUHOT 6CMABKU

JlonarkoBa LMTIHIPUYHA BCTaBKa J03BOJISIE 301IBIINTH MOYATKOBY BOAOTOHHAXK-
HICTh CYJ/IHA, aJIe Pa30M 3 THM 3aBJIsSKH BUHUKHEHHIO JI0JIaTKOBOI IJIaBYYOCTi 3MEHIIY-
€ThCst 0cajika T, 10 IPU3BOAMTD JI0 3MEHILICHHSI 3arajibHOT BOJOTOHHAXKHOCTI 301jIbI1Ie-
HOTO Cy[IHA, TAKAM YUHOM OTPUMYEMO BHPa3 IJIsl 00’ €MHOI BOTOTOHHAKHOCTI

V=Vy+V, Vi, ®)
ne V, — MmouaTkoBa BOJIOTOHHAXKHICTh Cy/IHA,
V, . —00’eM HWIiHAPUYHOI BCTABKH, LIO MOJOBXKYE CyIHO, IPU HOBIA ocaaui 7,
V. —3MiHa (BTpara) 06’eMy Cy/lHa 3a paXyHOK 301IbIIEHHS HaIBOJHOTO OOpTa (3MEH-
LICHHS OCAJIKH).
[Tepmuii 06’eM BU3HAYAEMO 33 OYCBHUIHUM PIBHSIHHSM
V. .. =B BTAL, (6)
ne B, — KoedillieHT TOBHOTH MiJleb-IIITaHTOyTa IpHu ocaii 7;
B — mmpuna cynHa;
AL — IOBXHHA BCTaBKH.
3 ypaxyBaHH:IM BHpa3zy (4) piBHSIHHA (6) 3aNHUIIETHCS Y BUTIISIL

Vi i =BrB(Ty — k,L)AL = B, BT,AL — B, Bk, L, (7)
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Hpyruii 06’em V., MAPaXoBy€ThCS 3a 3aJIEHKHICTIO
+A
Vs = (252 )L ®)
e A, — IoJaTKoBa IJIOIIa KOHCTPYKTUBHOT BaTePIIiHIT IIPH MTOYaTKOBIH ocamii 7, |,
A — TuTOIIa KOHCTPYKTUBHOI BaTepJIiHii IpH HOBIM ocamrti 7.
TakuMm guHOM, PIBHAHHS (5) Oyae IepeTBOPEHO 10 BHIY

V =V, +B,BT,AL - B, Bk, I* - (AO 2* Aj k. AL, )

3 4OTO BHIUIMBAE, 10 QYHKUIA V = f(AL) € KBAIPATUIHOIO.

Ha puc. 6 mokasaHi pe3ynmsrati po3paxyHKy 00 €MHOI BOIOTOHHAKHOCTI TPhOX KpYi3-
HUX JaitHepiB: «Eurodamy, «MSC Operay, «AIDA mary, «Celebrity Reflectiony mpu 36i16-
IIeHHI TOBXWHY cynHa L = [, + AL 3a paxyHOK IJTIHAPHYHOI BCTaBKH (puc. 2 i puc. 5).
BigHocHe 3011bIIeHHST BOOTOHHAYKHOCTI CY/IEH Y TIOPiBHSHHI 3 TIOYaTKOBOIO CKIIaIa€: JUIs
«MSC Opera» 4,9%, «Eurodam» 7,8%, «AIDA mar» 9,4 %, «Celebrity Reflection» 6,5%.
BonoTorHaXHICTE CYZIEH MTpH MOJOBKEHH] 30UTHITYETHCS 32 3aKOHOM TIapadoITH.

vV, m3
70000 B e L
-
65000 T
60000
= 3 = Celebrity

55000 Reflection
50000 ==meemfy

{ BPE i "Erodam"
45000 | e ane=t —tr— /v "MSC
40000 opore

m/v 'AIDA
35000 fpmt———"" = mar"
30000 p—pr—t—tr—a—= O lr—fr—
25000
& 11 1,2 1.3 L /l.O

Puc. 6. I'paghix 3anesxcnocmi 06’ emnoi gooomonuasichocmi V
6i0 eionocroi doexcunu L/L, (L, + AL) / L) cyoen:
«MSC Operay (nomep IMO: 9250464, 2006, GT59058, L0:251,2 M, T0:6,6M),'
«Eurodamy (nomep IMO: 9378448, 2008, GT 86273, L,=285m, T,=7,9 m);
«AIDA mary (nomep IMO: 9490052, 2012, GT 71304, L0:253 M, T0:7,3 M);
«Celebrity Reflection» (nomep IMO: 9506459, 2012, GT 125363, L ,=319m, T,=8,6 m)

Benuurau 3MiHU 0CaJIKH CYJICH B 3QJICXKHOCTI BiJl JOBKHHU CYy/IHA (PO3Mipy BCTaBKH)
MOKa3aHi Ha pUC. 7, 3 SIKOTO BHILUIMBAE, IO OCAJKa CYJIEH NP 301IbIICHHI JIOBKUH
cyneH 110 40% 3MIHIOEThCS JiHIIHO HacTymHUM 4iHOM Jutst: «MSC Operay — Ha 24,2%,
«AIDA mar» — Ha 21,2%, «Eurodam» — 20,2%, «Celebrity Reflection» — 18,6%.

[TpoBenemMo OLIHKY BIUIMBY IOJOBXKEHHS CyliHAa Ha Oe3po3MipHI KoedilieHTH
noBHOTH. KoedillieHT 3aranbpHOI MOBHOTH CyAHA, IO BU3HAYAETHCS 3a BioMor0 Gop-
MYJIOIO JI0 TIOJIOBXKEHHS

_ D,10°
! pB LT’
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- o = Celebrity
Reflection

=0~ Erodam

gy Aida mar

. NS C
Opera

4,5

1 105 11 1,15 12 125 13 1,35 LLo

Puc. 7. I'paghix sanemxcrocmi ocaoku T 6id ionocroi doeocunu L/L, (L, +AL)/ L)
npu NOO0BHCEHHI CYOeH
1 ITICJIS IOAOBXKEHHS
DIV
CpBLT’
ne D,, D,— BOJIOTOHHAXHICTh (BaroBa) J0 i MiCJisi OJOBXKEHHS CYJIHA, T;
p — FYCTHHA MOPCHKOT BOIH, T/M?;
B, — mupuHa cyaHa, M;

L,, L — NOBXHHA CyJ(HA JIO 1 MICJIsI TOJIOBKEHHSI, M;
T,, T —ocajixa cynHa [0 i micist MOAOBXKEHHS, M.

3MiHy KoedilieHTa 3aranbHOi MOBHOTH MOKHA MTPEACTABUTH Y BUIIISAI

§=5, + A8, (10)

1€ AS —IIONpaBKa, 1110 BPaxoBye 3MiHy KOe(ilieHTY HOBHOTH BHACIIIOK 3MiHH JOBKUHU
CyZHA, SIKy MOJKJIUBO PO3paxyBaTH 3 ypaxyBaHb BHKJIAJICHUX IONEPEIHBO TyMOK

3
oo (DD

pB,\ LT LT, (1

Lleit Bupa3 mepenumieTbCs y BUITISII, CIIIPAIOIUCE Ha popmymy (4)

103[ D 00]103( D Doj
AS = —— - == - =
pB (L +AL)T LT, ) pB,\(L +AL)(T)~ kL) LT,

1 D D,
0B\ (1+8L/ L) (T, kL) T,

Toni piBustHHS (10) IPUBOAUTHCS 10 BUTIISITY

3
§=08,+A3=35, + 10 ((1 D D"J

pB,L | (1+ AL/ L)(T, kL) T,
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Bupaskaroun BOMOTOHHaKHICTH D depe3 00’ eMHy BOTOTOHHaXHICTEV — D =Vp / 10°,
a 11 — uepe3 3aJ1ekKHICTh (9) 3 OCTAaHHBOT PIBHOCTI OTPUMAEMO

55+ [ 4 V]
"B \(1+ AL/ L) (T, kL) T,)

o [VorpBTAL-p B2 —(’%;A]kp AL,
+ -0,
B (1+ AL/ L)(T, - KoL) T,

=39,

(12)

Busnauennst iHmmMX 0e3po3MipHUX KOEQIIli€HTIB TOBHOTH OyIeMO IPOBOIHUTH
3 3aCTOCYBaHHSIM KOPEIIAIIHHAX 3aJICKHCOTEH, 1110 3aCTOCOBYIOTHCS B BITOMOMY METOJI1
Xontpoma (J. Holtrop) i Menena (G.G.J. Mennen) Bu3HaueHHsT OYKCHPYBaJILHOTO OITOPY
cyaaa [7-11]. KoedimieHT MOBHOTH Mieb-IIITAHTOyTa BU3HAYAETHCS 32 BHPA30M

B=0,977+0,085(5 - 0,6) = 0,0855 + 0, 946,
AKUH 3 ypaxyBaHHs (12) npuiime BUIIISAA
1 [VO + B, BT,AL — B, Bk, I* -
ByL,\ (1+ AL/ L)(T, - k;L)
V.

—[A";A)kFAL
(+aL) L) kD) T, *%%

B =0,085[5, +

KoeditieHT MOBHOTH IUIOILI BaTepIiHii pO3paxoBYy€eThCs 3TiAHO (HOPMYIIOI0
a = 0,706 + 0,825(5 - 0,6) = 0,8255 — 0,211

2
a =0,825[3, + 1 (Vo +B,BT,AL - B, Bk, I’ -
B,L,\ (1+AL/ L)(T, - k,L)
(A+ A
[ S JkeaL y

(1+AL/LO)(TO—kFL)_?Z 1-0.211

Yepes po3paxoBaHi KoedilieHTH § 1 B MOXKHA PO3paxoBaTh KOeQilieHT MOB3I0BXK-

. o
HBOI ITOBHOTH ¢ = & TOOTO

5 oL [Vo+BrBToAL BrBkyAL? — (A02+ A) kedL y,
O 7 BoLyg (1 +AL/Lo)(Ty — kpAL) Ty
(P =
1 (Vo + BrBToAL — BrBlpal? — (2 F ) ko a
0,085[8, + 2 —22)1-0946
’ 0 BoLo (1 + AL/Lo)(TO - kFAL) !

Pesynbrati po3paxyHKy BKa3aHuX Koe(ili€eHTiB Mmokas3aHi Ha puc. 8 — puc. 11, s
PO3IISIHYTHX TUMIB CYACH, IO MPONOHYETHCS MOAEPHI3YBAaTH LUIIXOM OJHOMIPHOTO
30inmpmienns goxkunu L/L, (1+AL)/L)) 3 nomaBaHHAM IMIIHAPHYHOI BCTaBKH. 3Ha-
YeHHSI KOoe]ilieHTiB §, 3, o, (b 3MIHIOIOTBCS 3a MApadOIIYHOI0 (PYHKII€I0, BiAXUICHHS
PO3PaxyHKOBHX BEJIMYUH BiJl OYATKOBUX 3HAYEHD O, 3, O, () CKIIAIIO:
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«MSC Opera» — Ha 5,3%,
«AIDA mar» — na 4,7%,
«Eurodam» — 3,2%,
«Celebrity Reflection» — 2,3%.

)

0,66
0,64
0,62

0,6
0,58
0,56

0,54

W

—8—Eurodam

——Celebrity
Reflection
—x=Aida mar

.’.‘.".’—.—h—.—l—.‘_-_-—-‘\ —e—MSC
R o o VY Opera

o Y X=X
X"X’X th\x~‘><\><

1 i 1,2 1,3 L/Lo

Puc. 8. I'paghix sminu xoeghiyienma 3aeanvnoi nognomu
8 3A1eHCHOCTI 810 3MIHU OOBAHCUHU CYOHA

S

0,9820
0,9800 —a— Celebrity
s reflecton
—x==Eurodam

0,9780

~—@— AIDA mar

0,9760 e X K K N e Y iy,
.‘XM x"""‘*x

0,9740

0,9720

> M\x\x —— MSC
Opera

1 11 1,2 1,3 |./|.0

Puc. 9. I'paghix 3minu xoegiyicnma nognomu mioenb-wnaneoyma
8 3A1eHCHOCTI 810 3MIHU O0BIHCUHU CYOHA
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o7e WW

0,74
a—Eurodam
0,72

—>—Celebrity

0,7 — reflection

e AAAAAAA —=—AIDA mar
A

N
0,68 A —e—MSC
Opera

0,66

0,64

1 1,1 1,2 1,3 L/L0

Puc. 10. Ipagix sminu xoehiyienma nosHomu niowi eamepuinii
8 3A1eACHOCI BIO 3MIHU Q0BICUHU CYOHA

0,6800 /._‘,...-0—-—0—0—0—“\\

0,6600

0,6400 4~ AIDA mar
—x—MSC Opera

0,6200 —@—Eurodam

0,6000 /—.-.—.—‘—Q—-—-__\-\‘\-
op—tr—tr—t——p—p
P R

0,5800 [ ,—& s,

—e— Celebrity reflection

A
A
A
A

0,5600
1 1,1 1,2 1,3 L/Lo

Puc. 11. I'paghix 3minu xoeiyicuma noe30062cHboi nogHomiu
8 3A1eHCHOCI 8IO 3MIHU O0BIHCUHU CYOHA

BucnoBku. [Ti[BUIIIEHHS KOHKYPEHTOCIIPOMOXKHOCTI MACAKUPCHKUX CYJICH € OTHOIO
3 TOJIOBHHX 3aJ1a4 CY/IHOTUIABHUX KOMITAHIH HA pUHKY MOPCHKHX KpPYi3iB, MMOIMHUT Ha sIKi
OCTaHHI TPH JECATHIITTS IEMOHCTPYE cTaje 3pocTaHHs. KoMmaHii MaroTh HU3KY CTpa-
TEriYHUX HANpPSMKiB, IHCTPYMEHTIB /Il YTPUMAHHS CBOIX IMO3UIIM Ha PUHKY 1 3a]710-
BOJICHHS 301JIBIITYBAHOTO TIOMUTY Ha KPYyi3W — iH)KEHEPHO-TEXHIYHUX, EKOHOMIYHHX,
MapKETUHTOBUX, OpraHi3amifHuX.

OpHUM 3 TaKUX IHCTPYMEHTIB € MOJEpHI3allis Cy[eH, sika MOJIsTrae B 3MEHIIEHH] iX
MOPAJBHOTO 1 (hi3MIHOTO 3HOITYBaHHS, 1 HAOIKEHHI TEXHIKO-eKCIUTyaTalliiTHIX XapakK-
TEPUCTHK CYYaCHUM BUMOTaM KPYI3HOTO PHHKY.

B po6oTi 3ampornoHoBaHO CTBOPUTH HOBY CTPYKTYPY OCHOBHHMX HalpPSMKIB MOJEp-
Hizarii, Ska BKIIOYa€ PEHOBAIlil0 KOPITyCYy, KOHBEPCitO, epeodaHaHHs 1H)KEHEPHUX
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CHCTEM 1 KOMIUIEKCIB, MepeoOiiaJiHaHHs BHYTPIIIHBOCYTHOBOI apXiTeKTypH; IOCHi-
JOKEHO BIUIMB PO3MIPHOI OJHOMIpHOI MOJEpHi3allii, BUXOJASYM 3 BUMOI MiXHAPOJI-
HOI KOHBEHIIIi TIPO BaHTaXHYy Mapky 1966, Ha reoMeTpHYHI XapaKTEPUCTHKH CyIHA —
BOJIOTOHHaXKHICTh, 0CAJIKy, BUCOTY MiHIMaJIIbHOTO OopTa, 0e3p0o3MipHUX KoeillieHTiB
MMOBHOTH, 1110 BIUIMBAIOTh HA OLIHKY MOPEXIJIHUX SKOCTEH, 30KpeMa XOJIOBOCTI, 1 TeX-
HIKO-eKCIUTyaTallifHuX XapaKTepUCTHK, NIISIXOM YIOCKOHAJICHHS PO3PaxXyHKOBHX 1 pO3-
PaxyHKOBO-EKCIIEPUMEHTAIbHUX METOIIB.

11.

12.

13.
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Anomauisn

Poszensanymo axmyanvhe 0ns €8ponu Ha nepioo akmugHo20 po32opmanis Ha ii mepu-
MOopii BOCHHUX NPOMUCMOSAHD NUMANHHS PO3MIHYBAHHS MOPCLKUX peldie ma nopmis.
Ilpeocmasneno pesynomamu OOCAIONHCEHHS, CHPIMOBAHO2O HA BOOCKOHATICHHS Memo-
016 NOWYKY Ma NOULYKOBO20 YCIMAMKYBAHHS OIS GUABTICHHS MOPCLKUX MIH.

3anpononosano pozwupumu NOULYKOBI MOICIUBOCIT MIHHO-HOULYKOBUX PO3MI-
HOBYBANbHUX KOMNIEKCIG i3 MPAHCNOPMOBAHOI0 KAMEPOM-MPALIGHUKOM  2IPISAHOO0I0
HNOHMOHIG-IMIMamopie cueHaiie kopaouis. /[ yboco 2ipisiHdy NOHMOHIG-IMIMamopise
NPONOHYEMBC OONOSHUMU O0O0AMKOBUM NOULYKOBUM NIAGYUUM OIOKOM, OCHAUWEHUM
2I0pPOaKycmu4Ho0 nouykogorw anapanypor. 1lopad i3 niosuuwjeHHam UMOGIPHOCHI
BUABILCHHS MiH, WO He 3peazyeanu Ha CUSHATU IMIMamopis, ye 00360158€ NiOSUUUMuU
MOYHICMb 6CIMAHOBNEHHSA KOOPOUHAM SKIPHUX MA OOHHUX MiH. 3*acoeano, wo onmu-
MAIbHOIO MPACKMOPIEI0 NOWYKOBUX NepeMilyenb Kamepa-mpanieHuka i3 2ipisaHooio
NOHMOMIG-IMIMAMOPIE CUCHANIG € MPAEKMOPIs pyXy no cnipani Apximeda. Bemanos-
JIEHO, W0 HAUOIEBIUULL I3 6APIAHMIB 3HEUKOONCEHHS BUABTEHUX NAAGYHUX MIH Ye iX nio-
pusanusn 60e3apa0amu, CKUHYmMuMU i3 1imanbHoeo b6esninomuuxka-tikgioamopa.

Hocniosiceno, wo 0nst ymouHeHHs KOOPOUHAM POSMAULYBAHHS NIAGYUUX, AKIPHUX
ma OOHHUX MiH OOYLIbHOW | HAUleheKMUBHIWOW O/ 3ACMOCYBAHHS € MeMOOUKAa KiHe-
Mamuunoeo npoekmyeanus. Pospobneno ancopumm 6UKOPUCMAHHS KIHEMATMUYHO2O
npoexmysanus 0Jisk ROWYKY MiH, AKuil nepeddbayae opmysants 6a3060i niowunu ma
NPUSHAYEHHST Y TMOGWT MOPCOKUX 2UOUH “KapmunHoi” nAOWuHY Npoexyiil, Ha KOmpy
NPOEKMYSAMUMYMbCSL NPOEKMYIOUi npomeni. Y axocmi 00 ’exmy npoexmyeaHHs mym

© A¢ranasis 1.C., leBuyk JL.I., Ctporan O.l., Ctpyruacska JI.P., 2023
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3aCMOCOBAHO  PO3ULYKYBAHY MiHY. Bcmanosneno, wo 3acmocyanus Oiisi NOWLYKY MiH
MeMOOUKY KIHEMAMUUHO20 NPOEKNYBAHHA HA PO3MIHOBYBANILHUX KOMNILEKCAX i3 MpaH-
CNOPMOBAHOIO KAMEPOM-MPANIBHUKOM — 2IPIASHOO0I0 NOHMOHIG-IMIMAMOPIE CUSHAIB
Kopabie 00360/15€ He MiNbKU 30IUCHIOBAMU PO3BIOYBANLHI pobomu be3 yuacmi 6 nouLy-
Kax nmooetl, a i niosuwumu npooyKMUGHIiCMs Ma WUEUOKICIb NOULYKOBUX PODIm.

Kniouosi cnosa: mopcoka mina, po3miHy8aHus, Kamep-mpaii6HUK, 000aAmMKOGULL
nowLykogutl 010K, NOHMOHU-IMIMAMOPU CUSHANIB, KIHeMAMUYHe NPOeKNy8aHHA, KOOD-
OuHamu, NOULyK.

IMPROVEMENT OF THE MINE EXPLOSION AND EXPLORATION COMPLEX
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Summary

The issue of demining sea raids and ports, which is relevant for Europe during the
period of active deployment of military confrontations on its territory, is considered.
The results of a study aimed at improving search methods and search equipment for the
detection of sea mines are presented.

1t is proposed to expand the search capabilities of mine-search and demining complexes
with a garland of pontoons imitating ship signals transported by a trawler boat. For
this, it is proposed to supplement the garland of imitation pontoons with an additional
search floating unit equipped with hydroacoustic search equipment. Along with increasing
the probability of detecting mines that did not respond to simulator signals, it allows to
increase the accuracy of setting the coordinates of anchor and bottom mines. It was found
that the optimal trajectory of search movements of a trawler boat with a garland of signal-
imitating pontoons is the trajectory of movement along the Archimedean spiral. It has
been established that the most effective option for neutralizing detected floating mines is
their detonation with warheads dropped from a liquidator flying drone.

1t has been investigated that the method of kinematic design is appropriate and most
effective for specifying the coordinates of the location of floating, anchor and bottom
mines. An algorithm for the use of kinematic projection for the search for mines has
been developed, which involves the formation of a base plane and the designation of a
"picture" plane of projections on which the projecting rays will be projected in the depth
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of the sea. A wanted mine is used as a design object here. It has been established that
the use of kinematic design techniques for mine search on demining complexes with a
garland of pontoons imitating ship signals, transported by a trawler boat, allows not
only to carry out reconnaissance work without participation in the search for people,
but also to increase the productivity and speed of search work.

Key words: sea mine, demining, trawler boat, additional search unit, signal simulator
pontoons, kinematic design, coordinates, search.

Beryn. [mxenepHa qyMka Ta (paHTa3sis IEPETBOPUIIN 31aBajIOCh OM HEBUOATTUBUI
Ta MPOCTHH CMEPTOHOCHUH BHPIO, SIKMM € TpajMiliiHa MOPChKa MiHa, HAa BUTBIP MHC-
TenTBa. TernepiniHi NeBHI PiI3HOBUIN MOPCHKUX MiH, HAIIPHUKJIIAJI, CAMOTPAHCIIOPTOBAaHA
nonHa miHa—topnena Mk.67 SLMM (Bupo6uuirrBo CIIA), MOXKYTh CAMOTYKKH JOTUIH-
BaTH JI0 3aBYACHO 33J1aHUX IM KOOpJIMHATAMH Micllb MiHyBaHHs. Yu Oyyuu CKHHY THMHU
i3 JTiTaKiB caMOTYKKH mipoiitaT A0 100 KiToMeTpiB Ta M’ SIKO IPUBOJHUTHUCS 1 3AJIATTH
Ha JIHO B ouiKyBaHHI cBO€T xkepTBHU (Mozenb Quickstrike-ER ) [1]. AGo nmepeOyBaroun Ha
MOPCBHKOMY JIHI B PEXKHMI TPUBAJIOr0 OYiKYBaHHS Y HEOOX1IHUI MOMEHT ITpopearyBarH,
HATPUKJIa/A, Ha XapakTepHUil mIyMoBHH (poH KOpadis UM MiIBOTHOTO YOBHA, CTapTy-
BaTH 1 TOpTelyBaTH el riaByunii 3acid (moaens Mark 60 Captor Bupoonunnrea CHIA
abo aHasoriyHa Mojielib IPOTHYOBHOBOI MiHu-Topriean [IMK-2 BupoOuuiTBa Pocii).
MiHU-TTaCTKH, CIIPOMOXKHICTH 710 IIH(PPOBOi OOPOOKH CKIQAHUX KOMAaHIHUX CHUTHAJIB,
HEYYTIIUBI JIO €NIEKTPOMArHITHUX BUIIPOMIHIOBAHb IJIACTUKOBI KOPITYCH Ta HAIOTYKHI
cydacHi BUOYXOB1 pe4OBHHH, MACKYBaHHSI ITiI MOPCHKI BallyHU Ta JJOHHE KaMiHHS — 1€
NPOSIBH 1H)KEHEPHOTO MUCTEITBA O3/I00JICHHS Ta OCHAIICHHS MOPCHKUX MiH. Yce Iie
NpUTaMaHHI CydacHHM MiHaM TOHKOIII 1H)KEHEPHOT JIyMKH X TBOPIIIB, CIIPSIMOBaHI Ha
HE JIMIIIe MACKyBaHHS MiH BiJl HECBOEUACHOTO 1X BHUSIBJIICHHS, a 1 Ha HEBIIBOPOTHICTH iX
CMEpPTOHOCHOTO BUOYXY B Harepell 00yMOBIICHHX CUTYaIlii 4M Yaci.

Tomy cydacHi 3aco0M PO3MIHOBYBaHHS 30PIEHTOBAHI Ha 3BEACHHS JIO0 MIHIMyMY
MOKITMBOCTI KOHTAKTy 3 MiHaMHu Jirofed. Po3MiHOBYBaHHS, MIEPEBaKHO, 3BOAUTHCS JI0
JIUCTAHIIIMHOTO 3HEIIKOKCHHS MIH 3a JOIOMOIOK KaTepiB-TPAJiBHUKIB Ta JUCTaH-
LIHHO KEpOBaHMX IiJIBOJHUX TOPIEA YM CICIaJbHUX POOOTIB-JIIKBIIATOPIB MiH iX
CaMOITiIPUBAHHSIM.

AHani3 JiteparypHux axepes. HaliehekTHBHIIMMU JUIsT PO3MIHOBYBaHHS 3Ha-
YHHX TUIOI MOPCHKOT aKBaTOPIT SIK y MHUHYJIOMY, TaK 1 Ha JaHUH Yac sSBISIOTHCS MOPCHKI
caMmoxinmHi Tpanu. Lle, mepeBakHO, KaTepu, KOPIYCH SKUX CICIiaJbHO aIalTOBaHI 10
TOrO, 11100 BUTPUMYBAaTH HaBaHTA)KCHHsI Bij BUOyXiB MiH [2]. IcTopis BUKOpUCTaHHS
KaTepiB-TPaJiBHUKIB JUIsl 3HEIIKOJKCHHSI TUIABAIOUUX Ta SIKIPHUX MiH CSTa€ MOHAM CTO-
JTTs. 3armovyarkyBaHHs iX BUKOPHCTAHHS NMPAKTHYHO CITIBIIAAAE 13 MEPIOIOM IOYaTKy
AKTHBHOTO MiHYBaHHS MOpPCHKHX BomoiiM. Cy4acHUWil Karep-TpaliBHUK — IIe, Iepe-
Ba)KHO, PO30IpHUI MOHTOHHUI Karep 31 MBUAKICTIO pyxy 6—10 By3iiB, KM MOXHA
HIBHJIKO TIEPETPAHCIIOPTOBYBATH JIITAKOM B MOTPIOHY TOUKy cBiTy. [IpuKiiagom cydac-
HUX KarepiB-TPATiBHUKIB SBISIOTHCS MBeACbkuid SAM-3 1 amepukancbkuii SAM-05.
OpHakK y ChOrOJICHHI HABITh TAKHii JIaBHIM METOJ] PO3MIHYBaHHs 3a3Ha€ MOJEpHi3allil
Ta BOOCKOHAaJEHHS. [lepeBayKHO 1M1 BIIOCKOHAICHHS MOJISATAIOTh Y OCHAIICHHI TpajliBHU-
KiB 0€3MIIOTHUMH TUIABAIOYMMH Ta JIITAJIBHUMH anaparamMu JUIs MOIIYKiB MiH, JI0 TOTO
’K OCHAIIICHUX 3apsaaMu 13 JUCTAHIIIHUM KEePYBaHHAM JUTS 1X T pUBAHHS.
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Jlist monnyKy Ta 3HEHIKO/PKEHHSI CAMOHABIIHUX MiH HaifyacTilie Ha KaTep-TpaTiBHUK
BCTAHOBITIOIOTh PI3HOMAHITHI IMITATOPH IIyMiB, BiOpaliii Ta MarHiTHUX MOJIB, IO
pOOISTH HOTO CXOXKHM JIJIsi MiH Ha TUTOBHUI kopabenb. Y poOori [1] Big3HadeHo, 110
OCHAIICHA PsZIOM TOHTOHIB-IMITaTOPIB CHT'HAJIB Ta IIYMOBHX JIBUTYHIB Taka «Tip-
JISTHIIA» CHPOMOXKHA JIOBOJII aKTHBHO 30yproBaTH PI3HOMAaHITHI CaMOHAaBiJTHI MiHH,
MIPOBOKYIOYH iX CIUTMBAHHS Ha TMOBEPXHIO JUIS YpasKeHHs YsBHOI mimi. Ti % MiHH, 110
CIUIMBJIM Ha MOBEPXHIO MOPS, IOBOJII JIETKO 3aXOMHUTH TPAJIOM Ta 3HEIIKOAUTH. AGO Xk
JIUCTAHIIIMHO MiIpBaTH, HAPUKJIAJI, TPOHOM-JIIKBIATOPOM 13 MiIBICHUM JUCTAHIIIHO
KepOBaHUM 00€3apsoM.

[Mopsin 3 TUM He BTPaYalOTh CBOET aKTYaIbHOCTI HAYKOBI TIONIYKH B PyCii BIOCKO-
HAJICHHS iICHYIOYHMX Ta CTBOPEHHS HOBITHIX OUTBII MPOTPECHBHUX METOJIB MOIIYKY
MiH. Tak aBTopu pooOit [3, 4, 5] CXUIAIOTBCS JI0 IEPEKOHAHHS, IO Hale()EeKTHBHIIIIM
Oyiio 0 BUKOPUCTAHHS JUIs TIONIYKiB MOPCHKUX MiH JIITAIBHUX anapariB. Po3mmpurty ix
TEXHOJIOTIYHI MOKIIMBOCTI, Ha NMEPEKOHAHHS aBTOPIB poOOTH [5], MOIIH O METOIUKH,
mo 0a3yloThcs HE TUIBKM Ha MOXKIIMBOCTSIX TMOLTYKOBOI amaparypu, a i Ha 3acTocy-
BaHHI MareMaTHYHOTO anapary Ta MpakTHYHO HEBHUYEPITHUX CIIPOMOYKHOCTEH Cy4acHOi
00YHMCITFOBAJIBHOT TEXHIKH [3, 4, 5].

ABTOpH poOIT [6, 7] BiI3HAYAIOTH, 1[0 MEBHI MEPCIIEKTUBU Y IIbOMY KOHTEKCTI CIIO-
CTEpITraloThCsl B CIIPOMOKHOCTI JOJIYYUTH JIO TOITYKOBHX METOJIIB BU3HAYCHHS KOOP-
JIMHAT MOPCHKUX MiH METOJMK Cy4acHOI HApUCHOT reoMeTpii, a came ii ckiaioBoi, mo
BiZIOMa TIiJI Ha3BOIO «KiHEMaTH4YHE MPOEKTyBaHHs». [1i «KIHEMaTM4HUM MPOEKTY-
BaHHSM (BiZIOOpaXEHHSIM)» PO3YMIIOTh NMPOEKTYBAHHS, ITPH SIKOMY BCi HOTO CKIIaJ10Bi
CJIEMEHTH, a caMe [EHTP MPOEKTyBaHHs, (HOKalbHI (Irypy MPOEKTYIOUNX KOMILICKCIB
Ta KOHIPYEHIIH, 00’ €KTH MPOEKTYBaHHS (MIPooOpasn) Ta HOCIH MPOeKil («KapTHHHA
IIOIIMHAY» ) MOXKYTh 3/1IHCHIOBATH B3aEMOHE3aJICKHI ITPOCTOPOBI MEPEMIILIEHHS Y MPO-
cTopi i 4aci [8, 9, 10].

