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EKOHOMIKA

YIK 519.865:338.518 DOI https://doi.org/10.33082/td.2022.1-12.01

CTPATETTYHA B3AEMO/IISI Y NPOCTOPOBIHN AYOIIOJIII
B YMOBAX TPAHCIIOPTHOI MOHOIIOJIII

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

Anomauisn

Bemyn. Voce npomscom b6azamvox poxie exonomicmu 0020680pioioms nepesacu
YIH080I ma KiNbKICHOI KOHKYpeHYii Ha punKy onieononii. Huni modcrha cmeepoxcysamu,
Wo HeMac maxkozo 6udy KOHKypeHyii, akuti mas ou abconiomuy nepesacy. 3anexicho 6io
XapaxkmepucmuK puHKise, wo MOOemOOmbCs, ONMUMATbHUM Oy0e Mol 4y [HWUL U0
KoHKypernyii. Memoro yici pobomu € ananiz cmpameiunoi 83aemo0ii y mooeii npocmo-
poeoi oyonorii [8] 6 ymosax npodykmoeoi oughepenyiayii, acumempii po3mipie pur-
Ki6 ma mpaHcnopmuoi MOHONoIi. 3 Memor mMaxkcumizayii npubymxy ¢ipmu cnowamxy
sUOUPaIOMb Micye po3mawy8ants, a nomim eud koukypenyii — 3a Kypno abo bepmpa-
nom. Pesynomamu. Busnaueno, wo mpancnopmua MOHONONIS OUCKPUMIHYE ipmu 3a
ix ezacmuum posmauiygannam. JJosedeno, wo y pasi acnomepayii ¢ipm mpancnopm-
HUti mapudgh iHeapianmuuil Wo0OO acumempii puHKis, npodykmoeoi ougpepenyiayii ma
8udy KoHKypenyii. ¥ pasi oucnepcii ¢hipy mpancnopmuuti mapudgh ineapiaumHul mine-
KU w000 acumempii punkig. 3HatlOeHo, Wo OnMuMAatbHull 01 Qipm 6u0 KOHKypeHyil
BUZHAUAEMbCS BUOOM NPOOYKMOBOL Oughepenyiayii, a cnoxcugui HaOIUWKY ma Cycnilb-
HUti 000pobym 3a6xcou euwi y pasi Konkypenyii 3a bepmpanom. ¥V pasi e3aemoszamin-
HoCmi ipmu 8UOUPAIOMb KIILKICHY KOHKYPEHYIo, Y pa3i 83A4EMOOONOBHIOBAHOCTI —
YIHOBY KOHKYPEHYIIO.

Bucnosku. Y pobomi suznauerno 8i0nogioHi cmauu pigHo8azu ma npogeodeHo nopis-
HAILHULL AHALI3 MICYb PO3MAULY8AHHS, NPUOYMKIE, CROMCUBUUX HAOIUUIKIG | CYCHIIbHO-
20 000pobymy. Jlosedero, wo y paszi 0ocums UCOKO20 pi6Hs acumempii aziomepayis
Ha 8eUKOMY PUHKY € €OUHOIO0 pieHosacolo Hewa y uucmux cmpamezisx, He3a1edcHo 8i0
8U0Y KOHKYpeHYi.

Knrouosi cnosa: npocmoposa dyonoiuis, acumempis puHKis, KilbKiCHA ma YiHosa
KOHKYPeHYis, MPaHCROPMHA MOHONOTIA.

© Meabuukos C.B., 2022
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STRATEGIC INTERACTION IN A SPATIAL DUOPOLY
UNDER TRANSPORT MONOPOLY

S.V. Melnikov
PhD, Associate Professor,
Associate Professor at the Department of Entrepreneurship & Tourism,

Odessa National Maritime University, Odessa, Ukraine,
ORCID ID: 0000-0002-2627-9463

Summary

Introduction. For many years economists have been discussing the benefits of
price and quantity competition in the oligopoly market. To date, it can be argued
that there is no type of competition that has an absolute advantage. Depending on
the characteristics of the markets being modeled, one or another type of competition
will be optimal. The purpose of this paper is to analyze the spatial duopoly model [8]
under conditions of product differentiation, asymmetric markets and transport
monopoly. In order to maximize profits, firms first select a location and then the
type of competition — Cournot or Bertrand. Results. It is obtained that the transport
monopoly discriminates against firms by their mutual location. It is proved that in the
case of agglomeration of firms the transport tariff is invariant with respect to market
asymmetry, product differentiation and type of competition. With the dispersion of
firms, the transport tariff is invariant only with respect to the asymmetry of markets.
It was found that the optimal type of competition for firms is determined by the type of
product differentiation, and consumer surpluses and social welfare are always higher
in Bertrand competition. With substitute goods firms choose quantitative competition,
with complementary goods they choose price competition. Conclusions. The paper
identifies the appropriate states of equilibrium and comparative analysis of locations,
profits, consumer surpluses and social welfare. It is proved that with a high enough
level of asymmetry, agglomeration in a large market is the only Nash equilibrium in
pure strategies, regardless of the type of competition.

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

Beryn Ta mocraHoBka mpodsieMH. YKe NPOTSIroM 0ararboX POKIiB €KOHOMICTH
00roBOPIOIOTH IIEPEBary LiHOBOI Ta KiJbKICHOT KOHKYPEHLii Ha pUHKY oJiromnodii. Huni
MOKHa CTBEp/XKYBaTH, 10 HEMAE TaKOTO BUAY KOHKYpEHLIIi, SKuii MaB Ou aOCONIOTHY
nepesary. 3aJIe)KHO Bijl XapaKTEPUCTHK PUHKIB, IO MOJIENIIOIOTHCSI, ONTHMAILHUM Oyie
TOW UM 1HIIMHA BUJ KOHKYPEHIIII.

B oxniit 3 mepimux rpyHTOBHHX poOOT 3 11i€l Tematuku [1] mokaszaHo, mo ¢ipmu
BUOMPAIOTh KOHKYPEHIIi10 3a KypHO TiNbKH y pa3i B3a€M0O3aMiHHOCTI, a y pa3i B3aeMo-
JIOTIOBHIOBAHOCTI M BHT1JIHa KOHKypeHIis 3a beprpanom. [Ipu upoMy 1isi CrioyKUBaviB
KOHKypeHIlisi 32 beprpaHoM BUTiHA HE3alIeKHO Bijl BUAY MPOAYKTOBOT qrdepeHtiarii.

JocipkeHHs! BIUIMBY BUTy KOHKYPEHIIIT Ha IpoliecH ariioMepaii i aucnepcii gpipm
y MPOCTOPOBUX MOJEISIX MPOBEACHO Y poboTtax [2—6]. BuznadyeHo, mo y pasi miHO-
BO1 KOHKYpEHIIii ipmMu OymayTh MParHyTH JO0 MAKCUMAIBHOI TUCTICPCIT TSI TTOAOTaHHS
nmapagokcy beprpana. Y pasi KinbKiCHOI KOHKYpEHIIi po3ramryBaHHS (ipM iCTOTHO

10
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3aJIeKUTh BiJl TPAHCIOPTHUX BUTpar. HW3bKi TpaHCHOPTHI BUTPATH CTHUMYJIIOIOTH
(hipMu arToMepyBaTHCH 1 TIPOIAaBaTH Ha BCIX pUHKAX. Y pa3i BUCOKUX TPAHCIIOPTHUX
BHTpar ¢ipMaM BHUTiTHO MOHOIIONI3YBaTH HAMOIMKUIil pUHOK 1 MiHIMI3yBaTH ITOCTaBKU
Ha CyCiJHI PUHKH.

[Monmanpmri gociiJKeHHsS MOB’s3aHI 3 ypaxyBaHHSM Yy TPOCTOPOBUX MOJEISIX
nponykToBoi qudepenmianii [7] Ta acumerpii po3mipiB puHKiB [8]. ¥V [7] moka3zaHo,
10 B3a€MO3aMiHHICTh (B3a€MOOIOBHIOBAHICTH) MPOAYKTIB MiICHIIOE TIParHEHHS
¢ipm no mucnepcii (armomepanii). YpaxyBanHs acuMeTpii po3MipiB pHHKIB y [8]
MPU3BENO A0 3BOPOTHUX Bif [1] pesynbrariB. BuzHaueHo, mo 3a JOCUTH BHCOKOL
acuMeTpii puHKIB pipMaM Moxke OyTH BHUTiIHA IIHOBA, a CIIOKUBAaYaM — KUTbKICHA
KOHKYPCHITis.

Bimznaunmo, o B [8] mpocTopoBa Ayortois aHali3y€eThCs Y pa3i He3MIHHOTO TPaH-
cnioptHoro Tapudy. [Ipore y 3aranpHOMY BHIAAKY TPaHCHOPTHI Tapu(pu MOXYTh Bif-
PI3HSTHCS 32 HANPSIMKaMU 4epe3 acCHMETPil0 po3MipiB puHKIB [9] abo 1iHOBY ITUCKpH-
MIHAII0 TPAHCIIOPTHOI KoMITaHii-MoHoMomicTa [10—12].

MeToro mi€i podoTH € aHami3 cTpareridHoi B3aeMoii B MPOCTOpOBiil ayoromii [§]
B YMOBAaX TPaHCHOPTHOI MOHOIIOJII.

Mogean

JlBa puHKHU po3TamoBaHi Ha KiHIMX JiHIl OMUHUYHOT JOBXKUHU. MiX pUHKaMHU
ICHY€ acCUMETpisi — pO3Mip pUHKY 3 JiBOTO OOKY (L) mepeBuILye po3Mip pUHKY 3 Ipa-
Boro 0oky (S). Ha ninii koHKypyIoTh ABi (ipmMu 3 iHgekcamu i Ta j, i, j = 1,2, i # .
Ha o0ox puHKax ¢ipMu NpoaarTh AUQEPeHIiHoBaHy MPOAYKIIi0, apOiTpaxk Mix
CNIOKMBaYaMy BUKIIOYeHUA. Bincrans i-i ¢pipmu 10 L-punky nopisuioe x. OOme-
JKCHHS Ha B3a€MHE po3TamyBaHHs ¢ipm BigcyTHi. Koxxna dipma Hece TpaHCOPTHI
BUTPATH HA TIOCTAYaHHS OJMHMII MPOIYKIT HA OJAMHUINO BifcTaHi. JlocTaBky mnpo-
IYKTIB 3I1HCHIOE TPAHCIIOPTHA MOHOTIONISA. MeTa BCiX yJaCHHKIB — MaKCHMIi3allist
CBOTO MPUOYTKY.

Jnst moOynoBu QyHKUIN MOMUTY 1 CIIOKUBYMX HAIUILKIB CKOPUCTAEMOCS KBaapa-
THUYHOIO (DYHKIIEIO KOpUCHOCTI [1]:

. (a) +20q'q" +(q)

UL:QiL+qj_ 2}/ 5
'Y +204%d} +(a})
it vy ) 200000

ne ¢q', q’ —o6caru nponosuiii i-i hipmu Ha L v S pUHKax BiIMOBiNAHO, ¢ — KoedilieHT
MpoayKTOBOI Audepenmiamnii, 0<|p|<1, y>1 — koedimieHT acuMeTpii pUHKIB.
LinpoBi QyHKIIIT CIIOKMBaUiB HA pUHKAX:

S S
g ,q;

U'-pal -paj > max U®-pg’ - p,q; — max (1)
g ,4q;
ne p,p,— I[IHU Ha TIPOAYKILit0 (hipM.
3 yMOB IepuIoro nopsiaAKy Juist GyHKii (1) 3HaxXomuMo QyHKIT MonuTy:
pf=1-(a" +oq})fy> 0’ =1-4 - 0q;- 2

igcraBmstoun ¢ynkuii monuty (2) B ninbosi ¢yHkuii (1), orpumyemo hopmynu
HAJUTHIIKIB CIIOKABAYIB:
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L

gty +20q'q" +(q)

CSt=U"- piLqiL - ijqu = ( 27 s
3)
2 2
(¢7) +204’q] +(47)
> .
[puitvemo, wo (GipMu HOKpUBaOTh 06UaBA PUHKH, TOOTO g >0, ¢ >0. Ilpu-

OyTOK i-1 pipMH Ha 000X pUHKAX:
F=F'+F =g (pf —x)+ ¢} (p’ ~1(1-x,))-

KoHkypeHTHa rpa CKJIaaeThes 3 1BOX eramiB. Ha nepiromy erari ipMu 0HOYaCHO
BUOMPAIOTh CBOE MiCIle po3TailyBaHHs. Ha npyromy erari, 3 OMIsiAy Ha PIllICHHS TIPO
MicIle po3TalryBaHHs, GipMH OJJHOUYACHO BHOMPAIOTH CBOI 0OCATH MPONO3HUIIT (IiHH)
y pasi konkypeHtii 3a Kypuo (beptpanom). PiBHOBara mMozeini 3HaXOIUThCS 3a JIOTIO-
MOTOI0 METO/Ly 3BOPOTHOT iHAYKIIii.

CS* =U"-plq’ - p/q; =

Konkypenuis 3a Kypno
3riJJHO 3 METOAOM 3BOPOTHOI 1HIYKII1, TOYMHAEMO 3 JIPYrOro eTamy. 3 yMOB OITH-
MaJILHOCTI TIEPIIOTO MOPSAKY OTPUMYEMO KPUBI peakiii Gipm:

L r=eqf —rtx, o l-ggl —t(1-x)
qi _f5 qj - 2 N

YMOBH JIPYTOTO MOPSIKY: GZEL/G (qf )2 =-2/y <0, 62Es/a(qf)2 =-2<0.

4)

Bupimyroun cucremu piBHAHB (4), 3HAXOIUMO PiBHOBAXKHI 0OCSITH MIPOMO3ULIIH:

L 2(1-x)-o(1-1x)) . 2(1—1‘(1—x[))—(p(l—t(l—xj))

L_ g = . 5
q/ Y 4 _ (pz i 4 _ (oz ( )
VMOBH IOKPUTTS PUHKIB:
g- >0 < t<tf0V:2_—¢,q,.S>0 o t<tl, = 2-¢ . (6)
2x, - px; 2(1-x,)-o(1-x,)
[TpubyToxk:
FE=(at) [r+(af) - Q)

Ha mepmomy erari ¢ipMu ONITHMIZYIOTh CBOE MiCIle pO3TallyBaHHs y pa3i TaKoro
MICIIS pO3TallyBaHHS KOHKYPEHTa. 3 YMOBH JIPyToro MOpsAKy (8) BUILTHBAE, 0 PyHK-
1ist npuOyTKY (7) CTpOTO OIMyKJIa BHH3 32 MiCIIEM PO3TallyBaHHS:

2
O’F, 8 (y+1)
L= >>0
(o)
TakuM 9uHOM, Y cTaHi piBHOBAr# (ipMu OyayTh pO3TAIIOBYBAaTHCS TiIFKH HA pUHKAX,
HE3aJIeKHO BiJl piBHS TPAHCIOPTHUX Tapu]iB. BChbOro MOXIIMBI YOTHPY BapiaHTH PiBHO-
Ba)XHOTO po3TautyBanHs Gipm (x, xj): armomepattis (0, 0), (1, 1) Ta nucniepceis (0, 1), (1, 0).
3Haoun piBHOBaXKHI po3TallyBaHHS (BipM, MM MOXXEMO 3aBEPILUTH aHaJi3 yMOB
MTOKPUTTS pUHKIB (6)

(8)

cov

1€ < min {l; 2—_(p}
2
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[TpubyToK TpaHCTIOPTHOT MOHOTIONIT:
F" :t(xiq,.L+quf+(1—x,.)qf+(1—xj)qf)—>mtax. 9)

Bupasu (5) € ¢ynkuismu nonuty ¢ipm Ha TpaHCHOpTHI mociyru. IlincraBasiemo
Bupasu (5) y dyHkiiro npuldyTky (9), 1 3 yMOBU NEPIIOTO MOPSIKY 3HAXOAUMO OMTH-
MaJIbHUH TPaHCTIOPTHHUH Tapud:

2-9)(2+(x +x,)(r-1))
4((7/+1)(xl.2 —pxx; + X ) +(2-9)(1-x, —xj)) ’
YMOBa JIPyTOTO MOPSIKY:

2FT ~ 4((7/ + l)()cl.2 —PXX; + sz) + (2 —go)(l —-X; —xj)) -0
orr 4 — ¢’
VY pa3i KyToBHX Micllb po3TalnryBaHHs (ipM Tapu¢ iHBapiaHTHHH MO0 acHMETpil
PUHKIB:

€ =

F(Ql):f{L0)=3if,ﬁ(m0)=thl)=%. (10)
Ha mepmomy erami KOHKypeHTHY B3aeMofilo (ipM MOXXHA OMHCATH Yy BUIIISAL

OimatpuuHoi rpu (Tadm. 1).

Tabmuus 1
Marpuis rpu Ha mepuoMy eTari
; J L-punox S-punok
L-punor F(0,0) FF(0,0) ECO1) FE(0,1)
S-punok FE(1,0) FE(1,0) EC(L1) FE (L)

Yepes cuMeTpruHICTh (ipM BUKOHYIOTHCS TaKi CIIBBiAHOIICHHS:
FE(0,0)= £ (0,0), ES(1L1)= £ (L1),
FE(0.1)= FF (1.0), F€(1,0) = FF (0.1).

[Ipuiimemo, mo ¢ipmam BizoMi MoHOIOIBHI TpancnoptHi Tapudu (10). Y upomy
BUIAJIKy MaTpHLS I'PH HA MIEPLIOMY €TaIrli BUIVISIAE TAKUM YHHOM (Talil. 2).

Tabmus 2
IInarizkHa MaTpUUs TPH HA MEPLIOMY eTari
; J L-punox S-punox
., 16y +4 16y +4 y(A+9) +4 dy+(4+9)
“putor 16(2+9)" 16(2+0¢) 16(2+9)  16(2+9)
Sonon dy+(d+p) y(d+p) +4 4y+162’ 4y+162
7 16(2+9)  162+9) 16(2+¢) 16(2+9)
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Jist momyKy piBHOB2XHHX CHTYaIliil TIOPIBHAEMO MPUOYTKH (QipM 32 PI3HUX BUJIIB
npoaykroBoi audepenmiamnii. [TopiBHsuIbHMI aHai3 MPUOYTKIB i-1 hipMu y pa3i BUOOpY
MICIIb B YMOBaX 63A€MO3AMIHHOCTII:

FE(0,1)> FC(1,0) > EC(0,0)> F(L1), 1<y<y, o
FC(0,1)> ES(0,0)> E(1,0) > F° (1, 1), 7> 7,
8¢ + ¢’
ne 71=1+—(p12(p :

3 "epiBHocTeii (11) BUMIMBae, 1o ONTUMAaJIBLHUM JUTS i-i (pipMH € BapiaHT, KOJIM BOHA
PO3TaIIOBY€EThCA Ha L-pUHKY, @ KOHKYPEHT Ha S-pUHKY. ACUMETpis NpuTiArye GipMu Ha
L-puHOK, a B3a€MO3aMiHHICTh BIAMITOBXY€E (PipMU O/IHA Bifl OHO].

PiBHOBaru B Ipi 3a51€XkKarh Bi/l piBHA acUMETpii puHKiB. IIpu y <y, BIUIMB B3aeMo3a-
MIHHOCTI JIOMiHY€ HaJl BIUIMBOM acUMeTpii 1 i-i (hipMi HaBiTh BUTIIHIIIE OKPEMO PO3-
TalryBaTHCA Ha S-pUHKY, HIK arloMepyBaTUCh Ha L-puHKY. Y 11 cUTyamii B rpi BUHH-
KafoTh JIB1 piBHOBaru Hema B 9MCTUX CTPATETISIX, B IKUX OfHA 3 (hipM PO3TAIIOBYETHCS
Ha L-puHKY, a iHma Ha S-puHKY. [Ipy 1poMy piBHOBaru HEpiBHOLIHHI i L-pHHOK Mae
npiopuret. lpu y >y, HaBIaKM, BIUIMB aCUMETPIi JOMiHY€ HaJl BILIMBOM B3a€MO3aMiH-
HOCTI. Y Mi# cuTyarlii amiomeparis Ha L-puHKY € €IUHOI0 piBHOBaroro Herra B unctux
CTpATETIAX, TOMY 110 (pipMH BHOEPYTH L-pHHOK 3a OyAb-SIKOTO PIillIEeHHS KOHKYPEHTA.

Junamika nmpubyTkiB i-1 GpipMu 3a pi3HUX MICIb pPO3TAIIyBaHHs MPEICTABICHA Ha
puc. 1, ne ¢ = 0,75, y, = 1,55.

F£(0,1)

0,33 - FE(0,0)

027 FE(1,0)

0,21 -

0,15 . . . r ¥
1,00 1,27 1,55 1,82 2,09

Puc. 1. Pisnosasicni npubymxku i-i pipmu
8 YMOBAX 83AEMO3AMIHHOCTI 30 KOHKYpeHyii KypHo
Licepeno: enacrna po3podxa

[NopiBHsTbHMI aHai3 TpUOYTKIB i-i (ipMu y pa3i BUOOPY Miclib B yMOBAX 63dEMO-
O0ONOBHIOBAHOCI:
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1

FE(0,0) > FC(0,1) > FS (1,1) > E (1, 0), 7> 1

1 1

{F.C (0,0)> E°(L,1)= F(0,1)> FS(1,0), l<y<p,
(12)
ne 7, =1/n.

3 HepiBHOCTEH (12) BUIUIMBAE, IO ONTUMATIBHAM JIJIS i-i (hipMu € ariioMmepartis Ha
L-punky. Acumerpist nputsrye Gpipmu Ha L-pUHOK, a B3a€MO/IOIIOBHIOBAHICTh IPUTSTY€
(bipmu oftHA 1O ONTHOA.

PiBHOBaru B Ipi 3a51€XkKarhb BiJl piBHA acuMeTpii punKis. IIpu y <y, B rpi BUHHKAIOTH
JBi piBHOBaru Hera B 4uCTUX CTpaTeriax, y Akux ¢ipMu armomepyrotbes. [Ipu mpomy
armomepallisi Ha L-puHKy Kpaiua 1uis 000X ¢ipm i € ontumanbHoro 3a [aperto. Ilpu y >y,
aryioMeparisi Ha L-prHKY € €IMHOIO piBHOBaroto Heia B 4MCTHX CTparerisx, ToMy L0
(hipmu BUOEpyTh L-pruHOK 3a Oy/b-SKOTO pillIeHHS KOHKYPEHTA.

Junaamika npuOyTkiB i-1 GpipMu 3a pi3HUX MICIb pPO3TAIIyBaHHS MPEICTABICHA Ha
puc. 2, ie ¢ =-0,75,y,=1,83.

F£(0,0)

1,1 4

FE(LY)

0,8
F{(1,0)

0,2 T T T T }’
1,00 141 1,83 2,24 2,66
Puc. 2. Pisnosaoicni npubymxu i-i ghipmu
8 YMOBAX 83AEMOOONOBHIOBAHOCII 30 KOHKYpeHYli KypHo
IDicepeno: enacna po3pobka

Konkypenitisi 3a beprpanom
3 (1) BuBomMMO (YHKITiT IOMUTY HA KOXKHOMY PHUHKY:

V 1
0 =+L5(1-0-p'+0p)), ¢} =——(1-0-p5 +01}). (13)
1-¢ l-¢
3riJiHO 3 METOOM 3BOPOTHOI 1HIYKIIi1, TOYMHAEMO 3 IPYTrOro eramy. 3 yMOB OITH-
MAaJIbHOCTI TEPIIOTo MOPSAKY OTPUMYEMO KPUBI peakiii Gipm:
L A—p+oep+1x, o 1-g+opl +t(1-x,)
pi - ’ pi - s
2 2
YMOBH JAPYTOro MOPSIKY:

(14)
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2 2 s
8EL2 == 2.}/2 <0, of 7= 2 7 <0.
opty 1-e o(p’y T-e
Bupinryroun cuctemu piBHSIHB (14), 3HAXOAUMO PIBHOBAXKHI ITiHU:
s 2-p-¢t+2(1-x)+pr(1-x))
4-¢’ T 4-¢’ '
OOCATH IPOTIO3UITI:
L m)mm) o) o)rl1-x)p{1-4(1-x)

N (] A ([ o) R

‘YMOBHU MOKPHUTTSI PHHKIB:

ot - 2-p— ¢ +2x, + oI,

A2
QIL >0 < t<tciv = 2 2¢ e ’
(2-¢%)x - ox,
_ _ 2
¢ >0 o t<t’ = 2-¢p-¢ (16)

(2= (1-x)-p(1-x;)
[IpubyToK:

B =(1=¢*)((ar) [r+(a’) ). (17)

Ha nepmomy etamni ¢ipMu ONTHMI3YIOTH CBO€ MicIle PO3TalllyBaHHS y pasi
TAKOr0 MiCIlsf PO3TallyBaHHS KOHKYpeHTa. 3 yMOBH Japyroro mopsaky (18)
BHIUTMBAE, M0 QyHKUis npudyTKy (17) cTporo omykia BHU3 3a MicueM po3Ta-
LIyBaHHS:

oF 2 (r+1)(2-¢)
1 — >
()]
Taxum urHOM, y CTaHi piBHOBaru GpipMu OyAyTh PO3TAIIOBYBATHCS TLIBKH Ha PUH-

Kax, He3aJIeKHO BiJl piBHS TpaHCTOPTHUX Tapu(iB. 3 (16) OTpUMyEMO YMOBY ITOKPUTTS
PHHKIB:

(18)

2
t? < min {1; 2_(’;2(0}
2-¢

Bupasu (15) € dysxmismu monuty dipm Ha TpaHcnopTHi nocnyru. IlincraBisemo
Bupasu (15) y ¢yukmiro mpudyTKy (9), i 3 yMOBH HEPIIOTO MOPSAKY 3HAXOANMO OITH-
MaJIbHUH TPAaHCTIOPTHHH Tapud:

b (2—(p_(02)(2+(xi+xj)(7—1)) (19
2((7 + 1)((2 —¢”)(x +x}) - 2(px,.xj)+ 2(2-9-¢°)(1-x —xj))

YMOBa JIPYTOTO MOPSIIKY:

FFT _2((7/ +1)((2-07) (52 +x7) - 20x%, ) +2(2-p - ¢*) (1 - x, —x,)) 0

or (1—¢2)(4—¢2) .

VY pa3i KyToBHX Micub po3TantyBaHHS ¢ipM Tapu( iHBapiaHTHUI MOA0 acHMeTpil

PUHKIB:
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2
(0 1) =15 (1,0) = 2272 45(0,0) =" (1,1) = L. (20)
2 (2 - ) 2

Ha mepmomy erami KOHKYpEHTHY B3aeMOMi0 ¢ipM MOXHA OIMCATH y BUIIISAII
Oimarpuunoi Tpu (tadmn. 1). [IputiMmemo, oo dipMaMm BiZoMi MOHOIIONBHI TPAHCIIOPTHI
tapudu (20).

Jlst TTonIyKy piBHOBaKHUX CHUTYAIlill TIOPIBHAEMO MPUOYTKH QipM 3a pi3HUX BUIIB
npoaykToBOi nudepentiarii. [lopiBHUTbHMIA aHATI3 TPUOYTKIB -1 hipMu y pasi BHOOpY
MiCIIb B YMOBAX 683AEMO3AMIHHOCHII:

{EB(0,1)>E”(L0)2FB(0 0)> E (L), 1<r<p,

F?(0,1)> F?(0,0)> F*(1,0)> E* (L 1), 7> 75

1

b
(e2))

b

4¢ (2 -9’ ) + ¢’

—_—

3(2-97)

3 HepiBHOCTEH (21) BHUIIIHMBAE, MO0 ONTUMAJIBHUM JUIS i-i QipMU € BapiaHT, KOIH
BOHA PO3TAIOBYETHCS HA L-PUHKY, a KOHKYPEHT Ha S-puHKy. [Ipu y <y, BIumis B3aeMo-
3aMiHHOCTI JJOMiHYy€ HaJl BIUTMBOM aCHUMETPii 1 i-i (ipMi HaBITh BUTiIHIIIIE OKPEMO PO3-
TalryBaTHCs Ha S-pUHKY, HiXK arlioMepyBaTHCh Ha L-pUHKY. Y 1ili cuTyaii B rpi BUHH-
KaroTh JIBi piBHOBaru Hera B 4MCTHX CcTpaTerisix, B AKUX OAHA 3 (ipM PO3TAIIOBY€ETHCS
Ha L-puHKY, a iHma Ha S-puHKY. [Ipy 11bOMy piBHOBAarM HEpiBHOIIHHI i L-pUHOK Mae
npiopurer. [Ipu y > 7., HaBNaKK, BIUIMB aCUMETPIi TOMIHY€ Hal BILIMBOM B3a€MO3aMiH-
HOCTI. Y 11i# cuTyartii aromepariisi Ha L-pUHKY € €IMHOIO piBHOBaroro Hemra B ancTux
CTpaTerisx, ToMy 1o (GipMu BHUOEPYTh L-PUHOK 3a Oy/Ib-SKOTO PIillIEHHS] KOHKYPEHTA.

Junaamixa nmpuOyTkiB i-1 GpipMu 3a pi3HUX MICIb pO3TAIIyBaHHS MPEICTABICHA Ha
puc. 3, ne ¢ = 0,75, y,= 1,79.

ne y; =1+

040 FE(0,1)

0,34 -

" FF(00)

0,22 -

FP(1,0)
0,16 -

FP(LD)

0,10 . . . roy
1,00 1,39 1,79 2,13 2,57

Puc. 3. Pisnosaoicni npubymxu i-i ghipmu
8 YMOBAX 63AEMO3AMIHHOCII 3a KOHKYpeHyii bepmpana
Dicepeno: énacna pospobka
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IopiBHANBHMI aHami3 MpUOYTKIB i-i pipmu y pa3i BUOOPY MICIb B yMOBaX 63a€MO-
O00NOBHIOBAHOCII:

(22)

ne yy =1/7s.

3 HepiBHOCTE# (22) BUIIIHMBAE, [0 ONTUMAIILHOIO CTPATETIEr0 IS i-i (ipMHU € ario-
Mepauis Ha L-punky. [Ipu y <y, y rpi BUHMKaTh 1Bi piBHOBaru Hema B uncTux crpa-
Terisx, y akux (pipmu armomepyrorbes. [Ipu oMy armomepartist Ha L-prHKY Kpara s
000x ¢ipm i € ontumanbHoo 32 [Tapero. [pu y >y, armomeparist Ha L-pUHKY € €JHHOI0
piBHOBaroto Hemia B uncTux crparerisix, Tomy mo ¢ipMu BHOEpYTh L-pUHOK 3a Oyib-
SIKOTO PIIIEHHS! KOHKYypPEHTA.

Junamika nmpubyTKiB i-1 GpipMu 3a pi3HUX MICIb PO3TAIIyBaHHs MPEICTABICHA Ha
puc. 4, ne ¢ =-0,75,y,=2,53.

FP(0,0)
3,6 -
2,6 1
FE(O,1)
16 - FE(L1)
FF(1,0)
U',S T T T T '}!
1,00 1,77 2,53 3,30 4,06

Puc. 4. Pisnosadcui npubymxu i-i ghipmu
8 YMOBAX 83AEMOOONOBHIOBAHOCMI 30 KOHKYpeHyii bepmpana
Hoicepeno: eracna pospobka

IHopiBHsIbHUIL aHAI3 piBHOBAr

Y 1poMy po3AisTi TPOBOAUTHCS TOPIBHSUIBHUHN aHaJi3 MPUOYTKiB, CIIOKUBUMX HaJI-
JIUIIKIB 1 CyCTiTbHOTO A00p00yTY 3a pi3HUX BHIIB KOHKYpEHIlii. Po3rssHEMO BUTIAIOK,
KOJIM 32 BHCOKOI acuMeTpii (pipMH arioMepyroThcs Ha L-pHHKY.

[lopiBHsIEMO TIpHOYTKH (ipM:

9 (47 +1) .
2(1+9)(4-¢)

FE(0.0)~ E(0,0) =
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TakuM YUHOM, ONITUMATBHUH JUIs (hipM BHJ] KOHKYPEHIIT BU3HAYAE€THCS BUIOM PO-
IyKTOBOI nmudepenmiaii. Y pasi B3aeMo3aMiHHOCTI QipMu BUOMPAIOTh KiJIbKICHY KOH-
KyPEHIIiI0, Y pa3i B3aEMOIONIOBHIOBAHOCTI — I[IHOBY KOHKYPEHIIIO.

[MopiBHsIEMO cIOXKKBYI HA/UIMIIKHK (3) y pa3i MOKIMBHX CTaHIB piBHOBaru. BepxHiii
1H/IEKC BKa3y€e Ha BHJ KOHKYPEHIIi1, a HWKHIN — Ha PUHOK.

2 2
10’ (97 —20-4) <
2
2
(1+¢) (4 - )
2 2
¢ (9" —2p-4
CSs (0,0)-CSy (0,0) = ( 2)2 <0
4(1+9)(4-¢)

TakuMm 4MHOM, CIIOKMBauaM Ha 000X PHHKAaX 3aBXKJIM BHUTiHA [[IHOBA KOHKYPEHIIis,
HE3aJICKHO B1JI IPOIYKTOBOT nu(epeHIiallii.

Busnauumo cycninbHUE JOOPOOYT sIK CyMy HaUTUILIKIB CIIOKUBaYiB 1 GpipM. Y Takiit
Mozel HaUIIKK (GipM JOPIBHIOIOTH IXHbOMY NpHOYTKY. IlopiBHSIEMO CycHiNbHHIMA
I0OpOoOYT 3a Pi3HUX BUIB KOHKYPEHIIIi:

CS¢ (0,0)-CS? (0,0) =

o’ (47 +1) <0
4(1+g0)((p2—4) '

OTxe, B yMOBaxX TPaHCHOPTHOI MOHOIOIIT CyCHUILHUHA TOOPOOYT 3aBKIM BHIIHHA
y pa3i KOHKypeHIIii 3a bepTpaHoM, HE3aJIe)KHO BijJl aCUMETPIi PUHKIB Ta MPOIAYKTOBOT
JudepeHIarii.

BucnoBknu. VY 11iii po00TI OOIPYHTOBYIOTBCSI ONTUMAJIbHI cTpaTerii GpipM 3 BUOOpY
MICISl pO3TallyBaHHs 1 BHJY KOHKYpEHIII B yMOBax MpoayKToBOi audepenmiaiii,
acuMeTpii po3MipiB pHHKIB Ta TPAaHCIIOPTHOI MOHOIMOIII. 3 I[i€l0 METOI BH3HAYa-
IOTHCS 1 TTOPIBHIOIOTHCSI BIJIMOBI/IHI CTaHW PIBHOBarw y pasi KoHKypeHIii 3a KypHo
Ta beprpanoM.

BusnaueHo, M0 TpaHCMOpPTHA MOHOIONIS TUCKpUMiHye (ipMHU 3a iXHIM B3a-
€MHUM po3TainryBaHHsM. JloBeneHo, 1o y pasi armomepanii GipM TpaHCIIOPTHUN
Tapu@ iHBapiaHTHUH 10/I0 aACHMETPii pUHKIB, MPOIYKTOBOT qudepeHIiianii Ta BuIy
KOHKYpeHIii. Y pa3i nucnepcii ¢pipM TpaHCOPTHI Tapudu iHBapiaHTHI TUIBKH 00
acuMeTpil pHHKIB.

Y poborti [8] 10BOAUTHCS, 1110 CYCHUIbHUE A00p0o0yT BUIIUI Y pa3i KOHKYPEHIIiT 3a
KypHo y BUTNIa/iKy BUCOKOTO PIBHSI aCHMETpIi pUHKIB 1 TpaHCTIOpTHOTO Tapudy. Hamu
JIOBEJICHO, 1[0 B YMOBaX TPaHCIIOPTHOT MOHOIIONIT Ta BUCOKOTO PIBHS acHMETpIi cyc-
NUIBHUH J00poOYT BUIIMH y pa3i KOHKYpeHIIii 3a beprpanom.

[okazano, 1o pesynbrar [§] Mpo HeCyTTEBHI BIUIMB aCHMETPIii PUHKIB Ha PillICHHS
¢dipM y pa3i HiHOBOI KOHKYpEHIIii 3yMOBJICHUI TTOBHOIO B3a€MO3aMiHHICTIO TOBapiB.
VY po0oTi oBeaeHO, M0 32 TOCUTh BHCOKOTO PIiBHSI aCHMETpIi arioMepaliisi Ha Belu-
KOMY pPHHKY € piBHOBaroro Hea y 4ncTux cTparerisix, He3auexHO BiJl BUY MPOTYKTO-
Boi nudepentiamii Ta BUIy KOHKYPEHITii.

[Momanpimi qocmipKeHHs OB’ s13aH1 3 ypaxyBaHHIM BIUTUBY iH(pOpMaIliiiHOT acumMe-
Tpii Ha ONTUMAIIBHI Ta PIBHOBaXHI PillICHHS QipM.

We(0,0)-W*(0,0) =
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Summary

Introduction. During the last decade in theory of logistics and its applications
the great attention was paid to the problem of perishable products flows control that
was inspired by foods production/transportation growth. Due to importance of this
problem even special direction was formed in logistics, so called “cold logistics ” which
studies warehousing/transportation problems of perishable items taking into account
the special regimes of their storage. The aim of this paper is the further development
of approach pointed out above and development of dynamic optimization model for
the case of perishable material and finished perishable product coming through the
logistic chain taking into account the control of deterioration process at warehouses
and increasing the demand for finished product via additional costs for marketing
activity. Results. In the article, the dynamic optimization model for planning of raw
materials supply, production of perishable finished product and its transportation to
destinations is proposed. It is assumed that the additional investments intended for
decreasing of raw materials and finished perishable product’s deterioration during
its warehousing are provided. The above model is based on the Wagner-Whitin type
model in the inventory control theory and classical transportation problem. The
objective is to maximize the total profit of supply chain over the given planning
horizon. Two cases are considered in details: 1) demand at destinations is given and
fixed; 2) demand is controlled by additional investments. Conclusions. Our approach
allows to increasing the total profit of logistic system due to additional expenses
directed on reduction of deterioration of perishable goods. The calculated results may
be useful for logistics operators and other participants of logistic cold chain (e. g.
warehouses operators, transport companies). The proposed optimization models are
relatively simple and may be implemented in practice with the standard software. In
order to conduct calculations it is the necessary to collect the relevant data and to
create appropriate databases. The results obtained may be used as the basis for our
Sfurther investigation and research in the field of “cold logistics”.

Key words: supply, production, transportation, perishable finished product, planning,
dynamic optimization, marketing, control of deterioration.
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3axiononomopcokuii mexunoaoeiunui ynisepcumem, Lleyun, Ilorvwa,

ORCID ID: 0000-0001-6916-6066

Anomauin

Bcemyn. [Ipomszom ocmannbozo decamunimms 6 meopii nozicmuku ma ii po3poook
6enUKa y8aza npuoiisanacs npooiemi KOHmMpoa0 NOMOKI6 WEUOKONCYEHUX NPOOYKIMIE,
AKa 0y1a GUKIUKAHA 3POCMAHHAM SUPOOHUYMEA/MPAHCNOPINYEAHHS XAPUOBUX NPO-
O0yKkmie. Bpaxogyouu 6axiciusicms yboeo NUMAaHHs, 8 102iCmuyi Hagims chopmyseascs
0COOUBUI HANPSAMOK, MAK 36AHA «XOJIOOHA NO2ICIMUKAY, KA BUBYAE NPOOTEMU CKAAOY-
BAHHS/MPAHCTIOPIY BAHHSL WBUOKONCYEHOT NPOOYKYIT 3 YPAXYBAHHAM OCOOIUBUX PEdHCU-
mig ix 36epicanns. Mema yiei cmammi — nooanbuwull po3GUMOK 3a3HAUEHO20 GULYe
nioxody ma po3pooxa mooeni OUHAMIYHOI ONMUMIZAYIT WEUOKONCYBHO20 Mamepiauy
ma 20mogo2o WEUOKONCYEHO20 NPOOYKMY, WO NOMPANIAEC 00 NOICMUYHO20 IAHYIOSY
3 YPaxy8auHam KOHMPOIIO NPoyecy NCy8auHs HA CKAA0Ax ma 30i1buenHs Nonumy Ha
20MOBULL NPOOYKM 34 PAXYHOK 000aMKOGUX MapKemuHeoeux eumpam. Pezynomamu.
Y emammi 3anpononosano mooens ounamiunoi onmumizayii niaHyeanHs NOCMAYaHHs.
CUPOBUHU, BUPOOHUYMBA 20MOBOI WUBUOKONCYBHOL NPOOYKYIl ma il mpaHcnopmyeaHHs
6 nyHKmu npusnadenis. Bona maxooic nepeddbavae 0o0amrogi ineecmuyii, cnpsamosa-
Hi HA 3MEHUeHHs 8UNAOKI@ NCYBAHHS CUPOGUHU MA 20MOB0I WUBUOKONCYEHOI NPOJYK-
yii' nio yac ii 30epicanna Ha ckraoax. Buweszasnauena mooenv 3acnosana na mooeii
Baenepa-Yimina ¢ meopii ynpasninnua sanacamu ma KiacuuHit mpaucnopmuiu 3a0a-
ui. 3a0aua — maxkcumizyeamu 3aeanvHull NPUOYMOK 1aHYi02a NOCMABOK 3ad 3a0aHUll
20PU3OHM NIAHYBAHHA. Aémopu demanvHo posenidaoms 06a Ketica: 1) nonum 3ada-
emucs [ ikcyemubest Yy nyHKmax npubymmsi;, 2) nonum KOHmMpOMOEMbCS 000AMKOBU-
mu ingecmuyismu. Bucnosku. Haw nioxio dozeonsic 30invuumu 3a2aivhutl npuOymox
JIOSICMUYHOT cUcmemu 3a paxyHox 000amKoGUX UMPAM, CHPAMOBAHUX HA 3MEHUICHHS
NCYBAHHS WBUOKONCYBHUX MOBapie. Pe3ynomamu po3paxyHKie Moxcyms Oymu KOpUCHuU-
MU 0151 IOCICIMUYHUX ONEPAmOopie ma IHUWUX YYACHUKIE T02ICMUYHO20 X010008020 NAH-
yioea (Hanpuxnad, onepamopié ckaadie, Mpancnopmuux KOMNAauil). 3anponorosami
ONMUMIZAYIUHI MOOENT 8IOHOCHO NPOCMI [ MOJNCYMb OYMU Peani308aHi Ha NPaKmuyi 3d
00NOMO20I0 CMAHOAPMHO20 NPOSPAMHO20 3a0e3neuents. /[l npoeedenHs po3paAxXyHKie
HeoOXiOHOo 3i0pamu 6i0nogioni 0ani ma cmeopumu 6azu oanux. Ompumani pe3ynrvma-
mu Modcyms Oymu NOKIA0EHi 8 0CHOBY HAWUX NOOAIbUUX PO3BIOOK Md 00CAIONCEHD )
cpepi «xon00HOi n02iCmMuUKU».

Knrouoei cnoea: nocmavanns, upooHuymeo, mpaHcnopmyeanHs, uweuoKoncys-
Ha 20Mo6a NPOOYKYis, NAAHYGAHHA, OUHAMIUHA ONMUMI3ayis, MapKemune, KOHMm-
PO NCYBAHHSL.
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Introduction. During the last decade in theory of logistics and its applications
the great attention was paid to the problem of perishable products flows control that was
inspired by foods production/transportation growth. Due to importance of this problem
even special direction was formed in logistics, so called “cold logistics” which studies
warehousing/transportation problems of perishable items taking into account the special
regimes of their storage [1-3]. Due to the report presented by the Food and Agriculture
Organization of the United Nations (FAQO) [4] roughly one third of the food produced
for human consumption in the world gets lost or wasted (approximately 1.3 billion tones
every year). These processes are observed throughout all stages of the supply chain, from
initial production up to final consumption. These losses are high both in industrialized
and developing countries. More than 40 % of the food losses take place at post harvest
and processing levels in developing countries. In industrialized countries, the majority
of food losses occur at retail and consumer levels (more than 40 % of overall losses).
It is well-known that inventory control theory plays an important role in logistical
applications. Indeed, integrated logistical management first of all is intended for
development of optimal supply plan, work-in-process and production plans, as well as
optimal transportation plans for perishable finished product delivery to destination. At
the same time the known models from inventory control theory cannot be applied in
the “cold logistics” practices immediately. In many real situations arising in logistical
management it is needed to adopt and generalize the classical models of inventory
control theory for the case of deterioration of perishable materials and finished
product under prolonged warehousing. Deterioration can deal with products spoilage,
physical depletion, gradual loss of qualitative properties of materials with the passage
of time and above all storage conditions changing [5; 6]. It is naturally to suppose that
the volume of perishable products deterioration depends: a) on technical characteristics
of refrigerating equipment and corresponding cost directed on supporting of special
warehousing regimes; b) on additional costs directed on increasing the demand via
additional costs for marketing activity of the plant.

In the articles [7-9] the simple models for optimal lot sizing of perishable product
based on generalization of the classical Wilson model were studied. However, in
the cited works the possibility of warehousing regime control was not considered. In
the studies [10; 11] the models were proposed for optimal planning of integrated logistic
chains functioning including supply of materials, manufacturing of perishable finished
product and its delivery at points of destination based on generalization of the Wagner-
Whitin model from inventory control theory.

The aim of this paper is the further development of approach pointed out above
and development of dynamic optimization model for the case of perishable material
and finished perishable product coming through the logistic chain taking into account
the control of deterioration process at warehouses and increasing the demand for finished
product via additional costs for marketing activity. This idea was firstly mentioned in
our previous works [12—14].

Main results of investigation. Our first target is construction the corresponding
mathematical model for solving the problem under consideration. Firstly, we consider
more simple case of fixed demand.

Let us consider a plant which produces the K types of perishable finished product
subjected to deterioration under storage at the plant’s warehouse. To manufacture these
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products the R kinds of material and complete set are used which are subjected to
deterioration during their storage, as well. It is assumed that the matrix

A=la |, k=1,2,..,Kr=12,..,R,
of technological coefficients is given, where a , is the amount of the r-th kind of material
needed for manufacturing of the k-th type of perishable finished product’s unit.

A plant purchases all kinds of materials at the R suppliers. The finished perishable
products must be shipped to the N destinations. The planning horizon is 7 (time is
measured in discrete units). The total demand for the 4-th type of perishable finished
product at the n-th destination over the period 7'is known and equals to &, > 0 (it may be
determined, for example, in result of market’s analysis). Taking into account the given
demand, plant purchases the materials and manufactures the products (See Figure).

In addition, we make the following assumptions:

* The market of materials is unlimited.

» All ordering of materials and delivering of finished perishable products occurs
at the start of each period. Inventories of materials are charged on the amount on hand
in the end of each period.

* The lead time is zero; that is, an order arrives as soon as it is placed.

* The time of transportation of any amount of perishable finished product to any
destination doesn’t depend on this amount.

* The production equipment is absolutely reliable.

* The capacities of production lines of plant are limited only by capacities
of warehouses’ for storage of materials and finished perishable products.

Supplier 1 Plant Jﬂ Recipient 1
Warehouse 1 Warehouse 2
Supplier 2 j 4 Produc- 4 Ktypesof [ Recipient 2
PP [T R kinds of tion finished - P
material —' —f product

7
/ 3 Deterioration : Q

Figure. The part of logistic chain of perishable product (Source: own research)

Supplier R Recipient N

Similarly as in the article [10] for better understanding, we introduce the following
designations:

¢ Letx, be the amount of the r~th kind of material ordered and purchased in period
t,fort=1,2,...,T.

* Lety, be the amount of the k-th type of perishable finished product which plant
plans for output in the end of period ¢, fort =1, 2, ..., T.

 Letz,  be the amount of the k-th type of perishable finished product planned for
delivery to the n-th destination in the end of period ¢, fort =1, 2, ..., T.

* Let s, be the sale unit price for the k-th type of perishable finished product
shipped to the n-th destination in period ¢, fort =1, 2, ..., T.

+ Let P be the per unit order cost and K be the fixed order cost for the »~th kind
of material ordered in period ¢, fort =1, 2, ..., T.
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* Let e, be the per unit production cost of the k-th type of perishable finished
product in period ¢, fort =1, 2, ..., T.

* Let ¢, be the cost of transportation of the unit of the k-th type of perishable
finished product from plant to the n-th destination in period ¢, fort =1, 2, ..., T.

+ Let &, (h,,) be the holding cost per unit of the -th kind of material (of the A-th
type of perishable finished product) in period ¢, fort =1, 2, ..., T.

* Let C, (C) be the warehouse’s capacity for storage of materials (perishable
finished products).

+ Let g, (q,) be the initial inventory level of the r-th kind of material (of the r-th
type of perishable finished product). It is assumed that

R K
;qlr <C, Elqzk <G,

+ Let/  (I,) be the inventory level of the r-th kind of material (of the k-th type
of perishable finished product) in the end of period ¢, forr =1, 2, ..., T.

¢ Letus 0<pg ,p, <1 are the coefficients describing the deterioration of the r-th
kind of material and the k-th kind of perishable finished product during their storage
at warehouses correspondingly.

e It is assumed that during the delivery of material to a plant and delivery
of perishable finished product at destinations there are not subject to any deterioration.

To avoid the trivial situations, we shall suppose that

Sd, >y k=12..K.
n=1
It is obvious that the following inventory-balanced equations are valid:

K
I, =0-p)1,,, +x, —glarkyk,, r=12,...,R, (1)

N
Ly =0 =By oy + Vi — Z:,]zk”j, k=12,..K; t=12,...,T, 2)

Where Ier = qlr’ L= qZk'

2k0
From (1), (2), it follows the relations

[lrt - (1 B ﬂlr)t[ql’ + i(xrj - ﬁ arkykj) / (1 - ﬁlr)tij]’
J=1 k=1

(3)
r=12,...,R,
t N .
Ly = (= Bl + 3 (v = £.24, )/ 0= ) )
Jj=1 n=l1 (4)
k=12,..K.
Since
R K
> Il <G, X1, <C, t=12,..,T,
r=1 t k=1
then from (3), (4), we obtain
R R t .
Z (] - ﬂlr)tq]r + z z (1 - ﬁlr)71x1j -
r=1 r=1j=1
t R K X (5)
_'21 Zlkzl A-B,)"a,yy <C,
j=lr=lk=
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( ﬁzk) 9 + Z Z(l ﬂzk)ijykj -

N Mk

(6)
—Z Z 2(1 By)”’ Zk,,J <C,.

k=1 n=1 j=1
On the other hand, in period ¢ it cannot be consumed the 7-th material and delivered
the k-th product in amounts more than inventory levels /, | and 7, correspondingly
in the end of period #-1, that is:

K
gl a Ve <1,,,, r=12,.. R,
N
21 Zow S Dy k=12,..,K
Therefore, from (5), (6) we get
K -1 K . t-1 .
kzl a,y, + Zl Y a,y,(1-B,) <q,0-p,)" + leﬂ.(l -B,Y, r=112,..,R, (1)
= Jj=lk=1 Jj=

-1

Z:: %, Ziy (1= By Y < gy (1-By) " +

MZ

I

-1

+3 vy (1 B ) k=12..K; t=12,..T.

3
I

®)

At last, the perishable finished product of the &-th kind must be delivered at the n-th
destination in amount d, over the planning horizon, that is

zz,m,= e n=12.,N; k=12,.,K. 9)

In the model described above the coefficients of materials and finished perishable
product deterioration 8, , 8, may be considered as control variables, as well. Indeed,
generally speaking, they may depend on power of refrigerating equipment of plant or, in
value expression, on this equipment price. Denote V| and V, the values of refrigerating
equipment at warehouses for material and finished product correspondingly. It is
naturally to suppose that g, (V)), B, (V,) are the non-increasing functions of their
variables satisfying the following conditions

By, () =0, B, (0) =0, B,(0)=1,5,(0) =1. (10)
The simplest dependencies of such kind, for example, are
B, B
ﬁlr(Vl)=—'a,ﬁzk(Vz)=+, (11)
(L+p, V)" (YAK

where i, , 1, a., 7, are the positive coefficients determining by methods of mathematical
statistics; f, , B,, are the deteriorating coefficients reflecting basic deterioration without
additional cost for its reduction.

Note that according to above designations the expressions p f, I, and s B, I,
have the meaning of economic losses caused by deterioration of the r-th kind
of materials and the 4-th kind of finished perishable product during their storage in
period ¢ correspondingly.

The demand d, in the right-hand side of relation (9) may also be considered as
control value. Let us suppose that d, is the a no decreasing function of values V.. The
possible dependence d, on V, may be, for example, as follows
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d (V)=d, 0+ V), s=0,
where d, is demand for the case V, = 0 (i. e. without additional cost for marketing).
Expression for total profit of all integrated logistical chain (i. e. objective function)
taking into account the cost for control of refrigerating regimes is
T (N K K
P = le {n:l gl Prnt % e _kz::l lew Vi + Moy + S B (L= Bo) Gy +
t . N _
+Z (l - ﬂZk)ijykr - z 2 (l_ﬂzk) /zknj)] -
Jj=1 n=1J=1 (12)
R .
—Zl [p,x,+K, 6(x, )+, +p,B)A-B,)"q, +

A=) )] |-V -,V

o
wherep, =s, t—c, ;0(x)=1,ifx>0,(0)=0.

The optimization problem may be now formulated by the following way: it is needed
to find outthe nonnegative values of variablesx ,y, .z, , V|, V,, V, satisfying the conditions
(5)—(9), (11) and maximizing the function (12). This optimization problem may be
solved by the method of dynamic programming [14]. The other method of its solving
is based on the method proposed in the work [15]. This method allows to eliminate
from consideration the non-differentiable term K d(x ) entering the function (12) by
introduction of additional variables.

Conclusions

In this paper, we proposed the approach to modeling and optimization of integrated
logistics system functioning for the case of perishable materials and finished perishable
goods which is based on inventory control theory application. The main idea of our
approach is coordination among supply firm, plant, and transport companies at the stage
of their joint plans development over the finite planning horizon. Our approach allows
to increasing the total profit of logistic system due to additional expenses directed on
reduction of deterioration of perishable goods. The calculated results may be useful
for logistics operators and other participants of logistic cold chain (e. g. warechouses
operators, transport companies). The proposed optimization models are relatively simple
and may be implemented in practice with the standard software. In order to conduct
calculations it is the necessary to collect the relevant data and to create appropriate
databases. The results obtained may be used as the basis for our further investigation
and research in the field of “cold logistics”.

K

£ (- B,) 7 x, -
Jj=1 k
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Summary

Introduction. Modern turbochargers of marine diesel engines enjoy a high boost
pressure ratio in the compressor of up to 5 and above. They create high pressure of
the charged air, thus providing high-specific power and high-efficiency operation of
the marine engine with low-level emission of carbon oxides and soot. High efficiency
of MAN MC and MAN ME diesel engines with actual specific fuel consumption
of 160-170 g/kWh is ensured by the high pressure of the charged air, among other factors.
In case the turbocharger loses in performance, the power and efficiency of the diesel
engine rapidly decline while the emission level of carbon oxides and soot increases. The
allowable hazardous emission level of marine diesel engines in operation is limited by the
current requirements of the International Maritime Organization. Since the overwhelming
majority of various maritime transport vessels use diesel power units, the matter of their
efficient and safe operation is undoubtedly of current interest. The article presents the
method of vibroacoustic diagnostics of the marine diesel engine turbocharger under
operating conditions, when a prompt determination of instantaneous turbocharger speed
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and rotor vibration level is required. The method lies in the analysis of the vibroacoustic
signal that is generated by the compressor of the turbocharger with the diesel engine
running under load. Results. The spectral analysis reveals that the compressor blades
generate acoustic oscillations that are always present in the overall vibroacoustic
spectrum of the turbocharger regardless of its technical condition. The “blades” harmonic
that corresponds to these vibrations can be detected in the spectrum using the method of
limits. The calculated instantaneous turbocharger speed makes it possible to analyze the
amplitude of the main harmonic in the spectrum. The method presented in the paper helps
eliminate the Discrete Fourier Transform (DFT) spectral leakage, so that the amplitude
of the main harmonic can be estimated. The further analysis of the amplitude of the main
harmonic allows for efficient estimation of the turbocharger rotor vibration level when
in operation. The method can be practically applied by the means of a smartphone or
a computer that have the dedicated software installed. Conclusions. The proposed method
can lay the foundation for the permanent monitoring system of the turbocharger speed
and vibration level in the marine diesel engine.

Key words: turbocharger diagnostics, marine diesel engine, vibroacoustic spectral
analysis, DFT leakage.
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Anomauisn

Bemyn. Cyuacni mypoounacnimaui cyonosux Ou3envHux 08uUcyHi6 MAaiomv GUCO-
Kutl kKoeghiyichm niosuwyerHs mucky 8 Komnpecopi — 00 5 i suwje. Bonu cmeopowms
BUCOKULL MUCK HAOOYBOUHO20 NOBIMPA, MUM CAMUM 3a0e3neuyioul GUCOKY NUTNOMY
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NOMYAHCHICMb | 8UCOKOEpEKMUBHY podomy cyOH08020 0BUSYHA 3 HUZLKUM BUKUOOM
okcudig gyaneyio ma casici. Ceped iHui020, BUCOKA eKOHOMIUHICTNb OU3EIbHUX OBUSYHIG
MAN MC i MAN ME 3 ¢haxmuunoro numomoro sumpamoro nanuea na pieui 160—170 2/
KBm-200 3abe3neuyemvcs UCOKUM MUCKOM HAODY80UH020 nogimps. Ilpu 3uuoicenni
epexmuenocmi pobomu mypOoHacHIMaua, NOMYHCHICMb | eKOHOMIUHICMb OU3ENIbHO-
20 08USYHA WBUOKO SHUNCYIOMbCA, 4 PIBeHb 8UKUOI8 OKCUOI8 8yaleylo ma Caxici 3poc-
mae. [onycmumuil pieensv WKIOAUBUX SUKUOIE NPU eKCHIyamayii CyOHO8UX Ou3elb-
HUX 08U2YHIB 0OMedceHUll YUHHUMU eumozamu MisxcHapooHnoi mopcbKoi opeanizayii.
OcKinbKu nepesastcHa Oinbuicms MOPCLKUX MPAHCHOPMHUX CYOEH PISHO20 KAACY MAE
Ou3envHi 08USyHU, NUMAHHS IX e(hekmusHoi ma Oe3neunoi excniyamayii € 6e3yMOBHO
akmyanbrum. Y cmammi npeocmaegieno memoo 8idpoaxyCcmuyHoi 0iaeHoCmMuKu myp-
boxomnpecopa cyoH08020 OU3ENbHO20 OBUSYHA 8 YMOBAX eKCINIYamayil, Koau HeooXio-
HO ONepamueHO GUHAYUMU MUMMEBY Yacmonty 0bepmanHs mypboxomnpecopa ma
piens gibpayii pomopa. Memoo nonseae 6 ananizi 6iOPOAKYCMUUHO20 CUSHATLY, AKULL
Gopmyemvcsi komnpecopom mypbonacHimaua nio 4ac pobomu OU3eibHO20 08USYHA
nio Hasaumasicenuam. Pezynomamu. CnekmpanvHuul aumanis noxkazye, wo Jionam-
KU KOMHApecopa eeHepyroms KOMUBAHHS, AKI 3A68x#COU NPUCYMHI 6 CNeKMPI 3A2dlbHOT
sibpayii mypoonasnimaua He3anedcHo 6i0 1020 mexuHiunoco cmawy. «Jlonamkosay
2apPMOHIKA, 5IKA BION0BIOAE YUM KOTUBAHHAM, 8 CHeKMPI 8USHAUAEMbCS 3a 00ONOMO20I0
memody oomedgncens. Pospaxosana mummeea wacmoma obepmants mypooKomMnpeco-
Pa 0036015€ NPOAHANIZYEAMU AMNAIMYOY OCHOBHOI eapmouiku 6 cnexmpi. Memood,
npedcmasienuil y cmammi, 00noMazac yYCyHymu CReKmpaibHi 6UMOKU OUCKPEMHO20
nepemesopenns @yp’e (DFT), wob oyinumu amniimyody ochosnoi eapmoniku. Ilooans-
WUl aHaniz amniimyou OCHOBHOI 2apMOHIKU 0036075€ eheKMUBHO OYIHUMU pi6eHb
8ibpayii pomopa mypbokomnpecopa nio yac excniyamayii. Memoo mooicna 3acmo-
cygamu Ha npaxmuyi 3a OONOMO2010 CMApM@Pona abo Komn romepa, Ha AKOMY GCMa-
HOB8/eHO cheyianbHe npozpamue 3abe3neuents. Bucnoeku. 3anpononosanuii memoo
Modce Oymu 3aK1a0eHUll 8 OCHOBY CUCEeMU NOCMIUHO20 MOHIMOPUHEY 4acmomu i
piens gibpayii mypbookomnpecopa cyoH08020 OU3eIbHO20 08ULYHA.

Knwuogi cnosa: oiacnocmuxa mypboxomnpecopa, CyOHOBUU OU3ETbHUL OBUSVH,
BIOPOAKYCMUYHULL CHeKMPATbHUL aHai3, eumok 11 D.

1. Introduction

Modern turbochargers (T/C) of marine diesel engines enjoy a high boost pressure
ratio in the compressor of up to 5 and above. They create high pressure of the charged air,
thus providing high-specific power and high-efficiency operation of the marine engine
with low-level emission of carbon oxides and soot [1]. High efficiency of MAN MC
and MAN ME diesel engines with actual specific fuel consumption of 160-170 g/kWh
is ensured by the high pressure of the charged air, among other factors [2-3]. In case
the turbocharger loses in performance, the power and efficiency of the diesel engine
rapidly decline while the emission level of carbon oxides and soot increases [1-3].

Theallowable hazardous emission level of marine diesel engines in operation is limited
by the current requirements of the International Maritime Organization (IMO) [4]. Since
the overwhelming majority of various maritime transport vessels use diesel power units,
the matter of their efficient and safe operation is undoubtedly of current interest [5—7].
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When a marine diesel engine is operating in light-load conditions, the incomplete
combustion products clog up the exhaust manifolds. This results in the change of the flow
capacity of the exhaust manifolds as well as the character of the gas internal flow in
front of the blades of the turbocharger wheel. Pulsations might occur, which causes
the rotor to vibrate [8—10]. Increased level of rotor vibration creates additional loads
on turbocharger bearings and reduces their operational life. In case of microdefects in
the bearings, the vibration level of the rotor increases even further, which might lead to
a severe failure [11].

Vibroacoustic control of the turbocharger in operation makes it possible to detect
the dangerous tendency of the vibration level increase of the rotor and indicate the need
for cleaning the flow channel [8—11]. In some cases, such control might prevent
turbocharger failure, which typically leads to a considerable loss of power and efficiency
of the entire engine [1; 11-14].

Many authors have previously pointed out the necessity of conducting operating
periodic check of the turbocharger technical condition in operation [11-14].
In such event, prompt and timely diagnostics during operation can be made by
analysis of the external vibroacoustic signals. In papers [11; 12] it is indicated that
within the spectrum of vibroacoustic oscillations of the turbocharger, regardless
of its technical condition, there is always a harmonic present at the “blades frequency”
of the compressor wheel. The amplitude of the “blades harmonic” of the compressor
considerably exceeds (two, three times or even more) the level of surrounding harmonics
in the turbocharger spectrum [8; 12]. Meanwhile, the harmonic of the main rotation
frequency of the turbocharger rotor might have insignificant amplitude and might not
be distinguishable against the noises of the spectrum [8]. Thus, the “blades harmonic”
is the primary source of the turbocharger spectrum analysis and it can be identified in
the spectrum using the method of limits.

The paper presents the diagnostic method based on the determination of the “blades”
harmonic in the turbocharger spectrum, further calculation of the rotor main speed as
well as the subsequent analysis of the harmonic amplitude at its main frequency. The
amplitude of the main frequency harmonic characterizes the general vibration level
of the turbocharger rotor [5; 6; 15].

