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EKCIIYATAIIA I PEMOHT TPAHCHHOPTHUX 3ACOBIB
MOPCBKOI'O TA PIHHOI'O ®JIOTY

YIAK 677:628.517.2

I'omikoB B. A. Cangnep A. K. lanunos K. C.
Hamionanpauit yHiBepcuret "Onecbka MOpCchKa akajaemis"

ABTOMATH30BaHA aKyCTHYHA (POPCYHKA VISl CHCTEM NMPUAYIIEHHS MWLy

IocTanoBka npodJemMu. JJisi MOIIIIEHHS SIKOCTI PO3IUJICHHS, TP MiHIMallb-
HO MOXKJIUBUX €KOHOMIYHUX BUTpaTax €Heprii, MOTpiOHI MPUHIIMIIOBO HOBI MiAXOIU
710 BIUIMBY Ha PIIUHY, 110 PO3NUIIOEThCA. OJIHUM 13 IHHOBAIIIMHUX METO/IIB € BUKO-
PHUCTaHHS aKYCTUYHOTO Ta BUXPOBOTO PO3MUIICHHS.

B akyctuunux ¢opcyHkax (puc. 1) 3ByKoB1 KOJUBAHHS BUHUKAIOTh B PE3YJIbTATI
0OTIKaHHS KaMEpPHU PE30HATOpa HAJA3BYKOBUM MOTOKOM MOBITPS, 110 TPU3BOIUTH 10
€()EeKTUBHOTO APOOJICHHS P1IUHU.

1, 2 34 X ! 5

* X

Puc. 1. Cxema akycTu4Hoi ¢popcyHKu: 1 — pe3oHaTop; 2 — CTpHKeHb; 3 — BTYJIKa; 4 — COIIo; 5 —
MaxoBuK. | — nositps; Il — piguna

IcHye AB1 Teopii, IO MOSICHIOIOTH MEXaHI3M BUHMKHEHHS KOJMBaHb. [lepmia 3
HUX, SIKa IPYHTY€EThCA Ha pejlakcallifHOMY MeXaHi3M1 KOJMBaHb CTPUOKA YUIIIbHEH-
HSI, CTBEPKYE, 110 B3aEMOJI1S TOCTIMHOTO Ta30BOT0 MOTOKY 31 3BOPOTHUM MTOTOKOM,
10 TEepIOAUYHO BHMHHUKAE, (3yMOBJIEHHM CITyCTOIICHHSM PE30HATOPA) BUKIIMKAE
MyJIbCAIIIIO Ta3y B 00J1aCTi M PE30HATOPOM 1 CTPUOKOM YIITITbHEHHS.

Teopis JliHga Hamgae po3yMiHHS MPOIIECIB, UI0 BiAOYBAIOTHCS B CTPYMEHI P1AUHU
ITJT BIUTMBOM 30BHIIIHIX KOJMBaHb. 30KpeMa, 3 Hel BHIUIMBAE, IO MPH BIUIMBI Ha
CTPYMiHb 30BHIIITHIMU KOJIMBAHHSIMU MEBHOI (popmu:

W(X,,t) =W, (X)+w,(x)sinot.

[TpukopnoHHUH 11ap 3aBTOBIIKK S Y BUCOYACTOTHOMY Jl1ara3oHi
2V
®>—
S

KOJIMBA€THCA 3a 3aKOHOM



U(%, Y5 t) =W (X){sinwt —| exp ‘S_y sin| ot =2 || 1,

0 0

2V : . .. \ :
ne S = W y — BIZICTaHb BiJ] CTIHKH; V — Koe]ilieHT B'I3K0CTi [1].

Ha puc. 2, a npeacraBieHa 3ajeKHICTh MEIIaHHOTO JiamMeTpa Kpameib d, Bix
MPOYKTUBHOCTI ()OPCYHKH Ta THUCKY CTUCHEHOTO MOBITps. 3 aHami3y rpadivyHoi 3a-
JICKHOCTI BUAHO, 110 32 (hIKCOBAHOI MPOIYKTUBHOCTI (DOPCYHKH, IMIABUIIICHHS TUCKY
MIOBITPS BUKJIMKAE 3MEHIIICHHs] MEI1aHHOTO JiameTpa Kpaneib. Lle mo's3ane 31 301-
JBIICHHSAM TMHTOMOI BUTPATH €HEPrOHOCIS Ta 3POCTaHHSIM aKyCTHYHOI €HEprii, 1o
TCHEPYETHCSI BUITPOMIHIOBAYEM.
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Puc. 2. 3mina MeaianHorO AiamMeTpa Kpanenb‘dM:
a — 3anexHicTh dy BiJ TPOIYKTHBHOCTI (OPCYHKH Ta THCKY HOBITpst; 1 — Gy = 660 n/r; 2 — 330
1/t; 3 — 250 n/r; 6 — 3anexuictb dm ot Ge/Gx;
6 — 3 3aJIeKHICTH (M Big akycTH4HOT moTyx)HOCTI: 1— Pg= 0,15 MIla; 2 — 0,20; 3 - 0,25; 4 — 0,30;
| — miametp pe3zonaropa dp = 15 mm,. | =10 mm, h = 6 MM, G =187 kr/u, akycTUYHA MOTYKHICTh
Wa =30 ... 120 Br; [ d,=15 mm, | = 6 mm, h =4 mm, G =187 kr/4, Wa = 260 ... 450 Bt [1]

OTxe, ynbTpa3ByKOBI KOJWBAHHS, SIKI B3AEMOJIIIOTH 3 PE30HATOPOM, JTI03BOJISIOThH
JOCSITTH OUTBIIT BUCOKY JUCIIEPCHICTH PO3MILIIOBAHHS [2 - 4]

AHAaJi3 OCTaHHIX JoCHiIKeHb i myOJikauniii. Y Toil e yac aHami3 ICHYIHOUUX
aKyCTUYHHMX (DOPCYHOK TOKa3aB HACTYIMHE. MOXJIMBOCTI OUIBIIOCTI BUKOPHUCTOBY-
BaHMX MPHUCTPOIB HE JIO3BOJISIOTH peaTi3yBaTH €(DEKTUBHE PO3MMIIIOBAHHS 32 YMOBH
MEePEMIHHOTO TUCKY Y TipaBiiuHii cuctemi [5, 6]. Lle miaTBepaxye aHami3 1ICHYIO-
YUX KOHCTPYKIIH.

Haii6inp1r BiToMUM € aKyCTUYHHUN PO3MIITIOBaY-(hOPCYHKA, IO MICTUTH KOPITYC
13 PO3MIILEHUM yCEepPE/IMHI TeHEPATOPOM aKyCTHUYHMX KOJIMBAaHb Y BUIJISAL COILia i
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pe3zonaropa. Comio Ta pe30HaTOp BUKOHAHI Y BUTJISAI KOHIEHTPUYHHUX KiJIBIIEBUX
II1TMH, PO3TAlIOBAHUX Y IUIOIIUHI, MEPIICHANKYIISIPHIN oci kopmnycy. Kinblie 3 KoHi-
YHOIO TTOBEPXHEIO0, MOB'sI3aHE 3 KOPITYCOM, 1 pO3MUIIIIOBAY, 110 CIYKUTh AJI YTBOPIO-
BaHHS PIIMHHOI IJIIBKHU, 10 TIEPEKPUBAE BUXI1J 3 T€HepaTopa, 1 3aKpiljIeHud y Kop-
yCl 32 IONMOMOTOI0 MOPOKHBOTO CTPHIKHSA 31 IITHEKOBUM 3aBIXprOBavYeM Ha KIHIN i
OYpPTHUKOM JJI PO3MIIICHHS KIJIBIIEBOIO MalaHUYMKa, HA KUH HAIXOAUTh PiAMHA 3
posnuitoBayva [ 7].

Henomiku npucTporo moyiiraioTh y TAKOMY:

dbopcyHka He 3a0e3neuye BUCOKOMY CTYIIEHS PO3IUITY;

dbopcyHKa HanalToOBaHA HA OAWH TUCK PIUHU 1 IPU 3aCTOCYBaHHI Y CUCTEMAX 3
IHITMM TUCKOM Po00Y0i piIMHU OoTpelye mepedy10BU Ta MepeHaIaIITyBaHHS;

KOHCTPYKUIs (POPCYHKHU € HAATO MAaTEPlaJIOEMHOIO Ta KOIITOBHOIO.

Haii6i1b111 6J1M3bKHUM 32 TEXHIYHOIO CYTHICTIO Ta PE3YJIbTATOM, IO JIOCATAETHCS,
710 3a/1a4 pO3MUIIOBAaHHS € aKyCTH4Ha (POpPCYHKa, 110 MICTUTh KOPITYC 13 pO3Mile-
HUM yCEpeINHI TeHEpaTOPOM aKyCTUYHHUX KOJIMBAaHb Y BUIJISAL COIIA U KUIbLIEBOTO
00'eMHOTO pe3oHaTOpa y BUTJISIII YAIIKU 3 KOHIYHOIO MOBEPXHEIO 3alpecoBaHO] Ha
CTPHIKHI 3 OOTIYHUKOM. Y XBOCTOBIM YaCTHHI SIKOT'O pO3TalllOBaH1 nep(opoBaHi 1u-
CKH, MK SKUMHU PO3MIIIEHUIA NOPOKHINA KOHIYHUNA pO3CiKay MOBITPs, TPYOOK IS
MiBEACHHS MOBITPS ¥ PIAWHU Ta BTYJIKHU 3 BEPXHIMU HUKHIM (uaHisaMu [8].

Hepnomniku npucTporo nossraloth y TakoMy:

dbopcyHKa He 3a0e3neuye BUCOKOTO CTYIEHS PO3ITHITY;

dbopcyHKa HanamToOBaHA HA OJWH THUCK PIUHU 1 MPU 3aCTOCYBaHHI Y CUCTEMAX 3
THIITUM TUCKOM POo00U0i piiuHM MOTpeOye nepedyn0BU Ta MepeHaATalTyBaHHS.

IHocTanoBka 3aBaaHHs. CXEMOTEXHIYHUX PIIIEHh B 00JIACTI aKyCTUUHHUX (Op-
CYHOK, SIKl TOBHOIO MIPOIO € aJaiTUBHUMHU 0 T1IPaBIIYHUX CUCTEM 3 BaplaTUBHUM
TUCKOM po00YOi piIMHU, MPAKTHUYHO HE ICHye. TakuMm 4MHOM, po3poOKa Ta AOCIi-
JUKEHHSI aKyCTUYHOI (DOPCYHKH, SIKa CIPOMOKHA (PYHKLIIOBATH y HIMPOKOMY Aima-
30HI TUCKY Ta 3a0e3nedye BHUCOKY CTYNEHb PO3MHIY, € aKTyaJbHUM HayKOBO-
TEXHIYHUM 3aBJIaHHSIM.

BuxJjaa ocHOBHOro marepiajy AocaigxeHHsl. AHaIi3 KOHCTPYKIIH BIJOMHUX
aKyCTMYHUX (OPCYHOK JI03BOJIMB KOHKPETH3yBaTH BUMOTH 1 CHHTE3YBaTH HOBE
CXEMOTEXHIYHE PIIICHHS IIPUCTPOIO.

MopepHnizoBaHa akycTH4Ha (OPCYHKA CKIIAJAETHCS 3 KOPIYCY, 3 PO3MILLIEHUM
BCEPE/IMHI T€HEPAaTOPOM 3BYKOBHX KOJMBaHb YJIbTPA3BYKOBOI'O YACTOTHOTO Jiama-
30HY, BAKOHAaHUM Y BUTJISII COTUIA, IO CKIAAAEThCS 3 KOH(Y30pa 1 OTBOPY IS i~
BEJICHHS MOBITPS, TPYOKH TSI TIABEACHHS PIIUHU Yepe3 KOAKCiadbHO PO3TAIIOBAHY
KUIBLIEBY MOPOKHUHY JI0 COIUIA, )KOPCTKO 3aKPIIUICHOI Y KOPITYCl BTYJKH 3 BEPXHIM
1 HWKHIM uanugmu. Takox 10 ckiaanay (GOpCyHKH BXOASITh, CTPUKEHb 3 OOTIYHU-
KOM Ta nepdhopOBaHUMH AUCKAMHU, SIK1 pO3TAIlIOBaHI B 1Or0 XBOCTOBIM YaCTHHI, PO3-
ClKau Ta CHIBBICHI KOHIYHUH Ta IWIIHIAPUYHUI OTBOPU HA BHYTPIILIHIA MOBEPXHI
BTYJIKU.

BiaMiHHICTE 3anIpONOHOBAHOI (POPCYHKHU MOJSTAE y TOMY, 110 CTPUKEHb OJIHUM
KIHIIEM, Yepe3 BaXKijib, CIIOJYYCHHUH 3 CHJIOBOIO MEMOPAHOIO, siKa cripuiiMae pobo-
YUl TUCK Y CHCTEMI, a 1HIIMM KIHIIEM CHOJYYEHHUH 3 METIOCTKOBOIO MEMOpaHOIo,
MIX SIKOIO Ta KOPIIYCOM BCTaHOBJIEHE OMOPHE K1JIbIIE 31 CTOHKaMHU.
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KoHcTpykitiss osICHIOETBCS KpecaeHHsIM (puc. 3), ne 300paxkenuid kopmyc 1 3
PO3MIIIICHUM YCepe/IMHI TeHEPATOPOM 3BYKOBUX KOJIMBaHb YJIbTPA3BYKOBOI'O YacTO-
THOTO J1alma30Hy, BUKOHAHUM y BUTIIAAL coria 3. Corto CKiIaaaeThes 3 KOHPy30pa
15 1 muniHAPUYIHOTO OTBOPY 16 MJid miABEAEHHS MOBITPS, III0 HAIPABJISETHCS B Ki-
JBLIEBUN 00'eMHUN pe3oHATOP 5.
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Puc. 3. Axyctuuna gopcynka: 1— kopnyc; 2 — BepxHi (ranelp; 3 — comio; 4 — CTpUKEHb; 5 —
00'eMHHUI pe3oHaTOp; 6 — NpuitMay BUIPOMIHIOBAHHS; 7 — TpyOKa /s MMiIBEACHHS MOBITPS; 8 —
TpyOKa /Ui mifBeIeHHs piAnHy; 9 — nemrocTkoBa MemOpana; 10 — cormo; 11 — po6oya moBepxHs
MEeTI0CTKOBOI MeMOpanu; 12 — poscikau noBiTpst; 13 — oTBip; 14 — BTynka; 15 — kondyzop; 16 —
HWTHAPUYHUN 0TBip; 17 — oOTiunMK; 18, 19 — nepdoposani nucku; 20 — onopHe Kujiblie 31
cToiikamu; 21 — Baxkeni; 22 — cujoBa MeMOpaHa
Kopnyc 1 BUKOHaHUU y BUIUISI BEPTHKAIBHO PO3TALIOBAHOI IMIIHAPUYHOL
BTYJIKM, Y BEpXHI/ YaCTHHI SIKOi po3TallloBaHa TpyOka 7 JJIsl MiJIBEICHHS MOBITPS, a
NEepPHEeHANKYJISAPHO ii OCl po3TanioBaHa TpyOKka 8 /il miABEACHHS PIAMHU Yepe3 Koa-
KClaJIbHO PO3TaIIoOBaHy KulbleBY mopoxuuny 20 mo comuta 10. Ycepenuni xopiycy
1, ciiBBICHO MOMY, KOPCTKO 3aKpirjieHa BTynka 14 13 ¢hiaaHIsIMu: BEPXHIM 2 1 HIK-
HIM 6, IPUYOMY HIDKHIN (uIaHenb 6 5KOPCTKO 3a(iKCOBAHMMA Y MPOTOUIll, BAKOHAHOT
B Kopyci 1.
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KinpueBuit 00'eMHuil pe3oHaTop 5, BUKOHAHUW y BUIJISAI MENTIOCTKOBOI MEM-
Opanu 9 3 pobouoro nmoeepxHero 11. IlemocTkoBa MemMOpaHa 3HAXOAUTHCS Y TOCTIH-
HOMY KOHTaKTI1 3 OIOpHUM KitbIleM 20 31 cToMKamu, sIKi 3aKpiIuieH] Ha KOPITycCi.

[TemtocTkoBa MeMOpaHa 9 y HeHTpalibHIM TOYIll KOPCTKO 3aiKCOBaHA HA CTPH-
KHI 4, AKUH MICTUTBCS Yy OTBOp1 13, 3 00TiuHMKOM 17. Y XBOCTOBIH YacTHHI 00TiU-
HUKa po3TamioBaHi repdoposani qucku 18 1 19, MK SKUMH PO3MIIIEHUN po3cikay
12 noBitpsi. CtpuxkeHnb 4 y cBOIO 4epry uepe3 Bakell 21 crojgydeHui i3 CUIOBOIO
MeMOpaHoIo 22, sika cripuiiMae poOOYHil TUCK Y CHCTeMI. Y HIDKHbOMY (priaHIil 6 po-
3ramoBane coruio 10 mig KyToM 70 oci pe3oHaropa 5. Ha BHyTpilHii MOBEpXH1 BTY-
nku 14 BUKOHaHI CIIBBICHI KOHIYHMM 15 1 muminapuyHuil 16 oTBOpHU ISl TiABEACH-
HS1 TIOBITPA.

AkyctruHa (popcyHka mpaitoe B Takuil cnociO. [ToBiTps, monaeTscs no TpyoI
7, ne 3ycTpiyae Ha CBOEMY LUISXY pe3oHaTop 5. Y pe3ynbTaTi MPOXOKEHHS PoOOo-
40i pIAUHMU Kpi3b pE30HATOp 5, B OCTAHHbOMY BHUHUKAIOTh IyJIbCallli TUCKY, IO
CTBOPIOIOTh aKyCTUYHI KOJIMBAHHS, YACTOTA SIKUX 3aJICKUTh B1J MapaMeTPIB pe30Ha-
Topa. AKYCTUYHI KOJIMBaHHS POoO0YOi PIAMHU CIPUSIOTH O1IBII TOHKOMY PO3MUIIIO-
BaHHIO PIAMHMU, L0 [T0JaeMOCs yepe3 TpyOoKy 8 y coma 10, 3BiIkM BOHA MOMAA€e Ha
KOJI0, 110 nepe0dyBae B cepeHii yacTuHI poOoyoi nmoBepxHi 11 pezonartopa 5, motim
JIPOOUTHCS T BIUITMBOM aKyCTHYHHMX KOJMBaHb IMOBITPs Ha ApiOHI Kparui, y pe-
3yJlbTaTl YOTO YTBOPIOETHCS (haKesl PO3MUICHOTO PO3UMHY 3 MOBITPSIM, KOPEHEBUI
KYT SIKOTO BH3HAYA€THCS BETMYMHOIO KyTa HaXWIy KOHIYHOI moBepxHi 11 pe3onaTo-
pas.

[Tpu 3MiH1 TUCKY y cUCTeMI, cujioBa MeMOpaHa 22 3a JomoMororo BaxeniB 21 Ta
CTPWKHS 4 3MIHIOE BUTHH MEIOCTKOBOI MeMOpanu 9. Ty caMuM 3MIHIOIOTHCS aKycC-
TUYHI YMOBH NMOAPIOHEHHS PO3MUIIEHOT0 PO3YMHY pOO0YOi PITUHU 3 MOBITPSIM.

JInst BU3HAUYEHHS BEJIMYMHU BUTMHY MEMOpaHH, 3 JTOCTAaTHBOK TOYHICTIO JIOIIi-
JHHO BUKOPUCTOBYBATH €MIIIPIUHY 3aJICKHICTh Ta ii rpadiuHe BigoOpaxkeHHs (puc.
4) [91:

(10-r)(50—-r)

2(10+r)

ne I — pajziilyc MeMOpaHH.

BucnoBku. OHOBIIEHA KOHCTPYKITisi (DOPCYHKH JO3BOJIUTH OCSITTH TEXHIYHOTO
pE3yNbTaTy, IKUH MOJISTAE Y TAKOMY:

dbopcyHka Moke 3a0e3neuyBaTi eeKTUBHE PO3MIUIIOBAHHS Y IIUPOKOMY JIiara-
30HI1 TUCKIB POO0YOi PiIVHH;

MO>KJIMBO 3aCTOCOBYBATH Pi3HI CIOJYKH pOOOUYOi PIAMHU 3 HEBIJOMUMH 3a37a-
Jeriap (Hi3UKo-MEeXaHIYHUMHU BJIACTHBOCTSIMH,

u(r) =—-0,0128372 + 0,0861019
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r ism)

Puc. 4. 3anexxHicTh BUTUHY MEMOpaHU BiJ| pajiycy

3aCTOCOBaH1 MEMOpaHH1 €JIEMEHTH, K1 CEPITHO BUPOOJIAIOTHCS TPOMHUCIIOBICTIO;

€ pe3epBH 3HWKEHHS METAJOEMHOCTI 32 PaXyHOK BHKOPHUCTAHHS MEMOpaH 3
KOMITO3UTHHX MaTepiaiB.

[IpucTpiit € MpOCTUM y BUTOTOBJICHHI Ta 3aCTOCYBaHH1, 00 JIJIsi HOTO CTBOPEHHS
3aCTOCOBYIOTBCS OCBOEHI IMPOMMCIIOBICTIO KOMIIOHEHTH Ta €JIEMEHTU. TeXHIKO-
€KOHOMIYHI MOKa3HUKM 3HAYHO BUIIE AHAJIOTIB, TOMY IO 3a0€3Me4y€eThCs OUTBIIT
e(deKTUBHE PO3MIIIOBAHHS POOOYOi PIAVHY Y IIUPOKOMY JT1ana3oHi TUCKY.

A SKIIIO 3acToCcyBaTH MEeMOpaHM 31 3MIHHOIO TOBIIMHOIO TO MOXJIMBO JOCSTTH
BUpIBHIOBaHHS Hanpyru y memOpani [10]. Kpim toro, g0 koHcTpykiii popcyHku
HECKJIaJHO IHTETPYBATH BUMIPIOBAJIbHI MPUCTPOIO KOHTPOJIIO MapaMeTpiB poOOUOi
piguan [11 - 13]. Tlopsa 3 cucremMamMu IpUAYIICHHS ATy GOpCyHKa MOXKe OyTH 3a-
CTOCOBaHa JJIs1 OOpOTHOU 3 mokexkamu [14].
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VJIK 656.5:656.63

Kop6an B. X., lllyminosa K. B.,
HamionansHuit yHiBepeutet «Opechbka MOpPChbKa akaieMis»

MeToa KpyroBoi mojsipu3aiii eJIeKTPOMArHiTHOT0 BUIIPOMIHIOBAHHS J1JI1
OYHIIeHHS BUXJIOMHHUX ra3iB Cy/JHOBUX eHEPreTHYHUX YCTAHOBOK

Benuke 3HaueHHs HaOyBa€ MHUTAaHHA K aHANI3y CTaHy CEpeNOBHINA y paloHi
(GYHKIIIOHYBaHHSI CYyJTHOBHX €HEPreTHUYHUX YCTAaHOBOK, TaK 1 PO3POOKH 3aXOAdiB i3
3a0€3Me4YeHHs YUCTOTH aTMOC(EPH NUITXOM 3MEHIICHHS BUKHIIB 3 BUXJIOMHUX TPYO
JU3ENbHUX JIBUTYHIB B aTMOC(epy 0 TPAaHUYHO JOMYCTUMHUX KOHIIEHTpAaIlii, BCTa-
HoBJIeHNX Ha CtokronbMcbkii kondepeniii OOH y 1972 p.

HeoOxiHiCcTh MONIyKYy ONTUMAIbHUX METOJIIB 3HMKEHHSI BUKUIIB B aTMOCchepy
HIKIJUIMBUX PEUOBUH, SIKI CTBOPIOIOTHCS B IIPOLIEC] pOOOTHU CYAHOBUX €HEPreTUYHUX
YCTaHOBOK IpH 3rOpsHHI NajuBa OOYMOBJIEHA BUPILIEHHSAM NUTaHb aKTyaJlbHOI
po0JIEMU EKOJIOTTYHOT O€3MEKN MOPCHKUX TU3EIbHUX JBUTYHIB

[Ipu 3ropstHH1 JU3EIBHOTO MajlMBa CYJJTHOBOTO JBUTYHA [1] CTBOPIOIOTHCS OAHI 3
HaliHeOe3MeuHIuX 3a0py/IHEHb — OKCHJIA a30Ty, BUKHJH SIKHUX PETYNIOIOTHCA BHU-
moramu MAPIIOJI 73/78 (MixkxHapoHa KOHBEHIIISI 1100 3aro0iraHHs 3a0pyHEH-
HIO 3 cyjieH) [2].

30UTbIIEHHSI KOHIIEHTpalli OKCHAIB a30Ty y BHUXJIOIHHUX Ta3ax AU3EIbHOrO
JBUTYHA MPU BUKOPHUCTAHHI NajuBa 3 BMICTOM cipku (He Ouibwe 0,1 %), a Takox
CIOCOOM 3HMKEHHS eMICli OKCHIIB Yy IU3ENIB CYJAeH MOPCHKOTO Ta BHYTPIIIHHOTO
BOJITHOTO TPAHCIOPTY MpencTaBieHi B podorax [3-4]. AKTyanabHI IUTAHHS 3aXHCTY
aTMoc(epH BiJ BUKU/IB TOKCUYHUX CIIOJIYK 3 BUXJIOITHOI CUCTEMHU CYJTHOBUX €HEP-
reTUYHUX YCTAaHOBOK 3a JOMOMOTOI0 METOJIB 3MEHIICHHSI BUKHU/IIB, 30KpeMa MocTa-
YaHHS NMaJUBHUX CyMileld MopchKoro ausenbHoro nanmua (MDO) Ta edipy parico-
Boi ol (RME) (MDO/RME) no aBuryHa, a Tako>k BUKOPUCTAHHS CKPYOepiB st
3MEHIIEHHS BMICTY CIpKM B MOPCBHKHX AM3EIIbHUX JBUTYHAX MPEICTaBJICHI B JIO-
cimiKeHHsX [5-9].

[Tpobsiemu nekapOoHi3allii CyJHOIIABCTBA, €KOJOTIUHI Ta IHHOBALIMHI PIIICHHS
TS 3MEHIIICHHSI BIUIMBY CYJAHOBOTO MaJMBa HA JOBKULIA, @ TAKOXK POJIb JOACHKOTO
(dakTopy, BUCBITJIEHI B Cy4acHUX HaykoBuX poOoTax [10-15], 06ymMoBIIIOIOTE HEOO-
X1AHICTh MOIIYKY €(EeKTUBHUX METO/IB KOHTPOJIIO BUKH/IB BUXJIOITHUX Ta3iB CY/]I-
HOBUX eHepreTuyHuX ycTaHoBoK (CEY).

Po3rinsHeMo MeToj OYMILEHHS HABKOJHUIIHBOIO CEPEJOBHINA BiJl BUXJIOMHHUX
ra3iB CEY enexTpoMarHiTHOIO XBUJIEIO KpyroBoi mosspu3aritii. [Ipumyctumo, o ra-
30B1 YaCTUHKHU (TBEP/Ii, Ta30MOI0H] Ta Pi/Ki), AKI BUKHIAIOTHCS 3 BUXJIOMTHUX TPYO
CEY, pyxarThCs 1O KOJy TiJ] BIUIMBOM €JICKTPOMAarHiTHOI XBUJI KPYTOBOi MOJISPH-
3amii. Taki 4aCTUHKKM B MarHiTHOMY MOJ1 3 KPYTOBOIO MOJISPU3ALIEI0 MiIAAI0ThCS
BIUIMBY cWiIM JIopeHua:

F,=q|B-V|, (1)
A€ J— 3apsaa YaCTUHKHU,
B — BekTOp 1HAYKIII1 MAarHITHOTO TOJIS;
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V — BEKTOp MIBUAKOCTI 3apsIPKEHOT YACTHHKHU.
F, =q|V||B|sina, (2)

1€ o — KyT MDXK BeKTopamu B 1V .

YacTUHKA B MarHiTHOMY TOJII XBWJIL PyXalOTbCS B3JOBXK TpaekTopii y ¢opmi
TBUHTOBOI JI1HIi, BICh SIKOI MapajebHa BEKTOPY 1HAYKIIT MarHiTHOTO TOJIS XBHII, a
pajiyc TpaekTopii pyxy BU3HAYA€ETHCS 32 YMOBOIO:

mV sina
R=—1f—, (3)
qB
7€ m — Maca YaCTHUHKHU.
MOMEHT KIJIbKOCTI PyXy YacCTHUHKH IMO3HAYAETHCS SIK:

M =mVRsina, 4)
a60, BpaxoBytouu popmyny (3), piBHIHHS (4) 3aUCYETHCS SIK:

A/2 ain?2
M:quSBm a. (5)

PosrisitHeMo B3a€MOIII0 €IEKTPUYHOTO JIUAIIONS 3 MArHiTHUM TIOJIEM €JIeKTPO-
Mar”iTHOI XBWJII KPYroBOi1 MOJIAPU3AIIii: KOJM 3apsid YaCTHHOK KOHIIEHTPOBAHI B
PI3HHX 3a BEJIMYMHOIO Macax, M) HUMHU HEMa€ >KOPCTKOTO 3B'S3Ky. TO/a1 KOXKEH 13
3apsiiiB Ma€ OOMEXKEHHI CTYIHb CBOOOIH, 1110 03BOJIsIE HOMY OOepTaTUCs CIipali-
JII0 B TIOJII XBUJII KPYTOBOI MOJISpU3allli, a paalyc Takoi TpaeKTopii Oyne oOMexeHui
TOBKMHOIO Ta XapaKTEPOM 3B'SI3KY MiXK 3apsaaMu.

Skmo cucrema, MO0 CKIAAAETHCA 3 PIBHOI KIIBKOCTI MO3UTUBHO Ta HETaTHUBHO
3apsHKEHUX YaCTUHOK Pi3HOI MacH, MPOXOJIUTh Yepe3 Mar”iTHE MoJjie eIeKTpoMar-
HITHOI XBWJI1 3 KPYTOBOIO TMOJISIPU3AIIEI0, TO 3arajJbHUA MOMEHT KIIBKOCTI PyXy Oy-
7€ BIIPI3HATHCS BIJ HYJISA 1 IOPIBHIOBATH HYJIIO IIPH OJTHAKOBIM Maci YaCTHHOK.

["a30Bi1 yacTUHKH, 0 BUKUAAIOTHCS 3 BuXJonHUX Tpyo CEY mifg miero enexTpo-
MarHiTHOT XBWJII KPYroBOi1 MOJsSpH3allii HAMpaBisSIOTHCS B €MKICTh 3 TEBHOIO
PIIMHOIO. /i€ B1IOYBAETHCS iX HEUTpasizais.

Jlnst BUMIpIOBaHHSI KOHIIHTpAIlli YaCTUHOK, IO BUKUAAIOTHCA 3 BHUXJIOIMHHUX
Tpy06 ¢ CEY, BUKOPUCTOBY€EThCS HEMOJISIPU30BaHa €JIEKTPOMArHiTHA XBUJIS HA BU-
MIPOMIHIOBAHHSI, SIKA 3allMCaHa Y BUTJISAAI MaTPHIIi, IO CKJIAJIAE€THCS 3 YOTHPHOX Ta-
pametpiB Ctokca. Po3citoBaHHS €1eKTPOMAarHiTHOT €Heprii Ha YaCTUHKAX, [0 BUKH-
JAI0ThCS, HAJaHO SIK MaTpulsg Mroiepa, ska CKIagaeTbes 3 16-TH €JIEMEHTIB,
KOXKHUM 3 SKUX BIJMOBIAAE T1CNESKTPUUHIN MPOHUKHOCTI &, Ta30BUX KOMIIOHEHTIB

JaCTUHOK Ha Buxol BuxyonHoi Tpyou CEVY, a mapameTpu enekTpoMardiTHOI XBHIIL,
B1IOMTOT BiJl Ta30BMX YAaCTUHOK BUXJIOMTHUX Ta3iB TaKOX 3alUCaHl y BHUTJISI Mat-
pHIll, IO CKJIAJa€ThCs 3 4YOTUPHOX mapameTpiB Ctokca. B3zaemo3B'a30k MiXK BH-
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MPOMIHEHOO Ta BiIOMTOIO XBWJISIMH 1 PO3CIIOBAIBHUM 00'€MOM Ta3y 3alUCyEThCS Y
BUTJISAI TPHOX MaTPHIIb:

I 610 éll 512 513 §l4 I eun
Qgio — §21 522 é:23 524 . 0 (6)
U 6i0 531 532 §33 634 0 ’

Veid §41 542 511 é:44 0

ne 1,QU)V — mapameTpu mOJSApH3AIlii €JIEKTPOMArHITHOI XBWII, HIO BH-
MIPOMIHIOETHCS (6un) Ta BingOuBaeThes (6i0);

&, — JICNeKTpUYHA KOHCTaHTa Ta30BUX KOMIIOHEHTIB Ha BUXOJII BHUXJIOMHOI
Tpyou CEY.

Po3B'sa3anHst piBHSHHS (6) 103BOJISIE BU3HAYUTH KOHIICHTPAILIII0 TUOTUPHOX Ta30-
BUX KOMIIOHEHTIB 3a MEPIIUM CTOBIIIIEM €JIEMEHTIB MaTpulll Mrosiepa:

S ="
eun
Q.
Sn ="
IKUI’l (7)
U..
o =
I(fllﬂ
é: _ Vei()
a = .

Ockinbku mapameTp lg,, 3aTUIMIAETHCS CTAMM y TMPOIEC] EKCIIEPUMEHTATbHUX
JOCIIKEHb, MU TIPUITYCKAEMO, IO BiH JOPIBHIOE OAMHUII, 1 ToAl piBHAHHS (7) T1e-
PENUCYETHCS SIK:

S = Ieid;§21 = Qsiz);é:Bl = U(fiz);§41 =V,o- (8)

VY piBHsiHHI (8) KOXKHUN 3 €JIeMEHTIB MaTpulll Mroiiepa BU3Ha4Ya€ KOHIICHTpa-
1110 BUXJIONMHOTO ra3zy Ha Buxoai CEYVY, a ix cyma BHU3Hauae MOBHY KOHIICHTpAIIilO
BUXJIOTTHHX Ta3iB.

BucHoBok

3anponoHOBaHO METO/J] OUUILEHHS HABKOJMIIIHBOTO CEPEAOBUINA Bl BUXJIOMHUX
rasiB CyJHOBUX €HEPreTUYHUX YCTAHOBOK 3a JOIMOMOI'OK €JIEKTPOMArHITHOI XBWIII
KpYTOBOI MOJISIpU3aIlii.

JInst BUMIpIOBaHHSI KOHILIEHTpAIlli Tra30BO1 CyMillll Ha BUXOA1 CYJAHOBOi e€Hepre-
TUYHOI YCTAaHOBKH BUKOPHCTOBYETHCS HEIMOJSPU30BaHA €JIEKTPOMArHiTHa XBUJIS Ha
BUIPOMIHIOBaHHS, a B1IOMTA BiJl Ta30BO1 CyMIllll, €JIEKTPOMArHiTHa XBUJIS HaJlaHa y
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BUTJIS/II MaTpHIl po3citoBaHHS Miomnepa, eneMeHTH SIKO1 BIANOBIIAIOTh KOHIICH-
Tpallii ra30BOi CyMiIIi.
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VYK 656.5:656.63

[Iyminosa K. B., lllyminos JI.1.
HarmionansHuit yHiBepeuteT «Opechbka MOpPChbKa akaieMis»
HapuanpHO-HayKOBUM IHCTUTYT 1HXXEHEPIi
HapuanpHO-HayKOBUI IHCTUTYT HaBIrarii

Tennenuii uudpomizauii B pakypci ynpapjaiHHS T€XHOJOTIYHMMH MPOLECAMU
CKJIATHUX CHCTEM MOPCHKOIO CyJIHA

VY cydacHii MOPCBHKIN TpaHCHOPTHIN 1HAYCTpIi, a TaKOX y raiy3i CyJaHOOYIy-
BaHHS, €KCIUTyaTallli, 0OCIyroByBaHHSI Ta PEMOHTY MOPCHKHX Ta PIYKOBUX CYyJACH
OCHOBHUMH MpiopUTETaMH € Oe31eKa, €KOJIOTIYHICTh Ta €KOHOMIYHA €(PEKTUBHICTD.

BupiiieHHs pi3HOMaHITHUX 3aBJIaHb YIPaBIiHHSA TEXHOJIOTTYHUMH MPOIIECAMH Y
CKJIa/IHUX CYJTHOBUX CHCTEMax 0e3MO0CepeHbOo MOB'I3aHe 3 HUMU KareropisMu. s
JIOCSITHEHHSI METH TMOTPiOCH MOIIYK HOBUX, HETPUBIAIBHUX Ta YHI1(DIKOBaHUX TeX-
HIYHUX PIIIEHb, a TAKOXK YpaxXyBaHHS MOKJIMBUX aBapiiiHUX CIIEHapiiB Ta BIOCKO-
HaJICHHS YNPAaBIIIHHS JIOJICBKUM (PaKTOPOM.

3 1[i€}0 METO0, IPOLIECH YNPABIIHHSA TEXHIYHUMH CUCTEMaMH Ta KOMILIEKCAMU
CyJleH NOBMHHI OyTHM MaKCHUMaJlbHO aBTOMAaTH30BaHI, MPOTPAMHO Ta amapaTHO
y3rojikeHl. Takuii CUHEpreTHYHUI MiIX11 JonoMarae 3a0e3neynuT ONTUMAaJbHI pe-
UMM EKCIUTyaTtarlii, 0€3MeYyHOCTI Ta €KOJIOTIYHOCTI CY/IHOIIJIABCTBA, a TaKOX e(]ek-
TUBHOT'O TEXHIYHOTO 0OCIIYyTOBYBaHHSI 1 PEMOHTY CYAEH PI13HOTO MTPU3HAUYCHHSI.

3 KIHIA MHHYJIOTO CTOJITTS CIHOCTEPIra€ThCs EKCIOHEHIIIMHUN pPO3BUTOK
MOPCBHKUX TEXHOJOTIH, Kl TaK YW 1HAKIIE B MEPCHEKTUBI 3MIHITH KJIACUYHE PO-
3YMIHHSI CHCTEMHU CYJIHOIUIABCTBA, 1 pa30M 3 IIMM OpPTraHi3aIliio MpoIecy eKCIiTyara-
11 cyzeH.

Ha nanuii MOMEHT, CITiJl BUILIUTHA TPU HAWUIIOMITHIIN TEHJCHIIII, SKI BU3HAYa-
TUMYTh TIOJIAJTIBIINI Kypc Ha ITU(POBI3AIli0 CyIHOIIJIABHOT Taly3i, a came:

CMapT TEXHOJIOT11, sIK1 OyIyTh 3JaTHI KOHTPOJIOBATH BCl CUCTEMU CYJIHA;

«3€JICH1» TEXHOJIOTIi B CYJIHOIIJIaBCTRI, SIK1 MiJBUILATH €KOJIOTI1YHI CTaHAApPTH;

nosiBa OE3MUIOTHUX a00 O€3eKINMaXXHUX CYEH.

3 mpuBOAY LILOTO, OCTAHHIM YacoOM Y pI3HUX KpaiHaX CBITY BEIyThCS aKTHBHI
JOCTIDKEHHSI Ta PO3POOKH, BKIIOUYAIOYM JAEMOHCTpAIliiHI €KCTIEPUMEHTH, 3 METOIO
NPAKTUYHOTO 3aCTOCYBAHHSA CYJIEH-TIPOTOTHUIIB, SIK1 OUIBII BIJOMI SIK MOPCBKI aBTO-
HoMHI1 HaaBoAHI cyaHa (MAHC), To6To Oe3minoTHI aBTOHOMHI cyaHa. He3pakarouu
Ha JIesK1 BIZIMIHHOCTI B PiBHI 3aI[iKaBJICHOCTI KOKHOI 3 KpaiH, Cy4acH1 JOCIIIKEHHS
1 po3pooku y chepi MAHC MoxHa kiacudikyBaTH came siK po3poOKH 3aXO0/IIB 1010
niosuwentsa besneku excniayamayii cyoeH, a TaKOX 3HUKCHHS HAaBaHTAXKEHHS Ha
eKIMax 11010 YIPaBIIHHS CYJAHOM.

[TapanensHO 1TUM 3a/1a4aM MPOCIIHKYETHCS 1/1es] BAKOPUCTAHHS TAaKUX CYJICH, K
BIJIMIOBIIb HA HecTauy MOpsKiB. Cepes 1HIIMX TPEHAIB: 11€ 3HIKCHHS HETaTHBHOTO
BIUIMBY Ha JIOBKIJUIS, 3HM)KEHHST BAPTOCTI €KCIUTyaTarlii CyieH.

OTxe Ha micTaBl nepeaiyeHux (akTopiB MOKHA BU3HAYUTH YOMUPU KAIOUOBL
meHOeHUil, a caMe:

21



1. Po3moBCIO/KEHHSI BIIPOBAHKEHHSI HOBUX JOCSITHEHb 3 IUGPOBI3allii TeXHO-
JIOTIYHUX TPOIECIB CKIAJHUX CYJHOBUX TEXHIYHUX CHCTEM B paMKax HayKOBO-
TEXHIYHOTO MPOTpecy.

2. Ilporno3oBana HecTaya KBadi(hiKOBaHUX KaApiB ISl MOPCHKOI Tamy3i.

3. [IparaeHHs: MaKCUMAJIbHOTO 3HM>KEHHSI BIUTUBY JIFOJICBKOTO (aKTOPY, 3 METOIO
edexTuBHOTO 3a0e3neueHHs 0e3MeKu Ha MOpi.

4. Tlpuponne OaxkaHHSI Cy/JHOBJIACHUKIB 3a0LIAJAUTH HA OJIHINA 13 CYTTEBUX BUT-
paT — yTpUMaHHS eKIlmaxy.

Bce 11e 3yMOBHIIO TOSIBY Ta CTPIMKHH PO3BUTOK aOCOJIIOTHO HOBOTO, 3 TOTJISATY
Ha TMIPUHITUIYN YIIPABIiHHSA, TUITY CYJ€H — MOPCHKHX aBTOHOMHHX HAJBOJHUX CY/ICH.

Odiuiiine Bu3HaueHHs 1100 Tepminonorii MAHC Ta #ioro 3HaueHHsI, 1110 BUKO-
PUCTOBYETHCS Ha CYYaCHOMY €Tari, MOXYTh BIAPI3HATHUCS, OCKUIBKA BU3HAYCHHS
MAHC Bce 11e 3HaXOAUTHCS HA CTajAll BUBYEHHA Y MiXHapOJHIM opraHizaiii 31
cragpaptusaiii (ISO/AWI 23860 — umHHMI TEXHIYHHH CTaHAApT, [0 BH3HAYAE
TEPMIHOJIOTIIO Ta CJIOBHHUK, $IKi MOB'A3aH1 3 aBTOHOMHUMH CYJAHOBHUMH CHCTEMaMH,
2022 p.) [1]. OxpHak ciig po3iOpaTcs B HOHATTAX Ta JaTH BU3HAYCHHS AC(iHIIAM
aBTOMATU30BaHE CYJHO, aBTOHOMHE CYJIHO Ta O€3MIJIOTHE CY/THO.

Aemomamu3zosare cyono — 03HaA4a€ KOHBEHIIIMHE CYJIHO, Y TIpolieci BUPOOHUYOT
JUSUTBHOCT1 SIKOTO BUKOPUCTOBYETHCS OY/Ib-IKUHM THUIT aBTOMATHUYHOI (PYHKIIIT yIIpaB-
JHHSA, Yepe3 10 BOHO 3JaTHE 3/1MCHIOBATH HaBITaIliiiHI mepexoau 0e3 Oes3moce-
PEAHBOTO KOHTPOJIIO JIFOAWMHOIO, 3a JOIOMOTOI0 TIPHCTPOIB, IIOB’S3aHUX 3
HaBIrali€ro, yupaBiIiHHS PyXOM CyJHa Ta MOro CUJIOBOIO YCTaHOBKOIO.

Asmonomne cyono. HacTynmHUM €TaroM € aBTOHOMHE CYJIHO, Mi SKUM CJif po-
3yMITH aBTOMAaTHM30BaHE CYAHO, SKE OOJIAIITOBAaHO CHUCTEMOIO PO3Mi3HABaHHS
00’€KTIB HABKOJIO CyJIHA 32 JOMIOMOI'OI0 PI3HUX THIIIB JATUMKIB, BU3HAUEHHS CTyIIe-
Hs HeOe3neku 00’ €KTIB BIAMOBIHO 10 HASIBHOCTI PU3HMKY 31TKHEHHS, a TAKOXK aJiro-
PUTMIB 3JIMCHEHHS 3aXOJIB y BUIJISAI MaHEBpPY IOJ0 YHUKHEHHS 3ITKHEHHS 3
00’exTaMH (SKIIO Taka HeOe3MeKa ICHy€e) Ta TOBEPHEHHS Ha 3aJlaHUl KypcC MicIis 3a-
BEPIICHHS T MI0JI0 YXUJICHHS, K1 MOXKYTh OyTH BUKOHAHI aBTOMaTUYHO 0€3 BTPY-
YaHHs JTIOIUHH [2].

bBesninomue (6ezexinaccue) cyono (puc. 1) — 11e cyaHo, Ha SKOMY HeMae (i3ud-
HOI MPHUCYTHOCTI YJIEHIB €KiMaxy, 1 BOHO Y CBOIO YEpry € Pi3HOBUAOM aBTOMAaTH30-
BaHoro cynHa [3]. Takuii THI Cy/HA OCHAINCHHMI (PYHKI[ISIMH BHIIE3TraaHOTO aBTO-
HOMHOT'O CyJIHA, Ha SIKOMY 3J1HCHIOETHCS MPOIIEC CYTHOBOJIIHHSI HAa OCHOB1 KOMaH/I
JUIsl MaHEBPYBaHHS CyJHA, SIKI TEepeAaroThCs Bij JIIOJMHHU-ONEpaTopa, 10 3HAXO-
JTUTHCS y BIIJIAJIGHOMY MICIII 32 JIOTIOMOTOI0 CYIMyTHUKOBHUX 3ac001B 3B’s3KY (pHC.
2). be3ninoTHI CyJHa BUKOPUCTOBYIOTh aBTOHOMHI HaBITaIliiHI CHCTEMH, IITYYHUH
IHTEJICKT 1 JUCTAHIINHUNA MOHITOPHUHT, 3aBISKH SIKUM 3HIDKYIOThCS €KCIUTyaTalliiiHi
BUTPATH 1 MiJBUILYIOTHCS MOPCHKI CTaHIApTH Oe3MeKn CyHOIUIaBCcTBa [4].
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Puc. 1. CydacHi rperpki 6e3mi10THI cyaHa, po3po0bieHi 11 onepaiiiii B EreiicbkkoMmy Mopi Ta
Cxignomy Cepenzemuomop’i [4]

Cnil OiAKpecIuTH, IO XOYa BHU3HAUCHHS TaKOTO THIYy CyJHA O3Haydae
«Oe3ekinaxkHe» (mpoTe BiJ Li€i TEPMIHONOTIT MOCTYNOBO BIAXOASTh), BOHO MOXE
MEPEBO3UTH TACaXUpiB. BpaxoByloum MOXKIMBICTH BTpaTh ab0 NepepUBaHHS
3B’SI3KY 3 BIJJIAJIGHUM LIEHTPOM YIIPABIiHHSA, MOXXHA MPHUITYCTUTH, 10 TAKUW THUII
Oyzne ocHamieHuil (QyHKIISIMA aBTOHOMHOTO cyAHa. BoaHowac cynHo, sike He OcHa-
nieHe (GyHKIISIMA aBTOHOMHOTO TUIaBaHHS, aJie YIPaBIS€ThCA IUCTAHIIMHO MUISIXOM
nepeaayl HaBIraliiHUX KOMaH]I, MOB’S3aHUX 3 POOOTOI0 CHCTEM YIPABIIHHS HOTO
PyXOM, Takok MoOke OyTH Kiacu(piKOBaHO sIK O€3MUJIOTHE HaBIraliiHe CyJHO, 3a
YMOBH, 1110 HA HhOMY HEMA€ EKIMaxy, SIKUA MOKEe BUKOHYBAaTH MaHEBPEH1 Omepaliii.

Bararoomnepariiiinuii  1ieHTp (OeperoBa CTaHIS CYNPOBOAY) — IICHTP JH-
CTaHIIMHOTO YIPaBIiHHSA CYJIHOM (pHUC. 2), OAMH 3 BaXKJIMBUX KOMIIOHEHTIB, KU
TaKO Ma€ CyTT€EB1 OCOOJIMBOCTI y MPOLECI BUITPOOYBAaHb JAHUX TEXHOJOTIH.

Iepenaua nanux gepes
CYIyTHHKOBI CHCTEMU

Beperosuit
GararoomnepariiHui
LEHTp yNpaBiliHHsA
«3eMIIA-MOpe»

ABTOHOMHE Cy/IHO

~

ABTOHOMHE CyJHO B
MPOLIECi eKCILTyaTalii:
MTOPTOBI BaHTAXHI
omneparlii — MaHeBpyBaHHS
B PEHCOBOMY LIUKJIi —
CHCTEMH 3a0e3MeYeHH

0Oe3nexku /

Puc. 2. KoMnoHeHTH JUCTaHIIIHOTO YIpaBIiHHSI aBTOHOMHUM CYJIHOM

(aBrop: lyminosa K.B.)

Byayuu aHanoroMm aucreT4epchbKoi Bl 1€l ICTOTHUN €JIEMEHT BIAIrpae mep-
HIOPSAIHY POJb Y TIPOIIECT mpaHchopmayii mexHoao2itl A8MOHOMHO20 CYOHOBOOIHHS
B KOMEPIIIITHY peabHICTh, 30MPar0dY METEOPOJIOTIUHI Ta HaBIraIiiHi JaHi, a TAKOXK
iHITY 1H(QOpMaIlifo 3 6e3MeKr MOopeIUIaBaHHs, KOHTPOIIOYN poOOYHii CTaH CyaHa,
HOTO CHMCTEM Ta CTaH MAIIMHHOTO BIIJIIJICHHS, JO3BOJISIIOYN YIPABIATH CYTHOM SIK
JTUCTAHIIIHHO 3 BUKOPUCTAHHSM CYIMyTHUKOBHUX TEXHOJIOT1H, BKIIFOUAIOYH BUIMAJIKU
HAJ3BUYANHUX CHUTyaIllld, TaK 1 CYNPOBOHKYIOYl CYJHO 1 KOHTPOJIOKYH HOTO Tif
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Yyac TMOPTOBUX ONEpallii, 13 MOBHOLIIHHUM BUKOPHUCTAHHSIM KaHAJIIB 3B’A3KY «3€MIIS-
MOpe», 3 HAJaHHSIM MIATPUMKHU y OyIb-sIKUA MOMEHT 4acy.

Cucremu ynpasmiadass MAHC Ta yrpuMaHHs Ha 3aJjaHOMY KypCl, SIK1 BXKE€ BCTa-
HOBJIEHI Ha 0araThbOX ICHYIOUHX CyAHaX, € MpUKIajgaMu (YHKIIH aBTOMATHYHOTO
yIOpaBJIiHHS, 1 CyHO, SIKE 31MCHIOE HABITAIlll0 3 BUKOPUCTAHHSAM IMX (YHKIIH, Ta-
KO € CyJTHOM 3 aBTOMATHYHOIO HaBirarfiero [6].

B cucremax ynpasiainat MAHC BUKOpHUCTOBYIOTHCS HACTYITHI OCHOBHI ajro-
PUTMU:

PID controllers (ITI/I-perymnstopn): [uist MIATPUMKH KypCY, IO KOPHUTYE TOJIO-
’KEHHsI pyJisi HA OCHOBI IOTOYHOT MOMUJIKH, IHTETPATy Ta MOX1IHOI;

Adaptive control (amanTuBHE ynpaBiiHH): ISl aBTOMAaTHYHOI 3MiHU B CUCTEMI
MapaMeTpiB PETYJIOBaHHS, B 3aJICKHOCTI BiJ] 3MIHU JAWHAMIYHHUX XapaKTEPUCTUK
cynHa (Mpu 3aBaHTaXEHH1) a00 MOTOAHUX YMOB;

Fuzzy logic (anmropurMu Ha OCHOBI HEYITKOI JIOTIKH): JUIS MOJCIIOBAHHS ik
KBaTi(hiKOBAHOTO CYJAHOBO/IIS 1 IPUHHSATS PIIICHHS B YMOBAaX HEBU3HAYCHOCTI;

Al/Neural Networks (ueiiponni Mepexi Ta mryunuii intenekt (LI)): mis HaB-
YaHHS CUCTEM YIIPABJIIHHS B CKJIQJHUX CIIEHAPIAX, MPOTHO3YBAHHS MOBEIIHKHU CY/I-
Ha Ta BUSBJICHHS LILICH;

Model Predictive Control (aaropuTMu NpPOrHO30BaHOTO YIIPABJIIHHA): JHU-
HaMIYHa MOJIENb CYyJIHA JIJIsl POTHO3YBAaHHS MOT0 pyxy Ha MEBHHM Yac BIiepes 1 on-
TUMI3aLli J1i 3 YIPaBIIHHSI PYyXOM.

bararo TexHIYHHUX 1 JOCHIAHUIBKUX IEHTPIB 3aMarOThCS PO3POOKOIO CHUCTEM
aBTOMATUYHOTO PYJLOBOTO YMPABJIIHHS AJI1 BUKOPUCTAHHS HA aBTOHOMHUX CYIHAX,
10 AWCTAHIIHHO YHPaBISIOTHCA, SKI OyIyTh BUKOPHUCTOBYBATHCS B HaBITalliHUX
CHUCTeMax 1 CHCTeMax YMpaBIiHHS PyXOoM Ta cTabumizamii Kypcy CylIeH y Mexax
KoMIT toTepu3sailii npouecy ynpasiaiHHt MAHC. Taki cucteMu BUKOPUCTOBYIOTh aB-
TOMATUYHY CUCTEMY JJIsl YIIPABIiHHS CYJTHOM Ha X0y, BKIIIOYAIOYU aJTOPUTMHU Ma-
HEBPYBaHHS BIAMOBIIHO A0 MiXKHApOIHUX IMPaBHII 3aMI00IraHHS 31TKHEHHSM CYJIeH
y mopi (COLREQG).

ABTOIUJIOT 3alPOrpaMOBAHUIM TaKUM YMHOM, 100 CYTHO 3aBXKIU 3aTHUIIAIIOCS
Ha 3aJlaHii BiJICTaHI BiJl 3aIJIAHOBAHOTO MapHIPyTy. SIKIO I1i MEXi MEePEeBHINECHO,
aBTOMIJIOT BHJIA€ TOMEPE/KEHHS, 1 B TAaKOMY BHITAJIKy PEXHUM JAUCTAHIIITHOTO
YVIPABIIHHS CKaCOBYETHCSI.

Jlnst HaTypHUX BUINPOOYBaHb 00’ €KTaMU MOJENIOBAHHSA OOMPAIOThCS CyJHA He-
BEJIMKOI BOJOTOHHAKHOCTI, y pYJbOBI CHUCTEMI SKUX BCTAaHOBJIIOETHCS Ma-
JOTHEPLIMHUI MOBOPOTHUM MPUCTPIN 3 €NEKTPOHHUM YIPABMIHHAM. Y LIOMY HpPH-
CTpOi MPAKTUYHO BiJICYTHE OOMEKEHHS MO YacTOTI MOBOPOTY PYJsl, IO JO3BOJISE
CTBOPIOBATH BUCOKOC(DEKTHBHI CHCTEMH aBTOMAaTHYHOTO YTPUMaHHS CyJHA Ha 3a-
TaHOMY KYypCi, B SIKHX MaKCUMAJIbHUH KyT MOBOPOTY PYJsl CTAHOBUTH 35 Tpamycis.

BucHoBok

3ayBaxxuMo, 1110 MPOLIeC BUPOOJICHHS 3aKOHO/IaBCTBA Ta CTBOPEHHSI HOPMATHUBIB
CTpaxyBaHHS ISl aBTOHOMHUX CYZCH 3aiiMae OUIbIIe 4acy y MOPIBHSHHI 3 pO3p00-
JICHHSIM Ta BIPOBA/KCHHSIM TEXHOJIOTIM JHUCTAHIIHHOTO YIPaBIIHHSI TEXHO-
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JIOTIYHMMH TIPOIIECAMHU CKJIAHUX CHCTEM Mopchkoro cyana [7]. Tomy, B meprry
4epry MOXyTh OyTH 3MIHEHI BUMOTH II10JI0 MiIHIMaJIbHO HEOOXITHOI KIIBKOCTI OCI0
Ha OOPTY, HE3AJIEKHO BIJ TOTO, YH € Il Cy/JHA MMOBHICTIO aBTOHOMHHMH, TOOTO YH-
CEJIBHICTh eKiNaxkxy Oy/e CKOpOdYyBaTHCS 4Yepe3 BIPOBAIKCHHS HaBITalliiHUX CH-
CTEM, OCHAILEHUX aBTOMATH30BaHMMHU 3aco0aMU 3amoOIraHHS 31TKHEHHIO CYJEH.
[IpoTe, mapaneabHO 3 UM ICHYE TOTpeda B po3poOIll MpOrpaMHOTo 3a0e3nedyeHHs
U1 00poOKHM 3HAYHUX 00csriB 1H(popMmarii. HeoOxiHa TakoK aHaIITHKA Ta Tele-
METpisi MOXJIMBUX MPOOJIEM 3 MPOTOTUIIAMHU CKJIATHUX TEXHIYHHX CHCTEM aBTOMa-
TH3aIli CyHa, X JaTYMKaMU, TBUTYHAMH, PYJIHOBUM MPUCTPOEM Ta IHITUMU MPHUIA-
JaMu, JUIsl MOXJIMBOCTI Ha OCHOBI aHami3y IHMX JaHUX MepeadauyBaTH Mepioau
HEOOX1/THOT 3aMIiHH BY3JIB Ta MEXaHI3MiB, IJIaHYBaTH TE€XOOCIyrOByBaHHS IS 3a-
noOiranHs aBapiiiHOCTI 00J1aTHaHHS.
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Hposn O. B.
Hamionanpauit yaiBepcuret "Oniecbka MOpChKa akajiemis"

HoBiTHi TexH0J10TiI BiTHOBJIEHHSI POOOTOCIIPOMOKHOCTI CYyTHOBUX BAHTAKHUX
KpPaHIB

TpaHcHarioHambHI MOPCHKI TOPTOBEIIbHI MIEPEBE3CHHS 32 OCTAaHHI POKH 3a3HAIIU
3HaYHUX 3MiH y CBOiX KJIIOUOBHUX €JIeMEHTaX, BKIIIOUAIOYU BaHTaXHY 0a3y, Mmapk cy-
JIeH Ta TepeBaHTaXyBaJlbHe 00jajHaHHsA. HalWOUIbII MOMITHI 3MIHU TOPKHYJIHCS
CTPYKTYPH Ta pailOHyBaHHS BaHTa)KOMOTOKIB. 3a OCTaHHI JAECATh POKIB CTaBCs PO3-
MOJIUT BAHTAXKHO1 0a3M Ha JiBa BEJIMKI HanpsAMKU. [lepuie — e obcsru KoHTeHep-
HUX 1 HABAJIOYHUX BAHTAXXKOIOTOKIB, 110 CTPIMKO 3pOCTAIOTh, a APYyre — TpaJMIIiiiHI
BAHTaX1 3 YCTAJIEHOI0O HOMEHKJIATYPOIO. 3TiJHO 31 CBITOBOIO CTATUCTHKOIO, IIOPIY-
HUW TIPUPICT KOHTEHHEPHUX MEepeBe3eHb CKIanae 0au3bko 9%, y Toii yac sik oocsr
HEKOHTEWHEPHUX HaBaHTAXYBAJIbHUX BaHTaX1B 30UIbIIyeThCS Ha 1,4%.

ExonomiuHi acriekTy mpuOyTKOBOCTI pOOOTH MPOBITHUX MOPCHKUX KOMITaHIM
TaKOXX MPHU3BEIIU J0 3MiH Y pailOHyBaHHI BaHTa)XOIOTOKIB, 3MIIIYIOUH iX y OIK CH-
poBuHHUX perioHiB [liBneHHo-3axiqHoi AQpuku Ta eKOHOMIK KpaiH CXigHoi Ta
[TiBgenHo-Cxi1HOT A3ii, 10 MIBUAKO PO3BUBAIOTHCH.

CyuacHe cynHOOyyBaHHSI MEPEKUBAE YEPrOBUM OyM TiraHTOMaHii — OCHOBHHI
aKIIEHT poOUTHCS Ha 30UTBIIECHHS BAaHTAXXHOI MICTKOCTI CyJI€H 3a PaxXyHOK 301JIb-
meHHs ix rabaputiB. [ yHIBEepCaTbHUX CY/I€H, OCHAIIEHUX BIACHUMHU BaHTaXKOITi-
niiomauME 3acobamu (BII3), TenaeHIii moasratoTh y MiJBUINEHHI iXHOT BAHTaXO0-
nigiomMHocTi. Tak, BETMKOBAroBl CTPUIM TaKUX CYJIE€H HEPIJIKO TOCSATAIOTh BAaHTAXKO-
migioMHocTi 10 120 ToH, aje B creliali30BaHuX CYJIHAX e MOKa3HUK MOXKE 3pPOC-
1 70 350 ToH. Takox 301IbIIYETHCS BAHTAXKOIIIMOMHICTh 3BUYAHUX CTPIJI Ta CY-
JTHOBUX KpaHiB, 110 aocsarae 32 ... 40 ToH, 1110 MOB'SA3aHO 3 aJanTalll€lo IM1]] KOHTEeH-
HEpHU MIKHapoAHOro ctanaapty [1 - 4].

Yrpumanus cygHoBux BII3 y TeXHIYHO clipaBHOMY CTaHi, a TAaKOX iX MPOCTOi
M1J] Yac MepeBaHTAXyBATBHUX POOIT BUMAraloTh 3HAUHUX BUTPAT BiJ CyIHOBIACHU-
KiB. ToMy 0COOJMBY yBary mpHBEPTAIOTh HOBITHI TEXHOJIOT1i PEMOHTY Ta BiTHOB-
neHHs pob6oTo cripomoxHocTi BIT3.

CraH KpaHOBHMX KaHATIB, 10 € OCHOBHUM KOMIIOHEHTOM BaHTa)KOMIAHOMHOTO
o0JialHaHHS, BIUIMBAE Ha 0e3MeKy BChOTO MPOIIECY eKCILTyaTallli. 3a CTaTUCTUKOIO,
6sm3pk0 20% HelacHuX BUIIAJKIB Ha KpaHax MOB's3aHl 13 HeeKTaMu CTaJleBUX Ka-
HatiB. ToMmy, cepen 3aBAaHb BIAHOBJIEHHS poOoTO cripomoskHocTi BII3 HaiiOuib
4acTo PO3B A3YETHCA 3aBAaHHS 3aMIHU pOOOYMX KAHATIB BAHTAXKHUX KPaHIB.

B nam yac, HallO1IbII MOMIMPEHUH CIIOCIO 3aMiHU CTaJeBOr0 KaHata, B OCHOB-
HOMY, CKJIaJIa€ThCS 3 HACTYITHUX €TalliB:

MIJITOTOBKA JBOX OapabaHiB JIJIs KaHaTa Ta JIBOX MPUCTPOIB JJIsl 3BIJILHEHHS Ka-
HaTa. SIKmio € Tiapku OapabaH s KaHaTa, MOTpiOHA pydHa poOOTa 31 3BUILHEHHS Ta
oOpi3aHHs KaHaTa;

MO3UIIOHYBAHHS BCIX TOMIKOKEHUX CTAJICBUX KaHATIB, HAMOTAHUX HAa HAMOTY-
BaJbHUI OapabaH, Ta OJHOYACHE HAMOTYBAHHS JBOX HOBUX CTaJIEBUX KaHATIB, 3'€]l-
HaHUX 31 CTApUMHU.
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Croci0 3aMiHM BHUMarac IiAroTOBKHM ABOX CTAJIEBUX KaHATIB OJHAKOBOI JOBKHU-
HU. Pyune oOpi3aHHs KaHaTiB 0 HEOOX1MHOI JOBXHHHU 30UIBIIYE TPYAOBUTPATH,
TOMY €(DEKTUBHICTh pOOOTH HEBUCOKA, 1 MOTPIOHO OLIbIIE MEPCOHATY JJIsI BUKOHAH-
Hs pOOIT.

HoBiTHS TeXHOJIOTISI OpiEHTOBaHA HA pealli3alliio CrIoco0y 3aMiHU CTAJIEBOTO Ka-
HaTa KpaHa, [0 TO3BOJISIE 3aMiHUTH JIBa CTAJIEBUX KaHATH OJHUM CTaJICBUM KaHa-
TOM, 1[0 EKOHOMHUTH TPYIOBUTPATH, 3HIKYE POOOUE HABAaHTAXCHHS, ITiIBUIITYE ede-
KTUBHICTh pOOOTH Ta 3HAYHO 3MEHIIY€ IHTEHCUBHICTh eKcIutyatantii. [lyis mocsrueH-
HS 11i€] METH y BUHaxX0/1 [6] BUKOPHUCTOBYETHCS HACTYIHA TEXHIUYHA CXeMa, IO T0-
JSITa€e y TaKOMY.

KanaToBa cuctema kpaHa BKJIOYae B ceOe¢ HaMOTyBajdbHUM Oapaban (1), nBa
CTajieBUX KaHarta (4), HAMOTaHUX Ha HAMOTYBaJIbHHUI OapabaH, HEPYXOMHUI OJIOK
miKiBiB (3), pyxoMuii 610K mIKiBiB (5) 1 6anaHcupHy 6anky (2) (puc. 1).

, "

Puc. 1. Cxemarnune 300pakeHHs KOHCTPYKIIi KaHaTa KpaHa B poO04YOMY CTaHi:

1 — namoryBanbHuii 6apaban; 2 — Ganancup; 3 — HepyXoMuill OJI0K 1IKiBiB; 4 — kaHat; 5 —
pyxomuii OJI0K IIKiBiB; 6 — Mepila NPUTHCKHA [UIACTHHA TOJIOBKU CTAJIEBOIO KaHaTa; 7 — mepiia
¢ikcyroua rojioBKa cTajeBoro kaHara; 8 — apyra NpuTHCKHA IJIACTHHA TOJIOBKHU CTAJIEBOTO KaHATa;
9 — npyra ¢ikcyroua rojoBka craneBoro kanara; 401 — nepima pixyda yactuna; 402 — npyra
piKyda yacTHHA

[lepmia roysioBka cTajieBOro KaHaTa 3akpilieHa Ha HaMOTyBaJibHUM Oapaban (1)
3a JOMOMOTOK MPUTHUCKHOI IJIACTUHU TOJOBKH cTajeBoro kanarta I (6), yacTuHa
CTaJICBUX KaHATIB HaAMOTaHa Ha HaMOTyBaibHHUI Oapaban (1). [ToTiM mocmimoBHO
MPOXOJNTH Yepe3 MEePIIuil pyXOMHUN MIKIB PyXOMOTO OJIOKY MIKIBIB (5), SKUi HEpy-
XOMO pO3TAIlIOBAaHUM 3 Ti€i % CTOPOHH, IO 1 MPUKHUM IIKIBY HEPYXOMOTO OJIOKY
mkiBiB (3). 3 Toro  OOKy 1 Ipyruil PyXOMHil IIKiB pyXoMoro OJoKy miKiBiB (5), i
MOTIM IHIMUN KIHEI[h CTAJICBOT0 KaHaTa 3aKpiIJICHU Ha OamaHcupHii Oamii (2) 3a
JIOTIOMOT'OX0 TOJIOBKH KpiTyIeHHs cTasnieBoro kaHata I (7).

Hpyra rojgoBka kaHaTa KpIUTHCS O HAMOTYBaJIbHOTO Oapabana (1) uepes nmpu-
tuckny tactuny Il (8), yacTHa KaHaTa HAMOTYEThCSI HA HAMOTYBalIbHUH OapabaH
(1). IToTimM mpyra roJIOBKa KaHaTa MOCIIIOBHO MPOXOIUTh Yepe3 MEePIIHiA PyXOMHIA
IIKIB pyXOMOTO OJIOKY HIKIBIB (5), IKUM 3aKpITJICHUH 3 TI€1 )X CTOPOHH, IIO 1 IPUTH-
ckHa miactuHa II (8) Hepyxomoro 610Ky mIKiBIB (3) 3 TOTO X OOKYy 1 APYTHil pyXo-
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MUH LIKIB pyXxoMoro Ojoky mikiBiB (5). Jlami iHIIa ronoBKa KaHaTa KPIMHUTHCA A0
OamancupHoi Oanku (2) dyepe3 ¢ikcyrouy ronoky kanata Il (9), ¢ikcyrodi royoBku
ka"ata [ (7) 1 II (9) po3ramoBani Mi>k MPUTUCKHOIO MIACTUHOO | (6) 1 ipmxum (7)
3HAXOJIUThCS OJU3BKO 10 MPUTUCKHOI TacTuHu I (6). A ¢dikcyroua rojloBKa KaHaTa
II (9) 3HaxoauThCst OIU3BKO 10 MPUTHCKHOI acTunM 11 (8).

Crioci6 3aMiHM BKJTIOYA€ HACTYIIHI €TaIN:

1. Iliocomoska: po3MIIlIEHHS PyXOMOT'O IIKIBHOTO OJIOKY (5) CHCTEMH HaMOTY-
BaHHsS CTaJE€BOrO KaHaTta B poOOUiil 30HI, 3HATTA KIHIIEBOTO BUMHKada Ha HaMOTY-
BalbHOMY Oapabani (1). dikcarlis KUTBKOCTI BUTKIB CTaJIeBOrO KaHaTa Ha OAHIN
CTOPOHI HAMOTYBaJILHOTO OapabaHa. 3BOpOTHE 0O0EepTaHHS HAMOTOYHOTO OapabaHa 1
3ynuHKa 00epTaHHs HaMOTYBaJbHOTO Oapabana koiu B 1,5 pa3u mepeBHILye Bijc-
TaHb B1J] HAMOTYBaJIbHOTO O0apabaHa 10 pyXOMOTO IIKIBHOTO OJIOKY.

2. llepsunna obOpizka: pi3aHHS CTApOTO CTAJIEBOTO KaHATa MK MEPIIO0 TOJOB-
KOO KPITUICHHs cTajieBoro kaHata (7) 1 HalOIMKYUM PYyXOMHM IIKIBOM OJIOKY py-
XOMHX HIKIBIB (5) B OJIOKEHHI, OJIM3bKOMY J10 HAHOIMKUOTO pyxomoro mikiBa. [To-
3HAYEHHS CTapOro CTaJeBOr0 KaHaTa SIK MEPIIOTO IMOJOXKEHHS CTaJbHOTO KaHaTa
kaHata(9) 1 HAUOIMHKYKUM PYXOMUM IIIKIBOM OJOKY pyXOMHUX IIKiBIB (5) B MOJIOKEH-
Hi, OJIM3bKOMY J0 HalOIM>K4oro pyxomoro mkia. [lo3HaueHHs cTaporo crajaeBoro
KaHaTa, K JAPYroro noyioxkeHHs pizanHs (402), 3HATTS NepIIoi rOJIOBKU KPITUICHHS
ctasieBoro kanata (7) 1 Apyroi TOJIOBKU KPIMJIEHHS CTaleBOro kaHara (9) mpuTuck-
HOIT TJIACTHHH TOJIOBKU CTAJIEBOT0 KaHaTa (6) 1 Ipyroi NpUTUCKHOI IJITACTUHU TOJIOB-
KM CTaJIeBOTO KaHaTa (8) Ha HaMOTyBalibHMI OapabaH. Jlyis pi3ku KaHaTa JOIIIBHO
3aCTOCOBYBATH MPUCTPiK, po3pobaeHuil y HarionansHoMy yHiBepcuteTi "Onecbka
MOpchKa akajaemis" [5].

3. 3'eOnanns ma Hamomysanus. Bi1OyBa€eTbCA 3'€JHAHHS KIHI HOBOTO CTaJIeBO-
ro KaHarta 3 KiHieMm mepiroi oopizHoi aunsHku (401) cTaporo craneBoro KaHarta.
OOepTaHHs HAMOTYBAJIBHOTO OapabaHa B MPSAMOMY HamNpsSMKY. 3 €THAHHS KiHIIA
CTaporo CTaJeBOro KaHaTa, 1[0 BIAB HA ManyOy 3 MPUTUCKHOI MIACTUHU (6) KIHIIA
craneBoro kanara (4) 3 kiHis kaHaTa. [IpogoBkeHHS 00epTaHHS HAMOTYBaJIBHOTO
O6apabaHa B IpSAMOMY HAMPSIMKY, TO3BOJISIOYH KIHI[FO HOBOTO CTaJIEBOTO KaHATa MPH
JOCSITHEHHI IPUTUCKHOI TIacTUHHM (8) craneBoro kaHata. [IpogoBkeHHs oOepTaHHS
HaMOTYBaJIbHOTO OapabaHa B MPSMOMY HAaIMpsIMKY 1 3yIIMHKa 00epTaHHS NpH JAOCAT-
HEHH1 JOCTaTHBOI KIJIBKOCTI BUTKIB HOBUX CTAJICBUX KaHATIB 3 OJIHOI CTOPOHU Ha-
MOTYyBaJibHOTO OapabaHa 3 (puc. 2).
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Puc. 2. Cxemaruune 300pakeHHsI CTPYKTYPH 3'€JHAHHS HA eTali HaMOTYBaHHS

4. BmopunHa o6piska: oOpi3ka HOBOTO CTAJIEBOrO KaHaTa, 1[0 BXOJIUTh MIXK py-
XOMHMH OJIOKaMU MIKIBIB, KOJIM NMPUTUCKHA MiacTuHa [ (6) KiHIM KaHaTa Ha HaMo-
TyBaJIbHOMY OapabaHi o0epTaeThCsl BIepe/l Ha MPUTUCKHIN tiacTuHi I (6) KiHIg Ka-
Hata, (hikcallis KIHISI CTAJIEBOTO KaHaTa Ha HaMOTOBOMY OapabaHi 3a JOIMOMOTOIO
MPUTUCKHOI IJTACTUHU 3 OOYMCIIEHHS PI3HULI MIXK TIOBKMHOIO CTajleBOro kanara (6)
KIHIS CTaJIEBOTO KaHAaTa 1 JOBXHHOIO CTApOro CTaJI€BOTO KaHaTa 3 OJAHOrO OOKY, 1
HaMOTYBaHHS Ta 0Opi3aHHs HOBOT'O CTaJeBOI0 KaHarta.

4. Dikcayia: 1Ba HOBUX KIHIIS CTAJIEBOrO KaHaTa, HE 3aKPIIMIEHUX MPUTHUCKHOIO
MJIACTUHOIO, MPOBOJIATH Uepe3 Kuiblie a00 KIMHOMO10HE 3'€JTHAHHS KaHaTa Ha OJHIN
JOBXKWHI, BCTAHOBIIOETHCS 3aTHCKA4 JJI1 KaHaTa BIAMOBITHO 0 MpPaBHJ BCTaHOB-
JICHHSI 3aTUCKY JUII KaHaTa, 1 Kijblle a00 KIMHOIOAIOHE 3'€JTHaHHS KaHATa BCTAHOB-
JIIOETHCS Ha OajaHCyBajbHINM Oami[6].

TakuM 4MHOM, 3aCTOCYBaHHS 3a3HAUYEHOI TEXHOJIOT], Y MOEJHAHH] 3 ICHYIOUMMHU
QITOPUTMAMH Ta METOJMKAMHU TEXHIYHOTO OOCIYrOBYBaHHSI Ta PEMOHTY CYAHOBHX
BII3 ctBOpUTH NEepesyMoOBH 7151 IEPEXOAY Ha AKICHO HOB1 YMOBH €KCILTyaTallii BaH-
TaXOMIIMOMHOT TEXHIKH, SIKI HE TUIbKM MIJBUILIATH O€3MeKy, a i MPUHECYTh MPAMI
€KOHOMIYH1 BUTOJIM CYJTHOBJIACHUM KOMITaH1sM [ 7].
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Kopx M.B.
HarmionansHuit yHiBepeuteT «Opechbka MOpPChbKa akaieMis»

IHigBumeHHs epeKTUBHOCTI eKCILUTyaTalii MOPCHKHX CY/€H Ta CyJleH
BHYTPIIIHHOT0 IUVIABAHHSA 32C00aMH IH:KeHEPHO-TPa@ivHOI MiATOTOBKYU

ImxenepHa rpadika € 6a30BOI0 JTUCIUILIIHOIO, KA 3a0e3medye po3yMiHHS CTPY-
KTypU W NPUHIMIIB NOOYIOBU TEXHIYHOI MOKyMmeHTauii. Bojoainusa rpadiyHuMu
HAaBUYKAMH JIa€ 3MOTY KypPCaHTY ONaHyBaTH 3aKOHOMIPHOCTI (hOPMOYTBOPEHHS KOH-
CTPYKIIIH, 3p03yMITH MPOCTOPOBY OPraHi3allil0 MEXaHI3MIB Ta KOPIYCHUX €JIEMEH-
TiB cynHa. OnaHyBaHHSI KpECIEHHs, BUMIPIOBaHb, TOOYAOBH MPOEKII Ta aKCOHO-
METPUYHUX 300pakeHb (OpPMYe€ 3aTHICTh TOUYHO 1IHTEPIIPETYBATH TEXHIYHY 1H(OP-
Mallifo, 1[0 Ma€ KPUTUYHE 3HAYCHHS ITiJ1 Yac eKCIuTyaTallii CyTHOBHUX cucteMm [1].

I'pagiuna Kyremypa aK YUHHUK ePeKMUBHO20 NPUUHAMMA EeKCNIyamayiil-
Hux piutens. Bucokuil piBeHb rpaiyHoi KyJIbTYpH J03BOJIAE€ CYJHOMEXAHIKY OIle-
pPaTUBHO aHaNi3yBaTH TEXHIYHI CXEMH, KPECIEHHS Ta MacnopTH oOJajaHaHHS. Y
MPAKTUYHUX YMOBax EKCIUTyaTallii 4acTo BHUHHUKA€ MOTpeda IIBHIKO BHU3HAUWUTH
KOHCTPYKTUBHI O0COOJIMBOCTI BY3J1a, 3HAUTH ONTUMAJIbHUIN CHOCIO OCTYIy AJiA pe-
MOHTY a00 OLIHUTH MOKJIMBICTh 3aMiHH €JI€MEHTA Ha aHaJIoT. BonoaiHHsA cyyacHu-
MU METOJAaMH 1HXXEHEPHOi Ipaiku CKOPOUY€E Yac yXBAJIECHHS TaKUX PIIIEHb, 3MEH-
1ye UMOBIPHICTh TOMUJIOK 1 TO3UTUBHO BIUIMBAE HA 3arajibHy €(EeKTHUBHICTH pOOO-
TH CyJIHA.

['padiuna KynpTypa € BaXKIMBOIO CKJIaJ0BOIO MPOdECciifHOI MiITOTOBKHU (axiBIIiB
TEXHIYHOTO TPOo(UII0 Ta BIJIrpae CYTTEBY POJIb y MPOLECT MPUNHATTS €KCILTyaTa-
IAHUX pilieHb. B yMOBax cy4acHOTO BUPOOHUIITBA M €KCIUTyaTallii CKJIaHUX TeX-
HIYHUX 00’€KTIB, 30KpeMa MallliH, MEXaHI3MIB 1 CYyJHOBUX CUCTEM, €(DEKTHUBHICThH
YIOPABIIHCHKUX Ta 1HXXEHEPHUX PINICHh 3HAYHOI MIPOIO 3aJIeKUTh BiJ[ 3/1aTHOCTI
CHenliagicTa KOPeKTHO CIPUUMATH, IHTEPIPETYBAaTH Ta BUKOPUCTOBYBATH rpadiuHy
1H(popmariizo.

['padiuna KyabTypa OXOIUTIOE CYKYITHICTh 3HaHb, YMiHb 1 HABUYOK, MOB’SI3aHUX
13 UNTAHHSM, BUKOHAHHSM Ta aHaJIi30M KpECleHb, CXeM, JiarpaM i iHmmx rpadiy-
HUX Mojieseil. Bona ¢gopmye OCHOBY MpOCTOPOBOTO MHUCJIEHHS, 1110 O3BOJISAE PaxiB-
1IEeB1 YSBIIATH KOHCTPYKI[itO 00’ €KTa, MPUHIIMIN KO0 poOOTH Ta MOKJIMBI HACIIIJIKU
3MiH y HOro ekcrutyaTaliiHOMY CTaHi. 3aBASIKM PO3BUHEHIN TpadiuHiid KyJIbTypi
1HKEHEp 37AaTHUM IIBUAKO OIIHIOBATH TEXHIYHY CHUTYAIlll0, BUSBIISITH MOTEHIIIHHI
HECITPaBHOCTI Ta MPOTHO3YBATH PO3BUTOK €KCIUTyaTaIlIHHUX TIPOIIECIB.

VY mporeci NpudHATTA €KCIUTyaTaliiHUX pimeHb rpadivyHa iHpopMaIlisi BUCTY-
Ma€e yHiIBepCaJbHOK MOBOIO MPO(ECiitHOTO CHITKYBaHHS MIXK CIICIIaIiCTAMH PI3HUX
piBHIB miaArotoBku. KpecneHnns i cxemu 3a0e3MedyOTh TOUHICTh MEepeaBaHHs TEX-
HIYHUX JIaHUX, 3MEHITYIOTh IMOBIPHICTh MTOMUJIOK 1 CIIPUSIOTH Y3TOHKEHOCTI M1 T
yac eKcIulyaralii, 00CIyroByBaHHs Ta peMOHTY oOsanHaHHg. Husbkuii piBeHb rpa-
¢biyHOT KyJIbTYypH, HABITAKH, MOXE TPU3BOJIUTH 0 HEMPABUILHOTO TIIYMAadCHHS Te-
XHIYHOT JIOKYMEHTallli, 1110 HETaTUBHO BIUIMBA€ Ha Oe3rmeKky Ta €(eKTHUBHICTh €KC-
TTyarartii.
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Oco06nmBoro 3HaueHHs rpadiuHa KynbTypa Ha0yBae B yMOBax Ae(iluTy yacy Ta
1JIBUIIICHOT BIMOBIIAIBHOCTI, KOJM €KCIUTyaTalliiiHI pillleHHs HEOOX1THO MpHiiMa-
TH OMEPATUBHO. Y TAaKUX CUTYaIlisIX YMIHHS IIBUJIKO YUTATH CXEMH, aHATI3yBaTH
rpadiyHi 3aJISKHOCTI Ta CIIBBITHOCUTH iX 13 peaJlbHUM TE€XHIYHUM CTaHOM 00’ €KTa
€ KpUTUYHO BaXJMBHUM. Lle 103BOJIsI€E MIHIMI3YBAaTH PU3UKU aBapIMHUX CHUTYyaIllH 1
3a0€3MeunTH CTablIbHY POOOTY TEXHIYHUX CUCTEM.

Otxe, rpadgiyHa KyJbTypa € BaXXIMBUM YHMHHUKOM €(EKTHUBHOTO MPUUHATTS
eKCIUTyaTalliiHUX PillIeHb, OCKUIBKU CIpHUsE MIABUILEHHIO TOYHOCTI aHANI3y TEXHi-
4yHOi 1H(pOpMaIlii, po3BUTKY MpodeciifHOro MucieHHs Ta GOpMyBaHHIO BIAMOBIA-
JILHOTO CTaBJIEHHS /0 eKCITyaTallii TeXHi4HMX 00’€KTiB. i minecnpsmosane (pop-
MyBaHHS B Ipolieci MpodeciitHol OCBITH € HEOOXITHOI YMOBOIO MITOTOBKH KOHKY-
PEHTOCIPOMOKHHX 1 KOMIIETEHTHUX (paxiBLIB 1H)KEHEPHOTO IPODLIIIO.

3nauenna zpaghiunoi nio2omoexku 013 ni0BUUIEHHA e(eKmusHocmi eKcniya-
mauii cyoen. Ilpodeciiino chopmoBaHa rpadiyHa KOMIETEHTHICTh € KIIOYOBUM
€JIEMEHTOM MIATOTOBKU CYJHOMEXAaHIKa, OCKUIBKHM 3a0e3Meduye 3/1aTHICTh IIBUIKO
OpIEHTYBATUCA Yy CKJIAJHUX KOHCTPYKTHBHUX PIIICHHSAX 1 TEXHIYHINA JOKYyMEHTAIlll.
Po3BuHyTE MpOCTOPOBE MUCIIEHHS Ta HABUYKHU IPpa(iyHOro aHali3y Jal0Th 3MOTYy HE
JUIIe KOPEKTHO YMTATH KPECJICHHS, a ¥ ySIBJISATH poOOTY MEXaHI3MIB y JUHAMIII,
BHU3HAYATH 30HU MOXJIMBUX HABaHTaKEHb, IPOTHO3YBATH 3HOIITYBAHHS Ta CBO€YAC-
HO BHUSBJIATH NOTEHIIIIHI BIIMOBH.

VY peanbHUX yMOBax Il HABUYKU O€3MOCEPEAHBO BIUIMBAIOTH HA SIKICTh TEXHIY-
HOTO 00cimyroByBaHHs. [1i1 4ac peMOHTY UM J1arHOCTHKU €HEPTeTUYHUX YCTAaHOBOK,
HAaCOCHUX CUCTEM, TpyOONpOBOIIB a00 apMaTypH 3AaTHICTh IIBUJKO 1HTEPIPETYBa-
TH 301pHI KpeciieHHs, creurdikanii Ta KIHEeMaTUYHI CXeMH ICTOTHO CKOPOYYy€E TpH-
BaJIICTh PEMOHTHHX po0iT. DaxiBelb, AKui 100pe BOJO1€ TpaiUHUMU METOJIaMH,
MOKE ONEPaTHUBHO YXBAJIIOBATH TEXHIYHO OOIPYHTOBAHI PIMICHHS, IO MIHIMIZy€
MPOCTOI CyAHA, 3HUKYE PU3UK BUKOPUCTAHHS HEBIAMOBITHUX TEXHOJIOTTYHHUX IMPH-
HOMIB Ta cripusi€ palioHaJIbHOMY BUKOPHUCTAHHIO MaTepialIbHUX PECYPCiB.

SxicHa rpadiyHa miAroToBKa TaKOX MPSIMO BIUIMBAE HA PIBEHb OE3MEKH CYIHO-
miaBcTBa. HeBipHO mpounTane KpeciieHHs abo MOMUJIKAa Y BH3HAYEHH1 pO3Tallly-
BaHHSI KOHCTPYKTUBHOTO €JIEMEHTa MOXYTh MPU3BECTH JO aBapiiiHoi cutyaiii. To-
My TOYHICTb, YB@)XHICTb Ta 3[JaTHICTb BIATBOPIOBATH MPOCTOPOBY CTPYKTYpPY
00’€KTa 3a JBOBUMIPHUM 300pKCHHSIM € BXIMBUMHU CKJIAIOBUMHU MPOGECIiHHOT -
STTBHOCTI 1H)KEHepa-MexaHika [2].

Ponb npocmopoeozo mucinennsa y npogeciitniit 0ianbHocmi cyOHOMeEXAHIKA.

OpHi€0 3 BOXIMBUX CKIAJOBUX 1HXKEHEPHO-TpaIyHOI MIATOTOBKU € (PopMy-
BaHHSI TPOCTOPOBOrO0 MUCJEHHSI MalOyTHIX (haxiBLiB MOPCHKOi ranysi. [IpocTtopose
MUCJICHHS JIO3BOJISIE€ 1HXKEHEPY YSBISATH (OopMy, CTPYKTYpYy Ta B3a€EMHE pO3Tally-
BaHHS €JIEMEHTIB CKJIQJHUX TEXHIYHUX CUCTeM. Y mpodeciiiHiii aisIbHOCTI CyaHO-
MexaHiKa IS 3]1aTHICTh Ma€ OCOOJIMBE 3HAYEHHS, OCKUIBKM OUIBIIICTH TEXHIYHHX
00’€KTIB CylHa MalTh CKJIaJHy OaraTopiBHEBY KOHCTPYKIIIO, IO CKJIAJA€ThCA 3
BEJIMKOI KUTBKOCT1 B3a€EMOTIOB’ I3aHUX JeTalIel Ta BY3JIiB.

dopMyBaHHS MMPOCTOPOBOTO MUCIICHHS B1IOYBAETHCS y MPOIEC] BUBYCHHS JWIC-
LUIUTIH 1HXEHEePHO-Tpad1gyHOro UKITY, TAKHX K HAPUCHA T€OMETPIisl, TEXHIYHE Kpe-
CJICHHSI Ta KOMII FOTEpPHE MOJICTIOBaHHSA. BUKoHaHHS MPOEKITi, mOOyI0Ba aKCOHO-
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METPUYHUX 300paXke€Hb, aHaJi3 Mepepi3iB 1 PO3Pi3iB COPUAIOTh PO3ZBUTKY 3aTHOCTI
YSIBJISTH 00’ €KT Y TPUBUMIPHOMY MPOCTOPL. Y pe3ysibTari MallOyTHINH CyJHOMEXaHIK
Ha0yBa€ HaBUYOK, HEOOXITHUX JUISl PO3YMIHHS KOHCTPYKIIli MEXaHI3MIB 1 IIPUHIIU-
1B IXHBOI pOOOTH.

KpiMm TOro, po3BUTOK MPOCTOPOBOIO MUCICHHS CIpUsie (OPMYBAHHIO TEXHIYHOI
IHTYILII Ta aHATITHYHUX 3A10HOCTEe. DaxiBelb, SKUi J00pe BoJofie rpadiuyHUMU
METO/IaMH aHai3y, MOKE IIBHU/IIIEC BU3HAYATH MPUUMHU TEXHIYHUX HECTIPABHOCTEH,
OLIIHIOBAaTH MO’KJIMBI HACHIJIKK 3MiH Y poOOTI MEXaHI3MiB 1 3HAXOJUTH ONTHUMAaJIbHI
NUIAXH 1X ycyHeHHs. Lle 0cob6mmBo BaxKIIMBO B yMOBax €KCILTyaTallii Cy/ieH, /1€ IBHU-
JKICTB 1 TOUHICTh IPUUHSTTA PIIlIEHb MOXYTh 0€3M0CepeIHRO BIUIMBATH HA O€3MeKy
cyaHoruiaBcTsa [3].

P03BUTOK IIPOCTOPOBOrO MUCIEHHSI TAKOX CIPHUSE MIIBUILIEHHIO €()EKTUBHOCTI
npodeciiiHol KOMYHIKallli MiXk cCHeniagicTaMy TeXHIYHOro npoduto. Bukopuctanus
KpeciieHb 1 rpaiyHuX MoJIeNeH sIK YHIBEPCATIbHOI MOBH 1HKEHEPHOTO CITIJIKYBaHHS
JI03BOJISIE IIBUJIKO TIEpeIaBaTH TEXHIYHY 1HPOpPMAIliI0 Ta YHUKATH HEOJHO3HAYHOC-
Te# y 11 TpakTyBaHHi. Takum 4rHOM, (POpMYBaHHSI POCTOPOBOTO MUCIIEHHS € BaXK-
JIMBUM YHHHHUKOM ITIIBUIIIEHHS €()eKTUBHOCTI €KCILTyaTallii CyJHOBOTO 00IaHAHHS
Ta 3a0e3MeueHHs Ha[IHHOT POOOTH TEXHIYHUX CUCTEM.

Mpoctoppose MUCIEHHS

AHani3 mexaHismis MpwitHaTTa pileHs

-Qw

Puc. I[IpocTopoBe mucneHHs y npodeciiiHiil AisUIbHOCTI CyAHOMEXaHiKa

Hudghposizauia cpaghiunoi niocomoeku. Y cydacHiil CyJHOIUIaBHINA Tally3i, opie-
HTOBaHI Ha eHeproeeKTUBHICTh, EKOJOTIUHICTh 1 HU(POBI TEXHONOTII, 1HKEHEP-
HO-rpadiyHa MIAroToBKa HabyBae HOBOro 3MicTy. dDaxiBelb MOBUHEH YMITH MPAIliO-
BaTH HE JIUIIIE 3 TPAJUIIINHUMH KPECICHHIMU, a i 3 nudpoBumu 3D-Moaensimu, Te-
XHOJIOTIYHUMHU CXE€MaMH, IHTEPaKTUBHUMHU MaHyaJlaMU Ta CUCTEMaMH J1arHOCTHKHU.
HaBuuku ananmizy i1 MOJENIOBaHHS y BIpTyaJIbHOMY CEpelOBUIIl 3a0e3MeuyoTh TO-
YHillle MPOTHO3YBaHHS TEXHIYHOTO CTaHy OOJaJHAHHA, ONTUMI3AIII0 TEXHIYHOTO
0o0CITyroByBaHHS 1 MiIBUIICHHS 0€3aBapiitHOCTI eKCIUTyaTaIlli.

Cyuacui CAD/CAE-cucremu — Auto CAD, Solid Works, COMPASS-3D —
CTaly HEBi €MHOIO YaCTHHOIO NpoQeciitHOl MiAroTOBKH. IX BUKOpHCTaHHS 3a0e3-
nevyye BUCOKY TOYHICTh MPOEKTHOI JOKYMEHTAIl Ta A03BoJisie€ (haxiBLSAM MOIEIIO-
BaTH CKJIQJIHI MPOCTOPOBI Ta (PYHKITIOHAJIbHI MpoIecy. TpUBHUMIpHI MOJIEII MEXaH1-
3MIB MOIIMOJIIOIOTh PO3YMIHHSI iXHBOT OYJOBM W MPUHIMIIIB poOOTH, a BIIPOBA-
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JDKeHHS U(POBUX TEXHOJIOTIH y HaBUYaJbHUM mpoiec chopMye KOMIETEHTHOCTI,
HEOOX1/IH1 1711 poOOTH 3 CyYaCHUMH CHUCTEMaMHU TEXHIYHOT'O aHaJli3y ¥ OoNnTUMi3aIli.

Puc. 3D-mozens cynHoBoro Hacoca 3 npoekuismu (ctuwib Solid Works) [4]

Bukxopucmannsa inxcenepno-epapiunux mooeneii y oiacHocmuui CyoOH08020
o0naonanna. Y cydacHUX yMOBaX €KCIUTyartailii MOPChbKUX CYJI€H OCOOJIMBOTO 3Ha-
YeHHS HaOyBalOTh METOJM TEXHIYHOI J1arHOCTUKW OO0JaJgHaHHSA, COpPsIMOBaHI Ha
CBOEYACHE BUSIBIICHHS HECIIPABHOCTEH Ta MOIMEPE/HKEHHS MOXKIMBHUX BiIMOB. OJ-
HUM 13 €(DEeKTUBHUX THCTPYMEHTIB TaKOi JIarHOCTUKU € 1HXKEHEepHO-TpadiyHl MoJie-
JIi, SIK1 I03BOJISIFOTh HAOYHO B1IOOpaKaTu CTPYKTYPY Ta MPUHIIUI POOOTH TEXHIYHUX
CUCTEM.

[mxenepHo-TpadiuHi Mozl MOXKYTh OyTH TIPEICTABIICHI Yy BUIJISIII KPECJICHb,
(GYHKIIOHATBHUX CXEM, KIHEMAaTUYHUX JiarpaM ab0o TPUBUMIPHUX U(PPOBUX MOJIE-
neit. KoxeH 13 uux BuaiB rpadiuHoi iHpopmallii Mae cBOi 0COOIMBOCTI Ta BUKOPHUC-
TOBYETBHCS /I BUPIIICHHS MEBHUX TEXHIYHUX 3aBAaHb. Hampukmnaza, 30ipHI Kpec-
JICHHS JI03BOJISIIOTH aHATI3yBaTH B3a€MHE PO3TAllyBaHHS JI€Tale MeXaHi3My, TOIl
AK (YHKLIOHAJIbHI CXEMH B1AOOPaXarOTh JOTIKY POOOTH TEXHIYHOI CHCTEMH.

Buxopucranns rpadiyHUX MOJEICH 3HAYHO IMOJIETITYE MPOIEC aHali3y TeXHIid-
HOTO CTaHy oOJaJHaHHsS. 3aBASKW Bi3yanmi3alli KOHCTPYKLII MeXaHi3My (axiBelb
MOKE IIBHJIIEC BU3HAYATA MOXKJIMBI TPUYUHU BiIMOBH, OIIIHUTH CTaH OKPEMHUX
€JIEMEHTIB CUCTEMHU Ta PO3POOUTH ONTUMAIIbHY CTPATETiI0 MPOBEJACHHS PEMOHTHUX
po06iT. Lle m03BONSE CKOPOTUTH Yac AIarHOCTUKH, IIJBHINUTH TOYHICTh TEXHIUHHUX
pIIIeHb 1 3MEHIIUTH PU3UK BUHUKHEHHS aBapiiHUX CUTYaIlii.

Cy4acHi 1iudpoBi TEXHOJIOTIT BIIKPUBAIOTh HOB1 MOXKJIMBOCTI JIJI BUKOPUCTAHHS
IHKEHEPHO-TpaiUHUX MOJENe y mpoIreci TeXHIYHOI AIarHOCTUKH. TpUBHMIpPHI
mozeni, ctBoperi y CAD-cucremax, T03BOJIAIOTh MPOBOJAUTH BIpTyalbHUN aHai3
poOOTH MEXaHi3MIB, JOCIIKYBAaTH PO3IMO/ILJT HABAHTAXKEHb, BU3HAYATH MTOTEHIIIMHO
HeOe3MeyH1 30HU KOHCTPYKIIIT Ta MPOrHO3yBaTH MOXKJIMBI J1e(DeKTH.

BaxxnuBoro nepeBaror0 BUKOPUCTaHHS rpaiyHUX MOJENIed € MOXKIIUBICTh MPO-
BEJICHHS TOMEPEIHBOr0 aHaIi3y TEXHIYHUX MPOIIECiB 0€3 BTPY4YaHHsS Yy peajbHy
KOHCTPYKIIi0 o0nanHanHs. Lle 103Bosie yHUKHYTH JOJATKOBUX BUTPAT Yacy Ta pe-
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CYpCiB, a TaKOX 3MEHIIyE€ PU3UK MOIIKOKEHHS MEXaHI3MIB MiJ 4ac MPOBEICHHS
J1arHOCTUYHUX POOIT.

TakuM 9MHOM, iHXKCHEPHO-TPaiuHI MOAEN € ePCKTUBHUM IHCTPYMCHTOM TCX-
HIYHOTO aHAJIi3y Ta JiarHOCTHKH CYJHOBOTO 00JaJHAHHA. IX BUKOPUCTAHHS CIIpUSE
MIJBUIIEHHIO HAJIMHOCTI €KCIUTyaTailii CyJHOBHUX CHCTEM, OINTHUMI3allii MpOLEeCiB
TEXHIYHOI'0 0OCIIyTOBYBaHHS Ta 3a0€3MEUEHHIO 0€3MEKU MOPCHKOTO TPAHCIIOPTY.

Ilepcnexmueu po3eumky iHdceHepHO-2paPiunoi ni02omoeKku y MOpPCHKill
oceimi. Cy4acHUIl eTam PO3BUTKY MOPCBHKOI Traiy3i XapaKTepHU3YeThCS aKTHBHUM
BIIPOBA/DKEHHSIM HU(POBUX TEXHOJOTH, aBTOMATU30BAHUX CUCTEM YTPABIIHHS Ta
IHHOBAIIHUX 1HXEHEPHUX PIlIEHb. Y TaKUX yMOBAax MiAroTOBKa MalOyTHIX ¢axiB-
I[iIB MOPCHKOT'O TPAHCIOPTY MOTpeOye MOCTIHHOTO BIOCKOHAJIEHHS 3MICTY Ta METO-
niB HaBuaHHsA. OcoOnuBe MicCIle Y LIbOMY Mpolieci 3ailMae PO3BUTOK 1HXEHEPHO-
rpadi4HOi MIArOTOBKH.

OaHuM 13 MEepPCIEeKTUBHUX HAMPAMIB yIOCKOHAJIEHHS TpadiyHOi MIJTOTOBKHU €
1HTerpallisi CydacHUX 1HQOpPMalIMHUX TEXHOJIOT1N y HaBUaJIbHUM Mpoiiec. Bukopuc-
TaHHS CHUCTEM aBTOMAaTH30BAaHOTO MPOEKTYBAHHS JTO3BOJUIO O KypcaHTam IMpalfio-
BaTU 3 TPUBUMIPDHUMHU MOJCIISIMU TEXHIUHUX 00’ €KTIB, aHATI3yBaTH iX KOHCTPYKIIIIO
Ta MOJIEIIOBATH Pi3HI peXuMU podoTu obsagHaHHs. Lle crpuse rimmubiuoMy posy-
MIHHIO TIPUHIUIIB (PYHKI[IOHYBaHHS TEXHIYHUX CHUCTEM 1 (POPMYBAHHIO Cy4acCHUX
IH)KEHEPHUX KOMIIETEHTHOCTEH[5].

[lepcrieKTHBHUM HAMpsSIMOM € TaKOX 3aCTOCYBaHHS TE€XHOJOTIH BipTyasbHOT Ta
JIOTIOBHEHOI peaibHOCTI. Taki TeXHOJOr1i JO3BOISAIOTh BIITBOPIOBATH peaibHI yMO-
BU €KCIUTyaTalli CyJHOBOTO 00JIaJHAaHHS Ta MPOBOJUTH HABYAJIbHI TPEHYBaHHs 0€3-
MOCepPEeHLO Y BipTyalibHOMY cepeaoBuil. Ile 3HauHo migBuIye e(eKTUBHICTD Mij-
TFOTOBKM MaOyTHIX 1HXEHEPIB 1 cripusie POpMyBaHHIO MPOPECIHHUX KOMIIETEHTHO-
CTel, HEOOX1AHUX Il pOOOTH y CY4aCHOMY CYIHOIIJIaBCTBI.

Kpim Toro, po3BUTOK 1H)KE€HEpHO-TpadivHOI MATOTOBKH Mepeadadae THTErpallio
MDKIMCHMIUTIHAPHUX 3HaHb. [loeiHaHHS rpadiyHUX AUCIUILIIH 13 KypcaMu MeXaHi-
KM, MaTepiaJo3HaBCTBA, TeOpli MeXaHi3MIiB 1 MallWH J03BOJISE CHOPMYBATH KOM-
IUIEKCHE YSBJICHHS MPO TEXHIYHI MPOIECH Ta MIJBUIIYE PIBEHb MIATOTOBKH (haxXiB-
ITiB.

OTxe, MOAANbIINK PO3BUTOK 1HXKEHEPHO-TpadivyHOI MIJTOTOBKH Y MOPCHKIii
OCBITI € BaxJMBUM (HakTopoM (opMyBaHHS KOHKYPEHTOCIPOMOXHUX (haxiBIIiB,
3M1aTHUX €(EKTUBHO MpAIlOBATH B YMOBAaX TEXHOJOTIYHOTO PO3BUTKY Ta LU(POBI-
3aIii CyIHOIUTaBHOI raiy3i [6].

BucnoBku. [HxenepHo-rpadiuHa miAroToBKa € BaXJIMBOIO CKIIAJIOBOIO Mpode-
CIHOI KOMIIETEHTHOCT1 MalOyTHIX CyJIHOMEXaHiKiB. BoHa crpusie po3BUTKY MpOC-
TOPOBOT'O MHCIIEHHS, (pOpMy€ HABMUKHM aHANI3y TEXHIYHOI iHpopmailii Ta 3abe3mne-
yye e()eKTUBHE MPUIHATTS eKCIUTyaTal[liHUX PIIICHb.

[aTerparis cygyacHux 1u@pPOBUX TEXHOJOTINA 1 CUCTEM TPUBHUMIPHOTO MOJIEIIO-
BaHHS y HAaBYAJIBHHWM TMPOIEC CIPHUAE MIATOTOBIN (haxiBiliB, 3MaTHUX €(HEKTUBHO
MpaIfloBaTH B yMOBaX Cy4acHOTO CyJIHOTUIaBCTBA. IlimBuinieHHs sKoCTi rpadivyHol
MiTOTOBKH O€3MocepeIHbO BILUTUBAE HAa €(PEKTUBHICTh €KCILTyaTarlii Cy/IeH, ONTUMI-
31110 TEXHIYHOTO 0OCITyroBYBaHHSI Ta MiJBUIIEHHS 0€3MEKH MOPCHKOTO TPAHCIIOP-

Ty.
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Komeraes M.O., borau B.M.
Hamionanpauit yaiBepcuret «Ojiecbka MOPChbKa akajaeMish»

IlepcniekTHBY PO3BUTKY JIyOPHUKATOPHUX CHCTEM CYAHOBHX JU3e]iB

[TpoBinHi qu3eneOyaiBHI GipMHU HAYTh MUIIXOM IMiIBUIIEHHS €KOHOMIYHOCTI Cy-
JTHOBHX JBUTYHIB MEPEBaXKHO 3a paxyHOK MOJIMIIEHHs opraHizalii po0o4oro mpo-
1ecy (301IbIICHUN X1/ MOPIIHS), MiABUIEHHS THCKY BIIOPCKYBAaHHS MajluBa 1 Mak-
CUMAaJIbHOTO THUCKY 3TOpPSHHSI, BIOCKOHAJICHHS YMOB ra3000MiHy, IEpeXoy Ha Ha/l-
JyB TIpY MOCTIMHOMY THCKY Ta3iB Mepe/ TypOiHOO 1 MiABUIIESHHS K.K.JI. TYPOOKOMII-
pecopis.

OpHOYacHO CHOCTEPIraeThes 3MillleHHs TUIOpo3MipHUX paniB MOJ] Bcix ¢ipm
y OIK Mojienielt 3 ay’Ke MaJuMU po3MipaMH IIIIHJIPIB, K1 paHilie Oyau XapakTep-
HUMU JJI1 CEPeIHbOOOOPOTHUX ABUTYHIB. Tak, kommanis MAN-B&W po3pobuia
neurynu cepii L-MC 3 giametpom nmimingpa 280mm Ta BinHomeHHsM S/D=3, a ¢ip-
Ma "3ynbpuep" — BapianTu nBUryHa mozeini RTA 3 miamerpom nmminapiB 480 Ta
380MmM.

Manopo3mipHi KpeHnkondHi Ju3e MatoTh XOPOIIl MEPCHEKTUBU B MOPIBHSIHHI
3 CepeaHbOOOOPOTHUMHU TPOHKOBUMHU AM3EISIMH 3aBISKH IMIJBUIIEHIA 37aTHOCTI
MpAIIOBATH Ha HU3bKOCOPTHUX BAXKKHX 1 B'I3KMX MaJMBaX, MEHIIUX BUTpAT Ha 00-
CIIyTOBYBaHHS (32 paxyHOK 30UIbIICHHS WJIIHAPOBOI MOTY>KHOCT1), MEHIIOT IIyM-
HOCTI 1 OLITBIIIIM MOTOpPECYypcam.

OpnHouacHo 3 po3mupeHHsM BupooHuITBa MO/l Maux po3mipiB au3encOyaiBHI
¢bipMu TPUNUHWIM BUPOOHUIITBO MAIIUH 3 JlIaMeTpaMu HUIIHAPIB Outbine 900MM.
BigmoBa BiJi BUKOpHUCTAHHS JBUTYHIB BEJIMKHX PO3MIPHOCTEH HE BHUIIAJKOBA 1 BH-
KJIMKaHa TUM, 110 MOTPiOHI MOTYKHOCTI BJIA€ThCA 3a0e3neynT (PopcyBaHHSIM Ha/I-
JyBOM JBUTYHIB IIOJ0 HEBEJIUKOI PO3MIPHOCTI.

dopcyBaHHS CYAHOBUX JHM3ENIB 32 paXyHOK 3aCTOCYBAaHHS Ta30TypOIHHOTO HaI-
IYBY 3QJIMIIAETHCS OCHOBHUM HANpsIMOM 30UIBIIEHHS 1X LIMJIIHAPOBOI MOTYKHOCTI.
Eneprernuna kpuza 3mycuna gpipmy MAN-B&W (sk 1 1Hm ¢dipMu) nepeita a0
CTBOPEHHS JIBUTYHIB 3 OUIbIIMM BigHOHIEHHSAM S/D. 30iiblIEHHS XO0ay MHOPUIHS
KOMTICHCYBAJIO 3HMKCHHSI YacTOTH OOepTaHHS Ta TO3BOJIAIO 30€perTH Ha KOJUIII-
HbOMY PI1BHI LIMJIIHAPOBY NOTYXHICTb.

dopcyBaHHs IBUTYHIB, 3aCTOCYBAHHS BaXXKUX COPTIB MAJIUB 3 MiBUILIEHUM BMi-
CTOM CIpKH 1 30€peXEeHHS IPU LIbOMY HaJ1MHOCTI poOOTH AM3EINIB MiJBUIILYE aKTya-
JILHICTh CTBOPEHHS JOBTOBIYHUX CIIOYYEHb ILISXOM IOMIMIIEHHS XapaKTePUCTUK
MIITHOCTI 3 OJTHOYaCHUM SKICHUM iX 3ManryBaHHsM. HasiiiHiCTh 1 JOBrOBIUHICTH PO-
00TH CYTHOBHX JU3€TIB MEBHOI MIPOI0 BH3HAYAETHCS HIBUAKICTIO 3HOCY CIIOJIY-
YEeHHsI BTYJIKA - TOPLUIHEBE KIJIbIIE.

3HIKEHHS] 9acTOTH OOEepTaHHS JTOBrOXOJOBHX JBUTYHIB JIA€ MOKJIUBICThH 301-
JBIIUTH J1aMETp TBUHTA 1 B pe3yJIbTaTi MIJABUILUTH MPO-MYJIbCUBHUHN K.K.J1. IPUOIIH-
3H0 Ha 5%. BunpoOyBaHHs MOOYIOBaHUX JIM3€IIB MOKA3aJd, 110 MPU JTOBrOXO0J0-
BOMY BUKOHAHHI MMiIBUILYETHCS 1 IHAUKATOPHUMN K.K.J., OCKUIbKH TOBHIIIIE BUKOPHUC-
TOBY€ETHCSI pOOOTa PO3MIMPEHHS Ia3iB.
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VY 3B'SI3Ky 3 HOBUMH MMOKa3HWKAMH BiJHOIIEHHS X0y MOPIIHS JI0 JiaMeTpa Iu-
ninapa (S/D) ABUTYHIB HOBUX THUIIOPO3MIPIB, 3HAYHO 30UIbIIMIIACSA JOBXKHUHA 3Ma-
IIyBaHOI YaCTMHHM LWJIIHAPOBOI BTYJKH, IO BUMara€e ocoOJUBOI yBaru J0 NMUTaHb
e(hEeKTUBHOCTI pOOOTH JIYOPUKATOPHUX CUCTEM ITUX JTU3EI1B.

3MiHU B KOHCTPYKIIi TOPKHYJUCS 1 CUCTEM 3MalllyBaHHs IIIIHAPIB. B pe3yib-
TaTi BUNPOOyBaHb, MpoBeAcHUX (pipmamMu, OyJ0 BCTaHOBJIEHO, IO HOBI CHCTEMH
3MalllyBaHHs TOKPAIIyIOTh CTaH HUJIIHAPOMOPIIHEBOI IPYNH 1 BOJOAIIOTH MOMKIIHBI-
CTIO TABHUIIECHHS €KOHOMIYHHUX MOKa3HUKIB pOOOTH JABUTYHIB 32 BUTPATOIO TOPOTHUX
Macen.

Opnak, sIK moka3aja eKcruryaTallis ABUTyHiB [1,3], 3acTocyBaHHS HOBUX CHCTEM
HE BHYEPNANIO BCl MOXKJIMBOCTI MOJIMIIECHHS PO3MOJLTY Ta €(PEKTUBHOCTI BUKOPHC-
TaHHS Macen. Sk 1 panile, MaloTh Miclie iHTeHCUBH1 3HOocu Aetaneit LI, natu-
paHHSI Ha BTYJIKaX, MOJIOMKa MOPIIHEBUX K1JICIh 1 3aKOKCOBYBAHHS BIKOH.

Brynku nuninapis CAB3 mpaifioloTh y BaKKUX yMOBax. BHyTpiliHs moBepxHs
BTYJIKM TIJJIA€ThCS BIUIUBY HE TUIBKU TapsyuX rasiB, aje 1 € IOBEPXHEI0 TEPTs IO-
PITHEBHUX KUJICLb 1 MOPIIHA. Y 3B'SI3KY 3 IIUM OJHHUM 13 MOIIMUPEHHUX AC(PEKTIB IMUX
JieTaNen € miaBUIeHNn, a00 HEPIBHOMIPHUM 3HOC 1 3aIUpaHHS.

Po3BUTKY 3aaupaHHs CIIpHUsie TaKOXK 301IbIICHHS MPOPUBY Ta3iB y MIAMOPIITHEBI
MOPOXKHUHU a00 B KapTep, 10 37AyBalOTh Macio 3 poO0Yoi MOBEpXHI MUIIHAPIB. B
EKCTpEeMaJIbHUX BUMAAKAX 3aJUp MPU3BOIUTH /10 3aKJIMHIOBAHHS TMOPIIHIB B IIUJIIH-
Jpax, NOSIBU B HUX TPILIIMH, OOPUB NOPUIHIB 1 IIATYHIB.

BaxuuBy posib npu eKcrutyaTallii CyTHOBUX JW3€JiB TPalOTh PanToOBl BiJIMOBH,
MOB'A3aH1 3 BTPATOI0 XOAY CyAHA. YacTka panToBUX BIAMOB CYJIHOBUX JM3ENEH 3a-
3Bu4ail Tpoxu Oubie 10%, ane moxe 30ubLIyBaTHCS A0 35% Ha ABUTYHAX 3 MiJ-
BHIIICHUM CTYTICHEM aBTOMATH3aIIii.

B nmanmii yac crmoctepiraeThCsi TEHACHIIISA B 3/ICHIEBICHHI 3aCTOCOBYBAaHUX COP-
TiB nayuB cyHOBUX J[B3. 3MeHIIIeHH 1IHU Ha TAJIMBO MPU3BOAUTH JI0 MOTIPIIECHHS
HOTO SKOCTI, SIKE€ HE3MIHHO CYMPOBOIKYEThHCS 30UIbIIeHHSIM 3HOCy neraneit LI, a
Pa30M 3 HUM 1 MOTIPIIEHHAM HAJIIMHOCTI CYyTHOBOTO JU3EIIS B IILJIOMY.

YacTkoBO KOMIIEHCYBATH HECHPUSITIMBUI BILUIUB BiJ] BUKOPUCTAHHS JCIICBUX
COPTIB MaJMBa BAAETHCS 32 PAXyHOK: IMiIBUIICHHS SKOCT1 3aCTOCOBYBAaHUX Martepia-
niB neranei LI, BUKoprCcTaHHS BHCOKOSKICHUX ITMIIHAPOBUX Maces; opraHi3alii
smarnyBanHs Aetaned LI, mo TpyTbes, BIAMOBITHO A0 3a4aHOTO PEKUMY POOOTH,
COPTIB 3aCTOCOBYBAHOTO IMaJMBa Ta PEKUMIB OXOJIO/PKCHHS JBUTYHA.

[TocTymoBi BiIMOBHU XapaKTEPU3YIOThCS MOBUIBHOIO 3MIHOIO TEXHIYHOTO CTaHY
JM3eIIsl 1 HalvacTile MoB's3aHl 3 TUMU UM 1HIIMMH BUJaMu 3HouryBaHHs. [Ipu moc-
TYHOBIM BiZIMOBI OJIHOTO 3 BY3JIiB JIBUTYHa MEXaHIK MO)X€ KepyBaTH HOTO PO3BUT-
KOM: MPU3HAYUTH BIANOBIAHUI PEKUM €KCILTyaTallii, BXKUTH 3aXOA1B 10 3aBYaCHOTO
PEMOHTY abo 3aMiHH, 100 3amoOIrTH BiIMOBI BChOro ABUTYHA. OTHUM 3 MEpCIeK-
THBHUX IIIAXiB 3ari00iraHHs ParTOBUM BiAMOBaM € BUKOPHUCTAaHHS HaJIIMHUX 1 JIOB-
TOBIYHHX JE€TANCH MUIIHAPO-TIOPITHEBOI TPYIHU CYyTHOBUX JTU3EIIB.

Sk moka3zye ekcrutyatallis CyTHOBUX JM3ENiB, MiJBULICHI BUTPATHU Macia Ipus3-
BOJSTH /10 301TbIIEHHS TPOAYKTIB 3a0pyAHEHHS, YTBOPEHHS BIJIKJIJCHb HA JIETAJSIX
LI, B mpoayBHUX BiKHAaX IMJIIHAPOBOI BTYJIKH, B IPOJYBHOMY PECHBEpPI 1 B ra3o-
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BUITYCKHOMY TpakTi. CrocTepiraerbcsi MiIBUILEHE CKUIAHHS MacTUia B MiANOPII-
HEBHM MPOCTIp.

VY Toif %e Jac, HeAOCTaTHA 1M0/1a4ya MacTWiIa CIIPUYUHSE MOPYIICHHS UTICHOCTI
MAacJISTHOI TUTIBKK Ha poO0Yii TOBEPXHI MIIIHAPOBOI BTYJIKA T4 BUHUKHEHHSI HaITiB-
CyXoro abo cyxoro TepTs (MOsiBI AUITHOK CyXOi IMOBEPXHI Ha MOPIIHI Ta JA3epKaji
muinaapa). [loripiryerbess pyXJMBICTh, BIAOYBAEThCS 3alllEMJICHHS Ta MPUTOpaHHS
MOPIUTHEBUX KUJIEIb.

Lle cynpoBOIKYETHCSI IHTECHCUBHHUMH 3HOCAMH, a 1HOJI 1 "3aaupaHHsIM" MOBep-
XOHb, IO MPHU3BOAUTH 0 BUMYIICHHX 3YNMUHOK, 3HWXKY€E HAAIMHICTH 1 MOTOpECypc
JIN3EIIIB.

[TigBumIeHOMY 3HOCY BTYJIOK, MEpeaye MoJioMKa a0 IHTEHCHBHE 3HOIIYBaHHS
MOPIIHEBOTO Kb, KpiM TOro, A1 HHIIHAPOBUX BTYJIOK 3 HOPMAJIbHOKO MIBUAKIC-
TIO 3HOIIIYBaHHS 30Ha MAaKCHUMaJbHOTO 3HOCY PO3TalllOBaHa Ha PiBHI MEPIIOTO MOP-
IHEBOTO Kublig. [Ipu 1HTEHCHBHOMY 3HOIITYBaHH1 HaWOUIbIIA BUPOOJICHHS BTYJIKU
3MINIYETHCS B TOSIC MK TPETIM 1 UETBEPTUM KUIbLIEM. Y IIbOMY MOSICI KaHATIH 0XO-
JIOJIPKEHHS HUKHBOT 1 BEpXHBOT YaCTUH BTYJIKH 3HAXOJATHCS MPUOIMU3HO B 1,5 pa3u
nani Bij pob6o4oi MoBEepXHi, HIXK Y BEPXHHOMY MOSICI.

Sk Moka3yrTh AOCTIHKEHHS, MPOIEC Mo1ayul Macia B IWIIHAP XapaKTepU3yIOTh:
MOMEHTH, TPUBAJICTh 1 YaCTOTa HAAXOKEHHS Maclia Ha J[3epKaJio, MBUJIKICTh, (o-
pMa 1 TpaekTopis HOTo 3a MeKaMu KaHally, BeTMYMHA BUTPATH Macia B (a3ax mojaa-
Yi, a TAKOXK KUIbKICHE CITIBBIIHOIIICHHS MOPIIIH, SIKI CTIKAIOTh MO A3€pKay 1 HAaJIX0-
JATh B IIATIHAP 3 METAaHHSIM YaCTHHH Maclia.

OmuiHKa poJi CHCTEMH 3MalllyBaHHs, 0€3 ysIBJIEHHS PO 3TaJlaHl BUILE TapaMeTpH
MpolLIecy Moayl Maciia B WIIHAPY JBUTYHIB YTPYAHEHA, TaK K caMe Ll MapaMeTpu
BHU3HAYAIOTh YMOBH PO3MOALTY 1 €pEeKTUBHICTh BUKOPUCTAHHA Macia B HUIIHAPI.

®opcyBanHs JIB3 Ta 3acTOCyBaHHS BaXKKUX COPTIB MAJIUB 3 IMiABUILIEHUM BMiC-
TOM CIPKH, TIOTIPIIYIOTh YMOBH POOOTH HOTO JeTalie, 110 3HAYHO ITiIBUIIYE BUMO-
T 0 cucTeM 3MarnyBaHHs. L[i cucteMn MokHA PO3IIIMTH HA MOIIMPEHI JIyOpika-
TOPHI CHCTEMH 1 MEPCIIEKTUBHI — 0€37TyOpHUKaTOPHI.

VY nBotaktHux auzensx Gpipmu MAN - B&W Butpatu Ha HUIIHAPOBE MACIIO JIJIs
BEJIMKUX JU3EIB, SKI MPAIIOI0Th 3 PEKOMEHJOBAaHMMU HOPMaMU BUTpPATH Macia,
3aiiMaloTh OJHE 3 MPOBIAHMUX Micllb. HaBiTh CKOpPOUYEHHS BUTpATH IUIIHAPOBOTO
mactuna Ha 0,1 r/kBT1°To, mpeacTaBisie BaXXIUBY MOPIYHY €KOHOMIIO /IS CyTHOB-
JIACHUKIB.

Tomy onTuManbpHe 3MaIIlyBaHHS MUTIHAPIB € BAXKIMBOIO TEMOIO JJISI PO3BUTKY, 3
METOI0 CKOPOUYEHHS J103yBaHb Macja MpH MIATpUMIN 3a10BuUIbHOrO 3HOCy LI 1
30UIBIICHH] Yacy M1 MOTOYMCTKaMH. 3MEHIIIEHE CITOKHUBAHHS IIUJIIHIPOBOTO Macjia
TaKOX MO3UTUBHO BIUIMBA€E HA HABKOJIUIITHE CEPETOBUIIIC.

[TigBUILIEHN 3HOC 1 3aAMP CIOJIYYEHHS BTYJIKA - MOPIIHEBE KIJbLE € OAHUMU 3
HaWO1IBIT TUMTOBUX ACPEKTIB CYTHOBUX NU3ENTIB. Y iX OCHOBI JISKUTHh MIKPO3aJIHP,
KWW MOKHA YSBUTH SIK PO3PUB MACJISIHOI IJTIBKM HA BIIHOCHO MaJTii TUTOIII A3€pKa-
J1a IAJIIHJIPA, SKa HE BITHOBIIOETHCS MIPOTATOM JICKIJIBKOX XO/IiB ITOPIITHS.

Mikpo3anupu MOXOsATh Bl 3ITKHEHHS 3 BEITUKOIO KUIBKICTIO TIOBITPS, KUCEHB
SKOTO aKTUBHO BIUIMBA€E HA MACISHY TUTBKY. [Iporiec OKuCIeHHs Maciia B TOHKOMY
mapi e TMM 1HTCHCUBHIIIE, YM O1JTbIIIa KOHIICHTPAIlis KUCHIO, TeMIIepaTypa i mo-
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BEepXHA KOHTAakTy. KpiM TOro macinsHa miiBka HiJ1a€ThCs BIUTUBY KOMIIOHEHTIB BU-
MYCKHUX ra3iB, a TAKOX TBEPJUX MPOAYKTIB HEMNOBHOTO 3TOPSHHS MMAJIMBA.

JIns 3MEHIIEHHS MMJABUIIEHUX 3HOCIB CYJAHOBJIACHUKH 3MYIIEHI 301IbITyBaTH
BUTpaTy LMJIIHIPOBOIO Maciia, BAKOPUCTOBYBATH BUCOKOSIKICHI MapKu Macell, eKc-
IUTyaTyBaTH JBUTYHHU Ha peXUMax 0OMEKEHOI MOTYKHOCT1, BECTU PETEIbHUI KOHT-
POJIb 32 CTAHOM TMOPIIHEBUX KiJIelb 1 pOOOTOI0 CUCTEMU MAIICHHS.

B pe3ynbTaTi He0CTaTHBOI HAIIMHOCTI POOOTH CIOTYUYEHHS BTYJIKA - MOPIIHEBE
KUTBIIE TOBOAWTHCS B €KCIUTyaTaIlli MPOBOIUTH YaCTi PO3KPHUTTS IMUTIHAPIB I KOH-
TPOJIO CTaHy poO0YOi MOBEPXHI, 3aMiHM 3HOLIEHUX MOPIIHEBUX KUIEIb 1 3armiIio-
BaHHs (pacoK Ha KUTBIAX.Y CYHEHHs] IPUYUH K1 BUKJIMKAIOTh IHTEHCUBHI 3HOCH LU~
JIHAPOBHUX BTYJOK 1 MOPITHEBUX KIUJIEIh MOMKJIMBE IUISIXOM 3a0€3MeUeHHs Ha BCiX
pexuMax poOOTH ABUTYHA MILIHOI MACIISIHOT TUTIBKH MI>K ITapOIOTEPTSL.

VY KOXXHOMY LIMIIIHJIP1 MPOLEC MoJadyl MacTuia NpoTikae no-pisHoMy. Lle Bimo-
MOIO MIpOI0 BHOCUTH PI3HOMAHITHICTh B OPraHi3allil0 MAaIlleHHS LWIIHJIPIB, MO0 Y
CBOIO UEpry MO3HAYAETHhCS HAa 3HOCAX CIOJYUEHHS MIJIIHAPOBA BTYJK-IOPIIHEBE
KinbIe (puc.l).
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Puc. 1. IIIBUAKICTB 3HOCY CIIOJIY4YEHHS BTYJIKA - KLJIbLIE

[uniaapose maciio Mae OyTH MOJAAHO B IMIIHAP B MEBHOMY IMOJIO0KEHHI MTOPIITHS
1 B TIEBHUI 4ac, i1 OTPUMaHHS ONTUMAIILHOTO e(PEeKTy, AKUi He 3aBkKau 3abe3re-
Yy€eThCA ChOTOHI 3BUYaiHUMHU JiyOpukaropamu. @ipma MAN-B& W mnouana mmpo-
K€ 3aCTOCYBaHHsI HOBOI €JIEKTPOHHOI cucTteMu "Anbda'.