Tomy MeTOI JIaHOTO JOCHIDKEHHSI € PO3MIMPEHHS TEXHOJOTIYHUX MOXKIMBOCTEH
KaTepiB-TPaJIIBHUKIB MPH TMOIIYKaX Ta 3HEIIKOHKCHI HUMH MiH IUISXOM IiJBUIICHHS
TOYHOCTI BU3HAYCHHS KOOPJIMHAT MTPOCTOPOBOTO PO3TAIyBaHHS MiH 3acO0aMU KiHeMa-
TUYHOTO MPOEKTYBAHHS.

O0’€KTOM TAaHOTO AOCTI/IZKEHHSI € CIIOCOOH €)EeKTUBHOTO MOIITYKY MiH B MOPCHKUX
DIMOMHAX Ta Y BOJIAX BEJIMKUX MPICHOBOJHUX BOJIOWM.

IpeameT aocaizKeHHs] — METOAMKA BU3HAYCHHS Ta PO3PaXyHKIB KOOPJMHAT MPO-
CTOPOBOTO PO3TAIIyBaHHS MiH B aKBATOPiSIX MOPCHKUX TIIMOWH.

Meta po6oTn — po3poOKa METOAMKHU TIOIIYKY i BU3HAYCHHS KOOPAMHAT MOPCHKUX
MiH pi3HUX THIIIB Ta MIPOCTOPOBO-TITHOMHHOTO PO3TAITyBaHHS.

Jiist mocsITHEHHS 3a3Ha4€HOT METH BU3HAYCHO TaKi OCHOBHI 3080AHHST OOCAIONCEHH.:

— po3poOKa METOAMKH BU3HAYCHHS KOOPMHAT MPOCTOPOBO-IITHOMHHOTO PO3TaIly-
BaHHS MOPCHKHX MiH 3aC00aMHU KIHEMaTHYHOTO TIPOCKTYBaHHST,

— CTBOpPEHHSI IPUHIIMIIOBOT CXEMH ONTHMAIBHUX MTEPEMillIeHb MTOITYKOBOTO Karepa-
TpajiBHUKA 13 MPHUIIBAPTOBAHUMH JI0 HHOTO IIOHTOHAMH-IMITaTOpaMK CUTHAIIB Ta OJ10-
KOM TIOIITYKOBOI T1/IpOaKyCTHUYHOI anapaTypu;

— CTBOPEHHS QJITOPUTMY MPOTPAMHOTO 3a0e3MeUeHHs Il PO3POOKH TpOrpamu
PO3paxyHKy i y3roJpKEHHS JAHWX MOITYKOBHX IUIABYYHX 3aCO0IB /sl BU3HAYCHHS TOU-
HUX KOOPJIMHAT MiCIlsl pO3TAllyBaHHS MiHH.
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Marepiaau Ta MeToau AociimkenHsi. HalOinbln sSICKpaBUM MPUKIIAIOM YCIIII-
HOTO BHUKOPHCTAaHHS KIHEMAaTHYHOTO NPOCKTYBaHHS ISl BiJCITIJKOBYBaHHS Tpa-
€KTOPIH Ta KOOPJHMHAT IPOCTOPOBHX IEPEMILICHh PYXOMHX OO0 €KTIB € YCIIiIIHI
nociimpkeHHs: reomeTpiB HY «JIbBiBChbKa MONITEXHIKA» M0 BU3HAUCHHIO KOOPJMHAT
oesminorHux mitaneHux anapariB (BITJIA) [11, 12]. ¥V pesyibrari 1ux TOCITiIKSHb
CTBOpEHa TeopeTHyHa 0aza MareMaTWYHOTo amapary po3paxyHKy 3acobamu KiHema-
TUYHOTO MPOEKTYBAHHS KOOPJIUHAT Ta TPAEKTOPIH MPOCTOPOBUX MEPEMIILICHb BOPOKUX
JmuBepciiHo-po3BinyBanbHux BIIJIA. ExcriepuMmenrtaibHa mepeBipka MiATBEpariIa
BUCOKY €(EKTHBHICTh Ta TOYHICTh BHU3HAYCHHS MPOCTOPOBUX KOOPIMHAT PYXOMHUX
00’€eKTiB 3ac00aMU KIHEMaTUYHOTO NpoeKTyBaHHs [ 13, 14].

Bukaan ocHoBHOro marepiaay aocaimkenHs. Ha puc. 1 BigoOpaxena omnru-
MaJlbHa TPAEKTOPIsI MOITYKOBHX MEPEMIillleHb KaTepa-TpaTiBHUKA 13 MPUIIBAPTOBAHUMHU
JI0 HhOTO MTOHTOHAMH-IMITATOPaMH aKyCTHYHHX, CJICKTPOMArHITHUX Ta IIYMOBHX CHT-
HAJIIB, JIAHITIOT SIKKX JIOMOBHEHO PO3TAIIOBAHUM B KiHIII IIABYYHM ITOIITYKOBHM OJIOKOM
13 TIPOAKYCTHYHOIO MOIIYKOBOK araparyporo.

Puc. 1. Tpaekmopis npocmopogux nepemiujenb NOUYKO8020 Kamepa-mpanieHuKd
i3 2IpIAHOOI NOHMOHIB-IMIMAamMOopie cueHaiie no cnipani Apximeoa

VY BUnNanky BUSBICHHS OyIb-SIKUM 13 MOLIYKOBUX TiIpOaKyCTHYHMX anapariB Iuia-
BalO401 MiHM 3 TIepeMillIeHHs MOITYKOBOTO CyIHA 110 cripaii ApxXiMe/a mpoJOBKYIOTh.
Ane 1o BiMOBiTHIN KOMaH/I 13 KOMaHAHOTO IYHKTY KaTepa-TpaiiBHHKa | ais ifeH-
tuikamii iaBydoi MiHH 3 CIIPSMOBYIOTh OCHAIIIEHUH BiJleOKaMeporo Ta 0oe3apsaoM
0e3NUIOTHHY JIITATBPHAN arapar TUITY JPOHa-JIiKBigaTopa 4 cepeaHbOi BaHTAXKOIIIIEM-
HOCTI. SIKI110 BUSIBICHUI Ha IOBEPXHI MOPSI IPEIMET BCE 5K TAKU BUSIBUTHCS IIABAIOYOI0
MiHOIO 3, ii 3HemKomKyoTh. CaMe Ui IbOTro 1 BUKOPUCTOBYIOTH APOH-JIiKBigarop 4
13 TUCTaHIIHHO KepoBaHUM Ooe3apsamoM (puc. 1).

VY BumNajKy BUSBJICHHI IOIIYKOBOK) araparyporo SKipHOI YW JOHHOI MiHM 0OXif
TepuTopii 1o cripani ApxiMmena npu3ynuHsA0ThH. [1o BiAmoBiaHINA KOMaH/i i3 KOMaH/I-
HOTO TIYHKTY KaTep-TPaJiBHHK | Ta OTMOMIKHUHN IUIaBY4YHid TONTYKOBHH OJOK 3 i3
TiAPOAKYCTHYHOIO anapaTyporo pO3TallOBYIOTh OiIBII-MEHII PiBHOBIIJANICHO II0 /1B
0okw Bij BUsIBIIEHOT MiHU 7. [1eHTH(IKYIOTh BUSABICHHUH MIPEMET 1 SIKIIO 11€ BUSIBUTHCS
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MIHOIO - PUCTYTAIOTH A0 1 3HEKOKEHHSI. J[J1s1 IIbOT0, TIepIII 33 BCEe, BUKOPHUCTOBYIOUH
BIJINOBIIHY TIPOTpaMy, YTOUHIOIOTh KOOPJAWHATH PO3TAlIyBaHHS JaHo1 MiHU. Crienianb-
HOIO0 OOYHCITIOBAJIbHOIO MPOTPAMOI0 BMHKAIOTh AJTOPUTM TOCITIIOBHOCTI YTOUYHEHHS
KOOPJMHAT MIHH 3ac00aMU KIHEMaTUYHOTO TPOEKTYBaHHS.

Puc. 2. [lpunyunosa cxema UKOPUCANHS KIHEMAMUYHO2O NPOEKMY8AHHS
07151 NOULYKY A BUSHAYEHHS KOOPOUHAM OOHHUX MIH

Crientngigai 0coOIMBOCTI IPOTTOHOBAHOTO CITOCOOY TOUTYKY KaTepOM-TPaiBHUKOM
MOPCBHKHX MiH 13 BUKOPHUCTAHHSAM MTPUCTPOiB-IMITATOPIB Ta OAATKOBOTO OJIOKY 13 TIOITY-
KOBOIO TIIPOAKyCTHUYHOIO amaparyporo BimoOpaxkeHo Ha puc. 2. Karep-TpamiBHUK [
13 IPUIIIBAPTOBAHUMH JI0 HHOTO TTOHTOHAMH 2, Ha SKUX BCTAHOBIIEHI IMITaTOpH aKyc-
TUYHHAX, MarHITHAX Ta €JIEKTPOMArHITHUX CHTHANIB, a TAaKOX 3aKITIOYHUM Y TipJISIHII
ITOHTOHIB IUIAByYNM OJIOKOM 3, 3MIHCHIOE TIEPEXOAH IO TONTYKOBIM TIISHIII MOPCHKOT
MOBepXHi. BusBIeHI KaTepoM-TpaiBHUKOM ITUTaBydi Ta SKIpHI MiHH JIIKBiIOBYIOThCS,
HaNpUKIaa, Oe3MUIOTHUM IDIaByYMMH poOOoTaMH-KaMikaa3e (Ha puc. 2 He BigoOpa-
JKEHO). AHAJIOTIYHO 3HEIIKO/DKYIOTHCS 1 CAaMOHAaBiMHI MIHU-TOpIENH, IO 3pearyBain
Ha CHUTHAJM BCTAHOBIIEHHMX HA MOHTOHAX 2 MPHUCTPOIB-IMITATOPIB Ta CIIMBIN 3 MOp-
CBKOTO JIHA /IS YpaskeHHs ysIBHUX Iined. Ti &, mepeBakHO JOHHI, MiHH IO HE 3peary-
BaJId HA CUTHAJIA IMITATOPIB, PO3IIYKYIOTHCS 32 JOITIOMOTOI0 BCTAHOBIICHOI HAa KaTepi-
TpaJliBHUKY [ Ta IJaBy4oMy OJOKY 3 TipOaKyCTHYHOI amaparypu. Bumpominiorodi
Ta CIpUiMaroyi aKyCTHYHI CUTHAIHM 4 aHTEHH J Ii€l MONTYyKOBOI amaparypy 3aHypeHi
y Boay. Karep-TpaniBauk / i TOITYKOBHH MIaBydnid 010K 3 3HAXOAATHCS y MOCTIHHOMY
pamio3B’s3Ky MiX 00010, 3a0e3leTyBaHOMY aHTeHaMH 6, i1 oOMiHy iH(opMariero
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po BusiBJieHI MiHU. [Ipy BUSBIICHHI MOILIYKOBOIO armaparyporo Karepa-TpajiBHUKa [
YM TUIaBy4doro Oioky 3 MiHW 7 iH(popMmallis Mpo 1€ NOCTynae Ha OOUMCIIOBAIBLHUM
HEeHTp (Ha puc. 2 He BiI0OOpaKEeHO) 1 KOMaHIHUHN CKIIaJ KaTepa-TpalliBHUKA [IPUCTyHAE
1o 11 3HemKopKeHHs. [lepin 3a Bece, yTOUYHIOITh KOOPUHATH MiHH 7, BAKOPUCTOBYIOUYH
METOUKY KIHEMaTHYHOTO MPOEKTYBaHHsL. J[JIs [[bOr0 Ha MOHITOP1 00UUCITIOBAIILHOT TEX -
HIKH, JI¢ YSBHO BiI0OpaKeHO aHTEHH 5 TOIIYKOBOI IIPOaKyCTHUHOT araparypu Karepa-
TpasliBHUKA / Ta MOIIYKOBOI'O ILUIaBydoro OJIOKy 3, 3alpOBaKYIOTh TPHOXBICHY OpTO-
roHanpHy JlekapToBy cucteMy KoopauHart. [logyarok koopauHar miei cucteMu (Touka A)
MpHU3HAYalOTh Ha aHTeHI 5 Karepa-TpaiiBHuka /. Bick x 1miei cuctemm koopauHAT
CIPSIMOBYIOTH i IOJIATHIM HAIIPSIMKOM BiJ| MOLTYKOBOI aHTEHH 5 Karepa-TpaliBHUKA [
JIO0 TIOIIYKOBOI aHTEHH IUIaBy4doro 05oky 3. Bich z cIpsSMOBYIOTH 3 MOYaTKy KOOPAH-
HaT (ToYKa A) MepIeHUKYISIPHO MOBEPXHI MOPS B HANPSMKY MOPCHKOTO JHA, a BICh
V CIIPSIMOBYIOTB MEPIICHINKYIISIPHO OCSIM X Ta z B3/I0BXK MoBepxHi Mopst. CipsiMOBaHi Ha
BUSIBJIICHY MiHY 7 T'iJIpOaKyCTHYHI CUTHAJIH 4 3aMiHIOIOTh Ha eKpaHi MOHITOpa Ha IMpo-
€KTyI04l IPOMEHI p, Ta p,. TIpoekTyrounii mpoMiHb p, Ha PUC.2 TIO3HAYEHO TIO3HUIIEI0 §
1 BiH ITpOBEJICHHH BiJI IONTYKOBOT aHTEHU KaTepa-TpaliBHUKA [ Yepe3 BUSBJICHY MiHY 7
(touxa M Ha puc. 2) BIiuO MOPCHKOTO Ha. [IpoekTytounii mpoMiHb p, Ha puc. 2 Mo3Ha-
YEHO MO3UIli€r0 9 1 BIH NPOBEACHUH BiJl IMOIIYKOBOT aHTCHU IIaBYy4Ooro Oyioka 3 uepes
BUSBIIEHY MiHY 7/ (Touka M Ha puc. 2) B0 MopchKkoro qHa. Kopuctyrouucs a3umy-
TOM BM3HA4aKOTh KyTH HAXMIy TIPOEKTYIOUHMX HPOMEHIB p, Ta p, 10 OCi X, BilNOBIIHO
o =p "x Ta & = D "x,Ta KyTH 1X HaXWIy 70 MMOBEPXHi MOpS, BIAMOBIAHO v’ = p, "o
Ta ' =p, "o, 6 a=xNy — WIOWKHA MOBEPXHI MOpPs. Y TUIONMHI TOBEPXHI MOPS
a(x;y) 3a0al0Th JonoMixHy Todky C, ska piBHOBIJJIaJieHa Ha BIIANb a BiJl KaTepa-
TpamiBHUKa [ ( TOYKa A) Ta MONIYKOBOTO OJ0KY 3 (Touka B), e a=AB — Binnanb Mix
MONTYKOBUMH aHTeHaMHu. Tpu Touku 4, B ta C (HopMyOTh Yy IUIONUHI TOBEPXHI MOPS
PIBHOCTOPOHHIN TPUKYTHUK AABC < o , IKuil 3a7a€ 0a30By IUIOIIUHY o . J[Ba mpoekTy-
IOUHX MPOMeEHi p, = AM Ta p, = BM , 1110 IEpEeTHHAIOTHCS MiXkK c000t0 B TodUIli M po3Ta-

LIyBAHHS MiHH 7, (POPMYFOTH IUIOLIHHY Y = p, A p,, KA HAXMIICHA I1i1 KyTOM T = o y
IO TUTOIIIMHHU TTOBEPXHI MOPSI.

OnycTuBIIM 3 TOYOK BEPIINH TPUKYTHUKA AABC TeEpNEeHAMKYISPH BIIIUO Mops,
noexkuHa H sxkux B 1,5-2 pasu nepepuiiye riuOUHY MOPS B MICIIi pO3TalllyBaHHS MiHH 7,
y TOBILI MOPCBKOT'0 JTHA 331a10Th JONIOMIXKHY «KapTHHHY» IuomuHy B(ADKN) . ba3oBa
mIolmHa o (AABC) napanenbHa «KapTHHHIi» maonuHi B(ADKN), BignaneHa Bij Hel
Ha H =|op|= AD = BK =CN .

Ha nactynHoMy eramni aHagiTHYHUM a00 MPOEKIIHHUM PIlIEHHSIM IIyKaioTh KOOp-
JMHATH TOYOK TIEPETUHY MPOEKTYIOUHX MPOMEHIB p, Ta P, 13 KKAPTHHHOKOY IIOIIMHOK
B(ADKN) . Ilpu aHasnoriyHOMY pillleHHI Yy 3aIpOBa/UKEHII cCHCTeMi KOOpANHAT, BOIOI-
1041 KOOpIAMHATaMK To40K A(0,0,0) Ta B(a,0,0) Ta 3HaIO4U KyTH HAXUITY IIPOEKTYIO-
YUX IIPOMEHIB /10 0Cix Ta 6a30B01 IIOMMHU o (AABC), 3aJal0Th PIBHAHHS IPOEKTYOUNX
IIPOMEHIB p, Ta p,, & TAKOXK PIBHAHHA «KAPTHHHOD) MIOMKMHK B(ADKN) K PiBHAHHA

IUIONIMHM, 33J]aHO0i TpbOMa Toukamu, a came D(0,0,H), K(a,0,h), N gzl;o, 87, H jr

CrinbHUM pIilIEHHSIM CHUCTEMH PIiBHSHHS NPsSMOi Ta PiBHSHHS TUIOIIUHM 3HAXOASTh
KOOPJIMHATH TOUKH iX MEPETUHY SIK TaKi, 1110 33]0BOJIbHSIOTH OOU/IBA 1[I PiBHSIHHSI.
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Puc. 3. Ilpuxnao po3paxynxoeoi cxemu 3acmocy8anisi KIMEMAMUYHO20 NPOEKMYEaHH s
07151 NOULYKY A BUSHAYEHHS KOOPOUHAM OOHHUX MIH

[Ipn mpoekmiiiHOMY pIlIeHHI PO3MISAAI0Th TPSIMOKYTHHUH TPUKYTHUK AADF ,
y SIKOMY BifioMi KateT AD = H Ta mpuieriuil KyT ¢° Haxwily TinoTeHy3u AF = p, 10
LBOTO KaTeTa. Y I[bOMY TPUKYTHUKY TOUKa F = p, N B — L€ TOYKa IEPETUHY, IPOEKTY-
F040T0 MMPOMEHS ), 13 KAPTUHHOKO IJIOMIUHOK f(ADKN).

I3 AADF mpoexTyrouuii mpominp 2 = AF = C:S’ 3> & IOBXKUHA foro mpoekuii Ha «Kap-
TUHHY» INIOMHY B(ADKN) DF = ADcigh = H - c1gd .

Toni Touka F mepeTuHy IPOEKTYIOHOIO NPOMEHS P, i3 «KaPTUHHOIO» ILIOIIMHOIO
MaTHMe KOOPIUHATH

F(xp;9p327), ne  xp=H-cigh-cosp, y,=H-cigp-sinp, z,=H, a KyT
p = DF *I1(xz).

TyT p° — KyT MiX IJIOUIMHOIO MPSMOKYTHOTO TPUKYTHUKA AADF i3 TilTOTEHY3010
AF = p, Ta TUIONIMHOK MPOEKIi MPUAHATOT CUCTEMHU KOOpAUHAT 1 (x;z) , IO yTBO-

peHa epeTHHOM Oceil x Ta z.
H
. . . . BT
AHAJON4YHO 13 MNPSIMOKYTHOTO ABKT TPOEKTYIOUMH NPOMIHb P P

a JIOB)KMHA HOro NPOeKIii Ha «KapTUHHY» IIOWUHY B(ADKN) KT = BK - c1gd = H - c1gs.
Toni Touka T nepeTHHy NPOEKTYIOUOIO IIPOMEHS P, 13 «KapPTUHHOIO» ILIOIIMHOK
MaTuMe KOOpAMHATU

T(xr,yr,zT), ne x,=a—H -cigd-cosw; Yy =Yp; Zp=2p=H .
3a BimOMHX KOOPAMHAT MOYATKy Ta KiHII Bimpiska TF MK IBOMa TOYKaAMH Tiepe-

THHY NPOEKTYIOYMMHU NPOMEHSAMU p, Ta p, «KAPTHHHOI IUIOIMHKW» B BU3HAIOTH KOO
JOBXKHUHY

b=TF = \/(xr —xF)2 +(yr —yF)2 .
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V nanomy BUNAAKy IpU y, = y, JOBXKUHA Biapizka b =TF =|x, — x| .

Ha 3axmouHoMy eTarti yTOUHIOIOTh KOOPAMHATH PO3TallyBaHHA MiHH. Po3risHyTo
JIBa TIOAIOHI TPUKYTHUKU AABM Ta AFTM , 110 MaloOTh CIIJIbHY BEPIIUHY B TOYIl M
Jie po3TallioBaHa MiHa 7. Y WX TPUKYTHHUKaX MapajeibHi Mik cOOOI0 JIB1 BiJIIOBIIHI
0oCHOBH AB//TF, omHaKoBi KyTH NP CHIIbHIHM BepIInHI B TOULI M, CTOPOHU OJTHOTO TPH-
KyTHHUKA € IPOJIOBKEHHSIM CTOPIH 1HIIIOTO, IO MiATBEPIKYE IX MoAiOHicTh. Cyma BHCOT
h, Ta h, uMX TPUKYTHUKIB, IPOBEICHUX BiJl CHIJILHOT BEPIIMHM y To4Li M, piBHa Biaaai
MK MapaieIbHUMH MiXK COO0I0 OCHOBAMH IIMX TPHUKYTHUKIB TOOTO

hohy=L=
SIn t
J€ T — KYT MDK yTBOPEHOIO TEPECIYHUMH IIPOMEHSAMH p, T p, TWIOWHMHOKW v (p, N p,)
Ta 6a30BOI0 IJIOIIUHOKO o (X, ) ;
h,—Bucora AABM ;
h,—Bucora ATMF .

I3 mogiOHOCTI TPUKYTHUKIB AABM Ta ATMF % = % , 200 TIpU MiICTAHOBII YHUC-
nosux 3uavens =2

a .
[3 po3B’s13Ky CUCTEMU PIBHSIHB

h_hk
a b’
h+h =L
BHCOTA TPUKYTHHUKA AABM
L-a
h= a+b’

Jie @ Ta b — 0CHOBH TOIIOHUX TPUKYTHHUKIB AABM Ta ATMF , 0 IPOTHIIEKHI iX CIIiIb-
Hill BepIIuHI B ToUI M,

L=h+h = SlI{TT — BIJIaJb MK OCHOBaMH d Ta 6 TIOAI0HUX TPUKYTHHKIB;

H — Bigjans mMixk 6a30B010 o (AABC) Ta «kapTHHHOIO» B(ADKN) IUIOIIMHAMA.

Bignane k = AM Bin katepa-TpajiBHHUKa / 0 MIHM / BH3HAYAETHCS K TIMOTEHY3a
NPSIMOKYTHOTO TPUKYTHUKA AAMV

k=M= h
sing sint-sin¢

Je MOMHA 3aHYPEeHHS MiHU
H-a
a+b
Tosi KOOpAMHATH MIHU Y 3alIPOBA/KEHIN CUCTEMI KOOPJIMHAT:

h=

H-a cos¢-ctgp cos ¢ -crgp .
Xy = ) =h- 5

a+b sin t sint
h-cos¢ H-a cos¢ .
Yu = . = T 5
sin © a+b sinrt
H-a
s =h=
a+d

Cxema mpuKiIamy peajizalii 3aporoHOBaHOTO CIIOCO0y TOITYKY MiH BigoOpakeHa
Ha puc. 3. OCHOBHI YHCJIOBI JaHi TapaMeTpiB KIHEMaTHYHOTO POEKTYBAaHHSI, 110 BUKO-
PHUCTOBYIOTBCS JIJIsl BA3HAYCHHSI KOOPIMHAT MiHH, IPUBEICHO y Ta0uIli /.
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OCHOBHMMH BHXIJTHUMH JIAHUMH, SIKi TIOBHHHI OyTH 3a()iKCOBAHMMH Ha MOHITOpax
KOMaHJTHOTO MYHKTY Ta BBEJICHUMH Yy BIIMOBIIHY PO3PaXyHKOBY MPOrpamy, y JaHOMY
BUTIAJIKY SIBJISTFOTHCSI:

— BIJJANb @ MK KaTepOM-TPaJiBHUKOM [/ Ta TUIABYYHM TOIIYKOBUM OJIOKOM 2,

— KyTH ¢° Ta & Haxuly NMPOCKTYKUYHMX NMPOMEHIB p, Ta p,, WO BiJ0OPAKAIOTH
HaIpsIMH MOITYKOBUX CUTHAIIIB /IO BHSBJICHOI MiHH;

— KyT t' Haxuily IUIOIIMHH, YyTBOPEHOI MPOEKTYKOUMMH IIPOMEHSIMH p, Ta p, , 10
TUTOIIMHY MTOBEPXHI MOPSI;

— Biggans H Mix 6a30BOIO IIOLIMHOK o(AABC) Ta 3alpOBAKEHOI «KapTHUH-
HOIO» IJIOMMHOK B(ADKN) ;

— KyT p° Haxwily IUIOUIMHH, YTBOPEHOI MPOEKTYKOUMM NPOMEHEM P, Ta HOTO TIpo-
eKI[i€I0 Ha «KAPTHHHY» IUIOMINHY, 0 IUIOIWHY NPoeKuiil */7 (x;z) .

UwcroBi laHi [UX MapamMeTpiB BiJOOPaXKEHO IS IAHOTO MPHUKIIAAY B TaOmwmii /.

Tabmuus 1
Bxinni naHi a5 BU3HAYEHHS KOOPAUHAT MiHU
Ne Ilo3navennsi | Yncnope 3HAYeHHs
Ha3zsa napamerpa
3/m napamerpa napamerpa, m
1 Bignanb Mixk KaTepoM-TpaiBHUKOM a 300
Ta [JIABYYUM MOLIYKOBUM OJIOKOM

Biggans Bix moBepxHi BOIOHMHU

2 FUHAIID BIL LIOBSPXHI BOX H 750
JI0 «KapTUHHOD) TUIOIINHN
3 | KyT Haxmiy Mi MPOEKTYIOUMM MPOMEHEM p), T BiCCIO X ¢ 75°
4 | KyT HaxmIy Mix IIPOEKTYIOUHM IIPOMEHEM p, Ta BiCCIO X ) 70°
5 KyT naxwmy rutonysau TPOCKTYIOIHX TPOMEHIB Y(p ; P,) . 850
JI0 TTOBEPXHi BOTOHMHI
KyT Haxuiy IJIOMIMHU MPOSKTYIOYOrO IPOMEHS

6 P, Ta HOro NpoeKii Ha «KapTHHHY» IUIOIIUHY p 20°

JIO TUTOIIMHY MPOEKIii 2 I1(X;z)

KyT Haxuily IIOMMHU HPOSKTYIOYOr0 IPOMEHS

7 D, Ta HOro NpoeKIii Ha «KapTHHHY» IUTOIIUHY ® 250

JIO TUTOIIMHY MPOEKITii 2 [1(X;z)

Kopuctyrounch TaOIMYHMMM JaHUMH Ta BUIINE MPUBEJACHUMH MaTeMAaTHYHUMHU
3aJIC)KHOCTSIMH, BHU3HAYAIOTh OCHOBHI TapaMeTpU pPO3TAllyBaHHS BHSBJICHOI MIHHU
y TOBIIII BOJIM Y4 Ha JIHI BOJOWMHU.

Jlo 1ux mapaMeTpiB HaJIe)KaTh:

— TIMOWHA 3aHyPEHHSI MiHH BiTHOCHO TIOBEPXHI BOJOHMHU

he H-a _ 750-300 _
a+d 300+1353

517,,;

— 1yT H=750 M Ta a=300Mm - 3a1aH1 BeTUYUHH, a b - TOBXKHHA Bigpizka FT'y «Kkap-
TUHHIWY) TomuHI B(ADKN) Mix Toukamu 11 MepeTHHY NPOEKTYIOUMMH MPOMEHSIMH
P, Tap,, T06TO

b=|FT|=|x; —x |=190,3-55=1305, ,
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e X. =H-ctge-cosp=750-ctg75 -cjs20° =190,3,, ;
X, =a—Hctgo - cosw =300—-750-ctg70° - cos25° =55, ;

— BiAJanb BiJ Karepa-TpasliBHUKA / 10 MiHU 7

B h B 517
sinz-sing sin85°-sin75°

=544, ;

— KOOpIMHATH MiHU

_ hcow-ctgp _517. cos75° -ctg20

: : =375,,;
sint sin85°
cos @ cos75° .
=h =517-————=136,5,, ;
Y =" Gns sin85° M
z, =h=517,

Lux nqaHuX IJIKOM AOCTAaTHBO ISl OTHO3HAYHOTO BU3HAYCHHS MIiCIIsl PO3TAIlyBaHHS
MIHH, a BUIMOBIIHO 1 iJ1s1 11 3HEIIKO/KECHHS, HAITPUKIIA, 3 JIOTIOMOTO0 OE3IMiIOTHOTO
TUIaBY4oro pobora-kamikajaze. BBeaeHi y oro mourykoBy cHCTEMY KOOPIAMHATH MiHH
JIOCTATHI JiUIsl HOTO HABEJICHHS HA MiHY i3 MOJAJIBIITM CaMOITi IPHBAHHSAM POOOTa-KaMi-
kanze. Lle cmonykarume abo geToHi3aliro BUOYX0BOi CyMilli MiHH, 800 YIIKOIKEHHIO i
KOpITyca Ta CKJIaI0BHX JieTaleil. Sk HacTHioK — MiHy OyAe 3HEIIKOIKECHO.

OO0roBopeHHsI pe3y/abTaTiB J0c/ilKeHHs. € 1B He3anepeyuHi mepeBary, siki Biac-
THBI METOJIUIII 3aCTOCYBaHHS KIHEMaTUYHOTO MPOEKTYBaHHS JUIA MOIIyKy MiH. [lepir 3a
BCe, 116 MOJKJIMBICTh YCYHEHHS JIFONel BiA 3HemKkokeHHs MiH. e myxe BaxiuBo, 60
npoliec po3MiHyBaHHS HE TUIBKU TOBTOTPUBAIINH, a 1 BKpail HeOe3neyHuii sk KOMaHan
KaTepiB-TpaJliBHUKIB Ta BOAOJA3IB.

[HII0%0 BaromMoro repeBarolo 1aHOr0 METOY PO3MiHYBaHHS € Bi/IHOCHO BUCOKA ITPO-
JQYKTUBHICTH Ta IIBUAKICTH Horo momrykoBux poOiT [10]. [upoka cMyra oXoruieHHs
JIBOMa KOMILJIEKTaMH MOUTYKOBOI arapaTypu TepUTOpii, MepeMillieHHs 1o cripaiti Apxi-
Mera — yce 1e crpusie e)eKTUBHUM MOITYKOBUM poboTaM. J{o TOro x 1ie ycyBae HasiB-
HICTb HE OOCTEKEHHMX IUISIHOK, IO JOBOJI YacTO TPAILIIETHCS MPU 3BOPOTHO-TIOCTY-
NaJILHUX TEPEMILICHHSX MOUTYKOBUX CY/CH.

