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Ulymuno O.M. MeToaooriuHi OCHOBH PO3MIPHOI MOJIEpHI3allii macakKHUpChbKUX
CyIeH JUIsl MiABUIICHHS e(eKTHBHOCTI iX ekciuryartamii. — KBamigikariiiHa HaykoBa
mparls Ha IpaBax PyKOMHCY.

Hucepraiiiss Ha 37A00yTTS HAayKOBOTO CTYIIEHS JIOKTOpa TEXHIYHHUX HAyK 3a
cunemianpHicTiIO 05.22.20 — «Excrutyatamiss Ta peMOHT 3aco0iB  TPaHCIOPTY.
HarionansHuit yHiBepcuteT «Oecbka MOpebka akageMis» MiHICTepCTBa OCBITH 1 HAYKH
VYkpainu, Oneca, 2025.

B nucepramiiiniii po6OTI BHpillleHAa akTyajdbHA, Ba)XJUBa A 3a0e3MeUeHHs
e(deKTUBHOTO (PYHKITIOHYBaHHS MOPCHKOTO (UIOTY MpobiemMa MiABUIICHHS e(EeKTUBHOCTI
eKCIUTyaTalll MacaKMpPChKUX CYAEH 3 3aCTOCYBaHHSAM PO3MIPHOI MOJIEepHi3alii, sgKa
CTBOPIOE YMOBHU IIOJO MOJAJIBIIOI0 BUCOKOE(PEKTUBHOTO IX BUKOPUCTAHHS Ha MPOTs31
MEBHUX €TalllB XUTTEBOr0 IMKIY, IMependadaioud OHOBJIECHHS CyJHA, 30IbIICHHS
MAaCAKUPOMICTKOCTI 3  3a0€3MEUECHHSIM  JOJATKOBOIO  €KOHOMIYHOTO  e(ekTy,
JOCTIP)KEHHSI CHCTEMHUX BJIACTUBOCTEN Ta TEXHIYHUX PILIEHb BIIMOBIAHO J0 CY4aCHUX
CTaHAapTIB B cyAHoIuiaBcTBl. [IpobiieMa BHUpIIIYEThCSI HA OCHOBI CTBOPEHHS HOBHUX 1
YAOCKOHAJIEHHS ICHYIOYHMX CTpaTerid, METOAIB, Mojeiei, ski (HOpMYyIOTh HOBY
METO/OJIOTII0 PO3MIPHOI MOJEpHI3allii, 10 IPYHTYEThCA Ha 1HTErPATbHOMY PO3TIISIL
Cy4YacHUX KOHIEMIIN 3a0e3nedyeHHs: Oe3MeKu, EKOHOMIYHOCTI, €(QEeKTUBHOCTI 1
€KOJIOTTYHOCTI.

3 KPUTUYHOrO aHami3y ICHYIOYOro CTaHy NUIAXIB MiABULIEHHS €(EeKTUBHOCTI
eKCIUTyaTallll MOPChbKUX MacaXUPChKUX CyAEeH c(OpMyJIbOBaHA aKTyajbHa HAyKOBO-
TEeXHIYHA npobiema — CTaH PO3BUTKY TEOPETUYHUX 1 MPAKTUYHUX METOJIB, CIIOCOOIB 1
plllieHb, 3JaTHICTh IX palllOHAJIBHOTO 3aCTOCYBAHHS N0 OOIPYHTYBAaHHSI TEXHIYHUX
pilIeHb 00 MiABUIIEHHS €()eKTUBHOCTI EKCIUTyaTaIlli MOPCHKUX MACAKUPCHKUX CYJICH
HUIIXOM MPOBENCHHS X pO3MIPHOT MOJIEpHI3allii, TAKOXK 1X CIPOMOXKHICTH OJJHO3HAYHO
BIUIMHYTH Ha TMIJIBUILEHHS €(EKTHUBHOCTI iX €KCIUIyaTallli B pamMKax 3a0e3nedyeHHs
TEXHIKO-€KCILTyaTalIiHUX 1 TEXHIKO-€KOHOMIYHUX BUMOT.

BcranoBneHo, 1o po3poOka HampsIMKIB 1 METOAIB MiABHUIINCHHS €()EKTUBHOCTI

CKCHHyaTaHﬁ MOPCBKHX MACAKUPCBKHUX CYJACH CTHUKAECTBCA 3 CHCTCMOIO CKJIIaJIHUX
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TEeXHIKO-CKCIUTyaTallliHUX, TEXHIKO-eKOHOMIYHMX (HaKTOpIB, IO XapaKTEePU3YHOThCS
BIJIITOBITHUMU CYNEepEeYHOCTSIMU,  PO3ODKHOCTSIMHU, HE3JIaroJPKEHOCTSIMU 1
antaronizmamu. Copmyp0BaHi HEPO3B’s13aH1 HAYKOBI MPOTUPIUYS — HA TaHUH Yac, Mo-
nepiie, He ICHye HayKOBO-OOTPYHTOBAaHHMX CIIOCOOIB ICTOTHOTO 3HWKCHHS TEMITIB
NaiHHS JOXITHOCTI (TOOTO €eKTUBHOCTI) CYCH, SIKi 3HAXOAAThCS B €KCILTyaTallii; 1mo-
JIpyre, HE ICHYE HAyKOBO-OOTPYHTOBAHHMX CHOCOOIB ICTOTHOTO 3HWKEHHS TEMIIIB
3pOCTaHHS BUTPAT Ha €KCIUTyaTallito cyaHa. HeBupimeHicTh 1uX mpoodseM 00yMOBIIOE
T€ caMe HayKOBE ITPOTUPIUUs, IKE HE Ja€ MOXKIUBICTh 301IBIIIMTH TEPMIHH, B IKUX CYHO
Oyle 3aIUIIaTUCd KOHKYPEHTOCIIPOMOXXHUM. Y TEBHUN 4Yac MOTro >KUTTEBOTO IHUKITY
npUOYTOK BiJ €KCILTyaTalli Kpyi3HOTO CyHa MaJa€ HaCTUIbKH, 110 BCTAE MUTAHHS, LI0J0
JOITBHOCTI i MIPOJIOBKEHHS.

Buxoasuu 3 iCHYHOYOI NPAaKTUKH PO3MIPHOI MOJIEpHI3alli CyJE€H, BUCYBAETHCA
2inome3a: CBOEYACHE Ta TEXHIKO-€KOHOMIYHO OOIPYHTOBaHE 3OLIBIICHHS JTOBXKWUHU
KOPIYCYy CyJHa J03BOJHUTH CYTTEBO MIIBUIIUTHU (32 PaxXyHOK MiABUIIECHHS KIJIbKOCTI
MAaCAKUPCHKUX KAIOT Ta KOMEPIIHHUX MPUMIIIECHB) AOXOAM BiJ MOro eKCIuTyaTallli, He
30UTBIIUBIIY ICTOTHO MPU IbOMY €KCIUTyaTalliifHi BUTpaTu. B pe3ynbrari — Ha EeBHUN
nepioJ1 yacy »KUTTEBOTO LIUKITY CyIHA 3HOBY MIABULIYIOTHCSA TPUOYTOK 1 peHTa0EIbHICTh
Ta BIJHOBIIIOETbCSI HOTr0 KOHKYpPEHTHA CIPOMOXKHICTb. HaykoBo o0OrpyHTOBaHa
METOJIOJIOTIsl peami3allis i€l TinoTe3n CHPHUSATUME 3HSTTIO HAroJOlIEHOTO HAyKOBOTO
IPOTUPIYYS TA MMIJIBUILIEHHIO €(pEKTUBHOCTI €KCIUTyaTalli Kpyi3HUX JailHepiB.

Memoro pobOTH € MiIBUILICHHS €(PEKTUBHOCTI EKCIUTyaTallii CyJeH 3a IOTOMOTOI0
PO3pOOKH HAYKOBO-OOTPYHTOBAHOT CTpaTerii Ta METOAOJIOTi pO3MIpHOI MOJEpHi3allii, 3
ypaxyBaHHAM JOIYCTUMOCTI BIAMOBIAHMX KOHCTPYKTHUBHUX 3MiH, Ta MOKJIMBOCTEH
MIPOITYJIbCUBHOI €JIEKTPOCHEPTETUYHOI YCTAHOBKU. JIOCATHEHHS IOCTaBJIEHOI METHU
00yMOBITIO€ TIOCTAHOBKY Ta PO3B’sI3aHHS HACTYITHUX B3a€EMOIIOB’sI3aHUX 3a/1a4:

— BCTAHOBJICHHS MOXJIMBUX IIUISXIB MiJBUIICHHS €(PEKTUBHOCTI EKCILTyaTalli
KPYi3HUX CyJeH 3 aHaJli30M IX CYNEpeuHOCTeH, Ta Mo0yI0Ba HAYKOBO-OOTPYHTOBAHOI
CTparterii MoJepHi3allii A MABUIICHHS 1X €(EeKTHMBHOCTI 3a JOTIOMOTOK PO3MIipHOI

MOJIEpHI3aIlii;
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— TEXHIKO-€KOHOMIYHE OOIPYHTYBaHHS JIOIIJIBHOCTI, BUOOPY Yacy Yy KUTTEBOMY
UK, ¥ KUIBKICHUX TapaMeTpiB pO3MIpHOI MOJepHi3alii, Ta po3poOka HayKOBO-
OoOTpyHTOBAHOI METOI0JIOT1T MOJIEpHi3aIlii KOPITyCYy CYJIHA;

— po3poOKa METOMIB OI[IHKK JOITYCTUMOCTI MOJOBKEHHS KOPIYCY Y JOLLUIBHUX
MEXKax 3a KPUTEPIEM 3arajibHOi MOJIOBXKHBOI MIITHOCTI KOPITYCY CYJI€H, 1 iX MiCIEBOi
MIITHOCTI 32 KpUTEpieM 3a0e3meueHHs] HEOOX1THOTO PIBHS XapaKTEPUCTHK OMOPY BTOMI
iX BIAIIOBIIAJIBHUX €JIEMEHTIB;

— o0y/10Ba METO/I1B OLIIHKH BILTUBY 3017bIICHHS JOBXUHHI KOPITYCY HAa MOPEX1aHi
SAKOCT1 CyJieH, €()eKTUBHICTh POOOTH MPUCTPOIB YMPABISHHS Ta €HEProePeKTUBHICTh
Cy/IHa;

— po3poOKa MaTeMaTUYHOI MOJIEN1 Ta METOIIB AOCIIHKEHHS MEePEX1THUX PEKUMIB
poOOTH MPOMYJILCUBHUX KOMILIEKCIB KPYi3HHUX Cy/JE€H-€JIEKTPOXOIB HA MaHEBPaX;

— po3po0OKa METOJIIB PO3PAXYHKY PEKUMHUX MOKA3HUKIB Ta MOKA3HUKIB SKOCTI
MaHEBPYBaHHS €JEKTPOXOJIB 3 KIACHUYHOI KOMIIOHOBKOKO €JIEKTPOEHEPreTUYHOI
rpe0HOT YCTaHOBKHM Yy CKJIaJl MPOMYJIbCUBHOTO KOMIUIEKCY — JJIS OIIHKH MOKAa3HUKIB
SKOCTI MaHEBPYBAaHHS €NEKTPOXOJIB Ta HABAaHTAXEHb Ha EJICKTPOSCHEPTETHUHY
YCTaHOBKY;

— po3po0Ka METOMAIB PO3PAXYHKY PEKUMHUX MOKA3HUKIB Ta MOKA3HUKIB SIKOCTI
MaHEBpPYBaHHS €JIEKTPOXOJIB 3 CUCTEeMaMH aKTHBHOTO YIPaBJIIHHS PyXOM CyJIHa Ta
PYLIIHO-KepMOBUMHU KOMIUTeKcaMu Azipod y ckitaii mpoIyIbCUBHOTO KOMIUIEKCY — JIJIs
OIIIHKMA TOKAa3HUKIB SIKOCTI MAaHEBPYBAHHS €JEKTPOXOAIB Ta HaBaHTAXXEHb Ha
eJIEKTPOCHEPTETUYHY YCTaHOBKY;

— EKCIIEpUMEHTaJbHE MIATBEPKEHHS JOCTOBIPHOCTI PO3pOOJICHOI METOI0JI0TIi
MOJIEpHi3aIlii, METOI1B TOCTIKEHHS Ta IOILILHOCTI CBOEYACHOTO TTOI0BXKEHHS KOPITYCY
SJIEKTPOXOTY IS TIABUIIEHHS €(DEKTUBHOCTI HOTO eKCILTyaTallii.

06 ’exkmom OocniodcenHsi € TPOILIECH YIMPABIIHHS PO3MIPHOIO MOJICPHI3alIE€I0
MACAKUPCHKUX CYJIEH 3 EJEKTPOPYXOM 3 METOK IMiJBUIIEHHA e()EKTUBHOCTI iX
eKcrutyatarii. /Ipeomemom 0ocniodxiceHHs € METOIONOTIYHI OCHOBU MOJICPHI3AIlli Cy/eH
3 HAyKOBO-TEXHIYHUM OOIPYHTYBaHHAM JOLUJIBHUX 3MIH 1X KOHCTPYKTHUBHHUX

napameTpiB, Ta BUBYCHHSIM 3aKOHOMIPHOCTEHW BIIMBY IUX 3MIH HAa TEXHIYHHMA CTaH
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CYJIEH, 1110 CTBOPIOE YMOBH JJIsi BUCOKOE(EKTUBHOI iX eKkcrutyaTanii. HaykoBa 1iHHICTh
JOCIIJIKEHHSI 00YMOBIIIOETHCSI BUPIIIEHHSM OCHOBHUX HAYKOBHX 3a]1a4.