HoBa macTuipHa cuctema 3aCHOBaHa Ha MIPUHITUII BIIOPCKYBAaHHS TIEBHOTO 00'-
€MY MacJia B MIWIIHIP, I KOXKHUX YOTHPHOX (KOKHUX I'STH, IIECTH, 1 T.J1.) 000po-
TiB. Kpim Toro, Tounuii BuOIip yacy BIOPCKYBaHHS, TapaHTye (Ha TyMKy (ipMu), 10
BCS IIWJIIHAPOBE MAcCjiO HaJIXOJUTh OE3MOCEepeHbO HA TMOPIIHEBI KUIBI, J€ BOHO
HEOOX1THE.

3acToCcyBaHHSI KOMIT'IOTEpA B €JIEKTPUYHIN CXeMi JIyOpUKaTopa CTBOPIOE Tepe/i-
YMOBH PEryJIIOBaHHS MOPIil Macia 3aJIeKHO Bl BIJCOTKOBOTO BMICTY CIpKU B Ia-
JIUBI, 1 JIY’KHOTO YHUCJIa IUIIHIPOBOTO Maca.

Hacnpapzi, Ha HOBUX JBUTYHAX MalOTh MICIE CHJIBHO 3aBHUILEHI JO3YBaHHS I1-
JiHApOoBOrO Macia. J{uzeneOyaiBHI 3aBOAM AAIOTh CYNIEPEWINBI PEKOMEHAITT 100
HOPM BUTPATH MacTHUJIA.

Bimomo, 110 icHy€e B3a€EMO3B'SI30K MK BMICTOM CIpKH B MAJIMBI Ta 3HOCOM ITHJIi-
HIPOBUX BTYJOK. [0 I€SIKOTO0 KPUTUYHOTO BMICTY CIPKHU, 301IbIIEHHS 3HOCY BTYJIOK
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BiI0yBa€eThCs MiHIMHO. [licist KpUTUYHOTO 3HAYEHHS BMICTY CIpKM B MajuBl Big0y-
Ba€ThCS Pi3Ke 30UIBIICHHS 3HOCY.

ToMy 4acTo HOCHIIKYETHCS NUISAX MPHU SKOMY KUIBKICTh MacTHJIA, 1110 MOJAA€ThCS
B KOXEH IWIHAP, 3MIHIOEThCS K MpsMa ado orocepeakoBaHa (GyHKIIIS BMICTY Cip-
KM B TIAJIMBI, 110 TIOCTYIIA€, B TOMY K HaIIPSAMKY, 5K 1 3MiHa BMICTY CIPKH.

Opmnak goriipHIIIe 0e3rmepepBHO BUMIPIOBATH BMICT CIPKH B MaJIMBI, 1110 HAJIXO-
JIUTh, 1 3BMIHIOBATH SIKICTh MACTHJIA, IO MOJAETHCS IMPU 3MIHI BMICTY CIPKH.

[HmMi HampsMOK, KOJMW AJii BU3HAYEHHS (akTudyHoro 3Hocy aetanedt LI,
MIPOBOAMUTHCS O€3MepepBHUII KOHTPOJIb BMICTY 3aii3a y BIAMpalbOBAaHOMY Macii,
SIKUW TIOPIBHIOETHCA 3 IOMyCTHMHUMU 3HAYEHHSMH BMICTY 3ai3a y BiAIpambOBaHO-
My MacTHJI1 SIK (PyHKIIisI BMICTY CIPKH B MajiUB1, LI€ A€ MOKJIMBICTh BKMBAaTH HEO0-
X1AHUX 3aXOA1B y pa3il HEMPUITYCTUMUX BiIXHUIIEHb.

[TocTiiiHu#l Tpoliec, 110 KOHTPOJIIOE CTaH LIIIHAPA Yepe3 CUTHAIM 3BOPOTHOTO
3B'SI3KY BIAIPAIlbOBAHOTO IMJIIHAPOBOTO MACTUJIA, 1 BMICTY CIPKU B MaJIMBI, B €JIEKT-
ponHiil cucteMi mactiia "Anbda" komnanii MAN-B&W (Ha nymky ¢dipmu) rapas-
Ty€ 3HAYHI 3a0MIaJPKEHHS MWJIIHIPOBOrO Maciia MOpsia 3 KEPOBAaHMMU HOpPMaMH
3HOIITYBaHHS, KOHTPOJIbOBAHUMHU 3aIUPAHHSAMHU 1 JOBIIMMH IHTEPBAJIaMU M1XX MOTO-
YUCTKAMHU.

Benuuuna mojavi UMIIHAPOBOTO Macia MPOMOPIIHHO HABAHTAKEHHIO HA JIBU-
T'YH € OJIHUM 3 JIBOX CTaHJApPTHUX BUOOPIB KOMIMAaHIi (IHIIUH - ypaBIii€ BEINIUHOIO
nojayi UITHAPOBOTO Macia MPONOPLINHO cepeTHhOMY €(PEKTUBHOMY THCKY).

Ax HoBuii HampsiMok ¢ipMa MAN-B&W 6aunth CTBOPEHHS! allrOpUTMY TOAAul
MacTuja 3aCHOBAHOI'O Ha aHaji31 BIANPALbOBAHOTO Macia, J03YBaHHI IIMIIIHIPOBOTO
Macja, HaBaHTaXEHH1 Ha JABUTYH, 1 HOpMI 3HOCY LMIiHApPIB (puc.2) [2].
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Puc.2. Konneniiis 3MantyBanHs HUIiHAPIB ABUTYHIB Gpipmu MAN-B&W

ABTOMaTHUYHE JO03YBaHHS IUJIIHIPOBOTO Macjia 1 €PEeKTUBHICTh IUITHIPOBOTO
MacTuja CTalTh AIMCHO MOCTIMHO KOHTPOJIBOBAHUM MapaMEeTPOM, 1110 3aJI€KaTh Bl
CKJIaJly BIJAIPaIlbOBAHOTO LMJIIHJIPOBOIO Macja BiJ KOXHOTO mumHapa. Ilicias o0-
pPOOKH CHUTHAJIIB KOMIT'FOTEPOM, MEPENArOThCsl KOMaHIU JI0 KOXKHOTO JyOpuUKaTopa
cuctemu "Anbda".
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OriHKa 3HOCY MOXe OyTH 3aCHOBaHa Ha KOHTPOJII BEIMYMHHU BUTPATU a00 KOHT-
pOJIl JTY>KHOTO YHMCiIa HUIIHAPOoBOoro Macia. CKOpOYEHHsSI BETUYMHHM MOJadl MOXKE
3MEHIIIYBaTH JTY>KHE YUCII0, TAKUM YHHOM, OOMEXKYIOUU KUTBKICTh HEUTPaIi3yt0uoro
areHTa, 10 HAJAXOAUTh B HMWIIHAP (aje TUIbKU J0 MIHIMAJIbHOI BEJIMYMHM I10Jadi,
HEOOX1THOI JIJIsi MacTUJIA).

[TocTiiiHUI KOHTPOJIb HAJ JY>KHUM YHCJIOM Maciia IIpH MOCTIMHIN BEIWYXHI T10-
Javi, TOBUHEH 3a0e3MeuyBaTH MOJabIle MOJIMIIEHHS 3MalllyBaHHs 4Yepe3 3MIITy-
BaHHS IMJIIHAPOBUX Macel 3 Pi3HUM JyXHUM yucioMm. Excrmyarariiiai BunmpoOy-
BaHHS 3 IOTO HANPAMY NMPOBOAATHCSA HA ABUTYHaX MAN-B&W, 1110 BUKOPUCTOBY-
I0Th HOBY cuctemy "Anbda".

Ha nesxux asurynax tumy L-MC 3acTocoByroTbes IyOpukaTopu 3 OJI0KaMu aB-
TOMATUYHOTO PETYJIIOBaHHS M0/1a4i MacJa, IO BCTAHOBTIOIOTHCS HA HHX.

Takuii nyOpukatop 00JialHAHUI TPUCTPOEM - OJIOKOM, 1110 aBTOMATHUYHO 3Mi-
HIOE [IUKJIOBY T10J1ayy Maclia B HAJIHPU JTU3€II B 3aJIKHOCTI BiJl HABAHTAKEHHSI.

VY Tolt e yac, SIK MOKa3yloTh pe3yJabTaTu JOCHIKEHb [1,4], HeOMiKK monepe-
HIX CHCTEM MAaIllEHHs UJIHPIB MPOSBIISIIOTHCS 1 B HOBUX CUCTEMAX 3 €JIEKTPOHHUM
YOPABJISTHHSM T0/1a4€t0 MacTHIIA.

AHaJi3 npoBeIeHO Ha MiACTaBl JaHUX, OTPUMAHUX 3a 7-pIUHUN MEepioj] eKCILTya-
taii rojoBHUX ABUryHiB MAN - B&W tuny L-MC/MCE. 11 naHi xapakTepu3yoTh
B32€MO3B'SI30K POOOTH CHUCTEMH MACIOMNOJayl 3 TEXHIKO-€KOHOMIYHUMH MOKa3HU-
KaMU eKCIUTyaTtarlii JBUTYHIB.

3a 1ei yac roJIOBHI JBUTYHU BIAIpaIloBaIu 1o 22...24 TucsI4 roauH. Y 1ei yac
UWJTIHAPU ABUTYHIB PO3KpUBAIM BiA 5 10 16 pasiB, TOOTO, MPOMIXKOK MK PO3KPUT-
TSIMM CTaHOBHMB BiJT 1,5 10 5 THC. roauH.

KaHAT Sk mokaszanmm mocHimKeHHs, KaHaa B cTiHml LB 3a-
1 TOBHIOETBCS MAaclOM HE IOBHICTIO, Y€PE3 IO B HEl mpo-

HUKAIOTh Ta3u. [Ipu BimoMomy xapakrepi 3MiHH THUCKY 3

00Ky TOPOKHUHU IIIIHIApA Yy KaHail (POPMYEThCS 3BO-

POTHO-TIOCTYTIAJILHUN PYX Macia, 10 CYMPOBOIKYETHCS
2  1HTEHCHMBHHM MEPEMIITyBaHHIM MOTO 3 Tra3amu.

lMa3zo-macnsiHa cyMmiln, npy MajiHHI TUCKY Yy MacTH-
i JHLHUX OTBOPIB 3CEPEAVHM LUJIHIPA, PYXAETHCS MO Ka-
Maciao Haly J0 J3epKajia, OTPUMYIOUHW MIPH [IbOMY TPUCKOPECHHSI
3 3a paXxyHOK €Heprii ra3oBuX Oyib0aIloK, M0 PO3MIUPIO-

IOTBCS.

[lepen 3pizoM kKaHaly Ha A3epKalli MIBUAKICTH CATa€e

JIOCUTh BEJTUKHUX 3HAYCHD, Y SKUX MACJIO MPOJOBKYE PYX

Puc.3. Kinokaapu Buxogy 10 OCl KaHaily 3a ii mexamu (puc.3). Takum 4uHOM, Bij-
Maclia 3a Mexi KaHamy OyBaeTbCsl CBOEPINHE BUIITOBXYBAaHHS Macia 3 KaHally
razaMi, IO PO3IIUPIOIOTHCS B HhOMY. HeoOximHO Bif-

3HAYWTH, [0 OMUCAHI SBUIA (TIOTIPU MOCTIAOBHY POOOTY CEKIliil TyOpukaTopa) Bifl-
OyBaeThbCs y BCIX MACISHUX KaHAJIaX OJHOYACHO, 10 OOYMOBJICHO 3arajibHUM IS
BCIX KaHaJiB 4YaCOM HApOCTAaHHS 1 MaJ{IHHA IMITyJIbCIB THCKY T'a3iB 3CEPEIMHU IIMITIH-

apa.
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Pi3Hi mepioan MOMOBHEHHS KaHAy MaclioM, SIKi BIJIOBIIAaI0OTh Y€ProBOCTI PO-
00YMX XOMIB TUTYHXKEPIB JTyOpHUKATOPiB, 3yMOBIIIOIOTH JIMIIIE YMOBHY Y€proBiCTh Ha-
IIXOJDKEHHST Macia 3 oTBopy. Ha puc.4 HaBeneHM NpUKIIA] OCHUIOTpaMU MPOLIECY
MacJomnoayi 13 3aMcoM MOMEHTY BHXOJy Macia 3a MexXI1 KaHaily. 3 Hei BUAHO, 1110
MOMEHT TOSIBM Macja Ha 3pi3l OTBOPY HEMAE MPSAMOro 3B'A3KY 3 HArHITAILHUM XO-
JIOM Hnny(epa JIy6pI/IKaT0pa 1 BiILKpI/ITTSIM 3BOPOTHOTO KJIaraHa.

LU m-q\‘ll WV K'" {iikl 3 }IBI/II’IICM “BUILTOBXYBAHH» Macna 3 Ka-

[aJly TOB's3aHI OCHOBHI TIpsIMi HOTO BTpaTH.
loenHaHHs KpUBOI PyXy MOPIIHS 3 OCHUJIOT-
\ )aMOIO JI03BOJISIE BUBHAYUTH Ha SIKI MIOBEPXHI, 1
i SIKI TIep10JIM B1IOYBA€ThCA JIICHA To/1avya Ma-
J1a.

Ha nincraBi 00poOKu pe3yabpTaTiB MIBUJIKI-
CHOT KIHO3HOMKH JIOCJIPKYBAHOTO IIPOIIECY
(omuH 13 (parMeHTIB SIKOTO HaBEJIECHUW Ha
puc.3) rpadiyHuM nudepeHIitoBaHHSIM BU3HA-
YEeHO MIBUJKOCTI pyXy Macliia 3a MeKaMH Mac-

Mg

Puc.4. Ocuunorpamma nporecy
MacJoIo a4l

TUJIBHUX OTBOPIB, pHC.S.

Sk BUIHO 3 MJIFOHKY, 111 IIBUAKOCTI KoJMBaroThes Bix 0,75 1o 2,5 m/c. 3anexHo
BiZl a3 1 hopM BUXOy Macia, TPAEKTOPIi MOJOTY MOro B LMJIIHIP1, MOXKYTh JTOCS-
raTi JEKUIbKOX JecATKiB mutimeTpiB (kpusi L1-L3). ITpuyomy Mami mopiii macia
(oKkpemi Kparuii Ta Horo my4ku) «BUIITOBXYIOTHCS) 3 KaHAMIB 13 MEHILOIO IIBUKIC-
TIO 1 BIIJIAJISIFOTHCS B 3pi3y MaCTHJIBHUX OTBOPIB HA MEHIILY BIJICTaHb.

Pe3ynpTaTom Takoi Maciomnoaadi € 301IbIIEHHS BIJIKJIaI€Hb HAarapy, HOTIpIICHHS
CTaHy LMJIIHJpA Ta 3HIXKEHHS TEXHIKO-€KOHOMIUYHUX MOKa3HUKIB cynHoBuX JIBC.

Ontumizailisi BUTpATH MUITHAPOBOTO Macja € OJHUM 13 KJIIFOYOBUX MapaMeTpiB y
3a0e3neYeHH] eKOHOMIYHOCTI Ta 0€3MeYHOi eKCIuTyaTallii MaToo0epTOBUX TU3EIIB.

OnTuManbHa HOpMa BUTPATH KOXKHOTO OKPEMOTO JIBUTYHA BHU3HAYAEThCS 1HJIU-
BIJIyaJbHO, SIK TTOKA3y€ JTOCBiM, MIMCHI BUMOTH JIO0 KUIBKOCTI MacTHJIa MOXYTh OyTH

my’Ke 3HaYHUMH BiJl IBUTYHA JI0 ABUTYHA.

L. v L -jf V.we  EKOHOMIYHI TapaMmeTpu IS BHUPINICHHS
40 //!/::; 4 'alllOHAJIbHOI HOPMH BUTPATH € 3 OJHOIO OOKY
7 /{ - BApTICTh IMIJIIHIPOBOTO Macja Ta 3 1HIIOTO —
30 TH¢ 3 .apTICTh MOTOYHCTOK, PECYpC MOPIIIHIB Ta BTY-
I oK 1uiHApiB. Ha 101aTOK 10 IbOTO BAXKIIUBY
20 ~g 2 \0Jp BIJITpPA€ aCMEKT HAAIHHOCTI: YHHKHEHHS
= [€3aTIAHOBAHHX 3YIHHOK.

10 o b:ﬁDBBH}E:(?CaT:TDw_" [Ipaktuunuit pocsin ekcrtyatanii L-MC
| | M3ENIB TOKa3ye, MO PEKOMEHI0BaHI HOPMHU
0 10 20 30 t-10.¢ UTPATH IIIIHIPOBOTO Macja PO3TAIIOBYIOTh-

csa Mk 3HaueHHsMHu 0,8...1,6 r/kBr ro.
Puc.5. Xapaxmepucmuxu Buxoasuu 3 mporo mmpokoro posmaxy, B
npoyecy JMIACHUX BHMOTax A0 IMIIHAPOBOTO MAaCTHIIA,
macionooayi IpUPOOITKOBI PEKOMEHA0BAaHI HOPMM BUTpPATH

IPYHTYIOTbCSI Ha 30UIBIICHIM KUIBKOCTI MacTHJIa Ha MOYATKy 1 MOCTYIOBOMY 3MEH-
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IICHHI B pe3yJbTaTi 1HCMEKI UIIHAPOBUX BTYJOK Yepe3 MPOIYBHI BiKHA 1 3 OOKY
H1IMOPITHEBUX TTpocTopiB. ToOTO, caM Iu3eNb MOKa3ye AIHCHO HEOOX1IHY KIJIbKICTh
Macia.

Taki HOpMH TUTOMHUX BUTpPAT IMIIIHAPOBOTO Macja 3 OJHOT0 OOKY € CHIIBHO 3a-
BUIIICHUMH, a 3 IHIIIOTO SIBHO BKa3YyIOTh Ha HEJIOCKOHAIICTh 3aCTOCOBYBAaHMX Ha IHX
JIBUTYHAX TyOPHKATOPHUX CUCTEM 3MallyBaHHSI.
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VYIK 656.6.620.3

Kosunpkuii C. B., Kopnuiepuu C. I'.
Hamionanpauit yaiBepcutetr Ojiecbka MOpChKa akaaeMis

BukopucranHus noJiMepHUX KOMIO3UIIMHUX MaTepiadiB 1Jis 3a0e31me4eHHs
AKTyaJILHUX MOTPe0 y Cy4acHHX MaTepiajiax Ha CyIHi

MammnobyayBanHa y XX cTOpiy4l TOJIOBHUM YMHOM 0a3zyBajiocs Ha YOpHIN
MeETaNyprii: BUpoOH 3 HUX € Ty>K€ METAJI0 EMKUMHU 1 6araTo BaXkaTh; KOpO3isd pyilHye
10 20% piuHoro BUpOOHUIITBA YaByHY 1 ctam. llle y apyriil mosoBUHI MUHYJIOTO
CTOP1YYs MEPEHUIIIM Ha 3aCTOCYBAaHHS TaKWX METaJIB SIK TUTAH, aJIFOMIHIM, Marxiu.
Jlerki, miltHi, KOPO31MHOCTIMKI CIUIaBU JO3BOJISIIOTH B JICKIJIbKA pasiB 3poOUTH Ma-
MIMHY JIeTIUMU, B 10 pa3iB CKOPOTUTU BUTPATH HA PEMOHT 1y 2 pa3u - Ha MaJIUBO.

HeBinkiasHOIO BUMOTOIO CHOTOACHHS € PO3poO0Ka 1 BUPOOHHUIITBO HOBUX Ma-
tepianiB Kopryc cyaHa Ta oro MexaHi3MH €KCIUTyaTYIOThCSl B CKJIAJIHUX YMOBax
MOCTIAHOI Jii arpeCUBHOTO CepeaoBUIa (BOJOTH Ta COJIOHOI BOJW) , IPU CTaTH4-
HUX, TUKIIYHUX 1 YIapHUX HaBaHTAKCHHSX, MPU HU3BKUX 1 BUCOKUX TEMIIEpaTypax.
[{i YUHHUKY BU3HAYAIOTh BUMOTH JI0 KOHCTPYKILIHHUX MaTepialiB, OCHOBHI 3 SIKUX
eKCIUTyaTalliiiHi, TEXHOJIOT14H1 1 eKOHOMIuHI [1].

JInst tocsirHEeHHST HEOOX1AHUX MOKAa3HUKIB PO3BUTKY MOXYTh OyTH BUKOPHUCTaH1
kommno3uiiHi matepianu (KM) — e maTepianu, siKi CKJIaJIaloThCs 3 JBOX a00 Olib-
1€ KOMIIOHEHTIB (IUCKPETHUX €JIEMEHTIB 1 MaTpULIl, 110 iX 3B’SA3y€), MAIOTh CIELH-
¢bi1yH1 BIACTUBOCTI, BIAMIHHI BiJi CyMApHUX BJIACTUBOCTEH €JIEMEHTIB, 3 SKUX BOHU
CKJIaJatoThcsa. JIMCKpeTHI €NeMEHTH MOXYTh BUKOHYBAaTH aKTHUBHY pOJb SIK
3MIIHIOBAJIbHI €JIeMEHTH Ui Moaudikalii MeXxaHIYHUX ab0 eKCIUTyaTariiHuX Blla-
CTUBOCTEH (MIIHICTh, TETUIONMPOBIAHICTH Ta 1H.).

B 3anexnocti Bix matepiany marpuii, KM, po30uBaioTh Ha Tpu rpymu: 3 MeTa-
neBoro Mmatpuilero; MeraneBi KM, 3 kepamiuHoio Matpuilero; kepamiuni KM, 3
MOJIIMEPHOI0 MaTpuieto; nojiMepHi KM. B 3anexxHOCTI Big Marepiany apMyrOUYux
BOJIOKOH: apMOBaH1 CKJITHUMHU BOJIOKHAMHU — CKJIIOTUTACTHKH; METAJICBUMH — METaJI0-
IUTACTUKH; BYTJICIEBUMU — BYTJICTUIACTHKH, OpPTaHIYHUMU — OPTaHOIUIACTHKH. 3a
OpieHTall€l0 Ta TUNOM apMmatypu yci KM moninsitoTbesi Ha 130TPOMHI, O MarOTh
OJIHAKOB1 BJIACTHBOCTI B YCIX HampsiMax, Ta aHi30TPONHI. Y BUNAAKY 130TPOIHUX
KM 3miltHeHHS 311MCHIOETHCSI MAaTPULICIO Ta YACTUHKAMH MPHUOJIU3HO OJHAKOBO. Y
BUMAJKY aH130TponHUX KM 3MillHEHHS 3[1MCHIOETHCS, B OCHOBHOMY, YaCTUHKAMHU
rofgaToi GopMH, TOMY SIK TaKi YACTHHKHA BHUKOPHUCTOBYIOTH BIJPI3KH BOJOKOH a00
HUTKOIIOA10H] KPUCTAJIH.

3 ornsy Ha BUKIIAJIEHE BUINE, Ha BIIMIHY B METATO000POOHMX TEXHOJIOTIH
npoiiecu BUPOOHUIITBA BUPOOiB 13 KM 103BONIAIOTE CYTTEBO MiABUIIUTH KOS(IIIEHT
BUKOPHUCTAHHS MaTepially Ta A0BeCTH Horo a0 3HadyeHsb 0,8 - 0,95 muissxoM cTBOpeH-
HS 3aJaHUX TEOMETPUYHO PO3MIpiB 1 ¢GopM, IO JO3BOJIIE CYTTEBO 3HU3UTH iX
BapTICTh MOPIBHSIHO 3 BUPOOAMU 3 TpaAUIIIHHUX MaTepiaiis [2].

Kommno3utiitHi Marepiajii MaroTh IIIUN psij crieluIYHUX BIACTUBOCTEH, K1 HE
NPOSBIISIIOTh TPAAMIINAHI Martepianu, Hampukian, angs KM xapakrepHa 3HauyHa
aHI30TPOITISI MEXaHIYHMX 1 (PI3UYHMUX BiacTUBOCTE. KoMmo3uiliiiHi Matepiaid BU-
KOPUCTOBYIOTh SIK JIJISl 3aMIHM TPAAUIIMHUX KOHCTPYKIIMHUX MaTepialiB, TakK 1 K
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CHeIlaJIbHO CTBOPEHI MaTepialiv, skl MaloTh JAEsKl CHelialbHI BIaCTUBOCTI, 3apaau
SIKUX BOHU 1 CTBOPIOIOTHCS, — aHTUKOPO31iHI, TEIUIO3aXKMCH1, ONMTUYHI, TOIIIO.

B Texwnimi Halfuacriie BUKOPUCTOBYIOTh aHi30TpornHI KM B sikux apmMoBaHi BO-
JIOKHA YKJIaJar0ThCs mapamMu abo Mmo3aoBXHIM criocoOoM. BonokHa, siki € apmaTty-
pO10, MOBMHHI MaTH BUCOKY MIIHICTh, MaJy T'YCTUHY Ta BUCOKY TEMIIEpaTypy IJIaB-
JIEHHsI, XIMIYHYy CTIHKICTh y Matpuili. HutkononiOHa dbopma apMyrounXx €JIeMEHTIB
Ma€ MO3UTHUBHI CTOPOHHU: BUCOKY MIIHICTh (MIPY>KHICTH) B HANPsAMI, KyJAH CIPSIMO-
BaHI1 BOJIOKHA.

Henomnik HUTKOMOAIOHUX MaTepialiB - HU3bKa MPYKHICTh Y HAMpPsMi MEPICHIN-
KYJISIPHOMY BOJIOKHaM, OCKUJIbKM BOJIOKHA 3[IaTHI MepeaaBaTH HaBaHTAXCHHS, B OC-
HOBHOMY, JIMIIIE B3/I0BX BOJIOKOH.

B po6oti po3risiHyTo MexaHiuyHi, (p13MKO-XIMIUHI Ta €KCIUTyaTalliiiHl BJIacTH-
BocTl nommMepHux KM, apMoBaHMX BOJIOKHHUCTHUMH MarteplajaMu y MOPIBHAHHS 3
TpaAuIitHUMU MaTepiuxainamu (ctanb). [IpoaHanizoBaHo iXHE 3aCTOCYBaHHS B KOH-
CTPYKIIISIX MOPCHKHUX CYJIEH Ta CYJHOBOTO OOJaAHAHHS 3 ypaXyBaHHSIM MOPCHKOTO

arpecMBHOTO CEpPEOBHIIA.

[Ipy>xHicTh OAHOHaIpaBieHUX apMoBaHux KM.

Posrisinemo moniens ogHoHampaBiaeHux apMoBannx KM, sika 300pakena Ha puc.
1 3a BIIOMUMHU MPYKHUMH XapaKTEPUCTUKAMU HOTO0 KOMIOHEHT. OOMexXumocs
BUITQJIKOM KOJIM TTpu HaBaHTaxxeHHI KM Bi0yBaeThca crisibHa nedopmarltis MaTpuil
Ta apMOBAHOT0 MaTtepiaiy, TOOTO MIK HUMH ICHY€E )KOPCTKUH 3B'SI30K

Z|

Pucynok 1. CxemaTnuHe 300pakeHHs CTPYKTYPHU OJJHOHAIPABIEHOTO
KOMITO3ULIIITHOTO MaTepiaiy (4opHi 06JacTi — BOJIOKHA, 0111 — MaTpHUIs)

Posrinsitnemo 2 Bumanku aedopmariii, KOJM 30BHIIIHSA CHJIA HampaBieHa Yy
HarnpsMi BOJIOKOH - B3JIOBX OC1 X Ta IMOIMEpPEeK BOJOKOH - B3JI0OBX oci y (puc.l).

VY Bumajnok, xkomu cuwina F copsMoBana y Hampsimi oceit Bosokon (oci OX,
puc.l). B mamomy Bumnagky aedopmailii MaTpuili &,,, BOJIOKOH £z Ta KOMIO3UIII]
&, OJHAKOBI, a TpHUKJIaJcHA CHJIa i€ Ha BOJOKHa Ta Mmarpumo F=F;+F,,.
CxopucraBmuch 3ak0oHOM ['yka, MOYXXKHA OTpUMATH BUpa3 JJIT MOAYJSl TIPYKHOCTI B
IIbOMY BUTIAAKY

Ey=EgKg+E\(1-Kp), 1)
ne E,, Ez, E, - mvomymi FOHra KOMmo3wWiliif, BOJOKOH Ta MAaTpHIIi,
BinoBigHO, Ta Ky - 00’eMHa dacTka BosiokHa. Dopmyrnoro (1) MoXKHA KOPUCTYBa-
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THUCS TIOKW MaTepian apMyBaHHS He mopylnye cyiinbHicTh KM, To6T0 ipnt K < 0,
2.

OCKUJIBKY BOJIOKHA MATPHUIIO BBOAATH i 3MminHeHHs KM, To mMoxyns HOnra
BonokHa Ez>>F,, . a toni 3 piBHsaHHA (1) npu manux xoHueHtpauisx Kg=1-5%,
KOJu 30epiraeTbes cyiiabHicTh KM, oTpuMyemo HabmmxkeHy Gopmyiry

E, = E, + EzKg. (2)

Minnicte KMy HanpsiMi oceil BOJIOKOH HpomopiioHansHa KoHmeHTparii Ky
BOJIOKOH 3 KOC(IIIEHTOM MPYKHOCTI MaTepialy apMyKBaHHS.

Bunanok, komu cuna F, cnpsMoBana TEpHEHIMKYISPHO JIO OCi BOJOKOH

(B3moBx oci y, puc.l). Y 11bOMy BHIIAJKy HAlpy>KECHHS Y KOKHOMY 3 KOMITOHCHTIB
KM OyayTh ONHAKOBUMHU Oy =0,z =0, , a adbcomorna aepopmanis A, KM
Oyne mopiBHIOBaTH CyMi abComoOTHUX Aedopmaniit matpuii A, Ta BomokHA A p.
CxkopucraBmuch 3aKkoHOM ['yka, MOYKHA OTpUMaTH BUpa3 A1 MOAYJSl IPYKHOCTI B
I[bOMY BHUIAJIKY
E,gE;)y
— 3)
E,g (1-Kg+KgEyy
[Tpu manux koHueHtpanisx Kg=1-5% 3 dopmynu (3) orpumyemo dopmyiy,

EyK -

sika BKa3ye Ha 3poctaHHs MirHocTi KM mipu 30inbinenHi konteHTparii Kz BOJIOKOH

Ey = Ey +E\Kg (4)

Minnicts KMy HanpsiMi iepneHANKYJISIPHOMY J0 OC1 BOJIOKOH TaKOK MPOIOpP-
nioHanbHA KOHIEHTpalii K g BOJIOKOH, alie 3 Koe]ilieHTOM NPY>KHOCTI MaTPHIII.

Mamepianu mampuuyi ma apmysanns [1].

KM noBuHeH cripuiiMaTy pi3HiI 30BHIINIHI HABAHTAKECHHSI: PO3TATYBAHHS, CTHC-
HEHHSI; TNIACTUYHICTR; 3T1H; TOIIIO; 1 MepeaBaTh 3yCUJUIs Ha BoJokHA. HaBaHTa)keH-
HSl Ha BOJIOKHA TIEPEIal0ThCsl Yepe3 MOJIIMEPHY MaTpPHIIIO, siKa 3B’sA3Yy€ 1 CTallIi3ye
CTPYKTYpY, N€pEeatou HaBaHTAXEHHsI HA €JIEMEHTH apMyBaHHS Ta PO3MOAUISIOUN
nedopmariro. Marpuiiero st OutbiocTi nojaiMepaux KM citykaTh €MOKCHUIHI CMO-
7 3 noJiedipHoi, BIHIJIECTEPHOI 00 €NOKCUIHOI CMOJIH, K1 3a0€3MeuyoTh Kpaury
aAresiro Ta MEXaHIYH1 BJIACTUBOCTI, TOJI SIK MOJiedipHi CUCTEMU YacTO 3aCTOCOBY-
I0ThCSI YE€PE3 HUKYY BAPTICTh Ta BUILY KOPO3IHHY CTIMKICTb.

VY Bonokauctux [IKM Hecyuum eneMeHTOM € maTepiall apMyBaHHS Y BUTJISII
MOHOBOJIOKOH, HUTOK, sIKi yTBOpeHi TOHKUMH (5 — 20 MKM) BoJIOKHaMU [2], skwuii 3a-
Oe3reyye MeXaHIYHy MIIHICTh 1 JKOPCTKICTh, BOJOKHAa TOBWUHHI 3aI0BOJBHSITH
eKCIUTyaTalliiHUM Ta TEXHOJOTIYHUM BUMOTaM. MIKpOCTPYKTypa, XIMIYHUI CKIa/,
peXuM 3'€qHAHHS Ta MIIHICTh MiK(pa3Horo 3B's3Ky moBepxHi po3ainy [IKM 3nau-
HO BIUIMBAIOTh Ha MEXaHIYHI BJIACTHBOCTI Ta MOBEIIHKY MpH pyHHyBaHHi. [IpoBe-
JICH1 JIOCHIJDKEHHS 3 BUKOPHCTAHHSIM CKaHYIOYOi EJIEKTPOHHOI MIKPOCKOMIi Ta
aTOMHO-CHJIOBOI MiKpockomii  mokasanu [1, 2] maiikpami pesyabTaté Mo Me-
XaHIYHUM BJIACTUBOCTSM Ta CTIMKOCTI A0 pyiiHyBaHHs [IKM npu BUKOpUCTaHHI ap-
MYBaHHS BYTJICIIEBUMHM, CKIITHUMH Ta OOpHUMHU BOJIOKHaMH. B naHiit po6oTi oOMe-
KUMOCS PO3TJISI0OM TaKUX MaTepialliB apMyBaHHS MOJIMEPHOI MaTPHIII.
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JIst oTpuMaHHS CKJIOBOJIOKHA BHKOPHUCTOBYIOTH METOJ BUTSTYBAHHS PO3ILIAB-
JIGHOTO CTPYMEHs CKJIa, YTBOPIOIOYM TOHKI HUTKH. [Ipyu 3MeHIeHH1 aiaMeTpiB
CKJITHUX BOJIOKOH, IMOYMHAa04M Big 30 MKM, TpaHUIlS MIITHOCTI Pi3KO 30LIBIITYEThCS,
HAOJIMKAIOYHCh JI0 TEOPETHYHOTrO 3HadeHHsA[4]. Byrienesi BOJOKHA OTPUMYIOTh
METOI0OM XIMIYHOT'O OCA/IPKEHHS BYIJICITIO 3 Ta30BO1 (pa3u Ta BUpOIyBaHHA rpadiTo-
BUX BOJIOKOH. BOpHI BOJIOKHA OTPUMYIOTH METOJIOM XiMi4HOT0 0CA/’KeHHSI 3 ra30-
BOi (ha3u 60py Ha pO3IrpiTy BOJb(PPaMOBY HUTKY.

Tabmums 1 Oi3uko-MexaHiuH1 XapaKTEPUCTUKH BOJIOKOH [1,2]

Bymne- [ g | CTom
1eBI Hi
I'ycruna- 1073, kr/m® 25-26 | 1,9-195 | 2,4-25 7,8
I'panuis MIMHOCTIG | 95 54 | 9135 | 2540 | 29
(poctsr), I'Tla
Monynb npyxHocTi E,
I'lla

[TapameTpu Cxustai

90-130 | 400-700 | 370-400 | 210

Ilonimepu, apmosani cK1060,10KHOM.

BosnokHucTi momiMmepHi KOMMO3UTH, apMmoBaHi ckioBosiokHOM (BIIKMC) - 1e
KOMITO3MIIITHUI MaTepian, YTBOPEHUH MOJIMEPHOIO MaTpHIero (momedipHoi,
BiHIJIECTEPHOT 200 €MOKCUIHOT CMOJIM), sIKa Ta apMOBaHa CKJIOBOJIOKHOM.

BIIKMC neMOHCTpYIOTh BUCOKY CTIMKICTh 10 BTOMHUX HAaBaHTa)XEHb Ta TapHE
nemnyBaHHs BiOpaliid TOPIBHIHO 3 METAJIEBUMH aHAJIOTaMHM, HE MIIA€ThCS €JIeK-
TPOXIMIYHINA KOPO3ii, HA BIIMIHY BiJl CTaJleBUX KOHCTPYKIIIH, Y MOPCBKOMY Ce€pesIo-
Bui [3]. Matepianu MatoTh Hu3bKe BogonormHanus (0,1-0,5 %), mo crpuse 30e-
PEKEHHIO MEXaHIYHUX BJIACTUBOCTEN y BOJIOTOMY cepenoBuili. PoGoui Temmepary-
pu 3ayiexaTh Bia TUMY MmaTpuili, ane 3a3Budail BIIKMC moxxnHa 3acTocoByBaTH 10
~120-180 °C.

BIIKMC mposBasitorh [5,6] BHCOKI MexaHiIuHI BJIACTHBOCTI  (MIIHICTb,
KOPCTKICTh), sIKy 3a0e3medye CKIOBOJIOKHO, TOAI SIK MOJIIMEpHA MaTpulld 3a0e3re-
qye nepeady HaBaHTKEHHsI MK BOJIOKHAMU Ta CTIAKICTh JO arpeCUBHOTO CEPEI0-
BuIa. 3aBasku cBoiM BiacTuBOCTAM BIIKMC mupoko 3acTOCOBYIOTHCS B PI3HUX
eJIeMEeHTaX CyJHOBOI TEXHIKHU K KOPIYCHU MaJMX CyAeH, NainyOu Ta HaJ0y0BH, a iX
BUKOPHUCTAHHS 3HIXYE Macy MajioMipHuX cyaeH Ha 30-50%, 110 103BoJIsIE TI1IBU-
IIUTH NAIUBHY €(DEKTUBHICTD.

OcHoBuuit Henoik BIIKMC — BpaznuBicte A0 Y D-BUNPOMIHIOBaHHS, 1110 BU-
Marae 3aXMCHOTO MOKPUTTS MaTepiaiy.

Ilonimepu, apmosani 60pHUM 80J10KHOM.

BomnoxuucTi nmomimMepHi KOMIO3uTH, apMoBaHi 0opauM BosiokHOM (BITKMB) -11e
KOMITO3MINIMHUI MaTtepial, YTBOPEHHI TMOJIMEPHOI0 MAaTpHUIICI0, SKa apMOBaHa
OOpHHM BOJIOKHOM. BOpHI BOJIOKHA BiJI3HAYAIOTHCSA BUCOKUM MOMAYJIEM IPYKHOCTI
Ta MIIHICTIO, TII0 € 3HAYHO BUIIE 3a 0araTo 1HIIUX apMYHOYHX BOJIOKOH, a TaKOX
HU3BKOIO TYCTHUHOIO, IO POOUTH iX MEPCIEKTUBHUMHM ISl CIEIIaTbHUX CTPYKTYP-
HUX 3aCTOCYBaHb [7].
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XapaxTepHi nokazuuku Binactuocteit BIIKMb - 1ie Bucoka MIlHICTh Ha CTHC-
HEHHSI Ta PO3TAr Ta 3HAYHO MiJABUIIECHA, y TMOPIBHSAHHI 3 1HIIUMU KOMIIO3UTaMH,
MIIHICTh Ha yaap. Lli BIacTHBOCTI BU3HAYAIOTh KIIFOYOBI MEpeBard TaKUX KOMIIO-
3UTIB y 3aCTOCYBaHHSIX, i€ MOTPIOHA MaKCUMallbHA KOPCTKICTh HA OJJUHUII0 MACH.

BITIKMBb ycminHo BUKOPUCTOBYETHCS Y MOPCBKOMY CYAHOOYTyBaHHI JJisi OOY-
JIOBU KOPITYCIB MaJIMX CYJIEH Ta KaTepiB, a TAKOXK HaJAOYJOB BEIIMKUX CYyJI€H, 3a0e3-
NEeYyIOUMd 3HWKEHHSI Baru CyJlHA, MOKPAIIYIOTh CTaOUIbHICTh, 3a0€3MeUyroun KO-
PO3iiHY CTIMKICTh, CKOPOUYIOUH €KCIUTyaTalliiiHi BUTPATH Ta €KOHOMIIO manuBa [7].
3 BIIKMB BUTOTOBISIIOTH ATyOHI KOHCTPYKIIli, YaCTHHU OOPTY, KpiIUIeHHs 00aj-
HaHHS, 10 MIJAAI0ThCs 0araTopa3oBUM HUKITYHUM HABAHTAXEHHSIM Ta arpeCUBHO-
My BIUIMBY HaBKOJMIIHBOTO cepenoBuiia. Burorosneni 3 BIIKMbB kommosuTHi
nporenepy 3a0e3MedyoTh MEHIINI ITyM, MiABUIIEHY €(QEKTUBHICTh Ta Kpally KO-
PO31iHY CTIMKICTh, MOPIBHSHO 3 METAJICBUMU aHAJIOTAMHU.

Henoniku BIIKMbB - 60pHiI BOJIOKHA € BIAHOCHO JOPOTUMHU Ta TE€XHOJOT1YHO
CKJIJIHUMHU Y BUPOOHHUIITBI, 110 OOMEXKY€E iX HIMPOKE 3aCTOCYBaHHS y BEIMKUX CY-
HOBHX €JIEMEHTaX.

Ilonimepu, apmosani gyzneuesum 60,10KHOM.

BonokHucTi mosiMepHI  KOMIO3UTH, AapMOBaHI BYIJICIIEBUM  BOJOKHOM
(BIIKMB) - 11e koMno3uiiiitHuii Marepiaj, yTBOPEHHU MOJIMEPHOI0 MaTPHIICIO, SKa
apmMoBaHa ByrjelneBuM BojokHOM. BIIKMB e ognum 13 HalnepcHneKTHUBHIIMIUX
KJIaCIB 1H)KEHEPHUX MaTrepiaiiB Cy4yacHOCTI, Kl MOE€AHYIOTh HU3bKY T'YCTHUHY, BUCO-
Ky MILHICTh Ta >KOPCTKICTb, BIAMIHHI MEXaHIYHI BJIACTHMBOCTSIMH HAa BHUIMH Ta
pO3TAT, BIAMIHHY CTIHKICTh O KOpO3li Ta arpeCUBHUX CEPEAOBHIL, 110 POOUTH iX
npuBaOIUBUMU TSI 3aCTOCYBaHHS B 0araThb0X raiyssix, BKJIIOYHO 13 CyTHOOYayBaH-
HSIM Ta MOPCHKOIO TEXHIKOIO.

Byrnenesi Bosokna y BIIKMB HanatoTh 3Ha4HOT MIITHOCTI MPU HU3BKIK Maci,
10 BUPI3HSE iX Cepejl IHIIMX CUCTEM, OCKUIBKH BOHU MArOTh Jy>K€ BUCOKUN MOAYITh
MPYXKHOCTI Ta BUCOKY MEXY MIITHOCTI MPU PO3TATYBaHHI, HU3bKY TITPOCKOMIYHICTh
y TIOPIBHSHHI 3 1HIIMMHU apMyBaHHSMH, BHUCOKY BTOMHY CTIMKICTh 1 KOpO3iHHY
CTIMKICTh, 0COOIMBO Y MOPCHKiii Boi [9].

Opniero 3 kimouoBUx obnacreit 3actocyBanns BIIKMB y cynnoOynyBaHHi € BU-
TOTOBJICHHSI KOPITyCiB MaliuX CyJIeH, KaTaMapaHiB Ta MIBUAKICHUX YOBHIB, 1€ BaX-
JMBa MiHIMI3aIlis MacH Mpu 30€peKeHHI CTPYKTYpHOI MirtHOCTI. [le qo3Bostsie icToT-
HO 3MEHIIUTH OIip BOAI Ta MiJIBUILATH MAaTUBHY €(PEKTUBHICTb.

BIIKMB Bk€ BUKOPUCTOBYETHCA B MOPCHKUX CHCTEMAxX 3 BUCOKMMHU BHUMOTaMH
710 TUHAMIYHUX XapaKTEePUCTUK: Y ATPYJIbHUX KaTepax; MaJluX BiIChKOBUX IJIaB3a-
cobax Ta riopuaHux KoHCTpyKiisx [9]. 1li maTepiaan Takok 3aCTOCOBYIOTH IS BH-
pOOHUIITBA TBHHTIB 1 JIOMAaTeld TiAPOAMHAMIYHUX TBUHTIB, PYJIbOBUX CHCTEM,
HACTUJIIB mayry0 1 Oasiok, TpyOONpOBOAIB Ta MiABOJHUX KOHCTPYKIIH, CKIATHUX
reOMETPUYHUX €JIEMEHTIB CYJOBUX HaI0yI0B, YCHIIIHO 3aMIHIOIOUN METAJIEBI.

Henoniku BIIKMB - mpoGiemu 3 mepepoOKor0 Ta yTHIII3AIi€l0 BYTJICLEBUX
MaTpHUllb, 10 TOTPEOYIOTh MOJANBIINX €KOJIOTTYHUX PILICHb.
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V]IK 656.6.620.3
Kosunpkuii C. B., Kopuiepuu C. T'.

Hamionanpauit yaiBepcutetr Ojiecbka MOpChKa akaaeMis

BukopucTanHsi HAHOYACTOYOK MPHU CTBOPEHHI HOBUX MOJIiIMEPHUX
KOMIIO3UTHUX MaTepialiB B MOPChKIl rajay3i

Ha cborognimmHiii 1eHb, € BEJUKa KUIbKICTh IPOOJIEM, SIKi BUMAraioTh €()eKTHB-
Horo BupimeHHs. Kopryc cynHa Ta OUIBLIICTh HOTO TEXHOJIOTIYHUX BY3JIB BHUIO-
TOBJISIIOTH 3 MeTaily. [lpu ekcrutyaTtarlii, BOHM MiJJIal0ThCsl TOCUJIEHOMY BIUIMBY 31
CTOPOHU HaBKOJUIIHHOTO CEPEOBHUIIA: 3MIHU TEMIIEPATYPU Ta BOJIOTOCT1, KOHTAKTY
3 COJIOHOIO BOJIOK0, MEXaHIYHUM HABAHTAKEHHSM Ta BIUIMBY 4acy. 3aCTOCOBYIOTHCS
Ta PO3pOOISIOTHCS Pi3HI METO/IH, SIK1 3aM00IraloTh pyHHYBaHHIO KOPITYCY Ta CyIHO-
BUX BY3JIIB IIpHU eKcIutyaTallii. [lapanenbHo BenyThCs TOCIIKEHHS 3 OLIYKY HOBUX
MaTepiaiiB, SKi MOTJIM OW CTaTH 3aMIHHMKaMU MeTally, 30epiraroud HeoOXiTHY
MILHICTh Ta Majii O OLIBIIMI TEPMIH eKcIulyaTauii. B KiHIl MUHYJIOTO CTOMITTA OY-
U po3po0JieH KOMITO3ULIMHI MaTeplajJyd Ha OCHOBI MOJIMEpIB, SIKI apMyBajlH BO-
JOKHUCTUMHU €JIeMEeHTaMH. Y poOoTi [1] po3risiHyTl MoMiMEpHI KOMIIO3UIIIIHI Ma-
tepianu (IIKM), apMoBaHI CKJIOBOJOKHOM, OOpPHHM BOJIOKHOM Ta BYIJIELIEBUM BO-
nokHoM. Taki [TKM noka3anu BUCOKY €(PEKTUBHICTh 1 MOXJIMBICTh 1X BUKOPHUCTAH-
Hsl y MOPCBKIil ramysi.

VY 21 cTOomTTI pO3BUTOK MAaTeplajJOo3HABCTBA CIPSMOBAHUWN HAa OTPUMaHHS Ma-
TepiaiiB 3 0COOJMBUMH BIACTHUBOCTIMHU, 3a3BUYAl JOCTIHKYIOTHCS XapaKTEPUCTUKI
MaKkpooO'e€KTIB Ta iX BJIACTUBOCTEH Ha MOJIEKYJsipHOMY piBHI. Ll obmacte Hayku i
TEXHIKA OTpUMaJia Ha3By HAHOTEXHOJIOTIS [2], Ka JOCIIKY€E MOBEIIHKY MaTepiaiiB
y miamasoni posmipis 1-100 manomerpis (10° m). OcHOBHMM KpHTEpicM, 3a SKUM
MaTepian Moxke OyTH KiIacu(piKOBaHHUM SK «HAHO-», KOJU PO3MIp 3pa3ka He OuTbIe
100 HM Ta crocTepiraeTbCs SIKICHa 3MiHA BJIACTUBOCTEW Yy MOPIBHSHHI 3 MakKpo-
CKOIIYHUMHU 3pa3kaMH Xo4ya O B OJHOMY BUMIpi. YHIKaJIbHI BIACTUBOCTI MaTepiaiiB
HaHOPO3MIPY MOXYThb CYTTEBO 3MIHIOBATH BJIACTUBOCTI KOMIIO3UTHHMX MaTepiajiB
apMOBaHUX HaHOMaTepiajlaMu, L0 PO3IIIIAEThCA Y LIk poOoTi. BuzHaueHHs po3-
MIpiB YaCTMHOK Yy PO3YMHAX 3a3BUYail IPOBOAUTHCA METOAOM CKaHYIOYOi €EeKTPOH-
Hoi Mikpockomnii (CEM) 3 10o1oMororo enekTpoHHOr0 MiKpOCKOMa.

BnactuBocTi HaHOMaTepialliB

MakpockoniyHi MaTepiaiu € TPUBUMIPHUMU B TOM 4ac, sik HaHomatepianu (HM)
MOXXYTbh Matu [2] pi3Hy POCTOPOBY CTPYKTYpPY (puc.1):

a) HyboBY (miameTrp monekynu gynepery Cego cTaHOBUTH 0,7 HM),

0) OOHOBMMIpHI — JIOBI1 BYIJIELIEBI HAHOTPYOKH JiaMeTpoM ~ 1 HM Ta JOBXKU-
HOIO Ha 2-4 TIOPSAIKU OLIBIITY;

B) IBOBUMIPHI — JIUCTU TrpadeHy, 1e TUIACTHHHU TOBIIMHOIO ~ | HM Ta JHIHHUMH
po3MipaMu Ha 2 MOPSIAKY OLTBIITUMHU.

51



Puc. 1. ®opmu icHYBaHHS BYTJIEIIEBUX HAHOMATEPIATiB 3 Pi3HOIO MPOCTOPOBOIO CTPYKTYPOIO:
(a) pynnepen Ceo, (0) ByrieueBi HaHOTPYOKH OJTHOLIAPOBI 1 GaraTomaposi, (B) JUCTH

rpadeny

Tpusumipui HanogactTuaku (HY) — gacTuHKM MeTauiB, iX OKMCIIB Ta 1HIII CIO-
JTykH (pHUC.2), IKi MaIOTh XapaKTepHi1 pO3MIpH Y TPHOX HampsMKax B Mexax 5-30 HM.
®opma HY Moke MaTH O3HAaKM KPUCTAIIYHOI PEIIITKH 3aJlaHOr0 Kpucrtaiy (puc.2),
asie y OUIBIIOCTI BUMIAJKIB iX opma Oiu3bka 10 chepuunoi (puc.3).

P> s

) 4.&. '€
&~ f,( LA
P &-
SEM HV: 10.0 kV WD: 6.03 mm /s s . %
SEM MAG: 200 kx Det: InBeam 500 nm gl e e
View field: 2.78 ym  Date(midly): 10/19/12 x 20 000 1 MKM
Puc.2. CEM dotorpadii HU ZnS, Puc.3. CEM dotopradii HI Al,O3 ,
OTpUMAaHUX METOOOM OTpUMAaHUX METOJAOM I'a30JUCIICPCHOT'O
BHCOKOTEMIIEPATYPHOTI'O CUHTE3Y, L0 cuHresy [4]

CaMONOLIUPIOETHCS [3]

®di3uyHi Ta XiMiuHi BiracTuBocTi HM mpu iX BUKOpUCTAHHI CYTTEBO BIIPi3HS-
I0ThCS BiJl BIATIOBIIHUX BJIACTUBOCTEH TPAAUIIIMHKX MaTepiajiiB 1e mos’s3ane [5] 3
PO3MIpHUMU e(PeKTaMHu Ta 3YMOBJIFOE€ OCOOJIMBOCTI X MOBEIIHKU. 3MEHILICHHS PO3-
MIpY YaCTUHKHU MPUBOJUTH J0 YTBOPEHHS BEJIHMKOI J0J1 MOBEPXHEBUX aTOMIB (MO-
nexyn). Tak, y HU 3 po3mipamu 10 HM, yacTka nmoBepxHeBUX aToMmiB ckiaaae 30%
[5]. [ToBepxHEBI aTOMU MalOTh HEHACHUYEHI XIMIYHI 3B’SI3KH, 1110 MOSICHIOE aKTHBHY
B3aemoAito HM i3 3oBHimHIM cepenoBuiieM. [Ipu 3meHimeHHi po3mipy, 3011b-
IIYETHCSI CyMapHa MOBEPXHEBA €HEPrisl y CTIIbKU pasiB, Y CKUIBKH 3MEHIIYEThCS
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po3mip uacturku. Cymapna nosepxus 1 r HU, posmipom 10 M, ckmamae ~ 100 m?,
0 3yMOBJIIOE€ HecTabumpHICTh HY, ska 3yMOBIIIOE IpoIleCH caMOOpraHizaiii mpu
B3a€MO/IIi 3 30BHIIIHIM cepepoBuineM. HanmumkoBa nmoBepxuea eHepris HY [6]
30UIBIIYyE iX XIMIYHY aKTHUBHICTH Ta KoedimieHt maudysii. Ilapamerpu HY 3Haxo-
JATHCS Ha MEXK1 KJIACUYHUX Ta KBAaHTOBUX sBUIL [S] 1 yuM MeHmui po3mip HY ya-
CTUHKH, TUM CUJIBHIIIE MPOSBIISIOTHCS 11 KBAHTOBI BJIACTUBOCTI.

HM y mopiBHSHHI 3 MakKpOCKOIMYHUMH MaTepiajlaMH XapaKTepU3YIOThCA [6]
MIIBUIIEHOIO TBEPIICTIO B 2—7 pa3iB, MEXeIo MIITHOCTI B 1,58 pasiB, MEXEr0 TEKy-
4OCTi B 2—3 pa3u y MOPIBHSAHHI 3 TpaJAULIHHUMHU MaTepiaiamu. 3OUTbIICHHS O
MOBEPXHEBUX aTOMIB (MOJICKYJ) MPUBOAUTH O aKTUBHOI B3a€MOJIIi YaCTUHOK, IO
3HaxXoIAThCA Ha moBepxHi HM 13 30BHIIIHIM cepeoBHILEM, IO BiAirpae BU3HA-
YyajabHy poJib Y (OpPMYyBaHHI X He3BUYAUHUX (QI3UYHUX 1 MEXaHIYHUX BJIACTUBOCTEH
HY ta HM.

3MmiHOThECs [6] dyHaamMeHTanbHI (Bi3uuHI MapaMeTpu, Taki SK TeMmIepaTypa
TUTABJICHHS], MIIHICTh, IIMPUHA 3a00POHEHOI 30HU, MPOBIAHICTH, TOLIO. 3aNEKHICTh
TeMIlepaTypH IJiaBieHHs Bia po3mipy HY Bu3HadaeThcsa mapamMeTpaMu peYOBHHH Ta
OMKCYETHCS PIBHIHHIM

2
TN =T, (- (s =0, )(ﬁpf’?’)_ )
ne T ta Thu(r) — TemmepaTypu IUIaBIEHHS MacHBHOIO MaTepiany Ta HaHOYa-

CTMHKM pajiyca I' JaHoro marepiany, pr, Pp 1 Or, 0p — I'yCTHHA 1 IIOBEPXHEBHI

HaTAT TBEPOTO Ta PIIKOro CTaHy, L — muToMa nijaBjaeHHs MaTepiay.

Temneparypa mnasneHHs kpuctairy CdS cranosuts Osmspko 1600 °C, a HU
CdS, posmipom 2 uM, mnaBisaTeess npu 400 °C; nns kpucrtamiB Mifl Temmeparypa
miaBieHHs ckiaagae 1073°C, a nna HY, po3mipom 20 aMm, aurne 490°C.

3anexHicTh TBepmocti Ta MinHocti HY Bim posmipy (miamerpy d  HY)
3MIHIOIOTHCS 332 OJIHAKOBUM 3aKOHOM

H) =H,+kd™"?2. 2)
d—1/2
: 3)

ne Ho, 0y, — TBepaicTh Ta BHYTPILIHS HaNpyra IpH BEITHKOMY po3Mipi 3epHa, K

o,(d) =0, +K

Ta K — xoedilicHTH IpomopLUifHOCTI I KOXKHOIO MaTepiany.

Jlnst HiKkesro, TBEpAiCTh 3a Bikkepcom, 3pocrae Bix 180 mo 670 VHN (xkrc/mm?)
P 3MEHIIIeHH] po3Mmipy 110 10 HM.

JIyst 3BUYaifHUX MaTepiajiB, YUM BiH MIIHIIIUN, THM MEHIIUNA pecypc WOro Iuia-
ctruuHOoCTi. O/iHaK, OyJI0 €KCIIEPUMEHTAIBLHO JT0OBEACHO, 10 B 3pa3Kax, YTBOPEHUX Y
BUMAJKAaX OTPUMAaHHS HAHOPO3MIPHMMHM €JIE€MEHTaMHM, CIOCTEPIraeThCsi Mapaiokc
MILHOCTI - OJJHOYACHO MPOSIBISETHCS JIy>)KE€ BUCOKA MIIHICTh Ta MJIACTHYHICTH [6].
[Tapagokc MIIHOCTI 1 MJIACTUYHOCTI MPOSBIISIOTH METAIU MicCJisl 1HTEHCUBHUX ILJia-
cTUYHUX nedopmariiii, koiu HOPMYIOThCS HAHOCTPYKTYPU B pe3yJIbTaTl IHTCHCHUB-
HO1 Aedopmarrii.

[TonimepHi HaHokoMMO3UTHI MaTepianu (ITHKM)
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BxiroueHHsT HaHOYACTMHOK MOJKE€ 3HAYHO TMMOKPANTUTH TPOIYKTUBHICTH Ta
(YHKITIOHATBHICTh KOMITO3UTIB Ha OCHOBI moJjiiMepiB. KoMHUIIO3UTHI MaTepiaayd Ha
oCcHOBI moJjiiMepiB, apmoBani HY, nasuBarotecss IIHKM. Mani posmipu HU n1o3B0-
JSI0THh 3allOBHIOBATH TPIIIMHU Ta HE3aWHSATI MPOCTOPH 1 TUM CaMUM 3MEHIIYBaTH
KOHIICHTPAI[I}0 HAIPY>KEHb, 110 3yMOBIIO€E 301abieHHs MinHocTi [THKM. 3aBnsku
CBOiM BeNMKIN Iiomii nmoBepxHi, HY 3abe3neuyroTh MIIHIMINNA 3B'A30K 3 aTOMaMHu
MaTpHlIli, IO J03BOJISIE OUIBII IJIABHO Ta PIBHOMIPHO MEpeIaBaTH HAMPYKESHHS BiJl
MOJIIMEPHOI MATPHUIIl JO apPMOBAHOTO BOJIOKHA ITiJl BIUTMBOM 30BHIIIHIX cui. OTXe,
HY cnpusitors edeKTHBHOMY MEepepo3NOALTY HaMpy>KEHb BiJ MOJIMEPHOI MAaTPHUIl
710 MaTepiaay apMyBaHHS ITiJ] BILTMBOM 30BHIIIHIX CHJI, TOKPAITYIOUH KOPCTKICTh Ta
mexaniuHi xapaktepuctuku HKIIM.  Haiibinpm edekTuBHO 30UIBLIYIOTH Me-
XaHIYHI BJIACTUBOCTI ByriienieBl HaHOTpYyOku (BHT) ta rpaden, ockiabku BOHU Ma-
I0Th MAaKCUMAJIBHO JOCSTHYTY MILHICTh, BUCOKY CTaOUIbHICTh, XIMIYHY CYMICHICTb 3
MOJIIMEPHOIO MATPHUIICIO TA BEITUKY JOJIO MOBEPXHEBUX ATOMIB.

B Tabnumi 1 HaBeaeHi Haiikpam MexaHiuHi XxapakTepuctuku [THKM [7-9]

HamoButoBau  IlomimepHa KoHmeHTparis hﬁ?ﬁ:ﬁfﬁ;ﬁ MaxkcumanbHui

(HaHOMAaTEpiam)  MaTpHIld po3TA3i Mo tysb FOHra
AlOs Enoxcunna 1.25 mac.% 132 MPa 4.5 GPa
Zn0O [Tomectep 5 mac.% 105 MPa 3.8 GPa
Si02 Enoxcuana 5 mmac.% 115 MPa 5.2 GPa
MgO Enoxcuana 3 mnac.% 98 MPa 3.5 GPa
BHT Enoxcuana 0.3 mac.% 220 MPa 7.8 GPa
Barag);l“;pom Momicrmpen  0.01 mac.% 400 MPa 10 GPa
['paden [Monminmporunen 0,8 mac.% 180 MPa 6.5 GPa
r}?;(gglfy Enoxcuana 0.5 mact.% 195 MPa 7.2 GPa

AHani3 HaBeJICHMX JaHUX BKa3ye, 1m0 apMyBaHHA nomimepiB HY oxcumaiB me-
TaJiB JAal0Th MOXJIMBICTH 30UThmnTH MiHocTi ITHKM 1m0 MakcuMaipHOT BEIUYHH
Ha piBHI 100 Mna, npu KoHUEHTpallli npucajaku Ha piBHI 3-5%. HaliepexTuBHimu-
Mu HM apmyBaHHS 1J1s1 TJIBUINEHHS MIIHOCTI Ta MoAyJs npyxHocTi € BHT Ta
rpadeH, siKi 10CSITraloTh 3HaYeHb Y 2 pa3u OUIbIINX, HDK BIJMOBIAHI MOKA3HUKHU IS
HY 1 npu KoHIEHTpalisX, K1 Ha OPsI0K MEHIIII.

Taki [ITHKM Oynu Bukopuctani [8] Ajii BUTOTOBIIEHHS KOPIYCIB MaJIOMIPHUX
MOPCBHKUX CYZAEH, 10 3a0e3neunsio 3HkeHHs ix Baru Ha 30—40% Tta nmpuBeno a0
3MEHILIEHHS BUTPaTH nanusa 1 3MeHieHHs 3a0pyaHenss. [IHKM 3actocoByroTs amns
KOHCTPYKIII/ TBUHTIB, JIONATIB MOPCHKUX BITPOTYPOIH, IEPETOPOIOK HA CY/HI, a Ta-
KOX TMOJIHILIb JUIs 0araxy, oOIMBKa KatOT Ta MEOJIIB y KaloTax.

Kpim 30inpiienns minHocti mMatepiany, HU 3MiHIOIOTH (yHIaMEHTalbHI Bia-
CTHBOCTI SIK MaTepiajly MaTpHlli, TaK 1 YaCTUHOK apMyBaHHs. B3aemonis mixk HY Ta
noJiiMepaMH 3aJIeKUTh BiJ THUILy moJjiiMepy Ta (i3UKO-XiMIYHUX BiactuBocterd HY,
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0 BIUIMBA€E HA 1XHI BIACTUBOCTI. 3MiHa BlactuBocTedr HY Ta Marpuili 3ymoBieHa
B3aeMoisiMH oBepxHeBUX atomiB HY 3 aromamu Matpuiii Ta B3aemoii mixk HY. 3a
PaxyHOK BEJIMKOI KIJILKOCTI MMOBEPXHEBUX aTOMIB Taka IHTCHCUBHA B3aEMOJIISI 3yMO-
BIIIOE TIporiecu camoopzanizayii [10], mo npu3BOAUTE 10 YTBOPEHHS CeHUMIYHUX
CTPYKTYp Ha MeX1 3 OMMKHIM Ta JanpHIM mopsiakoM. Atomu HY yTBOprOIOTH
3B’SI3KM 3 aTOMaMH MaTpHII, 110 3MIHIOE BJIACTUBOCTI MAaTPHIll Ta (h13MKO-XIMIUHI
BiactuBocTi HY, Hanpukian 3MiHy UPUHU 3a00POHEHOI 30HM Ta ONTHYHY MPO-
3opictb HY 1 enexTpuyHy MpoOBiIHICTH MATPHIII.

Taxoxx HM Ha ocHoBi rpadity a6o Cgo, MatlOTh HU3bKHI KOEQIIIEHT TEPTA 3a
PaxyHOK JIyCKaTO1 CTPYKTYpH TpadiTy y CKJIa/li KOMIO3UTY OCOOJIMBO HA 30BHINTHIX
JacTHUHAX TBEP/Oi PEUOBMHU KOMIIO3UTHOTO MaTepiany (3MEHITye TepTs). 3a3Buyait
3HOC JieTallel BIIOYBA€EThCS uepe3 301IbIIEHE TePTA MK IMOBEPXHIMH, HABITh 3 TO-
BITPSAM T1 MIKPOYACTUHKAMH Yy HbOMY. SIK IpaBUJIO, BUCOKA YUCTOTA IpadiTy OUTbII
OaxkaHa, MO0 MIHIMI3yBaTH 3HOC Ta TMOKPANIUTH BJIACTUBOCTI KOMIIO3UTHHX Ma-
TepiaiiB, Xoua Led mapaMeTp Moxe OyTH He MPIOPUTETHUM, Y MPUCYTHOCTI abpa-
3MBHUX HAIMOBHIOBAYiB (CKJIIOBOJIOKHA, BYTJICIIEBOI'O BOJIOKHA, OKPEMHX apMYIOUUX
KOMITOHEHTIB Ta J00aBOK).

[Tpu nonmaanni HY SiO: 1o moniMepHOT MaTpuIll BIHUIXJIOPUIY, TPU KOHIIECH-
Tpamigx 5—10 mac% Si0:, BinOyBarOThCs MPOIECH caMOOpraHizallii Ipu Mmepexomay
Ha noBepxHio HY cnenudiunux dyukmionansaux rpyn (—OH, ~COOH), mo npu-
BOJUTH JI0 CTBOPEHHS CKJIQTHUX CTPYKTYP 3 MaKpOMOJIEKyJIaMu MojiMepy. AHaii3
3a JOMOMOTOI0 1H(PAYEepBOHOI CIEKTPOCKOIi, 3 BUKOPUCTAHHSAM IE€PETBOPEHHS
®yp'e, minTBepmxkye [11] yrBOpeHHs CTpykTypHHX 3B's3KiB Si-O-Si 3a paxyHOk
camoopranizamii HY ta ctpykrypHux 3aB’si3kiB Si—-OH Ta Si—-COOH 3a paxyHok
camoopranizaii HY 3 nomimepHoro Marpuiiero. [lokazano, mo gonasanus 1% Baro-
Boi yactku HY kpemuesemy (SiOz) y momermner ((CoHi)n) Moxe 301MbIIMTH
CTIHKICTB 10 pyHHYBaHHS, TOPIBHSHO 3 YHCTOIO MATPHUIICIO, OLTBIN HIXK Y 2,5 pasiB.

CamoopraHi3oBaHi HAHOCTPYKTYPHU 3MIHIOIOTh €JIEKTPOHHY CTPYKTYPY MOJIETH-
neny Bucokoi miibHOCTI (HDPE) , 1110 miposiBAsieThCst y 3MEHIIIEHHT ITUPUHH 3a00-
pOHEHOT 30HH, Bij 3HaucHH 4,36 10 3,39 ¢B, npu xonnentpamii 5 mac% HY SiO,.
BinOyBaetbes [12] 3miHa moka3HWKa 3aloMJICHHS Bij 3HaueHHs 1,540 mo 1,565 ta
3miHa koedilieHTa nornuHanHs Big 3HadenHs 2,1:10% no snauenns 3,2:10°, mienex-
TpUYHA MMPOHUKHICTH 3MiHIOEThCA Bix 3,1 10 4,5 , a enekrponposianicTs Bix 2,1 10
12 Cm/M 10 3Hauenns 1.4x103'2 Cm/M. 3aBasku mum edexram ITHKM SiO: nemoH-
CTPYIOTh MEPCIEKTHUBHI BIACTUBOCTI JIJI1 ONITOSJEKTPOHIKU Ta 3aXUCHUX MMOKPUTTIB.

VY Bunanky nomietuieny [13] cnocTepiraeTbesi 3MiHa ONTUYHUX Ta €JIEKTPUUYHUX
BinactuBoctedt [IHKM apmoBanoro HU SiO,. Ilpu 3mini konnentpariii HY SiO; Bix
0 mo 5mac% Tta 10 mac%: mumpuHa 3abopoHeHoi 3ouHu 7,8eB, 7,2 eB Ta 6,9 eB ,
NieNleKTpUYHA IpoBiBaHicTs 2,3, 2.9 Ta 3,3 BignosigHo Ta nposiaxicts 107'° Cm/M,
6x107!" Ta 4x107'" Cm/M, BiAMOBiAHO.

[THKM apmoBani HU ZnO MoxyTh 3HAUHO MiJBUILYBAaTH KOPO31HHY CTIMKICTh
METaJICBUX MMOBEPXOHD (HAMPHUKIIA] CTall) y arpecuBHUX cepeaoBuiiax [14]. Iocu-
neHHst Oap’epHoi 3paTHOCTI okputTs HY ZnO 36inbmyroTh nuisix Audysii Ko-
posiitnux arentiB (Cl-, H,O), mo ynoBinbHIOE iX JAOCTYI 10 METAJIE€BOi MOBEPXHI.
ZnO MOXe YaCTKOBO PO3YMHATHCS 3 yTBOPEHHAM Zn?' i pearyBaT 3 aKTUBHHMH
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AUITHKAMH Ha TOBEPXHI MeTaly, (GOpMyIOYH 3aXMCHUM IIap, SIKUH rajabMye Io-
JAJIbIIUN KOPO31MHUH TIpoIiec.

JocnipkeHHs: mokasanu, mo ZnO-moiiMepHi KOMITIO3UTH 3HA4YHO Kpalle 3aXu-
IIAI0Th CTajb Y KUCIOTHOMY cepenoBuil (Hanpukian 5 % HCI), Hix uucti nmosime-
pu [14]. Oxe, HY ZnO He nuie NOKPAIIyrOTh 3aXUCHI BIACTUBOCTI MOJIIMEPHOTO
MOKPUTTS, a CTBOPIOE Oap’ep, 10 i€ K aKTUBHUM 1HT101TOP KOPO3Ii.

[THKM MaroTh BakJIMBe 3HAYEHHS JIJI1 pOOOTH CydyaCHUX HaBITaIllIMHUX Ta CEH-
COpPHHUX CHCTEM, OCKIJIbKU JI03BOJISIFOThH MOETHATH KOPO3iiHY CTIHKICTh MOJIIMEPIB 13
CIEKTPUYHUMH T2 ONTUYHUMH BIACTHBOCTSIMH, HEOOX1THUMH Y MOPCHKIH TaTy3i.
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VJIK 620.3

Jlatum O.M.  MoBuaenko FO.M.
HamionanpHuit yHiBepcuteT «Ojiechka MOPChbKa akaaeMisdy

Bukopucranus HaHOMAaTepiaJiB AJIs MiABUIEHHS 3HOCOCTIHKOCTI i
JOBIrOBIYHOCTI AeTajied MAIIUH i MeXaHi3MiB

Bukopuctanus HaHoMmartepianiB MOKa3ye 3HAYHWIA TEXHIYHUN Ta €KOHOMIUHUHN
e(eKT, OCKIIIbKHU 301IBIITYETHCS CTPOK €KCIUTyaTallii BUpoOy, 3MEHIITYEThCSl BUTpATa
najavBa 3a paXxyHOK 3MEHIIEHHs KoedimieHTty TepTs. CydacHi TEXHOJOTii BUPOO-
HUITBAa [O3BOJISIOTh TapaHTYBaTH pAalllOHAbHE MPOEKTYBaHHS 3 MOMIPHUMHU
KoedirieHTamMu 3amacy MIIHOCTI, a TAKOX MIHIMI3yBaTh BUTPATH MpU BUPOOHMUIITBI
1 ekcrutyaTamii BupoOy. Tak mpu miJBUIIEHH] JOBrOBIYHOCTI J€Taje MaIluH CKO-
POUYIOTHCS BUTPATH HA 3alacHI YaCTHHM 1 MaTepiasid JUIsl 1X BUTOTOBJICHHS, 3MEH-
IIY€ThCA KUIBKICTh MEPCOHANY 1 TPYAOMICTKICTh POOIT MpH €KCIulyaTalli, TeXHIY-
HOMY OOCJIYroByBaHHI Ta pPEMOHTI. 3OUIbLICHHS TEPMIHY CIY>KOM MaIluH
PIBHOLIIHHE 30UIBIICHHIO 1X BUITYCKY Ha THX K€ BUPOOHMYMX ILUIOIIAKaX. Bupimry-
FOUYH 3aBJAaHHS ITIJBUIICHHS HAAIMHOCTI 1 JIOBIOBIYHOCT] MAIlIMH, THM CaMHM OIIOCE-
PEAKOBAHO 30UIBIIYIOTHCS BUPOOHUYI MOTY>KHOCTI MAIIMHOOYAIBHUX IMIANPUEMCTB.
Benukuil BIiMB Ha BUOIp HAaHOMATEpIaJliB MAa€ €KOHOMIYHA CKJIaJ0Ba, sIka 00yMO-
BIIIOE€THCS BUCOKOIO BapTICTIO HAHOMATEPIaJIiB.

BaxnuBoro mpo0iemMor0 € HeoOXIAHICTh 3a0e3MeYeHHs] €KOJIOTTYHOCTI BUPOO-
HUIITBA HaHOMatepianiB. Baromoro o03Hakow mpu BUOOPI TOTO UM IHIIIOTO HAHOMA-
TepianaiB Mae OyTH €KOJIOT1UHICTh BUPOOHMIITBA Ta iX BUKOPUCTAHHS B JIETAJISAX Ma-
muH 1 MexaHi3MiB. Bimomo, mo 10 % BiloMHX HAHOTEXHOJIOTIYHUX MPOIECIB 1
HaHOMAaTepialliB MalOTh BUCOKUH piBeHb HeOe3mneku, 24 % — cepenHiil piBeHb 1 66 %
— HU3BKUU PIBEHb.

OCHOBHUMHU KOMIIOHEHTaMU HaHOMACTHJI € 0a3oBa OJiuBa (MacTWJIO), HaHOJO-
0aBKHM Ta MOBEPXHEBO-aKTHUBHI peuoBMHHU. HaHOYaCTHHKM, SIK MPaBUIIO, € KOJIOiTHH-
MU TBEPAUMH 4YaCTUHKaMHM B MACTWIbHIA onuBil. HaHomo0aBKH MOKpalIylOTh
(GpUKILIIHI BIACTUBOCTI, MPOTU3HOCHI BJACTUBOCTI Ta BIACTHUBOCTI MACTHJI IiJl Yac
po0OTH B yMOBax €KCTPEMaIbHOTO THUCKY. HeBenukuii po3Mip HAaHOYACTHHOK J103-
BOJISIE IPOHUKATH B 30HY KOHTAKTY, III0 3MHBIITYE TEPTsI Ta 3HOC. Y CHINIHICTh BUKO-
PUCTaHHSI HAHOYACTOK 3aJIEKUTh B TakuUX (PAKTOpiB, SIK CYMICHICTh 3 0a30BUMU
OJINBaMH, pO3Mip, MOP(}OIOTis, KOHIIEHTpAIlisl Ta CTaOUTbHICTD U CTIePCIi.

MacTtuia. 3MeHIICHHS TEPTS Ta 3HOCY B MEXaHIYHUX Mapax, 10 KOB3al0Th, 3a
JIOTIOMOTOI0 MAacCTHJIa € HAWIaBHIIINM METOJI0M. MacTuio po3ziisie KOHTaKTHI TMO-
BEpPXHI 32 JOTMOMOTO0 TITIBKM MK CHOJYYCHUMH MOBEPXHSIMH, TUM CAMHUM 3MEH-
IIyI04M 1XHIM KOHTakT. Ha eexkTuBHICTh MacTuiIa BILTMBAIOThH Oarato (akTopis, Ta-
KHX SIK 1HJEKC B'I3KOCTI, TEMIIEpaTypa crajiaxy, TeMIepaTypa 3aCTUTaHHs, TepMidHA
CTaOUIBHICTh Ta CTIMKICTh 10 OKHUCJIEHHsS. BuOip mpaBUiIbHUX 3MallyBaJIbHUX Ma-
TepiaiiB BiAIrpae BaXJIHMBY pojib y 3MalllyBaHHI. biomacTuia ckianaiThCcs 3 poc-
JUHHUX OJid. PociuHHI 01111 OTPUMYIOTH 3 POCIMH METOJIOM PO3UYMHHHMKA Ta METO-
noMm mpecyBaHHs . 1100 He 3anexuTH BiJ 3amaciB BYIJIEBOAHIB, OlomacTuia €
HaWKpaIiow ajibTePHATHBOK MAacTWJIaM Ha MIHEpalibHiN OCHOBI. PociuuHI omii B
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OCHOBHOMY CKJIQJAIOThCSl 3 TPUIIIILEPHUAIB, TOOTO TIILEPUHY 3 TPbOMa >KUPHUMHU
KHUCIIOTaMHU 1 MArOTh Kpalll MacTHJIbHI BIACTUBOCTI, O10JIOTTYHO PO3KIAAAIOThCS, €
MOHOBJIIOBAaHUMH, MAIOTh BUCOKUH 1HJIEKC B'SI3KOCT1, BUCOKY TEMIIEpaTypy crajiaxy i
HU3bKY TOKCHUYHICTb.

XapakTepucTuKH 0ioMacTHJI.

baBoBHsiHA 01151 OLIBII CXMJIbHA 10 OKWUCIAEHHS (IS MiABUIIEHHS CTaOlIBHOCTI
BUKOPUCTOBYIOTHCSI aHTUOKCHUJIAHTH ),Ma€ XOPOIIl IPOTU3HOCHI BIACTUBOCTI.

CoeBa omisi: Benukuii BiICOTOK MOJTIHEHACUYEHUX KHUCTIOT.

CoHSIIHKUKOBA OJIis: Kpallla CTIHKICTh 10 OKUCIICHHS, Kpallla PO3UYUHHICTh J00a-
BOK, BUSIBIISIE€ XOPOIIIi, TPOTU3HOCHI BIACTHUBOCTI.

[TanbmoBa 0:isi: BUSABIISIE XOPOIIIl MPOTU3HOCH] BIACTUBOCTI, 3MEHIIIY€E KiTbKICTh
OTPYWHHUX Ta3iB y HABKOJIHMIITHEOMY CEPEIOBHIIIL.

OnuBKOBa OIS, CTIMKA OO0 OKMCICHHS.

MexaHi3M 3MallyBaHHS HLJISIXOM JO0JAAaHHS HAHOYACTHHOK. HanouacTuHku
JOJAI0ThCS 1O MacTUjIa JJisl MOMIMNIIEHHS. HOTo TpUOOJIOTIYHUX BJIACTUBOCTEN. Bak-
JUBO PO3YMITH MEXaHi3M 3MalllyBaHHS HAHOYAaCTHMHOK Yy MacTuiax. MexaHi3Mu
3MalllyBaHHs OyBalOTh JBOX THIIIB, a caMme: NPAMUNA 1 HENpSAMUNA MEXaHI3M 3Ma-
IIyBaHHS.

MexaHi3M KyJIbKOBOTO MiJUIMITHAKA T4 MEXaHI3M 3aXUCHOI IUIIBKU BXOJSTH
70 MEXaHI3My MPSMOro 3MallyBaHHS, a MEXaHi3M BIJIHOBJECHHsS Ta IOJIpyBaHHS
BXOJISATH O MEXaHi3My HEMPSIMOTO 3MaIllyBaHHS.

HanowactuHku MaroTh cepuuny adbo kBazichepuuny ¢opmy. OTxe, B Me-
XaHi3Mi KyJIbKOBOTO MiJIINITHUKA(KOYCHHS) HAHOYACTHHKH MIIOTh K KYJIBKOBUH
MIIIATTHAK 1 KOTSAThCS MK CIIOTy4YeHUMH ToBepxHsAMU. Lleit meton 3marryBaHHS
Kpalle MiIXOAUTh JJisi TPUOOJIOTIYHOIO 3aCTOCYBaHHS MEHILOIO HaBaHTaXKEHHS,
1100 30epertu popmy 1 )KOPCTKICTh HAHOYACTUHOK .

MexaHi3M BIJHOBJICHHS B IKOMY HAHOYACTHHKH YTBOPIOIOTH aMOp(HMIL 1m1ap Ha
MOBEPXHI TEPTA, TUM CaMUM 3MEHIIYIOUM TUIONTYy KOHTAaKTy. Peakiisi Mi>k HaHOYa-
CTUHKAMH Ta MiJIKJIAJIKOI0 YTBOPIOE TPUOOIUTIBKY B 3aJIaHOMY CEPEIOBHIII, IO 3aB-
JSIKA [IbOMY MEXaHI3MYy BiIOYBA€ThCS 3MEHIIICHHS KOe(iIli€EHTa TePTs Ta 301IbIICH-
HS1 3HOCOCTIMKOCTI. [lomimnienHs moBepXHi 3M1MCHIOETHCS 3 BUKOPHCAHIM MEXaHi3-
My TOJIpyBaHHS 3a JONOMOIOI0 HaHOYACTUHOK IIJISXOM 3IJIaJKYBaHHS MOBEPXHI
TepTs. [I[poMiXKKM MK MIOPCTKUMHU HEPIBHOCTSIMH 3allOBHIOIOTHCS HAHOYACTHHKA-
MU, 0 3MEHIIIY€E TEPTS Ta 3HOC. Y MEXaHi3Mi BITHOBJICHHS HAHOYACTHUHKH 3J1aTHI
3aMOBHIOBATH MIKPO-3alaJIMHA HA TIOBEPXHSAX TEPTS 1 YTBOPIOBATH aHTU(DPUKIIIIHI,
3HOCOCTIMKI Ta aare3uiiHi rmBku (MOKpuTTs). Jo ckiany mapyBaTux moaudika-
TOPIB TAKMX HAaHOMATEplajiB BXOJATh HAHOYACTUHKH JAU-1 TPUCYIb(Diay MOiOaeHy,
JUCeNeH1 Ty MoTioaeHy, nucynbdiny Boabdpamy 1 rpadir.

AKTHBHI KOMIIOHEHTH TMPOAYKTY JiI0Th O€3MocepelHb0 Ha KPHUCTAIIYHI
PENITKA METalliB, CTBOPIOIOYH 3B’SI30K Ha MOJICKYJSIPHOMY PIBHI 1 MPOHUKAIOUU Y
MDKKPUCTAJIIYHUHN TIPOCTIP MOBEPXHEBUX IMAPIB. SIK pe3ysabTaT CTBOPIOETHCS IYKE
TOHKHH 1 y>kKe MIITHUI 3aXUCHUH I1ap.

Ines peamizanii epexty 0€33HOCHOCTI il 1St 6e3p036ipH0ro BIJTHOBJICHHS TPHU-
6ocuctem . Ha 6a3si METAJIONIIAKYBATBHIX TPUCA/IOK 3 "SIBUJIMCS. METOJU M 3aco0u
st 6e3po30ipHOTO BiAHOBJIEGHHS MamuH i1 MexaHi3miB Smart-Self technologies
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(1HTENeKTyalbHI TEXHOJIOTil CaMOBITHOBJICHHS).J[0 BiJHOBIIOBAIBLHUX MPHUCAIOK,
SK1 Jal0Th HAMOUIBIINKM TEXHIKO-€KOHOMIYHHMM e(eKT, BapTO BITHECTH KOHJIUITIOHE-
pu Metany U iHm [TAP, a Takox qo6aBku MoaudikaropiB. JlocTaTHRO epeKTHUBHU-
MU BBa)XalOThCS peBiTaNI3aHTH (TeoTpubomoau-dikaTopu abo reomoaudikaTopu
Tepts). IX nis monsArae B yTBOpEHHI aHTU(PUKIIHHUX i 3HOCOCTIHKHMX BYTJeleBO-
METaJIOKepaMidYHUX TOKPUTTIB Ha MOBEPXHAX TepTsA. BigHOBIIOIOWI HaHOMATEpialu
BIJIPI3HSIOTHCA TakoX BujoM ITAP.

Hanompucanku Ha ocHOBI (ynepeniB mictsaTh ¢ynepenu (anri. Fullerene) — mo-
JeKysApHi GOpMHU BYTJIEIIO 3 MOXIIMBOIO KUIBKICTIO aToMiB Bia 20 mo 940, po3ra-
IIOBAHUX y BEpIIMHAX OaraTOKyTHHKIB, IO YTBOPIOIOTH chepy. HasBHicTs ¢yme-
PEHIB y MpHCaIKax 0 MAaCTUIBHUX MaTepialiB 1HIIIIO€ HA TIOBEPXHSIX TEPTS yTBO-
pPEHHsI 3aXMCHOI (yJiepeHOBO-MOJIIMEpHOI IIiBKM TOBIIMHOKO 100 HM. YTBOpeHa
IUTIBKA 3aXUILA€E MOBEPXHI JeTajeil MallMH Bl TEPMIYHOI Ta OKMUCHOI JECTPYKIIIi,
30UTBIIY€E TEPMIH EKCIUTyaTallli By3/iB TePTA Y 2—3 pasu, po3LIUpIoe poOOUMil 1H-
TepBaJ TUCKIB BY3JiB TepTa y 1,52 pa3u.

Hanoyactuaku. HanoyacTuHkH K1acu(IKYIOTHCS 32 PI3HUMH THUIIAMU 3aJI€KHO
Bl IXHBOTO 3acTOCyBaHHS. HaHOWacTHMHKM SIK M00AaBKU JI0 MACTUIILHUX OJIUB
BUKJIMKAIOTh 1HTEPEC 3aB/SKH CBOIM TPUOOJIOTIYHUM BIacTUBOCTSAM. HaHomoOaBku
MOKPAIIIOIOTh  XapaKTePUCTUKU MACTHJIA TaKl SK: BUTPUMYIOTh €KCTpEeMalbHUMN
TUCK, 3a0€ClEeUOl0Th aHTUKOPO31HHICTh, MPOTU3HOCHOCHICTD, MOKPAIIIOIOTh aHTH-
OKCHJAHTI BJIACTUBOCTI, SIKI MOXKYTh OYyTH BUKOPHCTaHI B PI3HUX TPUOOJIOTIYHUX
3a/1a4ax. 3a XIMIYHUM CKJIaJJOM HAaHOYACTHHOKH-T00aBOKH KIacCU(DIKYIOThCS SIK Me-
TaJjeBl, HA OCHOBI OKCH[IIB METaliB, Ha OCHOBI CyJb(iAiB, HA OCHOBI HITPHJIB, Ha
OCHOBI BYTJICIIO Ta Ha OCHOBI HaHOKOMMO3UTIB (Puc 1). [Ipukimagamu meraneBux
HaHOYaCTUHOK-100aBok € Ni, Fe, Au, Ag, Cu, Zn. MeTajieBl YaCTUHKH YTBOPIOIOTh
a7copOOBaHy IUIIBKY MK TOBEPXHSIMH, II0 CTUKAIOTHCS, 1 CTBOPIOIOTH €(EKT KYJIb-
KOBOT'O MIIITUITHUKA, 3MEHIIYIOUM TaKUM YMHOM TepTs 1 3HOC. MeTajeBl OKCUIU
MAalOTh TAKUI caMUM MeXaH13M 3MallleHHs], IK 1 METAJIEB] HAHOYACTUHKHU.
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Puc. 1. BrumB HaHOMaTepialiB Ha KOei€HT TepTs
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Cynbdiau TakoX HaleXaTh M0 KJIACy HAHOYACTHHOK-I00aBOK, SKI MAarOTh Me-
XaHI13M 3axucHoi TumBkU. [Ipuknanamu cyiabginnux HaHoyacTUHOK € CuS, MoS2 i
WS2.

[HIIMi KI1aC HAHOYACTUHOK — 1€ HAHOYACTHHKHM HAa OCHOBI BYTJICIIIO, & CaMe BY-
rJIeleBl HAHOTPYOKH, YaCTUHKHM ajMasy ta rpaden ( Puc. 2, Puc. 3).

['O6punni G6ararodasHi TBepal HAHOYACTUHKH IIe 1€ OJMH Kjac J00aBOK, 10
sikoro BxosTh A1203/S102, A1203/Ti02, Cu/ S102,Cu/ okcup rpadeny ToIno.
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Puc. 2. 3MeHuIeHHs 3HOCY NPH 10AaBaHHI rpaeHOBUX HAHOYACTUHOK.
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Puc. 3. TlopiBHAHHS TepTs MpPH J10/1aBaHHI I'pa)€HOBUX HAHOYACTUHOK MPHU PI3HOMY HaBaHTAKEHI.
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IMapameTpu e¢peKTHBHOCTI HAHOYACTHHOK.

Po3mip HaHo4acTHHOK.TpUOONOriuHI XapaKTEPUCTUKA HAHOMACTHIIA 3alie-
KaTh BIJl pO3MIpy HAHOYACTHHOK, SKMI BIUIMBA€ Ha TPHUOOJIOTTYHI BJIACTHUBOCTI
HaHOMAacCTWIa. MeHIIui po3Mip HAHOYACTUHOK CIpHsiE IX MPOHUKHEHHIO B TOBEPXHI
MEXaHIYHHUX Tap, Ta JOMoMarae 3MEHIIUTH TEPTS 1 3HOLIYBaHHS . TBepJiCTh J0/a-
HUX HAHOYACTMHOK HE TMOBMHHA TEPEBUINYBAaTU TBEPJICTb MEXaHIYHOI MapH,
OCKUJIBKHM 1I€ Mpu3Bee 10 noapsanuH. [Ipu BuOOpi po3mMipy HAHOUYACTUHOK BaXKIMBO
BpaxoBYBaTH CEPEIHbOKBAIPATUYHY MIOPCTKICTh 3MallleHOi MOBepxHi. YacTUHKH,
pO3MIp AKUX MEPEBHILYE HEOOX1THHUM, MPU3BOASTH O 3HIKEHHS MACTHIIBHUX BIa-
CTUBOCTEH, OCKIJIbKM BEJIMKI YaCTHHKU OCIJal0Th Ha KOHTAKTHiW moBepxHi .Ha on-
HOPIJHICTh MAacTHJIa TAKOX BIUIMBAE PO3MIp HaHOYACTHUHOK. Jlucrmepcito HaHOua-
CTUHOK MO’KHA 301JIbIIIUTH, 3MEHIIUBIIN PO3MIP YACTUHOK.

MopdoJoris HaHouacTuHOK. Dopma Ta CTPyKTypa HAaHOYACTHMHOK BIIIrpa-
I0Th JY€ BKIWBY pOJib y iX TpUOOJOTIYHOMY 3aCTOCYBaHHI. [CHye M'ITh Pi3HUX
dbopM HaHOUYACTHMHOK: cepuyHa, TpaHyJsipHa, TpyOuacTa, IuOysIenoai0Ha Ta Ju-
crononiOHa IloBepxHeBa eHeprisi HAHOYACTMHOK € BEJIMKO, 1 JUISl JOCSATHEHHSA
pIBHOBaru onTuMaibHOMO € chepuuna dpopma. s yactuHok chepuyHoi hopmu mo-
BEpXHEBA €HEPTisl € OJHOPITHOIO B YCIX HAMPAMKAX, 1 111 YACTUHKHU JIEMOHCTPYIOTh
MEXaHI3M KYyJbKOBOTO MiAMUMHUKA. YacTUHKH chepudHoi GOpMH MarOTh BUCOKY
HECy4y 3/IaTHICTb 1 BOJIOJIIFOTh XapaKTEPUCTUKAMU SIKI BUTPUMYIOTh €KCTpEMaIbHUN
tuck. Hanouactuuku ceprudanoi popmMu MaroTh TOUKOBHI KOHTAKT 3 MTPOTUIICKHUM
TUTIOM. |HIIWI TUN - HAHOYACTUHKHU IMOYJIenoai0Ho1 (GopMH, sIKI MAIOTh CHEpUUHY
dbopmy 30BHI, a BcepeauHi - JamiHapHy. Lleit Tun dopmu mae mepeBary, OCKUIbKU
Ma€ MEHIIY CXWJIBHICTh J0 YTBOPEHHS 3B'A3KiB, IO MPHU3BOAUTH 10 3MEHIICHHS
B3a€MO/IIi MK MMOBepXHEIo 1 yactTuHkamu. CTpykTypa rpadena 1 MoS2 mae popmy
MJIACTUHYACTOIO JIUCTA, 10 POOUTH iX KpallMMU MAacTWJIbHUMH MaTepianamu. (Tal-
murg 1), 11 Tunmm MacTUIRHUX MaTepiayliB 3MEHIINYIOTh 3HOC 3aBIISIKH IPOIIECY
excuioTartii, 1o BiI0OYBAa€ThCS MK CYCIIHIMH IIapaMH il JI€I0 3CyBHOTO HArpy-
KEHHS.

Ta0mums 1

Hanomarepian

Tun

OcCHOBHI BJIACTHBOCTI

3acTrocyBaHHs

Hanouactuaku MoS:
(mucynwbin momibme-
HY)

[[TapyBaTuii HaHOMa-
Tepiai

Y TBOpIOE KOB3HI LIapH
MIXK TIOBEPXHIMH

JIBUTyHH aBTOMOOLTIB,
i AIIATTHAKA

Hanouactuaku WS:

[apysartuii cynaboing

3MEHIIy€e KOHTAKT Me-
Taj—MeTal

AepokocMmiyHa TeXHIKa

I'paden

JIBoBUMipHUI Ma-
Tepial

dopMye TOHKY 3a-
XHUCHY IUTIBKY

MikpoMexaHi4Hi CHU-
CTeMH

Hanoanmazn

Byrnernesi HaHoua-
CTHHKH

[MonipyroTh nMoBepxHi
Ta 3MEHIIYIOTh 3HOC

[Ipenwusiitni MexaHi3MH

TiO: (niokcun TUTaHY)

OKcHuaHl HAaHOYaCTUH-
KU

CTBOPIOE 3aXUCHUI
map

[HycTpianbHi penyk-
TOpH
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CrabiabHicTs aucnepcii HaHOYACTHHOK. Yepe3 BHCOKE CITIBBIIHOIICHHS
IUIONII TMOBEpPXHI 0 00'€eMy HAaHOYACTMHKUA MAalOTh BHUCOKY IOBEPXHEBY EHEPTIIO.
JIJist TOCSTHEHHS! pIBHOBAarM YaCTUHKHU B CYCIIEH31i ariIoMepyrOThCs 1 3JUIMAIOTHCS
MK c00010. CTab1IpHICTh AUCTIEPCli HAHOYACTHHOK € BaXKJIMBOIO, OCKIIBKH arjioMe-
palis HAaHOYACTMHOK BILJIMBAa€ Ha IIBUIKICTh CEIUMMEHTallli 1, B CBOIO 4epry, Ha
BTpaTy 3HOCOCTIMKOCTI Ta 3MallyBaJIbHUX BilacCTUBOCTEH. Hu3bka cTaOUIBbHICTD JHUC-
nepcii MpU3BOJUTH O CEAMMEHTAllll Ta 3acMideHHs. Jlisi edeKTHUBHOTO CKIaay
HaHO3MalllyBaya HeoOXiHa cTablIbHA CyCIIEeH3Is.

Jlyis 3MeHIlIeHHs arjoMepariii Ta JOCATHEHHsS CTa0UIbHOI AUCTIepCii HAaHOYaCTH-
HOK BUKOPHUCTOBYIOTHCSI Pi3HI METOH: NIEPEMIITyBaHHS MarHiTHOIO CUJIOI0, YJIbTpa-
3BYKOBa 00OpoOKa 30H/I0M, FTOMOT€HI3allis, 3MIIIyBaHHS 3 BUCOKHM 3CYBOM Ta KY-
JbOBE MOJAPIOHEHHS. MeTonu, 110 BUKOPHUCTOBYIOTHCS AJII MOHITOPHHIY CTaO1b-
HOCTI AuUcCHepcli, — 1€ 3eT-TOTEeHIllal, CIeKTpajibHa MOTJIMHAI0Ya 3/IaTHICTh, CEMIU-
MEHTallis Ta MeTanorpadiunuii MikporpadiyHuii TecT cTabuibHOCTI. MeToa miaBu-
IIEHHS CTAaOUTBHOCTI AMUCTIEPCli HAHOYACTUHOK B OJIISIX — 11€ MOAMQIKAIls MOBEPXHi
HAaHOYACTHMHOK a00 MOBEPXHEBO-aKTUBHI PEYOBHHH. Y METO/A1 MoAU]iKaIlii moBEpX-
HI OpraHiuHui MOJIU(DIKYyIOUUH areHT MOKpaIlly€e MOBEPXHEBI BIACTUBOCTI HaHOYa-
CTUHOK.TepeToBa KUCI0Ta € HAUMOMIMPEHIIIUM MOJIU(]PIKYIOUUM areHToM, SIKUH I0o-
[VIMHAETHCS HABKOJIO HAHOYACTUHOK, THUM CaMHUM 3MEHIIYIOYH iX TOBEPXHEBY
eHeprio 1 3anodiratoun araomepaiiii. [loBepxHeBO-aKTUBHA PEUOBHHA, TAKOXK BiJ0-
Ma SIK JHCIEepraTop, € 1HIIUM METOJIOM 3a0e3leyeHHs1 cTaOUIbHOCTI aucnepcii ya-
cTUHOK. [loBepXHEBO-aKTUBHI PEYOBHUHU JIOJAIOTH 10 HAHOMACTHII IS ITiIBUIIICHHS
CTaOUIBHOCTI Jucriepcii. 3a3BUyYail BUKOPHCTOBYIOTHCSI TaKl MOBEPXHEBO-aKTHBHI
PEYOBHUHM: OJIETHOBA KHUCIIOTA, OeH3alKoHII0 Xjopu (SDS), Triton TMX102.

KoHuenTpauiss HaHOYACTHMHOK Ta ii poJib. KoHIEHTpalisi HAHOYACTUHOK €
BXJIMBUM (HAaKTOPOM Y 3MEHILIEHH] TePTs MiX MOBepxXHAMU. JlogaBaHHS HAIJIUIIKY
HAHOYACTHMHOK HE 00OB'SI3KOBO O3HAYaE, 10 11€ 3MEHILUTh TEPTS Ta 3HOC, TOMY BaXK-
JIMBOIO € ONTHMaJIbHA KOHIICHTpallis ( Puc. 4).

0.6

=
im
-

=
F=9
T

Friction factor (m)
=] =
(] [F¥]

=
=
T

OO

& & & & & N S
P g «z%“s' T &
a" O o’“ a 3 o“" o 4F
& @Dﬁ & £ LS
CACUE SR K
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OCHOBI
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OnTuManbHa KOHIIGHTpAIlisi HAHOYACTHHOK 3aJIeKUTh BiJ JESIKuX (PakTopiB, a
came: METO/y IUCIIePryBaHHS, TPUBAIOCTI JUCTIEPTYBAaHHS, HAHOYACTMHOK Ta YMOB
TpuOOJIOTiYHUX BUMNpPOoOyBaHb. Ha TpuOOIOTiUuHI BIACTHBOCTI TaKOXX BILIMBAIOTH
1HIIIl TTapaMeTpH, Takl sSK TUI 0a30BO1 OJUBH, IIOPCTKICTh MPOTHIICKHOI MOBEPXHI
TOIIO.

Ilincymox. HaHoyacTHHKHU K J00aBKM 10 MIHEpAJIbHUX TaK O10MacTHII MOKa-
3alii CBOIO €(eKTUBHOCTh. 3MalllyBajibHI MaTepiaikd 3 JOJaBaHHIM HAHOYACTHUHOK
3MEHIIYIOTh TE€PTS Ta 3HOC, MPALIOIOThH SIK OXOJIOKYIOUl PIAMHU Ta 3aXUIIAIOTh
MOBEPXHIO BiJ] KOpo3ii. MexaHI3M 3MallyBaHHS HAHOYACTUHOK, € CKJIQJHHUM ,
OCKUIBbKHM 1CHY€ BENTHKa KUIbKICTh HAaHOYACTHHOK, 1 KOKHAa HAHOYACTHUHKA MPAIIOE
Mo-pi3HOMY JAJIs Pi3HUX 3acToCyBaHb. HaBeneHi Marepiaiii MOXYTb OyTH KOPUCHU-
MU TpPHU TPOBEICHHI TEOPETUYHUX 1 EKCHEPUMEHTANBHUX AOCTIIKEHb 3 MPOJOB-
KEHHS pecypcy Ta eKCIulyaTalli JeTajaeil MaluH 1 MeXaH13M1B MalllMHOOY/1IBHOI ra-
Ty3i.
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Orypuos /I.B., Kozsminux M.A., lllectonanos K.O.
Hamionanpauit yHiBepcutet «Oiechbka MOPChbKa akaJaeMishy

Oc00.,1MBOCTI 3aCTOCYBAHHS KMBUJIbHUX HACOCIB Y CYTHOBHX CHCTEMAX
yTIIi3anii CKUIHOI TeNJIOTH HA OCHOBI OpraHivyHoro uukjay Penkina

[TigBumieHHs eHeproeeKTUBHOCTI CYAHOBUX EHEPreTHUYHUX YCTAHOBOK € OJI-
HUM 13 KITIOUYOBUX HAMPSMIB 3MCHIIICHHS BUTPAT MaJMBa Ta CKOPOYCHHS BUKHIIB
NapHUKOBUX Ta3iB y MOPCHKOMY TPaHCMOPTi. 3HaUYHA YaCTWHA €Heprii, 0 HaaXo-
JUTH 13 TAJIMBOM JI0 CYJIHOBOT'O JIBUTYHA, BTPAYA€ThCS Y BUTIISI CKUIHOI TETIJIOTH 3
BUXJIONTHUMH Ta3aMH, MPOJYBOYHHM IMOBITPSM Ta BOJOIO CHUCTEMHU OXOJIOKECHHS
nBuryHa. OJIHUM 13 MEPCIIEKTUBHUX HANPSIMIB yTHIi3allii HU3bKOMOTEHIIMHOI Terl-
JIOTH Ha CyJHAX € 3aCTOCYBaHHS YCTAaHOBOK Ha OCHOBI OPTaHIYHOIO UKy PeHkina
(OLIP), sixi 31aTHI eeKTUBHO MpaIOBATH IIPU TEMIIepaTypax pkepena TeroTu 70—
120 °C. 30kpema, TemioTa BOAW OXOJIOMKEHHS IIMIIHAPIB IBUTYHA MOXKE BHKOPH-
cTOByBatucs sk jpxepeno terna aisa OL[P-yctaHoBOK 1 3a0e3meuyBaTy JOIaTKOBE
BUPOOHMIITBO €JIEKTPOCHEpPrii Ha OopTy cyaHa. [Ipore mpakTuyHa peamisanis TakKux
CUCTEM CYNPOBOKYETHCS HU3KOI TEXHIYHUX MPOOIJIEM, Cepel] IKMX BAKIIMBE MICIIE
3aiiMaroTh 0COOJIMBOCTI pOOOTH KUBUIIBHUX HacociB y KoHTypi OLIP [1].

Po6ora xuBuinbHOro Hacoca B OLIP noB’si3aHa 3 HU3KOIO YHIKAIbHUX TEXHIYHUX
po0JieM, sIKI BIAPI3HAIOTH ii Bil poOOTH HACOCIB Y TPAJAULIMHUX MAapOBHX LHUKIIAX.
[li mpoGnemMu 3yMOBIJICHI TEPMOJUHAMIYHUMH BIIACTUBOCTSMH OPTaHIYHUX PIIUH
(Hu3bKa TemmepaTypa KUITIHHS, Majia B’S3KICTh, CTaH HACUYEHHS PITUHU) 1 CIICLHU-
biyHUMEU pekUMaMH poOOTH (Masia BUTpaTa Py BUCOKOMY HAIopi).

VY cucremax OPL] Bucokuii koedilieHT 3BOPOTHOT poOOTH poOUTH BUOIp Hacoca
NEePIIOYEProBUM MPOEKTHUM 3aBraHHsAM, ne ¢aktuunuii KKJ[ Bchoro HacocHoro
arperaTy Ha piBHI cUCTeMH, a He Tuibku i3oeHTpomiiauii KK]I camoro Hacoca,
BHU3HAYAE JKUTTE3JATHICTh YCTAHOBKHU, OCOOJIMBO B MAJIOMOTY>KHMUX J0JATKaxX 1 pe-
AKUMax poOOTH, BIIMIHHUX Bl PO3PaXyHKOBUX.

BuOip tuny Hacoca € (pyHIaMEHTaIbHUM MPOEKTHUM DILICHHSM, SIKE BU3HAYAE
po0oui mapaMeTpu, MOKIIMBOCTI YIPABIIIHHS 1 3araJibHy apXiTekTypy cuctemu OL[P.
Hacocwu, 1110 3aCTOCOBYIOTBCSI B TAKUX YCTAHOBKAX, KJIACU(DIKYIOTHCS 32 MPUHIUIIOM
Iii Ha Bl OCHOBHI rpymnu. Jlo mepmioi rpynu Hajexarb TiapaBiiuHi JiadparMoBi
HACOCH, 5K 3a0e3Meuy0Th BUCOKY T€PMETHYHICTh, 1[0 € KPUTUIHUM JJIsI TOUHOTO
703yBaHHA. TakoX po3IJIsAatoThCS OPIIHEB] HACOCH, OCHOBHOIO NEPEBArOI0 SIKUX €
3/IaTHICTh CTBOPIOBATH BUCOKHU THUCK y CHUCTeMax 31 3HaYHUM TEPernajoM THCKY.
Okpemo BapTO BIJ3HAYMTH IIECTEPEHHI HACOCH. BOHM MalOTh BUCOKHIA ITOTEHITIAI
came misa Mikpo-OLP cucrem (1-10 kBT), ogHak ix edeKTHBHICTH CyTTEBO 3aljie-
’KUTh B1Jl BEJIMUMHU 3a30PiB, [0 BIUTMBAE HAa MexaH14H1 BTpaTu. [1{o cTocyeThes nu-
HaMIYHUX HACOCIB, TO ISl CUCTEM CEPEIHBOT Ta BUCOKOI MOTYKHOCTI HAaHO1IBIIT 10-
[IJIbHUM € BUKOPUCTaHHsS 0araTOCTYMiHYACTUX BIALICHTPOBUX HACOCIB, SKI edek-
TUBHI TIPU BUCOKHX BUTpAaTax. AJbTEPHATHBOIO BHCTYMAIOTh POTOPHO-CTPYMEHEBI
Hacocu (Roto-Jet), mo mpamoTh y IIMPOKOMY Jiama3oHl THUCKIB, MPOTE ix
HenomkoM € Hikunit KKJI. O6’emH1 HacocH 3/1aTHI CTBOPIOBATH BUCOKUN THCK MPHU
MaJMX BUTpaTax, M0 pOOUTH iX MOTEHIINHO MPUAATHUMH JJIs ManorabapuTHUX
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OLIP. OnmHak iX TPOAYKTUBHICTh MaiKe JIHINHO 3aJI€KUTh BiJ] MIBUIAKOCTI 00epTaH-
Hs. L{g XapakTepucTuka iCTOTHO YCKJIQJHIOE YNPABIIHHS MPH YaCTKOBUX HaBaHTa-
KEHHSX, OCKIUIBKM 3HIKCHHSI HIBUAKOCTI JUJII 3MEHIICHHS BHUTPATH IMEPEBOJIUTH
€JIEKTPOJIBUTYH 1 YACTOTHO-PETYJIbOBAaHUM MPUBIJI B PEXKUMH 3 HU3bKOIO e(dek-
TUBHICTIO, 1[0 TIPU3BOIUTS JIO PI3KOTO 3pPOCTAHHS YaCTKU SJICKTPHYHKUX BTpaT [2, 3].

Kagirtariist € ojiHi€l0 3 HAMKPUTHYHIMIKX MpoosieM st HacociB OLIP, ockinbku
OpraHiyHi PIIMHUA YacTO MEPEKAYyIThCsA MPHU TeMIeparypax, OJU3bKUX A0 TOUKH
HacH4YeHHs. Yepe3 HU3bKI TeMIlepaTypH KUIIHHS OpTaHiyHl PiIWHU CXUJIBHI 0 3a-
KHUTaHHS Y BCMOKTYBAJIbHOMY TaTpyOKy a00 BcepeauHi Hacoca MpU HAWMEHIIIOMY
najinHi THCKY. [le Bumarae 3abe3nedyeHds 3Ha9HOTO KaBiTariitHoro 3anacy (NPSH)
a00 mepeoxoJIopKeHHs piguHu (subcooling) mepen Hacocom [2, 3]. Ha Bigminy Bif
BOJIM, KaBiTallis B OpraHiyHux piauHax (takux sik R123, R245fa) cynpoBomxkyerbes
ICTOTHHM «T€pMOJMHaMIYHUM edekTom». [Ipu yTBOopeHH1 OysibOamok napu Temre-
paTypa HaBKOJUIIHBOI PITUHU 3HUKYETHCS, 110 YIOBLIBHIOE PicT OynbOamok. [lei
e(deKT TeOpEeTUYHO JI03BOJIsIE HacocaM mpaitoBatu npu MeHmomy NPSH, Hix me-
penbdayaroTh cTaHaapTHI (HOPMYITH JJI XOJIOAHOI BOJIU, OJTHAK BiH YCKJIQJHIOE TOUHE
NPOTHO3YBaHHs KaBiTaliHoro 3puBy [2, 3]. Jlist 3anobiranHs kaBitallii Ta 3a0e31e-
YeHHs! CTaOUIbHOI POOOTH YacTO MOTPIOHE MEPEOXOJIOMKEHHS PITMHU Ha BXOJ1 B
Hacoc Ha 5-20 °C 1 6inblire, 1o 301IbITye BUMOTH JI0 IJIONII KOHAEHcaTopa abo BU-
Marae yCTaHOBKH JIOJJaTKOBOT'O TEILIOOOMiIHHHMKA-IIepeoxoiokyBada [2-4]. be3 Ha-
JIEKHOTO MEPEOXONIOMHKEHHs (Hanmpukiaa, npu 1,4 M BUCOTH CTOBNA PIAMHM) CHO-
cTepiraetbed pizke naaiHHsa Hanopy 1 KK/, a Takox 3pocTaHHsl ClIOKHBAHOI MOTY-
*HocTi [5].

B OLP Hacoc cniokuBae 3HAYHO OUIbIITY YAaCTKY BUPOOJIEHOI TypOIHOIO MOTYX-
HOCTI B MOPIBHSHHI 3 BOASHUMU LIUKJIAMH, 0 POOUTH HOro €PeKTUBHICTh KPUTHY-
HO BakJMBOI. Bucoke eneprocnoxxuBanus (Back Work Ratio - BWR) — BigHo-
IeHHs1 poOO0TH Hacoca 10 podoTu TypOinu — B OLIP Habararo Buille, HI’K B MTApOBUX
IUKJIaX (7€ BOHO CTAaHOBUTH < 2%) 1110 00YMOBJIEHO TEPMOJUHAMIYHUMU BJIACTUBO-
CTSIMU OPTaHIYHUX POOOYHUX T1I, 30KpeMa, OUTBII KPYTOIO JIHIEI HACUYCHHS PIAMHU
Ha T-S miarpami B MOpiBHAHHI 3 BOAO. Lle mpu3BoAUTH 10 OLIBIIOTO 3pOCTaHHS €H-
TaJbIli MPU CTUCHEHHI PIAMHM BITHOCHO MaJiHHS €HTajbmii B TypOini [6, 7]. s
opraHiyHuX pinuH, Takux sk R1234yt a6o R245fa, reopernunuit BWR moxke mocs-
ratu 17-19%, a B Hepo3paxyHKOBUX pexxkumax ado mpu Huzbkomy KKJI Hacoca - mo
93%, 10 poOUTH CUCTeMY eHepreTuIHO HeedekTuBHOW [8]. HesBaxkaroum Ha 3asiB-
neni BupoOHukamu KKJ[ (60-80%), B peanpHux Mikpo-OLIP (1-10 xBT) edexk-
TUBHICTh HACOCIB YacTO BUSBIIETHCS BKpail HU3bKOIO - B miama3oHi 7-33%. lle
OB’ S3aHO 3 TUM, 110 CTAHJAPTHI HACOCH TMOTAHO aJIallTOBaH1 O MaJuX BUTPAT 1 BU-
COKHX IepernajiB THCKY, XapakTepHux it Mikpo-OL[P [6, 9].

Hu3bka B’SI3KICTh OpraHIYHUX PIAMH CTBOPIOE CEPHO3HI MpoOIeMH il Me-
XaHIYHUX BY3IiB Hacoca. OpraniuHi pinunau (Hamnpukiajn, R134a) maroTs Habarato
MEHIITy B’SI3KICTh, HDK BOJIa a00 MacTwio. Y Hacocax 13 caMO3MallyBalbHUMHU
MIIITUITHAKaMHA (1€ podoya piliHa BUKOPUCTOBYETHCSA SIK MACTHUIIO) 11€ MOXKE TIPH3-
BECTH JI0 MIEPEXOTy BiJl TIAPOAMHAMIYHOTO PEKUMY MACTHIIA IO 3MIIIAHOTO, BUKJIHU-
KAaro4YM MIIBUIIEHUN 3HOC 1 TEepTS. Y BHCOKOMIBHIKICHUX BIMIEHTPOBUX HACOCAX
BUKOPUCTAHHS XOJIOJOAreHTY JUIsl 3MAlleHHs MiAIIMITHUKIB 301IbITye BTpaTH Ha
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tepts quckiB (disc friction losses), xoua ms MaoB’sI3KMX PIJAMH BOHU HIDKYI, HIXK
s Boau [10]. ¥V o6’emHux Hacocax (IIECTEPHUX, TMOPIIHEBUX) HU3bKA B’SA3KICThH
OPU3BOAUTH JI0 MIJIBUIIEHUX BHYTPIIIHIX BUTOKIB 4Yepe3 3a30pH, IO 3HUKYE
06 ’emauit KKJI (volumetric efficiency), oco0JMBO Ipu BHCOKHX IEperajiax TUCKY
[6, 11].

3HayHa YacTMHA €HEPrii BTpavyaeThbcsl HE B TIAPABIIYHIA YACTUHI, & B €JIEKTPO-
JBUTYHI 1 YaCTOTHOMY MEPETBOPIOBaYi, 0COOJMBO MPU pOOOTI Ha HU3BKUX 00epTax,
KOJI MOTOP TPAITIOE 3 HEJOBAHTAXCHHSIM [6].

Hacoc moBuHeH agantyBaTHCS A0 3MIHHHX YMOB TEILIOBOTO JDKEpesa 1 HaBKO-
JUIIHBOTO CEPeOBUINA. 3MIHM TeMIepaTypu HABKOJMIIHBOTO CEpeaoBHINA (3U-
Ma/JITO) CYTTEBO BIUIMBAIOTh HA TUCK KOHJeHcarlii. [le 3My1rye Hacoc mpairoBaTi B
HEPO3PaXyHKOBUX PEXKUMAX, 1€ HOTo €(PEKTUBHICTh MOXKE PI3KO MaJaTh, a CIIOKHU-
BaHHsI eHeprii 3pocratu (Hampukian, BWR moxe 3pocratu 3 0,05 Bmitky mo 0,19
B3UMKY) [9]. BukopuctanHs nopuiHeBux a00 MeMOpaHHUX (JiadyparMOBHX) HACOCIB,
nomyssipHuX B Mikpo-OLIP uepes iX repMeTuyHICTh, MPU3BOJUTH 10 3HAYHUX MYJIb-
camii BUTpatu 1 TUcKy (10 £50 Kr/rox), 110 HeraTUBHO MO3HAYAETHCS HA POOOTI BU-
napHuka i1 Typoiau. [Ipu Bucokux mBuakocTsax obepranHs Hacoca (Buie 10 't B
JIESKUX EKCIIEPUMEHTaX) MOXE BHHUKATH HECTAaOUIbHICTh MOTOKY 1 KaBiTallis, IO
oOMexye poOounii fiana3oH TypOiHU 1 3HIKYE 3arajbHe BUPOOHUITBO eHeprii. [[is
3a0e3nedyeHHs] HeOOX1JHOTO HAMOPy MPU Majiil BUTpaTi 4acTo MOTPIOH1 Jy>Ke BUCOKI
mBuUaKoCTI obepTanHsa (1o 31 000 06/xB st BiaueHTpoBUX HacociB). Lle yckian-
HIOE KOHCTPYKITIIO MiIIMITHUAKIB 1 YIIUIbHEHb [3, 4].

3 ornsay Ha BapTiCTh, TOKCHYHICTh a00 3aWMUCTICTh OaraTbOX OpPraHIYHHUX
P1IUH, BUTOKH B 30BHIIIHE CEpEOBUIIE HEMpUIycTuMi. e BuMarae BUKOpUCTaHHS
FePMETHYHUX KOHCTPYKUIM (HampuKiIaa, HACOCIB 3 MAarHiTHOWO My(To abo
niaparmeHHUX HacociB). OnHaK niagparMeHHl HACOCH, XO4 1 BUPILIYIOTh MpoOJie-
My BUTOKIB, yacTo MaroTh HWk4Mii KKJ[ Ta cTpaknaroTh BiJ KaBiTallli y BCMOKTY-
BaJIbHMX KjamaHax [3, 6].

AHani3 mokasye, 110 HaBiTh 32 HagBHOCTI BUcOkux 3asBieHux KKJ[ oxpemux
KOMITOHEHTIB, peanbHuii cymapuuii enexkrpuuynuii KKJ nacocHoro arperaty B ma-
nonotykaux OPILl wacTo He mepeBurntye 7-25%, 1m0 MOKE MOBHICTIO HiBEIIFOBATH
BUpOOJieHy TypOiHOIO eHeprito. Bulip Tumy Hacoca, 3a0e3MEUeHHs] HaJEKHOTO
KaBITAI[IHHOTO 3amacy, MiHIMI3aIlis MyJabcalliid 1 onTUMIi3aiis poOOTH €IeKTPOIPH-
BOJly € KpUTHYHUMU (DaKkTOpamu Jyisl MiABUILICHHS €(DEKTUBHOCTI CUCTEMH.

OTtxe, 1 3a0e3ne4eHHs CTablIbHOI Ta eHeproe(peKTUBHOI pOOOTH OPraHIYHOTO
UKy PeHkiHa HeOOXITHUN KOMIUIEKCHUM MIIX1A A0 MPOEKTYBAaHHSA 1 BUOOPY Ku-
BUJILHOTO HAcOCa, 10 BKJIIOYA€E BPaxXyBaHHS TEPMOJIUWHAMIYHUX BIIACTUBOCTEH pO-
004Oro Tija, yMOB €KCIUTyaTallii Ta pexxumiB podotu. Came onTUMI3allisi HACOCHOTO
By3J1a BUCTYIIA€ OJHUM 3 OCHOBHHX HAIIPSMIB i BUIIEHHS MMPOTYKTHBHOCTI Ta €KO-
HOMIYHO{ JIOIITBHOCTI OpPraHivHOTO UKy PeHkina.
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Improving the efficiency of hardening the working surfaces of ship technical
equipment (STE) parts restored by surfacing.

Introduction

Friction and wear of parts are largely determined by the shape and height of the
roughness, as well as the direction of the machining strokes.

Fine and numerous irregularities provide greater wear resistance than irregulari-
ties of the same height but with a large pitch.

With liquid friction and small roughness heights, the direction of the machining
marks is irrelevant. However, as roughness increases, it is more advantageous for the
direction of the marks on the machined surface to coincide with the movement of the
part.

The height of the irregularities and the direction of the machining strokes on the
machined surface influence the coefficient of sliding friction. The lowest coefficient
of friction is observed when the strokes are perpendicular to the rubbing surfaces or
when they are randomly arranged, as occurs after superfinishing.

Annotation

The feasibility of restoring worn marine technical equipment (MTE) parts by
surfacing with low-carbon materials followed by hardening is demonstrated. Meth-
ods for carburizing the surface layer, which increase hardening efficiency, are pre-
sented.

Surfacing is one of the most common methods for restoring worn marine tech-
nical equipment (MTE) parts. This method can produce a surface layer (or layers)
with special properties (wear resistance, antifriction, etc.). Most surfacing work is
performed using an electric arc.

It is especially important to achieve uniformity of the deposited metal during
surfacing, and therefore its properties, across the entire surface of the welded part.

The purpose of this study is:
in the study of the patterns of hardening processes of working surfaces of ship tech-
nical equipment parts restored by surfacing.

Presentation of research material

The physical and mechanical properties of the deposited layer largely depend on
its carbon content. However, surfacing with materials such as Np-30, Np-35, Np-40,
Np-50, Np-65, Np-65G, and Np-65KhGSA, which contain 0.30% or more carbon,
increases the hardness of the deposited layer and requires the use of special techno-
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logical techniques (preheating before deposition followed by slow cooling, etc.).
Otherwise, cracks and other defects may appear.

However, implementing these technological techniques to produce a high-
quality weld when surfacing with carbon surfacing materials is not always possible
or economically feasible. Therefore, to produce high-quality, defect-free deposited
surface layers, low-carbon surfacing materials such as Sv 08, which are supplied as
wire or strip, are recommended. These materials are readily available and inexpen-
sive. However, surfaces deposited with these materials often lack the required physi-
cal and mechanical properties. Various hardening methods are used to address this
shortcoming.

The most widely used hardening method, plastic deformation, can increase sur-
face microhardness by up to 1.5 times.

In our opinion, the most effective is surface friction hardening (SFH), which can
increase the microhardness of the surface layer by two or more times compared to
the base layer. The thickness and microhardness of the hardened zone depend on its
carbon content [1].

Experiments have shown [2] that friction hardening is advisable for parts whose
worn surfaces have been restored by surfacing with low-carbon surfacing materials
with a carbon content in the surface layer of at least 0.23%.

During the restoration of worn parts by electric arc surfacing, the base metal and
electrode are mixed. Moreover, depending on the surfacing modes, the proportion of
the base metal in single-layer surfacing can reach 65%. To determine the carbon
content in the deposited layer, it is recommended to use the following formula:

C,. = Con=Cu. +C, =20,23%,
1+ % g
0

where Cac, Com, Cel are the amount of carbon in the deposited layer, base metal
and electrode metal, respectively, in %; ad is the deposition coefficient, g/(A h); Uv
is the welding arc voltage, V; K is a constant coefficient for a given deposition
method, taking into account the arc efficiency, deposition method, density and type
of deposited material. When depositing carbon and low-carbon steels in a CO2 envi-
ronment, this coefficient is equal to

K=144n7,,

where n, is the effective arc efficiency.

To prevent overheating of parts, surfacing should be performed in two passes,
with the beads overlapping by no more than 1/2 and no less than 1/3 of the bead
width.

The thickness of the hardened layer after pulverized arc welding with a carbon
content of 0.23% reaches 120...150 mcm.

In many cases, the depth of the hardened layer should be greater than 150 mcm.
For this purpose, other methods for increasing the surface layer are recommended,
including the use of quenching, ultrasonic treatment, and other methods alongside

70



pulverized arc welding, which simultaneously increase the carbon content in the sur-
face layer.

The most common method for increasing the carbon content in the surface layer
Is carburizing, which is performed in either solid or gaseous media.

Solid-medium carburizing involves placing the part in a carburizing box and fill-
ing it with a carburizer consisting of 50-60% activated carbon with additives and ac-
tivators. When heated in a furnace to 900-950°C, the charcoal reacts with atmos-
pheric oxygen, forming carbon monoxide CO, which dissociates at the surface of the
part by the reaction

2CO —> COZ + Catom

The released atomic carbon diffuses deep into the metal. A case-hardening layer
1 mm thick can be achieved in 9.5-10.5 hours, with a carbon content of 0.8-1.0% in
the surface layer.

Gas case-hardening involves heating steel parts in furnaces to 900-950°C in a
carbon-containing atmosphere, which can be methane:

CHs — 2H; + Cgiom

Gas carburizing reduces the carbon saturation time somewhat, as there is no
need to heat the carburizing box and the process can be mechanized.

Nitrocarburizing (gas cyaniding) involves simultaneously saturating the surface
of parts with carbon and nitrogen at temperatures of 840-860°C in a gas mixture of
carburizing gas and ammonia. The process lasts from 1 to 10 hours for a layer thick-
ness of 0.1-1.0 mm.

One method for intensively saturating the surface of parts with carbon is carbu-
rizing steel welded parts in a polystyrene-toluene solution. In this case, a carburized
layer 1 mm thick can be obtained in a few minutes [3]. This efficiency in saturating
the surface layer with carbon is explained by the following. At the carburizing tem-
perature range, polymer molecules cannot withstand the heat and decompose, creat-
Ing an increased concentration of active carbon-containing compounds with a high
concentration of free radicals—highly aggressive compounds—on the metal surface.
These radicals, by actively interacting with the metal surface, release carbon atoms,
saturating the surface with carbon. Cyanidation can also be performed using a poly-
mer solution.

Another method for intensifying the saturation process is heating the metal in
aqueous electrolytes [4]. Its essence lies in the fact that the part and the body of the
bath with electrolyte are connected to a direct current source. The electrolyte con-
tains a saturating component: compounds of carbon, nitrogen, sulfur, etc. At voltag-
es of 100-200 V and a current of tens of amperes per square centimeter, dissociation
of the electrolyte occurs, which boils on the surface of the part and is separated from
it by a continuous steam jacket. Conduction through this jacket is achieved by elec-
trical discharges, heating the part to a temperature above the Ac3 point. Electrical
discharges lead to the release of the saturating component in the shell around the
part, its absorption on the surface of the part and diffusion into the metal. After hold-
ing under voltage for 1.5 minutes, the electric current is turned off, which leads to
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hardening of the part directly in the electrolyte. The component can serve as either a
cathode or an anode.

The method of impregnating steel welded components with carbon and other el-
ements by heating the metal in appropriate aqueous electrolytes significantly in-
creases the saturation rate. However, compared to the method discussed above, this
method requires further research into the selection of processing modes, electrolyte
compositions, the design of the welding unit itself, and other factors.

A method of impregnating steel components with carbon in an electric arc burn-
ing between two graphite electrodes is also noteworthy. Heating the component with
an electric arc, the atmosphere of which is saturated with atomic carbon, causes its
diffusion into the surface layer of the component (the component is not connected to
the electrical circuit). This method is simple and readily available for marine appli-
cations (a welding transformer and a special torch for graphite elements are suffi-
cient).