Hy i siKk mMO3UTHBHUI acHeKT MOKHA BiI3HAYWTH 3MEHILECHI K MiHIMyM y MiBTOpa
pa3u MOBTOPHI MOIIYKOBI MEpEMIIlIeHHsI KaTepa-TpalliBHUKA, a BIIMOBITHO, 1 MPOIO-
PIiiHO 3MEHIIIeHi BUTPATH TIaIuBa A1 pOGOTH Horo IpuBiaHuX aBuryHiB. Horo mepe-
MiIIEHHSI JYOIIOIOTHCS TOTIOMIKHUM TIOLIYKOBUM OJIOKOM, SIKMI HE CTIOKMBA€E MaUBa.

Ha >xanb, BpaxoByrour BOEHHI NOAIT Ha TepUTOpii YKpaiHH, aBTOpaM CTaTTi HE Bla-
Jocsl 3OIMCHUTH HaTypHI BUIPOOYBaHHS 3alpoNOHOBAHOI CXEMH PO3MiHOBYBAaHHSI.
ABTOpPH CHOIBAIOTHCS 3AIMCHUTH Lie Y MaifOyTHbOMY B MUPHHH Yac i 3alpOLIYIOTH J10
CHIBIpall yciX 3aliKaBIeHUX y pe3ybTaTax JaHOTo AOCHTIHKEHHS 0ci0 Ta opraHizariii.

BucHoBku:

1. CyTb 3ampONOHOBAHOTO METOAY MOJSTa€ y 3acTOCYBaHHI Ui TMOIIYKY SIKip-
HUX Ta JOHHHUX MiH KarepOM-TPaTiBHUKOM i3 MPUIIBAPTOBAHOIO JI0 HHOTO TipJISTHIO0
MOHTOHIB-IMITaTOPIB KOPAOJIiB JOAATKOBOTO IUIABYUYOrO MOIIYKOBOTO OJIOKY OCHAIlle-
HOT'O BiJIMOBITHOIO MOIIYKOBOIO anapaTyporo. Pe3ynpraTy mourykiB MiH TOAi 3BeAyThCS
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JI0 PO3paxyHKIB KOOPJMHAT BUSBICHHUX MiH 3ac00aMU KIHEMAaTHYHOTO MPOCKTYBAaHHSI.
Le BimuyTHO MigBHIY€E €PEKTUBHICTH Ta TOYHICTH MOIIYKIB MiH.

2. Cepe/1 KOrOpTH MOKIMBUX TPAEKTOPI MepEeMIllICHb KaTepa-TpaliBHUKA 13 J0/IATKOBO
MPUIIBAPTOBAHNM JI0 HHOTO ITOITYKOBUM OJIOKOM IMPH TIONITYKaX MOPCHKUX MiH PEKOMEHI0-
BAHO, SIK ONTUMAIIBHY TPAEKTOPIIO TIONITYKOBUX TIEPEMIIIIeHb, IO cITipaiti Apximena i3 Mix-

3. He 3Bakaroum Ha HENONIKM METOJY NOUIYKY SKIpHHX Ta JIOHHUX MiH 13 3acCTO-
CYBaHHSM 3aC001B KIHEMAaTHYHOTO MPOCKTYBaHHSI, 110 MOJISTa0Th Y WOTO TiABHIICHIH
YYTIMBOCTI JI0 METEPOJIOTTYHUX MOTO/IHIX YMOB, a OCOOJIHMBO, JIO0 BITPOBOIO HaBaHTa-
JKCHHSI Ha JIETKi TIOHTOHU-IMITaTOpH, BCE XK JaHUN METOJ Ma€ MEPCIECKTUBY IIUPOKOIO
MPAaKTUIHOTO 3acTOCYBaHH. OOYMOBIIOETHCS 1€ THM, IO MEPII 32 BCE, P HOT0 BUKO-
pHUCTaHHI ycyBa€eThCs HeOeseKa KOHTAKTY JIIOJIeH 13 BUOyXOHEeOe3[IeYHO0 MiHOO.
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Anomauisn

Bcemyn. 3pocmanna c6imogo2o pumKy KOHMeUHEPHUX MYIbMUMOOAIbHUX nepege-
3eHb Y NpuU38en0 00 PO3GUMKY DIZHOMAHIMHUX NAKYEAIbHUX MEXHOLO02IH, o 3abe3ne-
YyIOms eekmuery eKCniyamayito KOHmeuHepie O/ WUPOKO20 CHEeKMpPY 8AHMANKCIS.
Oouicto 3 makux mexHonoeiu 01 nepeseseHHs: HAIUBHUX BAHMANCIE € (DIeKCUMAHK,
WO HAOAE MONCIUBICMb NEPeBe3eHHs OAHUX 8AHMANCI8 6 CMAHOAPMHUX KOHMellHe-
pax. Heszsaorcarouu na me, wo npaxmuuna Oinbuicms nepegesensb y (hleKxcumankax
nos8's3ana 3 poCAUHHUMU ONIAMU, NpOMe OAHA MEXHON02iA 00380AE NePeso3Umu i Ou3-
nanueo, wjo modce Oymu aibmepHamueor0 mMpaouyiiHuM MexXHOL02IAM Nnepese3eHH s
ousznanuga 8 nepioou, Koau ye Heobxiono. Taxum 4uHom, 3 YPaxy8aHHAM MONCIUBOC-
metl NOWUPEeHHs HanpsAMKi6 GUKOPUCIAHHA (DIeKCUMAHKIB, aKmMyaibHUMU € NUMAHHA
opeanizayii 00CmasKu 6aHMANCI8 3 BUKOPUCIAHHAM Oanoi mexnonoeii. Pesynemamu.
B pobomi poszensnymi ocnosHi opeanizayitini numans nepede3eH sl HATUSHUX 8AHMA-
arcie y grnexcumanxax. Hadano o210 ocHosHUX Odicepell pe2yit08aHHs Npoyecy KOH-
MmelHepHUX nepesesenb (DIeKCUManKie Ha PIiBHI MIJNCHAPOOHUX MOPCLKUX Md Mopei-
BENILHUX OP2aHi3ayiil;, HA PIBHI HAYKOBO-00CIIOHUYLKUX 3AKIA0I8 MA HA NPAKMUYHOM)
PIBHI, cunamu KOMRAHIN MPAHCHOPMHO20 CEKMOopy ma NIONPUEMCMS, Yus cucmema
3abe3nevenHs mosapamiu nepeodauac 3acmocy8anHs KOHMEUHEPHO2O O00NAOHAHH.
Tokasano sk nepexio 00 UKOPUCTNAHHSA (DLEKCUMAHKIB 3MIHUB CXeMU Nepese3eHHs. BaH-
maosicie y KoHmeuiHepax ma npu3eie 00 nosi8U HOBUX CyO '€KMI8 pUHKY — NOCMAYAIbHUKIG
Grexcumankie ma 000amr08020 oonaonanms. Onucano poib cmpaxysanHs ma pusuxi,
WO BUHUKAIOMb V NEPeBe3eHHAX HAIUBHO20 8aHMAXCY. 3pobieHo ananiz Kpumepiis, Ha
OCHO8I AKUX (DOPMYIOMbCA cXeMU nepeseseHb Ma Po32NAHYmMO 08I OCHOBHI cxemu, WO
WUPOKO BUKOPUCIOBYIOMbCA 011 VKPATHCHKO20 eKCNOPMY HAUBHUX AHINANCIE Y KOH-
metinepax. Bucnosku. Hadaui pezynomamu € 0CHOB8010 018 (hopMySaHHs HA NPAKMUYI
¥ OIiAIbHOCI MPAHCHOPMHO-EKCNeOUMOPCOKUX KOMNAHIL cxeM OOCHABKU BAHMANCIE
V hrexcumanxax 0 pizHUX KOMEPYIUHUX YMO8 Ma PO3N00ILY 8i0N08I0ANbHOCHE MIdiC
cmoponamu. Pezynemamu 0a3yiomscsi Ha y3a2aibHeHi CyuacHo20 00C8idy 3 YPaxy8aH-
HAM ICHYIOYUX MOJNCIUBOCMEL PUHK)Y MPAHCIOPIY NHOCTY2.

Knrouosi cnosa: opeanizayis oocmaexu, cxemu OOCMABKU, HAAUBHI BAHMADIC,
KOMepYIHI YMOBU OOCMABKUL.

© Bumnescoka O./1., BumneBcokuii [1.0., Onumenxo C.I1., 2023
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Summary

Introduction. The growth of the global container multimodal transportation market has
led to the development of various packaging technologies that ensure the efficient operation
of containers for a wide range of cargo. One of such technologies for the transportation
of bulk cargo is the flexitank, which provides the possibility of transporting these cargoes
in standard containers. Despite the fact that the practical majority of transportation in
flexitanks is related to vegetable oils, this technology allows the transportation of diesel
fuel as well, which can be an alternative to traditional technologies of transportation of
diesel fuel in periods when it is necessary. Thus, taking into account the possibilities of
expanding the use of flexitanks, the issue of organizing the delivery of goods using this
technology is relevant. Results. The paper considers the main organizational issues of
bulk cargo transportation in flexitanks. An overview of the main sources of regulation of
the container transportation process of flexitanks at the level of international maritime
and trade organizations is provided, at the level of scientific and research institutions and
at the practical level, by companies of the transport sector and enterprises whose system
of supply of goods involves the use of container equipment. It is shown how the transition
to the use of flexitanks changed the patterns of cargo transportation in containers and led
to the emergence of new market entities — suppliers of flexitanks and additional equipment.
The role of insurance and the risks arising in bulk cargo transportation are described. An
analysis of the criteria on the basis of which transportation schemes are formed was made,
and two main schemes widely used for Ukrainian export of bulk cargo in containers were
considered. Conclusions. The presented results are the basis for forming in practice in
the activities of transport and forwarding companies cargo delivery schemes in flexitanks
for various commercial conditions and the responsibilities between the parties. The
results are based on the generalized modern experience taking into account the existing
opportunities of the transport services market.

Key words: organization of delivery, delivery schemes, liquid cargo, commercial
terms of delivery.

Beryn. 3pocTtanHs CBITOBOTO pUHKY KOHTEHHEPHUX MYJIBTUMOJAIBHUX ITEPEBE3CHDb
y TIPU3BEIIO 10 PO3BUTKY PI3HOMAHITHUX MaKyBaJbHHUX TEXHOJIOTIH, 0 3a0€3MeUyI0oTh
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e(eKTHBHY CKCIUTyaTallif0 KOHTEHHEpIB JJIsl IUPOKOTO CHEKTpYy BaHTaxiB. OJHi€I0
3 TaKWX TEXHOJOTIH JJISl TIePeBE3CHHSI HATMBHUX BAHTAXIB € (JIEKCUTAHK, IO HaJae
MOXITUBICTD TIEPEBE3CHHS JAaHWX BAaHTaXIB B CTaHAAPTHUX KOHTeiHepax. driekcu-
TAHKH BHKOPHCTOBYIOTHCS JUIS TEPEBE3CHHS HAIMBHUX BaHTaxiB Ounbiie 20 poKiB.
OnHak pi3ke MiJBHINCHHS 00’ €My MepeBe3eHb 3 BUKOPUCTAHHSAM TaKOi Tapy BUHHKIIO
y 2006 potii y 3B’513Ky 3 MOSIBOIO OJTHOPA30BUX (ieKCHTaHKIB [1].

lopiunmii mpupicT pUHKY NepeBe3eHb Yy (UIeKCHUTaHKaxX OMIHIEThes y 15-20%
[2]. Bin 15% mo 20% 06’emy ycix mepeBe3eHb 3ailicHIOBaIOTHCS 3 [TiBneHHOT AMe-
pUKH, Jie 0COONMBO BHIUISIFOTHCS TICPEBE3CHHS BUHA Ta (PPYKTOBUX COKIB. 3arajibHHI
BUIIA] (IICKCUTAHKY y KOHTEIfHepi HaBeieHo Ha puc. 1. Ha croromuimHiil neHs opra-
Hi3allisl TepeBe3cHh HAJIMBHUX BAHTAXIB y (ICKCHTAHKAaX YBIWIIIA B CTaHAAPTHHH
Ha0ip MOCIYT, IO NPOMOHYIOTHCS Ha YKPAaTHCHKOMY PUHKY TPaHCIOPTHO-SKCIICIUITIH-
HUX nmocnyr. 3 YKpaiHu y KOHTeHHepax 13 BUKOPUCTAHHSM (PIEKCUTaHKIB BUBO3UTHCS:
MacJIo COHSIIITHUKOBE, COEBE, PAIICOBE; BUHO; KOHIICHTPATH COKIB.

Puc. 1. @nexcumanxk y konmetinepi [8ioxpumi Odcepena lnmepnem]

Kpim Toro, B YkpaiHy iMIOPTYIOTHCSI BAaHTaX1 XIMIYHOT IPOMHUCIIOBOCTI y (pIIeKCH-
TaHKaX: PiJKI KOMIIOHECHTH LIEMEHTY; TIIIECPUH.

HesBaxkatoun Ha Te, IO MpaKTUYHA OUIBINICTH IEpeBe3eHb Yy (ekcuTaHkax
MOB's13aHa 3 POCIIMHHUMHU OJIISIMH, IPOTE JJaHa TEXHOJIOTIs JI03BOJISIE IEPEBO3UTH 1 JTN3-
MAJINBO, IO MOXe OyTH aJbTEPHATHBOIO TPAJUIIHHAM TEXHOJOTSIM TIEPEBE3CHHS JIH3-
najuBa B NIEPiOv, KOJIHU 11€ HEOOXIHO (HANpUKIIa, TaKka CUTYallis MaJia MIiCIle HaBECHI
2022 poky, Koiu TOTPiIOHO Oyio opraHi3yBaTH aOCOJIOTHO HOBY JIOTICTHKY IMIOPTY
JU3nanuBa 10 Ykpainu). BigzHauumo, 110 nepeBe3eHHs Au3MNaivuBa y (ICKCUTaHKax
JI03BOJICHO B ABcTpaii Ta kpaiHax [liBrneHHOa(ppUKaHCHKOTO CITIBTOBAPUCTBA PO3BUTKY
(SADC). BupoOHHIITBOM Ta MOCTa4YaHHIM TaKUX EMHOCTEH 3aiiMatoThes kommanii FTS
Flexitanks systems (ITAP), Musthane (®panuis), Wiefferink (Hinepnanau) ta iami [3].

TakuMm 4rHOM, 3 ypaxyBaHHSIM MOKITUBOCTEH MOITUPEHHS HANIPSIMKIB BUKOPHCTAHHS
(IrieKcUTaHKIB, aKTYaJIbHUMH € TUTaHHS OpraHi3allii JOCTaBKH BAaHTaXIB 3 BHKOPHCTAH-
HSIM JTaHOT TEXHOJIONII.

IocTranoBka npo6aemu. [TutanHs opraHizallii JOCTaBKH BaHTaXKIB 3 BAKOPUCTAH-
HSIM PI3HHX TEXHOJIOTIYHUX PIllIEHb € aKTYaJIbHUMH MPOTSATOM OCTAHHIX POKIB, TPHUKJIIa-
JIlaMU TaKUX J0CIIKeHB € [4—8]. 3poCcTaHHS aKTyaIbHOCTI JJAaHKUX ITPOOJIEM MOSICHIOETHCS
3MiHAMH Ha TOBapPHUX PUHKAX, BIPOBAKCHHSM IHHOBAI[IMHUX PillleHb, CIIPSIMOBAHUX
Ha TOAAJIbIy YHIBepcali3allilo KOHTEHHEPHUX IEePEBE3CHb Ta PO3LIMPEHHS CIEKTPY
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BaHTaXIB, sIK1 MiJNaJal0Th i KOHTeHHepu3aiito [9]. 3BuuaiiHo, 1110 y IEHTPI yBaru
Oaratbox jgociipkeHb (Hampukian, [10-14]), opraxizaiiist e(h)eKTHBHOT JOCTaBKH BaH-
TaXKiB y KOHTEHHEpax

3BakarouM Ha BIJHOCHO HEJABHE MOIIMPEHHs (MICKCHUTAHKIB JUIs TEpEeBE3CHHS
HAJIMBHUX BaHTaXIB Yy KOHTEIHEpax, JIITepaTypHi JuKepesa 10 OMHCYIOTh TEXHOJIOTI0
MIEPEBE3CHHSI 3BOASTHCS JI0 TPhoX Kareropiit ([15-20]):

1)3arasbpHi peKOMeH/Iallii BAHTQ)KOBIACHUKAM Ta orieparopam (IICKCHUTaHKIB 110 TeX-
HOJIOTIi 1X BUKOPHCTAHHS;

2) TecTH, JOCITIHKEHHS TEXHIYHUX XapaKTepPUCTUK Napy (reKCiTaHK-KOHTEHHED;

3) KepiBHMIITBA 3 EKCILTyaTallii (pIEKCUTAHKIB, 10 BUJIAIOTHCS 1X BUPOOHHKAMHU.

3araibHi PEKOMEH/IAIIIT 3 TePeBE3eHHS BaHTAXIB y (UICKCUTaHKax BUKIaeH] B Kosi
npakThku st prexcutankiB “Code of Practice for Flexitanks” [1, 17], po3pobiaeHoro
Acoriamiero BiacHUKIB koHTelHepiB (Container owner Association, nami COA). Tyt
Npe/ICTaBIICH]: BAMOTH II0JI0 BiIOOPY KOHTEHHEPIB, MPUAATHHUX JUTS TIEPEBE3CHHS (IIeK-
CUTaHKIB, 1X MapKyBaHHS; TEXHOJOTis BHUIPOOYBAaHHS Mapu KOHTEHHEp-(IIEKCITaHK
JUTSI TIEPEBE3EHB 3aJII3HUIICIO; PO3IMOIT BIAMOBIIAIBHOCTI MK yYaCHUKAMH TPOIIECY
MIEPEeBE3CHHS 1 i1 B pa3i MOIIKOKCHHS BaHTaXy, KOHTelHepa abo ¢uekcitanka. Kos
HEe € 00OB'SI3KOBUM 1 HOCHUTh PEKOMEHJalliiiHuii xapakrep. Kpurepii Bigdoopy oOiaj-
HaHHSI Ta TEXHOJIOT1sl BUKOPUCTAaHHS (DIIEKCUTAHKIB IS IEPEeBE3ECHHS TAKOXK BUKJIa [CHA
B Pexomenpanisix KnyOy B3aemHOro crpaxyBaHHs BenmkoOpuTaHii 3a TEXHOJOTi€I0
nepeBe3eHHs BaHTaxiB y ¢rekcutankax “Carefully to Carry. Flexitanks” [15].

JociipkeHHst (Qi3MYHAX XapaKTEPUCTUK B3aEMOJIT Mapu KOHTeHHep-(eKciTaHk
NpPE/ICTaBIICH] B HACTYITHUX JKEepelax:

o TIpoekt PAS 1008 [11] — Crnerudikariiss BApOOHUYOTO MPOIECY 1 TECTyBaHHS
¢uIeKCUTaHKIB, pO3pO0JSEThCS ACOIlialli€r0 BIACHUKIB KOHTCHHEPIB CITiIbHO 3 bpuraH-
CBKUM 1HCTUTYTOM cTanjaptiB (HamionansHuii opran crannaprusanii BeaukoOpura-
HiT) 15t ceprudikamnii BUpoOHUKIB (iekcuTaHKiB. BiH BCTaHOBIIIOE BUMOTH JIO MaTepia-
JIiB, KJIATIaHIB, TEXHOJIOT1] BUPOOHUIITBA Ta HalaHH1 iH(QOpPMAILii, & TAKOXK OTIHCYE METO
NEepeBIPKH TePMETUYHOCTI KJIAMaHIB Ta MPUIATHOCTI (IEKCUTaHKa JJIsi BUKOPHCTAHHS
B 3QJTI3HUYHHX [IEPEBE3CHHSIX.

e JlomoBiae mpo gocimipkeHHS (uiekcuTaHkiB [16], mpoBeneHa HIMEIBKHM Kila-
cudikaiiaum toBapuctBoM Germanischer Lloyd SE (mani 3a tekctom — GL) Ha
3aMOBJICHHSI HiMmelnbkoi Acoriamii crpaxyBanHs Gesamtverband der Deutschen
Versicherungswirtschaft E. V. (naii 3a rekcrom — GDV EV). HaBesieno pesysbsraTu po3-
paxyHKy TpaHUYHO-IOIYCTHMOTO 3aBaHTaKEHHS (IICKCiTaHKa B KOHTEHHEP] B 3aJexk-
HOCTI BiJi PiBHSI IONEPEYHOTO MPUCKOPEHHS JJIsl PIIMHU TycTHHOIO 1 T/KyO.M Juist
BapiaHTIB JIIHIHHOT Ta MapaboNIiYHOT anpoOKCUMAIIil PO3IOJITY THCKY PiJIMHU Ha O14HY
CTIHKY KoHTelHepa. [IpencraieHi rpadiki rpaHUYHO JOMYCTHMOTO 3aBaHTaKCHHS
KOHTeliHepa B pa3i HOro po3MilieHHs Ha any0i i B ToAnasryOHOMY IPOCTOPI ITPpH PiBHI
MOTMEPEYHOr0 MPUCKOPEHHS 3TiHO 3 npaBuiaMu GL st BUMAaKiB BUCOKOT 1 HU3BKOT
METaLEHTPUYHOI BUCOTH CyJHA.

TecT Ha MPUAATHICTD Mapu QIEKCITaHK / KOHTEWHED JUIS 3aTi3HUYHHUX TIepEBE3CHb:

* COA Flexitank/Container Combination Standard Rail Impact Test Report [18],
MPOBOINTHCS HAa BUITPOOYBaIbHOMY KOMILIEKCI [OpIUIlh HIMEIIBKOIO EKCTIIEPTHOIO Opra-
nizamiero Technische Uberwachungs-Verein SUD (nani 3a Tekctom — TUV SUD);
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* Rail Impact Test u Rail Vibration Test, 1110 npoBosThcst Acoliiaiiero AMeprUKaH-
cekux 3amizHuilb (Association of American Railroad, mnani 3a rekctom — AAR) y Ilye-
610, Komopano.

* KepiBHuiTBa 3 ekcrutyarailii (UICKCUTaHKIB HAJal0Th PEKOMEHIAIli 3 BHOOPY
KOHTeWHepa, MepeBiplli HOro cTaHy, yCTAaHOBII MiJACTUIOYHOTO 1 KPIMMMIBHOTO MaTepi-
aiy, KpilJieHH1, 3aBaHTaKeHHI, MAPKYBaHHI 1 311Bi Quiekcuranka [2, 3, 4].

TeM He MEHII, MUTaHHS came OpraHizailii Ta MoOyIOBI CXEeM JOCTaBKH BaHTaXIB
3 BUKOPHUCTaHHAM (IICKCUTAHKIB MPAKTHYHO HE PO3TIISAAI0THCS.

Linab crarTi. MeToro naHoi ¢TaTTi € i1eHTU(IKAIisl OCHOBHUX CXEM JIOCTABKH €KC-
MOPTHOTO HAMBHOTO BaHTaXy Yy (IIEKCHTAaHKaX Ha OCHOBI y3arajbHEHHS iCHYIOUOl
MPAaKTUKU POOOTH EKCIIEUTOPCHKIX KOMITAHIMH.

OcHOBHI 1[iJ1i Ta YMOBH, 110 3yMOBJIIOIOTH BHOIP CXeMHU MepeBe3eHHsI HAJIUB-
HOT'0 BAHTA:KY 32 I0NOMOT0I0 (M1eKCUTAHKIB

MeToro 3aMOBHHKA TIEPEBE3CHHS OYIb-SIKOTO BAHTAXKY € JOCATHEHHS MAaKCHUMATBHOL
SIKOCTI TIepeBE3CHHS MPU MIiHIMaIBHHX BUTpartax. TyT i Jajii y JaHOMY BBaKaeMo BHPOO-
HHKa BaHTaXKy OJJHOYACHO BAaHTAYKOBIINPABHUKOM a TAKOK 3aMOBHHKOM TIEPEBE3CHHSI.

SIKicTh IepeBe3eHHs 00’ €KTMBHO MOYKHA OLIIHUTH 3 JIOMIOMOTOO HACTYITHUX KPUTEPIiB:

— CTpOK IiepeBe3eHHs (Moke OyTH OOMEKECHHH yMOBaMHU TOPTiBEIBHOTO KOHTP-
aKTy, (hi3MKO-XIMIYHUMU BIACTUBOCTSIMH BAaHTAXY),

— Oe3reka MepeBe3eHHs BAHTAXY (PU3MK HOTO MONIKOKEHHS a00 HecTaui).

CTpok mepeBe3eHHsI BIUIMBAE HAa BHOIp MapHIPyTy, a TaKOX MEPeBi3HUKA Ha HOTO
MOPCBKii Ta CyXOmyTHil ainsHKax. [lepeBi3HUK HAa MOPCHKIiH JINSAHIN — KOHTEHHEpHA
JIiHIS — 00MPAETHCS 32 CTPOKOM PEHCY Y OIMyOIiKOBAHOMY PO3KJIai Ta KUTBKICTIO MOPTIB
NepeBaIIKU, aJPKE TIPU TEPEBaHTAKCHHI KOHTEHHEpY 13 BAaHTAXKEM 3 OJHOTO Cy/lHA Ha
IHIIIE € PU3UK 3aTPUMKH BAaHTAXY Y TpPaH3UTHOMY MOpPTY. [IepeBi3HUK HA CyXOMyTHiH
JUISHII — aBTOTPAHCTIIOPTHE MiNPUEMCTBO ab0 omeparop 3alli3HUYHUX BaroHiB 00OH-
Pa€EThCs 32 CTPOKOM TIEPEBE3CHHS 110 CyXOIyTHIN JUISHII Ta 4aCOM Ha OIepallii 3 mpu-
oMy BaHTaXy y IOPTY BIANPABICHHS Ta BUIAUCIO Y TIOPTY MPU3HAYCHHSI.

Besneka mepeBe3eHHs] BaHTa)Ky 3yMOBIIOE BUOIp THUITy MaKyBaHHS, BUJIY TpaH-
CTIOPTY, MapIIpyTy 3 OISy Ha HASBHICTh HEOOXIJHOCTI MEpEeBAaHTAXEHHS 13 OJHOTO
TPaHCIOPTHOTO 3ac0o0y Ha HIINI Ta KOHKPETHOTO TIEPEBI3HUKA 3 OISy Ha TeXHIUHHH
CTaH TPAHCIIOPTHOTO 00JIa/THAHHS.

Butparu Ha nepeBe3eHHs] HATMBHOTO BAaHTAXy OOMEKYIOTHCSI PI3HUICIO MiXK co0i-
BapTICTIO HOTO BUPOOHHMIITBA Ta 3aKyIIBEIHHOIO I[IHOIO 32 TOPTiBEJIbHUM KOHTAKTOM,
SIKIIO KOHTPAKT yKJIaJieHnid Ha ymoBax rpynu “C” abo “D” (ymoBu IHkxotepmc) abo
LIHOIO MPOJIAXKY, SIKIIO KOHTPAKT yKIIaJeHUi Ha ymMoBax rpynu “E” a6o “F”. B 3aranb-
HOMY BUTIaJIKy, CKOHOMIYHA JIOIUIBHICTh MEePEBE3CHHS! KOHKPETHOTO BAHTAXY 32 KOH-
KPETHUM MapHIPyTOM OJHO3HAYHO BH3HAYAETHCS TMOPIBHSIHHSIM COOIBapTOCTI mepe-
BE3CHHSI Ta PI3HHICIO MK PUHKOBUMH BapTOCTSMHU BaHTAXy Yy KpaiHi BiJlpaBicHHS
Ta KpaiHi MpU3HAYCHHS.

Butpartu Ha mepeBe3eHHSI BAHTAXY CKIANAIOThCS SIK 3 BUTPAT HA caMe TPaHCIOop-
TYBaHHS, TaK 1 Ha MIITOTOBKY BaHTaXy JI0 TIEPEBE3CHHS, NIEPEBAHTAKEHHSI y TIpoIeci
JOCTaBKH, a TaKOX JIOKyMEHTaJIbHE O(OPMIICHHS MPOLECY TIOCTaBKU 3T1THO YHHHOTO
3aKOHOJIABCTBA KpaiH, Yepe3 TEpUTOPil0 SKUX MEePeBO3UTHCS BaHTaxk. Po3mip BUTpar
3aJIeKUTh SIK BiJl 0OpaHOI cXeMM IepeBe3eHHs, Tak i Bl po3Mipy maprtii (a came
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BIJIIIOBITHOCTI MK pPO3MIpOM MapTii 3 01HOTO OOKY Ta BAHTAKOIIJHOMHICTIO Ta BaHTa-
YKOMICTKICTIO TPaHCIIOPTHHX 3aC001B 3 IHIIOT0) 1 € BUPILIATILHUM KPUTEPIEM SIK Y 3aj1a4i
BU3HAYCHHS JIOIIIBHOCTI CaMOTr'0 MEePEBE3eHHS, TaKk BUOOPY HOrO CXEMH.

YMoBamH, 110 BU3HAYAIOTH BUOIP CXEMH MEPEBE3CHHS, € TEXHIYHI MOTYKHOCTI BiJI-
NpaBHUKA Ta OTPHUMYyBada BaHTaXKy, a TakoK reorpadiqHuil HANPSIMOK TEpEBE3CHHS
Ta TpaHcnoptHa iH(ppacTpykTypa. TexHiuHe oOmajgHaHHS, 1O Oyae BUKOPUCTAHO
BiJINIPAaBHUKOM JIJIsl 3aJIMBKM BaHTA)XKy 3YMOBIIOE BHOIp MaKyBaHHS JJISl TICPEBE3CHHS
(pnexcuraHk, €BPOKYO, KaHicTpa, O0UKa 1 T.I1.).

leorpadiyanii HaNPsIMOK IEepeBE3CHHsI — MICIICe3HAXO/HKEHHSI BiIIPaBHUKA, OTPH-
MyBaua BaHTa)y, MUTHUX TEPMiHAaJIIB, HA IKUX MMPOXOANUTH 0(hOPMIICHHS MI>KHAPOIHOTO
NepeBe3eHHs Ta MYHKTIB MPOITYCKy Yepe3 JIEepKaBHUN KOPJOH BU3HAYAIOTh BapiaHTH
MOKITUBHX MapIIpyTiB EPEBE3CHHSI.

HasiBHICTH Ta MPOIYyCKHA CIPOMOXKHICTH TPAHCIIOPTHOI 1H(QPACTPYKTypH HakIia-
JAIOTh OOMEKEHHS Ha CIIEKTP MOXKIIUBHX MapHIPYTIB Ta THITM TPAHCIIOPTHHUX 3ac00iB,
110 Oy/yTh BUKOPHCTaHI Ha CYXOIyTHUX JUISTHKaX MapuipyTy. Hanpukian, BiacyTHICTh
TEXHIYHUX TOTY>KHOCTEH A1l pOOOTH 3 BETMKOTOHHA)KHUMH KOHTEHHEpaMH Ha 3aji3-
HUYHUX CTaHINSIX y PaiioHI MICI[E3HAXO/PKEHHS BiJIIPABHUKA BUKIIFOYAE MOKIIUBICTH
1oJ1a4yi KOHTEWHEPIB IMi]1 3aBaHTAXKCHHS HA 3aJII3HUYHUX TU1aT(Gopmax.