Y aucepramiiiHiii poOOTI B mpoleci BHPINICHHS TOCTaBICHUX 3aj]ad
BUKOPUCTOBYIOTHCS B MOEIHAHHI TEOPETUYHI, YUCENIbHI Ta €KCIIEPUMEHTAIbHI METOIU
JOCTIPKEHHS: CUCTEMHOTO aHalizy — I TEeXHIKO-€KOHOMIYHOTO OOTpYHTYBaHHS
JOIIJILHOCTI, BUOOPY Yacy Yy »KHUTTEBOMY IHMKII, ¥ KUIBKICHUX MapamMeTpiB PO3MipHOi
MOJIepHi3allii, CTBOPEHHS IHTErpaNbHOT MOJIeJ1 OOIPYHTYBAaHHS PO3MIpPHOI MOAEpHI3allii
MAaCAKUPCHKOTO CYJIHA; TEOPi MIIMHOCTI (B 3aCTOCYBaHHI JI0 KOPIIyCy CyAHA) — IS
BU3HAYECHHS TPAHUYHOTO PO3MIPY CyAHA 1 JAOBXKHUHM LMJIIHIPUYHOI BCTaBKH (3a
KpUTEpIEM 3arajbHOi MIIHOCTI) Ta OI[HKA OIMOpPY BTOMI €JIEMEHTIB CYJIHOBUX
KOHCTPYKIIIN (3a KpUTEPIEM MICIEBOI MIIHOCTI); TeOpli KOopabyis — aJii BU3HAYCHHS
BIUIMBY MOPEXIAHHMX SIKOCTEH CyJHA Ha MaKCUMajbHE 3HAYEHHS, J0 SIKOI'O MOKJIHMBO
3MIMCHIOBATH TIOJIOBXKEHHS CYJIHA; KOPEISILIHHOrO-perpeciiHoro aHamizy — s
BU3HAYECHHS MapaMeTpiB KPUBOI BTOMH CYJHOBUX KOHCTPYKLIHM MPHU OLIHI BIUIUBY Ha
MOJIOBXKEHHS CYyJHA Ha MICIEBY MIIHICTh HOTO0 KOPIYCY; YHUCIOBOTO (YHCEIIBHOTO)
aHaJi3y — JJIs BUPIIICHHS TU(PEPEHIIIMHNX PIBHSIHD B METO1 JOCTIKCHHS MEPEXiTHUX
PEXKHUMIB MTPOITYJILCUBHUX KOMILJIEKCIB, MIEPEPaxyHKy MapaMeTpiB KPUBUX BTOMU Ha 0a3i
IHTErpajJbHOTO MIAXOAY B MPUCKOPEHOMY METOJI BU3HAUEHHS XapaKTEPUCTHK OMOPY
BTOMI €JIEMEHTIB CYJHOBUX KOPITyCHUX KOHCTPYKIIH; 1HIYKTUBHOTO 1 JIEyKTUBHOTO
METO/y, CHCTEMHOTO ITiIX0/Ty Ta MOJI0KEHHSI TeOpii AMHAMIYHOI TO1I00U — J1J1s 00y 10BU
MaTeMaTUYHOI MOJeNl TEepexXiJHUX TMPOIEeCiB B MPOIMYJIbCUBHUX KOMIUIEKCAX
€JIEKTPOXO/IIB; IMITAllIMHOTO MOJENIOBAHHS — JJIA OINUCY NEPEeXITHUX MPOLECIB B
MPOITYJILCUBHUX KOMILJIEKCIB €JIEKTPOXO/IB, sIke OyJ0 po3poOjeHO aBTOPOM Ha MOBI
JAVA, mnpu anHami3zi MaHEBPEHUX XapaKTEPUCTHK €JEKTPOXOJIB Ta Bi3yalizallil
pe3yJbTaTiB MaHEBPYBaHHS.

VY nepwiomy po3aiii BUKOHAHO 3arajibHUM aHalli3 CTaHy 1 BUSBIICHI 1CHYOYI
npoOemMu MiABUIICHHS €(PEKTUBHOCTI eKCIUTyaTallli MOPChKUX MAaCaXXUPCbKUX CYJIEH.
BusnadyeHi ocHOBHI mpo6yieMu MOB’s3aH1 3 MIABUIIEHHSAM €(QEKTUBHOCTI €KCIUTyaTallii,
NOJOJaHHSM E€KOHOMIYHOTO CTapiHHA MAaCaXXUPChKUX CYJIE€H 1 BIJHOBJICHHIM

KOHKYPEHTOCTIPOMOKHOCTI CY/THOTUTABHUX KOMITaHIM, $KI BUHUKAIOTh BHACIIIOK
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3pOCTaHHs 4YHWclia MacaXUpiB Ha KPYI3HHUX JIHIAX 1 HECIIPOMOXKHICTIO CYJIEH KOMMaHI1i
3aJIOBOJIBHUTH JaHUW TonuT. BHCyHYyTO TinoTe3y HayKOBHUX JOCHIKEHb, €
nepeadavaeThCs, M0 CBOEYACHE, TEXHIKO-€KOHOMIYHE OOIPYHTOBAaHE IOJIOBKECHHS
KOPIyCy Cy/IHA TO3BOJIUTH Ha MEBHUMN MEP10J1 YaCy KUTTEBOTO LIUKITY 3HOBY IiBULIUTH
eheKTUBHICTh eKCIuTyaTarlii cyaHa. BigzHaueHo, mo MiABUIIEHHS e()EKTUBHOCTI
eKCIUTyaTallii, 3MEHIICHHS BIUIMBY €KOHOMIYHOTO CTapiHHA, IO TMOJSIrae y
HEB1MOBITHOCTI ACAXKUPOMICTKOCTI CYJIeH JaHO1 CYIHOIIJIABHOI KOMIaH1i 301JIbIIICHHIO
MOTIMTY Ha MOPCHKI KPYi3H palioHaJbHO 31HCHIOBATH 3aCTOCOBYIOUM TAKU PI3HOBHU]]
MOJICpHi3aIlli K KOHBEPCis, SKa MPOBOIUTHCS 31 30UIBIICHHAM PO3MIPY KOPMIYCY, IO
oTpuMaja Ha3By TaKOX SIK po3MipHa MojepHizaiia. [IpoBeaeHo aHami3 JiTepaTypHUX
JUKEpesl II0AO0 MiJABUIICHHS €()EKTUBHOCTI BUKOPUCTaHHS MOPCBKHUX CYAEH, 1
3aCTOCYBaHHS METO/[IB BU3HAYEHHS CTYIIEHIO IMOJIOBKEHHS CYJIEH 3 OIIIHKOIO iX IepeBar
1 He1011KiB. Bu3HaueHO TeXHIYH1 Ta EKOHOMIYHI TOKa3HUKHU €(PEKTUBHOCTI MOJIEpHI3aIlli,
10 YTBOPIOIOTH IHTETpalbHy CUCTEMY, SIKI B1IOOpaKalOTh pPE3yJbTaTH TEXHIYHOI Ta
KOMEPIIIHHOT eKCIUTyartaiii cylaeH W mnoka3Huku Oesneku. [lokazaHo, 1m0 €auMHOI
TEOPETUYHO1 0a3u MPOBEJCHHS PO3MIPHOI MOJIEpHI3allli CyJileH HEe Po3po0JIeHO, OKpEMI
TEOPETUYHI TOJOXKEHHS BIJICTAIOTh BiJl 3aMpPOBAKEHUX MPAKTUYHUX PO3POOOK, IO
NIJKPECTIOE HEOOXIHICTh BUPIMIEHHS NPOOJEMH CTBOPEHHS €AMHOI METOJOJIOTIT
MPOBEJICHHSI PO3MIPHOI MOJEpPHI3aIlil CyJIeH, IO MIABUIIUTH SIKICTh 3arajibHOTO PIBHS
TEOPETUYHUX PO3pPOOOK, CTBOPUTH TEOPETUYHY OCHOBY JUIsl MOJEpPHi3allii MOPCHKUX
MacaXUPCHKUX CYJIEH.

Y opyeomy po3ainai HaBOIAATHCS BUKOPHMCTAHI y JOCTIHDKECHHI METOIW aHalli3y
TEXHIKO-€KOHOMIYHOTO  OOTPYHTYBaHHSI  JIOUUIBHOCTI ~ PO3MIpPHOI  MojepHi3arlii
NACaXUPCHKUX CYACH Ta ii METOIOJOrIYHI OCHOBH. IIpOBEIEHO KOMIUIEKCHY OLIHKY
e(eKTUBHOCTI 3a0€3MeUYeHHs] eKCIUTyaTallliHUX BIIACTUBOCTEW CyJHA MiJ BILUTUBOM
PO3MIpHOT MOJIEpHi3allii 3 3aCTOCYBaHHSAM KBaJIIMETPUYHUX MOKA3HUKIB SIKOCTI CyJIHA 1
noOyI0BH BIJAMOBIAHOTO JiepeBa BJIACTUBOCTEH MOPEXIJTHUX SKOCTEH, 1HKEHEPHUX
XapaKTEPUCTHK CyJIHA 1 TOKa3HUKIB €(PEKTUBHOCTI ekcruryatarlii. CTpyKTypoBaHO
BJIACTUBOCTI 3alPONIOHOBAHOTO JIEPEBa, SKi CIYTYIOTh MIAIPYHTSM JJII CTBOPCHHS

CUCTEMU MPOBEACHHS PO3MIPHOI MOJIEpHI3aIlil MACAKUPCHKOTO CyAHA, TIEPIIUM KPOKOM
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aK0oi € (opMyJrOBaHHS CYKYIHOCTI IIJIEM — JepeBa Ijied 1 3ajxad, M0 HUMH
MOPOKYEThCA. BIMMOBITHO 10 TMOCTaBICHUX IIiJied, BOHHM OXOIUTIOIOTH OCHOBHI
C€KOHOMIYHI MOKa3HUKU eKCIUTyaTallii cyaeH, KpuTepii (GyHKIIIOHATBLHOCTI Ta KpUTepii
Oe3meku TexHi9HOo1 ekcrutyaraitii. ChopmMoBaHO AepeBO IMJICH, sIK€ BU3HAYAE TTLIT1, T I
1 Ty MHOXHHY 3aBJIaHb, SIKI TOB’S3aHI 3 OOIPYHTYBAaHHSM JOIIBHOCTI PO3MIPHO1
MojepHizarmii. CTBOPEHO METOAOJIOTII0 OOTPYHTYBaHHS PO3MIPHOI MOJepHi3allli
NacaXXKUPCHKUX CYyJIEH, AKa IPYHTY€EThCSA HA THTETpaIbHOMY PO3IJIAII YCIX XapaKTePUCTUK
Ta BUMOI TEXHIYHOI eKCIUTyarTaiii 3 ypaxyBaHHSM MIJBUIIEHHS EKOHOMIYHOI
e(EeKTUBHOCTI, 3pOCTaHHs ab0 HEMOTIPIICHHS PiBHSA Oe3meku 1 (PYHKIIOHATBHOCTI.
CTBOpeHO MaTeMaTW4yHy MOJENIb PO3MIPHOI MOJEpHi3alli Kpyi3HOTo CcyaHa, sKa
BKJIFOYAE: T1AMO/JIETTh O€3MEeKH MacaKUPChKOT0 Cy/IHA 1 CYTHOTUIABCTBA peali3ye KIOUOBI
YMOBHU IS 11 peaitizanli — yMOBH MIITHOCTI KOPITYCY, OKEXKHO1 O€3IeKH, 3a0e3MeUeHHs
OCTIMHOCTI, HEMTOTOILTIOBAHOCTI, PATYBAJILHUMU 3aC00aMU TTACAKUPIB 1 WICHIB EKIMaXYy,
€KOJIOTIYHOCTI, 110 YHOPMOBYEThCS TpaBWiamMu MixHapoaHux koHBeHIli SOLAS-
74/78, MARPOL-73/78, Perictpy CyaHOIUIaBCTBa;, IAMOACIb (YHKI[IOHAILHOCTI
MAcaXUPChKOTO CyJHa BU3HAYAE 3[IaTHICTh BUKOHYBATH €KCIUTyaTalliHi QyHKLIi, TOMY
BOKJIMBUMH BUMOTAMHU IS BIPOBAKEHHS MOJIEIi € YMOBH MTPUAATHOCTI MOPTIB 3aX0Ty
1 Bep(i cynHOOY1IBHOI pipMH, siKa MPOBOAUTH MOJIEpHI3aIlit0, 3a0€3MeYeHHs XOJ0BOCTI
1 MAaHEBPEHOCTI CyJlHa, BUKOHAHHS PIBHSHHS Mac, 3a0€3MeUeHHs JOIMyCTUMOI TJIMOUHU
3aHYpEeHHS TpeOHOIro TBHHTA, aBTOHOMHOCTI 1 JaJdbHOCTI IUIaBaHHS, HEIOIYIICHHS
BUHHUKHEHHSI CJIEMIHTY, O€3BIIPUBHOCTI OOTIKAHHS KOPIYCY, IOCTAaTHbOI €MHOCTI
OajaCTHUX  IUCTEPH, MPUAATHOCTI  1HXKEHEPHOTO  0OJiafHaHHS  (OCHOBHOTO,
JOTIOMIXKHOT0); TIJIMOJIe]Ih €KOHOMIYHOI €(PEKTUBHOCTI BUKOHYE T'OJIOBHY POJIb OO
BU3HAYCHHSI €KOHOMIUYHMX MOKA3HUKIB AiSTTLHOCTI MOJIEPHI30BAHOTO CyJHA — JTOXO/IIB,
BUJIATKIB, MPUOYTKIB, aHAI3 SIKUX JO3BOJISIE MPUUHSITH M1CYMKOBE PIIICHHS I[0/10 HOBOT
JOBKUHU CyJIHA — JIOBKWHU HWJIIHAPUYHOT BCTAaBKU. ['OJIOBHY pOJib B MpoIemypax
NOIIYKY HAMIINIIOTO BapiaHTy TMOJOBXKEHHS KOPIYyCY BHUKOHYIOTh E€KOHOMIYHI
NOKa3HUKU  JISUIBHOCTI  MOJEpHI3oBaHOro  cynHa. [lokasHuku  Oe3nmeku i
(GYHKIIOHAJIBHOCTI CyJHA BUKOPUCTOBYIOThCS $IK OOMexeHHs. Pesynbratu posairy

CKJIAJal0Th 1J€O0JIOTIYHUNA 0a3uc METOA0JOrIi PO3MIPHOI MOJEpHI3alili MOPCHKUX
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NAaCaXUPChKUX CYJEH, sKa M0oOyJoBaHA Ha KOMIUIEKCHOMY IMIJIXOJ1 JO OI[IHKH
JOIIJILHOCTI Ta SIKOCTI pO3MIPHOI MOJIEpHi3allii CyJeH 3 BpaXyBaHHSAM €KOHOMIUYHHUX U
(GYHKIIIOHATBHICTH 11 1iJIeH Ta Oe3MeKH CyAHOIUIaBCTBA.

