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EKCIIIYATAIA I PEMOHT TPAHCIHOPTHUX 3ACOBIB
MOPCBKOI'O TA PIYHOT'O ®JIOTY

YK 629.5: 627.78: 627.74
I'omixos B. A., Kpymos I. B.
Hartionanpauit yHiBepcuteT «Onechka MOpPChbKa akaaeMis»
Oco01uBOCTI MoIeJ1eil yIPpaBJIiHHS JHONOTIMOJII0OBATLHUMH POOOTAMH
HA MOPCBHKHUX i BHYTPIlLIHIX BOAHUX HLJISIXaX

Mopchki Ta BHYTpIITHI BOJIHI IIISXU BIAIrPalOTh BaXKJIUBY POJIb Y 3abe3Iie-
YeHH1 NePEeBE3€Hb MOPCHKUM Ta PIYKOBUM TpaHCHOPTOM. J[Jis MiATpUMaHHS iX y
HaJIe)KHOMY CTaHI HEOOXIJIHE MepioJIMUHe IMPOBEACHHS JHOMOTIHUOIIOBATBHUX
pOOIT, OCKUIBKU B CHITY TPUPOJHUX MPOIECIB TITMOMHH MOCTYIOBO 3MEHIIYIOTHCS,
110 YHEMOXKJIUBIIIOE CYHOILIABCTBO.

Bianmosimno no crarti 3 3akony Ykpainu «lIpo Tpancnopt» Oe3mneuHe
(YHKLIOHYBaHHS TpaHCHOPTy (y TOMY YHMCII BOJHOIO) HAJEKHUTh 10 3aBJlaHb
JIEP>KaBHOTO YIIPaBJIIHHSA B raiy3l TpancnopTy. HeoOxinHicTh 3a0e3neueHHs 0e3-
NEYHOro (PYHKIIOHYBaHHS BOJHOIO TPAHCHOPTY BIANOBIAAE MPIOPUTETAM JEp-
YKaBHOI TTOTITUKY 3 TUTAHb PO3BUTKY BHYTPINTHLOTO BOJHOTO TPAHCIIOPTY, BU3HA-
yeHUM TpaHCHOPTHOIO cTparteriero Ykpainu Ha nepiona 10 2030 poky.

OCHOBHUMU TTPUYMHAMY BUHUKHEHHS TIPOOJIEMH THOTIOTITNOJICHHS €:

— TOCTIHHUNA 00’€KTUBHO ICHYIOUMM HETATUBHUM BIUIMB MPUPOIHUX (hak-
TOpiB (BOJa, €po3is, XBWJIbOBA Ta JIOJOBA JIisl, COHSIYHE BUIIPOMIHIOBAHHS) Ha
KOHCTPYKIIIHHI Ta (QYHKIIIOHAJIbHI €JIEMEHTH 1HGPACTPYKTYPH BOJHHUX HUISIXIB Ta
CYIHOIIABHUX IILTIO31B;

— 3HayHE TepeBUIICHHS (AKTHUYHUX CTPOKIB EKCIUTyartarii 3HaKiB
HaBirariifHoro o0JiaJHaHHS Ta CYJICH TEXHIYHOTO 1 CIIeMialbHOTO (JIOTY IMOPIBHS-
HO 3 HOPMaJIbHUMH MTOKa3HUKAMH;

— BUMYIIICHE 3aBUUIEHHS MIXKPEMOHTHHUX CTPOKIB €KCIuTyaTalli oOJagHaHHs
Ta KOHCTPYKIIIH CyAHOTIaBHUX ITUTIO31B;

— HU3BKHUM pIBEHb MAaTepiajJbHO-TEXHIYHOTO Ta KaJpOBOTO 3a0e3NedyeHHs
CrHeniagi30BaHuX MIANPUEMCTB, 10 OOCIYTOBYIOTh BOJIHI IIJISIXH.

[IpoOnemy mponoHyeThC PO3B’SA3aTH IUIIXOM peajizallii creiaibHoi npo-
rpamu [1]. Bkazana «mporpama MojepHi3alii BHYTPIIIHIX BOJHUX MLUISAXIB
VYkpainn» (nporpama) po3po0OiieHa Jlep>kaBHUM MIANPUEMCTBOM BOJHHUX IUISXIB
«YKpBOANUISIX» HAa BUKOHAHHA TpaHCHOpPTHOI cTparterii YkpaiHW Ta 3aBliaHb
MinictepcTaa.

Metoro gomoBiai € cTBOpeHHsI HEOOXITHUX YMOB O€3MEYHOTO CYJIHOTLIAB-
cTBa Ta Oe3aBapiiHOT pOOOTH CYAHOIUIABHUX TIAPOTEXHIYHUX CHOPYI, 3a0e3rme-
YeHHs1 cTajoro (yHKIIOHYBAaHHSA Ta MOJEPHI3allii BOJHOTPAHCTIOPTHOI CHUCTEMU
VYkpainu y BIAMOBITHOCTI 3 MI)KHAPOJHUMH BUMOTaMU 1 IPaBUIIAMH.

VY Tol ke yac, 3HaYHO MEHIIIA yBara y JiTepaTypl NpUIUISETHCS JOCTIIKEH-
HIO HE TEXHOJOTIYHUX IMUTaHb MPOBEACHHS JTHONOTIMOJIIOBAIBHUX pOOIT, a
OOTPYHTYBAHHIO 1X MapaMeTpiB 3 TOUKH 30py €KOHOMIYHOI JOLUIBHOCTI Ta edek-
THUBHOCTI.



JIOCSITHEHHSI METU TPOTIOHYETHCS 3MIHCHUTH 32 HACTYITHUM QJITOPUTMOM.

BennunHa qHOMOTIMONIEHHS 32 TaHUX 30BHIIIHIX YMOB 3aJIS)KUTD BiJl BUTPAT
¢iHaHCIB (0 SKUX y KIHIIEBOMY MiJICYMKY 3BOJSATHCS YC1 TEXHIUHI Ta TPYIOBI pe-
CypcH) Ta 4acy. 3p0o3yMijio, mo i3 30UIbIIeHHSIM (hiHAHCOBUX Ta YaCOBUX PECYPCiB
BEJIMYMHA JTHOMOIJIMOJICHHS 3pOCTaTHUME, MPOTE MOCTYNOBO BCE IMOBUIBHIIIE,
OCKUIBKH 13 3pOCTaHHSIM TJIUOWH MPOBOJUTH JHOMOTIHOIIOBAIbHI POOOTH CTa€
nenani ckinagnime. [IpuHIUIOBUI BUTIIA TaKUX 3pOCTAIOUUX Ta OMYKJIHUX JOTOPU
3aJIe)KHOCTEH BEIMYMHU JHOMOTINOICHHS B1J] KOXKHOTO 3 IIUX (PaKTOPIB 3a Pi3HUX
3Ha4YEHb 1HIIIOI0 MOKa3aHo Ha puc. 1, 2. [2, 3, 4]
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Pucynoxk 1. — IIpuHnunoBuii BUrisy rpadiyHOro BiioOpaskeHHs 3aJIe)KHOCTEN BEIMUMHU
JTHOTIOTJIMOJIEHHS BiJ] yacy Ta o0cATy (iHaHCYBaHHS

A [, rpour.op.

»
'

0!
1, TO/I.
Pucynoxk 2.- [TpuHiiunoBuit BUTIsLA rpadiqHOro BiqoOpaxeHHs 3al1eXHOCTeH o0csary
(biHaHCYBaHHS BiJl BETMYUHU JHOMOTINOIEHHS Ta Yyacy

JIist mocATHEHHS BHINE BKa3aHOI METH 3alpPOIIOHOBAHO 3arajibHa po3paxyH-
KOBa MOJICNIb Y BUTJISI/II HACTYITHOTO aJTOPUTMY.

Kpok 1. Bennuuna gaomornmuonenus | (pynkmii Ko60a-/lyriaca) Bu3Ha-
YAEThCA CTYTICHEBOIO (DYHKITIEO 32 IBOMA (paKTOPaAMH:

| = az"t°, (1)



JI¢ Z — BUTPATH Ha MPOBEJICHHS JTHOTOTIMOIIOBAIBHUX POOIT, TPOIILO/I.;

t — gac mpoBeIeHHS THOMIOTIMOIOBAILHUX POOIT, TO/.;

a, b, ¢ —mapamerpu (eMnupivyHi) MyJbTHILTIKATUBHOI 3aJIE)KHOCTI MPOLIECY
JTHOTIOTJIMOJIEHHS BiJl Yacy Ta BUTpaT.

Kpox 2. Uuctnii noxia Bif eKcruryaTallii BHyTpinmHiX BogauX nuisaxis BBIII
3a yacoM D :

D=dI(T -t) 2)
ne d — mokasHuk edexTrBHOCTI BBIII B 3a1€:KHOCTI BiJi BETMYHUHU JTHOIIO-
IMOIEeHH s, BigH. of.; d \/I_ — yucTui foxin Bia ekcruryararii BBIL 3a ogunawuIto
4acy, IPOIIL.OM./TOM.; T — mepioj Jacy, o pO3TIIAA€ThCs (TOPU3OHT TUTAHYBaH-
Hs1), (piK, MICAIb, THKICHD, CYTKH, ToauHn); (T —t) — 3araabHMiA Yac eKcIuIyaTa-
iii BBII miciis mpoBeieHHs AHOMOTIUOIIOBAIBHUX POOIT (PiK, MICSIb, TOJIWHHM);
Kpok 3. Makcumanbuuii npubytok F Bin ekcruryarauii BBII BusHauaeTbes
PI3HHIICIO MK JOXOJIOM IpU MEBHIN IMMOWHI CyHOIJIABHOTO IIJISAXY Ta BUTpaTa-
MU Ha MPOBEICHHS BIJIMOBIAHUX JHOMOMIHOIIOBAILHUX POOIT:

F=d(T —t)J1 —z=d(T —t)Jaz’t® —z — max. 3)
Kpok 4. OntumanbHe 3Ha4eHHS TPUBAJIOCTI JHOMOTINOIIOBAILHUX POOIT:
t. =Tcl(c+2). 4)

Kpoxk 5. OnTumainbHi BUTpATH HA MTPOBEACHHS THOMOTIUOIIOBATBHUX POOIT

0,5¢c
+2/d/ab (C 2) TO5

C+
zZ = 5
2 ©)
Kpok 6.0nTumansHa BeIMUUHA THOTIOTJIMOICHHS:
bpabac( T e
l,,, =| ad’b’c’| —— (6)
c+2

Peanizaiisi anroputmy mokasye, 10 ONTUMAaJbHA TPUBAIICTh MPOBEACHHS
JTHOTIOTJIMOIIOBAIBHUX POOIT, 3TiTHO KPOKY 4, TMPsIMO MPOIOPIliiHA TOPU3OHTY
TJIaHyBaHHS, HE TIEPEBUIIYE€ HOTO TPETUHU i BU3HAYAETHCS BCHOTO JBOMA MOKA3-
HUKamMu 7 Ta ¢, IPU IbOMY HE 3aJIeXKHUTh BiJ MapaMmeTpiB a Ta b MynbTurutika-
TUBHOI (ppakiii (4).

OnTuManbHl K BHUTpPAaTH HAa TPOBEICHHS JHOMOTJIMOIIOBAIBHHUX POOIT
BH3HAYAIOTHCS 3a HabaraTo CkiaaHinow Gopmyiow (4), y sxiii 3aisHi BXe BCi
napamMeTpu MOJENi, Ta 3pOCTAIOTh 13 30UIBLICHHSM TOPU3OHTY IUIaHyBaHHS T
Ta €()eKTUBHOCTI €KCILTyaTallil BHyTPIIIHIX BOJAHUX HUIAXIB.

BUCHOBKHU
1. BctanoBmieHo, 1110 BeJIMYMHA JHOTOTIMOJICHHS 3a JaHUX 30BHIIIHIX YMOB
3QJICKUTH B BUTpAT (iHAHCIB (10 SKUX Y KiHIEBOMY IiJICYMKY 3BOASTHCS yCi
TEXHIYHI Ta TPYJOBI peCypcH) Ta yacy.
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2. Jlna amexkBaTHOTO ypaxyBaHHS BIUIMBY BHUTpAT Ta 4acy JHONOTIIMOIIO-
BAIbHUX pOOIT Ha BEIMYHMHY IHOMOITHOJCHHS YSBISE 3aJCKHICTH MYJIbTH-
IUTIKaTUBHY.

3. AKIICHTYETbCS BOXKJIHMBICTH 000X (DaKTOPiB: BETUYUHU THOMOTIUOJICHHS,
BUTPATU HA TPOBEIACHHS JHOMOTIUOIIOBAILHUX POOIT, @ TAKOXK Yac iX MPOBEACH-
HSl.
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Hartionanpauit yHiBepcuteT «Onechka MOpPChKa aKaaeMis»

Oco0MBoOCTI ekcnIyaTanii cMcTeM NOBITPSIHOIO 3MAIEHHSI KOPIYCY
KOHTEeHHEepPOB03a

Cucrema Silverstream® — 11e cuctema MOBITpSAHOTro 3malieHHs. BoHa ckia-
JA€ThCSI 3 KOMILJIEKCY KOMIIPECOpiB, K1 IMOJal0Th IMOBITPS 10 Habopy OJIOKIB
Bunycky noBitpsa (ARU), 3a3Buyaii BCTAHOBJICHUX Y MJIOCKOMY HU3Y KOPITYCY ue-
pe3 TpyOOIPOBITHY MEPEXKY 3 AUCTAHIIINHO KEPOBAaHUMHM KJlarlaHaMu. Bumoru 1o
NOBITPAHOTO TOTOKY OsokiB ARU 3anexaTs Bil OCaAKd Ta HIBUAKOCTI CyJIHA.
Tuck, sIKuii OBITPSI Ma€ MOJ0JIATH, TPUOIIM3HO JAOPIBHIOE T1APOCTATUUHOMY THC-
Ky BOZH ] KOPIIYCOM, 3 JTOAATKOBHM 3aracoM Ui TIOJ0JIaHHS BTpAT Ha TEPTS B
TpyOonpoBinHii cucrteMi. Cucrema Silverstream® HajlaliToBaHa Ha aBTOMATHY-
3acToCcyBaHHs € BUT1IHUM. CHcTeMa aBTOMATHUYHO 3YMUHSETHCS, SIK TUIBKU LIBU/I-
KICTh MaJIa€ HUXKYE OO MOPOTY.

Mertoto n0moBii € 0COOMUBOCTI eKCIuTyaTallii Ta 00CIyroByBaHHS CHCTEMHU
Silverstream®.

[TuTanHs, K1 pO3TISAAIOTHCS HACTYITHI:

* Sk mpairroe cuctema?

* Sk Ge3neyvHo eKCITyaTyBaTh YCTAaHOBKY B HOPMAJIbHUX YMOBaxX poOoTu?
* Bumoru 3 o0cnyroByBaHHs.

3riiHo 3 TexHoJorier cuctema Silverstream® CTBOPIOE «KUIUMOK» 3 MIKPO-
Oynp0alok Mo BCIA IUIOHI IJIOCKOro AHUINA cyaHa. Llel KuIuMOK 3 MIKpo-
OynbOAIlIOK 3HAYHO 3MEHIIIYE OIIp TEPTS L1€1 YACTUHU KOPIYCY.

BHacnigok 3HWKEHHS 3araJIbHOTO OTOPY KOPIYCY 3MEHINYEThCS MOTYKHICTh
BaJly eHepreTuyHoi ycranoBku (EVY), HeoOXiHa [ miATpUMaHHS 3aaHO1 IIIBU/I-
KOCTl Yy TOpPIBHAHHI 3 THUMH X YMOBaMH €KCIUTyaTallii Cy/IHa, KOJIM CHCTEMa
Silverstream® He mparrtoe.

YucTe 3HIKEHHS CIIOKHBAHHSI €Heprii (TOOTO 3MEHIIEHHS MOTYKHOCTI Bally
EV, sike KOMIIEHCYEThCS IOAATKOBOIO TOTIOMIXKHOIO TTOTYXHICTIO, TIOTPIOHOO TSI
pobotu cuctemu Silverstream®) Bene 10 3MEHIIICHHS CIIOKWBAHHS TaJMBa Ta 3a-
TaJIbHOI TTOTYXKHOCTI B KUJIOBaTaX, M0 B CBOIO UEPry J03BOJISIE 3HU3UTH EKCILTya-
TaIliiHi eHEePreTUYHI BUTPATH Ta KUIBKICTh IIKIUTMBHX BUKUIB (puc. 1) [1].

Cuctema Silverstream® cki1aga€TbCs 3 HACTYNMHUX OCHOBHUX KOMIIOHEHTIB,
K1 MOXYTb BIIPI3ZHATHUCS 32 KIJIBKICTIO Ta KOH(ITYpali€ro, 3a1eKHO BiJ] KOHKPET-
HOI YCTaHOBKHM:

* ARU (65101 BUITYCKY MOBITPS1), IHTETPOBAH1 B HUYKHIO OOIIMBKY KOPITYCY.

» KoMmmpecopu 3 iHTErpOBaHUMHU MPUBOJAMH 3 PETYIHOBAHOIO IIBUIKICTIO
(VSD).

» Kepyroua mada, po3ramioBana B KOMIPECOPHiA KiMHATI, 3 MOXKJIMBICTIO
IKITFOYEHHS BIIIaJIEHUX pOOOYUX MICITh Ta BIATOBITHOIO KAOEIIBHOIO CHCTEMOIO.
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» [loBiTpsiHuii po3noauIbunii TpyOompoBin, kianaHu ALS Ta Y-oOpasHi
3’enHaHHs (puc. 2). Jlayi HaBeaeHO OMMC OCHOBHUX amapaTHUX KOMIIOHEHTIB CH-
cremu Silverstream®.

Communication cable

Automation system Compressors

Power caple

Air Release Units Piping

Puc 1. Cxema posrauryBanHs cucremu Silverstream®

’ : a
Overview of the Silverstream®System Aeicsghers

<+— Ethernet Vessel Navigation Remote Remote
<> Hardwired C&I Signals Power Management Workstation Workstation

Serial Data Links Vessel Parameters (ECR)** (Bridge)** Vessel
w3 Air Flow

o o

Cont fO| a nd ** Number and location of Workstations
Monitoring Local according to design requirements

System (CMS)! Workstation
(in CMS)**

Compressors

ALS Compressor
Room
Air Delivery System
Hull
Air Release Units (ARUs)
Sea

Puc. 2. CtpykrypHa cuctema ALS Silverstream®

PoGoTta cucremu mossirae y HACcTyIMHOMY: IIICHISI YBIMKHEHHS CHCTEMU
Silverstream® 1i cTan BigoOpaxaeTbcs 3a JIONMOMOTOI Bi3yalbHUX 1HTEp(dEHCiB
(mimics) Ha JOCTYITHUX poOoUYuX MicIsx (puc. 3).
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Emergency Shutdown E-Stop Compressors | ____ Emergency Shutdown Running

Jﬁ 1 then Close ALS Valves

Not Ready

4

System Wait f Speed s (Comp.
Start aiffom N ox . [PRequestRun'|RP OK e Sl B
> P

Vessel Speed — Z
> Auto Start Permits (RP) and open

SP OKI Wait for Speed ALS Valves
Start

v

Powered
off

Astop*

Stop* Stop *
il Stop
Remove RP Compressors
Requests and close
_Stop** Stop™™ | ALSValves | Stop **

g

Loss of Start Permit (SP)

* Plant Stop when Vessel Speed < Auto Stop Speed
** Normal Stop Sequence when System Stop, Loss of SP, Loss of RP

Puc. 3. ®yHkiioHaNbHA CXEMa CUCTEMU

CraH cucrteMu XapakTepHU3y€eThCsl HACTYITHUM YHHOM:

1.BumkHeno (Powered Off): xonu sxuBnennss CMS BigkiiroueHo, pee 6e3-
neku y magpi CMS 3a0e3nedye aBapiiiHy 3yNHUHKY BCIX KOMIIPECOPIB, a KJIAaHH
ALS He MOXyTb OyTH BIAYMHEHI TUCTAHUIWHO.

2.He roroBo (Not Ready): cucrema yBIMKHEHA, ajie HE MOJKE IPAIIOBATH,
MOKX HE BHUKOHAH1 BCl BUMOTH JJisi cTapTy (Start Permits), Hanmpukiaa, MoKu HeE
CKacoOBaHO BCi yMOBH aBapiiiHoi 3ynuHkH (E-Stops).

3.Cuctrema roroBa (System Ready): Bci Bumoru mis crapty (SP) Buko-
HaHI, ajie yCTaHOBKa He Oyjie 3amylleHa, MOKU Ha OJTHOMY 3 poOOYUX MICIb Ke-
pyBaHHs HE OyJle HATUCHYTO KHOMKY «CTapm.

4.3anyck cuctemu (System Start): micis HaTuckanHs KHONKU «CtapT» abo
OTPUMAaHHSI KOMaH/IA Ha 3aMyCK BiJ BIJaJIEHOT CUCTEMH KEpyBaHHs (HANPUKJIIA,
IAS) cuctema nepexouTh y 3BUYAiHy MOCTIIOBHICTh 3amycky. CucTema OviKye,
MOKM IIBUJIKICTh CyJHA HE TMEPEBUIIUTH MOPIr aBTOMATUYHOTO 3amycky. [lics
nporo CMS 3anutye n103Boau Ha podoTy (Run Permits) Big BIANOBIZHUX CHCTEM
(PMS ta HVAC). Ilicns oTpuMaHHS LMX J03BOJIIB KOMIIPECOPH 3aITyCKAIOTHCS
3T1IHO 3 MOCIAOBHICTIO 3alyCKy, TOOTO KOMIIPECOPH 3allyCKalOThCA MapaMHu 3 1H-
TepBasiaMu y 10 cexyHa, m00 HE MEPEeBaHTAXKYBATH CHCTEMY >KHMBIICHHS a00 CH-
CTeMy KepyBaHHS KJIallaHaMU, a kinanaHu ALS BiIKpHUBarOTHCS.

5.Cucrema mnpamwe (System Running): micns 3amycky KOMIIPECOpiB 1
BIIKpUTTA KianaHiB ALS cucrema perymtoe mojady moBiTps BIMOBITHO A0 OCaI-
KM Ta MIBUJKOCTI CyJIHA.

6.ABTOMaTHYHA 3ynuHKA (Auto Stop): 3BHUaiiHA 3yITMHKA MOXE CTATHCH,
KOJIM TIBUJKICTh CYJHA OMYCKAETHCS HIDKYE MOPOTY aBTOMATUYHOI 3YMUHKH, a
kHonKa «CTom» HE HAaTUCHYTA. Y I[bOMY BHUIAJKy CUCTEMa 3yMHUHSETHCS 3T1IHO 3
OIMCAHOI0 TOCJIJIOBHICTIO, 1 BOHA YeKaTUME Ha MIJBUILEHHS IIBUIKOCTI BUIIE
MOpPOTy aBTOMaTHYHOT'O 3aITyCKY, MICJIsl YOTO CUCTEMa 3HOBY 3aITyCTHTHCS.

7.3ynunka cucremu (System Stop): mig yac 3BUYaHOI 3yNMMHKA YCTAHOB-
Ka BUMHKA€ETHCS, SKIIO:

a. Hatucuyto kHomky «Ctom» abo OTpuMaHO KOMaH]ly Ha 3yNUHKY BiJ Bij-
JalIeHol CUCTeMHU KepyBaHHs (Hanpukiag, [AS).

14



b. BrpauaeTbcs mpuHaiiMHI OJIMH J03B1JI HA CTapT.

c. BrpauaeTbcs nmpuHaiiMH1 OMH A03BUI HA POOOTY.

8.ABapiiine BigkmouenHs cucremu (System Emergency Shutdown): mpu
aKTUBAIlli aBapiiHOTO BIIKIIOYCHHS] aKTUBYIOTHCS KOHTYPH aBapiiiHOi 3yNMHUHKH
kommpecopiB (E-Stop), kmananu ALS 3akpuBaroThCs, 1 CUCTEMA MEPEBOAUTHCS Y
ctad «He rotoBoy. Ilicis ycynenHst aBapiiiHOi cuTyalii cuCTeMy HEOOX1THO 3HO-
BY 3aIyCTUTH 3T1JIHO i3 3BHUYAIHOIO TIpOIIeyporo (Kpoku 1-5).

ExcniepuMmenTanbHe BUNPOOYBAaHHS CHUCTEMHU MOBITPSHOTO 3MAIllEHHS MPO-
BEJICHO IiJ1 Yac 1uiaBaHHs y ciuHi 2024 poky Ha koHTeiHepoBo31 «MSC ANITA»
(16616 TEU) 3 xapakrepuctukamu: noBxuHa (Loa) — 365,98 m; mmpuna (B) — 51
M; BucoTa (D) — 72,5 m; ocanka y Bantaxi (d) — 14,5/17,0 M; BOAOTOHHAKHICTh
(A) — 131215 1/ 171251 T; ronoBuuii neuryn (WINGO 9x92B, LLT, Tier III HR
SCR) — 45300kWx72RPM; rBunT ¢ikcoBanoro kpoky tumy CPP niamerpom (Dp)
— 9,736 M; WBUAKICTD X011 (V) — 22 BY3JIH.

Jlnst ominkm edeKTy eHepro30epekeHHs B mporieci oOciayroByBanHs ALS
3MIMCHEHO BUIIPOOYBAaHHSA HIBUAKOCTI CyJHA MPU PI3HUX peKUMax Moaadl Mo-
BITpsi. PO3paxyHOK BUTpaTH MOBITPS MPOBOJMBCS 3 BUKOPUCTAHHSAM E€KBIBaJICHT-
HOI TOBIIIMHHM MOBITPSTHOTO MIAPY 3a HACTYMHOIO dopmyrioro [2,3]:

t(b) = Q@ /B v - 10°, (1)

ne t(b) — exBiBaJicHTHA TOBIIMHA MOBITPSHOTO APy HA JHUILI CyIHA, MM,
Q) — BUTpara nositpsi, M%/c; B(s) — mmpuna obnacti, mOKpUToi OyIbOamIKaMu, M;
v — BUAKICTH Cy/IHA BITHOCHO BOIH, M/C.

Po3paxyHku Ta pe3ynbTat BHUNPOOYBaHb IMOKa3aiu, MO €()EeKTUBHICTH
eHEepro30epekeHHs, OTPUMAaHa 3a JOTIOMOTOI0 MOBITPSHOTO 3MAaIlleHHS B 3aJIeK-
HOCTI BiJl OBITPSIHOTO I1apy BiA 3-X 70 8-MU MM JIIHIMHO MABUILYETHCS BiJ 8 %
10 12 %. [Ipuyomy, yMOBH JIHIHHOCTI CHOCTEPITalOThCA Yy 3B’ SI3KY 31 301JIbILIEH-
HSIM TIOTYXKHOCTI CITOKMBAHHSI TOBITPSHUX KOMIIPECOPIB Ta 3HMKCHHSIM TIOTYXK-
HOCTI TOJIOBHOTO JIBUTYHA CY/IHA.

BucnoBok

MeTo MOBEpXHEBOTO 3MallleHHsI 3MEHIIIMB OMip MOBEPXHEBOTro TepTs Ha 10
+ 2 %, 110 3HU3WIIO HABAHTAXXEHHS HA PYLIiN Cy/HA.

[Topanpire miABUIICHHS €(QEKTUBHOCTI EHEPro30epeKeHHS TIUIAHYETHCS
301IBIINUTH UISIXOM MOBTOPHOTO PETYJIIOBAHHS MOCAIKU CyJHA Ta MIMOWHU 3aHY-
pPEHHS PYIIIiB TOJIOBHOTO JIBUTYHA, & TAKOX 3aCO01B BUMIPIOBAHHS Ta KOHTPOJIIO
€JIEMEHTIB T1IPONPOITYIbCUBHOTO KOMILJIEKCY KOHTEHHEPOBO3a.
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JIBOCeKIiHHUI aHATI3ATOP TEXHIYHOI0 KJIACTepy BIAMOB CHCTEM yNPABJIIHHA
PO0OOTOI0 rOJIOBHOIO IBUIYHA TA HOr0 KPUTHYHHUX BY3JiB

OcCKUIbKH OLTBIIICTh MOPCHKUX CYAEH MPUBOAUTHCS B PYX TOJIOBHUMHU JIH-
3eJIbHUMH JIBUTYHAMH, TO 3HAa4yHa JOJIs HaBIramiiHOi Oe3MeKu 3aJIeKUTh BiJ iX
CTaHy, KM BIUIMBAE HA HAJIMHICTh JU3CINIB Ta MaJWBHY €(EKTUBHICTH iX Po0O-
T [1].

HapiitHICTh eleMEHTIB CUCTEMHU PYXY, B 3arajJbHOMY BHUIIAJKY, 3AJIE€KUTH BiJ
HernepeadoaueHuX yMOB, 4Yepe3 3HAYHUM 3HOC KPUTHUYHUX BY3JIIB TOJIOBHOTO
JBUTYHA Ta IO0AATKOBOTO 3HOCY MiJ] 4ac MyCKy Woro B poboTy. BumankoBuil Buxiz
13 TaJly KPUTHYHUX BY3J1B IU3€JIbHOIO JIBUTYHA € BEIUKOIO HEOE3MEKOI ISl oro
eKCIUTyaTallii, TaK K BTYJKH LIJIIHIAPIB 1 MOPIIHI MOXKYTh 3aMIHIOBAaTUCS TUIbKU
iy yac peMoHTy [2]. Kpim Toro npodinaktruuHa ciryk0a cyiHa HE 3aBXKIU CIPO-
MOXKHa yCyBaTH BHUIAJKOB1 BiIMOBH [3].

B po6oti orpumani emmipuyHi (POpMyNIH OIIHKM HWMOBIPHOCTI aBapiiiHOI
BIJIMOBU KPUTHYHUX BY3JIIB TOJOBHUX JIBUTYHIB MiJ] 4ac €KCIUTyaTallii B peicoBUX
LUKJIaX, /€ OCHOBHY He0Oe3IeKy CKIaJatoTh BUMIAJAKOBI BIIMOBH. 3a pe3yJbTaTaMU
JOCTIP)KEHHSI MOKHa BCTaHOBUTU Tpadik BUKOHAHHS YEproBOro, a MpH HEoO-
X1HOCTI T103a4€pProBOr0 TEXHIYHOTO OOCIYrOBYBaHHS CYIHOBOTO TOJIOBHOTO
nBuryHa. Takl JaHi MOXYyTb OyTH BUKOPHUCTaH1 JUIsl OLIIHKKA HAJIMHOCTI 1HIIKX
TUITIB CyTHOBUX TOJIOBHUX JBUTYHIB.

IMOBIpHICTh 0€3BIAMOBHOI pOOOTH €JIEMEHTa /10 WOro 3aMIHM Ha 3aJlaHOMy
piBHI «b» Mexi 3HOCY CTaHOBHTS:

a-d-f
o+

P(b) = (i—ﬂ) exp (— ) , (1)

1€ @ — KOe(IIIEHT EKCIOHEHLIAIbHOTO 3aKOHY PO3MOJIIJIEHHS Yacy CTOSTHOK B
opTYy;

B — koedilieHT eKCIOHEHIIAILHOIO 3aKOHY PO3IIOIIIEHHS Yacy IEPEXOIiB;

A= E_ BIJIHOCHUM KOE(DIIIEHT MIBUIKOCTI.
LAy

Toni cepenHiii yac JOCSITHEHHS MEXK1 3HOCY, 110 BHUPAXA€TbCA B KUIBKOCTI
peiicOoBUX LMKIIIB, MOKHA BU3HAUUTH SIK:

M(b)=2-b . (2)

Kanenmapuuii yac 1O0CATHEHHS MeX1 3HOCY (Y TOAMHAX 1 THCSIYaX TOJIMH):
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_ Mb)
T_ I 1(3)

ne k— cepennbopiuHa KiTbKiCTh KOHBEPCIH (3MiH CTaHIB).

VY SKOCTI KpPUTUYHUX €JEMEHTIB [JIsi TOJIOBHOTO JBUTYHA BH3HAYEHO
IUJIIHPOBI BTYJIKH, MOPIIHI Ta MWTHAPOBI KpUIlku [4]. J{is npukiaay 3HaueHHS
PO3TIIIHYTUX KOediIlieHTIB [2], mpuBeaeHo B Tab. 1.

Ta6muus 1. 3nauenns xoediuienTis o, 5, b, A

b, A,
Tunu cynex oc, 1/(tuc. rox.) B5,1/(tuc.ron) M Unint
Cyxorpys 1 0,0208 5,75 6,5 261
Cyxorpy3s 2 0,0280 7,00 6,5 279
TpancnopTHuit 0,0047 7.40 45 735
pedprxeparop 0

3a0e3nedeHHs pyxy 1 HaBIrauiiHoi Oe3neKu, Npu OyJb-IKUX BUIAX MOPCHKUX
ornepaniid — 11e BAKOHaHHs TOJIOBHUM JIBUTYHOM CBOiX (DYHKIIIH 3 opraHizalii pyxy
CyJHa BiTHOCHO BOAH. TOMYy MHUTAaHHS KOHTPOIIO HOTO CTaHy CYyJHOBHM IEpCOHA-
JIOM TPY BUKOHAHHI YEPIrOBHX, MI03aYEProBUX TEXHIYHUX OIJIAJIIB Ta HEOOXITHUX
PEMOHTHHX POOIT Ha CYJIHI SABJISIETHCS BAXKIMBOIO 33/1a4€IO.

PerenbHMMH CHIOCTEPEKEHHSMU BU3HAYEHO, L0 IPU JOCATHEHHI €JI€MEHTaMU
CUCTEMHU TPAaHUYHOTO 3HOCY 3a 4aC BU3HAYEHOTO MEpiojy eKCIuTyaTallii Mix 3a-
BOJICBKUMH PEMOHTaMH, MPAKTUYHO BIJIOMHUMHU CYAHOBOMY IEpCOHAly, OCHOBHY
HeOe3MeKu poOOTH TOJOBHOTO JABUTYHA B II€H MEPi0]] Yacy CTAHOBJISITH BUITAIKOBI
BIIMOBU. AJie TIpH pI3HINA HAAIMHOCTI [S] €JIEMEHTIB CHCTEM aBTOMATUYHOTO
yIOpaBIiHHSA pOOOTOI0 CYAHOBOTO JIBUTYHA Ta KPUTUYHHUX HWOTO BY3JiB, SIK1 BILIHU-
BalOTh HAa XapakTep MOBEIIHKH CUCTEMH YIpPaBJIIHHSA B LIJIOMY, KOXXHHHI 13 HUX
noTpedye 1HAUBIAYaTbHOTO MIAX0ay. ToMy HEOOX1JHO MIArOTYBaTH PEKOMEHAALIIT
CYIHOBOMY TIEPCOHAITy AJII CBOE€YACHOTO BHSIBJICHHS HECIOMIBAaHHX BiJIMOB CH-
cTeM 3a0e3mneueHHs] poOOTH TOJIOBHOTO JBUTYHA Ta WOTO KPUTUYHHX By3miB. s
OIMEPATUBHOIO 1 CBOEYACHOTO BUSIBJICHHS BIAXUJIEHB B TapaMeTpax poOOTH CUCTEM
3a0e3MedyeHHs] POOOTH TOJIOBHOTO JIBUTYHA Ta MPUHHATTS PIllIeHb 3 YIPaBIIHHS iX
HOPMAJILHOIO E€KCIUTyaTaIll€l0 Ta BU3HAYEHHS METPOJIOTIYHUX IapaMeTpiB HOro
CTaHy, IPOIIOHYETHCSI BBECTH JBOCEKIIIMHUN aHATI3aTOp CTaHy CUCTEM YIIPaBIIiH-
HS Ta KPUTUYHUX BY31iB. JIBocekmiitHuil anamizarop (puc. 1) po3po6ieHo y Bu-
IS/l TEXHIYHOTO KJIacTepa MalTMHHO-KOTeNbHOTO BiaaineHHs (MKB).
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Bin crcTes 1 EpHTHYHEX BYSIIE romoeHoro oerryHa MEB

J %

. Texmiamms wracTtep MEB ]
Cesxmin 1 Texmwroro Enacrepy — agamizatop cueren MED }—-
BrnrowBTH HaDOEHSHHS CHCTEME CTHCHEHOT O DOEITPA *_'
Tak: [ - . .
Ll BrnrownTs pezep EREE HA00S OX0M0 TESHES THNIHAPE TOI0EROTO AERTYEHA
Tlepeiite Ba py=HEY D039y DANHEA IO EOMAHAL Tenerpady

ZMAIY EAHHA DEZ2DEHD HACO OO

Tlepafrrs 5a mogawy onii AME OEPEY TEOUTEOTD Ta TEIEIPOESTD ‘

Biaoip MeTpomor=E: DapauMeTplE, T EFC0 IATE 52 MEkl SOy CTRMER
qepes «Tak+ OEpeSacTECT Ha ApYE 1AETOMATHYED sHmEy € ooepra ]

[lpm DogEl EpRTRSHEI: MaTDONOTIHIDL Dap aMeTPIE CHOTEMA ZANHCTY
9epes «Taks mepedas IHG0p Ao BEa APYE 1 AETOMATHTHD 3y maEas [

Cexmin 2 TexHmwHEOTO EnacTapy — aHAMIZATOP CTAHY EPETHTHID EYZILE
ronoeEoTo gERTyHEA MEB

ToEmuHEa EpHMER MeHIIE HOPME, TOTPE0Y € DEPEEIPER PO 00T CHCTEME
OXONOAEEHRS 1 TEMTIEPATY PEEOAE Ha EXoml & aearyve (< 30MC)

MoTpedy s sMeEMIsAAST HaEaATaEeAAL Ha [ ]] Ta nepeEipER
METPONOTISH: TapaMeTPlE SHOMISHAA CTIHER IO PITES Ta BoT0 OEp M
SMSMEHTIE

.

-
Hi Tax JMeHIEHEST EIOpami mmoioy suviEn wrena ooepnE [l Ta meperipra
METPONOTTTHI: DapaMeT lE SHOCY CTIHOE IO PITHE

I S S Sl

JpyEnepemey rexmaam: oprmamie 1 eneren MEE, e e iz nagy
T2 PEEOMEHIANL M0 I0 [ ZaMIHN Pesep ERIME 1| EREOPHECTAHES Py 9HEXK
COoC00IE ¥ OPAENIHES I po0o T

Pucynok 1. /IBocekiiiinuii ananizarop Texaiunoro kinacrepy MKB mono BiaMoB cuctem
yIpaBaiHHS POOOTOIO TOJIOBHOTO JIBUTYHA Ta CTAHY METPOJIOTIYHHX MTapaMeTpiB HOTO KPUTHY-
HUX BY3JIiB

Ilepwuii cekmop 103BOJISIE BU3HAYNTH MICIIE 1 XapaKTEP BHUHUKAFOYOI IPO-
0JieMH 3 TEXHIYHUMU CHCTEMaMH Ta MICTUTh PEKOMEHAIlll 11010 3aMIHU TEeXHIY-
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HOTO MPUCTPOIO, SIKUM BUUIIOB 13 JIajly, HA pe3epBHUM abo mepexiy Ha pydHe
yrnpaBiiHHS QYHKIISIMA CUCTEMH JI0 BITHOBJICHHSI MPAIE3IaTHOCTI MPUJIATy.

/Jpyzuii cekmop n03BoJisie BUOpATH BUJ KPUTUYHOTO BY3Ja, XapakTep BiAXH-
JIeHb OT0 METPOJIOTIYHUX MapaMeTpiB Ta pPO3pOOUTH peKOMEHAIl] 1100 3MEH-
IICHHS HABAaHTAXXECHHS Ha HHOTO, 3 BU3HAYEHHSAM MOXKJIMBOCTI 1OT0 BUKOPUCTAHHS
iJ Y9ac MojAaibiioi podotu aBuryHa. Cucrema mycKy rojIoOBHOTO JIBUTYHA Ta HOTO
peBepcy, «Tak» — 3aHWKEHHM THUCK, «HI» — B HOpMi. CHcTeMa OXOJIOIKEHHS
IUTIHAPIB TOJIOBHOTO JBUTYHA, «TaK» — BUUIILIA 13 JIATy, «HI» — B HOPMI.

Cucrema aBTOMAaTHYHOI MOJlayl MalKMBa, «Tak» — BUUIUIA 13 Jady, «HI» — B
Hopmi. 2. Cucrema mojayi ojii sl UUPKYJIAMIRHOTO Ta ITWIIHAPOBOTO 3Ma-
IIYBaHHS, «TaK» — HACOC BUUIIOB 13 Jaay, «H1» — B HOpMi. 3. CucTema aBapiifHO-
MOMEePe/KYBAIbHOI CUTHAJI3aIlll MpPO METPOJIOTIYHI MapaMeTpu TOJOBHOIO
JBUTYHA, «TaKk» — MapaMeTpyu BUUIIUIM 13 HOPMH, «HI» — B HOpMi. 4. Cucrema 3a-
XHUCTY JIBUTYHA 32 KPUTUYHUMHU METPOJIOTIYHUMH MapaMeTpaMH, «TaK» — BUMUIILITN
32 MEX1 JOMYCTUMHX, «HI» — B HOpMi. 5. Kpumika nuiiHapa — KpUTUYHA TOYKA
'/, «tak» — TOBUIMHA KPHILKK MEHILIE HOPMHU, «HI» — B HOpMi. 6. CTiHka
HUIIHApPa — KpUTH4HA Touka ['J[, «Tak» — TOBUIMHA 3HOIICHHS CTIHKKA Ta HOro
OKpPEMHX €JIEMEHTIB OlIbllIe JOMYCTUMOI HOPMH, «HI1» — B HOpMI. 7. [lopmens —
KpuTuyHa Touka I'/[, «Tak» — TOBIIMHA 3HOUIEHHS CTIHKMA HNOPUIHS OlJIbILIE JOIY-
CTUMOI HOPMH, «HD» — B HOPMI.

Jleocexuyiiinuii ananizamop NO3BOJISIE ONEPATUBHO BU3HAYMTU CTaH METPO-
JIOTIYHUX TIOKA3HHUKIB CUCTEM 1 KPUTUYHHUX BY3JIB Ta MPUUHITH aJEKBATHI MIpU
mo/10 3a0e3nedueHHs 3MEHIIIEHHS HaBaHTaXeHHs Ha ['Jl 171 mpoJIOBXKEHHS MOTo
po0OOTH a00 MOBHICTIO 3yMUHUTH. Takuil aHami3aTop T03BOJISIE NETaTI3yBaTH MPHU-
YUHU BUHUKHEHHS TMOINEPEeHKYBAIbHOI CUTHANI3AIlT TPO TMEPEBUIIEHHS METPO-
JIOTIYHUX MapaMeTpiB MOHa ] 0€3MeYHU KPUTUYHUN PIBEHb.

EnemenTn aBTOMaTUKM MiITPUMYIOTh METPOJIOTIUHI TTapaMeTpHu Ha HACTYITHO-
My 3aJlaHOMY PiBHI: THCK MOBITPSI B CUCTEMI YIPaBIiHHA NPU MJIAHOBUX MapamMeT-
pax Ounbiie 7 6ap; 4acToTy 0OepTaHHS ABUTYHA, 3aJlaHy KaIlliTaHOM P JOTOMO31
MalIMHHOrO Tejerpady; Temneparypy LUMPKYJSLIMHOI 011 Ha BXOJl B JIBUTYH B
Mexax 10 50° C; teMnepaTypy BOJAHM, IO OXOJIOJKYE ABUTYH Ha BXOJl B MeXax
1o 80°C; muiaHoBHiA piBEHb OJIii B MIpHUX TPYOKax JIyOpUKATOPIB IUIIHAPUYHOTO
MacTHJIa; B'SI3KICTh BA)KKOTO IMaJiiBa Ha BXOJI1 B IM3€Jb — AoycKaeThes a0 20 ¢St
(CaHTHCTOKCIB).

JInst 3axuCTy JBWTyHa 3a KPUTHYHHMH IapaMeTpaMu IepedoadeHo JBa
BapiaHTU: aBTOMaTWyHa 3ynuHKa [J] abo 3HWKEHHS YacTOTH OOEpTaHHS [0
MIHIMAJIBHOI TIPH TOCSTHEHHI KPUTHIHOTO METPOJIOTIYHOTO TTapameTpa.

['onoBHUI OBUTYH aBTOMATUYHO 3YIMUHSETHCS: MPU CIPAIIbOBYBAHHI PETyIIs-
Topa TpaHnyHOi yacToTu obepranHs (Overspeed), sxa BCTaHOBIIOETHCS Ha 15%
OunbIIe 3a HOMIHAIBHY a00 Ha 7% Oinbire 3a macnoptHy (Maximum continuous
ration); Ipu 3HWKEHHI TUCKY OJI1i Ha BXO1 B MIJIIUITHUKU TOJ0BHOTO pyXxy (0,8-
1,3 6ap), Ha po3noauibunii Baa (1,5 6ap) Ta Ha Bxozi B TypOoHarHitay (0,6 6ap);
MIpU M1ABUIIIEHHI TeMIIEpaTypyu B yIOpHOMY MigmunHuKy (moHazg 85 °C) iHoxl me-
pendavaeTbes 3yMUHKA AU3ES.

20



3umkenHs 00epTiB (Slow down) nepeadayvaeThest 32 YMOBHU:

- CIIpallbOBYBaHHS JETEKTOPA MACIISIHOTO TyMaHy B KapTepi JTU3es;

- TIO’KEXK1 y T1IOPIIHEBOI MOPOKHUHI;

- BIJICYTHOCTI OJi1 B JIyOpUKaTopax HUIIHAPUIHOTO MACTHIIA;

- 3HIKEHHS THCKY OJIii B CHCTEMi OXOJIOJKEHHS MOPIIHIB 1 Ha TiIIUITHIKA
TOJIOBHOTO PyXy MOHaJ BcTaHoBieHui (1-1,5 6ap);

- TIBUIIEHHS TeMIIepaTypu ojii Ha BxoAl B aBuryH (60 °C), y miamumHuKax
rosioBHOTO pyXxy (70-75 °C) 1 po3mOaiIL40ro Bally, Ha BUXOJI 13 CHCTEMH OXO-
nokenHs nopiHis (70 °C), BIACYTHOCTI MMOTOKY OJ111 OXOJIOKEHHSI TOPIIIHS;

- 3pOCTAaHHs TEMIIEpaTypH ra3y Ha BUXO1 3 HWJIiHApPa a00 BIAXUIICHHS TEMIIe-
paTypy B HIJIIHJPI BiJl CEPEAHBOTO 3HAUCHHS, OLIBII PEerJaMEeHTOBAHOTO (7S CY-
gacHux ausenie MAN B&W — 1ie 430 °C ta £+ 50 °C);

- TIPU 3HWKEHHI1 THCKY BOJH, 110 OXOJIOJKY€, a00 MIJBUIICHHI TEMIIEpaTypH
Boau Ha Buxoi 3 I'Jl (> 90-95 °C).

VY BciX BHNaAKax CHpPalbOBYBAaHHS 3aXHCTy HEOOXIJTHO YCYHYTH He-
CIPABHICTh, PO30JIOKYBATH 3aXHUCT 1 JIMIIE MICISA LBOTO 3aIyCKAaTH AM3€Ib abo
30UIBIIYBAaTH YaCTOTY HOr0 00EepTaHHS.

Pe3ynbraTtu nocnimkeHHs 3a0e3nedarb MOKIIMBICTh BU3HAUYUTU HAOIHHICHIb
Ppooomu KpumuuHux 8y3/1i6 CyOHOGUX 201086HUX OBUZYHIE 1, 30KpEMa, BCTAHOBHU-
TU rpadik IPOBEIECHHS TEXHIYHOTO oOciyroByBanHs I'J] mpu ioro ekcruryararii
Ha I1JICTaB1 3aTBEPAXKEHOT0 TpadiKy PEMOHTHOIO IUKITY.
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V]IK 621.656/57

Ko3sminux M. A.
Hamionansauii yHiBepcuTeT «Oechka MOPChKa aKaaeMis

AHAaJIi3 MOKJIMBOCTEH MEPEeBE3CHHA CKPAIJICHOTI0 BOAHIO MOPCHLKHUM IIJIAXO0OM.

["'oI0BHMI MPUHIIMIT €HEProIepexoay, SKUH B HUHIMNIHIA Yac aHOHCYETHCS
ypsnamu CIIIA, eBpomneichbkUX Ta AESKUX a31aTChKUX KpaiH 1€ BUKOPUCTaHHS
€HEPro-HOCIiB, 110 HE 3aJIUIIAIOTh BYTVIMIIEBOTO CIIY SIK NMPU BUPOOHUIITBI TakK 1
npu BUKopu-cTaHHI. [lig 111 yMOBH TMOKH IO MiIXOJATh TUIBKHA COHIIE, BITEp Ta
«3EJICHUU BOJICHbY.

3enenuii BoaeHb (H2V), Ha ChOroAHIIIHINA I€Hb, € OJHUM 3 BaXKHIIIMX ajbTe-
pHA-TUBHUX MMAaJUB 31 CTAIUMH XapaKTEPUCTHKAM 1 MOTEHI1aJIOM JUIsl 3aMIHU BYT-
JIENEBUX NaJUB B PISHOMAHITHUX raiy3sx Ta Hampsimax. CBITOBMI MONUT Ha BO-
JICHb TIEPEeBUIIMB 94 MIUIBHOHM TOH Ta MpoJoBxkye 3poctaTth [1,2]. Takum urHOM
HACTaB Yac IHBECTYBAaHHS B «3eJIcHHU BojieHbY (Green Hydrogen) Buxojisuu 3 Ha-
CTYITHUX TOJIOKEHb:

- [octiitHO 3pocTaroya moTpeda B YUCTIX BITHOBIIOIOMHUX JKepesax eHeprii
JUIst 60pOTHOM 31 3MIHAMHU KIIIMATy TPH 33J0BUIBHEHHI TJ100aJbHOTO 3alUTy Ha
SHEPrii0. - 3eJICHUH BOJCHb MMOBUHEH 31IPaTH BAXKIIMBY POJIb MPH MEPEXOIl O HU-
3bKO BYTJICIEBI €KOHOMIIIl B SIKOCTI QJbTEPHATUBU TPAMIMIHHUM TaJuBaM. -
OcTaHHIMU POKaMHU TEXHOJIOT1s BUPOOJIEHHS 3€JIEHOTO BOJHIO 3HAYHO YJOCKOHA-
JINIAaCh, IO 3pOOUIIO BIPOTITHUM 11 TOCTYITHICTh Ta €eKOHOMIYHUHN 3UCK. - [locTiii-
HE 3POCTaHHS THCKY YPSAiB Ta CYCIJIbCTBA PO3BUHYTUX KpaiH 3 BAMOTAMH 100
CKOPOYCHHS BUKIIB MAPHUKOBUX Ta3iB 1 JOCATHEHHS KJIIMaTUYHUX LuIen. — [ToT-
peba B THYYKHX Ta MalITaOOBaHUX JKEpesiax €HEeprii sl 3aJ0BUTHEHHS MOIMUTY
Ha €HEpriio, BpPaXOBYIOUM ii TPAaHCHOPTYBaHHS Ta 30epeKeHHs. — 3pocTarya MmoT-
peda B €KOJIOTTYHO YUCTHUX Ta €)EKTUBHUX TPAHCIOPTHUX PIILICHHSX.

[IpobGnema MmiArOTOBKM BOJHIO JUIsl TPAHCHOPTYBaHHS MOKE BUPILIYBATHUCS
pizauMH 3acobamu: Hy CTHCKYIOTh, CKPAIUIIOIOTh Ta 3MINITYIOTh 3 1HBIIUMH PEYO-
BuHaMu. ONTUMalIbHE PIIICHHS 3aleXUTh BiJ Teorpadii MOCTaBOK, BIJICTaHI,
00’eMy Ta BHUTJISITy OYIKYEMOTO 3aMOBHUKOM BOJHIO. B Oynb sSikOMy arperaTHoMy
CTaHl1 BOJCHb MOXKJIMBO CIIPSIMYyBaTH Ta30T1HOM, IEPEBE3TH Ha CYJIHI, TPAHCIIOPTY-
BaTU B CHCMiaNbHIN 1UCTEepHI. TpaHCTIOPTYBaHHS Ta30TOHOM MOJKJIMBE MTPH BHKO-
pPUCTaHHI ICHYIOUHMX Ta30TOHIB MPUPOTHOTO Ta3y, OJHAK JAJIEKO HE BCI JIIOYU ra-
30rOHHU 3a/I0BOJIBHSIOTH CHEle(pIYHUM TEXHOJIOTIYHUM BHMOTaM, sKI BIIIOBIIA-
I0Th BOJIHIO. be3yMOBHO ra3oriH 3aJ0BUILHUTH JAJeKO HE BCiX crokuBayiB. Ha-
npukiaa B SnoHito, ska HA HUHIMIHIA Yac € HaWOUIBIIUM CIIOKMBA4YeM BOJHIO,
BaHTaX HAJXOJIUTh MOPCHKUM ILISAXOM. 3 1HIIOTO OOKYy ABCTpalis, sika CIpOMO-
JKHA TIPOTTOHYBATH JI0 45 MJTH TOH BOJHIO IIOPIYHO, ITOBHHHA OPIEHTYBATHCS BU-
KITFOYHO HA MOPCHKi TIEPEeBE3EHHSI.

CkparuieHuid BOJIEHb € KPUOTEHHOI PIIUWHOI0 3 HM3bKOW IuibHIcTIO (0,07
r/cm®), TeMmepaTypor KUIiHHS npH aTMOocGepHOMY THUCKy Onmsbko — 252,8 °C,
BUTJIAJIAE SIK IPO30pa pinHa 0e3 3amaxy, sKa Ipu 3MIIIyBaHHI 3 KUCHEM YTBOPIOE
BUOYXOBO HEOE3MEUHy CIONYKY 3 KoedilieHToM BO3ropsiHus 4 — 75 %%.
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3 YMOBU MEpEBE3EHHSI BOJHIO B 130TEPMIYHMX IMCTEpPHAX, HAMPHUKIAJ Ha
MOpPChKOMY a00 pIYKOBOMY CYJIH1, MOTPiOHI ITUCTEPHH, SKI PO3paxOBaHl HA THUCK
om3pkuii 10 50 mlla, 0 COMPOBOIKYETHCS HAIMIPHO BEJIMKOIO Baror Oesrmoce-
PEIHBO [UCTEPHH.

Ha moTounuii MOMEHT crerianaizoBaHi CyaHa JJis ePEBE3CHHS BOIHIO TPaK-
TUYHO BiJICYTHI, XO4Ya OJIHE CYIHO IIiJ Ha3Bor SuisSO Frontierdymo moOymoBane
xommaniero Kawasaki Heavy Indastries B pamkax cTBopeHHs! O€3BYIJICIIEBOTO Jia-
HI[IOTa MOCTaBOK BOJHIO 3 ABcTpanii g0 Anonii. CynHo Mae €AMHUI BaHTaXHUIA
Tauk MicTkicTio 1250 M3, skmii 3a0e3meuye nepeBe3eHHs JIuIIe 75 T CKPAIIeHOTo
BOJHIO TIpu TeMneparypi « - 253°Cy». Tank Mae noxsiliHy 060I0HKY IPOMiXK BHY-
TPIIIHBOIO Ta 30BHINIHBOIO SIKOT MIATPUMYETHCS BakyyM. CTpyKTypa ImiATpUMaHHS
BHYTPIIIHHOI'O0 0aka BUTOTOBJIEHA 3 KOMIO3UTY GFRP 3 MeTol0 3HM)KEHHS TeIio-
nepenocy. Bebro Kawasaki manye moOyaysatu 80 TaHKEpiB Ui MEpeBE3CHHS
ckparienoro Boauo (LH) s nepesesenns 9 mutH. ToH mopiuso [3,4].

Jpyrum crnociboM MOpPChKOTO TPAHCIOPTYBAaHHS BOJAHIO MOXeE OyTH HOTO Ie-
pEeBE3EHHS B CHEIIaIbHUX KOHTEHHEpaX, BAaHTa)KHA YaCHHA SIKUX MA€ BUTIIAL TPY-
O4acToro 3MieNnOAIOHOTO €JIEMEHTa, ajleé YMOBU HassBHOCTI BUCOKOTO TUCKY POOUTH
TaKl KOHTEIHEpH HaIMIPHO BaXXKUMU MIPH 1yKE€ HU3bKUI BAaHTaKOMICTKICTI.

Ha HuHimHIN yac, MaOyTh HAOUIBII TOCTYITHUM Ta JOLIJIBHUM € IEPEBE3ECH-
HS BOJIHIO B BUTJISAJII CYMIIIIl 3 aMI1aKOM Ta 1HBIIUMH OPTraHIYHUMH HOCISIMH.

B 2022poui Anonis ta bpyHel cTBOpwIM cUCTeMY NMOCTa4aHHsS BOJHIO 3 BH-
KOPHUCTaHHS PIAKOTO BOAHLOBOTO HOCis. BogeHs B bpyHei po3unHsI0Th B TOMYOMI,
OTPUMYIOYU METUIIHMKIOTeKCaH. MOpChKUM IIJISTXOM BaHTax 10 nopTy Kasacaki,
Jie BOJICHb BIUTYYalOTh 3 CYMIIIIl, @ TOJIYOJI BIAMPABISIOTH 3HOBY B bpyHeil.

Iupmry cxemy npononye Saudi Aramco. Kommnanis yknama yroay 3 Hyunai Oil
Bank, sika 3akynoBye B CaymiBchkuii ApaBil ckpamieHuii Hadrosuit ras (LPG).
[Ticns mocraBku Ha LPG Tankepax orpumyBauy, 3 LPG Oyne BumydeH BOACHB.
COy, sxuii Oyae BUAUIATHACA Ta 30MpaTuca B NpouLecl BUPOOHHULITBA, BIAIpPaBIIs-
erbest 10 CaynmiBebkuid ApaBii, e BUKOPHCTOBYeThCsl Saudi Aramco st 3011b-
IIeHHs HaQTOBIIIaYU HA CTApUX POJOBUIIAX.

TpancnopTyBaHHSI BOJHIO B CyMIillll 3 aMIaKOM Ha NEPIIMNA MOTJIA 31a€ThCS
BEJIbMH TIEPCIIEKTUBHUM, JIJ1s1 TOTO 11100 3MIIIaTH BOJICHb 3 aMiaKOM MOTPiOHO BU-
TpaTu Bij 7 10 18 BIICOTKIB BiJl 3arajibHOr0 OOCSTY MOCTABKU, CTIJILKH K BOJIHIO
BTpPAYa€EThCs IPU OBTOPHOMY BUAUICHHI. AJie BpaXOBYIOUH L0 amiak MOXe OyTH
CKparuieHuM Ipu Temrepatypi -33°C, a B mepepaxyHKy yrpumye B 1.7 pazu Oiib-
11€ BOJHIO Ha KOKE€H METp KyOl4HMIA, aMiauHO BOAHBOBY CYMIIll TPAHCIIOPTYBAaTH
JISIIEBINe HI’K YACTHH BOJICHb. KpiM TOTO /I 03HAYCHMX I[iJICH MPUHIIUIIOBO MO-
XKyTh OyTH BuKopucTaHi Tankepa LPG BanTaxkHe 00iaiHaHHS SIKUX JO3BOJISIE TTi/1-
TPUMYBATH TEMIIEPATYypy B BaHTAXHUX TaHKax 10 — 47 °C. 3po3ymijio, 1o BUOIp
IIOTO BaplaHTy MOTpeOy€e OLIbIN PETeTLHOTO BHBYCHHS BJIACTHUBOCTEH amiadyHO
BOJIHBOBUX CYMIIIICH Ta BHECEHHS JISIKUX KOHCTPYKTHBHUX JIOTIOBHEHb B BAHTaX-
HY CUCTEMY CYyJIHA.

Po3po06ku 31 ctBopeHHs1 LH TankepiB 3A1HCHIOIOTHCS HU3KOIO MIPOBITHUX CBi-
ToBUX KoMIaHii, Takux sk; Wilhemsen Group B Hopgerii, Ballard Power Systems
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B Kanani, Global Energy Ventures 8 Ascrpaitii Ta Korea Shipbuilding & Offshore
Engineering B IliBaeniit Kopei.
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CyuacHuii cTaH 3aCTOCYBaHHA JIETKO3aUMHCTUX POOOYHX TiJI Yy
CYTHOBOMY XO0JIOAWILHOMY 00JIaIHAHHI

[IutaHHsg nepexoay Ha BUKOPUCTAHHS «JIPY>KHUX JI0 HaBKOJIMIIIHBOTO CepeJIo-
BUIIIA» XOJIOJOAreHTIB Ha ChOTO/HI HE BUPIIIEHO Y MOBHIM Mipi. Tak 3BaH1 «IIpu-
POIHI» XO0JIOJOAreHTH TaKi sIK aMiak Ta BYTJICBOJHI XapaKTepU3yKOThCs BIAMIHHU-
MU «EKOJOTTYHUMUY» XapaKTEepPUCTUKaMU, aie ropiodi. Takuii xonogoareHT sk CO;
BUKOPHUCTOBYETHCA y AYyXKe CIEHU(pIYHOMY 32 CXEMHHMH DIIICHHSMU Ta KOMIIO-
HEHTAMU XOJIOJUJILHOMY OO0JIaJIHaHHI, SIKE€ 3 MPUYMHU BUCOKUX TUCKIB Ma€ BEHUKI
Maco-rabapuTHi mapaMmerpu. TakuM YMHOM, MEPEBEICHHS Ha «IPUPOJIHI» XOJIO-
JI0OareHTH CYJHOBOTO XOJIOAMJIBHOTO OOJaJHAaHHS CYTTEBO YCKJIQJHEHE ¥
MOPIBHSHHI 31 CTalllOHAPHUM O0JIaHAHHSIM.

3’ ABISIIOTHCA HAYKOBI POOOTH, Jie BYIJIEBOJIHI, MEPII 3a BCE MPOIAaH, pO3IJis-
JAIOTHCS S TIEPCIEKTUBHI XOJIOJ0AreHTH JIJIsi CYyJTHOBOTO XOJIOJUILHOTO 00J1a/IHa-
HHs [1, 2]. ByraeBoaHi sk MepCeKTUBHI «IIPUPOIHI» poOoUi Tijia 3a0e3MedyoTh
Kpallll CHEPTeTHUYHI XapaKTePHUCTUKH XOJIOIUIIBHOTO 00JIalHaHHS, HIXK TPaaUIiiH1
rigpodropsyriieBoHi (I'®B), 306epiratoun npu 1IbOMY aHAJIOTIYHY CXEMY Ta KOM-
MOHEHTH XOJIOAWIIbHOT cucTeMH (Ha BiAMiHY Bij 3acTocyBaHHs CO2 Ta aMmiaky siK
poOoumx TiT). 3aBASKKA Kpamioi e(peKTUBHOCTI Ta Jy>K€ HHU3BKOMY MOTEHIIATY
riobansHoro norerieHHs (I1T°T1), xonoauabHI cCUCTEMU Ha BYTJIEBOAHSX K PO0OO-
YoMy TUII 3a0€3MeUyI0Th MEHIIUI NPSMUNA Ta HENPSIMUI BKIIaJl y €MICIE€ TAPHUKO-
BUX Ta31B IiJ Yac eKCIuTyaTauii 00iagHanHs, nopiBHAHO 3 ' DB.

[Iupoxe BIpOBaIHKEHHS BYTJIEBOAHIB K pOOOUYUX TUI XOJIOAWIBHOIO Ta 1HILO-
ro0 €HepreTMYHOro oOJaJHAHHS OOMEXYEThCSA iX 3aMMHUCTICTIO, OCOOJMBO KOJH
Oe3mneKa € MpiOpUTETOM, SIK ISl CyTHOBUX €HepreTHUHuX cuctem. [Ipote ekcmep-
TaMU BCE€ OLIbIIE BU3HAETHCS, M0 3alMHUCTICTh POOOUYOro TijIa HE € MPOOJIEMOIO
cama 110 co0i, SKIII0 BUKOHAHA HAJIe)KHA OIlIHKA PU3HKIB Ta 3a0e3redeHa Oe3rneka
MiJ] Yac eKcIuTyaTtarlii Ta 0OCIyroByBaHHsS XOJIOAWIbHOrO obnamHanHs [3]. Ha
PiBHI CTaHIapTHU3aIlli 3apa3 MOKIATAETHCS OaraTo 3yCUilb JIsl PETYJIIOBaHHS BUKO-
pPUCTaHHS JIETKO3aMUCTUX PEYOBHH, a CaMe BYTJIEBOJIHIB, 110 € HEOOXITHUM KpPO-
KOM JTsI X BIIPOBADKCHHS Y TPAKTUKY, Y TOMY YHCI y CYJHOBOMY 3aCTOCYBaHHI.

Ha croroani ByriieBoiHi Sk po0oUi Tia BXKE MIUPOKO BHUKOPUCTOBYIOTHCS B
CHCTEMax MOBTOPHOTO 3PiKEHHS ra3y Ha CyJHax rasoBo3ax. Ha cporomni Hako-
MAYEHUN BEJIMKHUM JOCBIJ MO 3aCTOCYBAaHHIO aMiaky SIK XOJIOJOAreHTy Ha MOPCh-
KoMy TpaHcropti. [Ipu mpoMy y IHIIUX BHAAX TPAHCIIOPTHOTO XOJIOAMIBHOTO
oOJyiaHaHHS (aBTOMOOUTRHHMI Ta 3ai3HUYHUIN) aMiak He BUKOPUCTOBYEThCS [3].
[leit mOCBi MOCIYXUTh OCHOBOIO JJISI MOAQJIBIIOTO BIPOBAKCHHS 3alMHCTUX
X0JIOJIOAreHTIB Y CYyIHOBE XOJOAWIbHE 00JIa{HAHHS.

Cmanoapmu ma HOpMAMUHO-MEXHIUHI OOKYMEHMU WO pecynioiomb UKOPU-
CMAHHS 3AUMUCTIUX PEYOBUH K POOOYUX MINL Y CYOHOBOMY XOJI0OUTbHOM) 00]1a0-
HAHH]
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3a 3alMHCTICTIO poOOYl TiJIa XOJIOJUIBLHOTO OOJIaJIHAHHS (XOJI0J0areHTH)
KkiaacudikyoThes BianoBiaHo a0 cranaaptie 1ISO 817 ta ASHRAE Standard 34. 1is
kiacudikaiiis 6a3yeThCs Ha JETKOCTI 3aiiMaHHS Ta IMIBUAKOCTI TOPIHHS.

OCHOBHI KJTacu 3aiMHCTOCTI XOJI0J0OAre€HTIB:

Krnac 1 — Heszananphi (Non-flammable). He ropsite y moBiTpi mpu HOpMaib-
HUX ymMoBax (Hanpukiana, R134a, R744 — CO,, cymimi R410A ta R407C).

Knac 2 — Mano3zaitmucti (Lower flammability). Maiots oOMexxeHy 31aTHICTh
710 3aiiMaHHs, BUCOKY KOHIICHTPAIO 3aiiMaHHs, HU3bKY MIBUAKICTh MOUITUPCHHS
nonyM'st (Hanpukian, R152a, R142b).

Kmac 2L — Mano3aiimMucTi 3 HU3BKOIW IBUAKICTIO TopiHHS (Lower
flammability, low burning velocity). 3amanioroTecs Bakue, HIX Kiac 2, MaloTh
MIBUIKICTh TOpiHHA MeHmie 10 cm/c (Hanpuknaa, R717 — amiak, R32, R1234yf,
R1234ze(E)).

Knac 3 — Jlerkozaiimucti (Highly flammable). Jlerko 3aiiMaroThCsi 1 MIBUAKO
ropath (Hanpukiaa, R290 - mponan, R600a - 1300ytan, R170 - eran).

ba3zoBuM mOKyMEHTOM, SKUK OOMEXye, ajlie He 3a00pOHS€E, BUKOPHCTAHHS
3aMHUCTHX PEUYOBHH SK POOOYMX TLT XOJOMMIBHUX Ta 1HIIUX €HEPTeTUYHUX CY/-
HOBHX CHCTEeM € MidcHapoOHa KOHBEHYIsl 3 OXOPOHU TH0OCLKO20 HCUMMSL HA MOPI
(SOLAS), sixa BCTaHOBIIIOE 3arajbHi BUMOTH J0 OC3IEKH CYyJICH, BKIIOYAIOYH XO-
JIOAWJIbHI CUCTEMH Ta CUCTEMH KOHJIUIIOHYBaHHs MOBITps. [Ipu nboMy iHIIMM 10-
KYMEHT - Midcnapoona KoHeeHnyis 3 3anobicaHHs 3a0pYOHEeHHIO 3 CYOeH
(MARPOL) - perysroe nmuTaHHs, TOB'sI3aHI 3 OXOPOHOK HABKOJHUIIHBLOTO CEPEeIo-
BUIIA, BKJIOYAIOUYM KOHTPOJIb 32 BUKHIAMHU PEUOBHUH, 110 MOXYTh BIUIMBATH Ha
O30HOBHI IIap Ta 3MiHY KJIMaTy (caMe TaKMMH PEUYOBHHAMU € MEepPEBaKHA O1Tb-
IIICTh POOOYUX TUT XOJIOAMIBHOTO 00JIaTHAHHS).

Takum 4YMHOM, BHHHUKIJIA CKJIaJHa MpobiieMa, sika MoTpedye BHKOPUCTaHHS
«Oe3meuyHnx» K JJIsl JIIOJUHU Tak W NIl HABKOJHUIIIHHOTO CEPEJIOBHINA XOJI0JI0-
areHTiB. YcCi XOJOJOareHTH, K1 3allUIM IIMPOKE 3aCTOCYBAHHS Yy Cy4acHOMY
CyIHOBOMY OOJaJHaHHI (OKpIM aMiaky), € HETOPIOUYMMH Ta HETOKCUYHUMHU pe-
YOBHUHAMHU, aJI¢ BITHOCSATHCSA JO PEUYOBHH 3 BHUCOKHM TOTCHINAIIOM TJI00ATEHOTO
noTeryieHHs (030HOPYHHIBHI B)KE BUBEICHI 3 BUKOPUCTAHHS Y CYJIHOBOMY 00JiaI-
HaHH1). Y TOHM K€ yac TaK 3BaHl «IPUPOJHI» XOJOJOAT€HTH 3 HU3BKUM MOTEH-
1aJIOM TJI00aJIbHOTO MOTEIUICHHsI a00 Troproyi (BYTJIEBOIHI Ta amiak), abo moTpe-
Oyr0Th crienu(}iuHOro 00JIaIHAHHA 3 1y’KE€ BUCOKUMU pOOOYUMHU TUCKaMU Ta Mpo-
rpaioth y eneproedextuBHocTi (COy).

Ha nuisxy BopoBaPKEHHS 3aMUCTHX XOJIOJO0AreHTIB y CYJHOBE XOJIOAMIbHE
o0JIaiHaHHS BaXIUBY Pojib MOKyTh 3irparu mpaswia |GC Code (Mioxcnapoonuii
KoOeKC 3 cucmem Oesneku O CYOeH, W0 Nepeo3sim 3PIOJNCEHI 2a3u HATUBOM).
IGC Code (po3niau 16 ta 17) gonmyckae BUKOPUCTaHHS BaHTaKHOTO rasy sk po-
0040ro Tijla y CUCTeMax MOBTOPHOTO CKPAIJICHHS, ajlie TaKli CUCTEeMH MaloTh OyTH
pO3TaIlloBaHi B ClieiaibHO 00IaHAHUX BIJICIKAX 3 HAIMHOK BEHTUISILIIELO.

Taxkum yunom, ani SOLAS, ani IGC Code Ha npsmy He 3a00pOHSIOTH BUKO-
PHUCTaHHS FOPIOYMX Ta3iB (TAaKUX K MPOIaH, €TaH YU MPOMIJIEH) Y XOJOAUIbHUX
cucTeMax 1 cucrteMax KoHauiliroBaHHs. [Ipore BUCYBatoTh CyBOp1 BUMOTH JIO 3a-
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noOiraHHs MoXKekaM 1 BUOyXam, 110 0OMEXYIOTh 3aCTOCYBaHHSI TaKUX POOOYUX
T1J1, 0COOJIMBO B KUTJIOBUX Ta MAIIMHHUX B1JICIKaX.

3 iHmoro Ooky 3 1 ciuns 2017 poky Oy BBeaeHuit y niro IGF Code
(Misicnapoonuii kooekc 3 besnexu 05t CyoeH, Wo 6UKOPUCMOBYIOMb 2a3u a00 THuL
neckozaumucmi namusa). lled JOKyMEHT HE CTOCY€ETbCsl O€3MocepeaHbO BYTJe-
BOJIHIB SIK XOJIOJIOAT€HTIB, ajie BIH PETYIIOE CUCTEMH 30epiranHs, Mmojaayi Ta BUKO-
pPHUCTaHHA Ta30noi6HOro manuBa (y TOMY YMCI BYTJIEBOJAHIB, MEPCIEKTUBHUX S
poboui Tijia XOJIOAUIBLHOTO OOJaJHAHHS) Ha OOPTY MacaXUPChKUX 1 BaHTAXKHHUX
cyneH. Tooto mepu 6e3mnexu, siki onucani y IGF Code, MoxxyTh OyTH po3ImpeHi i
Ha BUKOPHUCTAHHS MEBHUX PEYOBHH SIK XOJOJIOAreHTIB, IO BXKE B13HAYAETHCS Y
pani poOir [4, 5]. OuikyeTbes, 1m0 TpodaeMa 3aiMUCTOCTI TP BUKOPUCTAHHI BY-
TJIEBOJIHEBOI poO0UOi piIMHU Oy/e Kpallle BPEryIboBaHa 3a J0MOMOTOI0 MPUHHSAT-
TS TOrO CaMOTO PiBHS 3ax0jiB Oe3mneku, sskuil BucyBae |GF Code: BukopucTanHs
TpyO 3 MOABIMHUMH CTIHKAMH; OKpEME MAaIlIMHHE BIIAUICHHS JJI1 BCTAaHOBJICHHS
KOMIIOHEHTIB CUCTEMHU 3 BYIJIEBOJHEBOIO POOOYOI0 PEUOBUMHOIO, 00JIaHAHE BEH-
TUJIAIE B aTMocdepy, MOKPAIICHOK CHUCTEMOIO BHSIBICHHS BHTOKIB TOPIOUHX
ra3iB Ta IIOKexkoracigHs. He MeHII BakKIMBHUMH JUIS 3a0€3MCUEHHS ITOXKEKHOI
Oe3IeKku € HaBUaHHS IEPCOHATY Ta YIPaBIiHHS pU3UKamMu [5].

31 CKa3aHOTO MOXHA 3pOOUTH 3arajJbHUN BUCHOBOK IPO ICHYBaHHA MOTPEOH B
Kpalriii CTaHaapTU3aIlii BUMOTH I0JI0 BUKOPUCTAHHS «IIPUPOTHUX)» BYTIIEBOHE-
BHUX XOJIOJIOAr€HTIB Ha OOPTY CyAHA, 10 Oy/ie CIPUITH 3HUKEHHIO BKJIaay CYHO-
BOT'O XOJIOJMJILHOTO OOJIaHAHHS y eMICiI0 TApHUKOBUX Ta3iB.
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MeTOIll/IKa ekonoriqﬂo-enepreannoro aHa.ﬂisy CYAHOBMX XOJOAUW/IBHUX
CUCTEM

Meroto nmaHoOro JAOCHIIPKEHHS OyB MOJANbIIMA  PO3BUTOK  €KOJIOTO-
eHepreTuyHoro anamzy [1] 3 MeToro Horo aganTailii 10 aHami3y CyJAHOBHUX XOJIO-
munbHUX cucteM (CXC) ta po3poOka HOBUX 1HAMKATOPIB, Kl MOYKHA BUKOPHUCTO-
BYBaTH JJIsl HAYKOBOTO OOTPYHTYBaHHSI TEXHIUHUX PILICHb MPU MPOEKTYBaHHI Ta
monepHizamii CXC, y ToMy 4ucii 3 BIPOBAKEHHS TEIIOYTHIII3AIMHUX XOJI0-
TWIbHUX MamuH. [ligxing Oa3yerbcs Ha Bu3HaueHHI Benmuuau TEGHGE (total
equivalent greenhouse gases emissions) — MOBHOI €KBIBaJICHTHOI eMicCii TapHUKO-
BUX rasie [1-3].

IIpu pospaxynky TEGHGE crocoBHo ananizy CXC nponoHyeTbcsi BpaxoBy-
BaTU TaKi BKJIAJIH:

— Henpami BUKUIU COp, BUKIUKaHI CIIOXKHBAHHSM €JIEKTPOCHEPril MpU eKc-
ryatanii CXC;

— "Henpami Bukuau CO2, BUKIIMKaHI CIIOKUBAHHAM €JIEKTPOCHEPrii Ta Marepi-
QTBHUX PECYpPCIB NMPU BUPOOHMIITBI, OOCIYroBYBaHHI, PEMOHTI Ta YTHIII3aIlli
CXC,;

— "enpsimi Bukuau COo, 110 TOB’s13aH1 3 JIFOJCHKOIO TIpariero, a came 3 3a0e3-
MEYEHHSIM TIPaIliBHUKIB TOBapaMu Ta nociayramu (mpu oociayroyBanai CXC);

— mpsimi Bukuau CO; i1 yac CriajtoBaHHS MaJIMBa sl BAPOOHUIITBA TEIUIOTH;

— npsmi Bukuau CO; mig yac CHafOBaHHS TajduBa IS TPAHCTIOPTYBaHHS
CXG;

— mpsimi Bukuau [1I7, cippuynHeHi BUTOKaMH XOJI0/10areHTy.

3navuennss TEGHGE mis CXC cuctem MokHa po3paxyBaTH 3a piBHSHHM (1).

TEGHGE =) > em-m, +> > emy,-m +em™ . T" .z +
jooi joi

+ Zzemi'mi (kam+krep)'z—+emel~P€|-Z‘+ (1)
i

P

heat

+em

heat voyage ' 'voyage

T4+ AER-D M Lgase - Myage +

+(mR *Lapnuar <7+ Mg '7Rutil)'GWPR’

ne em. — Bukuau CO; npu BUPOOHUITBI 1-TO MaTepiaiy, CIOKHUTOrO Mij] Yyac

BupobHuuTBa j-ro enementa CXC, (kr COy)-(kr marepiany)™?; m. — maca i-ro ma-

Tepiany, Kr; €M,,; — Bukuaun CO, mpu yTuimizaiii Ta nepepoOiri i-ro mMarepiany,

Lt
(xkr COy)(kr Matepiany)™; em"™ — ukumu CO; BHACIIZOK JOACHKOI TIpali, sKa
3abe3nedye NpaiiBHUKIB ToBapamu Ta mociyramu, (kr CO,)-(moaron)?; Tih‘I

BUTPATH Tpalli JIOJMHUA HA OOCIyroByBaHHS cuctemu, (JomTon)pik?; 7 — ce-
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penHiit Tepmin excrutyatanii CXC, pik abo rogus; K, Ta krep — YacTKa KamiTalb-
HUX BUTpAT Ha pIK Ha aMOPTHU3aLIliHI BUTPATH Ta PEMOHT; €M, — MUTOMI BUKUIU
CO; npu BUpOOHUITBI eeKTpoeneprii Ha cyani, (kr CO2)-(kBrron)?; P, — enek-
TpuuHa noTyxHicte CXC, kBT; em, . — Bukuan CO, npu BUPOOHHUIITBI TEIUIOTH,
(xr COp)'kIxt; P,
CO; mpu mnepeBe3eHHi | TOHM HAenBEeHTy cynHa Ha | MOpPCbKYy MW, (T

COy)-(nemeiit) ! (Mopchka MHUIIA) ™" | 00 TA Ny 0, — HOBKHHA PEHCY Y MOPCHKHX

heat

ot — TemtoBa nortyxsicte CXC, kBt; AER — cepenni Buknau

MWISX Ta CepeHs KUIbKICTh peiiciB 3a mepio 7; M, — Maca 3alpaBKU XOJOJ0-
arenty B CXC, xr; GWP, — noteHuian riao0aibHOro MOTEMJIIHHS XOJIOA0AreHTy,
(xr COp)'kr?; L,
3alpaBKU XOJIOJIOATEHTY HA PIK; Vg, — KOE(DILIEHT yTwii3alii XOJOJO0areHry,

nual — DIYHI BUTOKH XOJOZOAreHTy 3 CHCTEMH, 4acTKa B1J MacH

YacTKa B1Jl MACH 3alpaBKU XOJOI0AreHTY.