Haii0iab1m nommpeHi TpaHCNOPTHI YMOBH TOPriBe/IbHUX KOHTPAKTIB Ha MOCTA-
YaHHS HAJMBHHUX BAaHTAXKIB y uieKCUTaHKAX.

Po3missHeMO OCHOBHI eTamnu nporecy rnepeBe3eHHs. TyT 1 Hajali OyJeMo BBaXKaTH
IO TOPTiBEJILHUI KOHTPAKT YKJIQJCHO HANPSIMYy MiXK BUPOOHMKOM BaHTaXy Ta KiHIle-
BUM TOKYTIIICM.

ITigrorosyi eramnu:

1. akkpeauTallisi BiJiIPaBHHUKA SIK Cy0’€KTa 30BHINIHBOCKOHOMIYHOI JisIBHOCTI
Yy MUTHHX OpraHax;

2. peectpaiiist y JlepxkaBHill BeTeprHapHii Ta/ab0 (iTo caHiTapHil ciayx0ax, sKIIo
EKCIIOPTYETHCS BAHTAX, 110 MI/NAIA€E I1iJ] BiINOBIIHY (OpMY KOHTPOJIIO;

3. MpoBeNeHHs aHali3iB, eKCIePTHU3, OTPUMAaHHs J1abOpaTOPHUX BUCHOBKIB OO
SIKOCTI BAHTAXKy 32 BAMOTOIO TOPTiBEILHOTO KOHTPAKTY a00 3aKOHO/IABCTBA KpaiHU Bifl-
NpaBJICHHS/TIPUOY TTS;

4. yKnajaHHs JOTOBOPIB 3 IMOCTa4allbHUKaMU TPAHCHOPTHUX IOCIYr — Iepe-
BI3HMKOM a00 EKCIICIUTOPOM, MHTHHM OpOKEpOM, 3a MOTPEeOO BHUPOOHHUKOM abo
JUCTPHO FoTepoM (IICKCUTaHKIB.

Etanu opopmieHHs BAaHTXXHOT apTii:

5. oopMIICHHS 3asBKM Ha TICPEBE3CHHS 3 TICPEBIZHIUKOM a00 €KCIIETUTOPOM;

6. po3MileHHs OYKiHTY;

7. mozia4a TpaHCIOPTHOTO 3aco0y Ha 3aBOJI BiIIPaBHHKA;

8. 3aBaHTaXEHHS BAHTAXY Y TPAHCIIOPTHUH 3aci0;

9. mpoxXo/KeHHs cepTUdikalii BAaHTaxXy y KOHTelHep1 y JlepaBHill BeTepuHApHIH
Ta/abo dito canitapHiii cnyx0ax (Mpu HEOOX1THOCTI);

10. mepeBe3eHHs BAaHTaXXy HA MUTHHUI TepMiHaI;

11. MuTHE OQOPMIICHHS BaHTAXY y KOHTEHHEPI y PEIKUM EKCIIOPTY;

12. mepeBe3eHHs BAaHTaXYy Y TIOPT BiAIPABIICHHS;

13. mopToBe excrenupyBaHHs KOHTEHHEDY;
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14. 3aBaHTa)KeHHS HA OOPT CyIHA;

15. BignpaBiieHHS KOHTEHHEPY 3 BAHTAXKEM JIO TIOPTY MPU3HAYCHHST;

16. BUIaHHS TTAKETYy KOHOCAMEHTIB;

17. nmepemaua makeTy TOBapOTPAHCIIOPTHUX JJOKYMEHTIB OTPUMYBady BaHTaXY;

18. mpuOyTTS KOHTEHHEPY 3 BAHTAXKEM JI0 TIOPTY NPU3HAYCHHS;

19. BUBaHTaKEHHS 3 OOPTY CyIHA;

20. TOpTOBE EKCIIEeANPYBAHHS Ta MPOXOKEHHs (DITO cCaHITapHOTO Ta/abo BeTepruHap-
HOTO KOHTPOJIIO 3 OOKY JIep’KaBHHUX OpraHiB KpaiHW npu3Ha4eHHs (32 HEOOXiHICTIO);

21. mepeBe3eHHs KOHTEHHEPY HA MUTHHI TEPMiHAI;

22. MuTHE 0(pOPMIICHHS BAaHTAXY Y PEXKHUM IMITOPTY;

23. mepeBe3CHHSI BAHTAXKY Ha CKJIaJl OTPUMYBaua;

24. BUBaHTa)KCHHS.

3aKIouHi eTarnu:

25. yrumizaiiist pJIeKCUTaHKY Ta Ccenapartii;

26. MOBEpHEHHS KOHTEHHEPY ITiJ] KOHTPOJIb KOHTEWHEPHOT JIiHii.

Po3mozii BiJNOBIIabHOCTI 32 BUKOHAHHS KOYKHOTO 3 €TalliB IIEPEeBE3CHHS BU3HAYA-
€THCS 32 TPAHCIIOPTHUMH YMOBaMHU, Ha SIKHX YKJIaJIeHO TOPTiBEIbHUI KOHTPAKT.

Ha puHKy yKpaiHCBKOTO €KCHOPTY HAJIMBHUX BaHTaXKiB MONIMPEHO 4 BUAM TaKUX
ymoB — FCA, FOB, CIF, CFR 3a Iakotepmc-2020. Po3misiHeMO OCHOBU BUOOPY KOXK-
HOTO 3 BapiaHTiB OKPEMO.

FCA (sx mpaBmio 3aBoJi BUpPOOHHUKA, JIe IPOXOIUTH 3aJIUB BAHTAXKY y TPAHCIIOPTHUH
3aci0) BUKOPUCTOBYIOThCS B Pa3i, KOJU BIANPaBHUK HE x0oue a0 HE Ma€ MOYKJIMBOCTI
OpraHi30BYBaTH MPOLIEC TIEPEBE3CHHS BaHTaXy. B TakoMy pasi BiH BiAMNOBIAa€ TiIBKH
3aeranu 1,2, 3,8,9, 11.

VY nopiBHsHHI 13 ankTepHaTHBOIO — yMoBaMu Exworks, Bukopuctanus ymoB FCA
€ JOIUIBHIIINM 3-32 CKJIaJHOCTI MPOXO/DKEHHSI JIeP)KaBHOTO KOHTPOIIIO, IO 3/1iHCHIO-
€ThCsl (PITOCAHITAPHOIO, BETCPUHAPHOK Ta MUTHO ciyxkOamu. [lo-niepie, Bianpas-
HUK, 1110 TOCTIMHO 3aliMAa€EThCsl EKCIIOPTOM CBOET MTPOAYKILii, Ma€ OiIbINNI JOCBIJI TA BiJl-
npainboBaHy cXeMy poOOTH 3 TaKUMU ciiyxOamu. [1o-ipyre, BUKITIOUAEThCS (hiHAHCOBA
BIJIMIOBIJTHICTh MOKYIIIS 32 JAOJATKOBI BUTPATH, 1[0 MOXXYTh BUHUKHYTH TIPU 3aTPUMIII
BaHTaXYy JJIS JIOJATKOBUX (POPM KOHTPOJIIO TIPH BUHUKHEHHI MUTAHHS MIOJI0 BiJIIOBI/-
HOCTI SIKOCT1 BAaHTaXYy JICp’KaBHUM BUMOTaM.

YmoBu FOB BUKOPUCTOBYIOTBCS SIK TIPABUIIO JIJIsl (POPMYBaHHSI KOMEPIIIHHOT TPOTIo-
3MIIIT 0 eKCIIOPTY MPOJYKIIIT 1 MOJKYTh 3MIHIOBATHCS Ha iHINI YMOBHU [HKOTEpMC y TIpo-
1eci moro/pkeHHs QiHaabHOT Bepcii TopriBenbHOro KoHTpakTy. [lepeBaroto ymoB FOB
€ 3PYYHICTB JIJIS TOKYTIIIS, SIKMH MOXKE TTOPIBHSTH I[IHK HA aHaJOTTYHHUI TOBap y KpaiHi
BiJINIpaBJICHHS. 32 TAKUX YMOB BiJIlIPaBHUK BIJIIIOBI/Ia€ 3a BUKOHAHHS eTamiB 1—17.

YmoBu CIF ta CFR BUKOPHCTOBYIOTBCS Y BHITQ/IKaX, KOJIH BIANPABHUK Ma€e HaMip
CaMOCTIHO OpraHi3yBaT epeBe3eHHS BAHTAXKY JI0 MOKymist. [lepeBaramu Takux yMoB
niepen ymoamu rpym “E” ta “F” e:

* KOHTpOIIb BIJIMpPaBHUKA 32 CTPOKOM JIOCTaBKH BaHTa)xy Ta OE3MEKOI0 TepeBe-
3eHHS (3 OIVISILy Ha PU3UK HecTaul abo TICYBaHHS BAHTAXKY);

* KOHTpOIIb 3a (DiHAHCOBMMH BHTpaTaMH Ha OpraHizaiiro nepeBe3eHHs (y pasi
SIKIIIO BIAMPAaBHUK MAa€ CYMHIBH IIOJ0 OOTPYHTOBAHOT MOKYIIIIEM I[iHH IEepPEBE3CHHS,
10 BUPAXOBYETHCS 3 I[IHA TOBapy NPH BUKOPUCTaHHI yMOB rpym “E” Ta “F”).
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IlepeBaramu ymoBu CIF Ta CFR nepen ymoBamu rpymnu “D” e:

* BIJICYTHICTb BiJMOBIJIHOCTI BiJIlIPaBHUKA 3a IPABHIBHICTh Ta CBOEYACHICTh TIPO-
BEJICHHSI €TaIliB IEpeBEe3eHHS Y KpaiHi OTprMyBaya (3a3BU4ail OTpUMYBad, 10 MOCTIHHO
3aliMA€EThCs IMIIOPTOM TOBApiB, Ma€ OUIBIINI JOCBIJ Ta OiIbII HAJIArOMKEHY CITiB-
TMIPaLIio 3 MICIIEBUMH ITepEBI3HUKAaMHU, OpOKepaMH Ta OpraHaMH JIep>KaBHOTO KOHTPOJTIO);

* BIJICYTHICTh ()IHAHCOBUX PU3HKIB IO TIOKPHUTTIO TOAATKOBUX BUTPAT, 110 MOXYTh
BUHHUKHYTH Ha eTanax JOKyMEHTaIbHOTO O(QOPMIICHHS Ta JIOCTaBKM BaHTaXy y Kpa-
HI IpU3Ha4YeHHs (HE MOB’s3aHi 3 SKICTIO BAaHTaXy Ta MPABHIBHICTIO Ta JOCTATHICTIO
BaHTaXXOCYIPOBIIHUX JOKYMEHTIB).

OcHOBHI cxXeMH T0CTaBKHM HAJIMBHUX BaHTAXiB y uiekcuTankax. B ycix mepese-
3EHHSIX, B SIKUX BUKOPHCTOBYIOTHCS (DIICKCUTAHKH, OKPIM CTaHJAPTHUX YYacHHKIB (CTO-
POHH TOPTIBEIBHOTO KOHTAKTY; TIIPSTHAKY, 1[0 BUKOHYIOTh OKpPEMI €TaIi TIepeBe3eHHS,
JIepKaBHI KOHTPOITIOKOYI OpPraHy, TIOPTOBI JepyKaBHi Ta MPUBATHI MiPUEMCTBA, CTPAXOBI
KOMITaHi1) NpUHMaroTh y4acTh OCTa4albHUKHU (PJICKCUTAHKIB Ta JJOAATKOBOTO 008 IHAHHS:

— BUPOOHUK (IICKCUTAHKIB;

— JUCTpuO’IOTOp (IICKCUTAHKIB;

— TOCTauaJIbHUK cernapaliifHuX MmarepianiB (MMOTPiOHUI y JBOX BHMaaKax: 1) aus
¢nexcurankiB Buescherhoff, ockinbku iHIII BUPOOHMKM MOCTaBISIFOTH CeNapaliiiHi
Marepiaiu y Habopi 3 (ieKCUTaHKoM; 2) MpH 3MIITHEHHI OOKOBUX CTIHOK KOHTEHHEpY
MeTaJeBUMHU OallkaMu);

— cHemiajicT 3 BCTaHOBJICHHSI (MIEKCHTAHKIB (3a3BHYail 10 pOOOTY IMPOBOAUTH
JUCTPHO FOTOp (ICKCUTAHKIB, EKCIIEUTOp ab0 MPEACTaBHUK MOPTOBOTO TepeBaHTa-
JKYBaJIbHOTO KOMIUICKCY B 3aJIC)KHOCTI BT MICIISl 3aJIMBY (PJICKCUTAHKY).

[MocrauanHs GprueKCUTaHKIB 3aKPITUTIOETHCS JIOTOBOPOM MiXk TIOCTAYaIbHIUKOM (pIIeK-
CUTAHKIB Ta BAaHTAXOBIJMPABHUKOM a00 EKCIICUTOPOM B 3aJICKHOCTI BiJ| JOMOBIIC-
HOCTI 13 3aMOBHHUKOM II€pEBE3CHHS. SIKIO MOCTauyalbHUK € HEPe3UJCHTOM YKpaiHW,
napTist pIIeKCUTaHKIB 3a TOPTiBEJILHUM KOHTAKTOM 3aBO3UTHCS JIISl KOHKPETHOTO Tepe-
BE3CHHSI, JIOTOBIp Ha sIKe YKIIaJIeHO 3a3zajierijb. ToMy (uekcuTaHku o(opMITIOIOThCS
y PEKUM THMYACOBOTO BBE3CHHSI, SIKUH 3aKPUBAETHCS IMiJ] Yac €KCIIOPTHOTO MUTHOTO
odopMIIeHHS KOHTEHHEPY 3 BAHTAXKEM.

Jeski moneni ¢uekcutaHkiB, 30kpeMa BupooHuka Buescherhoff, mocrauarorsest 6e3
KOMIDICKTY cernapaliifHiX MarepiajiB Ta TOpIEBOi nmeperoponku. Excriequrop Moxe BUpo-
OWTH MEPETOPOJIKY Ta 3aKYIUTH Cerapaito caMoCTiifHO (y BiAMOBIHOCTI 10 IHCTPYKIIii
BUpOOHNMKa Ta pexoMenanii Kony [TpakTiku 3 BuKopucTanHs (ieKcuTaHKiB Accoriarii
BrnacuukiB Konreitnepaoro oonannanns [1] ra pexkomenpaiiii P&I kiny0Oy 3 6e3meunoro
MIePEBE3CHHS BaHTaXIB y (riekcutankax [2]) abo y TepMiHaly, 1O 3aiMAEThCS MEPeIu-
BOM BaHTaXy 3 aBTOMOOUIBHHUX 200 3aJ1i3HUYHUX I[TUCTEPH Y (PIICKCUTAHKH.

Taki TepMiHaIu 3a3BUYail HAJAIOTh KOMIUICKC 13 HACTYITHUX MOCIIYT:

— HaKOTHMYCHHS Ha TEPUTOPIi TepMiHay MOPOXKHIX KOHTEHHEPIB MMiji 0pOpMIICHUI
OyKIHT €KCIIeINTOpa;

— BiJ0ip KOHTEHHepiB, MPUAATHUX JJISl BCTAHOBIICHHS (pJIEKCUTAHKIB 3riiHO 3 [1],
[2], iHCTpYKIisIMH KOHTEWHEPHOI JIiHIT Ta BiJIIpaBHUKA (32 HASIBHOCTI);

— JpiOHUH PEMOHT KOHTEWHEPIB ISl BCTAHOBJICHHS (DIICKCUTAHKIB,

— BCTAHOBIICHHS ceraparllii, (JIeKCUTaHKy Ta MEeperopojiiku SK Ha TepMiHal, TaK
1 3 BHI3I0M CITEIiaicTa Ha MiCIle 3aJIUBKH;
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— oprasizalisi NpUHHSITTS 3aJi3HUYHUX Ta aBTOMOOUTBHUX IIMCTEPH Ta IEPEIIHB
BaHTaXYy Yy (JICKCUTAHKH;

— BUBE3CHHS KOHTEHHEPIB HA KOHTCHHEPHUH TepMiHA ISl TONAIBIIOTO 0QOpM-
JICHHSI Ta BiJINPaBICHHS Y EKCIIOPT.

OxpeMe Miclie B Oprasizailii nepeBe3eHHs HAIMBHOTO BAHTAXY 3aliMa€ CTpaxyBaHHSI.
Lle moB’s3aHO 3 MiJBHIICHUM PU3UKOM YIIKO/DKCHHS MapH KOHTEHHep-(PIeKCUTAHK,
10 MOYKE TIPU3BECTH JI0 PONIMBY BaHTaXKY, JieopMaIii KOHTelHepa, HAHECEHHS IIIKOIH
TpPEeTiil CTOPOHI Ta JI0OJJaTKOBUM BHTpATaM Ha PSATYBAHHS 3QJIMIIKIB BAHTAXKY.

VY Bunanky nepeBe3eHHs (UIEKCUTaHKIB OakaHO 00 IOTOBIp CTpaxyBaHHS BAHTAKY
MOKPHBAB yci pu3uku (rpymna «A» 3a «OroBopkamu A, B, C [HCTUTYTY JIOHIOHCHKHMX
CrpaxyBaJbHHKIB 10 CTpPaxyBaHHIO BAaHTaXIB»), BKJIFOYAIOUU CTpaxyBaHHS 30UTKIB
Ta/ab0 BUTpAT, SIKi HACTAJIH ITiJ] Yac IIepeBaHTaKCHHS BAHTAXKy Ha 1HIIHI TPAHCTIOPTHHH
3aci0, HaBaHTa)KEHHS B MTyHKTI BiINPABJICHHS, PO3BAHTAKEHHS B MTYHKTI IPU3HAYCHHSI.
Takuii BUJ cTpaxyBaHHS € aKTyaJbHUM JUIs TIEPEBE3CHb BAHTAXIB y (ICKCHTaHKaX
3-3a2 3HAYHOTO PO3Mipy 30MTKIB, IO MaJal0Th HA EKCIIEUTOpa SIK 3aMOBHUKA TepeBe-
3€HHSI 10 JJOTOBOPY 3 ar€HTOM KOHTEHHEPHOT JIiHii, a came:

—  VIIKO/DKECHHS KOHTCHHEPHOTo 00JIaIHaHHS IM1]1 Yac peiicy 3-3a (i3MYHOro HaBaH-
TaKEHHSI 3 00Ky PIIUHH y (MIICKCUTAHKY;

— BUTpATH, IO MMOB’A3aHi 3 He3aINIAaHOBAaHUM BHBAaHTKEHHSIM KOHTEHHEPY y TpaH-
3UTHOMY HOPTi Ta PATYBAHHIO 3aJHMIIKIB BAHTAXKY Y BUIAJKY MPOTiKaHHS a00 PO3PHBY
(hexkcuTaHKa;

— YIIKOJDKEHHSI KOHTEHHEPIB, 110 3HAXOIATHCS B OHOMY SIPYCl 13 KOHTEHHEPOM,
110 TIpOTikae a0o jeGopMOBaHUT BHACITIIOK TIEPEBE3CHHS ()ICKCUTAHKY;

— TpUOMPaHHS 3AJIMIIKIB BAHTAXY, 1[0 BUTIK 3 KOHTEHHEPY.

Ha cporopHinmHiil AeHb OpraHi3aTopoM KOHTEHHEPHOTO MepeBe3CHHs B OLIBIIOCTI
BUIIAJIKIB BUCTYIIA€ EKCIIETUTOP, OCHOBHA IiJIb SIKOTO — e()EeKTUBHUN BUOIp MiAPSIIHU-
KiB Ta rpaMOTHA OpraHi3allisi iX B3a€MOJii, pe3yJabTaToM SKoi € Oe3MeUHe epeBe3CHHS
BaHTaXy, BUKOHAHE 3TiTHO 3 JJOMOBJCHOCTSIMH 13 3aMOBHHUKOM ITIE€PEBE3CHHS Ta HOTO
JOKyMEHTallbHe O(OPMIICHHSI 3TiJHO BUMOT TOPTiBEJIHHOTO KOHTPAKTY Ta YHHHOTO
3akoHOJaBcTBa. J{nsi (hOpMyBaHHS MOXIJIMBUX CXEM TICPEBE3CHHS, 13 MHOXKHHH SIKUX
EKCIIEAUTOP OOMpaTHME ONTHMAIBHY 32 KPUTEPiSIMU, BUCYHYTUMH 3aMOBHUKOM, €KC-
MEMTOP Ma€ BUPIIIUTH HACTYITHI TUTaHHsI (puc. 1):

1.Axmm BHOOM TPaHCNOpPTY BanTam Gyoe aocTasnenvid Ao nopry
BIANPIBAEHHA?

ABTOMOGiNBHUA | FanisHAIHMA

=

& 1. flocTasna BaHtanty 2. loctasia BanTamy v
' 2 || astoumcrepui ana ¥ i-umcTepHi
& g NEpenusy y KoHTeRHep i3 ANA NOAANLLIOND NEpenuay y
ex § = PREKCHTAHKOM Ha HOHTEHHEP 3 dNeKcHTaHKOM Ha
E E 2 NpKNopTOBOMY APHAOPTOBOMY
Ea ¥ P

z KommABicE WoMnneNc

3. Mofasa NoPoMHLONT
KOHTEAHEpY Ha aBTOMOGINbHIF
BITHHIOBIR NnaTdopmi Ta
HOMMARKTY dAeHCUTaHKY i3
CENapalien [NA YCTAHOBKK T3
3anMBKK Ha 3apoai a6o crnan
BiANPABHMI

4. Tofak4a NopoMHLOrS
HOHTEHHEPY HA 33NTIIHMYHIN
nAaThopMi T3 KOMIAEHTY
dercHTaHKy i3 cenapauien Ana
YCTIHOBHM Ta JANMBHM Ha 3380
afio cunani BANPaskuKa

Fapon, abo craan
Bl NpABHUKA

2.fe Gyae NPoxXoAMTH cTadipoera HOHTERHEpY?

Puc. 1. Ocnosni cknadosi 0ocmasku 6aHmMasicy 3 GUKOPUCMAHHAM DILeKCUMAHKIE
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1. Bug tpancniopty, SKUM BaHTaxX Oy/e JOCTaBICHHUA 0 IOPTY BiANPaBICHHS;

2. Micrie, ne Oyne npoxoauTH cradipoBKa KOHTEHHEDY;

3. HeoOximHicTh MpoBeieHHsI cepTUdiKallii BaHTaxXYy;

4. HeoOXxitHICTh IPOBEJICHHS! MUTHOTO O(OPMIICHHS BAHTAXKY;

5. CropoHa, 10 3aiiMa€eThCs 3aKyITiBIeI0 (IICKCHUTAHKIB;

6. KinbkicTh IIeKCUTaHKIB Ta TTOCTaYalIbHUK, Y SKOTO MIPOBOAUTHCS 3aKYTIiBIS.

3 TOYKM 30py OpraHizaiii I0CTaBKU BaHTAXY y (JIEKCUTaHKAaX BHHUKAE JICKiTbKa
BapiaHTIB, SIKi OXapaKTEpPU30BaHO Ha pHC. 2, 3.

Ha nanwmii yac B YkpaiHi HOIIMPEHO JIBI OCHOBH CXEMH IEPEBE3CHHS BaHTAXIB
y (riekcuTankax, siKi mepea0avaroTh BUKOHAHHS OTepalliif, BCTAHOBICHUX BHUIIIE.

Cxema 1.

1. BanTax Oyzie tocTaBiIeHUi 10 IOPTY BiINPaBICHHs Y KOHTEHHEPi Ha aBTOMOO1ITh-
Hill pituHroBili mnardopmi (Bapiant 3).

2. CradipoBka KOHTelHEepY Oy/ie IPOXOJMTH Ha 3aBOJI BiJIIPaBHHKA.

3. ExcrienuTop He MpOBOANUTE CePTU(IKAIIIO BAHTAXKY.

4. ExciennTop MpoBOANTH MUTHE O(POPMIICHHS BaHTAXY.

5. BiAnpaBHUK POBOJUTH 3aKyTKY (QICKCUTAHKIB.

6. 3akymiBis po3apiOHOT mapTii MPOBOAUTECS Yy TUCTPHO FOTOpA.

Cxema 2.

1. BanTax Oy/ie tocTaBiIeHuUi 10 OPTY BIANIPABICHHS y KOHTEHHEP1 Ha 3aTi3HUYHIN
ruiatdopmi (BapiaHT 4).

2. CradipoBka KOHTelHEepY Oy/ie TIPOXOJMTH Ha 3aBOJI BiJIIPaBHHKA.

3. ExcriennTop He MpOBOANUTE CePTU(IKAIIIO BAHTAXKY.

4. ExciennTop MpoBOANTE MUTHE O(POPMIICHHS BaHTAXY.

5. ExcriequTop mpoBOIUTH 3aKyITIBII0 (PJICKCUTAHKIB.

6. 3akymiBisg KOHTEHHEpHOI mapTii (IEeKCUTAHKIB TMPOBOJMTHCS Y a3iaTChKOTO
BHUPOOHHKA.

[MommpeHHs JaHUX CXeM He BUHUKA€ e(DeKTUBHICTh BUKOPUCTAHHS 1HIIIMX BapiaHTIB
3a TICBHUX YMOB Ha PUHKY KOHTEHHEPHHX IEPEBE3CHb.

BucnoBku. B poOOTi po3misiHYTI OCHOBHI OpraHi3amiiiHi MUTaHHS IepeBE3CHHS
HAJIMBHUX BaHTaXIB y (riekcuTaHkax. HalaHo omisii OCHOBHUX JDKEPEN PEryJroBaHHS
npoliecy KOHTCHHEPHUX TepeBe3eHb (IIEKCHTAHKIB Ha PiBHI MIKHAPOIHHX MOPCHKUX
Ta TOPTiBEJIbHUX OpraHizalliid; Ha piBHI HAyKOBO-JOCIIIHHUIIBKUX 3aKJIaJliB Ta HA TpaK-
TUYHOMY PiBHI, CHJIaMH KOMIIaHii TPaHCIIOPTHOTO CEKTOPY Ta IMiANPUEMCTB, YUl CHC-
Tema 3a0e3TeUeHHsT TOBApaMH Tepe10adac 3aCTOCYBaHHsS KOHTCHHEPHOTO OOJaHAHHSI.
[TokazaHo sk mepexij o0 BUKOPHCTaHHS (PIIEKCHTAHKIB 3MIHUB CXEMH TIEPEBE3CHHS BaH-
TaXIiB y KOHTEWHepax Ta MPU3BIB JI0 TIOSIBU HOBHUX CYO €KTiB PHHKY — TIOCTA4aJIbHHUKIB
(hrieKcUTaHKIB Ta JI0aTKOBOTO 00aHaHHs. ONMCaHO PONb CTPAaXyBaHHS Ta PU3UKH, 1110
BUHHKAIOTh Y MIEPEBE3CHHIX HATMBHOTO BAHTAXY. 3pOOJICHO aHai3 KpUTEPiiB, HA OCHOBI
SIKAX (POPMYIOThCS CXEMH INEPEeBE3CHb Ta PO3IISIHYTO JBI OCHOBHI CXEMH, IO HIMPOKO
BUKOPHCTOBYIOTHCS ISl YKPATHCHKOTO €KCIIOPTY HATMBHUX BaHTAXKIB y KOHTCHHEpaXx.
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[l0CTaBKa BAHTAMY Y ABTOLMCTEPH
NS NOAANBIOFC NepeMBY Y

3.4 HeoBXxifgHO eKcneauTOPY NPOBOAWUTU CepTUQIKALLiIo BaHTaXy?

I KOHTEHHED I3 preKCcMTaHKOM Ha
npunopTosoMy
MEPEBAHTAXYBANDHOMY TaK Hi
Komnnexci
= CepTudikalia Ta MUTHE ODOPMAEHHA Y BUN3AKY AKLLO BAHTAXK He
= 5[ = BaHTaMy NPOBOAMTLCA MiCNA nignagaenig dbitocaditapHui ato
5: o T 38BaHTaMKEHHA KOHTeHepY y NOpTy BETEPMHAPHWIA KOHTPONb,
\g g; § = = eignpaenenna abo Ha Hafflﬁnumqomy eKcneguTop npu.Bup,meﬁurc MMTHE
=y % (= MWUTHOMY TEpMiHani, Kyam ohopMAEHHA NICNA 3aBaHTaKEHHA
2 s 'g' ";E KOHTEWHEp NOAAETbCA Ha KOHTEWHEpY Y NOPTY BiANPaBNeHHA
= Sod aBTOMOBINbHIKA GITMHIOBIMA a6o Ha HalBAMKYOMY MHUTHOMY
I A . .
B ¥ = nnatdopmi * TepmiHani
[~}
g =
x —
@ T _ _
JocTaekaeaHTasy y
33N13HMYHOMY BATOHI-LMCTEPHI 341 HeoOXigHO eKcnenMTopy NPOBOAWTM CepTUdIKaLo BaHTamy?
2 AR NOAANBLOTO Nepenuayy
oHTeliHep Ha npw
NepesaHTaXysa bHOMY TaK H|
KOMAAEKCEL
Y BUNaJKy AKLIO BAHTaX He
CepTudikalia Ta MUTHE 0GOPMAEHHA nignagaenia ditocaxitapHuii abo
BaHTaKy NPOBOAMTLCA NicAA BETEPMHAPHMIA KOHTPOAD,
. 33BaHTAXEHHA KOHTEHHepyy NopTy | eKcrneguTop NPOBOAWTL HOTO MUTHE
4. 41 HeobXiAHO = BianNpasneHHs abo Ha Hallbnuxkuomy | odopMNEHHA NICNA 3aBaHTaKEHHA
eKcneauTopy k= MUTHOMY TEpMiHani, Kyau KOHTelHepa y NopTy BiAnpaBaeHHA
NPOBOAUTA MUTHE KOHTEWHep NoAacThcA Ha ab0 Ha HaMBAMKUYOMY MUTHOMY
OhOpPMNEHHA BaHTamy? aBToMOGINbHIN ¢|_TV|HruBm TepmiHani, Kyau KOHTelHep
naatpopmi * MOAaEThcA Ha aBToMOBINbHIN
iTuHroeil nnardopmi
= - -

Ha aBTOMOGIABHI (iTMHFOEIT
nnaThopmiTa KoMARERTY

3 rexcutanky ia cenapauiero ana

YCTEHOEKVTE 33/ MBKM Ha 338047
aBo cunani BianpasHUKa

Monaya NOPOHHLOTO KOHTE fiHe Py

3.4u HeobBXiAHO eKcneauTOpy NPOBOAUTH CepTUdIKaLiio BaHTaMy?

Hi

CepTudikalia Ta muTHe odopmaeHHa

Y BUNAZKY AKLLO BaHTaK He
nignagac nig ditocaHitapHuid abo
BETEPUHAPHWI KOHTPOAb,

x BaHTaXy NPOBOAWTLCA Y MOPTY .
© | 5 EKCTIEAUTOP NPOBOAUTL HOTO MHTHE
: = | sBignpaeneHHs abo Ha HanBAMKUOMY s it i
s AR (TR TRt aﬁpu Ha Haﬁgnmx?:zmp' gno
eKcneauTopy Ly
MUTHOMY TEpMiHani
NPOBOAWUTH MUTHE
0DOPMAEHHA BaHTAMY? Cepmbikauia Ta MuTHe
obOPMIEHHA BaHTaKy NPOBOANTLEA
eI - 3a3BUMUail 32 MiCLIEM 3HaXO[HEHHA

3aBOJY BiANPEBHWKE — HA
HaUBAKMIOMY MUTHOMY TEPMIHANT

sanisHAHIA nnaThopmiTa

Moaaua NopoMHIx KoHTEHHEpIE Ha

3.41 HeoOXiAHO eKcneanTOpy NPOBOAMTH CepTMdIKALIK BaHTaMy?

KOMNANEKTIE GreKcuTaHKia i3
a| =
3ANMBKM Ha 33801 aG0 cknaal

BiANpasHMKa.