Y mpemvomy po30ini 3aiponoOHOBAHO KOMILIEKC HOBHUX 1 yIOCKOHAJICHUX PIllIEHb
I0/T0 BU3HAYCHHS TPAHUYHOI JOBXHHHU CYJTHA 1 MUAJTIHAPUYHOT BCTABKU HOTO KOPIYCY
Ipu TPOBEACHI PO3MIPHOI MOJAEpHi3allli, Kl IPYHTYIOTbCS Ha 3a0e3MeueHHi BHUMOT
PericTpy cynHOIUIaBCTBA 1IOAO 3arajibHOI MO3A0BXKHBOI MIIHOCTI KOPITYCY 1 JTOKaJIbHOI
(micrieBoi) WOTO MIITHOCTI. 3 IIUM TIOB’S3aHO MPOBEACHHS JOCIIIKEHHS MIOAO0 OIIHKU
3aKOHOMIPHOCTI 3MiH TOJIOBHMX CHJIOBHX (DaKTOpIB, 110 BUKIUKAHO 3MIHOIO JOBKHUHH,
pPO3paxyHKOBHX HAaBaHTaXE€Hb, CIPUUYMHEHOTO JMI€I0 MOPS — XBWJIBOBHX 3THHAIBHUX
MOMEHTIB 1 IEPEPI3yIOUNX CHII Y MONEPEUYHOMY Tepepi3i MiJenb-IIMAHTOyTy Ha TUXI1N
BOJ1, 3 IPOTUHOM 1 IEPErMHOM KOPITYCY, a TAKOXK OLIIHKY XBWJIBOBHX KOE(IIEHTIB, K1
Ha HUX Oe3MmocepeHbO BIUBAIOTh. BUXOAsS4M 3 yMOB 3arajibHOi MO3/I0BXHBOT MIITHOCTI
KOpIyCy, 3alpONOHOBAHO pIIMIEHHS I0J0 BHU3HAYEHHS TPAHUYHOTO PO3MIPY
UWTIHAPUYHOI BCTABKU 32 KPUTEPIEM MILHOCTI: MPU MEPEruHi, MPOTruHI KOPIycy 1 Ha
TUX1H BOJI.

B pamkax 3amadi 3 po3paxyHKy Ha BTOMHY (JIOKaJdbHY) MIITHICTh BIJIMOBIAIBHUX
CYITHOBUX KOHCTPYKIIM TIpM BH3HAYCHHI TpPaHUYHHX HAMNPYXEHb, MPOBEIACHO
YAOCKOHAJIEHHS METOJy TMPUCKOPEHOTO BU3HAYEHHS XaPAaKTEPUCTUK OMOPY BTOMI IUX
KOHCTPYKIIif, IKMi TPYHTYEThCSA HA 3aCTOCYBaHHI JBOX Mojejiell KpUBHX BTOMHU, IIIO
MIOPAIKOBYIOTBCSl CTEIIEHEBOMY DPIBHSHHIO Ta piBHsSHHIO BeiiOyna 3 momanmbiimm
nepepaxyHKoOM MapaMeTpiB IIUX KPUBHX 33 IHTETPATBHUM METOJIOM.

Yemeepmuti po3/ia MPUCBSIYCHO MPOBEACHHIO aHATI3y 3MIH MOPEXIJTHUX SIKOCTEH
CyJlHa, Kl 3a3HAIOTh CYTTEBHM BJIMB 1 MOTPEOYIOTh OCOOJMBOI OILIHKHU MPHU MPOBEICHI
pPO3MIpHOI MoOJIepHi3allii, OCKUIbKA BJIMBAaIOTh Ha O0e3MeKy, SKICTh eKCIUTyarailii,
C€KOHOMIYHICTh CyJHA ¥ JOTPUMAHHS EKOJIOTIYHUX BHMOT, 1 PErJIaMEHTYIOThCS
npaBuJIaMu MIKHAPOJIHUX KOHBEHINH 1 Perictpy cynmHoruiaBcTBa. 3amponoHOBaHO HOBI
pILIEHHS HIOJI0 OLIHKK TPAHUYHOI (JIOMYyCTHUMOi) JOBXUHHU MOJIEPHI30BAHOIO CyjHA 32

KpUTepisiMU 3a0e3MedYeHHs: XOJIOBOCTI, OCTIMHOCTI, MaHEBPEHOCTI (e()EeKTUBHOCTI
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BUKOPUCTAHHS CTEpHA), EKOJOTIYHOCTI (€HEeproeeKTUBHOCTI) 3 KOMIUIEKCHUM
MPOBEICHHSIM JIOCTIIKEHb (PaKTOPIB, 110 IX BU3HAYAIOTb.

Y n’amomy po3nui po3po0JICHO MaTeMaTHYHI MOJETl W METOAM IOCHIKCHHS
NEePeXiIHUX PEKUMIB TMPOMYJIbCUBHUX KOMIUIEKCIB TMACaXUPChKUX MOJIEPHI30BAHUX
CYyJICH mpu MaHeBpyBaHHI. Ha 0OCHOBI OTpMaHOT0 MAaTEMaTUYHOTO OTHCY MEPEX1THUX Ta
YCTAJICHUX PEXUMIB pOOOTH PO3pOOJICHO IMITAIliiHI MOJEN aHali3y MaHEBPEHUX
XapaKTEPUCTUK MPOMYJIbCUBHUX KOMIUIEKCIB €JIEKTpOoXoAiB. Mojeni po3pobiieHo Ha
MoBi JAVA. JIOCTOBIpHICTP MAaTeMaTUYHHX MOJIEJCH Ta METOAIB PO3paxyHKy
MEePEeXiIHUX PEKUMIB JOBEJACHO MOPIBHAJIBHUM aHAN30M PE3YyJbTaTiB PO3PaXyHKIB 3
HATypHUMH BUNPOOyBaHHSMU. P0o3poOsieHnii MaTeMaTUyHUN amapaT J1a€ MOIJIUBICTh
IIPOBOJUTH BCEOIYHUI aHaII3 IOBEAIHKY MACAXKUPCHKUX CYJIEH HA MaHEBpax.

Y  wocmomy po3auni  po3po0JEHO METOAM OIIHKKA BIUIUBY MapaMeTpiB
MPOMYJECUBHOTO KOMIUIEKCY HAa MAHEBPEHI XapaKTEPUCTUKU MACAXKHUPCHKUX CYyNEH 3
KJIACUYHOIO KOMIIOHOBKOIO €J1€KTPOCHEPIeTUYHOI YCTAaHOBKH, SIK1 BII0OpaXaroTh poOOTy
OCHOBHUX MAHEBPIB, 10 PErJIaMEHTYIOThCS CTAHJAPTOM MaHEBPEHOCT] y BIANOBITHOCTI
no Pesomoriit komitety mMopcbkoi O0esneku MSC.137(76) — iHepiiifHI BIACTUBOCTI
CylHa TPU pPO3TOHI-TaJbMyBaHHI, PyX Ha LHUPKYJSIii, PyX «3ur3arom» (3ursar
Kemngona). OcoOnMBICTIO METOAY, KpIM OLIHKM MaHEBPEHUX XapaKTEPUCTUK, €
IPOrHO3YBaHHSI MOKJIMBOCTEH CYIHOBOI €JIEKTPOCHEPTeTUYHOI YCTAHOBKH, II0 MOXKE
No-repuie — NPUBECTH J0 ii NepeBaHTaXEHHS (Ta HEBUKOHAHHIO MAaHEBPY), MO-Ipyre —
MOTIPIIUTH MaHEBPEHICTh CyJeH. ToMy, Mpu aHaji3i MaHEBPEHHX XapaKTEPUCTUK,
000B’SI3KOBO KOHTPOJIIOIOTHCA 1 TOKA3HUKH €JIEKTPOEHEPTeTUYHOT YCTaHOBKHU.

Y cbomomy po3aiai CTBOPEHO METOIN AOCTIKEHHSI MAaHEBPEHUX XapaKTEPUCTHUK
MPOIYJIHCUBHUX KOMIUIEKCIB 3 miapymorounmu npuctposimu (III1) ta 3 pymiiiHo-
kepmoBumu komruiekcamu (PKK) Azipod cypmeH, mis skux TpoBeACHa po3MipHA
MopepHizallis. OCHOBHE MPU3HAYCHHS METOMIB — OIlIHKA MAHEBPEHUX XapaKTEPHUCTHK
CYIEH 3 Cy4YaCHUMHU CHCTEMaMHu eNeKTpopyxy. Po3poOieHuil mMeToj MOAENIOBaHHS
MaHEBpPEHHUX PEXHUMIB JI03BOJISIE€ OL[IHIOBATH MaHeBpeHi BiaacTUBOCTI cyaeH 3 [111 1 PKK
Azipod 3 OJHOYACHMM KOHTPOJICM HABAHTAKCHHS HA CUJIOBI €JIEMEHTH CYJTHOBOT

€JIEKTPOCHEPTETUYHO] YCTAHOBKH.
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B MarematuuHiii Mozem TmepexigHuX pexuMiB poootu, mpouecu B I
MPEJCTaBIICHl 3 ypaxXyBaHHSAM TIAPOJMHAMIYHUX TPOIECIB B3a€MOIi iX TBHUHTIB 3
KOPITyCOM Cy/AHA, Ta €(EeKTy 3aCMOKTYBaHHS NpPU B3a€MOJIl CTPYMEHIO BOJIH, SKIH
BuTikae 3 kaHaiy III1, 3 moTokoM BOJH, II0 HATIKA€ HA CTPYMIHb 31 MIBUIKICTIO PYyXY
cynHa. JlocnmimkeHHs MOKa3aid, 0 HAa MaHEBPEHI XapaKTEPUCTHKH CYACH CYTTEBO
BITUBAIOTh: YaCTHHA TMOTYXKHOCTI eyekTpoaBuryHiB [1I1; mouaTkoBa MBUAKICTE PyXy
CyJlHa; KOHCTPYKTHUBHI MTapaMeTpH KOPITyCY €JIEKTPOX0/1a Ta HOro eNeKTPOEeHEPTeTUYHOT
rpeOHO1 YCTAHOBKH.

[IpoisitoCTpOBaHO MaHEBPEH1 BJIACTUBOCTI MACAKHUPCHKUX CYACH, OOJagHaHUX
PKK Azipod, HaBemeHO MOTOYHI 3HAUCHHS OCHOBHUX peXMMHHUX Moka3HukiB CEEY.
JlocnikeHo BIUIMB IIBUAKOCTI pyxy 1 KyTa noBopotry ronnonun PKK Ha ocHoOBHI
MaHEBpPEHI XapaKTePUCTUKH 1 PEKUMHI MOKa3HUKU POOOTH — MIATBEPKEHO, IO MPHU
BUXOJl Ha MUPKYJSAIII0 HAa BEJIMKUAX IIBUJIKOCTSAX, HEOOXITHO OOMEXyBaTH 1 KyT
noBopoty PKK Azipod, i mBuAKICT HOTO MOBOPOTY, MOJCITIOBAHHSM BCTAHOBJIICHO
JIOITYCTUMI MEXK1 IIUX 3HAYEHb.