[lepmmii unen xapakrepusye Henpsimy ewmicito 111" mpu BupoOoHUUTBI CXC.
Emicito mpu CTBOpPEHHI MaTeplaJIOEMHUX €JIEMEHTIB OOJaJHAHHS JIOLIIBHO
OLIIHIOBATH 3a BEJIMYMHAMH MUTOMUX BUKH/IIB IPU BUPOOHUIITBI MaTepiamiB (Mijb,
AITOMIHIN, TIONICTUPON Ta iHIIE), sIKi HaBelneHi, Hanmpukian, B [4]. Po3paxyHok
NEPIIOr0 YJeHAa PIBHAHHA € CKJIQJHUM JJIi BHUCOKOTEXHOJIOTIYHHX €JIEMEHTIB
oOnaJHaHHS, HaNpUKIaJd, MPUIAIiB KEpyBaHHS Ta aBTOMATHUKH, BUTOTOBJICHHS
SKUX BHMarae OuIbllle €HEPreTUYHUX PECypciB Ta JIOJCHKOI Mparli, HDK Ma-
TepiaIbHUX pecypciB. Y TakoMy BUMAIKy IPOMOHYETHCS IS MEBHHUX |-X eJie-
MEHTIB XOJIOAMIBHOT CHCTEMHU 3aCTOCOBYBAaTH HACTYITHE PIBHSHHS:

Zemi ‘M, =emgy, -C;, (2)

Je ¢ — TepBHHHA BapTICTh j-TO €IEMEHTy oOjajHaHHs, $; em,,, — Byrie-

uemictkicts BBII kpainu, ne Bupo6neHo enement obnaguanns, (kr CO;) $2.

Jlpyruii 4ieH piBHSHHS MPH BiJCYTHOCTI JTOAATKOBHX JAaHUX, MOXKHA OIIHUTH
3a BenmmunHaMmu BUKuiB CO; npu yTuimi3aIii neBHUX MaTepialiB, 3 SKMX BUTOTOB-
aera CXC, Ta ski HaBeaeH1, HanpuKiIaz, B [4].

Tperiit uneH piBHSHHS OIiHIOE BKiIan B eMicito [1I' Bix TpymoBuTpaT Ha 00-
ciayroByBanHsi CXC. Hemnpsimi Bukug CO; reHepyrOThCS il 4ac 3a0e3TMedeHHs
MpaIiBHUKIB TOBapamu, MOCIyraMu Ta KyJbTypHUMH MOTpeOaMu 3a paxXyHOK OT-
pUMaHUX HUMHU KOINTIB MiJl 4ac iXHbOi mpaii. 3a manumu [5], 1 roauHa mparii
KBai(ikoBaHOro poOiTHUKA reHepye y cepeanbomy 0,52 kr COz, Tonl SIK HU3b-
kokBasidikoBaHoro - 0,41 xr CO..

UYeTBepTHil WieH pIBHSIHHS OLIHIOE HEMPSIMY €MICII0, TIOB’SI3aHY 3 PEMOHTOM
Ta aMOPTU3AIIMHUMHU BUTpATaMU IIiJl Yac €KCIUTyaTallii o0JjialHaHHS Ta PO3paxo-
BYETHCS aHAJIOTIYHO TEPIIIOMY.

[I’situit uneH piBHAHHS BpaxoBye HemnpsiMi Bukuau [1I7, moB’s3aH1 31 CIIOXKH-
BanHsM enektpoeHeprii CXC. Ileit unen ana CXC 3a3Buyail BHOCUTH HAMOLITb-
mmmii Bkiaz B Bennuuny TEGHGE. Slkmio enextpoeHepris BUPOOISE€ThCS THU3€Ib-
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reHepaTopamMu, TO BUKOPHUCTOBYETHCS HACTYITHE PiBHSHHS JJIS KUTHKOCTI TajvBa
Ha Horo pooory:

B
M Fuel — Lot " 8F " Tvoyage ~ Mvoyage * (3)

o)L
Jie g — IHMTOMA BHUTpAaTa MajJWBa JU3CIb-TEHEPaTOPOM, KT (KBT'TOM)™; 7 0000 —

TPUBAIICTh PECY, TOAUH; N — KUTBKICTh PEUCIB 3a Iepiof T.

voyage
Tonai '’ siuii wiieH piBHSAHHSA (1) po3paxoBy€eThCS HACTYITHUM YHHOM
eme|-Pe|-2'=MCE('32 :MIELIM.CF’ (4)
ne CF — koedimienTn nepeBeneHHs Macu naymBa B Macy COz, (T COy) (T ma-
mBa’l);
[ocTuit uneH piBHSAHHA BpaxoBye Hemnpsmi Bukuau [1I°, moB’sa3aH1 31 CIIOXH-
BaHH:AM TemoBoi eHeprii CXC. Beanuunu em,, Oyze 3anexaru B crocoOy re-

Hepanil TeIUIOTH. SIKIIO TeIuioTa BHPOOJIAETBCS Yy KOTII-yTHII3aTOpi, TO €M,

MOKHA TIPUUHATH PIBHOIO HYJIO. SKIO TEMiIoTa BUPOOISETHCS Y JOMOMIKHOMY
ko, T0 em, .y (kr CO2)-kJ[k ™ Mo’kHA po3paxyBaTH HACTYITHUM YHHOM:
CF-n
_ JK
emheat — T AH (5)

Qnaﬂueo
. H
ne 15 — KK/ nonomixkuoro kotna; Q,,,,, — HAKYA TEIJIOTA 3TOPSHHS TaIUBa,

KJK/KT.

CpoMuii usieH piBHSHHS BpaxoBye Hemnpsimi Bukuau [, moB’si3aHi 3 BUTpaT-
amu CyaHoBoro nanusa Ha TpaHcrmoptyBanHs CXC. Cepenns BennunHa AER (an-
nual efficiency ratio), Bu3HaueHna i BOJHUX 3acO0IB TPAHCHOPTY (CEpeHs
emiciss CO, Ha OOMHMINIO AEIBEUTY Cy/JHA Ha OJHY MOPChKY Mmito) y 2018 pori
cknana 6,31 r CO,- (T nenseiity) - (Mopcrka muins) ™ [6].

Bocbmuii uneH piBHSIHHA BpaxoBye mnpsiMi Bukuau I1I°, mos’g3aHi 3 motpan-
JISTHHSIM XOJIOA0AreHTy y noBKULIA. Jlosis BUTOKIB XojoaoareHTiB 3 CXC mijg yac
iX eKCIuTyarailii € HalOUTBIIIOKO 31 BCIX BU/IB XOJOAWJIBHUX CUCTEM Ta CKJIaJa€ Bif
20 no 40 % Big macu 3anpaBku Ha pik [/]. KoediuieHT yrumizaiii X0n040areHTy
npuitHatuit 70 % Bix Macu 3ampaBKU XOJIOJOAreHTY Y CUCTEMY, IO € TUIIOBUM
3HAYEHHSAM JIJIS XOJOJUIBHUX CUCTEM ¢ Macoro 3amnpaBku 10 100 xr [7].

AHani3 I01IJTFHO BUKOHYBATH B TUTOMUX OJUHUIISLX, TOMY OYyJIO 3alpONOHO-
BaHO 1HIUKATOP €Myerr — TuTOMI BUKUIU CO7 3a sxutteBuid 1uki CXC, BigHeceHa
10 1 kBt-rox BupoOGieHoro Ha OOpPTY CyJHA XOJIOIY:

refrZTE‘G—HGE’ (KF COZ)/KIbKi (6)
07T
ne Qo — XOIOIOIPOIyKTUBHICTh CUCTeMH, KBT; 7 — uac po6oTH obnagHanHHs (ce-
peaHii TEpMiH eKCIUTyaTaIlli XOJ0AUIbHOT CUCTEMHU), C.
3anponoHOBaHUI 1HIUKATOP MOXKE BUKOPHUCTOBYBATHCS IS TIOPIBHSIHHS
CYIHOBUX XOJIOJUIBLHUX CUCTEM Ta CUCTEM KOHJUIIIFOBAHHS MOBITPSI 3 PI3HOIO XO-
JIOTONIPOAYKTUBHICTIO. [IpakTU4HAa 3HAYYIIICTH 3aMPOMOHOBAHOI METOAMKU Ta

1HAMKATOpa TOJSTae B MPOCTOTI 300py BXIAHUX JA@HUX Ta BIIICYTHOCTI HEOO-
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X1IHOCTI TpUAOaHHS KOMEPILIMHOIO MPOrpaMHOTo 3a0e3neueHHs. 3anpornoHOoBa-
HUW TiAXig Moke OyTH MOEAHAHWW 3 1HIIMMU BUJAMH aHaATi3y (€KOHOMIYHUM,
CHepreTUYHUM) B 1H)KEHEPHIM MpaKTHIli. 3allpOIIOHOBaHA METOAMKA € JOCTYITHOIO
Ta BIJIKPUTOIO ISl KOPHCTYBadiB 1 Moke OyTH ajanToBaHa IO aHai3y pI3HO-
mMaHiTHIX CXC, a Tak0k PI3HOMAHITHUX JOMOMDKHHUX CHCTEM.
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Crykanenko O. M.
Harionanpauit yHiBepcuteT «Onechka MOpPChKa aKaaeMis»

JlocaixaxeHHs POIECIiB Y CHJIOBOMY JIAHIIO3i KO3JI0BOT0 KOHCOJILHOIO KPaHa
nicjst 00puBy Tpoca

3 METOI MIJABUIIEHHS HAJIMHOCTI BaHTAXOMIIHOMHUX MPHUCTPOiB Oyio 3a-
MPOTIOHOBAHO BUKOPUCTAHHS PE3EPBYBAHHS y CUIIOBOMY JIAHIIFO31 3/IBOEHOTO ITiJI-
Bicy BaHTaxy. [Ipy 11bOMy BUKOPUCTOBYETHCS JIBa OKPEMHUX Tpoca 1 3’SBIISE€THCS
MO>KJIMUBICTh YTPUMAaTH BaHTAX ICIS OJHOTO 3 HUX. /[ BU3HAYEHHS yMOB, 3a
SKUX BaHTaX OyJie TapaHTOBAHO yTPUMAaHUM, HEOOX1THO BU3HAYUTH MaKCUMaJIbHI
HABAaHTAKCHHA Ha PI3HUX PEKUMAX HABAaHTAKCHHS BaHTAXKOITTHMOMHOTO TIPH-
CTpOIO.

OnHuM 3 HampsMIB JOCHIIKEHb € po3poOKa MaTEeMaTUYHHX MOJENEH, 110
ONKCYIOTh MPOLECH, SIKI BIAOYBAIOTHCS y CHIIOBOMY JIAaHII031 KO3JIOBUX KpaHiB. Ha
BIJIMIHY B1Jl MOCTOBUX KPaHiB, Y KO3JIOBUX KpaHaX MalOTh MICII€ KOJMBAHHS SIK Y
BEPTUKAJILHOMY HAMPSAMKY, TaK 1 Y TOPU30HTAIHLHOMY.

VY pobortax Oynu AOCIIKEH] POIIECH, 110 BiIOYBAIOTHCS Y CUIIOBOMY JIAHITIO-
31 KO3JI0BOI'0 KpaHa Micisi 0OpUBY Tpoca 3BOEHOTO MiJIBICY 0€3 MpUCTPOIB, 5K O
3a0e3nevyyBalid 3HIKCHHS HAIJTUIITKOBUX 3yCHIIb.

Mertoto 1aHoi poOOTH € TOCHIPKEHHSI HABAHTAXKEHb y BUMAJKY, KOJU BaHTaX
HEPYXOMO TIJIBIIIICHUH TTPH 3HAXOHKEHHI BAHTAXKHOTO Bi3Ka Ha KOHCOJI.

X

e p——

75i§/ 7“:5/ nl 3
I
Y3 ’
G
Puc. 1. JlunamiuHa MOJesIb KO3JIOBOTO KpaHa y BUIAJKy OOpUBY KaHaTa MPU OMYCKaHHI
BaHTaXy

[Ipomecw, 1o BiAOYBaOTHCS y CUIIOBOMY JIAHITIO31, PO3/IIJIEHO HA JIBA €TallH.
Ha nepiomy erami pyx Mac OMUCY€EThCS PIBHIHHIMU
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M,8, X +MeS, ¥ +X =0,
Med,, Y + M3, X +y =0;

msy.s =G,

7e My — Maca Bi3Ka ¥ METaJOKOHCTPYKIIii KpaHa, IpUBEICHA 10 BEPTHKAIb-
HOTO TIEPEMIIICHHSI KIHIIS KOHCOJ1 Y , /Ie PO3TaIlIOBaHUN Bi30K, KT;

M, — Maca Bi3Ka il METAIOKOHCTPYKIIiT KpaHa, IpUBEIeHA JO TOPU30HTAIBHO-
'O MEePEeMIIIECHHS X MPOIITHOT OY/10BHU, KT

Oyx s Oyy s Oy s O, — MIIATIMBOCTI METATIOKOHCTPYKIIIi KpaHa, IPUIOMY Oyy

BU3HAYAETHCS AK MEPEMIIIEHHS Macu Mo y HAPsMKY Y TIpH i Ha Hei OJIMHUYHOT
CIWJIM B I[bOMY K HaIPSIMKY, aHAJOT1YHO BU3HAYAIOTHCS M 1HII MapameTpu, MpH-
qOMYy Oyx= Oxy, M/H;

M3 — Maca BaHTaXYy, KT;

G— Bara BaHTaxy, H;

X,Y,Y s — NPUCKOPEHHs Mac My, Mo i M3 BiamoBiaHO, M/C?,

XX !

[TouyaTkoB1 yMOBHU
t, =0,x =Gy,,,

y; =0y, =0.
YMoBa nepexody A0 eTany pyxy, Ha SKOMy HaBaHTaKEHHSI MPUKJIAIAETHCA 10
KaHaTa, 110 3aJMIIUBCA I[IJIMM, TOOTO MICIs TOTO, K IMaJalouuii BaHTaXX BUOepe
claObuHy KaHaTa, [0 YTBOpUJIACS, KaHaTa,

X =0y =Gs,,y =0;,

gt? G
2 N By

ne t— yac BUTBHOTO NaJIHHS BaHTaXYy, C;
§ — HPHMCKOPEHHS BiILHOTO MAIiHHS, M/C;

h — npuBeneHa aiIsTHKA BITLHOTO XOAY 3PiBHSIBHOTO BAXKENIs, M;

2C — KOPCTKICTh MiJBICY 10 OOPUBY OJIHOTO 3 KaHaTiB, H/M, M.

[Ticns BUOOPY 3a30py Y CHIIOBOMY JIAHI[IO31 PIBHSHHS PYXYy Mac MarOTh BUTJISIA

m28xx).(. + m08xyy. + X _C(y3 - y)8xy = O’
myd,, Yy + my3, X +y —c(y; —y)o, =0;
myy, +C(y3 -y)=G.

3ycuiis B MiABICI BU3HAYAETHCA 3a (DOPMYIIOI0
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S =c(y; —y)-

[ToyaTkOB1 YMOBH JJIsl PYTOTO €TAILY

t, = 0,x = (X)er = (X)l’y = (y)l’y = (Y)v Y; = (Y)l’Y3 = (Y3)1'

ne (X),, (y), — mepemimeHHst Mac My i My HAPHUKIHIII TIEPILIOTO €Ty, M;

(X)1, (Y) (Y3), — mBuakocTi Mac My, Mo 1 M3 HAPUKIHII NEpIIOTO eTatmy,
M/C.

Po3pobiiena MaTemaTHuHa MOJIENb pealli3oBaHa pPealli3oBaHi y BHIJISAL MPO-
rpam it EOM 3 Bukopucranuam metony Pynre-Kyrra 4-ro nopsinky. [IpoBeneni
00YHMCITIOBANIbHI €KCTIEPUMEHTH. Pe3ynbTaTu A1 KO3JI0BOTO KpaHa BaHTAXKOIIi-
HoMHICcTh 12,5 T HaBeeHI Ha puc. 2.

VY mporeci po3B’si3aHHS PIBHSAHb JUHAMIYHI HaBaHTaKEHHS, 110 JiIOTh Ha Me-
TaJOKOHCTPYKIIII0, BA3HAYAIOTHCS M0 3AJIEKHOCTSIX

F. =xc,,F, =yc,,

ne F, — ropusonTanbHe HaBaHTaxeHHs, H;

F, — BeprukasnbHe HaBaHTaxeHHs, H;

C, — YKOPCTKICTh METAJIOKOHCTPYKIIii B TOPU30HTAIILHOMY HanpsMKy, H/m;

C, — XOPCTKICTh METAJIOKOHCTPYKIIii Y BEPTUKAILHOMY HanpsiMKy, H/m.

Pe3ynbpTaTi nj1s KO37I0BOr0 KpaHa BaHTaKomigudomHICcTIO 12,5 T HaBeneHI Ha
puc. 2 y Buriisai rpadikiB 3aJIeKHOCTEH HABAHTAXKEHb Y MIJIBICI Ta Y METaJOKOHC-
Tpykii Big wacy: S(t), Fx(t) 1 Fy(t).
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Puc. 2. I'padiku 3anexxHOCTeH 3ycuib y TiABICI i Y METaOKOHCTPYKIIIT

MakcuMalibHe HaBaHTaXKEHHS Ha MijaBic cTaHoBUTh 257,1 kH, BepTukanbhe
HaBaHTa)XCHHA Ha MeTaoKOHCTpYKIIito 332,6 kH, ropuzonrtansue 70,1 xkH.

34



[TopiBHSHO 3 BUMaAKOM OOpHBY Tpoca MPHU OIMYCKaHHI BaHTaXy Yy LIbOMY X
kpaHi [1] po3paxyHkoBI HaBaHTa)KEHHS HA IOJICIACTOBHMH IiJBIC 3HH3WINCH Ha
21%, Ha METAJIOKOHCTPYKIIIO BepTHKaIbHI 30unbmmmmchk Ha 20%, BepTHKaIbHI
3MeHmmIruch Ha 21%. Lle mosicHIoeTbCs TUM, 1110 Y BUIIAJKy OOpUBY Tpoca Mij yac
OITyCKaHHS BaHTaXy 4ac BUOOPY 3a30py y CHJIOBOMY JIAHIIIO31 OLIBINHM 3a paxy-
HOK TOTO, III0 MEXaHI3M MiJHOMY MOJa€ TPOC y HAMpPSMKY MaaiHHsA BaHTaxy. 1o
MPU3BOJIUTH 0 OLIBIIOI MIBUAKOCTI MPUKIAACHHS HaBaHTAXXEHHS JI0 IIJIOTO TPO-
ca.

Po3pobnena MmaTeMaTu4Ha MOZEIb JI03BOJISIE TOCIIIKYBAaTH MPOIIECH, 1O Bi-
NOYBaIOTHCS B KO3JIOBOMY KOHCOJIBHOMY KpPaHi 3 OJHI€I0 THYYKOIO OTMOPOIO Micist
0oOpHBY TpOCa 3JIBOEHOTO MiABICY.

CIIUCOK BUKOPUCTAHOI JIITEPATYPHU
MatemaTuHa MOJI€NIb AaBApPITHOTO OIyCKAaHHS BaHTaXy KO3JOBUM KpPaHOM ITi-
cist obpuBy oaHoro 3 TpociB / O. M. Crykanenko // Marepianu HayKoBO-
TEeXHIYHOI KOH(epeHwii "MopcbKuil Ta pIYKOBHI (JIOT: eKCIuTyarTaiisi 1 peMOHT",
22.03.2023 — 23.03.2023. — Opneca: HY «OMA», 2023. — C. 43-86.
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Hposzn O. B., Tronsrep FO. L.
Hamionansauit yaiBepcutet "Omechka MOpChKa akaaemist"”

Io:xexki HA KOHTEITHEPOBO3aX — HEOXITHICTHL HOBUX MiAXOAiB Ta 3ac00iB

3 HaOYTTAM HaIIOKO JIEP>KABOIO CTATYCy KpaiHM-KaHAuaata Ha Bctyn o €C
O1TBIIIOI0 CYTTEBO 30UIBIIYETHCSA MOTpPeda y rapMoHi3allii HalllOHAJIBHOTO 3aKOHO-
JaBCTBa Ta 3akoHOoAaBcTBa €C, BIPOBAIKEHHI MI)KHAPOJHUX CTAHJIAPTIB Ta 1HTE-
rpaiii HallloHaJbHOI TPAHCIIOPTHOI Mepexi 10 TpaHc’eBpoONerchKoi TpaHCIOPT-
Hoi Mepexi (TEN-T). HarionanpHa TpaHCIIOPTHA CTpATETisl TAKOXK MOTpeOye MO-
JIepHI3allii 3riIHO MPIOpUTETaM Ta LM €BPONENHCHKOr0 3eJIEHOr0 KypCy B CEK-
TOP1 TPAHCHOPTY 1 MOOLIBHOCTI. Lle, B cBOIO uepry, 00yMOBIIIO€ HU3KY BUMOT II0-
710 HAasABHOCTI KOMILJIEKCY OpraHi3aliifHuX, KaJpOBHX Ta MaTepialbHUX PECYPCIB 1
HAJIEKHOTO MPABOBOTO PETYIIOBAHHSL.

Ononinena HamioHanbHa TpaHCIOpPTHA CTpaTeris YKpaiHW OpIEHTOBaHAa Ha
MIJBUIIUTH THCTUTYIIIHHOI CIPOMOXKHOCTI OpPraHiB YIpPaBJIIHHS TPAHCIOPTHOTO
CEKTOpY, CIPUATHME PO3BUTKY JIIOJICHKOTO KamiTany, nudposizalii ramysi 3 me-
TOIO0 MOJANBIIOT peati3allii raqy3eBux peopM Ta MATPUMKH €BPOIHTETPALIITHOTO
Kypcy YKpaiHu.

BiTun3HsHa eKOHOMIKAa HE 3MOJKE YCIHIIIHO PO3BUBATUCS 0€3 JOCTaTHHOTO 3a-
Oe3neueHHs] TPAaHCIOPTHOIO 1HPPACTPYKTYPOIO 3 BUCOKOIO HIBUAKICTIO JOCTABKH
BaHTaXIB Ta MACaXHUPIB, JJI1 YOTO MOTPIOHE HEBIIKIATHE CTBOPECHHS O€3MEUHUX
TPAaHCIOPTHUX KOPUJIOPIB.

TakuM 4MHOM, BaXKJIUBUM 1 aKTyaJIbHUM € TTUTAHHS CYTTEBOTO BJIOCKOHAJICHHS
rajy3eBUX MPOrPaMHUX JOKYMEHTIB Ta PO3POOJICHHS HOBHX MPOTPaAMHHX JIOKY-
MEHTIB y cdepax raiays3l MOPCHKOIO TPAaHCHOPTY 3 METOI0 BIAOCKOHAJIEHHS Jep-
YKaBHOI MOJITUKU Y NPIOPUTETHUX HAMpsiMaxX, BABHAYEHHS MOCIHIIOBHOCTI 1M JIJIs
pO3B’sI3aHHST BUSBICHUX MPOOJIEM, HOCATHEHHS MOCTABJICHUX IIUICH PO3BUTKY Y
cepax MOPCHKOTO TPAHCIOPTY 3a pe3yJbTaTaMH BHUKOHAHHS 3aIlUIaHOBAaHUX
B3a€MOITOB I3aHUX 3aBAaHb 1 3aX0/11B [1].

KinbkicTh aBapiiiHMX BUMNAAKIB, OOYMOBJIEHUX 3aropsiHHSIMU KOHTEWHEpIB, 3a
OCTaHHE JCCATUJITTS Ta IX HACIIJAKHU, MOB'sI3aHI 3 TPaBMaTU3MOM ab0 3aru0esuio
JIIOJIeH, Cepiio3H1 MOIIKOKEHHS a00 BTpaTH aKTHBIB, a TAKOXK MPOOJIEMH 3 HaB-
KOJIMIITHIM CEpEJIOBUIIEM TPUBEPTAIOTh 3HAUHY YyBary cepei 3alliKaBJICHHX
CTOpIH.

OTtxe, oneparopu JiHIA HAMOUTPIIMX KOHTEHHEPHUX IMEPEBE3EHb, CTPAXOBUX
KoMmmaHiid, MidkHapoaHa Mopcbka opranizaiis (IMO) Ta kiacudikariiiHi ToBa-
pPUCTBA BXXWJIM TIEBHUX 3aXOJIB JIJI1 3MEHIICHHS PU3MKY IMOXKEX1 Ta MOCUICHHS
e(peKTUBHOCTI OOpOTHOM 3 BOTHEM Yy pasi cranaxy. Uepe3 UMCICHHI MOXKEXKl Ha
koHTeriHepoBo3ax 2000 ... 2010 pormi m'aTh HAMOUTBIIUX KOHTEHHEPHHUX CYIHO-
miaBHUX JiHIN 3acHyBanu CINS-iximiatuBu. Meta 1i€i iHIIIATUBU TOJSITAE B
300pi iHGOpMAITii PO EKCILTyaTaIiifH 1HIUACHTH, IMOB'sI3aH1 3 BaHTAXEM, aHaJI3
310panoi iH(opMaIllii Mo BaHTaX1 1 KOHTEHHEP y IHIMACHTAaX, BU3HAYEHHS 30HU
3aHETMOKOEHHS Ta MPOMOHYBAHHS KOMIUIEKCY I MO0 MIABUIIECHHS OE3MeKH B
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JaHII031 KOHTEHHEpHHX TmepeBe3eHb. Ha oOCHOBI BuUIlle3a3HAYEHUX LJIEH
BIJIMOBIJIHI OPTaHU BJIAJIM MOXKYTh BHOCUTH 3MiHU Koy IMDG 1 KOHCYIBTYBaTH 3
NUTaHb HABYAHHSI, TIOB'SI3aHUX 3 MMaKyBaHHSAM Ta KPIIUICHHS BaHTaXXy B KOHTEHHe-
pax [2, 3].

[HIIMACHT 3 3aropsiHHAM KOHTEiHepa cTtaBcs y BepecHi 2024 poky. Hanpukiniii
poboUoro JHS MpOJyHANIa aBapiiiHO-TIONEpeKyBaJIbHA CUTHAI3allls, 1 Ha eKpaHi
rojoBHoro Mouitopy LIITY 3 sBuBcs namuc “CH #5 smoke detector abnormal”.
[IpoTunoxkexxHa cucrtema 3adikcyBaia guM B Tpromi. Ha Toit wac B LIIY Oynu
cTapiui 1 Ipyruii MexaHiku 1 kajaer. CHOBICTUBIIM CTApIIOTO MEXaHiKa, KajJeT
CTOBICTUB €JEKTPOMEXaHiKa, KUl MprUOyB y MalllMHHE BIJAUICHHS, JIe BXkKe OyIo
MPUTOTOBJIEHO O CUTYyalli MIHIMaJbHUN HAOlp IHCTPYMEHTIB Ta 1HPpadYEepBOHUI
TEPMOMETD.

OCHOBHUM 3aBAaHHSAM OYJI0 MPOBECTU NMEPBUHHUIN aHAJI3 1 BUSBUTU YU HE MA€
BIJIKDUTOI MOXEX1 B TproMi. EjexkrpomexaHik OyB Ha MNOCTIHHOMY 3B’SI3KYy 31
CTapIIMM MOMIYHUKOM KamiTaHa. TyT 3aluIimniocs JBa BapianTa: abo mpobiema 3
JATYMKOM a00 IIOCh TOPHUTH, aje HE BIAKPUTO. IIicist TOTO SIK B TPIOM CIIYCTHUBCS
caM CTaplIMid TOMIYHMK 1 TadyOHuUW KajaeT Oyjo MNPUNHATO pIllIEHHS WTH
CeHbHOpPCKUM CKJIaJIOM, OKpIM KalliTaHa, 3 JBOMa KajeTaMH. Takoxk OyJio B3sUIO
tepmokamepy FLIR.

Tepmokamepa "FLIR" - e cniemiansHuii mpucTpiit 71t CTBOPEHHS 300paKeHb
3 QyHKIII€I0 TeroBizopy. Lleit mpucTpiit OyB y 1aHOMY po3CiiyBaHH1 KIIFOUOBUM
TOMY IO B Ty MOPY poKy B [HmoHe3ii TemrnepaTtypa 308H1 +30 C, a B MalIMHHOMY
Bi/IUIeHH] 1 B Tptomax +45 C. be3neynux BapiaHTIB 0€3 creliaaIbHOro o0JagHaH-
Hs TPOCTO He OyI0.

OauH 3a OTHUM MOYaIM NEPEeBIpATUCH KOHTeWHepu. [IpubiusHo 3a 5-6 xBu-
JUH OyJO 3HaIeHO MPOOJIEeMHUI KOHTEHEp, TOMY IO BiH OyB Ha HAHMKYOMY
piBHI, aJie CUTYyalisl Iy>)KE€ CHJIbHO YCKJIaJHIOBAJIACh THUM, III0 B TOMY X TproM1 OyB
BUOyXOHeOecnieuHnil BaHTax. Beck exinaxk OyB MiAHATHI 32 TPUBOTOIO.

OcHOBHOIO 3a7auero OyJi0 CKOOpPAMHYBATH Aii B pa3l HemependauyBaHOIrO
pO3MOBCIOKEHHST BOTHIO. Cepel BapiaHTiB OyJo ciiakyBaTtu abo pooutu nepdo-
paitifo mpuctpoem cuctemu "Hydro Pen" i TymuTu 3cepeintu.

Jami #imumm qoBri 40 XBUJIMH MOCTIMHUX MEPEBIPOK TEMIEpATypH KOHTEHHEpA.
[TpoTsiroM 1bOro yacy TemiepaTypa moyaia CrajaTH 1 pa3oM 3 UM atMmocdepa
TPUBOTH, aJie CIIKyBaHHS 32 KOHTEMHEPOM MPOIOBXKYBaIOCh.

Yepes AB1 rOIMHU CTaH TPUBOTU OyB BiAMiHEHHH. | 3pa3y crasno iHIIe nmuTaH-
Hs: “’llo Oyno B koHTeliHep1? . Bylio Bi1oMO PO aBTOMOOUIbHI 3aIM4aCTUHU, aje
MOTIM BHECEHO YITKOCTI - aBTOMOOUIbHI aKyMYJSITOPH, SIK1 MiJ JI€I0 30BHIMIHIX
oOcTaBuH noyanu HarpiBatucs. Lle cTBoproBaio ayke HEOE3NeuHy CUTYyallito, 00
He OyJI0 BIEBHEHOCTI, 1110 BOHU HE BUOYXHYTb.

EdexTuBHicTh 00OpOTHOM 3 TakUMHM MAacIITAOHUMH TOXKEXaMU OlIbIIO0
MIPOIO 3JIEKUTh BiJl 4acy BHUSIBICHHS MICLIE3HAXOKEHHS EMILIEHTPY MOXKEeXK1, BU-
OOpy TaKTUKHU MPOTUIIOKEKHUX 3aXO/IB 1 4acy OJIOKYBaHHS ¥ MPUIYIIEHHS 3aro-
PSIHHS Ha IOYaTKOBOMY €Tari.
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Yac npuayiieHHs MOAyM s 0araTo B YOMY BHM3HAYa€ThCsl €EKTHBHUM 3a-
CTOCYBAaHHSIM BOTHETacsuuMx 3aco0iB y pailoHl 3aropsiHHs. Y CBOIO 4epry, Ha
e(eKTHBHICTh BUKOPUCTAHHS BOJSHOI 3aBICH CYTTEBO BIUIMBAE W 3ami3HIOBAHHS
"BOISHOTO yAapy" — 4ac, o MPOXOAUTh BiJl MOMEHTY BU3HAUCHHS CIIIICHTPY 3a-
TOPSIHHA O MOMEHTY HAaKpUTTS BOJOIO BOTHIO. Y 1€l IMPOMIKOK 4acy MOKEKHU-
MU CTBOJIM III€ HE HAaBEACHI Ha emIeHTp 3aropsiHHsa. HaBeaeHHs Takox ycKiai-
HSIETHCA KOJMBAHHSIMH KOPITYCY CyJHAa Ha XUTaBUIll. TOMY HalpsIMOK OCl KaHally
CTBOJIy B MOMEHT BUXOJly BOJU OyJie BIAPI3HATUCA BiJ HAMPSMKY, 3aIaHOTO KO-
MaHJUPOM TMOKEKHOTO PO3PAXYHKY. ¥ TaKMX YMOBaX MO3UI[IOHYBAHHS MOKEKHO-
ro CTBOJIA I[0JI0 BOTHMILA 3aTOPSIHHS BPYUYHY € CKJIAIHHUM, a 3a IEBHUX YMOB He-
MO>KJINBUM 3aBJIaHHSIM.

SIK HACHIIOK, YIyCKA€ThCS Yac TapaHTOBAHOTO MPUAYIICHHS BOTHIO M Ha ma-
Jaroye CyJHO HaIXOIATh JOAATKOBI Macu Bojau. OcTaHHs oOCTaBHMHA MOXE Hera-
THUBHO BIUIMBATH Ha MapaMeTpH OCTiitHOCTI cyaHa. Kpim Toro, Mmoxke OyTH BiaCyT-
HS MOJIMBICTh BI3yaJIbHOTO BU3HAYEHHS MICLS 3arOpsiHHS, SIKIIO BOHO Bia0Y-
BA€THCA HAa BEPXHIX sIpycax KOHTEHHEPIB.

OkpiM BOPOBA/KEHHS AaBTOMATH30BAaHUX 3acO0IB YMPABIIHHS MPOTHUIIO-
wexHumMu cuctemaMu (A3VIIC), yaBisieTbCst JOUUTBHUM TaKOXK PO3pOOKa 3aX0/11B
CIPSIMOBAHMX Ha CTBOPEHHS JIOKAJbHUX 3acC001B IPOTH LT MOXKexi [4, 5.

HaiiOinpm mpoctuM y peanmizaunii 3aco0oM Moke OyTH Mepexka MpPOTHIIO-
KEKHHUX BOASHUX Oap epiB (puc. 1).

|

IIpoTumoxkexHi BogsmHi 6ap'epu

Puc. 1. Cxema po3rairyBaHHs aBTOMaTH30BAHUX MPOTHITOXKEKHUX Oap €piB Ha KOHTEHHEPOBO31
(Momyi mo3HaueH1 OJAKUTHUX KOJEOPOM)

o cknany oGnagHaHHS Oap €piB MpaBOrO Ta JIBOTO OOpPTIB MOXYTh OyTH
TPyOOTIPOBOIN MOXKEKHOT CUCTEMH 3 HA0OPOM PO3MILIIOBAYIB Ta EMHOCTI 3 IMIHO-
YTBOPIOIOYOIO piauHHOW. 711 (QYHKIIOHYBaHHS CHUCTEMU BHUKOPHCTOBYIOTHCS
IITAaTHI MOXEXHI, 0aNacTHI Ta ocyuryBayibHi Hacocu. LI{ITbHICTh yCTaHOBKU pO3II-
WJIIOBAYiB MOBUHHA OyTH Taka, 100 TUIONIMHU BOASHUX 3aBIC, 110 YTBOPIOKOTHCH,
MEePEKPUBAIN OJIHA 1HITY. A pa30oM BOHH YTBOPIOBAJIU Oap €p, M0 PO3LIsLe OJIOKH
KOHTEHHEPHOTO BaHTAXy Ha CYy/IHI.

BukopuctanHs Takoi CUCTEMH BOISHHMX Oap €piB JO3BOJIMTH HE TUIBKU JIO-
KaJli3yBaTH ocepeAku 3aropsiHHs. [lomepeaHi OLIHOYHI PO3PAaXyHKU MOKAa3YIOTh,
[0 CYTTEBO MOX€ OyTH 3MEHIIICHO Yac, 3 SIKOTo OyJie po3nodyaTo 00poThOy 3 BO-
rHeM. Tak mis KoHTeiHepoBo3a noBxkuHOK 250 ... 260 meTpiB npu 60poTHO1 3
BOTHEM y HOCOBHX BIJICIKax KO€(]IIIEHT TOTOBHOCTI S MPOTHUIOXKEKHUX 3aC001B
s BoJsiHOTO Oap epy mocsrae 100 % npubnausHo 3a 4 xBunuau. [Ipu 3actocy-
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BaHHI MICIICBUX IOKEKHUX 3aCO0IB CHUJIaMU eKinaxy Jac t 30i1bI1ye Maitxe 10 15
XBUJIMH 3 MOMEHTY OTOJIOIIEHHS MOXKEKHOI TPUBOTH [6, 7].

Jl7is CTBOpPEHHS JaTYMKIB KOHTPOJIIO CUTYyallli Ta TiIpOMETEOpPOJIOTIYHUX TMO-
Ka3HUKIB HAMOUIBIN palliOHAIBHUM YSBIISE€THCS BUKOPUCTAHHS €JIEMEHTHOI 0a3u
BOJIOKOHHOI onTuku [8, 9]. BolOKOHHO-ONTHUYHI JaTYMKU MAIOTh BHUCOKY 4yT-
JMBICTH IO MUPOKOTO Koja (Hi3ndHnX BearndnH. OCHOBHUM KOHCTPYKTHBHUU eJie-
MEHT BOJIOKOHHMX BUMIPIOBAJIbHUX MPUCTPOIB 1 JTiHIH 3B'A3KYy — BOJJOKOHHUHN CBIT-
JIOBOJT HEUYTJIMBUI 10 BIUIMBY €JIEKTPOMArHITHUX TMEPemKo . BiH BUKOHY€EThCS 3
XIMIYHO THEPTHOTO KBapI[OBOTO CKJIa, TOMY J0Ope MPaIffo€ B YMOBaX arpeCHBHOTO
BITMBY 30BHINIHBOTO CEPEIOBUINA, IO 3a0e3MeUy€e JOBIOBIYHICTH 1 IIBHIKOIS
BOJIOKOHHO-ONTHYHUX JAaTYMKIB 1 1H(POPMaLIMHO-BUMIPIOBAJIBHUX CHUCTEM Ha
iXH1{ OCHOBI.

BukopucTtanHs MNPOTUIOXKEKHOTO BOASHOTO Oap epy MPOMOHOBAHOI KOH-
CTPYKIIii J03BOJIUTH 3HAYHO CKOPOTUTH Yac OOpOTHOM 3a KMBYUICTh aBapilHHX
cyleH. BrmpoBajkeHHS JaHOTO CXEMOTEXHIYHOTO PIIICHHS MOXE IMO3UTUBHO
BIUTMHYTH HAa €KOHOMIYHI TMOKa3HUKU MOpPCHKOi 1HmycTpii. OcobiuBO 1€ CTO-
CyeTbca O€3MUIOTHUX CyJeH. be3miioTHI cyHa MOXYTh OyTH JOCTAaTHBO e(ek-
TUBHUMM, MEHII KOIITOBHUMHU Ta OLIbII NPUOYTKOBUMU IIOJ0 Cy4aCHUX TPaHC-
NOPTHHUX CYJIEH 3 eKinaxeM. Ajle HalTrOJIOBHIIIE, BIPOBAIKEHHS O€3M1JI0THUX CY-
JIEH 3 €(PEKTUBHOIO CUCTEMOIO MOKEKHOI 0€3MEKH, TO3BOIUTH 3pOOUTH 3HAUYLIUH
KpPOK y pO3B's3aHHI 3aJ1aui 3a0e3neueHHs 0€3MeKU CyTHOBOIIHHS Ta OC3MEKHU KUT-
TeISTLHOCTI JItoauHaN Ha Mopi [10].
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Ko3unpxuii C.B.
HarmionansHuit yHiBepcuteT “Omecbka MOpChbKa akajaemis”

HanorexHoJiorii — muisix Ajs epeKTUBHOT0 301/IbIIEHHS] pecypcy CyIHa

VY 21 cTomiTTi pO3BUTOK HAyKHU Ta TEXHIKH, CIPAMOBAHHI Ha JOCIIKCHHS
XapaKTePUCTUKH MaKpoOO'€KTIB Ha MOJEKysspHOMY piBHi. Llsg obGnacte Hayku i
TEXHIKH OTpUMalia Ha3By HaHOTexHoJjoris [1]. ¥V aiamaszoni po3mipis 1 -100 HaHO-
METpIB 3MIHIOIOThCS (P13WYHI 1 XIMIYHI BJACTUBOCTI PEYOBHH, a iX YHIKaJIbHI BJla-
CTUBOCTI 3HAaXOMATh 3aCTOCYBaHHS y BCiX oOnacTsax. B mariit poOoTi mocmimKeHi
BJIACTUBOCTI MTOBEPXOHb MOKPUTUX HAHOMATEplajJaMH, 3aCTOCYBaHHS SKUX 3011b-
HIy€ pecypc KOpIyCy CyaHa Ta 3MEHIIIYE€ BUTPATH Ha €KCIUTyaTallio Cy/THA.

3axucm Kopnycy cyoHa 6i0 Kopo3ii

Koposist Ta 00pocTaHHs KOpHYCY 3aBJa€ BEJIUKOT €KOHOMIUHOI Ta €KOJIOTiY-
HOI IIKOJM, a IpsiIMi €KOHOMIYHI BTPATH BiJ HUX cAratoTh 440 MIbApAIB 107apiB
CIIA mopoky. HalimommupeHimuM MeTOI0M 3aXUCTy METaJIB Bij KOpo3ii € ¢ap-
OyBaHHsI, 3aBJIIKM HU3bKIA BapTOCTI, MPOCTOTI 3aCTOCYBaHHS, JIETKOCTI peCTaB-
parlii Ta MOXKJIMBOCTI CIIOJIYYCHHS 3 1HIIMMH METOJIaMU 3aXHCTY. 3aBISKH HAHO-
TEXHOJIOT1SIM MOKHa OTPUMATH TMOKPUTTS, SIKI 3aXUIIAIOTh MOBEPXHIO METAIB
Habarato Kpaiie, HDK Ti METOJAM 3aXUCTy BiJl KOpO3ii, 10 3aCTOCOBYBAJIUCS
paniie. MeTo/laMy HAHOTEXHOJIOT1i OTPUMaH1 MOKPUTTS, K1 3aXUIIAIOTh TTOBEPX-
HIO METaJliB Ha0araTo Kpaiie TPaJAHuIIHUX, OCKUIBKH TMPOCOYYIOTh MOBEPXHI Me-
TaJdy TOBUIMHOIO B KUIbKa MIKPOH, CTIHKI 10 MEXaHIYHOTO 3HOIIYBaHHSI, XIMIYHO
ctiviki Taki nmakogaponi martepianu (JIOM) nepenbayaroTh HEBETUKUN BMICT
byHKUIOHATBHUX 100aBOK (Ha piBHI 1-5%) B perienTypHOMY CKIIajl, IO MICTSTh
HaHodazy, Hanpukiag, SiO2 (~20 um), TiO, (5-10 uM), Byrienesi HaHOTPYOKkH [2].

YTBOpeH1 HaHOOOOJIOHKH HE JIMILE 3aro0IratoTh KOpO3ii, aje MarTh HAHO-
MacmTabHI CTPYKTYpH MOBEPXHI, Kl 3HWXKYIOTh OMIp BOAM, IO 3yMOBIIOE 3HU-
YKEHHSI €HEPTrOCTIOKMBAHHS CYyZIeH. AHTUKOPO31iHI TOKPUTTS 3 BUKOPUCTAHHS Ha-
HoyacTuHOK (HY) 3a paxyHOK iX HEpPIBHOBaXXHOTO CTaHy MPOSBISIOTH CAMOOp-
2aHi3ayito — CaMOCTIHHO 3aJTIKOBYIOTh (PEMOHTYIOTH) MIKPOTPIIIUHU HA TIOBEPXHI1
kopnycy cyaHa. lle 3nauHO mosinirye eheKTUBHICTh 3aXUCHOTO mapy. Taki Jia-
K0(hapOOB1 MOKPHUTTS MAIOTh BETUKHI TEPMIH CITY>KOU — 110 5 POKIB.

3axucm Kopnycy cyoHna 8io 0i0102iuHill KOpO3ii ma 06pocmanns

[TpucyTHICTH y BOJI KHCHIO, BYTJIEKHCIIOTO ra3y Ta CIPKOBOIHIO € KUBHUJIb-
HUM CEPEJIOBUINEM IS MIKIJJTMBUX MIKPOOPraHi3MiB. MiKpoOpraHi3aMu € BaXKJIv-
BOIO MIPUYMHOIO O10JI0TTYHOI KOpO3li, IKa 3yMOBJIEHY JISUIbHICTIO OaKkTepii Ta 1H-
IIMX MIKPOOpPraHi3miB. biojoriune oOpocTaHHs cyJieH OaKkTepisiMu, BOAOPOCTIMH 1
TBApMHAMHU 3HIKYE MIBUAKICTb PYXY CY/JHA, MOTIPIIYE €KCIUTyaTalliiiHl BIacTH-
BOCTI, BeJle 10 pyHHYBaHHS KOHCTPYKLINA. 3aBASKA HAHOTEXHOJOTISIM MOXHa OT-
pUMaTH IMOKPHUTTS, Kl 3PPEKTUBHO 3aro0iranHs 00pocTanHs Ta 010kopo3ii [2].

Hanpuknan, npu nogaBaHHi HaHOYACTOK cpibia (~5—20 HM) MOKPUTTS Ma-
I0Th YHIKaJIbHI aHTUCENTUYHI BJACTUBOCTI IUIIXOM MPOHUKHEHHS B OaKkTepiaibHy
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KJIIITHHY, 10 MPUBOAMTH O J€3aKTUBallli (hepMEHTY, MPUIIMHSAE pICT OakTepiH i
3YMOBIIIO€ 3aru0ens 0akTepiaibHOI KIIITUHU (puc.1).

Hanocpioao
pYHHY€ KIITKOBY
CTIHKY OaxTepii

Hanocpioao atakye JHK
faxTepii Ta mepemKoLKY€E

PO3MHOKEHHIO :
Hagocpi6.10 nopymye

00MIH pe40BHH 0aKTepii

Puc. 1. Mexanism BrmiBy HU Ag Ha GakTepii Ta #ioro antuGaxTepianbi Biactupocti [ 2]

HY oxcumy meraniB, Taki sk ZnO Tta TiO; mig gi€ro mamgar0doro KBaHTa
CBITJIa yTBOPIOIOTH akTUBHOI popmu kucHiO (ADK), 1m0 mpuBOAUTH A0 Pi3KOTO
OKHCITIOBAIBHOTO TIPOIIECY, OCKITBKY BKJIIOYAIOTh 10HM KHCHIO 3 HECTIApEHUMH Ba-
JICHTHUMHU €JIEKTPOHAMHU, SIKI TPOSBISIOTh HAA3BUYaliHY aKTHBHICTH. [licis mpo-
HUKHEHHs 4yepe3 00010HKy ADK cnpuuunnsae nomkomkends JJHK 1 PHK, oxuc-
JICHHS JIMiAIB, 3MiHY O11Ka, 1HT10yBaHHS epMeHTiB Toio [3].

Bukopucmanns cynepziopogoonux mamepianie

st mMATpUMKH CyJHA, MOTO €JIEMEHTIB Ta MEXaHI3MIB B €KCILUTyaTaliiHii
TOTOBHOCTI Haiyacrime 1 pa3 Ha 5 poKiB BUKOHYIOTbCSI peMOHTH1 pobitu. Lls cy-
KYIHICTD A1i 3M1MCHIOETHCS Y CyXUX Ta IUIABYYHX JOKaX 1 BUMAara€ 3Ha4HUX BHUT-
pat. BukopucrtanHs HaHOMaTEpialliB 3HAYHO CIPOIYIOTh TaKy MPOIEAYPY.

[ToBepxHi, IKI HE 3MOYYIOThCSl PIIMHOIO HA3UBAIOTHCS 2iOpoghodnumu, nis
HUX KyT 3MouyBanHs @ >x [ 2. TloBepxHi, s sikux 6 ~ 150°—170° Ha3uBarOTHCS
cynepziopogpoonumu (CI'), BOHM e(PEKTUBHO BIAIITOBXYIOTh PIUHY, TOMY € IEp-
CIIEKTUBHUMHU IS 3aXHCTY MOBEPXOHb [4]. JIuIie TeKCTypoBaHi MOBEPXHI MOXKYTh
Ooytu CI'. Y 11boMy BUMaJKy MOKJIMBI JBa MEXaHI3MH 3MOYYyBaHHs (pHc.2).

a) 0)

Puc. 2. Mopen 3MouyBaHHS TEKCTYPUPOBAHUX TTOBEPXOHb:
a — Mozenb Kaci-bakcrepa; 6 — monens Benmens
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Y wmoneni BeHuens piiuHa 3aloBHIOE yC1 HEpiBHOCTI, a y Mojeni Kaci-
bakcTepa kparuis piliHA KOHTAKTY€E JIMIIE 3 MAJIOK YaCTHHOIO IMOBEPXHI TBEP/IO-
O Tija 1 He MPOHUKAE Y HEPIBHOCTI, SIK1 3alIOBHEHI MOBITPSIM.

. o * .. .
PiBHSIHHS 11 KpailoBOTO KyTa 3MOYYBaHHS € CTPYKTypOBaHOI MOBEPXHi
PIIMHOO, SIKE OMMCY€E MOYIIMBI BUTIAJIKH, Ma€ HACTYITHUIA BuJ [5]

cosd =f,(1+cosé, )-1 (1)
ne 6, — Kyt 3MOYyBaHHS PiAMHOIO aHAIOTIYHOI TUTOoCcKOl moBepxHi, f,— gactku
TJIOIINI B3a€EMOIIT TBEpJIie TUIO — piguHa. 3 piBHIHHSA (1) BUIHO, IIT0 BEIMYMHA KyTa
3MOYyBaHHS 6 3pOCTa€ MpH 3MEHINEHHI BennauHu f |

JlJis BOAOBIIIITOBXYBAJILHUX BJIACTUBOCTEW KpIM BHUCOKOTO 3HAYEHHS KyTa
3MOYYBaHHS HEOOXITHO MaJle 3HaYCHHs TicTepe3nucy KyTa 3MouyBaHHs H , Skuii €
pI3HHUILICIO 3HAYEHb KyTa HaTiKaHHA 6,,, Ta Ky-

Ta BIATIKaHHA 6,;, PIAMHYA HA TOXWIII NOBEPX-
Hi (puc.3)
H = ouam - esiO' (2)

[Ipy 30UIBIIEHHS MIOPCTKOCTI CIOYAaTKy
3poctae H , a mpu MOJANBIIOMY PI3KO 3MEH-
IIYETHCS, KO 3A1MCHIOEThCS TIEpeXij 31 CTaHy

Puc. 3. KpaiioBi KyTH HATiKaHHs Benuens no crany Kaci-bekcrepa, nis sxoro
@,,, Ttasirrikanss 6, ricrepe3uc kyrta 3mouyBanHs H y 10-20 pas
MEHIIIUM, HIXK 17151 ctany Bennens [19],

Otxe, nis crBopenHsi CI' cTany Ha moOBepxHI HEOOXITHO JAOCATTH CTIMKOTO
eHepreruyHoro crany Kaci-bakcrtepa Ha Hiil. JIoCSTHEHHS TAaKOTO CTaHy 3aJI€KUTh
BiJl GOpMH TIOKPUTTS MOBEPXHI; MOBEPXHEBOTO HATATY PIAUMHH, IO 3MOYYE; TO-
BEPXHEBOI e€Heprii MaTepiaiy, 10 YTBOPIOE MiAKIAJKY; TeMIEpaTypu 3MOYyBaH-
H$l, 4acy 3MOYYBaHHs TOILIO.

OtpumyroTs CI” moBepXHi IUIIXOM YTBOPEHHS TOHKUX HAaHOCTPYKTYPOBAHUX
TUTIBOK Ha MmoBepxHsxX Tii. s nporo BukopucroBytots HU Al2O3 3 xapakrepHuM
po3mMipoM 16 HM, Yy iHIIOMY BUTIQJIKy BHpoIyBaau HaHomwtiBky ZnO [6] 3a moro-
MOTOI0 OCaJKEeHHsI B XiMiyHiM BaHHI. llle onun meTon — po3nuieHHs abo 3aHy-
peHHs oBepxHi y Boauui po3unH HY TiO2 (po3mipom 16 HM).

HaitnpupabauBima Jjs MPakTUYHOTO 3acTocyBaHHs BiacTuBicTh CI' mo-
BEPXOHb € IXHS 30amHicmb 00 camoouuuienna. 3a3Bu4ail Ha ckJil a00 IHIIUX He-
OpraHiYHMX MaTtepiajlax BOJa Ma€ KOHTAKTHHM KyT, IO KoiauBaeTbcs Bix 30-40
rpaayciB. Ha Takux moBepXHSX JETKo (POPMYIOThCS Kparuii, 1[0 MOTraHO KOB3al0Th,
1 B MpOIIECl BUCHXAHHS BOJIM HA TIOBEPXHI a0copOyeThest 1 HopMyeThes mIap muiy,
3a0pyIHIOIOYM HAJBOAHY TMOBEPXHIO KOPITYCY Cy/aHA. Tak, HAmpuKiajd, LTFOMiHA-
TOPU HABITAIIHHOTO MICTKA CTAIOTh KAJIAMYTHUMU 1 TIOTIPIIYIOTh OTJISI, & TIOKPH-
ta HY Al203 noBepxus ctae CI' i Bojia cCKO4y€eThCsl 3 HEl, 3aXOIUTFOIYH TP [IEOMY
YACTUHKHU WYy 1 Opyay, HE 3aJIMINAIYU CHIiAIB BiJ 3a0pyaHeHb. MiHIMI3yHOUU
HakonuyeHHs1 Opyny CI' moBepxHi COPUSIOTH IOBFOBIYHOCTI Ta €()eKTUBHOCTI Ma-
TepialdiB 1 KOHCTPYKIM, TOMY 3HaXOJATh 3aCTOCYBaHHS J[UIsl OYMILECHHS SIK
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HAJIBOJIHOI TaK 1 MIJBOAHOI MOBEPXHI KOPIYCY CyAHA Ta JUJIS 3aXUCTy KOPIYCiB
CYJIeH BIJl KOpO3ii, 3a0pyJHEHHS 1 MOJIMNIICHHS T1APOAUHAMIYHUX BJIACTUBOCTEH
CyJHa.

Buxopucranus CI' wmarepiamiB 3a0e3nedye CyTTEBE 3MEHILIEHHS CHII
B3a€EMO/IIi MK KOPITYCOM Cy/IHa Ta OOpPOCTalOUNMHK MaTepiaiiaMu. Tak, CHIIN ajre-
3ii 7o CI' moBepxHi y 160 pasiB MeHII, HIXK 0 OTOJICHOI MOBEpXHi [7], mo mae
MO>KJIUBICTh OUUUEHHA NIOBOOHOT YACMUHU KOPNYCY CYOHA 0€3 BUKOPUCHAHHA
00KY.

bopomuoa 3i 31e0eninnam
Oxenenpb( puc.3), 0 BUHUKAE MPU EKCIUTyaTallii CyJlHa B yMOBaX HU3bKHX
TEMIIepaTyp 1 BUCOKOI BOJIOTOCTI MOIIKO/KYE KOPITYC CyJHA, CTAHOBUTH 3arpo3y
JUTst 0€3MEKU PyXy CyJHA Ta MPUBOUTH IO 3HAYHUX €KOHOMIYHUX BTpAT.

Puc.3. 3ano6iranHs 371eICHIHHIO KOPIYCY CyIHa

3amMep3aHHsI Kparelib BOJU Ha TBEp/il MOBEepXHi [8] MpUBOAUTE 10 HACTYITHUX
PIBHSIHB: JJI TEIJIOBOrO OMOpPY R MiX Kpariero Ta MOBEPXHEIO

R hX +h(l—Xi ) | 3)
254, 252
JUIsl acy Mixk (a3HOTO TEMI000MIHY MK Kparjielo BOJIU Ta IIOBEPXHEIO
= PV (4)
SH (Tm _TS )

ne A; — TeIUIONPOBITHICTh JIbOIY, Ag — TEIUIOMPOBIIHICTh MOBEpXHi, X; — (ak-

TOP BIUTUBY TEIUIONMPOBIAHOCTI JbOAY, N — Koe(dillieHT TerIoBiIadi MiXK Kpari-
JICI0 BOJM Ta TIOBEPXHEI0, S — IUIONIA KOHTAKTYy Kparull BOJW 3 MoBepxHet, L —
NUTOMa TEIUIOTa MApOYTBOPEHHS, P — rycTHHA Boau, V — 00’eM kparuti Boau, H

— KoeQilieHT TemoBingayl, I, — piBHOBaXHA TeMmIleparypa 3aMep3aHHs, lg —
TeMreparypa MmoBepxHi.
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Amnani3 gopmyi (3) ta (4) Bka3zyroTh Ha JiBa (DaKTOPH, K1 MOSCHIOIOTH TIepe-
Bary CI' maTepiaiB: YMM MEHIIA TETJIONPOBIAHICTb Ay MOBEPXHI, TUM OUTBIINN
TEIJIOBUH ommip R MK Kpamiero Ta MOBEPXHEIO; YUM MEHIIA TUIOMa S 31TKHEHHS
Kparuii 3 TOBEpXHEI0, TUM OiIbIui yac t 3amep3anns kpamii. Otxe, CI' moBepxHi
MPOSIBIISIIOTH XOPOII BIACTUBOCTI MPOTHU 37eAeHIHHA. JliiiCHO, MiIHA TITIBKa Tpa-
(dheHOBOT HAHOCTPIUYKH Ma€ BHCOKY MIIHICTh, € CymepriapodoOHO0, a TaKoX Je-
MOHCTPY€ BIACTHUBICTh MPOTHU 3JICACHIHHSA, SKa 3aro0irae 3aMep3aHHIO BOJIH, IO
HaJIXOJIUTh, 10 Temrneparypu —14 °C (puc.3)

Jlpyroio mpoOnemMor0 IUlaBaHHS Yy MIBHIYHMX palloHax € Oopotbba 3
HACJIIKaMU 3JIeJIeHIHHA, Kooy Ha mokputtsix CI' 3’saBiserbcst oOMep3anHs. Po-
3pooseHi pororepmiuHi CI' TOKPUTTA SK 3 MACHBHUM 3aXHCTOM BiJ| 3JIC/ICHIHHS,
Tak 1 3 QYHKIISIMA aKTUBHOTO PO3MOpokyBaHHs [8]. DoToTepMiuHMIT eEKT MOXKE
30UIBIIUTH TEMIIEpaTypy NoBepxHi MOKPUTTIB CI' HIIAXOM NEpEeTBOPEHHS COHSAY-
HOi eHeprii B TEIio, 1 TaKUM YMHOM LIe OuIblle BiACTPOYUTH abO HaBiTh 3a-
noOIrTH OOMEpP3aHHIO Ta MPUCKOPUTU PO3ZMOPOXKyBaHHs. Koy 30BHIIIHA TeMIie-
paTypa TpOXH HI>KYE HYJIA, TeMIiepaTypa noBepxHi pororepmiuaux CI" OKpUTTIB
MO>Ke OyTH BUIIIE HYJS, 1 TAKUM YMHOM MOYKHA TTOBHICTIO 3a1100IrTH OOMEP3aHHIO.
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borau B.M., Kosneraes M.O., loBuaenko FO.M.
Hamionansauit yaiBepcutet "Opechka MOpChKa akaaemis"”

ITinBuIIEeHHS €KOHOMIYHOCTI JTYOPUKATOPHOI CHCTEMH CYTHOBOI'0 I'0JIOBHOTO
JABUTYHA

VY cdepi miaBUIIeHHS HATIHHOCTI Ta TEXHIKO-€KOHOMIYHUX TMOKa3HUKIB POOO-
T JU3€JIB 3HAYHE MICIIEe MOCIJAI0Th MUTAHHS BIOCKOHAJIIEHHS CHCTEM Ta IIPO-
[[ECIB 3MaIllyBaHHS IMIIHJPIB, 110 CTAIM OCTAHHIM YacOM IPEIMETOM IIUPOKUX
JOCTIKEeHb, B pPe3yibTaTi SKUX OylIM BUSABICHI Ta OOTPYHTOBaHI MPUHIUIOBI
PO30DKHOCTI MK TPaJULIHHUMHU YSBICHHAMU MPO poOOTY JTyOpUKATOPHHUX CH-
CTEM 1 TUMHM Mpoliecamu Mojaydl Macja B HUJIHJIP, K1 MaIOTh MICIIE HACIIPaB/I].

Pa3oMm 3 1iuM B eKcruTyartallli 3HaxoAuThCs 0€3/114 ABUTYHIB, Ha SIKMX, HE3Ba-
YKAKOUM HA X OJJHOTHUITHICTh, BUKOPUCTOBYETHCS KIJIbKA BAPIAHTIB JIyOPHUKATOPHUX
CHCTEM, KOXEH 3 IKHX MAa€ CBOi OCOOIMBOCTI, 10 YaCTO HETATUBHO BIUIMBAIOTH HA
OpraHizailiro 3MallyBaHHs HUAJTIHIPIB.

Hepigko excrimyarairisi Takux JABUTYHIB BIAPI3HSAETHCSA 3aBUIIICHOI BUTPATOIO
HUWTIHAPOBUX MacCesl, YaCTUM PO3KPUTTIM IUIIHAPIB, 3HAYHUM 3HOCOM KUIEIb 1 iX
MOJIOMKOIO, & TaKOX CYTTEBUMHU HarapaMmu B IWJIIHJAPI 1 BUITYCKHOMY TpakTi. Bce
11e 00YMOBITIO€ HEOOXIAHICTh MONIYKY NUISXIB MiABUIICHHS €()eKTUBHOCTI POOOTH
CUCTEM 3MalllyBaHHS HUJIHIPIB, 3 ypaxXyBaHHIM iX 0COOJIMBOCTEH.

®dopcyBannsa JIB3 Ta 3acTocyBaHHS Ba)XKMX COPTIB TajUB 3 ITIJIBUIICHUM
BMICTOM CIpPKH, MOTIPIIYIOTh YMOBH pOOOTH MOT0 AeTaneil, M0 3HaYHO MiJIBUILYE
BUMOTH JI0 CHCTE€M 3MalllyBaHHs. Jl0 iICHYHOUMX JTYOpPHUKAaTOPHHX CHUCTEM, KpIM
CTBOPEHHS BUCOKOTO TUCKY B HAarHITAIILHOMY TPYOOIIPOBO/Ii, BUCYBA€THCSI BUMOTA
Mo/1a4ul Macja B pailoH BEpXHIX MOPIIHEBUX KIEllb.

be3nepepBHa 3amiHa Macia CBIKOIO MOPIIEI 1 MIATPUMAHHS BIACTUBOCTEH
MacJsHOI IJIIBKM Ha JA3€pKajil UUJIHAPA MOXKIIMBE MPHU PETYISIPHOMY, PIBHOMIp-
HOMY 1 OJHOYACHOMY HAJXO/PKCHHI MacTujia 4epe3 BCi OTBOPU Ha A3EpKajo
HUTIHAPOBOT BTYJIKU. Y BIJJOMHX CHCTEMax Iojlaya BIAMIPEHOT TUIYHKEPOM TMOPIIii
Macja B MITYIEPH OJHOTO IWIIHApA BiAOYBA€ThCA B Pi3HI MEPIOAM Hacy, 1 HOro
BEJTMYMHA CTAHOBHTH JIUIIIE KIJIbKA KyOIdHUX MUTiMETpiB [1].

Jyist BUSIBJICHHST OCOOJIMBOCTEH, SIKI MalOTh MicIle TIpy poOOTI TyOpHUKATOPHUX
CHUCTEM B yMOBaX JOBIOXOJIOBUX JBUTYHIB, PO3TJISTHEMO MPOLEC Maclionojadi 10
TiHapiB cyqHoBuX ausenaiB MAN-B&W tuny L-MC/MCE.

[Ipu gocnipkeHH] mpoliecy mojadl mMacia B MWIHAPHU JBUTYHA MPOBOAUBCS
OJIHOYACHMM 3aIliC Ha TUTIBKY 3a JOMOMOTOI0 ociuiorpada Ta MBUIKICHOT KiHO-
KaMepy HACTYIMHUX MMapaMeTpiB: TUCK rasiB y UMJIIHAPI ABUTYHA, P1i; TUCK ra3iB Ha
KJIamlaH MaclITHOTO INTYIepa 31 CTOPOHU IWIiHIpa, Pr; monokeHHs MEepTBUX TO-
YOK MOPILHA, B.M.T.; XiJI TUIyHXepa JyOpukaTopa, Xim; TUCK Macia B TpyOoIpo-
BOJI, IO 3'€HY€E JTyOpHUKATOp 3 MACISHUM IITyIepoM, PM; Xin KilamaHa MacistHO-
ro mTynepa, Xk; BUTpaTa Macjia yepe3 ITyLep; Mo3Hauku Jacy, T.
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CunxpoHizallis KIHOIUIIBKY 1 ocluiiorpadgyBaHHs 3A1HCHIOBAJIACS IO 3aIKCY
Ha ociuIorpad BKIIOYEHHSIM CUTHAJIBHOI JIAMITH, SIKa 3HIMAJIacsd Ha KIHOIUIIBKY. Y
MIPOBENICHHI Ii€1 pOOOTH CTAaBUIIUCS TaKi OCHOBHI 3aBJIaHHS:

BUSIBUTH HEJIOJIIKM B CHCTEMI T10/1a4yi MacThjIa B MWJIIHIPH ABUTYHA 1 BUSHAUU-
TH B SKIH Mipi Il HEMOIIKM BIUTMBAIOTh HA BUHUKHEHHS 3aTUpaHb 1 IHTCHCUBHUX
3HociB neraneit L{I1I" nBuryHa;

BU3HAYUTH ONTHUMAJIBHUN PEKHUM PETYIIOBAHHS TMOJadi MAacTWIa B IUAJIIHIPH
JBUTYHA.

B pesynabTaTi BUKOHAHOT POOOTH MAOCHIPKEHO TMpOIleC TMojadl Macja B
nuiiaapu ABuryHiB MAN-B&W Ha pi3HUX pekuMax 1 BUSBJICHO HEJTOJIKU B 3a-
BOJCbKOMY peryitoBaHHi. [Ipu BunpoOyBaHHSX BCTaHOBJIEHO, IO B JOBIOXOJIO0-
BUX JIBUTYHAaX I0jladya Macjia B HWIIHAP 3[1ACHIOETHCS B IMEPI0J HATHITAIHHOTO
X0y TUTYHKepa JTyOpuKaropa 1 JJis XOPOIIOi OopraHizailii MalleHHs UIIHIPIB
HEOOXITHO BIJIPETYJIIOBATH MPOIIEC MAcJONo/Aaul 3 TaKUM PO3pPaXyHKOM, I100
Macjo0 HaJXOJIMJIO0 B IMJIIHJAP B MOMEHT PyXy MNOPUIHEBUX KIJIEIb MUMO KaHaJiB.

3aBOJIChKE peryJiloBaHHs He 3a0e3rnedye mojavyy Maciia B MOTPIOHUN MOMEHT,
MacJjo MOCTYNAaE Ha MOPIIEHb HI)KY€ KOMIPECIMHUX KUIElb 1 TOMY O1JIbIlIa YacTH-
Ha HOr0o HE BUKOPHCTOBYETHCS 32 MMPU3HAUYCHHSM.

JlocmimKeHHST MPOBOAWIIMCS Ha PI3HUX PEXUMaxX HABAHTAKEHHS TOJIOBHOTO
JBUTYHA B IIMPOKOMY Jlana3oHl peryIOBaHHs KUIBKOCTI MOJIaBaHOTO Macia J1yo-
PUKATOPOM.

Ha excruryaramiitnomy peskumi ripu n = 180 xB-1 perynboBaHi mapameTpu Io-
Jayl Maciia 3MIHIOBAJIUCS Y MEXKax:

X171 myHxepa gyopukaropa (4...8,6 Mm);

IIUKJIOBA TI0/1ava Macia yepe3 oaud mrytep (0,09...0,18 r);

nutoma Butpara macna (0,8...1,2 r/kBt-roxn).

OcnunorpadyBanHs poOOTH JyOpukaTopHOi cucteMu (puc.l) mokazano, 1o
npolec Mojavi Macia B MUIIHAP MOYMHAETHCS 3 HEBEJIIMKUM 3ami3HEeHHAM (4...5°
MOBOPOTY KOJIHYACTOTO Bajly) MICJs MOYATKy HArHITAJbHOTO X0y IUTyHXepa JTy-
Opukaropa. Uepe3 kK0okH1 JiBa 000pOTH JABUTYHA IUTyHXKEDP JTyOpUKaTOpa 311MCHIOE
HarHITAIbHUMN X1JI CHHXPOHHO 3 pPyXOM MOPIIHS.

[Iponec mogaui Macia B IUJIIHIP BiIOYBA€ThCS
IIPU BUCXIJTHOMY PYyCi MOPIIHS B TOW MOMEHT, KOJIU
MOPIITHEBI KUIbLS M€ HE MIMIUIA 10 KaHaJiB, IO
miaBOAATh Maciio. He3anexxHo Bif BENIWYUHU XOMY
TUTYHXKepa, To/iada Maciia B IMUWTIHADP 3aKIHIYEThCS
npu TmoyiokeHH1 mopmrHg 780 micas HM.T. Y 1en
MOMEHT TIPOTH KaHAJIIB 3HAXOJIUTHCS JIPYre MOPIII-

Puc.1. Ociiunorpama nmogadgi HEBE KUIBIIE.
macuna B wainap 1 (h = 4,0 Yepes 3...50 IIOBOPOTY KOINIHYACTOrO Baily
au, N = 180 x67). (5...8):10-3 ¢ 3 MOMEHTY IIOYaTKy HArHITAILHOTO
X0y TUIyHXepa JIyOpukaTopa, TUCK Macjia B CUCTEMI Iepes KilanaHoM IITylepa
nigsuinyerbess Ha 0,05...0,06 MIla ta npotsrom 0,01 ¢ BiakpuBaeThbcs KiamnaH
mynepa. [Iporec mogayi Maciia B WIHAP Y KOKHOMY MK Ha peskumi 180 xB-1
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tpuBae 0,02...0,08 ¢ B 3a1eKHOCTI Bl KIJIBKOCTI Macja, 10 nojaerbes. [lics
3aKIHUYCHHS HarHITAIBHOTO Xoay muryHxkepa depes 0,02...0,025 ¢ (10... 8° moBopo-
Ty KOJIIHYACTOTO Bajy) TUCK Macjia B CUCTEMI Majae 10 3aJUIIKOBOTO, B PE3YJib-
TaTl YOTO 3aKPUBAETHCS KJIAmaH IITyIepa 1 Mpolec Mmojavyi macia B IMTHIP
3aKIHUIYETHCS.

3a myOpuUKaTOpOM BCTAHOBIIIOETHCS TMOCTIMHMKA 3aymmkoBuii Tuck 0,2 MIla.
BennunHa 3aMIIKOBOTO THCKY B CHCTEMI MOKE 3MIHIOBATHCS B 3aJICKHOCTI Bij
THUCKY Ta31B Ha KJIAIaH MACJITHOTO IITYIIepa 1 3aTsDKKU MPYKUHU KianaHa. [[uki
Mojiayul Maciia B IMJIIHJP MOBTOPIOETHCS Yepe3 JiBa 000poTH ABUTYHA. Yepes Ko-
YKEH IITYIEep 3a OJMH IIUKJI MOJAE€ThCS OJIHA - JIB1 Kparui Macia. J[jig nominimeHHs
MacJjonojayi B JIyOpPUKATOPHY CHCTEMY JBUTYHA JOIIIBHO BKJIIOYUTH aKyMYyJIs-
TOpU TUCKY [2]. AKyMyJSITOpHA CHCTEMa MpHU3HAa4YeHa /i 30UIBIICHHS 4acTOTH
nojiayul mMacjia B HWJIIHJIP 32 paxyHOK CTBOPEHHS YMOB y HarHiTalbHOMY TPakKTi,
110 3a0€3MeYy0Th MOXKIIUBICTh MOJILTY MOPIi, [0 HATHITAETHCA IUTYHXKEPOM, Ha
KUIbKa YaCTUH.Y MEpioJ] HArHITaJIbHOIO XOAY IUTyHXXepa JIyOpuKaropa, akyMyJis-
TOp 3aBASKH MPYKHUM BIACTHUBOCTSAM i€ SK KOMIICHCATOP 1 HAKOMUYYBad, IO
3HMKY€E THCK Macjia B CUCTeMI, HaOImkaround oro a0 noctiHoro. [IpyxHi Bia-
CTUBOCTI aKyMyJsITOpa BHOMPAIOTBCS 3 PO3PaxXyHKYy CTBOPEHHS THCKY Macjia B
HarHiTaIbHOMY TPYyOOIPOBO/I1, IO MEPEBUILYE MPOTUTUCK HE OLIbIIE HIK Ha Je-
CSIT1 YaCTKU aTMocdepu.

Ha puc.2 npencraBneHO BIOCKOHAJIEHUM IITyHEp - aKyMyuasaTop [3] sxkuit
CKIIQZAEThCs 3 KOpIycy | Ta emacTuyHOi akyMyssiTopHOT eMHOCTI 5. Kopryc aky-
MYJIATOPHOI €MHOCTI 3'€THAaHUN 3 OJHOTO OOKY 3 HEPYXOMHUM JTHOM 31 IITOKOM
wiyrkepa 4. [lo3uiiroBaHHs HEPYXOMOTO JHA BUKOHYETHCS OONTOM 3, AKUM
(hIKCYEThCS HAKUIHOIO TaKor0 2. 3 1HIIOro 00Ky €EMHICTH 3 KOPIYCOM ILTyH)XKepa
HEpO3’€MHO 3'€IHAHA 3 PYXOMHUM JIHOM, IO Mae momnepeddi orBopu 6. IlITtok
HEPYXOMOTO JIHA 3 KOPITYCOM ITUTYHXKEpa, 10 Ma€ MONEPeuHi OTBOPH, YTBOPIOIOThH
TUTYH)KEpHY Tapy.
“‘ 7 P 3aBISKA aKyMYJSITOPY HaIXOJDKEHHS Macia B
_/_ ITyuep 3IIACHIOETBCA 1 B NEPIOAN, KONH ILTyHXKEP

| yOpukaTopa HepyXxoMuil ab0 3[1HCHIOE X1J BCMOK-

\ULyHXepa JIyOpHKaTopa Moplis mMacia, AUTMThCA Ha
~~"11pKa (10 10 1 OLIBIIE) BITHOCHO PIBHOMIPHHUX MOP-
SN [, unM 3a0e3medyeThCs HAAXO/KCHHS Macjia B
| UWTIHAPY JBUTYHA HA KOKHOMY 000pPOTI.
Pric.2. Peryisrop THKY B pe3ynbrari BunpoOyBaHb O0yji0 BUSBICHO OJIHY
MalIeHHs (ITyIep - 00CTaBUHY, sIKA HETaTUBHO MO3HAYA€ThCA Ha POOOTI
aKyMyJIATOD). CUCTEMHM 3MalllyBaHHs LWIIHAPIB - 1€ BIACYTHICTh Ha
JIESIKUX THUIAX JIyOpUKATOPIB HETIOBOPOTHOTO KJIara-
Ha. lle BUKIIMKaEe KOIMBaJbHI SIBUIA B MACJIONPOBO/IL, 1110 B KIHIIEBOMY MIJCYMKY
HECHPUATIMBO BIUIMBAE HA MTPOLIEC MOJaul 1 [T0/1ady Macia B LAIIHAP.
[Ipu BuKOpHCTaHHI B IyOpUKaTOpax Ha JIiHIT HarHITaHHS MyJIbCYIOUNX MOKaX-
YUKIB IOTOKY, HECIHPUSATIMBUNA BIJIMB ONHUCAHOTO SIBUINA JEIIO 3HUXKYEThCS,
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OCKUJIBKU POJIb HEIIOBOPOTHOI'O KJIallaHa MEBHOIO MIPOI0 BUKOHYE CaM MOKAKYUK.
Sk BUAHO 3 HABEJIEHUX OCIIIIOrpaM (puc.3) 3a HAIBHOCTI B CUCTEMI aKyMyJIsITOpa
TUCKY, TIOPYIITY€ETECS CHHXpOHISaI_Il}I 1oJiayi Macia 3 pyXxoM IMOPIIHs, BCTAHOBJICHA
3aBOJIOM-OY/IIBEJIbHUKOM 1 HAAXOJKEHHS HOTo 3 TpyOOmpoBOIY 4epeB KIIanaH
MAacCJISTHOTO MITYIEepa B HWIIHAP PETyII0€ThCA TUCKOM Ha KIIalaH ra3iB 31 CTOPOHH
UTIHApPA.

Y 1mpoMy BUMAAKYy Mojada Macjia B IMUIIHID
3MIACHIOETBCS ABiYl 3a OOOpPOT JBUTYHA, KOJIU
THUCK B IWIHAPI MaJae HUXKYE HIK THCK Maclia B
TpyOOIIPOBOAi, IPU TAaKOMY PETYJIIOBaHHI CHCTE-
MH, OCHOBHa KUIBKICTh Macjia HaJIXOJuTh B
WITIHAP NpU BUCXITHOMY PyCl MOPIIHS, KOJU BiH

: 3HaXOAMUTHCS BUIIE MACIISTHUX KaHAIB.
Puc.3. Ocumnorpama momadgi . .
macia axymynaropom (h Pe3yJILTaTH JIOCTI/DKEHHS  TIpOTIecy  Moziadi
=7,35mm, =182 x6?) Macja B IWIHIPU JTOBTOXOJOBHUX IBUTYHIB J103-
BOJISIFOTH 3pOOUTH TaKi OCHOBHI BUCHOBKU:

1. B excryaramii auryHiB MAN-B&W cnocrepiraerbesi mocusaeHe Harapo-
YTBOPEHHSI Ha MOPIIHI BUIIE KOMIPECIMHUX KUIELb MPOTU MICUb MiJBEICHHS Ma-
ctuna. Hepinko 3a3HadaeThcs, 110 1€ Harap MOBHICTIO 3alOBHIOE 3a30p MIX
MATIHAPOM 1 mopimHeM 1 motidye pobouy moBepxHIo IwmiHapa. [lomamanas da-
CTHHM KOKCY 1 30JbHUX 3QJMIIKIB Maciia 3 MOpPIIHA Ha poOOYy IMOBEPXHIO
UTIHAPIB MOKE MOPYIIUTH ITUTICHICTh MACJSHOT TUTIBKY 1 BUKJIMKATU aOpa3uBHUMA
3HOC;

2. 3 MeTOI yCyHEHHS HEJOJIKIB B OpraHizailii MamieHHs UUAJTIHIAPIB ABUTYHIB
MAN-B&W HeoOxiaHO 3MIHHUTH 3aBOJICHKE PETryJIFoBaHHS (a3 rmojgayi Maciia 3 Ta-
KUM PO3paxyHKOM, III00 Macjo Momnajaio Ha MOpUIEHb B palloH Kilelb 1 BUKIIIO-
YUTH MOJ]a4y HOTO BHUIIE TIEPIIOTO KOMITPECCIHHOTO KUTBIIA.