The article begins with the analysis of the vibroacoustic signals of the TCA 66
and the VTR 564 turbochargers of low speed diesel engines during their normal operation.
The limits of normal and abnormal levels of the amplitude of the main harmonic are
illustrated by these two examples. These cases, however, are particular, so it is necessary
to analyze the vibroacoustic spectrums of a larger number of turbochargers to develop
general recommendations. Nevertheless, we believe that the information will be useful
for marine engineers, since these engines are widely used in the merchant marine fleet.

To make the results of analysis more reliable the algorithm of the “leakage effect”
eliminating is proposed, which helps to calculate more accurately the frequency
and amplitude of the given signal.

A functional diagram of the turbocharger continuous monitoring system is proposed
as the general conclusion of the paper.

The method in question can be practically applied; for its realization in most cases,
it would suffice to have a smartphone or a personal computer with the dedicated
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software. The method lies in the analysis of the vibroacoustic signal that is generated by
the turbocharger compressor while the diesel engine is operating under load.

2. TCA 66 turbocharger of low speed diesel engine vibroacoustic analysis

The registration and analysis of vibroacoustic signals of the TCA 66-20072
turbocharger [3], which is installed on the MAN 5S60MC main diesel engine [2], was
made at the 85 rpm of engine speed. Estimated engine brake power was ~4500 kW
or 50 % of MCR. According to the sea trials results, the corresponding turbocharger
speed should be about 10 300 rpm (see Table 1). The compressor impeller wheel
of the TCA66-20072 has 22 blades (11 full blades and 11 splitter blades) [3].

Mechanical engineers provide engine performance analysis during its operation to
estimate engine and turbocharger current conditions. The results of performance analysis
should be compared with manufacturer’s Official Test Data. Among the most important
engine parameters for diagnostics are: crank speed and brake power; brake specific
fuel consumption; supercharged air pressure; compression pressure and maximum
in-cylinder pressure; exhaust gases temperature at the turbocharger inlet and outlet,
and turbocharger speed (Table 1).

Figure 1. Engine 5S60MC and TCA 66-20072 turbocharger,
1 — compressor wheel, 2 — turbine rotor [3],
(a), (b) — vibroacoustic measuring points

Deviations of these parameters for given engine operating point may be caused by
some failures. Thus, for instance, the compression pressure (P comp) drop may be caused
by cylinder liner wear, piston rings break or sticking, exhaust valve seat leakage/wrong
timing or by smaller supercharged air pressure (P scav). The reasons of the maximum
combustion pressure (P max) decrement are generally related to the high-pressure
fuel-injection equipment. Smaller exhaust gases temperatures difference at the turbine
inlet and outlet (A7/C) together with turbocharger speed (7/C rpm) reduction indicate
the flow duct fouling (Table 1).

AT/C =T/Cin— T/C out.

Suggested method allows the on-going turbocharger speed measuring at engine
operation. The compressor vibroacoustic signal registration could be carried out either
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at the compressor inlet filter (Figure 1, a) or directly at the compressor volute surface
(Figure 1, b) as it is known from the experiment. The second option (point b) benefits
from the inlet flow acrodynamic noise absence.

The aerodynamic noise could also be removed from the recorded signal,
if the microphone, (positioned at point a) has the perpendicular orientation to
the turbocharger intake filter surface, so the smooth air flow around the microphone
is provided. The influence of the noise of other engine mechanisms is relatively small
as their sources generally have a big enough distance to the microphone position as
it is known from the set of experiments carried out on the number of marine low-
speed engines.

Table 1
The main engine 5S60MC Official Test Data

Load, %  Engine T/C T/Cin T/Cout Pscav P max SFOC
kW  MCR RPM RPM t, °C t, °C bar bar g/kWh
2208 25 66,1 6150 270 230 0,38 63 177,58
4407 49,9 83 9880 300 220 1,06 97,4 172,99
6621 75 95,4 12050 320 200 1,78  129,8 168,16
7937 89,9 101,5 13120 350 210 2,28 139.8 169,72
8824 99,9 1053 13850 372 220 2,62 139,8 171,13
8820 99,9 105,1 13850 375 220 2,62 139,6 171,15
9673  109,5 108,2 14540 410 240 2,96 140 172,50
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Figure 2. The main engine 5S60MC official test data
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According to the Table 1 data, the polynomial equation for the turbocharger speed
in respect to the engine brake power was developed (see Table 2). This model can be
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applied in practice for fast main engine brake power estimation using the data from
vibroacoustic turbocharger analysis. It is valid for known engine and ship hull conditions
and for given value of cargo.

Table 2
Polynomial model [S] T/C rpm = f (Ne, kW)
Equation type: T/C rpm = ((Degree3 x Ne + Degree2) x Ne + Degreel) x Ne + Degree(
Degree 0 = -25.8849715
Degree 1 =3.508765178

Coefficients: Degree 2 = —0.0003549392173
Degree 3 = 1.531921627E-08

Coefficient of determination, R? = 0.999909
Correlation coefficient, R = 0.999954499

Model results:

The compressor impeller blades generate oscillations in the general spectrum
of vibrations regardless of the turbocharger technical conditions as it was experimentally
proven|[5;8; 11]. Spectral analysis shows that the vibroacoustic signal from the compressor
blades has the frequency equal to the turbocharger rotor speed multiplied by the blades
number (see Figure 3):

v, =n, X T/C rpm / 60 (1)
were v, — blades frequency of the turbocharger, Hz; n, — total number of compressor
wheel blades; T/C rpm — turbocharger speed, rpm.

Assuming that current engine operating point is between 100 % and 25 % of MCR,
so the top and bottom limits for turbocharger speed could be estimated (for MAN
5S60MC engine):

* Max blade frequency (v
13850 rpm / 60 = 5078 Hz,

* Min blade frequency (v
X 6150 rpm / 60 = 2255 Hz.

=n X max T/C rpm / 60 = 22 blades x

b max) b

= nb x min T/C rpm / 60 = 22 blades x

b min)

expected compressor blade frequency: 10300rpm/60 * 22 = 3776,(6)Hz
Harmonic at the fundamental ——— real compressor blade frequency: 3782Hz

frequency of the turbocharger. 7 sub-harmonic: /2=1891Hz
Vibration amplitude is low [

v
turbocharger main frequency: 3782Hz/22 = 171.9H ————_

Real turbocharger speed= 171.9Hz*60 =

20 £ 50 3 x E3 E3 3 2K He

Figure 3. The spectrum of the vibroacoustic signal of the compressor
of the TCA 66-20072 turbocharger at 50 % load mode of the engine 5S60MC
(4500 kW, 85 rpm)
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Thus, the “blades” harmonic in the general turbocharger spectrum lies between these
limits (Figure 3):

v <Db<l)

b min b max”

The experimental measurements (Figure 4) were made with the electret microphone
EM-4015-BC produced by Soberton Inc. [16]. The microphone has high sensitivity,
wide pass band, narrow directional pattern, small distortion and low noise level. It
should be noted, that due to the current microphone upper limit the presented spectrum
above 12 kHz could be incorrect, but it isn’t significant as for the low-speed diesel
engines turbochargers it isn’t necessary to record the signal over 10 kHz, so it doesn’t

affect the conclusion.

Turbine Exhaust
Gas Outlet

Compressor Housing
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g ~
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o \
5
s

<]

Comy Wheel
Compressor Ambient Air Inlet pinasediibane

Figure 4. Recording the vibration of turbocharger
using the EM-4015-BC electret microphone

The spectrum analysis (from Figure 3) reveals the value of actual blades frequency:
3782 Hz. Thus, the actual turbocharger speed equals to: 3782 Hz / 60 = 171.9 Hz. So,
for a given engine operating point the TCA 66-20072 turbocharger actual speed is equal
to: 171.9 Hz x 60 = 10314.5 rpm.

It is notable that the main frequency (171,9 Hz) harmonic amplitude is relatively
small and could be estimated at the range of spectrum noise. This could be assumed
as the indication of small turbocharger rotor vibrations level and highly probable as
the indication of the rotor bearings normal conditions [8; 12].

Vibroacoustic spectrum of TCA 66-20072 turbocharger also has sub-harmonics
and ultra-harmonics:

e sub-harmonic x0.5 = 1891 Hz;

* ultra-harmonics x2 = 7564 Hz, x3 = 11346 Hz, x4 = 15128 Hz, x5 = 18910 Hz,
x6 =22692 Hz.

Sub-harmonics and ultra-harmonics could be used as additional diagnostic signs for
further experimental measurements of turbocharger operation.

For the signal, recorded at 44.1 kHz of frequency it is possible to make spectrum
analysis for harmonics with frequency up to 22.05 kHz [17]. For the most marine engines
the “blades” frequency of turbocharger is always at least 2 times smaller. Maximum
frequency of recorded signal is also limited by the microphone characteristics. As
the possible step for spectrum analysis is down to 1 Hz, the absolute error of turbocharger
frequency estimation is generally <1 rpm. The measurement time should be related to
the response time of a turbocharger, which is typically about 1 to 3 s. So, the accuracy

37



PO3BUTOK TPAHCIIOPTY
Ne 1(12), 2022

of suggested method for turbocharger frequency measurement exceeds the typical
accuracy of standard measuring devices.

Suggested method could be used for accurate measurements of instantaneous
turbocharger speed, turbocharger rotor vibrations level estimation and for rough
estimation of the engine brake power.

3. VTR 564 turbocharger of low speed diesel engine vibroacoustic analysis

Another set of experimental research was carried out for ABB VTR 564-31
turbocharger [18], installed of the MAN 6L80MCE main marine engine of the capsize
bulker [19]

The compressor impeller has 20 blades and its vibroacoustic spectrum for the engine
operating point close to MCR is shown in Figure 5. The assumed value of turbocharger
speed for such conditions should be smaller than the turbocharger speed at the engine rated
power. So, the turbocharger speed for MCR operated point could serve as the top limit.

Max blade frequency (vb max) =nb x max T/C rpm / 60 =
=20 blades x 9000 rpm / 60 = 3000 Hz.
As the engine operating point could be estimated as close to MCR or at least between

50 % and 100 % of MCR, the bottom limit of the turbocharger speed could be assumed
as (v, min) = 1500 Hz.

speed of TURBOCHARGER:
2948Hz 72060 = 8844 rpm

vibroacoustic spectrum of
turbocharger

30 50 100 200 300 E00 000 2k 3 BK 10000 Hz

Figure 5. Recording the vibration of turbocharger
using the EM-4015-BC electret microphone

By scaling the spectrum diagram (Figure 5) the value of “blades” frequency was
estimated as 2948 Hz — it is the closest harmonic to the top limit of 3 kHz. The left
harmonic in the diagram (respect to the “blades” harmonic) is the sub-harmonic which
has a two times smaller frequency — 1474 Hz.

From the “blades” turbocharger frequency the turbocharger rotor speed was
calculated as:

RPM turbocharger = 60 x 2948 Hz / 20 = 8844 rpm.

The turbocharger standard tachometer was indicating the turbocharger speed
as 8800 rpm, so the error of the turbocharger speed estimation is about 0.5 %. It is
important to underline: as the error of turbocharger speed estimation by vibroacoustic
method is generally less than 1 rpm it provides much more accurate turbocharger speed
and further engine operating point estimation.
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The frequency of the main harmonic for the turbocharger rotor speed is:
v turbocharger =vb / nb = 2948 Hz / 20 = 147,4 Hz.

Obviously, the relatively high level of the main harmonic amplitude A could be
an indication of increased level of rotor vibrations [8]. The level of main harmonic
amplitude A in Figure 5 could be assumed as lightly increased but still permissible.

In all cases of measurements on marine engines, when high levels of fundamental
harmonics were found, it was necessary to clean the flow path of the turbochargers.
After cleaning, the level of the fundamental harmonic decreased down to A < 2.

The set of experiments carried out on the number of MAN MC-series diesel
engines has shown that if the main harmonic amplitude becomes 2-3 times greater
than the spectrum average level it indicated the dangerous level of turbocharger rotor
vibrations [12]. The average spectrum amplitude level was estimated in a range of:

[v turbocharger — 50 Hz + v turbocharger + 50 Hz].

More precise quantitative assessment of the permissible range of turbocharger
rotor vibrations level requires further experimental investigations. It is important to
accentuate the ability to make such an assessment rapidly during engine normal
operation and without any additional devices installation on the engine.

4. Eliminating the “leakage effect” of discrete spectrum (LEE)

In the process of analyzing the discrete spectrum of vibroacoustic signals in order
to estimate their frequency and amplitude characteristics, it is necessary to solve
the problem of eliminating the effect of “leakage”. This effect is a consequence
of the finiteness of the analyzed temporal realization and its discrete representation. The
effect of “leakage” or outflow of power from the spectral peaks into the adjacent spectral
lines is considered to be one of the main DFT errors [17].

As an example, Figure 6 shows the amplitude spectra of the same sinusoidal signal
with an integer (a) and a non-integer (b) number of samples per one signal period.

Let the frequency of a signal be represented by

vy =M/T,
where T is the period of the signal; M = n + ¢, where n is an integer and 0 <o < 1.

The maximum distortions of the amplitude, frequency and phase of the central
harmonica and leakage of power into the neighboring ones will be observed at6=0,5[17].

Alo) A(w)

o (O]

(a)o=0 (b)s#0
Figure 6. The DFT leakage effect.
Integer (a) and a non-integer (b) number of samples per period
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Thus, when analyzing the parameters of the original spectrum signal, i. e. the central
harmonic, the resulting amplitude, frequency and phase will be distorted in case
of a non-integer number of signal samples per its period. In practice, for discrete
recording of signals, an Analog to Digital Converter (ADC) with a selected and fixed
sampling rate is used. It is understandable that the number of samples per period will
never be an integer and the value of ¢ will change from 0 to 1 depending on the natural
frequency of the measured signal, and the accuracy of estimating the signal parameters
along the central harmonic will change.

The most common solution for leakage effect reduction is based on window transform
methods. The essence of the method is simple: to reduce the number of discontinuities
at the edges in order to reduce leakage it is necessary to reduce the amplitude of the signal
near the edges. This scaling is carried out during the implementation of the multiplication
by the window with the special form s} =s; - W(j), where W(j) is stands for Window
functions, Table 3.

As a result of applying window functions, the spectrum of the original signal is
changed and its amplitude decreases by RMS Coeft times, as shown in Table 3. Thus,
the dependence of the amplitude of the fundamental harmonic in the spectrum from
the value of o decreases. This means that the fundamental harmonic can be used to
approximate the signal parameters with a certain constant error, which can be taken
into account.

Table 3
Window functions used to reduce the DFT “leakage effect” [17]
window RMS Coeff equation
. 2zn
Hemming 1,414 @(n) =0,53836 - 0,46164 cos N1
. 27n
Hanning 1,633 @(n)=0,5|1-cos N1

(31~ ()’
12,(B)|

Blackman-Harris 1,585 @(n)=0,42-0,5cosQzn / (N —1)) + 0,8 cos(4zn / (N —1))

Kaiser 1,61 @(n) =

More precisely, we can eliminate the “leakage effect” by a numerical method based
on the processing of the complex DFT results. In [17], a suggestion was made that
the frequency m, the phase @, and the amplitude A of the original signal from the values
of two maximum harmonics in the spectrum should be specified. For this it is proposed
to solve numerically the system of complex equations. To do so, the system of complex
equations is proposed to be solved numerically:

{|E(ms¢)k /E(m’¢)k+l| = |Xk / X |} , )
Arg(E(m,¢),) = Arg(X,)

where the parameters of the k-th harmonic are specified as: X, = Re,+ jIm,,
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) 1 Im
X, = NAe™ , A, = W‘/RCZ“ Im?, , ¢, = arctg( Re:) = Arg(X,).
The harmonic coefficients can be represented in the form: X, = (4, / 2)E(m,¢), ,
where E(m,¢), is a complex function independent of the amplitude, but dependent on
the frequency and phase:

. 2z j(m-k) _ 1 ) =2r j(m+k) _ 1
_ it € i+ €
E(m’ ¢)k =e 27 j(m-k) +e 2x j(m+k) : (3)
e ¥ -1 e NV -1
The system of equations (2) must be solved in the case where the harmonics to
the left and right of the central one are not equal to zero (in practice it is more than

a given small value 9):
X, >6,X,.,,>6.

If X,, =0, X,,, =0, then the leakage effect is absent and the frequency, amplitude
and phase of the central harmonica correspond to parameters of the measured initial
signal (Figure 6a).

When solving the system (2) for the situation of strong leakage effects (¢ ~ 0,5),
only five full iterations were required to provide a specified error of less than 0.5 % in
frequency and phase. For a sinusoidal signal, the amplitude and frequency are recovered
to the value specified in the original signal with accuracy to 5 decimal places. In this case,
the amplitude of the central harmonic in the spectrum after the DFT before the recovery
procedure was with an error of 35 % (1) [12; 17].

An error in estimating the frequency of the original signal with respect to
the frequency of the central harmonic can also be significant. It depends on
the frequency of the ADC and the frequency of the original signal. As the frequency
of the ADC increases, it will decrease.

A(m) a b C d

os| ic=0.1._ i P T N e~ I Y e S
o | S | - e e S S
P 5 B BB DAL L A EE AR L I e
ot eI B e e e S5 R | || B e L LL LB LU SU—
9] (SR 5 | SRR e R B ] e el S L | AHAE A
0.2 ..........

S0 l""‘o'olll" II[[ Fiib bt e

[} 200 600 800 1000 1200 1 400

Figure 7. DFT leakage effect eliminating [12; 17]

The solution of the system (2) is not associated with additional memory as is the case
for the fast Fourier transform (FFT). Despite the iterative numerical solution for
system (2), such procedure only very slightly increases the overall computation time,
and make it possible to obtain not only the spectrum of the signal, but also the restored
value of the fundamental frequency, amplitude and phase of the measured signal, when
it is close to sinusoidal.

This method was investigated in case of noise in the original signal (with a white
noise of 5 % and 10 % of the amplitude of the sinusoid). Figure 7 shows the solution
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of the system (2) for a sinusoid with an amplitude of 0,8 and for the cases a) 6 = 0,1,
b)6=0,3c)e=0,5andc)c=0.

The central green line in each Figure 7 a, b, ¢, d is the main harmonic of a sinusoid
with amplitude of 0,8 with the restored amplitude, frequency and phase, being a result
of solving the system of equations (2).

For all the cases, not more than 5 complete iterations were required to ensure
a given accuracy. As a result of the solution of the system (2), the phase and frequency
of the signal with the addition of white noise to 10 %, are restored to the initial value
with an error of not more than 0.5 %.

5. Conclusions

The proposed method allows to determine the turbocharger rotor speed and level
of the vibration by means of stabilizing harmonics amplitude of vibroacoustic spectrum
using proposed algorithm. The method can be implemented in the continuous monitoring
system of the turbocharger, Figure 8.

turbocharger speed
DSP FFT controller

FFT - Spectrum
- blade frequency harmonics - LEE algorithm
- fundamental harmonic relative vibration level

Figure 8. Block diagram of a turbocharger vibroacoustic
continuous monitoring system

In accordance with the main directions of increasing the efficiency of vehicles [20],
it is relevant to reduce operating costs by eliminating undesirable effects and using more
technologically advanced and practical equipment. Tests on two-stroke marine engines
have shown that a mobile version of a smartphone-based vibroacoustic measuring
system can be realized.

Expected features of the proposed system:

» continuous monitoring of turbocharger rotation speed and rotor vibration level;

 reliability and ease of installation, as the sensor is in a low temperature zone;

* high accuracy rotation speed control, which makes it possible to monitor the total
engine load.

In order to define the limits of normal and abnormal rotor vibration levels for various
types of turbochargers, further research is necessary. It may be noted that the vibroacoustic
spectrum analysis of turbocharger can be quickly made under the operating conditions
and does not require significant expenses.
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Abbreviations
The following abbreviations are used in this manuscript:

T/C
MAN MC

MAN ME
MCR

DFT
FFT
LEE
ADC
RMS
IMO

Turbocharger

This type of MAN engines uses a mechanically driven camshaft for fuel
injection, cylinder lubrication, and to control the timing of the starting air
and exhaust

Electronically controlled engines

Maximum continuous rating is defined as the maximum output that
an engine is capable to produce continuously under normal conditions
Discrete Fourier transform

Fast Fourier transform

DFT leakage effect eliminating

Analog to Digital Converter

Root mean square

International Maritime Organization
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Anomauisn

Bcemyn. Y 36 3Ky 30 30inbuenHsAM NONYAAPHOCIE OYOi6HUYMEa Naagyuux 0youH-
Kig (xaycbomie) 6unuKac HeoOXiOHICMb PO3POOIEeHHI MeMOOUK 3abe3neuenHs ix bes-
neunoi excnayamayii. Xaycoomu, 32i0Ho i3 kiacughixayieio Pecicmpy cyononnas-
cmea Yrpainu, nanrexcamv 00 cMOIYHUX CYOeH HABIMb 3d HASABHOCMI eHepeemuiHol
yemanosku. [[ns 6ezasapiinoi ekcnayamayii maxkux niagyqyux cnopyo HeoOXiOHUuM
€ 3abe3neuents OCMIUHOCMI, 8PAX08YIOUU IX MATY OCAOKY V pa3i 6I0HOCHO 8EIUKOT
BIMPUNLHOCII MA, K NPAGULO, HEOOCAMHbOI HAOIUHOCII AKIPHO20 ma/abo weap-
mosHo2o npucmpois. Memoro 00cai0HCeHHA € OMPUMAHHA MAMEMAMUUHUX 3ATIeXHC-
Hocmell 014 8U3HAYEHHS napamempie oCmiuHocmi (Yenmpy 8e1uduHu, NOnepeuHo20
ma no3008iCHL020 MemayeHmpie 0isl MPbOXNONIABKOBO20 NOHMOHY CAMOXIOHO20
xaycoomy). Ananiz ocmannix 0ocaioxycenv ma nyonikauin. Teopemuunoio 6a3010
€ HayKosi pobomu 6 2any3i NPOEKMYSAHH Ma KOHCMPYIO8AHHs Xaycbomis, debap-
Kaoepie, NOHMOHIB, HOpMamueHo-npasosa basa Pezicmpy cyononnascmea Ykpainu,
a MaKodC OOCAIOANCEHHS W00 MOOYILHO2O POPMYBAHHS MA KOHCMPYKIMUBHO-MEX-
HONO2IYHUX plwenb niagyuux ma depecosux cnopyd. Memoou 0ocaioycenns. /s
PO3PAXYHKY njedel CMmamuyHoi oCmiuHOCmi 8UKOPUCAHO 084 OCHOBHI Memoou
meopii kopabsi: pieH00O EMHUX HAXUIEHb MA 00EPMAHHS GIOHOCHO HEePYXOMOI GiCI.
Cnoci6 pienoo6’ emMHux Haxuienv nepedbauac npoeedeHHss OONOMINCHUX eamepiii-
Hill, K[ HAOAUIICEHO GIOCIKAIOMb NOCMIUHUL 00 €M NIOBOOHOI YACMUHU NOHMOHY.
Heodonikom makozco memody € neobxionicmuv 0yOa00uux 0byuciensb 015 0itouoi ma
00NOMIICHOI 6amepninii, y 36 A3KY i3 YUM BUHUKAE MONCAUBICIMb HAKONUYEHHSL NOXU-
box. Pestome. Bnepuie po3pobieno memoouuri pekomeHoayii po3paxyuky ocmiti-
HOCMI Naasyyux O0YOUHKI8 HA NPUKIAOI 0OHOAPYCHO20 KOHMEUHEePHOo20 XaycOomy.
3anpononosani agmopamu Mamemamudti 3a1eHCHOCMI Mma 2pagiuni NOSCHEHHs
00 HUX 00380NAI0Mb BU3HAYUMU napamempu diacpamu Pioa ona piznux posmipis
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NOHMOHY, 11020 0CAOKU MA 3HAYEHb Cmamell HA8AHMAICEHHs Y pa3i MIHIMATbHOT
KiTbKOCMI UXTOHUX OAHUX.
Kniouogi cnosa: niasyui 6younxu, Mopexioni skocmi, OCmiHicmo.
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Summary

Introduction. Due to the increasing popularity of the construction of houseboats
(houseboats), there is a need to develop methods to ensure their safe operation.
Houseboats, according to the classification of the Register of Shipping of Ukraine,
are stoic vessels even in the presence of a power plant. For trouble-free operation
of such floating structures, it is necessary to ensure stability, given their low draft
at relatively high vitality and, as a rule, insufficient reliability of anchor and/or
mooring devices. The aim of the research is to obtain mathematical dependences
for determining the stability parameters (center of buoyancy, transverse and
longitudinal metacenters for a three-float pontoon of a self-propelled houseboat).
Analysis of recent research and publications. The theoretical basis is scientific
work in the field of design and construction of houseboats, landing stages, pontoons,
regulatory framework of the Register of Shipping of Ukraine, as well as research
on modular formation and design and technological solutions of floating and shore
structures. Research methods. Two basic methods of ship theory have been used
to calculate static stability: tilting and rotating relative to a fixed axis. The method
of equal-volume inclination involves the conduct of auxiliary waterlines, which
approximately cut off the constant volume of the underwater part of the pontoon. The
disadvantage of this method is the need for duplicate calculations for the current and
auxiliary waterline, which leads to the possibility of accumulating errors. Resume.
Methodical recommendations for calculating the stability of houseboats on the
example of a single-tier container houseboat have been developed. The proposed
mathematical dependences and graphical explanations to them allow to determine
the parameters of the Reed diagram for different sizes of the pontoon, its draft and
values of load articles with a minimum amount of initial data.

Key words: houseboats, seaworthiness, stability.
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Beryn. V 3B’s3Ky 31 30UTBIIEHHSIM MOMYJISIPHOCTI Oy/IiBHUITBA IIaByYUX OyaHH-
KiB (XaycOOTiB) BHHHKAa€e HEOOXiTHICTH PO3pOOIECHHS METOIUK 3abe3leueHHs iXHBOI
Oe3meunoi ekcroyarartii [1; 2]. Xayc6oTu, 3rimHo i3 kimacudikariero Perictpy cymHo-
Iu1aBcTBa YKpainu [3], HanexaTh A0 CTOTYHUX CyACH HaBiTh 32 HASBHOCTI €HEPreTHY-
Hoi ycTaHoBKH. J[s Oe3aBapiiiHOT eKCIuTyaTalii TaKuX IJIaByquX CIOPYH HEOOX1THUM
€ 3a0e3MeveHHs] OCTIMHOCTI, 3 ONIAAY Ha IX Maly OCamKy y pa3i BIJHOCHO BEITHKOL
BITPHJILHOCTI Ta, SIK IPABUIIO, HEJOCTATHROI HAJITHOCTI SIKIPHOTO Ta/ab0 HIBAPTOBHOTO
npucTpoiB [2]. 3TiHO 3 TEPMIHONOTIE TeOpii KOpadis, OCTIHHICTE — i€ 3[aTHICTh
cynHa 30epiratd CTaTHYHY pIBHOBAry sIK y pasi HasBHOCTI, Tak 1 y pasi BiICYyTHOCTI
Oy/1b-5IKO1 30BHIIIHBOI J1ii (TOPUBY BITPY, CKYITYEHHS JIOACH 3 OHOTO OOPTY, HASBHOCTI
xBWIb TOIIO) [4]. OcTiifHicTh XaycOOTy, eKCIuTyaTallisl SKOro rependadeHa y mpuoe-
PEXHHX BOJAX, OI[IHEHO 332 KPUTEPISIMH BITPOCTIHKOCTI. SIK MPHUKIIA] IPUHHATO OIHO-
SIPYCHHI KOHTEHHEPHHI XaycOOT, €CKi3HUH MPOEKT SIKOT0 po3po0JIeHO aBTopaMu; Horo
xapakTepucTiku Ta 3D-300paxxeHHs HaBeneHo y pobori [1].

MeTto10 1ocaiIKeHHsl € OTPUMAHHS MaTeMaTHYHUX 3aJIeKHOCTEH JIJIsl BU3HAYCHHSI
napameTpiB OCTIHHOCTI (LIEHTPY BETUYMHHM, [TOTIEPEYHOTO Ta MO30BKHBOTO METAllCH-
TPiB TSI TPHOXITOTUIABKOBOTO TIOHTOHY CaMOXiTHOTO XaycOoTy).

AHani3 ocTtaHHIX JocailKeHb Ta myOJikamiii. TeopeTnuHOO 0a3010 € HayKOBI
PpOOOTH B rany3i NpOEKTYBaHHs Ta KOHCTPYIOBaHHs XaycOoOTiB, 1ebdapKkaiepiB, IOHTOHIB,
HOPMAaTHBHO-TIpaBoBa 0asa PericTpy cymHOIUIaBcTBa YKpaiHH, a TaKOXK JOCIIIHKCHHS
L1010 MOIYIBHOTO (DOPMYBaHHS Ta KOHCTPYKTHBHO-TEXHOJIOTIYHUX PillleHb IIaBy4nX
Ta OeperoBux criopyd. Y AOCTIDKEHHI MPUIHATO 10 yBaru po3pooku M. B. Capuiib-
xoro Ta C. €. Illexopkinoi [1], skl BimoOpaxaroTh KOHCTPYKTHBHI 3aa4i TO3HIIIOHY-
BaHHsI XaycOOTIB 3a IOTIOMOTOIO SIKIPHUX CTIHOK, SIKi BOJHOYAC KOHTPOIIOIOTH [TOCAIKY
IJIaBY4OTO OYIWHKY i1 9ac 3HaYHWX MPWIHMBIB Ta BiJUIMBIB, XapaKTEPHi JJIs HIKHBOT
teuii [uinpa ta JlyHato. ApXiTeKTypi Ta KOHCTPYIOBaHHIO IJIAByYUX PIYKOBHX BOK-
3alliB Ta naBinbioHiB npucBsyeHo npaii C. B. Uepgannesa [2], M. C. €neHchkoro,
b. B. lonoga, 10. A. Kounesa, P. §I. Xirepa [4; 5; 6]. [IpakTu4HO BiJICYTHI BUMOTH JI0
MOPEXIJIHOCTI Ta OCTIHHOCTI XaycOOTIB y HalllOHabHUX KJIAacHU(iKaliiHUX TOBapH-
ctBax [3]. ApXiTeKTypi ManonoBepxoBHX Oy/iBesb Ha BOJI MPUCBIUYEHO HAyKOBI mparii
1. C. ExonnomoBa, A. B. [Tandinosoi, B. €. bapumesa. B HuxX po3misHyTi akTyaabHi
MUTaHHS TEXHOJIOTi pOopMyBaHHSI MJIaByYUX CHOPYA Y pi3HUX yMoBax. [Iutanns 3ami-
300eTOHHOTO CyaHOOYyBaHHs BUCBiTiIeHI y mpausx M. I. Ciyupkoro, O. C. Pamkos-
cekoro, O. B. Illempomnocesa, B. M. Konnosa, JKykosa B. f1., O. M. I[TocTymanscskoro
[7; 8]. Takox y HOCIHiIPKEHHI BUKOPUCTAHO PE3YJbTaTH aBTOPCHKUX po3pobok [9; 10].

IMocTtanoBka 3amaui. Kpurtepiii BITpOCTIHKOCTI XapaKTepHU3yeThCs OI[IHIOBAH-
HSIM TIOTEHIIHHOI MOXJIUBOCTI CyJqHA MPOTUIISTHA 30BHIMIHIM BITPOBUM HaBaHTa-
JKEHHSIM, TOOTO

MKPS[M]ZV'V'lmax9 (1)
ne M,, — MOMEHT, 10 KPEHHUTh BiJl BITPOBOTO HABAHTAXKEHHS, T'M (PO3PaXOBYETHCS

3riIHO 3 MeTogaMu Teopii Kopabis); [M] — MakCUManbHO AOIMYCTUMUN MOMEHT, 1110

KPEHUTbh, T'M (BU3HAYA€THCS 3a MeTonuKamu [3]); V — 00’eMHa BOIOTOHHAXKHICTB,

M’; y — IuTOMa Bara 3a60pTHOT BojM, T/M’; [ —MakcuMaJibHe Tiede giarpamu Pina,

M. MakcuMajibHO JOMYCTUMHUN MOMEHT [M] BU3HA4Ya€ThCs 3a JiarpaMmoro JrHa-

MIYHOI OCTIHHOCTI (rpadik 3aNeXHOCTI TIeYa BiJHOBIIOIOYOTO MOMEHTY Yy pasi
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JIMHAMIYHOTO KPEHY) 32 METOJIMKOIO, 1110 onucana y poooti [4]. [lnede »x crarnuHol
OCTIHOCTI MOKe OyTH po3paxoBaHe siK [3]

lg:xc~cos9+(yc—ycﬂ)~sin6—aosin9, )

JIe 3HAYEHHS 3aJIEKHOCTI (2) mpencrasineHo rpadivno Ha puc. 1, a came x,. — abcuuca
LEHTPY BENMYUHHU, M; O — KyT KpeHy, paj; y. — (hakTu4Ha Op/iMHAaTa UEHTPY BEJH-
YHHH, M; ), — OPJIMHATA LEHTPY BEIMYMHHU 3a BiJICyTHOCTI KPEHY, M; @, — BIICTAHb MK
AIUTIKAaTOO LEHTPY BEJUYMHU Ta IIEHTPOM TSKIHHS, M.

Metoaun pocaimkenHs. s po3paxyHKy Mjiedeld CTaTUYHOI OCTIHHOCTI BUKOpPHUC-
TaHO JIBa OCHOBHI METOJM Teopii Kopalms: piBHOOO €MHUX HaXWJICHb Ta O0OCpTaHHS
BiTHOCHO HepyxoMmoi Bici [4; 5]. Cnoci® piBHOOO €MHHMX HaXWJICHb INependoavyae mpo-
BEJICHHS JIOTIOMDKHUX BaTepIIiHiH, sKi HAOIMKEHO BiJCIKAIOTh MOCTIHHMIA 00’ €M i
BOJTHOI YacCTHHHW TOHTOHY. HemomikoM Takoro MeTomy € HeOOXiTHICTh IyOMHOIOUHX
004YHCIIeHD IS JIIF0Y01 Ta JOMOMIXHOI BaTepiiHii, y 3B 43Ky i3 YAM BUHHKAE MOXKIIU-
BiCTh HaKONWYEHHS MOXHOOK. MeTosi o0epTaHHS HAaBKOJO HEPYXOMOI Bici po3misiiae
HEpiBHOOO €MHI HAXHJICHHS, 32 JOMTOMOTOIO SIKHUX BU3HAYA€THCS 3AJICKHICTh BETMUYNHU
TIeYa CTaTHYHOT OCTIHHOCTI Bil BOJOTOHHAKHOCTI Ta KyTa KpeHy, To6to /, = f(V,0).
[Tpu poMy 1151 BUBHAUEHHS Ze, sIKE BIAIOBIIA€E 3a4aHiIi BOJOTOHHAKHOCTI, HEOOX11HO
BUKOHYBATH J0/IaTKOBI OOYHCIICHHS.

F

Puc. 1. Cxema suznauenns nieua cmamudnoi ocmitithocmi
MaremaTuuHa mMojelib. [lornepeynuii nepeTrH MmiJBOAHOT YaCTUHU MIOHTOHY SIBIISIE

c000r0 0araTOKyTHHK, SIKHii CTBOPEHO CiMeCcTBOM TpadikiB MPSMUX y KOOPIUHATHIN

montuHl XOV (TUTOIMMHA MieTb-IIaHTOyTY) X = _g (mo3. 1, puc. 1), y = H (1o3. 2,

puc. 2), y =0 (mo3. 3, puc. 2), x = g (mo3. 4, puc. 2).

I'padix BaTepmiHili MOYKHA TIPEICTABUTH Y BUTTISIII PIBHSIHD MPSMOI 13 KyTOBHM KO€-
(bimieHTOM, SKi TIPOXOIATEH Yepe3 3aaHy TOUKY (1103. 5, puc. 2).
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y:T+tg6(x—Yf), 3)

ne tgb — KyToBHIA KOC(IIlie€HT, KU JOPIBHIOE TaHTEHCY KpeHy XaycOoTy; T — ocaaka
TIOHTOHY, M; Y, — OpJMHATA IEHTPY TKIHHS BATCPIiHII (BiCi 0OEpTaHHs), M.
Hentp TsoxinHsa miomuHHO (irypu, sika oOMexeHa rpadikamMu OpsSMHUX, MOKHA
BHU3HAUNTH 32 3QJICKHOCTIMU [6]:
M M
B @
ne M taM — CTaTUYHI MOMEHTH BiJIHOCHO BiceH x Ta y, T-M; S — IJIOIIa 3aHypEHOI
YAaCTHUHU MiJIelb-IIIIaHr0yTa, M>.

Xe =

2 2
L = 7 1 N v
R 45 - \ 4 5 B
N\ i ¥ I Y g v <
- W____;’l_ ______ i N ¥ o -3 r__?;gz::\__\_é
l—i i S 3N ,Hi g 0N
058 0,53\ ¥ -~ -05B 058 v
0)
a)
2 ¥ 1 2 ” 5ﬁ\
1 T\ 4 5_/'// N j\ / 4 _ \ _
N 9 % — N @( ] /E////\/ .
___________ e PN V2 o) == S NN 1
Sl ///—3\\\\\ Fi ///‘1 o 30N
_ = - x
-05B_-V 058 * -05B 0,5B
B) r)

Puc. 2. Po3paxynkosi 6unaoxu usHayeHHs napamempie oCmiiuHocmi xaycoomy

CBO€10 Yeproro CTaTHYHI MOMEHTH Ta IUIONIY IOMEPEYHOTO IMEepeTHHY (Mimeisb-
IITAHTOYTY) MOYKHA BU3SHAYUTH METOJIAMU 1HTETPaJbHOTO O0YUCIIeHHS [7]

M, =[5 = 5 )
M, = [x[ £, () £, ()] ©

S=:[[f2 (x)- /i (x)] .

ne f,(x) Ta f,(x) — npsmi, AKi 0OMEXYIOTh MIIOIMHHY (irypy; a Ta b — Mexi iHTerpy-
BaHHs. TOouka MEpEeTHHY BaTEpIiHii i3 BEPXHHOIO Ta HIDKHHOIO MEXKAMHU TOIEpe-
YHOTO MEPETUHY MOHTOHY MOKHA BH3HAUUTHU Y€pe3 TAHTCHC KyTa KPEeHY XaycOOTy
BUXOJSTYH 31 CXeM, HABEICHHUX Ha puC. 2:

tgh = ﬂ, tgo = L . (6)
B B
~+Y ~+Y
2 2

OTpI/IMaHi 3aHC)KHOCTi JJIA BUBHAYCHHS CTaTUYHUX MOMCHTiB Ta VIO ITONepeIHOro
TIePETUHY MiJIeTb-IIAHTOY Ty MPEACTABICHO Y Ta0I. 1.
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3a oTpuMaHuUMH 3aJIeKHOCTAMH Y peskumi MathCAD BHKOHaHO po3paxyHKH mapa-
METPIB CTaTHYHOI OCTIHOCTI ISl OIHOSPYCHOTO XaycOOoTy KOHTeiHepHoro Tumy [1],
pe3yabTaTh KX HABEJCHO Ha PHC. 3.

Tabmanms 1

3HayeHHs] CTATHYHUX MOMEHTIB Ta IUIOILi MileJILb-IINAHTOYTY
3aJIesKHO BiJl po3TamyBaHHs BaTepJiHil

YmoBa | CraTn4yHi MOMEHTH | IInoma neperuny
Cxema a)
5
H 2
g0 < 3 . M, = [ x[T+igo(x-Y,)kx; 5
7+ 7£ 7
2 ZB S = 'Zf[T+tg9(x Y)Jd
tgh < B 1 2 7%
Z+y, M, = Eij‘E[T+tg9(x Y)] dx.
2
Cxema 0)
H L
tgh < 2
ngyf MX::[x [T+tg9(x Y)Jd s
5 S=[[T+1e0(x-7,)]dx.
tgo >~ B 12 2 a
J+y, M, = E![T+tg9(x Y] dx.
Cxema B)
g0~ 2= 1 7 2 7
g §+Yf M, =3 ![T+tge(x—Yf):|dx+‘[[H2dx ; b s
. S = I[T+tg9(x Y)de-ijdx.
g0 >~ B 3 a b
5+Yf M, Ix-[T+tg9(x—Y/)]dx+£x~de.
Cxema r)
B
H-T 2
g0 < Y MX:% .b[[T+tge(x—Yf)]2dx+_2[H2dx ; s
-+ B b
2 ! ? R S = _T[T+tg6(x Y ]dx+_[de
tg0 > 2 2 -2
§+Yf My=Ix~[T+tg9(x—Y/)de+J.x~de.
2 B b
2
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Puc. 3. 3anescnicmo nieva ocmitinocmi 6i0 6000MOHHANCHOCTNT M KYMA KPEHY

BucnoBku. Briepiie po3po0ieHo METOANYHI PeKOMEH AT pO3paxyHKy OCTIHHOCTI
IUIaBy4Yux OyIMHKIB Ha MPUKJIAIi OAHOAPYCHOTO KOHTEHHEPHOTro XaycOoTy. 3amporio-
HOBaHi aBTOpaMH MaTeMaTH4Hi 3aJIE)KHOCTI Ta rpadivHi MOSICHEHHS A0 HUX J03BOJIS-
I0Th BU3HAUUTH NapaMeTpH Aiarpamu Pifga 1uist pisHUX po3MipiB OHTOHY, HOTO OCaAKH
Ta 3HaY€Hb CTAT€l HaBaHTAXKEHHS 3a MiHIMAJIbLHOI KIJIBKOCTI BUXIIHUX JaHUX.
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CYIIYTHUKOBI KOMITACH
Y CUCTEMI 3ABE3IEYEHHSA BE3NEKHW HABITAIIIL CYIEH
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Anomauis

Bcemyn. [lepesezennss 6aHmanicie 3 SUKOPUCNAHHAM MOPCLKO2O MPAHCHOPNLY
MA€ HAO38UYALHO 0082y ICMOPIIo, KA 0e3nepepeHO NPOO0BICYEMBCI | CbO20OHI,
HAOY8arouu HOBUX 0COONUBOCMEN, NO8 A3AHUX 3 MEXHIYHUM PO3GUMKOM CYOeH, Y0O-
CKOHANEHHIM MeXHON02IT nepese3eH s 8aHmadicie, iHMeHCUSHOI MpaHchopmayicto
308HIWHb020 cepedosuwya. OONAOHAHHSA CYUACHUX MOPCLKUX CYOeH HAGLeayitiHuM
VCMAmMKY8AHHAM, PAOI00OIAOHAHHAM, PAMYEATbHUMU MA NPOMUNONCEHCHUMU 30CO-
bamu ma npucmposmu 6i00y8acmvbcs 3d NeGHUX NPAGUL MA RIOAA2AE CMPOSOMY
Hazn0y wooo 8i0N0BIOHOCHI BCIM HAABHUM HA NOMOYHUL MOMEHN MINCHAPOOHUM
BUMO2AM I CIMAHOAPMAM 3 MEMOI0 3a0e3neuents 6e3neunoi npaKmuKu eKcnryamayii
cyoen, wo 00Ca2acmbCsl UISXOM HALEHCHO20 BUKOPUCTNAHHS 6CIX MEXHIYHUX NPULd-
0is i cucmem. Memoto yiet pod6omu € 00Cai0NCeHHA XapaKmepucmux i ocooiusocmeti
3ACMOCYBAHHSL eLeKMPOHHUX 3AC00I8 CYNYMHUKOBOT Hagieayii, GU3HAYENHs NepCneK-
M6 GUKOPUCTNAHHS ATbIMEPHAMUSHUX 3ACO0I8 KYPCOBKAZAHHS, MAKUX SIK CYNYMHUKO-
81 KoMnacu, ix QYHKYIOHATLHUX MOJNCIUBOCHIEN 3 MEMOIO NIOGUUYeHHSL eheKMUBHOCTT
npoyecy cyOH0800iHHs | 3a0e3neuenns bezasapiinoi ekcniyamayii cyoen. Pe3ynvma-
mu. Y npedcmagneniil pooomi po3KpusarOmvCs RpAKmuyti ma meopemudni acnekmu
BUKOPUCTAHHS CUCHEM CYRYIMHUKOBOT HABI2ayil, 30KpeMd BNPOBAONCEHHS MAKUX Alb-
MEPHAMUBHUX 3AC00I8 KYPCOBKAZAHHSL, SIK CYNYMHUKOSI Komnacu. Bucnoexku. ¥V x001
00CHIOIHCEHHS BCIMAHOBILEHO, WO XAPAKMEPUCTIUKY MA (DYHKYIOHATLHI MONCTUBOCTT
CYNYMHUKOBUX NPUCMPOIE KYPCOBKA3AHMA 30aMHI He MITbKU NIOSUWUMU edexmus-
Hicmb npoyecy cyOHOBOOIHHS, ane Ul 3abe3neyumu 6e3asapiiiiy eKCnLyamayiio cyoen,
wWo 000amKo6o niomeepoicye ix axmyanvuicms. [lowupene uxopucmans cynymuu-
KOBUX KOMRNACIB K HeBi0 '€MHOI Yacmunu Hagieayiiho2o 001A0HAHHS CYUACHUX CYOeH
3HAYHO CRPOUYE NPOYEC CYOHOBOOIHHS | 0AE MONCTUBICING WUBUOKO | MOUHO BUHAYA-
mu HeoOXiOHI napamempu pyxy cyoHd.

Kniouoei cnosa: cynymmnukosi komnacu, KypcosKazamHsi, cyOHOBOOIHHSL.

© Measnuk O.M., Kopsikin K.C., Jlorinos O.B., 2022
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Summary

Introduction. Transportation of cargo by sea transport has a very long history, which
uninterruptedly continues today, gaining new features associated with the technical
development of ships, cargo transportation technology, and intensive transformation
of the environment. Modern ships are equipped with navigation, radio equipment and
firefighting equipment and devices provided in accordance with certain rules and are
subject to strict monitoring for compliance with all current international requirements
and standards in order to ensure safe ship operation practices, achieved through the
proper use of all technical devices and systems on board. The purpose of this work
is to investigate the features and characteristics of using electronic means of satellite
navigation, identifying the prospects for alternative means of course indication such
as satellite compasses, analysis of their functional capabilities with the purpose of
increasing the efficiency of ship navigation and ensuring failure-free operation of
vessels. Results. This paper discloses practical and theoretical aspects of using satellite
navigation systems, including the implementation of alternative devices such as satellite
compasses. Conclusions. The article reveals that the characteristics and functional
capabilities of the satellite course indication devices are able not only to increase the
efficiency of ship navigation but also to provide trouble-free operation of ships, which
additionally confirms their relevance and outlines prospectives of satellite compasses
as an integral part of the navigation equipment of modern ships, which significantly
simplifies the process of ship navigation and makes it possible to quickly and accurately
determine the necessary parameters of the ship s motion.

Key words: satellite compasses, heading, ship navigation.

IMocTanoBka nmpo6saeMu. 3a0e3meueHHs 0€3MEKN TIPOIECY CYTHOBOIIHHS Ta BUPI-
IICHHS 3aBJIaHb HABITAIlIT HA CYYaCHUX CYHAX JIOCITAETHCS IUISTXOM BUKOPUCTAHHS TEX-
HIYHUX 3aC00iB Ta HaBIraIiiHOTO O0JaTHAHHS, SKHMH YKOMIIJICKTOBAHO KOJKHE CYITHO
BiamoBinHo mo npaBuia 19 masu V Konsenttii COJIAC-74. 3aBasku came CyJacHUM
TEXHOJIOTISIM Ta TIpOoIlecaM aBTOMATH3aIlil MEPEeIoBi CHCTEMH HaBIramiiHOTO 0OIa-
HaHHS 37]aTHI HaIaBaTH IMOTOYHI JaHi Ta iHGopMaIlito mpo peiic. Sk nmpukiaa, cydacHi
CHCTEMH OHJIAMH-MOHITOPUHTY CYJIEH JO3BOJISIIOTH CYIHOBJIACHUKAM 3[IHCHIOBATH
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CTIIOCTEPEKEHHS 32 BIACHUM (DIIOTOM, OTPUMYIOUH iH(OPMAIIIIO PO KOHKPETHI CyJHA
B PeXHMi peaslbHOTO Yacy, He YeKalouu Ha OTPUMAaHHS MIOICHHUX 3BiTiB. Omeparopu
Ta CyIHOBIIACHUKH MarOTh 3MOTY HE JIMIIEe OTPUMYBATH OHJIAHH-1H(OpMaIlifo po peiic
Cy[IHa Ta ioro reorpadiyHe MOJIOKEHHS Ha KapTi, TAOMMYHE MPEJCTaBICHHS OCHOBHUX
TEXHIYHUX MapaMeTpiB CyleH.

AnbpTepHaTHUBHI 3ac00M BU3HAYEHHS HANPSMKY PyXy 00’ €KTiB, TaKi SIK CYITyTHUKOBI
KOMIIACcH, 3a0€31eUyr0Th BUCOKOTOYHY 1H(OPMAIIiI0 TIPO OPIi€HTAIII0 1 KypCOBKa3aHHS
JUTS. HaBITaliifHOTO OONaHAHHA, TAKOTO SK palapH, KapTIUIOTEPH Ta aBTOPYIHOBI.
Bonu mpusHadeHi mis 006poOieHHsS iHpOpMAITii po mapaMeTpH Opi€HTaIii Ta HaBi-
rarfii MOpPCbKUX CyICH Y PEeKHAMIi KOPEKIIil 32 JAaHUMH CYIMyTHHUKIB Ta B aBTOHOMHOMY
pPEeXHMI y pa3i KOPOTKOYACHHX ITEPEPB Y HAIAXOMKEHHI CYITyTHUKOBHX CHUTHAJIB. KoM-
nacu MOXKYTh BUKOPHCTOBYBATHCS [UIS HIMPOKOTO CIEKTpa MporpaM Ha OyIb-sKOMY
THUII Cy/lHA, B SIKOMY BUKOPHCTOBYIOTHCSI TEXHOJIOTII TNI00AIbHOTO Mo3uiitoBaHHs. Ha
XapaKTepUCTUKH POOOTH CYMyTHUKOBOTO KOMIIaca HE BIUIMBAIOTH IIBUJKICTH CyIHA,
HIMPOTa, TEOMAarHETU3M TOIIO0. ToMy AOCHTiKEHHS, 10 CIIPSIMOBAHI Ha MPOIECH 1HTe-
rpauii Texronorii GPS, siki 3a0e3meuyroTs TOYHY Ta cTa0lIbHY iHpOpMAIIi0 PO Kypc
Cy[lHa, € aKTYaJIbHUM 1 BaXKJIMBUM 3aBJIAaHHSM.

AHaJi3 oCTaHHIX J0c/iIxKeHb i myOaikanii. TeopeTHuHUM Ta IPaKTUYHUM [UTAH-
HSIM eKCTUTyaTallil eleKTpOHABITaliifHAX MPUITAJIiB, 10 BCTAHOBIIOIOTHCS HA CYYacHHUX
MOPCBKHX CyIax MpUCBsdIeHi mparti [1; 6; 7]. Y [2; 5] mpencTaBieHo MOpiBHIHHIHN aHa-
JIi3 Cy4acHUX CUCTEM KypCOBKAa3aHHS MOPCHKUX CYIEH Ta IEPCIEKTUBY BUKOPHCTAHHS
HOBITHIX CHCTEM KypCOBKa3aHHs Ha MOPChKOMY (uoTi. DyHKIIOHAIBHI MOMXJIUBOCTI
Ta TEXHIYHI O0COONMBOCTI Cy4acCHMX CYNMYTHHKOBHX KOMIIACiB JOCIHIKEHO B [3; 4].
3arajbHi MPUHIUNK TOOYJOBH HABITAIIMHUX CHUCTEM, HAMPSMHU TIJBHUIICHHS SKOCTI
ixHpo1 POOOTH Ta BUKOPUCTAHHS CYMYTHUKOBHX HaBITal[ifHUX CHCTEM JUIS OL[IHKH
MOBHOTO KyTa Apeddy cyaHa B 0OMEXEHHMX 30Hax po3misHyTi y [8—10]. ¥V [11-13]
JOCTIKEHO OLIHKY MOTEHIIMHOTO HEraTUBHOTO BILIUBY CUCTEMH (PAKTOPIB HA EKCILTY-
aTaIiifHA{ CTaH Cy[lHA Ta aKTyaJIbHI TPOOJIeMH Oe3TeKH Mi>KHAPOIHOTO CYTHOTLIIABCTBA.
VY pesyabraTi Oy OCTaHHIX AOCTI/DKEHb Ta MyONiKamiid JIMIU BUCHOBKY OO
HEOOXiHOCTI BUBYEHHS MPUHIIHITIB (DyHKITIOHYBaHHS Ta 0COOIMBOCTEH BUKOPUCTAHHS
CYIIyTHUKOBHX KOMIIACiB.

Bukaan ocHoBHoro marepiajiy. CyqHOBI CHCTEMH KypPCOBKa3aHHS IPH3HAYEHI
JUIsS. BU3HAUCHHS HATIPSIMKY pyXy cyaHa. J[isi BUpIlIEHHS [IbOTO 3aBIaHHs B IpoIleci
CYIHOBOJIIHHSI BUKOPUCTOBYIOTHCSI KOMIIACH Pi3HUX THIIIB: MAarHiTHHH, FpOCKOMIYHAN
a00 CYIyTHUKOBHIA, 1110 BKa3ylOTh HANPSMKUA Ha BIAMOBIAHI mojitocu. Ha BigMmiHy Bij
MarHiTHOTO KOMIIaca, Ha TIPOKOMIIAC, SIK MEXaHIYHUI Mpujajl, He BIUIMBAE 30BHILIHE
MarHiTHe nose 3eMili, BiH BUKOPHUCTOBY€ETHCS Ul BU3HAYCHHS iICTUHHOTO reorpadiy-
HOTO MepujiaHy, a HOro peTpaHCIATOPHA CUCTEMa TaKOXK BCTAHOBIICHA Ha PYJIbOBIH
wiatdopmi Ui 3a0e3MedeHHs aBapiiHOro KepyBaHHS. 32 KOMITACOM NPH3HAYAETHCS
Ta YTPUMYETBCS KypC CyHa, OepyThCsl EJICHTH Ha OeperoBi OpieHTUPH, BU3HAYAIOTHCS
KypCOBI KyTH, HaIpsiM BiTpy Ta Tedii. KomMmac BUKOPHUCTOBY€ETHCS B YMOBaX MOPCHKOTO
IUIABaHHA, Ha BEJIMKHUX O3€pax, piukax Ta BOJOCXOBMIIAX. SIK rojgoBHe, 0e3 Kommacy
HEMOXKJIMBO YTPUMYBATH MTPABUIBHUE HAMIPSIMOK PyXy CYJJHa B YMOBaX MOTaHOI BUJHU-
MOCTI (TyMaH, CHITOTa/l TOIIO) Ta B yMOBaxX BTPaTH BUIUMOCTI OEPETOBUX OPIEHTUPIB.

AHaizyrouH aHi CTPaxoBUX KOMITaHii 3a okpeme 1’ situpiaus 3 2011 mo 2016 pik, BcTa-
HOBJICHO, 1110 aBapii, CHPUYMHEH] JIIOICHKUM (PaKTOpOM, CTAaHOBIISITH TIOHAZ 75 BiJCOTKIB,
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aJie He MEHIII ICTOTHOO MPUYMHOIO Pa30M 3 MOKEKAMH € He3a/I0BUTbHUI TEXHIYHHUN CTaH
Ta BiIMOBa oONajHAHHS 1 MexaHi3MiB. Y ganux 3a 2021 pik y mepeniky Npu4dH aBa-
PIHOCTI CBITOBOTO (BIOTY ISl TIO3MIIIS MOCLIA YeTBepTE Miclie. ToMy OJJHUM 13 3aXOJIiB
3a0e3MeUYeHHs] Ha/IIHHOT POOOTH CKIIQJIHUX CHUCTEM Ta MPHJIAJiB HABITaI[iiHOTO MicTKa
€ iX JyONroBaHHsI, IO Yy pa3i BIIMOBH rependadac OesnepeliiiHe 3a0e3neueHHs mpolie-
CciB KepyBaHH: cyJHOM. Takork, 6€3 CyMHIBY, CITi/i BpaXOBYBaTH HMOBIPHICTh BHHUKHEHHS
TTOMMJIOK BiJl HEPABWIIBHUX [T €KiMaKy a00 JIONCHKOTO EIICMCHTY.

\ &2

&° @ JIIOJCHKHIT PAKTOP 75%
@ TEXHIYHI IIONIKOKEHHS 18%

® IIPHPOJIHI IBHIIA 1%

HESIKICHE TEXHIYHE <1%

OBCYT'OBYBAHHS TA <1%

@ [THIIIIPHYNHM .

Puc. 1. OcrosHi npuyunu npemen3iti 3a OAHUMU CIPAXOBUX KOMNAHI
(3a oanumu [ 10b6arero2o yenmpy pusuxie Allianz)

AHaui3 OUTBIIOCTI aBapiil BKazye Ha Te, M0 HaJIeXKHI [Iil 1100 BYACHOTO BHUSBIICHHS
Ta BUIPABIEHHS TOMWJIOK MOTIH O 3armo0irTd BUHUKHEHHIO aBapiid. Tomy, mopiBHIO-
FOYHM BUMAJKH BiTMOBH HAWBaXKIHMBIIIOTO 200 KPUTHYHOTO OONAJAHAHHS 1 MeXaHi3-
MiB 3 IOMMJIKAMH BHACHIIOK JIFOACHKOTO (hakTopa, MOXKHA CTBEPDKYBATH, 11O B 000X
BHITaJKaX AyOJTrOBaHHS 3armo0irto 60 HeOakaHUM HacITiKaM.

OcTaHHIM YacoM 3 PO3BUTKOM CyYacCHHUX TEXHOJIOTIH yce OiIbLIOro MOIIUPEHHS
HaOyBalOTh CHUCTEMHU CYIMYTHHKOBOTO KypcoBka3aHHS. CepeaHbo-opOiTanbHi HaBi-
rariifHi CymyTHUKOBI CHCTEMH JIO3BOJISIOTH OTPUMYBATH 1H(QOPMAIIi0 HE TITBKH MPO
KOOPAMHATHU 1 CKIIaJHUKH LUIAXOBOT MIBUAKOCTI Cy[HA, ajle TAKOX 31MCHIOBaTH HOTO
KypCOBKa3aHHs. 3 II€I0 METOI0 BHKOPHCTOBYIOTHCSI JBOX-, TPbOX- 200 YOTHPBHOXaH-
TEHHI CUCTeMH. Benukoro Miporo 1jsi OTpUMaHHS 3HAYEHHs! MOTOYHOTO KypCy CyaHa
HEOOXiHO MaTW TiNbKM 1Bl aHTEHHW. TpeTs aHTeHa J03BOJISIE Pa3oM 3 KypcoM CyaHa
BH3HAYHUTHU KyTH KUTHOBOI 1 0OPTOBOT XMTABHIII Ta TOJIMIITYBATH TOYHICTh BUMIPIOBaHHS
KypCY, 3MCHILYIOYM HETaTMBHUI BIUIMB SIK XUTaBHLi, TaK i pUcKaHHsS cygHa. 300pa-
KCHHS TPHOXAHTEHHOI CUCTEMHU IPE/ICTaBICHE Ha PHC. 2.

Po3yminHs mpuHIMITY BU3HAYECHHS KypCy cyznHa 3a gonomororo ganux GPS 3ampo-
MoHOBaHe y [7] Ha IPUKIal BUKOPUCTAHHS JBOX aHTeH Al, A2, po3TamoBaHux y Jia-
MeTpalbHii IUIOLIMHI CyAHA Ha BifcTaHi b, 10 CTAHOBHUTH y PeaJbHUX CYITyTHUKOBUX
JaT4YMKiB Kypcy Omu3bko 85 cM (puc. 3).

[lepenaua curHanmiB HaBiramiiHUMHM WMTy4YHUMH cynyTHukamu 3emuti (HILIC3)
y cucremi GPS BukoHyeThcs Ha nBOX dactorax: F1 = 1575,42 i F2 = 1227,60 Ml w.
BoproBa anaparypa GPS 1y uuBiIbHUX Cy[JeH BHKOPUCTOBYE TUIBKH 3arajlbHOIOC-
tynauid C/A-xof, skuM MonymoeTbest yactota F1. JlomknHa XBuii 1i€l HeCcy4oi yac-
TOTH CTaHOBUTH NPUOIM3HO 19 cM. 3a MO3ULIHHUMH BU3HAUYCHHSAMH KOOPAWHAT CyIHA
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i mo edpeMepuax CymyTHHKIB 3aBKAM MOXYTh OyTH pPO3paxoBaHi TOPU30HTHI KOOPIIH-
naru HIIIC3: Bucora hS 1 asumyT AS. Ha puc. 3 11i KoopiMHATH BKa3aHi JJIsl OJIHOTO i3
CYNYTHHKIB. BifcTaHi, siki MPOXOIUTH CUTHA 3 MIEBHOTO CYMyTHHKa 70 aHTeH Al, A2,
BIJIPI3HSIOTHCA Ha BennuuHy D. Llfo pi3HUIIO BiJICTaHEH MOXKHA 3HAWTH, BUMIPSBIIN
BEeITMYHMHY 3CYyBY (a3 HECydOoro CHUTHaIy, [0 MPUHAMAEThCS aHTeHaMU. BTiM (hazoBum
BUMIPIOBaHHSIM BJIACTHBa 0araTto3HayHICTh, TOMY BHUMIPIOEThCS TUILKM HOro npiOHa
CHUCTEMa, a YMCJIO IUKIIB Mae OyTH BH3HAYEHO 3a JIONIOMOTOIO JIOJATKOBUX JIAHUX.
Tomy, Marouu 3HaueHHs BijictaHi D i Bucotu cynytHuka hS Hajl iCTHHHUM TOPU30HTOM,
MOYKHA 3HAMTH KypCOBHI KyT S CyIyTHHKA 1 icTUHHUH Kypc cynHa K:
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A,F = ADcosh,; q, = arccos Asz; K=4 -¢q, .
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Puc. 2. I'abapummni posmipu anmenHoi cucmemu cynymnukogo20 KomMnaca

Hanpavox Ha
CYITyTHHK

A2 / TOPH30HTY

Puc. 3. I'opuzoummui xoopounamu 051 00Ho2o cynymuuxa [7]
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3Ha4YCHHS KypCy Cy/IHa BU3HAUAIOTHLCS 3a BCIMa CyIyTHHUKAMH, 1110 3HAXOSATHCS HaJ
TOPHU30HTOM, 1 OCEPEHIOIThCS [6]. I 0OYMCIIEHHS KOOPIMHAT Cy[HA 332 HaBIraIlii-
HUMH cUTHaj1aMu cynyTHHKIB GPS (cucTema rimo6aibHOro Mo3uIitoBaHHs ) B TPUBUMIp-
HOMY MPOCTOPI HEOOX1THO BUMIPSITH JUCTAHIIIT HE MEHIIIE HIXK J10 4, a Y pa3i ABOMIpHOT
HaBiraiii — He MEHIIIe HIXK 70 3 CynyTHHUKIB. J{J1s1 OTpuMaHHs J01aTKOBUX KOOPIUHAT
ICTHHHOTO KypCy Cy/IHA YUCIIO CYITyTHUKIB, JI0 SKHX BHMIPIOIOTHCS BijICTaHi, Mae OyTn
Ha OJMH OiJbllle, T03asK KUTBKICTh 3yMOBJICHHX ITapaMeTpiB 301IBIIYETHCS HA OJU-
Huiro. KpiM KoopanHaT 1 MOCTIHHOI MOXUOKK BiJICTaHI, TYT MOTPIOHO TaKOXK 3HAWUTH
3HAYEHHS I[1IJIOT0 YKMCIIA IUKIIB 71 [4].

