Boanwuii Tpancopt Ne 2 (38) 2023

Dudchenko S.V.

IMPROVEMENT OF THE MATHEMATICAL MODEL OF THE NAVIGATION
ENVIRONMENT FOR PLANNING A GUARANTEED WIRING LANE AND PLANNING
THE OPTIMUM ROUTE OF THE PASSAGE OF VESSELS

A systematic planning process ensures the development of a detailed and appropriate transition
plan, which allows the shipmaster to respond in advance to critical situations and important areas
during the ship's movement. The assessment process consists in collecting, processing and analyzing
all information about the navigational situation. This process allows the shipmaster to clearly and
accurately identify and delineate all areas where dangerous situations may arise. The navigation
Situation is characterized by a high intensity of territorial activity (freight and passenger
transportation, mining, research, defense activities, fishing, etc.), a multitude of navigational hazards
(the bottom has a complex topography, shallow depths, ice, currents, the influence of land) and the
variability of hydrometeorological conditions Various geo-information tools are used on the
drawbridge to display and analyze the territorial situation. A feature of ship geoinformation systems is
their focus on solving a wide range of problems. However, to implement a holistic and systematic
approach to the implementation of the concept of e-Navigation. Harmonized collection, integration,
exchange, presentation and analysis of navigational information between ship and shore services by
electronic means should be carried out. Therefore, it is expedient to consider the possibility of creating
an apparatus for formalizing the navigation situation, which allows unambiguous separation of
information and mechanisms of its processing in the modeling process. The work improves the
mathematical model of the navigation situation for planning the guaranteed routing lane and planning
the optimal route for the passage of vessels, the basis of which, unlike the known ones, is the formalism
of discrete effective systems with elements of fuzzy logical derivation, which allows to increase the
efficiency and accuracy of modeling a complex navigation situation with a large the number of
navigational hazards.

Keywords: voyage planning, e-Voyage, e-Navigation, navigation situation, tranmsition route,
wiring lane.
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AHAJII3 POBOYOTI'O ITPOUECY AU3EJIA ITPU BUKOPUCTAHHI BOJAH B AKOCTI
INPUCAIKH 1O ITAJIMBA

JlaHe MOCTiIKEHHS TOJIATAaE y MOJIMIIEHHS! eKOJIOTIYHUX BIIACTHMBOCTEH CYTHOBHX JH3EIHHUX
YCTaHOBOK 32 JIOTIOMOTOI0 BUKOPUCTaHHS BOJOMAIMBHOI eMynbcii. Y X0/l MPOBEACHO NOCIHIIKEHHS
BUKOHAHO aHaJI3 CTaHy €KOJIOTIYHOCTI Cy4aCcHUX CYJIHOBUX eHepreTHyHux yctaHoBok (CEY),
BU3HAYCHO HOPMH BHKHJIB IIKIJJIUBUX PEYOBUH; OOTPYHTOBAHO 3aCTOCYBAaHHS BOJOMAIMBHOL
eMynbCii i migBumieHHs ekonorigHocti CEY; mpoBeAeHO TeopeTUYHe TOCIHIKEHHS MpoIecy
KaBiTallii y Kparur BOJONAINBHOI eMYJIbCil Ta TOCIIIHPKEHO pOO0OYHiA TIPOIECY MU3es Ha AU3CIBHOMY
MAJIMBI 3 IPUCAAKOIO BOJIH.