3. BukopucranHs akymysTopa 3a0e3nedye Haaxo KeHHS Macia B HUJIHIPU
JBUTYHA BIIHOCHO PIBHOMIPHUMH MOPUISIMU Ha KOXXHOMY OOOpOTI, 1110 MiJABUIILYE
e(EeKTUBHICTh POOOTH JTyOPUKATOPHOI CUCTEMH.
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VJIK 620.3

Jlatum O.M., Mensauk O.A.
Hamionansauii yaiBepcuteT «Oechka MOPChKa aKaaeMis

BI/IKOpHCTaHHH HaOMaTepiaﬂiB MJIA SMEHBIICHHA TEPTH Ta 3HOCY B
MeXaHIiYHUX mapax

TpuOosnoris - e HayKa, 10 BUBYAE TEPTS, 3HOC Ta 3MallyBaHHs. B ocranHi
poku cdepa TpuboJIOrii po3mupuIacs 3 NosgBow HaHoMactui. Hanomacruna - e
JUCIIEPCisi HAHOYACTUHOK B 0a30B1 OJIMBH, KA IPUBEPHYJIA YBary 3aB/IsIKU CBOEMY
NOTEHLIHHOMY 3aCTOCYBaHHIO. JloJlaBaHHSI HAHOYACTHHOK B 0a30Bl1 OJIUBU € TEp-
CHIEKTUBHUM, OCKUIBKH II€ TIOKpAIy€e TPUOOIOT1UHI XapaKTEPUCTHKH, BKIIOYAIOUH
3HOCOCTIMKICTD 1 TEPTS, @ HAUTOJOBHINIA TPUYHUHA MOJATAE B TOMY, 110 OUIBIIICTb
3 HUX € €KOJIOTTYHO YHCTUMH.

3malnryBaHHs - 1€ Mpolec a0 METOJ| 3MEHILICHHS! TEPTSI 1 3HOCY JBOX BIJIHOC-
HO PYXOMHX MOBEPXOHb 3a JIOMOMOTor0 MacTuia. [lepeBarn MacTuia BKIIOYAIOTh
3aXUCT BiJ 1pKi, BOAM Ta NUITY. 3HOC 1 TEPTSI MOXKYTh IPU3BECTH /10 BUXOAY 3 Ja1y
oOnajHaHHs 1 BTpaT eHeprii. TepTs B JBUTYHI Ta IHIIUX PYXOMUX YACTHHAX MOXKE
IPU3BECTH J0 BTPAaTH TPETUHU BCl€El BUKOPUCTOBYBaHOI eHeprii nmanusa. Kpim To-
ro, MacTWIO € HE3aMIHHUM 3acO00M, SIKUH BUKOPUCTOBYETHCS ISl 3MalllyBaHHS
MEXaHI3MiB, 1100 3aXUCTUTH MPAIIOI0Yl MEXaHIUHI JIeTajl BiJ 3HOCY 1 3MEHIIUTH
TEPTSL.

MinepanbHa OJisl K MacTUJIBHUN MaTepiall BUKOPUCTOBYETHCS BXKE JABHO.
Opnak 3a0pyIHEHHS BOJHHMX 1 Ha36MHUX €KOCUCTEM, CIPHUYMHEHE YTHIII3aLI€l0
MiHEpaTbHUX MacTHJ, 0€3MOCEePEIHbO BITMHYJIO HAa HABKOJIMIIHE CEpPEIOBHIIE.
AJnbTEepHAaTUBHE JIKEPEIIO, TaKe SIK O10MACTHUIIA, € MEPCIEKTUBHOO 3aMIHOIO MiHe-
payibHIi 0JIMB1, OCKUIBKH BOHO O10JIOTTYHO PO3KIIAJAETHCS 1 HE € TOKCUYHUM. Kpim
TOTO, 010MacTUJIa MarOTh Psijl MEpeBar y MOPIBHSAHHI 3 MIHEPAJIbHUMH OJIMBAMM,
BKJIIOUAIOYM BIIMIHHY 3MallyBajbHYy 3JaTHICTb, BUCOKY TeMIIepaTypy craiaxy,
B'SI3KICTH 1 HU3bKY JICTIOYICTb.

Jlns momanbInoi MiHIMI3aIii 3HOCY 1 TepTsA B cUcTeMi 10 0a30BO1 OJIMBH J10/a-
I0Th HEBEJIMKY KUIBKICTh MPHUCAIOK, SIKI MOKPAITYIOTh 1 MOCUIIOIOTh BIACTHBOCTI
onuBH. LI mpucaakum MoxyTb OyTH MPOTU3HOCHUMH, MPOTH3AAUPHUMHU, aHTHKO-
po3iiHuMHU, JUcTieprytouuMu. [IpoTU3HOCHI Ta MPOTH3aAUPHI MPUCATKHA 0COOIUBO
4acTO BUKOPUCTOBYIOTHCS JUIsl 3MalllyBaHHS MeXaHIYHUX naeranei. Crif 3a3Hauu-
TH, 10 TPAJAMIIIINHI MPOTU3ATUPHI Ta MPOTUIHOCHI MPUCATKU - 11€ CIOIYKU XIIOPY
Ta ¢ocdopy, ski Oyau 0OMEKEeH1 Y BUKOPUCTAHHI 3 METOIO 3aXUCTY HABKOJHUIITHb-
oro cepenowuiia. Jlist mogoaaHHs i€l MPoOIeMr BUBYAIOTh BUKOPUCTAHHS HAHO-
YaCTUHOK SIK HOBOTO KJIaCy MPHUCAJ0K JO MACTHUIIBHUX MaTepiaiB.

BinbmricTe HaHOMPHCAIOK € €KOJIOTIYHO YUCTUMHU 1 JEMOHCTPYIOTh IMOKpa-
IIEHHS TPUOOJIOTTYHUX BJIACTUBOCTEH MACTUJI, OCKIJILKM HE MOTPEOYIOTh TpHOO-
aKTUBHUX €JIEMEHTIB, TAKUX K XJIOp, (pocdop 1 cipka, sKi € MIKIAJIMBUMH JIsI HaB-
KOJIMIITHKOTO cepenoBuia. KpiM Toro, HaHOMETPOBUH Jiala3oH PO3MipiB HAHO
OpUCagOK 3JaTHUM  3alOBHIOBATHM KOHTAaKTHI 3a30pu. Hano mnpucanku
(GYHKIIIOHYIOTh $IK TPUCAAKUA Ta MOAU(PIKATOPU TEPTS, OTPUMYIOTH BHUCOKY
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TEPMIUHY CTAOUTHHICTh 1 BCTYHalOTh B PEAKIil0 3 IOBEPXHEI TepTs Oe3 1H-
JTYKLIIHOTO TIepiofy.

Btpatu eneprii uyepes TEPTA JIyKe BUCOKI. BTpatu eHeprii B IBUTYHI 4epe3
TepTs PU3BOJIATE 110 HArpiBaHHSA 1 CIIPUSIOTH 3HOCY MOBEPXOHb PYXOMHUX YAaCTHH.
BrpaTtu eneprii uepe3 TepTs MOKHA 3MEHILIUTH 3a JOIMOMOTOI0 TEXHOJIOTIH, KpiM
TOTO, /JIsl IOI0JaHHS BTPAT €HEPrii Ba)JIMBE 3HAUCHHS Ma€ JO0JaBaHHS MPHUCATOK
B MacTHJIO, sIKi 3a0€3MeuyI0Th HallKpallle 3MallyBaHHs.

MexaHiuH1 BIaCTUBOCTI TPUOOJOTIYHOI CHCTEMHU MOB'SI3aHl 3 TBEPHAICTIO Ma-
Tepially 1 MIOPCTKICTIO MOT0 MOBEPXHI, TEOMETPIEI0 KOHTAKTY 1 MEXaHI3MOM KO-
B3aHHS JIeTajeil, Mo TPyThCs. 3a3BUyail MaTepial, 0 BUKOPUCTOBYETHCS JJISI BU-
npoOyBaHHs, Mae TBepAicTh Oim3bko 30-64 omuuwmip 3a mkamoro Rcokwell C
(HRC) 1 mopctkicts moBepxHi 0,01-1,0 mxm. Hanpukiian, TBepAICTh 1 HIOPCTKICTD
MOBEPXHI CTaJIEBOI KYJIbKH, 1110 BUKOPHUCTOBYETHCS B YOTUPHKYJIBKOBOMY TpHUOO-
MeTpi, ctaHOBUTH 62 onuuui 3a mkano Rcokwell C (HRC) i mopcTkicts mo-
BepxHi 0,040 mxm [1]. OgnHak, 11e Bce 1€ 3aJIeXUTh BlJl THIYy MaTepiainy, MpoLecy
3arapTyBaHHS Ta MOKPUTTSA. B OCHOBHOMY, UMM BHILA TBEPAICTh MaTepiajiB, TUM
OlIbIlIa 3HOCOCTIMKICTh, B TOM Yac SIK HMXKYa IIOPCTKICTh MOBEPXHI MaTepialiB
CBIIYMTH MPO Kpallly 3MallyBaHiCTh. [[poOreMaTiyHO mOpiBHIOBATH TPUOOJIOTTUHI
pe3yibTaTH MK PI3HUMH TUIIAMU TPUOOMETPIB, TAKUMH SIK YOTUPHUKYJIBKOBUUI
TpuboTecTep, MTUPT HA AUCKY, (C) OJOK Ha KiabLl, (d) ITHPT HA TIIOCKIN MO-
BEpXHI Ta (€) KyJibKa Ha IUIOCKIM MmoBepxHi. Lle moB'si3aHO 3 pi3HOI TEOMETPIEI0
KOB3aHHS 1 MEXaHI3MOM KOB3aHHS, HaNPUKJal, KOB3aHHS 1 KOUeHHs. (pUCYHKY]).
JlocToBipHE MOPIBHAHHS MO€ OyTH JOCATHYTO NMPU BUKOPUCTAHHI TIOJIIOHOTO TH-
ny TpI/I6OMeTpa

J/

Pucynox 1.  HaiinmommupeHnir reoMmeTpuuHi KoH}irypauii Tpu6oI0riuHuX BUpoOyBaHsb: (a)
YOTUPHUKYIBKOBUN TpuOomeTp,(b) TUT HA TUCKY, (C) 610K Ha K1k, (d) ITHT Ha TIOCKIH
MOBEPXHi Ta (€) KyJIbKa Ha IIIOCKiH TOBEPXHI.

TpuGonoriuai mporecu, TOOTO MPOIECH KOHTAKTY, TEPTSA 1 3HOIIYBAHHS, SK
paBuJiIo, MOB'A3aH1 3 Oe3nocepeHIMU (PI3UUHUMU B3a€EMOISIMUA MIXK 3A1HCHIOO-
YUMU BIJHOCHHMM pyX moBepXHsMH. Ha Bci 11 mpoliecH BIUTMBAa€ MacTUIILHUIN Ma-
Tepiai, TPU3HAYEHHS SIKOTO MOJISAra€e B MO PyXOMHX BIJHOCHO OJIHA OJIHOI IO-
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BEPXOHb IUIIBKOIO MaTepiajly, 3/[aTHOTO ITiJI/IaBaTUCS 3CYBY 3 MaJIUM OIOPOM 1 6e3
OyIb-SIKMX YIIKOJI?)KEHb ITOBEPXOHb.

B 3amexHocti Big ¢opMu TOBEpXOHb TEepTs, MaTepiaiiB, poOOUYMX YMOB 1
IPOMIXKKY MK MTOBEPXHSIMHU MOXKHA BUAUTUTH TPU TOJIOBHUX PEXKUMU MAICHHS:

1. NapoauHamiyHe MaIeHHs.

2. 3milane MaIieHHS.

3. 'paHnyHE MaIICHHS.

Hanomactuna. BukopucranHs HaHOMaTepialiB sSIK MPHCATOK IO MAacCTHUI
BiJIOME SIK HaHOMacTwia. SIK MpaBujIo, iXHINA JlaMeTp YaCTMHOK CTaHOBHUTH BiJ 1
10 100 aM. Bukopucranus HaHOMacTUJI B 0a30BUX OJIUBaX a00 MOKPUTTSIX CIIPUSIE
3HAYHOMY 3HWKEHHIO TE€PTS 1 3HOCY, IO JEMOHCTPYE IliKaBi TpUOOJOTIYHI Bila-
cTuBOCTI. HanomacTmina MoXyTh OyTH CHHTE30BaHiI OJIHOCTaAiMHUM abo JBO-
cTaaiitHuM metozoM. [Ipu ogHOCTaMIiHOMY METOA1 HaHOMAcTUJIa 0e3M0CePETHBO
(GOpMyIOThCS 32 TOMOMOTOI0 XIMIYHOIO Ipolecy. Y JBOCTYIIEHEBOMY METOA1 Ha
NEepIIOMY €Talll HaHOMAaTepladl CUHTE3YIOTh Y BUIJIAJ CYyXOro MOpouIKy (hi3ud-
HUMHU 200 XIMIYHUMHU METOJIaMHM, a Ha JPYroMy €Tami iX JUCHEPryroTh B 0a30Biii
OJIMBI1 32 JIONOMOTOK METOAIB 3MILIYBaHHS 3 JUCHEpPraropamu ado MOBEPXHEBO-
aKTUBHUMH pe4oBHHAMH a0o 0e3 Hux [2],[3].

Bba3oBi omBuH. MacTuibHI MaTepiaid MOAUIAIOTBCS HA TPU BUIU: TBEPAI,
HaIIBTBEP/Il Ta PiAKI. K mpaBuiIO, MaCTUIbHI MaTepiall CHHTE3YIOThCS 3 TPhOX
pi3HHUX TUMIB 0a30BUX oJiMB. Lle MiHEepasibHa OJIisl, CHHTETHYHA OJiid Ta 010MacTH-
na. MiHepanbHy OJil0 OTPUMYIOTh 3 CHpO1 HAdTH NUIIXOM (DPaKIfHOI MeperoH-
Ki. MiHepaiabHl OJIMBH € €KOHOMIYHO BUT1IHUMHU 0a30BUMHU OJIMBAaMH, a TaKOX €
NOLIMPEHUM MAaCTHJIBHUM MaTepiajioM, SIKUW IIHPOKO BUKOPHUCTOBYETHCS B IPO-
MUCJIOBOCTI, aji€ 3aBJa€ MIKOAM SK JOBKULIIO, TaK 1 30pOB'10. 3a3BUYail iX BUKO-
PHUCTOBYIOTh Y JIBUTYHAX, PEAYKTOPaX, MiIIUIHUKAX Tol0. CHHTETHYHE MACTUIIO
MITYYHO BUTOTOBJISIETHCS 3 BYIJIEBOJHIB a00 1HIIMX XIMIYHUX pedoBUH. CUHTe-
TUYH1 OJIMBU 3a0€3MeUyI0Th Kpalll BIACTUBOCTI MOPIBHSAHO 3 MiHEPAIbHUMHU OJIU-
BaMM, B TOMY YHUCJI 3/IaTHICTh 3MalllyBaTH 3a 1YK€ HU3bKUX a00 BUCOKUX TEMIIE-
paTyp 1 3a0e3rneuye Kpamuii 3aXucT Bij 3Hocy. KpiM TOoro, CHHTETUYH1 OJIUBU Ta-
KOXK 3a0e3MeuyIoTh psiji eKOHOMIYHHUX IepeBar, BKIIOYal0ud 3MEHIIEHHS CIOXKH-
BaHHSI €HEprii Ta BUTpAT Ha OOCIYyroBYBaHHS, IIJIBUILEHHS €HEproeeKTUBHOCTI
Tomo. bioMacTiiia B OCHOBHOMY BHUTOTOBJISIIOTHCS 3 POCIMHHUX OJIIM, TaKHX SIK
COHSIIIIHMKOBA, KOKOCOBA, ATpo(da, pinakoBa Ta najibmoBa Ta iHu. biomactuna €
aJIbTEPHATUBHUM JDKEPEJIOM uepe3 IX HIMPOKE PO3MOBCIOHKEHHSA, a TaKOXK €
BITHOBJTIFOBAaHUMH, O10pO3KJIaJHUMH Ta €KOJIOTIYHO YHCTHUMU. biomacTuia MarTh
psii mepeBar HajJ MIHEpaJbHUMH OJIMBaMH, BOHM MAlOTh BHCOKY 3MalllyBaJIbHY
3/IaTHICTh, BUCOKHI 1HACKC B'SI3KOCTI, BUCOKY TEMIIEpaTypy Crajiaxy, HU3bKY Jie-
TIOYICTb 1 BUCOKY JIUCIEPCHICTH [4].

Pi3Hi THIIM HAHOYACTHHOK SIK MPUCAJOK 10 MACTHII
3a XIMIYHUM CKJIaJOM HAHOYACTUHKHU CKJIAJalOThCs 3 METallB, OKCHIIB Me-
TajiB, CyJib(iiB, HAHOKOMIIO3UTIB, HAHOYACTUHOK BYTJIEIIO Ta PIAKICHO3EMEIb-
HUX CITOJYK.
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MexaHi3M 3MalllyBaHHS NpPU JI0/JaBaHHI HAHOYACTMHOK B OCHOBHOMY KJIa-
cudikyroTbcs Ha 1Bi rpynu. [lepmia rpyma - e npsMa Jis HaHOYaCTUHOK Ha T0-
KpaIIeHHs 3MallyBaHHs (€(eKT MiIIMITHUKA, YTBOPEHHS 3aXUCHOI TUIIBKH), a IPY-
ra rpyrma - IoKpaiieHHs MOBepXHi (TIOTipyBaHHs,BiTHOBICHHS) [5].

Tabmuns 1. Knacudikaris 3a XIMIYHUM CKJIAJIOM Ta CTATHUCTUKA PO3MOALTY XiMid-
HOTO CKJIaJly HAHOYaCTHUHOK.

Turmm % Hanowactunku

Meranu 18 Ag, Bi, Co, Cu, Fe, Ni, Pd, Sn, Al, Zn.

Okcua Merany 21 Al;O3, CuO, Fes304, TiO2, Zn0O, ZrO;

Byriteits Ta foro noxii 13 I'paden, anmas, BYTJICIIEBI HAHOTPYOKH, OaraTocTiHHI
BYTJICIIEBI HAHOTPYOKH

Cynbdign 16 WS, MoS;, CuS

Pigxo3emenbHi CrIonyKu 3 LaFs, CeO>

Hanokomrio3utu 15 Al203/Si0z, ALOS/TIO,,
Cu/okcun rpadeny, WS»/MoS,

T 14 SiO,, noniterpadroperiieH, BN

Edexr kouennsi. 3a3Buuaii cepuyni abo kBazichepuyHi HAHOUYACTUHKHU
JUIOTh SIK MIAPUKOMIIIIUITHUKY, SKI KOTATHCS MK KOHTaKTHUMH TMOBEPXHSIMH 1
MEPETBOPIOIOTH TEPTS KOB3aHHS B KOMOIHAI[IIO TEPTS KOB3aHHS 1 KOYCHHS.

YTBopeHHs 3aXMCHOI IUIIBKU. Y 1[bOMY MEXaHi3Mi HAaHOYACTUHKH yTBOPIO-
10Th aMOop(HUH 1Iap (3aXKUCHY IUTIBKY) Ha MOBEPXHSIX TepTs [6].

Edexr BinnoBsennsi. EQekt BiTHOBIEHHS a00 CaMOBITHOBJIEHHS, 110 XapaK-
TEPU3Y€ETHCS BIIKIAJCHHIM HAHOYACTHHOK HA MOBEPXHSX, IO TPYTHCS, KOMIICH-
cye BTpatu MacH [6]. KpiM Toro, HAHOYaCTHHKHM TaKOX OCADKYIOThCSI Ha TIOBEPX-
H1 3HOCY 1 3a[IOBHIOIOTh KaHABKM HA TTOBEPXHAX MEXaHIYHHUX Map.

EdexT noaipyBanns. Edext nonipyBaHHs, KUl TAKOXK Ha3UBaIOTh €(heKTOM
3TJIaJKyBaHHS, 3MEHIIIY€ MOPCTKICTh 3MaIllyBajJbHOI MOBEPXHI 3a PaXyHOK CTH-
paHHS HAaHOYACTUHKAMHK MMOBEPXHI KOHTAKTY B MeXaHIYHUX map [5].

Po3Mip HAHOYACTHHOK € BaXXJIMBUM IapaMeTpoM, SIKHi Oe3M0CcepeHbO BILIH-
Ba€ Ha TPUOOJIOTIUHI XapaKTEPUCTUKKA HAHOMACTIII. UMM MEHIIHA po3Mip 4acTh-
HOK, TUM Jeruie BOHM NPOHUKAIOTh Ha TOBEpXHi, 10 TpyThecs. s HaHOMa-
TepianiB 3 po3mipom 100 HM 1 BuIlE, 3MEHIIIEHHS PO3MIPy YaCTHHOK BiJIIIOBi/Ia€
30UTBIIIEHHIO TBEPAOCTI 1 HABIAKH, JJIsl pO3MIpPIB YACTUHOK, 3a3BUYAl MEHIIIUX 3a
10 HM, 3MEHIIEHHS PO3MIPy YAaCTHMHOK BIAMOBIJAE M'SIKOCTI HaHOMAaTepiaiB.
k1o TBepAICTh HAHOYACTUHOK BHUIIA 32 TBEPJIICTh MaTepiaiiB MEXaHIUYHOI Hapu,
1Ie MPU3BEIC JI0 TOSIBH BM'ATHH 1 mojapsnuH [7]. Takum 4uHOM, pO3Mip 1 TBEPAiCTh
HAHOYACTUHOK CJIiJi BpaxOBYBaTH MpHU MPUTOTYBaHHI HaHoMacTui. Po3mip, KOH-
HEeHTpallisi Ta MOp(}OJIOTisi HAHOYACTUHOK MAalOTh BaXKJIMBE 3HAYEHHSI JJIsI TTOKpa-
IICHHS TPUOOJOTIYHUX XapaKTEPUCTUK. BaXIMBO 3HAWTH ONTHMAalbHY KOHIICH-
Tpallil0 HAaHOYACTHHOK B 0a30BuX onuBax [8]. Lle mo3Bonmiio O He TIILKU JOCIITH
MaKCHMAaJbHOTO MOKPAIIEHHS, ajie i 3a01aANTH Ha COOIBapTOCTI MPOAYKIIIi.
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Metanu. MertasneBi HaHO MPHUCAIKA MAIOTh MaJHil pO3Mip YaCTHHOK, BEITUKY
IJIOINY TOBEPXHI, HU3bKY TeMIIepaTypy IUiaBieHHs. BoHu 3a0e3neuyroTh BiMIHHI
TpUOOJIOTIYHI XapaKTEPUCTHKU Ta (PYHKIIIIO CaMOBIAHOBICHHS SIK MPHUCAAKH JI0
mactw [9]. Bkimouarouun Cu, Bi, Sn, Fe, Ni, Al, Pd, Co, Zn. MexaHi3m 3ManryBaH-
HSl METaJICBUX HAHO MPHUCATIOK MOXHA PO3JIJINTH HA: a) IOBEPXHEBI BIACTUBOCTI
3MIHIOIOTBCSL 1 PO3AUISIIOTH JIBI TIOBEPXHI TEPTs 3 YTBOPEHHSIM TPUOOIUTIBOK, IO
3a0e3Ieyye MOKPAIEeHHST TPHOOJIOTIYHUX XapaKTePUCTUK; 0) HAHO MPHUCAJIKH IIe-
PEKOYYIOThCS MiXK JIBOMa IMOBEPXHSIMH TEPTS, IO TPHU3BOAUTH 10 3MEHIICHHS
TEPTS 1 3HOCY; B) TEIUIO 1 THUCK, III0 TEHEPYIOTHCS IMiJT Yac POOOTH, MPU3BOASATH JI0
VIIITFHEHHS HAHO MPHUCAJKU Ha JOPIKIN 3HOCY, TPHUOMY 1€ SBHUIIE PO3TIIAIAETh-
sl SIK peMOHTHHUI a00 crikarounii edext [10]. Tpubomoriuni BIaCTHBOCTI HaHOYA-
ctuHok Fe, Cu 1 Co Ta ix cymili sIK IPUCATOK 10 MACTUJIa HA MiHEpaJIbHIN OJIMB1
SAE 10 moxkazanu, mo BukopucTtaHHs HaHO CU € Halle(DeKTUBHIIIUM JJIS 3MEH-
HIeHHs TepTs 1 3Hocy [11]. lomaBaHHS HAHOBICMYTY JIO JIETKOT Ta BaXKKOi 0a30BOi
OJIMBU TPHU3BEJIO OO 3MEHIIEHHS 3HOCY 3 535 nmo 454 MM Ta 651 mo 563 mkwm,
smeHmeHHs Tepts 3 0,091 mo 0,052 ta 0,074 no 0,047 [12]. JlonaBaHHS HAHOKYTI-
pymy a0 mapadiHOBOI OJIMBU NPHU3BENO 10 3MeHIIeHHs TepTs (23%) Ta 3HOCY
(26%) [9]. JocnimkeHHsS TPUOOJIOTIYHUX BlIaCTHBOCTEH HaHOHIKe0 B [TAO6 m0-
Ka3aJio 3HIWKeHHs 3Hocy Ha 7-30% 1 tepTs Ha 5-45% [13]. Kpim Toro, nogaBaHHs
HaHO Al 301IbIINIIO HECYydy 31aTHICTb 1 MOKPAIIHUIIO TepTs Ta 3HOC [14].

Oxcua Mera/utry. B sKOCTI mpHcagoKk OO MAacTHJI BUKOPUCTOBYIOTHCS Pi3HI
okcuau Mertaiis, BKirogyaroun TiO,, CuO, ZnO, Al,Os, Fez04, ZnAl,O4. Mexanizm
3MalllyBaHHS METAJOOKCHJIHUX HAHO MPHUCAJOK MOMIOHUN 10 MeXaHI3My 3Ma-
IIYBaHHS METAJIEBUX HAHO MPHUCAJIOK, BKIIOYAOUH €()EeKT KOUEHHs, CIIKaHHS Ta
BIJIHOBJICHHSI, & TAaKOX YTBOpeHHs TpuOorutiBok. JlogaBanusa TiO; 1o macTuiia Ha
BOJHIN OCHOBI JIEMOHCTPY€ BIIMIHHI TpUOOJOTIYHI XapakTepuctuku [15,16], B
TO# 4ac gk B MoTopHiii 0Bl SAE 20W 40 3H0C 3HAaYHO 3MEHIIIMBCS, a TEPTS 3HU-
suocs Ha 50% [17]. TpubGomoriyni BaactuBocti Al;O3 B Y4UCTOMY MacTHIII 3a J0-
MOMOTOI0 JIBOX THIMIB TPUOOMETPIB: 3a JOMOMOIOK YOTHPUKYJIBKOBOIO TpHOO-
MeTpa cepe/iHiil KoedilieHT TepTs 3MeHIuBcs Ha 17,61%, a qiametp mpamy 3HO-
cy - Ha 41,75%][18]. Tepts 3menmryerbess Ha 23,92% mpu BUKOPUCTAaHHI TPUOO-
MeTpa 3 YHOPHHUM KilbIleM. lle TOsICHIOEThCS YTBOPEHHSM 3aXHMCHOI IUJTIBKH Ha
MOBEPXHI KOHTAKTY Ta €(EKTOM KOUYEHHS.

Hanomarepianu Ta HAHOTEXHOJIOTIT Jal0Th HAM MOXJIMBICTH Kpallle 3p03yMITH
SBUIIIA TEPTS Ta 3HAYHO 3MEHIIUTH TEPTS Ta 3HOIIYBAHHS, HDK TPaaWIlIAHI Ma-
Tepianu Ta TexHoJorii. Po3mip, koHIeHTparlis Ta MOp¢oJIoTiss HAHOYACTUHOK Ma-
I0Th BXXJIMBE 3HAYCHHS JJISl TMOKPAIEHHS TPUOOJIOTIYHUX XapakTepucTHK. Kpim
TOTO, BXJIMBO 3HAWTH ONTUMAJIbHY KOHIICHTPAIlI0 HAHOYACTHHOK B 0a30BUX
onuBax. lle m03BoMII0 6 HE TUTBKHU JOCITTA MAaKCHMAaJIBHOTO 3MEHIIUTU TEPTS Ta
3HOIIYBaHHS ajie MaTH €KOHOMIYHUM e(eKT.
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VJIK 620.3
Menpauk O.A.

MapkyBaHHs cTaJiei

MapkyBaHHs cTajlell — I1e CHUCTeMa I03HAYeHb, SKa BIIOOpakae XIMIYHHUI
CKJIaJl, MEXaHIYH1 BJIACTUBOCTI, METOJM BHUPOOHUIITBA Ta IHII XapaKTEPHUCTUKHU
ctani. Ile cBoepiHMIA «ImacnopT» Marepiaiy, SSKMH Hajae 1HPopMaIlito mpo Horo
SKICTh, 00J1aCTh 3aCTOCYBAHHS Ta BIAMOBIAHICTh CTaHapTaM.

OcHoBHa MeTa — 1JIeHTU(DIKAIlI XapaKTEPUCTHUK CIUJIaBy [ BAKOPUCTAHHS B
pi3HUX Tany3sx. Mu MaeMO TOYHO 3HATH, IO Meped HaMu — ctainb 650, cTanb
09I"2C ,ab0 iHmIa MapkKa.

MapkyBaHHs CHIpHUsI€:

e MIJABUILEHHIO €()EKTUBHOCTI pOOOTH;

¢ 3MEHUIEHHIO MOMUWJIOK ITiJ1 Yac BUOOpY MaTepialis;

o 3a0€3MEYEHHIO BIAMOBIIHOCTI CTaHAAPTaM SIKOCTI.

3amaya MapKyBaHHS CTali:

1. InenTudikarmis XiMIYHOTO CKJIadY.

2. BusHaueHHs MeXaHIYHUX BJIACTUBOCTEH.

3. VHidikarlist cTaHaapTiB, 00 MOJCTIIMTH MIXXHAPOIHY KYITIBIIO\IIPOAaK Ta

BUKOPHUCTAHHS CTal..

OcCHOBHI CUCTEMHU MapKyBaHHS

VY CBITI iCHY€E KUJIbKa CUCTEM MapKyBaHHS CTall, sIKi BIIPI3HIIOTHCA 332 CTPYK-
TypOlO MO3HAauYeHb Ta MiaAxoAamMu A0 kiacudikaiii. BoHu pomoMararoTh 171€HTH-
¢dikyBaTH XIMIYHUM CKJIaJ, MEXaHIYHI BJIACTUBOCTI Ta 00JACTh 3aCTOCYBaHHS
ctaii. Bubip cranmapty 3aiexuTh BijJ] reorpadiuHoro perioHy, raiays3i 3acToCy-
BaHHS Ta crielu(piyHUX TOTpeO BUPOOHUIITBA.

MapkyBanns 3rigno 3 'OCT

ba3yerbcst Ha BKa3iBIl XIMIYHOTO CKJIaay Ta BiacTuBocted cramii. ITpuknan
CTPYKTYpPH ITO3HAYECHbD:

» C13. Koncrpykiiitna crans, BMicT 10 0,3% Byrierto, 6e3 JIeryrodnx ele-

MEHTIB.

= 20X13. Crainb neroBana, 0,2% Byriento, 13% xpomy.
MapkyBaHH 3riiHO 3 €eBponeiicbkumu ctangapramu (EN)

Po3ninstoTe cTam 3a TMPU3HAYEHHSM, MEXaHIYHHMHU BJIACTUBOCTAMH Ta
XIMIYHUM CKJIQJIOM: BKa3ylOTh Ha MIITHICTh CTalll, 1 JIETyBaJbHI CJIEMEHTH Ta CIIe-
1M(p14HI BIACTUBOCTI, HAMPUKIIAJ, KOPO3iiHy cTilkicTh. [Ipuknan: S235JR — koH-
CTpPYKIIiiiHa cTalib 13 Mexero Tekydocti 235 Ml]a.

AmepukaHncbki crangaptu (ASTM, AISI)
ba3zytoTbcs Ha ineHTUdiKanii ckiaay Ta obnacti 3actocyBanHd. Cucrema Kiia-
cudikari:
« AISI (American Iron and Steel Institute). [luppu no3HauarOTh KiIac cTalli,
BKa3ylOTh Ha XIMIYHHMI CKial, Hampukiaan, 304 — HepkaBiloya cTaib 13
BMicToM 18% xpomy Ta 8% HikeIO.
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« ASTM (American Society for Testing and Materials). Busnauae texHiuHi
cneuudikali: MapKyBaHHsI 4acTO IPYHTYETbCSI Ha MEXAaHIYHUX BIIACTHBO-
cTsX 1 ximiuHOMy cknaai. Hampuknan, A36 — KOHCTpyKIiiiHa cTanb 13
NEBHUMU XapaKTEPUCTUKAMU MILHOCTI: 13 Mekero TekydocTi 250 Mla.
Inmi mizknapoani cucremu (JIS, ISO)
SAnouncwki crangapTu (JIS). Cucrema komOinye mitepu it mudpu. SS400 — koH-
CTpPYKIIiiHA CTalb 31 CTAHAAPTHUMH MEXaHIYHUMHU BIacTHUBOCTAMU. Hanpukias,
Mi:knapoani crangaptu (ISO). basyroTscs Ha yHidikalii CBITOBUX MIIXOAIB /10
MapKyBaHHS Ta XIMIYHOTO CKJIaJy CTaJIl.
Po3mmdpoBka MapKkyBaHHS
PosmmdpoBka MapKyBaHHS JlorloMara€ BUOpaTH CTallb JUIsl KOHKPETHOTO BU-
poOy ab0 KOHCTPYKIIIi.
1. MapkyBanns craJi 3a TOCT (kpainu CH/I)
VY cucremi 'OCT mapkyBaHHS CTalli CKIaAa€Thes 3 OYKB 1 UGp, 10 HAIAIOTh
1H(pOopMaIIio PO XIMIYHUHM CKJIAJ] Ta MEXaHIYH1 BIACTUBOCTI CTAaII:
o Iudpn:

o [lepen niTepamu BKa3yrOTh Ha CEPEHINA BMICT BYIJICIIO Y BIJICOTKAX;

o [Ticnst — 3a3HaYa€THCS MPOLIEHTHUM BMICT JIETYIOUHMX €JIEMEHTIB.
o Jlitepu. Ilo3HauarOTH JIETYIOY1 €JIEMEHTH:
o X — xpom,
o H — Hikens,
o T — Turan.
[Tpuknan: Crans C13, 20X13
« Cr13:

o CT1 — KOHCTpyKIIiifHA cTalb (cdepa 3aCTOCYBaHHS),
o 3 — BwmicT ByrJeo, 0,3% (11e cepeHiil BMICT BYTJIEIIO Yy CTaIl).
o 20X13:
o 20 — BmicT ByrJIemio B ctaneBomy ciriasi (0,2%).
o X — JIeTyounii eJIeMEHT (XpoM).
13 — Bmict xpomy B ctaimi (13%).

. €Bponeicbki crangaptu (EN)

€Bporneiicbka cucTeMa CTaHAapTU3allli BUKOPUCTOBYE JIITEPHO-IIMGPOBI MO-
3HaueHHs. BoHU BKa3yrOTh Ha THUI CTaji, il MEXaHIYHI BJIACTUBOCTI Ta XIMIYHUI
cknan. [Ipuknan:
S235JR:

« S — koucTpykiiitaa crans (Structural steel).

o 235 — MiHIMabHA MEXa TEKY4YOCT1 cTalli B Meranackaisx (235 MIla).

o JR — ynapna B’s3kicth ctani npu 20°C (JR o3Havae cranmapt s craii 3

YIapHOIO B’SA3KICTIO).

X5CrNil18-10:

o X — BKa3ye Ha JIETOBaHYy CTalb.

o 5 — cepenniii BmicT Byraeiio (0,05%).

o Cr—xpom, Ni — Hikeb.

o 18 — Bmict xpomy (18%), 10 — Bmict Hikenmto (10%).

O

N
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3. AmepukaHchKi cranaaptu (ASTM, AISI)
YacTo 6a3yroThCs Ha MO3HAYCHHSX, 110 BKa3YIOTh Ha XIMIYHHH cKiaja abo 00-
JacTh 3acTocyBaHHs ctami. [Ipukman;

« A36:

o A — BKa3ye Ha cTaHAapT AMEPHKAHCHKOTO TOBAapHWICTBA TECTyBaHHS Ta
maTtepianiB (ASTM).

o 36 — Mmexa Texydocti ctaii, 36 000 ¢yHTiB Ha KBagpaTHU mqI0KM (250
MIla).

o A36 — 116 HU3BKOBYTJICIIEBA KOHCTPYKIIiifHA CTajb, III0 BUKOPUCTOBYETh-
Csl IS 3arajlbHUX KOHCTPYKIIWHUX 3aCTOCYBaHb, TAKUX SK OajKH, TUIUTH Ta
npodii.

. 304:

o 304 — HeprkaBitoya cTalib, sika MICTUTH 18% xpomy Ta 8% Hikenro.

o BuxopuctoByeThCcsi B yMOBax, J€¢ HEOOXi/IHa BUCOKA KOPO3iHA CTIHKICTH,

HAIPUKJIA, Y Xap4dOBiil MPOMHUCIOBOCTI Ta MEIUIHUX MPHUIAIAX.
4. SInoncwbki cranaaptu (JIS)
Cucrema TakoX BKJIIOYAE MMO3HAYCHHS, 110 BU3HAYAIOTh XIMIYHUN CKJIa[ 1 THII
CTaJIl.

[Tpuknan: SUS304

o SUS — mo3nauenns 1y HepxkaBirodoi ctami (Stainless Steel).

o 304 — Bkasye Ha ctanb 3 18% xpomy Ta 8% Hikemro.

[Ilo6 BM3HAYMTH OCHOBHI BJIACTMBOCTI CTayl 3a ii MapKyBaHHSM, MOTPIOHO

3BEpTaTH yBary Ha:
o Ximiunmii ckJaja (BMICT BYIJICIIO, JIeTyloul eleMeHTd). BusHauae ko-
PO31MHY CTIMKICTh, 3BaPIOBAHICTH Ta 1HIII BJIACTHBOCTI CTaJIi.
o Mexaniuni BiaacTHBOCTI (MeXa TEKy4OCTi, MIIIHICTh). 3a3BUYail 3a3Hayva-
I0OThCSI Y YUCJIOBUX 3HaueHHsAX B Meramackansax (MIla) abo iHmmx oju-
HUIISX.
o Tumn cragi. 3aexHo Bl MapKyBaHHS, MOXHA 3pO3yMITH, YU € CTaJlb KOH-
CTPYKIIIIHOO, HEPXKABIFOUOI0, JIETOBAHOIO TOIIIO.
Oco06aMBOCTI MapKyBaHHS JIETOBAHUX 1 BYTJICIIEBUX CTaJleh
JleroBani Ta BYyTJICIIEBI CTalll MalOTh CBOi OCOOJIMBOCTI B MapKyBaHHI1. L{e m0-
roMarae MpaBUILHO BUOPATH CTajlb JIT KOHKPETHOTO 3aCTOCYBaHHS.
Byraenesi cTaji: 0CHOBHI XapaKTepUCTHKHU TA TUIIM MAPKYBAHHS

ByrneneBa — 11e cTanb, B OCHOBI SIKO1 JIGKUThH BYTJICIh SIK OCHOBHUH JIETYIO-
yuil ereMeHT. BoHM XapaKTepu3yloThCs BIIHOCHO HHU3BKHUM BMICTOM JIETYIOUUX
€JIEMEHTIB, 1110 BU3HAYAE iX MEXaHIYHI BIIACTUBOCTI 1 MOKJIMBOCTI 3aCTOCYBaHHSI.

o Mexaniuni BjJacTuBocTi. MaroTh rapHy 3BapIOBaHICTh, CEPEIHIO CTIUKICTh
710 KOpOo3ii 1 OMipHI MEeXaHIYH1 BJIaCTUBOCTI, IO 3aJIEKUTh Bl BMICTY BY-
TJICLIIO.

o 3acrocyBaHHs. J[Jis 3arajpbHUX KOHCTPYKIIHHUX POOIT, Y MaIIMHOOYAY-
BaHHI, BUTOTOBJICHH] 1HCTPYMEHTIB.

MapkyBanns ByrJenesux craJei 3a 'OCT, CH:

o Tun mapkyBanns: Ct3, 10, 20, 45
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Po3zmugposka:

CT — KOHCTpYyKIIiiiHa CTalIb.

Hudpu — BKazyloTh Ha BMICT BYTJICIIO B CTAIbOBUX CIUIaBax (y Je-
CATHX YaCTKaX BiJICOTKA).

Hampuknan, CT3 — KOHCTpyKIliiHA cTayib 13 BMicToM Byrierio 0,3%, C145 —

BMmicT Byriernio 0,45%.

JleroBaHi craJii: sik MO3HAYAIOTH JOMIlIKH (XPOM, HiKeJIb, MOJIiOIEH TOIIO)
JleroBani — 11e cTaii, 10 CKJIaTy SKUX BXOMSTH JOJATKOBI €JIEMEHTH: XPOM,

HIKeJb, MOJIIOICH, BaHaIii TOI0. BOHM MOMINIIIyIOTh BIACTUBOCTI CILJIABY.

MexaniuHi BaacTuBocTi. Bucoka MillHICTh, TBEPAICTh, 3HOCOCTIUKICTD 3a-
BJISIKM JIOJIaBaHHIO JIETYIOUMX €JIEMEHTIB. UMM BHUIIE BMICT XpOMY, THUM
Kpalie CTIMKICTb 10 KOPO3ii.

3acTrocyBaHHs. ¥ BHCOKOTEXHOJIOTIYHUX BUpPOOaXx , IO IIITAIOTHCS BHCO-
KMM HaBaHTaXEHHSM: TypOiHH, IBUTYHH, BY3JIM MalliH. /{1 BUTOTOBJICHHS
JeTanei, Kl MOBUHHI MPAaIIOBATH B arpeCUBHUX CEPEJOBUIINA a00 Ba)KKUX
yMOBax (BHCOKI TEMIIEPATYPH, KOPO31sl, HABAHTAXKCHHS).

MapkyBanns neropanux craieit (3a 'OCT, CH/):

(o]

Tun mapkyBanns: 20X13, 30XI'CA, 40XH2MA
Po3mugposka:
Hudpwu micas jgirtep — BKa3ylOTh HAa BMICT BYIJIELIO (K 1 y ByTJe-
[EBUX CTAISIX).
Jlitepu (X, H, M, I', A, C) — no3Ha4arOTh JETyH0Yi €JICMEHTH:
X — xpowm.
H — nikens.
I' — mapranenp.
M — momi6aeH.
A — aJIOMIHIM.
C — cipka.

[Ipuknan:

20X13. Crans 3 0,2% Byrnento, seroana 13% xpomom.

30XT'CA. Crans 3 0,3% Byraemto, jgeroana xpomoMm (I'), cipkoro (C) 1
anoMiHieM (A).

40XH2MA. Cranb 3 0,4% Byrueuto, jgeroBana xpomom (X), Hikenem (H),
MounioeHom (M) Ta anmomiHieM (A).

[IpobGnemu Ta BUKIMKH B MApKyBaHH1 CTaICH

1. Pi3Huus B cUCTeMAaX CTAHAAPTIB y Pi3HUX KpaiHax

OpHi€r0 3 OCHOBHUX IPOOJieM € 3HauHI BIAMIHHOCTI B CHCTEMaX MapKyBaHHS
CTaJIei, 10 ICHYIOTh B Pi3HHUX KpaiHax. [{e cTBOpro€e TpyaHOII IPHU CITiBIpaIll MiXK
BUPOOHMKAMU Ta CIIOKUBAYAMHM 1 MOXKE TIPU3BECTHU JI0 HETIOPO3YMiHb 1 TOMHJIIOK.

BiacyTHicTh €IMHOTO CTaHAApTy MPU3BOAUTH JO TOTO, M0 BUPOOHUKH Ta
CIIOKMBaul, SIK1 MPaLOTh HA MIKHAPOAHOMY PUHKY, TOBUHHI OyTH 0013HaHUMU
3 YHMCIICHHUMM CHUCTEMaMU MapKyBaHHS, L0 YCKJIAJHIOE Mpolec BHOOpY Ma-
Tepialy 1 MOK€ BUKJIMKATH TTOMUJIKH.
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2. HeoOxignicTh yHiikamii 1/151 r;106a1bHOT0 pUHKY
3poctatoua rioOaiizaiisi Ta B3a€EMO3AJEKHICTh MIK KpaiHAaMH BHMararoTh
yHidiKalii CUCTeM MapKyBaHHS CTaJel JJsl MOJETIICHHS MIDKXHApOJHOI TOPTIBIi
Ta rapaHTii Oe3nexku BUPOOiB.

IlepeBaru yHigikamii:
o YHUKHEHHS MOMHJIOK MPH MOKYTIII Ta MOCTa4aHHI CTaji, 0COOIHUBO B
MDKHApOJIHUX OTeparlisx.
o 3HIDKEHHS] BUTpAT Ha MEPEBIPKY MaTepiaiiB, MOKpalleHHs e(eKTHB-
HOCTI BUPOOHUIITBA.
o BrieBHEHICTh y SIKOCTI MaTepiaiiB, [0 BUKOPUCTOBYIOTHCS B KPUTHUY-
HUX rajy3sx (aBialisi, aBTOMOOLTbHA TPOMHUCIIOBICTh, MEJMYHA TEXHIKA).
[Ipote ans Toro, mo6 peanizyBaTu 1€ Ha TJI00ATBHOMY PiBHI, TOTPIOHI MaciITad-
H1 3yCcHJUISl 3 OOKY MIKHAPOJHHUX OpraHi3alliil JJisi CTBOPEHHS y3TOJKEHUX CTaH-
JapTiB, 110 BPaXOBYIOTh OCOOJIUBOCTI PI3HUX PETIOHIB.

3. IIpodJemMu nigpodoK i HesIKICHOr0 MapKyBaHHS

Onna 3 HalOUIBIIMX TIPOOJIEM y Taldy3l MapKyBaHHs ctaineil. Ile moxke matu
CEpilo3H1 HACTIAKU JIsl IKOCTI Ta Oe3neku BUPOOIB, 0 BUKOPUCTOBYIOTH Il Ma-
Teplaiu.

o IlinpoOxu:

o Hu3sbkokBamidikoBani BUPOOHUKU a00 HETOOPOCOBICHI MOCTayailb-
HUKH MOXXYTh HETPaBHJIBHO MapKyBaTH CTajeBl maTepiaiu, mo0 mpoaaTH
iX 3a OUIBII BUCOKMMH I[IHAMH, 3asBIISIIOUM TPO BHUII XapaKTEPUCTHKHU
ctaii. Hanpukian, HEBIpHO BKa3aHUI BMICT XpoMy ab0 HIKEIIO B JIETOBaHIN
CTaJIl.

o [le MOe MPU3BECTH JO BUKOPUCTAHHS HESIKICHOIO MaTepially B KpH-
TUYHUX 3aCTOCYBaHHSIX, 110 HE BIJMOBIJA€ BUMOTaM II0JI0 MEXaHIYHHUX
BJIACTUBOCTEHN a00 KOPO31HHO1 CTINKOCTI.

o HeskicHe MapKyBaHHA:

o ToOTo Take, 10 HE Aae MOBHOI ab0 MpaBWIbHOI 1H(OpMaIIi Mpo
CKJIaJ cTaiau abo i MexaH1yH1 BlacTUBOCTI. Hampukias, mOMWIKKA B caMUX
MapKyBaJIbHUX cHCTeMax a00 Hea0anicTh NP BUKOHAHHI MapKyBaHHS.

[IepcniekTBY PO3BUTKY MapKyBaHHS CTaJEH

1. Bukopucranuss nu@poBUX TEXHOJIOTIH JJf1 BiICTe:KEHHSI XapaKTepHu-
CTHK CTaJi

CyuacHi 1iupoBi TEXHOJIOTIT JaI0Th MOYJIMBICTh 3HAYHO TT1BUIIUTH TOYHICTh

1 Ipo30picTh MapKyBaHHs ctaineid. [le Bkimouae:

o Iurtepner peueii (Io0T). CerncopHi TEXHOJIOTIT JyIs MOHITOPUHTY CTaHy CTasl
B peajibHOMY 4aci. MOXJIMBICTh CTEKUTH 3a XapaKTEPUCTUKAMHU MaTepiaity
Ha BCiX eTarnax BUPOOHMIITBA Ta BUKOPUCTAHHSI.
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2.

Hudposi ceprudikaru. 3a0e3neuyoTb TOUHY 1HPOPMALIIO MPO BIACTHU-
BOCTI CTaJll Ta 11 BIAMOBIAHICTh CTaHJApTaM, HANPUKJIAJ, aBTOMAaTHYHA Tie-
peBipka mapaMeTpiB MaTepiany uepe3 OHJIaiH-TIaThopMHu.

Iudposi mapkyBanns. IX MokHa cKaHyBaTH yepe3 MOOITbHI T0JATKH 200
creliaibHI MPUCTPOI, 00 OTPUMATH JIeTANbHY 1H(OpMAalIiI0 PO MaTepial,
HOTO TIOXO/IPKEHHS Ta XapaKTEPUCTHUKH.

QR-koau Ta 6JI0KYeliH y cucTemMax inteHTHikamii

QR-xoau Ta GJOKYEHH MOXYTh CTaTH BAXKJIMBUMH THCTPYMEHTaMH JJisl 3a0e3Iie-
YEHHS MMPO30POCTI Ta BIJICTSKEHHS CTaJIi:

3.

QR-koau. AKTUBHO BUKOPUCTOBYIOTHCS JUIsl HAIAHHS JIOCTYIY JI0 J€Tallb-
HOT 1H(hOpMaIIil TPO MPOIYKIIIIO: THUI CTalll, BAPOOHHKA, XapaKTEePUCTUKHU Ta
ceprudikaru sikocti. Lle monermrye nepeBipky aBTEHTUYHOCTI MaTepiaity Ta
rapaHTye BiJCYTHICTh MiAPOOOK.

Baok4eiin. TexHoJIOrs MAXOAUTh JJIsi CTBOPEHHSI CUCTEMH, 110 3a0e3re-
yye HaJlHE Ta HE3MIHHE 30€pEeXKEHHs BCIX JIaHMX MPO CTAIECBI MaTepiaiu
Ha KOKHOMY eTari ix 0OpoOKu 1 ToCTaBKH. ['apaHTye BUCOKY CTYIIHb 3aXH-
CTY BIJ MiAPOOOK, JO3BOJISIE BIICTEKYBATH MOXOKEHHSI MaTepially BijJ BH-
poOHMKa J0 KIHIEBOTO CIOXMBaya, 3HWKYE WMOBIPHICTh IIaxpaiicTBa Ta
HEJI0OPOCOBICHOT TOPTiBIII.

€aMHNM MIXKHAPOAHUI CTAHJAPT MAapKYBAaHHS SIK MOKJIHMBICTH Maii-
OyTHBOT' O

OpHiero 3 TOJIOBHUX MPOOJIEM, IO CTOITh Mepe] CBITOBOIO CTaJEBOIO MPOMHU-
CJIOBICTIO, € BIJCYTHICTh €IMHOTO MDKHAPOJHOTO CTaHAAapTy MapkyBaHHsA. Lle
YCKJIQJHIOE TIPOIIECH MI>KHAPOIHOI TOPTIBII Ta MIABUIILYE WMOBIPHICTD IIOMUJIOK Y
BUOOP1 MaTepiaiB.

VHidikanis crangapriB. 3Ha4YHO CHOPOCTUTH BUOIp Martepiany, 3HU3UTh
BUTPATH Ha MEPEBIPKY Ta cepTU(DIKAIIIO0 CTajl, a TAKOXK MIABUIIUTH PIBEHb
Oe3MeKH B ramysi.

HinTpumMka MiKHAPOAHUMM Opradizauissimu. /Uit JOCSATHEHHS €IMHUX
CTaHJApPTIB BaXJMBA CHIBOpPALSl MDK PI3HUMH MIDKHAPOJAHUMHU  Op-
ranizamismu: SO, ASTM, EN, Ta HallioHaJIbHUMH IHCTUTYTaMH CTaHAap-
TU3aIii.
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BucHoBKH

MapkyBaHHS CcTaleil € KPUTUYHO BAKIUBUM E€JIEMEHTOM i 3a0e3meueHHs
SAKOCTI Ta O€3MEKH MaTepiajiB y MPOMHUCIOBOCTI. [IpaBuibHe MapKyBaHHS J103BO-
JIsi€ CIIO’KMBAavYaM 1 BAPOOHMKAM YITKO BU3HAYaTH XIMIYHUI CKJIaJ1, MEXaHIYH1 Blla-
CTUBOCTI Ta MPU3HAYEHHS CTalll, 1[0 € OCHOBOIO NJisi MPaBUJILHOTO BUOOPY Ma-
TepiadiB JUIsi KOHKPETHUX TEXHOJOTIYHUX TMpoleciB. BpaxoByrwouu pi3HO-
MaHITHICTh CTaHJIAPTIB Ta CUCTEM MapKyBaHHS, BXKJIMBOIO CTa€ yHi(ikaris mpo-
IECiB 1 TEXHOJIOT1H JJ1 3a0€3MeUeHHs MPO30POCTI, 3HWKEHHS PU3HKY MiAPOOOK Ta
3a0€e3MeUeHHsI BIAMOBIAHOCTI MI>KHAPOITHUM BUMOTaM.

[Topanu crioskuBavyam 1oA0 BUOOPY Ta MEPEeBIPKU MapKyBaHHS CTajei

O3HalioMTeCh 3 MApKyBaHHSIM.

[lepesipsiite cepTU(IKATH SIKOCTI.

BuxopucroByiiTe iuppoBi TEXHOIOTTII.

byapTe yBaxKHUMH 10 TOCTaYaIHHUKIB.

KoncynbTyliTecs i3 ekcrepTamu.

MapkyBaHHS CTalll € BOXKIMBUM IHCTPYMEHTOM ISl 3a0€3MEUYEHHs SIKOCTI,
Oe3rneku Ta e(heKTUBHOCTI BUKOPUCTAHHS MaTepiaiiB y IpoMUCIoBOCTI. [IpaBuib-
HE PO3yMIHHS MapKyBaHHs Ta yBara J0 JeTajieil JOMOMOXYTh 3a0e3neunTu 0e3-
nepebiifHe BUPOOHMIITBO Ta 3HW3WUTH PU3HMKH, IMOB’S3aHI 3 BUKOPUCTAHHSM He-
AKICHUX a00 HE BIJMOBIIHUX CTaJEH.

BUKOPUCTAHA JIITEPATYPA
JICTY 3833-98 (I'OCT 1435-99), steel-group@ukr.net
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Onpumko M.O.
Harionanpauit yHiBepcuteT «Onechka MOpPChKa aKaaeMis»

HanotexHoJiorii B MaCTHJIbHHUX MaTepiaJIax, l[OﬁaBKaX Ta Npucajakax

3a ocTaHHI pOKM (PyHIaMEHTAJIbHI 1 MPUKIAIHI HAYKH, & TAKOXK IMOB’S3aHi 3
HUMU TEXHOJIOTIT 30araTuiiucs e OJJHUM MUKAUCIUIUTIHAPHUM HAIpsIMOM — TeX-
HOJIOTIEI0 YJIBTPAIUCIIEPCHUX MaTeplalliB 13 XapaKTePHUMH PO3MIpaMH AUCIIEpC-
Hoi (asu nopsaky 10° m (1 uMm). BuineHHs TUCIEPCHUX YTBOPEHb TAKUX PO3-
MipiB (AMCKPETHUX YaCTUHOK, BOJIOKOH, IJIIBOK, iX arperariB TOIIO) MOSICHIOETHCS
OCOONIMBUMHU BIIACTUBOCTSMH IHX CHCTeM. Y HHX, HaNpUKIAJ, IOMITHO
3MIHIOIOTBCS TEMIIEpATypa 1 pexkuMu audy3ii, copOIii, KaTani3zy, pyX piauH 1 ra3is
y Kamuisipax Ta 1HII BJIAcTUBOCTI. He auBHO, 10 mpoOieMu HAHOTEXHOJIOTIH
HaJeXaTh 10 HAWMNEPCIEKTUBHIIIMX HANPSAMIB, SIKI HaWIHTEHCHUBHIIIE pPO3BHBA-
I0TBCS 1 (PIHAHCYIOTHCS 1 BiJ] AKMX OYIKYIOTh BIANOBIHOIO HAYKOBO-TEXHIYHOIO
nporpecy. 30kpeMa, 10 HAaHOTEXHOJIOTIYHUX IPOIIECIB CIIi BIAHECTH aKTyaldbHI y
HadTonepepoOIl 1 HaTOXIMIi TEXHOJOT1i OTPUMAaHHS HaHOKATali3aTOpiB, BUCO-
KOJTY>)KHUX JOAATKIB J10 OuIbImocTi MacTwi. Halmmpiumii criekTp cdep 3acTocy-
BaHHSI HAHOTEXHOJOTIH pO3MISIIA€Tbes y 3pobiieHoMy HarioHansHOIO pajioro 3
Hayku 1 TexHoisorii CIIIA mnporHosi po3BuTky octan"ix g0 2010 p. — B
“Nanotechnology Research Directions”. IlpakTuyHuM acrnekTaM BUKOPUCTaHHS
HAHOTEXHOJIOTH y HadTomepepooOIl 1 HapTOXIMIi TpUCBsSYeHA J0MOB1Ib M. Jungk
Ha 16-i mopiuHiid koH@epenuii ELGI. binbuiicth 10CHIAHUKIB HAHOYACTUHKAMMU
BBAXKAIOTh TLJ1a, €KBIBAJICHTHUN po3Mip KX (AiameTp cdepu, 00’eM sKOi TOpiB-
HIOE 00’€MOBI YaCTHHKH) 3HAXOJUTHCS B Mexax HaHoiHTepBany: d = 1...100 HM.
Oxpemi aBTOpU AOMYCKaIOTh KOJMBaHHA I1boro iHTepBany Big 0,1 mo 1000 HM 1
OlsIbIlIe, OCKIJIBKH HOr0 MEX1 AETEPMIHYIOThCSI TUM, IO Oy/Ib-sIKa BIIACTUBICTh Ha-
HOYACTUHKU B HHOMY CIEHU(IYHO 3aNEKUTh BIJ ii MacH 1 Moke OyTH MojaHa y
BursiAl Gyskiii fi (M), sika Ha BepXHiK MEXi HAHOIHTEPBATY 3MIHIOE CBii BUTIIA/.

Crnenu@divni BIaCTHBOCTI HAHOYACTUHOK 3YMOBJICHI THUM, III0 YaCTHHA aTOMIB,
K1 3HAXOMSTHCS HA TMOBEPXHI, CTAHOBIISATH 3HAYHY YACTKY BIJ] 3arajbHOTO YHCIIa
aTOMIB, SIKI YTBOPIOIOTh YacTWHKY. Hampukman, mis cpepruuHuX HAHOYACTUHOK
po3MipoM ~ 1 HM BiJTHOIICHHS YMCJIa TTOBEPXHEBUX aTOMIB JI0 YHCJIA BHYTPIITHIX
CTAHOBUTH ~ OJMHUINO. Y TaKMX YACTUHKAX yCl aTOMU HACTUIHKUA OJIM3BKI OAWH
JI0 OJHOTO, IO B3a€MOJIS KOKHOTO 3 HUX 3 OyIb-SIKUM IHIIMM ICTOTHO BIUIMBA€E
Ha BJIACTUBOCTI QyHKIIIT fi.

HaHocucTtemMyn MacTWIBHHX MaTepiaiiB YMOBHO MOXHA MOJUIUTH HAa YOTHUPH
rpynu. [{o mepuioi rpymnu HajexaTh BUCOKOIYXHI CyIb(OHATH Ta aJIKiIcailuia-
TH JIy’)KHO3EMEJbHUX METaNliB, fAKI 3aCTOCOBYIOTh $K 30JIbHI JETepICHTHO-
JTUCTIEPTYIOUl TOJAATKH JI0 OJIUB, JIO IPYroi — HAHOAKUCIIEPCHI MaTepialiu, Kl BUKO-
PHUCTOBYIOTH SIK HAIIOBHIOBAYi JI0 OJIMB 1 MACTWII. TpeTs rpyna HaHOYaCTHHOK — I1€
MUJIBHI 1 HEMUJIBHI 3aTyCHUKH TUTACTUYHUX MacTHI. YeTBepTa — MIKpOKaICyJbO-
BaHl gofatku A0 oauB. Ciij 3a3HAYUTH, IO OLIBIIICTH “‘OJIMBHHUX HAHOCHCTEM
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MpaIolTh 1 B MACTUJIAX, TOMAL SIK “MacTHJIbHI” € KOMIIOHEHTaMU CaMe MacCTuIl.
Mauito Toro, 11i HAHOCUCTEMH 1 YTBOPIOIOTh MacThJIa K Taki [1].

Hanomarepianu MaroTh HU3KY YHIKQIbHUX XapaKTEPUCTHK, 110 BIAPI3ZHAIOTH 1X
BiJl TPAAUIIIMHIX MAaCTUILHUX MPUCATOK:

MaJIMii po3Mip 1 BUCOKA peakiliiiHa 31aTHICTh — 3a0e3meuye Kpally B3aeMOII0
3 TIOBEPXHIMH TEPTH;

TepMiuHa CTaOLIBHICTh — JI03BOJISIE BUTPUMYBATH BHUCOKI TeMIlepaTypHi HaBa-
HTAXCHHS;

30uIbIIeHa €(PEKTUBHICTh 3MAallleHHS — 3MEHIIYE BTPATH €HEprii Ta crhpuse
€KOHOMII ITaJIMBa;

3MEHIICHHS] MEXAHIYHOTO 3HOIIYBAaHHS — 30UIbIIEHHS MEXPEMOHTHUX Mepio-
JIIB TEPMIH eKCIuTyaTallii o0JjiaJHaHHS,

€KOJIOT1YHa Oe3MEeUHICTh — CIPHUSE 3MEHIIEHHIO MIKIIJTMBUX BUKU/IB Y HABKO-
nuiHe cepenonuie [1].

3aBASKY MM XapaKTepUCTHKAM, HaHOMATepialu 3HAWIILIN 3aCTOCYBaHHS B Pi-
3HHMX Tally34X IPOMHUCIOBOCTI (CyAHOOYIyBaHHs, NBUT'YHOOyayBaHHs, Touo) Ha-
HOTEXHOJIOT1T BKJIIOYAIOTh B C€0€ MHUPOKUI CIIEKTP MOMXKJIMBOCTEH 111 Oy11BHULT-
Ba, MOJICPHI3aIlil Ta PEMOHTY CY/CH, a TaKOXX CyJHOBHUX CHCTEM 1 yCTaTKyBaHHSI.
3acToCcyBaHHS HAaHOTEXHOJIOTIH 17si OyAIBHUITBA T4 PEMOHTY CYICH TO3BOJIIIOTH
MOJIIMIIKMTA MaHEBPOBAHICTh, X0y 1 KepoBaHICTh cyJeH. Hanogo0aBku Ha OCHOBI
OKCHJy 1I€3110 BXKE 3apa3 J0Aal0Th B JU3EJIbHE MAJIMBO, 10 03BoJisA€ HA 4 ... 5%
MIJBUIIUTH KOE(IIIEHT KOPUCHOI Jii JNBUTYHA 1 3HU3UTH CTYMiHb 3a0pYyIHCHHS
BUXJIOITHUMHU ra3ami [2, 3].

Cyd4acHi TOCHIPKEHHS Ta IPOMHUCIIOB] BUMTPOOYBaHHS BUSBWIM JEKUIbKa Kia-
CiB HaHOMAaTEPialiB, 1[0 MAIOTh 3HAYHUN MOTEHITIAT Y MACTUIBHUX CUCTEMAX:

xanpkoreHian MetaniB (WS, M0S;) — mIMpoKo BUKOPHCTOBYIOTHCS JJISl 3HU-
YKEHHS TEPTS Ta 3HOIICHHS B MEXaHIYHUX CHUCTEMaX;

M'aKl MeTanu (Migb, ¢pi0yo) — GOPMYIOTh 3aXMCHI IUTIBKH, IO 3ar00IraroTh
KOHTaKTy METaJICBUX MOBEPXOHbD,

BYTJIELIEB] HaHOMAaTepianu (HaHOAIMa3H, rpadeH) — BOJOAIIOTh MOJIPYIOUYUMHU
BJIACTUBOCTSIMU, III0 CIIPUSAIOTH 3MEHIIICHHIO IIIOPCTKOCTI TEPTHOBUX MTOBEPXOHb;

okcumu MeTaniB (ZnO, TiO;) — 3a0e3meuyoTh MOKPANICHY TEPMOCTIHKICTD i
3aXUCT B1JI OKUCJIEHHS.

3acTocyBaHHS TakMX MaTepiaidiB y CKjJaJl MacTWIbHUX J00aBOK JO3BOJISE
IIIBUIIUTH CTIMKICTh MAaCTHJIBHUX MaTepialliB JI0 BUCOKHMX HAaBaHTa)KCHb 1 arpe-
CHBHHX cepenoBuiil [4].

Po3BUTOK MacTUIBRHUX MaTepiaiiB Ha OCHOBI HAHOTEXHOJIOTIM OXOIUTIOE IIIH-
POKUI CHEKTP TalTy3ei MPOMHCIOBOCTI:

ABTOMOOUTHHI MAacCTHIIA: 3MEHINYIOTh BIJIKJIaJICHHS, MMOKPAITYIOTh TEIUIONepe-
Javy 1 3MEHIIIYIOTh BUTPATH MAJIBHOTO.

Mactuna nis 3adi3HUYHUX Ta CyJIHOBHMX JBUTYHIB: 3a0€3M€UylOTh €(PEKTHUB-
HUN 3aXHUCT BiJl KOPO3ii Ta MiABUILYIOTh peCypc poOOTH JBUTYHIB.
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[HaycTpianbHi MacTUiia: BUKOPUCTOBYIOTHCS Y CKJIQJAHUX MEXaHI3Max, TaKuX
K KOMIIPECOPH, TypOIHH, TiJIpaBIiuyHI CUCTEMH Ta 1HIII BUIM ITPOMHCIOBOTO 00-
JaTHaHHSI.

[Tonpu yncreHH1 nepeBaru, BUKOPUCTaHHSA HaHOMATepiaiiB y MACTUIBHUX CH-
CTeMax TOB’s3aHe 3 PAJOM TEXHIUHUX MPOOIEM:

CTaOLIBHICTh AMCIEPCii HAHOYACTOK: HAHOMATEpiall MOXYTh YTBOPIOBATH ar-
JIOMEepaTH, 0 3HUXKYE X €PEKTUBHICTB,

ONTHUMAaJbHE JT03yBaHHS: BAXIJIUBO AOTPUMYBATHUCS MPABHIBHOI KOHIIEHTpAIIil
HaHOMAaTepialliB, 00 YHUKHYTH HETaTUBHOTO BIUIMBY Ha MACTHJIbHI BJIACTUBOCTI;

CYMICHICTb 3 1HIIUMHU TIPUCATKaAMHU: HEOOX1THO 3a0e3MeunTr OalaHC MiX Tpa-
JTULIHHUMY 1 HAHOTEXHOJIOTTYHUMH KOMIIOHEHTaMH MaCTUJILHUX MaTepiaiiB [4].

JIns yCyHEHHS MpoOJieMU OCIJJaHHS HAHOYACTMHOK Ta MOKpAIIeHHS iXHbOI
CTabUIBHOCTI BUKOPUCTOBYIOTH!

MOAU(IKALII0 TOBEPXHI — MOKPUTTS HAHOYACTUHOK CHEL1aJIbHUMU PEYOBUHA-
MU JIJIs1 3SMEHIIICHHSI arperartii;

JUCTIEPCIIO0 32 JOMOMOTOI0 TOBEPXHEBO-aKTHUBHUX PEUYOBHH — 3aCTOCYBaHHS
NOBEPXHEBO-aKTUBHUX PEUOBUH I PIBHOMIPHOI'O PO3MOALTY YACTHHOK Y MacCTH-
JBHIN P1JIUHI;

CHUHTE3 B 0230BOMY MACTUJI1 — J03BOJISIE YHUKHYTH JOJATKOBUX €TaIliB JAUCIIE-
pPryBaHHs Ta MiABUIMTH OJHOPIAHICTE cymili [5].

3acTocyBaHHS HaHOMAaTepialiB y MACTUIBHUX CUCTEMAax CIpHUS€E 3MEHIIECHHIO
HEraTUBHOT'O BIUIMBY Ha HABKOJHIIHE cepeloBHIlNE. BUKOpUCTaHHS HaHOYACTHU-
HOK JI03BOJISIE 3HM3HWTU DPIBEHh TOKCHYHHMX CIIOIYK y MAcCTHJIBHHX Martepianax,
3MEHIIUTHA YTBOPEHHS BIAXOJIB Ta IMIJIBUILUTH €KOJIOTIYHICTh BUPOOHUYUX IMPO-
neciB. KpiMm Toro, 3aBAsKé 3HW)KCHHIO TEPTs Ta MOKPAIICHHIO 3MalllyBaJbHUX
BJIACTUBOCTEH, IBUTYHH MPaLIOIOTh OUIbIl €()EKTUBHO, IO BEAE 10 3MEHIICHHS
BukugiB COs,.

Hanomarepianu MaroTh BETUKHI MOTEHIIAN Y MAacTUIbHIA MPOMHUCIOBOCTI, 1
iXHE ToJabile BAOCKOHAICHHS CIPUATAME MOKPAIICHHIO XapaKTePUCTHK MACTH-
JpHUX MatepianiB. OCHOBHI HalPSIMUA PO3BUTKY BKIIFOYAIOTh:

MOIaJbIIIe BJOCKOHAJIGHHS METOIB CTa0Ii3allli HaHOMaTepiaiB;

PO3IINPEHHSI CIIEKTPY BUKOPUCTAHHS HAHOYACTHUHOK Y PI3HUX BUJIAX MACTHIL;

1HTerpallisi HAHOTEXHOJIOT1H Y pO3p0OKY HOBUX MAaCTUILHUX MaTepialliB,

MIBUIIEHHS €KOJOTIYHOCTI MaCTUIILHUX MaTepialliB yepe3 3MEHIIEHHS IIIKiI-
JINBUX BUKW/IIB.

Hanomarepianu sik MacTHIIbHI T0OOABKU AEMOHCTPYIOTh 3HAYHUN MOTEHIANT y
MOKpAaIIeHH]1 TPUOOIOTTYHUX XapaKTePUCTUK MacTWil. BOHU CIIpUsIOTH MiABUIIECH-
HIO €(EKTUBHOCTI JABUTYHIB, 3HI)KCHHIO MEXaHIYHOT'O 3HOCY Ta 3MEHILICHHIO IIIKI-
JTIMBUX BUKHUIB. [IpoTe, momanpiii AOCTIKEHHS MOBUHHI OyTH 30CEpE/IKEeHI Ha
YIOCKOHAJIEHHI METO/IB cTabini3amii HaHoMaTepialliB, po3po0Lll HOBUX KOMIIO3U-
11 MAaCTWJIBHUX MaTepiajiiB Ta 3a0e3MeYeHH] iXHbOT CYMICHOCTI 3 CY4aCHUMU BH-
MOTaMH JI0 €KOJIOTTYHOCTI Ta MPOAYKTUBHOCTI [6].
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Peculiarities of using ¢ omp osite materials in ship parts and predicting their
pr operties

The pr operties of the ¢ omp osite material can be ¢ onsidered in tw o directi
ons. The first are th ose that depend exclusively on the ge ometric arrangement of
the phases and their ¢ orresp onding v olume fracti ons, but d o n ot depend on the
sizes of the ¢ omp onents at all. The sec ond are th ose that depend on structural
fact ors, such as the peri odicity of arrangement or particle sizes of tw o or m ore ¢
onstituent phases [1-3].

C oefficients of thermal expansi on of ¢ omp osites include b oth elastic ¢
onstants and c oefficients of thermal expansi on of individual phases. An imp
ortant functi on of reinf orcing fillers and fibers in the main material is the reducti
on and c ontr ol of thermal expansi on [4-7].

The strength of a brittle s olid material ¢ ontaining a crack depends on the
square r o ot of the crack length. Because very small particles cann ot ¢ ontain |
ong cracks, and because the surface regi on of m ost s olids behaves differently
than the interi or (a small fiber or sphere ¢ ontains pr op orti onally m ore surface
material than a large piece), the tensile strength depends on the size of the part
being tested.

The str ongest materials are ceramics, ¢ onsisting of elements fr om the first r
ows of the peri odic table (B, C, SiC, A1,0s3, etc.). This is because these elements
Cc ontain the largest p ossible bl ock of str ong ¢ ovalent b onds directed in three
dimensi ons. Such materials als o have a high melting p oint, | ow ¢ oefficient of
thermal expansi on, and | ow density. All of these are highly desirable engineering
pr operties. Str ong fibers, whether rigid or n ot, als o have the great advantage of
restraining cracking in s o-called brittle matrices (Fig. 1). A crack passing thr ough
a brittle material may n ot penetrate the fibers but leaves a fiber-lined crack s o
that the material in which the crack is | ocated is pr one t o cracking in a large
number of places bef ore the fibers themselves fail or pull out.

Without fibers
With fibers I

L X7 ~
..-"""H_._.-:-;—"'

AN A m“:‘/{ /

Pt

Fig. 1. Dem onstrati on of h ow fibers prevent cracks in a brittle material fr om pr
opagating thr ough the fibers int o their path

Fricti onal pr operties such as wear resistance can, f or example, be sig-
nificantly impr oved with the help of reinf orcing inclusi ons: the trib ol ogical
behavi or is t o s ome extent determined only by the surface material, it is less imp
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ortant if the reinf orcing structure is fibr ous or n ot. S olid ceramic particles added
t o p olymers or metals thus give very g o od impr ovements in wear and abrasi on
resistance, and s o d o fibers. An example is aluminum reinf orced with SiC parti-
cles. This ¢ omp osite is used t o make high-perf ormance brake discs that are str
ong, light, excellent heat ¢ onduct ors, and sufficiently fire-resistant.

Alth ough less effective than with fiber, the visc osity of a brittle matrix can
als o be impr oved by adding whiskers, sh ort fibers, or single particles. This can
be d one using several mechanisms. The reinf orcement can be a much stiffer
phase than the matrix, which (pr ovided the crack d oes n ot penetrate between
particles) prevents crack pr opagati on by f orming bridges that bring the crack
matrix cl oser t ogether. Elast omeric additives t o p olymers and metal inclusi ons
or channels in the ceramic matrix play this r ole. An other effective strengthening
mechanism is achieved when equipping with strengthening elements obtained in
m on olithic ceramics with the additi on of zirc onium particles, which represent a
tetrag onal t o m on oclinic phase transf ormati on. Simply put, unif orm reinf
orcement can als o strengthen the brittle matrix by creating r o om f or | ocalized
deflecti on of cracks in their path.

Ceramic matrix c omp osites with ¢ oarsely balanced reinf orcements:

micr ostructure and mechanical behavi or

Increases in strength and t oughness can be achieved in ceramics underg oing
stress-induced transf ormati on [8]. The m ost impressive is the case of ceramics ¢
ontaining zirc onium particles, which represent a tetrag onal t o m on oclinic phase
transf ormati on. Using the additi on of CeO, and others, at r o om temperature y
ou can get a metastable s olid tetrag onal s oluti on. Under the influence of the ap-
plied | oad, a transf ormati on fr om martensitic-tetrag onal (t) t o m on oclinic (m)
takes place in the vicinity of the crack, which is ass ociated with an increase in v
olume and shear def ormati on, which prevent crack pr opagati on and theref ore

lead t 0 an increase in visc osity. This increase in AK; AKf is given [9,10]:

AK! = nEe'Vh?
C 1 _ /,l !

where 1 is a ¢ oefficient that depends on the shape of the transf ormati on z
one ar ound the crack, h is its width, E is the effective Y oung's m odulus of the
material, V is the v olume fracti on of transf ormed particles, . is an unb ounded
def ormati on transiti on, p is P 0iss on's rati o.

The width of the z one and the v olume fracti on of the transf ormed particles
depend on the micr ostructure and especially on the grain size of the material due t
o the critical stress f or the transf ormati on of .. The larger the grain size, the
smaller the . index, the higher the v olume fracti on of transf ormed particles; h
owever, When the grain size bec omes larger than the critical size d., heating
creates ¢ onditi ons f or the transf ormati on that occurs during ¢ o oling, and m ost
grains are already transf ormed bef ore crack gr owth.
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When the particle size exceeds the critical size d., micr ocracks appear, which
lead t 0 a decrease in the strength of the material [9, 10]. H owever, if the particle
size is smaller than the critical size, micr ocracks require additi onal stress that can
be pr ovided by the applied | oad. F or effective micr ocrack reinf orcement, the
reinf orcement must be placed in the techn ol ogical pr ocess z one bef ore the end
of the crack. The size of the particles sh ould be as cl ose as p ossible t o the crit-
ical size in order t o cause significant amplificati on.

Cracks can be deflected either by stress fields present ar ound the particles or
by s olid particles of higher resistance. This mechanism leads t o a n on-planar
crack subject t o a mixed failure m ode. Regarding discs and r ods, the effect of the
aspect rati o was investigated. High deflecti on and, theref ore, high stiffness are
obtained by r od particles with a high aspect rati o f or a v olume fracti on of ab
out 10-20%.

Cyclic | oading c ontributes t o the rate of crack gr owth and leads t o a
decrease in the thresh old stress. Fatigue behavi or can be characterized as the
spread of ¢ orr osi on under | oad ass ociated with increased degradati on [7].
There are several rigid mechanisms (intensificati on of transf ormati on, bridging
of cracks, micr ocracks).

A g o od example of destructi on by micr ocracks is observed in SiC— Al, Os
¢ omp osites: the maximum visc osity occurs as a functi on of the particle ¢ ontent.
The highest strengthening is achieved with the smallest particles, but degradati on
of strength is observed f or large particles, due t o the f ormati on of large cracks.

The creep behavi or of reinf orced particles or tubular particles in ¢ omp osite ¢
oatings was studied f or different matrices (alumina, mullite, SisN4 [12]. In the
case of alumina ¢ omp osites, the increase in creep resistance is | ower than that of
tubular ¢ omp osites ( one order of magnitude). On the other hand, aluminum
oxide-silic on carbide nan oc omp osites have excellent resistance t o creep: the
creep rate is reduced by tw o t o three orders of magnitude ¢ ompared t o alumina.
SiC nan oparticles prevent the shift of grain b oundaries and pr ov oke a sig-
nificant impr ovement in creep resistance.

Impr ovements in creep resistance in other matrices f or particle or tube c omp
osites are als o observed, but generally | ow. H owever, excellent resistance t o
creep is obtained f or mulit o-zirc onium ¢ omp osites and SizN4 ¢ omp osites.