Ha puc. 4 npencraBieHuii 3B’ 430K MK KOOPJMHATAMH aHTEH MEPIIOro 1 APYroro
pUHOMOIHMKATOPIB 3 icTHHHUM KypcoM (IK) cynmna [13].

e
B Akcosp

Aq

Puc. 4. 36’a30x koopounam 06ox cynymuuxosux anmen Al i A2,
PO3MAULOBAHUX Y OlAMempanbHill RIOWUHI CYOHA

BuxopuctoBytoun gotupu okpemi antenn ' HCC (TmobanpHOI HaBiramiiHOl CymmyT-
HUKOBOI CHCTEMH) JIJIsl MAKCHMATBHOT IIIBUJIKOCTI BIITYKY, CYITyTHUKOBHI KOMIIAC yI0-
CKOHAJTIOE HOBITHI CTaHAAPTH HAMIAHOCTI 1 TOYHOCTI KypCOBKa3aHHS Cepel HasBHUX
3ac00iB MOPCHKOi HaBirarii.

TpanuiiiHO CymyTHHKOBI KOMITACH PO3PaXOBYIOTh KypC, BUKOPUCTOBYIOUH OJIHY
BUX1THY JIHIIO M)XK TBOMa aHTEHAMH; YOTUPH aHTCHU MOXYTh PO3paxoByBaTH iH(OpP-
MaIIilo PO 3HAYEHHSI KypCy, BUKOPUCTOBYIOUH OYyIb-sIKy 3 IIECTH BUXITHUX JIHIH,
MPOKIIAJICHUX MK YOTHpMa aHTeHaMH. besmnperie/ieHTHa KOHCTPYKIlisS YOTUPbOXaH-
TEHHOI CHCTEMH JJO3BOJISE TAKOXK OOUMCITIOBATH HaI3BUUAHO TOUHY iH(QOpMAIIifo mpo
KypC, KyTH MO3J0BXKHBOTO 1 MONEPEYHOTO HAXMITY, IO € iealbHUM PIICHHIM IS
CKJIAIHUX CYTHOBHUX TPHJIAAiB, J€ IHOAI MOXe OYyTH yTPYIHEHHH MOCTYI Ta OTJISL
CYyIyTHHKIB (pHC. 5).

Jlo cTaHIapTHOT KOMITIEKTAIlii CYITyTHUKOBOTO KOMITACY BXOIUTh TPH aHTCHHU, PO3-
MiIlleHi Ha XKOPCTKiH m1aT(opmi, o MOBUHHI OyTH BCTAHOBJICHI 3 BUHCOKOIO TOTHICTIO,
OCHOBHHUI MOMIYJTH Ta IPUCTPIN YIIpaBITiHHA 1 BimoOpaskeHHs. JIiHis, 110 3’ €IHy€E aHTCHU
[UX IPUHAMAYiB, € OTIOPHOO JUTS BU3HAYCHHSI KYPCY CY[HA Yepe3 KOOPANHATH, OTPUMaHi
3 KOKHOTO 3 ITUX MpuiiMadiB. CHCTeMaTHIHA TIOXHOKAa KOOPIUHAT KOYKHOTO 3 ITUX TIPH-
HWMadviB He pOOWTH BILITUBY Ha TOYHICTH BU3HAUCHHS OITOPHOTO HAMIPSIMKY i, SIK HACIITOK,
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Ha TOYHICTh KypCOBKa3aHHs. BukopucTanHs (hakTHYHO Pi3HUIIEBOTO METOY JI03BOJISIE
BUKITIOYHATH MOTPIITHOCTI MIBUKOCTI MOMIMUPEHHS PaIi0XBUJI, TOXHOKH BUMIpIOBAaHHS
eJIEMEHTIB OpOiTH Ta IHII CHCTEMaTHYHI TMOXUOKHW. 30UTBIIICHHS BiJICTaHI MiX aHTe-
HaMU JI03BOJIsIE 30UTBIITUTH TOYHICTH KoMITaca. Ha mpaxTuii 6a3oBa BijicTaHb MiX aHTe-
Hamu riepeOyBae B mianasoHi Bix 0,8 mo 4 metpis [13].

Puc. 5. Yomupvoxanmenna cucmema no3uyiro8anHs

B ocnoBHOMY Mozyni posramoBytoTbes npuiiMad GPS, BibHHME ripockom, mpote-
cop. SIK 3a3Ha4eHO BUIIIE, CYITyTHUKOBUH KOMIIAC MPECTABIsIE€ iHPOPMALIIO PO KOOp-
JUHATH CyIHa, KypC, IIUIIX0B1 KyTH, KyTOBY IIBUAKICTh, KyTH OOPTOBOI 1 KiTbOBOT XHTa-
Buti. [To cyTi BiH € JaT4MKOM MapaMeTpiB KIHEMaTHYHOTO CTaHy Cy/IHA.

Takuii KypcOBKa3iBHHK MOXKE BiJoOpakaTH JlaHi B TPhOX opMax, IPU3HAYCHUX JUTS
TaKUX 3aBIAHb!

— KepyBaHH: CyTHOM (Kypc, pyXoMa KapTyIlKa 3 HEPyXOMHUM 1HIEKCOM Kypcy, LLUIsI-
XOBa IIBUJKICTh, IUISXOBUH KYT, KyTH KiJIbOBOI 1 00OPTOBOT XUTaBHIL);

— TMpeIncTaBJICHHs HaBiramiiHoi iHdopmarii (1aTa, 9ac, KOOPAUHATH MICIS CyIHA,
HUISIXOBA MIBUAKICTH 1 IUISIXOBUH KYT);

— BKaszaHHs HampsMKy JiaMeTpalbHOI IJIOMIMHI cyaHa (1ara, 4ac, Kypc, HUIIX0Ba
HIBHJIKICTb 1 IIJISIXOBUH KYT).

JonaTtkoBo CymyTHHUKOBHW KOMIIAc 37aTHWH TepenaBaTd iH(GOpPMAIIO MPO Kypc
cynHa B Taki npuctpoi, 1k PJIC (pamionoxkariitaa crantis), 3APII (3acodu aBromaTwy-
HOT paJlioNIOKAIfHOT TPOKIIAAKH ), aBTopynboBui, AIC (aBTOMarnyHa ineHTu(ikamiina
cucrema), EKHIC (enexrponna kaprorpadiuyna cucrema) Ta B iHILy arnaparypy.

CynyTHUKOBHUI KOMIAc, SIK IPaBUIIO, Ma€ Taki 0a30Bi XapaKTEePUCTUKH, SK:

— cepenns kBaaparnuHa moxuoka (CKII) mokazans kypcy — £0.50 rpan.;

— CKII nokazanb kyTa 60pToBoi (KiiboBoi) xuTasuili — +0.50 rpan.;

— TOYHE CTeXEHHS 3a KypCOM Y pa3i IBHUIKOCTI TOBOPOTY — A0 25 rpan./c;

— ™ac MPUXOTy B TOTOBHICTH TICIIS BKITIOUCHHS — 4 XB;

— 95 % noxubka Bu3HaveHHs Mictst cynaa mo GPS —+10 m;
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— 95 % noxuOka Bu3HaUeHHs Micist cyaaa mo DGPS —£5 m.

Jlo ocobnuBHX nepeBar CymyTHUKOBHUX KOMITACiB MO>KHA BITHECTH T€, 1110 KOMIIAC He
moTpeOye TEXHITHOTO 0OCITyTOBYBaHHS, BUCOKA TOUHICTh Kypcy 0,4 rpa. i1eabHo M-
XOJUTD JIJIsl HEBEIMKHX 1 CEpe/iHiX 3a po3MipoM cyaeH. OTpruMaHHsS MaKCUMalIbHOT TOY-
HOCTI 103BOJIIEThCA 32 paxyHOK Bukopuctanus tTakux ' HCC, sk 'anineo i [ITTOHACC,
TOMY 3aBISIKH TIPUHOMY CHUTHATIB Bill CYIYTHUKIB PI3HOTO THITY BHUKIIOYAETHCS TIPO-
OsiemMa BiJICyTHOCTI CUTHAJIY Yepe3 HEeJIOCTATHIO KUIbKICTh cymyTHHKIB. I1IBuKa iHiIri-
amizariis ycporo npotsarom 90 ¢ Ta 3pydyHe TiIKIIOYSHHS 10 HasiBHOI CyJHOBOI Mepexi
gepe3 Ethernet (TexHomoris opranizarii JIOKaaTsHUX Mepexk). Takoxk HeoOXiTHO Big3HA-
YUTH BUCOKY HIBHIKICTH cTekeHHs 40 rpaj./c, 10 B JBa pa3u MEPEBUIIYE 3HAUCHHS
3TiJTHO 3 BUMOTaMH JUIsi BUCOKOIIBH/IKICHUX CY/I€H, BUCOKOTOYHI J[aHi BILTUBY OOpTO-
BOI Ta KiIbOBOI XMTaBHIlI B aHAIOTOBOMY 1 nndpoBoMy Gopmarax ajsi cTabinizaTopiB
Ta TiAPOJOKATOPIB, KOHTPOJIb MIBUAKOCTI MEPEMIlllEeHHS HOCOBOI 1 KOPMOBOI YacTHHH
CyzHa /sl 3/1iiCHEHHs O€3MIeYHOTO IIIBAPTYBaHHS.

[I{o10 TOMOBHUX HEMOJIKIB CYyMyTHHKOBHUX KOMITACiB, TO CHOAM MOXKHA BiJTHECTH
HOro HEaBTOHOMHICTh, TOOTO 3aJICKHICTh BiJl CHTHAJIIB, IPUHHSATHX 13 CYIYTHHKIB CHC-
temu 'HCC. JlomatkoBo Tpeba 3ayBa>KUTH, IO CYITYTHUKOBUI KOMIIAC TIOKH HE € KOH-
BEHIIHHUM NPUIIAZIOM, TOMY HE00OB I3KOBUH s BCTAHOBJICHHSI HA MOPCHKUX CYIHAX,
IIPOTE BiH 3HAXOAUTH yCe OUTBII MIHUPOKE 3aCTOCYBaHHS. TaKoX y 3arajlbHOMY BUIIAJIKY
MTOKa3aHHs CYIyTHUKOBOTO KOMIIACy MEHIII TOYHI, Hi)K Y TIPOCKOITIYHOTO, ajie OiIBIIT
JOCTOBIPHI 1 HE TAKOIO MipOIO CXHIIBHI 10 (haKTOPiB 30BHIIIHHOTO CEPEAOBUILA, XapaK-
TEPUCTHUK CYIIHA 1 Ipo1ieciB 00pOOKH KiHEMAaTHYHUX JaHUX.

BucHoBku. 3 oTisi1y Ha BHINE3a3HAUYCHI MTEPEBary, XapakKTePUCTUKHU Ta (HyHKITIO-
HaJIbHI MOXJIMBOCTI TaKMX MPUCTPOIB HEOOXITHO 3ayBa’KUTH, 110 CYNyTHUKOBI KOM-
rmaci B MailOyTHhOMY OyIyTh HEBiJ'€MHOI0 YaCTHHOIO HAaBITalliifHOTO OOJIaHAHHS
CYy4YacHHX Cy/lieH. BOHM 3HaYyHO CHpOIIYIOTh 3a0€3MeUeHHs MPOIECY CYTHOBOJIHHS
1 Iaf0Th MOYKJIMBICTh IIBHJIKO 1 TOYHO BU3HAYATH HEOOXIHI MapaMeTpu pyxy Cy/Ha.
OpmHak BaKJIMBO ITaM’sITaTH, IO BIPOBAHKCHHS HOBITHIX TEXHIYHUX 3ac00iB BiIBO-
JiKa€e yBary CyQHOBOJiSI BiJl IPOIECY MiATPUMKH MOCTIHHOTO PiBHs O€3MeKH, TOMY
3aBJaHHs, 110 MOTPEOYIOTh PillleHHS, — 1€ 3a0e3MeUeHHs HAJICKHOTO PiBHS B3a€MO-
Iii CyTHOBO/IIB Ta peCypciB HaBITAIIHHOTO MICTKa, CUCTEMHU yYIPABIIHHS OE3TEKOI0
Ta TOMWJIKaMu. Po3po0iieHHsI KOMITJIEKCHOTO MMiJIXOy y CUCTEMI MiJIrOTOBKU (haxiB-
IiB 3 METOI0 MiHiIMi3allil pU3HKiB Ta BIUIMBY JIIOACHKOTO (hakTopa Ha OE3MeKy Mope-
IIJJAaBCTBA € TAaKOX BAXKJIMBHUM KPOKOM B YMOBaxX BHUKOPHUCTAaHHS CyYacHOI TEXHIKH
Ta KOMII FOTepH3allil B Ipolecax KepyBaHHs PYXOM Cy/IHA.
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Anomauisn

Bemyn. 3 pozeumrom HO8UX MeXHONO02IU 3HAYHO POSUUPUTUCS MOHCTUBOCTT CIBO-
PEHHA NOBHICMIO A8MOMAMU308AHUX CUCeM OiaeHOCMYBAHHA, WO O0COOIUB0 HeoO-
XiOHO 6 pasi ckaaonoi 06pobKu cueHanie damyuxie diaecnocmuyunoi cucmemu. Cyyacni
KOHCMPYKYIT 0amuuxie 3a0e3neuyoms mepmMoKOMIEeHcayito, 00HOUACHEe SUMIPIOGANHS
OEKIIbKOX Napamempie ma GiOPI3HAIOMbCSL 8ENUKOI0 HAOIUHICIMIO (Habazamo euuyoio,
HIDIC paHiute), wo noire2utye nobyoo8y KOMNIEKCHUX asmomMamuso8anux cucmem oia-
enocmysanna. Mema. Cmammio npuceéaieno po3pobienHio npamoz2o Oe3nepepenoco
KOHMPONIO memMnepamypu niOWUnHUuKie wamyHHoi Wulky, wo oacms 3moy 3abesne-
yumu OiNbUl PAHHE BUABIIEHHS NOPYULEHHSL PEXHCUMY 3MAWEHHs 00epmosux niowuntu-
KI8 KOJNIHYACUX 848 CYOHOBUX OBUSYHIB GHYMPIUHLO20 320PAHHSA, Md MOOE08aAH-
HIO npoyecy nepezpigy HUMNCHbOI 20106KU WAMYHA 6 pa3i NopyuleH s (YHKYIOHY8anHs
cucmemu 3mawenns. Pesynomamu. 3anpononoeano eapianm KOHCMPYKYIi 0amyuxa
memnepamypu uamyHHo20 NiOUUNHUKA, SKUll, Ha 8IOMIHY 610 CNOCOOY GUMIDIOGAHHSL 3
BUKOPUCTNAHHAM PAdiomexHono2ii nogepxnegoi akycmuunoi xeuni (SAW), mae axmus-
HUL 0amy4uK memnepamypu ma eiexmpozenepyiouutl mepmoenemenm. Taxuii npucmpiti
Modce Npayro8amu 8 pexcumi K GUMIPIOSAHH meMnepamypu, max i cueHanizamopa
KpumuyHoi memnepamypu. Y nepuiomy eapianmi nocmitiHo 30iliCHIOEMbCs nepeoa-
ua ma peecmpayis memnepamypu UMIpIO8aHo20 00 'ekma, a 8 Opy2oMy — aKmueayis
BUXIOH020 CUSHANY 0aMYUKA 3 KPUMUYHO20 3HAYEHHS meMnepamypu niOWunHuKka md,
8ION0GIOHO, 30LIbUICHHS MEMNEPAMYPHO20 2PAdIEHmMa Ha mepmoeremenmi. B ocmarn-
HbOMY 8apianmi 3pOCMAHHA MeMnepamypu 00 €Kma UMIPIOBAHHA NPU3B00UMb OO
RIOBUWYEHHA eIeKMPUYUHOI NOMYHCHOCII MEPMOEIeKMPUYHO20 eleMeHma ma 8 pasi
00CACHEHHSI NOPO20BO2O 3HAUEHHS memMnepamypu 30iUCHIOEMbCA aKmueayis nepeoayi
asapitinozo cueHauy mooyiem 6e30pomoegoi nepedayi 0anux 00 Mooy 6e30pomoeozo
npuiiomMy Oanux. /{na 6usHaueHnHs epadienma memnepamyp i nooaibulo20 KOHCmpyio-
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BAHHA OAMYUKA, A MAKOHC BUOOPY NAPAMEMPIE MePMOeleKMPUUHO20 MOOY/IA HABEOEHO
pe3yiomamu Komn romepHo20 MOOel08AHHs NPOYecy Ha2pisy WamyHHO20 NiOWUNHUKA
Ha npukaadi ousenvroeo osueyna MaK M32C. Bucnosxku. Ompumani pe3yiomanmu Cuc-
MeMHO20 MOOENI0BAHHS BKA3VIOMb HA Me, WO Npoyec 3MIiHU memMnepamypu uamyHHUux
NIOWUNHUKIE € 00CUMb WBUOKUM, a MOMY NOMpedye weUOKoi peecmpayii Kpumu4Ho-
20 3pOCMANHs meMnepamypu cucmemamu desnepepsnozo monimopuney. Ilocmasnene
3AB0AHHSA MOJICHA GUPIUUMU WLTISIXOM MOOEPHI3ayil maxkux cucmem OUCMAHYIUHUMU
nepemeopioeaiamu memnepamypu 3anponoHo8aHoi KOHCMpPYKYii.

Kniouosi cnoea: monimopune, Mooentosants, niOUWUNHUK, KOAIHYACMUU 8], 3Md-
UjeHHsL.
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Summary

Introduction. With the development of new technologies, the possibilities of creating
fully automated diagnostic systems have significantly expanded, which is especially
necessary in the case of complex signal processing of diagnostic system sensors. Modern
sensor designs provide thermal compensation, simultaneous measurement of several
parameters and are very reliable (several orders of magnitude higher than before),
which facilitates the construction of complex automated diagnostic systems. Purpose.
This article is devoted to the development of direct continuous temperature control
of connecting rod neck bearings, which will provide earlier detection of the vessel
combustion-type engines cranks’ failure and also to the modeling of the temperature
distribution of the lower connecting rod head in case of malfunction of the lubrication
system. Results. A variant of the of the connecting rod bearing temperature sensor
design is proposed, which, in contrast to the method of measurement using surface
acoustic wave radio technology, has an active temperature sensor and an power
generating thermoelement. Such a device can detect an increase in the temperature
of the measured object, which leads to an increase in the temperature gradient on the
thermoelement and increase the electrical power of the thermoelectric element when
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the threshold value is reached and activates alarm transmission by the wireless data
transmission module to the wireless data reception module. Conclusions. The obtained
results of system modeling indicate that the process of changing the temperature of
connecting-rod bearings is quite fast, which requires rapid registration of temperature
rise by continuous monitoring systems. The problem can be solved by retrofitting such
systems with remote temperature transducers of the proposed design.

Key words: monitoring, modeling, bearing, connecting-rod, lubrication.

Beryn Ta mocranoBka npoOsaemu. JliarHOCTyBaHHSI MalllMH 1 CHCTEM Y Ipoleci
eKCIUTyaTalii MpOBOAUTHCS 32 JOMOMOIOI0 30BHIIIHIX, BOyZOBaHUX Ta KOMILJIEKCHUX
(3MilIaHKUX) CUCTEM JiarHOCTyBaHHs. BOynoBaHi crucTeMH MapaMeTpUYHOIrO JiarHOC-
TyBaHHS B HU3I[I BUTIQAKIB 3IHCHIOIOTH MOHITOPUHT 1 HE 3B HAJAIOTH TIarHOCTHY-
HUI BUCHOBOK TTPO HECTIPABHOCTI, 3aJIMIIAI0OYH 1€ BHCHOBOK TEXHIYHOMY TIEPCOHAIY.
3 PO3BUTKOM HOBHUX TEXHOJIOTiH Ta MOSBOK HOBOI €JIeMEHTHOI 0a3u 3HaYHO PO3IIH-
PHIIHCS MOMKJIMBOCTI 31 CTBOPEHHsI IMOBHICTIO aBTOMAaTH30BAaHMX CHCTEM MAiarHOCTY-
BaHHJ, 1110 0COOIMBO HEOOXIAHO B pa3i ckiagHoi 00pOOKH CHTHAJIIB JaTUYUKIB JAiarHOC-
THYHOI cucTteMu. BOymoBaHi OOPTOBI CHCTEMH 3HAYHO IOJIETIIYIOTH 1 MPUCKOPIOIOTH
MMOCTAaHOBKY JIiarHO3y, a MiHIATIOpU3allid AaTYUKIB Ta MiABUINEHHS XHBOI HAAIHHOCTI
JIAIOTh 3MOTY 30UTBIIATH 1X KIJTBKICTh 1 320€3MeUnTH OLTBITY TIHONHY TiarHOCTYBaHHS.
Cy4acHi KOHCTPYKIIii JaT4uKiB 3a0€3Me4y0Th TEPMOKOMIICHCAIIiI0, OJJHOYACHE BUMI-
PIOBaHHS JCKIIBKOX MapamMeTpiB Ta BiPi3HSAIOTHCS BEIMKOIO HAAIWHICTIO, IO TMOJeT-
rye moOyIoBy KOMIUIEKCHIX aBTOMaTH30BaHUX cucteM miarHoctyBanus (AC) [1].

V mporieci aHaizy MPUYHH TONTKOHKSHHS MIAMNAITHAKIB KOJIHYACTHX BB Cya-
HOBHX JIBUTYHIB BHYTpilrHbOrO 3ropsiHHs (mani — CJIB3) moxHa 3a3HaunTH, 110 O1ITh-
IIICTh i3 HUX BUHUKAE BHACTIIOK BIAXWUICHHS PEXKUMIB pOOOTH MiANIUITHKUKIB Bijl BCTa-
HOBJICHUX BUPOOHHMKOM. Taki BIAXWJICHHS BHKJIMKaHI TOPYIIEHHSM MPaBHI TEXHIYHOT
excruryaraiii CJIB3, 1o € HacmigkoM HU3bKOT BUPOOHUYOT KYJIBTYPH YWICHIB MAIIMHHOT
KOMaH]IA Y PEMOHTHUX OpUTa, i HABITh BUKOPUCTAHHIM KOHTpa(paKTHUX JeTaTCH i
yac omnepariii TeXHI9YHOro 00CITyroBYBaHHS i peMOHTY [2].

AHaJi3 0CTaHHIX J0CTiMKeHb i myOsikaniii. /{75 3HWKEHHS WMOBIPHOCTI BUHUK-
HEHHS aBapili yYHACJIJOK BIJIMOB TWiJIIUITHUKIB KOB3aHHS HEOOXITHO BUKIIOUHUTH
PEKUMH POOOTH MiANIMITHUKOBUX BY3JIB B YMOBaX, 1[0 MPU3BOIATH IO BiIMOBH [3—4].
3nMifiCHIOBaTH KOHTPOJb YCIX TOKa3HWUKIB POOOTH MIIIIMITHAKIB KOB3aHHS, IO Xapak-
TEepHU3YIOTh IXHI YMOBH €KCILTyarTailii, HEMOKITUBO BHACIIIJIOK CKJIATHOCTI BUMipIOBaIIb-
HOTO 00J1a/THAHHS Ta YCTAHOBKH JIaTYHKIB, a TAKOXK 3 OIVISIITY Ha TOH (aKxT, 1110 HEOOX1THO
riepeiaBaTi CUTHAJ BiJl JJATYHKIB, SIKi BCTAHOBJICHI HA BY3J11, 10 00EPTAETHCS, 3IIHCHIOE
CKJIQJIHY TPAEKTOPIO PYyXy IIOJ0 OCI KoJiHYacToro Bajia. HaiiGinpmn iHpopMaTuBHUM
MOKa3HUKOM, SIKHIl BUKOPUCTOBYETBCS JUTSI IArHOCTHKH CTaHy PI3HUX MAITHITHAKOBUX
BY3IIiB, € TEMIIEpaTypa Maciia Ha BUXO/i 3 Hhoro abo TeMreparypa migmunauka [S5—11].

HemonaBHO po3pobieHa TeXHOIOTis macuBHOTO Oe3mporoBoro narumka (PWST)
nana 3Mory kommanii « Wartsilay BBecTu 0e31poToBe BUMIipIOBaHHs TemrepaTtypu [12].
[TopiBHSIHO 3 HENPSMUMH BUMipaMHt J€TEKTOpa MaCIISTHOTO TyMaHy MpsMuUil Oe3rnepeps-
HUI KOHTPOJIb TEMIIEpATypH IiJIIUITHAKA ATyHHO! ITUHKK 3a0e3redye OUTbII paHHE
BHSIBJICHHS TIOPYIICHHS HOTO pekuMy 3MareHHs. lle 3amobirae cepito3HuM BigMo-
BaM JIOPOTHX JIeTajell ABUTyHA, 3aXHUIIA€ TPOTH MPSMUX HACTIAKIB 1 Ja€ MOXKITUBICTh
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YHUKHYTH JIOJATKOBUX BUTPAT, TIOB’sI3aHMX 13 HE3aIlNIAHOBAaHUMH BapTICHUMU OTepalli-
SIMH 3 00CJIyrOBYBaHHS Ta PEMOHTY.

[Ipuanmn pobotu 1iel cuctemu 3abe3nedye Oe3mocepenHidi BUMIp TeMIieparypu
MiAMUITHAKA HAKHBOT TOJIOBKH IAaTyHA 3 BUKOPUCTAHHSIM TEMIIEPATYpPHOTO AaT4hKa,
BCTaHOBJICHOTO MaKCHMaJIbHO ONM3bKO (HE OulblIe KiUNBKOX MiTiMETpiB) A0 pobouoi
MOBEepXHI miamunHuka. g cructemMa MOHITOPUHIY TeMIIepaTypu 3aCHOBaHA Ha 3ara-
TEHTOBaHill panioTexHonorii moBepxHeBoi akycTmyHOi XxBwii (SAW), ska, sk Oyio
JOBEJICHO, € HAHAMIWHIIIO TEXHOJIOTIE€0 0E3IPOTOBOTO TEMITEPaTypHOTO KOHTPOJIIIO
B peanbHOoMy vaci. [Ipuctpiit 00poOku curnany (SPU) cTBoproe iMIyJIbC pasiioXBHIII,
SIKMH TIOIINPIOETHCS CTALliOHAPHOIO aHTEHO0. BOHA mepeTBOproe paaioXBUITIO Ha aKyc-
TUYHY XBHJIIO Ta IOCHIIAE 11 1O pyXOMOTo Jatdrka. L{s akycTiHaHa XBHIIS pO3IOIUIAETHCS
B30BX MOBepxHI SAW-dima, OCHAIIEHOTO 0araropa3oBUMH BiIOWBAaYaMH, i B TaKHi
cnocid /ae MOXJIMBICTh JaTYMKY BIIOOPa3WTH IMITYyIIbCH, TUMYAcOBa 3aTPUMKa MiX
SIKUMU 3QJICKHUTh BiJl TEMIIEpaTypH YHIIA.

CraiioHapHi aHTeHH BCTAHOBIICHI y OJIOIli JBUTYHA TaK, IO JATYUKHU Ta aHTCHU
nepeOyBaloTh OJHE HABIPOTH OJHOTO 3a KOXKHOTO OOEpTaHHS KOJNIHYAcCTOro Bajia
neuryHa. CUTHaAJ TOA1 IepeaacThCs yepe3 Kaden, o IpoxXoauTh yepes 6aok SPU,
BCTAHOBJICHWH HA IBUTYHI, 1 3BIITH IO MybTa yIIPaBIiHHS, PO3MIIIIEHOTO B MAIITH-
HOMY BiJlJliJIEHHI.

3aBasiku O€3ApOTOBIN TeMIepaTypHii cHCTeMi MOHITOPUHTY MOYKHA BUMIPATH TEM-
neparypy B peXuUMi peabHOTO 4acy 3 BUCOKOIO TOUHicTIO. Lle mae 3Mory KoHTpoJIro-
Baru Oy/b-SKe TJIBUIICHHS TEMIIEPaTypy MEBHUX MIMMIMITHUKIB 1 CUTHAII3AIl, SKa
Oyme BKJTIOUEHA B ITIJIAX, MO0 ABUTYH MOXHA OYJIO CITOBUTHHUTH a00 3yITMHUTH, TIEPII
HDX BIIXWJICHHS BiJl TIEBHUX PEKUMIB MTPHU3BEIE A0 HECTIPABHOCTI UM aBapii.

Henmonikom Takux cHCTEM KOHTPOJIO TEMIEPAaTypu MIATYHHHUX ITiJIIWIHHUKIB
€ BHCOKA YYTJIMBICTh JO B3AEMHOT'0O PO3TAlIyBaHHs AaTUYMKA Ta aHTCHH, a TAKOXK HEOO-
XIJIHICTh BCTAHOBJIECHHSI TaKOI KITLKOCTI aHTEH, sIKa BIAMOBIAA€ KITLKOCTI TaTYHKIB.

DopMyJIIOBAHHS LiJIel cTaTTi. MeTor0 MPOBEACHOTO TOCTIKEHHS € PO3POOICHHS
Ta BUBUYCHHS [TApaMETPiB CHUCTEMHM IIPSIMOro OE3MEepPEepBHOIO KOHTPOIIO TEMIIEpaTypH
MiAMUITHAKIB MIATYHHOI IIMHKH, 10 JacTh 3MOTY 3a0€3MeYUTH IUBUAKE BUSBICHHS
MOPYILICHHS PEKUMY 3MalleHHs maTtyHHuX migmunaukis CIAB3.

Buknan ocHoBHOro Martepiasy. /il yCyHeHHs 3a3Ha4€HUX HEIOJIKIB HAMU 3aIpo-
ITOHOBAHO BapiaHT JaT4YMKa TeMIIEpaTypH HIATyHHOTO MiAMINIHUKA, SKUH, Ha BIAMIHY
BiJ crrocoOy BUMIPIOBaHHS 3 BUKOPHCTAHHSIM PaIiOTEXHOJIOTI] MOBEPXHEBOI aKyCTHY-
HOI XBWJII, Ma€ aKTUBHUM JaT4MK Temrepatypu 1 (TepMomapa), a TakoX eJIEeKTpore-
Hepyrounii TepmoenieMeHT 4 (eneMeHT llenbree). KOHCTPYKTHBHI 0COOIMBOCTI TaKOTO
JaT4YrKa MPEJICTaBICHO Ha PUCYHKY 1.

Y Kopryci JaTuyrKa BCTaHOBIEHUI MiTHUH CTPKEHD 2, TPU3HAYCHUH [T ITepeaadi
TeIIa BiJ MiANIMITHAKA 10 KUThIIeBOTO TepMoeemMenTa 4 (puc. 1). JlomatkoBo Ha KiHITI
CTPWXKHS 2 BCTAHOBJIGHA BHMipIOBaJIbHA TepMoIapa 1, CUTHAN BiJ SIKOi MEpefaeTbes
710 BUMIPIOBaJIHOI CXEMH, L0 pO3TalllOBaHa B KopIyci paaiatopa 6. Pagiatop i kopiyc
JaTYMKa PO3IJICHI TEPMOI30JIFOI0UOI0 TTPOKIIAIKO0 5.

BapianT ycTaHOBKHM MPOITOHOBAHOTO JAaTUWKa MPEICTABICHO HA PUCYHKY 2. Jlat-
YUK 3 BCTAHOBIIOETHCS 3a JIOMOMOTOIO Pi3hOM B MIATOTOBICHUN OTBip y IIATyHI.
YcraHoBKa BHMMIpIOBAJIbHOIO KIiHLS JaT4MKa 3A1MCHIOETHCS SKOMOTa OJIMXK4Ye 10
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HABaHTAXXEHOI 30HM BKJIAJUIIIA IIATYHHOTO MigmuiHuka 4. J{jas migBUIICHHS TOY-
HOCT1 BUMIipIOBAJIHHOTO MPUCTPOIO UYTIMBHHA €JIEMEHT | MOBHHEH OyTH BCTAaHOBIIE-
HUI y TEPMOI30JISIIIHY 000IOHKY.

Puc. 1. Koncmpyxyis oamuuxa memnepamypu 3 mepmoenexmpuiHum 2eHepamopom.
1 — mepmonapa; 2 — mennonposio,; 3 — kopnyc oamuuxa, 4 — mepmoenemenm,
5 — npoxnaoxa mepmoizonoioua, 6 — padiamop

Puc. 2. Bapianmu ycmanosxu 6e30pomogoeo 0amuuxa
6 KOPNYC WamyHH020 NIOWUNHUKA:
1 — cmpuoicens wamyna; 2 — 8epXuitl HANIBKOPNYC WUAMYHHO20 RIOWUNHUKA,
3 — damuux memnepamypu, 4 — exaaoui

Ilpaitroe maTauk TaK: y mMpoIieci eKCIuTyaramrii TeTIo, 0 BUIIISETHCS B i IITHITHUKY,
HarpiBa€ TEIUIOMPOBIAHUK 2, SKHHA Mepenae TeTUIo 10 TEPMOCICKTPUIHOTO MOIYIS 4;
IHIIIa CTOPOHA OXOJOKYETHCS pagiaTopoM 6, SKU BiIBOAWTH TEIUIO B HABKOJIUITHE
cepenoBHIIe (TeMrepaTrypa B KapTepi MaToo0epTOBOTO IBUTYHA cTaHOBUTE 60...70°C,
cepenabpoobepToBoro — 90—100 °C), mo B HOpMaJIBLHUX YMOBax eKCIUTyaTarlii 3a0e3-
MIEYUTHh MiHIMAIBHY PI3HHITIO TeMIleparypu Ha TepmoeneMmenTi B 10—15 °C. HasBHicTh
PI3HHII TEMTIEPATypP Ha ITIOBEPXHI TEPMOCICKTPUIHOTO MOIYIIS 3a0e31eTy€e BUPOOTICHHS
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B HBOMY €JIEKTPUUYHOTO cTpyMy. biiok sxuBiieHHs B)XK, 10 cknany sIKoro BXOAUTb TEPMO-
CJIEKTPUYHUN MOAYNb 4, )KUBHUThH onepamiinuii miacumosad Oll, ananoroBo-uudpo-
Buii neperBoproBay ALIIT Ta Moaynb 0e3apoToBOi 00poOKH i mepenadi curHany MOC
(muB. puc. 3). [Ipuifom cuTHATY 3MIHCHIOETHCSI MOAYJIEM O€3APOTOBOTO MIPUHOMY TaHUX
MIIC ra 3miiicHIoe iepenady ioro Ha 1K abo iHmmii crmocid oOpoOkH 1 BimoOpakeHHs
IaHuX. Y pasi BiICYTHOCTI MOMKIIMBOCTI TeHEPYBATH JTOCTATHIO TOTYXKHICTD IS KUB-
JICHHS CJICKTPOHHUX KOMITOHEHTIB ITepeaada BUXiJHOTO CUTHATY MOXKE He 3iHCHIOBa-
THCS a00 3AIMCHIOBATHUCS 3 IESIKOIO MOKIIMBOIO ITEPIOTUIHICTIO. 3a TOCATHEHHS ITIEBHOTO
rpajiiecHTa TeMIlepaTypu BUMipIOBaJIbHA CHCTEMa aKTUBYETHCS Ta MOYMHAE Tepeaady
0e3nepepBHOT0 BUX1THOTO PajlioOCUTHAITY, TOKa3HUKH SKOTO 3aJIeXKaTh BiJl BAMipIOBaHOT
TeMIepaTypy MiAMUITHIKA.

1=y

- _5&‘7 Al ]—— MEc ‘ ‘ e ‘

Puc. 3. Cxema pobomu npucmporo 0751 6€30pomogo2o UMIPIOBAHHS
ma peecmpayii memnepamypu wamyHHUux niOUUNHUKIa:
1 — sxnaouw niowunuuxa, 2 — mepmonapa, 3 — menionpogio;
4 — mepmoenexmpuunuii mooyiw, OI1 — onepayiinutl niocunosay,
BIK — 6nox ocusnenns; AL — ananoco-yugposuii nepemeopiosay;
MOC — mooyns 0b6podxu it nepedaui cuenany;, MIIC — modynb npuliManisa cueHamy

VY cnporieHoMy BapiaHTi Npujiaj, 0 HE BUMAarae yCTaHOBKH Yy TJIMBOTO €JIEMEHTA,
MOXE MPALIOBATH K aBapiiHUN AAaTUYUK TEMIeEpaTypH, BUKOPUCTOBYIOUH SK UyTJIH-
BHI €IEMEHT TUTbKH TePMOEIEKTPUYHUN MOMIyib. Takuil mpucTpiii Moxke (ikcyBatu
panToBe HiABHIICHHS TeMIEpaTypH BUMipIOBaHOTO 00’€KTa, 10 NPU3BOAUTH A0 MiJ-
BHUIICHHS TEMIIEPATYPHOrO IpaJieHTa HAa TEPMOCIEMEHT] 1 MiJBUILECHHS eICKTPUIHOL
MOTYKHOCT1 TEPMOEJIEKTPUYHOTO €JIeMEHTa B pa3i JOCATHEHHS IOPOTOBOIO 3HAUYCHHS
Ta aKTUBYE NEpeAady aBapiiHOTO CHUTHAIY MOIYJeM Oe3pOTOBOi mepenadi JaHuxX 10
MOZyJst 6e3pOTOBOrO NpuiioMy naHux. Moayns (ikcarii, 0OpoOKu Ta BigoOpakeHHS
JAHWX HaJla€ aBapiliHUI CUTHAIL.

Pe3ynomamu mo0enio6anua po3nooily nojie memnepamyp HUICHbOI 207106KU
wamyna 6 paszi nopyuienna GYHKYiOHy6anHs Cucmemu 3Mauienns

JocmipkeHHs po3noAily TEIUIOBHX IMOJIB y Marepianax MiAMIMITHUKA B pa3i mopy-
LICHHS] MOTO Mpale31aTHOCTI MPOBEIEMO IUIIXOM MOJCTIOBAHHS HArPIBY MIATYHHOTO
migmumauka auzens MaK M32C ra iioro koprycy 3 Bukopuctanusim CAD/CAE cuc-
temu SolidWorks. ¥V mporeci MoJieNtoBaHHsI 3aCTOCOBYBAJIMCS TaKi TPaHUYHI YMOBH:
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— TemImepaTrypa HaBKOJHUITHROTO cepenoBuiia — 350 K;

— HOMIHallbHa TEIUIOBa MOTYXHICTh y MIANIMITHUKY 32 YMOBH TIOPYIICHHS Tparie-
3paTHOCTi — 10 kBT;

— KoeilieHT TEIIONPOBIIHOCTI Bix cTai 1o nosiTps — 7,9 Br/(M*K);

— TeIUIOBa MOTYXKHICTh, 0 HAJXOAUTH BiJl TOJOBKY maryHa, — 0,25 kBT.

[Tix gac MozenroBaHHS MPOIECY HArpiBY MiIMIMITHUKOBOTO BY3Ja 3aCTOCYEMO THIT
PO3B’sI3Ky TEIJIOBOT 3aj1aui, 110 BPax0OBYE MEPEXiHi Mpolecu. BcTaHOBIIOEMO 3araib-
Hull yac pociimkeHHs — 300 ¢ — Ta 4acoBl MPOMIDKKH, Ha SKUX OyJIyTh BHBOJUTHUCS
pe3yapTatu po3paxyHky, — 30 c.

3aneKHICTh 3MIHH TEIUIOBOI TIOTYKHOCTI IPOTSITOM JIOCTIJKYBAaHOTO TIEpioy Mpe/-
CTaBJICHO HA PUCYHKY 4.

12000

Bt

10000 . —
8000
6000
4000

2000

Temnosa OTYRHICTE

0 50 100 150 200 250 300
Yac, ¢
Puc. 4. 3anexcnicmo 3minu meniogoi nomyscrnocmi,
wo 0i€ Ha 8KAAOULL NIOWUNHUKA, 3Q YACOM

VY pesynbrati OyJl0 OTPUMAaHO CHIOPU PO3MOJIIY TEIJIOBOTO MOJISI B HIKHIN
rojiBui maryHa. Ha pucyHky 5 mpeicTaBieHo AaHi eMopH JUIsl TPOMIKHHUX Pe3yilb-
TaTiB pO3PaxyHKY.

VY Micii po3HiMaHHS BKJIQJIUINIB HA 30BHIIIHIIM HOro BepnHi OTpUMaHO rpadiuny
3aJISKHICTh, IO OTHCYE 3MiHY TEMIIEpaTypH B Il TOUI B AOCHIPKyBaHOMY HpoIeci
neperpiBy Briaauiia. LIs 3aiexHICTh IpeCTaBlICHa HA PUCYHKY 6.

OTtpuMaHi pe3ysbTaTH CBiI4aTh Ipo Te, 0 3a BUOpaHOi IHTEHCHBHOCTI HArPiBY M-
HIMITHAKA TeMIepaTypa KOpIycy HUKHBOI TOJIOBKH IIaTyHa 3pocTae 3a 5 xB Ha 100 °C
1IOJI0 HABKOJIMIIHBOTO CEpeloBHIIA. [ PaHUYHOI0 TeMIeparyporo IiIINIHHUKE, 32
SIKOT BiH 3MOKe 30epiratu cBoi (hi3MKO-MEXaHIYHI BIaCTUBOCTI, € Temmeparypa 120 °C
(393 K). Takum 4rHOM, pe3yJIbTaTH HECTAIIOHAPHOTO TEIUIOBOTO MOJICIIOBAHHS BKa-
3yIOTh Ha Te, IO IMiJIIUITHHAK JOCSITHE KPUTHUHOI TeMIepaTypH Bxke depe3 | XB micis
TIOSIBU TTOIKO/IYKCHHSI.

HaBeneni pe3ynbrard Hao4yHO CBiYarh MpO Te, IO MPOIEC 3MIHU TEMIEeparypH
HIATYHHUX IiAMAITHAKIB € TOCUTh IIBUAKHUM, 10 TIOTpedye MBUAKOI peecTparii pocTy
TEMIIepaTypH cucTeMamMu Oe3repepBHOrO MOHITOpUHTY. [locTaBnene 3aBiaHHs MOKHA
BUPILIMTH HUISIXOM JOOCHAIEHHS TaKUX CHCTEM TUCTAHI[IMHUMH TepeTBOPIOBAYaMHU
TEMIIepaTypH, 10 ONMCaHi BUIIIE.
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BucnoBku. Y po0oti mpesicTaBlieHO aHal i3 eKCIUTyaTalliiHUX MOKa3HHUKIB, IO
BIUTMBAIOTh HA 3MiHY TEXHIYHOTO CTaHY IMiIIUITHUKIB KOB3aHHS KOJIHYACTUX BaJiB
JIBUTYHIB BHYTPIITHEOTO 3rOPSIHHS.

BcraHoBiieHo, 110 OiIbINICTh BIIMOB, SIKI MPU3BOJIATH JIO IMOIIKOKCHb ITiIIIHITHHU-
KiB KOB3aHH$1, MaOTh BHITQJIKOBUI XapaKTep 1 BAMAralTh BCTAHOBJICHHS CUCTEM KOHT-
pOoITIO 32 X POOOYMMH TTOKA3HUKAMHU.

3anponoHOBaHO KOHCTPYKLIIO OE3IpOTOBOrO aKTHBHOIO JaTduKa TeMIleparypH,
IO JIAa€ MOXJIMBICTh BHMIPIOBATH TEMIEPATYPy IIATYHHUX MiAMIMITHUKIB KOB3aHHS,
MEPETBOPIOBATH Ta TEpeaBaTH PaJiOCHTHANl HA CTAIliOHAPHUHA MOJYJIb MPHAMAaHHS
i1 0OpOOKM CUTHAITY Ta Jaji Ha peECTPYIOUYHI TPUCTPii.

3MO/IETbOBAHO PO3MOJLI MOJIIB TEMIIEPATYP HIXKHBOT FOJOBKH IIATyHA B pasi Mopy-
nreHHsT QYHKIIOHYBaHHSI CUCTEMH 3MAlllCHHsI, PE3yJIbTaTH SKOTO BKa3yIOTh Ha BHCOKY
HIBUJKICTh 3MIHM TEMIIEpaTypH IATyHHUX MiJIIUITHMKIB, IO MOTpeOye MBUIKOI pee-
CTpalii pocTy TeMmepaTrypu cucTeMaMu O0e3IepepBHOTO MOHITOPHHTY.
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MOKPAIIEHHSA EKCIUIYATAIIIMHUX MOKA3HUKIB
CYJTHOBOI EHEPTETHYHOI YCTAHOBKH TAHKEPA
IHPOEKTY RST27 3A PAXYHOK BUKOPUCTAHHA
BOJAHEBUX ITPUCAJJOK

J.O. Ilananko
K. T. H., JIOLCHT Ka)eipu CYZIHOBOTO MAlIMHOOY/TyBaHHs Ta CHEPTeTHKH,
Xepconcvkuii HaBYANLHO-HAYKOBUL THCIUMY M
Hayionanvroeo ynisepcumemy xopabiedyoyeanHs
imeni aomipana Maxaposa, Xepcon, Yrpaina,
ORCID ID: 0000-0002-4311-3908

Anomauisn

Bcemyn. 3 oenady na cyuacHuii cman po3eumky mexHiKu nooanvuie 30ibueHns Koe-
Qiyienma xopucHoi Oii 08U2YHI6 Mae He3HAUHUU epeKm, npome GUKOPUCTNAHHS Allb-
MEePHAMUBHUX 6UOIE NAIUBA SGNAE CODOIO MOICTUBICIL 30LTLUUMU edheKmusHicmy ma
€KONLOCTYHICb CYUACHUX 08UYHIG. Ha cb0200HI CYOHOBI 08USYHU BUKOPUCTOBYIOMb K
nanueo HFO («sadicke nanusoy), ouseiivHe naiueo ma 2azoee naiuso. Mema. I3 3acmo-
CYBAHHAM CYUACHUX MEXHONO02TN BUKOPUCTAHHS NATUGHUX NPUCAOOK MA AIbMEPHAMUB-
HUX NATUG NPONOHYEMBCS NPOBECTU MOOEPHI3AYII0 NATUSHOI cUCmeMU CYOHOBUX 08U -
nie mankepa npoekmy RST27. Pezynomamu. IIpononyemucs 3acmocogysamu cucmemy
HegenuKux 006a8oK 600HI0 00 OCHOBHO2O NAIUBA. Y pe3ynomami GUKOPUCTNAHHS YicT
MexXHON02Ti NPONOHYEMbCS 6CMAHOBUMU HA CYOHI CYYACHUU eleKmponisep ma cucme-
My 30epieaHHs 60OHIO 8 Memaio2iOpUOHOMy akymyasmopi. [Iposedeno mooeno8anHs
3ACMOCY8AHHS BOOHEBUX OOMIULOK HA 20108HOMY OsucyHi 6L20 eupooruymea (ipmu
«Wartsilay. Ilpeocmaseneno cxemy posmauty8anus 0ONAOHAHHA 8 MAWUHHOMY 8i00I-
JIEHHI ma cxemy RAMUGHOI cucmemu CyOHOB80I enepeemuuHol yemanosku. 3a pe3yib-
mamamu MOOent08aHHs epexmuerna nomydicHicmo osueyna s0invuwunacs na 3,1 %,
a numoma egexmuena sumpama naauea smenwunaca 3i 195 oo 191 &/(kBm-200). Ipu
YboMmy Hemae HeOOXIOHOCMI y 3HAYHOMY NepeoONAOHAHHT K MAWUHHO20 GIOOLIEHHS,
max i camozo 201061020 08ueyHa. Enexkmpuuna enepeis, sxa HeoOXioHa 0nsi 6u00OymKy
B00HI0, MOJICe OYMU BUKOPUCIAHA NIO 4aC YACTMKOBUX PENCUMIE pOOOmMU Ou3elb-2eHe-
Pamopis, Ha pexcumi cmosHKu ma nio uac nepexody. Bucnosku. Exonomiynuii ecpexm
8I0 YNPOBAOINCEHHS 3AZHAUEHO20 HAYKOBO-MEXHIUHO20 PIUUEHHS. OMPUMAHO 34 PAXYHOK
BUKOPUCTAHHS MATUX OOMIULOK 8600HI0 00 OCHOBHO20 NAUBA MA CKOPOUEHHS UMPAmu
nanuea 08U2yHAMU eHepeemuyHoi yemanoexku manxepa npockny RST27. 3a nonepeoni-
MU pospaxynkamu ekoHomiunuil eghexm cmanosumume 00 200 donapie CILLA na Oenv,
WO 6 NepepaxyHKy Ha 00uH nepexio peticogoio aitieto €zunem — Ykpaina cmanosumu-
me oinvue 1500 oonapie CLLA 3 ypaxyeannam eumpam Ha 600€Hb.

Knrwwuosi cnoea: excniyamayiss cyOHO80I eHepeemuuHoi yCmaHo8KU, 08U2yH
BHYMPIUHb020 320PAHHA, G00EHb, ANbMEPHAMUBHE NATUBO, MEemAanlo2iopuoHull
AKYMYAAMOP.

© Ilananko 1.0., 2022
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IMPROVING THE TANKER PROJECT RST27 SHIP POWER PLANT
PERFORMANCE BY HYDROGEN ADDITIVES USAGE

D.O. Shalapko
Ph.D., Associate Professor at the Department of Marine Engineering and Energy,
Kherson Educational-Scientific Institute
of Admiral Makarov National University of Shipbuilding, Kherson, Ukraine,
ORCID ID: 0000-0002-4311-3908

Summary

Introduction. Given the current state of technology, further increase in engine
efficiency has little effect, but the use of alternative fuels is an opportunity to increase
the efficiency and environmental friendliness of modern engines. Today, marine engines
use HFO (“heavy fuel”), diesel and gaseous fuels as fuel. Purpose. Using modern
technologies for the use of fuel additives and alternative fuels, it is proposed to modernize
the fuel system of marine engines of the tanker project RST27. Results. It is proposed
to use a system of small additions of hydrogen to the main fuel. As a result of using this
technology, it is proposed to install a modern electrolyzer and hydrogen storage system
in a metal hydride battery. The application of hydrogen impurities on the 6L20 main
engine manufactured by “Wartsila” was simulated. The scheme of equipment location
in the engine room and the scheme of the fuel system of the ship’s power plant are
presented. According to the simulation results, the effective engine power increased by
3,1 %, and the specific effective fuel consumption decreased from 195 to 191 g/(kWh).
At the same time there is no need for significant re-equipment of both the engine room
and the main engine. The electrical energy required for hydrogen production can be
used during the partial operation of diesel generators, in the parking mode, and during
the transition. Conclusions. The economic effect of the implementation of this scientific
and technical solution is obtained through the use of small impurities of hydrogen to
the main fuel and reduce fuel consumption by engines of the power plant of the tanker
project RST27. According to preliminary estimates, the economic effect will be up to
200 USD per day, which in terms of one crossing on the Egypt — Ukraine route will be
more than 1500 USD taking into account the cost of hydrogen.

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

Beryn. Maibke TpetuHa Bciel HaTH, MO0 BHUI0OYBAa€THCS CHOTONHI, BHUTpada-
€THCSI HA TPAHCIIOPTHY €HEPIreTHKY, TOMY IpobjieMa palioHaIbHOr0 BUKOPUCTAHHS
MaJUBHO-CHEPTETHYHUX PECYpCiB y CBITI € qyKe akTyalbHOK. OOMeXeHi 3amacu
BUKOIIHUX PECYPCiB 3YMOBIIOIOTH HPUIUICHHS YBard MOKJIMBOCTI BHKOPHCTAHHS
aJbTepHATHBHUX BUJIIB MAJIMBA Y TPAHCIIOPTHHUX ycTaHoBKax (fam — TVY). HanGmmx-
YUMH AECATWIITTAMU Ui Majux i cepentix TY mepcneKTHBHUMHU BUJaMH JIBUTYHIB
BBAYKAIOTbCSI JM3€JIbHI YCTAHOBKU Ta ABUTYHH BHYTPILIHBOTO 3TOPSHHS 3 MPUMYCO-
BUM 3allajIOBaHHIM. Y 3B’SI3KY i3 LIUM T'OJIOBHOIO MPOOJIEMOI0 PO3BUTKY TPAHCIIOPT-
HOT €HepreTHKH € 3a0e3neueHHs e(peKTUBHOI pOOOTH ABUTYHIB, SIKi BAKOPHUCTOBYIOTh
aJbTepHATUBHE ManuBo [1].

AHaJji3 ocTaHHIX AociaigxkeHb i myOJikauniii. B eHepreTnyHux KoMIuiekcax
i3 JBUTYHaMU BHYTPILIHBOTO 3TOPSIHHS MOXXYTb BHUKOPHCTOBYBAaTHCS Pi3HI BUAU
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aJbTEPHATHBHOTO MajMBa: CTHJIOBUU 1 METWJIOBHU cruptu [2], oJii pOCIMHHOTO
MTOXO/PKEeHHA (ITaJlbMOBA, COEBA, COHSIIHUKOBA, paricoBa) [3], mpupoaHi Ta MOMyTHI
rasu, KOHJIeHCOBaHUi ra3 [4], BomeHs [5], cunTes-ra3 (mepesaxkno 40-70 % BomHIO
Ta OKCHJY BYTJEIo [6]).

OueBHIHO, L0 BOJACHb € HAMOIIbII NEPCHEKTHMBHMM aJIbTCPHATHBHUM IajH-
BoM [4]. JlromcTBo Mae HeoOMekeHi 3amacu enemeHTa No 1 mepioguvHOi cucTeMU
Menneneesa. [lepeobnaaHants NTOPIIHEBUX ABUTYHIB Ha BOJICHB € IPABHIBHUM CIIO-
co0OM yCYHEHHS MapHUKOBOTO e€(eKTy Ta BUPILICHHs MpoOieMu 3a0pyIHEeHHs MOBi-
TpsiHOTO OaceiHy rianeTu [5].

3 KO)KHUM POKOM 1HTEpec 0 JOCTIKEeHb Y cdepi aJbTepHAaTUBHHUX BH[IB MajHBa
TUIBKH 3pOcTac. 31e0UIbIIOro 11e BiI0yBa€THCS 3 ABOX MPUUUH: &) NIBHJKE CKOPOUCHHS
PO3BiIaHUX pecypciB HAQTH B pe3yNbTaTi aKTHBHOTO BHI0OYBaHHS BYIJICBOJIHIB (IUB.
puc. 1); 0) moripIueHHs eKOJIOTIYHOI CUTYaIlii Y CBITI Yepe3 MOCTilHe 301IbIICHHS Kijlb-
KOCTI TIOPIITHEBUX JIBUTYHIB, 10 BUKOPHUCTOBYIOTHCS B YCHOMY CBITI.

‘Brentoil ‘vHLast‘VHLine ‘VH‘IWeek‘v‘ EI
Brent oil 89.10 -0.06(-0.07%)
i85.10}

r80.00

F70.00

r60.00

r50.00

r40.00

F30.00

F20.00

2017 2018 ' 2019 2020 ' 2021 1022

Puc. 1. Jlunamixa 3pocmanns yin Ha Hagmy y ceimi 3a 5 poxis

BukopucTaHHS BOAHIO SIK MAIMBA IS ABUTYHIB BHYTPIIIHBOTO 3TOPSHHS € CKIal-
HOIO MIPOOIEMOI0, 1110 BKIFOYAE MIMPOKUI CIIEKTP MUTAHb:

— MOXJIMBICTB Iepeo0sIalHaHHs CydYaCHUX JABUTYHIB JiJIsl poOOTH Ha BOJIHI;

— BUBUCHHS Ipoliecy poOOTH JIBUTYHIB, IO MPAIIOIOTh HA BOJIHI;

— BHU3HAYCHHS ONTHMAJIILHUX CIIOCOOIB HAJAro[KeHHS pPOO0OUYOTo MPOIECy IS
3a0e31neueHHsT MiHIMaJIBHOI TOKCHYHOCTI Ta MaKCHMAJILHOTO KoeirlieHTa KOpUCHOT mil
JIBUTYHA;

— PpO3pOOIEHHS CHCTEMH TojIadi MainBa, 1Mo 3ade3neduye epeKTHBHY OpraHi3alliro
Ppo6OYOro TpoLiecy B IUIIHAPAX JBUTYHA BHYTPIIIHBOTO 3rOPSHHS;

— po3pobieHHs eeKTUBHUX METOIB 30epiraHHs BOAHIO Ha OOPTY TPaHCIIOPTHHUX
3aco0iB.

OpnHak, monpu NpUBaOIUBICTh PO3MISIHYTUX CIOCOOIB BUKOPHCTAHHS TajuBa, HE
BapTO 3a0yBaTH TaKOX MPO HOTO HENOIKK. BapTo 3a3Ha4mTH, 10 CHOTOAHI OEPKAHHS
BOJIHIO € CKJIAJIHUM 3aBJaHHIM Ta OoTpeOye OKpEeMUX J0CIiKEHb [2].
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IMocTanoBka npodaemu. Haiinpoctimmm cmocoO0M OTpUMaHHS BOJHIO € €JIeK-
TPOII3 BOIU. Y pe3yNbTaTi OJIEpPKY€EThCsl CyMIlll BOJHIO Ta KUCHIO. HemonmikoM 1boro
croco0y € BUCOKI BUTparu eneprii. Otpumants 1 M* BogHIO moTpedye BUKOPUCTAHHS
4 xBrt eneprii, konu 1 M> BogHIO MOKe BUALIUTH juine 1,8 kBT B mamuBHOMY eje-
MEHTi 3 BHCOKHM piBHEM eheKTUBHOCTI. [lompu 1e eNeKTporii3 3aauIIacThCs mep-
CIIEKTUBHHUM HampsMoM [4].

OKpeMO BBaKAETHCS, M0 Y BUITyCKHUX Ta3axX JBHUTYHA 3 BOJHEBUM JIBUTYHOM TIpH-
CYTHS TUTBKH BOJIa, TOMY 3 €KOJIOTIYHOT MO3HUIIIi TAKUH ABUTYH aOCOIIOTHO OE3TeYHHH.
OnHaK BOJEHb, X0U 1 € HAHOUIBII €KOJOITYHO YUCTHM 3-IIOMIK BIJIOMHUX BH/IIB ITAJIMBA,
MIPHU3BOAMTD /10 3HAYHOTO 301IBIICHHS] BUKUIIB OKCHIIB a30Ty TETIJIOBOTO TTOXOKEHHS
y BIIIpanbOBaHHUX ra3ax. lake 30UIBIICHHS € TMPUYMHOKO 3POCTaHHS TeMIIeparypu
UKy Ta MPUPOCTY MIBUIKOCTI 3TOPSHHS MaJIHBA.

®opmy/aioBaHHS Wijeii craTTi. [3 3acTOCYBaHHSAM CydyaCHHUX TEXHOJIOTH BUKOPHUC-
TaHHS NMaJUBHUX MTPUCAJIOK Ta ATBTEPHATHBHUX MAJHB IPOTIOHYETHCS TPOBECTH MOJIEP-
Hi3alli}0 MAJIMBHOI CHCTEMH CYTHOBHX JIBUT'YHIB TaHKepa mpoekTy RST27.

Bukaaa ocHoBHoro matepiaay. [IpoBeeHo anamiz epeKTUBHOCTI 3aCTOCYBAHHS
MaJMX JOMIIIOK BOJIHIO O OCHOBHOTO JM3EJIBHOIO MajiBa Ha JHU3ENbHIN eHepre-
Tr4Hi# ycTanoBui Tankepa «SVL LIBERTY» [9] nenseiitom 6970 Ton (auB. puc. 2).
CynHo 3adpaxroBaHe HaQTOBOK KoMmaHiew «SVLy Ta npusHaueHe s TPaHCIop-
TyBaHHs cupoi HapTu mopramu Yopuoro, Kacmilicekoro i Cepeln3eMHOro MOpIiB.
CuinoBa ycTaHOBKa TaHKepa MICTUTh JiBa TOJIOBHI ABuryHa W6L20 (6UH20/28) crie-
nudikaniitnoro noryxuictio 1200 kBT BupoOHunTBa dipmu «Wartsilay, a taxox
TPH TOTIOMIXKHI Au3eNbHI TeHepaTtopu « Volvo Penta D12 MGKSy» moTyXHICTIO KOXK-
HOro JBuryHa 292 xBT.

Puc. 2. 3acanvnuii suenso manxepa «SVL LIBERTY»

Cxema CyqHOBOI CHEpreTHYHO! YCTAHOBKU 3a3HAYCHOTO TAHKEPa 3 BUKOPUCTAHHSIM
MaJIUX JIOMIIIOK BOJTHIO HaBe/IeHAa HA PUCYHKY 3, a Ha PUCYHKY 4 — 3arajibHe po3Talry-
BaHHS MallTHHHO-KOTEJILHOTO O0JIATHAHHS B MAITTHHOMY BiTUICHHI.
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VYcerarkyBaHHs U1 €JEKTPOJII3y Ta BOJHIO Ha OOPTy TaHKepa IIJIKOM pallio-
HaJlbHO pO3MillleHe B MAlIMHHOMY BiJJIIJICHHI. 32 OLIHOYHUMHU PO3paxXyHKaAMHU
(3 BukopuctanHsaMm ejekrpoiizepa HySTAT ®-15-10 [10]) po3mipu mboro obiaj-
HaHHs, 310paHOro B OJWH OJIOK, cTaHOBIATH 1,7 X 1,85 X 2,6 m (auB. puc. 4),
a Maca — 01u3bK0 1,5 TOHH.

Jeurynn 6L.20 (6UH20/28) dipmu «Wartsila» [8] (auB. Tabn. 1, puc. 5) Bukopuc-
TOBYIOTHCSI B CYJIHOBIH €HEpPreTHIll SIK OCHOBHI Ta JOMOMDKHI JABHTYHHU Pi3HUX THITIB
CYJICH, a TaKOX SIK JIN3eIb-TeHepaTOpH HA3eMHHX €JIeKTPOCTAHIIIN.

Tabmunms 1
Iapamerpu aBuryna 61.20
YHoTupUTaKTHUNA, PEBEPCUBHUM, OTHOCTOPOHHBOT
Tum qBUTyHA Iii, 3 ra30TypOIHHUM HAJIyBOM, PO3TAIIlyBaHHS
LWJTHJIPIB — PSIZIHE, BEPTHKAJIbHE
Mogenb 1BuUryHa [IpaBunbHa
HamnpsiMox oOepTaHHs KOJTIHYaCTOTO BaLy
TMiJ] 9ac poOOTH Ha MepeaHii mepeaadi 3a TOMMHHUKOBOIO CTPLIKOIO
(3 6OKy BUXIJJHOTO (hIIaHIIs)
Iopsinok pobOTH MITIHAPIB 1-3-5-4-2-6
TTopsinok Hymepaltii HUIiHAPIB Bin HOCa 10 KOpMHE
Jiamerp nmwmiHgpa, MM 200
XiJ MOPIIHS, MM 280
KinpkicTs mummiHapiB 6
Hannys OnHocTyneHeBHid 1300apHUil ra30TypOiHHUIA 13
Y TIOBITPSIHUM OXOJIOJDKCHHSIM ITiCJIsl KOMIPEcopa
Tumn TypGoxoMIpecopa TCR-18
Yacrora obepTaHHs K.B./XB’ 1000

Puc. 5. 3aeanvuuii suenso osueyna 64H20/28

Ha ocHOBI yTOUHEHHX XapaKTEPUCTUK 3rOPsHHSI MMajuBa Ta MOKa3HUKIB TEIIOBHIi-
JICHHSI IPOBEJICHO MaTeMaTUYHe MOJICITFOBaHHsI poOo4oro npoiiecy Apuryna 61.20 3a pi3-
HUX 3HAYCHb TUCKY JJOOABKU BOJHIO. 3 OISy HA €KCIIEPUMEHTAJIbHI JTOCIIKCHHS [4]
Ta JiaHi JITepaTypHUX JHKEPEIT II0/I0 3aCTOCYBaHHS BOJHEBUX J00aBOK [1-3] 3Ha4UeHHs
koe(ilieHTa HAUIMIIKY NOBITPst Oyno mpuidHATE K o0 = 2,1, KyT BUIIEPEIKEHHS BIIOP-
CKyBaHHsI IiepedyBae B Mexax ¢ = 12+1° 1. k. B.