Another method for carburizing the surface layer of a low-carbon component is
to treat it with a reverse-polarity carbon arc. In this case, the carbon rod acts as the
anode, and the base metal acts as the cathode. With reverse polarity, the molten met-
al (steel) exhibits exceptional fluidity and mobility, producing a smooth weld sur-
face. The molten metal is intensively carburized, with a carbon content reaching
0.6-1.0%. As a result of enhanced evaporation of the electrode material, the atmos-
phere of the reverse-polarity arc is greatly enriched with carbon vapor, which dis-
solves in the metal. This method can be used in production settings as a simple and
convenient way to form a carburized metal layer on the surface of a component.

An analysis of the considered methods for carburizing the surface layer shows
that each may be most effective only under specific conditions and methods for re-
storing and strengthening the working surfaces of STS components. Therefore, to
determine the limits of effectiveness of these methods or the values of their poten-
tials, it is necessary to complete the following steps.

1. Determine the qualitative and quantitative indicators of each carburizing
method in accordance with RD 31.55.03.06-85 [5].

2. Determine the numerical values of the indicators using the corresponding
graphical or analytical dependencies of RD 31.55.03.06-85.

3. Convert the indicator values into dimensionless numbers and determine the
potentials of the methods and directions for maximizing individual indicators, using

the dependence [6]:
Dwelj = \;gdvﬂv]ieui '

where Dwelj and dwelji are dimensionless numbers (potentials) estimated by the
J-th method for all indicators, taking into account their weights, respectively and the
i-th indicator of the j-th restoration method; n is the number of all indicators whose
values in it do not differ by more than 10% or are related by common features; Ai -
Is a scaling coefficient taking into account the weight of the i-th indicator.

Figure 1 shows the curves for the change in the friction coefficient:

depending on the total roughness of the rubbing surfaces, which reflect the phe-
nomenon of frictional seizure between low-roughness surfaces, as well as mechani-
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cal engagement and shearing of rough surfaces. As we can see, a surface with lower
roughness does not always have a lower friction coefficient than a more roughly fin-
ished surface. At low roughness, contact between two solids leads to molecular ad-
hesion of the surfaces and an increase in the coefficient of friction, and therefore
wear. Increased roughness can lead to a breakdown of the oil film, even under rela-
tively light loads, and a transition to dry friction, accompanied by intense wear.

Strain hardening (work hardening) increases the hardness of the surface layer,
resulting in reduced interpenetration and deformation of microprotrusions on the
rubbing surfaces.

Work hardening prevents the development of plastic deformations in the surface
layer of rubbing parts, which can lead to cold welding (adhesion or seizure), leading
to the most intense wear.
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Fig. 1. Dependence of the friction coefficient f on the total roughness Rz of the rubbing bodies: 1 -
cast iron on steel; 2 - bronze on steel.

Experience in operating machinery and mechanisms shows that the durability
and reliability of STE depends primarily on the quality of the thinnest layers of the
components’ working surfaces, where fatigue and corrosion wear and failure pro-
cesses originate and develop.

The solution of this problem lies in the further implementation of technological
processes for the restoration and strengthening of WMS components. One of the
most effective methods for restoring STE components is electric arc surfacing (EAS)
In a protective gas environment (PG).

EAS in a carbon dioxide (CO2) environment is considered simpler and more
convenient to manufacture. The main advantages of this method include its simplici-
ty, cost-effectiveness, the ability to deposit a thin metal layer, low heat input into the
base metal, and the high performance of the component being restored. Disad-
vantages include the low electrical conductivity of CO2, which causes arc instability
and intense metal spatter, amounting to 10% to 12%. This significantly reduces the
cost-effectiveness of STE.

Therefore, gas mixtures are increasingly being used for EAS in a PG environ-
ment. Certain gas combinations in gas mixtures significantly improve operational
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and economic performance during the restoration of welding components: reduced
metal spatter, improved weld formation quality, etc.

The main components of the system are: a 1M61 screw-cutting lathe, a VSZh-
303 arc power source, and a surfacing head. The surfacing mode, i.e., the set of con-
trolled parameters that ensure a high-quality layer, includes: surfacing speed, longi-
tudinal head feed, wire feed speed, welding current, and carbon dioxide supply.
Each of these parameters is controlled by a corresponding unit.

The 1M61 screw-cutting lathe is the core of the entire system. The spindle speed
Is significantly reduced by installing a worm gear between the main electric motor
and the driven pulley. The longitudinal feed of the welding head, mounted on the
machine support, is provided by rotating the lead screw and is set using a set of cor-
responding control handles on the machine's gearbox.

The welding head is designed to continuously feed the welding wire into the
welding zone, while shielding gas is supplied through a flexible tube.

The CO2 flow rate can be varied by rotating the needle of the adjustable rotame-
ter on the welding head's control panel and monitoring the position of the float in the
glass tube.

The wire feed speed is adjusted by switching the control handles on the welding
head's gearbox housing in accordance with the data plate attached to it. The welding
rectifier ensures a stable arc thanks to its precise volt-ampere characteristic. The
deposition current is set by turning the knob on the welding rectifier and is regulated
by the ammeter reading.

Conclusions and Recommendations

Thus, to improve the effectiveness of hardening the working surfaces of welding
components restored by surfacing, for specific production conditions, the following
IS necessary:

1. Worn welding components should be restored by surfacing with low-carbon
materials, ensuring a defect-free deposited layer;

2. To improve the physical and mechanical properties of the deposited layer,
harden it, taking into account that these properties depend on its carbon content;

3. The carbon content obtained by mixing the deposited layer with the base met-
al should be determined using the proposed formula. When hardening by friction, it
should be at least 0.23%.

4. To further improve the effectiveness of hardening surfaces deposited with
low-carbon materials, additionally carburize them using one of the methods dis-
cussed.

5. To select the optimal method of carburization and thereby obtain the greatest
strengthening efficiency, carry out the specified measures with the determination of
the potential of these methods and the directions for their maximization.
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JBUTYHU TA EHEPTETUYHI YCTAHOBKH
VIK 629.426

Abonemkin C.€., Kapnames JI.J1.
Hamionanpauit yHiBepcuret «Ojiechka MOPChKa akaJaeMisDy

IopiBHAHHA aMILTITYl TAPMOHIK 30ypPIOBAJIbHUX MOMEHTIB CY/THOBHUX /JHU3€JIiB
NPHU BUKOPUCTAHHI CIIPOIIEHUX TEOPETUYHHUX TA IHCHUX iHIUKATOPHUX
piarpam

3riiHO0 BUCOKMM BuUMoram PerictpoBux cycniuibcTB (Hampuknan [1,2]) mis cy-
JIeH SIK1 3HaXOIAThCS B €KCILTyaTallli HeoOX1HO MePIOAMYHO MPOBOIUTH OILIIHKY PH-
3UKYy BUHUKHEHHS PE30HAHCHUX KPYTHJIbHUX KOJMBaHb BAJIOMPOBO/LY.

[Ipu BUKOHAHHI aHaNI3y MPOIYJIbCUBHOTO KOMIUIEKCY CyJHA Ha KPYTHJIbHI KO-
JUBAHHS OJTHAM 3 HaWOLIBII TPYJAOMICTKUX 3aBJaHb € PO3PAXYHOK PE30HAHCHOI aM-
IUTITYIM KPYTUIIbHUX KOJIMBaHb. Llel po3paxyHOK CKIIaa€ThCsl 3 BUBHAUCHHS BJIac-
HUX YacTOT KOJIMBAJIbHOI CUCTEMH Ta aMILIITYy] 30ypIOBAIbHUX Ta AEMIPIPYIOUHX
MOMEHTIB. ¥ 3B'SI3KY 3 THM, 1110 Y CBITOBOMY CYJIHOBOMY JIH3€JI€0yAyBaHHI MOCTIMHO
HJ1e 3pOCTaHHs IUJIIHIPOBUX MOTYXKHOCTEH 1 mapameTpiB poOOUYOro Mpouecy au3e-
JB, 3aBAAHHS M1ABUIIEHHS TOYHOCTI PO3PaxXyHKY FrapMOHIMHUX MOMEHTIB CYTHOBUX
JBC, 110 30yproioTh, € akTyaiabHO0. [Ipy 3MiHI UITIHAPOBOI NOTYKHOCT1 Y BUIJISAL
CEPEeIHBOTO THAMKATOPHOTO THCKY MPOIMOPIIIHHO MaKCHMaJIbHOMY THCKY 3TOPSHHS
BEJIMYMHA TAPMOHINHOTO 30ypeHHs 3 MPUHUHATHOIO TOYHICTIO BU3HAYAETHCS 32 BlJI-
MOBITHUMU (hopMyJaMu 1 HOMOrpamMamu. Y CydacCHHMX CYJIHOBUX BHUCOKO(HOpPCOBa-
HUX JU3eNIX, cepeaniil eheKTUBHUN TUCK sIKUX Mae BenuuuHy 1,7 MIla i Ounbie,
4acTO BUKOPUCTOBYIOTHCS CHUCTEMH OOMEKEHHS MaKCHUMAJIbHOTO THCKY 3TOPSIHHS
[3-5, 9]. Lle moB’s13aH0 3 HEOOXIMHICTIO MIATPUMYBATH JOMYCTUMHUIN PiBEHb MEXaHi-
YHUX HANPYXEHb B IUAJIIHAPOIIOPIIHEBON TPYIIl 31 3pOCTAHHIM THUCKIB B IUJIIHIPAX.
Takox mMae 3HaYCHHS MaKCHUMaJlbHAa TeMIlepaTypa IUKIY, KOJIU YTBOPIOIOTHCS CIIO-
ayku NOx. Cucremr 0OMEXEHHSI MAKCUMAJIbHOTO TUCKY MAalOTh PI3HUA MPUHIUI
aii. Hafiyacrime 3acTocoBytoThest MeTou [3-9] ymopckyBaHHs HajivBa i3 3alli3HEeH-
HSIM Ta TapIiaTbHOTO BIOPCKYBAHHS TAJIMBA.

VY neskux BUMAJKaxX Ha JBUTYHAX 3 CJICKTPOHHUM KEPYBaHHSM BUKOPHCTOBY-
€ThCA 3MiHA (PAKTUYHOTO CTYIEHsI CTUCHEHHS. Lle 31iCHIOEThCS IUIIXOM 3MiHU Ya-
Cy 3aKpHUTTS BUITyCKHOTO KianaHa [9].

Bennuuna rapMOHIMHMX MOMEHTIB, 1110 30ypIOIOTh, B JBUTYHAX 3 TAaKUMH CHUC-
TeMaMH BIJPI3HAETHCS BiJ| Ti€i, SKy MOKHA BUSHAYUTH 32 JJOTIOMOTOI0 TApMOHIMHUX
koe(dirieHTiB, mpeacTaBiaeHuX y podoTax [6,8]. 3 MeTOr0 MiABUIIICHHS! TOYHOCTI PO-
3paxyHKy PE30HAHCHHX aMIUTITYJ] KPYTUIBHUX KOJMBAaHb CUCTEM 3 TaKUMU JBUTY-
HaMU JIOIUTPHO OJIEp>KaTH BIAMOBIHI TapMOHIYHI KoedimieHTu. [ po3paxyHKy
X KOe(]IIieHTIB HEOOXIAHO BU3HAUUTH BEIMYMHY MOMEHTIB, IO 30YypIOIOTH, BiJl
CWJI THCKY Ta3iB. Tak K Ha MPAKTHUIIl OTPUMATU 1HAMKATOPHI JlarpamMu JJis TaKuX
JIBUTYHIB HE 3aBXIU MOJIMBO, JJIS OI[IHKY BEJIMYMHM iX MOMEHTIB, 110 30ypPIOIOTh,
B TE€OpIi MOXHA 3aCTOCOBYBATH CIIPOIICHI 1HAUKATOPHI Jiarpamu. CrpolieHa iHau-
KaToOpHa JAiarpama BiJIoOpakae JIMIlEe OCHOBHI IMapaMeTpu LUKITY, ajie He BPaXOBYE
peanbHy KPUBU3HY 1HAMKATOPHOI JlarpaMyd B MOMEHT YIOPCKYBaHHSI Ta 3rOPSHHS
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najguBa. Y 3B'S3Ky 3 [IMM BUHHUKAE MTPOOJIEeMa TOYHOCTI PO3PAXYHKY TAKUM METOJIOM
rapMOHIHHUX MOMEHTIB, 110 30yPIOIOTh.

MeToto poOOTH € OIlIHKA JOMyCTUMOCTI 3aCTOCYBaHHS CIPOIICHUX 1HAUKATOP-
HUX JllarpaM BU3HAUYEHHS TapMOHIMHUX CKJIAJOBUX 30ypIOBAIbHUX MOMEHTIB KOJIU-
BaJIbHOT CUCTEMU CYyYaCHUX CYJTHOBUX JIU3EIIB.

JificHa 1HAMKaTOpHA Jlarpama € (GaKTUIHOIO 3aJICKHICTh TUCKY B IMUTIHAPI BiJ
00'emy muiHapa ado Bia kyta [IKB (y posropayromy Burisiai). Ha Hii BinOuTo BCl
TOHKOIII poO0YOTO TpoIlecy Au3enbHOro nBuryHa. CIpolieHa TeopeTHYHa 1HIuKa-
TOpHa Jiarpama BigoOpakae JHIIEe OCHOBHI MOKa3HUKH POOOYOro MpoLecy: THUCK
MOYaTKy CTHCHEHHS, TUCK KIHI|I CTUCHEHHS, MAaKCUMAJIbHUW TUCK 3TOPSHHS, CTY-
MiHb MONEPETHHOTO PO3MIMPEHHS, TUCK KIHIIS po3mupeHHs. [Ipy BUKOHAHHI Terio-
BHUX PO3PaxyHKIB IIbOT0O LUJIKOM JOCTAaTHHO, 00 OLIIHUTH MOTY>KHICTh 1 KOE(PILIEHT
KOpHUCHOI il nukiy. IIpy BUKOHaHHI JMHAMIYHUX PO3paxyHKIB JBUTYHA 1 PO3KJa-
naHH1 IUX QYHKIIA TapMOHIMHUAN Psii MOXKE 3'SIBUTHCS 3HAYHE PO3XOJKEHHS 4Yepe3
BIIMIHHOCT1 y ¢dopmi kpuBux. B poOoTax 3 rapMOHIMHOTO aHANI3y 1HAMKATOPHUX
JiarpamM HalOUIbII 3HAYYIIIMMHU Ha3WBAIOTHCS TApMOHIKK 1-6 MOpSAAKIB (1S JBOTAK-
THOTO au3enst) [6,8]. OnHak qOCHiKEHHSI KPYTWIBHUX KOJMBaHb CYJHOBUX T'OJIOB-
HUX TPOIYJIbCUBHUX YCTAHOBOK IMOKAa3ye€, 110 HABITh MaJjl 3HAY€HHs 30yprOBaIbHUX
MOMEHTIB BUCOKHUX MOPSJIKIB MOXKYTh BUKIMKATH HEOE3MEeUHI KPYTHUIbHI KOJUBAHHS
KOJIHYACTHX BaJiB 32 MOTOpHUMH (hopmamu, 0coOIMBO B JBUTYHAX Oe3 nemMridepin
[1,2,8]. Tlpuknan nmidicHOI Ta CHPOIIECHOI IHIWKATOPHUX JiarpaM Majoo0epTOBOTO
JIBOTAKTHOTO JU3€JIsl HA HOMIHAJIBHIN MOTYKHOCTI IIPEJICTaBJIeH] Ha puc. 1.
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[ToOynoBa aiarpamMu KpyTHOTO MOMEHTY BHUKOHAHO 32 BIJOMHMH (opMyJaMu
JUHAMIYHHAX PO3PAaXyHKIB KPUBOIIUITHO-IIATYHHUX MeXaHi3MiB (puc. 2) [8-12].
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Puc. 2. liarpamu KpyTHOT'O MOMEHTY BiJl CHJI THUCKY T'a3iB Mano0o0epTOBOrO JBOTAKTHOIO
nusens o kyry IIKB

[naukaTopHi giarpamMu Oyi0 OTPUMaHO y BUTIISAA1 TaOmuIk. [iarpamu KpyTHOTO
MOMEHTY BiJ] CHJI THCKY Ta31B TaKOXX OTpUMaHi B TabmuuHii dhopmi. ["apMoHiuHMI
aHaii3 JiarpaMd MOMEHTY, 110 KPYyTUTh, BAKOHAHUHN 3a IOMIOMOTOI0 IIBUAKOTO Tie-
petBopenHs dyp'e B cuctemi MathCad XV.Otpumani aMmIniiTyad TrapMOHIHHHX
CKJIQJIOBUX ITOKa3aHO Ha puc. 3.
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Puc. 3. AMIutiTy 1M rapMOHIK KPYTHOTO MOMEHTY

3 puc. 3 cIijl, 10 aMIUTITYIU MOPSAKOBUX TAPMOHIK, OTPUMAHUX 13 3aCTOCYBaH-
HSIM JIMCHOI 1HAMKATOPHOI Jiarpamu, HE 3MEHIIYIOThCS 31 30LIBIIICHHSM MOPSIKY,
AK 1€ BiAOYBa€TbCS y BUNAAKY 3 JM3EISAMH, 110 MAIOTh KJIACUYHI KyTH BIIOPCKY-
BaHHS IMAJIMBa (caMe IIe BiloOpaXkae CIpoIeHa TeOpeTUIHA 1HIUKATOPHA Jlarpama).
HarowmicTe ammutiTy1a mopsiAKOBUX TapMOHIK 3pocTae 3 12-ro mo 14-i mopsaoxk, mi-
CJIsl 4OTO 3HUXKYETHCS. BpaxoByroun 11e, JONUIEHO PO3TJISAATH PE30HAHCH 10 24-TO
MOPSAKY, KOJIM B JOCIIJIPKYBaHIN CUCTEMI € JIBUTYH, 1110 3a0e3nedye MiATPUMKY Ma-
KCHUMAaJIbHOTO THUCKY 3TOPSTHHS IIJITXOM 3MiHU KYTiB YIIOPCKYBAaHHS IaJIMBa.
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Puc.4. Ammnitynu rapmonik nopsiakis 10-24

Sk BumIMBaE 3 puc. 3, MOMITHA PI3HUII B aMIUTITYJ]aX TAPMOHIK CIIOCTEPITa€Th-
cs qs 1-5 mopsiakiB, a Takox aist 10-20 mopsinkiB (30UIbIIEHO 1T HAOYHOCTI Ha
puc.4).

3 MOTJIsAY OIIHKM TOYHOCTI PO3PaxyHKIB PE30HAHCHUX aMIUTITYJ] KPYTUIBHUX
KOJIMBaHb HaWOUIbIIMI 1HTEpEC MPEICTaBIIA€ BIIHOLIEHHS MK aMIUNITyJaMu rap-
MOHIK. JIJ1s1 OI[IHKY BITHOCHOI BEJIMYMHU aMILUTITY]] MOXHA MPEJICTABUTH PE3yIbTaTU
TrapMOHIMHOTO aHaIi3y 3a JOIMIOMOTOI0 BiJHOCHOTO mapameTpa A (puc. 5):

A
ﬂ“i - alcn

a.

ne - a’ aMmIuTiTy/1a TapMOHIKH i-TO TIOPSIKY Jiarpamu KPyTHOTO MOMEHTY BiJl

CWJI TUCKY Ta3iB, NOOYI0BaHOI 3 BAKOPUCTAHHIM A1MCHOI 1HIUKATOPHOI Jl1arpamu;

-a" AMIUTITY1a TAPMOHIKH 1-TO MOPSKY JiarpaMyd KPyTHOIO MOMEHTY BiJ CHJI
TUCKY Tra3iB, TOOY0BaHOI 3 BUKOPUCTAHHSM CIIPOIICHOI TEOPETUYHOI 1HAMKATOPHOI
Jiarpamu.

Or1iHKa T0MyCTUMOCTI 3aCTOCYBaHHSI CIPOIICHUX 1HIUKATOPHUX Jlarpam st
BU3HAYCHHS TAPMOHIWHUX MOMEHTIB, 1110 30ypIOIOTh KOJUBAJIbHY CHCTEMY Cydac-
HUX CY/IHOBUX JTU3€JIB, IOKa3a1a HACTYIIHE:

- ¥ 6arathox Cy4aCHUX CYJHOBUX JIM3EIIAX ICHYE (PaKTOp, 110 3HIKYE TOUHICTD
pO3paxyHKy MOMEHTIB, IO 30ypIOIOTh, 3 BAKOPUCTAHHSIM CIPOLIEHUX 1HIUKATOP-
HUX Aiarpam. BiH nossirae B Tomy, 110 AU3€J11 MOXKYTh OCHAIIyBaTUCS CUCTEMaMU
iATPUMKHA MaKCUMAaJIbHOTO TUCKY 3TOPSHHS, 100 YHUKHYTH HOTO MEepPEeBUIIICHHS.
[le mpu3BOaUTH A0 yCKIaAHEHHS (POPMH KPUBOI A1MCHOI 1HIMKATOPHOI llarpamMmu
JBUTYHA.

- 171 mu3esniB, OCHAIIEHUX TAKUMH CHCTEMaMU, TOYHICTh PO3PaxyHKY TapMo-
HIHHUX MOMEHTIB, 1110 30ypIOIOTh, 3 BAKOPUCTAHHIM CHPOUIEHUX 1HIUKATOPHUX Jli-
arpam € He3aJJ0BUIbHOIO.

- @akTUYHA BETMYMHA TAPMOHIK BUIIOTO MOPSAIKY MOXKE MEPEBUIIYBATH PO3-
paxyHKOBY, OTPUMaHy MPH BUKOPUCTAHHI CIIPOILEHOT IHAUKATOPHO] JllarpamMu,
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O1upiI Hixk 2 pa3u. Taky po30DKHICTE Tpeba BpaxoByBaTH Iij 4yac MPOBEACHHS PO3-
paxyHKIB PE30HAHCHUX aMILTITY]l KPYTUIbHUX KOJIUBAHb.

- JIoLIIbHO MPH aHaJI31 HAa KPYTUJIbHI KOJIMBAHHS IPONYJbCUBHUX YCTAHOBOK,
710 CKJIaAy SIKUX BXOJSTH IU3€, 1110 MAIOTh CUCTEMHU OOMEXEHHSI MAKCUMAJIBHOTO
TUCKY, CJI1J] BpPaXOBYBaTH PE30HAHCH /10 24-T0 NOPSAKY, a He 10 12-ro, Ik BUMara-
10Tk [IpaBuna Perictpy.
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Hamionansauit YHiBepcuteT «Onecbka Mopchka Akamemisn

IinBumenns eneproegeKTUBHOCTI Cy/JeH 32 PAXyHOK BIIPOBAIKEHHS
PO3NOTIILHUX MEPEK NMOCTIHHOrO CTPYyMY Ta TiOPUIHUX TEXHOJIOTIH

AHoOTanifA: Y cTarTi NpencTaBieHO KOMIICKCHUI aHalli3 €BOJIOLIT CYTHOBHUX
CJIEKTPOCHEPTEeTUYHNX CHCTEM, 3 aKIEHTOM Ha MEpexojll BiJ TPaAULIAHUX CXEM
3MIHHOTO CTpyMy A0 cydacHoi koHueniii Onboard DC Grid. OcHoBHa yBara npu-
JUISE€THCS BUPIIIEHHIO MPOOJIEeMU HU3bKO1 €eHEepProe(eKTUBHOCTI AU3€Ib-TeHEPaTOPiB
npu (piKcoBaHIM 4acTOTI oOepTaHHS, IO XapaKTepHO i KiacuuHux AC-mMepex.
OOrpyHTOBaHO, L0 BIPOBAIKEHHS €IMHOT MaricTpaJibHOI IIMHU MOCTIMHOTO CTpY-
MYy JI03BOJISIE€ peaii3yBaTH T1IOpUIHUN MIIX11, IHTETPYIOUH JKEpesia Ta CIOKHBAYiB
Yyepe3 CUJIOBY €JIEKTPOHIKY, IO JAa€ 3MOTY BiJB’S3aTHU IMIBUAKICTH T'€HEPATOPIB BiJ
YacTOTH MEPEXk1 Ta ONTUMI3YyBaTH BUTpATy MaJliBa B IIMPOKOMY J1alla30HI HaBaH-
TaXeHb. Y PoOOTI PO3IISHYTO apXITEKTypy CUCTEMHU, METOAM >KUBJIEHHS CIIOXKH-
BayiB Ta mepeBaru Oe3mocepeAHboi 1HTEerpauli riOpuJIHUX HAKONWYyBadiB €HEpTii
(HESS) nns 3rnamxyBaHHs MiKiB 1 3a0€3M1€UEHHSI pe3epBY MOTY>KHOCTI.

KuarwouoBi cioBa: 6oproBa mepexa mnocrtiitHoro ctpymy, Onboard DC Grid,
reHEpaTOpH 3MIHHOI 4acTOTH OOepTaHHs, NOpPUAHI CUCTEMHU HAKONMWYEHHS €Heprii
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ENHANCING SHIP ENERGY EFFICIENCY THROUGH THE
IMPLEMENTATION OF DC DISTRIBUTION GRIDS AND HYBRID
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Abstract: The article presents a comprehensive analysis of the evolution of
shipboard power systems, with an emphasis on the transition from traditional AC
schemes to the modern Onboard DC Grid concept. The main focus is on addressing
the issue of low energy efficiency in diesel generators operating at fixed rotational
speeds, which is characteristic of classic AC networks. It is substantiated that the
implementation of a common main DC bus enables a hybrid approach, integrating
sources and consumers via power electronics, thereby allowing the decoupling of
generator speed from grid frequency and optimizing fuel consumption across a wide
load range. The paper examines the system architecture, consumer power supply
methods, and the benefits of directly integrating Hybrid Energy Storage Systems
(HESS) for peak shaving and providing power reserve.
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Hanpukinami XIX cTomTTs, KOJIM Cy/iHa YyIIeplie movajiy eIeKTpUudiKyBaTUCI
(Hacammepen Ui OCBITJICHHS), KOMEPIIMHO JOCTYIMHOIO Ta HaAilHOI Oylia Julie
CUCTEMa TMOCTIHHOTO CcTpyMmy, po3pobieHa Tomacom EnpiconoM. OcHOBHUMH
CIOKMBa4aMH OYyJM JIaMIIKM PO3KAPIOBAHHS Ta MAaJIOMOTYKH1 €JIEKTPOJIBUTYHHU.
Takox BBaxanocs, Mo Opu HU3bKIM Hanpy3i DC e 6e3neyHimmM 1 NpOCTIIINM B
yIpaBIIiHHI.

[Tepexim mo Tpudasznoro 3miaHOTO cTpyMy (AC) po3nouaBcs B cepeani XX
CTOJIITTA B Mipy 3pPOCTaHHS BHMOT 0 TOTYXHOCTI Ta edekTuBHOCTI. [locTiitHmii
CTPYyM HE MOXE JIeTKO Ta €(EeKTUBHO 3MIHIOBATH CBOIO Hampyry. [ns mepenmaui
BEJIMKOI MOTYXXHOCTI Ha BENUKI BIJCTaHI MpH Madiil Hampy3i NOTpPiOEH BUCOKUI
cTpyM. Bucokuii cTpyM NpU3BOIUTH 10 BEIMKUX BTPAT CHEPrii B KaOEIsIX 1 BUMarae
BUKOPHUCTAHHS JIy’K€ TOBCTUX 1 BAXKKUX MIJHUX KaOesiB. 3MIHHUNA CTPYM J03BOJIsIE
IPaKTUYHO 0€3 BTpaT TpaHC(OpMYBaTH HAIPYTy 3a JOMOMOIOI0 TpaHC(HOpPMATOPiB.
['eHepaTopy 3MIHHOTO CTPyMy (CHHXpPOHHI TE€HEpaTOpu) TaKO0X BUSBUIUCS
OPOCTIIUMU Ta €QEKTUBHIIUMHU JJii  BUPOOJIEHHS BEIUKHUX MOTYXHOCTEH
nopiBHAHO 3 ixHiMH DC-ananoramu. BoHM He MarOTh KOJIEKTOpA, IO CHPOLIYE
KOHCTPYKIIIIO, 3HW)XXY€E CKIAIHICTh OXOJIO/DKCHHS Ta MIABUILYE 3arajbHy
HafAiiHICTh. CyNyTHBOIO MPUYMHOIO TPOJOBKYBATH BUKOPUCTOBYBATH 3MIHHHUI
CTpyM OyJI0 MacoBe BUKOPHCTaHHS TPU(A3HOTO ACUHXPOHHOTO JABUTYHA, SIKUW HE
Ma€ MITOK 1 KOJEKTOpa, 0 € OCHOBHUMH JKE€peldaMHu 3HOIIYBAHHS, ICKPIHHS Ta
HE0oOX1THOCTI o0ciyroByBaHHs. AC-ABUTYHHM HAA3BMYAaWHO TMPOCTI, KOMIIAKTHI,
HaJ1MHI Ta MOXKYTh IPALIOBATH JECATUIITTIMU 3 MiHIMAJIbHUM OOCITYTOBYBaHHSIM.

TenneHiii 10 3HUXKEHHSI BUKUJIIB Ta €()EKTUBHOTO YIPABIIHHS peCypcaMu
CIOHYKAIOTh 1HXEHEPIB [0 MOLIYKYy HOBMX METOMIB TIeHepalli, po3MoAuly Ta
BUKOpHUCTaHHs eHeprii. ['onoBHui Henonik kiacuyHux AC-cucteM — HEOOX1AHICTh
miaTpuManHs ¢ikcoBaHOi yacToTH B Mepexi. Lle 3mymye nuzens-reneparopu (A1)
IpaIroBaTid 3 TMOCTIHHOIO MIBHJAKICTIO OOEpPTaHHS, HE3aJIEKHO BIJl PEaTbHOTO
HAaBaHTAKEHHA. Y peXuUMax MaUX HaBaHTaXEHb, TAKUX SK JUHAMIYHE
nosuttitoBanHs (DP) abo maneBpyBanHs B mopTy, I’ mpaiforoTh y 30HI BKpaii
Hu3bkoro KKJI, mo nmpu3BoauTh 10 MIEPEBUTPATH MAIMBA Ta IIABUIICHUX BUKHUIIB.

[Ipoext mix HazBoro «Onboard DC Grid» Bim kommanii AbB mpomonye
BUKOpHcTOoBYBaTH KoMmOiHalio ctpymy DC ta AC. KoHueniis nponoHye 3ajJuIInT
TpaAuIliiiHI JpKepesia BUPOOJICHHS €HEeprii, aje 3poOuTH iX OLIbII €KOHOMIYHUMU
NUISIXOM 3actocyBaHHs ctpymy DC y manmtory posnoainy. Cucrema € JIOTTYHUM
PO3LIMPEHHSIM JaHOK mocTiiHoro ctpymy (DC-links), sixi ¥ Tak ye ICHYIOTh Y
nepetBoproBayax 4vactotu (VFD) Ha Oyab-fkoMy CydyacHOMY CYIHI 3
enektpornpuBogoM. daktuuno, i DC-naHku, ki 3a3Buyail *KuBiATh noHan 80%
NOTY)KHHUX CIIOHBaiB, 00'€THYIOThCS B €IUHY TOJ0BHY Iy DC.

VY cucremi Onboard DC Grid peanmizoBaHa 30HHA KOHIEMIIS PO3MOALTY
eHeprii, e IEeHTpaJbHUM EJIEMEHTOM BHUCTYIA€ MaricTpajbHa IWHA MOCTIHHOTO
CTpyMy
(puc. 1).
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Pucynok 1 — Cucrema Onboard DC Grid

Cxema mnotokiB eHeprii y cuctemi Onboard DC Grid opranizoBana

HACTYTHUM YHHOM:

— Jlxepena eneprii, a came, TpaauIliiiHI CHHXPOHHI T€HEPATOPH, IMiIKIIOYAIOTHCS
no ronoHoi mmHU DC yepe3 kepoani Bumnpsimisidi (AC/DC). Lle nmo3Bossie
BIJIB'SI3aTU YacTOTy OOEPTaHHs [M3ENIB BiJ YaCTOTH MEPEXi, ONTUMI3YIOUH
BUTpATy MaJvBa.

— IloTyxHi cmoxuBayi, Taki SK TOJOBHI €JIEKTPOABUTYHHM (a3UMOAU, TpeOHi
IBUHTH) Ta MiAPYJIIOBaJIbHI MPUCTPOI, KUBJIATHCA Oe3nocepeaHbo Bia muHu DC
yepe3 inAuBIAyanbH1 iHBepTOpHI Moyl (DC/AC).

— Jns KuBNEHHS TPaguIIMHUX CYAHOBHX CHOXKMBauiB (HACOCH, BEHTHIISITOPH,
kamMOy3He O0OJaHaHHS, OCBITJIEHHS) BHUKOPHCTOBYIOTHCS — CIEIliali30BaH1
iHBepTOpH, 1O (HOopMyIOTh Mepexy. Mepexa 440 B cTBOproeThCs OHUM 200
JeKUTbKOMa (ISl pe3epBYBaHHsI) MOTY>KHUMH 1HBEPTOPAMH, 1[0 MEPETBOPIOIOTH
MOCTIMHUMN CTPYM LIMHU HA TpU(Da3HUN 3MIHHUN CTPYM (PiKCOBaHOI yacToTH. Lle
JT03BOJIsI€ 30€perTH CTaHAAPTHI aCUHXPOHHI €JIEKTPOJABUTYHH 0€3 HeOOX1THOCTI
ix 3aminu Ha crnemianbHi DC-moaem. Mepexa 220 B nna nmo6ytoBux motped
BUKOPUCTOBYE OKpEMi 1HBEPTOpPH 3 BUXIAHUMH (uibTpamMu. Bonu dopmyroTsh
Hampyry 1JIeaJIbHOI CUHYCOifabHOI (OPMHU, 130JII0I0YM  CIIOXKHMBAYiB  Bij
MOKITUBUX TAPMOHIYHHUX CTIOTBOPEHD, III0 BUHUKAIOTH Y CHJIOBOMY JIAHITIOTY.

— IloTyxHi Hacocu ab0 BEHTHJIATOPH, II0 BUMAraloTh PETYJIOBAHHS IIBUIKOCTI,
nigkmodaroTees Ao muHu DC depes BiacHi iHBepTopu. lle BuKIIOUae TaHKy
BUIIPSIMJICHHS (BCEpEIMHI 3BHYAHOTO MEPETBOPIOBAYA YaCTOTH), 3MEHIIYIOUU
rabapuTH MPUBOJY Ta TETUIOBI BTPATH.

IN'omoBua nepeara Onboard DC Grid — BifB'si3yBaHHS IMIBUIKOCTI 0OepTaH-

HS JU3€JIb-T€HEPaTOPiB BiJl YAaCTOTHU. Y KIACHUYHUX CHCTEMaX 3MIHHOTO CTPyMy
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(AC) xopctka BuMmora miarpumyBaTtu gactoty 60 I'p (ado 50 ') 3mymrye nu3ensb-
reHepaToOpH MpaIftoBaTH Ha (PiKCOBaHI HOMIHAJIBHIN IIBUJIKOCTI, HE3JICKHO BiJI TO-
ro, 4u 3aBaHTaxxeHi BoHU Ha 100%, uyn Ha 10%. lle mpu3BOaUTH A0 3HAYHUX Me-
XaHIYHUX BTPAT Ta HEONTUMAJILHOTO 3rOPSIHHS MaJliBa Ha YacCTKOBUX pexumax. B
apxitektypi Onboard DC Grid reneparopu miJIKJII04aroThCA A0 TOJIOBHOI ITMHU Ye-
pe3 akTUBHI BUNIPpAMIISIYI. [{e ycyBae npsMy 3aJIeKHICTh MikK 00epTaMu Baly JIBUTY-
Ha Ta 4acToTol0 Mepexi. Cuctema ynpasiiHHs NoTyxHICTIO (PMS) orpumye cBobo-
Iy JTUHAMIYHO 3MIHIOBaTH IIBUAKICTH OOCpPTaHHS AW3ENS 3aJCKHO BiJl MUTTEBOTO
HABAHTAKCHHS.

Excrutyaranis 3i
3MIHHOIO YacTOTOKO
(Onboard DC Grid)

60—

O M o XN o oM w e I

©
~

Excruryaranis 3
MOCTIITHOIO YACTOTOK
(Tpammiitea cricTema)

Q0

o £ 20 20 “an 20 a0 w0 S0 1000

KinbKicTh 00epTiB 3a XBIUIIHY (rpm)

Pucynok 2 - BunpoOyBaHHs ABUT'YHA ITPU 3MIHHIM MIBUIKOCTI OOE€pPTaHHS Ta HABAaHTAKEHHS
(koxipHa mikana Bigmoopaxae nuromy Butpaty nanusa (SFOC) y r/kBt ron)

Ha Pucynky 2 HaBemeHo KapTy e(QEeKTHBHOCTI JABUTYHA, € 130JiHII
(kompoOpoBa MIKana) BigoOpaxkaroTh nmutomy BuTpary namuBa (SFOC — Specific
Fuel Oil Consumption, r/kBt-ron). ['padik HA0UHO AEMOHCTPYE PI3HUINIO JIBOX
MiIX0iB. Y TpaauiiiHii cuctemi (¢dikcoBaHa MIBUIKICTH) poOOUYa TOYKA JBUTYHA
MEePEMIITY€ETHCS TOPU30HTAIILHO B3/I0BXK JIIHIT MAKCUMAJIBHUX 00€pTIB (BEpXHS Mexa
rpadika). [Tpu 3HMKEHH1 HABaHTaKEHHA poOoYa TOYKAa HEMUHYYE MOTPAIUISE B 30HU
3 BucokuM SFOC, 1o o3nauvae pizke naginug KKJ[ Ta nepeButpaty manuga.

VY cuctemi Onboard DC Grid cucrema PMS no3Bojisie ABUTYHY 3HUXKYBaTH
00epTU MPOMOPIIMNHO 10 3HWKEHHsS HaBaHTa)xeHHs. PoOoda Touka pyXaeThCs MO
ONTUMAJIbHIN TPAEKTOPIi, 3aJMIIAIOYUCh Y 30HI "€KOHOMIYHOTO ONTUMYyMY'" (CHHS
30Ha) HaBITh npu HaBaHTaKEeHHIX 30-50%. Takuit anroput™m pobotu Oyae myxke
edeKTUBHUM IS CyAeH 13 mpodinem podotu Dynamic Positioning (DP), nanpuximan
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cynHa noctadanHs 1wiargopm (PSV), ski GU1bmIicTh 9acy NMPOBOISATh Y PEKUMAX
OUiKyBaHHSI a00 yTpUMaHHS IMO3UIllI 3 HU3BKUM 3aBAHTAKEHHAM T'€HEpPaTOpiB.
MoxIuBICTh pOOOTH Ha 3MIHHUX 00€pTaxX y TaKUX CIIeHapisax 3abe3reuye 3HIKCHHS
BUTPATHU MaJIMBa Ta IKUIMBUX BUKUAIB 10 20—30% MOpIBHSAHO 3 TpaaulliiHUMU
CUCTEMaMHU.

Apxitektypa DC-mMHM 32 CBO€I0 MPUPOJOI0 1€alTbHO MIAXOAUTH JIJIS
iHTerpaiii riopuaHux cucrem HakomuveHHs eneprii (HESS — Hybrid Energy
Storage System). AxymynaTtopHi OaTtapei ab0o CyNepKOHIEHCATOPU € MPHUCTPOSMU
MOCTIHHOTO cTpyMy. Y TpamuuiiHiii AC-cuctemi Uil X MIAKIIOUEHHS MOTpiOeH
OKpeMuil ckiagHuil ABoHamnpasienuii nepetBoproBau AC/DC. ¥V cucremi Onboard
DC Grid BoHu miakimoyaloTbes A0 TonoBHOT mwmHU DC depe3 mpocTimmii Ta
edexTuBHIMN nBoHanpasiennii DC/DC-nepeTBoproBay.

HESS BUKOHYIOTB y cuCTEMI KiJbKa (DYHKIIIH:

— 3rmapKyBaHHS MiKiB: O0aTapei MOXYTh BHUJAABaTH MOTYXKHICTh MHPHU PI3KUX
miKaXx  HaBaHTaXEHHs  (HaNpUKiIal, YBIMKHEHHS  MIJIPYJIOBAIBHOTO
IPUCTPOIO), no3BoJisitoun I mpaitoBaT B OUIbIN CTAO1IBHOMY PEKUMI.

~ IlpuaymenHst nmepexiTHUX MpOLECIB: y cyBopux mnoroaux ymosax HESS
NOTJMHAIOTh a00 BHUJAIOTH EHEPril0, KOMIICHCYIOYM IIBHUAKI KOJWBAaHHS
HAaBaHTA)KEHHS B1J] TPeOHUX TBUHTIB, 1[0 3HIKYE HABAHTAXKEHHS HA JIU3EJIbHI
JIBUTYHH.

- Pe3zepB nmotyxHocti: batapei 3a0e3neuyioTh MUTTEBHI pe3epB MOTYXKHOCTI,
JTIO3BOJISIFOYM 3YITUHUTH OJIUH 13 Tipairorounx I
3actocyBanHa TiOpuaaux DC-cucteM  aKTMBHO — JIOCHIKYEThCS — Ta

BIIPOBA/KY€eThCs. Ha cyaHax 3 iHTETpOBaHMMH EHEPTeTUYHHMH CHCTEMaMH B
CYyBOpHUX MOPChKUX yMoOBax, 3actocyBanHsa HESS (6atapei Ta cynepkoHaeHcaTopu)
I IPUAYIICHHS IEPEX1THUX MPOIECiB T03BOJIMIIO 3HU3UTH KOJUBAHHS YaCTOTH Ta
Harpyru B Mepexi Ha 63.0% Ta 74.5% BiIMOBIAHO, 3HAYHO MiJIBUIIYIOYU SIKICTh
€JIEKTPOCHEPTii Ta Oe3MeKy CyHa.

[IpuknamomM cy4yacHOro BHUKOPHMCTaHHS TaKOi TEXHOJIOTi € HemoJaBHO (Y
2025 poril) BBeI€HE B €KCILTyaTallil0 CYJHO JJisi BCTAHOBJICHHS BITPSHUX TypOiH
(WTIV) nig naszsoro Norse Wind (puc.3). Ha nboMy cyaHi TeHepaTOpu 3apsiKaloTh
aKyMyJIATOpHI Oarapei, sKi MOTIM >KHUBJISITH yci OoptoBi cuctemu. Komu 3apsia
3HIDKYETBCS, TEHEPATOPH 3aIyCKAIOThCS MEPIOANYHO, 00 MiA3apsaAuTH O6atapei, mo
3HAYHO 3MEHIIIY€ BUTPATy manuBa. J{Jis 3apsaKu TeHepaTop 3allyCKAEThCs B PEKUMI,
B sikoMmy oro KKJI poOoTu HailOuiblmuii (HaliMeHIla KUIbKICTh manuBa Ha 1 kBT
BUPOOJICHOT €HEPrii).

Norse Wind Ttakox € nepuum y cBiti WTIV, cnpoekToBaHMM 3 HOBHOIO
CUCTEMOIO PO3MOALTY enekTpoeHeprii nocriiHoro crpymy (DC power distribution
system). Ha BiamiHy Bix 3Buuaiinux cyjaeH, WTIV cnoxuBae 3Ha4yHO OijbIie
€JIGKTPOCHEPrii MiJ dYac omepailiii, ToMy CHUCTeMa MOCTIHHOTO CTpyMy Oyna
IHTerpoBaHa JUIsl TIOJIOJIAaHHS HEE(PEKTUBHOCTI Ta BHCOKOTO EHEPTrOCIIOXHUBAHHS
TpaAUIItHUX cucTeM 3MiHHOTO cTpyMy (AC).

3aBASKHU 1HTENEKTYaTIbHOMY YNPABIIHHIO HIBUAKICTIO T€HEPATOPIB BOHA 3HUKYE
BUTpATy NaJlMBa, MiABUILYE €PEKTUBHICTh €KCIUTyaTallli Ta MOKpAIIye €KOJIOT1YH1
noka3Huku. BcTaHoBneHa riOpuaHa MPOMYNbCHBHA CHCTEMa 3 aKyMYyJSTOpaMu
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MO’K€ TIOBHICTIO 3aMIHMTH BUXIJHY MOTYXHICTh OJHOTO TOJIOBHOTO JBUTYHA. 3a
OIL[IHKaMHM, MPU BCTAHOBJICHHI BITpsiHUX TypOiH cynHo Norse Wind, mopiBHAHO 3
TPAAUIITHUM MOHTQXKHHUM CYIHOM, IMOBHHHO MPHUOJM3HO HAa 60 BiJICOTKIB MEHIIIE
CTBOPIOBATHU MOBITPSHUX 3a0pyAHEHb.

Pucynoxk 3 — Cynano Norse Wind

[Tonpu oueBuaHI mepeBaru, mnepexiy Ha DC-Mepexi CTBOPIOE HOBI CKJIAIHI
IHKeHEpH1 3aBAaHHA B raiys3i 3aXucTy Ta cradiipHOCTI. Ha Biaminy Bim mepex AC,
7€ CTPYM MPUPOJHUM YUHOM MPOXOAUTH yepe3 Hysb 100 abo 120 pa3iB Ha CeKyHIy
(o cmpomtye raciHHsS ayru y Bumukadi), ctpyMm K3 y cucremi DC He Mmae
npuponHoro Hyns. Lle Bumarae 3actocyBaHHs OUIbII CKJIAQAHMX, MIBUIKOAIMHHUX 1
noporux DC-nepepuBnukiB. [xepena ctpymy K3 y DC-mepexi 4ucieHHi, 11e He
TUTBKH TEHepaTopu (uYepe3 BUMNPSIMIISIYI), a W MHUTTEBUN pPO3PSA BHYTPIIIHIX
KOHJICHCATOPIB CaMUX NEPETBOPIOBAYIB, @ TAKOK 3BOPOTHHM BHECOK €HEpTii BiJ
obeproBux AC-mBuryHiB Ta HakonuuyBadiB (HESS). Cyuacui DC-cuctemu
BUPIIIYIOTH If0 MpoOsieMy KOMOIHALIE€I0 MIBUAKOMIMHUX 3amoO0DKHHUKIB Ta
KEpOBaHUX  HAIIBOPOBIAHUKOBUX  BUMHKauiB  (Hanpukiag, IGBT vy
MepeTBOpIoBayax), siki MOXKYTh 3a0JIOKyBaTU CTPYM HECIPABHOCTI 3HAYHO HIBUIIIIE,
HDK TPaJUIIMHI MEXaHIYH1 IEPEPUBHUKH.

[IponynbCcUBHI TPUBOAM Ta 1HII CIOXKKBaudl 3 aKTUBHUMH IEPETBOPIOBAYAMHU
MOBOATRECS SIK HaBaHTaKEHHs mocTiiHol motyxHocti (CPL - Constant Power
Load). CPL y DC-Mepexi Mae XapaKTepHUCTHKY HETaTHBHOTO iMIeaaHcy (mpu
3HIDKCHHI HAPYTH CTPYM 3pOCTa€, MO0 30epertu MOTYKHICTh MOCTiHHOI0). Takuit
(bakTop MOXKe MPU3BECTH /10 KOJIHMBAHb 1 HECTAOLIBHOCTI y BCii eHeprocucteMi. s
3a0e3neyeHHs] CTabUIbHOCTI CHCTEMH NOTPIOEH peTeNbHUN AWHAMIYHUM aHami3 1
MPOEKTYBAHHS €HEPreTUYHUX cucteM ympasmiaas (PMS), 3gataux nemndysatu i
KOJIMBaHHS.
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BucnoBok. Ictopuunnii nepexiz Big DC 1o AC 6yB 3yMoBieHHi e(EeKTUBHICTIO
TpaHchopmarlii Ta HaAIMHICTIO ACHHXPOHHUX JBUTYHIB. ChOT0/IH1, HA HOBOMY BUTKY
TEXHOJIOTIYHOTO PO3BUTKY, CHJIOBA €JIEKTPOHIKA JIO3BOJIIE MOBEPHYTHUCS 10
KOHIICTIIIi PO3MOJILTYy MOCTIHHOTO CTPYMY, BUKOPHUCTOBYIOUHM 1i CHJIBHI CTOPOHM Ta
HIBEJIFOIOUM HEJIOJIKU. X04Ya 3aJIMIIAI0ThCs CKJIaJHI 1HKEHEPH1 3aB/IaHH, MMOB'sI3aH1
31 crabuipbHicTIO CPL Ta opranizaili€ero CeIeKTUBHOrO 3axucTy Bin cTpymiB K3,
MITBEP/KEHI TepeBaru y BUIIISAI €KOHOMII MajuBa Ta THYYKOCTI KOMITOHYBaHHS
pobmsaTh TiopuaHi DC-Mepexi OaHI€I0 3 KIFOYOBUX TEXHOJOTIN NI HACTYITHOTO
MTOKOJTIHHS CY/ICH.
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Analyse of marine diesel engine performance
1. Introduction

On low speed engines there are well known in seamanship mechanical drives for
determining the basic parameters of the working process and indicator power of cyl-
inders. They cannot be used for medium-and high-speed diesel engine because of
mechanical drives inertia. For those of diesel engines, which make up the majority
of the offshore and fishing fleet, only electronic control systems may be used.

Capabilities of most electronic systems are focused mainly on getting the indica-
tor working process parameters such as maximum combustion pressure Pmax, max-
Imum compression pressure Pcomp, mean indicated pressure MIP. However, be-
sides these there are several other important diagnostic parameters of fuel injection
equipment and gas distribution mechanism. Their control allows you to assess more
accurately the technical condition and to adjust the marine diesel engines. First of all
fuel injection timing and valve timing is included into such settings.

In the problem of determining the working process parameters, there is a prob-
lem of data synchronization, i.e. representation of them, depending on the phase ro-
tation of the crankshaft, for example pc, =f(¢). Traditionally, this problem is solved
by means of sensors on the flywheel. Disadvantages of this method are that it is dif-
ficult to consider all the factors that influence the phase error. Besides, setting the
sync sensor requires preliminary diesel preparation and definite expanses.

Thus, there are two problems to be solved for the perfect modeling and condition
monitoring of marine diesel in operation: 1) parallel determination of the indicator
work process parameters and timing of fuel injection and gas istribution;

2) the solution of sync problem in terms of improving its accuracy and efficien-
cy.

An important element of diagnosis of a diesel engine is a characterization of tur-
bocharging. On the main engine turbines tachometer and charge air pressure gauges
can be installed. On the turbines for auxiliary diesel engines, as a rule, there are no
such devices. In this article we shall discuss how during the operation such im-
portant parameter, as the rotational speed of the turbocharger can be determined.
The above problems are solved in the PC based system for diesel condition monitor-

ing.
2- Diesel engine performance analyzing system

The purpose of the system is to diagnose main and auxiliary marine diesel en-
gines see Fig. 1. Also it can be used on other mobile and stationary diesel power
plants. Gas pressure sensor and vibro sensor are included into the standard version.
The system measures and calculates the following: RPM, Pmax, Pcomp, MIP, indi-
cated power, fitel injection and valves timing, gas pressure, fitel injection and valves
vibro diagrams.

91



Fuel injection and valves timing as well as estimation of technical condition of
separate units are determined by means of contact vibrosensor. It records high

Fig. 1. Equipment of the diesel engine performance analyzing system

frequency signals that occur during the ascent and landing injector and valves
timing during engine working cycle, see Fig. 2.
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Due to analyzing of fuel injection equipment and valve timing mechanism vi-
brodiagrams together with working process indicator diagram the spectrum of moni-
tored parameters has been significantly widened. The engine cylinder technical con-
dition diagnosis became possible not only by cylinder gas pressure but also by key
data of fuel injection and valve timing.

3. Data synchronization method

The Top Dead Center (TDC) of a piston is calculated by analyzing diagrams of
gas pressure in the working cylinder. Design algorithm of synchronization is based
on the fact that in case of pure compression (without fuel injection and combustion)
in the cylinder, the speed degree of increasing gas pressure is equal to zero:
dP/dFi=0 at TDC position of the piston, see Fig. 3. On the referent diagram of pres-
sure the site of pure compression before the beginning of combustion is allocated.
Factors of non-linear mathematical model of a curve dP/dFi are calculated by means
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of minimization method. Mathematical data synchronization method leads to precise
calculation o(M1P and indicated power.

60 =30 Qo 30
Crank angle [*]

Fig. 3. TDC determination with the help of dP/dFi mode

4. Example 1. Four-stroke engine

Diagnosing the working cylinder of a medium speed diesel engine is shown at
Fig. 4. Fig. 4A shows the indicator diagrams of work process and results of the work
process basic parameters calculation: indicated power, MIP, the maximum compres-
sion and combustion pressure, the angle of the start of combustion, etc. Fig. 4B
shows the vibrodiagrams of fuel injection and gas distribution which is recorded
simultaneously with the indicator diagrams. It may be noted the normal operation of
fuel equipment according to specified vibroimpulses (without distortion) of rising
(15° bTDC) and setting (4° aTDC) needle.

The first to the left vibroimpulse characterizes the signal while closing the inlet
valves. Fractional value of the vibroimpulse shows the fact that inlet valves do not
close simultaneously. It is a defect of gas distribution mechanism.

5. Example 2. Two-stroke engine

Another example of S60MC two-stroke low-speed main engine work process di-
agnosis shown on Fig. 5.

Reference points on diagrams:

1. Point on the indicator diagram which corresponds to a moment of the begin-
ning of fuel self-ignition,

2. Geometrical advance angle of fuel feed by HPFP (a plunger is beginning to
close the cut-off port),
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Fig. 4. Medium speed diesel engine working process

3. Fuel feed cut off (the low edge of HPFP plunger is starting to open the cut-ff
port),

4. Rising of injector circulation valve and termination of fuel circulation
(P~1.0MPa),

5. Rising of injector needle (P=25.0'2MPa) — real angle of the fuel injection be-
ginning,

6. Injector needle fit — real angle of the fuel injection termination,

7. Injector circulation valve fit — the beginning of fuel circulation,

8. Angle of complete closing of the exhaust valve — valve plate fit in its seat,

9. Angle of the beginning of damper action at the end of exhaust valve stroke,

10. Increase of a high-frequency noise level while opening the exhaust valve.

According to diagrams on Fig. 5 and obtained parameters, the condition of the
cylinder, the high pressure fuel equipment and mechanism of gas distribution is
normal.
6. Determining the speed of TURBOCHARGER

Charge air pressure depends on the speed of turbocharger. In connection with
this problem of its operational definition is especially important during the operation
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for all types of diesel engines. To determine the frequency of turbocharger rotation
the amplitude spectrum of acoustic signal of an air compressor was used. The spec-
trum of the main engine turbocharger, see Fig. 6 and auxiliary engine turbocharger
see Fig. 7. The spectral analysis showed that the
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Fig. 5. Two-stroke low-speed main diesel engine working process

compressor side is generating audio signal with a frequency equal to the frequency
of rotation multiplied by the number of blades.
7. Conclusions

Diagrams and data shown in Fig. 4-7 are greatly valuable for engineers as they
illustrate technical condition of working cylinder, its high pressure fuel equipment
and auxiliary systems.
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Fig. 6. Caption: Spectrum of the main engine turbocharger
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Fig. 7. Spectrum of the auxiliary diesel engine turbocharger

This method of working process monitoring can be very useful in practice. Be-
sides, the received from ship’s diesel data will help to create more real models in PC
based Engine Room simulators.
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Heo0xigHi YMOBH JIS1 OLIHKH AKOCTI TOPIHHA IO KOJLOPY MOJIYM’ S
AH1'Y i | I P Py Yy

Jl51s MOpCBHKOTO (hJI0TY €KOJIOT1UHI MUTAHHS MaloTh riaobanbHuid xapakrep. Cya-
HOTUJIAaBHI KOMITIaHii ParHyTh 3BECTH J0 MIHIMYMY BIUTUB TEIJIOCHEPTETUYHHX TPO-
IECiB Ha HaBKOJIMIITHE CEpeoBHINE. K HACIIOK, po3poOKa HOBUX HAMPSMKIB JJOC-
JJPKEHHSI TEXHOJIOTIN CIAMIOBAHHS NAJMBA JJI 3aXUCTY HABKOJIMIIHBOTO CEPENO-
BUIIIA JIJIsl HUX € aKTyaJlbHOIO.

TeopeTnuHl JOCHIIPKEHHS Ta30JMHAMIYHUX BIJIACTUBOCTEW MPOILECY TOPIHHS
CHpsSIMOBaHI Ha BUBYEHHSI YMOB JIOCSITHEHHS MAaKCUMaJIbHOI'O 3HAYEHHS €HEepreTuy-
HO1 €(DEeKTUBHOCTI Ta MIHIMQJIBHOTO BIJIUBY TEXHOJOTIYHUX IMPOIIECIB HA HABKOJIU-
IIIHE CEpEeJIOBUILIE, SIKI HEOOXI1JIHI JJIi KOHKPETHUX TONKOBUX NpHUCTpoiB. Lle no3Bo-
nse copMyBaTh BUMOTH JUIsl TEXHIYHUX 3ac001B 3a0€3MEUEHHs SAKOCTI IMPOLECY
TOPiHHS, KEPYIOUNX YMOB Ta CTaHy MPOIIECY 3rOPSHHS MaJMBa.

OCKUJIbKY BHYTPIIIHI Fa30AMHAMIYHI MTPOLIECH KOPOTKOYACHI 1 TPOTIKAIOTh 3 BU-
COKHMH IIBHIKOCTSIMH yTBOPEHHS MPOMDKHHMX MPOAYKTIB, TO HUMHU HEXTYIOTh, a
111 3a0€3MEeUEHHSI MTPOLIECY TOPIHHS BUKOPUCTOBYIOTHCS JaHl CTaHy MPOAYKTIB MpHU
3aBEpILEHI TOPiHHS, B TOM Yac K IIBUIKICTb BUIAUIEHHS TEIUIa, SIK Pe3yJbTyIOUUl
napaMeTp, BH3HAYAETHCS CTAaHOM Ta30JAMHAMIYHUX CKIAJOBHUX TMPOMIKHHUX IPO-
1IECiB.

B TOnKOBHX MPUCTPOSAX JOCHIIKEHHS TEXHOJIOT1i MPOLECY BUTOPSHHS MajuBa
0a3yeThcsl Ha KOMIUIEKCHOMY TE€PMOJIMHAMIYHOMY aHali31 MOTOKY HOro CKaJsIpHO1
CTPYKTYpH.

ExcnieprMeHTa bH1 TOCHTIKEHHS MPOLIECY BUTOPSIHHS NaJIBa HE Aal0Th OBHUX
BIJIOMOCTEH MPO 3aKOHOMIPHOCTI Ta TMOB'SA3aHUX 3 UM XapaKTEPUCTUK BHYTPIITHIX
MPOILIECIB MEPETBOPEHHS MaIKMBa Ta MPHU MO0 3MIIIYBaHHI y MOTOI MPOAYKTIB 3r0-
PSHHA 3 TOBITPSAM. 3MiHA MMOAayvl B 00JIaCTh TOPIHHS KOXHOI 13 3a3HaYE€HUX KOMIIO-
HEHT B TEOPETUYHHX NIEPETyMOBAaX KOHCTATYIOTHCS IOCUTh OOTPYHTOBAHO.

3 ypaxyBaHHSM BHIIE CKa3aHOTO 3aBIaHHS JTaHUX Te€3 € BHU3HAYCHHS YMOB
00'€THAHHS CKAISIPHUX XapaKTEPUCTUK OKPEMHX IMPOIIECIB TOPIHHA 3 METOIO OTpH-
MaHHsI OUIbIII JOCTOBIPHUX JIaHMX Ta 1X OIIIHKH, a TAKOX 3a JOIMOMOIOI0 OMHUCY J10-
CSITTH MaKCUMAaJIbHOTO HAOMMKEHHS 10 peaibHOTO.

OO0'eMHI B3a€MO3B'SI3KHM, 10 BU3HAYAIOTh SKICTh (€HEPreTHYHY €(EKTHUBHICTH)
MPOIIECy, € OCHOBHUMU 1H(POPMATUBHUMH JKEPEIIAMU TIPU HOTO TOCTIIHKEHI.

SxicTh mporiecy SK OAWH 13 MOKA3HUKIB CKAJSIPHOI CTPYKTYpPU TOPIHHS, MOXKE
OLIIHIOBATUCH BI3yalIbHO IO MPO30POCTI 1 KOIBOPY MoTyM'st (Komip Mae OyTH COJIOM'-
STHO-)KOBTHM a00 SICKPaBO-)KOBTOTAPSIHM).

Konip oHO3HaYHO BHU3HAYAETHCS CHEKTPATHHUM PO3MOALIIOM €HEPrii Mo CIeK-
TPy 1 Temnepartypi 3a popmysoro [1nanka. Bimomo - piBHUM 1HTEpBajaM 3MiHU TEM-
nepaTypu B CKaJSpHIA CTpykTypi moimym's (y «3BOPOTHIX MiKpOKEIbBIHAX»)
BIJIMOBIAAIOTh OJTHAKOBI 3MiHU KOJILOPOBOCTI MTOTYM'sl.

Jlns aHasi3y BHUIIIECKAa3aHOT'0 HEOOX1THO BUSHAYUTH:

CTPYKTYPY 1 XapaKTEpUCTUKU BUIIPOMIHIOBAHHS;
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Jlara3oH CIEKTPaIbLHOTO IHTEPBATY;

J1ara3oH eHeprii, ika MEPEeHOCUThCS OOpaHOMY CIIEKTpaIbHOMY 1HTEPBAJI;

ONTHUYHI XapaKTEPUCTUKHU MOTYM 51.

Jlns iboro HEoOX1HO 1aTh 00'eMHE YSABJICHHS IPO 3MiHY HOTO mapaMeTpiB Ipu
3MiHI TEIJIO- Ta MAaCOOOMIHY K YCEPEIMHI, TaK 1 Ha MeKax 00’ e€MiB. 3BIJICH BUILIU-
BalOTh BUMOTH JI0 BUKOHAHHS JIOCHIIP)KEHb HECTAIlIOHAPHUX MPOIECIB, AKI CIPUYU-
HEH1 3MIHHUMH TpajJileHTaMH TTapaMeTpiB, JHKepeIaMU TeIla Ta CTOKY Y (hiKCOBaHUX
koopauHatax. Lli mpoliecn BU3HAYAIOTHCS KOOPAMHATAMHU Ta TUIIOM TOIKOBOTO
MPUCTPOIO CIIIBHO 3 BUTOKOM 1 CTOKOM HOBHX Ta MPOMDKHHMX NapaMmeTpiB. Bonu B
YMOBax CTalliOHAPHOTO MOJyM'ss (OPMYIOTh Ta BH3HAYAIOTh HIBUAKOCTI 3MIHM Ta-
paMeTpiB uYepe3 HENHIMHICTh MiJBEICHHA NanuBa, (PI3UKO-XIMIYHUX Ta Ta30/u-
HaMIYHUX MPOLECIB. XapaKTEPUCTUKU MOIYM'sl 32 IPU3HAYEHHSAM: MOTPIOHMUX II1IIb-
HOCTEH CBITJIOBOTO MOTOKY, HEOOXITHUX ONTUYHUX BJIACTUBOCTEH Ta TEMIIEPATypH,
MMOBHOTH 3TOPSIHHS — CHTAJIBIIIT Ta 1H.

OcHOBHI TpoI1iecH, 1110 MPOTIKAIOTh B TypOyJlieHTHOMY TosiyM’1 (puc. 1) Bu3Ha-
YaloTh MOPSIIOK PIBHSIHB Ta AJITOPUTM PO3PAXYHKY, a CaMe 3MiHHI:

— IIBUJIKOCTI MIBEICHHS Ta B3a€MO/I11 MaIMBa Ta MOBITPS;

— TPaJli€HTH TEMIEPATYpH B 00’ €M1 TOPIHHS Ta 1i KOOpIUHATAM;

— MAacH, MUIBHOCTI, KOHIIEHTPAIII] Ta SIKOCT1 PO3MUIIOBAaHHS KOOPIMHATAMU;

— Teru10(13UYH1 BIACTUBOCTI BUX1THUX, TIPOMDKHHUX Ta KIHIIEBUX MPOJYKTIB;

— Koe(ILIEHT HAJUIUILKY MTOBITPS;

— 30BHIIIHI, BHYTPIIlIHI Ta IPOMIXKH1 MPOAYKTH Yy TIepepi3i NOTOKY;

— YMOBH MOBEPXHI TOPIHHS BIIHOCHO OCl CUMETPIi.

Puc.1. CtpykTypa TypOyJI€eHTHOTO MOJIyM s, sIKa 3al03u4eHa 3 myoumikaii [2].

Ha upomy pucynky Di— Dy, obnacti 3 TypOyJaeHTHUM 1 HETypOyJIEHTHUM IOTO-
KOM. Di;— Dn; — 06’eMu B TypOyJI€HTHOMY MOTOIIl 3 MOCTIHUM 3HAYEHHSIM BiJHO-
BJICHOI KOHIeHTpallli mamuBa, D, — o61acTh 3 HEOMHOPITHUM IIOJEM BiTHOBICHOI
KOHIIEHTpaIlii nanupa (006sacTh BUNIPOMIHIOBaHHS). [Ipu 11boMy TypOyiaeHTHHM TO-
TIK MICTUTh BECh MOJIUBUH CHEKTpP BUIIPOMIHIOBAHHS, TOOTO BECh HaOIp JKepes
yTBOPEHHSI KOJIBOPY, B TOM Yac K HeTypOyJeHTHa 0071acTh MOK€ MICTUTH B OCHO-
BHOMY TLJIbKH JKEpela BHIIPOMIHIOBAHHS Majioi iHTeHCHBHOCTI (a0o B3aram X He
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MaTH, SIKII0 00JIaCTh PO3TALIOBAHA JIAJIEKO BiJ 30HU 3 HEOJHOPITHUM IOJEM BiTHO-
BJICHOI KOHIICHTpAIIii I1aJINBa).

Busnauenns miei iHbopmallii € HE0OXITHOK YMOBOIO JIJIi BUPIIICHHS 3aiadi
OITIHKM SIKOCTI MPOIECy TOPiHHA 1 0a3yeThCsl Ha aHalli3l CKAISIPHOI CTPYKTYPH MPO-
1[eCy 1 ONTUYHHUX BJIACTUBOCTEH BUALICHUX OOJacTed MO CIIIYIOYMM BHUXIJIHUM Ja-
HUM:

KUTBKICTh BUIIPOMIHIOBAHOI IMOJTyM'sSIM €HEPrii,

MeX1 3MIHU HOTO ONTUYHUX XapaKTEPUCTHK;

3MIHH SICKPABOCTI 1 CIIEKTPAIBHOTO CKJIaly BUIPOMIHIOBAHHS;

MeX1 3MIHU KOJIIPHUX 1 CIEKTPATbHUX XapaKTEPUCTHK.

BpaxoByroun HaBeneHi apryMeHTH Ta c()OpMYIbOBaHI HAMPSMHU AOCHIIKEHBb
MpoIIeCy TOPIHHS ManBa B 00CA31 3 ypaxyBaHHSAM 3a3HAYEHUX HOTO OCOOJIMBOCTEH,
Ha TICPIIUH TUTAH BHUCYBA€THCS 3aBJIAaHHS OIIIHKH B3a€MO3B'S3KY IMOJadi MMajuBa Ta
MOBITPS 3 XapaKTEPUCTUKAMHU BUIIPOMIHIOBAHHS IPY BUTOPSHHI MMaJIMBa B 33IaHOMY
TOTIKOBOMY MPUCTPOr0. BUOopy MeToay JOCTIKEHHS TIepeaye MaTeMaTUYHUN OTUC
dbopMyBaHHs, PO3BUTKY Ta BUTOPsIHHA. Lle 103BOJIsIE BpaxyBaTu B3a€MOJIIT OKpPEMUX
¢a3 y moToIrl MpoayKTIB TOPiHHS 31 3MIHHUMH TETUIOEMHOCTSMH Ta CHTAJIBITISIMHU.

Onuc HecTalllOHApHUX MEPETBOPEHb Y MOJIYyM'T 3 METOIO OIIHKM E€HTAaJBIINA 3a
TEIJIOTOI0 PEaKiliii BU3HAYAETHCS METOJOM HAOMKEHOTO PO3PAXYHKY y3arajibHe-
HOTO MapameTpa Z - BiIHOBJICHOI KOHIICHTpallii manusa [1,3].

®opMyBaHHS CKAJISIPHOI CTPYKTYpPH MPOIECY B 30HI TypOYJIEHTHOIO 3MIIITyBaH-
HSI CYIYTHHUX TTOTOKIB BU3HAYAETHCS 3a (HOPMYJIIOI0

Stc —c +1
— m [
1+ St

1€ ¢y U C, — BIATIOBITHO KOHIIEHTpAIIil MayMBa i MOBITPs; St - cTeXioMeTpUIHUN
KOe(DIIIEHT TOPIHHSL.

Sk BHIHO 3 PUCYHKY | B IMOTOIll 3 HEOAHOPITHUM I10JIEM BiTHOBJICHOI KOHIICHT-
parii majvBa BUILISIOTH 00JACTI BUIPOMIHIOBAHHS, K1 PO3/IUICHI M&XaMHU 3 BHIIa-
JIKOBOIO 3MIHOIO MOJIOXKEHHS:

CYMIIIIIIIO MPOAYKTIB 3rOPSIHHS 3 TIOBITPSIM;

CYMIIIIIITO MMPOAYKTIB 3rOPSIHHSA 1 MaJINBA;

TypOYJEHTHOTO AU(PY31HHOTO TOPIHHS.

B 1iux 06macTsax BHMPOMIHIOBAHHS BU3HAYAETHCS 3MIHHUMH CKJIAJIOBUX CKaJISp-
HOI CTPYKTYpPH IPOILIECY, Kl MOKYTh OyTH BU3HAYEHI MO TMOJIIO BITHOBJIEHOT KOHIIE-
HTpAlLlil ajduBa MIX HyJEM 1 Z. B 3aneXHOCTI BiJ] MOYaTKOBUX YMOB B 30H1 TOPIHHS
(dopMy€eThCS BIATIOBIIHA CKAJIIpHA CTPYKTYpa Mpoliecy ropinHs. Taki 3MiHM MalOTh
JETePMIHICTChKI BJIACTUBOCTI, SIK1 JO3BOJISIOTH MO HOBOMY IIJIXOJMTH JO OLIHIO-
BaHHS TIporiecy ropiHHs. JOCTiKEeHHs ONTUYHUX BJIACTUBOCTEN TaKOi CKAJISIPHOI
CTPYKTYpH B HEI30TEpMIYHHUX pearyrounx TypOyJIEeHTHUX MOTOKaX € CKJIaJHOIO MPO-
65emMoro.

OpHak BOHA ICTOTHO CHPONIYETHCS 3 BU3HAYCHHSIM IapaMeTpa BiJHOBIEHOI
KOHIEHTpallli, IKuil € 00’ €JHYI0OUMM MapaMeTpoM mporuecy. [Ipu oMy Bci KOMIO-
HEHTH 3MIHIOIOTHCS aHAIOTIYHO 32 €JUHOIO CKATISIPHOIO CTPYKTYPOIO.
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OcobmuBOCTSAMHU PIIICHb 3aB/IaHb 3 BUIIENIEPEPAXOBAHUMHU YMOBAaMH, IO CIIPO-
IIYIOTh ONHUC MPOTIKaHHS peajbHUX IPOIIECIB HA OCHOBI 1HTErpaAJIbHUX PIBHSHb Ira-
30BOi JIMHAMIKH, € YUCCIBHUN METOJ JII1 BH3HAUCHHS XapaKTCPUCTHK BHTOPSIHHS
najauBa, 10 MPEJACTABIAETHCS Y BUTJISI PI3HUIIEBUX CITOK JOBUIBHOT KOH(ITypalrii.

Buxozs4uu 3 TeOpeTUIHHX MOJI00KEHD [1,3], KOHIIeHTpaIlii KOMIOHEHTIB CKaJIs-
PHOI CTPYKTYpH B 30H1 TU(P (Y3111 HOTO TOPIHHS BU3HAYAIOTHCS 10 3AJICKHOCTSIM:

z—2z z
z>z, l-— z<z
Ch -z, ¢, = Z,
0 z<z 0 z>z.
H 7
-z z,
s COF
—z, Ot z—z
C,. = N I -1 L oz>z
z 0o foi 1—2 s
— z<z I —7 s
0s 01
zg s 0 z<z
H

DHTasbIIs HA PPOHTI MOJIYyM’ sl BU3HAYAETHCS 110 YMOBI
Iy =1+ 0z,
[Ipu BU3HAUEHI TEIJIOEMHOCTI CYMiIlll BUKOPUCTOBYETHCS 3AJI€KHICTD
N
€p = Zcplcl
I=1 .

MurTreBe 3HaYEHHS MIIJIFHOCTI INIOTHOCTH BU3HAYACTHCS 110 3aJI€KHOCTI

~

M=
=5

M=

T
= \@

Cucrema piBHSHBb TU(DPy31HHOT TypOYyJIEHTHOT MOZENI B HAOIMKEH1 TPAHUYHOTO
mapy Jijisi OCICUMETPUYHOTO TIOTOKY BKJIOYA€E B c€O€ pIBHAHHS:
PYXy

T R B D O O B

o(x) "oy yoy oy o _(<P>—Po)g,

0
DO L L2 vy =0 o, -2
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TypOyneHTHOI Tuddy3ii

(3 e S = L2 )2, 2

o vy 'Se” oy

eHeprii TypOyJIeHTHOCTI

(o) AL+ s, 2 - ﬁ[@mﬁ} - <p>vt(MT - ﬂz[l + o)

8<x> oy yoy

KoedilieHTa TypOyJEeHTHOI B’ I3KOCTI

(oH) 2 g 2 = 1L ey L] D) g

o  yoy oy

JMCIIepCii myJibcallii KOHICHTparlii

o)

oy

<P><”>2<%2> (P %2 = i%{(ﬁ)xlw aa(; : } ¥ 2<p>%{%f - ﬂ1{1 v

e

Vi

Po3B'si3aHHs 1TUX pIBHSHB 03BOJISIE HAOJIU3UTH TEOPETUYHI JaHl A0 peabHOro
iX 3acToCyBaHHS B KOTJIOBUX YCTAHOBKax, IO MPHU3BENE JO 3HAYHOI MOKpPAIICHHS
SKOCTI CTIAJIIOBAaHHS TATNBA.

HaBenenuii marepian BuU3HA4Yae MpOOJEMHI HANPSIMU JIOCHIJDKEHb TIPOIECY
TOPIHHA JJI BIAKPUTUX cUcTeM. Jlo mepesniky OCHOBHUX MPOOJIEMHUX HANpsMiB J10-
CJTi/DKCHb BUINECTIEPEPAXOBAHUX TTOKA3HHUKIB CTABIIATHCS:

- popMma mostyms B TOMII;

- BUKOPUCTAHHS NAJIUB HIMPOKOT0 (PPaKIIMHOTO CKIIAY;

- peXUMHU POOOTH ICHYIOUUX TOIKOBUX MPUCTPOIB;

- po3poOKa METOAY KOHTPOJIIO MPOIIECIB Y TOMKOBUX MPUCTPOSIX;

- peryioBaHHS Ta KEpYBaHHSI IPOIIECOM BUTOPSIHHA (pakena;

— B3a€MO/I1i MPOMIKHHX MPOIIECIB, 10 (POPMYIOTh BUTOPSTHHS TAJIMBA,;

— ra3oJMHaMIYHl MPOIECH YTBOPECHHS, BUTOPAHHS TajNBa, a TaKOX AUQy3iiiHi
IIPOIIECH B 00’ Mi;

- YTBOPEHHS MPOMDKHUX paguKalliB (30KpeMa caxi)y ¢akeri.
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VJIK 629.5

3a0noupknii F0.B.
Hamionanpauit yHiBepcuteT «Ojiechka MOPChKa akaJaeMisy

3abe3neyeHHs1 BUMOT MixkHapoaHoi nporpamu Green Logistics mix wac
eKCIuIyaTamii cyJieH MOPCbKOIro TPaHCIOPTY

Cy4acHi JIOTICTHYHI CHCTEMH, 110 TIOB’sI3aH1 3 3a0€3MeUeHHSIM TIEPEBE3CHD CY/I-
HAaMU MOPCBHKOTO TPAHCHOPTY, 3HAYHO BIUIMBAIOTh HA €KOJOTIYHUN CTaH K IMOPTO-
BUX Ta MPUOEPEKHUX, TAKOXK 1 MOPCHKUX Ta OKEAHCHKHUX aKBAaTOPIH, 1110 3yMOBIIIOE
HEOOXIJHICTh MEPEeXO0y 10 3eJIeHOi JioricTuku [1]. 3pocTaHHs IHTEHCHMBHOCTI BaH-
Ta)XOIEepPEeBE3€Hb, KI BUKOHYIOTHCS CYJHAMU PI3HOTO JIEIBEUTY Ta MpPHU3HAYCHHS,
BUKOPHUCTAHHS SIK JPKepesia eHeprii majivBa HaTOBOTO MOXO/KEHHsI, HEMUHYYa Ha-
SIBHICTh OQIACTHUX TIEPEXOIIB ISl ACIKUX THIIIB MOPCHKUX CyeH (TepI 3a Bce NS
TaKUX, 10 TPAHCHOPTYIOTh HadTy, HAPTONPOMYKTH, 3PILIKEHUM TPUPOIHUI abo
Ha(TOBMIA ra3) NpU3BOAATH A0 MIABUILICHHS PiBHSA BUKHJIIB NApPHUKOBUX Ta3iB, IO
HETaTWBHO BIUIMBAE Ha KJIiMaTU4HI 3MiHH. OCHOBHOIO MPOOJIEMOI0 € HEOOX1THICTh
IHTEerpalii eKOJIOrTYHUX CTAaHAAPTIB y JIOTICTHYHI MPOLECH MiJ Yac MiHIMI3alli BU-
TpaT Ta 30epeKeHHI KOHKYPEHTOCIPOMOXKHOCTI CyJAHOIUIABHUX KOMIaHiil. OnHaK,
peanizalis TaKuX pIIIEHb CTUKAETHCS 3 PSAOM BHUKIIMKIB, BKIIFOUYAIOUH BUCOKY Bap-
TICTh HOBUX TEXHOJIOT1M Ta HU3bKY TOTOBHICTh PUHKY J0 IHHOBALIIi.

3elieHa JIOTICTHKA BKJIIOYA€E Oynb-Ky O13HEC-TIPAKTHKY, SIKA MIiHIMI3Y€ BIUIMB
JIOTICTHYHOI MEPEXi Ta MOCTaBOK Ha JOBKULIA. CTiiKa JIOTICTUKA YA €KOJIOTIYHA JIO-
ricTuKa 3a0e3MeuyroTh BUCOKUN MPUOYTOK, HE KEPTBYIOUM KOMEPIIIHHUM MPUOYT-
KOM YH OJIaromnojy4dsiM rianeTH [2].

Ockinbku 75% CBITOBOI MI>KHAPOIHOI TOPTIBJII 3aJIEKUTH BiJl MOPCHKOTO TpaHC-
MOPTY, CYJHOTUIABCTBO CTAJIO0 KPUTUYHO BAKIMBUM CTOBIIOM TJI00AIBHOT JIOTICTHKH.
31 MBUAKUM PO3IMIUPEHHSIM MI>KHAPOIHOI TOPTIBIII MAaCIITAOM MOPCHKHUX MEPEBE3EHB
MPOJOBXYIOTh 3pOCTaTH, IO MPU3BOAUTH A0 JeJajii OUIbII MEPEeBAHTAXKEHUX Ta
KBaBHX MOPCHKHUX IIIJITXaX.

Opniero 3 podJieM 3a0€3MeUeHHsI 3€JIeHOT JOTICTUKU € MOMepeKeHHS 31TKHEH-
HSl CyJI€H, HACIIJIKOM YOTO CTAalOTh HEKOHTPOJIbOBaHI PO3JIMBH HA(PTONPOIYKTIB Y
MOPCHKE CEpeIOBUILA Ta BUKUAM IIKIIJIMBUX PEYOBUH Yy MOBITPsA. YacTi 31TKHEHHS
CYJIEH CTaJli Cepiio3HOI0 Mpobiiemoro Oe3neku. L{s mpobiaema 0cobIMBO akTyaibHa
B MOPTOBUX paiioHaXx, /e 9acTOTa MEPETUHIB Ta 3ITKHEHb CyJIeH 3HAYHO 3pOcia, 10
3HA4YHO 3011IbIy€e pu3nk 3iTKHEeHD [3]. [IpumiTHO, 110 45,3% BUNaaKiB TPaBMYBaHHS
Ta CMEPTENBbHUX BUMAJKIB BiIOYyBalOThCS B MOPTOBUX Boaax [4]. I11lo6 3meHmmTH
4acTOTY MOPCHKHMX aBapiil Ta MOJIETIINTHA HAaBaHTA)XCHHS Ha YIEHIB €KiMMaxy, 1HTe-
JIEKTyalbHI CyJJHA CTAIOTh KIFOUYOBHUM HAIMPSIMKOM Yy MailOyTHROMY MOPCBHKOTO Tpa-
Heropty [9]. OCKIIBKH BUMOTH JI0 OMEPAIifHOTO cepeoBUIla Ta €PEKTUBHOCTI CYy-
JHOIJIABCTBA MPOAOBKYIOTh 3pOCTATH, IHTEJEKTyallbHI Cy/IHAa MOBUHHI HE JIMILIE Ma-
TH TIEPeI0OBl MOKIIMBOCTI ABTOHOMHO1 HaBirallii, ajie i OyTH 31aTHUMH CIIpUIMATH,
MIPOTHO3YBATH Ta MPUHMATH PIICHHS B PEKUMI PEaTbHOTO Yacy B CKJIATHUX MOPCh-
Kux cepenoBuinax [6]. Lle Bumarae eheKTHBHOI 0OpOOKH JaHUX 3 Oaratbox JKepes
Ta rIIMOO0KOT0 PO3YMIHHS JMHAMIYHMX HaBiramiiHux ymoB [7]. OmHak MOpPCBKE ce-
PEIOBUIIE € yKEe AUHAMIYHUM, 1 BEJIMUYE3HUNM 0OCAT HaBITallIMHUX JAHUX, Pa3oM 3
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HOTO CKIIQJHUMU B3a€MO3B'SI3KaMH, CTBOPIOE 3HAYHI TIPOOIEMH MJIsi CIIPUIHATTS Ta
IPOLIECIB NPUMHSTTS pillleHb 1HTENeKTyanbHUMU cynHaMmu [8]. CydacHi TeXHOJIOTIT
3ano0iraHHs 31TKHEHHSIM MO>KHA y3arajlbHUTH Y TPU OCHOBHI MPOIECHU: MPOTHO3Y-
BaHHS PYXY, BUSIBJICHHS 31TKHEHb Ta MOMEPEKEHHS 31TKHEHb.

[HII0F0 CKITa0BOKO 3a0e3nedeHHss BUMOT mporpamu Green Logistics e 3HrkeH-
HSI BUKUJIIB Y IOBKIJUIS TIOKCH/IIB BYTJICIIIO.

TpaHcnopT € OJJHUM 3 OCHOBHUX JKepen 3a0pyJHEHHS JOBKULIS, TOMY BaXKIMBO
AKTUBHO PO3BHBATH 3€JICHY JIOTICTUKY, CIIPSIMOBAaHY Ha 3MCHIICHHS HETaTHBHOTO
BIUTUBY MOPCBKUX TPAHCIOPTHUX 3ac00iB. JloricTuka, sIK KJIIOUOBa CKJIaJ0Ba JIaH-
I[fora MOCTa4YaHHsA, BiJIITPa€ BaXJIMBY POJIb Y CBITOBIM €KOHOMILII, ajle€ TaKOX € OJI-
HUM 3 OCHOBHHUX JKepell 3a0pyJHeHHs moBiTps. 3a nanumMu CBITOBOTO OAaHKY, TpaH-
CHOPT BiANOBiA€ 3a OJMU3BKO 25 % 3arajgbHUX BUKHUJIB MAPHUKOBUX Ta3iB y CBITI.
3esieHa JIOTICTUKA nependayae BpaxyBaHHs €KOJIOTTYHOTO BIUIMBY KOMIIAHI1 Mij yac
CIpsIMOBaHA HA 3MEHIIICHHS] HETaTUBHOTO BIUIMBY Ha HABKOJIMIIHE cepenoBuile 0e3
IIKOAM JJIsI EKOHOMIYHOI AisUTbHOCTI KomnaHii. [le mocaraeTscst uepe3 BIpoBaIKeH-
HS PI3HUX 3MIH Y JIOTICTUYHHUX MPOLIECcax, TAKUX K BUOIP €KOJIOTTYHUX MOCTavalb-
HUKIB, BJJOCKOHAJICHHS 1HQPACTPYKTYpH, ONTHUMI3allisd MPOIECIB 3aBAHTAXKEHHS Ta
PO3BAHTAXKEHHSA CYJIEH, BU3HAYEHHS ONTUMAJILHOTO Yacy MpUOYTTS CYJEH JI0 MOPTY
npu3HayeHHs. [cHye 0e3liu pillieHb, sIKl J03BOJIAIOTH MOEAHATH e(DEKTUBHICTD JIOTI-
CTHKH 31 CTAJIUM PO3BUTKOM. X0Ya BIPOBAHKEHHS 3€JICHOT JIOTICTUKH BUMAarae 3MiH
y AISUIBHOCTI CYJHOIUIAaBHUX KOMIIaHIi Ta MEBHUX BUTPAT Yacy 1 pecypciB, Takl 1HBe-
CTHUILIT MOKYTh IPUHECTH 3HAYHY KOPUCTD Y IOBFOCTPOKOBII NMEPCIEKTUBI.

OCHOBHHMMH €JI€MEHTAaMH 3€JICHOI JIOTICTHKH €:

" 3HIKCHHS BUKU/IIB MAPHUKOBUX ra3iB;

" 3MCHIIEHHS EHEePTOCIOKHUBAHHS;

" mepexij Ha BUKOPUCTaHHS €KOJIOTTYHUX JHKEPEeI €HEeprii;

" ONTUMI3AIlIS JIOTICTUYHUX OIepaIliii.

Bukivku, 3 SKUMH CTHKAIOTHCS CYAHOIUIABHI KOMIIAHIi ITiJT Yac BIPOBAKEHHI
3€JIEHOI JIOTICTUKH, MOB'A3aHl 3 BUCOKHMHU IMOYATKOBHMH 1HBECTHUIIIMH, HEIOCTAT-
HBOIO IHPPACTPYKTYPOIO, @ TAKOK HECTAUCIO CTUMYJIIB 3 OOKY Jep>KaBH.

VY CBITI KpaiHU MOCTYMOBO BIIPOBAKYIOTh CTpaTerii 3eyeHo1 Jorictuku. bararo
€BPOIECUCHKUX KpaiH BKE BCTAHOBWJIM HOPMATHBH IIOJI0 BUKHUIB TPAHCIIOPTY, CIIO-
HYKaIO4Yu KOMITaHii 10 3MeHIIeHHs: BUKuAiB CO, Ta 1HMMX 3a0pyAHIOIYUX pedo-
BuH. Kpainu Asii, Taki sk SnoHis Ta Kurtail, Tako’)k akKTUBHO PO3BUBAIOTH 3€JIEHY
JIOTICTHKY, 30CEPEIKYIOUNCh Ha BUKOPUCTAHHS CYACH 3 CICKTPHUUYHUMH OaTapesiMu
1] Yac 31MCHEHHS] BHYTPIIIHIX MOPCHKUX Ta PIYKOBUX MEPEBE3€Hb, BUKOPUCTAHHS
aJIbTEPHATUBHUX TAJUB 31 3MEHIIICHUM BMICTOM a00 MOBHOIO BIJICYTHICTIO BYTJICIIIO
y HOT0 CKJIaJIi, ONITUMI3AIlEI0 MBUAKOCTI Cy/IHA, MIHIMI3aIII€I0 CTOSSHKOBOTO Yacy SK
M1 9ac OYIKyBaHHS BaHTXKHUX OTIEPalliif, TAKOXK 1 T 4ac X MpOBEICHHS.

VYkpaina, sk MOpPChKa Jiep>KaBa, CTUKAETHCS 3 BUKJIMKAMU 30€PEKEHHS IOBKIJLIA.
HesBaxatouu Ha te, mo HamionansHa crpaterist po3BuTKy 10 2030 poky BKIIOYA€E B
cebe 3ax0u 3 MOKpPAILEHHs €KOJIOTTYHUX MOKa3HUKIB, Mpo0sieMa 3a0e3MeyeHHs BU-
mor Green Logistics mij 9ac MOPCHKUX TEPEeBE3eHb 3AIUIIAETHCS HEPO3B’ I3aHOIO.
VYkpaiHChKI CYJHOTUIABHI KOMITaHI1 MOBUILHO MEPEXOATh 10 3€JICHO1 JIOTICTUKHU Ye-
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pe3 BUCOKI BUTpaTH Ta Opak pO3BMHEHOI 1H(PpacTpyKTypu. 3ejeHa JOTICTHKA Mae
0e3114 mepesar, 1 K0 BUKOPUCTOBYBATH iX MPaBUIBHO, 1€ MOKE CIPHUSITH TOJIII-
IICHHIO €KOJIOTIYHO1 CUTYyaIlii, 30KpeMa, IIITX0M 3MEHIIeHHS TpadiKy, 0COOIUBO Y
BEJIMKUX TOPTaX, OOMEXEHHSIM BHUKHIB Ta TTOBHOMY 3al00IraHHIO PO3JIMBIB IIIK1JI-
JUBUX PEUYOBUMH. BUKOHAHHS IIMX BUMOT 3HM3UTh HETaTHUBHUMN BIUIUB HA CEPEIOBU-
11€, a TAKOX 3MEHILUTh BUTPATH.

OpHuM 13 OCHOBHUX HANPSIMKIB PO3BUTKY 3€JICHOI JIOTICTUKHA Y MOPCHKOMY Tpa-
HCITOPTI € BIPOBAKCHHS €HEProe(PEKTUBHUX CYJICH Ta BUKOPUCTAHHS albTCPHATH-
BHHX JKepenax eneprii. Lle mo3Bosisie 3HauHO 3HU3UTH piBeHb BUKUAIB CO; y MOBI-
Tps. BogHoyac aktyanbHuM 3aco00M 3a0e3meueHHs 3€JIeHO0T JOTICTUKU € ONTHUMI3a-
II€I0 TPAHCMOPTHUX MAapIIPYTiB, MO0 3MEHIIUTH BUTPATH TMaJIKMBA 1 MiABUIIUTH
e()EeKTUBHICTh BUKOPUCTAHHS PECYPCIB.

AKTyalbHICTh PO3B’SI3aHHS 3aBJIaHb 3 3€JICHOI JIOTICTUKH 3yMOBIIOETHCS THM,
o 6sm3pKo 80...90 % CBITOBUX BaHTaXIB MepeBo3sThCs MopeM. IIlopoky KoHTel-
HEpPHI CyJHa BUKUJAIOTHh MPUOINU3HO | MUIBSIpJT METPUYHUX TOHH BYTJIEKUCIIOTO Ta-
3y, 110 CTAHOBUTH OJIN3BKO TPHOX BIJICOTKIB yCIX TJIOOATBHUX BUKU[IB TAPHUKOBUX
rasiB, a TaKOXk BEIUYE3HY KUIbKICTh TOKCUYHUX BIJIXOJIIB, SIK1 3aJIMIIIAIOTHCS B OKea-
Hax.

Janceka kommanis Maersk, uni cynHa BukuHynu 38 minbioHiB ToHH CO; y
2024 pomi, 3amMoBWJIa BICIM HOBUX CYJIEH, IO MpaIlOI0Th Ha BYTJEIEBO-
HEUTpaJIbHOMY METAHOJI, 00 JOCITITH CBOIX aMOITHHUX €KOJIOTTYHMX Iiei. SAnoH-
ChK1 Ta HOPBE3bKI CYJJHOTUIABHI KOMITaHI1 TAKOX aKTUBHO BIPOBAKYIOTh IHHOBAIIi1
B MOPCHKOMY BaHTa)KHOMY CEKTOpi, 30KpeMa, CTBOPIOIOYHU IMOBHICTIO €JIEKTPUYHI
TaHKEpU Ta MepIle y CBITI aBTOHOMHE €JIEKTPUYHE BaHTaxkHEe cyaHO. Lle cynHo mMo-
K€ YIPaABIATHUCS Ta MIBApTYBaTUCS AUCTAHIIMHO 3a IOMOMOTOI0 paaapiB, iHPppadep-
BOHUX CEHCOPIB 1 KaMep, IHTErPOBAHUX Yy CUCTEMY aBTOMATUYHOIO YIIPaBIiHHS.

CKopo4eHHs BiICTaHEH TPAHCIOPTYBAHHS TaKOXK € YaCTUHOIO 3€JICHOI JIOTICTH-
ku. KaHanu po3nojily € Ba)JIMBOIO CKJIAJIOBOIO JIOTICTUYHUX MPOIIECIB, 1 CTpaTeTis
3€JIEHO1 JIOTICTUKHU 30Cepe/KeHa Ha 3HIKEHHI BUKHJIB IUISIXOM CKOPOYEHHS JIOB-
KUHU TPAHCIIOPTHUX MapHIPYTiB, BUKOPUCTAHHSI CyYaCHUX MOPCHKUX TPAHCIIOPT-
HUX CyJCH 3 €()CKTUBHIIIMMU JIBUTYHAMH Ta KOHTPOJIIO MBUAKICHUX OOMEKEHD JIJIs
3MEHIIICHHSI CIIOKMBAHHA NanBa. BpoBaKeHHsT €KOJIOTTYHO YNCTUX KaHAIB PO3-
MOJIUTY CIIPSIMOBaHE Ha MIiHIMI3AI[il0 HETATUBHOTO BIUTMBY Ha JOBKIJUIS.

BukopucranHs €KOJIOTIYHO YUCTUX BHUIB MajJWBa MOXKE 3HU3UTH PIBEHb 3a0py-
JTHEHHS MOBITPSHOTO Ta BOAHOTO CEPEIOBHUIIA, 3MEHILYIOUU NOTpeOdy B BUIOOYTKY
Ha(TOBUX JKEpEs €HEePTii.

BinHoBnOBaHa €HEPrisd € HEBUUEPITHOIO, HA BIIMIHY BiJl BUKOITHOTO MAINBA, SIKE
MO’KE€ BUUEPITATHCS MEHII HIX 3a ACCATh-T'ATHAIIATE poKiB. [IpoTe, anbTepHATHBHI
JoKepelia eHeprii, Takl sSIK COHAYHA, BITPOBA, reoTepMalibHa Ta TiJIPOCHEPTis, 3allu-
IATUMYTHCS TOCTYITHUMH HA3aBXIH. X04a BIPOBA/KCHHS BIIHOBIIIOBAHOI €HEpTe-
TUKH MOXKE CIIepITy OyTH JOPOKYUM, Y JIOBFOCTPOKOBIM MEPCHEKTUBI 111 BUTPATH
3MeHIIaThCs. Jlo TOro K, BUKOPUCTAHHS IIUX JDKEPEN €HEPrii JormomMarae 3aXxucTuTu
JTOBKULJIS, 3MEHIITYIOUH BUKUAM MMapHUKOBUX Ta3iB, M0 MO3UTHBHO BIUIMBAE HA 3/10-
POB's JIOIEH.
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[lepeBaru 3eneHoi JOTICTUKH OXOIUTIOIOTh KOMIaHiIo, ii MOCTavyaabHHUKIB 1 HapT-
HEPIB, KIIEHTIB Ta CYCMUIbCTBO 3aranom. Cepen HUX:

1) miBHIIECHHS JAOBFOCTPOKOBOI MPHOYTKOBOCTI: 3€JI€HA JIOTICTHKA CKOPOYY€E
BIJIXOJIM, BUTPATH Ta BUKUAM BYTJIEIIO HAa BCIX €Tamax JIOCTaBKH. Xouya Ie moTpedye
MOYaTKOBUX 1HBECTHIIIH, TOJIabllla €KOHOMISI 3HAYHO TepeBullye Butpatu. Jloci-
JOKSHHS MOKa3alu, 1110 KOMIMAaHii 3 BUCOKMM PIBHEM CTIHKOCTI JOCSTAIOTh Kpaliux
Pe3yJbTaTIB y IOBTOCTPOKOBIM MEPCTICKTUBI;

2) HOBI Y PO3UIMPEHI NUISTXA MOPCHKHUX NIEPEBE3CHb: BUKOPUCTAHHS CTAJNX Jia-
HITIOTIB TIOCTa4aHHs pOOUTh KOMIIaHIi MPUBAOIUBINIMMHU HE TIIBKU IS KIIIEHTIB,
ane 1 11 mapTHepiB. Bennki MiKHApOAHI KOpHopallii OIiHIOIOTh €KOJIOT1UHY CTiH-
KICTh CBOiX MOCTa4ajJbHUKIB, & Ti, Y CBOIO Yepry, IHBECTYIOTh Y 3MEHILIEHHS CBOTO
BYIJICIIEBOTO CIIIJTY;

3) 3a/10BOJICHI Ta JIOSUTbHI KIIIEHTH: CYYacHI KIII€HTH XOUYYyTh MIBUAKOI IOCTABKH,
€KOJIOTIYHO YHCTOI MPOJIYKIlli Ta MpPO30pOCTi B mpoiieci aoctaBku. Kommanii, siki
HAJAI0Th Taky 1H(OpMaIlilo, 3aIy4al0Th HOBUX KIIEHTIB 1 30€piraioTh JOSUIBHICTh
ICHYIOUHX;

4) moKpallleHHs peryTallii KOpIopaTUBHOI BiIOBIAIBHOCTI: MyOJIiuHEe BIPOBA-
JDKEHHSI 3€JIEHO1 JIOTICTUKU JIOIIOMara€ KOMIIaHIsIM 3MILHUTH CBOIO PEMyTallilo.
Komrmanii, ski iIrHOPYIOTh €KOJIOT1YHI BUMOTHU, PU3UKYIOTh BTPATUTU KOHKYPEHTHI
nepeBaru;

5) mermmii HaGip mMepcoHay: Ha KOHKYPEHTHOMY PHUHKY Ipaili KOMIIaHii, sKi
BIPOBAIKYIOTh 3€JICHI 1HIIIaTUBH, MPUBAOJIIOIOTh MOJIOANX CIEIIATICTIB, IS SIKUX
BAXKJIMB1 €KOJIOT14HI I{IHHOCTI.

["onoBHMMU TIEpeIIKOAaMHU, IO TaTbMYIOTh PO3BUTOK 3€JI€HOI JIOTICTHKU B YK-
paiHi, €:

® IPIOPUTETHICTh EKOHOMIYHOI JIOLIIBHOCTI Mepe]] €KOJIOTTYHUMHU IpiopUTeTa-
MU;

e Hee(DeKTUBHICTh CUCTEMU JIEPKABHOTO YIPABIIHHS Y cepl OXOPOHH JOBKIJI-
Tst;

® HEIOCTATHE JAOTPUMAHHS MPUPOIOOXOPOHHOTO 3aKOHOAABCTBA Ta €KOJOTid-
HUX MpaB 1 000B's13KiB (pipM Ta KOMITaHIH;

® HEIOCTAaTHIM KOHTPOJIb 32 JOTPUMAHHIM MPUPOTOOXOPOHHOTO 3aKOHO/IABCT-
Ba Ta BIJICYTHICTh HEOOX1THUX MEXaH13MiB BIIMOBIIaJILHOCTI 32 HOTO TOPYIIICHHS,

® BIJICYTHICTb YITKOTO TUIAHY BIPOBAKEHHS 3€JIEHOT JIOTICTUKU Yy KOMITaHIfX;

® HEIOCTATHSI MOTHBAILiS /JIs1 BIPOBAKCHHS 3€JICHOT JIOTI1CTUKY;

® BIJICYTHICTh IPSIMUX 3B'A3KIB MK JIAHLIIOTaMH MOCTAYaHHS Ta €KOJIOTTYHUMHU
MOKa3HUKAMHU.

be3cymHiBHO, MaltOyTHE 3€JICHOI JIOTICTUKH O€3MmocepeTHhO TIOB'sI3aHE 3 aBTOMa-
TH3AIETO0 JaHITIOTa TTOCTavYaHHs, 10 CTaJI0 MOMITHOIO TEHEHITIEI0 OCTAaHHIX POKIB.

3eyieHa JIOTICTHKA, WMOBIPHO, MPOJOBXKHUTH CBIM PO3BUTOK 3aBISKH BIPOBa-
JOKSHHIO IITYYHOTO 1HTEEKTY, M(poBizallii 1aHux Ta podoTHu3alli. Yci aBTOMaTu-
30BaHl TEXHOJIOT1i CHPUSAIOTh €KOJIOTTUHIN JIOTICTHUIIl, 3MEHIIYIOUH 3aJIeKHICTh BiJl
3a0pyIHIOIOYHUX JIPKEpPETT CHEepTii.
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3elieHa JIOTICTUKA CTa€ BAXKIMBUM €JIEMEHTOM CY4YacCHOTO TI00aibHOTO Oi3HECY,
10 BUMAarae COUIbHUX 3YCUJIb YpsIy, O13HECY Ta rpoMajisiH JIJisl 3a0€3MeUeHHs CTa-
Joro mMailoytHboro. B YkpaiHi 11e Moke cTaTu KIOUYOBUM (DAKTOPOM Y JAOCSITHEHHI
€KOJIOT1YHOI CTIMKOCTI Ta €KOHOMIYHOTO 3pOCTaHHS.

Exonoriyni cranmapTu Ta npaBuiia yTBOPIOIOTH Oap'epu NIt BBEICHHS LK1~
BUX PEUYOBHMH Ha CHOXKMUBYMMA pUHOK. lle 3MyIIye JOricTUYHUX MPOBaiiepiB HECTH
BUTPATU Ha TEXHIUHE 3a0e3NedeHHs 1HHOBAIlH y cdepi 3eJIeHO0I JOTICTHKHU, SK 3
npodeciiHuX, TaK 1 3 eKOHOMIYHUX MipKyBaHb. PO3po0OKa €KOJOTIYHO YUCTHX Me-
XaHI13M1B pUHKOBOTO (DYyHKI[IOHYBaHHS, MATPUMaHa AEPKaBOIO IIJITXOM (piHAHCOBOI
MiATPUMKH Ta CyOCHIyBaHHS 1HHOBAIlH, MOXE CYTTE€BO CIIPUSTH PO3BUTKY 3€JIEHOI
JIOTICTUKHU B YKpaiHi.

BuknaneHne cBIIUUTh, HASIBHICTh HEPO3B’sI3aHO1 MPOOJIEMH 3a0€31€UeHHS] BUMOT
MiKHapoaHoi mporpamu Green Logistics mig vac excruiyaTailii cyJieH MOPCHKOTO
TPAHCIIOPTY.

P03BUTOK 3€7€HOI JOTICTUKU € Ba)KJIMBUM €JIEMEHTOM CYYAaCHHX JIOTICTUYHHX
CHUCTEM B YMOBaX 3pOCTalOUUX €KOJIOITYHUX BUKIUKIB. OCHOBHI pOoOIeMHU BIPOBa-
JDKEHHS 3€JIeHOI JIOTICTUKH IMOB'S13aHl 3 BUCOKUMU 1HBECTULIIMHUMH BUTpaTaMHU, He-
JOCTaTHBOIO 1H(QPACTPYKTYPOIO Ta OOMEKEHHMHU JEPKABHUMHU CTHUMYJIIOIOUYUMU
nporpamamu. He3Baxkarouu Ha Il BUKJIMKH, MEPEXiJ JO €KOJOrTYHO Oe3MeYHux JIo-
TICTUYHUX PIIICHb CTa€ HEOOXITHICTIO ISl CYTHOIJIABHUX KOMIIaHIM, 110 TParHyTh
BI/IOBIJJaTH BUMOTaM CTAJIOTO PO3BUTKY.

[TepcrieKTHBY PO3BUTKY 3€JIEHO1 JIOTICTUKHU TMOJSATAIOTh Yy BIPOBAKEHHI HOBIT-
HIX TE€XHOJIOT1/, TAKUX K €eHeproe(eKTUBHI TPAHCIOPTHI 3acO0U, IUPPOBI CUCTEMU
YVOPABIIHHS JaHIIOraMy MMOCTAa4YaHHs Ta MIHIMI3allsd 4acy 3HAXO/KEHHSI MOPCHKHUX
CYJIEH MiJl 4ac O4YIKyBaHHS Ta MPOBEAEHHS BaHTAXXHUX ornepauii. Takox BaxIMBOIO
€ aKTUBHA MIATPUMKA 3 OOKY J€p>KaBU Ta MIKHAPOJIHUX OpraHi3aliid y BUIISAl ¢i-
HAHCOBUX CTUMYIIB 1 PETYIATOPHOI MIATPUMKHU, IO MOKE 3HAYHO MPUCKOPUTHU Tie-
pexia A0 eKOJIOTIYHO YUCTHX JIOTICTUIHUX MPOIIECIB.

OTke, 3eJIeHa JOTICTHKA Ma€ MOTEHINAJ CTaTH HEBII'€MHOIO YaCTHHOKO CTaJIOTO
PO3BUTKY €KOHOMIKH, a i BIPOBAKEHHS O3BOJIUTh 3MEHIIUTH HETaTUBHUI BILIUB
Ha JIOBKUUIA Ta MIABUIIUTH €()EKTHUBHICTH MPOIIECIB TPAHCIIOPTYBAHHS BAHTAXIB
BOJAHUMH IIISXaMH. Y CIIITHA 1HTETPAIlis 3€JEHOI JIOTICTUKH CIPUSTUME HE JIUIIE
€KOJIOT1YHIM CTablIbHOCTI, ajie i eKOHOMIYHIN BUTO/I1 JIJISl CY/THOTIJIABHUX KOMTIAHIH,
10 JO3BOJIUTH 30€pErTH iX KOHKYPEHTOCIPOMOXKHICTh Y JOBIOCTPOKOBIN MEpCIEK-
THUBI.
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VJIK 621.436:621.165:629.5

Koncrantinos O.1.}, Anexcanaposcska H.I1.2 Tnek 51.0.2, Xmiepa O.4.1
'Hayionanonuii ynieepcumem «Ooecoka mopcoka akademisy
200ecvruti HaYiOHATbHULE MOPCLKULL YHIGEpCUmem

Enepreruuna edexruBHicTh cynHOBOI ORC-ycTanoBkH nory:xHicTio 300 kBt
NPH yTUJIi3alil TeIJIOTH 0X0J10/KeHHs ABUryna Wartsila 12V46F

JlexapOoHizallis MOPCHKOTO TPAHCIIOPTY € OJAHHUM 13 KJIIOYOBUX HAIMpPSIMIB PO-
3BUTKY CY4YaCHOTO CyAHOOyayBaHHs. Benuka yacTMHa CKHJIHOI TEIJIOTH, SKa
BUJIUISIETHCS MM1J1 4ac pOOOTH CYTHOBUX TU3EIIbHUX JIBUTYHIB, HE BUKOPUCTOBYETHCS
JUTsl KOpUCHOI poO0oTH. OTHUM 13 MEPCHEKTUBHUX HAMPSAMIB MiABUIICHHS €()EKTUB-
HOCT1 BUKOPHUCTAHHS I[i€] €Heprii € 3aCTOCYBaHHS CUCTEM YTHJII3allli HU3bKOOTEH-
IIAHOT TETMJIOTU Ha OCHOBI opraHiyHoro 1ukiy Penkina (OLIP), siki 103BOJISIIOTH Tie-
PETBOPIOBATH TEILJIOTY OXOJIOJKEHHS IBUTYHA HA CJICKTPUUHY €HEPTiio. Y 3B’SI3KY 3
MM aKTyaJbHUM € aHajl3 EHEPreTUYHUX XapakTepUCTHK cyaHoBux OILIP-
YCTaHOBOK 3 ypaxyBaHHSM PEaTbHUX PEKUMIB pOOOTH TOJIOBHOTO JIBUTYHA Ta YMOB
eKCIUTyaTallii cyaHa.

J{ns aHami3y MepCleKTUB BCTAHOBJIEHHS Ta €KCIUIyaTallli CUCTEMH Ha OCHOBI
OLP, sixa yTunizye TEIaoTy oxono keHHs npuryna Wartsild 12V46F (14400 kBr),
JOIIJILHO TIPUB’A3aTUCA K KOHKPETHIN CHUCTEMIi 3 MEBHOIO HOMIHAJIBLHOI BUX1THOIO
CICKTPUYHOIO0 TOTYXKHICTIO. Taka MpWB’s3Ka BAXKIWBA ISl MMPAKTHYHOTO iX BIPO-
BaJDKCHHS, TOMY 110 OUIBIIIICTh TECOPETUUYHHUX JOCITIKCHHS, K1 CTOCYIOThCS aHATI3Y
CyTHOBHUX cucTeM Ha ocHOBl1 OLIP, He MaroTh Takoi IPUB’A3KK Ta SK BUXIJIHI JaHHI
MOKa3yIOTh MIMPOKUM THTEPBAT TCOPETUUYHUX BUXIAHHUX MOTYKHOCTEH, SIKI HEMOXK-
JUBO peaii3yBaTH Ha MPAKTHUIl MPU BCTAHOBJICHHI 3 JIBUTYHOM OJiHi€i, a00 HaBITh
nBox cucreM Ha ocHOBi OLIP. SIk cucremy mportotun Oyio oopano moayss Climeon
HeatPower 300 Marine.

Climeon HeatPower 300 Marine mo3uIlioHy€ThCS BUPOOHHKOM SIK MOPCHKUH
MOAYJb YTUJI3allli HU3bKOMOTEHLIMHOrO Termja Ha 0a3l OpraHiyHOro LMKITY
Penkina, mpu3HayeHUN Mg TreHepallli elIeKTPOCHEprii 3 HHU3bKOTEMIIEpaTypHUX
JDKepelT TeIula CyTHOBOI €HepreTHYHOi yCTaHOBKH. BupoOHuk 3asBise [1], mo s
MOPCBKOI BepcCii MOyJIsi HaBEACHO M1ama30H YMCTOI eJIEKTPUYHOI MOTYX HOCTI 50—
355 kBT.

s aHamizy eHepreTuuHoi e(eKTUBHOCTI TaHOTO MOJyJist Ha ocHOB1 OLIP Oynu
MPUIHATI HACTYIHI BX1JHI JaHHI: YUCTa EJIEKTPUYHA MOTYKHICTH (net power output)
— 300 kBT, mxepeno TEMJIOTH — BOJA OXOJOIKEHHS JIBUTYHA 3 TEMIIEPATypoOr0 Ha
BxoJi 94 °C, poboue TIIO — TIeHTaH, IUKJI pereHepaTuBHUNA. MeToanKa po3paxyHKy,
KUTBKICTh TEIJIOTH, IO BiBOAUTHCS 3 BOJIOIO BiJl JBUTYHA Ta JICSKI TOAATKOBI JaHHI
HaBeJIeHl y mormepenHix pobdorax aBropiB [2, 3]. TepmoauHaMiuHi BIACTHBOCTI PO-
0odoro Tija npuiHATI 3a [4].

AHaJi3 CHEPreTUYHUX XapaKTePUCTHUK POOOTH YCTAHOBKH-TIPOTOTHUITY BHUKO-
HYBaBCA JJI 1HTepBaia HaBaHTakeHb Ha ABUTYH Bix 0.2 1o 1,0 MCR Ta 3MiHi Tem-
nepatypu 3a0opTHOI Boau Bif 2 10 30 °C. Ilpu anami3i BpaxoByBayiacs 3MiHa 130€H-
tportHOoro KKJI TypOiHM B 3ajeHOCTI BiJ 3MIHM MacOBOi BUTpAaTU poOOYOro Tija
(meHTaHy) y KOHTYpI, a TaKOX OOMEXKEHHS Ha BUXIJIHY €JIEKTPUYHY MOTYXKHICTh
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ycranoBku-tiporotumy (300 kBT). [IpoBenennii aHami3 q03BONHUTH Y MOAATBIIOMY
OLIIHUTH JOUIIBHICTh 3aCTOCYBAaHHS YCTAaHOBKHU-TIPOTOTUITY Ha ocHOBI OLIP Ha pi3-
HUX THUIIaX CYJEH B 3aJIeKHOCTI BiJl PEKUMY POOOTH TOJIOBHOTO JABUTYHA Ta KiiMa-
TUYHUX YMOB €KCILTyaTallli Cy/IHa.

Ha puc. 1 HaBeieHO 3aJIeKHICTh BUX1IHOI €IEKTPUYHOI OTYKHOCTI YCTAHOBKH -
nporotuny Ha ocHoBl OLIP Bijx HaBaHTa)keHH1 Ha JABUTYH Ta TEeMIEpaTypH 3a00pT-
HO1 Boau. Ha puc. 1 Mo)kHa yMOBHO BHIUIUTH JIB1 00JIACTI:

- 001acTh, /€ YCTAaHOBKA TIPAIIOE 32 CBOEI0 HOMIHAIBHOIO BUXIJTHOIO TOTYX-
HICTIO (peXUM OOMEXEHHSI HOMIHAJIBHOIO MOTYKHICTIO YyCTaHOBKM Ha ocHOBI OL[P)
— 11ato Ha puc. | ansg HaBaataxkens 1,0-0,8 MCR Tta wactkoso mms 0.6-0,7 MCR,;

- 00J1acTh, JIe YCTAaHOBKA MPAIIOE 3 BUX1THOIO TMOTYXHICTIO MEHIIIE HOMIHAIBHOL
Ta €EKTUBHICTH ii pOOOTH BU3HAYAETHCS TEPMOJIMHAMIUYHOIO €PEKTUBHICTIO LIUKITY,
BHyTpilHIM KKJ[ TypOiHM Ta KIUIBKICTIO MIABEIEHOI Yy LUK TEIIOTH (Ta,
BIIMOBITHO 70 IILOTO, MAaCOBOIO BHUTPATOK POOOYOIo Tijla y IUKI) — 00JacTh IMij

IJ1aTo Ha puc. 1.
e=e=s 1,0 MCR -+ 0,7 MCR e=s=s 04 MCR
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Pucynoxk 1. 3anexHicTh BUXITHOI €JIEKTPUYHOI HOTYXHOCT1 ycTaHOBKU-TIpoToTHIy (300 kBT) Big
TeMIepaTtypu 3a00pTHOI BOJU Ta HaBaHTaXeHHs Ha ABUTYH Wartsild 12V46F

[Ipu pexxumax poOOTH Ha BEJMKUX HAaBAHTAKEHHSAX Ta HU3BKUX TEMIEpaTypax
3a00pTHOI BOJM TOTEHIIAJIbHA BUXIAHA €JICKTPUYHA TOTYXKHICTh BHILE, HIK
HOMIHAJbHA MOTYXHICTh YCTAHOBKU-MIPOTUTONY. TOMy poOOTa yCTaHOBKHU MPOTO-
TUITY PETYIIOETHCS TAKUM YMHOM, 1100 TypOiHa BUaBaja MOTYyXkHICTh He Buie 300
kBT, 3MeHmytoun nojgayy poOodoro Tijia Ha Hei — puc. 2. 3MiHa BUTPATH pOOOYOTO
TiJIa SIK TIPU PEXUMI pOOOTH 3 HOMIHAJIBHOIO BUXIJHOKO €JIEKTPUYHOIO MOTYKHICTIO
MPU3BOJUTH K MAJIHHIO BHYTPIIHBOTO (130eHTponHoro) KKJI typ6inu — puc. 3, mo
npu3BoauTh K naginHaio KKJI gificaoro OLIP. [Tpudomy B oMy Bumanky (poOoTa
MpU HOMIHAIBHIN BUXITHI MOTY>KHOCTI1) 3MEHIIICHHS] BUTpPATH POOOUYOTO Tijia TMOsiC-
HIOETHCSI TIEPEBAXKHO 30UTBINIEHHS CTYIIEHS PO3IMIUPEHHS poO0YOro Tijia y TypOiHi 3i
3MEHIIICHHSIM TeMIiepaTypu 3a00pTHOI Bomau. KigbKicTh TiABENEHOI TEIJIOTH HE
BU3HAUA€ BUXIJHY MOTYKHICTh YCTAHOBKH uepe3 0OMEXEHHs HOMIHAJIBHOI MOTYX-
HOCTI TypOiHH.

110



e=e=e 1,0 MCR 0,7 MCR e=e=e 0,4 MCR

o=o=0 0,9 MCR e=e=¢ 0,6 MCR e=e=e 0,3 MCR
0,8 MCR 0,5MCR e=e=e 0,2 MCR g
./

~

e
— —
o/ N

N w ~ o1 O N oo O o

Butpata poboyoro Tina, Kr/c

—_

4 8 12 16 20 24 28
Temnepatpa 3abopTHoi Boau, °C
Pucynoxk 2. 3anexHicTh MacoBoi BUTpaTH poOOUYOro Tija, 110 MOJAETHCSA HAa TypOiHy
ycraHoBkH-ipoToTuny (300 kBT) Bix Temneparypu 3a00pTHOI BOIM Ta HAaBaHTAXXEHHS Ha IBUTYH
Wirtsild 12V46F
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Pucynok 3. 3anexHicts BHYTpiHbOrO0 (130eHTponHOro) KK/ Typ6inu y cknani
ycraHoBkH-TipoToTuny (300 kBT) Bix TeMnepaTypu 3a00pTHOI BOJIM Ta HABaHTAXXEHHS Ha IBUTYH
Wairtsild 12V46F

Jlns BUnmanKy poOOTH YCTaHOBKH IMPHU BHUXIJHIA MOTYKHOCTI HUKYE HOMIHAIY,
MacoBa BUTpaTa poOOUYOro TiJIa Y KOHTYpPl CUCTEMHU BXKE HE TaK CYTTEBO 3aJICKHUTh
BiJl 30LIBIICHHSM TeMIepaTypu 3a00pTHOI BOJIU (3MEHIIEHHSIM poOOTH TYpOiHM), a
Oinpllle 3HAYCHHs HAa BUTPATy BXKE OKa3ye€ 3MCHIICHHS HAaBAHTAXKCHHS IBUTYHA
(3MEHILEHHS MIJIBEJICHHS TEIJIOTH Y KOHTYp) — puC. 2.

3aranpHUI BUCHOBOK, SIKMM MOXHA 3pOOWTH TOJSITae y TOMY, IO yCTaHOBKA-
npototun Ha ocHOBl OLIP 3 HoMiHanbHOIO TIOTY)HICTIO 300 KBT, sika mparitoe s
yTUJI13a1ii TEIUIOTH YOTUPUTAKTHOTO rojioBHOro ABuryHa Wértsild 12V46F nparitoe
y HOMIHAJIBHOMY peXuMi (y pexuMi OOMEKEHHS TEOPETHYHO! EJIeKTPUIHOT
BUXI1IHOT MOTY»XHOCTI) MpH BUCOKKX HaBaHTaxeHHsx (1,0-0,8 MCR) y Bcbomy mpo-
aHaII30BaHOMY 1HTEpBajl Temrepatyp 3aboptHoi Boau (2-30 °C), y pexumi MeHIIe
HoMiHay npu HaBaHTaxeHHsX 0,7-0,6 MCR Ta Hu3bkuii TemmepaTypi 3a00pTHOT
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BOJIM, Ta y PEXHUMI MEHIIe HOMIHANy npu HaBaHTaxeHHsX 0,5-0,2 MCR y Bcromy
IHTepBaJIl TeMIepaTyp 3a00pPTHOI BOJIH.

OTtpumMaHi pe3yslbTaTh MOXKYTh OyTH BUKOPUCTaHI MPU OOIPYHTYBaHHI JIOI1Ib-
HoCTi 3acTocyBaHHs OLIP-ycTaHOBOK pi3HOI HOMIHAJIBHOT MOTYHOCTI1 JIJISt CYJIEH 3
pI3HUMHU NMPOGUIIMH EKCIUTyaTallii.
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VJIK 629.5

Pasiukin P.O.
Hynaticekuii iHCTUTYT HarionaiasHoro yHiBepcuteTy Oechbka MOpChKa akajaeMis

Bukopucranus iMiTaniiHOr0 CTATUCTUYHOIO AHAJIZY JAHUX i Yac
AIAarHOCTYBAHHS TEXHIYHOI0 CTAHY JM3€JIiB CyJeH MOPCHLKOI0 TPAHCIIOPTY

B nanwmii yac akTyaJlbHUM HayKOBO-TIPUKJIQIHUM 3aBJaHHA B cepl ynpaBIiHHSA
KUTTEBUM ITUKJIOM CYJEH MOPCBHKOTO TPAaHCIOPTY € Mepexis BiJ KOHIIEMIIii «peary-
BaTH Ta BUIPABISATH» J10 OUIbII €()EKTUBHOI KOHIEMIII — «IIPOTrHO3yBaTH Ta IMOIIe-
pemxati». OaHUM 13 CIOCO0IB JIarHOCTUKH HAIMHOCTI CYJIEH MOPCHKOT'O TPAHCIIO-
PTY, iX €HEepreTHYHUX YCTAaHOBOK, JIOMOMIKHOTO Ta HaBIraliifHOro oOJaJHaHHS €
METOJY CTATUCTUYHOIO aHali3y BUMIPIOBAHUX EKCIUTyaTallliHUX XapaKTEpPHUCTUK,
CHEPreTUYHHUX MMOKA3HUKIB Ta TEXHOJIOTTYHHX TapameTpis [1, 2].

Kiacuani miaxoau 10 BU3HAYCHHS MOKA3HMWKIB HAIIMHOCTI TEXHIKH Yy BHUIJISII,
HaIPUKJIaJ, OLIIHKA MMOBIPHOCTI O€3B1IMOBHOI pOOOTH IMOB'sI3aH1 3 AaHAJII30M TPy
oOJagHaHHS OJTHAKOBOT'O MPU3HAYEHHS, 0 (PYHKIIIOHYE TMPOTATOM JIESKOTO 1HTEp-
BaJly 4acy 3 peecTpalli BUIAJKOBOI BEJIMYMHM Yacy 0 iX BIAMOBU. B maHmil yac
CTATUCTUYHA KOHIICMIIiSl MPOLECIB, IO JEKUTh B OCHOBI T€OPil HAAIWHOCTI TEXHIKH,
3yCTpiua€e TPYIHOI €KCIIEPUMEHTAIBHOI MEPEBIPKU ISl CKIAJHOI Ta HAYKOMICTKOT
MPOJYKLIi CyTHOOYTyBaHHS, 1110 BUTOTOBJISIETHCS MIOPIBHAHO HEBEIMKOIO KIJIBKICTIO
VHIKQJIBHUX 3pa3KiB TEXHIKH, TOJI K TEPMIH iX JKUTTA CTAHOBUTH JECATKH POKIB.
JI1s MpaKTUYHOTO MMiITBEPPKCHHS BUCOKHUX BHUMOT JI0 HAIIMHOCTI CYJ€H MOPCHKOTO
TPAHCTIOPTY Ta X €HEPreTUYHUX YCTAHOBOK HAATO Majla CepPIdHICTh IXHBOTO BUPOO-
HUITBA. SIK MpaBUiIO, JJIT MOPCHKUX cyAeH — 1e He Outbme 10...15 omHOTUITHUX
OJIMHUIb OJTHOTO MPOEKTY, JUIsl €eHepreTHYHoro odnaaaHaHHs — 10 50 MOBHICTIO OJI-
HOTUITHUX TEIUIOBUX JBUTYHIB, SIKI BCTAHOBIIIOIOTHCSI HA MOPCHKHUX CYAHaX Pi3HOTO
KJIacy, Pi3HOI BOJOTOHHAXKHOCTI Ta PI3HOTO paiioHy miaBaHHs. Kpim Toro, aHami3
KUTTEBOTO LIMKITY BiJOYBAETHCS 3a BEJIMKUI IHTEPBAJ Yacy CIIOCTEPEKEHb Ta BUMI-
proBaHb. Hacninkom 1ux oOCTaBMH € HEAOCTATHA CTATUCTUYHA BUOIPKA HECTIPUAT-
JUBUX MOAIN BIIMOB MOPCHKOI TEXHIKH IIOJ0 MPOBEIECHHS SIKICHOTO CTATUCTUYHOTO
y3arajibHEHH 11 TOKa3HUKIB HAJAIMHOCTI y PeKUMIi peanbHOTro 4acy [3, 4].