Nan oscale ceramic ¢ omp osites. Currently, a new class of structural ceramic
materials with effective mechanical pr operties is being devel oped. These
materials are kn own as "ceramic nan oc omp osites", they are obtained by ¢ om-
bining a structural ceramic matrix, such as Al, Os, Zr O, or SizNg4, with a nan o-
sized sec ond phase. Sec ond phases are typically used as "nan oparticles” of 300
nm or less and are added in am ounts from 1 vol. % up to 30 v ol. % [11]. It was
rep orted that ceramic nan oc omp osites have b oth r o om and high-temperature
pr operties that significantly exceed the pr operties of the m on olithic matrix in
vari ous material systems, which indicates that there is a "structural synergism™ of
the system between the matrix and the sec ond phase [13,14]. The m ost widely
studied ceramic nan oc omp osite A1, O3-SiC has a pr omising devel opment.
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Pr ocessing and micr ostructure of Al2 O3-SiC nan oc omp osites. Al; Os-
SiC nan oc omp osites are obtained using standard ceramic pr ocessing techn ol
ogies. Matrix and sec ond-phase p owders are usually ¢ ombined in an organic
medium t o achieve unif orm dispersi on of the sec ond phase thr ough out the
matrix. After grinding, the nan oc omp osite p owder is dried and then ¢ ompacted
using sintering with out pressure or h ot pressing. As f or m on olithic Al; Og,
densificati on in the nan oc omp osite is str ongly inhibited by the presence of par-
ticles at the grain b oundary, which reduces the rate of grain b oundary diffusi on.
As a result, the sintering ¢ onditi ons required f or ¢ omplete densificati on are
highly dependent on the am ount of sec ond phase, with the sintering temperature
increasing significantly with v olume fracti on of the sec ond phase. Alth ough m
on olithic A1, O3 can be achieved by sintering t o an alm ost the oretical density at
1400°C, a temperature of 1775°C is required f or ¢ omplete densificati on in the
A1, O3 nan oc omp osite ¢ ontaining 5 v ol. % SiC [8]. N o study has sh own that
full density can be achieved using pressureless sintering in a nan oc omp osite ¢
ontaining m ore than 5 v ol. % SiC. The difficulties of ¢ ompacti on in the nan oc
omp osite can be eliminated by h ot pressing. During h ot pressing, the applied
pressure increases the driving f orce f or densificati on, all owing the pr oducti on
of dense nan oc omp osites at | ower temperatures (e.g., 1500 °C at 5 v 0l.% SiC)
and with higher v olume fracti ons of the sec ond phase (e.g., 20 v ol. % SiC at a
temperature of 1675 °C) [3].

The pr ocessing steps used t o obtain nan oc omp osites have a significant
effect on their micr ostructures and pr operties. It is well kn own that the pr
operties of a nan oc omp osite str ongly depend on the dispersi on of the sec ond
phase [6]. In particular, the unif orm dispersi on of the sec ond phase is critical f or
obtaining the necessary pr operties in the nan oc omp osite relative t o the m on
olith.

The micr ostructures of nan oc omp osites obtained by the ab ove meth od als
o str ongly depend on the am ount of the sec ond phase present. In nan oc omp
osites with a large v olume fracti on of the sec ond phase (45 v 0l.%), the matrix
grains are equated t o a narr ow size distributi on, and the particles of the sec ond
phase are evenly distributed between the matrix grains. An example of this type of
micr ostructure (5 v 0l.% SiC in Al; O3) can be seen in Fig. 2. On the ¢ ontrary, in
samples with a | ow v olume fracti on of the sec ond phase, the grain size distributi
on of the matrix grain can be much wider and in extreme cases there can be an
omal ous grains.
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Fig. 2. Scanning electr on micr osc ope image of Fig..3. Image fr om a scanning electr
the micr ostructure of A12 Oz nan oc omp osite  on micr osc ope of SiC particles (5 v ol. %),
and 5 v ol. % SiC, which sh ows the presence of b inhibiting grain gr owth by establishing the
oth intergranular and intragranular particles migrati on b oundaries of Al> O3 grains

As sh own in Fig. 2, the particles of the sec ond phase in the nan oc omp osite
are | ocated either on the grain b oundaries (intergranular) or inside the grain (in-
tragranular). As will be discussed later, the placement of particles relative t o grain
b oundaries plays the m ost imp ortant r ole in impr oving the pr operties of a nan
oC omp osite over a m on olith [8]. In particular, it is believed that intragranular
particles are resp onsible f or the excellent pr operties of the nan oc omp osite at r
o om temperature, while intergranular particles are resp onsible f or its high-
temperature pr operties. Intergranular particles als o significantly increase the micr
ostructural stability of the nan oc omp osite. The interacti on of particles with
grain b oundaries str ongly inhibits matrix grain gr owth, which, as a rule, takes
place at high temperature. Fig. 3 sh ows SiC particles that inhibit grain gr owth in
the nan oc omp osite by establishing migrating grain b oundaries. The relative pr
op orti ons of intra- and intergranular particles are str ongly related t o the grain
size of the matrix in the A1, O3-SiC system, while the percentage of intergranular
particles significantly decreases with grain size. F or example, appr oximately
70% of the particles are expected t o be intergranular f or a grain size of 1 mm,
while 25% of the particles sh ould be intergranular f or a grain size of 5 um [7].

Pr operties of A1, O:—SiC nan oc omp osites at r o om temperature.
Excellent mechanical pr operties of Al, O3—SiC nan oc omp osites at r o om
temperature were first sh own by Niihara, wh o disc overed that adding 5 v ol. %
SiC particles 300 nm t o Al, Oz increases the strength fr om 380 MPa t o 1100
MPa [5]. In additi on, it was sh own that a simple annealing treatment at a
temperature of 1300°C f or 1 h our with arg on gas subsequently increased the
strength of nan oc omp osites t o m ore than 1500 MPa. Niihara rep orted that the
additi on of SiC particles als o resulted in a significant increase in fracture t
oughness fr om 3.8 MPa » m*2t 0 4.7 MPa « m2, The excellent pr operties of Al
Os3-SiC nan oc omp osites over m on olithic A1, Oz have been ¢ onfirmed by a
number of researchers, alth ough n one of these impr ovements were as drastic as
th ose rep orted by Niihara [9-11].
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Alth ough the superi or pr operties of the nan oc omp osite are well d
ocumented, the mechanisms resp onsible f or the impr oved pr operties have n ot
yet been determined. The pr op osed strengthening and strengthening mechanisms
of the unannealed nan oc omp osite include the reducti on of the critical size of the
defect due t o the devel opment of intergranular cracks, the inv olvement of
intergranular cracks in the matrix grains due t o residual tensile stresses arising
due t o a large mismatch of thermal expansi on between Al, Oz and SiC and the f
ormati on of a surface layer of ¢ ompressive stresses during pr ocessing. The
further increase in strength and visc osity after annealing is explained by the
reducti on of surface defects and the preservati on of ¢ ompressive surface stresses
caused by mechanical pr ocessing, as a result of the sl ow behavi or of stress
relaxati on in the nan oc omp osite [4].

In additi on t o impr oved strength and visc osity relative t o m on olithic Li;
O3, A1, O3—SIC nan oc omp osites als o have excellent wear resistance. The impr
oved wear pr operties are the result of a change in the m ode of destructi on, which
occurs when the ¢ oncentrati on of the sec ond SiC phase exceeds B 4 v ol. %.
Despite the fact that m on olithic A1, O3 has pred ominantly intergranular fracture,
the large mismatch of thermal expansi on between A1, Oz and SiC leads t o a clear
strengthening of A1, O3 grain b oundaries, causing the nan oc omp osite t o underg
o transgranular fracture. As a result, grains in A1, O3-SiC nan oc omp osites wear
out sl owly, in ¢ ontrast t o m on olithic A1, Os, where wear, as a rule, inv olves
the rem oval of wh ole grains thr ough a relatively weak grain b oundary surface.

High-temperature pr operties of A12 O3-SiC nan oc omp osites. In additi
on t o its excellent pr operties at r o om temperature, the A12 O3—SiC nan oc
omp osite als o has excellent high-temperature pr operties. The excellent strength
and visc osity of the nan oc omp osite is maintained at r o om temperature up t o
1000 °C [3]. In additi on, studies have sh own that at higher temperatures, the
creep resistance of A12 O3 is significantly increased due t o the presence of SiC
particles [6]. As sh own in Fig. 4, the creep rate of A12 O3 ¢ ontaining 5 v ol. %
SiC (150 nm), 2-3 orders of magnitude | ower than that of m on olithic A12 O3 at
temperatures up t o 1300 °C. In additi on, the creep durati on of the nan oc omp
osite is an order of magnitude | onger than that of the m on olith. Unf ortunately,
the def ormati on index of the nan oc omp osite is | ower than that of A12 O3, due
t o the nucleati on of intergranular particle cavities. The impr oved creep
resistance of A12 O3—SiC is explained by a number of mechanisms. These
mechanisms include a decrease in the rate of grain diffusi on thr ough the b
oundary of granular particles; inhibiti on of f orm placement pr ocesses necessary f
or creep, such as sliding and grain migrati on; and reducing the internal diffusivity
of the A12 O3 grain b oundary by ¢ ontaminati on with silic on cati ons. The d
ominant mechanism resp onsible f or the impr oved creep behavi or of the nan oc
omp osite is unkn own.
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Ceramic nan oc omp osites are relatively new materials that have pr ospects f
or use. In particular, it was sh own that particles of the sec ond phase SiC, ¢
ontaining Al, Os, have b oth r o om and high-temperature pr operties that are
superi or t o m on olithic A1, Os. These pr operties, which include higher strength
400 1350 emperature (C) 11so and visc osity, increased wear

= ' = ' = =3 resistance, reduced creep rate at
clevated temperatures, and
excellent micr ostructural stability,
{1 make nan oc omp osites an
1 attractive alternative t o m on olith-
ic ceramics f or many structural
applicati ons.
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Fig. 4. Diagram of the rate of creep def ormati on as a functi on of temperature f or m on
olithic A12 Oz and A12 O3 nan oc omp osites with 5 v 0l.% SiC [42]

Conclusions
1. The mechanism of the f ormati on of defects in the surface layer of ship parts of
"shaft-sliding bearing" ¢ onnecti ons with wear-resistant ¢ oatings pr one t o the f
ormati on of cracks is determined.
2. The dependence of the rate of creep def ormati on as a functi on of temperature
was established f or m on olithic A1, O3 and A1, O3 nan oc omp osites with 5 v
ol.% SiC.
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JBUT'YHH TA EHEPTETUYHI YCTAHOBKH
VIIK 629.5

Carin C.B., 3a0monskuii FO.B., Carin A.C.
Harionanpauit yHiBepcuteT «Onechka MOpPChKa aKaaeMis»

JlocaigxeHHs BIVIMBY OPraHiYHMX HAHONOKPHUTH HA 3HOLLYBAHHA
NiAIUITHUKOBHUX BY3JIiB CyAHOBHMX AU3eJIIB

CyaHOBI IBUTYHU BHYTPIIIHHOTO 3TOPSIHHS BIAHOCATHCS 10 HAWMIOMIMPEHIIIO-
ro TUITY TEIUIOBUX JIBUTYHIB, III0 BAKOPUCTOBYIOTHCSI B EHEPreTUYHUX YCTAaHOBKAX
CYJI€H MOPCHKOTO Ta BHYTPIIIHBOTO BOJHOTO TPAaHCIOPTY. BOHM BHKOpPHCTOBY-
I0THCS ISl TIEPETBOPEHHS KIHETUYHOI €HEprii rasi, sIKi yTBOPIOIOTHCA B IXHbOMY
UWIIHAPI T Yac 3rOpsIHHS MajuBa, B KPyTHUH MOMEHT Ha Bajly Ta Jajil B KOpHC-
Hy po0oTy. OyHKIIIOHYBaHHS Ta €KCIUTyaTalliHy HaJ1MHICTh ABUTYHIB BHYTpILI-
HBOT'O 3rOpsIHHA 3a0€3MeUyI0Th pi3HI cucTeMu. OCHOBHUMH € MaJIUBHA, MAIlICHHS,
OXOJIOJPKEHHSI, ITyCKOBOT'O MOBITPsI, BUITYCKY Ta3iB. J[aHi cuctemu 3a0e3neqyroTh
IPOLEC 3TOPSIHHS NaJIMBa Ta BUILYCKY MPOJYKTIB 3TOPSHHSA, a TAKOXK PEKUMHU Ma-
IICHHSI Ta OXOJIO/PKEHHSI OCHOBHUX JeTaieit qu3ens [1].

MacTuiio, sike 3HaXOJUThCS Y O€THAHH] BKJIAIMII M1IIUITHAKA — BaJl AU3EII,
3a0e3neuye TiApaBIiyHy HIUIBHICTh Ta 3amo0irae 6e3rnocepeIHbOMY KOHTAKTY 1€l
napu TepTs. 30UTBIICHHIO T1IPaBIiYHOI HIUIBHOCTI CIPUSIOTH CUITU MTOBEPXHEBOTO
HATATY, 1110 BUHUKAIOTh HAa OBEPXHI MAaCTHJIbHOI IUTIBKU NPU KOHTAKTI 3 MOBITPS-
Hot0 (azoro [2].

[linTpMKa TEXHIYHOTO CTaHy BKJIAJIMIIB MiAIIUITHUKIB CYTHOBUX AU3EIIB (K
1 pAly KOHTaKTHUX MOBEPXOHb IHIIMX MAIIMH 1 MEXaHI3MIB) MOXJMBE IUIIXOM
CrieliaJibHOI MeXaH14HOo1 a00 (i3u4HOi 0OPOOKU MOBEPXOHB, J0JIaBaHHSIM MOBEP-
XHEBO aKTHBHHUX PEYOBHMH y MACTHJIO, a TAKOK HAHECEHHSIM Ha TIOBEpPXHI CIielia-
JBHUX aHTUPPUKIIHHUX TOKPUTTIB [3].

OnHuM 3 NOLIMPEHUX THUIMIB aHTU(PPUKIIHHUX TTOKPUTTIB € eNijaMu — Mojime-
pH1 PEYOBUHH, IO MICTATH (TOP, SIKI HAHOCATHCS Ha MeTajieBi moBepxHi. [1ig vac
HAHECEHHs eMijaMiB Ha TOBEPXHI MeTaja yYTBOPIOETHCS IUTIBKA 3aBTOBIIKH JIO
30 M, sIka He BIUIMBA€ Ha JUCIOKAIIHHY CTPYKTYpy Ta TBEPIiCTh MeTany. Ii mo-
BEPXHEBA CHEPTisl 3aJI€KUTh B BUAY €IijlaMy 1 3aJIeKUTh Bl METally, SIKUH BOHA
HaHOCHUTHCA [4].

Hanecenns eminamiB cripusi€e YTBOPEHHIO Ha METAJIEBOI IMOBEPXHI TPAaHUYHUX
MaCTUJILHUX IIapiB MiJIBUIIEHO1 (TTOPIBHSHO 3 MTOBEPXHEIO, HA SIKY HE HAHOCUTHCS
miap enijiamy) ToBIIMHHM. CxeMa yTBOPEHHSI TPAaHMYHUX IIapiB B pa3i HAHECEHHS
Ha METAJICBY MOBEPXHIO €MiJlaMiB MTOKa3aHo Ha puc. 1.
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Puc. 1. 3MiHa TOBIIMHU IPAaHUYHOTO IIapy MacTuia ds: (a) — 6e3 HaHEeCEHHS Ha MOBEPX-
HIO 1mapy enigamy; (D) — 3 HAaHECEHHSIM Ha IMOBEPXHIO IIapy eImijamy

7



3 ornsay Ha BUKIAJCHE METOIO JTOCHIHKCHHS OyJI0 BU3HAUCHHS BIUIUBY aH-
TUPPUKIIMHUX TOKPUTTIB HA TEXHIYHUM CTaH IiIIUITHUKIB CYTHOBUX JTU3EIIB.

JlocnikeHHST BUKOHYBAJIMCH B HAYKOBOT J1abopaTopii Ta Ha CYAHOBUX JU3€-
max 12V32/40 MAN-Diesel&Turbo

3aBgaHHSAM TIEPIIOTO €TaIy JOCTIIKeHHS Oysi0 BU3HAYEHHS BIUIMBY HaHE-
CCHHS eIMJIaMiB Ha YTBOPEHHS TPAHWYHOTO APy MAcTUIa HAa METaJIEBOM MOBEPX-
HI.

[Tin gac mOCHiKCHHS BHKOPHUCTOBYBAJIMCH HAcTymHi emigamu: Aqualin,
Efren-K, Polisam-20. HaneceHHs Bka3zaHHUX €IijaMiB Ha METaJIEBY MOBEPXHIO (Xa-
PAKTEPUCTUKH SIKOi 301rajiuch 3 XapaKTePUCTUKAMK IMOBEPXHI BKJIAUIIIB ITiAIIH-
nuukiB auzens 12V32/40 MAN-Diesel&Turbo) BukoHYBaaoCh IIIAXOM IXHBOTO
MOMNEPETHHOTO PO3YMHEHHS B XJIaJ0HI. TOBIIMHA IIapy emnijiamy, 1mo OyB ajcop-
OOBaHMI Ha MeTaJeBil MOBEPXHI, BU3HAYAJIACh 32 JOIMIOMOIOI E€IITNCOMETPUIHOL
BUMIPIOBAJILHOI YCTAaHOBKHU. Pe3ynbTaT BU3HaUeHHs a/1cOpOOBaHOI TOBIIMHU II1a-
py eminamiB Aqualin, Efren-K, Polisam-20 naBeneni B Tabuumi 1 Ta HagaHi Ha
puc. 2.

Tabmuus 1. Pesynpratu BU3HAUEHHS aacopOOBaHOT TOBIIMHY IIapy enitaMiB Aqualin,
Efren-K, Polisam-20

TpuBamicTs IpoBeeHHS CepenHs TOBIIMHA HIAPY emiiamy, h,
MIPOILIECY HAHECEHHSI eTijiamy, Ta Jllana3oH ii 3MiHU, HM
t, xB Enimam Ne 1 Eminam Ne 2 Emimam Ne 3
9 4,78 (4,0..5, 7,72 (7,0...8, 9,1(8,3..9,8
4) 4) )
4 9,28 (8,6...9, 12,28 (11,6.. 13,2 (12,6...
9) 12,9) 13,8)
5 10,30 (9,8... 16,62 (16,0.. 14,68 (14,1..
10,8) 17,3) .15,3)
8 10,70 (10,3.. 17,18 (16,7.. 14,90 (14,4..
11,0) .17,6) 15,4)
10 11,22 (10,9.. 17,38 (17,0.. 15,20 (14,8..
11,4) 17,7) .15,6)

Ipumimxa: Hymepayis eninamie BUKOHAHA 8 O0BLILHOI (hopmi
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Puc. 2. 3anexxHicTh cepelHbOI TOBIIMHM a7icopOOBaHOro mapy eninamiB Aqualin, Efren-
K, Polisam-20 Bix yacy HaHeCEeHHs Ha METaJIeBY IMOBEPXHIO (HyMepallis eijlaMiB BUKOHAHA Yy
JOBLIBHIN opmi)
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3aBgaHHSAM JPYroro eramy JOCHIKEHb OyJI0 BU3HAYEHHS BIUIUBY €IiJIaMiB
Ha CTPYKTYpHI XapaKTEPUCTUKHU TPAHUYHUX MACTHWJIHHHUX IIapiB (TOBUIMHY APy
ds Ta kpaiioBuii KyT 3MouyBaHHs 0). Sk macTmiio Oyito oopano Castrol TLX PLUS
404. Came 11e MacTUIO BUKOPUCTOBYBAJIACS B LUPKYJSAIINAHIA CUCTEM] MalleHHS
cyaHoBoro gusenst MAN-B&W 12V32/40. 3a gomomMoromw emmncoMeTpuyHoi yc-
TAHOBKH CIIOYATKY BU3HAYAIHUCS XapaKTEPUCTUKU TPAHUYHOIO MACTHIIBHOIO IIa-
Py, YTBOPEHOI'O Ha YHCTIM MeTajeBil MoBepxHI (0€3 MOKpUTTs emiamom). Ilicms
I[LOI'0 TOBIIMHA 'PAHUYHOTO IIapy ds Ta KpaioBUI KyT 3MOYyBaHHS 0 BU3HAYAIIM-
Csl JJI1 TPAHUYHOTO MACTUJIRHOTO IIapy, YTBOPEHOTO Ha MOBEPXHIi 3 PI3HUM eIi-
JaMOBHM TOKpUTTsAM. CepeHi 3HaueHHS TOBIIMHHA I'paHUYHOTO mapy ds 1 kpaiio-
BOI'0 KyTa 3MOUYyBaHHS 0, a TakoX iX Jiana3oH 3MIHU HaBeJEHI B TaOiuIll 2 Ta Ha
puc. 3.

Tabmuus 2. CTpyKTYpHI XapaKTepPUCTHKH TPaHUYHOTO [Iapy MAacTUIa B pa3i HAHECCHHS
Ha MeTaJIeBy MOBEpXHIO mapy emigamiB Aqualin, Efren-K, Polisam-20

Tun nokpuTTs CTpyKTypHa XapaKTepUCTUKA TPAHUYHOTO 1Iapy MAaCTUJIA
MOBEPXHi TOBIMHA, MKM KpallOBUI KYT 3MOUYYBaHHs, Ipajl
be3 mokputTst 12,32 (12,0...12,7) 10,20 (9,7...10,7)
Eninam Ne 1 15,20 (14,8...15,5) 15,80 (15,4...16,2)
Enimam Ne 2 18,28 (18,0...18,5) 17,38 (17,0...17,8)
Eminmam Ne 3 17,18 (16,9...17,4) 16,30 (16,0...16,7)
Ipumimka: nymepayis eninamie 8UKOHAHA 8 O0BIILHOI popmi
d, : 0,
mkm | ‘ deg 174033 16. 3;2;33

182802

+0.40
15.8%

18

17.18%%2 16

16 152103

14}
12.327038 10.22/55

12

0 Type of coating Type of coating

a) 0)
Puc. 3. 3mina ToBImHYM Os Ta KPaiiOBOro KyTa 3MOUYYBaHHS 0 rpaHMYHOTO MIApy MacTHIa
B pa3i HAaHECEHHS Ha METaJIeBY MOBEPXHIO Pi3HUX emnijamiB: LO — BiCyTHICTb MOKpUTTS (6€3-
MOCepe/THs TOBIIMHA TPAHUIHOTO MIapy MacThia ado KpaoBUil KyT 3MOYYBaHHS);
1, 2, 3 — nokpuTTS pi3HUMHU emnitamamu (HyMmepallisi enijaMiB BUKOHaHa B JOBUTBHOT (ho-

pmi)

Tperiit eran AocHiKEHb BUKOHYBAaBCS Ha CyIHOBHUX au3esix 12V32/40
MAN-Diesel&Turbo.

V-1o1i0Ha KOMIIOHOBKA JAU3€JI JO3BOJISIIA ISl KOKHOTO 3 PSIIB IUIIHIAPIB
BUKOPHCTOBYBATH BKJIAJIUIII TIANIMITHUKIB 3 PI3HUMU XapAKTEPUCTHKAMU: JIsI
OJTHOTO — 3 TIOTIEPEIHbO HAHECEHHUM ILIapOM eMijamy, Ui Ipyroro — 0e3 HaHeCeH-
Hs emijamy. HasiBHICTB B CKJIaJli Cy/THOBOI €eHEPTeTUYHOI YCTAaHOBKH JBOX TU3EIIB
12V32/40 MAN-Diesel&Turbo no3Boiisiia BUKOPUCTOBYBATH I MOKPHUTTS iX

79




BKJIQIUIIIB PI3HU €MijaMu (Taku, 0 BUSBWIN Kpallli CTPYKTYPHI XapaKTePUCTUKHU
I1JT 9Yac MONEePEaHIX TOCTIIKEHb).

OrriHKa cTaHy MOBEPXOHb BKJIAIUIIIB MiAIIUITHUKIB BUKOHYBaJIacs MUIIXOM
BUMIPIOBAHHS IXHBOTO 3HOCY. 3HOIIYBAaHHS BKJIAIHILIB MiAIIUIHUKIB (K MOKa3-
HUK, 32 SKUM BHUKOHYBajacs OLiHKa poOOTH CHCTEMHU MAIICHHS TU3eNs Ta edek-
TUBHICTh BUKOPWCTAHHS €IiJaMiB) BHU3HAuUaBCA SK PI3HUI iXHBOI Macw Mepen
eKCIUTyaTalll€l0 Ta MICHs eKcrutyaranii. Pe3yiapTatn BUMIpIOBaHHS 3HOCY BKJIAIH-

IIiB T IUITHUKIB HaBeACH] B Tabmuill 3 Ta Ha puc. 4.
Ta6mui 3. 3HOC BKJIQAUIIIB IMTiAMIUAITHKUKIB, T, CYTHOBUX JIHU3EJI1B
12V/32/40 MAN-Diesel&Turbo 3a pi3HHX YMOB eKCILTyaTallii

12V32/40 MAN-Diesel&Turbo 12V32/40 MAN-Diesel&Turbo
Ne 2
Ne - :
pispa (mmu3enp mpaBoro 6opra) (mu3ensb JiBoro 6opra)
be3 nmok- [Toxpurrs bes nok- IToxpurrs
PUTTS IOBEPXHI eninamom No 2 PUTTS IOBEPXHI eniiamom No 3
1 6,4 5,6 6,6 6,2
2 6,8 5,7 7,2 6,6
5 7,6 5,9 8,4 6,8
6 8,7 6,3 9,1 7,0

Cyl. 1

Cyl. 2 CylL.2  Cyl5
a) 0)
Puc. 4. 3n0c BrimagumiiB migmunHUKIB au3eniB 12V32/40 MAN-Diesel&Turbo 3a pizanx
YMOB eKCILTyaTallii: a — Au3elb mpaBoro 6opty, eninam Ne 2; 6 — nu3ensb JiBOro 60pTy, eniiam
Ne 3

Cyl. 5 Cyl. 6

Cyl. 1

Cyl. 6

Bci nocnimkeHHs BAKOHYBAJIMCh HA €HEPTeTUYHOMY OOJIaIHAHHS Cy/IHA, 1110
Mae o4l cepTudikati KiacudikaiiiHUX TOBAPUCTB — MIXKHAPOTHOTO PETICTPY
Lloyd's Register of Shipping, Anrmis Ta Amepukancbkoro bropo CynHoruiaBcTBa,
ABS, CIIJA). ITix yac nmpoBeeHHs] €KCIIEPUMEHTIB, €KCIUTyaTallis Cy/lHa, AU3ETiB
Ta CHCTEM, IO 3a0e3MeUy0Th IXHE (PYHKIIOHYBaHHS, BUKOHYBalacs BiAMNOBIIHO
1o Bumor Mixuapoanoi Konusenniii SOLAS, Mixknapoanoi Konseniiii MARPOL,
a TaKOX 1HCTPYKIIIH 3 eKCILTyaTarti.

[IpoBeneHi 1oCHiHKEHHS Ta OTPUMaHI1 pe3yJIbTaTH JT03BOJISIOTH 3pOOUTH TaKl
BHCHOBKH.
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1. Jlnst BKIIQOUIIIB MiAIIUIHUAKIB CYJHOBUX AU3EIIB SIK METOJ, IO CHPHSE
3HM)KEHHIO KOHTAaKTHUX HaBaHTaXEHb, MOXKE OYTH BUKOPHUCTAHO EMIIAMYBaHHS iX
MTOBEPXOHb.

2. ToBuIMHA 1Iapy emnijlaMy Ha MOBEPXH1 BKJIAUIIIB MiAITUITHUKIB CyIHOBHX
nu3eniB Moxke pocsratu 11,2...17,4 HM, a gac, HeoOXiaHMI HOTO amcopOItii He 1me-
pebinpmrye 10 xB.

3. Hanomap emninamiB, HAaHECEHUI HA METAJIEBY MOBEPXHIO, MPU3BOIUTH 10
MIIBUIIEHHS CTPYKTYPHUX XapaKTEPUCTUK TPAHUYHOTO APy MACTHJIA, 10 YTBO-
proeThes 01 11i€l moBepxHi. Lle BUsABIsA€TbCS y 301IbIIICHHI TOBIIUHU TPAHUYHOTO
miapy Ta KpalOBUX KYTiB 3MOYYBaHHS — MapaMeTpiB, SIKi CIIPUSAIOTH IT1IBUIIIEHHIO
MNPYXKHO JIeMN(YIOUUX BIACTUBOCTEH MacTWia Ta PO3KIMHIOBAIILHOTO THUCKY B
TPUOOJIOTIYHIN CUCTEMI METaJl — MACTHJIbHUM 1Iap — MeTall. Y BUKOHAHUX JTOCIIi-
JOKEHHSX 30UIBIIEHHS IUX TTapaMeTPiB CTAHOBUIIO:

* JUI TOBIMHU TPAHUYHOTO MIapy MacTuia Bif 12,3 MkM (y pasi eKcIiryara-
1ii 0e3 HaHeceHHs emigamiB) 10 15,2...18,3 MkM (miJ yac BUKOPUCTAHHS PI3HUX
ernijiaMiB);

* U1 KpailoBoro kyTa 3mouyBaHHs Big 10,2° (y pa3si excrutyaraiiii 6e3 HaHe-
CeHHs eniyiamiB) 10 15,8...17,4° (i yac BUKOPUCTAHHS PI3HUX CIiTaMiB).

4. ITimBUIIEHHS CTPYKTYPHUX XapaKTEPUCTUK TPAHWYHOTO MIapy MacThja 3a
paxyHOK emiaMyBaHHsSI IMOBEPXOHb BKJIAJWIIIB MIAIIMITHUKIB JO03BOJISIE 3HAYHO
3HU3UTH iX 3HOmIyBaHHs. [t cymHOBOTO nmusenst 12V32/40 MAN-Diesel&Turbo
€KCIIEpUMEHTAJIbHO BCTAHOBJICHO, 110 enijlamyBaHHs 3a0e3neuye 1,1...1,4 kpatHe
3HM)KEHHSI 3HOIIYBAHHS MOBEPXHI BKJIAIMINIB MIJIIUIHUKIB, a TAaKOXK 1X Hailkpa-
AN TEXHIYHUU CTaH.

5. EmitamyBaHHS BITHOCHUTBCS IO KaTEropii CydacHHMX METOJIB HAaHOTEXHO-
jorigHocTi. JlaHuit MeTo] BUMarae ImomepeaHiX IOCHIDKCHb I0JI0 BH3HAYCHHS
ONTUMAJIbHUX BUIB aHTU(PUKIIINHUX MOKPUTTIB (€MiiaMiB) Ta 4acy iX HaHECEH-
HSI Ha TIOBEPXHi, ajie IPU [IbOMY HE BUKIIMKAE JTOJATKOBUX TPYIOBUTPAT MPU HOTO
BUKOPUCTaHHI, a TaKOX IJABUIIYE €HEPreTUYHy e(PEeKTUBHICTh TPUOOJOTIUHUX
CHCTEM.
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Ab6onemkin C. €., Kapnames /JI. JI.
Harionanpauit yHiBepcuteT «Onechka MOpPChKa aKaaeMis»

HOpiBHﬂJILHl/Iﬁ aHaJi3 cucreM HO[la‘li ra3y HU3bKoro ta BUCOKOro TUCRKy

Cucrema nmomaui razy Hu3bkoro tucky Ilicis aHamizy pi3HHUX KOHIICTIIIIH
CTBOPEHHSI Ta30/IM3€JIbHOT0 Mallo00EepPTOBOTO JIBUTYHA, MPOBEACHHUX (ipMOIO
Winterthur Gas and Diesel Ltd., 6yno BupinieHO po3BUBAaTH TEXHOJIOTIIO MOyl
razoBoro nangua (I'TI) y aBuryH mijg HuU3bKUM THCKOM. Ilepini gociiKeHHs 0yIi0o
BHKOHAHO Ha nepeodnaaranomy nuseii RT-flex50DF.

Pinxe manuso (PII) BukopucrtoByBanocs sik pezepsHe. [Ipu upomy na I'Tl nBu-
T'YH MaB MPAaLOBATH 32 HUKIOM, OJM3bKUM JIO TEOPETUYHOTO LUKy OTTO.

Po3po0biieHa a1 ABOMAIIMBHOIO Majio00EpTOBOIO JBUTYHA TEXHOJOTIA MoAavl
rasy IiJl HU3bKMM THCKOM pO3paxOBaHa Ha CHaJIIOBaHHsS 301HEHOI MaJIMBOIOBIT-
psHO1 cyminl [1,2]. a3 mogaeTscss B UIIHAP MICHS TOTO, SIK BC1 OpraHu ra3zoo0-
MIHY 3aKpUTI, aJI¢ TUCK 3aJIMIIAETHCA 1€ MOPIBHIHO HU3bKUM. Ha mpakTuii kia-
MaHM JIJIS TToJadvi Ta3y BCTAHOBIIIOIOTHCS Ha JEsAKiH BUCOTI BijJ BIKOH MPOJIYBHUX,
06 3abe3rmeunTy HeOOX1THUI Yac Ha 3allOBHEHHS IWJIIHapa razoMm. HaaxomkeH-
HsI Ta30BOTO TMaJMBa HA TaKT1 CTUCHEHHS J03BOJISIE MMOaBAaTH HOTO B IIWJIIHIPH i1
BITHOCHO HU3BbKUM THCKOM 1,0...1,6 MIIa.

VY mporieci CTUCHEHHS B IBUTYHI ra3 J00pe MepeMIlIy€eThCsl 3 MOBITPSIM 1 3ail-
Ma€ThCS 3a JOMOMOTOI0 3amaiibHOi mopiili nanuBa. [Ipu 1mpomy ii BenuumHa y
BCbOMY Jlialla30HI HaBaHTaxeHb He mnepesulrye 1% Big uukioBoi nogaui PIT Ha
HOMIHaNbHOMY pexumi. [TopiBHsiHO 3 PII BUKOpHCTaHHS 1[1€1 TEXHOJOTIT 103BOJISIE
3HM3UTH yTBOpeHHs NOx Ha 90%, 1110 MOSCHIOETHCS OB PIBHOMIPHUM PO3IIO-
TJI0M TeMmIepatryp kamepu 3ropsiHHs. Lle, y cBOro depry, I03BOJIss€ BUKOHYBATH
BUMOTM  MuixkHaponHoi  Mopcbkoi — opranizamii  (International ~ Maritime
Organization) IMO Tier-III momo BukuaiB NOX 6e3 Oy1b-AKOi MOAAJIBIIOTI 00p00-
KM BIJIIPaIllbOBAaHUX ra3iB IMCJISI IBUTYHA.

Jlns 3abe3neyeHHs poOOTH Ha JIBOX IAjJWBaX JIBHUTYH OOJIAHYETHCS TPhOMa
HE3aJIEKHUMHU OJIMH BiJI OJTHOTO CHCTEMaMU MaJIMBOIOAAYl, KOXKHA 3 SIKUX MOXKE
KEpYBaTUCS CIIEKTPOHHUM MIKPOMPOIIECOPHUM MOJIYJIEM 32 OKPEMOIO MPOTrPamMor0
3aJIe’KHO BiJI MAJIMBA, IKE BUKOPUCTOBYETHCA, TA PEKUMY POOOTH.

[IItaTHYy MaqTuBHY CUCTEMY aKyMYJSITOPHOTO THITY, XapaKTepHY JUIsl BCiX JIBH-
ryHiB cepii RT-flex, BukopuctoBytoTh st momaui pesepsHoro PII. Tlpu mpomy
JBUTYH 30epirae 34aTHICTh MPAILIOBATH HA BaXKKUX COpPTax MalliBa y BCbOMY Jlia-
Ma30H1 HABAHTAXCHb.

[Tomaya 3anmasbHOTO MAIMBA 3MIHCHIOETHCS OKPEMOIO aKyMYJISITOPHOIO CHCTE-
MOIO MaJioi MPOAYKTUBHOCTI (puc.l). Take pimieHHs 103BOJISIE OTPUMATU CTIAKY
Mo/Iavy MaJIuX TOPIIiA IMajJuBa 3 MOKJIUBICTIO THYYKOTO PETYIOBAHHS PEKUMY
poOOTH CHUCTEMU 3alaICHHS.
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JI1s1 IOKpallleHHsT YMOB 3aiiMaHHs 301THEHOT Ta30-TIOBITPSHOI CYMIIIIl Ha KOX-
HOMY IWJIIHAPI BCTAHOBIIOIOTHCS JBa 3amajibHI MOJYJI, IO CKIAJAIOThCS 3 BH-
XpOKaMepH 3 BCTAHOBJICHOIO B Hill ()OPCYHKOIO IMOJadvi 3amajbHOTO MajnuBa. Sk
3armajbHe BUKOPUCTOBYETHCS JIETKE TU3EIbHE TATMBO, TPOTE POTIIAIAETHCS MOXK-
JUBICTH 3acTocyBaHHs Baxkoro nanuBa (HFO), Ha skoMy ABUTYH mpaiftoe K Ha
pe3epBHOMY.

Puc. 1. Cxema akyMyJIsITOPHOI CHCTEMH 3alatoBaHHs ra3oausenbHoro asuryHa RT-flexDF
[3]

1 — nucTepHa 3anaabHOTO NalMBa; 2 — HACOCH, IO MiIKAYYIOTh; 3 — NepeIyCKHUHN KJIanaH
JiHIT HU3BKOTO THCKY; 4 — GOPCYHKH; 5 — QUIBTPU TOHKOTO OYMIICHHS; 6 — EIEKTPOHHUI OJIOK
KepyBaHHS; 7 — MaJMBHUI HACOC BUCOKOTO THCKY; 8 — MEPEITyCKHUI KJIaraH JIiHil BUCOKOTO TH-

CKy; - - TIIpaBIi4Hi JiHii; - - - — MiHIT ynpaBIiHHS

[Tomava JI1 y npuniHApHU ABUTYHA 31MCHIOETHCS 3a JOMIOMOTOIO JBOX T'a30BHX
KJIAMaHiB, sIKI BCTAHOBJIIOIOTHCS HABMPOTH OJIUH OJTHOTO HA BUCOTI puoOm3Ho 1/3
xony nopiHa. KpimisiTecs Kianana A0 COpOYKH OJIOKY LUJIIHAPIB 1 4Yepe3 OTBOPU
y BTYJILI MOAAOTh ra3 y pobounii nuiainap. Pobora nBuUryHa Ha rasi J03BOJISIE
oJlep>KaTH Ha BHUXIJTHOMY (IaHIl MOTYKHICTh Ha piBHI 80% BIJ HOMIHAJIBHOI
MOTYXHOCT1 0a30BoOro nu3ens (puc.2).
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Puc. 2. O6nacti pexkomeHa0BaHUX pexumiB podotu 1BuryHiB RT-flex50B na pigkomy ma-
muBi (1) Ta RT-flexSODF na razosomy (2) [3]

B nanmit wac dipma Wirtsild [4,5] manmarogmia BUITYCK HOBOTO TOKOJIIHHS
JBONATMBHUX MaJloOOEPTOBHUX JBOTAKTHUX JABUTYHIB Ha 0a31 au3eniB cepii X. o
TakuX IBUTYHIB BimHOCATbCT WX62DF, W-X72DF, W-X82 ta W-X92. 3aranom
po3po0IIeHa TEXHOJIOT1Sl OpPIEHTOBAHA K HA CTBOPEHHS HOBHUX JIBUTYHIB, TaK 1 Ha
MOJIEPHI3aIII0 TUX, [0 3HAXOASITHCSA B €KCILTyaTaIlli.
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Cucrema noaayi razy BUCOKOro Tucky. Po3poOka Ta BUKOPUCTaHHS CHCTEM
BHCOKOTO THCKY BEIETHCS MPOTATOM OCTaHHIX POKIB HAaHOIIBIINM BUPOOHHKOM
CYIHOBUX Majo00epToBUX ABUTYHIB — (ipmoro MAN [6,7]. Sk 6a30Bi Mmomeni st
ra30/In3elIbHUX JBUTYHIB BUKOPUCTOBYIOTHCS TBOTAKTHI Maoo0epTOBI AU3EINI Ce-
pitit MC i ME. MoaepHi30BaHi il Ta30{u3eIbHUAN MPOIIEC ABUTYHU OTPUMAJIH 1H-
nekc GI (Gas Injector). [Ipu nbomy Ha ABUTYHH 3 MeXaHIYHUM yripaBiaiHHsIM (MC)
BCTAHOBIIIOETHCS JTOJIATKOBO €JIEKTPOHHA CHCTEMa YIPABIIHHA MPOLIECOM Tojadi
ra3y, a IBUTyHax 3 eIeKTpoHHUM ynpasiiHHsaM (ME) ¢byHKuil perymnoBaHHs MOK-
Jaat0ThCS HA IITATHY CUCTEMY YIIPaBIIiHHS.

Jl7ist po6OTH Ha piAKOMY MaJMBl Ta AJIs 3aMaIbHOTO BIOPCKYBAHHS BUKOPHUC-
TOBYETHCS IITATHA MAJIMBHA CUCTEMA, IO CIPOIIY€e KOHCTPYKIIit0. BuTpara pinko-
ro NaJIMBa Ha 3alajeHHs, 1Ji JaHOro TUIY JBUTYHIB, CTAaHOBUTS 5 ... 8%. Ilepexin
3 OZIHOTO BUJY NajMBa Ha 1HIIUHI, 5K 1 IEPEeXi] 3 PEKUMY Ha PEXKUM 31HCHIOETHCS
aBTOMATUYHO 0€3 3HMKEHHS MOTY>KHOCT1 Y BCbOMY JI1alla30H1 HaBaHTa)XEHb J[BU-
ryHa. YcrarkyBanHs ajisg noaadi ['TI mij BUCOKUM THCKOM BKJIIOYA€ KOMIIPECOPH,
TeIUI000MiHHI anapartu, cuctemy mniaBeAeHHs [Tl 1o poOouux mumiHApPIB, MOIYII1
YIOPABIIHHS MOJauero ra3y 1 ra3oBl gopcyHku. [logaua rasy B kamepy 3ropsiHHSA
3IIMCHIOETHCS BIJIpa3y MICHS TOTO, SIK B LHMJIHAP MOJaHa 1 CHaJaxHyJa 3anaibHa
nopuist PI1. Takum 4nHOM, JOCSTaeThCd BUCOKUM CTYMIHb BUTOPSIHHS NAJIMBA 1 3a-
noOirae HeOe3Mell MPOIyCKy 3alallOBaHHs, a TAKOX MONaJaHHs ra3y 4epes 3a30-
U HOPIIHEBUX KUIEIb Y MIAMOPIIHEBUI MPOCTIP.

Bci enemenTu kepyBaHHS IMOJAQuU€l0 ra3y CKOMIIOHOBaHI B OJHOMY MOJYI,
KWW BKJIOYAE: Ta30BUM aKyMYJISTOp, TOJIOBHHUM BIJICIYHUN KJlamaH 3 TiapaBiiid-
HUM TPUBOJOM, MPOAYBKH KJIallaHa CUCTEMM IHEPTHMM ra3oM, KJiallaHa YIpaB-
JHHSA TiAponpuBoaoM (opcyHoK. CaM MOAYIb KPIMUTHCA 0 KPHUIIKU IUIIH/PA,
sIKa Ma€ BHYTPIIIHI CBEPUTIHHS JIJIS IIJABEACHHS Ta3y BiJl MOAYJIS YIPaBIiHHS JI0
ra3oBux (POPCYHOK, BCTAHOBJICHUX y KPHUIIII HUIIHIPA TOPST 3 GOPCYHKAMH IS
BIIOPCKYBaHHS P1IKOTO MajIuBa.

["a30Be manuBo 3 MaricTpalil, 10 MiABOAUTH, YEPE3 3BOPOTHUH KIIalaH HaAXo-
JUTHh B aKyMYJIATOP THUCKY, BUKOHAHWI SIK MMOPOXKHUHY B KOpITyci Moayis. Mict-
KICThb aKyMyJISITOpa €KBIBJIEHTHA MPpUOIM3HO 20 HUKIOBUX MOAA4 razy Ha HOMi-
HaJbHOMY HaBaHTa)KE€HHI. HasBHICTh akyMyJsiTOpa B OJIOLI YIPABIIHHS CIY>XHUTh
JUIsl 3MEHILICHHS MaJiHHS TUCKY B Mpoleci BHNOpPCKyBaHHs nanuBa. CtaliabHUM
TUCK HEOOX1JIHO, 00 CUCTEeMa KepyBaHHS MOTJia MPaBUJIbHO BU3HAUWUTHU 4Yac BiJl-
KPUTTS KJIalaHa, sIKUM 1 3aJJa€ThCsl BETMYMHA LUKIIOBOI Mo1ayi.

VY Tabmuii 1 HaBenEHO OCHOBHI OCOOJMBOCTI, MOB'sI3aHI 3 KOHCTPYKIIIEIO, Op-
rafizaiiero pod04oro mporecy Ta eKCIUTyaTalli€r0 ra3ou3elbHUX JTBUTYHIB, 00-
JalHaHUX CHUCTEMaMH HU3bKOTO Ta BUCOKOTO THCKY.

Ha cporojHi icHye JBa MPUHITMIIOBO Pi3HI MiIX0IX IO OpraHizaiii podotu ma-
J000epToBux ABUTYHIB Ha J[I1, KOXeH 3 KX Ma€ CBO1 epeBaru Ta HeJOMKH [7].
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Ta6muist 1 — ITopiBHSIHHS CHCTEM HU3BKOTO Ta BUCOKOTO THUCKY

OCOBJIMBOCTI KOHCTPYKILIII TA OPT AHI3ALIIT

Huzekoro tuc-

Bucoxoro tu-

POBOYOI'O IMTPOIIECY Ky CKYy
[ToTyXHICTh Ha Ta30BOMY NAJIMBI 80% oT Ne 100% ot Ne
UyTauBICTh 10 IKOCTI Ta3y (METaHOBE YHCJIO) He nmxue 80 |[Hema
UyTauBICTh 10 TEMIEPATYPH MOBITPS HA BXO/I1 € Hema
YacTka 3amanpHOro rnajamBa 1% 3...5%
HasiBHICTD OKpEeMOi CHCTEMH 3alJIbHOTO YITOPCKYBaHHS € Hewma

HOTO)

THBI

MosknuicTs Bukopuctanusa HFO sk 3ananpHOTO B nepcriektusi [Tax
MosknuicTs Bukopuctanus HFO sk pezepBHOTO Tak Tak
MoKITUBICTH POOOTH Ha BOX MaJIMBAaX OJHOYACHO (KpiM 3amanb- Hi B mepcrek- Tax

CyMilIOyTBOPEHHS

I3 mepeminnys.

be3 mepemin.

THCK ra30BOro NajauBa, 10 I11IBOJIUTHCS 1.6 MIla 30.0 MIla
MaxkcuManbHUN TUCK LIUKITY 3pocrae be3 3MiH
BuHWKHEHHS TETOHAIT TPU 3MiHI HABAaHTAKECHHS MOKITHBO Hi
IMOBIpHICTH IPOIYCKY 3aliMaHHs € Hewma
IMOBipHICTH BUOYXY Y i ITOPIIHEBOMY IPOCTOPI € Hewma
IMOBipHICTH BUOYXY Y BUITYCKHOMY pecHBepi € Hewma
IMOBIpHICTH BUTOKIB ra3y B MallUHHE BiIICHHS Husbka Bucoxka
Edextusanii KK/| Ha razoBomy manmsi be3 3miH 3pocrae
Edextusanii KK/ Ha pigkomy manusi 3umKkyerbes  [be3 3MiH
BinmosigHicTs HOpMaM BukuAIB IMO 3a NOx Tier 111 Tier 11
Bukunu CO2: 3 BianpaisoBaHuMu razamu r/(kBT rom) 4S5.7 452.4
Bukuau Metany 3 razamu, 1o Bianpaiiosanu r/(kBt ron) 3...6 =0.5
GWP (noteHrtian rio6anbHOro moTerntinas B ekBiBaneHTi CO2) H o, [He HIK4e
sin PIT e Hxue 10% 3%
MoOXIJIUBICTh MEPEXOTy 3 OJTHOTO MAJIMBA Ha 1HIIIE i1 HaBaHTa- 0 « [be3 oOMme-
PKEHHSIM Jlo 80% ot IV, KCHB
Peakirist TBUTyHa Ha 3MiHY HaBaHTAXCHHS VroosinbHeHa |be3 3MiH

HepeBarH CUCTCM HHU3BKOI'O THUCKY:

- XOpoule MepeMilllyBaHHs Tra30MOBITPSHOI CyMillll B XOA1 IPOLECY CTUCHEH-

HAA,

b

- BUKOPUCTAHHS MIHIMAJIbHOI MOPIIii 3amajbHOTO MalvBa IS MiAMaly ra3o-

HOBITPSHOT CyMIIII;

- TIoJ1aya ra3y A0 poO0oYoro MUIIHAPA il BIIHOCHO HU3BKUM THUCKOM, IO JI0-
3BOJISIE 3HU3UTU UMOBIPHICTh BUTOKIB, CIIPOCTUTH MAJMBHY CUCTEMY, ITIABUIIUTH

Oe3reKy ii BAKOPUCTaHHS,

- st mogadi I'TI MoskHA BUKOPUCTOBYBATH OIBII JEIIEB1 Ta HAJ1HI TBUHTOBI

a00 BIJILIEHTPOB1 KOMIIPECOPH.
Henomniku cucteM HU3BKOTO THUCKY:

- MOKJIMBICTh BUHHMKHEHHS JIETOHAII] Ta, SIK HACHIJOK, BUIIl BUMOTH IO SIKOCTI

I'TI;

- HEMHUHYY€ MPOCOYYBaHHS I'a30-TIOBITPSHOI CYyMIIIll Yyepe3 MOPIIHEB] KiJIblS B
i AMOPIITHEBUNA MPOCTIp HA TAKTI CTUCHEHHS, a TAKOK MOXJIMBICTh MOMAIaHHS Ta-
3y B MIAMOPIIHEBUHN MPOCTIP y pa3i MOIMIKOIKEHHS ra30BOT0 KJIalaHa;
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- 0OOMEXEHHs TMOTYKHOCT1 JABUTYHA I yac poboru Ha I'Tl numie Ha piBHI
80% Bi1 HOMiHAY, YIOBUIbHEHA peaKIlisi 3MIHY HaBaHTaKEHHS.

[lepeBara cuctem npsiMOro BIOPCKYBAHHS IT1]1 BUCOKUM THCKOM:

- npu nogaui ['Tl Ge3nocepeHbO B Kamepy 3rOpsSiHHS MOKHA MOBHICTIO BH-
KIIOYUTH BUHUKHEHHS IETOHAIlli, TOMY BIACYTH1 Oy/b-Ki OOMEXEHHS MO MOTYX-
HOCTI JBUTYHA pu po6oTi Ha ['T], Ta it Bumoru a0 sikocti I'TI MeHmI xKopeTKi;

- BukutoueHo BiydenHs [Tl y mianopirHeBuit mpocrip.

Henomniku cuctem npsiMoro BIOPCKYBaHHS:

- BUKOPUCTAHHS rasy IiJi BACOKUM THUCKOM YCKJIQJIHIOE TTAJTMBHY CUCTEMY, ITi-
JIBUIIY€ BUMOTH JI0 11 OC3IMEKH;

- BeJIMKa BUTpATa PiIKOTO MaJiiBa Ha 3aMajibHE 3aMallifoBaHHS Ta30MOBITPSIHOI
CyMIlIlli;

- JUIsl CTUCHEHHS ra3y HEOOXIJHO BHUKOPUCTaHHsS 0araTOCTYMIHYACTHX KOMII-
pecopiB, 1110 MiIBUILLYE EHEPreTUYHI BUTPATH YCTAHOBKH.

Takum ynHOM, O0MBA MIAXOAW A0 OpraHizalii poOo4oro mpouecy B ra3oau-
3eTbHUX JBUTYHAX MArOTh CBOI IepeBaru, siki Ui MEBHOTO TUIy YCTAaHOBOK MO-
KYTh BUSIBUTHCSl BUPIIIAIBHUMHU, & PO3BUTOK KOHCTPYKIIH TO3BOJIUTH MO30aBU-
THCS OLIBIIOCTI BIACTUBUX HA ChOTOJHI HEAOJIKIB. Y IIbOMY 3B'SI3KYy OYEBHJIHO,
0 B HaHOMMKYOMYy MaiOyTHbOMY OOHMJBa HAlpsIMU PO3BHBAaTUMYThCS Mapae-
JBHO.
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JocaigkeHHsI aepoAMHAMIKH BBOAY MOTOKIB ra3y Jisi CyAHOBOI0 CKpyOepa

[IpoBinnumu BupoOHHKaMu cynHoBux ABUTYHIB (MAN Diesel [1], Wirtsild
[2] Ta iH.) BeAyThCsl PO3POOKU Ta BAOCKOHAJECHHSA CKPYOCPHHUX CHUCTEM OUMCTKU
SOx. [nst monimImIeHHs TEXHOJOTIi OYMIIEHHS PEKOMEHIYEThCS BHKOPUCTAHHS
koMmOinoBanux ckpyoepiB (Hybrid Scrubber System) [3], B skux B ogHOMY amapa-
Ti peai3ylThCs MOCHTIOBHO JEKIJIbKA CIOCO0IB OYMCTKM BUXJIOMHHUX Ta3iB BiJ
SOx.

Jlnst ontumizaiiii epeKTUBHOCTI OYMINEHHSI B CKpyOepi HEOOX1IHO BpaxyBaTH
BIUIMB BBEJICHHS NOTOKY B anmapaT Ha HEPIBHOMIPHICTh a€pOAMHAMIYHOIO 3aBaH-
TaXKeHHsI Kopiycy amapaTy. OCHOBHUM KpUTEpIEM, IO BIAMOBIJA€ ONTHUMAaJIbHIN
Opl€HTaIlli BBEJEHHSI Ta30BOTO MOTOKY B CKpyOep, MOIUIBLHO BBa)kaTu 3abe3re-
YEHHS! PIBHOMIPHOTO a€pOJMHAMIYHOIO HABAHTA)XEHHS HA BCIO MOBEPXHIO IOIe-
pEYHOTO0 Nepepizy anapary.

Jl1s1 3a0€3MeueHHs] MAaKCUMaJIbHO PIBHOMIPHOTO PO3MO/ILTY MOTOKIB razy Oyjo
3alPONOHOBAHO BBOJUTH 3a0pyJAHEHUI Ta30BHM MOTIK, HE MiJ MPSIMHUM KyTOM
(90°) mo BepTHKaNBHOI OCi amapary, a mig OUTbII TOCTPUM KyToM. [l onTumi3a-
111i YMOB BBEJIEHHS MOTOKY 3a0pyIHEHOTO ra3y B anapaT Ta BUOOPY pailioHaIbHO-
ro KyTa OyJIO MPUHUHATO PIIICHHS MPOBECTH JOCIIKEHHSI HU3KA MOKIIMBUX KOHC-
TPYKTUBHUX PIIICHb.

Jlnist peanizanii 3am1aHOBaHOTO JOCTII)KEHHSI Ha OCHOBI aHajli3y €KCILTyaTailii
cKkpyOepiB Oyn0 00paHo 5 (I'ATh) KOHCTPYKTHUBHUX PIIIEHb BBEACHHS rasy B ama-
paT 3 KyTOM BBEJIECHHs 3a0pyIHEHOI0 MOTOKY 10 BEPTUKAJIBHOI OCI, 1[0 JOPIBHIOE
90 75, 60, 45, 30° (puc. 1). Y mocmimkeHHI po3risaanacs JHIIe acpoauHaMiKa
MOBITPSHOTO TOTOKY. Bysio CTBOpEeHO M'sITh TBEPAOTUILHUX MOJEINEH, 10 Bipi3-
HSIOTHCA TIIBKU KyTOM BBEJIEHHS IIOTOKY B CKpyoOep.

Pucynok 1 — Mopeni ckpy0Oepa 3 pi3HUMU KyTaMU BBEJIEHHS Ta3y

Ha po3pobnennx Moaensx Oyino mpoBeaeHO MOACIIOBaHHS 0 JHO(a3HUX MOTO-
KIB TMOBITPA Ta OTPUMAHO BI3yasi3allil0 PO3NOALTY MIBHAKOCTEH. JlocmimkeHHs
3IIHCHEHO 32 JOTTOMOT'OI0 IIPOTPaMHOTO KOMILTEKCY [4].

Pe3ynbpTaTi MoientoBaHHS MIBUJIKOCTEH ra3y Mo BIPTyaIbHUX JIHIMHUX 00'€K-
Tax OOYMCIIIOBAIMCS VISl KOKHOIO KyTa HaxXWily BBEJCHHS MOBITpS B CKpyOep i
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MOTIM y3arajibHeHl y BHUIUISIAL TpadikiB, 3a SKUMH IPOCTEKYIOThCS TEHJCHIIIT
BIUIMBY KyTa BBEJICHHS MTOTOKY Ha MPOQiIb IIBUIKOCTI MOBITPS.

MonenroBaHHSI TOTOKIB MOBITPS B CKpyOepi J03BOJHIO OTPUMATH Bi3yajbHY
KapTUHY PO3MOAUTY IIBUIKOCTEH MOBITPS BCEPEIUHI anapaTy Ta BU3SHAUWUTHU 3Ha-
YeHHsI BIZIHOCHOI HEPIBHOMIPHOCT1 PO3MOILUTY IIBUIKOCTEH MOBITPSI.

MonenroBaHHsl BBEJICHHS MOBITPs B amapar mifg kyrom 90° (puc. 2) mokaszano
HasBHICTh 1HTEHCHUBHOI BHYTPIIIHBOI MUPKYJIAIII B HMKHIA YaCTHHI amapary Ta
HEBEJIMKY 30HY ITUPKYJIALIT 1T PEIITKO0, a TAKOXX I1JIBUIICH] IBUIKOCTI TOBIT-
P Ha TIPOTUJICKHIN (B1J BXOAY raszy) CTiHIl amapary. dikcaiiis npodiaiB mBHI-
KOCTI ra3y Haj rpaTaMu MokKa3ajio, 10 BEJIMYUHU BIAHOCHOI HEPIBHOMIPHOCTI J0-
piBaroroth N1 = 9,9, N, = 10,8.

Pucynox 2 — TpaekTopii IIBUAKOCTI Ta3y B anapaTi Ipy BBEAEHHI MiJl PI3HUMHU KyTaMHU

JlocikeHHsT BBEACHHS TOBITPA B amapar mix KytoM 75° (puc. 2) BUSBUIO
3HUKEHHS IHTCHCUBHOCTI BUXPOYTBOPEHHS B HIDKHIM 4YacTHHI CKpyOepy, Ta He-
3HaYHE 3HIKEHHS IIBUAKOCTEM Ta3y Ha MPOTWIEKHIN (Bil BXOMYy Ta3y) CTIHII
anapary. [Ipodini mBuaKOCTEN Ta3y MalOTh BITHOCHY HEPIBHOMIPHICTH 11O JOPi-
BHIO€ N1 - 7,8, Ng - 6,7

IIpu BBeneHHi NoBiTpsA B cKpyOep mig KyToMm 60° (puc. 2) y HUXKHINA YacTHHI
amapary BiI0OyBa€ThCs 3HaYHE 3HIDKCHHS IHTCHCUBHOCTI BHYTPIITHBOT ITUPKYJIAIIIT,
1 IOCWITFOETHCS 30HA MUPKYJISAIIL i rparamu. [Ipodini mBUAKOCTEH ray MaroTh
BiJIHOCHY HepiBHOMIipHIcTh piBHY N1 = 11, Ny = 4,7.

Jlnst kyta BBeneHHs 45° (puc. 2) BiAOyBaeThCs «PO3MHUBAHHS) ITUPKYIISIII B
HIDKHIM YacTHHI CKpyOepa Ta 3HMKEHHS THTEHCUBHOCTI IUPKYJIALIT M1 IpaTamu.
[Tpodini mBUaKOCTEHN ra3y Haja IpaTaMH Ta BIJNOBIIAIOTH BIIHOCHOT HEPIBHOMIp-
HocTti motoky Ni = 5,4, N, = 3,6.

[Ipu BBemenni motoky 30° (puc. 2) BiaOyBaeThCsA MOAANIBIIE «PO3MHBAHHS
MOTOKY B HIKHIN 4YacTHHI CKpyOepy Ta 3HIKEHHS 1HTEHCHUBHOCTI ITUPKYJIAIII B
30H1 mif IpatamMu. BitHOCHa HEPIBHOMIPHICTh MOTOKY cTaHOBUTH N1 = 5, N2 = 1,5.
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VY3aranpHeHU aHali3 BIUTMBY KyTa BBEJECHHS 3a0pyHEHOTO ra30BOT0 MOTOKY
B CKpyOep Mmokasye, 110 HalO1IbI PIBHOMIPHHUM TTPOQiIb MIBUIKOCTEN HAJl PEIIiT-
KOIO0 3a0e3reuye BBEeJECHHS raszy mig kyrom 30°.

[IpoBeneHe uncenbHe JOCIIKEHHS poOOTH CKpyOepa J03BOJISATh aHaI3yBaTH
poboTy ckpyOepa 3 METOIO IMiABUIIIEHHS SIKOCT1 OYHIIEHHS 3a0py/IHEHOTO TTOBITPA,
10 BUJIAJTISIETHCSA BiJl CYTHOBUX €HEPTeTUYHUX YCTAaHOBOK.

B pesynbrari npoBeneHUX JOCHIKEHh BU3HAYCHO pallioHaIbHUM C1ocid BBe-
JIeHHsI Ta3y B ckpyoOep. Jist 3a0e3neueHHst HalO1IbI1 PIBHOMIPHOTO aepouHaMIu-
HOTO HABaHTa)XCHHS HAa MOBEPXHIO BUXPOBOi TapuIKU BBEJCHHS rasy HEoOXiTHO
3aificHioBaty mig KytoM 30° (puc. 2). OnHak BBEACHHS MOBITPS B CKpyOep mij Ky-
toM 30° miABUILYE TiIpaBIiYHUI ONIp amnapara, o MIATBEPIKY€E 3POCTaHHS KOE-
diuienTa rigpasmignoro onopy (§ = 2,4). Lle 3 OUTbII pi3KUM TOBOPOTOM TOBITPSI-
HOT'O MOTOKY, HI%k 3a IHIIIMX KyTaX BBEJCHHSI.

[li1BHILIEHHS TIAPABIIYHOTO OMOPY YeEpe3 Pi3KUH MOBOPOT MOTOKY HE MOXKE
BBA)KATHUCS a0COJIIOTHO HETaTUBHUM YMHHUKOM, TOMY IO Y IIbOMY BUIAAKY CHJIU
1HepIIii 3a0e3neuyBaTUMYTh J0JIaTKOBY MOTIEPEIHIO Cenapaliito TBEPAUX YaCTHHOK
13 3a0pYyJHEHOTO TOTOKY, 3HIKYIOUM HABAHTAXKEHHSI HA BEPXHIO YACTHHY arapa-
Ty.

Mopenb tonomarae mBHJIKO Ta HAOYHO 3MOJICIIOBATH PyX MOBITPSIHOTO MOTO-
Ky 3 ypaxyBaHHSIM BHECEHUX JIO TeOMeTpii ckpyOepa 3miH. Takum 4MHOM, MOJIEINb
MO>K€ 3aCTOCOBYBATHCS JJI1 ONTUMI3AIlll KOHCTPYKIi CKpyOepa 3aJIe’KHO BiJl TUITY
Ta MOTY>KHOCTI CyTHOBOI €HEPTeTUYHOI YCTAHOBKH, Ta XapaKTEPUCTHK 3a0pyaHE-
HOTO Ta3y.

B pe3ynbrari MOXHa 3p0OMTH BUCHOBOK MPO HEOOXINHICTh ypaxXyBaHHS HEpi-
BHOMIPHOCT1 PO3MOJUI MOJIB MIBUAKOCTEH MPH MOAAIBIIIOMY IMPOIECT MOJEIIO-
BaHHS OUMIIICHHS Ta3y B CKpyOepi.
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Combustion control and nitoring of two-stroke engines

Intelligent Combustion Monitoring (ICM) is an established means of measur-
ing and evaluating cylinder pressure data. Intelligent Combustion Control (ICC)
now ensures that the engine is operated as intended, and with maximum safety and
efficiency.

The ICC system is optionally integrated into the latest Wértsild Engine Control
System (WECS-9520) version for the electronically controlled RT-flex engine se-
ries. The system is also available as a retrofit for existing vessels. Adjustments to
the engine firing pressure are made in reference to set-point values derived from
the engine shop test, which are then site corrected taking ambient variations into
account.

Compared to an engine operated with a Fuel Quality Setting (FQS) of zero, ac-
tivated ICC onboard a vessel achieved measured reductions in fuel oil consump-
tion of approximately 2.5g/kWh across the entire engine load range. Consequent-

ly, overall CO, emissions were also notably reduced.
Wairtsild Intelligent Combustion Monitoring for two-
stroke diesel engines is based on the sophisticated technolo-
gy of the well-known ABB Cylmate® system, and is a
comprehensive method for continuous engine performance
measurement and monitoring. A unique combination of cyl-
inder pressure measurements and crankshaft position detec-
tion, together with advanced mathematical modeling of dy-
namic engine operation (crankshaft deflection model), pro-
vides highly ac-
curate, real-time
' | s ramasiege 1 (lata for monitor-

v | ing and diagnos-
. ] ticanalysis.
- The ICM

{1 system  consists
\/ | of a pressure
| | transducer on

\ | each  cylinder

51 \ /: unit and an angle
“.4 transducer at the
Fig. 2. ICM pres- 5 N s ./ | engine flywheel,

sure transducer s Fig.1. ICM screen example  mavassmansss Which — are  all

C , connected to the transducer
bus. The controller collects all the measured data within each engine’s working
cycle. The data can be evaluated with the help of a built-in computed
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mathematical engine model. The ICM system has a comprehensive on-screen
presentation (Fig. 1) of all the collected data, both current and historical. Alarm,
event and trend pages, as well as graphic and tabular forms of the engine
parameters, are available. These include, for example, Pcomp, Pmax, MIP, Indicated
Power, engine speed, SF+OC, and more.

The ICM pressure transducers (Pressductor® technology) chosen for two-
stroke engine applications are based on a magneto-elastic measuring principle, and
are mounted on the cylinder cover just below the indicator cocks (one on each
cylinder).

The ICM transducers have a unique blow through design, as illustrated in Fig.
2. Usually, before starting the main engine, the indicator cocks are opened while
slowly turning the engine. During that time, all potential combustion residuals
(especially from HFO usage) are blown out.

This cleaning function guarantees precise measurement data over a long
operational period (mean time between failure exceeds 10 years with roughly 6500
yearly operating hours for the main engine), and reduced maintenance effort.
Another benefit of this type of transducer is the independence of temperature (heat
flash). As a result, no compensation or re-calibration is required

ICC - Introduction The main concern for today’s vessel owners and operators
is to find ways for reducing fuel oil consumption and maintenance costs, as well as
to comply with current and pending emissions legislation. The

£332 £330 Pt 100 sensors WartSﬂa
Intelligent
Combustion
T/C compressor inlet temperatures
Scavenge air temperatures COﬂth' System

‘?‘”f??“""-?*?‘“fr’?? ensures that the
engine in service
operates according
to its original shop
test performance.
This is  done
automatically, in
real time, and
independent of the
fuel used at any
Fig. 3. ICC installation overview (example for 14-cylinders) time, be it HFO or
MDO. As mentioned
earlier, this is of particular importance when fuel of different quality is bunkered,
or when the fuel has to be changed in certain exhaust gas emissions control areas.
ICC-Key componentsThe precise and continuously measured in-cylinder
pressure of all units forms the basis of the ICC system. The raw data relating to the
cylinder pressure of each unit is taken as an analogue input signal fromthe ICM
pressure transducer into Wartsild’s Engine Control System (WECS-9520), as
illustrated in Fig. 3.
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The engine speed signal, as well as the crank angle position with 0.1 °CA
resolution, already exists in the WECS-9520. The ICC temperature and pressure
sensors are installed at the T/C compressor inlet and in the scavenge air connected
to the WECS-9520.

ICC - Functionality The ICC function is an integrated optional part of the
latest version of WECS-9520, which adjusts the peak firing pressure of the engine
according to the engine design criteria. Furthermore, the firing and the
compression pressure of all cylinders are balanced by modifying the injection
timing and exhaust valve closing timing within their allowed operation range. All
modifications of the engine control parameters by an activated ICC, are compliant
with the vessel’s IMO certificate.

In-cylinder pressure evaluation In order to get the cylinder pressure trace vs.
crank angle, the raw signal for the in-cylinder pressure is evaluated and processed
by the ICC part of the WECS-9520. From this data, the compression and firing
pressures are determined with polynomical formulas in the Fig. 4.
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gng Fig.4. Cylinder pressure graph for a two-stroke engine squal to the separate bus
The signal is initially filtered in the WECS-9520 and further routed into a
controller. Adjustments of this actual measured pressure value to its corrected set-
point value at a certain engine load, are made accordingly. This real time site
correction and comparison, shown in Fig. 5, is performed for each individual
engine cycle.

The ICC system was initially installed on the 4RT-flex60C laboratory engine
in Winterthur, Switzerland, where it was extensively tested. After completion of
all necessary tests, the ICC system was installed on two vessels (one with a 7RT-
flex96C and the other with a 12RT-flex96C engine). The complete installation
took place during the vessels’ port stays, and the ICC system was commissioned
during a short voyage between European ports without interfering with the sailing
schedules. The commissioning included functionality checks and performance
testing. The FQS was in use on just one of the vessels before the Wirtsild engi-
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neers installed the ICC. An increase in firing pressure, which depends heavily on
the ignition delay (mainly fuel influenced), is equivalent to the Specific Fuel Oil
Consumption (SFOC) reduction. Thus, it is most important that the firing pressure
is correctly adjusted by means of FQS during engine operation.

Intelligent Combustion Control Closied loop control
Automatic adjustrment of fuel ingection tming and exhsust valve closing
INFUT: Bin-cylnder pressure measurement vs. crank angle
W ambient pressure. temperature and scavenging temperatuns

, _ )
‘ —| [\ | | [

\ -

UOSLIEIAIET)

Cylindar Pressusre svaluation Injection Bagin offsst

Actual
TAC compressor mbel air lemperature Setpoint
Scavenge air temperature correct
T/C compragsor inlet Fressurs —

!

Engine Load (e | Firing pressure Setpoint fuemeefp /"\

Fig. 5. Firing pressure control strategy

ICC Installation options 1CC can be installed as an option on all Wartsila
RT-flex newbuild engines, as well as a retrofit solution on RT-flex engines in ser-
vice.

Some engines in service were previously installed with the ICM system (or
former Cylmate® system). Such engines can continue to use the already installed
pressure transducers and easily upgrade the ICM system to a combined ICC/ ICM
system. The combined ICC/ICM system can also be installed from the beginning.
The combination of ICC with ICM provides an extended data viewing, trending
and downloading functionality for more detailed condition monitoring of combus-
tion chamber components. Furthermore, it enables the earlier mentioned integra-
tion into the Waértsild condition monitoring system and services. activating ICC at
a constant engine speed / load operating point. It is evident that the deviations be-
tween cylinders are reduced. An activated ICC also raises the mean value of the
firing pressure to the set-point value.

In Fig. 7, the deviation trend is illustrated for the twelve cylinder engine (cyl-
inder vs. cylinder), whereas in “open loop control” at 82% load, one cylinder is
already at a pronounced high firing pressure. This balancing of the firing pressure
results in an equal exploitation of each cylinder unit.
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Results Fig. 6 outlines the changes in compression and firing pressures while
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Fig. 6. Activation of ICC (7RT-flex96C)
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Fig. 7. Firing pressure deviation over 25 cycles (12RT-flex96C)

CONCLUSION

The equal exploitation of each cylinder unit of the engine by balancing the
compression and firing pressures, reduces the potential overload and abnormal
wear rates of the engine components. ICC ensures that the engine is always oper-
ated according to its design criteria, and as safely and efficiently as possible. The
ICC system helps not only to reduce the workload of the crew on board, but also
the data evaluation work in the offices of vessel owners, since all adaptations are
done automatically and with all ambient corrections. The installation of ICC is not
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only beneficial as a retrofit on engines already installed in vessels or power plants.
Already during engine commissioning before the shop test, it reduces the engine’s
running time (with diesel fuel) needed to balance the compression and firing pres-
sures.
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Dieselcombustion: an integrated view combining laser diagnostics, chemical
kinetics and empirical validation

LASER DIAGNOSTICS

Researchers at the Sandia Combustion Research Facility in Livermore, Cali-
fornia used laser-based planar imaging diagnostics to provide the detailed meas-
urements needed to better understand the diesel combustion process. Over the past
decade, a wide variety of these diagnostics have been applied to direct injection
(D1) diesel combustion using a specially designed, optically accessible research
engine. These laser-imaging measurements have provided an abundance of new
information about the details of diesel combustion and emissions formation.

The single-cylinder research engine used for these studies is based on a
Cummins N Series production engine typical of the heavy-duty size class (2.34 li-
ters/cylinder). This research engine retains the basic geometry of the production
engine, but has been modified with windows in the combustion chamber to pro-
vide the required optical access .

The optical data obtained with this engine have included the following laser-
sheet imaging measurements. In addition, natural-emission chemiluminescence
images were obtained to investigate autoignition, and natural soot luminosity im-
ages showed initial soot development and overall jet penetration.

These imaging diagnostics have been used to map out the processes occur-
ring in the cylinder of an operating diesel engine from the start of injection,
through autoignition, the premixed reaction, and the first part of the mixing-
controlled burn (i.e. until the end of injection). For example, quantitative Rayleigh
scatter imaging showed that vapor-fuel/air mixture during the premixed reaction is
fuel-rich (equivalence ratio of 3 to 4). This mixture should be too rich to produce
significant concentrations of OH or NO, but it should produce soot. In agreement,
the OH and NO PLIF images showed no signal from this rich reaction zone, but
simultaneous LIl and Rayleigh-scatter images showed small soot particles forming
shortly after the onset of hot combustion reactions .

DIESEL FLAME STRUCTURE
Prior to the information produced by laser-based imaging diagnostics, a va-
riety of structures have been proposed to describe the nature of the combustion
processes in diesel engines. One example is shown in Fig 1. It is typical of the
types of models developed by various researchers in the 1970s when computation-
al capabilities limited the complexity of models that could be manipulated. This
model proposed a diesel spray made of a dense fuel rich core surrounded by pro-
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gressively leaner fuel/air mixtures reacting as air was entrained into the spray and

Fig. 1. Early spray jet
model

oxygen was made available to react with the fuel.

Over the years, other variations of the model for diesel spray combustion
evolved ( Fig 2 ). These new conceptual images (Figs 3 and 4) provide a spatial
definition of liquid disappearance and zones where reactions occur in the fuel-
vapor/air mixture. Also visible are the regions where specific reaction intermediar-
ies, such as OH, are present that indicate the location of the vigorous diffusion

burning processes. These images, along with the more detailed analysis, allow the
delineation of times and travel within this flame structure.

0 10 20
—
Scale (mm)
—— Diffusion Flame Vapor Fuel ™ Fuel-Rich Premixed Flame
I Liquid Fuel and Droplets [ Initial Soot Formation
Low [ High I Thermal NO Production Zone
Soot Concentration B9 Soot Oxidation Zone
Fig. 2. Recent spray model Fig. 4. Schematic of quasi-steady burning

jet from laser measurements

CHEMICAL KINETIC ANALYSIS

An additional tool that has proven to be valuable in appraising the combus-
tion of hydrocarbon fuels is detailed chemical kinetic modeling. Kinetic modeling
of hydrocarbon fuel oxidation has been developed over the past 25
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years, initially for simple fuels
such as methane and methanol, proceed-
ing through fuels such as propane and
butane, and recently with much more
complex fuels such as normal heptane
and isooctane.

Conventional diesel fuel consists
of a complex mixture of hundreds of hy-
drocarbon species, many of them includ-
ing more than 10-15 carbon atoms. Fur-
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Fig. 3. Schematics of early flame images
from laser measurements.

might be used in a spark-ignition engine, and as
such has lower rates of low temperature fuel
oxidation and breakdown. Normal heptane, on
the other hand, has a relatively high cetane
number. Its properties put it on the other end of
the scale in terms of low temperature reactivity,
with high rates of energy release at low temper-
atures. Fig 5 presents modeling results obtained
to define the evolution of reactions in normal
heptane. The diagram shows the consumption of
the normal heptane fuel molecules and evolu-
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FUEL/AIR MIXING AND IGNITION

A series of high pressure, high temperature jet penetration and vaporization
studies led to the formulation of models for liquid jet breakup and droplet vapori-
zation in high pressure, high temperature environments like those inside diesel en-
gines. Fig 6 portrays the key findings from these experiments. The highlighted
zones represent the range of pressure and temperature conditions that might be en-
countered in a typical heavy-duty turbocharged diesel engine over its entire range
of operation from startup to regular operations.
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Fig 6. Vaporizing, non-combusting, liquid penetration
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Fig 7 presents a more detailed picture
showing the temperature and spatial properties of
this jet after quasisteady processes are estab-
lished. The Fig shows temperatures and

penetration for the jet schematic from Fig

= L L 1
2010 7 5 4
Equivalence Ratio

Fig 7. Early jet processes

4,

The three axes at the bottom of Fig 7 provide additional information about
the quasi-steady spray plume. The first axis shows the time required for penetra-
tion, given in crank angle degrees, estimated from the jet mixing correlation. The
second axis is the same information presented in milliseconds. The third axis
shows the mean or average equivalence ratio in the jet as a function of penetration
also estimated from the mixing correlation.

PARTICULATE FORMATION

Diagnostics indicated the appearance of small particulates in the plume near
the rich reaction zones. The size of the particulates grew as the mixture progressed
downstream inside the spray plume envelope. As the fuel passes through the rich
premixed reaction zone, the process yields hydrocarbon fragments that become the
building blocks of soot particles inside the diffusion flame sheath.

100



1
1

Cyl. Press. (bar)

AHRR (mg equiv. / CAD)

Soot (mg)

-
(<)}
[=]

Cyl. Press. (bar)

AHRR (mg equiv. / CAD)

of
ide-

40|

|
|
Zﬂ'l
|

Fig 8 provides a more detailed speculation about the processes that might
quantify the production and destruction of soot and its precursors within the flame
as the combustion process evolves.
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These data are typical of combus-
tion conditions in a 2.35 liter per cylin-
der heavy-duty diesel engine operating
at high load. Likewise the cylinder pres-
sure is typical of that observed at an en-
gine output of 17.2 bar BMEP and a
speed of 1800 rpm. The second line rep-
resents the rate of fuel injection at that
operating point. The next series of lines
present a depiction of apparent heat re-
lease for this operating condition.

The apparent heat release diagram
has two parts. The lower shaded portion
of the diagram is a depiction of the ener-
gy release associated with the early pre-
mixed fuel burn.—The area above this
shaded portion represents the remainder
of the energy release that occurs at the
diffusion flame interface. The next lines
speculate about the soot and soot precur-

sor formation and destruction rates
that occur during this two-stage com-
bustion process-

The total soot mass line in Fig 8
represents an estimate of the limiting
mass that could exist in the chamber
at any given time.

NOx FORMATION

Experiments indicate that most
of the NOx formation takes place dur-
ing the time of high-energy release
rates associated with the diffusion
burning process in the diesel engine.

Measurements on  apparent
flame temperatures in diffusion burn-
ing processes indicate that the sheath

the diffusion flame presents the conditions
al for the formation of NOx. That is, high
temperatures in a region where oxygen is available along with nitrogen to allow
the formation of nitrogen oxides. Once NOx has been formed, it can diffuse both
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into and away from the diffusion flame sheath. Fig 9 presents a hypothetical pic-
ture of the evolution of the NOx concentration inside the same engine presented
earlier in the section on particulate formation and consumption. As was stated ear-
lier, this operating point is 1800 rpm and 17.2 bar BMEP.