3MiHa epeKTUBHUX MMOKa3HUKIB qBUryHa 6120 nokaszaHa Ha puc. 6.
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BuxopucTaHHs HEBEIUKUX JIOMIIIOK BOJHIO JO OCHOBHOTO IaluBa TPUBOJIUTH
no 30inpmenHs edexruBHOl moTyxkHOCTI 3 1313 mo 1350 xBt, npu npomy 3a3Ha-
YeHa BUTparTa najvupa 3MeHuryeThest 31 178 mo 173 r/(kBt-ron) 3 nonaBanusm 0,11 %
JOMIIIKY BOJHIO (3a Macoto). [Ipu 1boMy MPHPICT MOTYKHOCTI cTaHOBUTHME 2,8 %0,
a 3HIDKCHHS MUTOMOTO TIOKa3HUKA BUTpaTH manusa — 2,9 %.
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Puc. 6. E¢hexmusni noxasnuxu pobomu ogueyrna 6L20
3 3MIHU KiTbKOCMI OOMIWKU B0OHIO

[MopiBusHO 3 aBUryHoMm 148,6/7,2 [6], A€ TUCK YyIIOPCKYBaHHS IMaJuBa 3HAYHO HIK-
yuii, HiX y asuryna 6L.20 (19,5 MIla nporu 70,0 = 5 MIIa), e 3yMOBIIEHO THM, IO
e()eKTUBHICTh BUKOPUCTAHHS MaJHMX JOMIIIIOK BOJHIO 3aJICKUTh BiJ] TUCKY BIIOPCKY-
BaHHS, a TAKOX B1Jl HAJIANITYBaHbh CUCTEMH I10J[a4i MaIuBa.
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3a 3HadyeHHs KOHIeHTpamii gomimku BoaHio 0,1 % (3a Macow) OTpUMaHO
BiAMOBiiHE 3HaueHHS edexTtuBHOI moTyx)HOCTI 1222 kBT, cepenniii edek-
TUBHUHM THCK — 2,78 MIla, minimManpHa nutoMa ¢()EKTHBHA BUTpaTa MajiuBa —
0,191 xr/(xBt-ron).

HaiiBrmuBoBinmMu napamerpamu poO0Y0ro UKy ABUTYHA ITiJl YaC BUKOPHCTAHHS
MaJIuX JIOMIlIOK BOJHIO € TPUBAIIICTh TOPIHHS (), KyT BUNIEPE/DKEHHS 3aAIIOBAHHA ¢
Ta KOeQili€HT HAJIUIIKY TOBITPSI O.

BucnoBku. Huni ronoBHuil 1BuryH i qu3enb-reneparopu cynna «SVL LIBERTY »
npoekty RST27 mpamoroTh Ha Au3eIbHOMY NanuBi 3a crangapToM [SO8217, kare-
ropis ISO-F-DMB ra cnoxusatots 0,5 T manuBa Ha roauny, abo 12 T Ha q00y, 3a
ymoBu 0,85 Ne. 3a BaprocTi 1[poro manuBa cranoMm Ha 1 ciuns 2022 p. B po3mipi
900 monapie CIIIA 3a 1 TOHHY 1I[0JIcHHA BapTicTh nmayiuBa ctanoButuMe 10 800 moa-
pis CIIA.

Po3paxyHku, mpoBesieHI Ha OCHOBI MaTeMaTUYHOTO MOJICIIOBAHHS 3 ypaxyBaHHIM
EKCIIEPUMEHTAIbHUX JIJAHUX 33 METOIUKOI €KOHOMIUHOTO PO3PaxyHKY, PO3po0JICHO0
B XEepCOHCHKOMY HaBUAIBbHO-HAYKOBOMY IHCTHTYTi HarioHambHOro YHiBEpCHUTETY
kopabsieOymyBaHHs iMeH1 afamipana MakapoBa, OKa3ytoTh, 110 B pa3si go0asku 0,1 %
BOJIHIO HOTO BUTpaTa cTaHOBUTHME 12 KT Ha 100y. SIKII0 BapTiCTh BOJAHIO, OTPUMAHOTO
€JIEKTPOJIi30M, CTaHOBUTH 8,96 nonapis CILIA 3a 1 kr, 1110/1eHHA BapTiCTh BOJHIO CTaHO-
Butume 108 monapis CIIA.

V¥ pasi Bukopuctanns 0,1 % (3a Macoro) JOMIIIKK BOAHIO MTUTOMA e)EeKTHBHA BUTpAaTa
OCHOBHOTO TanuBa 3MeHInyeTbes Ha 3—7 %. JlomaBanus 0,1 % BOIHIO 10 OCHOBHOTO
MajguBa MPUBEAC 0 3HWKCHHS BUTPATH MajauBa HAa ~3 %. 3 omIAIy HA MO3UTHBHUI
e(eKT BijJi BUKOPUCTAHHS MAIHX JOMIIIOK BOAHIO 1000Ba BUTpATA MAINBA 3MEHIITUTHCS
ta craHoButuMe 11,64 ToHH, a BapTicTh nanuBa Ha 100y ctaHoButuMe 10 476 nonapis
CIIIA. TakuM yuHOM, IIOJICHHA EKOHOMIs Ha TayiuBi cTanoBUuTHME 324 nomapu CIIA
Ha 7100y. 3 ypaxyBaHHSM BapTOCTI BOJIHIO 3arajbHUN CKOHOMIYHHI €()EKT CTAHOBUTHUME
216 nonapi Ha 100y.

V pasi TpancniopryBaHHs HaTH 3 €runty B YKpainy i3 cepelHbOI0 TOBKHHOIO peli-
coBoi JiHi1 1800 MUk i cepeHbOr0 MBUAKICTIO 10 By311iB €KOHOMIsSI 32 BUKOPHCTAHHS
MaJIMX JIOMIIIOK BOAHIO ctaHoBUTUME ~1550 monapis CIIIA 3a mepexiz.
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BU3HAYEHHS ONTUMAJBHUX PO3ZMIPIB ITOJOBKEHHS
MMACAKUPCBKHX CYIAEH Y MMPOLECI iX MOJEPHI3 AL

O.M. llymuno
K. T. H., Ipodecop, MPOPEKTOP 3 HABYATHHO-OpraHi3aiiiHoil poooTH,
JIOLICHT Kaepy CYHOBUX CHEPTETHUHUX YCTAHOBOK Ta TEXHIUHOI EKCILTyaTallii,
Ooecvkutl HayionanbHull Mopcokul yHisepcumem, Odeca, Yrpaiua,
ORCID ID: 0000-0003-0574-1954

Anomauisn

Bcemyn. Ceimosuil kpyisHuti punox 0eMoHcmpye eneeueHne 3pocmaunns. Lle cno-
HYKA€E CYOHONIABHT KOMNAHIL po3pobasmu ma peanizogysamu cmpamezii ujooo 30iib-
UWIeHHS NACANCUPOMICMKOCI (PIOmY, 0OHIEN 3 AKUX € MOOEPHI3AYisl HASBHUX CYOEH.
Memoro 0ocniodicenuss € CmMBOPEeHHs MAMEMAMUYHOL MOOel BUHAYEHHS PO3MIDIG |
NAcaNCUpOMIiCmMKOCMI WISIXOM 000ABAHHS 000AMKOBOI CeKYii 8 MOOeIbHOMY nepepisi
cyoua. Pesynemamu. Y podoomi 3anpononosano eupiwieHus npooremu GU3HA4eHHs
ONMUMATLHO20 PO3MIPY 000AMKOBOI CeKYil, U0 € CKIA0080I0 YACMUHOIO MOOEPHIZaYil
nacaxcupcokux aainepis. OcHo8HOI0 Memoio MOOepHizayii € niosuueHHs KOHKYPeH-
MOCAPOMONCHOCMI CYOHONNABHOI KOMNAHIL. ¥ 36 83Ky i3 yum nposedeno pemenvHuil
aHaniz cmamy Kpyiznoeo punky, 3a pe3yibmamamiu K020 GUAGIEHO CMAy OUHAMIKY
020 3pocmanns. OOIPYHMOBANHO OOYLNbHICIbL MOOEPHI3AYIT NACANCUPCHKUX CYOEH 5K
3ac00y OHOGNEeHHs promy KomMnauii. Busnaueno noxasHuku, wo 6naueawms Ha KOH-
KYPEHMOCNPOMONCHICIG CYOHONNABHOT KOMNAHIL, AKI NPONOHYEMbCSA opMynI0eamu
3 0271510y HA MEeXHIYHI Ma eKOHOMIUHI NOKA3HUKU KOHKPEMHO020 CYOHA, GU3HAYEHI HA
emanax npoekmysanus ti ekcnayamayii. 30iticneno oyinKy paxkmopis, wo xapaxmepu-
3Y10Mb CMan ma 0CHOGHI MPEHOU PO3BUMKY CEIMOB020 NACANCUPCLKO20 (IOMY, Kilb-
KICTHb nepege3eHux nacaniCupis, 3a2aibHy Xapakmepucmuky nacaxicupcpkozo gromy
(8000MOHHAINCHICIb | NACANCUPOMICMKICID), YCePEOHEHY 8apMICIb CHOPYOICEHHS.
JaiiHepie ma 0CHOBHI meHOeHYil woodo ix 3pocmarnns. Posenanymo ocnosni cmpameeii
PO3BUMKY KPYI3HUX KOMNAHIU, NPU YbOMY OCOONUBY V6aA2Yy NPUOiLeHO MOOJepHiz3ayii
AK CUCMEMHOMY Npoyecy 800CKOHAICHHS, NiOGUUEHHS PUHKOBOT KOHKYPEHMO30am-
HOCMI KPYi3HUX CYOeH WISIXOM 3aCMOCY8ANHI NPOEKMHO-KOHCMPYKMOPCOKUX, MeX-
HONO2TUHUX T (DIHAHCOB0-eKOHOMIUHUX 3ax00i8 ma npoyedyp. llposedeno komniek-
CHY OYIHKY (DaKmopieé KOHKYPEHMOCNPOMONCHOCII (DomYy KPYi3HUX KOMNAHIU, Wo €
niorpyHmsam 0as npogedenus ix mooepuizayii. L[i paxmopu exarouarome mexniuni i
EeKOHOMIYHI ACNeKmuU, AHANi3 SAKUX OACHb 3MO2Y KOMNIEKCHO OYIHUmMU HaAnpsim 30ii-
CHEeHHsl MOOepHIzayil. Y mopcoKitl iHOycmpii € 0eKkinbka nioxodie 00 MoodepHizayii:
peHosayis, nepeoonadHanus, Mooepuizayis CcYOHOBOI eHepeemuunoi YCMAaHOBKU.
Y emammi pozensioacmuvca sacmocyeanns nepeodiaonanta 3i 30i1bueHHAM PO3MIpY
(8000MOHHANCHOCMI) WIAXOM 8USOMOGIEHHS MA 6CMAHOBLEHH 000AMKO80I CeKyii
no mioenb-wnaneoymy. Busnauenus onmumaisHux po3mipie (Racanicupomicmkocmi)
yiei 6CmagKu cCmano8ums 0CHOBHE 3a80anus pobomu. s ybo2co OmMpuMano pieHsH-
HA O GUBHAUEHHS ehexmy (npubymKy) 6i0 MoOepHizayii, aKe NPUtiHAMO 3a YLNbo-
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8y Qynryiio. HAx 0omedceHHs 3aCcmOoCcO8AH0 PIGHSIHHI W0O00 8APMOCH MOOEPHI3aYil,
YCMAaHOBKU HO8020 00JIAOHAHHA, ONePaYiuHUX 8UMPAM, MIYHOCMI KOPNYCy 3 OOMpu-
MAHHAM 8uMoe Kiacugirayitinux mosapucms. Bucnoeku. Y pobomi sanpononosano
MOoOenb NPo8edeHHs pOIMIPHOL MOOepHI3ayii KpYi3HO20 CYOHA 3 BUSHAYEHHAM O08XHCU-
HU 000amKo80i cexyii 3a Kpumepiem 3abe3neuerHs HaubiIbUoi npudYmrKo8ocmi.

Knrouosi cnosa: nacasxicupcoki cyona, mooeprizayis, 000amKo8a cexyis, Onmumiza-
yist, oOmedicenHs, Kpumepii.

DETERMINATION OF OPTIMAL SIZES OF EXTENSION
OF PASSENGER VESSELS IN THE THEIR MODERNIZATION

O.M. Shumylo
Ph.D., Professor, Vice-Rector for Research,
Associate Professor of Marine Power Plants and Technical Operation,
Odesa National Maritime University, Odesa, Ukraine,
ORCID ID: 0000-0003-0574-1954

Summary

Introduction. The world cruise market is showing steady growth. This encourages
shipping companies to develop and implement strategies to increase the passenger
capacity of the fleet, one of which is the modernization of existing vessels. The aim of the
study is to create a mathematical model for determining the size and passenger capacity
by adding an additional section in the model section of the ship. Results. The paper
proposes a solution to the problem of determining the optimal size of the additional
section, which is part of the modernization of passenger liners. The main purpose of
modernization is to increase the competitiveness of the shipping company. As a result, a
thorough analysis of the state of the cruise market was carried out, as a result of which
the dynamics of its growth was revealed. The expediency of modernization of passenger
ships as a means of renewing the companys fleet is substantiated. The indicators
influencing the competitiveness of the shipping company are determined, which are
proposed to be formulated based on the technical and economic indicators of a particular
vessel, determined at the stages of design and operation. The factors characterizing the
state and main trends in the development of the world passenger fleet, the number of
transported passengers, the general characteristics of the passenger fleet (tonnage and
passenger capacity), the average cost of liner construction and the main trends in their
growth. The main strategies for the development of cruise companies are considered,
including special attention to modernization as a systemic process of improvement,
increasing market competitiveness, cruise ships through the use of design, technological
and financial and economic measures and procedures. A comprehensive assessment of
the factors of competitiveness of the fleet of cruise companies, which is the basis for their
modernization. These factors include technical and economic aspects, the analysis of
which will allow a comprehensive assessment of the direction of modernizationt. There
are several approaches to modernization: renovation, re-equipment, modernization of
ship power plants in the maritime industry. The article considers the use of re-equipment
with increasing size (capacity) — by making and installing an additional section on the
middle frame. To do this, we obtained an equation to determine the effect (profit) from
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the modernization, which is taken as the target function. The constraints on the cost of
modernization, installation of new equipment, operating costs, strength of the case in
compliance with the requirements of classification societies are used as restrictions.
Conclusions. The paper proposes a model of dimensional modernization of a cruise
ship with the determination of the length of the additional section according to the
criterion of ensuring the highest profitability.

Key words: passenger ships, modernization, additional section, optimization,
restrictions, criteria.

Beryn. CitoBuii macaskxupchkuil (10T Ha Cy4yacCHOMY €Tarli CBOTO PO3BHUTKY Halli-
Yye 3a pi3HUMU OIIHKAMH YOTUPHUCTA MACAKUPCHKUX CYIEH, K1 € aBaHTapAOM MiKHa-
POAHOI TYPUCTUYHOI iHAYCTPil Ta MOXKYTh po3MilaTy Ha 60pTy opieHTOBHO 650 THCAY
MacaXUpiB 13 3aTyUEHHSAM I HOTO Maixke 220 THCSY WICHIB eKiMaxXiB. YIPOTOBK
HACTYIHOTO AeCATUPiuYs 36 KOMIIaHiH, sKi 3aiiMaloThCs Kpyi3HUM Oi3HECOM, 3aMOBUIIH
CyTHOOYIIBHMM KoMITaHisiM 1ie 118 cyneH, 30kpemMa OKeaHCHKi JaifHepH, 3arajbHOIO
Baprictio 65 mupa noin. CIIA; cepenniii ix aeqBeiT cTaHoBUTH 97 726 TOHH, a ACaXKH-
poMicTkicTs — 2440 macaxupis.

AHaJii3 OCHOBHUX JOCTiIKeHb i myQuaikamiii. 3riHO 3 JaHUMU aBTOPUTETHOTO
iHTepHET-IOpTany [1] Ta 6araThbox AOCHIIKEHBb [3—6] crocTepiracThCsl CTAOUTHHUI
PO3BHUTOK KpYyi3HOi ramysi B octanHi 30 pokiB. Sk mokazano B Tabmuui 1, mpocTexy-
€THCS CTAOUTBHUNA TPEHI MO0 301IBIIEHHS MACAXKUPOIIOTOKY 3a ocTaHHi 30 poKiB, 110
B cepenHboMy cTaHoBmiI0 3,073 MutH macaxupis, abo 25,085 %.

Taomms 1
KinbkicTh maca:kupcbKux nepeBe3eHb HA KPYI3HUX CyTHAX
P, Iepeseseno, man 3pocmanna
OKU . . ;
nacaxcupie adconiomue, MiH RACAICUPIE sionocue, %

1990 3,774 — —

1995 4,721 0,947 20,0
2000 7,214 2,493 34,25
2005 11,180 3,966 35,47
2010 16,30 5,120 31,40
2015 19,377 3,0710 16,80
2020 22,218 2,841 12,78

Lle conykamo koMmaHii po3poOJsTH Ta peani3oByBaTH CyOHOOYIIBHY IpoTpamy,
CIpsIMOBaHy Ha MOOYIOBY HOBHX CYJ/ICH 31 30UIBIIICHHSIM BOJIOTOHHAXKHOCTI M TTacaKu-
POMICTKOCTI, IO BiA3EPKATIOETHCS B AOCIIHKEHHSIX BececBITHROT Kpyi3HOT acoriartii
(Cruise Lines International Association — CLIA) [2] (auB. Tabm. 2).

3pocTaHHs Kpyi3HOI raigy3i CIOCTEepIracThCs HA BCIX OCHOBHHX pwHKaX IliBHIYHOI
Awmepuku, €spony, [liBnerno-CxinHoi A3ii (Hacammepen Kuraro Ta Smonii). 1lg Ten-
JIEHITis 3 Ty’Ke BUCOKOIO HMOBIPHICTIO 30epiraTUMEThCS i y MaitOy THbOMY.

Sk mokazaHo B TaOmuili 2, HaWOLIbIIA KiITBKICTh CYJEH BAJIOBOK MICTKICTIO JIO
40 tuc. GT mae cepenniit Bik 26 pokis, 40—69 tuc. GT — 19,7 pokis, 69-93 tuc. GT —
13,6 pokiB. JIo TOrO X BiACTEKYETHCS YiTKa TEHJCHIliS CIIOPYIPKEHHS HOBUX CYJCH
O1IBIII0T BOJOTOHHAXKHOCTI ¥ 1MacaXKMPOMiCTKOCTI.
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Tabmur 2
XapakTepHCTHKA KPYI3HOTO (JI0TY
XapakTepucTHia Kpyizui nainepu micmxicmio GT (gross tonnage)
aaiinepin no 40 Tue. | 4069 Tne. | 69-93 Tue. | 93-143 e, | L3N
KIIBKICTh 125 40 74 52 8
CepeHil BiK 26 19,7 13,6 7,7 5,6
CCPCAHA KITBKICTH 470 1382 2145 3102 4239
MacaxXupin

BongHouac BapTo mizKpecnuTH, MmO Kpyi3i JalfHepH € HaA3BHYANHO AOPOTUMHU
y BUTOTOBJIEHHI [ 1-6]. IXHS OpieHTOBHA ycepelHeHa BapTicTh HaBeACHA B TAOHIII 3.

Tabmus 3
YcepenneHa BapTicTh CIIOPYIKEHHSI MACAKUPCHLKUX JaiiHepiB
Nes/n | Ilacasxcupomicmkicme naiinepie Cepeons eapmicms, man oon. CLIA
1 10 500 260
2 Bix 500 mo 1000 394
3 Bix 1000 no 2000 442
4 Big 2000 mo 3000 555
5 Bix 3000 1o 4000 734
6 Big 4000 mo 5000 937
7 6inbire 5000 1310

Jnist miaTBepIKeHHS BUKJIAQJACHUX IaHUX HaBEAEMO I’ ATIPKY HalAOPOKUUX CYICH:

1) Allure of the Seas — 1,5 mupn mon. CLLA;

2) Oasis of the Seas — 1,4 mapz non. CHIA;

3) Symphony of the Seas — 1,35 mupy non. CIIA;

4) Harmony of the Seas — 1,35 mupn mon. CILA;

5) Norwegian Epic — 1,2 mipx gon. CIIA.

®opmyBaHHS Mijiel crarTi. METOI JOCIIPKEHHSI € CTBOPEHHS MaTeMaTHYHOI
MoZeJl BU3HAYCHHS PO3MIPiB 1 HAaCaKMPOMICTKOCTI Cy[Ha IUIIXOM JOJaBaHHS 0AAaT-
KOBO{ CEKIIii B HOT0 MOAECITEHOMY TIepepisi.

Buxkaaa ocHoBHOro Marepiany. J{is 3a70BOJICHHS 3pOCTAI0MOTO TIOMTUTY HA KPYi3H
CYIHOIUIaBHA KOMIIaHisl, 3 OIVIsILy Ha JOCUTh BUCOKY KOHKYPEHTHICTb PUHKY, IOBUHHA
BUPOOHUTH CTPATETiIO CBOTO PO3BUTKY — BUOPATH 3 TAKUX BapiaHTIB:

a) 1moOyJ0Ba HOBOTO CYIIHA;

0) mpuaOaHHS BXKUBAHOTO CYJIHA;

B) MOJIepHi3allis BIACHUX CyJEeH KOMIIaHil;

T) opeHpaa cyzaeH (ppaxT) B IHITNX KOMIaHISAX.

Bubip koxHOi cTpaterii moTpedye MPUCKIMITMBOIO TEXHIKO-€KOHOMIYHOTO aHaIlizy
3 ypaxyBaHHSM OIIHKH ()iHAHCOBUX MOXKJIMBOCTEH KOMITaHii Ta 3pYyYHOCTI 3aTy4eHHS
KPEIUTHUX PECYPCIB.

[ToGynoBa HOBUX Cy/IeH 3yMOBIIOETHCS IIEPEBAKHO KPUTEPIEM €KOHOMIYHOCTI 3 ypa-
XyBaHHSIM 3POCTAIOYMX BUMOT J0 PiBHS O€3IeKH (CyIHOIUIaBCTBA Ta MACAXHUPIB), KOM-
(b opTy, EKONOTIYHOCTI 1 eHeproePeKTHBHOCTI.
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Bucokwuii piBeHb KOHKYpEHIIi Ta 3pOCTArOYMi TOMHUT 3MYIIYE CYTHOBIACHHKIB,
0CcOONMMBO KpyIHI KOMITaHii, 30cepeKyBaTUCsI Ha CHOPYIKEHHI HOBHX JIaHEpIiB 3a
IHAMBITyaJIbHUMH NPOEKTaMH, IKI IPYHTYIOTHCS Ha IEPEIOBUX TEXHOJIOTISX Y CYAHO-
OymyBaHHI i MOPCBHKiii 1HXeHepii, c(hOKycOBaHI Ha 3aJI0BOJICHHI 3pOCTAI0UOr0 MOMHUTY
Ha BiJMOBIAHUH piBeHb KOM(OPTY, cepBicy, Oe3eKH, IIIHOBOI MOMITHKH. 3 IHIIOTO OOKY,
JUIsl IPUAOAHHS HOBUX CY/ICH XapaKTepHe 3aJyueHHs 3HAuHHX (PiHAHCOBHX pECypciB
13 JIOCHTh BarOMHUM PiBHEM TEPENIIaTh, SIKUK nocsrae Omm3pko 60 % Bim 3arambHOL
BapTOCTI JlaliHepa.

MonepHnizanist Kpyi3HOTO (UIOTY — LI HalpsIM, 110 € JOCUTh aKTyaJIbHUM Cepex CyIl-
HOBJNIACHUKIB [6—10], OCKINBKH 3 OISy HA BapTiCTh CIIOPYIKEHHS KPYi3HUX JaiHepiB
(muB. Tabn. 3) BapricTh MOAEpHi3aLii Moxe nocsiraru Bif 10 % mo 30 % Bix ii mouar-
KoBOTO 3HaueHHs. [Ipu 1boMy Oyne OTPUMAaHO CYAHO 3 OHOBJICHUMH, HAOIMKEHUMH
JI0 HOBOTO Cy/IHA XapaKTePUCTUKAMH, IPHUOMY 31 301JIbIIEHOI0 KUTBKICTIO TTACaKUPIB
(ma 15-20 %) Ta noximHicTIO Oi3HECY.

Sk TepeKOHJMBHUI MPHUKIAJ MOJACPHI3alii 11010 30iJIbIICHHS MaCAKUPOMICT-
KOCTI MOYXHAa HABECTH poOOTH, MpoBelneHi kommaHiecro MSC g i yoTupbox Jaii-
HepiB: «MSC Armonia» (58625 GT, 2001 poky Oyniaunrsa), «MSC Sinfonia»
ta «MSC Lyrica» (59058 GT, 2003 poxy OymiBammTBa), «MSC Opera» (59058 GT,
2004 poxy OymiBHHIITBA); Tpu cyqHa kommaHii «Star Cruisesy»: «Star Breeze», «Star
legend», «Star pride»; cyano «Enchantment of the seas» xommanii «Royal Caribbean»;
cynno «Costa Classica» kommanii «Costa Cruises» (1994 poky OyaiBHUIITBA).

BkuBani cynna (second-hand ships) 3a3Buuaii KynyloTh HEBEJIMKI KOMITaHii depes
BIIHOCHO HEBHCOKY iX BapTIiCTh (MOpiBHAHO 3 HOBUMH). LliHa Ha puHKY second-hand
cyneH (opMyeTbes M BIDTUBOM ITSITH (DaKTOPiB: BIKY CyaHa, (paxTOBHX CTaBOK,
1HGIALIT, TPOTrHO3iB Ta OYiKyBaHb BIACHUKIB KPYi3HOTro Oi3HECY, IHW Ha MeTaJeBUN
OpyXT y pasi iX yTuiizaumii.

Kpim Toro, BapTOo 3a3Ha4MTH, IO BXKHUBaHI CylIHAa MOXYTh OyTH BBEIEHI B EKCILTY-
aTarfilo B HAMKOPOTIIMI TEpMiH, Ha BIIMIHY BiJl HOBHUX CYIIEH, IIEPiof MPOEKTYBAHHSI
1t TOOYyIOBH SIKHX MOXE TPUBATH 10 TPHOX POKIB.

Cepen mepesiueHUX MPOrpaM PO3BUTKY KOMIIaHii MOJEpHi3allisl 3aciyroBye Ha
0COONUBY yBary, OCKiIbKM B pasi MiBHIIEHHS KiJIbKOCTI MAaca)XUPiB 3MEHIIYETHCS
co0iBapTicTh MEepeBe3eHb 1 301bIIYEThCS TOXITHICTD, TTIABHUIY€ETHCS piBEHb KOM(OP-
TabeNBHOCTI 1 cepBicy, HaIHHICTh CYTHOBUX TEXHIYHUX 3ac00iB i Oe3reka Moperia-
BaHHS 3 HAOJIKEHHSIM KOMIUIEKCHHUX XapaKTePUCTHK BXHBAHOIO CyIHA JI0 aHAJIOo-
TiYHOTO HOBOTO, TOOTO BCi (paKTOPH, IO MiBHIYIOTh KOHKYPEHTO3/IaTHICTh Oi3HECY
Kpyi3HOi KoMMaHii.

JlaJti HeoOX1/THO aKIIEHTYBATH Ha MOHSTTI «MOJIEpHi3allis». Tak, eKOHOMIUHU CIOB-
HUK HaJa€ Take TryMadeHHs: «MogepHizartis (aHmt. modernization) — yIOCKOHAJICHHS,
TTOJTIITIIICHHS 00’ €KTa, TIPUBEICHHS y BiIITOBITHICTE O HOBUX BUMOT PHHKY». Lle Bu3Ha-
YEeHHS MOZIEPHi3alil CTOCOBHO MOPCHKUX CyZIE€H MOYKHA IHTEPIPETYBATH SIK CUCTEMHHM
MPoIIeC YAOCKOHAJICHHS, iIBUILEHHS PUHKOBOI KOHKYPEHTO3/1aTHOCTI KPYi3HUX CYJCH
LIISIXOM 3aCTOCYBaHHS TPOEKTHO-KOHCTPYKTOPCHKHX, TEXHOJIOTTYHUX, (PiHAHCOBO-EKO-
HOMIYHHUX 3aXOfiB 1 mpoueayp. Ha cydyacHoMy erarii po3BUTKY CYAHOIUIABHOI rairys3i
MoepHizamis (IoTy, 30KpeMa Kpyi3HOTO0, BKITFOYA€E TaKi eTalu, K peHOBaIlis, mepeod-
JaTHAaHHS Ta MOJIEPHI3aIlisg CYTHOBOI eHepreTUYHOi yctaHoBkH [11, ¢. 169—172].
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[MonsaTTst «peHoBamisi» (BiJ Jar. renovatio) y MOPCHKIN MPaKTHI Mae 3HAYCHHS
«TIpoIIeC TTOKpAIeHHs, OHOBJICHHS, PEKOHCTPYKIIii, pecTaBpallii Kopmycy 0e3 3MiHu
(nopymienHs) 3aranbHOI CcTpyKTypw». Ilicist 3aBepiieHHs mpouexyp 3 OHOBJICHHS
(pecrapaiiii) kopnycy nepeadadaeTbcs Horo orsi KiacudikaiiHUM TOBApUCTBOM,
3a TIO3UTHBHUX PE3YNbTaTiB IUIAHYEThCS BUAAHHS CrenialbHOro ceptudikara — hull
renovation, siKui 3acBijuye piBHI peHoBarii 1SS, 2SS, 3SS, 1110 BU3HAUaOTHCS BIKOM
MTOHOBIIOBAIBHUX POOIT (BIAMOBIMHICTH CTaHy Kopmycy mmicis 5, 10 ta 15 pokiB exc-
TUTyaTarlii BiAMOBITHO).

OcHoBHa CyTHICTh IepeoOiafHaHHs NoIArae y 3011bIIeHHI BOXOTOHHAXKHOCTI (1e]-
BeiiTa), U0 3AIHCHIOETHCS MUITXOM OJHOMIPHOTO, JIBOMIPHOTO YH TPUMIPHOTO IIiJIBH-
HICHHS PO3MIpIB.

MonepHi3zallis CyTHOBOI €HEPTEeTHYHOI YCTAaHOBKHA BHUKOHYETHCSI 3 METOIO BiIIIKO-
IyBaHHA ii (hi3MYHOTO Ta MOpaibHOTO cTapiHHs. [lin MofepHizallieo CyTHOBOI eHepre-
TUYHOI YCTAHOBKH OyZlEeMO PO3YMITH HPOBEICHHS KOMIUIEKCY TEXHIUYHHMX 3aXOJiB, 11O
CHIpsSIMOBaHi Ha i1 BIOCKOHaJIeHHS, 11100 CyIHOBa €HepreTHYHa YCTaHOBKa BiAIMOBiiaNa
Cy4aCHUM BUMOTaM i piBHIO TEXHIYHOTO MpoIlecy B CyJHOBiH enepreruri [11].

3 onIsAy Ha Te, M0 KOKHE MAacaXKMPChKe CYIHO Ma€ HU3KY 1HAMBITyalbHUX Xapak-
TEPUCTHK, SIKI MOXKYTb CIIyTyBaTH (PaKTOpPaMH JUIs IPUHHSATTS PilIEHHs LI00 3a1104ar-
KyBaHHsI MOJIEpHi3allii, CyJHOBIACHUKY Oa)kaHO MaTH OILIHOYHI KpUTepii, sKi AI0Th
3MOT'y OOTPYHTOBYBATH PIllICHHS II0JI0 TPOBEACHHs MojiepHi3altii. [lepenik Takux hak-
TOPIB CXEMAaTUYHO 300pakeHO Ha puc. 1.

Sk yxe 3a3HAYANOCS, MOACPHI3AIIS IUIAXOM IEpeoOafHaHHsI Ta ITOJTOBKCHHSI
BIIKpHUBA€ MIIAX M0 30ITBIICHHS YUCITA TACAXHUPiB, HOBUX KOMQOPTAOETEHUX KAaroT,
30H BiJIMOYMHKY, PO3Bar i cepiciB. Take mepeoOnagHaHHs 3MIHCHIOETHCS YCTAHOBKOIO
HOBOI CEKIIii 0 MiJIeNIb-IIAHTOyTYy (JIUB. pUC. 2).

MixHapoaHa CyaHOOYIiBHA Tayly3b 3a CTOPIYHUI Mepio] MPOBEACHHS MOJICPHi-
3alii Cy/leH HaKOMHWYWJIa BEJIMYE3HHH MPOEKTHO-KOHCTPYKTOPCHKHMA, TEXHOIOT1Y-
HHH, (HIHAHCOBO-EKOHOMIUHHH JOCBIM, SKWI OyB MOITUPEHUH Ha CyIHA MailkKe BCiX
THIIB 1 KOHCTPYKIiH. CyTTEBUM MiATPYHTSAM ISl TPOBEACHHS MOJIEpHi3aIlii € CTaH-
naptu MixkHapoaHoi MOpChKOi oprasizanii, mpaBuiia i BUMOTH KiacuikaidHUX
TOBapHCTB, 110 CIIUPAIOTHCS Ha JTIOCBiJ HAYKOBUX JOCIHIKEHb i KOHCTPYKTOPCHKUX
po3po0oK y 1iii chepi.

Ocob6nuBy posb y MOIEpHi3allii cy/ieH Bimirpae mepeobiaaaHanHas 31 30UTBIIICHHIM
pO3Mipy Cy/Ha, OCKUTBKH HACTIPAB/i CTBOPIOETHCS HOBE CYJHO, SIKE MOXKE BIAPIZHATHCS
BiJl IEPBUHHOTO 3pa3Ka TOJIOBHUMHU PO3MipaMH, MOPEXiTHUMH SIKOCTSIMU, TEXHIYHUMH,
EKOHOMIYHUMH 1 Oe3MeKOBUMHU XapaKTePUCTUKAMH Ta MOKa3HUKAMHU.

301UIbLICHHST PO3MIPY CyIHAa MOXKE OyTH MpPOBEACHE TPbOMa OCHOBHHMH CIIO-
cobamu: onHOMIpHE 30INBIICHHS, ABOMipHE 30ITBIICHHS, TPUMIpHE 301TBIICHHS
[11, c. 10]. OcHOBHHM pIlIEHHAM OJJHOMipHOTO 30iJBIIIEHHS KOPITyCHOI KOHCTPYKITii
CyIleH € iX mofoBKeHHs. Ls mpoueaypa 3acTOCOBY€EThCS AJIsl CYACH Pi3HUX THIIIB, 10
2000-x pokiB y Takuil crocid 3ae0inpioro BigOyBanocs nepeodiaaiHaHHs CyXOBaH-
TaXHHUX Cy[IeH. 32 YMOB IEPEHECEHHS LIEHTPY CBITOBOTO CyaHOOymyBaHHs B Kuraii
i IliBmenny Kopero 3Ha4HO 3MEHIIEHO COOIBapTICTh OYMIBHUIITBA HOBHX CYHACH,
a OT)Ke, 1 TepMiHH iX OKyImHOCTI. TakuM YMHOM, OyJIO CYTTEBO 3MEHIIICHO TOMHT Ha
MIPOBEIEHHS MOJIEPHI3alIHUX POOIT.
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Puc. 2. Mooepnizayis kpyisHoeo natinepa 3 6Cmagko 000amKoeoi cekyii

Ipumimka: 8UKOHAHO A8MOPOM 0COOUCMO HA NIOCNAB Mamepianie, ONPUIOOHeHUX KOMNA-
nieio ROYAL CARIBIAN ma knacugixayitinum mosapucmeom DET NORSKE VERITAS.

30BCIM iHIIIA KApPTHUHA CIIOCTEPITaeThCsl, KOJIM PO3MISAAAETHCS ITUTAHHS 1010 MOJEP-
Hi3alii MTacaKUPChKUX CYJCH, OCKUIbKH Yepe3 3HAYHY BapTICTh CHOPYIKCHHS 111 MPO-
€KTH € JIOCUTh aKTyaJbHUMH. Y PO3IIsAl 1€l HayKO-TEeXHIYHOI MpoOIeMH 3arajioMm
BapTO MiJKPECIUTH, O OLIBIIICTh KPYI3HUX CyAEH MPOTITOM JKUTTEBOTO LUKITY M-
JSITal0Th MOZAEPHI3alii, MPHUOMY HU3Ka 3 HUX — HEOIHOPA30BO.

VYHacniIoK aHaji3y JaHWX MI0J0 XapaKTCPUCTHK IMOJOBKEHHS MOPCHKHX CYICH
toproeesibHOro oty [11, ¢. 11-13] MoxHa 3pOOUTH BHCHOBOK, IO IS CYICH
noBxuHOI0 Bif 50 1o 100 M abcomoTHE 301IbIIEHHS KOJTUBAETHCS B Mexkax 10-25 M,
a BisiHOCHE — 10-25 %; i CcyleH JOBKUHOMO, 110 Oinbina Hix 100 M, — 15-32 M
ta 1-20 % BiAmOBIIHO.

Mexi MOIOBKEHHS MaCAKUPCHKUX CYIeH MAlOTh JCHIO 1HIIE MIATPYHTS ¥ Tiyma-
YEHHS — BOHH T10B’sI3aHi 3 pO3MipaMH JIOBKHHHU 30HH 3aropsiHHs. Mi>KHapOIHA KOHBEH-
151 3 OXOPOHH JFOACHKOTO KUTTsl Ha Mopi SOLAS-74 31 3MiHaMu cTaHOM Ha 24 TpaBHs
2018 poky y I'maBi 1I-2 «KoHCTpyKIIist TPOTUTIOKEKHNUN 3aXUCT, BUSBIICHHSI TA TACIHHS
NOXeXi» y mpaBuii 3 nporonoinye: «['0J0BHI BEpTUKAIbHI 30HU, HA SIKi KOPITyC HaJ-
OynoBM Ta pyOKHM CyaHa pO3JiJIeH] MOKPUTTSAM Kiacy A, cepesiHsi JOBXKHHA W MHpUHA
TaKoi 30HM Ha Oyab-sKii mamyOi, sk TmpaBuiio, He mepeBullyoTs 40 m. <...> Borhe-
CTIMKI KOHCTPYKIIi1 a00 KOHCTPYKIIIi Kiacy A, 110 YTBOPIOEThCS MepedOpKaMu i maiy-
0amu, TIOBUHHI BUTOTOBJISATUCS 31 cTaii abo iHmoro marepiany». [IpaBuno 9 mporo x
PO3IiTy IOKyMEHTA MPUCBsIUEHE MpodiieMi Jiokatizaiii moxapy: «/lopxuHa Ta muprHa
TOJIOBHUX BEPTUKAIBHUX 30H MOXKE TUIAHYBATUCS 10 MAKCUMAIIbHOT BEJIMYUHU B 48 M,
SIKIIO TUIOIIA BEPTUKAIBHOT 30HM CTAHOBHUTH He Ouibiie HiK 1600 M> Ha Oymb-sKiid
nanyOi». TakuM YUHOM, MakCUMajbHa JIOBKHMHA, Ha SIKY MOXKE 30UIBIINTHCS CYIHO,
3riaH0 3 BuMoramu kouBseHmii SOLAS-74, cranoButs Big 40 M 10 48 M.

Koungenuiss SOLAS-74 y npasumi 11-2/1.3.2 Bumarae, 1mo 10 NpURHATTS PilllCHHS
PO MPOBEACHHS MOJICPHI3allii HEOOXIJHO 00OB’I3KOBO 3aJyUUTH JICP:KaBHI MOPCHKI
aaMiHicTpalii (IepkaBHy aJMiHICTpAIlilo Ipanopa), OCKUIbKH PEMOHTH, IIEpEPOOKH,
MoJiepHi3alii, sIKi CyTT€BO 3MIHIOIOTH PO3MIPH Cy/JHa YU PO3MIPH MaCaKUPCHKUX
npuMilieHb abo CyTTEBO 301IBIIYIOTH TEPMiH CIyOW cynHa i oOnagHaHHS, [TOBU-
HHI BIZITIOB1IaTH BUMOTaM JI0 CyJieH, 1oOyaoBanux Ha 1 gunuHs 2012 poky abo micis
i€l gatu, y ToMy 00Cs3i, IKMI ajMiHICTpallis BBaKa€ OOTPyHTOBAaHUM (pEasIbHUM).
[lepeoOiaHanHs CylHA IUISXOM ITOJOBXKEHHS € OCHOBHMM BHJIOM MOJEpHIi3allil,
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OCKIJIBKH MPH [[bOMY 301IBIIYIOTECS PO3MIpH Cy[HA, TOMY H 3allyueHHS JepKaBHUX
MOPCBKUX aaMiHICTpaIlii € BaXKJIHBOIO Ta 000B’I3KOBOIO Tpolexyporo. Kpim toro,
ITiJT Yac pO3MipHOT MoJiepHi3ailii 000B’I3KOBO HEOOX1IHO BpaXxOByBaTH 1€ OJHE Ipa-
Busio Konsenuii SOLAS-74 — «6e3neune noBepHeHHs B mopT» (Safe Return to Port —
SRtP), sike npuiiaste pe3ontoriero IMO MSC 216/82, o HaOpasa YnHHOCTI 1 JIUITHS
2010 poky. lle mpaBuno BuMarae, mo0 Mmacakupchki CymaHa JoBXHHOI 120 M abo
3 TpbOMa 4M OiJbIIe BEPTUKATHHUMHU 30HAMHU MPOEKTYBAIUCS 3 METOIO MONIMIICHHS
oliHKY BykuBaHHs. L{e o3Havae, 1110 B pa3i 3aTOIJICHHS a00 HaJA3BHYAWHOI cUTyallil
(HaTpUKIIAI, TTOXKEXKi) MaCKUPH Ta €KilaX MOKYTh O€3MEUHO 3aTUIIATHCS Ha OOpTY
Cy/IHa, JIOKH BOHO PYXa€ThCSA B MOPT BIACHUM XOAOM. TakoX IIUM TPaBHIIOM BH3Ha-
4aeThCsl MOPIT, 3a SKOr0 eKilak TOBUHEH MaTH MOKJIMBICTh MIOBEPHYTHCS B IIOPT, HE
BUKJIFOYAIOUH €BAKYAIlIl0 MaCaKUPIB.

Hacrymauii eran momo oOrpyHTYBaHHS TOJOBKEHHS IPYHTYEThCS Ha 3a0e3edeHH]
3arajibHOi 1 MicLIeBOi MIIIHOCTI KOpITyCy. 3MiHa HOTO TOBXMHHU BUKIIMKA€E 3MiHY 30BHILI-
HIX HAaBaHTaXEHb — CHJI I MOMEHTIB CWII. J[jIs1 Opi€EHTOBHOI OILIIHKH PO3pPaxyHKOBOI'O
MOMEHTY BiJ] 3THUHY KOPITYCY, III0 BHHUKA€E B MEPETHHI MiJeb-IITIaroyTy, TPAIUIiitHO
BHKOPUCTOBYETHCS 3AJIEKHICTD

woDL
K
ne D — BOIOTOHHAXHICTh CyjiHa, KH;

L — noBxxuHa CcyJiHa, M;

K — uncnoBwmii KoeiIlieHT.

OrmiHKa MIIIHOCTI KOPIYCY 3IIHCHIOETHCSI KOXKHUM KIacu(iKaliiHUM TOBApUCTBOM
3a BIAMOBITHOIO METOUKOIO sIK 000B’sI3KOBa MPOIeaypa 3a0e3MeYeHHs HOro podoTo3-
JATHOCTI. SIK MPHUKITa ] TaKo1 OI[iHKK MOJKHA 3aCTOCYBATH CTaHAAPT 3arajibHOT MIITHOCTI
IpOMaJsSHCBKUX cyzaeH [13].

3aranbHa poOOTO3MATHICTh KOPITYCHOT KOHCTPYKIIIi MOIEPHI30BAHOTO Cy[HA TTOBH-
HHa OyTH OITIHEHA 32 KPUTEPIEM MIIHOCTI. 3arajgbHa MIIHICTh KOPITYCY BU3HAYAETHCS
HOpMaM# MIITHOCTi MOPCBKOTO cynHa [12—-14]:

— 3a KpUTEpieEM BTOMHOI (EKCIUTyaTalifHOl) MIIIHOCTI BijJi 0araToIMKOBOTrO HaBaH-
Ta)KEHHSI MOMEHTOM 3THHY B Pa3i XBHJIFOBAHHS Ta 32 TUXOI BOJIH;

— 3a TpaHUYHHUM CTAaHOM Ha 3THH BiJ Jii MaKCHMaJIbHO MOXKIIMBOI anreOpaidHol
CYMH pO3paxXyHKOBHX 3HAY€Hb XBUIHOBOTO 3THHHOT'O MOMEHTY, 3STHHHOTO MOMEHTY BiJ
yAapy XBWJIb 1 3TMHHOTO MOMEHTY B pa3i nporuly i neperuly cynHa Ha BEpIIUHI pO3-
PaxXyHKOBOI XBMIi;

— 3a TpPaHMYHUM CTAaHOM Ha 3pi3 y pasi il MaKCHMaIbHO MOYKJIMBOI anreOpaidHoi
CYMH PO3paxyHKOBHX 3HaY€Hb Mepepi3yBalbHUX CHIL.

Hnst Toro mo0 3AIMCHUTH y3arajlbHEHHH aHali3 BIUIUBY HOJOBKEHHS CylHA Ha
HOTO MIIHICTh, HEOOXITHO OE3MOCepeaHbO 3BEPHYTHCS 0 CTAaHAAPTY TOB3AOBXKHBLOT
MIITHOCTI MOPCBKUX CyzeH [15], BIAMOBITHO 0 SKOTO MOMEHT OIOPY €KBiBAJIEHTHOTO
Opyca B miepepi3i o MijIelb-IIIAaHTOyTy MOBUHEH OyTH HE MEHIIIUM, HI’K BETHYUHA

W= BTf(L),
Je B —mmpuHa cynHa, M;
T — ocanka, M;
f(L) — byHKIIiS TOBXWHHM CY/THA, 110 301IBIIYETHCS 3 POCTOM JOBXKHHU, M.
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3 TounicTiO 10 2 % MOXHa npuitHaTH, 1o f{L) = 8L°7. 3 ypaxyBaHHIM [[bOTO OTpPH-
Ma€eMO

W =8BTL".
SIk1o noBkKHMHA Cy/IHA 30UTBITYETHCS Bijl TOYATKOBOI JOBKHHH L, no HeoOx1aHOT L,
5

3
NOTPIOHHUI MOMEHT OTIOPY 301IbIY€ETHCS HA BETHYMHY [—j .

Sxmo B po3paxyHkax Oyne MigTBEpHKEHO, 10 KOPIYC CyAHA HE MA€ HaJJIMIIKOBY
MIIHICTB, a IUIONIA Nepepidy MOB3JIOBXKHIX 3aB’s3KIB ITiJ] Yac MOJOBKEHHS HE 3MiHIO-

- (LY .
€TbCs, OCAZIKy CyJHA BAPTO 3HU3UTU NPOMOPUINHO BEJINYNHI [— .3a HaJJIMIIIKOBO1

. . w, )
IMOB310BKHBO1 MIITHOCT1 KOPITYC MOXKE 6YTI/I IIOJOBXCHO 10 BCIMYMHHA L= (8B(')T
0

0e3 3MiHH OcaIKu Ta 0e3 MiACHICHHS eKBiBaJIeHTHOTO Opyca [11, c. 84].
Y ToMy BUTIaAKY, Kou ocanka T 30epiraeTbes, MPUPICT MOMEHTY OTIOPY, 10 BUMara-
€TbCsl KBai(DiKaitHUM TOBApHCTBOM, MOYKE OyTH BU3HAYECHO 32 PIBHSHHIM

3
[

ne W, — MOMEHT Omopy €KBIBaJIEHTHOTO Opyca CcyaHa 10 Horo noxoxkenns [11, c. 84].
Binomo, 1o npulyTok KoMITaHii BU3HAYa€ThCS TaK:

P=R-C,
ne P — npuOyToK KoMIaHii BiJ eKcIuTyaralii cynHa;
R — noxin koMmaHil Biji eKCIuTyaralii cyiHa;
C — xamiTaJbHI Ta eKCIDTyaTalliifHi BUTPAaTH KOMITaHii.
Bonnouac BapTo 3ayBaxkuTH, 110 MPUOYTOK CyAHA 10 MOJEPHi3allii CTaHOBUTH
P 1 RI - Cl’
a micist MoiepHi3aii —
P,=R,-C,.
e mae MmoxMBicTh BU3HAUYUTH NMPUOYTOK (€(heKT) Bia MpoBEACHHI MOJEPHI3aIIii:
AP =P -F =(R2 _CZ)_(RI _C1)=
b
=((R +AR)-(C, +AC))—(R -C/)=AR-AC
SIKUH BU3HAYAETHCS SIK PI3HUI JOJATKOBOTO 1oXoay AR Ta momatkoBux BUTpaT AC Bif
11 IpOBENECHHS.

OnTrMaibHUHA TOUTYK JAOBKHUHH JONATKOBOI ceKlii OyleMO MPOBOIUTH 3 ONEPTIM
Ha JIOJIATKOBY KUIBKICTh KalOT 7., , IO PO3MIIIYIOTHCS B3OBXK JllaMeTPabHOT IUIONMHA
Cy[Ha, 1 BeTMYUHA A, BU3HAYUTH ONTUMAJIbHY IOBXHHY JOAATKOBOI CEKILii CyaHa:

_ I
lcex - bK nKT H (2)

&

ne b _— mmpuHa 101aTKOBOI KalOTH.
BonHouac oTprMaeMo MOXKIIUBICTh YCEPEIHEHO OIIHUTH KiJIbKICTh MACAXKHUPIB, 1110
PO3MIMIYIOTHCS B IOMATKOBiH CEKITii:
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ANE =ik g, | 3)

mnac
Je gL — MPOrHO30BaHa KiJIbKICTh MAcaXHPiB B OJHIM KalOTi TOAATKOBOI CEKIIiT;
k;f — KIJIBKICTB PAJIB KalOT HA OJHIH mamyo0i;
Z — KUIBKICTB Nairy0 Ha Cy/Hi.
JonaTtkoBuid MOXi/l BU3HAYAETHCSA KITBKICTIO MAacaXHpPiB, Ky MOXKE MPUAHITH
CY/IHO:

n n
_ I I _ iR S S
AR - z (mKTi ANnac (C6Ti + Cchi )) - Z (mKquKT nKT kp zn (C6Ti + Cchi )) H (4)
i=1 i=1
1€ m_.— KiIbKICTh KaloT i-T0 KJIAcy, Ki BATOTOBJIEH] B JIOJIATKOBI CEKIIii Cy/Ha;
AN7 ., — ycepenHeHa KiJbKICTh JOJAaTKOBUX MACAXKUPIB Y KalOTI i-T0 KJacy;
Cori ™ BapTIC'TI) OleTy KaroTH i-TO 1'<J1'ac3.1; .
Cpy — BAPTICTH ,ZIO,Z];aTKOBI/IX. CepBICIB 1 noc':nyr, SKi OTPUMYE TACKHUP KAIOTH i-TO
KJ1acy (pecTopaHu, eKCKypcii, Mara3unu, Kinotearpu, SPA-camoHu TOIIO).
JlomaTkoBi BUTpATH CyIHA B Pa3i HOTO MOAOBXKEHHS OyeMO BH3HAYATH 32 3aJICHK-

HICTIO

AC = ACcapex + ACapex s (5)
ne Ac, .. — KamiTaJbHi BUTPATH Cy[JHA Ha MOJEPHi3allilo;
Ac —30inbLICHHS ONepamiiHuX BUTpAT Cy[Ha Micis MOJAepHi3alii.

opex

BI/ITpaTI/I Accapex — BApTICTh MPOBCACHHA MOJACPHI3aIlll KPY13HOIO0 CyaHa — 6y,Z[CMO

OIIIHIOBATH 32 3AJICXKHICTIO [16]
AC e =Cy +Co, + Cp +Cp + GE + S + ES (6)
ne C), — BapTicTh BUTOTOBIIEHHS JIOJIATKOBOI CEKIIii KOpIycy;
C’ — BapTiCTh POBEACHHS POOIT 3 03100JICHHS JOATKOBHUX KAIOT;
Cjr — BapTiCTh BCTAHOBIEHHS (3aMiHH) JOIAaTKOBHX JIH3€]Ib-TEHEPATOPIB;
C; — BapTiCTh BCTAHOBIICHHS (3aMiHH) JIOATKOBOTO 00JIaTHAHHST;
GE — 3araipHi BUTpaTu Ha BUPOOHUITBO (MOJIEpHI3aIliio);
S — npubyTox Bepdi;
ES — nonartkoBi BUTpaTH.
BapticTh BUTOTOBICHHS J0IaTKOBOI CeKIIil aiiHepa [16] cTaHOBUTH

C,=CA +CF, 7
ne CA_ — BapTiCTh Marepiay;
CF_— BapTiCTh BUPOOHHUIITBA.
CAC = GC mst = yG nlz(lT bKT me 4 (8)
ne G, — Bara JI0IaTKOBOI CEKIIiT KOPITyCY;
m_,— BapTiCTh OJIMHUIL KOHCTPYKLIHHOT CTaJi;
) — IATOMa Bara CEKIIii 10 IUPUHI KarOTH.
Bapricts BupoOHuITBa [16] CTAHOBUTH

CF.=Hhm,,, (€))

e Hhc — HeOOX1IHa KUIBKICTb JFOJUHO-TOIMH;
m,,, — BapTiCTh 3aCTOCYBAHHS JIFOICHKOT CHIIN

Hh, = LI,C + LI, n’, k7, (10)
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ne LI — tpynomicTkicTs (labor intensity), KibKicTb 4acy, 110 BUTPAa4a€ThCsl Ha BUPOO-
HUITBO OJMHUIN NPORyKIii (Y [bOMY BHITQJKy CEKIlii KOPIYCY), JHOIUHO-TOIUH/

TOH;
LI, - TPYAOMICTKICTh 03/100JIFOBAJIbHUX POOIT KAKOT J0AaTKOBOT CEKIIiT,
Hh, = LI, yon}, b, + LI,n} k' z, =n% (LI, yeb, + LI, k} z,). (11)
Bapticth npoBejieHHs 03100JTF0BAJILHUX POOIT B JIOJIATKOBHUX KalOTaX CTAHOBUTh
C, =CKng k) z, , (12)

ne CK — BapricTh 03100JIeHHS i1 00aTHAHHS O/THI€T KAIOTH.

3amiHa qU3eNb-TeHepaTopiB BiAOyBaeThCS 32 YMOBH BH3HAYECHHS MOTPIOHUX eJeK-
TPOCHEPreTHYHUX TTOTYKHOCTEH MOJIEPHI30BAaHOTO Cy/lHA Ta MOPIBHSAHHA 3 (aKTHY-
HYMH €HEPreTHYHHMH MOXKIMBOCTSIMU CyJJHA, TOOTO y BUITAJKY, SIKIIO Oyae TOTPUMaHO
HEPIBHICTh

P > P :M (13)

pezp = Lpesm 0.8 4
b

ae P — cymapue 3HauEHHs MOTYXKHOCTI, IO CHOXHBACTECS NPUHMAtaMi B po3pa-
XYHKOBOMY PEKUMI (BU3HAUAETHCS 3aJICIKHO BiJl HOBOT JJOBKUHH CY/IHA, YHCIIA KAIOT
(3araipHOI KUTBKOCTI TTACAXKHUPIB)).
TakuM 4MHOM, BapTiCTh BCTAHOBJICHHS JIOJJATKOBUX JM3ENb-TeHEPATOPIB BU3HAUA-
€TBCS SIK

0, axiIo BUKOHYEThCS ymoBa (13)

o= (14)
AT ) A — BapTicTb BCTAHOBJIEHHS HOBUX JM3€JIb-T€HEPATOPIB

3TigHO 3 KaTajoroM ipMu-BUPOOHMKA.

Jlo nepeniky TOAAaTKOBOTO OOJaTHAHHS, sIKe MPOTHO3YETHCS BCTAHOBUTH Ha CY/IHI
B pe3yibTari MOJIepHi3allil, BapTo BiIHECTH 1HXKEHEPHE YCTAaTKyBaHHS Ta KOMYHIKalii
JUTSL TAKHUX TIPOIIECIB:

— KOHJHMIIIOHYBaHHS (00IrpiB Ta OXOJOKCHHS);

— BoOjioniocTavaHHs (OMPICHEHHS, MMiJrOTOBKA BOJIM MUTHOT Ta i1 MUTTs (washing
water));

— BOJIOBIZIBEICHHS («CIpOT» 1 K4OPHOD» BOJIN);

— mepepoOKH W yTHITI3aIlil CMITTS;
pyxanpHO-pyiboBoro Komiuiekcy (PPK);
cepBiciB Ha OOpTy cyaHa (pecTopaHu, bapu, TOPrOBEIbHO-PO3BAKAIBHI LIEHTPH ).

Jist 00irpiBy ¥ OXOJOMKEHHS KalOT Ha Cy[HaX BUKOPHCTOBYIOTHCSI KOH/IUI[IOHEPH.
TerutoBa MOTYXHICTh KOHIUITIOHEPIB, 110 BUKOPUCTOBYIOTHCS ISl O0ITPIBY KaIOT I0/aT-
KOBOI CEKIIii, BA3HAYAETHCS 32 (HOPMYIIOIO

1 Vine klz, +V, |At
PKHHT _ VKTZ Atk _ ( kt "fxT "Vp Zn cur) k , KBT , (15)
‘ 860 860

ne V2 —o00’eM KaroTH B JOIATKOBIiH CeKilii, M*;
b} ] 3.
V..~ 00’e€M KOpHIOpiB, M’;
At, — HalOlnbIIa PI3HUL TEMIIEPATYP Y KaroTi Ta Ha30BHi, °C.
JlonaTkoBa MOTYKHICTh KOHIUIIOHEPIB, sIKA BUTPAYAETHCSI HA OXOJIOPKEHHS KAlOT

1 IpUMILLEeHb HOBOI (BCTaBHOT) CEKIi1 KOPIYCY, PO3PaxXOBYETHCS 32 3aJICKHICTIO
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DI — i piy
PKH.XOII _nKT kp Zn (Ql +Q2 +Q3)’ (16)
ne Q| — NOTYKHICTh KOHIUIIOHEPA JUIsl HOPOXKHIX KaroT (MpUMilleHb), KBT;

O, =A4_hql07°, ne A_— nnoma KaroTu, M* h — BUCOTa CTeli, M; ¢ — KoedilieHnt
OCBITJICHOCTI;
O, — TEMIONOTOKH, 1O HayTh Bia nacaxupis, 0,1-0,3 xkBr;
O, — TEIONOTOKH, LIO H1yTh BiJl moOyTOBOI TexHiku, 0,2—0,5 kBT.
3aMiHa KOHIMIIOHEPIB BiAOYBAETHCS 32 YMOBU

(P2, +Pay)zPd

KH.T KH.T KH.T

. (17)
p I
(PKH.XOJT + PKH.XOJ'I) 2PKH.XOJ'I
OTxe, BapTICTh BCTAHOBIICHHS JIOJJATKOBUX KOHJIUITIOHEPIB BU3HAYAETHCS SIK
0, gKu0 BUKOHYETbCS ymMoBa (17)
L _
CKH - (18)

B — BapricTh BcTaHOBJICHHSI HOBUX KOHIMIIMOHEPIB
3rigHO 3 KaTajaorom (ipMu-BUPOOHMKA.

Bonmonoctadantsi macakupiB JOJATKOBOI CeKilii moTpedye Takux omeparii, sk
OTIPICHEHHS, MiATOTOBKA BOJIM MUTHOI Ta 1t MUTTA (Washing water). Hopmu Boforoc-
TauaHHs Ha 00y MUTHOI BOJM, 3TiIHO 3 YCEPETHCHUMH BUMOTaMHU MPOBIAHUX KITaCH-
(hikaniiHUX TOBapUCTB, CTAaHOBIATH 75—100 sn/monuHa, Boau ast MutTst — 150-200 1/
JIOTMHA, CTOKOBI BOAM CTaHOBIATH NpuOau3Ho 300 n/mromuHa. KinbkicTh q0maTkoBOT
MPiCHOT BO/I BU3HAYAETKLCS 32 3aJICIKHICTIO

V2, =(220...300) N2, =(220...300)g* n?, k?

BOI mac

Ji/moba . (19)

o

3a pesynpraTamMu po3paxyHKy V. BU3HAYa€ThCS CIPOMOXKHICTH BOJOOIPICHIOBAIb-

HOI YCTAaHOBKH 00 3a0e3MeUYeHHs CyJHOBHX MOTPEO 3a pe3yJbTraraMu MOJepHi3allii
cyaHa

/100y, (20)

ne PD_ — macnopTHa IPOJYKTUBHICTH BOJOONPICHIOBAILHOI yCTaHOBKH, JI/100Y;

PD, — axtiana MpOXYKTUBHICTH BOJOONPICHIOBAILHOI YCTAHOBKH /10 MOJCPHi3a-

1ii, Ji/100y.

Sxmo HepiBHICTH (15) HE BUKOHY€TBCS, TPOBOAUTLCS 3aMiHa ONPiCHIOBAJILHOI ycTa-
HOBKH Ha Oi1bII NpoayKTUBHY. OTKe, BaAPTICTh BCTAHOBJICHHS TOAATKOBUX KOHIHIIIO-
HEpiB BU3HAYAETHCS 5K

PD, > PD, + V.,

mnc — BOJ °

0, gkuro0 BUKOHYETbCS ymMoBa (20)

Cy = 1D — BapricTb BCTaHOBJIEHHS HOBOI 21
(abo MomepHi3allii cTapoi) BOAOOIIPiCHIOBAJIBHOI YCTAHOBKH
3TiIHO 3 KaTajoroM (pipMu-BUpOOHUKA.
301IbIIeHHS PO3MIpIB CyIHA 3MIHCHIOE BaTOMHUI BIUTHB Ha HOTO MaHEBPOBI XapaKTe-
PHUCTHKH, a OTXKeE, 1 Ha pyXaJIbHO-PYIbOBUI KOMIUIEKC. TaK, y pa3i BUKOPHCTAHHS 3BH-
YalHUX OOTIYHUX PYJiB iX IJIOMIA 3a 30iJbIIEHHS TOBKWHU CyJHa OyJe BH3HAYaTHCS
TpanuIiiHO 32 (HOPMYITOI0

Ay =pL w1y zlu(LJ_J_ +ch)TM =/4(Lu_ +n])<1‘l'bKT)TM’ (22)
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Jie [ — Koe(DIIi€eHT, 110 3aJIe)KUTh BiJl IPU3HAUYCHHS CY/HA,;
L, \ — BiICTaHb MK MEPIEHIUKYIIPAMU MOAEPHI30BaHOTO CYIHA, M;
T,, — ocajika MOJIEpHI30BAHOTO CY/IHA, M.
Toni BapTiCTh BUTOTOBJICHHSI HOBUX PYILITB CTAHOBUTHME

Ceon = Ypn Azv = 7en /U(Lu + Mg bKT)TM’ (23)
€ Y, — TMTOMA BAPTiCTh BUTOTOBIEHHS PYJIB i pyIbOBUX MPUCTPOIB, IP. O1./M”.
OMiHKY TSTH, Ky CTBOPIOIOTB MiIPYJIIOI0Y] TPUCTPOT, MOKHA IMTPOBECTH 3 OISy Ha
pexomenanii kommanii Lips [17]:
Toy =504, +1504,,,, (24)

ne A,, — BEIMYMHA IUIONII NPOEKLid HAABOAHOI YaCTMHU HA JiaMETpallbHy ILIO-
HIHHY, M,
A,,, — BenMYMHa IUIONI TPOEKINH IMiJBOJHOI YAaCTHHU Ha JiaMeTpalibHy ILIO-
IHHY, M2,
Ile#t BUpa3 MOXKHA TEpPEMUCATH 13 3aCTOCYBAHHSIM 3HAYCHHS IUIOIII JIOJATKOBOI
BCTABKH HA JllaMeTPaIIbHY TUIOIIHHY:

Tow = 50(Apy + Hi 1l b ) +150( Ay + Toni b, ), (25)

KT ~KT

ne H; —Bucora HaJBOAHOI YACTUHU Cy[HA 3 JOIATKOBOIO CEKLIEIO;
T, — ocajika MOJIEPHI30BAHOTO Cy/IHA.
3uavyenns cumu 7, 3a BupasoM (20) BiumBae Ha €(EKTUBHICTE POOOTH pyXallbHO-
PYJIBOBOTO KOMITJIEKCY CyZlHA F, Sika Ma€ KOMIUIEKCHUH XapakTep, [0 MOXKHa BigoOpa-
3UTH TaKUM BupasoMm [17]:

E,=E,(n)=E, (¢85 ... &), (26)

ne &, &, &, ... €, — napamerpu podotu JIPK, mo xapakrepusyrorh HOro e(pexTuBHICTh

IiJ] Yac BUKOHAHHS 1 MaHeBpiB [17].