TaK

Hi

CepTudiralia Ta MUTHE 0bOPMASHHA

Y BMNAaAKy AKLLO BaHTaMX He
niananas nig ditocaHitapHui ato
BeTepUHAPHUWIA KOHTPOb,

x BaHTaXy NPOBOAWTLCA Y NOPTY "
o | s EKCNEAWTOP NMPOBOAWTL MO0 MUTHE
: = | BignpasneHHs ato Ha HanBaKmKUOMy TV T o ey G R
sl A TRy TR TN aﬁri] Ha Haﬁgnm?:zm - snu
excneguTopy Lty
IDOBOINTA MUTHE MUTHOMY TEPMiHaAi
DOBOA MuTHe 0DOPMAEHHA BaHTaMy
OpOPMNEHHA BaHTaXYy? NPOBOANTLCA Ha HARBAMMKYIA
= 2aNI3HWYHIA CTaHUl, e

PO3TALIOB3HWI MUTHUIA NOCT Ta 3
AKol BiAByBacTheA BiANPaBAEHHA
HOHTelHeDiB 40 NOPTY

Puc. 2. OcnosHni opeanizayiiini 0ii ekcneoumopy
07151 PI3HO20 PO3NOOLNY 0008 '3Ki8
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BapianTin = = :
nepeseseHtA 5.AKai3 cTopiH NPOBOAMTE 3aKynKy GNeKcHTaHKIB?
DocTayanbHrk

poswip napTii BiANPaBHUK excneguTop

1
=
£ | [ |l A
= 2 ’ - ’ o
= g = AncTomB'roTen v kpaidi MCTRME 1Tep v kpaiHi
% = g sasaHTameHHs / Byab-aka; 3aBaHTamenHn [ Oyab-AKa;
= E,t e sMpobnmK vy Asii abo CLUA / nosHKiA sMpobnuK y Asiiabo CLUA / nosHKiA
E o 5 KOHTEMHED; HOHTEMHED;
-3 . .
E = H eupobrumk y Esponi/ TeHT BupoBhumk y Esponi/ TeHT
$ot
s i
= I gl E
56 all3]4 3 (a
= 3 g
= ap -
; E = OncTpuG’ioTep y kpaii OnctonG’ioTen y kpaii
g 2 = 33BaHTamenHA [ po3apitna; 33BaHTamenHA [ po3apibna;
@Z evpobnHwk y Eaponi / posapitna. eupobHuKk y Eeponi / posgpitHa.
a.

Puc. 3. Bapiaumu piwenv w000 3axynieni ¢prekcumankie
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Summary

Introduction. The analysis of literary sources regarding the directions of commercial
activity of production systems of an international orientation indicates the presence
of promising trends of stable development of integration processes. The development
of trade relations on the basis of economic integration between individual countries
requires the creation of innovative and economically feasible production formations
with appropriate infrastructural support. Therefore, the development of unified
production processes for servicing import-export and transit cargo flows is one of the
main tasks in the commercial services market. Purpose. The development of integration
relationships in the international freight flow service system requires the creation and
intensive use of competitive transport and technological processes with appropriate
infrastructural support. Powerful transport hubs with modern specialized terminals
correspond to such opportunities. And the rational use of the existing state-of-the-art
infrastructure of business entities requires the development of structural foundations for
improving technical and economic indicators. The article examines the methodology of
infrastructural support for the commercial activity of production systems of international
orientation in the market of transport services. Results. The peculiarities of conducting
foreign trade operations were analyzed, and the problems related to resource provision
of transport terminals in existing production structures were systematized. It is noted
that the peculiarities of service of import-export and transit goods flows in transport
hubs should take into account the specifics of the preliminary creation of a consolidated
batch of goods. By carrying out multivariate calculations using the main provisions
of the theory of mass service, the work determined the optimal number of vehicles for
the effective implementation of commercial services. In the process of summarizing
the obtained results, economically justified measures are proposed for infrastructural
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support of commercial activity of production systems of international direction in the
market of transport services. Conclusions. In the process of conducting the research,
new results were obtained for improving the methodology of infrastructural support
of commercial activity of production systems of international direction in the market
of transport services. Based on the results of simulation modeling using the main
theoretical provisions of mass service systems, integral economic indicators of quality
provision of transport services were calculated using the example of export cargo flows.
The conducted research can be useful for improving the efficiency of transport services
in international production structures.

Key words: international communication, foreign trade cargo flows, transport
service, infrastructural support, cargo consolidation, optimization of logistics costs,
optimization of operational indicators.
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Anomauisn

Bcemyn. Ananiz nimepamypuux Odcepei CMoCO8HO HANPSAMIE KOMEPYIUHOL OislIbHOC-
Mi GUPOOHUYUX CUCMEM MIJCHAPOOHO20 CHPAMYBAHHS CEIOYUMb NPO HAAGHICTL Nep-
CNEeKMUBHUX MEHOCHYI CMAaOiIbHO20 PO36UMKY IHmezpayiinux npoyecis. Pozeumox
MopeieenbHUX 8IOHOCUH HA 3ACa0ax eKOHOMINHOI iHme2payii Midc OKpemMumu KpaiHamu
sUMazae CMEOPEHHsl THHOBAYIIIHUX MA eKOHOMIYHO OOYLTbHUX SUPOOHUYUX (OpMYEaHD
i3 6IONOGIOHUM [HDpacmpykmypHum 3a0esneuennsm. Tomy po3podxa YHiiKosaHux
BUPOOHUYUX NPOYECi8 051 0OCTY208YBAHHS IMIOPMHO-EKCIOPIMHUX Md MPAH3UMHUX GAH-
ANCONOMOKIE € OOHUM 3 20I0O6HUX 3A60AHbL HA PUHKY Peanizayii KoMepyitiHux nociuye.
Mema. Pozsumox inmezpayitinux 63acMOGIOHOCUH 6 CUCTHEMI 00CTY208Y8AHHS 6AHNA-
HCONOMOKIE MINCHAPOOHO20 CHPAMYBAHHS BUMALAE CMBOPEHHSL A THMEHCUBHO20 BUKO-
PUCMAHHS KOHKYDEHMO30AMHUX MPAHCROPMHO-MEXHOLOSTUHUX NPOYECI8 i3 GI0N0GIOHUM
inghpacmpyxkmyprum 3ade3newenusam. Taxum MONCIUBOCHAM GIONOBIOAOMb HOMYHC-
Hi MPAancnopmui 8y31u 3 Cy4acHuMU chneyianizosanumu mepminaramu. A payionanvhe
BUKOPUCIMAHHSA ICHYIOYO0T HOBIMHbOI IH(pacmpykmypu cy6 €kmie 20cnodapcvkoi Oisib-
HOCMI 8UMA2Aae po3poOKU CIMPYKIMYPHUX 30cad OJis NOKPAUEHHs MEeXHIKO-eKOHOMIYHUX
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noKazHukie. Y cmammi 00cniodNcyemucsi Memooonois inppacmpykmyprozo 3abesne-
YeHHs KOMEPYIUHOL OIIbHOCMT GUPOOHUYUX CUCEM MINCHAPOOHO20 CHPSIMYBAHHS HA
PUHKY mpancnopmHux nocaye. Pesynemamu. [lpoananizosano ocobnueocmi nposedents
308HIUHLOMOP2OBENLHUX ONEPayiti, CUCMEeMAMU308aHi 3a0adi Wooo pecypcHo2o 3abe3-
neueHHs MpaHCNOPMHUX MEPMIHANIE 8 ICHYIOUUX BUPOOHUYUX CIMPYKMYpax. 3a3HaueHo,
Wo ocodonusocmi 00C1Y208Y8aHHA IMNOPMHO-EKCHOPMHUX Md MPAHZUMHUX MOBAPONO-
MOKI8 6 MPAHCNOPMHUX BVINAX NOGUHHI 8DAXOSY8AMU CREYUDIKY NONEPeOHbO2O CME0-
penHs. KoHconiooganoi napmii eanmavicie. Illiaxom npoeedenms 6azamosapiaHmuux
PO3PAXYHKIG 3 GUKOPUCTIANHAM OCHOGHUX NOJONCEHb MEOPii MACO8020 00CTY208V8AHHSL 8
pobomi euzHAYEHA ONMUMATHLHA KITBKICTD MPAHCROPMHUX 3AC00I8 0I5l eghekmusHoi pea-
ai3ayii komepyitinux nociye. B npoyeci y3aeanvHeHHs OMPUMAHUX Pe3VIbmamis 3anpo-
NOHOBAHT eKOHOMIYHO OOIPYHMOBAHI 3aX00U W00 THHPACMPYKIMYPHO2O0 3a0e3nedeHHs
KoMepyitiHoi QIAIbHOCI SUPOOHUYMUX CUCTEM MINCHAPOOHO2O CRPAMYBAHMS HA PUHK)
mpancnopmuux nociye. Bucnoseku. B npoyeci nposedenHs 00CHiOHNCeHHs OMPUMAHO
HOBI pe3ynbmamu 071 YOOCKOHALEHHSI Memo0on02ii iHpacmpykmypHo2o 3abe3neyeHms
KoMepyitiHoi QIAIbHOCI SUPOOHUYUX CUCTIEM MINCHAPOOHO2O CRPAMYBAHMS HA PUHK)
MPAHCROPMHUX NOCY2. 3a pe3yibmamamu iMimayitino2o MoOent08aAHHs i3 BUKOPUCTIAH-
HAM OCHOBHUX MEOPEMUUHUX NOJIONHCEHb CUCEM MACO8020 00CIY208Y8AHHS PO3PAXOBAHI
iHme2panvbHi eKOHOMIYHI NOKASHUKU SKICHO20 HAOAHHS MPAHCNOPMHUX NOCTYe HA NpU-
Ka0i eKCNOPMHUX 8AHMANCONomokis. 1lpogedene 0ocuiodicents modce Oymu KOpuCHUM
07151 NIOBUWYEHHSL eHeKMUBHOCIT MPAHCTIOPMHO20 0OCTY208YBAHHS Y GUPOOHUYUX CINPYK-
Mypax MidHCHAPOOHO20 CNPAMYBAHHS.

Knrouosi cnosa: mixcnapoOHe cnonyuents, 306HIUHbOMOP20BENbHI 8AHMANCONO-
MOKYU, MPAHCHOPMHE 00CY208Y8AHHS, THHpACMPYKMYpHe 3a0e3nedents, KOHCONod-
Yisl 8aHMAdicie, ONMUMI3AYIS NO2ICIMUYHUX SUMPAM, ONMUMI3AYIS eKCNLYaAmayitiHux
NOKA3HUKIB.

Introduction. The development of trade relations between individual countries is based
on the principles of economic integration and mutually beneficial cooperation. in relation
to the areas of commercial activity of production systems of an international orientation, it
indicates the presence of promising trends of stable development of integration processes.
The development of trade relations on the basis of economic integration between individual
countries requires the creation of innovative and economically feasible production
formations with appropriate infrastructural support. Therefore, the development of unified
production processes for servicing import-export and transit cargo flows is one of the main
tasks in the commercial services market.

Formulation of the problem. The rapid development of trade relations between
individual countries indicates the need to accelerate integration processes on the basis
of economic expediency. To a large extent, this situation is explained by the fact that
qualitative changes are taking place in interstate economic relations, the volume of export-
import operations with goods is increasing, and production structures of an international
orientation are purposefully created.

The movement of the growing volume of cargo is carried out, as a rule, with
the close interaction of the main types of transport (water, rail, road). The transportation
of goods in international communication by the specified modes of transport has its
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own characteristics, which affect the infrastructural support of the commercial activity
of production systems in the market of transport services. One of the conditions for
ensuring the competitiveness of logistics systems in transport hubs is the technological
process of creating a consolidated batch of cargo. And the preliminary accumulation
of export goods at the expense of consolidating cargo spaces and shortening the service
terms of vessels in the sea trade port significantly improves the technological
and economic indicators of transport and logistics systems.

A comprehensive approach in researching the peculiarities of commercial service
of foreign trade cargo flows in existing transport and logistics systems involves taking
into account the specifics of the interaction of different types of transport. Thus,
the optimization of technical and technological parameters in the specified systems
requires high-quality infrastructural support of commercial vehicles that move foreign
trade goods in international traffic.

Analysis of recent research and publications. A detailed analysis of modern
literature testifies to meaningful studies of the technology and sequence of commercial
service of international cargo flows by various types of transport [1, 2]. The content
of such services is determined by the export potential of the country and individual
regions, means of infrastructural service, methods of carrying out cargo operations [3,
4]. And in each individual case, the characteristics of transport and technological systems
and the conditions for compliance with contractual obligations should be taken into
account [5, 6]. Under such circumstances, the deepening of economic integration between
individual countries comprehensively takes into account the need to improve the structural
and economic indicators of production systems of an international orientation [7, 8].

The existing approved regulatory documents and standard schemes for the movement
of' goods in international traffic contain fundamental provisions regulating the procedure
for the accumulation of export consignments of goods in specialized terminals [9, 10].
Separate departmental documents regulate the sequence of customs control and customs
clearance of vehicles and cargo moving across the customs border of Ukraine [11].
The sequence of actions of officials and the list of commercial services during
the implementation of customs control and customs clearance of foreign trade supplies
of goods allows determining the cost system as the basis of the legal mechanism for
calculating economic indicators [12].

As a result, as the transport and logistics systems become more complicated,
the infrastructural provision of international connections and the assessment of the cost-
effectiveness of their operation become more responsible [13]. Complex indicators
of the functioning of individual integrated structures are insufficient because, focusing
only on the transportation process, they do not take into account the impact of the results
of operational changes in the structure and the numerical characteristics of individual
components on the final result of their production activity [14].

Formulation of the goals of the article. The existing trends in the development
ofintegrationrelationshipsintheinternational freightflow service systemoutlined the scientific
prospects for the creation and intensive use of competitive transport and technological
processes with appropriate infrastructure support. The specificity of international foreign
trade operations involves the creation and intensive use of powerful transport hubs with
modern specialized terminals. The rational use of innovative infrastructure to create
a consolidated batch of foreign trade cargo requires the development of theoretical provisions
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and practical recommendations to improve technical and economic indicators. Therefore,
special attention should be paid to the development and improvement of the methodology
of infrastructural support for the commercial activity of production systems of international
orientation in the market of transport services.

Presentation of the main material. Infrastructural support of production systems
in the market of transport services is carried out during the entire period of movement
of goods in the logistics chain. The process of creating a consolidated batch of goods
and customs clearance of commercial goods and vehicles used to move goods across
the customs border of Ukraine are of a unified nature. That is, the process of providing
transport and logistics services does not depend on the business entity, the place
of registration or the country of the owner of the vehicle. The specificity of a wide
range of transport services for the transportation of grain cargoes in international traffic
requires a differentiated analysis of their provision (Table 1).

Table 1

Classification of transport services in customs and logistics systems

Transport services

The content of the main transport services under the condition
of creating a consolidated batch of grain cargoes

Technological — those
relatedtothetechnology
of transport service

of the grain cargo
flow

organization of loading and unloading operations at transport
hubs and specialized terminals;

transfer operations between different modes of transport;
temporary storage of grain cargoes at elevator and warehouse
enterprises;

sorting of goods according to consumer properties

and directions of transportation;

maintenance and control of physical and chemical properties
of cargo.

Informational —

those related to
theinformationalsupport
of the transport flow

notification of the recipient about the shipment or arrival
of the cargo;

record keeping and analysis of data on transport activity
of consumers;

informing consumers about the location of the cargo;
selection and justification of an effective method of cargo
delivery;

informing consumers about the types and cost of transport
services.

Commercial - related
to transportation
technology,
production
organization

and financial reporting

execution of financial settlements with cargo owners, transport
operators and transport organizations on behalf of the transport
customer;

registration of the cargo delivery process (customs registration,
sanitary control, veterinary control, radiation control, etc.);
conclusion of commercial and other acts on shortages

and surpluses, deterioration or damage of cargo or vehicles;
organization of cargo protection in the process

of transportation and storage;

performance of insurance operations and search for
undelivered goods.

Forwarding — those
relatedtotheforwarding
of goods and cargo

selection of technologies for cargo movement;

advising customers of transport services on terms of delivery;
preparation of necessary documents and conclusion

of transportation contract;

transfer of cargo to the transport company or its agent;
collecting small shipments and combining them according to
transportation directions.
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Based on the results of the analysis, it became possible to determine the main
areas of commercial activity of the integrated enterprise. For example, participation in
the formation of the tariff policy of production formations is as follows:

» substantiation of proposals for determining the real level of tariffs and fees for
new and existing categories of cargo flows;

* systematization of proposals for granting preferences to certain groups
of consumers of transport services;

» provision of proposals and relevant calculations regarding the introduction of end-
to-end tariffs for servicing foreign trade cargo flows.

The conclusion of contracts for transport services for consumers of commercial
services is characterized by the following tasks:

* determination of the basic conditions for the transport service of grain cargo flows;

* definition of a differentiated list of types of transport services for possible
outsourcing;

» determination and calculation of possible risks in case of force majeure.

Commercial provision of the execution of concluded contracts involves the following
type of works:

» execution of freight transport documentation;

» execution of mutual settlements between participants of the transport market;

* consideration of mutual commercial claims.

Thus, depending on the specialization of the integrated production structure,
the following areas of work are distinguished in the commercial service:

— sale of transport services and organization of transport services;

— studying the state and forecasting the prospects for the development of the transport
services market;

— marketing activities and strategic planning of infrastructure development.

In the theory of optimal management of production processes, in general, such
transport and logistics systems are considered, the behavior of which can be influenced
or which can be controlled by changing the control parameters. The latter are selected
taking into account the technical and technological characteristics for reasonable
restriction systems. Therefore, the goal of creating mathematical models based on
the theory of optimal management of material resources is the development of methods
for choosing numerical values of input parameters, provided that the optimum is
achieved by the specified functional.

Problems of this direction arise not only in the study of modern transport and logistics
systems, which contain complicated processes of cargo movement, and therefore have
not yet been developed in detail, but also in the study of the production processes
of providing traditional commercial services related to the maintenance of foreign trade
cargo flows. Naturally, the proposed mathematical models for these systems should take
into account the influence of a large number of constantly existing and random factors.
The first group includes, for example, the length of the cargo transportation route,
the productivity of service channels, the planned idle time of the vehicle under loading
and unloading, etc. A characteristic feature of these factors is their relative stability
due to the fact that their numerical characteristics are selected in advance by customers
of commercial services or determined by regulatory documents.

Random factors in the process of creating a consolidated batch of export goods are
characterized by the speed of movement of cars on the route, the generalized average
carrying capacity of road vehicles, structural features of the rolling stock. The nature
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of changes in certain factors in the process of providing commercial services is largely
influenced by the conditions of the organization of the transport and technological process.

In mathematical models, the influence of the specified factors is determined by
the numerical values of the car's rotation time on the route, the intensity of requests
and the duration of their service. In addition, in order to determine the economic
indicators of the functioning of transport systems, the developed mathematical models
must take into account the numerical values of the cost of carrying out transport
and loading and unloading operations and the costs associated with unproductive
downtime of individual technological mechanisms.

Taking into account the specified theoretical prerequisites, it becomes possible to
check the reliability of the created mathematical models through experimental studies
and field observations of the functioning of transport and logistics systems in production
conditions. The calculation of the economic indicators of the service of international
cargo flows is considered on the example of the creation of a consolidated batch of grain
cargoes with the application of innovative approaches to the interaction between
individual entities of economic activity. Such prerequisites are designed to evaluate
the activities of integrated economic structures and production entities in the market
of international transportation.

With such a formulation of the question, the number of cars n is considered as a control
variable in the objective function of optimizing the structure of integrated systems for
the provision of commercial services. Its optimal value n,. is determined by maximizing
the profit function G(n) per hour of operation of the transport and logistics complex

G(n) =T, - S )quK. + (T, - S,)qnA. - CK, -CA,, (1)
where T, S, —respectively, the tariff and costs for cargo flow maintenance when creating
a consolidated batch of cargo in a specialized terminal, €/ton;

p — intensity of service of road vehicles of load capacity q in the transport node, cars/hour;
K, A_ — respectively, the average number of working service posts and the average
number of cars serviced by m posts in the transport and logistics system;

T, S, —respectively, the tariff and the cost of transportation of 1 ton of a consolidated
batch of goods for the specified /  distance, €/ton;

K — the average number of idle service posts waiting for cars to be serviced;

A, — the average number of cars waiting for service in a specialized terminal;

C, C, —costs related to downtimes of service posts and road vehicles, respectively, €/hour.

The difference (7, — S,) between the income 7, from the provision of commercial
services in transport terminals and the current costs S, for the creation of a consolidated
batch of export goods is the profit from the completed full cycle of works. The
numerical values of these values are closely related to each other and depend on such
factors as the available range of commercial services in the system, the conditions for
their performance, the possibility of involving additional third-party organizations
to perform certain types of work, and the need to pay existing taxes and fees. The
variable component value of the S, indicator includes workers' wages with accruals,
costs for the use of energy resources, the cost of technical maintenance and additional
commercial services of a specialized terminal, and current repairs and depreciation
charges for the restoration of the main production assets.

The constant component of the S, indicator includes the amount of charges for using
the loan, the services of the lesser and the insurance bank, deductions to the innovation
fund, as well as general economic expenses. In addition, the numerical value
of the first component of the mathematical expression (1) depends on the conditions
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of the transport-technological process and the scope of the use of advanced innovative
technologies. The specified limitations indicate the need to use high-performance
infrastructural support in transport hubs and specialized terminals.

The method of determining the profit from the use of terminal infrastructure and road
vehicles for 1 hour of operation of the transport and logistics system involves the use
of currently existing tariffs for cargo flow maintenance. The results of calculations
based on known mathematical dependencies should take into account the change in
tariffs and costs compared to the base period.

Using the general solution of known mathematical dependencies in terms of mass
service theory for the process of commercial service in a closed system, the numerical
value of the indicator K_ = A_is determined as

m-1

n m-1 m-1
K. =X kp, +mY. p =Y kp. +m(1-3 p) (2)
k=1 k=0

k=1 k=m

The number of service stations waiting for cars in the specialized terminal Kn, using
the main theoretical provisions for stochastic processes, is calculated as

m-1
K,=> (m-k)p, 3)
k=0
The average number of road vehicles that are in the queue for service is
A, =2 (k=m)p, “
k=m

The costs associated with the downtimes of service posts Sk and road vehicles Ca
should be interpreted as the sum of fixed costs to determine the cost price, respectively,
of technological operations and transportation of consolidated cargoes and lost profit
from forced non-productive downtimes of infrastructure components.

Graphical interpretation of the mathematical dependence G(n) = f(n) for the case
of creating a consolidated batch of grain cargo with the involvement of road trains with
a carrying capacity of q =20 t to a specialized terminal with two m = 2 service stations
is presented in Fig. 1.
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Fig. 1. Hourly profit in the transport and logistics system under the condition of creating
a consolidated batch of grain cargo with the involvement of road trains with a carrying
capacity of ¢ = 20,0 tons to a specialized terminal with two m = 2 service stations
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The task of analyzing the effectiveness of the transport and technological system in
relation to the final result is to determine the existing possibilities of achieving the set goal by
the specified system in conditions of uncertainty of the parameters of the external environment.

When studying the indicators of the reliability and cost-effectiveness of the functioning
of transport and logistics systems in the process of commercial service of foreign trade
cargo flows, conditions arise that are characterized by the influence of various random
factors: changes in the demand for transport services, the possibility of attracting
additional vehicles, changes in the numerical value of operational costs, etc.

The decrease in the hourly profit of the transport and logistics system in the absence
of a sufficient number of vehicles is explained by the increase in the Kn indicator
of the average number of non-working service posts waiting for cars and, accordingly,
the decrease in Kz of working mechanisms. And since the product Kzm is represented
in the mathematical relationship (1) with a "plus" sign, and the product CkKn with
a "minus" sign, the resulting indicator F(n) decreases significantly.

The trend of decreasing hourly profit G(n) with an excessive number of vehicles
in the transport and logistics system indicates the emergence of forced downtime
of cars waiting for service. In mathematical expression (1), the change in the indicator
G(n) is explained by the influence of the increase in the average number of An cars
in the expected service. Moreover, under the condition n > nopt, the rate of growth
of the CaAn component is slightly ahead of the rate of decrease of the CkKn component
in the system.

With the use of mathematical dependencies (1-4) it became possible to determine
both the optimal values of the technical and technological parameters of transport
and logistics systems, and the results of the change in the function G(n) due to the change
in influencing factors. When creating a consolidated batch of export cargo, an important
factor in the organizational structure of the system is the number of service stations for
loaded cars m in a specialized terminal. The special influence of the mentioned factor
is manifested because the creation of export consignments of grain with subsequent
loading onto a sea merchant ship takes place in fairly significant volumes within
a limited time frame. Therefore, compliance with the planned indicators of reliability
and economy of transport service allows ensuring the competitiveness of the transport
and technological process of international direction (Table 2).

Table 2
The optimal value of the number of road vehicles and the maximum hourly profit
in the transport and logistics system

Cars The number of service posts in the terminal
caL(;z;it Costs, €/ m=1 m=2 m=3
ltjons ¥ ton L G(n), €/rox opt G(n), €/ron opt G(n), €/rox

qg=12,0 4,00 27 69,73 46 186,85 69 300,82
qg=14,0 3,71 21 95,26 41 221,03 62 352,41
g=16,0 3,50 19 107,97 38 246,49 56 390,68
g=18,0 3,33 18 118,46 35 267,50 51 422,08
g=20,0 3,20 17 126,68 32 284,04 48 446,49
qg=22,0 3,09 16 133,88 30 298,17 44 467,53
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Yes, if the number of service stations is doubled (from m = 1 to m = 2), the optimal
number of road vehicles increases by 70,4% (from n,=27ton,  =46)for vehicles with
a carrying capacity q = 12 t and by 87,5% (from n, =l6carston =30 cars) for cars
with a carrying capacity of g =22 tons. A slightly more intensive increase in the optimal
value of vehicles with a larger carrying capacity is explained by a significant decrease
in the time the cars are idle, and accordingly, the possibility of increasing productivity.
The specified trend is also preserved under the condition of a three-fold increase (m = 3)
in the throughput of the system.

The results of changing the influence of the number of service posts in the terminal
on the numerical value of the hourly profit G(n) in the system are slightly different from
the previous analysis. For example, if the indicator m doubles, the hourly profit of the G(n)
system with cars with a carrying capacity of = 12 tons increases by 2,67 times (from G(n)
= 69,73 €/hour for m =1 to G(n) = 186,85 €/hour for m = 2). Under similar conditions,
for a system with cars with a carrying capacity of ¢ =22 tons, the increase in the specified
result is 2,23 times (from G(n) = 133,73 €/hour for m = 1 to G(n) = 298,17 €/hour for
m = 2). A somewhat more intensive growth of the G(n) indicator for cars with a smaller
carrying capacity is due to the fact that the profitability of transportation by these cars
is much lower than in the case of using heavy-duty road trains. And at the initial stage
of the analysis (m = 1), the available bandwidth of the system significantly increases
the numerical value of the indicator 4 in the terminal.

For the next increase in the capacity of the transport and logistics system to
m = 3, the change in hourly profit in the transport and logistics system looks like
G(n)=300,82 €/hour for =12 t and G(n) = 467,53 €/hour for g =22 tons. The obtained
results confirm the previous thesis about the need to provide specialized terminals with
high-performance service mechanisms.

Apositiveeffectonthe change of structural n,,andeconomicG(n) indicatorsintransport
and logistics systems is observed when the average carrying capacity of road vehicles
increases. The calculated numerical values of the resulting indicators for q = 12 tons
are within the range of G(n) = 69,73 €/hour under the condition n,, = 27 cars for
m=1to G(n)=300,82 €/hour under the conditionn =69 cars for m = 3. And increasing
the carrying capacity of road vehicles to q = 22 tons gives the following results:
G(n) = 133,88 €/hour under the condition n = 16 cars form = 1 and G(n) = 467,53 €/hour
under the condition n, = 44 cars for m = 3.

The conducted calculations indicate that in order to significantly improve
technological and economic indicators for the creation of a consolidated batch of grain
cargoes, there is a need to equip the specified transport and logistics systems with heavy-
duty vehicles and road trains.

The requirements for compliance with a certain level of competitiveness of transport
and logistics processes in the world market of commercial services are the basis for
recommendations in relation to the interaction of individual components of the relevant
industrial associations. And one of the elements of optimizing the structure of such
integrated entities in the system of international trade can be high-quality and economical
infrastructural equipment with a certain number of road vehicles. However, in a number
of production situations, the consolidation of export goods requires a forced increase in
the productivity of the system to the detriment of economic indicators, or on the contrary,
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the system may be understaffed with vehicles due to their physical absence. In addition,
the nature of the change in the dependence G(n) = f{n) indicates a different degree
of influence of the indicator n on the cost-effectiveness of transport services.

Using the stated theoretical prerequisites for optimizing the production structure
of transport and logistics systems, it became possible to analyze the influence
of the average distance of cargo delivery to a specialized terminal on the resulting
indicator G(n) of hourly profit (table 3).

Table 3
Change in the hourly profit of the operation of the transport and logistics system
when creating a consolidated batch of grain under the condition of different
average distances of cargo delivery

The average distance of delivery of grain cargoes to a specialized

Number terminal, km

of vehicles in | =60 km | =80 km | =100 km
the system G(n), €/ | AG(n), €/ | G(n),€/ | AG(n),€/ | G(n),€ | AG(n), €/
hour hour hour hour hour hour
n.. 284,04 — 308,81 — 334,18 —

n . -2 280,61 3,46 305,26 3,55 332,69 1,49
n -4 271,63 12,41 296,99 11,82 327,00 7,18
n -6 257,37 26,67 284,53 24,28 317,49 16,69
n -8 238,88 45,16 268,47 40,34 304,64 29,54
nm: - 10 216,98 67,06 249,45 59,36 288,96 45,22
n +2 281,67 2,37 307,41 1,40 331,30 2,88
n n +4 273,89 10,15 301,17 7,64 324,17 10,01
nn‘m +6 261,61 22,43 290,61 18,20 313,23 20,95
n +8 246,01 38,03 276,57 32,24 299,16 35,02
nnr; + 10 228,27 55,77 260,01 48,80 282,76 51,42

The results of the comparison of the hourly profit in the G(n) system for three variants
of the numerical value of the transportation distance / show that with the increase
of the indicated indicator Im, the optimal value of the indicator G(n) tends to increase
from G(n) = 284,04 €/hour for /[ = 60 km to G(n) = 334,18 €/hour for / = 100 km. This
situation is explained by the fact that with the growth of Im, the productivity of vehicles
in ton-kilometers increases, and accordingly, the revenues and profits of the transport
and logistics system increase.

The mentioned circumstances also explain the "sensitivity" of transport and logistics
structures to changes in the numerical value of cars in the system. For example,
the absence or excess of four cars in the system reduces the hourly profit AG(n) in
the transport and logistics system in the range from 4,36% for / = 60 km to 2,99% for
[ =100 km. And if there are no or an excessive number of eight road vehicles, the G(n)
indicator decreases from 15,90% for / = 60 km to 10.48% for / = 100 km.