Fig 10 provides overview an integrated perspective of the thermal and
chemical variations inside the burning fuel plume. The key attributes of the pro-
cess are the existence of a cold fuel jet into which hot air is entrained. This fuel/air
mixture enters a diffusion flame sheath where it is further heated to about 825 K
and reactions are initiated which
consume all the local oxygen and
release about 15 percent of the to-
tal heat of combustion. This jet
thus supplies the interior of the
plume with products of rich com-

Temperatures
950 K ~1600 K
350 K 825 K

~2700 K

o]

_______ bustion that contain mostly carbon
C """""" monoxide and partially-burned hy-
Cold Rich Fuel/Air N o drocarbons that are the building
Fuel Mix phi = 4 coz & blocks of particulates.
Warm Products of Rich H20
Air Combustion

CO, UHC & Particulates
Fig. 10/ Summary of fuel burning

CONCLUSIONS

Through a combination of laser diagnostics, empirical measurements, and
piecewise analyses with chemical kinetic codes, an understanding of the processes
occurring in diesel combustion has evolved.

Very rich fuel/air mixtures enter the interior of the diffusion flame. The
flame has a definite interior and exterior. The products of rich combustion supply
the species that cause particulate formation in the interior. These particulates are
burned as they approach the high temperature diffusion flame around the periph-
ery of the burning plume.
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KyponsitHuk O.A.
HamionansHuit yHiBepeuteT «Opechbka MOpPChbKa akaieMis»

3HMKEeHHSA eMicil OKCHIIB a30Ty 3 BUILYCKHUMU ra3aMu Cy/ITHOBHMX IU3€JIiB

JIBUTYHI BHYTpIITHBOTO 3TOPSIHHS / Mu3eni 3aiiMaroTh B CYJHOBOI €HEPIeTHUKH
JOMIHYIOYE TOJIOKEHHS B MOPIBHSHHI 3 IHIITUMH THIIAMU TETUIOBUX JBUTYHIB — I1a-
pPOBHMH KOTJaMH Ta ra3oBuMu TypOinamu. [lepmr 3a Bce e MOB’S3aHO 3 Haii-
MEHIIIOI0 IMUTOMOKO BUTPATOIO IMaJiiBa Ta HAMOUIKIIMM KOe(]iIllleHTOM KOPHUCHOI i,
10 XapakTepHi came st au3enmiB [1, 2]. u3sei, 1110 BCTaHOBIIOIOTHCS HA CYIHAX
MOPCBKOTO Ta BHYTPIIIHBOTO BOJHOTO TPAHCIOPTY, BUKOHYIOTH (DYHKIIIi TOJIOBHUX
Ta JOMOMDKHUX JIBUTYHIB, 3a0€3MeUyl0ur pyX Cy/IHa Ta POOOTY CYyJIHOBHX CHUCTEM,
MexaHI13MiB Ta oOnanHanHs. OTpuMaHHS KOPUCHOT poOOTH Ta €PEKTUBHOI MOTYXK-
HOCTI B CyJIHOBUX JM3EJISIX HEMOKIIMBO 0€3 CMaIIOBaHHS B IXHIX MUIIHAPAX PIAKOTO
nmajuBa HaGTOBOTO MOXOMKEeHH. [Ipu 11boMy B pe3ybTaTi HOTO 3rOPSIHHS B aTMOC-
(depy BHUKMAAIOTHCA BHUIYCKHI Ta3d. bBuUIbIly 4YacTMHY BHMIYCKHUX Tra3iB (10
99.0...99,2 %) ckiagaroTh HEUTpaJIbHI Ta HETOKCUYHI KOMIIOHEHTH — NPOAYKTH HE-
MOBHOTO 3rOpsiHHS (OLIBIIOI0 YaCTUHOIO SIKUX € Miokcua Byriento CO; 1 BoAsHA Ma-
pa H;O) Ta moBiTps 31 3HWKEHUM BMICTOM KHCHIO. HeBenuky pemity 3i 3araibHOi
YaCTUHU BUITYCKHUX Ta3iB CKJIaJal0Th TOKCUYHI KOMIIOHEHTH, SIKI MOAUISIOTHCS HA
nBi rpymnuy. Jlo mepiioi rpynu BiZHOCSATHCS MPOTYKTH HETIOBHOTO 3TOPSHHS IMajTiBa —
moHookcu Byriemo CO, ByrneBoani CyHy, anmpaerinn R-CHO Tta caxa C. Tokcu-
YH1 KOMIIOHEHTH JPYToi TPy YTBOPIOIOTHCS B PE3YJIbTaTl MOBHOTO OKUCICHHS Xi-
MIYHUX €JIEMEHTIB, 1110 BXOJSTh JO CKJIAly MaJvBa Ta MOBITPS — 1€ OKCUIIU a30Ty
NOx ta cipku SOx.

Cynanosi JIB3, 110 3HaxoAgThCsl B €KCILTyaTallii, BAMaratoTh MOCTIHHOTO TOIIY-
Ky €(pEeKTHBHHX CHOCOOIB 3HMKEHHS TOKCHYHOCTI BUITYCKHUX Ta3iB, HacaMIiepe
BUKHIIB OKCHIIB a30Ty NOx [3]. BMicT okcHIIB a30Ty B BHITYCKHHX Ta3iB perjiaMme-
HTyeThcst BuMoramu AnneX VI Mixkaaponnoi korBeHIlii MARPOL Tta 3anexuTs Bix
pOKy 1OoOYI0BH CyJIHA Ta YaCTOTH 0OEPTaHHS Baiy Au3ens (taoum. 1).

Tabmuus 1 — MakcumanbHa koHIeHTpaiist okcuaiB a3oty (NOX, r/kBt-rox) B
BUITYCKHHX Ta3ax CyJHOBUX Iu3eniB BianoBigHo 10 Bumor Annex VI MARPOL

Yactotu obepTaHHs Baily, 00/XB

PiBenn n<13 130<n<20 n>200
0 00 0

Tier I — ans cyneH, 30y 10BaHUX TTCIIS 17.0 45092 9.8
2000 p.

Tier Il — nnst cynen, 30y10BaHUX MicIs 14,4 440023 7.7
2011 p.

Tier Il — nnst cynen, 30yaoBaHUX Mmicis 3.4 gn 02 20
2016 p.

3abe3neuenns suMmor Tier |, Tier |1 MOXKIMBO HUISXOM J0JaTKOBOI IMIATOTOBKHU
najguBa (HaNpuKIaa, HOro TOMOreHi3allli, yJIbTpa3ByKOBOi OOPOOKH Ta BUTOTOBJICH-
HSl BOJOMNAJIMBHUX €MYJbCiH) Ta BJOCKOHAJICHHSM pO0O0OYOro HUKIY (HANpUKIA],
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yhnpaBiiHHA ¢azaMu Mojadi MOBITPS, BUMYCKY T'a3iB Ta BIOPCKYyBaHHS MajiuBa). 3a-
oesneueHHs BuMor Tier Il MoximMBO JnIe yepe3 BUKOPUCTAHHS JIOJATKOBUX TEX-
HIYHUX CHUCTEM Ta NPUCTPOiB. HalOuIbIl pO3MOBCIOKEHUMHU 3 HUX €: CHUCTEMa
ouMIneHHs BUnyckHux rasiB — Selective Catalytic Reduction (SCR); cuctemu peru-
pxyisnii — Exhaust Gas Recirculation (EGR); cucrema nepemnycky — Exhaust Gas
Wastegate (EWR) [4].

CucremMu penupKyJIsiiii BUITYCKHUX Ta3iB MEPII 3a BCE PO3POOIISIIUCS ISl aB-
TOMOOUTEHOT TEXHIKU (K 1711 OCH3WHOBUX, TaK 1 I JU3EIbHUX ABUTYHIB). [1o3u-
TUBHHM JOCBIJ X 3aCTOCYBaHHS, a TAKOK HEOOXIAHICTh MOIIYKY HOBHX PIIIEHB JIJIS
3a0e3MeyeHHs eKOJIOTTYHUX MOKA3HUKIB POOOTH IM3EIiB CYJeH MOPCHKOTO Ta BHYT-
PIIIHBOTO BOJHOTO TPAHCHIOPTY, CIPHSUINA BIPOBAKEHHIO TaHUX CHCTEM JI0 CKIIAIy
CYyTHOBUX CHEPTeTUYHUX YCTAHOBOK. 3aJIC)KHO BiJl XapaKTEPHUCTHK IAU3ENs (KOHC-
TPYKIIHHOTO BUKOHAHHS, TTOTY>KHOCTI, XapaKTePUCTHUK CUCTEMHU HATYBY), 00 3a-
0e3IMeYuTH MPOIEeC PEIUPKYJIIALIl BUITYCKHUX Ta31B, BUKOPUCTOBYIOTHCS PI3HI CXe-
mu: Bucokoro tucky (High pressure — HP-EGR), au3bkoro tucky (LOw pressure —
LP-EGR) i kombinoBana cuctemu (High and Low pressure — HLP-EGR) [5].

Cucrema pelMpKyJIsIii BAMYCKHUX Ta31B (K HU3BKOTO, TaK 1 BUCOKOT'O THCKY)
BKJIIOYAE JI0 CBOTO CKIIAMY:

KJIanaH PerupKyJAiii (32 JT0MOMOTOI0 SKOTO 3/IIHCHIOETHCS KEPYBaHHS TOTO-
KOM Ta3iB, 1110 HAAXOATh Ha PEUPKYJIAIIIO);

CKpyOep (mpu3HAUYCHU ISl OUMIICHHSI BUITYCKHUX Ta31B BiJl TBEPAUX HE3rOpi-
JIMX YACTUHOK I1J1 4ac iXHbOT'O MOBEPHEHHSI IO LUJIIHJIPIB JU3€EJIs) 13 CUCTEMOIO BO-
JITHOTO 3POIIICHHS Ta OXOJIOKEHHS BUITYCKHHX Ta3iB;

ra3oBU HArHiTay (3a JA0MOMOTOI0 SIKOTO 3a0€3MeUy€eThCs PELMPKYJIALIS BUITY-
CKHHX Ta31B y IPOJYBHUMN pecuBep ado 10 KOMIIpecopa ra3oTypOoHarHeTaya).

JlocmipkeHHsT BUKOHYBaNuCh Ha cynHoBomy amzeni 8G60ME  dipmu
MAN Diesel, obnamHaHOMYy CHCTEMOIO PEIMPKYJIAIIT Ta3iB BUCOKOro THCKy — HP-
EGR. [IpuniunoBa cxema CUCTEMHU PEIUPKYJIIAILIT BUITYCKHHUX Ta3iB BUCOKOTO THCKY
cyanosoro ausens 8SG60ME ¢ipmu MAN Diesel nagana Ha puc. 1.

CucreMa npariroe B Takuii croci6. Burmyckni rasu 3 numiaapis auzens 10 vana-
XOJIATh y 3arajbHUN BUITYCKHHM KOJIEKTOp 2 1 Jaii g0 razorypOoHarHeTadiB 1 1 5,
MICJsl YOO 4epe3 Ta30BUITYCKHY TpyOy BHIAISIOTHCS B atMocdepy. ['azorypbona-
raiTayl 1 1 5 3a0uparoTh MOBITPS 3 MAIIMHHOTO BIJIUICHHS Ta IICIASA CTHCHEHHS
CIPSIMOBYIOTH HOT0 Uepe3 0XoJ0KyBayl 9 1 12 B moBITpsiHUI (MPOAYBHUIA) pecuBEp
11. IIpu ubomy razorypOoHarHiTau 5 00JiafJHAaHUN CUCTEMOIO PELUUPKYJISIIi BUITYC-
KHHMX Ta3iB BUCOKOTO THUCKY, IO CKJIIy SIKOi BXOIATh KEPYIOUni KiamaH 3, cKkpyoep
OYMIIEHHS Ta3iB 4, MUCTEepHA 7 MPICHOI BOAM CHCTEMH OYMIICHHS Ta OXOJIOKCHHS
BUIYCKHUX Ta3iB Ta Hacoc 6 mojadvi mpicHOI BOJAM B CUCTEMY OUMIIICHHS Ta OXO0JIO-
JDKCHHS BUITYCKHUX Ta3iB.
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Puc. 1. [IpuHIiunoBa cxema CUCTEMHU pequKmeun BUITYCKHHUX ra3iB BUCOKOTO THUCKY CY-

aHOBOro Manoodeprosoro quseist SG60ME dipmu MAN Diesel:

1, 5 — razotypOoHarsitay; 2 — BUIIYCKHUI KOJEKTOP; 3 — KEPYIOUHil KJIaraH CUCTEMH pe-
UPKYIALIi BUTYCKHUX Ta3iB BUCOKOTO THCKY; 4 — CKpyOep; 6 — Hacoc moaadvi npicHOi BOJIH B
CHCTEMY OUYMINECHHS Ta OXOJIO/PKEHHS BUITYCKHHX ra3iB; 7 — IIUCTEPHA MPICHOI BOJIU CHCTEMH

OYMILIEHHS Ta OXOJIOKEHHSI BUITYCKHHX Tra3iB; 9, 12 — 0X0J0/pKyBayd HaILYBHOTO MOBITPSI;

10 — cynnoBwmit nuzens; 11 — npoaysuuii pecusep; T, K — razosa typ0Oina Ta moBiTpsHuUit

KOMIIpECcOop ra3oTypOOHarHiTaviB

[Tin yac excruryaTanii CUCTEMHU PELUPKYIISLI] BUIYCKHUX T'a31B BUCOKOTO THC-
Ky iX KUIBKICTb, III0 IIOBEPTAETHCS YE€PE3 CUCTEMY OUMILEHHS O IPOAYBHOIO pECcH-
BEpy Ta HUJIHIPIB IU3EIIs, PETYIIOEThCS KiIamaHoM 3. BUITyCKHI Ta3u OYHIIYIOThCS
1 MONEPEeIHBO OXOJOKYIOThCA B CKpyOepi 4, miciisi 4oro 10AaTKOBUM HarHitayem 8§
MOJAI0THCS Ha 3MINTYBAHHSI 3 MOBITPSM ([0 HAJXOJUTH 3 MTOBITPSIHOTO KOMITPECOPY
ra3oTypOOHarHiTyBaya 5) 1 gaji npsiMyroTh 10 MPOAYBHOrO pecusepy 11.

OCHOBHOIO METOO JTOCHTIPKEHHS OyJ10 BH3HaYeHHs BIUMBY cuctemu HP-EGR
Ha EKOJIOTIYHI moka3Huku pobotu cymnoBoro museiast 8G60ME MAN Diesel, 30k-
pema — Ha piBeHb emicii okcuaiB a30ty NOx. KonnienTpariis okcuaiB a30Ty BUMipIO-
BaJlach B Ta30BUITYCKHOI MaricTpaii AW3eis Ha BIACTaHi, o nepediabiryBana 10 m
BiJl BUXOJy Ta3iB 3 ra30TypOOHarHiTaua, 10 BIAMOBIAAI0 BUMOTaM TEXHIYHOTO KO-
nekcy 3 NOx. BuMiproBaHHS BUKOHYBaJIMCh Ha pekuMax, 1o Biamopigamm 60 %,
70 %, 80 % Ta 90 % Bi;m HOMIHANBHOTO HaBaHTaXeHHA. [Ipyu IbOMY Ha KOXKHOMY 3
peXHUMax CTYMEHb PEHUPKYJALIi MOCTYMOBO 3MiHIOBaBcs Ta ckiaaas S %, 10 %,
15 % Ta 20 %. Ha xoXxHOMY 3 PEXXHMIB AOCTIHKCHHS TTOYNHAINCH 3 BUMIPIOBAHHS
koHuentpaiiii NOx 3a ymoBor0 pobotu ausens 6e3 Bukopuctanus cucremu HP-EGR
(EGR=0 %). Pe3ynbraTu mociiipkeHs BioOpakeHi Ha puc. 2.
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NOy,
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8,0

60 65 70 75 80 85 90 N, %
Puc. 2. 3mina koHueHTpauii okcuaiB a3oty NOx, r/(kB1-rox), y BUIYCKHUX ra3ax AU3ems
8G60ME MAN Diesel miist pizHOro cTyneHs peuupKyJIsiii:
0 — po6ota 6e3 perupkysanii, EGR=0 %; 1 — EGR=5 %; 2 - EGR=10 %;
3 - EGR=15 %; 4 - EGR=20 %

BinnocHe 3menmienns emicii okcuaiB a30ty NOx Ha KOXHOMY 3 PEXHUMIB BU-
3HAYaJIOCh 32 BUPA30M

NOY — NO!

X_———>.100, %,

X

ANO,, =

ze NO(;( — KOHIIEHTpaIlisl OKCU/IIB a30Ty B BUNaAKy, koau EGR=0 %;

NOix — KOHIIEHTpAIlisl OKCUAIB a30Ty ISl 1HIIMX 3HAYEHb CTYMEHIO PEIUPKY-
it EGR (5 %, 10 %, 15 %, 20 %).

BigHocHe 3MeHIIIeHHs €Micii OKCHUIIB a30Ty 3 BUITYCKHUMM Ta3aMHM TiJl 4ac BU-
kopuctanHs cuctemu HP-EGR namano Ha puc. 3.

ANO,
%

30¢

20

10+

60 65 70 75 80 85 90 N, %
Puc. 3. Bimnocue 3mermeHHs emicii okcuiB a30Ty NOx 3 BUITYCKHUME ra3aMu JU3EIs
8G60ME MAN Diesel qist pi3HOTo CTyIeHs perupKyJIsIIii:
1 - EGR=5%; 2 - EGR=10 %; 3 - EGR=15 %; 4 — EGR=20 %
HeoOxianicTh 3a0e3ne4eHHs eKOJOTIYHUX MapaMeTpiB pOOOTH CyITHOBUX /M-
3eniB (30kpema emicii NOx 3 BUITYCKHUMH Ta3aMH) 3MYILIye BUKOPUCTOBYBATH J0-
JTATKOB1 TEXHOJIOT14HI pimeHHs. OHUM 13 TaKMX BapiaHTIB € KOMILIEKTAIlis CyaHO-
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BUX JIM3€JIB CUCTEMaMU PELMPKYIIALII BUIYCKHUX ra3iB Bucokoro Tucky HP-EGR,
110 3a0€3MeYy0Th IPUMYCOBY TOa4y B MIJIIHP YACTHHHM BUITYCKHHUX Ta3iB i3 raso-
BUITYCKHOI CHCTEMH.

ITix yac MpoBeACHHS EKCIICPUMEHTIB Ha CYJTHOBOMY MaJIOOOEPTOBOMY JTH3EITIO
8G60ME MAN Diesel BcTanoBieHo, 110 3MiHA CTYIEHS PEUUPKYIAIIT BUITYCKHUX
rasiB y gianasosi 5...20 % 3abe3mneuye 3HIWKEHHS KOHIIEHTpaIlli okcuaiB a3oty NOx
y BUITYCKHUX Ta3ax BIJIMOBIAHO Ha 5,4...35,5 % 3aJIe’)KHO BiJl HABAaHTKECHHS JU3EIIS,
ske B excriepuMenTax 3miHoBaimucs B iHTepBami N.=(0,6...0,9)Neyon. [Tpuaomy Haii-
O1IbIIl 3HAYCHHS 3HIDKEHHS KOHIEeHTpalili okcuaiB a30ty NOx y BUITyCKHUX raszax
BiJIMOBIAafOTh iHTepBaTy HaBaHTaXeHb (0,8...0,9)Neyon, TOOTO HAHTOMIUPEHIITUM 3
eKCIUTyaTaI[iiHUX PEeKUMIB POOOTH AU3ETIB, III0 BUKOPUCTOBYIOTHCS SK TOJIOBHI.
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Jerpaaaiisi Ta 3H0C IBOTAKTHUX JIBUTYHIB BHYTPIllIHHOI'0 3rOPAHHSA HA CyJIHAX

Beryn. /[BoTakTHI ABUTYHH BHYTPIIIHBOTO 3TOPSHHS HIUPOKO 3aCTOCOBYIOTHCS
B Cy/IHOOYZyBaHHI 3aB/SIKU iX BUCOKiN MUTOMIN MOTYKHOCTI, KOMIAKTHOCTI Ta MpO-
CTOTI KOHCTPYKIIii. OHAK TpUBaja €KCIUTyaTallisi TAKUX JBUTYHIB CYNPOBOKYETh-
Csl HEMUHYYHMMH MPOIECaMU 3HOCY Ta JIerpajiallii, ki 3HUKYIOTh iX €()eKTUBHICTh Ta
TEPMiH CITyKOM, TaKOK Ha poOOTY BIUIMBAE 1 TpHUBaa OC3IISUIBHICTh TEXHIKH, IO
Iy>’Ke aKTyaJbHO IPH eKCIUTyaTallii Ha CyJlHax. Y JaHOMY KOHTEKCTi Oyie po3ris-
HYTO MpOIIEC JIerpajallii Ta 3HOCY Ha MPUKIAJIl JU3EIbHOTO TeHEPaTopa, 1110 Mpaloe
Ha 0a3i JBOTAKTHOI'O AM3eIbHOr0 Motopa SIA3-204* (*-0e3 kommpecopa Tuimy Pyrc)
3 MOTY)KHICTIO 3HAUHO HMXKYOIO 32 macnopTHy. Llel ABUTyH BCTaHOBIIOBAIM Ha re-
HEpaTOpHY, KOMIIPECOPHY CTaHIIIl/KaTepru/MOTOBO3M/aBTOMOO1II, IO YCKJIAJHIOE
MIPOTHO3YBaHHS KOro TepMiHY ciayk0u. OLiHKa 3HOCY, BUTPATH MajuBa Ta PECypcy
JBUTYHA B OUIBIIOCTI BUIAJKIB JICKUTh Ha IJIEUaxX MEXaHIKa Ta 3aJIeXKUTh BiJl HOTO
J0CBlAY poOoTH. BUKOpUCTaHHS KOMOIHOBaHOI EHEPIeTUYHOI YCTAHOBKH, SIKA JTYXKE
MOMYJISipHA Ha HOBUX CYJHAX, IO 00'€Hy€ KiJbKa TUIIIB JIBUTYHIB, HE 3aBXKIU MO-
XKJIUBe a00 JOpEUHE uepe3 BUCOKY BapTiCTh, CKJIAIHOCTI 1IHTErpailii Ta oOMeKeHU!
MpOCTIp Ha CyAHI. MeTOKw IOCHIIPKEHHS € BHSBJICHHS OCHOBHHMX (DaKTOpIB, IIO
BILJIMBAIOTh HA 3HOILYBaHHS JABUT'YHA, METO/IB 11IarHOCTUKU Ta IUISAXIB MPOJOBKEH-
HsI IOTO pecypcy.

dakropu aerpaganii. KimouoBumu axropamu, 110 BIUTUBAIOTH HA JETPaaIliio
JIBOTAKTHUX JIBUTYHIB, €:

- TepMiyHEe HaBaHTaXEHHS. BUCOKI TemmepaTrypu B MpOIIECi 3rOpsSiHHSA, CIpPHs-
I0Th CTapIHHIO MaTepiaiiB, 3a paXyHOK TEIUIOBOTO PO3IIMPEHHS Ta 3MiH Y KpUCTaIi-
YHIA CTPYKTYpl MeTalliB, AedopMaliii Ta MOsiBI MIKpOTpiuuH. [lopiiHi, BUMYCKHI
KJIallaH! Ta KaMepH 3rOPSIHHS CTPaKIAI0Th Hacamrepes.

- Kopo3ia. BIummB MOpPChKOT BOAM Ta arpeCUBHHUX CEPEIOBHUII MPUCKOPIOE 3HOC
MetaneBux aeraneil. Koposis Moxe OyTu eleKTpOXiMIYHOK ab0 XIMIYHOI0, BUKJIU-
Kal04d yTBOPEHHsI OKCH/IIB Ta TIOCTYNOBE pyHHYBAaHHS METaJiB.

- MeXaHI14YHu# 3HOoC. TepTsa MK MOPIIHEBUMH KUIBIIMU Ta IMIIHAPOM MPU3BO-
JIUThH 10 MOCTYNOBOI'O CTHUPAHHS MOBEPXOHbB, L0 3HMXKYE KOMIIPECIIO Ta 301IbIIYE
BUTpaTy oJiii. OcoOIMBO IHTEHCUBHE 3HOLTYBaHHS MMPU HEJOCTATHROMY 3MalllyBaHH1
a00 BUKOPUCTAaHHI HU3BKOSKICHOTO MAJIUBA.

- SKICTh TaJMBa. BUKOpPUCTAaHHS MajvMBa 3 BHCOKHUM BMICTOM CIPKH CIIPHSIE
YTBOPEHHIO CIPYMCTUX BIIKJIAJICHb, K1 MPUCKOPIOIOTH 3HOIIYBAHHS KJIATaHIB, MTOP-
ITHIB Ta kamep 3ropsiHHs. Cipka Mpu 3ropsiHHI YTBOPIOE CIPUYHCTY KUCIOTY, 10 PYH-
HY€ METaJIeB1 MOBEPXHI.

Metoau niarnoctuku. CydacHi METOAM IIarHOCTHKHU JO3BOJIIOTH BUSBISATH
MOYATKOBI CTaJli 3HOCY Ta MPOTHO3YBATU TEPMIH CIIYKOU JABUTYHA, IHIUKATOPH, SIKI
MOXYTb 1€ TTOKa3aTH:

- OCHOBHI MapaMeTpu JBUTYHA, BKItouaroun mexaniunuid KKJ[ nBuryna, notyx-
HICTb ABUTYHA, TBUHTOBA/HABAHTAXKYBaJIbHA XapAKTEPUCTHKA;
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- aHaJI3 CKJIaJy MOTOPHOTO MacTUJIa;

- KOHTPOJIb TeMIlepaTypu (TEIIOBHM OajaHC ABUTYHA);

- KOMI'TOTEpHE MOJICIIOBAHHS MPOIECIB Y IBUTYHI.

AHaJIi3 MOKA3HMKIB IBUT'YHA 1 MOKJIMBI LIUISIXM MPOAOB:KeHHs pecypcey. s
BHU3HAYEHHSI CTYIIEHI 3HOCY Ta 3arajibHOi OI[IHKU JIBUTYHA MU OyZ€MO OPIEHTYBATUCS
Ha ioro ocHoBHUM napameTp — Ne. BunpoOyBaHHs peKOMEHIyeThCsl TPOBOJIUTH HA
pexumax BignoBigHUX 25%, 50%, 75%, 1 100% Bix HOMIHATBEHOT TOTYXKHOCTI AU3€-
ns [1]. Po3paxoBana edexTuBHa MOTykHicTh nBuryHa A3 — 204* naBeneHa Ha
puc.1.

EdextnBHa moTyskHICTE aBuTYHa A3 — 204*

T
(@}
00

5%

"

N

[MotyxHicts [kBT] 1msa 100%

[Toryxuictes [kBT]| mma 75,50,

(W]

2014 2015 2016 2017 2018 2019 2023 2024 2025
Yac [p.]

Puc.1. I'padik 3anexxnocti EQextuBroi notyxnocti Ne[kBT] Bix wacy[p.], st 4 pexxumin
pobotu nBuryHa (100%, 75%, 50% Ta 25% BiANOBIIHO)

Jliis 3011bIIEHHST TEPMIHY CIYOM ABOTAKTHHUX JIBUTYHIB 3aCTOCOBYIOTHCS Pi3HI
METO/IH:

- BUKOPUCTAHHS BUCOKOSIKICHUX Macel 3 mpucaakamu [2];

- 3aCTOCYBaHHSI CYYaCHUX MOKPUTTIB JJIs1 3MEHIIICHHS TEePTS;

- peryJsipHa J1arHOCTHKA Ta TPO(LIaKTUYHE 00CITyTrOBYBAHHS;

- 3aMiHa TPAAUIIMHKUX CIUIaBIB HA KOMITIO3UTHI MaTepiajiM 3 MiABUIIEHOIO CTIHMKI-
CTIO /IO 3HOIIIYBaHHS;

- Iepexijl Ha MajJMBO 3 MEHIIMM BMICTOM CIPKH Ta JOJaBaHHs pucaiok [3].

BucnoBok. [lopiBHssHHS qBOTaKTHUX ABUTYHIB 1940—1990 pokiB 13 cydyacHUMH
neurynamu 2000-2020 poxiB moKa3ye 3HAYHUH MPOTPEC y Taixy3i MarepiajiB Ta Te-
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XHOJIOTIH. JIBUTYHH paHHBOTO MepioAy Oyl MeHI eeKTHUBHI, Majl BEIUKY Bary i
CXWJIBHI IO 1HTEHCUBHOI KOPO3i1i yepe3 BIJICYTHICTh SIKICHUX 3aXHCHHUX MOKPHUTTIB 1
3aCTOCYBaHHS TNajlnBa 3 BUCOKMM BMICTOM Cipkd. CyyacHl JBOTAKTHI JIBUTYHU
OCHAIIYIOTbCSI CUCTEMaMHU €JIEKTPOHHOIO KepyBaHHS MOJavyelo MajluBa, MalOTh MOK-
palieHi CHCTEeMU MacTHIa Ta BUKOHAHI 3 KOMITIO3UTHUX MaTepiaiiB 3 BUCOKOIO CTIM-
KICTIO 710 3HOCY. Lli mokparieHHs 3Ha4HO MiIBUIIYIOTh TEPMIH CIIY)KOU Ta 3MEHIIIY-
I0Th HETAaTUBHUM BILIMB €KCILTyaTaIliiHUX (DAKTOPIB.

BaxxnuBo po3ymiTh, 110 3a TaKOTO PEeKUMY eKcrutyaramii nsuryna A3 — 204*
(mepioanYH1 KOPOTKi MYCKH) MOKYTh BUHUKATH W creru(idHi NpoOIeMH — HAIPH-
KJIaJ, HEJIOCTATHE MPOTPIBaHHA AeTaje, 10 MPU3BOIUTE 10 YTBOPEHHS KOH/IEHCA-
Ty, @00 HETIOBHE 3rOPsIHHS IMajNBa, [0 TAKOK HETaTUBHO MO3HAYAETHCS HA BHYTPI-
IIHIX KOMIIOHEHTaX JABUTYHA. BUKOpHUCTaHHS PI3HOTO IMajuBa BiJl PI3HUX BUPOOHU-
KiB TaKOX BIUTMBA€E HA TTOKa3HUKHU.

Jlerpanaiiisi Ta 3HOC IBOTAaKTHHX JBUTYHIB BHYTPIIIHHOTO 3TOPSIHHSA € HEMUHY-
YUMU TPOLIECaMU MpH iX eKcIutyaTarlii Ha cyaHax. OJHaK 3aCTOCYBAaHHS CyYaCHUX
METO/IB JIarHOCTUKH, SIKICHUX MaTepialliB Ta MPO(UIAKTUYHOTO OOCIyrOBYBaHHS
JI03BOJISIE CYTTEBO MPOJIOBKUTH TEPMIH CITY>KOU TaKUX JIBUTYHIB, TOKa3HUKU JIBUTY-
Ha MOXXYTbh 3HM3UTHUCS Jule Ha 1-5%, a 3a moripieHHs 1UX YMOB - 3HW)KEHHS Ha
5—15% abo Oinblue.

MaitOyTHI JOCHIKEHHST B 11 Tally31 MOXYTh OyTH 30Cepe/lKeHl Ha Po3poOIl
HOBUX MareplajiB, NPUCATOK, METOJIMK Ta 1HTEJEKTYaJbHUX CHCTEM MOHITOPUHTY
JUTSL TIIBUILICHHS HAJIMHOCTI CYJJHOBUX €HEPreTUYHUX YCTaHOBOK.
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Cy4yacHuii cTaH NPAKTHYHOI0 BIPOBA/IKEHHS CY/THOBHUX €eHePreTHYHUX
YCTAHOBOK HA OCHOBI OPraHiyHoro nukjay Penkina

YcranoBku Ha OCHOBI opraniunoro 1ukiy Perkina (OLIP) € mepcnextuBHUMEU
CHUCTEMaMHU, 110 3a0e3Meuy0Th ePEKTUBHY TeHEPAIli0 eIEKTPOCHEPTii Ta IiIBUIILYE
NaJUBHY E€KOHOMIYHICTh CY/HOBOI €HEPreTHMYHOI YCTAaHOBKM ILUISXOM YTHII13allii
HU3BKOIOTEHIIIMHOTO Teruia. Ha choroiHi criocTepiraeThes MiABUIIEHUA 1HTEpEC 10
IIUX CUCTEM HE TUIbKHU Cepe]l HAYKOBIIIB, ajieé BXKE € BIPOBAHKEHI CYJHOBI CUCTEMHU
Ha ocHoBi OIIP.

OLP — ne TepMOAMHAMIYHUM ITUKII, SIKHA BUKOPUCTOBYETHCS JIJIsI TIEPETBOPEH-
HSl HU3bKOTEMITEPaTypPHOI TEIJIOTU B MEXaHIYHY pOOOTY 3 MOJATBIITUM OTPUMAHHIM
enekTpoeHeprii. [[puHIMIOBO HE BIJIPI3HIETHCS BIJ TPAAMLIMHOIO UKy PeHkiHa, a
Ha3Ba «OPraHiYHMID) MTOKA3y€ TUIBKH T€, IO K poO0YE TII0 BUKOPUCTOBYIOTHCS Op-
raHiyHl pIIMHA 3 HU3BKOI TEMIEPATypor0 KHUIIIHHS (BYIJIEBOJAHI, CIIMPTH,
riapoTOpBYIIEBOIHI Ta JESKI 1HIII) 3aMICTh BOAM. PanioHansHUil BUOIp poOOYOro
Tia J03BOJIsie y cucTteMax Ha ocHOBI OIIP epexkTMBHO BUKOPHUCTOBYBATH TEILIO
HU3BKOTEMIIEPATYPHUX JKEPEN, TaKUX K BTOPUHHE TEIJIO IPOMHUCIOBOCTI, TEIIO
B1Jl F€OTEPMAJIbHUX JKEPEI EHEPT1i Ta Bl COHAYHUX TEIUIOBUX CHCTEM.

VY zaransnomy Bunagaky OLP ckinamgaeTbest 3 4OTUPHOX OCHOBHHX MpoiieciB. Ha
HEepILIOMY €Talll ONEePEeIHbO CTUCHEHE po0oUe TUIO 3 TEMIIEPATypor0 OJIU3BKOIO 110
HABKOJIMIITHLOTO CEPEJOBHINA BIIOMPAE TEIUIOTY B1J HU3LKOTEMIIEPATYpPHOTO JIXKe-
pena Terjia y BUIMAPHUKY, TPU 1IbOMY BOHO HAarpiBa€ThCs, BUIMMAPOBYETHCS Ta IMap
neperpiBaetbes. Jlani mapa po3muproeThes (TUCK 3HIDKYETHCS) Ta IPUBOJIUTH B IO
TypOiHy/AeTanaep 3 BUPOOJIEHHAM MeXaHI4yHOi poOoTu. [lap HU3BKOTO TUCKY TICHsS
TypOIHM KOHIEHCY€THCS B KOHJIEHCATOPl 32 PaxyHOK CKUJAHHS TEIUIOTH HAaBKO-
JUIIHBOMY cepefoBully. OCTaHHINA MPOIEC, 3aBEPIIYIOUM ITUKII — CTUCHEHHS Piau-
HU Ta ii mojava y BunapHuk. O4eBUAHO, IO 3aBJISAKH BIJIHOCHO HEBUCOKIN TeMIiepa-
Typu mxepena Temnotu Tepmiuanid KK OLIP vusbkuii, y nopiBusHHI 3 KK/ kina-
CUYHOTO LMKy Penkina Ha BoasHii mapi. OaHak, 1€ HE O3HA4Ya€ HEIOIIBHICTh
BIIPOBAXKEHHsI cucteM Ha ocHOBI OPLl, ToMy 1o i CyJHOBUX €HEPreTUYHUX
YCTAaHOBOK HaBITh HE3HAYHE MIJBUIICHHS 1X 3arajibHOi eHeproe(eKTUBHOCTI 3a0X0-
gyeThes [1] Ta mpU3BOAUTH K €KOHOMII TAjMBa Ta 3HMKEHHIO €MiCii MapHUKOBHUX
rasiB.

Ha cporonHi Ha cyHax ByKe BIPOBAHKEHI ACKIJIbKA TAKUX CUCTEM, X04a iX BU-
POOHHUIITBO Ta 3aCTOCYBaHHS BCe 1€ HE € cepiiHuM Ta mmpokuM [2]. [lepmmm cya-
HOM, Ha SIKOMY BIpoBajpkeHa cuctema Ha ocHoBl OLIP Oyno m/v Figaro, Ha sikomy y
2012 pori BCTaHOBJICHA YCTAaHOBKA 13 3asIBJICHOIO €JIEKTPUYHOIO MOTYXHICTIO 500
kBT. 3a iHdopmaiiero cynHOBIAacHMKa, Ha cyaHi Figaro BcraHoBieHa mepilua B
1CTOPIi CyJIHOBa YCTAHOBKA peKyrepallii BiIMpalboOBaHOTO TeIjla 0X0JOMKYBaIbHOT
BOJM Bia ImBeachkoro BHpoOHHMKa Opcon [3]. Lls ycraHoBka € TeCTOBOW Ta ii
eKCIUTyaTallisi IpU3BOAUTH 10 EKOHOMIT Cy/THOBOTO MajuBa y cepeHboMy Ha 5 %o.
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Ha 2022 p. Texnomnoria Ha ocHoBl OPL] Oyna BUKOopuCTaHa MpUHAWMHI B TPH-
HAJIATH YCTAaHOBKAaX Ha OOPTY MOPCHKHMX CyJEeH (BKJIIOYAlOYM BiJ3HAUYCHY BHIIE
ycTaHoBKY Ha m/v Figaro) [4].

Ockinbku ycTaHoBka Ha ocHOBI OLIP € iHTerpaJibHOIO YaCTHHOIO JAM3EIHHOTO
JIBUTYHA, BUPOOHUKHU JTU3EJIbHUX JBUTYHIB MOYMHAIOTH a00 po3poOJsTH CBOI TEX-
HIYHI pilmieHHs, a00 CHIBIpaIoBaTH 3 BUPOOHUKAMHU JOMOMIXKHOTO CYJAHOBOTO
obyialHaHHA y [IbOMY HampsiMy. Ha chorojHi sk MiHIMYM TpU BUPOOHHKA BKE PO-
3po0wIIM Ta MPOTIOHYIOTHh HA PUHKH MOJYJIBHI cucTteMu Ha ocHOBI OLIP mms cynmHo-
BOT'O 3aCTOCYBaHHSI.

Kowmmanis Orcan Energy po3po0mia MOAyabHY CYAHOBY YCTAaHOBKY HAa OCHOBI
OLIP [5]. YcranoBka mepeTBOproe Terio BUxJonHux rasie (makc. 600 °C), oxomon-
KyBajpHOiI Bosu (75...109 °C), mapu abo BucokoteMneparypHoro macia (120...180
°C) B enekTpoeHeprito 3 BuxigHow noTyxHicTio 10 100 kBT (Efficiency PACK eP
M 050.100) a6o 200 kBt (Efficiency PACK eP M 150.200). fAxe po6oye Ti10 BUKO-
PUCTOBYETbCS y CUCTEMI1 BUpOOHUK He Bkaszye. Cuctemu, mo crnpoektoBani Orcan
Energy BcTaHOBJIEHI Ha IEKUJIBKOX Cy/HaX [4, 6].

Steam / thermal oil
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Hot water loop

Exhaust gas Exhaust gas
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PACK
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1
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T
efficiency
PACK

Puc. 1. Cxematuune 300paXeHHs MOTOKIB TETUIOTH ISl )KUBJICHHS MOIYJIbHOI
cucremu Ha ocHoBi OL[P Efficiency PACK eP M 050.100 (150.200)
Big Orcan Energy [5]

Alfa Laval pospobuna ycranoBky E-PowerPack, ska moxke reHepyBatu
€JIEKTPOCHEPTIIO 3 YTUIIIZAIIIEI0 TEIJIOTH IUPOKOTO CIEKTPY JKEepes Teria Bl Ten-
JIOTH BOJAM OXOJIO/XKEHHS JBUTYHA (Temmneparypa Bif 85 °C i BUILE) 10 BUCOKOTEM-
NepaTypHUX JHKEpell TeIula, TaKUX K BoJsHA napa. OauH MOIyJIb MOXe 3a0e3neun-
TH BUXIHY €JEKTpUYHY MOTYXHICTh 200 KBT 3 MOXIMBICTIO pOOOTH MpPU YaCTKO-
BOMY HaBaHTakeHH1. BignoBigHo iHdopmartii [7], B MOIyJIbHIN YCTaHOBIII BUKOPH-
CTOBY€THCS «CTAaHIAPTHUM OPTaHIYHUNA XOJIOJO0AreHT, SIKUW € HE TOKCUYHUM, HETO-
PIOYNM 1 HE PyHHY€E O30HOBUIA IIapy, aJie SKUi caMe — He BKa3aHo.

Mitsubishi Heavy Industries Marine Machinery & Engine Co., Ltd. Cymicho 3
Calnetix Technologies, LLC (Cerritos, California, U.S.A) me y 2015 pori po3podu-
TH MOAYJbHY ycranoBky Ha ocHosi OIIP Hydrocurrent™ Organic Rankine Cycle
Module 125 EJW [8]. Cuctema Oyna cxBanena Nippon Kaiji Kyokai i Lloyd’s Reg-
Ister. BuxigHa eJIeKTpUYHA MOTYXKHICTh cKiaaaae 10 125 kBT, podoue tino — R245fa,
JOKEPENIo TEIIOTH — Bojia 3 Temreparyporo Bif 80...85 °C. Takox yCTaHOBKa MOXe
BUKOPUCTOBYBATH TEIUIOTY ¥ 3 1HIIMX JKEpes, SKII0 BOHA He 3arpedyBaHa Ha
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cynHi. [lepma taka cuctema Oyiia BCTAHOBJICHA Ta MoYalia ekcruryatyBaTucs Kk 2016
p. Ha 6opTy cynHa Arnold Maersk Big Maersk Line [9].

1. Preheater

2. Jacket cooling water pump
Evaporator

4. Expander

. Generator

N
N
N

6. Condenser

fa—
[4] Engine jacket cooler 7. Feed pump

Puc. 2. HpI/IHanoﬁa cxema MoaynbHoi cuctemu E-PowerPack na ocnosi OLIP
Bix Alfa Laval [7]
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Coolant

(Sea water. 10-32°C)

Puc. 3. Ilpunnunosa cxema MoayasHoi cucremu Hydrocurrent™ Organic Rankine Cycle
Module Big Mitsubishi Heavy Industries Marine Machinery & Engine [8]

OKpiM pO3TISIHYTUX BHUIIE TPbOX MOJYJIBHUX CUCTEM III€ ACKUIbKA KOMITaHil
CIIPOEKTOBAJIA Ta BCTaHOBUJIM cucTeMu Ha ocHOB1 OIIP Ha cyanax [4, 5]. OnnHak 11e
31€01IBIIOr0 MUIOTHI MPOEKTH, TOMY MOKH CKJIQJHO TOBOPUTU MPO KOMEPLINHUMN
PIBEHb IIUX CUCTEM.

Buxonsum 31 cTUCIOro Orfsigy MOXKHA 3pOOMTH BHCHOBOK IPO MEPCIIEK-
THUBHICTh HANPSIMY JTOCIII/IPKE€Hb, TTOB’SI3aHOTO 3 aHAJII30M CXEMHUX PillleHb, POOOYHNX
TIJT JJa €KOJIOT1YHO1 JOIUIBHOCTI BIPOBAKEHHs crcteM Ha ocHoBi OIIP na Gopty
PI3HHUX TOPTIBEIILHUX 200 MaCaKUPCHKUX CY/ICH. 3 TPUYUHU BEJIIUKOTO PI3HOMAHITTS
CXEMHHUX PIIIEeHb Ta MOTYKHOCTI CYTHOBUX €HEPTreTUUHUX YCTaHOBOK, TEMIEPATyp-
HOTO MOTEHIIaTy Ta KIJILKOCTI BTOPUHHOT TEIJIOTU HA CYJIHI, PEKUMIB €KCIUTyaTalii
CyJlHa Ta KJIIMaTUYHUX YMOB, JTOUIJIBHICTh BIPOBA/KEHHS CUCTEM PEeKyImepallii Ten-
7oty Ha ocHoBl OIIP Ta parioHanbHI PEKUMHU €KCIUTyaTallll IIUX CHUCTEM MOXKYTh
CUJIBHO BIJIPI3HATHUCS.
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HamionansHuit yHiBepeuteT «Opechbka MOpPChbKa akaieMis»

Oco001MBOCTI KOMIUIEKTAIIl CHCTEM MIATOTOBKH MAJUBA CyTHOBMX JU3€JIiB

B ocranHI poKM TPaKTUYHO Yy BCIX CyYaCHHX CYJAHOBHX TU3EIAX (IBOX- Ta YO-
TUPUTAKTHHUX, MAJIO- Ta CEPEITHHOOOEPTOBUX) BUKOPHUCTOBYIOTHCS TAJINBA 3 B'A3KiC-
110 380... 500 cCT.

Jlns 3a0e3nedeHHsT SKICHOI MIATOTOBKM MaJIMBa Ta MOAAJBIIOTO €(heKTHUBHOTO
BUKOPHUCTAHHS TajuBa, CyJIHA, 110 3HOBY OYAYIOThCS, KOMIUICKTYIOThCS CIEIlialib-
HUMM CHUCTEMaMH MIATOTOBKM Ta I0Jadl MajiiBa, a NaJIMBHI CUCTEMHU AU3EIIB HIIO-
YuX CYJEH Iepeo0IaIHAIOThCS 3 YpaxyBaHHSIM MOXKJIMBOCTI BUKOPHCTaHHS B HHUX
ITaJINBAa BUCOKOI B'SI3KOCTI.

CucTeMy HiATOTOBKY TajiiBa IS CYJTHOBOTO JHM3€JIs MOXKHA SIK CHUCTEMY, IO 3
KUIBKOX OKPEMHUX MOJYJIIB, KOKEH 13 IKUX BUKOHY€E cBOi (pyHKIIi. [IpuHiumn nody-
JIOBHM TaKO1 CUCTEMU HaBeJIeHO Ha puc. 1.

Cucrema O4MILEHHS Cucrema miiroToBKH L

Cucrema momaui

»la
P L}

Puc. 1. MoaynpHa cxema noOy/10BY HaJIMBHOT CUCTEMH MIATOTOBKH MaJlMBa:
1 — BixcriliHa IUCTEepHA; 2 — HACOCH, 1[0 TIEPEKauyIOTh MAMBO; 3 — miAirpiBadi naiusa 1-
'O CTYNEHs; 4 — cenapaTopH MajinuBa; 5 — BUTpaTHA MHUCTEPHA; 6 — HACOCH, IO MiIKAYYIOTh TTajH-
BO; / — BUTpaTOMip; 8 — neaepalliiiuuii pesepByap; 9 — HUPKYIALiHHI HACOCH;
10 — migirpiBaui nanmsa 2-ro crymnens; 11 — Bicko3umerp; 12 — rizpoquHaMidYHAN aKTHBA-
TOp manuBa; 13 — ynpTpa3BykoBa yCTaHOBKA 1-To ctynens; 14 — apromatuyHuil GiabTp;
15 — ynpTpa3ByKoBa yCTaHOBKA 2-TO cTyneHs; 16 — mauBHUI HACOC BUCOKOTO THUCKY,
17 — popcynka

Monynb ounieHHs 3a0e3nedye HeOOX1ITHUM CTPYKTYPHUH CKJIaJl MajuBa Ta BU-
KOPHUCTOBYETHCS SIK Y KOMILUIEKCI 3 1HIIMMHU MOAYJISIMH TMiATOTOBKUA CHCTEMH, TAKOXK
1 1711 aBTOHOMHOTO pexXuMy poOOTH. B ocTaHHBOMY BHUIAJKY BIIOYBAE€THCS «BHYT-
PIITHSD) IUPKYJISAIS MMauBa, B PE3YJIbTATI SAKOI JOCATAETHCA HEOOX1THA SKICTh HOTO
ounnieHHs. J[aHuii MOIyNb MIATOTOBKH IajiBa € HalleHEPrOEMHIIIMM, OCKUIbKU
BKJIFOYA€E JIO CBOTO CKJIaTy TaKi €JIEMEHTH, SK BIACTIMHI Ta BUTPATHI IIUCTEPHU, Ha-
cocH, IO MepeKadyoTh MajuBO, MAJIMBHI MiAIrpiBadl Ta MajduBHI cenaparopu. [Ipu
IOMY CaMe MaJluBO, epedyBatouy B JaHOMY MOAYI, Ma€ HalripIii y BCbOMY CBO-
€MY >KUTTEBOMY IIMKJIl XapaKTEPUCTUKU — BHUCOKY B'SI3KICTh, MEXaHIYHI JIOMIIIKH,
11aMoBi BKiItoueHHs. CaMme B IbOMY MOAYII BiZJOYBa€ThCS MaKCUMAaJIbHE TiABEACH-
Hsl TETUIOBOI €HEprii BiJl 30BHINIHIX JpKepes (IMapoBUX a00 €IEKTPUYHHUX MiIrpiBa-
YiB) 0 MajJiBa Ta SIKICHA 3MiHA HOro CTPYKTypH. Temreparypa majauBa B IIbOMY
Moy 3MmiHteThes Bif 20...30 °C (mig yac Horo MmOTparuvissHHS 0 MOJYJIIO) 10
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90...100 °C (ma Buxomi 3 MOAYII0); B'sa3KicTh 3MeHITyeThes 3 450...500 cCt ta Ha-
Buib Bij 700...750 cCt (nnsa noHaa Baxkux mnanu) 10 20...50 cCt; BMICT MeXaHi4-
HUX JOMIIIOK 3HIKYETHCS O MIHIMATLHOTO 3HAYCHHS, 3 TTAJIMBA MPAKTHYHO MOBHI-
CTIO BUJIAJTISIETHCS BOJIOTA.

Jpyruit Moayab (cucTeMa MiATOTOBKU) 3a0e3Medy€e OCTaTOYHY IMiATOTOBKY IIa-
JMBa mepes Horo 0e3nocepeHbOI0 MoAaueio B MIIIHAP Au3eis. OCHOBHUMU CKIa-
JOBUMH JAHOTO MOJYJIS € HACOCH, 10 3a0€3MeUyI0Th MiKauyBaHHS Ta [IUPKYJISAIIIO
NaJMBO, MiJITpiBayl MaauBa 2-TO CTymneHs, QUIbTpaliifHi YCTAaHOBKH, aBTOMAaTUYHI
OPUCTPOI, IO 3a0€3MeUyI0Th KOHTPOJIb CYLIILHOCTI MOTOKY Ta PEryJIlOBaHHS B's3-
KOCTI manuBa. B maHuil MOJynb TakoXK BXOJUTh OycTepHa yCTaHOBKA, 3a JOMOMO-
roI0 SIKO1 MATPUMYETHhCS HEOOX1THUM THUCK y CUCTEMI, a TaKOX JieaepalliiiHi Ta je-
raszatiifHi pe3epByapu, 10 OYHINAIOTh MAJIUBO BiJ] MOBITPSIHUX Ta Ta30BUX JIOMIIIOK.
[TanuBo B 11€¥ MOJYJIb HAJIXOJIUTh Y TIOTIEPEIHBO MIITPITOMY CTaHi, 1110 3HUKYE BU-
TpaTH €Heprii Ha Horo miAroToBky. J[aHi JBa MOy CTAHOBISATH OCHOBY ITiJICHCTE-
MU HU3BKOTO THUCKY. PoOOTa maHux MomayiiB MOBHMHHA 3a0€3MMEUUTH HEOOXI1JHI eKC-
IUTyaTaliifHl napamMeTpy NajJuBa — BIICYTHICTh Y HBOMY MEXaHIYHUX JOMIIIOK, PO3-
Mip SIKUX TIEPEBHUIYE 3a30p Yy MPENU3IHHUX TMapax MaJIMBHOI amapaTypud BHCOKOTO
THCKY.

TpeTiit MOAYNb € MAJMBHOIO CUCTEMOIO BUCOKOIO THUCKY 1 3a0e3leuye mnojavy
najauBa B UAIIHAP au3eiisd. EHepris B JaHOMy MOyl BUPOOISETHCS CAMUM JU3EIIEM
1 IepeaeThes MajJuBy Yepe3 KIHEMaTUYHY CXEeMY KOJIIHYACTUH Ball — pO3MOAIIBHUI
BaJl — IITOBXa4 MAJIMBHOTO HACOCA BUCOKOTO TUCKY (B pa3i, KOJU KOHCTPYKIIiS JU3e-
JIs1 iepen0avae HasABHICTh MEXaHIYHOTO / TipaBIidHOrO MPHUBOAY), 00 3a JOMOMO-
ror cucreMu common-rail (B pasi, KoJu Iu3eib OCHAIICHO EJICKTPOHHOIO CHUCTE-
MOIO YIIPABJIIHHS MOJIa4€l0 MajauBa). EHEproeMHICTh IIbOTO MPOIECY BITHOCUTHCS 10
MEXaHIYHUX BTpaT AU3elsi 1 Moxke gocsratu 5...7 % horo notyxHocTi. Hanpukiniii,
B JIJAHOMY MOJIYJII 32 PaXyHOK XIMIYHOI peaKIlii OKHCJICHHs MajuBa KUCHEM TMOBITPS
MOTEHI[IiHA €HEePris MajruBa MEPETBOPIOETHCS HA TEIJIOBY €HEPTilo Ta3iB 1, 3r0JIOM,
Ha KOPHCHY poOOTY mopuiHs au3ens [1].

AKTyaJIbHICTh SIKICHOTO MPOBEICHHS MPOIECIB MiITOTOBKU MaINBa MiBUILYETh-
Csl TiJ] Yac 3HAaXOJKEHHS CYJCH MOPCHKOTO Ta BHYTPINTHBOTO BOJAHOTO TPAHCIIOPTY
B OCOOJIMBUX €KOJIOTTYHMX paiioHax. [lepin 3a Bce 10 HUX BIIHOCATHCS CIeEIliaibHI
paiioHi KOHTpOJI0 BUKHIIB cipku — Sulphur emissions control areas (SECAS). Bu-
KU OKCUIiB cipku SOx periaMeHTYIOThCS MAaCOBUM BMICTOM CIPKU Y CYJTHOBOMY
nanusi. 3 01.01.2020 p. BignoBigHo 10 Annex VI MARPOL BwmicT cipku y nanusi
He noBHHEH nepesulyBaT 0,1 % 3a yMOBH eKcIUTyartalii cyJaHa BcepeauHl paiioHIB
SECAS Ta ne 6unbmie 0,5 % mig yac excrutyaTarlii cyaHa nosa paiionamu SECAS.

Bukopucranns manusa 3 BMicToM cepu moHan 0,5 % Bij Macu MOKIIMBO TIJIbKH
32 YMOBH JIOJJaATKOBOTO OYMIICHHSI BUITYCKHHX Ta3iB y CHEIIaJbHUX TEXHIYHUX MPH-
CTpOsX (B SKOCTI SKUX 3a3BHUYail BCTAHOBIIOIOTHCS CKpyOepu) [36, 37]. ¥V pasi yn-
PaBIIHHS E€KOJIOTIYHOIO OE3MEeKOI0 MOPCHKHX CYJIEH 3a JIOMOMOTOI0 JOJaTKOBOTO
OYHIIEHHS BUIYCKHUX Ta3iB KOHTPOJIOeThCs cmiBBigHOMIEHHS SO2(ppm)/CO2(%)
micis ckpyoOepa. Llg BenmnuuHa He MOBHMHHA nepeBulyBatu 3HadeHHs 4,1 SO,/CO,
mia yac 3HaxopkenHi cyaHa B SECAs ta 3naueHus 21,7 SO,/CO; mia yac nmepedy-
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BaHHs cyaHa 3a mMexamu SECAs. Bumorn Annex VI MARPOL miono KOHTpOIHO

BUKH/IIB OKCHUJIIB CIpKU HaBeJICH1 B TaOMII 1.
Tabmuus 1. Bumoru Jlongatka VI MARPOL mono emicii OKCUIIB CipKH

Jle Ta KOMH 3aCTOCYEThCs Bwicr ci- CiBBITHOIIIEHHS BUKUIIB
Y pKU B manuBi, % SO2(ppm)/CO2(%)
3a mexxamu SECA a6o nopry €C, 05 917

nounHarouu 3 1 ciunsg 2020 poky

B SECA a6o nopry €C, nounHa-
041 0,1 4,3
3 1 ciynast 2020 poky

JlomatkoBa 0OpoOKa CyTHOBUX Ba)KKHX MAJIUB 3 MIABUIIICHUM BMICTOM CipKH
I1JT Yac 3HAXOKEHHS MOPCHKUX CYJIEH B 30HaX CHEI[1aJbHOI0 €KOJIOTIYHOTO KOHT-
POJIIO COPUSATUME MiJBUILIEHHIO €KOJIOTIYHOI CTIHKOCTI CyTHOBUX JU3EIIB 100 BU-
kuaiB. [Tpu npomMy mijg TEPMIHOM «EKOJIOTTYHA CTIMKICTH» PO3YMIETHCS BIIHOCHA Pi-
3HHIII MIDK MaKCHMAaJbHO MOXKJIMBUM Ta ITOTOYHUM 3HAYCHHSMH CIIBBIJHOIICHHS
SO,(ppm)/CO,(%), sika BU3HAYAETHCS SIK

so,) (so,
Cco, CO,
+ max t 100%’

Eco” =
SO,
C02 max
w 2
e | 0o — MakcuMalibHe 1Ji1 yMOB pobotu cynHa (B SECA abo moza
2/ max
SECA , SO, [0, . SO,
) 3HAYCHHS BITHOIICHHS co,’ | co,) ~ BIAHOLICHHS "~ 0, B MOMEHT 4acy

t [2].

JlocmipKeHHs, 1110 BUKOHYBaJIUCh Ha cyaHi kiaacy Bulk Carrier BogoToHHaxHI-
cTi0 73320 TOHH €HEpPreTUYHy YCTAHOBKY SIKOTO CKJIaJaJid TOJIOBHUH JBUTYH
6S60ME-C MAN-Diesel & Turbo, Tpu nonomixaux nuryHa 6EY22ALW Yanmar
ta monoMikaui koten Kangrim MBO2 (BumyckHi ra3u SKUX OYMIIYBAJIUCh BiI J0-
MIIIOK CIPKH B CKpyOepi) BU3ZHAYMIIM, 1110 JOAATKOBa 00poOKa MajanuBa HUISIXOM Yilb-
TPa3ByKOBOI'O OIPOMIHIOBAHHS CHpPHSIE 3MEHILIEHHIO KOHIIEHTpAllli CIPKOBMICHHUX
CKJIaJIOBUX B BHUNYCKHMX raszax. lle BimoOpakaeTbCcsi B 3MEHIICHH1 BI1JHOIICHHS
SO,
CO,
cynHa no3a paiionamu SECA. Jliarpama, 1o BigoOpaxae OTpuMaH1 pe3ysabTaTH, Ha-
BEJICHA Ha puc. 2.

SK y pa3i ekcruryarairii cyaHa Beepenuni SECA, Takox mij yac excruryaTarii
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Puc. 2. lianma3on 3MiHKM €KOJIOTIYHHMX ITOKA3HUKIB poOoTH cyaHa kiiacy Bulk Carrier Bomo-
TOHHaXXHICTIO 73320 TOHH 32 YMOBOIO Pi3HUX CIIOCOOIB MiATOTOBKH IMajIlBa:
1 — 6e3 BUKOPHUCTAHHS JOJJATKOBOTO YJIBTPA3BYKOBOTO OIPOMIHIOBAHHS;
2 — 3 BUKOPUCTAHHSM JI0JaTKOBOTO YJIbTPAa3BYKOBOT'O OIIPOMIHIOBAHHS

[IpoBeneHi nOCTiKEHHS T03BOJISIIOTH 3pOOUTH HACTYITHI BUCHOBKH.

1. MonynbHi cxeMu oOyA0B1 CYJHOBUX CUCTEM MiATOTOBKU MalnBa 3a0e3re-
YYIOTh MIATPUMAHHS HOT0 €KCIUTyaTalllifHUX XapakTepucTuk. [lpu mpoMy B 3aiex-
HOCTI BiJl PpaKIifHOTO Ta CTPYKTYPHOTO CKJIay MajuBa, a TAKOXK B 3aJICKHOCTI BIJY
HOTO T'YCTHHHU Ta B’SI3KOCTI MOXJIMBO BUKOPUCTAHHS OKPEMUX JIOJATKOBUX MOJIYIIB,
SIK1 BIUTMBAIOTh Ha (DYHKI[IOHYBaHHS IIJICHCTEM OYHIIEHHS, IMIJATOTOBKHA Ta MOjadvi
najuBa.

2. ExcriepuMeHTaIbHO MATBEPKEHO, MO0 BUKOPHUCTAHHS JOJATKOBHX MOJIY-
JB MIArOTOBKM MAaJMBAa, SIKI 3aCHOBAHI Ha YJbTPa3BYKOBOMY OIPOMIHIOBaHHI MaJlu-
Ba MPU3BOJUTH JO MIJBUIICHHS €KOJOTIYHOI CTIMKOCTI pOOOTH CYAHOBUX JU3EINIB.
Lle BimoOpaxaeThCsi B 3MEHIIEHHS TOJIOBHOTO KPUTEPIIO, IO BPAXOBYEThCA B pasi
BUKOPWCTAaHHS TajJMBa 3 MiABUIICHUM BMICTOM CIpKH Ta TOJAJBIITUM OYHUIICHHSIM
BUITYCKHHX ra3iB B ckpyoepax SOx, a came BinHomeHHsST SO2/CO,.
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Effects of Direct Water Injection on DI Diesel Engine

Combustion

Recent fluctuations in fuel prices have underscored some of the pressures under
which the engine industry operates. In many industries, fuel economy is a primary
concern, yet health risks from high concentrations of airborne toxins cannot be ig-
nored. Thus, constraints from legislating bodies combine with market forces to push
engine manufacturers towards creating engines that simultaneously use less fuel and
produce fewer harmful pollutants. Techniques such as split injection, high pressure
fuel injection and stratified fuel-water in cylinder injection have been shown effec-
tive at reducing pollutants from DI Diesel engines while minimizing fuel consump-
tion.

There are several practical means of inducing water into the combustion cham-
ber. Fumigation, emulsions, parallel injection systems and DW injection are all ef-
fective realizations of water injection technology, each with their own set of ad-
vantages and drawbacks. In this study, it must be stressed that the fuel and water are
separate until just before the actual injection event — DW injection is not an emul-
sion and does not suffer from the same drawbacks.

DW injection has the advantage over fumigation of having the liquid water
close to the flame and away from the wall. Unlike emulsified fuels, DW injection
allows the fuel-water percentage to be changed for cold start or different operating

Water Loading Operation Fuel Injection Operation ranges. AlthOUgh the injection
system needs to be modified
Fuel a‘ \1’3‘55?32239 mé"éiimul check valve for DW injection, a single in-
jector per cylinder is used so
that the overall cost would be
less than a parallel injection
system. A schematic of a typi-
cal dual feed injector is shown
below in Fig. 1.

The key to the DW injec-
tion system is the dual feed in-
jection nozzle with the corre-
sponding water supply system.
Note that the water supply sys-
tem does not need to support
a) b) high pressures like the fuel in-
jection system. The water
loading event (Fig. 1a) shows
the water being pushed first

Fuel

Fig. 1. Operation of a typical Fuel-Water Injection
system
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through a one-way valve, then through the hollow passage in the injector body and
eventually into the annular sac region surrounding the central pintle valve. The fuel
displaced by the water is returned to the fuel injection pump.

NUMERICAL MODELING

A modified version of the KIVA-3v CFD program, originally developed at
Los Alamos National Laboratory, was used for this study. KIVA solves the conser-
vation equations for unsteady, compressible, turbulent reacting flows on finite vol-
ume grids. There have been numerous additions and modifications of many sub-
models at the ERC and DaimlerChrysler Research that have been validated for en-
gine combustion simulations.

When modeling one multiple hole injector, the fuel and water are injected from
the same spatial location and the velocity profile is calculated using the sum of the
fuel and water masses. The water mass is added to the fuel mass and the velocity
profile accordingly scaled.

An example of a wide distribution is shown in Fig. 2 for parameter values of
ow = 5.00 and x¢ = 0.5 with 45% of the fuel mass was input as water. A velocity

distribution for a narrow distribution function (oyy = 0.05) is shown in Fig. 3 for the
same 45% fuel/water ratio.

SPRAY MODEL VALIDATION
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Fig. 2. Distribution of water in the fuel
spray for a wide distribution function (ow =
5.00 and xc = 0.5)

Fig. 3. Distribution of water in the fuel
spray for a narrow distribution function
(ow =5.00 and xc = 0.5)

pn

Experiments for Diesel fuel/water injection were performed with a prototype
Bosch dual feed injector, where the stratification of the fuel and the water can be
controlled. In this study, the volumetric flow rate was kept constant. In each case,
136 mm? of liquid was injected into a quiescent chamber filled with Nitrogen at 830
K and 41 bar. The spray was illuminated from below by a laser sheet and vapor pen-
etration was obtained by fluorescence.
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Fig.s 4 and 5 show a comparison of the experimental vapor penetration to the
calculated vapor penetration and also show the calculated liquid penetration, all as
functions of time. For these calculations, the calculated vapor penetration is very
close to the experimentally measured values. For this injector, which produces rela-
tively large drops, the vapor and liquid penetrations were very similar initially, but
diverged from each other when the jet penetrated about 4 cm from the nozzle for the
fuel only spray.

The presence of water in the fuel spray increases both the liquid and vapor pen-
etration, however the liquid penetration is changed more significantly as shown in
Fig. 5. As can be seen from the comparison of calculated spray tip penetrations in
Fig.s 4 and 5, the water lengthens the liquid penetration at 150 ms by approximately
35% when 23% of the injected liquid is water.
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Fig. 4. Comparison of liquid and vapor|  |Fjg™ 5 Comparison of liquid and vapor]
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To gage the parameters of the second injected liquid (e.g. water), the physical prop-
erties of the injected water were selectively changed to equal those of the fuel. The
liquid penetration as a function of time of the modified spray is shown in Fig. 6.
When the surface tension of the water is set equal to the fuel, the Weber num-
ber of the liquid water increases which shortens the breakup time of the water spray.
The effect of the water fades more rapidly when the water breaks up sooner, and ap-
proximately 15% of the original liquid penetration distance is recovered at 1.5 ms.

ENGINE RESULTS
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conditions are given in Table 1.

Table 1: Engine Parameters

Parameter Value (units)
Bore 13.00 (cm)
Stroke 15.00 (cm)
Connecting Rod Length 27.3 (cm)
Displacement 2.00 (Liters)
Compression Ratio 17.25
Engine Speed 1080 (rev/min)
Start of Injection -2 ATDC

Fig. 7 shows the agreement
between measured and computed
cylinder averaged pressures and
the computed rate of heat release
for the 86% load condition for
both 0% and 45% water/fuel ra-
tio. The agreement with experi-
mental pressure is very good, as
Is the agreement with the addi-
tional ignition delay due to wa-
ter. For the 45% water case

shown in Fig. 8, X¢ = 0.135 and oyy = 0.180 which resulted in an ignition delay of 8
crank angle degrees. For the 86% load case with 45% water, the injection duration

increased about 6.5 crank angle degrees.

Fig. 8 shows the agreement of the calculated cylinder pressures to the experi-
mental cylinder averaged pressures for the 44% load condition with 0% and 45%
water/fuel ratio. The calculation used water parameters of X¢ = 0.120 and oy =

0.110 which also displaced a significant portion of fuel from the first part of the in-
jection. The injection duration increased 3 crank angle degrees and the ignition delay
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Fig. 7. Comparison of the 86% load simula-
tion with experimental pressure data (top) for
0% and 45% and predicted heat release rate||
(bottom) for 0% and 45% water/fuel ratio

Fig. 8. Comparison of the 44% load sim-
ulation with the experimental cylinder
pressure (top) and predicted heat release
rate (bottom) for 0% and 45% water/fuel
| ratio

was approximately 6 crank angle degrees with a 45% water/fuel ratio. The peak
pressure is delayed about 6 degrees from the fuel only case, however the magnitude
of the peak pressure is only 10% lower. The premixed burn is intensified due to the

delayed ignition.
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Comparison to Engine Emissions and SFC Data

Fig. 9shows the comparison of the computations with experimental engine out
particulate emissions as a function of water percentage. The soot values were nor-

malized by their baseline
values for the sake of

Table 2: Changes in Emissions vs. W/F Ratio

comparison. The com- NOX (%) SFC (%)
parison to experimental Exp. Comp. Exp. Comp.
data shows that soot val- | 44% load | -24.1 -21.8 -1.2 -1.9
ues at 86% load were 30% W/F

underpredicted while the | 44% load | -394 -50.8 -1.0 -0.9
values at 44% load were 4220 \W/E — ,
overpredicted. The shape gg;'z Eﬁg 461 606 36 v18
of the soot CUrves as a  Tggo10aq | 711 | 856 | +156 | +0.1
function of water/fuel | 450, wy/E

ratio agrees well with the
experiment.

Fig. 10 shows the SFC vs. NOx tradeoff curve for the 44% and 86% load
points. The numerical values are given in Table 2. The agreement with fuel con-
sumption is good for both load points, and the agreement with NOx for the 44% load
point is also good. Both NOx and SFC.
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Fig. 9. Soot vs. %Water tradeoff curve
1 for 86% and 44% load points for exper-
iment and simulation

Fig. 10. SFC vs. NOx tradeoff curve
for 86% and 44% loads for the compu-
tations of the baseline. 30% and 45%
' fuel-water ratio simulations

CONCLUSION

This re[ort describes the modeling of water injection as a practical NOx reduc-
tion technology for DI Diesel engines. The water injection model was verified
against experimental high temperature spray data and was used to gain additional
insight into multiple liquid spray phenomena. It was shown that the latent heat of
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vaporization was the physical property that caused the liquid in a fully mixed spray
of fuel and water to penetrate further than a spray of the same volume of fuel alone.

The bomb simulation of a completely mixed fuel-water spray showed that the
liquid spray tip penetration increases by approximately 35% due mostly to the high
latent heat of the water. Vapor penetration is not changed as much as the liquid pen-
etration, however the fuel penetration along the axis increases with the presence of
water due to an increase in the jet momentum.
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Injection characteristics of diesel and biodiesel fuel blends with common rail
injection system

The limited fossil fuel reserves and the ecological aspects encourage the sci-
entists to conduct there search on a new alternative renewable energy resource. The
article presents the experimental test results of the fuel injection processes of diesel
and biodiesel fuel blends, when using high-pressure common rail injection system.

The injection characteristics were determined using the injection rate measur-
ing instrumentation. The aim of the study was to get insight in the changing behav-
iour of the injection rate, amount of the fuel injected per cycle, actual injection delay
and the duration of the process over the whole variation range of both the injection
pressure and the energizing time. The test results showed that the maximum injec-
tion rate of diesel — biodiesel fuel blends was lower than that of a neat diesel fuel
case. It was observed that density and viscosity of the fuel have a significant effect
on the form of injection characteristics. The injection process has significant influ-
ence on the combustible mixture formation inside the cylinder of a diesel engine, au-
to-ignition, combustion, and exhaust emissions.

The ecological aspects, limited fossil fuel reserves, and the increased market price
of mineral fuel encouraged the scientists to conduct the research on alternative re-
newable biofuels to adapt them for diesel engine powering.

Biodiesel generally is being derived from vegetable oils and alcohol in the
presence of catalyst, defined as mono-alkyl esters of long chain fatty acids . Until
recently, rape oil was the main raw material source widely used to produce bio-
diesel.

The influence of the biodiesel fuel properties on the injection system charac-
teristics, on the fuel spray formation and its effect on the diesel engine performance
and emissions mainly occur due to changes in sophisticated hydrodynamic processes
in the high-pressure pump, high-pressure pipe and in the injection nozzle itself. The
difference between the spray characteristics of biodiesel and diesel fuels is more
pronounced for the highly evaporating sprays compared to those of less-evaporating
sprays. This is due to the higher boiling temperature and higher heat of vaporization
of biodiesel having in mind that the vaporization properties have a more significant
influence on the spray behaviour rather than physical properties of the fuel such as
density, viscosity, and surface tension.

Majority of the researchers analysed only the engine performance and exhaust
emissions, therefore, there is a lack of more detailed studies on the subject to inves-
tigate the potential impact of physical parameters of the fuel on the ongoing process-
es in the common rail injection system. The purpose of the research was to investi-
gate the injection characteristics of diesel —biodiesel fuel blends in a high-pressure
injection system.
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The following types of the fuels were used in the experimental studies: rape-
seed oil methyl ester (B100), diesel fuel (DF) . Properties of the tested fuels are pre-

sented in Table 1.
Table 1
Fuel properties

Parameter

Density at 15 °C,

Kinematic viscosity at

kg'm™ 40 °C, mm?>s™
DF 831.70 2.22
B100 8§84.10 4.60

Fig.1. presents a schematic diagram of the experimental setup. It consists of
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Fig. 1. Schematic view of fuel injection testing stand:
1 - PC; 2 — electronic scale; 3 — dataacquisition module; 4 — pressure sensor; 5 — charge amplifier-
module; 6 — injector; 7 — temperaturesensor; 8 — pressure sensor; 9 — fuel pressure control unit; 10
— injector driver; 11 — common rail; 12 — high-pressure fuel pump; 13 — fuel pressure regulator; 14
— NI 9161 chassis; 15 — fuel filter;16 — rail pressure sensor; 17 — electric motor; 18 — fuel tank

two parts: the fuel injection system and the injection rate measuring system. The fuel
injection system includes a high pressure pump, a common rail, injector and the
electronic unit to control the injection pressure. A sixhole injector nozzle was used,
and the diameter of each hole was equal on average to 0.24 mm.

The fuel injection rates were measured using the Bosch method. The injection
rate measuring system included an adapter for mounting of the injector, measuring
tube of 6 m in length, orifice,following tube and a check valve. The injection rate
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measuring method was based on measuring a dynamic increase in pressure produced
by the fuel injection into the measuring tube filled with fuel.

Results and discussions

In the compression ignition engine, the fuel injection process plays an im-
portant role on the in cylinder mixture formation, auto-ignition, combustion process,
engine performance parameters and ecology characteristics. Fuel injection character-
istics depend on the type of the injection system and fuel properties. Among the
main physical properties having the biggest influence on the injection process are
viscosity, density, and the bulk modulus. Fig. 2 shows the profiles of volumetric and
mass injection rates of the tested diesel and biodiesel fuel blends at various injection
pressures and energizing durations.

As it can be seen in the figure (Fig. 2 a, b), the leading front of the injection-
rate characteristics was steeper for the fuels possessing lower density and viscosity,
when the fuel was injected at the low (25.0 MPa) and the medium (50.0 MPa) pres-
sure. Both maximum volumetric and mass injection rates were 3.8 % and 9.1 %
higher for the case of the diesel fuel injected at minimum pressure of 25.0 MPa.

When the injection pressure was increased, the maximum injection rates also
increased for all fuel types tested. However, the peaks of the mass and volumetric
injection rates for the denser and more viscous biofuel B100 were slightly lower
compared to that of diesel fuel tested under the same injection conditions. When the
injection pressure increased to the maximum value of 100 MPa, the shape of volu-
metric injection characteristics for the tested fuels almost did not change and the
maximum mass injection rate was about 7.8 % higher for the diesel fuel case. The
mass-quantity of biodiesel B100 injected per cycle was 1 % lower due to its higher
density and viscosity.

Columns in Fig. 3 show the effect made by biodiesel B100 on the injection
delay time and duration measured under different injection pressures.

The injection delay is a time interval between the start of energizing of the in-
jector and the start of fuel injection that was found by analysing the injection rate
characteristics. Changes in the injection delay for different injection pressures are
shown in Fig. 3, a. The injection delay time was 0.46 ms for diesel fuel and 0.40 ms
for biodiesel B100 tested at the injection pressure of 25.0 MPa. The injection delay
decreased to 0.40 ms for diesel fuel and to 0.36 ms for B100 fuel due to the injection
pressure increase to 50.0 MPa. The injection pressure increased to maximum value
of 100 MPa resulted in to the injection delay time reduced to 0.36 ms for diesel fuel
and to 0.33 ms for the biodiesel B100 case. The higher density and viscosity of rape-
seed oil methyl ester are among the main reasons of
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Having lower fuel B100 flow-rate, which leads to longer injection delay time than
that of the diesel fuel.
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Changes in the injection duration for different injection pressures of the tested
fuels are shown in Fig. 3, b. As it can be seen, the injection duration of biodiesel
B100 was always somewhat longer than that of the diesel fuel especially under the
influence of the injection pressure reduced to 25.0 MPa. In all cases, the actual injec-
tion duration was always longer for all fuels tested than the energizing-pulse dura-
tion of the injector itself. The injection duration for diesel fuel was 11 %, 26 %, and
40.0 % longer than the duration time of the energizing-pulse for the respective injec-
tion pressures of 25.0, 50.0, and100 MPa. Actual fuel injection duration represents
the time interval between the start and the end of injection and it was found by ana-
lysing the measured injection rate characteristics.

Fig. 4b shows the dependency of the discharge coefficient on the injection
pressure of the tested fuels. The discharge coefficient of diesel fuel is considerably
higher than that of biodiesel B100 within a wide variation range of the injection
pressure. The discharge coefficient increased up to certain extent for diesel fuel and
biodiesel to sustain at almost stable level with further increase of the injection pres-
sure of the fuels. It should be toted that the discharge coefficient for biodiesel B100
was about 18 % lower than that for the normal diesel fuel, when the injection pres-
sure reached the maximum value of 100.0 MPa.

Conclusions

The peak injection rate (by volume and mass) for biodiesel B100 was lower
than that of diesel fuel under similar test conditions. The injection rate of diesel fuel
differs as having the highest front risings lope after the start of injection compared to
that produced by the injection of neat biodiesel B100.

The actual injection duration time was always longer than the duration of the
energizing-pulse of the injector itself. This occurred because the response time of the
injector solenoid to the in-coming control signal was quicker than that needed to ac-
tuate the fuel injector.

The discharge coefficients for biodiesel B100 were always lower than of die-
sel fuel, because the density and viscosity of RME were about 6 % and 2 times
higher than the respective values of the normal diesel fuel.
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AHAaJI3 Cy4yacHUX METOAiIB yNpaBJiHHA 0e3MeK0I0 Npali HA MOPCHKOMY
TPAHCHOPTI

Beryn. Mopcekuit TpaHCIOPT BIIHOCUTBCS J0 Taidy3ed MiJBHUIIEHOI HeOe3IeKH,
JIe TIEPCOHAJI CTUKAETHCS 3 IMUPOKUM CHEKTPOM IIKIJIMBUX Ta HEOe3meuyHux (hakTo-
piB. Mopsiku cxuiibH1 10 Hi3udHUX HeOe3MneK (BUCOKUHM PIBEHb IIyMYy 1 BiOpailii, Ba-
*Ka (pi3uyHa mpaiis, poOOTH Ha BUCOTI 1 B 3aMKHYTHX MPOCTOPAX, HECTIPUATIUBI T10-
rOJIHI YMOBH), XIMIYHUX BIUIMBIB (HaJIMBO, HEOE3MEUH] BaHTaX1, BUXJIOMHI Ta3u), O1-
OJIOTIYHUX PU3HKIB (3aXBOPIOBAaHHS B TPUBAIMX pelcax) pUTMIB, mipaTcTBo). Cra-
THCTHKA TIOKA3Ye, IO PiBEHb CMEPTEIHHOTO TPaBMAaTHU3My Ha MOPCHKOMY TPAHCITOP-
T1 Mailke BII'SITEPO BHUILUN, HIXK y CEPEIHBOMY 3a IHIIMMU raixy3smu [1-4]. 3a owiH-
Kamu ekcnepTiB, 10 80-85% MoOpchKHUX aBapiil npsamMo abo ornocepeKoBaHO 00yMo-
BJICHI JIIOJICBKUM (DaKTOpPOM — MOMUJIKAMHU €KIMaxXy, Hee()eKTUBHOIO OpTaHi3aIli€lo
poOit, BTOMOIO Ta iH. LI JaH1 HAroJONIyIOTh HA KPUTHUYHY HEOOXI1JTHICTh €(DEeKTUB-
HOTO YTpaBIIiHHA 0€3MeKO00 mparli Ha (JIOTI.