VY 6ocbmomy po3ain MPOBEACHO MEPEBIPKY JOCTOBIPHOCTI MOJIEICH Ta METO/IIB,
K1 CKJIaJIal0Th PO3pO0JIEHY METOJIOJIOTII0 PO3MIpHOT MoJiepHi3allii. Taka MoJiepHi3allis
OyJla BUKOHAaHa JJIsl CYJEH, SIKI 3HAXOAAThbCs B ekcrutyatarii. OliHKa MaHEeBPEHHUX
XapaKTEPUCTHK CyJIHA MPOBOAMUIIACH B IBOX BapiaHTax — 0a30BOro (HEMOJOBXEHOTO) 1
aIbTEPHATHBHOTO (ITOIOBXKEHOTO, KOPIYC SKOro Oys0o 30UIBIICHO HA BEJIUYHHY
JOJJATKOBOT IMIIHAPUYHOT BCTaBKU) CYJHA. 3aCTOCYBaHHS METOIOJIOTI JI03BOJIWIIO,
BUKOPHCTOBYIOUH MPOTICAYPY ONTHUMI3allii, BASHAYNTH TOBKUHY UTIHAPUIHOT BCTABKH,
sKa HaKpaluM YMHOM BIIOBI/Iajla €KOHOMIYHUM MOKa3HUKAM JisSJIbHOCTI CYJIHA, JIe
OOMEKEHHAMM LIITOBOT (DYHKIIIT BUCTYTIANIN IOBKUHU BCTaBKH, 1110 IOMYCKAIUCS 3 YMOB
0e3neku 1 GyHKIIOHATbHOCTI cynHa. Ilicns uux po3paxyHkiB OyJi0 MPOBEAECHO OLIHKY
MaHEBPEHUX XapaKTEPHUCTHK, KA Il 0A30BOTO Ta aJbTEPHATUBHOTO CYJIEH BKIIOYAE:
BU3HAYCHHS y3araJlbHeHUX 0€3p03MIpHUX MapaMeTpiB MPOIYJILCUBHUX KOMILIEKCIB, SIKI
CYTTE€BO BIUIMBAIOTh Ha JaHI XapaKTEPUCTHUKH, Ta 3HAWACHI 1X YMCENTbHI 3HAYCHHS,
NOPIBHSUIBHUN ~ aHa3  IHEpUIMHMX  XapaKTepUCTUK, [OKA3HUKIB  TPAEKTOPIl

MUPKYJISLMIKHOTO PyXy 1 TapamMeTpiB MaHEBpY «3Hr3ar» (BiAMIUEHO, IO CTYIIHb
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TIOTIPIICHHS HEBEJIMKA 1 3aJIMIIAEThCS B MEXKax, M0 PErJIAMEHTYIOThCs Perictpom) 3
KJIACUYHOI0  KOMITOHOBKOIO  €JIEKTPOCHEPTreTUYHOI  YCTAaHOBKH, MiAPYTIOIOYHMHU
NPUCTPOSIMA 1 PYIIIHHO-KEPMOBHMH Komiuiekcamu  Azipod. 3a pesyibratamu
MOPIBHSHOTO aHaJi3y IMiATBEPKEHO JOIIBHICTh Ta OOIPYHTOBAHICTH METOJIOJIOTI]
pO3MipHOT MOAEpHi3alii MacakKUPChKUX CYAEH, MPOJAEMOHCTPOBAaHO 30epekeHHs (y
JOMYyCTUMHUX MeXax) iX (YHKIIOHANBHOCTI M O€3MeKH Ta BIICYTHICTb CYTTEBUX
3arepedeHb 3 00Ky ii TEXHIYHO1 pearizallii.

HaykoBa HoBu3HAa. Bnepue po3pobaeno (ompumano): 1. HaykoBo-00rpyHTOBaHA

CTpaTeris Ta METOAOJIOT 1Sl PO3MIPHOI MOJIEpHI3allli NaCaXKUPCHKUX CY/IEH, B OCHOBY SKOI1,
Ha BIIMIHY BiJ] ICHYIOYHX OKpPEMHUX MPOUEAYp MOJEpHi3allii, MOKIaJeHO CYKYMHICTh
METO/IB IHTETPAIbHOI OLIHKM KPHUTEPIiB €KOHOMIYHOI €(EeKTUBHOCTI CyAHA, MHOro
(GYHKITIOHATBHOCTI, O€3MeKH CyJHa Ta CyJAHOIUIABCTBA. BiAMOBIAHO 0 CHUCTEMHOIO
MIJIXO0Y JI0 MPOoIecy MOJEpHi3allii, METoIn 00’ €HaH]1 Y €IUHY JIOT1YHY TOCIIiIOBHICTb,
110 ¢hopmye 171e€0JIOTTYHUN 0a3uc po3MipHOI MOJIepHI3allii, Ta JO3BOJISAIOTH OLIHIOBATH ii
JIOIIUTBHICTh, CBOEYACHICTh, 00’€M Ta €(EeKTHBHICTh EKCIUTyaTallli MOJEPHI30BaHOTO
CyJlHa Ha MpPOTs31 BCbOIO MO0 KUTTEBOrO IUKIY. 2. MeTon BU3HAYEHHS TPaHUYHOI
JOBXKMHU JOJIaTKOBOi BCTaBKH KOPIYCY, SKWH, Ha BIAMIHY BiJ BIIOMHUX CHOCOOIB,
noOy0BaHo Ha 0a3i IHTErpaIbHOI MOJIEIT pO3MIpHOT MojiepHi3allii. OcoOIuBICTh METOTY
B TOMY, II0 OCHOBHUMHU KPHUTEPISIMU SIKOCTI OOpPaHO E€KOHOMIYHI TOKa3HUKH, Ta
MOKa3HWKH, SKI perjaMeHTyrThcs MixkHapoaHowo KkoHBeHiiero SOLAS-74/78,
Konexcom 3abe3nedeHHs: ocTiitHOCTI cyAeH 1 Bumoramu KiacudikamiifHux TOBapHUCTB.
Meto nae€ MOXKIIMBICTh TEXHIKO-€KOHOMIYHOTO OOTPYHTYBAaHHS JIOBKUHH JOJAATKOBOI
BCTaBKM 3 YpaxyBaHHSM HEOOXIAHOCTI 3MiH VY (YHKIIOHAIBHOCTI, Oe3rmell,
BIJIMOBITHOCTI KpuTepito eHeproedexkTuBHocTi EEDI Ha nmpoTssi xutreBOro uumkiy,
MPOIYJIbCUBHOT yCTAaHOBKU, BIUIMBY TIOJOBXKEHHS CyJIHAa Ha WOro TEXHIYHI
xapaktepucTuku. 3. HaykoBo 0O0rpyHTOBaH1 3aKOHOMIPHOCTI BIUTUBY MOJIOBXKEHHS CyTHA
Ha MOro OCHOBHI TEXHIYHI MOKa3HUKHU B YMOBAX €KCILTyaTallii — pO3paxyHKOBI MOMEHTH
Ta TEpPEepi3yloun CUJTH, XOJIOBICTh, MAHEBPEHICTh, BIIMIHHOIO OCOOJIMBICTIO SIKUX €
BpaxyBaHHS JIOJAATKOBHX HABaHTAKEHb 3 OOKYy MOPCBHKOTO CEpEeNOBUINAa B YMOBax

eKCIUTyaTallii, 0 J03BOJISE BXKE€ Ha CTajli MPUUHSITTSA PINIEHHS IIOAO JOIIIBLHOCTI
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MOJIEpHIi3allii, Mopsii 3 €KOHOMIYHMMH TOKa3HUKAaMH, OI[IHIOBATH MOXJIMBI 3MIHHU Y
dbyHKIIOHATBHOCTI cyAeH. 4. Meton onTuMizallii JIOBXXKMHHM JIOJJATKOBOI BCTaBKH,
OCOOJIUBICTIO SIKOTO € T€, IO B MPOILIECI MOLIYKY HaKpamoro eKOHOMIYHOTO PillIeHHS,
BPaxOBYIOThCS, Y SIKOCTI OOMEXKeHb, IOKAa3HUKH (YHKI[IOHATBLHOCTI Ta OE3MeKu
eKCIUTyaTallii cyieH. MeTo J03BOJIs€ BIIIITYKOBYBAaTH PO3MIp JOJATKOBOI BCTABKH, SIKIH
3a0e3reyye HaMIINII eKOHOMIYHI MOKa3HUKHU MOJANIbIIO] eKCIUTyaTallii macakupPChKUX
CYJIeH, 3 YpaxyBaHHSM TE€XHIYHUX Ta €KOJOTIYHUX ACIEKTIB. 5. METOaM OI[IHKH BILIUBY
KOHCTPYKTHUBHOI MOJIEpHi3alii CyJeH Ha TOKa3HHWKH SKOCTI BUKOHAHHS MaHEBPECHHX
omnepartiiii. OcoOJMBICTE METOJIIB Y TOMY, IO MOKA3HUKU SKOCTI CyJHA Ta MOKa3HUKHU
po0OOTH BCIX CKIIQJOBUX CYJAHOBOI €JIEKTPOCHEPTreTUUHOI yCTaHOBKH, BKItoyatoun [1I1 ta
PKK Azipod, o1iHIOIOTECS 3 ypaxyBaHHAM CyMICHOI iX poOOTH 3 KOPIIyCOM CyJHa, Ta 3
ypaxyBaHHSM e(eKTiB iX B3aeMOii M’k c00010. MeToiu 1at0Th MOKIIMBICTh OI[IHIOBATH
3JIaTHICTh €JIEKTPOCHEPIETUYHOI YCTAHOBKH 11010 3a0€3ME€UYCHHS] B YMOBAX €KCIUTyaTallii
e(peKTUBHOTO Ta 0€31eYHOro (PyHKIIOHYBAHHS MOACPHI30BAHUX CYEH.

Ompumano nodanvuwiuti possumok: 1. Meroa NPUCKOPEHOTO BU3HAYEHHS Ha

BTOMHY MIIHICTh BIAMOBIAAJIBHUX CYJHOBMX KOHCTPYKIIiH, sSKHM 3a0e3nedye
MIPUCKOPEHY OIIIHKY XapaKTEPUCTHK OMOPY BTOM1 €JIEMEHTIB KOHCTPYKIIiT KOPITYyCY CyTHA
MpU MOro PEKOHCTPYKIIIT 1 MOJIepHi3alii. 2. MaremMaTu4yH1 MOJiell IEPEX1THUX PEKUMIB
MPOMYJIbCUBHUX KOMILUIEKCIB MAaCaXUPChKUX CYJIeH, 0COOJUBOIO BIJIMIHHICTIO SIKUX € T€,
[0 BOHU: BKJIIOYAIOTh BCl BaplaHTH KOMIIOHOBKH €JIEKTPOEHEPTreTUYHOI YCTaHOBKH;
BPaxOBYIOTh TIAPOAMHAMIYHI MPOLECH B3aEMOAIl pyIIiB 3 KOPIYCOM CY/HA;
noOyJI0OBaHUX 32 KPUTEPISIMU TUHAMIYHOI MOAIOHOCTI Ta y3arajlbHeHUX Oe3pO3MIpHUX
napameTpiB MPOIMYJILCUBHUX KOMIUIEKCIB. Lle m03Boiisie oXorumoBaTH pe3yjbTaTaMu
JOCITIKEHb BEJTMKUI KJac Cy/eH, MPOBOJIUTH IIUPOKI y3arajabHEHHs Ta MPOTHO3YBaTH
MOBEIHKY CyJIeH Ha MaHeBpax. 3. MeToau OlIHKYU BIUTUBY BITPOBOTO HABAaHTAKCHHS Ha
MaHEBPEHI BJIACTUBOCTI CYJIH, BIJIMIHHOIO OCOOJMBICTIO SIKUX € MOJXIJIUBICTh
BpaxyBaHHS 3JaTHOCTI TpeOHOI eJIEKTPOEHEPreTUYHOI YCTAaHOBKU 3a0€3MEeYUTH
BUKOHAHHS OCHOBHUX MaHEBPIB 3 ypaxyBaHHsIM BUMOr CTaHAapTy MaHEBPEHOCTI 11010
KEpOBaHOCTI CyleH. 4. MeToau 1MITaliHOTO MOJCIIOBAHHS TEPEXiAHUX PEKUMIB

IPOMYJBCUBHUX KOMIUIEKCIB CYJEH 3 €JEKTPOPYXOM Ha OCHOBHHUX EKCIUTyaTal[liHHX
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pexrumax poOOTH, OCOOJHUBICTIO SAKHUX € MOJIMUBICTh B KIJIBKICHOI OIIIHKH PEKUMHHX
MOKa3HUKIB Ta TIOKa3HUKIB SIKOCTI MAHEBPYBaHHS BCIX CKJIQJI0OBUX YaCTHH KOMIUICKCIB 3
Bi3yasi3alllel0 TpoIecy MaHeBpyBaHHA. Mojem  3a0e3neuyroTh  MOXIIMBICTD
JOCTIDKEHHSI MaHEBPEHUX pPEXHUMIB POOOTH CyIeH 3 OJIHOYACHUM KOHTPOJIEM
MOKA3HUKIB 1X JIEKTPOCHEPTEeTHUYHUX YCTAaHOBOK.

Yoockonaneno: 1. CykymHICTh KpHUTEpIiB OINIHKA SKOCTI EKCILTyaTarlii

NACaXUPCHKUX CYACH, SKa CYTTEBO pO3IIMPEHA 3a PAXyHOK BKJIIOYEHHS KpiM
CeKOHOMIYHHUX, TaKOXX ¥ IMOKa3HMUKIB TEXHIYHOi €(eKTUBHOCTI, (HYHKIIOHAIBHOCTI Ta
Oe3IeKr eKcIuTyaTallii, o 3abe3neuye KOMIUIEKCHUM TIX1] 10 OIIHKK JOIIBHOCTI Ta
TEXHIYHOI ~ MOMUJIMBOCTI  peami3amii  MojepHizamii. 2. Meroau po3paxyHKy
TIAPOAMHAMIYHUX TPOLIECIB B3a€EMOJII PYILIIiB Migpyorounx npuctpoiB ta PKK 3
30BHILIHBOIO CEPEIOI0 Ta 3 KOPITYCOM CYy/IHA, 3 ypaXyBaHHSM 3MiH [P MaHEBPYBaHHI 1
napameTpiB yOPABIIHHS, 1 OCHOBHUX PO3PaxXyHKOBUX KOE(ILIEHTIB, IO JI03BOJISE
OLIIHIOBATH NMOKA3HUKH MAHEBPEHOCTI Cy/I€H HA MEPEXITHUX PEKUMAX.