The identified trends convincingly prove the need for the creation and intensive
practical use of integrated production structures with a wide range of infrastructure
support in the market of commercial services.

Conclusions. According to the results of the research on the infrastructural support
of'the commercial activity of integrated formations, new results were obtained regarding
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the effective use of material and financial resources. By creating mathematical models
and corresponding software products based on the criterion of hourly profit G(n),
the work calculated the value of the optimal number of N, road vehicles of integrated
production structures. Using the main provisions of the theory of mass service,
the main principles of equipping production formations of international direction with
technical means of service in specialized terminals are determined. It was established
that the optimal value of the hourly profit G(n) of integrated transport and logistics
systems increases with the total increase in the productivity of service stations. By
carrying out multivariate calculations, the necessity of equipping production structures
ofthe international direction with large-tonnage cars and road trains, which has a positive
effect on the improvement of technological and economic indicators, is substantiated.
The conducted research can be useful for the organization of rational infrastructural
provision of commercial activities of integrated formations with the aim of competitive
service of foreign trade cargo flows.
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Anomauisn

Bcemyn. 3asdanna onmumizayii nocicmuunux eumpam 'y JaHY02axX NOCMAYAHHSA
306HIUHBOMOP2OBENLHUX BAHNAICIE NOG'A3AHA HACAMNEPE) 13 302ATbHOCKOHOMIYHUMU
meHOenyisimu 6 ceimi. 1100anbHa eKoHOMIYHA Kpu3a, enioemMionociuHa cumyayis y ceimi,
iliHA 8 YKpaiHi 3HAYHO NOCUTIOIOMb PUBUKU NPU 30IUICHEHHI MIDICHAPOOHUX NepeMiljeHb
sanmaxcis. 1106anizayis npUCKOproE yeti npoyec 83aEMO3ANEHCHOCTI TAHYI02A NOCMABOK
i cmeoproe mpyorowi sk 0l OKpeMux ocib, mak i 0iis 2100A1bHO2O JAHYI02A NOCMABOK,
Wo npu3eo0ums 00 6azamvox pusuKie y enobanvromy macuimadi. OCKinbKu J1aHYIONCKU
NOCMAYAHHS CTNAIOMb CKAGOHTUUMU, HEBUSHAYEHICMY | PUSUKU CIAOmb OLTbU 3HAYHU-
mu. Mema. O6rpyHmysearHs ma npuitHAMms eheKmueHUX PilueHb Ha OCHOBL ONMUMI3AYil
BUMPAM 3 BUKOHAHHS MUMHO-JIOZICIIUYHUX ONepayili y JIaHY02aX NOCMABOK 308HIUHbO-
mopeogenvhux anmaoicie. Bucnoexu. Y cmammi docniodceno meopemudni nioxoou 00
BU3HAYEHHS MEPMIHY «NO2ICMUYHI BUMPAMUy Ma CMPYKMYypU3ayii 102ICIMUYHUX 8UMpam,
OPIEHMOBAHI HA SUPTULEHHSL YAPABTIHCOKUX 30680AHb V IAHYI02AX NOCMABOK, YOOCKOHAICHO
MOOeb 0ZICIUYHUX BUMPATN 3 YPAXYBAHHIM 000AMKOSUX GUIMPATI HA MUMHO-T02ICTUYHI
onepayii, siKi HeoOXIOHO 8PAX08Y6AMU 8 NPOYECE POPMYBAHHA MA YAPAGTIHHS IAHYIO2AMU
nocmaegox. BriurouenHa eumpam, nog's3anux i3 30iliCHeHHAM MUMHUX opmanbHocmel,
003607I51€ OKPEeMO 8paxo8ysamu 000amKosi umpamu, sKi n08 sI3aHi 3 pusukamu npu 30iii-
CHeHHI MUmHo20 Koumponio eanmaicie. Kpim moeo, epaxosyiomscs eumpamu, nog'sisami
3 HeOOXIOHICMIO HAOAHHS 3a0e3neUeHHs CHAamuy MUMHUX NIAMeNCié npu mpancnopmy-
BAHHI BAHMAICY GHYMPIUHIM MPAHZUMOM NO Mepumopii Ykpainu, skujo 6UHUKAE HeoO-
XIOHICMb 0hoOpMIEeHHS MOBAPY 8 THUOMY CIPYKMYPHOMY niopo30ini [lepocasHoi mummuoi
cayorcou Vrpainu. /losedeno, wo sumpamu Ha 30iCHEHHs MUMHUX (hopMatbHOCmel ma
BUMPAMU HA CRAGNY MUMHUX NJIAMENCIB € 820MOI0 YACMUHOIO NPU POSPAXYHK)Y J102ICMUY-
HUX 8UmMpam npu 30itiCHeHHI 3068HIUHbOMOP2OBETbHUX Onepayill. Bukonana dexomnosuyis
3A2ANbHUX JOICIUYHUX UMPAT 00360JISIE BPAXOSYSAMU CREYUDIKY MUMHO20 3aKOH00A8-
CmMea ma 0OMextCcenHs 3 BUKOPUCIAHHS MUMHO-TO2ICIUYHUX MEXHON02IU.

Knrouoei cnosa: nozicmuuni gumpamu, ONMUMI3ayis 102iCMUYHUX UMPAN, MUMHA
JO2ICMuKa, MUMHI (POPMATbHOCL.
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Summary

Introduction. The task of optimizing logistics costs in supply chains of foreign trade
goods is primarily related to general economic trends in the world. The global economic
crisis, the epidemiological situation in the world, the war in Ukraine significantly increase
the risks involved in the international movement of goods. Globalization accelerates this
process of supply chain interdependence and creates difficulties for both individuals and
the global supply chain, leading to many risks on a global scale. As supply chains become
more complex, uncertainty and risks become more significant. Purpose. Reasoning and
making effective decisions based on cost optimization for the implementation of customs
and logistics operations in supply chains of foreign trade goods. Conclusions. The article
examines theoretical approaches to the definition of the term "logistics costs" and the
structuring of logistics costs, focused on solving management tasks in supply chains, the
model of logistics costs is improved, taking into account additional costs for customs
and logistics operations, which must be taken into account in the process of forming
and managing supply chains. The inclusion of costs associated with the implementation
of customs formalities allows you to take into account separately the additional costs
associated with the risks involved in the implementation of customs control of cargo. In
addition, the costs associated with the need to provide security for the payment of customs
payments during the transportation of goods by internal transit on the territory of Ukraine
are taken into account if there is a need for registration of goods in another structural
unit of the State Customs Service of Ukraine. It has been proven that the costs of carrying
out customs formalities and the costs of paying customs payments are a significant part
of the calculation of logistics costs in the implementation of foreign trade operations. The
performed decomposition of general logistics costs allows taking into account the specifics
of customs legislation and restrictions on the use of customs logistics technologies.

Key words: logistics costs, optimization of logistics costs, customs logistics, customs
formalities.

IlocTanoBka mpoOigemMu. 3aBOaHHS  ONTHMI3aIlil  JIOTICTUYHHX  BHUTpAT
y JIAHITFOTaX MOCTavYaHHs 30BHINIHbOTOPTOBEIHFHIX BAHTAXKIB IOB'sI3aHA HAcaMIIepen i3
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3araJbHOCKOHOMIYHMUMH TEHJCHIIISIMU B CBITI. [J7100aJIbHA EKOHOMIYHA KpH3a, eIiIeMi-
OJIOT1YHA CUTYAIlisl Y CBITi, BifiHa B YKpaiHi 3HaYHO ITOCHITIOIOTh PU3UKH NIPH 31HCHEHHI
MIKHapoIHHUX nepeMinieHb BanTaxiB. Eninemis COVID-19 cnipuunnania pyiHyBaHHS
[J100aJIbHUX COIIAJILHUX Ta EKOHOMIUHUX cHUcTeM. Hacmiaku 1€l maHaemii BIUTHHYIN
Ha BUPOOHMYI NIPOIIECH Ta CBITOBI JIAHIIOKKHU ITOCTAaBOK. [T100ai3allisi mprcKoproe e
MpoIieC B3a€MO3AJICKHOCTI JAHIIOra TIOCTABOK 1 CTBOPIOE TPY/IHOIII SK IS OKPEMHUX
0ci0, Tak 1 i1 100AJIBHOTO JIAHI[FOTa TOCTABOK, 1110 MPU3BOIUTH JI0 0araThb0X PU3UKIB
y mo0ansHOMy MaciiTabi. OCKIJIbKH JIAHIIOKKH TOCTaYaHHs CTalTh CKIIHIIINMHU,
HEBU3HAYCHICTb 1 PU3UKHU CTAIOTh OUIBII 3HAYHUMHU.

Curyaris, o ckjIanacs HEMUHYYE NMPU3BOAUTH JI0 YCKIIATHEHHS JIAHIIOT1B TIOCTa-
BOK, 3MIHH MapIIpyTiB TPaHCIIOPTYBaHHs, 3ayYCHHS JTOJATKOBHX, HE OOOB'SI3KOBUX
JIO Y4acTi JIOTICTUYHUX TIOCEPEIHUKIB., Y TaKMX YMOBax HaiuyacTillle CIIOCTEPIraeThes
3pOCTaHHSI HEMPOAYKTHBHUX BUTPAT, 1[0 HE BIUIMBAIOThH HA IIIHHICTH TOBapY JJIsI KiHIle-
BOTO CIIOYKMBAYA.

Ciz 3a3Ha4UTH, 110 Y CBiTI KOHKYPYIOTh HE KOMITAHII 4 OKpeMi Oi3Hec-TpoIecH,
a JIaHIIoTa IMOCTaBoOK. BiloMo, 110 JIAHIIOTH MOCTAaBOK 30BHIITHHOTOPTOBEILHUX BaH-
Ta)KiB MarOTh OLTBII CKJIaJHY KOH(]Irypaito OPiBHSHO 3 JIAHIIFOTaMH TTOCTaBOK BCe-
penuHi onHiel KpaiHW, IO BiJIOMBAETHCS, B TOMY YHMCII, 1 HA CTPYKTYpi JIOTICTHYHHX
BUTpAT — 3'SIBISTIOTHCS HOB1 CKJIAJI0BI, MOB'sI3aHi 3 MEPEMIIIEHHSIM TOBApiB Yepe3 MUT-
HUI KOPJIOH, BYNHEHHSIM MUTHUX OTIEPaIlili, CINIATOF0 MUTHUX TUIATEKIiB

3a3HaueHi crienr@iyHi 0COOIMBOCTI HE MOXKHA HE BPaXOBYBATH NPU MOJICIIOBAHHI
JIAHITFOTIB TIOCTABOK 30BHIITHHOTOPTOBEJILHUX BAaHTAXIB, OCKIJIBKH I MPU3BEIEC JI0
3pOCTaHHS BUTPAT. Y TOH ke Yac BiJIOMO, 110 ONTHUMI3allisl JIUIIE OAHIET CKJIa0BOT HE
JI03BOIISIE TOCATTH 0a)KaHOTO PE3yJbTary.

BumieBnknaneHe 00yMOBITIOE HEOOX1THICTB MOIITYKY HOBHX IIIXO/IB JI0 YIPaBIiHHS
JIOTICTUYHUMH BUTPATaMH B JIAHIIIOTaX ITOCTABOK 30BHIITHBOTOPTOBEIHHUX BAHTAXKIB.

AHaJji3 ocraHHix aocaikeHb i myoOsmikamiii. TeopeTwdHi Ta METOHONOTIYHI
OCHOBH YNPABIIHHS JIOTICTHYHMMH BUTpaTaMu 3akiaJieHi B poborax 3apyOiKHUX
ta BiTun3HsHUX yueHux: H.-M. Wolffgang, A. Grainger, Anskema B.I"., Cymens O.M.,
Kanwsuenko A.T., [TaBnosebkoi JI.A., Hnak H.I., Kupuuiosoi O.B. Ta iHIIUX BYSHHUX.

[MutaHHs MHUTHOI JIOTICTMKH JIOKJIATHO PO3mIsHYyTI y pobortax: D. Widdowson,
M.T. Ulyneru, O.B. Heninosuya, T.B. Kopuesa, €.B. [loxina, A.B. Masyp, H.B. [Ipo-
Xap Ta iH.

Po3po0bneHi i mpeacTaBieHi B pyHIaMEHTAIBHUX 1 IPUKIIATHUX 10 CIIDKCHHSIX TTiJ1-
XOJI JI0 YIIPaBJIiHHS BUTPAaTaMH, ONTHMI3aliiiHI MOeIl MI>KHAPOIHOT TOPTiBIIi HAOYIH
PO3BHTKY OJTHAK JIESIKi ACTIEKTH 3aJTMIIAI0THCSI MAJIO0CIT1JKSHUMH.

Tak, Ha HalTy JyMKY, HA OKpEMY yBary 3aclyrOBYIOTh TUTaHHs, MTOB'sI3aHi i3 Bpaxy-
BaHHSIM MHUTHOT CKJIaJIOBOT IIPH MOJICIIOBAHHI JIAHITIOTIB MIOCTABOK.

3HAYMMICTh 3a3HAUCHUX BUIIC MUTAHb Ta HCOOXITHICTH ONpAIFOBAaHHS JaHHUX MPO-
OeM BU3HAYHIM (DOPMYITIOBAHHS METH Ta TIOCTAHOBKY 3aBJaHb JIOCIIPKCHHS.

®opmyawoBaHHS Wijieil cTATTi € OOIPYHTYBaHHS Ta TPUHHATTS e(EKTHBHUX
pillleHb Ha OCHOBI ONTHMi3allii BUTpAT 3 BUKOHAHHS MHUTHO-JOTiCTUYHHUX OIEpariif
y JIAHIIOTax [MOCTABOK 30BHINIHLOTOPTOBEIbHUX BAaHTAKIB.

[Tocranena MeTa BUMaraia BUPIIICHHS HACTYITHUAX 3aBJIaHb: JIOCIIAUTH M1IXOH JI0
nediHilii «IOTICTUYHI BUTPATH» Ta CTPYKTYPH3allii JOTiCTHYHUX BUTPAT, OPI€HTOBaHI
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Ha BUPIIICHHS YIPABIiHCHKUX 3aBJaHb y JIAHIIOTaX MOCTABOK; YJOCKOHAIUTH MOJICIb
JIOTICTUYHUX BUTPAT B JIAHIIIOTaX MTOCTABOK 30BHIITHHOTOPTOBEILHUX BAaHTAXKIB

Buxkiaa ocHoBHOro MatepiaJy goc/imkennsi. ToproBenbHi Tapudu 3araioM 3HU-
sunmcs micist yrogu TATT, ane iHmi ToproBenbHi 6ap’€py Bee 1Ie iCHYIOTh | MalOTh TEH-
JICHIIIFO /IO 3pOCTaHHs. BaKIMBUM BUJIOM TaKHWX TOPTOBEJIbHUX Oap'epiB € JIOTICTHYHI
MOCIYTH, TOB'S3aHI 3 TPaHCHOPTYBaHHSIM TOBapiB Ha 30BHIIHI puHKU. EdexrnBHa
JIOTiCTUKA MA€ BEJIMKE 3HAYCHHS JUIS MallUX 1 BIIKPUTHX EKOHOMIK.

BigminHocti B 3HaueHHsX LPI HeomHOPIHO BIUIMBAOTH HA JIBOCTOPOHHIO TOPTIBIIIO,
0COOJIHBO SIKIIIO PO3IVISAATH TOPTIBIIIO PI3HUMH IPYTIaMH TOBapiB 1 pI3HUMH TPyTIaMu KpaiH.

Iunexe edexruBroCTi Norictuku (LPI) — 11e moka3HUK Ta KpUTEpiid, po3polieHuit
CBiTOBUM OaHKOM JIJIsi TOTO 11100 JOMTOMOI'TH KpaiHaMm BH3HAYMTH MPOOJIEMHU 3 JIOTiC-
THUKOIO Ta BU3HAYUTH, OCHOBHI KPOKHU JUIS MiABHUINEHHS eekTuBHOCTI jorictuku. LPI
dopMmye eeKTUBHICTD KpaiH 3a JIOTIOMOTOIO IIECTH KOMITOHEHTIB (puc. 1), SIKi OXOIUTIO-
F0Th HAMOLIBII BAXKJIUBI ACIIEKTH JIOTICTUYHOTO CePEIOBHINLA!

— MHTHHIIS: €PEKTHBHICTH MTPOIIECY MUTHOTO O(hOpMIICHHST;

— iH(pacTpyKTypa: AKICTh IHPPACTPYKTYPH SIKa IOB'SI3aHOT 3 MIXKHAPOIHOKO TOPTiB-
JICI0 Ta TPAHCIIOPTOM;

— MIDKHApOJIHI TIEPEBE3CHHSI: 3pYUHICTh OpTaHi3allii JOCTaBKH;

— SIKICTB JIOTICTUKU: SIKICTh JIOTICTUYHUX MOCIYT Ta KBai(iKallis IepCcoHamy;

— BIJICTE)KEHHSI Ta CYTPOBII: MOMKIIMBICTB BiZICTE)KYBAaTH Ta CYIPOBOJXKYBATH BAaHTXK;

— CBOEYACHICTH: JOCTABKA BAHTAXY OJiepKyBady B ouikyBaHuii yac [1, 2, 3].

CBOECYACHICTH

BiICTeKEeHHS
Ta CympoBia

gy

KommnoneHnt
u LPI

SIKIiCTH
indppacrpykry

Q SIKiCTB
pu JIOTiCTHKH

MiKHapoaHi
nepeBe3eHHst

Puc. 1. Komnonenmu LPI — [noexcy egpexmusnocmi nozicmuku

EdhexTuBHICTh OIMIHIOETHCS 3a IM'ATHOATHHOIO MIKANIOI0, a 3arambHuil LPI mincymo-
BYETBCS SIK CEPEIHBO3BAKCHE 3HAYCHHS IMIECTH KOMIIOHEHTIB €()eKTUBHOCTI JIOTICTHKH
LPI Taxox BKITIO9a€ HaOip BHYTPIIIHIX TOKA3HUKIB, sIKI HE BKIIFOUSHI /IO 3araJIbHOTO peid-
TUHTY KpaiHu. BiH Tako)k TOTIOBHEHUH KiJTbKICHOIO iH(POPMAITi€F0 PO KOHKPETHI aCTICKTH
MDKHAPOJHUX JIAHITIOTIB TIOCTABOK Y KpaiHax, e MPaIfOl0Th PECIIOHCHTH, BKIIIOUAKOYH
IMITOPT/EKCTIOPT, TEPMIHH JOCTABKH, BUTPATH Ha JIAHITIOTW MTOCTA9aHHs, MUTHE 0(hOpM-
JICHHSI Ta BIZCOTOK BaHTAXKIB, SIKi MAIATAIOTH (hizmuHOMY morsiay [3, 4, 5].

3a moka3HuKaMu ePEeKTUBHOCTI JIOTICTUKH, y peUTHHTY CBITOBOTO OaHKY, KU OyB
onpwrogaeanii y 2018 porri, Ykpaina migasutach Ha 14 mo3wuiriid 3a 2 poxu. Huri Yipaina
nocigae 68 micre y peirtuary LPI cepen 160 xpain [6].
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Ocranni nani CBiToBoro baHKy 110710 IIBOTO 1HAEKCY OINPHIIIOMHEHI 33 JAHUMHU
2018 p. (mybmikytotbest pa3 Ha 2 pok) [1]. Orxe, Ha mouarok rpyaas 2021 p. naxi 3a
2020 pik 11e He Oyny ONPUITFOAHEHI, i BATOMOIO IPUYHHOIO [[LOTO € BIUIMB IaHAeMii Ha
METOJIMKY PO3PaxyHKY IEBHHUX ITOKa3HUKIB.

Ane y 2020-my—2021 porti B YkpaiHi aKTUBHO BEIEThCS BiJI0y10Ba aBTOMOOIIBHUX
nopir y pamkax [Ipesunentcpkoi nporpamu «Benuke OymiBHUITBO», IO, HA TYMKY
NEBHUX MDKHAPOTHUX MApTHEPIB y raiysi, Majlo 3HaYHO IiJABHIIUTH TPAH3UTHI MOX-
JTUBOCTI YKpaiHU B KOHTEKCTI PO3BHUTKY CBITOBOi TOPTiBJIi Ta TNIOOAILHUX JAHIIOTIB
nocradanb. To0To, ctanoM Ha 23.02.2022 p. Oynu 00’ €KTUBHI MiICTaBU BBAXKATH, 110
Haifripma oninka Ykpainu y 2018 pomi B pamkax kputepito LPI — indpacrpykrypa
(89-1i panr) 3a naanmu 2020-2021 pokiB CyTTEBO MOKpAIIUTHCS [7].

Coiz 3a3Ha4UTH, 110 Y CBITI KOHKYPYIOTh HE KOMITaHil 4l OKpeMi Oi3Hec-TporecH,
a JIaHIIOTY MMOCTAaBOK. BiZjoMO, 110 JTaHIIOTH MMOCTaBOK 30BHINTHHOTOPTOBEIFHIX BaH-
Ta)KiB MarOTh OLTBIN CKJIaJHY KOH(]Irypaito OPiBHSHO 3 JIAHIIFOTAaMH TIOCTaBOK BCe-
penuHi onHiel KpaiHW, IO BiJIOMBAETHCS, B TOMY YHMCII, 1 HA CTPYKTYpi JIOTICTHYHHX
BUTpAT — 3'SIBISIIOTHCS HOBI CKJIAJI0BI, MOB'sI3aHi 3 MEPEMIIIEHHSIM TOBApiB Yepe3 MUT-
HUI KOPJIOH, BAMHEHHSIM MHUTHHUX OIEPAIliif, CIIJIATOI0 MUTHUX TUIATEXKIB.

3a3HaueHi crienn@iyHi 0COOIUBOCTI HE MOYKHA HE BPaXxOBYBATH NPU MOJICITIOBAHHI
JIAHITFOTIB TIOCTABOK 30BHILTHHOTOPTOBEJILHUX BAaHTAXIB, OCKIJIBKHU I MPU3BEIEC JI0
3pOCTaHHS BUTpPAT. Y TOH e Yac BiJOMO, 1[0 ONTHMI3allisl JIMIIE OJHIET CKIIaI0BOT
HE JIO3BOJISIE JIOCSTTH OaKaHOTO pe3yibrary. B yMmoBax mioOamizalii Ta JijpkuTaiza-
i1 Bce OLIBIIOTO 3HaYCHHS HAOYBAIOTh Cy4YacHi TEXHOJIOTIT, 32 PaXyHOK 3aCTOCYBaHHS
SIKUX MOYKHA JIOMOI'TUCS ONITHUMI3allii BUTpAT MUTHO-JIOTTYHKX oreparii (xani — TJIO),
CKOPOYCHHSI THMYACOBHX BHUTPAT 1 MiJIBUIICHHS KOHKYPEHTOCTIPOMOKHOCTI JIAHIIIOTIB
MOCTaBOK 30BHIITHHOTOPTOBEILHIX BAHTAXKIB.

BuieBukiaieHe 00yMOBITIOE HEOOX1THICTD MOIIYKY HOBUX ITiJIXOIB JI0 YITPABIIIHHS
JIOTICTHYHUMH BUTPATaMU B JIAHIIIOTaX ITOCTABOK 30BHINIHLOTOPTOBEIBHUX TPYIL.

[Tepi 3a Bce HEOOXIAHO 3’ sICYyBaTH TEOPETHYHI TIAXOIU 1010 TAYMAUCHHS IOHSITTS —
JIOTICTUYHI BUTPATH.

Ha nymxy O.M. Cymenp JIOTICTUYHI BUTPATH 1€ 3MEHIICHHS €KOHOMIUHUX BHIiJ
y BUIJISI BUOYTTSI MaTepialnbHuX, GiHAHCOBHX, TPY/IOBHX Ta iH(OPMAIiHHUX pecypciB,
1110 3a0e3MeUyI0Th MPOCYBAHHS MaTepiabHUX aKTHUBIB y MEXaX JIOTICTUYHOI CUCTEMHU
a0o JTaHIfora MoCTaBoK [8].

€.M. Pynniuenko, H.I. T'aBnoBchbka, BBaXaroTh, 1110 ITiJT JIOTICTHYHUMHU BUTpPaTaMH
CIIiJT PO3yMITH BUTPATH, TIOB’sI3aHi 3 BUKOHAHHSIM JIOTICTUYHUX OTepaliiii (po3MileHHs
3aMOBJICHb Ha TIOCTABKY MPOMYKIIil, 3aKyMiBIIsl, CKIIQJTyBaHHS NPOYKIii, BHYTPIillIHBO-
BUPOOHWYE TPAHCIIOPTYBAHHS, MPOMIXKHE 30epiraHHs, 30epiraHHs TOTOBOT MPOIYKIIiT,
BiJIBAHTa)KECHHS, 30BHIITHE TPAHCIIOPTYBAHHSI ), & TAKO)K BUTPATH HA TIEPCOHAI, yCTATKY-
BaHHS, IPUMIIIEHHS, CKJIAJICHKI 3armacy, Ha Tiepe/iady JaHuX Ipo 3aMOBJICHHS, 3aIacH,
rmoctaBkH [9].

Ha nymky B.€. KpukaBcbkoro, JOrIiCTHYHI BUTPATH — 1€ CKJIaI0Ba TIOBHUX BUTPAT
mianpuemMcTBa. BapTicTh 00’ €KTiB IOTICTUYHOT iHPPACTPYKTYPH MOJKHA TPAKTYBATH, SIK
iHBecTHUIii. JIOTiCTHYHI BUTPATH MOXKHA TPAKTYBATH, SIK BUTPATH, TIOB’s13aHi 3 BUKOHAH-
HSIM JIOTICTUYHUX OIepaliil i mporeciB (TpaHCIIOPTYBaHHS, CKJIa[yBaHHs, TaKyBaHHS

i1.m.)[10].

137



PO3BUTOK TPAHCIIOPTY
Ne 2(17), 2023

M.B. XapueHko y CBOEMY JIOCIHIJPKCHHI BH3HAYa€, IO JOTICTHYHI BHTpATH — 1€
BUTpPaTH MaTepiaibHUX, (IHAHCOBUX, TPYJAOBUX Ta iH(OpMamiiHUX pecypciB, sKi
00yMOBJICH] JIOTPUMAaHHSIM MiANPUEMCTBAMH CBOIX 3000B’S13aHb 3 BHKOHAHHS POOIT
Ta HaJIaHHS TIOCIYT Ha 3aMOBJICHHS CriokuBadiB [ 11].

TakuM YWHOM, TPOAHAII3yBAaBIIM HAYKOBI JOCII/DKEHHS NPOBIIHUX BYCHUX
MU HE 3HAUIILTY OIHO3HAYHOTO TITyMa4€HHsI CTOCOBHO BH3HAUCHHS [TOHSTTS «JIOTICTHYHI
BUTpaTH». TakoX BIJICYTHE 3aKpIIUICHHS [LOTO TOHSTTS B YKPAaiHCHKOMY 3aKOHOJaB-
CTBI. SIKIII0 y3araJlbHUTH TEOPETUYHI MOTJISIIN IO/I0 BU3HAYCHHS IOHSTTS JIOT1CTUIHUX
BUTPAT, TO OIJIBIIICTIO BYCHUX IX BIJHECEHO BUTpAT HAa BUKOHAHHS MEBHHUX OIeEparlii
B TIOTOKOBHUX TPOIIECaX, SIKi 3’ SIBISIIOTHCS TIPOTSATOM BCHOTO JIOTICTHYHOTO JIAHITIOTA.

IcHye 3anexHICTh MiXK PiBHEM €KOHOMIYHOTO pO3BHTKY (sIK BuUMiproeThcst BBIT Ha
Iy HaceJeHHs ), CTPYKTYPOIO HalliOHaJIbHOT EKOHOMIKH Ta BUTpaTaMy Ha JIOTiCTHKY.
VY Toli yac SK BHTpATH Ha JIOTICTHKY MOXYTh CTAaHOBUTH 25% BHUTpar Ha JOCTABKY
B JICSIKMX KpaiHax, [0 PO3BUBAIOTHCS, BOHU MOXKYTb JlocaraTtd 8% y pO3BUHYTHX €KO-
HOMiKkax. bararo (akTopiB MOXKYTh BIUIMBAaTH Ha CTPYKTYpY BUTpAT:

— TpaHCHOpTHa iH(PACTPYKTypa BIUIMBAE HA TPAHCIOPTHI BUTPATH, MICTKICTh
i HanmidHicTh. PosramyeHa TpaHCIIOPTHA iH(PPACTPYKTypa IOB’s3aHA 3 MEHIIHNMHU
BUTpPAaTaMH Ha JIOTICTHKY;

— POJIb CEKTOPIiB eKOHOMiKK. EKOHOMIKa, 10 MOKTaaeThcs Ha IEPBUHHUE (HaIpu-
KJIa/Jl, CiJTbChKE TOCTIOIAPCTBO Ta FpHIUY000yBHA IPOMHUCIIOBICTH) 1 BTOPUHHHUH (BHPOO-
HUIITBO) CEKTOPHU, Ma€ BUIIII BUTPATH HA JIOTICTUKY, HI)K EKOHOMIKa, IO MOKJIAJTA€ThCS
Ha TPETUHHUI cexTop (mociyru). Li Bapiamii oB's3aHi 3 KUIbKICTIO BAHTaXIB B 00Iry
IO BIJTHOILICHHIO JIO 3arajbHOr0 €KOHOMIYHOTO BUPOOHHIITBA;

— TPOIICHTHI CTaBKH 31€01IBIIOT0 BIUTUBAIOTH HA BUTPATH 31 30€piraHHs 3aracis,
SIK1 € OUTBIITMMHM 3 BULITUMH ITPOIICHTHUMHU CTaBKaMH;

— PpiBeHb KOHKYpEHI[ii. MOHOTONICTHYHI PUHKU 3a3BUYail MAlOTh BUINI BUTPAaTH
Ha JIOTICTUKY, OCKUILKU 3aIliKaBJI€HI CTOPOHH MAalOTh MEHIIE CTUMYIIIB JI0 iHHOBAIil
Ta BUKOPUCTAHHS 1HOPACTPYKTYpH (HAIPHUKIIAI, TIOPTIB) 3 TOYKH 30py MOIIYKY PEHTH;

— iH¢opMaIiiiHi TeXHOIOTii. 3MEHIIICHHSI BUTPAT Ha TPaH3aKIlii, yIpaBIiHHS 3aria-
camu, MHTHI OpMaJIbHOCTI;

— HOPMHU Ta ONOJAaTKyBaHHs. PIBeHb 00MEKEHb, SKHM ITiJJISTAE TPAHCTIOPTHHH CEK-
TOP, HAMIPHKIIA] EKOJIOTIYHI HOPMH, & TAKOXK PIBEHb MHUTHOTO OTO/IaTKYBaHHSI.
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Husbkuii piBeHb EKOHOMIYHOTO PO3BUTKY OB’ I3aHUH 13 BEMKOIO Bapialli€ro BUTPaT
Ha JIOTICTHKY MK KpaiHaMH, TOJI SIK 1[5l YaCTKa 3BYXKYETbCSl HA BUIIMX PIBHSAX CKOHO-
MIYHOTO PO3BUTKY. L]e B OCHOBHOMY MOSICHIOETHCSI PI3HOMAHITHICTIO YMOB iH(PacTpyK-
TYPH, & TaKOXX PI3HUMH POJISIMH, SIKI BUKOHYIOTh NICpPBUHHUH 1 BTOPHHHUI CEKTOPH.
HesBaxatoun Ha Bucokuii BBII Ha nynry HaceneHHs, B ABCTpalii 4acTka BUTpar Ha
JIOTICTUKY BHIIA, HK Y TIOPIBHSHHHUX KpaiHax, 4epe3 BayIINBICTh BUJOOYTKY B €KOHO-
miti (puc. 1).