3a0e3neucHAsT Oe3MeKH >KUTTEMISIIBHOCTI Ha CyJHAX Ma€ HE JIMIIE JIFOJCHKUI
BUMIp, a i 3HaYHI EKOHOMIYHI Ta €KOJIOT14HI Hachiaku. Benuki aBapii Ha mMopi (110-
KEXKI1, 3aTOIJICHHS, PO3JIMBH Ha(TH) MPU3BOATH J0 3arubOeni JrojeH, 3a0py HeHHS
HABKOJIMIITHBOTO CEPEJOBUINA Ta BEMUKHUX (PIHAHCOBUX BTpaT. Y 3B'A3KY 3 IIUM Ha
MDKHApOJIHOMY PiBHI pO3p00JIEHO MIMPOKY HOPMATHUBHY 0azy: MixkHapoHa MOPCh-
ka opraxizauis (IMO) 1 Mixnapoana oprasizauis npaui (ILO) npuiinsanum HU3KY
KOHBEHIIIM 1 KOJIEKCIB, 110 PETJIaMEHTYIOTh O€3MeKy CYJIeH 1 YMOBHU Tpalll MOPSIKIB.
OpHak, HasgBHICTh (pOpMaTBHUX MPABUII HE TAPAHTYE BIJCYTHOCTI 1HIMICHTIB, SIKILO
[l MpaBWwiIa HE MIAKPIIJIEHI MPAKTUYHUMHU 3aX0JaMU OIlIHKU PU3HUKIB, KYJIbTYPOIO
0e31eyHOi MOBEIIHKY Ta CYy4YaCHUMU TEXHOJIOT1SIMU MOHITOPHUHTY [3].

[TocTanoBka 3agaui. [IpoananizyBaru iHdopmallito moA0 Cy4aCHUX METOMIB yII-
paBIiHHS OE3MEeKO0 Mpalli Ha MOPCHKOMY TPAHCIIOPTI.

PesynwTaTu mociimkens. [IpobaemMu oxopoHU mpaili Ha MOPCHKOMY TPAHCIIOPTI
3aJMIIAIOTHCS AKTyaJIbHUMHY, HE3BAYKAIOUM Ha MPOTPEC Y CyAHOOYIyBaHHI Ta pery-
JIOBaHHI Taly3l. AHaI3 MOPCHKUX TOJIIN MOKAa3ye, M0 OCHOBHUMHU YHHHUKAMHU 1H-
IIUJICHTIB € HEJOMIKK B YIIPaBIIiHHI O€3MeKor0 mparli Ta Joachki moMuiaku [3]. Ome-
parii Ha CyJHax CyBOPO pErIaMeHTOBaHIi: Ji0Th BUMOTHM MIKHAPOIHOT KOHBEHIIIT
PO OXOPOHY JIFOACHKOTO KUTTSA HAa MOpi (SOLAS), Mi>kHapoIHOTO KOJEKCY 3 yII-
paBiiHHA Oe3neuHoro ekcrutyaraiieto cyaeH (ISM Code), MixkHapoHOT KOHBEHIIIT
PO MIArOTOBKY 1 TUIIJIOMYBaHHSI MOPSIKIB Ta HeCeHHs BaxTu 1978 poky, 3 morpas-
kamu (STCW) ta iH. [IpoTe mpakTuka po3cCiiayBaHb aBapiii BHUSBIISE MPOTATHMHU
MK (popMaIbHUM TOTPUMAHHIM MPaBUII Ta pealibHOI0 Oe3nekoro. Tak, JOCITHUKH
BIJI3HAYAIOTh, 1[0 XO04Ya OCHOBU «KYJIbTYpHU O€3MEKM» B MOPCHKIM Traly3i 3aKJaJIeHo,
ICHYIOTh Cepio3Hi1 O6ap'epu 11 ii BpoBa/pKeHHS Ha npakTuili [4-7]. YacTo HepocTa-
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THHO yBaru NpUAUIIE€THCS MOHITOPUHTY Ta JOKYMEHTYBAHHIO MOTEHIIIIHO HeOe3me-
YHUX CHUTYyalllld, 3BOPOTHUH 3B'SI30K L1010 MOJI € OOMEXEHUM, a PUHIIMI MPOaK-
TUBHOT'O YIPABIIHHS pU3MKaMU HE Peai30BaHO MOBHOIO Mipoto [3].

Boanoudac Mopchka rany3b MepexxuBae TEXHOJIOTIYHY TpaHC(hOpMallito — BIPO-
BaJKYIOThCSl CUCTEMHU aBTOMaTH3allli Ta UGPOBOro KOHTPOIIIO, SIK1 3AaTHI CYTTEBO
MiBULIUTH Oe3neKy poOiT. 3'sBISIOTHCS aBTOHOMHI Cy/IHA, IHTEJIEKTyalbH1 CUCTEMU
MIITPUMKH PillIeHb, MEPEAUKTUBHA JlarHOCTUKAa oOnaaHaHHA. L1 iHHOBaIli BUMa-
raroTh aHami3y iX e()eKTUBHOCTI Ta PU3UKIB, 00 IHTETPYBATH iX y CUCTEMY yIpaB-
JHHS O€3MEeKO0 TpaIi.

EdextuBHe ynpaBiniHHS npodeciiHo0 OS3MeK00 MOYNHAETHCS 3 1AeHTH (KA
Ta OI[IHKM PU3UKIB. Y MOPCBHKIHl 1HAYCTpii 3aCTOCOBYIOTHCS MEPEBIPEHI METOIUKH,
3aMo3WYEHI 13 3arajbHOi Teopli HaAIMHOCTI Ta OE3MEeKH, alanToBaHl 10 crneuiKu
cynHoraBcTBa. Jlo kimouoBux 1HCTpyMeHTIB BinHOocATbes HAZID, HAZOP Tta me-
toa Bow-Tie, siki 1OMOBHIOIOTH OJIUH OJHOTO HA PI3HUX €Tanax aHalli3y PU3UKY.

HAZID (Hazard Identification) — meTo BUsIBIICHHS HEOC3IICK HA PaHHIX CTali-
ax. 3a tunoBuM migxogom HAZID npoBoasTe Ha eTani MpOEKTyBaHHA Cy/Ha abo
IUTAaHYBaHHS peiCy, KOJIM JAOKJIaaHa 1HhopMaIlis 1e oOMexeHa. BUSBICHOTO CIIEHAa-
pito (pikcyroThes nepeadavyBaHi TPUYUHU (BIIMOBa 00JIaIHAHHS, JIFOJICHKA TTOMUII-
Ka, 30BHIIIHINA BIUIUB), MOXJIMBI HACIIAKU (TpaBMHU, IIKOJA CYJIHY, €KOJIOTis) Ta ic-
Hyroui 3axoau 3axucty. Pesynsrarom HAZID € peectp Hebesnek 3 MpiopUTETHOIO
OLIIHKOIO PU3MKIB 3a KOXHOI nosuiiero. [lepesara HAZID — nonepemxyBaibHUN
XapakTep: BUABJICHI IPOOJIEMH MOXKHA YCYHYTH 1IE J0 peali3allii MpoeKTy abo pen-
Cy, YHUKHYBIIIM BEJIMKUX BUTPAT HA BUMNpaBiaeHH mizHime [8]. Hanpuknan, HAZID
MaITUHHOTO BIIIUICHHS CYJHA MOKE BHSIBUTH PU3UK CKYMYCHHSI TOPIOYMX TapiB,
TOA1 3a37aJIeT1/1b OyAyTh nepeadaueHi TaTYUKU BUTOKY Ta BEHTHUIIAIIIS.

HAZOP (Hazard and Operability Analysis) — aetanbHuii MeTO aHaNi3y BiJIXH-
neHb y (GyHKiioHyBaHHI cucteM. Cro4yaTky po3poOjeHui ajisi XIMIYHUX BHUPOO-
HUTB, HAZOP mmpoko 3aCTOCOBYETHCS 1 Ha CyAHAX JIJIsi BABYCHHS TEXHOJOTIYHUX
CUCTEM — MAJIMBHUX, BAHTAKHUX, EHEPTETUYHUX Ta 1H. MeTos nepeabdayae cuctema-
THYHE PO3OHUTTS CHCTEMHU Ha BY3/M (00JIalHAHHS, TPYOOIPOBOIU, MPOIIECH) Ta PO3-
TJIS]T BIAXWJIEHB TTapaMeTpPiB KOXKHOTO By3Jia BiJl HOPMAJIbHUX pexuMiB. Bukopucro-
BYIOTHCS CHEIliabHI «OTOPHI CJIOBAa» — HAMPUKIIAJ, KHEMAE TTOTOKY», «I1ABUIIICHUI
TUCK», «3BOPOTHUI» 1 T.J. — SIKI KOMOIHYIOTBCSI 3 MTapaMeTpaMu Tpoliecy (BUTpara,
TeMIeparypa, mojioxeHHs kianaHa Toio). HAZOP 3a3Buyaii mpoBOAUTHECS Ha BXKE
JIOCHTh OTNIPAIlbOBAHUX CHUCTEMaxX (HAIPHUKJIad, IPH BBEJACHHI HOBOTO CYJIHA B BHUKO-
pucCTaHHs) 1 Jae€ TIMOIIe PO3yMIHHS TOTrO, K 3001 B poOOTI 0OJialHAHHS MOXYTh
npu3Bectd 10 aBapii. Pesynsrarom HAZOP € 3BiT 13 nepenikoM BUSIBICHUX B1JIXU-
JIeHb Ta 3aXO0/l1B, HEOOX1THUX Jig IXHBOTO KOHTpoo [8]. Ha npaktuiiit HAZOP no-
NOMIT MOKPAIIUTH HAJIHHICTh 0araTb0X CYJHOBUX CHUCTEM, HaIpHKIajd, aHall3 Ie-
peBanku HAPTOBOTO BAaHTaXy BUSBIISE PU3UKU TEPEINBY, HA MiACTaBl YOTO BBO-
JSTHCS T0AATKOBI CUTHAII3aTOPH MIKPYO1XKHOTO PiBHS Ta IHCTPYKTYBAHHS €KIMaXKy.

Bow-Tie (miarpama «MeTeIMK») — METOJ Bi3yaJIbHOTO CHHTE3Y iH(pOpMaIii mpo
PU3HK, 0 MOETHYE TPUYUHM, HACTIAKK Ta Oap'epu Oe3mexku B enuHii cxemi. Jliar-
pama bow-tie oTpumana Ha3By 4epe3 CBOIO (opMy, IO HAraaye MeTelmKa abo Kpa-
BaTKy-METEJMKa: B IICHTP1 PO3TAIIOBYEThCS «BHINA Hebaxkana moxis» (Top Event) —
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KIIFOYOBHUM aBapiiHUM 1HIIMAEHT, HAMPUKJIAA, BTpaTa CTIHKOCTI cyaHa. Mix morpo-
3aMU Ta IEHTPAIBHOIO MOJIEI0 € MPEBEHTHUBHI Oap'epy — TEXHIYHI Ta OpraHizaiiiiHi
3aX0/M, TMOKIMKAaHI HE JOMYCTUTH peajizailii 3arpo3u (Hampukiai, IJs 3arpo3u
«IITOPM»: MOHITOPHUHT MOTOAM, OOMEXEHHSI BUXO/y B MOpPE MPHU HITOPMOBOMY I10-
nepepkeHH1). AHanoriyno, Mixk Top Event 1 HacimiikaMu CTaBIAThCS 3aXUCHI Oap'e-
PH BIJTHOBJICHHSI — 3aCO0M TOM'SKIIIEHHS HACIIJIKIB, SKIIO MOAisA BiaOynacs (Hampu-
KJIaJl, JJI TOMAIl «JTI0JIMHA 3a 0OPTOM»: PATYBaJIbHI JKUJIETH, MiATOTOBICHICTh €Ki-
Maxy 70 pATYBaJIBbHOI omepaitii. J[oJaTkoBO miarpamMa MOXe BKITIOYATH €CKalariifHi
dakTopu — yMOBH, 32 SKHX €(EKTUBHICTH Oap'epy 3HIKYETbCA (HAIPUKIIAJ, HECTIpa-
BHICTb PSITYBaJbHOTO 00JIaIHAHHSA), 1 3aX0AH MIPOTH €CKajaIlii.

BucHoBku: Ympasiiaas 6e3mekoro mparli Ha MOPChKOMY TPAHCIIOPTi — CKIIaHE
OaraTorpaHHe 3aBJaHHs, 110 NMOTpeOye MOETHAHHS 1HKEHEPHOI0, OpraHi3alliifHOTO
Ta JIFOJCHKOIO M1AXO/IB.

EdexTuBHiCcTh ynpaBiiHHA O€3MEKOI0 IMpalll 3HAYHO MIJBUIIUTHCS 3aBIISKU 3a-
CTOCYBAaHHIO CHCTEMHOCTI Ta MPOaKTUBHOCTI. be3neka moBuHHA 3a0€3ME4yBaTHUChH
CUCTEMHO: BIJ] €Taly MPOEKTYBaHHS CyJlHAa Ta IUIAHyBaHHS peicy (ineHTudikariis
pusukiB HAZID) no moaeHHUX ornepariii (3acToCyBaHHS NPOLEIYp 1 MOHITOPUHTY)
Ta MEPIOUYHOrO MEPETIIsiy Ha OCHOBI J0cBiay. [IpoakTHBHI METOAM OLIIHKU PU3H-
ky (HAZOP, Bow-Tie) naroTh MOXKIMBICTh TIepea0adaTH Ta 3armodiraTy IHIUACHTaM
710 iX peasi3allii, a He JUIIe pearyBaTH NoCT(aKTyMm.
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Komneraes! M.O., ITapmenosa® JI.T'., Bongap? C.A.
'Hauionansnuii yHiBepeuter «Onechka MOPChKA aKaJeMisi»
’Mopexinuuii paxosuii konemx im. O. I. Mapunecka
HarionansHoro yHiBepcuTeTy «Ojiechka MOPChKa aKaIeMish»

Poub npogeciiiHuX KOMIIETEHTHOCTEN CYJAHOBMX MEXaHIKIB y nmpoueaypax
MOPTOBOI0 KOHTPOJIIO

CaiToBa CIILHOTA CTypOOBaHa KUIBKICTIO aBapiid HA MOPCHKOMY TPAHCHOPTI Ta
3HAYHUMH €KOJIOTIYHUMHU HACHiIKaMU JJIi MOPCHKUX aKBaTOpid. Y 3B'S3Ky 3 LIUM
PO3p00JICHO HU3KY MIKHAPOJHHMX MPABOBUX aKTiB, Kl MOCTIMHO JIOMOBHIOKOTHCS i
YTOYHIOIOTh BUMOTH JI0 CYJTHOBOTO CKJIaJly, €KCILTyaTallii Cy/IeH 1 MiATOTOBKU €Ki-
naxiB. Ocob6yMBa poJib y IIbOMY MPOIECT HATEKUTh MI>XKHAPOAHIM MOPCHKIii opraHi-
3amii (IMO) Ta MixknaposHiii opranizariii npami (MOII), 3okpema uepe3 MixHapo-
JHY KOHBEHIIIO 3 OXOPOHM JIFOACHKOro *UTTSA Ha Mopl (SOLAS-74), sakxa Bu3Hauae
OCHOBHI CTaHJApTU O€3MEKN MOPETUIABCTBA Ta MIArOTOBKHU €KilaXiB, CIPSIMOBaH1 Ha
CKOPOYEHHS KUIBKOCTI aBapiil 1 30epeKeHHS KUTTS JTHOACH.

OcHOBHa BIJAMOBIIAJIBHICTh 3a JOTPUMaHHA MIDKHAPOJHUX KOHBEHIIM 100
Oe3MeKy CyJIHOIJIAaBCTBA IMOKJIANA€Thcsl Ha AepxkaBy mpamnopa cyana (Flag State).
[Iporte uepe3 Te, Mo Oarato CyAeH PiAKO 3aXOAATh y HalllOHAJIbHI MOPTH CBOEI JIep-
’KaBH TIpanopa, a TaKoXK yepe3 TPYIHOI KOHTPOJII0 OaraToHaliOHAIBHUX €KIMaxiB,
HE BCl JIEpKaBU MOXKYTh 3a0€3MEUNTH HAICKHUNA KOHTPOJb 32 BUKOHAHHSIM MiKHA-
POJIHUX CTaHNAPTIB. Y 3B'S3KYy 3 IIMM 3HA4YHA POJib y 3a0e3reueHH1 0e3MeKu MOper-
JIABCTBA MEPEXOJIUTh JI0 IEPKaBU MOPTY, KA MA€ MPABO MEPEBIPSATH 1HO3EMHI CyTHA
II0JI0 JOTPUMaHHS HOPM O€3MEeKH, 3aXUCTY HABKOJHIIHBOIO CepelOBHILA Ta Haje-
KHUX YMOB Tparil ekinaxy. HeoOXimHICTh MOCUICHHS KOHTPOJIO HaJ CyIHAMH 3
OOKy JiepKaBH MOPTY TAKOXK 3YMOBIIIOETHCS TAKMMHU OOCTaBUHAMHM SIK CTapiHHS CBi-
TOBOTO (PJIOTY, CKOPOUYEHHS €KIMa)iB, YCKJIAJIHEHHSI TEXHIYHOTO O0JIaJHaHHS Ta Te-
XHOJIOT11 TIepEBE3€EHb.

[ncnexropu koHTpodto Aepxkasu noprty (Port State Control, PSC) nix yac nepe-
BIPOK BUSIBIISIIOTH CYJIHA, K1 HE BIANOBIIAIOTh BCTAHOBJIEHUM BUMOTaM, Ta 3aCTOCO-
BYIOTh BIJIMOBIAHI OOMEXYBaJIbHI 3aXOAM, HAMPUKJIAJ 3aTPUMaHHS CyJHA JI0 yCY-
HCHHSI BUSIBJICHHX MOpyIeHb [1]..

Pu3uku TeXHIYHOT eKcIutyaTalli Cy/ieH OOyMOBJIEHI HE TUIbKM TEXHIYHHM CTa-
HOM 10Ty a00 CHCTEMOIO YIpaBJIiHHS, IPUIHITOIO B CYJHOIUIaBHIN KommaHii [2],
ajyie ¥ 3HAYHOIO MIPOIO 3aJIeKaTh Bij SIKOCTI MOYATKOBOI MIATOTOBKH MOPCHKUX (ha-
XiBIiB. BinbuiicTe aBapiii MOPCHKMX CyJeH BiIOyBarOThCS BHACHIJOK JIHOICHKOTO
¢dakTopa, TOOTO Yepe3 MOMIIKM UM HEAOCTAaTHHO KBami(ikoBaH1 Mii ekimaxy. Y
3B'SI3KY 3 LIMM KJIFOUOBOT'O 3HAUEHHS Ha0yBae€ HajexHa mpodeciiiHa miAroToBKa mnep-
coHany. Bucoka sikicTh OCBITM Ta TpeHyBaHb MallOyTHIX CYJAHOBHX CHEIIaNICTIB €
BKJIMBUM (PaKTOpOM 3aroOiraHHs aBapiil Ta 3a0e3neueHHs 0e3MeKu CyTHOTIaBCTBA
[3].

VYceniHe npoxXompKeHHs MPoLeypu KOHTPOJIO JIEPKaBOIO MOPTY 3HAYHOKO Mi-
POIO 3AJIEKUTH BiJl KOMIIETEHTHOCTI Cy/IHOBUX MEXaHIKIB, aJ[’k€ caMe BOHHU 3a0e3Iie-
YyIOTh TEXHIYHO CIPaBHHUM CTaH CyJHa, HajilHe (YHKI[IOHYBaHHS OOJIaJlHAaHHS Ta
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BUKOHAHHS MDKHAapOJHMX BHUMOT MiJ Yac eKcrutyatamii. Takum 4MHOM, HaJleXHa
npodeciifHa MAroToBKa CyJHOBUX MEXaHIKIB BIJIMOBIIHO A0 CIEIIaTi30BaHUX MIXK-
HApOJIHHUX 1 HAIlIOHAJILHUX HOPMATUBHUX JOKYMEHTIB CTa€ BUPIIIAIBHUM (PakTOpOM
3a0e3neueHHs] 0e3MeKH CYTHOIUIABCTBA Ta €(PEKTUBHOIO MPOXOJKEHHS MOPTOBOTO
KoHTpoHO [3,4].

MeToro NOCHIIPKEHHS € BU3HAYEHHS! Cy4aCHUX BUMOT JO KOMIIETEHIIIM CyJIHO-
BHUX MEXaHIKiB, Kl HEOOX1H1 1J11 €(DEKTUBHOTO MPOXOHKCHHS MPOIETyPH KOHTPO-
JII0 CYJIEH Y MOpTax JAepKaBaMH MOPTY, [0 CBOEIO YEPTOI0 CIPHSIE MIABUIICHHIO Pi-
BHA 0€3MeKH MOPEMJIaBCTBA, 3aXUCTY HABKOJHUIIIHBOTO CEPEIOBHINA Ta MOJIMIICHHIO
YMOB Tipalii Ha 0opTy cyaeH. JIjisi JOCSTHEHHS I1i€i METH B TMPOIECi JOCIIHKCHHS
OyJ0 MpOBENEHO aHalli3 MDKHAPOJAHUX HOPMATHUBHUX JOKYMEHTIB, SIKI PETyJIOIOThH
JUSJIBHICTh CYJHOBUX MEXaHIKIB, a TaKOX MpPOIeAyp MOPTOBOTO KOHTpoJito (Port
State Control, PSC). Kpim Toro, BU3Hau€eHO OCHOBHI KOMIETEHIIIi, Kl MalOTh OyTH
npUTaMaHH1 CyJTHOBUM MEXaHIKaM JiJisl YCHIIIHOTO MPOXO/KEHHSI 3a3HAYEHUX MPO-
HEeayp, BUSBICHO KJIIOYOBI MPUYMHU 3aTPUMaHb CyJI€H y MOpPTaX Ta BCTAHOBJICHO
3B'I30K MDK ITUMHU 3aTpPUMaHHSIMHU 1 piBHEM MpodeciiiHOi MiArOTOBKM MEXaHIKIB.
BaxxnuBoro ckiamoBor poOOTH € aHa3 Cy4aCHMX OCBITHIX MPOTpaM 1 TPEHaKep-
HUX TEXHOJOTIH, AKi 3a0€3MeuyloTh HAJSKHY KBaTi(iKaIllilo CyJHOBUX MEXaHIKIB
BIJIMOBIAHO 10 MIKHAPOJHUX BHMOT 1 CTAHJAPTIB, IO 3HAYHO IMIJABHUIINYE €(PEKTHUB-
HICTb 1XHBO1 pOOOTH Ta 3a0e3neuye BUCOKUHM piBEHb O€3IEKH CYHOIIaBCTRA.

Ha pucynky 1 [5] BimoOpakeHO TII00aIbHUI PO3MOALT 3aTpUMaHb cyieH B 2023
poui 3a iHimiatTuBamu PSC, siki peani3ytoTbesa y paMKax pi3HUX MEMOPAHIYMIB PO
B3aeMopo3ymiHHs. HalGineina kiabkicTh — y pamkax Tokyo MoU (100 Bumankis),
[0 OXOIUTIOE a31aTChKO-TUXOOKEAHCHhKUI PErioH. 3 HUX 75 3aTpUMaHb MPUMAAae Ha
Kwurait, To0T0 Maiixe 3/4 ycix 3aTpumanb y 1nbomy periosi. Paris MoU (€Bpomna)
nocigae apyre micue — 55 3arpumansb. Indian Ocean MoU mae 23 Bunajku, 1o ta-
KOX € 3HAYyIIUM MOKa3HUKOM. [HIII perioHr MaroTh 3HAYHO MEHIII MOKa3HUKHU: TI0
5-9 3atpumaHb a00 HaBITH JIMIIE | BUITAIOK.

3a craTucTUYHUMU NaHuMH [lapu3bKkoro MemMopaHayMy MpO B3a€EMOPO3YMIHHS
I0/I0 KOHTPOJIIO JIEP>KABOIO MOPTY, 300pKEHUMH Ha PUCYHKY 2, PIBeHb 3aTpUMaHb
B OCTaHHI POKH 3aJMIIAEThCS CTa0lIbHUM, ¥ Mexax 3.1-3.5%, 1mo Tpoxu Buie ce-
peAHIX MOKa3HUKIB TonepeaHix pokiB (Big 0.9% mo 2.1%).

3a pesynbraTtamu nepeBipok Oeperosoro oxoponor CIIIA (United States Coast
Guard, USCG) (puc. 3) macakupchKi CyjJHAa MalOTh HAWBHUIIY YacCTKYy BHSBIICHUX
HEZOJIKIB, alie iX (haKTHUHI 3aTPUMaHHA He3HauHi. HalO1IbII pu3uKu 3aTpUMaHHs
MaloTh CyXOBaHTaXH1 Ta pepuxepaTopHi CyHa, a Ta30Bl, XIMIYHI Ta HAPTOBI TaH-
KEepHU JEMOHCTPYIOTh BIJIHOCHO BUCOKUH PIBEHb TEXHIYHOTO CTaHY.

3a3Buuail BUSABIICHI HEJIONIKU CYJI€H CTOCYIOThCSI BUMOT MiXKHApOJHOTO KOJEK-
cy 3 ynpasiiHHs 6e3nekoro (ISM), sikuii B CBOIO 4epry CTBOPIOE CUCTEMY YIPABIIIH-
Hs 6e3nekoro (CYD ), po3pobienoro aist Oyap sIKOi CyTHOXITHOT KoMmaHii Ta Mix-
HApOJIHOTO KOJIEKCY 3 OXOPOHHU CyZeH Ta mopToBux 3aco6iB (ISPS).
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2023 PSC DETENTIONS BY MEMORANDUM OF
UNDERSTANDING (MoU)
@Viﬁa del Mar =5
China 49 of 75

Black Sea=9 0) Indian Ocean = 23

Paris = 55

Pucynok 1 — KinbkicTs 3aTpuMans cyaeH y 2023 pori 3a perioHaaTbHIMA MeMopaH yMaMu Tpo

B3aemopo3yminus (MoU) [5]

F_rPARI MoU PERFORMANCE

Mumber of Detentions

20

18
18

Total Detentions* 69 55 15
14 13 Total Ships™* 4,404 4,522 4533
12 1 1 :
10 Total Inspections 1,948 1,764 445
10
Detention Ratio™* 3.5% 3.0% 3.4%
8 7 Sources: Paris MoU 2022 Annual Report and Paris MoU Database (www parismou.org).
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*Total Appeals Achieved: 2022: 3; 2023: 0, 2024:0 2022 m2023 © 2024 QI
**Excluding Mobile Offshore Units and Yachts
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Pucynok 2 — JIlunamika 3aTpuManb cyjeH y pamkax [lapuspkoro Mmemopanaymy npo

B3aemoposyminas (Paris MoU) 3a 2022-2024 pp. [6]

Ha BiacoTok 3aTpumaHHsi 0€3 CyMHIBY BIUIMBA€E: HOro TEXHIYHHUM CTaH, KBamidi-
Kallis eKiMmaxeu, BiK Cy/IHa, MOCTavYaHHs 3alMYacTHH Ta KOPOTKOCTPOKOBICTh CTOSIHOK
y moprax 4u Ha peinax [8].

BianosinaneHICTh 32 HaJEXKHE PO3B’sI3aHHA 3aB/laHb 0€3MEKU MOPEIJIaBCTBA MO-
KJIAJJA€ThCSL HA BEChb KOMAHJIHUM CKJIAJl Cy/HA, BKIIOYAIOYU CYJTHOBUX MEXaHIKIB. 3
ypaxyBaHHSM 3pOCTaHHSI €KOJIOTYHUX BUMOT Ta BIPOBAKEHHS HOBITHIX TEXHOJIO-
rifl Ha cyJax, BUMOTH JI0 TIJITOTOBKU CYJTHOBHX MEXaHIKIB IMOCTIMHO 3pOCTalOTh, 1110
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00yMOBITIO€ HEOOX1THICTh O€3MepepBHOTO MiABUIICHHS 00CATy Ta piBHS Mpodeciii-
HUX 3HaHb 1 MIPAKTUYHUX HAaBUYOK.
Deficiency and Detention Percentage by Ship Type

Percent of Exams Number of
with Deficiencies Detentions

Number of Exams with Number of

A
Exams Deficiencies Deficiencies Detention %

Ship Type

Bulk Carrier
:Contamer Ship

General Dry Cargo
| Passenger Ship

2,187 462
1,338 | 297
014 200

{361 185

{1,139
.

’l'U')

| 458
| i

|672

24 1904

22.19%
4

21.88%

54.01%

NN
N

N
-

[+

1.18%
1.94%

7 2.40 ‘

0.55%

Refrigerated Cargo
| Gas Carrier

102
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42.52%

10.08%

) 299

0.59%

Chemical Tanker

| 321

13.57%

). 49%

Oil Tanker

JOO

|18.42%

0.60%

Other

|528 119

269

!
122.53%

1.32%

Pucynok 3 — YacTka BUSBICHUX HEIOJIKIB i 3aTpUMaHb 3a TUIIAMH CYJICH 32 pe3yJbTaTaMu
nepeBipok 6eperosoto oxoponoro CIIA [7]

3abe3nedyeHHs SKICHOI MIATOTOBKH YCKIIAJHIOEThCS NOTPEOOK0 BUKOHAHHS HE-
CTaHAAPTHUX (PYHKI[IM y 3MIHHUX €KCIUTyaTalliHuX ymoBax. [IpobnemaTuka miaro-
TOBKM (paxiBLIB 1 KOHTPOJIIO iI SIKOCTI 3arajoM HE Ma€ BIIPI3HATHUCS BlJ BUMOT CYy-
4acHOi BUIIOI OCBITH, OJIHAK Mpo@eciiiHa MAroToBKa CyTHOBUX MEXaHIKIB Ma€ HU3-
Ky ocobnuBocTteil. 1le 3yMoBiIeHO HEOOXIHICTIO TOTPUMAHHS CHEU(DIYHUX BUMOT,
BU3HAYCHUX MDKHAPOJHUMHM, HallIOHAJTLHUMHU Ta HOPMATUBHO-TIPABOBUMH aKTaMHU
[3].

Excmmyarariiiina nepeBipka Cy/iHa BKJIIOYA€ TECTYBaHHS aBapiliHOTO 00JiaHAH-
HS Ta OCBITJICHHS, TIEPEBIPKY MPaIle3AaTHOCTI CUCTEM IMOKEKOTACIHHS, TUCTAHIIIN-
HUX TPUBOJIB 3YNUHKH TIaJMBa, BEHTWIATOPIB 1 BOJOHENPOHUKHUX JBEpEH.
OO0OB’SI3KOBUMH € MPOTHUIOXKEKHI HABUAHHS €KIMaXy Ta OI[IHKAa 3HaHHS aBapidiHUX
MPOIIEAYP, 10 3a0e3rnedy€e TOTOBHICTh CyJHA Ta €KiMaXky J0 HaJI3BUYAHUX CHTYya-
Iii 1 BIATOBIIHICTS MKHAPOJIHUM cTaHaapTam [1].

Omxe Bumoru Big MexadikiB 3rigHo I1/JHB Taki 110 moBHICTIO BUMararmTh Bif
HUX BUKOHAHHS CBOiX 00OB f3KiB , SIKI MAKCUMaJIbHO TIOBMHHI 3a0€3MeuyBaTH SIKiC-
He npoxokeHHs PSC y nopTax BiiBIAyBaHHS pi3HUX KpaiH CBITY.

CyaHoBuil MexaHik 3a0e3nedye HaJiliHy Ta Oe3MeYHy eKCIUIyaTalll0 CYJHOBUX
MaIllMH, MEXaH13MIB 1 00JIaJHaHHS, 1110 BILUIMBAIOTh Ha 0€3MeKy CyIHOIIaBCTBa. BiH
Hece BIJIMOBIAAJIBHICTh 32 TEXHIYHE 00CITYyroBYBaHHS, CBOEYACHE YCYHEHHS Hecnpa-
BHOCTEH, €HEpPro- Ta pecypco30epeKeHHs], a TaKOX 3a Oe3leyHe HECEHHsS BaxXTH.
MexaHik KOOpAHUHY€E poOOTH eKiMmaxKy Ta OEpPEeroBOTO MEPCOHANY 3 TEXHIYHOTO 00-
CIIyTOBYBaHHS i1 pEMOHTY, KOHTPOJIIO€ CIIOKMBAHHS MaJlMBa, M0a4y eJIeKTPOCHEPTii
Ta TapH.

3abe3neuyeThcsi JOTPUMAHHS BUMOT OXOPOHH Tpalli, TPOTUIIOKEKHOI OE3IEKH,
OXOpOHU JIOBKULIA Ta HopM MikHapoanux koHBeHuin (COJIAC, MAPIIOJI,
ITIHB). BaxToBuii MexaHiK € KJIIOUYOBOIO JIAHKOIO B CHUCTEMI «IHOJIMHA—MAaIIINHA),
0COO0JIMBO 32 YMOB IEPEX0/y 10 00CIyroByBaHHs 32 cTaHOM" Ha CyJ[HaX 3 BEJIMKUM
CTPOKOM €KCILTyaTaIlii.
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B ymoBax 3pocTardoro pusuKy JOJICHKOTO (DaKTopy, 3acTOCyBaHHS (hopmalti-
30BaHOi o1iHku Oe3neku (FSA) miarBepkye HeoOXiTHICTh 30epexkeHHs (a B OKpe-
MHUX BHUIIaJIKaX — IOCHUJICHHsI) TIJIAHOBUX TpadikiB TEXHIYHOTO OOCIYyroBYBaHHS,
0COOJIMBO MIOJ0 KPUTUYHHUX CHCTEM, BIIMOBA SKUX MOKE MPU3BECTU JI0 BUXOIY 3
Jaay TOJIOBHOT eHEPreTUYHOI YCTAaHOBKU a00 3HAYHMX (DIHAHCOBHUX BUTpAT.

KomneTeHTHICTh MeXaHika Mae IPYHTyBaTHCS Ha MNpodeciiiHii IiaroToBI,
IPaKTUYHOMY JIOCB1JIl Ta PO3YMIHHI Cy4YaCHUX TEXHIYHUX cUCTeM. /[0 000B’SI3KOBUX
3HaHb HAJIEKATh:

¢ KOHCTPYKIiS ¥ MPUHIUIY i TOJIOBHOI Ta TOMOMIXKHUX YCTaHOBOK;

o CYJTHOBI CICTEMHU aBTOMATHU3aIll1, €IEKTPOTEXHIKa, EJICKTPOHIKA;

« EKCILTyaTallisl CyTHOBUX KOTJIB, T€HEPaTOPiB, MEPETBOPIOBAYIB;

o IPUHITUITN HECECHHS BaXTH;

« BuMoru IMO, Perictpy cyaHomnaBcTBa Ykpainu (a00 BiANOBIAHOTO Kiacu(i-
KaIiifHOr0 TOBApUCTBA);

e METO/IM aBapiiHOTO pearyBaHHs, MOXKEKOTACIHHA Ta HaJaHHS MEpIIoi J0To-
MOTH;

e QHIUIIIIChKAa MOBA Ha PiBHI, JIOCTaTHROMY JIJIsI KOPUCTYBAaHHS TEXHIYHOIO JI0-
KYMEHTAIII€IO.

3rigHo 3 ManiascbkuMu nonpaBkamu 10 I[IJIHB-78, mist otpumanusa aumioma
00O0B’SI3KOBUM € MIPAaKTUYHUHN JOCBIJ HECEHHS MAIMHHOI BaXTH HE MEHIIE 6 Mics-
I1B, a TAKO BOJIOAIHHS aHTJIHCHKOIO MOBOIO — 1[0 KPUTHYHO BaXXJIMBO B YMOBax
3MIIIAHUX EKIMaxiB.

Cepen BUSIBIGHUX HEIOMIKIB MIATOTOBKU — YXBaJCHHS PIlIEHb KOMaHJIHUM
CKJIaZiloM 0€3 HaJleXKHOro aHalizy, 0e3 ypaxyBaHHsS (PI3UYHOI CYTHOCTI MPOLIECIB YU
olLiHKK anpTepHaTuB. CydacHa npaktuka ta BuMorn MKVYb Bumararots Bia (haxiBis
3IaTHOCTI HE JIMILE JIATH 3a THCTPYKIIISIMHU, @ 1 CAMOCTIITHO OL[IHIOBaTH CHUTYAIIIIO,
oOupaTu ONTUMAJIbHI PIIICHHS Ta aaNTyBaTH iX IO YMOB €KCILTyaTallii.

EdexkTuBHA MiArOTOBKA MallOyTHIX CYJHOBUX MEXaHIKIB mepeadadae IpyHTOBHE
OBOJIO/IIHHS aJITOPUTMAMHU 1l Y HECTaHIapPTHUX CHUTYAIlISIX, K1 MOKYTh BUHUKHYTH
B MAIIMHHOMY BIJIJIIJICHHI, 3 YpaXyBaHHSIM MPUHIUIY «BUXOJYy B O€3MeuHUN O1K».
JIumie 3 HaOyTTSIM JTOCTATHHOTO MPAKTHUYHOTO JOCBIAY 3MEHIIYETHCS MMOBIPHICTH
MMOMUJIKOBUX PIIIIEHB Ta TIOB’sI3aHUX 3 HUMHU PU3UKIB.

B ocranni Wacu crmoctepiraeThcsi, M0 3a0e3NeueHHs MOBHOrO 12-MiCSYHOTO
MPAKTUYHOTO CTaXy B MOp1 CcTae€ Jenaini ckiaaHimuM. OJHUM 13 pillieHb € PO3IIU-
pPEHHSI 3aCTOCYBaHHS TPEHAKEPHUX TEXHOJOTIH Ta BHKOPUCTAHHS HaBUYaJIbHO-
BUPOOHMYUX CY/ICH, HaBITh Y KaOOTaKHOMY TutaBaHH1. CyyacHa TpeHa)xepHa Miaro-
TOBKa, OCOOJIMBO y TOEJHAHHI 3 €(PEKTUBHOIO TEOPETUUHOI 0a3010, JA03BOJISE 1Mi-
TyBaTH aBapiiiHi CUTYyallii, IEPEeBIPATH PiBEHb 3HAHb Ta (POPMYBATHU CTIHMKI MPAKTHY-
Hi HaBuuku [4,9].

[To3uTuBHI pe3yabTaTh JEMOHCTPYE KaJeTChKa MpOrpamMa, M0 peai3yeThCs y
CIIBIpAIll HaBYAIBHUX 3aKJAJIB 13 MOPCHKHUMHU KOMIIaHISIMH. 3 METOIO MiHiMi3amii
BIUTMBY «IIOJICBKOTO (PaKTOpy» MIATOTOBKA MOBHHHA MOCTIHHO BJAOCKOHAIIOBATHUCS
[8,9]:

OIIAXOM paHiOHaHBHOFO BUKOPHCTAHHA HABYAJIBHOTO HacCy,
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OHOBJICHHSIM 3MICTy TEOPETHUYHOI MIATOTOBKH 3 YpaXyBaHHSIM CYYaCHUX TEXHO-
JIOT1i;

IHTErpali€l0 TPEHAKEPHOI MIATOTOBKM B HABYAJIBHUNM MPOIEC K OCHOBH IS
KOMILJIEKCHOT'O BUPIIIECHHS TPAKTUYHUX 1 3arajibHOOCBITHIX 3aBJIaHb;

MOCHJICHHSIM KOHTPOJTIO 32 MTPOXO/PKEHHSIM IJIaBAJIbHOI TPAKTUKHY;

dhopMyBaHHIM HaBUYOK CaMOCTIHHOTO MTOMOBHEHHS 3HAHb, OCOOJIMBO 3a 1HUBI-
yallbHUMH HaBYAJIbHUMH TJIAHAMU;

BUKOPHCTAHHSAM T€peBar AUCTAHIIHHOTO HABYaHHS, aKTyalli30BaHOTO Yy 3B 3Ky
3 nmangemieto COVID-19 Ta BOeHHUM CTaHOM, 3 aKIIEHTOM Ha HMUQPPOBI TEXHOJIOT1T
Ta eJICKTPOHHI 3acOO0M HaBYaHHS.

BaxnuBicTh MIATOTOBKH (haxiBIIB MOCHIIIOETHCS MpiopuTeramu HarioHanbHOT
TpaHCHOpPTHO1 cTparerii Ykpainu a0 2030 poky cepen SIKUX, 30KpeMa PO3BUTOK
€()EeKTUBHOI CUCTEMHU JOCHIIKEHb Yy Taly3l TPaHCHOPTY Ta BIPOBAIKEHHS 3aXOJIIB
JUTSI TIIBUILIEHHS PiBHS O€3MeKH Ha MOpi. Y 1IbOMY KOHTEKCT1 BaXKJIMBOTO 3HAYCHHS
Ha0yBarOTh CTBOPEHHS YMOB /I NpuUeIHaHHA YKpainu 1o [lapusbkoro memopas-
aymy npo B3aeMopo3yMmiHHs (Paris MoU), nocuneHHs nep:KaBHOTO KOHTPOJIIO 3a
0€31EeK0I0 MOPEIUIABCTBA Ta OXOPOHOIO HABKOJIMIIHBOTO CEPEIOBUINA, & TAKOXK YI0-
CKOHAJICHHS TIJATOTOBKM MaMOyTHIX (paxiBIIB BIAMOBIAHO JO BHMOT KOHBEHIIil
COJIAC, nponenyp xoHtponto aepxkaBu noptry (PSC) 1 dbopmyBanHS 37aTHOCTI
CBOEYACHO BUSIBJISITH M YCYyBaTH TEXHIUHI HEJIOJIIKU CYyTHOBOTO OOJIa HAHHSI.

BucHoBkH

KoMIIeTeHTHICTh CyHOBHX MEXAHIKIB € BU3HAYaJbHUM YMHHHKOM TEXHIYHOI
0e3nmeKr CyAeH Ta YCHIINITHOTO TMPOXOKEHHS TMPOILEAyp MOPTOBOTO KOHTPOIIIO
(PSC). Bucokuii piBerb npogeciiiHoi TiArTOTOBKU €KINaxy, 30KpeMa 3HaHHS BUMOT
MikHapoaHux koHBeHIid (COJIAC, MAPIIOJI, ITIHB), BosmoAiHHS aHTI1HCHKOIO
MOBOIO, YMIHHS JISITM B aBApIMHHUX CUTYAIIsIX Ta 0OCIYrOBYBAaTH CKJIaJIHI TEXHIYHI
CUCTEMHU, 0e3MOCcepeIHHO BIUIMBAE HA 3HUKEHHS aBapiHOCTI Ta €KOJOTIYHUX PU3U-
kiB. Ctatuctuka PSC neMoHCTpye 3B 30K MIXK 3aTPUMaHHSIMH CYJICH Ta HEJIO0CTaT-
HBOIO KBaTi(IKAIEIO eKIMaxy, M0 aKTyali3ye MmoTpedy B YIOCKOHAJICHHI CUCTEMHU
IIITOTOBKH.

VY cydacHUX yMOBax, KOJHM MOBHOIIIHHA MOPCHKA MPaKTHUKa YCKJIaHEHA, KITF0YO-
BUMH €JIeMeHTaMu €(EeKTHBHOTO HABYAHHS CTAIOTh TPEHAXKEPHA IMiITOTOBKA, CUMY-
TSI aBapiHUX CUTYyaIlii, udpoBi TEXHOJOTIT Ta criBmpais 3 GIOTCHKUMHA KOM-
naHisiMu. BogHodac npodeciitHa ocBiTa MOBMHHA BIAMOBIAATH cHEU(DIYHUM BUMO-
ram raiysi Ta MDKHapoIHUM ctanjgapTam. Y HairloHanbHIM TpaHCIOPTHIN cTpaTerii
VYkpainu 10 2030 poky nependayeHo IHTETPaIlil0 TaKuX MIIX0/1B, 30KpeMa MIIIX0M
npueaHanHsa g0 Paris MoU, nio cnpusiTume MiBUILNEHHIO PIBHS OE3MEKH CYJIHOII-
JABCTBA, OXOPOHM JOBKULIS Ta SIKOCTI MIATOTOBKH MOPCHKHX (haxiBIIiB.
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ITapmenosa /I.I'., Kynemos [.M.
Hauionansuuit yniBepcutet «Ojecbka MOPChKa akaeMisi»

MeToau ouuieHHs1 HAPTOBMiCHHUX BOJ HA CYHAX: NepeBaru, HeJ0J iK1 Ta
NepPcneKTHUBU PO3BUTKY

[Tpo6nema ouniieHHsT HATOBMICHUX BOJ HA MOPCHKOMY TPAHCIOPTI € aKTyallb-
HOIO Y 3B’SI3KY 31 3pOCTaHHIM BUMOT JI0 €KOJIOTIYHOI Oe3nekn cyaHomiaBcTBa. Had-
TOBE 3a0pyJAHEHHS CIIPaBIIsi€ 3HAUHUM HEraTUBHUM BIUIMB HA MOPCHKE CEPEIOBHUIIIE,
3aBAAl0YM IIKOJMW BOJHUM €KOCHCTeMaM, O10pi3HOMAHITTIO Ta CTBOPIOIOYU JIOB-
TOTPUBAJI HACIIJIKHU JJIs MpuOepexHux 30H. Lle 3yMoBIItoe HEOOX1AHICTh Y/I0CKOHA-
JICHHSI CUCTEM OYMIIECHHS Ta KOHTPOJIIO 32 CKUJaMU HAQTOBMICHUX BOJ| BIATIOBIIHO
710 MDKHApOAHUX HOpM [1].

MeToro TOCHIIPKEHHS € aHaJI3 ICHYIOUMX TEXHOJIOT1A OYUIICHHS HAQTOBMICHUX
BOJ, Ha MOPCBKOMY TpPAHCIOPTI 3 YypaxXyBaHHAM iX €QEKTHUBHOCTI, TEXHIKO-
€KOHOMIYHUX XapaKTEPUCTUK Ta BIAMOBIIHOCTI MI)KHAPOJHHUM €KOJIOTTYHHM BUMO-
raMm. OcoOnuBy yBary ImpHUIiJICHO BU3HAYEHHIO IMEpeBar 1 HEJOMIKIB OKPEMHUX Me-
TOJIIB OYHUIICHHS, @ TAKOK BUSABJICHHIO MEPCIIEKTUBHUX HAIMPSMIB PO3BUTKY TEXHO-
JIOT1H 7151 3a0€3MeUeHHsT €KOJIOTTYHO1 O€3MeKH CYTHOIJIaBCTBA BiAMOBIIHO /10 CTaH-
naptiB MARPOL [2,3].

Metoau ouuiieHHs: HAQTOBMICHUX BOJ KJIACU(IKYIOTHCS 3a MPUHITUIIOM J1i Ha
MexaH14Hi, (Pi3uKo-xiMiuH1, 610J0T1YHI Ta MeMOpaHHi. MexaHi4HI METOJM BKJIIOYa-
I0Th TpaBiTaIlifHI Ta BIAIEHTPOBI CemapaTopu, KoajecleHTHI (iIbTpu i 3abe3re-
YyIOTh TIEPBUHHE PO3AUICHHS BOAM W HAPTOMPOAYKTIB. DI3UKO-XIMIUYHI METOIU
(dnoraris, koarymsiis, GIOKYIAIIs, aacopOIlis) CIpsSIMOBaHI Ha BUIAJICHHS €MYJIb-
TOBaHUX 1 PO3UYMHEHHUX JOMIMIOK. bioysoridni meromum 06a3yroThCcs Ha 3aTHOCTI
MIKpoOpraHi3miB a0 Oiojerpanaiii ByryieBoHiB (OilodiapTparlis, aepobHe i aHae-
poOHe ounilleHHA). MeMOpaHHI TEXHOJIOT1, 30KpemMa yabTpadiabTpalisi, HAaHOD1JIb-
Tparlisi Ta 3BOPOTHHIA OCMOC, 3a0€3MeUyI0Th BUCOKHH CTYIIHb OUYHWIIICHHS, ajie I0-
TpeOyIOTh CTa0IIbHUX YMOB €KCIUTyaTallli Ta 3HAYHUX €HEProBUTpAT.

OuiHroBaHHsT  €(PEKTUBHOCTI  METOJMIB  OYMIINCHHS  HA(PTOBMICHUX  BOJ
3MIUCHIOETBCS 32 TAaKUMHU KIIOYOBUMHU Kputepismu [2,3,4]: cTymiHb BHIAJICHHS
Ha(TONPOYKTIB, €HEPrOCIOXKUBAHHSA, BUTPATH Ha OOCIYroBYyBaHHsS, TaOapiTHUI
po3Mip 00aHAHHA Ta BIAMOBIIHICTh MI?)KHAPOAHUM €KOJIOTIYHUM BUMOTaM. AHaJi3
MOKasye, Mo MeMOpaHHi i XIMIYHI METOJIU MalOTh BUCOKY €(DEKTUBHICTh OUHUIIICHHS,
aJyie B1I3HAYAIOTHCS 3HAYHUMHU €HEPTrOBUTpATaMH Ta MOTPEOYIOTh PETyJIIPHOTO TEX-
HIYHOTO 00cmyroByBaHHs. P13MYHI METOIU, 30KpeMa TpaBiTaIliiiHI Ta KOAJECIICHTHI,
MPOCTI y BUKOPUCTAHHI Ta MaJ03aTpaTHl, OJJHAK MEHI €(QEKTHUBHI MPU HASIBHOCTI
IpiOHOAMCIIEPCHUX €MYJIbIOBaHUX 3a0pyJHIOBadiB. BiOJOTIYHI TEXHOJOTII € eKOo-
JIOTIYHO JOUUIGHUMH, ajie MAlOTh OOMEXEHY IMIBUAKICTh OYHUIICHHS T4 BUMAraroTh
CTaOlIbHUX YMOB.

VY 1abnuill HUXKYE HABEJACHO MOPIBHSAHHS OCHOBHMX METOJIB OYMIICHHS Had-
TOBMICHUX BOJI 32 KpUTEPISIMU €(DEKTUBHOCTI.
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Tabmums 1 — I[TopiBHAHHS OCHOBHUX METOJIIB OYHUIIICHHS HA(TOBMICHUX BOJ 3a
KpUTEPISIMU €(hEKTUBHOCTI

ITnoma, Biamosin-
Cryninb BUaa- Ernepro- BéITpaTI/I Ha | HeoOXijgHa | HICTH CTaH-
Merox ounieHHs JICHHS 00CIIyrOBY- |IUIs BCTAHO- |mapTaM 1010
HaTu CHOPHBARIA Baﬁm ’ BJICHHS ﬁI]i)OCTi ouu-
oOJaTHaHHS LIEHHS
["paBiTaniinHuii Huzpkuit Huspke Husbki Husbki YacTKkoBO
KoanecrienTanii CepenHiii Huseke Huseki Huseki Brcoxka
Binnentposuit Brcokuit Bucoke CepenHi CepenHi Brcoka
MeMOpaHHui Bucoxuii Bucoxe Bucoki Bucoxi Bucoxka
AncopOuiitHuit Bucoxuii Husbke BHCOK.I (samina CepenHi Bucoxka
Matepiainy)

Koarymsmis/ ®nokyis- . N . .
Lis Cepenniit/ Bucoxwuii [Cepenne Cepenni Cepenni Bucoka
Bionoriune ounmenas |CepenHii Husbke CepenHi Bucoki Bucoka

AHaJli3 OCHOBHHMX METO/IIB OUHUILEHHS HA()TOBMICHUX BOJI CBIAYMTH, 110 KOKHA
TEXHOJIOT1sI Ma€ CBOI IMepeBaru Ta OOMEKEHHs, SIK1 CJiJ BpaxOBYBAaTH IMpHU BUOOP1
CUCTEMH JUIsl KOHKPETHUX YMOB €KCIUTyartaiii cyjJHa. MexaHI4Hl METOIH, 30KpemMa
rpaBiTaIliiiHl Ta KOAJECIICHTHI CemapaTopu, BUPIZHIIOTHCA MPOCTOTO0 KOHCTPYKIIIT,
HU3BKMMH €KCIUTyaTal[liHUMU BUTpAaTaMU Ta KOMIAKTHICTIO, OJHAK MalOTh oOMe-
XKeHy e(DEeKTUBHICTh MPHU BUAAJIICHHI €MYJIbIOBAaHUX HA(PTOMPOAYKTIB 1 BUMArarTh
J0JaTKOBUX €TalliB OYMIICHHS /IS JOCATHEHHS HOPMAaTUBHUX MOKAa3HUKIB [4].

di3uKo-XiMIUYHI METOJM 3a0€3IeUyIOTh BHCOKHM CTYITIHb OYMIICHHS 3aBISKH
BUKOPUCTAHHIO KOAryJsHTIB, (DIOKYJISHTIB a00 ancopOeHTiB, 10 J03BOJIsAE edek-
THBHO BUIAJATU SK BUIbHI, TaK 1 po34MHEH1 ByrieBoaHi. [Ipore 1i MeToau motpe-
OylOTb TOYHOI'O JIO3YBAaHHSI PEAreHTIB, KOHTPOJIO 3a MPOLECOM Ta YTHJ3allil
[UIaMiB, 10 YCKJIAQJHIOE €KCILTyaTalito. bloloriuydai MeToau € eKOJOTI4yHO Oe3rney-
HUMU Ta eHeproeeKTUBHUMH, aJie XapaKTePU3YIOTHCS TPUBAIUM YacOM OUHIIECHHS
1 YyTJIUBICTIO IO 3MIH CKJaAy JULSUIBHUX BOJ, IO OOMEXYE iX 3aCTOCYBaHHSA Ha
MOPCBKOMY TpaHCHOpTi. MeMOpaHHI TEXHOJOrIi, 30KpemMa yibTpadiiabTpaiis Ta
3BOPOTHUH OCMOC, JEMOHCTPYIOTh HAaWBHUIITY €()EeKTHBHICTh OYUIICHHS, JO3BOJISIOUN
JOCSITTA KOHIIEHTpaIlii HapTOMpOAYKTIB <5 ppm, MpoTe MOTPeOyIOTh 3HAYHUX
€HeproBUTPAT, 4aCTOro 0OCIYrOBYBaHHS Ta MalOTh BUCOKY BapTicTh peanizamii. Ta-
KM YMHOM, BUOIP ONTUMAIILHOTO METOAY OYMINCHHS Mae 0a3yBaTHCh Ha KOM-
IJISKCHIN OITIHII TEXHIKO-CKOHOMIUHHX 1 €KOJIOTTYHUX IMapaMeTpiB.

Ha cborogni B CyIHOBIN NpakTHUIl 33CTOCOBYIOTHCS KOMOIHOBaHI TEXHOJOT1{
OUMIIEHHSI HAPTOBMICHUX BOJI, 110 0a3yIOTHCS Ha MOCTIIOBHOMY BUKOPUCTAHHI Me-
XaHIYHHUX, (PI3UKO-XIMIYHUX 1, y JNEAKHX BUMAIKax, OlojorivHuX meroniB [4,5].
Haii6inbmn po3noBCIOKEHUMH € yCTaHOBKH, SIKI TIOEAHYIOTH TpaBiTalliiHe BimO-
KpPEMJICHHSI 3 KOAQJIECIIEHTHOIO Ta a0copOiiitHo0/aacopOIiiHo (UIbTpaIliEto
(manpuknan, cuctemu RWO SKIT, JOWA, Hamworthy, DVZ Ta inmi). Taxki ycra-
HOBKHM 3a0€3Me4yI0Th JOCTaTHIO €(PEKTUBHICTh JIS BIAMOBITHOCTI MIDKHAPOIHUM
crangaptaM (MARPOL), npote xapakTepu3ylThCs BUCOKMMHM BUTpaTaMH Ha 00-
CIIyTOBYBaHHS, CKJIQIHICTIO KOHCTPYKIIIM Ta MOTPeOOI0 B PEryJssipHii 3aMmiHi (iib-
Tpyrouux marepianiB. BuCOkHil piBeHb OYMILEHHS AEMOHCTPYIOTh TaKOX BIAIICH-
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TpoBi cuctemu (Hanpuknan, Alfa Laval PureBilge, Westfalia BilgeMaster), ogaax ix
HEJOJIKaMH € BHUCOKA BapTICTh 1 €HeproeMHicTh. CydacHi MeMOpaHHI YCTaHOBKH
(manpuxnan, BMS) MaioTh HalilBUIIMIA CTYMIHb OYUIIICHHS, aBTOMAaTU30BaHE yIIpaB-
JIIHHS Ta TOBHY BIJIMOBIJIHICTh €KOJOTIYHHM HOpMaM, ajieé MOTPeOYIOTh 3HAYHMUX
KaIiTaJIOBKIIAJIEHb 1 PETEIbHOTO TEXHIYHOTO JOTJIISIY.

[Tomanbiuii pO3BUTOK TEXHOJIOT1 OUMIIEHHSI HAQTOBMICHUX BOJI TOB’A3aHUM 13
BIIPOBA/PKCHHSIM aBTOMATHU30BAHMX CHUCTEM 3 JHUCTAHIIIMHUM MOHITOPUHIOM, IO
JI03BOJIUTH B PEXUMI peajbHOro 4acy KOHTPOJIOBATH MapaMeTpu OYHUIICHHS Ta 3a-
0e3neunTy aJanTUBHE KepyBaHHS IMpolecaMu. [IepCreKTUBHUM € BHKOPUCTAHHS
HOBITHIX (IIbTpALlIHHUX MaTepiaiiB 3 BHCOKOIO CEJIEKTUBHICTIO Ta PECYypCoM, IIO
MiIBUIINTE €()EKTUBHICTh KOAJECIEHTHUX 1 amcopOmiianx OyokiB. EHeproedexk-
TUBHI MEMOpaHH1 PIIIEHHS 3 MOKPAUIEHOI CEJEKTHBHICTIO Ta 3/IaTHICTIO 10 ca-
MOBIHOBJICHHS JI03BOJISITh 3HU3UTHU BHUTPATH MPHU 30€pEKEHHI BUCOKOTO CTYIEHS
ouuIeHHs. TakoX aKTyaJbHUMU € HAHOTEXHOJIOTII Ta KaTalITUYHI CUCTEMH, SIKi 3a-
0e3MeuyloTh TIUOOKE PO3IICIUICHHS BYIJIEBOJHIB HA HETOKCHYHI KOMIIOHEHTH, Ta
010TEXHOJIOTT4HI MIAXOAH, 30KpeMa OlopeMeiailisi, Ik €KOJIOrYHO OPIEHTOBAHI ajlb-
TEpHATUBU MJIs JOJATKOBOTO OYMIIEHHS a00 yTWiizamii 3aJIMIIKOBUX 3a0py/I-
HIOBadiB. Y MEpPCIEeKTUBI MOXJIMBA 1HTErpallisl WX pIllleHb Y MOJYJIbHI Oararo-
(G yHKIIOHATBHI YCTAHOBKU HOBOT'O TIOKOJIIHHS.

BucHoBku

OunieHHss HaQTOBMICHUX BOJ Ha MOPCHKOMY TPAHCHOPTI 3AMILAETHCA KpH-
TUYHO Ba)XJIMBOIO CKJIaJ0BOIO 3a0€3ME€UEHHSI €KOJIOTTYHOT O€3MEeKH CYTHOIIABCTBA.
[cHyrOUl TEXHOJOTIi OYHMIIEHHS KIACHU(PIKYIOTbCS HAa MEXaHIYHl, (PI3MKO-XIMIYHI,
010JI0T1YH1 Ta MEMOpaHHI METOJIU, KOXKEH 13 SIKUX Ma€ CBOI TEXHIYHI OCOOJIMBOCTI,
nepeBaru Ta oomexxeHHs. HaliBuily e(eKTHBHICTh IEMOHCTPYIOTh MEeMOpaHHI Ta
KOMOIHOBaHI CUCTEMH, 1110 MOEAHYIOTh KIJIbKa CIIOCOO1B OUYMILIEHHSI, OJTHAK BOHH TIO-
TpeOyIOTh 3HAYHUX BUTPAT HA OOCITYTrOBYBaHHA Ta TEXHIYHY MIATPUMKY. [Ipu ibomy
G13U4HI METOJIM € MPOCTUMH Ta €KOHOMIYHUMH, ajieé HEJOCTATHHO €(PEKTUBHUMHU
Ipy BUJAJICHHI €MYJIbrOBaHUX 3a0pyJHIOBadiB, a O10JIOT1YHI — EKOJIOTIYHO Oe3-
NEYHUMHU, POTE YYTIIMBUMU J0 30BHIIIHIX (DAKTOPIB.

[Tomanbmuii pO3BUTOK TEXHOJIOTIN Ma€ IPYHTYBAaTUCS Ha BIPOBAKCHHI aBTO-
MAaTH30BaHUX CUCTEM 3 JUCTAHIIIMHUM MOHITOPHHIOM, BUKOPHUCTAaHHI 1HHOBAIIHHUX
GiapTpamiiHuX MaTtepialiB, yJAOCKOHAJIIEHHI MEMOpaHHUX pIllleHb 13 3HIKCHUM
€HEProCcroKUBaHHIM, a TAKOXX 3aCTOCYBaHHI HAHOTEXHOJIOT1H, KaTaJiTHYHUX MpO-
neciB 1 Olopemeniarii. IHTerpaiisi Takux 1HHOBAUIMHUX pllIeHb Y 0araToQyHKIIIO-
HaJbHI MOAYJbHI YCTAHOBKHM HOBOTO IOKOJIIHHS JIO3BOJIUTH 3HAYHO ITiJIBUIIUTH
e(EeKTUBHICTh OYMILEHHS, 3MEHIIUTH TEXHIYHI T4 €HEPreTU4YHl BUTPATH, a TaKOXK
3a0€3Ne4YnTH TOTPUMAaHHS MI)KHAPOJHUX €KOJOTIYHUX CTAHJIAPTIB Yy Tally3l MOPCh-
KOTO TPaHCIOPTY.
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MawmkiueB M.A.
Hamionanpauit yHiBepcutet «Oiechbka MOPChbKa akaJaeMisy

ITonepen:xkeHHS MOKeK Y MOPCHKHX KOHTEeHHEPAaX Ta 0COOJIMBOCTI IX raciHHs
HA CyJHaX

Beryn. IIpoGnema 3amo0iranHs mokexam 1 BUOyxam y Cyaax € MpiopUTETHUM
3aBJIaHHSM, SIK€ CTOITh MEPe]l MOPCHKOIO CBITOBOIO CIIIFHOTOIO. BHACHIIOK mokex
BaHTaXy 3a OCTaHHI 5 POKIB 3aruHyso 64 cyaHa, nIpu bOMY KOHTEHHEpHI mepeBe-
3€HHS B TPAHCIIOPTHIN Taly31 3aiiMaloTh Jpyre Micle 3a 00csIroM nepeBe3eHs [3].

VY KoHTelHepax MepeBO3sTh pi3HI BaHTaX1, 30KpeMa HeOe3MmeyHi.

VY [0moBiAl NMPONOHYETHCS KOPOTKUM aHali3 MOMEPEIKEHHS TOXKEX Ta MPUUUH
iX BUHMKHEHHsI y KOHTEHHepax IMpH MEpeBe3€HHI Ha MOPCHKUX CYy/IHAaxX, HaBEJCHO
OCHOBHI OpraHi3alliiiHi 3axo/ld, TeXHIYHI 3aCO0M BUSIBICHHS Ta TaCiHHS IMOXKEX1 y
KOHTEHHEepax, BUKJIAJICHO 3arajibHl MPUHIUIK OOPOTHOU 3 TAKUMH TOKEKAMHU.

AKTyaJIbHICTh TeMH 3HAUYHUN BiJICOTOK MOXKEX y KOHTEHHEpax — IMOXKEXKl Ha
CyIHaX-KOHTEHHEpOBO3ax, /e y TPIOMax Ta Ha MaixyOi CyJeH 30CePeIKY€EThCS BEIH-
Yye3Ha KUIbKICTh KOHTeWHepiB. 3a maHumu BcecBitHboi Paau CynHoruiaBcTBa /
World Shipping Council (WSC) y 2011, 2012 ta 2013 B cepenHboMy 3a piK BHa-
CHIZOK TOXKeX ryounocs 733 konrtelinepu [4].

16 cepilo3HUX MOXEX Ha KOHTEHHEPOBO3aX 3a OCTAaHHI 5 POKIB BKa3ylOTh Ha
po0JeMy 3 BOTHECTIMKICTIO [S].

IMocranoBka 3aBaanHsi. [IpoBecT KOpOTKHI aHaii3 3amo0iraHHs MOXKEXaM
KOHTEHHEPIB, HOTro JIOKaJi3allii Ta 0COOJMBOCTSM TraCiHHS TAaKUX MOKEXK Ha CyJ/IHAX.

Bukiaag ocHoBHOro martepiaay.

BantaxkHi moxkexi Ha KOHTEWHEPOBO3aX 3aBIAIOTh CEPHO3HOT IIKOAU CYAHY,
YIIKOJKYIOTh Ta BTPA4YarOTh BAHTAX1, CTABJIATH M1 3arp03y KUTTS eKinaxy [3].

OcHO6HI npuYUHU BUHUKHEHHS NOJMCENHC Y KOHMelHePax .

Binb1IicTh MOXKEXK Y MOPCHKUX KOHTEHHEpax BUHUKAIOTh BHACIIJOK MEPEBE3ECH-
Hs Oe3MeYHMX BaHTaXIB, Kl MEPEBO3ATHCS y HEBIAMOBIAHUX KOHTeWHepax. Jlo
HalOIbII HEOE3MeYHUX BaHTaXI1B, L0 MPU3BOIATH O 3aiMaHHA TPAHCHOPTHUX
KOHTEHHEPIB, BITHOCSATHCS:

* BUOYXOBI PEYOBHHHU, BKIIOYAIOUU (hEEPBEPKU;

* Ta3u — HAMPUKJIIAA, MEUIHUN KUCEHB;

* JIETKO3aMUCTI PIAVMHM; BaHTaXl, 31aTHI 10 CaMOpPO3IrpiBy, caMO3aiiMaHHS,
BHJIJICHHS TOPIOYHX Ta3iB;

* OKHCHIOBAYI;

* TiTiEBI Ta 1HII OaTapei.

VYci 1l BaHTaX1 MOXKHA O€3MEYHO TPAHCIOPTYBATH, SKIIO BOHHU TOMIIIEHI Yy
BiJIMTOBITHUYM TPAHCTIOPTHUN KOHTEWHEP Ta MOBIOMIJICHO YC1 BiJIMOBIIHI OPTaHU MPO
XapaKTep BaHTAXY.

3a OLIHKaMU CTPaxOBUKIB, 5% TPaHCHOPTHUX KOHTEHHEPIB MAPKYIOThCS HEIpa-
BUJIbHO, OCKIJIBKM BIJIMTPABHUKKM BAHTAXKY HAMArarOThCsl YHUKHYTH BUIIMX 300piB 3a
BIJIMPaBKy HeOe3NMeYHUX MaTepiaiiB [5].
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€ U THWI NPUYUHU BUHUKHEHHS] NOJCENHC ) KOHMEUHEPAX.

* BaHTaX1, 3 PI3HUMHU XIMIYHHUMH BJIACTHUBOCTSIMH, 37aTHI BCTyNaTH OJUH 3
OJIHUM JI0 XIMIYHHMX peaKIlii, sKi po3MiIlleHl B OJTHOMY KOHTEHHEI;

* IOPYIICHHS IIIJIICHOCTI YITAKOBOK Ta €MHOCTEH, IO MICTATh BHOYXOBI,
JIETKO3aiMHUCT1, peaKTUBHI PEUOBUHH, PIJIUHH;

* HASBHICTh MACJISTHUCTUX a00 TMPOCOYEHUX JIETKO3aMMHUCTUMH PiIUHAMHU
Marepialis;

* HEMpaBWJIbHE JCKJIapyBaHHS BaHTaXiB, iX MapKyBaHHS, TaKyBaHHS Ta
TPaHCTIOPTYBAHHS;

* HEJIOTPUMAHHS MTPaBUJI YTPUMaHHS BaHTAXKIB Y KOHTEHHE.

CynHa KOHTEHMHEPOBO3M TEPEBO3ATHh BEIWYE3HY KIJIbKICTh KOHTEHHEpiB. Ymm
Olnbllle KOHTEMHEpPIB Ha CyJHI, TUM BHUIIMA puU3UK iX 3aiiManHs. Kpim Toro,
BIJIMMPAaBHUKU BaHTa)Xy €KOHOMJISITh Ha (PaxTOBUX CTaBKAaX 1 3alIOBHIOIOTH KOHTEH-
HEpH BEJIMKOIO KUIBKICTIO PI3HUX 33 XapaKTEPUCTHUKOIO TOBAPOM.

Memoou nonepeodrcenHs GUHUKHEHHA NOHCENHC 8 KOHMEeIHEPax:

* AKICHE OOMPUMAHHS NOBCAKOEHHOI opeaHizayii cy008oi ciyicou,

s cysope oompumants MidcHapoOoHo20 KOOeKCy MOPCbKO20 Nepese3eHHs
Hebe3neunux eamwmagicie (IMDG). BaHTaXOBIINPaBHUKH, SIKI HE JIOTPUMYIOTHCS
MpaBuj, BUKIAJIEHUX Yy KOJEKCi, MOXYThb 3ITKHYTHUCS 3. BIIXUJICHHIM
BIJIBAHTXKEHHSI Y TOPTY; 3aTPUMKOIO; LMUBUIBHUMH IITpadamu; 1HIHUICHTAMU 13
BAaHTA)KaMH IIPU NIEPEBE3CHHI;

* HAs16HICMb HA CYOHI OTIEPATUBHUX Ta OTICPATHUBHO-TAKTHYHUX IUIAHIB Ta KapT
1o 0OpOTHOI 3 MOMKEKEI; aBapIHUX KApTOK IS CY/ICH, 1[0 IEPEBO3SITH HEOE3MEeUH1
BanTaxi - KepiBaunrea ABK / EMS Guide Emergency response procedures for
ships carrying dangerous goods; KepiBHulLITBa 3 HaJaHHA MEPIIOi MEAUYHOL
JOTIOMOTH JIJIs1 BAKOPUCTAHHS y pa3i IHIIUICHTIB 3 HEOE3[IEeYHUMHU BaHTAKaMHU..

* npasuibHe MAapKy8aHHs mMA HASAGHICMb HeOOXIOHUX OOKYMeHmié - TOBapu
MaroTh Pi3HI BUMOTH JI0 MapKyBaHHS Ta JOKyMEHTAIlli. pi3HI TOBApW MalOTh Pi3Hi
BUMOTH JI0 MapKyBaHHS Ta JOKyMeHTalli. Bce 3amexuTh BiJl TOro, KUM BOHH €,
KyJU UIyTh, @ TAKOK MPABUII MICIISA TPU3HAYCHHS;

* nocmitine no2iubIeHe HABYAHHA eKinaxcy: HaBUYaHHS, I1HCTPYKTaXl Ta
TPEHYBaHHS;

* 8ION0BIOHA YNaKoéka — BOTHECTIMKI MaTepiaii Ta BOTHECTIMKI MiIIOHU
3HWKYIOTh PU3UK 3aliIMaHHS KOHTEHHEPA;

* BanmaoicosionpagHuk nosuHen Haoamu nepesisHuKy:

— CBIIOLITBO / JEKJapalil0 mpo Te, M0 BaHTAX HAICKHUM YUHOM
yIaKOBaHHWK Ta MapKOBAaHHM, 3HAXOAUTHCS Y IPUAATHOMY JJIS IEPEBE3CHHS CTaHi;

— y JTOKyMEHTaX, 00 MOPCHKOTO TIEPEBE3CHHS IIKIJIMBUX PEUYOBUH, Ta
MPU MapKyBaHHS BAHTA)KHOTO MICIs, BKa3YIOTh IPABUIIbHY TEXHIUHY Ha3BY KOXKHOI
PEYOBHHM Ta MO3HAYAIOThH CIOBAMU «3a0pyaHIOBaY Mops». Papba MapKkyBaHHS Mae
OyTH CTIAKOIO 10 MOPCHKOI BOJIM MIHIMYM 3 MICSIIIL;

— THCTPYKIIIIO 32 METOJIaMH Ta 3aC00aMH 3a4MCTKHM Tapu, NMaayOu, 1HIINUX
MPUMIILIEHb MPU MOMIKO/KEHH1 YITAKOBKH 31 IIKIJTMBUMHA PEYOBUHAMU;

— IHCTPYKIIitO, OO0 MPOBEACHHS B1IOOPY MPOO y BAaHTAXKHUX TPOMax Ta
aHaJi3y JUISIbHUX BOJ TPIOMIB 3 HEOOXIAHUM OOJIaJHAHHAM Ta MperapaTamu;
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— pexoMeHpalli MO0 TaciHHA MOXKEeX1 BAaHTaXy, IO TEPEBO3UTHCS
[1,2,6,7].

OcHo6HI MemOOU 8UABIEHHA NOMHCEHC Y KOHM eHepax:

* CTalllOHAPHOI CUCTEMHM CHUTHaJII3allli BUSBICHHS UMY Ta MOXEXI1 (IE€TEKTOPH
JTUMY; TeMIIepaTypHI 30H/I / TaTUYUKH );

* BAXTOBA Ta JI030pHA CIyk0a.

OcHogHi 3ac00u 2aciHHA NOJCENHC Y KOHMelUHepax:

*  CTaImioOHapHI CUCTEMH MOKEKOTACIHHS;

*  TEPEHOCHI Ta MEePEeCyBHI BOTHETACHUKH, TIEPEHOCHI MHHI KOMIUICKTH.

Ocnoeni npouyedypu y pasi 6UHUKHEHHA Ma 2ACIHHA NOXMceHci 6 KOHmellHepl Ha
nanyoi cyona:

1. Curnan 3arajibHO cyJHOBOI TpuBOTH. [10 TpaHcmsii HagaeThCs 1HGOpPMAITIS
110,10 TTOXKesk1. Eximask BUKOHY€e 000B'SI3KH OOPOTHOU 3 TIOKEIKEIO.

2. UneHu rpynu po3BIAKU MEPEBIPSAIOTH OMPKU KOHTEHHEPIB Ta BaHTAXHY Jie-
KJIapalfil0o BCTAHOBIIIOIOTh SKUNCh BAHTAX y KOHTEHHEp1, JI€ MOXexka, Y CYyCILIHIX
KOHTEHHepax, Ta Kl 3ac00M MOXHA 3aCTOCOBYBATH JJIS TACIHHS MOXKEX1 (3aCTOCO-
BYIOTb JIMIIIE JIO3BOJICH] 3aCO0M).

3. O306pororoThes 3-4 pykasHi jdiHii. [logators Bogy. [lamarouwmii i cycimHi KOH-
TEHHEPHU OXOJIOKYIOTh IpIOHO pO3MUIEHUM cTpyMeHeM Boju. Lle oOMexye po3Bu-
TOK TOKeX1. CTBOJIbHUN TPUMAETHCS HA BIACTaH1 BiJl KOHTEHHEpa, 1110 TOPUTH, 1100
HE OTPUMATH OMIKIB Napor0 (YTBOPIOETHCS MPHU MOXKEX1).

4. 3a BaHTa)XXHOIO JEKJapalli€ro Ta OMpKaMH KOHTEHHEPIB BCTAHOBHIIA Xapak-
TEPUCTUKU BaHTaXy Ta 3acobu oro racinHs. Hampukiam, Ay 11s0T0 BUTIAAKY BOT-
HeracHa pe4yoBHHA — BOJIA.

S. [ToxxexxHi MpoOUBAIOTh OTBIP PO3MIPOM JiaMeTpoM 2-3 ¢M y BEpxHii
YaCTUHI OJIHI€] 31 CTIHOK KOHTEWHEpa, BCTABJISAIOTH CTOBOYpP B OTBIp Ta MOJAIOTh
BOYy (SIKIIO 11e MOkHA). CTBOJILHUM TTOBHICTIO 3alIOBHIOE KOHTCHHED BOJIO0, HABITh
SKIIO B IbOMY HEMAE MOTPEOH.

6. S0 B KOHTEMHEP1 3HAXOAUTHCS BaHTAX, SIKMH MOXKE OyTH TOIIKOKCHUI
BOJIOI0, Yepe3 OTBIP Y KOHTEHHEP BBOAUTHCS IHEPTHUHN Ta3 {3a3BUYail BYTJICKUCIIHIMA
ra3 4y xjagoH (ppeon)}. Crnovyarky KOHTEHHEp MOAAIOTh BMICT HE MEHIUE LIECTH
MEPEHOCHUX BYIVICKUCIOTHUX BOTHETaCHUKIB €MHICTIO 6+8 KI, MOTIM OTBIp
3araymyroTh 1 BBOJIATH JOJATKOBY KiTBKICTh BYTJICKHCIIOTO Ta3y MIOTOIWHU, JOKH
no)kexka He OyJie rmorarieHa.

7. OnHOYAaCHO OIISIAAIOTh MPUMIIIEHHS i Taay0or 1 3a HEoOXiJTHOCTI
POOJISITH IOTIEPEIH] TPOLIETYPH.

8. Ilicis mpoBeneHHs mpoLeayp raciHHs MOTPIOHO KibKa TOAMH KOHTPOJIIOBA-
TH 0OCTaHOBKY, IPU HEOOX1THOCTI JOJATKOBO MOAaBaTH BOTHETacCHY pe4oBUHY. s
OXOJIOJKCHHS 30BHIIIHIX MOBEPXOHbB 1 3aM100ITaHHs IPOTOPAaHHIO KOHTEIHEPA BUKO-
PUCTOBYIOTH TIOKEKHI CTBOJIU JI0 THUX TP, MOKH B HHOTO HE Oy/Ie MOIaHO HEOOXITHY
KUIBKICTh BOTHETACHOI PEYOBHUHH.

s eacinus nosicedici 6 40 hymosomy xonmetinepi He0OXiOHO!

* BYIJICKUCIOTHHX BOrHeTacHUKIB OY-8 — 6 6anoniB, OY-5 — 10 6anoHiB;

* BOTHETACHUKIB 13 PPEOHOM €MHICTIO 9 JITpiB — 2 OaJIOHMU.

SIkio moxes)ka MOBHICTIO 3arailieHa, BIIKPUTTA KOHTEHHepa Ta HOro orjisija notpio-

147



HO BIIKJIACTH 70 puxoay B mopT. [loxkerka BBaXKaeThCs JTOKaII30BaHOIO, SIKIIO BOHA
HEe BUMIIIA 32 MEX1 KOHTEHHEepa.

B iHmomy BUMmaaky, KOJIM O3HAKM IMOXKEXI 1€ MPUCYTHI 1 BOHM HE 3HA4YH1, KOHTEMH-
Hep NOTPIOHO PO3KPUTH (MaIOUX HAIOTOTOBI 2-3 MOXKEXH1 CTOBOYPH).

KoHteliHep po3KpHUBaIOTh Ta OIJIAAIOTH. SKIO BUSBICHO O3HAKU IMOXKEX1, BMICT
KOHTEHHEepa MpoJMBalTh BOJOI0. [{t0 mporeaypy MoXHa BIJIKJIACTH JO BUBAHTa-
KEHHSI KOHTEHHEpa B TOPTY, SKIIO OYEBUJHO, IO MOXKEKa MOBHICTIO 3araiieHa
[1,2,3,4,5,6,7,8,9.,10,11].