Jlopori HaTypHi CTEHAM Ta NPHUCKOPEHI BUIPOOYBAaHHSA NMPAKTHUYHO HIKOJIU HE
MOXKYTh CTBOPUTH YMOBH TEXHIUHOI €KCILTyaTallii aJleKBaTH1 peaibHUM, OJHOYACHO
3 IUM CTATUCTHYHA BUOIpKa TaKMX €KCTIEPUMEHTIB HE 3aBXKIH MEPEKOHIINBA IS 110~
BHOTO Ta TOYHOTO JIarHOCTYBAaHHS XapakTEPUCTHK HAIIAHOCTI (0€3BIIMOBHOCTI,
JIOBTOBIYHOCTI, 30€pEKEHHS Ta peMOHTONPUIATHOCTI). OJIHAK €KOHOMIYHI Ta CHEp-
TeTUYHI MOTPeOU CYCHiIbCTBA JO3BOJIMIN CGHOPMYIIOBATH 3aBIAHHS YIPABIIHHS
HAJIWHICTIO Ta SIKICTIO eKCIUTyaTallli CyJleH MOPCHKOTO TPAHCIOPTY 3 METOI0 3HU-
KEHHSI BapTOCTI Ta TEPMiHIB iIXHHOTO OYHIBHHUIITBA, KOMIUJIEKTAIlii, CEpBICHOTO 00-
CIIyTOBYBaHHS, a TaKO CBOE€YACHOTO OHOBJICHHSI €HEPreTUYHOIO Ta HaBIramiiHOTO
00JiaTHaHHS B YMOBaX >KOPCTKOI KOHKYPEHIIIi Ha CBITOBOMY PUHKY MPOIYKIIII CY/I-
HOOyayBaHHs. Lleil HanmpsAMOK HayKOBO-TIPUKJIAIHUX JOCIIKEHb MOB'sI3aHUH 13 po-
3po0KOI0 1HGOPMAIIHHO-KOMYHIKAIIIHHOT TEXHOJIOT1l yIpaBJiHHS >KUTTEBUM ITUK-
JIOM.
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B nanwmii yac po3BUTOK KOMMI'IOTEPHOI TEXHIKA Ta KOMIT'FOTEPHUX TEXHOJIOTIH,
3aco01B BUMIPIOBaHHS Ta 00pOOKY JMaHuX (y TOMY YHCJIl 3aCTOCOBYBaHUX Oe3roce-
pPEAHBO HA CYJIHaX MOPCHKOTO TPAHCIOPTY) 3a0€3MEUMIIN MOXKIMBICTh KOHTPOJIIO,
JIarHOCTUKHU Ta MPOTHO3YBAHHS E€KCIUTyaTalllMHUX XapaKTEPUCTUK €HEPreTUYHOTrOo
obJiaiHaHHA Oe3MoCepeIHhO Ha OOPTY CyAHA B peaIbHUX YMOBaX IJIaBaHHS 0e3 301-
JBIIIEHHS TPYIOMICTKOCTI Horo oociyroByBaHHs [5, 6]. Komm'rorepHa TexHika 0-
3BOJISIE PO3B’SI3yBaTH 1I€il KJIac 3aBJaHb Ha 0a31 CTATUCTMYHUX MOJEIBHUX JOCHI-
JDKEHb 3 METOI0 ONTHUMAJILHOTO YMPABIIHHS CKIQIHUMH 00'€KTaMU MOPCHKOI TEXHi-
KU TPOTSTOM YChOTO KHUTTEBOTO IUKITY eKCIuTyartamii cyjaeH. PesynpraT cTaTucTh-
YHOTO MOJCITIOBAHHS TPOIECIB JO3BOJISIIOTH OIIHIOBATH PHU3UKH (TEXHIUHI, €KOHO-
MIYHI Ta €KOJIOT1YHi) MiJ Yac eKCIuTyaTarlii CyJIecH MOPCHKOTO TPAHCIIOPTY B peajib-
HUX YMOBaxX Ta pO3B’sI3yBaTH 3aBJaHHs 3a0e3MeueHHs MPUUHATHOTO 3HAYCHHS PU-
3UKIB Ha OCHOBI1 OUIBIII aJIEKBATHUX 3HAHD.

IcHye nBa MPUHIMIOBO PI3HUX IMIAXOAH JI0 BU3HAYEHHSI IMOKA3HHUKIB HAIIMHOCTI
— 11€ METOJIU MPSIMUX Ta HEMPSMUX BUMIpIB. [IpsMuM BUMIpOM MOKa3HUKA HAIHHO-
CTl € BU3HAYEHHS BUMAJKOBOTO YHUCJIa OJHOTUIHUX OO0'€KTIB, IO BIIMOBWJIM B 3a-
JISKHOCTI BIJ] 9acy iX poOOTH JI0 BIIMOBU — II€ BUIIPABIAHO JJI MPOCTUX 1 MajIody-
HKITIOHAJIbHUX MPUCTPOiB. BIMMIHHOIO OCOOIMBICTIO METOAIB MPSIMOTO BUMIPIOBaH-
HS MOKA3HMKIB HAAIMHOCTI € Te, [0 YHCEJIbHA OIlIHKA MMOBIPHOCTI 30€peKEHHS YU
BTpaTHU Mpale3/1aTHOCTI JBUTYHIB, 00JIa[HAHHS Ta MPHUCTPOIB HE 3aJICKUTH BIJ iX-
HBOI (hi3muHOi ipupoau [7, 8].

VY Bumajky HEmpsIMOTO BUMIPY MOKa3HHMKIB HAJIMHOCTI TEXHIYHOTO 00'€KTa BU-
KOPUCTOBYIOTh OILIIHKY WMOBIPHOCTI MOJIIi 30€pEKEHHS YU BTPATH 3HAYEHb JESKUX
MOT0 TEXHOJIOTTYHUX MapaMeTpiB He OUTbLIE TOMYCTUMHMX 3HAYEHb 3aJI€KHO BiJ Ya-
cy (yHKUIOHYBaHHA Iboro o00'exkta. HempsiMi BUMIpM BUKOPUCTOBYIOTHCS ISl
PO3B’sI3aHHS 3aBJaHb 3a JOMOMOTOI CHUCTeM (YHKI[IOHAIBHOI J1arHOCTUKHU. Tomi
YMOBOIO BTpaTH HaJaidHOCTI Oynme momist 30iiblieHHS / 3SMEHIIICHHS BHUMIPIOBaHUX
TEXHOJIOTIYHUX (JIarHOCTHYHKMX) TapaMeTpiB BHIIE / HIXKYE IEIKUX TPAHUYHO J0-
MyCTUMUX 3Ha4eHb. [l0Ka3HUKK HAAINHOCTI, OTPUMaH1 HEMPSIMUM BUMIPOM, JAIOTh
OIIHKY MMOBIPHOCTI OUTBIII MACOBUX Ta PI3HOMAHITHUX 32 (PI3UYHOIO IPUPOIOI0 He-
CIPUATIIMBUX MOJIH YM TTOBHOI BTPATH 00'€KTOM MpaIe31aTHOCT1 (HampuKIiIa, BTpa-
TH MIITHOCTI Yepe3 IMEPEBUIIEHHS 4Yacy eKCIUTyaTarlii 94u 3Hocy matepiamiB). [lpwu
IIbOMY € MOKJIUBICTh PO3PI3HATU XaPAKTEPUCTUKHN HAIMHOCTI PI3HUX OAUHUILH OJI-
ukiy. L MOXKIIMBICTE Ma€ mepeBary MmopiBHSIHO 3 TPATUIIHUM yCepEIHEHHSIM X
YacOBHUX MOKA3HUKIB HAJIMHOCTI 32 MHOYKWHOIO OAHOTUITHUX 3pPa3KiB TEXHIKU. Tomy
aKTyaJIbHUM € T1JBUIIEHHS €EKTUBHOCTI CHCTEMH YIIPABIIIHHSA TEXHIYHOIO €KCILTY-
aTali€r0 MOPCHKUX CYJIEH, IXHIX €HEPreTUYHUX YCTAHOBOK Ta iXHBOTO OOJaJHAHHS,
3HM>KEHHSI TEPMIHIB Ta BapTOCTI iX CEpBICHOTO 0OCIYyroByBaHHsS Ha 0a3i PO3BUTKY
3ac001B 0e3p030ipHOT MapaMeTPUYHOI J1arHOCTUKU Ta BIATOBITHUX METOIB CTATHUC-
TUYHOT OOPOOKM OTPUMAHUX JAaHUX.

PosrisitHeMo OCHOBHI MPUITYIICHHS Ta TIMOTE3W Y BIIOMUX METOJUYHUX TIiAXO-
Jax 100 JOCTIIKEHb HAIIHHOCTI Ta SKOCTI €HEPreTHYHOTO OOJIaJHAHHS CyJeH
MOPCBKOT'O TPAHCHOPTY, AKI CTPUMYIOTh BUPILIEHHS 3aBAaHb, CPOPMYIHLOBAHUX pa-
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Hime. O61acTh MOCTIIKEHb, TOB'SI3aHUX 13 TEXHIYHOIO JIIaTHOCTHKOIO, Tepeadadae
PO3IJISAT TPHOX THUIIIB 3aBAaHb:

®3aB/IaHHS J1IarHOCTYBaHHS — BU3HAUCHHS TEXHIYHOTO CTaHy, B SKOMY 3HAXO-
IUThCS 00'€KT y TemepilHii yac [9];

®3aBJaHHS €BOJIIOIIT (a00 mepemicTopii) HOro TEXHIYHOTO CTaHy 3 MHHYJIOTO
10 Tenepimuboro yacy [10];

®3aB/IaHHS NIPOTHO3YBAHHS (3 ypaxyBaHHSIM PE3yNbTATIB PO3B'SI3aHHS MEPIIOTO
Ta JPYroro 3aB/iaHb) — Nepea0ayeHHsl TEXHIYHOTO CTaHy, Y SIKOMY BUSIBUTHCS 00'€KT
y MeBHMIA MaiOyTHIl yac [11].

CratucTUYHUN OMKUC MapaMeTpiB TEXHOJIOTIYHUX MPOIECIB 3 METOK KOHTPOIIIO
TEXHIYHOI'O CTaHy Ta J1arHOCTUKHU CYJHOBOTO O0OJIaHAHHS XapaKTepU3yeThcsl Oara-
TOBapiaHTHUM MiaxooM. [Ipu 1boMy 3aBIaHHS MPOTHO3YBAaHHS 3BOJAUTHCS JI0 BU-
3HAYCHHs HMOBIPHOCTI HEBHXOJY / BUXO/IY MPOTHO30BAHOIO MPOIIECY 32 BCTAHOB-
JIEH1 MEX1, KOJIM BioMi (PYHKILII PO3NOALTY BUIAIKOBOI BETUYMHH J1arHOCTHYHOTO
nokasHuka (1), kil 3MiHIOETbCs Y MOMeHTH dacy ti (1=1, 2, 3, ..., n; tieT1). OgHak
Ha MPaAKTUIIl 3aKOHHU PO3MOJTY WMOBIPHOCTEH BUMAJAKOBOI BEIUYMHH J1arHOCTUY-
HUX TOKa3HUKIB &(t), K MPpaBUIIO, HEB1JIOMI JI0 iX BUMIpIB Ta BIJIIOBIIHOT CTATUCTH-
9HOi OOpOOKM eMITIpUYHUX JaHuX. (s CKiIagHOT HayKOMICTKOI MOPCHKOI TEXHIKU
PO3B’s13aHHS I[LOTO HAYKOBO-IIPAKTUYHOTO 3aBJIaHHA 3QJIUINAETHCS B JaHUM 4ac ak-
TyaJIbHUM Ta KOMepuiiHO AouuibHuM. [1in yac IMOBIpHICHOTO MPOTHO3YBAHHS BU-
KOPHUCTOBYIOTHCSI METOAM €KCTPAIOJISIIT HA OCHOBI PIBHSIHB perpecii sl BU3HAUYECH-
HS BETMYMHH [TPOTHO30BAHOT 3MIHHOT Y BUIJISAII MATEMAaTUYHOTO OUiKyBaHHS M:(t) y
MoMeHTH 4acy j(j=n+1, n+2, ..., n+m; t;eT,).

MareMaTnyHa CTaTUCTUKA TOJUISAE€ BUIAJAKOBI MPOIECH HA CTAI[lOHApHI Ta He-
cTarioHapHi Tunu. BunaakoBuii mporiec Ha3uBa€ThCS CTAI[lOHAPHUM, SIKIIO BC1 CTa-
TUCTUYHI Ta 3MilllaHI MOMEHTH 1HBapiaHTHI (He3aJexHi) y yaci. Y Toil ke yac He-
CTaIllOHAPHUM BUTIAJAKOBUH MPOIIEC BIAPI3HAETHCSA HASIBHICTIO JIIHIMHOTO TPEHIY a00
oubm ckinaaHoi Gopmu. OCHOBHUMH CTAaTUCTUYHUMH XapaKTEPUCTUKAMU, MO0 Ma-
I0Th BEJIMKE 3HAYEHHS U1 OMUCY OKPEMHUX peajizalliii cTallloHapHUX BUIAAKOBUX
MPOIIECIB, € HACTYIMHI MapaMmeTpu: CepelHE BHUOIPKOBE 3HAYEHHSI Ta AUCHEPCIs,
LIUTBHICTE UMOBIPHOCTI PO3MOJUTY 3HAY€Hb BUIAKOBOI BEITMYMHH, (QYHKIIS KOBa-
panii, GyHKIIS CIEeKTpaIbHOI HIIJILHOCTI MOTY>KHOCTI CTalllOHapHOi peanizamii. Ha
KOPOTKHMX I1HTEpBaJlax 4acy, KOJU BUOIpKAa 4acOBOTO PSAY BHUIIAJKOBOI BEIWYUHU
HE3HAYHa 1 TPEHI MOKe OyTH BHSIBICHHH, IMPOIIEC MOYKE BBAKATUCS JOKAIBHO CTa-
{IOHAPHUM.

B minomy peanbHi (i3udHI mpoIEcH, 10 NepediraloTh y CKIATHUX CYIHOBUX
CUCTEMax MPOTITOM YChOTO TEPMiHY EKCIUTyaTallii MOpPChKOTO CyAHA, 3aBXKIU Ma-
I0Th TIOBUIbHI HECTAIllOHApHI 3MIHM BHACJIJIOK HECTAOUTLHOCTI 30BHIIIHIX yMOB
eKCIUTyaTalil CyJeH 1 BHYTpIIIHIX YMOB HaBaHTa)KEHHS OOJaJHaHHS, BIUIUBY arpe-
CUBHUX poOOYMX CEpeOBHIL, BiOpallii, MOCTYNOBOMY 301IbIIEHHIO PECYpCy MaTepi-
amB 1 ixme. lleit Bum HecTamioHapHUX TPOIECIB XapaKTEPHU3YEThCS] TUM, IO HE
HAJTO CWJIBHO IepeBeplrye yac kopensuii. [Ipore B ganuii yac mij yac po3B’si3aHHS
MPaKTUYHKMX 3aBJIaHb TEOPii HAJIMHOCTI Ji€ OCHOBHE MPHUITYIIEHHS Y BUTJISII T1ITO-
T€3M MOCTINHOI IHTEHCUBHOCTI BIIMOB 00yiaiHaHHs. [le npunyiieHHs nae 3Mory 3a-
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CTOCYBaTH MaTeMaTU4YHMN amapaT MapkKiBChbKHMX BHIAJIKOBUX mporieciB. Ha xanp,
NpuBaOJIMBICTh 3a3HAYEHOI T1MOTE3M MOB'sI3aHa 3 MepeBaraMu YUCEIbHOTO PIIICHHS
JUIIE MPOCTUX 1HXKEHEPHUX 3aBJaHb. Alie, MO CyTi, IPU TAaKUX MPUITYIICHHSIX 1THO-
PY€ETbCS. MOKJIUBICTD YpaXyBaHHS HAKOMTUYEHHSI «30MTKY» B CUCTEMI Yepe3 MpoLecu
MOCTYIIOBOTO 30UJIbILIEHHS Ta JOCATHEHHS PErIaMEeHTOBAHOTO PECYpCy €KCIUTyaTallii
BY3JIIB Ta MaTepiajiB, MOTIPIIEHHS iX €KCIUTyaTalllHHUX XapaKTEPUCTHK, 3HOCY Ki-
HEMAaTUYHUX CIOJYyYeHb Yy MEXaHi3Max Ta MOAIOHMX SBUI, 110 ICHYIOTb JJis 3a-
BJIaHHS OMKCY HECTALIOHAPHUX BUIMAJAKOBHUX MPOLIECIB Y XapaKTePUCTUKAX HaJIIHO-
CT1 Ta BTPaTH AKOCTI CyJJHOBOTO 00JIaIHAHHS.

Boanowac, cuctemMa MOHITOPHHTY TEXHIYHOTO CTaHy CYAHOBOTO OOJagHaHHS
MOBUHHA TiepeadavaTH pO3B’sI3aHHS HACTYMHUX 3aBAaHb: (DIKCYBaHHS BUMIPSIHUX
3HAYEHb AIarHOCTUYHUX MapaMeTpiB, aHAI3 TEHACHIIH iX 3MiH, IPOTHO3 TEXHIYHO-
ro cTaHy 00'ekTa KOHTpOtO. [IpOorHO3 CTaHy BUKOHYETHCA 3 ypaxXyBaHHSIM MEpe-
icTOpIi 3MIHU A1arHOCTUYHUX MapaMeTpiB 13 JOCTATHIM YMCIIOM iX BuUMipiB. Lls Bu-
MOTa HE 3aBXKJIM BUKOHYETHCS B MOBHOMY 00CS31, X0U 1 3pO0JICHO 3HA4YHI KPOKHU Y
rajry3i po3poOKH Ta BIPOBAKEHHS 3aC001B JIIarHOCTUKU Y MOPCHKY MPakTuKy. Jloci
ICHYIOTh JIMIIIE TOOJAMHOKI €(EeKTUBHI METOJM CTATUCTUYHOTO aHATI3y TEXHIYHOTO
CTaHy CYJAHOBOI'O OOJIaJHaHHS, €BOJIOLIT MOr0 B Yaci Ta MPOrHO3yBaHHs HeOe3mey-
HUX TEHJEHIIIM HOTo MOTIpIIeHHS.

CraTUCTUUHUHN aHaNI3 CKJIAJHOTO OOJaJHAHHS 3 METOK IPOrHO3YBaHHS HOTO
TEXHIYHOTO CTaHy 3HAYHOKO MIPOIO CTPUMYETHCSA CKJIAJHICTIO OMUCY peajbHuX (¢i-
3UYHUX SBUII, 110 XapaKTePU3YIOThCA K BUITAJIKOBI HECTaLlIOHAPHI mporecH. Y 0a-
raThbOX BHUIMAJKaX Yy KJIacl HECTAI[IOHAPHUX BUIAJIKOBHUX IMPOIIECIB, IO BIANOBIIAIOTH
peanbHUM (PI3UYHUM SIBUILAM, MOKHA BUAUIMTH OCOOJMBI KaTeropli HecTalioHap-
HOCTI, 10 TOJIETIIy€e 3aBJaHHs iX BHUMIPIOBAaHHSA Ta aHamizy. Hampuknazn, nesxi
SIBHIIIA BHUITAJKOBOTO XapaKTepy MOXYTb OyTH OMHCaHi BUIMAJAKOBUM HECTAIllOHAp-
HuM 1iporiecoM {Y(t)}, kokHa BUOiIpKOBa (DYHKILIS SIKOTO MAE BHUIJIST

y(O=A(0)-x(0);

ne X(t) — BubipkoBa (hyHKIIiS cTalliOHapHOTO BHITAKOBOTO Tiporecy {X(t)};

A(t) — nerepmiHOBaHMI MHOYKHUK. [HIIMMM CIIOBaMH, TaKHid TPOIEC BiTHOCHTh-
Csl 10 HECTAI[IOHAPHUX BHUIIAJIKOBHUX IPOIIECIB, BUOIPKOBI (PYHKIIT AKUX MalOTh Jie-
TEpMIHOBAaHUN TPEHI.

Sx11o HecTallioHapHUH MTPOIIEC BIAMOBIIa€ KOHKPETHOI MOJIEITI TaKOTO THITY (1110
BUMAaraTuMe CTaTUCTHUYHOTO MIATBEPKEHHS JOMYCTUMOCTI MOAIOHUX TIMOTE3) TOA1
JUTSL HOTO OMHCY HEMa€e HEOOX1THOCTI TPOBOJUTH OCEPEAHEHHS 1O BChOMY aHCaMO-
mo. [Ipu 11bOMy TOCTaTHBO MPOBOJUTU OCEPETHEHHS MO KOXKHIM BHOIpIll HA PIBHUX
iHTepBanax yacy (Hanmpukiam, yepe3 koxkHi 100 rog BUpoOIEHOTO TEXHIYHOTO Pecy-
pCy arperary) Ta BU3Ha4aTH JIHINHY IIBUKICTh 3MIHH JIETEPMIHOBAHOTO MHOKHHUKA
a00 1eaKoi iX CyKyImHOCTI.

Ha puc. 1 npexncraBiaeHo UTIOCTpaIlif0 HECTAIIOHAPHOTO METOJUYHOTO MiAXO0Iy
710 pO3B’sI3aHHA TaKOTO 3aBIaHHS Ha MPUKIIAJ MOXKJIMBOI 3MIHU €KCILTyaTallliHUX
XapaKTEPUCTUK (FpajiiEHTa MIBUAKOCTI 3MIHU 3arajbHOrO JY>KHOTO YMCJIa Ta IIBH]I-
KOCTI 3MIHU BMICTY MEXaHIYHUX JIOMIIIOK) MOTOPHOTO MAacTHja CUCTEMU MAIllCHHS
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CYJIHOBOTO JM3€Jsl BPaXOBYIOUM MMOBIPHICTh 1X MOTPAIUIHHSA B 007aCTh HOpMaib-
HHUX Ta HENPUITYCTUMHX 3HAYECHb
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Puc. 1. [Ipukia CTaTUCTUYHOTO OMUCY MPOIIECIB 3MIHU EKCILTyaTalliiHIX XapakK-

TCPUCTHK MOTOPHOI'O MacCJjia B IUCKPCTHHUX iHTGpBaJIaX qacy

['padiuni 3ay1e:kHOCT1, HaBeIeH1 Ha puc. 1, moOy0BaHi 3a eKCIEPUMEHTAIbHUMU
naauMu. [Ipu 11boMy 001aCTh JOMYCTUMHUX 3HAYEHb KOHTPOJIHOBAHUX IMapaMeTpPiB
pO3MO/IiJIeHa B IHTEPBal BiJ] MIHIMAJIBHOTO JO MAKCUMAJIBHOTO 3HAUYEHHS, a TaKOXK
BUJIJICH] 00J1acTI KOHTPOJIbOBAHUX BIJIXWJICHb MapaMeTpiB, IO BIAMOBIAAIOTH KPH-
TUYHUM, HAJAKPUTHYHUM Ta aBAPIMHUM 3HAYCHHSIM.

Po3pizusiTumMeMo HebakaH1 3MIHM TOTOYHUX MapaMeTPiB TEXHOIOTTYHUX MPOIie-
CiB Ta BIAMOBIAHI 3MIHU 3arajbHOTO CTaHy OOJIAIHAHHS 32 OYIKYyBaHUM OOCITOM Ta
TPYJAOMICTKICTIO HACTYITHUX PEMOHTHO-BITHOBIIIOBAIBHUX POOIT. TyT hopmansHOIO
03HAKOIO CTYIICHS HeOE3IeKH IMOIIKOKEHHS 00JIalHaHHS € TaKl MoJii, 0 MalTh
BUITaJIKOBHM Yac IXHOTO HACTYITY:

® KPUTUYHE, SIKWI BUMAaraTuMme NpoBeJIeHHs poOIT MiHIMAJIbHOT TPYAOMICTKOCTI
(6e3 po36upanHs, 6€3 TEXHOJOTTYHOT OOPOOKH UM 3aMiHM JieTajel Au3eliss) abo Jiu-
e 3MIHA PEXKUMY HOro eKCIuTyaTallii;

® HAJIKPUTHYHE, K€ BUMaraTuMe MpOBEJICHHS BiJHOBIIOBAJILHUX POOIT 3 YaCT-
KOBUM PO30HpaHHSIM Ta 3aMiHOIO JCTaJICH qU3EIIA;

eaBapiiiHe, sike MOTpeOyBaTUMeE 3aMIHM OJHIET UM KIJTBKOX JeTajeil Au3ens Ta
BUKOHAHHSI BEJIMKOTO 00CATY PEMOHTHO-BIHOBIIIOBAIBHUX POOIT.

VY nporneci TpUBAIOro eKCIulyaTalliHOTO €Taly >KUTTEBOTO ILIUKIY MOPCHKOI Te-
XHIKA 3MIHIOETHCSl 1 MaTeMAaTUYHE OYIKYBaHHS, 1 IUCIEPCId BUNAAKOBOI BETUYMHU
KOHTPOJIbOBAHOTO TEXHOJIOTIYHOTO IMapaMeTpa CyJIHa, JIBUTYHA, YCTaTKyBaHHS YU
CYyIHOBOI KOHCTPYKIIii. KpiM TOro, iCHy€e MOXJIMBICTh PErPECIMHOrO OINUCY 3MIiHU B
4aci He TUIbKM MaTeMaTUYHOrO OYIKYBAHHS Ta CEpeIHbOKBAJAPATUYHOTO BiAXHUIICH-
HS, a § MaKCHMAaJbHOTO Ta MIHIMAJbHOI'O 3HAYE€Hb I[l€] BHUIAIKOBOI BEJIWYHHU 3
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HUX poOIT MOXKe OYTH OMMcaHa IHTEHCUBHICTIO BiTHOBJICHHS, SIK1 Pa30M 13 IHTCHCH-
BHICTIO 3HOCY BIUIMBAaTUMYTh Ha KOE(]IIIEHT TOTOBHOCTI 0oOyiajiHaHHA. [Ipu npomy
CTATUCTUYHHMM aHa3 PO3YMIEThCS SIK MpOLEIypu OOYMCICHHS 1HTEPBAJIbHUX 3HA-
YeHb OYIKYBaHMX MOMEHTIB 4acy, KOJU OOJIaJIHaHHS MEPEXOAUTh 13 HOPMAJIbHOTO
CTaHy JI0 3a3HAYCHUX paHilllie HeOaKaHUX CTaHIB.

CraTtucTUyHUM aHaNi3 TEXHOJOTIYHUX MPOIIECIB 32 JAaHUMHU BUMIPIOBAHHUX Ta-
paMeTpiB Mae BKJIIOYATH HU3KY OOYHMCIIOBAIBLHUX TpoOIeAayp. Sk mpaBumiio, 3MiHa
TEXHOJIOTIYHUX XapaKTEPUCTUK CYyJIHA € JJOCUTh CKJIQJHUM TPOIECOM, JIJIS IPOTHO3Y
iX 3MIHU BUKOPUCTOBYETHCS IMOBIPHICHUHN MIAXiJ. Y CTaTKyBaHHs, HAIHHICTh SKOTO
KOHTPOJTIOETHCSI TEXHOJIOTIYHUMH Ta JIIaTHOCTUYHUMH 1HCTPYMEHTAIbHUMH 3aco0a-
MU, MPOTIOHYETHCS ONMUCYBATH CTATHCTHYHOIO MOJEIUTIO 3MIHU 3a3HAUYCHHUX Xapak-
TEPUCTUK Yy TIpolieci ekcrutyartaiii cyaHa. Cnia 3a3HaudTtd, 1mo (opma mpeacTaB-
JICHHS BEJIMKUX OOCATIB CTATUCTUYHOI 1H(OPMAIlT Y BUMIISIII TOTOYHUX 3HAYEHb I1a-
paMeTpiB yCi€l reHepaIbHOI CYKYITHOCTI JJaHWX, IO BUMIPIOIOTHCS, € HEAOCTATHHO
KOMITAaKTHOIO 1 3py4YHOIO JJIA i1 30epiranHs. B oMy BUNaaKy JOIUIBHO iX 30epira-
TH y BUTJIAJIl YUCEIBHUX 3HAYCHb QYHKIIINA po3noauty (depe3 koxHi 50...100 rox), a
TaKOXX y BUTJISII CEPEIHIX BHUOIPKOBUX BEJIWYHH, CEPEIHBOKBAJIPATUYHUX BIiIXH-
JIEHb, YUCEIbHUX 3HAYEHb €KCIIECIB 1 KOe(IlI€HTIB aCUMETPIi Ta MIHIMAJIIBHHUX 1 Ma-
KCHUMaJIbHUX 3HaueHb. KokeH Hallp IuX cepeiHIX CTAaTUCTUYHUX 3HaYE€Hb MOXe Oy-
TH ONHUCAHUNA KyCKOBO-JTIHIHHUMU pIBHSHHAMU perpecii PyHkuii yacy. L1 ¢pakTruHi
JlaH1 MOBMHHI B1AOOpaXXaTH BCIO MEPEIICTOPII0 PO3BUTKY TEXHOJOTTYHUX MPOLIECIB
710 TTIOTOYHOTO Yacy.
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VJIK 629.5

Carin C.B., Kyponsitauk O.A.
HamionansHuit yHiBepeutet «Opechbka MOpPChbKa akaieMis»

3ade3neuennss Bumor MARPOL mono emicii okcuaiB cipku muisixom
BUKOPHUCTAHHS NMAJUBA, sIKe CKJIAAAKTH TiAPOBaHI POCJNHHI MACTIJIA

3a0e3neueHHs eKOJOTIYHOCTI Cy/IeH MOPCHKOTO Ta BHYTPIIIHBOTO BOAHOTO Tpa-
HCIIOPTY € aKTyaJIbHUM 3aBJaHHSM, Ha PO3B’SI3aHHS SIKOTO CIPSIMOBAHI JOCTIIKEH-
HSI HAYKOBIIIB Ta TEXHIYHI pekoMeHaaIlli GpipM-BUPOOHUKIB CYTHOBUX JaU3emiB. I'0-
JIOBHOIO METOIO IMX JOCIIIJKEHb Ta PEKOMEH Al € 3MEHIIICHHs 3a0py/IHEHHS BOJI-
HOTO Ta MOBITPSIHOTO CEPEIOBHUINA MMiJl Yac €KCIUTyaTallii CyJHOBUX €HEPreTUYHUX
YCTaHOBOK Ta CHUCTEM, 110 3a0e3neuyroTh iX GyHkmionyBaunHus [1, 2]. Camum po3smo-
BCIOJDKEHUM THUIIOM TEIUIOBUX JIBUTYHIB, 1110 BXOJSATH J0 CKJIAQy CYyJIHOBHX €HEpre-
TUYHUX YCTAHOBOK € JIBUTYHI1 BHYTPIIITHBOTO 3TOPSIHHS (IU3€1), K1 B IOPIBHSHHI 3
IHIITMMU TETUIOBUM JIBUTYHAMH — MAPOBUMHU YH Ta30BUMH TYpOiHAMH — XapaKTepH-
3YIOTbCSI OUTBIIMM €(DEKTUBHUM KOE(ILIEHTOM KOPHUCHOI JIli Ta MEHILIOI MUTOMOIO
BUTpaTolo nanua. Came 11 00CTaBU rapaHTYIOTh JTOMIHYIOUE PO3MOBCIOJIKEHHS JIU-
3eJiB Ha CyJHAaX MOPCHKOTO Ta BHYTPIIIHHOTO BOJHOTO TPAHCIIOPTY Ta iX BHKOPHUC-
TaHHS SIK TOJIOBHUX Ta JOTIOMDKHHUX JIBUTYHIB.

OTtprmaHHs €(PEKTUBHOI MOTY>KHOCTI B CyI0BHX JIU3EJISIX HEMOXJIUBO 0€3 BUKO-
PUCTAaHHS TAJINBA, KIHIIEBUM MPOJAYKTOM KHUTTEBOTO ITUKITY SIKOTO € BUITYCKHI rasu,
[0 MOTPAIUISIIOTh Yy JOBKULISA Ta CHOPHUSIOTH oro 3a0pyaHeHHio. HaitOubin nHebes-
MEYHUMHU PEYOBUHAMHU, IO BXOMSTH IO CKIIAJy BUIYCKHHX Ta3iB CYJHOBUX THU3EIIB
Ta HEraTHUBHO BIUIMBAIOTh HA €KOJOTIYHICTH MOPCHKUX CyIeH, € okcual a3oTy NOx
ta cipku SOx. Came 31 3HIDKEHHSIM eMICii IIUX CKJIaJIOBUX TIOB’si3aHE 3aBJAaHHS 3
MIJBUILIEHHS €KOJIOTIYHOCTI pOOOTH CYyJ€H MOPCHKOTO Ta BHYTPIIIHBOTO BOJHOTO
Tpancnopty [3, 4].

Biamosinmao mo Bumor Annex VI MARPOL pisens emicii okcuai cipku SOx 3
BUITYCKHUMHU ra3aM CYJHOBUX JU3€JIIB PErJIAMEHTYETHCS BMICTOM CIPKM B MaJIMBI.
Oco06nmBa yBara ImoJ0 €Micii OKCUAIB CIPKH MPUIUISETHCS M1 Yac 3HAXOJKCHHS
CYJ€H MOPCHKOTO Ta BHYTPIIIHBOTO BOJHOTO TPAHCIIOPTY Y palioHaX CHEIialbHOTO
ekostoriunoro koutposro — Sulphur emission control area (SECAS). Ilix uac exc-
myatanii cygaeH Bcepeauni SECAS MakcuManbHUM BMICT CIPKHM B MaJMBI HE TTOBU-
HeH niepeBuiyBatu 0,1 % 3a macoto, B pasi ekcruryataiiii noza SECAS n103BoJis€Th-
Csl BUKOPUCTAHHS TMajuBa, BMICT CIpKu y sikomy He nepesuirye 0,5 %. Exonoriu-
HICTb pOOOTH MOPCHKHUX CYJICH IIOJI0 €MiCii OKCHIIB CIPKM TaKOX BHU3HAYAETHCS Bi-

0,
co,
BoMy nanuBi. [1i yac 3HaxopxeHHs cyaHa Becepeandi SECAS 3HaueHHs BiIHOIIICH-
% 2
co,
no3a SECAS — 6ytu He Oinbin 3a 21,7 ppm/%.

JTHOILLICHHSIM , 3HAUCHHS SIKOTO MOBUHHO BIAMOBIATH BMICTY CIPKH Y CYAHO-

HS HE MOBUMHHO nepeBuiyBatu 4,3 ppm/%, y BUNAaaKy eKCIUTyaTalii cy/Ha
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Came mig 9ac 3HAXOMKEHHSI MOPCHKOTO CyJIHAa B ITUX aKBATOPISIX MPOBOIUBCS
KOMIUJIEKC AOCTIHPKEHb 3 BU3HAYEHHSI MOXKJIMBOCTI KEPYBaHHS €MICIEI0 OKCHIIB CIp-
KU IUISIXOM BUKOPHUCTAHHS MayiiBa 010JIOTTYHOTO MOXOKEHHSI, SIKE CKJIaIal0Th Ti]I-
POBaHI POCIMHHI MacTHIA.

3MeHIeHHs eMicii okcuiB Cipku SOx 3 BUITYCKHUMH T'a3aMH CYHOBHUX JTU3EIIIB
JIOCSITA€ThCS IBOMAa OCHOBHUMH IUISIXaMH — Y€pe3 BUKOPUCTAHHS CIIELIAIbHUX CHC-
TEM OYHUIICHHS BUIIYCKHUX Ta3iB Ta uepe3 3a0e3neueHHs poOOTH CY/THOBUX JIU3EIIIB
Ha TaJIMBi, BMICT Cipku B sikomy He niepeBuirye 0,1 % cipku 3a Macoro.

[Tim yac BUKOPUCTAHHS CIEHIAIbHUX CHUCTEM OYMINCHHS (HAWOIIBII PO3IMOBCIO-
JOKCHUMU 3 SIKUX € CKPyOepH BIIIKPUTOTO YU 3aKPHUTOTO THITY) JO MOTOKY BHUITYCK-
HUX Ta3iB Mojae€ mpicHa uu 3a00pTHA (MOpPCHKA) BOJA, B SIKOT PO3UMHEHI CIIeHiadbH1
XIMIYH1 pe4OBHHH. B 3B’53Ky 3 peakili€ro IUX PEYOBHH (SIK MPABUIIO CUIIBHUX HEOP-
rariunux ocHoB NaOH a6o KOH) Ta 3’eaHanb, 1m0 MICTATh CipKy (y OLIBIIOCTI BH-
najakiB cipurctoi kucinotu H2SO3 Ta cipuanoi kucnotu H2SO3) yTBOpIorOThCS CO-
JHOB1 PO3YMHU K1 JIOJATKOBO PO30aBIISIIOTHCS MOPCHKOIO BOJOIO Ta BUAAISIOTHCS
3a 6opt. I[Ipu ubomy BMICT OkcuaiB Cipku SOx y BUIIYCKHUX Tra3iB CYTTEBO 3HUKY-
eThesi. Lle /103BOsIE BUKOPUCTOBYBATH TEXHOJIOTII CKPYOEpHOTO OYHIICHHS B pasi
eKCIUTyaTallii CyJJHOBUX JM3€JiB Ha IMaJiiBl, BMICT CIDKA B SIKOMY MOXE JIOCSTaTH
3,5 % 3a macoto. BctaHoBIeHHS! CKpyOEpHUX CHCTEM OUHUIIEHHS BUMAarae moyaTko-
BUX (pIHAHCOBUX BHUTpAT Ha iX BcTaHoBieHHA. Ille omHUM HeraTUBHUM (HaKTOPOM
X CUCTEM € 30UIbIICHHS aepOAMHAMIYHOIO OTOPY B Ta30BUITYCKHOI CUCTEMI JH3€-
mi. [Ipu uboMy cKpyOepHi CUCTEMH J03BOJISIIOTH BUKOPUCTAHHS TMajiMBa 31 BMICTOM
cipku 110 3,5 % 3a Maco1o, SIKi MalOTh HUKYY BapTicTh [5, 6].

[1in yac BUKOpUCTAHHS MaJMBa, BMICT CIpKHU B sikoMy He mepebunbirye 0,1 % 3a
Macol CyJHOBHUM JU3e/bh Ta MOro MajJuBHA CUCTEMAa 3a3Jajieri/ib MEePEeBOASTHLCS Ha
SKCILTyaTaIliiHI PEKUMH, 10 3a0e3MedytoTh 11l yMoBH [/, 8]. TpuBaicTh BOTO ITe-
PEBEICHHST MOXKE JOCATaTH KIJIBKOX TOJIMH Ta 3aJIe)KUTh BiJI MMOTY>KHOCT1 JU3CITIB Ta
KUIBKOCTI TIaJIMBa 3 MiABUIICHUM BMICTOM CIpKH B TAJWBHIN cucTeMi. Y OLIBIIIOCTI
BUIIAJIKIB SIK TaKW MaJIMBa BUKOPUCTOBYIOTHCS TairBa HA()TOBOTO MOXO/KEHHS Ka-
teropii Low-sulfur fuel (3i BmicTom cipku 0,08...0,1 % 3a macoro), abo Ultra-low-
sulfur fuel (31 BmicToMm cipku 10 0,05 % 3a Macor). OCHOBHHM HEO0IIKOM BUKOPHC-
TaHHS MOIOHUX TAKB € iX ORI BUCOKA BAPTICTh B TIOPIBHSIHHI 3 MAJTUBOM, BMICT
CIpKHU B IKOMY 3HaXxoauThcs B Mexkax 0,5 %, Ta 0co0MBO 3 MaqTuBOM 31 BMICTOM Ci-
pku 6115 3,5 % (BUKOpPUCTAHHS SIKOTO MOXJIMBO 1]l YaC BCTAHOBJICHHI HA JTU3EIIIX
CKpYyOEpHHUX CHUCTEM OUYUIICHHS).

JlocniKeHHsT BUKOHYBAJINCh Ha CIEliali30BaHOMY MOPCBKOMY CYAHI Kiacy
Container Ship, npusnauenomy s TpancnopTyBanus 8480 TEU. Cyano 3xiiicHIO-
BaJI0 HaBiraiiiiHi nepexoau sik Bcepenuni SECAS, Takox mo3a nux paionis. Jlo
CKJIay JOIOMIKHOT €HEePreTHYHOI YCTAaHOBKH SIKOTO BXOJWIM YOTHPU CYTHOBHUX
cepenuboobeproBux aumsenss Wartsila 6L.32. [lin wac mpoBeneHHS €KCIIEPUMEHTIB
cynHoBi amzen Wartsila 6132 ekcrmyaTyBaiuch Ha HajvBax HApTOBOIO MOXO-
mxkenHs DMA20 (y Bunaaky 3HaxopkeHHs cynHa Beepenuni SECAS) ta RMG350
(y Bumaaky 3HaxopkeHHsa cyaHa noza SECAS). 1li manuBa BUKOPUCTOBYBAIUCH K
OCHOBHI. SIK anbTepHATHUBHE NMAIUBO (BU3HAYEHHS BIUTUBY SIKOTO HA €MICIIO OKCH/IIB
Cipku Oynu MPHUCBSYEHI AOCTIIKEHHS) BUKOpPUCTOBYBaiock manuBo HVO — Hy-
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drotreated Vegetable Oil, mo BigHOCUTBECS 10 Kjacy HajuBa OiOJIOTIYHOTO ITOXO-
JDKEHHS, SKE CKIIaaroTh TiIpoBaHi pociuHHI MacThia. OCHOBHI XapaKTEPUCTHKU

najauB HaBejeH1 y Tabmmi 1.

Tabmuis 1. XapakTepuCTHKA MOTOPHHX TTAJTHB

Mapka nanusa

XapaKTepUCTHIA DMA20 | RMG350 HVO
I'yeruna npu 20°C, kr/m° 874 912 918
B’s3kicTs npu 40°C, Mmm%/c 10,7 342 322
Bwmicr cipku, % 0,084 0,42 0,018
Hwxkua TeruioTBopHa 31aTHICTD, KJK/KT 42630 41110 44370

Excrutyarariiss oAHOrO 3 13€J1iB BUKOHYBajach ad0 Ha MajuBl HAPTOBOTO MOXO-
mxenHs — DMA20 uu RMG350, excrutyaTaliisi TphOX IHIIMX — Ha CyMII IUX Ia-
muB 3 nanuBoM HVO, npu npomy BmicT nanuBa HVO y manuBHii cyMillli CKIIajgaB
10 %, 20 % Ta 30 % s pi3HuX AuseniB. CaMe Ha WX JU3EISIX BUKOHYBAIHCH €KC-
MepUMEHTAIBHI JOCIIDKCHHS 3 BU3HAYCHHS €(PEKTHMBHOCTI BHKOPHUCTAHHS MaJIMBa
61oJ10r1iyHOrO NoxomkeHus HVO.

Sk moka3HUK, 3a AKUM OlliHIOBaBcs BIUIMB nmaymBa HVO Ha ekosioriuHicTh poOo-

SO
2 .
. Pe3ynpratn nociixeHp Ha-

TU MOPCBHKOTO CyJIHa, OOUPATIOCh BiTHOIICHHS [a
2

BeJleH1 y Tabmuisx 2, 3 Ta nojaHi Ha puc. 1.

2

Tabnuus 2. BigHomeHHs [ j , PpPM/%V, i yac pi3HUX YMOB €KCILTyaTaIlil CyHOBHX JAU3EIIB

2
Wartsila 6L.32 ta 3Haxomkenns cyana moza SECAS

Hagsanra- Bun nanusa
eHHS. Y% RMG350 RMG350 (90 %) RMG350 (80 %) RMG350 (70 %)
’ (100 %) + HVO (10 %) + HVO (20 %) + HVO (30 %)

50 17,83 17,04 16,12 14,38
60 18,24 17,28 16,43 14,56
70 18,82 17,56 16,84 14,72
80 19,67 17,93 17,16 15,03

Tabnuus 3. BigHomeHHs . J , PPM/%vV, mig yac pi3HUX YMOB EKCIUTyaTallii CyJTHOBHX TU3CIiB

2
Wartsila 6L.32 ta 3naxomkenns cyaaa Bcepeanai SECAS

Hapanra- Buj nanvsa
skeHHS. Y% DMA20 DMA20 (90 %) DMA20 (80 %) DMAZ20 (70 %)
'~ | (100%) | +HVO (10 %) + HVO (20 %) + HVO (30 %)
50 3,48 3,17 2,95 272
60 3,72 3,38 3,12 2,88
70 3,93 3,56 3,28 3,02
80 4,08 3,67 3,32 2.97
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SO, | ppm SO, | ppm
Cco,) %
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IDM
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=)

e—80 N,%

14,0

le—70 le—80 N.%

50

Puc. 1. Bignomnrenus 2 |, ppm/%v, mix yac pisHUX YMOB EKCIUTyaTallii CyJJHOBUX TU3EITiB
2
Wartsila 6L.32:
a — iy yac pukopuctans mamuBa RMG350 Ta iioro cymimi ¢ mamusom HVO;
6 — mija yac BukopuctanHs nmanua DMAZ20 ta ioro cymimi ¢ nanusom HVO;
RM — naymmBo RMG350; DM — manmuBo DMA20; 1, 2, 3 — cymim namuea RMG350 (a6o
DMAZ20) Ta 10 %, 20 %, 30 % namusa HVO BiamosigHo

Bimaocue 3menmenns emicii SOx T 9ac BUKOPHUCTAHHS MaJiiBa 010J0TIYHOTO
MOXO/KEHHS, SIKE CKJIAJal0Th TPOBaHI POCIMHHI MACTHJIA PO3PAXOBYETHCS SIK

(sozj _(SOZJ
A(SOZJZ s L HVO .100%, aGo
CO, SO,
(COZJRMG
(sozj _(sozj
2 Y2
(COZJDMA
S0, S0, : DO, | .
e (C—OZJRMG’ (COZJDMA— 3HAYCHHA B1JHOIIICHHS [C—OZJ 111 49acC BI/IKOpI/ICTaHHH

nanuBa RMG350 a6o DMAZ20;

O
2 . ..
11 4YaC BUKOPUCTAHHS CYMILII

O, _
— SHAa4YCHHS BIIHOLICHHA | 5™
HVO 2

co,

nanuBa RMG350 abo DMA20 ta HVO [27].

3a HaBeIEHMM BUPA30M 3 BpaxXyBaHHSM 3HAUY€Hb TaOJUIb 2, 3 OTpUMaHi Be-
JUYUHY BiTHOCHOTO 3MeHIIeHHs eMicii SOx il yac BUKOPUCTAHHS MauBa 010J10Ti-
YHOTO MOXOKEHHS, SIK1 y3arajibHeHi y Tabnuisx 4, 5.
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Tabnuus 4. BignocHe 3meHmenHs emicii SOx, %, i yac pi3HUX YMOB €KCILTyaTalii CyTHOBUX
nuseniB Wartsila 6L.32 ta snaxomkenns cyaaa mo3za SECAS

HapanTaxenns Bun nannsa
% ’ RMG350 (90 %) RMG350 (80 %) RMG350 (70 %)
+ HVO (10 %) + HVO (20 %) + HVO (30 %)
50 4,43 9,59 19,35
60 5,26 9,92 20,18
70 6,70 10,52 21,79
80 8,85 12,76 23,59

Tabmuus 5. BinHocHe 3menmenHs emicii SOx, %, mig yac pi3HUX yMOB €KCIUTyaTallii CyJHOBUX
nuseniB Wartsila 6L.32 ta 3naxomkenns cyaHa Bcepenuni SECAS

HapanTtaxenns Bun nannsa
% ’ DMAZ20 (90 %) DMAZ20 (80 %) DMAZ20 (70 %)
+ HVO (10 %) + HVO (20 %) + HVO (30 %)
50 8,91 15,23 21,84
60 9,14 16,13 22,58
70 9,41 16,54 23,16
80 10,05 18,63 27,21

ExcniepuMeHTaIbHUMU JOCHIDKCHHSIMH, 110 BUKOHYBAJIUCh HAa CYJTHOBHX JIH3€E-
asix Wartsila 6L32 migTBepauiu MoxIuBicTh 3a0e3nedenns sBumor MARPOL oo
eMICii OKCHIIB CIPKHU IIIIXOM BUKOPUCTAHHS MaJMBa, K€ CKJIAJIal0Th T1IPOBaHi pPo-
CIIMHHI MacTHJA.

JUia nmanuBHUX cymimed, skl ckinagand 70...90 % nanuBo HaTOBOrO MOXO-
mkeaas RMG350 abo DMA20 ta nmamuso 30...10 % nmaauBo HVO, B miama3soni
eKCIUTyaTaliiHux HaBaHTaxeHb Ha aAu3eni 50...80 % Oys0 BCTAHOBJICHO 3HM)XEHHS
emicii okcumiB cipku Ha 4,43...23,59 % mix yac 3HaxXomkeHHs cyaHa mo3a SECAS
taHa 8,91...27,21 % mix yac 3HaxomKeHHs cyaHa Bcepenuni SECAS.

B pa3i BukopuctanHs numie najguBa HadToBoro moxomkeHHs RMG350 abo
DMAZ20 exomnoriyHa CTIMKICTh MOPCHKHX CyZeH 3a emicieto SOx 3HaAXOAUTHCS B Me-
xax 9,35...17,83 % Ta 5,12...19,07 % BinmoBigHO. BuUKOpHUCTaHHS MaJIUBHUX CY-
MIIIIeH, O CKJIaay SKUX BXOJUTH NajauBO OiojorigHoro moxomkeHHs HVO, ske
CKJIQJIaI0Th T1APOBaHI POCIMHHI MaCTHJIA, 301IBIITY€E €KOJIOTIYHY CTIMKICTh MOPCHKUX
cyneH 3a emicieto SOx. 3HaYeHHS IbOTO MOKA3HUKY JI PI3HOTO CKJIaay MaJuBHOI
CyMIiIlll Ta PI3HOTO HaBaHTAXKEHHS Ha au3eni nocsrae 3HavueHb 17,37...33,73 % ming
yac 3Haxo/pkeHHs cyaHa mo3a SECAS Ta Bukopucranns nanuBa RMG350, a Takox

14,65...36,74 % mix vyac 3HaxopkeHHs cyaHa BcepeauHi SECAS Ta BUKOpUCTaHHS
naimmsa DMAZ20.
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VJIK 629.5

Cariu A.C.
Hamionanpauit yHiBepcuteT «Ojiechbka MOPChbKa akaJaeMisy

Ynpagpiainus ¢gpazaMu BIOPCKYBAHHS il 4a¢ TUMYACOBOT0 BUKOPUCTAHHA B
CYTHOBHX JH3€JiB MAJUBA 3 HU3bKUM BMICTOM CipKH

Excmmyarariisi CyTHOBUX ABUTYHIB BHYTPIITHBOTO 3TOPSHHS CYIAEH MOPCHKOTO
Ta BHYTPINIHBOTO BOJAHOTO TPAHCIIOPTY MMOBUHHA BUKOHYBATHUCS HE JIMIIE 3 MATPHU-
MaHHSIM HEOOX1HOT MOTY>KHOCTI Ta BUKOHAHHSIM BUMOT IHCTPYKIIiH 3 eKCIuTyaTaliii,
ajyie TakoXX 13 3a0€3MEYeHHSIM EKOJIOTIYHUX TOKAa3HMKIB 1X poOoTH. JIo OCHOBHHUX
€KOJIOTIYHUX MOKA3HHUKIB POOOTH CYyIHOBUX JIU3EIIB HaJeKaTh KOHIIEHTPAI[Isl OKCH-
niB cipku SOx Ta okcuaiB a3oty NOx B BunyckHux rasax [1, 2]. 3HauenHs 000x 1mo-
Ka3HHUKIB periiameHTyerhcsi BuMoramu Jlomatka VI MARPOL, npu nbomy oOme-
xenHs moao emicii NOx (sxe Bigmosimae piBasam Tier |, 11 a6o III) 3amexuts Bix
POKY TOOYJIOBH TU3€Jsl Ta MOr0 HOMIHAJIBHOT 4YaCTOTH OOepTaHHs, OOMEKEHHS BU-
kuniB SOx BH3HAYAETHCS BMICTOM Cipku B manuBi 3, 4]. 3 01.02.2020 p. Ha cymHax
MOPCHKOTO Ta BHYTPINIHBOTO BOJAHOTO TPAHCIIOPTY 3a00POHEHO BUKOPUCTAHHS
MOPCBHKUX COPTIiB MaJlMBa BMICT Cipku B sikux mepeBuirye 0,5 % 3a macoro [5, 6].
Tako>x BU3HAYEHI CIeliaibHI €KOJIOT1YH1 paiiloHU 3 OOMEKEHHS BUKU/IIB OKCHUJIIB Ci-
pxu (Sulfur Emission Control Areas — SECAS) B sIKuX J103BOJIIETHCS BUKOPUCTOBY-
BaTH MaJUBO 3 BMICTOM Cipku He Outbil Hixk 0,1 %. [1ix yac po60oTH B IUX pailoHax,
a00 3a YMOBOIO X MEpeTUHAHHS CYIHOBI JAu3eis (SKi BUKOPUCTOBYBAJIM IMAUBO 3i
BMICTOM cipku OutbI HiX 0,1 %) nepeBoAsITHCS Ha €KCIUTyaTallilo Ha MajuBi 31 BMi-
cToM cipku 1o He nepesutrye 0,1 %. Llei nepesis BUKOHY€EThCA TTOCTYIIOBO, 3 ypa-
XYBaHHSIM OOCSTY CIpYMCTOTO MaJMBa B BUTPATHOI IIUCTEPHI, BMICTY CIPKH B MaJIMBI
Ta eKCIUTyaTaliifHol MOTYXHOCT1 qu3ens. Yac ekcruryaTarili Au3ens Ha MaiuBi 3 HU-
3bKMM BMICTOM CIPKH 3aJI€KHUTh BiJl IIBUIKICHUX XapaKTEPUCTUK CYJIHA, T1pOMeTe-
OpOJIOTIYHHX YMOB TIepexoy, yacy nepedyBanns B 30HI SECAS Ta KOJMBAETHCS Bi
KUTBKOX TOJUH (TIpY 3HAXO/KEHHI CyJIHA B €KOJIOT1YyHUX paiionax [liBHIUYHOT €BpO-
M) A0 KUIBKOX JHIB (MiJ 4Yac PyXy B KapaBaHi CyJ€H BHYTPIIIHIMH BOJAHUMH
nuisxamu Kuraro).

Opnna 3 ipo06JIeM, 10 BUHMKAE ITiJT Yac MEPeBOy AU3EIIiB Ha MaJuBO 3 HU3bKUM
BMICTOM CIpKH, TOJIATA€ B HACTYNMHOMY. 3HUKEHHS BMICTY CIPKH B MaJIUB1 CIPUSIE
3HIDKCHHIO MOTO TYCTHHHM, B’S3KOCTI, TEMIIEpAaTypH caMO3aiiMaHHs Ta 301JIbIITy€E Te-
MJIOTBOPHY 37aTHICTH MajiuBa (Yepe3 MporopIliiiHe 301IbIIEHHS BMICTY B TTAJUBI BO-
nHIO Ta Byrelo) [7, 8]. 3a ogHakoBHX YMOB MPOIECY BIOPCKYBAHHS, MaluBa, 10
MaloTh MEHIIY TEMIIepaTypy caMmoO3aiiMaHHA Ta OUIbIIY TEIJIOTBOPHY 3/IaTHICTIO,
XapaKTEPU3yIOThCS OUTBIIT BHCOKOI TEMIIEPATypOIO0 HAMpPUKIHIN 3ropsHHA 1, Lle
OOYMOBIIIOETHCSI 3MEHILIEHHSIM KyTa 3aTpUMKH caMo3aiiMaHHs, 301UIbILIEHHSIM KyTa
BUTICPEHKEHHS TTOYATKY 3TOPSHHS Ta OUIBIION €()EeKTHBHICTIO MPOIECY 3TOPSIHHS B
paiioni BepxHboi MepTBoi Touii (BMT) [9, 10]. OcHOBHI Teruiodi3zndHi XapaKTeprc-
TUKW CYJHOBUX MaJUB HaBejeH1 B Ta0m. 1.
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Tabmuus 1. OcHOBHI Ternogi3uYHI XapaKTEPUCTHKH CYTHOBHX MaJIMB

XapakTepucTuka RMG500 RMG380 DMAI15

Bwmict cipku, % 0,5 0,48 0,082
Bwicr Byruerrio, % 82,1 82,2 83,1
BwmicT BonHIO, % 10,3 10,5 10,5
I'ycruna 3a 15 °C, kr/m® 993 982 931
B’s3xicTh 3a 50 °C, mm?/c 500 380 11,7
Temneparypa cnasaxy, °C 81 78 73
Temmneparypa camo3aiimanns, °C 203 197 112
TennoTBopHa 31aTHICTh, KJ[K/KT 41660 41920 42230

JIisi BU3HAYCHHSI MEXaHI3MYy, 32 JJOTIOMOTOI0 SIKOTO MOJKJIMBO YIIPABIIIHHS TIPO-
1IeCOM 3TOPSHHS TajuBa IiJ Yac TepeBefeHHs pobotu mmszens 6S60MC-8.2-TlI
MAN-Diesel & Turbo Ha majauBo 3 HU3bKUM BMiCTOM CipKH MPOBOAMBCS TaKiil eKC-
EPUMEHT.

[Ticns mAroToBKM MaJMBHOI cucTeMH 10 ekcruryaTailii B 30H1 SECA (a cawme,
noBHOTO BuTpadanHda naguBa RMGS500 31 Bmictom cipku 0,5 % Ta 3anI0OBHEHHS BU-
TpaTHUX HucTepH naiuBomM DMAILS 31 BMicTom cipku 0,082 %) Oys10 BUKOHAHO Tie-
peHanamTyBaHHs NaMBHUX HacociB BUcokoro TUCKY (IIHBT) muisixoM 3MiHu KyTiB
BUIIepeKeHHs noaadi nanwmsa [11, 12]. s muriaapis NeNe 1 ta 6 3HaueHHS T0TIe-
pPEIHIX KYTIB BUIEPEIKEHHS (HAa SIKMX BUKOHYBaJIach €KCIUIyaTallis JAU3essl Ha ma-
muBi RMG500) 3amumuinochk He3MiHHUM (-6° moBopoTty komiH4atoro Bamy — [1IKB).
Jns mumiaapiB NeNe 2, 3, 4, 5 BCTaHOBIIOBAIMCH HOB1 KyTH BHUIIEpPEHKEHHS -5,5, -
4,5, -4,0, -5,0°TIKB BiamosigHo). I1ig gac mocmimKeHHs IS KOXKHOTO 3 IUIIHIPIB
KOHTPOJTIOBAIMCh MAaKCUMAJIBHUIA THCK 3TOPSTHHSI 7, TUCK HAMPUKIHII CTUCHEHHS e,
CepeliHIi 1HIUKATOPHUI THUCK P; Ta TeMIlepaTypa BUITYCKHUX Tra3iB ty. 3a pe3yinbra-
TaM{ BUMIPIOBAHHS [; BU3HAYAJIOCS CEPEAHE 3HAYCHHS IHIUKATOPHOTO THCKY IIO
BCIX HWIHAPAX JU3EIIS

?=(pl+ pl 4t 06
ae p;i, p7,... py — IHOUKATOPHHI THCK IO BiAMOBiZHUM HuIiHIpaM auseis, MIla;

Ta BIJHOCHE BIJIXWJICHHS IHIUKATOPHOTO THUCKY 33 OKPEMHMH LUJIHIAPAMH BiJl HOTO
CepPEAHBOTO 3HAYCHHS 32 BCIX IIUJIIHIPIB

Ap; :‘pin — p*[-100%/ p/';

e pi” — IHAMKATOPHHUM TUCK B OTHOMY 3 miutiHpiB, MI]a.

dikcanis TMOKa3HUKIB pOOOTH nu3ess 31IMCHIOBalach JJisi HaBAaHTAKCHHS
0,85Nenom (1€ Nenoy=14280 kBT — MakcuMallbHa TpUBajia eKCIUTyaTalliiHa MOTYX-
HicTh). TakoXX B ra30BHUITYCKHIN Marictpajii BUMIPIOBAJach KOHUEHTpALlisl OKCHIIB
a30Ty B BUITYCKHUX ra3ax. Pe3ynbratu JOCIIIKEHHS y3arajabHeHl B Ta0. 2.

127



Tabmuns 2. Pesynbratu oCHiIKeHHS

= 1 1
< . - = T o C;S \ ! - >
o, T oo = =) 2 s 2 s = & & 5 .
S| 2fg| EE.| E5.| o3| EEL|E5T | Ed
=) O R = = = 9= = .EEI:‘ mEXNg S30
S 2gi| £8%| 5% SgE| £E2 5285 Sps
S| E2 | gx24| ZE4S| 2286| EEd| 2% S RS
= m A o < 2 o O E =5 2 o X E & = 3
2| 58 | SE = = =F @88 | 2°
4 = Q @) = ﬁ
1 -6 14,68 12,56 1,169 1,96 -1,28 374
2 -5,5 14,72 12,68 1,161 1,97 -0,76 377
3 -4,5 14,78 12,81 1,154 2,01 1,24 382
4 -4 14,66 12,78 1,147 2,01 1,24 386
5 -5 14,71 12,65 1,163 1,99 0,25 383
6 -6 14,77 12,58 1,174 1,97 -0,76 375

3a pesynbraramu Tad’a. 3 moOymoBaHi HoMorpamu (puc. 1), mo BigoOpakaroTh
3MiHY MMOKa3HUKIB poOOTH Jn3elns 3a pi3Hux yMoB HanamryBanHs [IHBT. Sk naii-
OuIbII 1HPOPMATHUBHI TTOKA3HUKH, IO XapaKTEPU3YIOTh Mepedir Mporecy 3ropsHHS
Ta BUKOPUCTAHHS TEIJIOTHU, OyyiM OoOpaHi CTYMiHb MiJABUIICHHS TUCKY IiJl Yac 3ro-
PSIHHA A Ta TeMIiepaTypa BUITYCKHUX Ta3iB ty.. 3HaueHHs P;, Ap; Ta ty, Oyu BigHECeH1
710 TIOKa3HUKIB, 10 XapaKTEPU3YIOTh PIBHOMIPHICTh PO3MOAUICHHS HABaHTaKCHHS
0 LIWTIHJpaX JU3EIIs.

% T t,°C J_
1,17 385+t
1,16 — 380
1,15} |’_‘ 375} lr_‘ I——|
1,14 I_—I 370 I——|
1 2 3 4 5 6 Ne mun. 1 2 3 4 5 6 Ne mu.
-6,0 -5,5 -45 -40 -5,0 -6,0¢°IIKB -6,0 -5,5 45 -4,0 -50 -6,0¢°IIKB
7)) 0)

Puc. 1. 3MiHa CTYNeHIO MiABUIIEHHS TUCKY ITiJl 4ac 3rOpsiHHS A (@) Ta TeMIeparypa BHITyCKHHUX
rasiB ter (0) JUIs pI3HUX KYTIiB BUIIEPEIKEHHS T10/1a4i AJTUBA CYJHOBOTO
nmsento 6S60MC-8.2-TlI

HeysromkeHicTh MOKa3HUKIB pOOOUYOTO MPOIIECY MO MITHAPAX Tij] Yac rnepeHa-
namryBanss [THBT Ha pi3Hi 17151 KOXKHOTO 3 MITIHAPIB KyTH BUTIEPEIKEHHS TI01a41
najgvBa He mepesuiyBana: p; — £0,5 %; p; — £1,3 %; p. — £1,0 %, t,. — £7° C. o-
3BOJIEHA PO301KHICTh B 3HAUEHHSIX Ap; rapaHTyBajla e(eKTUBHICTh Nepediry po6o-
YOro IMKITY [0 BCIM IWTiHApam au3ens [13, 14].

BumiproBaHHS KOHIICHTpAIIisI OKCHIIB a30Ty B BHUITYCKHHX T'a3aX BUKOHYBAJIOCS
JUIsL TPhOX YMOB €KcIUTyatarlii au3ens: podota Ha nmanuBi RMGS500, po6oTa Ha na-
auBi DMAI1S 3 ogHakoBUMHU KyTaMH BHUIIEPEKEHHS 10j1aul najauBa (10 nepeHana-
ITyBaHHA Ju3elisi), podoTta Ha namuBi DMAI1S 3 pi3HUMU KyTamMu BUIEPEIKEHHS
nojayl manupa (Mmicisl nepeHanamrtyBanHs ausens) [15, 16]. Ilpu mpomy s Beix
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BUIIAJIKIB JU3€Jb eKCIutyaryBaBcsa Ha HaBaHTaXeHHI 0,85Neyon HE MEHII HIK 2 TOI.
Homorpawma, mo BigoOpaxae 3miny NOx 3a 1iux yMOB HajilaHa Ha puc. 2.

NOss | T I
r max _ :
el
14
13 — —
1 3
12

Puc. 2. Konnenrpanis NOx B BUITYCKHUX Ta3ax cyanoBoro auzens 6S60MC-8.2-T1l 3a pizaux
YMOB €KCIUTyaTaIlii:
1 — po6ota na manui RMG500; 2 — po6ota na manusi DMAL1S 3 ogHakoBUME KyTamMu BUTIEpe-
JOKEHHS TTo/1a4i IMajiiBa JUIs BCIX IMITIH/PIB,
3 — pobora Ha nanmei DMAIS 3 pisHIMH KyTaMu BUIIEpEDKSHHS 1I0Ja4i aTUBa 110 MUJIIHIPax
nu3ens (BiamosigHo 10 tabi. 2)

3unauenns koHmeHTpailii NOx B BHITyCKHHUX Ta3ax Ha BCIX pexuMax poOoTH He
MEePEBUIIYBAI0 MAKCUMAJIbLHO MOJKIMBOI BEIMYMHHU, SKa IS JTU3EIIB, IO BiJTHO-
catbest o piBHIO Tier Il Bignosimao nmo Bumor Jomatky VI MAPIIOJI ckmanae
14,4 v/(xBT-ron) [17].

36ubmenHs kKoHeHTpainii NOx B BHUIIYCKHUX Ta3ax IIiJl 4ac poOOTH AM3ENs
6S60MC-8.2-Tll 3 Bukopuctanusm manuBa DMAILS (3 HU3BKHM BMICTOM CIPKH)
CBITYUTH PO MIABUIICHHS MIKOBUX TEMIEpPATyp Tij Yac 3TOPSHHS MalvBa 3a IUX
ymoB. [lepenanamryBannst [IHBT Ha pi3Hi KyTH BUNEpeKEHHS Ta TIOB’sI3aHE 3 ITUM
smenieHHs eMicii NOx 00yMOBIIOETBHCS 3aTPUMKOIO 3aiiMaHHS MMaJuBa Ta 3HUKCH-
HSIM MaKCUMAaJIbHOT TEMIIEpATyPH 3rOPSHHS MajuBa.

Pe3ynbTaTi AOCIIIKEHb, T03BOJISIIOTH 3pOOUTH HACTYITHI BUCHOBKH.

1. Iix yac nmepeBeiCHHS CYAHOBUX JAU3EIIIB Ha MAJUBO 3 HU3bKUM BMICTOM CIPKHU
MIJBUILYETHCS IHTEHCUBHICTh HOTO 3rOPSIHHS, 1110 BUSIBJIETHCA B 3pOCTaHHI MaKCH-
MaJbHOT TEMITepaTypHy 3TOPSHHS Ta ITIBUIICHHI AWHAMIYHMX HAaBaHTa)XCHb Ha Jie-
Tajdl UWIIHAPOBOI TPYNMHU Ta KPUBOIIUIHO-MIATYHHOro MexaHismy. lle 30imbrrye
KOHIEHTPAIII0 OKCHU[IIB a30Ty B BHUITYCKHUX Ta3ax IU3eJs Ta CTYIIHb MiJABUILIECHHS
TUCKY TiJ 4ac 3ropstHHs. [lepie moripinye eKoMorigHICTh poOOTH JU3ENs, APYyTre —
CIIpHSIE MABUIICHHIO YIApHUX HABAaHTAXKCHb HA BKJIAIUIIN MiIITUTTHUKIB JTU3EJIS.

2. ExcieprMeHTanbsHO BCTAHOBJICHO, IO IUIIXOM KOPETyBaHHS KYTIB BUIIEpE-
JOKCHHST TIAJTMBa MOJKIJIMBO 3a0e3medeHHsT mepebiry mporiecy 3ropsiHHS 3 MEHIIOIO
Ter10BOI0 epexTuBHICTIO. /151 cynHoBoro auzento 6S60MC-8.2-Tll nepenanamty-
BaHHs [THBT npu3BoauTh 10 3MEHILICHHS CTYTEHIO M1BUIICHHS TUCKY 1] 4ac 3ro-
psHHA 31 3HaueHb 1,169 ... 1,174 no 3navens 1,147 ... 1,161 (B 3a1€XHOCTI Bif KY-
TIB MOJIaul TMajuBa), TAKOXK 3a IIUX YMOB JOCSTAETHCA 3MEHIIEHHS eMicli OKCHIIB
azoty 3 13,7 rNOx/(xkBt-rox) 1o 13,2 rNOx/(kBt-Tox).

3. ITin gyac mepenanamryBands [ITHBT HeoOXimHO CTEKWUTH 3a €HEPTETHUHUMHU
MOKa3HUKaMH Nn3elis (HacaMmIiepes 3a 1HIUKATOPHUM THUCKOM p; Ta HOTO HEY3ro-
JDKEHICTIO 32 OKpEMHUMH LWITHApaMu Ap;) Ta MOro TEIJIOBOIO HAMpPY>KEHICTIO (Ha-
caMIiepe]l 3a TEMIIEPaTypOr0 BUITYCKHUX Ta3iB ISl KOXKHOTO 3 HMWTHAPIB tyr). Ilin
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Jac MPOBEACHHS AOCTipKkeHb Ha qu3eni 6S60MC-8.2-TIl BigxuieHHs 1TUX MOKa3HU-
KiB BiJl CEPEIHBOTO 3HAYCHHS, BU3HAYCHOTO TI0 BCIM HUJIIHApPaAM, HE MEepEBUIITyBaja
+1,3 % s Ap; Ta £7° 1181 At

4. Peanizalliss KOHTPOJIO MOKAa3HUKIB pOOOTH AU3ENs MiJ Yac KOperyBaHHS Ha-
JAIITyBaHHS MOT0 MaJIMBHOI amapaTypu, a TaKoX 30€peXEeHHs] MACUBIB OTPUMAHUX
JaHUX MO>KJIMBO 32 JOTIOMOTOIO CTELIabHUX IIPOTPaM.
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Analysis of a crdi diesel engine powered by ternary fuel blends (diesel,
biodiesel, and pentanol) doped with alumina nano-additives

Environmental constraints associated with fossil fuels have driven researchers to
find a novel, potential and environmentally benign alternative fuel. Biodiesel, vege-
table oil, and alcohol have gained rapid momentum thanks to their renewable nature
and comparable energy contents in recent years. Accordingly, a Ternary fuel blend
Is prepared comprising three fuels namely diesel, biodiesel, and pentanol. Waste
cooking oil was identified as the source for biodiesel and Pentanol was chosen
among various alcohol alternatives due to improved energy density, reduced toxici-
ty. These are endorsed to the enhancement in surface area-volume ratio of nano ad-
ditives which boosts the catalytic combustion activity and also causing lesser fuel to
take part in combustion for maintaining a constant engine speed.

Materials and methods

The present experimental research, a Kirloskar make, four stroke, single cylin-

der, CRDI diesel engine is employed. This engine is coupled with series of instru-
ments to bring out the fuel performance and the test engine with variable loads from
0 to 100% at intervals of 25%. To track RPM and load, the CRDI engine is paired
with an Eddy current dynamometer. Cylinder pressure and temperature were moni-
tored using pressure sensors and thermocouples, respectively Additionally, exhaust
gas emissions were analyzed using an exhaust gas analyzer. It is intended to perform
the fuel alterations that is doping of nano additives in ternary blend. The photo-
graphic view of experimentation setup is displayed in Fig. 1. The engine develops
around 3.7 kW rated out-

Particulars Specifications put power at 1500 rpm.
Type Kidoskar—4% CRDI diesel engine Bore and stroke of the en-
Mo of cylinder Single-cylinder gine are 87.5 mm and 110
Compression ratio 17.5:1 mm with a CompI'ESSiOH

Standard injection timing | 23°BTDC ratio of 17.5:1. The engine
Bore length e — manufacturer  specified
stroke length T standard injection timing
- — and standard injection
=1 24 K

EPET—— 30 b pressure as 23° bTDC and
600 bar, respectively. The
S peed 1500 rpm

specifications of test en-
gine employed for exper-

Table 1. Engine specifications. s i i !
Imentation are given In

Table 1.
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1. Single cylinder diesel engine
2. Air flow meter

3. Fuel injection controller

4, Data aquisition system (DAS)
5. Exhaust gas analyzer

6. Smoke opacimeter

7. Fuel tank

8. Electronic scale

9. Mixing chamber

10. EGR cooler

11. EGR valve

12. Exhaust line

13. Fuel injector

14. Pressure pickup

15. Charge amplifier

16. Eddy current dynamometer
17. Crank angle encoder

Figure 1. Schematic view of experimental setup.

The comparison of various physico-chemical properties of diesel fuel and Waste
Cooking Oil biodiesel (WCO) is indicated in Table 2. Main properties of neat bio-
diesel have not suitable for better emission and performance characteristics since the
diesel engine is designed to operate diesel fuel alone. Hence, a novel ternary blend
fuel has been developed for existing diesel engine. A novel ternary blend of diesel,
biodiesel, and pentanol is blended and stirred using a magnetic stirrer for 2 h. Fur-
ther, AIC nano additives were added in a concentration of 10 ppm, 20 ppm, and 30
ppm named as TF + A10, TF+- A20 and TF + A30 respectively and the important
test fuel properties such as viscosity, density, calorific value, flash point and cetane
number were determined as per ASTM norms. The doping of metal oxides has
gained significant traction in recent years due to their wide-ranging applications in
both materials and thermal approaches. The addition of trace quantities of metal ox-
ides inevitably enhances the optical, structural, magnetic, and thermal properties of
materials.

This enhancement is particularly notable in nano additives, which boast a high
surface area to volume ratio, thus significantly improving combustion efficiency.
Among the plethora of metal oxides, A1,0; nanoparticles stand out for their effec-
tiveness in simultaneously enhancing performance and reducing emissions. Despite
the availability of various technologies for synthesizing nanoparticles, such as the
precipitation method and chemical vapor deposition, the traditional sol-gel combus-
tion method remains widely employed. This method typically involves four key
steps: solution preparation, gel formation, particle growth, and particle agglomera-
tion. Table 2 displays the main physio-chemical properties of test fuels. The proper-
ties of A1,0; nanoparticles were given in Table 3.
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Fuel properties D100 | B1OO B50 TF TF+Al0 | TF+A20 | TF+A30 | ASTM method
Density (kg/m®) 840 874 #4549 #34 831 830 827 1298
Kinematic viscosity at 35 °C, c5t 154 4.34 327 7 358 3.52 3.23 D445

Calorific value (kl/kg) HM.700 | 42,673 43,146 | 44456 [ 44,652 45,017 44,841 D240

Flash point (°C) 68 130 5025 | 739 75 78 77 93

Cetane number 48 52.7 98.7 46.45 | 46.7 46.8 46.5 Dal3

Table 2. Physio-chemical properties of test fuels.

Results and discussion

Particulars Values - . . i

Bulk density (g/cm) 018 The experimentation is done with ternary
Crystal structure Y blends with varying pentanol concentrations.
Appearance, colour White Upon experimentation, it was observed that,
Purity (%) 9499 ternary fuel blend 'TF' comprising 70% diesel,
Surface area, m’/g 225.44 20% biodiesel and 10% pentanol, yielded best
Dislocation density (8), line*/m* | 0.4x1014 performance and was used for dopmg Of
Average particle size, nm 2730 Alumina oxide (A120,) nano additives. The

A120, nanoparticles were doped with ternary
blends at fractions of 10 ppm, 20 ppm, and 30
ppm. The ternary blends include TF (70% diesel + 20% biodiesel+ 10% pentanol),
TF + A10 (TF+ 10 ppm A1203), TF + A20 (TF + 20 ppm A1,03) and TF + A30 (TF
+ 30 ppm A120}) respectively. In this research, alumina nanoparticles were em-
ployed with three concentrations namely 10 ppm, 20 ppm, and 30 ppm and their per-

Table 3. Al O, nanoparticle properties.

2] formance, combustion, and emission
az.] ) e characteristics were studied to find
%] _ which concentration is effective.
T & > Performance characteristics
S 26 A
£ 24 x T Figure 2 displays the fluctua-
5 2] e «Bs0 | tion of BTE for diesel, biodiesel blend
g 2] _ . S Ao and ternary blends doped with 10 ppm,
£ 184 W <« T1r+A20 20 ppm and 30 ppm alumina nanopar-
@ 16 > TEA%0 ticles with respect to load. It is inferred
"y . that B50 blend shows
% & @ %

Engine load (%)
Figure 2. BTE vs engine load.

lowest BTE blends during all engine loads which can be attributed to higher density
and viscosity of the blend. In comparison to D100, the viscosity of B50 is higher by
about 15.14% thus resulting in lowest BTE of 29.05% at 100% load representing in
adequate combustion. However, the presence of pentanolin the ternary fuel tends to
improve the BTE significantly owing to the O, content in the blend followed by en-
hanced combustion efficiency. However, the BTE of ternary blends were lower than
that of D100. Addition of alumina nano additives in ternary blends enhances the
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BTE remarkably. From the fuel property Table 2, it is evident that, addition of A1,0;
nanoparticles in TF blends causes improvement in calorific value and a noticeable
drop in kinematic viscosity of mixture. The BTE of nano additives doped TF were
increased by about 0.67%, 2.01%, and 1.34% with additive concentrations of 10,20
and 30 ppm respectively in comparison with TF.

Figure 3 shows the fluctuation in

ors] BSFC tor diesel, biodiesel blend and
g G0 ternary blends doped with 10, 20and
EANE 30 ppm AhO”nanoparticles with re-
0.60 H A .
e spect to load. It is clear that B50 blend
Eos] ™ ¢ displays highest fuel consumption than
o] 3 S the other blends. The heating value of
8 ad ; - B50 is lesser than mineral diesel fuel
] o S by about 2.78% which is the main rea-
- e son for BSFC variation between them.
& 020] T Moreover, this higher viscosity of B50
55 s 75 100 causes poor atomisation and vaporisa-
Engins load (%) tion tendency thereby increasing the
Figure 3. BSFC vs engine load. BSFC trend. TF blend has lowered

BSFC than B50 by about 40.5%,

28.46%, 20.33%, and 25.38% at engine loads of 25, 50, 75, and 100% respectively.
It can be validated due to the influence of pentanol resulting in improved combus-
tion efficiency and less quantum of

40 -

_ ~a oo 1 fuel entering the combustion cham-
B B —e—B50 ber for maintaining the engine
o] O S T.a0  speed constant in comparison to
S ¢ Teea0 B5Q blend which i- lower calorific
=" . value fuel. Addition of A1203 na-
% RN noparticles tends to lower the
2 15 BSFC considerably.
8. o ey Emission characteristics
S —t I Figure 4 displays the variation
% —_— T of CO emission for diesel, biodiesel
S N . S blend and ternary blends doped
25 50 75 100

with alumina nanoparticles with re-
spect to engine load. It can be ob-
served that, the highest CO emis-
sion is recorded for D100 through all loads. B50 blend, in comparison with D100
has lowered CO emission by about 8.24%, 39.97%, 55,79% and 49.52% at engine
loads of 25, 50, 75 and 100% respectively. These can be owing to the presence of
excess O. atoms in B50 blend which stimulates the conversion of CO to CO. mole-
cule. Ternary blends found to produce lower CO emissions than D100 and B50
blend which can be attributed to the presence of pentanol which functions as a com-
bustion intensiner, thereby inducing rapid combustion rate followed by lessened CO
emissions. Addition of A1,0; nanoparticle TF further reduces the CO emissions.
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CONCLUSION
The experimentation was carried out using TF blend blended with AI203 nano-

particles at three different concentrations of 10, 20 and 30 ppm. Based on experi-
mentation, the following can be concluded subsequently.

 Performance wise, addition of 20 ppm alumina nanoparticles in ternary
blends have resulted in significant improvement in BTE and lowered BSFC by about
12.01% and 22.57% respectively when compared with mineral diesel.

» Emission wise, addition of 20 ppm alumina nanoparticles in ternary blends
lowered the CO emission by 49.21%.
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Bukopucranus noctiifHoro onopy GpuKmiona y 3iBOEHOMY MiJBICi Cy/THOBOT0
BAHTAKOMIAIOMHOI0 NPHCTPOIO

OpHi€ro 13 3arpo3, M0 BUHUKAIOTH MiJ] Yac TEXHIYHOI eKCIUTyaTallii CyAHOBUX
BaHTaxomiAHoMHNX mpuctpoiB (CBIIII), € momkomKeHHS BaHTaXy BHACTIIOK
oOpuBYy Tpoca MiJ] 4ac BUKOHAHHS HABAHTAXKYBaJIbHO-PO3BAHTAXKYBAJIbHUX YH pe-
MOHTHO-MOHTaXHUX POOIT Yy MAITMHHOMY B1JIJIVICHHI KPYITHOTOHHAXKHUX CY/JICH.

[IpoGnemy 3anoOiranus aBapisim y CBIIII 13 HanmpssMHUMH BUPIIIYIOTH HIISTXOM
BUKOPHUCTAHHS YJIOBIIOBAYIB, SIKI 3a0€3M€UyIOTh YTPUMAHHS BaHTAXy YW BAHTAXKO-
HECYUYHX EJIEMEHTIB y pa3l HECHPaBHOCTI MITAOMHOTO MEXaHi3My. Y KOHCTPYKIIil
CYIHOBUX MIAHOMHHUKIB 13 THYYKHUM ITiABICOM IUIAT(GOPMH, BIIMOBIAHO JO BHUMOT
Perictpy [1], mepenbadeHo 3acTOCYBaHHS YOTHUPHOX ITiBICIB. Y pa3i OOpPHBY OJIHOTO
13 TPOCiB MIaThopMa 3aTUIIAETHCA YTPUMAHOIO Ha TPHOX, IO J03BOJISIE MIEPEMICTHU-
TH 11 JI0 MOJOXKEHHS, /e MOXHA O€3MEeYHO BUKOHATU PO3BAHTAKEHHS Ta MPOBECTU
3aMiHY MMOUIKOKEHOI0 TPOCa.

Jnst CBBII 3 BUIBHMM NIJABICOM BaHTaXy OJHHUM 13 MOXKJIUBUX PIIIEHb € M1JBU-
[ICHHS HAJIHHOCTI TAaKUX CHUCTEM IIJISIXOM BIIPOBAKCHHSI YaCTKOBOTO HaBaHTaXKe-
HOT'O pE3epPBYBAHHS 3a JIONOMOIOI0 MOABIMHOTO MOJICIACTOBOrO MiABICY. Y LIBOMY
BUMAAKY MepeadayaeTbcss BUKOPUCTAHHS JBOX OKPEMHX TPOCIB: SIKIIO OJMH 3 HUX
0OpHBa€ThCS, HABAHTAKEHHSI aBTOMAaTUYHO MEPEPO3NOAISAETHCS Ha APYruil. 3aBis-
KU TAaKOMY IiJIXO/1y MPUCTPI MEePEeXOUTh 13 CTaHy HECIPABHOTO 1 HepaIe3/1aTHO-
ro JI0 CTaHy HECIPaBHOTO, ajie Mpale3/1aTHOro, 10 JI03BOJISIE YHUKHYTH aBapiiHOI
CUTyaIlll Ta YCHINIHO 3aBEpIIMTH BaHTAXKHY ormepaiito. s peanizamii Takoro
pillIeHHST HeOOX1/THEe BU3HAYCHHS BEIMYMHU 3yCUJITb, SIKI MOKYTh BUHUKHYTH ITi]l 4ac
MEepeXiIHUX MPOLECIB TMIcasi OOpUBY Tpoca 3a pI3HUX PEXHUMIB poOOTH BaH-
TaXKOM1IHOMHOIO MPUCTPOIO.

VY po6oti [2] Oynu BU3HAYCHI PO3PAXYHKOBI TUHAMIYHI 3YCHIUIS Y CHUJIOBOMY
JAHI}031 MOCTOBOT'O KpaHa y BUMAJAKYy BIIMOBHU Tpoca y 3JBOEHOMY MiJBICI 3 OasiaH-
CUpOM TiJ 4Yac OMYyCKaHHs BaHTaXy y PEKHUMI T€HEPaTOPHOTO TalbMyBaHHSI.
Busznaueno, 1o 3a poOOTH 3 HOMIHAJIBHUM BAaHTAXKEM PO3PAXyHKOBI KOe(DiIlEHTH
JUHAMIYHOCTI MEPEBUILYIOTh 3alacy MIIHOCTI, 10 HE Ja€ 3MOTHM 3amoOIrTu pyH-
HYBaHHIO €JIEMEHTIB KpaHa.

CtocoBHO €(PEKTUBHOCTI BUKOPUCTAHHS (PUKIIIOHY 3 TOCTIHHUM OIMOPOM LIS
yTPUMaHHSI BaHTaXy Micisi OOpUBY Tpoca MijJ 4ac OMYyCKAaHHS BAHTaXXy MOCTOBUM
KpaHOM JOCTIPKeHb HE POBECHO.

JlocaimkeHuit BUMa 0K 0OpUBY Tpoca 3BOEHOTO MiJIBICY 3 MOCTIHHUM ONOPOM
GpUKIIOHY 3PIBHSJIBHOTO MPUCTPOIO TIPH CTAJIOMY OIYCKaHHI BAHTAXY B PEKUMI
TeHEPATOPHOTO TaIbMyBaHHSI.

JlunamiuHa MOZENb Ul 1aHOTO BUNIAAKY MpPEACTaBIIeHa Ha puc.l, ae m; — maca

00epTOBUX YaCTUH MEXaHi3My MiAHOMYy, IPUBEACHA /10 TOCTYMAIBbHOTO epeMIIICH-
HS Yy, KI; Y1 — IEPEMIIIEHH Macu m,, MPUBEAEHE 0 MEPEMILEHHS BaHTaxXy, M;
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M, — Maca BaHTaxy, kr; G — Bara BaHTaxy, H; y, — nepemimieHHs: BaHTaxy, M; M3 —
npuBeAeHa Maca METAIOKOHCTPYKINT KpaHa, Kr; F — 3ycHiis y MeTaJIOKOHCTPYKIIIi,
AK€ BU3HAYAETHCA 32 (OPMYIIOI0
F = cays,
1€ ¢3 — YKOPCTKICTh METAJIOKOHCTPYKINi KpaHa, H/M; y3 — mepeMilieHHs: Maccu
mas, M;

Pucynok 1 — JluHamiyHa MOJENb OIMYCKAaHHS BaHTaXy MICJIsl OOPUBY Tpoca 3IABOEHOTO
TMOJIICIIaCTOBOTO MiABICY

P — pywuiiine 3ycusuis NpuBoJia, IPUBEACHE 10 BAHTAXKY
P =R +By1,
ne Pp — 3ycuiuis B MOMEHT MYCKY JBUTYHa IpPU HEPyXOMOMy potopi; [ —
KOEe(ILIEHT KOPCTKOCTI MEXAHIYHOI XapaKTEPUCTUKU JBUTYHA; Y; — IIBUJKICTb Ma-

CH My ; ¢ — JKOPCTKICTb MOJIICIACTOBOIO MiABICY Micis oOpuBy Tpoca, H/M. ms — ma-

ca pyXJMBUX YAaCTUH (PUKIIOHY 3pIBHSIIBHOTO MPUCTPOIO, MIPUBEJEHA JI0 BaHTAXY,
Kr; N — mpuBeneHa 0 TMepeMillleHHs] BaHTaXy JOBKWHA NIJSIHKH BUTBHOTO XOIY
3pIBHSUTBHOTO €JI€MEHTA, M; Y4 — IPUBEACHE 10 TIEPEMIIIIEHHS BAHTAXY TEPEMIIIICH-
HSl PYXJIMBHUX YacTUH Aemrdepa, M; S — 3ycuyuid B nojdicnactoBomy minsici, H; F, —
3ycuIUIs onopy (GPUKIIOHY 3p1BHIIBHOTO MIPUCTPOIO, IPUBEJEHE 10 BaHTaxy, H,
F, =kG,

ne K — 3apanuii KoedilieHT onopy GpHUKIHOHY.

Pyx mac micnis oOpuBY Tpoca CKIaJAa€ThCs 3 YOTUPHOX €TalliB.

Ha nepmomy etami BiiOyBaeThCsl pyX Mac Micist OOpUBY OJHOTO 3 TPOCIB [
yac BUOOpY ciaOWHH, 110 yTBOpWJIAcs, y LIJIOMY Tpoci. PIBHAHHSA, 110 ONMUCYIOThH
PYX Mac Ha MEPIIOMY €Tarll, MaloTh BUTJIST
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M3Ys +C3y3 =0
m, ¥y +PB1Yr = Fo;
m,y, =G.
[TouaTkoOB1 yMOBH IS TIEPILIOTO €TAILY
G .
t1:O1 y3:_1 y3201
3
y1=0, Y1 =V,
Y2=0 Y, =Vy
€ V20 — IMIBUJIKICTh OMYCKAHHS BAHTAXY y CTAJIOMY PEXHUMI, M/C.
[Ticns BUOOpY MUISHKY BUIBHOTO XOJy 3pPIBHSUIBHOTO €JIEMEHTa B1JOYBA€THCS
MPUKIIAJICHHS. HABAaHTA)XXEHHS JI0 MOJIICACTOBOTO MIJIBICY - TMOYHUHAETHCS APYTUd

eTam pyxy Mac.
YMoBa nepexoy 10 Ipyroro eramy
2
gt G G
Voot +=—=h——+y; —(——V3).
2 2C C3
Pyx mMac Ha npyromy erarii OUCY€TbCSI CHCTEMOIO PIBHSIHB
M3¥3 +C3Y3 —C(Y, — Y3 — Y1) =0;
m Yy + By — (Yo — Y3 — Y1) = Fo; 1)
m, ¥, +c(y, — Y3 — 1) =C.
3ycuius, 10 /i€ Ha MOJIICTIACTOBHA MMiJIBIC, BU3HAYAETHCS 32 (DOPMYITOI0
S=c(y2~ Y3~ W)- ()
[TogaTKOBI yMOBH JJIst APYTOTO €TAITY
=0, Yz3=(¥3). V3=(¥ah
¥1=0, V1=V,
Yo =(Ya) V2 =(¥2)u,
ne (Y;); — mepemimenHs Macu Mz B KiHMi mepmoro etamy; (Ys);, (V)i (Vo)1 —
IIBUKOCTI Mac Mz, My 1 My KIiHII NEPIIOTO eTaIy.
[Tpu mocsirHeHH1 3yCHILIS y MOTICTIACTOBOMY MiABICI BEIMUMHHU CIPallbOBYBaHHS
b puKIioOHAa TOYMHAETHCA TPETIM eTanm pyxy mac. B meit yac 3ycuiis y mosicnacro-
BOMY ITi/IBIC1 OOMEKYEThCS CHIIaMH TePTS (DPUKITIOHA.
YMoBa mepexoy Bijl IPyroro eTamy 10 TPeThoro S = Fa.
PiBHSIHHS, TII0 OMUCYIOTH PyX Mac Ha TPETHOMY €Talll MatOTh BUTJIS]T

M3¥3 +C3Y3 —C(Yo = Y3 = Y4 = Y1) =0;
My Y1 +BY1 —C(Y2 — Y3 — Yo — Y1) = Fo; >
My¥s —C(Y2 = Y3 — Y4 — Y1) =—KG;
M, ¥, +C(Y, — Y3 — Y4 — Y1) =G. )
3ycuiisl B OJIICIACTOBOMY MiJIBiCi BU3HAYAETHCS 32 (POPMYJIIOI0
S=C(Yo = Y3~ Ya— V1)
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[TouaTkOB1 yMOBH ISl TPETHOTO ETAIY
t3=0, y3=(¥3)2: Y¥3=(¥3)2,
Y=z, Ya=(2
Yo=(¥2)2:  Y2=(¥2)2:
YeTBepTHil eTam MOYMHAETHCS MICHS 3YMHUHKHA PYXOMHUX YacTUH (PPUKIIOHY 1
BiJI0YBaIOThCSI MPY>KH1 KOJTMBAHHS Macc.
YMoBa nepexoay 0 €Taiy, Ha IKOMY B1I0yBAa€TbCsA PyX Mac IICisl BAMUKAHHS
¢dpukuiony 3 podboru Yy, =0.
Pyx mMac Ha yeTBepTOMY €Tari OMUCYEThCSI CUCTEMOIO PiBHSHG (1). 3ycuiis, 1mo
Jll€ Ha TIOJTICIACTOBUM MiABIC, BU3HAYAETHCS 3a (hopMyIioro (2).
[TouaTkOBi yMOBH IS YETBEPTOTO €TAITY
t,=0, y3=(¥3)3 Y3 =(¥3)3
Y1 =(Y1)s, Y1 =(Y)s,
Yo =(¥2)3 = (Ya)s, Yo =(¥2)s.
MartemaTtnyHa Mozenb peainizoBaHa y ¢gopmi nporpamu migs EOM 3 Bukopu-
CTaHHSM PO3B’s3aHHS PIBHSAHb MeTo10M PyHre-KyTTa 4-r0 nopsiaky.
Pesynprat 0OYHMCIIIOBAIbHUX EKCIIEPUMEHTIB [JI1 MOCTOBOTO KpaHa BaH-

TaxomigioMuicTio 20 T mpuBeleH! Ha puc. 2 y BUIIANL TpadikiB 3a1eKHOCTEH
3yCHJIb Y TIOJTICITACTOBOMY MifIBICI i Y MeTaTIOKOHCTPYKIIT Bix yacy: S(t) i F(t).

5. F
kH F 5

ol A
1y

p—
S

i
ai
20 | It ;"vﬂmjw/ WaVAN N\
R0 R0 0k P O
VY,
o0 \0,2/ 04 0.6 0.8 10 12 14 L ¢
T1 \}/ 13 T4 5

Pucynok 2 — I'padiku 3anexxnocreit F(t) 1 S(t) ams Bumaaky oOpuBY Tpoca 37BOEHOTO
TOJIICTIacTa MPU OIYCKaHHI1 BaHTaXy

Makcumanbuae 3ycwist S = 250 kH, xoedinient nunamivnocti 1,25. Makcu-
ManbHe 3ycuiuisi F = 450 kH, koedimient nunamigHocTi 2,25. ¥V mociimkyBaHin
KOHCTPYKIIi KpaHa KoeQIlieHT 3amacy MIIHOCTI Tpoca 5. OTxe uisi HOBOro He-
CIPaIbOBAHOTO IIJIOTO Tpoca KOEQIIIEHT 3armacy MIIHOCTI MICS BIAMOBU JPYTrOro
ckiaze 2,5. AHami3 pe3ynbTaTiB CBIAYUTH MPO TE, IO PO3PAXYHKOBI JIMHAMIYHI
HABAHTAKCHHS B METAJIOKOHCTPYKIII KpaHa BUSBISIOTHCS TAaKUMH, 110 BEJIWYHHA
Koe(iIieHTy 3amacy MIIIHOCTI METaJOKOHCTPYKIIIi BUSBISETHCS HEOCTATHHOKO IS
3amo0iraHHs aBapii KpaHa. 3arac MIITHOCTI METAIIOKOHCTPYKIIil PO3TIITHYTOrO Kpa-
Ha, BIAMOBIIHO A0 BUMOT Perictpa, 2,18. To6TO po3paxyHKOBI Hampy>XEHHS Iepe-
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BUIIATh TPAaHUI IIMHHOCTI Matepiany Ren, 110 Mpu3Bene 10 IUIACTUYHHUX Jedop-
Malliii Ta BTpaTH OCTIHHOCTI KOHCTPYKIIIi.

3abe3neueHHs] BUKJIIOYEHHSI pYHHYBaHHSI METAJIOKOHCTPYKIIT BUMAarae mojiajib-
IUX JTOCTIHPKEHb JUHAMIYHHMX TPOIECIB Y CHIIOBOMY JIAHIIIO31 KpaHa Miciisi OOpUBY
TpOCa BaHTAXXHOTO IOJIICTIACTa, Ta BU3HAYCHHS HEOOXIMHUX 3aKOHIB OMOPY PyXy
3pIBHSJIbHUX €JIEMCHTIB.

CIIFICOK BUKOPHUCTAHHUX JPKEPEJL

1. Perictp cynHoruiaBctBa Ykpainu. [IpaBuna mono BaHTaXOMiAIMMalbHUX TPH-
CTpOiB MOPCHKHX cynieH. Bun. 2026.

2. Crykanmenko M. I. 3amobirannasi aBapii MOCTOBOTO KpaHa TIpH OOpHBI KaHATa
3n1Bo€HOrO Toiicnacta 3 OamancupoM / M. L. Crykanenko, O. M. CrykaneHko,
J. 1. Bacunensp // Bicauk Onec. nepk. akaa. OyaiBH. Ta apxitekT. — Oxeca, 2019. —
Bun. 74. — C. 67-74.
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VIIK 621.44:629.425

Yepewmicin B.1., [rnarenko O.A.
[HCTUTYT BiliChKOBO-MOPCHKUX cuil HarionanbHoro yHiBepcuteTy «Onechka
MOpCBHKa aKaJIeMisD»

TepmoauHamiuHa Ol[iHKA pe3epBiB MiABUIIIEHHS €KOHOMIYHOCTI JIBUT'YHIB
BHYTPIIIHBOT0 3rOPSIHHS 3 BUILYCKOM ra3iB, 10 BiAnpamBain B atMmocgdepy.

AKTyalbHICTh TEMHU.

JIBUTYHU BHYTPIIIHBOTO 3TOPSHHS - HAWMOIIMPEHIIN TEruioBi nBuryHu [1,2].
Tomy akTyasnbHI 3yCUJLIS, CIIPSIMOBAHI Ha 301IBIIICHHS IXHBOT €EKOHOMIYHOCTI Ta I10-
Ty>XHOCTi. OJTHUM 13 CIOCOOIB MiJABUIIEHHS MOTYXHOCT1 JBUTYHIB BHYTPIIIHBOTO
3TOpPSIHHS TPU HE3MIHHHUX MOro MacorabapuTHUX MOKa3HUKAX € BUKOPUCTAHHS ra-
30TypOIHHOTO HaJITyBY, TOOTO MOTEHIIIMHOI €HEprii rasis, 110 BiMPaIFOBAJIH.

B nanuii yac 3aCTOCOBYIOTBCSI TPU TUIIH JBUTYHIB BHYTPILLIHBOTO 3TOPSIHHSL:

- IBUTYHHU, B SIKUX €HEPTisl BIANPALbOBAHUX ra3iB HE BUKOPUCTOBYETHCS, 1 BOHU
MICIsT PO3LIMPEHHS B IWIIHIpaX JBUTYHA BUKUAAIOTHCS B HABKOJUIIHE CEPEIOBU-
we;

- IBUTYHHU 3 ra3oTypOIHHMM HaJAyBOM, B SKHUX €HEpPIis BIANPAlbOBAaHUX Ia3iB
BUKOPHUCTOBYETHCS TUIBKH IS MiJBUIICHHS THCKY MOBITPSHOTO 3apsiay, IO Moja-
€THCS B LIWJIIHJPH JBUTYHA, 3 METOIO MIIBUIICHHS MacH 3apsay 1, OTKe, HOTYKHOCTI
JBUTYHA,

— KOMOIHOBaH1 JBUTYHH, B SIKUX €HEPrisl BIAMPAIbOBAHUX T'a31B BUKOPHUCTOBY-
€THCSA HE TUIBKHW JUIS HAJJTYBY, aje JJIS OTPUMAaHHS J0JaTKOBOT MEXaHIYHOI eHeprii
3a IOMOMOTOI0 YTUJII3aIliifHOT ra30BOi TypOIHH.

BukopucToBylouM MOTEHINIAHY €HEPTil0 Ta3iB JABUTYHIB BHYTPIIIHBOTO 3TOPSH-
HS, 110 BIAMPAIOBAIN , MOYKHA MIABUIIUTH 1X KOe(]IIliEHT KOPUCHOI i 1 MOTYyX-
HicTh [3,4]. Jlns mepeTBOpeHHs MOTEHIIHHOT €Heprii BiAMpallbOBaHUX ra3iB B MeXa-
HIYHY NMPONOHYETHCS BUKOPUCTOBYBATH YTHIII3AI[IHY ra30BY TypOiHY. Po3r-
JSAI0THCS JIBa Bap1aHTH PO3LIMPEHHS ra3iB y TypOiHi: 10 aTMOCHEPHOTO THCKY 1 J10
HUKYOTO THUCKY, CTBOPIOBAHOTO BaKYyMHHM HAcOCOM B PECHBEPi-OXOJIOIKyBadi Ta-
31B, 1110 BIAMPAIIOBAJIM B TypOIHI.

JInst BUanieHHs ras3is, 10 PO3IIMPUIIUCS B TYpOiH1 10 TUCKY HUXKYe atMochep-
HOTO, iX OXOJIOJKYIOTh B PECHBEPI-OXOJIOKYBayl 1 CTUCKAIOTh BaKyyMHUM HAaco-
com. [IpuenHaBiy 3a JONOMOIOI0 CUCTEMH Tepead Bajl ra3oBoi TypOIHU 10 KOJIiH-
94acTOro Bajy JBUTYHA, MOKHA IMiJIBUIIATH KOS(PIIIEHT KOPUCHOI JIii Ta MOTYKHICTh
OCTaHHBOTO. Tak, TepMIYHHUI KOe(Dili€EHT KOPUCHOT A1l yIOCKOHAJIEHOI YCTaHOBKH,
JIBUTYH BHYTPIIIHBOTO 3TOPSHHS SKOi 3 Xapaktepuctukamu ¢ =15, A=14, p=1,2
IpawLoe Mpyu no4yarkoux napamerpax nositps t,=30 °C 1 p,=0,101325 Mlla, npu

TUCKY B pecuBepi-oxosiomkyBadi 0,07 MIla, nocsrae 82,1 %. [lpu npomy miaBu-
IeHHsT po00TH CTaHOBUTH 27,9 % mpoTu podoTH BuximHoro JIB3 10 ymockonasneH-
HSl.

VY miit po6GoTI pO3rIsAAETHCS COCIO MIABUIICHHS MOTYKHOCTI Ta €()eKTUBHOCTI
JABUTYHIB BHYTPIIIHBOTO 3TOPSIHHS , B SIKUX €HEPris BIANpPallbOBAaHUX ra3iB HE BUKO-
PHUCTOBYETHCS, 1 BOHH MICIHSI PO3LUIMPEHHS B IMIIHAPaX JBUTYHA BUKUAAIOTHCS B Ha-
BKOJIMIIIHE CEPEOBHILIE.
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Meta po60OTH € TOCTIKEHHS OCHOBHUX MOKA3HUKIB yIOCKOHAJIEHOTO TEPMO/IU-
HaAMIYHOTO ITUKJY JIBUTYHIB BHYTPIIIHBOTO 3TOPSHHS B SIKOMY Tepen0adaeThbesi po-
3IIMPEHHS BIAMPAIbOBAHUX Ta3iB MICHs JBUTYHA 0 TUCKY HIDKUE aTMOC(HEpPHOro 3
OJIHOYACHHUM IPOIIECOM OXOJOKEHHS Mepe]] BUITYCKOM iX B atMocdepy, 110 B Mmij-
CYMKY IIIJIBUIIY€ €EKOHOMIYHICTh Ta MUTOMY MOTY>KHICTb JIBUTYHA.

Buxknan ocHoBHoro Matepiany. Ha puc. 1 300paxkenuii B koopauHaTtax p,vV 1a T,S
teopetnunuil mmka JIB3 mepmoro tuny 1-2-3-4-5-1 [1], moaudikoBaHuil BOMa
cnocobamu. [lepma Mmoaudikariis mossirae y npueJHaHHI 10 TAKOTO UKITY TEOPETH-
YHOTO UKy 5-6-7-10-5 [2] yrumnizaniiinoi ra3oBoi TypOiHH, B SIKI ra3u pO3IIUPIO-
I0TbCs 0 aTMocepHoro TUcKy (mpouec 6-7). Jpyra momaudikaiis BiIpi3HAETHCS
TUM, 1110 Ta3H B TypOiHi PO3IIHUPIOIOTHCA 10 TUCKY HIDKUYe aTMochepHoro (mporec 6-
8), CTBOPIOBaHOTO BaKyyMHHM HAaCOCOM B PECHBEPi-0XO0JIOKyBadi. ['a3u, 1mo Biam-
paloBaiy B TypOiHi, Iepe]] BAKUAOM B HaBKOJUIITHE CEPEIOBUIIE OXOJIOIKYIOThCS
B pecUBepi-0X0J0/KyBayi (mporec 8-9) 1 cTUCKarThCa BaKyyMHUM HAacOCOM JI0 aT-
Mocheproro tucky (mporiec 9-10).

P A3 4

L ql*

L

Puc. 1. Teopetnuni Mon(iKOBaH1 HUKIU ABUTYHIB BHYTPIIIHBOIO 3TOPSHHS B KOOpJMHATaxX p,V
ta T,S: 1-2-3-4-5-6-7-10-1 — ik 3 po3MIMpPEHHsIM Ta3iB y TypOiHi 10 aTMochepHOro Tucky; 1-2-
3-4-5-6-8-9-10-1 — nuky 3 pO3MHUPEHHSM Ta3iB JJO THCKY HIDKYE aTMOC(HEPHOTO

3ayBakuMoO, 1110 B MEPIIOMY BapiaHTI MOAU(IKAIT ITUKITY, POIEC BUKHUIY Ta3iB,
10 BiJTpaIfoBajiv B TypOiHi, B aTMOc(]epy 3aMiHIOEThCS 1300apHUM MPOIECOM BiJI-
BeneHHs terwioTu 7-10. [lpu nboMy mpuiiMaeThCs, MO TOYKa / BIJMOBIA€ CTAHY ra-
31B HAMPUKIHII pO3MUPEeHHsS B TypOiHi, Touka 10 — iX cTaHy miciis OXOJIOMKEeHHS, a
Touka 1 — cTaHy MOBITPS, 1110 HAAXOAUTH Y ABUTYH BHYTPIIITHBOTO 3TrOPSHHS .

Ha puc. 2 300paxena y3arajibHeHa MPUHIIMIIOBA CXeMa YCTaHOBKH, B SKIH MO-
KyTh OyTH 3M1MiCHEHI 00MJIBI TIPOMTOHOBaHI MoAMQIKAIil UKy ABUTYHA BHYTPIIII-
HBOTO 3TOPSTHHS .

[lepma monudikamist peanizyerbesa Tak. [[poayBKy HWIIHAPIB ABUTYHA BHYTPI-
IIHBOTO 3rOPSIHHS 3a0e3neuye HenmoKa3aHuii Ha pUCYHKY MPOAYBHUM HAcOC, IO MO-
Jla€ CTUCHYTE MOBITPs B pecuBep 7. ['a3u, 110 BiANpaloBail B UAJTIHAPAX JABUTYHA
BHYTPIIIHBOTO 3rOpsiHHS 1, HAIXOIATh B yTUII3AIliiHY Ta30BY TypOiHYy 2, 1€ po3-
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ITUPIOIOTHCS 10 aTMOC(EPHOTO TUCKY 1 BUKUAAIOTHCA . [Ipu mboMy HasiBHA MOTEH-
I[IiHa €HEepris rasiB MEPETBOPIOETHCS B TYpOiHI B PoOOTY, sSIKa BUKOPUCTOBYETHCS
JUIA TIPUBOJLy eJIeKTporeHepaTopa 6 abo MiJCYMOBYETHCS 3 OCHOBHOIO POOOTOIO
JBUTYHA BHYTPIIITHBOTO 3TOPSHHS.

X01010HOCIH —————

BianpausoBaui raszu
B OTOYYIOUE CepeloBuIIe

[MogiTps 3

7
OTOYYHIOHOIro CCpCAOBHILA
\ 4
Ve

Puc. 2. IlpunnumnoBa cxema Mo u(iKOBAaHOTO ABUT'YHA BHYTPIIIHBOTO 3rOPSIHHS

[Tpu npyriit MogudikaIi MUKy ABUTYHA BHYTPIITHBOTO 3TOPSHHS  BIAMpPaIlbo-
BaH1 ra3u po3IIMPIOIOTHCS B Ta30BiM TypOiHi 10 TUCKY HUXKYEe aTMochepHoro (Tpo-
mec 6-8), cTBOPIOBAHOTO B pPECUBEPi-0XO0JIOKyBadi 4 BakyyMHUM HacocoM 5. Ile
30UTbLIY€E pOOOTY TypOIHU, OCKUIBKHM 3pOCTA€E PI3HUILSA TUCKIB T'a3iB y MPOIEC] iX Po-
3mupeHHs B TypOiHi 6- 8. ['a3u, mio BigmpaitoBanu B TypOiHi, Tepel CTUCKOM 1 BH-
KHJIOM B atMoc(epy OXOJOKYIOTh B PECHUBEPI-OXO0JIOMKYBaul 4 OXOJIOAKYBayEM.
OcraHHIN 0XO0JIOJKYIOTH 3a JOMOMOIOI0 YTHIII3aliitHOT aOCOPOIIHHOT XOJIOAUIBHOT
YCTaHOBKH 3, MMapOreHepaTop SKOi HarpiBarOTh BiANPAllbOBAHUMU B TypOiHI ra3zaMu.
OxomnoKeHHs BiNpalboBaHuX rasiB (mporec 8-9) 3menInye po6oTy, 10 BUTpaya-
€ThCS HA CTUCHEHHS B mporieci 9-10 1 3a0e3nedye oTpuMaHHs poOOTH B YACTHUHI 11U~
kiy 7-8-9-10-7. PoGota, onepxyBaHa B TypOiHi, BUKOPUCTOBYETLCS JJIS MPUBOIY
BaKyyMHOTO Hacoca 5, a 110 3aJHIINIIIacs, K 1 B MepIiriil Mogudikarii MUKy, — s
MPUBOJY €JIEKTporeHeparopa 6 abo MmiaCyMOBY€EThCS 3 POOOTOIO ABUTYHA BHYTPIIII-
HBOTO 3TOPSIHHS.

Jns imroctpariii €(heKTUBHOCTI 3alpONOHOBAHUX MOAMQIKAIIN TEOPETUUYHOTO
LMKy JTBUTYHA BHYTPIIIHBOTO 3TOPSIHHS, IO peali3y€eThCs HA 17€albHOMY rasi, BU-
KOHaH1 pO3paxXyHKH BiJMOBIIHUX ITUKIIIB 3aJIEKHO BIJl KIHI[EBOI'O TUCKY PO3IIUPEH-
Hs ra3iB y TypOiHi (Tabi. 1).
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Tabnuns 1. EHepreTnyHi XapakTepUCTHUKU ABUTYHIB BHYTPIIIHHOTO 3TOPSHHS,
MOAM(DIKOBAaHUX MPOTIOHOBAHUM CIIOCOOOM, B 3aJI€KHOCTI BiJl KIHIIEBOTO THCKY PO-
3MIUPEHHS Ta3iB y TypOiHi

Ps: IBH , IT' IFTY’ IHB3 + IFTV ol tsv tg N Snt '
MIla KJK/KT kJK/Kr kJK/Kr KJK/Kr % °C °C % %

0,10 1,1 82,2 81,1 440,9 22,5 227,76 28,86 78,66 22,5
0,09 10,1 97,1 87,0 446,8 24,2 212,90 19,91 79,72 24,2
0,08 19,9 113,2 93,3 453,2 25,9 196,82 10,21 80,86 25,9
0,07 30,6 130,9 100,4 460,3 27,9 179,23 -0,40 82,11 27,9
0,06 42,4 150,5 108,1 468,0 30,1 159,74 -12,15 83,50 30,1
0,05 55,7 172,6 116,9 476,8 32,5 137,76 -25,40 85,07 32,5
0,04 71,0 198,1 127,0 486,9 35,3 112,38 -40,70 86,87 35,3
0.03 89,5 228,7 139,2 499,1 38,7 81,96 -59,04 89,04 38,7
0,02 113,0 267,7 154,7 514,6 43,0 43,11 -82,46 91,80 43,0
0,01 147,4 324,8 177,4 537,2 49,3 -13,71 -116,70 95,85 49,3

TexHiyHa poOOTa PO3MIMPEHHS ra3iB y TypOiHI po3paxoByBajiacs 13 CIIBBIJHO-
mennss | =c -(T,—Ty), a cTuCHeHHs ra3iB8 y BaKyyMHOMY Hacoci -
s, =¢C, (T, —T,) . 3HAUCHHS TepMiUHOrO KoedilieHTy KOpHCHOI Iii Moznpikosa-

HOTO JIBUTYHA BHYTPIIIHBOTO 3TOPSTHHS

— _om

n.c -
g,

I O (IT -1 BH) — cymapHa po0oTa MoAH(IKOBAHOTO IBUTYHA BHYTPIIII-

HBOTO 3TOPSIHHS;
0, - TEIIOTA, U0 MIABOJUTHCS B LIUKIII.

Po3paxyHKku BUXIZHOTO IHKJIY JBUTYHA BHYTPIIIHBOTO 3TOPSIHHS BUKOHAHI 3
ypaxyBaHHSM XapaKTEPUCTUK: CTYMIHb CTUCHEHHS €= 15; CTYIiHb MIJBUIICHHS TH-
cky A= 1,4; cTymiHs nomnepeaHboro posmupeHHs p= 1,2. [loyatkoBi mapametrpu
noBiTps npuitHATi piBHUMU: t,= 30 °C, p,= 0,101325 MIla. TepmiuHuii KoeQiLieHT
KOPHUCHOI Jii BHUXITHOTO IUKITY opiBHIOE 64,21 %.

JIyist 3py9qHOCT1 aHali3y OTPUMAHMX PE3yJbTaTiB BOHU MPEACTABJICHI B TaOIHII,
7ie TIepLINil PsIIOK BiAMOBIAA€ PO3UIMPEHHIO ra3iB y TypOini g0 tucky 0,102 Mlla, a
HACTYMHI — IX PO3MIMPEHHIO JI0 HIKYUX TUCKIB. Y Tabmuii |, mo3Hauae pobory
BaKyyMHOTO Hacoca; |, — poboty ra3oBoi Typ6inu; |, — po6OTy Ta30TypOiHHOT yC-
taHOBKH; Ol — BigHOCHE 30iJbIIEHHS CyMapHOi pOOOTH ABHTYHA BHYTPILTHHOTO
3TOpsIHHS 1 Ta30TypOIHHOT YCTAHOBKH B MOPIBHSHHI 3 pOOOTOI0 BUXIAHOTO JTBUTYHA
BHYTPILIHBOI'O 3TOPSIHHS; 1), — TEPMIYHUI KOE(ILIEHT KOPUCHOI Jii MOAU(IKOBaHOI
YCTaHOBKHM; OT,— 30UIbLIEHHS KOe(]IlIEHTY KOPUCHOI IIi Il€] yCTAaHOBKHU B MOPIB-
HSIHHI 3 KOe(1LIEHTOM KOPHUCHOI A1l BHUX1JHOTO JBUTYHA BHYTPIIIHBOTO 3TOPSHHSI.
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[TpoBenenunii aHami3 OTpPUMaHUX TMOKAa3HUKIB €(EKTUBHOCTI (KOPHCHA MHUTOMA
pob6oTa, TepMIYHUM KOE(DIIIEHT KOPUCHOT Aii) YIOCKOHAJICHOTO TEPMOJIUHAMIYHOTO
[IUKJTY IBUTYHA BHYTPIIIHBOT'O 3TOPSIHHS J103BOJISE€ 3pOOUTH HACTYITHI BUCHOBKHU:

— pi3ke migBUIICHHS KoedilieHTy kopucHoi mii ycranoBku (On,= 22,5 %) Big-
OyBaeThCs IPH PO3UIMPEHH] ra3iB B yTUII3alliiHIN ra3oBii TypOiHi 10 aTMoc(epHo-
IO TUCKY;

— MpU TOJANBIIOMY 3HIKEHHI KIHIIEBOTO THUCKY PO3IIUPEHHA Ta3iB y TypOiHi
3HaYEHHS TEPMIYHOTO Koe(ilieHTy KOPUCHOI J1ii Oe3nepepBHO MiJIBUIIY€ETHCS 1 Ha-
OIMKAETHCS 10 OJIMHMII,

— 10 TUCcKy posmupenHs rasiB 0,07 MIla mokHa BUKOpHUCTOBYBAaTH BOAOaMiay-
Hy a0copOIiitHy yTHII3aliiHy X0JIOAUIbHY YCTaHOBKY, T€HEPATOp Mapu SKOi IiJIir-
piBa€ThCs razamu, 10 BiANPAIIOBAIU B TypOiHi;

— MIJITPIB reHepaTopa napH BiANpallbOBAaHUMU T'a3aMU 3HIKYE 1X TeMIlepaTypy 1
3MEHIIIy€e HEOOXITHY XOJIOJOMPOAYKTUBHICTh a0COPOLIMHOI XOJIOAMIBHOI YCTaHOB-
KU,

— 1pu TUCKY posmupenHs raziB 0,07 MIla BigHOCHI migBumieHHs podoTu Ol i
Koe(ILIEHTY KOPUCHOI Al  dm, AocAratoTs 27,9 % MOpiBHAHO 3 XapaKTEPUCTUKAMU

BUXIJTHOTO JIBUTYHA BHYTPIIIIHHOTO 3TrOPSTHHS;

— MpU KIHIEBOMY THCKY PO3IIMpPEHHs Ta3iB y TypOini Hmxk4ue 0,07 MIla HeoO-
XiJHa 1HIIA CKJIAHINIA yTHII3aIliiiHa XOJ0oAIbHA YCTaHOBKA, PO3poOKa SKOI MOXKe
CKJIACTH IIPEIMET OKPEMOTO JIOCIIIKEHHS,;

— 3 OTJISIy Ha TONEPEIHIM BUCHOBOK, JJIsl UTFOCTpallii €e()eKTUBHOCTI 3HUKEHHS
KIHIIEBOTO TUCKY PO3IIMPEHHS Ta3iB y TypOiHi, B TaOIUIl HABOJIATHCS MOXIIUBI T10-
Ka3HUKHU MOJM(DIKOBAaHUX YCTAaHOBOK MPH 3HMKEHHI 1[bOT0 THCKY 10 0,01 MITa.

BucHoBku. BpaxoByroun mmpoke MOMMUPEHHS AW3EIHHUX IBUTYHIB BHYTPIIII-
HBOT'O 3TOPSIHHS, 1110 MPALIOIOTh 3 BUKUJIOM T'a3iB, IO BiANpaIOBaIH B aTMOocdepy, i
TEHJEHIII0 PO3BUTKY TPAHCIOPTHHUX 3ac00iB, 3alpONOHOBaHas MOJEpPHi3alis H0-
3BOJIUTh HE TIJIbKH €KOHOMUTH MAaJUBO, & i MOKPAIIUTH €KOJOrTYHI 0OCTaBUHHU, IO-
B'sI3aH1 3 Ta30BUM 1 TEIJIOBUM 3a0pyAHEHHSIM HAaBKOJIMILIHBOIO cepeoBuiia. Y 3B's-
3Ky 3 TTOCTIHHUM 3pPOCTAHHSIM BapTOCTI MAJMBAa €KOHOMIisl KOIITIB MPU €KeIlTyaTailii
MOJICPHI30BaHUX JIBUTYHIB BHYTPIIIHHOTO 3TOPSIHHS IIBUAKO OKYIHUTH JOJIATKOBI
KamiTaJIbHI BUTPATH, TIOB's13aH1 3 BUPOOHUIITBOM TaKUX JIBUTYHIB.
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Cheremisin, Candidate of Technical Sciences; O.A. Ignatenko

THERMODYNAMICAL ASSESSMENT OF RESERVES FOR INCREASING
THE ECONOMY OF INTERNAL COMBUSTION ENGINES WITH EXHAUST
GAS EMISSIONS INTO THE ATMOSPHERE.

Using the potential energy of internal combustion engines that emit exhaust
gases into the environment, it is possible to increase their efficiency and power. To
convert the potential energy of exhaust gases into mechanical energy, it is proposed
to use a waste gas turbine. Two options for expanding gases in the turbine are
considered: to atmospheric pressure and to a lower pressure created by a vacuum
pump in the receiver-cooler of exhaust gases in the turbine. To remove gases that
have expanded in the turbine to a pressure below atmospheric, they are cooled in a
receiver-cooler and compressed by a vacuum pump. By connecting the gas turbine
shaft to the engine crankshaft using a transmission system, the efficiency and power
of the latter can be increased. Thus, the thermal efficiency of an improved
installation, the internal combustion engine of which with characteristics ¢ =15,
A=1,4, p=12 operates at the initial air parameters t,=30 °C and p,=0,101325
MPa, at a pressure in the receiver-cooler of 0,07 MPa reaches 82,1 %. In this case,
the increase in work is 27,9 % compared to the work of the original internal
combustion engine before improvement.

Keywords: Internal combustion engine. Utilizing gas turbine. Receiver-cooler of
gases. Vacuum pump. Power and efficiency of internal combustion engines.
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TH)KEHEPHI TEXHOJIOT'TI EKOJIOTTYHOI TA MTPO®ECIAHOI
BE3IIEKN HA MOPI

YK 656.61:378.147:341.24

IMapmenosal /1. T'., Koneraes! M. O., Bougap? C. A.
'Hanionansnuii yHiBepcuteT «Oechka MOPChKA aKaJeMis»
?Mopexinuuii paxosuii konemx im. O. I. Mapunecka

AKTyanizanis NiAroTOBKYU MOPAKIB Y KOHTEKCTi PO3BUTKY MIKHAPOIHUX
MOPCBKHX CTAHIAPTIB

BoaHuii TpaHCIIOPT € BaXKIIMBOIO CKJIAJ0BOKO TPAHCIIOPTHOI CUCTEMU Y KpaiHU Ta
1J1I00aJIbHOI JIOTICTUKH, @ MOPChKa Tally3b CTablIbHO MOTpedye BUCOKOKBaII(PiKOBa-
HUX (PaxiBIiB yCiX PIBHIB — BIJ] YIIPaBIIHCHKOTO MEPCOHAITY CYTHOTUIABHUX KOMIIa-
HI{ IO eKCIUTyaTaliifHOro CKJIaJy MOPCHKUX CYJIeH. Y IUX YMOBaX SIKICTh MiJATOTOB-
KM MOPSIKIB CTa€ HE JIMIIE OCBITHBOIO KaTETropi€ro, a i (pakTopom OE3MeKru Moper-
JABCTBA, KOHKYPEHTOCIPOMOXKHOCTI JIep>KaBU Ha MIKHAPOJHOMY PUHKY Ipami Ta
CTIMKOCTI MOPCBKOTO 0i3HeCcy. MixHapoaHEe CYAHOIUIaBCTBO (DYHKIIIOHYE B TIPOCTO-
pi JKOPCTKO perIaMeHTOBAaHUX TEXHIYHUX, MPOIEAYPHUX 1 ETUYHUX BUMOT, 1110 TTOC-
TIHO OHOBJIIOIOTHCS MiJ] BIUIMBOM HOBHUX PHU3UKIB, TEXHOJOTTYHUX 3MiH Ta €KOJIOT1-
YHOTO MOPSIKY JeHHOTO [ 1, 4].

AKTyanbpHICTh TEMHU 3yMOBJIEHA THM, 110 Cy4acHa CHCTEMa IiIT0OTOBKU MOPSKIB
BXK€ HE MOXKE€ 0OMEXXyBaTHUCS BIATBOPEHHSIM yCTAJIEHOTO Ha0Opy 3HAHb 1 HABUYOK.
Bona mae Oyt TMHaMI4HOI0, BUTIEPEKYBAIBHOIO M TaKOIO, 1110 37aTHA IIBUJIKO pe-
aryBaTv Ha 3MiHM B MDKHAPOJHOMY 3aKOHOJIABCTBI, MPAKTHUIIl JEPKABHOTO MOPTO-
BOT'0 KOHTPOJIIO, BUMOTAaX JI0 0€3MEeKH eKinaxky, 0XOPOHHU Mpaill, 3aXUCTy MOPCHKOTO
cepenoBuIa Ta IUdpoBizallii CyTHOIIABCTBA. Y 3B’S3KYy 3 UM OCOOJMBOrO 3Ha-
4yeHHs1 HabyBae aHai3 TOro, SIK PO3BUTOK MDKHAPOJIHUX MOPCHKHMX CTaHAApTIB 3Mi-
HIOE JIOTIKY MIATOTOBKHM MOPSKIB Ta SIKI HaNpsIMU MOJEpHI3allii MOPCHKOI OCBITH €
MPIOPUTETHUMH IS Y KpaiHHu.

[TpobGnemaTuka mpodeciiiHoi MiAITOTOBKK MOPSKIB TPAIULINHO PO3IIISIIAETHC Y
B3a€MO3B 3Ky 3 BUMOTaMU MI>KHAPOIHOTO MOPCHKOTO MpaBa, 0€3MeKH CyTHOIIaBC-
TBA, YNPABIIHHS JIOJACEKUM (PaKTOpoM Ta (DYHKIIIOHYBAHHSI CUCTEMHU SIKOCTI Y MOp-
CbKiil ocBITI. HOpMaTUBHUM NIAIPYHTSAM CY4YacHOI MIJTOTOBKM MOPSKIB € aKTH
Mixknapoanoi mopcekoi opranizamnii (IMO) Ta MixkuaponHoi opranizarii mparti
(MOII), mnacamnepen Konsenmiss STCW, Konpenmigs SOLAS, KonBeHiis
MARPOL, Konsermis MLC 2006, a Takoxx Kogekc ISM [1, 4, 10]. Ha piBai €Bpo-
nericbkkoro Coro3y BaXJIMBHM opieHTHpOM BHCTyMae Jlupextusa (€C) 2022/993 mpo
MiHIMQJIBHUMA PIBEHb MIJTOTOBKH MOPSKIB, IO KOAU(DIKYE MIX0AU A0 BUSHAHHS Ta
KOHTPOJIIO CHCTEM MIATOTOBKH 1 qurioMyBaHHs [7]. BogHouac y momepeaHix mpa-
wax [11, 12, 13, 14] okpemo OyJ10 BUCBITIICHO BILUTUB MaHIIbCHKHX MOMPABOK HA CH-
CTEMY MIATOTOBKM MOPSIKIB YKpaiHHu, TEHJIEHIII] IMIUIEeMEHTAIlll MI)KHAPOJHUX TPY-
JIOBUX CTaHAApPTIB y HalllOHAJIbHE 3aKOHOJABCTBO, a TAKOXX MUTaHHS MpodeciiiHol
M1JTOTOBKU CYJTHOBUX MEXaHIKiB, POJIi JIIOACHKOTO (hakTopy Ta GopMyBaHHS KOMIIE-
TEHTHOCTEH, HeOOXITHUX sl O€3MeUHO01 eKCIUTyaTalii CyTHOBUX €HEPreTUYHUX YyC-
TAHOBOK 1 MPOXO/PKEHHS MPOIIEAYP ACPHKABHOTO TOPTOBOTO KOHTPOJIIO.
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Pazom 3 ThM aHaii3 cydacHUX JKEpell, 30KpeMa, 3acBiauye, mo y GhoKyci Mixk-
HApOJHOTO PEryJIIOBAHHS JIe[all YacTillle ONMUHSIOTHCA HE JIMIIE TEXHIUYHI KOMIeTe-
HTHOCT1 CYJTHOBOTO TME€pCOHay, a W MUTAaHHS MCUXOJIOTTYHOI O€3MeKH, ETUYHOI T0-
BEJIIHKW, HEJIUCKPUMIHAIII, 3amo0iraHHs HACWUJBCTBY 1 XapacMEHTY, €KOJOTIYHOI
BIJIMOBIAAIBHOCTI Ta 3/JaTHOCTI IPAIIOBAaTH B YMOBAaX JIeKapOOHi3allii MOPCHKUX TIe-
peBesenb [2, 3, 5, 10]. lle Bumarae nepeocCMHCICHHS 3MICTY MOPCBKOI OCBITH Yy
OUIBII IMPOKIN MIKIUCIUIUTIHAPHIN TIJIOMIMHI.