IpakTuyna 3HaumMmicTh. HaykoBi pesynbrat, mo Oylid OTpMMaHi B X0/l
NPOBEJCHUX JOCIIPKeHb, TOKIAJCHO B  OCHOBY MOOYJOBH HHU3KH TMPAKTUIHHUX
pe3ynbTaTiB, IKi POPMYIOTH CUCTEMY MIATPUMKHU MPUAHATTS PIllICHb MPU OpraHizallii Ta
yIpaBJIiHHI MOJIEPHI3AIlI€I0 MACAKUPCHKUX CcylieH. OcHOBHI 3 HuX: 1. MeToaomoriuHi
OCHOBHU MOJIEpHi3allii, o0 po3pobseHi B poOoTi (GOpMYyIOTh MOCHTIOBHUHN JAHIIOKOK
PO3paxyHKOBHUX TPOLIEAYP, SAKIA CIiJ MOKJIACTH B OCHOBY OpraHi3arlii, yrpaBJIiHHS Ta
KOHTPOJIIO TEXHIYHOI peasizallii mpoiecy MOJEpHi3allii macaXupchbkux cyleH. BoHu
JIO3BOJISIIOTH OIIHIOBATH JOIIbHICTH, CBOEYACHICTH Ta 00'eM MojepHizallii. ['oJoBHUMEU
KpUTEPISIMUA € €KOHOMIYHI MoKa3HuKU. [lokazHuku (GyHKIIOHATHHOCTI, O€3MEeKH CyaHa
BUKOHYIOTh (DYHKIIi 0OOMEXeHb. 2. MeTou po3paxyHKy 3arajibHOi MIITHOCTI KOPITYCY
JI03BOJISIIOTH PO3PAaxOBYBATH CTYMiHb BIUIMBY IOJOBKEHHS Cy/IHa Ha HWOTO 3arajibHy
MO3JOBXHIO MIIIHOCTI, BPaxOBYIOUM YMOBM €KCIUIyartaiii Ta OOOB’S3KOBI HOPMHU
3a0e3MeUeHHs] MIIHOCTI (TIpU MPOTWHI i MEeperuHi), MiHIMaJIbHOIO MOMEHTY OIOpY,
MOMEHTY 1HepIii mnepeTuHy Kopmycy. 3. MeTon NpUCKOPEHOTO BHU3HAYEHHS
XapaKTEPUCTUK OMOPY BTOMI €JIEMEHTIB KOPIYCHUX KOHCTPYKUIA (X TpaHUYHHX

HaIPY>KEHb ) MPY MPOBEJEHH1 BIAMOBIAHUX POOIT 3 TX PEKOHCTPYKIIiT CTBOPIOE YMOBH JIJIs
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3a0€3IeUeHHsI JJOKAJIbHOI MIIHOCTI Koprycy. 4. MeTou OLiHKHM BIUIMBY IOJOBXEHHS
KOpITyCy Ha OYKCHUPYBaJIbHUN OMIp Ta MPOIYJIbCUBHUN KOCPIIIEHT Jal0Th MOXKIIUBICTh
pO3paxoByBaTH OCHOBHHH €KCIUTyaTalliMHWM TMOKa3HWK CyJHA — XOJOBICTb.
PexomeHpariii mo po3paxyHKy OCTIHHOCTI Ta €(EKTHUBHOCTI CTEPHOBHX HPUCTPOIB
3a0e3MevyI0Th OLIHKY MOXJIMBHX 3MiH B Oe3Meli cyAHa. 5. 3acTOCyBaHHS PIIIEHHS 11010
BU3HAUEHHS  TPAaHUYHOI  JOBXKMHU  Cy/JHA 32  KpuUTepieM  3a0e3nedeHHs
eHEeproe(eKTUBHOCTI JI03BOJIMTh BH3HAYaTH B MPOIECI MOJEpHi3alii abo moOyaoBU
HOBHX CyJ€H MIHIMaJbHY JOBXHUHY (pO3MipH) CyJEeH y BiMOBIAHOCTI 0 HOPMAaTUBHO-
MPaBOBUX JOKYMEHTIB MIDKHApOIHOT MOPCHKOI oOpraizaimii (SKi perjiaMeHTYIOTh
MpOIICAYPH 1 MpaBHIIa, TOB’sI3aH1 3 3aXUCTOM Ta JIKBIJIAIIEI0 3a0pYIHEHHS MOPCHKOTO
cepenoBumia). Ilpomemypa po3paxyHKy BpaxoBy€ e€Tamud Ta TEMIOU 3MEHIICHHS
rpaanyHuX 3HauyeHHs [EEDI] ma mpotsa3i skurTeBoro mmMkiay cynaHa. 6. Po3poGieno
KOMILJIEKT TPUKIATHAX TPOrpaM  pO3paxyHKy pEeKHUMIB  poOOTH  CyIHOBHUX
MPOITYILCUBHUX KOMILIEKCIB HA OCHOBHUX MaHeBpax. Lle mae MOKIUBICTh 3a3/1alIeriib,
Opy BU3HAYEHHI JOLUIBHOTO CTYIIEHIO TIOJIOBXKEHHS, pO3pPaxOByBaTU MaHEBPEHI
BJIACTUBOCTI CYJI€H Ta MPOTHO3YBAaTH iX 3MiHU, OLIIHIOBATH MOXJIMBOCTI €HEPTreTUYHOI
YCTaHOBKHU CYJIHA 00 3a0e3neueHHs oro GpyHkiioHanbHOCTI. /. OCHOBHI MPaKTHYHI
pe3yibTaTH JOCHIIKEHb BIPOBADKEHI Yy MPAKTUUYHY JiSJIBHICTh CYAHOOYIBHUX,
CYTHOPEMOHTHHX  TIJANPHUEMCTB, MPOCKTHO-KOHCTPYKTOPCHKUX YCTaHOB Ta B
HAaBYAJIBHUM TIPOIIEC.

KuirouoBi ci10Ba: e(heKTUBHICTD, TEXHIYHA EKCIUTyaTallisl, MOPChKI CyJIHA, PEMOHT,
PEKOHCTPYKIIiSl, MOJAEPHI3aIlisl, MPOMYJIbCUBHUM KOMIUJIEKC, €HEepPreTuYHa YCTaHOBKA,
MaTeMaTUYHE MOJICTIOBaHHS, Oe3MeuyHe BUKOPUCTAaHHSA, 3aco0M  TPaAHCIOPTY,

MaHEBPYBaHHS.

ANNOTATION
Shumylo O.M. Methodological foundations of dimensional modernization of
passenger ships to increase the efficiency of their operation. — Qualification scientific

work in the form of a manuscript.
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The dissertation solves the current problem of increasing the efficiency of
passenger ship operation using dimensional modernization, which is important for
ensuring the effective functioning of the maritime passenger fleet, which creates
conditions for their further highly efficient use during certain stages of the life cycle,
providing for the renewal of the ship, increasing passenger capacity with additional profit,
and studying system properties and technical solutions in accordance with modern
standards in shipping. The problem is solved on the basis of creating new and improving
existing strategies, methods, and models that form a new methodology of dimensional
modernization, based on an integrated consideration of modern concepts for ensuring
safety, economy, efficiency, and environmental friendliness.

From a critical analysis of the existing state of ways to increase the efficiency of
the operation of sea passenger vessels, a relevant scientific and technical problem has
been formulated - the state of development of theoretical and practical methods, methods
and solutions, the ability of their rational application to substantiate technical solutions to
increase the efficiency of the operation of sea passenger vessels by carrying out their
dimensional modernization, as well as their ability to unambiguously influence the
increase in the efficiency of their operation within the framework of ensuring technical
and operational and technical and economic requirements.

It has been established that the development of directions and methods for
increasing the efficiency of the operation of sea passenger vessels encounters a system of
complex technical, operational, and technical and economic factors characterized by
corresponding contradictions, discrepancies, inconsistencies, and antagonisms.
Formulated unresolved scientific contradictions - at present, firstly, there are no
scientifically based methods to significantly reduce the rate of decline in profitability (i.e.
efficiency) of vessels in operation; secondly, there are no scientifically based methods to
significantly reduce the rate of growth in vessel operating costs. The unsolved nature of

these problems is caused by the same scientific contradiction that does not allow to



16
increase the time in which the ship will remain competitive. At a certain point in its life

cycle, the profit from the operation of a cruise ship drops so much that the question arises
as to the feasibility of its continuation.

Based on the existing practice of dimensional modernization of vessels, a
hypothesis is put forward: timely and technically and economically justified lengthening
of the vessel's hull will allow to significantly increase (due to an increase in passengers)
the income from its operation, without significantly increasing operating costs. As a
result, for a certain period of the vessel's life cycle, profits and profitability increase again
and its competitiveness is restored. A scientifically sound methodology for implementing
this hypothesis will help to eliminate the highlighted scientific contradiction and increase
the efficiency of cruise liner operations.

The aim of the work is to increase the efficiency of vessel operation using a
scientifically based strategy and methodology of dimensional modernization, taking into
account the admissibility of relevant design changes and the capabilities of the propulsion
power plant. Achieving the set goal requires the formulation and solution of the following
interrelated tasks: establishing possible ways to increase the efficiency of cruise ship
operation with an analysis of their contradictions, and building a scientifically based
modernization strategy to increase their efficiency through dimensional modernization;
feasibility study, choice of time in the life cycle, and quantitative parameters of
dimensional modernization, and development of a scientifically based methodology for
ship hull modernization; development of methods for assessing the admissibility of hull
lengthening within the target limits according to the criterion of the overall longitudinal
strength of the ship hull, and their local strength according to the criterion of ensuring the
required level of fatigue resistance characteristics of their responsible elements; building
methods for assessing the impact of hull lengthening on the seaworthiness of ships, the
efficiency of control devices, and the energy efficiency of the ship; development of a
mathematical model and methods for studying transient operating modes of propulsion
systems of electric vessels of the cruise fleet during maneuvers; development of methods
for calculating operating parameters and maneuvering quality indicators of electric

vessels with a classical arrangement of an electric power rowing installation as part of the
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propulsion complex - for assessing the maneuvering quality indicators of electric vessels

and loads on the electric power installation; development of methods for calculating
operating parameters and maneuvering quality indicators of electric vessels with active
ship motion control systems and AZIPOD propulsion and steering complexes as part of
the propulsion complex - for assessing the maneuvering quality indicators of electric
vessels and loads on the electric power installation; experimental confirmation of the
reliability of the developed modernization methodology, research methods and the
feasibility of timely lengthening of the electric vessel hull to increase the efficiency of its
operation.

The object of research is the processes of managing the dimensional modernization
of electric passenger ships in order to increase the efficiency of their operation.

The subject of the research is the methodological foundations of ship
modernization with scientific and technical justification of expedient changes in their
design parameters, and the study of the patterns of influence of these changes on the
technical condition of ships, which creates conditions for their highly efficient operation.
The scientific value of the research is determined by the solution of the main scientific
tasks.

In the dissertation work, in the process of solving the tasks set, theoretical,
numerical and experimental research methods are used in combination: system analysis -
for the technical and economic justification of the feasibility, the choice of time in the life
cycle, and the quantitative parameters of dimensional modernization, the creation of an
integral model of substantiation of the dimensional modernization of a passenger ship;
strength theories (as applied to the ship's hull) - for determining the limiting size of the
ship and the length of the cylindrical insert (according to the criterion of overall strength)
and assessing the fatigue resistance of ship structural elements (according to the criterion
of local strength); ship theory - for determining the influence of the ship's seaworthiness
on the maximum value to which it is possible to lengthen the ship; correlation-regression
analysis - for determining the parameters of the fatigue curve of ship structures when
assessing the influence of ship lengthening on the local strength of its hull; numerical

(numerical) analysis - for solving differential equations in the method of studying the
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transient regimes of propulsion complexes, recalculating the parameters of fatigue curves

based on the integral approach in the accelerated method of determining the
characteristics of fatigue resistance of elements of ship hull structures; inductive and
deductive methods, systems approach and the provisions of the theory of dynamic
similarity - for building a mathematical model of transient processes in propulsion
complexes of electric ships; simulation modeling - for describing transient processes in
propulsion complexes of electric ships, which was developed by the author in the JAVA
language, when analyzing the maneuvering characteristics of electric ships and
visualizing the maneuvering results.