Tineku micns Takoi OLIHKK MoXe OyTH MPUHHSTO PILICHHS LIOA0 MPOEKTYBAHHS
HiAPYTIOBAILHUX MPUCTPOIB 13 HOBUMH XapakTepucTUKamu. Lle cTaHOBUTH OKpeme
3apnanHs onTumizanii JIPK ik Hrkdoro piBHS BIAMOBIAHO 10 3arajibHOI pO3MipHOT
MOZepHi3alii CyJeH.

BusHaueHHs BeMUMYMHM 3arajJbHUX BHUTpaT Ha MojAepHizamlito GE TpyHTYeThCS
Ha JIOCBi/li KOHKPETHOTO CyaHOOyAiBHOrO mimnpuemctsa. Lli BuTpaTn 3a pekomeH/a-
uiero [17] opienToBHO craHOBIATH 90 % Bij BapTOCTI Tpalli, 3aTpadeHol Ha CyIHOOY-
JiBHE BUPOOHUIITBO B YaCTHHI IPOBEICHHS MOJICPHI3alliil, 30KpeMa

GE=09CF.. (27)
[TpubyTok Bep(hi craHOBUTH NPUOIN3HO 5 % BiA BApTOCTI Npalli Ha JOHHOMY BHPOO-
HULTBL S = 0,05CF ..
Honarkosi Butparu ES cranoBiats npubmusHo 10 10 % Bif 3aranbHUX BUTPAT:
ES=0,1GE. (28)
Burparu ACopex PO3paxoBYIOThCS 38 PIBHSHHIM
AC,  =AC +AC, +AC +AC +AC +AC +AC +AC +AC .. (29)

opex
ne AC, — 30inbuieHHs (GiHaHCYyBaHHs Ha MiIBULICHHS 3apOOITHOI MiaTh (OCHOBHOI
1 10JaTKOBOT) eKinaxy, 30KpeMa IepcoHany 00CIyroByBaHHS;
AC| — 301IbIIEHHS BUTPAT Ha XapuyBaHHs NaCaKUPIB Ta EKIMaxy;
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AC,  —30lIbLICHHS IOAATKIB y 3B’S3KY 31 30LIbIICHHSM IACAKUPOMICTKOCTI i BOZO-
TOHHAXXHOCTI Cy/Ha;

AC  — 101aTKOBI BUTPATH Ha 30UIbIIEHHS I'€HEPallil EHEPTii Ta NaIuBO;

AC, — 301IbIIEHHs BUTPAT HA MAJIOLIHHUM 1 IIBUKO3HOIIYBaHUK MaTepia;
AC,,, — 3pOCTaHHs BUTPAT HA PEMOHT i TEXHIYHE 00CIyTrOBYBAHHS;

AC — 301IbIIICHHS] aMOPTU3ALIMHUX BUILIAT;

AC, - MiIBUILICHHS BETMYUHU TIOPTOBUX 300piB;

AC  —3pOoCTaHHS BUTPAT Ha KOMILIEKCHE 00CITYTrOBYBaHHS (IIOTY.

kot
®inancysannst AC, MOKHA BU3HAYUTH 38 BUPa30M

2 ANZ n qu n*
_ ac _ KT ' YKT
ACj3r1 - Z K Ssr - Z K Svt . (30)
i=l " norma i=l norma
ne K~ — HOpPMATMBHMH KOE(DILIEHT, 10 BCTAHOBIKOE KUIBKICTh YIEHIB EKillakKy

3aJIe’KHO BiJl KIJIBKOCTI MACaKUPIiB;

S, — rpomuIosa cTaBKa 3apo0iTHOI IIATH YWIEHIB E€KIlaXy BiMOBIIHOIO (axy;

P — KUIBKICTB TPYII CIEIATICTIB BUSHAYCHOTO (axy, SKi 3aIyIaroThCS I 00CIYyTO-
ByBaHHS TTacaxupis AN’

mnac °

JlomaTkoBi BUTpaTu Ha XapayBaHHS BU3HAYAIOTH 5K
_ Qmac I I
ACBX _Sxp qKTn (31)

KT 2
nac T
ne Sy —ycepeaHeHa BapTiCTh XapayBaHHs OJHOTO MacaXupa.
[Iporuno3oBane 301LTBIICHHS TIOAATKIB, IO CIIOYYIOTHCS CYHOILIABHOI KOMIIAHIETO,

[IPOTIOHYETHCS PO3PAXOBYBATH 332 BUPA30M
ACHH = juoig ql?T nﬂ (32)

-
ne k  — xoe(ilieHT MPONOPLIHHOCTI, O OTPUMYETBCS LUISXOM OOPOOKH CTATHCTHY-
HUX JaHUX JiSUTBHOCTI KOMIIaHii; BiH BCTAHOBIIIOE IMPOIOPIIHHUKI 3B SA30K BEJH-

YUHHM MOJATKIB 1 KUTBKOCTI IMacaxupiB.

Amnarnoriuno Bupasy (27) MO)KHa 3HaWTH JOAATKOBI BUTpATH, sSKi BiAMiueHi B piB-
HsHHI (28).

[MepmoueproBum axkropom, sikuii He0OXiHO 3a0€3MEYUTH I Yac MOJACPHizallil
CyZlHa, € MIIHICTh KOpITycy. 3a Oyab-IKMX BH[IB MOJEpPHi3alii, 0 CTOCYIOTHCS KOp-
ycy, KacudikaIliiiHi TOBApUCTBA BUMAraroTh MEPEeBipKy Horo Ha MIimHICTh. L1 mepe-
BipKa TIOBWHHA 3[{ICHIOBATHCS 332 KPUTEPIIMU EKCIUTyaTaIliiHoi (BTOMHO1) MIITHOCTI,
IPAaHUYHOTO CTaHy Ha 3TMH 1 IEPEeruH, FPAHUYHOIO CTaHy Ha 3pi3.

[lepeBipka 3a KpuTepieM eKcIUIyaTaliiHOI (BTOMHO{) MIIIHOCTI BHKOHYETHCS 3a
3anexHicTo [12]:

K, |M131| + Ky, |MTB1|
m
ne M, — XBUIbOBHI 3TMHAILHUA MOMEHT Ha BIJIOMIM BHCOT1 XBWJI1 /1, SIKUI 3aJI€KUTH
BiJl KBaJ[paTy JHOBXKWHU cyqaHa [12], To0TO:!

My = f (L) =/ ((L+1.))= f((LC Tt bm)z), KHM:

M_,, — BEIMYMHA 3THHAIILHOTO MOMEHTY Ha THX1H BOJI, sIKa BU3HAYACTHCA 3a B1JIO-

Mo10 3anexHictio M, = K, gDL, = K, gD(Lc +n. b, ) , kHm;

10°<o,, (33)

W, — 0cboBHI MOMEHT OTIOpPY HEOE3MEYHOTO Mepepisy KopIycy, cM’;
K, — xoedilieHT BIUIMBY BUCOKOYACTOTHHUX HAIPYKEHb,
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. . ., -
K, — KO€DILi€HT, 10 BU3HAYAE PO3TATHYTI MOB30BXKHI 3B’ I3KH KOPITYCY Ha TUXil

BO/Ii;

0, — NOMYCTHMI HaNpy>KEHHS M1 9aC PO3PAaXyHKy Ha OIlp BTOMI.

IlepeBipka 3aranbHOi MiLTHOCTI 3a IPaHUYHUM CTAHOM IIOBUHHA IIOKA3aTH, 110 B Pasi
NPOTMHY U MEpEeruHy KOpIycy CyAHA Ha XBWJII B 3aBaHTAKCHOMY CTaHi BiJAHOLICHHS
TPaHUYHOTO MOMEHTY 3a 3THHY KOPITyCy /10 HaHOiJbIIOr0 PO3PaxyHKOBOTO 3THHAIb-

HOIO MOMCHTY 3a/10BOJIbHSIE€ BUMOT'Y

Ml'
Kd) = L 2 Kmin KK b (34)
My+My+ My

ae M — rpaHMYHMH 3TUHATBHAN MOMEHT, SIKMH TaKOX nepe0yBae B 3aJICKHOCTI BiJ
HOBOT IOBXKUHH cyaHa, KHM;
M, — MakCHManbHUH XBUILOBUH 3THHAIBHAM MOMEHT Ha BiOMIN BHCOTI XBuUl A,
SIKMH 3aJIe)KHUTh BiJl KBaApary NOBKWHU cyaHa [12], kH-M;

M., — HaHOIIbIIA BETUYMHA 3THHAILHOTO MOMEHTY Ha THUXiH BOJI, SKa BH3HAYa-

€TbCs 3 B1IOMOIO 3aiexkHicTI0 M1, = K gDL, = K | gD(LL, + 1 bKT) , KH'M;

K . — MiHiManbHu# KOE(DILIEHT 3anacy MilHOCTI;

K — xoedilieHT KOPEKIIii HaBaHTaKEHHSL.
[NepeBipKy 3a rpaHUYHUM CTaHOM KOPITyCYy Ha 3pi3 3I1MCHIOETHCS 32 YMOBH

N
—r__>12, (35)
Ny, + Nog

ae N — rpaHMYHA BETMYMHA NEPEPi3yI0d0i CHIM U MONMEPeYHOro mepepisy Kop-
nycy, kH;

N, — 3MiHHMH CKJIaHUK TEpepi3yrouoi cuim, KH;

N, — MaKkCUMaJIbHO MOIIMBA B IONEPEYHOMY IIEPEPI3i KOPIIyCy Hepepepisyioda

CHJIa BiJl HABAaHTA)KCHHSI Cy[HA Ha THXiH BOII.

BusHaueHHSsT ONTUMAaIBHOT TOBKHHU CEKIiT IPYHTYETHCSI HA CTBOPEHHI BiAMOBIIHOT
MaTeMaTHyHOI Mojieni. MareMaTryHa MOJIE b 3a/1a4i 3 ONTUMI3AIlT TPAUIIIHO BKIIIO-
4ya€e TPHU €JIEeMEHTH: IUTbOBY (DYHKIF0, 0OMEXEHHS Ta TPaHWYHI YMOBH. SIK KpuTepin
moOyIOBH ITITHOBOI (DYHKITii 3aCTOCOBYEMO TPUOYTOK, SKHUH OTpHMAa€ CYTHOTIUIaBHA
KOMIIaHis Bijl eKCIDTyaraiii MOJIEpHI30BaHOTO CynHA. TakuM YMHOM, 3a/ja4a ONTHMAaITb-
HOT'O BU3HAYEHHS JOBXHHHU J0ATKOBOI CEeKILii JlaiiHepa BU3HAYA€THCSI KUIBKICTIO KaroT
B3/JIOBX J1aMeTpaIbHOI IUIOIUHH.

OTxe, MOJENb 3a/1a4i ONTHUMAIBHOTO BU3HAYECHHS TOBXHHHU J0JATKOBOI CEKLii Kpy-
i3HOTO CyaHa 3 ypaxyBaHHSM piBHSHB (1), (5), (6) Oyae MaTu Takuid BUIIISIA:

AP (n2) =13 (Mgl 1 K2 2, (Co + Con ) ) -
i=1
~((Ch (2 )+ Cy () + Car (n )+ CE (nly ) + GE (nl, ) +
+8 (ng )+ ES (3 )+ (AC,, (n2 ) + AC, (nk ) + AC,, (n )+ (36)
(nﬂ ) +AC, (nzl ) +AC,, (njjT) +

KT peM KT

+AC,, (njj,r ) +AC

iHB

+AC,, (10, ) + AC

npr Ko
OOmMexxeHHs 11 minboBoi GyHKIii (36) yTBOPIOIOTH TPyNHu PiBHSAHB, SKI Bpa-
XOBYIOTbB:

(n]fT))] — max
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— BapTICTh NpoBeJIcHHS MoiepHizaii (7)—(12);

— BapTICTh YCTAHOBKH JonaTkoBoro oonaananus (13)—(32);

— onepauiitai Butparu (30)—(32);

— BWKOHAaHHS YMOB 3a0e3MeueHHs MIITHOCTI KOPITYCY SIK (DYHKIIi1 JOBKHHH KOPITYCY
3riJIHO 3 BUMOTramu Kiacugikaniiaux ToBapucts (33)—(34).

I'panmdHi yMOBH, sIKi HAKJIaIalOThCS HA 3aady ONTHMI3allii, BpaXOByIOTh 00JIacTh
JOMYCTUMHUX 3HaU€Hb 3MIHHOI A7, , SIKa TIOB’sI3aHa 3 JOIMYCTHMOIO JIOBKHHOIO JTOAATKO-

A

KT —

BOi cekmii (1 < n ), TIPO IO BKE HIIITOCS paHiIIe.

KT

BucHoBkH. Y po6OTi 3anporoHOBaHa MOZEIs TIPOBEIEHHS pO3MIipHOT MOIEpHi3allil
KpYi3HOrO Cy[JHa 3 BU3HAYCHHSM JOBKHHM JOJATKOBOI CeKwii 3a KpurepieM 3abe3re-
YeHHs! HAHOUTBIOT PUOYTKOBOCTI.
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Anomauisn

Bemyn. YV naw uac exonoeiyni cmanoapmu 0151 cyoeH cmaioms 0e0di HopCmKi-
wWumMU, MOMy CYOHONNABHA 2aNY3b, SIKA € OOHUM i3 NEPCHeKMUGHUX 3dc00i8 MmpaH-
cnopmyeawnHts, wo 3abe3neuye OinbuLy Yacmuty c8imogoi mopeieii, maKodic 8iouyeae
CYCRIbHULL MUCK Yepe3 HeOOXIOHICMb YOOCKOHANEeHHs C8OEi pobomu ma GiCUMMms
3ax00i8 01 3HUdNCEHHS 3a0pyOHensb. Hogimnborw mendenyictlo 6 cyOHONIa8cmei €
max 3eame «3eieHe CYOHONIABCMBO» — KOMNIEKC MEXHONO2IYHUX [THHO8ayill, AKUll
npusie 00 po3pobieHHs CyOeH, 0ONAOHAHHA Md NATbHO20, AKI Oilbl Oe3neyHi eKo-
102iuH0. Memor 00CioNCeH s € Anani3 MONCIUBOCMEU 3ACMOCYBANHS HOBUX Mame-
pianie, niosuwenHs pi6HsA eHep2oeheKMUSHOCMI CYOHd, GUKOPUCHAHHA CYYACHUX
eekmugHUx enepeo3depiearouux mexHon02itl y npoyeci cmeopeHus cyoem, y0ocKo-
HANeHHs eHepeoyCmano80K CyOHa, AKI GION0GIi0ams HOBUM GUMO2AM eKONO2TUHUX
CManOapmie i 3MeHULYoms 00cse WKIOAUGUX GUKUOIS, PO3PODIEHHS eKOLO2IUHO20 ma
ANbLMEPHAMUBHUX 8UOI8 NAIUBA, CMBOPEHHS «eKocyoeny. Pesynomamu. Poszianymi
1l 00CNIONCEeH] OCHOBHI HANPAMU BUPIULEHHS eKOLO2IYHUX NPoOIeM y CYOHONIABCMEI,
AKI CNPAMOGAHT HA 3MEHUEHHSI HeDAJICAHUX AHMPONOLEHHUX 3MIH HABKOIUUHBO2O
cepedosuuja. Bucnoexu. YV pesynomami nposedenoco 00Cniodicents o0IpyHmosano
payionanvuicmes nposedents po3podoK i3 MAKux NUMaHs: CMEOPeHHs ma Kiacugi-
Kayii Hosux mamepianié i MexHonA02il i3 GUKOPUCIAHHSA KOMNO3UMIE Ol KOPNycie
CcyOeH, a makoic K 0a2amoQyHKYIOHATLHUX MeNI038YKOI30IAYIUHUX Mamepianis i
noxpummis; onmumizayii 06600i6 KOpnycie 3i 3MiHO0 OU3AUHY MA KOHCMPYKMUG-
HUX 0coOnugocmell cyoHa, UKOPUCIARHA eHepaii 8impy 015 Ni08UWeHHsL PIGHSA eHep-
2oeghekmusHocmi CyOHa, YOOCKOHANEHHS HASA8HO20 00C8I0y Y chepi po3pobaenHs i
BUKOPUCTNAHHSA eKONI02TUHO20 MA ANbMEPHAMUSHUX GUOIE NATUBA, 3MEHUICHHS Head-
MUBHO20 6NIUBY HA HABKOJUWHE cepedosulye GUKUOIE i3 CYOeH, d MaKolc nooy0osu
«eKOCYOeH» 3a NPUHYUNAMU «3ENIeHOT T02ICMUKUY, AKA 0AE MOJICIUBICIMb CKOPOMUMU
8I0X00U Ul 3AOPYOHEHHS HA 8CLOMY TAHYIICKY 8UPOOHUYMBA MA NOCMABOK.

Knwuogi cnoea: «3enene cyOHONIA6CME0», KOMNOIUMHI MAmepiaiy, Onmumizayisn
0080016 CyOeH, eHepeis 8impy, albMEePHAMUBHT GUOU NATUBA, WKIOIUBI BUKUOU, €KOJIO-
2IYHI cmanoapmu, NPOEKMU «eKOCYOCH ).
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Summary

Introduction. In our time, environmental standards for ships are becoming more
stringent, so the shipping industry, which is one of the promising means of transportation
that provides most of the World Trade, is also experiencing public pressure from the need
to improve its work and take measures to reduce pollution. The latest trend in shipping
is the so — called ““Green navigation” — a complex of technological innovations that has
led to the development of vessels, equipment and fuel that are more environmentally
friendly. Purpose. Research and analysis of the possibilities of using new materials,
improving the level of energy efficiency of the vessel, using modern efficient energy-
saving technologies in the creation of vessels, improving the ship’s power plants that
meet the new requirements of environmental standards, reduce the amount of harmful
emissions, environmental and alternative fuels, creating “eco-vessels”. Results. The
main directions of solving environmental problems in navigation, which are aimed at
reducing undesirable anthropogenic changes in the environment, are considered and
studied. Conclusions. As a result of the research, the rationality of development in the
field of creation and classification of new materials and technologies with the use of
composites for both ship hulls and as multifunctional heat and sound insulation materials
and coatings is justified; optimization of Hull contours with changes in the design and
structural features of the vessel, the use of wind energy to increase the level of energy
efficiency of the vessel; improvement of existing experience in the development and
use of environmental and alternative fuels and reduce the negative impact of emissions
from ships on the environment, as well as the construction of “eco-vessels” according
to the principles of “green logistics”, which reduces waste and pollution throughout the
production and supply chain.

Key words: “green navigation”, composite materials, optimization of ship contours,
wind energy, alternative fuels, harmful emissions, environmental standards, ‘“‘eco-
vessels” projects.

Beryn i mocTanoBka mpo6sieMu. Y Halll 4ac €KOJIOT1UHI CTaHIAPTH /IS CYJIeH CTa-
I0Th JIeJlalTi )KOPCTKIIIUMH, TOMY CYIHOIUIABHA Tally3b, sIKa € OJHHUM i3 MIePCIIEKTHBHUX
3ac00iB TpaHCIOPTYBaHHS, 110 3a0e3neuye OiIbIly YaCTHHY CBITOBOI TOPTIBIi, TAKOX
BiJIUyBa€ CyCHIJIbHUN THCK Yepe3 HeOOXiHICTh YIOCKOHAJICHHS CBOET pOOOTH Ta BKUTTS
3axO0JliB JUISl 3HWKCHHs 3a0pyaHeHb. HOBITHROIO TEH/ICHINEI0 B CYIHOIUIABCTBI € TaK
3BaHE «3€JICHE CYJHOILUIABCTBOY» — KOMIUICKC TEXHOJIOTTYHUX 1HHOBAIIIH, SIKUI TIPUBIB JI0
PO3pOOIICHHS CylieH, 00JIaIHAHHS Ta MAJIBHOTO, K1 OLIbII Oe3MeuHi eKkoJIoriuHo [1; 2].

AHaJTi3 ocTaHHIX A0CHiT:KeHD i myOJikamiii. Bimomo, o pyx HaBiTh OTHOTO CyTHA
MOYKEe ICTOTHO BIUIMBaTH Ha HABKOJHINHE cepemoBuine. Lle mMoB’s3aHO 3 HasBHICTIO
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BUKUJIIB B aTMOC(epy BUXJIOIHUX T'a3iB BiJl pOOOTH TOJIOBHUX JIBUTYHIB, JIU3€Ib-TCHE-
paropiB, KOTEILHUX YCTaHOBOK, & TAKOXK 31 3MiHOIO €HEPreTHKH aKBaTopii i 4ac pyxy
BEJIMKOTa0apUTHOTO TiJIa. [CTOTHUM € TaKoXK BIUIMB TEIUIOBUX CKHJIIB 1 T1IPOIIYMIB Bij
po0oTH pPyHIHHO-PYILOBOr0 KOMIUIEKCY TOIIO. [IpupoHO, 110 3a 30UIBIICHHS Kilb-
KOCTI ¥ TOHHa)KHOCTI Cy/leH TaKi J1ii He MOXKyTh He BUKJIIMKAaTH HeOakaHi aHTPOIOTeHH1
3MiHH HaBKOJIMIITHLOTO cepezoBuina [3].

3 omsagy Ha 30i7bIIEHHS TiAPOJOTIYHOTO 3a0PYAHEHHS MOPCBHKUX 1 PIYKOBUX
aKBaTOPii Ta BOZOOXOPOHHMX 30H iCTOTHO 3POCIIM BUMOTH JI0 €KOJOTI4HOI Oe3neKu
CY/IHOIUIABCTBA. MiXKHApOJTHOIO KOHBCHIIIEIO MIOAO 3aro0iraHHs 3a0pyJHEHHIO i3
cyneH (mani — Konsenuiss MAPIIOJI) nepenbayeHo icToTHE 3MEHIIEHHS HOPM BHKH-
IIiB BiJIIpallbOBaHUX T'a3iB CYJIHOBHUX E€HEpProycraHoBoK. HaOyna umHHOCTI MixHa-
pOIHa KOHBEHLIS PO KOHTPOJIb CYAJHOBUX 0aJacTHUX BOJ Ta ONAIiB Ta yHpPaBIiHHS
numu (Ballast Water Management Convention — BWMC) 2004 p., sxa cripsMoBaHa
Ha 3aro0iraHHs MepeHoCY MOPCHKUX OpTaHi3MiB Y HOBI IS HUX NMPUPOIHI €KOCHC-
TEMHU pa3oM i3 OaacTHUMHU BOAAMH CyaeH. MiKHApOIHOI MOPCHKOIO OpraHi3alliero
BBEJICHO 3200pPOHY Ha BUKOPHUCTAHHS TaKOTO, [0 HE BiIOBiTa€ HOBUM HOPMaM, MOP-
CHKOI'O TIaJINBa Ha OOPTY CyIEH.

106 y MaitOyTHEOMY TOTPUMYBATHCS BCTAHOBJICHUX EKOJOTIYHUX CTaHIAPTIB IS
CYTHOIIJIABHOI Tajy3i IOAO0 3aXHCTy HABKOJIHMIIHBOTO CEPEIOBHINA, HEOOXiTHO IPH-
KJIACTH 0ararto 3yCHJIb 1 3AIMCHUTH KalliTaJOBKIACHHS B €KOHOMIKY CYJHOIUIaBCTBA.
OnHak, He3BaKAIOYM HA Te, IO OOTOBOPEHHS KOHIICTIIIT «3€JICHOT0» CYJHOILIABCTBA
KOHIIGHTPYEThCS 31€0ULIBIIOT0 Ha SIKOCTI (DYHKIIIOHAIBHOT POOOTH Cy/EH, CYIHOOY-
JUBHUI CEKTOp TaKOX CIpPHSE OYMIICHHIO HABKOJHUIIHBOTO CepeloBHINa. [HBeCTHIIIT
Ta MOJITIIEHHS TEXHOJIOTIH, @ TAKOXK PEryIsSTOPHUH THCK 1 BAMOTH KJII€HTIB CIPUSIOTH
MOOY/IOBI «3€JIEHUX CY/ICHY, SIKi CKOPOUYIOTh BUKU/IN BYTJICKHCIIOTO T'a3y Ta BUKOPUCTO-
BYIOTh CHEPTIiI0 CyJIHOBHX JIBUTYHIB ONITUMAIIBHO.

®opmyawoBaHHs wijeil crarti. MeToro AociikeHHs Oyino 3IiHCHEHHs aHali3y
MOXIIUBOCTEH 3aCTOCYBaHHSI HOBHX MarepiaiiB, MiJBUILCHHS PiBHS €HEProe(exkTHB-
HOCTI Cy[HA, BUKOPHCTAHHS CYy4YaCHUX €(EKTUBHHX EHEpro30epiraroumx TEXHOJOTiH
y IpoLeci CTBOPEHHS CyAEH, YAOCKOHAJICHHSI CHEProyCTaHOBOK Cy/IHA, SIKi BiAMOBiga-
FOTh HOBIM BUMOT'aM €KOJIOTIYHHUX CTaHJIAPTiB 1 3SMEHIITYIOTh OOCST IIKIJJTMBUX BUKHU/IIB,
PO3pOOIICHHS €KOJIOTTYHOTO Ta aTbTEPHATUBHUX BUAIB AJMBA, CTBOPEHHS «EKOCYIEHY.

Buxian ocHOBHOro MmarepiaJry.

3acmocysannsa komnozumnux mamepianig. CydacHUI eTamn pPO3BUTKY CYIHOOY-
IOYBaHHS XapaKTepU3y€eThCs AeAalli IIMPIIMM 3aCTOCYBAHHSIM KOMIO3UTIB JUIs KOPITY-
CiB CyleH pi3HOro npu3HaueHHsA. Bimomo, 110 3acTOCYBaHHS B KOHCTPYKLIi KOPIyCy
Cy/lHA KOMITO3UTIB JTa€ MOXIIMBICTh 3HAYHO CKOPOTHUTH TEPMiHU OYIiBHHUIITBA TIOPiB-
HSHO 3 TPaANIIHHUMU MaTepianaMu. KpiM Toro, BOHO 10TTyCKa€e BUKOPUCTAHHS iICTOTHO
MEHIIT KBaJTi(hiKOBaHO{ Ta JIEIIEBIIO] poO0YOi CHIIH, HiXK Ta, sIKa TTOTPiOHA IS TTOOYI0BH
CYJICH 13 TPaIuIlIHHAX MaTepialliB. Yce Ie 3yMOBIIIOE CEPHO3HY eKOHOMITHY MOTHBAIIIO
MacoBOi MOOYIOBH CyIeH i3 KoMmo3uTiB [4]. ToMy cboromHi OUIBITY YaCTHHY CBITO-
BOTO MaJOTOHHa)KHOTO (JIOTY CTAHOBIISATH CY[HA, IO MAIOTh KOPITYCH 3 HEMETAJIEBUX
komIt03uTiB. Hanpukian, Tinbku B SIoHil B ekciiyartaiii nepeOyBae OUIbIIe TPhOXCOT
THUCSY TIPOMHCIIOBUX CYJIEH 13 MOJIMEPHUX KOMIIO3UTIB Pi3HUX THIIIB.

3acTocyBaHHS KOMIIO3HTIB Ja€ 3MOTY CTBOPIOBaTH Cy/lHA 3 BUCOKMMH aepo- W Tif-
POAMHAMIYHUMH XapaKTePUCTUKAMU, 3 JISTKUMHU HaJI0yJI0BaMHu, €(EKTHUM JH3aiHOM
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30BHINIHBOTO BUIVISITY T4 HHU3KOK IHIIMX TepeBar. 3aBIsKd KOMIIO3UTaM 3HMKYEThCS
3arajbHa Bara IMOPIBHSHO 3 MeTajeBUMH (cTaneBUMH) cymHamu (Ha 25-30 %), mpu
IILOMY 3MEHIIIYETHCS BaPTICTh eIeMeHTIB KOHCTpyKIIii (Ha 3040 %) [5]. I3 nporo mocrae
HU3Ka JIOJIATKOBUX TEPEBar: 3HMKCHI eKCIUTyaTalliiiHi BUTPATH, Maja eMicis ra3is, 110
BUKJIMKAIOTh TAPHUKOBUI €(PEKT, 1 3HaYHA EKOHOMisI AINBA. 3’ SBISETHCSI MOXKIUBICTD 32
JIONIOMOTOI0 KOMITO3UTIB YCYHYTH HEOOX1THICTh 3aCTOCYBaHHS CKPIIIIIOIOUMX EIEMEHTIB
mijx yac 3’€THaHHs JeTalel, 10 TaKoX CHpHse 3HIKEHHIO Baru. Kommosutn HamaroTh
apXxiTeKTopaM HEWMOBIpHY CBOOOMY AM3aiiHy, JalOThb MOXIIMBICTb BUTOTOBIISITH JETali
cknaanoi popmu. Kpim Toro, SIKII0 MU MOPIBHAEMO KOMIIO3UTH 3 KOHKYPYIOUUMH Martepi-
aamH, To T0OAYMMO, 1110 IiHa TEPMiHY CITYKOH B KOMIIO3UTHOTO BUPOOY 3HAYHO HIKYA,
HIK y METaJIeBOTO, 3aB/sIKM MAJIUM BUTPaTaM Ha TEXHIYHE 0OCIYrOBYBaHHS, YCTAHOBKY
Ta CKIIA/IaHHS, SKi 3yMOBJICHI KOPO31MHOO CTIMKICTIO 1 MIITHICTIO.

KoHcTpyKIlis CyTHOBUX KOPIYCIB i3 KOMITO3UTIB Yy Mipy HAKOITMYEHHS JIOCBiTy MPO-
€KTyBaHHS, Oy[IBHHUIITBA Ta €KCILTyaTallii Cy/leH i3 I[MX MaTepiajiB cTaia iCTOTHO BiJl-
PI3HATHUCS BiJl KOHCTPYKIIiT KOPITYCiB CyJIeH, SIKi BUTOTOBIJICHI 3 TpaJAUIIIHHUX Marepia-
JIiB, 0COOJIHMBO y NIBUAKICHOMY MaJIOTOHHa)KHOMY CyIHOOyayBaHHI. OCHOBHI TUTaHHS,
1110 BUHUKAIOTH I11J1 4aC IPOEKTYBAHHS Cy/IeH TaKOI'0 THILY, 32 KOPAOHOM MaroTh HOpMa-
THBHE O0OTPYHTYBaHHS.

Ha 3pocrarouoMy pWHKY CyqHOOYIIBHHX KOMITO3HWTIB CIIOCTEPITAIOTHCS TCHICH-
11ii BUKOPUCTAHHSA HOBHX MarepiaiiB i TexHosorii. [locTauanbHUKH CHPOBUHU 3HOBY
MoYaji aKTUBHO PO3BHMBATH 010CMOJIH, HATYypaJlbHI BOJIOKHA, MMoJiedipy 3 MaJok eMi-
CI€I0 WIKIJUIMBUX PEUOBHH, M03aaBTOKJIABHI MPENPETH, CEHBIU-KOMIIO3UTH, a TAKOX
CKJIOPOTOXKI Ta CKJIOMAaTH. YCe I 3yMOBJICHE HEOOXIAHICTIO IMiBUIIUTH TIEPEPOOIIIO-
BaHICTh 1 BiJJHOBJIIOBAHICTh MarepialliB, 3HHU3UTH BMICT CTHPOJY, MOJIMIIUTH SIKICTh
MIOBEPXHI TOTOBUX BHPOOiB.

BuroroBnenHs OiMbIIMX, HK CylIHAa MPOMHUCIOBOTO TPU3HAYCHHS, CYJCH TaKOX
BUMararuMe BUKOPHCTaHHS 3HAYHOT KUIBKOCTI MIEPeJOBUX MarepiaiiB, TAKUX SIK ByTJie-
TUTACTHK Ta OPraHOIIaCTUK, HEUIOH, apMOBaHHI CKIOBOJIOKHOM, HAJAMILHUH MOTieTH-
nen HDPE (monietnsien BuCokoi MINBHOCTI i HU3BKOTO THCKY), KOMIIO3MLIT JaMiHaTy
3 KeBJiapa Ta CKIIoMaTepialliB, SIKi HUHI 3a3HAI0Th IOMIMPEHHS Y CBITOBIH CyaHOOYIiBHIH
npakruili [5; 6].

B ymoBax mocuieHHSI BUMOT LIOJI0 €KOJIOTIYHOCTI CyA€H HOBHX IOKOJIiHb 3pOCTa€E
3HAYEeHHS KOMIIO3HTIB SIK Oarato(pyHKI[IOHATBHUX TEIUIO3BYKOI30ISAIIHHIX MaTepiaiB
1 TIOKPHUTTIB IJs OONamTyBaHHS CYIHOBHX IMPHUMilIeHb. Mala IIiIbHICTh MaTepiaiB
Jla€ 3MOT'y 3aCTOCOBYBATH IX B apXiTEKTYypi HaJIBOJHOT YaCTUHM CyAEH YCiX THIIB, 11O
CIpUS€ TIONIMIICHHIO CTIMKOCTI, 3MEHIIEHHIO PaioNIOKAIlIIfHOT MTOMITHOCTI CyIeH,
MOJIETILEHHIO eKCIUTyaTalii KopIrycy.

BiTunsHAHUE DOCBiN MPOEKTYBAaHHS CY/IEH i3 KOMIIO3HUTIB OOMEXY€EThCS KUTbKOMa
JIeCITKaMH TTPOEKTIB CYACH, a TAKOXK HEBEITMKHUX KaTepiB 1 MOTOIONOK. BomHouac y cBiTi
MIOPIYHO CTBOPIOETHCS O€3I1iY MPOEKTIB CYACH 13 KOMITO3UTIB MEPEBAKHO ITUBUTEHOTO
MIPU3HAYCHHS, [0 CBIAYUTH PO TE, IO CYTHOOYIYyBaHHS € CPEeporo, Y SKii KOMIIO3UTH
3aCTOCOBYIOTHCS JIaBHO 3 BHCOKOIO €KOHOMIYHOIO €(eKTHBHICTIO BUPOOHMIITB TaKHX
CyneH, moTpeba B AKHX € 1 B YKpaiHi.

VY nporieci NPOEKTYBaHHS CyYaCHUX CY/CH 13 KOMITO3UTIB y Hallliid KpaiHi BaYKIIMBO
SKOMOTa HIAPIIEe BUKOPUCTOBYBATH JIOCBIJl 3apyODKHHMX KpaiH, /€ [s Taixy3b Tpalu-
iHHO 00pe PO3BUHEHA.
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Onmumizayis 006600ié Kopnycie cyden. Y CBITOBiil IPaKTHIII TPOEKTYBAHHSI CyACH
BUKOPHCTOBYIOTHCSI HOPMaTHBHI JIOKYMEHTH Ta PEKOMEHALli1, 1110 BPaXxOBYIOTh Oararo-
piYHMIA TOCBi/T eKCIUTyaTallii Cy/IeH Pi3HUX THIIB Y PI3HUX yMOBaX, EKCIIEpUMEHTAIIbHI
JlaHi, a TAKOX TEOPETUYHI TOCIIIKEHHS [T BUPILICHHS CKJIaJHOTO 3aBIaHHs 3 BUOOPY
TaKUX XapaKTEPUCTUK KOPITYCY, sIKi 3a0BOJIBHSIN OW YHCIICHHI i 4acoM CylepeduinBi
BUMOTH CTOCOBHO XOJIOBOCTI, MIITHOCTI, MOperuiaBcTBa Tomio [7]. [loxubku B oIfiHIi
THUX YU IHIIMX SAKOCTEH CyIHa NPU3BOAATH 0 IPOEKTHUX TOMUIIOK, 3HIKEHHS 0e3IeKH
IJIaBaHHSA, TIOTIPIIEHHS €KOHOMIYHOCTI Ta €KOJIOTIYHUX CTaHJIAPTiB.

3 mo3uuii mpoueciB CUCTEMHOI iHTerpauii MoXHa PO3MIAAATH MiAXiA 10 TPOEKTY-
BaHHS SIK J0 3aMKHYTOI CHCTEMH IHXCHEPHO-TEXHIUHHMX pilIeHb, SKa BKIIOYAE TaKi
OJIOKH JTOCITI/PKEHb T11]1 4aC MPOEKTYBAHHSI Cy/IHA:

— ONTHMI3AaIliI0 MPUBATHUX TEXHIYHUX PIllIeHb, IO JOMYCKAIOTh 1X MaTeMaTH4IHy
(hopmaurizariro a00 eKCriepUMEHTAIbHY TEPEBIPKY;

— EBPUCTHYHI METOH MOUTYKY TEXHIYHHX PillleHb, 110 CIIMPAIOTHCS HA TOCBiJl eKC-
IuTyaTanii MOPChbKHUX CyAEH Y CKJIaIHUX YMOBAX IJIaBaHHS;

— PpO3pOOJICHHS MPaBUJI CYJHOBOJIIHHS Ta SKCILTyaTallil CyIIHOBHX IIPUCTPOIB, 0CO0-
JIMBO B THX BUMAJIKAX, KOJH Y TIPOEKTI JOMYCKAIOThCSI OOMEXKEHHS B OCOOIMBHX YMOBAX
ILUTaBAHHS.

Huni HeoOXiTHO BUPIMIUTH HU3KY IIPOOIIEM SK II0/I0 BU3HAYCHHS CTPYKTYPH BCHOTO
Mpolecy MPOEKTYBaHHs, TaK 1 CTOCOBHO BIOCKOHAJICHHSI MPOEKTHUX XapaKTEPUCTHK
cyaeH Ta ix onTtuMizanii. HeoOximHe po3poOieHHs croco0iB MPOEKTHOTO OOTPYHTY-
BaHHS TAaKWX CyACH, 1[0 BPaXOBYIOTh Pi3HI aCMeKTH iX MOAAJBIIOI eKcruryaTamii (sK
€KOHOMIYHI, TaK 1 €KOJIOTIYHI) Ta 32a0€3MeUyIOTh IX KOHKYPEHTOCIPOMOXKHICTb.

Sk npuKiIag MOXKHA PO3MVIAJATH KOHCTPYKLIIO CYIHOBHX KOPIYCIiB 13 KOMIIO3HTIB —
BOHA CTasla iICTOTHO BiAPI3HATHCS BiJ KOHCTPYKLil KOPIYCiB CyA€H, SIKi BUTOTOBJICHI
3 TpaAMLIAHUX MarepiajiB, 0COONMBO y MIBUAKICHOMY MAaJOTOHHA)KHOMY CYTHOOYIY-
BaHHI. CKJIaJHICTh 0OOBOIIB MMiIBOIHOT YaCTHHU KOPITYCY Cy/IHA 3HAYHOI0 MipOI0 BU3HA-
JAETHCS TEXHOJOTIYHUMHU MOXKIIMBOCTSIMH OOpPOOKH MaTepialliB, SIKi 3aCTOCOBYIOTHCS
JUIs. BUTOTOBJIEHHS Koprycy [8]. Komno3utu maroTe 0e3yMOBHY IiepeBary Haj ycima
TpagULIHHUMK CyIHOOYIIBHMMH MarepiajlaMu, TOMY CyJHa 3 KOMIIO3UTIB XapakTe-
PHU3YIOTbCS OUTBII JOCKOHATMMHU (OpMaMH OOTIUHOI YaCTHHU KOPITYyCY Ta 3HHIKCHOIO
HIOPCTKICTIO 11 moBepxHi (auB. puc. 1). e mae 3mory icTOTHO 3HW)KYBaTU HeOaKaHI
AHTPOITOTCHHI 3MiHU HABKOJHUIITHHOTO CEPEIOBHUIIIA.

Bukopucmannsa enepeii ¢impy. Bitpuna BUKOPUCTOBYIOTHCS JIFOICTBOM JUIsl YIIPAB-
JIHHSL PYXOM MOPCBKHX CYJIEH i3 JaBHIX 4aciB, IPOTE 3 PO3BUTKOM iHIINX TEXHOJOT1H
BOHH BiIIHIIIJIM HA IPYTUH TU1aH — TPAHCIIOPTHI Ta MacaKUPChKi BEJUKI CyTHA JJISI MOP-
CHKHUX TIEpEeBEe3eHb YK€ JaBHO BHKOPHCTOBYIOTH JABHTIYHH, SKi MPAIIOIOTH Ha TaJIHBI.
Haromicts wepe3 memaini OUTBIT OYeBUAHE 3a0pYIHEHHS HABKOJIUIITHLOTO CEPEIOBHUIIA
Ta TOB’S3aHi i3 MM 3MiHM KJIIMaTy HU3Ka KOMIIaHii 3HOBY TPAIIOE HAJ THUM, 100
MTOBEPHYTH BITPHJIA B KOMEPIliiiHE CyTHOOYTyBaHHS.

Knacudikaniitne roapuctBo DNV GL (Det Norske Veritas & Germanischer Lloyd)
OLIIHUJIO MOYKITUBOCTI BUKOPHCTAaHHS B KOMEPLIHHOMY CyAHOTIIABCTBI SIK IOTTOMiXKHOTO
PYILIiS IMIeCTH THITIB BITPWII, IO PO3POOIIEH] PI3SHUMH MDKHAPOTHUMH KOMITaHIIMU IS
TMOCSATHEHHS IUIeH, SKi mocTaBiieHi MiXKHApOIHOI0O MOPCHKOIO OpTaHi3aIi€ro 3 JOCsT-
HEHHS B MallOyTHHOMY HYJTHOBUX PiBHIB BUKH/IIB BYIJICIIO BiJl CY/THOILJIaBCTBA.
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Puc. 1. Excnepumenmanvhe cyono Sea Jet i3 KOMNO3UMHUX Mamepiaie

Maibke B yCiX TUTAX BITPHWI Ji€ OAWH (i3MIHUN TMPUHIINIL: BiTEp THCHE Ha Tepe-
JTHIO KPOMKY BITpHJIa, PO3IUISIOUNCH HA JBa OKPEMi ITOTOKH, Ki IEPEHAIPABIISIOTHCS
Ta PyXarThCs 3 PI3HUMHU HIBHJIKOCTSIMU JI0 3aJIHBOI KPOMKH. Y pe3yibTari mepemnaj
THUCKY OJHOYACHO TATHE Ta IUTOBXA€ BITPWIO W CynHO Brepea. €auHe, IO 3MiHU-
nocs, — 1e eheKTUBHICTH BITPHII, MaTepialiy, 3 SKHX BOHH 3pO0JIeHi, a TAKOXK iX 00poOKa
Ta YHPABIiHHSI HUMH.

Y jocnipkeHHI PO3IISIHYTO JIEKibKa HAsSBHUX TEXHOJOTIH: POTOpPHUE mapyc
(MariGreen, NorsePower — BUKOPHCTOBYIOThCSI Ha 5 Cy/lHax), BiTpHIIa 3 TPHOX JKOP-
cTKUX Jonared (koncopuiym Windship), kpuiosi Birpuna DynaRig (Dykstra Naval
Architects), 3sruaitai M’ ski Bitpuna (NEOLINE), momatei m’siki Bitpriia Ocean Wings,
aki BurpoOyBaHi Ha sixTi Energy Observer (¢panmyspki kommnanii CNIM ta VPLP
MPOMOHYIOTH iX JJIi BUKOPHUCTAHHS Ha BaHTAXXHHUX CY/IHAX), aepOAMHAMIYHI BITpHia
Ventifoil (eConowind).

Ha meif wac HaitOGUTBII TIOMIMpEHa TEXHOJOTisI poTopHOTrOo Bitpmia (Rotor Sails).
Poropni BiTpuia — ne MonepHizoBaHa Bepcisi poropa PnerHepa st 3a0e3MEUEHHS
JIOTIOMI>KHOT BITPOBOI TATH JIO TIOTY>KHOCTI IBUTYHA.

VY 2021 p. ¢dinceka iHKHHIPHHIOBa KOMIaHiss NOrsepower BCTAHOBHJIA CHUCTEMY
POTOPHUX BITPHWII Ha pynoBo3 «Sea Zhoushany. MoxHa 3a3Ha4nTH, 1110 «Sea Zhoushany» —
e nepiunii 6ankep aeaseiirom 325000 ToHH, kUil Oyae OCHAILICHUHA POTOPHUMH BiTpH-
namu (IHB. puc. 2). BcTaHOBICHHS pOTOPHUX BITPHII HA MEPIIHHA PYIOBO3 TUIIOPO3MIpY
VLOC (Very Large Ore Carrier) neMOHCTpYE€, 110 TexHouorist Rotor Sails anantyersces
JI0 Pi3HUX POOOUUX TPODITIB 1 TUITIB Cy/IEH.

YcraHOBKa BKIIIOYAE I1'SITh POTOPHUX BITPHII BUCOTOIO 24 METpH Ta diaMeTpoOM
4 MeTpH, sIKi MOYKHA HAXWUJISITH 32 JIOTIOMOTOIO TiApOIMIiHApiB. PoTopu ckiiagaroThes,
0 HE CTBOPIOE TMEPENIKO TMiJI Yac BaHTaXHO-PO3BAaHTAXKYBAIBHUX PoOIT. ChoromHi
Rotor Sails BUKOpPUCTOBYIOTBCS JUIsi ONTUMI3aMii MaauBHOI €KOHOMIYHOCTI Ta CKOPO-
YEeHHS BUKHU/IIB BYIVICLIO.

Hocaimxenns 0. C. KproukoBa mokaszanu, 1m0 CyIHO 3 BITPHJIOM MOXKHA Tpel-
CTaBUTH Y BHUINISAMI KPHJIBYATOTO a00 KapyCeThbHOTO BITPOABUTYHA 3 HECKIHUCHHUM
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niamerpoM kojieca [9; 10]. V npoMy BUIAAKY BITPUIIO € HAWOLIBII JOCKOHAJIO JIOTa-
TEBOIO MAIIIMHOIO 3 HAWBHUINNUM KOe(]II[iEHTOM KOPHUCHOI [Iii, sika 0e31T0CepeaHbO BHKO-
PHCTOBY€ €HEpriro Juist pyxy. BomHovac Ha CyJHi 3 BITPOIBUTYHOM €HEPTisl TOAATKOBO
BTPAYaETHCS y TPAHCMICii Ta TpeOHOMY TBUHTI, YHACTIIOK YOTO JUIS PYXy BUKOPUCTO-
BYETBHCSl 3HAUHO MEHIIIA YaCTKa SHEepril BITPY.

Puc. 2. Banxep Sea Zhoushan deoseiimom 325000 moun
3 5 NOXUAUMU POMOPHUMU GIMPUTLAMU

ToMy Ha cyaHax, 10 IPUBOASTHCS B PyX BITPOM, HAUOLIBII TOMJILHO BUKOPUCTORY-
BaTH 3BMYANHI M SIKi, HaITIBXKOPCTKI Ta KOPCTKI BiTpriIa (Kpuja).

Bapto 3a3naunTH, 1110 32 paXyHOK BUKOPHCTAHHS €HEPrii BITPY 3HAYHO CKOPOUYYETHCS
KIUIBKICTD IIKIJIMBAX BUKHUIIB OO0 MOKA3HUKIB, 3BUYAHHUX IJI1 OKEAHCHKHX BaHTaX-
HUX CYJICH 13 TpaJuI[iHHUMU IBUTYHAMH BHYTPILIIHBOTO 3ropsiHHs. OCHOBHUI HEIOJIK
BITPHJILHUKIB — MTOPIBHSIHO Maja IMBHUAKICTE mepecyBaHHA. OgHaK ms1 mpodiieMa 3apas
AKTUBHO BUPIMITYETHCS: ISl TPUCKOPEHHS X0y, @ TAKOXK IS TTiIBUIIIEHHS PIBHS MaHEB-
pyBaHHs O1Jist Oepera IIaHy€eThCs JI0IATKOBO OCHAIIYBATH CYyHA CICKTPUIYHIUMH MOTO-
pamMu Ta COHSIYHUMHE OaTapesiMu.

Buxopucmanns exonoziunozo ma anvmephamugnux eudie nanuea. Ilpockmu
exocyoden. MOPCHKHI TPaHCTIOPT BBAXKAETHCS HAHOUTBIT «OpyTHIM 32 PiBHEM BUKHUJIIB
TOKCHYHHX PEUOBHH MOPIBHSIHO 3 IHITMMH BHIaMHU TPAHCIIOPTHUX 3aC00iB. OCHOBHUMU
TOKCUYHUMH PEYOBHHAMH, 1110 BU3HAYAIOTh 3a0py/AHEHHS aTMOCEpHU BiIPallbOBAHUMHU
rasamu JIM3eNIbHUX JIBUIYHIB, € okuc Bymiento CO, okcnmu azoty NO_ Ta He3ropii Byr-
JIEBOIH1 CH, KaHIIEPOT€HHI MOMIIHUKIIIYHI ByTJIEBOJHI, caXka. 3a TaHUMH HE3aJIe)KHUX
EKCIIePTiB, Ha YaCTKy KOMEPIIIIHOTO CY/JIHOILIABCTBA 3apa3 NpuIiagae npuoau3xo 2,5 %
BiJl CBITOBHMX BHUKHJIIB BYIJICKHCIIOTO ra3y B arMmocdepy, 18-30 % Bix BUKH/IB OKCHJIIB
a3oTy Ta 9 % — BiJ OKCUAIB CipKH. BilMOBITHICTH CYTHOBOTO TTAJIMBA BUMOTaM CBITOBUX
CTaHMAPTIB BAXKIIUBA 5K JUIs O€3IeYHO] eKCIuTyaTallii Cy[eH, 30pOB’ sl IEPCOHAITY, TaK
1 IS 3aXHMCTY HABKOJMIIHKOTO cepenopuima [11].

Cy/IHOBE MaJMBO, SIKE BUKOPUCTOBYETHCS HUHI HA CYJIHOBUX CHEPIEeTUYHUX YCTa-
HOBKax (BHCOKOOOEPTOBHX, CEPEAHbOOOCPTOBHX 1 HH3BKOOOECPTOBHX JBUTYHAX
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BHYTPIIIHBOTO 3TOPSIHHS), 32 CBOIMH XapaKTEPHUCTUKAMH TOMALTSETHCS HA J[BA BWJIH:
Jierke Ta Baxkke. [1o BaXKKOTO MannBa HaJeKUTh (QIIOTCHKUI Ma3yT (H0ro 11e Ha3uBaIOTh
3aJIMIIKOBUM Ba)KKUM TAJIMBOM), @ JIO JIETKOTO TajiiBa — CyIHOBE MaJOB’sI3Ke MaluBO
(CMT, TCM) abo comsapky (IOTCBbKY, SKi 3aCTOCOBYIOTHCSI Ha CylHaX, II0 00JagHaHi
BUCOKOOOEPTOBUMH i cepeTHbO0OEPTOBUMH ABUTYHaMH [12].

CyaHOBe MajoB’s3Ke MaJMBO MOPIBHSHO 3 Ma3yTOM € OibIIl €KOJOTIYHHM Tallu-
BoM. Moro 060B’A3K0BO BHKOPHCTOBYIOTh Y 30HAX KOHTpomo BukuaiB ECA (Emission
Control Areas), mpoTe 3a YMOBH BUXO/Ty Y BIIKpUTHI OKE€aH Cy[IHA MEPEXOASITh Ha Ma3yT
SIK Ha 01T JerreBe manuBo. 3a suMmoramu Konsenttii MAPITOJI Mopcbke cyaHOIIIAB-
CTBO Ma€ B HAHOMMKIOMYy MalOyTHBOMY BiJMOBHUTHCS Bil BUKOPHUCTAHHS Ba’KKOTO
MasyTy, Xoua B I1iil chepi 3MiHU BiJI0YBaIOTHCS MOBUIHHO.

SIk BiIOMO, OJIHI€I0 3 OCHOBHHUX MPo0JIeM 3a0pyTHEHHS Bijl CYJIHOIUIABCTBA € BUCO-
KWW BMICT CIpKH B CYIHOBOMY TaliuBi. MiXKHapogHa MOpCBbKa OpraHizallisi 3amporo-
HyBajia CyBOPE PEry/IIOBaHHs PiBHIB CIpKHM B MaJIMBI HUISIXOM CTBOPEHHS CIELialbHUX
30H koHTporo BUKUAIB SECA (Sulfur Emission Control Areas), 1e cyqHam J103BOJICHO
BUKOPHUCTOBYBATH TIBKH NANTKMBO 3 HU3bKUM BMicToM cipku (0,1 %), a 3 2020 p. cynnam,
SIKi TUTABAIOTh B IHIINX paiioHaX, HEOOXiAHO Oyle BUKOPUCTOBYBATH MAJIUBO 3 BMiCTOM
cipku menmie 0,5 %. SIKmio mamuBO 3 HU3BKUM BMICTOM CipKHA HE BHKOPHUCTOBYETHCS,
HEOOXiTHO BCTAHOBHUTH CHUCTeMH (inbTparii CipuuCTHX CHOJIYK Yy BUXJIOITHOMY Tas3i
(cxpy0Oepm) st BunaneHus Bukuais SO .

Ha nymKy He3anmeXHHX eKCTepTiB, IIi MpaBHiia 03Ha4aroTh, mo 70 % manwusa, sike
HUHI BUKOPUCTOBYETKLCSI B MOPCHKOMY CEKTOPi, He0OXiaHO Moau(iKyBaTH a00 3MiHUTH.
Takox TpeOa BpaxoByBaTH, IO B KOPOTKOCTPOKOBIHM MEPCIIEKTURI 3MIHCHIOBATHMETHCS
peryJoBaHHs BUKK/IIB apHukoBuXx rasis (CO,).

Ha cporozHi naimBo 3 HU3bKUM BMICTOM CIPKH, SIKE BIIPOBAJIKYETHCSI B MOPCHKOMY
cekTopi, mae MapkyBaHHsi « VLSFO» (Very-Low Sulphur Fuel Oil) — ma3yT i3 qyxe
HU3BKHM BMICTOM cipku, sikuii Mae Big 0,1 % no 0,5 % cipku, i «ULSFO» (Ultra Low
Sulfur Fuel Oil) — ma3yT i3 HaTHU3BKUM BMICTOM CipkH, mo Mictuth Menme 0,1 %
cipku. BoHo Binnosinae oomexxenHsm 300 SECA [13].

MixHapo/Hi 1HINIaTUBY 31 3HIKEHHSI IIKIIJIMBUX BUKHIIIB 13 CYJIEH € JpaiiBepaMu
MIONTYKY aJIbTepPHATHBHUX BUJIB MalliBa, Cepel SKUX 3apa3 HaHOUIbII MOMUPEHUMHU
€ 3pipkeHnit npupoaHuii ra3 (nami — 311I7), 3piKeHnii ByTIeBOIHEBUH ra3, METaHOI,
OiomanmBo Ta BOJAEHbB. [HII BUAM MaiwBa, Ki MOXKYTh BiZlirpaBaTi NMEBHY POJb y Maid-
OyTHROMY, — 11 3pimkennit HagToBwi Ta3 (LPG), eranon, numermnosuii edip (DME),
0ioras, CHHTeTHYHE TIAJIMBO, BOJCHH (OCOOIMBO MJIsi BUKOPHUCTAHHS B TAJMBHUX eJie-
MeHTax) Ta sjepHe naauso [13].

31" — HaHOUIBIIN BUTIHHUIA 3 €KOHOMIYHOT Ta €KOJIOTIYHOI MO3MINH aHajIor (JoT-
cpkoro Masyty. CrianmoBaHHs ra3y BUpoOisie 10 90 % MeHIIe MIKiJJIMBUX BUKUJIIB, BIH
Bignosinae umoram Kouseniiii MAPITIOJI 3a BMICTOM Cipku Ta 3a KOHIICHTPAILIEIO
crionydeHb a3oTy. OHak He3ropiinii MeTaH, 10 € ocHOBHUM ckiaanukom 31T, cTBo-
PIO€ BUKMIM 3 OLIBLI IOTYKHMM HapHUKOBMM €(EKTOM, HiX JBOOKKC Bymiemio (CO,).
IIpore, 3a 3ameBHEHHSIMH BHPOOHHKIB JBOMAIMBHHUX JBUTYHIB, OOCST HE3ropiJioro
MeTaHy B Cy4acCHOMY OOJaJIHAaHHI HE HACTIJIbKU BEIUKUAN, TOMY BHKOPHUCTAHHS TaKHX
JIBUTYHIB Jla€ 3HIDKCHHS MMapHUKOBUX Ta3iB y cymaHoruiaBcTBi Ha 10-20 %. OnHak He
BECh MOPCHKHI 1 pIYKOBUI TPaHCIIOPT MOXKHA TepeolnaaHaTh sl eKCITyaralii Ha 3pi-
JUKEHOMY Ta3i Ik OCHOBHOMY MajuBi. TpaauiiiHO HOro BUKOPUCTOBYIOTh TAHKEPH JUTSI
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nepesesenns 3[1I, ne OUMbIIICTh NEPEBI3HUKIB KOPUCTYETHCS JIBOTIATMBHUMHE JIH3EITh-
HUMH JIBUTYHAMHU, sIKi 3/1aTHI criokuBatu Oyab-siky komOinarito 31" Ta GyHkepHOTO
nanusa. 3actocyBanHs 3I1I" ams BHYTPILIHBOTO CYTHOIUIABCTBAa OOMEKEHE Ta 3/1e01J1b-
LIOT0 Opi€HTOBaHe Ha BUIPOOyBaHH: [ 14].

[le ogne pimieHHs 31 3HWKEHHSI BUKUAIB CIPKH — BAKOPUCTAHHS OionannBa, sSike Mae
Jy’KE€ HU3bKUHI PiBEHb CipKM Ta Hu3bKi BUkuau CO,, a TOMy € TEeXHIYHO KUTTE3AaTHUM
pilIeHHsIM JI71s TIajuBa, 1m0 Bignosinae Bumoram VLSFO abo ULSFO. besnocepenus
mnpodiema moJyisirae B TOMY, L0 B CYIHOIUIABHOMY CEKTOPI Majio 3HaHb MPO 3aCTOCY-
BaHHs OiomanyBa K KOMIIOHEHTA MTaIMBHUX PECYPCiB.

Yci eperniveHi anbTepHATUBHI BUIH TTAIMBA TIPAKTHYHO HE MICTATH CipKY Ta MOXKYTh
BUKOPHCTOBYBATHCS PO3PI3HEHO JJIs TOBHOI 3aMiHH 3BUYAIHO MaMBa a00 B TIOE€THAHHI
31 3BUYaliHUM CYJHOBUM TaJIMBOM Ha HATOBIH OCHOBI, Y TaKUi CIOCIO MOKPUBAKOYH
TUIBKH YacTUHY MOTPEeOM Cy[Ha B eHeprii. BuOpaHuil THIl aqbTepHATUBHOTO TalliBa
Ta YacTKa 3aMiHHOTO 3BUYaifHOTO TajiBa MATUMYTh NPSMUH BILUIMB Ha BUKUIM CYy/IHA,
30Kkpema nmapHukoBi rasu, NO_Ta SO . OmHak OfHI€I 3arajbHOK MPOOIEMOIO, KA
OB’ s13aHa 3 MPUHHSTTSIM JIJ1sl BAKOPUCTAHHS O1IbIIOCT] albTePHATUBHUX BHIIB [TAJINBA,
€ TxH1 Qi3UKO-XIMIYHI XapaKTePUCTUKH, [TOB’s3aHi, K MPaBHUJIO, 3 BIAMOBITHUMU HU3b-
KHMH TOYKaMH 3aiiMaHHs, O1TbII BUCOKOIO JIETIOUICTIO, Pi3HIM BMICTOM €HEprii Ha O1u-
HUIIIO MacH, Y ACSKHUX BUMA/KaX HaBITh TOKCHYHICTIO.

OpnHax 3 oIy Ha T€, L0 CYJHOIIAaBCTBO CHOTO/IHI CTAHOBHUTH 3HAYHY YacTKY Ha CBi-
TOBOMY TPAHCIIOPTHOMY PHHKY, BUKOPHCTaHHS aJbTEPHATUBHUX BUAIB MaJMBA MOXKHA
PO3IISLIATH K OAHY 3 HAMBaXJIMBIINX cep TEXHOIOTIYHOTO PO3BUTKY CTAJIOTO TPaHC-
opTy 3 6e3mocepeIHiM MO3UTHBHUM BIUTHBOM Ha HaBKOJHUIIHE cepemoBuiie [15; 16].

I1e omHi€r0 3 TOMITHHAX TEHACHITIH Y «3€JICHOMY CyTHOOYIYBaHHI» € ITiABHIIICHE 3aCTO-
CYBaHHSI CYJIHOOYIIBHUMH Bep(psMH eHepro30epiratounx TEeXHOJOTIH, Mo 3armo0iraloTh
BTpaTaM €Heprii, He 3HWKYIOUH TIpH 11boMy e(eKTHBHICTh cyieH [17]. 3Haunuii mporpec
y BIPOBAKEHHI €Hepro30epiratouynx METOJMK 1 CTBOPEHHI Cy/IEH, SIKi BiIMOBIAI0Th BUCO-
KUM EKOJIOTIYHMM CTaHJapTaM Ta CKOPOUYIOTh BUKHIM BYIJICKHCIIOrO Ta3dy B atMocdepy,
3poOWIH ATIOHCHKI CynHOOYiBHUKHK. Y SInoHii Oyl CTBOpEHi Ta BBE/IEHI B [0 MIPaBHIIA,
sIKI BCTAHOBJIOIOTH MEKi BMICTY CIPKHM B MaJbHOMY Ta BUMAraroTh BiJ CyIeH, IO Mpo-
XOZIATH Y SIMOHCHKUX TEPUTOpPIalIbHUX BOAAX, BUKOPHCTOBYBATH JBUTYHH, SIKi BiJIOBiIa-
FOTh HAMOUTBII IEPEIOBUM CTaHIapTaM 3a BUKHAMU OKCHIIIB 30Ty 1 BMicTOM cipku. Taki
3yCHIUIA TIPUBENW JI0 PO3POOIEHHS PEBOIIOIIMHOTO TPHOEPEIKHOTO «CYIIEPEKOCYIHAY,
sIKe TIOOYTOBaHE 3 BUKOPHUCTAHHIM BHCOKOTEXHOJIOTIYHMX PIllICHb Ta OOJIaTHAHHS, OCHA-
IIEHE EIEKTPHYHOI0 CHEPreTUYHO0 YCTAHOBKOIO, IO JIA€ MOXIIMBICTH CKOPOTUTH BILIHB
Ha HABKOJIUIITHE CEPEIOBHUINE OKCHIIIB a30Ty, BYIJICKUCIIOTO Ta3y, OKCHIIB CIPKHU, 3BYKO-
BOro 3a0pyaHeHHs i BiOpaitiid. CymHO Mae onTUMaNbHy (HOpMY KOPITYCY Ta MOJICTIIYIOTY
CHCTEMY MiJITPUMKH JIJIsl IIBAPTYBaHHsI, HABAHTa)KeHHs 1 Hagirarii. Ha 1ieii yac jekinbka
«CYTEPEKOCYIICH» YrKe 3HAXOIAThCS B POOOTI, 1HIII K Ha cTaii OyaiBHuLTBa [ 18].