Cucrema MDKHApOAHUX MOPCHKUX CTaHIApTIB (hopMye GaraTopiBHEBUNA peryJis-
TOPHUH KapKac, y Mexax SKOro 3/11HCHIOEThCS podeciiiHa miAroToBka Mopsiki. ba-
30BUMH JOKyMeHTamu TyT 3anuiaioteess Konseniiss SOLAS 1974 poky, Konseniris
MARPOL 73/78, Konsenmist STCW 1978 poky 3 monpaBkamu, MixkHapoHa KOH-
BEHIIIS PO BaHTa)XHY MapKy Ta HU3Ka 1HmUX akTiB IMO, 1o BU3HA4Ya0Th BUMOTH
70 TEXHIYHOI OE3MeKu CyJAEeH, HaBirailii, 3B’ 53Ky, 3ano0iraHds 3a0pyJHEHHIO U Op-
rasizanii BaxToBoi cayx6u [4]. Ix dyHKIIOHATEHE 3HAYEHHS A7 OCBITHBOI chepn
MOJIATA€E B TOMY, III0 BOHH 33J1al0Th HE JIMIIIE TIEpellik 000B’I3KOBUX KOMIIETEHTHOC-
TeH, a i Joriky npodeciiHol MOBEIIHKN MOPSIKA B CTAHJAPTHUX 1 HEIITATHUX CUTY-
arsax.

OcoOmuBe Mmicue B il cucreMi HanexuTh KonseHiii STCW, sgka BCTaHOBIIIOE
MDKHApOJHO Yy3T0JKeH1 MIHIMalIbHI CTaHAAPTHU MIATOTOBKH, JUIIJIOMYBAaHHS Ta He-
cennsi Baxtu. IMO mpsimo BusHauae, mo Kounsenmii STCW crpsimoBaHna Ha 3a06e3-
MeueHHs O0€3MeKHu KUTTS 1 MailHa Ha MOP1 Ta 3aXUMCT MOPCHKOTO CEpeOBUIIA IILIS-
XOM YCTaHOBJIEHHSI MIKHApOJHUX CTAHIAPTIB Juisl MOpsKIB [1]. Jyig HaioOHaNIbHUX
CUCTEM MOPCHKOI OCBITH 1I€ 03HAa4a€ HEOOXIAHICTh MOCTIMHOI CHHXPOHI3aLii OCBIT-
HIX MporpaM 13 BUMOTaMH TaOJMIlb KOMIIETEHTHOCTEH, MPOLEAYyp OL[IHIOBaHHS,
MPaKTUYHOI MIATOTOBKU, HaBUYaHHA Ta nepearecrtauii. Came ToMy Oyab-sKi 3MIHH J10
Kongennii STCW maroTh 6e3mocepe/iHii BIUIMB Ha 3MICT HaBYAJIIbHUX IUIAHIB, Ma-
TepiabHO-TEXHIYHE 3a0€3MeUeHHs MATOTOBKU, CUMYJISAIIHEe HABYAHHS Ta KBaidi-
Kallif0 BUKJIaJadiB Ta IHCTPYKTOPIB.

BaxnuBo, 1m0 MibKHapOAH1 CTaHAApTU Y c(epi CYyTHOIUIABCTBA HE € CTaTUYHU-
Mu. IMO cHCTEMHO OHOBIIIOE BUMOTH 3 YpaxyBaHHSIM TEXHOJOTIYHUX 1HHOBAIIiH,
HOBUX BUPOOHWYMX PHU3UKIB, 3MIHEHHS CTaBJICHHS JI0 BUKOPUCTAHHS IMaluBa, 1ud-
pOBIi3aIlii ypaBIiHHS CYJHOM 1 3pOCTaHHS yBaru J0 JIoJckKkoro ¢gakropy. Lle Hamae
MIATOTOBIII MOPSIKIB BHPA3HO aJaNTUBHOTO XapaKTepy: OCBITHS CHUCTeMa MOBHHHA
He Juuie 3a0e3nevyyBaTy BiJIMOBIIHICTh TOTOYHUM HOPMATUBHUM BUMOraMm, a i §o-
pMyBaTH y 3400yBayiB rOTOBHICTh 10 Oe3nepepBHOToO nNpodeciiHoro po3BUTKY. Ta-
Ka JIOTiKa OCOOJIMBO BaXJIMBa JJiA YKpaiHU, OCKUIBKM MIKHApOJIHa KOHKYpPEHTO-
CIIPOMOJKHICTh YKPaiHCBKUX MOPSKIB 3HAYHOIO MIpOIO 3aJICKHUTh BiJl 3AaTHOCTI Ha-
[{IOHAJIBHOI CUCTEMH OCBITH W MIATOTOBKM ONEPATHUBHO pPEaryBaTH Ha PEryJsTOPHI
3minu |7, 8].

CyTTeBull BIUIMB HAa MOJIEPHI3AIIIO IMIATOTOBKH MOPSKIB MalOTh HOBITHI 3MIHH
1o Kongsentiii STCW, nputinsari y 2024 poii. Ha 108-ii cecii KomiTety 3 Oe3neku Ha
mopi IMO 6ynu yxBaneni nonpasku 10 Kogexcy STCW 1mono HoBux BUMOT A0 0a-
30BO1 MIATOTOBKH 3 MUTaHb 3a00IraHHs Ta pearyBaHHs Ha HACHJIbCTBO Ta JIOMaraH-
HsI, BKJIFOYHO 13 CEKCyaJIbHUMH JIOMAaraHHsIMU, IbKYBaHHSM 1 CEKCyaJIbHUM HACHJITb-
ctBoM [2, 3]. 11i Hopmu HaOpaau yrnHHOCTI 3 1 ciuHsg 2026 poky i JOMOBHIOIOTH Ta0-
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o A-VI/1-4 Konekcy STCW HOBOIO KOMIIETEHTHICTIO Y cepi 0coOMCTOI 6e3-
IIEKH Ta COIaJIbHOI BiAMOBiAAILHOCTI [6].

3 meAaroriyHoi TOYKM 30py 1€ € MPUHIIMIIOBO BAXKJIMBHUM 3pYIICHHSIM. BoHO
O3HAyYae, 10 MOPChKA MIITOTOBKA OCTATOYHO BUXOAMUTH 32 MEX1 BY3bKO TEXHOKpa-
TUYHOI MOJIEJIl Ta BU3HAE OE3MOCEPEIHIN 3B’ SI30K MiXkK ICUXOJOTIYHUM KJIIMaTOM Ha
00pTy, KyJIbTYpOIO B3a€EMOJIII B €KiMaki Ta 3arajbHOI0 0e3MeKor cynHa. Biamosi-
HO, HaBYaJIbHI MPOTPaMy MAIOTh BKIIIOYATH HE JIMIIE 3HAHHS MPO BUAM HETIPUHAHAT-
HOT TIOBEJIHKH, a i MPAKTUKy PAHHHOTO BUSBIICHHS PU3HKIB, aJITOPUTMHU TTOBITOM-
JICHHS] TIPO 1HIUACHTH, HABUYKW BTPYUYaHHS CBiJIKa, OCHOBH TPAaBMOOPIEHTOBAHOTO
MiX0/Ay, HETOMYIICHHS] MOBTOPHOI MCHUXOJOTIYHOI TpaBMaTHU3AIlll MOCTPaXKAAIOTO
Ta 3acaau GpopmyBaHHs aTMocdepu A0Bipu Ha O6opTy. BignmosigHo 11€ moTpedye Me-
TOAMYHOI'O OHOBJIEHHSI KypCIB OCOOMCTOI O€3MeKU, PO3POOJICHHS KEHCIB, TPEHIHTO-
BHUX CLEHApIiB 1 NPOUEAYp OL[IHIOBAHHS COIL1aIbHO-TIOBEIIHKOBUX KOMIIETEHTHOC-
TEMH.

He meHm 3HadynuM 4YMHHUKOM aKTyai3allii MiJroTOBKM MOPSKIB € €KOJIOT13a-
i MIXXKHApPOJHOTO cyaHoriaBcTBa. Y 2024-2025 pp. HaOyau 4YMHHOCTI abo Oyiu
CXBaJICH1 HOBI TMOJIO’KEHHSI, TIOB’s13aH1 31 3HUKEHHSIM BUKUJI1B, TOCHJICHHSIM PEKUMIB
KOHTPOJIIO BMICTY 1 BUTPATH NajJMBa Ta PO3BUTKOM CHCTEMH €HEProe(eKTUBHOCTI
cyneH. 3okpema, 3 1 TpaBHs 2025 poky CepenzeMmue Mope oPiliiHo GYyHKIIOHYE SK
30Ha KOHTPOJIIO BUKH/IIB OKCUJIIB CIPKH, 1110 BUMara€ BUKOPUCTAHHS MaJ1Ba 13 BMiC-
ToM cipku He Oupiie 0,10 % abo 3acTocyBaHHS €KBIBAJIEGHTHUX TEXHIYHUX PIIIEHb
[5]. IMO TakoX MpOAOBKYE BIAOCKOHAIIOBATU CUCTEMY MOHITOPHHIY IOKAa3HUKIB
eHeproe()eKTUBHOCTI Ta 3BITHOCTI, OB’ A3aHUX 3 1HAEKCOM €HEproe(peKTUBHOCTI 1C-
HYIOUOTO CyJHa Ta MOKA3HWKOM BYTJEIEBOi IHTEHCUBHOCTI, 110 MPSMO BIUIMBA€E Ha
BIJIMOBIJIHI MPOrpaMy MiATOTOBKH CY/HOBUX MEXaHIKIB, €IEKTPOMEXAHIKIB, BaXTO-
BUX O(iIepiB Ta KOMAHJAHOTO CKJIATy.

3a ux yMOB 3MICT Mpo(eciifHOi MIATOTOBKMA Ma€ CYTTEBO 3MIIllyBaTUCS y OIK
(hOpMYBaHHS EKOJIOTI4HOI KOMIIETEHTHOCTI MOpsIKa. VIeThes He e mpo 3HAHHS
nosnoxeHb Konpeniii MARPOL, a npo 37aTHICTH TpalffoBaTd 3 HOBUMHU THIIAMU
MajnuBa, pO3yMITH HOPMATHBHI OOMEXKEHHS ISl PI3HUX MOPCHKUX paloHIB, BECTH
HEOOXITHY JOKYMEHTAI[I0, OI[IHIOBATH BIUIMB €KCIUTyaTaI[IiHUX PIIIEHb HA BUKUIU
Ta eHeproeeKTUBHICTh, a TAKOXK OpaTh y4yacTb y BIPOBAKEHHI CYJHOBHX IpaK-
THK, CIIPSIMOBAHUX Ha JekapOoHizarito. [ yKpaiHChKMX MOPCHKHUX 3aKJIaJliB OCBi-
TU 1€ 03Ha4Ya€ HEOOX1IHICTh MOCUJICHHS MIKIUCIUIUIIHAPHOTO 3B’ A3KY MiXK TEXHIY-
HOI0, €KOJIOT1YHOIO Ta YIPaBIIHCHKOIO CKJIaJOBUMH IMIATOTOBKH.

OxpeMuM HampsIMOM BIUIMBY MI)KHAPOJHUX CTaHJAPTIB Ha MIJTOTOBKY MOPSIKIB
€ TIOCWJICHHSI POJIi CUCTEM YIpaBiIiHHS O€3MEeKO0 Ta 30BHINIHBOTO KOHTpoJto. Ko-
nekc ISM 3akpimuitoe miaxif, 3a SKoro 0e3nevyHa eKCIuIyaTtallisi CyJeH € pe3yJbTaToM
HE JIMILE 1HIUBIIyalbHOI KBadi(ikallii, a i HalexHOi OpraHizauli ynpaBIiHCHKUX
MpoIieciB y KoMIaHii Ta Ha 6opTy. BoaHowac aepskaBHHII MOPTOBUN KOHTPOJIb 3a-
Oe3reuye 30BHINIHIO IEPEeBIPKY (GAKTHUYHOTO JOTPUMAHHS MI>KHAPOJIHUX KOHBEHITIH.
Hampuknan, na odimitinomy pecypci [Tapuzpkoro memMopaHaymy MiAKPECTIOETHCS,
10 1HCIIEKII{ 1ep>KaBHOTO MOPTOBOI'O KOHTPOJIO 0a3yroThes Ha koHBeHIisix IMO Ta
MOII i nokyivKaHi BUSBISATH MOPYIICHHS, 3aTHI BIUIMHYTH Ha Oe3MeKy CyAHa, eKi-
naxy Ta JDOBKULIA [9]. ¥ momepeaHix MOCHTIKEHHSIX aBTOPIB TaKOXK aKIIEHTOBAHO,
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0 Pe3yJIbTATUBHICTh MPOXOKEHHS MPOIEAYDP AEPKABHOTO MOPTOBOTO KOHTPOIIO
Oe3nocepelHbO TOB’si3aHa 3 piBHEM C()OPMOBAHOCTI MPOhECcIiHtHUX KOMIIETEHTHOC-
Tel CyAHOBHX MEXaHIKIB, a JIIOJICBKUI (DAKTOp 3aIMIIAETHCS OAHUM 13 BU3HAYAIb-
HUX YMHHUKIB OE€3MEeYHOi eKCIUTyaTallii CyJIHOBHX €HEpreTHYHMX YCTaHOBOK [11,
12]. Ile o3Hauvae, 110 Cy4yacHUU MOPSK MOBUHEH OYTH MiATOTOBJIECHUN HE JIUIIE 0
eKcIuTyaTallii obJagHanHs, a i 10 poOOTH Yy HOPMATUBHO KOHTPOJIHLOBAHOMY cepe-
JIOBUIIIl, /¢ BU3HAUAJbHE 3HAYEHHS MAalOTh HaJIC)KHE BEJACHHS JOKYMEHTAIlli, TOY-
HICTh JOTPUMAHHS MPOLEAYP, PO3YMIHHS BUMOT 1HCIEKIIHHOTO KOHTPOJIIO Ta 3/1aT-
HICTb JiSITH BIJMIOBITHO 10 CUCTEMH YTPABIIiHHS 0€3MEKOIO.

Y 1poMy KOHTEKCTI 0cOoONMMBOi yBaru moTpedye mpoOiema ajanTailii eKinaxis
70 poOOTH Ha HOBUX THUIIAX CY/ACH Ta B HOBHX OPraHI3alliifHO-TEXHOJOTTYHUX YMO-
Bax. CBITOBa MpakTHUKa CBIIYUTH, 10 HABIThH 3a HASIBHOCTI YUHHUX JUIIOMIB 1 Cep-
TU(DIKATIB peaibHa TOTOBHICTh YJIEHA E€KIMaXy 10 poOOTH HAa KOHKPETHOMY CYJIHI
3HAYHOI0 MIPOIO BU3HAYAETHCS SKICTIO O3HAHOMIICHHS 31 crieliu(ikoro 00J1aHaAHHS,
poLeayp, aBTOMAaTU30BAHUX CUCTEM 1 BHYTPIIIHIX CTaHAAPTIB CYyJAHOIJIABHOI KOM-
nanii. CTUCHI CTPOKH TepeApericoBOl ajamnTallii 4acTo He J03BOJIAIOTh Y MTOBHOMY
00cs31 chopMyBaTH HEOOXIAHUN PiBEHb MPAKTHYHOI BIIEBHEHOCTI, OCOOJIMBO B Ma-
MUHHINA KoMaHAl. Sk 3acBIIUyIOTH Mpalli, TPUCBIYEH] MpodeciifHiil mAroTOBII Cy-
JTHOBUX MEXAHIKIB y Cy4aCHUX yMOBaX, €(EKTHBHICTh TAKOTO HABYAHHS 3aJICKHUTH
BiJl TIO€HAHHS (PYHIAMEHTAIbHOI TEXHIYHOI MIATOTOBKH, PO3BUTKY MPAKTUYHUX
YMiHb 1 BpaxyBaHHS peajlbHUX BUPOOHUYUX CUTYalliil, 3 IKUMH (paxiBelb CTUKAETh-
cs Ha O60pTy [13, 14]. Tomy HaBYaHHS Ma€ BKIIFOYATH MOJYIi, OPIEHTOBAHI HA IIBU-
JKY aJanTaiiio /10 KOHKPETHUX THUMIB CYJEH, TUIOBUX PU3HMKIB 1 TEXHOJOTTYHUX
KOH(Dirypariiii, 3 SKUMH MOPSK 31TKHETbCS M1 4ac pOOOTH.

BaxynBo TakoX BpaxoBYBaTH, 10 MDKHAPOJHI CTAaHAAPTH JAeNalll TiCHIIIE
MOB’SI3YI0Th 0O€3MeKy MOpEIUIaBCTBAa 3 yMOBaMHU mpaii Ta JoO0poOyTOM MOPSKIB.
KonBeHriis mpo mpairo B Mmopcbkomy cyanoruiaBcTBl 2006 poxky (MLC, 2006), 3a
BuzHaueHHsIM MOII, 3a0e3nedye KOMIUIEKC MpaB 1 TPYAOBUX TapaHTIM JUIsi MOPSIKIB
y cBiTtoBoMy MacmiTa6i [10]. Omxe, cyyacHa MiAIrOTOBKA MOPSKIB Ma€ BKJIIOYATH HE
JIUIIIe TEeXHIYHI 1 HaBIraiiHi MUTaHHS, a i MPAaBOBY TPAMOTHICTh IIOJI0 YMOB Ipaii,
BIJIMTOYMHKY, perarpiallii, MeTUIHOro 3a0e3MeUeHHs, MOPSAKY MOIaHHs CKapT Ta 3a-
XUCTYy BiJ auckpuminarii. lle miacwitoe JTIOAMHOIIEHTPOBAHUN BUMIP MOPCBHKOI
OCBITH 1 301MXKye€ 11 3 KOHIICTIIIEO TiAHOT mparli Ta 6€3MeYHOro poboyoro cepeo-
BHUIIA.

Jns Ykpainu akTyanizanis miAroToBKM MOPSIKIB Y KOHTEKCTI MI)KHAPOJIHUX CTa-
HIApTIB Ma€ 1€ OJIMH BAXKJIUBUN BUMIp — HEOOXITHICTh 30€pEKEHHS Ta TMOCUJICHHS
NO3UIIIA Ha CBITOBOMY PHMHKY MOpCBHKOi mpati. €Bpornelicbka Komicis 3a3Hauae, 110
B €BporeiickkoMmy Coro3i (€C) aie crujibHa cCUCTeMa BU3HAHHS TPETIX KpaiH, SK1 Bi-
nnosigaroTs BUMoraM Konseniii STCW, a o1iHIOBaHHSI TAKHX CUCTEM 31MCHIOETH-
csi 3a ydacTio €Bpomeiicbkoro areHTcrBa 3 Oe3mekn Ha Mopi (European
Maritime Safety Agency, EMSA) [8]. lle o3Hauae, 1110 KOHKYPEHTOCIPOMOXHICTb
YKPaiHCHKUX MOPSIKIB TIPSIMO TIOB’si3aHa 3 JIOBIPOIO /IO HAIIOHATLHOT CHCTEMH OCBI-
TH, TIATOTOBKY ¥ TUTUJIOMYBaHHS. Y MPaKTUYHOMY BUMIp1 HAEThCs Mpo NoTpedy 3a-
0e3neunTu cTablIbHY SIKICTh OCBITHIX MpOTpaM, CydyacHY CUMYJSITOPHY (TpeHaxep-
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Hy) 0asy, IpO30piCTh OILIHIOBaHHS, B3a€MO3B’S30K 13 BUMOTaMH CyIHOIUIABHUX
KOMITaHi{ Ta KyJbTYPY aKaJeMidHOi T00pOYECHOCTI.

VY3aranpHIOI0YM BUKJIAJEHE, JOUIILHO BHOKPEMUTH KUIbKa CTPATEriYHUX Ha-
OpsAMIB aKTyamizarmii miaroroBkd MopsikiB. [lo-mepie, e cUCTEMHE OHOBJICHHS
OCBITHIX IIporpaM BIJIMOBIAHO 10 YMHHUX 1 MEPCIEKTUBHUX 3MiH y KoOHBEHIIsX
STCW, SOLAS, MARPOL, MLC Tta aktax €C. Ilo-apyre, nOoCUIE€HHS KOMIIETEHT-
HICHO1 MOJIeJIl HaBYaHHS 3a paxXyHOK IHTeTpallii TEXHIYHUX, €KOJIOTIYHUX, ITPAaBOBUX,
KOMYHIKaTHBHUX Ta €TUYHUX KoMIeTeHTHOCTeH. [lo-TpeTe, po3mupeHHs MpaKkTUKO-
OpIEHTOBAHOI CKJIAIOBOI Yepe3 CUMYJSATOPU, TPEHAKEepH, ClIICHapHe HaBYaHHS, aHa-
713 CUTYyallil, TPEHIHTH 3 KPHU30BOi B3a€MOJIii, BIIPaBH, OPIEHTOBAHI Ha MEPEBIPKU
JepKABHOTO MOPTOBOTO KOHTPOJIO, Ta MOJICIIOBAHHS MOBEIIHKA B yMOBax Oarato-
HalllOHAJIBHOTO eKinaxy. [lo-ueTBepTe, pO3BUTOK NCUXOJIOTTYHOI MIATOTOBKH Ta Ha-
BUAHHS B3a€MOJIli B €KIMaXxi SK MOBHOIIHHOTO €JeMEHTYy cucteMu Oesneku. Ilo-
1°siTe, 3MIIHEHHSI MApTHEPCTBA M MOPCHKUMHM 3aKjaJaMH OCBITHU, KPIOIHTOBUMU
KOMITaHIsIMU, CYJHOBJIACHUKAMH, TPEHAXKEPHUMHU IIEHTPAMH i MOPCHKOIO aJMIHICT-
paii€ro as 3a0€e3MeUYeHHs aKTyaJlbHOCTI Ta CBOEYACHOI'O OHOBJICHHS 3MICTY HaB-
yaHHs. Taki OpIEHTUPHU Y3TOJKYIOTHCS 3 BUCHOBKAMHM IIOJI0 3HAYEHHS JIFOJICHKOTO
bakTopy, npodeciiiHuX KOMIIETEHTHOCTEHN 1 MPAKTUKOOPIEHTOBAHOI MiJITOTOBKH CY-
JHOBHMX MEXaHIKIB y cyyacHuX ymoBax [11, 12, 13, 14].

OTxe, PO3BUTOK MIKHAPOJHUX MOPCHKHUX CTAHJIAPTIB HE MOXHA PO3IJISAATH
JUIIe K 30BHIIIHIA HOPMAaTUBHUI YMHHUK. HacripaB/l BiH 3a/1a€ HOBY apXiTEKTypy
npodeciiiHoi MATOTOBKUA MOPSIKA, Y SKIM LHEHTPaIbHUMU CTAlOTh a/IallTUBHICT, BI/I-
MOBIJANBHICTh, 3/1aTHICTH 0 O0€3MepepBHOIO HaBYAHHS, €KOJIOT1YHA CB1IOMICTb, CO-
1aJIbHA 3pUTICTh 1 TOTOBHICTH MISITH B CKIaAHUX OararoakTOpHUX YMOBaxX cydac-
HOro MoperuiaBcTBa. Came Ha IMX 3acajax mae OyayBaTHCS MOAANbINA MOACPHI3a-
115 MOPCHKO1 OCBITH B Y KpaiHI.

BucHoBku

1. PO3BUTOK MIKHApPOJHUX MOPCHKHX CTaHJAPTIB 00 €KTUBHO 3YMOBIIIOE€ HEOO-
X1HICTh MOCTIMHOI aKTyami3allii MmiJroTOBKM MOPSKIB, OCKUIbKH CydacHE CYJIHOII-
JIABCTBO BUMarae He Jiviie (popMaibHOT BIAMOBITHOCTI MI>KHAPOIHUM KOHBEHITISIM, a
i peanbHOi TOTOBHOCTI €KINaXiB AISITU B yMOBaX TEXHIYHUX, €KOJOTIYHHX, MPaBoO-
BHUX 1 COLIAJIbHO-TICUXOJIOTIYHNX BUKJINKIB.

2. KirouoBumu JieTepMiHaHTAMU OHOBIICHHSI 3MICTY MOPCHKOT OCBITH BHCTYTIa-
101h nosioxkeHHs Konsentiin STCW, SOLAS, MARPOL, MLC 2006, Kogekcy ISM,
MEXaHI3MH JIePKABHOTO MOPTOBOTO KOHTPOJIIO Ta HOpMaTUBHI akTh €C 1moa0 mij-
TOTOBKH 1 BUBHAHHSI TUILJIOMIB MOPSIKIB.

3. Ilonpasku no Kogekcy STCW, yxBaneni y 2024 pori Ta BBeAEHI B IO 3
1 ciuns 2026 poky, 3acBIAYYIOTH IMOCHJICHHS JIOJMHOIIEHTPOBAHOTO CKJIAJHUKA
MOPCBKOT MIATOTOBKH i MOTpeOy 1HTErpyBaTH 0 OCBITHIX MPOrpaM TeMaTHKY 3ario-
OiraHHs HACWJIbCTBY, XapacMEHTY, OyJiHTY Ta (hOpMyBaHHS MCUXOJIOTIYHO Oe3mey-
HOTO CepeloBHUIIa Ha 00pTY.

4. ExonoriyHi 3MiHH B MDDKHApOJAHOMY peryitoBaHHi, moB’s3aHi 3 ECA, enepro-
e(EeKTUBHICTIO Ta JeKapOOHI3aIl€l0 CYIHOMIABCTBA, BUMAratoThb CyTTEBOT'O IOCH-
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JICHHSI €KOJIOT1YHOI Ta eKCIUTyaTaliiHO-aHaIITHYHOI CKIAJOBHUX MIATOTOBKU MOPS-
KIB.

5. Ilonmanpiiie BAOCKOHAJICHHS IMIJATOTOBKH MOPSIKIB B YKpaiHi Ma€ BiOyBaTHCS
Ha 3acajgax KOMIETEHTHICHOCTI, MPaKTUKOOPIEHTOBAHOCTI, MIKIUCIUILIIHAPHOCTI,
mapTHEPCTBA 3 POOOTOABISIMHM Ta IIBUAKOI peakilii Ha 3MiHM Mi>KHapOJHOTO HOP-
MaTHUBHOT'O CEPEIOBUINA, IO Y3TOKYETHCSA 3 BHKIMKAMH CYYaCHHUX IIIXOMIIB JIO
MOPCBHKOI OCBITH 1 IIJITOTOBKU CYJHOBUX MEXaHIKIB.
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VJIK 37:656.612

[Mapmenosa® JI. I'., Bonmap? C. A.
'Hanionansuuii yHiBepcuter «Onechka MOPChKA aKaJeMis»
Mopexinuuii paxosuii konemx im. O. I. Mapunecka

@®opMyBaHHSA Ta OWIHIOBAHHS NMPOQeCcCiHHNX KOMIIETEHTHOCTEl MOPCHKHX

daxiBuin

Mopcekuii TpaHCTIOPT HAJICKHUTH 0 Taly3ed MiABUIICHOT BIAMOBIATBHOCTI, /1€
MOMMJIKA MEPCOHATY MOYKE MaTH HACJIAKOM 3arudens Jojiel, 3a0pyAHEHHS! MOPCh-
KOT'O Cepe/loBUIIa, BTpaTy Cy/HA, BAHTaXY Ta 3HAYHI €KOHOMI4YH1 30uTKU. Came To-
My mpobiema ¢hopmMyBaHHS MPodeciiHUX KOMIETEHTHOCTEH MOPSKIB HE MOXKE PO3-
[JIAIaTACS BUKJIIOYHO SIK BHYTPIIIHS CIIpaBa 3aKiiaqy OCBITH; BOHA € CKJIAJHHUKOM
MDKHAPOHOT CUCTEMU 3a0e3neueHHs 0e3neKku cyiHoIuIaBcTBa. 3a nanumMu EMSA, y
MIOPIYHOMY OTJISI/II MOPCBHKHUX aBapiil Ta IHIUACHTIB, onpritoaHeHoMy y 2025 pori,
npoaHaiizoBaHo 26751 Bunagok 3a 2015-2024 pokwu, a aumie y 2024 poii Oyio 3a-
peectpoBaHO 2659 Mopchbkux aBapiil Ta HUMACHTIB [1]. Y3araibHeHHs maTepiaiiB
Marine Accident Investigation Branch (MAIB) Takox J€MOHCTpY€E MOBTOPIOBAHICTh
MIPUYUH, MOB’SI3aHUX 13 BTOMOIO, HEJOCTATHHOIO MIATOTOBKOIO, HEe()HEKTUBHUMU
MPOIIeTypaMH, TIOMUJIKAMH PU3UK-MEHEHKMEHTY Ta MOPYIICHHSIMU OpraHi3arlii Ba-
XTH [2]. ¥ Takux ymoBax SKICTh IMIJTOTOBKM MOPCHKUX (paxiBLIB O€3M0CEPETHBO
BIUIMBA€E HA PIBEHb OE3MEKU Ha MOPI.

st Ykpainu 1151 mpobiieMa Mae He JIUIIe OCBITHIN, a I eKOHOMIYHUN Ta MiXKHa-
poaHo-npaBoBuii BUMIp. [liaroTroBka MOpPSKIB 3AIHCHIOETHCS BIAMOBIIHO JI0 BUMOT
Kounsenmii TIJIHB 1 HamioHanpHUX HOPMATHBHUX aKTiB, a Pe3yJbTaTH HaBYaAHHS
MaloTh MIATBEPIKYBATUCS HE TUIBKHU MiJICYMKOBOIO aTECTal€l0 y 3aKjaal OCBITH, a
I TIpolieIypaMu HE3aJICKHOTO a00 CTaHIAPTU30BAHOTO 30BHINIHHOTO KOHTPOIIO. Y
IbOMY KOHTEKCTI €auHuil aepkaBHuil kBamidikamiiauii icnut (€KI) nabysae
3HAUYEHHS MEXaHi3My Bepu(ikalli TOro, HaCKUIbKK 3400yBad OCBITH peaJibHO Oma-
HyBaB KOMIIETEHTHOCTI Ta pe3yJbTaTH HAaBUaHHS, HEOOXiAHI AJsl npodeciiHol 1is-
JBHOCTI Ha CyJHI.

[IpobGnemaTuka nmpodeciiiHoi MiAITOTOBKK MOPSKIB TPAIULINHO PO3IIISIIAETHC Y
IJIOMIMHI KOMIIETEHTHICHOTO MIJIXO0AY, O€3MEeKOBOI OpieHTAaIlli HaBYaHHS Ta BIJINO-
BIJIHOCTI MIXKHApPOJHUM CTaHJaapTaM. ba3zoBuM JokymeHTOM y 1ii cdepi € MixHa-
POJIHa KOHBEHIIISI TTPO MiATOTOBKY, JUIIJIOMYBAHHS MOPSKIB Ta HECEHHsS BaxTh 1978
poky 1 Konexc I1/IHB, sixi BU3Ha4ar0Th MiHIMaJIbHI BUMOTH JI0 3HaHb, YMiHb, HABU-
YOK Ta CIOCO0IB JEMOHCTpaIlii KOMIETeHTHOCTI [3, 4]. Maninschki nmompasku 2010
POKY 3aKpINUIM Cy4aCHY KOMIIETEHTHICHY JIOTIKY MiATOTOBKH, MOCUJIMIN BUMOTHU
70 MPaKTUYHOI CKJIaJ0BOI, MEIUYHOI MPUIATHOCTI, OE3MEKOBOI KYJIbTYypH Ta BUKO-
pPUCTaHHS HOBUX TEXHOJIOTH [3].

Ha mnamionanbHOMYy piBHI TIATOTOBKAa MaiOyTHIX (axiBI[iB CHEIiadbHOCTI
J5 (271) «Mopcekuit Ta BHYTPIlIHIA BOAHUN TPAHCIOPT» PErIaMEHTYEThCS OCBIT-
HIMH CTaHmapTamu, nporeayporo nposeneHas €JIKI, a Takoxk HOpMATHBHUMH aK-
TaMH I[0JI0 MPUCBOEHHS 3BaHb 0CO0aM KOMaHJHOTO CKJIay MOPChKUX cyzeH [5—8].
Came moenHaHHs OCBITHROTO cTaHaapTy, BuMor Konsenmiii Ta Komekcy I1/IHB,
MPAKTUYHOI MITOTOBKH 1 MIJCYMKOBOTO 30BHIIIHBOTO OIIIHIOBAHHS CTBOPIOE ITiJIT-
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PYHTS AJis1 00’ €KTUBHOTO aHaMi3y SKOCTI (popMyBaHHS MPO(PECItHUX KOMIIETEHTHO-
CTEH.

[TpodeciitHa KOMIIETEHTHICTh MOPCHKOTO (haxiBIlsl € IHTETPOBAHOIO XapaKTEPHC-
TUKOIO, IO TMOEIHYE CICIialbHl 3HAHHS, MPAKTUYHI BMIHHS, HaBUYKH OC3MEUHOI
NOBEAIHKHY, 3JaTHICTh IPUHAMATH PILICHHS B yMOBaX pU3MKY, IIPAIIOBATH B KOMaHIi
Ta JISTH BIJAMOBIIHO J10 MIXKHAPOJIHMX 1 HallIOHAIBHUX BUMOT. OCOOJIMBICTE MOPCh-
Koi mipodecii mossirae B Tomy, 110 €(heKTUBHICTD IISUTbHOCTI BUBHAYAETHCS HE OKpe-
MHUM 3HaHHSM ab0 OKPEMOIO €10, a 3IaTHICTIO IHTETPYBAaTH TEXHIUHI, OpraHi3amiii-
Hi, KOMYHIKaTUBHI i 0€3MeKOB1 KOMIIOHEHTH y peajibHiil BUpoOHMUi cuTyari [9].
CaMe TOMY KOMIIETEHTHICHHM MiAXil y MOPCBHKIM OCBITI Mae€ OyTH MNPaKTHUKO-
OpIEHTOBAHUM.

s cnemianizarii J5.02 (271.02) «YnpaBniHHs CyTHOBUMH TEXHIYHUMHU CHCTE-
MaMH 1 KOMILUIeKcaMuy» npodeciiiHa KOMIETEHTHICTh (POPMYEThCS HacamIepes Ha-
BKOJIO KIJIbKOX 3MICTOBHX OJIOKIB: 3a0€3MeUeHHS OC3MEeKU Ta MKIyBaHHS MO JTOIeH
Ha CYJHI; eKCIUTyaTallisi CyTHOBUX TEXHIYHUX 3aC001B; €JIEKTPOOOIaIHAHHS, CICKT-
POHHA amaparypa Ta CUCTEMHU YIPaBJIIHHS; TEXHIYHE OOCIYroByBaHHS 1 PEMOHT. Y
peanbHIi poOOTI CyJHOBOTO MEXaHiKa Il OJIOKM He ICHYIOTh 130JIbOBAHO: HAIpH-
KJIaJl, HECIIPaBHICTh €JIEKTPOHHOI CHCTEMU MOKE BIUIMHYTH Ha pOOOTY TOJIOBHOT
€HEPreTUYHOi YCTAaHOBKH, a TIOMMJIKA MiJ 4ac TEXHIYHOTO OOCITyrOBYBaHHS MOXKE
MPU3BECTH 10 BUHUKHEHHS 1HUUACHTY, OB’ s13aHOr0 3 Oe3nekoro. Tomy skicHe do-
pPMYBaHHSI KOMIIETEHTHOCTEH mepeadayae He ¢parMeHTapHE BUKIAJAHHS IUCIIHII-
JIiH, a IHTETpPaIlilo 3MICTY, KEHCOBI 3aBJIJaHHs, TPEHAXKEPHY MIATOTOBKY, MOJEIIOBAH-
Hsl aBApIMHUX CUTYaLlH 1 TICHUI 3B 30K 13 Cy/THOBOIO NMPAKTHUKOIO.

B ykpaiHCbKIli cHCTEMI MOPCBKOI OCBITM KOMIIETEHTHOCTI MiATBEPAKYIOTHCS
yepe3 MOEIHAHHS BHYTPIIIHBOTO OLIHIOBAHHS Ta 30BHIMIHBOT MIJCYMKOBOI aTecTa-
uii. [Topsimok arecrarii 3q100yBauiB y opmi €JIKI 3atBepmxeno nocranoBoro Kaoi-
Hety MinictpiB Ykpainu Ne 497 [7]. Kpim Toro, mocrtanoBa KaGinery MiHicTpiB
VYkpainu Ne 1499 3akpimitoe 3B’ 430K MK pe3yJibTaTaMd MOPCHKOi OCBITH, MEpPEBIp-
KOO 3HaHb 1 JJOCTYIIOM JI0 TOJIAJIbIIOro MpodeciifHOro mpocyBaHHs Ta O(POpMIICHHS
kBajidikamiitaux gokymeHTiB [8]. Takum unnom, €JIKI B cucTeMi mAroTOBKH MO-
PSIKIB BUKOHY€E HE JIUIIE KOHTPOJIBHY, a i PEryJISITOPHY (PYHKITIFO.

Anani3z y3araabHeHMX pe3ynbTariB ckiaganHs €JIKI 3a  cmemianizamiero
J5.02 (271.02) 3a Bcima MOPCHKHUMU 3aKjaJiaMH OCBITH YKpaiHU 3acBiA4ye, 110 Pi-
BEHb CPOPMOBAHOCTI KOMIETEHTHOCTEH BIAPI3HAETHCSA 3aJIEKHO BiJ] OCBITHHOTO Pi-
BHs. 3a OakajgaBpChKUM PIBHEM CepellHs KUIbKICTh MPaBUIBLHUX BIANOBIACH CTaHO-
Bwia 50,01 % 31 100 %, a wacTtka Tux, XTO He MojoJiaB nmoporosuit 6am, — 10,71 %
[10]. ¥V 3100yBauiB haxoBOi mepeABUIIOT OCBITH BIJIMOBIAHI MOKa3HUKHU OYJIM HHX-
gumu: 39,57 % mnpaBuiIbHHX BiANOBiAECH y cepeanbomy Ta 13,57 % Tux, XTO0 HE
cknaB icnut [11]. Taki pe3ynbratu Jar0Th MiICTaBU CTBEPKYBATH, 1110 OaKataBpH
3arajoM JAEMOHCTPYIOTh BUIIMK PiBEHb IHTETPOBAHOI MIATOTOBICHOCTI 10 BUKOHAH-
HSI TECTOBUX 3aBJaHb, SIKi MEPEBIPSAIOTH HE OKpeMi (PparMeHTH 3HaHb, a TOTOBHICTh
3aCTOCOBYBATH KOMIUICKCHI MPOQECiiiHI ysIBICHHS.

[TopiBHSIHHS pe3yibTaTiB 3100yBaviB JE€HHOI Ta 3a04HOI (OpM HaBUAHHA 3a-
CBIIUMIIO OJIM3BKI TOKa3HUKU B 000X BUOIpkax. Y OakajaBpiB cepeiHsl KUIbKICTb
MpaBWJIBHUX BianoBiaen cranosmia 49,97 % y 3nodysauiB neHHoi gpopmu 1 50,10 %
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y 3100yBauiB 3a04Ho0i opmu [10]. ¥V daxoBux Monoammx OakaaaBpiB Pi3HUIS Ta-
KOX BusBHiacs HeBenukor: 39,37 % npotu 40,31 % Bignosiguo [11]. Lle mae 3mo-
Iy 3p0OUTH BaXJIMBUI BUCHOBOK: caMa (hopmMa HaBYaHHS HE BUCTYNA€E OJJHO3HAYHUM
MOKa3HUKOM Kpamioro ado TIPHIOro pe3yJjbTaTy; BUPIIATBHUMH 3aJUIIAIOTHCS
3MICT HaBYaHHS, OpraHi3allis CaMOCTIMHOI poOOTH, MpaKTUYHA IMiAT0TOBKA, MOTHUBA-
1115 3700yBaya Ta SKICTh METOJMYHOTO CYIPOBOJTY.

Oco0nuBoi yBaru noTpedye 3MICTOBUN PO3MOJALT PE3yNbTATIB 3a PO3ALIAMHU
nporpaMu. Y OakanaBpiB HalKpallli MOKa3HHUKH 3a(ikcoBaHO 3a posaiioM 2 «Cya-
HOBI TeXHIYHI 3acO0M, CUCTEMHU Ta YMPaBIIHHS MpOoIlecaMH eKCIUTyaTalii cyaHa» —
57 % Ta 3a po3ainom 4 «TexHiuHe 0OCITyrOBYBaHHS Ta PEMOHT CYTHOBUX TE€XHIYHUX
3ac00iB» — 56 %. Pozmin 1 «be3neka Ta mikiyBaHHS MpoO JIIOJEH HA CyAHI» MOKa3aB
48 %, Toni SIK HaWHWKYUM BHUSIBUBCS po3ail 3 «EnexTpooOnaaHaHHs, €JIeKTpOHHA
amapatypa Ta cuctemu ynpaBmiHas — 37 % [10]. dnsa daxoBux momoamux Oakana-
BpIB KapTHHA LI OUIbII KOHTPACTHA: HalKpalui pe3ynbTaT MPOJIEMOHCTPOBAHO 32
po3auioM 1 — 56 %, Toxi sk Tpu iHII po3ain otpuManu 1o 39 % [11]. Lle o3nauae,
o 3700yBadi GaxoBoi MEePeABUIIOT OCBITH BIAHOCHO BIIEBHEHIIIE OPIEHTYIOTHCS B
Oe3MeKOBIi TeMaTHIIl, aje CyTTEBO MOCTYNAIOThCS B TEXHIKO-EKCIUTyaTallliHOMY M
EJIEKTPOMEXaHIYHOMY OJIOIII.

OTpuMaHi JaH1 JO3BOJISIIOTH OKPECIMTU KUlbka mpoOiieMHux 30H. [lo-mepiue,
CHUIBHO CTA0KMM KOMIIOHEHTOM JIJIsi 000X OCBITHIX PIBHIB € €JIEKTpOooOIa HaHHS,
€JIEKTPOHHA amapaTypa Ta CUCTeMHU ymnpaBiaiHHa. s cydacHoro ¢ioTy 1e ocoosu-
BO KPUTHUYHO, OCKIJIbKA aBTOMAaTH3allisl, €JIEKTPOHHI CUCTEMU KOHTPOJIIO i MOHITO-
PUHTY Jlefiaii TIM0uie 1HTErpyIOThCs B YIPABIiHHSA €HEPreTUYHUMHU YCTAaHOBKAMH,
0€3MeKO0I0 Ta TEXHIYHUM OOCIyroByBaHHsAM cyaHa. llo-npyre, y 3m00yBayiB ¢axo-
BO1 MEpPEABUIIOI OCBITH MOTPEOYIOTh MOCWIICHHSI TAaKOX PO3IUIH, MOB’SI3aHI 3 €KC-
IJIyaTali€l0 Ta PEMOHTOM CYJHOBHMX TEeXHIYHUX 3aco0iB. Ilo-tpere, cam ¢opmar
€/IKI Bumarae He BIATBOPEHHS OKPEMHUX TEOPETHYHHUX MOJOKEHb, & BMIHHS PO3IIi-
3HABaTU MPaBWIbHY NMpodeciiHy A0 B TUIOBUX 1 KOMOIHOBAHMX BUPOOHHYUX CH-
Tyamisx. O1xke, mpoOiIeMu pe3yJbTaTUBHOCTI MOXYTh OyTH TOB’S3aH1 HE TIIBKH 31
«3HAHHSAM TEMU», a i 3 00MEKEHOI0 C(OPMOBAHICTIO IIITTICHOTO TIpodeciitHOro Muc-
JICHHS.

3 ormsiny Ha 1€ GopMyBaHHS MTPOQPECIHHUX KOMIIETEHTHOCTEH MOPCHKHX (haxXiB-
IIB JIOIIJILHO BJOCKOHAJIOBATH 3a KiJIbKOMa HampsmaMu. Ileprmuii HanpsM — mocH-
JIEHHSI TMPAKTUKO-OPIEHTOBAHOI EJIEKTPOTEXHIYHOI Ta EJEKTPOHHOI MIATOTOBKH.
MneThest Mpo cHcTeMaTHYHE BiANPAIOBAHHSA YMTAHHS CXEM, JIarHOCTYBaHHS He-
CIIPaBHOCTEM, aHali3y CUTHAJIIB CUCTEM KOHTPOJIO, JIOTIKA pOOOTH aBTOMATHU30Ba-
HUX KOHTYpIB YNpaBIIHHS, & TAKOXK MPO 1HTETrpaliio UKUX MUTaHb 13 TeMaMu Oe3Ie-
KU, eKCIUTyaTallii Ta peMoHTy. Jpyruii HanpsM — po3MIMPEHHS MDKIUCIUILTIHAPHUX
MOJIYJIIB 1 KEUCIB, Y MeXax SKAX KypCaHT Ma€ OJHOYACHO 3aCTOCOBYBATH 3HAHHSA 3
MEXaHIKH, EJEeKTPOTEXHIKH, OXOPOHU Mpalli, Oe3MeKu Ta yNpaBIiHHSA pecypcaMu
MAaIIMHHOI KOMaH . TpeTiit HanpsiM — CUCTeMaTUYHe 3aCTOCYBaHHS (POPMYBaIbHO-
ro OIIHIOBaHHS, 30KpeMa TEMAaTHUYHUX TECTIB, TPEHYBAJIbHHX cecii y dopmari
€JIKI, ananizy TUIIOBUX MOMIJIOK Ta KOPOTKUX JIarHOCTHYHUX KOHTPOJIBHHUX 3Pi3iB.

YeTBepTHil HapsM — MOCHIJICHHS POJIi MJIaBAIbHOI MPAKTUKU Ta 11 METOJUYHOTO
cynpoBoay. CynHOBa IpakTHKa Ma€ OyTH HE JIHIIE TepiooM HaOyTTS TOCBILY, a i
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KEpOBAHUM €TarnoM (OpMyBaHHS KOMIIETEHTHOCTEH 3 YITKUMHU LUISIMHU, IEPETIKOM
OUYIKyBaHMX JIiH, )KYpHAJIIOM BUKOHAHUX 3aBJIaHb, OI[IHIOBAHHSIM HACTaBHUKOM 1 TIiC-
JSATPAKTHIHUM PO300pOM Yy 3akjaji ocBITU. II’ATHI HampsM — OHOBJICHHS 3MICTYy
M1TOTOBKU BIATOBITHO 10 HOBUX MIKHAPOJIHUX BUMOT.

OrmiHroBaHHS Mpo(eciiHUX KOMIIETEHTHOCTEM TaKoX HE TTOBUHHO OOMEKYBaTH-
cs onHUM (piHATBHUM icriUTOM. [ MiABHINEHHS 00’ €KTHMBHOCTI JOLUIBHO KOMOI-
HYBaTU CTAaHJAPTU30BAaHE TECTYBaHHS, MPAKTHYHI JIEMOHCTpAIlii, TpeHaKEpHI 3a-
BJIAHHS, CUTYalliH1 Kelich, MOpT(OIIi0 MPAKTHKYU 1 €KCIIEPTHY OI[IHKY HACTaBHHUKIB.
B yMoBax MOpChKOi1 OCBITH 11€¢ OCOOJIMBO BaXKJIMBO, OCKUTHKH peabHa KOMIIETCHT-
HICTh TIPOSIBIISIETHCS HE JIMIIE Yy TMPAaBWIbHINA BIAMOBIAI HA TECTOBE MUTAHHS, a U y
3/TaTHOCTI AISITH B 4aci, MiJl TUCKOM, Y HEMOBHIM iHQoOpMaIlii, B yMOBax B3aeMOZII 3
IHIIMMH WieHaMu ekinaxy. Came KOMIUIEKCHA MOJIEIb OLIHIOBAHHS J03BOJISIE TO-
€IHATU BUMOTHY CTaHJIapTH3allli 3 BUMOraMu npogeciitHoi J0CTOBIPHOCTI.

BucHoBku

Otxe, popMyBaHHs MpodeCifHUX KOMIIETEHTHOCTEH MOPChKUX (DaxiBIiB € Oa-
raTOPIBHEBUM IIPOIIECOM, Y SIKOMY MOE€THYIOTHCS MIXKHAPOAHI cTaHaapTi MixHapo-
JTHOT MOPCBHKOT OpraHi3ailiii, HallloHaJbH1 OCBITHI BUMOTH, IMPAKTUYHA ITITOTOBKA HA
CYJIHI Ta IHCTPYMEHTH CTaHJIapTU30BAHOTO OlliHIOBaHHs. AHami3 pe3ynbrariB €J1KI
3a cremianizamiero J5.02 (271.02) niaTBepAUB BUIIKMNA PiBEHBb MIATOTOBICHOCTI 0a-
KaJIaBpiB MOPIBHAHO 31 37100yBauyaMu (paxoBoi MepeBUIIOI OCBITH, @ TAKOK BUSBUB
CHUIbHY IPOOJEMHY 30HY — HEJIOCTaTHIO PE3YyJIbTaTUBHICTH 32 po3auIoM «EnekTpo-
oOnaiHaHHS, €JIEKTPOHHA anapaTypa Ta CUCTEMHU yOpaBiiHHA». Y 3100yBayiB (paxo-
BO1 MEPEABUINOI OCBITH I0JaTKOBOTO MOCHJICHHS MOTPEOyIOTh Takox po3aiim «Cy-
JTHOBI TEXHIYHI 3aCO0HM, CUCTEMH Ta YMPABIIHHS MPOIECaMH €KCIUTyaTallii CyHa Ta
«TexHiyHe 00CTyroByBaHHS Ta PEMOHT CYJHOBUX TEXHIYHHUX 3aCO01BY.

JInsi  MiIBWINEHHS SKOCTI MIATOTOBKH  JOIUIBHO: TIOCWJIWTH TPAKTHUKO-
OpIEHTOBAaHE BUBYECHHS €JIEKTPOTEXHIYHUX Ta €JICKTPOHHUX CHUCTEM; CUCTEMHO BH-
KOPUCTOBYBaTH (popMyBasibHE OIlIHIOBaHHS y (opmarti, HabmmkeHomy no €JIKI;
YAOCKOHAJIUTA METOJIMYHUMN CYIIPOBIJ IJIaBaJbHOI MPAKTHKH; CBOEYACHO OHOBIIIO-
BaTH OCBITHI IIPOrpaMu BiJIMOBITHO J0 3MIH Y MIDKHAPOJHUX MOPCHKHUX CTaHIapTaXx.
[lepcrieKTMBHUM HAINPSMOM MOAAIBIINAX JOCIIIKEHb € CTBOPEHHSI KOMIUIEKCHOI CH-
CTEMU OILIIHIOBAHHS, SIKa JTO3BOJISIE BU3HAYATH PIBEHB MPOGECiHHOT KOMIETEHTHOCTI
MOpPCHKUX (axiBIIB HE JIMIIE 32 pe3yJbTaTaMU TECTyBaHHS, a W 32 MPAKTUUYHUMU
BMIHHSMH, OCOOJUBOCTSAMU TMPodeCciiftHOT MOBEAIHKM Ta 3JATHICTIO 10 CaMOAaHai3y
i mpopeciitHOro BAOCKOHAJIEHHS.
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VYIIK 656.61:004:504.064

ITapmenosa /I.I'., Kynemos [.M.
Hauionansuuit yniBepcutet «Ojecbka MOPChKa aKaaeMis»

Hudposi iHcTpyMeHTH AeKapOoHi3alil MOPCHKOI0 TPAHCIIOPTY

JlexapOoHizalliss MOPCHKOTO TPAHCIIOPTY MEPETBOPUIIACA HA CHCTEMHY YIIPaBli-
HCBKY, TEXHIUHY Ta €KOHOMIUHY mpobnemy. [licna yxBanenus MiHapOAHOIO MOp-
chKoIo opranizamiero Ctpaterii 2023 poky II0A0 CKOPOUEHHSI BUKHIIB TAPHUKOBUX
ras3iB 13 CyJIeH BUMOTH JIO0 €KOJIOTTYHOCTI CYJJHOTIABCTBA 1CTOTHO MOCHIIMIIUCS: 30e-
PEXKEHO IiJIb 3HKEHHS BYTJIEIEBOI IHTEHCUBHOCTI moHalMeHIne Ha 40 % mo 2030
poky nopiBHsHO 3 2008 poKoM, BU3HAYEHO OPIEHTUP JAOCITHEHHS HYJIHOBOTO OaliaH-
CYy BHUKHJIB MIDKHApOJHOTO CyAHOIUIaBCTBa mpuOim3Ho A0 2050 poky, a Takox
BCTAHOBJICHO METY 111010 3a0e3neueHHs 10 2030 poky moHamentie 5 % 3arajbHoO-
IO €HeprocroXMBaHHS MI)KHAPOJAHOIO CYTHOIUIABCTBA 332 PAXyHOK TE€XHOJOTIH, ma-
JIMB Ta JKepeJl €HepTii 3 HyIbOBUMH 200 MaiKe HyTbOBUMH BUKUIAMH MMAPHUKOBUX
ras3iB, 13 MparHeHHsAM J0BecTH 110 yacTKy A0 10 % [1]. 3a Takux yMOB CyJHOIUIaBH1
KOMITaHii, TOPTH, KiIacU(IKaIiiiHI TOBAPUCTBA, PO3POOHUKU CYJHOBUX E€HEPIreTHY-
HUX YCTaHOBOK 1 OPraHM JEp>KaBHOrO Ta MIXKHAPOJHOIO PETYJIIOBAaHHS MOTPEOYIOThH
HE JIMILIE HOBUX MAJIMBHUX PILIEHb, a i AKICHO HOBOT'O PiBHS LIM(PPOBOrO YIPABIIHHS
CYJIHOBUMH OIEpalisMH, TEXHIYHUM CTAHOM OOJIaJHAHHS, JIOTICTUKOIO Ta BepHUi-
Kalll€r BUKUIIB.

[Mudporizarliist y 1boMy KOHTEKCTI € HE IOMTOMIXXHUM, a 0a30BUM €JIEMEHTOM JIe-
KapOoHi3allii, OCKIIbKA came IU(POBI JaHl NalOTh 3MOTY TMEPETBOPUTHU 3arajibHi
€KOJIOT1YH1 OpPIEHTUPH HA KOHKPETHI €KCIUTyaTalllifHl pillleHHs: BUOIp IIBUAKOCTI,
MapIIpyTy, PeKUMY €HEprocloXUBaHHs, 4acy MPUOYTTsS 0 MOPTY, MapaMeTpiB Te-
XHIYHOTO OOCIYyrOBYBaHHS Ta MOEIHAHHS JKEPEN €HEprii, 0 BUKOPUCTOBYIOTHCS
Ha CyJIHI. ¥ Cy4aCHHX JOCJIKEHHSX 3a3HA4a€eThes, M0 IudpoBi3alis 31aTHa MaT-
pUMYyBaTH J€KapOOHI3aLlilo K y CYJHOIUIABCTBI, TaK 1 B MOPTaxX Ta CYMI>KHHX JIOTIC-
TUYHHUX CUCTeMax [2], ToJl sK 11 pe3yJbTaTUBHICTh BUBHAYAETHCS CTAHAAPTU3AIIIEIO
JAHUX, MDKOPraHi3alifHOK KOOPAUHAIIEI Ta TOTOBHICTIO IEPCOHATY MPAIFOBATH 3
HOBUMH IHCTpyMeHTamH [3].

Metor JochikKeHHs € BHU3HAYCHHS IUGPOBUX 1HCTPYMEHTIB, IO PEaIbHO
CHPUSIOTh CKOPOUYEHHIO BUKHJIIB HA MOPCHKOMY TPAHCHIOPTI, 3’SICYBaHHS MEXaHi3-
MIB iX IHTerpailii 3 MDKHapOJHUMH Ta PEriOHATLHUMH €KOJIOTIYHUMH BUMOTAaMH, a
TaK0X OKPECJICHHS KIIOYOBUX OOMEXEHb IX MPAKTUUHOTO BIPOBAIKEHHSI.

VY cydacHUX HAyKOBUX Tpallsx JAeKapOOHI3aIlisi MOPCHKOTO TPAHCIOPTY Jemaii
YacTillle PO3TIBINAETECS Y B3aEMO3B 3Ky 3 IU(PPOBOIO TpaHCHOPMAIIIEID CYIHOII-
JIABCTBA, MOPTOBOI 1HGPACTPYKTYPH Ta JOTICTUYHUX JIAHIIOTIB. JlOCTiDKEHHS TTOKa-
3YI0Th, IO JOCSTHEHHS ITIJIEH 31 CKOPOYCHHSI BUKUIIB TTOB’SI3YETHCS HE JIUIIE 3 MO-
JepHi3alieo (GIoTy Ta BIPOBAIKEHHSIM albTEPHATUBHUX MAJNB, a U 13 UGPOBUMHU
IHCTpPYMEHTaMH, AKI OE€HYIOTh €KCILTyaTaliiiHl, EHepreTUyHi, €KOJOr1YH1 Ta HOp-
MaTHBHI MapaMeTPH B €IMHY CUCTEMY NPUUHSTTS pimeHs [1, 3].

OxpeMuii HampsiM CTAHOBJIATH Mpalll, MPUCBSIYEHI CUCTEMAM LIM(PPOBOrO MOHI-
TOPUHTY, 3BITHOCTI Ta aHAIITHKH, 10 3a0€3MeUyI0Th BUKOHAHHS BUMOT 111010 €HEp-
roe)eKTUBHOCTI Ta BUKHUIIB. Y IIEHTP1 yBaru rnepeOyBarOTh MUTaHHS 300py, nepeaa-
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BaHHs, BepHudikallii Ta iHTepIpeTanii eKCIlyaTalifHuX AaHUX CyAHa s 3abesre-
yenHs BianosigHocti Bumoram CII, SEEMP ta DCS. 3okpema, y mocmimkeHHi [5]
PO3pO0JIEHO CIPOLIEHY CUCTEMY MOHITOPUHTY JUIsl MaJluX 1 CEpeHIX CY/eH, sSiKa Ha
OCHOBI 0OMEXEeHOTO Habopy mapameTpiB (GopMye JTOCTaTHHO 1HPOPMATUBHY KapTH-
HY 100 IIBUJKOCTI, MOTY>KHOCTI, BUTpaTH nanusa, BukuiB CO; Ta 3aransHoi ede-
KTUBHOCTI cyJHa. ¥Y npodeciiHux aHamTtuyHux matepianax IMarEST migkpeciro-
€THCSA, 110 caMe JIaHi, OTPUMaHI IiJ] Yyac eKCIuTyaTallii, CTBOPIOIOTh MIATPYHTS s
3HIDKEHHS BUTPATH MajuBa, CKOPOUCHHS BUKUIIB Ta MPUUHATTA O1bII OOTPYyHTOBA-
HUX OIepamiiHuX pimeHs [6].

3HayHU MacuB MyOiKaliid MPUCBSIYEHO HMUQPPOBIA ONTHUMI3AIlil peicy, moro-
HIl MapmpyTH3alii Ta MpuOYTTIO TOYHO B CTPOK. Y HUX poOOTax JAOBOAMTHCA, IO
BpaxyBaHHS MPOTHO30BAaHUX T1IPOMETEOPOJIOTIYHUX YMOB, MapaMeTpiB HaBaHTa-
KEHHSI CyJIHa Ta KpUTEpiiB O€3MeKH Ja€ 3MOry 3MEHUIYBaTH BUTPATH MajuBa Oe3
noTipIIeHHs Oe3neku cyaHoruiaBcTBa [7, 8]. Ilpu mpomy cydacH1 JOCTIKEHHS Ta
aHATITUYHI MaTeplajdu pO3TJISAaloTh ONTHMI3allil0 Peicy 1 MOroJHYy MapuipyTHh3a-
1110 SIK YACTHHY HIMPIIOT CUCTEMHU KOOPAUHAIIIT MIXK CYy/THOM, TTIOPTOM 1 JIOTICTUYHUM
JIAHITIOTOM, Y SIKIM IpUOYTTSA TOYHO B CTPOK BHUCTYHA€ 3aCO00M 3HMKEHHS MPOCTOIB
1 HaJUTMIIIKOBOTO CIIarOBaHHs majuBa [9].

[lepcnieKTUBHUM HANpPSMOM € 3aCTOCYBaHHA IU(POBUX JIBIMHUKIB CyJIHA Ta HO-
ro migcucteMm. Y po6orti [10] uudpoBuii ABIHHUK BUKOPUCTAHO IS MapUIpyTU3aIlil
Cy/lHa 3 ypaxyBaHHSM BHUMOT JeKapOOHI3aI[IMHOTO PEryJIOBaHHS, 110 Jajio 3MOTY
MOENHATH PeaIbHI €KCIUTyaTallifiHl Ta METEOPOJIOTiyHI JaHi 3 (I3UYHOI0 MOJEIUIIO
OLIIHIOBaHHS BUKUAIB. [lopsiy 13 UM OKpeMi JOCIHIJIKEHHS Ta MPUKJIaJAH1 MaTepiaiu
NPUIISIOTh YBary iHCTPYMEHTaM IITYYHOTO IHTEJIEKTYy, MAIIMHHOTO HaBYAHHS Ta
TEXHIYHOrO0 OOCIYyroByBaHHS Ha OCHOBI MPOTHO3YBaHHs CTaHy. BOHM crnmparoThCs
Ha BEJIMKI 0OCSTH eKCIUTyaTalliiHuX JaHUX, CYAHOBY CEHCOPHUKY, PEHCOBY 3BITHICTh
1 TEXHIYHI IMapaMeTpu 00JIaIHAHHS, 1110 CTBOPIOE OCHOBY JIJIsSI TPOTHO3YBaHHS €HEP-
TOCTIOKMBAHHS, PAHHBOT'O BUSIBJICHHS BIIXWJICHb y TEXHIYHOMY CTaHi Ta IIiJBUIICH-
Hs1 IAJIMBHOT eKoHOMIuHOCTI [11, 12, 13, 14].

OxpeMe Miclie B Cy4aCHUX JOCTIDKEHHSIX HAJISXUTh NU(poBi3allii mopTiB 1 Je-
KapOoHi3allli JaHItora nepese3eHHs. JlocniTHUKN MAKPECIIO0Th, 10 ICTOTHA YacT-
Ka Ha/UTMIITKOBUX BUKHUAIB (DOPMYEThCS Ha CTUKY B3a€EMO/IIi CyHA 3 IIOPTOM YHACIIi-
JIOK HEY3TOJKEHOCTI Omeparliii, HETOYHOCTI Yacy MpUOYyTTS Ta MPOCTOIB CYACH 13
IPALlOIOYMMU JOTIOMIKHUMHU JBUTYHAMH. Y poOoTi [14] npoaeMOHCTPOBAHO MOXK-
JUBICTH BUKOPUCTAHHS MMOPTOBOTO MU(PPOBOTO ABIWHUKA I TIOKPAIICHHSI IPOTHO-
3y yacy npuOyTTs cynaeH 1 3MeHlieHHs BukuiB CO; mig yac peiicy. BogHouac no-
kyMeHTH IMO Ta aktn €C aKueHTYIO0Th 3HaYeHHsI OEpEeroBoro eIeKTPOrnocTayaHHs,
NOCTauYaHHA HU3BKOBYTJICLIEBOI €HEPrii Ta ONTUMI3AIlll JIOTICTUYHOIO JIAHIIora SIK
BaXKJIMBHMX CKJIaJIOBUX JiekapOoHizarii Mopchkoi ramysi [1, 4, 15, 16].

Takum 9uHOM, aHaji3 OCTaHHIX JOCIIIKEHb A€ MiJACTAaBU CTBEP/KYBATH, IO
1u(dpoB1 IHCTPYMEHTH JAenalii OlIbIe pO3TIISIAI0TECS SIK CHCTEMHA OCHOBA JEKap-
OoH13a111i MOPCHKOTO TpaHCIIOPTY. BoiHOYac nmoganbunx J0CIiPKeHb NoTpelye 1H-
Terpamisi X 1HCTPYMEHTIB Yy €IuHI IU(POBI €KOCUCTEMH, 3/1aTHI 3a0e3meuyBaTu
KOMIUIEKCHE YIPaBIiHHS €Heproe(eKTUBHICTIO, BUKUIAMHU Ta €KOJIOT1YHOIO BiIO-
BIJTHICTIO.
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[Mudposizalisi MOPCHKOTO TPAHCIIOPTY BUCTYIIA€ HE JIUIIE 3aCO00M ITiIBUILIEHHS
orieparliiHoi epeKTUBHOCTI, a ¥ IHCTPYMEHTOM 3abe3IeueHHs AeKapOoHi3aIli Cy/I-
HOIUTABCTBA. Ii NMpaKTHU4YHE 3HAueHHs mouysrae y GOpMyBaHHI IiTicHOrO iH(popMa-
IHHOTO KOHTYPY, B MEXKax SIKOro JaHi Mpo poOOTy CyJHA, EHEPreTUYHOI YCTaHOB-
KU, MapuIpyT, OPTOBY B3a€EMOJIII0 Ta MAJIMBHE 3a0€3MEUCHHS MEPETBOPIOIOTHCS Ha
OCHOBY JJISl TEXHIYHUX, EKCILTyaTallliHUX 1 HOPMATUBHO 3YMOBJICHUX PIIIIEHb.

[Tepury rpyny 1mudpoBUX 1HCTPYMEHTIB CTAHOBJISATH CUCTEMHU MOHITOPHUHTY, 3Bi-
THOCTI Ta aHANITHUKU MOKA3HUKIB €HEProeeKTUBHOCTI 1 BUKUIIB. Came pO3BUTOK
Takux cucteM poOuTs peanbuuM BukoHaHHs Bumor CII, SEEMP ta DCS. Hudposi
m1aTGopMHu €HEPreTUYHOTO MOHITOPUHTY 00’ €IHYIOTh CY/IHOBI JAaTYUKH, BUTPATO-
MipH TajuBa, JaHl MI00AThHOI CHCTEMH TO3UIIOHYBAaHHS W aBTOMATHYHOI 17IEHTH-
(dikaniHOI CUCTEMHU, METEOPOJIOTIUHY 1H(QOPMALIII0, JaHl PO PEKUMHU pOOOTH CYI-
HOBOI €HEPreTUYHO1 YCTAHOBKU Ta OeperoBi aHamTU4YHI Moayii. Lle 3abe3neuye ne-
pexij Bij 3BITHOCTI 32 MUHYJIUH MEepio]1 10 Maike Oe3nmepepBHOI OIIHKH BYTJIEIEBOT
IHTEHCUBHOCTI peiicy, CyJHa il OKpEMHUX PEXUMIB pOOOTH €HEPTETUYHOI YCTAHOBKH.
Opnak cam 30ip IaHUX I1I€ HE TApAHTYE PE3YNbTATy: JAeKapOOHI3aIliiHUN ePEeKT BU-
HUKA€ TOMl, KOJIM HU(PPOBUIM KOHTYP MEPETBOPIOE JlaHI HA KEPiBHI Jii - MPOTHO3
peritunry CII, monepepkeHHsT MPO 3pOCTaHHS BUTPATH IMAJIMBa, aBTOMATHU30BaHY
MepEeBIPKY BIJIMOBITHOCTI 3BITHOCTI Ta BUSBJICHHS BIIXWIEHb Yy Tpodiii eHeproBu-
Tpar [5, 6].

Jpyry rpyiy CTaHOBJIATh CHCTEMH ONTHUMI3alli pEiCy, MOTOJHOI MapIIpyTH3aLli
Ta MPUOYTTS TOYHO B CTPOK. BOHM BIITMBAIOTh HAa BUTPATH MAJUBa ¥ BUKUIHU, OCKi-
JBKH JAI0Th 3MOTY YHHKATH HEOOIPYHTOBAHO BMCOKOI HIBUJKOCTI, TPUBAJIOTO OYl-
KyBaHHs OLIsl OPTY Ta MPOXOJKEHHS MapUIPYTIB 13 BUCOKMM XBHJIBOBUM OIOPOM.
3a HasIBHOCTI MPOTHO3Y MOTroJY, AAaHUX MPO OCIJAAHHS, BAHTAXKHUWU Npodiib, cTaH
KOPITyCy Ta TBHHTA OINEpaTop OTPUMY€E MOXIJIMBICTh y peaqbHOMY 4aci BU3HAuaTH
KOMITPOMIC MIXK CTPOKOM JaocTaBkH, pertuarom ClI, Butpatramu Ha manuBo Ta mo-
TCHIIIHHUMM BYTJICIICBUMH ILIaTeXaMH. PeaabHUil €(eKT JOCATAEThCA TOJI, KOJIU
ONTHUMI3allisl MAPIIPYTY Y3TOKYETHCA 3 YACOBUM BIKHOM OOCIIyTOBYBAaHHS CyJHA B
MOPTY, TOTOBHICTIO NMPUYATy, BAHTAXKHO-TEXHOJIOTTYHIUMHU OTIepaIlisiMU TepMiHAJIa Ta
JIOTICTHYHUM JIaHIorom [7, 8, 9].

Tperim HampsiMoM € 1UdPOBI NBIMHUKKA Cy/THA Ta CHEPreTHUYHUX cUCTeM. JlJis
MOPCHKOTO TPAHCHOPTY IUMPOBUN IBIMHUK € TUHAMIYHOIO HH(PPOBOIO MOJIEIUTIO
CyJHa, MOro MiJcucTeM ad0 MapIIpyTy, sika 0e3MepepBHO OHOBIIOETHCS €KCILTyaTa-
IMHUMU TaHUMU ¥ 103BOJISIE OIIHIOBATH HACIIJIKU PIIIEHB 110 iX (haKTUYHOT pealti-
3arrii. [le q1ae€ MOXKIUBICTh MOJICTIOBATH BIUIMB IIBUIKOCTI, CTAHY MOPS, TEXHIYHOTO
CTaHy, TUITy TIaJiiBa, CTPATEriil po3MoAily HaBaHTAXKEHHSI a00 BUKOPUCTAHHS T10pu-
THUX SHEPreTMYHUX YCTAaHOBOK Ha MaJUBOCIIOKHBAHHS Ta BUKUIU. Y PE3yIbTaTi
urdpoBUil ABIMHUK BUXOJUTH 32 MEKI TEXHIYHOI Bi3yaui3allii Ta CTa€ IHCTPYMEHTOM
MIITPUMKH PIIICHB MO0 JOTPUMaHHSI HOPMATHUBHUX BHUMOT 1 ITiJIBUIICHHS €HEPIoO-
edextuHOcTi [10].

HerBeptry Ipyily CTaHOBJISTH IHCTPYMEHTH LITYYHOTO IHTEJCKTY, MAIIMHHOIO
HABYAHHS Ta MPOTHO3HOTO TEXHIYHOTO OOCIyrOBYBaHHS. IX 3HAYEHHs IMONArac B
PaHHBOMY BHSIBJICHHI TPUXOBAHKUX BIIXUJICHB Y POOOTI €HEPreTUIHOTO 00JIaTHAHHS,
K1 TIOCTYIOBO MPU3BOJATH A0 301IbIICHHS MUTOMHUX BUTpAT nanusa. lloripmeHHs
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ctany (GOpCyHOK, TypOOHarHiTada, CUCTeM HAIyBYy, TETUIOOOMIHHUX TIOBEPXOHbD,
BaJIONPOBOJY YW MiJABOJIHOI YaCTUHU KOPITYCY HE 3aBXKU CYIPOBOJIKYETHCS HETal-
HUMH B1JIMOBAMH, aJie MOXE CUCTEMATUYHO 301IbIIIYBATH €HEPIeTUYHI BTPATH ¥ BU-
KUJIM. SIKIIIO TaKi 3MiHU BUSIBIISIOTHCS PaHIIIIE 3a JOMIOMOTOI0 aJITOPUTMIB aHOMAJIH,
upoBuX MpodiIiB HABAHTAKEHHS Ta MPOTHO3HUX MOJIENIEH, CYJTHO YHUKAE HAKO-
NUYEHHS MpUXoBaHUX BTpaT. CaMe TOMYy IHCTPYMEHTH IITYYHOT'O 1HTEJIEKTY Ta Ma-
IIIMHHOTO HaBYaHHS CJI1Jl PO3IVISIIaTH HE SK JIOJaTKOBUH CepBic, a sSK 3aci0 3amo0i-
raHHS TOTIPIICHHIO eHeproeeKTUBHIX XapaKTepucTuk cyaHa [11, 12, 13, 17].

[T’siToro Tpymoro € mudpoBl pillIeHHs, OB sA3aH1 3 TOPTOBOIO MU(PPOBIZAILEIO Ta
JeKapOOHI3aIli€l0 TPAHCTIOPTHO-JIOTICTUYHOTO JIAHITIora. 3HAYHA YaCTHHA HaJTHIII-
KOBHIX BHKHUIIB (POPMY€ETHCS HE JIMIIIE ITi/T Yac PEHCy, a i y MpoIrieci B3aEMO/Iii cyaHa
3 moptoM. HecBoeuacHa 1iH(popmaliisi mpo rOTOBHICTh NMpUYaly, HEY3rOJKEHICTh Te-
PMIHAJBHUX OMEpalliid, BIACYTHICTbh TOYHOTO Yacy MpUOYTTs, MPOCTOI HA MIAX0JaX 1
CTOSIHKA 13 MPALIOIOYUMU JOTIOMDKHUMHU JIBUTYHAMU 3YMOBIIIOIOTH JIOJATKOBE CIia-
JIOBaHHS TMajauBa. Y LIEHTPl yBaru Mae rnepedyBaTH CUCTEMA «CYJIHO - MOPT - TEPMi-
HaJ - JIAQHITIOT JIOCTAaBKW», B SIKIA CKOPOUEHHS BUKHUIIB JOCSATAETHCS HE JIMIIE IILISA-
XOM TIEpeXO/y Ha 1HIIE MaJMBO, a i Yepe3 YCyHEHHs OolepalliiHol Hey3ro>KeHOCTI.
VY 1poMy KOHTEKCTI OCOOJIMBOIO 3HaYCHHS HAOYyBaroTh ITU(POBI MOPTOBI MIAT(OP-
MU, TIOPTOB1 U(POBI JBIMHUKK Ta U(PpPOBA MIATPUMKA BUKOPUCTAHHSI OEpEroBOTo
CJICKTPOIIOCTAYaHHs ¥ HU3bKOBYTJICIIEBUX EHEProHociiB [1, 4, 14].

[Tonpw 3HaYHWN TOTEHIIAM, MU(POBI3aIli0 HE MOXHA PO3MIBIIATH K CaMOJIO-
CTaTHE pileHHs. Ii pe3yabTaTUBHICTh 3aT€KNUTh BijJ AKOCTI JAHHUX, KOPEKTHOCTI Ka-
JMiOpyBaHHS NTAaTYWKIB, TIOBHOTH TeJeMeTpii, CyMiCHOCTI (opMaTiB 1 MiKopraHiza-
LIAHOI TOBIpU. BaXXIMBO TakoX BpaxoOBYBaTH, 1110 HU(PPOBI CUCTEMH HE MOXKYTh 3a-
MIHUTH OHOBJIEHHS (JIOTY, BIIPOBA/PKCHHS aJbTEPHATHBHUX ITaJIUB, BUKOPUCTAHHS
OeperoBoi eHeprii Ta MOJIEpHi3aIlil0 CyTHOBUX €HEPTETUUYHUX YCTaHOBOK. BosiHOUAC
came mudpoBi IHCTPYMEHTH 3a0€3IMeUyI0Th Y3TOKEHHSI TEXHOJIOTIUHUX, €KCIUTya-
TaIlIiHUX 1 HOPMAaTUBHHX PIIIEHb, a Cy4acHI MIAXOAU JIO OIIHIOBAHHS BHUKHUJIIB y
MeXax KUTTEBOTO IUKIY TMajuBa BUMAraroTh MPAIIOBATH HE JIUIIE 3 JAHUMH IPO
CHIAJTIOBAHHS TIAJIMBa Ha OOPTY, a ¥ 13 BepudiKaIliero HOro MOXOMKEHHs, )KUTTEBOTO
IIMKJTY Ta SKOJIOTIYHUX XapakTepucTuk [3, 15, 16].

BucHoBku

JHexapOoHizallisi MOPCHKOT0 TPAHCIIOPTY B CyUYaCHUX YMOBAX yKe HE MOXe OyTH
pealti3oBaHa BHHITKOBO 3a PaXyHOK TMEPEeXoJly Ha HOBI BHIIM ManuBa a0 BCTaHOB-
JIeHHs OKPEMHUX TEXHIUHUX pillleHb. [i He0OXiHOI YMOBOIO € IU(POBi3allis CyIHO-
BUX, MMOPTOBUX 1 JIOTICTUYHUX IPOIIECIB, OCKIJIbKU caMe IU(PpOB1 1HCTPYMEHTHU 3a-
0e3MeuyoTh BUMIPIOBaHICTh, TPOTHO30BAHICTh 1 KEPOBaHICTh BUKUIIB. HailO1mbmit
NpakTUUHUM eeKT i AekapOoHi3allli 1ae MOeIHAHHS CUCTEM MOHITOPUHTY Ta 3Bi-
THOCTI LI0JI0 €Heproe(eKTUBHOCTI, ONTUMI3allli MapIIpyTy 1 Yacy npuOyTTs, HUp-
POBUX JBIWHUKIB, IHCTPYMEHTIB IITYYHOTO IHTEJEKTY Ta 1HTEPOBAHUX TUIAT(HOpPM
KOOpJIMHAII MK CYIHOM, IMOPTOM 1 JIOTICTUYHHM JaHIiorom. [logampmni mocii-
JDKEHHS 1 MPaKTUYHI MPOEKTH JOUIIBHO CHPSIMOBYBAaTH Ha IHTErpamio muppoBUX
mwiatdopm 13 Bumoramu MiKHApOAHOI MOPCHKOI opranizaiii, pernamenty FuelEU
Maritime, cucteMu TOPTiBJII KBOTaMH Ha BUKUAM €Bponeiicbkoro Corwo3y Ta Mmiaxo-
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7y, 0 TPYHTYETHCS Ha OIIHIOBAHHI JKUTTEBOTO IUKITY MAJMBA, a TAKOK HA PO3BU-
TOK KOMIIETEHTHOCTEH eKinmaxxy Ta 6eperoBux (axiBIiiB y cepi ynpaBaiHHS CyaHO-
BOIO €HEProe(EeKTUBHICTIO HA OCHOBI JaHUX.
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VJIK [159.938:007.51]:65.61.071

lNonmixosa B.B., Kpaiinopa B.1.,
Hamionanpauit yHiBepcutet «Oiechbka MOPChbKa akaJaeMish»

MeHTaILHUI CTAH eKIiNaXKy AK KPUTHYHHMHA (PAKTOP eKCIIyaTauiiHol
HAJIHOCTI cCyaHA

Beryn. Mopcbka iHAYyCTpist € OHIEI0 3 OCHOB CBITOBOI €KOHOMIKH. 32 PI3HUMH
ominkamu, 61m3pk0 90 % CBITOBOI TOPTiBIl TPAHCIIOPTYETHCS MOPEM, IO POOUTH
npodecito Mopsika KpUTUYHO BaKIJIMBOIO ISl TJI00ANBHOIL JIOTiCTUKH. BogHuil TpaH-
CIOPT BIJIHOCUTKCS JI0 Taly3ed MiJIBUIIEHOI HEOE3NeKH, JIe IEPCOHANl CTUKAETHCS 3
IIUPOKUM CHEKTPOM IIKIJTMBUX Ta HeOe3reuHux (akropiB. Pobora MOpskiB 3aB-
KM TIOB'sI3aHa 3 PU3UKOM, ajie TOBHOMAcIITaOHa BiifHA JI0alia HOBI 3arpO3u: MiHHA
HeOe3neka, pakeTHI oOCTpiaM MOpPTOBOI 1HGPACTPYKTYpH Ta OJIOKYBaHHSA CYJCH.
[lcuxika Mopsika mepeOyBae ij] MOJABIMHUM MPecoM: NMpodeciiHUM CTPECOM Ta Tie-
peXUBaHHSMU 3a Oe3reky ciM’i Ha Oepesi. 30€peKeHHS MEHTaJIbHOTO 370pOB’S B
YMOBaX 3aMKHEHOTO MPOCTOPY CyAHA € BXKIWBHUM 3aBIaHHSM, OCKIJIBKHA TTOMUJIIKH
OTIepaTOpPiB MOKYTh IMPHU3BECTH JO BTPATH KOHTPOJIIO HAJ CKIAJHUMH TEXHIYHHUMH
CUCTEMaMH Ta 3aru0elni BChOro eKIMaxy.

[TocTtanoBka 3anmauyi. [IpoananizyBatu iHGOpMaIliIO 110 A0 CTaHY MEHTAJIBHOTO
3JI0pOB’S MPALIOI0YUX Y MOPCHKHI Tally31 Ta Cy4YaCHUX METO/IIB YIPABIIIHHS IICUXO-
EeMOIITHUMY HaBaHTAKCHHSIMH.

PesynpTaTtn mocnimxeHb. Mopcbka rany3b NPOJOBXKYE TpaHchopmarliio, e
JOJICBKUIT YMHHUK BU3HAETHCS KIIFOYOBHUM KOMIIOHEHTOM O€3IMEeKH MOpPEIIaBCTBa.
JlocmiKeHHsT TTOKa3yIoTh, 110 TICUXIYHUM CTaH €KIMaxy 0e3MocepeiHh0 KOPETIoE 3
KUTBKICTIO aBapiii Ha Mopi. OJIHAK, 32 JaHWUMH OCTaHHIX 3BITiB, MoHAa 46% MOpSKIB
MOBITOMJISIFOTh PO CUMITOMH JAETPEcii, TPUBOKHOCTI a00 npodeciiHOro BUTOPaH-
Hs. Hanpukiaa, onHe 3 MDKHApPOIHUX JTOCHIKEHb BUABWIO, 1m0 38,8 % MOpSKIB
MaloTh CUMIITOMH Jernpecii, a 56,7 % — cuMnToMu TPUBOXHOCTI [1].

[TpoOnemMi MEHTaIbHOTO 340pOB’ s (PaxiBIIB PIYKOBOIO Ta MOPCHKOTO TPaHCHOP-
Ty OCTaHHIM YacOM NPHUIUIAETHCA BCe OUIbIIE YBAaru, OCKUIbKU Traiy3b MOYMHAE YC-
BIJIOMJIFOBATH, IO BiJ] TICHXOEMOIIIMHOTO CTaHYy WICHIB CYJHOBOI'O €KIMaxy 3alie-
KUTh Oe3MeKa Cy/IHa Ta BAHTAXKY.

MeHnTtasibHe 310pOB’s, 3riHO 3 Bu3HadeHHAM BOO3 — 1ie craH macts, 100po-
OyTy, B IKOMY JIFOJIMHA peaJli3y€ CBOi TBOPUI 3A10HOCTI, MOYKE MPOTUCTOSTH KUTTE-
BUM CTpecaM MPOJYKTUBHO TMPAIIOBATH Ta POOMTH BHECOK y CYCIIJIbHE XKUTTSA [2].
MeHTanbHe 3710pOB’S MOpPSIKa € TIPSIMUM PE3YJIbTaTOM JIii HABKOJIUIITHBOTO CEPeJIo-
BHUIIIA B IKOMY BiH mpairioe [3].

Cy4acHi TOCTIKEHHS] BUAUISIIOTh TPHU TPYIU JECTPYKTUBHUX YMHHUKIB CTPECY
B CY4aCHHX yMOBax Ipaili Mopsika [4]:

['eonomiTriuHa HECTAaOUIBHICTH Ta BiliHA: J[71s1 yKpaiHChKMX MOPSKIB BiifHa cTaja
JIOMiHYIOYMM cTpecopoM. Lle BKirodae cTpax 3a poAWHHM, TPYAHOII 3 POTAIED Ta
"mpoBuHy BuuIOro". Eckanamis HanpyxeHocTi Ha bnmsskomy Cxoxmi (UepBone
Mope, Opmy3bKa poToka) noaae crpaxy nepea arakamu bITJIA Ta mipaTcTBOM.

[Hudpora BrommoBanicTs (Information Overload): BripoBamxeHHs HOBUX CHC-
T€M MOHITOPUHTY Ta 3BITHOCTI CTBOPIOE HAJMIpHE KOTHITUBHE HaBaHTaXeHHs. Mo-
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PSKU 3MYyIIEH] 0OpOOIATH BETUYE3HI MAaCUBHU JIaHUX, 1110 BEJE J0 IIBUIKOIO BHCHA-
KEHHSI.

ComiasibHa 130J141115 TIPU BUCOKIN 3B'SI3HOCTI: X04a IHTEPHET Ha CYJIHAaX CTaB J0-
crynHimmM (Starlink To1io), BiH mapagokcaibHO MOCUIMB 130JIA11110 BCEPEIHHI eKi-
nax<y: MOPSAKHU MPOBOJATH BUIBHUN Yac y TaJKeTax 3aMiCTh KHUBOT'O CIUIKYBaHHS,
10 PYWHY€E 3rypTOBaHICTh KOMaH/IH.

HaykoBi qociipkeHHs CBi4aTh, 110 CEpe/l MOPSKIB 3HAYHO MOIIWPEH] TaKi ICH-
XOJIOT14HI TPOOIEMH:

" jenpecis

" TPUBOXKHI PO3JIAIH

" XPOHIYHHI cTpec

" eMOIlliilHe BUTOpaHHS

" CyinuJaabHI JyMKH, TOILIO. ..

VY nocmimxenni ITF Seafarers’ Trust Oyio BcTaHOBIICHO, 110 MPUOIN3HO 25 %
MOPSIKIB MalOTh CUMIITOMHU JEMpecii, 10 3HAYHO MEPEBUIIY€E PIBEHb Yy 3arajbHii
nonyJsii (onmmsbko 5—6 %)[4]. .

[H1e mocmikenHs, mposenene cepea 470 MOpPSIKiB, MOKa3ajo:

» penpecis — 12,3 %

* TpuBOXHICTH — 11,6 %

= ctpec — 5,9 %

" 3araybHI ncuxivHi po3maau — 42,6 % .

Takox OyJiI0 BCTAHOBJIEHO, IO YMM JOBIIIE MOPSK MepedyBae Ha Cy/AH1, TUM BU-
U pU3MK JAenpecii, Skuil 3poctae npudimu3Ho Ha 20 % 3a KOXKeH T0JAaTKOBUHN Mi-
cs1b epeOyBaHHs Ha 6opTy [5].

OcHoBHUMU (haKTOpaMH, IO BIUIMBAIOTH HA MEHTAIBHE 37J0POB’ST MOPSIKIB;

1. ComianbHa 130JISI11i51 € OJJHUM 3 TOJOBHUX (PAKTOPIB MCUXOJOTIYHUX MPOOIEM
y MopsikiB. TpuBase nepedyBaHHs AaJIEKO BiJl POJIMHU Ta APY31B MPU3BOAUTH J10:

" CaMOTHOCTI

" EeMOIIIITHOTO BUCHAKCHHS

" jenpecii.

JlocnmiKeHHsT TaKOXK MOKa3ylTh, M0 KOH(IIKTH B CIM’1 € OJIHIEI0 3 OCHOBHHUX
MPUYHH TICUXOJIOTIYHUX MPOOJIEM Cepell MOPSKIB, sIKI MOKYTh CTaHOBUTH TIoHA 50
% BUITAJIKIB TICUXIYHUX PO3JIAIB .

2. PoGouwnii ctpec. Mopsiku NpaifforoTh y CEPeIOBHUIII, IKE YacTO XapaKTepu3y-
€ThCA BUCOKHM PIBHEM BIAMOBIZATBLHOCTI Ta pu3uKy.OCHOBHI JKepesna poOodoro
CTpecy:

" JI0BTi poOOYi 3MIHH

" [epeBTOMA

" CKJIaJIHI IOTO/IHI YMOBH

* gebe3neuyHi poboul mporecu

" BHCOKI BUMOTH 10 O€3IIEKH.

[li pakTopu MOXKYTh MPU3BOAUTH IO XPOHIYHOTO CTPECY Ta €MOIIHHOTO BHUTO-
paHHSI.

3. Ilopymenns cuy. [IpoOGremu 31 CHOM € TOLIUPEHUM SIBUILIEM CEpPE] MOpS-
kiB.Yepes 3mMiHHMI rpadik poOOTH Ta IIyM Ha CyJIHI MOPSKH YacTO CTPAXKAAIOTh BIA:
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" OE3COHHS

" [IOraHOI SIKOCTI CHY

" XPOHIYHOI BTOMH.

JlocnikeHHsT TIOKa3aiy, 10 MOTaHUil COH 3HAYHO MIJBUIIYE PU3UK JIEMpeEcii Ta
TPHUBOXKHOCTI .

4, BrituB 1iupoBUX TEXHOJOTIN Ta colialbHUX Mepexk. LlikaBo, 1o aeski moc-
JHKEHHS] BUSIBUWIN 3B’ 30K MK BUKOPUCTAHHSIM COIIaIbHUX MEPEX 1 MCUXOJIOT14-
HUM CTaHOM MOPSKIiB. 30Kpema, OyJI0 BCTAHOBJICHO, 10 MOPSKH, SIKI POBOJATH Oi-
abiie 2—4 TONWH Ha JACHBb Y COIIATbHUX MEpekax, MaloTh 3HAYHO BUIUN DPIBEHBb
TPUBOXKHOCTI Ta jemnpecii .lle mosicHIOEThCS THM, IO COILIATbHI MEPEXi MOXKYTh:
MOCHUJTIOBATH TIOYYTTA CAMOTHOCTI; HaraJayBaTu Ipo MpoOJIeMH BAOMA; CTBOPIOBATU
MICUXOJIOTIYHUMN CTpEC.

[Icuxiyni po3nanu cepes MOPSAKIB MarOTh CEPHO3HI HACIIJIKH SIK JIsl CaMHX Ipa-
I[IBHUKIB, TaK 1 JJIT MOPCHKOT 1HYCTPIi.

OCHOBHI HACJIIKH:

1.3HKEeHHS POAYKTUBHOCTI.

2.1ligBuieHnit pu3uK aBapii.

3.IIpodeciiine BUropanHs.

4.CyiuuaanbHi pU3UKH.

Hampukinaz, craTucTuka eaKuX JTOCHIKEHb TTOKa3y€e 3pOCTaHHs BUMNAJKIB CYi-
LUIB cepel MOPSKIB Y OCTaHHI POKH .

[le miakpecatoe HEOOX1HICTh OUIBINOT YBAaru /10 MCUXOJIOTIYHOTO OJIaromnoayqys
MOPSIKIB.

HaykoBi JOCHII)KEHHS MPONOHYIOTh KIJIbKa CTpATEriii MOKpAalleHHs IMCUXO0JIOTi-
YHOT'O CTaHy MOPSIKIB.

1.IlcuxomnoriyHa miaTpuMKa

BaxxnuBum 3ax0710M € 3a0€31e4eHHS TOCTYITY J0 MCUXOJIOTTYHOT JJOTIOMOTH:

" OHJIAWH-KOHCYJIbTAIlii IICUXOJIOTIB

" Taps4i JiHIT TIATPUMKH

" TICHXOJIOT1YHI TPEHIHTH JUIS CKIMaXiB.

2. Tlokpamennss ymoB mpaii . CyaHOIJIaBHI KOMIAHIi MOXYTh MOKPAIIUTH
TICUXIYHE 37J0POB’ Sl MOPSKIB IUISIXOM:

" CKOPOYEHHS TPUBAIOCTI KOHTPAKTIB

* 30UIbIICHHS Yacy BIMOYUHKY

" [IOKpAIICHHS YMOB IIPOYKWBAHHS HA CYIHI.

3. ComianpHa migTpumka. [lokpaiieHHss TOCTyIy 10 IHTEpHETY Ha CyAHax Jo-
3BOJISIE MOPSIKAM MIATPUMYBATH KOHTAKT 3 POAUHOIO. e 3HaYHO 3MEHIITy€e BIAIyTTS
130711111

4. OcBiTHI ITporpamMu: NPOBEJECHHS TPEHIHTIB II0JI0 MCUXIYHOTO 310POB’SI MOXKeE
JIOTIOMOT'TH MOPSIKaM:

" pO3Mi3HaBAaTH CHMITOMHU AeHpecii

" VYIIPaBJISTH CTPECOM

" MiITPUMYBATH KOJIET.

[oripiieHHs MEHTAJILHOTO 310POB’Sl MPHU3BOAMUTH A0 MPOQPECITHOrO BUTOPaH-
Hs: 3rigHO 3 Mojeiutio Job Demands-Resources (JD-R), onmy6mnikoBanoro B MDPI
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(2025), BuropanHs He € 0COOMCTOIO MPOOIIEMOIO MOPSIKA, a PE3YIbTATOM CHCTEMHO-
ro nucbanancy. Hacnigku BuropanHs Juisi Cy/iHa: 3HWKEHHS KOHIIGHTpaIllii, sIKi pu-
3BOJIATH /10 MOMMJIOK MPU HECEHHI1 BaXTH, MOPYIICHHS CHY MPU3BOJATH O XPOHIU-
HOI BTOMH, Yepe3 BiOpallito Ta IIyM MOCUIIIOE JenpecuBH1 cTanu. degiyum kaopie:
Bucoxuii piBeHb cTpecy 3MyInye KBamiikoBaHUX OQilepiB 3aIUIIaTH Taly3b, 110
cTBOpIO€E MporHo3oBanuit aedimut y 90,000 crnermianictiB o kiHig 2026 poky. Ho-
BITHI cTpaterii maATpuMKH Ta npodinakTuku: CydyacHa MOpPChKa MEIUITMHA TIEPEX0-
JTUTH BiJT «JTIKYBaHHSI CHMITTOMIBY» JIO «IIPEBEHTHUBHOI CTIHKOCTI» [6].

Kopotki pexomennamii Self-Care mist mopsikiB Ha ocHOBiI MatepiamiB ISWAN
(2025). Pexomenmanii muis mopsikis (Self-Care) [7].

1. IndopmariiitHa ririeHa: oOMexynTe meperiis] HeraTABHUX HOBUH a00 TPUBO-
XHO1 1HpOopMaIlii 3 1oMy, 0co0JIMBO niepea cHOM. HamaraliTecss BCTAHOBUTH MEBHUMN
yac JiJIsl IepeBipKU HOBHH a0o0 comiaibHuX Mepex. HanMmipHe crioskuBaHHS HETraTh-
BHOT'O KOHTEHTY MOKE T1JIBUIIIYBAaTH TPUBOXKHICTD 1 MOT1PUTYyBaTH COH.

2. ®i3uvyHa aKTUBHICTbH: HaBITh 20—30 XBUIWH BIIpaB IIOAHS (PO3TSIKKA, BIIHKH-
MaHHs1, TPEHYBaHHS Ha Mayry0i) T0OMaraiTh 3HUKYBATH piBEHb cTpecy. PerynspHa
AKTUBHICTh CIPHSIE 3HUKEHHIO PIBHS TOPMOHY CTpecy (KOPTH30Jly) Ta MOKpAIye
COH 1 KoHIIeHTpaIlito. Di3nyHa aKTUBHICTh € OJHUM 13 IPOCTUX CIIOCOOIB MIATPUMY-
BaTH MCUXOJIOTTYHE OJIaroTOIyqds i 9ac peucy.

3. Comianmizaiis Ha OOPTY: CHUIbHI 00171, HACTUIBHI ITPH, Ieperisia GpiabMiB a00
CIIOPTUBHI aKTUBHOCTI JIOTIOMAararoTh 3MEHIIYBATH BIAUYTTS 1307511, JJocaimkeHHs
MOKa3yI0Th, 10 COIliajibHA B3aEMO/IiSl HA CYAHI MiABUIIYE MOPAIbHUHN TyX 1 3HUKYE
PIBEHb CTPECY CEepell EKIMAKY.

4. ITinTpuMKa 3B’SI3Ky 3 POJAMHONO: PETyJISIpHI MOBIJOMJIECHHS a00 BiJI€OI3BIHKU
JOTIOMAararTh 3MEHIIUTH BIAYYTTS CAMOTHOCTI Ta MIATPUMYBATH CIMEHHI B1IHOCH-
HU. barato MoOpsiKiB BUKOPUCTOBYIOTh CMApPT(OHU MiJl YaC BIAMOYMHKY JUIS CIILIKY-
BaHHSA 3 OJTU3BKUMU.

5. 3BepHEHHA MO JIOMOMOTY: SIKIIO 3’SIBISIOTHCS CUMIITOMH TPHUBAJIOTO CTPECY,
TpUBOTHU 200 Jenpecii, BAXJIMBO 3BEPTATUCA 33 MIATPUMKOI. MIXKHApOIHI CITyKOH,
taki sik SeafarerHelp, HamaroTh 0€3KOMITOBHY Ta KOH(IAEHIINWHY JOTOMOTY MOpS-
Kam 24/7.

[Tonpu 3HaYHYy KUTBKICTh TOCHIIKEHb, TEMa MEHTAIBHOTO 3JI0POB’ S MOPSIKIB 3a-
JUIIAETHCS HEJOCTATHRO BUBUCHOIO.

MaiiOyTH1 TOCTIHKEHHS MTOBUHHI 30CEPEAUTHUCS HA: BIUIMBI HUPPOBUX TEXHOJIO-
rifl Ha MCUXIYHE 3JJ0POB’Sl MOPSKIB; TOBFOCTPOKOBUX HACIIJKaX BIMHU; €(PEKTUBHO-
CT1 MPOTPaM MCUXOJIOTTYHOI M ATPUMKHU.

BucnoBku:

MeHTanbHe 340pOB’sl MOPSIKIB € BaKIIMBOIO MPOOJIEMOIO Cy4aCHOI MOPCBHKOI 1H-
nycTpii. HaykoBi mociiKeHHs MOKa3yl0Th, 1110 MOPSKH 3HAYHO YaCTIIIEe CTUKAKOTh-
Csl 3 JIETIPECIE0, TPUBOXKHICTIO Ta CTPECOM, HDXK Oararo 1HmuX npodeciiHuX rpy.
OCHOBHMMHU MPUYMHAMH IHX MPOOJIEM €:TpUBaJia 130JIAIIisl; CKJIaJHI YMOBH TIparli,
MEepPEeBTOMA; OPYILIEHHS CHY; CIMEHHI Ta colliaibHi (PaKTOpH.
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[ToxpaieHHst yMOB Tpalli, JOCTYII 10 MCUXOJIOTIYHOI JOTIOMOTHY Ta MIATPUMKA 3
OOKY CyJTHOIUIaBHUX KOMITaHIM MOXYTh 3HAYHO MOKPALIUTH MCUXIYHE OJaronoiryd-
45l MOPSIKIB.

3abe3neyeHHs] MEHTaIBHOTO 3/I0POB’Sl MOPSIKIB € HE JIMIIIE T'yMaHITapHOIO Mpo-
OsieMotro, aje ¥ BaxxJIMBUM (pakTopoMm Oe3neku MoperuiaBcTBa. Y 2026 poril MeHTa-
JIbHE 3JI0POB'St MOpsKa — 11€ HE «OOHYC», a KpUTUUHHUM eKCIUTyaTaliiiHUi napameTp
cynHa. CyqHOMIaBHI KOMIaHIi, SIK1 I'THOPYIOTh TICUXOJIOTITYHUN CTaH eKiMaxy, CTH-
KalOThCSl 3 BUIIMMHU CTPAXOBUMH PU3MKAMHU Ta TUIMHHICTIO KaJIPiB.

MeHnTanbHe 310poB's MOpsika — II€ He IpUBAaTHA CIIpaBa 0COOM, a KPUTHYHUI
aKTUB CyIHOIUIaBHOI KommaHii. HeXTyBaHHS IUM acleKTOM MPU3BOJIUTH HE JIUIIIE
710 OCOOMCTUX Tpareii, a il 10 3HaYHUX (PiHaHCOBUX 30UTKIB Uepe3 aBapiiHICTb.
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Omiiauk B.B.
Hamionanpauit yHiBepcutet « Oecbka MOpPChKa aKkaaeMis

Opranizanis NOPATYHKY JIIOJeH i3 MOBITPIHUX MOJYLHIOK 3aTOIVIEHHUX KOPa0JiiB
Ta cyleH

MopemnnaBanHs 0yJ0 1 3aJHIIAETHCS OJHIEIO 31 cep JTIOACHKOI MiSIBHOCTI, TO-
B'sI3aH1 3 MOXKJIMBICTIO aBapii Ta pU3HUKOM JIJIsI KUTTS JIIOJICH.

IMOBIpHUMIT pUBHUK JUISL KUTTA JIOJUHA HA MOPCHKOMY TPaHCHOPTI 3HAYHO BU-
U, HK Ha aBlallifHOMY Ta 3aJII3HUYHOMY TPAHCIIOPTI, aje HIKYMKM HIK Ha aBTO-
MOO1TEHOMY.

[IlopiuHO y cBiITOBOMY MOpPCHhKOMY (DJIOT1 3a3HAIOThH aBapii TUCSAY1 CYyJIE€H, BOJIO-
ToHHaXHICTIO ToHaa 500 per.T. 3 sikux 6;m3bK0 2.000 rTHHYTH.

Opnak 0yno O JOKOPIHHO HEBIPHUM CIIMCYBATH BC1 aBapii HA MOPCHKY CTHUXIIO.

Ha nymky ¢daxiBui, npubiuzno 10% aBapiii MOXyTh OyTH BIJTHECEHI 0 TakK
3BaHUX (DOpPC-MaKOPHUX 0OCTaBUH-HEBU3HAYCHOI J1i CTHXII.

[le 6au3bko 15% aBapiil € HACHIAKOM HEAOJIKIB KOHCTPYKIIIL CyJeH ado parro-
BOi BIIMOBH 00iajHaHHA. Y pemti 75% aBapiit ix O6e3mocepeiHp0I0 MPUINHOIO OY-
mu cyO'ektuBHI (pakTOopu. Tak 3BaHU «JTIOJCHKUI (PaKTOPH.

Jroacekuil GakTop 1e BIACYTHICTh MOYYTTS BIJIMOBIIAIBHOCTI, 0€3TypOOTHICTD,
3HeBara JI0 3ax0/AiB Oe3neku, HeJAoCTaTHS mpodeciiiHa MiArOTOBKA, HEJOMIKUA B Op-
raHizaii CyJTHOBOi CIIy»KOH, HEIOJIIKH y TIJATOTOBIN /10 BUKOPUCTAHHS PATYBaJIbHUX
3aco01B, HEJIOJIIKU B OpraHi3allii paTyBajIbHOI CIIy>kOu Ha Oepesi.

ABapiifHICTh MOPCHKOTO (PJIOTY HIOPOKY Hapakae Ha Oe3MmocepeIHI0 HeOe3MeKy
KUTTS BEJIMKY KUTBKICTB JIFOAEH , 3 akuX 01u3bko 2.000 TUHYTS.

[Ipodeciitna miAroToBKa Ta MOpPAJIbHI SKOCTI MOpSIKa BiAITPalOTh BUPIMIAIBHY
POJIb y 3MEHIIIEHH] aBapiiHOCTI Ta CYMHO1 CTATUCTHKHU 3aru0eri JIIoaei.

ABapii MOPCHKHX CYJI€H MOXHA PO3JILJIUTH HAa YOTUPHU OCHOBHI TPYIIH:

1.ABapii MoB's3aH1 3 MOLIKOKEHHSAM KOPIYCY CyAHa (31TKHEHHS, MOCAJKH Ha
MUIMHY, HaBaJiM, IITOPMOBI yIIKoMKeHHA). [lomkomkenHs kopnycy ckinagae 53%
BIJl yCiX aBapiu.

2. IToxex1 Ta BUOYXHU CTAaHOBJIATH MPUOIN3HO 6% Bi yCIX BUIIB aBapii.

3. I[lomkomkeHHs cUCTeM Ta MexaH13MiB cTaHOBUTH 30% Bij yCiX BUIIB aBapiu.

4. IlepexunanHs cyeH CTaHOBUTH 1% Bia ycix BUIB aBapiil. Ase 1iei BUJ aBa-
pii HaliHeOe3meuHimuii , Ha HHOTrO mpumanae moHaa 70% ycix JTIOICHKUX JKEPTB.
[lepexunanns cyneH (OBEpKiib) BiIOyBa€ThCS Yepe3 BTPATY OCTIMHOCTI MPHU 3aTOI-
JICHH1 BiJICIKIB, CHJIBHOTO XBHJIFOBAaHHSI MOPS 200 TOMMJIOK EKIMaxy.

Crning Matu Ha yBasi, MO Y PAJll BUTIAJKIB PO3TIITHYTI BUAM aBapiii MOXKYTh MPO-
TIKaTH OJHOYACHO, 110 YCKJIAJAHIOE OOpPOTHOY 3a JKMBYUICTh CyJHA Ta MOPATYHOK
EKIMaxy.

[Ipu BTpati oCTIHOCTI cyAHa (OBEPKLUIb) , BOHO MOXKE NepeOyBaTy NMEBHUN Yac
Ha TUIaBY B MIEPEBEPHYTOMY CTaHi, JOTOPH JHUINEM, 32 PaXyHOK MOBITPSHOT MOYIII-
KM B KOPIYCl Cy/IHa, 1 B I[1H MOYIII MOXYTb IepeOyBaTH JIFOIH.
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[TopsATyHOK Nto/1eH 3 MOBITPSHUX MOAYIIOK, IEPEBEPHYTUX CYACH, OYKE CKIaI-
HUM 1 HeOe3neyHui 3axia. [1ix gyac Takoro BUAY pATYBaJIbHHUX OIEpalliii BpITYBaTH
yCIX JII0JIeH 3 MOBITPSHUX MOYIIOK 3aTOIJICHUX CYJIEH HE BIAETHCS.

26 BepecHsi 2002 poky CeHerajlibCbKMi BaHTa)XKOMACaKUPChKUN mopoMm « Le
Joola» mpsmyBaB y nopt Jlakap 3 1927 moasmu Ha 6opty. Y 23:00 moripmuiacs
noroja, 110 Mepednuia B MOTYKHUM IuTopMm. [lopoMm, yepe3 mnepeBaHTaKEHHA i
IITOPM MEPEKUHYBCS Bropy JAHUINEM 1 IepeOyBaB Ha IUIABY 332 PaXyHOK MOBITPSIHOI
MOYIITKA JTOCUTh TPUBAIUHN 4Yac. Y i MOBITPSHIN MO 3aTUIIATNACS KUB1 JTFO-
au. Ane momomora mimimia jumre Bpami 27 BepecHs 2002 poky. ParyBaabHUKH
3Moriiu BpatyBaTH jmiie 64 ocoou. [lopom 3aTonyB 1 3arunysio 1863 ocoowu.

16 kBiTHS 2014 poKy MiBAEHHOKOPEHCHKHUI BaHTAXKOMACAKUPCHKUN MMOPOM  «
Sevol» Ha O60pTy siIKOoro 3Haxonauiocs 476 monen, yepe3 pi3Kuil MOBOPOT MOPOMA 1
PI3KOr0 3MIIIEHHS BaHTaXy, BHACIIJIOK TOBOPOTY, IEPEKUHYBCS 1 MIIIOB MPAKTUYHO
MOBHICTIO MiJ1 BoAy. Ha moBepxHi , uepe3 MOBITPSIHY MOAYIIKY, 3aJUIIMIACS Yac-
THHA JTHUIIA. Y MOBITPSHINA MOYIIII, 10 YTBOPHIIACS, 3aTUIIMINCA JIIOAU. Y TIOpS-
TYHKY JfoJiei Opasno ydacts 212 cyzaeH Ta 34 oquHUIN 1HIIUX BUAIB TEXHIKU. Psary-
BaJIbHA OTepallis MPOBOIUIIACS MPOTATOM KUIBKOX JIHIB. PATYBaJIbHUKHU 3aKauyBaju
KHCEHb M1 00IMUBKY mopoMa. Bojonazam TpuBaiinii yac, uepes XBUIIOBaHHS MOPS 1
KaJJaMyTHOI BOJIM HE BJIaBAJIOCS MOTPANUTU HA OOpT mopoma. Tinbku yepe3 7 NHIB
BOJI0JIa3W 3MOIJIM MPOHUKHYTU B mpuMiiieHHs 3 1 4 nany0 mopoma. B pesynbrati
1IOr0, BOJI0JIa3aM BJAJIOCSl MIJHSATU BEJIMKY KUIBKICTh TUI 3aru0nux. BpstyBatu
BAajocst 172 monunu , 9 3HUKIIM O€3BICTH.

1 TpaBus 2015 poky Ha piuni SHI3U nepekuHynocs KpyisHe cynHo «Estern star»
Kwurait. Ha 6opTy cynna 3naxoaumnocs 456 oci6. Jlo Miciis aBapii cyaHa Oyso CTsr-
HyTO noHaj 100 pi3HUX TIaBadbHUX 3ac001B, MPALOBATIO KIJIbKA THCSIY PATYBaJlb-
HUKIB. Uepes KiJIbKa rOJUH IICs aBapii 3a JOMOMOTr00 MOTY>KHOTO TJIaBy4Ooro Kpa-
Ha , KOPITYC CyJHa BAAIOCS IMJIHATH 3 BOJM Bropy JHHUIIEeM. BeepenanHi moBiTpsSHOT
noaymiku «Estern stary 3Haxomunucs Jiroau, Oyino 4yTH cTykiT. EBakyarttisa 3 Kopiry-
Cy CyIHa TpHUBaja Tpu M00U. Y MOIIyKax JIIOJIEH 10 BUKUIM BCEPEIUHI KOPIYCY,
Opano y4acts nmonan 200 BomonasziB. 3 BIACIKIB CyJHA Baajocs BpaTtyBatu 15 ocif.
Ha tpetto 100y Oyno yxBajeHO pillIeHHs pO3pi3aTH OOIIMBKY KOPIYCY, ajie MiCis
IIOTO BPSITYBaTH B3araji HIKOTO HE BAayiocs. Y Miil aBapii 3aruHy’no 434 ocoOwu.
Came cyHO MOTIM THSIIN Ha TIOBEPXHIO.

[TopsiTyHOK JIOAEH 3 MOBITPSHUX MOAYIIOK KOpaOMiB Ta CYJEH 3aJUIIA€ThCS
Iy>’Ke IPOOJIEeMHUM 1 CEpHO3HUM MUTAHHSM, sIKe HEOOX1AHO BUPIIUTH SIKHAWIIBUI-
e sl BUKJTFOYEHHS BEJIMKOI 3aruoeni JIroAeH mij 4ac aBapiil MoB's3aHUX 13 Mepe-
KUJaHHSAM KOpaOJIiB Ta CYJICH.

B nanuii yac mopsATyHOK JItO/IeH 3 BIJICIKIB MEPEBEPHYTOrO Cy/HA MOYHUHAIOTH 3
HOro 0OCTEe)KEHHS Ta MiATPUMKH HOTo Ha 1iaBy. OHOYACHO BEIyTh MPOCTYKYBaHHS
KOPIyCYy aBapiiHOTO Cy/JHA Ta MPOCITYXOBYBaHHS CUTHATIB BiAMOBiAl. OTpuMaBIN
CUTHAJI Y BIATOBIIb, MAPKYIOTh KOPITYC aBapiitHOTO CYyJ/IHA, MO3HAYAIOThH MPUMIIIEH-
HS B MOBITPSHUX MOAYIIKAX SKUX 3HAXOMSATHCS JIIOU. BykrBae 3axo/iB Jisi BCTaHO-
BJICHHS 3B'SI3KY 3 JIFOJABMU y 3aTOIUICHUX MpuMimeHHsax. [lepen mouaTtkom psiTyBa-
JBHUX POOIT 3aCBITUYIOTHCS Y CTIMKOMY CTaH1 cyaHa. HamiuaioTh HAMKOPOTIINI Ta
HalOe3MeyHINi MapIIpyT IPOXOAy BOAOIA31B Y BIACIKM 3 JroAbMH. JlJis 3abe3re-

172



YeHHSI BUBEACHHS JIIOJICH, SKUX PATYIOTh, BOJOJIA3HM MEPENAIOTh TOTEPIIINM aBTO-
HOMHI JUXaJbHI arapaTyd Ta BUBOJSITH MOTEPIUIMX 3 aBapiiHUX MPHUMIIICHb HA I0-
BEPXHIO.

Jl1st BUpillIeHHs 1i€1 HACYUTHOI MPOOJIeMU MPOTIOHYETHCS HACTYITHE:
1. Buxing smrogei depes nuctepHy, kodpdepaam, abo rTepMETUYHUN TUISHKY TTOBIM-
HOTO JiHA y JHUIIEBON YacTUHI Kopalis (cyaHa). AJie i LbOro Tpeda KOHCTPYK-
TUBHO J000JaHATH (M1 BUXOAY JIFOACH 3 MOBITPSIHOT MOIYIIKK) KOpabJli Ta cyaHa
i yac X OyaiBHULITBA a00 MOJIEpHI3aIlii.
2. BuBeneHHs Jto/iel 3 MOBITPSHUX MOMYIIOK OyAyTh 3a0e3mevyBaTi BOJIOJIA3H Psi-
TYBaJBHUKH Yepe3 CIeliaJbHui 3HIMHUN JIIOK, SKUH BOHHU TIOBHHHI OyIyTh BCTaHO-
BJIIOBATH B MICIII TEXHOJOTIYHOTO BUPI3y B JHHUIIOBOM YacThHI Kopabis abo cyaHa,
Jie po3TanioBaHa HucTepHa (e MOXyTh OyTH LIUCTEPHU MPICHOI, MUTHOI BOAH, MPO-
BI31{{HI KaMepH, UCTEPHH JIbsUIbBHUX BOJI, & TAKOX 1HIII KOHCTPYKTHBHI €JIE€MEHTH
Kopabiist (CylHa) , M0 YTBOPIOIOTH TEPMETUYHY MOPOKHUHY B JlaMeTpabHIl TUI0-
IIMHI KOPMOBOTO Ta HOCOBOT'O Kparo), TOOTO B TUX MICISIX, J€ 3 OLIBIIOK WMOBIPHI-
CTIO JIHMIIIOBA YaCTUHA KOpaOJs (Cy/lHA) MiIHIMATUMETHCS HAJl BOJIOIO TIPU TIEPEKU-
JaHHI KopadJs (cyaHa).
3. llucrepHa o0iaIHYETHCS BXITHUM T€PMETUYHUM JIIOKOM, KjlarmaHaMu OCYIICHHS
Ta BeHTWIAMIl. KpiM Toro, Miciie CTBOPEHHS! TEXHOJIOTIYHOTO BUPI3Y B 30BHIIIHIN
YaCTUHI JHUIIA JUIsl BCTAHOBJICHHS BOJIOJIa3aMU PATYBaJIbHUKAMH CIEIIAJILHOTO Psi-
TYBaJbHOI'O JIIOKA, IO 3HIMAETHCS, MO3HAYAETHCA (MAPKYETHCS) JJISI MOMKJIUBOCTI
HOTO IIBUAKOTO BUSBIICHHS MPHU aBapii.
4. B wmicul po3TaillyBaHHsS LUCTEPHU Mae OyTH TaOIUIsl YMOBHUX CUTHATIB (TIepec-
TYKyBaHHs) JUIsl 3B'SI3KY JIIOJIE 13 BIJCIKIB aBapiiiHOro Kopadus (cyaHa) 3 BOJoJIa-
3aMH pATYBaJTbHUKAMHU.

AJITOPUTM NpoLeCY MOPATYHKY 3 NOBITPAHOI MOAYIIKH 3aTONJIEHOT0
KOpaodJif (CyAHa) MOJIATra€ B HACTYIIHOMY:

1. PsaryBanbHUKH, K1 TPUOYIH 10 Miclsd aBapii kopabis (CynHa), BCTAHOBIIOIOTh
3B'SI30K 3 JIFOABMHU, SIKI MepeOyBarOTh y MOBITPSHIN MOYIIII KOPIYCY 3aTOIJIEHOTO
KopabJist (Cy/iHa) 32 JOTIOMOTO0 TaOIUIll IEPECTYKYBAHHS.
2. 3a peKOMEHJAII€I0 PITYBAILHUKIB, IO SAKUX PATYIOTh 3HAXOMATH IHCTEPHY,
obOnagHaHy 7S 3a0€3MeUeHHs BUXO/y 3 3aTOTUICHOTO KOpadJisi Ha MOBEpXHIO. UneHu
eKIMaXxKy Ta Macaxxupu KopaliiB (CyAeH), MOBUHHI 3HATU MICLS pO3TalllyBaHHS Psi-
TyBaJIbHUX ITUCTEPH, MAPIIPYTH K A0 HUX JICTATHCS, IHCTPYKIIIO K IF0 [IUCTEPHY
(IMCTepHM) TOTYBATHU JJIsl BUXOY JIHOJIEH HA TOBEPXHIO.

Cxema /10 yCTATKYBaHHSI IIUCTEPH 31151 3a0e3MeYeHHs] BUXOIY JII0-
Jeil i3 mOBITPSIHMX MOAYIIOK 3aTOIJIEHUX KOPAa0JIiB, (Cy/IeH) HA MOBEPXHIO.

1. l'epMeTHyHUH JIOK IUCTEPHH 3 MPUBOJAMHU BIIKPUBAHHS Ta 3aKPUBAHHSI K 30BHI
IUCTEPHU, TaK 1 3CEPEANHH UCTEPHHU.
2. JIBa kyanaHu OCyIIEHHS IUCTEPHU y pa3i MepeKuIanHs Kopadis (CyaHa).
3. Tpu xknanaHu BEHTHIIAILI.
4. 'epMeTHYHA LUCTEPHA.
5. O6muBKa nHUIIA KOpabis (CyaHa).
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6. Miciie BUKOHaHHSI TEXHIYHOTO BHUPI3Y B JHUIIE CYIHA.

PstyBanbHUKHM pOOJIATH BUPI3 Y 3a3HAYCHOMY (MIO3HAYEHOMY) MICII B JTHUIIII KO-
priycy Kkopa0uisi (Cy/IHa) 1 BCTAaHOBJIIOIOTh Ha BUPI3 3HIMHUM JIFOK , 1 SIKIIIO € HEOOXi/-
HICTb TO 1 KECOH HaJl JIIOKOM. 3HIMHHUMH JIFOKaMH Ta KECOHaMH TTOBUHH1 OyTH 00J1a-
JTHAHHI PATYBAJIbHI T1APO3/1IH (pSITYBaIbHI CyHA Ta OYKCHUPH).

[Ticnst ocyllleHHs LIMCTEPHU Ta BUPIBHIOBAHHS TUCKY B LIUCTEPHI 3 TUCKOM Y BiJI-
ClKax 3aTOIUICHOTo Kopabiisa (CyaHa), 3a KOMaHAO PITYBaJIbHUKIB, MAaKCUMaJILHO
MO’KJIMBA KUTBKICTB JIFOJICH, 110 PATYIOTHCS, 3aXOATh B IIMCTEPHY 1 3aKPUBAIOTH 3a
co0010 BX1THUH JIOK HUCTepHH. [licisa yoro, moaar0Th 3HAK PATYBAJIbHUKAM PO TO-
TOBHICTD iX /10 BUXOJY 3 IUCTEPHU. PATYBaIbHUKHA OTPUMABIIHA CUTHAI PO TOTOB-
HICTB JI0 BUXOJy 3 IIMCTEPHU BiJ] JIOJEH, IO PATYIOTHCS, BUPIBHIOIOTh TUCK y LIUC-
TEpH1 3 aTMOC(EPHUM TUCKOM. BiIKpHBatOTh KPUILIKY 3HIMHOTO JIFOKA 1 BUITYCKAIOTh
(BUBOZAATH) JIOJEH, IO PATYIOTHCS HA MOBEpXHIO. I1icas Toro, sk BCl BpATOBaHI BU-
WM 3 IIUCTEPHU HA TOBEPXHIO, PATYBAIBHUKH 3aKPUBAIOTH (33/1paiBatoTh) KPUIIKY
3HIMHOTO JIFOKa, TPU HEOOX1THOCTI, MiyBalOTh IIUCTEPHY CTUCHEHUM MOBITPSM 1
MO/IAI0Th CUTHAJI JIFOJSIM, IO I11€ 3HAXOASTHCS B MOBITPSHIN MOYIIII 3aTOIMJICHOTO
CyJlHa, TPO TOTOBHICTh LIUCTEPHU JIO YEPTOBOTO IUIIO3YBAHHS.
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1. Bxigawii (Buxigauii mok) 2. Knaman Bentinsamii 3. Manomerp 4.3THCKHI (IPUTHCKHI) TBUHTH
5. 3tuckHi (mputHckHi) nanu 6. [lnuTa mia Jrok

BuchoBok

VY poOoTi 3anmponoHOBAHO KOMILIEKCHE TEXHIUHE DPIIICHHS IS 3a0e3IeUeHHS
€BaKyallli JIoeH 13 TOBITPSIHUX MOJYIIOK 3aTOIJIEHOro Kopadis (cyana). OCHOBOIO
KOHIIENI[li € KOHCTPYKTUBHE 000JIaIHAHHS CYACH CIEIialbHUMU T€PMETUUHUMU
[IMCTEpHAMU 3 JIIOKAMHM, KJIallaHaMU OCYIIEHHS Ta BEHTHJIALII, a TAKOK MapKOBaHU-
MU TEXHOJIOTTYUHUMH BUPI3aMU I BCTAHOBJICHHSI PATYBAJIBHOTO JIFOKA BOAOJIa3aMHU.
[lepenbavaeTbcst YITKUNA aITOPUTM B3a€EMOJIT MK PATYBaJbHUKAMH Ta MOCTPaXK/a-
JUMH 3a JOMOMOTOI0 CHCTEMH YMOBHHMX CUTHAJIB (IE€pecTyKyBaHHs). BaxianBoro
YMOBOIO €()EKTUBHOCTI 3aITPOIIOHOBAHOT CUCTEMH € TOTEPEAHS MiATOTOBKA EKIMaxKy
Ta 3HAHHS PO3TAllyBaHHs €BaKyalllMHUX IUCTEPH 1 MOPSAKY i y pasi aBapii. 3a-
MIPOTIOHOBAHE PIIICHHS CIIPSMOBAHE Ha IiJIBUIICHHS PIBHS OE3MEKH MOPEIIaBCTBA
Ta 3MEHIIICHHS PU3HUKY 3aru0eli J0eH Mi yac IepeKujaHHs CyJICH.

CIIMCOK BUKOPUCTAHHOI JIITEPATYPHU

International Convention for the Safety of Life at Sea, 1974 (SOLAS-74,
English: International Convention for the Safety of Life at Sea) is the most
Important international agreement on the safety of merchant ships. It establishes
minimum standards for the design, equipment and operation, adopted by the IMO in
1974 and entered into force in 1980.
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YK 656.61

MawmkiueB M.A.
Hamionanpauit yHiBepcutet « Oecbka MOPChbKa aKkaJieMis »

HaB4yaHHs eKinaKy BUKOPUCTAHHIO KOJIEKTHBHUX PATYBAJIBHUX 32C00iB i
yac 3aJMIIEeHHS CY/IHA Y HAA3BUYAHHHUX CUTYaIlisIX

Beryn. YV cratTi 3po6iieHo cripoOy mpoaHami3yBaTH OCHOBHI BUMOTH J0 TPUH-
IIMITIB HABYAHHS €KIMMaXKiB M10JI0 BUKOPUCTAHHS KOJEKTUBHUX PATYBAJIBLHUX 3aCO0iB
mij] 4ac 3aJMIICHHs CyJHA Yy HaA3BHUYalHUX cuTyarisix. OCHOBHUI ynop 3po0JieHo
Ha HAaBYAHHS JisIM €KIMaXy IiJl 4ac CIYCKY Ha BOJY PATYBAJIbHHUX ILIIONOK BUILHO-
ro naaiaasg (Free- Fall Lifeboat ).

AkTyanabHicTh TeMu. He3Baxaroun Ha Benuue3ny podoty IMO 31 ckopodeHHs
aBapiiHUX MPUTOJ HA MOPI, ICHY€E MPpoOIIeMa BUCOKOI KIJTbKOCTI HEITAaCHUX BUIAIKIB
3 pATYBaJbHUMH ILTIONKAMU I1i]] YaC HaBYaHb Ta/a00 1HCIEKI[ PATYBAIbBHUX IUTIO-
TIOK, Y AKUX YICHH CKIMMaXy 3a3HAJIN TPaBM.

ITocranoBka 3agayi. [IpoBecTu KOpOoTKMI aHasi3 BUMOT Mi>KHApOAHOI KOHBEH-
111 3 OXOPOHU JIFOACHKOTO KUTTA Ha Mopi 1974 p. (SOLAS-74) 3 monpaBkaMu 1110710
HABYaHHSA €KIMaXKiB eKCIUTyaTalli KOJEKTUBHUX PITYBAJIILHUX 3acCO0IB CYJEH Ta, 30-
KpeMa, 3arajlbHUX MPOIeAyp HaBYaHHS CIIYCKy PSTYBAJIbHOI MUIIONKH BUIHHOTO
naninHsa (Free-Fall Lifeboat ) y cutyamii " 3anummtu cynHO" Ta BCTAHOBJIEHHS
IUTIOTNIKY B MOJIOKEHHS "MO-MOX1THOMY".

[Toka3aT HEOOXiNHICTH BHBYEHHS I1HCTPYKINI 3 €KCIUIyaTtaiii psATyBajibHOI
IUTIOTIKH, TOCTaBIECHOT BUPOOHUKOM, CHEHU(IYHOT UIsi KOKHOTO CYJHA, a TaKOXK
BUMOT TokyMeHTiB IMO.

BukJiax ocHOBHOro marepiagy .