Ocnogeni npouedypu y pa3i 6UHUKHEHHA MA 2ACIHHA NOXMCceMHci 6 KOHmellHepi,
6CHLAHOBIICHOMY 8 MPIOMI.

SIKI10 MpY MOYaTKOBOMY OTJISIAL Y TPIOMI 3 KOHTEHHEpaMU BUSIBJICHO HAsIBHICTH Be-
JIMKOI KUIBKOCTI UMY Ta TEeIUla IpH BUAUMOCTI MeHIIe 15 M, To aii rpynu po3BiIKU
OynyTh HEOE3NEYHUMHU Ta Manoe(PeKTUBHUMH. TproMm ciliJi TepMETU3yBaTU Ta Ha-
MOBHUTHU 1HEPTHUM Ta3oM (ByriekuciauM, ¢peonom). Ilpouenypu nokamizaiii mo-
KEXKl1, 3aM00IraHHs MOro MONTMPEHHIO, TACIHHS Y TPIOMI Ta BEHTHWJISIIS aHAJIOTIYH1
J1sIM Yy BaHTaXXHOMY TPIOMI CYXOBaHT@)XHUX CyZeH 00'eMHUM MeronoMm. Ilpu po-
3BaHTaXKEHH1 KOHTEIHEpA B MOPTY HEOOXIJTHO MIATOTYBATHUCS 0 TaCIHHS MOXKEX1 B
HBOMY.

Axuwo suoumicmos y mpromi 00Cmamus, mo npoyedypu 2aCiHHsA AHAL02IYHI 2ACITHHIO
KOHmelHepa Ha nanyodi 3 0esakumu 000A8AHHAM.

1. Cwurnan cuCTeMH BHUSBJICHHS IMOXKEKI BKa3y€ Ha BUHUKHEHHS TUMY B HIDKHIM
yacTUHI TptoMmy. CUTHa 3arajibHO CyJHOBOi TpuBOru. Ekinma)k BUKOHY€E OOOB'SI3KH
TPHUBOTH.

2. Ilpu gisx y Tpromi HEOOXiTHO OOOB'SI3KOBO BHKOPHUCTOBYBATU MOXKEKHE
CIIOPSPKEHHS Ta 130J1I010U1 TUXaIbH1 arapaTy.

3. 3a curHajiom TPHUBOTH TPYIa PO3BIIKH BIIKPUBAE aBapIHUIA BUXIIHUHN JIIOK Ta
BCTAHOBIIIOE, 1110 TeMIIepaTypa He MiABUIIIIIACS, aje 3'IBUIAcs HEBEJIMKA KUIbKICTh
numy. BuaumicTs y Tptomi xoportia (15 m).

4, KomaHaup rpynu po3BiJIKH JO3BOJISE HOCTYN a0 Tpromy. OgHOYacHO 030poro-
10TbCsl 3-4 pykaBHi JiHIi. JIBa YjieHW EKIMaxy Yy 3aXHCHOMY OJsi31 3 JIUXaTbHUMU
amapaTtamy, CUTHAIBHUMHU TPOCAMHU Ta MEPEHOCHUMH JIIXTapsMH, SKi 3HAIOTh PO3-
MIIIIEHHSI KOHTEWHEPIB Ha Cy/IH1, BXOASTH JI0 TPIOMY.

5. Jlocsarmm HUKHBOTO PIBHS, BOHM OadaTh HEBEIUKHUH UM, BiJI3HAYAIOTh BiJI-
CYTHICTh BUCOKOI TeMIepaTypH Ta BUPILIYIOTh IPOCyBaTUcs Aai. IM moaaroTs mo-
KEXKHUU cTOBOYp. JIroau, 110 3HaXOAAThCS Ha MaryOl, FTOTOBI MPU HEOOX1THOCTI MMO-
JIaTH JOJIaTKOB1 CTOBOYpH. UNeHu rpynu po3BiKH, IO CIYCTUIIUCS B TPIOM, 3HaXO-
JSITh KOHTEWHEp, B AKOMY BUHUKJA noxexa. [logatote Bony. Ilanarouwnii 1 cyciani
KOHTEHHEPH OXOJIOKYIOTh IPIOHO PO3MUICHIM CTPYMEHEM BOM.

6. Hagam rpyna po3BiiKM [i€ 3TiIHO 3 MyHKTamMu S5 — 6 (AMBHUCS NpoueaypHu
raciHHs TIO’KEXK1 B KOHTEHHEp1 Ha manyOi Cy/lHa), a MOTIM KOHTEHHEp, Y SIKOMY TI0-
XKeka Ta CyCiHI KOHTEHHEpH OTJISNAIOTh NJisi BUSBICHHS PO3IMEYEHUX MUITHOK 1
SKIIO BOHM 3HAWJEHI, KOHTCHHEP 3HOBY 3aMOBHIOIOTH BOJOI0. Y TPIOM MOJAIOTh
APYTUN TOXKEKHUN CTOBOYpP HJISI OXOJIOMKEHHSI PO3MEUEHUX MOBEPXOHBb CYCIIHIX
KOHTeiHepiB. Ko BCTaHOBIIOIOTH, 110 MOXEXKa 3ralieHa, MoKexXH1 CTOBOypH BU-
JaJAI0Th 13 TPIOMY, TPIOM 3aKpUBAIOTh.
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7. Ilicns mpoBeaeHHs Mpolenyp raciHHS MOTPIOHO KUTbKa TOAWH KOHTPOJIIOBATH
00CTaHOBKY, ITPY HEOOX1IHOCTI JJOJIATKOBO MO/IaBaTH BOTHETACHY PEYOBHUHY.

He cnix Hamaratucs JKBIAyBaTH 3aJIMIIKH TOXEXK1 y KOHTEHHepax J0 MPUOYTTS
cynHa ao nopty. [Ipu po3BaHTa)keHHI KOHTEHHEpIB y MOPTY HE CIiJ BXOAUTU IO
TPIOMY JI0 MEPEBIPKH HASIBHOCTI KUCHIO Y TOBITP1, OCKUIBKH SKIIO MPU TaCIHHI MO-
ekl BUKOPUCTOBYBAJIU CHCTEMY 3allOBHEHHS TPIOMY BYTJIEKHCIHMM Ta30M, TO i
yac BUBAHT)XXCHHS KOHTEHHEPIB y TPIOMI MOXKE MiATPUMYBATHUCh 1HEpTHA aTMOChe-
pa.

Jl511 60pOTHOH 3 MOMKJIMBHUM 3aropsiHHSAM MPU PO3THUHI KOHTEHHEPIB HA MPUYAIl Ma-
I0Th OyTH MATOTOBJICHI BOJsIHI cTOBOYpH [11].

Ilpu 2cacinmui nodcesic y konmeunepax 3 HebesneyHum eanmasicem HEOOXiTHO Bpaxo-
ByBaTH peKoMeHamii MikHapOJHOTO MOPCHKOTO KOJEKCY 3 TMEpPEBE3CHHS HeOe3-
neuyHux BaHTaxiB (IMDG-CODE), HaimioHanbHUX MpaBuil, KEPyBaTUCh PEKOMEH-
nanisiMu, 3a3HaueHuMH y «KepiBHUIITBI aBapiiiHuUMHU KapTkamu» - ABK, a mig yvac
3aiiMaHHs BaHTaXy — BIJIMTOBITHOIO aBapiiHOIO KapTKOIO.

["acinHs peyoBUH, IO caMO3aiiMarOThCs (pubHEe OOpOITHO, PUOHI B1IXOAH, TIpOMAc-
JIEH1 TaHYIPKH TOIIIO), TOBUHHO MPOBOJIUTUCS IHEPTHUMHU Ta3aMu, BOJSHOIO MMaporo 1
BHCOKOKPATHOIO MiHOI. B 0CO0MMBO Ba)KKMX BUMAIKAX, KOJIM HEMOXIJIUBO YCYHYTH
MOKEXKY 3a JIOTIOMOTOI0 HAasBHUX Ha CYAHI BOTHETaCHHUX 3aco0iB, CIiJI 3aTOMHUTH
Tpiom [1,2,3,4,5,6,7,8,9.,10,11].

BuchnoBok.

1.V TpancnopTHiii ramy3i Apyre Micie 3a 00CATrOM NEepeBE3eHb 3alMarOTh
KOHTEWHEPH1 IEPEBE3CHHS.

2. 3HaUYHUN BIJCOTOK TIOKEX Yy KOHTEHHEpax — TOXKEeKI Ha CyJIHax-
KOHTEWHEpPOBO3aX, JIe y TPIOMax Ta Ha MmanyOl CyAe€H 30CEepe/Kye€ThbCs BEIMYE3HA
KUIBKICTh KOHTCHHEPIB.

3. BinbuIicTh Moxkex y MOPChKUX KOHTEMHEpax BUHUKAE BHACIIOK MOPYIIECHb
npaBuwil MiKHApOAHOI KOHBEHIIT MPO OXOPOHY JIIOJCHKOTO XHUTTS Ha Mopi, 1974
(SOLAS 1974) 3 nonpaBkamMu Ta Mi>KHapOJTHOTO KOJEKCY MOPCHKOTO TIEPEBE3CHHSI
HeOe3neunnx BantaxiB (MSC.122(75)) 3 nonpaBkamu.

4. Benuue3Hne 3HaUYCHHS B O€3MEUHOMY MEPEBE3CHHI BAaHTAXIB y KOHTEHHEpax
3aJIeKUTH BIJ: YITKOT MPOTUIIOKEKHOI OpraHizailii Ha Cy/aHI, CYBOPOTO BUKOHAHHS
NpaBWJI TIEPEBE3CHHs, KICHOTO HECEHHsI BaXTH Ta JO30PHOI CIIykOH, TPaBHIbHOI
YIIaKOBKU Ta MapKyBaHHS BaHTaXiB, a TAaKOX IMOJAaHHS MEPEBI3HUKY BIAMPABHUKOM
BaHTaXy MOTPIOHUX JOKYMEHTIB HA BaHTaX.

5. Ilocriline mnornubiieHe HaBYaHHS, IHCTPYKTaXl Ta TPEHYBAHHS YJICHIB
EKIMaxy.
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VIIK: 004.8:621.391(042)

Posznyupkuii O.M.
Hamionanpauit yHiBepcuteT «Ojiechka MOPChKa akaJaeMisy

BuUKOpHUCTAHHSA IITYYHOTI'0 IHTEJIEKTY TA APOHIB Y MOPCHKIil Oe3meii

CyuacHi TEXHOJIOTIi CTPIMKO PO3BUBAIOTHCA 1 1X BIPOBAKEHHS B Pi3HI raiysi
3a0e3neyeHHs O€3MeKH BiIKPUBA€E HOBI MOKJIMBOCTI JUIsI MIABUILEHHS €(PEeKTUBHOCTI
Ta ONEPAaTUBHOCTI pearyBaHHsA. Mopcbka Oe3leKa € OJHIEI0 3 KIIOUOBUX cdep, 1e
iHTerpaiis mry4daoro iHTenekty (L) Ta 6e3niyIoTHUX JiTaJbHUX anapatiB (IPOHIB)
MO’K€ 3HAYHO MOKPAIIMTH IPOLECH MOHITOPUHTY, aHali3y JaHUX Ta MNPUHHSATTS
pimens. L 1onoBiae po3risgae oCHOBHI HanpsMKH 3actocyBaHHs LI ta npoHiB y
3a0e3neyeHH1 O0e3MeKu Ha MOopi, iX NepeBaru, BUKJIUKU Ta EPCIEKTUBU PO3BUTKY.

I TyuyHuit 1HTENEKT 3HaXOJUTh IIUPOKE 3aCTOCYBAHHS y PI3HUX acleKTax 3abe3-
Ie4YeHHs1 MOpChKoi Oe3neku. Lle Moxe OyTH aHami3 JaHUX Ta MPOTHO3YBaHHS 3arpos.
AJTOPUTMH MAIIMHHOTO HABYAaHHS 3/JaTHI OOpOOJSATH BEJIMKI OOCSITH JaHUX, IO
HAJXOJATh Bl PI3HUX CEHCOPIB, PaJapiB 1 CYIyTHUKIB, IO JO3BOJISIE BUSBISATH I10-
TEHLI/HI 3arpo3u Ta aHoMmauli. [HTeNneKTyallbHl CUCTEMHU J0NIOMAratoTh ONEPaTUBHO
aHaJI3yBaTW CHUTYalllO MiJ Yac aBapiiHUX ab0 KPU30BHUX MOJ1H, MPOMOHYIOUYU OIl-
TUMaJbHI BapiaHTH Aii. Taky QyHKIII0 MOXHA BU3HAYUTH K HAJIaHHA JOIOMOTH B
MPUIHSATI PILIEHb.

Taxox, Bukopuctanss I no3Bossie mOKpaluTH HaBiraiio, 3MEHUIUTH PU3HK
31ITKHEHb Ta aBapii, anamizyroun iHdopmarrito 3 AIS, ECDIS Ta iHmux cuctem, T00-
TO BUKOHYBATH ONTHMI3aIIII0 MapIIPYTiB Ta MPOBOJAUTH MOHITOPUHT CY/ICH.

CydacHi nofii y CBITI MAIITOBXYIOTh YHCEbHI Taly31 10 3aCTOCYBaHHS pOOOTO-
TEXHIKH, fIKa HIBUAKO PO3BUBAETHCS. OKpEMUMHU HANpPSMKAMU B TaHOMY BUIAJKY €
MOBITPSIHI Ta MOPCHKI1 IPOHH.

JIlpOoHU MOXYTh CTaTH HE3aMIHHUM 1HCTPYMEHTOM JIJIs MOHITOPUHTY Ta 3a0e3Ie-
YyeHHs Oe3MeKku Ha Mopi. be3nioTHI JiTaabHI anapaTH 3JaTHI 3a0€3MeUnT onepa-
TUBHUHN OTJISII BEJIMKUX MOPCHKHX MPOCTOPIB, IO TO3BOJUTH CBOEYACHO BHSIBIIATH
MOPYLIEHHS, aBapiiiHi cuTyanli ab0 €KOJOTrIYH1 3arpo3u; MOXYTh ONEPATUBHO JO-
CTaBJISITU 300paKEHHS Ta JaHl Npo MICLE MOAll, COPUIIOYN €(DEKTUBHOMY MOLIYKY
Ta PATYBAHHIO 3ary0JIeHHUX CyAeH abo Mojeil y Hebe3neri. 3aBasKu BUCOKOTOUHUM
CEeHCOpaM JPOHM 3/1aTHI1 BUSIBJISTH BUTOKU MaJIBLHOTO, 3a0pyIHEHHS] BOAW a00 1HIII
HeOEe3MeKH, 0 BIUIMBAIOTh HAa €KOJIOTIYHY CUTYAIlil0 B MOPCHKUX perioHax. Mopch-
Kl JPOHU MO’KHA MPUCTOCYBATH JUIsl 3a00py mpoO 3a0pyIHEHOT MOPCHKOI BOIM Ta
MOBITPS JJI TOAAIBIIIOTO aHATI3Y.

TakuM uynHOM, 00'€THaHHS MOXJIMBOCTEH IMITYYHOIO 1HTENEKTY Ta JIPOHIB CTBO-
PIOE CHHEPril0, M0 3MOXE 3HAYHO TMIJBUIIUTH PIBEHb OE3MEKHW MO HACTYITHHX
HaIpsIMKax:

» CuHXpOHI3aIlid JaHUX: APOHU, 00JaqHAHI PISHOMAHITHUMHU CEHCOpaMH, 30U-
patotb naui, siki LI ananizye ayig onepaTMBHOrO MPUUHSTTS pilIEHb Ta MPO-
THO3YBaHHs 3arpos.

* ABTOHOMHI omepariii: po3poOka aBTOHOMHHUX CHUCTEM, JIe¢ IPOHU CaMOCTIHHO
BUKOHYIOTh 3aBJIaHHSI MOHITOPUHTY 1 PearyroTh Ha 3MIHU B peajbHOMY 4acl, €
OJIHUM 13 NEPCIIEKTUBHUX HAPSAMKIB PO3BUTKY.
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KibepOesmeka: 3abe3nedeHHs 3aXucTy 1H(OOPMAIIHHUX CUCTEM, SIKI KEPYIOTh
poboTO0 JIpoHIB Ta 00poOIISIIOTH JaHi 3a gomomororo I, € BaxkauBuM ac-
IIEKTOM Y IpOTH il kKibepaTakam [1].

BukopucranHs ApoHIB y MOPCBKiil cepi BIIKpHBAaE HOBI MOXKJIMBOCTI JIJIst
MOHITOPUHTY, PO3BIAKK Ta 000POHU, MPOTE BOAHOUYAC CTBOPIOE HU3KY MOTEH-
IMHUX 3arpo3, MOMpU 4YHuCIeHHI nepeBard, iHterpamis I Tta nponiB y
MOPCBKY 0€3MEeKy CTUKAETHCS 3 HU3KOI0 BUKJIUKIB:

3abe3neueHHs HAIIMHOCTI 00IaIHaHHS, CTAOUTBHOTO 3B’ SA3KYy Ta TOYHOCTI all-
TOPUTMIB y CKJIQJIHUX TIOTOJHHUX Ta MOPCHKHX yMoBax. CHCTEMHU yNpaBIIiHHS
JpOHAMHU MOXYTb CTaTH MIIICHHIO AJisl Ki0eparak, TIyIIiHHS CHUTHAaJiB abo
cnydiHTy, MO0 MPU3BEAE M0 BTPATH KOHTPOJIO HAJ JPOHOM 1 MOTEHI[IHHUX
aBapiil (HampuKJIa/, 31ITKHEHD 13 CyIHAMU YU TOIIKOKEHHSI MOPChKO1 1H(pa-
CTPYKTYpH).

JpoHu MOXyTh OyTH 030pOE€HHMMHU 1 BUKOPHUCTAHI JUIsl aTaK Ha BIACHKOBI CY/I-
Ha, MOPTH, HadTONEPEPOOH] 3aBOIU UM 1HII 00'€KTH KPUTHUUHOI 1HGPaACTPYK-
Typd, 10 30UIbIIye PU3UK ecKajallli KOHQJIIKTIB 1 3aBla€ 3HAYHUX EKO-
HOMIYHHX Ta COIIAJIbHUX 30UTKIB.

VY MOpCBHKOMY CEpEeNOBHUIIl 3aCTOCYBAHHS €JIEKTPOHHOI MPOTUIIT MOXKE 3MY-
CUTH JIPOHM JIISITH Hemepe0auyBaHo a00 BIAKIIOYUTHCS, 1110 CTBOPIOE PU3HKHU
JuTs 0€3MeKH K 3 O0KY IXHbOTO BUKOPUCTAHHS, TakK 1 3 00Ky MPOTUAIT HUMHU.
Henepenbauysani 3001 a00 aBapii 3 y4acTIO APOHIB MOXKYTb COPUYUHHUTH 3a-
OpyAHEHHS BOJI, MOIIKOKEHHSI MOPChKHX €KOCUCTEM abo aBapiilHE BUTIKaH-
Hs1 HEOE3MEeYHUX PEYOBUH 3 MOMIKOIKEHUX 00'€KTIB.

HeoOxiaHICcTh pO3pOOKH €JMHUX MIKHAPOAHUX CTAHIAPTIB JJIsi BUKOPUCTAH-
HS aBTOHOMHHX CHCTEM Y MOPChKOMY mpocTopi. Hegockonama HopmaTHBHA
0a3a 1 BIACYTHICTh €JUHUX CTAHJAPTIB JJIs €KCIUTyaTallii APOHIB y MOPCHKUX
YMOBaX yCKJIaJAHIOIOTh KOHTPOJIb 32 1X BUKOPUCTAHHSM, [0 MOXKE MTPU3BECTH
710 3JI0B)KMBaHb Ta MOPYILIEHHS O€3MEKH MOPCHKOTO MPOCTOPY.

Bukopuctanns TexHOJOTIH 300py Ta aHamidy JaHUX BUMAara€ peTesbHOTO
BPETYJIIOBAHHS 3 METOIO 3aXUCTY IpaB 0ci0O 1 30epexeHHsT KOHD1ICHIIMHOCTI
1H(popmarrii.

OTxe, HE3BAKAIOUM HA 3HAYHI TIepeBaru, 3aCTOCyBaHHS JIPOHIB Y MOP1 BUMarae

peTenbHOi 1HTerparlii 3axo/iB KiOepOe3neKr, yIOCKOHAICHHS TEXHIYHUX PIIMIEHB 1
(opMyBaHHS YITKUX MPABOBHX HOPM JJIsl MiHIMI3alli PU3UKIB 1 3a0e3neueHHs 0e3-
NICKH SIK BIHCHKOBOT, TaK 1 UBLIBHOT chepu [2].

BucHoBkn

BukopucTaHHs IITYYHOTO 1HTEJEKTY Ta APOHIB Y MOPCHKiM Oe3nelll BiAKpUBae

HOBI FOPU30HTHU [IJIsl ONIEPATUBHOTO pearyBaHHs Ha 3arpo3u, ONTUMI3allill IPOLECIB
MOHITOPUHTY Ta MiABUIICHHA €()EKTHBHOCTI MOLIYKOBO-PATYBaJbHUX OMEparliil.
[ToemHaHHS UX TEXHOJIOTINH JO3BOJISIE CTBOPUTU IHTETPOBAHI CUCTEMH, 37aTHI Iie-
penbavaTy Ta HEUTpaTi3yBaTH MOTEHIIHHI pu3uKu. [IpoTe, Ik MU 6a4ynuMoO, TTOIAITb-
1M PO3BUTOK BUMArae BUPIIICHHS TEXHIYHUX, TPABOBUX Ta €TUYHUX BUKJIMKIB, 110
3a0e3neynTh Oe3neyHe Ta e(h)eKTUBHE 3aCTOCYBAHHS 1HHOBAII Y MOPCHKIil ramy3i.

152



CIIUCOK BUKOPHUCTAHOI JIITEPATYPHU
. Koryr 1O. 1. llITyunmii iHTenekT 1 Oe3rmeka: MpakTUYHUN MOCiOHMK — Kwuis:
Koncantunrosa xommanis «CIAIKOH»; B/l Jdakop, 2024. — 294 c.

. "ABTOHOMHI BIiMChKOBI JpoHH — Iie¢ Bke He (anTactuka". NATO Review,
28 mumag 2017.

153



CYYACHI IHOOPMAIIMHI TEXHOJIOT'TI B OCBITI TA IHIIOMOBHA
HIAI'OTOBKA CYJHOBUX IH’KEHEPIB

YK 811.111.37

Hikymnina O.JI.
Harionanpauit yHiBepcuteT «Onechka MOpPChKa aKaaeMis»

The Unit Structure of the Textbook “ English for Marine Engineers”

In the following article the scheme of a textbook is given with the examples of
tasks that are studied in the classroom. The textbook embraces 12 Units, homogene-
ous in structure. Each Unit comprises 10-11 pages with the references given in the
end, so the whole textbook consists of around 120 pages. All the structure of the unit
can be divided into three main parts: pre-reading tasks, the original text from the
maritime periodic published sources and after-reading tasks and activities.

In the first part — Pre-reading tasks, a list of the terminological collocations from
the Text is given both in English and the Ukrainian translation, so that the cadets
will study these terms before starting reading the text of the article. In this way they
should be ready to comprehend the plot of the article. This list can also be used dur-
ing the reading as reference material, e. g.: dual fuel engine — osueyn, npayioruui
Ha 06ox sudax naiuea, re-liquefaction plant — yemanoexa nosmopnozo 3piosrcenns,
LNG carrier - cazosos3, etc. all in all around 30-35 entries to each unit.

In the second part the original text is given from MER (Marine Engineering)
journal is given for reading and further discussion. The topics of the articles texts re-
flect the professional marine engineering themes, e.g.:

STEAM TURBINE PLANT FOR LNG TANKERS

One environmental change for LNG carriers in recent years has been
the rapid increase in propulsion plant energy saving, attributed to the in-
crease in the price of crude oil. As a result a number of alternative pro-

pulsion systems have emerged including an advanced steam turbine

The text usually covers 2-2,5 pages with figures and graphs.

In the third part — After reading tasks and activities — six to seven exercises are
given so that the cadets can check their comprehension of the article and activate the
terminology and speaking habits.

Ex.1. Match the words that go together. Here the cadets should match the begin-
ning of the phrase from the left column with its ending in the right column, e.g.1.
dual fuel —f) engine, 2. LNG — a)carrier, 3. heavy\ crude - oil, etc.

Ex. Il. Fill in the missing words from the list below. All of the sentences are tak-
en from the article, so the cadets may find the missing expressions from the text, or
check their memory and do that individually. E.g. 1. One environmental change for
In recent years has been the rapid increase in propulsion plant energy
saving.- K) LNG carriers, 2. As well as conventional steam turbine ships, the DFE
( ) ship with an electric propulsion motor has been introduced. — d) dual
fuel engine, etc.
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Ex. I11. For questions 1-10 choose the correct answer A,B,C,D. This exercise is
typical multiple choice selection, usually suggested in the Blue Book for self-
checking. e.g. 1. The brushless AC generator is composed of the following: A. gen-
erator and AC exciter. B. AC exciter and rotating rectifier, C. rectifier and sub-
exciter, D all of the above.

Ex. IV. Match the words a-p with their definitions 1-16. E.g. emission — smoke
or vapor from the funnel that contain unwanted impurities, like sulpher, etc. ; gener-
ator — an electric machine that produces alternating current.

Ex.V. questions for group discussion. This communicative exercise helps the ca-
dets to get ready to communicate with each other on the basis of information that
they got from the article.

e.g. 1. What has been the environmental change for LNG carriers in recent
years?

2. What type of engines are DFE and DRL?

3. What is the idea of the UST?, etc.

Ex.VI. Write a summary of the article using the suggested beginnings of the par-
agraphs below. e.g. As well as conventional steam turbine ships, the DFE and the
DRL ships.

155
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Tsynova M.V., Osmolovskyi A.
National University ”Odesa Maritime Academy”

Pirates at sea

Currently, the world community requires solutions to a large number of global
problems. One of these problems, which appeared in the IV-I1l century BC, is pira-
cy.

Beginning my report, first of all, 1 would like to stop on the concept of piracy it-
self. The definition of the concept of "piracy" is contained in Article 101 of the UN
Convention on the Law of the Sea of 1982. To put it simply, piracy is a crime con-
sisting of the illegal seizure, robbery or sinking of merchant, sea or river vessels, as
well as property on board the vessel. In most cases, as practice shows, pirates are not
even aimed at seizing cargo, but at seizing crew members for money.

| believe that piracy is a huge threat to the security of both Ukrainian and foreign
vessels, their crew members and passengers, and also causes great harm to interna-
tional relations.

I will not provide statistics on pirate attacks today, because it will not be com-
plete anyway, since this data is formed on the basis of information officially provid-
ed by the ship owners. Therefore, their reports are only part of the information about
piracy that is committed in real life at sea. First of all, this is due to the fact that ship
owners usually try to solve the problem themselves - to pay the pirates a ransom, so
as not to disclose the incident and not to lose money that can be received for the
transportation of cargo under normal conditions without any incidents.

The main areas of pirate activity are in strategically important sea passages
and on the coasts of developing countries

1. The Gulf of Aden and the shore of Somalia is one of the most famous pi-
rate regions. Here, pirates attack large merchant ships, tankers and even warships.
One of the reasons for this is the great poverty of the local population. | also want to
say that Somali pirates are the most dangerous pirates, because these are groups
armed with modern weapons, they use modern satellite navigation and communica-
tions. The goal of Somali pirates is to seize a ship and hostages and extort ransom
for them.

2. The Gulf of Guinea (West Africa) is an area with a high concentration of oil
fields. Pirates here most often attack oil tankers and kidnap the crew for ransom.

3. Southeast Asia (Strait of Malacca, Indonesia, Philippines) - here there are
not only organized pirate groups, but also individual criminal gangs that attack fish-
ing and cargo vessels for the crew's valuables, part of the cargo, and the ship's cash
register.

4. The Caribbean and Latin America - piracy is not very developed here, but
attacks do happen, especially off the coast of VVenezuela, Honduras and Haiti. Pirates
in this region often attack small merchant ships, tourist yachts and fishing boats.

My thoughts on how to protect a ship from pirates and how to prevent an attack:

- In my opinion, first of all, every sailor should know the regions where pirates
operate;
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- be attentive. During the passage of dangerous areas, constant surveillance
should be organized on the deck. In the best case, armed guards are needed, but this
IS Very expensive;

- at least on board there should be means against pirates: a nozzle, barbed wire,
go to the safety room. Also, pick up maximum speed and maneuver.

Actions of the crew upon seeing pirates

- upon seeing pirates, inform the nearest coastal security service, military ships,
send an SOS signal;

- block the pirates from getting on the ship in all possible ways;

- each crew member should go promptly but without panic to a safety room.

Summary: piracy is a global problem that requires a comprehensive solution.
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[Hunosa M.B., Kpagerp I'.b., Kamry6a M.B.
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3acTocyBaHHSI IHTEPAKTHBHHMX TEXHOJIOTIH VISl PO3BUTKY HAYKOBHX HABUY0K
Y KOHTEKCTi JUCTAHWIHHOT0 HABYAHHS

[HTEepakTUBHI TEXHOJOTIT CTAIOTh JAeAali MOMYJISPHIIIUMHU y AUCTAHIIHHOMY
HaBYaHHI, 3a0e3meuyoun e(eKTUBHE 3aCBOEHHS 3HaHb, PO3BUTOK KPUTUYHOTO MHUC-
JICHHS Ta aKTUBHY Y4YacTh Y4HIB. BOHU CIIpUSIOTH B3a€MO/I1 3 HABYAJIbHUM MaTepia-
JIOM 1 IHIIMMH YYaCHUKaMHU, 1110 BaXKJIUBO 1Jisi HOpMYyBaHHS HAYKOBUX KOMITETEHIIIMN.
O. IroHsk 3a3Hayvae, M0 IHTEPAKTUBHI METOU JO3BOJISIOTH 1HIWBITyali3yBaTH Ha-
BUAHHS 1 PO3BUBATU MPOQECiiiHl HABUYKU MaOyTHIX IMeJarori, 0COOJIMBO il Yac
nanjemii. Bukopucranas nudpoBuX TEXHOJOTH, TaKUX K OHJIAWH-TUIaTGOpMU Ta
IHTEpPaKTUBHI PECYpCH, JOMoMarae riulIIe 3aly4aTH CTYICHTIB 0 HABYAJIBHOTO
MPOIIECY, 10 BAXJIMBO JJI1 PO3BUTKY iXHiX KommeTeHlii. Jocmianuku O. Zadorina
Ta 1HOI BKA3yIOTh Ha MOTEHLIAN IITYYHOrO IHTEJEKTY I KapJuHAIbHUX 3MIH B
OCBITHIX MiIX0/1aX 1 OpraHizailii HaBYaHHS.

OTxe, IHTEPaKTUBHI TEXHOJIOT1I € €(PEKTUBHUM IHCTPYMEHTOM MJid QopMy-
BaHHS HAYKOBUX KOMIIETEHIIIN, OCKIJIBKU CIPHUIIOTH PO3BUTKY KPUTHYHOTO MHCIICH-
Hs1, TBOPYOTO MiAXOAY 10 PO3B’sA3aHHS HAYKOBUX 3aBAAHb 1 MOKPAIIYIOTh B3aEMOIII0
MIDXK 3700yBayaMH OCBITH Ta BUKIJIaJadyamMu. BoHH He nuile noriuoIo0Th pO3yMiH-
HS HaBYAJILHOTO Marepiaiy, aje il jornomMaraloTb HaOyBaTH HEOOXITHUX HABHYOK
JUTSL YCHIITHOT Kap €py B HAYKOBO-TIEArOT14HIN cdepi, roTyroun MaiOyTHIX (axiB-
1B 10 poOOTH B YMOBaX IMOCTIMHUX 3MiH 1 TEXHOJOTTYHUX 1HHOBAIIIM.

[HTEepaKTUBHI MIAXOAU B OCBITI CHPUSIIOTH PO3BUTKY JAOCIITHUIILKIUX HABUYOK
y 31100yBayiB, JO3BOJISIIOYHM iM BUBUATH HAYKOBUM METO] Y€pPE3 EKCIIEPUMEHTH Y Bi-
pTyalnbHUX Ja00paTopisX, aHali3yBaTH AaHi, (JOPMYJIOBATH BUCHOBKHU 1 CTaBUTHU
HAYyKOB1 3anmuTaHHs. 3aBISKU [[bOMY BIOCKOHATIOETHCS KPUTHUHE MUCIICHHS 4Yepes
aHani3 iHdopmanii, OUIHKY ii BIPOTAHOCTI 1 BUSIBICHHS JIOTTYHUX NOMUIIOK. Komy-
HIKaIlIifHI Ta K0J1abOpaTHBHI HABUYKHU PO3BUBAIOTHCS Uepe3 CIUIbHY pOOOTY B OH-
JaH-Tpynax, e CTYACHTH PO3B'S3YIOTh HAYKOBI 3aBJAaHHS 1 MPE3CHTYIOTh Pe3yJib-
TaTu. 30KpeMa, IHTEPaKTUBHI TEXHOJOTIi MIABUUIYIOTh LHU(PPOBY IPaMOTHICTh, Ha-
BYAIOYM KOPHUCTYBATHUCS IHCTPYMEHTAMH JIJIsl aHAMI3y JaHHUX Ta pOOOTH 3 BETMKUMU
oOcsaramu 1H(popmarri.

OcHoOBHa TieJarorivyya i1esi BAKOPUCTaHHS 1IHTEPAKTUBHUX METOAUK HAaBYAHHS
MoJIATa€ B aKTHUBI3allli pO3yMOBOI JISJIbHOCTI 3400yBaya OCBITH JUIsl HABYAHHS, pea-
mizamii 6a30BUX 3HaHB 1 BIOCKOHAJICHHI OCBITHBOTO TIpoIiecy. Taka mpakTHKa Cipu-
s€ (opMyBaHHIO TMO3UTHUBHOTO CTaBJIEHHS 10 HABYAJIBHOI TUCIUILIIHU [ 2, C.
26].IaTerparis IHTEpaKTUBHUX TEXHOJIOTIH Y MUCTaHIIHE HABYaHHS Ma€ 3HAYHUI
MOTEHLIaJ JUIsl TOKPALEHHS! OCBITHBOTO IMPOILIECY, ajle BOJAHOYAC CYMPOBOLKYETHCS
MIEBHUMH TPYTHOIIAMHU.

SIKo 3piBHIOBATH TPAAMULIIMHUI Ta IHTEPAKTUBHUN PAaKypC BUKIIAIAHHS, TO
Ma€EMO 3a3HAYUTH, 10 Y CY4aCHOMY CEPEIOBHIII Y MEPioj] BOEHHOI'O CTaHy OCTaHHIN
pakypc Mae HU3Ky npuBiiei. Cepell HUX MaEMO 3a3HAYUTH TaKl, SIK:

158



1. TpanuiiitHe HaBYaHHS aKIIEHTYE Ha TIepenadl 3HaHb BUKIIaJadeM, TOM1 K 1H-
TEepaKTUBHE CIIPSMOBAHE Ha aKTUBHY y4yacTh 37100yBadiB B OCBITHIN A1SJILHO-
CTI;

2. Y TpaauiiiHOMy HaBYaHHI NIEPEBAXKa€ 30BHIIIHS MOTHUBALlISI, @ IHTEPAKTUBHE
POOUTH aKIIEHT Ha BHYTPIIIHIA MOTHBAIli Ta CTUMYJIIOBAHHI CITUIBHOI MisUThb-
HOCTI;

3. Tpanumiitne HaBUYaHHsS 0a3ye€ThCs HA PENPOTYKTUBHOMY 3aCBOEHHI, a 1HTEpa-
KTHUBHE Tependadae caMOCTIHHUM MOITYK 1 3aCBOEHHS 3HAHB;

4. Y TpamuuiiHoMy HaBYaHHI MEpPEBaXKalOTh METOJIM YCHOTO BUKJIaJaHHA (JIEK-
1ii, Oeciau), TOAl K B IHTEPAaKTUBHOMY — POJIBOBI irpH,00rOBOPEHHSI, MO3KO-
BHUM IITYPM TOLIO;

5. B iHTepakTUBHOMY HaBYaHHI 3BOPOTHUMN 3B’A30K MOCTIMHMII,BUKJIAJa4y BH-
ctynae ¢pacuiIiTaTopom;

6. IHTepakTHUBHI TEXHOJOTII MIATPUMYIOTh 1HAMBIIyaTi3allit0 HaBYaHHS, OCKIIb-
KU aJanTUBHI MJIaTGOPMH HAJAIITOBYIOTh CKJIQJHICTh 3aBJaHb 1 TEMI HaB-
YaHHS BIJMOBITHO JI0 MOTPEO KOKHOTO YYaCHHKA OCBITHBOTO TPOILIECY, IO
JIa€ 3MOTYy CTBOPIOBATU MEPCOHATI30BaH1 OCBITHI TPAEKTOPIT 1 MiABUIILYE ede-
KTUBHICTh HAaBYaHHS, 1110 € aKTyaJIbHUM OCOOJIMBO B JaHUM niepion [ 5 ].

Crnin 3a3Ha4YUTH, 10 CEpel HaMIIKaBIMMUX Ta €()EKTUBHUX METOMIB MOXKHA
BUOKPEMUTH BUKOPUCTAHHS IHTEPHET-MeMIB, SIKi MalOTh HAa MET1 BIJITBOPIOBATU BU-
BUCHE Uepe3 KOHTEKCT.

[HIIMM IKaBUM METOAOM € KaJirpama, sika CTUMYJIIO€ 00pa3He MUCTIEHHS U
JoromMarae TauoIie BUBYATH TEKCTH. i pO3BUTKY JOTIYHOTO Ta TBOPYOTO MHC-
JIEHHSI MO’XKHa BUKOPHUCTOBYBAaTH KPOCEHCH — ACOIIaTUBHI TOJOBOJIOMKH, fKI € 4y-
JIOBOIO BIIPABOIO JJIsi 3aCBOEHHSI HOBUX 3HAHb 1 HaBUYOK. IHTeeKT-KapTH — IIIe
OJIMH €(PEeKTUBHUI 1IHCTPYMEHT, 110 JONoMarae 3100yBayaM OCBITH CTPYKTYpyBaTH
3HAHHS, MJAKPECIIOIYN BAXJIMBI MOMEHTH HaBYAJIBHOTO Martepiany. Takuii MeTon,
K XMapa ¢JiB, TakOX BIJIrpae BaXXIMBY pOJIb Y HaBUYAaHHI, CTUMYJIIOIOYM AKTUB-
HICTh YYaCHHUKIB OCBITHHOTO IMPOIIECY ¥ MiJIBUIYIOYH IXHIO MOTHBAIIIIO 10 BUBYCH-
HSl MaTepiay.

Ane ¢ 3a3HaYMTH, 10 XO4Ya IHTEPAKTUBHI TEXHOJIOTII i BIIKPUBAIOTh IITH-
POKI MOKJIMBOCTI ISl BJOCKOHAJIEHHSI OCBITHBOTO nporecy, iXHS 1HTerpailisi BUMa-
ra€ po3B’Si3aHHS HU3KW TEXHIYHUX, OpPTaHi3allifHUX 1 METOIOJIOTITYHHUX MPOOIIEM.
JUIst NOCATHEHHS MaKCUMalibHOI €()EeKTUBHOCTI HEOOXITHO 3a0e3MeUuTH JOCTYII-
HICTh TEXHOJIOT1H, MABUIIMTH PiBEHb HU(PPOBOT IPAMOTHOCTI BCIX YYACHUKIB OCBIT-
HBOT'O TIPOIIECY, a TaKOXK 30epiratu OajgaHC MK HOBUMHU TEXHOJIOTISIMU Ta TPaJu-
IHHIMH METOAaMHU HaBYaHHSI.

[TepcriekTHBY MOAANBIINX JOCHIKEHh BOAYAIOTHCS B IPYHTOBHOMY aHami3i
€()EeKTUBHOCTI OKPEMHUX IHTEPAKTHUBHUX TEXHOJOTIHA y (OpMYBaHHI HayKOBOi KOM-
METEHTHOCTI, a TaKOX PO3pPOOJIEHHI TEOPETUKO-TPAKTUYHUX MOJCNICH IMiATOTOBKU
BUKJIAJIa4iB JI0 iX yPOBAHKCHHS.
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Use of electricity on the Ship

Electricity on a ship plays a vital role in ensuring the smooth operation of the
vessel. It powers the essential systems required for navigation, communication,
lighting, and other vital functions onboard. In this essay, we will explore the role of
electricity on a ship, the systems that use electricity, the sources of power, and safety
measures involved.

The Importance of Electricity on the Ship

Electricity is one of the most essential elements on any modern ship. Ships are
equipped with various electrical systems that perform a wide range of tasks, such as
powering lights, heating, cooling, communication devices, and navigation tools.
Without electricity, many of these functions would not be possible, making it a criti-
cal component for the safety and comfort of both the crew and passengers.

There are several areas onboard where electricity is necessary:

1. Navigation Systems: These systems include radar, GPS, and other instru-
ments that help guide the ship across the sea. Electricity powers these devices to en-
sure the ship is moving in the correct direction.

2. Communication Equipment: Radios, satellite phones, and other commu-
nication tools are powered by electricity. These devices are crucial for maintaining
contact with other ships, the shore, and emergency services.

3. Lighting and Power for Daily Operations: Lights onboard are powered
by electricity, providing safety and comfort for crew members and passengers. Elec-
tricity also runs air conditioning, heating systems, and even small appliances like re-
frigerators.

4. Pumps and Engines: Electricity is also used to power pumps that help con-
trol water levels, manage sewage systems, and ensure smooth engine operation.

5. Safety Systems: On a ship, safety is paramount, and electrical systems help
monitor fire alarms, emergency lighting, and evacuation systems. These safety fea-
tures rely on a consistent and reliable power source.

Sources of Electricity on the Ship

Onboard ships, electricity is generated in a few different ways. Most ships rely
on large generators that convert mechanical energy into electrical energy.

1. Main Generators: The primary source of electricity on most ships is the
main generators. These generators are powered by the ship’s main engine or a dedi-
cated engine. The mechanical energy from the engine is used to rotate a generator,
which then produces electricity. These generators can produce enough electricity to
power the entire ship.

2. Emergency Generators: In case the main generators fail, emergency
generators are used to provide backup power. These generators are crucial in ensur-
ing that the ship’s safety systems continue to function in the event of a power fail-
ure.
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3. Batteries: Ships also use batteries to store electricity for use when needed.
Batteries are commonly used to power small systems such as emergency lighting or
communication devices during a power outage.

4. Renewable Energy: Some ships are now exploring renewable energy
sources like solar panels and wind turbines to supplement their electrical needs.
These technologies can provide additional power, reducing the reliance on tradition-
al fuel sources.

Electrical Systems on the Ship

The electrical systems on a ship are complex and have many components that
work together to ensure everything runs smoothly.

1. Distribution Boards: These are the control centers for electricity. They
receive the power generated by the main generators and distribute it to various parts
of the ship. The distribution boards ensure that the right amount of electricity reach-
es each part of the ship at the correct voltage.

2. Switchboards: Switchboards allow the crew to manage the distribution of
electricity. They allow for the turning on and off of different electrical systems, and
they play a critical role in maintaining the safety of the electrical systems on board.

3. Transformers: Electrical power is often generated at high voltage to min-
imize energy loss over long distances. Transformers are used to reduce the voltage
to a level that is safe and usable by the ship’s systems.

4. Circuit Breakers: These devices automatically disconnect electrical cir-
cuits in the event of an overload or fault, preventing damage to the system and re-
ducing the risk of fire.

5. Wiring and Cables: Wires and cables are used to carry electricity
throughout the ship. These cables are carefully insulated to protect against short cir-
cuits and other hazards.

Safety Measures for Electricity on the Ship

Electricity can be dangerous, so safety is a top priority when working with elec-
trical systems on a ship. There are several safety measures in place to ensure that the
systems remain safe to use.

1. Grounding and Bonding: Proper grounding and bonding prevent electri-
cal shocks. The electrical systems on the ship are grounded to ensure that in the
event of a fault, the electricity will flow safely to the ground, preventing any harm to
the crew.

2. Routine Inspections: The electrical systems on the ship are regularly in-
spected to ensure that they are in good working condition. This helps prevent fail-
ures that could lead to accidents or power outages.

3.  Fire Prevention: Since electrical systems can pose a fire risk, fire alarms
and fire suppression systems are installed to protect against electrical fires. Crew
members are also trained to respond to electrical fires safely.

4. Proper Training: Crew members are trained to understand the electrical
systems aboard the ship. They are familiar with the location of circuit breakers,
emergency power supplies, and how to safely manage the electrical systems.
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5.  Redundancy: As a backup, many ships have redundant systems in place.
This means there are duplicate power sources, and if one system fails, the other can
take over, ensuring the ship’s operations continue smoothly.

Conclusion

Electricity is an indispensable part of modern ships. It powers the systems that
are essential for navigation, communication, comfort, and safety. The main sources
of electricity on a ship include generators, batteries, and renewable energy. With
carefully designed electrical systems, routine safety measures, and well-trained crew
members, ships can operate safely and efficiently. Understanding how electricity
works on a ship is crucial for ensuring the vessel’s successful operation and the safe-
ty of everyone aboard.
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Electro- and radio-navigation instruments

Volume 1. Introduction

Every vessel is equipped with navigation instruments used to follow a designated
course, select a route, and monitor its location in the open sea, taking into account
changing navigational and hydro-meteorological conditions.

Navigation instruments that operate on electrical energy or are based on radio
engineering principles are respectively called electro-navigation or radio-navigation
instruments.

Electro-navigation instruments include devices that determine a vessel's course and
speed, such as a gyrocompass, autopilot, automatic course plotter, electric log, as
well as systems based on hydroacoustics, including noise direction finders, hydro-
locators, and echo sounders.

All these navigation instruments are installed in the wheelhouse and on the bridges
near it.

Volume 2. Gyrocompas

The most important navigation instrument on a vessel is the compass. A compass is
a device designed to determine the ship's compass course and the direction to visible
landmarks on land or celestial bodies.

In addition to electro-navigation and radio-navigation instruments, ships are also
equipped with magnetic compasses as backup devices. These compasses operate
based on the ability of a magnetic needle, freely rotating around a vertical axis, to
align with the magnetic meridian at any point on the Earth's surface. However, the
steel structures of the ship and the electromagnetic fields generated by its electrical
equipment can cause deviations in the compass needle.

The operation of the gyrocompass is based on the principle of a gyroscope — a
massive spinning disk (a gyroscope) rotated at high speed (over 10,000 RPM) by an
electric motor in a gimbal suspension. The axis of the gyroscope aligns with the true
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(geographical) meridian of the Earth. It is unaffected by magnetic masses or electric
currents from the ship’s equipment.

The primary gyrocompass is installed on the vessel in a special room called the
gyro room, located on the main deck (amidships) near the midship frame.

Volume 3. The autopilot

The autopilot is a system that automatically keeps the vessel on the designated
course. It can change the ship's course according to a previously set command,
ensuring good course stability, reducing yawing in stormy weather, and easing the
helmsman's strenuous work.

The autopilot operates in all weather conditions and sea states. Its main
components, like any automatic system, are the tracking system, actuator motors,
and feedback. These components ensure the automatic activation of the actuator
motor when the vessel deviates from the set course and its deactivation when the
vessel returns to the designated course.

More advanced autopilot systems are electromechanical contactless units with a
combined control panel that integrates the automatic tracking and standard control
circuits. This system provides three types of steering control: a) standard manual
control; b) manual control through the autopilot panel operating in tracking mode;
and c) automatic control when the autopilot is operating in automatic mode.
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Volume 4. Echo sounder

An echo sounder is an instrument that measures the distance from the ship's bottom
to the seabed. It operates on the principle of measuring the time it takes for
ultrasonic vibrations of very high frequency to travel from a transducer mounted on
the ship's bottom to an obstacle (the seabed), reflect off it, and return to the receiver
on the ship. The depth indicator of the echo sounder consists of a rotating disc and a
neon lamp.

When vibrations begin, the lamp is positioned at the zero mark on the scale. When
the reflected vibrations return, the lamp flashes and illuminates the division, which
Is rotated to an angle proportional to the distance to the seabed. Echo sounders
continuously display the depth and can record it onto a tape. Echo sounders can also
map the seabed's topography, detect foreign objects (such as fish shoals or sunken
ships), etc.

The signals, reflected from the obstacle as an echo, are received by the receiver.
The received echo is amplified in the sonar instruments, and the indicator shows the
distance to the obstacle that reflected the signal.

Volume 5. Radio Navigation

Radio navigation is the use of radio engineering principles for vessel navigation. As
Is known, electromagnetic energy (radio waves) has a large range of propagation
from its source. The transmission of radio waves is unaffected by visibility
conditions, reflections from obstacles along the path, and so on. All these properties
make it highly effective to use radio for vessel navigation.

Radio direction finding is the process of determining the direction to a known
transmitting radio station. Using a radio direction finder system connected to a
compass, it is possible to determine the vessel's location at sea when shore
landmarks are not visible, plot the vessel's course, navigate in narrow areas, and
perform other tasks.

A radio rangefinder is a system that determines the distance to known coastal radio
stations. Unlike angular radio navigation instruments, a radio rangefinder measures
not the angle, but the distance (in pulse systems) or the difference in distance (in
phase systems) to two coastal radio stations.
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The distance between the vessel (follower) and the coastal (main) radio stations is
measured by the phase difference of oscillations at a single frequency using special
devices, and is determined by computational devices.

A radar is used to detect objects on the Earth's surface, in the water, and in the air
under conditions of limited visibility (such as in darkness or fog), as well as to
determine the coordinates of these objects.

Volume 6. Epilogue

Modern navigation systems play a key role in ensuring the safety of shipping.
The use of advanced technologies such as radio navigation, echo sounders, radars,
and autopilot systems significantly improves the accuracy and efficiency of vessel
navigation. These instruments help navigators confidently navigate waterways, even
in challenging conditions, ensuring reliability and safety at sea.

Technological advancements in navigation continue to evolve, opening up
new possibilities for safer and more efficient use of maritime transport in the future.

Electromechanics play a crucial role in maintaining and ensuring the proper
functioning of navigation instruments on ships. Their task is to ensure the reliability
and stable operation of systems such as gyrocompasses, radio direction finders, echo
sounders, and autopilot systems. Electromechanics perform regular checks and
calibrations, fix malfunctions, and conduct preventive maintenance. They also
monitor the power supply and wiring, which is critical for the reliable operation of
navigation systems, especially in challenging weather conditions or during long
voyages.

Without skilled electromechanics, the effective use of these high-tech devices
would be impossible, and the safety of navigation would be at risk.
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Marine Engine Parts and Functions

START

The ship's marine engines are considered to be the biggest engines on earth
with massive power to propel a heavy loaded ship. There are different parts of the
marine engine which helps the engine to rotate the crankshaft and propel the ship
from one port to another. Each component plays an important role in powering and
running a marine diesel engine but the engine cannot run unless all components are
in place and are in working condition. The main engine of a seagoing cargo ships are
usually two-stroke internal combustion engines .

The working of the two-stroke engine can be understood from this report for a
marine engineer or a professional working on ships it is vital to know

different engine parts and their function to operate and troubleshoot

when needed. You must have seen the engine inside the machinery room of the
ship covered and assembled with different other auxiliaries.

INSIDE THE INGINE ROOM

It out from its installation and only concentrate on the main engine to under-
stand its different parts. Looking at the exterior of the engine it comprises of the fol-
lowing. AFRAME - A frame it is a fabricated steel structural element. It stands on the
bedplate above the main bearings the a-frame carries the crosshead guides and sup-
port the engine entablature also known as the cylinder block . ENTABLATURE - Entab-
lature is a part of ships main engine which houses the cylinder liner along with this
scavenger space and cooling water spaces. TURBOCHARGER - Turbochargers are heat
recovery equipment helping to enhance the efficiency of the engine by supplying
fresh air they are located near the cylinder block. CHARGE AIR COOLER - cool-
ing arrangement for air supplied from the turbocharger before sending it to the com-
bustion chamber. It is usually located below the turbocharger and adjacent to the
scavenge space. SCAVENGE TRUNK - Scavenge trunk - scavenge trunk is a
space where the cooled air from the charge air cooler is supplied for efficient com-
bustion. CYLINDER - Cylinder head - It acts as a lid of the combustion chamber
and supports the exhaust wall and fuel injectors necessary for operation. EXHAUST
VALVE & FUEL INJECTOR - Exhaust Vall - The exhaust wall helps to draw out
the exhaust gases post the combustion process. EXHAUST TRUNK - Exhaust
trunk the exhaust drawn out of the exhaust wall is then transferred to the exhaust
trunk from where it strikes the turbine blades of the turbocharger for heat recovery.
It is located in between the cylinder head and turbocharger unit. So these are the
basic components which can be seen from outside of the engine. Now let's dive in-
side the engine to understand different rotating and moving parts that are involved in
the propulsion process that is the movement of the propeller. Liner it provides a du-
rable and heat-resistant combustion chamber preventing combustion products from
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escaping into the engine itself. It is located at the top side of the entablature. Piston -
- piston is used to convert the force of expanding gasses into mechanical energy dur-
ing the process of combustion. It moves inside the liner and is connected to the cross
head by piston rod. PISTON RINGS - It seal the piston therefore sealing the com-
bustion chamber preventing gases from leaking into the piston and surrounding are-
as. PISTON ROD - it carries the piston and connects it to the crosshead where the
motion transfer takes place. STUFFING BOX - the crankcase is separated from the
cylinder and scavenge space by a diaphragm plate on a two stroke crosshead engine.
The piston rod passes through a stuffing box which is bolted into this diaphragm
plate. The stuffing box contains a series of scraper rings and sealing rings to seal and
separate these two spaces.

SCRAPPER SEALING

CROSSHEAD - A reciprocating block which usually slides in guides and is
the connecting point for piston rod and the connecting rod in a low-speed two-stroke
diesel engine. CONNECTING ROD - The connecting rod is fitted between the
crosshead and the crankshaft. It transmits the firing force and together with the
crankshaft convert the reciprocating motion to a rotary motion. CRANKSHAFT - It
Is the main component behind transmitting power to the propeller shaft. The crank-
shaft on the large modern two-stroke marine diesel engine can weigh over 300
tonnes they are too big to make as a single unit and so are constructed by joining to-
gether individual forging. CAMSHAFT - The camshaft carries the cams which op-
erates the fuel pumps and exhaust valves. Because this operate once every cycle of
the engine, the camshaft on a two-stroke engine rotates at the same speed as the
crankshaft. Gear drive - Camshafts are driven either by gears or chains. In the case
of gear drive a train of gear wheel is fitted which transmits the drive from the crank-
shaft to the camshaft.

THE PURPOSE AND NEED FOR AUTONOMOUS ENERGY SYSTEM

Energy systems are evolving toward automation and intelligence. With the rap-
id growth of solar, wind, batteries, electric vehicles, and smart buildings, managing
an increasingly complex grid requires real-time coordination. This shift is driving
utilities to adopt a decentralized approach.

The National Renewable Energy Laboratory is developing Autonomous Ener-
gy Systems (AES) to integrate and manage diverse energy resources through auto-
mation. AES replaces centralized management with adaptive, modular controls,
scaling to millions of generation points and billions of devices.

Why AES matters:

« Autonomously balances electricity supply and demand in real time.

« Enhances grid resilience by adapting to disturbances and failures.

« Optimizes energy generation, transmission, and distribution for effi-
ciency and cost savings.
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« Empowers communities to influence local energy decisions, making
power more sustainable and affordable.
AES addresses today’s urgent energy challenges while ensuring reliability and
sustainability for the future.

EMERGENCY GENERATOR DESING FEATURES

The first consideration when installing an emergency generator is the environ-
ment in which it will be placed. Typically, the emergency generator will be stored in
an enclosed room that is clean and provides adequate ventilation, as fresh air is es-
sential for combustion. The room will generally be heated, with options for heating
the room itself, the jacket water system, or the oil system. In most cases, it is the
jacket water system that is heated, ensuring that the engine remains in a constant
state of readiness. This is crucial, as starting a cold engine under load can potentially
cause damage.

The emergency generator is placed in a separate room to minimize its exposure
to surrounding areas. For instance, on a ship, if an emergency generator is installed
in the engine room and an incident occurs, such as striking an iceberg that causes the
engine room to flood, the generator could become submerged and inoperable. To
avoid such scenarios, emergency generators are typically not located in the engine
room.

In a power station, the emergency generator is usually housed in a compartment
distinct from the main building, the boiler house, or the turbine house, or it may be
positioned a distance away (e.g., 50 meters or approximately 150 feet). This ensures
that the generator is protected in the event of damage to any of these structures.

On ships, where the environment can constantly change, the installation of
emergency generators must take into account the possibility of flooding. For exam-
ple, emergency generators are not positioned below the waterline at the front of the
ship, where they could be affected in the event of flooding. Ships are equipped with
a collision bulkhead, a continuous, unbroken barrier that extends from the keel to the
top of the vessel. This bulkhead prevents water from spreading to compartments be-
hind it in the event of a collision or impact at the front of the ship, such as with an-
other vessel or iceberg.

Emergency generators must be placed behind the collision bulkhead, above the
waterline, to ensure their functionality in case of flooding. Additionally, the genera-
tor must be accessible from an open deck, meaning it should not require entry into
the vessel to be accessed. This design feature is particularly important in emergency
situations, such as fires, where the generator must remain accessible and operable,
even if other areas of the ship, like the engine room, are compromised.
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Primary Responsibilities of Marine Electro-Mechanics

Marine electro-mechanics, also known as ship electricians, play a pivotal role
in ensuring the safe and efficient operation of a vessel’s electrical systems. Their ex-
pertise encompasses the maintenance, repair, and oversight of all electrical equip-
ment on board, which is crucial for the vessel’s operational integrity and safety. Be-
low is an in-depth overview of their primary responsibilities:

1. Maintenance and Repair of Electrical Equipment

Marine electro-mechanics are responsible for the upkeep of various electrical
components, including:

* Main and Emergency Switchboards: Regular inspections and maintenance to
ensure proper functionality.

* Generators and Motors: Routine checks and servicing to guarantee efficient
operation.

* Control Systems and Fuses: Monitoring and replacing faulty components as
needed.

They must also conduct insulation resistance measurements and maintain de-
tailed records to prevent electrical failures.

2. Management of Alarm, Monitoring, and Communication Systems

Ensuring that all alarm systems, monitoring devices, and communication net-
works are operational is vital for the safety and coordination of the crew. This in-
cludes regular testing and prompt repairs to address any issues.

3. Oversight of Welding Equipment Maintaining and controlling electric arc
welding equipment is essential for various repair tasks on the vessel. Proper man-
agement ensures safety and reliability during welding operations.

4. Inspection of Galley and Pantry Appliances

Regular checks of kitchen appliances and pantry equipment are necessary to
ensure they function safely and efficiently, contributing to the overall well-being of
the crew.

5. Inventory Management

Keeping an updated inventory of electrical spare parts, tools, and consumables
is crucial for timely maintenance and emergency repairs. This proactive approach
minimizes downtime and enhances operational efficiency.

6. Documentation and Record-Keeping

Accurate documentation of maintenance activities, repairs, and inspections is
essential. Maintaining comprehensive records ensures compliance with safety regu-
lations and facilitates efficient troubleshooting.

7. Assistance in Planning Maintenance Schedules

Collaborating with the Chief Engineer to develop repair lists and planned
maintenance schedules ensures that all electrical systems receive timely attention,
thereby preventing potential failures.

8. Support in Mechanical Repairs
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Providing assistance in mechanical repairs as directed by the Chief Engineer
demonstrates the versatility and collaborative spirit required in marine operations.

9. Adherence to Safety Protocols

Strict compliance with safety regulations, including the isolation of electrical
equipment before maintenance and the posting of warning notices, is mandatory to
prevent accidents and ensure the safety of all personnel on board.

10. Training and Supervision Marine electro-mechanics are often responsible
for training junior crew members on the proper use and maintenance of electrical
systems, fostering a culture of safety and competence.

Conclusion

The role of a marine electro-mechanic is integral to the smooth and safe opera-
tion of a vessel. Their extensive responsibilities require a deep understanding of
electrical systems, meticulous attention to detail, and a steadfast commitment to
safety protocols. By effectively managing the vessel’s electrical infrastructure, they
ensure not only the operational efficiency of the ship but also the safety and well-
being of the entire crew.
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Ferry fuel savings

While the efficiency of ships in general has become a hot topic in recent years,

the need to reduce fuel costs is perhaps more urgent in the ferry sector of the

marine industry than anywhere else due the operating patterns of these vessels
Ferries often have relatively high installed power, making this segment of maritime

transport a direct competitor with other modes of transportation, such as road, rail,
and air. Consequently, rising fuel costs can significantly affect profitability and may
drive a shift away from maritime travel. This shift would be problematic, as there is
a shared need to move both passengers and cargo from congested road and rail net-
works to more efficient sea routes.

Although oil prices are currently lower than they were last year, they are expected
to rise again in the future. As a result, the focus on fuel savings remains strong, and
taking advantage of every available cost-reduction strategy is crucial for staying
competitive in this highly challenging sector.

Pollution is another key concern. Ferries frequently operate near the coast and
dock in densely populated areas, facing considerable public pressure to lower their
exhaust emissions. This intensifies the need to reduce power consumption.

Multiple specifications

Ferries typically run on short routes with set itineraries and regular schedules. Their
speed is adjusted to match each route, ensuring the desired departure and arrival
times are met. The primary factors influencing a ship's power demand are speed and
displacement. Conventional ferries usually operate with Froude numbers ranging
from 0.25 to 0.35.

The relatively high speeds of displacement-type vessels make hydrodynamic opti-
mization especially crucial. To minimize water resistance, the block coefficient of
these vessels should be kept low.

Using lightweight structures is advantageous, as the lightship weight (LWT) con-
stitutes a significant portion of a ferry's total displacement. Optimizing the main di-
mensions is crucial in the early stages of ferry design. Extending the hull can sub-
stantially lower power demand, as demonstrated by the benefits of adding a ducktail
to increase the effective waterline length. Other stern modifications, such as trim
wedges and interceptors, can also produce excellent results. For fast monohulls and
catamarans operating in semi-displacement mode, weight reduction becomes even
more critical.

Reducing appendage drag
Ferries typically feature a shallow draft and often use twin screw propulsion. The
two shaft lines generate considerable drag, making the design of appendages signifi-

173



cantly influence power requirements. Alternative setups include pairing a central
shaft line in the skeg with either a single pulling thruster to form a contra-rotating
propeller (CRP) pair, or twin pulling thrusters positioned on either side of the central
propeller. These configurations can improve efficiency by 8-15% compared to tradi-
tional twin shaft systems.

Both configurations gain from the decreased resistance achieved by replacing twin
shaft lines with a center skeg propeller and pulling thruster. Since appendages in a
twin-shaft ferry can account for up to 20% of the vessel's resistance, significant sav-
ings can be realized by eliminating open shaft lines.

The CRP concept enhances propulsion efficiency by recovering rotational losses
and utilizing the more favorable wake field behind the center skeg. However, a limi-
tation of the CRP setup is the presence of only a single steering mechanism.

The Wing Thruster concept addresses this limitation by using two pulling thrusters,
one positioned on each side of the central shaft. This arrangement also enhances
propulsion efficiency due to reduced propeller loading and a favorable wake for the
central propeller, resulting in high hull efficiency.

Stern arrangement of wing thrusters and contrarotating centre line propellers
The pulling thruster propellers benefit from clean wake fields, allowing the blades
to perform near their optimal design conditions during each rotation, which ensures
high propeller efficiency.

The next advancement in this approach is to integrate both the CRP and Wing
Thruster concepts into a single vessel.

Challenging operational schedules

The optimal implementation of these advanced propulsion solutions involves using
combined diesel-electric and diesel-mechanical (CODED) systems. An electric
power plant provides high efficiency at low speeds and during maneuvers, while a
mechanical booster— the center propeller—engages at cruising speeds, offering
minimal transmission losses.

This setup is particularly well-suited for ferries that operate on routes with shallow
waters and speed restrictions. These conditions create an operating profile with a
wide range of modes, making optimization more complex. Therefore, flexible ma-
chinery that performs efficiently across various power output levels is the preferred
solution.

Since ferries frequently make port calls, minimizing turnaround time in port enables
a significant reduction in cruising speed. Therefore, effective maneuvering and effi-
cient cargo handling are crucial. The freight handling equipment on ferries should be
tailored to the cargo mix of the intended route, influencing the choice between a
drive-through loading system or a pure stern ramp configuration. In either case, wide
ramps and clear, straight lanes are essential for fast turnaround operations.

The requirement for speed also affects the decision to include a lower RoRo hold on
a vessel. While this feature boosts the ferry's payload capacity, it slows down port
operations. In many instances, investing in port infrastructure is a more advanta-
geous option.
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Cargo handling with two-level link spans can be completed much faster than with
single-level ramps.

High-power tunnel thrusters provide excellent maneuverability, helping to reduce
time spent in port. They are often installed at the stern to offer extra side thrust.
When a CRP or Wing Thruster system is used, it not only boosts propulsion effi-
ciency but also improves maneuvering, contributing to shorter turnaround times in
port.

Reducing the hotel load
A ferry's payload is divided into two main categories: passenger facilities and RoRo
spaces.

The balance between passenger and cargo areas influences the vessel's design and
optimization. Since extensive passenger areas lead to high hotel loads, reducing
power consumption through energy-efficient lighting, smart HVAC systems, and
well-designed galley operations can yield significant energy savings.

The significant fluctuations in propulsion power demand throughout a voyage make
frequency-controlled pumps a valuable choice for many auxiliary systems. This is
especially relevant for ferries operating in climates much cooler than the maximum
temperatures considered when sizing the vessel's systems.

Because ferries navigate diverse routes with varying cargo loads and need to satisfy
different passenger expectations, they are designed to meet specific operator re-
quirements. An effective ship designer should customize the entire vessel concept to
achieve maximum efficiency in fulfilling its intended purpose.

The efficient cruise ferry

Wirtsila has developed a cruise ferry concept aimed at maximizing efficiency and
minimizing emissions, while also delivering a premium experience for passengers.
This ferry, with a gross tonnage of approximately 58,000 tons, features an extended
waterline length, resulting in a sleek hull design that reduces resistance.

The ferry's propulsion utilizes the Wing Thruster concept, which reduces power
demand. An EnergoPac rudder is positioned behind the center propeller to enhance
efficiency further. The machinery features a CODED setup, combining electric drive
for the two pulling thrusters and mechanical drive for the center-line propeller. Pow-
er is supplied by six Wirtsild SODF engines, primarily running on LNG.

This configuration not only significantly reduces emissions but also lowers onboard
energy demand. The low temperature of LNG can be utilized to cool the air-
conditioning systems, minimizing the need for compressors. Additionally, there is
no need for I-1FO tank or trace heating. LNG is particularly suitable for ferries that
operate on consistent routes with regular schedules, as organizing bunkering logis-
tics is simpler.

Wind energy is used to further decrease power demand by providing additional
thrust. The four Flettner rotors—three integrated into the funnel and one on the for-
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ward mast—generate more lift than traditional sails and can operate effectively at
small angles of attack, which is crucial for a ferry traveling at relatively high speeds.

It is important to note that wind power offers the greatest benefits in areas where the
vessel runs at reduced speeds.

Efficiency is boosted even more by incorporating variable speed pumps and fans,
along with waste heat recovery (WHR) systems to produce extra electrical power.
Compared to a traditional ferry built for the same purpose, estimates suggest that
this Wirtsilé ferry concept achieves energy savings of over 30%.
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Ko3zak C.B.
Hamionanpauit yHiBepcuteT «Ojiechbka MOPChKa akaJaeMishy

@®opMyBAHHA KPUTHYHOTO CTHJIIO Mi3HABAJIBHOI AilNILHOCTI CTY/I€HTIB,
TEXHIYHOT0 BY3Yy Il 4aC BUBYEHHS AHTJIIHCbKOI MOBH.

VY mpotieci HaBYaHHSA 1HO3€MHOI MOBH B TEXHIYHOMY BY31 HE0OXiIHO (popmyBa-
TH HE TUTBKU KOHKPETHI 3HaHHS, aje OCOOMCTICHI Ta mpodeciitHO 3HAUyIIl JIJIs BU-
IyCKHHMKA T13HABAJIbHI BMIHHS, 110 MOEAHYIOTHCS TEPMIHOM «KPUTHYHUN CTUJIb TIi-
3HABAJIBHOI AISUTBHOCT1», MOXKJIMBICTh 3aCTOCYBAHHS SKUX JYy>K€ BaXKJIMBA HE TUIbKU
IIpU HaBYaHHI 1HO3eMHOI MOBH.

Kputrnunuit cTuiib mi3HaBaidbHOL JISTLHOCTI nepeadadae (opMyBaHHS Y JIFOIU-
HU YMiHb 1 HABUYOK CBOEPIAHOTO BUAY AISUTBHOCTI, KM OTpUMAaB y MCHUXOJIOTIT Ta
MeJarorii Ha3By pe(IeKCUBHO — OIIIHOYHOI — 0COOHMBOT (DOPMU JIFOJICHKOI JTIsITb-
HOCTI, 1110 Mae€ JJIA HEl )KUTTEBO BaXXJIMBE 3HaueHHA. Ha myMKy psiay TOCHIIHHKIB,
MOHSITTS «OI[IHHA JisUTbHICTBY [ 1, C. 21 ] MOKHA BH3HAYWTH, SIK aKTUBHA B3a€MOJIis
JIOJIMHU 3 HABKOJIMILIHIM CBITOM, CIPSIMOBaHE Ha BUSBJICHHA ii AKICHOT HEOJHOPI]I-
HOCTI 3 TOYKU 30py HAsIBHOCTI a00 BIJCYTHOCTI JKMTTEBO BAXJIMBUX I[IHHOCTEH, a
TaKOX Ha BUOIp 3 LIUX LIHHOCTEN THX, K1 € JIJIs1 JIFOJUHU HAOUIbII aKTyalbHUMHU.

Bu3HaueHHs1 KpUTUYHOTO CTUJIIO MI3HABAIBHOI JISIIBHOCTI Ta ii (popMyBaHHS, 1
PO3BUTOK HabaraTo AOKIAAHINIE TOCTIIKEHO y 3apyOKHIM Menarorii, a BITYM3HS-
HOI — HaBITh TEPMIH «KPUTUYHUN CTHJIb MI3HABAJIBHOI JISIILHOCTI» BHKOPUCTOBY-
€TbCs AOCUTH pijko. [ 2, €.80 ]

B 1iHO3eMHii JiTepaTypi Aa€ThCsl BUSHAYCHHS] KPUTUYHOTO MUCIICHHS K «BUKO-
PUCTaHHSI TaKWX HABHYOK 1 CTpaTeriil, siki 30UIbIIYIOTh WMOBIPHICTh OTPUMAaHHS
O0aXaHOTO pe3yNbTaTy», a TaKOX BU3HAYAE TPU OCHOBHI XapaKTEPUCTUKU KPUTUY-
HOTO CTHJIIO Mi3HABAJIBHOI AiSUTBHOCTI: BUBAXKCHICTb, JIOTIUYHICTD, I[iIb.[ 3, C.46]

OcraHH1 KiIbKa AECATUIITh KPUTUYHUN CTWIb MI3HABAJIBHOI JISUIBHOCTI CTaB
00'€eKTOM BHUBYEHHS MENAroriyHoOi HAyKW. Y MeAaroriil KPUTUYHICTh MUCIEHHS,
3IaTHICTH JI0 KpUTUHIHUX MIPKyBaHb, TBOPUICTH € CKJIaJIOBUMH XapaKTCPUCTUKAMH Y
npodeciiiHiil AiSIBHOCTI CY4acHOTO BUKJIaAaya.

YacTo 0co0JMBICTH KPUTUYHOTO CTHIIIO MI3HABAIBHOL AiSUIBHOCTI MOB'SI3YIOTH 31
c(hOPMOBAHICTIO Yy JIIOAWMHU CIEIiaJbHUX KOTHITUBHUX YMIHb 1 HaBUYOK Ta TO-
TOBHICTIO J0 AaKTUBHOIO iX BHUKOPHMCTaHHS Yy BJIaCHIA mJisibHOCTI. HeoOximHo
BHUJIUTUTH TaKi SKOCTI, III0 BU3HAYAIOTh KPUTHUYHHHA CTHIIb MUCICHHS:

1. HarmineHicte Ha KOHCTPYKTMBHMM Jiajor 3 TMapTHEpPaMH, 3/IaTHICTh
BiJICTOIOBATH CBOIO TOUKY 30py HE3aJICKHO B AYMKH OTOUYYIOYMX, 3HATH 11 HECIpa-
BEJJTMBOIO TIPH MPE' IBJICHHI OTIOHEHTOM apTyMEHTOBAaHUX KOHTP/IOKA31B.

2. HarineHicTe Ha caMOJIarHOCTUKY 070 C(HOPMOBAHOCTI PI3HUX YMIHbB 1 SIKO-
CTeH 3 ypaxyBaHHSM MOPIBHSHHS CBOiX pe3yJbTaTIB 13 3aJJaHUMHU CTaHJAPTAMH.

3. Bigkputicts HOBOi iHGOpMAaIlli Ta HECTAHJIAPTHUM CIIOCOO0aM BHPIIICHHS T10-
CTaBJICHUX 3aBJaHb Ta IPUHHATTS PIllICHb.

4. HanuieHiCTh Ha HENPUUHATTSA Ha Bipy 1HQoOpMaIli, 10 HAAXOAUTh, Ha ii
BCEOIUHMI aHasi3 1 OCMUCJICHHS, Ha BUSBJICHHS BHYTPIIIHIX OCOOJIMBOCTEH 1 MpHU-
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YUH TOTO YU 1HIIOTO XapakTepy mepediry pi3HUX SIBUI, HE TOCTYNHHUX MpH Oe3mo-
CEpEeIHbOMY CIPUMHSTTI, 110 BUMAraloTh INIMOOKOTO aHaMi3y.

KputndHo MuCIsIgii JIFOAMHI BIACTHBI:

— l'oToBHICTH 10 T1aHyBaHHS. «Il1aHyBaHHS — nepui 1 Ty>Ke BaXJIMBUI HEBU-
JTUMUN KPOK A0 KPUTUYHOTO MUCIICHHSD.

- ['HyukicTh MucienHs. «['Hydka mo3ullisi BKJIIOUYa€ TOTOBHICTh PO3TJISIATH HOBI
BapiaHTH, HAMararo4rch 3pOOUTH IIOCH 1HAKIIIE, 3MIHIOBATH CBOIO TOUKY 30PY».

- HanonermusicTh. «3 HAMOJICTJIMBICTIO TICHO TOB's3aHa TOTOBHICThH B3STUCS 3a
PO3B'sI3aHHS 3a/1a4i, KA MOTpeOye HanpyKeHHS po3ymy». [ 4, ¢.38 |

— 'OTOBHICTH BUTIPABIISITH CBOT TOMUWJIKH. «JlyMarouu Jit0/1u, PUCTYXaIOThCS 10
AYMKH OTOYYIOUHX, MPArHyTh 3pO3yMITH, Y YOMY BOHM HE MAlOTh palii 1 3HaUTH
MPUYMHA TOMIWIKH. Taki JIFoA1 MOKYTh BU3HATH CBOI CTpaTerii J1i Hee(peKTUBHUMU
Ta BIAKUHYTH iX, 0OMpAarOYu HOBI Ta BIOCKOHAIIOIOYM CBOE MUCIEHH».[ 4, ¢.42 ]

- YcBigomiieHHs. BoHo Mae Ha yBasi CIIOCTEPEKEHHS 32 BIACHUMH JIISAMH TIPU
MPOCYBaHHI 0 MeTH. KpUTHYHO MUCHSAY1 JIOU PO3BUBAIOTH 3BUUKY JI0 CAMOCBI1I0-
MOCTI BJIaCHOTO PO3yMOBOTO MPOIIECY.

- [Tomyk xoMmpomicHUX pimieHb. KpUTHUHO MUCTISIYIN JTIOIMHI HEOOX1THO MaTH
K 100pe pO3BUHEH1 KOMYHIKAaTUBHI HABUYKHU, TAK 1 BMIHHS 3HAXOAUTH PIlLICHHS, K1
MOTJIH O 3aJ0BOJILHUTH OUIBIIICTb.

bararo aBTOpiB BUAUIAIOTH K HaWOLIBII 3HAYYII TaKi IKOCTI KPUTUYHOTO CTH-
JII0 Mi3HABAJIbHOI JIISUIBHOCTI BUKJIajaya, 110 Mpalloe B PI3HUX HABYAIBHUX 3aKJa-
nax:

— BCEOIYHMH, PI3HOIIJIAHOBUM aHaI13 00'€KTIB 1 MPOIIECIB, 1110 BUBYAIOTHCS, JOKA-
30BICTh 1 OOIPYHTOBaHICTh MIpKYBaHb;

— NUHAMIYHICTh TOTJISA/IIB, BMIHHS KPUTUYHO MiAINTH SK JI0 BJIACHUX BUCHOBKIB,
TaK 1 0 pI3HOTO POAY JKEpeJl 30BHIIIHLOI 1H(pOpMaIlii; BMIHHSA T00AUYUTH B 00'€KTI
YU TMPOIECi TaKi HOTo BJIIACTUBOCTI Ta OCOOJMBOCTI, SIKI HEMOMITHI IIPH MOBEPXHE-
BOMY aHai3l1;

— YCBIJIOMJICHHSI BUKJIAJ[a4€M HACTYIMHOCTI MEAAroriyHOro 3HaHHS, K€ MPOTHU-
CTOITh HITITICTUYHOMY CTABJICHHIO JIO JIOCBIJly MUHYJIOTO, 3alI€PEUCHHS [[IHHOCTEH,
SIKUMH OBOJIO1TH TIOTIEPETH] TTOKOIIHHS;

- TIparHCHHS 3HAWTH CHUIBHICTH, 3aKOHOMIPHICTH, 3B'S30K a00 B3a€MO3B'S30K
(dakTiB 1 MOAIH, MO CIIOCTEPIralOThCs OE3MOCEPEIHBO Y BIACHIN MeJaroriyii mis-
JBHOCTI, Y PI3HOMaHITHUX HAyKOBUX, HAYKOBO - MPAKTUYHUX, HAYKOBO - TOIMYJISAP-
HUX Ta IHIIUX MyOJiKalisgx 3 mpoOjieM HaBYAHHS 1 BUXOBAHHS, BUSIBUTH NMPUUYUHU
TOT'0 UM 1HILIOTO iX mepeoiry.

OTxe, HABYATH CTYACHTIB KPUTUYHOTO MHUCIICHHS O3Hadae (hOpMyBaHHS B HHX
JaHUX SKOCTEH, TOOTO. 3 OJHOTO OOKY, 1€ PO3BHUTOK HABHYOK KPUTHYHOTO CTHIIIO
M3HABAIBHOI JISTIBHOCTI, a 3 1HIIOTO — BUXOBAHHS CXUJIBLHOCTI, JI0 TAKOTO BUIY PO-
3yYMOBOI1 JiSTTBHOCTI.

PosrasiHemMo, sik Tpy BUBUEHHI CTYACHTaAMH 1HO3€MHOT MOBU (DOPMYETHCS KpHU-
TAUYHUN CTWIb MI3HABAIBHOI MisUTbHOCTI. Taki cuTyallii BUHUKAIOTh, KOJHU CTYJICH-
TaM JTOBOAWTHCS BU3HAYATH PI3HUINI0 Y CMHCIOBUX BIIHOCHUHAX, SIKI BUPAXKEHI OJI-
HUM 1 TUM CaMUM TEPMIHOM.
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Hanpuxnan: sentence — mpono3uisi. Can you translate this sentence? sentence-
BUpOK. Bin OyB oTpumanuii sentence of years.