Jiist mocusieHHs: Oe3MeKH Ta eKOJIOTTYHO1 HEeIKiUIMBOCTI poOoTH Bepdei y SAmnonii
TAKOXK PO3pOOJICHI BiAMOBIAHI PEKOMEHIALI] 00 iHBEHTapH3aLlil Ta eKOJIOTr1uyHO 0e3-
MEYHHUX MPAKTHK 3J1aMy CyJICH.

VY 3B’513Ky 3 BBEACHHSM Y Ai0 MIXXHapOIHOIO MOPCHKOIO OpraHi3ali€lo JOKyMEHTa
BWMC 3 nmysxe >KOpCTKUME BUMOTaMH 110 00poOKu OanacTHOI Boxu (OCHOBHOIO HEOE3-
[IEKOK0 BUKOPUCTAHHsS OalaCTHOI BOOM BBaXKA€ThCS BIUIMB HA EKOJIOTIIO 3@ PaxyHOK
MIEPEHECEeHHSI MOPCHKUX OPTaHi3MiB i3 0aIaCTHOO BOJIOKO 3 OJTHIET €eKOCHCTEMH B 1HIITY)
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aKTyaJbHOI CTae TeMa po3poOsieHHs Oez0anactHux (free-ballast) cymen, a Takox
CYIIEH, y TMPOEKTaX SKUX HE BIIMOBISAIOTHCS TMOBHICTIO BiJi BUKOPUCTAaHHS OalacTHOI
BOJIM, TIPOTE 3BOMSTH 11 KiBKICTh M0 MiHIMyMY (low-ballast).

Tak, xnacudikaniiine ToaprctBo DNV GL po3poOuiio mpoexT cynHa 3 MPOTOYHUM
Oanactom Triality sk anpTepHATHBH CUCTEMaM OYHIICHHS OAJIACTHOI BOJAM JIJISl TAaHKE-
piB. Taki po3poOku BexyThes i B Smonii (OyaiBHUIITBO Oe30a1acTHOTO CyIHA-OYHKEPY-
BanbHuKa 3I1I), sika mparHe 3poOuTH CBOIO CyTHOOYIiBHY T'aly3b €KOJIOTiYHO CTa0lTb-
HOIO Ta CTIHKOIO.

BucnoBku. Y pe3ynbraTi IpOBEJCHOTO JIOCHIPKEHHST TEHACHIIH «3€JIeHOTO CY/I-
HOILJIABCTBa» — KOMILJICKCY TEXHOJIOTIYHHMX IHHOBAIIIH, sIKi 3a0€3Me4yI0Th CTBOPEHHS
Ta BIIPOBAUKEHHS Cy/IeH, 00N {HaHHS i aJbHOTO, IO OLTBII OEe3MeYHi eKOIOTI9HO, —
00IPYHTOBAHO PALiOHAIBHICTh MPOBECHHS PO3PO0OK y TaKUX cepax:

— BUTOTOBJICHHS Ta KiacH]ikallii HOBUX MaTepialiiB 1 TEXHOJOTIH i3 BUKOPUCTAH-
HSIM KOMIIO3HTIB JJIsl KOPITYCiB CY/IeH, a TaKOX sIK 0arato(pyHKITIOHATHHHUX TETII03BYKO-
I30JISIITHMAX MaTepiaiB i IOKPHUTTIB;

— onruMmizauii 00BOIB KOPIYCIB 31 3MiHOIO JU3aliHy Ta KOHCTPYKTUBHHUX 0COOIH-
BOCTEH Cy/Ha;

— BUKOPHCTaHHS €HEPTii BITPY JUIsl MiIBUIIICHHS PiBHS €HEproeeKTUBHOCTI Cy/IHa
3a PaxyHOK BCTAHOBJICHHS BITPHUJI Pi3HOT KOHCTPYKIIIT;

— YJIOCKOHAJICHHSI Ta BIPOBAJPKEHHS HASBHOTO JIOCBIJTY IO/I0 PO3pOOIICHHS i BUKO-
PHUCTaHHS €KOJIOTIYHOTO Ta ajJbTePHATUBHUX BHIIIB TallBa, 3MEHIICHHS! HETATUBHOTO
BIUTMBY BUKUJIIB 13 CY/ICH HA HABKOJIUIIIHE CEPEIOBHUIIIE;

— TIOOYZIOBU «EKOCYJICH» 32 TPUHIIMIIAMH «3€JICHOT JIOTICTUKI Ta BBEJICHHS B JIII0
EKOJIOTIYHO O€3MEeYHHX MNPAKTHK 3JlaMy CYICH, IO Ja€ 3MOTY CKOPOTHUTH BiJXOAM
i 3a0py/IHEHHSI HA BCOMY JIAHIIOKKY BUPOOHHUIITBA Ta MOCTABOK.
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Anomauisn

Bcemyn. [opiune 3pocmants obcsaey MyTomumMoOaibHUX nepese3etsb 3yMOBII0E NPU-
8a0ONUBICIMb MAKO20 Ce2MeHmy PUHKY MPAHCNOPMHUX NOCTY2, MOMY 3HAYHA KIIbKICHb
KOMRAHIN 20M06a HUHI HA0amu nOCIy2U MYTbMUMOOAIbHO20 NEPEBE3eHHS, WO 3YMO8-
JII0€E, 3 00H020 DOKY, BUCOKUIL PIGeHb KOHKYDEeHYIl V YbOMY CeKmopi puHKy, 3 IHUL020 —
BUCOKI 8UMO2U BaAHMANCOBNACHUKIE. Tomy Ona 3a0e3neuyeHHs KOHKYPEHMOCNPOMON4C-
HOCMI MYTbMUMOOAIbHUX ONePamopie NOMpioHi 3HAYHI 3YCULISL A GUCOKUL DiBEHb
cepgicy. Memoro 0ocniodicentsi € hopmy8anHs MHOICUHU NOKAZHUKIE OYIHKU UMOBIDHIC-
HUX XAPAKmepucmux MyiemumoOoaibHux 00Cmasox 0jis 3abe3neyenis 6ce0iunoi oyinKu
sapianmis docmasKku y npoyecax onmumizayii ma/abo eiobopy. Pezynomamu. B pam-
KAX Yb020 O0O0CHIONCEHHs 3ANPONOHOBAHO NOKA3HUKU OYIHKU LMOBIPHICHUX Xapakme-
PUCTMUK MYTbIMUMOOATbHOL 00CMABKY — HAOTUHOCTI MA MONXCIUBO20 30IIbULIEHHS YACY.
s oyinku xapakmepucmuxk My1bmumo0dibHoi 00CMA8KYU NPONOHYEMbCS BUKOPUCTNO-
sysamu cimkosuil epagix, AKutl Hadae CyKynHicmo ma J10214Hy NOCAI008HICMb onepa-
yitl, AKi OB A3AHI 3 MYTbIMUMOOATLHOI 00CABKOIO, K OCHOBHUX, MAK [ 000AMKOBUX.
Koocna onepayiss mpancnopmno-mexuHonociuno2o npoyecy, y momy yucui t onepayii
KPpUMUYHO20 WIIAXY 8 PAMKAX CIMKOBOI MOOeNL, Xapakmepuszyemuvcsl IMOBIPHICHOIO NpuU-
poooro ixuvoi mpusanrocmi. Ilposedeno cmamucmuuni 00CHIONCEHHST NOBEOIHKU OKpe-
MUX onepayiti mpancnoOpmHO-mMexXHOL02IYHO20 Npoyecy 8 pamKax MyIbmMuMOOaibHOI
00CmasKu, 0OIPYHMOBAHO HOPMATbHUL 3AKOH PO3NOOLLY, WO NIOMEEPIIICYE pe3yibma-
mu THWUX 00CAI0NCeHb 3 Ybo2o Hanpsamy. Memoou oyinku 8paxosyroms pizHi nioxoou
00 BU3HAYEHHs NIAHOB020 YACY BUKOHAHHSA Onepayill (cepeoHe 3HaueHHs ab0 3HaAUeHHS,
2apanmosane 3 NegHOI0 LUMOGIPHICIIO), A MAKOIC MOICTUBICIb OYIHKU 3A0AH020 DIGHS
tLMoBipHOCII pO3210Y 3HAUEeHb YaCy 8UKOHAHHA onepayill. Bucnosku. Y cyxynnocmi
3 OCHOBHUMU XAPAKMEPUCTNUKAMU OOCMABKU — 8APMOCMI Md 4acy — 3anponoHO6aHI
xapakmepucmuky @Gopmyroms 0a3y OYIHKU albMEePHAMUBHUX BAPIAHMIE OOCHABKU.
3mina xoua 6 00HO20 enemenma 6 MyIbMUMOOAIbHIN 00CMABYL NPU3BOOUMb 00 3MIHU
xapakmepucmuxk yciei oocmasku. Lle gukopucmogyemucs 0isi KOPUSY8aHHs 8aPIAHMIE
y npoyeci nouLyKy moeo, aKutl ou 8ionosioas GUMo2am, o UCY8AIOMbCS 00 00CMABKU.

© Bepecrtenko B.B., Onumenko C.I1., 2022
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PROBABILISTIC CHARACTERISTICS OF MULTIMODAL SHIPPING
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Summary

Introduction. The annual growth of multimodal shipping determines the attractiveness
of this transport market segment, thus, many companies are ready to provide multimodal
shipping services, that leads, on the one hand, high level competition in this market
sector, on the other hand, high level requirements of cargo owners. Therefore, to
ensure the competitiveness the multimodal operators need significant efforts and a
high-level service. Purpose. This study aims to form a set of indicators for estimating
the multimodal shipping probabilistic characteristics to provide a comprehensive
assessment of shipping options in the decision-making processes. Results. This study
proposes methods for estimating the probabilistic characteristics of multimodal
shipping — reliability and possible increase in time. To assess the characteristics of
multimodal shipping, it is proposed to use a grid graph, which provides a set and logical
sequence of operations related to multimodal delivery, both basic and additional. Each
operation of the technological process, including critical path operations within the
grid model, is characterized by the probabilistic nature of their duration. Statistical
researches of some transportation operations duration behavior within the multimodal
delivery system are carried out, the normal distribution that confirms results of other
researches in the given direction is proved. Estimation methods take into account the
different approaches to determining the planned operation duration (average value or
value guaranteed with a certain probability), as well as the possibility to estimate the
values of operation duration for given level of probability. Conclusions. Along with the
main shipping characteristics — cost and time, characteristics proposed in this research
form the basis for evaluating alternative shipping options. Changing at least one element
in multimodal shipping causes the changes of the entire shipping characteristics. This is
to be used to adjust the options in the decision-making process that meets all shipping
requirements.

Key words: network model, reliability, shipping time, transport and technological
process, normal distribution, multimodal shipping, multimodal operators’
competitiveness.

Beryn. MynsrumopanbHa JOCTaBKa Tmependadyae BUKOPUCTAHHS KiNBKOX BHIB
TPAHCIOPTY, HASBHICTb €IMHOTO IEPEBI3HOIO JOKyMEHTa Ta BiANOBIIHO MYJIBTHMO-
JaBHOTO OIIEpaTopa, SIKUI OPTaHi30BYe 1110 IOCTAaBKY Ta Hece 3a Hel BiAOBI A bHICTh.
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lopiune 3pocTaHHs 00CITY MYJIBTUMO/IAIBHUX TIEPEBE3CHb 3yMOBIIIOE TIPUBAOITH-
BICTh IIbOTO CETMEHTY PHHKY TPAHCIIOPTHUX MOCIYT, TOMY 3Ha4Ha KUTBKICTh KOMIaHil
TOTOBI HUHI HA/IaTH MTOCIYT'H MYJIBTUMOAIBEHOTO TIEPEBE3CHHS, 1110 3yMOBIIIOE, 3 OJTHOTO
00Ky, BUCOKHIA pPiBEHb KOHKYPEHL1 y TAKOMY CEKTOP1 PHHKY, 3 IHIIOTO — BUCOKI BUMOTH
BaHTAXOBJIACHUKIB. ToMy 111 3a0e3MeUeHHs KOHKYPEHTOCTIPOMOXKHOCTI MYJIBTHMO-
JIAIBHUX OTIePaTopiB MOTPiOHI 3HAUHI 3yCHILIS Ta BUCOKHI piBeHb cepaicy. Lle mependa-
yae MijJ yac HaJaHHs MOCIIYT 3 OpraHi3amil MyJbTUMOIAIBHOI TOCTABKU ONPALIOBAHHS
MHOXHHH aJbTePHATUBHUX BapiaHTIB MYJBTUMOJAIBHOI JTOCTaBKM Ta IXHIO BCEOIUHY
OIIIHKY JUTSI TOTO, 00 BUMOTH BaHTAKOBJIACHUKA (KJTIEHTA) 32 YMOBAMH JOCTABKH OyTH
BHKOHAHI B TIOBHOMY 00CsI3i.

Humni, kpiM TpaauiifHUX XapaKTEPUCTUK JTOCTAaBKU — BaPTOCTI Ta 4Yacy, BAXKIUBUM
KPHUTEPIEM € TOTPUMAHHS TEPMiHY JOCTABKH, IO TTOB’s3aHE 3 (PyHKIIOHYBaHHSM TJI0-
0abHUX CUCTEM JIOTiCTHKH.

I[ocTranoBka mpo6aemu. OTxe, BUHUKAE HEOOXIHICTh Y pO3pOOIIl METO/IIB OI[IHKU
HaJIHHOCTI JTOCTAaBKM, a TaKOX IHIIMX [TOKAa3HUKIB IMOBIPHICHHUX XapaKTEepUCTUK
MYJIBTUMOIANIBHOT JocTaBKU. Lle 103BoIMTh BCEOIYHO OLIHIOBATH BapiaHTH TOCTABKU
1 OTpUMYBATH Pe3yJabTaTH, IO O1TBIIIOK MipOO Bi/IITOBIIal0Th BUMOTaM BaHTa)KOBJIAC-
HUKiB. Lle 103BOMUTH MiIBUIIATH PiBEHB CEPBiCY MYJIBTUMOAIIBHUX OTIEPATOPiB Ta, SIK
HACITiJTOK, 3a0€31eUnTh IX KOHKYPEHTOCTIPOMOXKHICTb.

AHaJTi3 ocTaHHIX A0CTiTKeHb i myOmikaniii. [IpoGiemMam MyTbTHMOIATEHUX TIEPE-
BE3CHB IMPHUCBIUCHO, 3 OAHOTO OOKY, JOCTATHIO KITBKICTH POOIT, 3 IHIIOTO OOKY, CIIif
KOHCTATyBaTH, 10 i poOOTH MEPEBAKHO 3aCHOBAHI HA JETEPMiHICTCHKOMY IIiAXO,
TOOTO PO3IISIAIOTH XaPAKTEPUCTHKH JOCTABKH SIK BU3HAUCH] 3HAUCHHS.

[Ipote kokHA OTIepalisi TPAaHCIIOPTHO-TEXHOIOTIYHOTO MTPOIIECY, Y TOMY YUCITi i ore-
pauii KpUTUYHOTO UIAXY B paMKaX CiTKOBOT MOJIENIi, XapaKTepU3yIOThCS IMOBIPHICHOIO
npupoIoro IXHBOT TpuBasiocTi [ 1-6]. Sk mpaBuiio (i Ha e BKa3yloTh 6arato J0CiHKeHb,
Hanpukiazn [ 1; 2]), yac BUKOHAHHS omNepalliii i rnopsAKOBYEThCS HOPMAILHOMY 3aKOHY
PO3IIOiTY, 110 32 HASBHOCTI CTaTUCTUYHUX AAHUX J03BOJISIE BCTAHOBUTH MapaMeTpH
3aKOHY 1 BU3HAUaTH WMOBIPHOCTI Jlialla30HiB Pi3HUX 3HAYEHb.

CyKyIHICTh Ta JIOTiYHA MOCIIIOBHICTh OTepalliil, sKi MoB’s3aHi 3 MYITBTHUMOAAIb-
HOIO JJOCTaBKOIO, MOKe OYTH TIpecTaBiieHa y BUIIISIII CITKOBOT MOIETI, 0 OYII0 Tpe/I-
CTaBJICHO ¥ [7] sIK pO3BUTOK i€, BUCTOBIEHUX Y [8—11].

Bubuparoun HaWOUTBII MiIXOASIIANA BapiaHT JOCTAaBKH 3 MHOXHHH MOIJTHBHUX
aNBTEpHATHB, ONEpaTop Ta 3aMOBHUK 0a3yIOThCs Ha OIIHIII OCHOBHUX XapaKTEPUCTUK
JIOCTAaBKH — BapTocTi Ta 4yacy. [IpoTe Taka XapakTepUCTHKa, SIK, HApUKIAJ, Haliii-
HICTb JIOCTABKH, TAKOXK MOYKE MaTH BeJIMKE 3HAUYCHHS )11 BaHTa)koBaacHuKa [7; 11-13].
VY poborax [14; 15] nponoHyeThCsl BUKOPUCTOBYBATH 1MOBIPHICHI XapaKTEPUCTHUKU
y pasi BuOOpy BapiaHTa JOCTaBKM BaHTaXiB, BHKOPUCTOBYETHCS TOHSTTS «PHU3HK
nocraBkny. IIpote cimij KOHCTaTyBaTH, IO BIACYTHI METOIM OLIHKHM HPONOHOBAHUX
IMOBIPHICHUX XapaKTEPHUCTUK, HAIWHICTh JTOCTAaBKHA B 0araThbOX JDKEpelax MPOIOHY-
€TBCS OIIHIOBATH SKCIIEPTHUM IUIIXOM (aHAJIOT iIMOBIpHOCTI).

Hias crarTi. MeToro 1MbOTO MOCTIMKEHHS € (GOpMyBaHHS MHOKHHU TTOKa3HUKIB
OIIIHKY WMOBIPHICHUX XapaKTEPUCTUK MYIBTUMOAAIFHUX JJOCTABOK IS 3a0e3MeueHHs
BCceOIYHOT OITIHKY BapiaHTIB IOCTABKH Y MpoIlecax ONTUMIi3allii Ta BiOopy.

PesyabraTn. Y pamkax CiTKOBOi MOjeii, o BifoOpakae JOTIYHY TOCTiTOBHICTh
onepauiii, MOXyTb OyTH BHUJIJIEHI OCHOBHI TPaHCHOPTHI omepauii, SKi MOB’s3aHi
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0e3nocepeiHb0 3 (PI3UYHUM TIEPEMIIICHHSIM BaHTaXy, a TAKOX J0JaTKOBI orepaiiii,
SIK1 MaroTh opraHizaniiiauii xapakrep [15]. [loegnanHs yacoBoi oci, cxemu Pi3HUHOTO
MepeMillleHHS BaHTaXy Ta OIepaliii TPaHCHOPTHO-TEXHOJOTIYHOTO Mporecy (CiTKo-
Boro rpagika) (puc. 1) 1ae MOXKIIMBICTh POIEMOHCTPYBATH CKa3aHE BUIIIE.

KpumuMHuli winsx — ocHogHi briepayfl mpaHcnopmHo-mexHoso. ¢ npoyecy

BanmaHi /mepmiHaneHi onepayii

|
> > >
> > P

Asmo / 3an. nepesezeHHA MopcbeKe nepeseseHHs Asmo / 3an. nepeeesenHs

Puc. 1. Iloeconanns cimrxogozco epagixa mpanHcnopmHo-mexHon02iuno2o npoyecy
ma QizuuHo20 nepemiueH s BAHMANCY i3 YACOBOH) GICCHO

Sk mpaBuIIO, AJISl KOHTEHHEPHUX MEPEeBE3eHb OCHOBHI OMepalii KpUTUYHOTO IUIAXY
ciTkoBOro rpadika — 1e omneparii, SKi MOB’A3aHi 3 (PI3UUYHUM MEPEMILICHHIM BaHTaXKY,
OCKIJIBKU OUTBIIICTh IHIIMX OMepalliid BiJ0yBalOThCS MapalieibHO 3 MPOIECOM Tepe-
MimieHHs (KpiM omepauiid i3 MiATOTOBKU O JOCTaBKH). BUHATOK CTAaHOBIATH MHUTHI
Ta iHI1 GopMaTbHOCTI Y MOPCHKMX NIOPTaxX y pasi JOCTABKU IMIIOPTHUX BaHTAXKIiB.

KoxHa omepariisi TpaHCIIOPTHO-TEXHOJIOTIYHOTO MPOIIECy, Y TOMY YHCHi i omepa-
1ii KPUTUYHOTO LUIAXY B PaMKaxX CITKOBOI MOJEINi, XapaKTEepPHU3yeThCsI iIMOBIPHICHOIO
IpUponoro 11 TpuBasiocTi. Buille Bxke akLeHTyBajlocs Ha TOMY, IO 3A€01IBIIOrO Yac
BUKOHAHHS TPAHCIIOPTHUX ONEpaLiil MiAMOPSIKOBYETHCS HOPMAaIbHOMY 3aKOHY PO3IIO-
JiTy, 110 32 HassBHOCTI CTAaTUCTUYHUX JAHHUX JIO3BOJISIE BCTAHOBUTH apaMeTPU 3aKOHY
Ta BU3HA4YaTH HMOBIPHOCTI Aiana3oHiB Pi3HUX 3HAYCHb.

Ha 06a3i indopmanii mpo TpuBajicTh PO3BaHTAKEHHS CyNEH-KOHTEHHEPOBO3iB
B OnecbKkoMy MOPTY Ta TPUBAIICTH (OPMANbHOCTEH, SIKi MOB’s3aHI 3 MPOXOIKEH-
HSIM IMIOOPTHHUX BaHTaXiB y KOHTelHepax uepe3 OnechKuil mopt, Oy OTpuMaHi Taki
pesynbrati (pparMeHT MpeAcTaBIeHUH Ha pHC. 2), AKi HAOYHO JEMOHCTPYIOTh HECY-
MEPeYHICTh BUXIJHUX JaHMX TiNOTe31 PO HOPMaIbHHI 3aKOH PO3IOILTY.

OTxe, 3 ypaxyBaHHSM BHILIE3a3HAYCHOTO (AKTUYHHHA Yac MYIBTHMOJAIBHOT
JOCTaBKH:

Tgbaxm _ z Tvqbarcm’ (1)

veQy,
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ne Q,, € Q — MHOXHMHA KPUTHYHHUX OTEPAIliil y paMKax CITKOBOTO rpadika JIOCTaBKH
BaHTaXy, () — MHOXKHMHA BCix onepanii, 79" — GpakTHuHUi 4ac BUKOHAHHS OIle-
pauiif KpHTHYHOTO MUIAXY MEPEXKHOTO rpadika TpaHCIIOPTHO-TEXHOIOTIYHOTO TIPO-
necy. /laMmo Take TpakTyBaHHS MOHSTTS «HAJIIWHICTh JOCTABKI» — II¢ HMOBIPHICTh
TOTO, 0 (PAaKTHYHUI Yac JIOCTABKU HE MEPESBUINUTH 3aIlJIAHOBAHUM (OUiKyBaHHIA).
3 ypaxyBaHHsM (1):

I =PT"™" <T)=P( Z T < Z T). 2)

veQ,, veQ,,

K-5 d=11704, p> 20; Lilliefors p<.15 K-5 d=07723, p> 20; Lilliefors p> 20
— Expected Normal — Expected Normal

No_ of obs.
No. of obs.

6 3 10 12 14 16 18 20 2 15 20 5 30
X <= Category Boundary

35 40 45
X <= Category Boundary

a) uac aHmadicHux onepayii 6) uac eanmanicHux onepayiil
oA cyoen 0o 160 m; onst cyoen 6id 160 m 0o 240 m;

]

K-S d=,10000, p> .20; Lilliefors p> 20
— Expected Normal

No. of obs.

0 2 4 6 8 10 12
X <= Category Boundary

8) mpusanicms opmairbHocmei
0151 IMROPMHUX BAHMACIE ) KOHMEUHEPAX

Puc. 2. paecmenm cmamucmuynux 00c1iodceHb 4acy 8UKOHAHHS Onepayill
MYTbMUMOOANLHOL 00CABKU

TpuBasicTh KOXKHOT Onepanii KpUTHYHOTO IUISAXY MPOLECY JOCTaBKU BAHTAaXKY y KOH-
TeiHepi € He3aJIeKHOIO BUITAJAKOBOIO BETMUNHOK. OCKUIBKY HIETHCS PO TBOPH MOIIN
(He3aJIeKHMX MOMil), KOKHA 3 AKMX MOB’sA3aHa 3 TUM, mo 77" < T , To fK OlLiHKa
Ha/IIHHOCTI MOKe OyTH NPUIHSTA BEJTMUNHA:

d _ Gakm
I =] PT?" <T,). 3)
veQ,,
[Mpuponuo, mo (2) i (3) He € MaTeMaTHYHO PIBHOI[IHHUMHU, ajie, MO CYTi TpaHC-
MOPTHO-TEXHOJIOTIYHOTO TIPOIECY JIOCTaBKA BAaHTaXy B KOHTEHHepax, BenndyuHa T

122



PO3BUTOK TPAHCIIOPTY
Ne 1(12), 2022

BU3HAYAETHCS SIK CyMa TPUBAJIOCTEH onepartii KpuTHYHOTOo nuisxy (1), ToMy HaliiHICTh
OB’ s[3aHa 3 HAAIHHICTIO KOKHOT KOMITOHEHTH KPUTHYHOTO IUISXH MPOLECY TOCTaBKU
I, =P(T"" <T,),veQ
Tomy Hamani came (3) Oyie BUKOPHCTAHO SIK OI[IHKY HaJiHHOCTI AocTaBKu. J{is mpak-
TUYHOTO BHUKOPHUCTAaHHA (3) HEOOXigHO 3HATH, IO caMe MPUHMAETHCS K INIaHOBaHA
TPUBAIIICTH ONepaiii, 7, — 1€ CEpeIHE 3HaUEHHsI, 200 1€ 3HAYEHHS, TAPAHTOBAHE 3 MEB-
HOO MMOBIpHICTIO (puc. 3).

Aute, SIK IpaBHII0, MYJIBTHMOAAIBHI ONIEPaTOPH MAIOTh CTATHCTHKY Ha 0a3i HAsIBHOTO
JOCBIiY, IO JJO3BOJISIE OLIHUTH KOMIIOHEHTH (3) JUIsl KO)KHOI KOHKPETHOI JOCTaBKH.
Slkmo T — ue cepenne 3Ha4eHHs (puc. 3, a), To 3 IMOBIpHICTIO P = 0,5 BUKOHYETHCS

a (3) BimmoBimae iHTETpaIbHIN CYTHOCTI Yacy MOCTaBKH.

Kp

yMOBa Tf”"’” <T,, axmo B sikocti T 5 MPUKUMAETHCS 3HAUYEHHSI, HAIPUKIIAJ, JJIsl IKOTO
P(Tf”m >T))=0,1 (puc. 3, 6), T0 P(Tj”""’” <T)=0,9.

a)

P(T#"™ <T,)=0,5

Tgmxm

P(TP™™ <T,)=0,9

paxm
TV

0

Puc. 3. Cxemamuune 300pasicenHs OYiHKu HAOIUHOCMI eleMeHma MyTbmuUMoOaiIbHOL
docmasku 3a 00nomo2010 winbnocmi po3nodiny timosipnocmeii T

3a3HaunMo, 110 (2) MOXKE 3aCTOCOBYBATUCS B TUX BUIIAJIKAX, KOJIM HIETHCS PO Bapi-
AHT JJOCTABKH, SIKUH 4aCTO BUKOPUCTOBYETHCS, 1 MOYKHA OI[IHMTH HA OCHOBI CTATUCTHKHU
WMOBIPHICTB YCi€1 CHCTEMH IHTETpOBaHO. TakM YHHOM, 3aJI€KHO BiJl HASBHUX CTaTHC-
TUYHUX JJAHUX MOXYTh OyTH 3acTOCOBHI ab0 minxin (2), abo (3).

Ciijl 3a3Ha4YMTH, 110 B 0araTboX MPAaKTUYHUX CUTYAIlIIX HEOOXITHO HE TIJIBKH BOJIO-
IiTH iHGOpMAITi€l0 TTPO HAMIHHICTH TOTO Y iHIIIOTO €JIEMEHTAa JOCTAaBKH Ta MOCTAaBKH
3arajoMm, a i po BEIMYUHY MOXIJIMBOTO 30UIBIIICHHS Yacy OIepailii Ta JOCTaBKH 3ara-
JoM. 31e01IbIIoro 3HaHHS TOTO, HACKUIBKH MOXe OyTH «3ipBaHWI» TepMiH Habararo
HaBiTh BaXUIMBIIIE 3a aOCTpaKTHE I MPAKTHKIB IMOHATTSA «HAMOBIpPHICTEY. Tomy 110
SIKIIO HAJIIWHICTh sIKorock enemenTa 0,75 (ToOTO He yke BUCOKA 1 BIAMOBIAE TOCUTH
CepeIHbOMY PIBHIO), ajie MAaKCUMAJbHO MOYJIMBE 30UIBIICHHS 4acy, HAIpUKIIad, Ha
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7 %, TO 116 MOXE BUSBUTHCS IIIIKOM NPUHHATHUM, HIK OUIBII «HAJii{Ha» HMOBIpHICTh
eleMenTa, ane 3 15 % € MakcuMaabHO MOYKIIMBAM 301TBIIIEHHSM Jacy.

Beenemo 110 posmisity «moximBe 301mbLIeHHs 9acy» AT s oneparii Ta J0CTaBKH
B misomy AT. Ilim muM TEpMIiHOM PO3yMITUMEMO MAaKCHMAaJIbHO MOXIIMBE 13 3aaHOIO0
WMOBipHIcTIO 30imbIIeHHs Yacy. [loaiOHumil miaxin 3acTOCOBYBABCS /10 TPUBAIOCTI pOOIT
y [16], mo Moxke OyTh amanToBaHO O TpaHCIOpTHOI chepu. [loscHumo 1ie 3a mgomo-
MOT010 puc. 4.

P(T\(/j)akm > T\r/naX) — p.

T barm

v

>
>

Puc. 4. Oyinka moosicnusoeo 30invuieHHs yacy onepayii
(enemenma mMyrbmumoOaIbHoi 00CmMA6KU)

SIK MakCHUMaIbHO MOXKIIMBHI TEPMiH BUKOHAHHS onepallii npuiiMaTHMeMO Take 3Ha-
yeHHs 1™, 1Sl IKOTO BUKOHAHO:

P(T#™ > T™) = p', @)

Jie SIK UMOBIPHICTh MPUHMAIOTHCS 3HAYCHHS p' = {0,1; 0,05; 0,03; 0,0l} , 10 BIIO-
BiJIa€ METOaM OIIHKH PU3UKIB Ta OOUMCIICHHSM MOXKIIUBOI BEJTMUNHU BIJIXWICHHS JIJIS
pesynbrary [16]. Takum unHOM, MOXKITUBE 30UTBIIICHHS Yacy JUIsl OTiepallii CTAHOBUTH:

AT, =T™ T, )

JliarmazoH MOKJIMBUX 3HAY€Hb Tf’”’"’" BHU3HAUAETHCS 3a BIACTUBOCTSAMH HOpPMallb-
HOTO 3aKOHY PO3MOAUTY CEepeTHhOKBAJIPATUYHUM BiIXUJICHHIM GVT abo nucrepciero

2 ) ) ..
D’ = (JVT ) Ta, 3riJHO 3 OpaBuiIoM «30», 3 IMOBIpHICTIO 0,9972 3HaueHHs Jexarb

v
y MexKax +3¢ BiJl cepeHbOT0 3HaYeHHs; 3 iiMoBipHicTIo 0,9544 y Mexxax +2¢ Bij cepen-
HBOTO 3HAYCHHSI.

Orxe, sk Benmmauny 1™ MoxHa npuiinatu abo a' + 20, , abo a' +3c!, ne a’
11e cepenHe 3HaueHHs. Tomi

AT, =a’ +2c! -T, a6o AT, =a’ +3c! -T,. (6)
VYV curyanii, konm sk BenuuuHa 7, TPUAMAEThCA  CEPENHE  3HAYEHHS,
t0610 T, =@’ , To0:
Tr™ =T, +2c!, abo T™ =T, +3c.. (7)
VY nepmomy Bunagky p' ~ 0,05,y npyromy p' <0,01. IIpu upomy:
AT, =20 a6o AT, =3c] . ®)

v

Slkimo  HeoOXimHMU PO3MVISA  IHINIMX BapiaHTiB  p' ab0 TOYHE 3aBJaHHS
p' ={0,01;0,05}, TO MOXKHA CIIiAyBaTH 3aKOHOMIPHOCTSM HOPMAJIBHOTO 3aKOHY
1, 30KpeMa, OTPUMATH TaKe:
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max __ T
Pt s Ty 20,5 Lo 4y _ ©)
2 o,
T =aVT+k(p')~0'VT, (10)

ne ®(x) — ¢yukuis Jlamnaca, k(p') — koedilieHT, 1110 BU3HAYAETHCS HA 0a3i 3HAUCHb
¢yukii Jlammaca s 3aganoro p'. 3okpema, mis p' = 0,05 k(p') =1,65.

3a3Ha4MMO, 10 JOCIIKSHHSI TOBEIIHKYA «IIOPOTOBUX 3HAUCHBbY Ta k(p') HaBEICHO
y [17] y pamKkax aHami3y pu3HUKiB MIPOEKTIB MPUAOAHHS CYICH.
TakuM YMHOM, 3 YpaxyBaHHSIM BHIIEBUKIIAICHOTO:

AT, =a’ +k(p")-o7 -T,. (11)
Slkmo T, =a!, To:
AT, = k(p')-o7. (12)

TakuM 4MHOM, 3 ypaxXyBaHHSAM NpUHHATHX p' 3HaueHHs T > T™ posrsma-
IOTBCSI SIK IPaKTUYHO HEMOJKIIMBI, TOMY IO TXHSI KIMOBIPHICTh JIOCHTh Mala.

Tomi st Bci€i MyBTUMOAAIBHOL JOCTABKH JUIS 33J1aHOTO p' (TOOTO HMOBIpHICTB
3HaueHb, IKUMH MU HEXTYEMO) MOKITBE 301IbIICHHS Yacy CTAHOBUTH:

AT =% AT, =% (a +k(p)-o]-T,). (13)

veQ, veQ,

V unanky T, = a! (13) tpancdopmyeTnes y:

AT =3 AT, =k(p)>. o] . (14)

veQ, veQ,

3a3HaunMO, 1110 MOXKJIMBE 301IBLICHHS Yacy MYJIbTUMOAIBHOI JOCTAaBKU 0a3y€eThCs
Ha 30UIBIICHHI Yacy Omepalliii KpUTUYHOTO IUISXY CITKOBOT MOJIEI IOCTABKH, 110 OYyII0
OOTPYHTOBAHO BHIIE. Y CUTYaIisIX, KOJTU 30UTBIICHHS Yacy 3a ACSIKUMA HEKPUTHITHIME
OTepaLisiMH 3a4ilae 3arajbHy TPUBAIICTh JOCTABKH (TOOTO MEPEBHILYE PE3EPBH YacCy
TaKUX OIepaliii), MO)KHa CKOPHCTATUCS MTPOTPAMHUMHE 3aCO0aMH CITKOBOTO MOJIEIIO-
BaHHs (Hanpukian, MS Project) mist oninku A7 3 ypaxyBaHHSIM 3aBIaHHS KOXKHOI Orle-
pauii AT,,l e Q.

BucHoBkuM. Y pamMKax IbOr0 JOCHIIPKEHHS 3alPOIIOHOBAHO METOIM OLIIHKK HMOBIpHic-
HUX XapaKTePUCTUK MYJIBTUMOIATIBHOT JOCTABKH — HAJIIHHOCT] Ta MOYKITMBOTO 301IBILICHHS
4acy. Y CyKyIHOCTI 3 OCHOBHUMH XapaKTePUCTUKAMH JOCTAaBKU — BAPTOCTI Ta 4acy — 3ampo-
MOHOBAaHI XapaKTEPUCTHKU (OPMYIOTh 0a3y OLIHKU aJbTepHATHBHHUX BapiaHTIB JOCTAaBKU.
3MiHa xo4a O OTHOTO eIeMEHTa B MyJIBTUMOIATBHIHN JOCTABI IPU3BOAUTE J0 3MIHHU Xapak-
TEPUCTUK YCi€el NocTaBKH. Lle BUKOPHCTOBYETHCS AJIsI KOPUTYBAaHHS BapiaHTIB y MpoLeci
TONIYKY TOTO, SKWI OW BIJINOBIJAB BUMOTaM, 110 BUCYBAIOTHCSI JIO JIOCTABKH.

BuBueHHs anbTepHATUBHUX BapiaHTIB AOCTaBKH € (DYHKLIEIO MYJIBTUMOJAIBLHOIO
orepaTopa, SIKUi, aHaIi3yI0uH 3a/laHi YMOBH 110 BaHTAXy Ta JIOCTaBLi, Ha 0a3i iHpop-
Marlii 3 KOHTeWHEepHUX JIIHIMHAX CEPBICIB, YMOB 3aJIi3HMUIII, PO3KIIAAy CEpPBiCiB KOHTEH-
HEpHUX MOi31iB, cienuQiKu TOPTiB, GOpPMy€ aJlbTepHATUBHI BapiaHTu gocTaBku. Crix
3a3HAYMUTH, IO XapAKTEPUCTUKH PI3HUX BapiaHTIB TOCTaBKUA MOXYTh 3HAYHO BiAPI3HSA-
THUCS, TOMY YUM OiJIbIlle KPUTEPIiB OIIHKY aJbTePHATHBHUX BapiaHTIB Oy/e BUKOPHC-
TaHO B aHAIi31, TUM OUTBII BCceOiYHO iX MOXKHA OyJie OLIHHUTH.
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Anomauisn

Bcmyn. Huni cnooicusanns npupoonoeo easy 6 Ykpainwi ma y ceimi nocmiiiho
spocmae. Tpaouyiiini mexunonocii 11020 MpAHCROPMYBAHHS HACO BUABILIONMbCS
HeehekmusHuUMU i He Cnpusioms po3podyi Hegeiuxkux poodosuwy. Tpawncnopmysam-
HA NPUPOOHO20 2a3y Hamenep 30IUCHIEMbCA MOPEM, BUKOPUCMOBYIOUU MAKI mex-
nonoeii, saxk: LNG-mexnonoeis, CNG-mexnono2isi i 0cooaugo 3aciy2o8ye Ha ysacy
NGH-mexnonoeis — eaz y eazoeiopamuiii popmi. Memoro pobomu € o0Ipynmyseanis
NnepcneKmusHUX MexHoL02ill MPAHCNOPIMYBAHHI 2A3Y 8 2a302I0pamuill hopmi i pos-
POOKA CXEMHO-MEXHONIO02TYHO20 PilleHHs 3aCMOCY8AHHA Npoyecy 2iopamoymeopeHts
nio uac 6u00bymKy 8yenes00HesUX 2A3i8, IX MPAHCNOPMYBAHH | BUKOPUCMAHHS OIS
VMO8 MAN00eDIMHUX POO0SUW MA CXEMHO-MEXHOL02IYH020 piluenHs peca3upikayii
ei0pamnux neirem y Konmeunepi 01 ix mpancnopmyesanns. Pezynomamu. O6rpyn-
MOBAHO NEPCNEeKMUBU BNPOBAOIHCEHHA MEXHONO02I] MPAHCNOPMYBAHHS 2A3) 8 2A302i-
opamuiu popmi. Haseoeni nepesacu NGH-mexnonoeii nopisHsaHo 3 iHuumu mexHono-
eiamu. 32iono 3 gioomoro namenep NGH-mexnonoziero 3anpononosano gopmyeamu
eazoziopamu 'y euensidi neiemis, NOKPUMUX MOHKUM wapom 1600y. Bubip gopmu
nenemie i NOCAIO0BHICMb IX BUCOMOGIEHHS CNPAMOBAHI HA ONMUMIZAYII0 NPoyecie
NGH-mexnonoeii. Bucnoéku. 3anpononogani cxeMHo-mexHoi02iuHl pileHts: nep-
ute — 3acmocysanis npoyecy 2i0pamoymeopents 0 6u00OYmKy ma ni02omosku 00
MPAHCNOPMYBAHHS 8Y21e800HEBUX 2A3i68 3 MAN00eDIMHO20 Po0osUwd, Opyee — peed-
3ughikayis ciopamuux nerem y Kowmetinepi 0as ix mpauncnopmyeanus. s mexuono-
2isl 003805€ 3 MIHIMAILHUMU eHeP2OBUMPAMAMU OMPUMAMU 2A302I0pAMHI neiemu,
a ix mpauncnopmy8ants y maxitl popmi 003601UMb 3HAYHO 3HUZUMU BAPMICIb MPAH-
CNOpmMHO20 0ONAOHAHHAL.

Kntouosi cnosa: npupoonuii 2as, MOpcoKuii mpancnopm, muck, memnepamypd,
2i0pamoymeopennsi, ea3o2iopamni neiemu, peeasupikayis.
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Summary

Introduction. Currently, the demand for natural gas consumption in Ukraine and
in the world is constantly growing. Traditional technologies for its transportation
are often inefficient and do not contribute to the development of small deposits. The
transportation of natural gas is currently carried out by sea using such technologies as
LNG-technology, CNG-technology and especially noteworthy NGH-technology — gas in
hydrated form. The aim of the work is to substantiate promising technologies for gas
transportation in gas hydrate form and to develop a circuit-technological solution for
the application of hydrate formation in hydrocarbon gas production, transportation and
use for low-flow fields and circuit-technological solution for regasification of hydrate
pellets in a container for their transportation. Results. Prospects for the introduction of
gas transportation technology in gas hydrate form are substantiated. The advantages
of NGH-technology in comparison with other technologies are given. According to the
NGH-technology known today, it is proposed to form gas hydrates in the form of pellets
covered with a thin layer of ice. The choice of pellet shape and the sequence of their
manufacture are aimed at optimizing the processes of NGH-technology. Conclusions.
Schematic technological solutions are offered: the first — application of hydration
formation process for extraction and preparation for transportation of hydrocarbon
gases from low-debit field; the second is regasification of hydrate pellets in a container
for their transportation. This technology allows to obtain gas hydrate pellets with
minimal energy consumption, and them transporting in this form will significantly
reduce the cost of transport equipment.

Key words: natural gas, sea transport, pressure, temperature, hydration, gas hydrate
pellets, regasification.

Beryn. Huni edektuBHe TpaHCTIOPTYBaHHS MPUPOIHOTO ra3zy — BaKJIMBHW YWH-
HUK GHepreTHyHoi Oe3meku YKpaiHu. Y Tpoleci MOPCHKOTO TPAHCIOPTYBAaHHS Ta3y
BHKOPHUCTOBYIOTh TEXHOJIOTii ckparuteHHs rasy Ta LNG-tankepu (razoBos3u). IIpote
He TiTbKH LNG-TeXHOIOTii po3MIsaaloThCsl HUHI SK albTepHATHBA TPYOOIIPOBITHOMY
TPaHCTIOPTY. AJNBTEPHATHBOIO 1T MOPCHKOTO TPAHCIOPTYBaHHS razy € HOro mepeBe-
3eHHs y cTucHyTOMY cTaHi — CNG-texHosorii [1].

LNG-texHomoris norpedye eHeproBUTPaTHOI i BUCOKOBApPTICHOI iHPPACTPYKTYpH
31 ckparuteHHs 1 perasudikarii [1]. AmbTepHaTHBOIO IJIsi MOPCHKOTO TPAHCIIOPTY-
BaHHS ra3y, 0COOJMBO 3 i30JIbOBAaHUX POAOBHII, € Horo mepeBe3eHHs y Bursai CNG-
texHonorii. Texronoriss CNG Mae HIKYIY BapTicTh BUPOOHUIITBA i 30€piraHHs MopiB-
HsHO 3 LNG-TexHOJ0ri€10, OCKUIBKH HE MOTpedye TOPOroro Mpouecy OXOJIOKCHHS
Ta KPIOTeHHUX pe3epByapis [2].
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VY pasi nopiBHSHHS TiepeBe3eHHs rasy Tankepamu LNG-texnomoriero i CNG-
TEXHOJIOTI€I0 BiJICTaHb, 3 K01 ORI ePEeKTUBHO TPAHCIIOPTYBATH Ta3 y BUTIISAL ITHX
TEXHOJIOTiH, MOX€E 3MIHIOBATUCS 3aJIC)KHO BiJ THUIly IPOEKTY, pO3Mipy pOJOBHIIA,
MICTKOCTI PHHKY Ta iHIIMX GKOHOMIYHHMX YMOB. 3arajoM BUTPAaTH 3 NEPEBE3CHHS
CNG-texHonoriero mnopiBHIHO 3 LNG-TexXHOJOTI€I0 € HIKYMMHU Yy pa3i BiAcTaHi
MeHII Hix 2500 kM.

Harenep Ha pi3HHX cTamisIX po3pOOKH 1 BTIJICHHS € KiJbKa aJbTCPHATHBHUX TEX-
HOJIOTiH TpaHCIOpTyBaHHS mpupoanoro razy NGH-texHoorii — ra3 y razorigpar-
Hiii popmi; GTL-rexnonorii — ra3z y piakiit popmi; GTW-Texnonorii — ra3 y enek-
TPOCHEPTIIO.

3actocyBanust NGH-texHomnOrii MOPIBHSHO SK 3 TPaJULiHHUM TPYOONPOBITHUM
TPaAHCIOPTOM, TakK i TpaHcmoproM LNG-TexHOori Oy/ie €eKOHOMIUYHO BUTITHUM TIOYH-
natoun 3 Binctani 1000 xm [3; 4]. Jlo mepceKTHBHUX HATIPSMIB TPAHCTIOPTYBaHHS MIPH-
POAHOTO ra3y Ta MoAaNbIINX JOCTIUKEHb 1 BIPOBAKeHb HAJIEXaTh TaKi SK: po3po0Ka
CY4acHHX HEproomaJH1X TEXHOJIOTi OTpUMaHHs METaHy 3 Ta30TipaTHUX MOKJIaiB;
po3pobka mporeciB Ta obnagHaHHs 0e3TPyOONPOBITHOrO TPAHCIOPTYBAaHHS METaHy
B T'IpaTHOMY CTaHI MOPCHKHM TpaHcHopToM [4].

IMocTanoBka nmpodjaeMu. HuHi mocuauBes iHTEpEC 10 Ta30BUX TiAPATIB Y BCHOMY
CBITI, Y IESIKUX KpaiHax ykKe po3nodanocs iX JOCHiIHO-IPOMHUCIOBE OCBOEHHS. Mop-
CBbKi Ta30rigpaT BH3HaHI (axiBLUSMH HaWNEPCIEKTUBHIIINM aJlbTEPHATHBHUM Tali-
BOM y 0aratrbox KpaiHax, HaJl iX PO3BiAKOIO i OCBOEHHSIM aKTUBHO TpaioroTh y CIIA,
SAnonii, Kopei, ®panmii, Himeuunni, BenukoOpuranii, Kanani ta Iunii. SnoHckka
nepkkoprioparis HadTh, razy i Meranis (JOGMEC) ynepiie y CBiTi 3MoTJIa BUIOOYTH
ra3 i3 TigpaTy MeTaHy Ha AHI OkeaHy [4]. 3Ha4HO Mami MPOCYHYIUCS JIOCIHiKEHHS
B rajry3i mepeBe3eHHs] NPUPOIHOro razy y BUINISAL ra3oBux rigpariB. Y Kopei ocBo-
€HHSIM Ta30TiJPaTHUX TMOKJIAJIB 3aliMaeThcs Jiep:kaBHa kommaHis Korea National Oil
Corp. IloryxHicTh ra3origpaTiB Ha KopeicbkoMy mienb(i SAMOHCHKOrO MOpSI OLiHIO-
10ThCsE B | TpiiH M MeTaHy. 3a OIliHKaM# aMepruKaHCchkoi koMmmanii Mineral Management
Service, 3amacu Ta30riapaTHOTO ra3y B MEKCHKAaHCHKIH 3aTOIi MOXKYTh JJOCSTATH acTPO-
HOMIiYHOTO 3Ha4eHHs — 600 TpiH M*> MeTaHy.

Huni Ykpaina Bkpaii 3amikaBieHa B PO3BUTKY I'a30TigpaTHUX TEXHOIOTiH. BumoOy-
BaHHsI METaHy 3 NPUPOJHHUX T'a30BHUX TiIpaTiB AaCTh 3MOTY 3aMIHUTH 3HAYHY YaCTHHY
IMIIOPTY MIPUPOIHOTO Ta3y, a B MaiiOyTHhOMY — BiIMOBHUTHUCS BiJl HhOTO B3araii. TpaH-
CTIOPTYBaHHS TPUPOJHOTO Ta3dy y BUDISAI TiPaTiB TaKOXK € aKTyalbHUM SIK aibTep-
HaTHBa HOTO TIEPEBE3CHHIO Y 3piKEHOMY (CKparuIeHOMY) CTaHi. Y pe3yabrari ToCii-
IDKEHb, 3ailicHeHnx y 1990-x pokax Incrutytom reonoriunux nayk HAH Vkpainwm,
y HopHOMy MOpi OyJIO BUSIBJICHO TPU 30HU TiJ[paTOyTBOPEHHS i3 3armacaMu, 3aralibHi
00CATH SIKMX OIIHIOITHCS B S0—60 TpiH M* MeTany [6; 7].

Harenep y cBiti i B YkpaiHi Ha pi3HUX CTalisgX po3poOKH abo BIPOBAKEHHS iCHY-
FOTh TEXHOJIOTI Ta TEXHOJIOTIYHI PIIICHHS, K1 MTOB’sA3aHi 13 Ta30TiApaTHUM TPAHCIIOP-
ToM mpuponHoro razy [3—10]. KamitansHi BUTpaTu Ha BTiIJICHHS Ta30TiIpaTHOI TEXHO-
norii mopiBHsIHO 3 LNG-TexHomoriero € Ha 12 % Hmxuumi [§].

Huni HasiBHI ipoOieMu HAKONMYESHHS, TPAHCIIOPTYBaHHS Ta 30€piraHHs IPUPOTHOTO
razy. [Ipu 11boMy TpaJMIliiiHI TEXHOJIOTIT HOTO TpaHCIIOPTYBaHHS TPyOOIIPOBOAAMH UH
y BUIJISA1 CKPAIICHOT0 200 CTUCHEHOTO ra3y 4acTo BUABIISIOTHCS MEHI €()eKTUBHUMU.
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Lle crocyeThest, HapUKIAA, POOIeMU 3a0€3MeUeHHsI CIIOKUBAYIB TPUPOJHUM Ta30M
y pasi BiZICyTHOCTI TpyOOMPOBO/IiB Ta BUI00YBaHHS I'a3y 3 HEOOIAMITOBAHUX POJIOBHIIL.
ToMmy aKkTyaJlbHUMH CTAlOTh TEXHOJIOTIi TPaHCHOPTYBaHHsI i 30epiraHHs rasy B rigpar-
HOMY CTaHi, a TakoX pPO3pOOKM HHU3BKOPEHTAOETbHUX POJOBHIL 1 JOPO3POOKH BiKE
BUCHAKCHUX POJIOBHII 3a JOIIOMOTOI0 KOHBEpPCii rasy, mo BUA0OYBAETbCS 3 TiApaTiB.
3 IbOT0 BUILTMBAE, 110 CTAIOTh BAYKIIMBUMH ITUTAHHS CTBOPEHHS YCTAaHOBOK 3 BUPOOHU-
LITBA I'a30BUX T'iApaTiB Ta TPAHCIOPTYBAHHS NPUPOIHOIO ra3y B ra3oriipaTHOMY CTaHi.

AHaJi3 ocTaHHIX gocaiqxedb i myomikamiii. HuHi mikaBoro Moxxke OyTH TEXHOJIO-
Tis HOPBE3bKUX JOCIITHUKIB 3 TIEPETBOPEHHS IPUPOTHOTO Ta3y B Ta3oriapar. Imes Tex-
HOJIOT1i B TOMY, ITI0 Ta3 MIEPETBOPIOETHCS HA 3aMOPOXKECHHH TiApaT, 3MIIITY€ETLCS 3 0XO0-
JIOJKEHOI0 HA(TOIO O KOHCHUCTEHINT PiKOl IIMHU 1 B TAKOMY CTaHi MEPEBO3UTHCA,
HATIPUKIIAZ, TAHKEpPOM Ha Oeper. Moro mepepara B TOMY, IO OTpPHMaHa Ta30HagTOBA
CYMIIII, OXOJIOJPKEHA JI0 TeMiieparypu Minyc 10 abo minyc 20 °C, 30epirae ctabiIbHICTh
3a arMoc(epHOMy TUCKY [9].

B Snownii noOyxgoBani ABi HaiBIPOMHUCIOBI YCTAHOBKH 3 OTPUMAaHHS JIbOJOTra30-
TiIpaTHUX «HITYTOK», SIKi MOXKHa 30epiraTv i IEepeBO3UTH 32 HU3BKUX TEMIeparyp.
VY BenukoOpuTaHnii cTBOpeHa JOCTIIHO-IPOMHUCIOBA YCTaHOBKA JUIS BiANPAIIOBaHHS
TEXHOJIOT1i OTpUMaHHS I'a30BUX TiIpaTiB HA MOPCHKUX IUIaTGopMax 3 MOAAIBLIMM iX
TpaHcnopTyBaHHsM [10].

B ramy3i gocnmimkeHb 1 CTBOPEHHS YCTAHOBOK 3 BUPOOHHIITBA Ta30T1IPaTiB JIiAepOM
€ Smownis. Kommanis Mitsui Engineering & Shipbuilding Co pazom 3 JOGMEC ctBo-
pHIIa TepIry TeXHOJOTIYHYy (HarmiBIPOMHUCIIOBY) yCTaHOBKY. Ha mepmriii crasii yTBO-
PIOETHCSI IMyJIbIIa TipaTy MeTooM OapOoTaka. Ha mpyriii — ra3oriapaTi OuMIarThCs,
micyst 1bOro iM HajaeThest chepuuna dopma (miamerpom 5—70 mm). [lomanbiie 30e-
piraHHs ra3oriipatiB 3IHCHIOETHCS 32 aTMOC(EPHOTO THUCKY 1 TeMIeparypu OJIH3bKO
minyc 20 °C, To0TO 32 TepMOOAPUYHUX YMOB, KOJIU BUSIBISETHCS €(EKT CaMOKOHCEp-
Bauii. [IpoxykTuBHicTh ycTanoBku — 600-800 kr/mo06., ane y pasi HeoOXiTHOCTI MOXKe
OyTu 30inbIeHa 1o 5—6 T [11].

Harenep flnoni€ro po3noyato MOXKIMBICTE MOPCHKOTO TPAaHCIIOPTYBAaHHS HNPUPO.-
HOTO ra3y B rasorigpatHomy cradi, a0o NGH (natural gas hydrate). [is 36epiranus
1 TpaHCTIOPTYBAaHHS Ta30BHX TiApaTiB MOTpiOHA TemmepaTrypa, Habarato OImkda 110
npupoaHoi. Truck y pas3i MiHyCOBUX 3HaY€Hb TEMIIEPATYpH TiApaTy MOXKHA 3HU3UTH JI0
arMocdepHoro, T/l ¥ ycTaTKyBaHHS JUIsS HOrO OTPUMAaHHS Ta CIeliaibHI TPAHCIIOPTHI
3aco0M ISl IepeBe3eHHs OyayTh JCNIeBIi, HATPUKIA/, 38 TPAHCIIOPTYBAHHS 3piKe-
Horo metany [10; 11].

Amnaii3z iHpOpMaIIHHUX JKepesl CTOCOBHO pO3pOOOK, TIOB’SI3aHUX 13 TPAHCIIOPTOM
rasy B rasorizipatHiii ¢opmi, mokaszas, 0 HaHOIIBII JOCKOHAIUM i OOIPYHTOBaHUM
€ METOA BHPOOHHMUTBA ra30BUX TiIpaTiB Ul TPAHCHOPTYBaHHS 1 30epiraHHs, SKUN
3axunieHnit mareHToM US No. 5536893 [12]. 3’saBusArOTBCS Cy4acHi TEXHOJOTII, 10
JTO3BOJISIIOTH 320€3IIeYNTH MOXIIMBICTh PO3POOKH BiJIaJICHUX Ta30BUX POJOBUII i yTH-
Ji3arii MomyTHOTO ra3y OAWHOYHHUX POAOBHUIN HAPTH, B T. 4. 1 HA MIeNbdi, A IKIX
MIPOKJIaJIKa Ta30MPOBOMY HepeHTaOeIbHa. B OCHOBI WX TEXHOJOTIH JIEKHUTH CITOCIO
CTBOPEHHSI 3aMOPOXKEHOTO Tiipary rasy, 3MIIaHoTO 3 JboIoM. [Ipu 1bOMy oTpuMaHa
«ra3o-0y(depHa» CyMilll OXOJIOJDKYETHCSI IO TeMIeparypH, OJIHM3bKOI 710 HYyJS Ipaiy-
ciB, 1 30epirae cTabUTBHICTD Y Pa3i HOPMAJIBHOTO aTMOC(EpPHOro TUCKY. OYEeBHIHO, 11O
TakKa TEXHOJIOTisl JO3BOJIUTh HacaMIlepes BUPILIMTH 3aBIaHHSA TPAaHCIIOPTYBaHHS Iazy
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0e3 BHKOpHCTaHHS TPyOONpoBojy 1 Oe3reyHoro 30epiraHHs ra3oriaparHoi cymimi 3a
armMocepHoro THCKyY 1 Temneparypu [13].

TexHOJIOTiI0 TPaHCTIOPTYBaHHS Ta3y y ra3orifparHiii Gopmi JOIIEHO TOPiBHIOBATH
i3 TEXHOJIOTIEI0 TPAaHCMOPTYBaHHS 3pipkeHoro razy (puc. 1). [lopiBHSHHS edeKTHB-
HOCTI BKa3aHUX TEXHOJIOT'I1 [MOKa3aJio, 1110 3arajibHi BATPATH TPAHCIIOPTYBAHHS IPUPOJI-
HOTO Ta3y y Ta3oripaTHOMy cTaHi BUsSBWIHCA Ha 12-24 % mmwkunmu [9]. o mepesar
ra3orijpaTHAX TEXHOJOTIM TaKoX CIiJ BiAHECTH MPOCTIilli YMOBH TPaHCIIOPTYBaHHS
Ta 30epiranHs.

100
0b'em rasy, Jpimxenmit
(uupmae’.tasy)|  Tpybomposomd | ppyoonenii ras
=17
10 I |
S A
TTpupomHiGi ras v rasorinparHi 3 pimkest
Qopui ras
01 '
100 1000 10000
Bincrase, xu

Puc. 1. Eghexmuenicms mpancnopmygants npupooHoeo 2azy 00 CROACUBAYI8
3a pisHumu mexrono2isamu [9]

3piKeHni TPUPOAHUN Ta3 HEOOXITHO TpaHCHOPTyBaru 3a temneparypu —162 °C
Ta BUCOKOTO THCKY, 110 HeOe3MmeyHo It JOBKILIA [8]. A mpupoaHuii a3 y ra3origpar-
Hill Gopmi MOXKe 3HAXOMUTHUCS TIiJ Jac 30epiraHHs YU TEPEeMIIIeHHS 32 TeMIIepaTypu
minyc 20 °C [7].

OTxe, TpaHCTIOPTYBaHHA Ta30TiApary 0 MicIsd 30epiraHHs 31iHCHIOETHCS y 3aMO-
POKEHOMY BHIVISIII MOPCBKMM TPAaHCHOPTOM (i3 TEII0130Jb0BAaHUMHU OyHKEpaMH st
IpaHyIbOBAHOTO Ta30TiIpary i JbOA0Ta30riApaTHuX 0MoKiB) [14].

OmHAM 13 OCHOBHHX TPOIIECIB Ta30Ti[paTHUX TEXHOIOTIH, IO PO3POOISIOTHCS
y CBITi, € YTBOPEHHS ra3oriipaTHUX KarcyJ, TpaHyl 4d OJIOKIB, MPUAATHHX JIO TPaH-
CIIOPTYBaHHS 1 JOBrOCTPOKOBOTO 30epiranHs. J[ist 3amo0iranHs BTpar ImiJ| 4ac TpaH-
CTIOPTYBaHHS 1 30epiranHs yTBOPEHHUX Ia30TiqpaTiB Ha X MOBEPXHI IOLIIHHO YyTBOPUTH
TBOJISTHY KipKy 3 METOI0 iX MpuMycoBoi kKoHcepBarlii [5—12; 14].

OTxe, HaTenep akTyaJbHUMHU CTAlOTh TEXHOJIOTII TPaHCIOPTYBaHHsS 1 30epiraHHs
rasy B TiIpaTHOMY CTaHi, a TAKOK PO3POOKH HU3LKOPEHTAOCTHHIX POMOBHII i TOPO3-
POOKH BXKe BUCHa)XEHUX POJOBHUIIL 3a JOIMOMOTOI0 KOHBEPCii rasy, o BHI00yBa€ThCS
3 rigparis. 3 IbOTO BUIUIMBAE, 110 CTAIOTh BAXKJIMBUMU IIMTAHHS CTBOPEHHS YCTaHOBOK
3 BUpOOHMIITBA Ia30BUX TiApaTiB Ta TPAHCIIOPTYBAHHS ra30TilpaTiB y BUINISAL TpaHy-
JILOBAHOTO ra30TiApaTy, Ipo 110 CBiIYaTh OCTaHHI JOCSITHEHHS SITOHCHKUX (haxXiBIIiB.

®opmyaoBaHHSA Lijleli cTaTTi. Memoro 1iel poOOTH € 00T PyHTYBaHHS IEPCIICKTHB-
HUX TEXHOJOTiH TPaHCIIOPTYBAHHS ra3y B ra3oriipaTHiil popMi i po3podKa CXeMHO-TeX-
HOJIOT1YHOTO PIlIEHHS 3aCTOCYBAaHHS MPOLECY TiApaTOyTBOPEHHS MiJ 4ac BUAOOYTKY
BYIJICBOJJHEBUX Ta3iB, IX TPaHCIIOPTYBAaHHS 1 BUKOPUCTAHHS JUII YMOB Majoie0iTHUX
POIIOBHII] Ta CXEMHO-TEXHOJIOTIYHOTO PIillIeHHs perasudikariii riipaTHUX MeeT y KOH-
TeHHep1 IS IX TPaHCIIOPTYBAaHHSI.
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Bukiax ocHoBHOro marepiasy. ['asorigpatd — 1e KpPUCTaJIi4HI CHOJIYKH BOJIU
Ta ra3y, fKi € CTINKIMH 32 HU3bKHUX TeMIIeparyp Ta IMiJBUIIEHOro TUCKY. Haimommupe-
HIIIMMHU Ta30TiIpaTaMy € Ti[paTH METaHy — CHOJYKH BOJU Ta METaHY, OKJIAIHN SKHX
y JIOHHHUX OCaJIOBUX MOPOJIaX MOPIB Ta OKEAHIB € JJOCUTh 3HAYHUMHU B PI3HUX YaCTHHAX
CBITY, SIKI B TIEPCIIEKTUBI MOXKYTh CTaTH aJIbTEPHATHBHUM JKEPEIIOM MPUPOTHOTO ra3y
(puc. 2) [15-17].