Ha namy nymKy, B gaHuil yac icHye HEOOXiIHICTh PO3POOKH TMIJIXOAIB IO YIpaB-
JIHHS JIAHIIOTAMU MOCTaBOK 30BHINTHBOTOPTOBEJIHLHUX TOBAPIB 3 OONIKOM 3aralibHHX
JIOTICTUYHUX BUTPAT B HUX 1 IX ONTHUMI3aIli€l0, OCKIJIbKH OUIbIy YaCTHHY KiHIIEBOT
I[IHU TOBApPY JUIsI CIIOKKMBAYa CKJIaJIat0Th JIOTICTUYHI BUTPATH, 1110 € HACIIIIKOM TOTO, 1110
IPY BUXOJII HA MIKHAPOJTHHN PUHOK.

Oco0nuBiCTIO 30BHIMIHBOSKOHOMIYHOTO JIAHIIIOTA [TOCTaYaHHs € TE IO I0CTadallb-
HUK 1 CIIOKMBa4 3HAXOMASATHCS B Pi3HUX KpaiHaxX. TakuM YMHOM BapTO BWIUIUTH PSII
(axTOpiB, OB'SI3aHUX 31 CKJIAJHICTIO MAPIIPYTiB IIEPEBE3CHb NMPH MIXXHAPOIHUX TIepe-
BE3CHHSIX. PUHKH pi3HUX KpaiH BiIPI3HAIOTHCS TPAHCIIOPTHOIO iHQPACTPYKTYPOIO, MUT-
HUMHU Tapudamu, TapudaMu nepeBi3HUKIB, HeTapuGHUMH OOMEKEHHSIMHU Ta THITUMH
YHMHHUKAMH, SIKi BILTUBAIOThH HA JIOTICTHYHI BUTPATH.

Kpim 1poro, nmpu MiKHapOJHHX TMEPEMIIICHHSIX BaHTaXi HEMUHYYE CTHKAIOTHCS
i3 MmepeMillleHHsIM Yepe3 MUTHHH KOpoH. Ha Hamry JyMKy MOJEITIOBaHHS JIaHIIOTIB
NocTayaHb HEOOXJIHO 3 ypaxXyBaHHSMH YIOCKOHAJICHHS MUTHHX OIEpalliidl MpH MiXk-
HApPOJIHOMY IEPEMIllICHHI BaHTaXIB, OCKIJIbKH BUHHMKAIOTH JOJATKOBI BUTPATH, SIKI
OB’ s13aHi 13 3IHCHEHHSIM MUTHUX (HOPMaIBHOCTEH.

Mu BBakaeMo, 10 NP TUIAHYBAaHHI MDKHAPOAHOI IOCTaBKM HEOOXiTHO BpaxoBy-
BaTtu (akToOpH, SIKi TIOB’sI3aHi 13 3JIICHEHHSIM MUTHUX (OPMaTbHOCTEH:

— BU3HAYCHHSI ITyHKTY NPOITYCKY Yepe3 MUTHUH KOPJIOH;

— BH3HAUEHHS MiCIls pO3TallyBaHHs MHUTHHII TpU3Ha4eHHs (0OopMIICHHS) Ta BiJl-
JITy MUTHOTO 0(hOpMIICHHST;

— BHUOIp BUJIy TPAHCHIOPTY Ha KOPJIOHI;

— BHOIp BUIy TPAHCIIOPTY B MEkKax YKpaiHH.

Ha Hamry gymKy, oHI€I0 31 CKITaJIOBUX 3arajibHUX JIOTICTUYHNAX BUTPAT € MUTHI TUIa-
TEX1, OJTHAK, BAYKIIMBO BPaXOBYBATH, 110 HE BCI iX BUJIM MIJISTAI0Th ONTHMI3aLIi.

VY crarti 4 MuTHOTO KoJIeKey YKpaiHU 3aKpilIeHO TaKW BUJM MUTHUX TUIATEXKIB!

— MHUTO;

— aKIM3HUH MOIaTOK 13 BBE3CHUX HA MUTHY TEPUTOPI0 YKpaTHH MiIaKI[U3HUX TOBa-
piB (pomykKiii);

— MOAATOK Ha JIO/IaHy BapTICTh 13 BBE3CHUX HA MUTHY TEPUTOPil0 YKpaiHU TOBapiB
(mpomyxuii) [12].

TakuM YMHOM, HAMH TIPOTIOHYETHCS MOJIENTb PO3PAXYHKY JIOTICTUYHHX BUTPAT 3 ypa-
XyBaHHSIM BUTPAT HA MUTHI TUIATEX1 Ta iHQOpMaIiiHy B3a€MOJIII0. Y TaKkoMy pasi MOJIEIb,
3 ypaxyBaHHSIM MUTHHUX IJIaTeXKIB BUIISIAE TAK, SIK TIPEJICTaBIeHO Y hopmyi 1:

Ct(1)+Cm+Cd )f% - min (1)

ACo
~ t(n si

ne A — morpebda B IPOIYKTi;
C, — BUTpaTH Ha BUKOHAHHS OJIHOTO 3aMOBJICHHS;
S — BenmMuMHA 3aMOBJICHHS JUIS IOTIOBHEHHSI 3aI1aciB;
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(11 — 1iHa OMHUII MTPOIYKITii, sSTKa 30epiraeThes Ha CKIIAII;
Cr (T) — BapTICTh [IEPEBE3CHHS;

CM — BUTpaTH Ha CIUIATy MUTHHX TUIATEXKIB;

C¢ — BuTparu Ha 371 iCHEHHS MUTHUX ()OPMaIbHOCTEH;

Bu3HaueHHs po3Mipy MUTHHX IUIATEXKIB 3aJICKHUTh BiJl KOy TOBapy 3a YKPaiHCHKOIO
KJ1acu}iKaIi€ro ToBapiB 30BHITHLOCKOHOMIYHOT JIISUITBHOCTI, KPATHN TTOXOJKEHHS TOBAPY.

Butparu Ha 31iiicHeHHSI MUTHUX (DOPMaTIbHOCTEH 3aJ1eXkKaTh BiJI:

— 3aJIy4eHHS MUTHOTO OpoKepa /10 Mpolecy AeKIapyBaHHs TOBapiB;

— BUHUKHEHHSIM PU3UKIB, IPH 31HICHEHHI MUTHOTO KOHTPOJISI TOBapiB.

— 00paHOr0 MUTHOTO PEKHUMY

TakuM YMHOM, MU BBa)XA€EMO, 1110 BUTPATH HA 3IHCHEHHS MUTHUX (DopMabHOCTEH
Ta BUTPATH HA CIIATY MUTHHX IUIATEXKIB € BATOMOIO YaCTUHOIO TIPH PO3PAaXyHKY JIOTiC-
TUYHUX BUTPAT TPH 3J[IHCHEHH] 30BHIIIHLOTOPTOBEILHUX OTEpAaIlii.

Bukonana HamM# JJEKOMITO3HIIiSI 3arajibHUX JIOTICTUYHUX BHTPAT JI03BOJISIE BPAXOBY-
BaTy crieli(iky MUTHOTO 3aKOHOJIAaBCTBA Ta 0OMEKEHHS 3 BUKOPHCTAHHS MUTHO-JIOTIC-
TUYHUX TEXHOJIOTIH.

BucnoBku. Ha 0CHOBI MpOBECHOTO JIOCIIKEHHST MOKHA 3pOOUTH BUCHOBKH, IIIO
0COOJIMBICTIO JIAHIIIOTIB TOCTABOK 30BHIIIHBOTOPIOBEIBHUX BAaHTAXIB € HEOOXIIHICTh
3MIMCHEHHS HE TIJIBKH JIOTICTHYHKX OIepalliii a i orepailii, oB’13aHuX 13 311HCHEHHSIM
MHUTHHUX (OPMaITbHOCTEH MpH MEepeMillleHHI BaHTaXiB Yepe3 MUTHUN KOpJIOH YKpaiHu
Ta TOJATKOBUX BUTPAT MUTHO-JIOTICTHYHUX OTEpaIlii, Iki He0OX1IHO BPaxoBYBaTH B IPO-
neci popMyBaHHsI Ta YIIPaBIiHHSI JIAHIFOTaMH ITOCTABOK. BKITFOUEHHS BUTpAT, OB'SI3aHUX
i3 3/1IHCHEHHSIM MUTHUX OIEpAlliif, J103BOJISIE OKPEMO BPAXOBYBATH JOJATKOBI BUTpATH.
Kpim TOro, BpaxoBYIOTbCSI BUTPATH, MOB'A3aH] 3 HEOOXITHICTIO HA/IaHHS 3a0e3redeHHs
CIUIaTH MUTHHUX ITUIATEXIB MPH TPAHCIIOPTYBAHHI BAaHTAXy BHYTPIIIHIM TPaH3UTOM IIO
Teputopii YkpaiHu, a came — OTpruMaHHs 0aHKIBCHKOT rapaHTil, epeBe3eHHS M0 KHIDKII
M/II abo 3BepHEHHS 10 MOCIYT MUTHOTO TiepeBi3HUKA. [lomaHa MEeKOMIIO3HIIIST T03BO-
JIJ1a PO3BUHYTH MOJIENb 3arajibHUX JIOTICTUYHUX BUTPAT, JONOBHUBINY i1 BUTpaTaMH Ha
3M1MCHEHHS MUTHUX (POPMATBHOCTEH Ta CIIJIaTy MUTHHX IIJIATEXKIB.
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SABE3IIEYEHHA BE3IIEKW MOPCBKOI'O IEPEBE3EHHSA
HABAJIOYHHUX BAHTAZKIB I3 BUCOKOIO IIVIBHICTIO

O.M. MeJIbHUK
K.T.H, JOICHT Kad)eJpH CyTHOBOIIHHS 1 MOPCHKOT Oe3IeKH,
Ooecvkutl HayionanrbHull Mopcokull yHisepcumem, Odeca, Yrpaiua,
ORCID ID: 0000-0001-9228-8459

Anomauin

Bcemyn. 3abesneuennsn 6e3nexu MopcvKo2o nepege3eHms: HABAIOYHUX 8AHMAICIE 3
BUCOKOIO WIIbHICMIO MAKOJAC € KPUMUYHUM ACNEKMOM MOPCbKOI 102iCMUKU ma euma-
2ae po3pooneHHs ma 6MiienHsl CYKYRHOCI 3axX00i8, HeOOXIOHUX 05l 3a0e3neyenHs bes-
nexu maxux nepegezensv. /lana cmamms po3ensioae npoonemy po3piodceHHs aHMAICI8
Ha CYOHI NPOMs2OM Pelicy ma 1020 6NIUE Ha OCMIUHICMb | Oe3neKy naiasanus. Jocui-
OJICEHHsL IDYHMYIOMbCSL HA AHAAIZT CIMAMUCIMUYHUX OAHUX MA QIZUKO-XIMIUHUX 61ACTU-
gocmell aHMANCI6, KOHCMPYKYIUHI 0COONUBOCMI CYOHA MA 8NAUE 3068HIUHBLO2O CEPe)o-
suwya. Iliokpecnioromvcs ocoonusocmi npoyeoypu NpUtiHAMmSs 6aHMad’Cy, KOHMPOJis 3a
1020 CIAHOM NPOMASOM MPAHCHOPMYBAHHS MA O3HAKU 8PA3IUBOCHI HiKeNegol, aio-
MIiHI€E8OT ma 3ani3HOL pyou 00 PO3PIONCEHHS, WO BUMALAE PEMETbHOL NepesipKu 8010~
20Cmi 8aHMANCY nepeo 3a8AHMANCEHHIM. Y yitl pobomi Oy10 NPoeedeHO DOCIIONCEeHHS
Hebe3nex po3piodceHHs BAHMAICY N0 YAC NePese3enHs, Wo € NPoYecoM, Niod Yac K020
BAHMAIC CINAE MEHWL WITLHUM | 30amHUM 00 PYXYy Ma 3CY8Y, W0 Modce Npuzsecmu 00
HEOANCAHUX HACTIOKIB, 6KIAIOUHO 31 3MIWEHHAM YEHMPY MAICIHHI CYOHA, SHUNCCHHAM
Memayenmpuunoi eucomu ma nozipuienuam tioeo cmadinenocmi. Mema. OcroeHoio
Memow cmammi € pO3yMIHHS NPOOAEMU PO3PIONCEHHST BAHMAICIE N0 YAC MOPCLKO2O
nepeseseHHsi ma po3pooKa i 6MiieHHs GIONOBIOHUX 3ax00i8 be3neku 05 3a0e3neueHHs
Oe3nexu maxux nepegezenv. Pesynbmamu. 3anpononosano cnpoweny mamemamuy-
HY MOOeNb AKA 8PAX08YE 2eOMEMPiio KOPHycy CYOHd, NApamempu X6Uit08anHs MOops,
WBUOKICMb GIMPY MA THWE YUHHUKU 0151 NePe0OaUeHHsl 3CY8Y PO3PIONCEH020 BAHMAICY.
Bucnoeku. Pospaxynku ma mMo0enio8ants. 0aioms 3mo2y OYiHUmu UMOGIipHiCmy po3-
PIOJICEHHS 6AHMAACIG [ 8ACUMU BIONOBIOHUX 3aX00I8 Oe3neKu, NIOKPECIOEMbCIL BANCU-
BICTb KOHMPONIO YMO8 BAHMAICY, 3ACMOCYBAHHSL 3aN0DINCHUX 30X00I8 I 3a0e3neyents
besneku exinasicy 0isi 3ano0ieanHst PO3PIONCEHHIO BAHMAICY HA CYOHL.

Knwuogi cnosa: 3piosicenns eanmagicis, 6e3nexka MOpcbKux nepese3eHs, HA8aI0u I
BAHMADICE, OCMIUHICIL CYOHA, MOHIMOPUHE CIMAHY BAHMAICY, 3CY8 BAHMALCY, 3AX00U
besnexu.

© Meabauk 0.M., 2023
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SAFETY OF MARITIME TRANSPORTATION
OF HIGH-DENSITY BULK CARGOES

O.M. Melnyk
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Odesa National Maritime University, Odesa, Ukraine,
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Summary

Introduction. Ensuring the safety of maritime transportation of high-density bulk
cargo is also a critical aspect of maritime logistics and requires the development and
implementation of a set of measures necessary to ensure the safety of such transportation.
This article addresses the problem of cargo liquefaction on a ship during a voyage and
its impact on stability and safety. The research is based on the analysis of statistical
data and physical and chemical properties of cargoes, structural features of the vessel
and the impact of the external environment. The peculiarities of the cargo acceptance
procedure, control over its condition during transportation, and signs of vulnerability
of nickel, aluminum and iron ore to liquefaction, which requires a thorough check of
the cargo moisture content before loading, are emphasized. This paper investigates the
dangers of cargo liquefaction during transportation, which is a process during which the
cargo becomes less dense and capable of movement and displacement, which can lead
to undesirable consequences, including a shift in the ship's center of gravity, a decrease
in metacentric height, and a deterioration in its stability. Objective. The main purpose of
the article is to understand the problem of cargo liquefaction during sea transportation
and to develop and implement appropriate safety measures to ensure the safety of such
transportation. Results. A simplified mathematical model is proposed that takes into
account the geometry of the ship's hull, sea waves, wind speed and other factors to
predict the displacement of liquefied cargo. Conclusions. Calculations and modeling
make it possible to estimate the probability of cargo liquefaction and take appropriate
safety measures, emphasizing the importance of monitoring cargo conditions, applying
precautions and ensuring crew safety to prevent cargo liquefaction on board.

Key words: cargo liquefaction, safety of sea transportation, bulk cargo, ship stability,
cargo condition monitoring, shifting cargo, safety measures.

Beryn. 3pimKkeHHST BaHTaXIB 3alUIIAETHCS HAMOUTBIIMM (PakTOpPOM, IO CIIPHYH-
HSIE JIFOJICHKHX JKEPTB 1 3aHEMIOKOEHHS Y CETMEHTI CyXOBaHTaKHHX TepeBe3eHsb. Jlocii-
JOKEHHSIM, TIOB'SI3aHUM 3 3a0€3MeUeHHSM MPOLECY MOPCHKOTO MEPEeBE3eHHS HaBaJIOY-
HUX BaHTaXIB Ta 0COOJMBO CXWJIBHHX JI0 PO3PIIKEHHS, IPUCBSIYEHO JIOCTATHHO YBaru
Ta XapaKTepU3YIOThCS 3HAYHUM 00CSTOM HayKOBHX Tpallb. Tak y [1] 3BiT, miarorose-
HUl MDKHapOJHOIO acollialli€ro BJIACHUKIB cyxoBaHTaxiB (Intercargo), micTuth cra-
TUCTHUYHI JIaHl TIPO BTpaTH OajKepiB Ta JIOACHKI JKEPTBU Ha MPOTS3i JACCATUPIYHOTO
niepiony. Jlxeperno [2] mpucBsiueHO acrieKTaM 0e3MeKn MOPChKUX NIEPEBE3CHb HAaBAJIOU-
HUX BaHTAXIB, BKIIIOYAIOUX MTPOOIEMy pO3piIKeHHsI BAHTAXIB 1 HOrO BIUIMB Ha OCTil-
HicTh cyaHa. [Ipams [3] mocnikye TUTaHHS OCTIMHOCTI CY/ICH 1 BKIIFOYA€E aHAJII3 PU3H-
KiB, MOB'SA3aHUX 3 PO3PIIKCHHSM BaHTaXIB Ta MOro BIUIMBOM Ha Oe€3IeKy IIaBaHH:.
[My6Gumikamis [S] MixknaponHoi Mopcbkoi opranizaiii (IMO), Hanae pekoMeHaaIii o010
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MPaBUIIBHOTO YKJIaJaHHs Ta 3aKPIlUICHHS BAaHTaXIB Ha CynHaX. BoHa BKiIto"ae po3miny,
MIPUCBsIUEHI Oe3Ielll ePEBE3CHHS HABAJIOUHUX BAHTAXKIB | YHUKHCHHIO X PO3PiKCHHSI.
PoGotu [6-8] MiCTATH IPaKTUYHI TTOPaJH Ta IHCTPYKIIIT JUTS eKCIITyaTalii Cy/ieH, BKIIO-
YarouM JEAKI aCHEeKTH X Oe3IeKu.

B mincymky omparboBaHa JiiTeparypa BKa3dy€e Ha BaXKJIMBICTh CUCTEMHOTO KOHTP-
OJII0 3 METOIO JIOTPUMAaHHS OC3MEYHUX YMOB IEPEBE3CHHS BaHTAXIB 3 BUCOKOIO IILJIb-
HICTIO 13a0e3MeueHHs 03MEeKH eKINaxy MPOTSITOM PEIcy.

OcnoBHa yactuna. CTaTUCTUKA MIPUTO]T SIKI TPAIUISIOTHCS MIPH TIEPEBE3CHH] HaBa-
JIOYHMX BAHTAXIB, CBITYMTh MPO CEPHO3HI HACIIIKA PO3PIHKEHHS BAHTaXKy Ha CyJTHAX
MIPOTSATOM MEPEXOJTY Y BIAKPUTOMY MOPi. 3a3Ha4eHa KiJIbKICTh 3aruOImx MOPSIKIB 1 3aT0-
HYJIUX CYy/IeH € TPUBOKHUM ITOKa3HUKOM. BTpara ocTiiHOCTI Ta aBapisi CyJjHa, CIIPHYH-
HEHI PO3PIPKCHHSM BaHTaXYy, CTBOPIOIOTH KPUTUYHY CUTYAIlil0, B SIKiH eKilmax He 3MIT
BIIOPATHUCS 31 CKJIAJHUMU 00CTaBUHAMHM, HE BCTUT MIOKUHYTH CYJIHO a00 HaBITh MOBI0-
MUTH TIPO HeOE3IeKy Ta OTPUMATH JOMOMOTY.

Tinekn Brpomorxk necstupivdst 3 2008 mo 2017 poku, cBITOBUH (IIOT BTpaTHUB
53 Gankepu nenseiirom moHas 10 Trc. T. 3aranbHi JIOJCHKI BTpATH HA Cy[HAX OaiKepax
3a et nepiof ckianu 202 aroauHu, a00 B cepelHboMy 0m3bK0 20 4iieHIB eKimaxy Ha
pik. Taki nani 3BiTy Bulk Carrier Casualty Report, Hamani Mi>kKHapOIHOIO acoIiaIliero
BJIACHMKIB cyxoBaHTaxiB (Intercargo), puc. 1.
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Puc. 1. Bmpamu cyoen bankepie dedsetimom 6io 50 oo 60 muc. m.,
cnpuyuneHi 3pioscennam (Intercargo)

[lonii, moB'si3aHi 3 PO3PIIKEHHSAM BaHTAXKY, € CEPUO3HUM BUKIIMKOM JIJIsI O€3MEeKH
MOPCBHKOTO TIEpEBE3EHHS, | MOPChKa IHAYCTPis Mae i Halai MpaItoBaTH HaJl yAOCKOHA-
JICHHSIM TIPOTIeyp 1 CTAaHAAPTIB AJIs 3ar100iraHHs TAaKUM IHIIUIEHTAM 1 3aXUCTY KHUTTS
Ta Oe3rmexkn MoOpsKiB. Po3pikeHHS HAaBaJOYHOTO BaHTaXKy MOXKE BimOyBaTwcs depes
Pi3HI YMHHHKH, TaKi K CTUCHEHHs BaHTaXYy, BiOpaIlist IBUTYHa, MaHEBPYBaHHS Cy/IHA,
0OOpTOBa XUTABHIIA 1 3ITKHEHHS 3 XBUISAMHU. Li hakTOpr MOXKYTh BUKITUKATH CTPYC BaH-
TaXYy 1 IPU3BOUTH JI0 HOTO PO3PIIHKEHHS.

Jlexiibka MPOBITHUX KpaiH HaWOUIBIIMMH KpaiHAMH-BHPOOHHKAMH TIEPBHUHHOTO
Hikemro. Hampuknag Kwuralickka pecrryOmika 3poOnia 3Ha4HWN PUBOK Y BUPOOHH-
IITBI HIKEIIO 32 OCTaHHI POKW. KuTalChbKHMiI PUHOK HIKEIIO CTaB OXHHM i3 THX, IO
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HalTMHAMIYHIIIEe PO3BUBAIOTHCS Y CBiTi. CIIPUSTINBI YMOBH JUISi BAPOOHMIITBA HIKEJTIO,
TakKi K JIOCTYTI IO CUPOBHHH, HU3bKI BUTPATH Ha TMPAIIIo 1 IepeBaru MiclieBUX BHPOO-
HUKIB, CIPUSIIM 3pOCTaHHIO BUpoOHUNTBa B Kurai. Kuralichki KommaHii akTHBHO
IHBECTYIOTh Y PO3BHTOK HOBUX POJOBHII i MOJIEPHI3aIlil0 BUPOOHUYHX TIOTYKHOCTEH,
11100 32JI0BOJIBHUTH 3POCTAIOUHI TIOMUT Ha Hikeb. SnoHist, ABcTpanis 1 Kanana Takox
BiJIIrPalOTh BOXIJIMBY POJIb Y BUPOOHUIITBI MEPBUHHOTO HIKeNI0. Y MUX KpaiH € 3Ha-
YHI pe3epBU HIKEJIIEBUX POJOBHII 1 pO3BUHEHA 1HPPACTPYKTYpa I BUIOOYTKY 1 Iepe-
poOxku Hikemo. KoMmaHnii 3 1iux KpaiH akTHBHO MPAIIOIOTh HA CBITOBOMY PUHKY HIKEIIO
1 MOCTauarTh 3HAYHI O0CATH MPOMYKIli. BTiM CIiji 3a3HAYUTH, 110 CBITOBHI PUHOK
HIKEITI0 MOCTIHHO 3MIHIOETHCS, 1 YACTKU BUPOOHUIITBA MOXKYTh 3MIHIOBATHCS 3aJICKHO
BiJl PI3HUX YNHHHKIB, BKJIIFOYHO 3 I[IHOI Ha METaJl, IHBECTHUIIISIMA B PO3BUTOK POJIOBHIIT
1 3MIHOIO TTOTIMTY Ha HIiKeJb Y Pi3HUX Tally3siX MPOMHCIOBOCTI.

lonoBHMME TIEPBUHHUMH CIIOKUBAYaMH HIKEJTIO € BUPOOHUKH HEpIKaBitovol cTalli.
HepxaBiroya cTaib NIMPOKO BUKOPUCTOBYETHCS B PI3HUX Tay3sX, TAKHX SIK Oy/liBHU-
LITBO, aBTOMOOIJIbHA MPOMHUCIIOBICTh, CHEPreTHKA, XIMIYHA MMPOMHUCIIOBICTh Ta IHIIIL.
BoHa Mae BUCOKY KOPO3iiiHY CTIHKICTh 1 MII[HICTb, 1 HIKEJIb € BAXKJIUBUM KOMITOHCHTOM,
10 HaJa€ UM BJIACTHBOCTSAM HEpiKaBitouoi craii. KpiM BUpOOHHUIITBA HEpKaBiOUOT
CTaJli, HIKeJIb TAKOXK BUKOPHCTOBYETHCS Y BUPOOHUIITBI CIELiaIbHUX CTAJeH 1 CIIJIaBiB.
BoHu 3aCTOCOBYIOTHCSI B PI3HUX Tally3siX, BKJIFOUHO 3 aBialliero, 000POHHOK MPOMHMC-
JIOBICTIO, €HEPTeTHUKOI0, MAIMHOOYAYBaHHSIM Ta HIIMUMHU cepamu, ae MoTpiOHi BHCO-
KOMIIIHI Ta CIIeliai30BaHi Marepiasiu.

Kinmesi crokuBaui HIKeJII0 BKJIFOYAKOTH TaKi rajysi, sik TpaHCHOpT (aBTOMOOLI,
Cy[Ha, JiTaku), MalMHOOymMyBaHHs, OyIiBHHIITBO (BKJIOYHO 3 IH(PPACTPYKTYPOIO
i OymiBIsIMH), XiMIYHA TPOMHCIIOBICTh, BUPOOHHUIITBO TIOCY/LY Ta iHIII BUpOOU MOOYTY.
VY npx ramy3sx HiKeJlb BUKOPUCTOBYIOTH y Pi3HHX (hopMax i CruiaBax Juis HaJJaHHS 0CO-
OJIMBUX BJIACTUBOCTEH MaTepiajam, IMOJIIIICHHS KOPO3iMHOI CTIHKOCTI, MEXaHIYHOT
MIITHOCTI Ta 1HIINX XapaKTepUCTHUK.

Banrtaxi 3 cupoBUHHU, 0COOIMBO 3 BUKOKO INIJIBHICTIO, a I HiKeJIeBa, aJIlOMiHIEBA
1 3aJIi3Ha py/a HajeXarb M0 THX, SIKi CXHIBHI JIO PO3PI/PKEHHS TiJl 4aC MOPCHKOTO
niepeBe3eHHsl. [le moB'sa3aHo 3 IXHBOKO MIABHIICHO TUIMHHICTIO i1 BIUIMBOM BiOparrii
Ta pyXy CyZHa Ta MPOLECOM PO3psIKeHHs (pHc. 2).

Puc. 2. Banmaoic nixenegoi pyou 00 ma nicis GUSAHMANCCHHSL

Jnst 3a0e3rieueHHst OE3MEYHOTO TepeBe3eHHS Tpeda BHUBYMTH (Pi3HKO-XiMivyHI
Ta TPAHCIIOPTHI BJIACTUBOCTI HABAJIOYHUX BAHTAXIB 1 IXHIHM BIUIMB Ha CYJIHO Ta EKilax
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y Tporieci MOpchKoro repeBe3eHHs. Dizuynnii ckias Oyab-SKOro HaBaJOYHOTO BaH-
TaXy MOXHA PO3NIISIATH K CKiaj] (Qpakiiid TBepAuX YaCTHHOK, BOJM 1 MOBITps. B
3aJIC)KHOCTI BiJ] IXHBOTO CITIBBIIHOIICHHS MOYKHA BU3HAYMTH OCHOBHI (Di3MKO-MEXaHIuHI
BJIACTHUBOCTI HABAJIOYHOTO BAHTAXY: IIUIBHICTD 1 MUTOMUN HAaBaHTAXKYBaJIbHHN 00'€M.
3aJIeXKHO BiJl 'YCTHHM BaHTaX1 TOIUIAIOTH HA BasKKi — MeHII stk 0,56 M%/1; cepeni — Bix
0,56 o 1,0 Mm%t i nerki — monax 1,0 M%/t.

Hikenesa pynma — 1e cymim MiHepasiB, 10 MICTHTh HIKeJb y PI3HUX CIIOJIyKax.
®i3uuHI BIACTUBOCTI HIKENEBOI PyAH MOXYTh BapiloBaTé 3aJIe)KHO Bix ii CKiamy
Ta cTpykTypu. O/lHAK, y 3arallbHOMY BHIIQJIKY, HIKeJIeBa py/ia Ma€ Taki Qi3uyHi BIacTH-
BocTi (Tabm. 1):

Tabmuus 1
®@i3u4Hi BJACTUBOCTI BAHTAXKY 3 HiKeJ1eBOI py1H
XapakTepucTuka Omuc 3HaueHHs

[TipHICTE HIKETIEBOI Py MOXE VY cepenHbOMYy, IITBHICTH

HlinpHicTH BapilOBaTHCS 3aJIEXKHO Bij 11 CKIamy HIKeJIeBOT pyJi CTAHOBUTH
1 CTPYKTYpH. 6mm3bKo 2,7-3,0 T/eM?.
Hikenesa pyna 3a3Bu4aii He

B'si3kicTh € PIIMHOIO 200 MMacTo0, TOMY -

B'SI3KICTP HE € i1 XapaKTEePHUCTHKOIO.

KyT BHYTpILIIHBOTO TEPTsI HiKeIEBOT
PYAM MOXKE BapitoBaTUCS 3AJICIKHO

KyT BHYTpimHBOTO VY cepenHbOMY, BiH CTAHOBHUTH

TepTs S . 6mu3eko 30-35 Tpamycis.
BiJ 11 CKJIAZy i CTPYKTYpH.
KyT yxocy HikeneBoi pyau Moxe .
YT yrocy pyau VY cepeHbOMY, BiH CTAHOBHTb
Kyt yxocy BapiroBaTUCA 3aJIKHO BiJ 11 CKIIaLy :
: 6mm3pKo 25-30 Tpamycis.
1 CTPYKTYpH.
Bororicth HikeneBoi pyau Moke | 3a3BUYaif, BOJIOTICTH HiKEIEBOi
Bomoricts BapirOBATHUCS 3aJICKHO BiJl YMOB PYIU CTaHOBHUTH OIHM3BKO
il BUOOYTKY 1 TPaHCIIOPTYBaHHSI. 5-10%.

3a3Buyail, po3Mipl YaCTHHOK
HIKEJIeBOT Py/IH BapitOIOTHCS
BiJl ICKIJIBKOX MIKPOMETPIB 110
JEKITBKOX MITIMETPiB.

®paxiis 9aCTHHOK HIKEeJIeBOI pyaH
Dpaxiris YaCTHHOK MOYKE BapirOBAaTUCS 3aJISKHO Bif 11
CKJIAJy i CTPYKTYpH.