Kniouosi cnosa: cynHOBa €HEpPreTMyHa YCTaHOBKA, MAJIHWBO, EKOJIOTIYHICTh, EKOJIOTIs,
eHepreTuyHa e()eKTUBHICTb.
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AKTYaJIbHICTh OCTi/IKEHHS

Ha mouatky XXI cTONITTS €KOJOTH BCHOTO CBITy O’IOTh Ha CIOJIOX dYepe3 Mpobiemy
rJ100ampHOTO MOTEIUTIHHS Ta BTPATy KOHTPOJIO HaJ BUKHAAMU IIKIJIMBUX PEYOBHUH (B MEPILy Yepry
ra3iB) y MmoOBiTps. 3pOCTaHHS TPAHCHOPTHOI 1HPPACTPYKTYpH, 30UIBIIEHHS KUTBKOCTI aBTOMOOLIIB,
JIOKOMOTHBIB, CY/ACH, MPU3BOIUTH JIO MiABUIICHHS 00’€MIB BHUKHJIIB NMAapHUKOBHX Ta3iB Ta OKCHIIB
azoty NOy 1 okcuiB cipku SOy, sIKi € OCHOBHUMH 3a0pyTHIOBaYaMH TOBITPSI.

30inbIeHHs 00’€MIB MOPCHKHMX IE€pPEBE3€Hb MPU3BOJUTH JI0 30UTBINEHHS KUIBKOCTI CyJE€H Ha
BOJHUX HUIAXaX. TOMY 3MEHILIEHHS BUKUIIB 3a0pyAHIOIOYNX PEUOBHUH MPALIOIOUUM JTU3EIEM € OJHUM
3 HaMBaXJIMBIMIMX 3aBJaHb 3a0e3leueHHs €KOJOTIYHOCTI eKCIulyaTalii BOJAHOTO TPaHCIOPTY, BiJ
BHPIIICHHS SIKOT 3aJIe)KUTh HE TUTLKH CTaH 3/I0POB'SI JIIOAMHU B HAMOIMKYIN MEPCIICKTUBI, a i Oe3MeKn
Bciei turanetn. OTXe JaHE [OCHIDKEHHS, IO CHOPSIMOBaHE HA MIABUIIEHHS EKOJIOTIYHUX
XapaKTePUCTUK CyTHOBHX JTU3ENIB, € AKMYATbHUMU.

MeTo10 TOCTIKEHHS € TIOJIMIIEHHS €KOJOTTYHIX XapaKTePUCTHK CY0BOTO JU3ETS 32 PaXyHOK
BUKOPUCTAHHS BOJIOTIAJIMBHOI €MYJIbCii.

Anani3 mkeped. [Iuranns exonorivnocti CEY 1ocTaTHO MOBHO PO3IIISIIAETHCS Y poOOTax K
BITUM3HSAHUX, TaK 1 3aKOPJAOHHUX (PaxiBIliB, 10 yMOBHO MOXKHA PO3JIUIUTH Ha Psii TPYIL:

—pobOoTH 3 MOCHIDKeHHS KOHCTPYKTUBHUX ocobmuBocteid CEY Ta BAaockoHaneHHs came
KOHCTPYKIii ABUTYHIB AJIsl MIABUIIEHHS iX €KOJOTIYHOCTI;

—poboTu 3 KOHCTpyOBaHHS AoaaTkoBux eneMmeHTiB CEY, ski MoxyTb OyTu po3MmilleHi B
KOpIycax cyJieH 0e3 CyTTEBHX 3MiH 1X KOHCTPYKIIIT;

—poboTu 3i 3MiHM BuIy nanuBa (3actocyBaHHs aomimok) ans CEY, mo npus3BoguTh 10
MMIBUILEHHS X €KOJIOTTYHOCTI;

—po0OTH 3 MIABUIICHHS EKOJIOTIYHOCTI IHIIMX JBHUTYHIB BHYTpimHbOro 3ropsHHsA (/IB3)
(aBTOMOOLIBPHUX, TPAKTOPHUX TOIIO);

Bukiaax ocHoBHOro marepiajy. HasBHICTP MHOXHHH CYNMEPEWIMBUX BIJOMOCTEH IIIOJIO
3actocyBaHHsIM BIIE o0OymoBitoe HEOOXIAHICTH MPOBECTH JI0JATKOBI KOMILJIEKCHI TEOPETHUYHI Ta
€KCIIEPUMEHTANIbHI JTOCTI/DKEHHSI B Taldy3l BHUBUEHHsS pPOOOYOTO MpoIeCy Mu3eNs Ha MajuBax 3
MPUCAJKOI0 BOJIU Pi3HOT JUCIIEPCHOCTI.