MixxHapoHa KOHBEHIIIS 3 OXOPOHH JIFOJACHKOT0 KUTTS Ha Mopl 1974p. (SOLAS-
74) 3 nonpaBkamu, riasa 1l «PsTyBanbsHi 3aco0u Ta npuctpoi», [Ipasumo 19 perna-
MEHTY€E TEPMIHH Ta TIOPSAIOK MPOBEICHHS aBapiHUX TPEHYBaHb Ta HaBYaHb Ha CY-
Jax, 30KpeMa, TpeHyBaHb Ta HaBYaHb, 1100 3IUIIICHHS CyIHA

Ilepioouunicme naguanns:

1. KoxeH uiieH exinaxy noBUHEH OpaTH y4acTh MPUHANMHI B OJJHOMY HaBYaHHI,
10/10 3AJIMIICHHS CyHA IIOMICSIISL.

2. Ha macaxupchKuX CyIHAX Il HABYAHHS MTPOBOISTHCS MIOTHKHS.

Ocobnuea yeaza 36epmaemuvcsa HaA HAGYAHHA U000 BUKOPUCMAHHA eKinaj)cem
KOJ1eKMUBHUX PAMYBATbHUX 3AC00I8.

Tak, myHKT 3.3. BU3HAUae, M0 KOKHA PATYBAJIbHA IIUTIOTIKA, KPIM ULTIONOK Bilb-
HO20 NAOIHHSA, NOBUHHA CNYCKAMUCS HA 800) 3 TIPU3HAYCHUM eKilakeM Ha 00OpTy Ta
MaHEBpYBAaTH Ha BOJI1 He piduie Hidxc 1 pa3 Ha 3 micayi.

VY Ttoii e dac miamyHKT 3.3.4 donyckae cnyck Ha 600y WIHONOK BilbHO20 NAOIH-
Hs 3 IPU3HAYCHUM eKiMmakeM Ha OOpPTy Ta MaHEBPYBAaTH Ha BOJI He pidwie | pa3y Ha
6 micayie. OnHaK AoMminicmpayis modice npooosxcumu yei nepiod 0o 12 micayis
npu opeawnizayii imimayii cnycky, aKuil npo8oOUMUMembCsl 3 IHMepP8alom He Oinbuie
wecmu mMicayis.

[TigmynkTu 3.3.8, 3.5.4 periiaMeHTy0Th TPEHYBAaHHS Ta HABUYaHHS 3 MOPCHKUMHU
eBaKyalliiHUMu cucteMamMu. HaBuaHHs MOBMHHI BKJIIOYATH BIAMPALIOBAHHS MPOLIE-
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Iyp JUIsl PO3TOPTAHHS TaKOi CUCTEMH 10 MOMEHTY, IO Tepeaye (HakTUIHOMY PO3-
ropraHHio cucteMu. lle muTaHHA Mae TOMOBHIOBATHUCS PETYISPHUM HaBUAHHSM 13
BUKOPHUCTAaHHSAM OOPTOBUX HaBUYAJbHUX MOCIOHHUKIB.

Ilpu yvomy exazyemovcs, wo 6ci, xmo bepe y4acmov y HABUAHHAX, NOBUHHI,
HACKINbKU Ye NPAKMUYHO MONCIUBO, NPOUMU HABYAHHA ULIAXOM YUACMI Y NOBHOM)
PO320PMAHHI AHANI02IYHOI cucmemu Ha 800i, abo Ha bopmy cyoHa, abo Ha bepe3i, 3
inmepesanamu He Oinbute 2 poKis, aie 8 HCOOHOMY pa3zi He Oilbuie 3 POKia .

[TynkT 4.3 periiaMeHTye TEpMiHHM Ta TOPSIOK HaBYAHHS BUKOPHUCTAHHIO PSTY-
BaJIbHUX TUIOTIB, 110 CIIYCKAIOTHCS 32 JIOTIOMOTOI0 IIUTIOTIOANIOK.

Hasuanus nosunne nposooumucs Ha KOMCHOMY CYOHI, 0ONAOHAHOMY MAKUMU
3acobamu, 3 iHmepeanom He Oinvuie 4 micayis. 1le MOBUHHO BKIIIOYATH HAyBaHHS
Ta CIYCK PATYBaJIbHOrO IUIOTY. Lleil psATyBanbHUM IUIT MOXE OyTH CHELlaJbHUM,
MPU3HAYEHUM JIMIIE /U HaBYAJIBHUX IIIJIEH 1 HE BXOJUTH J0 CKIIATy PATYBAIBHOTO
obnagHanHs cyaHa [1].

SAxmo 3 BukoHanHsM BuMmor Konseniiii SOLAS -74 3 nonpaBkamu, BUKIIaICHU-
mu B Pozmim III « PsryBambHi 3aco0u 1 mpuctpoi » y IlpaBum 19 mynkrti 3.3
nianynkTax 3.3.8, 3.5.4, a TakoX y yHKTI 4.3 TPYJIHOIIIB y €KiNaxiB CyJeH HE BU-
HUKA€, TO BUMOTH JO HABYAHHS Ta TPEHYBaHb. IIOJ0 CIYCKY ILIIONOK BIJIBHOTO
nafiHHs (MAnYHKT 3.3.4) BUKJIMKAIX MTEBHI MUTaHHS.

[HmaenTy Haitvacrimie BiAOYBalOThCS 3 PATYBAJBHUMHU IITIONKAMHU T Yac
TpeHyBaHb T4 HaBYAHb 3aUilTalOTh BCIO CHCTEMY CITYCKY Ta MiAHOMY pATYBaJbHUX
nutroniok / Lifeboat Release and Retrieval Systems (LRRS).

/o euasnenux npuyun aeapiiiHux npu200 i3 pPAMYEATbHUMU WIIORKAMU
Hanex)camo:

v/ Opak HaJIe)KHOI MiArOTOBKH Ta 3HAHb,
v/ He3HaHHA 00JaJHAHHI;
v/ HeajJeKBaTHA OILIIHKA PU3UKIB Ta [IaHyBaHHS;

CUCTEMH, 5Kl 1ie He Oynu MoaudikoBaHi BiamnosiaHo no Ilpasuna I11/1.5 Kon-
BeHili SOLAS {BcTaHOBIIOE€ CyBOpI BUMOTH JI0 CHCTEM BiJadl Ta BIJHOBJICHHS
patyBanbHUX nutronok (LRRS), 30kpema Tux, mo o6iagnani MexaHi3aMaMH Bijiadi
i HaBaHTaxeHHIM (on-load release hooks)};.

v’ cucTemH i3 mpoOaeMaMu IPOEKTYBAHHS;

v’ CHCTEeMH, SIKi HEMIPABMJIBHO Ta ITOraHO 0OCITYyTOBYIOThCS;

v 1mpo0iieMu KOMyHiKaIlii;

v/ caMO03aCIOKOEHICTh Ta HEJOTPUMAHHS TIPABHJI TEXHIKH OE3ITEKH.

AHani3 CTaTUCTUKU Ta AOCHIHKEHb aBapIMHUX MPUTOJ 31 HUTIONKAMH MOKAa3YE,
10 Maiike BCl IHITMACHTH B1IOYBAJIMCS 3a y4acTIO KBaJi(pikOBaHUX MOPSIKIB.

Bkpail BaxxJIMBO niepenaTd BUKIAICHI YPOKHU aBapiiHOI MOIT SIK MPALIOI0YUM Y
MOp1, TaK 1 KEpIBHULTBY Ha Oepesi [2].

Mixunapomna mopcbka oprasizaiis IMO HeomgHOpa3oBO 3BepTaja yBary Ha
aBapii 3a y4acTiO pSITYBaJIbHUX IUTIOTOK [3].

Tak 1 mumas 2006 poky HaOyJIM YUHHOCTI TIOTPaBKu (TpuidHATI y TpaBHi 2004
poky) mo I'masu III SOLAS. Bonu mokiukani JOMOMOTTH 3amo0OIrTH aBapiitHUM
MPUTOJaM 3 PATYBAJIHLHUMU ILIIONKAMU I 9ac HABYAHb Ta CMAIU Pe3yibmamom
pobomu, cnpAMOBaHOi HA BUPIULEHHS NPOOIeMU HENnPUNIHAMHO BUCOKOI KINbKOCMI
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HewacHux unaokKie 3 psamy8ailbHUMU WIIONKAMU, B SKUX WICHU €KIMaXy OTPUMAIU
TpaBMH, 1HOJII 31 CMEPTEJIbHUMHU HaCIIAKaMH, IiJl 9ac y4dacTi B HaBYaHHSAX Ta/abo
THCIICKIIISIX PATYBAJIBHUX ILTIOTOK.

[TormpaBku no IlpaBun SOLAS III/19 - ApapiiiHa miAroToBKa Ta HaBYaHHS, Ta
111/20

- OnepaTuBHA FOTOBHICTh, TEXHIYHE OOCIIYyTOBYBAaHHS Ta MEPEBIPKU, CTOCYIOTh-
Csl yMOB IIPOBEJICHHS aBapiiHOT MIJrOTOBKY Ta HaBYaHb, 11010 BUKOPUCTAHHS PATY-
BaJILHUX IIUTIOTIOK, Ta BHOCSTH 3MIHH JI0 OTIEPATUBHUX BUMOT 1 TEXHIYHOTO OOCIY-
TOBYBAaHHS IIOTHKHEBUX Ta MOMICSYHUX MEPEBIPOK, JJISI OOCIYyTOBYBAaHHS CITYyCKO-
BHX IIPHUCTPOIB Ta 00JIaAHAHHS JJII CKUIAHHS i1 HABaHTAXKCHHSIM.

Kowmirter 3 6e3nexkn Ha mopi (KBM) Ha cBoili 82-# cecii, mo BigOymacs 3 29 nu-
cronazaa o 8 rpynans 2006 p., npuiinas nonpaBky ao [Ipasuna 111/19.3.3.4 SOLAS,
11010 TIOJIOKEHb MPO CIYCK PATYBAJIBHUX IUIIONOK BUIBHOIO MAJiHHS 1] 4ac HaB-
YaHb, 1100 3AIUILICHHS Cy/IHA.

[TonpaBka HaOyna unHHOCTI 1 unHs 2008 p. 1 A03BOJIAE TiJ] Yac HaBYaHb 3 3a-
JUIICHHS CyJIHA CITyCKaTH PATYBAJIbHY IUIIONKY a00 BUIBHUM IaJIIHHSIM 31 3HAXO/]I-
KEHHSIM Ha OOpTY TUIbKU HEOOX1JHOTO €KiMaxy, ado CIycKaTH ii y BOJy 3a JOTIOMO-
rOI0 aBapiHOro crocoO0y (3a JOMOMOTrO MOPTAIBHOI NUTIONOATKHA 3 TalsAMH) 0e3
exinmaxxy. Mera mossirae y 3amo0iraHHi HEIIACHUM BHITAJIKaM 13 PITYBAIbHUMHU
IUTIOTIKAMH 111 Yac HaBYaHb 3 €BaKyailii 3 CyJIHa.

Komirer 3 Oe3neku Ha mopi 19 uepBHsa 17 poky npuitHa Hwupkynsp IMO
MSC.1/Circ.1578 «llocibnux 3 6e3neku nio 4ac HA84AaHb I3 3AAUUEHHSL CYOHA 3 BU-
KOPUCMAHHAM DAMYEANbHUX ULTIONOKY.

Merta: He0OX1/THO 3a0€3MEUUTH 3aCTOCYBaHHS Ta JOTPUMAHHS BIAMOBIIHUX MPO-
LeIyp MiJl Yac HaBYaHHS €KiMaxy, 010 eKCIUTyaTallii pATYBaJbHUX IUTFONIOK BlJIb-
HOTO MaJiiHHS Ha OOpTy cynHa [4].

Komirter 3 6e3nekn Ha Mopi Ha 96-i cecii, mo BinOynacs B TpaBHi 2016 poky,
npuitHsaB nornpaBku a0 [Ipasun SOLAS III/3 ta 11I/20 pesomtoniero MSC.404(96),
K1 poOJIATh OOOB'SI3KOBUMH BHMOTH JI0 TE€XHIYHOTO OOCIYrOBYBaHHS, PETEIbHOT
MEepEeBIPKU, EKCIUTyaTallliHUX BUMPOOYBAaHb CIYCKOBUX MPUCTPOIB Ta IMPHUCTPOIB
CKUJIaHHS.

[Tonoxennsi, mo HaOpamu yuHHOCTI 1 ciunga 2020 poky, cmpsiMOBaHI Ha 3a-
nmoOiraHHs aBapisM 3a y4acTO PATYBAIBHUX IUTIOTIOK Ta BBOJSTH €JIMHI CTaHAAPTH,
1010 00CITYyTOBYBaHHSI CITYCKOBHX IPUCTPOIB Ta MPUCTPOIB CKHMIAHHS, a TAKOXK BU-
MOTH JI0 aBTOpH3allii, kBajidikarii Ta ceprudikamii 11 3a0e3nedeHHs] HaIIHHOTO
00CITyroByBaHHS.

[TpuitHATTS MOMPaBOK Ta BUMOT JI0 TEXHIYHOT'O OOCIYyrOBYBaHHS, PETEIBHOI Tie-
PEBIPKH, EKCIUTyaTallliHUX BUIIPOOYBaHb, KaliTaIbHOTO PEMOHTY Ta BIJHOBJICHHS €
KyJbMIHaLI€10 TPUOIU3HO AECITUPIYHOT pOOOTH HAJl UM MTUTAHHSM.

Merta nosnsirae B ToMy, 11100 MOPSIKM MOTJIM OyTH BIIEBHEHI, 11O iXHA Oe3Meka €
MEPHIOPSAHOI0 1 BioOpakeHa B 000B'si3k0BUX BuMorax IMO mo psTyBaibHHX 3a-
co0iB Ta 00JIaTHAHHS, 0 3HAXOASATHCS B iIXHROMY PO3MOpsKeHHi [3].

[Tin wac BukoHanHs Bumor Konseniiii SOLAS -74 ciig BpaxoByBaTH BaXJIHBI
3mian 2024-2025 pokis.
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3rigHo 3 mompaBkamu 10 SOLAS-74, nns cynen BanoBoro MictkicTio 20 000
per. ToH Ta OIbII OOOB'A3KOBa BUMOTA MPOBEACHHS PEANbHOrO CIYCKY BUIBHUM
NaJiHHSAM IUTIONOK 1] YaC HaBYAJIbHUX TPUBOT MOXE 3aMIHIOBATUCH CUMYJISIISIMU
( Simulated Launching ) Ta Bigeo ypokamu Jjisi JABUILIEHHS O€3MEKH eKIMaxy.

Cryck LUTIONOK BUIBHOTO MAJIIHHS Y HABUAJIBHUX IUISIX MPOBOAUTHCS IJIsL Tpe-
HYBaHHS €KIMaxy, ajie, Ha BIAMIHY BiJ IUIIONOK, IO CIIYCKAIOThCA 32 JOMOMOIOIO
NUTIONOANIOK 3 TalsIMU, pealibHe CKUIAHHS IMUIIONOK BUIBHOTO TMAIHHS 3 JIIOABMU
(Free- fall launch) y HaBuaibHUX HiJSIX BUKOHYETHCS PIKO YepPe3 BUCOKHH PU3HK
TpaBM

Cryck HUTIONIOK BUTBHOTO MAAIHHS € OJHHUM 13 HaWOUIbII BiJMOBIAANBHUX elle-
MEHTIB IMATOTOBKH EKIMaXxYy.

Ile BUIOBUIIHUK , ajle MOTEHUINHO HEOE3NMEYHUN NpOLEC, AKUN PEryIroeThCs
MikHapoguumu ctanaapramu SOLAS, LSA Code ta Bumoramu [lupkymnspy IMO
MSC.1/Circ.1578 «IlociOHuKk 3 6€3IeKH Mpu MPOBEACHHI HaBYaHb 100 3aTUIICHHS
CyJHa 3 BUKOPUCTaHHSIM pPATYBAJIbHUX LUIIONOK» (OCTAaHHE KOPUTYBAHHSI TEKCTY
BiOynocs y 2023 porri).

OCHOBHI aCNEKTH HABYAJIBHOI0 CIIYCKY ILIIONOK BiJILHOI0 NAXiHHS

Cnocoou cnycky:

1. BinbHe nmaniHHs (peajibHE CKUAAHHS): MPOBOASATHCS MPOLEIYPH MiATOTOBKU
IUTIONKK 70 CKUJAHHSA, BIIJIAIOTHCS HAMUTOBHU, ONEpPATOpP MPUCTIOAETHCSA, MEPEKO-
HYETbCSI B TOTOBHOCTI €KIMaXxy, BIJJA€TbCA CITYCKOBHI MeXaHi3M (3aMOK -
riApaBiiyHUM a00 MEXaHIYHUWA TPUCTPIN, 110 YTPUMYE HUIIONKY Ha pami 1 3abe3ne-
yye 1l MUTT€EBE 3BUIBHEHHS) 1 NUTIONKA MAJIa€ 3 PAMITH Y BOJTY.

2. HaBuanpHuil CImycK 3a JOMOMOTOI0 MOPTANBbHOI HUTIOMOAIKK (CTPUIH
TAPaBIIYHOTO KpaHa 3 JeO1AKOI0 1 T1POMOTOPOM IS MiAHOMY IUTIONKK Ha 0OpT 1
YIOPAaBIIHHS TPOILIECOM CIYCKY, SIKIIO BIH MPOBOJIUTHCS HE B PEXKUMI BUIHHOTO
najiHHs), TPOIEAYPHU aHAIOTTYHI aBapiifHOMY CITYCKY, IIIJTIONKA OMYCKAEThCS Y BOJY
0e3 BUTBHOTO MaIHHS, 1110 OE3MeYHIIIe IS SKIMaxy.

3. HaBuanbha imiTartis / cumynsiis ( Simulated Launching ) cniycky Ha Bomy 3a
JIOTIOMOTOI0  CITyCKOBUX TPHUCTPOIB, MPEACTABICHUX BUPOOHUKOM MUTIONKH Ta
THCTPYKIIIl 10 TAKUX MPUCTPOIB (ITPOBOIUTHUCS JIUIIIE 31 IUTIOMIKAMU Ta CITyCKOBUMH
IPUCTPOSMHU, TPU3HAYCHUMHU JIJIS IIHOTO).

[Ipouenypa iMITaIIHHOTO CIYCKY BKa3aHa HUXYE.
Toomo ona wawnokK 6iibHO20 NAJIHHA NEPIOOUUHICIb HABUAHL MA MPEHYBCAHD,
32i0n0 3 eumozamu SOLAS — 74 3 nonpasxkamu, mae Oymu:

» pa3 Ha 3 MicsI : IITIONKY HEOOX1JHO MPUBOAUTH Y TOTOBHICTh, EKIMaXK Mae
3aHATH MICIISI, TPUCTEOHYTHUCS Ta MPOUTH MOBHUH 1HCTPYKTaX . CITyCK MPH [IBOMY
MPOBOJUTUMETHCS: IUIIXOM BUIBHOTO TaAiHHS, a00 3a JOMOMOTOI0 MOPTaIbHOI
nutronioanku (secondary means of launching), abo HaByanbHOI iMiTAITIT;

» pa3 Ha 6 MICSINB : NUTFONKA Mae OyTH (aKTHYHO CITyIIeHa Ha Boy. Lle Mmoxe
Oytu a0o mpsiMe BUIbHE MaJliHHA, a00 KOHTPOJILOBAHUH CITYCK 3a JOIIOMOTOIO TOp-
TaJIbHOI MITIOMOATKH, SKIIO 1€ I03BOJISIOTh MICIIEBI ITpaBUjIa YA YMOBH O€3IEKH .
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OcCHOBHI 3araJibHi N0JIOKeHHS 00 0e3NMeKH HABYAJIbHHUX CIIyCKiB HIIIONOK
Bukiaaeni B Jlonarky MSC.1/Circ.1578 (Tekcr 2023) [4]

Mopsiku MOBUHHI OyTH 3HaOMI 3 pATYBAIBHUMHU 3aco0aMu Ha OOPTY CBOIX Cy-
7ieH 1 Oyu BIIeBHEH1 y iXHIM Oe3mer Ta HalHOCTI Yy Haa3BUYalHii cutyarii. s
JOCSITHEHHS I11€1 METH TTOTPIOH1 NepioAMYHI HaBYaHHS Ha OOPTY Cy/IHA.

Meta HaB4YaHb Ta TPEHYBaHb — PO3BUTOK BIAMOBIIHMX KOMIETEHIINH EKIMaxy,
AK1 320e3meuyloTh e()eKTUBHE Ta Oe3MedHe BUKOPHUCTAHHS OOJagHAHHS, SKE BUMa-
raetbes Konsentiiero SOLAS 1974 poky 3 monpaBkamu.

HaBuanHs 3 eBakyarlii 3 cyJgHa TOBHHHI IUTAHYBAaTHCh, OPTaHi30BYBAaTHCh Ta
MPOBOAMTUCH BIAMOBITHO JO BIAMOBITHUX BUMOT JI0 OXOPOHHU Ipalll Ta TEXHIKU
Oe3reku Ha 0OpTy CyJIHA, 00 3BECTH 10 MIHIMyMY BUSIBJIEHI PU3UKH.

TpeHyBaHHS JalOTh MOXJIMBICTh MEPEBIPUTH CIPABHICTh PATYBAJbHUX 3aC00iB,
a TaKOX HASIBHICTh CYIYTHHOTO 00JIaIHAHHS HA MICIll, y CIPAaBHOMY CTaHIi Ta TOTOB-
HOCTI /10 BUKOPUCTAHHSI.

[lepen mpoBeneHHSIM HaBYaHb HEOOXIJIHO TEPEKOHATUCS, IO pPATYBaJIbHA
IUTIOTNKA Ta 11 001aiHaHHs 1epedyBalOTh Yy CIIPaBHOMY CTaHI BIJIMOBITHO 110 MOCIO-
HUKIB 3 TEXHIYHOTO OOCIIYyTOBYBaHHsI CyJHA Ta OyAb-SKOi CyMyTHbOI TEXHIYHOI J0-
KyYMEHTaIlli, a TaKO>X BXKUTH BCIX HEOOXITHHMX 3amoOiKHMX 3axoiiB. IIpo Oynb-ski
HEIITaTHI CUTYyaIlli, MOB'A3aH1 31 3HOCOM YU KOPO3I€I0, CIIIJI HETAHO MOBIIOMIISATH
BIIMOBIJAIBLHOTO Odiliepa.

Yum Buma kBamidikalis WICHIB eKimaxy, TUM IIBUIIIE MalOTh BUKOHYBAaTHUCS
mi.

VYci HaBYaHHS TOBUMHHI OyTH NMPOBEEH] 13 3a0€3NeYeHHsIM iXHbO1 0€3MEKH B YCIX
BIIHOIIEHHSX. EleMeHTH HaBYaHb, sIKI MOXKYTh OYTH MOB'sI3aH1 3 HEMOTPIOHUMH pU-
3UKaMH, BUMararoTh 0COOJMBOI yBaru a00 MOKyTh OyTH BUKJIFOYEH] 3 HABYAHb.

I1ix yac miArOTOBKH IO HABYaHb BIAMOBIIAIbH1 OCOOM MOBHHHI O3HAMOMUTHCS 3
THCTPYKITIEIO 3 eKCIUTyaTallii, HaJJ]aHOI0 BUPOOHUKOM IUTIONKU Ta MPUCTPOIB CIYCKY
a00 CKuJaHHS, 10 HEOOXIAHO JIJIs MPABUIBHOTO IJIAHYBAaHHS Ta MPOBEJCHHS HaB-
YaHHS Y¥ TPEHYBaHHS.

BianoBiganpHi 3a MpOBENCHHS HaBYaHb IMOBUHHI TEPEKOHATHCS, IO CKIMaxK
O3HalOMJIEHHH 13 BKa3iBKaMH, SIKI MICTATbCSA B 1HCTPYKIISAX 3 €KCIUTyaTalii pATy-
BaJIbHOTO OO HAHHS.

Ypoxku, BUKJIaJICH] i 4ac HaBYaHb, MatOTh OyTH 3aJIOKyMEHTOBAaHI Ta BKJIFOUYEHI1
710 TIOJIAJILIIIMX OOTOBOPEHB HA OOPTY CyIHA.

Cryck LUTIONKH 3 yCIM eKiMakeM MO>Ke OyTH MOB'sI3aHUM 13 HEBUIIPaBAaHUM PH-
3UKOM. IX cIi MPOBOJAUTH JIMIIIE 32 JOTPUMAHHS OCOOJIMBUX 3aMO01KHUX 3aXO0/I1B.

[Ipu npoBeneHHI HaBYaHb CiIiA nam'satatu, mo 3 1 ciuns 2026 poky HaOpaB YuH-
HOCTI MakKeT MONpaBoK A0 MIKHApPOJIHOTO KOJEKCY 3 pATYBaJIbHUX 3ac00iB - LSA-
code (pesomomnii MSC.535(107) i MSC.554(108)), ne:

v/ MiJABHMIIYIOTECS BMMOTM JO 3alO0IiraHHs BHIIAJAKOBOMY DPO3'€IHAHHIO
KPIOKIB CUCTEMH M1JBICY LUTIOMNOK JI0 Taje miJ yac migiioMy Ha GopT;

v YTOUYHSIOTHCS BHMOTH JIO IPHCTPOIB OAHOTOYKOBOI CHCTEMH IIJBICY, sIKa
BUKOPUCTOBYETHCS JIJII CIYCKy Ta MITHOMY YEproBUX ILIIONOK Ta PSITYBAJIBHHUX
ILJIOTIB,;
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v’ BBOIATHCS BUMOTW IIOJO PO3PaxyHKy HIBHAKOCTI CIYCKY DSATYBAlIbHHX
3ac00iB 3 BHUKOPUCTAHHSM Tajled Ta JIeO1I0K, MNpH I[bOMY BKa3Y€ThCS, IO
MaKCHMaJlbHa IIBUJIKICTh CITYCKY HE MTOBHUHHA NepeBulyBaTu 1,3 m/c.

[{i HOpMH 3aCTOCOBYIOTHCS JI0 PATYBAJIBHUX ILTIONOK, YEPTOBUX ILIIONOK Ta PATY-
BaJIbHUX ILJIOTIB, BCTAHOBJICHUX Ha cyaHax micis 1 ciuns 2026 poky.

[Ipouienypu mpoBeeHHs O€3MEeUHUX TPEHYBaHb MalOTh OYTH BKJIFOUEHI JO CUCTEMU
ynpasiiHHs 0e3nekoro (CYB) cyqHomaBHIX KOMITaHii.

Pamyeanvni winonku, wio Cnyckaromovcs 3a 00nOMo2010 uWiiiondanok ma maiei

[lepconan, sikuii BUKOHYE POOOTH 3 TEXHIYHOTO OOCIYrOBYBaHHS Ta PEMOHTY
PATYBAJIBHUX LIUTIONOK, TOBUHEH MATH BIAOBIIHY KBaTi(iKaliio.

[Tpu mpoBeneHHI TPEHYBaHb 3a YYaCTIO JIIO/CH Ha OOpPTYy PATYBAIBHOI HMUTIOTKU
PEKOMEHYEThCS CIOYATKYy CIYCTUTH Ta MIJAHATH LUIIONKY 0e3 Jirofed Ha OopTy,
00 MEepPEeKOHATUCS Yy TIPABUIBHOCTI pOOOTHU CUCTEMH. Y IIbOMY BHUIAJKY ILTIONKY
CJIJI CITYCTUTH y BOJY TUJIBKH 3 TI€IO KUIBKICTIO JIFOJCH, sika MOTpiOHA JJIs 1i eKCILTy-
aTari.

[Io6 3amoOirTu 3aruTyTyBaHHIO KPIMUIBHUX €JIEMEHTIB a00 3aTHCKadiB, Mepes
BHUCYBaHHSIM IILTIONOATKHA HEOOX1THO MEPEBIPUTH MTPABUIIBHICTD (DiKcaIllii.

3azaibHi RO0HCEHHA U000 IMIMAUITIHOZ0 CRYCKY PAMYBATbHUX WIIONOK GL1b-
HO020 NAOIHHA N0 YacC HAGUAHD

[I{oMicsiuHI TpeHYBaHHS 3 BUKOPUCTAHHSAM PATYBAIbHMX HUIIONOK BIJIBHOTO
MaJIHHS MOBUHHI MPOBOJUTHUCH BIAMOBIIHO J0 IHCTPYKLIA BUPOOHHUKA, SIK PABUIIO,
M1 4YaC HaBYAHb 11010 3AJIMIIECHHS CYyJIHA.

Merta: HaBYaHHS €KINa)Xy MPaBUIBHOI MOCAJIKH B LUIIONKY, TPaBUILHOMY 3aii-
HATTIO CBOIX MICIb Ta BUKOPUCTAHHIO PEMEHIB O€3MEKHU, a TaKOXK JAaTH 3HAHHS MPO
1 1111 9ac CIyCKY Ha BOJY.

Cryck pATYyBajIbHOI IUTIONKHM BUIBHOTO MaJlIHHA B paMKaxX HaBYaHb Mae€ MPOBO-
JTUTUCS 3 MIHIMQJIBHOIO KUIBKICTIO TEPCOHATY, HEOOXIIHOK MJisi MaHEBpYBaHHS
IIUTFOITKOFO Ha BOJII Ta il miaioMmy.

Onmnepariist 3 miaAOMy MOBUHHA TTPOBOJUTHUCS 3 OCOOJIMBOIO PETENIBHICTIO 3 OTJISI-
Iy Ha BUCOKHI piBEHb PU3UKY LIi€1 omepariii.

ImiTamist cmycky Ha BOJY, LIO NMPOBOJUTHCS I Yac HaBYaHb BIAMOBITHO JI0
[TpaBwna 11I/19 Kouseniii SOLAS, € HaB4aHHSAM €KIMaXy MPOIEAYpl BIILHOTO
NaJiHHs [UTIONKU 0€3 BKJIIOYEHHS MEXaHI3MY CIYCKYy, MPU LBOMY 3aBXKIW CIif
3BEPTATHUCS 10 1HCTPYKI[li BUPOOHUKA PATYBAIBHOI IITIONKHU 3 YpaxXyBaHHSAM PEKO-
MeHJ1a1lii, BukiaieHux y [lociOHuKy.

ImiTanis cnycky Ha BOAY MOBUHHA MPOBOJUTHUCA TIIBKU 31 HUIIOIKAMU Ta CITyC-
KOBUMH TPUCTPOSMH, PU3HAYCHUMH IS 1[HOTO, Ta JAJISl SIKWX BHPOOHUK HaJaB iH-
CTPYKLII.

VYci ydyacHUKHM TOBHHHI OyTH O3HAMOMJIEH1 3 1HCTPYKIIISIMH BUPOOHUKA Ta TO-
PSAKOM CHpallbOBYBaHHsS MEXaHI3MY CKUAAHHA. [[1s1 o3HallOMIICHHS Ta MPOBEICHHS
TPEHYBaHb MOKYTh BUKOPHUCTOBYBAaTUCh OCIOHUKH, TUTAKATH Ta BIJIEO YPOKH.
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ImiTaris crycky Ha BOJy TOBHHHA MPOBOJAMTHCS ITiI HATJISIIOM BiITOBIIATBHOT
ocobu, sixka Mae OyTH odilepom, KUl Mae JOCBI y MOAIOHUX Tporeaypax, Ta 6e3
(h13UYHOTO CIIpallbOBYBaHHS CUCTEMHU BUIBHOTO MaiHHS.

Ilepesipka cucmem CKUOAHHA NOBUHHA NPOBOOUMUCH OKPEMO 8i0 MpPeHy8aHb 3
iMimayii cnycky Ha 600y ma He nPo8OOUMUCH NIO YAC HUX.

Ilposedennn naguanv — munosa Nocii0osHicms iMimauii cCnycKy WIIONKU
einvro2o nadinua (Ilpaeuno SOLAS 111/19)

1. IlepeBipTe 0bMaAHAHHA Ta JOKYMEHTAIIIIO, 100 MEPEKOHATHUCS, 0 BCl KOM-
MMOHEHTH PATYBAIBHOI MUTIOMKKU Ta CITyCKOBOTO MPUCTPOIO 3HAXOATHCS y CIIPABHO-
My CTaHi.

2. [lepekoHaiiTecs, MO BeCh MEPCOHANI, SKWWA Oepe y4acTh y HaBUaHHSX,
03HAaHOMJICHH 3 THCTPYKIIISIMU 3 €KCIUTyaTallli, JJakaTaMy Ta BIJIE0 YPOKaMHU.

3. [lepekonaiitecs, MO YTPUMYIOUUI MPUCTPi, HAZAaHUN BUPOOHUKOM JIJIst
iMiTalii CIycKy BCTAHOBJIEHHWH Ta HaAIMHO 3aKpIIJICHUH, a MEXaHi3M BUIBHOTO
TMaJIIHHS TTOBHICTIO Ta IPaBUJIbHO 3aTISTHUM.

4. BcTaHOBUTH Ta MIATPUMYBATH €(PEKTUBHY KOMYHIKAIIII0O MK MTPU3HAYEHOIO
OTEPaTUBHOIO TPYIIOI0 Ta BiJIMOBIIAIEHOK 0CO0O0TO.

5. Big'ennaiite eneMeHTH KpIIUICHHS, 3aTHCKayl TOINO, BCTAHOBJICHI JJIs 3a-
KPIIJICHHSI PATYBAJIBHOI NUTIONKK TEpe/l BUXOJAOM Y Mope ado /i TEXHIYHOTO 00-
CIIyTOBYBaHHS, 32 BUHSTKOM THX, SIKI HEOOX1H1 /Il iMITallil BUTLHOTO MaiHHS.

6. YuacHUKH eKimaxky MiJHIMAIOThCA Ha OOPT PATYBAJIBHOI HUTIONKH Ta TPHU-
CTi0al0Th peMeH1 Oe3MeKH i HATJII0M BiAMOBIAaTIbHOT OCOOHU.

7. Bech exinax 3ajuliae paTyBaIbHY ILTIONKY.

8. [ToBepHITH pATYBaJIbHY IITIONKY y CTaH Mo-noxigHomy. [lepexonaiirecs, mo
pATYBabHA IIITIONKA TTOBEPHEHA Y HOPMaJIbHUHN CTaH.

9. Budanimo 6ci ympumyioui ma/abo psamy8anvii Npucmpoi, UKOPUCMAHI Ju-
ute 05 imimayii npoyeoypu cnycky Ha 800).

Bucnoeku:

1. VY crarTti HaBeneHo KopoTkui aHani3 Bumor SOLAS-74 3 monmpaBkaMu
710 CTPOKIB IPOBEJCHHS HaBYaHb Ta TPEHYBaHb, 100 BUKOPUCTAHHS KOJIEKTUBHUX
PATYBAJIBHUX 3aC001B y cUTYyalli "3a1UIINTH CYAHO" .

2. CrarucTtuka aBapiiHUX MOpPCBHKMX MOJIM MOKa3zye, IO IHIMACHTH 3i
pATYBaIbHUMHM LUIIONKAMM Ha CyJHaX Haiuyacrime BiIOyBalOThbCS MiJ 4ac
TPeHyBaHb €KiMaxXy MpU CIyCKaxX NUIIONOK Ha BOMy Ta iX migiiomax Ha Gopt. Y
CTaTTI HaBEJECHO OCHOBHI MPUYMHU TaKUX 1HITUICHTIB.

3. Y crarTi mpoaHaNi30BaHO BUMOTH OCHOBHHX 3arajlbHUX TIOJIOKCHb
moa0 Oe3leKkr HaBUalbHHX CITyCKiB MUIIONOK, BHUKIageHHX y J[lomatky
MSC.1/Circ.1578 (tekct 2023).

4, VY crarTi mpeacraBlieH] 3arajibHi ITOJOKECHHS IMOAO IMITAIiitHOTO
CIYCKY pATYBAJbHUX MUIIONOK BUIBHOIO MAaJIHHS MiJl Yac HaB4yaHb, Ta THUIOBA
MOCIIJOBHICTD IMITAIlli CIYCKY TaKUX HITIOMOK.
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CIIUCOK BUKOPUCTAHOI JIITEPATYPU

1. MixHapogHa KOHBEHIIIS 3 OXOPOHHU JIFOJACHKOTO KUTTS Ha Mopi 1974p. (SOLAS-
74) 3 monpaskamu, riasa Il « PatyBansHi 3acobu Ta mpuctpoi » [Ipasuiio 19 /
International Konsenmis for the Safety of Life at Sea , 1974 MinictepcTBo
iH(dpacTpykTypu YKpainu : Be6-caiit. URL:
https://docs.google.com/viewer?embedded=true&url=https://mtu.gov.ua/files/%D0
%86M0%20act%208%2007%2018.docx

2. Guidelines on safety during abandon ship drills using lifeboats / Kepisni npun-
AT OE3TEeKH T/ Yac HaBYaHb 3 3AIMIICHHS CY/ICH 3 BUKOPUCTAHHSAM PATYBATBHUX
nuTionok. https://insb.gr/technicalnotice/imo-msc-1-circ-1578-guidelines-on-safety-
during-abandon-ship-drills-using-lifeboats/

3. Prevention of accidents involving lifeboats / 3ano6iranus aBapisim 3a ygacTio
PATYBAIBHUX IILTIOTIOK.
https://www.imo.org/en/ourwork/safety/pages/preventionofaccidentsinvolvinglifebo
ats-default.aspx

4. Hupkynsp IMO MSC .1/ Circ .1578 «IlociOHuk 3 6e3IeKH i yac MpOBEICHHS
HaBYaHb 13 3IMIICHHS CyJTHA 3 BUKOPUCTAHHIM PSTYBaJIbHUX MUTFOTIOK» (IPUIAHSITO
19 yepBHs 17 poky, Tekct 2023 poky). https :// rise . odessa . ua / texts / MSC 1_
Circ 1578. php 3/
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YK 656.61

MawmkiueB M.A.
Hamionanpauit yHiBepcutet « Oecbka MOPChbKa aKkaJieMis »

3arajibHi NPUHIMUIIM CIIYCKY HA BOAY PATYBAJIbHOI HLIIONKH BUIBHOTO NMaAiHHA
(Free-Fall Lifeboat)

Beryn. Crattsi omucye 3arajibHy MTPOLEAYpPY CIYCKY PATYBaIbHOI MUTIONKH
ButbHOTO mamiaas (Free-Fall Lifeboat) y cutyamii "3amummT cyaHO" Ta BCTaHOB-
JICHHSI IIUTIOTIKYA B TIOJIOKEHHS "TT0-TIoX1JHOMY".

CryckoBHi TPUCTPIid, CIIYCK Ha BOAY Ta MiANOM Ha OOpPT pATYBaJIbHOT HUTIONKH
BUIBHOTO TAaJiHHS OIHMCAaHI 3 ypaxXyBaHHSM 3arajbHUX HPHUHIMIIB POOOTH Me-
XaHI3MIB Ta JIIA eKIMaxy.

[li mii BkItOYarOTh 301p, MIATOTOBKY JO CIYCKY, MOCAJKy Ta Omeparii micis
CITyCKY.

AKTYaJbHICTh TeMH. 3IUILICHHS CyJHA €KIMaKEM 3a €KCTPEHOI HEOOX1THOCTI
JOCUTH CKIIQJHE 3aBJaHHS I eKilaxy, a TUM OUIbIIe JJi1 He HaBUEHOI JIIOAUHU. Y
CTaTT1 3pO0JIEHO Cpo0y MOKAa3aTH OCHOBHI MPUHLMIIM /1M eKilaxy B CHTYyalli «3a-
JUIINATH CYTHOY» 32 JOMOMOTOI0 IUTIONKHU BUTBHOTO MAAiHHS.

IHocTanoBka 3agaui. [IpoBecTy KOPOTKUI aHaI3 3araibHUX NPOLEIYpP CIIYCKY
psaTyBanbHOI nuTtonky BiibHOTO majinas (Free-Fall Lifeboat) y cutyamii "3anummru
CyIHO" Ta BCTAaHOBJICHHS IUIIONKH B MOJOKECHHS "TO-TIOXITHOMY".

[TokazaTn HEOOXITHICT, BHBYEHHS IHCTPYKIIA 3 eKCIUlyaTallli psATyBajJbHOI
IUTIOTIKY, cierudivHOl AJIS KOKHOTO CyIHA, OCKUTBKK OOJaJaHaHHS Ta MPOUEAYpPHU
Tt MOKYTh OYTH PI3HUMH Ha PI3HUX CyJIax.

BukJiiax oCHOBHOro MmarepiaJy.

IlInronkoeuil cnyckosuit npucmpiil 3a3euuail CKJa1ao0acmuvc 3:

— pama - oXuJjia KOHCTPYKIIiS 3 POJMKAMU Ha SIKI BCTAHOBJIFOETHCS IUTIOMKA 1

SAKUMHU BOHA KOB3a€ MPHU CITYCKY;

— CITyCKOBOI'O ME€XaHi3My (3aMOK — TiIpaBiIiyHUi a0 MeXaHIYHUI MPUCTPIH,

10 YTPUMYE IUTIONKY HA paMi 1 3a0e31euye MOMEHTaJIbHE 3BUIbHEHHS);

— MOPTAJbHOT HUTIONOANKK (CTPUIM TIAPABIIYHOTO KpaHa) 3 JeOiIKOI Ta

T1pOMOTOPOM (11 TAHOMY IUTFONIKY Ha OOPT Ta YNPaBIiHHS MPOIECOM CITyC-

KY, SIKIIIO BiH TIPOBOJIUTHCS HE B PEKMMI BUIBHOTO TIA1HH);

— KUIBOJIOKH (€JIEMEHTH, 110 (DIKCYIOTh HUTIONKY Y MOX1THOMY MOJIOKEHHI;

— TIAPaBIIYHUX CHUCTEM (JIO3BOJISIIOTH KEpyBaTH CITyCKOM 3aBaHTaXKEHOT

UTIOTIKH );

— TIOCTy YMNpPaBIiHHA (JIO3BOJISiE TMPUBOAUTH MEXaHI3M y JiI0 3CepeuHU

IUTIOTIKU a00 3 manyou) [2].

[nronka Ha cyaHl "MO-MOXIIHOMY'" BCTAHOBJIIOETHCS, CIUPAIOYUCh MPUBAJIb-
HUM OpYCOM Ha POJIMKH, K1 pO3TalllOBaHl Ha HAMPSAMHUX MOXWIii 6ammi (puc.l).
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Bio ckouysanusa it ympumyroms 06a He3aneHCHI MEXAHIZMU (COnopu):

1. mexanizm 3axonnenna B KOPMOBIM YacCTHHI IUIIONKH TMEpPEed  BXOAOM,
CKJIQJIAEThCSl 3 HAWTOBUX (CTPOIM), SIKI 3'€JHYIOThCS IJIAroib-TaKoM,
CTATYIOTBCSI TaJpPEroM, BXOISATh Y 3ayill 3 €JEeMEHTAMU IUIIONKU Ta
nutronoanku. Tanmpen 103Bojsie OOTSITHYTH HAKMTIB, a JII€CIOBO-TaK IIBHIKO
3BUIBHUTH IIUTIONKY BiJl 3aXOIJICHb;

2. npucmpin ympumyeaHHs — KPOHIITEHH 13 T1paBIidHUM TOPIIHEM Y KOPMI

JTHUIIA MITIONKY Ta KPOHINTEHH Ha paMi. BOHM BXOIATH y 3a4eTICHHS OJIUH 3 OTHUM
MIPY BCTAHOBJICHHI IITIONKH TO-TTOX1THOMY.

e /7 Puc. 1. lmronka BiIbHOTO HamiHHS HA
MTATHOMY  MICII B  TIOJIOKCHHI  «I10-
MOX1THOMY»: @) 8u0 i3 60Ky: 1 — winronbanka,
2 - nonapi wimronmanet, 3 - nebioka; 4 - pa-
1 ma; 5 — eiopasniunutl yuninop,; 6 - naumos, 7
.71 i - niosicu, 8 — 010K 2i0pasniKU 3 PYUKO Ke-
PVBAHHSL.
: 0) 6uo 3sepxy: 1 — mpasepcu,; 2 — winron-
- Koeull Haumie; 3 — niogicka, 4 — Haumig, 5 —

pyuka xepysans, 6 — 610k 2iopasnixku

= ,

Puc. 2. MexaHi3M 3axOIJICHHS Ta
NPUCTPIA YTPUMaHHS IITIOMKOBOTO CITyC-
KOBOTO TIPHCTPOIO TIUTIOTIOK  BiTBHOTO
najgiHus: A — mexauizm 3axonnenus @ 1 —
Haumis 3 21a2o1b-2akom ma manpenom, b -
npucmpii ympumyeanus : 2 - 2iopasiiuHull nopuieHv, 3 — KPOHUWMEUH WIONKu, 4-
KPOHWMeUH pamu

Jlna eiooaui mexanizmy 3axonneHHs HEOOXITHO 3a JIONMOMOTOIO Tajperny Io-
c1a0UTH HAWTOB Ta PO3'€THATH WOTO 3a JOIMIOMOTOIO IJIarojb-raka.

Jlna eiooaui npucmporo ympumyeanHsa: T1NPaBITIYHUN TOPIIEHb, IO MPHUBO-
JTUTHCS B 110 TiIpaBIiYHUM HACOCOM, MiJHIMAa€ KOPMH IILTIOIKHA 1 BUBOJUTH KPOH-
HITEIHY 13 3aueryieHHs (YIpaBiHHA y CTapUIOro Ha ILTIOMNI B pyO1i).

[Ipn Biggadi CTOMOPIB NUIIONKKA BOHA PO3TAHSETHCS IiJ CBOEK Barorw IO
HaIMpsIMHUX MOXWIIM paMu (Ha HUX POJUKH), BXOJUTH y BOJY 1 BHpUHA€e Ha Oe3-
TIeYHIM BiJICTaH1 B cyaHa [2,3,4].

IIpouenypu miAroToBKM 0 CIHYCKY Ta CHYCKY Ha BOAY HLIIONKH METOAOM
BiJILHOTO MaiHHA.

Puc. 4. IlinroToBKH 110 CITyCKY

1. [Ipu orosomieHH1 MITIOMKOBOI TPUBOTH:
HAJSTTH TeTUTAN OJIAT 1 TpUOYTH MICIIE TTOCAIKH
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2. PsaTyBanbH1 KuJeTH B3ATH 13 COOOI0, ajge HE BIATATH iX N0 CITYCKY
IUTIONKA Ha Bomy. llopyiieHHS IBOrO TpaBHiia MOXKE MPHU3BECTH /IO CEPHO3HUX
TpaBM ab0 CMEpTI ITiJ1 Yac CITyCKY.

3. IlepeBipuTH BIJICYTHICTh IEPEIIKOJ Ha
HUIAXY CKUJAHHS UTIOTKH.

4. Binnatn HaWTOB (MEXaHI3My 3aXOILICH-
Hs) (1) 3rimHO 3 IHCTPYKINIEH 3 EKCITyararii
IUTIOTIKU HA BallIOMY CyIHA.

5. Big'ennaty enekTpompoBiT 3apsaIKH aKy-
MYJISITOPIB ILTIONKH BiJl KHUBICHHS CyHA (2).

6. BxirounTn nmonady moBitps 3 6anoHa
(ycepenuHi ILTIOTKY).

: 7. 3aKkpimiTh yci BUTbHI IPEAMETH.

8. IlepeBiputn, mo6 kmanax ocymeHHs (drain valve) Oymno 3akputo (ycepeauHi
IIUTFOTIKH ).

9. Crapmuii NUTIONIKY Ci/1a€ B IITIONKY OCTaHHIM 1 3aKpUBAE JIIOK 3CEPEINHHU.

10. 3akputh HOCOBHI JIOK Ta BeHTWIALIMHUN oTBIp (3). IlepeBiputH Bel 1HII
3aKPUTTS IUTIONKH BIAMOBIAHO JI0 MOCIOHMKA 3 €KCIUTyaTallii IUTIOTKH.

11. Crapmuit Ha nuTrONII (3a3BUYail KarmiTaH ado XTOCh 13 TOMIYHUKIB KaIliTa-
Ha) MPOBOJUTH MEPEBIPKY TOTOBHOCTI IUTIONKU JI0 CITyCKY Ha Boay [IpoBoauTh me-
PEBIPKY €KINaxy Ta MEePEKOHYETHCS, 10 BC1 UJIEHU EKINaxy CUASTH y Kpiciax, Mpu-
CcTeOHyNMU yB'A3HEH1 pemeHi Ta 3adikcyBanu ronoBu. Ilicis mporo cimae B KaOiHY
yrIpaBiiHHS 1 Pikcye cebe B KpIiCii 3TiHO 3 THCTPYKIi€. UneHn ekinaxy MoBUHHI
TPUMATHUCS 3a TIOPYYHi, PO3TAIIOBAaHI HA TUJIbHIN CTOPOHI CUiHb, 110 CTOSITh MOTIE-
peny.

12. Crapmuii 3amyckae IBUTYH Ha HEWUTpaslbHIA Tmiepenadi (SAKmo 1e
nependayeHo IHCTPYKIIIED BUPOOHHKA Tepe]] criyckoM). JJis BUMaaKy SIKIIO JHOIUHA
HE TMIArOTOBJIEHA, TO HEOOXIJIHO BUKOHYBaTH MPOLEAYypHU 3allyCKy JABWUTYHA 3a
THCTPYKIII€IO, SIKa BKa3aHa Ha OOPTOBIii nepepoOiii KabiHKU yIpaBIiHHS.

13.  Jlnd Bigmadi NpucTpoOrO YTPUMaHHS NUTFONKHA CTAPIITHI:

v/ BHUTATYE 3alI001KHY YeKy, sIKa CTPaxye PydKy BiJTOKpEMIICHHS,

v/ pyxae pydKy BiJIiJIeHHs Bropy i BHH3 (3aBXIH 10 YIIOPY) KijbKa pasiB
(3riAHO 3 THCTPYKINEIO 3 eKCIUTyaTarlii) i Toro, mob po3'emHatu (BiamaTu) Mpu-
CTpi¥l yTpUMYyBaHHS IUTIONKU. Bigmada mpuCcTpor YyTpUMYBaHHS ILTIONKH JTO3BOJISIE
IUTIOTIKY CITYCKAaTH Ha BOAY BUTLHUM TMAIHHAM (CKHUIAHHSIM).

o

1\
1\ Puc. 5. Cucrema pos'enHanHs: a — 207106-
\

g - HUti Hacoc, O — aeapitHuii Hacoc, ¢ -
1 5 6— y 2i0pasiyHUull nopuiensb, 0 - NPUCMPIL YMpu-
N s c\ MAHHSL.

Po3'eonanna: 1. 3axkpumu 2eunmosuii
knanan (1). 2. 3anycmimo ciopasniunuii nacoc (2).
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[Tpubnu3no micas 20 TakTiB OPUCTPIN yTPUMYE, 1 IILUTIONKA Oy/ie BiJIbHA.

Ilepeo nosepnennam wiilonKu HA CHyCcKogy niaamgopmy 2iopasniyHuii nop-
UieHb NOBUHEH Oymu nepesedeHull y 6UXIOHE NOSIOHCEHHS .

[Ticnst mpUBOHEHHS IIUTIOIIKA Ma€ HEralHO BIJIIMTH BiJ OOPTY CyJIHA.

SKIo crmycKk MEeTOAOM BUIBHOTO MAJIHHS HE MOXKJIMBUN depe3 Oyb-sKl MPUYU-
HU, TO € MOKJIUBICTh CITyCTUTH IUTIONKY 32 JIOMOMOTOIO IITIONTAJIEH Ta T1ApaBIiKu
(puc. 6).

Konun HeMoXnuBH CIyCK BUIBHUM TMAIIHHAM 3aCTOCOBYETHCS CIIYCK Ha
NUTIONTAISIX (aBapiiHUMN CITYCK).

Taki yMOBH MOXYTh BUHUKHYTHU MpPH BUXOAl 3 JIaJy CHUCTEMH BiIHHOTO
nagiHHg a00 Ha MUTKOBOJ/II, 32 HASBHOCTI TUTABAIOYUX ITiJT OOPTOM MIpeaMeTIB (i,
110 ONMMUHUBCS 3a O0pTOM, BaHTax) [1,2,3,4].

Cnyck HUTIONKH BiJIbHOTO NAJAIHHSA HA NUIIONTAJSAX 32 10IIOMOI 010
rigpasJiiku (aBapiiiHMi CIIyCK)

Puc. 6. OcHOBHI Aii IpU CIyCKY
y BOJly LLTIONKH BIIBHOTO TAIIHHS 3a
JIOIIOMOTI 00 LUTIONTaIEN Ta
T1ApaBIIKH:
1. Ilio'eonamu nonap wnonbaiku 0o
CMponis niosicy.
2. llionimamu wnronbanxy, 0oku mpo-
CU He HAMASHYMbCS ) 6EPMUKATIbHOMY
NOJIOJICEHHI.
3. 3sinbHumu Haumosi (cmpon, ujo
CMsL2Y€ 3aXONNEHHSL).
4. llacascupam psamysanvbHOl WIONKU
3auHamu ceoi micys ma npucmeoOHymu
npue'si3Hi pemeHi.
5. 3anycmumu 2iopaseniuny cucmemy
po3'eonamms.
6. Busanumu wnronoanky sa 6opm,
RICIA 4020 NPOBOOUMBCS CNYCK WM~

KU HA 800Y.

Ilpuknao ynpaeninua wnlonmanamu ma 2i0paeiikow npu asapisiHomy
cnycky (puc. 7,8):

1. Oneparop MpPOBOAMTH MEPEBIPKY, MO0 MEPEKOHATHUCS, IO CIIYCK Ha BOAY
HirOTOBJICHUI KOPEKTHO, 3T1THO 3 THCTPYKILEIO.

2. IlepeBipuTH 1 MepeKOHATUCS, IO CUJIOBUI KaOesb (KaOemb KUBJICHHS) TIPO-
BEJICHUI BCEpEINHY ILTIONKH.

3. IloBepHYyTH pYyYKy OCHOBHOIO >KHUBJICHHSI B MOJOXeHHS «ON» (cnanaxHe
JAMITOYKa), HATUCHYTH KHOIIKY BKJIFOUeHHs «ON» (3er1eHa).

4. 3a 1ONOMOTOI0 PYYKH yNPaBIiHHS OMYCTUTH TpaBepcy. OnepyBaTu pyyKoro
yHOpaBIiHHSA HEOOX1IHO 3TIAHO 3 IHCTPYKIIEIO 3 eKCIUTyaTallil IUTIONKU Ha BaIIOMY
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CyIH1. SIKII0 HAITOB 3 TAKOM TMOBHICTIO OCNa0le, CIiJ 3yTUHUTH OITyCKaHHS AJis TO-
ro, oo BiAAaTH MiABICKY [2,3].
5. O36poiTu cTaneBuil CTpon JUIsl 3'€IHaHHS IUTIONKH 3 M1/IBICKOIO.

gt Puc. 7. Enementu kepyBaHHs cry-

CKOM IUIIONKHU 3a JIOOMOTO0 T1/IpaB-
aiku (aBapiiHUM cmyck): 1 — enexm-
pomomop; 2 — pyuKka YnpaeiHus ieoi-
OKO010 NiOUOMY/cnycKy; 3 — pyuka yn-
PAGNIHHA  3MIHOIO 6UNbLOM) KOHCOJIL
wmonoanku (82opy — 6Hu3, cebe — 8io
cebe); 4 - macnonpuilmay, 5 — cmap-
mep,; 6 — OJIOK HCUBNEHHS MA CUNOBULL
Kabenv, 7 — OpeHad)CHutl omsip (8Kio-
YeHO/8UMKHEHO); 8 — pyuKa OCHOBHO20
JHCUBIEHHS (BKIIOUEHO ./ BUMKHEHO) | 9
— aamnouka,; 10 - KHOnKa 6KIHOUEeHHs.
(3enena); 11 — kHonka uMKHeHHs (Ye-
peona); 12 — manomemp

7~

6. 3a 1OMOMOTOI0 PYYKH yHPABIIHHA MEPEMICTUTH KOHCOJI MLTIONOAIKH B TO-
JOKEHHs U1 migioMy numronku. Iligiiom (omyckaHHS) MiABICKM CTBOPIOE YMOBY,
NpH SAKIMA cTajneBUl CTPON ISl MIJABIIIYBAHHA IUTIONKK Oyjae 30ajaHCOBaHUM MpU-
KJIaJIEHUM HAaBAHTAKEHHAM (Oy/ie HAOUTUH NPUKIIAJCHUM HaBAaHTAKEHHSIM).

7. YneHu ekinaxy 3aiiMaroTh MICLISI B IIIJTIONLII Ye€pe3 KOPMOBUH JIIOK.

8. Omneparop cifae B IUTIONKY OCTaHHIM 1 3aKpUBAE JIIOK 3CEPEAUHHU.

9. Oneparop mepeBipse, MO0 YK BCl YWICHH €KIMaXKy 3aKpiluiIv Ha coOl IpH-
B'sI3H1 PEMEHI.

10. Onepatop cifae B kaOiHy yIpaBiaiHHS 1 TpUCTiOAa€ MPUB'I3HUI PEMiHb.

11. OnepaTop BUTATAE 3aMIOO1KHY YEKY, KA CTPAXY€E PYUKY BIIOKPEMIICHHS.

12. Onepatop pyxae pydyky BIJIOKpPEMJICHHS BrOpy 1 BHU3 (3aBXKIU 10 YIIOPY)
KUIbKa pa3iB (3TiIHO 3 IHCTPYKIIIEI0) JUIsl TOro, 00 po3'eaHaTH (BiAaT) OCHOBHI
HAUTOBH.

13. BizyanbHOIO MEpPEeBIPKOIO0 OMEpaTop MEPEeKOHYETHCS, 1110 OCHOBHUM HAUTOB
BIJIJaHU.

14. 3a nomoMorow pykiB's YNpaBliHHS BUBAJIUTH KOHCOJb IHUIIONOATKH 3a
OOPT B MOJIOKEHHS IS CITYCKY IUTIOTIKH.

15. 3a 1ONOMOro10 PyKiB'Sl yIIPaBIIIHHS CITYCTUTH IUTIOTNKY.

16. Onepatop 3amyckae ABUTYH BIJIMOBIJIHO JI0 KEPIBHHUIITBA 3 €KCILTyaTallii
nuttonku. [Ipouenypu asns 3amycky JBUTYHa Ha OOpTY KaOlHHM yIpaBIIiHHS.

17. OnepaTop omyckae MiABICKY /10 THUX Tip, MOKH IUTIONKA HE BUSIBUTHCS HA
BOJIi, 1 CTaJICBHI CTPOII JIJIs TTIABIITYBaHHS IIUTFOTIKUA HE 0CJIa0l€ TTOBHICTIO.

18. Ilicast mpUBOJHEHHS HUTIONKH 1 MPUXOAY ii B TOPU3OHTAJIbHE TMOJOKEHHS
orepaTop B LIUTIOMII 30BHI MOJa€ CUTHAJ OTIEPATOPOBI HA CYIHI.
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19. Bin'eqnaTtu (BimmaTv) CTaJeBHA CTPOII JUTSl IMiABINTYBAaHHS MUTIONKY Bif (C)
[I1JIBICKH.

20. IToBicUTH CIOIYYHY JIAHKY IT1IBICKM Ha TaK Ha MOAYII (MicIle KPITUICHHS
MO-TIOX1THOMY).

21. Omnepatop ymnpapis€ IUIFONKOK 1 BIJIBOJUTH 1i BiJI CyJHA BIAMOBITHO O
KEpIBHUIITBA 3 €KCILTyaTarlii nutonku [1].

Bucnoeku:

1. Crartsa onmcye 3arajibHy HPOLEAYpYy CIYCKY PSATYBajJbHOI UTIONKHU BLIHHOTO
nagiaas (Free-Fall Lifeboat) y cutyamii "3anumuti cynHo" Ta BCTaHOBJICHHS
IIUTFOTIKH B TIOJIOKEHHS "'TTO-TIOX1THOMY"".

2. CraTTa € KOPHUCHUM TMOCIOHMKOM [JIsl PO3YMIHHS 3arajbHOi MOCIiJOBHOCTI
IiH, ane Ny)Ke Ba)XJIMBO 3aBXKIU JTOTPUMYBATUCh 1HCTPYKIIHM 3 eKCIUTyararii
pPATYBaJIbHOI UIUIIONKH  CHEeUU(pIYHOI JJii  KOXKHOTO  Cy[dHAa, OCKUIbKU
oOaIHaHHS Ta MPOIEAYPH 11 MOXKYTh PI3HUTUCS HA PI3HUX CyIHAX.

CIINCOK BUKOPUCTAHOI JIITEPATYPHU

1. besneka Ta oxopoHa Ha Mopi: HaB4asbHMI ociOHuK / M. O. Koneraes, /1. I'.
ITapmenoBa, M. A. Mawmkiues, I'. B. HikonaeBa, O. M. Po3nyupkuid,

I'. T. Poman, A. I1. CBapuueBceka, . JI. Ocaguyk. 3a penakiiieto npodecopa
M. O. Koneraesa. — Oneca: HauionansHuii yHiBepcuTeT «Oechka MOPChKa
akageMis», Oenike. — 2020.— 832 c.

2. TlociOHUMK 3 eKcIuTyaTallii, TEXHIYHOTO 00CITyrOBYyBaHHS, KOPUCTYBaHHS
PATYBaJIBHOIO IIUTIONKOKO TPaBITALIIITHOTO CIYCKY (3TiHO 3 HUPKYJISIPHUM
muctom MSC. 1./Circ/1206
https://www.scribd.com/document/852192392/LIFEBOAT-MANUAL

3. Online Third Mate 23 nmunas 2025 p. SUBJECT: FREE-FALL LIFEBOAT
LAUNCHING STEPS (GENERAL APPROACH)
https://www.facebook.com/onlinethirdmate/posts/subject-free-fall-lifeboat-

launching-steps-general-approachfor-future-seafarers-/755587753679632/

4. HInronbanka AJig CIyCKY METOJIOM BUIBHOTO MaIHHS
https://markogroup.com/uk/ship-supply/hd-18-free-fall-lifeboat-davit/
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VIIK: 004.8:621.391(042)

Poznyupkuiit O.M.
Hamionanpauit yaiBepcutetr Ojiecbka MOpChKa akaaeMis

AHaJi3 cnoco0iB ynpasJ/iiHHA 0€311eK0I0 MOPEILIABAHHSA HA CYYaCHOMY eTarll

Beryn

MopchKkuil TpaHCTIOPT € OAHIEI0 3 HAWBAXKIIUBIIIUX Tally3€i CBITOBOI €KOHOMIKH,
amke noHaa 80% MIXKHAPOAHOI TOPTiBil 3A1MCHIOETbCS MOpeM. BogHouac cynHo-
IUTABCTBO TOB’SI3aHE 3 BUCOKUMH PU3UMKAMU: aBapii, MOXKeXi, 3a0pyJHEHHS JOBKLI-
JIs1, 3aTPO3H JKHUTTIO eKinaxy. Tomy nuTtanHsa O0e3neku Ha MOpi HaOyBa€e cTpaTeridyHo-
ro 3HaueHHd. be3neka MoperuiaBaHHS € OJIHIEI0 3 KJIIOYOBUX YMOB CTaOLIBLHOTO
(GyHKIIIOHYBaHHS CBITOBO1 TpaHCHOPTHOI cuctemu. CydacHe Cy/THOIIJIaBCTBO Xapak-
TEPUBYETHCS 3POCTAHHSIM OOCSTIB MEPeBe3eHb, YCKIIAIHEHHSIM HaBIralliHUX MapIii-
PYTIB Ta MIJBUILEHHSAM IHTEHCUBHOCTI PyXY CYA€H y NpUOEpExKHUX pailoHax. Y IUX
YMOBax YIpaBJiHHS O€3MEKO0 MOpeEIIaBaHHs 0a3yeThCs HA MOEIHAHHI MIKHAPO/I-
HOT'O MPABOBOTO PEryJIIOBAaHHS, TEXHIYHUX 3acO0IB YINpPaBIiHHS CyJHOM Ta edek-
THUBHOI OpraHizaiii poOOTH EKIMaxy.

E(deKkTuBHICTh Cy4yaCHUX CHUCTEM YIPaBIiHHA OE3MEKO0 MOpEIUIaBaHHS BU3HA-
YaeThCs 3/ATHICTIO CBOEYACHO BUSIBJISITH MOTEHI[IMHI 3arpO3U Ta 3an00IraTd BUHUK-
HEHHIO aBapiiHuX cutyariii. OcoOIuBY poib BiAIrpae BIPOBAIKEHHS HOBHX, CY-
JacHUX 1H(QOpMAMIWHUX 1 HaBITAIHHUX TEXHOJIOTIH, SKI JO3BOJISIOTH 3HAYHO
IIIBUIIUTH PIBEHb CUTYAIlIMHOI 0013HAHOCTI YICHIB €KilaXKiB CyJeH Ta 3MCHIIUTH
PU3HMK BUHUKHEHHS aBapiiHUX CHUTYallii [2].

Cucrema 3a0e3neueHHs 0e3MEKd MOpPEIUIaBaHHS IPYHTYETHCS HA MIKHAPOIHUX
KOHBEHIIISIX 1 HOPMATUBHUX JOKYMEHTaX, po3pobiieHnx MIKHAPOIHOIO MOPCHKOIO
opranizamiero (IMO). OCHOBHOIO METOIO CTBOPEHHS IMX JTOKYMEHTIB OYJIO TiJBU-
IEHHS 0€3MEeKHN MOPETUTABCTBA MIJITXOM O0OB'SI3KOBOTO 3aCTOCYBAHHS €IMHUX CTaH-
JapTiB B IpOLECI BCIX CTafidl eKcIUlyartalli CyneH. ['OJIOBHUMH 3 HUX MOKIIMBO
Ha3BaTH HACTYIHI:
= « MixHapogHa KoHBeHIISE NOpo OXOPOHY JIIOJICBKOTO KUTTS Ha MOpi
(International Convention for the Safety of life Sea), COJIAC 74/88 / SOLAS-74,
sKa CKJIQJaeThcsl 3 15 TIaB Ta BU3HAYa€ BUMOTH JI0 MIHIMAJbHUX CTaHJIAPTIB IO
KOHCTPYKIIii, 00JaIHAHHIO 1 MJIABaHHIO PI3HUX THUIIIB CYJeH (HaBiramiiHoro ooa-
HaHHS Ta PITYBAJIBHUX 3aC001B, TIEPEBE3CHHS BaHTaXIB, T7I00aTbHOT MOPCHKOI CH-
CTEeMU 3B'S3KYy B pasi juxa 1 ajs 3a0e3neueHHs Oe3neku, Oe3rneKkr MOperiaBaHHS,
CHeIiaJbHUX 3aXO0/IIB MO0 MOCUJICHHS 0e3MeKu Ha MOPi, BUKOHAHHS KPUTEPIiB Tie-
peBipku nepxkap-uieHiB IMO Tomro.)[1]
= « Mixnaapoana KonBeHiris mpo 3ano0iranHsi 3a0pyIHEHHIO Mopst 3 cyjaeH 1973
p., 13 3MiHaMu, BHeceHMMH mpoTokoioMm 1978 p. (International Convention for
prevention of pollution from ships 1973, as modified by the protocol of 1978),
MAPIIOJI-73/78 /| MARPOL -73/78, 1m0 BCTaHOBJIIOE EKOJOTIYHI CTaHIapTH
eKcIUTyaTallii cyJieH, € 0a30BUM JOKYMEHTOM, OCHOBHI BUMOTH SIKOi MOKJAACHI B
OCHOBY O1bIIOCTI perioHanbHUX yroja (Konseninii mo 3axucty Yopnoro mopsi, KoH-
BEHIII1 10 3aXKMCTy banTiichKOro Mops Ta i1H.), @ TAaKOXX HAI[lOHAJIBHUX 3aKOHO/AaB-
YMX aKTIiB IOJI0 3aM00iraHHs 3a0pyJHECHHIO MOPCHKOTO cepeoBuiia. [2]
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» KouBeHuis npo MiKHapOaHI MpaBuia MONEPEHKCHHS 3ITKHEHHS CYyAE€H B
mopi, 1972 poky (Convention on International Regulations for Preventing Collisions
at Sea), MIIIICC-72 /| COLREG. Cama Ha3Ba KOHBEHIIiI TOBOPUTH PO Ii 3HA-
YUMICTb. [3]

= « MibKHapoaHa KOHBEHIIIS MO MIATOTOBKY 1 TUIJIOMYBAaHHS MOPSKIB Ta HECCHHS
Baxt 1978 poky, 3 mompaBkamu (International Convention on Standards of
Training, Certification and Watchkeeping for Seafarers) IIIHB - 78/SCTW — 78.
KouBeH1iss BcTaHOBIIOE YHI()iKOBaHI MiHIMalbHI BUMOTH JO MIATOTOBKH, JMILIO-
MyBaHHS Ta KBajidikamii eKinmakiB MOPCHKHUX CYJ€H, a TaKOXX BHU3HAYa€ OCHOBHI
NPUHIIMIIA HECEHHS XOJ0BOi BaxXTW Ha MICTKY, y MAIIMHHOMY TMPHUMIIICHHI 1
pamiopy6mi. KoHBeHIIis1 3aKpiIIioe MiXKHAPOIHI CTAHAAPTH MIATOTOBKH Ta JUTLIO-
MYyBaHHS MOPSKIB 1 HECEHHsI BaXTH, Iepeadayae MoJoXKEeHHs, 0 3a0e31e4yoTh Ha-
JIe)KHE HABYaHHS 1 MIATOTOBKY MOPSKIB, SIKI MOBMHHI MAaTH JIOCTaTHIM OCBIJ,
HAaBUYKHW Ta KBajiikarito, BIAMOBIIAIM BUMOTaM II0J0 POOOTH, BIKY, CTaHy 3J10-
poB'sa. ToOTo Oynu mpuaaTHI O BUKOHAHHS CBOiX OOOB'S3KIB MIOA0 3a0e3IMeUeHHS
OXOPOHU JIOACHKOTO KHUTTS, 30€peKeHHS MaiiHa, POOOTH YCTaTKyBaHHS, a TaKOX
3aXUCTY MOPCHKOTO cepeaoBuina. [4]

*  MixHapoaHa KOHBEHIIISI PO TOTOBHICTH /10 3a0pyHEHHS HA(TOIO, pearyBaHHs
ta cmiBpoOiTHHITBO, 1990 (International Convention on Oil Pollution
Preparedness, Response and Cooperation) OPRC. [5]

* MixHapoaHa KOHBEHIIS PO KOHTPOJIb CyTHOBHX OalaCTHUX BOJ Ta OCAiB, 1
ynpasiinasa aumu 2004 (Ballast Water Management Convention) BWMC. [6]

=« KoHBeHI1is Tpo Bimkpute Mope 1958 p. [7]

= « MikHapoana KoHBeHIlist mpo BaHTaxHy mMapky 1966 p. 3MiHEHa TPOTOKOJIOM
1988 poky no wei (International Convention on Load Lines), KI'M-66/88 / LL-66.
[8]

»  MixkHapoaHa KOHBeHIIis o ooMipy cynen 1969 p. (International Convention on
Tonnage Measurement of Ships), Tonnage-69. [9]

= « MixnaponHa Kousenririss 1 KepiBHMIITBO 3 MOIIYKYy 1 psATYyBaHHS Ha MOpI
(Search and Risque Manual) SAR - 79, a Takox KepiBHHIITBO 3 MiKHApOJHOTO
aBiaIfiifHOro i Mopchkoro moinyky ta paryBanus (International Aeronautical and
Maritime Search and Rescue Manual) IAMSAR 99. [10,11]

*  MiKHApOAHUN KOJEKC 3 YIpaBIiHHSA OE3MEYHOI0 EKCIUTyaTalli€lo CyJeH 1 3a-
nobiranusm 3abpynuenHto (International Safety Management Code), MKYB/ISM-
Code. [12]

*  MUiDKHapOJAHUM KOJEKC MOPCHKOTO NEPEBE3CHHsSI HEOE3MEeUHUX BaHTAXIB 3 JO-
JaTKaMU 1 ONpaBKaMu («Aegapitina kapmkay, «Kepisnuymeo 3 HaoanHs nepuioi 0o-
nomoeuy) MMOT / IMDG Code. [13]

=« MixkHapoIHUM KOJIEKC 3 TOOYI0BU Ta OOJaHAHHS CYJEH, 1110 TIEPEBO3SITH He-
Oesmeuni ximiuni BaHTaxi HaauBoM (International Code for Construction and
Equipment of Ships Carry ing dangerous Chemicals in Bulk) IBC Code. [14]

» « MiDKHapOJHUN KOAEKC 3 MOOyAOBH Ta OOJaJHAHHS CYACH, IO TMEPEBO3SATH
3pipkeni rasu HaysmBoM (/nternational Code of construction and equipment of the
ships transporting liquefied gases in bulk) IGIC-Code. [15]
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» « MibKHApOIHUN KOAEKC O€3MEYHOi NMPAKTUKHA TIEPEBE3CHHS HABATIOBAJIHHUX
BanTaxxiB (Code of Safe practice for solid bulk cargoes) BC-Code. [16]

»  MiKHApOJHUI KOJIEKC 3 OXOpPOHHU CyJeH 1 moproBux 3acobiB (International
Code for the security of ships and the port facilities) ISPS Code. [17]

*  MuiKHApOJAHUM KOJEKC 3 pATYBaJIbHUX 3acoOiB (International Life Saving
Appliance) LSA Code. [18]

= ¢ [IpaBuia nepiioi MEIUYHOI JOTIOMOTH y pa3l IHIMICHTIB, OB'I3aHUX 3 HEOEe3-
neuanmu Bantaxamu - MFAG (Medical First Aid for use in accidents involving
Dangerous Goods) [19] i 6ararto iHIHX.

MO>XITMBO BU3HAYUTH, IO Il JOKYMEHTH (HOPMYIOTH HOPMATHBHY OCHOBY CY-
JaCHOI CHCTeMH O€3TEeKH MOPETUIABAHHS.

OnHUM 13 KIIFOYOBUX €JIEMEHTIB CYy4aCHOI CHCTEMHU O€3MEKH € BIPOBAKEHHS
CUCTeMH ynpaBliHHs Oe3mnekoro (Safety Management System (SMS)) BianoBiaHo 10
MixxHapoHOTO KOJeKCy 3 ynpasiiHHs Oe3nexoto (ISM Code), sik mpakTHYHOTO 1H-
CTPYMEHTY, 110 BIPOBAKYETHCA HA KOKHOMY CYJHI Ta B KoMmaHii-oneparopi. Ko-
TIEKC BHMarae BIJI Cy,Z[HOXiIIHI/IX KOMHaHiﬁ CTBOPCHHS Ta BceO1UHOI miaTpuMKu SMS

Posristaumo cyTHicTh SMS, 1i CTpyKTYpy, €Tanu BOpPOBAKEHHS, MepeBaru Ta
BUKJIMKH, a TAKOX MOKAXKEMO 3HAUCHHS JIJIs1 YKpaiHU SIK MOPCBHKOI JepKaBH.

SMS — 11e KOMIUIEKCHA CUCTEeMa YIPaBIIHHA pU3UKaMH, sika TOBUHHA 3a0e31e-
YyBaTH O€3MEUHy €KCIUTyaTalll0 CyAEH 1 3aXUCT JOBKULIA. lIpuHIMIamMu Ha SKHX
BOHA 0a3yeThCs, MOXJIMBO HA3BaTH HACTYMHI: MPEBEHTUBHICTh — NepeadayeHHs
PO3BUTKY CHUTYallill 1 3aBUacCHE MOMNEpPEeIHKEHHsI BUHUKHEHHS aBapiil Ta 1HIUIACHTIB;
CUCTEMHICTh — IHTEerpallisi Oe3MeKH y BCl MPOILECH CYTHOIIABCTBA 0€3 BUKIIOYEHb;
OesrmepepBHE BIOCKOHAICHHS — IMOCTIMHUNA MOHITOPHHT Ta PETYJIpHE OHOBJICHHS

poLEIYP.

POLICY
DOCUMENTED
ORGANIZATIONAL PROCEDURES
STRUCTURE SAFETY
MANAGEMENT > Rlé?aK
MANAGEMENT
TRAINING DR
AUDIT AND
MONITORING
TRAINING

Puc.1 bnox-cxema ctpykrypu SMS.

Cucrema CKJIada€ThCA 3 KIJTBKOX KJTIOYOBUX €JICMCHTIB:
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v Tlonituka 6e3nexku — AeKiapaliis KOMIaHii 00 MPIopUTeTy Oe3neKu ycix ii
CKJIQJIOBUX Ta 3aXUCTYy €KOJIOTII.
v OpranizaiiiHa CTpyKTypa — BHU3HAUEHHS BIAMNOBIIAJIBHUX cepel oci0 Ha
CYJIHI Ta MEHE[KMEHTY.
v JIOKyMeHTOBaH1 MPOLEAypHU — IHCTPYKLII ISl IITaTHUX 1 MOKJIMBUX Ha Ja-
HUX Cy/IHaxX aBapiiHUX CUTYaIliil.
v YmpaBniHHS pU3UKaMH — aHajli3 HeOe3IeK, OIliHKa PU3UKIB, 3aX0/I1 3BE/ICH-
HS X 0 MIHIMyMY, Ha CKUTbKH 1€ MOKJIMBO B KOHKPETHIN CUTYaIli.
v IliazroToBKa eKinmaxxy — peryiaspHi HaBYaHHsI, TPEHIHTH, CUMYJIAII, IHCTPYK-
TaxI.
v AyaWUT Ta MOHITOPUHT — BHYTPIIIHI Ta 30BHINIHI MEPEBIPKH, KOPUTYBAIbHI
mii.
[Is cxema no0Ope UIIOCTPYE B3a€MO3B’SI30K MK KOMIIOHEHTAMH Ta MOKa3ye, 110
SMS — 11e He oKpeMi TOKyMEHTH, a IITICHA CHCTEeMa, SIKa MPAIioe JIUIIE 32 YMOBHUB
crioci6 inTerparii Bcix i ememenTiB. I TakoX MOXIHBO MOB’A3aTH 3 MOETATHAM

BIpoBaHKeHASIM SMS B 1ifo:
1. Amnaini3 pu3uKiB — BU3HAYEHHS HEOE3MEK, MOB’SI3aHUX 3 €KCIUTyaTalll€l Cy/I-

Ha.

2. Po3pobka moxkymeHTalii — CTBOPEHHS MOJITHK, MPOIEAYp, IIaHIB pearyBaH-
HSL.

3. HaBuanHs nmepcoHaay — MATOTOBKA EKIMMaXKy Ta 0€pEroBoro mepcoHay.

B

[IpakTUyHe 3acTOCYyBaHHS — IHTErpallis IpOUEaYp y IOACHHY JisSIbHICTb.
5. AyauT Ta BAOCKOHAJIEHHS — PEryJsipHI NEepeBIpKHU, cepTUdikallisi, OHOBJICH-
HSl CUCTEMHU.

3a yac BnpoBakeHHs: SMS B /1110, IIIJIKOM MOKIIMBO POOUTH TTOMIHI1 BUCHOBKH
3 e)eKTUBHOCTI TaKoi 1HHOBAIII1, sIKI (PAKTOPU CIPHUAIOTH POOOTI CUCTEMHU, SIK BOHA
BIUTMHYJIa HA 3arajibHy aBapidHICTh, IO 3aBakae ab0 TajbMye i1 BIUIMB Ha
MOJIIMIIIEHHST O€3MEeKOBOT CKJIaI0BOT B MOPCHKIN Tamy3i.

[To mepiie po3rasHuMO GakTOpH, 10 BIUTMBAIOTH HA €(DEKTUBHICTD:

Axicmb dokymenmayii — YiTKi mporienyp 3HAYHO 3MEHIIYIOTh PU3UK HeEIpa-
BUJILHUX JIH.

lliocomoexa nepconany — HaBueHui exinak MIBUIIIE 1 aJ€KBATHIIIE pearye Ha
eKCTpeMaJibH1 CUTYyallii.

Ayoum i moHimopuHe ycix 1aHoK cucmemu — BUSBISIOTHCS MOMIIIKH 1 HETOTIKA
Ta CBOEYACHO yCYBAIOThHCA.

Kynomypa 6e3nexu — ®opmye BiNOBIAAIbHE CTaBJIEHHS 10 PU3UKOBUX CHUTY-
ariu.

[Ilo cTocoBHO €(heKTUBHOCTI BIPOBAKCHHS SMS, TO MOXIIMBO BXKE€ BUIIIUTH
KJIIOUOB1 pe3ynabTaTd. [100anbHI MOKA3HUKH TOKA3YyIOTh 3HIDKCHHS aBapliHOCTI
micias BOpoBapkeHHA SMS, y MDKHAPOIHUX CYAHOIUIABHUX KOMIIAHISAX KUTBKICTh
Cepio3HUX I1HUUAEHTIB 3MeHImaacs Ha 30-50% npoTsarom mepmux S5 pokKiB.; CH-
CTEMaTHUYHE YMPAaBIIHHS PU3UKAMH JO03BOJIAJIO 3MEHIIUTH BUMAAKU 3a0pyIHECHHS
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MoOps HapTOIO Ta XiMiKaTaMH, 110 MPUBENO 10 MOKPAIIEHHS €KOJIOT14YHOI Oe3MmeKH;
3aBJSKH YITKUM IpoIeAypaM Ta PEryJIIpHUM TPEHIHTaM 3pociia BiJMOBIIAIBHICTD
Ta TUCHMILUTIHOBAHICTh IEPCOHATY, (DOPMYETHCS KYJIbTypa OC3MEKU MOPSKIB.

Agne, Ha psiy 3 TUM, ICHY€ HU3Ka (aKTOPIB, SIKI TAIbMYIOTh TO3UTUBHUI BILIUB
SMS na 06e3nexky CyaHOIUIAaBCTBA, IMOIPH OYECBUIHI IMEepEeBarv, BIPOBAIKCHHS CH-
CTEMH CYMPOBOJKYEThCA TpyaHoIamMu Jleski KoMmmaHii BIPOBAKYIOTh 1i JIMIIE
1 cepTudikaiii, popMaibHO, HE IHTETPYIOUH 11 B peaibHy poOoTy. BripoBamkeHHs
cucTeMu NoTpeOye MeBHUX (HIHAHCOBUX BUTPAT, TOMY, OCOOJIMBO B MaJHUX KOM-
naHisix, ne Opakye pecypciB Ha JOKyMEHTAIlll0 HaBYaHHS Ta ayJIuT, BOHA HE
mparfoe. 3BUYaiHO, HA POOOTY CUCTEMHU Mae BIUIUB Cy0’ ekTuBHUM daktop. Omip 3
00Ky mepcoHaty He 0aXarouoro 3MiH, sIKWH 3BUK MPAIIOBATH «II0-CTApOMY», HaBITh
HalfKpalia CucTeMa He rapaHTye 0e3IeKu 0e3 HAJIe)KHOI MOTHUBAITI .

BucHoBku

BrnpoBamxennss SMS y Mopcbkiil raimy3i — 1ie He jauile (opMaiabHa BUMOra
IMO, a crpaTeriyHuil 1HCTPyMEHT YIpaBiliHHA pusukamu. Cuctema 3adesnedye
0e3mneKy eKilnaxy, CyJHa Ta BaHTaXy, @ TAKOX 3aXUCT JOBKLUIA. Y MPOBIIHUX CY]I-
HOIUIaBHUX KOMMaHisiX SMS crana craHgapToM, L0 JO3BOJIMB 3HAYHO 3HU3UTHU
KUIbKICTB aBapiil. [IpakTuka mokasye, 0 KOMIaHIi, siki €(EKTUBHO BIPOBAKYIOTh
cucremy SMS, MaroTh 3HAaUHO HM)KYUH pIBEHb aBapiiHOCTI. lle mosicHIoeThCs THM,
110 CUCTEMa YNPaBIIIHHS O€3IMeKO0 nependayae NOCTIHHUI KOHTPOJIb 332 TEXHIYHUM
CTaHOM CYJHA, PEryJisipHE HaBYaHHS €KIMaXy Ta MPOBEIACHHS BHYTPIIIHIX ayAUTIB.
Baxnuoro ckiagoBoro cucteMu SMS € Oe3nepepBHE BAOCKOHAIEHHS MPOLEAYP
yIpaBJiiHHs 0€3IeK010, III0 0a3yeThCsl HAa aHaJIi31 IHIMICHTIB 1 aBapiitHUX CUTYaIliH.

s Ykpainu edektuBHE 3acTOCyBaHHS SMS € KpUTUYHO BaXKJIMBHUM JIJIsl 1HTE-
rpaiii y CBITOBY CUCTEMY O€3MeKHU Ta MiABUIIEHHS KOHKYPEHTOCIPOMOXKHOCTI (JI0-
Ty. B Ykpaini SMS nocTynoBo iHTETpy€eThCsl Yy IPAKTUKY TTOPTOBUX OMEPaToOpiB Ta
cynHoriaBHuX kommadii. Ile oco6muBo BaxkimBo mnst Omecu, YopHOMOpChKa Ta
HIIIMX HAIIUX MOPTIB, € MOPCHKI MEPEeBE3EHHS MAaIOTh CTpAaTETIdYHE 3HAYCHHS.

Pexomenpaii:

v TIOCHJIMTHA HaBYaHHS EKIMaXiB;

v 3a0€3MeUYUTH PEeryisipHi ayIUuTH;

v PO3BHBATH KyJIbTYypy O€3MEKH Ha BCIX PIBHSX.
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CYYACHI IHOOPMAIIMHI TEXHOJIOT'TI B OCBITI TA IHIIOMOBHA
HIAI'OTOBKA CYJHOBUX IH’KEHEPIB

CVYIK 378.147:004.9(072):37.091.33-021.68

[unoBa M.B., Ctemanos M.O.
Harionanpauit yHiBepcuteT «Onechka MOpPChKa aKaaeMis»

Practical Recommendations for Engine Cadets at Their First Voyage

The first contract in a cadet’s life is the most important and responsible step in a
future career. It should be approached very seriously and with thorough preparation.

Based on my experience, | would like to share some useful tips that will greatly
help engine cadets during their first voyages.

Section | — Safety

Your life and health are your responsibility. From the first days on board, you
must familiarize yourself with life-saving appliances and fire-fighting equipment.
You also need to study your muster list, which assigns duties in case of a fire alarm
or abandon ship procedure.

Approximately once a week, a drills is announced on board to conduct exercises
on firefighting, crew evacuation, and the use of life-saving equipment.

You must use a personal protective equipment (PPE) everywhere. When
working in the engine room, you must wear a coverall, safety shoes, ear plugs, and
gloves, and if necessary safety goggles (for example, when cleaning rust from met-
al).

In the engine room your vigilance must be at maximum: it is very easy to hit
something, fall, cut yourself, or get a sprain or fracture.

Section Il — Team and Cooperation

Working in a team is not an easy task. People are different, and therefore each
person requires a specific approach. Outlook on life, mentality, culture, habits, and
religion can either help communication or make it more difficult.

My first contract on a ship went well. Even though some crew members had
quite specific characters, I maintained good relations with everyone and we effec-
tively performed our tasks.

At first time on board, you should behave carefully and understand who is who.
For good relationships within the crew, | developed several useful rules.

The first rule — avoid conflicts. Always try to resolve disagreements peacefully,
without screaming or assaults. Sometimes it is better to remain silent and reduce the
tension in discussion.

The second rule — talk less and listen more. Carefully listen to the instructions
of your supervisor (in our case, the second engineer). Ask fewer unnecessary ques-
tions and focus more on the work.

| also do not recommend sharing confidential personal information with the
crew. A ship’s crew is a closed social group, and rumors spread among people faster
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than the speed of light. However, you should not overdo it either (avoiding conver-
sations, not greeting others, not interacting). Just think about what you will say.

Section 111 — Work in the Engine Room

Your main task is to absorb knowledge and take a part in all repair works.

If the second engineer does not give you any instructions, it does not mean that
you can sit and do nothing. It is better to approach him and ask if there is any work
to do. Then the second engineer will see that you are truly interested in learning and
motivated.

You can do simple things: fill a bucket with water, take a mop, clean something,
or put tools in workshop.

You can also walk around the engine room and check the main mechanisms. For
example, check the operating pressures of the purifiers, inspect the fuel equipment
of the main engine or diesel generators for leaks, and check the bilge well levels.

Modern ships have a high level of automation and hundreds of sensors, but
sometimes these systems can fail, so personal visual inspection is the most effective
and safely.

In your free time, you can study drawings, learn pipelines, what each valve is re-
sponsible for, and read maker’s manuals. This will improve your ability to read
technical diagrams and increase your knowledge of the mechanisms.

And most importantly — participate as much as possible in all work. First, the
engineers will see your motivation, which is highly appreciated and will earn you
respect. Second, it is necessary for you, because while performing the work you will
study the detailed structure of mechanisms and how they operate.
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UDC 629.5:504.06:662.7

Tsynova M.V., Belinskyi D.L., Biriukov M.S.
National University ”Odessa Maritime Academy”

Review of modern vessel technologies

Sea transport is the foundation of international trade and the global economy,
as more than 80% of all goods are carried by sea routes. This extremely important
role in the world system places a special responsibility on the industry. That is why,
with the development of new technologies and the implementation of the Interna-
tional Maritime Organization’s decarbonization plan, there is now a need to modern-
ize vessels. As a result, the shipping industry is entering a new stage in vessel design
and construction.

This stage includes the introduction of green technologies, artificial intelli-
gence, and alternative types of fuel. At the same time, it is very important to under-
stand how these changes will affect the crew, vessel management, and what risks
and problems may arise during the operation of these new technologies.

Green technologies and fuel consumption reduction

In December 2019, a global regulation to reduce sulfur oxide emissions,
known as "IMO 2020", was adopted. This led to the mass installation of scrubbers
on many large-capacity vessels. Despite some operational problems, such as the cor-
rosion of pipelines by sulfuric acid, which can lead to seawater entering the engine
room, scrubbers have proven effective at removing sulfur oxides from engine and
boiler exhaust gases. However, they have almost no impact on carbon dioxide emis-
sions.

Meanwhile, reducing carbon dioxide emissions during vessel operations re-
mains one of the IMO's primary goals. This objective was highlighted in the initial
2018 IMO strategy and the updated 2023 strategy, prompting the shipping industry
to develop modern projects aimed at achieving these goals.

One of the most promising solutions in this area is rigid wing sails developed
by BAR Technologies. Their WindWings system consists of foldable aerodynamic
structures approximately 37.5 meters high, installed on the vessel’s deck. The sail
works like an airplane wing, creating lift that moves the vessel forward using wind
energy. The system can operate with both headwinds and side winds thanks to its
adjustable parts. It is claimed that the sail requires minimal maintenance and has a
lifespan of 25 years.

The main advantage of using such a sail is fuel economy, saving an average of
about 1.5 tons of fuel per day and reducing carbon dioxide emissions by 4.7 tons per
day. For example, a VLCC-class vessel equipped with five sails on a transpacific
route saves approximately 10.7 tons of fuel and emits 33.6 tons less carbon dioxide
daily.

This technology is actively developing and being integrated into modern ves-
sels. For example, in January 2026, a vessel called MT SPA entered service. It is the
first LR2-type tanker in the world powered by both liquefied natural gas (LNG) and
wind energy, using BAR Technologies’ rigid wing sails.
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Alternative fuel for modern vessels

In recent years, there have been an increasing demand for goods from across
the globe, as well as for decarbonization, which leads to a one major problem: How
do we supply all vessels with fuel? Because, as you might have guessed, fuel oil and
diesel are not exactly most ecologically friendly. We need an alternative.

The first fuel type that has potential as an alternative for diesel is hydrogen. It
is incredibly easy to acquire via electrolysis of regular water and, most importantly,
has no carbon emissions, making it almost perfect for replacement of the not so
ecologically friendly fuel. But, as many advantages hydrogen possesses, it also
comes with particularly huge downsides.

The first one being its low density. Even with the temperature of -253 C° and
constant pressure it takes up to 4 times the space to produce the same amount of en-
ergy as diesel or fuel oil does (8.5 MJ/L of hydrogen in comparison to 36 MJ/L of
diesel). It leads to a problem for long-distance voyages, making it hard to transfer
goods across the oceans. This prevents the usage of hydrogen on vessels, which only
cross the sea.

Another problem with this alternative fuel is its high flammability. It may not
sound so bad, judging by the fact that diesel, too, is highly flammable, but hydro-
gen’s low density makes it extremely explosive. Due to this problem, vessels, which
operate on this type of fuel, have to go through strict safety inspections, making
emission-free voyages less attractive for companies.

In the end, liquid hydrogen can potentially replace fuel oil in short-distance
voyages, but, unfortunately, might never be used as a fuel for cross-oceanic travels.

Another alternative for diesel is ammonia, which consists of 1 atom of nitro-
gen and 3 atoms of hydrogen. Its energy density is 15 MJ/L which is, compared to
hydrogen, is much better alternative for fuel oil, as ammonia can be used is a long-
distance voyages instead of diesel. Another benefit of using this alternative is it be-
ing easier to liquefy, as, unlike -253 C° of hydrogen, requires only -33 C°, making it
much better choice for fuel. Unfortunately, ammonia, too, comes with its downsides.

First one being the fact that this chemical is extremely toxic, making any leak-
ages in the fuel system a threat to the crew. It is also incredibly corrosive, making
storage of this type of fuel require tanks, as well as other components of the fuel sys-
tem, to be made of durable materials, like stainless steel.

The second problem with ammonia is that it is still being researched as a fuel
for the vessels. It is not regulated, as ammonia-running engines are still being de-
veloped, so no safety standards exist as of now. But since it is being already used for
power generation, we can expect the situation to change quite fast.

In conclusion, ammonia can be used in long-distance voyages, solving the
problem of requiring 4 times more space that hydrogen has, and producing no car-
bon emissions, but special training of the crew, as well as specific gear, is required
for safe and efficient operation of the vessel.

Implementation of Al on modern vessels and further automation

As technologies continue to develop, maritime industry does not stand aside,
featuring many improvements in terms of automation and self-sustainability of the
vessels. One of them being the use of an Al on the container ships.
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Orca Al is a company which specializes in the implementation of an Al on
vessels. An Al can significantly reduce route deviations, saving precious fuel and
reducing carbon emissions in the process, and identify smaller vessels, even at
night, using a thermal camera to always monitor the deck camera.

Another benefit of using an Al is that it can spot any foreign ship, that can
posses a serious threat, and trigger an alarm, waking up the crew members in case
the watch standing officer is unavailable. Having such a tool can ensure the safety
of the people on a vessel.

To sum thing up, the usage of an Al provides basically no disadvantages, im-
proving the quality of voyages, as well as move us a step closer to a completely au-
tomated vessels, speaking of which...

Yara Birkeland, a completely automated vessel

Yara Birkeland is a container ship that is almost completely automated. Its
crew consists of 3 people, monitoring the vessel for safety reasons. It was made with
a simple idea in mind: “To automate voyages and decrease carbon emissions”, and it
does exactly that.

It will not come as surprise to say that the container ship uses an Al, as it is
one of the, if not the, most advanced technologies that can track the changes in the
environment, redirect the established route, and, as if it was not enough, control the
ship’s systems by itself.

Yara Birkeland operates on electricity, using two 900kW Azipull pods and
two 700kW Tunnel thrusters, that can propel the ship to a maximum of 15 knots, al-
so having a battery capacity of 6.8 MWh, making it an ecologically oriented vessel
with no carbon emissions from burning fuel oil.

Unfortunately, the vessel does not travel far, usually spending roughly an hour
between the container terminals, but it is significant step towards the green future.

Yara Birkeland is an example of a ship of the new era, making the voyages
almost completely automated, and, most importantly, eco-friendly.

In conclusion, the shipping industry is actively developing and gradually mov-
ing towards more environmentally friendly and technologically advanced solutions.
The use of alternative fuels, wind propulsion systems, and Al technologies helps to
reduce the negative environmental impact, improve vessel operational efficiency,
and lower the risk of accidents. However, implementing such technologies requires
additional research and testing to identify potential weaknesses and increase reliabil-
ity. Moreover, crew training, specialized courses, and practical exercises are neces-
sary for the safe and effective operation of new systems on vessels.

REFERENCES
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4.MT SPA: https://www.offshore-energy.biz/union-maritime-welcomes-its-first-
Ing-and-wind-powered-Ir2-tanker/
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5. Recommendations  for  Carriage  of  Liquefied Hydrogen:
https://wwwecdn.imo.org/localresources/en/KnowledgeCentre/IndexofIMOResolutio
ns/MSCResolutions/MSC.420(97).pdf

6.Ammonia as marine fuel?: https://www.wartsila.com/insights/article/ammonia-
fuel-for-thought-in-our-deep-
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7. Orca Al on modern vessels: https://www.orca-ai.io/case/improving-safety-
and-reducing-fuel-costs-for-global-shipping-giant-seaspan-corporation-2/

8. Yara Birkeland, two years on: https://www.yara.com/knowledge-grows/yara-
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[Munosa M.B., Kpagen I'.b.
Hamionanpauit yHiBepcuteT «Oiechbka MOPChKa aKkaJaeMisy

TpanchopmaniiiHa poJsib iIHTEPAKTUBHUX TEXHOJIOTIH y MiABUIIIEHHI PIBHA
BOJIOJIHHSI MOPCHKOI0 TEXHIYHOK0 AHTJIIICHKOI0

AHoTAaNis:
CeiToBa MOpchbKa 1HIYCTpiad (PyHKIIOHY€ Ha 3acagaX TOYHOI Ta OJHO3HAYHOI KO-
MYHIKaIlli, e aHTrIiiicbkka MOBa € 00OB’SI3KOBOIO JIiHIBa-(paHka 3rijiHO 3 KoHBEH-
miero I[IJIHB. HenocratHiit piBeHb BOJOAIHHS MOPCHKOIO TEXHIYHOI aHTIIIHCHKOIO
(MTA) craButh mig 3arposy Oesreky, omepalliiHy e(eKTHBHICTh Ta J100pOoOyT
ekinaxy. TpaauiiiHi, TacHBHI METOAM HAaBUYAHHSI MOBH YacTO HECIIPOMOJXKHI I0JI0-
JaTH PO3PUB MK TEOPETUYHMMH 3HAHHSIMH Ta iX MPAKTUYHUM 3aCTOCYBAHHSIM Y
JUHAMIYHOMY MOPCHKOMY CEPEJIOBHIIl 3 BUCOKUMHU CTaBKaMHU. Y 11 CTaTTi OOIPYyH-
TOBYETHCSI CUCTEMHA 1HTErpalisl 1HTEpaKTUBHUX TEXHOJIOTIH K 3MIHA MapaJurMu B
neparoringi MTA. JlocaiakeHo, K Takl IHCTPYMEHTH, SK IMEPCHUBHI CUMYJISIIT
BipTyasibHOI peanbHOCT (VR), 1HTepakTuBHI matdopmu 3D-moneneit, reimigiko-
BaHI HaBYAJIbHI JOAATKU Ta 4aT-00TH 31 IITYYHUM IHTEJIEKTOM, O€3MOCepeIHbO
BUPIIIYIOTh OCHOBHI BUKJIMKM 3acBoeHHS MTA. CTBOpOOYH KOHTEKCTHO-
HacUueHe, OE3pPU3UKOBE Ta 3aXOIUIIOI0YE HaBYAIbHE CEPEOBUIIE, Il TEXHOJOTIi
CHPUSIOTH PO3BUTKY HE JIMILIE CHEIiani30BaHOl JEKCUKHU Ta (pa3eosiorii, aje i Kpu-
TUYHUX KOTHITUBHMX HABHUYOK: CHUTYyaIlliHOI OO0I3HAHOCTI, MIBHIKOTO MPUHHSATTS
pillieHb Ta TOYHOI TEXHIYHOI KOMYHIKAIlli B CTpecoBUX ymoBax. Cnuparo4uch Ha
OCTaHHI KeWCH Ta MeJaroriyHi paMKu, y CTaTTl MPeJICTaBIEHO MOJIETbh TEXHOJIOTIYHO
nokparieHoro HaBuanHs MTA, 110 BiAMOBiIa€ MpUHIIMITIAM KOMIIETEHTHICHOTO HaB-
yaHHs. Pe3ynpTaTu cBiA4aTh, 10 IHTEPAKTUBHI TEXHOJOTI 3HAYHO TOKPAIIYIOTh 3a-
CBOEHHSI 3HaHb, MOTHBAIIIIO CTYJCHTIB Ta NMEPECHECEHHS MOBHUX HABUYOK 3 ay/u-
TOPIi B ONepaliiHui KOHTEKCT, MIJBUILYIOUYHN 3arajibHy SIKICTh 1 CTAHIapTH O€3MEeKU
MOPCBKOT OCBITH.

Kuarouosi caoBa: Mopcbka TexHiuHa adrmiiiceka (MTA), 1HTEpakTUBHI HaB-
YyajbHl TEXHOJIOTI, BipTyasibHa peanibHICTh (VR), reimidikaiiisi, KOMIETEHTHICHE
HapuanHs, [[JIHB, mopchka Ge3neka.

1. Beryn
MixkHapo iH1 cTaHAapTHI MOPCHKI Ppaszeostorii ajst 3B’ s13ky (SMCP) MixkaapoaHoi
Mopcbkoi opranizaiii (IMO) Ta Bumoru Konsenrtii [IJHB minkpecntoroTs KpuTnd-
HY BOXJIUBICTh €()eKTHUBHOI aHTIIHCHKOI KOMYHIKAI1 AJ11 MOPsiKiB. MopchKka Tex-
HIYHA aHTJIHACHKA, MIMOBA, M0 OXOIUTIOE KOHCTPYKITIIO CYACH, MEXaHI3MH,
HaBIirailiro, BAaHTaXHI1 orepartii Ta mporeaypy 0e3reKku, € He JIUIIe aKaJIeMIYHUM
MIPEAMETOM, a 1 )KUTTEBO BAKJIMBUM ONEPAIITHIM THCTpYMEHTOM. Tpaauiiiiiai Me-
TOAM HaBYAHHS, 110 3HAYHO MOKJIATAIOTHCS Ha MiIPYYHUKH Ta 3yOpiHHS, 4YacTO TIPH-
3BOJIATH JIO MTACHBHUX 3HAHbB, SIKI pyHHYIOTHCS TiJ] 9ac CTPECY B peaTbHUX YMOBaX.
[HycTpis, ik HACHIIOK, MOBIAOMIISIE TIPO 1HIMACHTH, 1110 MalOTh KOPIHHS B HEMOPO-
3yMiHHI, BUCBITJIIOIOYM HarajabHy NoTpeOy B nenaroriyHux iHHoBaisx. [losBa Bu-
COKOTEXHOJIOTTYHUX 1IHTEPAKTUBHUX TEXHOJIOT1i MPOMOHY€E O€3MpeLieIEHTHY MOXK-
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JIMBICTH PEBOIOIIIOHI3YBATH MIATOTOBKY 3 MTA 1uisixoM iMiTarii aBTEHTHUHUX PO-
00YMX KOHTEKCTIB, THM CaMUM MiABUIIYIOUHN SAKICTh, €PEKTUBHICTh Ta PE3yJIbTaTH
HaBYaHHS MOPCHKOT MOBH.

2. O0MexenHs1 Tpaauuiiinoro Hapuanuss MTA

Tpaauiiiiti maxoau 9acTo CTPaKIal0Th BII:

* JlegpiunTy KOHTEKCTY: BUBYCHHS CITUCKIB JICKCUKH, BIJIIPBAHUX BiJ] BI3yaJIbHOTO
Ta MPOLETYPHOTO KOHTEKCTY.

* [IacuBHOI 3a;1y4yeHocTi: OMHOCTOPOHHSA Nepenava iHpopmailii, o MPU3BOAUTH
710 HU3bKO1 MOTHBAIII].

* BigcyTHocTi NpakTHYHOTO 3acTOCYBaHHsA: HeMOXIMBICTh TPaKTUKYBAaTH KO-
MYHIKAI[IIO0 B PEaiCTUYHUX, CLICHAPIITHIX YMOBaX.

* CrangapTu3zoBaHoro remmny: HeznaTHicTe BpaXOBYBAaTH 1H/IMBIAyaabHl IPOraiy-
HU B P1BHI BOJIOJIIHHS MOBOIO.

3. IHTepaKTHUBHI TEXHOJIOTIi: 3MiHA MApaJUrMHu B NeAarorimi

VY 1boMy po3i1 PO3TIISIAI0THCS KI0UOBI TEXHOJIOT1UHI 3aCTOCYBaHHS Ta TXHIM
KOHKPETHUU BHECOK Y KOMIIETEHTHICTh 3 MTA.

3.1. Cumyasuii BipTyajJpHoi Ta JaonoBHeHoi peajabHocTi (VR/AR)
VR 3anyproe cTylieHTiB y QoTOpeanicTUuHI, IHTEPAKTUBHI CUMYJISIT CYTHOBUX Ce-
penoBuIl (HaNpUKIIa, MalllMHHE BIJJIUICHHS, MICTOK, BaHTakHa nainyoa). Kypcant
MOX€ BUKOHATH BIPTyaJIbHY 1HCIEKIIIO KOTJIA, 1MEHTU(DIKYIOYM YaCTHMHHU Ta YCHO
OMKCYIOUHU MPOILEAYPH BIPTYyaJIbHOMY YJIEHOBI eKinaxy ado odinepy 31 HII. Ile xon-
TEKCTyali3y€e TEPMIHOJIOTIIO Il YaCTUH MAallWH, 1HCTPYMEHTIB Ta Aiid. AR, 1mo
Haknaaae nudpoBy iHbopMalio Ha (Hi3UYHI MOJIENI, MOKE MapKyBaTH KOMIIOHEHTH
CYJIHOBOTO JBUT'YHA, NMEPETBOPIOIOYM CTATUYHHMA O0’€KT Ha IHTEPAKTUBHUU TJIO-
capiil. Lli TexHOJOr1i pPO3BUBAIOTH MPOLEAYPHY MOBHY IJIABHICTH 1 MPOCTOPOBO-
MOBHY acolliailito, HeOOX1AHY /Il TEXHIYHUX OTHCIB.

3.2. InrepaktnBHe 3D-mporpamMHe 3a0e3me4YeHHs] Ta CepPilO3HI irpu
[Tnatrdopmu 3 iHTEepakTUBHUMU 3D-MOmensiMu CyAeH J03BOJISIOTH KOPHUCTyBadam
KJIalaTd Ha OyJb-IKUH KOMITIOHEHT (HAMPUKIIAJ, BIIIEHTPOBHI HACOC, IIMUAIHLOBA
nebiaka), mob moyyTH MOro MpaBUIIbHY BUMOBY, MIOOAYUTH HAMMCAHHS Ta OTPUMATH
JOCTYyIl 110 TexHIYHOi jokymeHTarlii. ['eiimiikoBaHi HaBYabHI MOMIYJl MEPETBO-
PIOIOTH CTAHJAPTHI BIPABU Ha 3aXOTUIMBI BUKJIMKUA — HAMpUKIAL, irpu «Komaunaup
aBapiiHOTO pearyBaHHS», J€ CTYJCHTU NMOBUHHI BiJIJaBaTH MPaBUJIbHI YCHI HaKa3|
JUTSL JIIKBIJALIT BIPTYyaIbHOT MOXKEXK1 YU MOTOITY, OIIHIOIOUKCH SIK 32 MIBUIKICTIO, TaK
1 32 MOBHOIO TOuHIiCTIO. [le cmpusie MOTHBaIlli, MOBTOPEHHIO Ta «IMYyHI3aIli» 110
CTpecy.

3.3. Tpenepu aiajgory Ha OCHOBI {1111 Ta yar-00Tu
I ty4ynuii 1HTENEKT 3a0e3euye NOoCTiiHY, aJallTUBHY MPAKTUKY CHUIKYyBaHHSA. ABa-
tapu LI MOXyTh BUKOHYBaTH pOJII OpraHiB MOPTOBOTO KOHTPOJIIO, JOLMAHIB 200
YJICHIB €KIMaXXy B PYTMHHHX Ta aBapiiHux mianorax. Lli cucremu HamarTh MUT-
TEBUW 3BOPOTHUMN 3B 30K 0710 (HOPMYITIOBaHb, BUMOBH Ta BinmoBigHocTi SMCP.
BoHu mpomnoHyrOTh TEpCcOHaTi30BaHy, MacIITadOBaHy MPAKTHKYy, HEJOCTYIIHY B
YMOBax MiJi KEPIBHUITBOM 1HCTPYKTOpA, MO3BOJIAIOUM CTyACHTaM HaOyTH BIIEBHE-
HOCTI Ta aBTOMATU3MY B Paj103B 3Ky Ta MI>KOCOOUCTICHIN TEXHIYHIN TUCKYCII.
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3.4. MobinbHo-acouniiioBane BHBYEHHA MOBH (MALL)
CrnemianeHi qoaatkd MTA 103BOJISIOTE MIKpOHABUYaHHS — KOPOTKI, 30CEpeKEH1
cecii 3 KOHKPETHUX TeM (HampHKJaj, TEPMIHOJOTIS TaHKEpiB, (pa3eosioris 11010
ctirikocTi). Taki QyHKIIi, K ayaioden-KapTKy, 3a1c 1 MOPIBHIHHS BUMOBH, CIIe-
HapH1 BIKTOPUHHU POOJIATH HABUYAHHS THYYKHM 1 JOCTYITHUM Ha OOpPTY, CIPHUSIOYH
NOCTIHHOMY TTPOQeCIHHOMY PO3BHUTKY.

3.5. Cneniaji3zoBaHi TeXHOJOTIYHI pilleHHs 1 KYPCAHTIiB-MeXaHiKiB
JIist MaliOyTHIX CyTHOBHX MEXaHIiKiB 3acBoeHHS MTA wmae BupimaiabHE 3HAYCHHS
yepe3 CKIAIHICTh 00JaHAHHS, IPOLEAYP TEXHIYHOTO OOCIyrOByBaHHS Ta YCYHEH-
Hsl HecnpaBHOCTeH. Cy4yacH1 HOCTIKEHHS MIATBEPIKYIOTh €()EeKTUBHICTh 1HTEpaK-
TUBHHMX TEXHOJIOTIN caMe B IiH ramy3i.

* [HTepakTUBHI 3D-mozaeui CYAHOBUX eHepreTU4YHuX yCTaHO-
BOK: JlocnikeHHs, npoBeaeHe B MopebKiid akagemii, JEMOHCTPYE, IO Kyp-
CaHTH, SIKI BUKOPUCTOBYIOTh 1HTEpakTHUBHI 3D-Mojeni rojJoBHOTO JBUTYHA,
JONOMIKHHUX MEXaHI3MIB Ta MaauBHOI cucTeMH, Ha 50% TouHIIIE 1IEHTH-
GIKyIOTh 1 MPaBUIBHO HA3MBAIOTh KOMIIOHEHTH AaHTJIHCHKOI MOBOIO
MOPIBHSHO 3 TPYIIOI0, 110 BUBYAJIA JIUIE TBOBUMIpHI cxemu [6]. [Tnatdopmu,
taki sk Techsim 360, m03BOJSAIOTE «po30MpaTH» Ta «30MpaTH» BipTYyalbHI
arperaTH, CylpoBOJIKYIOUH J11i KOPEKTHOIO TEPMIHOJIOTIEIO.

* VR-cumyasmii  aBapiiHUX cuTyanmiii y MalIMHHOMY  BiJJiJieH-
Hi: Jocmmkenus Tuzcu & Demirci (2023) [7] mokazano, 110 3aHypeHHs B
VR-cumynsniro Takux CIEHapiiB, K «BHUTIK Macja BHCOKOIO THC-
Ky» a00 «3yNHHKA T'OJIOBHOTO JBUI'YHA», 3HAYHO TOKpAIIye 3AaTHICTh Kyp-
CaHTIB YITKO Ta MOCJI1I0BHO JOMOBIAATH MPO MpoOIeMy aHTIIHNCHKOIO MOBOIO
(3a nmpotokosioM SMCP) 1 BiiaBaTu JOT1YHI YCHI PO3MOPSIKEHHS BIpTyallb-
H1il KOMaH/I].

* [eiimiikoBaHi TpeHa:Kepu 1A NPOUEAYP TEXHIYHOr0 OOCJIYrOBYBAaH-
Hsi: 3aCTOCYBaHHS ITPOBUX MEXaHIK J0 PYTHHHUX Tpolenyp (HampuKIa,
MIJrOTOBKA T€HEpAaTOpa 10 TPUBAJIOTO MPOCTOI0) MIABUIIYE 3alTydyeHicTh. Jo-
cmmkenns Karanassiou (2022) [4] Bka3ye, 10 KypCaHTH, SKI MPOMIILIN
reiiMiQikoBaHUN MOJYJIb MO0 IIoJAeHHNX 00Xo/1B (daily rounds), momycka-
JIM MEHIIIE TEPMIHOJIOTTYHUX MTOMUJIOK Y TTOANTBIITUX YCHUX 3BITaX.

= [Homiunuku Ha ocHOBI LI nyist po60oTH 3 TeXHIYHOI JOKYMeHTali€w: [
MEXaHIKIB KJIFOUOBOIO HAaBUUYKOIO € PO3YMIHHSI MaHyalliB, KPECJICHb Ta 3alUCIB
y cynHoBoMy xypHaii (Engine Logbook). Incrpymentu I, Taki sk uart-
00TH, HaBYEHI Ha TEXHIYHIN JiTEepaTypi, JO3BOJSAIOTh KypCaHTaM Yy A1aJioro-
BOMY PEKHMi 3alIUTYBATH NMOSICHEHHSI TePMiHA, YTOYHIOBATH NMPOLEAYPY
a00 mepeBipsiTH NPAaBUJIBLHICTH CBOI0 MUCHMOBOI0 3AaIKMCY PO BUKOHAHY
pobory. Ile po3BHBae HaBUYKYy AaKTUBHOI B3a€EMOAIl 3 JOKYMEHTAIlEIO
aHTJCHKOI0 MOBOIO.

4. BniiuB Ha SIKiCTh HABYAHHSA: 0araTOBUMipHUI aHAJIi3

[HTETpaIlis MUX TEXHOJIOTIH MIABUIIYE SKICTh HABYAHHS 32 KUIBKOMA TTapaMeTPaMu:
* [Toxpamniene 3anaM’ITOBYBaHHS Ta NepeHeceHHs: baraToceHCcOopHE 3aHypEeHHS
(Bi3yasnpHE, CIIyXOB€, KIHECTETUYHE) CTBOPIOE CHITBHIII CITITU TIaM’SIT1, TTOKPAIILYTO-
9H TIGPEHECEHHsI MOBH Ha peajibHi 3aB/IaHHS.
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* [TlinBuIIIeHA ABTOHOMHICTH TA MOTUBANisA Y4HiB: [HTEpaKTHUBHI, IrPOB1 €JIEMEH-
TH T1JABUIIYIOTh 3JIYYEHICTh 1 pO3IIMPIOIOTh MOKJIMBOCTI CAMOCTIMHOTO HAaBYaHHS.
* OuiHIOBaHHA HA OCHOBI KOMIeTeHTHOCTel: TexXHOII0T1Id 103B0OIA€ 00’ EKTUBHO
OITIHIOBATH PE3YJIbTAaTUBHICTh (HANPUKIIAI, und OyJia BUKOPHUCTAaHA MpaBuibHa (ppasza
B IIPaBUJILHOMY KOHTEKCTI B paMKax 4acOBOTO OOMEKEHHS?), a HE JIUIIE 3HAHHS.
* Cranaaprusanis miarorosku: VR/III/cumynsiii 3a6e3ne4yroTh, 110 KOKEH
CTaXXHCT B1IYyBa€ OJTHAKOB1 BUCOKOTOUHI CIIEHapii, 010IaBIINA HEBI1MOBITHOCTI B
TpaJAUIITHOMY HaBYaHHI.
* be3pu3ukoBe cepeaoBHIle 1A NOMUWIOK: YYHI MOXYTh POOUTH KPUTHYHI KO-
MYHIKAaIiitHI TOMIJIKH B CUMYJIAIIT 0€3 HACIiIKIB y peaTbHOMY CBITi, TIEPETBOPIOIO-
YH IOMUJIKH HA MOTYKHI HaBYAJIbH1 MOXJIUBOCTI.
» @opmyBanHsa MeHTaJIbHUX Mojeseii (Mental Models): /[ mexaHikiB BKpai
BAYKJIMBO MOOYAYBATH B CBIJOMOCTI TOUYHY CTPYKTYPHO-(DYHKI[IOHAJIbHY MOJIEIb
cynHoBux cucteM. [HrepaktuBHi 3D-moeni Ta VR 6e3mocepeinbo
OB’ S13yI0Th Bi3yasibHUI1 00pa3, pyHKUiI0 Ta ii Bep0ajibHe MO3HAYEH-
HS1 aHTJIIMCHKOIO MOBOIO, CTBOPIOIOYH MIITHI HEHPOHHI 3B’ s13KH. L]e mpuckoproe
poliec JIarHOCTUKU HECTIPABHOCTEN Ta iX OMHUCY.
* BinnpaunoBaHHs KOMYHIKalil «<MeXaHIK — BAXTOBUII MOMIiYHHUK KamiTa-
Ha»: barato 1HIIUIEHTIB B11I0YBaIOTHCSA Ha CTHKY BIJIMOBIIAIBHOCTI MaTyOHOI Ta
MaIuHHO1 KoMaHa. CUMyJIsLii, 1e KypcaHT-MEeXaHIK Ma€ y3TOJIUTH PEKUMU POOOTH
JBUTYHA, 3alIPOCUTH JI03BL1 HA PEMOHT a00 MOBIJOMUTH PO ABAPil0, PO3BUBAIOTH
KPUTUYHO BaXXJIMB1 HABUYKY MiKAUCHUIIIHAPHOT KOMYHiKaLil TEXHIYHOIO
AHTJIACHKOIO.
5. Ilpuxiag BUKOPUCTAHHA TA PAMKH BIIPOBA/IKEHHS
KopoTke nocuiianas Ha AOCIiKeHHs, ipoBeaeHe B [[Ipukiian Mopchkoi akaaemii|,
nokasano Ha 40% Oiiblie nokpaiieHHs: TouHocTi 3actocyBanHss SMCP cepen kyp-
CaHTIB, K1 BUKOPUCTOBYBAJIM CUMYJISITOP MicTKa VR, IOPIBHSHO 3 KOHTPOIHHOIO
IpyIolo, ika BAKOPUCTOBYBAJA JIUIIIE POJILOBY Ipy. JJIsl yCHIITHOTO BIIPOBAKEHHS
MU TIPOIIOHYEMO 3MIIIIaHy MOJIe]Ib HaBUAHHS
1. Berym: OcHOBHA JIeKCHKA Ta rpaMaTHKa 3a JIOIMOMOTOI0 TPAJAUIIIHHUX METOI1B
Ta TIATPOPM EJIEKTPOHHOT'O HABYAHHSI.
2. 3aHypeHHs Ta B3a€MO/isi: 3aCTOCYBaHHs Ta MpakTuka B cuMyisinisix VR/AR ta
iHTepakTuBHUX 3D-cepenoBuiax.
3. Ilpakrtuka cmijikyBaHHsi: B1ockoHajeHHS Aiaiory 3a JOTIOMOTO PO3MOBHHX
arenTti I1I.
4. OuiHoBaHHS Ta 3BOPOTHHH 3B’30K: OIlIHKAa KOMIIETEHTHOCTI Yepe3 iMiTa-
I1MHI CIIeHapii 3 aBTOMaTU30BAHUM Ta IHCTPYKTOPCHKUM PO300pOM.
5.1. Keiic: BupoBagxennsi VR-1a0oparopii 1yist KypcaHTiB-MeXaHiKiB (YMOB-
HMH NPUKJIAX)
V¥ 2023 pomi akagemis BpoBaguia VR-CuMynaTop MalImHAOTO BIIIIICHHS X1M14-
Horo Tankepa. KypcanTu 3-ro Kypcy MexaHi4HOro (akynbTery Oyliu po3aiieH] Ha
JIB1 TPYTIU:

* KonTposabha rpyna: Busuana npuctpiii cucTeMH cemnapaTopHOi Meperopo-

KH (stripping system) Ta OB’ A3aHy JIEKCHKY 3a MiIPYYHUKOM 1 IJIaKaTaMu.
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* ExcnepumenTtajbHa rpyna: [Ipoxoauna Toit camuii TeopeTuuHHid OJIOK, a
NOTIM BUKOHYBasia B VR mporenypy 3amycky cUCTEMH, CYIPOBOIKYIOUH KO-
KEH eTan rOJIOCOBUMH KOMaH1aMu Ta KOMEHTapsIMHU.
Pesyabtaru: [Ipy nopaneiioMy TECTyBaHHI, IIO BKJIIOYAJIO YCHHI OIHKC
NpoleaypH Ta BiAMOBIAI HA YCHi NMMTAHHA PO MOXKJIUBI HECIPABHOCTI,
eKCIIepUMEHTaJIbHA TpyTa Mmoka3ania:
= Ha 45% Bullly TOYHICTh BUKOPHUCTAHHS CIEI1ai30BaHOI JIEKCUKU (TOYHI1
HA3BW KJIaNaHiB, HACOCIB, PEKUMIB pOOOTH).
* Ha 60% BuIIy MIBUAKICTH Ta BOEBHEHICTH Y (POPMYIIIOBAHHSIX.
* ['nulmie po3yMiHHS MPUYHMHHO-HACIIIKOBUX 3B’A3KIB y CHCTEMI, 1110 BHUSBH-
J0CS B 3/[aTHOCTI MOSICHIOBATH HACIIAKH TTIOMUJIOK.
6. Buk,iuku Ta nepcneKTUBH
J1o BUKJIMKIB HaJI€XKaTh BUCOKI TOYATKOBI BUTPATH, HEOOX1THICTh MIATOTOBKH 1H-
CTPYKTOPIB Ta 3a0e3MeUeHHs TEXHOJOT1YHOI HaIIMHOCTI IJIT MOPCHKUX YMOB. Maii-
OyTHI pO3BUTOK MoJsirae B O11b11 agantuBHoMy LI, mupiiit noctynmHocti xmap-
HUX CUMYJISIIIMHUX TUIaTGOPM Ta iHTErpallii 010MeTpUYHUX JaHUX (HAIPUKIIA,
MOHITOPHUHT PIBHS CTPECY ]I Yac KOMYHIKAI[IHHUX 3aBJIaHb) JJis TIHOIIOro po-
3YMIHHSI IPOAYKTUBHOCTI M1l TUCKOM.
7. BUCHOBOK
[HTEepaKkTUBHI TEXHOJIOTII € HE TPOCTO AOJATKOBUMHU IHCTPYMEHTaMHU, a KaTaai3aTo-
paMu PyHIaMEHTAIBLHOTO MOKPAIIEHHS SIKOCT1 OCBITH 3 MOPCHKOT TEXHIYHOL
anrmiicekoi. [lomonaBim q0CBiIUEHY TPOTATUHY MIXK ayJAUTOPIEI0 Ta KOpadiem,
BOHU BUXOBYIOTh TJIMOIIIE, OLIBII ONlepaliiiHe Ta CTiiike MOBHE BOJOAIHHA. JIis 1H-
IOyCTpli, A€ 4iTKa KOMYHIKallisl € CHHOHIMOM O€3MeKH Ta e(peKTUBHOCTI, BITPO-
BajukeHHs1 VR, LI, reiimigikarii Ta iIHTEpaKTUBHOTO MPOrPaMHOro 3a0€3MeUEHHS €
CTpaTeriYHUMU 1HBECTULISIMU B JIFOJCHKUM KamiTal. MOpChKi HaBUaJIbHI 3aKjIau
3000B’s13aH1 3AIMCHUTH 1Ie¥ IM(PPOBUIA ITepEX i, OCHAIIYIOUN HOBE TTOKOJIIHHS MO-
PSKIB MOBHOIO KOMITETEHTHICTIO JiJisl O€31eYHOi Ta e(PeKTUBHOI pOOOTH HA CKIIAIHIN,
rJ1I00aJIbHIN apeHi Cy4acHOTO CYAHOILIABCTBA.
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Useful Aspects of Using Digital Tools in the Educational Process

Introduction

The digital technology rapid development has greatly influenced every field
of human activity, the education being one of the most transformed ones. The inte-
gration of digital tools into the educational process has greatly changed traditional
models of teaching and learning. From mere presentations and internet resources to
complex systems and Al-based platforms, digital technologies have expanded the
possibilities of education far more than physical classroom.

During the COVID-19 pandemic global shift toward online and blended learn-
ing clearly demonstrated the importance of digital tools. Platforms such as Moodle,
Microsoft Teams and Google Classroom enabled to continue the educational process
despite lockdowns. However, the value of digital tools is far beyond the necessary
remote teaching. Their systematic use gives numerous teaching benefits.

This article explores the most useful aspects of using digital tools in the edu-
cational process, including flexibility, collaboration, personalization, efficient as-
sessment, skill development and long-term education.

1. Increased Accessibility and Flexibility

Increased accessibility is one of the most significant advantages of digital tools
in education. Digital technologies remove many limitations, such as necessary pres-
ence in a classroom at a fixed time. With on-line platforms, students can access
course materials, lectures, assignments and additional resources from anywhere and
at any time. It is especially important for working students who combine education
with employment or for seafarers, or for cadets who are on voyage on their ship-
board practice.

Recorded lectures, digital textbooks and cloud-based storage systems ensure that
learning materials are always available. If a student misses a class he can always
find the recorded lesson or presentation later. This flexibility supports different
learning schemes and individual schedules.

Moreover, digital tools enable asynchronous learning, where students complete
tasks and participate in discussions at different times. This reduces time pressure and
allows learners to process information more deeply. As a result, education becomes
more adaptable to diverse needs.

2. Enhanced Communication and collaboration

A key element of successful education is effective communication. Digital tools
significantly improve interaction between teachers and students, as well as among
students themselves.

Real time discussions, virtual classrooms and group meetings are by means of
video conferencing platforms such as Zoom and integrated communication systems
like Microsoft Teams. Teachers can explain new topics, answer questions, and pro-
vide immediate feedback even when participants are geographically separated.
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Also, messaging applications and forums support continuous communication
outside of scheduled classes. Students can ask questions, clarify instructions, and
share ideas without waiting for the next lesson. This creates a more dynamic and in-
teractive learning environment.

Collaborative tools, including shared documents and online whiteboards, en-
courage teamwork. Students can work together on projects in real time, edit docu-
ments simultaneously, and track changes. Such collaboration not only improves aca-
demic results but also develops essential soft skills such as teamwork, communica-
tion, and problem solving.

3. Increased Student Engagement and Motivation

Traditional lectures may sometimes lead to passive learning, when students
simply listen and take notes. Digital tools offer opportunities to make lessons more
interactive and engaging.