The first chapter provides a general analysis of the state and presents existing
problems in increasing the efficiency of the operation of sea passenger ships. The main
problems identified are related to increasing operational efficiency, overcoming the
economic obsolescence of passenger ships, and restoring the competitiveness of shipping
companies, which arise as a result of the growth in the number of passengers on cruise
lines and the inability of the company's ships to meet this demand. A hypothesis of
scientific research has been put forward, which assumes that timely, technically and
economically justified lengthening of the ship's hull will allow for a certain period of the
life cycle to again increase the efficiency of ship operation. It is noted that increasing the
efficiency of operation, reducing the impact of economic obsolescence, which consists in
the mismatch of the passenger capacity of the vessels of a given shipping company with
the increase in demand for sea cruises, can be rationally carried out using such a type of
modernization as conversion, which is carried out with an increase in the size of the hull,
also known as dimensional modernization. An analysis of literary sources was conducted
on increasing the efficiency of the use of sea vessels, and the application of methods for
determining the degree of vessel elongation with an assessment of their advantages and
disadvantages. Technical and economic indicators of modernization efficiency have been
determined, forming an integrated system that reflects the results of technical and
commercial operation of vessels and safety indicators. It is shown that a single theoretical
basis for dimensional modernization of ships has not been developed, individual

theoretical provisions lag behind the implemented practical developments, which
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emphasizes the need to solve the problem of creating a single methodology for

dimensional modernization of ships, which will increase the quality of the general level
of theoretical developments, create a theoretical basis for the modernization of sea
passenger ships.

The second chapter presents the methods used in the study to analyze the feasibility
study of the dimensional modernization of passenger ships and its methodological
foundations. A comprehensive assessment of the effectiveness of ensuring the operational
properties of the vessel under the influence of dimensional modernization was carried out
using qualimetric indicators of the vessel's quality and the construction of a corresponding
tree of seaworthiness properties, engineering characteristics of the vessel, and indicators
of operational efficiency. The properties of the proposed tree are structured, which serve
as the basis for creating a system for conducting dimensional modernization of a
passenger ship, the first step of which is the formulation of a set of goals - a tree of goals
and tasks generated by them. In accordance with the goals set, they cover the main
economic indicators of vessel operation, functionality criteria, and safety criteria for
technical operation. A goal tree has been formed, which defines goals, subgoals, and the
set of tasks related to substantiating the feasibility of dimensional modernization. A
methodology has been created for substantiating the dimensional modernization of
passenger ships, which is based on an integral consideration of all characteristics and
requirements of technical operation, taking into account increased economic efficiency,
increased or unchanged safety and functionality. A mathematical model of the
dimensional modernization of a cruise ship has been created, which includes: a submodel
of passenger ship and shipping safety that implements the key conditions for its
implementation - conditions of hull strength, fire safety, ensuring stability, unsinkability,
life-saving equipment for passengers and crew members, and environmental friendliness.
which is regulated by the rules of the International Conventions SOLAS-74/78,
MARPOL-73/78, and the Register of Shipping; The submodel of the functionality of a
passenger ship determines the ability to perform operational functions, therefore,
important requirements for the implementation of the model are the conditions of

suitability of the ports of call and the shipyard of the shipbuilding company that carries



20
out the modernization, ensuring the ship's maneuverability and maneuverability,

performing the mass equation, ensuring the permissible depth of immersion of the
propeller, autonomy and sailing range, preventing slamming, continuity of the hull flow,
sufficient capacity of ballast tanks, suitability of engineering equipment (main, auxiliary);
the submodel of economic efficiency plays a major role in determining the economic
indicators of the modernized ship's activities - income, expenses, profits, the analysis of
which allows making a final decision on the new length of the ship - the length of the
cylindrical insert. The main role in the procedures for finding the best option for
lengthening the hull is played by the economic performance indicators of the modernized
vessel. The safety and functionality of the vessel are used as constraints. The results of
the section constitute the ideological basis of the methodology for dimensional
modernization of sea passenger vessels, which is built on a comprehensive approach to
assessing the feasibility and quality of dimensional modernization of vessels, taking into
account its economic and functional goals and navigation safety.

The third chapter proposes a set of new and improved solutions for determining
the maximum length of a vessel and the cylindrical insert of its hull during dimensional
modernization, which are based on meeting the requirements of the Shipping Register for
ensuring the overall longitudinal strength of the hull and its local (local) strength. This is
related to conducting a study to assess the regularity of changes in the main force factors
caused by changes in length, design loads, sea-induced wave bending moments and
shearing forces in the cross-section of the midship frame in calm water, with deflection
and buckling of the hull, as well as an assessment of the wave coefficients that are directly
applied to them. Based on the conditions of the overall longitudinal strength of the hull,
a solution is proposed for determining the limiting size of the cylindrical insert according
to the strength criterion: during buckling, hull deflection, and in still water.

Within the framework of the task of calculating the fatigue (local) strength of the
corresponding ship structures when determining the ultimate stresses, an improvement
was made to the method of accelerated determination of the fatigue resistance

characteristics of these structures, which is based on the use of two models of fatigue
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curves that obey the power equation and the Weibull equation with subsequent

recalculation of the parameters of these curves using the integral method.

The fourth chapter is devoted to the analysis of changes in the seaworthiness of the
vessel, which are significantly affected and require special assessment when carrying out
dimensional modernization, as they affect safety, quality of operation, efficiency of the
vessel and compliance with environmental requirements, and are regulated by the rules
of international conventions and the Register of Shipping. New solutions are proposed
for assessing the maximum (permissible) length of a modernized vessel according to the
criteria for ensuring: maneuverability, stability, maneuverability (efficiency of using the
rudder), environmental friendliness (energy efficiency) with comprehensive research into
the factors that determine them.

In the fifth chapter, mathematical models and methods for studying the transient
regimes of propulsion systems of passenger ships during maneuvering are developed.
Based on the obtained mathematical description of transient and steady-state operating
modes, simulation models for analyzing the maneuvering characteristics of propulsion
systems of electric ships are developed. The models are developed in JAVA. The
reliability of mathematical models and methods for calculating transient regimes is
proven by a comparative analysis of the results of calculations with natural tests. The
developed mathematical apparatus makes it possible to conduct a comprehensive analysis
of the behavior of passenger ships during maneuvers.

In the sixth chapter, methods for assessing the influence of the parameters of the
propulsion complex on the maneuvering characteristics of passenger ships with a classic
layout of the power plant were developed, which reflected the performance of the main
maneuvers regulated by the maneuverability standard in accordance with the Resolutions
of the Maritime Safety Committee MSC.137(76) - inertial properties of the ship during
acceleration-braking, movement in circulation, “zigzag" movement (Kempfon's zigzag).
A feature of the method, in addition to assessing the maneuvering characteristics, is the
prediction of the capabilities of the ship's power plant, which can, firstly, lead to its

overload (and failure to perform the maneuver), and secondly, worsen the
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maneuverability of ships. Therefore, when analyzing the maneuvering characteristics, the

indicators of the power plant are necessarily monitored.

In the seventh chapter, methods for studying the maneuvering characteristics of
propulsive complexes with thrusters (PT) and with Azipod propulsion and steering
complexes (RSC) are created. The main purpose of the methods is to assess the
maneuvering characteristics of vessels with modern electric propulsion systems. The
developed method for modeling maneuvering modes allows assessing the maneuvering
properties of vessels with Azipod propulsion and RSC with simultaneous control of the
load on the power elements of the ship's electrical power plant.

In the mathematical model of transient operating modes, the processes in the
electric motor are presented taking into account the hydrodynamic processes of the
interaction of their propellers with the hull of the vessel, and the suction effect during the
interaction of the water jet flowing out of the electric motor channel with the water flow
flowing into the jet at the speed of the vessel. Studies have shown that the maneuverability
characteristics of vessels are significantly influenced by: the share of the power of the
electric motor of the electric motor; the initial speed of the vessel; the design parameters
of the hull of the electric motor and its electric power plant.

The maneuverability properties of passenger ships equipped with the Azipod are
illustrated, the current values of the main operating parameters of the SEEU are given.
The influence of the speed of movement and the angle of rotation of the RCC nacelle on
the main maneuverability characteristics and operating parameters of the ship is
investigated - it is confirmed that when entering circulation at high speeds, it is necessary
to limit both the angle of rotation of the Azipod and its speed of rotation, the permissible
limits of these values are established by modeling.

In the eighth chapter, the reliability of the models and methods that make up the
developed dimensional modernization methodology was verified. Such modernization
was performed for vessels that are in operation. The assessment of the vessel's
maneuvering characteristics was carried out in two versions - the basic (non-lengthened)
and alternative (lengthened) vessel. The application of the methodology allowed, using

the optimization procedure, to determine the length of the cylindrical insert that best
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corresponded to the economic indicators of the vessel's activity, where the constraints of

the objective function were the insert lengths allowed by the conditions of safety and
functionality of the vessel. After these calculations, an assessment of the maneuvering
characteristics was carried out, which for the basic and alternative vessels includes:
determining the generalized dimensionless parameters of the propulsive complexes that
significantly affect these characteristics, and finding their numerical values; comparative
analysis of inertial characteristics, indicators of the trajectory of circulation movement
and parameters of the "zigzag" maneuver (it is noted that the degree of deterioration is
small and remains within the limits regulated by the Register) with the classical layout of
the power plant, thrusters and Azipod propulsion and steering complexes. The results of
the comparative analysis confirmed the feasibility and validity of the methodology for
dimensional modernization of passenger ships, demonstrated the preservation (within
permissible limits) of their functionality and safety and the absence of significant
objections to its technical implementation.

A scientific innovation. First developed: 1. A scientifically based strategy and
methodology for dimensional modernization of passenger ships, which, unlike existing
separate modernization procedures, is based on a set of methods for integral assessment
of the criteria of economic efficiency of the ship, its functionality, safety of the ship and
navigation. In accordance with the systemic approach to the modernization process, the
methods are combined into a single logical sequence that forms the ideological basis of
dimensional modernization, which allows assessing its feasibility, timeliness, volume and
efficiency of operation of the modernized ship throughout its entire life cycle. 2. The
method for determining the maximum length of an additional hull insert, which, unlike
known methods, is built on the basis of an integral model of dimensional modernization.
The peculiarity of the method is that the main quality criteria are economic indicators and
indicators regulated by the International Convention (SOLAS-74/78), the Code for
Ensuring the Stability of Ships and the Register of Shipping. The method allows for a
feasibility study of the length of an additional insert, taking into account the need for
changes in the propulsion system, the impact of the vessel's lengthening on its technical

characteristics, functionality, safety, and compliance with the EEDI energy efficiency
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criterion throughout the life cycle. 3. Specific relationships have been investigated and

new patterns have been established between the degree of vessel elongation and its main
technical indicators — design moments and shearing forces, speed, maneuverability, a
distinctive feature of which is the consideration of additional loads from the marine
environment under operating conditions, which allows, along with economic indicators,
to assess possible changes in the functionality of vessels already at the stage of making a
decision on the feasibility of modernization. 4. Method for optimizing the length of the
additional insert, the peculiarity of which is that in the process of finding the best
economic solution, the indicators of functionality and safety of vessel operation are taken
into account as constraints. The method allows finding the size of the additional insert,
which provides the best economic indicators of the further operation of passenger vessels,
taking into account technical and environmental aspects. 5. Methods for assessing the
impact of structural modernization of vessels on the quality indicators of maneuvering
operations. The peculiarity of the methods is that the quality indicators of the vessel and
the performance indicators of all components of the ship's electrical power plant,
including thrusters and Azipod propulsion systems, are assessed taking into account their
compatible operation with the vessel's hull, and taking into account the effects of their
interaction with each other. The methods make it possible to assess the ability of the
electrical power plant to ensure the effective and safe functioning of the modernized

vessels under operating conditions. Further development was made: 1. The method for

accelerated determination of fatigue strength of critical ship structures, which provides
an accelerated assessment of the fatigue resistance characteristics of ship hull structural
elements during their reconstruction and modernization. 2. Mathematical models of
transient regimes of propulsion systems of passenger ships, the special difference of
which is that they: include all variants of the layout of the power plant; take into account
the hydrodynamic processes of interaction of the engines with the ship's hull; are built
using the criteria of dynamic similarity and generalized dimensionless parameters of
propulsion systems. This allows the results of the research to cover a large class of ships,
make broad generalizations and predict the behavior of ships during maneuvers. 3.

Methods for assessing the impact of wind load on the maneuverability of vessels, a
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distinctive feature of which is the ability to take into account the ability of the rowing

power plant to ensure the performance of basic maneuvers, taking into account the
requirements of the Maneuverability Standard for vessel controllability. 4. Methods of
simulation modeling of transient modes of propulsion complexes of vessels with electric
propulsion at the main operational modes of operation, the peculiarity of which is the
possibility of quantitative assessment of regime indicators and maneuvering quality
indicators of all components of the complexes with visualization of the maneuvering
process. The models provide the possibility of studying maneuvering modes of vessels
with simultaneous control of the indicators of their electric power installations. Improved:
1. A set of criteria for assessing the quality of operation of passenger ships, which is
significantly expanded by including, in addition to economic indicators, also indicators
of technical efficiency, functionality and operational safety, which provides a
comprehensive approach to assessing the feasibility and technical feasibility of
implementing modernization. 2. Methods for calculating hydrodynamic processes of
interaction of thruster engines and Azipod with the external environment and with the
ship's hull, taking into account changes in maneuvering and control parameters, and basic
calculation coefficients, which allows assessing the maneuverability indicators of ships
in transitional modes.