Sxmo BMICT BoAM B manuBi CTaHOBUTH 15-40% Bix 00CITy BHKOPUCTOBYBAHOTO MAJIMBA, TO
JUMHICTD 3HWKYEThCS B 3—4 pa3u, a KOHLIEHTPALlis OKCUIB a30Ty Ha BUXOJ1 CTAa€ 3HAYHO MEHILIOK —
Big 30 1o 50%. [40, 41].

[Ipote, pe3ynbTaTd HAYKOBHX AOCTIKEHBb IHIIMX aBTOPIB, METOI SKUX OYIIO CKOPOYCHHS
KOHIIEHTpallii OKCUIB a30Ty xo4a 6 Ha 20% — Oynu HeraTuBHUMU [42].

3aranom, pH aHaii3i omyOIIKOBaHUX Pe3yIbTATIB BUIPOOYBAaHb MOXHA 3pOOUTH BUCHOBOK IO
Te, 10 3aJEXKHICTh JaHUX MOKAa3HMKIB IMOB'I3aHa Oe3MocepeHbO 3 KUIBKICTIO BOAM Yy manuBi. [Ipu
30unbmIeHH1 yacTku Boau y BIIE — 3HIDKyeThcs TeMiiepaTrypa Ta TUMHICTh BIAIPallbOBAHUX Ta3iB, a
TaKOX BiI0OyBa€ThCA 3MEHILICHHS KOHIIEHTPAIlil OKCUIIB a30TYy.

Takox 3a paxyHok 3actocyBaHHi BIIE makcumanbHa TemmepaTypa LUKIY 3MEHIIYEThCS Ha
150-200 rpagyciB, a JoKajdbHI TeMmIepaTypd B 00Cs31 KaMepu 3TrOpsSHHS 3HIKYIOTbcs Ha 400—
500 rpamyciB, 1m0 MPU3BOAUTH A0 3MEHIIICHHS KOHIICHTPAIIi OKCHIIB a30TYy.

Icnye Takoxx mpoTupiuus moa0 BIUTMBY 3acTocyBaHHs BIIE Ha mutomy edexkTuBHY BUTpaTy
nanuBa. OmHI JOCTIIHKEHHS CTBEPKYIOTh PO €KOHOMIO manuBa mif yac BukopuctanHs BIIE: na 4—
10% y BucokoobopotHux auryHax (BOJl) 1 wma 3-6% y cepemnprooboporanx (COJl) Ta
ManoobopotHux (MO/I) cynHoBux nBuryHax. Takosx 3a¢ikcoBaHO 3HWKEHHS Temmnepatypu Bl Ha 2—
3%. OrpumaHuii pe3ynbTaT TOSICHIOETHCS BJIOCKOHAJICHHSM TMPOIECY CYMIMIOYTBOPEHHS Ta
MIABUIICHHSIM €()EeKTHBHOCTI MPOIIECY 3TrOPSHHS MaJIUBA.

B iHmmx pob6oTtax cTBepKyeThes, mo mnpu BukopuctanHi BIIE mopiBHAHO 3 0€3BOJAHUM
NAJIMBOM BUTpaTa IW3EJIbHOTO ManuBa 30UTbIIyeThbes. Lle sIBUILE MOSCHIOETbCS THM, IO JesKa
KUIBKICTh TEIJIOTH, IO BUAUISETHCSA B MPOIIECI 3TOPSHHS BTPAYAETHCS, OCKUIBKH CHPSIMOBYEThCS Ha
HarpiBaHHs ¥ BUIApOBYBAaHHS BOJAM, 110 3HaXoAuThCs y BIIE.
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Po301KHICTE pe3yabTaTiB JIOCHIKEHb IOSCHIOIOTh PI3HUMH yYMOBaMH IiJ 4ac IMPOBEICHHS
BunpoOyBaHb au3eniB. Ha eKOHOMIYHI Ta €KOJIOTIYHI TOKA3HHMKH BIUTMBAIOTH BIAMIHHOCTI B
KOHCTPYKIIIi Tn3ens, AKiCTh MaluBa, peXuMu podoTH, BMicT Boau y BIIE, aucnepcHicTe Ta MHOXKHHA
iHIUX (pakTopiB.