Such multimedia elements as videos, animations, simulations and interactive
presentations help explain complex concepts in a clear and visually appealing way.
Game-based platforms like Kahoot transform quizzes into competitive and enjoyable
activities. Such gamification elements as points, badges, and leaderboards, motivate
students to participate actively.

Interactive tools also allow teachers to conduct instant polls, quizzes, and sur-
veys during lessons. This immediate feedback helps teachers assess students’ under-
standing and adjust their teaching methods accordingly. Students, in turn, feel more
involved in the learning process.

Also digital storytelling, virtual laboratories and simulations provide experi-
encial learning opportunities. Instead of only reading about scientific experiments or
historical events students can virtually explore them. Such experiences improve
comprehension and long-term retention of information.

4. Personalization and Adaptive Learning

Every student has his own abilities, interests, and learning styles. Traditional
classroom instruction often struggles to address individual differences due to time
and resource limitations. Digital tools help solve this problem through personaliza-
tion and adaptive learning technologies.

Many modern educational platforms analyze students’ progress and performance
data. Based on this analysis, they can:

Recommend additional materials

Adjust task difficulty

Provide targeted exercises

Offer individualized feedback

Adaptive learning systems identify areas where a student struggles and provide
extra practice in those areas. At the same time advanced learners can move forward
without waiting for others. This approach increases learning efficiency and reduces
frustration.

Teachers also benefit from analytics tools that track attendance, participation, as-
signment completion, and tests results. Such data allow teachers to identify students
who need support and timely intervene.
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5. Efficient Assessment and Feedback

Assessment is an essential component of educational process. Digital tools make
evaluation more efficient, transparent and objective.

Online quizzes and testing systems can instantly grade multiple-choice and
short-answer questions. This saves teachers time and provides students with imme-
diate results. Quick feedback helps learners understand their mistakes and improve
faster.

Digital assessment platforms support various formats, including:

Online essays

Project submissions

Peer reviews

E-portfolios

Electronic portfolios allow students to collect and show their work over time.
This method emphasizes progress and development rather than single exam results.

Digital tools reduce paperwork and simplify record keeping. Grades, attendance,
and feedback are stored in centralized systems, making it easier for teachers, stu-
dents, and parents to monitor academic performance.

6. Development of Digital Literacy and 21%-Century Skills

Digital literacy in modern world is as important as traditional literacy. Integrat-
ing digital tools into education, schools can help students develop essential compe-
tencies needed for future careers.

Students learn how to:

Search for and evaluate online information

Use digital communication tools responsibly

Protect personal data and ensure cybersecurity

Collaborate in virtual environments

Manage digital projects and deadlines

These skills are highly valued in today’s job market. Employers expect graduates
to be comfortable with technology and able to adapt to new digital environments.

Also working with digital tools fosters creativity and innovation. Students can
create presentations, videos, podcasts, blogs, and websites, expressing their ideas in
various formats. This not only improves technical abilities but also encourages criti-
cal thinking and independent learning.

7. Support and Inclusive Education

Digital technologies play a crucial role in supporting inclusive education. Stu-
dents with special educational needs often require additional resources and adapted
materials.

Assistive technologies, such as screen readers, speech-to-text software and ad-
justable text formats, help students with visual, auditory, or learning difficulties par-
ticipate fully in the educational process. Online learning environments can be cus-
tomized according to individual preferences, according to font size, background col-
or, and audio support.
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Subtitles, recorded lectures, and replay options also support students who need
more time to process information. As a result, digital tools contribute to equal edu-
cational opportunities for all learners.

8. Preparation for Lifelong Learning

The modern world is characterized by rapid change and continuous innovation.
Professional knowledge quickly becomes outdated, making lifelong learning essen-
tial.

Digital tools encourage independent learning habits. When students become fa-
miliar with online courses, research databases, and educational platforms, they gain
confidence in managing their own learning process. Massive open online courses
(MOOCs), webinars, and professional training programs are widely accessible, al-
lowing individuals to update their skills throughout life.

By using digital technologies during formal education, students develop auton-
omy, self-discipline, and responsibility — qualities that are fundamental for lifelong
learning.

Challenging and Responsible Implementation

Despite numerous advantages, the use of digital tools also presents challenges.
These include unequal access to technology, data privacy concern, screen time man-
agement, and the need for teacher training.

To maximize benefits, educational institutions must:

Ensure equal access to devices and internet connectivity

Provide professional development for teachers

Establish clear digital safety policies

Balance online and offline of learning activities

Digital tools should complement, not replace, effective pedagogical practices.
Technology is most powerful when combined with thoughtful teaching strategies
and human interaction.

Conclusion

The integration of digital tools into educational process has fundamentally trans-
formed modern education. Increased accessibility, enhanced communication, per-
sonalized learning, efficient assessment, improved engagement, and the develop-
ment of essential digital skills are among the most useful aspects of this transfor-
mation.

Platforms such as Google Classroom and Moodle demonstrate how technology
can organize and enrich the learning experience. However the true value of digital
tools lies not in the technology itself, but in how effectively it is used to support stu-
dents’ growth and development.

When implemented responsibly and thoughtfully, digital technologies create a
more inclusive, flexible, and dynamic educational environment. They prepare stu-
dents not only for academic success but also for active participation in the digital so-
ciety of the future.
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Protection of ships and crew from piracy in modern shipping conditions.

Piracy is not romance from adventure books with hidden treasures, but a cruel,
pragmatic and high-tech black business with a clear organizational structure. Even
today, in the age of global satellite monitoring, giant merchant ships remain surpris-
ingly vulnerable to maneuverable speedboats and well-coordinated armed groups.

Pirates carry out daring attacks on merchant vessels with the aim of seizing val-
uable cargo, obtaining an astronomical ransom for the crew or, less often, hijacking
the vessel itself to use it as a “floating base” (mother ship). Despite a significant de-
cline in the level of classic piracy in many regions due to patrols by military coali-
tions, piracy still exists, mutates and adapts to new realities. Every year this criminal
industry causes up to 13 billion dollars in losses to the global economy. This figure
includes not only direct losses and ransoms, but also enormous indirect costs. Such
as increased insurance premiums, fuel overruns due to route changes and the cost of
private security.

In addition to economic losses, piracy puts serious psychological pressure on
seafarers. Crew members working in high-risk areas are constantly in a state of ten-
sion, which can lead to stress, fatigue and reduced concentration while standing
watch. Therefore, modern shipping companies pay great attention to the psychologi-
cal training of seafarers and conduct special training courses on stress management.

Such preparation helps seafarers maintain discipline and act according to estab-
lished procedures even in extremely dangerous situations.

Which regional waters are the most dangerous? Although Somalia is no longer
the only epicenter, the map of maritime threats has significantly expanded and
changed its nature.

Gulf of Guinea (West Africa). At the moment this is the most dangerous and un-
predictable zone. The specificity here is that pirates have shifted from stealing crude
oil to kidnapping people. Most often, they kidnap key crew members (the captain,
first mate, chief engineer) or the entire crew in order to obtain a large ransom, taking
people into the jungle rather than simply robbing the vessel. Attacks here are distin-
guished by particular brutality and the use of automatic weapons.

Singapore Strait and Southeast Asia. This is the most important “bottleneck” in
global trade. Here hostage-taking is less common, while small but regular thefts and
daring attacks directly underway under the cover of night prevail. The targets of the
attackers are the vessel’s cash, personal belongings, and engine spare parts. This re-
quires constant vigilance from the crew and perfect watchkeeping. The high density
of shipping in this region creates favorable conditions for criminals. Among the
large number of ships pirate boats can easily hide, quickly approach a target and dis-
appear just as quickly after committing the theft. Many attacks in this region last on-
ly a few minutes. Pirates try to board the vessel quickly, steal valuables and escape
before the crew has time to react or call coastal authorities.
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Red Sea and the Gulf of Aden. The situation here has become unprecedentedly
complex. In addition to traditional Somali piracy, extremely serious geopolitical
risks, kamikaze drone attacks and missile threats have appeared. Transit through this
zone now requires military-level endurance.

The Caribbean Basin and South America. A growing hotspot of threat where
armed gangs carry out raids on vessels lying at anchorages.

The main international standard and the bible of seafarers’ safety is Best Man-
agement Practices (BMP5). This is a thoroughly developed set of rules that mini-
mizes the probability of a successful boarding. Preparation begins before entering a
dangerous zone. Passive protection (engineering measures) is the first line of de-
fense, which includes:

= Barbed wire (E-razor). Installation of special uncuttable Bruno spirals along

the entire perimeter of the hull, at the stern and on the superstructure in order
to make boarding as difficult as possible.

= Water cannons and fire hoses. A constant, very powerful stream of water di-

rected overboard. This not only knocks boats off course but also makes the
ship’s side slippery, preventing pirates from securing telescopic ladders and
assault hooks.

= Long Range Acoustic Devices (LRAD). Directional sound cannons. They emit

a signal unbearably painful to the human ear over long distances, disorienting
and forcing attackers to retreat even before approaching.

= Grilles on portholes and shields. Armored protection of the bridge from pene-

tration and gunfire.

If passive measures are breached, the Citadel comes into play. This is a specially
reinforced, hidden compartment inside the vessel (often in the engine room) where
the crew can barricade themselves in case the deck is physically captured. The cita-
del must be equipped with autonomous satellite communication and independent
ventilation (pirates often try to “smoke out” the crew with smoke).

There must be a solid supply of food, medicines and water for several days, as
well as the possibility of remote control of the main engine or its complete blocking
so that criminals cannot take the ship into their waters.

In some cases, the crew may remain in the citadel for several days waiting for
the arrival of military forces. Therefore, an important element is the presence of sur-
veillance cameras and means of communication with the outside world in order to
monitor the situation on deck and transmit information to rescue services.

At the same time, the use of Privately Contracted Armed Security Personnel has
become the gold standard for passing through high-risk zones. The presence of
combat weapons on board a merchant vessel is always an extremely complex legal
dilemma, since the laws of different countries and ports of call differ dramatically
(for this purpose the industry of floating armories was created). However, statistics
are relentless, not a single vessel with professional armed security on board has ever
been captured by pirates. As a rule, a demonstration of weapons and warning shots
Is enough for the attackers to change their target.

Private security teams usually consist of former military personnel or members
of special units who have experience working in high-risk environments. They un-
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dergo strict training and operate according to clearly established international rules
on the use of force.

In the 2020s ship protection has entered the era of cybersecurity and has become
digital. Satellite monitoring and automatic identification systems (AlS) in the most
dangerous zones are sometimes deliberately turned off or operate in a mode of se-
verely limited data transmission. This is done in order not to reveal the exact posi-
tion and course of the vessel to criminals who monitor open trackers. Large tankers
and container ships increasingly use their own UAVs (reconnaissance drones with
thermal imagers) for preventive inspection of the horizon for suspicious high-speed
boats that are not visible on radar. Advanced Al analytics and special software con-
tinuously analyze the behavior of vessels around and instantly give an alarm signal
if the course, speed or maneuvers of a small craft indicate an interception attempt.

Modern maritime security centers also track suspicious activity using global da-
tabases and satellite imagery. Information about potential threats is immediately
transmitted to vessels operating in nearby waters. But no technology, even the most
advanced, will save the situation if the crew is not trained and does not know what
to do in a critical second. Training requires strict discipline and includes:

Regular drills. Practicing the alarm signal and lightning-fast gathering of all
crew members in the citadel within a matter of minutes.

Enhanced observation. Posting additional watchkeepers (anti-piracy watch) at
night and when passing narrow straits. Early detection of a skiff gives valuable
minutes to call for help.

Psychological resilience. Special briefing on behavior in case pirates still man-
age to take people hostage. The most important thing is to minimize any aggression,
unguestioningly follow orders, not make sudden movements and maintain inner
calm until the moment of a rescue operation or the payment of a ransom.

Ultimately, successful protection of a vessel from pirates is the result of a com-
bination of modern technologies, strict safety procedures and a high level of profes-
sional training of the crew. Only a comprehensive approach allows risks to be mini-
mized and ensures the safety of people on board. Cooperation between international
naval forces, shipping companies and maritime organizations also plays an im-
portant role in reducing piracy threats worldwide. Joint naval patrols and infor-
mation exchange between countries significantly increase the chances of preventing
pirate attacks and ensuring safer maritime trade routes.
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Conflict Resolution on Board a Vessel. The Role of Modern Information
Technologies in the Education of Ship Engineers

Introduction: The Specific Nature of the “Steel Box”

In the modern world, conflict situations in the professional environment have a
significant negative impact on the efficiency and safety of work. In shipping, this
problem is especially acute due to the confined space and partial isolation of the
crew. A vessel is not an office in the city center that one can leave at six in the even-
ing and go home. It is a closed ecosystem where professional disagreements instant-
ly intertwine with everyday issues. Here, conflict is a direct threat to the safety of
navigation, human life, and the preservation of cargo. That is why it is important to
monitor and suppress conflicts between crew members who are on board.

Types of Conflicts on Board
On a vessel, the classification of conflicts has its own specificity, which is im-
portant to understand in order to neutralize them:

= Professional (technical) conflicts. Disagreements regarding the execution of
work tasks: maintenance of mechanisms, mooring operations, completion of
documentation. They often arise due to different levels of qualification or ap-
proaches to work.

= Interpersonal (domestic) conflicts. The most complex type. Dirty dishes in
the mess room, loud music behind the bulkhead, personal dislike, or a col-
league’s habits that, under the conditions of a 4-6 month contract, begin to
cause rage.

» Hierarchical conflicts. Confrontation between “superior and subordinate.”
Often this involves abuse of authority by senior officers or hidden sabotage of
orders by the rank-and-file crew.

= Intercultural conflicts. In multinational crews, religion, traditions, food hab-
its, and language barriers become stumbling blocks. What is a joke for one
person may be a deep insult for another.

Causes, Victims, and Consequences: The Price of Uncontrolled Anger
Causes of occurrence.

The main catalyst is fatigue. When a seafarer works on a 6/6 or 4/8 schedule for
weeks, his cognitive abilities decrease and the emotional threshold drops. Stress, so-
cial deprivation (separation from family), and the inability to change the environ-
ment strongly affect the seafarer’s psyche, which becomes fertile ground for con-
flicts.

Who suffers? Most often the following fall under pressure:

= Cadets and ratings (due to lack of experience and protective leverage).

= Women (due to persistent gender stereotypes).

= Representatives of national minorities within a particular crew.
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Consequences: The consequences are divided into hidden and fatal ones. Hid-
den consequences include depression, suicidal thoughts, complete apathy, and loss
of vigilance on watch, which leads to accidents. Fatal consequences include physical
violence.

Methods of Resolving Conflict Situations
There is no universal recipe, but there are effective algorithms that every seafar-
er should know:

= Method of distancing (Self-Control). The aggressor always expects an emo-
tional reaction. Depriving him of this “food” is the best way to extinguish the
dispute at its root. Calmness and a cool mind make you invulnerable.

= Depersonalization of the conflict. It is important to shift the dispute from the
plane of “You are a bad specialist” to the plane of “Let’s discuss why this
pump is working incorrectly.” One must attack the problem, not the person.

= Use of humor. Wit is a powerful tool for relieving tension. If you can turn the
situation into a joke (without offending the dignity of the other person), the
conflict is exhausted.

= Mediation through senior officers. If the conflict reaches a dead end, the
Captain or the Chief Engineer must act as judges. It is important to document
all incidents (written orders, entries in logs) in order to have an evidence base
in case of investigation.

What Is Already Being Done Now?

The maritime industry has recognized the problem as systemic and has begun to
take action:

1. Legislative framework: In 2019, amendments to the MLC 2006 Conven-
tion came into force, which officially classify bullying and harassment as a
threat to occupational safety. Now companies are obliged to have clear pro-
cedures for handling complaints.

2. Hotlines: Organizations such as ISWAN and SeafarerHelp have launched
round-the-clock anonymous support lines. A seafarer can call from any-
where in the world and receive advice from a lawyer or psychologist.

3. Intervention of trade unions: Inspectors from ITF and Nautilus Interna-
tional have the right to board a vessel and initiate an investigation, up to the
detention of the ship (PSC), if systematic discrimination is proven.

4. Adoption of company policies aimed at combating bullying: Many
crewing companies are already combating conflicts and harassment by in-
troducing strict policies. Within this framework, initiators of bullying may
be held seriously accountable.

The Future: Plans and Prospects

The industry is moving toward the “humanization” of the fleet. In the coming
years it is planned:
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» Mandatory conflict management courses (Soft Skills). Psychological train-
ing will become as mandatory a part of STCW certification as firefighting. Officers
will be taught not only how to manage a vessel, but also how to manage a team.

* Revision of contract durations. Discussions are underway about reducing
the length of stay on board to 3—4 months, which should reduce cumulative stress.

« Improvement of communication with shore. The widespread implementa-
tion of cheap high-speed internet (for example, Starlink) will allow seafarers not to
feel isolated, which significantly improves the psychological climate.

« Systems for monitoring the crew climate. Systems for anonymous real-time
surveys of crews are being developed, which will allow shipowners to assess the
climate among crew members.

Modern information technologies also play an important role in preparing future
ship engineers to work in multinational crews. Online training platforms, maritime
simulators, and distance learning systems allow cadets to develop both technical
knowledge and communication skills in English. Since English is the main working
language at sea, foreign language training helps engineers clearly explain technical
problems, avoid misunderstandings, and prevent conflicts during joint operations on
board. The use of digital learning tools and interactive communication training sig-
nificantly improves the psychological climate and professional cooperation within
the crew.

The Role of Personal Responsibility of the Seafarer

Despite the development of international norms and corporate policies, the key
role in preventing conflicts is still played by the personal culture of behavior of each
crew member. A professional seafarer must understand that on board a vessel his
behavior affects not only the atmosphere within the team, but also the safety of the
entire crew. The ability to respect colleagues’ personal space, maintain discipline,
control emotions, and show tolerance toward cultural differences becomes just as
important a professional quality as knowledge of navigation or mechanics.

In addition, it is important to report problems in a timely manner without allow-
ing the situation to reach a critical stage. Open discussion of difficulties, mutual
support, and respect for hierarchy help form a healthy psychological climate on
board. In conditions of long-term isolation, it is mutual respect and professional sol-
idarity that allow the crew to maintain efficiency and effectively perform their du-
ties.

Conclusion

Based on all of the above, it can be stated that the problem of internal conflicts
among maritime crews causes concern both for companies and shipowners. After all,
conflicts put the safety of the entire crew at risk. Active measures are already being
taken aimed at combating this problem. Moreover, significant success has already
been achieved, for example the recognition of the problem at the legislative level,
the involvement of maritime organizations and trade unions, and increased aware-
ness among seafarers about the dangers of conflicts and methods for resolving them.
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Much still remains to be done. But one thing is important: in the modern world,
safety and mental well-being in the workplace must be a priority for employers.
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Cylinder Lubrication Systems for Marine Engine

AHoTalisa

Y momoBiai pO3TIASHYTO MPUHITUIT POOOTH, KOHCTPYKIIIO Ta OCOOIMBOCTI €KC-
IUTyaTalii CUCTeM 3MAalleHHS LUJIIHAPIB TOJOBHUX CYyIHOBUX NIBUTyHIB. OCHOBHY
yBary MpUIiICHO JIyOpUKAaTOpaM K BaXXJIMBOMY €JIEMEHTY 3a0e3MeUeHHs HaliiHOT
poOOTH IUTIHAPO-TOPIIHEBOT TpynH. OMUCAHO TUIK JTyOPUKATOPiB, MPUHIUIHN iX-
HBO1 POOOTH, CyJacHi aBTOMAaTH30BaHI CHCTEMH JIO3YBAaHHS MacTHJIa Ta METOAU KO-
HTPOJIIO0 HOro mojavi. TakoK HaBeJEHO TEHICHIIT PO3BUTKY TEXHOJIOTIN 3MaICHHS
B KOHTEKCTI MiJIBUIIEHHS €(EKTUBHOCTI, 3HUKEHHS 3HOIIYBAHHS JIeTajell 1 3MEH-
IIEHHS! HEraTUBHOTO BIUIMBY HA JIOBKLJLIAL.

KuirouoBi ciioBa: CyqHOBUN NIBUT'YH, JyOpHKaTop, CUCTEMa 3MallleHHS, LTUIIHJP,
MacTHJIO, aBTOMAaTH3allisl, €PEeKTUBHICTb.

Annotation

The report examines the operating principles, design, and maintenance aspects of
cylinder lubrication systems in marine main engines. Special attention is given to
lubricators as a critical component ensuring the reliable performance of the cylinder-
piston assembly. Different types of lubricators, their working principles, modern au-
tomated lubrication systems, and oil supply monitoring methods are described. The
paper also highlights current trends in lubrication technology aimed at improving ef-
ficiency, reducing wear, and minimizing environmental impact.
Keywords: marine engine, lubricator, lubrication system, cylinder, oil, automation,
efficiency.

Introduction

Lubrication plays a crucial role in the reliability and efficiency of marine propul-
sion systems, especially in large two-stroke crosshead diesel engines that power
most ocean-going ships. Proper lubrication minimizes friction between the piston
rings and cylinder liner, reduces mechanical wear, and protects the components from
corrosion and high thermal loads. Without effective lubrication, the direct contact of
metal surfaces would lead to severe wear, scuffing, and potential engine seizure.

"The purpose of cylinder lubrication is to create a stable oil film between mov-
ing surfaces, minimizing friction and neutralizing acidic combustion products.” [1]
This thin protective layer prevents direct metal-to-metal contact and reduces the ef-
fects of combustion residues that could corrode or damage the liner surface.
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Principles of Cylinder Lubrication

The key objectives of cylinder lubrication are to reduce friction, minimize wear,
prevent corrosion, and neutralize acidic combustion residues. The oil forms a protec-
tive film that separates piston rings from the liner surface. As the piston moves, the
oil film is continuously renewed while carrying away carbon deposits and wear par-
ticles.

"Cylinder oil must possess strong neutralizing capacity, measured by the Base
Number (BN)." [2] “The BN value indicates the oil’s ability to neutralize acids
formed from the combustion of sulfur-containing fuels. Oils with higher BN are
used for high-sulfur fuels, while low-BN oils are suitable for low-sulfur fuels in
compliance with IMO 2020 regulations.” [3]

Cylinder oil also serves heat-transfer and cleaning functions: it absorbs and dis-
tributes thermal energy from the liner wall and assists in carrying combustion resi-
dues out of the cylinder. If lubrication fails, friction increases drastically, leading to
scuffing and material transfer between piston rings and liner surfaces.

Mechanical Lubrication Systems

Mechanical lubricators consist of multiple small plunger pumps driven by cams
or eccentrics. "Each plunger delivers oil through distribution blocks to one or more
injectors (quills) that penetrate the cylinder liner," and the injection is timed to coin-
cide with the piston stroke for optimal oil distribution. [1]

Advantages of these systems include reliability and simplicity. They can operate
independently of electrical systems and are less sensitive to certain electrical fail-
ures. However, the lack of adaptive control means they often over-lubricate during
low-load operations, wasting oil and creating carbon deposits.

“Maintenance of mechanical lubricators is essential. Blocked injectors, worn
plungers, or leaks can cause uneven lubrication. Routine checks of oil flow, quill
condition, and pump timing are necessary to ensure consistent operation.” [1]

Electronic Lubrication Systems

Modern engines increasingly rely on electronic lubrication systems, which offer
adaptive and precise oil control. "The MAN Alpha Lubrication System, for example,
uses electronic control units to determine the ideal oil feed rate based on load, cylin-
der pressure, and engine speed.” [4] Injection is timed at specific crank angles syn-
chronized with piston position to ensure even oil distribution along the liner surface.

Such systems often employ common-rail technology: "oil is stored under pres-
sure and injected electronically at precise times," allowing accurate control of both
injection timing and quantity. [5] The main benefits are reduced oil consumption
(commonly up to 30%), improved liner condition, and compliance with stringent
environmental standards.

Electronic lubricators also record operational data for analysis, enabling predic-
tive maintenance and optimization. Operators can monitor oil consumption trends
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and liner wear remotely. Integration with onboard monitoring systems allows early
detection of irregularities and more efficient operation.

Feed Rate Optimization and Monitoring

Cylinder oil feed rate is typically expressed in grams per kilowatt-hour (g/kWh).
"Optimal feed rates generally range from 0.6 to 1.2 g/kWh depending on engine size
and load.” [1] Too low a feed rate can cause scuffing and corrosion, while too high a
rate wastes oil and increases carbon buildup.

Modern lubricators can automatically adjust feed rate in response to load, fuel
type, and operating conditions. Continuous monitoring systems measure oil con-
sumption and analyze scavenge drain samples to detect early signs of corrosion or
abnormal wear. "Regular inspection of scavenge drain samples can reveal early
signs of corrosion or scuffing." [6]

“Oil condition analysis 1s an indispensable maintenance tool. Regular testing of
used oil for metal content, BN depletion, viscosity changes, and contamination of-
fers insight into engine health and lubrication effectiveness.” [6]

Troubleshooting and Maintenance

To ensure effective lubrication, regular inspection and maintenance are essential.
"Lubricators should be checked for proper operation, plunger movement, and pres-
sure levels; injectors must be cleaned to avoid blockage, and pipelines flushed to
remove residues.” [1]

Common lubrication problems include:

« Scuffing: caused by insufficient lubrication or air in the system.

« Liner polishing: from over-lubrication or incorrect BN choice.

« Corrosion: when low-BN oil is used with high-sulfur fuels.

« Carbon deposits: resulting from excessive oil injection or poor atomization.

“Scheduled maintenance, proper calibration, and adherence to manufacturer rec-
ommendations can prevent these issues.” [4] “For electronic systems, periodic sen-
sor calibration and software updates are important for maintaining accuracy and reli-
ability.” [5]

Environmental and Economic Considerations

Efficient lubrication management reduces both operational costs and environ-
mental impact. Excessive oil consumption contributes to increased emissions and
waste oil generation. Optimization of lubrication systems aligns with the goals of
international maritime environmental regulations.

"Advanced electronic lubricators help lower oil consumption by up to 35%,
leading to lower operational costs and less sludge for disposal." [6] They also sup-
port the maritime industry’s move toward sustainable and digitalized maintenance
practices, enabling real-time condition monitoring and predictive maintenance.

“As ships transition to cleaner fuels (e.g., LNG, methanol) and low-sulfur
blends, lubrication strategies must adapt.” [3] “New low-sulfur and low-ash oils are
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being developed to meet the needs of cleaner combustion processes and to avoid
ash-related deposits in engines and exhaust systems.” [6] Continuous innovation in
lubrication chemistry and delivery systems is therefore necessary.

Conclusion

Cylinder lubrication remains one of the most vital aspects of marine two-stroke
diesel engine operation. The transition from mechanical to electronic lubricators, the
development of adaptive control algorithms, and improvements in oil chemistry
have significantly enhanced efficiency and sustainability.

Proper lubrication ensures minimal wear, optimal engine performance, and com-
pliance with environmental standards. The balance of oil quality, feed rate, and
maintenance determines the longevity of critical components. As the shipping indus-
try embraces digitalization and decarbonization, lubrication systems will continue to
evolve and play a central role in engine reliability.

As one industry expert summarized, "Lubrication is both a science and an art—it
requires precision in formulation, delivery, and control to ensure machinery longevi-
ty at sea." [7]
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Electric Propulsion System

AHoTalisa

Y poOOTI pO3IISAHYTO ENEKTPUYHI PYLIIAHI CUCTEMH CyYaCHUX CYJAEH, IXHIO
KOHCTPYKI10, IPUHIUI pOOOTH, OCHOBHI €JIEMEHTH, IlepeBaru Ta oomexxenns. Oco-
OJIMBY yBary mpuaiICHO T1OpUIHUM CHUCTEMaM Ta TEHJICHIIISIM PO3BUTKY MOBHICTIO
EJIEKTPUYHOIO CyAHOIUIaBcTBa. ONMUCaHO MPUKIAIA CYYaCHUX CYIEH 13 BUKOPHC-
TaHHSAM TaKUX TEXHOJIOTiM, IO CHPUSIOTH MiJIBUIIEHHIO €HEproe(peKTUBHOCTI Ta
3HIKEHHIO MIKIUINBUX BUKHUIIB.

Kuro4oBi ciioBa: enekrpuyHa pyuiiiHa yCTaHOBKA, CYJHOBUM €JIEKTPOJBUTYH,
ribpuHa cucteMa, eHeproeeKTUBHICTh, MOPCHKUH TPAHCIIOPT.

Annotation

The paper examines electric propulsion systems in modern ships, describing
their structure, operating principles, main components, benefits, and limitations.
Special attention is given to hybrid technologies and the growing trend of fully elec-
tric vessels. Examples of modern ships using such technologies are discussed, em-
phasizing their contribution to energy efficiency and emission reduction.
Keywords: electric propulsion, marine motor, hybrid system, energy efficiency,
maritime transport.

Introduction

In recent decades, the maritime industry has been undergoing a technological
revolution. The increasing demand for environmentally friendly and energy-efficient
solutions has led to the rapid development of electric propulsion systems. These sys-
tems replace or complement traditional mechanical propulsion by using electric mo-
tors to drive ship propellers. Electric propulsion provides flexible power manage-
ment, lower emissions, reduced noise, and greater operational efficiency.

Principle of Electric Propulsion

The basic principle of electric propulsion is the conversion of electrical energy
into mechanical energy through electric motors. Electricity is generated by diesel
generators, batteries, or alternative energy sources such as fuel cells. The generated
electricity is then distributed through the ship’s power management system to drive
the propulsion motors. This configuration allows for efficient operation under dif-
ferent load conditions and provides high maneuverability, especially in dynamic po-
sitioning operations. [4]

Main Components and Systems

An electric propulsion system generally consists of the following main compo-
nents:
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1. **Power Generation Units** — diesel generators, batteries, or renewable energy
systems that produce electrical power.

2. **Power Distribution System** — cables, transformers, and converters that
deliver power to the propulsion motors.

3. **Propulsion Motors** — electric motors that convert electrical energy into
mechanical torque to rotate the propeller.

4. **Control and Automation Systems** — manage power flow, optimize effi-
ciency, and ensure safety under all operating conditions.

5. **Energy Storage Systems** — modern vessels use lithium-ion batteries or
supercapacitors to store excess energy for later use. [1]

Types of Electric Propulsion

1. **Diesel-Electric Propulsion** — Diesel generators supply electricity to
propulsion motors and ship services. This type is common in cruise ships,
research vessels, and icebreakers due to its flexibility and reliability.

2. **Hybrid Propulsion** — Combines diesel engines and electric motors,
allowing the ship to operate in full electric mode in ports or environmentally
sensitive areas, reducing emissions and fuel consumption.

3. **Fully Electric Propulsion** — Relies entirely on batteries or fuel cells for
propulsion. Such systems are used in ferries, short-distance passenger vessels,
and harbor tugs where recharging infrastructure is available. [6]

Advantages and Challenges

Electric propulsion systems offer numerous advantages:

- Higher efficiency and better fuel economy at variable speeds.

- Reduced greenhouse gas emissions and pollution.

- Quieter operation, minimizing underwater noise.

- Easier integration with renewable energy sources.

- More flexible ship design due to the separation of engines from propeller shafts.

However, several challenges remain. The initial cost of electric systems is higher
than conventional ones. Batteries and power electronics add weight and complexity,
and energy storage limitations restrict long-distance operation. Continuous research
aims to address these challenges by developing lighter, more efficient batteries and
advanced control systems. [5]

Case Studies

Several modern vessels have successfully adopted electric or hybrid propulsion
technologies:

- **Color Hybrid Ferry (Norway)** — one of the world’s largest plug-in hybrid ves-
sels, using batteries and diesel generators.

- **E-Ferry Ellen (Denmark)** — a fully electric ferry operating entirely on battery
power with zero emissions.

- **Yara Birkeland (Norway)** — the world’s first autonomous and fully electric
container ship.
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- **Royal Navy Type 45 Destroyers (UK)** — equipped with integrated electric
propulsion for improved efficiency and silence.

These examples demonstrate how electric propulsion contributes to sustainable mar-
itime transport and complies with international emission regulations. [2]

Future Trends in Electric Marine Propulsion

Future development of electric propulsion focuses on increasing energy storage
capacity, integrating hydrogen and ammonia fuel cells, and expanding the use of re-
newable energy sources such as wind and solar power. Digitalization and smart en-
ergy management will further optimize power usage onboard. The combination of
electric propulsion and autonomous navigation systems is expected to transform the
maritime industry, making it safer, cleaner, and more efficient. [3]

Conclusion

Electric propulsion systems represent a crucial step toward achieving sustainable
and eco-friendly maritime transport. They provide flexibility, energy efficiency, and
environmental benefits unmatched by traditional propulsion systems. With ongoing
innovation in batteries, power electronics, and automation, electric propulsion is be-
coming the new standard for modern ships. It not only improves operational perfor-
mance but also helps the maritime sector meet global decarbonization goals.
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AHoTanisa: Y poOOTi po3MIIIHYTO KIIOYOBI OOOB'SI3KH Ta 3a]1adi Cy/THOBOTO €Jie-
krpomexanika (ETO). Onucano #oro poss y 3abe3nedeHHi eKcIutyaraiii, 00ciyro-
BYBaHHI Ta PEMOHTI €JIEKTPUYHOTO Ta €IEKTPOHHOTO OOJIaIHAHHS Ha OOpTYy Cy/HA.
Oco06nuBy yBary mpuaijeHO BiJMOBIIAJBHOCTI 32 CUCTEMHU aBTOMATHKH, HaBiraIii-
He 00JIaJHAHHS Ta CHJIOBI YCTAaHOBKH. PO3TIIIHYTO BaXJIMBICTh JOTPUMAHHS TIPABHUIT
Oe3MeKH 1111 yac poOOTH 3 €IEKTPOOOIaHAHHSIM.
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Annotation: The paper examines the key duties and tasks of a ship's Electro-
technical Officer (ETO). It describes their role in ensuring the operation, mainte-
nance, and repair of electrical and electronic equipment on board the vessel. Special
attention is paid to the responsibility for automation systems, navigation equipment,
and power plants. The importance of adhering to safety regulations when working
with electrical equipment is also discussed.
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The Electro-technical Officer (ETO) is a licensed member of the engine depart-
ment on a merchant ship. This role is crucial for the operational safety and efficiency
of the vessel, as modern ships are heavily reliant on complex electrical, electronic,
and automated systems.[4.]

The Importance of the ETO on the Ship

The electrical and electronic systems form the "nervous system™ of a modern
vessel. Without a competent ETO, the ship cannot function safely. The ETO is re-
sponsible for the maintenance and repair of virtually all electrical equipment, ensur-
ing that systems for navigation, communication, power generation, and propulsion
support are fully operational. A failure in these systems could lead to a blackout,
loss of navigation, or a fire, endangering the crew and the vessel.

Key Responsibilities of an ETO

1. Power Generation and Distribution

The ETO is responsible for the main power plant, including the generators and the
main switchboard. They must ensure stable power generation, manage load distribu-
tion across the ship, and maintain emergency power supplies, such as the emergency
generator and batteries. [1.]
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2. Automation, Control, and Instrumentation

Modern ships use complex automation systems for the engine room, cargo handling,
and ballast systems. The ETO must maintain, troubleshoot, and repair these systems,
including programmable logic controllers (PLCs), sensors, and control interfac-
es.[2.]

3. Navigation and Communication Equipment

The ETO assists the deck department by maintaining vital navigation and communi-
cation equipment. This includes radars, ECDIS (Electronic Chart Display and In-
formation System), GPS, GMDSS (Global Maritime Distress and Safety System),
and satellite communication terminals.[3.]

4. Maintenance of Electrical Machinery

This includes the inspection and maintenance of electric motors for pumps, fans,
cranes, windlasses, and steering gear. On ships with diesel-electric propulsion, the
ETO's role is even more critical, as they are responsible for the high-voltage propul-
sion motors and converters.[1.]

5. General Electrical and Electronic Systems

The ETO also handles the maintenance of all other electrical systems, from galley
equipment and accommodation lighting to fire alarm systems and internal telephone
networks.

Safety and Maintenance

Safety is the highest priority for an ETO. Working with high-voltage equipment pre-
sents significant risks. The ETO is responsible for implementing and enforcing strict
electrical safety procedures, such as "lock-out/tag-out” (LOTO), before any mainte-
nance begins. Regular maintenance, such as insulation testing of cables, cleaning
switchboards, and testing circuit breakers, is crucial to prevent equipment failure and
electrical fires. Proper documentation and maintaining a log of all maintenance and
repairs are also essential parts of the job.

Conclusion

The Electro-technical Officer is a vital specialist essential for the operation of any
modern vessel. They ensure the reliability, efficiency, and safety of all electrical and
electronic systems. As ships become increasingly complex and automated, the re-
sponsibility and importance of the ETO in maritime transport will only continue to
grow.
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Sustainability in maritime shipping and reduction of emissions
AHoTalisa

VY 111t pobOTI pO3TIIsiAA€THCS MPOOIeMa eKOJIOTIYHOT CTIKOCTI Y MOPChKiil ramy-
31 3 aKIIEHTOM Ha 3MEHIIICHHS IIKIJIMBUX BUKHUIIB 13 cyJeH. [IpoaHanizoBaHO OCHO-
BHI €KOJIOT1YHI BUKJIWKH, CIIPUYMHCHI MOPCHKUM TPAHCIOPTOM, Ta TPECTaBICHO
MDKHApOHI CTaHIApTH, 30KpeMa Ti, 10 3anpoBaKeHi MiXKHApOIHOI MOPCHKOIO
opranizaiiero (IMO) 1 Koneniiero MARPOL. ¥V nomnoBiai po3risgaroThCs IHHOBA-
IIAHI TEXHOJOrIi, Takl K anprepHaTuBHI Buau manua (CIII, 6iomanuBo). Takox
BHCBITIIIOIOTHCS MTPAKTUYHI aCTIEKTH 3aCTOCYBaHHS IIUX TEXHOJOTIH 1 iX eKOHOMIYHA
JTOLJIbHICTb.
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MOPCHKHN TPAHCTIOPT, €KOJIOTIYHA CTIMKiCTh, 3MeHIIeHHs Bukuais, IMO, MARPOL,
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Annotation

This paper explores the issue of environmental sustainability in the maritime in-
dustry, focusing on reducing harmful emissions from ships. It analyzes the main en-
vironmental challenges caused by maritime transport and presents international
standards, particularly those introduced by the International Maritime Organization
(IMO) and the MARPOL Convention. The report discusses innovative technologies
such as alternative fuels (LNG, biofuels). It also highlights practical applications,
economic feasibility.

Keywords:
maritime transport, environmental sustainability, emissions reduction, IMO,
MARPOL, green shipping, alternative fuels.

Introduction

The international maritime shipping industry plays a pivotal role in global trade,
moving an estimated 80-90% of world goods by volume. At the same time, this sec-
tor has become a significant contributor to environmental degradation through the
emission of greenhouse gases (GHGs) and other air pollutants. As global attention
on climate change and sustainable development intensifies, the need for eco-efficient
and low-emission shipping becomes increasingly urgent. [1]

In particular, emissions from vessels—including carbon dioxide (CO.), sulfur
oxides (SOy), nitrogen oxides (NOy), and particulate matter (PM)—pose risks both
to the marine and coastal environment and to the global atmosphere. Studies suggest
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that without mitigation, maritime shipping emissions could increase substantially in
coming decades. [2]

1. Maritime Transport and Environmental Challenges

Maritime transport is a backbone of the world economy, delivering vast amounts
of cargo across continents and enabling international trade flows. However, the envi-
ronmental footprint of shipping is non-trivial: according to data, shipping was re-
sponsible for around 1 x 10° tonnes of CO: in 2018, representing about 3 % of glob-
al anthropogenic CO: emissions.

Impacts on Marine and Coastal Systems. The environmental impacts are multi-
ple: acidification and nutrient loading from NO./SOy, deposition of particulates, and
direct CO2 — ocean uptake contributing to acidification of marine waters. As trade

volumes increase, the shipping sector’s share of total emissions may increase if un-
checked. [3]

2. International Standards and Regulations

Role of IMO

The IMO is the specialised UN agency responsible for the safety and security of
shipping, as well as prevention of marine pollution by ships. It has also taken leader-
ship in regulating GHG emissions from international shipping. In 2011, MARPOL
Annex VI was amended to introduce mandatory energy efficiency regulations for
ships: the Energy Efficiency Design Index (EEDI) for new ships, and the Ship Ener-
gy Efficiency Management Plan (SEEMP) for all ships. [4]

The Initial IMO Strategy on the Reduction of GHG Emissions from Ships (2018)
set out the vision to reduce total annual GHG emissions from international shipping
by at least 50% by 2050 relative to 2008 and to work toward phasing them out en-
tirely as soon as possible. [5]

The 2023 IMO GHG Strategy represents an updated framework with enhanced
ambition. Key elements include: reducing carbon intensity of international shipping
by at least 40% by 2030 (compared with 2008), increasing the uptake of zero or
near-zero GHG technologies and fuels (targeting at least 5%, striving for 10% of en-
ergy used by international shipping by 2030), and a goal for net-zero GHG emis-
sions around 2050. [6]

3. Technological and Operational Solutions for Emission Reduction

To meet the regulatory targets and environmental imperatives, the shipping in-
dustry must adopt a suite of technical and operational measures. These span from
alternative fuels to ship design, engine technologies, and voyage optimisation.

Alternative Fuels & Energy Sources

Some of the leading fuel/energy options include:
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LNG (Liquefied Natural Gas): Lower sulfur content, reduced NO, but not ze-
ro-carbon and methane slip is an issue.

Biofuels / Synthetic fuels: Potentially lower net CO: if feedstock and life-cycle
emissions are well managed.

Electric / Hybrid Propulsion: Particularly for short sea shipping or ferries, bat-
tery or fuel-cell based systems may be viable. [7]
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Ship Propulsion System
AHoTaLifA

Y po60Ti pO3TASTHYTO OCHOBHI THIH CYJAHOBUX PYIIIMHHUX yCTaHOBOK, IXHI KOHC-
TPYKTUBHI 0COOJIMBOCTI, IepeBaru Ta Heaoiku. OcoOauBYy yBary npuiaijeHo cydac-
HUM €HEeproe(eKTHBHHUM 1 €KOJIOTIYHUM CHCTEMaM, SIKi BHKOPHUCTOBYIOTHCS B MOp-
ChKiM Taily3l, TAKUM SIK T1IOpHJHI Ta €JeKTpU4YHiI ycTaHOBKH. HaBeneHo mpukiaau
1HHOBAIIIH, CIPSIMOBAHUX Ha 3HIKCHHS BUKHUIIB 1 MiABUIIECHHS €(EKTUBHOCTI MOP-
CHKOT'O TPAHCIOPTY.

Kuiro4uoBi cjioBa: cyHOBMIl IBUT'YH, PYIIliHAa YCTAHOBKA, TOPHUIHA CUCTEMA, MOP-
CBKHI TPAHCIIOPT, EHEPrOe(HEKTUBHICTD.

Annotation

The paper examines the main types of ship propulsion systems, their design features,
advantages, and disadvantages. Special attention is paid to modern energy-efficient
and environmentally friendly systems used in the maritime industry, such as hybrid
and electric propulsion. The paper also highlights recent innovations aimed at reduc-
ing emissions and improving the efficiency of maritime transport.

Keywords: marine engine, propulsion system, hybrid technology, maritime
transport, energy efficiency. [2]

Ship propulsion systems are essential components that enable vessels to move
through the water efficiently and safely.

They convert energy from various sources, such as diesel fuel or electricity, into
mechanical motion, propelling the ship forward.

In this essay, we will discuss the main types of ship propulsion systems, their
advantages and disadvantages, and modern innovations that make them more effi-
cient and environmentally friendly.

The Importance of Propulsion Systems on the Ship

The propulsion system is the heart of a ship’s movement. Without it, the vessel
cannot maneuver, maintain course, or achieve the required speed.

Modern propulsion systems are designed not only to provide power but also to
ensure fuel efficiency, reduce noise, and minimize environmental pollution.
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Types of Ship Propulsion Systems

1. Diesel Engine Propulsion

Diesel engines are the most common type of propulsion system used in ships today.
They work by converting chemical energy from fuel into mechanical energy.

The diesel engine drives a propeller through a shaft, providing thrust that moves the
vessel forward. [2]

Advantages include high efficiency, reliability, and easy maintenance. However,
diesel engines produce emissions that contribute to air pollution.

2. Gas Turbine Propulsion

Gas turbines are used in high-speed ships such as naval vessels and passenger fer-
ries.

They provide high power output and quick response to speed changes.

Despite these advantages, gas turbines have high fuel consumption and maintenance
costs, making them less common in commercial shipping. [3]

3. Steam Turbine Propulsion

Steam turbines were widely used in the early 20th century, especially in large ocean
liners. [4]

They convert heat energy from steam into mechanical energy to rotate the propeller.
Although efficient and reliable, steam systems require large boilers and are less fuel-
efficient compared to modern engines.

4. Electric and Hybrid Propulsion

Electric propulsion systems are becoming increasingly popular due to their envi-
ronmental benefits. [1]

They use electric motors to drive the propeller, powered by generators or batteries.
Hybrid systems combine diesel engines and electric motors, allowing the ship to op-
erate efficiently under different conditions.

These systems are quieter, produce fewer emissions, and reduce fuel consumption.

5. Nuclear Propulsion

Nuclear propulsion is mainly used in naval submarines and icebreakers.

It uses nuclear reactors to generate heat, which produces steam that drives turbines
connected to the propeller.

The main advantage is that it allows ships to operate for long periods without refuel-
ing. However, the cost, complexity, and safety concerns limit its use in commercial
ships.

Modern Innovations in Ship Propulsion

The maritime industry is constantly seeking ways to improve propulsion effi-
ciency and reduce environmental impact.
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Recent innovations include the use of LNG (liquefied natural gas) as a cleaner
fuel alternative, wind-assisted propulsion using sails or rotors, and fully electric
ships powered by renewable energy sources.

These technologies represent the future of sustainable maritime transport.

Safety and Maintenance of Propulsion Systems

Maintaining a propulsion system is crucial for ensuring safe and continuous op-
eration.

Regular inspections, lubrication, vibration monitoring, and performance testing
help prevent failures and extend equipment lifespan.
Proper training of the crew is also essential to handle emergencies and perform basic
maintenance tasks.

Conclusion

Ship propulsion systems are vital for the operation of any vessel.
They determine the ship’s speed, maneuverability, and efficiency.
From traditional diesel engines to modern hybrid and nuclear systems, each type of
propulsion has its advantages and applications.
With the growing focus on environmental protection, the development of clean and
efficient propulsion technologies is essential for the future of maritime transport.
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Po3BuToK npogdeciiHuX HABUY0K, 3HAHb TA BMiHb CTY/ICHTIB Y BUBYEHHI
AHIJIICbKOI MOBM 3 BUKOPUCTAHHAM CYyYaCHHUX METOAIB Ta PEiTHHIOBHUX
OL[IHIOBAHDL

Abstract: The article is devoted to the formation of skills and abilities during
the teaching of English using modern methods and rating assessments. The article
provides examples of a business game in the format of a conference in the form of
an interactive practical lesson. Examples of a business game are given for different
levels of basic English proficiency. The article considers the rating assessment of
knowledge using points.

Keywords: methodology, rating, business game, English, knowledge, skills, abili-
ties.

AHortanisi: CtaTTs npucBsiueHa (OpPMYBAHHIO HABUYOK Ta BMIHb I/l 4ac HaB-
JaHHS

aHTJIICHKOT MOBH 3a JIOTIOMOTOI0 CY4aCHUX METOJUK Ta PEUTUHTOBUX OI[IHOK. Y
CTaTTI HABEACHI MPUKIAAN I1IJI0BOI I'pu y (hopmaTi KOHPEPEHIIil y BUIJISA/Il 1HTEpaK-
THBHOTO MPAKTHUYHOTO 3aHATTS . [[puknanu aij0Bo1 rpu HaBENIEH1 JIsl PI3HOTO PiBHSA
BOJIOJIIHHA 0a30BOI0 aHTJIINCHKOIO MOBOI. CTaTTsl pO3Isiia€ PEHTHUHTOBY OIIIHKY
3HaHb, 3a JOITOMOTOI0 OaJIiB .

KuarwouoBi cjioBa: Meronka, peMTHHT, JIIJIOBA I'pa, aHTJIIMChKa MOBA,
3HAaHHS, HABUYKHU, BMIHHS.

CraHzmapTy BHILOI OCBITHM CIPSMOBAaHI Ha PO3BUTOK MPOQECIHHUX HABHUOK,
3HaHb Ta BMiHb CTYJICHTIB. Y IpOIIeCi HABYaHHS CTYJICHTH 3aCBOIOIOTh HOBY 1H(OP-
Mallilo, 3aCTOCOBYIOTH il Ha MPAKTHII, a TAKOXK BUPIIIYIOTh MPOOJIEMH Ta 3aBIaHHS,
MOCTaBJICHI BHKJIagadeM. Poiib BUKIIAJada € KIFOYOBOIO B OCBITHBOMY IIPOIIECI.
Crnernudika BUBUCHHS MPOTPaMH 3 1HO3EMHOT MOBH JIJIsl CTY/JICHTIB HEJIIHTBICTUYHUX
YHIBEPCUTETIB CIPSIMOBaHa Ha PO3BUTOK TaKUX HABUYOK: YcHe MOBIIEHHS —
npaBuJIbHA BUMOBa, TOOYI0Ba peueHb, iHTOHAIIIs. [lucbkMOBe MOBIICHHS — Tiepeaada
JTHTBICTUYHOI iH(popMaIlii yepe3 JTepHi 300pakeHHsI 3BYKiB, cliB Ta ¢pa3. bes3mno-
CepelHE 3aCTOCYBaHHS HABUYOK HA MPAKTHIl — MiJ] Yac CITUIKYBaHHS, IMiJl 9ac J1I0-
BUX 1rOp, JIJISl BUPIIIEHHS KOHKPETHOTO 3aB/IaHHs M mpooOiemu. HaBuuka — 1e goc-
KOHaJI€ BOJIOAIHHS A1€10, aBTOMAaTU30BaHUI KOMIIOHEHT CB1OMOI I1SJIbHOCTI.

1) ®opmyBanHs HaBU4OK. [lig yac 3100yTTS BUILOT OCBITH CTYJEHTH 3aCBO-
I0I0Th HOBY 1H(OpMaIIito MiJ Yac MpaKTUYHUX 3aHATh. [1i1 4yac 3aHATTS BOHM 3allv-
CYIOTh BHU3HA4Y€HHs, CIIOBHUKOBHM 3amac Ta rpaMaThuHi akciomu. KoHcmekTu cry-
JIEHTIB MICTATh KOPOTKE TIIyMaueHHs 1HpopMmaIlii, mpeACTaBICHOI BUKIAaueM.

2) Po3Butok HaBn4yok. OIHUM 13 HAKpaIIMX METO/IB PO3BUTKY HABUYOK € 3a-
CTOCYBAaHHS 3HaHb Ha MpakTuili. CTyJJeHTH BUBYAIOTH MPEAMET 1 32 JOIMOMOIOIO [i-
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JIOBHX 1rOp, POJLOBUX TEXHIK Ta PEUTUHTOBUX OLIIHIOBAHb 3aKPIIUIIOIOTH CBOI 3HAH-
Hs. Hwkde nepeniueHi TUIM HaBUYOK, SIK1 CTYJICHTH HAOyBalOTh 1] YaC HaBYaJIbHO-
ro mpoiiecy. CeHCOpHI HaBUYKH CTOCYIOThCA CIPUUHATTA iH(OpMaIli sSIK B OCBIT-
HbOMY, TaK 1 B IpoeCifHOMY KOHTEKCTI. MOTOpHI HAaBHUYKH € PE3yIbTaTOM OBOJIO-
JiHHS pyxaMu. Bonu HeoOXiaH1 /I YUTaHHS, TUCbMa, BAKOHAHHS TECTiB ToII0. Po-
3yMOBI HaBUYKH JEMOHCTPYIOTHCS U€pe3 BUKOHAHHS PO3YMOBHX 3aBJaHb Ta BUPI-
IIEHHS KOHKPETHUX Mpo0JieM, TOCTaBICHUX BUKIIagaueM. PO3BUTOK po3yMOBUX Ha-
BUUYOK HEOOXITHUHN i1 €()EKTUBHOTO BUPIMICHHS MPOOJIeM K IMiJ 4ac HaBYAHHS,
Tak 1 B mpodeciitHiil po6oTi cryaeHTa. MOBICHHEBI HABUYKH € PE3yJITATOM PO3BH-
TKY Ta 3aCTOCYBAaHHSI MOBJICHHEBO1 AisUTbHOCTI. L{i HABMYKHM € 4aCTHHOIO YCHOTO Ta
MMACHMOBOTO CIIJIKyBaHHS. MOBJICHHEBI HABUYKH € KJIFOUOBUMHU y BUBYCHHI JTUCITH-
IUTIH 1HO3eMHUX MOB. HaBHWYKkM criBmpaul € pe3yJbTaTOM OBOJIOAIHHS HOpPMaMH,
MpaBWJIaMH Ta YMOBaMU YCHIITHOI B3a€MO/IIi MK CHEIIaliCTaMU, 10 MPU3BOIUTH
JI0 BUKOHAHHS CHUTHHOTO 3aBAaHHS. HaBUUKM KOJEKTUBHUX 1N MIIKPIILTIOIOTHCS
BCTAHOBJICHHSIM TEMITY Ta PUTMY CHIJIBHOI JisSILHOCTI BCiX ujieHiB kKoMaHau. L{i Ha-
BUYKHU 3a0€311eUyI0Th CHHXPOHHICTh, KOOPJIMHALIIIO Ta €()EeKTUBHICTh YCIET KOMaH/IH.
KoMyHikaTHBHI HaBUYKK — II€ yCTAJICHI BUPa3HI PyXH Ta [iii, 10 BKIIOYAIOTHCS Y
B3a€MOJIII0 3 THIIMMHU. BOHM CHIpUSIIOTH BCTAHOBJIEHHIO KOHTAKTIB, B3aEMOPO3yMiH-
HIO Ta CTBOPEHHIO MIO3UTUBHOTO €MOLIIMHOTO Ta MPO(ECIHHOTO TOHY CIUIKYBaHHS.
3HaHHSA.

[IpodeciiiHi 3HaHHS € Pe3yIbTATOM PO3yMiHHA (PAKTIB Ta SBUIL NPOPECIAHOT Ii-
SUTBHOCTI, 1X 3B'SI3KiB, BJIACTUBOCTEN Ta B3a€MO3B's3KiB. KOXXEH CTyIEHT MOBUHEH
OyTH BHCOKO MiATOTOBJICHWH 0 HETaHOTO Ta MPaBMJIHBHOTO 3aCTOCYBAHHS CBOIX
3HaHb Y BUKOHaHHI mpodeciiHuX 3aBaaHb. CyKyHHICTh Ta SIKICTb NMPOQECiHHUX
3HaHb CTYAEHTa MOBMHHI BIJIMOBIIATH MOro MaiOyTHIN CHEHIabHOCTI Ta MOCaao0-
BHM 000B's3kaM |2, c. 25].

3aJie’)KHO BiJ JAMCIMIUIIHM, CTYJEHT BHBYA€E TMOB's3aHy 1H(MOpMAIIiIO, sIKa MOTIM
TpaHchopMyeThcsi B 3HaHHSA. JIJig 1HO3eMHOI MOBH crenudiKy HayKOBOTO 3HAHHS
MOKHa IOIUINTH Ha TaKl €Tallu.

1) I[Ipodeciiina nexcuka. Y mpoiieci HaBYaHHS CTYJEHT 3yCTPI4a€ThCs 3 HOBUMH,
HE3HalloMUMH cioBamMu. Poiib BUKIIa/aya mojsira€ B MpaBUJIbHINA 1HTEpPIpETallii HO-
BUX TPABWJI CIOBHUKOBOTO 3aracy Ta IepeBipIli 3HaHb.

2) 3nanHs rpaMatukd. ['pamMaTruHi HOPMH 1HO3EMHOI MOBHU € (PyHIaMEHTaJIb-
HUMU B OyJb-sIKili MOBHIM AUCLUMIUIIHI. ['paMaTUYHUN MIHIMYM NOJAUISETHCA Ha ce-
MECTpH, a 3HAHHS MEePEBIPSIIOTHCS 32 IOMIOMOTOIO TECTIB Ta MiJICYMKOBUX OIIHOK.

3) Jlekcuuna rpamatuka. CuparyYuch Ha MOMEPEAH]I MyHKTH, CTYICHT TaKOX
NpaKTUKy€e HAO0YyTiI 3HAHHS 3 METOI 1X 3aCTOCYBaHHS y (hOpMi MOBJIEHHS, J1aJIOTy,
MOHOJIOTY Ta JIJIOBUX 1rOp.

HaBuuku Ta BMinHs .

HaBuuku HaiisicKkpaBillie MPOSBIISIOTHCS B YCIIIIHOMY BUKOPHCTAaHHI 3HAHB Ta
HAaBHYOK, y MPaBUILHOMY iX 3aCTOCYBaHHI B HOBOMY Ta CKJIQJHOMY CEpPEIOBHIII.
Koxen cnenianict norpedye 6araTb0X rHyYKHX HABHUUOK, MOB'SI3aHUX 3 PI3HUMU ac-
neKTaMu Horo po6otu. HaBuuku HailsicKpaBille MPOSIBISIOTHCS B MOBTOPIOBAHUX
YMOBAaX, TOJ1 SIK BMIHHS JJO3BOJISIFOTH JIFOJIMHI TBOPYO 3aCTOCOBYBAaTH HaBUYKHU B HO-
BOMy cepenoBuiili. Ha BigMiHy BiJ HABUUOK, BMIHHSI BUMAraroTh YITKOTO CAMOKOHT-
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POJII0, aKTUBHOI YCBIJJOMJIGHOCTI Ta BOJIOJIHHS y3araJbHEHHMH METOJIaMH BUKO-
HaHHS pi3HUX 3aBAaHb. [IpodeciiiHi 3HaHHS, BMIHHS Ta HABUYKHU ITOBUHHI YTBOPIO-
BaTH CUCTEMY, II0 OXOIUTIOE HAMBAXXJIUBIII aCIeKTH MpodeciiHOol AisIbHOCTI [3, C.
16].

HinoBa rpa.

OpnuM 13 cnoco01B 3aKpilyieHHs HAa0yTUX 3HAaHb, BMIHb T4 HABUYOK € IPOBE-
JICHHS JIUTOBOI TpH 31 cTyAeHTaMH. J[1J10Ba Tpa JI03BOJISIE CTYICHTaM BiAipBaTHCS Bij
3BUYHOTO (popMaTy ayJUTOPHUX 3aHSTh, a IiJl YaC TPU BUKIIAJA4d TAKOXK MAE MOXK-
JUBICTh BUSIBUTH CHJIBHI Ta CJIA0KI CTOPOHM CBOIX CTYJICHTIB.

@opMaT iHTEPAKTHBHOIO NMPAKTUYHOIrO 3aHATTSA Ha Temy «Miii kopa-
0eJib» 3 TUCUMILTIHU AHTJIIliCbKA MOBA.

I'pa npeacraBieHa y BUIIIAI KOHPEPEHIIIT, i 4ac sIKO1 Y4aCHUKHU (KypCAHTH)
MPEACTABIISIOTH 1H(QOPMALIIO PO KOMIAHII0, IKY BOHH MPEACTABISAIOTH (K YaCTHHA
rpu). Kondepeniiis npoBoauTbes aHriiicbkoro MoBoto. Ilin yac nmpeseHTarii yyac-
HUKH CTaBJISATH 3alUTAHHS IIOJI0 TEMU Ta B KIHII 3aHATTS POOJISITH BUCHOBOK IO/I0
mpoiiieHoro marepiany (macymok). ['pa po3paxoBaHa Ha CTYAEHTIB MEPIIOro Ta
JIpyroro Kypcis piBHs Al.

ii rpu.

1. KypcanTu nmoBuHHI Mati akTuuHy iH(hOpMaIlito, abo Hajlany iM (HarpuKia,
TUIU CYJIEH, TporpamMa MOpPEIUIaBCTBa, OOOB'A3KM €KIMaxy, NeBHUIM 0a30BUI TEKCT,
HABKOJIO SIKOTO MOOyJ0BaHa rpa), a0 3aBJIaHHS CAMOCTIMHO 3HAWTU L0 (PaKTUYHY
1H(popMaIliro.

2. MoBHU# Matepiall BiAIPAIlbOBYEThCH.

3. Cutyanis Ta pakTi NpeICTaBISIOTHCS Ta 0OTOBOPIOIOTHCS BiU-HA-BIY.

PoJib BunreJis.

[Ticns 3aBepieHHS MiATOTOBYOTO €Taly Ta MOYaTKy TPU BYUTENh JTO3BOJISE yU-
HSIM TpaTH B TPy Ta HE BTPYYAEThCs. Buutenb «BiACYTHIW» (IPOTATOM IHOTO 4Yacy
MO’KHA 3aMKMCyBaTU MOMUJIKHM YYHIB Ta aHAII3yBaTH X1 TpH). 3BUYANHO, Y CIA0IIIX
a00 OLTBII MACMBHUX I'PyIax BUMUTEIh TAKOXK MOXKE BiJIITPABATU MEBHY POJIb, aJi€ I1e
1HO/1 MO’Ke OOMEKYBaTH CTYJICHTIB.

IHouaTkoBi ymMOBH:

1. KypcanT npencrapise iHQopmaIiio mpo eKinax CyaHa, WICHOM SKOTO BiH €.
[ndopmaris mpeacrasnena y Burisail npeserrarii PowerPoint o6csarom 10-12 craii-
IT1B.

2. Excnieptu/Benyumnii. Ilix yac npe3eHTalii KypcaHTH CIIyXalOTh Ta 3aKUCYIOTh
iHdopmanito. B KiHII mpe3eHTalli KypcaHTH CTaBJSATh 3alUTAaHHSA NPEICTaBHUKY
KOMIMaH1i aHTJIiiChKOI0 MOBOIO. B cepennboMy 1-2 3amuTaHHs.

3. Hianor/Indopmartiiinuii 3axuct. Beayunii BiAnoBigae Ha 3alUTaHHS Ta MOSC-
HIOE ayIUTOPIi BC1 HIOAHCH Ta 3al[IKaBJIEHICTh pOOOTOIO Ha CY/IHI.

Ipuknaau AVIOBOI I'PU AJIA TPyN 3 Pi3HUM PiBHEM BOJIOAIHHA MOBOIO.

VY rpymnax moyaTKOBOTO PiBHSI IUIOBIM Tpl Ma€ mepeayBaTH CUCTEMa BIIPaB, SKi
rOTYIOTh CTYACHTIB JI0 IIbOTO BHUIY HisiibHOCTI. [lo-mepine, e MoxyTh OyTH «Tpe-
HYBaHHS» — Cepii CYyBOPO KOHTPOJbOBAaHMX CTHMYJIB Ta BIAMOBiAEH. Y KOXHIN
BIIPaBl KO>KEH CTUMYJI BUMArae JIMIIE OHIET MPAaBUIBHOI BIIMTOBII.
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Felix keeps the watch every day, (now) Felix is keeping the watch now. | want
to have some photos from my shipboard training. But I don’t have any photos.

Merta nux BIpaB — BUPOOUTH aBTOMATHUYHI Ta CTPYKTYPHO IPaBUJIbHI BIAMOBI/II.
Meroau 06roBOpeHHs:

Beryn o quckyecti.

Beryn no amckycii 3a3BUYail CKIAIAETHCS 3 KIJTBKOX OCHOBHUX MOMEHTIB, SIKi
KEePIBHUK T'PYIU MOKE OXOIUTHU 3a XBUIMHY-/Bl. Hi>kue HaBelleHO MepeniK MyHKTIB,
AK1 3a3BUYal BKIIOYAIOTHCS 0 BCTYMY. 3BUYAWHO, BU TAKOXK MOXKETE BUKOPUCTOBY-
BaTH BJACHI CJIOBa, 00 MepeAaTu Il MyHKTH.

[Tpusitanus: Good morning / afternoon / evening.

[TpuBepuenns yBaru. Is everyone ready to begin? Why don’t we get started? 3a-
rasibHe (opMymroBanHs Temu: We're here today to talk about . ®opmyito-
BaHHs KOHKPETHOI MeTH a00 3aBIaHHS 0OTOBOpPEHHSI.

Merta / 3aBHaHHsI 1IbOTO OOTOBOPEHHS - JIOMOBUTHUCS / BUPIIIUTH / BUPIIIUTH.
[Ipeacrasnenns wieHiB rpymnu. At our meeting today, we have Mike Smith, who is a
government official. We also have . Why don’t you introduce yourselves?

Biakpurts temu s obroBopennsi: Mary / Andrew, would you like to begin?
Who would like to begin?

CryneHTiB 3a3BUYail MOJISAIOTH HA JBI MIATPYNU (KOKHA MOYXKE BKJIIOYATH BiJI
n'sITH 710 BOChbMU 0¢i0). JIBO€E 3 HUX - KEPIBHUKHU OpUTa]], SIKI PO3MICTUIIN OTOJIOIIEH-
Hs 0po poOoTy B raseri. KoxkHiil miarpyni HaJaeTbCs HACTYIHA 1H(POpPMALIIS: OTo-
JIOIIEHHS TIPO poOOTYy, 3pa3oK pe3roMe Ta iH(opMmallis mpo crmiBdOeciay, siki 00roBo-
protoThes Ha yporri. Ko)kHOMY ydacHUKY pHU3HAYa€ThCsl POJib, a KaHAUIaTaM Haja-
IOThCSI OYiKyBaH1 Xapaktepuctuku. [Ipuknaan HaBeneHo Hukde. [Toxku ogna miar-
pymna NpoBOAMUTH CIIBOECIAM, 1HITY MOXHA MOMPOCUTH chopmyBatu « TiHROBUH Ka-
O1HeT» [3, ¢. 8] Ta mapanenapHO 3 KPIOiHT-MEHEIKepaMu o0paTy CBOr0O KaHAuAaTa Ha
BakaHTHY nocany. [TotiMm Oyze 3amydena i iHma miarpyna. KepiBHukiB BUIIOi JaH-
KU CIIiJT TOTIEPEIUTH, IO Y HUX € CYBOPO BHU3HAYEHUH Yac JJIs KO)KHOTO KaHJIuaTa;
1HaKIIe rpa Moxe 3arsarHytuca. Kpim Toro, MeHemxkepam 3HaJA00UTHCSA yac, MO0
PUIHATH PIIIEHHS Ta OTOJIOCUTHU HOTO.

5. T: lopori apy3i, Terep BU MOXKeTe Oa4uTH JIBl TPYIMH, K1 MIATOTYyBaIH MPE3CH-
TaIil0 CBOET MalOyTHBOI CriBOECIIU Y KPIOTHTOBOI areHiiii.

6. T: Hopori ctynenTtu! S xouy moaskyBaTu Bam 3a Baury podoty. Bu Oynu cripasai
YyJIOBI; 51 CHOJIBAIOCS, 1110 BM BUKOPHUCTAETE CBOI 3HAHHS aHTJIHCHKOI MOBU Y Ma-
OyTHbOMY. A Terep HACTaB yac BPYUUTH BaM cepTU(IKaTH, JIJIs BCIX Bac.

Ceprudikar. Bunano , 1100 MIATBEPAUTH, 1110 BOHA (BiH) 3aKIHYMIA KY-
pCHU aHTIIHACHKOI MOBH JUIsl MallOyTHIX (axiBIIB MOPCHKOTO (IOTY 1 MOXeTe OyTH
PEKOMEHI0BAaHUM JIsl pOOOTH Yy CKJIaJl OaraToHAI[lOHAIBHUX EKIMaXiB,JAe MOTpiOHa
aHrJiichKa MOBA.

Crapiuii MeHemKep:
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Examples of vocabulary used during the game

To employ
To recruit
To flourish

- How many people do you employ?

— Our company is flourishing and we
recruit more than a hundred workers. Every
year we employ ten more.

— Great!

Shipping Company
Certificate
CV interview

- Everybody knows our Shipping
Company and every future seafarer
would like to work for our company.

— What about you? Are you ready for CV
interview?

— What kinds of certificate do you have?

Crewing agency
To be employed
To be an experienced seaman
To meet troubles

- Does your family (friend)help you to be
employed at any crewing agency?

— Certainly, my father is a seaman.

— Is your father an experienced seaman?

— Rather.

— Do you meet any troubles in crewing agency?

The terms and conditions
Promising

To sign

Contract of employment

- Mr. Jones, let's discuss the terms and
conditions of our new contract of
employment?

— With pleasure. | find it very promising.
— Shall we sign it tonight?

— All right!
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Structure of a business game

Stage Content Teacher's activities Student’s activities

1.Preparatory Students Distribution of roles A student presenting
prepare a prepares to speak
presentation, (as a company
and the representative).
audience Students preparing to
prepares for a ask questions and listen
discussion. to the presentation

(ury)

2.Starting The student begins | The teacher makes The student representing
a presentation notes on grammatical or | the company gives a
about his company. | lexical errors in the detailed account of the

students' speech. At the | firm's operations, citing
end of the presentation, | graphs and statistics. The
the teacher gives the student judges listen
floor to those who ask attentively

questions

3. Discussion | Students engage The teacher gives the Students ask questions of
in a discussion on | floor to each student in | the presenter and learn
the topic of the turn, making additional information in
representative's corrections as they English. On average, the
presentation speak. audience asks 10

questions.

4. Rehearing The student The teacher Students ask questions of
representative of monitors the progress of | the presenter and learn
the company the work, maintains additional information in
switches roles with | language standards, and | English. On average, the
other students. also participates in the audience asks 10

discussion. questions.

5.The final Each of the The teacher makes a The conclusion is

stage business game conclusion and votes summarized, everyone

participants will
express their
opinion on the best
presentation.

together with the jury
for the most interesting
company and
expresses his opinion.

asks questions and
makes comments on
certain points.
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BucHoBKH 11010 IiJ10BOI rpu.

[Ticns Toro, ik Ha BCi Mpe3eHTAllli Ta 3alUTaHHS HaJaHO BIAMOBIMII, CTYJICHTH
roJIOCYIOTh 3a HaHWIIKaBIIIy MPE3EHTAllll0 Ta 3aXUIIAITh CBOI TYMKY B J1ajlo3i.
Buknamad ciyxae CTy/ACHTIB, BUIIPABIISI€ TPaMaTHYHI TIOMHJIKHM Ta CTaBUTh 3aITUTaH-
Hsl.

BucHoBoK.

BukopucTtanHs Ii0BUX irop Ha ypoKax aHTJIHCHKOT MOBH JOTIOMAara€ MOTHUBY-
BaTW HaBYaJbHE MOBJICHHS CTYACHTIB, a pO3poOKa Ta BUKOPUCTAHHS BUKIIAJaueM
HAOYHMX IMOCIOHUKIB (CXeM, TaOJIHIlb, KOJIAXKIB TOIO) JAOIOMAarae CTyJIeHTaM TIpo-
AYKYyBaTH JIOT14HI Ta 3B'A3HI 1HIIOMOBHI TBEP>KEHHSI.

— HaBWYKHU TIONIYKY, aHATI3y Ta BUKOPUCTAHHS HOPMATHBHO-TIPABOBHUX JOKYMeE-
HTIB y CBO1H NpodeciitHiil A1sUIbHOCTI

— 3JIaTHICTb €(DEKTUBHO Ta MyOIIYHO CIIJIKYBAaTUCS, BECTH IIEPETrOBOPH, 3yCTpiUi,
BECTHU JIIJIOBE JINCTYBAHHSA Ta MIATPUMYBATH €JIEKTPOHHI KOMYHIKaIlii

— HaBMYKHU KUIBKICHOTO Ta SIKICHOTO aHami3y iHQopmalii mij 4yac TpUHHSATTS
YIPaBIIHCHKUX PIII€Hb, a TAKOXK MOO0YI0BU €KOHOMIUYHUX, (DIHAHCOBUX Ta OpraHi3a-
[IAHO-YNPaBIIHCHKUX MOJIETIEH NMUIAXOM 1X aJanTailii 10 KOHKPETHUX YIPaBIIHCh-
KHX 3aBJaHb.

PeliTUHrOBE OLIIHIOBAHHA.

PeiiTuHrOBE OIIIHIOBaHHS 3HaHb CTYACHTIB € OAHUM 13 METOJIB OI[IHIOBAHHS
3HaHb CTyNEHTIB. KnacuuHa ¢opma OLIHIOBaHHS (3aJI€KHO BiJl KypCy CTyA€HTa) MO-
IUISETHCA Ha IB1 CUCTEMU: «3amk» Ta «lcoumy.

3anik — ue ¢opma OI[IHIOBAaHHS 3HAHb CTYJEHTIB B YHIBEPCUTETAX. 3aMiCTh
BHUCTABJICHHSI OLIIHKH, K 1I€ 3a3BHYail pOOUTHCS MIiJ Yac ICIUTY, MICIAS YCHIIIHOTO
CKJIQJIaHHS TECTY J0 aKaJeMIYHOI BUITMCKH Ta KypHAIy OI[IHOK BHOCUTHCS BIIMITKA
PO YCIIIITHE 3aBEPIICHHS Kypcy a00 po3ainy (st BIAMITKA TaKO HA3UBAETHCS «3a-
aikomy). [lix gac 3aiiky BpaxoBY€TbCSI HE JIMIIE PIBEHb TEOPETUYHUX 3HAHB, alie i
PE3yNbTaTH MPAKTUYHOI MIATOTOBKH Ta TECTIB.

B ykpaiHCBKil cucTeMi OCBITH T€CTH 3a3BUYal MPOBOJIATHCS ITiJT Yac «3alliKo-
BOi ceciiy», sika MPOBOAMUTHCS TMepe]] eK3aMEHAIIMHOI Ceci€ro. SIKIo CTyaeHT He
CKJIAJIa€ 3K, BIH HE JOMYCKAEThCS /10 ICUTIB [2, ¢. 9].

PeiiTunroBa cuctema OIlIHIOBaHHS 3HaHb CTYIEHTIB HE CYINEpEUYUTh KIacuy-
HI{ CHCTeMI; L CUCTeMa BUKOPUCTOBYETHCS ISl €EKTUBHOTO OI[IHIOBaHHS POOOTH
CTYJICHTIB MPOTATOM cemecTpy. lle o3Hauae, 1110 3HaAHHS CTYACHTIB OIIHIOIOTHCS HE
JUIIE M1J Yac 3a1iKy /ICIUTY, a i IPOTIroM YCI€i IXHbOI pOOOTH POTATOM CEMECT-

py.
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IToTo4Hi ¢opMHu OLIHIOBAHHS CTYACHTIB BKJIKYAKTh TPH TECTH HA ceMecCTp,
B KiHIi KOKHOr0 HAaB4YaJbLHOro Micsus. IIpomixkHi OLiHIOBAHHSI BKJIIOYAKOTh
audepeniiioBalHi NHCbMOBI po0OTH.

ITorouHa oIfiHKa MakcuManbHUM BiCOTOK
BinBigyBaHHS 3aHATH 10%

Test #1 10%

Test #2 10%

Test #3 10%

JlomarHe 3aBaaHHs 5%

[IpakTruHi 3aBIaHHS 5%

PA30OM 50%

[1ix yac po3paxyHKy OLIHKHM 3a Kypc HEOOXIJHO TOTPUMYBATHCS TaKOl MOCII-
JIOBHOCTI: PE3yJbTAT ICIIUTY BUpaXkaeThcs B Oanax (50 OaniB), MOTIM BiH JOJAETHCS
10 OaniB, HaOpaHUX MiJ Yac MOTOYHOrO OIiHIOBaHHS. OTpUMaHUl CyMapHHU pe-
3yJIbTaT MEPEBOJIUTHCA B TPAJAUIIINHY MKy OLIIHIOBAHHS 3T1IHO 3 TAOJIHIICIO:

100-6anpHa mKkana Tpaauniiina mkanxa OmiHIOBaHHS
95-100 BIZIMIHHO [Tpoxinuuii 6an
83-94
68-82 nobpe
56-67 3aI0BUILHO
50-55
20-49 HE3a0BIIBHO
0-19

IMincymMKkoBa oniHKa — 1CIIUT.

BiaBigyBaHHS pO3paxOBYEThCS HA OCHOBI CEpPEAHBOI BiJ[BIIyBAHOCTI CTYACHTIB
3a Bech ceMecTp. OIiHIOBAaHHS, IPOBEICHE TPOTATOM CEMECTPY, BUCTABIISIETHCS BU-
KiagadyeM. MiHiManpHUN Oa 3a oriHky — 0, makcuManbauii — 10. 3a cemecTp mpo-
BOJUTHCS TPU OIIHIOBAHHS, KOJKHE B KiHIII BIJIMIOBITHOTO HaBYAILHOTO MicsIlsl. Bu-
KOHAHHS JIOMAIIIHIX 3aBJIaHb MPOTATOM CEMECTPY MePEBIPSETHCA BUKIIAIa4eM 1 OITi-
HIOETHCS SIK «3apaxoBaHO» ab0 «HE 3apaxoBaHO». MiHiMansHU# 6an — (0. Makcuma-
JIbHUHI — 3.

BucHoBku

[TinroToBka (haxiBIiB y BUIIMX HABUAJBHUX 3aKjIagax MiAMOPSIAKOBYETHCS TIe-
BHUM TICUXOJIOTIYHUM MPUHIUIIAM, K1 BIAOOPaXKatOTh CYTTEBI MCUXOJIOTTYHI YMOBH
Ta MEPEAYMOBH PO3BUTKY Ta (POpMyBaHHSI OCOOMCTOCTI CTYI€HTA, YCIIIIHOCTI HOTO
HAaBYaHHS Ta BUXOBAaHHS B YHIBEPCUTETI, €(EKTUBHOCTI POOOTH BUKJIAJAyiB Ta aj-
MiHICTparlii. J{o nuX IpUHIKITB HaJIe)KaTh: MO3UTUBHA MOTHUBAIIIS 10 HABYAHHS, 1H-
TeJeKTyallbHa aKTUBHICTh CTYJEHTIB, HaJie)KHA OpraHizallis iXHbO1 IIsUIBHOCTI (Bij
KypCy 0 KypCy), BpaXyBaHHsI POJIi IICUXOJIOTTYHUX (PAKTOPIB y KUTTI YHIBEPCUTET-
ChKHX KOJIEKTHBIB, BUKJIaJaHH1 Ta aaMiHicTpaii [1, c. 26].
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BukopucTtanHs peHTHHTOBUX METOJIB OIIHIOBAHHS IMO3UTUBHO BILIMBAE HA
e(deKTUBHICTh HABYAHHS, CTYJCHTH PO3YMIIOTh, SIK MPALOBATH MPOTATOM CEMECTPY
Ta MPE3CHTYIOTh CBOi KIHIEBI pe3yJbTaTH Ha icmUTax/3amikax. /[iJI0BI Irpu Takoxk
CIIPUSIOTh PO3BUTKY MPOQeCIHHIUX HABUYOK CTYJEHTIB, OCKUIBKU i Yac JiJIOBUX
irOp CTYJCHTH MOBOAATHCS BiATOBIIHO JO CBOIX pOJIel Ta 3aCTOCOBYIOTh CBOi 3HaH-
HSI Ha MPaKTHII].
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Ballast Water Treatment Systems on Modern Ships

AHoTaLisA

Y po0oTi pO3TIAaalOThCs CydacHi CHCTEMH OYHWIIEHHS OajacTHUX BOJ HA CYI-
Hax, X TPUHIMI POOOTH, TUIH Ta BIUIUB Ha €KoJoriro. OcoOIUBY yBary mpHIijieHO
MiKHapoaHUM BuMoram Ta Konpenmii MixHapoaHoi Mopcbkoi opraxizaiii (IMO)
mroao ynpaBHiHHH OalacTHUMU BOJAaMU. POBFJ’ISIHYTO TEXHOJIOT1] 3HC3apaKCHHA BO-
AU Ta IICPCIICKTUBU PO3BUTKY €KOJIOTTYHO Oe3IeUHnX pilHGHB.
KuarouoBi ciioBa: 6amactHa Boja, ouniieHHs, IMO, exosoriuna 6e3mneka, MOPChbKU
TPaHCIIOPT.
Annotation

The paper examines modern ballast water treatment systems on ships, their oper-
ating principles, types, and environmental impact. Special attention is paid to inter-
national requirements and the International Maritime Organization (IMO) Ballast
Water Management Convention [1]. Various disinfection technologies and prospects
for environmentally safe solutions are discussed.
Keywords: ballast water, treatment, IMO, environmental safety, maritime transport.

Introduction

Ballast water plays a crucial role in maintaining a ship’s stability, trim, and
structural integrity during voyages. However, the discharge of untreated ballast wa-
ter poses a significant threat to marine ecosystems, introducing invasive species and
harmful microorganisms. To address this issue, the International Maritime Organiza-
tion (IMO) adopted the Ballast Water Management Convention (BWMC), which re-
quires ships to manage and treat ballast water before discharge [1].

Ballast Water Management Convention

The BWMC, adopted in 2004 and enforced in 2017, establishes global standards for
ballast water treatment [1]. It requires ships to implement management plans, main-
tain ballast water record books, and use approved treatment systems. The goal is to
prevent the spread of invasive aquatic species and protect marine biodiversity.
Types of Ballast Water Treatment Systems

There are two main categories of ballast water management methods: mechani-
cal and physical-chemical systems [2]

1. Mechanical methods include filtration and separation processes to remove
sediments and large organisms from ballast water.
2. Physical-chemical methods use technologies such as ultraviolet (UV) irradiation,
ozonation, electrochlorination, and chemical dosing to neutralize microorganisms.
Modern treatment systems often combine several methods for maximum efficiency
and compliance with IMO standards.
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Examples of Ballast Water Treatment Technologies

One of the most commonly used technologies is ultraviolet (UV) disinfection,
which eliminates microorganisms without adding harmful chemicals [3]. Another
effective approach is electrochlorination, where chlorine is generated from seawater
to kill invasive species. Some advanced systems combine filtration, UV treatment,
and active substances to achieve compliance even in high-turbidity waters.

Environmental and Operational Challenges

Despite significant progress, ballast water treatment systems face several chal-
lenges, including energy consumption, maintenance requirements, and the need for
crew training. Additionally, ensuring consistent performance in varying water salini-
ty and temperature conditions remains a technical difficulty.

Future Trends

Future developments in ballast water treatment technology focus on energy-
efficient systems, real-time monitoring, and automation [4]. Integration with ship
control systems and digital diagnostics is expected to enhance compliance and oper-
ational reliability. Furthermore, global cooperation and stricter enforcement will
continue to drive innovation in environmentally friendly maritime technologies.

Conclusion

Ballast water treatment systems are essential for protecting marine ecosystems
and ensuring sustainable maritime operations. Compliance with IMO standards not
only helps preserve biodiversity but also strengthens the maritime industry's envi-
ronmental reputation. As technology evolves, more efficient, reliable, and eco-
friendly solutions will shape the future of global shipping.

REFERENCES

1. International Maritime Organization (IMO). Ballast Water Management Conven-
tion, 2017.

2. Lloyd’s Register. Ballast Water Treatment Systems: Technical Overview, 2022.
3. DNV. Maritime Environmental Technologies Report, 2023.

4. Wirtsild Marine. Sustainable Ballast Water Management Solutions. Wartsild Pub-
lication, 2022.

246


https://www.imo.org/en/About/Conventions/Pages/BWMConvention.aspx
https://www.imo.org/en/About/Conventions/Pages/BWMConvention.aspx
https://www.lr.org/en/marine/ballast-water-management/
https://www.dnv.com/maritime/
https://www.wartsila.com/marine
https://www.wartsila.com/marine

UDC: 629.123

Kozak.S.V., Ambros A.
National University «Odessa Maritime Academy»

Construction of a ship’s electric motor

AHoTAaLA

Y poOOTi PO3TIASHYTO OCHOBHI KOMIIOHCHTH Ta KOHCTPYKTHBHI OCOOIMBOCTI
CYTHOBOTO €JICKTPOABUTYHA. PO3IIITHYTO HOTO TOJIOBHI KOMITOHEHTH, TakKi K CTa-
TOp, POTOP, CUCTEMa 130111 Ta OXOJOJPKEHHs, 1 iXHIA aganTaiii 10 YKOPCTKHUX
YMOB €KCILTyaTallli B MOPChKOMY CEpEeJIOBHIII, KalliTaTbHUNH PEMOHT €JICKTPOIBUTY-
Ha.

Kui04oBi cjioBa: CyTHOBUM €IEKTPOJBUTYH, POTOP, CTATOP, KaliTAIbHUI PEMOHT.

Annotation

The paper examines the main components and design features of a marine elec-
tric motor. Particular attention is paid to the analysis of its key assemblies, such as
the stator, rotor, insulation and cooling systems, and their adaptation to harsh marine
operating conditions, overhaul of a electric motor.

Keywords: marine electric motor, rotor, stator, overhaul, synchronous, asynchro-
nous, elevator

Marine electric motors are key components that provide propulsion and power
for various vessel systems. They convert electrical energy into mechanical motion,
driving propellers, pumps, and other machinery. Designed to withstand harsh marine
conditions, these motors ensure reliable and efficient operation while meeting mod-
ern environmental standards. In this essay, we will examine the fundamental types
of marine electric motors, their key design features and operational principles, and
the modern innovations that enhance their reliability, efficiency, and suitability for
maritime applications.

Main Components and Design Features of a Marine Electric Motor

A marine electric motor is a complex assembly designed for reliability in the
harsh marine environment. Its main components include the stator, the stationary
part that generates a rotating magnetic field, and the rotor, which rotates inside the
stator to produce mechanical power. An electric motor receives power from the main
diesel generator through the ship's electrical distribution system. The generator pro-
duces electricity, which is then channeled to the main switchboard. From the
switchboard, power is distributed via electrical cables to various consumers, includ-
ing the electric motor. [1]

Key design features distinguish it from standard industrial motors. These include
advanced cooling systems, often sealed with water-to-air heat exchangers, to prevent
overheating. Robust insulation is critical to protect against moisture, salt, and vibra-
tions. Furthermore, the motor's construction utilizes corrosion-resistant materials and
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special coatings on parts like the shaft and housing to withstand the corrosive sea
atmosphere. These features ensure the motor's durability, safety, and efficient opera-
tion onboard a vessel.

Synchronous and Asynchronous electric motors

The fundamental difference between synchronous and asynchronous electric mo-
tors lies in the behavior of their rotors. In a synchronous motor, the rotor locks in
step with the stator's magnetic field and rotates at exactly the same speed, requiring
either permanent magnets or a separate power supply to create its own magnetic
field. In contrast, an asynchronous (induction) motor operates on electromagnetic
induction: the stator's field induces a current in the rotor, which then creates its own
magnetic field to chase the stator's field. This results in the rotor always turning
slightly slower than the magnetic field, a characteristic known as "slip."

While synchronous motors are valued for their high efficiency and precision in
industrial applications, the maritime industry overwhelmingly relies on asynchro-
nous motors for its daily operations. At sea, reliability is paramount, and the simple,
rugged construction of the induction motor makes it ideally suited for the harsh ma-
rine environment. They are exceptionally durable and tolerant of vibrations, constant
motion, and the salty, corrosive atmosphere that quickly degrades more complex
equipment. This robustness, combined with their lower initial cost and ability to
handle variable loads, makes them the workhorse of any vessel, powering essential
systems like bilge and ballast pumps, cooling water pumps, ventilation fans, anchor
windlasses, and cargo handling gear.

Insulation and Cooling Systems for Marine Electric Motors

The insulation and cooling systems of a marine electric motor are specifically
engineered for harsh sea conditions. The insulation is made of moisture-resistant and
vibration-proof materials to prevent electrical failure from humidity, salt, and me-
chanical stress. The cooling system often uses a sealed design with a water-to-air
heat exchanger, which efficiently removes heat without exposing the internal com-
ponents to the corrosive marine atmosphere. These adaptations are crucial for the
motor's reliability, longevity, and safe operation at sea. [2]

General overhaul of electric motor

The complete overhaul of a marine electric motor involves systematic disassem-
bly, cleaning, and restoration. First, the motor is disconnected and dismantled, with
the rotor carefully separated from the stator. All components undergo thorough
cleaning using distilled water and specialized solvents to remove corrosive salt, dirt,
and oil deposits without causing mineral buildup. This is followed by a detailed in-
spection and testing of the insulation, bearings, and windings. Worn or damaged
parts like bearings and seals are replaced. Finally, the motor is precisely reassem-
bled, realigned, and subjected to performance tests to ensure it meets operational
specifications before being returned to service. [3]
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Personal Experience with Electric Motors

| am currently aboard the GNV Azzura, where | am completing my apprentice-
ship as an Electro-Technical Cadet. During the first days of the voyage, | had the
opportunity to observe the repair of a faulty elevator. The cause of the failure was
burnt-out stator windings in the electric motor. By replacing the damaged motor, the
elevator was successfully repaired.

Conclusion

The electric motor is a cornerstone of modern marine engineering, offering a
highly efficient and versatile means of propulsion and auxiliary power. Its robust
construction, featuring specialized insulation and cooling systems, ensures reliable
operation in the demanding marine environment. As the maritime industry steadily
transitions towards sustainable practices, the electric motor's compatibility with hy-
brid configurations and clean energy sources positions it as a pivotal technology for
the future. Its role in reducing emissions, enhancing maneuverability, and improving
overall energy efficiency is undeniable, making it essential for the evolution of envi-
ronmentally responsible maritime transport.
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Nuclear-powered merchant ships: an unattainable dream or the near future?

The impact of vessels on the environment.

For decades, the industry relied on Heavy Fuel Oil (HFO) that is a byproduct of
the refining process. While HFO was the cheap, dense energy source that built mod-
ern global trade, it came with a heavy environmental price. Its high sulfur content
led to significant SOx emissions, contributing to acid rain and respiratory issues in
coastal populations, while its combustion released thick "black carbon” that acceler-
ated the melting of Arctic ice.

The turning point came with the implementation of MARPOL Annex VI, which
gradually tightened the noose on local pollutants. The most dramatic shift for engi-
neers was the "IMO 2020" Global Sulphur Cap, which slashed the allowable sulfur
in fuel from 3.5% to 0.5%. This forced a massive transition to Very Low Sulphur
Fuel Oil (VLSFO) and the widespread installation of exhaust gas cleaning systems,
or "'scrubbers".

Transitioning from HFO to Ultra-Low Sulfur Fuel Oil (ULSFO) was supposed
to be a cleaner middle ground, but it introduced a new danger for the environment:
Black Carbon. To achieve low sulfur levels while maintaining engine performance,
many ULSFO and VLSFO blends are packed with aromatic compounds. When these
fuels burn, they often produce higher levels of soot and black carbon than traditional
HFO—sometimes up to 85% more. Black carbon is a potent climate-forcing agent;
when it settles on Arctic ice, it absorbs sunlight and accelerates melting far more ef-
fectively than CO2. Scrubbers may help solve this problem.However,even now we
have difficult challenges. The primary issue with scrubbers—particularly the com-
mon open-loop systems—is that they use seawater to "wash" the sulfur from exhaust
gases. This process creates massive volumes of discharge water that is highly acidic,
often with a pH as low as 3. When this acidic "cocktail" is pumped overboard, it di-
rectly contributes to ocean acidification in busy shipping lanes and ports.Even
closed-loop systems, which recirculate the water, produce a toxic sludge that is dif-
ficult and expensive to manage safely.

IMO 2050 (Net-zero framework).

The maritime industry is currently undergoing its most radical transformation
since the transition from sail to steam. Driven by the International Maritime Organi-
zation’s (IMO) revised Greenhouse Gas Strategy, the mandate is clear: the global
fleet must reach net-zero emissions by or around 2050. For the marine engineer, this
is no longer a distant policy discussion; it is a fundamental shift in the design, opera-
tion, and maintenance of the machinery that powers global trade.

The core purpose of the IMO 2050 program is to decouple maritime growth
from environmental impact by targeting a «Well-to-Wake» reduction in emissions.

*(Well-to-Wake) isa comprehensive, life-cycle methodology for measuring
greenhouse gas emissions in the maritime industry, covering every stage from fuel
extraction ("well") to final consumption onboard a ship ("wake").
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New types of fuel and their disadvantages.

In marine engineering, we balance two limits: the weight of the fuel (Specific
Energy) and the space it takes up (Energy Density). Traditional fuels like HFO and
VLSFO are the gold standard for density, offering roughly 40-41 MJ/kg and a high
volumetric density of about 38-39 MJ/L. This allows for compact, simple fuel tanks.

When we look at LNG, the energy per kilogram actually improves to roughly 50
MJ/kg, but because it is a liquified gas, its volumetric density drops to about 21-23
MIJ/L. This means that even though it’s «stronger» per kilo, you need about 1.8
times the volume of HFO to carry the same energy. Ammonia is more challenging;
its specific energy is only about 18.6 MJ/kg, with a volumetric density of 12-15
MJ/L. To match the energy of HFO, you need to carry nearly 2.2 times the mass and
provide roughly 3 times the storage volume.

Hydrogen is the most extreme case. It has the highest specific energy of any fuel
at approximately 120 MJ/kg—nearly triple that of HFO. However, even in its liquid
state (-253°C), its volumetric density is only about 8.5 MJ/L. This creates a massive
storage penalty: to get the same energy as a tank of HFO, you need a hydrogen tank
4.5 to 5 times larger.Furthermore, while HFO tanks are simply part of the hull struc-
ture, these new fuels require specialized independent tanks: LNG needs cryogenic
insulation at -162°C, Ammonia requires -33°C or high pressure, and Hydrogen de-
mands extreme cryogenic conditions at -253°C.

The shift in operational complexity is even higher. Traditional HFO and VLSFO
are primarily «dirty» but predictable; your main concerns are viscosity, sulfur, and
sludge. In contrast, LNG introduces the challenge of «methane slip»—unburnt fuel
escaping the exhaust—which is a potent greenhouse gas. Ammonia is perhaps the
most daunting for engine room crews; it is highly corrosive to copper-based alloys
and lethal to humans at very low concentrations. An ammonia leak is a life-
threatening emergency, requiring advanced gas detection and specialized ventilation.
Hydrogen presents the opposite problem: it is the smallest molecule in the universe,
making it prone to leaking through even the tightest seals, and it burns with an al-
most invisible flame, making fire detection incredibly difficult without specialized
infrared equipment.

LNG was the first major «clean» alternative because it virtually eliminates SOx
and particulate matter, and it reduces CO2 by about 20-25%. However, it introduces
a major environmental «hidden trap»: Methane Slip. Methane is a greenhouse gas
over 80 times more potent than CO2 in the short term. If even a small percentage of
unburnt methane escapes through the engine exhaust or the supply chain, the climate
benefits of switching from HFO can be completely neutralized. In 2026, the focus
for LNG vessels is on high-pressure injection and catalysts to «trap» this slip.

Ammonia (NH_3) is the «zero-carbon» frontrunner because it contains no car-
bon atoms—meaning it produces zero CO2 during combustion. However, it brings a
new set of environmental risks. If handled incorrectly, ammonia is highly toxic to
marine life and humans a minor leak during bunkering or a hull breach could devas-
tate a local ecosystem. Furthermore, burning ammonia can produce Nitrous Oxide
(N20), a greenhouse gas 273 times more powerful than CO2. To be truly "green,"

251



ammonia must be managed with SCR (Selective Catalytic Reduction) systems to en-
sure these nitrogen oxides are converted back into harmless nitrogen and water.

Hydrogen is the «gold standard» for the environment. When used in a fuel cell
or a specialized internal combustion engine, its only exhaust emission is water va-
por. It produces zero SOx,zero CO2 , and amount of NOx depends on quality of
combustion. The environmental «catch» with hydrogen is almost entirely in its pro-
duction. Currently, most hydrogen is «Gray» (made from natural gas), which still
releases massive CO2 at the factory. For a ship to be truly net-zero, it must use
Green Hydrogen made from renewable electricity.

As we can see, although these fuels are cleaner sources of energy, each has its
own pitfalls and operational ddifficulties.

Pros and cons of nuclear-powered ships.

At its simplest, a nuclear reactor is a high-tech furnace. It uses a process called
fission, where atoms (usually Uranium) are split to release a massive amount of
heat. In a ship, this heat turns water into steam, which spins a turbine to drive the
propeller and generate electricity.

From an environmental perspective, this process is remarkably clean. Unlike
traditional engines, a nuclear reactor produces zero carbon dioxide, sulfur oxides, or
particulate matter during operation, making it one of the most effective ways to
decarbonize global trade. The environmental footprint is further minimized by the
Immense energy density of the fuel, which reduces the sheer volume of resources
needed to power a vessel over its lifetime.

Regarding the fuel cycle, once the uranium is spent, it is not simply discarded.
The used fuel is carefully removed and transported to specialized cooling and
storage facilities. In these secure locations, it is either stored in reinforced dry casks
designed to last for decades or sent to advanced reprocessing plants where valuable
material can be recovered for future use. This ensures that radioactive byproducts
are strictly contained and managed, preventing any damage for the ecosystem

Small Modular Reactors (SMRs) are the modern, "portable” version of this tech-
nology. Unlike the massive plants found on land, SMRs are compact, factory-built
units designed to be plugged directly into a ship’s hull.

The reason nuclear is a «game-changer» for merchant vessels is the sheer
amount of energy packed into the fuel. Here is how they compare in terms of how
much energy you get per kilogram of fuel:

Nuclear (Uranium): ~80,000,000 MJ/kg(pure U-235)

Hydrogen: ~142 MJ/kg

LNG (Natural Gas): ~55 MJ/kg

VLSFO (Standard Oil): ~40 MJ/kg

Ammonia: ~19 MJ/kg

The advantages of SMRs go far beyond just being green.

1.In conventional ships, if you want to go faster, your fuel consumption (and
cost) increases exponentially. Because nuclear fuel costs are a tiny fraction of the
total ship cost, a nuclear vessel can sail at high speeds (24+ knots) constantly. This
could shave weeks off global trade routes without reducing profits.
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2. Traditional ships must carry thousands of tons of fuel. By replacing those
massive fuel tanks with a compact SMR, a vessel can carry significantly more pay-
ing cargo.

5.Why merchant fleet get it only now if NAVY and icebreakers have it for 70
years?

Navies have «sovereign» budgets. They can afford the massive upfront cost of a
reactor because the strategic benefit (stealth and staying power) is priceless. Mer-
chant ships, however, must answer to shareholders.

In the 1960s, there were nuclear merchant ships, like the American NS Savannah
and the German Otto Hahn. But they faced a major problems,critical for merchant:

1.Every time the NS Savannah wanted to enter a new country, it required months
of diplomatic negotiations. Many ports refused entry due to public fear of radiation
or lack of nuclear insurance frameworks. A cargo ship that can’t reliably enter a port
IS useless.

2.Early reactors were bulky and required massive lead shielding. Because they
were «one-off» designs, they took up too much space that should have been used for
cargo.

What changed now?

1.Traditional marine reactors, while highly capable, are fundamentally ill-suited
for the commercial shipping industry. Most existing designs utilize high-enriched
uranium (HEU), which presents significant proliferation risks and carries heavy reg-
ulatory burdens from the IAEA(International Atomic Energy Agensy) that private
companies cannot easily manage. In contrast, modern modular reactors are designed
to operate on low-enriched uranium (LEU), which substantially lowers security con-
cerns and aligns with international non-proliferation standards.

2.The financial model for nuclear shipping is defined by a stark trade-off: high
initial capital investment offset by exceptionally low operational costs. While
installing a Small Modular Reactor (SMR) is currently 3 to 5 times more expensive
than a traditional diesel or LNG engine, the long-term economic advantages are
transformative.

3.The primary benefit lies in the radical shift in bunkering.The need to include
ports with cheap fuel prices in your route will no longer bother ship owners. Unlike
conventional vessels that require bunkering every 20 to 30 days, nuclear-powered
ships operate for 5 to 10 years before needing to refuel. This level of autonomy
provides a massive operational edge, especially in the face of volatile global fuel
markets.

In the current landscape of 2026, where carbon taxes are rising and IMO
regulations are tightening, the SMR becomes a powerful strategic asset. By
eliminating the need for fossil fuels, ship owners can save immense amounts of
money, effectively bypassing the costs of carbon compliance and securing a
predictable, low-cost energy future for their fleet.

4.The primary barrier to nuclear shipping has been port access, but the transition
to SMRs in 2026 has introduced the principle of passive safety. Unlike older
reactors that require active pumps and electricity to prevent overheating, SMRs are
designed to cool themselves using natural convection and gravity in the event of a
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total power failure. This technological leap is currently being matched by regulatory
progress; the International Maritime Organization (IMO) and the IAEA’s ATLAS
project are establishing a new ,,Nuclear Code.” This framework provides the legal
and safety guarantees necessary for major global hubs, such as Singapore and
Rotterdam, to accept nuclear-powered commercial vessels into their wwaters.
7.What possible challenges will the crew face on such vessels?

The transition to Small Modular Reactors (SMRs) introduces a fundamental shift
in the responsibilities and technical challenges faced by marine engineers. Unlike
conventional internal combustion engines, which allow for manual disassembly and
component replacement during a voyage, many SMR designs are engineered as
sealed, integral units. This "black box" philosophy means that physical intervention
within the primary circuit is often impossible at sea due to radiation shielding and
modular construction. Consequently, the engineer’s role will evolve from hands-on
mechanical repair to high-level system monitoring and the management of long-term
component degradation.

The integration of nuclear technology also creates a significant competency gap
within the maritime workforce. A new generation of engineers must be proficient in
both traditional naval architecture and advanced nuclear physics, requiring a level of
specialization that is currently rare in the commercial shipping sector. Operating a
nuclear-powered vessel necessitates a deep understanding of processes occuring
inside thereactor and rigorous radiation safety protocols. Balancing these high-level
technical requirements with the demanding lifestyle of long-term sea deployments
presents a major recruitment and training hurdle for the industry.

Furthermore, engineers must contend with the unique physical stresses that the
marine environment imposes on a nuclear installation. While land-based reactors
operate in stable conditions, shipboard reactors are subject to constant vibration
from propulsion systems, structural flexing of the hull, and the violent motions of
heavy seas. Maintaining the mechanical integrity of the interfaces between the rigid
reactor module and the flexible vessel structure requires constant vigilance. Onboard
technical staff will be tasked with conducting sophisticated non-destructive testing
and structural monitoring to ensure that environmental fatigue does not compromise
the reactor’s containment.

The high level of automation and digitalization inherent in modern SMRs also
introduces critical vulnerabilities in cybersecurity. As these reactors rely on complex
software for autonomous safety functions, the engineer’s role increasingly
encompasses system administration and cyber-defense. Beyond the technical
demands, there is a persistent psychological challenge in managing crew dynamics
due to poor understanding of working principles by crew.

Projects of the near future.

Today, the global shipbuilding industry has moved from the conceptual design
stage to the practical implementation and production capacity development phase.
The main technology leaders—China, South Korea, and the United Kingdom—are
simultaneously developing ships powered by small modular reactors, targeting
specific commissioning dates between 2028 and 2035.
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The Chinese KUN-24AP ultra-large container ship conceptual project, with a
capacity of 24,000 TEUSs, is the most ambitious in the long-haul class. It is based on
a fourth-generation molten salt reactor (MSR) powered by thorium fuel. The use of
molten salts allows the reactor to operate at low operating pressure, dramatically
Improving safety and eliminating the risk of explosive rupture of the reactor vessel.
According to official plans from the Jiangnan Shipyard, active construction is
scheduled to begin between 2028 and 2030. A consortium of South Korean
corporation Samsung Heavy Industries and Danish company Seaborg Technologies
Is leading the floating energy sector. Their compact molten salt reactor (CMSR)
project is designed for installation on specialized power barges with a capacity of up
to 800 MW. The modular design allows for factory assembly of the reactor and its
Integration into the vessel as a prefabricated unit. The first commercial vessel of this
type is expected to be launched as early as 2028, marking the first mass application
of SMR technology in the marine environment.

The British consortium, including Core Power and Rolls-Royce, is focused on
creating an integrated nuclear service infrastructure, which envisions operation
without the need for crew maintenance of the core. These projects are expected to be
implemented as fully operational commercial vessels by 2032-2035. The current
limiting factor remains the international regulatory framework, but the International
Maritime Organization (IMO) plans to complete the development of the Nuclear
Code by 2027, which will provide a legal basis for such vessels to enter ports around
the world.

Conclusion

1.For large vessels, such as mega-container ships and supertankers, switching to
nuclear reactors (SMRs) is economically feasible due to the fuel’s enormous energy
density. In the face of stringent environmental penalties and rising synthetic fuel
costs, a vessel’s ability to cruise at 30 knots without refueling for 5-10 years creates
an unrivaled competitive advantage. A nuclear power plant frees up up to 10% of the
usable volume previously occupied by fuel tanks, which directly translates into
additional profit.

At the same time, small and medium-tonnage fleets will likely continue to rely
on alternative fuels such as green ammonia, hydrogen, or methanol. For smaller
vessels, the cost of an SMR installation and the complexity of its maintenance
remain economically prohibitive in 2026. It is easier and cheaper for small vessels to
bunker with new fuels in coastal zones than to carry expensive nuclear infrastructure
on board.

2.The engineers on new-generation nuclear-powered vessels is undergoing a
radical transformation. The marine engineer profession is shifting from traditional
mechanics to nuclear physics and predictive analytics. The primary tasks of an
onboard engineer are monitoring the reactor’s ,digital twin,” managing system
cybersecurity, and monitoring the structural integrity of modules under dynamic
ocean loads. The specialist of 2026 is a highly qualified analyst whose job is not to
fix breakdowns, but to prevent them through a deep understanding of processes in
the reactor core.

255



3.The near future will mark the finalization of the international , Nuclear Code”
under the auspices of the IMO and the IAEA, which will remove legal barriers to
nuclear-powered vessels entering key global ports. The regulatory framework is
expected to be completed between 2027 and 2028, paving the way for mass keel
laying.

The first commercial nuclear-powered vessels of the new type are scheduled to
be launched within the following timeframes:

2028: Launch of South Korean floating nuclear-powered barges (Samsung
Heavy Industries) to supply power to port infrastructure.

2030: Scheduled launch of China’s first mega-container ship, the KUN-24AP,
powered by thorium.

2032-2035: Launch of Western-produced designs from Core Power and Rolls-
Royce, marking the beginning of a full-fledged era of ,,peaceful atoms” in global
trade logistics.
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Air Lubricating Systems : their perspective and challenges.

Introduction

A vessel’s resistance when moving through the water is made up of multiple
components, of which frictional resistance is the most dominant. Injection of air into
the turbulent boundary layer (between the stationary and moving water) can reduce
the frictional resistance of the hull.

Air lubrication systems (ALS) represent promising energy-saving technologies
in modern ship design. The maritime industry faces increasing pressure to reduce
fuel consumption and greenhouse gas emissions.

Air lubrication technologies reduce friction between the ship hull and seawater
by introducing air into the boundary layer, thereby decreasing hydrodynamic re-
sistance and improving vessel efficiency.[1]

Principle of operation
Air lubrication systems operate by injecting air beneath the vessel’s hull to cre-

ate a layer of air or bubbles
between the hull surface and surrounding water. This reduces viscous resistance and
therefore propulsion power demand.
There are several main concepts:
* Micro-bubble lubrication — air bubbles injected into the boundary layer.
* Air layer systems — continuous air film along the hull.

* Air cavity systems — trapped air pocket beneath flat-bottom hull sections.

The Damen Air Cavity System (DACS)

With DACS an air cavity is created by injecting air underneath the vessel behind
a small cavitator that separates the water flow from the hull. To secure the cavity,
longitudinal skegs are installed to prevent the air from escaping to the side. The
compressors only need to overcome the hydrostatic pressure due to the draught of
vessel. As a result of this, the air cavity method requires considerably lower com-
pressor power, then competitive first generation systems. To maximise the area of
the hull covered by the system, a series of subsequent cavities are created, separated
by transverse skegs that ensure seakeeping behavior is maintained. Having a series
of cavities in place has the additional advantage that any air escaping from one cavi-
ty is absorbed in the next. [2]

TMC delivers the Microbubble method

The microbubble method is gaining popularity since it can be used on existing
hulls. Small bubbles are injected into the water near the ship’s hull through several
nozzles, which reduce the resistance between the hull and the seawater. The exact
process in which friction decreases in the mixture of air and water is dependent on
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many factors such as size of the bubbles and where they are injected. However, the
bubbles need to be as close as possible to the solid surface of the hull. The biggest
challenge is to keep the bubbles inside the so-called boundary layer. The bubbles
that are washed away from the area near the hull-wall lose their effect. Therefore,
drag reduction only works in a section close to the air outlet. Several air injectors
can be placed separately to continuously reduce the drag along the hull wall. The
size of the microbubbles is also important since big bubbles cannot move inside the
boundary layer and the buoyancy force influences their motion.[3]

Benefits and perspectives
Air lubrication systems offer multiple operational and environmental advantages:
* Fuel consumption reduction typically between 7-12% depending on vessel type.
* Verified fuel savings of about 7-8% during sea trials of commercial vessels.
» Lower CO: emissions supporting compliance with EEXI, CII, and EU ETS regula-
tions.
* Potential return on investment within approximately three years.
* Applicability for both newbuild ships and retrofit installations.

As environmental regulations become stricter, air lubrication is considered a key
technology in the maritime energy transition.

Technical challenges
Despite strong potential, several technical challenges limit widespread adoption:
* Maintaining a stable air layer under varying speeds and sea states.
* Energy consumption of air compressors reducing net efficiency gains.
* Dependence on hull geometry and vessel operational profile.
 Bubble loss caused by turbulence and propeller suction effects.
» Complex integration during retrofits requiring detailed hydrodynamic analysis.
* Influence of seawater salinity on bubble behaviour and drag reduction effective-
ness.
These challenges mean that air lubrication performance must be optimized for each
individual vessel design.

Future perspectives
Future development of air lubrication systems focuses on:
* Improved air distribution control systems.
* Integration with digital monitoring and CFD optimization.
* Hybrid solutions combining air lubrication with alternative fuels and energy-saving
devices.
« Expansion to different vessel categories including cargo ships, cruise vessels, and
offshore ships.
Continued research collaboration between shipyards, universities, and research insti-
tutes is expected to accelerate adoption.

258



Economic and operational expences

Installation costs and system complexity remain significant barriers.
Operators must balance capital investment against long-term fuel savings.
However, growing fuel prices and decarbonization policies improve the economic
attractiveness of ALS technologies.
Classification societies have independently verified efficiency improvements, in-
creasing industry confidence in the technology.

Conclusion

Air lubricating systems represent a highly promising solution for reducing fuel
consumption and emissions in shipping. With the right ship hull design, ALS can
generate substantial reductions of both CO2 emissions, with decrease of the vessel’s
operating costs.
While technical and economic challenges remain, verified performance data and on-
going research demonstrate strong long-term potential.
As decarbonization becomes central to maritime operations, air lubrication systems
are likely to become a standard component
of energy-efficient ship design.
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Indorpadika ik CKjIaI0Ba YACTHHA HABYAJIBHOI'0 MPOIIECY

CphOroficHHs XapaKTepU3YEThCS MOCTIMHUM 30UTbIIEHHAM 00cATy iH(opmarii i
OOMEXEHHUMH YaCOBUMH pecypcamu I ii 00poOku. [{omHs po3mUPIOETHCS Killb-
KICTh JDKepen, yepes skl iHpopMallisi noTpamise A0 JIOAUHU. Y TaKUX yMOBax Io-
IIyK JIACHO MOTPIOHUX 1 IIIHHUX JaHUX CTa€ Jefajl CKIaJHIIMM 3aBaaHHsIM. O-
HUM i3 Jli€BUX 3ac00iB BHOpsIKyBaHHs iHopMaii € indorpadika. Ii BukopucTanns
HaOyBa€e 0COOIMBOI BaXKIMBOCTI B OCBITHIN cdepl, 30KpeMa i yac CTBOPEHHS HaB-
yaipbHUX MarepianiB. [Hdorpadika crpuse po3BUTKY KIIOYOBUX HABUYOK,
MOB’SI3aHMX 31 3JaTHICTIO KPUTUYHO aHami3yBaTu iHopmailito. BogHovyac 3pocrae
3HAUYEHHS BMIHHS KypCaHTIB €()EKTHBHO 3aCBOIOBATH Matepiaj y BUIJISII CTHUCIHX
KOHCHEKTiB. [HTerpaiis iHporpadiku 103BOJIsIE BAOCKOHAIUTH MPOILIEC CTBOPEHHS
KOHCIIEKTIB 1 3p0OUTH KOTO OUIBII PE3YIbTATUBHUM.

OyHK1ii 1H}orpadiku MoKHA PO3IIITUTH HA TPU OCHOBHI KaTeropii:

- UIIOCTpaTHBHA: 3a0e3nedye OPUTIHAIBHICTh 1 MPUBAOIMUBICTE 1H(Orpadiku,
CIpHSIE HAOYHOCTI i KOMITAKTHIM BHUCTaB1 BI3yaJbHUX JAHUX, BUALISE KIIOYOBY 1H-
(dopmaitliiro 3a 1ONOMOIor0 rpadiuHUX aKLIEHTIB.

- KOTHITUBHA: JIONIOMarae CTpyKTypyBaTH 1 cUCTeMaTu3yBaTH iH(opmanito, 3'ea-
Hye 00pa3Hl ¥ aOCTpaKkTHI €JIeMEHTH, 3a0e3Meuye IUTICHICTh COPUUHATTS, CTUMY-
JIIO€ TIPOLIECH aHaJI3y ¥ CUHTE3Y JIaHMX, a TAKOXK aKTHUBI3Y€ acOI[laTUBHE MUCIICHHS.

- KOMYHIKaTHUBHA: BUKOPUCTOBYETHCS JUIsl HAJIAaHHS 1HCTPYKIN 10 AiHl, Bi3yallb-
HOI BKa31BKH, aKIICHTYBaHHS 3HAYMMHUX €JICMCHTIB, HAaJaHHS PEKOMEHAIN 1 KepiB-
HHUIITB TI0 OCBOEHHIO 1H(popmartii [1 - 4].

OcgiTHs QyHKIIs 1H(DOrpadiky BIIIrpae CyTTEBY POJIb y CYYACHUX HAaBUYAJIbHUX
BUJIAHHSX, aJ[’K€ BOHA JI03BOJISIE TTOJIETIIUTUA CIIPUMUHATTS 1HGOpPMAIIli Ta MOSICHIOE 11
3a 10noMororo rpa@iyHux eneMeHTiB. OHIE€I0 3 KIOYOBUX TEHIEHUINA y po3poOLi
HaBYaJbHUX 1 METOAMYHHUX MATeplajiiB CTa€ MpParHEHHsS 10 MaKCUMAaJbHOI Bi3yalli-
3amii 3micty. 1106 MakcumanbHO peanizyBatu moTeHiian iHdorpadiky, BUAABII B
YCbOMY CBITI aKTUBHO JOCIIKYIOTh, SIK BI3yali30BaHl JaHl BIUIMBAIOTh Ha pO3Y-
MIHHSI CTYJIEHTaM1 HaBYaJIBLHOTO MaTepiaity. 3T1IHO 3 TOCITIIKEHHIMH, po3Mip 1 (o-
pMmat iHporpadiku MOXKYTh CYyTTEBO 3MIHIOBATH CIOCIO 3aCBOEHHS iH(pOpMAIIii 13 Ii-
IpydHUKa. Y pasi, sIKI0 TEOPETUUHHUIN MaTepiall CymPOBOKYEThC 1HGOTpadikoro
BENIMKOro (popmaTy, CTyJIEHTH 3a3BUYall CHEpIIy aHANI3YIOTh ii, a BXKE MOTIM mepe-
XOJIATh 10 TEKCTOBOTO Martepiany. Taka CTpyKkTypa onaHyBaHHS € OCOOJIMBO MOMIT-
HOI0, KOJIM HaBYAJIbHUN MaTepiall XapaKTepU3YEThCS IMiIBUILIEHUM PIBHEM CKJIaJHO-
cTi. MakcuManabHOTO piBHS 3aCBO€HHS 1H(GOpPMAIIll BAAETHCS TOCATTHCS MPU KOMOI-
Hallli TeKCTy ¥ iHdorpagiyHuX eaemMeHTIB [5, 6].

[ndorpadika sk MeToa BUCTaBU 1H(OpMAILIli Mae psiji repeBar:

- BI3yaJIbHO TPaAHCIIOE MOBIIOMIJIEHHS uepe3 rpadiuni enementyu. BpaxoByroun,
110 OUIBIIICTh KYpPCAHTIB Kpalle CHpI/II/IMaIOTI) Bi3yasibHY 1H(OpMaIlito, el crocid
crpuse OUIbII ePeKTUBHINA KOMYHIKAIT MK BUKJIaJadeM 1 KypCaHTOM;

260



- MiHIMI3Yy€ 1HQOPMAIIITHUI [TyM, BIAPI3HIIOUYHUCH JTAKOHIYHICTIO i JOCTaTHHOIO
MOBHOTOIO HAJIaBaHUX JTaHUX 0€3 IXHBOTO MEPEBAHTAKEHHS;

- Oyap-ska iHdorpadika crpuse CTpyKTypyBaHHIO TEMH, TOMY 110 BUOIp rpadi-
9HOi OopMU I TIepeiadi TIOBIIOMJICHHSI Ma€ Ha yBa3i peTelibHe i TOYHE BUKOPHC-
TaHHS BI3yaJIbHUX PIllIeHb [/, 8].

[Hdorpadika MOBHICTIO BIMOBIAA€ KIOYOBUM TPEHIaM Cy4acHOi OcBiTH. BoHa
KOPHUCTYETHCS TIOMYJIAPHICTIO K B €IEKTPOHHUX, TaK 1 B APYKOBAHUX BHUJIAHHSX, Bi-
ATOBiIal0ouM BUMoOraMm Hu@poBizaiii, ToOTO Mmepexoay BMICTY B HHU(PPOBE cepeo-
Bute. Lleit oopMar mo3BoIIsge MpeacTaBUTH 1HPOPMAIIIO 3 BUCOKAM CTYIICHEM KOH-
IEHTpaIlii, 3aJUIIAI0YNCh MPHU [[OMY JJAKOHIYHUM 1 KOMIIAKTHUM, 110 OCOOJIMBO Ba-
YKJIIUBO TSI 1HTEerparii B}ggyKOBaHi marepianu (puc. 1).

Puc. 1. TpuBumipHa Moaens Kopadis

Kpim Toro, iHdorpadika siise coboro GaratopyHKITIOHATIBHUA MYIbTUMEIN-
HUM ¢opmar, 1mo 00'€nHye TEKCTOBY iH(MOpMaIlio, ayaioMaTepiaid Ta Bi3yaslbHi
eneMeHTH. OJHUM 13 KITFOUOBUX YMHHUKIB 11 YCIIIITHOCTI € 3[IaTHICTh TIEpeIaBaTH
BEJIMKY KUIBbKICTh 1H(pOpMaIlii Ha 00MEeXEeHOMY TIPOCTOPi. 3aBISKH TAKUM TIepeBaram
iH(porpadika, sika IHTETPYE MOKIMBOCTI MYJbTUMEIIMHUX TEXHOJOTIH, MPOIOBKYE
3anumaTucs eeKTUBHUM i 3aTpeOyBaHUM IHCTPYMEHTOM Yy Taysi ocBitu. Ii cTBo-
PEHHS € pe3yJIbTaTOM CKJIAIHOTO 1 TBOPYOIO MPOLECY, SIKUI CTAaE MOKIIMBUM 3aBJIsI-
KM CHUIBHINA poOOTI BUKJI[auiB, pEJaKTOPIB Ta IU3alHEPIB.

BukopucTaHHs KOHCIIEKTIB JIEKI[IH, CKJIaJIEHUX 13 3aCTOCYBAHHAM CXEM, KIIFOUO-
BUX MOHATH 1 acOIliallii, CIpUs€ KpaluoMy 3aCBOEHHIO Marepiany Kypcantamu. Cy-
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YacHI MpOrpamMHi JOJATKU TO3BOJIIOTH 3HAYHO MIACUIUTH €(PEKT TAaKOTro MiIXOMIy,
JI0J1al04M 1HTEPAKTUBHICTh 1 BUPA3HICTh Yy HaBUalbHI MaTepianu. Moiioge mokoiH-
Hs Jie/1alll YacTillle HaJae rmepeBary OTpuMaHHIO iHQopMallii yepe3 eKpaHu MOOLIb-
HUX TPUCTPOIB, BBAKAIOYM I CIOCIO OUIBII 3pyYHUM Ta MIBUAKUAM Y MOPIBHSAHHI 3
TPaAUIIITHUM YUTAHHIM JPYKOBAHOTO TEKCTY (puc. 2).
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Puc. 2. [Tpuxnan Bizyanizanii JaHUX, HAJJAaHUX Ha caidTi https://www.Swgraphics.com

[ndorpadika y cratuunomy opmari, sika MICTUTh (aKTH Ta YUCIIOBI JIaHi, -
HaMiuH1 Tpadiky, 1m0 BigoOpaxarTh 3MIHU UM MPOTPEC, a TAKOK KOPOTKI B1IEOPO-
JIUKH, K1 HAOYHO JEMOHCTPYIOTH 1H(QOpMAIliI0 Yepe3 BUpa3Hi Bi3yalibHI 00pa3u Ta
TEKCT, 3aJIMINAIOThCS Hai3aTpeOyBaHimmMu (GopmaTamMu miepenadi 3Hanb. Ha mau.
MOKa3aHUM TIPUKJIIAJ Bi3yasizallli JaHuX 1 MPOIIECIB, 110 SICHO 1IIOCTPYE, SIK BEIUKUN
obcsr iHdopMallii MoKHa BUPA3UTH HAOYHO ¥ €()eKTUBHO 3a JI0TIOMOT0I0 TpadiuyHUuX
€JIEMEHTIB.

Indorpadika Moxe OyTH KOPUCHOIO JJIsl BUKJIAAyiB HE JIUIIIE TT1]T 4ac pO3pOOKH
KOHCTEKTIB. 3aBJSIKU Cy4aCHUM MYJbTUMEIIMHUM TEXHOJIOTISIM, TPOCKTOpPaM Ta 1H-
TEPAaKTUBHUM JIOUIKAaM, CTA€ MOKJIMBUM CTBOPEHHS HAOYHMX HaBUYaJIbHUX MarTepia-
J1B, 1O BIJMOBIAAIOTH MPUHIMIAM OCBITHBOI 1H(porpadiku. OnpanboByroun 1HEHOT-
padiky, KypcaHTH TOBUHHI HABUUTUCS YITKO aHAJI3yBaTH MOJIaHy 1H(POpMaIlil0, BU-
JISTA OCHOBHI MOMEHTHU Ta BIJIPI3HATH 1X B IPYTOPSIHUX, BUSBIIATH MPUXOBaHI
a00 IMILTIIIMTHO MPEICTaBJICH]1 JaHl y 3MIIIaHUX TEKCTaX, pO3yMITUCS Ha rpadikax i
aiarpamax, a TakoX 00yMaHO OLIHIOBAaTH Ta BUKOPUCTOBYBAaTH OTPUMaHi 3HAHHS,
CIHUPAIOYUCh Ha BIACHUH JOCBIJ Ta LIHHICHI OPIEHTHUPH.

Kpim Toro, HeoOXiaHO migKpecauTH, 1o iHporpadika Moxke BiIrpaBaTh 3HAYHY
pOJIb y pOOOTI 3 MOHATIMHUM arapaToM JJisl MOTJIMOJICHHS PO3YMIHHS KOKHOTO KOH-

262



KpeTHoro npeameta. Lleit incTpymeHT Bizyanizaiii € eeKTUBHUM 3aC000M poOOTH 3
HECYIITPHUMH TeKCTaMH. BiH jomomarae Kpaiie 3acBOIOBaTH HaBUAIBHHIA MaTepi-
aJl, CTIpUsi€ PO3BUTKY JOCIITHUIIPKUX HABUYOK 1 KPUTUIHOTO MHUCIIeHHs. OHaK Ba-
KJIUBO, 1100 1HpOorpadika rapMOHINHO y3roKyBajacs 31 3MICTOM OCBITHBOT'O MaTe-
pianmy. HagMipHe BUKOpHUCTaHHS 1IbOTO MOKE BIJIBOJIIKATH YBary CTYJEHTIB 1 3aBa-
KaTH iM 30CepeKyBaTHCS Ha TOJIOBHUX aclleKTax JOCTiKyBaHoi Temu [9 - 12].
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MAN B&W ME-GA Engines Dual Fuel Concept

General Description:

The ever valid requirement of ship operators is to obtain the lowest total opera-
tional costs, and especially the lowest possible specific fuel oil consumption at any
load, and under the prevailing operating conditions. Two of the most important fac-
tors in adjusting the engine to match the prevailing conditions is to control the fuel
injection and exhaust valve activation. A system with electronically controlled hy-
draulic activation provides the required flexibility, and such systems from the core
of the engine control system.

ME Concept

The ME engine concept consists of a hydraulic-mechanical system for activation
of the fuel oil injection and the exhaust valves. The actuators are electronically con-
trolled by a number of control units forming the complete engine control system.
MAN Energy Solutions has specifically developed both the hardware and the soft-
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ware in-house, in order to obtain an integrated solution for the engine control sys-
tem. The fuel booster consists of a simple plunger powered by a hydraulic piston ac-
tivated by oil pressure. The oil pressure is controlled by an electronically controlled
proportional valve. The exhaust valve is opened hydraulically by means of a two-
stage exhaust valve actuator activated by the control oil from an electronically con-
trolled proportional valve. The exhaust valves are closed by the ‘air spring’. In the
hydraulic system, the system lubricating oil is used as the medium. It is filtered and
pressurized by a hydraulic power supply unit mounted on the engine or placed in the
engine room. The starting valves are opened pneumatically by electronically con-
trolled ‘On/Off” valves, which make it possible to dispense with the mechanically
activated starting air distributor. Engine Operating Modes By electronic control of
the above valves according to the measured instantaneous crankshaft position, the
engine control system fully controls the combustion process. System flexibility is
obtained by means of different ‘engine running modes’, which are selected either au-
tomatically, depending on the operating conditions, or manually by the operator to
meet specific goals. The basic running mode is ‘fuel economy mode’ to comply with
IMO NOx emission limitation.

Dual Fuel — GA Concept

The dual fuel engine is designed to operate on several type of fuels. This is bene-
ficial both for economic and environmental reasons. The GA engine allows the en-
gine to run on either fuel oil (FO) or compressed natural gas (CNG).