Practical significance. The scientific results obtained in the course of the research
were used as the basis for building a number of practical results that form a decision-
making support system for organizing and managing the modernization of passenger
ships. The main ones are: 1. The methodological foundations of modernization,
developed in the work, form a sequential chain of calculation procedures, which should
be the basis for organizing, managing and controlling the technical implementation of the
modernization process of passenger ships. They allow assessing the feasibility, timeliness
and scope of modernization. The main criteria are economic indicators. Indicators of
functionality, safety of the ship and navigation perform the functions of restrictions. 2.
Methods for calculating the overall strength of the hull allow calculating the degree of
influence of the vessel's elongation on its overall longitudinal strength, taking into

account operating conditions and mandatory standards for ensuring strength (during
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deflection and buckling), minimum moment of resistance, and moment of inertia of the

hull section. 3. Methods for assessing the impact of hull lengthening on towing resistance
and propulsive coefficient make it possible to calculate the main operational indicator of
the vessel - maneuverability. Recommendations for calculating stability and the
efficiency of steering devices provide an assessment of possible changes in the safety of
the vessel. 4. The application of the decision to determine the maximum length of a vessel
based on the criterion of ensuring energy efficiency will allow determining, during the
modernization or construction of new vessels, the minimum length (dimensions) of
vessels in accordance with the regulatory documents of the International Maritime
Organization (which regulate procedures and rules related to the protection and
elimination of pollution of the marine environment). The calculation procedure takes into
account the stages and rates of reduction of the limit values [EEDI] throughout the life
cycle of the vessel. 5. A set of application programs for calculating the operating modes
of ship propulsion systems during basic maneuvers has been developed. This makes it
possible in advance, when determining the appropriate degree of elongation, to calculate
the maneuvering properties of ships and predict their changes, and to assess the
capabilities of the ship's power plant to ensure its functionality. 6. The main practical
results of the research are implemented in the practical activities of design institutions
and in the educational process.

Keywords: efficiency, technical operation, seagoing vessels, repair,
reconstruction, modernization, propulsion complex, power plant, mathematical

modeling, safe use, means of transport, maneuvering..
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https://ksma.ks.ua/wp-content/uploads/2021/02/seutto_2019_.pdf
https://ksma.ks.ua/wp-content/uploads/2021/02/seutto_2019_.pdf
http://2021.depas.od.ua/ru/glavnaya/
https://drive.google.com/file/d/1LMdhwa4XFEY-96aLSlpraRg7Q6pcUM70/view
https://drive.google.com/file/d/1LMdhwa4XFEY-96aLSlpraRg7Q6pcUM70/view
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OnecbKOro HaI[lOHaJILHOTO MOPChKOro yHiBepcutery MP&0-2021 (c. 185-189).

Onecpkuii HalliOHAJILHUI MOPCHKUH yHIBepcuTeT. http://2021.depas.od.ua/ru/glavnaya/
https://drive.google.com/file/d/1QUUwWx2U1AqWVEaPIDNB_DVMI6MX2Awgv/view

— npoBedeHo eepudikayiro pe3yibmamis eKCnepuMeHmis i HA0aHO OYIHKY GIOHOCHUX
HOXUOOK 008206IUHOCTeEl Oemainell 3a KpUBoio 6momu

48. Wymunao O.M., KononoBa O.M., bapa6ona K.}O. (2021). 3actocyBanHus
KPUBOI1 BTOMH HOBO1 ()OpMU MPH OIIIHII MIIIHOCTI Cy/THOBUX KOHCTPYKIIii. Marepianu 12
MDKHApOJIHOT HAyKOBO-TIPAaKTHUHOI KOoH(pepeHili CyyacHl eHepreTuyHl yCTaHOBKU Ha
TPAHCIOPTI, TEXHOJIOrIl Ta obmamHaHHs 1A iX oocimyroByBanHs CEYTTOO-2021 (c.
206-208). XepcoHchka Jiep>kaBHa MOpchbKa  akajgemis.  https://ksma.ks.ua/wp-
content/uploads/2021/09/%D0%97%D0%B1%D1%96%D1%80%D0%BD%D0%B8%
D0%BA-%D0%A1%D0%95%D0%A3%D0%A2%D0%A2%D0%9E%D0%9E-

2021.pdf— 3anpononosano eukopucmanms 6 po3paxynkax Ha 6MOMHY MIYHICMb KPUBY
8MOMU HOBOI hopMU, WO CKAAOAEMbCS 3 080X OLISIHOK - NPABoi, NiONopsoKo8aHOi
pieuanuto Betibynna, i 1i6oi - cmenenesomy piGHAHHIO

49. KonommeoB A.B., lllymmao O.M., KononoBa O.M., Uepemapuyk H.IL.,
["anescekuit B.B., Poxko O.K., ApnentseBa B.O. (2021). 3B's130k BUIIaIKOBOT TOXUOKH
3 PO3CIIOBAHHSAM pEe3yJIbTaTiB BUIPOOYBaHb Ha OMIp BTOMHM Ta KUTHKICTIO BUTTPOOYBAHUX
00'ekTiB. MiXkHapoHa HayKOBO-TIpakTH4Ha KOH(epeHiis «CydacHi TeHeHli B O13HeCl
Ta MEHEKMEHTI: Teopis 1 mpakTuka» (¢.157-160). Oxgechkuii HAIIOHATBHUN MOPCHKUN
YHIBEPCUTET

https://onmu.odessa.ua/images/university/news/conf buss art aut 2021.pdf —

3anponoHO8aHO 3aCMOCy8amu aHATTMUYHI MEmMOOU PO3PAXYHKY CYOHOBUX KOHCMPYKYIU
3 3aCMOCY8anHAM meopii noOiGHOCMI 8MOMHO20 PYIUHYBAHHS

50. KonomieoB A.B., lllymuno O.M., Kononosa O.M., I'anescrkuii B.B., Poxko
O.K., Yepenapuyk H.I., ApnentheBa B.O. (2021). JlomycTtuMa HaBeieHa mNoXxuOKa
METO/IIB MPUCKOPEHUX BUIIPOOYBaHb Ha OMip BTOMI. MiXKHapoaHa HAYKOBO-TIPAaKTUYHA
koH(pepenist «CydacHi TeHAEHIII1 B 013HECI Ta MEHEIPKMEHTI: Teopid 1 mpakTuka» (c.165-
168). Opnecbkuit HaI[lOHATbHUM MOPCBHKHI YHIBEPCUTET

https://onmu.odessa.ua/images/university/news/conf buss art aut 2021.pdf -



http://2021.depas.od.ua/ru/glavnaya/
https://drive.google.com/file/d/1QUUwx2U1AqWVEaPIDNB_DVMl6MX2Awgv/view
https://ksma.ks.ua/wp-content/uploads/2021/09/%D0%97%D0%B1%D1%96%D1%80%D0%BD%D0%B8%D0%BA-%D0%A1%D0%95%D0%A3%D0%A2%D0%A2%D0%9E%D0%9E-2021.pdf
https://ksma.ks.ua/wp-content/uploads/2021/09/%D0%97%D0%B1%D1%96%D1%80%D0%BD%D0%B8%D0%BA-%D0%A1%D0%95%D0%A3%D0%A2%D0%A2%D0%9E%D0%9E-2021.pdf
https://ksma.ks.ua/wp-content/uploads/2021/09/%D0%97%D0%B1%D1%96%D1%80%D0%BD%D0%B8%D0%BA-%D0%A1%D0%95%D0%A3%D0%A2%D0%A2%D0%9E%D0%9E-2021.pdf
https://ksma.ks.ua/wp-content/uploads/2021/09/%D0%97%D0%B1%D1%96%D1%80%D0%BD%D0%B8%D0%BA-%D0%A1%D0%95%D0%A3%D0%A2%D0%A2%D0%9E%D0%9E-2021.pdf
https://onmu.odessa.ua/images/university/news/conf_buss_art_aut_2021.pdf
https://onmu.odessa.ua/images/university/news/conf_buss_art_aut_2021.pdf
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NPOBEOEHO OYIHKY 3A2ANbHOI NOXUOKU NPUCKOPEHO20 Memody 8unpody8anb HA ONip
8MOMI 3 YPAXYBAHHAM 080X CKAAOOBUX: CUCMEMAMUYHOI | BUNAOKOBOT

51. KonomnsoB A.B., llymuao O.M., Kononosa O.M., I'anescbkuii B.B., Poxko
O.K., Yepenapuyk H.I. (2021). Ouinka TOYHOCTI METOJy MPUCKOPEHOTO BHU3HAUYCHHS
TpaHUIll BUTPUBAJIOCTI BIJHOBIEHUX JETajeil CyJIHOBUX MEXaHI3MIB 1 MaIlHH.
International scientific conference «Maritime security of the Baltic-Black sea region:
challenges and threats» Vol. 2. (c. 404-406). Odessa State University of Internal Affairs.
http://www.baltijapublishing.lv/omp/index.php/bp/catalog/view/184/5153/11575-1  —

NPOBEOEHO OYIHKY 3A2ANbHOI NOXUOKU NPUCKOPEHO20 Memody Gunpo0y8anb HA ONip
8MOMI 3 YPAXYBAHHAM 080X CKAAOOBUX: CUCMEMAMUYHOI | BUNAOKOBOI

52. Rudenko S., Shumylo O., Kononova O., Baraboly K. (2021). Systematic
Approaches to Combating Threats at Sea. International scientific conference «Maritime
security of the Baltic-Black sea region: challenges and threats» Vol. 1. (c. 69-72). Odessa
State University of Internal Affairs.
http://www.baltijapublishing.lv/omp/index.php/bp/catalog/view/184/5150/11574-1  —

3anponoHOBaAHO BOOCKOHANEHHA Npoyeoyp NIOBUWEHHS PIBHA 3aXUCMY eKInaxcy,
naca’icupis i OXopoHu cyoHa 810 CY4acHux 3acpo3

53. Iiziamani JI.B., Ilymuao O.M., Anekcanaposcbka H.I., Poccomaxa O.I.,
Paboua T.B. besneka cynHomnaBcTBa Ta yTuiizamisi cyneH. (2021). International
scientific conference «Maritime security of the Baltic-Black sea region: challenges and
threats» Vol. 1. (c. 411-414). Odessa State University of Internal Affairs.
http://www.baltijapublishing.lv/omp/index.php/bp/catalog/view/184/5150/11574-1  —

3anponoHOBaHO BOOCKOHANEHHA Npoyeoyp NIOBUWEHHS PIBHA 3AXUCMY eKInaxcy,
nacaxcupie i OXopoHu cyoHa 610 CY4acHUX 3acpo3

54. O.M. lymugo, O.M. Kononosa, K.}O. bapa6o:ms IlepcriekTuBu miaBUIIIEHHS
KOHKYPEHTOCIPOMOKHOCTI MACAKUPCHKUX CYJIEH TMpu ix MojaepHizauii (2022).
Martepiamu [V MiKHApOAHOI HAYKOBO-TIPAKTHYHOI MOPChKOi KoH(pepeHii kadeapu
«CEY 1 TE» HaBuanbHO-HayKOBOrO 1HCTUTYTYy MoOpcbKoro @uoty OpaecbKoro
HAIlOHAJILHOTO MOpChKoro yHiBepcutety MPP&O-2022. (c. 86-93). Opnecbkwmii

HaI[lOHATHHUM MOPCHKUN YHIBEpPCHUTET. https://2022.depas.od.ua/



http://www.baltijapublishing.lv/omp/index.php/bp/catalog/view/184/5153/11575-1
http://www.baltijapublishing.lv/omp/index.php/bp/catalog/view/184/5150/11574-1
http://www.baltijapublishing.lv/omp/index.php/bp/catalog/view/184/5150/11574-1
https://2022.depas.od.ua/%20https:/docs.google.com/document/d/1ZrxE6KSyGMRtuNhGIOf7jnQlr3hw3-1b/edit
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https://docs.qgoogle.com/document/d/1ZrxE6KSYyGMRtuNhGIOf7inOlr3hw3-

1b/edit?tab=t.0 — pospobreno Konuyenyito nposedenms posmipHoi MoOepHizayii

RACANCUPCOKUX CYOEH, W0 IPYHMYEMbCA HA KOMWIEKCHUX Kpumepisx, Oe3nexu,
@DYHKYIOHALHOCMI | eKOHOMIYHOCMI CYOHA

55. A.B. Konomisos, O.M. Illlymuino, O.M. Kononona, H.I. Uepenapuyk, B.B.
laneBcokuii, O.K. Poxko. (2022). 3acTtocyBaHHS MPUCKOPEHOTO METOAY ISt
MOPIBHAJIBHOI OLIIHKK TPAHUI[l BUTPUBAJIOCTI BITHOBICHUX PI3HUMH CHOCOOaMuU
KoJiHYacTHX BajiB. Martepiasiu [V MibkHapogHOT HAayKOBO-TIPAKTUYHOI MOPCHKOI
koH(pepenii kapeapu «CEY 1 TE» HaBuanbHO-HAYKOBOTO IHCTUTYTY MOPCHKOTO (hJIOTY
OniechKoro HaIIOHATBLHOTO MOpChKoro yHiBepcutery MPP&O0O-2022. (c. 114-117).
Onecbkuii  HaLIOHATBHMA  MOPChKUEM  yHiBepcuTer.  https://2022.depas.od.ua/
https://docs.google.com/document/d/13SzDH7jphAISMPEH-92Mz6whi_ObS5Y 8b/edit

— BUKOHAHO BepUQIKAYII0 NPUCKOPEHO20 MemOo0dy BUSHAYEHHS SPAHUYb SUMPUBALOCNE
HOBUX [ GIOHOG/ICHUX KOJNIHYACMUX 8AJi8 | 3P00JIeHO 8UCHOBKU WOO0 MOYHOCHI YbO2O
Memooy