Tomy O1TBIIICTh BUYSHUX IINAIIIITA BUCHOBKY, 1110 JOMOITHCS 3MEHILEHHS BUTPATH MalIKBa MiJ 4ac
po6otu Ha BIIE (nmopiBHSAHO 3 G€3BOJHUM TAJIMBOM) MOXHA TUIBKH TIPHU «3ITICOBAHOMY» 3 OY/Ib-IKHX
MPUYKH poOoYOMY Mpolieci, a00 MPU BUKOPUCTAHHS ICUIEBUX HU3bKOSKICHUX BaXXKHUX COPTIB MajIKBa.
binbmricte MOCTIAHUKIB TIMIIJIA BUCHOBKY, IO ONTHMajbHA KUIBKICTh BoJH, o nepedysae y BIIE,
cTaHoOBUTE 15—-17% mia qusenabHOro nanusa ta 23—-25% — i1 BaXKKHX ITAJIUB.

OpnHuM 3 BakiIMBHUX (DaKTOPIB, L0 BIIMBAE HAa poOoUMii mpouec auzens, € aucnepcHicts BIIE.
TyT Takox ICHYe 6araTo cynepeusnBUX BIJOMOCTEH.

VY po0ori [43] 3a3HavaeThCs, 10 IPU 3MEHILEHHI JUCTIEPCHOCTI €EMYJIbCIi KOHIIEHTpallisl OKCHIIB
azoty y BI' nu3einst 3MeHIyeThCsl IpH OHOYACHOMY 30LUTBIIIEHHI TUTOMOT BUTPATH TTAJIUBA.

Takoxk € BiJOMOCTI, 110 MIHIMaJIbHI TOKA3HUKH BUTPATHU JAU3EIBHOTO MAUBA CIIOCTEPIraloThCs
P TIEBHIM AMCIIEPCHOCTI BOIHOI (a3u 3 moka3HUKOM Bix 2 mo 15 mxm. [Ipu po3mipi kparenb, 1o
BUXOJIUTH 32 MEXI JJaHOTO MOKA3HUKA, BUTPATA MAIUBA 30UIBIIYETHCS.

Ha puc. 1 HaBeneHi HaBaHTaXyBalbHI XapaKTePUCTUKU AM3EIS MOTYXHICTIO 73,6 KBT mpu
po6oti Ha BIIE pi3noi nqucnepcuocrti [43].
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NOy — KOHIIEHTpAIlisl OKCUJIIB a30Ta;

d,, — niaMeTp 4aCTOYOK BOJIU, MKM;

1 — 6e3BoaHE qU3EIIbHE MAJIUBO;

2 — giaMeTp 4acTOYOK BOJAU B eMyinbeil d,, = 3,9 MKM;
3 — miaMeTp 4acTOYOK BOJHU B eMynbeii d,, = 7,7 MKM.

Pucynoxk 1 — BruB auiciepcHOCTI eMyJibeii Ha KOHIICHTPAIIIO a30Ta, 110 MICTUThes y BI'

3menmenns aucnepcHocti BIIE Beme mo 3MenmienHs koHmeHTpamii okcuay azoty NOy. 3i
30UTBLIEHHSIM JUCIIEPCHOCTI TaKOXK CIOCTEPIraeThes 1 3MEHIIEHHS BUTpaT manuBa. OfHaK, 1 B IbOMY
BUIIAJIKy BUTpaTa OTpUMaHa Ouiblie, HbK Ha 0€3BOJHOMY MaJluBI.