Injection and Admission

Dual fuel operation requires the injection of first pilot fuel (to start the combus-
tion) and the admission of fuel gas (second fuel) into the combustion chamber. Dif-
ferent types of valves are used for the injection of pilot fuel and admission of fuel
gas. The auxiliary media required for both fuel oil and fuel gas operation is:

» Compressed gas

* Fuel oil (pilot oil by the fuel oil system)
* Control oil for actuation of Safe Gas Admission Valves (SGAV)

* Sealing oil to separate gas and control oil

Main GA Components

A fuel gas pipe system for gas distribution to and from SGAVs mounted on each
cylinder.

* A ventilation air system to transport possible leaking fuel gas to a secure place in
free open space.

* A sealing oil system, delivering sealing oil to the gas components separating con-
trol oil and gas.
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* A inert gas system that enable purging of the fuel gas system. ¢ A control and safe-
ty system, comprising a hydrocarbon analyzer for checking the hydrocarbon content
of the ventilation air in the ventilation air system.

Engine Operating Modes

One main advantage of the ME-GA engine is its fuel flexibility. The control
concept comprises different fuel modes: * Gas mode (Natural Gas with minimum pi-
lot oil amount) ¢ Fuel mode (VLSFO or MGO) ¢ Specified Dual-fuel mode (SDF,
Natural Gas and Fuel oil mix)
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Micro booster injection valve (MBIV)

The dual-fuel operating mode is used for gas operation. It can only be started
manually by an operator on the main operating panel (MOP) in the control room.
The ME-GA engine will be equipped with a dedicated pilot valve, the micro booster
injection valve (MBIV). The MBIV is based on existing fuel booster injection valve
(FBIV) design. The pilot oil fraction is 0.5%, and the fuels are 0.5% VLSFO or
MGO/MDO.

The MBIV shares the same fuel oil supply system as the main fuel oil injectors,
but on the engine, the fuel oil is split between the main injectors and the pilot oil
system. In general, if a failure occurs in the fuel gas system it will result in a fuel gas
shutdown and a return to the fuel-oil-only mode. The fuel-oil-only mode is known
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the ME engine. Operating the engine in this mode can only be done on fuel oil, and
the engine is considered gas safe. The specified dual-fuel mode is based on econom-
ic considerations and the decision to run the ME-GA engine on fuel oil or gas. In
principle, the operation can continue on either fuel oil or gas depending on availabil-
ity and feasibility.

SDF (Specified Dual-fuel mode) Operation

The ME-GA engine runs on a mixture of gas and fuel oil. The FGSS specifies a
maximum limit of gas flow (SF Load Limit signal) to the ME ECS for propulsion.
During SDF operation, the amount of gas injected can be adjusted to the available
gas supply flow limit. If the required engine load cannot be sustained within the “SF
Load Limit”, the ECS will adjust the gas injection amount according to the limit by
increasing the fuel oil injection amount. The SDF mode can only be activated by the
FGSS control system. In cases, where the gas flow is insufficient at a specific engine
load, fuel oil will automatically be added to compensate the flow requirement. The
gas to fuel oil ratio must be kept within the SDF range to maintain a reliable com-
bustion process. If the range is exceeded, the engine will automatically switch to the
fuel-oil-only running mode, and gas standby. Currently, it is expected that a gas to
diesel ratio of 10 ~ 30% is realistic above 40% engine load. SDF operation is a com-
promise compared to dual-fuel and/or fuel-oil operation. It means that the SDF
mode is characterised by a reduced engine efficiency, and increased methane slip,
and increased NOx emissions.
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CIITMCOK BUKOPUCTAHOI JIITEPATYPHU
1. https://www.man.eu/engines/en/products/marine/engines-for-commercial-

shipping/commercial-shipping.html
2. https://lwww.man-es.com/en/marine
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Buxopucranns cepsicy Google Forms 1151 KOHTPOJIIO piBHSI 3HAHb 3100yBayiB
BMIIOI OCBITH B YMOBAX JMCTAHUIAHOIO Ta 3MIillIAHOT0 HABYAHHS

JlucraHiiiiHe HaBYaHHS BiJIKpUBA€ MOXJIMBOCTI JJIsi 37100yBadiB 3 YChOTO CBITY
OTPUMYBATH SIKICHY OCBITY Ta CTajO HEBiJl'€MHOIO YaCTHHOIO KHUTTS OCOOJHBO Yy
CHOT'OJICHHUX peaisix Kojiu Oe3reka y mpiopuTeTi. Jlucraniiiiine HaBuaHHA Ma€ Ki-
JbKa OYEBUIHUX TIEpeBar Ta JI03BOJIsI€ 3100yBayaM MaTH AOCTYH J0 BEJIUKOTO 00Cs-
I'y HaBYAJIbHUX PECYpCiB, BPaXOBYIOUHM OCOOMCTI moTpedu 1 Temnu HaB4yaHHS. Cy-
yacH1 1HGOPMAIIIHI TEXHOJIOT1] PO3UIUPIOIOTh MOXKIIUBOCTI y JOCTYII A0 1H(OopMma-
111, PO3BUTKY OCOOMCTHX KOMIICTCHIIIN, HaJlaroPKEHH1 B3a€MOJIii Ta KOMYHIKAITIH.
3aBAsSKU 1X MIBUIKOMY PO3BUTKY JMCTAHIIIITHE HABYaHHS CTa€ BCE OLIBII JOCTYII-
HUM Ta ehekTuBHUM. HOBI maTdopmu Ta mporpamMHi pillieHHs HOJIETIIYIOTh MPOIIEC
HaBYaHHS SIK JJI1 BUKJIQIadiB, TaK 1 Jis 3100yBaviB BUIIOi OCBITH. Ha choroHi au-
CTaHL1l{Ha OCBITa B YKpaiHl Mae Oe3Jiy mnepesar, ajie 1 noTpedye peTebHOro BUpi-
IICHHS IeAKuX mpobieM. OaHa 3 AKUX - 1€ KOHTPOJIb 3HAaHb Y CYYaCHUX YMOBAaX IO
BUMaArae BiIMiHHI BiJl TPAAUIIMHOTO HABYAHHSI METOJIN.

KOHTpob 3HAHb CTY/IEHTIB € HEOOXITHUM €JIEMEHTOM JUCTaHIIiitHO1 popMu Ha-
BUYAJILHOT'O MPOIIECY, KU Ma€ MICLE Ha BCIX CTalsX mporecy HaBuyaHHsA. Ocolmu-
BOT'O 3HAYCHHS BiH HAOyBa€ MiCIsi BUBYEHHS OYyIIb-SIKOT TEMU, PO3JALIY POrpamu i
3aBepiieHHS HaBuaHHA. OJMHUM 3 Cy4yaCHUX METOJIB KOHTPOJIO € BUKOPUCTAHHS
TecTiB. TecTu — 11e He 1eanbHul CrociO MepeBipKU 3aCBOEHHS MaTepialy, aje Hau-
KpaIui 3 TUX, SIKUH MU MO’KEMO BUKOPHUCTATH B YMOBaX JUCTAHIIIMHOI OCBITH.

BukopuctanHs TeCTIB y HaBUaJILHOMY IPOIIECT HAIWHO YBIMIILIO y CBITOBY Ie-
JaroriyHy mpakTuky. [HTerpariis Ykpainu y MixkKHapOJHE CIIBTOBAPUCTBO BUMArae
CIIBCTABJICHHSI OCBITHIX PIBHIB, a TAKOX Y3TOJKEHHSI IPUHIIUIIB MiATOTOBKHU 3]10-
OyBauiB BHILOI OCBITH. TOMYy mepuioueproBUM 3aBAaHHSIM HHUHI € 3alpPOBa>KEHHS
Cy4YaCHUX TEXHOJIOT1 HABYAaHHS W OLIIHIOBAHHS WOro pe3yJsbTariB. BukopucTaHHS
Cy4aCHUX TEXHOJIOT1M Ja€ HOBI MOXJIMBOCTI, 3MIHIOEThCSI MMPU3HAYEHHS Ta MOXKJIU-
BOCTI TECTIB, iX (JOpMU Ta METOAN OOPOOKU PE3yNbTATIB TECTYBaHHS Ta iX IHTEpPII-
perariii.

CnoBo “TecT” aHTIIHCHKOTO MOXOKEeHHS (OyKBaJlbHO — BUNPOOyBaHHs ). TecTu
SK BUMIPIOBIBHUM 1HCTPYMEHT BUKOPUCTOBYIOTHCSI B OUTBIIIOCTI KpaiH cBiTy. Tec-
TOJIOTIS (HayKa MpO CTBOPEHHS 1 BUKOPUCTAHHS TECTIB), K TEOPis 1 MPaKTUKA TEC-
TyBaHHS, icHye Outbin 120 pokiB, 1 3a Iiel Yac HAKOMWYCHUN BEIMUYE3HUI TOCBIT
BUKOPHCTAHHS TECTIB Y Pi3HUX cdepax JTOJCHKOI TISTLHOCTI.

TecTyBaHHS - 11e METOJ] MEJArOTiYHOI JIarHOCTUKH, 33 JOMIOMOTOIO SIKOTO BUOID
MOBEIHKH, 10 MPE3EHTYE MEePEAYMOBH 1 Pe3yJbTaTH HABYAIBLHOTO MPOIIECY, TTOBU-
HEH MaKCUMaJIbHO BIJMIOBIIATH MPUHITUIIAM 31CTAaBJICHHSI 00’ €KTUBHOCTI, HAIMHOCTI
Ta BaJIAHOCTI BUMIPIB, IPOUTH OOPOOKY ¥ 1HTEpIpeTallito Ta OyTH NPUHHATUM JJIs
3aCTOCYBaHHS B MeAAroriyHii MpaKkTHIL.

TectyBaHHS sSIK popMa KOHTPOJIO Ma€e Oarato nepesar:
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1. Bucoka TeXHOJOTIYHICTb, 110 3a0e3Meuye po3poOKy, IPOBEACHHS Ta Miapaxy-
HOK PEe3yJIbTaTIB 13 3aCTOCYBAaHHSAM KOMIT IOTEPHOT TEXHIKH;

2. OG’eKTHBHICTh OIIIHIOBAHHS, IO 3aCTEpirae BiJl YNEPeIKEHOr0 CTABJICHHS 1
3abe3reuye piBHI yMOBU Cy0’€KTaM HaBYAIBHOTO MPOIIECY ITi1 4Yac TeCTOBOIO0 KOHT-
POJIIO.

3. IIpocroTa mporeaypu MPOBEACHHSI TECTyBaHHsS Ta OOpOOKH OTpHUMaHHUX pe-
3yJIbTATIB.

4. BukopucTaHHs KUIbKICHUX MOKA3HUKIB /71 BU3HAUEHHS PIBHS 3aCBOEHHS Ma-
Tepiamy.

5. HiTKicTh Ta OJJHO3HAYHICTh YMOB TE€CTOBHUX 3aj1a4, 1110 3a0e3rneuye piBHICTb y
CIPUMHATTI 1X 3MICTY.

6. OnHOYACHICTH NEPEBIPKH 3HAHB YCiX 37100yBaviB OCBITH

Takox 1CHYIOTh J€sKl HEAOJIKH TECTYBAHHS Takl sIK: TOTOB1 BaplaHTH BIJIIOBI-
Jeil, MOXKIIUBICTb yrajyBaHHs, BUKopucTanHs gonomoru 11

[{ux HEAOMIKIB YACTKOBO MOXHA YHUKHYTH, SIKIIIO BUKOPUCTOBYBATHU TECTH Pi3-
HOro BHOOpY: albTEPHATUBHOIO YU MHOXKMHHOTO, TECTH Ha pPO3PI3HEHHS, TPYITy-
BaHHS, CHCTeMaTH3allil0 Ta Kiacudikalliro exeMeHTiB. TecTyBaHHS HE 3aMIHIOE 1HIIT
(opMU KOHTPOJIIO, & TUIBKH JTIOMOBHIOE iX.

CaMme BpaxoOBYIOUHM BCl I€peBard i HEIONIKU TECTYBAHHS 3[1MCHIOETHCS KOHT-
POJIb PIBHS 3aCBOEHHS 3HAHb 37100yBa4aMM OCBITH.

TecTu MOAUISIIOTHCS HAa KOHTPOJIOIOYI (summative) ta ¢popmyBaibHl ado dop-
Mmytoui (formative). Mera KOHTPOJIOIOUHUX TECTIB MEPEBIPUTH, KOHTPOJIOBATU Ta
OLIIHIOBATH PIBE€Hb HABYAJIILHUX JOCSATHEHb. Taki TECTM MOKHO MPOBECTU HAIPUKIH-
11 BUBYEHHS TEMH, KYPCY SIK MIJICYMKOBI T4 KOHTPOJIBHI.

3a gonomororo ¢opmyBaibHI TecTiB (formative) MOHITOPATH MPOIEC HABUAHHS
PO3YMiHHS Ta JiarHOCTYIOTH TPYAHOLI. IX MOHO IIPOBOIUTH MOCTII{HO Mij Yac Ha-
BYAJILHOTO TPOIIECy, 110 Aa€ SIKICHUI 3BOPOTHHUM 3B'A30K MK BUKJIaJaueM Ta 3]10-
OyBayaMu OCBITH.

VY mporieci HaBYaHHS TTOTOYHUI KOHTPOJIb 3HaHb CTYACHTIB BIJITPAa€ BaXKIUBY
pOJIb Ta JJa€ 3MOTY BUSBUTH 1 CBOEYACHO pearyBaTH Ha MPOTAIMHU y 3HaHHAX. Kpim
TOT0, MOTOYHUM KOHTPOJIb CHpUsi€ JOAATKOBIN MOTHBALlIT JUIsi BABUEHHS HaBYaJIbHO-
ro mMaTepialy BIPOJOBXK BUBUYCHHS TUCIUIUIIHU. Peanizalisi mOTOYHOTO KOHTPOIIIO
3a0e3nedye 00’ €KTUBHICTH OIlIHIOBAHHS 3HAHb CTY/ICHTIB Ta palliOHAIIbLHE BUKOPHUC-
TaHHS 4acy HaBYaJIbHOTO MPOLECY, 110 OCOOJMBO aKTyaJlbHO MPU IPYNoBii dopmi
HaBYAHHS, KOJIM 3aTPaTH Yacy Ha CIIKYBAaHHS 3 KOKHUM CTYACHTOM HAJTO BEJIHKI.

OpmHMM 13 HaUTIPOCTIMMX 1 Ha3py4HimuUX cepiciB € Google Forms — mporpam-
He 3a0e3meueHHs sl CTBOPEHHS Ta aJIMiHICTPYBaHHS OMUTYBaHHS, SIKHHA MOXE aB-
TOMAaTU3yBaTH TNEPEBIPKY 3HAHb CTYJEHTIB MiJ 4Yac AUCTAHLIMHOTO HaBYaHHS.
Google Forms BUKOPUCTOBYIOTh CAMOCTIMHO YW SIK CKIaAHUK miatdgopmu Google
Classroom. 3a #0OT0 JOTIOMOTOI0 CTBOPIOIOTH Pi3HI THUIIN 3aB/IaHb.

Google Forms M0XyTh BUKOPHUCTOBYBATHUCS JJISI TIPOBEACHHS K (POPMYBaJILHO-
ro, Tak 1 KOHTPOJIIOIOYOTIO TECTyBaHHSA. BHUKOpPHCTaHHS TaKMX TECTIB OHJIANH Jae
3MOTY aBTOMAaTHYHO MepeBIPATH pe3ynbTaTu. Po3poOka Ta BUKOPUCTaHHS TECTIB
Ma€ HACTYITHUM NOPSAIOK:
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[epuuii eTan 1e miAroToBKa HaBYaIbHOrO Matepiany. [loTpiOHo mixidpatu mu-
TaHHS, 3 SIKUX Oylie CKiajaThcs TecT Ta Tum camoro tecty. Google Forms paroTh
MO>KJIMBICTh CTBOPIOBATH P13HOIUIAHOBI 3alIUTaHHS:
e 3aBJIaHHS 3 BapiaHTaMH BIAMOBIIL: BUOIp OJAHOTO BapiaHTy BIAIOBIAL 3 KiJIb-
KOX 3aIIPOIIOHOBAHUX, TECTU OJMHUYHOTO BUOODY;

e BuUOIp KUIPKOX BapiaHTIB BIAMOBIAL 3 KUJIBKOX 3allPOMOHOBAHUX, TECTH MHO-
KUHHOTO BUOOPY;

e Tabnwis 3 BapiaHTaMW BIAMOBIAL 7€ HEOOXITHO BCTAHOBHUTU BiIMOBIIHICTH
MDK BUpa3aMHM B PsIKax Ta KOJOHKAX TaOJMIN, TECTH HA BIATOBIHICTD;

e 3aBJIaHHS 3 KOPOTKUMHM BIAMOBIASAMHU, SIKI MOKYTh OYTH Y BUTUISIAI YUCiIa YU
TEKCTY, TECTH 3 BIIKPUTOIO BiIMOBIIIIO.

Buknanay Moxke BCTAHOBUTH OOMEXKEHHSI Ha KUIBKICTh CIipo0, AaTy Ta 4ac J0cC-
TYILy 0 TECTY.

2) lpyruii eran - ne  HanamtyBaHHs Google Forms. CrioyaTky nmoTpiOHO CTBO-
putu dhopmy, 11 uporo nepeitu Google ®opmu ta aBropusBarucs. Ilotim cTBOpU-
TH 3aroJOBOK 1 3amUTaHHA. J[7s IbOTO HATHCHYTH «+» Ta BBECTH Ha3BY (HOpMH,
ONUC Ta MUTAHHS, BUOUPAIOYM THUIU: TEKCT, OJUH 31 CIUCKY, Mparopiil, Ikajia To-
0. SIKII0 muTaHHg OOOB'SI3KOBI - MOTPIOHO akTHMBYBaTHU mepemukad «OOOB'sI3KO-
Bo». Google Forms naroTh MOXKIIMBICTh 3MIHIOBATH AW3aiiH Ta 10AaBaTH 300pakeH-
Hs. Bcei nani 36epiratotbest aBromatuaHo Ha Google [lucky. Jlns oTpuMaHHS MOCH-
JaHHS MOTPIOHO HATUCHYTHU KHOMIKY «HamicmaTuy (yropi mpaBopyd) HOoro MOKIJIUBO
HaJICJIaTH MOIITOI0 a00 BOYTyBaTH Ha CaMT.

OcTtanHii KpoK 1€ BUOpaTu crocid meperisiay Biamnosinen. Binkpuiite BKIaIKy
«Bignosiai», mod nodauntu pesynbratu y popmi ado B Google Tabnuii.

3) Tpetwuii eran - 11e MpoBEeAEHHS caMOro TecTy. [1iciist CTBOpEHHS TeCTy MOKHA
BIIKPUTH JI0 HBOTO CIUIBHHUI JOCTYM, a00 HaAiciaTH eNeKTPOHHOK morToro. [To-
CWJIaHHS HAa TOTOBY (opMy Moxe OyTH BIANPABICHO CTYIAEHTY 1HIMBIAYyalbHO IO
€JIEKTPOHHIM momTi a00 B MOBIJOMIIEHHI COLIAIbHOT Mepexi. TecTu mpaloTh Ha
Oyap-sKkuX npucTposx (cmaprdonax, [1K) uepes nocunanus.

4) YerBepTuil erar - 1€ aHali3 pe3yibTaTiB TECTyBaHHSA. 3HAYHOIO MEPEBAror0
€JIEKTPOHHUX (OPM € Te, [0 pe3yIbTaTH aHKETYBaHHS B HUX ONPALIbOBYIOTHCS aB-
TOMATUYHO, aHATI3YIOThCS, BUBOJATHCS B HaOYHOMY BUTIIsiAl. Enextponni (popmu
30epiraloTbcs B XMapHOMY CXOBHIII, TOCTIHHO AOCTYIIHI, 10 HUX MOKHA 3BEPHYTH-
cs1 y Oynb-skuil MOMeHT. [licist BUKOHAHHS TeCTy CTYJEHT SIK 1 BUKJIa/1ad Ma€e 3MOTy
no0aynTH CBOT pe3yJIbTaTH, SKILIO 111 MOXKIMBOCTI OyJiM BKa3aHi B HaJalITyBaHHSX.

Taxum unHOM BUKOpucTaHHs Google Forms B OCBITHBOMY TIpOII€Ci CIIPUSIE i~
BUIIICHHS 1HTEPECY y CTYACHTIB Ta 3a0XOYCHHS iX JI0 HAaBYaHHs, CKOHOMHUTH Yac BU-
KJIaJJa4yiB Ha MEPEBIPKY pe3yibTaTiB TecTyBaHHA. Lleil i1HCTpyMEHT Hajae BUKIIAJa-
yaM Ta 37100yBauaM OCBITH €(eKTHUBHI CIIOCOOM OpraHi3ailii HaBYaHHsSI, 0COOJIMBO B
YMOBax JAUCTAHIIHHOTO HABYAHHSI.
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Research on emergency operating modes of a ship’s air start compressor
electric drive by using a digital twin model

The main objective of this research is to investigate the emergency operating
modes of a ship’s air start compressor electric drive using the concept of a digital
twin. The purpose is to determine how a digital model can simulate the real opera-
tion of the drive, help identify potential failures, and improve the overall reliability
and safety of the ship’s electrical systems.

To achieve the goal, the following tasks were defined:

1. To study the structure and operation of the air start compressor electric
drive used on vessels.

2. To create a digital twin that replicates the main physical and electrical pa-
rameters of the drive.

3. To simulate and analyze possible emergency modes, such as short circuit,
phase loss, overload, and overheating.

4. To evaluate the response of the protection and control systems during ab-
normal conditions.

5. To determine how the use of digital twin technology can improve diagnos-
tics and preventive maintenance of ship electric drives.

The study employs numerical modeling tools such as MATLAB/Simulink and
specialized marine electric drive simulation software. The model includes the pro-
pulsion motor, inverter, control system, and mechanical load, taking into account
electromagnetic, thermal, and mechanical dynamics. Fault scenarios - such as volt-
age unbalance, short circuit, and loss of one phase - are simulated to evaluate system
stability and control response.

The starting air compressor is part of the air starting system, which plays a cru-
cial role in ensuring reliable starting of the main engine. Compressed air is necessary
to initiate the combustion process in the main engine cylinders. Essentially, the
compressor creates the "starting impulse" for starting the main engine. Any malfunc-
tion in this system can lead to serious delays or even emergency situations during
vessel operation, since without starting air, the main engine cannot be started.

Traditional maintenance methods are mainly based on regular inspections and
scheduled overhauls. However, these approaches are reactive - they address failures
only after they occur. The concept of a digital twin offers a more advanced solution,
allowing continuous monitoring and virtual testing of equipment without interfering
with the real system. A digital twin is a computer-based model that mirrors the be-
havior of the physical system in real time, making it possible to predict and analyze
failures before they cause damage.

The digital twin continuously receives data from sensors (IoT devices) installed
on the physical object (e.g., a compressor's electric drive). This data (current, volt-
age, temperature, vibration, etc.) allows the digital model to reflect the current state,
performance, and history of the real object.
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The model is based on physical, chemical, and mathematical laws, as well as da-
ta collected throughout the object's lifecycle.

In this research, a digital twin of the air start compressor’s electric drive was de-
veloped using simulation tools. The model included essential parameters such as
torque, current, voltage, rotor speed, and temperature. To ensure accuracy, the model
was calibrated using real operational data obtained from a functioning ship compres-
sor system.

Several emergency situations were simulated to study the system’s response:

Phase loss: One of the motor phases was disconnected, leading to a drop in
torque, increased vibration, and higher current in the remaining phases.

Short circuit: A sudden current spike was observed, demonstrating the im-
portance of a fast-acting protection relay.

Overload: The simulated load was increased beyond the rated value, resulting in
overheating and efficiency reduction.

Cooling failure: The lack of airflow caused rapid temperature rise in the stator
windings, eventually triggering an automatic shutdown.

These simulations allowed a detailed analysis of the compressor’s electric drive
under real-world emergency scenarios without any risk to the actual equipment.

Results and discussion.

The obtained results confirmed that the digital twin accurately reproduces the
behavior of the electric drive in both normal and abnormal operating modes. The
model clearly demonstrated how critical parameters, such as torque and temperature,
change under fault conditions.

The simulation results showed that the digital twin can effectively predict poten-
tial failures before they occur. For instance, by observing deviations between real-
time sensor data and simulated values, it is possible to detect early signs of phase
imbalance, bearing wear, or insulation degradation. This makes it possible to switch
from reactive maintenance to predictive maintenance, which significantly reduces
downtime and repair costs.

Moreover, the digital twin provides a safe environment for testing new control
algorithms and for training ship personnel. Crew members can learn how the system
reacts to faults and how to respond correctly without endangering actual machinery.

Conclusions.

The research has demonstrated that digital twin technology offers great potential
for analyzing and improving the reliability of ship electrical drives. The digital mod-
el of the air start compressor provides valuable insights into system dynamics, ena-
bling engineers to:

- understand complex interactions during emergency conditions;
- optimize control and protection systems;

- reduce maintenance time and costs;

- increase overall safety and efficiency of ship operations.

Thus, the digital twin can serve not only as a research tool but also as a practical
element of future smart ship systems.The digital twin allows for more than just not-
Ing a deviation; it determines the significance of that deviation in the context of re-
maining useful life. For example, a slight increase in vibration or a change in the
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harmonic content of the current may be an early precursor to incipient bearing wear
or insulation degradation. By converting these deviations into actionable alerts, the
system minimizes unplanned operational pauses. Instead of waiting for a cata-
strophic failure (e.g., a complete motor burnout due to overheating) and the resulting
forced downtime of the vessel for several days, the twin-based system provides an
advance recommendation for component replacement, which can be scheduled at an
operationally convenient time or during a port call.

Preliminary estimates suggest that this approach can reduce unscheduled down-
time for critical equipment by 30-40% and substantially lower the costs of emergen-
cy repairs, which are inherently more expensive than planned maintenance. Reduc-
ing the probability of failure in critical systems, such as the air start compressor nec-
essary for main engine ignition, directly impacts overall navigational safety, espe-
cially during complex maneuvering or adverse conditions. The digital twin can serve
not only as a tool for engineers but also as a powerful platform for informed mana-
gerial decision-making, aligning with the broader trend of digital transformation
within the maritime industry.

Prospects.

Future work should focus on integrating the digital twin with real-time data col-
lected through onboard sensors and automation systems. This will allow automatic
comparison between actual and simulated performance and early detection of anom-
alies. Another promising direction is the use of artificial intelligence and machine
learning to enhance the self-learning ability of the model, making it capable of adap-
tive behavior and autonomous fault prediction.

As digital transformation continues in the maritime industry, the use of digital
twins will become standard practice for improving safety, energy efficiency, and
sustainability of ship operations.

The digital twin provides a safe virtual environment for simulating emergency
conditions (phase loss, short circuit) and practicing crew actions without the risk of
damaging expensive equipment.

Creating a digital twin for the company's entire fleet. This will enable compara-
tive analysis of the performance of similar equipment on different vessels, identify-
ing best maintenance practices, and optimizing spare parts procurement company-
wide. In the future, this digital twin could be used for virtual certification of new
equipment and even for issuing operating permits, reducing the need for time-
consuming and costly sea trials.
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Devices and equipment of modern LNG vessels

Nowadays, liquefied natural gas (LNG) plays a very important role in the global
energy industry. Due to the increasing demand for clean and efficient fuel, modern
LNG vessels have become an essential part of international transportation. These
ships are specially designed to safely carry liquefied natural gas at extremely low
temperatures over long distances.

Modern LNG vessels are equipped with advanced devices and high-technology
equipment that ensure safety, efficiency, and environmental protection. Over the
years, shipbuilding technologies have significantly improved, allowing engineers to
develop more reliable cargo systems, navigation equipment, and automation tech-
nologies.

Types and construction of tanks

There are four types of LNG tanks: A,B,C and membrane. Membrane is the most
popular type of tanks. They adopt corrugated stainless steel as the membrane materi-
al. The corrugations, are laid longitudinally and transversely. This design of the
‘waffle’ membrane is to allow the absorption of thermal contractions and ship move-
ment stresses.

The tank primary barrier is manufactured from 1.2mm thick low carbon stainless
steel. Also it has an insulation that consists of balsa wood panels filled with fibre-
glass or plastic foam bound by plywood sheets, sandwiched between the stainless
steel primary barrier and the carbon steel inner hull. Balsa wood or aluminium foil
sheet reinforced with glass cloth laminate provides the secondary barrier. The tank
primary and secondary barriers are made from 36% nickel steel (invar) 0.7mm thick.
Because of the very low thermal expansion coefficient of invar there is no need to
compensate for thermal contraction. The insulation boxes filled with perlite are as-
sembled in a similar way to bricklaying.

The insulation thickness, approximately 530mm, allows a boil-off rate of 0.15%
per day. In accordance with the IGC Code, the maximum filling capacity for any
cargo tank is 98% by volume. However, because of contractual requirements, sup-
ported by Flag State approval and allowing for an average boil off rate of 0.15% per
day, a slightly higher loading capacity is permitted. On average, a membrane vessel
will load to 98.5% by volume.

Equipment used on LNG vessels

Inert Gas Generator (IGG)

IGG plays a very important role in ensuring safety during cargo operations and
transportation of liquefied natural gas. Inert gas is used for the inerting and gas free-
ing of cargo tanks, cargo pipe lines and void spaces for survey or maintenance re-
quirements.

Any inert gas produced must have a dew point lower than the temperature of the
cargo containment system in order to prevent ice damage to the tank insulation. So it
Is essential to minimise the amount of water vapour contained by the inert gas. The
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water vapour can be removed, either from inert gas or from air, by cooling, freezing,
compressing and cooling, adsorption drying or a combination of these processes.

The Dew point is the temperature at which the water vapour in the atmosphere
becomes saturated and condensation begins. The operating parameters of the driers
should be such that they can produce and maintain dry air or inert gas with a dew
point below the temperature of the cargo tanks in order that no condensation can
form on the tank surfaces.

The inert gas is produced by removing oxygen from the air by a combustion pro-
cess. The quality of inert gas depends on the type of fuel burnt, the combustion effi-
ciency and the effectiveness of the scrubbing arrangements.

A light distillate fuel, such as gas oil, is pumped through the atomizing burner
into a combustion chamber where it is thoroughly mixed with filtered air from a
blower. The combustion control is automatic and designed to ensure steady condi-
tions producing very low oxygen content without soot formation. A light distillate
fuel, such as gas oil, is pumped through the atomizing burner into a combustion
chamber where it is thoroughly mixed with filtered air from a blower. The combus-
tion control is automatic and designed to ensure steady conditions producing very
low oxygen content without soot formation.

The gas then passes into a cooling tower and water separator where it is scrubbed
by water sprayers through which the gas must pass to the outlet at the top of the
tower.

Scrubbing cools the gas, and removes solid particles, unburnt fuel and sulphur
gases that would otherwise contaminate the system. An oxygen analyser is installed
and monitors the gas after the water separator. The saturated gas then has its dew
point reduced to the required level.

The valves are operated by the 02 and dew point analysers and are only opened
when the gas analysis meets with the gas requirements. Under all other conditions
the gas is blown to the atmosphere via a line running to the top of the funnel.

N2 Generator

Gaseous nitrogen is produced on board LNG vessels and used for the pressurisa-
tion/purging of the barrier insulation spaces, bulkhead seal gas for the LD and HD
compressors, fire extinguishing in the vent mast riser, purging of various parts of the
cargo piping and for purging of the pipes related to boiler gas burning.

Nitrogen is produced either by the vaporization of liquid nitrogen supplied from
shore, or by generators whose principle is based on hollow fibre membranes to sepa-
rate air into nitrogen and oxygen.

The general principle behind all membrane systems is selective permeation. Each
gas has a characteristic permeation rate in that they have an ability to dissolve and
diffuse through a membrane. This characteristic allows fast moving gases such as
oxygen to be separated from the slow moving gases such as nitrogen.

The main component in a membrane system is the membrane module. Each
module contains thousands of hollow fibre membranes fitted into a pressure vessel.

Compressed air is fed through the bore of the hollow fibres. As the air flows
along the fibre, oxygen, carbon dioxide and any water contained in the air permeate
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through the membrane wall faster than the nitrogen. As the air is gradually depleted
of the fast moving gases it becomes enriched in nitrogen.

By adjusting the air flow through the membrane, different nitrogen purities and
flow rates can be produced. On older ships which have been retro-fitted with an N2
generator, the nitrogen produced by the generators is stored in pressure vessels on
deck; otherwise the pressure vessels are normally near the generator. There is very
little maintenance required on the membrane separator module. However ancillary
equipment such as filters and heaters need to be periodically inspected or renewed.
The electrochemical oxygen sensor must be inspected and serviced at six monthly
intervals. Repair of the transmitter must only be carried out by trained service per-
sonnel.

Cryogenic liquid nitrogen is stored in insulated tanks made from ‘cold resistant'
material - usually a stainless steel pressure vessel. The cryogenic tank has an outer
vessel of structural steel, protected by several layers of anti-corrosion paint.

The space between the inner and outer tanks is kept under vacuum and is filled
with a non- flammable, high efficiency insulation, which allows nitrogen to be
stored over extended periods without appreciable losses.

Storage tanks fitted on deck aboard gas ships are usually re-filled in port by tank
trucks.

LNG Vaporiser

The LNG vaporiser is of a shell and U-tube type construction. To avoid thermal
stress, the heat exchanger consists of a single-pass shell and fully welded U-tube
bundle entirely fabricated from stainless steel.

Cargo liquid is supplied to flow through the tubes, and steam, supplied at
1000kPa, condenses outside the tubes. The vaporiser is pneumatically controlled; the
LNG supply to the vaporiser is controlled by the vapour outlet temperature.

The LNG vaporiser can be used for the following operations:

Purging of cargo tanks with vapour after inerting with inert gas and prior to cool
down.

Emergency forcing. The LNG vaporiser can be used as a forcing vaporiser when-
ever the forcing vaporiser has failed.

Discharging cargo without the availability of a vapour return from the terminal.

If the discharge terminal is unable to supply a vapour return facility. Liquid LNG
can be fed to the vaporiser via the cargo spray line system.

Liquid nitrogen vaporisation for inerting the cargo tanks and insulation spaces.

On vessels that maintain storage of liquid nitrogen, the LNG vaporisers are used
to heat the liquid nitrogen and produce nitrogen gas at approximately +20°C. The ni-
trogen gas can then be used to inert cargo tanks and insulation spaces.

When being put into operation, the exhaust steam/condensate temperature and
vapour outlet temperature must be closely monitored. Depending on the operation to
be carried out by the vaporiser, the outlet temperature can be set from -140°C to
+20°C.

HD Compressor (High Duty Compressor)

High Duty (HD) compressors are installed on board to provide safe handling of
excess LNG vapour during loading of cargo, tank gassing up (when displacing N2
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ashore) and tank cool down and warm-up operations. During loading and tank cool
down operations the cargo tank and vapour line pressure will rapidly increase due to
the boil off gas. To decrease the pressure, the HD compressor is used to discharge
the boil off gas to the shore facility. Control of the compressor is achieved by regu-
lating the position of the compressor inlet

guide vanes, and hence the flow rate, to maintain the cargo tank/vapour line pres-
sure at a pre-set pressure.

During warm-up operations (the process of gradually heating the cargo tanks af-
ter the discharge of LNG, this operation is necessary to avoid thermal stress in the
tank structure and insulation) the HD compressors are used to circulate warm gas via
the gas heaters through the cargo tanks.

This operation is normally done at sea. During gassing up operations, the HD is
normally only used to send the displaced inert gas ashore if it is nitrogen. (Most ter-
minals will not accept IG from generators because of the impurities.)

Steam turbines have also been used as a driving mechanism with the steam tur-
bine fitted directly to the compressor. Both turbine and compressor are fitted as one
unit and therefore a gas tight bulkhead is not required, as both turbine and compres-
sor are in the Cargo Machinery Room.

Driving mechanisms

In recent years, electric motor driven compressors have been installed on ships,
the motor being segregated from the compressor by a gas tight bulkhead. The drive
shaft connecting the motor and compressor penetrates the bulkhead. The bulkhead
integrity is achieved by a gas tight shaft seal.

Steam turbines have also been used as a driving mechanism with the steam tur-
bine fitted directly to the compressor. Both turbine and compressor are fitted as one
unit and therefore a gas tight bulkhead is not required, as both turbine and compres-
sor are in the Cargo Machinery Room.

Seal gas system

A seal gas system is provided to prevent lubricating oil mist from entering the
LNG gas stream and to prevent cold gas from flowing into the gearbox and into the
lubricating oil system. Nitrogen gas is used as the sealing gas which is fed into a
carbon ring with back-up, labyrinth type, seals fitted between the gearbox shaft bear-
ing and the compressor wheel. The nitrogen seal pressure must always be maintained
higher than the suction pressure. Seal gas pressure is normally maintained at 30 kPa.

Lubricating oil is stored in the compressor's lubricating oil sump. An immersed
steam heater is fitted in the sump in order to maintain a constant temperature of
25°C and avoid condensation when the compressor is stopped.

Lubricating oil is supplied via two luboil pumps, the main pump being driven
from the high speed shaft gear and the standby/auxiliary pump being electrically
driven. Both supply oil to a common supply line feeding the bulkhead seal and com-
pressor gearbox. The pressure is maintained at 600 kPa and the temperature at 40 to
50°C.

Surge Control System
280



An automatic surge control system is provided to ensure that the compressor
flow rate does not fall below the designed minimum during starting and steady oper-
ation. This system comprises:

a flow transmitter

a suction and a discharge pressure transmitter

a ratio station

an anti-surge controller, and

a surge control valve fitted on the gas stream

If the flow rate falls below the designed minimum preset ratio between the gas
flow and compressor differential pressure signals, the anti-surge controller produces
a signal which modulates the compressor's surge valve.

LD Compressor (Low Duty Compressor)

LD compressors are installed on board to supply boil-off gas to the boilers, main
engine, diesel generators. The objective for utilising cargo boil-off vapour as part of
the total fuel consumption is to reduce the conventional fuel consumption and bun-
ker costs.

Another objective is to establish, where possible, a sub-cooled layer of LNG at
the liquid surface which helps to inhibit excessive boil off and minimise cargo loss-
es.

It should be noted that an acceptable boil-off rate today is 0.15% the boil-off
from the next generation of LNG ships is expected to reduce to 0.1%

The LD compressor's capacity is dependent on signals from the boiler fuel gas
control valve position and signals from the vapour header pressure. The higher of
these signals is used as a measured value to two PID controllers.

Gas Heaters

The gas heater is of a shell and U-tube type construction. To avoid thermal
stress, the heat exchanger consists of a shell and fully welded U-tube bundle entirely
fabricated from stainless steel. Cargo vapour flows through the tubes and steam,
supplied at 1000 kPa, condenses outside the tubes.

The heaters are used for the following purposes:

Heating the LNG vapour which is then delivered to the HD Compressor for
warming up the cargo tanks prior to gas freeing.

Heating boil-off gas supplied to the ship's main boilers via the LD compressor.

Forcing Vaporiser

The Forcing vaporiser is of a shell and U-tube type construction, similar in de-
sign to the LNG vaporiser. The vaporiser is installed upstream of the LD compressor
with a mist separator at the mixing point with the natural boil-off gas. The forcing
vaporiser is used for vaporising LNG liquid to provide gas for burning in the boilers
additional to the cargo's natural boil-off.

The LNG is supplied by a spray/stripping pump. The LNG flow is controlled by
an automatic inlet feed valve which receives its signal from the boiler's gas man-
agement system.

The values listed are typical specifications of forcing vaporisers. The operating
parameters of the vaporiser should be such that it can maintain cargo tank pressures
within predetermined limits. The vaporiser must be thoroughly pre-heated with
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steam before the introduction of any LNG. This is to safe guard against freezing up
the condensate side of the unit.

Main Cargo Pumps

On membrane vessels, two main cargo pumps (port and starboard) are located at
the base of a three-legged stainless steel trellis fitted beneath the liquid dome. The
liquid dome is located near the ship's centre line at the aft part of the tank. On Moss
vessels, the tanks contain a central pipe tower, fitted in the domes for the purpose of
access into the tank and for the support of pipes and cables running to and from two
main cargo pumps fitted at the bottom of the tanks.

Design features

The pumps are of the submerged electric motor type fitted to a single stage cen-
trifugal pump with one inducer stage. The pumped LNG serves to cool the motor
windings together with cooling and lubricating the pump and motor bearings.

Gas Combustion Unit (GCU)

Because of the introduction of Duel Fuel diesel engines for propulsion of LNG
vessels, an alternative means of LNG boil-off management has been evolved.

Gas combustion units are obligatory for LNG carriers fitted with Duel Fuel die-
sel engines in order to burn excess boil-off gas when the engine slows down. This
could occur while manoeuvring. during harbour operations, when burning off un-
condensable gases rejected from the re-liquefaction plant, while at anchor, while
alongside or when the engine is switched to diesel mode.

The oxidiser is basically a gas burner suitably sized to deal with the maximum
design boil-off rate of the vessel. It is fitted on a frame encased in a large all welded
double skinned tube. The inner furnace tube is manufactured from either refractory
brickwork or heat resistant steel capable of resisting furnace temperatures up to
1200°C.

The gap between the cylinders acts as an insulation space being cooled by an air
flow from two combined combustion and dilution air fans. The gas combustion unit
must be fitted in a gas safe area such as the funnel uptake area.

The maximum allowable flue gas temperature must not exceed 535°C.

Re-liquefaction Plant

Traditionally, LNG ships fed boil-off gas (BOG) to the engine room as a fuel for
the main boilers to drive the ship's steam turbine propulsion. However, increase in
the cost of LNG and advancements in engine technology have led the operators to
seek alternatives to the steam turbine. Combined with BOG reliquefaction, electric
propulsion powered by 4-stroke engines is a popular choice for LNG carriers, with
the largest ships favoring 2-stroke engines. Re-liquefaction of LNG has been ac-
complished for many years in the processing plants on shore. Early reliquefaction
plants for ships were adapted from the technology already in use on shore.

The most common reliquefaction system used on shore is the Brayton cycle (Re-
versed constant pressure cycle) and this is considered the most practical system that
can be used for onboard BOG re-liquefaction systems. The shipboard systems use
nitrogen as the refrigerant in the reverse Brayton Cycle; this avoids the use of mixed
refrigerants.
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The reverse Brayton Cycle is adopted and developed by individual manufactures,
however the basic principle of operation is the same.

In conclusion, modern LNG vessels are highly advanced ships equipped with a
wide range of devices and technical equipment that ensure safe, efficient, and envi-
ronmentally friendly transportation of liquefied natural gas. Every system on board,
including cargo equipment, safety systems, navigation devices, and automation
technologies, plays an important role in the overall operation of the vessel.

Due to modern engineering solutions and strict international safety standards,
LNG carriers are able to transport gas over long distances with minimal risk. The
development of new technologies continues to improve the reliability and efficiency
of these ships.

Therefore, the devices and equipment of modern LNG vessels are essential for
safe maritime transportation and for meeting the growing global demand for natural
gas.
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Educational games in reducing communication barriers among marine
engineers

Maritime trade is one of the most globalized spheres today. Effective communi-
cation is particularly important for operational efficiency and safety in multinational
working environment specific for the maritime sector. However, psychological anxi-
ety, limited language proficiency, and intercultural differences may create commu-
nication barriers for mariners, which adversely affect their confidence and impairs
teamwork.

This study investigated the potential of educational games as an innovative ped-
agogical tool in decreasing language barriers in marine communication. We con-
ducted a 10-week experiment with a target group of 30 second-year marine engi-
neering cadets. The research involved the use of such activities as role-playing, sce-
nario-based simulations, and collaborative problem-solving tasks. The findings
demonstrated that game-based learning notably enhanced communicative engage-
ment and reduced students' fear of making errors when speaking. The participants of
the target group reported their communication anxiety significantly decreased. Real-
istic scenarios of professional situations were particularly effective in fostering
pragmatic communication strategies tailored to shipboard environments. The study
proved the effectiveness of educational games in Maritime English instruction and
highlighted the value of realistic professional simulations for developing maritime
communicative competence.

Introduction

The maritime sector is one of the most globalized spheres. In working environ-
ment where people come from diverse linguistic and cultural backgrounds, effective
communication is vitally important, as it directly affects safety of people, ship and
cargo. According to numerous investigations, many maritime accidents have been
reported to occur due to communication failures resulted in misunderstanding
among crew members and human error. Hence, efficient communication is a funda-
mental professional skill for mariners, both navigators and engineers.

Difficulties in conducting spontaneous discourse, related to hesitation and lan-
guage-related anxiety, can impede the growth of mariners’ language proficiency. In-
teractive and student-centric learning methodologies are acquiring greater focus
nowadays. Educational games, as part of game-based learning approaches, create a
safe environment where learners can actively participate in communicative activities
with greater confidence and a higher level of engagement.

Experts found that communication difficulties are mainly caused by linguistic,
psychological and intercultural barriers.[1] The multilingual and multicultural crews
present a fertile field for miscommunication between crewmembers which increases
the risk of misunderstanding and operational risks.
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Game-based learning is a recognized effective teaching method that enhances
motivation and engagement of student.[2] At the same time, students’ anxiety con-
siderably goes down. Cadets are involved in interactive tasks and role-plays that can
help reduce language-related stress. Scenario-based activities replicate real-world
communication situations and let students practice speaking in professional real-like
contexts developing their situational awareness and problem-solving skills in a safe,
controlled atmosphere.

Scenario-based learning is widely used in ESP, however their role in boosting
communicative confidence and removing language-related barriers needs thorough
further investigation.

Methodology
This research investigated the effect of educational games on the development of
communicative competence of the target group of 30 second-year engineering ca-
dets. It included three stages:
- an Initial assessment of students’ communicative competence and
participation levels in the classroom;
- ten-week experiment with educational games extensively involved in
Maritime English instruction;
- and a final assessment of the changes in communicative competence and
engagement in lesson activities.

Educational games have proven to provide a supportive environment for learners
encouraging them to use English freely with a high level of engagement in the learn-
ing process. The educational games practiced during the experimental period includ-
ed:

Role-playing shipboard conflict scenarios;
Emergency communication drills;
Multinational crew briefing exercises;
Collaborative problem-solving activities.

Data collection methods

The methods of data collection included participation monitoring, self-
assessment questionnaires, and teacher evaluation.

Scenario-based role-plays were designed to reflect realistic engine room situa-
tions, so that the cadets could act out real-life maritime challenges.

Example:

During routine preparatory checks before departure, fuel system inspections are
underway. The 3rd Engineer is focused on cleaning a fuel oil duplex filter as a part
of system readiness checks while the 2nd Engineer oversees the process.

Here, we can consider several variants of interaction between the participants.
By selecting appropriate patterns and communication tones, students can act out dif-
ferent scenarios as they would in real life. Besides mastering necessary vocabulary,
overcoming language barriers, and experiencing possible communicative settings
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within their professional communication framework, the students learn to feel how
the choice of the phrases and grammatical patterns directly affects the flow of com-
munication.

Scenario Variant 1: Cooperative Professional Communication
This scenario demonstrates a supportive and collaborative approach. The senior
engineer monitors the progress using a respectful tone. Such interaction ensures
good teamwork and encourages the junior engineer to feel confident when reporting
on the done work.

Dialogue:

2nd Engineer: “How’s the fuel oil filter cleaning coming along?”

3rd Engineer: “I’m just finishing up and sealing the filter housing now.”

2nd Engineer: “Alright, let’s double-check that the filter is secure before activat-
ing the fuel system.”

Scenario Variant 2: Hierarchical Communication with Mild Reproach

In this situation, the senior engineer approaches from a hierarchical position. The
tone of his message demonstrates his dissatisfaction with the delay. However, this
style of communication is common in operational contexts with limited timing.

Dialogue:

2nd Engineer: Still working on the fuel oil filter?

3rd Engineer: Yes, there was some dirt inside the element.

2nd Engineer: This should have been completed earlier before we began prepa-
rations.

Scenario Variant 3: Behavior-Control Communication
It illustrates directive tone on the part of the senior engineer. At the same time,
the engineer gives clear and firm instructions to prevent risk and unsafe operation.
It’s quite common at emergencies when safety and accuracy are essential.

Dialogue:

2nd Engineer: Stop the preparation.

3rd Engineer: Almost done with the filter.

2nd Engineer: Clean it thoroughly first. Do not start the fuel system yet.

Scenario Variant 4: Clarification and error prevention
This scenario focuses on clarification to avoid misunderstanding and resulting
failures. The senior engineer checks the proper completion of the procedure and en-
sures that the junior engineers realizes the importance of verification before check-

ing.

Dialogue:
2nd Engineer: Did you replace the sealing ring after cleaning the filter?
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3rd Engineer: I cleaned the filter, but I haven’t changed the ring yet.
2nd Engineer: Please, replace it. We cannot risk fuel leakage during operation.

Scenario Variant 5: Emergency-oriented communication
This situation demonstrates communication at urgent circumstances, so instruc-
tions are short and clear. The focus is on immediate action. Such a style is typical
during technical problems when prompt actions are essential.

Dialogue:

2nd Engineer: Hold on. | see fuel pressure dropping.
3rd Engineer: Should | start the engine?

2nd Engineer: No! Check the filter housing and report.

Through role-playing such practical scenarios cadets enhance their communica-
tion and interaction skills within authentic settings which can be beneficial for their
professional path.

Along with it, cadets analyze different communication strategies in terms of res-
olution of an oncoming conflict by understanding the effect of a proper social pat-
tern choice.

Results and discussion

The research discovered a significant increase in students’ engagement after the
experimental period of educational games application. The level of participants’ en-
gagement rose almost twice: from 42% to 79%. Cadets reported feeling more confi-
dent in starting conversations, clarifying and expressing opinions. Group interaction
became more structured and cooperative. Students didn’t show fear of admitting
their own mistakes, being quite tolerate of others’ errors as well. These findings
demonstrated a highly positive role of educational games in reducing language-
related barriers.

Games allow students experiment with the language in spontaneous speech, rec-
ognizing varying communicative styles. Scenario-based activities helped practice
collaborative approaches, emergency instruction to ensure effective communication
under operational stress. Intercultural scenarios develop empathy and adaptability,
along with flexibility, when interacting with representatives from other cultures.

Further research

Future research could involve a broader target group of different ages and spe-
cialties. Furthermore, the use of Al provides great opportunities of drilling a wide
range of scenario-based simulations to practice using proper language patterns be-
coming aware of the aftereffects of this choice in terms of problem-solving and con-
flict-resolution skills.

The integration of artificial intelligence as an interactive partner in scenario-
based communicative activities considered to be a promising trend in Maritime Eng-
lish instruction. Such interaction with Al in the framework of designed scenarios of
real-like simulations mirrors realistic maritime communication and provides dynam-
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ic Al-generated responses during speaking practice. What is particularly beneficial is
that these responses are unpredictable and can lead the dialogue in any direction
guiding students to promptly and appropriately react. So, students will need to ad-
just their communicative strategies in real time, which is an excellent practice of
spontaneous speech.

In addition to varying tones and patterns, Al can assume different roles. Thus,
artificial intelligence partner can affect the development of a dialogue and create
communicative challenges for a student, who, in his turn, can select from a set of
linguistic and grammatical patterns, choosing a tone and register, can lead the dia-
logue toward cooperative problem solving, hierarchical instruction, or conflict reso-
lution.

Such experience teaches students to carefully select appropriate communicative
patterns being aware of possible communicative outcomes. In order to control the
flow of professional interaction, students should apply effective language structures
and avoid unclear instructions, while the Al partner may add extra complications
within the scenario, prompting the learner to reconsider the communication strategy.
Thus, the dialogue becomes a dynamic learning process where students learn to pre-
dict and evaluate the communicative consequences of their linguistic decisions.

In ESP, the use of artificial intelligence offers a number of benefits. These could
be individualized learning trajectories for cadets which give a possibility to practice
professional communication repeatedly in varied operational contexts. Al can ana-
lyze learners’ responses and adjust the complexity level of the communicative ac-
tivity, fostering gradual growth of students” communicative competence. Through
simulations of professional contexts involving emergency decision-making, tech-
nical troubleshooting in the engine room, intercultural misunderstandings within
multinational crews, or time-critical operational instructions, cadets can improve not
only their linguistic competence but also situational awareness, decision-making
abilities, and professional communication strategies.

Thus, artificial intelligence can be more than a technological instrument. It will
be an educational partner. The integration of Al-driven dialogue systems into sce-
nario-based educational games has the potential to greatly enhance Maritime English
practice for maritime cadets by creating flexible, adaptive, and highly realistic learn-
ing environments.

Conclusion

Educational games represent a valuable pedagogical tool for removing commu-
nication barriers among seafarers. The combination of interactive activities and real-
Istic scenarios boosts communicative confidence, and enhances their cross-cultural
competence. The introduction of scenarios-based simulations into Maritime English
instruction will improve students’ preparedness for communicative challenges at
work, furnishing them with all necessary communicative skills for efficient and suc-
cessful communication on board ship.

The research demonstrated a high potential of educational games in students’
classroom engagement and reduction of errors’ fear. Scenario-based simulations en-
abled learners to differentiate between various communicative styles, such as col-
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laborative approaches, hierarchical instructions, and emergency-oriented directives.
Language-related anxiety was significantly mitigated through creation of a con-
trolled and realistic environment. Moreover, incorporating intercultural and multi-
lingual problems into scenarios contributed to developing students’ soft skills, such
as empathy, adaptability, and flexibility, which is of great importance in cadets’ fu-
ture career.

Further investigation can focus on the role of artificial intelligence (Al) in Mari-
time English instruction as an interactive partner in educational games. Al can gen-
erate spontaneous responses creating challenging communicative situations for ca-
dets, where they will have to select appropriate language patterns and communica-
tive strategies. The choice of linguistic patterns, tone and register affects the out-
comes of the communication act. Al-driven simulations could adjust the dialogue
with the consideration of the student’s choice, and providing the context for effec-
tive conflict resolution, collaborative problem-solving, or emergency communica-
tion protocols. Students will be able to experience realistic, responsive interactions
in a safe and controlled environment. This approach could both prepare cadets for
real-life challenges at sea and furnish them with the cognitive flexibility and linguis-
tic precision required for safe and efficient ship operations.
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Fire drills on board
Main purpose

The aim of performing any type of drill on the ships is to make the crew mem-
bers aware of different procedures that need to be followed during emergency condi-
tions. It is a means to make the crew members aware of the equipment and proce-
dures that are to be used during emergencies.

In the shipping sector, the most authoritative source of statistics is the annual Al-
lianz Safety and Shipping Review.

Fire is the second source of statistics. Fires have been occupying second place in
the overall number of vessel losses (7 fully lost vessels in 2024).

While sinking is a more common cause of vessel losses, it is fires that are cur-
rently causing the most concern for insurers and classification societies. The number
of shipboard fires is on the rise (approximately 250 serious fires in 2024, a record
high over the past decade).

This is why fire drills are given such obsessive coverage:

1. There are no firefighters on ships

If your house is on fire, you go outside and call the fire department. On a ship,
there is no place to go. If the crew cannot handle the fire on their own within the first
15-20 minutes, the ship will probably be lost.

2. Ships are a perfect oven (Heat conductivity)

Ships are made of steel, and steel conducts heat perfectly. If a cabin or part of a
hold is burning, the deck, bulkheads, and ceiling heat up instantly. This creates a
conduction effect: paint, cables, and furniture in an adjacent room can ignite simply
from a red-hot wall, even without open flames. Drills teach the crew not only to ex-
tinguish the main fire but also to cool adjacent areas.

3. Toxicity and complex cargoes

Modern vessels transport millions of lithium-ion batteries (in containers and
electric vehicles on Ro-Ro ships), chemicals, and fertilizers. A lithium-ion battery
fire cannot be extinguished with water; it releases toxic gases and is prone to thermal
runaway. If the crew is not trained to work in Self-Contained Breathing Apparatuses
(SCBA), people will suffocate in minutes.
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4. Human factor and panic

According to Allianz statistics, up to 75% of all maritime incidents are related to
human error. In a smoke-filled, narrow corridor, with alarms blaring and zero visi-
bility, panic sets in. Regular fire drills are essential for building "muscle memory."
A seafarer must be able to blindly don a breathing apparatus, find the right valve,
and roll out a fire hose without thinking twice

Automatic Sprinkler System

The sprinkler system is considered one of the most reliable fire extinguishing
systems on a vessel and operates in a fully automatic mode. The requirements for the
design and specifications of the sprinkler system are strictly regulated by the FSS
Code

Unlike fixed fire extinguishers, such as CO2 extinguishers that discharge gas
throughout the entire engine room or cargo hold, sprinklers are used in spaces where
people live and work. This includes accommodation spaces, mess rooms, corridors,
galleys, and public spaces. In passenger ships and ferries, the presence of sprinklers
Is strictly mandatory.

Principle of Local Action

The main feature of this system is that it does not flood the entire accommoda-
tion block when a general fire alarm is raised. The sprinklers operate only in the lo-
cation where a fire actually occurs.

The sprinkler head has a valve held closed by a special glass bulb filled with lig-
uid. In a fire in a room, the temperature increases quickly. When it reaches a critical
temperature (usually 68°C for a red liquid-filled bulb), the bulb bursts because of the
expansion of the liquid inside. The valve opens, and water is sprayed onto the de-
flector in a dense shower over a 9-16 square meter area. The rooms on either side
remain completely dry because the temperature in these rooms is normal.
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Fire-Fighting vessel

These ships have immense power. Depending on their type (ranging from | to
[11), they can deliver water ranging from 2,400 to 9,600 cubic meters per hour at a
distance of over 100 meters. However, the presence of this "maritime firefighter"
does not mean that the crew of the stricken ship becomes a mere spectator. This is a
complicated joint operation that demands absolute discipline.

1. Command & Communication

Until a salvage contract (such as LOF - Lloyd's Open Form) is formally signed
and command is handed over to a qualified Salvage Master; the Master retains full
responsibility for the ship. Communication begins with the establishment of com-
munication through VHF. The tug must not pour water on the ship randomly. The
Master or the On-Scene Commander designates where the fire monitors should be
pointed.

2. Fire Control Plan

It is essential for the salvors to have information about the layout of the dis-
tressed vessel, i.e., the location of fuel tanks, dangerous goods, or pressurized cylin-
ders. To do this, the salvors must be supplied with the Fire Control Plan. As per reg-
ulations, a copy of the plan is always kept outside the accommodation block in a red
watertight tube-specifically designed for shore-based and rescue teams.

3. Boundary Cooling

The main aim of the tug during the initial phase is not to put out the fire in the
engine room (the huge water jet simply won't reach there), but to cool the bounda-
ries. Strong jets of water are aimed at the ship's body and deck. This is done to en-
sure that the red-hot steel doesn't deform and the fire doesn't spread to the next com-
partment because of the high thermal conductivity of the metal. At the same time,
the crew tries to put out the fire from the inside, for example, by sealing the com-
partment to activate the fixed fire-extinguishing system (CO2).

4. Connecting to the Fire Main (International Shore Connection)
If the distressed vessel experiences a blackout and its own fire pumps are not work-
ing, the crew can receive water from the tug. The International Shore Connection
(ISC) is used for this purpose. This is a standard universal flange that the crew fits
onto their fire hydrant, and the tug connects its hose to it. Thus, the pressure from
the rescue vessel's pumps is supplied directly into the distressed vessel's internal fire
main system, allowing the crew to use fire hoses inside the compartments.

5. The Main Hidden Threat: Stability Control

This is the least obvious but most deadly aspect of the joint operation. Fi-Fi tugs
pour thousands of tons of water onto the ship. If this water accumulates on the deck
or in the accommodation, the Free Surface Effect occurs. The center of gravity
shifts, and the vessel can lose stability and capsize. Therefore, the Chief Officer
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must continuously monitor the list and draft. The crew must open the scuppers to
drain water overboard and simultaneously pump it out of internal spaces using
pumps. If the list becomes critical, the Master immediately orders the tug to stop the
water supply.

e 2

The One of the biggest fires ever reported

On March 6, 2018, when the ultra-large container ship Maersk Honam caught
fire in the Arabian Sea, killing 5 crew members.

The incident occurred when the ship was 900 nm west of India, en route from
Singapore to the Suez Canal.

The Transport Safety Investigation Bureau (TSIB) of Singapore led the investi-
gation. It was believed that the fire started among a block of 54 containers having
1000 tonnes of sodium dichloroisocyanurate dihydrate (SDID), a powerful oxidiser
used in disinfectants and pool chemicals.

293



SDID was classified as IMO Class 9 (miscellaneous dangerous goods) rather
than the more stringent Class 5.1 (oxidising substances), despite its hazardous prop-
erties when stored in large quantities.

The investigation found that the decomposition of SDID, triggered by heat or
contamination, could have generated enough heat to ignite a fire that grew out of
control.

The crew’s initial response was hampered due to delays in sealing the cargo
hold, which reduced the effectiveness of the CO: fire suppression system and al-
lowed toxic smoke to enter the accommodation area.

The fire alarm was also not raised immediately, and some ventilator flaps could
not be closed because of smoke and heat.

The fire continued to burn for many days, and the vessel was towed to the UAE
for salvage.

After this incident, TSIB recommended the installation of additional temperature
sensors in cargo holds and a review of SOLAS fire-fighting standards for container
ships.

CITHCOK BUKOPUCTAHOI JIITEPATYPU
1. https://www.marineinsight.com/types-of-ships/what-are-tug-boats/
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3. https://www.marineinsight.com/know-more/biggest-fires-on-ships-ever-reported/
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Hamionanpauit yHiBepcutet «Oiechbka MOPChbKa akaJaeMishy

BukopucranHus iHHOBalIiiHAX TEXHOJIOTI y Mpoueci BUKJIAJAAHHA MOPCLKOI
aHIJIIHCHKOI MOBH

VY cTarTi AOCHIIKY€EThCS BUKOPUCTAHHS 1HHOBAIIMHUX IU(PPOBUX TEXHOJIOTIH
[1] y mporieci BUKJIagaHHsI MOPCHKOT aHTJIIACHKOT MOBH y 3aKJIaJaX BUIOI MOPCHKOT
ocBiTH. Oco0yMBa yBara NpUAUISIETbCS IHTETpallil TYy4YHOTO 1HTeNekTy (Al), Tex-
Hostorii IaTepHety pedeit (IoT) Ta OnOKYEHH-TEXHOJIOTIH B OCBITHIM mporiec. B
yMOBax rijiobai3aiiii MOpChbKoi 1HAYCTpIi epexkTrBHA podeciiiHa KOMYHIKaIlls aHT-
JIACHKOI0 MOBOIO € KJIIOUOBOIO KOMITIETEHTHICTIO MalOyTHIX MOPCBHKHX (DaxiBIIiB.
HocnimkeHHs: 6a3yeThesi HA BUMOTax Mi>KHapOIHOT KOHBEHIIIT [3] Mpo MiAIrOTOBKY 1
JTUTUTIOMYBaHHS MOPsiKiB Ta HeceHHs BaxTu (STCW) ta pexomenpaiisix Mi>kHapo/i-
HO1 Mopchkoi opranizauii (IMO). PesynbraTu 10CHIIKEHHS I€MOHCTPYIOTh, 10 BU-
KOPUCTaHHS Cy4aCHUX IU(PPOBUX TEXHOJOT1H MiJBUILYE €PEKTUBHICTh HABYAIBHO-
ro mpoiecy, cupusie GopMyBaHHIO TPOQECIiHOI KOMYHIKATUBHOI KOMIIETEHTHOCTI
Ta MIArOTOBLI KypPCaHTIB 0 poOOTH B yMOBax HU(POBOi TpaHChopMallii MOPCHKOI
ramysi.

Kiro4oBi cioBa: MOpchbKa aHTJIMChbKa MOBA, 1HHOBAIlIMHI TEXHOJOT1, IITYYHUM
1HTEJEeKT, Mopcbka ocBiTa, STCW.

VY cyudacHOMy ri00ai30BaHOMY CBITI aHIJIMChKa MOBa CTaja YHIBEpCAIbHUM
3acoboM MixkHapoaHOI mpodeciitHoi koMmyHikarlii. OcoOIUBO BaXXJIMBY pOJIb BOHA
BIJIIFPAa€ Y MOPCHKiHl rany3i, 1e eeKTUBHE CINUIKYBAHHSI MK YJCHAMU EKIMaxy pi3-
HUX HAI[IOHAJILHOCTEN € KPUTHYHO BaXKJIMBUM JUIsl 3a0€3MeueHHsT Oe3MeKu CyTHOI-
JaBCTBA. AHTJIiiChKa MOBa BU3HAHA OQIIIHHOI pOOOYOI0 MOBOK MOPETUIABCTRA [2]
Ta BUKOPUCTOBYETHCS Y MDKHAPOJAHUX JTOKYMEHTAaX, IHCTPYKIIISAX, HABIrallliHUX T10-
BIJIOMJICHHSIX 1 CTaHJAPTU30BaHUX (pa3zax MOPCHKOI KOMYHIKAIIil.

3rigno 3 Bumoramu Kongenitii STCW [3], MOpsiku TTOBUHHI BOJIOAITH J1O0CTAT-
HIM pIBHEM aHIJIHCHKOI MOBH JIJISi PO3YMIHHSI TEXHIYHOI JOKYMEHTAIlll, HaBIraiii-
HO1 1H(opMmanii Ta 3A1iicHeHHs TpodeciiiHol koMyHikamii. HegocraTHiii piBeHb MOB-
HOT MIJATOTOBKY YaCTO CTa€ MPUYMHOIO MTOMUJIOK Ta aBapiil y MOPCHKIN MPaKTHIII.

VY 3B'SI3Ky 3 PO3BUTKOM HUQPPOBUX TEXHOJOTIM 3MIHIOETHCS 1 MiAX1A A0 HaB-
YaHHS y 3aKjajaxX BWINOI OCBITH. BUKOpUCTaHHS IHTEPaKTUBHUX IJIATHOPM, CUMY-
JSTOPIB, CUCTEM IITYYHOTO 1HTENEKTY Ta 1HIINX IU(POBUX 1HCTPYMEHTIB JT03BOJISIE
MIIBUIUTH €(EKTUBHICTh BUKJIAJIAHHS MOPCHKOI aHTJIIMChKOI MOBU Ta HAOJIM3UTH
OCBITHIH TIpoI1IeC 10 peaabHuX MPOodeCiiHUX YMOB.

VY nocnipkeHH] BUKOPUCTAHO KOMIUIEKC TeopeTHUHux metoniB [1; 4; 5]: ana-
713 HAyKOBUX JiKEpell, MOPIBHUIBHUN aHali3 Cy4aCHUX OCBITHIX TE€XHOJOTIH, a Ta-
KOX y3araJbHEHHS MIXXHApOJHOIO JOCBITY BUKIJIAJaHHS MOPCBHKOI aHTJIHCHKOT MO-
BU. TeopeTuuHO0 OCHOBOIO JOCHiKeHHs cTanu nojoxeHHss Konseniii STCW, pe-
koMeHaarii MixuapoaHoi Mopcekoi opraxizaiii (IMO), a Takox HayKoB1 mparli 3
npo0ieMaTUKAd MOPCBHKOI OCBITM Ta BUKOPHUCTAHHS IUGPOBUX TEXHOJIOTIM y HaB-
YaHHI.
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InHoBawiiini TexHoJ0ril Yy MOpchbKiil ocBiTi. CydacHa MOpChbKa OCBiTa aKTUBHO
BIIPOBAKYE UQPPOB1 TeXHOJOTII [1], 10 TO3BOJAIOTH MIABUIIUTH SKICTh MiATOTOB-
K1 MaiOyTHIX (axiBIiiB. Jlo HalOUIbII IEPCIIEKTUBHUX TEXHOJIOTIH HaJeKaTh IITY-
YHUH THTEJEKT Ta OJOKYEHH-TEXHOJIOT1.

HITyyHnuii iHTeJeKT Yy BUKJIAJAaHHI MOPCBHKOI aHTJiiicbkoi MoBH. ChOTo/HI,
OKpIM TPaJAMIIIHHUX PECypCiB, HA JIOMTOMOT'Y MPUXOATh TEXHOJIOTIT IITYYHOIO 1HTE-
nekty (LLI), siki MBUIKO MOMKMPIOIOTHCS 1 BAKOPUCTOBYIOTHCS B YCiX cdepax cydac-
HOTO CBITY 1, 30Kpema, B OCBITI 3actocyBaHHs iHCTpyMeHTIB LI crano oguum i3
croco0iB iHTeHcu(ikalii HaBUYaHHSA, €(EKTHBHUM IIUIIXOM IOAOJAHHS OCBITHIX
BTpaT Ha BCIX pIBHAX Taki IHCTPYMEHTH MOJIETHIYIOTh 1 YPI3HOMAaHITHIOIOTh HaB-
YaHHS KypCaHTIB, a pOJib BUKJIaJauya JIEMIO 3MIHIOEThCS: BiH CTae€ (acUIiTaTopom,
MEHTOPOM, KOHCYJIBTAHTOM, SIKHI J0lOMarae opraHizyBaTé poOOTy Ta HalpaBUTH
HavyanbHUI npouec L Ty4HMil IHTENEKT BIAKPUBAE HOBI MOMIJIMBOCTI JIJIsl IEPCOHAIII-
3amii HaBuaHHs [1]. [HTeneKTyalbHI OCBITHI CUCTEMH MOXYTh aHATI3yBaTU PIBEHb
3HaHb KYpPCaHTIB, a/IallITyBaTH HaBYAJIbHI MaTepiaJii Ta HAJaBaTU 1HAUBIIYalbHI pe-
KOMeH/ali. Y BHKJIaJlaHHI MOPChKOT aHrmiiickkoi MoBH 111 BUKOpUCTOBYETHCS st
aBTOMATUYHOI NIEPEBIPKM BUMOBH, aHAIII3y MOBJICHHS Ta CTBOPEHHS 1HTEPAKTUBHUX
HAaBYAJIbHUX CepeAoBUII. Tako)K TEXHOJIOTIi IUTYYHOTO IHTEJIEKTY BHKOPUCTOBY-
IOThCSl Y CUMYJIITOpPaX MOPCHKOI KOMYHIKAIli, &6 KYpCaHTH MOXYTh BIANPAIbOBY-
BaTu TpodeciiiHi cuTyarlii, MoB's13aHl 3 HaBITAIlI€0, aBAPIMHUMU MTOBITIOMJICHHIMU
Ta B3aEMO/IIEI0 3 IOPTOBUMHU CITYXKOamu.

BuOip THX 4M 1HIIKUX CEPBICIB HA OCHOBI IITYYHOT'O 1HTENEKTY BUKJIAaueM aH-
IIICHKOT MOBH 3aJI€KHUTh MEPII 33 BCE BIJ L€ 3aHATTS, BIJ LIILOBOI ayAUTOPIi,
TOOTO KypCaHTIB, piBHSI C(hOPMOBAHOCTI 1X MOBJICHHEBUX HABUYOK, a TAKOK BMIHHS
1 TOTOBHOCTI BHKJIa/laua MpalOBaTH 1 OMaHyBaTH po0OTY 3 pecypcamu [5].

Cepen cioco0iB BUKOPUCTaHHS ITporpaM Ha ocHOB1 TexHoJorii LI, siki gomo-
MOYTh BHKJIa/1au€Bl ONTUMI3yBaTH MPOIEC PO3BUTKY MOBJICHHEBHUX HAaBHUUYOK KYp-
CaHTIB K Ha 3aHATTAX 3 aHMIMCHKOI MOBH, TakK 1 MiJ 4aC CAMOCTIHHOI MIJATOTOBKH
710 3aHSITh, MO’KHa BUOKPEMUTH HACTYITHI:

«BipryaabHi acucTeHTH» 260 MOBHI OOTH JIJIsi CTBOPEHHS YCHUX Ta J1aJIOT1B.
Kypcantu MoxyTh B3aeMofisiTu 3 BipTyanbHumu acucteHTamu LI, sxi momomara-
TUMYTh iM MPAKTUKYyBaTH CHUIKYBaHHS aHTJIIHCHKOIO MOBOIO Yepe3 JIalor, CUMY-
JIIOIOYM KOMYHIKAaTHMBHI CHUTYallli; CTBOPIOBATH 1HTEPAKTUBHI 3aBJaHHs; TPEHYBaTH
BHUMOBY; JIOTIOMaraTu 30arauyBaTy JISKCHUHUH 3a1ac; KOperyBaTu MOMUIIKH.

IlepconanizoBaHi nmporpamMu HaBYaHHsSI, 1[0 CTBOPEHI Ha OCHOBAaHMUX IIPO
YCHIIIHICTh KypcaHTa, oro notped Ta miyiei. Lle 103BoauTh eeKTUBHIIIE PO3BUBA-
TH MIPOJIYKTHUBHI HABUYKHU CIIJIKYBaHHS aHTI1HCHKOIO

Cucremu Biacre:keHHsi nmporpecy. LlITydHnii iHTENeKT MOXKe aHaTi3yBaTH
JaHl MPO MPOrpec KypcaHTIB y HaBUaHHI, JOMOMAarar4u BUKJIAJaueBl BUSIBIISATH
ca0Ki MicCIls Ta IPOMOHYBATH 1HAMBIYalli30BaH1 TUIAHU 1A JIS

AHaJti3 BUMOBH. [HCTpyMeHTH 3 aHaIi3y BUMOBH MOXYTh JOTIOMOTTH BHKJIa-
Jady BIJCTEKYBaTH 1 OI[IHIOBATH BMMOBY KYpPCaHTIB IiJl 4Yac YCHOTO CILIKYyBaHHS.
Bonu MOXyTh HagaBaTH JETaJbHUN 3BOPOTHHM 3B’A30K Ta pEKOMEHaLli AJs To-
JINIICHHS BUMOBHU KOHKPETHHUX 3BYKIB 200 (pa3. BipTryaabHi kiacu, 1e KypcaHtu
MOXKYTh B3a€EMOJISITH OJMH 3 OJJHUM Ta 3 BHUKJIaJa4ueM y peasbHOMYy 4dac. Lle 103Bo-
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JUTH KypCcaHTaM OTPUMAaTH Oljbllle MPAaKTUKA B YCHOMY CIUIKYBAaHHI Ta OTpUMAaTH
3BOPOTHUM 3B’SI30K BIJT BUKJIaJaya.
ABTOMATHYHA NepeBipKa YCHOr0 MOBJIEHHS, [0 JIONIOMarae OIiHUTH PiBEHb TO-
BOPIHHS KYPCAHTIB UISIXOM aHalli3y BUMOBH, TPAaMaTUYHUX 1 JISKCUYHUX CTPYKTYD;
HaJaTH 1HIUBIyalli30BaHUN 3BOPOTHUM 3B’SI30K Ta pPeKOMEHAAIlll Il BIIOCKOHA-
JICHHS.

CroroaHi cydyacHa HelpoMeperka MPOTNOHYE IUIUM CIEKTP PI3HOMAHITHUX 1H-
CTpyMeHTIB Ha ocHOBI TexHosorii L1, siki cTaHyTh y Haro/i K BUKJIaa4yaMm Iij] yac
MiATOTOBKU JI0 3aHSTh, PO3POOKH BIIpPaB 1 3aBJaHb, MOHITOPUHTY MPOTPECY; TaK i
KypCcaHTaM B MIPOIEC] OMaHyBaHHs THX YU 1HIIMX aCMeKTiB MOBH[S].

Hatinommpenimumu incTpymeHTamu Ha ocHOBi LI €, 3BuuaitHo, MOBHI 00TH
taki, ik ChatGPT, Duolingo, Replika, Lingvist Ta iH. 3aBAsiki CBOIM OMIIIAM IIi TIPO-
rpaMd MOXXYTh BUKOHYBATH pOJIb CITIBPO3MOBHHKA MJIsI KypCaHTa, MPOIMOHYIOUYU
MOJKJIMBOCTI 1HTEPAaKTUBHOI MPAaKTUKKM MOBHU. /[l BHUKIJIajadiB aHIJIIACHKOI MOBH
MOBH1 OOTH MOCTAIOTh JOMOMI)KHUM THCTPYMEHTOM JIJIs1 pO3POOKH KOMYHIKATUBHUX
3aBJlaHb ONTHUMI3alil 1 KOHTPOJIIO PO3BUTKY 1 BAOCKOHAJIEHHSI HABUUOK IIPAKTUYHOTO
BUKOPHUCTAHHS MOBU KypCaHTaMH, a TaKO>K JIONIOMAararoTh OCTAaHHIM JIOJIATU MOBHHI
Oap’ep, MABUILYBAaTH MOTHBAIIIIO ONIAHOBYBAaTH MOBY. MOBH1 00TH 30aradyroTh Jie-
KCHUKO-TpaMaTHUYHUN 3amac KypCaHTIB, CTBOPIOIOTH IICHXOJIOTTYHUN KOMQOPT Mif
yac BHUKOHAHHS KOMYHIKaTMBHHUX 3aB/laHb, MOTHUBYIOTh JI0 HaBYaHHS, (OPMYIOThH
MIBUKICTD 1 3B’ I3HICTH MOBJIEHHS .

HeBig’eMHMM acmeKkTOM JOCTaTHBROTO PO3BUTKY KOMYHIKATUBHUX HABUYOK
BOJIOJ[IHHS aHTJTIIICBKOI0 MOBOIO € 0€3CYMHIBHO MPaBUJIbHA BUMOBA, SIKa BILJIMBAE HE
TIJIbKM Ha PO3YMIHHS MOBIIS, a i HA CIIpUIIMaHHs 1HO3€MHOT MOBH Ha ciyx. HaiiHo-
BIIlIl IHCTPYMEHTHU Ha OCHOBI TexHoorii I BUKOpUCTOBYIOTH HalicydacHilIl ajaro-
PUTMH PO3MTi3HABAHHS MOBJICHHS,

MO>KJIMBOCTI MAIlIMHHOTO HABYAHHA 1 METOJU 0OpOOKM MPUPOIHOI MOBH, 3aBIs-
KM YOMY HAJal0Th KypcaHTaM JETaJbHHM 1 IEPCOHAI30BaHUM 3BOPOTHUI 3B’SI30K,
MaloTh OTIIII0 OI[IHIOBAHHS B peajJbHOMY Yacl TOYHOCTI 1 KOPEKTHOCTI BUMOBH, MO-
KyTh MIIOMPATH MPAKTUYHI 3aBJaHHA, aJalTOBaHI O MOTPEeO KOXKHOTO OKPEMOTO
kypcanTa [5]. s ¢popMyBaHHS MpaBUIIBHOI BUMOBH Ta JJI aHAII3Y, MIITPUMKH 1
KOHTPOJII0 MOBHOTO MPOTPECY Y KYPCAHTIB BUKJIaJJauaM Y HaroJii CTaHyTh Takl Mpo-
rpamu, sk Hampukiaa Pronounce, Elsa Speak, SpeechAce, English Pronunciation,
Rosetta Stone

BukopucTanHs pecypciB IITYYHOTO 1HTEIEKTY Ha 3aHITTIX € Oe33anepedHo Ka-
TaNi3aTOPOM, KWW KapAWHAIHHO 3MIHIOE METOJIUKY BHKJIAJaHHS 1 BUBYCHHS aHT-
JHACHKOI MOBH, @ TaKOX MEPETBOPIOE 3aHATTS Yy JUHAMIYHE, IHTEPAKTUBHE CEPEN0-
BUIIIC /U1 BABYCHHS MOBH 1 JOTIOMara€ YHUKHYTH PYTHUHH SIK y BUKJIAJaHHI, TaK 1 B
HaByaHH1. [Iporpamu Ha ocHoBI1 LI MOXXyTh OyTH BUKOPHCTaHI ISl PO3BUTKY MOB-
JICHHEBUX HABUYOK IUISTXOM 1HJWBITyai3allii HaBuYaHHs, afanTarlii mporpaM Ha Oc-
HOBI MOTPeO KypCcaHTIB Ta 3a0e3MeueHHs IHTEPaKTUBHUX BMPaB 1 3aBaHb. Kpim To-
ro, MTYYHUN 1HTEJICKT JO3BOJISIE BUKJIAa4€Bl ONTUMI3yBaTH HAaBYAIBHUU MPOIEC 1
30CEPEeIUTHICS Ha BaXJIMBOMY - HaBYaHHI Ta JOMOMO31 KypCcaHTaM PO3BHBATH CBii
MOBHHI ITOTEHIII AT [6].

VY BuBYeHHI crienupIYHOI JEKCUKU Ha Oyllb Ky TeMY, TaKOX JOMOMOXKE 3aCTOCY-
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BaHHSI MITYYHOTO 1HTEJIEKTY, SIKHMI 3alIPOIIOHYE aIallTOBaH1 BIIPABH JJIS 3aKPITIIICHHS
Marepiany.
Paszom 13 nepesaramu LI € # 11111 cepiio3ni npobiaemu. OgHUM
13 OCHOBHMX 1 BOXKJIMBUX ITUTaHb € KOH(I1ICHIIIHICTD, a caMme 5K 111
HaBYAJIbHI IHCTPYMEHTH 3aXMINAIOTh MMEPCOHAIBHI JIaH1 KOPUCTYBadiB?

TakoX MOXyThb 3HM3WUTHCHh KOTHITUBHI 310HOCTI SIK HaYKOBO I€Jarori4HHUX
IpaIiBHUKIB, TaK 1 KypCaHTIB. 3aHAATO CHJIbHA 3aJICKHICTh BiJ] TEXHOJOTIHA TaKOX
MaTUMe HeraTUBHI Hachigku. Ciia 3poOWTH IITYYHUN 1HTENEKT JOMOBHEHHSM JI0
HAaBYAJILHUX MaTepialliB, a TaKOXX HE CJiJ HaB’sI3yBaTH HaJMIpHE BUKOPUCTAHHS
MITYYHOTO IHTENEKTY. 3a3Ha4al0Th HEJI0JIKAMHU BUKOPUCTAaHHS KOHTEHTY, CTBOPEHO-
ro MTYYHUM IHTEJIEKTOM: MOJJIMBA HHU3bKA SKICTh 300pa’KEHb; CIIyk0a IMTYIHOTO
IHTEJIEKTY, AKa IX CTBOPIOE, MOXKE MaTH Ha HUX aBTOPCHKI ITpaBa; AEsKl 300pakeHHs,
CTBOPEHI JIJIsl IEBHUX TEKCTIB, MOKYTh HE BIANOBIAATH TeKcTaM. LIITydHMil iHTENEKT
B OCBITI CIIPUSi€ aKaJIEMIYHUM JOCIIKEHHSIM, IPOTPECy 3HAHb 1 BIAKPUTTIB.

OpHak, HE3Ba)KalOUM Ha MOTEHINaN IITYYHOTO 1HTEIEKTY B OCBITi, TAKOXK € 3a-
HETMOKOEHHS 11070 HOro MOTEHIIHHOIO HEraTUBHOTO BIUIMBY Ha OCBITY. Lli Heratu-
BHI HACIIIJIKH, K1 MOXKYTh OYTH CIIPUYMHEH1 BUKOPUCTAHHSM IITYYHOTO THTEICKTY B
OCBITI, BKJIIOYAIOTh PU3UK 3HMKEHHS POJII HAYKOBO-TIEAAroTriuHOro MpaliBHUKA, pU-
3UK 3HW)KCHHSI KPEaTHBHOCTI Ta HABUYOK KPUTUYHOTO MHUCIEHHS KypcaHTiB. [lud-
POBI TEXHOJIOT1i MOBHICTIO 3MIHIOIOTh MOJIENIh OCBITH. OTOX TBOpYE MUCIIECHHS, 3/1a-
THICTh aKyMYJIIOBATH OPUTIHAJBHI 1711 Ta BTUIIOBATHU 1X Y JKUTTS MOCIYXHUTh MOTY-
KHUM TOMIYHHKOM B OTPMMaHHI MOJIOJUMH YKPaTHISMHU SAKICHOI Cy4acHOI OCBITH.

OTxe 1HTerpaiis IHHOBalIMHUX HUPPOBUX TEXHOJOTIN Y MPOLEC BUKIIAJaHHS
[1] MOpCBhKOT aHIIIHCHKOI MOBU CHpHSIE MIIBUILEHHIO €()EKTUBHOCTI MIATOTOBKU
Mal0yTHIX MOPCBHKUX (paxiBLiIB. BUKOpPHCTaHHS IITY4YHOrO IHTEIEKTY, TEXHOJOTII
[oT Ta G10K4YeitH AO3BOISIE CTBOPUTH THTEPAKTUBHE OCBITHE CEPEIOBHUILIE, IO MaK-
CUMAaJIbHO HAOJMXEHE /10 peaIbHUX NMPO(dECIHIX YMOB MOPCHKOT ISITBHOCTI.

[Tomanpii goCHiKEHHs MOBUHHI OyTH CIIpsIMOBaHI Ha po3poOKy IHTETpOBa-
HUX OCBITHIX TIaTGOpM, SKI MOEAHYIOTh MOBHY MIATOTOBKY 3 MPO(eciiiHuMU KOM-
METEHTHOCTSAMU y c(pepi MOPCHKOT 1HKEHEPIi Ta HaBITaIlll.
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Advanced Marine Temperature Sensors.

Temperature sensors serve as the vital sensory organs of a modern vessel, ensur-
ing both operational efficiency and structural safety. In the demanding maritime en-
vironment, these sensors monitor everything from the extreme heat of exhaust gases
to the cryogenic temperatures of liquefied natural gas. By converting thermal energy
into electrical signals, they allow engineers to maintain optimal combustion, prevent
mechanical friction in bearings, and safeguard perishable cargo. The two primary
technologies used are Resistance Temperature Detectors (RTDs), known for their
precision in cooling and lubrication systems, and Thermocouples, which are essen-
tial for high-heat environments like the main engine cylinders. As shipping moves
toward automation, these sensors become even more critical, forming the backbone
of predictive maintenance and remote monitoring systems.

The Role of Thermal Monitoring

Temperature monitoring is a cornerstone of modern shipboard automation and
safety. These systems provide a constant stream of real-time data to the Engine Con-
trol Room and the bridge to ensure that all machinery operates within safe limits. By
detecting abnormal thermal patterns early, crew members can prevent catastrophic
engine failures or fire hazards. Ultimately, effective temperature control is the key to
maximizing fuel efficiency and extending the service life of critical shipboard com-
ponents.

Core Technologies

The maritime sector primarily utilizes two types of temperature sensing technol-
ogies. Resistance Temperature Detectors, such as the Pt100, are favored for their
high accuracy and stability when monitoring cooling water or lubrication oil. Con-
versely, Thermocouples are indispensable for measuring high temperatures due to
their rapid response and durability in harsh conditions. These sensors are specifically
engineered to withstand the constant vibrations and corrosive salt-air atmosphere
typical of the engine room environment.

Working Principle of RTDs

The operation of an RTD is based on the physical principle that the electrical re-
sistance of a metal changes as its temperature changes. Most marine RTDs use plati-
num because it provides a very predictable and linear relationship between heat and
resistance. As the temperature of the ship's machinery increases, the resistance of the
platinum wire inside the sensor increases proportionally. The automation system
measures this change in resistance and converts it into a highly accurate temperature
reading for the duty engineer to monitor.

Working Principle of Thermocouples

Thermocouples operate based on a phenomenon known as the Seebeck Effect.
This device consists of two different types of metal wires joined together at one end
to create a junction. When this junction is placed in a high-heat area, such as an en-
gine exhaust manifold, it generates a small voltage that is proportional to the tem-
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perature difference between the hot junction and the cold reference point. Because
they do not rely on resistance and can withstand extreme heat without melting,
thermocouples are the ideal choice for monitoring the most intense thermal envi-
ronments on a ship.

Machinery Space Applications

The engine room contains the highest concentration of thermal sensors on a ves-
sel. Probes are installed in each cylinder to monitor exhaust gas temperatures, which
helps engineers identify combustion imbalances or fuel injector issues. Furthermore,
sensors track the temperature of main bearings and turbochargers to detect signs of
excessive friction. Proper thermal monitoring of the jacket water and lubrication sys-
tems ensures that the main engine operates at peak performance without overheat-
ing.
Cargo Integrity and Safety
Beyond the engine room, temperature sensors are vital for specialized cargo op-
erations. Onboard refrigerated vessels, high-precision sensors maintain the strict
cold chain required for perishable goods like food and pharmaceuticals. For LNG
carriers, cryogenic sensors monitor cargo at temperatures as low as minus one hun-
dred sixty-three degrees Celsius. Additionally, thermal detectors integrated into the
fire alarm system serve as a primary defence against engine room fires and cargo
hold hazards.

Conclusion and Future Trends

The future of maritime engineering lies in the integration of sensor data into
smart ship networks. By utilizing data from temperature sensors, shipping compa-
nies can move from reactive repairs to predictive maintenance strategies. This al-
lows for the identification of potential failures before they occur, significantly reduc-
ing downtime and operational costs. As autonomous shipping technology evolves,
the reliability and precision of these sensors will remain the foundation of safe and
efficient global trade.
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The era of ship modernization to increase efficiency

Today the maritime industry is undergoing a significant transformation. For dec-
ades, ships relied on heavy fuel oil, which contributed substantially to global envi-
ronmental pollution. However, modern international conventions, led by the Interna-
tional Maritime Organization (IMO), are placing increasing pressure on shipowners
to reduce CO: emissions. The primary objective is to achieve a net-zero future for
maritime transport.

Transition from AC to DC Electrical Systems

One of the most effective ways to improve ship efficiency is to modernize the
vessel’s internal electrical architecture by transitioning from Alternating Current
(AC) to Direct Current (DC) systems. Historically, AC systems were the standard
for ship electrical networks; however, they have several limitations. In an AC sys-
tem, engines must operate at a constant speed in order to maintain frequency stabil-
ity, which results in significant fuel consumption.

A notable example of this technological transition is the Yara Birkeland, the
world’s first fully electric and autonomous container ship. This vessel represents a
major step toward the implementation of DC-based ship electrical architecture.

The transition to DC systems offers several significant advantages.

Efficiency. DC systems allow engines to operate at variable speeds, which can
reduce fuel consumption by up to 25%.

Space optimization. DC systems eliminate bulky AC transformers, reducing the
electrical footprint by approximately 30% and increasing available cargo capacity.

Integration with renewable energy. Batteries and solar panels naturally generate
direct current, which allows them to connect directly to the ship’s electrical grid
without heavy power converters.

Technical Challenges and Engineering Solutions

Despite their advantages, DC electrical systems present several technical chal-
lenges, including the risk of continuous electrical arcs and potential hull corrosion
caused by stray currents.

To address these issues, modern vessels utilize solid-state circuit breakers capa-
ble of disconnecting power within microseconds. Additionally, engineers implement
active cathodic protection systems using sensors to detect and neutralize electrical
activity in the surrounding water.

Alternative Marine Fuels

The maritime industry is actively exploring alternative fuels to reduce environ-
mental impact. One of the most widely used options today is Liquefied Natural Gas
(LNG), which significantly reduces sulfur emissions compared with traditional
heavy fuel oil.

Other promising options include hydrogen and ammonia. These fuels are con-
sidered potential long-term solutions because they can produce zero CO2 emissions
during combustion. However, each fuel type has its advantages and limitations.
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LNG is currently available but remains a fossil fuel, while hydrogen requires large
storage systems and complex infrastructure.

Modern Wind Propulsion Technologies

The maritime industry is also experiencing renewed interest in wind propulsion
technologies. Modern vessels use aerodynamic structures rather than traditional
sails.

Wing sails are rigid vertical structures that function similarly to aircraft wings.
They generate lift through pressure differences and help propel vessels forward.
These sails are controlled automatically by computer systems that constantly adjust
their position relative to wind conditions.

Rotor sails (Flettner rotors) are large rotating cylinders that use the Magnus ef-
fect. As the cylinder rotates in the wind, it generates a force perpendicular to the air-
flow, pushing the vessel forward and improving propulsion efficiency.

Artificial Intelligence in Maritime Operations

Artificial intelligence has become an important component of modern maritime
operations. Shipping companies implement Al technologies to enhance safety, im-
prove operational efficiency, and reduce operating costs.

Al systems can improve crew safety, reduce fuel consumption through route op-
timization, optimize machinery performance, and support crew decision-making
processes.

Al technologies are also used for predictive maintenance of onboard machinery.
By analyzing vibration data and sensor readings, Al systems can predict equipment
failures, detect pump wear, and identify lubrication problems before serious break-
downs occur.

Levels of Ship Autonomy

The International Maritime Organization identifies four levels of ship autonomy:
decision-support systems assisting the crew, remotely controlled ships with crew
onboard, remotely controlled ships without crew onboard, and fully autonomous
vessels operated entirely by artificial intelligence.

Conclusion

The modernization of ships through advanced electrical systems, alternative
fuels, wind propulsion technologies, and artificial intelligence represents an im-
portant step toward a more sustainable maritime industry.

These technologies simplify operations, reduce fuel consumption, lower emis-
sions, and improve maintenance efficiency. At the same time, they introduce new
challenges, including cybersecurity risks, technological dependence, and potential
changes in maritime employment structures.
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Exhaust gas cleaning systems (egcs) in modern shipbuilding

The introduction of new global environmental standards by the International
Maritime Organization (IMO), known as IMO 2020, has become one of the most
significant challenges in the modern history of commercial shipping. According to
these regulations, the maximum permissible sulfur content in marine fuel was
radically reduced from 3.5% to 0.5% [1]. These regulations confronted shipowners
with a strategic choice between transition of the fleet to the use of expensive low-
sulfur fuel (VLSFO / MGO) and installing of Exhaust Gas Cleaning Systems
(EGCS), commonly known in the industry as scrubbers. The installation of
scrubbers allows ships to legally continue burning traditional, cheaper high-sulfur
fuel oil (HFO) by cleaning exhaust gases from sulfur oxides directly on board to the
required standards [2].

Differences in Operating Cycles

Based on the technological process, marine scrubbers are divided into three main
categories: open-loop, closed-loop, and hybrid systems. In open-loop systems,
seawater taken from overboard is used to ‘wash’ the exhaust gases. Its natural
alkalinity neutralizes acidic sulfur compounds, after which the used water is filtered
and discharged back into the sea. Closed-loop systems use freshwater circulating in
a closed circuit. The contaminated water is not discharged overboard but is purified
in internal separators; the toxic sludge is collected in specialized tanks for
subsequent disposal at onshore facilities in port. Hybrid systems are the most
flexible, but also the most expensive solution, as they are capable of switching
between these two operating modes depending on the ship’s location [2].

Chemical Applications in Scrubbers, Environmental Hazards, and Alternatives

Since the freshwater used in closed-loop and hybrid systems lack sufficient
natural alkalinity, chemical reagents must be continuously added to the circuit to
neutralize the resulting sulfuric acid. The most common of these is sodium
hydroxide (NaOH), or in other words caustic soda. Despite its wide availability, it is
a highly aggressive and corrosive substance that poses a serious risk of chemical
burns to the crew. Moreover, a 50% aqueous solution of NaOH has a critical
operational drawback: it crystallizes at a temperature of +15°C. This requires
equipping all chemical tanks and pipelines on the ship with expensive constant
electrical heating systems [3].

As an environmentally friendly and safe alternative, magnesium hydroxide
(Mg(OH),) is increasingly being used today. It is non-corrosive, absolutely safe for
personnel, and does not freeze at low temperatures. The sludge formed when using
magnesium is denser, which facilitates the operation of the ship’s water treatment
systems. The only difficulty in operating magnesium hydroxide is that it is supplied
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as an aqueous suspension, which requires constant mechanical agitation in the tanks
to prevent precipitation [3].

IMO Requirements and Ecological Scrubber Ban Zones

The operation of EGCS is strictly regulated by IMO directives (Resolution
MEPC.340(77)). According to the rules, every ship is required to maintain an EGCS
Record Book. The Continuous Monitoring System is obliged to record and log the
parameters of the washwater before it is discharged overboard: acidity level (pH),
turbidity, and the concentration of Polycyclic Aromatic Hydrocarbons (PAH), which
indicate the presence of unburned petroleum products [4].

Although open-loop scrubbers are permitted globally by the IMO, dozens of
coastal states and port authorities have introduced strict local bans on the discharge
of washwater within their internal waters, fearing the pollution of the marine
environment with heavy metals. Such closed ecological zones today include the
ports of China, Singapore, Fujairah, the Panama Canal, as well as many ports in
Europe [1]. While in these waters, ships are obliged to switch the scrubber to a
closed-loop cycle or switch the engines to use low-sulfur diesel fuel.

The Reality of Emissions

On a technical level, scrubbers demonstrate outstanding performance, removing
up to 98-99% of sulfur dioxide (SOx) from the exhaust [2]. However, the actual
environmental picture contains a significant paradox. The powerful system pumps,
necessary to pump thousands of tons of washwater per hour, create a massive
additional load on the ship’s power plant. As a result, the total fuel consumption on
the ship increases by an average of from 1.5-3%. As a direct consequence of this,
carbon dioxide (CO;) emissions increase proportionally [2]. Thus, while solving the
local problem of acid rain (sulfur oxides), scrubbers contradict the global strategy of
decarbonizing shipping and combating the greenhouse effect.

Financial Benefits for Shipowners

The reason shipowners continue to invest in this technology lies exclusively in
its economical benefit. This benefit is based on the fuel spread — the difference in
price between cheap HFO and expensive VLSFO. Historically, this difference
fluctuates between 100 and 300 dollars per ton. For large vessels (VLCCs, Post-
Panamax container ships) burning over 100 tons of fuel per day, the savings can
amount to tens of thousands of dollars daily [1]. Considering the installation cost of
the system (2-5 million dollars), a scrubber on a large ship completely pays for itself
in an incredibly short period — 1-3 years, after which it begins to generate surplus
profit.

Impact on the Shipbuilding Industry

The need to comply with new environmental regulations caused a boom in the
global shipbuilding and ship repair markets. According to analytical data for the
beginning of 2026, about 6,912 ships of the global fleet are equipped with EGCSs.
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Due to the fact that the technology is implemented primarily on giant vessels, these
ships account for an impressive 31% of the total global tonnage [5].

The retrofit market for older vessels has gradually stabilized: in 2025, 319 ships
were retrofitted at shipyards. In parallel with this, the Scrubber-ready standard has
taken root in the newbuild market (370 such ships were ordered in 2025) [5]. This
means that new ships are designed with built-in reserves: reinforced decks,
additional space in the funnel, and powerful generators. A shipowner may choose
not to install a scrubber immediately, but in the event of a sharp spike in fuel prices,
the shipyard can install the system in just a few weeks.

Conclusion

Marine scrubbers have proven to be a highly effective financial hedging tool,
allowing the commercial shipping industry to mitigate the price shock of the IMO
2020 implementation. They provided the industry with vital time to adapt. However,
the expansion of local water discharge bans and the global trajectory toward
reducing CO, emissions prove that the scrubber is strictly a transitional technology.
The future o f shipping is inextricably linked to new, carbon-neutral fuels (LNG,
methanol, ammonia). Nevertheless, until onshore infrastructure for green fuels is
deployed on a global scale, scrubbers will remain a key factor in maintaining the
profitability of the global merchant fleet.
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Preparing for english for speakers of other languages exam

Many of us did not know that such an exam exists unless millions of Ukrainians
had to flee the country when the unprovoked aggression of Russian Federation be-
gan back in 2022. Living abroad even temporarily requires knowing of a foreign
language. The majority of those who fled Ukraine did not realize for how long the
aggression would last that is why they were first busy with satisfying their basic
needs which were connected with survival, living accommodation, and jobs. On do-
Ing so they ran across a language barrier. Of course in many places there were vol-
unteers, and interpreters who helped them out at the beginning but with the time the
understanding of necessity to study or learn the language came. Ukrainians abroad
are absolutely thankful to the governments of those countries who provided them
with a shelter, organized sponsors programmes for a short term dwelling and free of
charge language courses. Due to them a lot of our people now are a part of active
dwellers in the communities of foreign villages, towns and cities.

Now you probably would like to know what ESOL stands for: it is an abbrevia-
tion of English for Speakers of Other Languages. It refers to classes, programmes,
and teaching methods designed for non-native speakers living in English-speaking
countries, focusing on improving reading, writing, listening, and speaking skills. It is
a broad term covering education from community centers to professional training
[2]. You might say that it is quite the same as EFL (English as a Foreign Language),
but it only sounds the same when in fact at a closer look some differences can be
traced. For instance, unlike EFL, ESOL is generally used to describe teaching Eng-
lish to people already living in an English-speaking country (e.g., temporarily dis-
placed persons, forced migrants, refugees, asylum seekers, immigrants, workers and
their children, of course). ESOL programmes help individuals to gain language pro-
ficiency for social interaction, employment, and daily life. As for EFL, it refers to
teaching and learning English in countries where it is not the primary language or
used for daily communication. EFL learners have limited exposure to English out-
side the classroom. And we also have English as a Second Language (ESL) which is
designed for non-native speakers living in English-speaking environments (like the
U.S. or UK) to learn English for daily communication, education, and work. It dif-
fers from ESOL in scope as the latter one is sometimes considered more comprehen-
sive.

To sum up the above said we might say that ESOL is a broader term covering all
learners, including those in non-English speaking countries. All mentioned pro-
grammes share the goal of helping learners gain confidence and proficiency in Eng-
lish. In many educational settings, the terms are used interchangeably, though ESOL
Is increasingly preferred for its broader, more inclusive definition. ESOL encom-
passes language instruction, including ESL and EFL, designed to boost proficiency
for work, life, or study [4]. ESOL covers various levels and goals, including General
English, Academic English, and professional English.
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Now we have to get to know what ESOL curriculum structure is like. It is gener-
ally organized into proficiency levels (beginning from Entry levels where there are
three of them to Levels which include two of them) based on the Common European
Framework of Reference for languages (CEFR). These programmes focus on devel-
oping four key skills which are speaking, listening, reading, and writing along with
vocabulary, grammar, and punctuation, often geared toward daily life or employ-
ment-focused qualifications. All learners will have their own negotiated learning
plan, which will also be used to record and review their progress. Entry Level 1 or
Beginner (Al) is designed for those who takes their first steps in English and learns
basic vocabulary and simple sentence structures or fills in simple forms. Entry Level
2 or Elementary (A2) is developed for those who moves in their language learning
on and can learn simple dialogues, read basic texts or write basic emails. Entry Lev-
el 3 or Lower Intermediate (B1) is aimed at practical communication and struc-
tured writing. This level is often required for citizenship. Level 1 or Upper Inter-
mediate (B2) is about academic or professional communication and opinion writing.
Level 2/3 or Advanced (C1-2) is based on complex discussions and near-native
proficiency. This level is used for university entry and professional roles.

The ESOL courses have been designed so that there is a mixture of group work
(with classmates), and individual work, with support from a tutor. During lessons,
learners will take part in a variety of activities including conversations, role plays,
discussions, watching videos, listening to audio files, pair and group work and they
will also be using Information Technology. The courses contents include topics that
are familiar and relevant to learners, and to their daily life in the UK. These topics
will include: personal details and experiences, work, education and training, hous-
ing, family and friends, transport, weather, shopping, leisure, UK society and cul-
ture, etc. Learners will also have regular reviews to monitor their progress [5]. Be-
sides the above mentioned courses one can easily find plenty of materials, resources
and sites for self-study on the Internet. For example, the following site
https://www.esolcourses.com/ provides preparation from Starter to Advanced levels
engaging learners into the range of different activities that are provided with the
keys for the self-check practicing four necessary skills.

Now when learners are ready they can take their exam either via paper-based or
computer-based formats at approved test centers, or online with live proctoring
which is supervision, monitoring, or invigilation of learners during an examination
to ensure academic integrity and prevent cheating. The exam includes four compo-
nents, namely: listening, reading, writing, and speaking and can be taken together or
in separate modules. The speaking test typically involves a face-to-face or virtual in-
terview. Exams are held at authorized locations, or online. The exam is divided into
two parts: Written (listening, reading, writing) and Spoken (interview). The written
portion lasts around from 2.5 to 3 hours, while the speaking component is generally
scheduled separately, often on a different day. Exams are available on-demand,
though they require a scheduled appointment for a specific date and time. Candi-
dates can take the oral exam individually, or in pairs, lasting only a few minutes de-
pending on the proficiency level. Exams are generally deemed passed with a score
of at least 50% (with the overall score 75/150 for the written part and 25/50 for the
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spoken one) [1]. And this brings us to the end of the ESOL exam preparation section
and now it high time to wish candidates to break a leg.
Conclusion:

For a moment, let us ignore how ESOL, ESL and EFL started, differ, who influ-
enced them, and what motivates their providers. If you simply consider that they are
primarily concerned with getting people who do not know English to be able to
communicate effectively in it, suddenly it is a lot less surprising that the same prin-
ciples and practices can equally effectively be applied in either context [3]. To finish
up it is essential to inform everybody that ESOL certificates are valid for life, offer-
ing indefinite validity for proving English proficiency for university admissions,
employment, and visa requirements. They are widely recognized globally by univer-
sities, employers, and government bodies.
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Energy performance analysis of the reliquefaction plant and fuel gas supply
system of an LPG carrier

The modern global merchant fleet includes specialized LPG carriers designed to
transport liquefied hydrocarbon gases (propane, butane, propylene), as well as am-
monia and other chemical products. The design, equipment, and operation of such
vessels are governed by the International Code for the Construction and Equipment
of Ships Carrying Liquefied Gases in Bulk (IGC Code) [1]. Safe and efficient opera-
tion of an LPG carrier requires maintaining the specified thermobaric cargo storage
conditions within the cargo containment system (CCS) throughout the voyage. In
cargo tanks, the liquid and vapor phases exist in quasi-steady thermodynamic equi-
librium, and tank pressure is primarily determined by the saturation conditions of the
transported product. The required cargo parameters depend on the vessel type (fully
refrigerated, semi-refrigerated, fully pressurized), tank design characteristics, and
the physicochemical properties of the cargo. Despite thermal insulation, heat ingress
from the surrounding environment inevitably occurs through tank boundaries, deck
structures, and cargo piping. This heat ingress leads to partial evaporation of the lig-
uid cargo and continuous generation of boil-off gas (BOG). The BOG generation
rate is governed by the thermal balance of the cargo tank and depends on the magni-
tude of heat ingress, the heat transfer area, the temperature difference between cargo
and environment, and the latent heat of vaporization of the product [2]. Increased
BOG formation raises cargo tank pressure and requires continuous regulation by the
cargo pressure control system. Conventional pressure management methods include
disposal of excess gas via a gas combustion unit (GCU) or controlled venting; how-
ever, both result in cargo losses and additional greenhouse gas emissions.

To maintain allowable cargo tank pressure without cargo losses, modern LPG
carriers may be equipped with religuefaction plants operating on a reverse thermo-
dynamic cycle. These plants compress, cool, and condense the cargo vapor before
returning the condensate to the cargo tanks. The energy performance of a reliquefac-
tion plant is determined by reverse-cycle parameters, cargo compressor characteris-
tics, condenser operating conditions, and overall heat transfer performance [3].

Under increasingly stringent international requirements aimed at reducing emis-
sions from maritime transport — including MARPOL Annex VI and the implemen-
tation of the Energy Efficiency Design Index (EEDI), the Energy Efficiency Exist-
ing Ship Index (EEXI), and the Carbon Intensity Indicator (CII) [4] — efficient
management of the cargo vapor phase becomes particularly important. On vessels
fitted with dual-fuel main engines, a fuel gas supply system (FGSS) conditions BOG
to the pressure and temperature levels required for safe and stable delivery to the en-
gines.

Thus, heat ingress, BOG generation, reliquefaction, and fuel gas supply form an
integrated onboard technological system. The distribution of vapor flow between the
reliquefaction plant and the FGSS affects cargo compressor loading, the auxiliary
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power demand of cargo handling equipment, and the environmental performance of
vessel operation.

In this context, the objective of the present work is to examine the technological
configuration and perform a thermodynamic analysis of a reliquefaction plant inte-
grated with the FGSS of an LPG carrier based on sea trial data. The results provide a
guantitative assessment of energy performance, identify key interaction mechanisms
under voyage conditions, and support measures to improve operational efficiency
and reduce environmental impact.

Description of the reliquefaction system integrated with the FGSS
The investigated LPG carrier is a fully refrigerated ocean-going vessel operating
at near-atmospheric pressure and equipped with a dual-fuel propulsion system. The
CCS comprises four independent prismatic Type A cargo tanks [3]. The principal
characteristics of the vessel and its integrated cargo—fuel gas system are summarized
in Table 1.

Table 1 Main characteristics of the LPG carrier and ecoFGSS® system

Parameter Value *
Deadweight 54,800 t
Gross tonnage 48,894
Total cargo tank capacity 86,000 m?
Deck tank 400 m?, Type C (cylindrical)
Maximum vapour pressure (deck tank) 18 bar (g)
Main engine model MAN 6G60ME-C9.5-LGIP-HPSCR
BOG from cargo tanks (normal opera- 473 kgh!
tion)
Fuel gas LPG
Fuel delivery pressure at FVT 53 bar (g)
Fuel delivery temperature at FVT +25 to +45 °C
Engine design pressure 65 bar (g)
Max. gas flow rate at ecoFGSS® outlet 2,550 kg h™! (120% SMCR)

“Following the vessel’s technical manual.

Figure 1 shows the schematic layout of the reliquefaction plant integrated with
the FGSS. The plant operates as a direct cargo reliquefaction system based on a
three-stage compression cycle using the cargo as the working medium.

Thermodynamic enhancement of the cycle is achieved by incorporating an econ-
omiser and an integrated Vent Gas Cooler (VGC). The economiser induces partial
flashing of the condensate followed by evaporative cooling, resulting in liquid sub-
cooling before return to the cargo tanks. This lowers the temperature level within the
compression stages, reduces specific interstage compression work, and increases the
effective refrigeration capacity.

The VGC operates in two modes. In COP mode, it provides additional subcool-
ing and internal redistribution of thermal loads, improving thermodynamic efficien-
cy and reducing specific compressor power consumption, particularly at elevated
seawater temperatures. In VGC mode, it performs vapour cooling and separation
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with removal of non-condensable components from the condensate accumulator,
thereby limiting cargo losses and associated environmental impact.

The FGSS delivers LPG to the Fuel Valve Train (FVT) of the main engine at the
required pressure, temperature, and flow rate and is hydraulically and thermodynam-
ically integrated with the reliquefaction cycle. The deck tank is supplied either from
the cargo tanks or via the condensate return line, while a portion of the generated
BOG may be routed directly to the FGSS. Hence, engine fuel demand governs the
operating regime of the three-stage compression cycle and the distribution of BOG
between fuel and refrigeration circuits, determining the overall onboard BOG mass
balance.

3
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Figure 1. Schematic of the integrated reliquefaction plant and FGSS system.

Energy model of the integrated system

The energy model was developed based on sea-trial data. The operating parame-
ters were obtained through data reduction and corrected to consistent boundary con-
ditions before being used as model inputs.

Thermodynamic properties of the working fluid (LPG/BOG) at the nodal points
of the cycle were evaluated using REFPROP. The analysis was performed under
steady-state conditions

Cooling capacity of the reliquefaction plant

Vact(lSC) ) (hO - hll) KW

Y

e
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where Vaeasc) 1S the actual volumetric capacity at the suction of the 1st-stage Cargo
Compressor, v; is the specific volume at suction conditions, and ho-h;; defines the
enthalpy rise associated with the refrigeration effect.

Mass flow rate through the first-stage cylinder (1SC) of the cargo compressor

. Q 1
m..=———,kg-s™. 2
hsc h,—h,, g's (2)
The mass flow rates through the intermediate (2SC) and high-stage (3SC) cylin-
ders were determined from steady-state mass and energy balances of the mixing
nodes and the associated heat exchangers (Economiser and VGC):
The power consumption of each compression stage is calculated as
: Me.-(h ...—h
Wisc — iSC ( out,s,i |n,|) | c {1’2’3} ’ kW, (3)
77is
where hi,jand hoy s are stage enthalpies, and 7, is the compressor efficiency.
The total compressor power is

ch :\lec +Wzsc +W3sc , KW. (4)

Pump Power of FGSS
Meyer * AP,

Wp,tot = z

je(LP.HP} 7557 P
where j denotes the operating low- and high-pressure fuel pumps, 7 j is the
fuel mass flow rate through pump j, Ap; is the pressure rise, p;is the fuel density,

, KW, ()

and 7, ; is the pump efficiency.

Energy Performance of the Integrated System
The energy performance of the reliquefaction plant is characterized by the coef-
ficient of performance:

cop, =% (6)
CcC
The specific power consumption of the reliquefaction plant

SPC, . = ec | kikggoe. 7)

1SC

The energy performance of the ecoFGSS is evaluated through the specific power
consumption

W_.
SPCFGSS :mp—'tm1 kJ'kg_lfuel- (8)

fuel
Since the systems perform different thermodynamic functions, the integrated as-
sessment is based on total electrical demand
Wiyt =Wee +W o, KW. 9)
Environmental Indicators (Indirect CO. Emissions)

tot
The total indirect CO2 emissions associated with the electricity consumption of
the auxiliary reliquefaction plant and FGSS systems are calculated as
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mg]gz,tot :\Ntot -EF, kg'h-l- (10)
where EF is the actual CO. emission factor of the shipboard diesel generator.
The emission factor is determined as

EF =C, -SFOC, kg CO,-kWh, (11)

where C; is the carbon emission factor of MGO fuel, SFOC is the specific fuel
oil consumption of the diesel generator, adopted from manufacturer data.
The specific environmental intensity of the integrated system, referred to as pro-
cessed BOG, is defined as
- ind
m 0
eco, =2 kg COr kg hsos (12)

1SC

Results

According to the sea trial data, the cooling capacity of the reliquefaction plant
was 375 kW at a processed boil-off gas (BOG) mass flow rate of 1.04 kg's™'. The
total electrical power consumption of the three-stage cargo compressor reached
251.82 kw, with the following distribution among the cylinders:
92.57/64.24/95.30 kW. The observed power distribution reflects the actual operating
conditions during the trials and is governed by the thermodynamic state of the gas at
the inlet of each stage, the effectiveness of interstage cooling, the temperature of the
cooling medium, the performance of the associated heat exchange units (Economiser
and VGC), and the presence of internal recirculation flows within the system.

The electrical power demand of the eFGSS pumps amounted to 3.3 and 7.86
kW, respectively, resulting in a total of approximately 11.2 kW, confirming the aux-
iliary character of the fuel gas supply subsystem relative to the compressor load. The
overall electrical demand of the integrated reliquefaction plant — FGSS complex was
approximately 263 kW.

The calculated coefficient of performance, COP,4 = 1.43, falls within the typical
range reported for marine hydrocarbon reliquefaction systems and indicates a satis-
factory level of thermodynamic efficiency under the tested operating conditions. The
specific energy consumption of 0.070 kWh-kg! (=70 kWh-t"! BOG) characterizes
the actual energy intensity of the BOG processing process at the recorded condi-
tions.

The indirect CO: emissions associated with the electrical power consumption of
the integrated reliquefaction plant and ecoFGSS® system were calculated at
156 kg-h™!, corresponding to 0.042 kg CO,-kgsoc. These values provide a quantita-
tive measure of the carbon intensity of the reliquefaction process under the tested
operating conditions.

Conclusions
The sea trial results demonstrate that the electrical power demand of the inte-
grated reliquefaction plant and ecoFGS system is predominantly governed by the
cargo compressor, while the contribution of the fuel supply subsystem remains sec-
ondary. The measured stage-wise power distribution confirms the sensitivity of the
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reliquefaction plant to actual operating conditions, particularly to the effectiveness
of interstage cooling and heat-exchange interactions.

The obtained energy and environmental performance indicators provide a quan-
titative basis for assessing the efficiency of the implemented system configuration,
identifying operational improvement potential, and supporting measures aimed at
reducing the energy consumption and carbon intensity of the integrated system.
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English Proverbs of Nautical Origin

Proverb is defined as the wisdom of the people, concentrated in a metaphoric
saying in contemporary English lexicography. Compare: ‘a brief familiar maxim of
folk wisdom, usually compressed in form™ [3, p. 804]; ‘a short, well-known, sup-
posedly wise saying’ [2, p. 1058]. Proverbs root back to professional crafts and/or
everyday routine situations. Here we shall investigate the proverbs originated in the
nautical domain. Proverbs are usually of metaphoric origin, but during our research
we singled out several groups that can be united by common criteria.

The first group of proverbs embrace the names of the objects on board. These
names are the specific nautical terms that were originally used as nautical slang but
later historically they entered the common English language in metaphoric sayings.
The majority of native English speakers may not know the nautical background of
these expressions but they know and widely use them in contemporary proverbs.

One of such picturesque proverbs is: Between the devil and the deep blue sea —
nowadays the expression means ‘facing two choices, both of which are unpleasant’
[2, p.348]; ‘in a dilemma, faced with two choices, which are both unwelcome’ [3,
p.262], in other words to be in trouble. Compare with Ukrainian ‘mix gBoMa BOTHS-
mu ‘. Historically the expression was used on boats where the devil was the name
given to a seam between two planks which had to be repacked with oakum to pre-
vent it from leaking. The devil seam was the most difficult to handle because it lay
next to the keel, so the seaman, who repacked it would have to hang from a rope,
suspended between this seam and the deep sea. Another explanation is that it was
the outside seam of the deck planks next to the scuppers. This would have made it
the longest seam and the most difficult to do due to the spray coming over the side.
In bad weather a man knocked over by a sea would be washed into the scuppers to
find him literally between the devil seam and the deep sea. [1, pp. 8-9].

No room to swing a cat — another interesting expression which is used by Eng-
lish speakers nowadays. It means a confined space, a room, a house or any other ar-
ea which is too small to do something spacious in it. The question is, why a cat and
no other animal. The answer lies in the nautical origin of this expression. ‘Cat ‘is the
sailors’ abbreviation for the ‘car-o’-nine-tails’, a nine-lashed whip to punish sailors
for any guilt or fault. The punishment was conducted on deck in the space between
the poop and the deck, quite a restricted area, so the boatswain who conducted the
punishment, should have got enough skill to perform the execution. [5, p. 24]. In
contemporary English the expression is metaphoric and has nothing to do with pun-
ishment.

Catch a packet — today this proverb means ‘get into serious trouble’ [2, p. 948].
Originally it comes from a nautical expression ‘packet ship’ — a fast vessel that plied
regularly between one port and another; ‘a boat sailing a regular route carrying pas-
sengers, mail and packages’ [3, p.720]; ‘a boat that carries mail and passengers at
regular time between the places’ [2, p. 948]. The name goes back to the 16" century
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when State Letters and Dispatches were known as ‘the packet’ and their carriage we
entrusted to these fast ships. The term ‘fo catch a packet’” with its meaning of land-
ing in trouble, might come from the American-owned North Atlantic packets of the
mid-19" century which had a reputation amongst seamen as being particularly hard
ships. In all events a trip in a packet ship must have been a miserable experience
since their hulls were not ‘sea kindly’ and to make good time they had to be driven
hard. This would have meant wet and uncomfortable conditions for the travelers. [1,
p.18]

Rats from a sinking ship — in contemporary English the proverb means ‘to es-
cape the unpleasant, problematic or risky situation very quickly’; ‘to walk out on a
project because it seems doomed’ [1, p. 65]. This expression is also of nautical
origin. Sailors believed that the sight of rats coming out of the ship’s holds was a
portent of disaster. The rats frequently inhabited the bilge which was the first place
to be flood should the vessel be foundering. On the other hand, the sailors being su-
perstitious, believed that rats had a sixth sense and would leave the ship in port feel-
ing the coming disaster. The vivid historic example of this dates back to 1923 at the
San Francisco Navy Yard where the seamen saw the rats leaving the USS Young.
The following day in an unprecedented disaster the Young along with six more de-
stroyers piled up on the rocks on passage to San Diego. [1, p. 65].

In the second group we included the proverbs whose metaphoric essence is pre-
vailing: To chew the fat — in contemporary English this proverb means ‘to have a
long conversation about many subjects’ [2, p.206]. The origin dates back to the nau-
tical slang. In the days when brine was added to barrels of meat for preservation it
had a hardening effect on the fat. It was still edible but it took considerable chewing,
SO ‘to chew the fat’ has come to mean ‘to talk endlessly’. [1, p.19].

Flogging a dead horse — now the proverb means ‘to waste time or effort by re-
turning to a subject or argument which has already been settled’ [2, p. 491]; ‘to
waste one’s efforts trying to stir up enthusiasm for something people have lost inter-
est in [3, p.361]. Originally it derivates from a nautical term ‘dead horse’ which
meant the first month at sea. The seamen would have been usually paid for their first
month and the money was spent very quickly. So, it seemed to them, with the money
all gone, that the first month was spent working for nothing. To mark the end of the
‘dead horse” month the crew would make an effigy of a horse and parade it around
the decks (on passenger ships money would be collected), then with great noise and
celebration the horse would be hoisted to the end of the yard, cut down and dropped
into the sea. No doubt there was an established understanding of beating a dead an-
imal to work, but to ship’s officers ‘flogging a dead horse’ described the difficulty
of getting the crew to do any extra work during the first month at sea. [1, p. 34]

Out of the blue — today the proverb means ‘unexpectedly’ [2, p. 121]; ‘without
any warning’ [3, p. 105]. The expression comes from the nautical English where it
means the unexpected storm coming shortly after the clear blue sky that never
warned of any trouble.

Under the weather — this common saying in contemporary English means ‘to be
slightly ill’ [2, p. 1485]; ‘feeling slightly ill’ [3, p. 1115]. Originally on board a boat
the expression meant ‘to feel seasick or to be adversely affected by bad weather’ [1,
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p. 90]. The term correctly sounded like ‘under the weather bow’, which is a gloomy
prospect. The weather bow is the side upon which all the rotten weather is blowing.

The third group of proverbs that we investigated here is connected with some
prominent people or events that historically paid tribute to marine business devel-
opment.

To turn a blind eye — this proverb in modern English means ‘to pretend not to
see or notice, especially something illegal’ [2, p. 118]. Turning a blind eye stems
from the famous incident during the battle of Copenhagen when Admiral Nelson, as
second in command, complaint he could not see the flag signal from his superior
who ordered him to break off the bombardment. He had deliberately placed the tele-
scope to his blind eye, and proceeded to ignore the order, with glorious results. [1,
p.11-12].

Another interesting expression in today’s colloquial English is ‘all shipshape
and Bristol fashion’ which means ‘to have things well organized, in proper order,
ready for instance use’. The reference is to the methodical way in which a ship and
her rigging were equipped, organized and handled. Such a ship and her crew were
said to be ‘shipshape’ [4, p. 148]

For centuries Bristol was the major port on the English west coast and shipping
here was the best regulated and most organized in the country. Hence it used to
mean in tip top order, everything neat and tidy [1, p. 74].
In the fourth group we included some typically nautical nouns which were so widely
used that they entered many proverbs. In the era of the sailing fleet the safety of nav-
igation depended on the seamen’s capability of managing the sails, and the wind
could be a good helper when sailors mastered tackling the sails or destroyer when
they could not manage all right. That’s why the noun wind very often appears as a
part of common nautical sayings. Here we shall consider several proverbs containing
the word ‘wind .

Take the wind out of someone’s sails — in everyday English this proverb means
‘to take away someone’s confidence or advantage, especially by saying or doing
something unexpected’ [2, p. 1502]; ‘to frustrate someone by saying what he was
about to say, giving the reasons he was about to give’ [3, p. 1126]. ‘put a sudden and
surprising end to someone’s overconfidence’ [4, p. 183]. The expression originates
from the nautical meaning of ‘to sail to the windward of a sailing vessel’ [3, p.1126].

Whistling for a wind — in general English the proverb means ‘to hope for the
impossible’. It was the sailor’s superstition that he could call up the desired wind by
whistling, a belief still current amongst some yachtsmen. Yet whistling on ships has
been either forbidden or discouraged for nanny years for different reasons. Firstly,
the sound of a whistle could be confused with orders piped on the boatswain’s call
(or whistle), it could also be a signal of commencement of a mutiny on board, and
because it is generally believed that whistling brings to much wind, and hence a
storm. [1, p. 94-95]. It is interesting that whistling is considered an unlucky sign in
different areas of human activities, thus actors and stage hands avoid whistling
backstage. In some cultures, whistling at home is considered bad luck, because it
sweeps the money away from the owners.
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Before the wind — very fast, from nautical ‘with the wind astern’; close to the
wind — very close to indecency, close to breaking the law, from nautical ‘with the
wind almost directly to the bow; [3, p. 1126]; in the teeth of the wind, in the wind’s
eye — against the strength of, in spite of opposition from [2, p. 1359], form nautical
‘with the wind directly on the bow of the boat’ [3, p. 1126].

Another very frequently found ingredient of the contemporary English proverbs
IS ‘boat’, which definitely relates to the nautical domain.

Burning your boats — ‘destroy all means of going back, so that one must go
forward’ [2, p. 157]. Historically the term dates back to the times of Spanish con-
quistador Herman Cortez, who, having reached the shores of Mexico, found his men
In no mood to go traipsing off to Yucatan jungle. To drive home the purpose of their
mission he had the ship’s boats drawn up on the beach and burnt. Then, with no al-
ternative but to move forward, the conquest of central America could begin. [1,
p.14].

Miss the boat — today the proverb means ‘to lose a good chance, especially by
being too slow’ [2, p. 850]; ‘to fail to make advantage of an opportunity’ [3, p.639].
the nautical origin of the expression lies in ‘missing the liberty boat’, which carried
the sailors returning from the shore leave out to their ships for free. Hence the mean-
INg ‘fo miss the opportunity’. [1, p 53].

In the same boat — running the same risks or sharing the same misfortunes [3, p.
106)]; in the same unpleasant situation, facing the same danger [2, p. 1166]; the
connection with nautical meaning is obvious and transparent.

Push the boat out — to make a special effort to make something enjoyable, espe-
cially by spending more money than usual [2, p. 1069]. The original nautical expres-
sion meant to pay for a round of drinks. Now more widely understood as to celebrate
and not trouble about expense [1, p. 63].

Rock the boat — to spoil the good and comfortable situation that exists [2, p.
1137]; from the obvious nautical meaning of spoiling the comfort of sailing by rock-
ing the boat, thus provoking a dangerous situation.

In the study presented above we figured out three main groups of contemporary
English proverbs of nautical origin: 1. Objects on board; 2. Pure metaphors; 3. Prov-
erbs connected with prominent people or events; 4. Frequent nautical nouns.
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