Puc. 2. 3acanvnuii suenso cmpykmypu eazociopamy memany [15—17]

TepmoOapr4Hi yMOBHU TIPOIIECIB YTBOPEHH:, 30epiraHHsl i TUTaBIEHHS ra30TiapaTiB
€ JTOCUTH «M SIKHMH», IO J03BOJISIE iX €(PEeKTUBHO BUKOPUCTOBYBATH B Pi3HUX TEXHO-
JIOTIYHKX HaNpsAMax, 30KpeMa JUisi BAPOOHHIITBA Ta aKyMYJIFOBAHHS XOJIOY, CTHCHEHHS
ra3iB, pO3JIJICHHS Ta30BUX CyMIIIel, OTIPiCHEHHS COJIOHWX BOJ|, BUAOOYBaHHS METaHY
13 OKJIa/IiB Ta30TipaTiB Ta TPAHCIIOPTYBAHs PUPOTHOTO ra3y y ra3origparHiid popmi
(puc. 3) [3—12; 15-17].

Puc. 3. I'azociopamui kancynu 6 konmetinepi [7]

HwuHi 00rpyHTOBaHO MTEPCIIEKTUBU BIPOBAHKEHHS TEXHOJIOTIT TPAHCTIOPTYBAHHS Ta3y
B rasorizpatHiii ¢popmi. TexHoorisi nepeBeeHHs] IPUPOJHOIO ra3y B TiIpaTHUH CTaH
po3pobiieHa Kpaille, HiXK TEXHOJIOTisl Jo0OyBaHHS MeTaHy 3 NPHPOAHMX Tigparis. IIpo-
BEJICHO JTOCIITHO-TIPOMICIIOBI BHIIPOOYBaHHS TiApaTHOI TEXHOJOTii OTpUMAaHHS Kall-
Cyn (TeNeT), Mo CKIIAJAr0ThCs 3 TiIpaTiB MEeTaHy Ta BOJAW, OPTaHI30BaHO BUPOOHUIITBO
TiIpaTHUX Karcyl npoayKTuBHicTio 0,7 T/1eHb (32 METaHOM ), 31ICHEHO OIIHKY BapTOCTI
TiAPaTHOTO CITOCOOY TPaHCIOPTYBAHHS MPHPOTHOTO Ta3zy [5]. 3rigHo 3 po3poliIeHOr0
TEXHOJIOTI€10, TPUPOJHUI T'a3 OUHIIYIOTh Bijl BYIJIEKUCIIOTO Ta3y Ta CIpKOBOJHIO 1y B3a-
€MOJil 3 BOIOIO OTPUMYIOTh Y BUIVISIII TpaHyln TiApariB. [panynu rigpariB 30epiratorh
y OyHKepi 1 TpaHCTIOPTYIOTh MOpeM y KOHTeiHepax 3a Temmieparypu Miayc 20 °C. ITotim
HOCTYTIOBO TIEPEBAHTAXKYIOTh Y IIMCTEPHN BHCOKOTO TUCKY, B SIKUX TIEPEBO3SITH /10 BXOILY
ra3oBoi Marictpani. [lepen 3akauyBaHHSIM A0 Marictpaii 3AIHCHIOIOTH perasudikariro
TiApaTiB MUIIXOM TUCOIIIAI] (PO3KIaqaHHsI) 11T BIUTBOM 30BHIITHLOTO HATPiBAHH.
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Po3rnsaloTecs MEpCIEeKTUBU PO3BUTKY TiIPATHUX TEXHOJIOTIH 1 TpaHCIOPTY-
BaHHS Ta3y SK TiApaTiB; TPUBAIOTO 30epiraHHS NMPUPOTHOTO Trazy y TiapaTHOMY
cTaHi; BUAOOYTKy raszy 3 ioro rigpaTHuUX pomoBuml [6; 7]. 3 MeTO BHBUCHHS
MPOIIECIB YTBOPEHHS Ta AMCOINAlii TiApaTiB BYIJIENEBUX CIOIYK, IO BXOISATH JIO
CKIIaAy MpupoaHoro razy, B lucrutyti rasy HAH VYkpainm ctBOopeHo rigpartHuii
crenq CI'-16: 100. Takox Ha 0a3i rirpomerpa TOPO3-3-2BU3 (BiacHoi po3po0Oku
IncturyTty rasy HAH Ykpainu) cTBOpeHO eKcIipec-MeTo ] BU3HAYEHHS TEPMOJUHA-
MIYHUX Ta KIHCTUIHHUX apaMeTpiB TigpaTiB. s mpuCKOpEeHHS MPOIECiB Iiaparo-
YTBOPEHHS po0Oouy Kamepy Trirpomerpa Oyno odbnagHano 6apoorepom. Illmsixom yce-
PEAHEHHS TaHUX TEMIEpaTypu BOAM U rasy 3a 3a/laHoro THCKY B KaMepi OapOorepa
(GIKCYyIOTh TEPMOAMHAMIUHI YMOBH YTBOPEHHS TiApaTiB JUIsl TaKOi TEXHOJOTTYHOT
cxemu O0apOoTyBaHHs [6; 7].

VY pobotax [8; 14] 3anmpomOHOBAaHO Ta €KCIIEPUMEHTAIBHO OOTPYHTOBAHO OCHOBHI
€JIEMEHTH TEXHOJIOT1l BUPOOHUIITBA Ta30TiipaTHUX OJIOKIB BEIMKUX PO3MIPIB 3 METOO
iX TpaHCHOPTYBaHHS 1 JOBFOCTPOKOBOTO 30epiraHHsl.

VY crarti [18] po3misiHyTO croci® mijgBHUIEeHHS e(EeKTUBHOCTI BUIOOYBaHHS Ta3y
3 BUCH)KEHHX POJIOBHII] IIJISIXOM 3aCTOCYBAHHSI I'a30T1[paTHOT TEXHOJIOTI] Ta IPe/ICTaB-
JIGHO CXEMHE PIllleHHs YCTaHOBKH IJIs Horo peamizamii. [IpoaHanizoBaHO TEXHOIOTI1
BHUA00YBaHHS METaHy 3 Ta3oriipaTHUX MOKJIaaiB B akBatopii YopHoro mops Ta pos-
JSIHYTO HaNpsIMH JOCIHIPKEHb OKPEMHX CKJIaJHHUKIB ra3oriipaTHUX TexHojiorid [19].
[TigBuiieHHs €EeKTUBHOCTI T'a30TiAPaTHOT TEXHOJIOTIT TPAHCIIOPTYBAHHSI IPUPOTHOTO
ra3y HaBesieHO B po0Oori [20].

Hamwu iportoHy€eThes CXeMHO-TEXHOJIOTIUHE PIMIEHHS 3aCTOCYBAaHHS MTPOIIECY Tiapa-
TOYTBOPEHHS [U1s1 BUAOOYTKY Ta MiATOTOBKH 10 TPAHCHIOPTYBAaHHsI BYIJIEBOJHEBUX Ta3iB
3 Majone0iTHOrO PONOBHIIA — L€ JAACTh 3MOTY PO3BUBATH Cy4acHI TEXHOJOTI] TpaH-
CIIOPTYBaHHA Ta3y B rasoripaTHidi ¢opmi. 3a UM CXEMHHM pIIICHHSM BHIOOYTOK
Ta MATOTOBKA 10 TPAHCTIOPTYBaHHSI ByIJICBOAHEBUX T'a3iB 3 MaloAeOITHOTO POIOBHIIA
3MIHCHIOETHCS] TAKUM YHHOM (puc. 4).

PoboTy mpornoHoBaHOIO HAMH CXEMHO-TEXHOJIOTIYHOTO PillIeHHS PO3IISTHEMO Ha
HacTynHoMmy npukiazai. [Ipuponnuit ra3 — cymim npupoIHOTO raszy 3 iHIIUMH BYT-
NeBOAHAMU 31 cBepuioBuHU 1 3 TrckoM p = 0,1 MIla i temneparyporo 7 = 293 K
MOJIAE€ThCS Yy cemaparop 2, Jie BiJOKPEMIIIOETHCS Bijl Kpareib HaTH, BOAU 1 KOH-
nencaty 3. OunIIeHuit ra3 CTUCKAETHCS B KOMIIPECOopPi 4 1 OXOIOMKYETHCS B TEILIO-
oOMiHHUKY 5. CTUCHYTHH 1 OXOJOKEHUH ra3 depe3 exekrop 6 Tta OapOoTakHHil
npuctpiii 11 moctynae B Kkpucrainizatop 7, KyJIH TaKOX MOJA€ThCS Bojia. B kpucra-
mizaropi, ae miaTpumyrotses p = 2 MIla i T = 293 K, yTBOpIoroThCs raszoriapari,
a TeIJIoTa TiAPaTOyTBOPEHHS BiIBOJUTHCS MPONAHOM, 110 KUIUTh Y BUIIAPHUKY 8.
Tuck Boau HE € KPUTHYHOIO BETUYMHOIO IS YTBOPEHHS Ta30TiApaTy 1 BiH MOXKe
OyTH BCTAHOBJICHUI Ha BiIMMOBITHOMY pPiBHI, OIJIBIII BUCOKOMY, HiI’)K THCK Y KpHCTa-
mizaropi 7. Ane THCK BOAM MOBHHEH OyTH BiIperyilbOBaHHI Tak, MO0 320€31Me4nuTn
JOCTaTHE 3a 00CSTOM BBEJEGHHS BOAW B KpucTaiizatop 7. LLIBHAKICTH yTBOpEHHS
razoriipaTy Mo)xHa 30UIbIINTH 3a JOMOMOTOI0 PEIUPKYIIOI0U0T0 HEmpopearona-
HOTO Ta3y, KU MOXXHa TAKOX I10JIaBaTH B KPUCTATI3aTOp JI0 OCHOBHOTO TIOTOKY
JKUBJICHHS CBIDKAM Ta30M Uepe3 eKEKTOp 6, TOCATal0uN B TAKUH CITOCIO 1Ie Kparoro
repeMilryBaHHs ra3y i Boau (cycrensii).
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Puc. 4. Cxemno-mexnonoeiune piwienHs 3acmocy8anis npoyecy iopamoymeopens
07151 6UOOOYMKY ma ni020MOSKU 00 MPAHCNOPMYBAHHS 8V2Ne800HEBUX 2a3i6 3
Manodedimmno2o pooosua:

1 — ea3 31 ceeponosunu; 2 — cenapamop, 3 — KoHOeHcam, 4 — komnpecop,

5, 14 — mennoodminnux, 6 — excexmop, 7 — Kpucmanizamop, 8 — GURAPHUK,

9 — komnpecop xonoounvroi mawunu, 10— kondencamop, 11 — bapbomasicruii
npucmpitl; 12 — nacoc; 13 — cenapamop eazoeiopamis, 15 — eenmunsamop
st yupkynayii easy, 16 — eeunmosuii wiHex (exkcmpyoep); 17 — emnicme

01151 ymeopenus 2azoziopamuux nenem, 18 — npucmpiii koncepsayii
eazociopamuux nenem,; 19 — konmetinep 0ns 30epieanHs nenem
IDicepeno: enacna po3pobka agmopis

Bonorasorigparaa cycrnensist momaeTbest HacocoM 12 y cemaparop rasorigpartis 13,
JIe YaCTWHKH TiZ[paTy BiJIOKPEMITIOIOTHCS BiJl BOAHM, SIKY 3MIIIYIOTh 3 MIOTOKOM CBiXOI
BOJIM 1 HANPAaBIIAIOTH 3HOBY B Kpuctaiizatop 7. Ilicis cemapariii BomoriapaTHoi cyc-
NeH3ii riApaTé nocTynaTh Y NPUCTPIN AJs rpaHy/IIOBaHHS YaCTHHOK Tiapary 16 (exc-
Tpyaep). Bomy, sika BUAITSETBCS Y MpoOILECi eKCTPYAEpyBaHHS, HANPAaBISIOTH 3HOBY
B KpHCTami3arop (Ha puc. 4 He MOKa3aHO), a 3 Ta30TiapariB (OPMYIOTh Ta30TiApaTHi
TIeJIeTH, HanpuKiaa, y popmi Kymsok fmiametpom 20 mm. [lemetn B rpanymnsaropi 17 oxo-
JOKYIOThC 10 Temneparypu ~—20 °C Ta 4acTKOBO MiAMOPOXYIOTbCS Ta3oM, SIKUH
MOJIA€THCS 3 BUMApHUKA 14, yTBOPIOIOYN TPAHYIH.

[ToTiM Taki TpaHyInd MOCTYHAIOTh M0 TPAHCIIOPTEPY B MPHUCTPIN TSI KOHCEpBaIlii
rigparis 18, 1e 3BepXy Ha HUX PO3NUIIOETHCS OXOJIOKEHA BOJA 1 TiApaTH IOKpHUBa-
IOTHCSI TOHKUM HIApOM JIbOAY, 30epirarouul mpu bOMY 3arajlbHUI BMICT ra3y ycepen-
WHI YaCTUHOK. JliaMeTp CTUCHYTHX YaCTHHOK T1/IpaTy 3aJIeKUTh Bij CIIOCOOy rpaHy-
JIOBAaHHS 1 HEOOX1THOTO CTyTeHsI CTHCHEHHS, aje TUIIOBUH JiaMeTp TpaHy’IhOBAHHX
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YaCTHHOK TijipaTy IpUPOAHOTO Ta3y nepedysBae B Mexax 10-20 mm. LlinpHicTh Tpa-
HYJIBOBAaHUX YaCTHHOK Tigpary rasy cTaHoBuTh 850-950 kr/m’. ToBIHHY KprKaHOT
00O0JIOHKH MOXXHa 3MIiHIOBAaTH 3a HEOOXiJHOCTI, IOCHTh, MO0 KprokaHa OOOJOHKA
Mmana toBuuHy 0,5-1,5 mm. Kpmkana o0onoHKa 1601y Ma€ BIUIMB Ha CTaOiIbHICTD
4acTHHOK Tiapary. [lo-mepiue, 3amobiraetbes nudysis ra3y 3cepeiiHU B 30BHILIHE
CepeNloBHUIIe, TOMY IO AUQY3is ra3y Kpi3b JiJ Ay*Ke Maja 1 Her0 MOXKHA 3HEXTYBAaTH.
[To-npyre, kpmkaHa 00OJOHKA — 1€ 3aXMCHE MOKPHUTTS, IO BTPUMYE ITiIBUIIECHUN
BHYTPIIIHIM THCK y YacTHHII TiIpary, MOCTaTHIN I 3amoOiraHHsS pO3KJIaJaHHS
TUIIOBOTO TiIpaTy NPUPOAHOTO Ta3y y pas3i TeMIepaTyp, Ha ACKilbKa TpajyciB HUXK-
qux 0 °C, 1 arMOc(epHOTO THCKY.

OTpumaHi TaKUM YUHOM T'PaHyJIbOBaHi, OXOJOMKEH1 1 TOKPHUTI KPHKAHOKO 000JI0H-
KOO (TOHKHMM IIapOM JIbO/TY) YaCTUHKH TiIpaTy y BHUIVISAL MEJeT HAAXOIATh Y pe3ep-
Byap-KkoHTelHep 19 mist 306epiranns. Lleit koHTelHEp MPUIATHANA 1O TPAHCIIOPTYBAaHHS
Ta Ha/aji 1 JUIs IPOBEACHHS MIPOIlecy perasudikartii.

Sk 3a3Ha4eHO BHILE, YTBOPEHI BiAMOBIIHUM YMHOM ra3orifpaTHi MeNeTH, MOKPUTI
KPHKaHOIO TUTIBKOK HEBEJIUKOI TOBIIMHH, MOXHA JOBFOCTPOKOBO 30€piraTtu Ta TpaH-
cropTyBaru 3a arMoc(epHOro TucKy i temmeparyp —10...—20 °C, ajie HaBIiTh 3a TeMIIe-
patypu —1,5 °C mpoTsATOM IMMEBHOTO Yacy BOHHU 30€piraroTh CBOIO CTIHKICTB.

HeckianHi po3paxyHKH MOKa3yroTh, IO Y pa3i BUTpAT MPUPOIHOTO razy ~52 m* 3a
roauny (1250 m* 3a 100y ) HE0oOXimHO ~3 rox, 11106 yTBopuTH 1 M® rasoriaparis.

lazorigpatHi meneTH, MiArOTOBIEHI A0 TPAHCHIOPTYBAaHHS, MOXKHA 3aBaHTAXY-
BaTH B IUIACTMACOBI TEPMOI30JbOBaHI €MHOCTI-KOHTCHHEPH, HAIPHUKIAd, PO3MIpOM
d x h=0,7%1,2wM. B omay emHicTh TOMICTUTBCS ~0,4—0,5 T Ta30rigpariB, a TAaKUX
€MHOCTEH 3 ypaxyBaHHSIM Jacy Ha perazudikariito 1ocuTth Oyae 12 mrT.

VY pa3i HeoOXiTHOCTI HAKOTIMYEHHSI Pe3epBHOI MacH ra3ori[paTiB, HANPUKJIIAJI, BHA-
CJIiJTOK HEPIBHOMIPHOTO CIIOYKUBAHHSI IIPUPOJTHOTO a3y, AOIIBHO Ha MICIIi CTIOKUBAHHS
PO3MICTUTH JIOIaTKOBY CTAI[lOHAPHY €MHICTh (200 KibKa €eMHOCTEH) JjIsl 30epiranHs
ra3oriJjpaTHUX TeleT 3a aTMOC(EPHOro THUCKY 1 HEBEIUKUX BiJI’€MHHUX TeMIeparyp,
B SIKy MOJKHA OyJI0 6 po3BaHTaXKyBaTH T'a30TiapaTH 3 TPAHCTIOPTHUX EMHOCTEH.

Perazudikarito ra3origpariB MOKHa 3iHCHIOBaTH 0E€3MOCEPEIHBO B TPAHCIIOPTHUX
KOHTeHHepax IUIIXOM IoJadi B HUX Teruioi Boau 3 TeMmneparypoto 30—40 °C, niist narpi-
BaHHSI SIKOi BUKOPUCTOBY€ETHCS TEIUIOBUM Hacoc (puc. 5).

[Iporiec perazudikaiii B TPaHCHOPTHIH EMHOCTI 3IIHCHIOETHCS TAKUM UYHHOM.
VY marpy0ok 4 momaeThes TETUIa BoIa 3 TEIUIOBOTO Hacocy 8. Y pa3i KOHTaKTy TeIuIol
BOJY 3 IIEJIETAMH BOHU CIIOYATKY IMiAIrpiBalOThCs A0 TEMIEpaTypH IUIaBICHHS, a IOTIM
IIaBJATHCS 3a TUCKY p = 0,15 MIla. I'a3, sxuii BuIinA€eTbCA Yepes naTpyOoK 2, Harpas-
JSIETHCS 10 CIIOKMBAYa, a XOJIOJHA BOJA 4epe3 MarpyOoK 5 MoBepTaeThesl A0 TErJIo-
BOro Hacocy 8 st miairpiBy. Tuck rasy micis perasudikallii TOBUHEH JOPiBHIOBATH
0,15 Mlla. ToMy mIBHAKICTH IIABICHHS Ta30TiAPATIB 1, BIAMOBIAHO, KUTBKICTH BHIIIJIC-
HOTO Ta3zy MOTPIOHO PETyNIOBaTH, Y3TODKYIOUH X 3 TpadikoM criokuBaHHS. B Terumit
nepion poKy perasudikaTop 10UiIbHO BUKOPUCTOBYBATH SIK OXOJIOKYBAU JUIsl CHCTEMH
KOHJMLIIOHYBaHHS TTOBITPSI.

Po3poOka cnoco0iB eekTHBHOTO TPaHCIOPTYBaHHS ra3y € OJHUM 3 aKTyaJlbHUX
3aBIaHb HE TIIBKU Ta30BOI1 i HAPTOra30BOI Tally3i, ajle i CHEPTreTHYHOTO KOMILICKCY
3aranom. Tomy ocTaHHIM 9acoM 3’ SIBISIFOThCS TEXHOJIOT 1, 110 JT03BOJISTIOTH 320€311eYnTH
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MOKITBICTh PO3POOKH BiJIa]IeHUX T'a30BUX POJOBHIN 1 yTHIi3alii MOMYTHOTO Tra3y
OIIMHOYHUX POMOBHII Ta3y i HaPTH, B T. 4. 1 Ha meTb(di, TS TKUX MTPOKIIATKA Ta30Tpo-
BOJly HEpeHTa0enbHa.

faz do cnoxubaqua
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Xonoowa eoda

Puc. 5. Cxemno-mexnonozciune piwienns pecazu@ixayii ciopamuux neiem
V KOHmeUHepi 05l IX mpaHCcnopmy8aHHs
1 — kopnyc mpancnopmmuoi emnocmi; 2 — nampyoox nooaui eazy 00 CROHCUBAYA;
3 — mepmoizonayis; 4, 5 — nampyook 05 niosody menioi 600U i 810600y X0I00HOI;
6 — IHOK O/l 3A8AHMAICEHHS 2A302I0PAMHUX Nelent;
7 — eazociopamui nenemu; 8 — menyiosull Hacoc
Lbrcepeno: enacrna pospodka agmopis

Jlo mepeBar razorijpaTHUX TEXHOJOT1H TaKOX CJiJ] BiTHECTH MPOCTIllli YMOBH TpaH-
criopTyBaHHsI Ta 30epiranHs. [IpupoaHuii ra3 y ra3origparHid GopMi MOke 3HAXOJH-
THCS TIiJ] 9ac 30epiraHHs uu mepeMimeHHs 3a Temmeparyp minyc 20 °C. Crmin Big3Ha-
YUTH, IO JJIs1 TPAHCIIOPTYBAHHS Ta3y Y BUIVISIII Ta30BHX TipaTiB MOTPiOHI crieriaibHi
repMeTuuHi emHOCTi. Ilix yac TpaHcmopTyBaHHS TiIpaTiB MOTPIOHO KOHTPOIIOBATH
THUCK 1 TeMIIepaTypy BCEPEIHHI EMHOCTI, 100 HE JO3BOJIMTH PO3TAHYTH KPIIKaHIN KipIli
Ha TIOBEPXHI rifiparis. Sk yxe Oyn0 3a3Ha4u€HO, TPAHCIIOPTYBaHHS TiIpaTiB MOXHA 3]1iH-
CHIOBATH HaBITh 3a aTMOC(HEPHOMY THCKY Ta Temmeparypu Huxde 0 °C.

Jns YkpaiHu TpaHCHIOPTHHM 3acO0O0M JUIsl TIEPEeBE3EHHSI Ta30riapariB OyayTh, Ha
HAaIly TyMKY, B OCHOBHOMY aBTOMOOUTHHUI, PIYKOBHIA, MOPCHKHH 1 4aCTKOBO 3aJTi3HIY-
HUI TpaHcnopT. ToMy TpaHCIOPTYBaHHS ra3origpary 1o micus 30epiranHs Oyzae 31iii-
CHIOBATHCS B 3aMOPOKEHOMY BUINISIJI TPaHYJIbOBAHOTO ra3origpary (ra3origpaTHUX
TeJIeT), MIOKPUTOTO TOHKUM ILAPOM JIbOJY B TEIUIO130JIbOBAHUX TPAHCIIOPTHUX KOHTEH-
Hepax aBTOMOOUTHHUM 1 MOPCHKHUM TPAHCIIOPTOM.

BucnoBku. [IpoananizoBaHo CTaH HAayKOBHUX 1 MPAKTUYHUX JOCIHIIKEHb y raiysi
ra3oriipaTHUX TEXHOJIOTiH. PO3IISIHYTO MUTAaHHS 3aCTOCYBAaHHS Ta30TiApaTHOl TEXHO-
JIOTii A7l TPaHCTIOPTYBAHHS MPUPOAHOTO ra3y B ra3origparHiid ¢opmi. 3’sicoBaHo, 1110
TEXHOJIOTisSI MOPCHKOTO TPAaHCIIOPTYBaHHSI IPUPOIAHOTO ra3y B ra3oriaparHiid Gpopmi Mae
HU3KY cyTTeBuX nepeBar Hag LNG- i CNG-texHoorissMA. 3araabHi BATPATH TPAHCTIOP-
TYBaHHsI IPUPOAHOTO T'a3y y Ta30riipaTHOMY CTaHi BUABMWINCA Ha 1224 Y% Hmxunmuy,
HiX TpaauiiiHi TexHoorii. NGH-TeXHOoIoris MaKCHMaITBHO i IXOIUTh JIJIsl BUPIIIEHHS
npobiemu auBepcudikalii TOCTaBOK MPUPOIHOTO Tazy B YKpaiHy Ta Ijsl po3poOKu
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MOPCBHKHMX POJIOBHII Ta3y i HAQTH. 3apONOHOBAHO Ta OMMCAHO CXEMHE PIillIeHHS TeX-
HOJIOT1YHOTO 3aCTOCYBaHHs MIPOIIECy TipaTOyTBOPEHHS il Yac BUAOOYTKY BYIJIEBO-
HEBUX Ta3iB, X TPaHCIIOPTYBaHHS 1| BUKOPUCTAHHS TSI YMOB MajIoAcOITHIX POIOBHII]
Ta CXEMHO-TEXHOJIOTTYHOTO PillIeHHs perazudikanii riipaTHUX MeneT y KOHTeWHepi Iuis
ix TpaHcoptyBaHHs. [lokazaHo, 110 TpaHCIIOPTYBaHHS IPUPOAHOTO i MOIIYTHOTO a3y
y Ta30TipaTHii GopMi € 0COOTMBO TIEPCIIEKTUBHUM Yy pa3i pO3pOOKHU BiTHOCHO MaJIMX
1 BiIIaJIeHNX Bi IHPpacTPyKTYpH pOJOBUIL, € HEOLUIIBHO OyayBaTH TPyOOIpOBia Un
iHppacTpyktypy LNG-TexHOmOTIi.

10.
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Summary

Introduction. Critical analysis of literature sources shows the trends of stable
development of integration processes in international production structures. Increasing
the production of industrial goods and food requires the creation of new and intensive
use of existing infrastructure of production units. Therefore, the development of
competitive customs and logistics systems for servicing foreign trade flows is one of
the main tasks of the relevant government and commercial structures. Purpose. The
peculiarity of the growing volumes of export and transit transportation of goods is the
need to involve in the organization of foreign trade supplies of powerful transport hubs
with appropriate infrastructure. Taking into account the specifics of the development
of economic integration processes, sea trade ports correspond to such opportunities.
And intensive use of the existing and creation of the newest infrastructure of subjects
of economic activity demands development of technological and structural bases for
improvement of transportations of foreign trade cargoes. The article investigates the
methodology of forming the infrastructure of customs and logistics systems of export
orientation, taking into account the assessment of the competitiveness of transport
services. Results. Development and practical use of methods of formation of production
infrastructure in transport hubs are based on the principles of economic integration
and improvement of transportation processes. It was found that compliance with the
terms of accumulation and processing of import and export cargo is an important
characteristic for transport hubs. And with the complication of the tasks of transport
and customs and logistics services there is a need to form a rational infrastructure of
transport systems. The proposed methodology for the formation of the infrastructure
of transport hubs provides an opportunity to identify ways to intensive use of existing
and the creation of promising production facilities of customs and logistics systems
provided the optimal distribution of material resources. Conclusions. In the course of
the research new results were obtained to improve the methodology of formation of

© Gryshchuk O.K., Petryk A.V,, Yerko Y.V., 2022
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customs and logistics infrastructure in transport hubs. Based on the main provisions
of the theory of systems analysis, new and supplemented the existing results of the
interaction of individual structural elements of production formations of international
orientation. Using the method of simulation modeling, integrated indicators of quality
transport service are calculated on the example of export cargo flows. The study can be
useful for improving the efficiency of transport services for freight flows in international
production structures.

Key words: international transportation, customs and logistics infrastructure,
transport systems, foreign trade cargo, transport hubs, economic integration.

BU3HAYEHHSA ®YHKIIOHAJBHUX XAPAKTEPUCTHUK
MUTHO-JOTICTUYHOI IH®GPACTPYKTYPH
B TPAHCIIOPTHUX CUCTEMAX MIZKHAPOJIHOI'O CITPAAMYBAHHAA

O.K. T'puuryk!, A.B. Ilerpux?, 51.B. Epko?
'K. T. H., ipodecop kadeapu Typusmy,

Hayionanvuuii mpancnopmmuuii ynisepcumem, Kuis, Ykpaina,

ORCID ID: 0000-0003-2993-5566
’K. T. H., IOUCHT KadeapH MiXKHAPOJHUX MEPeBEe3eHb T MUTHOTO KOHTPOJIIO,

Hayionanvuuii mpancnopmmuuii ynieepcumem, Kuis, Ykpaina,

ORCID ID: 0000-0001-7996-5814
acmipaHT Kadeapu M>KHAPOJHUX TTEPEBE3EHb T MUTHOTO KOHTPOJIIO,

Hayionanvuuii mpancnopmmuuii ynieepcumem, Kuis, Ykpaina,

ORCID ID: 0000-0002-6759-9578

Anomauisn

Bcemyn. Kpumuunuii ananiz rimepamypuux 0dicepen ceiouums npo menoenyii cma-
OiIbHO2O PO3BUMKY THME2PAYIUHUX NPOYECi8 Y MIJNCHAPOOHUX BUPOOHUYUX CIMPYKITY-
pax. 30invuienHss 06cs2ie sUPOOHUYMEA NPOMUCTIOBUX MOBAPIE I Xapuo6oi NPooyKyii
BUMA2AE CMBOPEHHS HOBOI MA [HMEHCUBHO20 BUKOPUCMAHHS HAABHOL iHppacmpyKkmy-
pu 8upooruuux Gopmysars. Tomy po3podKka KOHKYPEeHMO30amHOI MUMHO-102ICIMUYHOT
cucmemu 018 00CIY208Y8AHHS 306HIUHLOMOP2OBETbHUX BAHMANCONOMOKIE € OOHUM 3
20/106HUX 3A60AHb BIONOGIOHUX OepacasHux ma komepyiunux cmpykmyp. Mema. Oco-
OnUBICMb BUKOHAHHS 3POCMAIOUUX 00CA2I8 eKCNOPMHUX Ma MPAH3UMHUX Nepee3eHb
BAHMAIICIE NONA2AE Y HEOOXIOHOCMI 3AnyUenHs. 00 Opeanizayii 308HIUHbOMOPS06Eb-
HUX NOCMABOK NOMYNHCHUX MPAHCHOPIMHUX V36 I3 6I0NOGIOHUM THDPACMPYKMYPHUM
3abesneueHHaM. 3 YPaAxy8auHAM Cneyupiku po3eumxy eKOHOMIUHUX [HMeSpayituHux
npoyecie maKum MONCIUBOCMAM GIONOBIOAIOMb MOPCHLKI Mop2osenvhi nopmu. A inmen-
CUBHE GUKOPUCTANHS HAAGHOL MA CMEOPEHHs HOBIMHLOT IH(pacmpykmypu cyo ekmie
20Cn00apcvKoi QIATbHOCI 8UMASAE PO3POOKU MEXHOTOSTYHUX T CIMPYKIYPHUX 3ACa0
07151 YOOCKOHALEHHS NEPEBEe3eHb 3068HIUHbOMOPEOBENIbHUX 6AHMAKCI8. Y cmammi 00Ci-
024CYEMBC MEMOO0N02IA POPMYBAHHSA IHDPACMPYKMYPU MUMHO-TOICMUYHUX CUCTEM
E€KCNOPMHO20 CHPAMYBAHHA 3 VPAXYEAHHAM OYIHKU KOHKYPEHMO30amHOCHi mpaHc-
nopmuux nociaye. Pesynemamu. Pospooxa ma npakmuune GUKOPUCTNAHHA MemoOie
Gopmysants eupobHUYOT IHDpaACMPYKMYpPU 8 MPAHCHOPIMHUX 8Y31AX [DYHMYIOMbCA HA
3acadax eKoHOMIuHOI inmezpayii ma yOOCKOHAIeHH nepesizHux npoyecis. 3 ’s1co8aro,
W0 0151 MPAHCNOPMHUX 8Y3/i6 BANCTIUBOIO XAPAKMEPUCUKOIO € OOMPUMANHI MEPMIHIE
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HAKONU4eHHs ma nepepooKu IMNOPMHO-eKCHOPMHUX BAHMAXCI8. A i3 YCKIAOHEeHHAM
3a60aHb MPAHCROPMHO20 MA MUMHO-T02ICMUYHO20 00CTY208Y8AHHS BUHUKAE HEODXIO-
HicMb POpMYSAHHA payionanrbHOl IHGPACMPYKIMYpY MPAHCROPMHUX CUCEM. 3anpo-
NOHOBAHA MEMOOO0N02Isl hOPMYBAHHS THPACMPYKIMYPU MPAHCROPMHUX BV3Ti& 0dE
MOJICTUBICING USHAYUMU WAXU THIMEHCUBHO20 GUKOPUCMAHHS HAAGHUX MA CIMEOPEHHS
NEePCRneKMUGHUX GUPOOHUYUX HOMYICHOCMEU MUMHO-TOICIMUYHUX CUCTEM 3a YMOBU
ONMUMANLHO20 PO3NOOiNY MamepianrbHux pecypcie. Bucnoseku. B npoyeci nposedenns
O00CHIONCEHH OMPUMAHO HOBL pe3yIbmamu 0l YOOCKOHALEHHSI Memooon0zii hopmy-
BAHHSL MUMHO-02ICMUYHOT iH()pacmpykmypu 6 mpancnopmuux eysnax. Ha niocmasi
OCHOGHUX NONLOJICEHb MEOPIi CUCINEMHO20 aHANI3) OMPUMAHO HOBI MA OONOBHEHO HAAG-
Hi pe3yibmamu 83aemMooii OKpemux CmpyKmypHux eiemenmie supoOHU4UX hopmyears
MIDICHAPOOHO20 CRPAMYBAHHA. 13 UKOPUCMAHHAM MemOQy IMIMAayiliH020 MOOeN06aH-
HSl pO3PAxo6ami iHmeepanbHi NOKAZHUKU SKICHO20 MPAHCNOPMHO20 00CIY208Y68aAHHS
Ha NpuK1adi eKCnopmHUX 8aHmaxconomoxis. llposedene 0ocnioxcents modce 6ymu
KOpucHum 07l ni0GUWeHHs eheKmUSHOCMI MPAHCNOPMHO20 00CY208Y68AHHA 6AHMA-
JHCONOMOKIG Y MINCHAPOOHUX GUPOOHUYUX CIMPYKIMYPAX.

Knrwowuoegi cnosa: misicnapooni nepegezeniss, MUmMHo-102icmudna inghpacmpykmypa,
MPAHCNOPMHI CUCTEMU, 308HIUHLOMOP20BENbHI BAHMANCI, MPAHCNOPMHI 8Y3TU, €KO-
HOMIYHA IHMe2payis.

Introduction. The formation of a rational structure of transport systems for
the efficient servicing of foreign trade flows allows improving the competitiveness
of existing production units by reducing the total logistics costs. In addition, with
the use of technological and structural principles to improve transportation, it is possible
to respond quickly to changes in seasonal supply volumes and the structure of logistics
services. Compliance with these provisions, given the development of integration
processes, becomes especially important for the production activities of powerful
transport hubs and import-export enterprises, which store, process and tranship large
volumes of foreign trade cargo. Diversification of transport system logistics services
for a wide range of goods and the significant impact of market relations do not reduce
the urgency of this problem, as the existing infrastructure is used by a significant number
of business entities.

Formulation of the problem. Existing trends in the development of trade relations
are based on the principles of economic integration between different countries
and the relocation of production processes in international production structures. Due
to the economic growth of countries, according to economic experts, the trends in
the development of integration processes recorded in the recent period will continue
for a long time. In recent years, the agro-industrial complex of Ukraine is increasing
the volume of production and sales of agricultural products in domestic and foreign
markets. Therefore, the organization of transportation of domestic agricultural products
with the lowest costs for producers is one of the main tasks of the transport and road
complex of Ukraine.

Analysis of recent research and publications. The methodology for determining
the functional characteristics in the structures of transport and logistics formations
is based on the use of the basic theoretical provisions of systems analysis [1; 2]. In
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accordance with these prerequisites, the formation of the infrastructure of transport
systems for servicing foreign trade flows is considered as an ordered set of sequential
technological operations [2; 3]. In this case, the end result of one technological
phase is the initial condition for another, and operational management of the whole
complex of coordination of production processes in production structures is carried
out on the principles of system integration [4; 5]. A number of scientific papers on
the example of servicing import-export and transit cargo flows involving different
modes of transport showed the feasibility and positive features of this approach
[6; 7]. Some components of the transport and technological process in the customs
and logistics structures are determined by the relevant indicators’ characteristics
of these production units [7; 8]. However, the very definition of integrated
indicators of service of cargo flows allows us to conclude about the efficiency
of the transport system as a whole [9; 10]. The development of trade relations on
the basis of economic integration between states and individual economic entities
has posed qualitatively new challenges to the country’s transport system. In
most cases, the beginning and end of the movement of foreign trade goods are
carried out by various transport and logistics companies. And since the transport
and technological process itself consists of a number of production operations
of preparation, storage and warehousing of cargo, in the modern period it has become
the basis of the approach to the creation of new customs and logistics systems [11].
Widespread use of logistics management methods is based on the use of technological
and organizational principles to improve transportation by combining production,
transport, warehousing and trade processes into a single production structure. And
a fundamentally new approach to the development of integration processes involves
the definition of organic relationships for the maintenance of material flows,
including the integration of related financial and information processes into a single
customs and logistics system [10; 12].

Formulation of the goals of the article. Existing tendencies to increase export
and transit of agro-industrial products through the country outlined scientific prospects
for developing technological and structural principles for improving grain transportation
under intensive use of existing infrastructure of Ukraine’s transport system, railway
junctions and port facilities. Given the peculiarities of the implementation and growth
of exports of grain, special attention should be paid to the organization of foreign trade
supplies of these goods through sea trade ports.

Presentation of the main material. Under the condition of intensive use of the existing
infrastructure of customs and logistics systems, uniform distribution of cargo flows
and coordinated separate transport enterprises, sea trade ports of Ukraine are able to
handle significant volumes of foreign trade cargo. Generalization of the technology
of material flow movement on the example of grain resources allows determining
the features of customs and logistics services of these cargo flows (Fig. 1).

The technology of transport service of grain traders is closely connected with
the production activity of these economic structures. The functions of these organizations
include the purchase and temporary storage of grain, the creation of a joint party and its
delivery to the country of destination on chartered vessels. The above scheme ofthe export
process requires quality transport services at all stages of its implementation.
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Fig. 1. Determining the functional characteristics
of customs and logistics infrastructure in transport hubs

Determining the functional characteristics of the customs and logistics infrastructure
requires a step-by-step analysis of the efficiency of the transportation process. The
methodology of these studies at the first stage involves determining the optimization
criteria. Such criteria for servicing these foreign trade flows can be summarized in
logistics costs. Therefore, using the methodological principles of system analysis, each
of the possible options for the movement of grain cargo is characterized by the specified
integrated indicator £, provided the appropriate infrastructure.

Determining the technical and technological characteristics of the customs
and logistics infrastructure under the condition of forming a joint batch of export
and transit transportation of grain is considered on the basis of modern mathematical
methods of optimization. To this end, the process of creating a combined party has
been modelled as a valid set of a limited number of freight transport schemes. That
is, the initial conditions assume that in the process of creating a joint export party
in the transport hub can be implemented n production and technological processes
P, .., P its accumulation. In this case, the appropriate infrastructure R p oo R is

I m

used, i. e. the existing transport system has b, units of infrastructure elements R,
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(i =1, ..., m). Then the amount of material and technical resources for the formation
of a joint export party, performed under the transport scheme P, is equal to a;
and the movement of one ton of cargo under the transport scheme P is characterized
by the total cost of logistics services c.

Using these prerequisites, the formation of the infrastructure of transport systems is
to determine the volume of transportation X, for individual schemes P/ j=1, ..., n,when
the combined party minimizes the generalized logistical cost of moving a unit of output.
Within the theory of systems analysis, such a problem is formally reduced to finding
a vector x = (x,,...,x,) € E", which minimizes the linear function

min F(x) = ¢,x; + 6,X, + ...+ ¢, X, )
and satisfies the system of restrictions
@ X, + apX, + ..+ a,x%, {<,2,=1 b

@y X, + ApX, + .o+ 4y, X, {<,2,=} by 2

A X, + Ay Xy + .o+ 4, X, {<,2,=} b

x 20, x,20, x,20 3)
The vector x, which characterizes the conditions for solving mathematical
expressions (2) and (3) is considered an acceptable plan for the use of transport
infrastructure, and their set defines a limited area D to solve the problem. Then
the function F(x) is called the objective, and x* € D, which provides a minimum in
it — the optimal plan for the formation of the infrastructure of the transport system. As
a result of the calculations, the value of F(x) is considered to be the optimal solution
of the objective function.
In the given mathematical dependences (1)—(3) the matrix of conditions
and characterizes numerical values of the corresponding material resources a,
of the separate scheme of movement of freights

a, a, .. a,
ay, Gy ... G

A= " “4)
Ay Ay e Gy,

At the next stage of mathematical modelling, the efficiency of using certain elements
of the customs and logistics system was analyzed. The peculiarity of this analysis is
to determine the impact of the level of infrastructure on the resulting performance
of the production system as a whole. The proposed methodology is focused on
the substantiation of numerical parameters of individual structural elements
of the transport and technological process in order to achieve the optimal end result.
Appropriate coordination of actions of individual components of the customs and logistics
system must be ensured. In addition, such production formations provide differentiated
economic stability of independent structural units in the provision of transport services.

However, the technology of accumulation of a separate combined batch of grain
cargo in the terminal has the feature that a number of similar operations are performed
simultaneously in a separate transport hub. In the daily work with insufficient, and in some
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cases the lack of appropriate infrastructure, it is not possible to use the best option for
transport and technological scheme. Therefore, in mathematical models, the constraints
of infrastructural resources b, corresponding to the variable X, are characterized by
the values of the vector

)

And in accordance with the chosen option of moving grain, each of the proposed
technologies of accumulation is characterized by the corresponding cost of maintenance
of the cargo flow. Therefore, the vector of total logistics costs of the corresponding
transport scheme of transportation for the mathematical model (1) is written as

(6)

As is known from the theory of optimization, in such cases the system of equations
A, = b is compatible, and the maximum number of linearly independent vectors 4,
j =1, ..., nisequal to m. The final plan for the use of transport systems infrastructure
was determined using the well-known Jordan-Gaussian exclusion method. Using
the conditions of minimization of the objective function (1) and the matrix form
of recording the limiting conditions (4)—(6) it becomes possible to conduct multivariate
calculations to determine the priority areas for the formation of the appropriate
infrastructure of customs and logistics systems.

As a result of generalization of a large number of possible schemes of movement
of grain cargo flows it becomes possible to define the basic variants of use
of an infrastructure of transport systems for creation of export party of cargoes. This
technique has the advantages over the structure of the direct transport node, which allows
for multivariate calculations of numerical values of the resulting indicators, considering
the mutual influence of self-functioning elements. At the same time, such a scheme
takes into account the peculiarities of the process of delivery of individual export
consignments of grain, accumulation and temporary storage in stationary port elevators
or watercraft. And the preliminary analysis of the existing options of transportation
of grain with the involvement of different modes of transport and the using of elevator
and warehousing enterprises gives grounds to differentiate the feasibility of using
existing methods of delivery.

The total cost of logistics services for the maintenance of grain cargo flows in
the export service is differentiated by the following components:

— services of grain-receiving enterprises;

— payment for transportation of goods by rail;

— additional railway transport services at the request of the customer;

— services of customs-licensed warehouses;

— services of port grain terminals or port elevators;

149



PO3BUTOK TPAHCIIOPTY
Ne 1(12), 2022

— the cost of transhipment operations in the seaport by the direct method of work;

— component of motor transport;

— cost of transhipment operations by ship-loading machines of the grain terminal;

— the cost of storing grain in cars on railway tracks;

— payment for the use of railway freight cars;

— payment under the terms of an additional agreement with the railway car service;

— freight toll of the sea trade port.

The cost of basic and additional services related to technological operations
at the elevator and warehousing enterprises consists of differentiated acceptance
of grain cargo from vehicles, storage for a specified period of time, drying, cleaning
and other operations to bring grain to a certain date and technical conditions
of storage, shipment of grain cargoes for further transportation. It should be noted
that the amount of payment for these services depends on the state of transport
infrastructure of enterprises and the state of grain cargo. The methodology for
determining the functional characteristics of the customs and logistics infrastructure
in transport hubs is illustrated by the example of production activities of the Nikolayev
sea trade port (Fig. 2).

1000

O shipment by linear
elevators

800 I~

B processing in the port
600 | | | terminal

— O overload on the direct
400 || - option

O maintenance by ship
200 | I~ loading mechanisms

5000 10 000 15 000
Accredited capacity of the port elevator, tons

Fig. 2. Project daily productivity of the components
of the customs and logistics system under the condition of loading the export batch
of grain volume P = 15 000 tons for 7 days, tons/day

The change in the design daily productivity of individual components of the customs
and logistics system in the proposed example is explained primarily by the limitation
of the service life of the export batch of grain, and, accordingly, the need for prior
accumulation of these goods. Under such circumstances, the share of the scheme
of movement of grain cargo flows under the option “linear elevator — railway
transport — port elevator — sea vessel” increases. And taking into account these
circumstances, a significant part of the hopper railway cars, which were previously
used for grain storage, is released. As a result, when increasing the accredited capacity
ofthe port elevator from H =5 thousand tons to H = 15 thousand tons, the cost of customs
and logistics services decreases by 12.9 %.
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The presence of accredited capacities in the port elevator has a positive effect on
reducing the daily intensity of the use of railway transport infrastructure. This situation
is explained by the fact that increasing the time of consolidation of the contracted
consignment optimizes the daily number of vehicles on the routes. For example,
increasing the capacity of the port elevator from H = 5 thousand tons to H = 15 thousand
tons reduces the average daily amount of grain shipped by elevators by 31.6 %. And
given the complexity of ordering free hopper cars during the period of intensive grain
exports, the identified trend is positive.

As we know, one of the important elements of the infrastructure of international
transport systems is the capacity of the port railway station. This situation is largely due
to the limited capabilities of the general exhaust track and the large volume and range
of goods in the export direction. However, increasing the capacity of the port elevator
significantly reduces the amount of grain cargo arriving through the port railway
terminal. Thus, the change in the accredited capacity from H =5 thousand tons to H =15
thousand tons leads to a decrease in freight traffic for the port terminal by 49.8 %.

Increasing the accredited capacity in the port elevator also has a positive effect on
the transfer process under the direct option. In this case, the loaded car is removed by
a gantry crane from the railway carts and fixed over the open hatches of the bilker.
After opening the lower hatches of the railway car, the grain is poured into the hold
of the vessel. With an increase in the accreditation capacity of the port elevator H by 5
thousand tons of grain overload in the direct option is reduced by an average of 23.6 %.

However, the availability of sufficient grain in the port significantly increases the load
of stationary mechanisms. Thus, the increase in the capacity of the port elevator from
H =5 thousand tons to H = 15 thousand tons requires a doubling (from 468 tons/day to
938 tons/day) of the productivity of ship loading mechanisms.

Conditions for the creation and maintenance of export consignments of larger
grain cargoes are characterized by the presence of the customs and logistics system
of infrastructure elements of much greater capacity. Determining the functional
characteristics of this system in the transport hub is considered on the example
of consolidation and loading on the ship in the Odessa sea trade port of the export
consignment of grain volume P = 40 thousand tons for 5 days. In this case, line and port
elevators, customs terminals, as well as railway and road vehicles interact systematically.
The peculiarity of servicing this export batch is also that, along with stationary storage
facilities, closed railway hopper cars are actively used as a temporary option for
a short period of time. For this purpose, the numerical values of the main functional
characteristics of the system were determined and the ways of using the existing
infrastructure in the transport node were analyzed (Table 1).

It is known that the consolidation and transhipment of a significant amount of cargo
on a seagoing ship for a limited amount of time requires the mandatory use of powerful
transport capabilities of rail transport. Therefore, the change in the capacity of the grain
terminal D for processing railway cars plays a key role in determining the numerical
values of individual components of the system. Thus, increasing the processing intensity
of railway cars (from D = 50 cars/day to D = 80 cars/day) stimulates the storage of grain
cargo in hopper cars. And since these operations are performed in advance, in the period
of direct loading of grain on the ship, the intensity of its shipment from the elevators
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is significantly reduced. Thus, increasing the service intensity from D = 50 cars/day to
D = 80 cars/day makes it possible to reduce the daily volume of grain cargo from linear
elevators by 1660 tons compared to 3120 tons at the initial stage.

Table 1
Project functional characteristics of customs and logistics infrastructure
in the transport hub when servicing grain cargo flows of international orientation
Capacity of the grain terminal for processing
Indexes railway cars, cars/day
50 55 60 65 70 75 80

Daily shipment volume from linear | 3154 | 5830 | 2550 | 2280 | 2010 | 1730 | 1460
elevators, tons

Accredited capacity of the customs | 1 55 | 1339 1556|1773 | 19.90 | 22.08 | 24.26
terminal, thousands of tons

The optimal number of vehicles with 75 67 60 54 49 45 4
maximum capacity, units

Capacity of the port elevator, 1535 | 13.83 | 1242 | 11.10 | 9.87 | 8.70 | 7.62
thousands of tons
Logistic cost of cargo flow 37.63 | 36.68 | 35.76 | 34.93 | 34.17 | 33.48 | 32.86

maintenance, €/tons

At the same time, the growth of D within these limits requires for the agreed export
party more than twice (from B = 11.22 thousand tons to B = 24.26 thousand tons)
increase the accreditation capacity of the customs terminal. This situation is explained
by the fact that these infrastructure elements are located, as a rule, at a relatively short
distance (/ = 30-50 km), so the delivery of grain cargo to the port berths is intensively
performed by shunting locomotives in batches of 68 railway cars.

The active use of prompt delivery of these volumes of grain directly to the loading
mechanisms of the port reduces the need for costly use of capacities H of the port
elevator. The performed calculations show that if the indicator D changes within
the specified limits, the numerical value of the indicator H decreases by 7.73 thousand
tons and is 7.62 thousand tons under the condition D = 80 cars/day.

Consolidation of significant volumes of export cargo requires a separate description
of the peculiarities of the use of vehicles. Despite the fact that due to the relatively
high cost of transport work, this type of transport is used over relatively short distances
({ £ 200 km), heavy road trains £ (¢ = 20 t) significantly replenish the volume
of the consolidated party. However, along with the increase in the intensity of the use
of railway transport, the daily number of vehicles decreases from E = 75 units to
E =42 units of rolling stock. As a result, the optimization of the existing infrastructure
of the customs and logistics system made it possible to reduce the total logistics
cost of servicing the grain cargo flow from B = 37.63 €/tons for D = 50 cars/day to
B =32.86 €/tons for D = 80 cars/day.

The described methodology of formation of the customs and logistics infrastructure
of integrated systems provides an opportunity to determine ways to create promising
production facilities in transport hubs. However, the practical application of this
methodology is based on taking into account certain features of transport services
of international cargo flows. In determining the functional characteristics of the customs
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and logistics infrastructure of transport systems should takes into account the fact that
the export of grain cargo is seasonal, and therefore performed, as a rule, from August to
March next year. Therefore, in the inter-export period, part of the infrastructure elements
is involved in other technological processes, and the other part of the port infrastructure
is in forced downtime. This production situation should be taken into account when
calculating the costs associated with the forced maintenance of a significant part
of the specialized infrastructure of the transport hub.

Conclusions. In the process of conducting a study of the development of integration
processes in the system of servicing export cargo flows, new results were obtained to
improve the methodology for forming the customs and logistics infrastructure of transport
hubs. On the basis of the basic provisions of the theory of the system analysis regularities
of interaction of separate structural elements of industrial formations of the international
direction are defined. It is established that when increasing the accreditation capacity
of the port elevator by AH = 10 thousand tons, the generalized logistics costs /” decrease
by 4.73 €/tons. The peculiarity of the results is that they take into account the possibility
of using alternative methods of consolidation, storage and transhipment.

It is shown how the influencing factors takes into account the peculiarities
of the implementation of the necessary technological processes by different modes
of transport. The obtained result of the reduction of the generalized logistical cost
F in the maintenance of grain freight flows in transport hubs takes into account
the increase in the intensity of the use of railway cars and the intensity of the use
of other infrastructure elements.

It is determined how the functional characteristics of the customs and logistics
infrastructure in transport systems affect the efficiency of freight traffic in international
traffic. However, when calculating, in addition to the impact of resource provision
of international transport, it is necessary to take into account the peculiarities of servicing
cargo flows by different modes of transport, seasonality of grain transportation
and characteristics of existing and promising consumer markets.
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Anomauia

Bcemyn. [liosuwenns nonumy Ha 2pomMaocbKuili mMpaHcnopm ceped MIiCbKo20
HACeNeHHs MONCHA OOCASHY MU KOMAJLEKCOM PIZHUX 3AX00i8, OOHUM 3 AKUX € 800CKO-
HAJleHHA cucmemu nepege3eHb ma nid8ulyeHHs AKoCmi 00Cay208Y8aHH NACANCUPIB
Ha pizHuX 1aHKax nepegiznozo npoyecy. Cyyacni memoou onpayio8anHs ma aHauisy
napamempie (hYyHKYIOHY8AHHA MPAHCHOPMHUX CUCTEM 003801A10Mb OYIHUMU 8NIUB
PI3HOMAHIMHUX YUHHUKIG HA MPAHCHOPMHI NPOYeCcU ma CNpocHO3Y8amu pe3ynbma-
mu maxo2o enaugy. binvwicms mpaucnopmuux npoyecie mManoms CMOXACMUYHY,
HeNIHIUHY cmpykmypy. YV maxux eunaoxax OoyiibHO BUKOPUCMOBYEAMU MemOoOu
WMYYHO20 [HMeNeKmy, 30Kpema wmyyHi HetpoHHi mepexci. Mema. Memorw cmam-
mi € GU3HAYEeHHA MPUBALOCMI nepedy8aHHA MPAHCHOPMHO20 3AC00y HA 3YNUHYI
2POMAOCbKO20 MPAHCHOPMY 3 GUKOPUCHAHHAM HEUpOMepetce8020 MOOen08AHHS.
Pesynomamu. Y pobomi po3kpumo OCHOBHI NPUHYUNU DYHKYIOHYBAHHA ULIMYYUHUX
HEeUPOHHUX Mepedc ma npasuia ix euxopucmanus. llpoananizoeano 0oyinbHiCMb
3ACMOCYBAHHA HEUPOMEPEHCe8020 MOOEN08AHHA O/l NPOSHO3YE8AHHA MPUBALOC-
mi nepeOy8aHHs MPAHCHOPMHO20 3AC00Y HA 3YNUHKAX 2POMAOCbKO20 MPAHCHOP-
my. 30Kkpema, NPOAHANI308AHO BNIUE MAKUX YUHHUKIG, AK: 00BIHCUHA MAPULPYMY),
8I0cmanb B8i0 NOUAMKY Mapuipymy 00 00CAIONCYBAHOL 3YNUHKU, THMEPBAL MIdC
MPAHCNOPMHUMU 3ACOOAMU NEBHO20 MAPWPYMY Ma NACANCUPOOOMIH HA 3YNUHYI.
Ha ocnogi 3ibpanoi nio wac namypuux cnocmepedcensv inghopmayii 6 npoecpammomy
cepedosuwi Deductor cmeopeno HeupoHHY mepedxicy ma nposedeHo npocHO3)8aHHs
mpuganocmi nepeOy8arHs MpaHcnopmHo2o 3acoby Ha 3ynunyi. llposedeno oyin-
Ky axocmi ompumanoi modeni. Bucnosxku. Hetipomepeosiceee mooeniosanns ¢ eghex-
MUBHUM THCMPYMEHMOM Ol 00CALONCeHHsT MPAHCNOpMHUX npoyecis. Ompumani
pesyromamu c8i0uams Npo O00CMAMHIO MOYHICMb OMpuUManoi mooeni (cepedHs
mpuganicme nepedy8aHHs MpPAHCROPMHO20 3aco0y Ha 3YyNunyi cmarogumsv 24 ¢
y pankoguti nepioo ma 21 ¢ — 6 00iOHill, 8ioxunenHs & medxcax i0 5 0o 9,6 %).

© Kyxk M.M.,, Ilisropax I'.B., I'ius L.I., 2022
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Tlooanvuii docnioxcens Cnpsamo8y8amumMymscs Ha Ni0GUWeHHL MOYHOCII MOOeli
WLAXOM, 30KpeMda, pO3UUpenHs nepeniKy 6XiOHux napamempis.

Knwwuosi cnosa: 2pomadcykuti mpancnopm, wimyyHa HeUpoHHA Mepedicd, mpuea-
Jicmb nepedy8amnts, MOOen0O8AaAHHL.
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Summary

Introduction. Increasing the demand for public transport among the urban population
can be achieved through a set of various measures, one of which is to improve the
transportation system and improve the quality of passenger service at various stages of
the transportation process. Modern methods of elaboration and analysis of parameters
of functioning of transport systems allow to estimate the influence of various factors on
transport processes and to predict results of such influence. Most transport processes
have a stochastic, nonlinear structure. In such cases, it is advisable to use methods of
artificial intelligence, in particular artificial neural networks. Purpose. The purpose
of the article is to determine the duration of vehicle stay at a public transport stop,
using neural network modeling. Results. The basic principles of functioning of artificial
neural networks and rules of their use are revealed in the work. The expediency of using
neural network modeling to predict the stay duration of a vehicle at public transport
stops is analyzed. In particular, the influence of the following factors was analyzed:
route length, distance from the beginning of the route to the researched stop, the interval
between vehicles of a certain route and passenger exchange at the stop. Based on the
information collected during field observations, a neural network was created and
the duration of the vehicle’s stay at the stop was predicted in the Deductor software
environment. The quality of the obtained model was evaluated. Conclusions. Neural
network modeling is an effective tool for studying transport processes. The obtained
results testify to the sufficient accuracy of the obtained model (the average stay duration
of the vehicle at the stop is 24 s in the morning and 21 s in the lunch period, deviation
in the range from 5 to 9.6 %). Further research will focus on improving the accuracy of
the model by, in particular, expanding the list of input parameters.

Key words: public transport, artificial neural network, downtime, modelling.

Beryn. [Tnanu cranoi MoOiTBHOCTI MICT Nepen0avyaloTh BIPOBAKESHHS 3aX0/IiB, sIKi
OM CTHMYITIOBAJIHM TiIBUIIECHHS ITOTUTY Ha TEPEMIIEHHS TPOMaJICEKUM TPAHCIIOPTOM,

157



PO3BUTOK TPAHCIIOPTY
Ne 1(12), 2022

3MIMIYIOYH PO3MO/IT MK BHJIAMH TIEPEMIILIICHb Y MICT1 HA KOPUCTH CTalI0i MOOITTBHOCTI.
BrockoHaIeHHS CHCTEMH TPOMAICHKOTO TPAHCIIOPTY Iiepembadae HasABHICTH iHGOP-
Marlii npo mapameTpu ii (QyHKI[IOHyBaHHS Ta aJleKBaTHE OMPAIFOBAHHS 1 TIOIIMPEHHS
i€l iHpopmarii. BUkopuCTaHHS CydyaCHHX METOJiB MOJICIIFOBAHHS JO3BOJISE OILIHUTH
BIUIMB PI3HOMAaHITHUX YMHHUKIB Ha TPAHCIIOPTHI MPOIECH Ta CIPOTHO3YBATH PE3yJib-
TaTH TaKOTO BILIUBY.

IlocTanoBka npo6jemu. [1o6ynoBa MareMaTnYHOI MOZIEIIi HA OCHOBI Pe3yibTaTiB
CIIOCTEPEKEHb € OJHUM 3 OCHOBHUX IHCTPYMEHTIB MPHUMHATTS PIIlIeHb y Pi3HUX ce-
pax. [IpoTe O6araro TpaHCTIOPTHUX MPOIIECIB MAIOTh CTOXACTUYHY, HENIHIHHY CTPYKTYPY,
TOMY BUKOPHUCTAHHS JIJIS IX OMHUCY TPAAUIIHHUX CTATUCTUYHUX MOJIeNiel € Hee(peKTrB-
HuM [1, c. 1]. ¥ Takux BHUIagKax IOMUILHO BUKOPHUCTOBYBATH METOJHM, 3aCHOBaHI Ha
IITYy9HOMY 1HTENEKTi, 30KpeMa ITy4HI HeHpoHHI Mepexi. Helipomepexkesi TexHoOTIT
€ e(peKTUBHUMH [T PO3B’SI3aHHS 3a/1a4 Kiacu]ikariii, KiracTepu3sallii, IpoOrHO3yBaHHS,
MONTYKY OCHOBHUX KOMITOHEHT BUOipKH TOIIO |2, ¢. 5; 3, ¢. 18309].

TpuBamicTe 00epTy Ha MapLIPyTi TPOMAJCHKOTO TPAHCIIOPTY CKIANAETHCS 3 YOTH-
PBOX OCHOBHUX €JIE€MEHTIB: IIepeOyBaHHs TPAHCIIOPTHHUX 3aCO01B Ha MPOMIKHUX 3yTHH-
KOBHUX ITyHKTaX, 3aTPUMKH Ha MIEPEXPECTSIX, pyXy Ha MeperoHax Ta MpocTolo Ha KiHIle-
BHX 3yIMMHKAaX MapuipyTy [4, c. 86]. TpuBamicTs nepeOyBaHHS TPAHCTIOPTHOTO 3ac00y
Ha 3YIMHII BIUIMBAE Ha (DYHKIIIOHYBAHHS K MapIIpyTy TPOMaJICHKOTO MACaKUPCHKOTO
TPAaHCHOPTY, TaK 1 3yMUHKH [5, ¢. 17]. 3HaHHS YMHHUKIB, SIKi BIUTMBAIOTH HA LIEH MOKa3-
HUK, Ta PO3YyMiHHsI CIOCOOY i CTymeHs iX BIUIMBY JacTh 3MOTY MOKPAIIMTH MpPOIEC
00CITyroByBaHHSI TIACaKMPIB HA 3YMHHII Ta 3MEHIIUTH BIUIMB TPAHCIIOPTHUX 3acCO0iB,
10 Ha Hiif epeOyBaroTh, Ha 3araJbHUN TPAHCITIOPTHHUM TTOTIK.

AHaJIi3 OCTaHHIX A0C/TIiKeHb i myOJtikauii. BukopuctanHs HEHPOHHUX MEpPExX IS
PO3B’sI3aHHSI 3a4a4 TPAHCIIOPTHOI Tajly3i € HOBUM Ta IOCUTH €()eKTHBHHM, IO MiATBEp-
JOKYETBCS SIK 3aKOPJIOHHUMH, TaK 1 yKpaiHCBbKHMU JTOCIDKCHHAME. 30Kpema, B rpaili [6]
ABTOP BUKOPUCTOBYE IIEH alrOpUTM /sl IPOTHO3YBAHHS BaHTXKHUX TOTOKIB y MeKax
PETIOHATEHOTO TPAHCIIOPTHOTO KOMITIEKCY. PoboTu [7—8] moB’s3aHi i3 3aCTOCYBaHHIM
HEHPOHHUX MEpeX IS IMPOTHO3YBaHHS TPAHCIOPTHHUX IMOTOKIiB. ABTopH [9] 3acToco-
BYIOTh TIPOTHO3YBaHHSI 3 BUKOPUCTAHHSIM IPOCTOPOBO-4aCOBOI HEHPOHHOT MEpexki s
BU3HAYCHHS MTONIUTY Ha BUKOPHCTAHHS Takci Ta Mpokary Benocunesis. Y npaui [ 10] mpo-
BOJIUTHCS OIIHKA TTACAKUPOIIOTOKY Y CHCTEMI TPOMaJICKKOTO TPAHCTIOPTY 3 BUKOPUCTAH-
HSIM 3TOPTKOBUX HEWPOHHHX Mepex. ABTOpH [11] BUKOPHCTOBYIOTH HEHPOHHY MEpPEKY
JUTS. MOJISITFOBAaHHSI ITIIIOX1THUX TIOTOKIB Y palilOHaX TPaHCIIOPTHUX BY3JIIB.