56. Sposenko B.O., Uepnukos I1.C., lllymuno O.M., 3apumeka O.1.. (2022).
MopnentoBaHHsl TEPEXIJTHUX PEXUMIB TIpeOHUX EJIEKTPOABUTYHIB  HAa MaHEBpax.
Martepiamu [V MiXHapOoaHOI HAyKOBO-TIPAKTHYHOI MOPCHKOi KoH(pepeHii kadeapu
«CEY 1 TE» HaByanbHO-HAyKOBOTO 1HCTUTYTY MoOpchbkoro ¢uoty OnecbKoro
HaIllOHAJTBHOTO MOpChbKoro yHiBepcutety MPP&O-2022. (C. 62-70). Onecbkuit
HaIllOHATEHUH MOPCHKUIA YHIBEpCHUTET. https://2022.depas.od.ua/
https://docs.google.com/document/d/1jt201dY OMMs50eGMHtSCCqgekOHL gtOwX/edit

— 3aNPONOHOBAHO V3A2ANbHEHUU MAMEMAMmUyHUuLl ONUC Nepexionux pexcumie pooomu
epebnux enexkmpoosueynie (I'E/])

57. Miziamam JI. B., Poccomaxa O.1., Illymuao O.M., AnexcannpoBcrka H.I.,
Poccomaxa O.A., Paboua T.B, Manumkin O.B. (2023). Anani3 BIUIMBY albT€pHATUB-HUX
BU/IIB NTAJIMBA HA BapTICTh KUTTEBOrO LUKIY cyaHa. Proceedings of the 8th International
Scientific and Practical Conference «Science, Education, Innovation: Topical Issues and
Modern Aspects» General Engineering and Mechanics Ne 142. (c. 457-460). Tallinn,

Estonia. https://archive.interconf.center/index.php/conference-



https://2022.depas.od.ua/%20https:/docs.google.com/document/d/1ZrxE6KSyGMRtuNhGIOf7jnQlr3hw3-1b/edit
https://2022.depas.od.ua/%20https:/docs.google.com/document/d/1ZrxE6KSyGMRtuNhGIOf7jnQlr3hw3-1b/edit
https://2022.depas.od.ua/
https://docs.google.com/document/d/13SzDH7jphAI5MPEH-92Mz6whi_Ob5Y8b/edit
https://2022.depas.od.ua/
https://docs.google.com/document/d/1jt2oIdY0MMs5OeGMHtSCCgek0HLgt0wX/edit
https://archive.interconf.center/index.php/conference-proceeding/issue/view/16-18.02.2023
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proceeding/issue/view/16-18.02.2023 — suxonano awnaniz 3aneHCHOCMi 8aAPMOCMI

HCUMINEBO2O YUKTY MOPCbKO20 CYOHA 8I0 MPAOUYIUHUX T ATbMEPHAMUGHUX NATUS, IX
6NJIUG HA eKON02IYHI NOKA3HUKU

58. llymuiao O.M., Kononosa O.M. (2023). MarematnuHa MoJIeIb ONTAMI3AIT|
NacakKUPChKUX CYJICH MpHU MPOBEACHI X po3MipHoi MoaepHizamii. Te3u momosingeit 14-1
MixHapo1HOT HayKOBO-TIpakTUYHOI KoH(pepeHIii «CydacHi eHepreTuyH1 yCTaHOBKH Ha
TPAHCIIOPTI, TEXHOJIOTIT Ta oOagHaHHs I iX oociyroByBaHH(CEYTTOO-2023) (c.
339-348). XepcoHchka Jep:kaBHa MOpChbKa akaaemis.  https://ksma.ks.ua/wp-
content/uploads/2023/05/%D0%9C%D0%B0%D1%82%D0%B5%D1%80%D1%96%
D0%B0%D0%BB%D0%B8-
%D0%A1%D0%95%D0%A3%D0%A2%D0%A2%D0%IEY%D0%IE-2023.pdf —

PO3pobNIeHO  MoOeni  eKOHOMIuHOI eghexkmusHocmi, yHKYioHAIbHOCMI 1 Oe3neKu
RAca)cupcbko20 CyOHd, KL YMeopiooms IHmezpanibHy Mooeib poO3MIPHOI MoOepHizayii
RACANCUPCLKO20 CYOHA

59. llymuao O.M., Sposenko B.O., Manakciano M.O., Mensauk O.M. (2024).
BrnnuB raGapuTHHX XapaKTepUCTHK KOPIYCy €JNeKTpoXoJa Ha HOro MaHeBpEeHi
XapakTepuCcTUKU. Matepianu V MIKHApOJIHOT HAyKOBO-TIPAKTUYHOI MOPCHKOi Kadeapu
«CEY i TE» Marine Power Plants and Operation MPP&0O-2024 (c. 118-123). Onecbkwuii
HaIllOHAIbHUI MOpChKUi YHiBepcuTeT. https://doi.org/10.13140/RG.2.2.15083.96806
https://drive.google.com/file/d/1fBHg9FWSiikhIKc-IhEDIHRUSETImZzi/view—

3anpONOHOBAHO MAMEMAMUYHY MOOENb NEPEeXiOHUX PENCUMIE CYOHOBUX NPONYIbCUBHUX
KOMMNJIEKCi8, BUKOHAHO NOPIGHANbHUL AHATI3 BNAUBY NOOOBICEHHS KOPNYCY eleKmpoxood
Ha OCHOBHI NOKA3HUKU KOCTI MAHEBPY8aAHHS

60. O.M. llymuio, O.M. Kononosa. (2024). Orrinka X0/10BOCTI KPYi3HUX CYJICH
Ipy TPOBENIEHHI iX po3MipHOi MojepHizamii. Martepianu V MiXKHApOJHOI HayKOBO-
npaktndHoi Mopckkoi  kadenapu «CEY i TE» Marine Power Plants and Operation
MPP&O-2024 (c. 105-117). Opecbkuit HaIliOHATBHUHA MOPCHKHIA yHIBEPCHTET.
https://doi.org/10.13140/RG.2.2.15083.96806



https://archive.interconf.center/index.php/conference-proceeding/issue/view/16-18.02.2023
https://ksma.ks.ua/wp-content/uploads/2023/05/%D0%9C%D0%B0%D1%82%D0%B5%D1%80%D1%96%D0%B0%D0%BB%D0%B8-%D0%A1%D0%95%D0%A3%D0%A2%D0%A2%D0%9E%D0%9E-2023.pdf
https://ksma.ks.ua/wp-content/uploads/2023/05/%D0%9C%D0%B0%D1%82%D0%B5%D1%80%D1%96%D0%B0%D0%BB%D0%B8-%D0%A1%D0%95%D0%A3%D0%A2%D0%A2%D0%9E%D0%9E-2023.pdf
https://ksma.ks.ua/wp-content/uploads/2023/05/%D0%9C%D0%B0%D1%82%D0%B5%D1%80%D1%96%D0%B0%D0%BB%D0%B8-%D0%A1%D0%95%D0%A3%D0%A2%D0%A2%D0%9E%D0%9E-2023.pdf
https://ksma.ks.ua/wp-content/uploads/2023/05/%D0%9C%D0%B0%D1%82%D0%B5%D1%80%D1%96%D0%B0%D0%BB%D0%B8-%D0%A1%D0%95%D0%A3%D0%A2%D0%A2%D0%9E%D0%9E-2023.pdf
https://doi.org/10.13140/RG.2.2.15083.96806
https://drive.google.com/file/d/1fBHq9FWSiikhlKc-lhEDlHRu9ETlmZzi/view
https://doi.org/10.13140/RG.2.2.15083.96806

51
https://drive.google.com/file/d/1fDVh8TzZYy HzoF51Dfoj5SHOEROPIULR/view —

3aNPONOHOBAHO MEMOO OYIHKU XO00BOCHI NACANCUPCHKUX CYOEH, O0CIIOHCEHO XapaKmep
3MIH NPONYIbCUBHUX XAPAKMEPUCTNUK NPU NPOBEOEHI iX PO3IMIPHOI MOOepHI3ayii

61. KonomisoB A.B., KononoBa O.M., lllymuiao O.M. (2019). Bimus momemni
KPUBOI BTOMHU Ha KOE(QIIIEHT BiTHOCHOI JOBroBiuHOCTI. CyJJHOBa €HEpreTukKa: CTaH Ta
npo0OiieMm» MiKHapoHa HAyKOBO-TeXHIYHa KoH(epeHilis Marepianu, (c. 235-240).
HarmionansHuil yHiBepcuTeT KopabiedyyBaHHs iMeH1 aaMmipana MakapoBa, Mukomnais.

https://nuos.edu.ua/wp-content/uploads/2021/11/SEU materials 2019.pdf -

NPOAHANI308AHO  3ACMOCYBAHHA HNOWUPEHUX MOoOeNel KPUBUX 6MOMU - 32I0HO
cmenenesomy, NOKA3ZHUKOBOMY DISHAHHIO [ pieHAHHIO Belloyina ma mounicms oyiHKu
YUKTIYHOT 008208IYHOCI

63. Golovan, A., Gritsuk, I., Rudenko, S., Saravas, V., Shakhov, A., & Shumylo,
0. (2019). Aspects of Forming the Information V21 Model of the Transport Vessel. 2019
IEEE International Conference on Modern Electrical and Energy Systems (MEES), (pp.
390-393). Kremenchuk, Ukraine, 2019. https://doi.org/10.1109/MEES.2019.8896595 —

3aNPONOHOBAHO MEXHIUHI Ma eKCNAYamayituHi 3axo0u OYIHIOBAHHA eheKmuUSHOCI
MOHIMOPUH2Y CIMAHY CYOHA 8 YMOBAX IHMENeKMYalbHUX MPAHCNOPIMHUX CUCMEM

65. Kalinichenko, Y., Shumylo, O., & Kourov, M. (2021). Development of a
model for energy efficiency management of a ship at different stages of its
lifecycle.Technology Transfer: Fundamental Principles and Innovative Technical
Solutions, 17-20. /doi.org/10.21303/2585-6847.2021.002176 —  3anpononosaro

8PAX08Y8aAMU 8 MOOeNi eHepeoeheKmUEHOCMI CYOHA PIBHAHb. eHepeemuiHo20 6anancy
CEY, 6anancy eumpam eHnepeoHOCIi8, 2i0POOUHAMIYHO20 OANAHCY, 3MIHU eHMANbnii
eHep2emuidHo20 00JIA0HAHHS

66. A. Kholodenko; O. Shumylo; O. Gonchar; Y. Navrozova; V. Pashchenko, O.
Zabolotnyi (2023). Optimization Terms of Equipment Replacement Based on the Profit
Intensity Criterion (Ontumizaiis TepMIHIB 3aMiHM OOJIafHAHHSA 32 KpUTEPIEM
pentabenbHocTti). [IEEE 4th KhPI Week on Advanced Technology (KhPIWeek) (c. 738-
743). Xapkis. https://ieeexplore.ieee.org/document/10312841 (inaekcaris 8 SCOPUS) —



https://drive.google.com/file/d/1fDVh8TzZYy_HzoF51Dfoj5HQERQPluLR/view
https://nuos.edu.ua/wp-content/uploads/2021/11/SEU_materials_2019.pdf
https://doi.org/10.1109/MEES.2019.8896595
https://doi.org/10.21303/2585-6847.2021.002176
https://ieeexplore.ieee.org/document/10312841
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B8CMAHOBIEHO (akmopu, wo Gopmyloms GUOPAHULL KpUmepiti ONnmuMAaIbHOCHI,
BU3HAYEHO X BNJIUE HA ONMUMATLHUU MEPMIH eKCHILyamayii

67. Caraifnak O.l,, Imymuao O.M. (2023). BpockoHaneHHsS MpoIexypu
OPUIHATTS PillIeHb PO MEPEBIPKY CyAHA KOHTPOJIEM JEP’KABU MOPTY HA OCHOBI OI[IHKH
PHU3UKIB 3a JOMOMOTY CydacHuX iHQopmariitHux TtexHonori. Marepianu Il HaykoBo-
npaktuaHOi KoH(pepeHiii 2023 [IpoekTHUI Ta JOTICTUYHUA MEHEHKMEHT: HOB1 3HAHHS
Ha 6a3i gBox Metoaosorii. Tom 7, ( C. 30-31). Oneca: KYIIPIEHKO CB. — suxonani
pexomeroayii woo0o Gopmy8anHs HA OCHOBL CUCIMEMHO20 NIOX00Y NepeniKy pusuKis, saKi
e1uUBaOMb Ha be3nexy cyoHa

68. lllymuiao O.M., Kononosa O.M. (2024). YpaxyBaHHs aHaNi3y PU3UKIB MpPU
po3po0Ili MOjeNll BU3HAYEHHS BApTOCTI >KUTTEBOrO LUKIY cynHa. Martepianu 15-i
MixHapoJHOT HayKOBO-TIPaKTUYHOI KOH(pepeHli «CydacHi eHepreTuyHl yCTaHOBKU Ha
TPaHCIOPTI, TEXHOJOTIi Ta 06iagHanHs ajs ix oocimyroByBanus» (CEYTTOO-2024) (c.
83-89). XepcoHchka JepkaBHa MoOpcbka —akanemisa. BumaBHunrtso XJIMA.
https://ksma.ks.ua/wp-
content/uploads/2024/03/%D0%9C%D0%B0%D1%82%D0%B5%D1%80%D1%96%
D0%B0%D0%BB%D0%B8-
%D0%A1%D0%95%D0%A3%D0%A2%D0%A2%D0%IE%D0%IE-2024.pdf —

3anponoHO6AHO MOOeb BU3HAYEHHS eapmocmi HCUMMEBO2O YUKITY cyOHa 34 paxyHoK

BNPOBAONCEHHS MEMOOI8 AHAI3Y PUBUKIG


https://ksma.ks.ua/
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