Kpim Toro, HikeneBa pyaa MOKe MICTUTH JOMILIKH iHIIUX MiHEpasiB, SKi MOXYTb
BIUIMBATH Ha 1i (izuuni BnactuBocti. Hanpukian, skmo B HikeneBidl pyni MiCTUTbCS
cipka, ToO BOHa MOXKE MaTH XapaKTepHHi 3amax CipKOBOAHIO 1 MOke OyTH BUOyxoHEOe3-
MEYHOIO 32 JICSKUX YMOB.

Jiist po3paxyHKy IUIOLII KOHTAaKTy BaHTaXy 3 CYJHOBUMH TPIOMaMu HEOOXiJTHO
3HaTH (popMy BaHTaxy 1 oro BucoTy B Tpiomi. OfHaK, NpUOIM3HO MOXKHA OLIHUTH
IUIOILy KOHTAKTY, BAKOPUCTOBYIOUH MPUITYIICHHS [IPO T€, 10 BaHTAX PO3MOIIICHUH
PIBHOMIpHO 1O BChbOMY Tpromy. [lJisi OLIHKM TUIOLII KOHTAKTy BAaHTaXy 3 [OBEPXHEIO
TPIOMiIB MOKHA BUKOPUCTOBYBATH (HhOPMYITy:

S=m/(p*xh) 6]
ne S — mioma KOHTakTy (M%), m — mMaca BaHTaxy (T), p — HIUIBHICTh BaHTaXy (T/M°),
h — BHCOTa BaHTaXXy B TPIOMI (M).

3a yMOBH, IO BaHTaXX PO3MOAUICHUN PIBHOMIPHO IO TPIOMY, MOKHA TIPUAHSATH
BHICOTY BaHTa)Xy PIBHOIO BHCOTI TPIOMY, TOOTO:
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h=V/S 2)
ne V — o6'em tpromy (M%),
TakuM YMHOM, TUIOIA KOHTAKTY BAHTAXYy 3 MOBEPXHEIO TPIOMY JIOPiBHIOBATHME:
S=m/(p>xh)=m/(p*xV/S)=mxS/(p*xV) 3)
S=(mxV)/(p*xV)=m/p “

Po3pimkeHHs! MPU3BOIUTD 10 PO3BUTKY IUIMHHOCTI BaHTaXy, 10 O3HAYae, 110 BaH-
TaX MOKEe KOB3aTH 1 3MILIyBaTucsi B OJHOMY HampsMKy. Lle cTBoproe edext BinbHOI
MOBEPXHI BAaHTAXY 1 MOXKE 3HIKYBaTH MeTalleHTpuuny Bucoty (GM) cynHa. 3HIKeHHS
GM Moke IpU3BECTH JI0 TIOTIPIICHHS OCTIHHOCTI Cy/IHA, 10 € BKpail HeOaKaHUM.

OpHi€r0 3 MPOCTUX MOJIENIEH 3CYBY PO3PIHPKEHOT0 BaHTaXy € MOJIENTb KOB3aHHS 110
MOBEPXHI BAaHTAXKY TIiJ1 BINTABOM KpeHy cyaHa. [IpHITycTHMO, 10 BAHTaX PO3PiKEHHN
1 31CKOB3y€ B OITHOMY HAIPSMKY ITiJ{ BIUTMBOM TpaBiTamii. ¥ 1iif MoAeni MU MOXEeMO
BUKOPHUCTOBYBATH 3aKOH HbIOTOHA /7151 pyXy MOXMIIOKO IUIOMKWHO0. PIBHSHHS 17151 3CYBY
PO3P1IKEHOT0 BaHTAXKy Ha MOXWIIIH MJIOMIMHI MOXKe OyTH 3alICaHO SIK:

S, =(1/2) x g x ¥ xsin(0) (5)
ne S, — 3CyB BaHTaxKy (M?), g — IPUCKOPEHHS BUIBHOTO HajiHHA (M/cex’), t — gac, mo
MUHYB BiJl IOUaTKy 3CyBY (rol.), @ — KyT KpeHy cyaHa (rpa.).

Takox A7 pO3paxyHKy YMOBHOI MOJIEINi 3CYBY PO3PLIKCHOTO BaHTaXy Ha CY/IHI
MO)KHa BHUKOPHCTOBYBAaTH (popMyiy, 3aCHOBaHY Ha Oamanci cwi. OgHUM i3 METOMmiB
€ MeTop KamispHo-Kkoresiitaoi Moxei (Capillary-Coherent Model), po3nominy piguHu
B [IOPUCTUX CEPEAOBUILAX, 30KpPEMa BOJIOTOCTI IPYHTY abo mopucTtux marepiainis. Llen
MeTo 0a3yeThCsl HAa CIOTYYEHHI KamiJSIpHUX Ta KOTe31MHUX CHII, SIKI BIUIMBAIOTHh HA
PO3IOIIN PiTUHM B TIOpax Marepiay.

Y Meroni KamiIspHO-KOTe3iHHOT MOJiesli BPaxoBYEThCS B3a€MOJisl MK PiAMHOIO
Ta MOBEPXHIMH TIOP, a TAKOXK CHJIM KOTe311 MK pIIMHOIO Ta moBepxHero nop. Lli cum
BIUIMBAIOTh Ha KaIJIIPHUI THCK Ta PO3NOALUI pIIMHY y 1Topax. B paMkax 1jporo metony
BUKOPHUCTOBYIOTbCS MaTeMaTW4Hi MOJEN, 1[0 ONMCYIOTh I MPOLECH Ta J03BOJSIOTH
PO3paxyBaTH pO3IOIiI BOJIOTOCTI B IOPUCTHX CEPEIOBUIIIAX.

Dopmyna Ui po3paxyHKy 3CyBY PO3PIIKEHOT0 BAaHTaXy Ha CY[HI MOKE MaTH TaKUH
BUTIISI;

h = (W xsin(6) x cos(B)) / (p * g * (B—L xsin(p))) (6)
ne: h — 3cyB BaHTaxy (BUCOTa piBHS BaHTaxy, M), W — Bara BaHTaxy (T), § — KyT pyxy
CcyaHa BiTHOCHO (D)pOHTY XBWIb (Kypc CymHa, Tpaid.), f — KyT KpeHy cydaHa (rpamn.),
p — UIUIBHICT BaHTaxy (T/M®), g — NPUCKOPEHHS BUIBHOTO mMamiHHS (M/cek2),
B — mmpuna cynaa (M), L — noxuHa cymHa (M).

OpHak, cIij 3a3HaYNUTH, IO JaHW TPUKIIA] HE BPaXOBye O€3Iid iHINX YNHHHUKIB,
TaKHX SIK BIUTUB MOPCHKOTO XBUJIFOBAHHS, HEOIHOPIIHICTh BAHTAXY, B3aEMOJIIs 3 elie-
MEHTaMH KOHCTPYKIIii Ha CyH1 Toio. Tomy Juist oOyI0BH MOJIEITi 3CYBY PO3PiIKEHOTO
BaHTa)Xy Ha KOHKPETHOMY CY/IHI MOYKHA BUKOPHCTOBYBAaTH Ha HACTYITHY TOC/II0BHICTh:

1. Po3paxyHOK CHIN 3YETUICHHS Mi’K BAHTQXKEM 1 CYTHOM:

F=p N ™
ne: F, — cuma sueruienns (H), p — xoedimient teprs (MOxHa pospaxysatu sk /g(6),
ne 6 — KyT BHYTpilIHBOTO TepTs (rpan.), N — HopMasibHa peakiis (y 1bOMY BUMAIKy
JIOpIBHIOE Ba3i BaHTaxy, H).
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2. Po3paxyHOK MOMEHTY, BUKJIIMKAHOTO KPEHOM CY/IHA:
_ * .

M, =pxgxV *S§ xsin(0,) ®)
ne: M, — MOMEHT, BUKINKaHUK kpeHoMm cyana (kH X M), p — rycruna Bomu (r/cm®),
g — NPHUCKOPEHHS BUILHOIO MajiHHs, V, — 00'eM CyqHa, 3aHYPEHHMI YHACIIIOK XUTaBHIL

3 1 2 .
(M%), S, — nmoma Kins (M%), 6, — KyT KpeHy (rpaf.);
3. PiBHSHHS piBHOBAaru Ajsi BU3HAUCHHS 3CYBY BaHTaXKY:
m X Ah ><g=F/—Mh )]
Ie: M — Maca pPO3piMKEHOro BaHTaxy (T), Ah — 3CyB BaHTaXy IO BEpPTHKAII,
2 — TIPUCKOPEHHS BUTHHOTO TaTiHHSI;
4. PiBHSHHS ISl BA3HAYCHHS 3CYBY BaHTa)Ky B TOPH3OHTAIBHIN ITOIINHI:

Ax =(F,+F,)/(m xg) (10)
Je: M — Maca pO3PIPKEHOT0 BaHTaXy, g — INPUCKOPEHHS BIJILHOTO MaJiHHS,

Ax — 3cyB BaHTaXxy 10 ropusonTain, F, — cuna, Bukiankana xsuwnoBaHHam mMops (H),
F, — cuna, Buknukana Bitpom (H).

F, =05 xpxgxHXA xcos(a) (11)
ne: F, — cuna, cipu4MHEeHa XBUJIIOBAHHAM MODSI, p — IYCTHHA BOJIH, g — IIPUCKOPEHHS
BUTbHOTO MaAiHHA, H — BucOTa XBWIIi, A — aMILTITY/1a XUTaBHIN CyJHA o — PI3HUIS (a3
MIDXK XBHJICIO 1 XUTABUIICIO Cy/IHA.

dopmyna a1t po3paxyHKy CHIIH, CIPUYUHEHOI BITPOM:

F,=05xpxA4 xV?>xC, (12)
ne: F,— cuna, BUKIIMKaHa BITPOM, p — IyCTHHA TIOBITPsl, A — IUIONIA TIOBEPXHI, 1110 3a3Ha€
BILUTHBY BiTpY (M%), V, — MIBHAKICTS BiTpy (M/cex), C, — KoedillieHT Onopy MOBiTps.

[IpoBeneni po3paxyHKH UTIOCTPYIOTH K 3MiHa BOJIOTOCTI BaHTaXKy BIUIMBAE HA HOTO
LIUTBHICTB, III0 MOKE TIPU3BOUTH JI0 PO3PIHKEHHS BaHTAXKY 1 IOTiPIICHHS MOPEX1THIX
AKOCTEH CyaHa 1 MOTEHLIWHO MiJBHIYBAaTH PHU3UK IHIUICHTY Ha OOpTYy. 3aleXHICTh
PIBHS pO3PIKEHHS BaHTAXXy BiJl BOJIOTOBMICTY, Ta€ 3MOTY HAOYHO YSIBUTH, SIK 3MiHIO-
€THCS PIBEHb PO3PIIKEHHA BaHTAXY 3a PI3HUX CTYIeEHIB BomorocTi (puc. 3), Ta nae
3MOTY aHaJi3yBaTH cUTyallito. BiH Moxe OyTH KOPHCHUM JUIsl yXBaJE€HHS PIllIeHb PO
KOHTPOJIb 1 yIPABIiHHA BOJIOTICTIO BAHTAXY, @ TAKOX IS OI[IHKM BIUIMBY BOJIOTOCTI Ha
0e3mneKy 1 OCTIHHICT CyJHA ITiJ] Yac TIepEeBE3CHHS BAaHTAXKY.

3,50
311 3,00

kg

_§

Bonoricrs %
s B e
E 8 &

o
8

1 2 3 4 5 6 7 8 9 10

WinbHicTs, rfem ky6

Puc. 3. 3anexcnicmo migic pignem 601020Ccmi i pigHeM WILTbHOCTI BAHMAIICY
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Jist GankepHUX BaHTAXIB, TAKUX SIK HiKeJIEBa Pyna, ICHY€ JesKa MiKaina abo Kiacu-
¢ikallis piBHIB pO3psyKEHHs Bojoromicti. OCHOBHI PiBHI PO3PSIPKEHHS BOJIOTOMICTI
MOXKYTh BKITIOUaTH HACTYITHI:

1. Cyxwuit Bantax (0% BOJOromicTi), 1iei piBeHb BKa3ye, IO BAHTAXX HE MICTHUTh
BOJIOTH 200 PO3YMHEHHUX PEUYOBHUH TOOTO BAHTAXK € MOBHICTIO CyXHUM;

2. JlerkoBosoruii (10 10% BOJOroMicTi) O3HAYA€ MO0 BAHTAX MICTHTh HEBEIIUKY
KIJIBKICTB BOJIOTH, aJie BOHA HE € 3HAYHOIO YaCTKOI0 MacH BaHTaXY,

3. CepennboBororuii BanTax (10—15% BOIOroMicTi), MiCTUTB OMIPHY KUTBKICTh BOJIOTH
aJe Mo)ke OyTH 3HAYHOIO, MPOTE BCE IIE JIOMYCTHMOFO JUIs OE31IEYHOr0 TIePeBE3CHHS;

4. BucokoBonoruii BaHTax (moHan 15% BOIOTOMICTi), MICTHTh BEIIMKY KUTBKICTb
Bonoru. Lleit piBeHb BKa3zye Ha 3HA4YHY BOJIOTOMICTh BaHTaXYy, III0 MOXKE BIUIMBATH Ha
OCTIHHICTB CyJHa Ta Oe3MEeKy IIePEBE3CHHSI.

[Mpencrasnennii rpadix Ha puc. 4, KU Ja€ 3MOTY Bi3yaizyBaTu 3MiHY PiBHS PO3-
PUIKEHHS BaHTaXy BIIPOJOBXK 3a3HAYCHOTO YacOBOTO iHTEpBaTy (y IbOMY BHIIAJKY
12 ronuH), MPOIEMOHCTPOBAHO, SIK PIBEHb PO3PI/KEHHS! BAHTAXKY MOCTYIOBO 3pOCTA€
3 4acOM 3a YMOBH BHCOKOTO PiBHS PO3pipKeHHS B po3mipi 20-25%, Ta 3pocTaHHs piBHS
PO3PAIKSHHS [T BAHTAXKY 3 CEPEIHIM PIBHEM BOJIOTOCTI HAa TOMY % YaCOBOMY 1HTEpPBaJIi;

o]
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=
(=]

(55) vuHawthdeod anaalg
&

v

1 2 3 4 5 6 7 8 9 10 1 12 13

— CEPEAHBOBONOTMIA BAHTAM Hac (ropn)

. BUCOHOBONOTWIA BAHTAM

Puc. 4. 3anesxcnicmo pignsa pos3paoxcenus anmaxcy 8io uacy

3 rpadika MoxHA 3pOOUTH CITOCTEPEIKEHHS 110 PIBEHD PO3PIIKCHHS BAHTAXKY ITOUH-
HA€THCS 3 HYIHOBOTO 3HAYCHHS Ha IMouaTky mepioxy (0 TomwH) i MOCTYIIOBO 3pOCTaE
1o 25% mo xiams nepioxy (12 rogmn). I'padik AeMOHCTpYE MiHIHHY 3aT€KHICTH MIXK
JacoM 1 piBHEM PO3PiKCHHS BaHTaXXy. PIBeHb pO3piKeHHS 301TbITYE€THCS PIBHOMIPHO
3 muHOM dacy. Ilicas 12 romuH piBeHb PO3PIMKEHHS MOCATAaE MAKCHMAaJILHOTO 3HA-
4yeHHs B po3mipi 25% ta 12,5% BiamosigHo.

Takum unHOM, TIeH Tpadik Ja€ 3MOTY HAOYHO YSBHUTH 3MiHY PIBHS PO3PiIKEHHS
BaHTaXy B 3aJJaHOMYy YaCOBOMY IHTEpBaJi Ta OTIOMAarae Bi3yali3yBaTH IPOIEC po3pi-
JOKCHHSI BAHTa)Ky Ha OCHOBI 3aJJaHUX YMOB.

[IpencraBneHi crocobw Tar0Th 3MOTY BpaxXyBaTH BIUIUB XBIJTIOBAHHS MODS 1 BITPY Ha
CYIHO 1 BIATIOBITHO HA PO3pPiIKeHUN BaHTaX. BOHN MOXKyTh OyTH BKITIOUCHI B 3arajabHy
MOJIETTh 3CYBY BaHTa)Ky Ha OCHOBI OasTaHcy crjl. BakmnBo 3a3HaUNTH, IO TOYHICTH PO3-
paxyHKiB 3CYBY BaHTaXy 3JICKUTH BiJ O€3J11Ui YNHHUKIB, BKIFOYHO 31 CKJIQTHICTIO T'€0-
MeTpii KOpIycy CymHa abo KOHCTPYKIli HOTO TPIOMiB, YMOBaMH XBIUTIOBAHHS 1 BITpY,
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a TakoX B3aEMOJIEI0 Pi3HUX CWII. J[s OUIBII TOYHUX PE3yNBTaTiB PEKOMEH[YEThCS
BUKOPHCTOBYBAaTH CIICIiaNi30BaHi MPOrpamMH Ui TiIPOIUHAMIYHOTO MOJICITIOBAHHS
1 eKCIIEPTHI OIiHKH.

Jlis 3armo0iraHHs pO3piKCHHIO BaHTAXY il Yac perCy Jay»Ke BayIJIHUBO, 100 cTap-
UM TIOMIYHUK KalliTaHa, sk 0co0a BIAMOBIJalibHA 32 BAaHTAXHI orepaiii peTeabHO
MEPEeBIpUB JIEKIApaIlil0 BaHTAKOBIJANPABHUKA IEPE/l 3aBAHTAKEHHSIM HABAJIOYHOTO
BaHTaxy. Lle 1ae 3Mory rnepekoHaTucsl, 0 BOJIOTOBMICT BaHTaXKy HE TICPEBHIIYE Tpa-
HUYHUX 3HAUCHb U1 OE3MEYHOTO TPAHCIOPTYBAHHS Ta YHUKHEHHS PO3DPIIKEHHS.
[MoMwmiikn B JeKiIapaiisx BaHTaXOBIAMPAaBHUKIB JTIHCHO MOXYTh BUHUKATH, TOMy Ha
CYIHI MOXYTh TIPOBOJIUTHCS BHUOIPKOBI IMEPEBIPKU BOJOTOBMICTY BaHTAXy JUIS IiJ-
TBepKeHHs iHpopMmartii. Lle BaxmuBmii 3an001KHIIH 3axiJ, 00 3a0e3neunTn Oe3neKy
MOPCHKOTO TICPEBE3CHHS HABAJIOYHUX BAaHTAXIB 3 BHCOKOK HIUIBbHICTIO. KoOHKpeTHI
MPOLICAYPH 1 BUMOTH MOXYTh BIJIPI3HATHCS 3aJIC)KHO BiJl HAlIOHAIBHUX MpaBmil, Mix-
HApOJHOTO KOJIEKCy 3 Oe3redHoro nepere3eHHs HaBanoynux Bantaxis (IMSBC Code:
International Maritime Solid Bulk Cargoes Code) Ta iHIIHX perymoBaibHUX JOKyMEH-
TiB, SIKI 3aCTOCOBYIOTBCSI B MOPCBKIH 1HIYCTPIi.

Li mani HAroNOMIYIOTh HA BaXKIUBOCTI CYBOPOTO JIOTPUMAHHS MIKHAPOJHUX CTaH-
JapTiB Oe3neku, BKIFOUHO 3 pexomeHaanismu Konexcy IMSBC i npaBuiamu Konentiii
COJIAC (MixkHapoiHa KOHBEHIIISI ITPO OE3TeKy JKUTTSI Ha MOPi), ITiJ] 4ac NepeBe3eHHS
HABAJIOYHUX BAHTAXKIB 13 BUCOKOIO MIIIbHICTIO. HaneskHa OIiHKa Ta yrnpaBiiHHS pU3U-
KaMU, TPaBUIBHUI PO3IIOIUT BAHTAXKY, PETYJISIPHI MEPEBIPKHU Ta JOTPUMAHHS 3a1100ixk-
HUX 3aXO[iB JOTIOMOXYTh 3HU3UTH MOJIMBICTH PO3PIIPKEHHST BAaHTAXy 1 MOB'S3aHUX
3 HUM HeOe3Iex.

[TepeBe3eHHs HABAJIOYHUX BAHTAXKIB 3 BUCOKOIO IIIIbHICTIO MOXE CTAHOBHUTHU TMEBHI
HeOe3IeKH, MOB'sI3aHi 3 YIIKOKSHHSIMU KOPITYCY CY/IHA, BTPaTOI0 OCTIMHOCTI Ta XiMid-
HUMU PEAKIiISIMHU:

1. TMomrkomkeHHs Koprycy cyiaHa. HenpaBuibHMI PO3MOIT I HABAJIOYHUX BaHTAa-
KIB MOYKE MIPU3BECTH JI0 HEPIBHOMIPHOTO HaBaHTA)KEHHs Ha Koprmyc cynHa. Lle moxe
BUKIHMKaTH Aedopmarii abo MOMIKOIKEHHSI CTPYKTYpH Cy/lHA, OCOOJIHMBO B palioHI
TproMy abo nanyou. [ToNIKoPKEHHS KOPITyCcy MOYKE TIPU3BECTH JI0 BUTOKY BOJIU, BTPaTH
IJIABY4OCTI 1 HAaBITh JI0 TIOJIOMKH CY/IHA.

2. Brpara ocriiiHOCTi cyqHa. [lesiki HaBaJiOWHI BaHTaXKi 3 BHUCOKOIO IIUTBHICTIO
MOXYTh MaTH BUCOKHH IIEHTp Baru abo Oytu Hectiikumu. [1ig gac peiicy cynHo Moxe
IIJJIAaBaTUCS] XUTABHUISIM 1 KpeHaM, 1 SIKIIO BaHTaXI HEMPaBUIIBHO PO3IMOJiICHI abo
HETPaBUILHO 3aKpiMJIeHi, BOHM MOXYTh MPHU3BECTHU JIO BTPATH OCTiliHOCTI cyina. Lle
MOYE CTBOPUTH HeOe3IeKy 3aHYPEHHS a00 NepeKUIaHHS Cy/THA.

3. Ximiuni peakmii BaHTaxiB. Jleski HaBaJoOuHI BaHTa)Xi MOXYTb OyTH XiMI4HO
aKTHBHUMH a00 pearyBaTH MiXK COOOIO 3a MEBHHX YMOB, TAKUX SIK BOJIOTICTh, TEMIIe-
parypa abo KOHTAKT i3 Bos1or0. Taki XiMiuHi peakiiii MOXXyTb MPU3BECTH JI0 YTBOPEHHSI
HeOe3NneyHnx Ta3iB, TOKeXi ado HaBiTh BHOyXy. ToMy BaKJIMBO PETENBHO BHUBYATH
XapaKTEPUCTUKN BAaHTAXKIB 1 BKUBATH BIIMOBIIHUX 3aII001KHUX 3aXO0JIiB.

Jns miHIMiZanii ux HeOe3rneKk HeoOXiHO CYyBOPO JOTPUMYBATHCS MIKHAPOTHUX
CTaH/IapTIB 1 KEPIBHUIITBA 3 OE3IIEUHOrO MEpeBe3eHHsI HABaJIOYHUX BaHTaxiB. Lle oxo-
TUTIOE TTPAaBUIIBHAN PO3MOMALT 1 3aKPITJICHHS] BAaHTAXIB, IPOBEACHHS THCIEKIIH 1 KOHTp-
OJTFO SIKOCTI, 8 TaKOXXK HAaBYAHHS 1 CepTU]IKAII0 MepCoHaITy, 3aifHATOr0 B MEpPEBE3CHHI
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Ta 00pOOIIl TaKMX BaHTaXXiB. MIXKHAPOIHUI KOJIEKC 3 0E3MEUHOTr0 MePEeBE3CHHS HAaBAIOU-
HUX BaHTaXIB, 3aTBep/uKeHUH pesomoriero MSC.268(85), € kepiBHIUM JOKYMEHTOM, TIPH-
3Ha4YEeHUM I 3a0e31eueHHsT Oe3NeKH TIepPEeBe3eHHS] HaBaJIOYHUX BaHTAXiB MopeM. Bin
SBJISIE COOOI0 MIKHAPOIHHUI CTAHAPT, IKUI PEKOMEHITYEThCS ypsiJiaM JITSi BAKOPHCTAHHSI
SIK OCHOBH JTs HalllOHAJIBHUX TpaBul 1 HopMatuBiB BianosiaHo 10 Konseniii COJIAC.

Sk 1 6arato iHIIKX JPiIOHOANCIIEPCHUX MiHEpaliB, BKITIOUA0UYH MiHEpabHI Py/IHI KOH-
[EHTPATH, HIKeJIeBa pyJia MOXKe PO3PLIKYBATHCS 1 3MILITYBATHCS, SKIO PiBEHB i1 BOJIOTOCTI
3aHa/ITO BUCOKUiL. Uepes 1ieid pru3nK 3pi KeHHS HiKeJieBa py/ia MiIa Iae il ik MOJI0KEHb
pyna miamazae min aito nojokeHb COJIAC i Kogekcy IMSBC oo BunpoOyBaHb 1 cep-
TU]IKAI] BaHTAXIB, SIKI MOXKYTh 3P1JDKYBATUCS 1 BITHOCSATHCS JI0 TPYITH HeOe3meKn «Ay.
Tomy mepeBi3HUKaM, sIKi IDIaHYIOTH IEPEBE3CHHS HIKENICBOT PYIH, PEKOMEHIYEThCS
BuBunTH SOLAS Ch.VI, Reg.2 a takox po3ninu 4, 7 1 8 Kogekcy IMSBC.

JlomaTKoBO /ISl KOHTPOJIIO CTaHy BAaHTAXY HIiKENIEBOI PY/IH ITiJ] 4ac peiicy peKoMeH-
JYEThCSI B)KUBATH TAKUX 3aXOJIIB:

— 3JIHCHEHHS PEryIIpHHUX IHCTCKIH BaHT)XHUX TPIOMIB, 3 TUM 00 IepeBi-
PUTH CTaH i PO3MOALT BAaHTAXY, BUSBICHHS O3HAK PO3PIKCHHS, YTBOPEHHS BUIHHOT
MIOBEPXHI, CKYITYCHHS MUYy a00 30MBaHHS BaHTAXKY;

— BBUKOPUCTAHHS JIATYMKIB, SIKi MOXKYTh BUMIPIOBATH TIapaMeTpH, TaKi K TeMIiepa-
Typa, BOJIOTICTh, TUCK a00 piBeHb BaHTaxy. L{e 1acTh BaM 3MOI'y KOHTPOJIFOBATH 1 MOHi-
TOPHUTH CTaH BaHTAXY B PEKHMMI PEabHOTO Yacy;

— peryisipHu# Bin0ip npo0 BaHTaXKy JiJIsl BA3HAYCHHS BMICTY BOJIOTOCTI, JUIsI aHANI3Y
IPaHyJIOMETPUYHOTO CKJIAJy Ta IHIII MapaMeTpH, siIKi MOXKYTb OyTH BayKIIMBUMH JUTS
KOHTPOJIIO SIKOCTI BAaHTaXY.

— JIOTPUMAaHHS THCTPYKI[IF BaHTa)KOBIIIPAaBHUKA a00 CKCILIyaTaIllfHUX MOCIOHUKIB
3 00poOKH Ta 30epiraHHs HikeJieBoi py/u. Lle BKITroua€e 3aXMCT BiJ BOJIOTM Ta IHIINX HIKiI-
JIMBUX BIUIMBIB, & TAKOXK JIOTPUMAHHS TIPaBHII OE3TMEKH TP TOBODKEHHI 3 BAHTAXKEM.

3MiHU Ta MMOTPaBKH, IO MOCTIHHO BHOCATHCS 10 IMSBC Koniekcy, MOXKyYTh 3adimnaTu
HOTo CTPYKTYpY 1 3MICT, @ TAKOXK BHOCUTH HOB1 pEKOMEH/IaIlii Ta BUMOTH JIJIsl 3a0e3re-
YeHHs1 OC3TEeKH 1 3aXUCTY JOBKIJUIS B IIEPEBE3CHH] HABAJIOYHUX BaHTaxiB. Lle nae 3mory
cdepi MOPCHKOTO MepeBe3eHHs BAHTAXKIB 1 BIMOBIIHUM CTOPOHAM €(EKTHBHO 3aCTOCO-
BYBaTH HOBITHI CTaHAAPTH 1 MPOLIEAYPH, 3a0€3euyroun Oe3MeKy 1 3HIKYIOUH PU3UKH.
i 1aHi HArOJOIIYOTh Ha BAXKJIMBOCTI CYBOPOTO JIOTPUMAHHS MIXKHAPOIHUX CTaHJap-
TiB O€3MeKH, BKJIKOYHO 3 PeKOMEHIaIlissMu kojuekcy i npaBuiamu Koneeniii COJIAC,
IiJ] 9ac MepPeBe3CHHs HABAJIOUHUX BAHTAXIB 13 BUCOKOIO INIIbHICTIO. HanexHa orinka
Ta YNpaBIiHHS PU3UKAMH, TPABHIBHHNA PO3MOMT BaHTAXY, PETryJsIpHI TEpeBipKH
Ta JOTPUMAaHHS 3all001KHUX 3aXO0JIB JOTIOMOXYTh 3HU3UTH MOXKJIMBICTH PO3PiHKEHHS
BaHTaXY 1 IMOB'A3aHUX 3 HUM HeOe3IeK.

BucnoBku. Banraxi 3 BUCOKOIO IIUIBHICTIO, TaKi SK HiIKeJIEBa, alFOMiHI€Ba 1 3aTi3Ha
pyna, ocoOJIMBO CXUJIbHI 0 PO3PIHKEHHS, IO MiKPECIIIOE HEOOXIIHICTh MTPOBEICHHS
PETEIBHOTO KOHTPOIIO 1 MEPEeBIpKU BOJIOTOCTI BAHTAXY Iepe]] 3aBaHTAKEHHIM IS
3ano0iraHHsi HOro po3piJKeHHIO MM 4ac peiicy. Lle mpu3BoAUTE MO 3CyBY BaHTaxy
B OJIHOMY HAIpSIMKY, CTBOPEHHSI €()eKTy BUIBLHOT MIOBEPXHI, 3HMKCHHSI METAllCHTPHY-
HOi BUCOTH Cy/iHA, IO Y CYKYITHOCTI KPUTUYHO 3HHIKYE OCTIHHICTh cyaHa. Mojerto-
BaHHS MPOILIECY 3CYBY PO3PIIKEHOr0 BaHTaXy NOTpeOye BpaxOByBaHHs Oe31i4i YMHHH-
KiB, TaKHX SIK (pOpMa KOPITyCy Cy/IHa, TapaMeTpy XBUIIIOBAHHS MOPS, INBUJIKICTh BITPY
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Ta 1HI1 Qi3UYHI XapaKTepUCTUKH HABKOJIUIIHLOTO CEPENIOBUIIA, BTIM HOTO pe3ysbTaTH
JIAF0Th 3MOTY OILIHUTH HMOBIPHICTH 3CYBY PO3PI/PKEHOTO BaHTaXy 1 BU3HAYUTH HEOO-
X1J1HI 3a11001XKHI 3aX0/1H JIIsl 3a0e3MeUeHHs OC3MEeKHU Cy/Ha Ta eKinaxy. Tomy po3poOka
Ta 3aCTOCYBaHHS aJICKBaTHUX 3aXOiiB OC3IeKH JjIs 3armo0iraHHs PO3piPKCHHIO BaH-
TaXy Ta MIATPUMAHHS OCTIHHOCTI Cy/HA MPOTITOM peiicy Ma€e BeJMKe 3HAYCHHsI JUIs
MOJABINUX J0CHTiPKEHb.
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