3acTocyBaHHS HEHPOHHUX MEpEX Il BU3HAYSHHS CIIOCOOIB MepeMilleHHs JTroei
y TPAHCIIOPTHUX MEpPEekKax TaKOXK € JOCUTh e(PEeKTUBHHUM, IO MiATBEPIUKYETHCS Tpa-
wsamu [ 12-14].

JeTtanbHuil omiIAn JiTepaTypHUX JKEpeN IION0 3aCTOCYBAaHHS HEHMPOHHUX MEpPEex
IUTSL O3B’ sI3aHHS 3144, OB’ I3aHUX 3 TPOMAaICEKIM TPAHCTIOPTOM, TIOAaHo B mpaiti [ 15].

DopMyTOBaHHA iJIel cTaTTi. METOr CTaTTi € BU3HAUYEHHS TPUBAIOCTI mepedy-
BaHHS TPAHCIIOPTHOTO 3ac00y Ha 3yNMUHII I'POMaICHKOTO TPAHCIIOPTY 3 BUKOPHCTAHHAM
HelpoMepekeBOT0 MOJIEITIOBAHHS.

Buxnan ocHoBHoro marepiamay. llltydna HelipoHHa Mepexa — II€¢ CYKYITHICTh
MTYYHUX HEHPOHiB, C(DOPMOBAHMX IIapamMH, KOKEH 3 SKUX Ma€ MEBHY KiTbKICTH BXO-
JIiB Ta onuH BUXiJ (iX HA3WBalOTh JICHAPUTAMH Ta aKCOHOM BiamoBinHO) [16, c. 152].
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KoskeH 3 1ux HEHpOHIB MEePETBOPIOE BXiAHI cUrHaau (iH(dopMalliro, 10 HaJXOIUTh 13
30BHIMIHIX JpKepesl ado Bij IHIIUX HEWPOHIB) y BUXIJHUU CUTHAJ, BUKOPHCTOBYIOUU
neBHy (pyHKIiT0 mepeTBopeHHs. OCKITBKY BXiHI CUTHAIHN € HEPiBHOZHAYHUMH 32 BaK-
JMBICTIO, TO iX MPIOPUTETHICTh BU3HAYAETHCS 3a JOMOMOIOI0 BaroBHx Koe(illi€eHTiB
[17, c. 412].

Cxema kiOepHeTHYHOI Mojeni HelpoHa mojmaHa Ha puc. 1 [16, c. 153]. Ha Bxixg
HEHPOHA HAJXOUTh IHPOPMALLis y BUIIISII CUTHAIIB X, KOXKEH 3 IKMX Ma€ CBIi BaroBuii

n
koedilieHT . 3BaxeHa CymMa CHTHATiB P =) , -X, 3 JOMNOMOIOI0 IepeaBalbHOL

i=1
¢ynkuii f{P) nepeTBOPIOETHCS Ha BUXIAHUN curHan Helpona Y. [lepenaBanbHa QyHK-
1iss Moke HaOyBaTH BHIVISAY JIiHIHHOI, CTymiHYAcTOi 200 HeNiHiIiHOT (CUTMOITambHOT)
[18, c. 46]. Bumsa wi€ei GyHKIIIT € HABaXJIMBILIOK XapaKTEPUCTUKOI HEHpOHA.

Y=f(P)

Puc. 1. Cxema xibepuemuunoi mooenui nevipona (3a [16])

Bukopucranus Helipomepex nepeadayac BUKOHAHHS KiJIBKOX MOCIIIOBHHX KPOKIB
[2, c. 25; 16, c. 160]:

— BUOIp BXiIHUX AaHuX Ta GOpMyBaHHS HAaBYAJIHHOT BUOIPKH;
HOPMYBaHHS BXiJJTHUX Ta BUXI1AHUX YMHHHKIB;

— (opMyBaHHS apXiTEKTypH IITYYHOT HEHPOHHOT Mepexki (BU3HAYCHHS TUILY, KiJlb-
KOCTI IIapiB Ta KUIBKOCTI HEHPOHIB y KOYKHOMY 11api);

— HaBYaHHS ITYy4YHOI HEHPOHHOI Mepexi, IO J03BOJISE, 30KpeMa, YTOUHUTH 3Ha-
YEHHS BATOBUX KOE(iLi€HTIB;

— TECTyBaHHS OTPHUMAaHOI MOMAElI Ha HE3aJeXHIH BHOIpPII Ta OTpUMaHHSI
pe3ynbrary.

3a CTPYKTypoOIO (apXiTeKTypor) HEHPOHHI MepexXi MOAUISIIOTECS Ha TPU OCHO-
BHI KJIaCH: OJIHOIIAPOBI MEPEKi MPSIMOr0 MOUIMPEHHS, OaraTomapoBi Mepexi mpsi-
MOTO TIONIMPEHHS Ta peKypeHTHi mepexi [18, c. 55]. Haitbinpm nmomupeHuMHU
(dbopMaMu HEHPOHHHX MEpeX € 0araTomapoBHi MEPCIETPOH, Mepeka pajialbHOI
Oa3ucHoi QyHKLIT, MEepeka alanTUBHOT pe30HAHCHOI Teopii, HMOBipHiCHA Mepexa,
acoliaTuBHa Mepexa Ta tonorpadiuna xapra Koxonena [19, c. 171]. ApxiTekrypa
ITHP € ny»e Ba)JIMBUM €JIEMEHTOM JIJIsl CTBOPEHHS TOUHO1, eheKTHBHOI, HaAIHHOT
mozeni [20, c. 2]. Bubip apXiTekTypu Mepeski HOIITHFHO MPOBOIUTH OKPEMO IS
KOKHOTO THUITY 3a/1a4 3 ypaxyBaHHIM HassBHOI MOYaTKOBOI CTATUCTHYHOT iH(opMaii
[21, c. 149].
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Bubipka modaTkoBUX MAaHUX CKJIANAETHCS 3 PE3YNLTATIB JOCIHIIKCHD, MPOBEICHIX
Ha 15 3ynmMHKax rpoMajichbKOTro TPaHCHOPTY M. JIbBOBa OKpeMO B PAHKOBHM MIKOBHUI
(113 3nauens) Ta 06imHINH MikmikoBui (111 3Hauenn) nepiogm yacy. Ilig vac mpose-
JIEHHST TOCIKEHBb (DIKCYBaBCSI 4ac MPUOYTTS KOKHOTO MApIIPYTy, TPUBATICTH Tepe-
OyBaHHS Ha 3yMHHIN Ta KUIBKICTh MACAXHUPIB, M0 3AIMCHIOIOTH MOCAKY Ta BHUCAIKY
Ha 3yNUHIN. Y pe3ylbTaTi ONMpamfoBaHHS HASBHUX JAHWX BU3HAYCHO YOTHPHU BXiTHI
napaMeTpH, sIKi MOXKYTh BIUIMBAaTH Ha TPUBAJICTh MepeOyBaHHs Ha 3yMHHIIL: 3arajbHa
JIOBKMHA MapIIpyTy, BiJICTaHb BiJl TOYATKy MapLIpyTy 0 JOCIIIKYBaHOI 3yNMHUHKH,
IHTEepBaJI MIX TPAaHCTIOPTHUMH 3aco0aMU MEBHOTO MApHIPYTy Ta MacaXHPOOOMIH Ha
3yMHHII (CyMa KUIBKOCTI MacakMpiB, 110 3IHCHIOIOTh MTOCAJKy Ta BUCAJIKY).

g nocniakeHHs] BAKOPUCTOBY€EThCs Tiporpamunii makeT Deductor Academic.

s BU3HAUeHHS BaXKJIMBOCTI KOKHOTO 3 YMHHUKIB Ta YCYHEHHS THX, SIKI HE
MaroTh 3HAUYIIOTO BILUIUBY HAa PE3YJIBTYIOUHUH MOKA3HUK, MPOBEACHO KOPEISAIiHHII
aHaimi3 (puc. 2):

Koppensuus c BeoaHsIMA NoAsMu Koppenauus ¢ BbIX0aHBIMK NOASU
BxogHble nona

B
X0aHblE NonA ; T

oL -0.006 L 0,142
% 0188 % 0,188
| 0,065 ol 0,020
¥

a) P 0,393 6) P 0,391

Puc. 2. Pesynomamu npogedenmst Koperayitino2o ananisy 6XiOHux napamempis
v Deductor Academic: a) oani panxogozo nepiody; 6) damni 00i0Hb020 nepiody

Ha cepennro TpuBainicth nepeOyBaHHS TpaHCIOPTHOro 3acoOy Ha 3ymuHui ['TIT
y PaHKOBUH MepioJ HE Mae 3HAYYLIOrO BIUIMBY JOBKHMHA MapuIpyTy, a B OOiIHIH
nepiof] — iHTepBaJ pyXy Ha MaplIpyTi. 3pOCTaHHS MACaAKUPOOOMiHY OUiKyBaHO 301JTb-
HIy€ TPUBANICTh MepeOyBaHHs, OMU3bKICTh 3yIMHKHU 0 KiHLS MapIIPyTy — 3MEHIIYE.

VY nocnimxyBaHomy Bumnaaky B Deductor Academic BUKOPHUCTOBYETHCSI HEHpPOHHA
Mepeka TUIy OaraTolapoBHil MEpPCIEeTPOH 3 TphOMa BXOJaMHU, OJHHM NPUXOBAHUM
[IapOM Ta OJIHAM BUXOJIOM 1 CUI'MOiJaJIbHOI aKTHBALIHHOK QyHKIliE (puc. 3).

Yactka npoiinenoro
mapupyty, %

Turepsan na

MapuipyTi, X8 & Yac npocToio
abo 10BKHHA —~— N

. Ha 3ynmHui, ¢
MapmpyTy, KM N N

Macasupoodm

3yHHHII, nac/peiic

Puc. 3. I'pagh neiipomepesici ma euenso akmueayiinoi ynxkyii
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VY pesysbTari MOJICITFOBAHHS OTPUMAHO JliarpaMH PO3CIOBaHHS BXIJIHUX Ta €TaJIOH-
HUX 3HaY€Hb TPUBAIOCTEH MepeOyBaHHs OKPEMO JIJIsl PAHKOBOTO Ta 001 JHBOTO TepiojiiB
(puc. 4, 5).

43 8510 12 14 16178 20 22 24258 28 30 327 35368 39 50 57 60 81

Puc. 4. Jliaepama poscirosanns mpusanocmei
nepedysanns 13 na synunyi I'TIT y panxosuii nepiood

70
85
&0
s
50 | o
as )

a0 }-
xst---:

30

25

s 76 95 1121314151617 1819 206 22232429262728292 3132333435 386 39 42,5 45,4 528 8

Puc. 5. iaecpama po3scioeanus mpusanocmeii
nepebyeannsa T3 na synunyi I'TIT 6 00ionit nepioo

[lincymkoBa oIliHKa SKOCTiI MO MOJaHa Ha puc. 6—7, MiJCYMKOBI CTaTUCTHYHI
MOKA3HUKH 3BEAEHO B TAOJIMIIIO 1.
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Puc. 6. Oyinxa skocmi ompumanoi mooeni npoeHo3y8anHs mpusaiocmel
nepeoysanns 13 na 3ynunyi I'TIT y pankosuii nepioo
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Puc. 7. Oyinxa ssxocmi ompumanoi mooeni npoecHo3y8anHs mpusaiocmel
nepebysanns T3 na 3ynunyi I'lIT 6 06i0Hitl nepioo

85 % oTpuMaHHX 3HaYEHb TPHUBAJIOCTEW repeOyBaHHS TpaHCIOpTHOTO 3acoly ['T
Ha 3yNuHIl nepeOyBaroTh y Mexax Bijg 10 g0 37 ¢ y pankoBuil nepion ta Big 10 1o
30 ¢ — B 00igHniii nepiog. OTpuMaHi pe3yabTaTy CBiI4aTh Ipo JOCUTH BUCOKY TOUHICTh
MojeitoBanHs. [IpoBeeHHS JOMATKOBUX JIOCITIKEHb 3 METOK 300py OiIbIIOT KiJib-
KOCTI iH(hOpMaIIii JaCTh 3MOTY BBECTH B MOJIETTh JTIOAAaTKOBI BX1IHI MTapaMeTpH, 110 PO3-
ITUPUTH MOJKITUBOCTI aHATI3y Ta OI[IHKA OTPUMAHHUX PE3yIIbTaTIB.
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Tabmuus 1
CraTHCTHYHI NOKA3HUKU MOJEJTIOBAHHS

Minimanbne | MakcumanbHne | Cepenne | Cranaaprhe

Moxka3Huk .
3HAYEHHS 3HAYEHHS 3HAYEHHS | BiIXWJIeHHHA
PankoBuii nepion
Bincorok mpoiigeHoro msixy, % 4.4 100 48,7 25,7
iI;TepBaH Mix T3 Ha MapmIpyTi, 45 56 15 9,05
Hacancglpoo6MiH Ha 3YIUHII, 1 118 16 18
nac/pemc
Tpusauicts nepeOysanHs Ha 4 81 24 116
3yMUHIN (BXIJHI JaHi), C
TpuBainicTs mepeOyBaHHSI Ha 6 81 24 9.6

3ynuHII (MOJEIIOBaHHS), C

OO6iHi mepion

JloBxruHa MapIIpyTy, KM 3,27 26,14 13,9 5,3
BincoTtok mpoiigeHoro nuisixy, % 4.4 100 48,3 25,9
Hacamglpoo6M1H Ha 3yNMHII, 1 96 14 154
nac/pemc

TpuBasnicTs mepeOyBaHHA Ha 5 58 71 93

3ynuHII (BXIJHI JaHi), ¢

TpuBainicTs mepeOyBaHHSI Ha 5 50 21

. 4,99
3yMHHII (MOJEIIOBAHHS), C

Bucnosku. CyyacHi iHpopMauiiiHi Ta KOMyHIKaLiiiHI TEXHOIOTIT Aal0Th yce Oinblie
MOXXJIMBOCTEH 1 300py iHpOpMaLii PO TPAaHCHOPTHY CHCTEMY 3arajioM Ta iHdopmy-
BaHHS YYaCHHMKIB TPAaHCIIOPTHOTO IMpolecy oo ii ¢yHKuioHyBaHHA. SIKICHUH aHai3
HasIBHUX JaHHX JI03BOJISIE BU3HAUYUTU MOKA3HUKW (PYHKLIOHYBAHHS CHCTEMH Ta 3aIrpo-
MOHYBaTH ¢(eKTHBHI pilleHHs s 11 BAOCKOHAJICHHS. 3aCTOCYBaHHSI HEHPOMEPEKEBOTO
MOJICIIOBaHHS € e(DeKTUBHUM JJIsl BU3HAYCHHS YMHHMKIB BIUIMBY HA €JICMEHTH TPaHC-
MIOPTHOI CUCTEMHU, MPOTHO3YBaHHs il TapameTpiB Toulo. [IpoBeieHi T0CIiKeHHS 1at0Th
MOYKJIUBICTB MPOTHO3YBATH CEPE/IHIO TPUBAJIICTH MepeOyBaHHs TPAHCIIOPTHOTO 3ac00y Ha
symunLi [TIT ta ¢opmyBatn nporuo3Hi Moaeni (GyHKIIOHYBaHHS €JIEMEHTIB MacayKup-
CbKOI TpaHCHoOpTHOI cucTteMu. OTpUMaHi Pe3ylbTaTh CBiAYaTh MPO JOCTATHIO TOYHICTD
Moeni (BlIXuIeHHs nepeOyBae B Mexkax Bijl S 10 9,6 %). [lomanblini OCTiKSHHS Mepe-
0agaroTh PO3MIUPEHHS MEPEITIKY BXiTHUX TMapaMeTpiB IS TiABUINCHHS TOYHOCTI MOJIETII.
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BII/INB KAPAHTUHHUX OBMEXKEHDb, BUK/IMKAHUX
ENIAEMICIO COVID-19, HA IHTEHCUBHICTb
TPAHCIIOPTHOT' O PYXY TA EKOJIOTTYHUM CTAH ¥ M. JIVIIBKY
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Anomauin

Bemyn. Axmyanvuum numanHam € OOCHIONHCEHHs eKON02IUHO20 BNIUBY ABMOMO-
OINbHO2O0 MPAHCNOPMY 8 MICMAX Ma PO3POONEHH WIAXIE 3IMEHULEHHS MAKO20 8NIIUBY.
Asmompancnopm — ye HauOiIbW NOMYJICHe 0dcepeno 3a0pYOHeHH amMochepHoco
nosimps 8 micmi. AGMomooini 3yMOBIIOI0Mb MAKONC HUKY He2AMUBHUX U8 (i3uyuHO-
20 6NIUBY HA Q0BKINLIA (UyMOo8e, Gibpayitine, eleKmpomaziimue 3a0pyouents). B ymo-
84X NAHOeMii ma 3a2anbHO0ePIAHCABHO20 KAPAHMUHY 3 ABULAC MOANCTUBICINb OYIHUMU,
HACKINbKU 3MIHIOIOMbCA He2AMUBHI YUHHUKU A8IMOMPAHCHOPIMHO20 eKOI02IYHO20 6NJIU-
8) ¥ npoyeci CKOpoueHHs 00cA2y nepege3eHb ma pyxy mpaHcnopmuux 3acoois. Memoro
00CNIOJNCEHHST CIANO NPOBEOCHHS KOMNIEKCHOI OYIHKU 3MIH Y CIPYKMYpPI, OUHamMiyi,
IHMEHCUBHOCMI A8MOMPAHCNOPMHO20 HABAHMANCEHHA 8 M. JIVYbKy ma exonociuHo-
20 6NAUBY YUX 3MIH 8 YMOBAX 3ANPOBAONCEHO20 3A2ANIbHOHAYIOHAILHO2O KAPAHMUHY
nasecni 2020 p. Pezynomamu. Ynacnioox npoeedenus KOMNIEKCY SUMIPIOBALIbHO-
004UCTIOBANLHUX POOIM HA N ’amu 00CTIOHUX OLIAHKAX agmomazicmpanei y m. JIyyo-
KV MU GUBHAYUIU 3MIHU 8 OUHAMIYI ma CMPYKmMypi aemompaHcnopmmo2o mpagiky,
a Makoxc 3MIHU MAKUX NOKASHUKIE A8MOMPAHCHOPMHO20 6NIUBY HA eKOCUCTeMU:
1) obcazu euxudie y nosimps cnoayk CO_ (6yanexuciuii 2as i waonuil 2as y cymi, abo
oKcuou Kapoowny), 2) wymose HABAHMAICEHHS HA OLIAHYI asmomazicmpani (cman-
0apmua axKyCmuyHa Xapakxmepucmuxa i aKycmudHa XapakmepucmuKka Ha O0O08ilbHIll
giocmati). Bcmanogieno, wo 3mMeHuleH s HeeamueHUX YUHHUKIE eKON02IYHO20 GNIUBY
8 pasi 3HUIICEHHsl THMEeHCUBHOCI A8MOmMpPagixy 8i00yeacmvcs Heninitno. 3a nocia-
Onenna asmompaghixy y 2—3 pasu aukuou oxcuois kapoowy ckopoyyromusca va 60—70 %,
BENUYUHU AKYCIMUYHUX XAPAKMEPUCTIUK 3MeHuytombcs auwe Ha 10—15 %. Buchoexu.
Omoxce, 8CIMAHOBNIEHO CYMMEBE ZHUNCEHHS HAAGHUX V OOKAPAHMUHHUL Nepiod nepe-
BUUYEHb 30 BMICHIOM OKCUOI8 KapOOHY V 8UKUOAX ABMOMPAHCNOPMY MA 34 PIBHAMU
wymoe02o 3a06pyonents 006K 6 Jlyyoky. @axmuyni Konyenmpayii okcuois kapoo-
HY HA OLIAHKAX, WO NPUIAAOmMb 00 d8MOMAiCMpaii, SMeHWUIUCA 00 HOPMAMUBHUX,
AKyCMUYHA XAPAKMepUCmMUKAa 8 HCUMIL0BUX MIKPOPAUOHAX 0VIAd HUNCHOKO 30 HOPMAMUB
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npomsazom 0oou. Takum YUHOM, 3ANPOBAOHCEHHS KAPAHMUHHUX 0OMENHCY8ANLHUX 30X0-
018 y Kpaini cymmego nociaouno ne2amusHull eKo102iyHUlL 611G ABMOMPAHCNOPIMHUX
cucmem Ha eKOCUCHEMU, A0dce pe3yibmamu, Oompumani oaa m. Jlyyvka, mModcha exc-
mpanonoeamu U Ha iKW MICIMa, wWo Maroms cXoxcy KoHgicypayilo ma 3asanmasice-
HiCMb MPAHCNOPMHUX CUCTHEM.

Knrouosi cnosa: asmomobinvrnuii mpancnopm, JIyyvk, exonoeiuHuil 6niue aemo-
MPAancnopmy, aKyCmudHi XapaKmepucmuku, BUKUOU OKCUOI8 KapOOH).

THE INFLUENCE OF QUARANTINE RESTRICTIONS DUE
TO THE COVID-19 EPIDEMIC ON TRAFFIC INTENSITY
AND ECOLOGICAL CONDITION IN LUTSK

V.V. Fedoniuk!, V.V. Ivantsiv’, M.A. Fedoniuk®
'PhD, Associate Professor at the Department of Ecology and Agronomy,
Lutsk National Technical University, Lutsk, Ukraine,
ORCID ID: 0000-0002-1880-6710
’PhD, Head of the Department of Ecology and Agronomy,
Lutsk National Technical University, Lutsk, Ukraine,
ORCID ID: 0000-0003-4710-3245
PhD, Associate Professor at the Department of Ecology and Agronomy,
Lutsk National Technical University, Lutsk, Ukraine,
ORCID ID: 0000-0002-4034-3695

Summary

Introduction. An urgent issue is the study of the environmental impact of road
transport in cities and the development of ways to reduce such impact. Motor vehicles
are the most powerful source of air pollution in the city. Cars also cause a number of
negative types of physical impact on the environment (noise, vibration, electromagnetic
pollution). In the context of the pandemic and national quarantine, it is now possible
to assess the extent to which the negative factors of motor transport environmental
impact are changing in the process of reducing the volume of traffic and car traffic.
The purpose of this study was to conduct a comprehensive assessment of changes in the
structure, dynamics, intensity of traffic in Lutsk and the environmental impact of these
changes in the conditions of the introduced national quarantine in the spring of 2020.
Results. Having carried out a set of measuring and computing works on five research
sections of highways in Lutsk, we identified changes in the dynamics and structure of
road traffic, as well as changes in the following indicators of road impact on ecosystems:
1) emissions of co, compounds and carbon monoxide in total, or carbon oxides),
2) noise load on the section of the highway (standard acoustic characteristics and
acoustic characteristics at any distance). It is established that the reduction of negative
factors of environmental impact while reducing the intensity of traffic is nonlinear. When
traffic is reduced by 2-3 times, carbon monoxide emissions are reduced by 60—70 %,
the values of acoustic characteristics are reduced by only 10—15 %. Conclusions. Thus,
there was a significant reduction in the pre-quarantine exceedances in the content of
carbon oxides in the emissions of vehicles and the levels of noise pollution in Lutsk.
Actual concentrations of carbon oxides in the areas adjacent to the highway decreased
to the normative, acoustic characteristics in residential areas were lower than the norm
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during the day. Thus, the introduction of quarantine restrictive measures in the country
has significantly reduced the negative environmental impact of road transport systems
on ecosystems, as the results obtained for Lutsk can be extrapolated to other cities and
towns with similar configuration and congestion of transport systems.

Key words: road transport, Lutsk, environmental impact of motor transport, acoustic
characteristics, emissions of carbon monoxide.

Beryn. [IpoGmemyn exonoriqHoi Oe3lekn aBTOMOOITFHOTO TPAHCTIOPTY B MicTax
VKpaiHu Ta CBITY 3 KOXHUM DPOKOM HaOyBaloTh Jefaii Oinpmioi akryanbHOCTi. Lle
MOB’S13aHO 3 TUM, II[0 YaCTKa aBTOMOOUIBHOTO TPAHCHOPTY B 3a0pyIHEHHI HABKOJIHII-
HBOTO MIPUPOTHOTO CEPETOBUILA MOXKE CTAHOBUTH B ypOaHizoBaHuX 30HaX 10 80-90 %.
YCBiIOMIIEHHST TOTO BIUIUBY, KM YHHITH aBTOMOOLJII Ha CTaH HaBKOJIHIIHBOTO CEpel-
OBHIIIA, JA€ MOXJINBICTb 3a3HAYNTH, 1110 BaXKJIMBO CIIPOTHO3YBATH i1 epe0aunTy 3MiHN
IHTEHCHBHOCTI, JIMHAMIKA Ta PO3IOJTY B Yaci i MPOCTOPi aBTOTPAHCIIOPTHOTO HABaH-
Ta)KEHHsI HA MiCbKi EKOCHUCTEMH.

Eminemist KopoHaBipycy Ta 00MeXyBaJIbHi 3aX0/IH, IO OyJIH 3alIPOBAIKEH1 y 3B’ SI3KY
3 HEI0, HECTIOAIBAHO JaJIM 3MOTY HAYKOBIISIM IIPOBECTH JOCIIHKCHHS HACTIIKIB TAaKUX
3MIH «y PeXuMi peajpbHOro dacy». llin "ac mepioniB JOKIayHy aBTOTPaHCIOPTHHN
Tpadik y MicTax CyTTEBO 3MiHIOBAaBCS. 3MiHM BigOyBaJUCs K B IHTEHCUBHOCTI aBTO-
TPAHCHOPTHOTO HABAHTAXKCHHS, TaK 1 B 1Oro MpoCTOPOBOMY Ta YaCOBOMY PO3IOALNI.
Came m0CHiPKEHHS TaKUX 3MiH YIIPOIOBXK BecHsHOTO JoknayHy 2020 p. B M. JIynpKy
MIPOBE/ICHO B LIl POOOTI.

IlocranoBka mnpodaemu. OO’€KTOM MOCTIHKEHHS OyId OCOOIHWBOCTI pOOOTH
ABTOTPAHCHOPTHUX Mepex M. Jlylbka B yMOBax 3arajJlbHOHAIIOHAJBHOTO KapaHTHUHY
2020 p. 3micT HOCTiIKEHHS MOJISTaB Y MPOBEACHHI NOPIBHAIBHOT OLIIHKH BILTUBY aBTO-
TPAaHCHOPTY Ha SKICHI 1 KUIbKICHI MOKa3HUKH CTaHy aTMOC(EpPHOTO MOBITPS Ta 3aralib-
HOTO CTaHy ekocucTeMH MicTa JIyllbka B yMOBax, KOJIM IHTEHCHBHICTh HOTO PyXy CYT-
TEBO 3MIHIOETHCSI M1 T 9ac Mii 3arajbHOEePKaBHUX KapaHTHHHUX 0OMEKEHbD.

AHami3 ocTtaHHiX gocaimkeHb i myOsikaniii. Exonoriuni Hacminku aBTOTpaH-
CHOPTHOTO BIUIMBY B M. JIynbKy Ta iX mporpecyroue 3poctanns y XXI ct. Oymno mpo-
ananizoBano y mpausix C. I [lanbkeBuua, M. A. ®@enontoka, C. B. Typko, O. B. Ian-
uis, B. B. ®enontok [3; 7; 8; 9]. YHachimok mux MOCIiIKEeHb OYJI0 3alpOrOHOBAHO
CTBOPUTH HEIEPXKaBHY aJbTEPHATUBHY CUCTEMY EKOJIOTIYHOTO MOHITOPHHIY CTaHy
aTMoc(depHOro MOBITPSA B MICTI, a/Ke KiJIbKICTh MyHKTIB CTAIlIOHAPHOTO KOHTPOITIO 32
BUKHJIAMU Ha IIeH yac J1y:ke ooOMexeHa [§; 9].

[TuranHs 3MiHM IHTEHCUBHOCTI, CTPYKTYpPHU Ta MPOCTOPOBO-4aCOBUX OCOOIUBOCTEH
PYXy aBTOMOOITBHOTO TPAHCHOPTY B MiCTaX B yMOBaxX OOMEXYBaJIbHUX MPOTHETI/Ie-
MIYHUX KapaHTHHHUX 3aXOJiB — II¢ HOBITHS MpoOiieMa, TOCTIHKEHHS SKO1 JIUIIE PO3-
movasiocsi. [IpoTe HM3Ka aBTOPIB y)Ke MPUCBATHIN CBOI HAyKOBi Tpalli i BUBYEHHIO.
3okpema, y podoti M. M. XKyxka Ta . I. I'iup po3misaaioTbcs nuTaHHA 3MiHU MTiAXOIB
BJIACHHKIB TPAaHCIIOPTHHUX 3acO0iB i Maca)KUpiB 10 BHOOPY HULIXY U 3acoly mepemi-
nieHHs B yMoBax nanjeMii [3]; y npari O. b. T'ipuoi ta O. 5. Kobuitox eranbHO mpoa-
HaJTI30BaHO OCOOIUBOCTI Ta 3MiHM TPAHCIIOPTHOI JIOTICTUKY B KapaHTUHHUH niepion [1].
CTaTHCTHIHUH aHaITi3 TaKUX 3MiH MOJKHA ITPOBECTH 3aBIsAku Marepianam €. 0. Coo-
HuHM [5], JlepkaBHOT ciry»KOM CTaTUCTUKU YKpainu [4].
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[Ipore, 3BMYaiiHO, Ha IICM Yac AKTUBHI JOCJI/PKECHHS B 3a3HAYCHIN MpeaMeTHIH
00J1aCTi JIHIIE PO3MOYANIHCS, a HAllla CTATTS — IepIIia Cripoda OIiHUTH 3MiHu 71 JIyTibka
BITPOJIOBXK IMEPIINX €TaliB KapaHTHHHUX oOMexeHb y 2020 p.

@opmyaOBaHHA Wijiel cTarTi. Memoro NOCHIKEHHS CTajo MPOBEISHHS KOMII-
JIEKCHOI OLIHKM 3MiH Y CTPYKTypi, JHHAaMIlll, iHTEHCHMBHOCTiI aBTOTPaHCIOPTHOTO
HaBaHTaXEHHsI B M. JIyI[bKy Ta €KOJIOTriYHOro BILIMBY LIMX 3MiH B YMOBax 3alpoBajKe-
HOTO 3araJibHOHAIioHaNbHOTO KapaHTuHy 2020 p. BiamoBigHO, OCHOBHUMH 3a80aH-
HAMU POOOTH OyJI0, TTO-TIepIIIe, MPOBEISHHS KOMIUIEKCY CITOCTEPEKEHB 32 YHCEIbHICTIO
Ta TWHAMIKOI0 aBTOMOOIUIBHOTO TPAaHCIIOPTY B MICTi B TIepiof Jii KapaHTHUHHUX OOMe-
KEHb; TO-JIpyTe, 3A1HCHEHHs KOPESIIHHOr0 aHaji3y YHCeNbHOCTI i TWHAMIKH aBTO-
TPAHCIOPTY Ta IOKA3HUKIB EKOJOTIYHOIO HABAHTAKEHHS; IO-TPETE, PO3POOJICHHS
peKOMEHIAIi MO0 TMiABUINCHHS PIBHS EKOJOTIYHOI OC3MEeKH aBTOTPAHCIIOPTHHUX
Mepex micta Jlympka.

Buxigaumu marepianamu Ui BUKOHAHHS JOCITiKEHHS Oy JaHi BIACHUX CIIO-
CTEpEKEeHb, CTATUCTUYHA 1H(OpPMALlis, AaHI IHCTPYMEHTAJIBHOTO KOHTPOJIO SIKICHOTO
CKJIay aTMOC(HEPHOTO MOBITPs CTAIllOHAPHKX MOCTIB CIIOCTEPEKEHb Y M. JIyIbKY, Kap-
TorpadivHi MaTepiaiu TOIIO.

Buxaan ocHoBHOTO Matepiauy. JIyiibk — 11 0OTaCHHI TIEHTP Ta OAWH 13 BaXKIIH-
BHX 0araTo()yHKIIOHAIEHUX €KOHOMIYHHX, TPAHCIIOPTHHUX, TYPUCTUIHHX, KyIBTYpPHO-
ocBiTHiX neHTpiB [liBHiuHO-3axigHoi Ykpainu. Mickka TepuTopis mae mionty 4161 ra,
3 sIKuX 2,5 % — nNpUPOHI Ta MITYy4YHI BOJOTOKH, 12,8 % — ClIbCHKOrOCIOIAPChKI 3eMIIi,
2,4 % — 3aboJs104eHi 3emi1i a00 JiIsIHKE Oe3 pocyiMHHOTO mokpuBy. Hacenenns Jlyipka
Hajigye 0mm3pko 220 THC. kuTeiB. MicTo 00CIIyTOBYE Mepeka IOpir Aep:KaBHOTO
1 MiCIIeBOTO 3HaUEHHS, 30KpeMa: Mi>kHapoHa aBroTpaca M-10 (€-85), sika mpoxonnuTh
0OXiTHUM TIBKUIBIEM 13 MIBHOYI Ha MIBIEHHWH CXiJ; HallioHambHa Tpaca H-22, mo
MEPEeTHHAE MICTO B IIMPOTHOMY HAMpPSIMKY, Y MeXax micta 9,2 KM; HalliOHaJIbHA aBTO-
tpaca H-17, sika mpoxoauTh 13 MiBJCHHOTO 3aX0/y, Y MeKax Micta 2,8 KM; perioHaiibHa
Tpaca P-14, mo 3a6e3medye cnomydenHs Mapmpytom JIympk — Kisepri — JloabChK.

Kpim aBTrOoMaricrpaneii 3araipbHOIEPKaBHOTO 3HadeHH:, Y JIyIIbKy Ba)XJIMBY pOIb
BIJIIrpalOTh JIOPOTH MicleBOTO 3HadeHHs. CepelHi MOKAa3HWKHU KIIBKOCTI aBTOMO-
oiniB y Jlyupky — 300 aBro Ha 1000 memrkaHI(iB, TOOTO 3a YHCEIHLHOCTI HACEJICHHS
220 THC. 0ci0 KUTBKICTh JIETKOBUX aBTOMOOUTIB — OMU3bKO 66 THC. OJIMHUIB, Y TOMY
YUCITI JISTKOBOTO 1HAWBIAYaIBLHOTO TPAHCTIOPTY — 59,4 TuC. ogwHMIH [3; 9].

Sk BimOMO, TPaHCIOPTHO-IOPOXKHIN KOMILIEKC — II€ OJHE 3 HAWTIOTYXHIIINX J[Ke-
peIt 3a0pyIHeHHS HaBKOJIHUIIHLOTO CepeIoBHIIa B MicTi. PoOoTa ABUTYHIB aBTOMOO1ITIB
CIPUYMHSIE BUKUIM B arMOc(epHe MOBITPS BEIHKOI KUIBKOCTI PEYOBHH-TIONIOTAHTIB.
TpaHCHIOPT € OCHOBHUM JKEPEJIOM IIIYMOBOTO, BiOpamiiHOTO Ta TEMJIOBOTO 3a0pya-
HEHHS Ha CETITCOHNX TEPUTOPIsIX.

¥ JlyubKy, 3riIHO 3 JaHUMU MTOTIEPETHIX JOCTimKeHb [9], y 2020 p. 0OcsT 3araapHIX
BHUKHIIB B atMocdepy ctaHoBuB 1853,0 T Big cramioHapHux mpkepen Ta 171825,5 1 Bin
MePeCyBHUX JKepell (aBTOTPaHCIIOPTY ), TOOTO Ha MOPSIIOK OinbLie.

Hagechi 2020 p. ckianacs yHIKadbHA CUTYAILis: y 3B’ SI3KY 3 €ITiJIEMi€l0 KOPOHABIpYyCYy
CBIT 3aBMep Yy KapaHTHHI. B YkpaiHi 3araibHOHAI[IOHAILHIN KapaHTUH OyIo 3armpoBa-
mxeHo 3 12 6epezns 2020 p., i MpaKTUIHO B MEPIIi HOTO THI OOMEKECHHSI CTaTH JTyKe
XKOpcTkuMH. Lle He MOorTo He Mo3HAYUTHCS Ha POOOTI aBTOMOOITBHOTO TPaHCIIOPTY.
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3YNUHWINCS TIPAKTHYHO BC1 MEPEBE3CHHSI, MEPECTaB MPAIOBATH MICHKHIA 1 MIKMICh-
KHH aBTOMOOUIBHUN NacaKMPCHKUM TPAHCIIOPT, CyTTEBO OOMEXMBCS i pyX MPUBaTHUX
aBTo. O4eBHIHO, IO Pi3Ki 3MiHM B JUHAMIL Ta PO3MOALII aBTOTPAHCIOPTHUX TOTOKIB
Maju OM YMHUTH MIEBHUH BIUTHB HA CKOJIOT1UHI ITPOIIECH.

Ynponosx 6epe3ns — kBiTHsI 2020 p. Oys10 IPOBEICHO LUKII CIIOCTEPEKEHD 3a JHA-
MIKOIO TPAHCIIOPTHUX MOTOKIB Y IT"SITH KOHTPOJBHHUX TOYKAX Ha MOKBAaBJICHUX aBTOMa-
rictpaysix M. JIympka. KoHTpoTbHI TOUKY BUOMpATUCS Ha TUITHKAX aBTOMaricTpaiei Ha
TaKHX BYJIHIIAX, K PiBHeHChKa, JlyOHIBCchKa, KoBenbchka, Bononumupcrka, JIbBiBChKa.
Yci Ha3BaHi BYJIUIN € BUI3IHUMHU TpacaMu 3 MICTa B HaNpsiMKaXx, BiIMOBiIHO, MicT PiB-
Horo, Jlyono, Kosemns, Bomonumupa, JIpBoBa. lle HallOinbI iHTEHCHBHI 32 TPaHCIIOPT-
HUM PYXOM aBTOMaricTpaii obigacHoro i MixkoOnacHoro 3HadeHHs. YacTuHa Tpac Mae
MDKHApOJIHE 3HaYeHHs. Ha nmpuiisraiounx 10 3a3Ha4CHUX BYJIHIIb IUISTHKAX €KOCHCTEMHU
3a3HaIOTh HAHOIIBIIOr0 aBTOTPAHCIIOPTHOTO BILIUBY.

VY Tabmunsgx 1-3 mpeacTaBieHO pe3ydabTaTd MPOBEJACHUX BH3HAUCHb 1HTCHCHB-
HOCTI Ta CKJIaJy aBTOTPAHCIIOPTHUX MOTOKIB HA TOCTITHUX MIJSHKAX 1 BYJIHIIIX MicTa
Jlynpka. Y Tabmuui 1, 30kpemMa, mpescTaBieHi pe3y/ibTaTH BU3HAYCHHS iHTEHCUBHOCTI
PYXy aBTOTPaHCIIOPTY B JIOKAPAaHTUHHUH Tiepiof] (IaHi BecHsHOTO mepiogy 2019 p.).
VY tabnuisix 2 Ta 3 mpeacTaBiICHO Pe3yNbTaTH CHOCTEPE)KEHb HA MOYaTKy KapaHTHH-
Horo mepioay (2- TwxkneHb kapaHtuny, 17 Oepesnst 2020 p.) Ta micis 3aBeplICHHS
JIBOX MICAIIIB KapaHTUHY, KOJIW OOMEXEHHS MoYaiu rociadmtoBatucs (8- THXKIEHb
kapaHTuRy, 28 kBiTHA 2020 p.). CocTepekeHHsI 32 IHTEHCUBHICTIO PyXy 3/1MCHIOBa-
Jucst B Oy/IHI JTHI THKHS (BIBTOPOK), y miepiof] pankoBux roauH (06.00—07.00), oGigHix
roauH (13.00-14.00, ronuHa MiK, Iepion IHTCHCHBHOTO TPAHCITIOPTHOTO HABAHTAYKECHHST)
ta BewipHix roxuH (21.00-22.00, 3MeHIIEHHS TOTOKY aBTOMOOLNIB). Bu3Hawyamacs
TaKOX cepeliHs 1000Ba IHTEHCHBHICTh aBTOTpadiKy.

Tabmung 1
IHTEHCHBHICTB Ta CTPYKTYPa TPAHCHOPTHUX NMOTOKIB y JIynbKy B nepion
/10 3aMPOBA/IKEHHSI KAPAHTHHY (32 TAHUMH BJIACHHUX CIIOCTEPEKEHb)

Inumencusnicmy Yacmka Yacmka Yacmka Yacmka
. mMpancnopmuozo .
Hinanka oopozu HOMOK 1e2KOBUX | MIKDOABMO- | GAHMANICHUX | ABMOOY-
aemo/d (;v 5y asemo, % oycie, % asemo, % cie, %
PiBHEeHCHKA 16200 45 18 30 7
JlyOHiBCBKa 7150 49 20 26 5
Kosenbcbka 12450 41 23 29 7
JIpBIBCBKA 13400 42 18 36 4
Bonoaumupcrka 9700 45 33 17 5

Sk mokasye aHaii3 JaHMWX, MPEACTABICHUX y TaOnuismx 1-3, IHTEHCHBHICTH TpaH-
CIIOPTHOTO PyXy Ha OCHOBHHUX MaricTpaisx Jlympka myxe Bucoka. Jlo BBeJeHHS KapaH-
TUHHHUX 3aXOJIiB MPOTATOM 100 OCHOBHHUMHU B’{3HUMH BYJIHISIMH MicTa TPOTKIKAIIO
Bix 7 mo 16 tuc. aBro. IlpoTe micis 3ampoBa/KeHHS KapaHTUHY 1HTEHCHUBHICTD PYXy
TPAHCIIOPTY TOCITa0WIIacs BIBIYi, a MOJAEKYIW HAaBiTh yTpu4i (2-ii THXKIEHb KapaH-
tuHy). OfHak micist ociaOlieHHS KapaHTUHHUX 3aXofiB (8-H THXKICHb KapaHTHHY)
IHTEHCHBHICTh PyXy TPAHCIOPTY 3HOBY JIe[o 3pocia. Ha mopsiiok ckopoTuiacs 4acTka
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aBTOOYCIB Yy 3arajibHOMy aBTOTpaHcropTHoMy oot (Bijg 5—10 % mo 0,5—1 %). [Ipote
4acTKa MIKpOaBTOOYCiB 3MEHINMIACS HE TaK CYyTTEBO. YacTKa BAaHTaKHUX aBTOMOOILTIB
3MCHIIHIIACS TPHOIM3HO BIBIUI.

Ta0mus 2
IHTeHCUBHICTH T CTPYKTYPAa TPAHCHOPTHUX NMOTOKIB y M. JIynbKy
B 1epiol 3anpoBa/IzKeHHsI 3araJbHOHALIOHAIBLHOT0 KAPAHTHHY
(2-# TH2KIEHb KADAHTHHHUX 00MexkeHb, 17 6epe3ns 2020 p.;
3a JaHUMH BJIACHHX CIIOCTepeKeHb)

Inmencuenicmo Yacmxa Yacmra Yacmka Yacmra
. MPaHCnopmuozo . eanmajic-
Hinanka oopozu nomo Jneckosux | mikpoasmo- | o asmooy-
aemo /0’2%7 agmo, % oycie, % 9% ’ cie, %
PiBHencoka 5600 65 23 11 1
Jy6HiBcbka 3700 56 33 10 1
Kosenbcrka 4300 55 32,5 12 0,5
JIpBiBCBKa 5200 60 26 13 1
Bonogumupcrka 4000 58 333 8 0,7
Taomums 3

IHTeHCHBHICTD i CTPYKTYpa TPAHCIIOPTHUX HOTOKIB y M. JIynbKy
B IIepioj 3aNpoBa/’KeHHS 3araTbHOHAIOHAJBLHOT0 KAPAHTHHY
(8-if TH:KIEHb KAPAHTUHHUX 00MeKeHb, 28 kBiTHsA 2020 p.;
3a IaHUMHU BJIACHUX CHOCTEPeKeHb)

Inmencuenicmeo Yacmra Yacmra Yacmka Yacmra
. mMpPAHCnOPMHO20 . eanmasic-
Hinanka oopozu HOMOK Jieckosux | mikpoasmo- | o aemooy-
aemo/d oy éy asemo, % oycie, % 9% ’ cie, %
PiBnencoka 7000 62 23,5 13 1,5
JlyOHiBCcEKa 4500 52 33 14 1
Kosenbchka 5500 51 35,4 13 0,6
JIpBiBCBKA 7200 58 26,8 14 1,2
Bonogumupcrka 5800 54 35 10 1

Ha ocHOBI oTpuMaHHX pe3yibTaTiB 3a JOMIOMOTOK METOJIUK, OITUCAHUX Y HaBYAIIb-
HOMY TOCIOHMKY «EKO10Tis aBTOMOO1IEHOTO TPaHCTIOPTY» [6], Oyi10 BU3HAUEHO po3pa-
XYHKOBUM CIIOCOOOM 00CsATH BUKUIIB B arMochepre nositps cnoiyk CO_ (Bymiekuc-
JIWI Ta3 1 YaJIHUi Ta3 y cyMi, a00 OKCHJIM KapOOHY ), ITyMOBE HaBaHTa)KCHHS Ha JIUISHITI
aBTOTpacy (CTaHJAPTHY aKyCTHUHY XapaKTePUCTUKY Ta aKyCTHUHY XapaKTePHCTUKY Ha
JOBUTBHIN BifcTaHi). 3BeNeHI pe3yabTaTH PO3paxyHKiB BUKUIIB Ta BIUIUBY IIPEICTaB-
JIeHl B Tabmuisax 4-6.

Sk moka3ye NOPiBHSIBHUH aHai3 JaHUX TaOMui 4, 3aranbHa cyMa BUKUAIB B aTMOC-
(epue nositps cnonyk CO, (oxcuau kKapOOHy, BYIJIEKMCIIMH ra3 1 YaaHu# ras, sKi, K
BiJIOMO, € OTHIMH 3 OCHOBHHX MMaPHUKOBUX T'a3iB) 1O BBEJICHHS KApaHTUHY KOJIMBAJacs
Ha IOCIIDKeHUX AUIstHKaX Bix 12,7 mr/m?® (Bya. yoHiBebka) 10 20,9 mr/m? (Byit. PiBHeH-
ceka). ITopisastaus 3 HopMmarueoM (IJ[Kc.a. = 10,0 mr/m?) mokasye, 1o 10 KapaHTHHY
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BiIMI4aJIOCS TICPEBUIIICHHS 3a I[UM TIOKa3HUKOM Y BCIX II’SITU TOYKaX CIIOCTEPEKCHHSI.
HaiiGinpme nepeumienns Bmicty crnonyk CO B aBTOTPaHCIIOPTHUX BHKUIAX (iKCy-
BaJIoCs IS OUTSTHOK Ha BYJ. PiBHeHCHKIH (Ha 100 %) Ta Ha Byn. JIpBiBCHKii (Ha 80 %).

Tab6mums 4
Po3paxoBani 06csiru BUKUIiB
B aTMoc(epHe nosiTps cnoayk CO , mr/m,
. Ilepioo 2-11 muxcoens 8-11 musicoens
Ainnnxa dopozu 00 KapanmuH KapanmuH Kapanmum
J4 y p y P y
PiBHeHCBKA 20,9 13,4 13,6
Jly6HiBCHKA 12,7 11,3 11,1
Kosenbcbka 17,5 12,0 12,1
JIbBiBCBKA 18,4 13,0 13,8
Bonoaumupcrka 15,0 11,7 12,4

[MopiBHSIHHS TOKA3HUKIB, OTPUMAHUX Y MIEPi0J] 2-TO THXKHSI KAPaHTHHY (IHB. Ta0I. 4),
MOKAa3aJIo, M0 Y 3B’ 53Ky 31 3HWKEHHSM IHTEHCUBHOCTI PyXy TPaHCIIOPTY Ta 3HIKEHHSIM
YaCTKH BaHTXKHUX aBTOMOO1IIIB, a TAKOXK MPAKTHYHO TTOBHOIO BiJICYTHICTIO aBTOOYCIiB
BUKUAM OKCH[IB KapOOHY 3MeHImncs Ta cranoBwin Bix 11,3 mo 13,4 mr/m®. Kpim
3MEHIIIeHHS, CTIOCTEPIra€ThCs TAKOK BUPIBHIOBAHHS 3HAYEHHS [IHOTO MOKAa3HHUKA B yCiX
II’SITH TOYKaX CIOCTEPEKEHHS, BIIMIHHOCTI He3HayHi. [loka3HUK yce Iie TepeBuIye
HOpMaTWUBHUH, TipoTre HEe Habarato (Ha 10-30 %, Tomi SK 1O KapaHTHHY IIe TIepeBU-
nieHHs Morio OyTtr Oinbimm 3a 100 %). HaiiGinbiie nepeBuiieHHs 0y10 BCTaHOBIICHE
Ha BynuIlsax PiBHeHChKiN Ta JIbBIBCHKIM.

V nepion 8-ro TUKHS KapaHTUHY (Horo nocnabnenns) sukuau cnonyk CO jemo
spociu (Ha 0,2-0,8 mr/m*), mpore He Ha BCIiX AOCIHIDKEHHUX TUISTHKAX, HAPHUKIIA, Ha
ByIl. JIyOHIBChKill BOHUM HaBiTh 3MEHIIWINCS. [IepeBuIlieHHsSs HOPMATUBHOTO TMOKa3HUKA
craHoBuyo Bxe Big 10 % mo 40 %.

Tabmui 5
Po3paxoBaHa cTaHIapTHA AaKYCTHYHA XapaKTePUCTUKA
Ha y36iu4i Tpacu (V., 1b)
. Ilepioo oo 2-1t muscoens 8-11 musicoens
Hinanka oopozu
Kapanmuuy Kapanmuny Kapanmuxy
PiBHeHCBKA 87,0 78,3 78,3
JlyOHiBChKA 83,5 76,0 77,1
Kosenncbka 85,9 75,9 77,3
JIbBiBCBKA 86,4 77,1 79,5
Bonogumupcrka 84,7 76,0 78,1

[lopiBHANBHMI aHATI3 TOKA3HUKIB PIBHIB IIYMOBOTO 3a0pyaHEHHs (BH3HAYasacs
CTaHJapTHA aKyCTUYHA XapaKTEPUCTHKA V. — PiBeHb IIyMy, y 1b), BU3HAYEHOTO 01t
y30iyus aBTOTpacu (IuB. Tadl. 5), MOKa3aB, 110 B JOKAPAHTHHHUH 11Epio]] piBEHb aBTO-
TPAHCIIOPTHOTO IIIYMY Ha y30144i OCHOBHHX aBTOMarictpaneit M. JIylbka rmepeBuIyBaB
JIOITYCTHMI 3HaYE€HHS JUIs ceiTeOHol 30Hu (HopMaruB 55 nb) Ha 28-32 ab. Ile nocuts
BUCOKI 3HAUCHHS IIEPEBUIICHHS.
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VY KapaHTUHHHH TIepioJl TOKa3HUKH CTaHJIAPTHOT aKyCTHYHOI XapaKTePHCTHKH
3MEHIIIIIUCS MPAKTUYHO Ha BCiX Toukax Ha 10 nb Ha 2-1 THKICHb KapaHTUHY Ta JIEIIO0
3pociu (Ha 1-2 n1b) Ha 8- TwKaeHs KapanTuHy. OTXKe, i1 9ac KapaHTHHY aKyCTHIHI
XapaKTEePUCTHKH TAKOX MEPEBUIILYBaJId HOPMATUBH JAJIsI ceniTeOHo1 30Hu (55 nb), mpote
TIepeBUIIEHHS HE OyJI0 3HAYHUM.

Tabmus 6
AKYCTHYHA XapaKTepUCTUKA
Ha JIOBUIBLHIN BigcTani Bix Tpacu (Vn, ab, n =100 m)
, Ilepioo oo 2-1t muscoens 8-it musicoens
inanka oopozu
Kapanmuxy Kapanmuxy KApaHmumy
PiBHEeHCBKA 45,6 36,9 36,9
JlyOHiBChKa 421 34,6 35,7
Kosenbcbka 44,5 34,5 35,9
JIbBiBCBKa 45,0 35,7 38,1
Bonogumupcrka 43,3 34,6 36,7

J111st OIIHKH BILTUBY aBTOTPAHCIIOPTHOTO IIYMY Ha 0i0TY, EKOCUCTEMH Ta Ha JIOAUHY
OibII BaromMe 3Ha4YCHHS Ma€ aKyCTHYHA XapaKTEpHUCTHKA Ha JOBUTBHIN BiCTaHi Bif
asrorpacu V (1uB. Tali. 6), sKa BU3HAYAETLCSA JUIS 30HU KUTIOBOT 3a0y/I0BH, MICIIb,
Jie TYJSIIOTh JKUTEIi MicTa, MApKOBUX 30H, CKBepiB Too. [ yHidikamii onepxannx
pe3ybTaTiB MU BHU3HAYaJM 3HAYCHHS V. na BifgcTani 100 M Bii KOHTPOJBFHUX TOYOK
011 IOpPOTH.

Sk mokasye aHaji3 JaHUX, NPEACTaBICHUX Yy Tabnuui 6, 3HaYeHHs aKyCTHY-
HOI XapakTepucTuku V , BU3HaueHol Ha Bincrani 100 M Bix aBToMaricrpaii,
y JIOKapaHTHHHUN Mepioj| KoJuBaaocs B Mexax 42,1-45,6 a1b. BapTo 3a3HaunTy,
0 HOPMAaTHUB JJIsl 30HU XKUTJIOBOI 3a0yJ0BU CTaHOBUTH y NEHHI roxmHu 45 nb,
y HiuHl — 35 ab. ToGTO B OiNIBIIOCTI TOYOK BiH OYyB JIEINO MEPEBUIICHUM a0 Ha
MEXKI MePEeBUIICHHS.

Ilix gac kapaHTHHHUX OOMEKEHb aKyCTHYHA XapaKTepHCTHKa Ha Biactani 100 M
3MEHIIIIIACS JI0 TIOKa3HUKIB 34,5-36,9 1B, TOOTO HaBITh Y JICHHI F'OJIMHU HOPMATUB JIJIsI
30HU XKHUTIOBOI 3a0y/I0OBH AOTPUMYBaBCs Ha piBHI qeHHOTO (45 1b), mpudomy i3 3ama-
coM, 1 HaBiTh Ha piBHI HiuHOTO (35 1B) y BCiX TOUKAx.

[licns mocnabiaeHHS KapaHTHHHUX OOMEXKEHb LSl aKyCTUYHA XapaKTepPHCTHKa
3pocia, mpoTe TepedyBaia B MeKaX HOPMaTHBHUX 3HAYCHbD.

Ha pucynkax 1-7 npezacrasneni rpadiku Ta giarpam, siki HAOYHO IEMOHCTPY-
I0Th BUSBJICHI 3aKOHOMIPHOCTI MK 3HWXXEHHSM IHTEHCHBHOCTI TPaHCIIOPTHOTO
pyxy B Jlynpky B Imepion KapaHTHHY Ta 3MEHIICHHSM 3a0pyqHeHHs aTMoc(epH
LIKIJUTMBUMH Ta3aMy i IIyMOBHMHM NOJIsIMH. ['padiune npeacraBieHHs pe3ynbTaTiB
IToKa3ajo, 0 3a 3MCHIICHHS aBTOTpadiKy B MicTi y 2—3 pa3w HETaTHBHI HACIIIKH
BILTUBY aBTOTPAHCIIOPTY MOCIA0II0I0TECA HadaraTo MoBibHINIE (32 OKCHIAMU Kap-
6ony — Ha 60—70 %, 3a mryMOBHMM 3a0pyqHEHHSIM — 11e MeH1ue, auie Ha 10—15 %).

Tomy HeoOXinHE TIaHOMIpHE 3alpOBADKEHHS CY4acHHX TEXHIYHHX 1 MiCTOOYIIB-
HUX PILICHb AJISl pO3B’A3aHHS MPOOJIEM TPaHCIIOPTHOIO 3a0pyAHEHHS, a caMe: MOIyJIs-
pH3allist eJIeKTPOTPAHCIIOPTY, 3aCTOCYBAHHS IIYMO3aXUCHHUX TEXHOJIOTIH, BEpTUKAIbHE
03CJICHEHHS MicTa B KOMOIHAIIIT 3 TPaIUI[IHHIM TOPHU30HTATIBHHM.

175



PO3BUTOK TPAHCIIOPTY
Ne 1(12), 2022

M YacTKa Nerkosmx
M YacTHa mikpoasTobyCie
[ YacTHa BaHTaMHUX

M YacTra asTobyCiB

Puc. 1. Cmpyxmypa mpancnopmuo2o nomoxy (0okapanmunHuil nepioo)

M YacTHa Nerkosmx
m YacTka mikpoasTobBycise
YacTHa BAHTAMHMX

m YacTka aTobycis

Puc. 2. Cmpyxmypa mpancnopmmno2o nomoky (2-i musicoenv Kapammuny)

B YacTHa Nerkosmx
M YacTKa mikpoasToOyCiB
1 YacTKa BaHTaXKHMX

m YacTra asTobycCiB

Puc. 3. Cmpykmypa mpancnopmno2o nomoky (8-ii mudcoeHv Kapaumumy)

18000

M Mepiof A0 KAPAHTUHY

16000 b RapanTARY

14000 W8 TUHAEHE KApAHTUHY.

12000

10000

8000

6000

4000

2000

PiBHEHCbKa AyBHiBCbKa KoBsenbcbka JIbBiBCbKA Bo/oaMmupchbKa

Puc. 4. 3acanvua ounamixa aemompaixy (nopisusanus nepioodie)
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25
W MepioA A0 KapaHTHHY
W 21 TWHAEHb KapaHTUHY
20 1 11 814 THMAEHb KApaHTUHY
15 -
Mr/m3 r—
10 —
5 1 [
0 T T 1
PiBHEHCbKa [lyOHiBCbKa Kosenbcbka NbBiBCbKA Bonoaymupchbra

Puc. 5. Konyenmpayisa cnonyk CO_ (nopisnsanns nepiodis)

88— mTlepiog A0 FaparRTRY

36 - 2 JeHb KapaHTUHY

8 TMIEHb KAPaHTUHY
84 +
82 -+
80

a6

78 ~ —
76 - —
74~ —_—
72 4 —
70 -+ T T

PiBHeHCbKa [yOHisCcbHa Kosenbcbra JlbBiBCbHa Bo/10AMMMPCEHA

Puc. 6. Cmanoapmna axycmuuna xapakmepucmura na y3oivui mpacu (V, 0b),

NnopieHAHHS nepiodie

PiBHeHCbKa Ay6Hiscbka Kosenbcbka SflbBiBCbKA BosnoaummpcbRa

50 mftepiom Ao RaparTiAy

Puc. 7. Akyemuuna xapaxmepucmuxa na eiocmani 100 m 6i0 aemompacu
6 oicumnosux mikpopationax (V,, 0b), nopienanns nepiooie
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BucnoBku. Otmxe, mpoBeJieHe NOCITIKEHHS JIa€ 3MOTY KOHCTaTyBaTH, IO Haki-
OLIBIIIOr0 HETaTHBHOTO €KOJIOTIYHOTO BIUIMBY 3aBJIAIOTh TPU OCHOBHI aBTOMAricTpalii
Jlynpka — BuiznHi ursxu 1o PiBaoro, JIbBoBa, Kosens (Byn. JIbBiBchbka, KoBenbchka,
PiBHeHchKa). 3HAYHMM II€H BIUIMB € TakoX Ha Byl. Bomogmmupcwkiii, JlyOHIBCBKil,
KisepuiBcbkiii, mp. Boui, np. Bingpomkenns.

CymapHa iHTEHCUBHICTh TPAHCIIOPTHOTO PyXy Ha OCHOBHHUX MOpoOTax Oyia B JOKa-
paHTHHHUE Tepioa HaMOIIBIIOW HA JUISHKAX IIOce, 0 BenyTh Ha PiBHe Ta JIbBIB
(mo 16 000 aBro/m00Y), HaiiMeHIie — Ha JlyOHO. Bonmogumupceka Ta KoBenbchka Tpacu
NPUOIM3HO OJTHAKOBI 32 CYMapHUM HaBaHTAKCHHSIM.

[Ticns 3anpoBaKEHHS 3arajlbHOHAIIIOHATBLHOTO KapaHnTuHy HaBecHi 2020 p. iHTeH-
CUBHICTh aBTOTPAaHCIIOPTHOTO pyXy B JIyllbKy 3HM3mMIACS Maibke y 2,53 pasu, poTe Ha
OCTaHHBOMY €TaIll KAPAHTUHY PYX TPAHCIOPTY 3HOBY ITOYKBABHUBCSI.

CyTTeBe 3HMKEHHSI IHTEHCHBHOCTI aBTOTPAHCHOPTHOTO PYXy MPHBEIO TAaKOXK JI0
3HIDKEHHS BUKUIB OKCHIIB KapOOHY B arMocdepHe moBiTps. [lokazHuKN akyCTHIHIX
XapaKkTepHUCTHK (PiBEHb IIIYMY) y 30H1 KU TIOBOI 3a0yJOBM BCTAHOBIIIUCS Ha PIBHSIX, 1110
€ HI)KYMMU 32 HOPMaTHBHI.

[Ipore, 5K 3acBiMUMIN PO3PAXYHKH, ¥ pa3i 3MEHIIEHHS iIHTEHCUBHOCTI TPAaHCIIOPT-
HOTO PyXy B MICTI y 2—3 pa3u nociaalOleHHs HETaTUBHUX YMHHUKIB BIUIMBY aBTOTpPaH-
CHOPTY BigOYBa€eThCsl CYTTEBO MOBUIBHILIE (32 OKcuAaMu KapOoHy — Ha 60—70 %, 3a
ITYMOBHM 3a0pyIHEHHSM — Ie MeHIe, jume Ha 10-15 %).

OCKUTBKY TICHS MOCTAa0JICHHsT KapaHTUHHUX 3aXOJliB aBTOTPAHCIIOPTHE HaBaHTa-
JKEHHSI O4iKyBaHO ITOBEPHYJIOCS JI0 JOKAPAHTUHHOTO PIiBHS, a €KOHOMIYHi, COIiasIbHI
i morictuuHi motpedu M. Jlynpka moTpedyroTh MOJAIBIIOT0 PO3BUTKY aBTOTPAHCIIOPT-
HOT0 320€3MEeUYeHHS], TO OLIHKA 3HIKCHHS EKOJIOTTYHOTO HABAaHTAKEHHSI BHACIIJOK JIOK-
JlayHy HE MOke OyTH OJHO3HAYHO IMO3UTHBHOIO.

Jlyist miABMIICHHST PIBHSI €KOJIOTTYHOT Oe3MeKH aBTOTPAHCIIOPTHUX MEPEk PEKOMEH-
JQYEMO OpraHaM Jep:KaBHOI BJIaJu aKTMBHO MHOMYJISPU3YyBaTH ajbTEPHATHUBHI TpaH-
CIIOPTHI TEXHOJIOTii, HacaMIepes] eJIeKTPOTPAHCIIOPT, a TaKOXK PO3TIISTHYTH BapiaHTH
BCTAHOBIICHHS LIYMO3aXHCHHX €KPaHIB y MICTI Ta JOJATKOBOTO TOPHU30HTaJIBHOTO
{ BEPTHKAJIBHOTO O3€JEHEHHS MPUIOPOKHIX 30H. [IpOEKT BEPTHKAIBHOTO O3€ICHEHHS
BYJIHUITH JIyTibKa Oy10 po3po0ieHo OKpeMo.
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