IIpu poGoti Ha ApiOHOAMCHEPCHIN eMynbcii BMICTHI 4acTUHKM Boau y 0,20 MKM Ha BCix
HaBAaHTAKEHHAX, NMUTOMAa €(QEeKTHBHAa BHTpaTa MMaJlMBa BHUSBHJIACS MEHIIOI, HDK Ha O€3BOJHOMY
nanuBi. Po3risHeMO 0coOIMBOCTI MTPOIIeC TOPIHHS BYTJIEBOAHEBOTO MATUBA Y MPUCYTHOCTI BOJIH.

[Tapu BoaM HaAalOTh XIMIYHY Ta KaTaNITUYHY Jil0 HA MPOLEC 3rOPSHHSA MajuBa B IMIIHIPI
nu3ens. Y 3HEBOJHEHUX CYMIIIaX CIOCTEPIraeThCs HEMOBHE 3TOPSHHS OKHUCY BYIVICLIO, alle y pasi
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nifBUIIEHHS BoJjiorocti Ha 1% BinOyBaerscst moBHe 3ropstHHA CO. LlpoMmy crpusie karajgiTHuHA
BIACTHMBICTh TAapiB BOJM, 3a PaXyHOK YacTKOBOTO pO3KJIAJaHHS BOJM HA BOJEHb, KHCEHb 1
T1IPOKCHUIIbHY TPYITY.

[Tpuban3HO O JHAKOBI PE30HAHCHI YACTOTH KOJIMBAaHb MOJEKYJ BOAM 1 KUCHIO JO3BOJIAIOTH JIETKO
nepeaBaTH €HEPrifo BiJl MOJICKYJIHM JIO MOJIEKYJd. Y Teopii TOpiHHSA Ta JIaHIIOTOBHUX pPEaKIlii
JOKJIQJIHO PO3KPUTA KaTaJITUYHA BJIACTHBICTH 1 MAiS mapiB Boau. 3rigHo Ii€i Teopii, mporec
MEePETBOPEHHSI BUXIAHUX PEYOBHMH HaA KIHIEBI MPOJIYKTH BiIOYBAEThCS dYepe3 MPOMDKHI XIMIUHI
peaxitii.

[IIBuaKOCTI JAHIIOTOBOT peakilii Ha TNEPIIOMY eTalll MPOIeCcy OKHCICHHS BH3HAYAETHCS
KOHIICHTPAIIIE}0 aToOMapHOro BojaHIO. [lomampmmii  XiAg peakimii MpOTIKaE eK30TEepPMIYHO, 13
IIPUCKOPEHHSM Ta 30UIbILIEHHSM TEMIIEPATYPH.

BrumB BomM Ha TIpOIIECH TOPIHHS BYTJICIIEBOTO IMajiiBa OyB BHUBUCHHUN B EKCIIEPUMEHTAX,
MPOBEJICHNX TIpynoro BYeHUX. CYTHICTh EKCIEPHMEHTY TOJsTralia B MOAadl BOAM, Y CKIaQai SIKOT
3HAXOAMJINCS 130TONHM KUCHIO. AHaIi3 ByryiekuciaoTd y BI' mokaszaB HasBHICTH O1m3bK0 45% i30TOMIB
KHCHIO.

Jlucomiariis BOJY BUKOHYBAJIACS 32 TAKOKO CXEMOIO:

2H,0 — 2H, + Oy; (1)
2H,0 — H, + 20H. (2)

[TpoaykTn maHMX peakiliii OepyTh aKTUBHY y4acTh Y mpolieci ropinHs. KpiM Toro, mocraBieHui
JIOCJTIJT JOBIB, IO BUKOPHCTAHHS BOJU SK TPHCAIKA JI0 TaJTMBAa Y TOBITPS 30LIbIIYE KUIBKICTh
AKTUBHUX IIEHTPIB TOPiHHS. B pe3ynbpTari BinOyBa€eThCs MPUCKOPEHHS XIMIYHOT peakilii OKMCICHHS.