Jlesiki miecioBa MOXKYTh BUKOHYBaTH pi3Hi QyHkuii. Hanpukian, miecioBo to
do:

1. cMUcCnoBUM A1€CIOBO-POOUTH, BUKOHYBATH.

Uu € Bce,sika Moke OyTH 1715t Bac?

2. noromixkue aieciioBo-They do not believe us.
3. TOCWJICHHS 3HAYCHHS il

— Do stay and have a dinner with us.

4. 3aMiICTh IHILIOTO Ji€CIOBAa, MO0 YHUKHYTH MOBTOPEHHS I[hOro JiecioBa He
works as much as | do.

["oBoOpsTYM TIPO MOKIMBOCTI (POPMYBaHHS KPUTHUIHOTO MHUCIICHHS CTYJECHTIB MPH
HAaBYaHHI 1HO3€MHOI MOBM HE MO’KHAa HE€ BIJA3HAYUTH HACTYNHOI Ba)JHMBOL
00CTaBHHHU: SIKICHE 3aCBOEHHS aHTJIIMCHKOT MOBY BHMarae 1 iependadae po3MilieHHS
aKIICHTIB TMIPH MIEpeKIaal ASSIKUX BUPA3iB, HE MOB'SI3aHUX 0€3MOcepeHhO 3 KOHTEKC-
TOM.

PosrasiHeMo 11e Kijgbka MPUKIAAIB, sIKI O Cpusiiu (GOPMYBaHHIO KPUTHUHOTO
CTHJTIO M3HABAIBHOT AISTILHOCTI CTYACHTIB:

1. It was not a device.

2. It was no device.

I'pamatraHo B 000X BHITaJKaxX BCE BKUTO MPABUIIBHO, ajie HEBEIHMKA PI3HUI B
MepeKiajiax BCe-TaKu €: y TMEpIIOMY BapiaHTI MU MIJIKPECIIOEMO, IO «iie OyB He
npuiaaay (a mock iHIIe); y APYyroMy BapiaHTi MU CTBEPIXKYEMO, 1110 "HE OyJIO HisIKO-
ro npuiagy".

VY HacTynmHUX BIIpaBax yBara CTYACHTIB CIPSMOBaHA HA PI3HUIIO Y MEpPEKIIai
CJIB 3 pi3HUMHU cy(ikcamu a00 3HAYCHHSIMU:

A) To compete — competition — competitive — competence

1. Students will get ... in a wide range of skills.

2. Professional athletes may ... at the Olympic Games.

3. Some US industries are not as ...as in these discussions.

4. Are you thinking of taking partin ... ?

b) To mean — meaning — means — by means of

1. I know what it means to be alone in a foreign country.

2. The expression has two different meanings in English.

3. Video is an excellent means of bringing living language into classroom.

4. The easiest way of producing hydrogen 3 Bojau € Metonu elec trolysis.

B) cnoBa, ski yacTo BxKMBartOTh HeNpaBuiIbLHO (Words often con fused)

Good — well

1. Their children are always good when they go out.

2. He speaks Russian very well.

To affect — effect

1. Famous people can affect lives of young people.

2. The effects of pollution can be seen all over the world.

Hard — hardly

1. Tom found the exam very hard, that's why he failed it.
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2. It was so hot last night that | hardly slept at all.

To bring - to take

1. Bring me those files, please.

2. Will you take the rubbish out when you leave, please?

VY 11p0My TakoX Jay’Ke€ KOPHUCHI BIpPaBU BU3HAYCHHS BIJMOBIIHOCTI YU HEBIIIO-
Bi,ZIHOCTi BucOBIIOBaHbL: «False» un «Truey. CTy,IIeHTI/I [IOBUHHI MpOYUTATHU TCKCT
Ta BU3HAYUTH, SIKI POTO3HUIIIT € ICTHHHUMH Y1 XUOHUMH.

Write true (T) a6o no true (F). «This is how you test the properties of the materi-
al. You put the material into the multi —test machine. Then the machine does four
tests on it. In the first test, a hammer strikes the material with a 50 kg weight. In the
second test, two parts of jaws pull the material with a weight of 80 kg. In the third
test, a heavy weight of 100 kg presses the material down. In the fourth test, two
sharp knives scratch the material with weights of 10 and 20 kg».

1. You should test the multi — test machine.

2. The machine does five tests.

3. A hammer strikes the material with a 50 kg weight.

4. In the second test, two knives scratch the material.

JlaHi BripaBu cripsiMoBaH1 Ha ()OPMYBaHHS Y CTYACHTIB KPUTUYHOTO CTUIIIO ITi-
3HAaBAJIbHOI AisUIBHOCTI. He MeHIl BakJIMBUM € Takoxk (OpMyBaHHS y CTYICHTIB
YMiHb BUCJIOBJIIOBATH BJIACHI OLIHOYHI CY/PKEHHS aHTJIIHCHKOIO MOBOIO SIK HalBaX-
JUBILIMNA TPUIOM PO3BUTKY KPUTUYHOTO CTUIIIO B MPOILIECI AKTUBHOI AISUIBHOCTI. Y
3B'SI3KY 3 IIUM HEOOX1JHO BKJIIOUUTH JI0 BUBYCHHS HABUAJIILHOTO MaTepiaiy crellia-
JIbHY JIEKCUKY (MOBJICHHEBI KIIIIIE) OI[IHOYHOI CIPSIMOBAHOCTI, HAIPUKJIA!

—to my mind — Ha MO0 TyMKY ...

— in my opinion — Ha MOIO TyMKY...

— from the point of view — 3 nornsny...

— as far as [ know — HaCKUJIbKM MEHI BIJIOMO. ..

— as far as [ can judge — HacKUIbKHU S MOXKY CYJIUTH ...

— for all | know — HackibKH s 3HAO ...

—to agree with — moroauTucs 3 ...

— to be wrong — Oytu HerpaBuMm.

— I'll start by saying that — mouny 3 Toro, 110 ...

- as | see it - Ha MI1# TTOTJIALT ...

— I don't think — s He gymaro ...

— as far as | can see — HaCKIJIBLKH 51 pO3YMIIO ...

— on the one hand — 3 ogHOrO GOKY ...

— on the other hand — 3 inmoro Goky ...

JlaH1 MOBHI KITillIe MOKHA BUKOPUCTOBYBATH B PI3HUX BUJAX HABYAIBHOIL JisIb-
HOCTI: MiHI KOH(EPEHIIISX, TUCITyTaX, MPE3CHTAIIIsX, POJIbOBUX ITpax, sIKi CIPUSIOThH
(hopMyBaHHIO PI3HUX KOMIIOHEHTIB KPUTUYHOTO CTHIIIO Mi3HABAILHOI JA1STTBHOCTI.

VY upomy cxema poOOTH 31 CTYJAEHTaAMU TaKa: MPECTaBICHHS CTYACHTY MOBHHUX
KJIII€ OLIIHOYHO — pedIECKCUBHOI CIIPSIMOBAHOCTI; BIPAaBU Ha CaMOCTiiiHE BUKOPHC-
TaHHS [UX KJIiIIe; BIPaBH, 110 MPOMNOHYIOTH CAMOCTIHHE BUPAXEHHS CTyICHTaMHU
CBOIX OLIIHOYHHX CYJK€Hb Y MIHI-KOH(EPEHLIAX, TUCIyTax, CEMIHapax TOILIO.
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Takum 9MHOM, KPUTUIHUIN CTUIJIH TI3HABAIBHOI ISUTBHOCTI CTYICHTIB MOXe Oy-
TH c(pOPMOBAHUMN Yy YUCII1 1HIIUX HABYAIBHUX JUCITUILIIH Ha OCHOBI 1HO3€MHOI MOBHU
SIK HEeB1'€MHOT CKJIaJIOBOI MIITOTOBKH CTY/ICHTIB TEXHIYHOTO BY3Y.

dopMyBaHHS KPUTHUYHOTO CTUJIIO TMi3HABAJIBHOI JiSUTBHOCTI CTYACHTIB MPU BH-
BUCHHI 1HO3eMHOI MOBHU mependadae 000B'I3KOBE BKJIFOUEHHS CTYJICHTIB JI0 aKTHB-
HOI JISIJIBHOCTI, MOB'I3aHOI 3 HEOOX1JHICTIO BUCJIOBJICHHS HUMH BJIACHHUX OLIIHOYHUX
CYJI’K€Hb aHTJIIHCBHKOI0 MOBOIO 1, 30KpeMa, Ha MaTepiajli MDKIIPEMETHOTO 3MICTY Ta
Ha MaTepiai, MoB'sI3aHOMY 3 MallOyTHBOIO TTPOQECIHHOIO AISITHHICTIO.
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Mnemonic strategies to aid maritime vocabulary and regulation retention

Mnemonics originates from the Greek word meaning "art of memory". It’s
been long recognized as an effective tool for memorization. The more structured and
associative information is, the easier it’s remembered and retained by the brain.
Mnemonic methods are widely used in various disciplines, from language learning
and law to technical subjects. It helps students to retain and recall new vocabulary,
complex concepts and extensive lists, regulations and maintenance checklists, which
makes mnemonics valuable educational tool in teaching both General and Special-
ized English [1].

Considering the specifics of English for Specific Purposes (ESP) teaching, it
should be noted that specialized vocabulary acquisition is a time- and effort-
consuming process since it covers mastering not only technical terms but also an ex-
tensive body of knowledge related to ship structures, engine systems, safety proto-
cols, and international maritime conventions such as SOLAS (International Conven-
tion for the Safety of Life at Sea), MARPOL (International Convention for the Pre-
vention of Pollution from Ships), etc. The challenge lies in ample recalling and ap-
plying this knowledge accurately, particularly in high-stakes situations such as oral
examinations, professional interviews, and at sea.

This is where mnemonics can be particularly relevant and to the point. The
use of mnemonic techniques in teaching Maritime English offers several advantages.
Apart from building associations with the purpose of better memorizing new vocab-
ulary [2], one of highly effective strategies is the creation of stories that can help
long lists and confusing regulations which constitute main part of IMO conventions.
For instance, we can imagine a fictional seafarer who experiences different scenarios
reflecting MARPOL and SOLAS provisions. This character, undergoing realistic
challenges, allows students to associate specific rules with memorable and some-
times hilarious or weird situations. The latter will work as triggers that let students
recall the regulations more easily by referring back to the structured story. Research
has shown that students who learn through mnemonic storytelling show significantly
Improved retention compared to those who rely only on rote memorization [3]. And
which is even more valuable they are able to recall this information even when they
are stressed out during interviews with a future employer. The emotional colouring
of the story makes neural connections stronger, which is a proven fact.

Beyond storytelling, other mnemonic techniques such as acronyms, visualiza-
tion, and association exercises further enhance learning. Acronyms can quickly help
recall lists of items, such as the MARPOL annexes (e.g., "Old Heavy Ships Like
Sailing in Guarded Areas" for Oil Pollution, Harmful Substances in bulk, Noxious
Liquids, Sewage, Garbage, Air pollution). Students can efficiently remember infor-
mation by logically organizing it with the help of visualization techniques, including
mind maps and diagrams.
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However, there should be mentioned some limitations of the application of
mnemonic techniques in ESP. First, they are not almighty. It’s not always possible
to create an association to any term. Another potential drawback is the time required
to develop effective memorization means. Besides, not all students respond equally
well to these methods; some may struggle to create personal associations that are
meaningful to them. [2] Additionally, these educational tools aren’t as effective in
developing speaking skill, so over-reliance on mnemonic strategies may lead stu-
dents to focus on recall rather than application, which can be a challenge when they
are required to adapt their knowledge in dynamic maritime situations.

Nonetheless, the mindful combination of mnemonic techniques with other in-
structional strategies can significantly enhance learning outcomes. A study conduct-
ed among marine engineering students demonstrated the effectiveness of mnemonic-
based learning compared to traditional rote memorization. Before introducing mne-
monics, a pre-test assessed students’ ability to recall MARPOL and SOLAS provi-
sions. After incorporating mnemonic strategies such as storytelling, visualization,
and association exercises, students demonstrated great improvement in retention and
recall. In professional settings, such as job interviews, students found it much easier
to recollect professional information when they linked concepts to the mnemonic as-
sociations developed during their training.

To make the integration of mnemonics in teaching Maritime English effective,
students should be encouraged to adapt their memory aids according to their learn-
ing styles and channels. Further practical activities, like group discussions, role-
playing activities, and collaborative exercises can reinforce memory retention and
level up their confidence to use it effectively in real-world maritime contexts.

In conclusion, it should be noted that no technique is a panacea. Conscious
and individualized approach to enhancing memory retention and engagement in the
learning process can significantly improve students’ ability to recall complex regula-
tions, technical vocabulary, and industry standards. As maritime regulations contin-
ue to evolve, the necessity to memorize and apply critical information will always
remain essential to guarantee safe and efficient work at sea.
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Artificial Intelligence in Maritime Industry: Revolutionizing Automation and
Navigation

Artificial intelligence (Al) is significantly transforming the maritime industry,
unlocking new prospects for unmanned automation in shipping. Its application spans
Innovative aspects such as route optimization, fuel cost reduction, emission control,
and enhanced safety during navigation. For instance, Performance Routing algo-
rithms can instantly improve fleet sustainability and achieve significant economic
benefits from day one of implementation. These technologies influence all aspects of
modern seafaring.

Machine learning techniques, including transfer learning, are used to develop
models that can quickly analyze complex situations. This approach enables vessel
identification and classification, big data analysis, and effective decision-making.
Deep neural networks (DNNs) play a crucial role in this technology by providing
high-performance mathematical modeling and training multiple hidden layers. They
are applied in pattern recognition, collision avoidance, and maritime risk manage-
ment.

In the shipping industry, researchers have developed an algorithm for responding
to hazardous waves and route planning. Singapore Management University, in col-
laboration with Fujitsu and A*STAR’s Institute of High-Performance Computing
(IHPC), conducted studies on Al-based vessel traffic management in Singapore’s
ports and the Singapore and Malacca Straits. Their research led to real-data-driven
technologies that enhance congestion forecasting and collision detection. The goal is
to create a next-generation maritime traffic coordination system, akin to air traffic
control.

Singapore’s Tuas Port has an ambitious plan to become fully automated by 2040
using the Next-Generation Vessel Traffic Management System (NGVTMS), devel-
oped by the Maritime and Port Authority of Singapore. Al was first integrated into
the shipping industry in 2018, when Sea Machines Robotics and AP Moller-Maersk
deployed a computer vision and LIiDAR (laser scanning technology) system on a
container ship to enhance and modernize transit operations.

According to a 2019 McKinsey global study, Al adoption in standard business
processes increased by 25% compared to the previous year. This is particularly evi-
dent in logistics, where Al significantly enhances the maritime sector by automating
routine tasks and improving operational efficiency.

The popularity of Al is increasing. Global studies show that its use in logistics
improves transportation efficiency, reduces costs, and enhances productivity. By in-
tegrating Al with publicly available programs such as OpenAl and ChatGPT, navi-
gation officers gain a real-time assistant capable of analyzing situations and provid-
Ing operational responses.

Al enhances operational planning, route forecasting, fuel consumption optimiza-
tion, and minimizes human error—the primary cause of ship collisions. Despite
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challenges such as skill shortages and regulatory barriers, Al is becoming a key
component of industry modernization. Technological advancements and the imple-
mentation of custom Al systems offer a transformative potential for improving mari-
time safety and efficiency.

Al is redefining the maritime industry, driving the development of autonomous
shipping technologies that change the approach to navigation. One of the key bene-
fits is route optimization, which significantly reduces fuel costs and emissions. Ad-
ditionally, Al-based technologies, such as deep neural networks, enhance maritime
safety by enabling automatic vessel recognition, collision risk analysis, and scenario
prediction.

Autonomous vessels are becoming a reality, thanks to Al systems capable of an-
alyzing massive datasets in real time. These systems reduce human error, assist nav-
igation officers in risk management, and support more precise decision-making. In
marine condition forecasting, Al-powered algorithms can now predict hazardous
wave formations and optimize port and canal traffic management.

Integrated energy monitoring and management systems are also gaining popular-
ity, allowing ships to operate more efficiently and increase their energy efficiency.

Conclusion

Al has the potential to revolutionize maritime shipping, offering safer, more ef-
ficient, and environmentally friendly solutions. Despite existing challenges, such as
skill gaps and regulatory obstacles, its adoption is accelerating. The future of the
maritime industry is closely linked to the advancement of intelligent systems, which
will help reduce human error, improve navigation accuracy and safety, and optimize
all aspects of shipping operations.
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BI/IKOpHCTaHHH IITYYHOI'O iHTeJIeKTa Y BUIIIMX HABYAJbHUX 3aKJgaaax

Kabiner minicTpiB Ykpainu 3aTBepAuB KoHIiiemniiito po3BUTKY MITYYHOTO 1HTENe-
KTy B Ykpaini 10 2030 poky. BinnosiiHo A0 K01 nependayeHo BIPOBAKEHHS TEX-
HOJIOT1{ IITYYHOTO 1HTEJEKTY Y chepl OCBITU Ta €eKOHOMIKH, IMyOJIYHOTO YIIpaBJIiH-
Hs Ta 1HIIKUX cepax it 3a0e3MeUeHHs JOBIOCTPOKOBOI KOHKYPEHTOCIIPOMOKHOCTI
VYkpainu Ha MbKHapogHoMY puHKY. [IpiopureTHuMu chepamu, B AKUX peani3yrOTh-
Csl 3aBJIaHHS JEP>KABHOI MOJITUKU PO3BUTKY raly3i IITy4YHOTO 1HTENEKTY, €: OCBITa 1
npodeciiiHe HaBYaHHS, HayKa, EKOHOMIKa, KibepOe3neka, iH(opmaliiiHa Oe3rneka,
000poHa, myOJiYHe YIpaBJiHHS, IPABOBE PETYJIIOBAHHS Ta €TUKA, TPABOCYIIS.

Tepwmin «ryunuit intenexkt» (LLI) Bnepie 3’aBuBca y 1956 poni. JI. Makkapti
BIIEpLIE BUKOPUCTAB 1€l TepMiH Ha KOH(]epeHii B konemxi Japtmyra, y ['aHoBepi.
Binkpurts goctyny no cepsicy yary GPT y nmucronazai 2022 poky cTano BaXJIMBOIO
BIXOI0, IPOJEMOHCTPYBABIIN Oe3npeneaeHTHI MOKIUBOCTI Bukopuctanus LI, Yat
GPT BuzHauae cebe sk “onny 13 HaumnotyxHimux MIUII (Mogenei mTydyHoro iHTe-
JIEKTY), sIKa 3/]JaTHA CTBOPIOBATH 3MICT, T€HEPYBaTH TEKCTH, J1aBaTH BIJIMOBIJII HA 3a-
MUTaHHA Ta BUKOHYBATH 1HIIN 3aBAaHHs 3 oOpoOku. IIII B OCBITI MOXe CHpUSTH
IHHOBALlIMHUM METO/aM HaBUaHHS Ta IHTEPAKTHBHOMY HABUAJbHOMY CEPEJOBHILLY.
Ockinpbku I mpomoBkye po3BUBATHCS, HOTO MOTEHIIAT TpaHCPOPMYBATH OCBITY,
poOJstum ii OUIBII TOCTYMHO, €(hEKTUBHOIO Ta TIEPCOHATI30BAHOI0, CTA€ BCE OLIBII
OuYeBHIHMUM. [HTErpaiis IWTY4YHOTO 1HTEJIEKTY B OCBITY MpHU3BeNa J0 3HAYHHUX 3MiH,
AK1 TTOKPAIYIOTh HAaBYAJILHUN JOCBiJ, CIPOIIYIOTh MiATOTOBKY 3aBJaHHS Ta KOHT-
poJib Ta OLIHIOBaHHA 3HaHb Ha cboronuimuii aeHs yat GPT 1e kopucHui 1HCTpYy-
MEHT, KU BHUKJIa/la4 MOXXe BUKOPHUCTOBYBATH y MOBCSKICHHIN mparli, mo0 mojer-
IIUTH pyTUHHY pobOoTy. HaBegemo kinbka crnoco0iB, BukopuctanHs yary GPT s
MIATOTOBKHM MaTepialy JiJisl 3aHSTh 3 aHTJIIACHKOT MOBHU:

- gaT 00T MOKHA BIAJI0 BUKOPUCTOBYBATH SIK 3aci0 JuIsl ia0opy Mezia Matepi-
aJliB 3a 33JaHOI0 TEMATHUKOIO.

- gaT 00T MOYKE 3aIPOIIOHYBATH TIEPEIIK 1/IeH JIJIsl MPe3eHTallliHa Oy/Ib-AKY 3a-
JaHy TEMY.

- GPT yaT Moke 3reHepyBaTH TEKCTH 3 3a/laHUMU HOBUMH CJIOBaMH, 100 CTy-
JIEHTH 3MOTJIM 3aCBOITH iX BUKOPHCTAHHS B KOHTEKCTI.

- 3poouTH T0OIPKY JEKCUYHUX Ta TPAaMaTHYHHUX BIIPaB

. 3pOOUTH BIPABH M0 3aMUTY, HAPUKJIAZ Ha PO3YMIHHS 3MICTY MPOMAEHOI Te-
MHU.

Takum ynHoM yat GPT ekoHOMUTH Yac BUKJIagaya BUTPAYECHHU HA PYTUHHY PO-
00Ty Ta MOJErIIy€e MOUYK Y IHTEPHETI.

Ockinbku I npogoBxye 1HTETpyBaTHCS B Pi3HI CEKTOPU, MOTO 3aCTOCYBaHHS B
OCBITI peTEIbHO JOCTIKYEThCA. He3Bakaroum Ha Te, 10 IITYYHUU IHTEJIEKT Mae
3HaYHUI TOTEeHIan s TpaHchopmalii TOCBIAY HaBYaHHS, BIH TaKOXX Ma€ KilIbKa
HEOJIKIB, SIKI MOTPEOYIOTh PETEIBLHOTO PO3IIISANY, sIKI HEOOXITHO BUPIIIUTH, 100
3a0e3neynTH 30a1aHcoBaHe Ta €(PEKTUBHE HaBUaJbHE CEPEIOBUINE. Y CIIIITHE BUKO-
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PUCTAHHS IITYYHOTO 1HTEJIEKTY B OCBITI BUMAara€ peTebHOrO IJIaHyBaHHS, MiArOTO-
BKU BUUTEJIB Ta ITOCTIMHOTO OLIHIOBAHHS.

MaiiOyTHe MTYYHOrO 1HTEICKTY Ma€ IMOTEHIlaJl 3MIHUTH CHOCIO HaBYaHHS Ta
HaBYaHHS Yy BUIIMX HaBYaibHMX 3akianax. Il mae morenuian tpanchopmysaTu
OCBITY Ta 0araro IHIIKUX rajgy3el 1 peBOIIOLIOHI3YBATH HAITY B3aEMOJIIIO 3 TEXHOJIO-
TiSIMHU.

Opnak 3a0e3MnedeHHs BIAMOBIIATBHOTO PO3BUTKY IITYYHOTO IHTEIEKTY Mepe/l-
Oauae BupilIeHHS €THYHUX TpobieM. Hapasi OyB mpuilHATHII 3aKOHOIPOEKT PO
aKaJieMiuHy JOOPOYECHICTb, IKUI OXOIUTIOE HIUPOKE KOO cdep, MOB’sI3aHUX 3 OCBI-
THIM Ta HaAyKOBUM IPOIIECOM, BKIIFOUHO 3 BHKJIAJAIbKOIO AISUTbHICTIO, HABYAHHSIM
3100yBaviB OCBITH, CTBOPEHHSIM Ta PELIEH3YBAaHHSM HAyKOBUX TBOPIB, BCTYITHUMHU
BUMPOOYBAHHIMU, MPHUCYKCHHSIM HAayKOBHUX CTYIICHIB Ta 3BaHb, 3a0€3MEUYCHHIM
SAKOCTI OCBITH TOIIO0. KITIOYOBHMHM TOJIOKEHHSMU 3aKOHOMPOEKTY € BUMOTA CaMo-
CTIHHOTO BUKOHAHHS 3aBJaHb 3/100yBauyaMy OCBITH, 32 BUHSTKOM OKPEMHUX BHUIIA/I-
KiB, Ta HOpMa, sIKa HE BU3HAE 0COO0Y aBTOPOM aKaJIEeMIYHOTO TBOPY, SKIIO BiH OYyB
MOBHICTIO 3T€HEPOBAHUN MITYYHUM 1HTEJIEKTOM 3a 3alMUTOM Iii€i ocodu. Takum yu-
HOM, 3aKOHOMPOEKT CIIPSMOBAHUI Ha OOpOTHOY 3 IMjariarom, 3a0e3neueHHs aKaje-
MIYHOI TOOPOYECHOCTI Ta MIJBUINCHHS SKOCTI HAyKOBOi Ta OCBITHBOI JISJIBHOCTI B
VYkpaiHi.

CucremMH MITYYHOTO 1HTEJIEKTY MAarOTh OyTH po3poOJieHI 3 HATJIAIOM 1 KOHTPO-
neM 3 OOKy JIFOJMHM, 1 BaXJIMBO BUPIIIMTH €TUYHI Ta MPAKTUYHI NpoOiieMu, 00
nepexkoHatucs, mo I npuHOCUTh KOPUCTH yCIM 3alliKaBIIEHUM CTOPOHAaM B OCBIT-
HIM €KOCUCTEMI.

CIIUCOK BUKOPHUCTAHHOI JIITEPATYPHU.
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Methanol as an alternative fuel

Methanol is gaining attention as an alternative fuel due to its potential for reduc-
Ing greenhouse gas emissions and dependence on traditional fossil fuels. This report
summarizes the pros and cons of methanol, its applications in shipping, and its sig-
nificance in the transition to sustainable energy sources.

Technical Characteristics of Methanol:

Chemical Composition: Methanol (CH30H) is a simple alcohol that can be
produced synthetically or biologically. Its molecular structure allows it to be used in
various applications, including as a fuel.

Combustion Properties: Methanol burns cleaner than traditional fuels, produc-
ing less CO2 and almost negligible sulfur emissions. Its combustion temperature is
also lower, which helps in reducing NOx emissions.

Storage and Handling: Methanol's higher flash point makes it safer to handle
than many other liquid fuels, such as gasoline. However, it is still toxic and requires
proper handling and storage protocols to ensure safety.

Production Methods:

1. Natural Gas Reforming: The most common method involves reforming natural
gas, where methane is converted into methanol. While this method is efficient, it
still relies on fossil fuels, which can lead to carbon emissions.

2. Biomass Conversion: Methanol can be produced from renewable biomass
through gasification or fermentation processes. This method is more sustainable
and can significantly reduce the carbon footprint associated with fuel production.

3. CO2 Utilization: Innovative technologies are being developed to capture CO2
from the atmosphere or industrial processes and convert it into methanol. This
“carbon recycling” approach can potentially create a closed-loop system for car-
bon emissions.

Global Initiatives and Regulations

International Maritime Organization (IMO) Goals: The IMO has set ambi-
tious targets for reducing greenhouse gas emissions from ships, aiming for a 50%
reduction by 2050 compared to 2008 levels. Methanol is seen as a key player in
achieving these targets.

Industry Adoption: Major shipping companies are investing in methanol-fueled
vessels. For instance, several leading shipbuilders are collaborating with shipping
operators to design and construct methanol-powered ships, demonstrating the indus-
try's commitment to sustainable practices.

Government Policies: Various governments are incentivizing the use of alterna-
tive fuels, including methanol, through subsidies, grants, and regulatory frameworks
aimed at reducing emissions in the maritime sector.
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Challenges and Considerations

Economic Viability: The transition to methanol requires significant investment
in new vessels and infrastructure. The economic feasibility will depend on fluctuat-
ing fuel prices, technology advancements, and regulatory support.

Research and Development: Continued R&D is necessary to improve the effi-
ciency of methanol engines, enhance production methods, and find ways to reduce
costs associated with methanol as a fuel.

Public Awareness and Acceptance: Educating stakeholders, including ship op-
erators and consumers, about the benefits and safety of methanol will be crucial for
its widespread adoption.

Future Prospects

The future of methanol as an alternative fuel in the maritime sector looks prom-
ising, particularly as the industry seeks to navigate the challenges posed by climate
change and stringent emission regulations. Here are some potential trends:

Increased Adoption: As more shipping companies invest in methanol-powered
vessels, the demand for methanol fuel is expected to rise, leading to greater produc-
tion and distribution networks.

Technological Advances: Innovations in engine design, fuel production, and
carbon capture technologies could further enhance the sustainability and efficiency
of methanol as a marine fuel.

Broader Applications: Beyond shipping, methanol is also being explored for
use in other transport sectors, potentially leading to a cross-industry adoption of this
alternative fuel.

Construction of Methanol Vessels and Retrofitting Engines

Building a methanol-fueled vessel requires specialized design considerations to
accommodate the unique properties of methanol. Below are the key aspects of
constructing such vessels:

1. Fuel Storage and Handling:
. Methanol is stored in dedicated, corrosion-resistant tanks, typically made of
stainless steel or coated carbon steel.
. Double-walled piping systems are used to minimize the risk of leaks and en-
sure safety.
. Advanced ventilation and leak detection systems are integrated to mitigate the
risks associated with methanol's toxicity and flammability.
2. Fuel Supply System:
. Low-pressure fuel systems are commonly used since methanol has a lower en-
ergy density than conventional marine fuels.
. Redundant fuel supply pumps and filters are installed to ensure continuous op-
eration and prevent blockages.
3. Engine Adaptation:
. Methanol vessels often use dual-fuel engines that can switch between metha-
nol and conventional fuels, allowing flexibility in fuel sourcing.
. Fuel injection systems are modified to accommodate methanol’s combustion
characteristics, typically requiring a higher fuel flow rate.
4. Safety Systems:
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. Fire suppression and detection systems are enhanced due to methanol’s low
flash point.

. Crew training and safety protocols are updated to handle methanol-related
hazards.

5. Regulatory Compliance:

. The vessel design must comply with regulations set by the International Mari-
time Organization (IMO) and classification societies such as DNV or Lloyd’s
Register.

. Safety protocols, such as the IGF Code (International Code of Safety for Ships
Using Gases or Other Low-Flashpoint Fuels), must be followed.

Retrofitting Existing Engines for Methanol Use

Converting an existing vessel to run on methanol is a cost-effective alternative to
building a new methanol-fueled ship. Below are the key steps involved in
retrofitting:

1. Engine Modification:

. Retrofitting involves converting conventional diesel engines into dual-fuel or

methanol-only engines.

. This requires replacing fuel injectors, modifying cylinder heads, and adapting

the combustion system to optimize methanol combustion.
2. Fuel Storage and Supply Adjustments:
. Existing fuel tanks may require modifications or replacements to ensure com-
patibility with methanol’s chemical properties.
. New piping and safety systems, including leak detection and inerting systems,
must be installed.
3. Fuel Injection System Upgrade:
. Methanol has different combustion characteristics compared to diesel, necessi-
tating the installation of high-pressure fuel injection systems.
. Electronic control units (ECUs) are updated to regulate the fuel-air mixture pre-
cisely for optimal performance.
4. Emissions Control and Efficiency Improvements:
. Retrofitted engines often include exhaust gas recirculation (EGR) and catalytic
converters to reduce emissions.
. Waste heat recovery systems can be integrated to improve overall fuel efficien-
cy.
5. Regulatory and Safety Compliance:
. The retrofit process must align with IMO regulations and class society guide-
lines.
. Crew members require specialized training in methanol handling and emergen-
cy procedures.
Conclusion
Methanol-fueled vessels present a viable pathway toward decarbonizing the
maritime industry. Whether constructing new methanol-powered ships or retrofitting
existing engines, careful engineering, safety measures, and regulatory compliance
are essential for a successful transition. With continuous advancements in methanol
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technology, more shipowners are expected to adopt this cleaner fuel alternative in
the coming years.

N
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Autonomous ships in the merchant fleet

1.Introduction

Nowadays, technology is developing at a rapid pace and the maritime industry is no
exception. If new types of power plants and new types of fuel are changes that can
be adapted to, then automated ships are already an opportunity to abandon the crew.
In this report, we will take a general look at autonomous ships, changes in crew, and
answer the question of whether it is possible to completely abandon the crew.

2. What is an autonomous vessel?
An autonomous vessel, also known as an unmanned ship or crewless ship, is a wa-
terborne vessel that operates without direct human control or with minimal human
intervention. These vessels utilize advanced technologies, including artificial intelli-
gence (Al), machine learning, sensors, and automation systems to navigate, avoid
obstacles, and make operational decisions.
Autonomous ships are classified into different levels based on the degree of automa-
tion:
« Level 1 (Manual Control): Traditional ships controlled entirely by human
Crews.
« Level 2 (Decision Support System): Ships with automated decision-making
support but requiring human intervention.
« Level 3 (Remote Control): Ships operated remotely by human controllers
from shore-based stations.
« Level 4 (Fully Autonomous): Ships that can perform all navigational and op-
erational tasks without human involvement.
These vessels are equipped with various technologies such as LiDAR (Light Detec-
tion and Ranging), radar, GPS, and satellite communication systems to ensure safe
and efficient operations.

3. Advantages of Autonomous Ships

1. Cost Savings — Reduces expenses related to crew salaries, accommodation,
and onboard services. Studies indicate that crew costs account for 30-50% of
a ship's total operating expenses, which autonomous ships can largely elimi-
nate.

2. Improved Safety — Minimizes human errors, which account for approximate-
ly 75-96% of maritime accidents, according to the International Maritime Or-
ganization (IMO).

3. Fuel Efficiency — Optimized navigation can lead to 10-15% reductions in
fuel consumption, translating to substantial savings and reduced emissions.

4. Increased Cargo Capacity — Eliminating crew-related infrastructure allows
for 5-15% more cargo space, enhancing transportation efficiency.
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5.

Continuous Operations — No need for crew rest periods, enabling uninter-
rupted voyages and increasing operational hours by up to 20%o.

4. Problems of Autonomous Ships

1.

Loss of Jobs — The maritime industry employs over 1.6 million seafarers
globally. Widespread adoption of autonomous ships could significantly re-
duce employment opportunities for sailors, engineers, and onboard staff.
Cybersecurity Risks — Autonomous ships are vulnerable to hacking and
cyberattacks. Maritime cyber incidents have increased by 900% in recent
years, posing risks such as navigation system hijacking and data breaches.
Electronic Warfare and Communication Jammers — Adversaries or pirates
could use signal jammers and electronic warfare tactics to disrupt autonomous
ship operations, making them vulnerable to capture or accidents.

High Costs and Complexity — The development and deployment of autono-
mous technology require substantial investment, with estimates ranging from
$7-10 million per vessel for full automation.

Unclear Legal Framework — International maritime laws, insurance policies,
and liability frameworks are still evolving. Full regulatory compliance for au-
tonomous vessels is expected to take 5-10 years.

Technological Limitations — Al-driven navigation may struggle with unpre-
dictable scenarios, extreme weather, and congested shipping lanes, though
testing has shown 85-90% accuracy in adverse environments.

5. Changes in the Composition of Crews

The rise of automation in shipping is leading to significant changes in crew compo-
sition, particularly in the engine room. Instead of eliminating human oversight en-
tirely, many companies are adopting partial automation strategies where critical
tasks are shifted to shore-based control centers.

Domestic Transport: Short-haul vessels operating in inland waters or coastal
regions may achieve higher levels of automation with minimal onboard crew,
reducing the need for engineers and deck officers.

Intercontinental Crossings: For long-haul ocean transport, full automation
remains a challenge due to unpredictable conditions, regulatory concerns, and
emergency response needs. A reduced crew may still be necessary for mainte-
nance and troubleshooting.

Partial Automation: Companies like Kongsberg have experimented with
moving the Chief Engineer role to a remote control center, where engineers
monitor ship performance and intervene when necessary.

Full Automation Outlook: While fully autonomous ships are technically fea-
sible, widespread adoption is likely to be slow. By 2040, experts predict that
30-40% of new merchant vessels will have high automation levels, but full
automation will likely be limited to niche applications such as short-sea ship-
ping and inland waterway transport.
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6. Comparison of Classic and Automated Crew Structures
A Capesize vessel, typically used for bulk cargo transport, traditionally requires a
crew consisting of three main departments:

Deck Department: Captain, Chief Officer, Second Officer, Third Officer,
deckhands, and bosun.

Engine Department: Chief Engineer, Second Engineer, Third Engineer,
Fourth Engineer, and engine room staff.

Steward Department: Cooks and service personnel to maintain crew ac-
commodations and meals.

With increasing levels of automation, the crew composition shifts significantly:

Partially Automated Vessels: Some operational roles, particularly in naviga-
tion and engineering, are moved to remote monitoring centers. The onboard
crew is reduced to 10-15 people, focusing on maintenance and emergency op-
erations.

Highly Automated Vessels: Only a minimal crew (5-10 members) remains
for periodic inspections, troubleshooting, and cargo handling at ports.

Fully Autonomous Vessels: No crew onboard, with all functions managed
remotely.

Profitability Analysis

Traditional Crewed Vessel: Requires significant operational expenses for
salaries, food, and accommodations, but benefits from human oversight and
immediate problem resolution.

Automated Vessel with Small Crew: Reduces costs but still requires special-
ized personnel for occasional maintenance.

Fully Autonomous Vessel: Eliminates direct crew costs but demands high
investment in automation technology, remote control infrastructure, and cy-
bersecurity.

Economic models suggest that for short-distance domestic shipping, partial automa-
tion with a small crew is the most cost-effective. For intercontinental transport,
while full automation could offer long-term savings, the initial investment and regu-
latory challenges may slow widespread adoption.

7. Cases of Using Autonomous Ships in the Merchant Fleet
Several companies and organizations have successfully deployed autonomous ships
in commercial operations. Below are some notable examples:

1. Yara Birkeland (Norway) — Launched in 2020, Yara Birkeland is the world's

first fully autonomous and zero-emission container ship. It operates between
Norwegian ports, reducing carbon emissions by up to 40% and optimizing
cargo transport.

Mayflower Autonomous Ship (UK) — A research vessel that crosses the At-
lantic autonomously, collecting oceanic data and showcasing Al-powered
maritime navigation. It completed its journey with an 80% success rate in
decision-making without human intervention.
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3. MV Prism Courage (South Korea) — An LNG carrier operated with auton-
omous navigation technology, successfully completing a transoceanic voyage
with 99% autonomous operation and a 7% increase in fuel efficiency.

4. MUNIN Project (EU) — The Maritime Unmanned Navigation through Intel-
ligence in Networks (MUNIN) project focuses on developing autonomous
shipping technologies for long-haul cargo transport, targeting 15% lower op-
erating costs and 10% improved fuel efficiency.

8.Conclusion

The maritime industry is expecting significant changes in the coming decades. We
can already see examples of automation, mainly ships sailing in coastal waters. De-
spite all the benefits, a complete rejection of the crew is impossible due to a number
of risks such as malfunctions, poor signal, cyber-attacks. In order not to be replaced
by a machine, it is very important to follow innovations and improve skills.
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Thermal storage and heat pumps: a step towards zero-emission cruise ships

Thermal storage and heat pumps can play a key role in enabling cruise ships
to meet their high power and heating demands while securing zero-emission opera-
tions. These two technologies are considered crucial for the future which will be
more based on electricity and renewable energy.

Cruise ships require a lot of energy

A cruise ship is like a huge, floating hotel. The energy demand of the hotel fa-
cilities is approximately equivalent to the propulsion energy demand.

The most significant consumption areas include electricity for air conditioning and
heat energy (steam or hot water) for space heating, showers, pools, galleys and laun-
dries.

Therefore, even if a ship is docked in port, it is still using large amounts of
energy. During a 10-hour port stay, an average cruise ship has a power consumption
of around 6 MWh, and the heat demand is almost as large. As a comparison, the an-
nual power consumption of an average household is 16 MWh.

Thus, it is a huge challenge for cruise ships to reach zero emissions. The elec-
tricity for both propulsion and hotel facilities is normally produced by fossil fuel en-
gines. The heat demand is met through so-called “waste heat recovery”, which
means that the engines’ hot exhaust gases and cooling water are reused for heating
purposes. However, most ships also have an oil-fired boiler that can be used when
there is not enough waste heat. This mostly happens when the ship is docked in port,
Shore power from ports

Many ports are introducing shore power as a means of reducing emissions
from ships during their port stay. This simply means that the ship connects to the
port’s electrical grid instead of running their fossil fuel engine(s) to produce their
own electricity.

Switching off the engine reduces both air pollution and noise in the port area and can
also contribute to reducing emissions globally if the grid electricity is based on re-
newables.

How much can shore power reduce cruise ship emissions?

It is not possible to reduce emissions by 100% with shore power alone. For cruise
ships, shore power can help to reduce emissions in port by around 50%.

Put simply, this is because the oil-fired boiler is still needed to cover the significant
heating demand of the hotel facilities.

In fact, the boiler has to produce more heat, as no waste heat is generated
when the ship is connected to shore power. This is an important issue that needs to
be addressed!

Why not just replace the oil boiler with an electric boiler?

This might seem like the most obvious solution, but it requires additional

measures to be taken by both the ship owners and port owners, and this will be ex-
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tremely expensive, because ships will have to undergo reconstruction and ports can’t
supply enough electricity.

In this context, replacing the oil-fired boiler with an electrical boiler may actual-
ly be counterproductive. If the port cannot supply enough shore power, the ship
would have to produce the power on board by using its fossil fuel engines to operate
the electric boiler, which would increase emissions and operating costs. Neverthe-
less, an electric boiler can still be a good solution.

Can ports also supply “shore heat”?

Yes, in some cases, this could be an option if the ship receives “shore heat” by
connecting to the district heating network when it is docked. However, since the
heating system of most cruise ships is based on steam, district heating water is not
always an option. Again, this would require significant rebuilding.

So, how can we reduce emissions?

Cruise ships are expected to, at least partly, rely on combustion engines for
many years to come, which means that plenty of waste heat will be generated. This
is where thermal storage comes in.

Thermal storage

In general, the purpose of a thermal energy storage is to balance the produc-
tion and demand of heat by storing the heat (hot water or steam) for later use, like a
thermos. When a cruise ship is operating at full speed, more waste heat is generated
than is needed on board. Instead of releasing the waste heat into the air or sea, why
not store it and use it when it is needed?

In port, the stored waste heat can be used instead of the oil boiler or to reduce
the shore power needed for operating an electric boiler.

The main challenge of thermal storage

The simplest technology for storing the heat is a water tank. However, when space is
limited, such as on board a cruise ship, a water tank occupies too much space. By
using so-called “phase change materials (PCM)”, the space of a storage tank can be
significantly reduced. Another challenge is that the heat produced and stored might
have a lower temperature than the heat demand. This can be solved by “peak heat-
ing” with an electric or oil-fired boiler, but the most energy-efficient option is to use
heat pump technology.

Heat pumps

The general purpose of a heat pump is to “raise” the heat to a higher tempera-
ture, with the advantage of needing only about one-third of the electricity required
by an electric boiler to do this.

When the ship is connected to shore power, a heat pump will lower the re-
quired shore power capacity by eliminating the need for or supporting the use of an
electrical boiler.

A heat pump can produce both heating and cooling at the same time, for ex-
ample cold air conditioning water and hot tap water, thereby reducing the ship’s
overall energy demand. Heat pumps enable the recovery of waste heat sources at a
lower temperature, such as low-temperature cooling water from engines.

Using a heat pump in combination with thermal storage will add flexibility in both
design and operation.
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HoBiTHI MeTOAH BUKJIAJAHHA AHIJIICHKOI MOBH Y BULIIAX HABYAJIbHUX
3aKJa71ax 3 BUKOPUCTAHHAM IITY4YHOI'0 iHTEJIeKTY

VY cydacHHuX ymoBax rio0amizallii Ta MBHUIKOTO PO3BUTKY TEXHOJOTIH BHKIIA-
JaHHS aHTIIHACHKOI MOBM y BUIMX HaBuUaidbHUX 3akiamax (BH3) 3a3nae cyrreBux
3MiH. OJIHMM 3 KJIIOUOBHUX BUKJIMKIB JIJI1 BUKJIQ/IaulB € TOMIYK €(PEeKTUBHUX METO/IIB,
sKi1 O He jumie 3a0e3reuyBalii BUCOKHIM PiBEHb 3HaHb CTYJCHTIB, aje W BIAMOBIIAIN
BUMoOram cydacHoro nudposoro cycnuibera. ChatGPT, sik onuH 13 pecTaBHUKIB
TEXHOJIOT1M MITYYHOrO 1HTEJIEKTY, MPOMOHY€E YHIKAIbHI MOKJIMBOCTI ISl afamnTarlii
HaBYaJBHUX MPOIIECIB JI0 1HAUBIAYyaTIbHUX MOTPeO cTyAeHTIB. Ll crarTa anamizye
MosxuBocTi Bukopuctands ChatGPT y BukiagaHH1 aHITIMCHKOT MOBU Y BUILUX Ha-
BUAJIBHUX 3aKJIaJlaX, a TAKOXK MepeBaru Ta BUKJIUKH, MTOB'A3aH1 3 IOro 1HTErpaunli€eo B
OCBITHIH mpoliec.

[HTEpEec 10 BUKOPHUCTAHHS IITYYHOTO IHTEJIEKTY B OCBITHIN JISIIBHOCTI PI3KO
3pic 3a ocTaHHe AecATHTTA. Sk 3a3Havae bpayn T. y s»xkypnani LI ta ocsira [1],
TEXHOJIOT1] IITYYHOTO 1HTENEKTY B)KE€ aKTUBHO BUKOPUCTOBYIOTHCS JIJIsI CTBOPCHHS
aJanTUBHUX HAaBYAJIIBHUX NPOrpaM Ta oHnaH-KypciB. GPT-moaeni 30kpema noka-
3YI0Th 3Ha4H1 YCIIXU y TaKUX cepax, sk FeHepallisi TEKCTIB, PO3yMiHHS TPUPOAHOI
MOBU Ta HaBYaHHs MOBU. Hampukmnaz, nocmimkenus y «Journal of Applied
Linguistics» [3] nemonctpye, 1o Bukopuctanus ChatGPT B anriiomoBHOMY cepe-
JIOBUIIIl CTIPUSE TMTOKPAIICHHIO SIK MUChbMOBHUX, TaK 1 YCHUX HABUYOK CTYJEHTIB. [H1
JOCIITHUKH [2] 3a3Ha4al0Th, 0 MITYYHUH IHTEJIEKT MOXE CIPUSITH TIIUOIIOMY PO-
3YMIHHIO CTYJICHTaMH TpaMaTHKH, 10 € OJTHIEI0 3 HAMCKIAIHININX TEM y HaBYaHHI
AHTJIIHCHKOT MOBH SIK 1HO3EMHOI.

[Ipote, ICHYIOTb TaKOK KPUTHKH, SIK1 BKa3ylOTh Ha PU3UKH aBTOMAaTH3allli HaB-
4aJbHOTO TpoIlecy. A came, [0 HaJAMIpHA 3aJIe)KHICTh BIJl TEXHOJIOT1H MOXE 3HU3HU-
TH PIBEHb KPEATUBHOCTI CTY/ICHTIB Ta iX 3IaTHICTh 10 CAMOCTIMHOTo MuciieHHs. He-
3Ba)KalO4M Ha 1€, OIBbIIICTh JOCTIIHUKIB CXOAAThCS Ha TyMIIl, 110 TPAaMOTHE BUKO-
puctanHs TexHoJorii, Takux sk ChatGPT, moxke cTaTu KOPUCHUM 1HCTPYMEHTOM
JUTSl BUKJIa1a4iB 1 CTYICHTIB.

Hocnimpkenns nposeaeHo Ha 6a3i kuibkox BH3, ne ChatGPT BukopuctoByBaB-
Csl y HaBYaHHI aHTJIIMCHKOI MOBH MPOTSITOM OJHOTO HABYAJIBLHOTO CEeMeCTpy. Y J0C-
JKEHH] B37M ydacTh 120 CTyIeHTIB Opyroro Ta TPEeTbOTO KYpCiB, SKI BHUBYAIU
aHriiiiceky MoBy Ha piBHI Bl Ta B2. Crynentu BukopucroByBasin ChatGPT ms
BUKOHAHHS HU3KH 3aBJIaHb, 30KpeMa:

- HaITMCaHHSI €Ce;

- BUKOHAHHS TPaMaTUYHUX BIIPAB;

- CUMYJISILIT PO3MOB aHTJIIHCHKOI MOBOIO.

Jst ouinku eextuBHOCTI BUkopuctanHa ChatGPT nmpoBoawivuch onuTyBaHHS
CTYJIEHTIB Ta BUKJIaJayiB HANO4YaTKy Ta HampuKiHii cemecTpy. OCHOBHUMU KpHUTeE-
pIIMH OINIHKK OyJIM MOTHBAIlSl CTYACHTIB JO HaBYaHHS, IXHIH PiBEHb BOJIOMIHHS
MOBOIO Ta AKICTh BUKOHAHUX 3aBJaHb. Pe3ynbTaTH JOCHIKEHHS MOKa3alld, 1110 BU-
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kopuctanHs ChatGPT 3nauHO mOKpammio HaBYajdbHI JOCATHEHHS CTYACHTIB. 30K-
peMa, 3a(iKCOBAaHO MiJABUIIICHHS PIBHS I'PaMOTHOCTI Ha MHUCHMI, MOJIIIIEHHS PO3Yy-
MIHHS TpaMaTUYHUX KOHCTPYKIIINA Ta PO3UIMPEHHS CIIOBHUKOBOTO 3anacy. CTyJIeHTH
3a3Hayald, 110 3aBISKH MIBUJIKOMY 3BOpOTHOMY 3B'si3Ky Biag ChatGPT BoHu Moriu
MIBUIIE  BUMNOPABISATH  MOMWMJKM  Ta  Kpalle  3acBOIOBATH  Mmarepial.
Oco0nuBy yBary BapTO 3BEpHYTH Ha MOJIMIIEHHS YCHUX HAaBUYOK. BukopuctoBy-
04U CHUMYJISIIT PO3MOB, CTYACHTH MPAKTUKYBAJIM peayibHI CHUTYyallli, 0 CHPHUSIO
MIIBUIIEHHIO BIIEBHEHOCTI i Yac CHIJIKyBaHHS aHTIIHCHKOI MOBOI0. Kpim Toro,
0arato CTYACHTIB Bi3HAYIINA MiABUIICHHS MOTHBAIi JO CAMOCTIHHOTO BHBYCHHS
MOBH 3aBJsiku JocTynmHOCTI ChatGPT, sikuii OyB 3aBkaU «Ha 3B'I3KY».

Buxopuctanass ChatGPT mae nusky nepesar. [lo-miepiie, e JOCTYHHICTH Ta
THYYKICTh: CTyI€HTH MOXYTh BUKOpucToByBaTH ChatGPT y Oynb-skuii yac 11 BU-
KOHAHHS JIOMAIIIHIX 3aBAaHb a00 10JaTKOBOI MpakTuku. [1o-apyre, MOKIUBICTE 1e-
pconaimizanii HapuyanHs: GPT-Mozxens amantye cBOi BIJIMOBI/II IO PiBHS 3HaHb CTY-
JEeHTa, 10 JO3BOJIAE CTBOPUTH IHAMBIAyaIbHUH MMAXIJ JIO HaBYaHHL
[Ipote cmin 3a3HAUUTU ¥ JIEAK1 BUKJIMKH, 3 SKUMU MOXKYTh 31TKHYTHCS BUKJIaJayi.
Hanpuxknan, HeoOXiAHICTh HABYATH CTYACHTIB KPUTUIHO MHUCIIUTH ITiJT YaC BUKOPH-
cranHsi ChatGPT, ockinbKy 11ei IHCTPYMEHT HE 3aBKJIU MOXE HaJaTH TOYHI ab0 KO-
pekTHi BianoBiai. Kpim Toro, BaxxiuBo iHTerpyBaTtu Bukopuctanus ChatGPT B HaB-
YJaJIbHUM MPOIIEC TAKUM YMHOM, 11100 BiH JIOTIOBHIOBAB, a HE 3aMiHIOBAB BUKJIAAIlb-
KY AISUIBHICTb.

ChatGPT € noTy:XHUM 1HCTPYMEHTOM, SIKMIl MO>K€ 3HAYHO MOKPALIUTH BUKJIA-
JaHHS aHTIchkoi MoBu y BH3. Horo BUKOPUCTAHHS COpPUSE T1IBUIIICHHIO MOTH-
Ballii CTYJCHTIB, MOKPAIICHHIO iXHIX MOBHMX HABHYOK Ta IOJCTIIYE HABYAITbHHMA
npotec. [IpoTe BaKIMBO MpaBUIBLHO 1HTErPYBATH 111 TEXHOJIOTIT Y HABYAJILHUNA MPO-
1ec, 3abe3neuyoun 0ajgaHc MDK TPaJAUIIMHUMHU METOJaMU BUKJIQJIaHHS Ta HOBITHI-
MU TUGPOBUMU IHCTpyMeHTaMu. [Toganbin KoCiKeHHs ITOBUHHI 30CEPEIUTUCS Ha
noBroctpokoBomy BBl BukopuctanHsi ChatGPT na HaBuaibHI JOCSITHEHHS CTY-
JICHTIB Ta MOKJIMBOCTI HOTO BUKOPUCTAHHS y PI3HUX chepax OCBITH.
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Tankers

Tanker is special purpose ship designed to carry liquid or liquified cargos.

There are several types of tankers : oil tankers, chemical tankers, gas carriers

Oil tankers are designed to carry crude oil or oil products

First oil tanker was built in 1877 by Shweden shipyard

After World War Il, tankers grew significantly in size. Several factors contribut-
ed to this. Until 1956, tankers were developed with a size limit for passage through
the Suez Canal. After the closure of the canal during the Suez Crisis of 1956, oil be-
gan to be transported around the African continent, which created additional costs.
Shipowners realized that large tankers are more efficient in transportation. For eco-
nomic reasons, it was clear that the larger the size of the tanker, the cheaper it can
transport crude oil, and the better it can meet the growing demand for it.

The biggest crude oil tanker was built in 1979 the length of this vessel is 458,5
m

DWT is 564 763 dwt t also this vessel includes 46 tanks

Nowadays in world ocean operates approximately 7000 oil tankers

A CHEMICAL tanker is a type of tanker ship designed to transport chemicals in
bulk. As defined in MARPOL Annex Il, chemical tanker means a ship constructed
or adapted for carrying in bulk any liquid product listed in chapter 17 of the Interna-
tional Bulk Chemical Code. As well as industrial chemicals and clean petroleum
products, such ships also often carry other types of sensitive cargo which require a
high standard of tank cleaning, such as palm oil, vegetable oils, tallow, caustic soda,
and methanol. Oceangoing chemical tankers range from 5,000 tonnes deadweight
(DWT) to 35,000 DWT in size, which is smaller than the average size of other tank-
er types due to the specialized nature of their cargo and the size restrictions of the
port terminals where they call to load and discharge

FIRST chemical tanker was built in 1955

Type 1

Tankers intended to transport products with very serious environmental and safe-
ty hazards requiring maximum preventive measures to prevent any leakage of cargo.

Type 2

Tankers intended to transport products with appreciably severe environmental
and safety hazards requiring significant preventive measures to preclude an escape
of such cargo.

Type 3

Tankers intended to transport products with sufficiently severe environmental
and safety hazards to require a moderate degree of containment to increase survival
capability in a damaged condition. Most chemical tankers are IMO 2 and 3 rated,
since the volume of IMO 1 cargoes is very limited
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Chemical tankers often have a system for tank heating in order to maintain the
viscosity of certain cargoes, typically by passing pressurized steam through stainless
steel 'heating coils' in the cargo tanks. These coils circulate fluid in the tank by con-
vection, transferring heat to the cargo. All modern chemical tankers feature a dou-
ble-hull construction. And most have one hydraulically driven and submerged cargo
pump for each tank with independent piping, which means that each tank can load
separate cargo without them being mixed. Consequently, many ocean going chemi-
cal tankers may carry numerous different grades of cargo on a single voyage, often
loading and discharging these "parcels" at different ports or terminals. This means
that the scheduling, stowage planning and operation of such ships requires a high
level of coordination and specialist knowledge, both at sea and on shore.

Gas carriers LNG and LPG vessels

It is vessels designed to carry liquified natural gas and liquified petroleum gas

First gas carrier was built in 1958

To maintain this gases in ligified condition it is necessary to cool tanks

The temperature for LNG must be kept at -161 degrees

And for LPG temperature must be kept at — 56 degrees

Ethylene Carriers- Specialized LPG carriers that can also carry ethylene at -
104°C.

Gas carriers use specialized containment systems to safely store and transport
liquefied gases in bulk. These tanks are designed based on the type of gas, required
temperature, and pressure conditions.

In conclusion | want to say that Tankers are really interesting, technologic and
high payed vessels but simultaneously work on such ships are difficult and danger-
ous.
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Travelling Through Maritime History Onboard Ships

Ships have played a fundamental role in human history, and made exploration,
trade, warfare, and cultural exchange possible. From ancient vessels to modern ones,
ships can tell the story of advancements in technology and the ambitions of humani-
ty. In this paper the exploration of some of the most significant ships that have left a
lasting impact on the world will be presented.

The Importance of Ships in History

As historian Lincoln Paine noted, ‘The history of ships is the history of humani-
ty’s survival and progress on the seas’ [1]. Throughout history, ships have been an
essential tool for human progress. They provided the movement of people and
goods, helped to establish trade routes, and contributed to military operations. Ships
enabled early civilizations to expand their influence beyond their geographical limi-
tations, leading to the formation of different empires. From the earliest reed boats to
the technologically advanced warships of the modern era, ships are continuing meet-
ing the needs of humanity.

Ancient Ships and Early Maritime Exploration
1. Ancient Egyptian Ships

The Egyptians were among the first shipbuilders. They used reed boats for fish-
ing and transportation along the Nile around 4000 BC. By 3000 BC, they started
building wooden ships with sails and oars in order to trade with close regions like
Mesopotamia and the Indus Valley. The Khufu ship, which was discovered near the
Great Pyramid of Giza, is one of the oldest and best-preserved examples of early
shipbuilding. Egyptian ships were primarily used for trade and religious ceremonies,
often carrying goods such as gold, papyrus, and incense from far lands.

Egyptian ships were also used in military operations. Pharaohs Hatshepsut sent
naval expeditions to Punt (modern-day Somalia or Eritrea) to get exotic goods,
demonstrating the far-reaching influence of Egyptian maritime capabilities. The de-
sign of Egyptian ships, with their advanced rigging and sails, influenced later ship-
building traditions across the Mediterranean.

2. Phoenician Ships

The Phoenicians, people from the eastern Mediterranean (present-day Lebanon
and Syria), were among the greatest shipbuilders and traders of the ancient world.
Their ships, known for their cutting-edge designs, allowed them to establish wide-
spread trade routes across the Mediterranean, getting as far as Britain and West Af-
rica. The Phoenician bireme, a two-tiered galley with oars, was a fundamental inno-
vation that increased speed and maneuverability in sea warfare and commerce.

Phoenician traders carried the following goods: glass, purple dye, and cedar-
wood, influencing the economies of early civilizations, including the Greeks and
Romans. Their expertise in shipbuilding contributed to the spread of maritime
knowledge, making them pioneers in navigation and chart-making.

3. Greek and Roman Ships
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Ancient Greece and Rome relied on maritime power for trade and military su-
premacy very much. Greek triremes, warships with three levels of oars, were quite
helpful in sea battles, such as the Battle of Salamis in 480 BC, where the Greeks de-
feated the Persians. These ships were highly maneuverable and fast, giving the
Greeks an advantage in marine warfare.

Roman ships, on the other hand, were designed for both trading and war. The
Roman navy developed large cargo ships, as well as warships equipped with the
corvus, a boarding device that allowed soldiers to storm enemy vessels. This innova-
tion played a crucial role in their victory over Carthage in the Punic Wars. Roman
maritime engineering did a lot to expand the empire, as ships transported troops,
supplies, and goods across the Mediterranean. According to maritime scholar Lionel
Casson, ‘“The Romans understood that naval supremacy was a key for controlling the
Mediterranean, the lifeblood of their empire’ [2].

Medieval and Renaissance Ships
4. Viking Longships

Viking longships were fast, responsive, and capable of navigating both at open
seas and rivers. Used between the 8" and 11" centuries, these ships played a vital
role in Viking raids, exploration, and colonization across Europe and even North
America. The Oseberg and Gokstad ships, discovered in Norway, provide remarka-
ble insights into Viking craftsmanship and maritime skills.

Viking longships were constructed using a technique called clinker building,
where planks were overlapped and fastened together, making them extremely dura-
ble. Their shallow draft let them travel up the rivers and surprise enemies, enabling
the Vikings to establish settlements in England, Ireland, and France. Viking explora-
tion led to the discovery of Vinland (modern-day Newfoundland, Canada), proving
their navigational skills long before Columbus.

5. The Santa Maria and Age of Exploration Ships

Christopher Columbus flagship, the Santa Maria, was a carrack that played a vi-
tal role in the discovery of the New World in 1492. Though it ran aground off the
coast of present-day Haiti, its voyage marked the beginning of European coloniza-
tion in the Americas and changed world history forever.

During the Age of Exploration, ships such as Ferdinand Magellans Victoria and
Vasco da Gamas Sao Gabriel were very helpful in global exploration. The Portu-
guese and Spanish fleets worked out large, durable ships like the galleon, which
were used for travelling and trading. These vessels helped in the establishment of
overseas colonies and the exchange of goods between Europe, Asia, and the Ameri-
cas.

Warships and Naval Supremacy

6. Her Majesty’s Ship (HMS) Victory and Napoleonic-Era Warships

Launched in 1765, HMS Victory is one of the most famous British warships.
Commanded by Admiral Lord Nelson during the Battle of Trafalgar in 1805, this
ship played a key role in establishing British marine power. Today, HMS Victory is
preserved as a museum ship in Portsmouth, England.

Napoleonic-era warships had multiple decks of cannons. These ships played a
vital role in maintaining British dominance on the seas, ensuring control of trade
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routes and colonial territories. The use of ships in sea battles defined the geopolitical
landscape of the 18" and 19" centuries.

7. The ship Constitution and the War of 1812

Nicknamed ‘Old Ironsides’ Constitution is one of the oldest commissioned naval
vessels still afloat. Launched in 1797, it gained fame during the War of 1812 for its
victories against the British Royal Navy. The ship remains a symbol of American
naval heritage and is preserved in Boston, Massachusetts.

The 20" Century and Beyond

8. The Titanic and 20" Century Passenger Liners

The Titanic is perhaps the most well-known ship in history due to its tragic sink-
ing in 1912. She was built as a comfortable passenger liner and as historian Walter
Lord stated, ‘The Titanic was a monument to man’s ingenuity’ [3]. She struck an
iceberg on her maiden voyage, leading to the deaths of over 1,500 people. The disas-
ter led to substantial improvements in maritime safety regulations.

The 20™ century saw the rise of huge ocean liners like the Queen Mary and
Queen Elizabeth, which carried passengers across the Atlantic in style. These ships
were symbols of national pride and technological achievements.

Conclusion

Ships mentioned in this paper provide valuable insights into maritime innova-
tion, cultural interactions, and key events in global history. From the Khufu ship to
the Titanic, each vessel tells us a unique story of human ambition, exploration, and
resilience. By studying these ships, one can better understand the evolution of naval
engineering and the profound impact of seafaring on civilization.
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[HlaxroB A. C.
Hamionanpauit yHiBepcuteT «Ojiechbka MOPChKa akaJaeMishy

MoBHa inTepdepeHisa B yKPAiHCbKY i1 4ac NMepPeKJIaay 3 aHIICbKOI Imij
BILIMBOM POCIiCHKOI HA MPHUKJIA/Al IACUBHOIO CTAHY

Mogna abo miHrBasibHA 1HTEp(EpeH s K ABHILE TypOye (iI070TriB HAYKOBIIB
HE TIepIe ACCATHIITTA Yepe3 CBiil BIUIMB HA SKICTh MIJTOTOBKH CIICIIATICTIB 3i
3HAHHSIM 1HO3€MHOI MOBH — Yy HAIlIOMY BHUIIQJKy aHTIHCHKOI. L]e siBuille BUHUKAE y
1BO- a00 O1IbIIIE MOBHUX JIFOJCH, a TaKOX IT1JT Yac IIUIBHOTO 1 TPUBAJIOTO MOBHOTO
KOHTakTy. 3a BU3HaueHHsM Y. BailiHpaiixa, «iHTepdepeHIlis € BIAXWICHHAM BIJ
HOpPM 000X MOBY» [1]. ¥V cJI0OBHUKY JIIHBICTUYHUX 1 (DOHETUYHUX TEPMIHIB BUKOPH-
CTOBY€THCS OLIBII By3bKEe BU3HAUCHHA 1HTep(EpeHIi sk «IIepeHeceHHs 0COOINBO-
CTeW piJJHOT MOBH Ha IHO3EMHY, sIka BHBUYA€ThCs» [2]. OaHe i3 3HaueHb mpedikcy
TepMiHy «iHTepdepermis» (nar. inter) — e mpoHWKHEHHs y mock, a ferentis 3 ma-
THHI — II€ TOM, 110 Hece, mepeHOCUTh. [IpobieMor0 MOBHOT iHTEp(dEpEHIIiil € rajb-
MYBaHHS TIPOIECY 3aCBOEHHS 1HO3EMHOI MOBH Uepe3 IMEepeHIC MOBHHX HAaBHUYOK 3
OJIHi€T MOBH (3a3BUYAil P1IHOT) JI0 TO1, 1110 BUBYAIOTH, III0 BILJIMBAE K HA PEIENTUBHI
TaK 1 Ha MPOJYKTHUBHI BUAM MOBJICHHEBOI JAISIIbHOCTI.

MicuieM BUHUKHEHHSI 1HTEp(EpeHIli CiJ] BUSHAYUTH JIIOAUHY, SIKa 3A1HCHIOE
MUCHbMOBY, YCHY KOMYHIKAI[II0 1HO36MHOIO MOBOIO a00 BUKOHY€E MEPEKIaj 3 OJHIET
MOBH Ha 1HIITy 1 HAMAraeThbCsi KOMIICHCYBATH TI€BHI €JIEMEHTH, SBHUIIA 1 PYHKIIT 0]1-
Hi€T MOBHOI CHCTEMH €JIEMEHTaMHU, SIBUIIAMHU 1 (PYHKI[ISIMHU 1HIIOT, 110 TAKOX MOXKE
MPU3BECTH JI0 YUCJCHHUX MOMIIIOK 1 BIIXMIJICHB BiJ MOBHOI HOpMH. JI0 TOTO XK CIIiJT
3a3HAYUTH, [0 MEXaHI3MaMH MOBHOT 1HTep(depeHIIii € OTOTOKHEHHS 1 IEPEHECEHHS
eJeMeHTIB 1 (yHKIIM KOHTAKTYIOUMX MOB 3 OJHI€] 10 1HINOI. 31 CKa3aHOTO BHIIE
BUILJIMBAE, 1110 MOBHA iHTEepdEpeHIlis MOKe OyTH 1HIUBIIYAIbHOIO a00 KOJIEKTHB-
HOTO.

[{ikaBuM € TOHM (hakT, LIO0 CTYIIHb HEXTYBaHHS JOTPUMAHHSM NpaBWI 3a-
noOiraHHss MOBHIM 1HTepdEepeHIii 10 MEBHOI MIPU 3aJIEXKUTh BiJl LIAPUHU, y SKIH
B1I0YBa€ThCS KOMYHIKALIIS: SIKIIO 1€ Heo(iliiiHa cuTyailisi, Ha ACSKU MPOSIBU MOB-
HOI 1HTEp(EepeHilii MOKHA 3aIUTIONIMTH O4Yl, a SKIIO CHUTyalis odiuiiHa, TO
BIJIMOBIAQJIBHI 32 PiBEHb KOMYHIKAIli 0COOH, a 1€ HacaMmrmepea peaakTopu abo pe-
JAKTOPKH, MYCSTh NUIbHIIIE CTABUTUCH A0 CBOiX 000B’A3KIB 1H(HOPMYIOUM MOBIIIB
PO MPOsIBU MOBHOI iHTepdepeHIii y iXHix nmpomoBax ado Tekcrax. Takox Oarato
110 3aJICKHUThH BIJ CTYIEHS BOJIOJIIHHS MOBOIO: IO BiH OLJIbINIE, TO PIB€Hh MOBHOI 1H-
TepdepeHIlii 3HIKYEThCSA 1 HABIMAKM — 110 HUXKYE CTYNEHb BOJIOAIHHS MOBOIO, TO
piBEHb MOBHOI 1HTEpQEPEHIIiT 30UTBITYEThCSI, TOMY 3arajibHOIO MOPAJI0I0 Y HaBYAITb-
HOMY TIpoiieci Oy/ie moAeHHE MOMIMIICHHS] MOBHUX 1 MOBJIEHHEBUX HABHUYOK 1 KOM-
METEHTHOCTEH THX, XTO BUBYAE 1HO3eMHY MOBY [3].

Tpeba MoBi1IOMUTH, IO MOBHA 1HTEp(EPEHIIisi IPUCYTHS HA BCIX PIBHSIX MOBH, a
caMe BiJ1 (DOHOJIOTIYHOTO JJO CUHTaKCUYHOro. HalmomiTHIIIIO BOHA € Ha PiBHI (o-
HETHUKHU, TOOTO BUMOBHU 1HO3EMHUX CIIiB, 00 apTUKYJIsIIiHA 0a3a BiJIPI3HAETHCS BiT
MOBH JI0 MOBH 1 3a3BH4Yaii MOBII1 1 MOBUMHI Ha MTOYaTKOBOMY PiBHI, a 1HKOJIM 1 Ha ce-
PEIHBOMY 3aMIHSIOTh MICIS apTUKYJISIIT 1HO3EMHHUX 3BYKIB Ha HAMOJIMKUl 10 HUX
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MICIISI QpTUKYJISAIIT 3BYKIB CBOET PiAHOI MOBH, ajie y 11iif poOoTi Oyno oOpaHO rpama-
TUYHUHN pIBEHb, a CaMe HOro CUMHTAKCUYHHMM acleKT 1 pO3rJialaTUMEThCs BIUIMB IMa-
CUBHHMX KOHCTPYKIIIM aHTIINCHKOI MiJ Yac Mepekiaay Ha yKpaiHChbKYy Yy MOBIIB 1
MOBYHHb, SIKI JOJATKOBO 3HAIOTh IIE M pPOCIHCHKY, J€ MAaCHUBHUN CTaH HACTUIbKHU XK
MOIIMPEHUH, K 1 B aHTVIIMCHKI.

VYHacmIok TpuBajoro nepeOyBaHHS TEPEH, JI€ ICTOPUYHO MENIKAIM YKpaiHI 1
yYKpaiHKH, 5Kl Mi3HIlIEe YBIMIUIM A0 CKIAay Cy4acHOi YKpaiHu B Mexax Pociiichkoi
iMmiepii yKpaiHChKa MOBa 3a3HaJjla BEJIMKOTO BIIMBY POCIHCHKOiI MOBH Ha BCIX MOB-
HUX PIBHIX, Y TOMY YHUCII 1 Ha cHHTakcHYHOMY. CaMme 1el (pakT CIyKUTh MOSICHEH-
HSIM TOTO, [0 CHHTAKCHC YKPaiHCHKOI JIIJIOBOi 1 HAYKOBOI MOBH BBIOpaB OKpeMi pH-
CH POCIHCHKOT MOBU B J1aXpOHIYHOMY AacMeKTi, 30KpeMa BUKOPHUCTAHHS PI3HUX
TUIIB TTACHBHUX KOHCTPYKIii [4], a B aclieKTi CHHXpOHIi YaCTKOBO TepeOyBa€ i
BILUIMBOM aHTIIMCHKOI MOBH, KpaiHa MOXO/IXKEHHSI SIKOi TEX KOJUCh Oyya iMIepiero,
[0 MOXE TOSICHIOBATH TONIMPEHICTh MACHUBHOTO CTaHy B il cuHTakcuci. [lacuBHi
KOHCTPYKIIi 3aKpimWiInCs B POCIHCHKIN KHIKHIM (KaHIIENAPChKiil) MOBI B TOHU
MepioJi, KOJIU «POjb MEPECIYHOL JTIOJUHU B CYCHIIBHOMY JKUTTI OIOpPOKPATUYHOL 1M-
MEepChKOi JiepkaBu OyJia 3BEJIEHA JI0 HAWMHIKYOI TMO3HAYKH, KOJM OKpeMa O0CO-
OUCTICTh HIBENIOBAIACs, PO3UMHSIACA B OQIIIMHUX OHOPOKPATUYHHX B3a€EMUHAX)
[5]. IcTopuuHO Tak ckjanoch, IO POCiiChbKa MOBa JIOBTMH 4ac mepeOyBajia Iij
BIUIMBOM IIEPKOBHOCJIOB’THCHKOI MOBH, 110 ¥ CIIPUYUHUIIO 11 OpI€HTAIII0 HA KHIK-
HUW BUKJIAJ, TOAl SIK yKpaiHChbKa MOBa BijjaBHAa Oyja 30pi€HTOBAHAa Ha >KUBE
HapojHe MOBJICHHS. TOMy, KOJIM aHIJHI a00 pPOCISTHU BUMOBJISATH, HAPUKJIAI, The
motor has been examined by the electrician. Jsueamenv 6vin nposepen snekmpuxom.
JUTSL HUX TaKUil KOHTEKCT OyJie mepedyBaTH B MeXaxX iXHbOI KAPTUHU CBITY HISK 11 HE
MOPYUIYIOUM, a JJI1 yKpaiHUIB pedyeHHs: J[BUTyH OyJjo MepeBIpEHO EIEKTPUKOM.
3By4aTHUME TPOXU HEMPUPOIHBO, TOOTO HE BJIACTUBUM YKPATHCHKIN MOBI UHMHOM.

B ykpaiHcbkOMy MOBO3HABCTBI JI0 MTACUBHUX KOHCTPYKIIIM 3a3BUYail 3apaxoBy-
I0Th peYeHHs 3 npucyakaMu y gopmi miecti 3 ocobu Ha -cs, Hanpuknan, Lo ye
Koimbcs?; 3 TaCUBHUMU JTIENPUKMETHUKAMU Ha -Hull, -muti, Hanpukiau, [loousuco
saKutl npubpanuti cmin!; 1 npeagukatuBHi GopMu Ha -HO, -mo, Hanpukian, Pooomy
8UKOHaHO @yacHo. Takox ICHYe JIyMKa, 10 BIJICYHEHHs Cy0’€KTa B MAaCUBHUX KOH-
CTPYKUIAX HA JPYTUid MJIaH HE BIAIOBIIA€ CYTHOCTI KUBOTO MOBJICHHS, JIe CY0’ €KT
pPa3oM 13 MOTo JI€I0 CTAHOBIISATH IICHTP MOBIIOMIICHHS, TOMY B OUTBIIIOCTI BUMIAKIB,
32 BHHITKOM KaHIIEISIPCHKOTO 200 HAYKOBOTO CTHUJIIO, JIIMIIE BXUTH aKTUBHY KOH-
CTPYKIIitO, HK TIACUBHY IIiJl Yac MEepeKiaay 3 aHMIHChKOI, Hanpukiaa, The report
has been written by an engineer. ninme nepexinacti: Mexauik Hanucas 36im. HiX:
36im 6yn0 nanucano mexanikom. ToMy BKa3iBHUKOM TOTO, SIKOTO CTaHy Yy MepeKiIaii
CJiJI JOTPUMYBATUCh MOYE BUKOHYBATH BiICYTHICTh a00 HASsIBHICTh Y pEUEHHI JIXKe-
peini cy0’ekTa BUKOHAHOI JIii, HaNpuKiaa, pedeHHs: The piston was dismantled yes-
terday. nepexnanemo: Ilopwens 6yn0 poszibpano euopa., a peuenns: The piston was
dismantled by the motorman yesterday. minmre nepeximactu: Momopucm po3zibpas
nopuieHs 84opa.

3 Bcboro, mo Oysio BUKJIAQJEHO BHILE BUIUIMBAE, IO MPOIEC AEKOJIOHI3alli, a
came npuOMpaHHA IMIEPCHKUX MapKepiB, HAPATUBIB 1 PyIMMEHTIB Ma€ B1I0yBaTHUChH
HE JIMIIEe y HapUHAX MyOJIYHOTO MPOCTOPY, 3aKOHOAABCTBI, CyCNUIBHOMY >KHUTTI 1
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pellTi raixy3ei, a 1 y MOBO3HaBCTBI, TOMy caMe BUKJIAJauKH 1 BUKJIaJadi, siKi po-
3YMIIOTh aKTYaJbHICTb I[I€] MPOOJIEMU MOXKYTh AKTUBHO JOJYYUTHUCH JI0 LILOTO MPO-
1ecy, o0 HalaTh YKpaiHChKIN 11 KOJUIITHBROTO KOJIOPUTY HE 3aMYJIEHOT'O POCIMCh-
KUM KaHUEJISPUTOM 1 Cy4aCHUMHU HEOOTPYHTOBAaHUMH 3alO3MYECHHSIMH 1 KOH-
CTPYKIIISIMH TI1]T 9ac TepeKIIaay 3 aHTJIHCHKOI.
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Container Ship Fleet as one of the most important part of global
transportation

These massive vessels keep the world connected by transporting goods efficient-
ly across oceans. As future marine engineers, we should understand how they work,
how they are evolving, and what challenges they face.

Main Points

Container ships come in different sizes, from small feeder ships that operate on
short routes to ultra-large container vessels (ULCVs) that can carry over 20,000 con-
tainers. They have revolutionized global trade, making it faster and more cost-
effective. But the industry is changing, and new technologies are shaping the future
of shipping.

Key Developments

» Efficiency and automation. Al-driven navigation systems and optimized ship
designs help reduce fuel consumption and increase cargo capacity. Some companies
are even developing autonomous ships that can operate with minimal or no crew.

* Green technologies. To meet environmental regulations, modern container
ships are shifting to LNG-powered engines and exploring alternative fuels like hy-
drogen and ammonia. These innovations aim to reduce emissions and make shipping
more sustainable.

* Challenges ahead. The industry faces issues like port congestion, rising fuel
costs, and global supply chain disruptions. Finding solutions to these problems is
crucial for the future of maritime transportation.

Container Ships Design And Construction
There are different categories of container ships, based on different ways in
which they can be categorised. The most widely operating types are as follows:

Based on overall sizing-

Based on volumetric capacity (In older days, container ships were sized based on
their volume)

Based on TEU (This is the modern day sizing parameter of a container ship. The
TEU of a container ship is the number of twenty foot equivalent containers that can
be carried by the ship.)

Based on Length, Beam, Depth, and Tonnage-

Panamax

Post- Panamax

Suezmax

Post- Suezmax

Malacamax

Based on mode of handling-
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Box container ship — This is the most common type of container ship design.
They can be loaded only with marine containers, and cargo handling is carried out
by quay side cranes that belong to the port authorities. Such ships always ply only
on major container ports that are equipped with cranes.

The stowage of containers on a container ship is crucial for safety. Containers
are arranged with the longer dimension along the ship’s forward-aft direction to
minimize shifting and prevent cargo damage, as the ship is more prone to rolling.
Below the upper deck, cell guides restrain containers, while above it, lashings and
twist locks prevent vertical, longitudinal, and transverse movement. The container
loading plan specifies container positions for different load cases, taking into ac-
count varying cargo weights and ports of unloading. Heavier containers should not
be placed above lighter ones to maintain stability and prevent raising the center of
gravity.

Conclusion

The container ship fleet is constantly evolving, and engineers play a key role in
making it more efficient, sustainable, and technologically advanced. Understanding
these changes will help us contribute to the future of shipping.
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