Lle migTBEepIKEHO pe3yibTaTaMH CTEHIOBHX BUIPOOYBaHb au3ens. MaccrneKTpoMeTpUIHUiI
aHaII3 TPOIYKTIB 3TrOpsHHA au3ens aoBiB, mo 60% Bomu, mo BxoauTh a0 ckiaxy BIIE,
Oe3mocepeHbO Oepe ydacTh B OKMCJICHHI BYTJIEBOJAHEBOTO MMajuBa. 3Ba)kKalOUu Ha HEOJIHO3HAYHICTH
HasBHUX BIIOMOCTEH 3a pe3yinbTaTaMu BunpoOyBaHb nBUryHiB Ha BIIE, HeoOximHO mnpoecTu
JIOJTATKOBI TEOPETUYHI Ta €KCIIEPUMEHTAIbHI JOCIIIKEHHST poO0UYOro MpoIiecy AU3ess Ha NajuBax i3
MPUCAIKOI0 BOJIU PI3HOT AUCTIEPCHOCTI.

[Tporiecu BuMapoByBaHHS Kparmeiab O€3BOJHOTO JM3EIBHOTO MajMBa Ta Kpareiab BOJIOMNAIHBHOT
eMyJbCii 3HaUYHO BiAPI3HAIOTHCSA. TemmepaTypa KHUITIHHS BOJM Y HOPMaJIbHUX YMOBAax BiOyBaeThCs
npu 100°C.

[Teperin MOJIOBMHU BCHOTO MAallMBa 3AIHCHIOETHCS MPH TemIepaTypi, mo aopiBHioe 360°C. A 'y
nerkux (pakiisx Tu3eIbHOro MaarBa KUMIHHS TOYHHAEThCs Bxke 3a 188-210°C. [26].

BucnoBku: PesynpraramMu 6aratboXx AOCTIIKEHb BCTAHOBIIEHO:

— TicIsl BTpaTH CTIHKOCTI, 3 4aCOM, IIBUKICTh 3pOCTAHHS ApOTa30BOi MyXUPIS MOYUHAE PI3KO
30UTBITYETHCS.

— 31 30umemenHsM gucnepcHocTi BIIE mBuakicTe 3pocTaHHS mMapora3oBoi MyXHPIL
3HIDKYETBCS, @ 9aC MOT0 ICHYBAaHHS 30T YETHCS.

Bimomo, 110 TIpy BUKOPUCTaHHI BOJSHOI MPHCAIKH JIO MMAJMBA Mapyu BOJIM, IO MICTATHCS B
TOPIOYii CyMillli, MAIOTh XIMIYHY Ta KaTATITHYHY JIIF0 Ha TPOIEC TOPIHHS.

Jlisa 30UIblIEHHS 4Yacy KaTaJiTUYHOIO Ta XIMIYHOIO MEXaHI3MY B3a€eMOJIIi MapiB BOIU 3
MAJIMBOM MO>KHA peKOMeHyBaTH 30inbpiieHHs aucnepcHocti BIIE no crany konoigHoro po3unny. B
pe3yibTaTi  CIiJl OYIKyBaTH KOMIUIEKCHOTO TIOKPAIIEHHS EHEPreTHYHUX Ta EKOHOMIYHHX
XapaKTEPUCTUK JTU3EIIS.
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Shapran Yu.E.
ANALYSIS OF DIESEL WORKING PROCESS USING WATER AS A FUEL ADDITIVE

This study consists in improving the environmental properties of marine diesel installations
using a water-fuel emulsion. In the course of the research, an analysis of the state of environmental
friendliness of modern ship power plants was performed, the norms of emissions of harmful
substances were determined; the use of water-fuel emulsion to improve the environmental friendliness
of SEU is substantiated; a theoretical study of the process of cavitation in a drop of water-fuel
emulsion was carried out and the working process of a diesel engine on diesel fuel with water additive
was investigated.

Key words: ship power plant, fuel, environmental friendliness, ecology, energy efficiency
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